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ɺɺɽɼɽʅʀɽ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʯʘʣʦʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ. ɺ ʈʦʩʩʠʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʠʟʳʩʢʘʥʠʷʤ ʠ 

ʨʘʟʨʘʙʦʪʢʘʤ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ.  

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʧʨʝʜʩʪʦʷʱʠʭ ʨʘʙʦʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʰʝʣʴʬ ʘʨʢʪʠʯʝʩʢʠʭ 

ʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʤʦʨʝʡ. ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʨʘʡʦʥʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʰʝʣʴʬ ʆʭʦʪʩʢʦʛʦ, ɹʘʨʝʥʮʝʚʘ ʠ ʂʘʨʩʢʦʛʦ ʤʦʨʝʡ.  

ɺ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʦ 

ʚʨʝʤʝʥʠ ʵʪʘʧʦʚ, ʘ ʠʤʝʥʥʦ: 

- ʨʘʟʚʝʜʢʘ ʠ ʦʢʦʥʪʫʨʠʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠ;̫ 

- ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʨʘʡʦʥʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʝʩʪʘʭ ʙʫʨʝʥʠʷ ʠ ʦʙʫʩʪʨʦʡʩʪʚʘ ʩʢʚʘʞʠʥ, 

ʚʢʣʶʯʘʷ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʧʦʜʚʦʜʥʳʭ ʜʦʙʳʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ 

ʪʨʘʩʩʳ ʧʨʦʢʣʘʜʢʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

- ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ; 

- ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʢʚʘʞʠʥ ʩ ʢʦʥʪʨʦʣʝʤ ʧʨʦʮʝʩʩʘ ʛʘʟʦ- ʠ ʥʝʬʪʝʜʦʙʳʯʠ 

ʠ ʦʮʝʥʢʦʡ ʫʨʦʚʥʷ ʚʳʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʵʪʠ ʵʪʘʧʳ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʵʪʘʧʘ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ,  

ʨʝʘʣʠʟʫʪʁʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʢʩʠʨʫʝʤʳʭ 

ʧʨʠʝʤʥʳʭ ʩʝʡʩʤʦʢʦʩ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ, ʧʨʠʯʝʤ ʙʫʢʩʠʨʦʚʢʘ ʧʨʠʝʤʥʳʭ ʠ ʠʟʣʫʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ [20, 41, 98]. 

ʋʯʠʪʳʚʘʷ, ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʰʝʣʴʬʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʈʦʩʩʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ ʙʫʢʩʠʨʫʝʤʳʭ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʦʩʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ  

ʩʝʟʦʥʥʳʡ ʠ ʚʝʩʴʤʘ ʟʘʪʨʘʪʥʳʡ ʭʘʨʘʢʪʝʨ.  
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ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʫʛʣʦʛʦʜʠʯʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʰʝʣʴʬʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʚʦʜʥʦʡ ʙʫʢʩʠʨʦʚʢʠ ʧʨʠʝʤʥʳʭ ʠ ʠʟʣʫʯʘʶʱʠʭ ʩʨʝʜʩʪʚ, ʥʦ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʵʪʦʪ ʚʘʨʠʘʥʪ ʚʝʩʴʤʘ ʜʦʨʦʛʦʩʪʦʷʱʠʡ.   

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʘʞʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʢʘʟʘʥʥʦʡ ʚʳʰʝ ʧʨʦʙʣʝʤʳ 

ʦʩʚʦʝʥʠʷ ʘʨʢʪʠʯʝʩʢʠʭ ʰʝʣʴʬʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʟʘʛʣʫʙʣʝʥʠʷ (ʧʨʠʙʣʠʞʝʥʠʷ ʢʦ ʜʥʫ) ʧʨʠʝʤʥʳʭ ʠ 

ʠʟʣʫʯʘʶʱʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʤʦʨʩʢʠʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ʆʙʦʩʥʦʚʘʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʪʘʢʠʤʠ ʷʨʢʠʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʰʢʦʣ r ʄɻʋ ʢʘʢ ʖ.ʇ. ɸʤʧʠʣʦʚ, ʄ.ʖ. 

ʊʦʢʘʨʝʚ, ɺ.ɻ. ɻʘʡʥʘʥʦʚ ʠ ʜʨ., ʧʦʢʘʟʳʚʘʶʱʠʤʠ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʢʦ ʜʥʫ ʤʦʨʷ 

ʠʟʣʫʯʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʨʩʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3,4]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʨʷʜʘ ʤʦʨʩʢʠʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʪʘʢʠʭ ʢʘʢ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʦʚ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʢʦʥʪʨʦʣʴ ʚʳʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʬʠʟʠʢʠ ʫʥʠʚʝʨʩʠʪʝʪʘ çɼʫʙʥʘè ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʨʘʟʤʝʩʪʠʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʨʠʝʤʥʫʶ ʩʠʩʪʝʤʫ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʥʦ ʤʦʨʷ [62]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʨʩʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʥʥʦ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʜʦʥʥʳʭ 

ʧʨʠʝʤʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʟʘʛʣʫʙʣʝʥʥʳʭ  ʙʫʢʩʠʨʫʝʤʳʭ ʠʟʣʫʯʘʶʱʠʭ ʩʨʝʜʩʪʚ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʥʦ 

ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠ ̫  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ ɺ.ʀ. ɹʦʛʦʷʚʣʝʥʩʢʦʛʦ, ɻ.ɸ. ʄʘʢʩʠʤʦʚʘ, ɸ.ɺ. ɻʣʘʜʠʣʠʥʘ 

[13-16, 74].  
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ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ  ʘʢʘʜʝʤʠʢʘ ʈɸʅ ʃʦʙʢʦʚʩʢʦʛʦ ʃ.ʀ. ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʚʥʝʜʨʝʥʘ ʥʘ ʤʝʣʢʦʚʦʜʥʦʤ ʰʝʣʴʬʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ 

ʩʪʘʮʠʦʥʘʨʥʘʷ ʜʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʮʝʩʩʘ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ  [69-72]. 

ʉ ʫʩʪʘʥʦʚʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ ʥʘ ʜʥʦ ʤʦʨʷ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ ʤʦʨʩʢʫʶ ʩʝʡʩʤʦʨʘʟʚʝʜʢʫ  ʨʷʜʘ 

ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʚʝʜʢʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ 

ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʢʘʢ ʧʝʨʚʠʯʥʳʭ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʪʦʨʳʭ 

ʨʘʟʨʘʙʦʪʘʥʳ ʛʨʫʧʧʦʡ ʛʝʦʬʠʟʠʢʦʚ ʚʦ ʛʣʘʚʝ ʩ ʆ.ʃ. ʂʫʟʥʝʮʦʚʳʤ [63-68, 89, 100, 

101], ʚ ʯʘʩʪʥʦʩʪʠ: 

- ʤʝʪʦʜ ʩʝʡʩʤʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ ʦʯʘʛʦʚ ʵʤʠʩʩʠʠ (ʉʃʆʕ); 

- ʤʝʪʦʜ ʩʝʡʩʤʠʯʝʩʢʦʡ ʣʦʢʘʮʠʠ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ (ʉʃɹʆ). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴ ʁʪʝʭʥʦʣʦʛʠʠ ʉʃɹʆ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʶʪ ʧʦʤʠʤʦ ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʝʥʥʳʭ 

ʚʦʣʥ, ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ,  ʨʘʩʩʝʷʥʥʳʝ ʚʦʣʥʳ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʝʥʥʳʤʠ ʚʦʣʥʘʤʠ 

ʨʘʩʩʝʷʥʥʳʝ ʚʦʣʥʳ ʠʤʝʶʪ ʘʤʧʣʠʪʫʜʫ ʥʘ 1-2 ʧʦʨʷʜʢʘ  ʤʝʥʴʰʝ, ʜʣʷ ʠʭ 

ʚʳʜʝʣʝʥʠʷ ʚ ʦʙʱʝʤ ʩʝʡʩʤʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʠʩʧʦʣʴʟʫʶʪ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʨʠʝʤʥʳʝ ʠ ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʠʟʣʫʯʘʶʱʠʝ 

ʘʥʪʝʥʥʳ ʩ ʨʘʟʤʝʨʘʤʠ ʘʧʝʨʪʫʨ ʜʦ 2 ʢʤ ʠ ʙʦʣʝʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʘʣʠʟʦʚʘʪʴ 

ʥʘʢʦʧʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʢʨʘʪʥʦʩʪʴʶ ʜʦ 10
4
.  

ʊʝʭʥʦʣʦʛʠʷ  ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʦʯʘʛʦʚ ʵʤʠʩʩʠʠ  ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʨʘʟʚʝʜʢʫ, ʜʦʨʘʟʚʝʜʢʫ, ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ 

ʩʪʝʧʝʥʠ ʚʳʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʘ ʛʝʥʝʨʘʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʟʘʣʝʞʴʶ ʢʦʣʝʙʘʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʥʠʟʢʠʭ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ 

[2,17,100].  

ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʚʳʷʚʣʝʥʥʦʡ 

ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʫʶ, ʩʦʙʩʪʚʝʥʥʦ, ʦʨʠʝʥʪʠʨʦʚʘʥʘ 
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ʪʝʭʥʦʣʦʛʠʷ ʉʃʆʕ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʉʃɹʆ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʩʠʥʬʘʟʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ. 

ʋʩʧʝʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʛʣʫʙʠʥʥʦʛʦ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ. ʇʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʤ ʙʫʨʝʥʠʠ ʢʦʥʪʨʦʣʴ ʧʨʦʭʦʜʢʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʤʝʪʦʜʘʤʠ  ʠʥʢʣʠʥʦʤʝʪʨʠʠ ʣʠʙʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʟʘʙʦʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʪʨʘʠʚʘʝʤʦʛʦ ʩʢʚʘʞʠʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ-ʧʨʠʝʤʥʠʢʘ ʠ 

ʥʘʟʝʤʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʝʤʥʠʢʦʚ-ʠʟʣʫʯʘʪʝʣʝʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʟʣʫʯʝʥʠʝ-

ʧʨʠʝʤ ʩʧʝʮʠʘʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʆʜʥʘʢʦ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ 

ʨʦʜʘ ʤʝʪʦʜʦʚ ʩʦʧʨʷʞʝʥʘ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʩʣʦʞʥʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʜʢʠ 

ʩʢʚʘʞʠʥʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʜʝʞʥʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ ʚ 

ʩʢʚʘʞʠʥʝ.  

ʅʘʣʠʯʠʝ ʰʫʤʘ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʟʘʙʦʷ ʤʝʪʦʜʘʤʠ ʧʘʩʩʠʚʥʦʡ 

ʩʝʡʩʤʦʘʢʫʩʪʠʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

(ʫʜʘʨʥʳʡ, ʚʨʘʱʘʪʝʣʴʥʳʡ, ʫʜʘʨʥʦ-ʚʨʘʱʘʪʝʣʴʥʳʡ) ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʧʦʨʦʜʳ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʰʫʤʦʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ɻʝʨʮ.  

ʇʨʠ ʨʘʟʤʝʱʝʥʠʠ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʟʘʙʦʷ [73] ʚ ʨʝʞʠʤʝ ʧʘʩʩʠʚʥʦʡ 

ʣʦʢʘʮʠʠ.  

ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʚʳʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʦʮʝʥʢʫ ʪʝʢʫʱʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʪʝʦʪʜʘʯʠ ʠ ʚʳʷʚʣʝʥʠʷ ʥʝʟʘʪʨʦʥʫʪʳʭ ʚʳʪʝʩʥʝʥʠʝʤ ʮʝʣʠʢʦʚ 

ʥʝʬʪʠ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʚʝʨʥʫʪʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʦʥʥʦʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʨʘʡʦʥʝ ʨʘʟʨʘʙʦʪʢʠ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʝʛʦ 3D 

ʤʦʥʠʪʦʨʠʥʛʘ, ʪ.ʝ. ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 4D ʪʝʭʥʦʣʦʛʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʦʢʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʉʃɹʆ ʠ ʉʃʆʕ)  ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʥʮʠʧʘʤ, 

ʟʘʢʣʘʜʳʚʘʝʤʳʤ ʚ ʪʝʭʥʦʣʦʛʠʶ çʛʝʦʩʬʝʨʥʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠè, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʘʢʘʜʝʤʠʢʦʤ ʈɸʅ ɸ.ʅ. ɼʤʠʪʨʠʝʚʩʢʠʤ ʠ ʅ.ɸ. ɽʨʝʤʠʥʳʤ ʚ ʠʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʈɸʅ [30]. 

ʇʦʩʢʦʣʴʢʫ ʫʢʘʟʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ  

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʥʘʟʝʤʥʦʡ ʛʝʦʬʠʟʠʢʝ,  ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ 

ʘʢʪʫʘʣʴʥʦʩʪʠ  ʧʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʣʦʢʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʬʘʟʠʨʫʝʤʳʤʠ 

ʘʥʪʝʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʝʨʝʥʦʩʘ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʤʦʨʩʢʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʝʣʘʪʝʣʴʥʦʡ ʠ ʦʮʝʥʢʠ 

ʨʝʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʧʝʨʪʫʨ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ ʚ ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʥʘ ʩʫʰʝ ʵʪʠ ʟʘʜʘʯʠ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ ʨʝʰʘʪʁʩʷ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʠʩʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ [80,81]. ʇʝʨʝʤʝʱʝʥʠʝ ʞʝ ʧʨʠʝʤʥʳʭ ʠ ʠʟʣʫʯʘʶʱʠʭ 

ʩʠʩʪʝʤ ʚ ʚʦʜʥʫʶ ʪʦʣʱʫ ʣʠʰʘʝʪ ʵʪʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʪʨʫʜʥʷʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʥʝ ʪʦʣʴʢʦ ʛʣʫʙʠʥʥʦʡ, ʥʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ [19].   ʉʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ 

ʪʘʢʠʭ ʤʘʩʰʪʘʙʦʚ, ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʨʝʰʘʪʴ ʝʝ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ, ʛʜʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚʦʣʥʦʚʦʜʥʳʡ, ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ.   

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠ ̫ ʚ ʤʦʨʩʢʠʭ 

ʫʩʣʦʚʠʷʭ  ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 
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ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʟʠʨʫʝʤʳʭ 

ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

1. ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʤʦʨʩʢʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠ 

ʚʪʦʨʠʯʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʤʦʨʩʢʠʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ (ʩʝʡʩʤʦʣʦʢʘʪʦʨʘʤʠ) ʥʘ ʙʘʟʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʨʘʟʚʠʪʳʭ ʜʦʥʥʳʭ ʧʨʠʝʤʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʠ ʠʟʣʫʯʘʶʱʠʭ 

ʘʥʪʝʥʥ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ.  

2. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʤʦʨʩʢʠʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ  ʥʘ ʙʘʟʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʦʥʥʳʭ 

ʧʨʠʝʤʥʳʭ ʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʠʟʣʫʯʘʶʱʠʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʪʁʩʷ ʤʝʪʦʜʳ ʤʦʨʩʢʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠ 

ʚʪʦʨʠʯʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠ ̫ ʤʦʨʩʢʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ  ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ (ʩʝʡʩʤʦʣʦʢʘʪʦʨʘʤʠ) ʥʘ ʙʘʟʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʨʘʟʚʠʪʳʭ ʜʦʥʥʳʭ ʧʨʠʝʤʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʠ ʠʟʣʫʯʘʶʱʠʭ 

ʘʥʪʝʥʥ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ   

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ 

(ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ) ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʵʣʝʤʝʥʪʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ. 

2.  ʆʙʦʩʥʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʨʳ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʨʠ 
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ʟʘʜʘʥʠʠ (ʚʳʙʦʨʝ) ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ  ʚ ʩʠʩʪʝʤʘʭ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʣʴʥʦʤʝʨʥʳʤ  ʠ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʤ ʤʝʪʦʜʘʤʠ. 

3. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʢʘʢ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʧʨʠ ʦʮʝʥʢʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ  ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ.  

4. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʦʚʦʜʘ, ʢʘʢ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ 

ʤʝʣʢʦʤ ʤʦʨʝ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ.  

5. ʇʦʢʘʟʘʥʘ ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʚʫʩʣʦʡʥʦʡ ʤʦʜʝʣʠ ʇʝʢʝʨʠʩʘ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʦʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʦʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʣʦʢʘʪʦʨʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʝʛʦ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʚʢʣʶʯʘʶʱʘʷ ʦʮʝʥʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʦʡ ʘʧʝʨʪʫʨʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦʡ ʠ 

ʧʘʩʩʠʚʥʦʡ ʩʝʡʩʤʦʣʦʢʘʮʠʠ. 

2. ʊʝʭʥʦʣʦʛʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ  ʘʧʝʨʪʫʨʳ ʩʝʡʩʤʦʣʦʢʘʪʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʙʩʪʚʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʦʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʠ ʧʨʷʤʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʝʨʳ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ çʵʣʝʤʝʥʪʦʚè 
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ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʘʢʪʠʚʥʦʡ 

ʩʝʡʩʤʦʣʦʢʘʮʠʠ. 

3. ʇʘʢʝʪ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ (çʇʆʉʠɻʉè), ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʚʦʟʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʤʦʨʩʢʦʡ 

ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠ 

ʚʪʦʨʠʯʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ  ʤʦʨʩʢʠʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ    ʥʘ ʙʘʟʝ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʳʭ 

ʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʠʟʣʫʯʘʶʱʠʭ ʘʥʪʝʥʥ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ: 

-  ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢʠʭ  ʢʘʢ ʉʃʆʕ, ʉʃɹʆ ʠ ʜʨ. ʥʘ ʙʘʟʝ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʜʦʥʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʠ 

ʠʟʣʫʯʘʶʱʠʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ  ʙʫʢʩʠʨʫʝʤʳʤ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤ ʠʟʣʫʯʘʪʝʣʝʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ çʇʆʉʠɻʉè;  

- ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ ʪʘʢʪʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠ  ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ  ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʚʤʝʩʪʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ: 

1. ɺʩʝ ʘʣʛʦʨʠʪʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʘʧʨʦʙʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʧʧʘʨʘʪ ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥ ʚ ʧʘʢʝʪʝ 

ʧʨʦʛʨʘʤʤ çʇʆʉʠɻʉè. ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

2. ʇʘʢʝʪ ʧʨʦʛʨʘʤʤ çʇʆʉʠɻʉè ʩ ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʚ ʥʝʤ ʘʣʛʦʨʠʪʤʘʤʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ (ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʚʳʥʦʩʥʳʭ ʯʘʩʪʝʡ  

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʜʚʦʜʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʄɻʂ-

608ʄ.   

3. ʉʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ  ʦʪʨʘʙʦʪʘʥ ʥʘ ʤʘʢʝʪʥʦʤ ʦʙʨʘʟʮʝ ʤʦʙʠʣʴʥʦʡ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚʳʥʦʩʥʘʷ 

ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʟʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʘʭ ʛʨʫʥʪʦʚ, ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʩʠʛʥʘʣʦʚ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʠʭ ʠʩʪʦʯʥʠʢʦʚ. 

4. ʉʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʘʙʦʪʘʥ ʚ 

ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ  ʤʦʨʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

5. ʊʝʭʥʦʣʦʛʠʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʘʣʴʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʢʘʢ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ,  ʠ ʪʝʭʥʦʣʦʛʠʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʝʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪʨʘʙʦʪʘʥʘ ʥʘ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʙʰʠʨʥʦʡ ʘʢʚʘʪʦʨʠʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ. 

6. ɸʣʛʦʨʠʪʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʚ 

ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ çʇʆʉʠɻʉè ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʝʡʩʤʦʣʦʢʘʮʠʷ ʦʯʘʛʦʚ ʵʤʠʩʩʠʠ (ʉʃʆʕ) ʠ ʩʝʡʩʤʦʣʦʢʘʮʠʷ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ 

(ʉʃɹʆ), ʧʨʦʰʣʠ ʘʧʨʦʙʘʮʠʶ ʠ ʚʝʨʠʬʠʢʘʮʠʶ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʰʠʨʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʚʢʣʶʯʘʷ ʤʦʥʠʪʦʨʠʥʛ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ (ɻʈʇ). 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʝʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥʦ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ çʇʆʉʠɻʉè. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

(çʇʆʉʠɻʉè), ʧʨʦʚʝʜʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʝ ʠ 

ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʢʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ 

ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ: ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʤʝʞʚʫʟʦʚʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʚʥʫʪʨʠʢʘʤʝʨʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʩʪʨʫʡʥʘʷ ʘʢʫʩʪʠʢʘ ʠ ʜʠʘʛʥʦʩʪʠʢʘ, ʧʨʠʙʦʨʳ ʠ 

ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʚʝʱʝʩʪʚ, ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡè, ʂʘʟʘʥʴ, 

2005ʛ.;   ʄʝʞʚʫʟʦʚʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ  çʅʘʫʢʘ ï ʦʙʨʘʟʦʚʘʥʠʝ - ʦʪʨʘʩʣʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ - ʧʨʦʬʝʩʩʠʷ (ʧʦʪʝʥʮʠʘʣ ʇʦʜʤʦʩʢʦʚʴʷ), ɼʫʙʥʘ, 2005ʛ.;   

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè, 

ɺʦʣʛʦʛʨʘʜ, 2005ʛ.;  ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ  ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝʥʠʷè, ɼʫʙʥʘ, 2006ʛ.;  XIV  ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çɼʫʙʥʘè, ɼʫʙʥʘ, 2007ʛ.;  

ʇʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʦʝ 

ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʚʦʝʥʠʷ ʰʝʣʴʬʘ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘè, ʅʦʚʦʩʠʙʠʨʩʢ, 2010ʛ., 2012ʛ.;  ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 
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ʢʦʥʬʝʨʝʥʮʠʠ çʉʝʡʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ-2016è, ʄʦʩʢʚʘ, 2016ʛ.;  ʇʷʪʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʦʙʨʘʟʦʚʘʥʠʝ: Maresedu-2016è,  ʄʦʩʢʚʘ, 2016ʛ.; ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʦʬʠʟʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ-2017è,  ɼʫʙʥʘ, 2017ʛ.; 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʝʡʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ-2017è,  

ʄʦʩʢʚʘ, 2017ʛ.; 36-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʣʫʯʘʤ 

(ICRC2019), ʄʵʜʠʩʦʥ, ɺʠʩʢʦʥʩʠʥ, ʉʐɸ, 2019ʛ.; ɼʝʚʷʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ: 

Maresedu-2020è,  ʄʦʩʢʚʘ, 2020ʛ.; XVII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡè, (ʄʉʆʀ-2021), ʄʦʩʢʚʘ, 2021ʛ. IX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʆʩʚʦʝʥʠʝ ʨʝʩʫʨʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʈʦʩʩʠʡʩʢʦʛʦ 

ʰʝʣʴʬʘ: ɸʨʢʪʠʢʘ ʠ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ (ʆʄʅʈ-2023), 2023ʛ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 9 ʨʘʙʦʪ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ. ʀʟ ʥʠʭ 5 ʧʫʙʣʠʢʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, 

ʚʢʣʶʯʸʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʙʘʟʳ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science (WoS), 

Scopus, RSCI (ʈʀʅʎ), ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʚ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʩʦʚʝʪʝ ʄɻʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʘ 4 ʩʪʘʪʴʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 

ʞʫʨʥʘʣʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʌ. ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ  ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʅʘ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʧʦʣʫʯʝʥʦ 3 ʧʘʪʝʥʪʘ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ʠ 3 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ. 

ɺ ʩʦʚʤʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʝʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ. 

 

 



15 

 

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 

ɺ ʛʣʘʚʝ ʧʝʨʚʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʚʦʧʨʦʩʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʤʦʨʩʢʦʛʦ ʜʥʘ 

ʘʢʪʠʚʥʦ-ʧʘʩʩʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʙʘʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ, ʢʘʢ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʠʣʴʪʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʤʠ ʧʦ ʧʘʨʘʤʝʪʨʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʷʚʣʷʪʁʩʷ ʘʧʝʨʪʫʨʳ ʚ 

ʚʠʜʝ ʚʣʦʞʝʥʥʳʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʠ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ. ʆʜʥʘʢʦ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʣʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʫʩʣʦʚʠʷʭ ʰʫʤʷʱʝʡ ʤʦʨʩʢʦʡ 

ʙʫʨʦʚʦʡ ʠʣʠ ʜʦʙʳʯʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʘʧʝʨʪʫʨʳ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ, ʤʠʥʠʤʠʟʠʨʫʶʱʝʡ  ʚʣʠʷʥʠʝ ʵʪʠʭ 

ʰʫʤʦʚ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ  

ʢʦʥʬʠʛʫʨʘʮʠʷ ʪʠʧʘ çɿʚʝʟʜʘè. ɼʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ 

ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʠ ʚʳʩʦʢʫʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʥʘ ʜʥʦ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ 

ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʡ ʜʦʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʠ 

ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ  ʧʨʦʙʣʝʤʥʳʤʠ ʚʦʧʨʦʩʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʷʚʣʷʪʁʩʷ  

ʚʦʧʨʦʩʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʠʝʤʥʦʡ ʜʦʥʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʥʪʝʥʥ r ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠ ̫ʘʧʝʨʪʫʨʳ ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ. 
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ɺʪʦʨʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʝʤʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʥʪʝʥʥ r ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  

ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ. 

ʀʩʩʣʝʜʦʚʘʥʳ  ʜʘʣʴʥʦʤʝʨʥʳʡ ʠ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ r

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʪʦʤ ʯʠʩʣʝ: 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʦʯʥʦʩʪ ɹ ʦʮʝʥʦʢ ʢʦʦʨʜʠʥʘʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʧʝʨʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ (ʧʨʠʝʤʥʠʢʦʚ) ʚ ʩʠʩʪʝʤʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʠ 

ʙʫʢʩʠʨʫʝʤʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʨʝʧʝʨʥʳʝ ʪʦʯʢʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʤʦʨʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʦʩʩʠʠ ʥʘʭʦʜʷʪʩʷ ʚ 

ʤʝʣʢʦʚʦʜʥʳʭ ʨʘʡʦʥʘʭ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ, ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹ ʫʯʝʪʘ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ 

ʩʝʡʩʤʦ- ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ çʇʆʉʠɻʉè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠ 

ʚʪʦʨʠʯʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ.  

 ʇʦʢʘʟʘʥʦ, ʯʪʦ çʇʆʉʠɻʉè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʘ, 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ.  ɺ ʥʝʤ ʨʝʘʣʠʟʦʚʘʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʨʦʮʝʜʫʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ 

ʯʘʩʪʥʦʩʪʠ:   

- ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʚʢʣʶʯʘʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ; 
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- ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʥʳ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʤʝʣʢʦʚʦʜʥʦʡ ʰʝʣʴʬʦʚʦʡ 

ʟʦʥʳ;  

- ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʥʘ ʙʘʟʝ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʠ ʨʘʟʥʦʩʪʥʦ-

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ;  

- ʦʮʝʥʢʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ  ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʠ ̫ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ;  

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʙʘʟʝ 

ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ  ʩʠʛʥʘʣʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʨʘʞʝʥʥʳʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʚʦʟʙʫʞʜʘʝʤʳʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʦʡ. 

ɺ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çʇʆʉʠɻʉè.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʪʷʞʝʥʥʳʭ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʟʣʫʯʘʪʝʣʷ ʚ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ 

ʘʧʝʨʪʫʨʳ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʦʢʘʟʘʥʘ ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʚ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʨʝʜʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʫʯʝʪ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʩʰʠʨʝʥʠʶ ʠʥʪʝʨʚʘʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ, ʧʦʚʳʰʝʥʠʶ 

ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʦʯʥʦʩʪʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʦʥʥʦʡ ʧʨʠʝʤʥʦʡ  

ʩʠʩʪʝʤʳ. ʈʘʩʰʠʨʝʥʠʝ ʠʥʪʝʨʚʘʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʤʘʩʰʪʘʙʦʚ ʧʨʠʝʤʥʳʭ ʠ ʠʟʣʫʯʘʶʱʠʭ ʘʧʝʨʪʫʨ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ  ʧʦʣʝʡ, ʧʨʦʚʝʜʝʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʦ 

ʧʝʨʬʦʨʘʮʠʠ ʩʢʚʘʞʠʥʳ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʢ ʛʠʜʨʦʨʘʟʨʳʚʫ 

ʧʣʘʩʪʘ ʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.   

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ  

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʪʦʜʘʤʠ ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʦʯʘʛʦʚ ʵʤʠʩʩʠʠ  ʠ ʩʝʡʩʤʦʣʦʢʘʮʠʠ 

ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ  ʧʦʢʘʟʳʚʘʶʪ ʛʦʪʦʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 

çʇʆʉʠɻʉè ʢ ʨʝʰʝʥʠʶ ʵʪʠʭ ʟʘʜʘʯ ʠ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʦʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʳʭ ʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʠʟʣʫʯʘʶʱʠʭ ʘʥʪʝʥʥʳʭ 

ʨʝʰʝʪʦʢ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʧʨʠʥʦʩʠʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʆʣʝʛʫ ʃʝʦʥʠʜʦʚʠʯʫ ʂʫʟʥʝʮʦʚʫ,    ʢ.ʪ.ʥ., ʜʦʮʝʥʪʫ ʀʛʦʨʶ 

ɸʣʝʢʩʝʝʚʠʯʫ ʏʠʨʢʠʥʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ɺʘʣʝʨʠʶ ɻʘʨʠʬʴʷʥʦʚʠʯʫ 

ɻʘʡʥʘʥʦʚʫ, ʩʦʪʨʫʜʥʠʢʘʤ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʬʠʟʠʢʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ çɼʫʙʥʘè.   

ʉ ʦʩʦʙʦʡ ʪʝʧʣʦʪʦʡ ʠ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʚʩʧʦʤʠʥʘʝʪ ʫʰʝʜʰʝʛʦ ʠʟ ʞʠʟʥʠ 

ʧʝʨʚʦʛʦ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ɺʣʘʜʠʩʣʘʚʘ ɼʤʠʪʨʠʝʚʠʯʘ 

ʅʝʨʝʪʠʥʘ.  
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ɻʣʘʚʘ 1. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ  ʚ ʤʦʨʩʢʦʡ ʛʝʦʬʠʟʠʢʝ
1
 

ɺ ʦʩʥʦʚʫ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʦʞʝʥʘ ʠʜʝʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʫʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʤʠ 

ʘʥʪʝʥʥʳʤʠ ʨʝʰʝʪʢʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʬʠʣʴʪʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. 

1.1 ʌʠʣʴʪʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʣʠʥʝʡʥʦʡ  

ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ 

ɺʳʙʦʨ ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ 

ʣʠʥʝʡʥʳʝ ʨʝʰʝʪʢʠ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʣʫ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʥʠʭ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ.  

ʇʨʦʮʝʜʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦ- ʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ 

ʦʙʦʟʨʝʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʙʣʠʞʥʝʡ ʠʣʠ ʜʘʣʴʥʝʡ ʟʦʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʪʝʥʥʳ, ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʘʥʪʝʥʥʳ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʨʘʙʦʯʝʛʦ ʩʠʛʥʘʣʘ [82 ʩ. 83,  

85 ʩ. 6].   

ʈʘʩʩʤʦʪʨʠʤ ʧʨʷʤʦʣʠʥʝʡʥʫʶ ʵʢʚʠʜʠʩʪʘʥʪʥʫʶ ʘʥʪʝʥʥʫʶ ʨʝʰʝʪʢʫ 

ʜʣʠʥʦʡ L, ʚ ʢʦʪʦʨʦʡ ʧʨʠʝʤʥʳʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʜʠʥʘʢʦʚʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ȹLÒɚ/2, ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ (RιιL), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

                                                 
1
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, 

ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɸʩʪʘʭʦʚʘ ʅ.ɺ, ɼʦʙʨʷʥʩʢʠʡ ɺ.ʄ.,ʂʦʣʠʛʘʝʚ ʆ.ɸ., ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʨʘʡʥʦʚ ɸ.ɹ, ʃʦʙʦʚ ʈ.ɺ.,ʐʠʢʘʣʦʚ ɸ.ɸ. 

ʉʧʦʩʦʙ ʤʦʨʩʢʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ʇʘʪʝʥʪ ˉ2502091. 2013. 

2. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʏʠʨʢʠʥ ʀ.ɸ., ʈʠʟʘʥʦʚ ɽ.ɻ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ // ʊʨʫʜʳ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉɽʁʉʄʀʏɽʉʂʀɽ ʊɽʍʅʆʃʆɻʀʀ-2016è, ʄ. ʉ. 49-52. 
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 ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ɗ0 ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʩʠʛʥʘʣʳ ʚʩʝʭ ʧʨʠʝʤʥʠʢʦʚ ʘʥʪʝʥʥʳ ʩ 

ʢʦʤʧʝʥʩʘʮʠʝʡ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ (ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ) ʠʣʠ ʬʘʟʦʚʳʭ ʟʘʜʝʨʞʝʢ (ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ) ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʪ.ʝ. ʨʘʩʧʦʣʦʞʝʥʠʠ  ʪʦʯʝʢ 

ʬʦʢʫʩʠʨʦʚʢʠ ʚ ʟʦʥʝ ʌʨʘʫʥʛʦʬʝʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ, ʪ.ʝ. ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʠʛʥʘʣ ʢʘʞʜʦʛʦ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʳ 

ʧʦʜʚʝʨʛʥʫʪ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ, ʚʟʷʪʳ ʩʠʥʭʨʦʥʥʳʝ ʚʳʙʦʨʢʠ 

ʩʦ ʚʩʝʭ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʟʚʝʜʝʥʦ ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

ʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʠʜʘ 

Ὓὸ  Ὡʡ Ὡʡ Ὡ  (1.1) 

ʛʜʝ     i=0,N-1 ï ʥʦʤʝʨ ʧʨʠʝʤʥʠʢʘ ʚ ʘʥʪʝʥʥʝ; 

N ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʠʢʦʚ ʚ ʘʥʪʝʥʥʝ; 

ɩ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ; 

k ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; 

ri -  ʨʘʩʩʪʦʷʥʠʝ ʦʪ i-ʛʦ ʧʨʠʝʤʥʠʢʘ ʜʦ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʠʥʬʘʟʥʦʛʦ ʩʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʧʨʠʭʦʜʷʱʠʭ ʩ ʟʘʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʢʦʤʧʝʥʩʘʮʠʠ, ʪ.ʝ. ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʬʘʟʦʚʳʭ  ʟʘʜʝʨʞʝʢ ʚ ʩʠʛʥʘʣʘʭ 

ʥʘ ʘʧʝʨʪʫʨʝ ʘʥʪʝʥʥʳ. 

Ὓʃ ὛὸὩ Ў Ὡʡ Ὡ Ў  

Ὡʡ Ͻ Ὡ Ў  

(1.2) 

ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ ʜʣʷ ʩʫʤʤʳ ʯʣʝʥʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ  

ʧʦʣʫʯʠʤ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ  ʚ ʚʠʜʝ 
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Ὓʃ Ὡʡ Ͻ
Ὡ Ў ρ

Ὡ Ў ρ
  

 

Ὡʡ Ͻ
Ὡ

Ў

Ὡ
Ў Ͻ

Ὡ
Ў

Ὡ
Ў

Ὡ
Ў

Ὡ
Ў    

Ὡʡ ϽὩ
Ў

Ͻ 
ÓÉÎὯὔ

Ў
ίὭὲ—ίὭὲ—

ÓÉÎὯ
Ў
ίὭὲ—ίὭὲ—

Ȣ  

(1.3) 

ʋʯʠʪʳʚʘʷ ʤʘʣʦʩʪʴ ʘʨʛʫʤʝʥʪʘ ʚ ʩʠʥʫʩʝ ʟʥʘʤʝʥʘʪʝʣʷ ʟʥʘʯʝʥʠʝ ʩʠʥʫʩʘ 

ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʝʛʦ ʘʨʛʫʤʝʥʪ, ʘ ʜʘʣʝʝ ʫʤʥʦʞʠʚ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ 

ʥʘ N  ʧʦʣʫʯʠʪʴ 

Ὓʃ ὔͯϽὩʡ ϽὩ
Ў

Ͻ
ÓÉÎὯὔ

Ў
ίὭὲ—ίὭὲ—

Ὧὔ
Ў
ίὭὲ—ίὭὲ—

 

= ὔϽὩʡ ϽὩ
Ў

ϽÓÉÎÃὯὔ
Ў
ίὭὲ—ίὭὲ—  

(1.4) 

ʇʨʠ ʟʘʜʘʥʠʠ ʫʛʣʫ ʢʦʤʧʝʥʩʘʮʠʠ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʧʨʠʭʦʜʘ ʚʦʣʥʳ ɗ = ɗ0  

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʬʠʣʴʪʨʘ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʚ N ʨʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʦʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʚʝʣʠʯʠʥʳ N.  

ʌʦʨʤʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ    

Ὑʃͯ ȿὛʃȿ ÓÉÎÃὯὔ
Ў
ίὭὲ—ίὭὲ— = 

ÓÉÎὯὔ
Ў
ίὭὲ—ίὭὲ—

Ὧὔ
Ў
ίὭὲ—ίὭὲ—

ÓÉÎ ὔ
Ў
ίὭὲ—ίὭὲ—

ὔ
Ў
ίὭὲ—ίὭὲ—

 ͯ

ͯ
ÓÉÎὒίὭὲ—ίὭὲ—

ὒίὭὲ—ίὭὲ—
 

(1.5) 

ɿʜʝʩʴ ɚ-ʜʣʠʥʘ ʚʦʣʥʳ, L-ʜʣʠʥʘ ʘʥʪʝʥʥʳ. 
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ʐʠʨʠʥʘ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʢʦʤʧʝʥʩʘʮʠʠ —, 

ʥʦ ʨʘʟʨʝʰʘʶʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʳ ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ 

ʰʠʨʠʥʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠ ʥʫʣʝʚʦʤ ʫʛʣʝ ʢʦʤʧʝʥʩʘʮʠʠ, ʪ.ʝ. ʧʨʠ  

— π.  

Ὑʃͯ
ÓÉÎὒϽίὭὲ—

ὒϽίὭὲ—
 (1.6) 

ʇʨʠʥʷʪʳʝ ʫʧʨʦʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʳ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʘʨʜʠʥʘӢʣɹʥʦʛʦ 

ʩʠʥʫʩʘ ίὭὲὧὢ  , ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʪʘʙʫʣʠʨʦʚʘʥʳ.  

ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʦʡ ʢʘʨʜʠʥʘӢʣɹʥʦʛʦ ʩʠӢʥʫʩʘ ʫʨʦʚʥʷ sinc(x)=0.7 ʦʥ 

ʜʦʩʪʠʛʘʝʪ ʧʨʠ ʟʥʘʯʝʥʠʠ ʘʨʛʫʤʝʥʪʘ x=1.4, ʪ.ʝ. 

ὒϽίὭὲ—ρȢτ, ʦʪʢʫʜʘ  ίὭὲ—
Ȣ
 . 

ɼʣʷ ḻρ ʟʥʘʯʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ʤʘʣʦ ʠ ʪʦʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

—ͯ ίὭὲ—ͯ
Ȣ
 ʠʣʠ ʧʝʨʝʚʦʜʷ ʚ ʛʨʘʜʫʩʳ —ͯ

Ȣ
Ͻ ͯ .  

ʇʦʣʥʳʡ ʨʘʩʢʨʳʚ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʣʠʥʝʡʥʦʡ ʘʥʪʝʥʥʳ ʧʦ 

ʫʨʦʚʥʶ 0.7 ʩʦʩʪʘʚʣʷʝʪ ς—ͯ . 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʜʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʜʘʣʴʥʝʛʦ ʧʦʣʷ ʘʥʪʝʥʥʳ, ʛʜʝ ʵʣʝʤʝʥʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʘʥʪʝʥʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʪʷʥʫʪ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʪʝʥʥʳ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʘʥʪʝʥʥʝ 

ʨʘʜʠʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʫʤʝʥʴʰʘʶʪʩʷ 

ʠ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʠ 

ʦʙʦʟʨʝʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝ ʪʦʣʴʢʦ ʧʦ ʫʛʣʫ, ʥʦ ʠ ʧʦ ʜʘʣʴʥʦʩʪʠ, ʘ ʚ ʙʦʣʝʝ 

ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʦ ʚʩʝʤ ʪʨʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ X,Y,Z . ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʦʙʦʟʨʝʚʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 
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ʩʦʧʨʷʛʘʝʤʳʭ ʠʣʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʎʝʥʪʨʳ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʕʇʈ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʯʝʢ ʬʦʢʫʩʠʨʦʚʢʠ ʘʥʪʝʥʥʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʚʨʝʤʝʥʥʳʝ ʠʣʠ ʬʘʟʦʚʳʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ ï 

ʚʦ ʚʨʝʤʝʥʥʦʡ ʠʣʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʠʛʥʘʣʘ) ʟʘʜʝʨʞʢʠ 

ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʳ. ʕʪʠʤ ʩʦʙʩʪʚʝʥʥʦ ʠ ʦʪʣʠʯʘʶʪʩʷ 

ʧʨʦʮʝʜʫʨʳ ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʢʫʩʠʨʦʚʢʠ.  ɺʧʨʦʯʝʤ, ʧʨʦʮʝʜʫʨʥʦ 

(ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ) ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʝʜʠʥʦʦʙʨʘʟʥʦ, ʪ.ʝ. 

ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʢʘʢ ʬʦʢʫʩʠʨʦʚʢʘ ʥʘ ʮʝʥʪʨʳ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ 

ʦʢʨʫʞʥʦʩʪʠ (ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʠʣʠ ʩʬʝʨʳ (ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ) ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʛʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʘʧʝʨʪʫʨʳ  

ʘʥʪʝʥʥʳ ʨʘʜʠʫʩʘ. 

1.2 ʌʠʣʴʪʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʥʘʨʥʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ 

ʈʘʟʨʝʰʘʶʘɦ ̫ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʪʝʥʥʳ, ʢʘʢ ʚ ʜʘʣʴʥʝʡ, ʪʘʢ ʠ ʚ ʙʣʠʞʥʝʡ 

ʟʦʥʝ ʥʘ ʯʘʩʪʦʪʝ f ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ L0/ɚ ʧʨʦʝʢʮʠʠ Lɗ ʝʝ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ  ʨʘʟʤʝʨʘ L ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʤʧʝʥʩʘʮʠʠ ɗ0 ʢ ʜʣʠʥʝ ʚʦʣʥʳ ɚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʣʠʥʝʡʥʘʷ ʘʥʪʝʥʥʘ ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʫʟʢʠʤ ʣʝʧʝʩʪʢʦʤ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʘʧʝʨʪʫʨʝ  ʠ ʩʘʤʳʤ 

ʰʠʨʦʢʠʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʘʧʝʨʪʫʨʳ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʘʥʘʨʥʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʧʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ  ʥʝʦʙʭʦʜʠʤʦ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʝʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ (ʚ ʢʘʢʦʤ-ʪʦ 

ʦʜʥʦʤ ʠʣʠ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ).  

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʧʝʨʪʫʨʳ ʘʥʪʝʥʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦ ʚʩʝʡ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʠʣʴʪʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʝʤʥʳʭ ʘʧʝʨʪʫʨ ʤʦʞʥʦ 

ʧʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ʆʧʨʝʜʝʣʠʤ ʦʙʣʘʩʪʴ ʦʙʟʦʨʘ ʚ ʚʠʜʝ ʧʣʦʱʘʜʢʠ ʨʘʟʤʝʨʦʤ 4000ʭ4000 

ʤʝʪʨʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʥʠʞʥʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ  ʥʘ ʛʣʫʙʠʥʝ 

3000ʤ ʠ ʜʠʩʢʨʝʪʥʦʩʪʴ ʦʙʟʦʨʘ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʘ 25ʭ25ʤ. 

ʄʦʜʝʣʴ ʩʨʝʜʳ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1.1 

 

ʈʠʩ. 1.1 ʉʢʦʨʦʩʪʥʦʡ ʨʘʟʨʝʟ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ ʠ ʦʮʝʥʠʤ  

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʤʦʜʝʣʠʨʫ ̫

ʦʪʢʣʠʢ ʘʥʪʝʥʥʳ ʩ ʧʣʘʥʘʨʥʦʡ ʘʧʝʨʪʫʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ.  

ʇʦʣʦʞʠʤ ʩʣʝʜʫʶʱʠʝ ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʘʥʪʝʥʥʳʭ ʘʧʝʨʪʫʨ  ʧʘʨʘʤʝʪʨʳ: 

- ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʨʠʝʤʥʦʡ ʘʧʝʨʪʫʨʳ ʥʘʭʦʜʠʪʩʷ ʮʝʥʪʨʝ ʩʠʩʪʝʤʳ 

ʢʦʦʨʜʠʥʘʪ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0,0,0); 

- ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʠʢʦʚ ʢʘʞʜʦʡ ʘʧʝʨʪʫʨʝ ï 120ʰʪ.; 

- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ ʚ ʘʧʝʨʪʫʨʝ  ï 50ʤ.; 

- ʪʦʯʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (1000;-1000;-3000). 

ʅʘ ʈʠʩ.1.2.  ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʯʝʥʠʷ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚʠʜ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥ ʚ ʣʝʚʳʭ ʚʝʨʭʥʠʭ ʫʛʣʘʭ, ʘ 

ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ ɼʅ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʦʙʟʦʨʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 30-70 ɻʮ. 
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ʘ) ʘʧʝʨʪʫʨʘ çʇʨʷʤʦʫʛʦʣʴʥʘèʷ ʙ) ʘʧʝʨʪʫʨʘ çɺʦʩʴʤʠʣʫʯʝʚʘʷ ʟʚʝʟʜʘè 

    

ʚ) ʘʧʝʨʪʫʨʘ çʇʪ̫ʠʣʫʯʝʚʘʷ ʟʚʝʟʜʘè ʛ) ʘʧʝʨʪʫʨʘ çʉʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘè 

    

ʜ) ʘʧʝʨʪʫʨʘ çʇʪ̫ʠʣʠʩʪʥʠʢè ʝ) ʘʧʝʨʪʫʨʘ çʆʢʨʫʞʥʦʩʪʴè 

ʈʠʩ.1.2. ʉʝʯʝʥʠʷ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʣʘʥʘʨʥʳʭ ʘʥʪʝʥʥ  

ʇʨʠ ʟʘʜʘʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʥʘʣʦʚ ʠ ʤʝʞʵʣʝʤʝʥʪʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʠʝʤʥʳʭ ʘʧʝʨʪʫʨ ʦʙʣʘʜʘʝʪ ʩʧʠʨʘʣʴ ɸʨʭʠʤʝʜʘ, ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʞʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ - ʦʢʨʫʞʥʦʩʪʴ. 

ʕʪʦʪ ʬʘʢʪ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʝʥʥʝ ʠ ʤʝʞʵʣʝʤʝʥʪʥʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʢʨʫʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʨʘʟʥʦʩ 

ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʤʝʨʘ ʣʶʙʦʛʦ ʩʝʯʝʥʠʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʘʧʝʨʪʫʨʳ, ʧʦʵʪʦʤʫ ʠʤʝʥʥʦ ʦʢʨʫʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʠʪʴ ʚʥʫʪʨʝʥʥʶʶ 

ʯʘʩʪʴ ʦʢʨʫʞʥʦʩʪʠ, ʩʦʟʜʘʚ ʝʝ, ʥʘʧʨʠʤʝʨ, ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ 

ʦʢʨʫʞʥʦʩʪʝʡ. ʅʘ ʈʠʩ. 1.3. ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʝʯʝʥʠʝ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.   

  

ʈʠʩ. 1.3. ʉʝʯʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ 

ʘʥʪʝʥʥʳ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʪʝʥʥʳ ʧʦʚʳʩʠʣʩʷ ʚ 2.5 ʨʘʟʘ.  

ɺ ʫʩʣʦʚʠʷʭ ʩʫʰʠ ʩʦʟʜʘʥʠʝ ʣʶʙʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ 

ʯʘʩʪʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʭ ʩʣʦʞʥʦʩʪʝʡ. ɺ ʤʦʨʩʢʠʭ ʞʝ ʫʩʣʦʚʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʝ, ʫʢʣʘʜʳʚʘʝʤʦʡ ʜʘʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʫʜʥʘ-ʢʘʙʝʣʝʫʢʣʘʜʯʠʢʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʧʦʚʳʰʝʥʥʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʦʡ ʠ ʟʘʯʘʩʪʫʶ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʳʧʦʣʥʠʤʦʡ ʟʘʜʘʯʝʡ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʨʫʞʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ  ʜʣʷ ʩʠʩʪʝʤʳ ʧʘʩʩʠʚʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʦʯʘʛʦʚ ʵʤʠʩʩʠʠ ʠ 

ʢʦʥʪʨʦʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. ʆʜʥʘʢʦ ʫʯʠʪʳʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʧʦʩʪʘʥʦʚʢʠ ʘʥʪʝʥʥ ʚ ʤʦʨʝ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʧʝʨʪʫʨʳ ʚ 

ʚʠʜʝ ʚʣʦʞʝʥʥʳʭ ʢʦʣʝʮ ʨʝʘʣʴʥʘʷ ʘʧʝʨʪʫʨʘ ʙʫʜʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 
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ɸʨʭʠʤʝʜʦʚʦʡ ʩʧʠʨʘʣʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠ 

ʜʨʫʛ ʜʨʫʛʫ.   

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʦʙʫʩʪʨʦʡʩʪʚʝ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ 

ʜʣʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʡʦʥʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʙʫʨʦʚʦʡ 

ʠʣʠ ʜʦʙʳʯʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʷʚʣʷʶʱʝʡʩʷ ʦʩʥʦʚʥʳʤ ʰʫʤʷʱʠʤ ʦʙʲʝʢʪʦʤ, ʚ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʦʧʪʠʤʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʪʠʧʘ çɿʚʝʟʜʘè (ʨʠʩ. 1.2.ʚ). ɿʘ ʩʯʝʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʫʤʷʱʝʛʦ ʦʙʲʝʢʪʘ ʚʜʦʣʴ 

ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʜʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ FK-ʬʠʣʴʪʨʘʮʠʠ.  ʅʦ ʦʩʥʦʚʥʳʤ ʝʝ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥʘ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʘʥʦʚʢʠ ʚʳʥʦʩʥʳʭ 

ʯʘʩʪʝʡ. 

 

1.3.  ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʘʥʪʝʥʥʳ 
 

ʆʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩʦʩʪʦʠʪ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚ ʧʦʚʳʰʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʫʩʪʨʦʡʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʠ ʩʣʘʙʦʛʦ 

ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ ʰʫʤʦʚ.   

ʆʧʨʝʜʝʣʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ 

ʘʥʪʝʥʥʳ ʧʦ ʧʦʚʳʰʝʥʠʶ ʦʪʥʦʰʝʥʠʷ  ʩʠʛʥʘʣ/ʰʫʤ ʟʘ ʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʣʠʥʝʡʥʫʶ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʫʶ ʘʥʪʝʥʥʫ. 

ʇʦʚʳʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ   ʥʘ ʚʳʭʦʜʝ ʘʥʪʝʥʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʦʜʠʥʦʯʥʦʛʦ ʧʨʠʝʤʥʠʢʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʝʝ 

ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʰʫʤʘ ʥʘ 

ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʳ [91 ʩ. 53] 

˗ˠ ρπὰὫ
ϳ

 = ρπὰὫ 
В В  

В В  
 (1.7) 
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ʛʜʝ  m - ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʝʥʥʝ; 

 ”  - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ ʥʘ i-ʪʦʤ ʠ j-ʪʦʤ ʧʨʠʝʤʥʳʭ 

ʵʣʝʤʝʥʪʘʭ; 

  ”  - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʰʫʤʘ ʥʘ i-ʪʦʤ ʠ j-ʪʦʤ ʧʨʠʝʤʥʳʭ 

ʵʣʝʤʝʥʪʘʭ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ  ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʦʪʜʝʣʴʥʦ ʪʨʘʢʪʘʤʠ ʚʨʝʤʝʥʥʦʡ   ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ί
ὲϳ

Ὕ

†̙
Ͻίὲϳ ̃  ̖ (1.8) 

3Ⱦ.
ὒ

ὰ̙
Ͻίὲϳ  ˟ (1.9) 

ʛʜʝ   ίὲϳ ̃ ̖ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʳ;  

 ίὲϳ  ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʪʨʘʢʪʘ ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠʝʤʥʦʛʦ ʢʘʥʘʣʘ ʘʥʪʝʥʥʳ;  

 3Ⱦ.  ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʳʭʦʜʝ ʪʨʘʢʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʘʥʪʝʥʥʳ;  

T - ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʢʘʞʜʦʤ ʧʨʠʝʤʥʦʤ ʵʣʝʤʝʥʪʝ; 

t0  h- ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʰʫʤʘ; 

L - ʜʣʠʥʘ ʘʧʝʨʪʫʨʳ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ; 

l0  h- ʠʥʪʝʨʚʘʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʰʫʤʘ. 

ʀʥʪʝʨʚʘʣ ʢʦʨʨʝʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ 

†
ρ

ὄπ
Ͻ ὄ†Ὠ† (1.10) 

ʛʜʝ B(t) - ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ʩʠʛʥʘʣʘ ʠʣʠ ʰʫʤʘ). 

ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʥʘʢʦʧʣʝʥʠʷ T ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʠʥʪʝʨʚʘʣ 

ʥʘʢʦʧʣʝʥʠʷ L (ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ) ʥʝ ʜʦʣʞʥʳ 
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ʧʨʝʚʳʰʘʪʴ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪ.ʝ. TÒt0ʩ ʠ LÒ l0ʩ. 

ʀʥʪʝʨʚʘʣʳ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ  ʠʥʪʝʨʚʘʣʦʤ  ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ ʩʦʙʩʪʚʝʥʥʦ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʠ ʠʥʪʝʨʚʘʣʦʤ ʢʦʨʨʝʣʷʮʠʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 

ʥʘʢʦʧʣʝʥʠʷ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʫʯʝʪʦʤ ʝʛʦ ʚʦʟʤʦʞʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʪʝʨʚʘʣ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ (ʜʣʠʥʘ ʘʥʪʝʥʥʳ) ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʈʠʩ.1.4 ʠ ʈʠʩ.1.5. ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʚʟʨʳʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ ʠ ʦʢʨʫʞʘʶʱʝʛʦ ʰʫʤʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʷʞʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʥʥʦʡ ʘʥʪʝʥʥʳ ʢʠʣʦʤʝʪʨʦʚʦʡ 

ʜʣʠʥʳ. 

 

 
 

ʈʠʩ.1.4 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʠʛʥʘʣʘ 

ʈʠʩ.1.5 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʰʫʤʘ 

 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʦʮʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ, 

ʧʨʠʯʝʤ ʚʦ ʚʩʝʤ ʠʥʪʝʨʝʩʫʶʱʝʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʢʨʘʡʥʠʭ ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʳ 
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ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 0.7-0.8, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ. ʀʥʪʝʨʚʘʣʳ ʞʝ ʢʦʨʨʝʣʷʮʠʠ ʰʫʤʘ, ʢʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩ.1.5  ʩʦʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʜʣʠʥʳ ʚʦʣʥʳ.  

1.4. ʈʝʘʣʠʟʘʮʠ ̫ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ  

ʤʦʨʩʢʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ 

 

ʉʃɹʆ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʪʦʜʘʤ ʘʢʪʠʚʥʦʡ ʣʦʢʘʮʠʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʨʘʙʦʪʫ 

ʧʨʠʝʤʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʘʥʪʝʥʥʳ ʧʦ ʚʪʦʨʠʯʥʦʤʫ, ʪ.ʝ. 

ʧʝʨʝʠʟʣʫʯʝʥʥʦʤʫ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦʣʶ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ, ʢʘʢ  ʥʘʧʨʘʚʣʝʥʥʦ, ʪʘʢ ʠ ʥʝʥʘʧʨʘʚʣʝʥʥʦ. ʇʨʠʝʤ ʞʝ ʦʜʥʦʟʥʘʯʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʡ, ʪ.ʝ. ʬʘʟʠʨʫʝʤʦʡ ʘʥʪʝʥʥʦʡ. ʅʘʧʨʘʚʣʝʥʥʦʝ 

ʦʙʣʫʯʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʮʠʘʣʴʥʳʭ 

ʠʟʣʫʯʘʪʝʣʝʡ, ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʛʥʘʣʘʤʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʣʠ ʬʘʟʦʚʳʤʠ ʟʘʜʝʨʞʢʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ ʚ ʢʘʢʦʡ ʚʨʝʤʝʥʥʦʡ ʠʣʠ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʍʦʪʷ ʵʪʦ ʠ ʪʨʫʜʥʦ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠʟʣʫʯʘʝʤʦʛʦ ʠʤʧʫʣʴʩʘ ʠ 

ʧʦʜʘʚʣʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ 

ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠ ̫ ʠʭ ʠʟʣʫʯʝʥʠʷ [28]. ɽʩʣʠ ʫʜʘʝʪʩʷ ʩʠʥʭʨʦ-

ʥʠʟʦʚʘʪʴ ʠʟʣʫʯʝʥʠʝ ʨʷʜʘ ʧʥʝʚʤʦʠʩʪʦʯʥʠʢʦʚ, ʪʦ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ 

ʦʙʝʩʧʝʯʠʪʴ ʚʚʝʜʝʥʠʝ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʭ ʟʘʜʝʨʞʝʢ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪʚʝʩʪʚʫʶʱʠʭ ʬʠʣʴʪʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʧʨʠʝʤʥʦ-ʠʟʣʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ, ʨʘʟʤʝʨʳ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʤʝʨʘʤ ʧʨʠʝʤʥʦʡ ʘʧʝʨʪʫʨʳ, ʘ ʵʪʦ ʩʦʪʥʠ ʠ ʜʘʞʝ ʪʳʩʷʯʠ 

ʤʝʪʨʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʜʝʩʷʪʢʦʚ ʠ ʜʘʞʝ ʩʦʪʝʥ ʠʟʣʫʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʘʧʝʨʪʫʨʝ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʬʘʟʠʨʫʝʤʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ, ʭʦʪʷ 

ʪʝʭʥʠʯʝʩʢʠ ʠ ʚʦʟʤʦʞʥʘ, ʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ.  
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ʆʜʥʦʡ ʠʟ ʨʝʘʣʴʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʤʝʨʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ 

ʘʧʝʨʪʫʨʳ [40]. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʘʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʘʷ ʧʨʠʝʤʥʘʷ 

ʘʥʪʝʥʥʘʷ ʘʥʪʝʥʥʘ, ʚ ʢʦʪʦʨʦʡ ʩʠʛʥʘʣ ʩ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʥʠʤʘʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʥʭʨʦʥʥʦ, ʟʘʤʝʥʷʝʪʩʷ ʥʘ ʦʜʠʥ, 

ʧʝʨʝʤʝʱʘʝʤʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʝʤʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʟʘʥʠʤʘʝʪ ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʦʡ  

ʨʝʰʝʪʢʠ.  ʀ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʨʠʝʤʥʳʡ ʵʣʝʤʝʥʪ ʟʘʬʠʢʩʠʨʫʝʪ ʩʠʛʥʘʣ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʠʝʤʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʧʝʨʪʫʨʳ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ.   

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʩʣʦʞʥʦʩʪʠ,  ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʠʩʪʝʤʳ 

ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʠʢʘ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʢʘʟʳʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʆʜʥʘʢʦ ʝʩʪʴ ʦʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʣʦʚʠʝ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʦʡ 

ʘʧʝʨʪʫʨʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʧʝʨʚʠʯʥʦʛʦ ʧʦʣʷ, ʘ ʠʤʝʥʥʦ 

ʠʥʪʝʨʚʘʣ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʠʥʪʝʨʚʘʣ 

ʢʦʨʨʝʣʷʮʠʠ ʨʝʛʠʩʪʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ.  ɼʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʚʦʜʠʪ ʥʘ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ ʚ 

ʟʘʜʘʯʘʭ ʧʘʩʩʠʚʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 

ʆʜʥʘʢʦ ʜʣʷ ʮʝʣʝʡ ʨʝʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʝʡʩʤʦʣʦʢʘʮʠʠ 

ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʟʘʜʘʯʘ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ ʚʧʦʣʥʝ ʨʝʰʘʝʤʘ. 

 ʀʟʚʝʩʪʥʦ [82 ʩʪʨ. 109-111], ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʨʘʟʚʠʪʦʡ ʘʥʪʝʥʥʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ (ʠʟʣʫʯʘʪʝʣʝʡ), ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʠʘʛʨʘʤʤ r

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ (ʠʟʣʫʯʘʪʝʣʷ) ʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦ ʘʧʝʨʪʫʨʳ ʘʥʪʝʥʥʳ. ɸʥʘʣʦʛʠʯʥʦ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʘʢʪʠʚʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʨʠʝʤʥʫʶ ʠ ʠʟʣʫʯʘʶʱʫʶ ʘʥʪʝʥʥʳ,  
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʠ 

ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥ. ʉʦʟʜʘʥʠʝ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʳʧʦʣʥʠʤʫʶ ʟʘʜʘʯʫ, ʧʦʵʪʦʤʫ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʟʣʫʯʘʶʱʫʶ 

ʘʧʝʨʪʫʨʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʣʠʙʦ ʩʣʘʙʦʥʘʧʨʘʚʣʝʥʥʦʛʦ  

ʠʟʣʫʯʘʪʝʣʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʙʣʶʜʝʥʠʷ ʉʃɹʆ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʠʟʣʫʯʝʥʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʣʫʯʝʥʠʷ  ʩʠʥʪʝʟʠʨʫʝʤʦʡ 

ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ, ʚ ʧʨʠʝʤʝ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ (ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʛʝʦʩʨʝʜʝ) ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʨʠʝʤʘ  ʧʨʠʝʤʥʦʡ 

ʘʧʝʨʪʫʨʳ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘʚʝʨʰʘʶʪʩʷ ʧʦʩʣʝ ʠʟʣʫʯʝʥʠʷ ʚ 

ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʠʟʣʫʯʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʝʡʩʤʦʛʨʘʤʤʳ ʦʪ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʠʝʤʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʫʯʘʶʪ N ʩʝʡʩʤʦʛʨʘʤʤ ʩ 

ʄ-ʢʘʥʘʣʴʥʦʩʪʴʶ, ʛʜʝ N ʠ ʄ - ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʩʝʡʩʤʦʛʨʘʤʤ ʨʝʘʣʠʟʫʝʪʩʷ 

ʬʦʢʫʩʠʨʫʶʱʠʡ ʦʙʟʦʨ ʛʝʦʩʨʝʜʳ (ʥʠʞʥʝʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ). ʌʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʬʦʢʫʩʠʨʫʶʱʝʛʦ ʦʙʟʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺʥʘʯʘʣʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʘɦ ̫ ʧʘʜʘʶʱʘ ̫ ʚʦʣʥʘ ʦʪ ʚʩʝʭ ʠʟʣʫʯʘʪʝʣʝʡ (ʩʦ ʚʩʝʭ ʪʦʯʝʢ 

ʠʟʣʫʯʝʥʠʷ). ʌʦʢʫʩʠʨʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʮʝʥʪʨʳ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʙʠʪʘ ʩʢʘʥʠʨʫʝʤʘʷ ʦʙʣʘʩʪʴ 

ʦʙʟʦʨʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʘʥʥʘʷ ʪʦʯʢʘ ʩʪʘʥʦʚʠʪʩʷ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʚʪʦʨʠʯʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʚʝʨʭ ʜʦ ʢʘʞʜʦʡ 

ʪʦʯʢʠ ʧʨʠʝʤʘ (ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʘʧʝʨʪʫʨʳ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ, 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʚ ʵʪʫ ʞʝ ʪʦʯʢʫ ʦʙʟʦʨʘ. ʌʦʢʫʩʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʚ ʧʨʠʥʷʪʳʝ ʩʠʛʥʘʣʳ ʢʘʞʜʳʤ ʧʨʠʝʤʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʛʦʜʦʛʨʘʬʘʤ ʧʘʜʘʶʱʝʡ ʠ ʚʦʩʭʦʜʷʱʝʡ 

ʚʦʣʥ ʦʪ ʪʦʯʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʣʫʙʠʥʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʈʝʘʣʠʟʫʷ ʧʦʜʦʙʥʫʶ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʟʦʨʘ (ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ)  ʚ 

ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʢʫʩʠʨʫʶʱʠʡ ʦʙʟʦʨ 

ʛʝʦʩʨʝʜʳ. 

ʅʘʢʦʧʣʝʥʥʘʷ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʦʚ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʘʤʧʣʠʪʫʜʝ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʟʝʨʢʘʣʴʥʦʛʦ ʠʣʠ ʨʘʩʩʝʷʥʥʦʛʦ ʢʣʘʩʩʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʬʦʢʫʩʠʨʫʶʱʠʡ ʩʢʘʥʠʨʫʶʱʠʡ ʦʙʟʦʨ ʉʃɹʆ ʧʦʟʚʦʣʷʝʪ, ʚʦ-ʧʝʨʚʳʭ, 

ʚʳʜʝʣʷʪʴ ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʝʥʥʳʝ ʠ ʨʘʩʩʝʷʥʥʳʝ ʚʦʣʥʳ ʚ ʦʙʱʝʤ 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʤ ʩʝʡʩʤʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʠʭ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʤʝ ʛʝʦʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʟʝʨʢʘʣʴʥʦ 

ʦʪʨʘʞʝʥʥʳʝ ʚʦʣʥʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʩʣʦʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ 

ʩʨʝʜʳ, ʘ ʨʘʩʩʝʷʥʥʳʝ ʚʦʣʥʳ ʜʣʷ ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʨʳʪʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʚ ʥʝʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ 

ʠʩʧʦʣʴʟʫʝʪʩ ̫ ʥʦʨʤʘʣʴʥʳʡ ʦʙʟʦʨ ʣʦʢʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʭʝʤʝ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʧʨʦʮʝʜʫʨʘʭ ʦʙʨʘʙʦʪʢʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʄʆɻʊ-3ɼ, ʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦ ʨʘʩʩʝʷʥʥʳʤ ʚʦʣʥʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʢʦʚʦʡ 

ʦʙʟʦʨ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʉʃɹʆ. 

 

1.5.  ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʡʩʤʦʣʦʢʘʪʦʨʘ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʥʘ ʙʘʟʝ ʣʠʥʝʡʥʦʡ 

ʜʦʥʥʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥ rʠ ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʘʧʝʨʪʫʨʦʡ 

ʆʙʱʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʚ ʣʠʥʝʡʥʦʡ ʧʨʦʪʷʞʝʥʥʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ï 120ʰʪ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ  ï 20ʤ. 

ʎʝʥʪʨ ʘʧʝʨʪʫʨʳ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (0;0;0)  (ʈʠʩ. 1.6).  

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʝ ʠʟʣʫʯʝʥʠʷ ï 200ʤ.  

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ ï 225ʰʪ. 

ʎʝʥʪʨ ʘʥʦʤʘʣʠʠ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (1000; 0;-2000). 

ʆʙʣʘʩʪʴ ʦʙʟʦʨʘ ï ʧʣʦʩʢʦʩʪʴ ʥʘ ʛʣʫʙʠʥʝ 2000ʤ, ʨʘʟʤʝʨʦʤ 4000ʭ4000 ʤʝʪʨʦʚ. 
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ʐʘʛ ʦʙʟʦʨʘ ï 25ʭ25ʤ. 

ɻʣʫʙʠʥʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʝʤʥʦʡ ʘʧʝʨʪʫʨʳ ï 195ʤ. 

ɻʣʫʙʠʥʘ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ ï 5ʤ. 

ʄʦʜʝʣʴ ʩʨʝʜʳ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʘʷ (ʈʠʩ.1.7). 

ʉʢʦʨʦʩʪʥʘʷ ʤʦʜʝʣʴ: 

ɺʦʜʘ ï ʛʣʫʙʠʥʘ 200ʤ. ʉ = 1500 ʤ\ʩ. 

ʉʣʦʡ ʛʨʫʥʪʘ ʪʦʣʱʠʥʦʡ 300ʤ. ʉ = 3000 ʤ\ʩ. 

ʅʠʞʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ. ʉ = 5000 ʤ\ʩ. 

ɿʦʥʜʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ï ʠʤʧʫʣʴʩ ɹʝʨʣʘʛʝ [60] ʜʣʠʪʝʣʴʥʦʩʪʴʶ100ʤʩ ʩ ʧʦʣʦʩʦʡ 

ʦʪ 10 ʜʦ 90 ɻʮ (ʈʠʩ.1.8). 

ʊʨʘʝʢʪʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʦʪ ʪʝʢʫʱʝʡ ʪʦʯʢʠ 

ʠʟʣʫʯʝʥʠʷ (ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ) ʜʦ ʘʥʦʤʘʣʠʠ ʠ 

ʪʨʘʝʢʪʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ  ʘʥʦʤʘʣʠʠ ʜʦ ʦʜʥʦʡ ʠʟ 

ʪʦʯʝʢ ʧʨʠʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1.9. 

ʅʘ ʈʠʩ.1.10-1.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʷʤʦʛʦ ʩʠʛʥʘʣʘ ʠʟ 

ʦʜʥʦʡ ʪʦʯʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʳ, ʧʨʷʤʦʛʦ ʠ 

ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʠ ʧʨʷʤʦʛʦ, ʦʪʨʘʞʝʥʥʦʛʦ ʠ 

ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 1.13-1.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʨʘʟʨʝʟʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʪʢʣʠʢʦʚ ʩʝʡʩʤʦʣʦʢʘʪʦʨʘ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ, 

ʢʦʪʦʨʳʝ ʦʪʯʝʪʣʠʚʦ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʠ 

ʪʦʯʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ.  
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ʈʠʩ. 1.6. 

ɸʧʝʨʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ. 

ʈʠʩ. 1.7.  

ʇʘʨʘʤʝʪʨʳ ʩʨʝʜʳ. 

  

ʈʠʩ. 1.8.   

ʌʦʨʤʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʈʠʩ. 1.9. 

ʊʨʘʝʢʪʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ 

   

ʈʠʩ. 1.10  

ʇʨʷʤʦʡ ʩʠʛʥʘʣ. 

ʈʠʩ. 1.11.   

ʇʨʷʤʦʡ ʠ ʦʪʨʘʞʝʥʥʳʡ 

ʩʠʛʥʘʣ. 

ʈʠʩ. 1.12.   

ʇʨʷʤʦʡ, ʦʪʨʘʞʝʥʥʳʡ ʠ 

ʰʫʤʦʚʦʡ ʩʠʛʥʘʣ. 
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ʈʠʩ. 1.13.   

ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʡ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ 

ʈʠʩ. 1.14   

 ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʘʧʝʨʪʫʨʳ ʠʟʣʫʯʝʥʠʷ. 

  

ʈʠʩ. 1.15.    

ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʡ ʪʦʯʢʠ 

ʠʟʣʫʯʝʥʠʷ. 

ʈʠʩ. 1.16.    

ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʘʧʝʨʪʫʨʳ ʠʟʣʫʯʝʥʠʷ. 

ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 1 

1. ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʫʝʤʦʩʪʴ 

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʱʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʤʦʨʩʢʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʜʦʥʥʳʭ ʧʨʠʝʤʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʠ 

ʠʟʣʫʯʘʶʱʠʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʘʧʝʨʪʫʨʦʡ. 
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2. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʘʧʝʨʪʫʨʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʤʘʩʰʪʘʙʦʤ, ʦʜʥʘʢʦ, ʨʘʟʤʝʨʳ ʘʧʝʨʪʫʨʳ ʥʝ 

ʜʦʣʞʥʳ ʚʳʭʦʜʠʪʴ ʟʘ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

3. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ  ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʫʩʪʘʥʦʚʢʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ 

ʬʦʨʤʦʡ ʘʧʝʨʪʫʨʳ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʷʚʣʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ  ʪʠʧʘ çɿʚʝʟʜʘè. 

4. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʚ ʤʦʨʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʦʥʥʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʠ ʢʦʦʨʜʠʥʘʪ 

ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ. 

5. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʝʤʘ ʠ 

ʨʝʛʠʩʪʨʘʮʠʠ  ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ  ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʝʸ ʦʙʨʘʙʦʪʢʠ ʚʦ 

ʚʨʝʤʝʥʥʦʡ, ʩʧʝʢʪʨʘʣʴʥʦʡ ʠ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ.    
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ɻʣʘʚʘ 2. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʝʤʥʦ-ʠʟʣʫʯʘʶʱʠʭ ʩʠʩʪʝʤ
2
 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ 

ʜʦʥʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ, ʢʘʢ  ʧʘʩʩʠʚʥʳʭ (ʉʃʆʕ), ʪʘʢ ʠ   

ʘʢʪʠʚʥʳʭ (ʉʃɹʆ) ʤʝʪʦʜʦʚ ʩʝʡʩʤʦʣʦʢʘʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʝʝ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ  ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩʚʦʜʠʪʩʷ ʢ ʦʮʝʥʢʝ 

ʢʦʦʨʜʠʥʘʪ ʝʝ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ 

(ʠʟʣʫʯʘʪʝʣʷ) ʚ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʩ ʜʣʠʥʥʦʡ, 

ʢʦʨʦʪʢʦʡ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʡ ʙʘʟʦʡ [75]. 

ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ, ʥʝ ʠʤʝʝʪ ʩʤr ʩʣʘ 

ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩ 

ʢʦʨʦʪʢʦʡ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʡ ʙʘʟʦʡ, ʧʦʵʪʦʤʫ ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʘʩʘʶʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʦʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ,  ʧʨʠʝʤʥʠʢʘ 

ʠ ʠʟʣʫʯʘʪʝʣʷ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʇʨʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʠʣʠ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʣʫʯʘʪʝʣʴ ʠʣʠ 

                                                 
2
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ 
ʘʚʪʦʨʦʤ  ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, 

ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:    

1. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʠʛʘʝʚ ʆ.ɸ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  ʦʙʲʝʢʪʦʚ ʚ ʛʠʜʨʦʘʢʫʩ-

ʪʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ.  // ɻʝʦʠʥʬʦʨʤʘʪʠʢʘ. - 2010. - ˉ4. ï ʉ. 23-27  

2. ʂʦʣʠʛʘʝʚ ʉ.ʆ., çʉʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘʨʫʰʠʪʝʣʷ 

ʦʭʨʘʥʷʝʤʦʡ ʟʦʥʳè. ʇʘʪʝʥʪ ʈʌ ˉ 2311686. 2007.   

3. ʂʦʣʠʛʘʝʚ ʆ.ɸ., ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʆ ʨʘʩʩʪʘʥʦʚʢʝ ʜʘʪʯʠʢʦʚ ʚ ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ.  ʉʪʘʪʴʷ 

ʜʝʧʦʥʠʨʦʚʘʥʘ ʌɻʋʇ ɺʀʄʀ ï ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʦʙʦʨʦʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʙʦʨʥʠʢ ʨʝʬʝʨʘʪʦʚ ʅʀʆʂʈ.  ˉ1. ʉʝʨʠʷ ʀʄ. 2007. 

4.  ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʆ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠʥʮʠʧʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ.  ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʠ ʧʨʠʢʣʘʜʥʦʡ 

ʛʝʦʬʠʟʠʢʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çɼʫʙʥʘè. ʄ. ʈɸɽʅ.  2007. ʉ.85-91.  
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʝʤʥʠʢ, ʧʝʨʝʤʝʱʘʝʤʳʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ,   ʣʠʙʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʠʣʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʝʤʥʠʢʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ.    

ʋʢʘʟʘʥʥʘʷ ʦʯʝʚʠʜʥʘʷ çʩʠʤʤʝʪʨʠʷè ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʟʣʫʯʘʪʝʣʷ (ʧʨʠʝʤʥʠʢʘ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ 

ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʢ ʦʮʝʥʢʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʜʣʷ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ 

ʠʟʣʫʯʘʪʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝ ʞʝ ʤʝʪʦʜʳ. 

ʇʨʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʞʝ ʠʟʣʫʯʘʪʝʣʷ (ʧʨʠʝʤʥʠʢʘ), ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʜʚʠʞʝʥʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʘʷ ʩʠʩʪʝʤʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʠʢʦʚ (ʠʟʣʫʯʘʪʝʣʝʡ) 

ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (ʝʩʣʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ).  

 ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʩʪʘʚʣʝʥʥʦʡ ʦʙʱʝʡ ʟʘʜʘʯʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʦʥʥʦʡ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʪʨʠ ʯʘʩʪʥʳʭ ʟʘʜʘʯʠ: 

1. ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ  ʦʜʥʦʛʦ ʠʟ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʜʦʥʥʦʡ ʘʥʪʝʥʥʳ, ʚʳʙʠʨʘʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ, ʚ ʦʙʱʝʡ (ʛʣʦʙʘʣʴʥʦʡ) 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ;  

2. ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʦʩʪʘʣʴʥʳʭ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ  ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʜʦʥʥʦʡ ʘʥʪʝʥʥʳ ʚ ʯʘʩʪʥʦʡ (ʣʦʢʘʣʴʥʦʡ) ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʷʟʘʥʥʦʡ ʢ 

ʦʧʦʨʥʦʤʫ ʧʨʠʝʤʥʦʤʫ ʵʣʝʤʝʥʪʫ; 

3. ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ ʚ ʵʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ɿʘʜʘʯʫ 1 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʟʘʜʘʯʫ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʝʤʥʠʢʘ, ʪ.ʝ. ʦʮʝʥʢʠ ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʦʜʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʜʣʷ 

ʧʨʠʚʷʟʢʠ ʥʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʘʙʩʦʣʶʪʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ). 
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 ɿʘʜʘʯʫ 2 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʟʘʜʘʯʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ  

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʠʢʦʚ, ʪ.ʝ. ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʦʩʪʘʣʴʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

(ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʝʤʥʳʭ 

ʘʥʪʝʥʥ). 

ɿʘʜʘʯʫ 3 ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʟʘʜʘʯʫ  ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ, 

ʪ.ʝ. ʦʮʝʥʢʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ ʠʟʣʫʯʘʪʝʣʷ ʚ ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ (ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʣʫʯʘʪʝʣʷ). 

ʍʦʪʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʦʥʠ ʥʝ ʛʦʜʷʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ  

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʜʣʠʥʘ, ʧʣʦʱʘʜʴ ʠ ʪ.ʜ., ʪʘʢ ʢʘʢ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʥʝ ʷʚʣʷʶʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤʠ ʝʜʠʥʠʮʘʤʠ 

ʠʟʤʝʨʝʥʠʷ. ɻʨʘʜʫʩ ʰʠʨʦʪʳ ʨʘʚʝʥ ʛʨʘʜʫʩʫ ʜʦʣʛʦʪʳ ʚ ʤʝʪʨʠʯʝʩʢʦʤ ʠʟʤʝʨʝʥʠʠ 

ʪʦʣʴʢʦ ʥʘ ʵʢʚʘʪʦʨʝ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʪʨʫʜʥʦʩʪʝʡ, ʜʘʥʥʳʝ ʛʣʦʙʘʣʴʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʪʠʧʘ GPS ʠʣʠ ɻʣʦʥʘʩ, ʣʠʙʦ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʪʠʧʘ çʄʘʨʩè, ʧʝʨʝʚʦʜʷʪ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠ ̫ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʣʠʧʩʦʠʜʘ (ʵʣʣʠʧʩʦʠʜʘ 

ʂʨʘʩʦʚʩʢʦʛʦ [76 ʩ.8]), ʦʧʠʩʳʚʘʶʱʝʛʦ ʬʦʨʤʫ ɿʝʤʣʠ ʚ ʮʝʣʦʤ, ʚ ʧʣʦʩʢʫʶ 

ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʨʦʝʢʮʠʶ (ɻʘʫʩʩʘ-ʂʨʶʛʝʨʘ) [76 ʩ. 213-283]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʚʷʟʘʪʴ ʢʦʦʨʜʠʥʘʪʫ ʣʶʙʦʛʦ ʧʨʠʝʤʥʠʢʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʜʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢ 

ʢʦʦʨʜʠʥʘʪʘʤ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʩʧʨʦʝʮʠʨʦʚʘʥʥʳʤ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʣʠʧʩʦʠʜʘ ʂʨʘʩʦʚʩʢʦʛʦ, ʚ ʧʣʦʩʢʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ɻʘʫʩʩʘ-

ʂʨʶʛʝʨʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʧʨʦʝʢʮʠʠ  ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠʟʦʙʨʘʟʠʪʴ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʟʝʤʥʦʡ 

(ʚʦʜʥʦʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʧʦʩʪʨʦʠʪʴ ʥʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʩʠʩʪʝʤʫ ʧʣʦʩʢʠʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʕʪʘ  ʩʠʩʪʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʦʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʥʞʝʥʝʨʥʳʭ ʠ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ [24, 29, 83]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʠʚʷʟʘʥʥʫʶ ʢ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʘʩʪʦʣʴʢʦ ʙʣʠʟʢʫʶ ʢ ʨʘʡʦʥʫ 

ʨʘʙʦʪ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʯʠʪʳʚʘʪʴ ʢʨʠʚʠʟʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘ ʢʦʦʨʜʠʥʘʪ ʣʫʯʰʝ 

ʚʳʙʨʘʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʠʝʤʥʳʡ ʵʣʝʤʝʥʪ ʘʥʪʝʥʥʳ, ʫʩʪʨʝʤʠʚ Y-

ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʉʝʚʝʨ, ʘ X-ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʴ ʥʘ ʚʦʩʪʦʢ. 

 ʊʦʛʜʘ ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʢʦʦʨʜʠʥʘʪʥʳʝ ʨʘʩʯʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʷʟʘʥʳ ʢ 

ʵʪʦʡ ʦʙʳʯʥʦʡ ʠ ʫʜʦʙʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.    

ʂʘʢ ʧʝʨʚʘʷ, ʪʘʢ ʠ ʚʪʦʨʘʷ ʟʘʜʘʯʘ, ʘ ʠʤʝʥʥʦ, ʦʮʝʥʢʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʜʦʥʥʦʡ ʧʨʠʝʤʥʦʡ 

ʩʠʩʪʝʤʳ (ʦʮʝʥʢʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ) ʨʝʰʘʪʁʩʷ ʤʝʪʦʜʘʤʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʩ ʪʦʡ ʣʠʰʴ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʝ ʨʝʧʝʨʥʳʝ ʪʦʯʢʠ.  

ʈʝʰʝʥʠʝ ʪʨʝʪʴʝʡ ʟʘʜʘʯʠ ʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʝʨʝʣʦʞʠʪʴ ʥʘ 

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʟʝʤʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ (çʏʘʡʢʘè, çʄʘʨʩ-75è, 

çLoran-Cè) ʠʣʠ ʩʧʫʪʥʠʢʦʚʳʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʪʠʧʘ (GPS, 

ɻʣʦʥʘʩʩ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʠʟʣʫʯʘʪʝʣʷ 

ʧʨʠ  ʨʝʰʝʥʠʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʟʘʜʘʯ, ʘ ʠʤʝʥʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʙʩʦʣʶʪʥʳʭ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʟʘʜʘʯʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ 

ʘʧʝʨʪʫʨʳ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ.  

ɺʦ-ʧʝʨʚʳʭ, ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʟʝʤʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʤʦʛʫʪ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʨʘʡʦʥʝ 

http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82
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ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʥʠʟʢʠʤʠ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʪʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʜʝʩʷʪʢʠ ʠ ʜʘʞʝ ʩʦʪʥʠ ʤʝʪʨʦʚ).  

ʉʧʫʪʥʠʢʦʚʳʝ ʞʝ ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʪʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʣʴʢʦ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ 

ʠ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʳ   ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʛʦʜʥʳ ʚ ʩʠʣʫ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʱʝʡ ʩʠʪʫʘʮʠʝʡ ʦʪʩʫʪʩʪʚʠʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʧʫʪʥʠʢʦʚ, ʭʦʪʷ ʠ ʥʘʟʳʚʘʶʪʩʷ  ʛʣʦʙʘʣʴʥʳʤʠ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʨʘʡʦʥʘʤ ʜʘʣʴʥʝʛʦ ʉʝʚʝʨʘ, ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʣʠʯʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (ʚ ʯʘʩʪʥʦʩʪʠ,    

ʨʘʡʦʥʫ ʐʪʦʢʤʘʥʦʚʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠ)̫.  

ɼʨʫʛʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠ ̫

ʨʘʜʠʦʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʧʫʪʥʠʢʦʚʳʭ,  ʜʣʷ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʩʝʡʩʤʦʣʦʢʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʞʝʥʠʷ ʢʦ ʜʥʫ ʤʦʨʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʙʫʞʜʘʝʤʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ.  

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʳʤ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʪʝʢʫʱʠʭ 

ʢʦʦʨʜʠʥʘʪ  ʠʟʣʫʯʘʪʝʣʷ  ʢʘʢ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ  ʦʧʷʪʴ ʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʘʤ ʩʦʙʦʡ 

ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʭʦʜ ʚ ʚʠʜʝ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʧʨʠʝʤʥʦʡ  ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʟʘʜʘʯʠ. ʇʦʩʢʦʣʴʢʫ ʠʟʣʫʯʘʪʝʣʴ 

ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʘʧʝʨʪʫʨʳ ʜʣʷ ʉʃɹʆ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ  ʘʢʫʩʪʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ ʩ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ ʯʘʩʪʴʶ, 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʟʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʤʝʭʦʡ ʜʣʷ ʩʝʡʩʤʦʣʦʢʘʪʦʨʘ, ʠ ʵʪʦʡ ʞʝ ʧʨʠʝʤʥʦʡ 

ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ.  
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2.1. ʄʝʪʦʜʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ 

2.1.1. ʆʮʝʥʢʘ ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ  

ʧʨʠʝʤʥʠʢʘ (ʠ ʜʘʞʝ ʚʩʝʭ ʧʨʠʝʤʥʠʢʦʚ) ʩʪʘʮʠʦʥʘʨʥʦʡ ʚʳʥʦʩʥʦʡ ʧʨʠʝʤʥʦʡ 

ʯʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ [75], ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʮʝʥʢʝ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ, 

ʢʫʜʘ ʧʦʤʝʱʘʝʪʩʷ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʩʫʜʥʦʤ-ʥʦʩʠʪʝʣʝʤ, ʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 

(x-xm)
2
+(y-ym)

2
+(z-zm)

2
=R

2
m=(cÖtm)

2
, (2.1) 

ʛʜʝ  

xm,ym,zm - ʢʦʦʨʜʠʥʘʪʳ ʠʟʣʫʯʘʪʝʣʷ ʚ m-ʪʦʡ ʨʝʧʝʨʥʦʡ ʪʦʯʢʝ ʚ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʨʘʡʦʥʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ 

(ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʧʝʨʝʚʝʜʝʥʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ); 

x,y,z - ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ  ʚ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

c - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ; 

tm - ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ m-ʪʦʡ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ ʜʦ 

ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ.   

ʇʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (2.1) ʢ ʚʠʜʫ 

mmmm bzzzyyyxxx =-+-+- 222 222

,
 (2.2) 

ʛʜʝ  

2222

mmmmm zyxRb ---=  (2.3) 

ɺr ʨʘʞʝʥʠʷ 2.1 ʠ 2.2 ʦʧʠʩʳʚʘʶʪ ʫʨʘʚʥʝʥʠʷ  ʩʬʝʨ ʩ ʮʝʥʪʨʘʤʠ ʚ ʤʝʩʪʘʭ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩʫʪʴ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʙʣʘʩʪʴ ʧʝʨʝʩʝʯʝʥʠʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʪʨʝʭ ʩʬʝʨ 

ʦʧʨʝʜʝʣʷʝʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʩʢʦʤʦʡ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʥʘʡʜʝʥʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʣʠʙʦ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʪʨʝʭ. 
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ʋʨʘʚʥʝʥʠʷ (2.2) ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʘ ʪʘʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʠʪʝʨʘʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ [95]. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʣʦʞʝʥʳ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ʩʫʜʥʘ ʧʦʩʪʘʥʦʚʱʠʢʘ ʥʘ ʤʦʤʝʥʪ ʫʢʣʘʜʢʠ ʘʥʪʝʥʥʳ ʥʘ ʜʥʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʝʨʝʚʝʜʝʥʥʳʝ ʚ ʫʢʘʟʘʥʥʫʶ ʚʳʰʝ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʚ 

ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʠ  ʢʦʦʨʜʠʥʘʪʳ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ. 

2.1.2. ʆʮʝʥʢʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʦʥʥʳʭ ʘʥʪʝʥʥ ʠʣʠ 

ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʨʝʰʘʪʴ ʧʫʪʝʤ 

ʦʮʝʥʢʠ ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʢʘʞʜʦʛʦ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʥʦʛʦ 

ʚʳʰʝ.  

ʆʜʥʘʢʦ ʚ ʜʘʣʴʥʦʤʝʨʥʦʤ ʤʝʪʦʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ 

(ʧʦʤʠʤʦ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʨʝʤʝʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʢʘʞʜʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʦ 

ʢʘʞʜʦʛʦ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʳ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ 

ʯʝʪʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ [21,86], 

ʥʘʧʨʠʤʝʨ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʩʠʥʭʨʦʩʠʛʥʘʣʘ 

ʨʘʟʨʝʰʝʥʠʷ ʠʟʣʫʯʝʥʠʷ  ʣʠʙʦ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʦʡ ʠ 

ʠʟʣʫʯʘʶʱʝʡ ʯʘʩʪʝʡ  ʚ ʩʠʩʪʝʤʝ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʧʨʠʝʤʥʦʡ ʠ ʠʟʣʫʯʘʶʱʝʡ 

ʧʦʜʩʠʩʪʝʤ, ʫʜʦʙʥʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ 

ʠʟʣʫʯʝʥʠʷ, ʥʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʫʩʪʦʡʯʠʚʦ ʨʘʙʦʪʘʶʱʝʛʦ ʨʘʜʠʦʢʘʥʘʣʘ, ʯʪʦ ʥʝ 

ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ  ʫʩʣʦʚʠʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʝʚʝʨʥʳʭ ʰʠʨʦʪʘʭ. 

ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʦʮʝʥʢʦʡ ʤʦʤʝʥʪʘ 

ʠʟʣʫʯʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʫʜʥʝ ʥʦʩʠʪʝʣʝ ʠʟʣʫʯʘʪʝʣʷ. 

ʄʦʤʝʥʪ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʝʛʦ ʵʥʝʨʛʝʪʠʢʠ ʠ ʤʘʣʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʚʦʪ 
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ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʝʤʥʦʤ ʵʣʝʤʝʥʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. ʇʨʠʯʝʤ ʵʪʘ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʤʦʤʝʥʪʘ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ, 

ʥʘʧʨʠʤʝʨ, ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ, ʮʝʥʪʨʫ ʤʘʩʩ ʠ ʜʨ. [25-27].   ɺʳʟʚʘʥʦ ʵʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʵʥʝʨʛʝʪʠʢʦʡ ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʧʦʪʝʨʴ ʧʨʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠ, ʯʪʦ ʩʘʤʦʝ ʚʘʞʥʦʝ,  ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʩʠʛʥʘʣʘ 

ʧʦ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʟʘ ʩʯʝʪ ʜʠʩʧʝʨʩʠʠ ʚ ʧʨʦʮʝʩʩʝ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʇʦʛʨʝʰʥʦʩʪ ɹ ʦʮʝʥʦʢ ʨʘʩʩʪʦʷʥʠʡ ʠʩʪʦʯʥʠʢ-ʧʨʠʝʤʥʠʢ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʘʥʪʝʥʥʳ ʜʦ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʧʦʚʳʰʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʦʢ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʝʥʥʝ.  

ʇʦʵʪʦʤʫ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ  ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʳ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʫʡʪʠ ʦʪ ʧʦʨʦʛʦʚʳʭ ʧʨʦʮʝʜʫʨ ʦʮʝʥʦʢ ʘʙʩʦʣʶʪʥʳʭ ʚʨʝʤʝʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʧʝʨʝʡʪʠ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʧʨʦʮʝʜʫʨʘʤ ʦʮʝʥʦʢ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʦʣʝʝ ʪʦʯʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ.  

ɼʦʩʪʠʯ ɹʵʪʦʛʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʤʝʩʪʦ ʨʘʩʩʪʦʷʥʠʡ ʠʟʣʫʯʘʪʝʣʴ-

ʧʨʠʝʤʥʠʢ ʨʘʟʥʦʩʪʝʡ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʧʘʨʦʡ ʧʨʠʝʤʥʠʢʦʚ ʠʣʠ 

(ʧʨʠ ʙʦʣʴʰʠʭ ʜʘʣʴʥʦʩʪʷʭ) ʧʨʦʝʢʮʠʡ ʤʝʞʵʣʝʤʝʥʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʥʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʩʫʪʴʶ 

ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʘʜʘʯʘ 

ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ. ʇʨʠ ʵʪʦʤ, ʦʧʦʨʥʳʤ 

ʧʨʠʝʤʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʳ ʦʩʪʘʣʴʥʳʭ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ,  ʤʦʞʝʪ ʙʳʪʴ  ʚʳʙʨʘʥ  ʩʨʝʜʥʠʡ 

ʵʣʝʤʝʥʪ ʘʥʪʝʥʥʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʘʙʩʦʣʶʪʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʥʝʘʨʠʟʘʮʠʠ 
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ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ [94 ʩ. 43-74, 18 ʩ.53-69]. 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʩʧʦʩʦʙ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʡ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ).  

ʇʫʩʪʴ ʢʦʦʨʜʠʥʘʪ r n-ʪʦʡ ʪʦʯʢʠ ʚʦʟʙʫʞʜʝʥʠʷ (ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ)  

(xn,yn,zn), ʘ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʠʢʦʚ (xi,yi,zi), ʪʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ n-ʛʦ 

ʠʩʪʦʯʥʠʢʘ ʜʦ i-ʛʦ ʧʨʠʝʤʥʠʢʘ (i=1,I  ʠ  n=1,N)              
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ʛʜʝ    ætion ï ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʝʡ ʚʨʝʤʝʥ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ ʠʟ n-ʪʦʡ 

ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ ʥʘ i-ʪʳʡ ʠ ʦʧʦʨʥʳʡ (0-ʦʡ) ʢʘʥʘʣʳ; 

ton ï ʠʟʤʝʨʝʥʥʦʝ ʧʨʠ ʦʮʝʥʢʝ ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʨʝʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʠʟ n-ʪʦʡ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ ʜʦ ʦʧʦʨʥʦʛʦ  ʧʨʠʝʤʥʠʢʘ. 

       ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ  

)2(

)(2)(2)(2

2222222

iononionooioioi

noinoinoi

Czzyyxx

zzzyyyxxx

ttt D+D--+-+-=

=-+-+-

 (2.8) 
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʱʫʪʩʷ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʘʙʩʦʣʶʪʥʘʷ ʢʦʦʨʜʠʥʘʪʘ), ʪʦ ʠ ʧʨʠʚʷʟʘʪʴ 

ʚʩʶ ʩʠʩʪʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʢ ʦʧʦʨʥʦʤʫ ʵʣʝʤʝʥʪʫ, ʦʙʥʫʣʠʚ ʝʛʦ ʢʦʦʨʜʠʥʘʪʳ ʚ 

ʥʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

ʊʦʛʜʘ ʧʨʠ (x,y,z)=(0,0,0) ʩʠʩʪʝʤʘ ʠʟ N ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʥʪʝʥʥʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

)2(222 2222

iononiononnnninini Czyxzzyyxx ttt D+D-++=++  (2.9) 

ʛʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ (xi,yi,zi)  ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ N ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ (xn,yn,zn), n=1,N .  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ 

ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʠʤʝʶʱʝʡ ʦʜʥʦʟʥʘʯʥʦʝ ʨʝʰʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʧʨʠ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹ ʦʮʝʥʢʠ 

ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʦ ʢʘʞʜʦʛʦ 

ʧʨʠʝʤʥʠʢʘ ʘʥʪʝʥʥʳ.  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ, ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʧʨʠʝʤʥʠʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ 

ʦʮʝʥʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʚ ʵʪʦʡ ʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ). 

ʇʫʩʪʴ ʢʦʦʨʜʠʥʘʪʘ ʠʩʪʦʯʥʠʢʘ (xʠ, yʠ, zʠ), ʘ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʠʢʦʚ (xi, 

yi, zi), ʪʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ i-ʛʦ ʧʨʠʝʤʥʠʢʘ 

 
222 )()()( ʠiʠiʠiioi zzyyxxCR -+-+-== t

 
(2.10) 

ʆʧʷʪʴ ʚʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʦʜʠʥ ʠʟ ʧʨʠʝʤʥʠʢʦʚ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (xo, yo, zo) 

 
22222222 222)( ʠʠooʠʠooʠʠooooo zzzzyyyyxxxxCR +-++-++-== t  

 
22222222 222)( ʠʠiiʠʠiiʠʠiiioi zzzzyyyyxxxxCR +-++-++-== t  

(2.11) 

  ʈʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʦʧʦʨʥʦʛʦ ʠ i-ʛʦ 

ʧʨʠʝʤʥʠʢʦʚ: 
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(2.12) 

ʛʜʝ ʩ0 ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ; 

      ætio ï ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʟʥʦʩʪʝʡ ʚʨʝʤʝʥ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ; 

      to ï ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʠʢʘ  

(ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʝʠʟʚʝʩʪʥʘʷ). 

ʇʨʝʜʩʪʘʚʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚ ʥʦʨʤʘʣʴʥʦʤ ʚʠʜʝ ʜʣʷ ʠʩʢʦʤʳʭ 

ʥʝʠʟʚʝʩʪʥʳʭ  xʠ, yʠ, zʠ, to  

 
22222222

22)(2)(2)(2

ioooioioi

oiooʠoiʠoiʠoi

Czzyyxx

ʉzzzyyyxxx

t

tt

D--+-+-=

=D+-+-+-

 

(2.13) 

ʊ.ʦ. ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

FAX=  (2.14) 

ʠʣʠ 

;fdzcybxa oiiii =+++ t  (2.15) 

ʛʜʝ 

 

22222222

2
2
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);(2
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iooioioii
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oii

ʦczzyyxxf

cd

zzc

yyb

xxa

t

t
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 (2.16) 

 ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥ ʦʙʱʠʡ ʩʣʫʯʘʡ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʥʦ-

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ. ɺ ʢʦʥʢʨʝʪʥʦʤ ʞʝ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʙʫʢʩʠʨʦʚʢʠ ʧʨʠ ʩʠʥʪʝʟʠʨʦʚʘʥʠʠ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ ʚʨʝʤʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʜʦ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʟʤʝʨʝʥʦ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʠʟʣʫʯʝʥʠʷ-ʧʨʠʝʤʘ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʨʝʜʩʪʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ ʚ 

ʩʠʩʪʝʤʝ ʝʜʠʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ Ű0 ʫʭʦʜʠʪ ʠʟ ʩʦʩʪʘʚʘ ʥʝʠʟʚʝʩʪʥʳʭ ʠ  ʩʠʩʪʝʤʘ 

ʫʧʨʦʱʘʝʪʩʷ. 
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2.2. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ 

2.2.1. ʄʝʪʦʜ ʅʴʶʪʦʥʘ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ ʅʴʶʪʦʥʘ [95].  

ʈʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.2) ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ  

F(x) = 0, (2.17) 

ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ 

f(x
(k)

 + Dx
(k)

)= 0. (2.18) 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʬʫʥʢʮʠʷ f (x) ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʚ 

ʥʝʢʦʪʦʨʦʡ ʚʳʧʫʢʣʦʡ ʦʙʣʘʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ x ʠ x
(k)
, ʨʘʟʣʦʞʠʤ ʣʝʚʫʶ ʯʘʩʪʴ 

ʫʨʘʚʥʝʥʠʷ (2.18) ʧʦ ʩʪʝʧʝʥʷʤ ʤʘʣʦʛʦ ʚʝʢʪʦʨʘ D x
(k)

 , ʦʛʨʘʥʠʯʠʚʘʷʩʴ 

ʣʠʥʝʡʥʳʤʠ ʯʣʝʥʘʤʠ, 

f(x
(k)

 + D x
(k)

)= f (x
(k)

) + f ó (x
(k)

) D x
(k) 

= 0. (2.19) 

ʇʦʜ ʧʨʦʠʟʚʦʜʥʦʡ f'(x) ʧʦʥʠʤʘʝʪʩʷ ʤʘʪʨʠʮʘ ʗʢʦʙʠ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʡ  

f1, f2, ..., fn ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ x1, x2, ..., xn, ʪ. ʝ. f ' (x) = W(x).  

ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʘ (2.19) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

f(x
(k)

) + W(x
(k)

) Dx
(k)

 = 0, (2.20) 

ʩ ʚʝʢʪʦʨʦʤ ʧʦʧʨʘʚʦʢ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

D x
(k)

 = - W 
-1
(x

(k)
) f(x

(k)
). (2.21) 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.17) ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

x
(k + 1)

 = x
(k)
ï W 

-1
(x

(k)
) f (x

(k)
) (2.22) 

(k = 0, 1, 2, é), 

ʘ ʧʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ xi ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʧʦʧʨʘʚʢʠ ʥʝ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ. 

2.2.2. ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ 

       ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [94 ʩ. 210-233] ʢ ʩʠʩʪʝʤʝ  
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ʫʨʘʚʥʝʥʠʡ (2.9) 
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(2.26) 

oiiiiiiiii dazcaybaafxa
X

V
t)2()2()2(2)2( 2 äääää +++-=
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µ
 (2.27) 

,0;0;0;0
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 (2.28) 

ʧʦʣʫʯʘʝʤ  ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

äääää

äääää

äääää

äääää

=+++

=+++

=+++

=+++

iioiiiiiii

iioiiiiiii

iioiiiiiii

iioiiiiiii
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 (2.29) 

ʏʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʥʝʠʟʚʝʩʪʥʳʭ, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʦʧʪʠʤʘʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʩʨʝʜʩʪʚʘʤ.  

2.2.3. ɸʣʛʝʙʨʘʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ɺ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʜʣʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.9) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

ɸʭ=b (2.30) 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʨʝʰʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʣʠʥʝʡ-

ʥʦʡ ʘʣʛʝʙʨʳ  [18 ʩ. 53-69], ʦʙʳʯʥʦ ʩʪʨʝʤʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʤʘʪʨʠʮʘ ɸ ʙʳʣʘ 

ʢʚʘʜʨʘʪʥʦʡ. ɽʩʣʠ ʦʧʨʝʜʝʣʠʪʝʣʴ  ʤʘʪʨʠʮʳ det A ʥʝ ʨʘʚʝʥ ʥʫʣʶ (ʪ.ʝ. ʤʘʪʨʠʮʘ 

ʥʝʚʳʨʦʞʜʝʥʥʘʷ), ʪʦ ʫʨʘʚʥʝʥʠʝ (2. 30) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ 

ʭ=A
-1
b, (2.31) 

ʛʜʝ ɸ
-1
 - ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ, ʪʘʢʘʷ, ʯʪʦ ɸ

-1
ɸ=I (I -ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ rʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠ N=I 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʡʪʠ ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʫ ʩʠʩʪʝʤʳ. 

ʍʦʪʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʠ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʨʝ-

ʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝ-

ʤʳ, ʚ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯʘʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ 

ʥʝʦʙʭʦʜʠʤʦʤ ʦʙʲʸʤʝ ʧʘʤʷʪʠ ʠ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʩʧʦ-

ʩʦʙʘ ʨʝʰʝʥʠʷ. 

ɸʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʨʷʤʳʝ ʠ ʠʪʝʨʘʮʠʦʥʥʳʝ. 

ɺʘʞʥʝʡʰʠʤ ʠʟ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʩʢʣʶʯʝʥʠʷ ɻʘʫʩʩʘ. 

ɺ ʦʙʳʯʥʦʤ ʩʧʦʩʦʙʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ  ʫʨʘʚʥʝʥʠʡ ɸʭ=b  

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ɸ
-1
 ʠ ʫʤʥʦʞʝʥʠʝ ɸ

-1
 ʥʘ b. 

ʕʪʦʪ ʩʧʦʩʦʙ ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʳʛʦʜʥʳʤ, ʝʩʣʠ ʟʘʜʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʨʘʚʳʭ ʯʘʩʪʝʡ b, ʪʘʢ ʢʘʢ ʦʙʨʘʪʥʫʶ ʤʘʪʨʠʮʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʷʪʴ ʪʦʣʴʢʦ 

ʦʜʠʥ ʨʘʟ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʦʪ ʚʘʨʠʘʮʠʡ b, ʘ ʪʘʢʞʝ ʦʪ ʦʰʠʙʦʢ ʟʘʜʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠ ʦʰʠʙʦʢ ʚʳʯʠʩʣʝʥʠʡ. 

ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʣʦʭʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ: 

ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʢʘʢ ʫʛʦʜʥʦ ʙʦʣʴʰʠʝ (ʧʦ 

ʥʦʨʤʝ) ʠʟʤʝʥʝʥʠʷ ʨʝʰʝʥʠʷ [92]. 
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ʉʚʷʟʴ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʦʰʠʙʢʘʤʠ ʚ ʨʝʰʝʥʠʠ ʠ ʚ b ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ||ɸ||Ö||ɸ
-1
||, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦʤ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ condɸ.  

ʩʦndA=||ɸ||Ö||ɸ
-1
||=m1/mN (2.32) 

ʉʠʥʛʫʣʷʨʥʳʤʠ ʯʠʩʣʘʤʠ mi (i=1,N) ʥʘʟʳʚʘʶʪʩʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʦʨʥʠ 

ʢʚʘʜʨʘʪʥʳʝ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳɸɸ
ʪ
. ɼʣʷ ʥʝʚʳ-

ʨʦʞʜʝʥʥʳʭ ʤʘʪʨʠʮ ɸ ʧʦʨʷʜʢʘ N ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ m1>m2>mN>0. 

ɿʜʝʩʴ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʥʦʨʤʘʤʠ ʤʘʪʨʠʮ ɸ ʠ ɸ
-1
 ʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʠʥʛʫʣʷʨʥʳʭ ʯʠʩʝʣ: 

||ɸ|| = m1;   ||ɸ
-1
||= mN

-1
. (2.33) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʚʝʨʭʫ ʦʪʥʦʰʝ-

ʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʚ ʭ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʝ ʚ b ʠ ʵʪʦ ʦʪʥʦʰʝʥʠʝ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ 1. 

ɺ ʮʝʣʦʤ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʦnd A ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʝʨʦʡ 

ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʤʘʪʨʠʮʘ ɸ ʭʦʨʦʰʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʯʠʩʣʝʥʠʷʤ, ʦʩʫʱʝʩʪ-

ʚʣʷʝʤʳʤ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ. ɼʘʞʝ ʝʩʣʠ ʚʝʢʪʦʨ b ʠʟʚʝʩʪʝʥ ʪʦʯʥʦ, 

ʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘmn ʤʘʪʨʠʮʳ ɸ ʟʘʜʘʥʳ ʩ ʦʰʠʙʢʦʡ, ʪʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʝʣʠʯʠʥʘ ʩʦnd A ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʩʚʝʨʭʫ ʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ  

||Dx||/||x+Dx||>ʩʦnd A||Dɸ||/||ɸ||. (2.34) 

ɺʝʣʠʯʠʥʘ ʩʦnd A ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʝʧʝʥʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʰʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʠʥʛʫʣʷʨʥʳʭ ʯʠʩʝʣ m1/mN 

ʠʣʠ, ʘʥʘʣʦʛʠʯʥʦ, ʦʪ ʦʪʥʦʰʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʙʩʪʚʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ lʤʘʭ/lmin ʤʘʪʨʠʮʳ ɸ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ ɸ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʦʙʩʪʚʝʥʥʦ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʛʝʦʤʝʪʨʠʝʡ 

ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʨʠʝʤʥʦ-ʠʟʣʫʯʘʪʝʣʝʡ) ʥʘ ʦʙʩʣʫʞʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠʣʠ ʘʢʚʘʪʦʨʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
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ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʵʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʣʶʙʦʤʫ ʠʟ ʧʨʠʣʦʞʝʥʠʡ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

2.3. ʊʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʘʙʩʦʣʶʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʝʥʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ, 

ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ, ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ. 

ɽʩʣʠ ʠʟʣʫʯʘʪʝʣʴ ʦʧʫʩʢʘʝʪʩʷ ʩ ʩʫʜʥʘ-ʥʦʩʠʪʝʣʷ ʚ ʟʘʜʘʥʥʦʡ ʨʝʧʝʨʥʦʡ 

ʪʦʯʢʝ ʠʣʠ ʜʘʞʝ ʙʫʢʩʠʨʫʝʪʩʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ ʙʫʝʤ, ʥʘʭʦʜʷʱʝʤʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʩʥʘʱʝʥʥʳʤ ʧʨʠʝʤʥʠʢʦʤ GPS, ʪʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʩʫʜʥʘ 

ʠʣʠ ʙʫʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʣʫʯʘʪʝʣʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʝʩʣʠ ʦʥʘ 

ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʨʘʡʦʥʝ ʨʘʙʦʪ). ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʧʨʠʝʤʥʠʢʘ GPS ʩ ʜʝʮʠʤʝʪʨʦʚʦʡ ʠ ʜʘʞʝ ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦ ʚʩʝʤ 

ʢʦʦʨʜʠʥʘʪʘʤ [29, 83].   

ʅʘʧʨʠʤʝʨ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ SkyFix XP ʠʣʠ OmniSTAR   

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʝʮʠʤʝʪʨʦʚʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ů0 ʧʦʨʷʜʢʘ 10 

ʩʤ ʚ ʧʣʘʥʝ ʠ 15 ʩʤ ʧʦ ʚʳʩʦʪʝ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʷ 

ʠʟʣʫʯʘʪʝʣʴ-ʧʨʠʝʤʥʠʢ ʠʤʝʝʪ ʚʠʜ: 

       „Ὑ=ὅ „† „  ˞+„ ,                                                 (2.35) 

ʛʜʝ  C0 ʠ R0ï ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠ ̫ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʨʘʩʩʪʦʷʥʠʷ; 

ŭ
2
Ű=1/(q

2
*ʇɻʬ

2
) - ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ; 

q-ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ; 

ʇɻ ʬ-ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʨʘʙʦʯʝʛʦ ʩʠʛʥʘʣʘ. 
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ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ "ʇʫʣʴʩ-2" [28].  ɼʘʥʥʳʡ 

ʠʩʪʦʯʥʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʣʫʯʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʦʣʦʩʝ 25-50 ɻʮ ʩ 

ʘʤʧʣʠʪʫʜʦʡ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1ʤ ʈa=300 ʢʇʘ. 

ɸʤʧʣʠʪʫʜʘ ʧʨʷʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ 

Ra
C

R

P
P ÖÖ-Ö= b05.010  (2.36) 

ɸʤʧʣʠʪʫʜʘ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ  

fNP DÖ= 0 ,
 (2.37) 

No- ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʰʫʤʘ. 

ʆʧʨʝʜʝʣʠʤ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ 

Ra

w

C

fRN

P
P

P
q **-Ö

DÖÖ
== b05.0

0

10

.
 (2.38) 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʰʫʤʘ ʚ ʤʝʣʢʦʤ ʤʦʨʝ [89] ʚ ʥʠʞʥʝʤ ʟʚʫʢʦʚʦʤ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ  ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (0.003-0.006) ʇʘ/ãɻʮ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʘʪʫʭʘʥʠʷ ɓ=(0.02-0.03)ʜɹ/ʢʤ. 

ʆʧʨʝʜʝʣʠʤ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʧʨʠʝʤʥʦʤ ʵʣʝʤʝʥʪʝ ʘʥʪʝʥʥʳ, ʥʘ-

ʭʦʜʷʱʝʤʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R=10ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʚ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʦʣʦʩʝ ʩʠʛʥʘʣʘ ȹf=25ɻʮ ʧʨʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʰʫʤʦʚ 006.00 =N  

ʇʘ/ãɻʮ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʠʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʟʘʪʫʭʘʥʠʷ  ɓ=0.03ʜɹ/ʢʤ. 

31003.005.0
4

5

1010
)5006.010(

103 =Ö
ÖÖ

Ö= ÖÖ-q
.
 (2.39) 

ʊʦʛʜʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʦʩʪʘʚʠʪ 

5
3 104

)2510(
1

)(
1 -Ö=

Ö
=

P*
=

q
dt  (ʩ). (2.40) 

ʋʯʠʪʳʚʘʷ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ 

ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʥʝʚʤʦʠʩʪʦʯʥʠʢʘ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʨʝʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ  ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ 10
-3
 - 10

-4
 ʩ.  
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ʇʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ  ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʩʦʪʳʭ ʜʦʣʝʡ  ʧʨʦʮʝʥʪʘ. 

ʅʘʧʨʠʤʝʨ ʠʟʤʝʨʠʪʝʣʴ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʜʝ Valeport MiniSVP 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ: 1375 ð 1900 ʤ/ʩ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 0,001 ʤ/ʩ ʧʨʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ: +/- 0,02 ʤ/ʩ.  

ʆʜʥʘʢʦ ʵʪʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʮʝʥʢʘʤ ʣʦʢʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʥʘ ʚʳʩʦʢʦʡ (ʝʜʠʥʠʮʳ ʄɻʮ) ʯʘʩʪʦʪʝ ʠ ʚ ʙʝʟʛʨʘʥʠʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɼʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʞʝ ʜʠʘʧʘʟʦʥʘ ʠ ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʡ ʩ 

ʚʦʣʥʦʚʦʜʥʳʤ, ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʫʶ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. 

ʇʦʵʪʦʤʫ, ʦʧʨʝʜʝʣʠʤ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʪʦʯʢʠ 

ʠʟʣʫʯʝʥʠʷ ʜʦ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʣʠʩʪʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ůʩ=0.5 ʤ/ʩ ʠ ʦʮʝʥʢʠ ʚʨʝʤʝʥ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ůŰ=10
-3
ʩ. 

ɼʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ ʵʪʠʭ ʨʘʩʩʪʦʷʥʠʡ ʩʦʩʪʘʚʠʪ ʚʝʣʠʯʠʥʫ  
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ʊʘʢʘʷ ʪʦʯʥʦʩʪʴ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʮʝʥʢʠ ʘʙʩʦʣʶʪʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʘʥʪʝʥʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʜʥʘʢʦ ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʘʥʪʝʥʥʳ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʝʥʥʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʬʘʟʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʪʘʢʦʡ ʪʦʯʥʦʩʪʠ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʪʨʝʙʫʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ.  

ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ (2.35) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʜʠʩʧʝʨʩʠʶ 

ʦʮʝʥʢʠ ʚʥʦʩʠʪ ʨʘʩʩʪʦʷʥʠʝ ʠʟʣʫʯʘʪʝʣʴ-ʧʨʠʝʤʥʠʢ, ʥʘ ʢʦʪʦʨʦʤ, ʩʦʙʩʪʚʝʥʥʦ 

ʠʟʤʝʨʷʝʪʩʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʪʝʥʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ 
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ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʨʠ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʦʮʝʥʢʠ ʚʨʝʤʝʥ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ ʜʦ ʢʘʞʜʦʛʦ 

ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʳ, ʘ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ ʵʪʦʛʦ 

ʩʠʛʥʘʣʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ.  

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʣʘʛʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ 

ʚʨʝʤʝʥʥʳʭ, ʠʥʪʝʨʚʘʣʦʚ ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ ůŰ=10
-4 
ʩ. ʇʨʠ ʵʪʦʤ ʜʠʩʧʝʨʩʠʷ ʦʮʝʥʢʠ 

ʧʨʦʝʢʮʠʠ ʤʝʞʵʣʝʤʝʥʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢ 

ʠʟʣʫʯʝʥʠʷ, ʜʘʞʝ ʧʨʠ ʠʭ ʢʠʣʦʤʝʪʨʦʚʦʤ ʨʘʟʥʝʩʝʥʠʠ, ʩʦʩʪʘʚʠʪ ʚʝʣʠʯʠʥʫ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʠʢʦʚ ʚ ʘʥʪʝʥʥʝ ʚ ʧʨʝʜʝʣʘʭ ʜʦʣʝʡ ʤʝʪʨʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʨʠʝʤʥʠʢʦʚ ʚ ʘʥʪʝʥʥʝ  ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʬʘʟʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚʧʣʦʪʴ ʜʦ ʜʣʠʥ ʚʦʣʥ ʤʝʥʝʝ ɚ=5ʤ.  

ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ (2.42) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʜʠʩʧʝʨʩʠʶ 

ʦʮʝʥʢʠ ʧʨʦʝʢʮʠʠ ʤʝʞʵʣʝʤʝʥʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚʥʦʩʠʪ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʳʭʦʜʦʚ ʠʟ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʩʦʩʪʘʚ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ [50].  

ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʧʨʠʝʤ ʚʦʟʤʦʞʝʥ  ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʦʢʦʡ ʚʦʜʳ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ. 

ɺ ʫʩʣʦʚʠʷʭ ʞʝ ʚʦʣʥʦʚʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʵʪʠ ʫʩʣʦʚʠʷ 

ʭʘʨʘʢʪʝʨʥ r ʤʝʣʢʦʚʦʜʥʦʡ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʜʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, 
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ʩʣʝʜʫʝʪ ʫʞʝ ʫʯʠʪʳʚʘʪʴ ʠ ʚʦʟʤʦʞʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʦʣʥʦʚʦʜʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʠʟʣʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʚʦʜʴʷ, 

ʪʝʤ ʙʦʣʝʝ ʪʨʝʙʫʝʪ ʫʯʠʪr ʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʜʠʩʧʝʨʩʠʶ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, 

ʧʨʠʩʫʱʫʶ ʠʤʝʥʥʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ.  

ʋʯʠʪrʚʘʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʘʩʰʪʘʙʳ 

ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩʝʡʩʤʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʝʜʠʥʠʮ 

ʢʠʣʦʤʝʪʨʦʚ, ʪʦ ʩ ʫʯʝʪʦʤ  ʞʝʣʘʪʝʣʴʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ 

ʠʟʣʫʯʝʥʠʷ ʚ ʝʝ ʜʘʣʴʥʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʫʜʘʣʝʥʠʝ ʠʟʣʫʯʘʪʝʣʷ ʦʪ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ 

ʢʠʣʦʤʝʪʨʦʚ. ʇʨʠ ʪʘʢʦʤ ʨʘʟʥʝʩʝʥʠʠ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ  

ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʘʪʷʛʠʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʚʧʣʦʪʴ ʜʦ ʨʘʟʜʝʣʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʤʦʜ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ, ʢʘʢ  ʦʮʝʥʦʢ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʘʢ ʠ ʦʮʝʥʦʢ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ. ɺʳʭʦʜʦʤ ʠʟ 

ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʙʦʨ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʜʘʣʴʥʝʡʰʝʝ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʜʫʨʘʭ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʦ ʩʨʝʜʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  

2.4. ɺʳʙʦʨ ʤʦʜʝʣʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ 

ɺ ʥʠʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʤʝʣʢʦʝ ʤʦʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ ʩ ʤʦʜʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʥʘʣʠʯʠʝ ʜʠʩʧʝʨʩʠʠ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ.  

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪ 

ʨʘʙʦʪʫ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ [48], ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [7, 10] ʠ ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ  ʣʦʢʘʮʠʦʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ [11-12, 61] ʜʣʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ,   ʘʜʘʧʪʠʨʫʝʤʳʭ ʢ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ. ɹʦʣʝʝ 

ʪʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʣʥʦʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 
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ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ   ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [38, 39].    

ʆʜʥʘʢʦ, ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ 

ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ [1,8-9,78,79], ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ.  

ʋʜʦʙʥʦʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʠʩʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʣʥʦʚʦʜʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ 

ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʠʤʠ ʠʣʠ ʘʙʩʦʣʶʪʥʦ ʤʷʛʢʠʤʠ ʛʨʘʥʠʮʘʤʠ [46 ʩ.310-317, 84 

ʩ.463-472, 90 ʩ.109-116].  

ɺ ʠʜʝʘʣʴʥʦʤ ʤʦʨʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʛʣʫʙʠʥʦʡ ʅ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ 

ʪʦʯʝʯʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʦʪʳ ɤ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

                  Ὓ‫ȟὶȟὸ В ὃ ϽὩ å ,                                    (2.43) 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ  

                              ɾ ˚ ά ʌ,                                                       (2.44) 

ʛʜʝ  ὓ;Ò( + ) - ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʙʫʞʜʘʝʤʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ‫  

ɸm = sin(ɾ zʠ)Ŀsin(ɾ zʧ) - ʘʤʧʣʠʪʫʜʘ m-ʪʦʡ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʳ;   

ɾ  =  - ʚʝʨʪʠʢʘʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ;     

å =
˞
  ɾ  - ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; 

ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʜʥʦʤ ʩʣʦʝ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ, ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʚʦʧʨʦʩʦʚ ʧʦʩʪʨʦʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʦʣʥʦʚʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ  ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ.  ʆʜʥʘʢʦ ʦʥʘ ʨʝʜʢʦ ʢʦʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʥʦ ʠ  ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʚʦʣʥʦʚʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ 
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ʨʝʘʣʴʥʳʭ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʇʝʢʝʨʠʩʘ [46 ʩ.317-340, 77, 90 

ʩ.117-123], ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʳʡ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʡ ʩʣʦʡ 

ʞʠʜʢʦʩʪʠ, ʣʝʞʘʱʠʡ ʥʘ ʞʠʜʢʦʤ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʦʩʥʦʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ  

        å ˚ ρ
Ⱦ

ά “ ὥὶὧὸὫ
 

Ⱦ

,               (2.45) 

ʛʜʝ   ”ȟὅ  ʠ  ”ȟὅ ï ʧʣʦʪʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ 

ʞʠʜʢʦʤ ʩʣʦʝ ʠ ʧʦʜʣʦʞʢʝ; 

vm ï ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ m-ʪʦʡ ʥʦʨʤʘʣʴʥʦʡ ʚʦʣʥʳ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦʩʪʠ ʦʪʣʠʯʠʡ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ ʞʠʜʢʦʛʦ ʩʣʦʷ, ʣʝʞʘʱʝʛʦ ʥʘ ʞʠʜʢʦʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʤʦʜʝʣʠ ʇʝʢʝʨʠʩʘ) ʦʪ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʥʘ ʨʠʩ.2.1.   

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʨʤʘʣʴʥʳʭ 

ʚʦʣʥ ʜʣʷ ʚʦʜʥʦʛʦ ʩʣʦʷ ʛʣʫʙʠʥʦʡ ʅ=100ʤ. 

   

ʈʠʩ. 2.1     ʌʘʟʦʚʳʝ ʠ ʛʨʫʧʧʦʚʳʝ ʩʢʦʨʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ  

ɺʝʨʭʥʠʡ ʨʠʩʫʥʦʢ - ʤʦʜʝʣʴ ʇʝʢʝʨʠʩʘ  ʩʚ =1500ʤ/ʩ, ɟʛ=2 ʛ/ʩʤ
3
, ʩʛ =1800ʤ/ʩ; 

ʅʠʞʥʠʡ ʨʠʩʫʥʦʢ - ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩʚ =1500ʤ/ʩ, ɟʛʩʛ = Ð. 
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ɻʜʝ    ʩʚ - ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʜʥʦʤ ʩʣʦʝ, 

ɟʛ - ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ, 

ʩʛ - ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʛʨʫʥʪʝ. 

ʀʤʝʥʥʦ ʤʦʜʝʣʴ ʇʝʢʝʨʠʩʘ ʚʳʙʨʘʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʠʟʢʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʤʝʣʢʦʤ ʤʦʨʝ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʰʝʣʴʬʦʚʦʡ ʟʦʥʝ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ).  

ʇʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʦʢ ʠʤʝʥʥʦ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟʦʚʳʭ ʠ 

ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ.  

ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠʤʧʫʣʴʩʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʠʥʷʪʦʛʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ. 

ɼʣʷ ʦʮʝʥʢʠ ʞʝ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʞʝʣʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʠʟʣʫʯʘʪʝʣʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʧʧʣʝʨʦʚʩʢʠʭ ʯʘʩʪʦʪ (ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ) 

ʧʫʪʝʤ ʜʦʧʧʣʝʨʦʚʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ (ʠʣʠ ʘʧʝʨʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ) [6]   ʣʠʙʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʷʞʝʥʥʦʡ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ [22,23,31-37]. 

 ʈʝʘʣʠʟʘʮʠʷ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ,  

ʧʨʦʙʣʝʤʘʪʠʯʥʘ ʚ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʫʢʩʠʨʫʝʤʦʤ ʚʘʨʠʘʥʪʝ ʚʝʩʴʤʘ ʛʘʙʘʨʠʪʥʦʛʦ ʠ 

ʩʣʦʞʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ.  

ɸ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ, ʜʦʧʫʩʢʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ (ʚ ʪʦʤ 

ʯʠʩʣʝ, ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ) ʠʩʪʦʯʥʠʢʘ, ʚʧʦʣʥʝ ʨʝʘʣʠʟʫʝʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ 

ʩʦʩʪʘʚʝ ʩʝʡʩʤʦʣʦʢʘʪʦʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʤʝʥʥʦ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʘʷ ʧʨʠʝʤʥʘʷ ʯʘʩʪʴ, ʘ ʠʟʣʫʯʘʪʝʣʝʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʦʩʪʘʷ ʧʥʝʚʤʦʧʫʰʢʘ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ. 
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ʅʘ ʚʳʭʦʜʝ ʧʨʦʮʝʜʫʨʳ ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʨʘʟʚʠʪʦʡ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ, ʧʨʠʥʠʤʘʶʱʝʡ ʩʠʛʥʘʣ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʠʟʣʫʯʘʪʝʣʷ ʚ ʤʝʣʢʦʤ ʤʦʨʝ,   ʥʘʙʣʶʜʘʶʪʩʷ ʄ ʤʘʢʩʠʤʫʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʄ ʥʦʨʤʘʣʴʥʳʤ ʚʦʣʥʘʤ. ʋʨʦʚʥʠ ʤʘʢʩʠʤʫʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʚʦʟʙʫʞʜʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, 

ʠʭ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ 

ʩʨʝʜʳ H ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k. ʇʨʠʯʝʤ, ʥʠ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ — —  ʵʪʠʭ 

ʤʘʢʩʠʤʫʤʦʚ ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ.     

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ — ʥʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʠʟʚʝʩʪʥʦ, ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ʚʳʜʝʣʝʥʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ 

                                       Þm= Ë. 

ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʘʤʦʡ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ 

ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ (ʬʘʟʦʚʦʡ ʠʣʠ ʛʨʫʧʧʦʚʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ 

ʤʝʞʵʣʝʤʝʥʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ). 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ 

ʯʘʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʠʪʝʨʘʮʠʦʥʥʳʤ.  

2.5. ʆʙʦʩʥʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ (ʟʘʜʘʥʠʷ) ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʧʝʨʥʳʭ 

ʪʦʯʝʢ ʚ ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  

ʄʘʢʩʠʤʘʣʴʥʦ ʫʧʨʦʩʪʠʤ ʨʝʰʘʝʤʫʶ ʟʘʜʘʯʫ ʧʣʦʩʢʠʤ ʩʣʫʯʘʝʤ, ʪʦ ʝʩʪʴ  

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʮʝʥʢʠ ʪʦʣʴʢʦ (x,y) ʢʦʦʨʜʠʥʘʪ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠ ʁʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʫ ʜʥʘ, ʚ 

ʜʦʥʥʦʡ ʩʠʩʪʝʤʝ ʨʝʧʝʨʥʳʭ ʧʨʠʝʤʥʠʢʦʚ (ʩ ʠʟʚʝʩʪʥʳʤʠ, ʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ) [47]. 

 ʀʩʧʦʣʴʟʫʷ  ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʡ ʤʝʪʦʜ, ʚʳʙʝʨʝʤ ʦʜʠʥ ʠʟ ʨʝʧʝʨʥʳʭ 

ʧʨʠʸʤʥʠʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʠ ʦʮʝʥʠʤ ʨʘʟʥʦʩʪʴ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʪʦʷʥʠʡ ʦʪ 

ʠʟʣʫʯʘʪʝʣʷ ʜʦ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʠ ʠ i-ʛʦ ʧʨʠʸʤʥʠʢʘ: 

2 2 2 2 2

0 0 0( )i iR R C t t- = -  (2.46) 



62 

 

 

2 2 2 2 2 2

0 0 0

2 2 2 2 2 2 2 2

0 0 0 0

2 2 2 2

0 0 0 0

2 2 2 2

0 0 0 0

( ) ( ) ( ) ( )

2 2 2 2

2 2 2 2

2( ) 2( )

i i i

i i i i

i i i i

i i i i

R R x x y y x x y y

x xx x y yy y x xx x y yy y

x x y y xx xx yy yy

x x x y y y x x y y

- = - + - - - - - =

= - + + - + - + - - + - =

= - + - + - + - =

= - + - + - + -

 (2.47) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ii ttt D+= 0 , ʧʨʝʦʙʨʘʟʫʝʤ 

2 2 2 2 2 2 2 2

0 0 0 0 0 0 0( ) 2 2i i i i i it t t t t t tt t t tt t- = +D - = + D +D - = D +D 

ʠ ʧʦʣʫʯʘʝʤ ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ  

       2 2 2 2 2 2

0 0 0 0 0 02( ) 2( ) (2 )i i i i i ix x x y y y x x y y C tt t- + - + - + - = D +D.              (2.48) 

 

ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ x bA =  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ  ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʚʠʜʝ                                                

1 1 2 2i i ia x a x b+ =, (2.49) 

ʛʜʝ ( , )x y  - ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ ʚʝʢʪʦʨʦʚ x ,  

 
1 0

2 0

2 2 2 2 2 2

0 0 0 0

2( )

2( )

(2 )

i i

i i

i i i i i

a x x

a y y

b C x x y ytt t

= -

= -

= D +D - + - +

 (2.50) 

ʆʧʨʝʜʝʣʠʤ ʪʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʰʝʥʠʷ ʤʘʪʨʠʯʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ x bA =, ʢʦʪʦʨʦʝ ʟʘʧʠʩʳʚʘʝʤ ʚ ʚʠʜʝ 1x b-=A . ʅʘʰʝʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʚ ʦʮʝʥʢʝ ʠʩʢʦʤʦʛʦ ʚʝʢʪʦʨʘ x  

ʧʨʠ ʥʘʣʠʯʠʠ ʦʰʠʙʦʢ ʚ ʦʮʝʥʢʘʭ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ b . 

ʇʦʩʢʦʣʴʢʫ ʩʚʷʟʴ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʦʰʠʙʢʘʤʠ ʚ ʨʝʰʝʥʠʠ ʠ ʚ b  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʨʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ A, 

 
min

max1

l

l
=AÖA=A -cond  (2.51) 

ʛʜʝ max min,l l  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʪʨʠʮʳ A, ʥʘʡʜʸʤ ʩʧʝʢʪʨ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ A ʠʟ ʫʩʣʦʚʠʷ 

ʚʳʨʦʞʜʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ lA- I ʠ ʩʦʙʩʪʚʝʥʥʦ ʠʟ ʫʩʣʦʚʠʷ det 0lA- I =. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʤʝʝʪ ʚʠʜ: 

0 1 0 1

0 2 0 2

2( ) 2( )

2( ) 2( )

x x y y

x x y y

- -
A =

- -
 (2.52) 

ʆʙʦʟʥʘʯʠʤ 
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 (2.53) 

0))((det 1221
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-DD

D-D
=-A yxyx

yx

yx
ik ll
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ld

,

 (2.54) 

.0)(

,0

,0))((

122121

2

12

2

2111

1221

=DD-DD+D+D-

=DD-+D-D-DD

=DD--D-D

yxyxyx

yxyxyx

yxyx

ll

lll

ll

 (2.55) 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʨʠʮʳ A ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

2 0b cl l- + =, (2.56) 

ʢʦʨʥʠ ʢʦʪʦʨʦʛʦ 

21 1
12 2 2

( 4 ) ( )b b c b dl =- ° - =- °, (2.57) 

ʛʜʝ 

).(4)(

,

,

1221

2

21

1221

21

yxyxyxd

yxyxc

yxb

DD-DD-D+D=

DD-DD=

D+D=

 (2.58) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʤʘʪʨʠʮʳ ɸ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʥʝʦʙʭʦʜʠʤʦ 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ b  ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ d , ʪʦʛʜʘ ʦʪʥʦʰʝʥʠʝ ʢʦʨʥʝʡ 

ʤʠʥʠʤʘʣʴʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʢʨʘʡʥʠʭ ʚʘʨʠʘʥʪʘ ʨʘʩʩʪʘʥʦʚʢʠ ʨʝʧʝʨʥʳʭ ʧʨʠʝʤʥʠʢʦʚ 

(ʨʠʩ.2.2). 

ʈʝʧʝʨʥʳʝ ʧʨʠʝʤʥʠʢʠ ʚ ʚʘʨʠʘʥʪʝ 1 ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʛʣʘʭ ʢʚʘʜʨʘʪʘ, ʘ ʚ 

ʚʘʨʠʘʥʪʝ 2 ʧʦ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʢʚʘʜʨʘʪʘ ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʨʘʡʦʥ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʨʠʝʤʥʠʢʘʤʠ r .  
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ʈʠʩ. 2.2 ɺʘʨʠʘʥʪʳ ʨʘʩʩʪʘʥʦʚʢʠ ʨʝʧʝʨʥʳʭ ʧʨʠʝʤʥʠʢʦʚ 

ʂʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʠʢʦʚ ʚ ʜʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʘʩʩʪʘʥʦʚʢʠ: 

ʚʘʨʠʘʥʪ 1 ʚʘʨʠʘʥʪ 2 

0 0

1 1

2 2

( , ) (0,0)

( , ) ( ,0)

( , ) (0, )

I I

I I

I I

x y

x y r

x y r

=

=

=

 

0 0

1 1

2 2

( , ) (0,0)

( , ) (0, )

( , ) (0, )

II II

II II

II II

x y

x y r

x y r

=

= -

=

 

 ʆʮʝʥʠʤ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ A ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʠʝʤʥʠʢʦʚ (ʦʧʦʨʥʳʡ ʧʨʠʸʤʥʠʢ ʦʙʦʟʥʘʯʝʥ ʥʫʣʝʚʳʤ ʠʥʜʝʢʩʦʤ). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ  

1
max 2

1
min 2

( )

( )

b d

b d

l

l

= +

= -
 (2.59) 

ʦʮʝʥʠʚʘʝʤ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

max

min

b d
cond

b d

l

l

+
= =

-
.

 (2.60) 

ʆʪʩʶʜʘ ʧʦʥʷʪʥʦ, ʯʪʦ ʫʩʣʦʚʠʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʠʟʘʮʠʷ b  ʠ ʤʠʥʠʤʠʟʘʮʠʷ d . 

ʊʦʛʜʘ ʜʣʷ ʚʘʨʠʘʥʪʘ 1 ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʠʝʤʥʠʢʦʚ: 

2

0

Ib r

d

=

=
   1 2 1

I

I

b

b
l l= = = (2.61) 

ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1Icond =, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʭʦʨʦʰʝʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ 

ʤʘʪʨʠʮʳ. 

0 

2 

1 

2 

0 

1 
ɺʘʨ 1 ɺʘʨ 2 
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ɼʣʷ ʚʘʨʠʘʥʪʘ 2 ʨʘʩʩʪʘʥʦʚʢʠ: 

2

1
1,2 2

1 2

1

2
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, 0
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II
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b r

d r

d r

r r

r
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l l
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=

=

= °

= =

= =¤

 (2.62) 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʨʦʞʜʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʨʝʙʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʥʝʩʝʥʠʝ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʧʦ ʚʩʝʤ ʢʦʦʨʜʠʥʘʪʘʤ. 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ 

ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʠʩʣʦ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ A ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʠʥʠʤʘʣʴʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

 

ʈʠʩ. 2.3. ʉʪʝʧʝʥʴ ʚʳʨʦʞʜʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ. 

ɿʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ ï ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ ʜʚʫʭ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ (ʠʣʠ 

ʦʙʣʘʩʪʴ) ʪʨʝʪʴʝʡ ï ʜʣʷ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʠʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ condA ʤʠʥʠʤʘʣʴʥʦ.  
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ʗʨʢʦʩʪʴ ʢʘʞʜʦʡ ʪʦʯʢʠ ʥʘ ʨʠʩʫʥʢʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ 

ʚʳʨʦʞʜʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʚ ʜʘʥʥʫʶ 

ʪʦʯʢʫ. ʏʝʤ ʷʨʯʝ ʪʦʯʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ A.  

ɿʘʪʝʤ ʥʘʭʦʜʠʪʩʷ ʪʦʯʢʘ, ʛʜʝ ʟʥʘʯʝʥʠʝ condA ʤʠʥʠʤʘʣʴʥʦ (ʤʝʩʪʦ, ʛʜʝ 

ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʦʞʠʪʴ ʦʧʦʨʥʳʡ ʧʨʠʝʤʥʠʢ) ʠ ʚʳʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʟʥʘʯʝʥʠʷ condA ʥʝ ʧʨʝʚʳʰʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʥʘ 10%. 

ʉʣʝʜʫʝʪ ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʪʘʥʦʚʢʘ ʜʚʫʤʝʨʥʦʡ ʟʘʜʘʯʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʜʝʣʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʠ 

ʥʘʛʣʷʜʥʦʩʪʠ, ʘ ʚʩʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʷʪʩʷ ʠ ʟʘʜʘʯʝ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪʳ Z ʠʟʣʫʯʘʪʝʣʷ (ʠʣʠ 

ʧʨʠʝʤʥʠʢʘ).  

 

2.6. ɼʠʥʘʤʠʯʝʩʢʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʣʫʯʘʪʝʣʷ 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠ ̫ ʠʟʣʫʯʘʪʝʣʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝ ʞʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʝʤʥʠʢʦʚ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʥʠʪʴ ʠʩʧʦʣʴʟʫʝʤʫʶ ʧʨʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʠʝʤʥʠʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ 

ʨʝʧʝʨʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʫʶ ʩʠʩʪʝʤʫ ʨʝʧʝʨʥʳʭ 

ʧʨʠʝʤʥʠʢʦʚ [50]. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʢʫ ʥʘ ʥʝʤ 

ʧʨʠʝʤʦ-ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʡʦʥʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʤʘʷʢʦʚ ʦʪʚʝʪʯʠʢʦʚ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʢʦʪʦʨʳʭ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʦ. ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʢʠʣʦʛʝʨʮ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʙʦʯʝʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʜʣʷ ʮʝʣʝʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʟʣʫʯʘʪʝʣʷ ʯʘʩʪʴ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʩʜʝʣʘʥʘ ʩ ʨʘʩʰʠʨʝʥʥʳʤ 

ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ 
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ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ 

ʯʘʩʪʠ ʟʘ ʩʯʝʪ ʫʩʣʦʞʥʝʥʠʷ ʧʨʠʝʤʥʳʭ ʪʨʘʢʪʦʚ ʠ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʣʦʤ.  

ʇʦʩʢʦʣʴʢʫ ʧʨʠʝʤʥʘʷ ʚʳʥʦʩʥʘʷ ʯʘʩʪʴ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʦʭʚʘʪʳʚʘʝʪ ʧʦʣʥʦʩʪʴʶ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʦ ʚʭʦʜʷʱʠʝ ʚ ʥʝʝ ʧʨʠʝʤʥʳʝ 

ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ. 

ɻʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʪʦʣʱʝ ʚʦʜʳ, ʧʨʠʭʦʜʷʪ ʥʘ ʧʨʠʝʤʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʤʝʭʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʘʤ. ʆʜʥʘʢʦ ʠʤʝʥʥʦ ʦʥʠ ʥʝʩʫʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʠʟʣʫʯʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʧʦʜʩʠʩʪʝʤ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʷ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʘʣʴʥʦʤʝʨʥʳʤ ʤʝʪʦʜʦʤ 

(x-xi)
2
+(y-yi)

2
+(z-zi)

2
 =R

2
i=(cÖti)

2
, (2.63) 

ʛʜʝ     

xi,yi,zi - ʢʦʦʨʜʠʥʘʪʳ i-ʪʦʡ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ ʧʨʠʝʤʘ ʩʠʩʪʝʤʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʠʥʷʪʦʡ  ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

x,y,z - ʢʦʦʨʜʠʥʘʪʳ ʠʟʣʫʯʘʪʝʣʷ (ʧʦʟʠʮʠʦʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ)  ʚ ʪʦʡ ʞʝ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

Ri=cĀti - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ i-ʪʦʡ ʨʝʧʝʨʥʦʡ ʪʦʯʢʦʡ ʧʨʠʝʤʘ ʠ 

ʧʦʟʠʮʠʦʥʠʨʫʝʤʳʤ ʦʙʲʝʢʪʦʤ; 

c - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ; 

ti- ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʜʦ  i-ʪʦʡ ʨʝʧʝʨʥʦʡ 

ʪʦʯʢʠ. 

ʇʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (2.60) ʢ ʚʠʜʫ 
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0222 222 =-Ö-+Ö-+- iiii bzzzyyyxxx ,       (2.64) 

ʛʜʝ 2222

iiiii zyxRb ---= . 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ 

ʅʴʶʪʦʥʘ [95].  

ʄʘʪʨʠʮʘ ʗʢʦʙʠ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ 4-ʭ ʥʝʠʟʚʝʩʪʥʳʭ (x,y,z,c) 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʣʴʥʦʤʝʨʥʦʤʫ (ʩʬʝʨʠʯʝʩʢʦʤʫ) ʤʝʪʦʜʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʦ 

ʢʘʞʜʦʡ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ, ʠʤʝʝʪ ʚʠʜ: 

()x () ()
i

KK

i xxW 221 -=  

(2.65) 
()y () ()

i

KK

i yyW 222 -=  

()z () ()
i

KK

i zzW 223 -=  

()c () ()()24 2 i

KK

i tcW Ö-=  

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʪʴ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʟʣʫʯʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʚʳʩʦʪʝ z=50ʤ ʦʪ ʜʥʘ, ʘ 

ʧʨʠʝʤʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʧʨʠʝʤʥʠʢʦʚ, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ r0 (100ʤ, 200ʤ, 300ʤ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ ʦʙʲʝʢʪʘ ʥʘ ʜʥʦ ʤʦʨʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʭʦʨʦʰʫʶ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʤʘʪʨʠʮʳ W. ʂʦʦʨʜʠʥʘʪʳ z ʧʨʠʝʤʥʠʢʦʚ ʩʠʩʪʝʤʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʪʘʢʞʝ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʤʘʪʨʠʮʘ W ʥʝ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʚʳʨʦʞʜʝʥʥʫʶ. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʨʘʟʣʠʯʠʝ  

ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʝʨʦʚʥʦʩʪʠ ʜʥʘ ʤʦʨʷ, ʠ ʚʥʦʩʠʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʣʠʯʠʷ ʚ z ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʠʝʤʥʠʢʦʚ ʥʘ ʫʨʦʚʥʝ ȹH=10ʩʤ.  

ʅʘ ʨʠʩ.2.4-2.9  ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʘ, ʘ ʠʤʝʥʥʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ (dxy) ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʡ (dz) ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʥʘ ʨʘʟʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʟʠʮʠʦʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʦʮʝʥʦʢ ʚʨʝʤʝʥ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ dt=0.01ʤʩ.  
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ʅʘ ʨʠʩ.2.4  ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ (ʢʨʘʩʥʳʝ ʪʦʯʢʠ) ʦʙʲʝʢʪʘ 

ʧʨʠ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʥʘ ʚʳʩʦʪʝ h=50ʤ ʚ ʮʝʥʪʨʝ ʦʙʲʝʤʘ (ʟʝʣʝʥʳʡ ʢʨʫʞʦʢ), 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚ ʧʣʘʥʝ ʦʢʨʫʞʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʠʢʦʚ (ʢʨʘʩʥʳʝ 

ʢʨʫʞʢʠ) ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʜʠʫʩʦʤ r0=100, 200 ʠ 300ʤ. ʇʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʠʝʤʥʠʢʦʚ ʥʘ ʜʥʝ ʥʘ ʦʢʨʫʞʥʦʩʪʠ (ʧʦ ʧʝʨʠʤʝʪʨʫ ʨʘʡʦʥʘ) 

ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 

cond~10
6
, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ ʚ 

ʦʮʝʥʢʘʭ ʢʦʦʨʜʠʥʘʪ ʠʟ-ʟʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʰʠʙʦʢ ʚ ʦʮʝʥʢʘʭ ʚʨʝʤʝʥ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ.  

 

ʈʠʩ  2.4 ɼʘʣʴʥʦʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʨʘʡʦʥʘ ʥʘ ʜʥʝ 

ɺʦʟʤʦʞʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʧʦ ʛʣʫʙʠʥʝ, ʞʝʣʘʪʝʣʴʥʦ 

ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ ʚʝʩʴ ʦʙʲʝʤ ʚʦʟʤʦʞʥʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʦʙʲʝʢʪʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʛʣʫʙʠʥʳ ʦʜʥʦʡ ʠʟ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʥʘ 10 ʤʝʪʨʦʚ 

ʧʨʠʚʦʜʠʪ ʢ  ʩʥʠʞʝʥʠ ʁʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ʥʘ ʧʦʨʷʜʦʢ  

(ʨʠʩ.2.5).  
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ʈʠʩ.  2.5 ɼʘʣʴʥʦʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʚʥʫʪʨʠ ʨʘʡʦʥʘ, ʨʘʟʚʠʪʘʷ ʧʦ ʛʣʫʙʠʥʝ 

 

ʆʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʛʣʫʙʠʥʝ ʩʦʧʨʷʞʝʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ,   ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʦʪʦʨʚʘʥʥʳʭ ʦʪ ʜʥʘ 

ʧʨʠʝʤʥʠʢʦʚ ʣʠʙʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ, ʧʦʥʠʞʝʥʠʝ ʯʠʩʣʘ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ, ʘ ʠʤʝʥʥʦ ʨʘʟʤʝʱʝʥʠʝʤ 

ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʚʥʫʪʨʠ ʨʘʡʦʥʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʈʠʩ. 2.6). 

 

ʈʠʩ.  2.6 ɼʘʣʴʥʦʤʝʨʥʘ ̫ʩʠʩʪʝʤʘ ʚʥʫʪʨʠ ʨʘʡʦʥʘ ʥʘ ʜʥʝ 
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ʀʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʜʘʣʴʥʦʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʝ ʧʦ ʧʣʦʱʘʜʠ ʚʥʫʪʨʠ ʨʘʡʦʥʘ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʦʙʲʝʢʪʘ, ʜʘʝʪ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʢʘʢ ʠ ʨʘʟʚʠʪʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩʠʩʪʝʤʳ ʧʦ ʛʣʫʙʠʥʝ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʦʮʝʥʦʢ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ  

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ 

(ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ) ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʷʚʣʷʝʪʩʷ ʥʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʜʦ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ 

(ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʦ ʧʨʠʝʤʥʠʢʘ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ), ʘ ʨʘʟʥʦʩʪʴ 

ʚʨʝʤʝʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʜʦ ʨʝʧʝʨʥʳʭ ʧʨʠʝʤʥʠʢʦʚ.  

ʀʟʤʝʨʷʝʤ ʨʘʟʥʦʩʪʴ ʚʨʝʤʝʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ 0itD ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʩ 

ʠʩʢʦʤʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ( )zyx  ʜʦ i -ʛʦ ʠ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʠʢʦʚ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ( )iii zyx  ʠ ( )000 zyx  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʰʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ 
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ʚ ʢʦʪʦʨʦʤ ʥʘʚʠʛʘʮʠʦʥʥʳʤ  ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʟʘʜʝʨʞʢʘ 

c

R

c

RR
t ii

i

00

0

D
=

-
==D

.  
 (2.67) 

ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (2.66) ʚ ʚʠʜʝ 
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ʅʘ ʨʠʩ. 2.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2.4, ʥʦ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ  ʨʘʟʥʦʩʪʥʦ-

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʯʠʩʣʦ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ W ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ ʪʨʠ ʧʦʨʷʜʘ (cond~10
3
) ʚ 

çʧʝʨʠʤʝʪʨʦʚʦʤè ʚʘʨʠʘʥʪʝ ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʚʦʟʥʠʢʘʶʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʪʫʘʮʠʠ ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʠʭ ʦʰʠʙʦʢ ʚ ʦʮʝʥʢʝ ʢʦʦʨʜʠʥʘʪʳ z.  

 

ʈʠʩ.   2.7 ʈʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʨʘʡʦʥʘ ʥʘ ʜʥʝ 

 

 ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʦʢ ʢʦʦʨʜʠʥʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪʩʷ ʧʨʠ 

ʨʘʟʥʝʩʝʥʠʠ ʪʦʯʝʢ ʧʨʠʝʤʘ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ (ʨʠʩ. 2.8). ʆʜʥʘʢʦ, ʢʘʢ 
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ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʨʘʟʚʠʪʠʝ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʚʝʨʪʠʢʘʣʠ ʩʦʧʨʷʞʝʥʦ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʠ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ.  

 

 

ʈʠʩ.  2.8 ʈʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʚʥʫʪʨʠ ʨʘʡʦʥʘ ʨʘʟʚʠʪʘ ̫ʧʦ ʛʣʫʙʠʥʝ 

 

ʅʘ ʨʠʩ. 2.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʥʦʩʪʥʦ-

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʡ ʚ ʜʦʥʥʦʤ çʧʣʦʩʢʦʤè ʚʘʨʠʘʥʪʝ  

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʩ ʦʜʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʨʝʧʝʨʥʦʡ ʪʦʯʢʦʡ. 

 

ʈʠʩ.  2.9 ʈʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʘ ̫ʩʠʩʪʝʤʘ ʚʥʫʪʨʠ ʨʘʡʦʥʘ ʜʦʥʥʘʷ 
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ʇʨʠ ʵʪʦʤ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 

ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ, ʯʪʦ ʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ 

(cond~10
2
). 

ɼʘʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʜʘʞʝ ʙʝʟ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʝʝ ʨʘʟʚʠʪʠʷ ʥʝ ʫʩʪʫʧʘʝʪ ʧʦ ʫʨʦʚʥʶ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ 

ʦʮʝʥʢʠ, ʢʘʢ  ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ  ʢʦʦʨʜʠʥʘʪ r 

ʧʦʟʠʮʠʦʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʅʘʣʠʯʠʝ  ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʪʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʤʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʪʦʣʴʢʦ ʧʣʦʩʢʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʘʥʥʦʡ  ʟʘʜʘʯʝ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʵʪʦʤʫ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʦʙʱʝ ʠʩʢʣʶʯʠʪʴ ʦʮʝʥʢʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠʟ ʯʠʩʣʘ 

ʥʝʠʟʚʝʩʪʥʳʭ. ɺ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʠʟʣʫʯʘʪʝʣʴ ʣʠʙʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ, ʣʠʙʦ ʵʭʦʣʦʪʘ. ʕʭʦʣʦʪ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʢʫʱʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ 

ʜʥʦʤ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ 

ʟʘʜʝʨʞʢʠ ʧʨʠ ʬʦʢʫʩʠʨʦʚʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʢʘʟʘʥʠʷ ʵʭʦʣʦʪʘ ʠʩʧʦʣʴʟʫʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʦʮʝʥʢʠ ʛʣʫʙʠʥʳ ʤʝʩʪʘ ʠʟʣʫʯʘʪʝʣʷ ʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʤ 

ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ X ʠ Y. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʵʭʦʣʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ ʤʝʩʪʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʦʜʥʦʛʦ ʠ ʤʝʥʝʝ  ʧʨʦʮʝʥʪʘ, ʪ.ʝ. 

ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʝʜʠʥʠʮʳ ʩʘʥʪʠʤʝʪʨʦʚ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ  ʜʦʩʪʘʪʦʯʥʦ. 

 ɽʜʠʥʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʧʨʠ ʦʮʝʥʢʝ 

ʛʣʫʙʠʥʳ, ʵʪʦ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʜʥʦʤ, 

ʥʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴ ʞʝʣʘʪʝʣʴʥʦ ʧʝʨʝʤʝʱʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢʦ 

ʜʥʫ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʪʦ 

ʠʟʤʝʨʠʪʝʣʴ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʤʦʞʥʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʫʩʪʨʦʡʩʪʚʝ ʙʫʢʩʠʨʦʚʢʠ ʠʟʣʫʯʘʪʝʣʷ. 
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ʇʨʠʯʝʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ ʨʘʟʤʝʱʝʥʠʷ 

ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʧʨʠʝʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʟʠʮʠʦʥʠʨʫʝʤʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, 

ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʧʨʠʝʤʥʳʝ ʵʣʝʤʝʥʪʳ 

ʩʠʩʪʝʤʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʫʢʩʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʜʦʥʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʶʙʦʛʦ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠ.̫ ʅʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʝ ʦʮʝʥʢʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ 

ʘʧʝʨʪʫʨʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʜʦʣʞʝʥ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ   

ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʙʦʨʘ ʨʝʧʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʟ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʠʤʝʥʥʦ ʪʝ ʵʣʝʤʝʥʪʳ, 

ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ  ʤʘʢʩʠʤʫʤ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʠ 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʤʠʥʠʤʠʟʠʨʫʶʪ ʯʠʩʣʦ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ. 

ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʠ ʤʝʪʦʜʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠ ʵʪʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʤʝʥʥʦ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʦʢ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ.  

  

ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 2 
 

1. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʜʦʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ  ʘʥʪʝʥʥ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʯʝʪʘʥʠʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʜʣʠʥʥʦʡ ʙʘʟʦʡ. 

2. ɼʣʷ ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʜʫʨʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ 
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ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚʦʣʥʦʚʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. 

3. ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʱʘʝʤʦʛʦ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʩʧʦʩʦʙʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʠ 

ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʨʘʟʚʠʪʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʠ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʝʤ ʪʝʭʥʦʣʦʛʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ 

ʘʧʝʨʪʫʨʳ. 

4. ʈʝʟʫʣʴʪʘʪʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʟʘʱʠʱʘʝʤʦʛʦ  ʧʦʣʦʞʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʧʦ ʢʨʠʪʝʨʠʶ ʤʝʨʳ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ 

ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ 

ʘʧʝʨʪʫʨʳ ʜʘʣʴʥʦʤʝʨʥʳʤ  ʠ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʤ ʤʝʪʦʜʘʤʠ. 
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ɻʣʘʚʘ 3.  ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ
3
 

 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çʇʘʢʝʪ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʦ- ʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ - çʇʆʉʠɻʉè ʧʨʝʜʥʘʟʥʘʯʝʥ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʜʣʷ ʩʠʥʬʘʟʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ: ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʠ 

ʛʠʜʨʦʣʦʢʘʮʠʷ ʘʢʪʠʚʥʳʤʠ ʠ ʧʘʩʩʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʘʟʠʨʫʝʤʳʭ ʠ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ.  

ɺ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ çʇʆʉʠɻʉè ʨʝʘʣʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʤʦʨʩʢʠʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ:   

- ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ; 

- ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʥʳ 

ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʤʝʣʢʦʚʦʜʥʦʡ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ;  

- ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʥʘ ʙʘʟʝ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʠ ʨʘʟʥʦʩʪʥʦ-

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ;  

- ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʦʡ ʞʝ ʩʝʡʩʤʦʣʦʢʘʮʠʦʥʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʮʝʥʦʢ ʪʝʢʫʱʠʭ 

ʢʦʦʨʜʠʥʘʪ  ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ);  

                                                 
3
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, 

ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1.  ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʇʘʢʝʪ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʦ- ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ - çʇʆʉʠɻʉè. 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. ˉ 2015662772. 2015. 
2. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʠʛʘʝʚ ʆ.ɸ., ʂʦʣʪʠʥ ɻ.ʇ., ʈʝʛʠʩʪʨʘʮʠʷ, ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠè, ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ, ˉ  2015617212 ʦʪ 03.07.2015. 

3. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʪʠʥ ɻ.ʇ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʙʝʨʝʛʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʢʘʣʠʙʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ  ˉ 2015617220. 2015. 

4. ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʠ ʜʨ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʪʘʥʮʠʠ ʢʦʥʪʨʦʣʷ ʰʫʤʥʦʩʪʠ ʤʦʨʩʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ2012616017. 2012. 

 

http://www1.fips.ru/fips_servl/fips_servlet?DB=EVM&DocNumber=2015662772&TypeFile=html
http://www1.fips.ru/fips_servl/fips_servlet?DB=EVM&DocNumber=2015617212&TypeFile=html
http://www1.fips.ru/fips_servl/fips_servlet?DB=EVM&DocNumber=2015617212&TypeFile=html
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- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʙʘʟʝ 

ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ  ʩʠʛʥʘʣʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠʝʤʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʝʘʣʠʟʘʮʠʶ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʘʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʢʘʢ ʉʃɹʆ ʠ ʉʃʆʕ. 

3.1. ɺʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʣʫʯʝʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ  

3.1.1. ɿʘʛʨʫʟʢʘ ʠʟ ʬʘʡʣʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ: 

¶ ʙʠʥʘʨʥʳʝ ʬʘʡʣʳ ʩ ʟʘʛʦʣʦʚʢʦʤ; 

¶ ʬʘʡʣʳ ʬʦʨʤʘʪʦʚ IDH, TIM, SSM; 

¶ ʧʦʪʦʢʦʚʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ SEED; 

¶ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ SEG-Y ʠ SEG-D; 

¶ ʟʚʫʢʦʚʳʝ ʬʘʡʣʳ ʚ ʬʦʨʤʘʪʝ WAV. 

3.1.2. ɺʚʦʜ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ-ʚʳʚʦʜʘ: 

¶ ʧʣʘʪr L-Card; 

¶ ʧʣʘʪʘ DAQ2208; 

¶ ʧʣʘʪʘ PCI24DSI32; 

¶ ʧʣʘʪʘ DACn10PCI; 

¶ ʟʚʫʢʦʚʳʝ ʘʫʜʠʦʫʩʪʨʦʡʩʪʚʘ; 

¶ ʠʥʪʝʨʬʝʡʩʳ ʩʚʷʟʠ ʩ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ; 

¶ ʩʝʪʝʚʘʷ ʪʨʘʥʩʣʷʮʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

3.1.3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ; 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʜʘʪʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʦʚ; 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ- ʨʘʟʚʠʪʳʭ 

ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩ.3.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠʟ SEG ï ʬʘʡʣʦʚ. ɺ 

ʣʝʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʣʘʩʪʴ ʚʳʙʦʨʘ ʨʘʙʦʯʝʡ ʜʠʨʝʢʪʦʨʠʠ ʠ 
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ʬʘʡʣʦʚ, ʘ ʚ ʧʨʘʚʦʡ ʦʙʣʘʩʪʴ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʧʠʩʝʡ ʚ ʬʘʡʣʝ, ʧʘʨʘʤʝʪʨʦʚ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.1 ʆʢʥʦ ʚʚʦʜʘ ʜʘʥʥʳʭ ʠʟ SEG ï ʬʘʡʣʦʚ 

3.2 ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʭʦʜʥʳʭ ʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ 

3.2.1. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʚʨʝʤʝʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ:  

¶ ʩ ʫʯʝʪʦʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ; 

¶ ʩ ʫʯʝʪʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ. 

3.2.2 ʇʦʢʘʥʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ: 

¶ ʢʦʤʧʣʝʢʩʥʦʝ ʛʝʪʝʨʦʜʠʥʠʨʦʚʘʥʠʝ; 

¶ ʬʘʟʦʚʳʝ ʧʦʚʦʨʦʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʘ; 

¶ SSB ʜʝʤʦʜʫʣʷʮʠʷ ʠʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʘ; 

¶ ʩʚʝʨʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʠʛʥʘʣʘ; 

¶ ʦʙʨʘʙʦʪʢʘ ʤʦʜʫʣʷ 3ʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ; 

¶ ʚr ʜʝʣʝʥʠʝ P ʠ S ʚʦʣʥ ʠʟ 3ʭ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ; 

¶ ʫʜʘʣʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ; 

¶ ʠʥʪʝʨʧʦʣʷʮʠʷ; 

¶ ʫʤʥʦʞʝʥʠʝ ʥʘ ʦʢʦʥʥʫʶ ʬʫʥʢʮʠʶ; 

¶ ʫʤʥʦʞʝʥʠʝ ʥʘ ʬʫʥʢʮʠʶ ɺɸʈʋ; 
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¶ MUTE ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ;  

¶ ʥʦʨʤʠʨʦʚʢʘ ʥʘ ʤʘʢʩʠʤʫʤ; 

¶ ʥʦʨʤʠʨʦʚʢʘ ʩʢʦʣʴʟʷʱʠʤ ʦʢʥʦʤ; 

¶ ʂʀʍ ʬʠʣʴʪʨ; 

¶ ʢʚʘʜʨʘʪʫʨʥʳʡ ʂʀʍ ʬʠʣʴʪʨ; 

¶ SSB ʤʦʜʫʣʷʮʠʷ. 

3.2.3.  ʇʦʢʘʥʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ: 

¶ ʫʤʥʦʞʝʥʠʝ ʥʘ ʯʘʩʪʦʪʥʦ-ʘʤʧʣʠʪʫʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ; 

¶ ʥʦʨʤʠʨʦʚʢʘ ʥʘ ʤʘʢʩʠʤʫʤ; 

¶ ʯʘʩʪʦʪʥʦʝ çʚʳʙʝʣʠʚʘʥʠʝè;  

¶ ʢʦʤʧʝʥʩʘʮʠʷ  ʟʘʜʝʨʞʝʢ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ɸʎʇ) ; 

¶ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʢʠ ʚ ʜʠʘʧʘʟʦʥʝ. 

¶ ʨʘʩʯʝʪ ʬʘʟʳ ʚ ʜʠʘʧʘʟʦʥʝ; 

¶ ʧʦʚʦʨʦʪ ʬʘʟʳ; 

¶ ʚʥʝʩʝʥʠʝ ʬʘʟʦʚʳʭ ʟʘʜʝʨʞʝʢ; 

¶ ʦʮʝʥʢʘ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʦʡ ʛʨʫʧʧʦʚʦʡ ʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ; 

¶ ʢʦʤʧʝʥʩʘʮʠʷ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʦʡ ʩʢʦʨʦʩʪʠ; 

ʅʘ ʨʠʩ.3.2. ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʜʥʦ ʠʟ ʦʢʦʥ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʚʠʜʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʛʨʘʥʠʮ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʌʫʨʴʝ. 

 

 

 

 

 

 

 

ʈʠʩ. 3.2 ʆʢʥʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʢʘʥʘʣʴʥʳʭ ʜʘʥʥʳʭ 
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3.3. ʉʦʚʤʝʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

3.3.1  ʆʮʝʥʢʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ. 

3.3.2. ʈʘʩʯʝʪʳ ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝ: 

¶ ʚr ʯʠʩʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ; 

¶ ʨʘʩʯʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʧʫʥʢʪʦʚ ʧʨʠʝʤʘ; 

¶ ʨʘʩʯʝʪ ʘʤʧʣʠʪʫʜʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʥʘʣʦʚ; 

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʘʥʪʝʥʥʳ (ʛʝʦʤʝʪʨʠʷ ʘʥʪʝʥʥ). 

3.3.3. ʉʦʚʤʝʩʪʥʘʷ   ʦʙʨʘʙʦʪʢʘ ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ: 

¶ ʨʘʩʯʝʪ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʦʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ; 

¶ ʨʘʩʯʝʪ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ; 

¶ ʨʘʩʯʝʪ ʨʝʘʣʠʟʘʮʠʡ ʚ ʪʦʯʢʝ ʬʦʢʫʩʠʨʦʚʢʠ. 

3.3.4. ʉʝʪʦʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ:  

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʠ ʬʦʢʫʩʠʨʦʚʢʘ;  

¶ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ; 

¶ ʦʮʝʥʢʘ ʜʘʣʴʥʦʩʪʠ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ; 

¶ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʘʥʪʝʥʥʳ; 

¶ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʣʫʯʘʪʝʣʷ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʠʝ ʘʧʝʨʪʫʨʳ; 

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʉʃʆʕ; 

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʉʃɹʆ; 

¶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʆɻʊ; 

¶ ʦʮʝʥʢʘ ʚr ʨʦʞʜʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ; 

¶ ʦʮʝʥʢʘ ʘʧʧʘʨʘʪʥʦʡ ʬʫʥʢʮʠʠ; 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤr ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; 

¶ ʠʥʪʝʨʧʦʣʷʮʠʷ ʢʘʨʪʳ ʛʣʫʙʠʥ. 

ʅʘ ʨʠʩ. 3.3. ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʦʯʘʛʦʚ ʵʤʠʩʩʠʠʠ ʠ 

ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ, ʚʢʣʶʯʘʷ ʟʘʜʘʥʠʝ ʛʨʘʥʠʮ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʨʘʟʙʠʝʥʠʷ ʥʘ ʩʝʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ. 
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ʈʠʩ. 3.3. ʆʢʥʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

3.4. ʆʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ 

3.4.1. ʆʪʦʙʨʘʞʝʥʠʝ ʨʝʘʣʠʟʘʮʠʡ ʠ ʬʫʥʢʮʠʡ:  

¶ ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ; 

¶ ʩʧʝʢʪʨ;r 

¶ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ; 

¶ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ; 

¶ ʩʦʥʦʛʨʘʤʤr .  

3.4.2. ʆʪʦʙʨʘʞʝʥʠʝ ʦʩʥʦʚʳ ʢʘʨʪʳ: 

¶ ʨʘʩʪʨʦʚʳʝ ʢʘʨʪʳ; 

¶ ʨʘʩʪʨʦʚʳʡ ʬʦʥʦʚʳʡ ʨʠʩʫʥʦʢ; 

¶ ʚʝʢʪʦʨʥʳʝ ʢʘʨʪʳ; 

3.4.3  ʆʪʦʙʨʘʞʝʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

¶ ʦʪʜʝʣʴʥʳʝ ʪʦʯʝʯʥʳʝ ʦʙʲʝʢʪʳ; 

¶ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ; 

¶ ʘʧʧʘʨʘʪʥʳʝ ʬʫʥʢʮʠʠ ʠ ʜʠʘʛʨʘʤʤ rʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; 

¶ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʪʨʝʢʠ; 
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¶ ʩʝʪʦʯʥʳʝ ʦʙʲʝʢʪʳ; 

¶ ʚʠʨʪʫʘʣʴʥʳʝ ʢʘʤʝʨʳ.  

 

ʅʘ ʨʠʩ. 3.4. ʠ 3.5. ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʚʭʦʜʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.4. ɺʘʨʠʘʥʪ 1 ʦʪʦʙʨʘʞʝʥʠʷ 

ʚʭʦʜʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. 

ʈʠʩ. 3.5. ɺʘʨʠʘʥʪ 2 ʦʪʦʙʨʘʞʝʥʠʷ 

ʚʭʦʜʥʳʭ ʨʝʘʣʠʟʘʮʠʡ. 

 

ʅʘ ʨʠʩ.3.6. ʠ 3.7. ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʘʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮ.r 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.6. ʂʦʨʨʝʣʷʮʠʦʥʳʝ ʬʫʥʢʮʠʠ ʈʠʩ. 3.7. ʂʦʨʨʝʣʷʮʠʦʥʘʷ ʤʘʪʨʠʮʘ 

ʅʘ ʨʠʩ.3.8. ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʠʝʤʥʦʡ ʘʧʝʨʪʫʨʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʢʘʨʪʘʭ-ʦʩʥʦʚʘʭ, ʘ ʥʘ ʨʠʩ. 3.9 ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʥʦ ʩʝʪʦʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. 
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ʈʠʩ. 3.8. ɺʘʨʠʘʥʪʳ ʢʘʨʪ-ʦʩʥʦʚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 3.9. ʆʢʥʦ ʩʝʪʦʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

˻ͤ͟ ͙ͦ͊͒͊ͤ͘Ύ 

͔͍ͨ͊ͪ͊ͣͭͪͦ ζ˿ ͔͙ͭ͟η 

͔́ͯ͟΅͙͔ ͔ͪͯ͘͡Έͭ͊ͭ· 

ͪ͊ͫ;͔ͭ͊ ͨ  ͦζͫ ͔͔ͭ͟η 

ʘ) ɹʝʟ ʩʣʦʝʚ ʢʘʨʪ ʙ) ɺʝʢʪʦʨʥʘʷ ʢʘʨʪʘ 

ʛ) Google ʩʧʫʪʥʠʢ ʜ) Google ʩʭʝʤʘ 

ʝ) Yandex ʩʧʫʪʥʠʢ ʞ) Yandex ʥʘʨʦʜʥʘʷ 
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ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 3 

1. çʇʘʢʝʪ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʦ- ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ - 

çʇʆʉʠɻʉè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʘ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ 

ʨʝʘʣʠʟʫʝʪ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʝʰʝʥʠʷ ʤʦʨʩʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʪʦʤ ʯʠʩʣʝ: 

-  ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ; 

- ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʦʥʳ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ  ʠ ʤʝʣʢʦʚʦʜʥʦʡ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ;  

- ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʥʘ ʙʘʟʝ ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʠ ʨʘʟʥʦʩʪʥʦ-

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ;  

- ʦʮʝʥʢʠ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ  ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʟʣʫʯʘʶʱʝʡ 

ʘʧʝʨʪʫʨʳ;  

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ ʙʘʟʝ 

ʢʦʛʝʨʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ  ʩʠʛʥʘʣʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠʝʤʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʝʘʣʠʟʘʮʠʶ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʘʢʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʢʘʢ ʉʃɹʆ ʠ ʉʃʆʕ. 

2. ɿʘʱʠʱʘʝʤʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ (çʇʆʉʠɻʉè) ʦʙʣʘʜʘʝʪ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ 

ʥʘʙʦʨʦʤ ʧʨʦʮʝʜʫʨ ʩʙʦʨʘ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚʦ 

ʚʨʝʤʝʥʥʦʡ, ʯʘʩʪʦʪʥʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʝʘʣʠʟʘʮʠʶ ʟʘʱʠʱʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʤʦʨʩʢʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. 
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ɻʣʘʚʘ 4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

4.1. ʆʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʦ ʩʨʝʜʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

4.1.1. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ4
 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʛʣʘʚʝ 2 ʤʝʪʦʜʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʘʧʨʦʙʠʨʦʚʘʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʚʳʥʦʩʥʳʭ ʯʘʩʪʝʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʚʝʱʝʥʠʷ ʧʦʜʚʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ.  

ʆʩʥʦʚʫ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʣʠ ʧʨʦʪʷʞʝʥʥʳʝ ʜʦʥʥʳʝ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʝʪʢʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʩ 

ʙʝʨʝʛʦʚʳʤ ʧʦʩʪʦʤ ʮʠʬʨʦʚʦʡ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʝʡ ʩʚʷʟʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʣ ̫ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʪʠʭ ʜʦʥʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥʳʭ 

ʨʝʰʝʪʦʢ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ. 

ʀʟʣʫʯʝʥʠʝ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʩʠʛʥʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟ 

ʦʧʨʝʜʝʣʝʥʥʳʭ, ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʭ, ʪʦʯʝʢ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʬʠʢʩʘʮʠʝʡ ʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʚʢʣʶʯʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʩʫʜʥʘ ʠ ʟʘʛʣʫʙʣʝʥʠʝ 

ʠʩʪʦʯʥʠʢʘ ʚ ʤʦʤʝʥʪ ʠʟʣʫʯʝʥʠʷ. 

ɿʘʜʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʚʩʝʭ 

ʢʘʣʠʙʨʫʝʤʳʭ ʘʥʪʝʥʥ, ʪ.ʝ. ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʥʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʝʨʳ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

                                                 
4
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ 
ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, 

ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  
1. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʠʛʘʝʚ ʆ.ɸ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  ʦʙʲʝʢʪʦʚ ʚ ʛʠʜʨʦ-

ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɻʝʦʠʥʬʦʨʤʘʪʠʢʘ. - 2010.-  ̄ 4. ʉ. 23-27. 
2. ʂʦʣʠʛʘʝʚ ʆ.ɸ., ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʆ ʨʘʩʩʪʘʥʦʚʢʝ ʜʘʪʯʠʢʦʚ ʚ ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ // ɼʝʧʦʥʠʨʦʚʘʥʦ 

ʌɻʋʇ ɺʀʄʀ ï ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʦʙʦʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʉʙʦʨʥʠʢ ʨʝʬʝʨʘʪʦʚ ʅʀʆʂʈ ˉ1. ʉʝʨʠʷ ʀʄ. - 2007ʛ. 

3.  ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʠʛʘʝʚ ʆ.ɸ. ʆ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʧʨʠʝʤʥʳʭ ʚʳʥʦʩʥʳʭ 

ʯʘʩʪʝʡ ʠ ʠʟʣʫʯʘʪʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ ʚ ʤʦʨʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʝʡʩʤʦʣʦʢʘʮʠʠ // 

ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ IX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʆʩʚʦʝʥʠʝ ʨʝʩʫʨʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʈʦʩʩʠʡʩʢʦʛʦ ʰʝʣʴʬʘ: ɸʨʢʪʠʢʘ ʠ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ (ʆʄʅʈ-2023). ʄ. ɻʘʟʧʨʦʤ ɺʅʀʀɻɸɿ. 2023. ʉ.74. 
4. Avrorin A.D., Avrorin A.V., Belolaptikov I.A.,  Kebkal K.G., Kebkal O.G.,  Koligaev S.O. Baikal-GVD 

collaboration, A positioning system for Baikal-GVD, 36th International Cosmic Ray Conference (ICRC2019), 2019, 

Madison, WI, U.S.A. 

https://istina.msu.ru/workers/5391271/
https://istina.msu.ru/workers/5391342/
https://istina.msu.ru/workers/9148870/
https://istina.msu.ru/workers/1416007/
https://istina.msu.ru/workers/9149724/
https://istina.msu.ru/workers/91650675/
https://istina.msu.ru/workers/413888787/
https://istina.msu.ru/workers/413888787/
https://istina.msu.ru/conferences/presentations/264636389/
https://istina.msu.ru/conferences/238300414/
https://istina.msu.ru/conferences/238300414/
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ʅʘ ʨʠʩ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ  ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʘʥʪʝʥʥ  r

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʤʝʩʪʝ, ʦʙʦʟʥʘʯʝʥʥʦʤ ʢʨʝʩʪʠʢʦʤ.  

ɼʣʷ çʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠè  ʘʥʪʝʥʥ ʠʣʠ ʧʨʠʚʷʟʢʠ ʘʥʪʝʥʥʳ ʢ ʦʙʱʝʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ ʦʜʥʦʛʦ ʠʟ ʧʨʠʝʤʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʳ ʚ ɻ ʪʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʩʦʙʩʪʚʝʥʥʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʥʪʝʥʥʳ ʦʮʝʥʠʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʠʢʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

 

ʈʠʩ. 4.1. ʂʦʥʬʠʛʫʨʘʮʠʷ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 4.2ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʘ 

ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʳ, ʛʜʝ ʢʨʘʩʥʳʤ 

ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʦʙʣʘʩʪʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. ʅʘ ʈʠʩ.4.2 ʙ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʢʘʟʘʥʥʳʝ ʚʳʙʦʨʢʠ ʩʠʛʥʘʣʦʚ, ʩʧʝʢʪʨʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 4.2 ʚ.  

ʅʘ ʨʠʩ. 4.2ʚ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʨʘʙʦʯʘʷ ʧʦʣʦʩʘ 10-40ɻʮ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠʟʣʫʯʝʥʠʷ ʧʥʝʚʤʦʧʫʰʢʠ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ  ʨʘʩʯʝʪʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʩʠʛʥʘʣʦʚ. ɺʟʘʠʤʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʠʛʥʘʣʦʚ  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.3. 
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ʘ) ʙ) ʚ) 

ʈʠʩ. 4.2. ɺʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ (ʘ), ʩʠʥʭʨʦʥʥʳʝ ʚʳʙʦʨʢʠ (ʙ) ʠ ʩʧʝʢʪʨʳ 

ʩʠʛʥʘʣʦʚ (ʚ) 

ʈʦʤʙʦʚʠʜʥʦʩʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ 

ʮʝʥʪʨʝ ʘʥʪʝʥʥʳ ʧʨʠʝʤʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʙʦʣʝʝ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ.  

  

ʘ) ʙ) 

ʈʠʩ. 4.3. ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ (ʘ) ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ (ʙ). 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʝʜʥʠʡ ʧʨʠʝʤʥʠʢ ʘʥʪʝʥʥʳ, ʢʦʦʨʜʠʥʘʪʳ 

ʢʦʪʦʨʦʛʦ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ çʘʙʩʦʣʶʪʥʦʡ ʢʘʣʠʙʨʦʚʢʠè ʘʥʪʝʥʥʳ. ʅʘ 

ʨʠʩ. 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʦʛʦ ʧʨʠʝʤʥʠʢʘ.  
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ʘ) 

ʆʙʣʘʩʪʴ 100ʭ100 ʢʤ ʩ ʰʘʛʦʤ 1 ʢʤ. 

ʙ) 

ʆʙʣʘʩʪʴ 10ʭ10 ʢʤ ʩ ʰʘʛʦʤ 100ʤ 

 ʈʠʩ. 4.4 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʘʙʩʦʣʶʪʥʳʭ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʦʛʦ ʢʘʥʘʣʘ. 

ʅʘ ʨʠʩ. 4.5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʥʪʝʥʥʦʡ 

ʨʝʰʝʪʢʠ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ.  

 

ʈʠʩ. 4.5 ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ʊʝʧʝʨʴ ʧʦ ʧʦʣʫʯʝʥʥʤr ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠ ̫ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʳ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ 

ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʢʦʪʦʨʫʶ ʧʦʚʪʦʨʠʪʴ ʧʨʦʮʝʜʫʨʫ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 
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4.1.2. ʉʦʛʣʘʩʦʚʘʥʠʝ ʩʦ ʩʨʝʜʦʡ ʧʨʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ʧʨʠʝʤʥʦʡ 

ʩʠʩʪʝʤʳ
5
 

ʈʘʟʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ ʠʭ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʫʪʝʤ ʬʠʢʩʘʮʠʠ ʚʨʝʤʝʥ ʧʨʠʭʦʜʘ 

ʦʪʜʝʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʥʘ ʧʨʠʝʤʥʳʡ ʵʣʝʤʝʥʪ ʧʦ ʚʨʝʤʝʥʥʦʡ ʨʘʟʚʝʨʪʢʝ 

ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʩʦʥʦʛʨʘʤʤʝ). ʇʨʠ ʵʪʦʤ, 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʠ ʧʦʣʫʯʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʭ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʥʘʣʠʯʠʷ ʦʜʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

ʠ ʦʜʥʦʛʦ ʧʨʠʝʤʥʠʢʘ.   

ʇʨʝʜʩʪʘʚʠʤ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʢʘʞʜʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ʚ ʚʠʜʝ ʩʫʤʤʳ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ: 

( ) ( ){ } ( ) { }ä -Ö-Ö-Ö=
m

mmm rvrtSrtjAtrP dw expæexp, m
.  (4.1) 

ʆʛʠʙʘʶʱʘʷ ʩʠʛʥʘʣʘ ()tS  ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʴʶ mv  

ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ. ʆʪʣʠʯʠʝ ʚ ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʷʭ mv  ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʛʠʙʘʶʱʘʷ ʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ 

ʧʦ ʨʘʟʣʠʯʥʳʤ ʤʦʜʘʤ ʜʦʭʦʜʠʪ ʜʦ ʪʦʯʢʠ ʧʨʠʝʤʘ  ʚ  ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʤʘʣʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʩʪʦʛʦ ʠʟʣʫʯʘʝʤʦʛʦ 

ʠʤʧʫʣʴʩʘ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦʡ ʝʛʦ ʩʣʦʞʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ ʨʘʟʜʝʣʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʧʦ ʚʨʝʤʝʥʘʤ ʠʭ ʧʨʠʭʦʜʘ ʥʘ ʧʨʠʝʤʥʳʡ ʵʣʝʤʝʥʪ. ʈʘʟʜʝʣʝʥʠʝ  

ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʠʷ ʠʭ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʣʠ 

                                                 
5
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ 
ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, 

ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  
1. ɸʩʪʘʭʦʚʘ ʅ.ɺ, ɼʦʙʨʷʥʩʢʠʡ ɺ.ʄ.,ʂʦʣʠʛʘʝʚ ʆ.ɸ., ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʨʘʡʥʦʚ ɸ.ɹ, ʃʦʙʦʚ ʈ.ɺ.,ʐʠʢʘʣʦʚ ɸ.ɸ. 

çʉʧʦʩʦʙ ʦʮʝʥʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʜʥʘè, ʧʘʪʝʥʪ ˉ2503037, 27.12.2013ʛ. 

2. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʠʛʘʝʚ ʆ.ɸ., çʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʥʦʚʦʜʘ ʇʝʢʝʨʠʩʘ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷè, ʊʨʫʜʳ IX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʄʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ çMaresedu-2020è, ʄʦʩʢʚʘ, 2020ʛ. 

3. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʠʛʘʝʚ ʆ.ɸ., çʅʝʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʣʥʦʚʦʜʘ 

ʇʝʢʝʨʠʩʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝè, ʄʘʪʝʨʠʘʣʳ 

XVII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè (ʄʉʆʀ-2021), ʄʦʩʢʚʘ, 2021ʛ. 
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ʠʩʢʫʩʩʪʚʝʥʥʦʡ (ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ) ʘʧʝʨʪʫʨʦʡ,  ʦʪʢʣʠʢ ʢʦʪʦʨʦʡ ʥʘ 

ʠʤʧʫʣʴʩʥʳʡ (ʠʣʠ ʪʦʥʘʣʴʥʳʡ) ʩʠʛʥʘʣ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʤʦʜʦʚʦʛʦ 

ʚʝʢʪʦʨʘ ʢʦʤʧʝʥʩʘʮʠʠ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʤʥʦʛʦʤʦʜʦʚʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨ, ʩʦʜʝʨʞʘʱʠʡ ʄ ʤʘʢʩʠʤʫʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʄ ʥʦʨʤʘʣʴʥʳʤ 

ʚʦʣʥʘʤ. ʋʨʦʚʥʠ ʤʘʢʩʠʤʫʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʚʦʟʙʫʞʜʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʤʝʩʪʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ɗm ʟʘʚʠʩʷʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩʨʝʜʳ H 

ʚʦʣʥʦʚʦʛʦ ʯʠʩʣʘ k. ʇʨʠʯʝʤ, ʥʘʧʨʘʚʣʝʥʠʝ ʥʠ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʤʘʢʩʠʤʫʤʦʚ 

ʤʦʞʝʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ ʪʦʯʥʦʝ 

ʟʥʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ ʠ ʟʥʘʥʠʝ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʢʦʦʨʜʠʥʘʪ ʘʥʪʝʥʥʳ ʠ ʝʝ ʢʦʥʬʠʛʫʨʘʮʠʠ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʢʘʣʠʙʨʦʚʢʠ,  ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ) ʜʘʝʪ ʦʮʝʥʢʫ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ɗ0 ʥʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʧʦ ʫʛʣʦʚʦʤʫ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʢʦʪʦʨʳʤ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ  

                              Þm = kĿ
 

                                       (4.2) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʜʦʙʠʚʘʷʩʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʦʮʝʥʦʢ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʠʭ ʠʩʪʠʥʥʳʤ ʟʥʘʯʝʥʠʷʤ,  

ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩʦ ʩʨʝʜʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ 

ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʩʥʦʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʠ 

ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʝʧʝʩʪʢʦʚ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʩʦʯʝʪʘʥʠʡ ʠʟ M ʧʦ ʜʚʘ. 

ʆʩʥʦʚʥʦʡ ʣʝʧʝʩʪʦʢ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ 

ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ, ʘ ʫʨʦʚʝʥʴ ʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʦʡ ʘʤʧʣʠʪʫʜʦʡ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ. 

ʅʦʨʤʘʣʴʥʳʝ ʚʦʣʥʳ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʧʝʢʪʨʝ ʭʦʨʦʰʦ ʨʘʟʜʝʣʷʶʪʩʷ ʧʨʠ 

ʫʩʣʦʚʠʠ L(ɗ)>(5 õ6)2 minæ/Dp , ʛʜʝ L(ɗ) ï ʧʨʦʝʢʮʠʷ ʘʥʪʝʥʥʳ ʥʘ ʪʦʯʢʫ 

ʠʟʣʫʯʝʥʠʷ. ʉʧʝʢʪʨ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʫʙʠʥʦʡ ʚʦʣʥʦʚʦʜʘ, 

ʛʣʫʙʠʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʟʣʫʯʘʪʝʣʷ ʠ ʧʨʠʝʤʥʠʢʦʚ, ʯʘʩʪʦʪʦʡ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
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ʌʫʨʴʝ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ  

ʢʦʤʧʦʥʝʥʪ ʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʳ ʥʘ ʯʘʩʪʦʪʝ 

ʩʠʛʥʘʣʘ ʠʟʣʫʯʝʥʠʷ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʧʝʢʪʨ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, 

ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʫʶ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ  

ὅ Ὢ
ϽϽ

å
. (4.3) 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʠʩʧʦʣʴʟʫʝʤ ʘʥʪʝʥʥʫ, ʧʨʦʮʝʜʫʨʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʘ ʚʳʰʝ. ɻʣʫʙʠʥʘ ʤʦʨʷ ʚ ʤʝʩʪʝ 

ʫʩʪʘʥʦʚʢʠ ʘʥʪʝʥʥʳ 125 ʤ. ʅʘ ʨʠʩ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʪʦʛʦʚʘ ̫(ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ) ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʥʪʝʥʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʪʦʯʢʫ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ  21165 ʤ (ʧʦ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʜʘʥʥʳʤ) ʦʪ ʘʥʪʝʥʥʳ. ʇʦʣʦʞʝʥʠʝ 

ʜʘʥʥʦʡ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ 

ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʨʘʟʜʝʣʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ, 

ʧʨʦʷʚʣʷʶʱʝʤʫʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ. 

 

ʈʠʩ. 4.6 ɻʝʦʤʝʪʨʠʷ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ.  

ʅʘ ʨʠʩ.4.7 ʠ 4.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʦʚʦʡ 

ʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʘ 
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ʠʤʧʫʣʴʩʥʦʛʦ  ʠʩʪʦʯʥʠʢʘ ʥʘ ʛʣʫʙʠʥʝ Zʠ=30ʤ ʥʘ ʩʦʥʦʛʨʘʤʤʝ ʦʪʜʝʣʴʥʦʛʦ 

ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʘʥʪʝʥʥʳ ʠ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʚʩʝʡ 

ʘʧʝʨʪʫʨʝ ʘʥʪʝʥʥʳ.  

ɹʝʣʳʝ ʪʦʯʢʠ ʥʘ ʨʠʩ. 4.7 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʛʨʫʧʧʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʪʨʝʭ ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʤʦʜʝʣʠ 

ʇʝʢʝʨʠʩʘ.  

ɹʝʣʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʨʠʩ. 4.8 ʦʪʤʝʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʮʝʥʢʠ 

ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʠʘʛʨʘʤʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ), ʘ ʥʝʧʨʝʨʳʚʥʳʤʠ ʣʠʥʠʷʤʠ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʦʥʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ, ʦʪʤʝʯʝʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʪʨʝʭ 

ʥʦʨʤʘʣʴʥʳʭ ʚʦʣʥ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʦʜʝʣʠ ʇʝʢʝʨʠʩʘ.  

ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʠ ʟʥʘʯʝʥʠʷ: 

- ʛʣʫʙʠʥʘ ʤʦʨʷ ʅ=125ʤ; 

- ʩʢʦʨʦʩʪʴ ʚ ʛʨʫʥʪʝ ʉ2=1860 ʤ/c; 

- ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ”2=2.1. 

  

ʈʠʩ.4.7 ɼʠʩʧʝʨʩʠʦʥʥʘʷ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʈʠʩ.4.8 ɼʠʩʧʝʨʩʠʦʥʥʘʷ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ɸʥʘʣʠʟ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ (ʈʠʩ.4.7 ʠ ʈʠʩ.4.8) ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ 

ʪʨʝʭʤʦʜʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʯʘʩʪʦʪʘʤʠ 

ʧʨʠʤʝʨʥʦ, f2ʢʨ=(12-13) ɻʮ ʠ f3ʢʨ=(22-23) ɻʮ.  

ʅʘ ʨʠʩ.4.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʦʚʦʡ  
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ʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʘ  

ʠʤʧʫʣʴʩʥʦʛʦ  ʠʩʪʦʯʥʠʢʘ ʥʘ ʛʣʫʙʠʥʝ Zʠ=50ʤ.  

  
͊ύ ͋ύ 

ʈʠʩ.4.9 ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧʦʚʦʡ (ʘ) ʠ  

ʬʘʟʦʚʦʡ (ʙ) ʩʢʦʨʦʩʪʠ 

ʅʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʪʴʝʡ 

ʤʦʜʳ ʧʨʠ ʷʚʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʯʝʪʚʝʨʪʦʡ ʠ ʜʘʞʝ ʧʷʪʦʡ ʤʦʜʳ. ʆʪʩʫʪʩʪʚʠʝ 

ʪʨʝʪʴʝʡ ʤʦʜʳ ʚ ʩʠʛʥʘʣʝ, ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʦʤʝʱʝʥ ʥʘ ʛʣʫʙʠʥʫ 

50ʤ, ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʥʘ ʵʪʦʡ ʛʣʫʙʠʥʝ 

ʩʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ʪʨʝʪʴʝʡ ʤʦʜʳ ʧʝʨʝʭʦʜʠʪ ʯʝʨʝʟ ʥʦʣʴ (ʨʠʩ. 4.10).  

  
ʈʠʩ.4.10 ʉʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʠ ʤʦʜʝʣʠ ʚʦʣʥʦʚʦʜʘ. 
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ʆʜʥʦʚʨʝʤʝʥʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʯʝʪʚʝʨʪʦʡ ʤʦʜʳ, 

ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʧʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʧʨʠ ʠʟʣʫʯʝʥʠʠ ʩʠʛʥʘʣʘ ʩ ʛʣʫʙʠʥʳ 30ʤ. 

ʅʘ ʈʠʩ. 4.11 ʧʨʝʜʩʪʘʚʣʝʥ ʯʘʩʪʦʪʥʦ-ʩʢʦʨʦʩʪʥʦʡ ʨʘʟʨʝʟ, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʫʞʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ 

ʠʤʝʥʥʦ, ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʩʫʜʥʘ-ʥʦʩʠʪʝʣʷ ʠʟʣʫʯʘʪʝʣʷ. ʗʚʥʦ ʚʳʜʝʣʷʝʤʳʡ  

ʩʠʛʥʘʣ ʜʠʩʢʨʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ  (fʜ=15-20ɻʮ) ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ 

ʦʜʥʦʟʥʘʯʥʦ ʣʦʞʠʪʩʷ ʥʘ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʫʶ (ʦʮʝʥʝʥʥʫʶ ʵʢʩʧʨʝʠʤʝʥʪʘʣʴʥʦ ʠ 

ʨʘʩʯʠʪʘʥʥʫʶ ʧʦ ʤʦʜʝʣʠ) ʜʠʩʧʝʨʩʠʦʥʥʫʶ ʢʨʠʚʫʶ ʚʪʦʨʦʡ ʤʦʜʳ ʩ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ ʉʬ=1620ʤ/ʩ. 

ʅʘ ʯʘʩʪʦʪʝ ʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʚʝ 

ʤʦʜʳ (ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʪʨʝʪʴʝʡ ʤʦʜʳ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ), ʧʨʠʯʝʤ, 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʰʫʤʦʠʟʣʫʯʝʥʠʷ  ʥʘʭʦʜʠʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ 

ʛʣʫʙʠʥʝ ʧʦʨʷʜʢʘ (5-6) ʤ, ʪʦ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʚʪʦʨʦʡ ʤʦʜʳ  ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʦ. 

 
ʈʠʩ.4.11 ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʅʘʣʠʯʠʝ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʟʘʪʷʛʠʚʘʥʠʶ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʘʥʪʝʥʥʳ  (ʨʠʩ. 4.12ʘ ʠ 4.12ʚ).  ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ʚ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ  ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʭʦʜʦʤ ʚʦ ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ ʧʨʠʚʦʜʠʪ 

ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʞʘʪʠʶ ʩʠʛʥʘʣʦʚ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 4.12ʙ ʠ  4.12ʛ.  
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 ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 5-12 ɻʮ ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 13-30 ɻʮ 

ɼʦ ʢʦʤʧʝʥʩʘʮʠʠ ʇʦʩʣʝ  ɼʦ ʢʦʤʧʝʥʩʘʮʠʠ ʇʦʩʣʝ  

ɺʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

 ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 5-12 ɻʮ ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 13-30 ɻʮ 

ɼʦ ʢʦʤʧʝʥʩʘʮʠʠ ʇʦʩʣʝ  ɼʦ ʢʦʤʧʝʥʩʘʮʠʠ ʇʦʩʣʝ  

ʈʠʩ.4.12 ʉʞʘʪʠʝ ʩʠʛʥʘʣʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʦʧʦʨʥʦʤ 

ʧʨʠʝʤʥʠʢʝ  ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʨʝʜʳ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʫʟʠʪʴ ʦʙʣʘʩʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʝʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʘʙʩʦʣʶʪʥʳʭ  ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩ. 4.13 ʠ 4.14.  

  

ʆʙʣʘʩʪʴ 100ʭ100 ʢʤ ʩ ʰʘʛʦʤ 1 ʢʤ. ʆʙʣʘʩʪʴ 10ʭ10 ʢʤ ʩ ʰʘʛʦʤ 100ʤ 

ʈʠʩ 4.13 ʈʝʟʫʣʴʪʘʪ ʧʝʨʚʦʡ ʠʪʝʨʨʘʮʠʠ (ʥʝʩʦʛʣʘʩʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ).  
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ʆʙʣʘʩʪʴ 100ʭ100 ʢʤ ʩ ʰʘʛʦʤ 1 ʢʤ. ʆʙʣʘʩʪʴ 10ʭ10 ʢʤ ʩ ʰʘʛʦʤ 100ʤ 

ʈʠʩ. 4.14. ʈʝʟʫʣʴʪʘʪ ʠʪʦʛʦʚʦʡ ʠʪʝʨʨʘʮʠʠ (ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ) 

       ʂʦʤʧʝʥʩʘʮʠʷ ʜʠʩʧʝʨʩʠʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʘʥʪʝʥʥʳ.  ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (5-12) ɻʮ  ʩ 0.91 ʜʦ 0.97 ʠ  ʩ 0.8 ʜʦ 0.88 ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (13-30) ɻʮ,  ʯʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩ. 4.15.   

 ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 5-12 ɻʮ ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ 13-30 ɻʮ 

ɼʦ ʢʦʤʧʝʥʩʘʮʠʠ ʇʦʩʣʝ  ɼʦ ʢʦʤʧʝʥʩʘʮʠʠ ʇʦʩʣʝ  

ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʈʠʩ.4.15 ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʩʠʛʥʘʣʘ ʤʝʞʜʫ 

ʢʘʥʘʣʘʤʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ  ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 4.16.). 
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ʈʠʩ. 4.16. ʀʩʭʦʜʥʘʷ (1) ʠ ʠʪʦʛʦʚʘʷ (2) ʢʦʥʬʠʛʫʨʘʮʠʠʠ ʘʥʪʝʥʥʳ  

ʅʘ ʨʠʩ. 4.16. ʩʠʥʠʤ ʮʚʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʥʪʝʥʥʳ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʨʘʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʫʯʝʪʘ ʤʦʜʝʣʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ʜʦ 

ʝʝ ʧʦʣʫʯʝʥʠʷ), ʯʝʨʥʳʤ ʮʚʝʪʦʤ ï ʠʪʦʛʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʘʥʪʝʥʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ʂʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ 

ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ, ʜʦʩʪʠʛʘʝʤʳʡ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ. 

ʅʘ ʨʠʩ. 4.17  ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʢʣʠʢʠ ʘʥʪʝʥʥʳ ʥʘ 

ʩʠʛʥʘʣ r ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ 

ʧʦʧʝʨʝʯʥʦʤ (ʪʨʘʚʝʨʟʥʦʤ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʪʝʥʥʳ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʦʮʝʥʢʠ ʘʙʩʦʣʶʪʥʳʭ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

1 

2 
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ʈʠʩ. 4.17. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʪʢʣʠʢʠ ʘʥʪʝʥʥʳ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ ʫʛʣʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 0.8
0
 ʠ 0.34

0
, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 176 ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ 180 ʧʨʠʝʤʥʠʢʦʚ ʚ ʘʥʪʝʥʥʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʤʫ ʟʥʘʯʝʥʠʶ. 

4.1.3. ʆʮʝʥʢʘ ʜʘʣʴʥʦʩʪʠ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ 

ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʦ-ʧʦʣʝʟʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʤʥʦʛʦʤʦʜʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʢʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ.  

ʇʨʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʨʦʚʥʷʭ ʩʠʛʥʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ, ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʛʨʫʧʧʦʚʦʡ 



100 

 

ʩʢʦʨʦʩʪʠ ʥʝ ʪʨʝʙʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ (ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ) ʠ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʠʥʦʯʥʦʛʦ ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ.    

ʅʘ ʨʠʩ.4.18-4.20 ʩʣʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʥʦʛʨʘʤʤʳ ʩʠʛʥʘʣʘ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʧʨʠʝʤʥʠʢʘ. ɹʝʣʳʤʠ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʢʨʠʚʳʝ 

ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʚʳʭ ʪʨʝʭ ʤʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʪʦʯʝʢ 

ʠʟʣʫʯʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʧʘʨʘ-

ʤʝʪʨʳ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʦʜ.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʦʚ ʧʦʢʘʟʳʚʘʝʪ ʚʝʩʴʤʘ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʦʪ 15 ʜʦ 45 ʢʤ.  

ʅʘ ʵʪʠʭ ʞʝ ʨʠʩʫʥʢʘʭ ʩʧʨʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʦʢʘʣʠʟʘʮʠʠ 

ʩʠʛʥʘʣʘ ʧʦ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʴʥʦʡ  ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʩʠʛʥʘʣ ʣʦʢʘʣʠʟʫʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʪʦʡ ʜʘʣʴʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭ ʞʝ 

ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʠʥʦʡ ʨʝʘʣʴʥʦʡ ʛʣʫʙʠʥʳ 

ʫʩʪʘʥʦʚʢʠ ʜʨʫʛʦʡ ʘʥʘʣʦʛʠʯʥʦʡ ʘʥʪʝʥʥʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʛʣʫʙʠʥʝ 160ʤ ʚ 

50-ʪʠ ʢʤ, ʪʘʢʞʝ ʜʘʣʠ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʣʴʥʳʤ ʜʘʥʥʳʤ ʨʠʩ 4.21. 

  

ʈʠʩ.4.18  ɼʠʩʧʝʨʩʠʷ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʮʝʥʢʘ ʜʘʣʴʥʦʩʪʠ    

L=14661m  (H=125ʤ)  
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ʈʠʩ.4.19   L=21165m (H=125ʤ)  

  
ʈʠʩ.4.20  L=32720m (H=125ʤ)  

  
ʈʠʩ. 4.21 ɼʠʩʧʝʨʩʠ ̫ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʮʝʥʢʘ ʜʘʣʴʥʦʩʪʠ    

L=17200m (H=160ʤ) 
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    ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʘʢʫʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʛʦ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʝʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʦʩʚʝʱʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʜʚʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʠʥʪʝʨʝʩʘʭ ɺʦʝʥʥʦ-ʄʦʨʩʢʦʛʦ ʌʣʦʪʘ ʈʦʩʩʠʠ.  

4.1.4. ʉʦʛʣʘʩʦʚʘʥʥʘʷ ʩʦ ʩʨʝʜʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʩʠʛʥʘʣʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʣʦʞʝʥʠʡ ʧʨʠʢʣʘʜʥʦʡ 

ʛʝʦʬʠʟʠʢʠ ʷʚʣʷʶʪʩʷ ʧʦʤʝʭʦʡ ʠ ʙʦʨʴʙʘ ʩ ʥʠʤʠ  ʚʝʜʝʪʩʷ ʥʘ ʫʨʦʚʥʝ, ʢʘʢ       

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚʳʥʦʩʥʳʭ ʯʘʩʪʝʡ, ʪʘʢ ʧʨʦʛʨʘʤʤʥʦ-

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [87]. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫ ʪʁʩʷ ʢʘʢ 

ʧʦʣʝʟʥʳʝ ʚ ʩʝʡʩʤʦʣʦʛʠʠ [93], ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ɼʦʛʦʚʦʨʘ ʦ ʚʩʝʦʙʲʝʤʣʶʱʝʤ ʟʘʧʨʝʱʝʥʠʠ ʷʜʝʨʥʳʭ ʠʩʧʳʪʘʥʠʡ 

[42-45].  

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʷʚʣʷʪʁʩʷ  ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤ r

ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ [88].  

ɺʝʨʦʷʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ, ʜʘʣʴʥʦʩʪʴ ʠ 

ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ 

ʦʩʥʦʚʥʳʤʠ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʦʛʦ ʨʦʜʘ ʩʠʩʪʝʤ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩʨʝʜʩʪʚ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʵʪʠ ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʆʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʜʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʶʪʩʷ ʫʨʦʚʝʥʴ ʠ ʠʥʪʝʨʚʘʣ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʘʟʤʝʨʳ ʘʧʝʨʪʫʨʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʩʠʥʬʘʟʥʦʡ ʦʙʨʘʙʦʪʢʠ. 
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ʇʨʠ ʵʪʦʤ, ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʤʦʱʥʫʶ  ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʯʘʩʪʴ  ʩʧʝʢʪʨʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ, ʣʝʞʘʱʫʶ ʚ ʥʠʞʥʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ.  

ʆʜʥʘʢʦ, ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʭʘʨʘʢʪʝʨʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʠʩʧʝʨʩʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ, ʠʩʢʘʞʘʶʱʘʷ ʚʠʜ 

ʩʠʛʥʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʘʶʱʘʷ 

ʠʥʪʝʨʚʘʣ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ.   

  ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʦʨʤʳ ʩʠʛʥʘʣʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ (ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʡ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

24-ʭ ʢʘʥʘʣʴʥʳʝ ʩʝʡʩʤʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʛʣʫʙʠʥʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʩʪʘʥʮʠʠ SGD-SEL ʧʨʠ ʣʠʥʝʡʥʦʡ ʨʘʩʩʪʘʥʦʚʢʝ 

ʩʝʡʩʤʦʜʘʪʯʠʢʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 2.5 ʤʝʪʨʘ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʡʥʝʛʦ ʜʘʪʯʠʢʘ ʜʦ 

ʧʫʥʢʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 60ʤ. ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʫʥʢʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ.4.22. 

 

ʈʠʩ. 4.22.  ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʘ ʚʦʟʙʫʞʜʝʥʠʷ. 

ɺʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʠʭ ʩʧʝʢʪʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ.4.23. ʠ ʈʠʩ.4.24. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 4.23. ɺʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ. ʈʠʩ.4.24. ʉʧʝʢʪʨʳ. 

ʅʘ ʨʠʩ.4.23. ʰʢʘʣʘ ʚʨʝʤʝʥʠ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ) ʦʪ 0 ʜʦ 2 ʩʝʢ, ʘ ʰʢʘʣʘ ʘʤʧʣʠʪʫʜ 

(ʧʦ ʚʝʨʪʠʢʘʣʠ) ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʫʤ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ. ʅʘ ʨʠʩ.4.24.  

ʰʢʘʣʘ ʯʘʩʪʦʪ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ) ʦʪ 0 ʜʦ 500 ɻʮ, ʰʢʘʣʘ ʘʤʧʣʠʪʫʜ (ʧʦ 

ʚʝʨʪʠʢʘʣʠ) ʥʦʨʤʠʨʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʫʤ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ, ʘ ʢʨʘʩʥʳʤ ʚʳʜʝʣʝʥ 

ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʦʪ 6 ʜʦ 45 ɻʮ. 

ɼʘʪʯʠʢʠ ʩʝʡʩʤʦʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʢʘʢ ʵʣʝʤʝʥʪʳ ʬʘʟʠʨʫʝʤʦʡ 

ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ, ʘ ʦʮʝʥʢʘ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʧʫʪʝʤ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʦʪʢʣʠʢʘ ʘʥʪʝʥʥʳ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʥʘ ʪʦʯʢʫ 

ʝʛʦ ʚʦʟʙʫʞʜʝʥʠʷ.  

ɼʣʷ ʢʘʞʜʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʚ ʪʦʯʢʫ ʠʟʣʫʯʝʥʠʷ,  ʠ ʤʘʢʩʠʤʫʤ 

ʢʦʪʦʨʦʛʦ ʠʱʝʪʩʷ ʧʫʪʝʤ ʚʘʨʠʘʮʠʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ:  

ʂʋ(ʩɤ)=ʄʘʭ 
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ʛʜʝ )(wnS  - ʢʦʤʧʣʝʢʩʥʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ n-ʛʦ 

ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʧʝʨʪʫʨʝ ʥʘ ʯʘʩʪʦʪʝ w, 

N ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʠʢʦʚ ʚ ʘʥʪʝʥʥʝ (n=1,N); 

nr
C

 - ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʦʪ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ ʜʦ n-ʛʦ ʧʨʠʝʤʥʠʢʘ, 
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),,( crH nw - ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ 

ʪʦʯʢʠ ʚʦʟʙʫʞʜʝʥʠʷ ʜʦ n-ʛʦ ʧʨʠʝʤʥʠʢʘ. 

ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʚʳʙʠʨʘʝʪʩʷ ʥʘʩʪʦʣʴʢʦ ʫʟʢʦʡ, ʯʪʦʙʳ ʚ ʧʨʝʜʝʣʘʭ ʥʝʸ 

ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʣʦʩʘ ʚ 1 ɻʮ.  

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ (ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ 

ʟʘʪʫʭʘʥʠʝʤ) 
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(4.5) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʭʦʜʠʪʩʷ ʪʘʢʘʷ ʩʢʦʨʦʩʪʴ wc , ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ w ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʫʯʘʝ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ  ʥʘ ʢʘʞʜʦʡ ʯʘʩʪʦʪʝ ʵʪʠ ʩʢʦʨʦʩʪʠ ʨʘʟʥʳʝ ʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢʦ ʚʩʝʤʫ ʜʠʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ,  ʪ.ʝ. ʢ ʥʝʧʦʣʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʘʥʪʝʥʥʳ. 

ʅʘ ʨʠʩ. 4.25 ʠ 4.26 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 

ʘʥʪʝʥʥʳ ʦʪ ʩʢʦʨʦʩʪʠ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 16-17 ɻʝʨʮ  ʠ 6-45 ɻʝʨʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

  

ʈʠʩ. 4.25.  ʂʋ(ʩɤ)   (16-17 ɻʝʨʮ). ʈʠʩ. 4.26. ʂʋ(ʩɤ)    (6-45 ɻʮ.). 

         ʐʢʘʣʘ ʩʢʦʨʦʩʪʠ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ) ʦʪ 0 ʜʦ 400ʤ\ʩ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  ʫʩʠʣʝʥʠʷ ʜʣʷ ʫʟʢʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ  

maxʂʋ  =22.9 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʉ=156 ʤ\ʩ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩ 
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ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, 

ʩʦʩʪʘʚʠʣ maxʂʋ =16.1 ʧʨʠ ʉ=141 ʤ/ʩ.  

ʅʘ ʈʠʩ.4.27 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 

ʘʥʪʝʥʥʳ, ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʯʘʩʪʦʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ. ʐʢʘʣʘ ʯʘʩʪʦʪ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ) ʦʪ 6 ʜʦ 60 ɻʮ, ʰʢʘʣʘ ʩʢʦʨʦʩʪʝʡ (ʧʦ 

ʚʝʨʪʠʢʘʣʠ) ʦʪ 100 ʜʦ 400 ʤ/ʩ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ C(f) ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʣʳʤ ʮʚʝʪʦʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʚʳʙʨʘʥ ʩʪʝʧʝʥʥʦʡ ʟʘʢʦʥ: 

0
)

0
()( CkffAfC +--Ö=  (4.6) 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ A , 0f ,k  ʠ 0C  ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 

4.27 ʚ ʚʠʜʝ ʙʝʣʦʡ ʣʠʥʠʠ.  

 

ʈʠʩ.4.27. ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ  ʩʢʦʨʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ C(f). 

ʇʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ 1200=A ,  50=f , 5.1-=k , 1250=C  

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʘʩʯʝʪʝ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʩʨʝʜʳ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ 

ʩʧʝʢʪʨʦʚ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʳ.   

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʦʡ 

ʩʢʦʨʦʩʪʠ ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ 2 ʧʘʨʘʤʝʪʨʘ. ʕʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ  

ʧʨʠ ʬʦʢʫʩʠʨʦʚʢʝ ʚ ʪʦʯʢʫ ʠʟʣʫʯʝʥʠʷ ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʤʘʪʨʠʮʳ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʚʩʝʤ ʧʨʠʝʤʥʳʤ ʵʣʝʤʝʥʪʘʤ. ɺʩʝ ʨʘʩʯʝʪʳ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 6-45 ɻʮ. 

 ʅʘ ʈʠʩ. 4.28 ʠ ʈʠʩ. 4.29 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʬʦʢʫʩʠʨʦʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʬʫʥʢʮʠʠ ʩʨʝʜʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʠ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʯʘʩʪʦʪʥʦ ʟʘʚʠʩʠʤʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ  ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ʩ ʂʋ=16.1 ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ C(f)=cte=141ʤ/ʩ ʜʦ ʂʋ=22.4 ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ C(f)=var. 

ʋʣʫʯʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʘʥʪʝʥʥʳ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʦʪʥʦ-

ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʢʘʥʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ.  

  

ʈʠʩ4.28 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʦʪʢʣʠʢ 

ʘʥʪʝʥʥʳ ʧʨʠ ctec =w = 141 ʤ/ʩ. 

ʈʠʩ. 4.29 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʦʪʢʣʠʢ 

ʘʥʪʝʥʥʳ ʧʨʠ var=wc =C(f). 

ʅʘ ʨʠʩ.4.30 ʠ ʨʠʩ.4.31 ʧʨʝʜʩʪʘʚʣʝʥʳ  ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ  ʠ  

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʠʩʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʥʪʝʥʥʳ 
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ʠ ʩʠʛʥʘʣʦʚ ʩ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ (4.4) ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʘʥʘʣʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 6 ʜʦ 45 ɻʮ.  
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ʘ) ʙ) 

ʈʠʩ. 4.30 ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʩʠʛʥʘʣʦʚ: ʘ-ʠʩʭʦʜʥʦʛʦ, ʙ- ʩ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʉ(f) 

  

ʘ) ʙ) 

ʈʠʩ. 4.31 ʂʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ ʩʠʛʥʘʣʦʚ: ʘ-ʠʩʭʦʜʥʦʛʦ, ʙ - ʩ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʉ(f) 
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ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʧʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝ ʧʦʩʣʝ 

ʢʦʤʧʝʥʩʘʮʠʠ ʠʩʢʘʞʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʚʦʟʨʦʩ ʩ 0.6 ʜʦ 0.8,  ʘ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʠʝʤʥʦʡ ʘʧʝʨʪʫʨʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʥʪʝʥʥʳ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʧʦʟʚʦʣʠʣʦ ʫʣʫʯʰʠʪʴ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʦʚʳʩʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ   ʘʥʪʝʥʥʳ ʚ 

ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʫʛʣʝ ʢʦʤʧʝʥʩʘʮʠʠ 45
0
, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ (ʩ 17 ʜʦ 21.6)  ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʫʞʝʥʠʝ 

ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ʈʠʩ.4.32), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ  

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʚʦ ʚʩʝʤ ʨʘʡʦʥʝ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ. 

 

ʈʠʩ. 4.32 ʉʦʛʣʘʩʦʚʘʥʥʳʡ ʩʦ ʩʨʝʜʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʦʪʢʣʠʢ ʘʥʪʝʥʥʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʝʝ ʫʯʝʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʠ ʨʘʩʰʠʨʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʘʧʝʨʪʫʨʝ 

ʘʥʪʝʥʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʠʷ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

4.1.5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʥʦʚʦʜʥʦʡ ʤʦʜʝʣʠ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʟʘʭʚʘʪʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ  

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʠʥʦʡ ʚʦʣʥʳ, 

ʚʦʟʥʠʢʘʝʪ ʦʧʨʝʜʝʣʝʥʥʘ ̫ ʘʩʩʦʮʠʘʮʠ ̫ ʩ ʚʦʣʥʦʚʦʜʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ  ʧʨʠʤʝʥʝʥʠ ̫ʚʦʣʥʦʚʦʜʥʦʡ ʤʦʜʝʣʠ 

ʜʣʷ ʦʮʝʥʢʠ ʠ ʦʧʠʩʘʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

24-ʭ ʢʘʥʘʣʴʥʳʝ ʩʝʡʩʤʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʦʡ ʞʝ 

ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʩʪʘʥʮʠʠ SGD-SEL ʧʨʠ ʣʠʥʝʡʥʦʡ 

ʨʘʩʩʪʘʥʦʚʢʝ ʩʝʡʩʤʦʜʘʪʯʠʢʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 2.5 ʤʝʪʨʘ, ʥʦ ʚ ʜʨʫʛʦʝ ʚʨʝʤʷ ʠ ʚ 

ʜʨʫʛʦʤ ʨʘʡʦʥʝ. 

 ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʡʥʝʛʦ ʜʘʪʯʠʢʘ ʜʦ ʧʫʥʢʪʘ ʚʦʟʙʫʞʜʝʥʠʷ 15ʤ. ʉʭʝʤʘ 

ʨʘʩʩʪʘʥʦʚʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʘ ʚʦʟʙʫʞʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ.4.33. 

 

ʈʠʩ.4.33. ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʫʥʢʪʘ ʚʦʟʙʫʞʜʝʥʠʷ. 
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ɺʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʠʭ ʩʧʝʢʪʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ.4.34. ʠ ʈʠʩ.4.35. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 
ɹʝʟ ʥʦʨʤʠʨʦʚʢʠ 

 
ʉ ʥʦʨʤʠʨʦʚʢʦʡ ʥʘ ʤʘʢʩʠʤʫʤ 

ʈʠʩ.4.34. ɺʨʝʤʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ 1024 ʤʩ, 24 ʢʘʥʘʣʘ 

 
ɹʝʟ ʥʦʨʤʠʨʦʚʢʠ 

 
ʉ ʥʦʨʤʠʨʦʚʢʦʡ ʥʘ ʤʘʢʩʠʤʫʤ 

ʈʠʩ.4.35.ʉʧʝʢʪʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 500 ɻʮ (ʚʳʜʝʣʝʥ ʜʠʘʧʘʟʦʥ 5-100ɻʮ). 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ ʧʦ ʦʮʝʥʢʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʘʥʘʣʦʛʠʠ ʠ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʮʝʜʫʨʘʤʠ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ. ʈʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 4.36. 
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ʈʠʩ. 4.36. ʈʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ  ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

 

ʇʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʇʝʢʝʨʠʩʘ ʜʣʷ ʜʘʥʥʦʡ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʣ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ: ʛʣʫʙʠʥʘ 

ʩʣʦʷ ʅ = 5ʤ, ʩʢʦʨʦʩʪʴ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʩʣʦʝ ʉ1 = 125 ʤ\ʩ, ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ  ʉ2 = 1500  ʤ\ʩ,  ʧʣʦʪʥʦʩʪʴ ʚ ʩʣʦʝ  P1 

= 1500 ʢʛ\ʤ
3
,  ʧʣʦʪʥʦʩʪʴ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʈ2 = 2600 ʢʛ\ʤ3. 

 

ɼʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʦʣʥʦʚʦʜʘ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʤʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.4.37. 

 

ʈʠʩ.4.37. ɼʠʩʧʝʨʩʠʷ ʨʝʘʣʴʥʦʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʤʦʜʝʣʴʥʦʡ ʤʦʜʳ ʇʝʢʝʨʠʩʘ. 
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ʅʘ ʨʠʩ. 4.38 ʠ .4.39 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʥʝʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʧʦ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʜʳ ʇʝʢʝʨʠʩʘ.  

 

ʈʠʩ. 4.38. ʅʝʩʦʛʣʘʩʦʚʘʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. 

 

ʈʠʩ. 4.39. ʉʦʛʣʘʩʦʚʘʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʦʜʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʠʚʝʣʦ ʢ 

ʫʩʪʨʘʥʝʥʠʶ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʮʝʥʢʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ, ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ʥʘ 25 %.  

4.1.6. ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘʪʫʭʘʥʠʷ 

ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʦʚ  ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʜʘʥʥʳʤ 24-ʭ 

ʢʘʥʘʣʴʥʳʭ ʩʝʡʩʤʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʦʡ ʞʝ ʤʘʣʦʛʣʫʙʠʥʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʩʪʘʥʮʠʠ SGD-SEL ʧʨʠ ʣʠʥʝʡʥʦʡ ʨʘʩʩʪʘʥʦʚʢʝ 

ʩʝʡʩʤʦʜʘʪʯʠʢʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 2.5 ʤʝʪʨʘ. ʇʫʥʢʪ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʭʦʜʠʣʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1ʛʦ ʤʝʪʨʘ ʦʪ ʧʝʨʚʦʛʦ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ.  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʘ ʟʘʪʫʭʘʥʠʷ, ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ E(f,r) 

ʵʥʝʨʛʠʠ ʩʠʛʥʘʣʘ ʥʘ ʯʘʩʪʦʪʝ fʠ.  ʅʘ ʈʠʩ.4.40 ʧʨʝʜʩʪʘʚʣʝʥʳ E(f) ʦʪ r ʜʣʷ 20-ʪʠ 

ʯʘʩʪʦʪʥʳʭ ʧʦʣʦʩ ʚ ʜʠʘʧʘʟʦʥʝ 3-55 ɻʮ. ʅʘ ʈʠʩ.4.41. ʧʨʝʜʩʪʘʚʣʝʥʳ E(f,r) ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ, ʩ ʥʦʨʤʠʨʦʚʢʦʡ ʥʘ ʤʘʢʩʠʤʫʤ E(f) ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

r. ʈʘʩʯʝʪ ʵʥʝʨʛʝʪʠʢʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʢʘʞʜʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ fD ,  
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)(  (4.8) 

ʅʘ ʈʠʩ.4.34 ʪʦʣʩʪʳʤʠ ʣʠʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

E(f,r) ʜʣʷ ʛʨʘʥʠʯʥʳʭ ʯʘʩʪʦʪ 6 ʠ 55 ɻʮ. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʘ ʟʘʪʫʭʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ  ʟʘʢʦʥʫ ʟʘʪʫʭʘʥʠʷ ʧʣʦʩʢʦʡ ʚʦʣʥʳ  

rferfE Ö-= )(),( b
           (4.9) 

ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʪʫʭʘʥʠʷ ʦʪ ʯʘʩʪʦʪʳ ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ, ʠ ʜʣʷ ʝʸ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʳʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ. 

0)( bb +Ö= fkf  (4.10) 

ɼʘʥʥʘʷ ʧʨʷʤʘʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.4.42 ʪʦʣʩʪʦʡ ʣʠʥʠʝʡ. ʊʦʥʢʦʡ 

ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥʘ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ. 
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ʈʠʩ.4.40  ɿʘʚʠʩʠʤʦʩʪʴ E(f,r). ʈʠʩ.4.41 ɿʘʚʠʩʠʤʦʩʪʴ log(E(f,r)). 

 

ʈʠʩ.4.42 ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 0b = 0.039, k = 0.00185. 

ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʢʨʠʚʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʛʠʧʝʨʙʦʣʘ, ʘʩʠʤʧʪʦʪʦʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʥʘʷ ʧʨʷʤʘʷ. 

*

0

22

0

* )()( bb +ÖD+-= kffff  (4.11) 

ʛʜʝ,  0f  - ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʩʝʡʩʤʦʜʘʪʯʠʢʘ; 

fD  - ʰʠʨʠʥʘ ʨʝʟʦʥʘʥʩʘ; 

)( 0

*

0 fbb =  - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʥʘ ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ. 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʧʦʨʥʦʛʦ ʙʳʣ ʚʟʷʪ ʨʝʘʣʴʥʳʡ ʩʠʛʥʘʣ ʩ ʙʣʠʞʘʡʰʝʛʦ ʢ ʪʦʯʢʝ ʠʟʣʫʯʝʥʠʷ 

ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ (ʈʠʩ.4.43). ɿʘʪʝʤ ʜʘʥʥʳʡ ʦʧʦʨʥʳʡ ʩʠʛʥʘʣ ʧʝʨʝʩʯʠʪʳʚʘʣʩʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ ʩ ʫʯʝʪʦʤ ʜʘʣʴʥʦʩʪʠ, ʯʘʩʪʦʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʪʫʭʘʥʠʷ ʠ 

ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. 
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ʈʠʩ.4.43 ɺʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʅʘ ʨʠʩ.4.44 ʠ 4.45 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʴʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʘʥʪʝʥʥʳ ʠ ʠʭ ʩʧʝʢʪʨʳ,  ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʥʘ ʨʠʩ.4.46 ʠ ʨʠʩ. 4.47. 

  
ʈʠʩ.4.44 ʉʠʛʥʘʣʳ ʤʦʜʝʣʴʥʳʝ. ʈʠʩ.4.45. ʉʠʛʥʘʣʳ ʨʝʘʣʴʥʳʝ. 

  

ʈʠʩ.4.46 ʉʧʝʢʪʨʳ ʤʦʜʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. ʈʠʩ.4.47  ʉʧʝʢʪʨʳ ʨʝʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. 
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4.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ
6
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʟʣʫʯʘʪʝʣʷ ʠ ʧʨʦʚʝʨʢʘ  ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʨʦʮʝʜʫʨʫ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʥʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʫʣʴʪʨʘʟʚʫʢʝ (ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 40-50 ʢɻʮ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ (ʋɻʄ), 

ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʘʭ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ, ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʝʜʠʥʦʤ 

ʤʘʛʠʩʪʨʘʣʴʥʦʤ ʢʘʙʝʣʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30-40ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

4.2.1. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʣʫʯʘʪʝʣʷ 

ʅʘ ʨʠʩʫʥʢʝ 4.48 ʧʦʢʘʟʘʥʘ ʛʨʫʧʧʘ ʠʟ 8 ʋɻʄ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʈʠʩ. 4.48 ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ 

ʅʘ ʨʠʩʫʥʢʝ 4.49 ʧʨʠʚʝʜʝʥ ʧʣʘʥ ʨʘʩʩʪʘʥʦʚʢʠ  ʧʨʠʝʤʥʳʭ ʤʦʜʫʣʝʡ (ʋɻʄ) ʠ  

                                                 
6
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ 
ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, 

ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʂʦʣʠʛʘʝʚ ʆ.ɸ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  ʦʙʲʝʢʪʦʚ ʚ ʛʠʜʨʦ-

ʘʢʫʩʪʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. // ɻʝʦʠʥʬʦʨʤʘʪʠʢʘ, 2010.  ˉ4. ʉ.23-27.  

2.  ʂʦʣʠʛʘʝʚ ʉ.ʆ., çʉʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘʨʫʰʠʪʝʣʷ 

ʦʭʨʘʥʷʝʤʦʡ ʟʦʥʳè, ʇʘʪʝʥʪ ʈʌ ˉ 2311686, 2007ʛ.   

3. ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ // ʉʙʦʨʥʠʢ 

ʪʨʫʜʦʚ XIV  ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çɼʫʙʥʘè, ɼʫʙʥʘ, 2007ʛ.  
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ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ.  ʀʟʣʫʯʘʪʝʣʴ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʯʝʪʳʨʝ ʪʦʯʢʠ, ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʦʚʦʜʠʣʦʩʴ ʝʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʮʝʥʢʝ 

ʢʦʦʨʜʠʥʘʪ ʠʟʣʫʯʘʪʝʣʷ ʥʝ ʧʨʝʚʳʩʠʣʘ 10ʩʤ. 

                     

ʈʠʩ 4.49 ʂʦʥʬʠʛʫʨʘʮʠʷ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʳ ʧʨʠʝʤʥʳʭ ʤʦʜʫʣʝʡ ʚ ʥʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.  4.50. 

 

ʈʠʩ. 4.50 ʂʦʥʬʠʛʫʨʘʮʠʷ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʨʠʝʤʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ, 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʠʟʣʫʯʘʪʝʣʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʪʦʨʦʛʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʉʃɹʆ ʚ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʦʡ 

ʞʝ ʩʠʩʪʝʤʝ ʧʨʠʝʤʥʳʭ ʤʦʜʫʣʝʡ. ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʦʥ ʤʦʛ 

ʟʘʧʠʪʳʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩ ʙʝʨʝʛʘ, ʝʛʦ ʙʫʢʩʠʨʦʚʢʘ ʙʳʣʘ ʥʝʚʦʟʤʦʞʥʘ, ʠ ʤʦʛ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʋʯʠʪʳʚʘʷ ʨʘʙʦʯʠʡ 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʠʝʤʥʳʭ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʥʝʚʤʦʧʫʰʢʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʠʛʥʘʣʳ ʠʟ 

ʵʪʦʛʦ ʞʝ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʠʭ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʦʩʥʦʚʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʥʝʚʤʦʧʫʰʢʠ. ʉ 

ʮʝʣʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʩ ʨʝʘʣʴʥʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʨʠʝʤʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʛʠʙʘʶʱʘʷ ʩʠʛʥʘʣʘ, 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚ ʧʦʣʦʩʝ 70ɻʮ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʝʘʣʴʥʦʡ ʧʦʣʦʩʝ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʦʛʦ ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩ. 4.51 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʛʠʙʘʶʱʠʝ ʩʠʛʥʘʣʘ 

ʧʥʝʚʤʦʧʫʰʢʠ ʥʘ ʧʨʠʝʤʥʳʭ ʤʦʜʫʣʷʭ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 

60 ʢɻʮ ʚ ʧʦʣʦʩʝ 1 ʢɻʮ.   ʅʘ ʨʠʩ. 4.52 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʠ ʦʛʠʙʘʶʱʠʝ ʚ ʧʦʣʦʩʝ 

(0-70) ɻʮ. ʅʘ ʨʠʩ. 4.53 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʟʘʠʤʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ 

ʵʪʠʭ ʦʛʠʙʘʶʱʠʭ, ʧʦ ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ.   

   

ʈʠʩ. 4.51 ʆʛʠʙʘʶʱʠʝ  ʈʠʩ.4.52 ʅʏ ʬʠʣʴʪʨʘʮʠ ̫ ʈʠʩ. 4.53 ɺʂʌ  
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ʅʘ ʨʠʩ 4.54 ʠ 4.55 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʥʝʚʤʦʧʫʰʢʠ ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʚʟʘʠʤʥʦ-

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʩʝʪʦʢ ʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʦʜʥʦʟʥʘʯʥʫʶ ʨʝʘʣʠʟʫʝʤʦʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʧʨʠʝʤʥʦʡ ʚʳʥʦʩʥʦʡ ʯʘʩʪʴʶ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦ ʤʝʪʦʜʘ ʉʃɹʆ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʧʨʠ 

ʩʪʦʣʴ ʥʝʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʧʦʣʦʞʝʥʠʷ ʧʦʟʠʮʠʦʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʨʠʝʤʥʳʭ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʜʦʩʪʠʛʘʝʪʩʷ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʘʷ (ʜʦ 

1ʤ) ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ.    

  

ʈʠʩ. 4.54 ʄʝʪʦʜ ʩʝʪʦʢ ʈʠʩ. 4.55 ʄʅʂ 

 

4.2.2. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ 

ʆʜʥʠʤ ʠʟ ʧʨʠʣʦʞʝʥʠʡ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʥʘʨʫʰʠʪʝʣʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ 

ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʩʦʙʦ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ.   

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ (ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ) 

ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ (ʰʘʛʦʚ ʥʘʨʫʰʠʪʝʣʷ) ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʥʝʩʝʥʠʷ ʪʦʯʝʢ ʧʨʠʝʤʘ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 
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ʢʦʦʨʜʠʥʘʪʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʧʣʦʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʟʥʝʩʝʥʠʷ ʧʨʠʝʤʥʠʢʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ (X,Y). 

ɼʣʷ ʨʝʰʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʦʡ ʟʘʜʘʯʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ  ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʠʟʣʫʯʝʥʠʷ-ʧʨʠʝʤʘ, ʝʩʪʝʩʪʚʝʥʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ (ʨʘʟʥʦʩʪʥʦ-ʜʘʣʴʥʦʤʝʨʥʦʛʦ) ʤʝʪʦʜʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʆʮʝʥʠʚʘʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: 

- ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʙʨʘʥʥʦʛʦ ʦʧʦʨʥʦʛʦ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʘ; 

- ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʉ0; 

- ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʝʤʥʠʢʦʚ   (xn,yn) ʚ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

ʆʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪ ʧʨʠʝʤʥʠʢʦʚ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʠʢʘʢʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʠʭ ʥʘ ʨʫʙʝʞʝ ʦʭʨʘʥʳ. 

ʉʣʦʞʥʝʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ ʦʮʝʥʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ. ʇʦʵʪʦʤʫ, ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʦʣʞʥʳ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʨʘʡʦʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʩʪʚʘ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʝ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʧʦʣʦʞʝʥʠʷʭ ʪʦʯʝʢ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ. ʉʠʪʫʘʮʠʷ 

ʫʩʫʛʫʙʣʷʝʪʩʷ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. ʂʦʥʝʯʥʦ, ʥʘʠʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʘ ʝʸ ʯʘʩʪʦʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʘʤ ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, 

ʦʩʦʙʝʥʥʦ ʢ ʙʳʩʪʨʦʨʘʟʚʝʨʪʳʚʘʝʤʳʤ,  ʥʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʝʝ ʚ ʩʦʩʪʘʚ 

ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʞʝʪʩʷ ʥʘ ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ ʢʦʦʨʜʠʥʘʪ, 

ʘ ʩʢʘʞʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʚʝʜʝʥʥʦʛʦ 
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ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʟʥʘʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ 

ʠʤʝʝʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ, ʯʪʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʫʜʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʘʷ ʩʢʦʨʦʩʪʴ,   

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʦʢ ʢʦʦʨʜʠʥʘʪ. 

ʂʘʢ ʫʢʘʟʘʥʦ ʨʘʥʝʝ, ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʦʮʝʥʢʠ ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʧʨʠʝʤʘ 

(ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ, ʧʦʵʪʦʤʫ ʚʳʙʨʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ.. 

ʇʨʠ ʵʪʦʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʜʫʨʘ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʨʫʰʠʪʝʣʷ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʠ ʩʨʘʚʥʝʥʠʠ ʠʭ ʩ 

ʧʦʨʦʛʦʤ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʠ ʧʦʨʦʛʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ 

ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʮʝʥʢʠ 

ʢʦʦʨʜʠʥʘʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʥʦʛʘ ʥʘʨʫʰʠʪʝʣʷ, ʥʘʩʪʫʧʘʶʱʝʛʦ ʥʘ ʧʦʯʚʫ). 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʩʧʦʩʦʙ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.4.56 

    

 

    

 

 

 

 

 

 

 

ʈʠʩ. 4.56 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ɹʣʦʢ 

ʫʩʠʣʝʥʠʷ ʠ 

ʬʠʣʴʪʨʘʮʠʠ 

ʄʥʦʛʦ-

ʢʘʥʘʣʴʥʳʡ 

ɸʎʇ 

ɹʣʦʢ ʦʮʝʥʢʠ 

ʢʦʨʨʝʣʷʮʠʦʥ-

ʥʳʭ ʬʫʥʢʮʠʡ 

ɹʣʦʢ 

ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʡ 

ʋʩʪʨʦʡʩʪʚʦ  

ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ 

ʉʝʡʩʤʦʧʨʠʝʤʥʠʢ 
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ʉʠʛʥʘʣʳ ʩ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʝʡʩʤʦʜʘʪʯʠʢʦʚ), ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʜʦʣʴ 

ʦʭʨʘʥʷʝʤʦʛʦ ʨʫʙʝʞʘ, ʧʦ ʩʠʩʪʝʤʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʘʥʘʣʦʛʦʚʦʡ ʢʘʙʝʣʴʥʦʡ) ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʫʩʪʨʦʡʩʪʚʘ ʫʩʠʣʝʥʠʷ ʠ 

ʬʠʣʴʪʨʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʤʠʤʦ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠʭ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ. 

 ʇʦʩʣʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ 

ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ɸʎʇ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʫʜʚʦʝʥʥʫʶ ʯʘʩʪʦʪʫ ʅʘʡʢʚʠʩʪʘ (ʂʦʪʝʣʴʥʠʢʦʚʘ) ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʘʩʪʦʪʳ ʩʨʝʟʘ ʬʠʣʴʪʨʦʚ ʥʠʞʥʠʭ ʯʘʩʪʦʪ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʙʣʦʢʝ ʫʩʠʣʝʥʠʷ ʠ 

ʬʠʣʴʪʨʘʮʠʠ. ɼʘʣʝʝ ʦʮʠʬʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʚ ʮʠʬʨʦʚʦʡ ʙʣʦʢ 

ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʚʟʘʠʤʥʦ-

ʢʦʨʝʣʣʷʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʮʝʜʫʨʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʚʳʙʦʨʦʢ, ʧʦ ʢʦʪʦʨʳʤ ʜʝʣʘʶʪʩʷ ʚʩʝ ʵʪʠ ʦʮʝʥʢʠ  ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʙʳ  ʚ ʥʠʭ ʧʦʧʘʜʘʣʦ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʪʝʤʧʦʤ ʜʚʠʞʝʥʠʷ ʥʘʨʫʰʠʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʦʮʝʥʢʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʩʦʚʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʩ ʚʳʙʦʨʦʤ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʪʢʣʠʢʘ ʩʨʝʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʠʤʧʫʣʴʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʚ ʧʨʠʥʮʠʧʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʆʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ ʩʠʛʥʘʣʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ, ʛʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ  ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʧʦʩʪʫʧʘʶʪ ʥʘ 

ʫʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ.   

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʩʧʦʩʦʙʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʫʙʝʞʥʦʤʫ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʨʝʜʩʪʚʫ ʦʭʨʘʥʳ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩʠʩʪʝʤʳ ʦʭʨʘʥʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʥʘ ʙʘʟʝ 

16-ʪʠ ʵʣʝʤʝʥʪʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʢʦʩʳ.  
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ʅʘ ʨʠʩ. 4.57 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ ʚ ʢʦʩʝ. ʇʨʠʝʤʥʠʢʠ ʙʳʣʠ ʚʳʣʦʞʝʥʳ ʚ ʜʚʝ ʣʠʥʠʠ ʧʦ 

ʚʦʩʝʤʴ ʧʨʠʝʤʥʠʢʦʚ ʚ ʣʠʥʠʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʘʤʠ ʚ ʣʠʥʠʠ 8 

ʤʝʪʨʦʚ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʠʥʠʷʤʠ ʧʨʠʝʤʥʠʢʦʚ ʪʘʢ ʞʝ 8 ʤʝʪʨʦʚ. ʊʘʢʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʚʳʥʦʩʥʦʡ ʯʘʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʝʰʘʝʤʦʡ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

 

ʈʠʩ. 4.57 ʂʦʥʬʠʛʫʨʘʮʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʡʩʤʦʧʨʠʝʤʥʠʢʦʚ 

ʅʘ ʈʠʩ. 4.58 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʟʘʠʤʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʩʠʛʥʘʣʦʚ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ 7-ʛʦ 

ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʪʝʢʫʱʝʡ ʚʳʙʦʨʢʠ.   

ʎʠʬʨʘʤʠ ʥʘ ʈʠʩ. 4.58  ʦʪʤʝʯʝʥʳ ʫʨʦʚʥʠ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʧʨʠʝʤʥʠʢʦʚ ʩ 

ʩʠʛʥʘʣʘʤʠ 7-ʛʦ ʧʨʠʝʤʥʠʢʘ. ɺʠʜʥʦ,  ʯʪʦ ʫʨʦʚʥʠ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʦʚ 

ʩʦʩʪʘʚʣʷʶʪ ʚʝʣʠʯʠʥʳ 0.8 ï 0.9 ʠ ʜʘʞʝ ʙʦʣʝʝ. 

ɺ ʤʘʢʩʠʤʫʤʘʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ, ʫʨʦʚʥʠ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʣʠ 

ʟʘʜʘʥʥʳʡ ʧʦʨʦʛ (0.85) ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ 

ʩʠʛʥʘʣʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʛʦ) ʠ ʜʘʣʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʦʮʝʥʠʚʘʣʠʩʴ ʢʦʦʨʜʠʥʘʪʳ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʪʦʙʨʘʞʘʣʠʩʴ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʢʫʱʠʭ ʢʦʦʨʜʠʥʘʪ çʥʘʨʫʰʠʪʝʣʷè ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʨʦʠʣʘʩʴ 

ʪʨʘʩʩʘ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 

 

ʈʠʩ. 4.58 ɺʟʘʠʤʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ 

ʅʘ ʨʠʩʫʥʢʝ 4.59 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʮʝʥʢʠ 

ʢʦʦʨʜʠʥʘʪ çʥʘʨʫʰʠʪʝʣʷè ʧʨʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʧʝʨʝʢ ʨʫʙʝʞʘ. 

 

ʈʠʩ. 4.59 ʊʨʘʩʩʘ ʦʪʤʝʪʦʢ çʥʘʨʫʰʠʪʝʣʷè  
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ʅʘ ʨʠʩʫʥʢʝ 4.60 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ çʥʘʨʫʰʠʪʝʣʷè ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʨʫʙʝʞʘ ʚʥʫʪʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʋʩʪʦʡʯʠʚʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ 

çʩʦʧʨʦʚʦʞʜʝʥʠʝè  ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʦʮʝʥʦʢ ʢʦʦʨʜʠʥʘʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʦʧʘʜʘʥʠʠ çʥʘʨʫʰʠʪʝʣʷè ʚʥʫʪʨʴ  ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʠʝʤʥʦʡ ʩʠʩʪʝʤʳ ʩ ʭʦʨʦʰʝʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 

 

ʈʠʩ. 4.60 ʊʨʘʩʩʘ ʦʪʤʝʪʦʢ çʥʘʨʫʰʠʪʝʣʷè. 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ ʫʚʝʨʝʥʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ 

ñʥʘʨʫʰʠʪʝʣʷò ʠ ʝʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ɼʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʠ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 50-ʪʠ ʤʝʪʨʦʚ ʦʪ 

ʙʣʠʞʘʡʰʝʡ ʣʠʥʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʠʢʦʚ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʩʪʠʛʘʣʘ 100 

ï150 ʤʝʪʨʦʚ.   

ʇʨʠ ʵʪʦʤ  ʨʝʘʣʠʟʫʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʢʠ ʚʨʝʤʝʥʥʳʭ 

ʟʘʜʝʨʞʝʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʟʘʜʘʯʠ, ʛʜʝ ʚ ʩʠʣʫ 

ʩʧʝʮʠʬʠʢʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʝ ʚʩʝʛʜʘ ʥʘʙʝʨʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʥʠʢʦʚ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʫʨʦʚʥʝʤ ʢʦʨʨʝʣʷʮʠʠ 

ʩʠʛʥʘʣʘ, ʚ ʟʘʜʘʯʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʪʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʤʝʥʝʝ ʚʝʨʦʷʪʥʘ. ʇʦʵʪʦʤʫ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʠ 



127 

 

ʧʨʷʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʙʠʨʘʪʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠʤʝʥʥʦ ʪʝ ʧʨʠʝʤʥʠʢʠ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʚ  

ʦʙʝʩʧʝʯʝʥʠʝ ʭʦʨʦʰʝʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ ʥʘʚʠʛʘʮʠʦʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ.   
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4.3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʪʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʇʆʉʠɻʉ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʠʩʢʘ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ
7
 

4.3.1. ʇʘʩʩʠʚʥʘʷ ʩʝʡʩʤʦʣʦʢʘʮʠʷ (ʉʃʆʕ) 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʦʪʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ ʧʘʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ  ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʧʨʦʚʝʜʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʬʦʨʘʮʠʠ ʩʢʚʘʞʠʥʳ. 

ʎʝʥʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʠʟʚʝʩʪʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ʤʝʩʪʘ ʧʝʨʬʦʨʘʮʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʠʬʠʢʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʜʣʷ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʧʨʠʝʤʥʳʝ ʩʠʩʪʝʤʳ.  

ʉʨʘʚʥʠʤ ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʮʝʩʩʘ ʧʝʨʬʦʨʘʮʠʠ ʩʢʚʘʞʠʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩ ʘʧʝʨʪʫʨʘʤʠ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩ.4.61. ɹʝʣʳʤ ʮʚʝʪʦʤ ï ʘʧʝʨʪʫʨʘ 

çʆʢʨʫʞʥʦʩʪʠè,  ʞʝʣʪʳʤ ʮʚʝʪʦʤ ï ʘʧʝʨʪʫʨʘ çɿʚʝʟʜʘè, ʬʣʘʞʢʦʤ ʫʢʘʟʘʥʘ 

ʧʨʦʝʢʮʠʷ  ʤʝʩʪʘ ʧʝʨʬʦʨʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʅʘ ʈʠʩʫʥʢʘʭ 4.62 ʠ 4.63 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʤʘʪʨʠʮʳ 

ʩʠʛʥʘʣʘ ʧʝʨʬʦʨʘʮʠʠ ʠ ʰʫʤʘ ʥʘ ʘʧʝʨʪʫʨʘʭ çʆʢʨʫʞʥʦʩʪʠè ʠ çɿʚʝʟʜʘè. 
                                                 
7
 ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʫʙʣʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ 
ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʚ ʢʦʪʦʨʳʭ, ʩʦʛʣʘʩʥʦ ʇʦʣʦʞʝʥʠʶ ʦ ʧʨʠʩʫʞʜʝʥʠʠ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʚ ʄɻʋ, 

ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʦʞʝʥʠʷ ʠ ʚʳʚʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  
1. ʂʫʟʥʝʮʦʚ ʆ.ʃ.,  ɻʘʡʥʘʥʦʚ ɺ.ɻ.,  ʈʘʜʚʘʥ ɸ.ɸ.,  ʏʠʨʢʠʥ ʀ.ɸ.,  ʈʠʟʘʥʦʚ ɽ.ɻ., ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʇʨʠʤʝʥʝʥʠʝ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʩʩʝʷʥʥʳʭ ʠ ʵʤʠʩʩʠʦʥʥʳʭ ʚʦʣʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ //  ɺʝʩʪʥʠʢ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ 4: ɻʝʦʣʦʛʠʷ. ï 2017. ï ˉ 4. ï ʉ. 54-59 

2.  ʏʠʨʢʠʥ ʀ.ɸ., ʈʠʟʘʥʦʚ ɽ.ɻ., ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʄʦʥʠʪʦʨʠʥʛ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ - ʥʦʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠè, ʞʫʨʥʘʣ // ʇʨʠʙʦʨʳ ʠ ʩʠʩʪʝʤʳ ʨʘʟʚʝʜʦʯʥʦʡ ʛʝʦʬʠʟʠʢʠè,  ˉ 03/2014. 

3. ʏʠʨʢʠʥ ʀ.ɸ., ʈʠʟʘʥʦʚ ɽ.ɻ., ʂʘʣʷʰʠʥ ʉ.ɺ., ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʈʘʜʘʚʘʥ ɸ.ɸ. ʄʦʥʠʪʦʨʠʥʛ 

ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʘʢʚʘʪʦʨʠʠ. //ɺʝʩʪʥʠʢ ʈɸɽʅ. ï 2014. ï ʊ. 14. ï ˉ4. ʉ. 8-14. 

4. ʂʫʟʥʝʮʦʚ ʆ.ʃ., ʏʠʨʢʠʥ ʀ.ɸ., ʈʘʜʚʘʥ ɸ.ɸ., ʈʠʟʘʥʦʚ ɽ.ɻ., ʂʦʣʠʛʘʝʚ ʉ.ʆ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʧʨʦʤʳʩʣʦʚʘʷ ʩʝʡʩʤʦʤʝʪʨʠʷ) // ʂʘʨʦʪʘʞʥʠʢ. ð 2016. ð ʊ. 

270, ˉ 12. ð ʉ. 39ï66.  

5.  ʂʫʟʥʝʮʦʚ ʆ.ʃ., ʏʠʨʢʠʥ ʀ.ɸ., ʊʚʝʨʜʦʭʣʝʙʦʚ ʃ.ʀ., ʕʣʴʞʘʝʚ ɸ.ʉ., ʈʠʟʘʥʦʚ ɽ.ɻ., ʂʦʣʠʛʘʝʚ ʉ.ʆ., ʖʨʦʚ 
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6.  Kouznetsov O.L., Lyasch Y.F., Chirkin I.A., Rizanov E.G., LeRoy S.D., Koligaev S.O. Long-term monitoring 
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T191-T204. 
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ʈʠʩ 4.61 ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ. 

  

ʈʠʩ 4.62 çʉʠʛʥʘʣ+ʰʫʤè ʠ çʐʫʤè  ʥʘ ʘʧʝʨʪʫʨʝ çʆʢʨʫʞʥʦʩʪʠè 

  

 

ʈʠʩ 4.63  çʉʠʛʥʘʣ+ʰʫʤè ʠ çʐʫʤè ʥʘ ʘʧʝʨʪʫʨʝ çɿʚʝʟʜʘè. 

ʉʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʰʫʤʘ ʥʘ ʘʥʪʝʥʥʝ ʩ 

ʘʧʝʨʪʫʨʦʡ çɿʚʝʟʜʘè ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʠʥʠʡ ʧʨʠʝʤʥʳʭ 
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ʘʥʪʝʥʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʥʦʚʥʦʛʦ ʰʫʤʷʱʝʛʦ ʨʘʡʦʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʮʝʥʪʨʝ 

ʘʧʝʨʪʫʨʳ, ʘ ʪʘʢʞʝ  ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚ ʘʥʪʝʥʥʝ ʪʠʧʘ çɿʚʝʟʜʘè ʧʨʠʝʤʥʳʝ 

ʢʘʥʘʣʳ ʚʳʧʦʣʥʝʥʳ ʩ ʛʨʫʧʧʠʨʦʚʘʥʠʝʤ ʧʨʠʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʰʫʤʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʣʷʮʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʨʷʜʝ ʧʨʠʝʤʥʳʭ 

ʢʘʥʘʣʦʚ ʘʥʪʝʥʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʟʤʝʨʳ ʘʧʝʨʪʫʨ 

ʧʨʝʚʳʰʘʶʪ ʠʥʪʝʨʚʘʣ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ.   ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʘʪʨʠʮ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʠʝʤʥʳʝ ʢʘʥʘʣʳ ʩ ʫʨʦʚʥʝʤ 

ʢʦʨʨʝʣʷʮʠʠ ʙʦʣʝʝ 0.5, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʝʜʝʥʘ ʧʦʚʪʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 4.64 ʠ 4.65. 

  

 

ʘ) 1002 ʢʘʥʘʣʘ 

 

ʙ) 536 ʢʘʥʘʣʦʚ 

ʈʠʩ 4.64 ʃʦʢʘʣʠʟʘʮʠʷ  ʤʝʩʪʘ ʧʝʨʬʦʨʘʮʠʠ ʘʧʝʨʪʫʨʦʡ çɿʚʝʟʜʘè. 

ɺʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʝʤʥʳʭ ʢʘʥʘʣʦʚ  

ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʘʣʦʩʴ ʥʝ ʨʝʟʫʣʴʪʘʪʘʭ ʩʝʡʩʤʦʣʦʢʘʮʠʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʧʨʘʚʠʣʴʥʦ ʦʪʙʨʦʰʝʥʥʳʭ ʢʘʥʘʣʘʭ, ʥʝ ʦʢʘʟʳʚʘʶʱʠʭ ʧʦʣʝʟʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 
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ʘ) 90 ʢʘʥʘʣʦʚ 

 

ʙ) 46 ʢʘʥʘʣʦʚ 

ʈʠʩ 4.65 ʃʦʢʘʣʠʟʘʮʠʷ  ʤʝʩʪʘ ʧʝʨʬʦʨʘʮʠʠ ʘʧʝʨʪʫʨʦʡ çʆʢʨʫʞʥʦʩʪʠè 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʘ 

ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.66 

 

ʈʠʩ. 4.66 ʄʦʥʠʪʦʨʠʥʛ ɻʈʇ 
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4.3.2. ɸʢʪʠʚʥʘʷ ʩʝʡʩʤʦʣʦʢʘʮʠʷ (ʉʃɹʆ) 

 

ʆʪʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʢʝʪʘ 

çʇʆʉʠɻʉè ʜʣʷ ʘʢʪʠʚʥʦʡ ʩʝʡʩʤʦʣʦʢʘʮʠʠ ʧʨʦʚʝʜʝʥʘ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʚ ʰʪʘʪʝ ʊʝʭʘʩ 

ʉʐɸ.   

ʆʙʱʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ ʧʘʢʝʪʘ çʇʆʉʠɻʉè, ʦʧʠʩʘʥʠʝ ʝʝ ʵʪʘʧʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ  ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ r ʚ ʜʠʩʩʝʨʪʘʮʠʠ ɸʙʜʝʣʴʭʘʣʠʤʘ ɸʭʲʤʝʜʘ 

ɸʙʜʝʣʴʬʘʪʪʘʭʘ ʈʘʜʚʘʥʘ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ çʇʦʚʳʰʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʪʨʘʞʝʥʥʳʭ, ʨʘʩʩʝʷʥʥʳʭ ʠ ʵʤʠʩʩʠʦʥʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥè, ʟʘʱʠʱʝʥʥʦʡ ʚ 2017ʛ. 

ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʧʨʠʚʝʜʝʥʦ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʦʙʨʘʙʦʪʢʠ,  ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʫʯʘʩʪʢʠ 

ʙʫʨʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠʪʦʢʦʤ ʥʝʬʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ, ʠʤʝʶʱʘʷ 

ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ: ʧʣʦʱʘʜʴ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ 10ʭ5 ʤʠʣʴ, ʛʣʫʙʠʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʦʪ -21000 ʬʪ ʜʦ -3000 ʬʪ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ: 

¶  ʩʝʡʩʤʦʛʨʘʤʤʳ ʆʇɺ 3D-ʥʘʙʣʶʜʝʥʠʡ ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʘʩʩ 

~11293794; 

¶  ʢʫʙ ʩʢʦʨʦʩʪʝʡ RMS ʜʣʷ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

¶  ʩʭʝʤʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʄʆɻʊ-3D ʥʘ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʫʥʢʪʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ. 

ʉʭʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʄʆɻʊ-3D ʥʘ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʥʘ ʨʠʩ. 4.67,  ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʠʜʝʥʪʠʯʥʳʝ (ʧʦ ʬʦʨʤʝ) ʦʜʥʦʧʦʟʠʮʠ-

ʦʥʥʳʝ ʣʦʢʘʪʦʨʳ, ʫ ʢʦʪʦʨʳʭ ʮʝʥʪʨʳ ʘʧʝʨʪʫʨ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠʝʤʘ ʩʦʚʤʝʱʝʥʳ.  
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ʈʠʩ. 4.67. ɺʩʝ ʧʫʥʢʪʳ ʧʨʠʝʤʘ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʧʝʨʪʫʨʘ ʧʨʠʝʤʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʘ ʩ ʨʘʟʤʝʨʦʤ ʩʪʦʨʦʥʳ 

6160 ʬʫʪʦʚ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʧʨʠʝʤʘ ʚ ʘʧʝʨʪʫʨʘʭ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ 

ʩʦʩʪʘʚʠʣʦ ʦʪ 107 ʜʦ 140, ʯʪʦ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɸʧʝʨʪʫʨʘ ʠʟʣʫʯʝʥʠʷ ʠʤʝʝʪ ʬʦʨʤʫ ʢʦʣʴʮʘ ʩ ʜʠʘʤʝʪʨʦʤ 14000 ʬʫʪʦʚ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʠʟʣʫʯʝʥʠʷ ʚ ʘʧʝʨʪʫʨʘʭ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 40 ʜʦ 317, ʯʪʦ 

ʪʘʢʞʝ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ.  

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʪʨʘʩʩ ʚ ʩʝʡʩʤʠʯʝʩʢʦʤ ʣʦʢʘʪʦʨʝ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 5244 ʜʦ 41844.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 4.68 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʜʥʦʛʦ ʠʟ 

ʣʦʢʘʪʦʨʦʚ ʩ ʧʨʠʝʤʥʦʡ ʯʘʩʪʴʶ ʠʟ 140 ʧʨʠʝʤʥʠʢʦʚ ʠ ʠʟʣʫʯʘʶʱʝʡ ʯʘʩʪʴʶ 

ʩʠʥʪʝʟʠʨʫʝʤʦʡ 194 ʪʦʯʢʘʤʠ ʦʪʩʪʨʝʣʘ.  

 
















