
 

 

 

 

 

 

 

 

 

 

 

ʉɽʂʎʀʗ 2 

ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ 

ʘʢʫʩʪʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʢʝʘʥʘ, 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʵʢʦʣʦʛʠʷ 
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ʆʇʓʊ ʈɸɹʆʊʓ ɸʂʋʉʊʀʏɽʉʂʆɻʆ ʇʈʆʌʀʃʆɻʈɸʌɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ɸʃɻʆʈʀʊʄʆɺ ʉʀʅʊɽɿʀʈʆɺɸʅʀʗ ʀ ʌʆʂʋʉʀʈʆɺʂʀ  
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ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʦʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ɼɺʆ ʈɸʅ.  

690950, ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ʉʫʭʘʥʦʚʘ, 5ʘ, ʪʝʣ/ʬʘʢʩ: (4232) 432416, 
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 ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ ʠ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʤʦʨʩʢʦʛʦ ʜʥʘ ʘʢʫʩʪʠʯʝʩʢʠʤ ʧʨʦʬʠʣʦʛʨʘʬʦʤ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ʀʇʄʊ ɼɺʆ ʈɸʅ. ʇʨʠʚʝʜʝʥʳ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʜʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʨʘʩʩʘʭ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ, ʢʘʢ ʙʫʢʩʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʪʘʢ ʠ ʘʚʪʦʥʦʤʥʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ, ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʨʘʙʦʪʢʝ ʧʨʦʬʠʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ. 

 

ɸʢʫʩʪʠʯʝʩʢʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʜʥʘ ʘʢʚʘʪʦʨʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʥʘʫʯʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ  ʧʨʦʬʠʣʦʛʨʘʬʘ, ʩ ʃʏʄ 

ʟʦʥʜʠʨʫʶʱʠʤʠ ʩʠʛʥʘʣʘʤʠ,  ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʦʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʩʙʦʨʘ, 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʇʄʊ ɼɺʆ ʈɸʅ ʜʣʷ  ʦʙʩʣʝʜʦʚʘʥʠʷ ʨʝʣʴʝʬʘ 

ʜʥʘ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʠʩʢʘ ʦʙʲʝʢʪʦʚ ʥʘ ʜʥʝ ʠ  ʚ ʪʦʣʱʝ ʜʥʘ ʧʦʜʪʚʝʨʜʠʣʦ ʝʛʦ  ʚʳʩʦʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ [1,2]. ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ, ʢʘʢ ʙʫʢʩʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʘʢ ʠ ʘʚʪʦʥʦʤʥʳʡ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ. ʇʦʣʦʩʘ 

ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʧʨʦʬʠʣʦʛʨʘʬʘ  ʦʪ 2,5 ʜʦ 8 ʢɻʮ, ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʩʣʦʝʚ ʥʝ ʭʫʞʝ 0.3 ʤ.  

ɸʢʪʫʘʣʴʥʳʤ ʦʩʪʘʸʪʩʷ ʚʦʧʨʦʩ ʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʦʬʠʣʦʛʨʘʤʤ - 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ.  ɿʥʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʦʨʠʩʪʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ, ʘʥʠʟʦʪʨʦʧʠʠ ʩʢʦʨʦʩʪʠ, ʧʦʛʣʦʱʝʥʠʷ ʚʦʣʥ) ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʦʛʦ ʛʨʫʥʪʘ.  ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʠʤʝʶʪ 

ʨʘʟʣʠʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ , ʠʭ  ʪʦʣʱʠʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʩʦʪʝʥ ʤʝʪʨʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ  ʨʳʭʣʳʝ ʦʩʘʜʢʠ (ʠʣ, ʛʣʠʥʘ, ʠʣʠʩʪʳʡ ʠ ʛʣʠʥʠʩʪʳʡ 

ʧʝʩʦʢ,  ʚʦʜʦʥʘʩʳʱʝʥʥʳʡ ʧʝʩʦʢ), ʧʦʣʫʫʧʣʦʪʥʝʥʥʳʝ (ʧʝʩʦʢ, ʤʷʛʢʦ-ʧʣʘʩʪʠʯʥʘʷ ʛʣʠʥʘ, ʧʝʩʯʘʥʘʷ 

ʛʣʠʥʘ, ʨʳʭʣʳʡ ʠʟʚʝʩʪʥʷʢ) ʠ ʫʧʣʦʪʥʝʥʥʳʝ (ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ ʠʟʚʝʩʪʥʷʢ, ʢʘʤʝʥʥʳʡ 

ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ). 

ɸʥʘʣʠʟ ʘʤʧʣʠʪʫʜ ʵʭʦʩʠʛʥʘʣʦʚ ʠ ʠʭ ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʥʝʩʪʠ ʪʠʧ ʛʨʫʥʪʘ ʢ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʭʦʩʠʛʥʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ (ʧʠʢʦʚ 

ʦʛʠʙʘʶʱʝʡ ʵʭʦ - ʪʨʘʩʩʳ), ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʛʨʘʥʠʮʳ ʚʦʜʘ - ʜʥʦ ʠ ʧʦʜʜʦʥʥʳʭ ʩʣʦʝʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʳʭ ʛʨʫʥʪʦʚ ʫʜʘʝʪʩʷ  ʨʘʟʜʝʣʠʪʴ  ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ 

ʥʘ ʩʣʝʜʫʶʱʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ: ʠʣʳ, ʛʣʠʥʳ, ʧʝʩʢʠ, ʩʢʘʣʴʥʳʡ ʛʨʫʥʪ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʧʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ 

ʥʘʨʘʙʦʪʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʦʪʨʘʞʝʥʥʳʭ ʵʭʦʩʠʛʥʘʣʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʥʘʙʨʘʥʥʳʤʠ 

ʛʨʫʥʪʦʜʦʙʳʚʘʶʱʠʤʠ ʧʨʠʙʦʨʘʤʠ ʧʨʦʙʘʤʠ ʛʨʫʥʪʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦʙ ʦʩʘʜʢʘʭ ʠ 

ʧʦʨʦʜʘʭ ʩ ʢʘʨʪ ʠ ʦʪʯʝʪʦʚ ʧʨʦʝʢʪʦʚ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ.  

ʆʩʥʦʚʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʥʥʳʭ ʛʨʫʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ɸʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʥʥʳʭ ʛʨʫʥʪʦʚ 

 

 

ʊʀʇ ɻʈʋʅʊɸ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ 

ʇʣʦʪʥʦʩʪʴ 

(ʛ/ʩʤ
3
) 

ʉʢʦʨʦʩʪʴ 

ʟʚʫʢʘ 

(ʢʤ/ʩʝʢ) 

ɿʘʪʫʭʘʥʠʝ 

(ʜɹ/ʤÅʢɻʮ) 

ʀʣ ʛʘʟʦʥʘʩʳʱʝʥʥʳʡ -0,3-  -0,5 1.1-1.4 0.5-1.4 0.8-0.9 

ʀʣ ʞʠʜʢʠʡ < 0,15 1.45-1.5 1.1-1.2 0.04 

ʀʣ ʛʣʠʥʠʩʪʳʡ 0,15-0,2 1.45-1.46 1.4-1.5 0.08-0.1 

ʀʣ ʩ ʘʣʝʚʨʠʪʦʤ ʠ ʧʝʩʢʦʤ 0,2  -0,27 1.41-1.48 1.6-1.7 0.2-0.3 

ʇʝʩʢʠ ʪʦʥʢʦ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ 0,27-0,30 1.55-1.60 1.95-2.03 0.4-0.5 

ʇʝʩʢʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʩ 

ʛʨʘʚʠʝʤ 

0,30-0,35 1.515-1.557 1.86-2.11 0.7 

ɻʨʘʚʠʡ 0,35-0,4 1.55-1.65 2.05-2.3 0.9 

ɻʣʠʥʳ ʤʷʛʢʦʧʣʘʩʪʠʯʥʳʝ 0,25-0,30 1.4-1.6 1.5-1.88 0.2-0.4 

ɻʣʠʥʳ ʧʣʦʪʥʳʝ 0,3-0,42 1.52-1.59 1.82-1.98 0.48-061 

ɺʳʭʦʜʳ 

ʂʦʨʝʥʥʳʭ 

ʇʦʨʦʜ 

ʉʢʘʣʴʥʳʝ 

ʢʨʠʩʪʘʣʣ 

ʉʢʘʣʥ. ʦʩʘʜ. 

ʧʨʦʠʩʭ. 

ʃʠʪʦʬ. ʦʩʘʜ. 

ʧʦʨʦʜʳ 

 

0,4 ï0,62 

>6.6 

3.6-6.6 

3.1-4.0 

>2.9 

2.35-2.9 

2.4-2.7 

 

0.05-0.4 

 

ɸʥʘʣʠʟ ʘʤʧʣʠʪʫʜ ʵʭʦʩʠʛʥʘʣʦʚ ʠ ʠʭ ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʦʮʝʥʢʫ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʥʝʩʪʠ ʪʠʧ ʛʨʫʥʪʘ ʢ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʭʦʩʠʛʥʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ (ʧʠʢʦʚ 

ʦʛʠʙʘʶʱʝʡ ʵʭʦ - ʪʨʘʩʩʳ), ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʛʨʘʥʠʮʳ ʚʦʜʘ - ʜʥʦ ʠ ʧʦʜʜʦʥʥʳʭ ʩʣʦʝʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʥʥʳʭ ʛʨʫʥʪʦʚ ʫʜʘʝʪʩʷ  ʨʘʟʜʝʣʠʪʴ  ʤʦʨʩʢʠʝ ʦʩʘʜʢʠ 

ʥʘ ʩʣʝʜʫʶʱʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ: ʠʣʳ, ʛʣʠʥʳ, ʧʝʩʢʠ, ʩʢʘʣʴʥʳʡ ʛʨʫʥʪ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʧʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ 

ʥʘʨʘʙʦʪʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʦʪʨʘʞʝʥʥʳʭ ʵʭʦʩʠʛʥʘʣʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʥʘʙʨʘʥʥʳʤʠ 

ʛʨʫʥʪʦʜʦʙʳʚʘʶʱʠʤʠ ʧʨʠʙʦʨʘʤʠ ʧʨʦʙʘʤʠ ʛʨʫʥʪʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦʙ ʦʩʘʜʢʘʭ ʠ 

ʧʦʨʦʜʘʭ ʩ ʢʘʨʪ ʠ ʦʪʯʝʪʦʚ ʧʨʦʝʢʪʦʚ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ.  

ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʤʝʣʢʦʚʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʙ. 

ʊʨʦʠʮʳ. ɸʅʇɸ ʜʚʠʛʘʣʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 1,1 ʤ/ʩ (2,1 ʫʟʣʘ). ɼʣʠʥʘ 

ʦʙʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 5237ʤ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʙʘʩʩʝʡʥʘ ʟʘʣʠʚʘ ʠ 

ʛʝʦʘʢʫʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [3]. 

ʅʘ ʧʨʦʬʠʣʦʛʨʘʤʤʝ (ʨʠʩ. 1) ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʠ ʩʦ ʩʣʝʜʫʶʱʠʝ ʪʠʧʘʤʠ ʛʨʫʥʪʦʚ: 

1 - ʤʥʦʛʦʩʣʦʡʥʳʝ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʝ ʠʣʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ (ʨʳʭʣʳʡ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʡ 

ʦʩʘʜʦʢ), ʟʘʧʦʣʥʷʶʱʠʝ ʤʦʨʩʢʠʝ ʚʧʘʜʠʥʳ ʙʳʚʰʠʝ ʥʝʢʦʛʜʘ ʨʫʩʣʘʤʠ ʨʝʢ, 2 - ʧʣʦʪʥʳʝ 

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (ʧʝʩʯʘʥʠʢ ʢʨʫʧʥʳʡ ʘʣʝʚʨʠʪ); 3 - ʚʳʭʦʜʳ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. ʅʘ 

ʧʨʦʬʠʣʦʛʨʘʤʤʝ ʯʝʪʢʦ ʚʠʜʥʦ ʚʪʦʨʦʝ ʦʪʨʘʞʝʥʠʝ ʦʪ ʜʥʘ ʚ ʦʙʣʘʩʪʷʭ ʩ ʪʠʧʦʤ ʛʨʫʥʪʘ 2,3. 

ʆʙʣʘʩʪʠ, ʛʜʝ ʠʤʝʶʪʩʷ ʚʳʭʦʜʳ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ, ʧʦʜʪʚʝʨʞʜʝʥʳ  ʅʏ ɻɹʆ ʩʲʝʤʢʦʡ, ʢʦʪʦʨʘʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʬʠʣʦʛʨʘʬʠʯʝʩʢʦʡ.  ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʣʘʥʰʝʪʘ ʧʨʦʬʠʣʦʛʨʘʬʘ, ʧʨʠʚʷʟʘʥʥʳʡ ʢ ʢʘʨʪʝ ʤʝʩʪʥʦʩʪʠ,  ʧʦʢʘʟʘʥʳ 

ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʨʠ ʧʨʦʬʠʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʝ. ʂʦʦʨʜʠʥʘʪʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʦʪ ʢʦʤʧʣʝʢʩʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɸʅʇɸ. ʌʨʘʛʤʝʥʪʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ɸʅʇɸ, ʢʘʢ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʥʘ ʧʨʦʬʠʣʦʛʨʘʤʤʝ, ʦʢʨʘʰʝʥʳ ʨʘʟʥʳʤ ʮʚʝʪʦʤ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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ʪʠʧʫ  ʛʨʫʥʪʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʪʠʧʳ ʛʨʫʥʪʘ: 1 - ʠʣʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ; 2 - ʧʣʦʪʥʳʝ ʦʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ; 3 - ʚʳʭʦʜʳ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. ʅʘ ʪʨʘʝʢʪʦʨʠʠ, ʢʘʢ ʠ ʥʘ ʧʨʦʬʠʣʦʛʨʘʤʤʝ, ʠʤʝʶʪʩʷ 

ʤʝʪʢʠ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ɸʅʇɸ ʚ ʵʪʠʭ ʪʦʯʢʘʭ. 

 

 

ʈʠʩ. 1. ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʜʥʘ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʙ. ʊʨʦʠʮʳ, ʦʙʱʘʷ ʜʣʠʥʘ ʦʙʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ 5237ʤ.  

ɸʅʇɸ ʜʚʠʛʘʣʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʠʧʳ ʛʨʫʥʪʘ: 1 - ʠʣʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ; 2 -  ʧʣʦʪʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ; 3 - 

ʚʳʭʦʜʳ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. 

 

 
 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʣʘʥʰʝʪʘ ʧʨʦʬʠʣʦʛʨʘʬʘ. ʇʦʢʘʟʘʥʳ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ɸʅʇɸ ʧʨʠ 

ʧʨʦʬʠʣʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʜʥʘ ʟʘʣʠʚʘ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʙ. ʊʨʦʠʮʳ. ʌʨʘʛʤʝʥʪʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ɸʅʇɸ 

ʦʢʨʘʰʝʥʳ ʨʘʟʥʳʤ ʮʚʝʪʦʤ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʠʧʫ  ʛʨʫʥʪʘ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʪʠʧʳ ʛʨʫʥʪʘ: 1 - ʠʣʠʩʪʳʝ 

ʦʪʣʦʞʝʥʠʷ; 2 - ʧʣʦʪʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ; 3 - ʚʳʭʦʜʳ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʟʤʝʨʝʥʥʳʝ ʫʨʦʚʥʠ ʘʤʧʣʠʪʫʜ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʨʳʭʣʦʛʦ ʠʣʠʩʪʦʛʦ ʦʩʘʜʢʘ ʚ 3.8 ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ʦʪ ʧʣʦʪʥʳʭ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʚ 4.2 ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ʦʪ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ 

ʛʨʫʥʪʘ. ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ -ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 1 ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʪʦʯʥʦ ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʡ 

ʧʨʠʝʤʦ-ʠʟʣʫʯʘʶʱʠʡ ʪʨʘʢʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʝʤʫ ʙʘʟʫ ʜʘʥʥʳʭ. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʧʨʦʬʠʣʦʛʨʘʤʤʘ ʜʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʨʘʡʦʥʝ 

ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ (ʛʣʫʙʠʥʘ ʤʦʨʷ 2830 ʤ), ɸʅʇɸ ʜʚʠʛʘʣʩʷ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 0,88 ʤ/ʩ (1,7 

ʫʟʣʘ), ʦʙʱʘʷ ʜʣʠʥʘ ʦʙʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʠʣʘ 2723 ʤ. ʊʠʧ ʛʨʫʥʪʘ: ʠʣʠʩʪʳʝ ʩʣʦʠʩʪʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩ ʩʠʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ.  ʅʘ ʧʨʦʬʠʣʦʛʨʘʤʤʝ ʟʘʤʝʪʥʳ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʩʣʦʷ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʳ ʧʦʣʦʩʪʠ ʩ ʚʦʜʦʡ, ʠ ʚʳʭʦʜʳ ʵʪʠʭ ʧʦʣʦʩʪʝʡ ʥʘ 

ʜʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʜʘʥʥʳʤʠ ɺʏ ɻɹʆ.  

 

 

 
 
ʈʠʩ. 3. ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʜʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʨʘʡʦʥʝ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ,. ʊʠʧ ʛʨʫʥʪʘ: ʠʣʠʩʪʳʝ 

ʩʣʦʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʩʠʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʠʟʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʙʦʣʴʰʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʛʣʫʙʠʥʫ ʟʦʥʜʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʘ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʛʣʫʙʠʥʝ. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʜʘʣɹʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʠ ʠʟʣʫʯʘʶʱʝʡ 

ʘʥʪʝʥʥʘʤʠ ʧʨʦʬʠʣʦʛʨʘʬʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʘʥʪʝʥʥʳ, ʯʘʩʪʦʪʳ 

ʠʟʣʫʯʝʥʠʷ ʠ ʪʠʧʘ ʘʥʪʝʥʥʳʭ ʤʦʜʫʣʝʡ. ʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ  ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʜʘʣʴʥʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʳʯʥʦʡ ʘʥʪʝʥʥʳ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ, ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʚʠʨʪʫʘʣʴʥʦʡ ʘʥʪʝʥʥʳ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʬʠʣʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʲʝʤʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʦʩʠʪʝʣʴ ʘʥʪʝʥʥʳ ʧʨʦʬʠʣʦʛʨʘʬʘ ʜʚʠʞʝʪʩʷ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʧʦ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʘʥʪʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ N ʨʷʜʦʤ ʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʣʠʥʝʡʥʫʶ ʨʝʰʝʪʢʫ. 

ɸʣʛʦʨʠʪʤʳ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʰʣʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ [4,5]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʨʘʙʦʪʢʝ ʧʨʦʬʠʣʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ 

ʚ ʨʘʙʦʪʝ [6]. ɺ ʨʘʙʦʪʝ [7] ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ ʧʨʦʬʠʣʦʛʨʘʬʘ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʫʯʝʥʳʤʠ ʠʟ 

ʊʆʀ ɼɺʆ ʈɸʅ, ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 
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1. ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ    3.5 ʢɻʮ;  

2. ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ ʟʦʥʜʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ  100 ʤʩʝʢ; 

3. ʰʠʨʠʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  

     ʧʨʠʸʤʥʦ-ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ  55°; 

4. ʯʘʩʪʦʪʘ ʢʚʘʥʪʦʚʘʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ  25 ʢɻʮ, 

5. ʬʠʟʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʘʥʪʝʥʥʳ 0.4 ʤ 

 

 

 
 

ʈʠʩ. 4. ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʬʠʣʷ ʜʥʘ,(ʘ), ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʘʥʪʝʥʥʳ -0.4 ʤ ʠ ʦʙʨʘʙʦʪʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ -3.0 ʤ 

 

 
 

ʈʠʩ. 5. ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʬʠʣʷ ʜʥʘ (ʘ), ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʘʥʪʝʥʥʳ -0.4ʤ ʠ ʦʙʨʘʙʦʪʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ -7.4 ʤ 
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ʅʘ ʨʠʩ. 4-5 ʧʨʠʚʝʜʝʥ r ʧʨʠʤʝʨ r ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ (ʘ) ʠ (ʙ), ʦʙʨʘʙʦʪʘʥʥʳʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ. ʅʘ ʨʠʩ. 5  ʜʥʦ ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʪʯʝʪʣʠʚʦ 

ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʣʦʪʥʳʭ ʩʣʦʝʚ ʠ ʤʥʦʞʝʩʪʚʦ ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʭ ʩʣʦʝʚ. ʅʘ ʨʠʩ. 3 ʚʝʨʭʥʷʷ  ʯʘʩʪʴ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʤʘʩʩʦʡ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʪʠʧʘ ñʞʠʜʢʦʛʦò ʛʨʫʥʪʘ, 

ʧʦʜ ʥʠʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʘʷ ʤʘʩʩʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʠʣʘ, ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʩ ʧʣʦʪʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʅʘ ʚʩʝʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʝʢʠʝ ʣʦʢʘʣʴʥʳʝ ʚʢʨʘʧʣʝʥʠʷ ʧʣʦʪʥʳʭ ʧʦʨʦʜ, 

ʧʨʦʷʚʣʷʶʱʠʝ ʩʝʙʷ ʚ ʚʠʜʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ  ʦʩʝʡ ʩ ʵʢʩʪʨʝʤʫʤʘʤʠ ʥʘ ʚʨʝʤʝʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʝʨʭʥʝʡ ʦʙʨʘʟʫʶʱʝʡ ʦʙʲʝʢʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʥʳʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʩʠʛʥʘʪʫʨʳ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʪʦʣʱʝ ʜʥʘ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʦʯʢʠ ʧʦʩʣʝ ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʫʣʫʯʰʘʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʴʥʦ ʦʮʝʥʠʪʴ ʨʘʟʤʝʨʳ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʙʫʢʩʠʨʫʝʤʦʝʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʃʏʄ ʧʨʦʬʠʣʦʛʨʘʬʘ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ 

ʀʇʄʊ ɼɺʆ ʈɸʅ. ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʘ ʧʨʦʬʠʣʦʛʨʘʤʤʘ ʜʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʝʟʝ ɸʤʫʨʩʢʦʛʦ 

ʟʘʣʠʚʘ ʥʘ ʪʨʘʚʝʨʟʝ ʤʳʩʘ ʈʦʩʩʝʪʘ. ʅʘ ʥʝʡ ʭʦʨʦʰʦ ʚʠʜʝʥ ʩʣʦʠʩʪʳʡ ʯʝʭʦʣ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 

ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ (10ï12)ʤ. ʥʘ ʘʢʚʘʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʛʦʨʦʜʫ, ʜʦ (30ï

35)ʤ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ. ʅʘ ʨʠʩ. 8 ʧʨʠʚʝʜʝʥʦ ʦʙʨʘʙʦʪʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʪʘʥʦʚʷʪʩʷ  ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤʠ 

ʜʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʭʦʨʦʰʠʤ ʦʪʨʘʞʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʛʣʫʙʠʥʘ ʧʨʦʟʚʫʯʠʚʘʥʠʷ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʫʞʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʘʥʪʝʥʥʳ. 

 

 
 

ʈʠʩ. 7.  ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʜʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʝʟʝ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ ʪʨʘʚʝʨʟʝ ʤʳʩʘ ʈʦʩʩʝʪʘ.  

ɼʥʦ ʩ ʯʝʭʣʦʤ ʥʘʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʢʨʫʧʥʦʙʣʦʯʥʳʤ ʦʩʥʦʚʘʥʠʝʤ. ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

 



 

189 

 

 
 
ʈʠʩ. 8. ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʜʥʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʝʟʝ ɸʤʫʨʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ ʪʨʘʚʝʨʟʝ ʤʳʩʘ ʈʦʩʩʝʪʘ. ʆʙʨʘʙʦʪʘʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ -15 ʤ 

 

ɼʘʥʥʳʝ ʧʨʠʤʝʨʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ 

ʘʧʝʨʪʫʨʳ ʚ ʩʠʩʪʝʤʝ ʩ ʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʛʥʘʣʘ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 

ʮʝʣʝʡ ʚʳʜʝʣʝʥʠʷ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʙʲʝʢʪʦʚ. 
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ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʪʁʩʷ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʮʠʬʨʦʚʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʪʠʧʘ S2CR 18/34 ʬʠʨʤʳ EvoLogics (ɻʝʨʤʘʥʠʷ) ʚʳʧʦʣʥʝʥʥʳʭ 

ʚ ʤʝʣʢʦʚʦʜʥʦʤ ʨʘʡʦʥʝ ʧʨʠ ʥʘʣʠʯʠʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

 

ʉʦʟʜʘʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʳʭ 

ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʥʘ ʩʝʙʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʜʣʷ 

ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʳ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ [1]. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ 

ʠʟ ʦʩʥʦʚʥʳʭ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦʜʚʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʨʝʜʳ [2-5]. ʂ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʛʣʫʙʠʥʳ, 

ʥʘʣʠʯʠʝ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ (ʜʦ 5 ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ) ʧʝʨʠʦʜʘ,  ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ (ɺʈʉɿ) [3], ʠʟʤʝʥʯʠʚʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ [5] 

ʠ ʜʨ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʦʟʤʦʞʥʘ ʙʝʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʦʙʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʥʘʣʠʯʠʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʟ. ʊʫʥʘʡʯʘ (ʦ. ʉʘʭʘʣʠʥ) ʚ ʬʝʚʨʘʣʝ 2013 ʛʦʜʘ. ɺ ʭʦʜʝ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʮʝʥʠʚʘʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʪʠʧʘ 

S2CR 18/34 ʬʠʨʤʳ EvoLogics (ɻʝʨʤʘʥʠʷ) [6]. ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ 

ʦʙʦʨʫʜʦʚʘʥʥʦʤ ʧʦʣʠʛʦʥʝ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʠ ʛʣʫʙʠʥʳ, ʘ ʪʘʢ ʞʝ ʦʮʝʥʠʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʤʝʭ ʠ ʩʠʛʥʘʣʦʚ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʣʘ ʦʮʝʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʠʬʨʦʚʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʥʳʭ ʩʦʦʙʱʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʦʙʲʝʤʘ ʠ ʬʦʨʤʘʪʘ ʜʘʥʥʳʭ, 

ʧʝʨʝʜʘʯʝ ʩʦʦʙʱʝʥʠʡ ʬʦʨʤʘʪʘ NMEA 0183 ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢ ʞʝ ʧʝʨʝʜʘʯʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʩ ʧʝʨʝʜʘʯʝʡ ʚʠʜʝʦʨʷʜʘ ʯʝʨʝʟ ʚʦʜʥʫʶ ʩʨʝʜʫ. 
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ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʧʨʦʚʝʜʝʥʠʝ ʥʘʪʫʨʥʦʛʦ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʢʘʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʭʦʜʝ 

ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʮʠʬʨʦʚʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʜʣʝʞʘʱʠʤʠ ʦʮʝʥʢʝ ʷʚʣʷʣʠʩʴ ʚʨʝʤʷ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʝʩʪʦʚʳʭ ʧʘʢʝʪʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʠʩʪʘʥʮʠʷʭ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʝʩʪʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ (ʢʦʥʪʨʦʣʴʥʘʷ 

ʩʫʤʤʘ ʧʨʠʥʷʪʦʛʦ ʬʘʡʣʘ ʜʘʥʥʳʭ), ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʤʝʞʜʫ 

ʢʦʨʨʝʩʧʦʥʜʝʥʪʘʤʠ, ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ. ʋʢʘʟʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ 

ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʝʥʘ 

ʧʝʨʝʜʘʯʘ ʩʦʦʙʱʝʥʠʡ ʬʦʨʤʘʪʘ NMEA 0183 ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʘ ʪʘʢ ʞʝ ʧʝʨʝʜʘʯʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷ ʩ ʧʝʨʝʜʘʯʝʡ ʚʠʜʝʦʨʷʜʘ ʯʝʨʝʟ ʚʦʜʥʫʶ ʩʨʝʜʫ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʣʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ 

ʤʦʙʠʣʴʥʦʛʦ ʧʫʥʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʘʢʚʘʪʦʨʠʠ 

ʦʟʝʨʘ ʊʫʥʘʡʯʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1, ʘ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ 

ʤʦʙʠʣʴʥʦʛʦ ʧʫʥʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.2.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ  S2CR 

18/34 ʬʠʨʤʳ EvoLogics GmbH ʥʘ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ 

ʊʫʥʘʡʯʘ. 

ʈʠʩ.2. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠ ʤʦʙʠʣʴʥʦʛʦ 

ʧʫʥʢʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʊʫʥʘʡʯʘ. 



 

192 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʧʦʣʠʛʦʥʘ ʠ ʩʪʘʥʮʠʡ ʠʟʤʝʨʝʥʠʷ ɺʈʉɿ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ɼËʂʘʨʪ. 

ɺʳʥʦʩ ʚ ʥʘʪʫʨʫ ʢʦʦʨʜʠʥʘʪ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʧʦʣʠʛʦʥʘ ʠ ʩʪʘʥʮʠʡ ʠʟʤʝʨʝʥʠʷ 

ɺʈʉɿ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ GPS ʧʨʠʝʤʥʠʢʦʤ ʪʠʧʘ Magellan ColorTRAK. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ 

ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʩʨʝʜʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝʜʝʣʷʝʤʳʭ GPS ʧʨʠʝʤʥʠʢʦʤ ʥʝ 

ʤʝʥʝʝ ʯʝʤ ʧʦ 100 ʠʟʤʝʨʝʥʠʷʤ. ɺ ʨʘʩʯʝʪ ʧʨʠʥʠʤʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʦʙʩʝʨʚʘʮʠʡ ʥʝ ʤʝʥʝʝ ʯʝʤ ʧʦ 5 

ʩʧʫʪʥʠʢʘʤ ʠ ʟʥʘʯʝʥʠʷʤʠ ʬʘʢʪʦʨʘ HDOP (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ) ʥʝ ʚʳʰʝ 2.0. 

ɸʥʪʝʥʥʳ ʮʠʬʨʦʚʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʦʨʠʟʦʥʪʝ 5.5 ʤ, 

ʛʣʫʙʠʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʥʪʝʥʥ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʦʚ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʤʦʜʝʤʦʚ ʚʦ ʣʴʜʫ ʙʳʣʠ ʩʜʝʣʘʥʳ ʤʘʡʥʳ 

ʨʘʟʤʝʨʦʤ 1.0ʍ1.0 ʤʝʪʨʘ. ɺ ʭʦʜʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʡʥ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʠ ʪʦʣʱʠʥʘ 

ʣʝʜʦʚʦʛʦ ʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʊʦʣʱʠʥʘ ʦʜʥʦʨʦʜʥʦʛʦ ʩʣʦʷ ʣʴʜʘ ʩʦʩʪʘʚʠʣʘ ʥʝ ʤʝʥʝʝ 0.5 ʤ, 

ʜʘʣʝʝ ʨʘʩʧʦʣʘʛʘʣʩʷ ʩʣʦʡ ʨʳʭʣʦʛʦ ʚʦʜʦʥʘʩʳʱʝʥʥʦʛʦ ʣʴʜʘ ʪʦʣʱʠʥʦʡ ʜʦ 0.25 ʤ, ʘ ʥʘʜ ʥʠʤ ʥʝ 

ʤʝʥʝʝ 0.5 ʤ ʩʥʝʛʘ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʟʤʝʱʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʣʴʜʫ ʥʘʜ ʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʤʘʡʥʘʤʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʘʣʘʪʢʠ. ʇʦ ʤʝʨʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʨʘʙʦʪ ʧʘʣʘʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʫʥʢʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʥʝʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʝʨʝʤʝʱʘʣʘʩʴ ʧʦ ʪʨʘʩʩʝ ʧʦʣʠʛʦʥʘ (ʩʤ. ʨʠʩ.1 ʠ ʨʠʩ. 2). 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʜʥʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʟʦʥʜʦʤ RESON SVP-15 (ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 1375...1900 ʤ/ʩ, 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ °0.02 ʤ/ʩ), ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʇʕɺʄ. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʧʦʣʫʯʝʥʠʝ 6-ʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʧʨʦʬʠʣʷ ɺʈʉɿ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʩʨʝʜʥʝʥʠʝʤ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ɿʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʣʠʩʴ ʩ ʰʘʛʦʤ 0,5 ʤ ʧʦ ʛʣʫʙʠʥʝ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʦ ʣʴʜʘ ʯʝʨʝʟ 

ʟʘʨʘʥʝʝ ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʣʫʥʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʯʝʨʝʟ ʢʘʞʜʳʝ 50 ʤʝʪʨʦʚ ʧʦ ʪʨʘʩʩʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʛʦʥʘ (ʩʤ. ʨʠʩ. 2). ʇʦ ʜʘʥʥʳʤ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʟʦʥʜʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʛʣʫʙʠʥ ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʪʘʥʮʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʚ ʮʝʣʷʭ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʘʩʩʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʝʪʦʜʦʚ ʣʫʯʝʚʦʡ ʘʢʫʩʪʠʢʠ.  

ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʬʨʦʚʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʚʠʜʘ ʪʝʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩʦʜʝʨʞʘʱʠʡ ʩʠʤʚʦʣ ç0è ʦʙʲʝʤʦʤ 1024 ʙʘʡʪʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʬʘʡʣ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ *.PNG ʩʦʜʝʨʞʘʱʠʡ ʠʟʦʙʨʘʞʝʥʠʝ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʪʘʙʣʠʮʳ ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 769ʍ577 ʦʙʲʝʤʦʤ 50659 ʙʘʡʪ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʚʟʘʠʤʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʪʝʩʪʦʚʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʠ ʤʦʙʠʣʴʥʳʤʠ ʧʫʥʢʪʘʤʠ.  ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʣʘ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʦʞʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʫʥʢʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʟʘʠʤʥʦʛʦ 

ʦʙʤʝʥʘ ʪʝʩʪʦʚʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʜʘʯʘ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʝ ʤʝʥʝʝ 20 ʨʘʟ, ʘ ʬʘʡʣʘ ʩʦʜʝʨʞʘʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʤʝʥʝʝ 10 ʨʘʟ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʢʫʤʝʥʪʠʨʦʚʘʣʦʩʴ: - ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʚ ʩʝʢʫʥʜʘʭ; - ʦʙʲʝʤ ʧʝʨʝʜʘʥʥʦʛʦ ʠ ʧʨʠʥʷʪʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚ ʙʘʡʪʘʭ; - ʵʬʬʝʢʪʠʚʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (Net bitrate) ʙʠʪ/ʩ; - ʥʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ (Raw bitrate) ʙʠʪ/ʩ. ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ  S2CR 18/34. ʂʘʯʝʩʪʚʦ (ʮʝʣʦʩʪʥʦʩʪʴ) ʧʨʠʥʷʪʦʛʦ ʪʝʩʪʦʚʦʛʦ 

ʩʦʦʙʱʝʥʠʷ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʦʚʧʘʜʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʦʡ ʦʙʨʘʟʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʦʮʝʥʢʦʡ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʦʮʝʥʠʚʘʣʠʩʴ: - ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʪʦʯʢʠ 
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ʠʟʣʫʯʝʥʠʷ ʜʦ ʪʦʯʢʠ ʧʨʠʝʤʘ; - ʧʦʢʘʟʘʪʝʣʠ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʢʘʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʦʥʝʩʫʱʠʭ ʛʨʫʧʧ ʣʫʯʝʡ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʣʫʯʝʡ). ʆʮʝʥʢʘ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʨʦʣʷ ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ  S2CR 18/34 ʚ ʢʦʤʘʥʜʥʦʤ 

ʨʝʞʠʤʝ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʪʝʩʪʦʚʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʬʦʨʤʘʪʘ NMEA 0183 ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ GPS ʧʨʠʝʤʥʠʢʘ ʪʠʧʘ 

Magellan ColorTRAK. ʉʦʦʙʱʝʥʠʷ ʬʦʨʤʘʪʘ NMEA 0183 (GGA, RMC, GSA, GSV, GLL) ʩ 

ʮʠʬʨʦʚʦʛʦ ʚʳʭʦʜʘ GPS ʧʨʠʝʤʥʠʢʘ ʧʦʩʪʫʧʘʣʠ ʥʘ ʚʭʦʜʥʦʡ RS-232 ʧʦʨʪ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʤʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ NMEA ʩʦʦʙʱʝʥʠʷ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ ʜʦʢʫʤʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ 

ʇʕɺʄ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ. ʉʢʦʨʦʩʪʴ ʤʝʞʧʨʠʙʦʨʥʦʛʦ ʦʙʤʝʥʘ ʩʦʩʪʘʚʣʷʣʘ 19200 

ʙʠʪ/ʩ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʝʜʧʦʣʘʛʘʣ ʦʮʝʥʢʫ ʮʝʣʦʩʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʪʠʧʦʚ NMEA ʩʦʦʙʱʝʥʠʡ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʧʫʩʢʦʚ ʜʘʥʥʳʭ. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷ ʩ ʧʝʨʝʜʘʯʝʡ 

ʚʠʜʝʦʨʷʜʘ ʯʝʨʝʟ ʚʦʜʥʫʶ ʩʨʝʜʫ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʙʦʨʥʳʝ ʯʘʩʪʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʙʳʣʠ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʇʕɺʄ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ RS 232, ʘ ʢ USB ʧʦʨʪʫ ʦʜʥʦʡ ʠʟ ʇʕɺʄ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ ʩʪʘʥʜʘʨʪʥʘʷ Web ʢʘʤʝʨʘ. ʅʘ ʦʙʝʠʭ ʇʕɺʄ ʙʳʣʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʚʭʦʜʷʱʝʝ ʚ ʩʦʩʪʘʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ EvoLogic 18/34 ï 

«S2C modem demonstration software» Version 1.2. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʤʝʝʪ ʦʧʮʠʶ çWebcamè ʠ ʧʦʟʚʦʣʷʝʪ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʬʦʨʤʠʨʫʝʤʦʝ  ʚʥʝʰʥʝʡ Web ʢʘʤʝʨʦʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʢʘʯʝʩʪʚʦ/ʨʘʟʤʝʨ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʢʘʜʨʘ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʨʝʛʫʣʷʪʦʨʦʤ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ Web ʢʘʤʝʨʳ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʧʨʝʜʧʦʣʘʛʘʣʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʘ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʠʟʫʘʣʴʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʘʜʨʘ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ.  

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʠʝʤʘ-

ʠʟʣʫʯʝʥʠʷ, ʜʠʘʧʘʟʦʥʘ ʚʳʭʦʜʘ ʣʫʯʝʡ +15
0
 ʠ ʯʘʩʪʦʪʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 34 ʢɻʮ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʛʣʫʙʠʥʳ ʤʝʩʪʘ ʠ ɺʈʉɿ ʥʘ ʪʨʘʩʩʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʠʛʦʥʘ ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʚʦʣʥʦʚʦʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦ 

ʧʨʦʛʨʘʤʤʝ [7,8]. ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʤʦʜʝʣʠ ʚʦʣʥʦʚʦʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʪʦʜʘʤʠ 

ʣʫʯʝʚʦʡ ʘʢʫʩʪʠʢʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʫʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪ ʠ ʚ 

ʯʘʩʪʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʛʨʫʧʧ ʚʦʜʥʳʭ ʠ ʧʝʨʝʦʪʨʘʞʝʥʥʳʭ ʦʪ ʛʨʘʥʠʮ ʚʦʣʥʦʚʦʜʘ 

ʣʫʯʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʫʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪ ʦʮʝʥʠʚʘʣʩʷ ʜʠʘʧʘʟʦʥ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ, ʜʠʘʧʘʟʦʥʳ ʫʛʣʦʚ ʚʳʭʦʜʘ ʠ ʜʣʠʥʘ ʧʫʪʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʣʫʯʝʡ. ʋʢʘʟʘʥʥʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʣʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʨʘʚʥʦʤʫ 502.94 ʤ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʈʝʟʫʣʴʪʘʪ r ʥʘʪʫʨʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʪʠʧʘ S2CR 18/34 ʬʠʨʤʳ EvoLogics 

(ɻʝʨʤʘʥʠʷ) ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʴʷ ʧʨʠ ʥʘʣʠʯʠʠ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ ʧʦʟʚʦʣʠʣʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʜʝʣʴ ʚʦʣʥʦʚʦʜʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʦ 
ʪʨʘʩʩʝ ʨʝʣʴʝʬʦʤ ʠ ʧʨʦʬʠʣʝʤ ɺʈʉɿ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʘʜʝʢʚʘʪʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʨʘʡʦʥʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʥʥʳʝ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʘʤʠ, 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 
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ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʘʧʚʝʣʣʠʥʛʘ) ʚʦʜʥʳʭ ʤʘʩʩ ʥʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ. 
2. ɼʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʚ ʢʘʥʘʣʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʘ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ. ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʠ ʨʘʩʩʪʦʷʥʠʡ 
ʤʝʞʜʫ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʧʨʝʚʳʰʘʶʪ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʛʨʫʧʧ ʚʦʜʥʳʭ ʣʫʯʝʡ. 
ʉʦʧʦʩʪʘʚʠʤʳʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʫʧʧʘʤ 
ʣʫʯʝʡ ʧʨʝʪʝʨʧʝʚʰʠʭ ʜʦʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʪʨʘʞʝʥʠʷ. ʈʘʟʣʠʯʠʷ ʚ ʠʟʤʝʨʝʥʥʳʭ ʠ ʨʘʩʯʝʪʥʳʭ 
ʦʮʝʥʢʘʭ ʨʘʩʩʪʦʷʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʢʘʢ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʘʣʛʦʨʠʪʤʘ ʧʦʜʘʚʣʝʥʠʷ 
ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʘʭ, ʪʘʢ ʠ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 
ʵʪʘʣʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ.  

3. ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʪʠʧʘ S2CR 18/34 ʬʠʨʤʳ EvoLogics (ɻʝʨʤʘʥʠʷ) ʦʙʣʘʜʘʶʪ 
ʰʠʨʦʢʠʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʡ ʢʘʥʘʣ 
ʧʝʨʝʜʘʯʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 
ʚ ʩʣʦʞʥʳʭ ʛʠʜʨʦʣʦʛʦ-ʘʢʫʩʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʘʣʠʯʠʠ ʤʥʦʛʦʣʫʯʝʚʦʩʪʠ ʠ ʧʦʜʣʝʜʥʦʤ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʚ 
ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʛʠʜʨʦʣʦʛʦ-ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ. 

4. ɼʦʩʪʠʛʥʫʪʳʝ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 
ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ 
ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʪʠʧʘ S2CR 18/34 ʬʠʨʤʳ EvoLogics (ɻʝʨʤʘʥʠʷ) ʧʦʟʚʦʣʷʶʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʘʚʪʦʥʦʤʥʳʭ 
ʩʨʝʜʩʪʚ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʳʭ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ ʠ ʷʚʣʷʶʪʩʷ 
ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʦʟʜʘʚʘʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʜʚʦʜʥʳʭ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʝʪʝʡ.  
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ʈʘʙʦʪʘ ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʛʣʫʙʦʢʦʡ ʚʦʜʝ ʠʣʠ ʧʦʜ ʜʨʝʡʬʫʶʱʠʤ 

ʣʴʜʦʤ ʩʚʷʟʘʥʥʘ ʩ ʤʥʦʞʝʩʪʚʦʤ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʨʠʩʢʦʚ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɸʅʇɸ) ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʠʣʠ, ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ, ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ. ʏʘʩʪʦ ʧʨʠʤʝʥʝʥʠʝ ɸʅʇɸ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

ʨʝʞʠʤʘ çʘʚʪʦʥʦʤʥʦʩʪʠ ʧʦʜ ʥʘʜʟʦʨʦʤè, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʬʫʥʢʮʠʷʤʠ ɸʅʇɸ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦ ʚʨʝʤʝʥʥʦʤʫ. ʆʙʝʩʧʝʯʝʥʠʝ ʵʪʠʭ ʨʝʞʠʤʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʦʩʥʘʱʝʥʠʷ ɸʅʇɸ ʠ ʩʨʝʜʩʪʚ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʚʳʩʦʢʦʪʦʯʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ/ʥʘʚʠʛʘʮʠʠ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ 

ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʠʙʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʘʙʦʥʝʥʪʦʚ ʮʠʬʨʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, 

ʦʙʲʝʜʠʥʷʶʱʝʝ ʬʫʥʢʮʠʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʙʘʟʦʚʦʡ (ʋʂɹ) ʘʥʪʝʥʥʳ, ʜʣʠʥʥʦʙʘʟʦʚʦʡ (ɼɹ) ʘʥʪʝʥʥʳ ʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʦʙʤʝʥʘ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʩʠʩʪʝʤʦʡ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʫʝʪ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʧʦʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʪʨʘʥʩʠʚʝʨʳ ʋʂɹ ʘʥʪʝʥʥ (ʛʣʫʙʠʥʘ ʧʦʨʷʜʢʘ ʤʝʪʨʦʚ) ʠ çʩʚʦʙʦʜʥʳʝè 

ʪʨʘʥʩʠʚʝʨʳ ɼɹ ʘʥʪʝʥʥʳ, ʩʚʠʩʘʶʱʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʪʦʣʱʫ ʚʦʜʳ ʥʘ ʢʘʙʝʣʝ (ʥʘ ʛʣʫʙʠʥʫ ʥʠʞʝ 

ʩʝʟʦʥʥʦʛʦ ʪʝʨʤʦʢʣʠʥʘ, ʪ.ʝ. ʧʦʨʷʜʢʘ ʩʦʪʝʥ ʤʝʪʨʦʚ). ʋʂɹ ʘʥʪʝʥʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘʜ 

çʩʚʦʙʦʜʥʳʤè ʪʨʘʥʩʠʚʝʨʦʤ ʦʪʩʣʝʞʠʚʘʝʪ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ 

(ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ) ʩʣʫʯʘʡʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ɼɹ ʘʥʪʝʥʥʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʧʦʢʨʳʪʠʷ ɼɹ 

ʘʥʪʝʥʥʳ. ʂʘʞʜʳʡ ʪʨʘʥʩʠʚʝʨ ʩʦʜʝʨʞʠʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ ʥʘ ʦʩʥʦʚʝ 

ʪʝʢʫʱʠʭ ʜʘʥʥʳʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ, ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʢʘʞʜʦʛʦ ʠʟ çʩʚʦʙʦʜʥʳʭè 

ʪʨʘʥʩʠʚʝʨʦʚ ɼɹ ʘʥʪʝʥʥʳ, ʟʘʥʠʤʘʶʱʠʭ ʛʣʫʙʠʥʳ 100-150 ʤ, ʚʳʧʦʣʥʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘʜ ʥʠʤʠ ʋʂɹ-ʪʨʘʥʩʠʚʝʨʦʚ (ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʞʝʩʪʢʦʤ ʩʪʝʨʞʥʝ ʥʘ ʛʣʫʙʠʥʝ 

3-5 ʤ), ʠʤʝʶʪ ʪʦʯʥʦʩʪʴ ʧʦʨʷʜʢʘ 10 ʩʤ. ʇʨʠ ʪʘʢʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʙʘʟʳ ɼɹ ʘʥʪʝʥʥʳ ʠ ʜʣʠʥʝ 

ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʧʦʨʷʜʢʘ ʢʠʣʦʤʝʪʨʦʚ, ʦʞʠʜʘʝʤʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ 

ʠʤʝʝʪ ʧʦʨʷʜʦʢ 10 ʩʤ. ʉʪʘʪʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʩʝʤ ʢʣʶʯʝʚʳʤ 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

ɺʚʝʜʝʥʠʝ 

 

ʂʣʶʯʝʚʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʩʦʩʪʦʠʪ ʚ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʉʪʘʮʠʦʥʘʨʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 

ʪʨʘʥʩʠʚʝʨʦʚ ɼɹ ʘʥʪʝʥʥʳ ʥʘ ʜʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʪʦʯʥʫʶ ʦʮʝʥʢʫ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʪʨʘʥʩʧʦʥʜʝʨʦʚ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʚ ʪʦʣʱʝ ʚʦʜʳ. ʆʜʥʘʢʦ, ʨʘʟʤʝʱʝʥʠʝ ɼɹ ʘʥʪʝʥʥʳ ʥʘ ʜʥʝ, ʝʝ 

ʢʘʣʠʙʨʦʚʢʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʩʚʝʨʪʳʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʠ 

ʜʦʨʦʛʠʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʡʬʫʶʱʠʭ ʪʨʘʥʩʠʚʝʨʦʚ ɼɹ 

ʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʤʥʦʛʦ ʤʝʥʝʝ ʟʘʪʨʘʪʥʫʶ ʟʘʜʘʯʫ, ʦʜʥʘʢʦ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʝ 

ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ. ʊʨʘʥʩʠʚʝʨʳ ʥʘ ʜʣʠʥʥʦʤ ʢʘʙʝʣʝ ʤʦʛʫʪ 

ʦʪʢʣʦʥʷʪʴʩʷ ʪʝʯʝʥʠʷʤʠ ʠ ʨʘʩʢʘʯʠʚʘʪʴʩʷ ʚ ʩʣʫʯʘʡʥʦʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ, ʪʘʢ ʯʪʦ ʠʭ ʚʟʘʠʤʥʳʝ 

ʧʦʣʦʞʝʥʠʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʘʨʴʠʨʫʶʪ (ʨʠʩ.1). ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʣʠʥʝ ʢʘʙʝʣʷ 150 ʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʪʨʘʥʩʠʚʝʨʦʚ ɼɹ ʘʥʪʝʥʥʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʯʝʥʠʡ ʤʦʛʫʪ 

ʩʦʩʪʘʚʣʷʪʴ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʦʪ ʪʦʯʢʠ ʚʭʦʜʘ ʢʘʙʝʣʷ ʚ ʚʦʜʫ, ʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʨʘʥʩʠʚʝʨʘʤʠ  

ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʤʥʦʛʠʭ ʤʝʪʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʰʠʙʢʠ ʚ ʦʮʝʥʢʘʭ ʢʦʦʨʜʠʥʘʪ 
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ʦʙʲʝʢʪʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʤʥʦʛʠʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʪʦʯʥʦʡ ʩʠʩʪʝʤʳ ɼɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦ çʩʚʦʙʦʜʥʳʤʠè ʪʨʘʥʩʠʚʝʨʘʤʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʦʜʦʝʤʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʩʴʤʘ ʟʥʘʯʠʤʳʡ ʠʥʪʝʨʝʩ. 

 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

ʈʝʰʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʧʦʷʚʠʣʦʩʴ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʶ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘ ʞʝʩʪʢʦʤ ʩʪʝʨʞʥʝ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʴʜʘ ʪʨʘʥʩʠʚʝʨʦʚ 

ʋʂɹ ʘʥʪʝʥʥ ʠ ʩʚʝʰʠʚʘʝʤʳʭ ʥʘ ʜʣʠʥʥʦʤ ʢʘʙʝʣʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʪʨʘʥʩʠʚʝʨʦʚ ɼɹ ʘʥʪʝʥʥʳ 

(ʨʠʩ. 1). ʂʘʞʜʳʡ ʠʟ ʪʨʘʥʩʠʚʝʨʦʚ ʷʚʣʷʣʩʷ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ 

ʤʦʜʝʤʦʤ ʩ ʥʘʜʩʪʨʦʡʢʘʤʠ ʚ ʚʠʜʝ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʬʫʥʢʮʠʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʩʝʤʠ ʧʦʣʫʯʘʪʝʣʷʤʠ/ʦʪʧʨʘʚʠʪʝʣʷʤʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʪʨʘʥʩʧʦʥʜʝʨ ʥʘ 

ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ (ʦʙʲʝʢʪʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ). 

ʌʠʢʩʠʨʦʚʘʥʥʳʡ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ ʪʨʘʥʩʠʚʝʨ ʋʂɹ ʘʥʪʝʥʥʳ ʦʮʝʥʠʚʘʣ 

ʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ çʩʚʦʙʦʜʥʦʛʦè ʪʨʘʥʩʠʚʝʨʘ ɼɹ ʘʥʪʝʥʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʫʯʝʩʪʴ 

ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʙʘʟʦʚʳʭ ʣʠʥʠʡ ɼɹ ʘʥʪʝʥʥʳ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʘ ʦʙʲʝʢʪʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

 
ʈʠʩ. 1. ʀʣʣʶʩʪʨʘʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʋʂɹ ʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

 

ʀʩʧʦʣʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʋʂɹ ʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʪʝʭʥʦʣʦʛʠʠ S2C [2], [3] 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ EvoLogics, ɻʝʨʤʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʠ ʚʳʧʦʣʥʷʪʴ ʚʳʩʦʢʦʪʦʯʥʫʶ 

ʦʮʝʥʢʫ ʢʦʦʨʜʠʥʘʪ ʫʜʘʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ/ʧʦʣʫʯʘʪʝʣʷ ʜʘʥʥʳʭ; 

ï ʚ ʥʘʣʠʯʠʠ ʨʘʟʚʠʪʦʛʦ ʧʨʦʪʦʢʦʣʘ MAC-ʫʨʦʚʥʷ, ʩʧʦʩʦʙʥʦʛʦ ʫʯʠʪʳʚʘʪʴ ʪʝʢʫʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ 

ʢ ʢʘʥʘʣʫ; 

ï ʚ ʧʦʜʜʝʨʞʢʝ ʨʘʩʰʠʨʝʥʥʦʛʦ ʥʘʙʦʨʘ ʬʫʥʢʮʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʪʦʢʦʣʦʚ ʩʝʪʝʚʦʛʦ 

ʫʨʦʚʥʷ; 
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ï ʚʦ ʚʟʘʠʤʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʠ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ 

ʪʨʘʥʩʠʚʝʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʋʂɹ ʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʋʂɹ ʪʨʘʥʩʠʚʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʲʝʜʠʥʷʶʱʠʝ 

ʬʫʥʢʮʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ ʠ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɺʝʩʴ ʥʘʙʦʨ ʬʫʥʢʮʠʡ 

ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʦʜʥʦʤ ʧʨʦʮʝʩʩʦʨʥʦʤ ʤʦʜʫʣʝ ʠ ʚ ʦʜʥʦʤ ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʦʤ ʪʨʘʢʪʝ. ʆʜʥʠ ʠ ʪʝ 

ʞʝ ʩʠʛʥʘʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʠʭ 

ʠʩʪʦʯʥʠʢʘ (ʢʘʞʜʳʡ ʧʘʢʝʪ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ). ɺʩʝ 

ʧʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ʩʦʜʝʨʞʘʪ ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 

ʦʪʢʨʳʪʳʤ ʜʘʞʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʪʘʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʥʘʚʠʛʘʮʠʷ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʙʣʠʟʢʦʤ ʢ 

ʨʝʘʣʴʥʦʤʫ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʚʨʝʤʷʟʘʪʨʘʪʥʳʭ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 

ʧʦʟʚʦʣʠʣʘ ʥʠʚʝʣʠʨʦʚʘʪʴ ʦʜʠʥ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʚʷʟʠ ï ʥʝʜʦʩʪʘʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʜʝʣʴʥʳʤ 

ʠʩʧʦʣʥʝʥʠʝʤ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɸʅʇɸ 

ʦʙʝʩʧʝʯʠʚʘʣʠʩʴ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʫʩʪʨʦʡʩʪʚ ʪʝʭʥʦʣʦʛʠʠ 

S2C, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʙʤʝʥ çʩʨʦʯʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠè. ʉʨʦʯʥʳʝ ʩʦʦʙʱʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʠ ʙʝʟ 

ʦʞʠʜʘʥʠʷ ʟʘʚʝʨʰʝʥʠʷ ʪʝʢʫʱʝʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. ʉʨʦʯʥʳʝ ʩʦʦʙʱʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʧʦʚʝʨʭ 

ʪʝʢʫʱʝʛʦ ʧʦʪʦʢʘ ʢʘʢ ʯʘʩʪʴ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪ 

ʧʝʨʝʜʘʚʘʝʤʳʡ ʢʣʘʩʪʝʨ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʘʢʝʪʦʚ) ʜʘʥʥʳʭ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʤʝʭʘʥʠʟʤʫ 

ʜʦʩʪʘʚʢʠ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʜʦʩʪʫʧ ʫʧʨʘʚʣʷʶʱʠʭ ʜʘʥʥʳʭ ʢ ʢʘʥʘʣʫ ʩʚʷʟʠ ʟʘ 

ʢʦʨʦʪʢʦʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʦʧʝʨʘʪʦʨʫ 

ʪʝʢʫʱʝʡ ʧʦʟʠʮʠʠ ʘʧʧʘʨʘʪʘ ʜʦʩʪʘʚʢʘ ʥʘ ɸʅʇɸ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪ ɹʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʚ ʨʝʘʣʴʥʦʤ (ʠʣʠ 

ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ) ʚʨʝʤʝʥʠ. 

ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʋʂɹ ʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʢʘʞʜʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ  

ï ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ 

ʙʘʩʩʝʡʥʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʤ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʝʚʝʨʙʝʨʘʮʠʠ; 

ï ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʜʣʝʥʥʦ 

ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ ʦʪʢʨʳʪʦʡ ʚʦʜʝ ʚʙʣʠʟʠ ʜʥʘ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʠʩʪʝʤʳ ʠ 

ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ ʛʣʫʙʠʥ; 

ï ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʜʣʝʥʥʦ 

ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ ʦʪʢʨʳʪʦʡ ʚʦʜʝ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʠʩʪʝʤʳ ʠ 

ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ; 

ï ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ 

ʦʪʢʨʳʪʦʡ ʚʦʜʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʤʝʥʝ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠ 

ʦʙʲʝʢʪʦʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ 

ʙʘʩʩʝʡʥʝ 

 

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ 

çʪʦʯʥʦʩʪʴè ʠ çʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘè ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ 

ʪʦʯʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʢʦʦʨʜʠʥʘʪ 
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ʪʨʘʥʩʧʦʥʜʝʨʘ. ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʢʦʦʨʜʠʥʘʪʳ 

ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʝ ʠʟʚʝʩʪʥʳ ʠ ʨʝʟʫʣʴʪʘʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤʫ ʨʘʩʩʝʠʚʘʥʠʶ ʚʦʢʨʫʛ ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʵʪʦʡ ʩʝʢʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ 

ʪʦʯʥʦʩʪʴ ʪʘʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. ɺʳʧʦʣʥʝʥʥʳʝ ʧʨʠ ʵʪʦʤ 

ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʘʢ ʢʘʣʠʙʨʦʚʦʯʥʳʝ, ʠ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʵʪʦʡ ʩʠʩʪʝʤʦʡ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʩʤʝʱʝʥʥʳʤʠ (ʢʦʛʜʘ ʪʦʯʥʦʩʪʴ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʘ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ 

ʙʘʩʩʝʡʥʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣ ʪʨʘʥʩʧʦʥʜʝʨ ʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʤ 

ʪʝʣʝʫʧʨʘʚʣʷʝʤʦʤ ʘʧʧʘʨʘʪʝ (ʊʇɸ), ʢʦʪʦʨʳʡ ʤʝʜʣʝʥʥʦ ʧʝʨʝʤʝʱʘʣʩʷ ʚ ʙʘʩʩʝʡʥʝ ʢʨʫʛʣʦʡ 

ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 5.0 ʤ ʠ ʛʣʫʙʠʥʦʡ 4.5 ʤ. ʊʨʘʥʩʧʦʥʜʝʨ ʨʘʟʤʝʱʘʣʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʊʇɸ. 

ʋʂɹ-ʪʨʘʥʩʠʚʝʨ ʨʘʟʤʝʱʘʣʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʥʘ ʞʝʩʪʢʦʤ ʩʪʝʨʞʥʝ ʥʘ ʛʣʫʙʠʥʝ 1 

ʤ. ʄʘʨʰʨʫʪ ʊʇɸ ʣʝʞʘʣ ʚ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ 3.5-4.5 ʤ. 

ʅʘ ʜʥʝ ʙʘʩʩʝʡʥʘ ʧʦ ʠʟʚʝʩʪʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʩʪʫʧʝʥʯʘʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʣʠʩʪʦʚ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʬʠʛʫʨʥʳʭ ʦʪʚʝʨʩʪʠʡ (ʈʠʩ. 2). ʀʟʚʝʩʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʜʥʝ ʠ ʝʝ ʛʝʦʤʝʪʨʠʷ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʪʦʯʥʦʝ ʟʘʜʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʢʘʞʜʦʤʫ ʠʟ ʦʪʚʝʨʩʪʠʡ ʚ ʪʦʣʱʝ ʚʦʜʳ. 

ʊʇɸ ʜʚʠʛʘʣʩʷ ʧʦ ʟʘʜʘʚʘʝʤʦʤʫ ʦʧʝʨʘʪʦʨʦʤ ʤʘʨʰʨʫʪʫ. ʇʨʠ ʧʦʜʭʦʜʝ ʢ ʢʘʞʜʦʤʫ ʠʟ 

ʦʪʚʝʨʩʪʠʡ ʊʇɸ ʬʠʢʩʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʬʠʛʫʨʥʦʛʦ ʰʪʠʬʪʘ, ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ. ɼʣʷ ʧʦʣʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʢ ʢʘʞʜʦʤʫ ʠʟ ʦʪʚʝʨʩʪʠʡ ʊʇɸ ʦʩʥʘʱʘʣʩʷ 

ʬʨʦʥʪʘʣʴʥʳʤ ʙʫʬʝʨʦʤ. ʇʦʩʢʦʣʴʢʫ ʤʝʩʪʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʟʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʘ ʊʇɸ 

ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ, ʧʦʩʣʝ ʧʨʠʣʝʛʘʥʠʷ ʢ ʢʘʞʜʦʤʫ ʠʟ ʦʪʚʝʨʩʪʠʡ ʪʨʝʭʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʘ ʚ ʪʦʣʱʝ ʚʦʜʳ ʙʳʣʠ ʪʘʢʞʝ ʠʟʚʝʩʪʥʳ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʣʠ ʩʨʘʚʥʠʚʘʪʴ ʢʦʦʨʜʠʥʘʪʳ, ʚʳʜʘʚʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʦʤ ʋʂɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʊʇɸ ʧʨʦʭʦʜʠʣ ʧʦ ʤʘʨʰʨʫʪʫ ʩʣʝʜʦʚʘʥʠʷ ʦʪ 

ʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʢ ʜʨʫʛʦʤʫ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʠʚʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʋʂɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʦʜʝʣʴ 

S2CR 40/80 USBL [4]. ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʥʜʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʜʝʤ, 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʦʜʝʣʴ S2CR 40/80 [5]. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 
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ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚʳʧʦʣʥʷʣʦ ʪʦʣʴʢʦ ʟʘʜʘʯʫ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʙʝʟ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʳʭ ʜʘʥʥʳʭ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ 

ʤʦʜʝʤ ʚʳʧʦʣʥʷʣ ʪʦʣʴʢʦ ʬʫʥʢʮʠʶ ʪʨʘʥʩʧʦʥʜʝʨʘ (ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʘʥʥʳʝ ʥʝ ʧʝʨʝʜʘʚʘʣʠʩʴ). 

ʋʩʪʨʦʡʩʪʚʘ ʟʘʥʠʤʘʣʠ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʰʠʨʠʥʦʡ 26 ʢɻʮ ʧʨʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 51 ʢɻʮ. 

ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʷ ʙʳʣʘ ʢʦʥʠʯʝʩʢʦʡ ʩ ʫʛʣʦʤ ʦʪʢʨʳʪʠʷ 70 

ʛʨʘʜʫʩʦʚ. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʠʜʨʦʬʦʥʦʚ ʋʂɹ ʘʥʪʝʥʥʳ ʙʳʣʘ ʢʨʫʛʦʚʦʡ. 

ɿʚʫʢʦʧʦʛʣʦʱʘʶʱʠʝ ʵʢʨʘʥʳ ʥʘ ʜʥʝ ʠ ʩʪʝʥʢʘʭ ʙʘʩʩʝʡʥʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʥʦ ʙʣʘʛʦʜʘʨʷ 

ʢʦʥʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʷ (ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʢʦʥʫʩʘ) ʫʨʦʚʝʥʴ ʦʪʨʘʞʝʥʠʡ ʦʪ ʩʪʝʥʦʢ ʙʘʩʩʝʡʥʘ ʥʘ ʚʭʦʜʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ ʙʳʣ 

ʥʝʚʳʩʦʢʠʤ (ʤʝʥʝʝ ï10 ʜɹ). ʆʜʥʘʢʦ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʜʦʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʪʨʘʞʝʥʠʷ ʚʩʝ ʞʝ 

ʦʙʫʩʣʘʚʣʠʚʘʣʠ ʙʦʣʴʰʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʝʚʝʨʙʝʨʘʮʠʠ (ʧʦʨʷʜʢʘ ï2-5 ʜɹ). 

ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʜʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʫʯʠʪʳʚʘʣʘ 

ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʜʝ (ʚʦʜʘ ʙʳʣʘ ʧʝʨʝʤʝʰʘʥʘ, ʘ ʨʘʟʥʦʩʪʴ ʛʣʫʙʠʥ ʥʝʙʦʣʴʰʦʡ, ʪʘʢ 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ). ʈʠʩ. 3 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʊʇɸ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʦʪ ʦʪʚʝʨʩʪʠʷ ʢ ʦʪʚʝʨʩʪʠʶ. ʋ ʢʘʞʜʦʛʦ 

ʠʟ ʦʪʚʝʨʩʪʠʡ ʚʳʧʦʣʥʷʣʦʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 100 ʠʟʤʝʨʝʥʠʡ ʧʦʟʠʮʠʠ ʘʧʧʘʨʘʪʘ. ɺ ʮʝʣʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ 3000 ʠʟʤʝʨʝʥʠʡ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚ ʦʮʝʥʢʘʭ ʧʦʟʠʮʠʠ ʪʨʘʥʩʧʦʥʜʝʨʘ ʚ ʧʣʦʩʢʦʩʪʷʭ XY, XZ, YZ 

ʥʝ ʧʨʝʚʳʰʘʣʠ 1.5 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʦʚʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʚ ʧʨʝʜʝʣʘʭ 0,04Á ʦʪ 

ʦʞʠʜʘʝʤʦʛʦ (ʧʦ ʘʧʨʠʦʨʥʳʤ ʜʘʥʥʳʤ) ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ. ɺ ʧʨʦʮʝʥʪʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʧʦʟʠʮʠʠ ʪʨʘʥʩʧʦʥʜʝʨʘ ʩʦʩʪʘʚʣʷʣʘ 0,07% ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʝʚʝʨʙʝʨʘʮʠʠ ʚ ʙʘʩʩʝʡʥʝ, ʢʘʢʠʝ 

ʣʠʙʦ ʚʳʙʨʦʩʳ ʚ ʦʮʝʥʢʝ ʢʦʦʨʜʠʥʘʪ ʪʨʘʥʩʧʦʥʜʝʨʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʦʚ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʤ, ʯʪʦ ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ ʩʯʠʪʘʣʘʩʴ ʥʘʜʝʞʥʦʡ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʚʩʷ ʩʣʫʞʝʙʥʘʷ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʧʘʢʝʪʘ ʧʨʠʥʷʪʘ ʫʩʧʝʰʥʦ 

(ʪ.ʝ. ʮʠʢʣʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʯʝʪʥʦʩʪʠ ʧʨʠʥʷʪʦʡ ʧʦʨʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʰʠʙʦʢ ʥʝ 

ʦʙʥʘʨʫʞʠʚʘʣ). ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ ʢʦʥʪʨʦʣʷ ʯʘʩʪʥʦʩʪʠ ʪʝʢʫʱʘʷ ʦʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ 

ʦʙʦʟʥʘʯʘʣʘʩʴ ʢʘʢ ʥʝʥʘʜʝʞʥʘʷ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʣʛʦʨʠʪʤʘ, ʦʥʘ ʤʦʞʝʪ ʦʪʙʨʘʩʳʚʘʪʴʩʷ ʠʣʠ 

ʯʘʩʪʠʯʥʦ ʫʯʠʪʳʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʫʤʥʦʞʘʪʴʩʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʚʝʩ). 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʨʝʚʝʨʙʝʨʘʮʠʠ, ʜʦʩʪʠʛʥʫʪʘʷ 

ʪʦʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʦʡ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʧʨʝʥʝʙʨʝʞʠʤʦ 

ʤʘʣʦʛʦ ʦʙʲʝʤʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʚ ʫʯʝʪʝ ʧʨʦʬʠʣʷ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʦ ʛʣʫʙʠʥʝ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʧʦʨʥʘʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʠʪʳʚʘʪʴ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʚ ʟʘʜʘʯʘʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ. 

 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʦʪʢʨʳʪʦʡ ʚʦʜʝ ʚʙʣʠʟʠ ʜʥʘ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʠʩʪʝʤʳ ʠ ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ 

 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ 

ʦʪʢʨʳʪʦʡ ʚʦʜʝ (ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ, ʢ ʩʝʚʝʨʫ ʦʪ ʄʘʜʝʡʨʳ), ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʨʘʟʙʨʦʩ 

ʦʮʝʥʦʢ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʘ ʧʨʠ ʝʛʦ ʜʨʝʡʬʝ ʚ ʪʦʣʱʝ ʚʦʜʳ ʫ ʜʥʘ ʥʘ ʫʤʝʨʝʥʥʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʪʨʘʥʩʠʚʝʨʘ. ʊʘʢ ʞʝ ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʤʘʣʦʨʘʟʤʝʨʥʳʡ ʊʇɸ 

ʩʣʫʞʠʣ ʥʦʩʠʪʝʣʝʤ ʪʨʘʥʩʧʦʥʜʝʨʘ. ʊʇɸ ʧʝʨʝʤʝʱʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʤʝʞʜʫ 5000 ʠ 5200 ʤ 

ʥʘ ʫʜʘʣʝʥʠʠ ʜʦ 250 ʤ ʦʪ ʦʧʫʩʢʘʝʤʦʛʦ ʥʘ ʢʘʙʝʣʝ ʤʦʜʫʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ (ʛʘʙʘʨʠʪʥʦʛʦ ʤʦʜʫʣ ̫
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ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ TMS, ʢ ʢʦʪʦʨʦʤʫ ʙʳʣ ʧʦʜʢʣʶʯʝʥ ʊʇɸ, ʦʧʫʩʢʘʝʤʦʛʦ ʥʘ 

ʢʘʙʝʣʴ-ʪʨʦʩʝ ʥʘ ʨʘʙʦʯʠʝ ʥʘ ʛʣʫʙʠʥʳ ʩ ʙʦʨʪʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʫʜʥʘ ñFS Maria Merianò). 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʤʳ TMS ʨʘʟʤʝʱʘʣʩʷ ʪʨʘʥʩʠʚʝʨ ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʋʂɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ï ʤʦʜʝʣʴ S2CR 48/78 USBL [6]. 

ʌʫʥʢʮʠʶ ʪʨʘʥʩʧʦʥʜʝʨʘ ʚʳʧʦʣʥʷʣ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʜʝʤ, ʤʦʜʝʣʴ S2CR 48/78 [7]. 

ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʢʨʦʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʪʨʘʥʩʠʚʝʨ ʠ ʪʨʘʥʩʧʦʥʜʝʨ ʚʳʧʦʣʥʷʣʠ 

ʪʘʢ ʞʝ ʦʙʤʝʥ ʧʦʣʝʟʥʳʤʠ ʜʘʥʥʳʤʠ. ɼʘʥʥʳʝ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʨʝʞʠʤʝ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʥʘ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʷʟʠ 1 ʢʙʠʪ/ʩ. ɺ ʭʦʜʝ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʪʨʘʥʩʠʚʝʨ ʠʩʧʦʣʴʟʦʚʘʣ 

ʢʘʞʜʳʡ ʧʨʠʥʠʤʘʝʤʳʡ ʧʘʢʝʪ ʜʣʷ ʦʮʝʥʢʠ ʧʦʟʠʮʠʠ ʫʜʘʣʝʥʥʦʛʦ ʘʙʦʥʝʥʪʘ ʩʚʷʟʠ (ʦʪʧʨʘʚʠʪʝʣʷ). 

ʋʩʪʨʦʡʩʪʚʘ ʟʘʥʠʤʘʣʠ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʰʠʨʠʥʦʡ 30 ʢɻʮ ʤʝʞʜʫ 48 ʠ 78 ʢɻʮ. ɼʠʘʛʨʘʤʤʘ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʷ ʙʳʣʘ ʪʦʨʦʠʜʘʣʴʥʦʡ ʩ ʫʛʣʦʤ ʦʪʢʨʳʪʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʢʦʣʦ 80 ʛʨʘʜʫʩʦʚ. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʠʜʨʦʬʦʥʦʚ ʋʂɹ ʘʥʪʝʥʥʳ ʙʳʣʘ 

ʢʨʫʛʦʚʦʡ. ɼʣʷ ʧʝʨʝʩʯʝʪʘ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʜʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʫʯʠʪʳʚʘʣʘ ʪʘʢʞʝ ʪʦʣʴʢʦ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʥʘ ʜʘʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʛʣʫʙʠʥ (ʥʘ ʛʣʫʙʠʥʘʭ 

ʧʦʨʷʜʢʘ 5000 ʤ ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʩʣʘʙʦʚʳʨʘʞʝʥ, ʘ ʨʘʟʥʦʩʪʴ ʧʦ ʛʣʫʙʠʥʝ ʤʝʞʜʫ TMS ʠ 

ʊʇɸ ʥʝʙʦʣʴʰʘʷ, ʪʘʢ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪʩʫʪʩʪʚʦʚʘʣʘ). 

ʆʮʝʥʢʘ ʧʦʟʠʮʠʠ ʪʨʘʥʩʧʦʥʜʝʨʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 ʨʘʟ ʚ ʩʝʢʫʥʜʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4 (ʛʣʫʙʠʥʘ ʊʇɸ ʫʢʘʟʘʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʛʣʫʙʠʥʝ TMS). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʚ ʭʦʜʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʨʝʥʥʦʝ 

ʨʘʩʩʝʠʚʘʥʠʝ ʦʮʝʥʦʢ ʧʦʟʠʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʜʠʩʪʘʥʮʠʷʭ ʦʢʦʣʦ 100 ʤ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʮʝʥʢʠ ʧʦʟʠʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣʦ 8 ʩʤ, ʘ ʥʘ ʜʠʩʪʘʥʮʠʠ 200 ʤ 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 17 ʩʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʪʦʯʥʦʩʪʴ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ) ʩʦʩʪʘʚʠʣʷʣʘ 

0,085% ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʨʫʯʝʥʥʳʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʙʘʩʩʝʡʥʝ, ʯʪʦ ʦʙʲʷʩʥʷʪʩʷ (ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ) ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʘʨʠʘʮʠʝʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ, ʘ 

ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʴ  ʁʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝʤʥʳʤ ʨʘʩʩʝʚʘʥʠʝʤ). 

 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʋʂɹ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʚ ʦʪʢʨʳʪʦʡ 

ʚʦʜʝ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʠʩʪʝʤʳ ʠ ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʦʪʢʨʳʪʦʡ ʚʦʜʝ (ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ, ʢ ʩʝʚʝʨʫ ʦʪ ʄʘʜʝʡʨʳ), 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʨʘʟʙʨʦʩ ʦʮʝʥʦʢ ʧʦʟʠʮʠʠ ʪʨʘʥʩʧʦʥʜʝʨʘ ʧʨʠ ʝʛʦ ʩʧʫʩʢʝ-ʧʦʜʲʝʤʝ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʘʣʴʥʦʩʪʠ ʜʦ ʪʨʘʥʩʠʚʝʨʘ. ʄʦʜʫʣʴ TMS ʦʧʫʩʢʘʣʩʷ ʩ ʙʦʨʪʘ ʥʝʤʝʮʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʫʜʥʘ ñFS Maria Merianò. ɺ ʩʦʩʪʘʚ TMS ʚʢʣʶʯʘʣʩʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ 

ʤʦʜʝʤ, ʤʦʜʝʣʴ S2CR 7/17 [8], ʚʳʧʦʣʥʷʚʰʠʡ ʬʫʥʢʮʠʶ ʪʨʘʥʩʧʦʥʜʝʨʘ. ɼʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʧʦʟʠʮʠʠ ʪʨʘʥʩʧʦʥʜʝʨʘ ʧʦʜ ʚʦʜʦʡ ʩʫʜʥʦ ʦʩʥʘʱʘʣʦʩʴ ʪʨʘʥʩʠʚʝʨʦʤ ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ï ʤʦʜʝʣʴ S2CR 

7/17 USBL [9]. ʊʨʘʥʩʠʚʝʨ ʟʘʢʨʝʧʣʷʣʩʷ ʥʘ ʤʘʩʩʠʚʥʦʡ ʨʘʤʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʚʝʨʩʪʠʠ ʥʘ 

ʛʣʫʙʠʥʝ ʦʢʦʣʦ 7 ʤ (1 ʤ ʧʦʜ ʢʠʣʝʤ ʩʫʜʥʘ). ʋʩʪʨʦʡʩʪʚʘ ʟʘʥʠʤʘʣʠ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʰʠʨʠʥʦʡ 

10 ʢɻʮ ʤʝʞʜʫ 7 ʠ 17 ʢɻʮ. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʝʡ ʪʨʘʥʩʠʚʝʨʘ ʠ 

ʪʨʘʥʩʧʦʥʜʝʨʘ ʙʳʣʠ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤʠ. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʠʜʨʦʬʦʥʦʚ ʋʂɹ 

ʘʥʪʝʥʥʳ ʙʳʣʘ ʢʨʫʛʦʚʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʬʘʢʪʦʨʦʤ, ʦʩʣʦʞʥʷʶʱʠʤ 

ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʠʚʝʨʘ, ʷʚʣʷʣʩʷ ʰʫʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ, 

ʧʨʠʚʦʜʦʚ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʜʚʠʞʠʪʝʣʝʡ ʩʫʜʥʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʳ ʪʨʘʥʩʠʚʝʨʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ, ʫʨʦʚʝʥʴ ʠʟʣʫʯʘʝʤʳʭ ʪʨʘʥʩʧʦʥʜʝʨʦʤ ʩʠʛʥʘʣʦʚ 

ʧʦʚʳʰʘʣʩʷ ʜʦ ʫʨʦʚʥʝʡ 184-185 ʜɹ. 

ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʘʥʥʳʝ ʦ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪʩʫʪʩʪʚʦʚʘʣʠ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʧʝʨʝʩʯʝʪʘ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʜʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 
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ʫʯʠʪʳʚʘʣʘ ʩʨʝʜʥʶʶ ʜʣʷ ʩʝʟʦʥʘ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʛʣʫʙʠʥ. ʇʦʩʢʦʣʴʢʫ 

ʠʥʪʝʨʝʩʦʚʘʣʘ ʥʝ ʩʪʦʣʴʢʦ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩʢʦʣʴʢʦ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʪʨʘʥʩʧʦʥʜʝʨʘ ʦʪ ʠʟʤʝʨʝʥʠʷ ʢ ʠʟʤʝʨʝʥʠʶ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʤʝʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʮʝʥʥʦʩʪʴ: ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʣʠʩʴ ʩʤʝʱʝʥʥʳʤʠ, 

ʧʦʨʷʜʦʢ ʨʘʩʩʝʠʚʘʥʠʷ ʵʪʠʭ ʦʮʝʥʦʢ ʜʘʚʘʣ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʝʧʝʥʠ ʫʭʫʜʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ (ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʯʪʦ ʧʨʠ ʜʠʩʪʘʥʮʠʷʭ ʧʦʨʷʜʢʘ ʢʠʣʦʤʝʪʨʦʚ ʚʣʠʷʥʠʝ ʦʙʲʝʤʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ 

ʟʥʘʯʠʤʳʤ). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʫʩʪʴ ʜʘʞʝ ʩʤʝʱʝʥʥʳʝ, ʜʘʚʘʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʘʥʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʫʜʥʘ ʦ ʚʨʘʱʝʥʠʠ ʦʧʫʩʢʘʝʤʦʛʦ ʤʦʜʫʣʷ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʨʠʩʢʘʭ ʧʦʚʨʝʞʜʝʥʠʷ (ʧʝʨʝʢʨʫʯʠʚʘʥʠʷ) ʢʘʙʝʣɹ-ʪʨʦʩʘ. 

ʊʘʢ ʞʝ ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʢʨʦʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʪʘʢʞʝ 

ʟʘʜʘʯʘ ʧʨʠʝʤʘ-ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʩʚʷʟʠ 1 ʢʙʠʪ/ʩ. ʇʨʠ ʩʧʫʩʢʝ-ʧʦʜʲʝʤʝ TMS ʦʮʝʥʢʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʮʝʥʢʘ 

ʝʛʦ ʧʦʟʠʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʘʞʜʳʝ 4 ʩ. ʈʝʟʫʣʴʪʘʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʚʳʙʨʦʩʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʨʘʟʙʨʦʩ ʚ ʦʮʝʥʢʘʭ ʧʦʟʠʮʠʠ ʪʨʘʥʩʧʦʥʜʝʨʘ 

ʷʚʣʷʝʪʩʷ ʫʤʝʨʝʥʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʜʠʩʪʘʥʮʠʷʭ ʦʢʦʣʦ 1000 ʤ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʦʮʝʥʢʠ ʧʦʟʠʮʠʠ ʥʝ ʧʨʝʚʳʰʘʣʦ 1.11 ʤ, ʘ ʥʘ ʜʠʩʪʘʥʮʠʠ 2000 ʤ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʩʦʩʪʘʚʣʷʣʦ 2.34 ʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ) ʩʦʩʪʘʚʣʣ̫ʘ 0,117% ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ. 

ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʫʭʫʜʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʙʲʝʤʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʤʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʙʦʣʴʰʠʭ ʜʘʣʴʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ. 

 
 

 
 

ʈʠʩ.4. ʆʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ ʊʇɸ ʜʚʠʞʫʱʝʛʦʩʷ ʥʘ 

ʫʤʝʨʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʋʂɹ ʪʨʘʥʩʠ-ʚʝʨʘ (W--E: 

ʟʘʧʘʜ-ʚʦʩʪʦʢ, N--S ʩʝʚʝʨ-ʶʛ) 

 

 
 

ʈʠʩ. 5. ʆʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ ʊʇɸ ʜʚʠʞʫʱʝʛʦʩʷ ʥʘ 

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʋʂɹ ʪʨʘʥʩʠʚʝʨʘ (W--E: ʟʘʧʘʜ-

ʚʦʩʪʦʢ, N--S ʩʝʚʝʨ-ʶʛ) 

 

 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʤʝʥʝ ʮʠʬʨʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ɼɹ ʪʨʘʥʩʠʚʝʨʘʤʠ ʠ ʪʨʘʥʩʧʦʥʜʝʨʦʤ 

 

 ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʤʝʥʝ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʩʠʩʪʝʤʦʡ ʠ ʦʙʲʝʢʪʦʤ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʤʦʜʝʣʴ S2CR 18/34 LBL [10]) ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʨʠ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʦʟʝʨʝ ɹʘʡʢʘʣ ʚ 2010-2012 ʛʦʜʘʭ. ɺ ʧʝʨʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʚʘ ʪʨʘʥʩʠʚʝʨʘ ɼɹ 

ʘʥʪʝʥʥʳ ʨʘʟʚʦʨʘʯʠʚʘʣʠʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʢʘʙʝʣʝ ʥʘ ʛʣʫʙʠʥʝ 10 ʤ. 
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ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʠʚʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʮʠʬʨʦʚʦʡ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʦʜʝʣʴ S2CR 18/34 LBL 

Node [10]. ɹʘʟʦʚʘʷ ʣʠʥʠʷ ʠʤʝʣʘ ʜʣʠʥʫ 170 ʤ. 

 ɿʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʪʨʘʥʩʧʦʥʜʝʨʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʝʛʦ ʦʪ ʙʘʟʦʚʦʡ 

ʣʠʥʠʠ ʥʘ 180 ʤ. ʊʨʘʥʩʧʦʥʜʝʨ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʦʜʝʣʴ S2CR 18/34 LBL Beacon [10] (ʨʠʩ.6), 

ʟʘʢʨʝʧʣʷʣʩʷ ʥʘ ʪʨʦʩʝ ʣʝʙʝʜʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʝ ʜʦ ʛʣʫʙʠʥʳ 1000ʤ. 

ʉʠʩʪʝʤʘ ʟʘʥʠʤʘʣʘ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʰʠʨʠʥʦʡ 16 ʢɻʮ ʤʝʞʜʫ 18 ʠ 34 ʢɻʮ. ɼʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʝʡ ʪʨʘʥʩʠʚʝʨʘ ʠ ʪʨʘʥʩʧʦʥʜʝʨʘ ʙʣrʠ ʩʣʘʙʦ ʥʘʧʨʘʚʣʝʥ rʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʙʳʣʠ ʥʝʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʠʚʝʨʳ ʠ ʪʨʘʥʩʧʦʥʜʝʨʳ ʦʙʤʝʥʠʚʘʣʠʩʴ ʧʘʢʝʪʘʤʠ 

ʜʘʥʥʳʭ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ 1 ʢʙʠʪ/ʩ. ɹʣʘʛʦʜʘʨʷ ʦʩʥʘʱʝʥʠʶ ʣʝʙʝʜʢʠ 

ʪʦʯʥʳʤ ʩʯʝʪʯʠʢʦʤ ʜʣʠʥʳ ʚʳʜʘʥʥʦʛʦ ʪʨʦʩʘ ʛʣʫʙʠʥʘ ʪʦʯʢʠ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʪʨʦʩʝ 

ʪʨʘʥʩʧʦʥʜʝʨʘ ʙʳʣʘ ʠʟʚʝʩʪʥʘ ʩ ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ. ɺ ʫʩʣʦʚʠʷʭ ʥʝʧʦʜʚʠʞʥʦʡ ʚʦʜʳ 

(ʪʝʯʝʥʠʝʤ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ) ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʟʘʢʨʝʧʣʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʪʨʦʩʝ/ʢʘʙʝʣʷʭ ʠ ʪʦʯʢʘʤʠ ʚʭʦʜʘ ʪʨʦʩʘ/ʢʘʙʝʣʝʡ ʚ ʚʦʜʫ ʩʦʚʧʘʜʘʣʠ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ɼɹ ʘʥʪʝʥʥʳ ʠ 

ʜʘʣʴʥʦʩʪʝʡ ʦʪ ʪʨʘʥʩʠʚʝʨʦʚ ʘʥʪʝʥʥʳ ʜʦ ʪʨʘʥʩʧʦʥʜʝʨʘ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʝʡ 

ʣʘʟʝʨʥʳʤ ʜʘʣʴʥʦʤʝʨʦʤ ʩʦʩʪʘʚʣʷʣʘ ʧʦʣʩʘʥʪʠʤʝʪʨʘ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʣʠ 

ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʨʘʥʩʧʦʥʜʝʨʘ, ʦʮʝʥʠʚʘʝʤʳʭ ʩʠʩʪʝʤʦʡ ɼɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʨʘʥʩʧʦʥʜʝʨʘ, ʟʘʜʘʚʘʝʤʳʤʠ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʝʜʫʩʪʘʥʦʚʢʦʡ ʚ ʪʦʣʱʝ ʚʦʜʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʣʦ ʩʜʝʣʘʪʴ 

ʟʘʢʣʶʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ, ʥʦ ʠ ʦ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ɼɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʢ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠ ʫʯʝʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʨʝʟʘ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʧʝʨʚʦʡ ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʘʥʩʧʦʥʜʝʨ ʠ ʪʨʘʥʩʠʚʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ 

ʦʜʥʫ ʛʣʫʙʠʥʫ (10 ʤ). ʉ ʫʯʝʪʦʤ ʠʟʤʝʨʝʥʥʦʡ ʥʘ ʵʪʦʡ ʛʣʫʙʠʥʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʩʠʩʪʝʤʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʨʝʩʯʠʪʳʚʘʣʘ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʜʘʣʴʥʦʩʪʠ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʘʢʫʩʪʠʯʝʩʢʘʷè ʦʮʝʥʢʘ ʧʦʟʠʮʠʠ 

ʪʨʘʥʩʧʦʥʜʝʨʘ ʚʩʝʛʜʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʷʪʠʤʠʣʣʠʤʝʪʨʦʚʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʧʦʟʠʮʠʠ, ʟʘʜʘʚʘʝʤʦʡ 

ʧʫʪʝʤ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʝʜʫʩʪʘʥʦʚʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʘʷ ʪʦʯʥʦʩʪʴ ɼɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʣʘ ʧʦʟʚʦʣʠʪʴ ʥʘʙʣʶʜʘʪʴ ʟʘ ʚʨʘʱʝʥʠʝʤ ʪʨʘʥʩʧʦʥʜʝʨʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʵʢʩʮʝʥʪʨʠʯʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʨʦʩʘ (ʨʠʩ. 6). ʕʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ: ʧʨʠ ʨʘʟʚʦʨʘʯʠʚʘʥʠʠ ʪʨʦʩʘ ʚʦʢʨʫʛ ʩʚʦʝʡ 

ʦʩʠ (ʩ ʧʦʤʦʱʴʶ ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʥʝʤʫ ʨʳʯʘʛʘ), ʪʨʘʥʩʧʦʥʜʝʨ ʠʩʧʳʪʳʚʘʣ ʤʝʜʣʝʥʥʦʝ 

ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʪʨʦʩʘ, ʯʪʦ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʩʠʩʪʝʤʦʡ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩ. 7 (ʧʣʦʩʢʦʩʪʴ XY ï ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ʛʦʨʠʟʦʥʪʘ). ʇʦ 

ʜʘʥʥʳʤ ʨʠʩ. 7 ʨʘʜʠʫʩ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʣʷʣ 12 ʩʤ, ʯʪʦ ʚ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʫʤʤʝ 

ʨʘʜʠʫʩʦʚ ʪʨʘʥʩʧʦʥʜʝʨʘ ʠ ʪʨʦʩʘ. ʈʘʩʩʝʠʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚʦʢʨʫʛ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ 12 ʩʤ 

ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ 5 ʤʤ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʣʦ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ɼɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ (ʦʪʢʨʳʪʘʷ ʚʦʜʘ, ʜʣʠʥʘ ʙʘʟʳ ʠ ʫʜʘʣʝʥʠʷ 

ʩʨʘʚʥʠʤʳ ʠ ʠʤʝʶʪ ʧʦʨʷʜʦʢ ʩʦʪʝʥ ʤʝʪʨʦʚ). 
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ɺ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦ ʧʦʩʪʘʥʦʚʢʝ, ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʫʯʠʪʳʚʘʣʘ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʜʣʷ ʦʮʝʥʢʠ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʪʨʘʥʩʧʦʥʜʝʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʩʧʫʩʢʝ ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʘ ʛʣʫʙʠʥʳ ʜʦ 1000 ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʠ ʫʯʝʪʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʟʘʜʘʚʘʝʤʳʤʠ ʥʘ ʦʩʥʦʚʝ ʫʧʨʦʱʘʶʱʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ (ʦʧʫʙʣʠʢʦʚʘʥʦ ʘʚʪʦʨʘʤʠ 

ʚ [11]). ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʜʣʠʥʝ ʙʘʟʦʚʦʡ 

ʣʠʥʠʠ ʦʪ 40 ʜʦ 140 ʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 420 ʤʝʪʨʦʚ ʦʪ ʜʦʥʥʦʡ 

ʘʥʪʝʥʥʳ, ʠʤʝʣʘ ʧʦʨʷʜʦʢ ʩʘʥʪʠʤʝʪʨʦʚ (ʧʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤʫ ʦʪʢʣʦʥʝʥʠʶ). 

ɺ ʜʦʣʛʦʚʨʝʤʝʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 2012 ʛʦʜʘ ɼɹ ʘʥʪʝʥʥʘ S2CR 18/34 LBL 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ ʅʊ1000 [11]. ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʫʯʠʪʳʚʘʣʘ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. ʇʨʠ ʵʪʦʤ, ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʧʨʦʱʘʶʱʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʤʦʥʦʪʦʥʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʠʟʦʣʠʥʠʠ ʜʘʣʴʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ ʢ ʪʨʘʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ʠ ʘʣʛʦʨʠʪʤ ʜʠʭʦʪʦʤʠʯʝʩʢʦʛʦ ʫʪʦʯʥʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʢʦʦʨʜʠʥʘʪ ʚ 

ʭʦʜʝ ʩʣʝʜʫʶʱʠʭ ʠʪʝʨʘʮʠʡ ʧʦ ʫʪʦʯʥʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

(ʧʦʜʨʦʙʥʦʩʪʠ ʚ [11]). ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ɼɹ ʩʠʩʪʝʤʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʢʣʘʩʪʝʨʝ ɹʘʡʢʘʣʴʩʢʦʛʦ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 8. 

 

 
 

ʈʠʩ. 6. ʊʨʘʥʩʧʦʥʜʝʨ, 

ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʪʨʦʩʫ 

 
ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʘ ʧʨʠ ʝʛʦ 

ʚʨʘʱʝʥʠʠ ʚʦʢʨʫʛ ʪʨʦʩʘ 
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ʘ) 

 
ʙ) 

 
ʚ)  

ʛ) 
 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ɼɹ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 
 

ʅʘ ʨʠʩ. 8ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ (X,Y,Z) ʪʨʘʥʩʧʦʥʜʝʨʘ ʚ 

ʪʦʣʱʝ ʚʦʜʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 431 ʤ ʦʪ ʧʣʦʩʢʦʩʪʠ ɼɹ ʘʥʪʝʥʥʳ. ɺ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 

ʦʪʤʝʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʨʘʥʩʧʦʥʜʝʨʘ (ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʝʪʨʘ). 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʪʝʯʝʥʠʝ 5 ʜʥʝʡ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ: 

ʩʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʘ ʦʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʦʩʪʠʛʘʣʠ 7 ʤʝʪʨʦʚ. ʅʘ ʨʠʩ. 8ʙ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʵʪʦʛʦ ʪʨʘʥʩʧʦʥʜʝʨʘ ʚ ʧʣʦʩʢʦʩʪʠ (X,Y). ʋʩʪʦʡʯʠʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (104.1 ʤ, 29.6 ʤ). ɺ 

ʧʝʨʠʦʜ ʥʘʠʙʦʣʴʰʝʡ ʜʠʥʘʤʠʢʠ ʪʨʘʥʩʧʦʥʜʝʨ ʠʩʧʳʪʳʚʘʝʪ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩ 

ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʵʪʦʡ ʪʦʯʢʠ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ ʢʦʦʨʜʠʥʘʪ (105.5 ʤ, 36.5 ʤ). ʈʘʟʤʝʨ 

ʧʷʪʥʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʤʦʛ ʥʘʭʦʜʠʪʴʩʷ ʪʨʘʥʩʧʦʥʜʝʨ, ʧʨʝʚʳʰʘʣ 8 ʤʝʪʨʦʚ ʧʦ ʩʝʯʝʥʠʶ 

ʟʘʧʘʜ-ʚʦʩʪʦʢ ʠ 3 ʤʝʪʨʦʚ ʧʦ ʩʝʯʝʥʠʶ ʩʝʚʝʨ-ʶʛ. ʅʘ ʨʠʩ. 8ʚ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ (X,Y,Z) ʪʨʘʥʩʧʦʥʜʝʨʘ ʚ ʪʦʣʱʝ ʚʦʜʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 266 ʤ ʦʪ ʧʣʦʩʢʦʩʪʠ ɼɹ ʘʥʪʝʥʥʳ. 

ʇʨʠ ʫʩʪʦʡʯʠʚʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ (110 ʤ, 30.5 ʤ) ʦʪʢʣʦʥʝʥʠʷ ʚ ʧʝʨʠʦʜ 

ʥʘʠʙʦʣʴʰʝʡ ʜʠʥʘʤʠʢʠ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦʩʪʠʛʘʣʠ ʢʦʦʨʜʠʥʘʪʳ (109.3 ʤ, 33.8 ʤ). 

ʈʘʟʤʝʨ ʧʷʪʥʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʤʦʛ ʥʘʭʦʜʠʪʴʩʷ ʪʨʘʥʩʧʦʥʜʝʨ, ʧʨʝʚʳʰʘʣ 4 ʤʝʪʨʘ ʧʦ 

ʩʝʯʝʥʠʶ ʟʘʧʘʜ-ʚʦʩʪʦʢ ʠ 2.7 ʤʝʪʨʘ ʧʦ ʩʝʯʝʥʠʶ ʩʝʚʝʨ-ʶʛ. ʄʝʥʴʰʠʡ ʨʘʟʤʝʨ ʧʷʪʥʘ ʦʙʫʩʣʦʚʣʝʥ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʪʦʛʦ ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʘ ʟʘʷʢʦʨʝʥʥʦʡ ʛʠʨʣʷʥʜʝ ʥʠʞʝ, ʯʝʤ ʧʨʝʜʳʜʫʱʠʡ 

ʪʨʘʥʩʧʦʥʜʝʨ (ʨʘʜʠʫʩ ʚʨʘʱʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʤ ʟʘʢʨʝʧʣʝʥʠʝʤ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʙʳʣ ʤʝʥʴʰʝ). ʅʘ ʨʠʩ. 8ʛ ʧʨʠʚʦʜʷʪʩʷ Y-ʢʦʦʨʜʠʥʘʪʳ ʪʨʝʭ ʪʨʘʥʩʧʦʥʜʝʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʦʜʥʦʡ ʛʠʨʣʷʥʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʥʳ. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʘʥʘʣʦʛʠʯʥʳʭ ʢʨʠʚʳʭ ʜʣʷ ʪʨʘʥʩʧʦʥʜʝʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʜʨʫʛʠʭ ʛʠʨʣʷʥʜʘʭ, ʩʣʝʜʦʚʘʣʘ 

ʩʠʥʭʨʦʥʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʚʩʝʭ ʛʠʨʣʷʥʜʘʭ ʥʝʡʪʨʠʥʥʦʛʦ ʪʝʣʝʩʢʦʧʘ. 

ɺʩʝʛʦ ʚ 2012 ʛʦʜʫ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʙʦʣʝʝ 65.000 

ʠʟʤʝʨʝʥʠʡ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʦʙʲʝʢʪʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʦʚʝʜʝʥʦ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʘʥʩʦʚ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʩʪʘʥʮʠʷʤʠ ʠ ʦʙʲʝʢʪʘʤʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 1 ʢʙʠʪ/ʩ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ 
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ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ. 
 

ʆʙʩʫʞʜʝʥʠʝ 
 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʋʂɹ ʠ ɼɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝ ʝʛʦ ʦʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʋʂɹ ʪʨʘʥʩʠʚʝʨʳ, ɼɹ ʪʨʘʥʩʠʚʝʨʳ, 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ) ʧʦʜʚʝʨʛʥʫʪʳ ʪʱʘʪʝʣʴʥʦʤʫ ʪʝʩʪʠʨʦʚʘʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʊʦʯʥʦʩʪʴ ʋʂɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ (Drms), 

ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ 0.1% ʦʪ ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ ʜʦ ʦʙʲʝʢʪʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʦʪʩʣʝʞʠʚʘʥʠʶ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ çʩʚʦʙʦʜʥʳʭè 

ʪʨʘʥʩʠʚʝʨʦʚ ɼɹ ʘʥʪʝʥʥʳ ʚ ʪʦʣʱʝ ʚʦʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʟʘʛʣʫʙʣʝʥʠʠ (ʜʣʠʥʝ ʢʘʙʝʣʷ) ɼɹ 

ʪʨʘʥʩʠʚʝʨʘ ʧʦʨʷʜʢʘ 100 ʤ, ʪʦʯʥʦʩʪʴ ʝʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʋʂɹ ʪʨʘʥʩʠʚʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10 ʩʤ. ʇʨʠ ʵʪʦʤ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʘʷ ʪʦʯʥʦʩʪʴ ɼɹ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʩʦʪʝʥ ʤʝʪʨʦʚ ʠʤʝʝʪ ʧʦʨʷʜʦʢ  ʤʠʣʣʠʤʝʪʨʦʚ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ GPS, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ  

ʛʝʦʧʨʠʚʷʟʢʫ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ/ʧʦʜʣʝʜʥʳʭ ʋʂɹ ʪʨʘʥʩʠʚʝʨʦʚ, ʠʪʦʛʦʚʘʷ ʪʦʯʥʦʩʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʋʂɹ ʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʋʂɹ 

ʪʨʘʥʩʠʚʝʨʘ ʠ ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ ʜʝʩʷʪʠ (ʜʝʩʷʪʢʦʚ) ʩʘʥʪʠʤʝʪʨʦʚ. 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʦʯʥʳʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝʤ ʫʜʘʣʝʥʥʦʛʦ ʘʙʦʥʝʥʪʘ 

ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩʧʦʩʦʙʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʜʚʦʜʥʳʤ ʘʧʧʘʨʘʪʦʤ ʧʦ ʪʝʢʫʱʠʤ ʜʘʥʥʳʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʠʣʠ 

ʤʘʩʰʪʘʙʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʤʫ). 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʋʂɹ ʠ ɼɹ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ɸʅʇɸ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ 

ʠʣʠ ʧʦʜʦ ʣʴʜʦʤ ʚ ʨʝʞʠʤʝ çʘʚʪʦʥʦʤʥʦʩʪʠ ʧʦʜ ʥʘʜʟʦʨʦʤè, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʪʨʫʜʦʝʤʢʦʤʫ 

ʨʘʟʚʝʨʪʳʚʘʥʠʶ ʠ ʟʘʪʨʘʪʥʦʤʫ ʧʦʜʜʝʨʞʘʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɼɹ ʘʥʪʝʥʥ ʩ ʜʦʥʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʘʥʩʠʚʝʨʦʚ. 

 

ʈʘʟʜʝʣ ʙʣʘʛʦʜʘʨʥʦʩʪʝʡ 
 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɹʘʡʢʘʣʴʩʢʦʡ ʢʦʣʣʘʙʦʨʘʮʠʠ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ 

ʚʦʟʤʦʞʥʦʩʪ ɹʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʥʝʡʪʨʠʥʥʦʛʦ 

ʪʝʣʝʩʢʦʧʘ, ʧʣʦʜʦʪʚʦʨʥʳʝ ʜʠʩʢʫʩʩʠʠ ʠ ʧʦʣʝʟʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʩʦʚʝʪʳ. 
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ʇʦʩʢʦʣʴʢʫ ʨʘʟʚʝʨʪʳʚʘʥʠʝ/ʩʚʝʨʪʳʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ, ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ/ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʨʘʟʚʠʪʳʭ ʩʨʝʜʩʪʚ ʵʤʫʣʷʮʠʠ ʬʫʥʢʮʠʡ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʤʠʪʘʮʠʠ ʦʩʥʦʚʥʳʭ ʵʬʬʝʢʪʦʚ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʉʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʴʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʵʤʫʣʷʪʦʨʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ 

ʫʣʴʪʨʘʢʦʨʦʪʢʦʙʘʟʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʧʠʩʘʥʠʶ ʵʤʫʣʷʪʦʨʘ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʯʘʩʪʠ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ (ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ). 

ʕʤʫʣʷʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚʩʝʭ ʬʫʥʢʮʠʡ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʦʜʝʤʘ ʠ 

ʫʣʴʪʨʘʢʦʨʦʪʢʦʙʘʟʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʧʨʦʱʝʥʥʳʡ ʠʤʠʪʘʪʦʨ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʯʝʪ ʦʩʥʦʚʥʳʭ ʵʬʬʝʢʪʦʚ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʜʣʷ ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʪʦʧʦʣʦʛʠʠ ʠʩʪʦʯʥʠʢʦʚ/ʧʦʣʫʯʘʪʝʣʝʡ, ʵʬʬʝʢʪ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʣʫʯʘʡʥʳʭ ʢʦʣʣʠʟʠʡ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʧʨʠʝʤʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʜʘʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʙʦʝʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʧʨʠʝʤʝ ʧʘʢʝʪʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʪʦʚʳʭ ʠ ʧʘʢʝʪʥʳʭ ʦʰʠʙʦʢ, 

ʫʯʠʪʳʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʠ ʦʮʝʥʠʚʘʪʴ ʜʦʧʣʝʨʦʚʩʢʠʝ ʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ/ʧʦʣʫʯʘʪʝʣʷ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʤʫʣʷʪʦʨ ʟʘʤʝʥʷʝʪ ʬʠʟʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʘ 

ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʨʦʪʦʢʦʣʦʚ ʠ 

ʧʨʠʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʤʫʣʷʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʤʝʭʘʥʠʟʤʘ ʤʝʞʫʨʦʚʥʝʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʪʦʢʦʣʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʫʜʘʣʝʥʥʳʭ ʘʙʦʥʝʥʪʦʚ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ 

ʛʠʙʨʠʜʥʳʝ ʧʨʦʪʦʢʦʣʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʚʷʟʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʧʨʦʪʦʢʦʣʘʤʠ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ. 

 

ɺʚʝʜʝʥʠʝ 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʏʘʩʪʦ, ʢʨʦʤʝ 

ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʷ, ʦʥʠ ʪʘʢʞʝ ʦʩʥʘʱʘʶʪʩʷ ʨʝʰʝʪʢʦʡ ʛʠʜʨʦʬʦʥʦʚ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʧʦʣʥʷʪʴ 

ʫʣʴʪʨʘʢʦʨʦʪʢʦʙʘʟʦʚʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʫʜʘʣʝʥʥʦʛʦ ʘʙʦʥʝʥʪʘ ʩʚʷʟʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʬʦʨʤʘʮʠʠ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʶ ʤʘʥʝʚʨʦʚ ʛʨʫʧʧʳ 

ʘʚʪʦʥʦʤʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʧʦʜʚʦʜʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʪʦʯʥʦʤʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʫʟʣʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʝʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʤʠ, ʠ ʢʘʞʜʦʝ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʚʩʝʤʠ ʝʝ 

ʦʪʧʨʘʚʠʪʝʣʷʤʠ-ʧʦʣʫʯʘʪʝʣʷʤʠ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦ ʦʪʚʝʯʘʪʴ ʩʪʨʦʛʠʤ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʞʥʦ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʜʦʣʛʦʩʨʦʯʥʦʤʫ 

ʪʝʩʪʠʨʦʚʘʥʠʶ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʤʠʪʘʪʦʨʳ ʩʝʪʝʡ, ʥʘʧʨʠʤʝʨ, NS2Miracle [1], ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʪʨʝʥʠʨʦʚʦʢ, ʥʦ ʦʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ 

ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʮʝʣʝʚʦʡ ʩʠʩʪʝʤʳ. ʉʫʱʝʩʪʚʝʥʥʳʡ 

ʰʘʛ ʚʧʝʨʝʜ ʙʳʣ ʩʜʝʣʘʥ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʨʘʩʰʠʨʝʥʠʡ ʠʤʠʪʘʪʦʨʦʚ ʩʝʪʠ, ʪʘʢʠʭ ʢʘʢ 

Sunset [2] ʠ Desert [3], ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʜʢʣʶʯʝʥʠʝ, ʥʝ ʚʠʨʪʫʘʣʴʥʳʭ, ʘ ʬʠʟʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ (ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ) ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʝʥʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ 
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ʟʘʤʝʥʫ ʧʨʦʮʝʩʩʦʚ ʠʤʠʪʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ, 

ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʄʥʦʛʦʢʨʘʪʥʦʝ ʨʘʟʚʝʨʪʳʚʘʥʠʝ/ʩʚʝʨʪʳʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʦʨʝ ʚ ʤʘʩʰʪʘʙʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʩʮʝʥʘʨʠʝʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʝʡ, ʧʝʨʚʠʯʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʧʨʦʪʦʢʦʣʦʚ, ï ʩʚʷʟʘʥʦ ʩʦ ʤʥʦʞʝʩʪʚʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʧʦʛʦʜʝ, ʘ ʪʘʢʞʝ ʩʦ 

ʤʥʦʞʝʩʪʚʦʤ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʤʠʪʘʪʦʨʘʭ 

ʩʝʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, NS2Miracle, ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʜʜʝʨʞʢʘ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʧʨʦʪʦʢʦʣʦʚ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʠʤʠʪʘʪʦʨʝ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ: ʨʘʟʥʠʮʘ ʚ ʠʥʪʝʨʬʝʡʩʘʭ ʠ ʬʦʨʤʘʪʘʭ ʥʘ ʠʤʠʪʘʪʦʨʝ ʠ ʚ ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚʘʭ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʨʝʘʣʠʟʘʮʠʷʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʦʪʦʢʦʣʘ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʨʝʘʣʴʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʵʤʫʣʷʪʦʨʘ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʙʘʟʦʚʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʨʠʠ S2CR ʢʦʤʧʘʥʠʠ EvoLogics. ʕʤʫʣʷʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʵʤʫʣʷʮʠʶ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʫʩʪʨʦʡʩʪʚʘ ʩʝʨʠʠ S2CR ʠ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʫʧʨʦʱʝʥʥʳʡ ʠʤʠʪʘʪʦʨ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʯʝʪ ʦʩʥʦʚʥʳʭ ʵʬʬʝʢʪʦʚ 

ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʜʣʷ 

ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʦʧʦʣʦʛʠʠ ʠʩʪʦʯʥʠʢʦʚ/ʧʦʣʫʯʘʪʝʣʝʡ, ʵʬʬʝʢʪ ʤʥʦʛʦʣʫʯʝʚʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʢʦʣʣʠʟʠʡ ʧʘʢʝʪʦʚ ʜʘʥʥʳʭ ʧʨʠ ʠʭ ʧʨʠʝʤʝ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʜʘʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʙʦʝʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʠ ʧʨʠʝʤʝ ʧʘʢʝʪʦʚ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʪʦʚʳʭ ʠ ʧʘʢʝʪʥʳʭ ʦʰʠʙʦʢ, ʫʯʠʪʳʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʠ ʦʮʝʥʠʚʘʪʴ 

ʜʦʧʣʝʨʦʚʩʢʠʝ ʩʜʚʠʛʠ ʩʠʛʥʘʣʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ/ʧʦʣʫʯʘʪʝʣʷ ʜʘʥʥʳʭ.ʕʤʫʣʷʪʦʨ 

ʩʧʦʩʦʙʝʥ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʥʘʙʦʨ ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ, ʚʝʨʠʬʠʢʘʮʠʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ, ʥʘʧʨʠʤʝʨ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʚʝʨʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʩʝʪʝʚʦʛʦ 

ʫʨʦʚʥʷ. ʕʤʫʣʷʪʦʨ ʧʦʣʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʝʭʘʥʠʟʤʳ ʤʝʞʫʨʦʚʥʝʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʨʝʘʣʠʟʦʚʘʥʳʝ ʚ ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʩʝʨʠʠ S2CR, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʪʦʢʦʣ r ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʛʠʙʨʠʜʥʳʝ ʧʨʦʪʦʢʦʣʳ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʩʝʪʠ, ʫʧʨʘʚʣʷʝʤʳʝ ʧʨʦʪʦʢʦʣʘʤʠ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ. 

ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʵʤʫʣʷʪʦʨʘ, ʥʘ ʨʝʘʣʴʥʦʤ ʘʧʧʘʨʘʪʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ï ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʘʭ. ʉʪʘʪʴʷ ʦʨʛʘʥʠʟʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʈʘʟʜʝʣ II ʦʧʠʩʳʚʘʝʪ ʩʪʝʢ ʧʨʦʪʦʢʦʣʦʚ ʫʩʪʨʦʡʩʪʚ ʩʝʨʠʠ S2CR. ɺ ʨʘʟʜʝʣʝ III ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʥʮʝʧʮʠ ̫ʵʤʫʣʷʪʦʨʘ. ɺ ʨʘʟʜʝʣʝ IV ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ: ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʜʦʤʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʈʘʟʜʝʣ V ʦʧʠʩʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ 

ʧʨʠʤʝʥʝʥʠʷ ʵʤʫʣʷʪʦʨʘ. ɺ ʨʘʟʜʝʣʝ VI ʠʟʣʦʞʝʥʳ ʧʣʘʥʳ ʧʦ ʝʛʦ ʨʘʟʚʠʪʠ.ʁ 

 

Cʪʝʢ ʧʨʦʪʦʢʦʣʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʩʝʨʠʠ S2CR 
 

ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤʳ ʩʝʨʠʠ S2CR ʢʦʤʧʘʥʠʠ EvoLogicsGmbH ʩʦʜʝʨʞʘʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʴ, ʩʠʣʦʚʦʡ ʤʦʜʫʣʴ 

(ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʠ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ), ʧʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ, ʘʥʪʝʥʥʘ ʩ ʫʣʴʪʨʘʢʦʨʦʪʢʦʡ 

ʙʘʟʦʡ (ʦʧʮʠʷ), ʤʦʜʫʣʴ çʧʦʙʫʜʢʠè ʵʣʝʢʪʨʦʥʠʢʠ ʤʦʜʝʤʘ ï WakeUp (ʦʧʮʠʷ). 

ʌʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʠ ʪʠʧ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʭ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʪʘ ʠʣʠ ʠʥʘʷ ʤʦʜʝʣʴ. 

ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʜʝʤ ʩʦʜʝʨʞʠʪ ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʠ ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ, ʪʱʘʪʝʣʴʥʦ 

ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʷ. ʅʝʦʙʷʟʘʪʝʣʴʥʳʡ ʤʦʜʫʣʴ 

ʫʣʴʪʨʘʢʦʨʦʪʢʦʙʘʟʦʚʦʡ ʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʪʢʫ ʠʟ ʧʷʪʠ ʛʠʜʨʦʬʦʥʦʚ, 
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ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ ʩ ʧʨʠʝʤʦʠʟʣʫʯʘʪʝʣʝʤ, ʘ ʪʘʢʞʝ ʧʷʪʠʢʘʥʘʣʴʥʳʡ 

ʧʨʝʜʫʩʠʣʠʪʝʣ ɹ ʜʣʷ ʛʠʜʨʦʬʦʥʦʚ ʘʥʪʝʥʥʳ. ʄʦʜʫʣʴ çʧʦʙʫʜʢʠè ʵʣʝʢʪʨʦʥʠʢʠ ʤʦʜʝʤʘ ï 

WakeUp̫ ʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʦʜʫʣʝʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʇʨʠ ʥʘʣʠʯʠʠ ʵʪʦʛʦ ʤʦʜʫʣʷ ʚʩʷ ʵʣʝʢʪʨʦʥʠʢʘ ʤʦʜʝʤʘ, ʢʨʦʤʝ ʤʦʜʫʣʷ 

WakeUp, ʦʪʢʣʶʯʝʥʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ (ʩʦ 

ʩʪʦʨʦʥʳ ʘʧʧʘʨʘʪʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ) ʠʣʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ çʧʦʙʫʜʢʠè, ʵʣʝʢʪʨʦʥʠʢʘ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʠ ʦʩʪʘʝʪʩʷ ʚʦ ʚʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʧʝʨʠʦʜ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʥʦʚʘ ʚʳʢʣʶʯʘʝʪʩʷ.  

ʇʨʦʮʝʩʩʦʨʥʳʡ ʤʦʜʫʣʴ, ʩʦʩʪʦʠʪ ʠʟ ɸʎʇ, ʎɸʇ, ʩʠʛʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ  ʠ ʇʃʀʉʘ, 

ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪ ʧʨʦʪʦʢʦʣ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï S2CPhy), ʘ ʪʘʢʞʝ ʜʚʫʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʦʪʦʢʦʣ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ D-ʄɸʉ. ʆʙʘ 

ʧʨʦʪʦʢʦʣʘ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʘʭ ʥʠʞʝ. 

 

ʇʨʦʪʦʢʦʣ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ S2CPhy 

ʅʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʝʘʣʠʟʦʚʘʥ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʤʝʪʦʜ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ, 

ʩʦʩʪʦʷʱʠʡ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʩʧʝʢʪʨʘ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ï 

SweepSpreadCarrier (S2C).  ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤ 

ʢʘʥʘʣʝ  ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʧʨʠʝʤ ʩʠʛʥʘʣ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʩʫʤʤʦʡ ʤʥʦʞʝʩʪʚʘ ʣʫʯʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʬʘʟʘʤʠ ʠ ʧʨʦʬʠʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ. ɼʣʷ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʛʥʘʣʘ ʩʚʷʟʠ ʩʦʩʪʦʠʪ ʚ ʨʘʩʰʠʨʝʥʠʠ ʝʛʦ ʩʧʝʢʪʨʘ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʉʠʛʥʘʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʦʪʢʣʠʢʦʤ ʤʘʣʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʇʨʠʯʝʤ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʰʠʨʝʥʠʝ 

ʩʠʛʥʘʣʘ, ʪʝʤ ʢʦʨʦʯʝ ʦʪʢʣʠʢ. ʇʦʩʣʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤ ʢʘʥʘʣʝ 

ʧʨʠʥʠʤʘʝʤʳʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʤʥʦʞʝʩʪʚʘ ʟʘʜʝʨʞʘʥʥʳʭ ʣʫʯʝʡ ʠ ʥʘ ʚʳʭʦʜʝ 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʨʷʜʘ ʩʤʝʱʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʦʪʢʣʠʢʦʚ. ɼʣʷ ʩʠʛʥʘʣʦʚ ʩ ʙʦʣʴʰʠʤ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ, ʦʪʢʣʠʢʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʟʦʣʠʨʦʚʘʥʳ ʠ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʠʩʢʘʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʣʫʯʝʡ, 

ʧʦʜʘʚʣʝʥʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʬʘʟʦʚʳʡ ʰʫʤ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʣʫʯʘ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʩʣʘʙʣʝʥ. ɺ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʨʘʚʥʳ ʠʩʢʘʞʝʥʠʷʤ (ʦʜʥʦʛʦ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ) ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʣʫʯʘ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʰʫʤʦʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʜʦʧʧʣʝʨʦʚʩʢʠʤ ʩʜʚʠʛʦʤ (ʪ.ʝ. ʥʝ ʩʧʝʢʪʨʦʤ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ, ʢʘʢ ʚ ʜʨʫʛʠʭ 

ʤʝʪʦʜʘʭ, ʘ ʦʜʥʦʡ ʝʜʠʥʩʪʚʝʥʥʦʡ ʜʦʧʧʣʝʨʦʚʩʢʦʡ ʯʘʩʪʦʪʦʡ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʦʜʥʠʤ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ). 

ɺ ʪʝʭʥʦʣʦʛʠʠ S2C ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ, 

ʧʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ ʧʫʪʝʤ ʜʠʩʢʨʝʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʦʡ ʥʝʩʫʱʝʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʛʦʜʥʷ ʚ 

ʮʠʬʨʦʚʦʡ ɻɸ ʩʚʷʟʠ, ʩʠʛʥʘʣ, ʬʦʨʤʠʨʫʝʤʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʫʨʦʚʥʷ ʤʦʜʫʣʷʮʠʠ: ʦʜʠʥ ï ʚʥʫʪʨʝʥʥʠʡ ï ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ 

(ʘʥʘʣʦʛʦʚʘʷ ʤʦʜʫʣʷʮʠʷ), ʚʪʦʨʦʡ ï ʚʥʝʰʥʠʡ ï ʜʣʷ ʟʘʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʩʠʛʥʘʣʘ (ʜʠʩʢʨʝʪʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ). ʇʨʠ ʰʠʨʠʥʝ ʧʦʣʦʩʳ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ ʢɻʮ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʩʦʪʥʠ ʤʢʩ, ʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ï ʦʪ ʝʜʠʥʠʮ 

ʜʦ ʜʝʩʷʪʢʦʚ ʢʙʠʪ/ʩ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʘʢʫʶ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʨʠʝʤʥʠʢ ʦʙʳʯʥʦ 

ʩʧʦʩʦʙʝʥ ʫʩʧʝʰʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʝʨʝʜʘʚʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʝʨʳʚʥʦʡ 

ʨʘʟʚʝʨʪʢʠ ʥʝʩʫʱʝʡ ʤʛʥʦʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʟʘʜʝʨʞʘʥʥʳʭ ʣʫʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ ʩʤʝʱʝʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʛʥʦʚʝʥʥʳʤ ʯʘʩʪʦʪʘʤ ʫʞʝ ʧʦʩʪʫʧʠʚʰʠʭ ʣʫʯʝʡ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʯʘʩʪʦʪʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʦʩʣʘʙʣʝʥʳ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ ʯʘʩʪʦʪʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ɿʘʱʠʱʝʥʥʦʩʪʴ ʦʪ ʧʦʤʝʭ (ʚʩʣʝʜʩʪʚʠʝ ʦʩʣʘʙʣʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʜʝʨʞʘʥʥʳʭ ʣʫʯʝʡ) 

ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʦʪʷʞʝʥʥʳʭ ʘʥʪʝʥʥ (ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʜʠʘʛʨʘʤʤʳ), ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʛʘʙʘʨʠʪʦʚ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 
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ʆʩʥʦʚʥʳʝʧʨʦʮʝʜʫʨʳ, ʦʪʣʠʯʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʶ S2C ʦʪ ʜʨʫʛʠʭ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ïS2CPhy. ʇʨʦʪʦʢʦʣʳ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʝʘʣʠʟʦʚʘʥ rʥʘ ʩʠʛʥʘʣʴʥʦʤ 

ʧʨʦʮʝʩʩʦʨʝ ʠ ʧʨʦʮʝʩʩʦʨʥʦʡ ʤʘʪʨʠʮʝ ʇʃʀʉ ʠ ʚʳʧʦʣʥʷʪʁ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1) ʦʮʝʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ: 

ï ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʦʮʝʥʢʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʠʟʙʳʪʦʯʥʳʭ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʫʯʝʡ); 

ï ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʚʝʩʦʤʦʛʦ ʣʫʯʘ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʥʠʤ ʧʨʠʝʤʥʠʢʘ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʦʚʝʩʦʤʦʛʦ ʣʫʯʘ; 

2) ʢʘʜʨʦʚʫ  ʁʠ ʩʠʤʚʦʣʴʥʫ  ʁʩʠʥʭʨʦʥʠʟʘʮʠ:ʁ 

ï ʦʮʝʥʢʫ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠ ʟʘʚʝʨʰʝʥʠʷ ʧʘʢʝʪʘ ʜʘʥʥʳʭ; 

ï ʦʮʝʥʢʫ ʚʨʝʤʝʥʠ ʧʦʩʪʫʧʣʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʩʠʛʥʘʣʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʩ ʫʯʝʪʦʤ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ); 

3) ʤʦʜʫʣʷʮʠ:ʁ 

ï ʬʦʨʤʘʪʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʘʡʪ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʘʪʥʦʩʪʴʶ ʤʘʥʠʧʫʣʷʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚʳʭ ʧʘʨ); 

ï ʟʘʜʘʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʜʫʣʷʮʠʠ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʚʫʢʨʘʪʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʠ); 

ï ʟʘʜʘʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʦʡ ʨʘʟʚʝʨʪʢʠ ʥʝʩʫʱʝʡ. 

4) ʜʝʤʦʜʫʣʷʮʠ:ʁ 

ï ʩʦʛʣʘʩʦʚʘʥʥʫ  ʁ ʩʠʥʭʨʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʩ ʩʠʥʬʘʟʥʦʡ ʠ 

ʢʚʘʜʨʘʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ; 

ï ʦʮʝʥʢʫ ʢʦʤʧʣʝʢʩʥʦʡ ʦʛʠʙʘʶʱʝʡ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ; 

ï ʦʮʝʥʢʫ ʜʠʩʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ; 

ï ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʪʦʚʦʡ ʧʘʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʠʩʢʨʝʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʬʘʟʳ ʧʨʠʥʷʪʦʛʦ 

ʩʠʛʥʘʣʘ. 

5) ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ: 

ï ʦʮʝʥʢʫ ʠʤʧʫʣʴʩʥʦʛʦ ʦʪʢʣʠʢʘ ʢʘʥʘʣʘ ʜʣʷ ʚʳʙʦʨʘ ʤʥʦʛʦʣʫʯʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʘʪʯʘʡʰʝʤʫ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ; 

ï ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʬʨʦʥʪʘʤʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ  ʥʘ ʛʠʜʨʦʬʦʥʳ ʫʣʴʪʨʘʢʦʨʦʪʢʦʙʘʟʦʚʦʡ ʘʥʪʝʥʥʳ. 

 

ʇʨʦʪʦʢʦʣ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ D-ʄɸʉ 

ʇʨʦʪʦʢʦʣ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʥʘʟʳʚʘʝʤʳʡD-ʄɸʉ, ʦʩʥʦʚʘʥ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʨʘʟʥʦʨʦʜʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʘʭ 

ʪʝʭʥʦʣʦʛʠʠ S2C. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʚʝʡʰʠʤ ʧʨʦʪʦʢʦʣʦʤ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥ,̫ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʙʤʝʥ ʜʚʫʤ ̫ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ: ʧʘʢʝʪʥʳʭ ʜʘʥʥʳʭ ʠ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ [4]. 

ʇʘʢʝʪʥʳʝ ʜʘʥʥʳʝ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʥʳʭ ʜʘʥʥʳʭ 

ʪʨʝʙʫʝʪʩ ̫ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ. ʂʘʢ ʦʧʠʩʘʥʦ ʚ [5], ʘʣʛʦʨʠʪʤ 

ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʡ ʢʘʥʘʣʘ, ʥʝʧʨʝʨʳʚʥʦ ʘʜʘʧʪʠʨʫ ̫ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʜʦʧʫʩʪʠʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʪʦʚʦʡ 

ʦʰʠʙʢʠ. ɺʩʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤr ʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚ ʙʫʬʝʨ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ 

ʤʝʥʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʧʘʢʝʪʳ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʥʘʣʘ). ʅʘ 

ʩʪʦʨʦʥʝ ʧʨʠʝʤʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʩʦʙʠʨʘʝʪ ʧʘʢʝʪʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʦʨʷʜʦʢ 

ʠʭ ʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʩʳʣʘʝʪ ʧʨʠʥʷʪʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʘʪʝʣʶ ʚ ʠʩʭʦʜʥʦʤ ʬʦʨʤʘʪʝ. 

ʉʨʦʯʥʳʝ ʩʦʦʙʱʝʥʠʷ. ɼʣʷ ʜʦʩʪʘʚʢʠ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʢʦʨʦʪʢʠʭ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʘ ̫

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʠ ʧʨʠʝʤʣʝʤʘ ̫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ [4]).ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ 
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ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ, ʫʩʪʨʘʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʦʦʙʱʝʥʠʝ ʩʠʣʴʥʦ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʢʦʨʦʪʢʦʛʦ ʩʦʦʙʱʝʥʠ.̫ ɼʦʩʪʘʚʢʘ ʩʨʦʯʥʦʛʦ ʩʦʦʙʱʝʥʠʷʤʠ ʥʝ 

ʧʨʝʨʳʚʘʝʪ ʪʝʢʫʱʠʡ ʧʨʦʮʝʩʩ ʧʘʢʝʪʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʩʨʦʯʥʳʝ ʩʦʦʙʱʝʥʠʷ 

ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʩʦʩʪʘʚʝ (ʢʘʢ ʯʘʩʪʴ) ʩʣʫʞʝʙʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʢʘʞʜʫʶ ʧʘʯʢʫ 

ʧʘʢʝʪʦʚ. ʉʨʦʯʥʦʝ ʩʦʦʙʱʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʜʣʠʥʫ O(10
2
) ʙʠʪ. 

ʇʨʠ  ʚʳʙʦʨʝ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʩʷ ʧʦʠʩʢ 

ʢʦʤʧʨʦʤʠʩʩʘ ʤʝʞʜʫ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʨʝʙʦʚʘʥʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʥʠʟʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʦʡ ʦʰʠʙʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʦʦʙʱʝʥʠ ̫ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ, 

ʯʝʤ ʚʨʝʤ ̫ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʢʘʥʘʣʘ [6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚʩʝ ʝʱʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ, ʯʪʦʙʳ ʩʦʦʙʱʝʥʠʝ ʥʝ ʧʨʝʚʳʰʘʣʦ ʚʨʝʤʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʘʥʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʦʤ, ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʦʣʴʰʦʛʦ 

ʤʥʦʞʝʩʪʚʘ ʠʩʧʳʪʘʥʠʡ, ʧʨʦʪʦʢʦʣʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʫʩʪʨʦʡʩʪʚʘʭ 

ʪʝʭʥʦʣʦʛʠʠ S2C [7], ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʫʶ ʧʝʨʝʜʘʯʫ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 

ʢʙʠʪ/ʩ. (ʊʘʢʘʷ ʩʢʦʨʦʩʪʴ, ʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʦʧʨʘʚʜʘʥʥʦʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʣʦʞʥʳʭ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʩ ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠʚ ʤʝʣʢʦʚʦʜʥʳʭ ʚʦʜʦʝʤʘʭ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʫʟʣʘʤʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʝʪʠ). 

ʅʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʢʦʨʦʪʢʦʛʦ ʩʦʦʙʱʝʥʠ ̫ʤʦʞʝʪ ʩʦʢʨʘʱʘʪʴʩʷ, ʝʩʣʠ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʘʢʠʭ ʚʨʝʤʷ ʟʘʪʨʘʪʥʳʭ ʧʨʦʮʝʜʫʨ, ʢʘʢ çʨʫʢʦʧʦʞʘʪʠʝè ʠ ʘʜʘʧʪʘʮʠʷ ʩʠʛʥʘʣʘ ʢ 

ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ ʝʩʣʠ ʚʝʩʪʠ  ʧʝʨʝʜʘʯʫ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʷʟʠ ʪʘʢ, ʯʪʦʙʳ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʠʤʳʭ ʙʠʪʦʚʳʭ 

ʦʰʠʙʦʢ ʦʩʪʘʚʘʣʘʩʴ ʙʳ ʥʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ (ʵʪʘ ʤʝʨʘ ʩʥʠʟʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ 

ʥʘ ʧʦʚʪʦʨʥʫʶ ʧʝʨʝʩʳʣʢʫ ʧʦʚʨʝʞʜʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ).ʉʨʦʯʥʳʝ ʩʦʦʙʱʝʥʠ ̫ ʤʦʛʫʪ ʙʳʪʴ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ ʘʜʨʝʩʘʮʠʠ, ʥʘʣʠʯʠʝʤ ʧʦʜʪʚʝʨʞʜʝʥʠ ̫ʜʦʩʪʘʚʢʠ ʠ 

ʪʨʝʙʦʚʘʥʠʝʤ ʧʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ. ʊʘʙʣʠʮʘ I ʩʦʜʝʨʞʠʪ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ. 

 

ʊʘʙʣʠʮʘ 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ 
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ʚʝʱʘʪʝʣʴʥʦʝ 
 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʪʝʢʫʱʝʛʦ ʦʙʤʝʥʘ ʧʘʢʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ 

ʩʝʪʠ ʘʩʠʥʭʨʦʥʥʳʝ ʩʨʦʯʥʳʝ ʩʦʦʙʱʝʥʠʷ ʜʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤ,r ʧʦʜʦʙʥʦʡ ʩʭʝʤʝ 

ALOHA. ɺʦ ʚʨʝʤʷ ʦʙʤʝʥʘ ʧʘʢʝʪʥʳʤʠ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ ʘʩʠʥʭʨʦʥʥʳʝ ʩʨʦʯʥʳʝ 

ʩʦʦʙʱʝʥʠʷ ʤʦʛʫʪ ʜʦʩʪʘʚʣʷʪʴʩʷ ʢʘʢ ʯʘʩʪʴ ʩʣʫʞʝʙʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʩʨʝʜʝ ʜʣʷ ʩʠʥʭʨʦʥʥʳʭ ʩʨʦʯʥʳʭ ʩʦʦʙʱʝʥʠʡ ʜʦʣʞʥʦ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʦʪʦʢʦʣʦʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, D-MAC ʧʨʦʪʦʢʦʣ 

ʨʝʘʣʠʟʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʬʠʟʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʪʦʢʦʣʘʤ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʫʢʘʟʳʚʘʪʴ ʥʘ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʠʥʭʨʦʥʥʦʛʦ ʩʨʦʯʥʦʛʦ 

ʩʦʦʙʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʩʦʦʙʱʝʥʠʝ ʦ ʚʨʝʤʝʥʠ ʧʦʩʪʫʧʣʝʥʠʷ ʪʘʢʦʛʦ ʩʦʦʙʱʝʥʠʷ ʚ 

ʧʨʠʝʤʥʳʡ ʪʨʘʢʪ. ʉʠʥʭʨʦʥʥʳʝ ʩʨʦʯʥʳʝ ʩʦʦʙʱʝʥʠʷ ʥʝ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʧʨʠ ʦʙʤʝʥʝ 

ʧʘʢʝʪʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

ʂʦʥʮʝʧʮʠʷ ʵʤʫʣʷʪʦʨʘ ʫʩʪʨʦʡʩʪʚʘ ʮʠʬʨʦʚʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʵʤʫʣʷʪʦʨʘ ʤʦʜʝʤʘ ʷʚʣʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʟʘʪʨʘʪ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ ʫʧʨʦʱʝʥʠʝ ʠ ʫʩʢʦʨʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʠʥʪʝʛʨʘʮʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ/ʧʦʣʫʯʘʪʝʣʷʤʠ ʜʘʥʥʳʭ. 
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ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʵʤʫʣʷʪʦʨʘ ʫʜʝʣʷʣʦʩʴ ʦʙʝʩʧʝʯʝʥʠʶ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʥʝʤ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʨʝʘʣʴʥʦʝ ʬʠʟʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ ʢʦʜʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʧʨʝʜʝʣʷʣʦ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʟʜʘʚʘʝʤʦʤʫ ʵʤʫʣʷʪʦʨʫ: 

ï ʨʝʘʣʴʥʦ-ʚʨʝʤʝʥʥʫ ʁʵʤʫʣʷʮʠ ʁʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʫʟʣʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʝʪʠ; 

ï ʠʜʝʥʪʠʯʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʢʘʢ ʜʣʷ ʵʤʫʣʷʪʦʨʘ, ʪʘʢ ʠ ʜʣʷ çʧʨʦʰʠʚʢʠ» ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ; 

ï ʦʜʠʥʘʢʦʚʳʡ ʥʘʙʦʨ ʢʦʤʘʥʜ ʜʣʷ ʵʤʫʣʷʪʦʨʘ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ɻʤʫʣʷʪʦʨʫ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ. 

ʊʨʝʙʦʚʘʥʠʝ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʠʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʠʟ ʦʩʥʦʚʥʦʡ ʮʝʣʠ ʩʦʟʜʘʥʠʷ ʵʤʫʣʷʪʦʨʘ. ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʥʘ ʵʤʫʣʷʪʦʨʝ ʠ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʦʣʞʥ  r ʙʳʣʠ ʪʦʯʥʦ ʩʦʚʧʘʜʘʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʠʥʘʢʦʚʦʩʪʠ 

ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʢʘʢ ʥʘ ʵʤʫʣʷʪʦʨʝ, ʪʘʢ ʠ ʥʘ ʤʦʜʝʤʝ. ʉʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʨʦʪʦʢʦʣʳ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʤʦʜʝʤʘ, ʢʘʢ ʜʣʷ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʪʘʢ ʠ ʠʟʤʝʨʝʥʠ ̫ ʟʘʜʝʨʞʝʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʙʤʝʥʦʤ ʜʘʥʥʳʤʠ ʠʣʠ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ. 

«ʇʨʦʰʠʚʢʘè ʤʦʜʝʤʘ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʟʘʜʘʯ ʧʦ ʠʥʪʝʛʨʘʮʠʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʩ ʚʥʝʰʥʠʤʠ ʩʝʥʩʦʨʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ, ʘʩʩʦʨʪʠʤʝʥʪ ʢʦʪʦʨʳʭ 

ʙʳʩʪʨʦ ʨʘʩʪʝʪ. ʉʪʝʢ ʧʨʦʪʦʢʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʪ ʩʣʦʡ, ʢʦʪʦʨʳʡ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʟʤʝʥʝʥʠʡ, ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ "ʚʠʜʠʤʳʤ" ʜʣʷ ʧʨʦʪʦʢʦʣʦʚ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʠʜʝʥʪʠʯʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ, ʟʘʧʫʩʢʘʝʤʦʛʦ ʥʘ 

ʵʤʫʣʷʪʦʨʝ ʠ ʤʦʜʝʤʝ, ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʵʤʫʣʷʪʦʨʘ ʩʦʩʪʦʷʣ ʚ ʚʳʜʝʣʝʥʠʠ 

ʧʣʘʪʬʦʨʤʝʥʥʦ-ʟʘʚʠʩʠʤʦʡ ʯʘʩʪʠ ʢʦʜʘ ʚ ʢʦʤʧʘʢʪʥʳʡ ʜʨʘʡʚʝʨ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʜʚʫʭ 

ʚʘʨʠʘʥʪʘʭ,ï ʦʜʠʥ ʜʣʷ ʧʨʦʰʠʚʢʠ ʤʦʜʝʤʘ, ʘ ʜʨʫʛʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʤʫʣʷʪʦʨʝ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʵʤʫʣʷʪʦʨʘ ʪʘʢʞʝ ʛʘʨʘʥʪʠʨʫʝʪ ʠʜʝʥʪʠʯʥʦʩʪʴ ʥʘʙʦʨʘ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʜʝʣʘʝʪ ʥʝʦʪʣʠʯʠʤʳʤ 

ʨʘʙʦʪʫ ʩ ʵʤʫʣʷʪʦʨʦʤ ʦʪ ʨʘʙʦʪʳ ʩ ʨʝʘʣʴʥʳʤ ʤʦʜʝʤʦʤ. 

ʄʥʦʞʝʩʪʚʦ ʵʢʟʝʤʧʣʷʨʦʚ ʵʤʫʣʷʪʦʨʘ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʧʫʱʝʥʦ ʥʘ ʩʝʨʚʝʨʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʠ. ʂʘʞʜʳʡ ʤʦʜʝʤ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʫʧʝʥ ʯʝʨʝʟ TCP/IP ʩʦʢʝʪ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢʦ ʚʩʝʤ ʝʝ ʵʣʝʤʝʥʪʘʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʵʤʫʣʷʪʦʨʘ ʠ ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʫʣʷʪʦʨʘ 

ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʧʣʘʪʬʦʨʤʳ: ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʠ ʟʘʧʫʩʢʘ ʵʤʫʣʷʪʦʨʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʷʤʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʵʤʫʣʷʪʦʨʘ, ʝʛʦ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʜʦʣʞʥʳ ʙʳʪʴ: 1) ʤʦʜʫʣʴ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, 2) ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʝʥʦʤ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʢʘʥʘʣʴʥʳʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤʠ, 3) ʠʤʠʪʘʪʦʨ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ 4) ʠʤʠʪʘʪʦʨ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ. 

ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʢʘʢ ʵʤʫʣʷʪʦʨ, ʪʘʢ ʠ ʨʝʘʣʴʥʡr ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʦʜʝʤ, 

ʠʩʧʦʣʴʟʫʝʪ ʪʦʪ ʞʝ ʩʘʤʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ ʧʨʦʪʦʢʦʣʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥ,̫ ʩʢʦʤʧʠʣʠʨʦʚʘʥʥʳʡ 

ʜʣʷ ʮʝʣʝʚʦʡ ʧʣʘʪʬʦʨʤʳ. ʇʦʜʜʝʨʞʠʚʘʝʤʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʷʚʣʷʶʪʩʷ ARM,x86, x86_64.ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʠ ʫʩʠʣʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʳʝ ʥʘ ʧʦʜʜʝʨʞʢʫ ʠ ʨʘʟʚʠʪʠʝ ʵʤʫʣʷʪʦʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʨʦʪʦʢʦʣʦʚ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥ ̫ʵʤʫʣʷʪʦʨʘ ʠ ʨʝʘʣʴʥʦʛʦ 

ʤʦʜʝʤʘ, ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠʥʪʝʛʨʘʮʠʠ ʤʦʜʝʤʦʚ ʩ ʩʝʥʩʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠʣʠ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʩʦʢʨʘʱʘʝʪ ʧʫʪʴ ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʤʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʄʝʞʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʢʘʥʘʣʴʥʳʤ ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʨʘʡʚʝʨʦʤ ̫ʜʨʘ Linux, ʨʝʘʣʠʟʫʶʱʠʤ ʧʣʘʪʬʦʨʤʝʥʥʦ-

ʟʘʚʠʩʠʤʳʡ ʢʦʜ, ʩʧʝʮʠʬʠʯʥʳʡ ʜʣʷ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ. ʕʪʦʪ ʢʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʡ ʜʦʩʪʫʧ ʢ ʠʥʪʝʨʬʝʡʩʫ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʢʘʥʘʣʴʥʦʛʦ ʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʝʡ. ɺ ʵʤʫʣʷʪʦʨʝ, ʵʪʦʪ ʜʨʘʡʚʝʨ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪ ʟʘʧʨʦʩʳ ʧʨʦʪʦʢʦʣʘ 

ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʠʪʘʪʦʨʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʦʪ 
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ʠʤʠʪʘʪʦʨʘ ʥʘʟʘʜ ʧʨʦʪʦʢʦʣʫ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʊʘʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ 

ʧʣʘʪʬʦʨʤʝʥʥʦ-ʟʘʚʠʩʠʤʳʡ ʢʦʜ ʠ ʧʣʘʪʬʦʨʤʝʥʥʦ-ʥʝʟʘʚʠʩʠʤʳʡ (POSIX-ʩʦʚʤʝʩʪʠʤʳʡ)ʢʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʦʜʘ ʥʘ ʧʣʘʪʬʦʨʤʝ ʵʤʫʣʷʪʦʨʘ ʠ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ʨʝʘʣʴʥʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ. ɺʣʠʷʥʠʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ 

ʠʤʠʪʠʨʫʝʪʩʷ ʦʪʚʝʪʘʤʠ ʥʘ ʟʘʧʨʦʩʳ ʧʨʦʪʦʢʦʣʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʧʝʮʠʬʠʢʘʮʠʝʡ ʥʘ ʤʝʞʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʙʦʪʳ 

ʠʤʠʪʘʪʦʨʘ ʷʚʣʷʶʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʨʝʭʤʝʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʛʦ ʠʟ ʤʦʜʝʤʦʚ, ʘ ʪʘʢʞʝ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʠʪʦʚʳʭ ʦʰʠʙʦʢ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʥʠʤʠ. ʀʤʠʪʘʪʦʨ ʥʘʧʨʘʚʣʷʝʪ 

ʜʘʥʥʳʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʜʠʩʧʝʪʯʝʨʫ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪ ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʵʤʫʣʠʨʫʝʤʳʤʠ ʤʦʜʝʤʘʤʠ. ʀʤʠʪʘʪʦʨ ʨʘʩʩʪʘʚʣʷʝʪ ʤʝʪʢʠ ʚʨʝʤʝʥʠ ʥʘ ʢʘʞʜʳʡ 

ʠʟ ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʘʢʝʪʦʚ ʢʦʦʨʜʠʥʘʪʳ ʦʪʧʨʘʚʠʪʝʣʷ. ʇʦʩʣʝ ʧʦʩʪʫʧʣʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʜʠʩʧʝʪʯʝʨʘ 

ʠʤʠʪʘʪʦʨ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠʤʠʪʠʨʫʝʪ ʟʘʜʝʨʞʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ, ʫʜʝʨʞʠʚʘʷ 

ʧʘʢʝʪ ʚ ʦʯʝʨʝʜʠ ʥʘ ʧʝʨʝʜʘʯʫ ʚ ʪʝʯʝʥʠʝ ʪʘʡʤ-ʘʫʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʣʴʥʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ ʵʤʫʣʠʨʫʝʤʳʭ ʤʦʜʝʤʦʚ, ʘ ʪʘʢʞʝ ʜʝʪʝʢʪʠʨʫʝʪ 

ʢʦʣʣʠʟʠʠ, ʟʘʙʨʘʢʦʚʳʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʢʝʪʳ ʜʘʥʥʳʭ (ʩʯʠʪʘʷ ʠʭ ʥʝʠʩʧʨʘʚʠʤʦ 

ʧʦʚʨʝʞʜʝʥʥʳʤʠ). ʂʨʦʤʝ ʦʩʨʝʜʥʝʥʥʦʡ ʧʦ ʛʣʫʙʠʥʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʵʤʫʣʷʪʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ 

ʫʯʠʪʳʚʘʪʴ ʨʘʟʨʝʟʳ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʫʜʘʣʝʥʥʳʭ ʘʙʦʥʝʥʪʦʚ ʩʚʷʟʠ. ʇʦʩʣʝʜʥʷ ̫ ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʠʤʠʪʘʪʦʨ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʢʘʥʘʣʘ ïʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠʩʧʝʪʯʝʨ ʧʘʢʝʪʦʚ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ʆʩʥʦʚʥʘ ̫ʬʫʥʢʮʠ ̫ʵʪʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʩʪʦʠʪ ʚ ʧʦʣʫʯʝʥʠʠ ʧʘʢʝʪʦʚ ʦʪ ʧʨʦʪʦʢʦʣʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠ ʠʭ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʝ ʢ ʠʤʠʪʘʪʦʨʫ/ʠʤʠʪʘʪʦʨʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ 

ʜʠʩʧʝʪʯʝʨʫ. 

 

ʆʪ ʵʤʫʣʷʮʠʠ ʢ ʤʦʨʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ 
 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʧʨʦʪʦʢʦʣʘʤ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʠʤʠʪʘʪʦʨʘʭ ʩʝʪʝʡ NS2 ʠ NS3. ʈʝʟʫʣʴʪʘʪʳ ʞʝ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪ ʚ 

ʨʝʘʣʴʥʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʥʘʧʨʠʤʝʨ, ʚ ʦʟʝʨʝ ʠʣʠ ʚ ʤʦʨʝ, ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ 

ʠʩʢʣʶʯʝʥʠʷʤʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʝʧʷʪʩʪʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʪʦʠʤʦʩʪʴ ʧʦʜʚʦʜʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʫʜʥʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʝʩʪʴ ʪʘʢʞʝ ʜʨʫʛʦʡ 

ʩʜʝʨʞʠʚʘʶʱʠʡ ʬʘʢʪʦʨ, ʘ ʠʤʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʨʦʪʦʢʦʣʘʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʧʨʦʪʦʢʦʣʘʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɹʦʣʴʰʦʡ ʰʘʛ ʚʧʝʨʝʜ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʙʳʣ 

ʩʜʝʣʘʥ ʩ ʚʳʧʫʩʢʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʦʪʦʢʦʣʳ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʥʝʜʘʚʥʠʭ ʦʪʢʨʳʪʳʭ ʨʝʣʠʟʦʚSunset ʠDesert, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʩʰʠʨʝʥʠʠ NS2-

Miricle [1], ʫʞʝ ʩʧʦʩʦʙʥʳʭ ʢ ʨʘʙʦʪʝ ʩ ʬʠʟʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʜʘʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʨʝʣʠʟʦʚ ʨʝʘʣʠʩʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʩʝ 

ʝʱʝ ʪʦʣʴʢʦ ʚ ʩʪʝʥʜʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʤʦʨʷ 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʦ ʪʨʫʜʦʝʤʢʦʡ ʠ ʟʘʪʨʘʪʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ, ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʫʟʣʦʚ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʚʨʝʤʷ ʥʘ ʠʭ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʩʚʝʨʪʳʚʘʥʠʝ ʥʘ ʙʦʣʴʰʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧ ʢ ʢʘʞʜʦʤʫ ʠʟ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʥʘʩʪʨʦʝʢ, ʟʘʥʠʤʘʝʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ, ʦʙʳʯʥʦ ʦʪʚʦʜʠʤʫʶ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʪʘʢ, ʯʪʦ 

ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦ ʟʘʜʘʯ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʚʨʝʤʝʥʠ ʥʝ 

ʦʩʪʘʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʥʘʨʫʞʠʣʩʷ ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʦʪʦʢʦʣʳ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʩʦʩʪʦʷʱʠʡ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʥʠʤ, ʢʨʦʤʝ ʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʞʝ ʵʤʫʣʷʪʦʨʘ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ.  
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ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʪʘʢʦʛʦ ʵʤʫʣʷʪʦʨʘ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʨʝʘʣʠʟʫʶʱʝʡ 

ʧʨʦʪʦʢʦʣʦʚ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʫʩʪʨʘʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʨʫʜʦʝʤʢʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʨʝʘʣʴʥʦʡ ʩʨʝʜʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʘʩʰʪʘʙʳ ʚʦʟʤʦʞʥʳʭ ʪʝʩʪʦʚʳʭ 

ʩʮʝʥʘʨʠʝʚ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ: 

ï ʤɻʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʜʝʨʞʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʝʪʠ (ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ 

ʧʨʠ ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʨʝʘʣʴʥʳʭ ʤʦʜʝʤʦʚ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭï ʨʘʩʩʪʦʷʥʠʷʭ 

ʥʘʠʙʦʣʴʰʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ); 

ï ʤɻʫʣʷʪʦʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ï ʫʟʣʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʝʪʠ ï ʟʘ ʦʜʠʥ ʨʘʟ, ʚ ʪʦ 

ʚʨʝʤʷ, ʢʘʢ ʫʞʝ ʩʘʤʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʟʘ ʦʜʠʥ ʨʘʟ ʜʝʩʷʪʢʦʚ ʤʦʜʝʤʦʚ, ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʙʫʝʤ, 

ʷʢʦʨʥʳʭ ʮʝʧʝʡ ʠ ʜʨʫʛʠʭ ʘʢʩʝʩʩʫʘʨʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʧʦʟʚʦʣʠʪʝʣʴʥʦʡ ʨʦʩʢʦʰʴʶ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʡ ï ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣ ʠ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ; 

ï ʤɻʫʣʷʪʦʨ ʧʦʣʥʦʩʪʴʶ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʝʞʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ ʤʦʜʝʤʦʚ ʠ 

ʤʝʞʫʨʦʚʥʝʚʳʝ ʤʝʭʘʥʠʟʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʦʪʦʢʦʣʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʷ ʪʨʫʜʦʟʘʪʨʘʪʳ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ; 

ï ʠʤʠʪʘʪʦʨ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʣʣʠʟʠʡ, ʟʘʜʘʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʰʠʙʢʠ ʜʝʤʦʜʫʣʷʮʠʠ ʠ ʦʰʠʙʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʝʪ 

ʪʝʩʪʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʠ ʧʨʦʪʦʢʦʣʳ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʦʪʣʘʞʠʚʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʜʨʫʛʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ, ʫʧʨʦʱʘʶʱʠʤ ʧʫʪʴ ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ ʤʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʩʪʘʣ 

ʚʳʧʫʩʢ ʩʧʝʮʠʘʣʴʥʦʡ ʚʝʨʩʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʙʝʣʦʡ ʣʠʥʠʠ 

(WiteLineScienceEdition). ʆʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʧʝʮʠʘʣʴʥʫʶ çʧʨʦʰʠʚʢʫè ʩ 

ʨʘʟʤʝʱʝʥʠʝʤ ʦʪʢʨʳʪʦʛʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (Ăsandboxò), 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʟʘʧʫʩʢʘʪʴ ʧʨʷʤʦ ʚ ʧʨʦʮʝʩʩʦʨʥʦʤ ʤʦʜʫʣʝ ʤʦʜʝʤʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʠʣʦʞʝʥʠ ̫ʠ ʧʨʦʪʦʢʦʣʳ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʦʛʫʪ ʟʘʧʫʩʢʘʪʴʩ ̫ʩʢʨʠʧʪʳ TCL/Expect, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʳʭ 

ʩʮʝʥʘʨʠʝʚ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʣʦʞʝʥʠʷ, ʥʘʧʠʩʘʥʥʳʝ ʚ C/C++, ʠʣʠ ʧʨʦʪʦʢʦʣʳ, 

ʥʘʧʠʩʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʦʪʦʢʦʣʳ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, Sunset ʠDesert. 

 

ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
 

ʕʤʫʣʷʪʦʨ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ ʩʝʨʠʠ S2CR ʧʦʜʚʝʨʛʘʣʩʷ ʙʝʪʘ-ʪʝʩʪʠʨʦʚʘʥʠ ʁʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʣʝʪ. ʈʘʟʣʠʯʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʛʨʫʧʧʳ ʧʦʣʫʯʘʣʠ ʜʦʩʪʫʧ ʢ ʵʤʫʣʷʪʦʨʫ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʪʣʘʜʢʠ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʦʚʤʝʩʪʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʢʦʤʤʝʨʯʝʩʢʠʝ ʟʘʢʘʟʯʠʢʠ ʧʨʠʦʙʨʝʪʘʣʠ ʜʦʩʪʫʧ ʢ ʵʤʫʣʷʪʦʨʫ ʜʣʷ 

ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʠʥʪʝʨʬʝʡʩʘʤʠ ʠ ʬʫʥʢʮʠʷʤʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʩʢʨʠʧʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʦʜʝʤʳ ʩ ʠʭ ʩʝʥʩʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʟʘʜʦʣʛʦ ʜʦ 

ʧʦʩʪʘʚʢʠ ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʘʚʛʫʩʪʝ 2012 ʛʦʜʘ ʘʚʪʦʨʳ ʩʪʘʪʴʠ ʧʨʦʚʝʣʠ ʨʷʜ ʩʦʚʤʝʩʪʥʳʝ ʠʩʧʳʪʘʥʠʡ ʩ ʛʨʫʧʧʦʡ 

SIGNET ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʇʘʜʫʠ (ʀʪʘʣʠʷ).ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʚʝʨʢʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʪʦʢʦʣʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠSUN, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʨʫʧʧʦʡ SIGNET ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [8]. ɺ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ 

ʤʦʨʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʛʨʫʧʧʝ ʧʨʝʜʦʩʪʘʚʣʷʣʩʷ ʜʦʩʪʫʧ ʢ ʵʤʫʣʷʪʦʨʫ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʝʛʦ ʜʣʷ ʦʪʣʘʜʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʪʦʢʦʣʘ SUNʚ ʨʘʤʢʘʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʦʪʦʢʦʣʳ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ, 

NS-Miricle. ɹʣʘʛʦʜʘʨʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʪʣʘʜʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʵʤʫʣʷʪʦʨʝ, 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʝʨʝʭʦʜ ʢ ʤʦʨʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʰʣʠ ʙʳʩʪʨʦ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʥʘʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʩʮʝʥʘʨʠʝʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ [8]. 

ɺ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʛʨʫʧʧʘ ʫʯʘʩʪʥʠʢʦʚ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʘʢʪʠʯʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ 

ʵʤʫʣʷʪʦʨʘ, ʠ ʩʜʝʣʘʣʠ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ [9]: 

ï ʤɻʫʣʷʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʧʳʪ 

ʨʘʙʦʪʳ ʩ ʦʙʰʠʨʥʳʤ ʥʘʙʦʨʦʤ AT ʢʦʤʘʥʜ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ ʩʝʨʠʠ S2CR; 

ï ʤɻʫʣʷʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʪʱʘʪʝʣʴʥʦʡ ʦʪʣʘʜʢʠ 

ʧʨʦʛʨʘʤʤ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʩʣʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʦʜʝʤʦʤ; ʚ ʯʘʩʪʥʦʩʪʠ, ʵʤʫʣʷʪʦʨ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ ʩʝʪʝʚʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʥʦʛʦʢʨʘʪʥʳʝ ʦʙʤʝʥ rʩʦʦʙʱʝʥʠʷʤʠ ʩ 

ʤʦʜʝʤʦʤ, ʥʘʧʨʠʤʝʨ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʝʯʥʦʛʦ ʘʚʪʦʤʘʪʘ; 

ï ʤɻʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ ʠ/ʠʣʠ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʤʦʚ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥrʭ ʩ ʢʦʤʧʴʶʪʝʨʦʤ 

ʨʘʟʨʘʙʦʪʯʠʢʘ; ʧʨʠ ʵʪʦʤ ʯʠʩʣʦ ʚʠʨʪʫʘʣʴʥʳʭ (ʵʤʫʣʠʨʫʝʤʳʭ) ʤʦʜʝʤʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʠʟʚʦʣʴʥʦ ʙʦʣʴʰʠʤ ʠ ʨʘʙʦʪʘ ʩ ʵʤʫʣʷʪʦʨʦʤ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʯʝʨʝʟ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ; 

ï ʤɻʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʠ ʫʪʦʯʥʷʪʴ ʩʮʝʥʘʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʦ ʠʭ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʫʣʷʪʦʨʘ ʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʦʪʣʘʜʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʢʦʜʘ: ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʢʦʜʘ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʚʳʧʦʣʥʷʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʠʟʤʝʥʝʥʠʝ ʠ 

ʧʨʦʚʝʨʢʘ ʢʦʜʘ ʥʘ ʧʣʘʪʬʦʨʤʳ ʤʦʜʝʤʘ; 

ï ʧʨʠʣʦʞʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʵʤʫʣʷʪʦʨʝ, ʙʳʩʪʨʦ 

ʵʢʩʧʦʨʪʠʨʫʶʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʫ ʨʝʘʣʴʥʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ. 

 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ 
 

ʕʤʫʣʷʪʦʨ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʩʪʫʱʠʡ ʦʧʳʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʥʦʚʭr ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʠʜʝʡ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʧʮʠʠ. ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʵʤʫʣʷʪʦʨʦʤ, 

ʧʘʨʪʥʝʨʳ ʠ ʟʘʢʘʟʯʠʢʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʧʦʷʚʣʝʥʠʶ ʠʜʝʡ ʧʦ ʨʘʟʚʠʪʠʶ ʠ ʚʥʝʜʨʝʥʠ ʁ

ʩʣʝʜʫʶʱʝʛʦ: 

ï ʧʝʨʝʭʦʜʘ ʦʪ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʵʤʫʣʷʪʦʨʘ ʠʟ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ ʢ ʥʘʩʪʨʦʡʢʝ ʯʝʨʝʟ 

ʚʝʙ-ʫʪʠʣʠʪʫ (ʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʬʠʛʫʨʘʪʦʨ); 

ï ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʦʟʜʘʚʘʪʴ ʭʦʨʦʰʦ ʦʙʦʟʨʠʤʳʝ 

ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ; 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʚʠʟʫʘʣʠʟʘʮʠʠ ʞʫʨʥʘʣʘ ʩʦʙʳʪʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦʪʦʢʠ ʧʘʢʝʪʦʚ, ʚʨʝʤʝʥʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʘʢʝʪʦʚ, ʢʦʣʣʠʟʠʡ ʠ ʧʨʦʯʝʝ; 

ï ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʦʰʠʙʦʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ 

ʜʝʤʦʜʫʣʷʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʝʪʠ; 

ï ʨʘʟʨʘʙʦʪʘʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʟʘʧʫʩʢʘ ʵʤʫʣʷʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ɺʳʚʦʜʳ 
 

ʉʦʟʜʘʥʠʝ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʵʤʫʣʷʪʦʨʘ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ ʦʪʢʨʳʚʘʝʪ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ ʠ ʜʨʫʛʠʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʦʜʝʤ.r ɺʦʟʤʦʞʥʦʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʦʪʣʘʜʢʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʵʤʫʣʷʪʦʨʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʪʘʢ ʢʘʢ ʚʣʦʞʝʥʠʷ ʚʨʝʤʝʥʠ 

ʚ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʫ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʚ 

ʦʪʢʨʳʪʦʤ ʤʦʨʝ. ʆʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʤʫʣʷʪʦʨʘ, ʢʘʢ ʚʦ ʚʨʝʤʷ ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʘʢ 
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ʠ ʚ ʨʘʤʢʘʭ ʧʘʨʪʥʝʨʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʜʦʢʘʟʘʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʝʨʝʭʦʜ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʤʫʣʷʪʦʨʘ ʢ ʬʠʟʠʯʝʩʢʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʟʘʥʠʤʘʣ 

ʦʙʳʯʥʦ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʜʝʣʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʕʤʫʣʷʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ ʘʚʪʦʥʦʤʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʠ ʩʨʘʚʥʝʥʠ ̫ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ, ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʭ ʨʘʟʨʘʙʦʪʢʠ. 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʛʫʣʷʨʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʤʝʣʢʦʡ ʠ ʛʣʫʙʦʢʦʡ ʚʦʜʝ. ʉʨʝʜʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʜʠʥʦʯʥʳʝ 

ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʨʠʝʤʥʠʢʠ. ʇʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʛʫʣʷʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʨʝʛʫʣʷʨʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʢʘʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʦʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ. ɺ ʠʟʚʝʩʪʥʦʡ ʨʘʙʦʪʝ [1] ʚʚʦʜʠʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʠʥʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʠʨʘʱʝʥʠʷ ʢʦʦʨʜʠʥʘʪ r

ʤʘʢʩʠʤʫʤʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʦʣʷ ʜʘʚʣʝʥʠʷ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʨʠʨʘʱʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ 

ʦʰʠʙʦʯʥʦ ʩʯʠʪʘʶʪ, ʯʪʦ |p|
2
 ʝʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʭʦʪʷ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ [1] ʚʝʣʠʯʠʥʘ |p|
2
 

ʥʘʟʳʚʘʝʪʩʷ çʩʢʘʣʷʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶè. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʛʫʣʷʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 2p r f( , ) , ʚʝʢʪʦʨʘ ʤʛʥʦʚʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ iI r f
C

( , ) , ʚʝʢʪʦʨʘ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ cI r f
C

( , ). ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʝʣʢʦʤ ʤʦʨʝ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʛʫʣʷʨʥʳʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʧʦʨʷʜʦʢ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩʚʷʟʘʥ ʩ ʨʝʛʫʣʷʨʥʦʡ (ʧʦʯʪʠ-ʧʝʨʠʦʜʠʯʝʩʢʦʡ) ʩʪʨʫʢʪʫʨʦʡ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ rʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɿʘ ʨʝʛʫʣʷʨʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ çʩʪʦʠʪè ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʨʥʦʛʦ ʧʝʨʝʥʦʩʘ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ çʚʚʝʨʭ-ʚʥʠʟè ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʨʦʞʜʘʝʪ ʚʠʭʨʝʚʫʶ 

ʩʪʨʫʢʪʫʨʫ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [2-4]. ʇʦʯʪʠ-ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚʝʢʪʦʨʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʛʣʫʙʦʢʦʤ ʦʪʢʨʳʪʦʤ ʩʣʦʠʩʪʦʤ ʦʢʝʘʥʝ ʦʪ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʩʫʜʦʚ). ʈʝʛʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ, ʥʦ ʦʛʠʙʘʶʱʘʷ z-ʢʦʤʧʦʥʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʤʝʝʪ ʧʦʯʪʠ-ʧʝʨʠʦʜʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʚ ʩʚʷʟʠ ʩ ʷʚʣʝʥʠʝʤ ʢʦʤʧʝʥʩʘʮʠʠ ʚʩʪʨʝʯʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʰʫʤʘ 

ʠ ʠʥʪʝʨʬʝʨʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʜʥʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʩʪʦʯʥʠʢ (ʩʫʜʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠ ʚ ʛʣʫʙʦʢʦʤ ʦʢʝʘʥʝ. ʇʦʜʚʦʜʥʳʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʦʙʨʘʟʫʶʪ ʨʝʛʫʣʷʨʥʳʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʚ ʩʢʘʣʷʨʥʦʤ, ʪʘʢ ʠ ʚ 

ʚʝʢʪʦʨʥʦʤ ʧʦʣʷʭ. 

ʄʝʣʢʦʝ ʤʦʨʝ. ʄʝʪʦʜʠʢʘ ʠ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [2-4], ʟʜʝʩʴ 

ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʥʦʛʨʘʤʤʳ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʝʜʣʝʥʥʦ ʠʜʫʱʝʛʦ ʩʫʜʥʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʯʘʩʪʦʪʘ-ʚʨʝʤʷ 

(ʨʘʩʩʪʦʷʥʠʝ): ʘ ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 2 ( , )
P

S f t , ʚ ï 

ʚʝʨʪʠʢʘʣʴʥʘʷ z-ʢʦʤʧʦʥʝʥʪʘ Re ( , )
zpVS f t .ɻʣʫʙʠʥʘ ʤʝʩʪʘ ï 120 ʤ; ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʧʨʠʝʤʥʠʢ ʥʘʭʦʜʠʣʩʷ ʥʘ ʛʣʫʙʠʥʝ 70 ʤ; ʦʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʜʥʫ. ʅʘ ʨʠʩ. 1ɸ 
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ʩʚʝʪʣʳʝ ʧʦʣʦʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʫʤʫ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʘʚʣʝʥʠʷ; ʪʝʤʥʳʝ ʧʦʣʦʩʳ ï 

ʤʠʥʠʤʫʤʳ ʜʘʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 1ɺ ʩʚʝʪʣʳʝ ʧʦʣʦʩʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʫʤʫ z-ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ Re ( , )
zpVS f t  ʚ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ 

ʜʥʘ (ʪ.ʝ. ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z); ʪʝʤʥʳʝ ʧʦʣʦʩʳ ï ʵʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʦʪ ʜʥʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʪ.ʝ. ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ z).  

 

 
 

ʈʠʩ. 1. ʉʦʥʦʛʨʘʤʤʳ ʜʚʠʞʫʱʝʛʦʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ: ɸ ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ( )2P
S f ,t ; ɺ ï z-ʢʦʤʧʦʥʝʥʪʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ ʚʟʘʠʤʥʦʛʦ ʩʧʝʢʪʨʘ 

Re ( , )
zPVS f t . 

 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ʩʫʜʥʘ ʜʣʷ ʯʘʩʪʦʪʳ 

f0 = 23 ɻʮ, ʚʟʷʪʳʝ ʩ ʩʦʥʦʛʨʘʤʤ ʨʠʩ. 1: ɸ ï ʤʦʜʫʣʴ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ 2 0( , )
P

S f t ; ɺ ï z-ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ ʚʟʘʠʤʥʦʛʦ ʩʧʝʢʪʨʘ 0Re ( , )
zpVS f t . 

ɺʨʝʤʷ t = 1800 c ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʪʨʘʚʝʨʟʘ (ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ~ 

1000ʤ); t = 5000 c ï ʨʘʩʩʪʦʷʥʠʶ ~ 6000 ʤ.  

 

 
 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ (ʨʘʩʩʪʦʷʥʠʷ): ɸ ï 2 0( , )
P

S f t  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ; ɺ ï 0Re ( , )
zpVS f t  ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ z-ʢʦʤʧʦʥʝʥʪʳ ʘʢʫʩʪʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ; f0 = 

23 ɻʮ, ʧʦʣʦʩʘ ʘʥʘʣʠʟʘ Df = 1,08 ɻʮ, ʚʨʝʤʷ ʫʩʨʝʜʥʝʥʠʷ Dt = 4,6 ʩ. 

 

ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ 2 0( , )
P

S f t  ʦʪ ʚʨʝʤʝʥʠ (ʨʘʩʩʪʦʷʥʠʷ) ʷʚʣʷʝʪʩʷ 

ʦʙʳʯʥʳʤ ʜʣʷ ʤʝʣʢʦʛʦ ʤʦʨʷ, ʦʜʥʘʢʦ ʨʝʛʫʣʷʨʥʘʷ ʩʤʝʥʘ ʟʥʘʢʘ ʥʘ ʦʙʨʘʪʥʳʡ 0Re ( , )
zpVS f t  ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 2 0( , )
P

S f t  ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʠʟʚʝʩʪʥʳʡ ʨʘʥʝʝ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ 

ʵʥʝʨʛʠʠ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʤ ʧʦʣʝ. ʅʘ ʨʠʩ. 2ɺ ʚʳʨʘʞʝʥʠʝ ç+è ʜɹ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ 
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z-ʢʦʤʧʦʥʝʥʪʳ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʥʠʟ (ʢ ʜʥʫ); ç-» ʜɹ ï ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʚʠʞʝʥʠʶ ʵʥʝʨʛʠʠ ʦʪ ʜʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʛʫʣʷʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ 0Re ( , )
zpVS f t  ʩ «+» 

ʥʘ «-» ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʝʢʪʦʨ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 0( , )I f t
C

ʤʦʞʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʝ ʥʘ ʫʛʦʣ ʜʦ °60̄  (ʨʠʩ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʥʳʡ ʧʦʚʦʨʦʪ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʫʛʣʘ 

120̄ . ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʝʟʫʣʴʪʘʪʳ [2-4] ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ 

ʪʝʦʨʠʝʡ [5] (ʨʠʩ.3). 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ  ʧʦʣʷʨʥʦʛʦ  ʫʛʣʘ  q   ʚʝʢʪʦʨʘ  ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʦʪ  ʚʨʝʤʝʥʠ  (ʨʘʩʩʪʦʷʥʠʷ):   

ʘ ï ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ [5], ʙ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ: ʚʚʝʨʭʫ ï f = 110ɻʮ; ʚʥʠʟʫ ï f = 23ɻʮ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʢʪʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʧʦʣʷ ʤʝʣʢʦʛʦ ʤʦʨʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʛʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʝʩʪʴ ʦʪʨʘʞʝʥʠʝ ʩʣʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʤ ʧʦʣʝ ʠ, ʯʪʦ ʚʘʞʥʦ, ʩʚʷʟʘʥʳ ʩ 

ʚʠʭʨʝʚʳʤ ʜʚʠʞʝʥʠʝʤ ʵʥʝʨʛʠʠ. 

 ɻʣʫʙʦʢʠʡ ʦʪʢʨʳʪʳʡ ʦʢʝʘʥ. ʈʝʛʫʣʷʨʥʳʝ ʧʦʯʪʠ-ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨ r 0Re ( , )
zpVS f t  

ʫʜʘʣʦʩʴ ʦʙʥʘʨʫʞʠʪʴ ʚ ʛʣʫʙʦʢʦʤ ʦʢʝʘʥʝ, ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥ ʢʦʤʧʝʥʩʘʮʠʝʡ 

ʚʩʪʨʝʯʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ [6]. ʀʩʩʣʝʜʫʝʤ ʩʫʧʝʨʧʦʟʠʮʠʶ ʧʦʣʝʡ ʜʚʫʭ 

ʠʩʪʦʯʥʠʢʦʚ: ʜʚʠʞʫʱʝʛʦʩʷ ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʩʫʜʥʘ) ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʰʫʤʘ. ɻʣʫʙʠʥʘ ʤʝʩʪʘ ~4900 ʤ; ʦʩʴ ʧʦʜʚʦʜʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʢʘʥʘʣʘ ʥʘʭʦʜʠʣʘʩʴ 

ʥʘ ʛʣʫʙʠʥʝ ~1000 ʤ; ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚʙʣʠʟʠ ʜʥʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʨʠʝʤʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʣʫʙʠʥʝ 150 ʤ. ʄʘʥʝʚʨʠʨʦʚʘʥʠʝ ʩʫʜʥʘ, ʢʘʢ 

ʰʫʤʷʱʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʙʳʣʦ ʩʣʝʜʫʶʱʠʤ. ɺ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʫʜʥʦ ʥʘʭʦʜʠʣʦʩʴ ʚ ʜʨʝʡʬʝ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~1.5 ʢʤ ʦʪ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ñʪʠʰʠʥʘò. ɿʘʪʝʤ ʥʘ ʩʫʜʥʝ 

ʟʘʚʝʣʠ ʜʚʠʛʘʪʝʣʴ ʠ ʰʫʤʷʱʝʝ ʩʫʜʥʦ, ʧʨʦʡʜʷ ʤʠʤʦ ʩʠʩʪʝʤʳ ʩ ʪʨʘʚʝʨʟʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ~1.2 

ʢʤ, ʫʜʘʣʠʣʦʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ~2.5 ʢʤ ʠ ʣʝʛʣʦ ʚ ʜʨʝʡʬ. ɺʨʝʤʷ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʩʫʜʥʘ ʩʦʩʪʘʚʣʷʝʪ ~7 ʤʠʥʫʪ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʪʝʯʝʥʠʝ ~10 ʤʠʥʫʪ ʥʘʜ 

ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʰʝʣ ʩʠʣʴʥʳʡ ʪʨʦʧʠʯʝʩʢʠʡ ʣʠʚʝʥʴ, ʢʦʪʦʨʳʡ ʢʦ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʜʘ ʩʫʜʥʘ ʧʝʨʝʰʝʣ ʚ ʜʦʞʜʴ. ʅʘ ʨʠʩ. 4ɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʥʦʛʨʘʤʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʜʘʚʣʝʥʠʷ 2 ( )
P

S f , ʥʘ ʨʠʩ. 4ɺ - Re ( )
zpVS f . ʅʘ ʩʦʥʦʛʨʘʤʤʝ ʘʚʪʦʩʧʝʢʪʨʘ 2 ( , )

P
S f t  

ʥʘʙʣʶʜʘʶʪʩʷ ʰʫʤʳ ʜʘʣʴʥʝʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 10ï70 ɻʮ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʟʘʧʠʩʠ 

ʩ ʫʨʦʚʥʝʤ ~90 ʜɹ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʫʜʥʘ (t > 100 ʩ) ʥʘ ʨʠʩ. 4ɸ ʚʠʜʝʥ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʧʝʢʪʨ 

ʰʫʤʘ ʩʫʜʥʘ ʩ ʜʠʩʢʨʝʪʥʳʤʠ ʣʠʥʠʷʤʠ. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʘʚʪʦʩʧʝʢʪʨʝ 2 ( , )
P

S f t  

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢ ʧʦʚʝʨʭʥʦʩʪʥʳʡ, ʥʦ ʦʢʝʘʥ ʛʣʫʙʦʢʠʡ. ʄʦʱʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʩʫʜʥʘ ʚ ʩʧʣʦʰʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚ ʢʘʥʘʣʝ ʜʘʚʣʝʥʠʷ 
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ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʜʥʘ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ 

ʠʥʪʝʨʬʝʨʠʨʦʚʘʪʴ ʩ ʨʝʬʨʘʛʠʨʦʚʘʥʥʳʭ ʧʨʷʤʳʤ ʩʠʛʥʘʣʦʤ. ʆʜʥʘʢʦ ʥʘ ʩʦʥʦʛʨʘʤʤʝ Re ( )
zPVS f  

ʧʨʠ t > 100 ʩ ʚʠʜʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʝʢʪʦʨʥʳʭ 

ʩʚʦʡʩʪʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʦʛʦ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʧʦʣʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʣʦʢʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʰʫʤʘ ʪʨʦʧʠʯʝʩʢʦʛʦ ʣʠʚʥʷ, ʠ ʝʩʪʴ ʧʨʝʜʤʝʪ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ. ʇʦʣʫʯʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʜʥʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʜʘʥʥʫʶ ʪʦʯʢʫ ʠʟʤʝʨʝʥʠʷ ʧʨʠʭʦʜʷʪ ʜʚʝ ʧʣʦʩʢʠʝ ʢʦʛʝʨʝʥʪʥʳʝ ʚʦʣʥʳ, 

ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʜʥʘ. ʈʘʟʥʦʩʪʴ ʭʦʜʘ ʠʭ ʪʘʢʦʚʘ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʣʷ ʨʷʜʘ ʯʘʩʪʦʪ 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ ʚʟʘʠʤʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ( )
zpVS f . ɼʣʷ 

ʜʚʫʭ ʪʘʢʠʭ ʧʣʦʩʢʠʭ ʚʦʣʥ ʦʜʥʦʡ ʯʘʩʪʦʪʳ, ʧʨʠʰʝʜʰʠʭ ʚ ʪʦʯʢʫ ʠʟʤʝʨʝʥʠʷ, ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚʜʦʣʴ ʦʩʠ z ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ: 

[ ], 1 1 1 2 2 2 1 2 2 2 1 1 2 1
1 1 1

cos cos cos cos cos( )
2 2 2

z SI p V p V p V p Vq q q q y y- = + + + -,             (1) 

ʛʜʝ ʨ1, ʨ2, V1, V2 ï ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ ʠ 

ʚʪʦʨʦʡ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; q1, q2 ï ʫʛʣʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩ ʦʩʴʶ z ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʳ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʚʦʣʥ; (y2 ï y1) ï ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ ʠʣʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʣʦʩʢʠʭ ʚʦʣʥ; ʦʙʦʟʥʘʯʝʥʠʝ Iï z,S ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʦʪʦʢ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʩʠʛʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ïz, ʪ.ʝ. ʦʪ ʜʥʘ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 ʋʧʨʦʩʪʠʤ ʚʳʨʘʞʝʥʠʝ (1). ʅʝ ʪʝʨʷʷ ʦʙʱʥʦʩʪʠ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ p1 = p2 ʠ V2 = V1. ʋʛʦʣ 

ɗ2 ʧʨʝʜʩʪʘʚʠʤ ʢʘʢ ʩʫʤʤʫ ɗ2 = ɗ1 + ȹɗ. ʉʯʠʪʘʝʤ ȹɗ ʤʘʣʳʤ, sinȹɗ Ÿ 0 ʠ cosȹɗ Ÿ 1. ɺ ʜʘʥʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ cosɗ2
 
å cosɗ1 ~ 1. ʇʦʩʢʦʣʴʢʫ ʫʛʣʳ ɗ ~ 70°ï85°, ʪʦ cosɗ1 ~ 1. ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ 

(1) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 

                                        , 0 1 1 1 2( ) [1 cos( )]z SI f p V y y- = + -                               (2) 

ɺ ʨʝʘʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʧʨʠʝʤʥʠʢʦʤ ʠʟʤʝʨʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ( )zI f  ʜʚʫʭ 

ʚʩʪʨʝʯʥʳʭ ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ , ( )z NI f+  ʠ z SI-, , ʛʜʝ , ( )z NI f+  ï ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʰʫʤʘ, ʩʦʚʧʘʜʘʶʱʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʦʩʴʶ z ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ: 

z z N z SI f I f I f+ -= -, ,( ) ( ) ( ) . 

ʇʦʪʦʢ ʵʥʝʨʛʠʠ 0, ( )z SI f-  ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʜʥʘ ʣʫʯʝʡ ʤʝʥʷʝʪʩʷ ʧʦ 

ʚʝʣʠʯʠʥʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʧʨʠʝʤʥʠʢʦʤ. ʄʝʨʦʡ ʠʟʤʝʥʝʥʠʷ 

ʝʛʦ ʚʝʣʠʯʠʥʳ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʬʘʟ ŭ = (ɣ2ïɣ1). ʉʚʷʟʴ ʤʝʞʜʫ ŭ ʠ ʨʘʟʥʦʩʪʴʶ ʬʘʟ ʤʝʞʜʫ 

ʜʘʚʣʝʥʠʝʤ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʩʫʤʤʘʨʥʦʤ ʧʦʪʦʢʝ ʵʥʝʨʛʠʠ ʠʤʝʝʪ 

ʚʠʜ: 

1
cos ( ) (1 cos )

2
z fDj d= - , 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ŭ = ˊ (ʤʠʥʠʤʫʤ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʰʫʤʦʧʦʜʦʙʥʦʛʦ ʩʠʛʥʘʣʘ) 

cos ( )z fDj  = 1, ( )z fDj  = 0Á, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʨʠʩ.4ɺ. 
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ʈʠʩ. 4. ʉʦʥʦʛʨʘʤʤʳ: ɸ ï 2 ( )
P

S f , ɺ ï Re ( )
zpVS f . ɺʨʝʤʷ ʫʩʨʝʜʥʝʥʠʷ 15 ʩ, ʧʦʣʦʩʘ ʘʥʘʣʠʟʘ 1,2 ɻʮ, 

ʫʩʨʝʜʥʝʥʠʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʥʦʚʫ  ʁ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʙʣʝʤ ʧʦʜʚʦʜʥʦʡ ʘʢʫʩʪʠʢʠ. 
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ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʄʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʘʜʤ. ɻ. ʀ. ʅʝʚʝʣʴʩʢʦʛʦ. 

690059, ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ɺʝʨʭʥʝʧʦʨʪʦʚʘʷ, 50ʘ 

 
 ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʚʝʨʙʝʨʘʮʠʠ ʪʦʥʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʛʦ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʪʘʪʴʝ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ 

ʨʝʚʝʨʙʝʨʘʮʠʦʥʥʦʡ ʧʦʤʝʭʠ ʧʨʠ ʘʢʪʠʚʥʦʡ ʣʦʢʘʮʠʠ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʝʤʝ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʝʠʚʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʥʘ ʦʢʝʘʥʘ. 

 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʪʦʥʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ 

ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ fʦ=404 ɻʮ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʟʣʫʯʘʝʤʳʭ ʠʤʧʫʣʴʩʦʚ 

t0=0,5 ʩ. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ ʩʦʩʪʘʚʣʷʣ 60 ʩ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʠʟʣʫʯʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 60 ʤ, ʠ ʦʜʠʥʦʯʥʳʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʧʨʠʝʤʥʠʢʦʤ (ʛʣʫʙʠʥʘ 250 ʤ) ʠʟʤʝʥʷʣʦʩʴ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ 

3000ï3500 ʤ. ʆʩʠ x ʠ y ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʦʩʴ z ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦ ʜʥʫ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʣʘʥʠʨʦʚʘʣʩʷ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝʥʘʧʨʘʚʣʝʥʥʳʡ ʠʟʣʫʯʘʪʝʣʴ ʥʘʭʦʜʠʣʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʘʢʩʠʤʫʤʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʛʦ ʢʘʥʘʣʘ ʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ. ɺʦ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʦʭʦʜʷʱʠʝ ʩʫʜʥʘ, ʤʠʥʠʤʘʣʴʥʘʷ ʜʠʩʪʘʥʮʠʷ ʜʦ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʘ ~10 ʢʤ. ʉʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ï ʯʝʪʳʨʝ ʙʘʣʣʘ ʧʦ ʰʢʘʣʝ ɹʦʬʦʨʪʘ, 

ʟʳʙʴ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʢʦʨʦʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʣʘ 10 ʤ/ʩ. ʈʝʣʴʝʬ ʜʥʘ ʚ ʨʘʡʦʥʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʝʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ï ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ɻʣʫʙʠʥʘ 

ʤʝʩʪʘ 3500 ʤ. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʜʥʘ; ʦʩʴ ʧʦʜʚʦʜʥʦʛʦ ʟʚʫʢʦʚʦʛʦ 

ʢʘʥʘʣʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 1100 ʤ. 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʤʛʥʦʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨ(t), Vx(t), Vy(t), Vz(t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ t. ɺʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʨ(t), Vx(t), Vy(t), Vz(t) ʚʳʜʝʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʮʠʬʨʦʚʦʛʦ 

ʬʠʣʴʪʨʘ ʚ ʧʦʣʦʩʝ Df = 10 ɻʮ (ʚʨʝʤʷ ʫʩʨʝʜʥʝʥʠʷ ï 0,1 ʩ) ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ f0 = 404 ɻʮ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʢʦʤʧʦʥʝʥʪʳ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 

ʵʥʝʨʛʠʠ ʦʪ ʚʨʝʤʝʥʠ: ( ) ( )xp t V t*
, ( ) ( )yp t V t*

, ( ) ( )zp t V t* ; ʨʘʟʥʦʩʪʠ ʬʘʟ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ: ( )x P xtDj j j= - , ( )y P ytDj j j= - , 

( )z P ztDj j j= - ; Re[ ( ) ( )]ip t V t* , Im[ ( ) ( )]ip t V t*
 ï ʘʢʪʠʚʥʘʷ ʠ ʨʝʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʅʘʧʨʘʚʣʝʥʠʷ ʧʨʠʭʦʜʘ ʧʨʷʤʦʛʦ ʠ ʨʘʩʩʝʷʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʫ ʧʨʠʝʤʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʠ ʧʦʣʷʨʥʦʛʦ ʫʛʣʦʚ y(t) ʠ 

q(t): 

            ( ) arctg Re ( ) Re ( )y xt I t I ty = ;              ( ) arctg Re ( ) Re ( ) ,xy zt I t I tq =  

ʛʜʝ i=ʭ, ʫ, z; ( )iV t*  ï ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʝ ʚʝʣʠʯʠʥ rʢʦʤʧʦʥʝʥʪ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

Vi(t);Iʭ(t), Iʫ(t), Iz(t) ï ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ 
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ʵʥʝʨʛʠʠ, Iʭʫ(t)=(
2 2( ) ( )x yI t I t+ )

1/2
 ï ʢʦʤʧʦʥʝʥʪʘ ʤʛʥʦʚʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ [1]. 

 ʀʟʫʯʝʥ ʨʝʚʝʨʙʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ 

ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ. ʆʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʝʜʠʥʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʨʘʩʩʝʷʥʥʦʛʦ ʪʦʥʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʚʨʝʤʝʥʝʤ ʫʩʨʝʜʥʝʥʠʷ 0,1 ʩ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʚʝʨʙʝʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʤʛʥʦʚʝʥʥʳʤʠ.  

 ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʤʦʜʫʣʝʡ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʧʨʦʮʝʩʩʘ ʨʝʚʝʨʙʝʨʘʮʠʠ ʪʦʥʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ: ( ) ( )zp t V t* , 

( ) ( )xp t V t*  ʠ ( ) ( )yp t V t* . ʀʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʥʘʭʦʜʠʣʩʷ ʚʙʣʠʟʠ ʤʘʢʩʠʤʫʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʩʠ ʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ (ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ y0 º 180Á) ʠ ʚʙʣʠʟʠ 

ʤʠʥʠʤʫʤʘ ʦʩʠ y. ɺʦ ʚʩʝʭ ʧʨʠʝʤʥʳʭ ʢʘʥʘʣʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʷʤʦʡ ʠʤʧʫʣʴʩ, ʜʦʥʥʦ-

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʪʨʘʞʝʥʠʷ ʧʨʷʤʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʨʘʩʩʝʷʥʥʦʝ ʧʦʣʝ ʧʨʷʤʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʬʦʥʝ 

ʧʦʜʚʦʜʥʦʛʦ ʦʢʨʫʞʘʶʱʝʛʦ ʰʫʤʘ.  ʋʨʦʚʝʥʴ ʧʨʷʤʦʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʤʧʫʣʴʩʦʚ ʧʦ ʦʩʠ ʫ ʥʠʞʝ 

ʥʘ 10ï15 ʜɹ ʫʨʦʚʥʝʡ ʧʦ ʦʩʷʤ ʭ, z. 

 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʧʨʦʮʝʩʩʘ 

ʨʝʚʝʨʙʝʨʘʮʠʠ ʪʦʥʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ: ʘ ï ( ) ( )zp t V t*
, b ï ( ) ( )xp t V t*

, c ï ( ) ( )yp t V t*
. ʋʨʦʚʝʥʴ 0 ʜɹ ʚʳʙʨʘʥ 

ʧʨʦʠʟʚʦʣʴʥʦ. 

 

 ʈʠʩʫʥʢʠ 2, 3 ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʥʘ ʧʨʠʝʤʥʠʢ ʧʨʷʤʦʛʦ ʠʤʧʫʣʴʩʘ 

(9,5 <t<10 c) ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ïx (ʫʛʦʣ y0 = 

180Á). ɺ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʧʨʷʤʦʛʦ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʣʷʝʪ ʩ ʦʩʴʶ 

z ʫʛʦʣ q = 70Á (ʨʠʩ. 2,b), ʪ. ʝ. ʚʝʢʪʦʨ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʜʥʘ. 

ʅʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 10 <t<12,5 ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪ ʫʰʝʜʰʝʛʦ 

ʚʧʝʨʝʜ ʧʨʷʤʦʛʦ ʩʠʛʥʘʣʘ.  
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ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ y(t)  

ʠ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ q(t) ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ: ʘ ï y(t), b ï q(t). 

 

ʆʩʦʙʝʥʥʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʝʥ ʩʠʛʥʘʣ ʧʨʠ t = 11,5 ʩ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ~0,5 c, y(t)=0 ,̄ 

q(t)=80 .̄ ʏʝʨʝʟ 3,1 ʩ ʧʦʩʣʝ ʧʨʠʭʦʜʘ ʧʨʷʤʦʛʦ ʠʤʧʫʣʴʩʘ ʚʠʜʝʥ ʧʨʠʭʦʜ ʧʝʨʚʦʛʦ ʜʦʥʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ. ɺʨʝʤʷ ʧʨʠʭʦʜʘ t = 12,5 ʩ. ʋʛʦʣ ʧʨʠʭʦʜʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

140Á, ʪ. ʝ. ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥ ʦʪ ʜʥʘ ʚ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʠʤʧʫʣʴʩ, ʧʨʠʰʝʜʰʠʡ ʩʥʠʟʫ ʯʝʨʝʟ Dt = 0,4 ʩ, ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʠʤʧʫʣʴʩ, ʧʨʠʰʝʜʰʠʡ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ t  = 12,9 ʩ ʧʦʜ ʫʛʣʦʤ 20Á ʢ ʦʩʠ z. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʠʤʧʫʣʴʩ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʜʦʥʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʷʤʦʡ ʦʪʨʘʞʝʥʥʳʡ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʧʫʣʴʩ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣ ʩ ʧʨʷʤʳʤ ʠʤʧʫʣʴʩʦʤ. ɼʦʥʥʳʡ ʠʤʧʫʣʴʩ ʧʨʠʭʦʜʠʪ 

ʥʘ ʧʨʠʝʤʥʠʢ ʦʪ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʟʚʫʯʝʥʥʦʡ ʧʣʦɦ ʘʜʢʠ ʜʥʘ, ʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ ʧʨʠʭʦʜʷʪ 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʦʟʚʫʯʝʥʥʦʡ ʧʣʦʱʘʜʠ ʜʥʘ. ɼʦʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʦʪʨʘʞʝʥʠʷ ʧʦ ʦʩʷʤ ʭ ʠ ʫ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʨʘʟʥʦʩʪʥʦ-ʬʘʟʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 3). 

ɿʥʘʯʝʥʠʝ Djʭ(t) ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0Á ʜʦ °180°, ʪ.ʝ. ʦʪʨʘʞʝʥʠʝ ʧʨʠʭʦʜʠʪ ʢʘʢ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ +ʭ, 

ʪʘʢ ʠ ïʭ. ʆʪʨʘʞʝʥʠʝ ʧʦ ʫ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʭʦʜʠʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ Djʫ(t) ~ 180°, ʯʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʨʝʣʴʝʬʦʤ ʜʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʣʥʝʥʠʷ [1]. 

ʆʪʨʘʞʝʥʥʳʝ ʦʪ ʜʥʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʛʥʘʣʳ (ʧʨʠ t = 12,5ï14 ʩ) ʧʦʧʘʜʘʶʪ ʚʦ ʚʩʝ ʢʘʥʘʣʳ 

ʧʨʠʝʤʘ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʚʠʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʢʘʥʘʣ y. ɺ ʨʘʩʩʝʷʥʥʦʤ ʩʠʛʥʘʣʘ (ʧʨʠ t > 14 c) ʧʦ ʚʩʝʤ ʢʘʥʘʣʘʤ ʥʘʙʣʶʜʘʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʝ ʦʪʨʘʞʝʥʠʷ (ʨʠʩ. 2, 3), ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ~ 0,5 ʩ, ʪ.ʝ. ʨʘʚʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʟʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʠʥʦʯʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʦʙʲʝʤʥʫʶ ʢʘʨʪʠʥʫ ʨʝʚʝʨʙʝʨʘʮʠʠ ʚ ʛʣʫʙʦʢʦʤ ʦʢʝʘʥʝ, ʨʘʟʜʝʣʠʪʴ ʜʦʥʥʳʝ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʩʪʦʡʯʠʚʳʭ ʦʪʨʘʞʝʥʠʡ ʚ 

ʨʝʚʝʨʙʝʨʘʮʠʦʥʥʦʤ ʧʦʣʝ ʛʦʚʦʨʠʪ ʦ ʥʘʣʠʯʠʠ ʣʦʢʘʣʴʥʳʭ ʨʘʩʩʝʠʚʘʪʝʣʝʡ ʚ ʪʦʣʱʝ ʦʢʝʘʥʘ ʠ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʩʫʜʘ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʚʦʣʥʝʥʠʝ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʪʫʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʢʪʦʨʥʦ-ʬʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʣʷ ʨʝʚʝʨʙʝʨʘʮʠʠ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ. ɼʦʧʦʣʥʝʥʠʝ ʜʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʟʤʝʨʝʥʠʝʤ ʜʦʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ.  
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ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʨʘʟʥʦʩʪʠ ʬʘʟ ʚ ʧʨʦʮʝʩʩʝ ʨʝʚʝʨʙʝʨʘʮʠʠ ʪʦʥʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ: 

 ʘ ï Djz=jpïjz; b ï Djx=jpïjx; ʩ ï Djy=jpïjy. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʏɽʊɺɽʈʊʓʁ ʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ʄʆʄɽʅʊ ɸʂʋʉʊʀʏɽʉʂʆɻʆ 

ɺɽʂʊʆʈʅʆɻʆ ʇʆʃʗ 

 

ɺ.ɸ. ʑʫʨʦʚ, ɸ.ɺ. ʏʝʨʢʘʩʦʚ 
*  

 

ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɺ. ʀ. ʀʣʴʠʯʝʚʘ ɼɺʆ ʈɸʅ,  

690041, ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ɹʘʣʪʠʡʩʢʘʷ, 43, ʊʝʣ.: (423)231-21-01;  

E-mail: shchurov@poi.dvo.ru 
 

*
ʂʘʬʝʜʨʘ ʬʠʟʠʢʠ ʄʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʘʜʤ. ɻ. ʀ. ʅʝʚʝʣʴʩʢʦʛʦ. 

690059, ɺʣʘʜʠʚʦʩʪʦʢ, ʫʣ. ɺʝʨʭʥʝʧʦʨʪʦʚʘʷ, 50ʘ 

 
 ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʦʧʪʠʢʝ ʠ ʨʘʜʠʦʬʠʟʠʢʝ, 

ʚʚʦʜʠʪʩʷ ʥʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʚʝʢʪʦʨʥʦʡ ʧʦʜʚʦʜʥʦʡ ʘʢʫʩʪʠʢʝ ï ʯʝʪʚʝʨʪʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʪʝʦʨʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʚʝʣʠʯʠʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʝʨʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʢʪʦʨʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʩʣʝʜʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʯʝʪʚʝʨʪʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʤʳ 

ʚʳʭʦʜʠʤ ʟʘ ʨʘʤʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʝʢʪʦʨʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ. ɺ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʛʝʨʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚʝʢʪʦʨʥʦʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʚʝʨʪʦʛʦ ʤʦʤʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʳʭ 

ʚʝʣʠʯʠʥ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

 

ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʝʢʪʦʨʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ 

ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ (ʚʝʢʪʦʨ ʠʥʪʝʥʩʠʚʥʦʩʪʠ): 

                                               ( ) ( , ) ( , )
t

I f p f t V f t=
C C

 ,                                              (1) 

ʛʜʝ p(f, t), ( , )V f t
C

 - ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʝʢʪʦʨʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʟʥʘʢ <é.>t ʦʟʥʘʯʘʝʪ ʫʩʨʝʜʥʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ. ɺʳʨʘʞʝʥʠʝ (1) ʝʩʪʴ 

ʬʫʥʢʮʠʷ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ p(t) ʠ 

ʚʝʢʪʦʨʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ( )V t
C
, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʨʝʤʝʥʥʦʤ ʩʜʚʠʛʝ t = 0. 

ɸʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʩʯʠʪʘʝʤ ʩʪʘʮʠʦʥʘʨʥʳʤ, ʵʨʛʦʜʠʯʥʳʤ; ʚʝʣʠʯʠʥʳ p(t) ʠ ( )V t
C

 - 

ʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ. ʉʠʛʥʘʣʳ ʩʯʠʪʘʝʤ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤʠ. 

 ʇʝʨʝʭʦʜʷ ʚ ʢʦʤʧʣʝʢʩʥʫʶ ʧʣʦʩʢʦʩʪʴ ʟʘʧʠʰʝʤ ʜʣʷ ʜʘʥʥʦʡ ʪʦʯʢʠ ʧʦʣʷ (ʚ ʪʦʯʢʝ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʠʢʘ) ʬʫʥʢʮʠʶ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 

                              

( ) ( )

( ) Re ( ) Im ( )

( ) ( ) ( ) ( )
i i i

i
t

pV pV pV

i i i
t

p t V t

t t t

p t p t V t V t

G G G

*

* *
= = +

""

" "" "
 ,       (2) 

ʘʨʛʫʤʝʥʪ ( )
ipV tG  ʥʘʭʦʜʠʤ ʠʟ

Im ( )

Re ( )
( )

pVi

pVi

t

t
t arctg

G

G
q = , ʛʜʝ ( )p t" , ( )iV t" , ( )iV t*"  - ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʩʠʛʥʘʣʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʢʦʤʧʦʥʝʥʪ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ w, i = x, y, 

z. ʌʫʥʢʮʠʷ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 1 ( ) 1
ipV tG- ¢ ¢+. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ( ) 1

ipV tG =° 

ʧʦʣʝ ʚʝʣʠʯʠʥ p(t) ʠ ( )V t
C

 ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʢʦʛʝʨʝʥʪʥʳʤ, ʧʨʠ ( ) 0
ipV tG =  - ʧʦʣʝ 

ʥʝʢʦʛʝʨʝʥʪʥʦ; ʧʨʠ 1 ( ) 1
ipV tG- < <+ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʢʦʛʝʨʝʥʪʥʳʤ. ɺʝʣʠʯʠʥʳ p(t) ʠ 

{ }( ) ( ), ( ), ( )x y zV t V t V t V t
C

 ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʛʝʨʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʛʥʦʚʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʦʣʴʢʦ ʦʪ 
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ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʚʠʜʝ (1) ʠ (2), ʥʦ ʠ ʚʳʩʰʠʭ 

ʧʦʨʷʜʢʦʚ.  

 ɺʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ ʊ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʧʝʨʠʦʜʘ ʊ0 ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ w ( )0 2T T p w= . 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ( )I t
C

 ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʤʛʥʦʚʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. ʂʦʛʝʨʝʥʪʥʦʩʪʴ ( )
ipV tG  

ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ( )I t  ʚ ʥʝʢʦʪʦʨʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʠ 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ ʩ ʘʨʛʫʤʝʥʪʦʤ q(t). ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʦʣʝ ʠ ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d l. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʡ ʥʘ ʚʩʝʭ ʧʨʠʝʤʥʠʢʘʭ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ. ʀʟʤʝʨʝʥʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʪʦʯʢʝ ʦʜʠʥ ʦʙʦʟʥʘʯʠʤ 1( )I t
C
, ʚ ʪʦʯʢʝ ʜʚʘ ï 

2( )I t
C

. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʤʦʞʝʪ ʣʠ ʢʦʨʨʝʣʷʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 1( )I t
C

 ʠ 2( )I t
C

 ʩʦʜʝʨʞʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʝʧʝʥʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ p1(t) ʠ 1( )V t
C

 ʠ p2(t) ʠ 2( )V t
C
? ʈʘʩʩʤʦʪʨʠʤ ʢʦʨʨʝʣʷʮʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 1( )I t
C

 ʠ 2( )I t
C

, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʦʤʝʥʪʘʤʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. ʂʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 

                                           1 2 1 2( ) ( ) ( ) ( ( )I I t I t I t I ty t t t= + - + ,                             (3) 

ʛʜʝ t - ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʥʦʩʪʴʶ ʭʦʜʘ ʜʣʠʥ ʚʦʣʥ Dl ʦʪ 

ʣʦʢʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʦ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʧʨʠʝʤʥʠʢʦʚ (ʨʠʩ. 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʣʷʮʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 1( )I t
C

 ʠ 2( )I t
C

 ʪʨʝʙʫʝʪ ʚʳʯʠʩʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ, ʯʪʦ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

 
 

ʈʠʩ. 1 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʆʙʦʟʥʘʯʝʥʠʷ: 1, 2 ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʧʨʠʝʤʥʠʢʠ; 3 ï ʛʝʨʤʦʢʦʥʪʝʡʥʝʨ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ; 4 ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ, Dl = tÖc ï 

ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʜʣʠʥ ʚʦʣʥ; d = 300 ʤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ (ʙʘʟʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ); 5, 6 ï 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ; 7 ï ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʮʠʬʨʦʚʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

 

 ɺʭʦʜʷʱʠʡ ʚ ʬʦʨʤʫʣʫ (3) ʯʝʪʚʝʨʪʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʨʘʚʝʥ ʩʫʤʤʝ ʧʦʧʘʨʥʳʭ  

ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʪʦʨʳʭ ʤʦʤʝʥʪʦʚ [1]: 

                      

* * * *
1 1 2 2 1 1 2 2

* * * *
1 2 1 2 1 2 1 2
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( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ,

p t V t p t V t p t V t p t V t

p t p t V t V t p t V t V t p t

I I B B

t t t t

t t t t

t t

+ + = + + +

+ + + + + + =

= + +"

             (4) 
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ʛʜʝ 12( )B t=
*

1 2( ) ( )p t V tt+  ʠ 12( )B t" = 1 2( ) ( ) 0p t p tt+ = - ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʬʫʥʢʮʠʠ. ʊʨʝʪʴʝ ʩʣʘʛʘʝʤʦʝ ʨʘʚʥʦ ʥʫʣʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʦʧʠʩʳʚʘʝʪ ʟʘʤʢʥʫʪʳʝ ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ 

(ʚʠʭʨʠ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ) [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʫʣʘ (3) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 
2 2

1 12 1 2 12( ) ( ) ( )B I I Ky t t t= = .  

 

ʅʦ                                     12( )12
12 12

1 2

( )
( ) ( )

2

iB
K K e

I I

q tt
t t= = ,                                                 (5) 

ʛʜʝ 12( )K t  - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ [3]. ɺ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʠʜʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ: 

 

                                                 1 2 12 12( ) ( ) cos ( )I I I Ky t t q t=                                               (6) 

 

ɺ ʚʳʨʘʞʝʥʠʠ (6) 1 2,I I , 12( )K t  - ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʨʠʩ. 1, ʪʦ ʷʩʥʦ, 

ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʠʝʤʥʠʢʦʚ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʨʘʟʥʦʩʪʴ ʭʦʜʘ Dl ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʜʝʨʞʢʘ t ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʤʦʜʫʣʷʮʠʠ ʚʠʜʘ 12cos ( )q t ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ( )Iy t. 

 ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʥʦʰʝʥʠʷ (6) ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʤʝʣʢʦʤ ʤʦʨʝ. 

ʇʨʠʝʤʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [4], ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʣʠʥʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʧʦ ʜʚʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘ, (16 

ʮʠʬʨʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ), ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ ʛʣʫʙʠʥʝ. ɻʣʫʙʠʥʘ ʤʝʩʪʘ ~ 30 ʤ. 

ʇʨʠʝʤʥʠʢʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʨʘʟʥʝʩʝʥʳ ʥʘ 300 ʤ. ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʢʦʛʝʨʝʥʪʥʦʩʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʠʟʤʝʨʷʝʤʘʷ ʜʚʫʤʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ 

ʛʣʫʙʠʥʘʭ 15 ʤ. ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʨʷʜ ʯʘʩʪʦʪ ʦʪ 23 ɻʮ ʜʦ 600 ɻʮ.  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʢʦʨʨʝʣʦʛʨʘʤʤʘ ʫ-ʢʦʤʧʦʥʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʩʣʫʯʘʷ 

ʧʨʦʭʦʜʷʱʝʛʦ ʩʫʜʥʘ. ʂʘʢ ʠ ʩʣʝʜʫʝʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (6) ʩʠʛʥʘʣ ʧʦʩʪʦʷʥʥʦʛʦ ʫʨʦʚʥʷ 

ʤʦʜʫʣʠʨʦʚʘʥ ʬʫʥʢʮʠʝʡ 12cos ( )q t. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ Re ( )
ypVG t 

(ʬʦʨʤʫʣʘ 2) ʜʣʷ ʫ-ʢʦʤʧʦʥʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʨʠʝʤʥʠʢʦʚ. ʀʟ ʩʨʘʚʥʝʥʠʷ 

ʨʠʩ. 2 ʠ 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʬʣʫʢʪʫʘʮʠʠ 
1

Re ( )yI t  ʠ 
2

Re ( )yI t  ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʙʱʫʶ 

ʢʘʨʪʠʥʫ ʢʦʨʨʝʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ p(t) ʠ ( )V t
C

 ʯʝʨʝʟ ʚʟʘʠʤʥʫʶ ʢʦʨʨʝʣʷʮʠʶ 
1

Re ( )I t
C

 ʠ 
2

Re ( )I t
C

ʦʪʨʘʞʝʥʳ ʚ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ( )Iy t. ʀʟ ʨʠʩ. 3 ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʧʦʣʷ ʚ ʪʦʯʢʝ 2 ʚʳʰʝ, 

ʯʝʤ ʚ ʪʦʯʢʝ 1 ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 2400 ï 3800 ʩ. ɿʥʘʢ ʤʠʥʫʩ 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʪʝʯʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚ ʦʩʠ y. ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʨʠʩ. 3) (ʧʨʠ ʧʝʨʝʚʦʜʝ ʙʝʟʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ ʚ ʜʝʮʠʙʝʣʳ ʧʦ ʤʦʱʥʦʩʪʠ) ʥʝ ʧʨʝʚʳʰʘʝʪ °(3 ï 

5 ʜɹ. ʆʜʥʘʢʦ, ʤʦʜʫʣʷʮʠʷ ʫʨʦʚʥʷ ( )Iy t ʜʦʩʪʠʛʘʝʪ °25 ʜɹ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ( )Iy t 

çʦʪʢʣʠʢʘʝʪʩʷè ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʦʣʷ ʚ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʯʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʅʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 3400 ï 3600 ʩ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʟʥʘʢʘ ʩ ç-è ʥʘ ç+è 

ʫ-ʢʦʤʧʦʥʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ (ʨʠʩ. 3), ʪ.ʝ. ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ I ʯʝʪʚʝʨʪʠ ʚ III  

ʯʝʪʚʝʨʪʴ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʕʪʦʪ ʧʝʨʝʭʦʜ 

ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʦʨʨʝʣʦʛʨʘʤʤʝ ( )Iy t, ʯʪʦ ʠ ʜʦʣʞʥʦ ʙʳʪʴ, ʪ. ʢ. ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʥʝ ʜʦʣʞʥʦ ʚʣʠʷʪʴ ʥʘ ʢʦʛʝʨʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
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ʈʠʩ. 2. ʂʦʤʧʦʥʝʥʪʘ ʫ ʢʦʨʨʝʣʦʛʨʘʤʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʩʫʜʥʘ. ʏʘʩʪʦʪʘ ï 166 ɻʮ,  

ʧʦʣʦʩʘ ʯʘʩʪʦʪ ï 6 ɻʮ. ɺʨʝʤʷ ʫʩʨʝʜʥʝʥʠʷ ï 20 ʩ. ʐʢʘʣʘ ʜʝʮʠʙʝʣ ʚʳʙʨʘʥʘ ʧʨʦʠʟʚʦʣʴʥʦ. 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʫ-ʢʦʤʧʦʥʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 
1

Re ( )yI t  ʠ 
2

Re ( )yI t   

ʦʪ ʧʨʦʭʦʜʷʱʝʛʦ ʩʫʜʥʘ  ʚ ʧʨʠʝʤʥʳʭ ʪʦʯʢʘʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʨʘʟʥʝʩʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 300 ʤ.  

ʏʘʩʪʦʪʘ ï 166 ɻʮ, ʧʦʣʦʩʘ ʯʘʩʪʦʪ ï 6 ɻʮ. ɺʨʝʤʷ ʫʩʨʝʜʥʝʥʠʷ ï 3 ʩ. 

 

 ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʚʳʷʩʥʝʥʠʝ ʩʪʝʧʝʥʠ ʠʭ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʚʝʨʪʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 

ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʨʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʫʶ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʫʶ, ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʦʣʝ ʰʫʤʘ ʠ ʩʠʛʥʘʣʘ, ʯʪʦ ʜʘʝʪ ʥʦʚʳʡ ʠʤʧʫʣʴʩ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʯʘʩʪʠʯʥʦʡ ʠ 

ʧʦʣʥʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʚ ʚʝʢʪʦʨʥʦʡ ʘʢʫʩʪʠʢʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 
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ʧʦʨ ʥʝ ʚʳʷʩʥʝʥ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɸʢʫʣʠʯʝʚʘ ɺ.ɸ., ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʪʦʥʘʣʴʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʚʫʭ ʢʨʘʪʥʳʭ ʯʘʩʪʦʪ ʟʚʫʢ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʟʘʪʫʭʘʝʪ ʩʠʣʴʥʝʝ. ʕʪʦʪ ʵʬʬʝʢʪ ʠʤʝʝʪ 

ʘʤʧʣʠʪʫʜʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʧʨʠʝʤʝ ʩʠʛʥʘʣʦʚ ʚʙʣʠʟʠ ʦʩʠ 

ʧʦʜʚʦʜʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʢʘʥʘʣʘ, ʛʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʥʘ ʜʨʫʛʠʭ 

ʛʣʫʙʠʥʘʭ. ʀʤʝʥʥʦ ʘʤʧʣʠʪʫʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʠʛʥʘʣʘ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ çʧʝʨʝʢʘʯʠʚʘʝʪʩʷè ʚ ʢʨʘʪʥʫʶ ʛʘʨʤʦʥʠʢʫ ʟʘ 

ʩʯʝʪ ʥʝʣʠʥʝʡʥʦʩʪʠ.  

 

 ʋʤʝʥʴʰʝʥʠʝ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʦʢʝʘʥʝ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʪʫʭʘʥʠʝʤ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʩʭʦʞʜʝʥʠʝʤ ʬʨʦʥʪʘ ʚʦʣʥʳ (ʩ ʫʯʝʪʦʤ ʨʝʣʘʢʩʘʮʠʠ). ʆʙʦʙʱʝʥʥʦʝ ʧʦʥʷʪʠʝ 

ʟʘʪʫʭʘʥʠʷ ʟʚʫʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʛʣʦʱʝʥʠʝ ʟʚʫʢʘ, ʪ.ʝ. ʧʝʨʝʭʦʜ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʚ ʪʝʧʣʦ, 

ʨʘʩʩʝʷʥʠʝ ʟʚʫʢʘ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʠ ʜʥʘ ʠ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʝ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ, ʧʨʠʯʠʥʳ ʢʦʪʦʨʳʭ ʥʝ ʚʩʝʛʜʘ ʷʩʥʳ. ʀʩʪʦʨʠʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʟʘʪʫʭʘʥʠʝ ʟʚʫʢʘ ʚ ʦʢʝʘʥʝ, 

ʠʟʣʦʞʝʥʘ, ʥʘʧʨʠʤʝʨ, ɺʘʜʦʚʳʤ ʈ.ɸ. [1]. ʅʘʯʠʥʘʷ ʩ 40-ʳʭ ʛʦʜʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʦʪ, ʦʜʥʘʢʦ ʧʨʠʯʠʥʳ ʘʥʦʤʘʣʴʥʦ ʧʦʚʳʰʝʥʥʦʛʦ 

ʟʘʪʫʭʘʥʠʷ ʟʚʫʢʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʤʝʥʴʰʠʭ 3-5 ʢɻʮ) ʜʦ ʩʠʭ ʧʦʨ ʥʝʦʯʝʚʠʜʥʳ. 

 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʷʩʥʝʥʘ ʩʚʷʟʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʩʦʣʝʥʦʩʪʴʶ ʠ ʚʦʜʦʨʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ pH ʩʨʝʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʠ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʜʚʠʛʦʚʦʡ, ʥʦ  ʠ ʦʙʲʝʤʥʦʡ (çʚʪʦʨʦʡè) ʚʷʟʢʦʩʪʠ ʧʦʟʚʦʣʠʣʦ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʦʙʦʙʱʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʩʦʣʝʡ ʙʦʨʘ ʌʨʘʥʩʫʘ ʠ ɻʘʨʨʠʩʦʥ [2], ɺʘʜʦʚ [1] ʠ 

ʜʨ. ʧʨʝʜʣʦʞʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʩʪʨʫʢʪʫʨʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʚʦʜʳ ʠ ʨʝʣʘʢʩʘʮʠʶ ʩʝʨʥʦʢʠʩʣʦʛʦ ʤʘʛʥʠʷ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ʊʦʯʥʦʩʪʴ ʦʮʝʥʦʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ 

ʵʪʠʤ ʬʦʨʤʫʣʘʤ, ʥʝ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘ. ʅʘʜʝʞʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʩʦʣʝʡ ʙʦʨʘ, ʧʦʣʫʯʝʥʦ ʥʝ 

ʙʳʣʦ. ɹʦʣʝʝ ʪʦʛʦ, ɹʨʘʫʥʠʥʛ, ʊʦʨʧ ʠ ʄʝʣʣʝʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠ ʚ ʧʨʝʩʥʦʡ ʚʦʜʝ ʪʘʢʞʝ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʘʥʦʤʘʣʴʥʦʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʟʘʪʫʭʘʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʟʚʫʢʘ [3]. 

 ʅʘʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ çʣʠʥʝʡʥʦʛʦè ʟʘʪʫʭʘʥʠʷ ʟʚʫʢʘ ʚ 60-70 ʛ ʠ ʧʦʟʞʝ ʦʙʩʫʞʜʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʦʯʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʟʚʫʢʘ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ 

ʚʟʨʳʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʠʤʝʶʪ ʩʠʣʴʥʳʡ 

ʨʘʟʙʨʦʩ, ʘ ʠʥʦʛʜʘ ʠ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ. ʇʝʪʫʭʦʚ ʠ ʌʨʠʜʤʘʥ ʫʙʝʜʠʪʝʣʴʥʦ [4] 

ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʝʢʪʨ ʨʝʘʣʴʥʦʛʦ ʚʟʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ, ʧʦʵʪʦʤʫ ʥʝʣʠʥʝʡʥʘʷ ʧʝʨʝʢʘʯʢʘ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʠʜʪʠ ʚʚʝʨʭ ʠ ʚʥʠʟ ʧʦ 

ʩʧʝʢʪʨʫ. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʠ ʠʭ ʟʥʘʯʝʥʠʷ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʟʘʨʷʜʘ ʠ ʧʦʣʦʞʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. ɺʳʚʦʜ ʦ ʚʣʠʷʥʠʠ 

ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʘʚʪʦʨʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʩʳʣʢʦʡ ʥʘ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʤʝʥʴʰʝʤ 

ʟʘʪʫʭʘʥʠʠ ʩʣʘʙʳʭ ʪʦʥʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʯʘʩʪʦʪʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʦʱʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ [5] . 
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 ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʜʘʣʴʥʝʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʟʚʫʢʘ ʚ ʦʢʝʘʥʝ, ʧʨʦʚʦʜʠʤʳʭ  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʱʥʳʭ ʪʦʥʘʣʴʥʳʭ ʠ ʠʤʧʫʣʴʩʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ 

ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚʜʦʣʴ ʪʨʘʩʩ. ɺʦʧʨʦʩ ʦʙ ʫʩʣʦʚʠʷʭ ʧʨʦʷʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʝ ʥʝʣʠʥʝʡʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥ ʢʦʥʝʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʦʙʩʫʞʜʘʣʩʷ ʅʘʫʛʦʣʴʥʳʭ ʠ 

ʆʩʪʨʦʚʩʢʠʤ [6]. ɼʣʷ ʚʦʣʥ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʨʘʩʭʦʞʜʝʥʠʝʤ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

(ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʥʘʣʝ) ʘʤʧʣʠʪʫʜʘ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʨʥʶ 

ʢʚʘʜʨʘʪʥʦʤʫ ʠʟ ʧʨʦʡʜʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ: 

ɜ2=ɜ0(r0/r)
1/2
ƅ(r0/r)

1/2
-1ƅů0,                                                (1) 

ů0=ŮM/kr 

 ɜ0-ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʚ ʪʦʯʢʝ r0. ʅʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ ʦʥʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ, ʪ.ʝ. ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Re=(2Ůp/bɤ) >1, b- ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʨʦʚʝʜʝʥʥʦʤ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸʢʫʣʠʯʝʚʘ ɺ.ɸ. [7] ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ  ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʟʘʪʫʭʘʥʠʝ ʪʦʥʘʣʴʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ. ʈʘʥʝʝ [8] ʫʞʝ ʦʙʩʫʞʜʘʣʠʩʴ ʦʙʥʘʨʫʞʝʥʥʳʝ ʘʚʪʦʨʦʤ ʨʘʩʭʦʞʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʝʣʠʥʝʡʥʦʤ 

ʟʘʪʫʭʘʥʠʠ ʟʚʫʢʘ. ʅʘʧʦʤʥʠʤ ʩʭʝʤʫ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

 
 

ɿʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ ʩ ʢʨʘʪʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 232 ʠ 696 ɻʮ ʠʟʣʫʯʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ 

ʛʣʫʙʠʥʝ 100ʤ ʧʨʠ ʙʫʢʩʠʨʦʚʢʝ ʠʟʣʫʯʘʪʝʣʷ ʚʜʦʣʴ ʪʨʘʩʩʳ, ʧʝʨʝʩʝʢʘʶʱʝʡ ʟʦʥʫ ʩʫʙʘʨʢʪʠʯʝʩʢʦʛʦ 

ʬʨʦʥʪʘ. ʇʨʠʝʤʥʘʷ ʩʠʩʪʝʤʘ ʩ ʪʨʝʤʷ ʦʜʠʥʦʯʥʳʤʠ ʛʠʜʨʦʬʦʥʘʤʠ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʚ ʦʙʣʘʩʪʠ 

ʩʫʙʪʨʦʧʠʯʝʩʢʠʭ ʚʦʜ ʚ ʥʘʯʘʣʝ ʪʨʘʩʩʳ. ɻʦʨʠʟʦʥʪʳ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ 60, 650 ʠ 1000ʤ. 

ʀʟʣʫʯʘʶʱʝʝ ʩʫʜʥʦ ʫʜʘʣʷʣʦʩʴ ʦʪ ʧʨʠʝʤʥʠʢʘ ʚʜʦʣʴ ʪʨʘʩʩʳ ʚ ʦʙʣʘʩʪʴ ʚʦʜ ʩʫʙʪʨʦʧʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʣʠʩʴ ʚʜʦʣʴ ʪʨʘʩʩʳ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʩ(z) ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ ʚ 

ʥʘʯʘʣʝ ʪʨʘʩʩʳ ʠ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʨʠʝʤʥʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ɺ ʥʘʯʘʣʝ ʪʨʘʩʩʳ ʤʦʱʥʳʡ ʧʦʜʚʦʜʥʳʡ ʟʚʫʢʦʚʦʡ ʢʘʥʘʣ (ʇɿʂ) ʦʭʚʘʪʳʚʘʝʪ ʚʩʶ ʪʦʣʱʫ 

ʚʦʜ, ʦʩʴ ʢʘʥʘʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʛʣʫʙʠʥʝ ʧʨʠʤʝʨʥʦ 600ʤ.  ɺ ʢʦʥʮʝ ʪʨʘʩʩʳ ʦʩʴ ʇɿʂ 

ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʦʢʦʣʦ 100ʤ, ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ ʦʩʠ ʢʘʥʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʩ 

1475ʤ/ʩ ʜʦ 1450ʤ/ʩ, ʪ.ʝ. ʧʦʥʠʞʘʝʪʩʷ ʥʘ 25 ʤ/ʩ. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ 

ʛʦʨʠʟʦʥʪʝ ʠʟʣʫʯʝʥʠʷ 100ʤ ʠʟʤʝʥʷʝʪʩʷ ʙʦʣʝʝ, ʯʝʤ ʥʘ 60ʤ/ʩ - ʦʪ 1520 ʤ/ʩ ʚ ʥʘʯʘʣʝ ʪʨʘʩʩʳ ʜʦ 

1455ʤ/ʩ ʚ ʢʦʥʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʯʘʣʝ ʪʨʘʩʩʳ ʚ ʪʦʣʱʝ ʦʢʝʘʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʣʫʯʠ ʩ 



 

232 

 

ʫʛʣʘʤʠ ʚʳʭʦʜʘ ʠʟ ʠʩʪʦʯʥʠʢʘ ʦʪ 15
0
 ʜʦ -15

0
. ʇʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢ ʥʘ ʛʣʫʙʠʥʝ 

ʠʟʣʫʯʝʥʠʷ ʚ ʪʦʣʱʝ ʚʦʜ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ. ɺ ʢʦʥʮʝ ʪʨʘʩʩʳ, 

ʢʦʛʜʘ ʠʩʪʦʯʥʠʢ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʦʩʠ ʇɿʂ,    ʚ ʪʦʣʱʫ ʚʦʜ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʣʫʯʠ ʩ ʫʛʣʘʤʠ 

ʚʳʭʦʜʘ ʦʪ 22
0
 ʜʦ -22

0
. çɼʦʧʦʣʥʠʪʝʣʴʥʳʝè ʣʫʯʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʙʣʠʟʠ ʦʩʠ ʇɿʂ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʷʪʳʭ ʥʘ ʛʣʫʙʠʥʘʭ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ (650 ʠ 1000ʤ).   ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʦʚ, 

ʧʨʠʥʷʪʳʭ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʰʠʙʢʦʡ, ʥʝ ʠʤʝʶʱʝʡ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʠʥʷʪʳʭ ʩʠʛʥʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ.  

 
 

ʈʠʩ. 2. ɿʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ ʛʣʫʙʠʥʝ 100 ʤ- ʘ; ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʦʚ  

ʩ ʯʘʩʪʦʪʘʤʠ 232 (1) ʠ 696ɻʮ (2) ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʘ (ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʚʝʣʠʯʠʥʫ  

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʬʨʦʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (10*log(r)) ʠ ʧʦʛʣʦʱʝʥʠʝ Ŭr).  

ɻʣʫʙʠʥʘ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ: b-100ʤ; c-650ʤ; d-1000 ʤ 

 

ʅʘ ʨʠʩ. 2, ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ ʛʦʨʠʟʦʥʪʝ ʠʟʣʫʯʝʥʠʷ ʚʜʦʣʴ 

ʪʨʘʩʩʳ. ʋʨʦʚʥʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʘʤʠ 232 ɻʮ (1) ʠ 696 ɻʮ (2), ʧʨʠʥʷʪʳʭ ʥʘ 

ʛʣʫʙʠʥʘʭ 100, 650 ʠ 1000ʤ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2.b, 2.c b ʠ 2.d ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʨʦʚʥʠ 

ʩʠʛʥʘʣʦʚ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʚʝʣʠʯʠʥʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ 

ʬʨʦʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ (10*log(r)) ʠ ʧʦʛʣʦʱʝʥʠʝ Ŭr. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ ʌʨʘʥʩʫʘ ʠ ɻʘʨʨʠʩʦʥʘ ʧʨʠ pH=8 ʜʣʷ ʯʘʩʪʦʪ 232ɻʮ ʠ 

696 ɻʮ Ŭ ʨʘʚʥʳ 4,5*10
-3 
ʜɹ/ʢʤ ʠ3,0*10

-2
 ʜɹ/ʢʤ. ʅʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʦʚ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʳ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʦʚ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ. ʅʘʢʘʧʣʠʚʘʶʱʘʷʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʝʣʠʥʝʡʥʦʤ ʵʬʬʝʢʪʝ 

çʧʝʨʝʢʘʯʢʠè ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʥʠʞʥʝʡ ʯʘʩʪʦʪʳ ʚ ʢʨʘʪʥʫʶ ʛʘʨʤʦʥʠʢʫ. ʇʨʦʷʚʣʷʝʪʩʷ 

ʘʤʧʣʠʪʫʜʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʷʚʣʝʥʠʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ. ʈʘʟʥʦʩʪʠ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʨʘʩʩʪʦʷʥʠʶ (ʠʥʪʝʨʚʘʣ 

ʫʩʨʝʜʥʝʥʠʷ ʧʨʠʤʝʨʥʦ 70 ʢʤ) ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥ ʧʨʠʝʤʘ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ.3. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ.3, ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʤʧʣʠʪʫʜʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʬʬʝʢʪʘ. 
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ʈʠʩ.3. ʈʘʟʥʦʩʪʠ ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʘʤʠ 232 ʠ 696 ɻʮ,  

ʧʨʠʥʷʪʳʭ ʥʘ ʛʣʫʙʠʥʘʭ 1- 100ʤ, 2-650ʤ, 3-1000ʤ. 
 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʫʨʦʚʥʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʧʨʠʝʤʘ 650 ʤ, ʥʘ ʦʩʠ ʢʘʥʘʣʘ, 

ʤʠʥʠʤʘʣʴʥʘʷ ï ʥʘ 100ʤ, ʛʜʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʤʝʥʴʰʝ ʚʩʝʛʦ.  

       ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʦʥʘʣʴʥʦʛʦ ʟʚʫʢʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

çʧʝʨʝʢʘʯʢʝè ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʥʠʞʥʝʡ ʯʘʩʪʦʪʳ ʚ ʢʨʘʪʥʫʶ (ʪʨʝʪʴʶ) ʛʘʨʤʦʥʠʢʫ. ɺʝʣʠʯʠʥʘ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʪ ʦʪ  ʨʘʩʩʪʦʷʥʠʷ ʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. ʈʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʩʠʛʥʘʣʦʚ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 20 ʜɹ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʫʨʦʚʥʝʤ ʩʠʛʥʘʣʘ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʳ ʚʙʣʠʟʠ ʠʩʪʦʯʥʠʢʘ.  
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʫʤʫʣʷʥʪʥʳʭ ʬʫʥʢʮʠʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ 

ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʵʨʛʦʜʠʯʝʩʢʠʤʠ 

ʛʘʫʩʩʦʚʳʤʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʫʤʫʣʷʥʪʥʳʭ ʬʫʥʢʮʠʡ 

3-ʛʦ ʧʦʨʷʜʢʘ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ ʚ ɿʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʫʢʘʟʘʥʳ ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʚʨʝʤʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʠʭ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʚʝʨʢʘ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʷ ʦʜʥʦʤʝʨʥʦʡ ʠ ʜʚʫʤʝʨʥʦʡ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʫʩʩʦʚʫ ʟʘʢʦʥʫ ʩʦʛʣʘʩʥʦ 

ʢʨʠʪʝʨʠʶ ɢ
2
 ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0.05 ʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʢʫʤʫʣʷʥʪʥʳʭ ʬʫʥʢʮʠʡ 3-ʛʦ ʧʦʨʷʜʢʘ ʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʫʨʦʚʥʶ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ.  

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʰʫʤʳ ʚ ʨʘʡʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʥʷʪʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʚʨʝʤʝʥʠ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, 

ʚʨʝʤʝʥʠ ʵʨʛʦʜʠʯʥʦʩʪʠ ʢʘʢ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1].  

ʇʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠ ʵʨʛʦʜʠʯʥʦʩʪʠ ʧʦʤʝʭʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʥʦʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ɿʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ ʚ ʟʘʜʘʥʥʦʤ ʨʘʡʦʥʝ ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʞʝ ʧʦʥʷʪʴ ʬʠʟʠʢʫ ʠʭ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʠʭ ʫʪʦʯʥʝʥʥʫʶ ʤʦʜʝʣʴ, ʧʨʠʤʝʥʠʤʫʶ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. ʕʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʜʘʧʪʠʚʥʳʭ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʠ 

ʢʦʪʦʨʳʭ ʝʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʤʝʥʠʤʦʡ. ʅʘ ʵʪʠʭ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʙʫʜʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ, ʯʝʤ 

ʘʣʛʦʨʠʪʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʨʛʦʜʠʯʝʩʢʫʶ ʛʠʧʦʪʝʟʫ ʠ ʫʩʨʝʜʥʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʤʝʭ.   

ɺ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʠ ʵʚʨʠʩʪʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 3 ʢɻʮ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʫʪʦʯʥʝʥʥʳʝ 

ʤʦʜʝʣʠ ʧʦʤʝʭ, ʘʜʝʢʚʘʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʥʘʯʠʥʘʷ ʩ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʩʝʢʫʥʜ.  

ɺ ʨʘʙʦʪʘʭ [2, 3] ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʮʝʥʦʢ ʦʜʥʦʤʝʨʥʳʭ, ʜʚʫʤʝʨʥʳʭ ʠ ʪʨʝʭʤʝʨʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ ʚ ʟʘʣʠʚʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʡʦʥʘʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ. ʇʨʠʝʤ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʜʠʥʦʯʥʳʤ ʥʝʥʘʧʨʘʚʣʝʥʥʳʤ ʛʠʜʨʦʬʦʥʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʙʣʠʟʠ ʜʥʘ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʚʦʜʘʭ ʥʘ ʛʣʫʙʠʥʝ 20 ʤ, ʯʘʩʪʦʪʘ ʢʚʘʥʪʦʚʘʥʠʷ fs ʩʦʩʪʘʚʣʷʣʘ 44,1 ʢɻʮ, ʧʝʨʝʜ 

ʧʨʦʚʝʜʝʥʠʝʤ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʩʠʛʥʘʣ ʙʳʣ ʧʨʦʥʦʨʤʠʨʦʚʘʥ ʧʦ ʫʨʦʚʥʶ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ m ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʩʨʝʜʥʝʛʦ s ʩʪʘʣʠ ʨʘʚʥʳʤʠ 0 ʠ 1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ [2] ʠ [3] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʚʝʨʢʘ ʥʝʧʨʦʪʠʚʦʨʝʯʠʷ 

ʦʮʝʥʦʢ ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ 

mailto:GorovoySV@mail.ru


 

235 

 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʫʩʩʦʚʫ ʟʘʢʦʥʫ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ ɢ
2
 ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0.05 ʥʝ 

ʜʘʣʘ ʫʩʪʦʡʯʠʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʠʚʘʥʠʷ ʢʫʤʫʣʷʥʪʥʳʭ ʬʫʥʢʮʠʡ (ʂʌ) 

3-ʛʦ ʧʦʨʷʜʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ȹf = 4-5 ʢɻʮ ʪʝʭ ʬʨʘʛʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ [3] ʩʠʛʥʘʣʦʚ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʝʨʢʘ ʥʝʧʨʦʪʠʚʦʨʝʯʠʷ ʦʮʝʥʦʢ ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʜʚʫʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʫʩʩʦʚʫ ʟʘʢʦʥʫ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ 

ɢ
2
 ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0.05 ʜʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪ.r  

ʉʦʛʣʘʩʥʦ [4, 5] ʜʣʷ ʛʘʫʩʩʦʚʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʂʌ 3-ʛʦ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʧʦʨʷʜʢʦʚ ʨʘʚʥʳ ʥʫʣʶ., ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʥʝʛʘʫʩʩʦʚʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʂʌ 3-ʛʦ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʦʮʝʥʢʠ ʦʪʣʠʯʠʡ ʦʪ ʛʘʫʩʩʦʚʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ çʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʝè ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʂʌ 2-ʛʦ ʧʦʨʷʜʢʘ (ʚʟʘʠʤʥʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ) ʩʦʚʤʝʩʪʥʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ɻʨʛʦʜʠʯʝʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ 

x(t) ʠ y(t)  
/2

/2

1 1
( ) lim ( ) ( )

T

xy
T

x y T

R x t y t dt
T

t t
s s ­¤

-

= -ñ  (1) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʩʚʷʟʴ 1-ʛʦ ʧʦʨʷʜʢʘ ʤʝʞʜʫ ʥʠʤʠ. ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʂʌ 3-ʛʦ 

ʧʦʨʷʜʢʘ ʩʦʚʤʝʩʪʥʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ ʠ ʵʨʛʦʜʠʯʝʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ 

( )x t , ( )y t  ʠ ( )z t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ  
/2

1 2 1 2

/2

1 1
( , ) lim ( ) ( ) ( ) ,

T

xyz
T

x y z T

R x t y t z t dt
T

t t t t
s s s­¤

-

= - -ñ  (2) 

ʛʜʝ xs , ys , zs - ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ( )x t , ( )y t , ( )z t . 

ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 2-ʛʦ ʧʦʨʷʜʢʘ [5] ʤʝʞʜʫ ʩʣʫʯʘʡʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ( )x t , ( )y t , ( )z t . ɽʩʣʠ ( ) ( ) ( )x t y t z t= = ,  ʩʦʦʪʥʦʰʝʥʠʝ (2) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ  
/2

1 2 1 23

/2

1 1
( , ) lim ( ) ( ) ( ) .

T

xxx
T

x T

R x t x t x t dt
T

t t t t
s ­¤

-

= - -ñ  (3) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 1 2( , )xxxR t t ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 

ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʠ ʟʥʘʯʝʥʠʷʤʠ ʵʪʦʛʦ ʞʝ ʩʣʫʯʘʡʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 1t t°  ʠ 2t t° . 

ɽʩʣʠ ( ) ( ) ( )x t y t z t= =  ʠ 1 2t t t= =, ʩʦʦʪʥʦʰʝʥʠʝ (2) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ  

2

/2

2

3

/2

1 1
( ) lim ( ) ( ) .

T

xx T
x T

R x t x t dt
T

t t
s ­¤

-

= -ñ  (4) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 2 ( )
xx

R t  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 1-ʛʦ ʧʦʨʷʜʢʘ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʝʤ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʠ ʢʚʘʜʨʘʪʦʤ ʟʥʘʯʝʥʠʷ 

ʵʪʦʛʦ ʞʝ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t t° . ɸʥʘʣʦʛʠʯʥʦ ʚʚʦʜʷʪʩʷ ʢʫʤʫʣʷʥʪʥʳʝ 
ʬʫʥʢʮʠʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ.  

ʏʠʩʣʝʥʥʦʝ ʦʮʝʥʠʚʘʥʠʝ ʤʥʦʛʦʤʝʨʥʳʭ ʂʌ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ [5]. 

ʇʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʵʨʛʦʜʠʯʥʦʩʪʠ ʠ ʛʘʫʩʩʦʚʦʩʪʠ ʰʫʤʦʚ ʤʦʨʷ ʚ ʨʘʡʦʥʘʭ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ, ʧʨʝʚʳʰʘʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ. ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠ ̫ʩʦʦʪʥʦʰʝʥʠʡ (1-3) 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʊ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʯʝʥʴ ʛʨʫʙʳʝ 

ʦʮʝʥʢʠ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʝʣʠʯʠʥʳ T ʚ (1-3) ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥ·ʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʮʝʥʦʢ ʂʌ, ʥʦ ʫʭʫʜʰʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ Rxx(Ű) 

ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʥʘ ʨʠʩ. 2 ï ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʂʌ 2 ( )
xx

R t  ʪʦʛʦ ʞʝ 

ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 1, ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ 
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ʫʯʘʩʪʢʘ ʂʌ 1 2( , )xxxR t t ʪʦʛʦ ʞʝ ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 1 (ʚʠʜ ʩʚʝʨʭʫ 

ʥʘ ʩʝʢʪʦʨ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʬʫʥʢʮʠʝʡ 1 2( , )xxxR t t, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʥʘʯʝʥʠʷʤ 

Ű1 > 0, Ű2 < Ű1, ʩʝʢʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ Ű1 ʠ Ű2 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʟʝʨʢʘʣʴʥʳʝ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʡ Ű1 = 0, Ű2 = Ű1, Ű1 = Ű2, Ű1 =- Ű2). ʅʘ ʨʠʩ. 4 

ʧʦʢʘʟʘʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʂʌ 1 2( , )xxxR t t ʜʣʷ ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʩʠʛʥʘʣʘ, ʦʪʩʪʦʷʱʝʛʦ ʦʪ ʜʘʥʥʦʛʦ ʥʘ 20 ʤʩ. ʈʘʩʯʝʪ rʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʬʦʨʤʫʣʘʤ (1), (3), (4) ʩ 

ʟʘʤʝʥʦʡ ʥʝʧʨʝʨʳʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ t, Ű, Ű1 ʠ Ű2 ʠʭ ʚʳʙʦʨʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣʳ 

æt =1/fs, ʠʥʪʝʛʨʘʣʦʚ - ʩʫʤʤʘʤʠ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ůxï ʝʛʦ ʦʮʝʥʢʦʡ sx. ɺʨʝʤʷ 

ʫʩʨʝʜʥʝʥʠʷ T  ʩʦʩʪʘʚʣʷʣʦ 0.5 ʩʝʢ (22050 ʚʳʙʦʨʦʯʥʳʭ ʟʥʘʯʝʥʠʡ). ʅʘ ʨʠʩ. 1 - ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ 

ʛʨʘʬʠʢʠ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 20 ʤʩ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 4% ʦʪ ʚʨʝʤʝʥʠ ʫʩʨʝʜʥʝʥʠʷ ʊ.  

 

 
ʈʠʩ. 1. ʆʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʂʌ Rxx(Ű) ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ 

 

 
ʈʠʩ. 2. ʆʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʂʌ 2 ( )

xx
R t   

ʪʦʛʦ ʞʝ ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 1 

 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʟʘʪʫʭʘʝʪ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʝʝ ʦʛʠʙʘʶʱʘʷ ʠʤʝʝʪ ʵʢʩʪʨʝʤʫʤʳ ʚ ʨʘʡʦʥʘʭ 1.5 ʤʩ, 2.5 ʤʩ, 3.5 ʤʩ, 4.5 ʤʩ, 5.5 ʤʩ ʠ 

ʪ.ʜ., ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʨʨʝʣʷʮʠʠ ʚʙʣʠʟʠ 10 ʤʩ. ʆʮʝʥʢʠ ʥʘʯʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ Rxx(Ű) ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʬʨʘʛʤʝʥʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚʥʝʰʥʝ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʘʥʥʦʛʦ. ʇʦʵʪʦʤʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

Rxx(Ű) ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤ ʵʨʛʦʜʠʯʝʩʢʠʤ.  

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʂʌ 2 ( )
xx

R t  ʟʘʪʫʭʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ, ʯʝʤ Rxx(Ű), 

ʫʩʠʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʚʙʣʠʟʠ 10 ʤʩ ʙʦʣʝʝ ʟʘʤʝʪʥʦ, ʯʝʤ ʫ Rxx(Ű). ʆʮʝʥʢʠ ʥʘʯʘʣʴʥʳʭ 

ʫʯʘʩʪʢʦʚ ʂʌ 2 ( )
xx

R t  ʬʨʘʛʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʩʜʚʠʥʫʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʤʩ ʟʘ ʨʝʜʢʠʤʠ ʠʩʢʣʶʯʝʥʠʷʤʠ ʚʥʝʰʥʝ ʚʝʩʴʤʘ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ. ɼʣʷ ʛʘʫʩʩʦʚʘ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʂʌ 2 ( )
xx

R t  ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ, ʯʪʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʮʝʥʢʘʤ ʂʌ 

2 ( )
xx

R t  (ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʪʝʧʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 1-ʛʦ ʧʦʨʷʜʢʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ 

ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʠ ʢʚʘʜʨʘʪʦʤ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʞʝ 
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ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t t° ) ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʚʨʝʤʝʥʠ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ 

ʩʝʢʫʥʜ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤ ʵʨʛʦʜʠʯʝʩʢʠʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ x(t) ʠ x
2
(t+Ű) ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʩʤʝʱʝʥʠʷʭ t ʙʦʣʝʝ, ʯʝʤ 

ʥʘ 10 ʤʩ, ʩʦʚʤʝʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ x(t) ʠ x
2
(t+Ű) ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʫʩʩʦʚʳʤ ʟʘʢʦʥʦʤ.  

 

 
 

ʈʠʩ. 3. ʆʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ (ʚʠʜ ʩʚʝʨʭʫ) 3-ʤʝʨʥʦʡ ʂʌ Rxxx(Ű1,Ű2)  

ʪʦʛʦ ʞʝ ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 1 

 

ɼʣʷ ʛʘʫʩʩʦʚʳʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʂʌ 1 2( , )xxxR t t ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ. ʅʘ 

ʨʠʩ. 3 ʠ ʨʠʩ. 4 ʟʘʤʝʪʥʳ ʵʢʩʪʨʝʤʫʤʳ 1 2( , )xxxR t t ʧʨʠ ʟʥʘʯʝʥʠʷʭ Ű1 ʠ Ű2 , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʵʢʩʪʨʝʤʫʤʘʤ 2 ( )
xx

R t. ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʫʤ ʧʨʠ Ű1 = Ű2 =10 ʤʩ.  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 3 ʠ ʨʠʩ. 4 ʦʮʝʥʦʢ ʂʌ 1 2( , )xxxR t t ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ x(t) x(t+Ű1) ʠ x(t+Ű2) ʧʨʠ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʫʥʜ ʥʝ ʦʧʠʩʳʚʘʝʪʩʷ ʛʘʫʩʩʦʚʳʤ ʟʘʢʦʥʦʤ.  

 

 
 

ʈʠʩ. 4. ʆʮʝʥʢʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ (ʚʠʜ ʩʚʝʨʭʫ) 3-ʤʝʨʥʦʡ ʂʌ Rxxx(Ű1,Ű2) ʬʨʘʛʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʩ 

çʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠè ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʛʘʫʩʩʦʚʦʩʪʠ, ʯʝʤ ʥʘ ʨʠʩ. 3  

 

ʋʯʠʪʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʠ ʷʚʥʦ ʚʳʨʘʞʝʥʥʫʶ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʟʘʧʠʩʝʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʣʠʰʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʥʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʪʨʝʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʨʝʰʝʥʠʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʇʝʢʝʨʠʩʘ. 

ʇʝʨʚʦʝ ʨʝʰʝʥʠʝ, ʢʣʘʩʩʠʯʝʩʢʦʝ, ʧʦʩʪʨʦʝʥʥʦʝ ʚ ʢʣʘʩʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɺ ʵʪʦʤ ʨʝʰʝʥʠʠ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʯʝʨʝʟ ʛʨʘʥʠʮʫ 

ʨʘʟʜʝʣʘ ʨʘʚʝʥ ʥʫʣʶ. ɽʛʦ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʩʚʷʟʘʥ ʩ ʩʠʥʛʫʣʷʨʥʦʩʪʴʶ ʨʝʰʝʥʠʷ ʥʘ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʠ ʚ ʚʦʣʥʦʚʦʜʝ, ʠ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ. ɺʪʦʨʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ, 

ʧʨʝʜʩʪʘʚʠʤʳʭ ʠʥʪʝʛʨʘʣʦʤ ʌʫʨʴʝ-ɹʝʩʩʝʣʷ. ɺ ʵʪʦʤ ʨʝʰʝʥʠʠ ʞʠʜʢʠʡ ʩʣʦʡ ʠʛʨʘʝʪ ʨʦʣʴ 

ʥʘʛʨʫʞʝʥʥʦʛʦ ʥʘ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʟʦʥʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ 

ʨʘʚʝʥ ʥʫʣʶ. ʊʨʝʪʴʝ ʨʝʰʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ, ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ. ʆʥʦ ʦʧʠʩʳʚʘʝʪ ʨʝʞʠʤ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʚ ʚʦʣʥʦʚʦʜʝ ʠ 

ʢʦʨʠʜʦʨʘʭ ʚʳʪʝʢʘʥʠʷ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʨʝʞʠʤ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ. ʈʝʰʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʤ ʚʝʟʜʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʠʟʣʫʯʝʥʠʷ ʠ 

ʫʩʣʦʚʠʷʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ çʚ ʩʨʝʜʥʝʤè. 

 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʚʫʢʦʚʦʝ ʧʦʣʝ ʚ ʚʦʣʥʦʚʦʜʝ ʇʝʢʝʨʠʩʘ, ʩʦʟʜʘʚʘʝʤʦʝ ʪʦʯʝʯʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ. ʈʝʰʝʥʠʝʤ ʪʘʢʦʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ, ʜʦʧʫʩʢʘʶʱʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʘ ʌʫʨʴʝ - ɹʝʩʩʝʣʷ ʠʣʠ ʠʥʪʝʛʨʘʣʘ ɻʘʥʢʝʣʷ: 
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  (1) 

ʛʜʝ x - ʧʨʦʠʟʚʦʣʴʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ( )z,~
2,1 xj  - ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ 

ʟʘʜʘʯʠ ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʦʧʝʨʘʪʦʨʘ.  

ɽʩʣʠ ʚ (1) ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ 32k  ʢʘʢ 

ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ 

x ʩ ʨʘʟʨʝʟʦʤ EJP ( 0Im 32 =k ), ʪʦ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʪʘʢʞʝ ʙʫʜʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʕʪʦ ʨʝʰʝʥʠʝ ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʥʦʝ ʃ.ʄ. ɹʨʝʭʦʚʩʢʠʭ ʚ 

ʨʘʙʦʪʝ [1] ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʦʧʨʷʞʝʥʥʳʤ (SC) ʤʦʜʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʦʪʦʢ 

ʤʦʱʥʦʩʪʠ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʨʘʚʝʥ ʥʫʣʶ. ʅʘ ʯʘʩʪʦʪʘʭ, ʙʦʣʴʰʠʭ ʧʝʨʚʦʡ ʢʨʠʪʠʯʝʩʢʦʡ, 

ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʠʥʛʫʣʷʨʥʳʤ ʥʘ ʚʩʝʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠ ʚ ʚʦʣʥʦʚʦʜʝ, ʠ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʪʘʤ ʤʥʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʌʠʟʠʯʝʩʢʠ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ 

ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʟʣʫʯʘʝʤʳʝ ʠʩʪʦʯʥʠʢʦʤ ʩʬʝʨʠʯʝʩʢʠʝ ʚʦʣʥʳ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʝ ʛʨʘʥʠʮʘʤʠ ʚʦʣʥʦʚʦʜʘ, ʩʫʤʤʠʨʫʶʪʩʷ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʩʠʥʬʘʟʥʦ, 

ʦʙʨʘʟʫʷ ʨʘʩʭʦʜʷʱʠʡʩʷ ʨʷʜ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚ ʥʫʣʝ.  

ʈʝʰʝʥʠʝ ʪʦʡ ʞʝ ʟʘʜʘʯʠ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʇʝʢʝʨʠʩʦʤ ʚ ʨʘʙʦʪʝ [2] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʨʝʟʘ 2Re k=x , ʨʝʰʝʥʠʝ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [3] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʝʟʘ 0Re 2

32=k , ʠ 

ʨʝʰʝʥʠʝ, ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʚ ʨʘʙʦʪʝ [4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʝʟʘ 0Re 32=k , ʧʦʩʪʨʦʝʥʳ ʩ 

ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠʩʭʦʜʥʦʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ.  ɺ 

ʪʘʢʠʭ ʨʝʰʝʥʠʷʭ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʝʥʥʳʤ, ʦʜʥʘʢʦ ʥʠ ʦʜʥʦ ʠʟ ʥʠʭ ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʚ ʟʘʷʚʣʝʥʥʦʡ ʦʙʣʘʩʪʠ 
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ʦʧʨʝʜʝʣʝʥʠʷ. ʇʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʶʙʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ ʩʦʜʝʨʞʠʪ ʩʦʙʩʪʚʝʥʥʳʝ 

ʬʫʥʢʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʝʢʪʨʘ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʝʪ ʚ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ.  

ɺʧʝʨʚʳʝ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʘʷ ʤʦʜʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʇʝʢʝʨʠʩʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʢʪʥʦʝ ʨʝʰʝʥʠʝ ʚʦ ʚʩʝʡ ʟʘʷʚʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [5], ʘ ʚ ʨʘʙʦʪʘʭ [6] ʚʳʧʦʣʥʝʥ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʦʙʦʙʱʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʍʘʨʘʢʪʝʨʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʛʦ (NSC) ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʟʚʫʢʦʚʦʝ ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʜʚʫʭ ʩʦʧʨʷʞʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʩ 

ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʳ ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ, ʘ ʩ ʜʨʫʛʠʤ ʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ ʦʪʜʘʯʠ. ʇʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʣʦʢʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʣʷ ʥʘʨʫʰʘʶʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʭ ʧʦʣʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʥʘ ʛʦʨʠʟʦʥʪʝ ʠʩʪʦʯʥʠʢʘ, ʥʦ ʚʳʧʦʣʥʷʶʪʩʷ çʚ ʩʨʝʜʥʝʤè, ʝʩʣʠ 

ʤʘʩʰʪʘʙ ʫʩʨʝʜʥʝʥʠʷ ʩʦʠʟʤʝʨʠʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ.  

 ʉʤʝʰʘʥʥʘʷ ʤʦʜʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʝ [7] ʧʨʠ ʨʝʰʝʥʠʠ ʙʦʣʝʝ 

ʧʨʦʩʪʦʡ ʟʘʜʘʯʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ. ʊʘʤ ʞʝ ʜʘʥ 

ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʷ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ. ʇʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʤʝʥʴʰʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʤʦʜʝʣʴʥʘʷ 

ʧʦʩʪʘʥʦʚʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʪʝʯʢʫ ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ. ʇʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʙʦʣʴʰʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʫʪʝʯʢʘ ʵʥʝʨʛʠʠ 

ʧʨʝʢʨʘʱʘʝʪʩʷ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʨʘʚʥʘ 

ʥʫʣʶ çʚ ʩʨʝʜʥʝʤè, ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʤʦʜʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ. ɺ 

ʪʘʢʦʤ ʤʦʜʝʣʴʥʦʤ ʦʧʠʩʘʥʠʠ ʦʪʨʘʞʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ, ʚʥʫʪʨʝʥʥʠʤ ʦʪʨʘʞʝʥʠʝʤ, ʪ.ʢ. 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʩ ʚʝʩʦʤ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ɺ ʩʘʤʦʤ ʨʝʰʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ.  

ʇʨʠʤʝʨʦʤ ʨʝʰʝʥʠʷ ʚ ʩʤʝʰʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (MIX ) ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʇʝʢʝʨʠʩʘ ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ, ʧʨʝʜʩʪʘʚʠʤʳʭ ʠʥʪʝʛʨʘʣʦʤ ʌʫʨʴʝ-ɹʝʩʩʝʣʷ. ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ, ʷʚʣʷʷʩʴ ʨʝʛʫʣʷʨʥʳʤ (ʦʛʨʘʥʠʯʝʥʥʳʤ) ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʠʩʪʦʯʥʠʢʘ, ʧʨʝʢʨʘʩʥʦ ʦʧʠʩʳʚʘʝʪ ʫʪʝʯʢʫ ʵʥʝʨʛʠʠ ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʤʝʥʴʰʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʠ ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ 

ʫʛʣʘʭ ʧʘʜʝʥʠʷ, ʙʦʣʴʰʠʭ ʢʨʠʪʠʯʝʩʢʦʛʦ. ʆʜʥʘʢʦ ʦʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʠʟʣʫʯʝʥʠʷ 

ʪʦʣʴʢʦ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʥʝ ʚ ʞʠʜʢʦʤ ʩʣʦʝ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ ʚ ʵʪʦʤ ʤʦʜʝʣʴʥʦʤ ʨʝʰʝʥʠʠ 

ʨʦʣʴ ʨʝʟʦʥʘʪʦʨʘ, ʥʘʛʨʫʞʝʥʥʦʛʦ ʥʘ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʥʝ ʚʦʣʥʦʚʦʜʘ. ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʪʦʢ 

ʤʦʱʥʦʩʪʠ ʚ ʪʘʢʦʤ ʨʝʟʦʥʘʪʦʨʝ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʨʝʰʝʥʠʝ ʚ ʨʝʟʦʥʘʪʦʨʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

ʧʦʛʘʰʘʝʤʦʩʪʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʥʦ ʥʝ ʫʩʣʦʚʠʷʤ ʠʟʣʫʯʝʥʠʷ. 

ʉʪʨʫʢʪʫʨʘ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʚʦʣʥʦʚʦʜʝ ʇʝʢʝʨʠʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʨʝʤ ʤʦʜʝʣʴʥʳʤ 

ʨʝʰʝʥʠʷʤ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, 2, 3. ʇʘʨʘʤʝʪʨʳ ʥʠʞʥʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʦʨʩʢʦʤʫ ʜʥʫ ʧʝʩʯʘʥʦʛʦ ʪʠʧʘ: 6.1/112 =r , 75.1/5.112 =c , hzz /1 = , hrr /1 = , ʛʦʨʠʟʦʥʪ 

ʠʩʪʦʯʥʠʢʘ ï ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ, 1.0/001 == hzz , ʯʘʩʪʦʪʥʳʡ ʧʘʨʘʤʝʪʨ 501 =hk  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʩʴʤʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʥʦʨʤʘʣʴʥʳʤ ʚʦʣʥʘʤ. ʅʘ ʨʠʩʫʥʢʘʭ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʨʝʰʝʥʠʡ. ʀʥʪʝʛʨʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʌʫʨʴʝ-ɹʝʩʩʝʣʷ (1) ʦʧʠʩʳʚʘʝʪ ʨʝʞʠʤ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʃ.ʄ. ɹʨʝʭʦʚʩʢʠʭ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ ʙʝʛʫʱʝʡ ʚʦʣʥʳ. 

ʉʪʨʫʢʪʫʨʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʜʣʷ ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʤʝʰʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ, ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʧʨʠ ʦʜʥʦʤʦʜʦʚʦʤ ʨʝʞʠʤʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩ. 4, ʘ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ. 4, ʙ ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ʆʧʠʩʘʥʠʝ ʧʦʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʳʤ ʥʘ 

ʜʦʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ (ʨʠʩ. 5).  
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ʈʠʩ. 1. ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʤʝʰʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, 

1,0/;50 0011 === hzzhk . 
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ʈʠʩ. 2. ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ,  

1,0;50 011 == zhk . 
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ʈʠʩ. 3. ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, 

1,0;50 011 == zhk . 

 

 

ʆʜʥʘʢʦ, ʜʣʷ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʥʘ ʜʦʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ (ʨʠʩ. 6, ʙ) 

ʧʨʦʷʚʣʷʶʪʩʷ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ: ʟʦʥʘ ʬʦʢʫʩʠʨʦʚʢʠ, 

ʢʘʫʩʪʠʢʘ, ʢʦʨʠʜʦʨʳ ʚʳʪʝʢʘʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ, ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ [6]. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʯʘʩʪʦʪʘʭ, ʤʝʥʴʰʠʭ ʧʝʨʚʦʡ ʢʨʠʪʠʯʝʩʢʦʡ, ʚ ʦʙʦʙʱʝʥʥʦʤ ʨʝʰʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʤʝʜʣʝʥʥʘʷ ʦʙʦʙʱʝʥʥʘʷ ʚʦʣʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʫʛʣʦʚʦʤʫ ʩʧʝʢʪʨʫ ʠʩʪʦʯʥʠʢʘ. 

ɽʝ ʚʢʣʘʜ ʚ ʩʫʤʤʘʨʥʦʝ ʧʦʣʝ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ, ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6, ʘ. ʕʪʘ ʚʦʣʥʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʭ ʚʦʣʥ ʧʦʛʨʘʥʠʯʥʦʛʦ ʪʠʧʘ, ʪʘʢʠʭ ʢʘʢ ʚʦʣʥʳ ʈʵʣʝʷ, ʐʦʣʪʝ, ʉʪʦʥʥʝʣʠ. ʆʜʥʘʢʦ ʦʥʘ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʠʭ ʩʨʝʜ ʢʦʤʧʣʝʢʩʥʳʤ ʫʛʣʦʚʳʤ ʩʧʝʢʪʨʦʤ 

ʠʩʪʦʯʥʠʢʘ. ɺʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʦʙʱʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 
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ʈʠʩ. 4. ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʤʝʰʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (a)  

ʠ ʚ ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (ʙ), 1,0;5 011 == zhk . 

  

0

20 ʜɹ

z1

r1

1

0

2

3

0 10 0 2 4 6 8 10
r1

ʘ) ʙ)

2 4 6 8

 
 

ʈʠʩ. 5. ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʤʝʰʘʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (a)  

ʠ ʚ ʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ (ʙ), 1,0;5,2 011 == zhk . 

  

0

20 ʜɹ

z1

r1

1

0

2

3

4

5

0 5 10 15 20
0

1

2

3

0 2 4 6 8 10

r1

ʘ) ʙ)  
 
ʈʠʩ. 6. ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʥʝʩʘʤʦʩʦʧʨʷʞʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ:  

ʘ) ;9,0;5 011 == zhk  ʙ) 1,0;5,2 011 == zhk . 

 

 

ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ ʚʩʶʜʫ ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ [1], ʩʠʥʛʫʣʷʨʥʦʛʦ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠ ʚ ʚʦʣʥʦʚʦʜʝ, ʠ ʚ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ.   

ʆʙʦʙʱʝʥʥʦʝ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʢʘʢ ʚʥʫʪʨʝʥʥʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʦʨʠʟʦʥʪʦʚ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʛʠʧʦʪʝʟʦʡ ʅʴʶʪʦʥʘ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʦʪʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʪʦʣʴʢʦ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʘʜʝʥʠʷ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʘ ʩ ʚʝʩʦʤ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, 

ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. 

 ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʬʠʟʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʟʘʭʚʘʪ ʵʥʝʨʛʠʠ ʚʦʣʥʦʚʦʜʦʤ ʥʘ 

ʯʘʩʪʦʪʘʭ ʧʨʦʜʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʷʚʣʝʥʠʝʤ ʚ ʪʚʝʨʜʳʭ 

ʚʦʣʥʦʚʦʜʘʭ. ɸʤʧʣʠʪʫʜʘ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʠʤʝʝʪ ʢʦʨʥʝʚʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʟʘʭʚʘʪ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʯʘʩʪʦʪʘʭ ʪʦʣʱʠʥʥʦʛʦ 
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ʘʥʪʠʨʝʟʦʥʘʥʩʘ, ʥʘ ʢʦʪʦʨʳʭ ʚʩʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʥʝ ʚ 

ʚʦʣʥʦʚʦʜʝ. ɸʤʧʣʠʪʫʜʘ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʘʥʪʠʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ʨʘʚʥʘ ʥʫʣʶ. 

 ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʩʦʜʝʨʞʠʪ ʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ ʦʪʜʘʯʠ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʟʦʥʳ ʬʦʢʫʩʠʨʦʚʢʠ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠ ʢʦʨʠʜʦʨʳ ʚʳʪʝʢʘʥʠʷ ʚ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ, ʯʪʦ ʠ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʨʝʰʝʥʠʷ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ. 

 ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʜʣʝʥʥʦʡ ʦʙʦʙʱʝʥʥʦʡ ʚʦʣʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʤʫ ʫʛʣʦʚʦʤʫ ʩʧʝʢʪʨʫ ʠʩʪʦʯʥʠʢʘ. ɺ ʩʣʫʯʘʝ ʧʨʠʜʦʥʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʵʪʘ ʚʦʣʥʘ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ ʚ ʩʫʤʤʘʨʥʦʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ ʠ 

ʘʥʘʣʦʛʠʯʥʘ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʚʦʣʥʘʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʪʠʧʘ.  

 ʆʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʝʪ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ 

ʚʦʣʥʦʚʦʜʘʭ, ʘʜʝʢʚʘʪʥʫʶ ʠʟʚʝʩʪʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʦʤʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʥʝ ʠʤʝʚʰʠʤ ʦʙʲʷʩʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. 
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ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʤʝʜʣʝʥʥʦʡ ʦʙʦʙʱʸʥʥʦʡ ʚʦʣʥʳ ʚ ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ ʢʘʢ ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʨʘʩʭʦʜʷʱʝʡʩʷ ʚʦʣʥʳ ʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʭʦʜʷʱʝʡʩʷ ʚʦʣʥʳ ʦʪʜʘʯʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʜʝʣʝʥʳ ʣʠʙʦ ʛʦʨʠʟʦʥʪʦʤ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʣʠʙʦ 

ʛʦʨʠʟʦʥʪʦʤ ʠʩʪʦʯʥʠʢʘ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʦʧʠʩʘʥʘ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʦʡ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʝ ʤʝʜʣʝʥʥʦʡ ʦʙʦʙʱʸʥʥʦʡ ʚʦʣʥʳ. ʅʘʣʠʯʠʝ ʪʘʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʤʧʣʝʢʩʥʳʤ ʫʛʣʘʤ ʧʘʜʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʚʚʝʜʝʥʠʷ ʤʝʜʣʝʥʥʳʭ ʦʙʦʙʱʸʥʥʳʭ ʚʦʣʥ ʠ ʚ ʟʚʫʢʦʚʦʤ ʧʦʣʝ, ʧʦʨʦʞʜʸʥʥʦʤ ʤʦʜʝʣʴʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʚ ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʙʦʙʱʸʥʥʳʭ ʚʦʣʥ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʝʥʝʨʘʮʠʝʡ ʚʠʭʨʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʢ ʥʘ ʛʦʨʠʟʦʥʪʘʭ 

ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʛʦʨʠʟʦʥʪʝ ʠʩʪʦʯʥʠʢʘ. 
 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʚʫʢʦʚʳʭ ʧʦʣʝʡ ʚ ʩʣʦʠʩʪʳʭ ʩʨʝʜʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʩʪʳʝ ʪʠʧʳ ʚʦʣʥ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʭʦʜʷʱʠʝʩʷ (ʧʨʷʤʳʝ), ʩʭʦʜʷʱʠʝʩʷ (ʦʙʨʘʪʥʳʝ) ʠ ʩʪʦʷʯʠʝ 

ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʩʯʠʪʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʫʤʤʘʨʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʚ ʚʦʣʥʦʚʦʜʝ ʇʝʢʝʨʠʩʘ, ʧʨʝʜʣʦʞʝʥʥʦʝ 

ʚ ʨʘʙʦʪʝ [1], ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʨʘʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ 

ʠ ʫʩʣʦʚʠʷʤ ʠʟʣʫʯʝʥʠʷ, ʢʘʢ ʚ ʚʦʣʥʦʚʦʜʝ, ʪʘʢ ʠ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʜʥʘʢʦ ʜʨʫʛʠʝ ʨʝʰʝʥʠʷ 

ʪʦʡ ʞʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʝ [2] ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ 

[3], [4] ʚ ʢʣʘʩʩʝ ʨʘʩʭʦʜʷʱʠʭʩʷ ʚʦʣʥ, ʦʢʘʟʘʣʠʩʴ ʢʦʨʨʝʢʪʥʳʤʠ ʪʦʣʴʢʦ ʧʨʠ ʦʧʠʩʘʥʠʠ ʟʚʫʢʦʚʦʛʦ 

ʧʦʣʷ ʚ ʩʘʤʦʤ ʚʦʣʥʦʚʦʜʝ, ʥʦ ʥʝ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʣʶʙʦʝ ʠʟ ʵʪʠʭ ʨʝʰʝʥʠʡ 

ʩʦʜʝʨʞʠʪ ʚʳʪʝʢʘʶʱʠʝ ʥʦʨʤʘʣʴʥʳʝ ʚʦʣʥʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʝʢʪʨʘ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʨʘʩʪʸʪ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʩʠʣʫ ʯʝʛʦ ʩʘʤʦ ʨʝʰʝʥʠʝ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ ʧʦʛʘʰʘʝʤʦʩʪʠ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʩʣʦʚʠʶ ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ.  

 ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʚ ʨʘʙʦʪʝ [5] ʥʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʜʦʣʞʝʥʠʝ 

ʨʝʰʝʥʠʷ [4] ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʦʚ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ (TIR) 

ʦʪʨʘʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʚʝʩʪʥʦʡ ʛʠʧʦʪʝʟʝ ʅʴʶʪʦʥʘ. ʇʨʠ ʪʘʢʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʩʘʤʠ 

ʛʦʨʠʟʦʥʪʳ TIR ʠʛʨʘʶʪ ʨʦʣʴ ʢʘʫʩʪʠʯʝʩʢʠʭ ʛʨʘʥʠʮ, ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʙʳʚʘʝʪ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʘʤʦ ʟʚʫʢʦʚʦʝ ʧʦʣʝ ʥʘ 

ʛʦʨʠʟʦʥʪʘʭ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ ʪʝʨʷʝʪ ʩʚʦʡʩʪʚʦ ʣʦʢʘʣʴʥʦʡ (p,vz)- 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦ ʜʘʚʣʝʥʠʶ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʚʝʢʪʦʨʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʦ 

ʩʦʭʨʘʥʷʝʪ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʦ ʵʪʠʤ ʚʝʣʠʯʠʥʘʤ ʚ ʩʨʝʜʥʝʤ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʸʥʥʳʤ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʩʫʤʤʘʨʥʦʝ ʟʚʫʢʦʚʦʝ ʧʦʣʝ ʩʦʜʝʨʞʠʪ ʢʘʢ ʨʘʩʭʦʜʷʱʠʝʩʷ, ʪʘʢ ʠ ʩʭʦʜʷʱʠʝʩʷ ʚʦʣʥʳ ʦʪʜʘʯʠ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʜʚʫʭ ʩʦʧʨʷʞʸʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʛʨʘʥʠʯʥʫʶ ʟʘʜʘʯʫ ʇʝʢʝʨʠʩʘ, ʘ ʥʝ ʦʜʥʦʛʦ ʩʘʤʦʩʦʧʨʷʞʸʥʥʦʛʦ, ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ [1]. 

ʉʘʤʘ ʤʦʜʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ ʚ ʘʢʫʩʪʠʢʝ ʩʣʦʠʩʪʳʭ ʩʨʝʜ, ʚ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʚʫʭ ʩʦʧʨʷʞʸʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʥʘʟʚʘʥʘ ʥʘʤʠ 

ʥʝʩʘʤʦʩʦʧʨʷʞʸʥʥʦʡ (NSC) ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʘʤʦʩʦʧʨʷʞʸʥʥʦʡ (SC) 

ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ [1]. 

ʂʦʤʙʠʥʘʮʠʷ ʨʘʩʭʦʜʷʱʝʡʩʷ ʚʦʣʥʳ ʠ ʩʭʦʜʷʱʝʡʩʷ ʚʦʣʥʳ ʦʪʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʨʘʟʜʝʣʝʥʳ ʠ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʛʦʨʠʟʦʥʪʝ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ, ʥʘʟʚʘʥʘ 
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ʥʘʤʠ ʦʙʦʙʱʸʥʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʚʦʣʥ, ʨʘʩʭʦʜʷʱʠʭʩʷ ʠʣʠ 

ʩʭʦʜʷʱʠʭʩʷ, ʦʙʦʙʱʸʥʥʘʷ ʥʦʨʤʘʣʴʥʘʷ ʚʦʣʥʘ ʩʦʜʝʨʞʠʪ ʚʩʪʨʝʯʥʳʝ ʧʦʪʦʢʠ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʥʝ ʷʚʣʷʶʪʩʷ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤʠ, ʢʘʢ ʚ ʩʪʦʷʯʝʡ ʚʦʣʥʝ. ʉʘʤʘ ʢʦʤʙʠʥʘʮʠʷ ʚʦʣʥ ʚʩʝʛʜʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʪʘʢ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʤʦʱʥʦʩʪʠ ʙʳʣ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ, ʯʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʦʙʦʙʱʸʥʥʦʡ ʚʦʣʥʳ.  

 ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʦʙʦʙʱʸʥʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʦʧʠʩʘʥʠʝ 

ʩʫʤʤʘʨʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʥʫʞʥʦ ʚʳʷʩʥʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʫʛʣʦʚ ʧʘʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ [1]. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʜʦʧʫʩʢʘʶʱʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʘ ʌʫʨʴʝ-

ɹʝʩʩʝʣʷ ʠʣʠ ɻʘʥʢʝʣʷ 
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 ʆʜʥʘ ʠʟ ʥʠʭ ),(1 zrG  ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʨʘʟʨʝʟʦʤ 0Im 31=k  ʠ ʧʨʝʜʩʪʘʚʠʤʘ ʢʦʥʪʫʨʥʳʤ ʠʥʪʝʛʨʘʣʦʤ ʧʦ 

ʢʦʥʪʫʨʫ 1G. ɼʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ),(2 zrG  ʪʦʞʝ ʧʨʝʜʩʪʘʚʠʤʘ ʢʦʥʪʫʨʥʳʤ ʠʥʪʝʛʨʘʣʦʤ ʧʦ 

ʢʦʥʪʫʨʫ 2G, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʟʨʝʟʫ 0Re 31=k , ʥʦ ʦʪ ʨʘʟʨʳʚʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ, 

ʧʨʠʥʠʤʘʶʱʝʡ ʨʘʟʣʠʯʥʳʝ (ʩʦʧʨʷʞʸʥʥʳʝ) ʟʥʘʯʝʥʠʷ ʥʘ ʙʝʨʝʛʘʭ ʨʘʟʨʝʟʘ ʚ ʬʦʨʤʫʣʝ (3). ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʩʦʩʪʘʚʣʷʶʱʫʶ ),(2 zrG  ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʦʙʦʙʱʸʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʴʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ. ʂʦʥʪʫʨʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ),(1 zrG  ʠ ),(2 zrG  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʜʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (2) ʟʘʜʘʥ ʥʝ ʪʦʣʴʢʦ ʩʢʘʯʢʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥʪʝ ʠʩʪʦʯʥʠʢʘ ʜʣʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʘ, ʥʦ ʠ ʩʢʘʯʢʦʤ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʥʘ 

ʛʦʨʠʟʦʥʪʝ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʘ. ʃʫʯʝʚʘʷ ʪʨʘʢʪʦʚʢʘ 

ʣʠʥʠʡ ʪʦʢʘ ʚ ʧʦʣʝ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ),(1 zrG  ʠ ),(2 zrG  ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 1, c, d.  

ɽʩʣʠ ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʠʱʝʪʩʷ ʚ ʢʣʘʩʩʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʪʦ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ (2) ʥʫʞʥʦ ʧʦʣʦʞʠʪʴ 11=g , 02=g . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜ ʤʦʜʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʪʦʣʴʢʦ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ),(1 zrG . ʇʨʠ ʪʘʢʦʤ ʚʳʙʦʨʝ 

ʤʦʜʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʢʦʤʧʣʝʢʩʥʳʡ ʫʛʣʦʚʦʡ ʩʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʦʢʘʟʳʚʘʝʪʩʷ ʩʘʤʦʩʦʧʨʷʞʸʥʥʳʤ. 

ʅʝʩʘʤʦʩʦʧʨʷʞʸʥʥʘʷ ʤʦʜʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʦʙʱʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ 
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ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (2), ʚ ʢʦʪʦʨʦʤ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 1g , 2g  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʬʦʨʤʫʣʘʤʠ  
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ʛʜʝ 0P  - ʤʦʱʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʫʛʣʦʚʦʤʫ ʩʧʝʢʪʨʫ ʠʩʪʦʯʥʠʢʘ, cP  - 

ʤʦʱʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʫʛʣʦʚʦʤʫ ʩʧʝʢʪʨʫ ʠʩʪʦʯʥʠʢʘ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ NSC ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ 

ʢʦʤʧʣʝʢʩʥʳʡ ʫʛʣʦʚʦʡ ʩʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʘʝʪ ʦʙʦʙʱʸʥʥʳʝ ʬʦʨʤʳ ʚʦʣʥʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ (ʤʝʜʣʝʥʥʳʝ ʦʙʦʙʱʸʥʥʳʝ ʚʦʣʥʳ), ʨʘʟʨʳʚʥʳʝ ʣʠʙʦ ʥʘ ʛʦʨʠʟʦʥʪʝ ʠʩʪʦʯʥʠʢʘ, ʣʠʙʦ ʥʘ 

ʛʦʨʠʟʦʥʪʘʭ TIR. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʨʳʚʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʦʙʦʙʱʸʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ),(2 zrG  ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ɼʣʷ ʦʙʦʙʱʸʥʥʳʭ ʬʦʨʤ 

ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʚ ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʤʧʣʝʢʩʥʳʤ 

ʫʛʣʦʚʳʤ ʩʧʝʢʪʨʦʤ ʠʩʪʦʯʥʠʢʘ, ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʘ ʥʘ ʩʘʤʠʭ ʛʦʨʠʟʦʥʪʘʭ ʨʘʟʨʳʚʘ ʦʙʷʟʘʪʝʣʴʥʦ 

ʛʝʥʝʨʠʨʫʝʪʩʷ ʚʠʭʨʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʟʥʘʢʦʧʝʨʝʤʝʥʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʦʛʦ ʚʝʢʪʦʨʘ. ʆʙʨʘʪʠʤʩʷ ʢ ʠʟʚʝʩʪʥʳʤ 

ʧʨʠʤʝʨʘʤ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ ʚ ʵʪʦʤ ʙʦʣʝʝ ʩʣʦʞʥʦʤ ʩʣʫʯʘʝ. 

 

 
 

ʈʠʩ. 1. ʂʦʥʪʫʨʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʚʝʨʭʥʠʝ ʣʠʩʪʳ: ʘ) 0Im 31¢k ,  b) 0Re 31²k   

ʠ  ʣʫʯʝʚʘʷ ʪʨʘʢʪʦʚʢʘ ʣʠʥʠʡ ʪʦʢʘ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ:  

c) ),(1 zrG , d) ),(2 zrG
 

 

ʇʨʠ ʧʦʤʝʱʝʥʠʠ ʤʦʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʩʣʦʠʩʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʦʙʦʙʱʸʥʥʳʭ ʚʦʣʥ ʚ ʩʫʤʤʘʨʥʦʤ ʨʝʰʝʥʠʠ ʷʚʣʷʝʪʩʷ ʩʘʤ ʬʘʢʪ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʠʩʪʦʯʥʠʢʘ ʠ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʠ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʪʘʢʠʤ ʤʦʜʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚ ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ. ɺ ʩʠʣʫ ʪʘʢʦʛʦ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʣʶʙʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʫʛʣʦʚʦʛʦ ʩʧʝʢʪʨʘ ʠʩʪʦʯʥʠʢʘ ʙʫʜʝʪ ʦʪʨʘʞʘʪʴʩʷ ʦʪ 

ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʥʝ ʪʦʣʴʢʦ ʨʘʩʭʦʜʷʱʝʡʩʷ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʦʡ, ʥʦ ʠ ʩʭʦʜʷʱʝʡʩʷ 

ʚʦʣʥʦʡ ʦʪʜʘʯʠ. ʄʦʜʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʦʷʚʣʝʥʠʝ 

ʩʭʦʜʷʱʠʭʩʷ ʚʦʣʥ ʦʪʜʘʯʠ ʚ ʩʫʤʤʘʨʥʦʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ, ʜʦʣʞʥʘ ʙʳʪʴ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ NSC 

ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʦʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʥʘ ʦʪʨʘʞʝʥʠʝ 

ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʠʭ ʩʨʝʜ ʚ NSC ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 
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ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [5]. ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʦʙʱʸʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʷʚʣʝʥʠʠ ʚ ʩʫʤʤʘʨʥʦʤ ʨʝʰʝʥʠʠ ʤʝʜʣʝʥʥʦʡ ʦʙʦʙʱʸʥʥʦʡ ʚʦʣʥʳ (SGV), ʚʦʟʙʫʞʜʘʝʤʦʡ 

ʢʦʤʧʣʝʢʩʥʳʤ ʫʛʣʦʚʳʤ ʩʧʝʢʪʨʦʤ ʠʩʪʦʯʥʠʢʘ. ʕʪʘ ʚʦʣʥʘ, ʷʚʣʷʷʩʴ ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʦʣʥʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʶʩʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ, ʘ ʩʢʦʨʦʩʪʴ ʝʸ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʥʴʰʝ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ SGV ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʧʦʛʨʘʥʠʯʥʳʭ 

ʚʦʣʥ ʪʠʧʘ ʈʵʣʝʷ, ʐʦʣʪʝ, ʉʪʦʥʥʝʣʠ, ʥʦ ʚʦʟʙʫʞʜʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʠʭ ʩʨʝʜ. 

ʄʦʱʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʫʛʣʦʚʦʤʫ ʩʧʝʢʪʨʫ ʠʩʪʦʯʥʠʢʘ, ʧʦʤʝʱʸʥʥʦʛʦ ʚ 

ʩʣʦʠʩʪʫʶ ʩʨʝʜʫ, ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, SGV ʩʪʘʥʦʚʠʪʩʷ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦʡ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʡ. ɺʦʣʥʘ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʞʠʜʢʠʭ ʩʨʝʜ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ SGV, ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 
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01 zrp - ʜʠʧʦʣʴ - ʜʠʧʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ SGV, ),()2(

02 zrp - ʢʚʘʜʨʫʧʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

SGV, ʦʙʨʘʟʫʶʱʠʝ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʧʘʨʫ ʚʦʣʥ, a1, a2-ʧʘʨʮʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ a1
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ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SGV ʧʦʷʩʥʷʶʪʩʷ ʨʠʩ.2 ʜʣʷ ʩʣʫʯʘʷ ʜʠʧʦʣʴ 

- ʜʠʧʦʣʴʥʦʡ (ʨʠʩ.2ʘ) ʠ ʢʚʘʜʨʫʧʦʣʴʥʦʡ (ʨʠʩ.2b) ʦʨʠʝʥʪʘʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʪʦʢʦʚ 

ʤʦʱʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ SGV ʚʠʭʨʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʥʘ 

ʛʦʨʠʟʦʥʪʝ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘ ʛʦʨʠʟʦʥʪʝ TIR. ɺʳʯʠʩʣʷʷ ʤʦʱʥʦʩʪʴ, ʧʝʨʝʥʦʩʠʤʫʶ SGV ʚʜʦʣʴ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ g1, g2 ʚ ʦʧʨʝʜʝʣʝʥʠʠ (4) ʚ ʩʫʤʤʘʨʥʦʤ 

ʨʝʰʝʥʠʠ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʞʠʜʢʠʭ ʩʨʝʜ ʚ NSC ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 
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a)                                        b) 

ʈʠʩ.2 ɿʚʫʢʦʚʦʝ ʧʦʣʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ SGV: a)-ʜʠʧʦʣʴ - ʜʠʧʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, b)-ʢʚʘʜʨʫʧʦʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ, z1=z/z0, r1=r/z0, k1z0=1 

 

ʇʘʨʮʠʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʟʙʫʞʜʝʥʠʷ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ SGV ʪʘʢʦʚʳ, ʯʪʦ ʚ ʧʦʣʝ 

ʧʨʠʜʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʦʤʠʥʠʨʫʝʪ ʜʠʧʦʣʴ - ʜʠʧʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʘ ʚ ʧʦʣʝ ʠʩʪʦʯʥʠʢʘ, 

ʫʜʘʣʸʥʥʦʛʦ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ, ʜʦʤʠʥʠʨʫʝʪ ʢʚʘʜʨʫʧʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠ ʧʨʠʜʦʥʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʤʦʱʥʦʩʪʴ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ SGV, ʤʦʞʝʪ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪʴ ʤʦʱʥʦʩʪʴ, ʠʟʣʫʯʘʝʤʫʶ ʚʝʱʝʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʦʤ ʤʦʜʝʣʴʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʚ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠ ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

NSC ʤʦʜʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ. ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʛʦʨʠʟʦʥʪʝ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘ ʛʦʨʠʟʦʥʪʝ TIR, ʢʘʢ ʵʪʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʨʘʙʦʪʝ [6]. ɼʣʷ SGV ʜʠʧʦʣʴ ï ʜʠʧʦʣʴʥʦʛʦ 

ʪʠʧʘ ʚʠʭʨʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʦʤʠʥʠʨʫʝʪ ʚ ʢʦʨʠʜʦʨʝ, ʦʛʨʘʥʠʯʝʥʥʦʤ ʛʦʨʠʟʦʥʪʦʤ ʠʩʪʦʯʥʠʢʘ ʠ 

ʛʦʨʠʟʦʥʪʦʤ TIR, ʬʦʨʤʠʨʫʷ ʚ ʥʸʤ ʧʦʣʝ ʪʠʧʘ ʩʪʦʷʯʝʡ ʚʦʣʥʳ. ɼʣʷ SGV ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʪʠʧʘ 

ʚʠʭʨʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʦʤʠʥʠʨʫʝʪ ʚʥʝ ʵʪʦʛʦ ʢʦʨʠʜʦʨʘ, ʢʘʢ ʵʪʦ ʧʦʷʩʥʷʝʪʩʷ ʨʠʩ.2.  

ʋʯʸʪ SGV ʚ ʩʫʤʤʘʨʥʦʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ, ʚʦʟʙʫʞʜʘʝʤʦʤ ʤʦʜʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚ 

ʩʣʦʠʩʪʦʡ ʩʨʝʜʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʷʝʪ ʝʛʦ ʵʥʝʨʛʝʪʠʢʫ ʠ ʩʪʨʫʢʪʫʨʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʩʸʪ 

ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʘʤʦʤ ʟʚʫʢʦʚʦʤ ʧʦʣʝ. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʠʩʪʝʤʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʝʥʩʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʫʪʦʯʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʛʠʜʨʦʣʦʛʦ-ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʦʡ ʩʨʝʜʳ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʤʠʪʘʪʦʨʘ ʧʨʠʸʤʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʦʛʦ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʀʇʉ 

ɸʅʇɸ) ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ 

 

ʆʪʜʝʣʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʝʘʥʘ ʊʆʀ ɼɺʆ ʈɸʅ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʳʭ ʧʦʜʚʦʜʥʳʭ ʥʝʦʙʠʪʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ 

(ɸʅʇɸ) ʜʘʣʴʥʝʛʦ ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʘʣʴʥʦʤʝʪʨʠʠ ʠ ʥʘʚʠʛʘʮʠʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ. ʅʘ ʪʨʘʩʩʘʭ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ 

ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʦʪʳʝ 

ʧʨʦʮʝʥʪʘ. ʇʦʣʫʯʝʥʠʝ ʩʪʦʣʴ ʚʳʩʦʢʠʭ ʪʦʯʥʦʩʪʝʡ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʢʦʨʨʝʢʪʥʦʤ ʫʯʝʪʝ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʣʝʡ ʪʝʤʧʝʨʘʪʫʨ (ʩʢʦʨʦʩʪʝʡ ʟʚʫʢʘ) ʧʨʠ 

ʧʦʩʪʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʘʪʪʝʩʪʘʮʠʠ ʘʢʚʘʪʦʨʠʡ [1]. 

ʊʦʛʜʘ ʞʝ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʘʥʥʳʤʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʢʦʨʦʩʪʝʡ ʟʚʫʢʘ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ.  ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ [2].  

1. ʀʩʪʦʯʥʠʢʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚʙʣʠʟʠ ʜʥʘ ʥʘ ʥʝʙʦʣʴʰʦʤ 

(ʩʦʪʥʠ ʤʝʪʨʦʚ) ʫʜʘʣʝʥʠʠ ʦʪ ʙʝʨʝʛʦʚʦʡ ʯʝʨʪʳ. ɺ ʨʘʙʦʪʝ [1] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʘʣʴʥʝʛʦ 

ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ: ʵʢʦʥʦʤʠʷ ʢʘʙʝʣʷ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʨʘʡʦʥʘʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʳʙʦʣʦʚʩʪʚʦʤ ʠ 

ʵʬʬʝʢʪʠʚʥʦʝ ñʦʟʚʫʯʠʚʘʥʠʝò ʰʝʣʴʬʘ ʠ ʛʣʫʙʦʢʦʛʦ ʤʦʨʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʚ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ.  

2. ʅʘ ʘʢʚʘʪʦʨʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɸʅʇɸ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ñʦʧʦʨʥʳʝò, ʟʘʷʢʦʨʝʥʥʳʝ 

ʠʣʠ ʜʨʝʡʬʫʶʱʠʝ, ʧʨʠʝʤʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʝʨʝʜʘʯʝʡ ʧʨʠʥʷʪʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ 

ʢʦʦʨʜʠʥʘʪ ʩ GPS (ʜʣʷ ʜʨʝʡʬʫʶʱʝʛʦ ʚʘʨʠʘʥʪʘ) ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʥʘ ʙʝʨʝʛʦʚʦʡ ʧʦʩʪ ʠʣʠ ʥʘ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʫʜʥʦ. ʇʨʠʝʤʥʳʝ ʛʠʜʨʦʬʦʥʳ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ɸʅʇɸ. ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʳʭ ʠ ʠʟʣʫʯʘʶʱʠʭ ʩʠʩʪʝʤ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʘʢʚʘʪʦʨʠʠ. 

3. ʇʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʩʠʛʥʘʣʦʚ ʪʠʧʘ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʦʚ, 

ʩʦʝʜʠʥʷʶʱʠʭ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʝ ʪʦʯʢʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʭʝʤ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʭʦʜʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʦ ʣʫʯʝʚʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʯʝʪʘ ʠʭ ʜʣʠʥʳ. ʅʘ ʚʳʭʦʜʝ ʢʦʨʨʝʣʷʪʦʨʘ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ɸʅʇɸ 

ʚʳʜʝʣʷʶʪʩʷ ʠʤʧʫʣʴʩʳ ʦʪ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʚʳʰʘʶʱʠʝ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʨʝʤʝʥʘ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɿʘʪʝʤ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʩʢʦʨʦʩʪʴ 

ʟʚʫʢʘ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʥʘʯʘʣʝ ʚʳʧʦʣʥʝʥʠʷ ʤʠʩʩʠʠ), ʚʳʯʠʩʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ ɸʅʇɸ ʜʦ 

ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ. ʉ ʚʳʭʦʜʘ ʢʦʨʨʝʣʷʪʦʨʦʚ ñʦʧʦʨʥʳʭò ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ 
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ʥʘ ʙʝʨʝʛʦʚʦʤ ʧʦʩʪʫ ʠʣʠ ʥʘ ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʩʫʜʥʝ ʚʳʜʝʣʷʶʪʩʷ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʣʥʦʚʦʜʦʚ ʤʝʞʜʫ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʤʠ ʪʦʯʢʘʤʠ ʠ ʚʳʚʦʜʷʪʩʷ ʥʘ ʜʠʩʧʣʝʡ ʦʧʝʨʘʪʦʨʘ ʠ ʚ 

ʧʨʦʛʨʘʤʤʥʳʡ ʙʣʦʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʜʣʷ ɸʅʇɸ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʘʢʚʘʪʦʨʠʠ ʥʘ ʜʠʩʧʣʝʝ ʦʧʝʨʘʪʦʨʘ ʙʫʜʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ 

ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʢʘʯʝʩʪʚʝʥʥʦ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠʣʠʚʥʳʡ ʬʨʦʥʪ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ. ʀʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʘ ʥʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʩʩʘʭ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʠʟʤʝʥʝʥʠʷʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ ʜʦ ñʦʧʦʨʥʳʭñ ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ, ʪ.ʝ. ʢ ʦʰʠʙʢʘʤ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʚ ʜʘʥʥʦʤ 

ʤʝʩʪʝ ʠ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ.  ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ñʦʧʦʨʥʳʭñ ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʘ ʥʘʩʪʫʧʘʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ 

ʪʨʘʩʩʘʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʠʩʪʦʯʥʠʢʠ ʩ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʦʡ ɸʅʇɸ ʠ ʦʜʥʦʡ ʠʟ ñʦʧʦʨʥʳʭñ ʩʠʩʪʝʤ 

(ʙʣʠʞʘʡʰʝʡ), ʵʪʠ ʦʰʠʙʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʪʝʢʫʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ɸʅʇɸ ʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ. ɼʣʷ ʵʪʦʛʦ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʧʝʨʝʜʘʯʘ ʠʟʤʝʥʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʚ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ɸʅʇɸ ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʘʯʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʦʩʳʣʦʢ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ.  

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʩʝʥʪʷʙʨʝ 2011 ʛʦʜʘ ʚ ʙʫʭʪʝ ɺʠʪʷʟʴ, ʟʘʣʠʚʘ 

ʇʦʩʴʝʪʘ, ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʙʠʣʴʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʥʘʚʠʛʘʮʠʠ. ʇʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ ʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʘʭ [3-4]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʜʚʘ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʠʟʣʫʯʘʪʝʣʷ S1 ʠ S2, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʫ ʜʥʘ ʥʘ ʛʣʫʙʠʥʘʭ 9 ʠ 10 ʤ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1).  

 

 

ʈʠʩ.1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʨʠʸʤʥʠʢʦʚ ʠ ʠʟʣʫʯʘʪʝʣʝʡ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʪʨʘʩʩʳ 

 

ʆʥʠ ʝʞʝʤʠʥʫʪʥʦ ʠʟʣʫʯʘʣʠ ʩʣʦʞʥʳʝ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʪʠʧʘ ʄ-

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ 2000 ɻʮ. ʅʘ ʷʭʪʝ, ʜʨʝʡʬʫʶʱʝʡ ʚʦʢʨʫʛ ʪʦʯʢʠ 

ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʷʢʦʨʴ, ʨʘʟʤʝʱʘʣʩʷ ʠʤʠʪʘʪʦʨ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ (ʀʇʉ) ɸʅʇɸ (ʨʠʩ.1, ʪ.1). ʆʥ 

ʩʦʩʪʦʷʣ ʠʟ ʛʠʜʨʦʬʦʥʘ, ʦʧʫʩʢʘʝʤʦʛʦ ʩ ʙʦʨʪʘ ʥʘ ʟʘʜʘʥʥʫʶ ʛʣʫʙʠʥʫ, ʩʠʩʪʝʤʳ GPS ʠ ʨʘʜʠʦʙʫʷ 

ʜʣʷ ʨʝʪʨʘʥʩʣʷʮʠʠ ʧʨʠʥʷʪʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʢʦʦʨʜʠʥʘʪ ʩ GPS ʥʘ ʙʝʨʝʛʦʚʦʡ 

(ʩʫʜʦʚʦʡ) ʧʦʩʪ. ʇʨʠʥʷʪʳʝ ʛʠʜʨʦʬʦʥʦʤ ʩʠʛʥʘʣʳ ʚ ʢʦʨʨʝʣʷʪʦʨʝ ʩʚʦʨʘʯʠʚʘʣʠʩʴ ʩ ʨʝʧʣʠʢʦʡ 

ʠʟʣʫʯʝʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʦʚ ʥʘ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʩʩʘʭ ʠ ʚʳʜʝʣʠʪʴ ʧʝʨʚʳʝ ʠʤʧʫʣʴʩʳ ʦʪ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ, 

ʧʨʝʦʜʦʣʝʚʰʠʝ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ ʧʨʝʚʳʰʝʥʠʷ ʥʘʜ ʧʦʤʝʭʦʡ. ʅʘ ʨʠʩʫʥʢʘʭ 2,3 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʦʚ ʠ ʠʭ ʤʦʜʝʣʠ, ʧʦʩʯʠʪʘʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʣʫʯʝʚʦʡ ʘʢʫʩʪʠʢʠ.  

 
 

ʈʠʩ.2. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʘ ʥʘ ʪʨʘʩʩʝ  S1-T2:    ʘ) ʤʦʤʝʥʪ ʦʪʣʠʚʘ;  

ʙ) ʤʦʤʝʥʪ ʧʨʠʣʠʚʘ 

 

 
 

ʈʠʩ.3. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʘ ʥʘ ʪʨʘʩʩʝ  S2-T2:     

ʘ) ʤʦʤʝʥʪ ʦʪʣʠʚʘ; ʙ) ʤʦʤʝʥʪ ʧʨʠʣʠʚʘ 

 

ʇʦ ʠʟʤʝʨʝʥʥʳʤ ʚʨʝʤʝʥʘʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʦʚ ʦʪ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠ ʨʘʩʩʪʦʷʥʠʷʤ ʦʪ ʥʠʭ ʜʦ ʀʇʉ (ʧʦ ʜʘʥʥʳʤ ʩ GPS) ʚ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ ʦʙʝʠʭ ʪʨʘʩʩʘʭ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʜʨʝʡʬʝ ʀʇʉ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʩʪʦʷʥʠʡ.  ʆʥʠ ʦʢʘʟʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ ʠ ʩʦʩʪʘʚʠʣʠ 1512 ʤ/ʩ. ɼʘʣʝʝ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʀʇʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʢʦʨʷ, 

ʝʞʝʩʝʢʫʥʜʥʦ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ ʧʦ GPS, ʧʦ ʥʠʤ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʠʩʪʦʯʥʠʢʦʚ, ʝʞʝʤʠʥʫʪʥʦ ʚʳʯʠʩʣʷʣʠʩʴ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʘʢʫʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ ʧʦ ʨʘʟʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ GPS (ʦʥʠ ʚʟʷʪʳ 

ʟʘ ʵʪʘʣʦʥ) ʠ ʧʦ ʘʢʫʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ (ʨʠʩ.4 ʙ,ʛ; ʣʠʥʠʷ 1).   
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ʈʠʩ.4. ʘ) ʀʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʣʥʦʚʦʜʘ ʥʘ ʪʨʘʩʩʝ  S1-T2;  

ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʪʘʥʮʠʡ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ S1 ʠ ʪʦʯʢʘʤʠ 1 ʠ 2;  

ʚ) ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʣʥʦʚʦʜʘ ʥʘ ʪʨʘʩʩʝ  S2-T2;  

ʛ) ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʪʘʥʮʠʡ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ S2 ʠ ʪʦʯʢʘʤʠ 1 ʠ 2. 

 

ɺ ʪʦʯʢʝ 2, ʥʘ ʜʥʝ, ʥʘ ʛʣʫʙʠʥʝ 18 ʤʝʪʨʦʚ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ñʦʧʦʨʥʳʡò ʛʠʜʨʦʬʦʥ 

(ʛʣʫʙʠʥʘ ʛʠʜʨʦʬʦʥʘ ʀʇʉ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʣʘ 18 ʤʝʪʨʦʚ). ʇʨʠʥʷʪʳʝ ʛʠʜʨʦʬʦʥʦʤ ʩʠʛʥʘʣʳ ʚ 

ʢʦʨʨʝʣʷʪʦʨʝ ʩʚʦʨʘʯʠʚʘʣʠʩʴ ʩ ʨʝʧʣʠʢʦʡ ʠʟʣʫʯʝʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʠʤʧʫʣʴʩʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʨʘʩʩʘʭ, ʢʦʪʦʨʳʝ ʚʳʚʦʜʷʪʩʷ 

ʥʘ ʤʦʥʠʪʦʨ ʦʧʝʨʘʪʦʨʘ (ʨʠʩ.4 ʘ,ʚ). ʄʳ ʚʠʜʠʤ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʤʧʣʠʪʫʜʥʦ-

ʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʉʦʧʫʪʩʪʚʫʶʱʠʝ ʠʟʤʝʨʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ 09:17 ʯʘʩʦʚ ʥʘ 

ʪʨʘʩʩʝ S1 ï ʊ.2 ʠ ʩ 10:17 ʥʘ ʪʨʘʩʩʝ S2 ï ʊ.2 ʟʘʬʠʢʩʠʨʦʚʘʥ ʟʘʭʦʜ ʚ ʧʨʠʜʦʥʥʳʝ ʩʣʦʠ ʭʦʣʦʜʥʦʡ 

ʚʦʜʳ. ʇʦ ʚʨʝʤʝʥʘʤ ʧʨʦʙʝʛʘ ʧʝʨʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʧʨʝʦʜʦʣʝʚʰʠʭ ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ ʧʨʝʚʳʰʝʥʠʷ 

ʥʘʜ ʧʦʤʝʭʦʡ, ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ñʦʧʦʨʥʳʤò ʛʠʜʨʦʬʦʥʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʠ 1512 ʤ/ʩ. ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠ ʨʝʘʣʴʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ  ñʦʧʦʨʥʦʛʦò ʛʠʜʨʦʬʦʥʘ ʪʘʢʞʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʤʦʥʠʪʦʨ 

(ʨʠʩ.4 ʙ,ʛ; ʣʠʥʠʷ 2).  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʝʨʘʪʦʨ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʰʠʙʢʘʭ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʵʬʬʝʢʪʠʚʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 

(ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʚʦʣʥʦʚʦʜʝ) ʚ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʪʨʘʩʩʝ S1 ï ʊ.2 

, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʝʚʝʨ-ʶʛ, ʜʦ 9:17 ʯʘʩʦʚ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ (ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ GPS), ʘ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 30 ʤʝʪʨʦʚ, ʪ.ʝ. 

ʵʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 1486 ʤ/ʩ. ʅʘ ʪʨʘʩʩʝ S2 ï ʊ.2, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 
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ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʩʪʦʢ-ʟʘʧʘʜ, ʜʦ 10:17 ʯʘʩʦʚ ʦʰʠʙʢʘ ʪʘʢʞʝ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ, ʘ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 10 ʤʝʪʨʦʚ (ʵʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ 1502 

ʤ/ʩ). ʊʘʢ ʢʘʢ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʯʝʪʢʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʚʘʨʠʘʮʠʷʤʠ ʠʤʧʫʣʴʩʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩ.4), ʪ.ʝ. ʠʤʝʶʪ ʬʠʟʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʪʦ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʧʝʨʝʜʘʪʴ 

ʠʟʤʝʥʠʚʰʠʝʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ɸʅʇɸ. ɽʩʣʠ ɸʅʇɸ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʘʥʝʚʨʠʨʫʝʪ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʥʦʤʘʣʠʠ, ʯʪʦ ʠ 

ñʦʧʦʨʥʳʡò ʛʠʜʨʦʬʦʥ, ʪʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʛʦ ʢʫʨʩʘ ʙʫʜʝʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʦ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ ɸʅʇɸ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦʢʨʫʛ ʪʦʯʢʠ ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʷʢʦʨʴ ʷʭʪʳ 

(ʚ ʧʨʝʜʝʣʘʭ ʦʢʨʫʞʥʦʩʪʠ ʦʢʦʣʦ 30 ʤʝʪʨʦʚ) ʀʇʉ ɸʅʇɸ ʠ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʡ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (ʨʠʩ.4 ʙ,ʛ; ʣʠʥʠʷ 1). ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʪʦʙʨʘʞʘʶʱʠʭ 

ʦʰʠʙʢʠ ʥʘ ʀʇʉ ʠ ñʦʧʦʨʥʦʤò ʛʠʜʨʦʬʦʥʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʦʜʠʥ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʝʚʝʨ-ʶʛ ʠ ʚʦʩʪʦʢ-ʟʘʧʘʜ. ɺʥʝʩʝʥʠʝ ʚ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ʀʇʉ ʟʥʘʯʝʥʠʡ 

ʠʟʤʝʥʠʚʰʠʭʩʷ ʩʢʦʨʦʩʪʝʡ ʟʚʫʢʘ (1486 ʠ 1502 ʤ/ʩ) ʩʥʠʞʘʝʪ ʦʰʠʙʢʠ ʚ ʪʨʠ ʨʘʟʘ (ʨʠʩ.4 ʙ,ʛ; ʣʠʥʠʷ 

3) ʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʦʯʥʦʩʪʠ GPS. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ, 

ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ɸʅʇɸ 

ʚ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʭʦʣʦʜʥʦʛʦ ʧʨʠʣʠʚʥʦʛʦ ʬʨʦʥʪʘ ʠʟ ʛʣʫʙʦʢʦʛʦ ʤʦʨʷ ʚ ʰʝʣʴʬʦʚʫʶ ʟʦʥʫ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ). 

ʆʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʠʤʧʫʣʴʩʥʳʝ ʦʪʢʣʠʢʠ ʚʦʣʥʦʚʦʜʦʚ ʥʘ ʪʨʘʩʩʘʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʠʩʴ. ʕʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʣʠʯʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʚ ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ ʥʝ ʪʦʣʴʢʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʦ ʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ, ʦʙʩʫʞʜʘʝʤʳʝ ʚ ʨʘʙʦʪʝ, ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʚ ʨʝʰʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ 

ʟʘʜʘʯ ʧʦʜʚʦʜʥʦʡ ʜʘʣʴʥʦʤʝʪʨʠʠ ʠ ʥʘʚʠʛʘʮʠʠ. ʆʙʩʫʞʜʘʝʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʟʘʜʫʤʘʥ ʢʘʢ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ, ʪ.ʢ. ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʤʝʣʢʦʚʦʜʥʦʡ ʘʢʚʘʪʦʨʠʠ. ʅʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʘʶʱʠʭ ʠ ʧʨʠʝʤʥʳʭ ʪʨʘʢʪʦʚ (ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʘʷ 

ʩʠʛʥʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʢʘʥʘʣʘ 20 ʢʤ) ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʠʭ 

ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʚ ʩʦʪʥʠ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ. 
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ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ çʄʝʪʦʜ ʧʘʩʩʠʚʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʜʦʥʥʳʭ 

ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚè ʠ ʩʭʝʤʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʩ ʧʦʤʦʱʴʶ çɻʝʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʘʩʩʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʜʦʥʥʳʭ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚè. ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜ ʠ ʢʦʤʧʣʝʢʩ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʣʷ  

ʦʙʥʘʨʫʞʝʥʠʷ ʫʪʝʯʝʢ ʛʘʟʘ ʠʟ ʧʦʜʚʦʜʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  ɺʦ-ʚʪʦʨʳʭ, ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ  ʠ  ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʣʷʭ, ʜʣʷ 

ʣʦʢʘʣʠʟʘʮʠʠ  ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʟʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʦʙʲʝʤʦʚ ʛʘʟʦʚʳʭ 

ʧʦʪʦʢʦʚ ʚ ʧʨʠʜʦʥʥʦʡ ʦʙʣʘʩʪʠ.   

 

 ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪ ʚʳʭʦʜʦʚ ʠ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚʳʭ ʧʦʪʦʢʦʚ ʚ 

ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʧʨʠʣʦʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʩʢʘʟʘʥʠʝ ʠ ʦʧʠʩʘʥʠʝ ʛʘʟʦʦʙʤʝʥʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʤʦʨʷ, ʧʦʠʩʢ ʠ ʠʟʫʯʝʥʠʝ ʚʳʭʦʜʦʚ ʛʘʟʦʛʠʜʨʘʪʦʚ (ʩʠʧʦʚ) ʥʘ ʜʥʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʢʦʥʪʨʦʣʴ ʧʦʜʚʦʜʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʛʘʟʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ.  

 ʄʝʪʦʜʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, 

ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ. ʂʘʞʜʳʡ ʠʟ ʧʦʜʭʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʣʶʩʳ 

ʠ ʤʠʥʫʩʳ. ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦ ʩʪʝʧʝʥʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩʨʝʜʳ ʠ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ɸʢʫʩʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʘʢʪʠʚʥʳʤʠ ʠ ʧʘʩʩʠʚʥʳʤʠ. ɸʢʪʠʚʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ  ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʠʩʪʘʥʮʠʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʘ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʚʫʢʘ ʠ ʧʫʟʳʨʴʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʩʩʠʚʥʳʭ (ʵʤʠʩʩʠʦʥʥʳʭ) ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʚʳʭʦʜʷʱʠʭ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ ʧʫʟʳʨʴʢʦʚ ʠ ʠʟʤʝʨʝʥʠʷ ʠʭ ʨʘʟʤʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʢʘʢ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʠ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʜʚʦʜʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ, 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ, ʩʪʦʠʤʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

 ɺ ʨʘʙʦʪʘʭ [1,2] ʦʧʠʩʘʥʳ  ʚʦʟʤʦʞʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ  ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ ʚʳʭʦʜʘ ʠ 

ʨʘʩʯʝʪʘ ʦʙʲʝʤʦʚ ʚʳʭʦʜʷʱʠʭ ʚ ʦʙʣʘʩʪʠ ʜʥʘ ʧʦʪʦʢʦʚ ʛʘʟʘ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʫʢʘʟʘʥʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʠʟ-ʟʘ 

ʜʚʠʞʝʥʠʷ ʛʠʜʨʦʬʦʥʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜʚʦʜʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ʵʤʠʩʩʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʠʭ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ ʟʚʫʢʦʚʦʤ ʧʦʣʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʨʘʩʯʝʪʘ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ  S(ɤ) ʚ ʜʘʣʴʥʝʤ ʧʦʣʝ ʦʪ ʦʙʣʘʢʘ 

ʧʫʟʳʨʴʢʦʚ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʧʨʦʚʝʩʪʠ ʠʥʚʝʨʩʠʶ ʧʦʣʫʯʝʥʥʳʭ ʵʤʠʩʩʠʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ. ʈʘʩʯʝʪ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʧʦ ʨʘʟʤʝʨʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʩʣʫʯʘʷ 

ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʫʟʳʨʴʢʦʚ ʚ ʤʦʤʝʥʪ ʠʭ ʚʳʭʦʜʘ ʠʟ ʠʩʪʦʯʥʠʢʘ, ʯʪʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʚ ʩʠʪʫʘʮʠʷʭ ʪʝʭʥʦʛʝʥʥʳʭ ʫʪʝʯʝʢ ʛʘʟʘ ʠ ʜʣʷ ʤʥʦʛʠʭ 

ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʟʘ ʥʘ ʜʥʝ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʴʰʠʝ ʦʙʲʝʤʥʳʝ ʧʣʦʪʥʦʩʪʠ 

ʧʫʟʳʨʴʢʦʚ. ʅʝ ʫʯʠʪʳʚʘʝʪʩʷ ʜʠʧʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʣʫʯʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʚʙʣʠʟʠ ʜʥʘ ʠʣʠ 
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ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʪʦʜʠʢ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ 

ʦʢʨʫʞʘʶʱʠʭ ʰʫʤʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʢ ʜʚʠʞʝʥʠʝʤ ʧʨʠʝʤʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʪʘʢ 

ʠ hʫʤʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

 ʆʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʚʦʜʷʪ ʢ ʦʰʠʙʢʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʵʤʠʩʩʠʦʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʠ ʝʛʦ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʧʫʟʳʨʴʢʦʚ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʦʙʲʝʤʘ ʚʳʭʦʜʷʱʝʛʦ ʛʘʟʘ.  

 ʇʨʝʜʣʘʛʘʝʤʳʝ ʨʝʰʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤ ʧʘʩʩʠʚʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ 

ʧʦʪʦʢʦʚ, ʧʦʚʳʰʝʥʠ ̫ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʭʦʜʷʱʝʛʦ ʛʘʟʘ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʘʩʩʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʜʦʥʥʳʭ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ [3]. ʉʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʚʦʜʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.1. 

 

 
 

ʈʠʩ.1. 1 - ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʩ ʚʝʝʨʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

2,  3 - ʙʣʦʢ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, 4 ï ʦʙʣʘʩʪʴ ʚʳʭʦʜʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ,   

5 - ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ (ʛʘʟʦʧʨʦʚʦʜʥʘʷ ʪʨʫʙʘ),  

6 ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ,  

7 ï ʙʣʦʢ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɺʄʋ),  

8  ï  ʢʘʥʘʣ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʚʷʟʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʈʘʙʦʪʘ ʢʦʤʧʣʝʢʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʟʘʜʘʥʥʦʤ ʨʘʡʦʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʝ ʘʥʪʝʥʥʳ 1, ʩʥʘʙʞʝʥʥʳʭ ʙʣʦʢʘʤʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʘ 3.  ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʪʝʥʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ  

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʴʶ ʧʨʠʨʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʣʠʥʝʡʥʳʭ ʦʪʨʝʟʢʦʚ ʧʦʜʚʦʜʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʥʝʙʦʣʴʰʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʥʝ ʙʦʣʝʝ ʜʚʫʭ, ʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʙʣʘʩʪʝʡ ʧʨʠʨʦʜʥʳʭ ʚʳʭʦʜʦʚ ʛʘʟʘ 

ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʥʘ ʜʥʝ, ʪʨʝʙʫʝʪʩʷ ʥʝ 

ʤʝʥʝʝ ʪʨʸʭ ʘʥʪʝʥʥ. ɸʥʪʝʥʥʳ 1 ʟʘʢʨʝʧʣʷʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦ ʥʘ ʜʥʝ ʠ ʠʤʝʶʪ ʢʨʫʛʦʚʫʶ 

ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʤʥʦʛʦʣʫʯʝʚʫʶ ʚʝʝʨʥʫʶ ʜʠʘʛʨʘʤʤʫ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 2 ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʝʝʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  

ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ 3. ɹʣʦʢʠ 

ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʩʦʝʜʠʥʷʶʪ ʢʘʙʝʣʝʤ ʩ ɺʄʋ - 7, ʜʘʥʥʳʝ ʩ 

ʢʦʪʦʨʦʛʦ ʧʝʨʝʜʘʶʪʩʷ ʚ ʮʝʥʪʨ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʢʘʙʝʣʶ - 8. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʘʡʦʥʝ ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʷʪ ʘʢʫʩʪʠʯʝʩʢʫʶ 

ʢʘʣʠʙʨʦʚʢʫ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ. ɼʣʷ ʵʪʦʛʦ ʠʩʪʦʯʥʠʢ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 
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ʩʧʝʢʪʨ  ʩʠʛʥʘʣʘ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʠʟʚʝʩʪʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʦʪ 500ɻʮ ʜʦ 100ʢɻʮ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʤʝʱʘʶʪ ʚ ʨʘʚʥʦʫʜʘʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʯʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 6 ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ 5 ʠʣʠ ʚ ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʪʨʝʭʤʝʨʥʦʡ ʨʝʰʝʪʢʠ 

ʧʦʢʨʳʚʘʶʱʝʡ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʦʛʦ ʚʳʭʦʜʘ ʛʘʟʘ 4. ɺʳʧʦʣʥʷʶʪ ʧʨʠʝʤ ʠ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ 

ʙʝʣʦʛʦ ʰʫʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʩʦ ʚʩʝʭ ʫʛʣʦʚ ʚʝʝʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ ʢʘʞʜʦʡ ʠʟ 

ʘʥʪʝʥʥ 1,  ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʠʤʠʪʘʪʦʨʘ ʚ ʪʦʯʢʘʭ ʢʘʣʠʙʨʦʚʢʠ ʚ ʙʣʦʢ 7 (ɺʄʋ), ʛʜʝ  ʚʳʧʦʣʥʷʶʪ 

ʠʥʪʝʨʧʦʣʷʮʠʶ ʠʟʤʝʨʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʢʘʣʠʙʨʦʚʢʠ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ ʠ ʩʦʭʨʘʥʷʶʪ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʨʝʥʠʷʭ. ɿʘʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ ʵʤʠʩʩʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʘʥʪʝʥʥʘʤʠ 1 ʠʟ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 4 ʤʝʞʜʫ ʥʠʤʠ. ɺʝʝʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ 3.  

ʊʘʢʞʝ ʚ ʙʣʦʢʝ 3 ʧʨʦʠʟʚʦʜʠʪʩʷ  ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʤʠʩʩʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʷʪʳʭ ʩ 

ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʫʛʣʦʚ) ʜʣʷ ʢʘʞʜʦʡ ʘʥʪʝʥʥʳ. ʉʠʛʥʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʙʣʦʢ  7 (ɺʄʋ), ʛʜʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ ʠ ʤʝʩʪʘ ʚʳʭʦʜʘ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʩʯʝʪʦʤ ʬʫʥʢʮʠʡ ʚʟʘʠʤʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʩ ʜʚʫʭ ʘʥʪʝʥʥ ʚ ʙʣʦʢʝ  7 (ɺʄʋ) ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ ʵʪʠʭ ʞʝ 

ʩʠʛʥʘʣʦʚ. ʉʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʚʳʭʦʜʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʦʨʤʠʨʦʚʢʠ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʧʦ ʨʘʟʤʝʨʘʤ. ʅʦʨʤʠʨʦʚʢʫ 

ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʦʚ ʧʨʠʥʷʪʳʭ ʘʥʪʝʥʥʘʤʠ, ʚʳʧʦʣʥʷʶʪ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʨʝʜʘʯʠ ʧʦ ʩʧʝʢʪʨʫ ʚ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʛʘʟʘ ʥʘ ʠʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʧʦ ʨʘʟʤʝʨʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʙʣʦʢʝ 7 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʘ ʠʥʚʝʨʩʠʠ (ɸʀ).  ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʩʦ ʚʩʝʭ 

ʤʦʜʫʣʝʡ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʠ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ 8 ʚ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ 

ʩʠʪʫʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʪʷʞʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʫʯʘʩʪʢʦʚ ʜʥʘ ʩ ʚʳʭʦʜʘʤʠ ʩʠʧʦʚ ʥʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʠ ʠʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʦ 

ʚʨʝʤʝʥʠ ʜʣʷ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ. ɺʚʠʜʫ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʩ ʧʦʤʦʱʴʶ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʘʥʪʝʥʥ, ʦʙʥʘʨʫʞʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʵʤʠʩʩʠʠ, ʚʦʟʤʦʞʥʦ ʥʘ ʜʠʩʪʘʥʮʠʷʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ, ʘʥʘʣʦʛʠʯʥʳʝ ʜʠʩʪʘʥʮʠʠ ʜʣʷ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʩʠʛʥʘʣʦʚ ʦʜʠʥʦʯʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ. 

 ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʘʨʘʪʫʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʷʝʤʳʭ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʧʦʜʚʦʜʥʦʡ ʘʢʫʩʪʠʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ,  ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʠʝʤʥʘʷ ʘʥʪʝʥʥʘ  ʪʠʧʘ  ʉʀ ɻɸʇ çʅʝʚʘ-ʀʇʌè ʥʘ ʙʘʟʝ 

ʮʠʬʨʦʚʳʭ ʛʠʜʨʦʬʦʥʦʚ ʎɻʇ-3 ʩ ʷʢʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨʦʤ ʩ ʘʧʧʘʨʘʪʫʨʦʡ, 

ʠʤʝʶʱʘʷ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʦʪ 5ɻʮ ʜʦ 100ʢɻʮ,  ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʜʘʯʠ 

ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ ʛʠʜʨʦʬʦʥʦʚ ʘʥʪʝʥʥʳ ʧʦ ʢʘʙʝʣʶ ʩʚʷʟʠ ʚ ʙʣʦʢ ɺʄʋ. ɹʣʦʢ ɺʄʋ  ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʙʘʟʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʪʠʧʘ Audio Speedgoat 

Real-time Target Machine(s) ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʧʣʘʪ (ʜʦ 1000 

ʧʨʦʮʝʩʩʦʨʦʚ)  ʩʧʝʢʪʨʘʣʴʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʠʧʘ NVIDIA TeslaÈ K20-K20X GPU 

Accelerators, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʨʝʜʝ MatLab, ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ CUDAÊ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ.  

  ɸʣʛʦʨʠʪʤ ʠʥʚʝʨʩʠʠ (ɸʀ) ʠ ʨʘʩʯʝʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʤʝʩʪ ʚʳʭʦʜʦʚ ʛʘʟʦʚʳʭ 

ʧʦʪʦʢʦʚ  [4] ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 7, 

ʨʠʩ.1, ʙʣʦʢ-ʩʭʝʤʘ ʠ ʬʫʥʢʮʠʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2. 

http://store.softline.ru/speedgoat/speedgoat-real-time-target-machines/
http://store.softline.ru/speedgoat/speedgoat-real-time-target-machines/
http://store.softline.ru/speedgoat/speedgoat-real-time-target-machines/
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ʈʠʩ.2. ʉʦʩʪʘʚ ɺʄʋ: 7.1 ï ʙʣʦʢ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ,  7.2 ï ʙʣʦʢ ʢʦʨʨʝʣʷʪʦʨʘ ʩʠʛʥʘʣʦʚ,   

7.3 ï ʙʣʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙʣʘʩʪʠ ʚʳʭʦʜʘ ʛʘʟʘ, 7.4 ï ʙʣʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʦʚ,  

7.5 ï ʙʣʦʢ ʥʦʨʤʠʨʦʚʢʠ ʩʧʝʢʪʨʦʚ, 7.6 ï ʙʣʦʢ  ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʫʟʳʨʴʢʦʚ ʧʦ ʨʘʟʤʝʨʘʤ, 7.7 ï  ʙʣʦʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ  ʛʘʟʦʚʦʛʦ çʬʘʢʝʣʘè,  

7.8 ï ʙʣʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʠʛʥʘʣʘ ʵʤʠʩʩʠʠ. 

 

 ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʠ ʤʝʩʪ ʚʳʭʦʜʘ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʚʟʘʠʤʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʩ ʘʥʪʝʥʥ ʚʦ ʚʨʝʤʝʥʠ (ʙʣʦʢ 7.2), 

ʧʦʠʩʢʘ ʤʘʢʩʠʤʫʤʦʚ ʬʫʥʢʮʠʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʩʜʚʠʛʘ (ʣʘʛʘ) ʜʣʷ ʬʫʥʢʮʠʡ, ʠʤʝʶʱʠʭ ʤʘʢʩʠʤʫʤʳ.  

ʈʘʩʯʝʪ ʜʠʩʪʘʥʮʠʡ, ʜʦ ʠʩʪʦʯʥʠʢʘ ʵʤʠʩʩʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  1,2 1,2ʟʚd C t= ³ , ʛʜʝ ï 1,2d     

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʦʚ ʧʝʨʚʦʡ ï 1 ʠ ʚʪʦʨʦʡ ï 2 ʘʥʪʝʥʥ ʜʦ ʠʩʪʦʯʥʠʢʘ ʵʤʠʩʩʠʠ, ʟʚC ï ʩʢʦʨʦʩʪʴ 

ʟʚʫʢʘ ʠ 1,2t  ï ʚʨʝʤʝʥʘ ʩʜʚʠʛʦʚ (ʣʘʛʠ) ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʢʘʞʜʦʡ ʘʥʪʝʥʥʳ.  ʇʦʣʦʞʝʥʠʝ 

ʠʩʪʦʯʥʠʢʘ ʥʘʭʦʜʠʪʩʷ  (ʙʣʦʢ  7.3) ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ, ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʢʨʫʞʥʦʩʪʝʡ, ʩ ʨʘʜʠʫʩʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ  ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʠʩʪʘʥʮʠʷʤ 1,2d . 

 ɸʣʛʦʨʠʪʤ ʠʥʚʝʨʩʠʠ ʚʢʣʶʯʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ, ʩ ʫʯʝʪʦʤ 

ʢʘʣʠʙʨʦʚʢʠ, ʩʧʝʢʪʨʘ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʤʝʩʪʝ ʚʳʭʦʜʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ   ( )
norm

S w   ʚ ʚʠʜʝ 
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0
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ʟʘ ʩʝʢʫʥʜʫ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʜʠʫʩʦʚ (R1, R2). ʈʝʟʦʥʘʥʩʥʳʝ ʨʘʜʠʫʩʳ 0
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 ʛʜʝ vp  ï  ʜʘʚʣʝʥʠʷ ʧʘʨʘ, s ï  ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, h ï   ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ,  

k  ï  ʠʥʜʝʢʩ ʧʦʣʠʪʨʦʧʳ,  ʠʟʤʝʥʷʝʪʩʷ ʤʝʞʜʫ g (ʦʪʥʦʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʳ ʛʘʟʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʢ ʟʥʘʯʝʥʠʶ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʪʳ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ) ʠ 

ʝʜʠʥʠʮʝʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚʝʜʝʪ ʣʠ ʛʘʟ ʩʝʙʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠ, ʠʟʦʪʝʨʤʠʯʝʩʢʠ ʠʣʠ 

ʥʝʢʦʪʦʨʳʤ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ, 
0

1

n
b r

n
=

-

å õ
æ ö
ç ÷

, nï  ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʚ ʦʩʘʜʢʘʭ. 

2

0 0 0
0
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ɺʳʨʘʞʝʥʠʝ 
2
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ʜʠʧʦʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʜʠʥʦʯʥʦʛʦ ʧʫʟʳʨʴʢʘ ʚ ʜʘʣʴʥʝʤ ʧʦʣʝ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 
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   (3) 

 ʛʜʝ  r  ï ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ ʵʤʠʩʩʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 0nRe ï ʘʤʧʣʠʪʫʜʘ 

ʦʩʮʠʣʣʷʮʠʡ ʩʪʝʥʢʠ ʧʫʟʳʨʴʢʘ n-ʛʦ ʧʫʟʳʨʴʢʘ, ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʜʣʷ ʧʫʟʳʨʴʢʘ, 

ʢʦʪʦʨʳʡ ʦʩʮʠʣʣʠʨʫʝʪ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ 0w, ʠʤʝʷ ʥʘʯʘʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ 0nRe , 

ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʱʠʤ ʙʝʟʨʘʟʤʝʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ totd .  ɼʣʷ ʦʮʝʥʢʠ ʯʠʩʣʘ 

ʧʫʟʳʨʴʢʦʚ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʚ ʜʘʣʴʥʝʤ ʧʦʣʝ ʨʝʰʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (1) ʜʣʷ 

0
( )D R  ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ( )

norm
S w, ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (2) ʠ (3)  .  

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʛʥʘʣʳ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ,  ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʩ ʚʝʝʨʥʦʡ 

ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʢʘʣʠʙʨʫʶʪʩʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʩʪʦʯʥʠʢʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʩʧʝʢʪʨʦʤ, ʘ ʠʩʧʦʣʴʟʫʝʤʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʫʯʠʪʳʚʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʧʫʟʳʨʴʢʦʚ ʚ ʟʚʫʢʦʚʦʤ ʧʦʣʝ ʠ ʜʠʧʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ ʠʟʣʫʯʝʥʠʷ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʳʭ ʰʢʦʣ (ʅʐ-

1052.2012.5),  ʛʨʘʥʪʘ ʈʌʌʀ 11-05-00212-ʘ ʠ ʛʨʘʥʪʘ ɼɺʆ ʈɸʅ 12-III -A-07-124. 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʭʦʨʦʰʦ ʢʘʣʠʙʨʦʚʘʥʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʩʠʩʪʝʤ -ʢʦʤʧʣʝʢʩ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ - ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ. ɺʩʝ ʧʨʦʮʝʩʩʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ, ʩʦʟʜʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ 

ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʘʨʭʠʚʘʮʠʠ ʠ ʛʣʫʙʦʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

            

      ɺ ʪʝʯʝʥʠʝ 10 ʣʝʪ ʚ ʊʆʀ ɼɺʆ ʈɸʅ ʂʦʥʩʪʘʥʪʠʥʦʚʳʤ ʆ.ɻ. ʩʦʟʜʘʥ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʦʣʫʯʘʪʴ ʥʘʜʝʞʥʫʶ ʦʙʲʝʤʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʄʇ). ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʤʦʨʩʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʊʆʀ) ɼɺʆ ʈɸʅ 

ʥʘ ʤʳʩʝ ʐʫʣʴʮʘ ʥʘ ʙʝʨʝʛʫ ʙʫʭʪʳ ɺʠʪʷʟʴ (ʄʕʉ ʤ. ʐʫʣʴʮʘ). ʅʝʩʢʦʣʴʢʦ ʧʨʠʙʦʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʨʝʛʠʩʪʨʠʨʫʶʪ ʨʘʟʥʳʝ ʥʘʙʦʨʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʢʘʞʜʦʛʦ  ʧʨʠʙʦʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʫʨʦʡ, ʨʝʛʠʩʪʨʘʮʠʠ, ʘʨʭʠʚʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʝʨʝʜʘʯʠ ʠʭ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʊʆʀ ɼɺʆ 

ʈɸʅ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʧʝʨʚʠʯʥʦʡ  (ʚʳʙʦʨʢʘ ʠ ʬʠʣʴʪʨʘʮʠʷ ʥʫʞʥʳʭ ʤʘʩʩʠʚʦʚ) ʠ 

ʪʝʤʘʪʠʯʝʩʢʦʡ (ʚʳʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʠ ʦʙʲʝʢʪʦʚ ʄʇ) ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʷ. 

ʂʦʥʩʪʘʥʪʠʥʦʚʳʤ ʆ.ɻ. ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʀʥʪʝʨʥʝʪ ï ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ 

ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʘʧʧʘʨʘʪʫʨʦʡ  ʠ ʧʨʦʮʝʩʩʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ  

ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ.  

 

ʇʨʠʙʦʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʳʭ 

 

ʇʘʥʦʨʘʤʥʘʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʚʠʜʝʦʩʠʩʪʝʤʘ. ʇʨʠʙʦʨʥʘʷ ʙʘʟʘ ʩʦʩʪʦʠʪ ʠʟ 

ʙʝʟʢʦʨʧʫʩʥʦʡ ʚʠʜʝʦʢʘʤʝʨʳ ʚ ʪʝʨʤʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʟʘʱʠʪʥʦʤ ʢʦʨʧʫʩʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʥʘ 

ʦʩʠ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ [1].  ʇʨʠʤʝʥʝʥʠʝ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʠʜʝʦʩʠʩʪʝʤʳ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʠʟʚʝʩʪʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʠʜʝʦʩʠʩʪʝʤʳ ʠ ʚʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢʘʤʝʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʧʘʥʦʨʘʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʫʨʦʚʝʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʨʷ. ʋʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʠʜʝʦʩʠʩʪʝʤʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ 

ʨʘʟʤʝʨʫ ʧʠʢʩʝʣʷ ʤʘʪʨʠʮʳ ʠ ʬʦʢʫʩʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʦʙʲʝʢʪʠʚʘ. ɼʣʷ ʧʨʠʚʷʟʢʠ ʢ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʧʝʨʥʳʝ ʪʦʯʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʙʝʨʝʛʦʚʦʡ 

ʯʝʨʪʳ. ʅʘ ʨʠʩ. 1ʘ ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʧʘʥʦʨʘʤʳ ʙʫʭʪʳ ɺʠʪʷʟʴ. ɺʠʜʝʦʩʠʩʪʝʤʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ 

ʥʘ ʚʳʩʦʪʝ 92  ʤʝʪʨʘ ʥʘʜ ʫʨʦʚʥʝʤ, ʩʝʢʪʦʨ ʦʙʟʦʨʘ 270
0
. ʉʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʤ ʚʦʣʥʝʥʠʝʤ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʢʦʰʘʯʴʠ ʣʘʧʢʠè. ʅʘ 

ʚʨʝʤʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʥʠʤʢʦʚ ʄʇ ʦʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʪʝʤʥʳʭ ʧʦʣʦʩ, 
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ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. ʅʘ ʨʠʩ. 1ʙ ʧʨʠʚʝʜʝʥ 

ʨʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʨʘʛʤʝʥʪʘ ʧʘʥʦʨʘʤʳ ʩ ʧʨʠʚʷʟʢʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ 

ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

 

 
 

ʈʠʩ.1. ʘ - ʬʨʘʛʤʝʥʪ ʧʘʥʦʨʘʤʳ ʙʫʭʪʳ ɺʠʪʷʟʴ; ʙ - ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʨʩʢʦʡ    ʘʢʚʘʪʦʨʠʠ ʩ ʧʨʠʚʷʟʢʦʡ ʢ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

 

ʇʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʚʠʜʝʦʩʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ. 

ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʠʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʢʘʤʝʨʘ, ʩʠʩʪʝʤʘ ʧʦʧʣʘʚʢʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʢʣʦʥʦʚ ʵʣʝʤʝʥʪʦʚ ʄʇ [2]. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʨʝʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʚʦʩʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʚʢʣʘʜ ʜʠʬʬʫʟʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʥʝʩʫʱʝʩʪʚʝʥʝʥ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʦʨʠʝʥʪʘʮʠʠ ʧʣʦʩʢʦʩʪʠ ʦʪʨʘʞʝʥʠʷ, ʫʛʦʣ 

ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʦʪʨʘʞʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʄʇ. ʉʠʩʪʝʤʘ ʧʦʧʣʘʚʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʩʦʪ ʠ ʫʢʣʦʥʦʚ ʵʣʝʤʝʥʪʦʚ ʄʇ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ.  

ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʜʘʥʥʳʭ 

ʆʙʣʘʩʪʴ ʄʇ ʩ ʧʦʥʠʞʝʥʥʳʤ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʤ ʚʝʪʨʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʥʘʟʳʚʘʶʪ 

ʩʣʠʢʦʤ. ɻʘʰʝʥʠʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʳʤʠ 

ʷʚʣʝʥʠʷʤʠ: ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʇɸɺ); ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ; ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ; ʟʦʥʦʡ ʨʘʩʧʨʝʩʥʝʥʠʷ ʤʦʨʩʢʠʭ ʚʦʜ 

ʧʨʠʙʨʝʞʥʳʤʠ ʩʪʦʢʘʤʠ, ʛʨʘʜʠʝʥʪʘʤʠ ʧʦʪʦʢʦʚ ʚʦʜʥʳʭ ʤʘʩʩ [3]. ɺʳʛʣʘʞʠʚʘʥʠʝ ʄʇ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ ʟʝʨʢʘʣʴʥʦʡ-ʦʪʨʘʞʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʦʩʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʮʚʝʪʦʚʦʡ ʠ ʷʨʢʦʩʪʥʦʡ ʢʦʥʪʨʘʩʪ ʩʣʠʢʦʚʳʭ ʦʙʣʘʩʪʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʠʩʪʦʡ ʄʇ. 

çʈʘʟʥʦʩʪʥʳʡè ʤʝʪʦʜ. çʈʘʟʥʦʩʪʥʦʝè ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʝ 

ʧʫʪʝʤ ʧʦʧʠʢʩʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʷʨʢʦʩʪʠ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʧʣʦʱʘʜʠ ʩʣʠʢʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ . ʅʘ ʨʠʩʫʥʢʝ 2ʘ,ʙ ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 

ʄʇ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 1 ʯʘʩ. ɹʝʣʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ ʤʘʨʰʨʫʪ ʩʫʜʥʘ. ʉʨʘʚʥʝʥʠʝ 

ʧʣʦʱʘʜʝʡ ʩʣʠʢʦʚ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ 2ʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘ 1 ʯʘʩ ʧʣʦʱʘʜʴ ʟʘʛʨʷʟʥʝʥʥʦʡ ʄʇ, ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ, ʫʜʚʦʠʣʘʩʴ. ʂʦʥʪʨʘʩʪ ʤʝʞʜʫ ʩʣʠʢʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʦʡ, ʠ 

çʯʠʩʪʦʡè ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʚʦʡʩʪʚ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ, ʥʦ ʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ. ʇʦ 

ʠʟʤʝʥʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘ ʠʟʚʝʩʪʥʳʡ ʤʝʞʢʘʜʨʦʚʳʡ ʧʝʨʠʦʜ 
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ʈʠʩ. 2. ʈʝʛʠʩʪʨʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 21.10.2007 ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʧʝʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʠʢʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʚʫʭ çʨʘʟʥʦʩʪʥʳʭè ʠʟʦʙʨʘʞʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʜʚʠʛ ʠʟʦʙʨʘʞʝʥʠʷ 

ʦʙʲʝʢʪʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʥʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʪ 3 ʜʦ 7 ʤ/ʩ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10%. ʅʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʷ ʚʝʪʨʘ ʧʨʠ ʶʛʦ-

ʟʘʧʘʜʥʦʤ (ʨʠʩ. 3ʘ) ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ (ʨʠʩ. 3ʙ) ʚʝʪʨʝ.  

 

 
 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʷ ʚʝʪʨʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʦʨʷ: 

ʘ - ʧʨʠ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʚʝʪʨʝ, ʙ ï ʧʨʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʚʝʪʨʝ. 

 

Maximum Cross Correlation method (ʄʉʉ) ʄʝʪʦʜ ʄʉʉ ʟʘʜʘʝʪ ʘʣʛʦʨʠʪʤ ʦʮʝʥʢʠ 

ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʄʇ [4,5]. ʀʟʦʙʨʘʞʝʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʬʨʘʛʤʝʥʪʳ ʠ ʥʘ 

ʧʦʩʣʝʜʫʶʱʝʤ ʢʘʜʨʝ, ʤʝʪʦʜʘʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʚʫʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʱʝʪʩʷ 

ʧʦʜʦʙʥʳʡ ʧʦ ʪʝʢʩʪʫʨʝ ʬʨʘʛʤʝʥʪ ʄʇ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʧʦʜʦʙʠʷ ʬʨʘʛʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʠ. ɺ ʧʨʦʛʨʘʤʤʫ ʦʙʨʘʙʦʪʢʠ ʚʢʣʶʯʝʥʳ ʧʨʦʮʝʜʫʨʳ 

ʬʠʣʴʪʨʘʮʠʠ ʜʘʥʥʳʭ ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 4ʘ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʄʉʉ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʜʚʫʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʚʠʭʨʝʡ: ʮʠʢʣʦʥʠʯʝʩʢʦʛʦ (ʩʧʨʘʚʘ ʚʚʝʨʭʫ) ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʦʛʦ (ʩʣʝʚʘ ʚʥʠʟʫ). ɼʣʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ ʩ ʠʭ ʚʝʢʪʦʨʥʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʥʘ ʜʠʘʛʨʘʤʤʝ 

ʨʠʩʫʥʢʘ 4ʚ ʧʨʠʚʝʜʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʚ ʪʝʣʝ ʢʘʞʜʦʛʦ ʚʠʭʨʷ.  
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ʈʠʩ.4 ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʠ (ʄʉʉ): 

ʘ ï ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʪʝʣʝ ʚʠʭʨʝʡ; ʙ ï ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʝʤʝʱʝʥʠʷ; ʚ ï ʜʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ 

ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ ʚ ʚʠʭʨʷʭ; ʜ,ʝ  ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʟʘ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʩ 2006 ʧʦ 2011 ʛʦʜʳ. 

 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. ʈʝʛʠʩʪʨʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʟʘʛʨʷʟʥʝʥʠʷ ʄʇ ʷʚʣʷʶʪʩʷ ʩʣʠʢʠ [6], ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʪʷʞʝʥʠʷ ʄʇ ʧʣʝʥʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ). 

ɺʳʜʝʣʠʪʴ ʠʟ ʚʩʝʭ ʩʪʨʫʢʪʫʨ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʄʇ ʩʣʠʢʦʚʳʝ ʦʙʣʘʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʤʝʥʥʦ 

ʇɸɺ,  ʤʦʞʥʦ ʧʦ  ʵʚʦʣʶʮʠʠ ʠʭ ʬʦʨʤʳ ʩ ʫʯʝʪʦʤ ʪʝʯʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʘ (ʩʤ. ʈʠʩ.1). 

ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʜʠʥʘʤʠʢʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜ ï ʦʜʥʘ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ ʛʠʜʨʦʬʠʟʠʢʠ [7]. ʅʘʠʤʝʥʝʝ ʠʟʫʯʝʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʠʭʨʠ ʤʘʣʳʭ 

ʤʘʩʰʪʘʙʦʚ (1-10 ʢʤ). ʉʧʦʥʪʘʥʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, ʤʘʣʦʝ ʚʨʝʤʷ ʞʠʟʥʠ 

ʟʘʪʨʫʜʥʷʶʪ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʚʠʟʠʨʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʡ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ï 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʚʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʦ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʠ ʩ 

ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʧʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʄʇ 

ʧʘʥʦʨʘʤʥʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʚʠʜʝʦʩʠʩʪʝʤʦʡ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʝʥʠʷ ʮʠʢʣʦʥʠʯʝʩʢʠʭ  ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ 

(ʨʠʩ.4ʜ,ʝ), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʙʫʭʪʝ ɺʠʪʷʟʴ ʚ ʧʝʨʠʦʜ ʩ 2006 ʧʦ 2011ʛ.  

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʄʕʉ çʤ. ʐʫʣʴʮè ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ 

ʷʚʣʝʥʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ (ɺɻɺ) ʧʨʠ ʚʳʭʦʜʝ ʥʘ ʤʝʣʢʦʚʦʜʴʝ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɺɻɺ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʝʪʨʦʚʳʤ ʚʦʣʥʝʥʠʝʤ, ʧʝʨʝʜʘʯʫ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ 

ɺɻɺ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʝ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʚʠʜʝʦʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ, ʙʦʣʝʝ 

ʪʦʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ ʚ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʢʨʳʪʦʡ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʛʨʘʥʠʮʝʡ. ɺʥʝʩʝʥʠʝ 

ʧʦʢʨʳʪʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʤʧʝʜʘʥʩʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ. ʈʦʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʠʛʨʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʤʧʝʜʘʥʩ. ɼʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʳʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʩʨʝʜʩʪʚ ʤʘʩʢʠʨʦʚʢʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʣʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ. ɺ ʨʷʜʝ ʨʘʙʦʪ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1, 2] ʠ ʩʩʳʣʢʠ 

ʢ ʵʪʠʤ ʨʘʙʦʪʘʤ) ʵʬʬʝʢʪ ʤʘʩʢʠʨʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʘʥʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ, ʟʘʧʦʣʥʷʶʱʝʡ ʤʘʩʢʠʨʦʚʦʯʥʫʶ ʦʙʦʣʦʯʢʫ, ʧʫʪʸʤ ʨʝʰʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʠʣʠ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʆʜʥʘʢʦ ʪʝʭʥʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʤʘʩʢʠʨʦʚʢʠ ʩʚʷʟʘʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ [3].  

ɺʦʟʤʦʞʥʳ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʟʘʜʘʯʠ ʤʘʩʢʠʨʦʚʢʠ 

ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʫʶ ʪʝʭʥʠʯʝʩʢʫʶ 

ʨʝʘʣʠʟʘʮʠʶ. ɼʨʫʛʦʡ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʤʘʩʢʠʨʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʢʨʳʪʠʠ 

ʤʘʩʢʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺʥʝʩʝʥʠʝ ʪʘʢʦʛʦ 

ʧʦʢʨʳʪʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʠʤʧʝʜʘʥʩʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʤʝʞʜʫ 

ʩʦʙʦʡ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʠ ʥʦʨʤʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʯʝʨʝʟ 

ʛʨʘʥʠʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʥʘʟʳʚʘʝʤʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠʤʧʝʜʘʥʩʦʤ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ, ʵʪʦ ï 

ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʤʧʝʜʘʥʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʣʝ, ʨʘʩʩʝʷʥʥʦʝ ʤʘʩʢʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ, ʤʠʥʠʤʘʣʴʥʦ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʪʘ 

ʟʘʜʘʯʘ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʩ ʠʤʧʝʜʘʥʩʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʥʘ ʚʩʝʡ ʛʨʘʥʠʮʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [4, 5].  

 

1. ʇʨʷʤʘʷ ʟʘʜʘʯʘ 

ʇʫʩʪʴ  ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʜʥʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ ʩ ʣʠʧʰʠʮʝʚʦʡ ʛʨʘʥʠʮʝʡ , 

,  ï ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘʨʫʞʫ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʯʪʠ ʚʩʶʜʫ 

ʥʘ . ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʚʫʤʝʨʥʘʷ ʧʨʷʤʘʷ ʟʘʜʘʯʘ ʨʘʩʩʝʷʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʝʨʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ɻʝʣʴʤʛʦʣʴʮʘ  

  (1) 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩ ʠʤʧʝʜʘʥʩʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ, ʤʦʜʝʣʠʨʫʶʱʠʤ ʧʦʢʨʳʪʠʝ ʛʨʘʥʠʮʳ 

ʦʙʣʘʩʪʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ:  

   (2) 

ɿʜʝʩʴ , ʛʜʝ  ï ʧʘʜʘʶʱʘʷ ʚʦʣʥʘ,  ï ʨʘʩʩʝʷʥʥʘʷ ʧʨʝʧʷʪʩʪʚʠʝʤ  ʚʦʣʥʘ,  ï 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʤʧʝʜʘʥʩ ʛʨʘʥʠʮʳ  ,  ï ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʨʘʩʩʝʷʥʥʘʷ ʚʦʣʥʘ  ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʠʟʣʫʯʝʥʠʷ ɿʦʤʤʝʨʬʝʣʴʜʘ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ  

   (3) 

ʕʪʘ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʵʪʦʤʫ ʦʥʘ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ɼʘʣʝʝ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʡ 

ʟʘʜʘʯʝ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɺʚʝʜʸʤ ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. ɺʚʝʜʸʤ ʢʨʫʛ  ʨʘʜʠʫʩʘ , ʩʦʜʝʨʞʘʱʠʡ , ʧʦʣʦʞʠʤ .  ï 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʚ  ʩ ʛʨʘʥʠʮʝʡ , ʛʜʝ . ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʙʳʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʉʦʙʦʣʝʚʘ , ʩʦʩʪʦʷʱʝʝ ʠʟ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʭ ʠʣʠ 

ʚʝʱʝʩʪʚʝʥʥʦʟʥʘʯʥʳʭ ʩʢʘʣʷʨʥʳʭ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʚ , ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʣʝʜʦʚ  ʠ 

, ʛʜʝ  ï ʯʘʩʪʴ . ʇʦʤʠʤʦ  ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ 

, ʩʦʩʪʦʷʱʝʝ ʠʟ ʪʘʢʠʭ ʠ ʪʦʣʴʢʦ ʪʘʢʠʭ ʬʫʥʢʮʠʡ , ʧʨʦʜʦʣʞʝʥʠʝ ʥʫʣʝʤ  

ʢʦʪʦʨʳʭ ʥʘ ʚʩʶ ʛʨʘʥʠʮʫ  ʧʨʠʥʘʜʣʝʞʠʪ . ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  

ʧʨʦʩʪʨʘʥʩʪʚʦ , ʩʦʧʨʷʞʸʥʥʦʝ ʢ . ʅʦʨʤʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ,  ʠ 

 ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ,  ʠ . ʇʫʩʪʴ  ï ʧʨʦʠʟʚʦʣʴʥʦʝ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʚ . ʉʢʘʣʷʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʥʦʨʤʳ ʚ  ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ  

ʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ  ʧʦʣʘʛʘʝʤ , . ʉʢʘʣʷʨʥʳʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʥʦʨʤʳ ʚ  ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  ʠ . ʇʦʣʦʞʠʤ 

, . 

ʆʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʝʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʚ : 

, ʥʘʜʝʣʸʥʥʦʝ ʥʦʨʤʦʡ  

 

 

 

ʀʟʚʝʩʪʥʦ [6], ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʬʫʥʢʮʠʠ  ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʚʳʡ ʩʣʝʜ 

 ʠ ʩʫʞʝʥʠʝ ʧʝʨʚʦʛʦ ʩʣʝʜʘ . ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʧʘʜʘʶʱʠʭ ʧʦʣʝʡ ʚʚʝʜʸʤ ʧʨʦʩʪʨʘʥʩʪʚʦ 

 ʚ ʩʤʳʩʣʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ . ʗʩʥʦ, ʯʪʦ 

. ʇʦʵʪʦʤʫ ʜʣʷ ʣʶʙʦʛʦ ʧʘʜʘʶʱʝʛʦ ʧʦʣʷ  ʩʫʱʝʩʪʚʫʶʪ ʩʣʝʜʳ 

(ʥʦʨʤʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ)  ʠ . ɹʦʣʝʝ ʪʦʛʦ, ʠʟ ʪʝʦʨʝʤ ʦ ʩʣʝʜʘʭ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ:  

 

 

 (4) 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ  ... ʦʙʦʟʥʘʯʘʶʪ ʢʦʥʩʪʘʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ  ʠ, ʤʦʞʝʪ ʙʳʪʴ, ʦʪ . 

ʀʟʚʝʩʪʥʦ [7, 8], ʯʪʦ ʟʘʜʘʯʘ (1)ï(3) ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʜʘʯʝ, ʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʫʞʝ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ . ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʚʦʜʠʪʩʷ 

ʦʪʦʙʨʘʞʝʥʠʝ ɼʠʨʠʭʣʝ-ʅʝʡʤʘʥʘ . ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʧʝʨʘʪʦʨ  

ʦʪʦʙʨʘʞʘʝʪ ʣʶʙʫʶ ʬʫʥʢʮʠʶ  ʚ ʬʫʥʢʮʠʶ , ʛʜʝ  ʨʝʰʝʥʠʝ 

ʚʥʝʰʥʝʡ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ɻʝʣʴʤʛʦʣʴʮʘ  ʚ  ʚʦ ʚʥʝʰʥʦʩʪʠ 

 ʩ ʫʩʣʦʚʠʝʤ . ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ , ʧʨʠʯʸʤ 

 [9]. ɿʘʜʘʯʘ (1)ï(3), ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʵʢʚʠʚʘʣʝʥʪʥʘ ʟʘʜʘʯʝ (1), (2), ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ  ʧʨʠ 

ʩʣʝʜʫʶʱʝʤ ʛʨʘʥʠʯʥʦʤ ʫʩʣʦʚʠʠ ʜʣʷ ʨʘʩʩʝʷʥʥʦʛʦ ʧʦʣʷ  ʥʘ :  
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   (5) 

ɹʫʜʝʤ ʩʩʳʣʘʪʴʩʷ ʥʘ ʟʘʜʘʯʫ (1), (2), (5) ʢʘʢ ʥʘ ʟʘʜʘʯʫ 1. 

ʇʫʩʪʴ . ʋʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (1) ʥʘ ʬʫʥʢʮʠʶ , ʛʜʝ , 

ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ  ʠ ʧʨʠʤʝʥʠʤ ʬʦʨʤʫʣʫ ɻʨʠʥʘ. ʋʯʠʪʳʚʘʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʜʘʯʫ 1 ʚ ʚʠʜʝ:  

(6) 

ɿʜʝʩʴ  ʛʜʝ  ʠ  ï 

ʧʦʣʫʪʦʨʘʣʠʥʝʡʥʳʝ ʬʦʨʤʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʬʦʨʤʫʣʘʤʠ  

  (7) 

ʅʘʟʦʚʸʤ ʨʝʰʝʥʠʝ  ʟʘʜʘʯʠ (6) ʩʣʘʙʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 1. 

ʇʫʩʪʴ , . ʀʩʧʦʣʴʟʫʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʪʝʦʨʝʤʳ ʦ ʩʣʝʜʘʭ, ʪʝʦʨʝʤʳ ʚʣʦʞʝʥʠʷ ʠ 

(4) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʬʦʨʤʳ  ʠ  ʥʝʧʨʝʨʳʚʥʳ ʥʘ  ʠ ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ:  

(8) 

ʛʜʝ  ï ʩʦʧʨʷʞʸʥʥʦʝ ʢ  ʧʨʦʩʪʨʘʥʩʪʚʦ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʣʫʪʦʨʘʣʠʥʝʡʥʘʷ ʬʦʨʤʘ  

ʦʧʨʝʜʝʣʷʝʪ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ , ʜʝʡʩʪʚʫʶʱʠʡ ʧʦ ʬʦʨʤʫʣʝ  

   (9) 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʡʩʪʚʘʭ ʬʦʨʤʳ  ʠ ʦʮʝʥʢʘʭ (8), ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʢ ʟʘʜʘʯʝ (6) 

ʧʨʠʤʝʥʠʤʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʌʨʝʜʛʦʣʴʤʘ, ʠ ʯʪʦ ʦʧʝʨʘʪʦʨ , ʦʧʨʝʜʝʣʸʥʥʳʡ ʚ (9), ʷʚʣʷʝʪʩʷ 

ʠʟʦʤʦʨʬʠʟʤʦʤ. ʇʦʣʦʞʠʤ , ʛʜʝ  ï ʦʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ ʜʣʷ 

. ʊʦʛʜʘ ʠʟ (8) ʩʣʝʜʫʝʪ 

 

ʊʝʦʨʝʤʘ 1 ʇʫʩʪʴ , . ʊʦʛʜʘ:  

(1) ʦʧʝʨʘʪʦʨ , ʦʧʨʝʜʝʣʸʥʥʳʡ ʚ (9), ʷʚʣʷʝʪʩʷ ʠʟʦʤʦʨʬʠʟʤʦʤ;  

(2) ʜʣʷ ʣʶʙʦʛʦ ʧʘʜʘʶʱʝʛʦ ʧʦʣʷ  ʟʘʜʘʯʘ (6) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ 

, ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʮʝʥʢʝ , .  

 

2.ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ 

ʉʬʦʨʤʫʣʠʨʫʝʤ ʪʝʧʝʨʴ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ. ʈʦʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʠʛʨʘʝʪ 

ʠʤʧʝʜʘʥʩ , ʠʟʤʝʥʷʶʱʠʡʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʤʥʦʞʝʩʪʚʝ , ʘ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʘ ʩʪʦʠʤʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ, ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʟ ʩʣʝʜʫʶʱʠʭ:  

   (10) 

ɿʜʝʩʴ ʠ ʥʠʞʝ  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʜʦʙʣʘʩʪʴ,  ï ʛʨʘʥʠʮʘ ʢʨʫʛʘ  ʨʘʜʠʫʩʘ , 

ʪʘʢʦʛʦ, ʯʪʦ . ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: 

(j) ; ; ;  ï ʥʝʧʫʩʪʦʝ ʚʳʧʫʢʣʦʝ ʟʘʤʢʥʫʪʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʛʜʝ , . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ  (ʝʩʣʠ ) ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʧʨʝʨʳʚʥʦʝ ʢʦʤʧʘʢʪʥʦʝ ʚʣʦʞʝʥʠʝ 

. ʕʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ:  

  (11) 
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ɿʜʝʩʴ ʢʦʥʩʪʘʥʪʘ  ʟʘʚʠʩʠʪ ʦʪ  ʠ . ɺʚʝʜʸʤ ʦʧʝʨʘʪʦʨ  

ʬʦʨʤʫʣʦʡ  ʠ ʧʝʨʝʧʠʰʝʤ ʩʣʘʙʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ (6) ʟʘʜʘʯʠ 

1 ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ . ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʫʩʣʦʚʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ:  

 (12) 

ɿʜʝʩʴ  ʩʣʘʙʦ ʧʦʣʫʥʝʧʨʝʨʳʚʥʳʡ ʩʥʠʟʫ ʬʫʥʢʮʠʦʥʘʣ ʩʪʦʠʤʦʩʪʠ,  ï 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʣʫʞʘʱʠʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʠʟ ʩʣʘʛʘʝʤʳʭ. ɺʚʝʜʸʤ ʤʥʦʞʝʩʪʚʦ 

 ʜʦʧʫʩʪʠʤʳʭ ʧʘʨ ʜʣʷ ʟʘʜʘʯʠ (12). 

ʉʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (12). 

 

ʊʝʦʨʝʤʘ 2 ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (j),  ʠʣʠ  ʠ  ï ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʤʥʦʞʝʩʪʚʦ. ʊʦʛʜʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ (12) ʠʤʝʝʪ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʦʜʥʦ ʨʝʰʝʥʠʝ 

 ʜʣʷ , . 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ (12) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʚʦʜʝ ʩʠʩʪʝʤʳ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʵʢʩʪʨʝʤʫʤʘ. ʆʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʩʭʝʤʝ, ʦʧʠʩʘʥʥʦʡ ʚ [10] ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʡ ʪʝʦʨʝʤʝ. 

 

ʊʝʦʨʝʤʘ 3 ʇʫʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ (j) ʧʘʨʘ  ʷʚʣʷʝʪʩʷ 

ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (12), ʛʜʝ . ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʥʝʥʫʣʝʚʦʡ 

ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ , ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ  

   (13) 

ʠ ʚʘʨʠʘʮʠʦʥʥʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ:  

   (14) 

ʉʣʘʙʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ 1 (6), ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ-ʃʘʛʨʘʥʞʘ (13) ʠ ʧʨʠʥʮʠʧ 

ʤʠʥʠʤʫʤʘ (14) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʉʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʢʦʥʢʨʝʪʥʳʭ 

ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʦʩʪʝʡʰʠʡ ʘʣʛʦʨʠʪʤ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʠʤʝʥʠʚ ʤʝʪʦʜ ʧʨʦʩʪʦʡ ʠʪʝʨʘʮʠʠ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʥʘʭʦʞʜʝʥʠʠ , ,  ʧʨʠ ʠʟʚʝʩʪʥʦʤ  ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʫʨʘʚʥʝʥʠʡ:  

   (15) 

  (16) 

  (17) 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɻʝʣʴʤʛʦʣʴʮʘ ʩ 

ʠʤʧʝʜʘʥʩʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʪʘʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʠʤʧʝʜʘʥʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʝ, ʨʘʩʩʝʷʥʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʤʠʥʠʤʘʣʴʥʦ. ɼʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ, ʚʳʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʶ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʫ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʦʪʜʝʣʴʥʘʷ ʨʘʙʦʪʘ ʘʚʪʦʨʦʚ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʦʜʦʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʠʟ ʩʣʦʠʩʪʦʛʦ  ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʧʝʨʝʯʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, ʦʨʠʝʥʪʘʮʠʝʡ 

ʩʣʦʝʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ  ʤʝʣʢʦʩʣʦʠʩʪʦʡ ʩʨʝʜʳ. ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʦʙʲʝʤʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ  ʥʘ ʧʦʩʪʦʷʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʫʣʝʚʦʡ 

ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʜʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ.  

ʇʨʠʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʟʘʤʝʜʣʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʚ ʧʦʜʦʙʥʳʭ ʦʨʪʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʪʘʭ.  

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʭ ʥʘʧʨʘʚʣʝʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʚʦʣʥʦʚʦʜʥʳʝ ʘʥʪʝʥʥʳ ʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ /1/. ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʘʥʪʝʥʥ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ  ʤʘʪʝʨʠʘʣʦʚ  ʜʣʷ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʩ  ʘʢʫʩʪʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʧʦʩʦʙʥʳʤʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʂʨʫʛ ʠʟʚʝʩʪʥʳʭ 

ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʜʦʚʦʣʴʥʦ ʫʟʦʢ ʠ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʣʥʦʚʦʜʥʳʭ ʘʥʪʝʥʥ. 

 ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʧʦʜʦʙʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤʠ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ 

ʩʚʦʡʩʪʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʤʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʩʨʝʜʳ. ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʪʘʢʠʭ 

ʩʣʦʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʘʥʠʟʦʪʨʦʧʠʷ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʩʣʦʝʚ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʦʣʝ.  

  ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ  ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʦʣʥʦʚʦʜʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʷʚʣʷʝʪʩʷ  ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ k k kn n ni= +1 2 . 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʪʝʦʨʠʠ ʚʦʣʥʦʚʦʜʥʳʭ ʘʥʪʝʥʥ, ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k1n  

ʟʘʜʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥʦʚʦʜʘ 

k w j1n C
n

= , ʛʜʝ C
nj

 ï ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʳ; w ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʫʛʦʣ ʚʳʭʦʜʘ ʚʦʣʥʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʞʠʜʢʦʩʪʴ. ɺʝʣʠʯʠʥʘ ʤʥʠʤʦʡ ʯʘʩʪʠ 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k2n  ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʪʫʭʘʥʠʷ ʥʦʨʤʘʣʴʥʦʡ 

ʚʦʣʥʳ, ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʣʫʯʝʥʠʝʤ ʝʝ ʵʥʝʨʛʠʠ ʚ ʞʠʜʢʦʩʪʴ, ʠ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʚʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʦʷʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʫʣʝʚʦʡ 

ʤʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʥʦʚʦʜʥʳʭ ʘʥʪʝʥʥ /1/.  
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ. ʄʦʜʝʣʴʶ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʟʣʫʯʘʶʱʝʡ ʩʪʨʫʢʪʫʨʳ, ʤʦʞʝʪ ʙʳʪʴ 

ʙʝʩʢʦʥʝʯʥʳʡ ʫʧʨʫʛʠʡ ʩʪʝʨʞʝʥʴ, ʧʦʛʨʫʞʝʥʥʳʡ ʚ ʞʠʜʢʦʩʪʴ /1/. 

 ɸʥʠʟʦʪʨʦʧʥʳʝ ʚʦʣʥʦʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʘʥʘʣʠʟʘ. ʆʩʥʦʚʥʳʝ 

ʟʘʪʨʫʜʥʝʥʠʷ ʩʚʷʟʘʥʳ  ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʢʘʢ ʦʨʠʝʥʪʘʮʠʠ ʢʦʤʧʦʟʠʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ, ʪʘʢ ʠ ʛʝʦʤʝʪʨʠʠ ʚʦʣʥʦʚʦʜʘ, ʝʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʡ  ʥʘʛʨʫʞʝʥʥʦʩʪʠ.   

ʇʨʦʙʣʝʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ  ʚʦʣʥʦʚʦʜʘʭ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʴ, ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʘʚʪʦʨʳ. ɺ ʨʷʜʝ 

ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʚ ʧʦʧʝʨʝʯʥʦ ʠʟʦʪʨʦʧʥʳʭ ʮʠʣʠʥʜʨʘʭ, ʧʦʛʨʫʞʝʥʥʳʭ 

ʚ ʞʠʜʢʦʩʪʴ, ʠʟ ʛʦʤʦʛʝʥʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠʣʠ ʩʦʩʪʦʷʱʠʭ, ʥʘʧʨʠʤʝʨ, ʠʟ ʵʧʦʢʩʠʜʥʳʭ  

ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʪʦʚ, ʫʧʨʦʯʥʝʥʥʳʭ ʪʦʥʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʦʡ, ʠʣʠ 

ʩʦʩʪʦʷʱʠʭ  ʠʟ ʠʟʦʪʨʦʧʥʳʭ ʷʜʨʘ ʠ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʦʙʦʣʦʯʝʢ /2-5/. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʘʭ ʩ ʧʦʧʝʨʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʩʣʦʝʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʴ ʥʘʤ ʥʝ ʠʟʚʝʩʪʥʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʮʠʣʠʥʜʨʝ, 

ʧʦʛʨʫʞʝʥʥʦʤ ʚ ʞʠʜʢʦʩʪʴ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʜʚʫʭ ʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʦʨʤʘʣʴʥʦ ʢ ʦʩʠ  (ʨʠʩ.1).  

 
ʈʠʩ.1. ʂ ʨʘʩʯʝʪʫ ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʣʢʦʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨ 

 

ʇʫʩʪʴ ʪʦʣʱʠʥʳ ʩʣʦʝʚ h1  ʠ h2ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʘʤʠ ʧʨʦʜʦʣʴʥʳʭ ʠ 

ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʚ ʤʘʪʝʨʠʘʣʘʭ, ʪ.ʝ.  ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʩʣʘʙʦ ʤʝʥʷʝʪʩʷ ʥʘ ʪʦʣʱʠʥʝ ʦʪʜʝʣʴʥʦʛʦ 

ʩʣʦʷ. ʆʙʱʘʷ ʪʝʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʠʩʪʳʭ 

ʙʝʟʛʨʘʥʠʯʥʳʭ ʩʨʝʜ  ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʘ ʚ ʨʘʙʦʪʝ /6/.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʫʧʨʫʛʦʩʪʠ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ 

ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ð ʦʙʳʯʥʦ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʠʣʠ ʰʝʩʪʠ. ʕʬʬʝʢʪʠʚʥʳʝ 

ʫʧʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʣʦʠʩʪʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʪʥʦʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ, ʪ.ʝ. ʩʨʝʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʷʪʴʶ ʫʧʨʫʛʠʤʠ 

ʤʦʜʫʣʷʤʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʤʦʜʫʣʝʡ ʜʣʷ ʤʝʣʢʦʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʧʝʨʝʯʥʦʡ 

ʦʨʠʝʥʪʘʮʠʝʡ ʩʣʦʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʠʟʣʦʞʝʥʦ ʚ ʨʘʙʦʪʝ 

/6/. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʙʝʟʛʨʘʥʠʯʥʦʡ ʩʨʝʜʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʣʦʝʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʣʱʠʥʳ. 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʧʨʠʙʣʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ  ʪʦʥʢʠʭ ʩʣʦʝʚ, ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ 

ʤʦʜʝʣʴʥʫʶ ʛʠʧʦʪʝʟʫ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʪʘʢʠʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʙʝʟʛʨʘʥʠʯʥʳʭ ʩʨʝʜ 

ʠ ʘʢʫʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʠʩʘʪʴ ʥʘʙʦʨʦʤ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʨʝʜʥʝʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʩʣʫʯʘʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʜʚʫʭ ʪʦʥʢʠʭ ʩʣʦʝʚ ʩ ʪʦʣʱʠʥʘʤʠ h1  ʠ 

h2 , ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠ ̫ʜʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
~rɻ ʬ, 

~
Cl , 

~
Ct  

http://materiology.info/ref/harakteristiki_yprygosti.html
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ʛʜʝ 
~
Cl , 

~
Ct - ʵʬʬʝʢʪʠʚʥʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

~rɻ ʬ ï 

ʵʬʬʝʢʪʠʚʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʟʠʪʘ; r1, r2  ï ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩʣʦʝʚ; m1, m2 , l1, l2  ï 

ʧʦʩʪʦʷʥʥʳʝ ʃʘʤʝ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩʣʦʝʚ.  

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʟʘʜʘʯʘ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʨʦʜʦʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ 

ʩʪʝʨʞʥʝʚʦʤ ʤʝʣʢʦʩʣʦʠʩʪʦʤ ʚʦʣʥʦʚʦʜʝ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʜʣʷ 

ʦʜʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 
~rɻ ʬ, 

~
Cl , 

~
Ct , ʚʳʯʠʩʣʷʝʤʳʤʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (1). ʈʝʰʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ ʜʣʷ ʮʠʣʠʥʜʨʦʚ ʩʦ ʩʚʦʙʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʠ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʞʠʜʢʦʩʪʴ ʜʘʥʦ ʚ ʨʘʙʦʪʝ /1/. ʇʦʩʪʦʷʥʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ 

ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʶʪʩʷ, ʢʘʢ ʢʦʨʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʈʘʩʯʝʪ ʢʦʨʥʝʡ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʤʝʣʢʦʩʣʦʠʩʪʳʭ ʚʦʣʥʦʚʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʄʶʣʣʝʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʥʘ ʨʠʩ. 2 ʜʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʠʟ 

ʵʙʦʥʠʪʘ-ʤʝʪʘʣʣʘ ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ jʉ  ʦʪ ʦʙʲʝʤʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʪʦʥʢʠʭ ʩʪʝʨʞʥʝʡ ʩʦ 

ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝʡ, ʧʨʠ ʤʘʣʦʤ ʟʥʘʯʝʥʠʠ ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ~
~

x a Ct=w =0.1. ʆʙʲʝʤʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʦʡ ʤʘʪʝʨʠʘʣʘ 

ʚʪʦʨʦʛʦ ʩʣʦʷ 
~

( )h h h h2 2 1 2= + . 

 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʚʦʣʥʦʚʦʜʘ ʠʟ ʵʙʦʥʠʪʘ- ʤʝʪʘʣʣʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ:  

1- ʘʣʶʤʠʥʠʡ; 2- ʩʪʘʣʴ; 3- ʣʘʪʫʥʴ.  

 

 ʂʘʢ ʚʠʜʥʦ ʠʟ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ, ʜʣʷ 0
~

2 ­h  ʠ 
~
h2 1­ , ʪ.ʝ. ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʪʝʨʞʝʥʴ 

ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʵʙʦʥʠʪʘ ʠʣʠ ʤʘʪʝʨʠʘʣʘ ʚʪʦʨʦʛʦ ʩʣʦʷ, ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʬʘʟʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʨʘʚʥʳ ʩʪʝʨʞʥʝʚʳʤ ʩʢʦʨʦʩʪʷʤ ʚ ʦʜʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʷʭ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

   ʇʦʣʫʯʝʥʥʳʡ ʬʠʟʠʯʝʩʢʠ ʦʯʝʚʠʜʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʤʝʣʢʦʩʣʦʠʩʪʦʛʦ ʚʦʣʥʦʚʦʜʘ. ɼʣʷ ʢʦʤʧʦʟʠʪʦʚ 
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ʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʣʣʳ ʩ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʪʦʣʱʠʥ 

ʤʘʪʝʨʠʘʣʦʚ ʩʣʦʝʚ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ, ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ, ʯʝʤ ʩʪʝʨʞʥʝʚʘʷ 

ʩʢʦʨʦʩʪʴ ʫ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ.  ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʜʦʙʥʳʝ ʢʦʤʧʦʟʠʪ r ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʪʳʣʴʥʳʭ ʥʘʢʣʘʜʦʢ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʧʴʝʟʦʧʘʢʝʪʦʚ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʠʭ ʦʙʱʫʶ ʜʣʠʥʫ ʥʘ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ, ʠʣʠ ʚ ʢʘʯʝʩʪʚʝ ʬʨʦʥʪʘʣʴʥʳʭ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʥʘʛʨʫʟʢʦʡ. 

   ʅʘ ʨʠʩ .3  ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʫʣʝʚʦʡ 

ʧʨʦʜʦʣʴʥʦʡ ʤʦʜʳ ʜʣʷ  ʚʦʣʥʦʚʦʜʦʚ ʠʭ ʵʙʦʥʠʪʘ-ʣʘʪʫʥʠ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠ 

ʨʘʟʣʠʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ  ʣʘʪʫʥʠ 2

~
h .  

 

 
 

ʈʠʩ.3. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʠʟ ʵʙʦʥʠʪʘ-ʣʘʪʫʥʠ: 

 1- 2

~
h = 0,07;   2- 2

~
h =0,1;   3-  2

~
h =0,3;   4- 2

~
h =0,5;   5- 2

~
h =0,7;   6-  2

~
h =0,9 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ~x  ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ ʩʪʝʨʞʥʝʚʦʡ ʩʢʦʨʦʩʪʠ jC =ʉʩʪ ʜʦ ʩʢʦʨʦʩʪʠ  ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ ʈʵʣʝʷ 

)96.087.0( ·ºRC
~
Ct , ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

~
Ct  ʫʢʘʟʘʥʳ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ ʪʘʙʣʠʮʝ.  

ʕʬʬʝʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʣʢʦʩʣʦʠʩʪʳʭ  ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʦʣʥʦʚʦʜʦʚ ʠʟ ʵʙʦʥʠʪʘ ï ʣʘʪʫʥʠ 

 
~
h2  

~rɻ ʬ, ʢʛ/ʤ
3
 tC

~
, ʤ/ʩ lC

~
, ʤ/ʩ Cʩʪ, ʤ/ʩ 

1 2 3 4 5 

0,1 

0.3 

0.5 

0.7 

0.9 

1880.1 

3274.39 

4664.5 

6051.83 

7455.17 

859.95 

735.05 

721.6 

799.53 

1138.39 

2002.85 

1709.72 

1674 

1846.44 

2578.99 

1489.483 

1273.146 

1249 

1384.82 

1891.76 

 

ʊʘʢ ʞʝ ʢʘʢ ʠ ʜʣʷ ʚʦʣʥʦʚʦʜʦʚ ʠʟ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʠʩʧʝʨʩʠʷ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪ ~ .x<15 ʠ ʚʳʩʦʢʠʭ ~x>4 ʤʘʣʘ, ʘ ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ 15 4. ~< <x  ʦʪʤʝʯʘʝʪʩʷ 

ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʣʶʙʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʪʦʣʱʠʥ ʩʣʦʝʚ ʠ 

ʚʩʝʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘʤʠ ʩʦʯʝʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʤʧʦʟʠʪʝ. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ  ʜʣʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʦʪʨʘʞʘʶʪ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʠʠ ʚ ʮʠʣʠʥʜʨʘʭ ʩʦ ʩʚʦʙʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʠʟ ʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ  

ʚʳʯʠʩʣʝʥʥʳʤ  ʵʬʬʝʢʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 1. 

 ɸʥʘʣʠʟ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʮʠʣʠʥʜʨʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʫ, ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʢʦʨʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʫʣʝʚʦʡ ʚʝʱʝʩʪʚʝʥʥʦʡ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʮʠʣʠʥʜʨʝ ʤʦʜʝ ʩʪʘʥʦʚʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ. ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʩʯʝʪʦʚ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʤʝʣʢʦʩʣʦʠʩʪʦʛʦ ʚʦʣʥʦʚʦʜʘ ʠʟ ʵʙʦʥʠʪʘ - 

ʣʘʪʫʥʠ ʩ ʨʘʟʣʠʯʥʳʤ ʦʙʲʝʤʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʣʝʜʥʝʡ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʢʨʠʚʳʭ ʥʘ 



 

273 

 

ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ  ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ʩʪʝʨʞʥʝʚʦʡ 

ʩʢʦʨʦʩʪʠ, ʢʘʢ ʠ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ 

ʚʦʣʥʦʚʦʜʦʚ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʠ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʫ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʣʷ 

ʩʦʩʪʘʚʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʘʢʫʩʪʠʯʝʩʢʠ ʤʷʛʢʠʤ, ʪ.ʝ. ʠʤʝʶʱʠʤ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ
~rɻ ʬ, 

~
Cl , 

~
Ct  (ʢʨʠʚʘʷ 1). 

ɸʥʦʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʢʘʨʪʠʥʦʡ 

ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʩʪʝʨʞʥʝʡ ʠʟ  ʵʙʦʥʠʪʘ /1/. 

 

 
 

ʈʠʩ. 4. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ ʜʣʷ ʚʦʣʥʦʚʦʜʘ ʠʟ ʵʙʦʥʠʪʘ- ʣʘʪʫʥʠ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʚʦʜʫ: 

 1- 2

~
h = 0,1;   2- 2

~
h =0,82;   3-  2

~
h =0,85;   4- 2

~
h =0,9 

 

 ʋ ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʩ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʢʨʠʚʳʝ 2-4) ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ 

ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʩʣʘʙʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʝʝ ʩʣʘʙʳʤ ʚʣʠʷʥʠʝʤ 

ʞʠʜʢʦʩʪʠ. ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʢʨʠʚʳʭ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ  ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʜʣʷ ʚʩʝʭ 

ʩʣʫʯʘʝʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ʩʪʝʨʞʥʝʚʦʡ ʩʢʦʨʦʩʪʠ, ʢʘʢ ʠ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʘ ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʢ ʩʢʦʨʦʩʪʠ CR  ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ ʈʵʣʝʷ. ʄʥʠʤʘʷ ʯʘʩʪʴ ʚʦʣʥʦʚʦʛʦ 

ʯʠʩʣʘ ʜʣʷ ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʩ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʨʠʩ.5) ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʥʴʰʠʤ ʜʝʤʧʬʠʨʫʶʱʠʤ ʚʣʠʷʥʠʝʤ ʞʠʜʢʦʩʪʠ.  ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

ʩʦʩʪʘʚʦʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʥʠʤʘʷ ʯʘʩʪʴ ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ ʠ ʚ ʪʝʭ 

ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʦʛʜʘ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʫʣʝʚʦʡ ʤʦʜʳ 

ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʜʝ jC < 0ʉ , ʥʦ ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟʣʫʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʞʠʜʢʦʩʪʴ, ʧʨʝʢʨʘʱʘʝʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ 

ʢʠʥʝʤʘʪʠʢʠ ʜʣʷ ʥʫʣʝʚʦʡ ʧʨʦʜʦʣʴʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʳ, ʚʣʠʷʥʠʝ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʮʠʣʠʥʜʨʘ, ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʦʣʴʥʦʡ ʤʦʜʳ ʠ  ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʚʦʣʥʦʚʦʜ - ʞʠʜʢʦʩʪʴ. ʈʘʟʣʠʯʠʷ 

ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʠʟʤʝʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʱʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʧʦ ʪʦʣʱʠʥʝ ʚʦʣʥʦʚʦʜʘ, 

ʥʦ ʠ ʚ ʞʠʜʢʦʩʪʠ, ʦʥʦ ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʙʳʚʘʶʱʠʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ 

ʭʘʨʘʢʪʝʨ. ɺʦʣʥʘ ʢʘʢ ʙʳ ʧʨʠʚʷʟʘʥʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʦʚʦʜʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛ 

ʚʦʣʥʳ ʉʪʦʫʥʣʠ-ʐʦʣʪʝ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʝʝ ʟʘʪʫʭʘʝʪ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʜʦʣʴ ʦʩʠ z. 
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ʈʠʩ. 5.  ʄʥʠʤʘʷ ʯʘʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʚʦʣʥʦʚʦʜʘ ʠʟ ʵʙʦʥʠʪʘ- ʣʘʪʫʥʠ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ 

ʚʦʜʫ: 1- 2

~
h = 0,1;   2- 2

~
h =0,82;   3-  2

~
h =0,85;   4- 2

~
h =0,9 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʦʩʪʦʷʥʥʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʣʦʠʩʪʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ ʩʪʨʫʢʪʫʨ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʟʚʦʣʷʝʪ,  ʦʪʤʝʪʠʪʴ ʠʭ 

ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʣʥʦʚʦʜʥʳʭ 

ʘʥʪʝʥʥ. ʅʘʧʨʠʤʝʨ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʢʠ ʚʦʣʥʦʚʦʜʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʩʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʪʨʝʙʫʝʪ ʟʘʤʝʜʣʝʥʠʷ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʨʘʙʦʯʝʡ ʚʦʣʥʳ ʜʦ ʚʝʣʠʯʠʥʳ ʙʣʠʟʢʦʡ ʢ ʟʥʘʯʝʥʠʶ 0c , ʯʪʦ ʚ ʧʨʠʥʮʠʧʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʣʥʦʚʦʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠʟ ʥʝʢʦʪʦʨʳʭ ʘʢʫʩʪʠʯʝʩʢʠ ʤʷʛʢʠʭ  ʦʜʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʙʦʥʠʪ ʠ ʜʨʫʛʠʝ. ʆʜʥʘʢʦ, ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʰʠʨʠʥʦʡ ʙʦʣʝʝ 50ę.  

ɼʣʷ ʝʱʝ ʙʦʣʴʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʦʩʝʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʫʞʥʳ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ  

ʦʙʝʩʧʝʯʠʚʘʶʪ  ʟʘʤʝʜʣʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʳ ʜʦ ʟʥʘʯʝʥʠʡ 1510 -1550  ʤ/ʩ. 

ɺʳʰʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʥʦʚʦʜʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩ ʧʦʧʝʨʝʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʩʣʦʝʚ.  
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ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʚʙʣʠʟʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, 

ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʪʦʣʱʠʥʳ ʣʴʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ 

ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

 

ɺ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʦ ʚʝʜʫʱʠʤʩʷ ʦʩʚʦʝʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɸʨʢʪʠʯʝʩʢʦʛʦ 

ʰʝʣʴʬʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ 

ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [1]. 

ʆʙʣʝʜʝʥʝʥʠʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʧʘʩʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʜʘʣʝʝ ï ʅɻʉ) ʥʘ ɸʨʢʪʠʯʝʩʢʦʤ ʰʝʣʴʬʝ, ʧʦʩʢʦʣʴʢʫ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ï ʦʪ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʧʣʦʪʴ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʩʪʘʥʦʚʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʨʩʢʦʡ 

ʩʨʝʜʳ [2]. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʆɸʆ çʅʀʇʊɹ çʆʥʝʛʘè ʚ ʨʘʤʢʘʭ ʌʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ 

çʈʘʟʚʠʪʠʝ ʛʨʘʞʜʘʥʩʢʦʡ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ ʥʘ 2009-2016 ʛʦʜʳè ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʤʦʨʩʢʦʛʦ ʣʴʜʘ (ʜʘʣʝʝ ï ɸʉ) ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʤʦʥʠʪʦʨʠʥʛ ʪʦʣʱʠʥʳ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʚʙʣʠʟʠ ʅɻʉ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ, 

ʜʘʥʥʳʝ ʜʣʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʝʸ 

ʠʟʤʝʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʣʴʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʭʦʜʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʵʭʦʣʝʜʦʤʝʨ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [3]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʭʦʣʝʜʦʤʝʨʘ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠʟʣʫʯʝʥʠʠ ʟʦʥʜʠʨʫʶʱʝʛʦ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʩʪʦʨʦʥʫ ʣʴʜʘ, ʧʨʠʸʤʘ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʭʦʩʠʛʥʘʣʦʚ ʠ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʦʚ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘ ʙʘʟʝ ʵʭʦʣʝʜʦʤʝʨʘ, ʢ 

ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ (ʜʘʣʝʝ ï ʇʂ) ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ (ʜʘʣʝʝ ï ʇʆ) ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʪʦʣʱʠʥʳ ʣʴʜʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʝʸ ʚʠʟʫʘʣʴʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʵʢʨʘʥʝ ʟʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʠ ʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ [4]. ʇʨʠ 

ʵʪʦʤ ʜʘʥʥʳʝ ʜʣʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʣʴʜʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʸ ʜʠʥʘʤʠʢʠ ʚ ʩʭʦʜʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ɸʉ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʅɻʉ ʩʦʩʪʦʠʪ ʠʟ: 

- ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʢʦʣʠʯʝʩʪʚʝ 13 ʰʪ., ʠʟ ʢʦʪʦʨʳʭ 12 ʰʪ. ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʦ ʥʘ ʜʥʝ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʅɻʉ ʠ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʝʛʦ ʧʝʨʠʤʝʪʨʫ, ʘ 

1 ʰʪ. ï ʥʘ ʜʚʠʞʫʱʝʤʩʷ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ; 

- ʇʂ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʇʆ ʚ ʢʦʣʠʯʝʩʪʚʝ 1 ʰʪ., ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʙʦʨʪʫ ʅɻʉ. 

ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʇʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʟʘɦʠʱʸʥʥʦʤʫ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʢʘʙʝʣʶ ʜʣʷ ʠʥʪʝʨʬʝʡʩʘ RS-485 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
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ʧʨʦʪʦʢʦʣʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʜʥʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʸʪʩʷ ʥʝʧʨʝʨʳʚʥʦ, ʘ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ ï ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʝʛʦ ʤʘʨʰʨʫʪʘ, ʧʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ 

ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʚʩʪʨʦʝʥʥʦʤ ʤʦʜʫʣʝ flash-ʧʘʤʷʪʠ. 

ɺ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: ʙʣʦʢ ʧʠʪʘʥʠʷ, 

ʧʦʚʳʰʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʦʚ, ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ, 

ʧʨʠʸʤʥʠʢ ʵʭʦʩʠʛʥʘʣʦʚ, ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ, 

ʚʳʯʠʩʣʠʪʝʣʴ ʠ ʤʦʜʫʣʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʤʦʜʫʣʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸʉ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1-5. 

 

 
 

ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʧʠʪʘʥʠʷ 

 

ʕʣʝʢʪʨʦʧʠʪʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 24 ɺ, ʧʨʠ ʵʪʦʤ ʪʘʢʠʝ ʤʦʜʫʣʠ ʢʘʢ ʧʦʚʳʰʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠ 

ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʦʚ ʧʠʪʘʶʪʩʷ ʦʪ ʥʝʛʦ ʥʘʧʨʷʤʫʶ, ʘ ʦʩʪʘʣʴʥʳʝ ʤʦʜʫʣʠ ï ʦʪ 

ʬʦʨʤʠʨʫʶʱʝʛʦ ʥʝʦʙʭʦʜʠʤʳʝ ʫʨʦʚʥʠ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʙʣʦʢʘ ʧʠʪʘʥʠʷ. 

 

 
 

ʈʠʩ. 2. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʚʳʰʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʇʦʚʳʰʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ Vcc 

ʟʥʘʯʝʥʠʝʤ ʦʪ 200 ʜʦ 400 ɺ ʜʣʷ ʧʠʪʘʥʠʷ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʦʚ. ʇʦʩʢʦʣʴʢʫ ʦʪʙʦʨ ʵʥʝʨʛʠʠ 

ʩ ʚʳʭʦʜʘ ʧʦʚʳʰʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʝʛʦ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 5 ɺʪ. 
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ʈʠʩ. 3. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʦʚ (ʘ) ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ (ʙ) 

 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʚ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʤ ʠʟʣʫʯʘʪʝʣʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʧʨʠʸʤʥʠʢʘ ʵʭʦʩʠʛʥʘʣʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʣʳʭ 

ʪʦʣʱʠʥ ʣʴʜʘ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 5 % ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʵʬʬʝʢʪʠʚʥʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʀt = 17 ʤʢʩ ʠ ʯʘʩʪʦʪʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 

f = 200 ʢɻʮ, ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʜʘʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [5]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ ʚʦʟʙʫʞʜʘʝʪʩʷ ʦʜʠʥʦʯʥʳʤ ʟʦʥʜʠʨʫʶʱʠʤ ʠʤʧʫʣʴʩʦʤ, ʘ ʝʛʦ 

ʤʦʱʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʬʦʨʤʠʨʦʚʘʪʝʣʷ 

ʠʤʧʫʣʴʩʦʚ Vʩʩ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʣʴʜʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʚʝʣʠʯʠʪʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʜʦ ʟʥʘʯʝʥʠʡ ʦʪ 20 ʜʦ 30 ʤʢʩ, ʧʦʵʪʦʤʫ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ ʚʦʟʙʫʞʜʘʝʪʩʷ ʥʝ ʦʜʥʠʤ, ʘ ʜʚʫʤʷ ʠʣʠ ʪʨʝʤʷ ʠʤʧʫʣʴʩʘʤʠ, ʧʨʠ 

ʵʪʦʤ, ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠʟʣʫʯʘʪʝʣ ̫ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ. 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 4 ʜʦ 20 ʤɸ, 24 ɺ (ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʡ ʩʪʘʥʜʘʨʪ) ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʚ 

ʩʠʛʥʘʣ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 0,8 ʜʦ 4 ɺ ʜʣʷ ʧʦʜʘʯʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴ ʠ ʤʦʜʫʣʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

 

 
 

ʈʠʩ. 4. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʸʤʥʠʢʘ ʵʭʦʩʠʛʥʘʣʦʚ 

 

ʇʨʠʸʤʥʠʢ ʵʭʦʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʦʪ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʷʚʣʷʶʱʝʛʦʩʷ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʪʘʢʞʝ ʧʨʠʸʤʥʠʢʦʤ 

ʦʪʨʘʞʸʥʥʦʛʦ ʩʠʛʥʘʣʘ. 
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ʈʠʩ. 5. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʳʯʠʩʣʠʪʝʣʷ ʠ ʤʦʜʫʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

 

ɺʳʯʠʩʣʠʪʝʣʴ ʠ ʤʦʜʫʣʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ 

ʥʝʛʦ ʜʠʩʢʨʝʪʥʳʭ ʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʪʦʯʥʦʩʪʴʶ ʠ 

ʩʢʦʨʦʩʪʴʶ, ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʇʂ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʚʩʝʡ ʩʭʝʤʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸʉ: 

- ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 24 ɺ; 

- ʩʨʝʜʥʷʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 5 ɺʪ; 

- ʠʟʤʝʨʝʥʠʝ ʪʦʣʱʠʥʳ ʣʴʜʘ ʠʟ ʧʦʜʚʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʠʞʥʝʡ ʢʨʦʤʢʠ 

ʣʴʜʘ ʦʪ 3 ʜʦ 50 ʤ; 

- ʪʦʣʱʠʥʘ ʠʟʤʝʨʷʝʤʦʛʦ ʣʴʜʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1,5 ʤ; 

- ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʪʦʣʱʠʥʳ ʣʴʜʘ ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʙʦʣʝʝ 5 %; 

- ʯʘʩʪʦʪʘ ʠʟʣʫʯʘʪʝʣʷ CA200B-5S 200 ʢɻʮ, ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʣʫʯʘ 8,5Ü; 

- ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ CER-8000-F-N-G2 ʦʪ 0 ʜʦ 1 ʄʇʘ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚ ɸʉ ʠʩʧʦʣʴʟʦʚʘʥ ʇʂ ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʇʆ ï 

çʇʨʦʛʨʘʤʤʦʡ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʚʙʣʠʟʠ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ». ɺʳʙʦʨ ʪʠʧʘ ʇʂ ʦʙʫʩʣʦʚʣʝʥ ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʜʘʥʥʦʛʦ ʇʆ. 

ʇʆ ʧʦʟʚʦʣʷʝʪ: 

- ʦʪʦʙʨʘʟʠʪʴ ʥʘ ʵʢʨʘʥʝ ʇʂ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʪʦʣʱʠʥʳ ʣʴʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʜʠʫʩʦʤ 1 ʢʤ ʦʪ ʮʝʥʪʨʘ ʅɻʉ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʸʥʥʳʝ ʥʘ 

ʜʠʘʛʨʘʤʤʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʣʴʜʘ 

ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6; 

- ʦʪʦʙʨʘʟʠʪʴ ʥʘ ʵʢʨʘʥʝ ʇʂ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʱʠʥʳ ʣʴʜʘ ʦʪ ʚʨʝʤʝʥʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʦ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʧʣʘʪʬʦʨʤʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʸʥʥʳʝ ʥʘ ʛʨʘʬʠʢʘʭ ʜʘʥʥʳʝ ʚ 

ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ ʣʴʜʘ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7; 

- ʦʙʝʩʧʝʯʠʪʴ ʭʨʘʥʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʩʤʦʪʨʘ ʟʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ. 

ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ çʇʨʦʛʨʘʤʤʝ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ 

ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʚʙʣʠʟʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷè ʥʘʧʨʘʚʣʝʥʘ ʟʘʷʚʢʘ ʚ ʌɻʋ çʌʀʇʉè ʥʘ ʝʸ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ. 
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ʈʠʩ. 6. ɺʥʝʰʥʠʡ ʚʠʜ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʇʆ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

 ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ 

 

 
 

ʈʠʩ. 7. ɺʥʝʰʥʠʡ ʚʠʜ ʛʣʘʚʥʦʛʦ ʦʢʥʘ ʇʆ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʜʥʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

 

ɺʩʝ ʤʦʜʫʣʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸʉ (ʢʨʦʤʝ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠ 

ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ) ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʜʚʫʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ (ʧʠʪʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ), ʢʦʪʦʨʳʝ 

ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʝʨʝʭʦʜʥʳʤʠ ʨʘʟʲʸʤʘʤʠ. ʅʘ ʧʣʘʪʝ ʧʠʪʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ ʙʣʦʢ 

ʧʠʪʘʥʠʷ ʠ ʧʦʚʳʰʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʠʥʪʦʚʦʡ ʨʘʟʲʸʤ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 24 ɺ. ʅʘ ʧʣʘʪʝ ʠʟʤʝʨʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʳ 

ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʠʤʧʫʣʴʩʦʚ, ʧʨʠʸʤʥʠʢ ʵʭʦʩʠʛʥʘʣʦʚ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ 

ʜʘʚʣʝʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴ ʠ ʤʦʜʫʣʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʚʠʥʪʦʚʳʝ 

ʨʘʟʲʸʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ ʠ ʢʘʙʝʣʷ ʜʣʷ 

ʠʥʪʝʨʬʝʡʩʘ RS-485. 

ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ɸʉ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʚ ʜʚʫʭ 

ʪʠʧʘʭ ʢʦʨʧʫʩʦʚ: ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 8, ʠ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʜʦʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 9. 
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 ʇʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ 

ʠʟʣʫʯʘʪʝʣʴ 
ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 

ʇʣʘʪʳ ʧʠʪʘʥʠʷ ʠ 

ʠʟʤʝʨʝʥʠʷ 

ɹʣʦʢʠ 

ʧʣʘʚʫʯʝʩʪʠ 

ʉʢʦʙʘ ʜʣʷ ʪʨʦʩʘ 

ʷʢʦʨʷ 

ʂʦʨʧʫʩ 

ʉʢʦʙʘ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

 
 

ʈʠʩ. 8. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸʉ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʜʦʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʦʨʧʫʩ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʢʦʨʧʫʩʘ ʧʦʜʚʦʜʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʟʘ ʧʨʝʜʝʣʳ ʢʦʪʦʨʦʛʦ ʚʳʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ, ʚʦ ʚʪʦʨʦʤ ï ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ 

ʩʙʦʨʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʜʥʝ ʩʪʘʮʠʦʥʘʨʥʦ ʩ ʧʦʤʦʱʴʶ ʷʢʦʨʷ ʠ ʪʨʦʩʘ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʣʘʚʫʯʝʤ 

ʩʦʩʪʦʷʥʠʠ. 

 
 ʂʦʨʧʫʩ 
ʇʣʘʥʢʠ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʧʣʘʪ 

ʂʨʳʰʢʘ ʢʦʨʧʫʩʘ 

ɺʝʥʪʠʣʷʪʦʨ ʦʭʣʘʞʜʝʥʠʷ 

ʇʣʘʪʳ ʧʠʪʘʥʠʷ ʠ 

ʠʟʤʝʨʝʥʠʷ 

 
 

ʈʠʩ. 9. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ɸʉ  

ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʧʦʜʚʦʜʥʦʤ ʘʧʧʘʨʘʪʝ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʠʩʧʳʪʘʥʠʶ ʠ ʥʘʣʘʜʢʝ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʘʙʦʯʝʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ɸʉ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʝʜʩʪʦʷʪ ʨʘʙʦʪʳ ʧʦ ʥʘʪʫʨʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʚ ʩʦʩʪʘʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʅɻʉ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɸʉ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʠʟʛʦʪʘʚʣʠʚʘʶʱʠʝ ʠ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝ ʥʝʬʪʝʛʘʟʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ (ʧʦʛʨʫʞʥʳʝ, 

ʧʦʜʲʸʤʥʳʝ, ʧʣʘʚʫʯʠʝ ʧʣʘʪʬʦʨʤʳ) ʜʣʷ ʦʩʚʦʝʥʠʷ ʰʝʣʴʬʘ ʩʝʚʝʨʥʳʭ ʤʦʨʝʡ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʫʤʤʳ ʫʱʝʨʙʘ ʦʪ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʤʦʞʥʦʡ ʘʚʘʨʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʣʝʜʦʚʳʭ ʧʦʣʝʡ ʥʘ ʅɻʉ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʫʤʤʘ ʫʱʝʨʙʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʢʨʳʚʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʦʟʜʘʥʠʝ ɸʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʝʨʝʜʚʠʞʝʥʠʷʭ ʣʝʜʦʚʳʭ ʧʦʣʝʡ. 
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ɺ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ ʩʝʪʝʮʝʥʪʨʠʟʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʷ ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʘʢʚʘʪʦʨʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ ʧʨʠʝʤʥʠʢʦʚ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

 

ʉʝʪʝʮʝʥʪʨʪʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʚʦʟʥʠʢʣʘ ʚ ʦʙʣʘʩʪʠ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʠ ʫʞʝ 

ʚʥʝʜʨʝʥʘ ʚ ʘʨʤʠʠ ʉʐɸ ʠ ʚʥʝʜʨʷʝʪʩʷ ʚ ʘʨʤʠʷʭ ʈʦʩʩʠʠ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ  ʛʦʩʫʜʘʨʩʪʚʘʭ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʭ ʛʣʦʙʘʣʴʥʦʩʪʴ ï ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ, ʪʘʢ ʠ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ. ʆʥʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʘʩʠʥʭʨʦʥʥʦʤ 

(ʩʦʙʳʪʠʡʥʦʤ) ʨʝʞʠʤʝ ʨʘʙʦʪʳ. ʉʝʪʝʮʝʥʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʝʢʪʠʨʫʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʛʣʫʙʦʢʠʤ ʯʘʩʪʠʯʥʳʤ ʦʪʢʘʟʘʤ ʫʟʣʦʚ ʩʝʪʠ ʠ ʣʠʥʠʡ ʩʚʷʟʠ [1], 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʚ ʨʘʤʢʘʭ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʙʫʜʝʤ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʪʝʦʨʠʝʡ ʦʨʥʘʤʝʥʪʘʣʴʥʦʡ ʩʠʤʤʝʪʨʠʠ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʵʣʝʤʝʥʪʘ 

ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʦʙʱʘʪʴ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʚʩʶ ʘʢʚʘʪʦʨʠʶ ʧʫʪʝʤ ʪʨʘʥʩʣʷʮʠʠ ʠʩʭʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ [2, 3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʠʤʤʝʪʨʠʠ (ʦʩʝʡ ʠ ʪʦʯʝʢ) ʥʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʫʯʘʩʪʢʝ ʘʢʚʘʪʦʨʠʠ. 

ʇʝʨʝʤʝʱʘʷ ʪʦʯʢʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʩʭʦʜʥʦʤʫ ʧʨʠʝʤʥʠʢʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʤʝʥʪʦʚ 

ʩʠʤʤʝʪʨʠʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʯʢʠ ʫʩʪʘʥʦʚʢʠ ʦʩʪʘʣʴʥʳʭ ʧʨʠʝʤʥʠʢʦʚ. ʉʫʱʝʩʪʚʫʝʪ 24 ʛʨʫʧʧʳ 

ʦʨʥʘʤʝʥʪʦʚ, ʩʝʤʴ ʠʟ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʠʩʪʝʤʫ ʪʦʯʝʢ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʦʡ ʠʭ ʦʩʝʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ [3]. ɼʣʷ ʟʘʧʦʣʥʝʥʠʷ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʩʪʦʡ ʧʝʨʝʥʦʩ (ʪʨʘʥʩʣʷʮʠʶ) ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʨʫʛʦʡ 

ʦʩʠ. ʉ ʥʝʢʦʪʦʨʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ 17 ʜʨʫʛʠʭ ʛʨʫʧʧ ʦʨʥʘʤʝʥʪʦʚ, 

ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ. 

ʄʳ ʦʛʨʘʥʠʯʠʤʩʷ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ 

ʦʜʠʥʘʢʦʚʳʝ, ʘ ʫʛʣʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʠʝʤʥʠʢʠ, ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʳ ʪʨʠ ʚʠʜʘ ʦʨʥʘʤʝʥʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʨʘʚʠʣʴʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ: ʪʨʠʛʦʥʘʣʴʥʘʷ, 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ï ʧʨʠʝʤʥʠʢʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʝʨʰʠʥʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʠʭ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʢʚʘʜʨʘʪʦʚ ʠ ʰʝʩʪʠʫʛʦʣʴʥʠʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʧʦʣʦʞʠʚ ʧʨʠʝʤʥʠʢʠ ʥʘ 

ʦʜʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʧʨʝʜʩʪʘʚʠʤ ʟʦʥʫ ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚ ʚʠʜʝ ʢʨʫʛʘ ʨʘʜʠʫʩʘ R, 

ʨʘʩʩʪʦʷʥʠʝ D ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ ʚʳʙʝʨʝʤ ʥʘʠʙʦʣʴʰʝʝ, ʥʦ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʧʦʷʚʠʣʠʩʴ 

ʦʙʣʘʩʪʠ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʟʦʥʫ ʥʠ ʦʜʥʦʛʦ ʠʟ ʧʨʠʝʤʥʠʢʦʚ (ʨʠʩ.1, ʚʝʨʭʥʠʡ ʨʷʜ). ɺʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʚʩʝʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʦʥʘʤ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʝʤʥʠʢʦʚ, ʧʨʠʯʝʤ ʯʠʩʣʦ ʧʨʠʝʤʥʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʠʤʝʝʪ 

ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤ Pmax ʠ ʤʠʥʠʤʫʤ Pmin. ʗʩʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʣʦʱʘʜʴ S, 

ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʦʜʠʥ ʧʨʠʝʤʥʠʢ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʫʩʪʘʥʦʚʢʠ ʧʨʠ ʜʣʷ 

ʟʘʜʘʥʥʳʭ R, Pmax ʠ Pmin. ɽʩʪʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʪʥʦʰʝʥʠʝʤ S/R
2
, 

ʪʘʢ ʯʪʦʙʳ ʜʣʷ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʘʢʚʘʪʦʨʠʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʧʨʠʝʤʥʠʢʦʚ. 
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ʉʪʝʧʝʥʴ, ʧʝʨʝʢʨʳʪʠʷ ʟʦʥ Pmin ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ, 

ʩʚʷʟʥʦʡ, ʜʘʣʴʥʦʤʝʨʥʦʡ ʠ ʜʨ. ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ʇʘʨʘʤʝʪʨ Pmax ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʯʠʩʣʦ ʢʘʥʘʣʦʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʉʙʣʠʞʝʥʠʝ ʧʨʝʝʤʥʠʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1, ʩʨʝʜʥʠʡ ʠ ʥʠʞʥʠʡ ʨʷʜʳ). ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʟʘʜʘʥʦ Pmin=4, ʪʦ ʦʧʪʠʤʘʣʴʥʦʡ ʚ 

ʩʤʳʩʣʝ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʙʫʜʝ ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. 

 

 

ʈʠʩ. 1. ʊʝʪʨʘʛʦʥʘʣʴʥʘʷ (ʘ), ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ (ʙ) ʠ ʪʨʠʛʦʥʘʣʴʥʘʷ (ʚ) ʩʠʩʪʝʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʣʫʯʘʡ Pmin=5. ɿʜʝʩʴ ʦʧʪʠʤʘʣʴʥʦʡ ʚ ʩʤʳʩʣʝ ʚʳʙʨʘʥʥʦʛʦ 

ʢʨʠʪʝʨʠʷ ʙʫʜʝ ʪʨʠʛʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ (ʨʠʩ.1ʚ, ʥʠʞʥʠʡ ʨʷʜ), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ D=2R/ã7; ʠʤʝʶʪʩʷ ʟʦʥʳ, 

ʧʝʨʝʢʨʳʚʘʝʤʳʝ ʰʝʩʪʴʶ ʠ ʩʝʤʴʶ ʧʨʠʝʤʥʠʢʘʤʠ, ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʟʦʥ ʦʪ Pmin=5 ʜʦ Pmax=7 ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʦ { 0 : 9 :4}; ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʳ 

ʷʚʣʷʝʪʩʷ ʪʨʠʘʜʘ ʧʨʠʝʤʥʠʢʦʚ, ʚ ʨʘʩʯʝʪʘʭ ʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʪʴ ʩʝʤʴ ʧʨʠʝʤʥʠʢʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʦʜʥʦʛʦ ʠʭ ʧʨʠʝʤʥʠʢʦʚ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʤʝʥʠʤ ʪʝʦʨʠʶ 

ʤʘʨʢʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʚʨʝʤʝʥʝʤ ʠ ʜʠʩʢʨʝʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ [4, 5 ,6]. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʩʦʩʪʘʚʠʤ ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ [7, 8], ʚʳʜʝʣʠʚ ʩʦʩʪʦʷʥʠʷ: ç7è- ʦʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʦʥʝ, ʧʝʨʝʢʨʳʚʘʝʤʦʡ ʩʝʤʴʶ ʧʨʠʝʤʥʠʢʘʤʠ, ç6è- ʦʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ, ʧʝʨʝʢʨʳʚʘʝʤʦʡ 

ʰʝʩʪʴʶ ʧʨʠʝʤʥʠʢʘʤʠ, ç5è- ʦʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ, ʧʝʨʝʢʨʳʚʘʝʤʦʡ ʧʷʪʴʶ ʧʨʠʝʤʥʠʢʘʤʠ, 

«7-1»- ʦʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ, ʧʝʨʝʢʨʳʚʘʝʤʦʡ ʥʦʤʠʥʘʣʴʥʦ ʩʝʤʴʶ ʧʨʠʝʤʥʠʢʘʤʠ, ʥʦ ʦʜʠʥ ʠʟ 

   

  
 

   

ʘ) ʙ) ʚ 
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ʧʨʠʝʤʥʠʢʦʚ ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ʠ ʪʘʢ ʜʘʣʝʝ ʜʦ ʩʦʩʪʦʷʥʠʡ ç7-7», «6-6», «5-5» -ʚʩʝʛʦ 21 ʩʦʩʪʦʷʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʰʠʥʳ, ʩʦʧʦʩʪʘʚʣʝʥʥʳʝ ʚʳʜʝʣʝʥʥʳʤ ʩʦʩʪʦʷʥʠʷʤ, ʘ 

ʨʝʙʨʘ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʝʨʝʭʦʜʘ ʦʙʲʝʢʪʘ ʠʟ ʩʦʩʪʦʷʥʠʝ ʚ ʩʦʩʪʦʷʥʠʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʠʣʫ ʦʯʝʚʠʜʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʥʘ ʛʨʘʬʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʝʨʝʢʨʝʩʪʥʳʝ ʩʚʷʟʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʛʨʘʬʘ ʠʟ 21 ʩʦʩʪʦʷʥʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʩʠʩʪʝʤʫ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 21 ʧʦʨʷʜʢʘ [9, 10]. ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʚʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʜʦʧʫʱʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʩʠʣʫ ʤʘʣʦʩʪʠ ʧʣʦʱʘʜʠ, 

ʧʦʢʨʳʚʘʝʤʦʡ ʧʷʪʴʶ ʧʨʠʝʤʥʠʢʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʝʩʪʴʶ ʠ ʩʝʤʴʶ, ʧʨʝʥʝʙʨʝʞʝʤ 

ʩʦʩʪʦʷʥʠʷʤʠ ʚʠʜʘ ç5-iè. ɺʦ ʚʪʦʨʳʭ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʙʦʣʝʝ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ 

ʟʘ ʚʨʝʤʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʥʝʚʦʟʤʦʞʝʥ, ʪʦʛʜʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʩʦʩʪʦʷʥʠʷʤʠ ç7-

iè ʠ «5-iè ʧʨʠ i >2. ʆʙʦʟʥʘʯʠʚ ʯʝʨʝʟ Pi/j ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʠʟ j ʧʨʠʝʤʥʠʢʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʟʦʥʫ, i ʧʨʠʝʤʥʠʢʦʚ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ, ʤʦʞʥʦ, ʧʨʠ ʩʜʝʣʘʥʥʳʭ ʚʳʰʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ, ʧʦʣʫʯʠʪʴ ʨʝʜʫʮʠʨʦʚʘʥʥʳʭ ʛʨʘʬ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʛʜʝ ʚʳʜʝʣʝʥʳ 

ʰʝʩʪʴ ʩʦʩʪʦʷʥʠʡ ʠ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ. ɺʝʨʰʠʥʳ 

ʛʨʘʬʘ ʨʘʟʤʝʯʝʥʳ: ʚ ʚʝʨʰʠʥʘʭ ʫʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʥʘ ʨʝʙʨʘʭ ʛʨʘʬʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚ 

ʩʦʩʪʦʷʥʠʝ, ʫʢʘʟʘʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʭʦʜʘ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ, ʟʘʜʘʚ ʚʝʨʦʷʪʥʦʩʪʴ P ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʫʢʪʫʨʳ. 

 

 

ʈʠʩ. 2. ʈʝʜʫʮʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ʩʦʩʪʦʷʥʠʡ 

ʇʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ t, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 

ʫʩʪʘʥʦʚʠʣʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʠ ʚʚʝʩʪʠ ʧʨʝʜʝʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ, ʧʨʝʦʙʨʘʟʦʚʘʚ ʩʠʩʪʝʤʫ 

ʠʟ ʰʝʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ 

[9, 10], ʢʦʪʦʨʦʝ ʩʦʚʤʝʩʪʥʦ ʩ ʥʦʨʤʠʨʦʚʦʯʥʳʤ ʫʩʣʦʚʠʝʤ 

P7 + P7-1 + P7-2 + P6 + P6-1 + P6-2 = 1 

ʜʘʝʪ ʨʝʰʝʥʠʝ ʜʣʷ P6-2  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ: 

q = 1 - P6-2 . 

 ɿʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ q(t), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʧʣʦʪʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʫʶ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʳ.  
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 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʩʝʪʝʮʝʥʪʨʠʟʤʘ [1] ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

çʠʥʪʝʣʣʝʢʪʘè ʫ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʠ ʤʦʛʫʪ çʧʨʠʥʠʤʘʪʴè ʨʝʰʝʥʠʝ ʦ ʧʝʨʝʤʝʱʝʥʠʠ, 

ʠʟʤʝʥʝʥʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨ. ʆʙʳʯʥʳʝ ʟʜʝʩʴ ʧʝʨʝʛʨʫʟʢʘ ʠ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ çʟʘʚʠʩʘʥʠʝʤè, ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝʤ ï ʵʬʬʝʢʪʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤ. ʉʝʪʝʮʝʥʪʨʠʩʪʳ ʬʘʥʪʘʟʠʨʫʶʪ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

çʠʥʪʝʣʣʝʢʪʦʤè ʤʦʞʝʪ ʚʳʡʪʠ ʥʘ ʥʦʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ, ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʡ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʦʪʜʝʣʴʥʳʝ ʥʘʩʝʢʦʤʳʝ, ʦʙʲʝʜʠʥʷʷʩʴ ʚ ʨʦʡ, ʚʝʜʫʪ ʩʝʙʷ ʩʦʚʩʝʤ 

ʠʥʘʯʝ, ʯʝʤ ʠʥʜʠʚʠʜʫʫʤʳ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʘʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʟʘʠʤʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ, ʧʦʢʨʳʚʘʝʤʦʡ ʠʤʠ ʧʣʦʱʘʜʠ 

ʘʢʚʘʪʦʨʠʠ, ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʵʣʝʤʝʥʪʦʚ ʠ, ʚ ʮʝʣʦʤ, ʧʦʚʳʩʠʪʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ, ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʧʨʠʥʷʪʳʭ ʩʣʦʞʥʳʭ ʬʘʟʦʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

 

ɺ ʧʨʘʢʪʠʢʝ ʧʦʜʚʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʢʝʘʥʘ, ʧʨʦʚʦʜʠʤʳʭ ʦʪʜʝʣʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʝʘʥʘ ʊʆʀ ɼɺʆ ʈɸʅ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʦʢʝʘʥʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ 

ʠʟʣʫʯʝʥʠʷ ʩʣʦʞʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʬʘʟʦʚʦʡ ʤʘʥʠʧʫʣʷʮʠʝʡ ʠ ʧʨʠʝʤʝ ʜʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʫʜʘʣʝʥʥʦʡ 

ʪʦʯʢʝ ʪʦʯʝʯʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʦʡ ï ʧʨʠʝʤʥʠʢʦʤ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʨʘʟʨʝʰʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʚʳʧʦʣʥʷʝʪʩʷ ʩʚʝʨʪʢʘ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʠʟʣʫʯʝʥʥʳʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʚʨʝʤʝʥʘ ʧʨʠʭʦʜʦʚ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦ ʥʠʤ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʢʘʨʪʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʧʦ ʢʦʪʦʨʦʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʨʝʜʳ [1]. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ ʢʘʢ ʚʘʞʥʦʡ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʠ 

ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ) ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʞʝ ʧʨʠ ʨʝʰʝʥʠʠ ʨʷʜʘ 

ʧʨʠʢʣʘʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʨʦʙʣʝʤʘ ʧʝʨʝʜʘʯʠ ʢʦʤʘʥʜ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʦʜʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ [2]. 

ʉʧʠʩʦʢ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʥʚʘʨʠʘʥʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʯʘʩʪʦʪʘ-ʨʘʩʩʪʦʷʥʠʝ (w,R) ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ 

(w0,R0) ʢʘʢ ɓ = (Dw/w0)/(DR/R0) ʠʣʠ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʬʘʟʦʚʦʡ 

Cʛ(Cʬ) [3]: ɓ = - µ(1/Cʬ)/µ(1/Cʛ). 

ɺ [4, 5] ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʚʘʨʠʘʥʪʥʦʡ ʩʢʦʨʦʩʪʠ Cb = (1+b)/(1/Cʬ+b/Cʛ), ʦʙʣʘʜʘʶʱʝʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʷʤʠ, 

Dʉb /Cb.@ (DCʬ /Cʬ)
2
 @ (DCʛ/Cʛ)

2
. ɼʣʷ ʧʣʦʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʦʜʥʦʨʦʜʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ 

ʪʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʚʘʨʠʘʥʪʘ b å 1, ʜʣʷ ʚʦʣʥʦʚʦʜʘ ʩ ʚʳʨʘʞʝʥʥʳʤ ʢʘʥʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ 

ʠʥʚʘʨʠʘʥʪ b å -3. ɺ [5] ʜʘʥʦ ʦʙʦʙʱʝʥʠʝ ʧʦʥʷʪʠʝ ʠʥʚʘʨʠʘʥʪʘ ʥʘ ʩʣʫʯʘʡ ʪʨʝʭʤʝʨʥʦʛʦ ʢʣʠʥʘ ʩ 

ʦʜʥʦʨʦʜʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʚʘʨʠʘʥʪ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʛʣʫʙʠʥ ʤʝʩʪʘ 

ʠʩʪʦʯʥʠʢʘ ho ʠ ʧʨʠʝʤʥʠʢʘ h, b = ho/h. ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʟʘʢʦʥʦʤ 

ʨʘʩʰʠʨʝʥʠʷ h(r) ʠʥʚʘʨʠʘʥʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ b = r/h
2
(r)/Úh

2
(r)dr, ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʨʘʩʩʝ, 

ʩʦʝʜʠʥʷʶʱʝʡ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʝ ʪʦʯʢʠ. 

ʊʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ, ʨʝʘʣʠʟʫʶʱʝʤ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʥʳʡ ʧʨʠʝʤʥʠʢ (ɺʇ) (ʨʠʩ. 1). ɺ ʨʘʙʦʪʝ [6] ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʰʝʣʴʬʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʨʘʞʝʥʠʝ Ŭ = arctg[Uz/ã(Ux
2
+Uy

2
)], ʛʜʝ 

Uz, Ux, Uy - ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʘʥʘʣʘʭ ɺʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ [10] ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʜʚʝ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʨʝʤʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʤ 

ʩʘʤʳʤ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʚʦʡʩʪʚʘʭ ʤʦʨʩʢʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʨʘʙʦʪʘʭ [8,9] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʇ ʠʟʤʝʨʷʣʠʩʴ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ P ʠ ʢʦʤʧʦʥʝʥʪʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

V ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʠʩʪʦʯʥʠʢ, ʠ, ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ r1, ʦʧʨʝʜʝʣʷʣʘʩʴ ʬʘʟʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʉʬ ʢʘʢ 1/ʉʬ = r1|P||V|cos(P,V*)/|P|
2
, ʛʜʝ * - ʦʙʦʟʥʘʯʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʷʞʝʥʠʝ. 

 

                       ʘ)  ʙ)  
 

ʈʠʩ.1. ɺʝʢʪʦʨʥʳʝ ʧʨʠʝʤʥʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʪʦʤʦʛʨʘʬʠʠ (ʘ) ʠ ʣʘʙʦʨʘʪʦʨʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʰʫʤʦʚ (ʙ) 

ʦʪʜʝʣʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʢʝʘʥʘ ʊʆʀ ɼɺʆ ʈɸʅ 

 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ 

ʯʝʨʝʟ ʛʨʘʜʠʝʥʪʳ ʬʘʟʳ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ ï ʛʨʫʧʧʦʚʘʷ ʩʢʦʨʦʩʪʴ ʠ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ï ʧʨʦʝʢʮʠʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʣʦʞʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʰʝʣʴʬʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʠʜʦʤ 

ʠʤʧʫʣʴʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʝʥʥʳʭ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ. ɼʣʷ ʚʦʣʥʦʚʦʜʘ ʩ ʦʜʥʦʨʦʜʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥʘʭ Z 

ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʝʤʥʠʢʘ  ʜʘʥʥʳʝ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʙʦʙʱʝʥʠʠ 

ʤʦʜʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [5] ʜʣʷ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʚʦʣʥʦʚʦʜʘ, ʥʘ ʩʣʫʯʘʡ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʪʦʜʦʤ ʤʥʠʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ [7]. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʛʣʫʙʠʥʳ ʧʨʠʝʤʥʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʠʧʦʣʴʥʳʝ ʧʘʨʳ. ʇʨʠ ʪʠʧʠʯʥʦʤ ʜʣʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʨʘʟʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʚʙʣʠʟʠ ʜʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ŭo<<ho ʠ ŭ<<h 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʧʦʣʴʥʳʝ ʧʘʨʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʯʝʪʚʝʨʢʠ (ʢʚʘʜʨʦʫʧʦʣʠ). ɽʩʣʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʣʦʞʠʪʴ ŭo>ŭ ʠ ho = h, ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʠʭʦʜʦʚ ʠʤʧʫʣʴʩʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ Ro = ã(r
2
+4n

2
h

2
) ʦʧʨʝʜʝʣʠʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

{ -2nh(ŭo+ŭ)/Ro; -2nh(ŭo-ŭ)/Ro; 2nh(ŭo-ŭ)/Ro; 2nh(ŭo+ŭ)/Ro}, ʛʜʝ n ï ʯʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʦʪ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ. ʇʨʠ ʵʪʦʤ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʩʢʦʣʴʞʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʟʥʘʢʠ 

ʯʝʨʝʜʫʶʪʩʷ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ɺʇ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʠʥʦʯʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʜʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʥʘʜʝʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʨʠʭʦʜʳ. 

ɺ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʰʝʣʴʬʝ (ʪʠʧʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʘʢʫʩʪʠʢʦ-

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʡ ʧʦʣʠʛʦʥ ʊʆʀ ɼɺʆ ʈɸʅ ʚʙʣʠʟʠ ʤ. ɻʘʤʦʚʘ ʚ ʗʧʦʥʩʢʦʤ ʤʦʨʝ) ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʨʠʜʦʥʥʳʡ ʟʚʫʢʦʚʦʡ ʢʘʥʘʣ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʳ ʩ ʩʝʟʦʥʥʦʡ ʠ ʩʫʪʦʯʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʛʠʜʨʦʣʦʛʠʠ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʷʚʣʝʥʠʝ ʚ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʥʘʣʘ 

ʦʪʢʣʠʢʦʚ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʢʘʢ ʟʘʭʚʘʯʝʥʥʳʤ ʚʦʣʥʦʚʦʜʦʤ, ʪʘʢ ʠ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʣʥʦʚʦʜʘ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʭʦʜʳ ʩ 

ʠʥʚʘʨʠʘʥʪʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʦʚ. 

ʇʦʩʢʦʣʴʢʫ ʜʦʙʨʦʪʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʟʣʫʯʘʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 8-10, 


