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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʥʠʭ ʚʦʟʥʠʢʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʜʝʬʝʢʪʦʚ. ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ ʫʩʪʨʘʥʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʚʳʨʝʟʢʘ. ʇʨʦʮʝʩʩ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʩʣʦʞʥʷʝʪʩʷ ʚʚʠʜʫ ʠʤʝʶʱʠʭʩʷ ʝʛʦ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʚʦʨʦʪʘ ʝʛʦ ʪʨʘʩʩʳ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʜʚʠʞʝʢ ʛʨʫʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʦʢʦʥʯʘʥʠʠ 

ʧʝʨʚʦʛʦ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜ ʩʪʨʝʤʠʪʩʷ ʧʨʠʥʷʪʴ ʝʩʪʝʩʪʚʝʥʥʦʝ ʜʣʷ ʥʝʛʦ 

ʧʦʣʦʞʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʩʤʝʱʝʥʠʝ ʝʛʦ ʢʦʥʮʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʤʝʩʪʘ ʨʘʟʨʝʟʘʥʠʷ, ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. 

ʕʪʦ ʦʧʘʩʥʦ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʞʠʟʥʠ ʧʝʨʩʦʥʘʣʘ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʦʤʢʝ 

ʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʦʟʚʨʘʪʘ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʫʙʦʫʢʣʘʜʯʠʢʦʚ, ʧʝʨʝʚʦʟʢʘ ʢʦʪʦʨʳʭ ʜʦ ʤʝʩʪʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʠ ʦʙʨʘʪʥʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʣʘʪʳ, ʯʪʦ ʪʘʢʞʝ 

ʧʦʚʳʰʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʠʣʠ ʫʩʪʨʘʥʠʪʴ ʨʝʟʢʦʝ ʩʤʝʱʝʥʠʝ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʟʨʘʙʦʪʢʦʡ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʠ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ ʟʘʥʠʤʘʣʠʩʴ ʀ.ɸ. ʐʘʤʤʘʟʦʚ, 

ʇ.ʇ. ɹʦʨʦʜʘʚʢʠʥ, ɸ.ʉ. ʂʫʟʴʙʦʞʝʚ, ʈ.ʅ. ɹʘʭʪʠʟʠʥ, ɼ.ʀ. ʉʠʜʦʨʢʠʥ, ɺ.ʃ. 

ɹʝʨʝʟʠʥ, ʕ.ʄ. ʗʩʠʥ, ɸ.ɻ. ɻʫʤʝʨʦʚ, ʆ.ʄ. ʀʚʘʥʮʦʚ, ʃ.ʀ. ɹʳʢʦʚ, ʈ.ʉ. ɻʫʤʝʨʦʚ, 

ʈ.ʉ. ɿʘʡʥʫʣʣʠʥ, ʂ.ʄ. ɻʫʤʝʨʦʚ, T. Parker, P. Hopkins, X. Zhang, P.C. Law ʠ 

ʜʨ. 
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ʊʝʤ ʥʝ ʤʝʥʝʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ 

ʧʦʜʭʦʜʳ ʢ ʚʦʧʨʦʩʫ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩ ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʥʘʣʠʯʠʠ ʝʛʦ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ, ʘ ʪʘʢʞʝ ʵʪʘʧʳ 

ʨʘʙʦʪ, ʚʳʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ, ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʥʝ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘʨʫʰʝʥʠʡ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ, ʯʪʦ ʚ ʠʪʦʛʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʣʘʩʪʷʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʩʧʦʨʪʘ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.8.5. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ, ʙʘʟ ʠ ʭʨʘʥʠʣʠʱ: 

ʇ1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ, ʵʥʝʨʛʦ- ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ, ʥʘʜʝʞʥʳʭ, ʤʝʭʘʥʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʩʫʭʦʧʫʪʥʳʭ ʠ ʤʦʨʩʢʠʭ ʩʠʩʪʝʤ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʜʦʙʳʯʠ, 

ʩʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʜʨʫʛʠʭ ʛʘʟʦʚʳʭ, ʞʠʜʢʦʩʪʥʳʭ ʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʨʝʜ, ʛʠʜʨʦ- ʠ 

ʧʥʝʚʤʦʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʇ4. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʦʨʫʞʝʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʜʠʘʛʥʦʩʪʠʢʠ, ʨʝʤʦʥʪʘ ʩʫʭʦʧʫʪʥʳʭ ʠ ʤʦʨʩʢʠʭ ʩʠʩʪʝʤ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʜʦʙʳʯʠ, ʩʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʛʘʟʦʚʳʭ, ʞʠʜʢʦʩʪʥʳʭ ʠ 

ʤʥʦʛʦʬʘʟʥʳʭ ʩʨʝʜ, ʛʠʜʨʦ- ʠ ʧʥʝʚʤʦʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʮʝʣʴʶ 
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ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʨʘʩʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʝʩʫʨʩʘ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʳ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩ 

ʚʳʨʝʟʢʦʡ ʠʭ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʙʝʟʦʧʘʩʥʳʡ ʧʨʦʮʝʩʩ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʳʭ 

ʫʯʘʩʪʢʦʚ. 

ʀʜʝʷ ʨʘʙʦʪʳ ï ʙʝʟʦʧʘʩʥʳʡ ʧʨʦʮʝʩʩ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʧʨʠʣʦʞʝʥʠʷ ʫʩʠʣʠʡ, 

ʫʜʝʨʞʠʚʘʶʱʠʭ ʝʛʦ ʢʦʥʮʳ ʦʪ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʧʨʠ ʨʘʟʨʝʟʘʥʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʘʪʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʜ ʝʛʦ ʨʘʟʨʝʟʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʝʛʦ 

ʢʦʥʮʦʚ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʫʩʠʣʠʡ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʟʘʭʚʘʪʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ 

ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ; 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʦʪʢʦʧʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ; 



8 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʠ ʦʮʝʥʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ 

ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ: 

1. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ 

ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ, ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʜʘʥʥʳʤ ʝʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ 

ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: 

1. ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʛʦ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

2. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʜʘʥʥʳʤ ʝʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʥʝʨʦʚʥʦʩʪʝʡ ʝʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʫʛʣʘ 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ; 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʥʘ ʙʘʟʝ ʢʦʤʧʘʥʠʠ ʆʆʆ çʇʨʦʤʳʰʣʝʥʥʘʷ ʛʝʦʜʝʟʠʷè (ʘʢʪ ʦ 

ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪ 27.02.2024, ʇʨʠʣʦʞʝʥʠʝ ɼ). 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʦʡ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʟʘʜʘʯ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ 

ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʝʤʦʥʪʝ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʬʦʨʤʫʣ ʜʣʷ ʨʘʩʯʝʪʘ 

ʚʝʣʠʯʠʥ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʦʮʝʥʢʫ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʝʛʦ ʢʦʥʮʦʚ ʧʝʨʝʜ ʨʘʟʨʝʟʘʥʠʝʤ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʋʩʪʨʘʥʝʥʠʝ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ 

ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʠʭ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ 

ʥʦʚʦʡ ʩʝʢʮʠʠ ʪʨʫʙʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʣʦʞʝʥʠʷ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ 

ʫʩʠʣʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ 

ʫʛʣʝ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʤʝʥʝʝ 120Ü ʠ ʥʘʣʠʯʠʠ 

ʥʝʨʦʚʥʦʩʪʝʡ ʝʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ 

ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʝʛʦ ʢʦʥʮʦʚ ʠ ʫʩʪʨʘʥʝʥʠʷ ʠʭ 

ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʜʦ 5%. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ 5% ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʣʘʙʦʨʘʪʦʨʠʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʧʝʨʘʪʨʠʮʳ 

ɽʢʘʪʝʨʠʥʳ II  ʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. 
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ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʝʤʠʥʘʨʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ: International 

Multi -Conference on Industrial Engineering and Modern Technologies 

(çFarEastConè), (ʦʢʪʷʙʨʴ 2021, ɺʣʘʜʠʚʦʩʪʦʢ); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʪʷʞʝʣʳʭ ʥʝʬʪʝʡè 

(ʜʝʢʘʙʨʴ 2021, ʋʭʪʘ); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 85-ʣʝʪʠʶ 

ɻʝʥʥʘʜʠʷ ɺʘʩʠʣʴʝʚʠʯʘ ʈʘʩʩʦʭʠʥʘ çʈʘʩʩʦʭʠʥʩʢʠʝ ʯʪʝʥʠʷè (ʬʝʚʨʘʣʴ 2021, 

ʋʭʪʘ); I ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʊʨʘʥʩʧʦʨʪ ʠ ʭʨʘʥʝʥʠʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ï 2022 (ʘʧʨʝʣʴ 2022, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); XVIII 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ-ʢʦʥʢʫʨʩ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè (ʤʘʡ 2022, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); 

XVII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ï 2022è (ʥʦʷʙʨʴ 2022, ʋʬʘ); II ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ï 2023è (ʘʧʨʝʣʴ 2023, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); XIX ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʬʦʨʫʤ-ʢʦʥʢʫʨʩ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷè (ʤʘʡ 2023, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ); II 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʦʨʳʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʚʝʜʢʝ, ʨʘʟʨʘʙʦʪʢʝ ʠ ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚè 

(ʠʶʥʴ 2023, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʝ ʟʘʨʫʙʝʞʥʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʣʠʯʠʥ 

ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʠʭ ʨʝʟʢʦʛʦ 

ʩʤʝʱʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʦʙʦʩʥʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʝʤʦʥʪʘ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʘʧʠʩʘʥʠʠ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʧʦ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʇʫʙʣʠʢʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʩʚʝʱʝʥʳ ʚ 7 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ (ʧʫʥʢʪʳ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ ˉ 29, 30, 115, 116, 132, 142, 143),  ʚ ʪʦʤ ʯʠʩʣʝ ʚ 2 ʩʪʘʪʴʷʭ - ʚ 

ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ 

ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ, ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʥʘʫʢ, ʚ 2 ʩʪʘʪʴʷʭ - ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʫ ʮʠʪʠʨʦʚʘʥʠʷ Scopus. ʇʦʣʫʯʝʥʳ 3 ʧʘʪʝʥʪʘ ʠ 1 

ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ 

(ʧʨʠʣʦʞʝʥʠʷ ɸ, ɹ, ɺ, ɻ). 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʦʛʣʘʚʣʝʥʠʷ, ʚʚʝʜʝʥʠʷ, 5 

ʛʣʘʚ ʩ ʚʳʚʦʜʘʤʠ ʧʦ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʚʢʣʶʯʘʶʱʝʛʦ 154 ʥʘʠʤʝʥʦʚʘʥʠʷ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 161 ʩʪʨʘʥʠʮʝ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʩʦʜʝʨʞʠʪ 50 ʨʠʩʫʥʢʦʚ, 17 ʪʘʙʣʠʮ ʠ 5 ʧʨʠʣʦʞʝʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʠ 

ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʪ.ʥ., ʜʦʮʝʥʪʫ 

ʐʘʤʤʘʟʦʚʫ ʀʣʴʜʘʨʫ ɸʡʨʘʪʦʚʠʯʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʅʠʢʦʣʘʝʚʫ 

ɸʣʝʢʩʘʥʜʨʫ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯʫ, ʜ.ʪ.ʥ. ʧʨʦʬʝʩʩʦʨʫ ʑʠʧʘʯʸʚʫ ɸʥʜʨʝʶ 

ʄʠʭʘʡʣʦʚʠʯʫ, ʢ.ʪ.ʥ. ʉʠʜʦʨʢʠʥʫ ɼʤʠʪʨʠʶ ʀʚʘʥʦʚʠʯʫ ʟʘ ʥʝʦʮʝʥʠʤʫʶ 

ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ, ʥʘʩʪʘʚʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʫ, ʘ ʪʘʢʞʝ ʢʦʣʣʝʢʪʠʚʘʤ ʢʘʬʝʜʨʳ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ II, ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ çɸʨʢʪʠʢʘè ʠ 

çɻʝʦʤʝʭʘʥʠʢʠ ʠ ʧʨʦʙʣʝʤ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

  



12 

ɻʃɸɺɸ 1 ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʊɽʆʈʀʀ ʀ 

ʇʈɸʂʊʀʂʀ ɺ ʆɹʃɸʉʊʀ ʈɽʄʆʅʊɸ ɼɽʌɽʂʊʅʓʍ ʋʏɸʉʊʂʆɺ 

ʄɸɻʀʉʊʈɸʃʔʅʓʍ ʊʈʋɹʆʇʈʆɺʆɼʆɺ 

1.1  ʉʫʱʝʩʪʚʫʶʱʠʝ ʜʝʬʝʢʪʳ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʩʧʦʩʦʙʳ 

ʠʭ ʨʝʤʦʥʪʘ 

ɼʝʬʝʢʪʳ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [83, 85] 

ʜʝʣʷʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

1. ɼʝʬʝʢʪʳ, ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʩʪʝʥʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ:  

ï ʚʤʷʪʠʥʘ ï ʧʨʦʠʟʦʰʝʜʰʝʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʣʦʢʘʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙʳ ʙʝʟ ʠʟʣʦʤʘ 

ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

ï ʛʦʬʨ ï ʚʳʧʫʢʣʦʩʪʠ ʠ ʚʦʛʥʫʪʦʩʪʠ ʤʝʪʘʣʣʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦ ʧʨʠʯʠʥʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ʠʟʣʦʤ ʝʛʦ ʦʩʠ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ; 

ï ʦʚʘʣʴʥʦʩʪʴ ï ʦʪʢʣʦʥʝʥʠʝ ʩʝʯʝʥʠʷ ʪʨʫʙʳ ʦʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʩ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʠʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʦʚ [83, 85]. 

2. ʜʝʬʝʢʪʳ ʩʪʝʥʢʠ ʪʨʫʙʳ:  

ï ʧʦʪʝʨʷ ʤʝʪʘʣʣʘ ï ʤʝʩʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ ʪʨʫʙʳ, ʷʚʣʷʶʱʝʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʝʡʩʪʚʠʷ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʠʣʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ; 

ï ʨʠʩʢʘ (ʮʘʨʘʧʠʥʘ, ʟʘʜʠʨ) ï ʧʦʪʝʨʷ ʤʝʪʘʣʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʩʪʝʥʢʠ ʪʨʫʙʳ ʩ ʪʚʝʨʜʳʤ ʪʝʣʦʤ;  

ï ʨʘʩʩʣʦʝʥʠʝ ï ʧʦʪʝʨʷ ʩʧʣʦʰʥʦʩʪʠ ʤʝʪʘʣʣʘ ʩʪʝʥʢʠ ʪʨʫʙʳ, 

ʧʨʦʠʩʭʦʜʷʱʝʝ ʩ ʚʳʭʦʜʦʤ ʝʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ [83, 85]. 

3. ʜʝʬʝʢʪʳ ʩʚʘʨʥʦʛʦ ʰʚʘ ï ʜʝʬʝʢʪʳ, ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʚ ʩʚʘʨʥʦʤ 

ʰʚʝ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [83, 85]; 

4. ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʜʝʬʝʢʪʳ ï ʢʦʤʙʠʥʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʜʝʬʝʢʪʦʚ [83, 85]; 
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5. ʥʝʜʦʧʫʩʪʠʤʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ï ʵʪʦ ʜʝʪʘʣʠ ʠʣʠ 

ʵʣʝʤʝʥʪʳ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʷʪʩʷ ʪʨʦʡʥʠʢʠ, ʧʣʦʩʢʠʝ 

ʟʘʛʣʫʰʢʠ ʠ ʜʥʠʱʘ, ʧʝʨʝʭʦʜʥʠʢʠ, ʩʚʘʨʥʳʝ ʩʝʢʪʦʨʥʳʝ ʦʪʚʦʜʳ, ʚʚʘʨʥʳʝ ʠ 

ʥʘʢʣʘʜʥʳʝ ʟʘʧʣʘʪʳ ʚʩʝʭ ʚʠʜʦʚ ʠ ʨʘʟʤʝʨʦʚ [83, 85]. 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʨʝʤʦʥʪʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, 

ʠʩʭʦʜʷ ʠʟ [83, 85]. ʄʝʪʦʜʳ ʨʝʤʦʥʪʘ ʜʝʣʷʪʩʷ ʥʘ ʤʝʪʦʜʳ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʨʝʤʦʥʪʘ. 

ʄʝʪʦʜʳ ʧʦʩʪʦʷʥʥʦʛʦ ʨʝʤʦʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦ 

ʩʦʩʪʦʷʥʠʷ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʥʘ ʧʝʨʠʦʜ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

- ʰʣʠʬʦʚʢʘ; 

- ʚʳʨʝʟʢʘ ʜʝʬʝʢʪʘ (ʟʘʤʝʥʘ ʢʘʪʫʰʢʠ ʠʣʠ ʟʘʤʝʥʘ ʫʯʘʩʪʢʘ); 

- ʟʘʚʘʨʢʘ; 

- ʫʩʪʘʥʦʚʢʘ ʨʝʤʦʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʤʫʬʪʳ, ʧʘʪʨʫʙʢʠ). 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʨʝʤʝʥʥʦʛʦ ʨʝʤʦʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʚʨʝʤʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ, ʥʝʦʙʞʠʤʥʘ ̫

ʧʨʠʚʘʨʥʘ ̫ ʤʫʬʪʘ ʠ ʤʫʬʪʘ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡʥʦʛʦ ʨʝʤʦʥʪʘ ʧʨʠ ʫʩʣʦʚʠʠ ʩ ʦʙʷʟʘʪʝʣʴʥʦʡ ʠʭ 

ʟʘʤʝʥʦʡ ʚ ʩʨʦʢ ʜʦ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʥʘ ʧʦʩʪʦʷʥʥʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ʠ ʧʨʠ 

ʨʝʤʦʥʪʝ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʛʦʬʨ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʛʦʜʘ. ʄʫʬʪʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʜʝʬʝʢʪʘ ʢ ʧʨʦʝʢʪʥʦʤʫ 

ʜʘʚʣʝʥʠʶ [83, 85]. 

ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 
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ʊʘʙʣʠʮʘ 1.1 ï ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ [83, 85] 

ɻʨʫʧʧʘ 

ʜʝʬʝʢʪʦʚ 
ʊʠʧ ʜʝʬʝʢʪʘ ʄʝʪʦʜʳ ʨʝʤʦʥʪʘ 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʊʨʝʱʠʥʘ, ʢʦʨʨʦʟʠʷ, ʟʘʜʠʨ, 

ʟʘʙʦʠʥʘ, ʮʘʨʘʧʠʥʘ, 

ʵʨʦʟʠʦʥʥʳʡ ʠʟʥʦʩ ʩʪʝʥʢʠ 

ʪʨʫʙʳ 

ʐʣʠʬʦʚʢʘ, ʨʝʤʦʥʪ ʟʘʚʘʨʢʦʡ 

ʜʝʬʝʢʪʘ, ʨʝʤʦʥʪ ʤʫʬʪʦʡ, 

ʨʝʤʦʥʪ ʟʘʤʝʥʦʡ ʪʨʫʙʳ 

(ʢʘʪʫʰʢʠ) 

ɺʥʫʪʨʝʥʥʠʝ ʈʘʩʩʣʦʝʥʠʝ 
ʈʝʤʦʥʪ ʟʘʤʝʥʦʡ ʪʨʫʙʳ 

(ʢʘʪʫʰʢʠ) 

ɻʝʦʤʝʪʨʠʠ 
ɺʤʷʪʠʥʘ, ʛʦʬʨ, ʦʚʘʣʴʥʦʩʪʴ 

ʩʝʯʝʥʠʷ ʪʨʫʙʳ 

ʈʝʤʦʥʪ ʤʫʬʪʦʡ, ʨʝʤʦʥʪ 

ʟʘʤʝʥʦʡ ʪʨʫʙʳ (ʢʘʪʫʰʢʠ) 

ʉʚʘʨʢʠ 
ɼʝʬʝʢʪʳ ʩʚʘʨʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ 

ʈʝʤʦʥʪ ʟʘʤʝʥʦʡ ʪʨʫʙʳ 

(ʢʘʪʫʰʢʠ), ʰʣʠʬʦʚʢʘ, ʨʝʤʦʥʪ 

ʤʫʬʪʦʡ 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʨʝʤʦʥʪʘ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʐʣʠʬʦʚʢʘ. 

ɼʘʥʥʳʡ ʚʠʜ ʨʝʤʦʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ 

ʪʠʧʘ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ, ʝʛʦ ʨʘʩʩʣʦʝʥʠʷ ʩ ʚʳʭʦʜʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʤʝʣʢʠʭ 

ʪʨʝʱʠʥ, ʜʝʬʝʢʪʦʚ ʚ ʟʦʥʝ ʩʚʘʨʥʳʭ ʰʚʦʚ ʩ ʛʣʫʙʠʥʦʡ ʤʝʥʝʝ 20% ʦʪ ʪʦʣʱʠʥʳ 

ʩʪʝʥʢʠ ʪʨʫʙʳ. ʈʝʤʦʥʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʠ ʩʥʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʫʪʝʤ 

ʩʥʷʪʠʷ ʤʝʪʘʣʣʘ [85]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʤʦʥʪʘ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʪʦʜʦʤ ʰʣʠʬʦʚʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 2,5 ʄʇʘ. 

ʊʘʢʞʝ ʦʩʪʘʪʦʯʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 

80% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʝʝ ʟʥʘʯʝʥʠʷ [85]. 

ɿʘʚʘʨʢʘ ʜʝʬʝʢʪʦʚ. 

ɿʘʚʘʨʢʘ ʜʝʬʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʨʝʤʦʥʪʝ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ, ʢʘʢ çʧʦʪʝʨʷ ʤʝʪʘʣʣʘè ʠ ʜʝʬʝʢʪʳ ʩʚʘʨʥʦʛʦ ʰʚʘ. ʇʨʠ 

ʵʪʦʤ ʦʩʪʘʪʦʯʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 5 ʤʤ, ʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʜʘʚʣʝʥʠʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʰʝ 2,5 ʄʇʘ [85]. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʤʦʥʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ʅʘ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʴʰʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʩʚʘʨʥʳʭ ʨʝʤʦʥʪʥʳʭ ʤʫʬʪ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ, ʷʚʣʷʶʪʩʷ: 

ɻʘʣʪʝʣʴʥʘʷ ʤʫʬʪʘ ï ʤʫʬʪʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʝʬʝʢʪʦʚ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʚʘʨʥʳʭ ʰʚʘʭ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʧʫʪʝʤ ʧʨʠʚʘʨʢʠ ʢ 

ʪʨʫʙʝ. ʊʘʢʞʝ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʪʨʫʙʦʡ ʠ ʛʘʣʪʝʣʴʶ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʞʠʜʢʦʩʪʴʶ ʤʫʬʪʘ ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʫʶ ʧʦʣʦʩʪʴ ʰʠʨʠʥʦʡ 

100 ʤʤ [84, 110]. 

ʂʦʤʧʦʟʠʪʥʘʷ ʤʫʬʪʘ ï ʩʪʘʣʴʥʘʷ ʦʙʦʣʦʯʢʘ, ʥʝ ʧʨʠʚʘʨʝʥʥʘʷ ʢ ʪʝʣʫ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʧʦʟʠʪʥʦ-ʤʫʬʪʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩ ʟʘʧʦʣʥʝʥʥʳʤ ʢʦʤʧʦʟʠʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʤʝʞʜʫ ʦʙʦʣʦʯʢʦʡ 

ʤʫʬʪʳ ʠ ʩʪʝʥʢʦʡ ʪʨʫʙʦʧʨʦʚʦʜʘ [59, 66, 71, 74, 121, 139]. 

ʄʫʬʪʘ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ï ʥʝʦʙʞʠʤʥʘʷ ʧʨʠʚʘʨʥʘʷ ʤʫʬʪʘ ʩ 

ʜʠʤʝʪʨʦʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʢʦʥʠʯʝʩʢʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʦʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʫʬʪʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ [151]. ʊʘʢʦʡ ʪʠʧ ʤʫʬʪ 

ʜʦʧʫʩʢʘʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʤʝʶʪʩʷ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ 

ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʤʫʬʪʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʤʦʥʪʠʨʫʝʤʦʡ ʪʨʫʙʳ 

(ʚʳʩʪʫʧʳ, ʛʦʬʨʳ, ʩʪʘʨʳʝ ʟʘʧʣʘʪʳ, ʠʩʢʨʠʚʣʝʥʠʷ ʪʨʫʙʳ, ʥʝʜʦʧʫʩʪʠʤʳʝ 

ʬʦʨʤʳ ʩʚʘʨʥʳʭ ʰʚʦʚ) [79, 125]. 

ʆʙʞʠʤʥʘʷ ʧʨʠʚʘʨʥʘʷ ʤʫʬʪʘ ï ʤʫʬʪʳ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠʟ ʤʝʪʘʣʣʘ ʪʨʫʙʳ ʠʣʠ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ. ʊʘʢʦʡ ʪʠʧ ʤʫʬʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʨʝʤʦʥʪʝ ʜʝʬʝʢʪʦʚ ʛʝʦʤʝʪʨʠʠ ʪʨʫʙʳ, ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʩʪʝʥʢʝ ʪʨʫʙʳ, ʟʦʥʝ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʜʝʬʝʢʪʦʚ [74, 125]. 

ʈʘʟʨʝʟʥʳʝ ʪʨʦʡʥʠʢʠ ï ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʝʤʦʥʪʘ 

ʜʝʬʝʢʪʦʚ ʧʘʪʨʫʙʢʦʚ ʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʚʨʝʟʦʢ, ʥʘʧʨʠʤʝʨ, 

ʧʘʪʨʫʙʢʠ ʇ7 [74]. 

ʇʘʪʨʫʙʢʠ ʩ ʫʩʠʣʠʚʘʶʱʠʤʠ ʥʘʢʣʘʜʢʘʤʠ ï ʨʘʟʨʝʟʥʳʝ ʪʨʦʡʥʠʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʄʠʥʫʩʦʤ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʝʝ 

ʥʝʛʝʨʤʝʪʠʯʥʦʩʪʴ, ʚʚʠʜʫ ʯʝʛʦ ʦʥʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʪʝʯʢʫ 
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ʧʨʦʜʫʢʪʘ ʠʟ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʊʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʘʨʢʠ ʪʨʦʡʥʠʢʦʚ ʢ ʩʪʝʥʢʝ 

ʪʨʫʙʳ ʚ ʤʝʩʪʝ ʩʚʘʨʢʠ ʦʙʨʘʟʫʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʪʨʦʡʥʠʢʦʚ [74].  

ʏʦʧʳ ï ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʦʪʚʝʨʩʪʠʡ ʚ ʩʪʝʥʢʝ ʦʩʪʘʥʦʚʣʝʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʦʪʚʝʨʩʪʠʡ ʥʘ ʦʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ [74]. 

ɺʳʨʝʟʢʘ ʜʝʬʝʢʪʘ (ʟʘʤʝʥʘ ʢʘʪʫʰʢʠ).  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʤʦʥʪʘ ʜʝʬʝʢʪʥʳʡ ʫʯʘʩʪʦʢ 

ʪʨʫʙʳ (çʢʘʪʫʰʢʘè) ʚʳʨʝʟʘʝʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʝʛʦ ʤʝʩʪʦ ʧʨʠʚʘʨʠʚʘʝʪʩʷ 

ʥʦʚʳʡ ʙʝʟʜʝʬʝʢʪʥʳʡ ʫʯʘʩʪʦʢ. 

ʂʘʪʫʰʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʴ ʪʨʫʙʳ, ʩʤʦʥʪʠʨʦʚʘʥʥʘʷ ʚʤʝʩʪʦ ʜʝʬʝʢʪʥʦʡ 

ʯʘʩʪʠ ʪʨʫʙʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʚʘʨʢʠ ʢ ʪʦʨʮʘʤ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʷʚʠʚʰʠʤʩʷ 

ʧʦʩʣʝ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʦʡ ʯʘʩʪʠ ʪʨʫʙʳ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʢʦʣʴʮʝʚʳʭ ʨʝʟʦʚ. 

ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʢʘʪʫʰʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ ʜʠʘʤʝʪʨʘ ʠ ʥʝ ʙʦʣʝʝ ʜʣʠʥʳ 

ʟʘʚʦʜʩʢʦʡ ʩʝʢʮʠʠ ʪʨʫʙʳ [115, 138]. 

ɿʘʤʝʥʘ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ: 

ï ʪʨʝʱʠʥʳ ʜʣʠʥʦʡ 50 ʤʤ ʠ ʙʦʣʝʝ ʚ ʩʚʘʨʥʦʤ ʰʚʝ ʠʣʠ ʦʩʥʦʚʥʦʤ 

ʤʝʪʘʣʣʝ ʪʨʫʙʳ; 

ï ʨʘʟʨʳʚʘ ʢʦʣʴʮʝʚʦʛʦ (ʤʦʥʪʘʞʥʦʛʦ) ʰʚʘ; 

ï ʨʘʟʨʳʚʘ ʧʨʦʜʦʣʴʥʦʛʦ (ʟʘʚʦʜʩʢʦʛʦ) ʰʚʘ ʠ ʤʝʪʘʣʣʘ ʪʨʫʙʳ; 

ï ʚʤʷʪʠʥʳ ʛʣʫʙʠʥʦʡ, ʧʨʝʚʳʰʘʶʱʝʡ 3,5% ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ; 

ï ʮʘʨʘʧʠʥʳ ʛʣʫʙʠʥʦʡ ʙʦʣʝʝ 30% ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʠ ʜʣʠʥʦʡ 50 ʤʤ 

ʠ ʙʦʣʝʝ [83, 85]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʤʝʪʦʜʘʭ ʨʝʤʦʥʪʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ 

ʚʳʨʝʟʢʘ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ 

ʤʝʪʦʜ ʨʝʤʦʥʪʘ ʠ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʭ [143, 29]. 
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ɼʘʣʝʝ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ 

ʩ ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

1.2  ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʧʦ ʚʳʨʝʟʢʝ ʜʝʬʝʢʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʝʤʦʥʪʘ ʩ ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʧʨʦʠʟʚʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

ï ʚʩʢʨʳʪʠʝ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ;  

ï ʦʪʢʘʯʢʘ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʠʟ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

ï ʚʳʨʝʟʢʘ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

ï ʧʝʨʝʢʨʳʪʠʝ ʧʦʣʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

ï ʨʘʟʤʝʪʢʘ ʥʦʚʦʡ ʢʘʪʫʰʢʠ; 

ï ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

ï ʚʚʘʨʢʘ ʥʦʚʦʡ ʢʘʪʫʰʢʠ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ 

ʥʘʥʝʩʝʥʠʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ; 

ï ʟʘʩʳʧʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʠʥʝʨʘʣʴʥʳʤ ʛʨʫʥʪʦʤ, ʥʘʥʝʩʝʥʠʝ 

ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʟʝʤʣʠ. 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʧʨʠ ʚʳʨʝʟʢʝ ʜʝʬʝʢʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʶʪʩʷ ʚʳʨʝʟʢʘ ʜʝʬʝʢʪʥʦʡ 

ʢʘʪʫʰʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʜʣʷ ʧʨʠʚʘʨʢʠ ʤʝʞʜʫ ʥʠʤʠ ʥʦʚʦʛʦ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ [1, 29, 87, 115, 138]. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʵʪʘʧʦʚ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

1. ɺʳʨʝʟʢʘ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɺʳʨʝʟʢʫ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʠʟʚʦʜʷʪ ʦʜʥʠʤ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʤʝʪʦʜʦʚ: 

ï ʭʦʣʦʜʥʘʷ ʨʝʟʢʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥ ʜʣʷ ʨʝʟʢʠ 

ʪʨʫʙ (ʄʈʊ); 

ï ʛʘʟʦʚʘʷ ʨʝʟʢʘ ʧʣʘʤʝʥʝʤ ʦʪ ʩʛʦʨʘʥʠʷ ʧʨʦʧʘʥʦʢʠʩʣʦʨʦʜʥʦʡ 

ʩʤʝʩʠ; 

ï ʨʝʟʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ [85]. 
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ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʚʳʨʝʟʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʙʦʣʴʰʝ ʜʣʠʥʳ ʠʤʝʶʱʝʛʦʩʷ ʜʝʬʝʢʪʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 100 ʤʤ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ 

ʠ ʙʦʣʝʝ ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩ ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʦʛʦ 

ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʩʣʦʞʥʷʝʪʩʷ ʨʝʟʢʠʤ ʩʤʝʱʝʥʠʝʤ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʚʳʨʝʟʢʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. 

2. ʎʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ 

ʫʯʘʩʪʢʘ. 

ʎʝʥʪʨʠʨʦʚʘʥʠʝʤ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʦʧʝʨʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʦʩʥʦʩʪʴ ʝʛʦ ʢʦʥʮʦʚ ʧʦʩʣʝ ʚʳʨʝʟʢʠ 

ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

ɼʘʥʥʳʡ ʵʪʘʧ ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʨʫʙʦʫʢʣʘʜʯʠʢʦʚ. ʇʨʠ 

ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʫʩʠʣʠʝ ʧʨʠ ʮʝʥʪʨʠʨʦʚʘʥʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʪʳʩʷʯ 

ʢʠʣʦʥʴʶʪʦʥʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚ ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʠ ʙʦʣʝʝ 

ʪʨʫʙʦʫʢʣʘʜʯʠʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ, ʪʨʫʜʘ ʠ ʬʠʥʘʥʩʦʚ, ʘ ʢʘʯʝʩʪʚʦ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʯʘʩʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʩʥʦʩʪʠ ʠ ʠʟʣʦʤʘ ʦʩʠ ʨʝʤʦʥʪʠʨʫʝʤʳʭ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1.1 [86]. 

 

ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʩʦʦʩʥʦʩʪʠ ʪʨʫʙ (ʘ) ʠ ʠʟʣʦʤʘ (ʙ) [86] 
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ɽʩʣʠ ʚʝʣʠʯʠʥʘ ʥʝʩʦʦʩʥʦʩʪʠ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʝʥʴʰʝ 2 ʤʤ ʠ ʥʝʪ 

ʠʟʣʦʤʘ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʦ ʧʨʦʠʟʚʦʜʷʪ ʜʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʢʝ 

ʥʦʚʦʡ ʢʘʪʫʰʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [85].  

ʇʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ ʪʦʨʮʳ ʩʚʘʨʠʚʘʝʤʳʭ ʪʨʫʙ ʩʤʝʱʝʥʳ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʷʤ ʙʦʣʝʝ ʯʝʤ ʥʘ 2 ʤʤ ʩ ʠʟʣʦʤʦʤ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʦ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʪʢʘʧʳʚʘʥʠʝ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [85]. 

ɺ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʳ ʢʦʥʮʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ 

ʜʦʣʞʥʳ ʧʝʨʝʤʝʱʘʪʴʩʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʩʪʴʶ ʧʦʣʦʞʝʥʠʷ 

ʩʪʨʝʣʳ ʪʨʫʙʦʫʢʣʘʜʯʠʢʘ [85]. 

ɽʩʣʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠʭ ʩʦʦʩʥʦʩʪʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʪʦ ʨʝʤʦʥʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠʚʘʨʢʦʡ 

ʦʪʚʦʜʦʚ ʭʦʣʦʜʥʦʛʦ ʛʥʫʪʴʷ [85]. 

ʄʦʥʪʘʞ ʢʘʪʫʰʢʠ ʠ ʝʝ ʩʙʦʨʢʘ ʩ ʪʨʫʙʦʧʨʦʚʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʚʫʭ ʥʘʨʫʞʥʳʭ ʮʝʥʪʨʘʪʦʨʦʚ, ʬʠʢʩʠʨʫʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʢʘʪʫʰʢʠ 

ʠ ʚʝʣʠʯʠʥʫ ʝʝ ʟʘʟʦʨʘ ʩ ʢʦʥʮʘʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [85]. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʨʳʚʘ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʭʝʤʳ:  

- ʩʭʝʤʘ 1 ï ʢʦʥʮʳ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʤʝʶʪ ʩʚʦʙʦʜʫ 

ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʷʤ ʠ ʥʝ ʟʘʩʳʧʘʥʳ 

ʛʨʫʥʪʦʤ; 

- ʩʭʝʤʘ 2 ï ʢʦʥʝʮ ʦʜʥʦʛʦ ʠʟ ʩʪʳʢʫʝʤʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʩʚʦʙʦʜʥʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʷʤ, ʘ ʜʨʫʛʦʡ 

ʟʘʱʝʤʣʝʥ (ʧʨʠʤʳʢʘʝʪ ʢ ʫʟʣʫ ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ ʠ ʪ.ʧ.); 

- ʩʭʝʤʘ 3 ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʦʠʭ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʠʭ ʩʦʦʩʥʦʩʪʠ, ʥʦ ʟʘʱʝʤʣʝʥʳ [85]. 

1.3 ɺʣʠʷʥʠʝ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʧʨʦʮʝʩʩ ʚʳʨʝʟʢʠ 

ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ɺ ʧʨʦʮʝʩʩʝ ʟʘʤʝʥʳ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʝʛʦ ʧʝʨʚʦʛʦ ʨʘʟʨʝʟʘʥʠʷ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 
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ʩʤʝʱʝʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦ ʢʨʘʷʤ ʦʪ ʤʝʩʪʘ ʨʘʟʨʝʟʘʥʠʷ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʳʨʳʚʘʥʠʶ ʤʝʪʘʣʣʘ ʪʨʫʙʳ 

ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʨʘʚʤʘʤ ʠ ʣʝʪʘʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ 

ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʉʫʱʝʩʪʚʫʶʱʠʡ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʟʘʤʝʥʝ 

ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʟʜʝʣʝ 1.2, ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʜ ʝʛʦ ʨʘʟʨʝʟʘʥʠʝʤ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʪʨʫʙʦʧʨʦʚʦʜ ʧʨʠʞʠʤʘʶʪ ʢʦʚʰʦʤ ʵʢʩʢʘʚʘʪʦʨʘ, ʯʪʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʛʣʘʤʝʥʪʫ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʩʥʠʞʘʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʪʠʧʘ ʚʤʷʪʠʥ [29, 30]. 

ʉʤʝʱʝʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʝʛʦ ʨʘʟʨʝʟʘʥʠʷ ʧʨʠ ʧʨʠʞʘʪʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʦʚʰʦʤ ʵʢʩʢʘʚʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.2. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʤʝʱʝʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʝʛʦ ʨʘʟʨʝʟʘʥʠʷ ʧʨʠ 

ʧʨʠʞʘʪʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʦʚʰʦʤ ʵʢʩʢʘʚʘʪʦʨʘ [142] 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʨʘʟʨʝʟʘʥʠʷ ʫʯʘʩʪʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦ ʢʨʘʷʤ ʦʪ ʤʝʩʪʘ ʨʘʟʨʝʟʘʥʠʷ, ʩʪʨʝʤʷʪʩʷ 

ʧʨʠʥʷʪʴ ʝʩʪʝʩʪʚʝʥʥʦʝ ʜʣʷ ʥʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ [115]. 

ʉʘʤ ʞʝ ʫʧʨʫʛʠʡ ʠʟʛʠʙ ʪʨʫʙʦʧʨʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [15, 16, 144]. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʥʝʛʦ 

ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʛʨʫʟʦʢ: 
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ï  ʥʦʨʤʘʪʠʚʥʳʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʚʩʝ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [11, 39, 81]; 

ï  ʥʝʥʦʨʤʘʪʠʚʥʳʝ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʥʘʨʫʰʝʥʠʷʭ ʧʨʘʚʠʣ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [17, 123].  

ï  ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʟʥʠʢʘʶʱʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [8, 49, 76]; 

ï  ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʛʨʫʥʪʘ ʥʘʩʳʧʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ [80, 81]; 

ï  ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦ 

ʩʪʦʨʦʥʳ ʛʨʫʥʪʘ ʧʝʨʝʤʝʱʝʥʠʷʤ ʪʨʫʙʦʧʨʦʚʦʜʘ [144, 150]; 

ï  ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [35, 55]; 

ʂ ʥʝʥʦʨʤʘʪʠʚʥʳʤ ʥʘʛʨʫʟʢʘʤ ʦʪʥʦʩʷʪ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʦʜʚʠʞʢʠ 

ʛʨʫʥʪʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʝʤʣʝʨʦʡʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ 

ʠ ʦʢʨʫʞʘʶʱʠʡ ʝʛʦ ʛʨʫʥʪ [42, 108, 151]. 

ʆʙʨʘʟʦʚʘʥʠʝ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʘʜʢʘ ʛʨʫʥʪʘ ʧʦʜ ʥʠʤ, ʟʘʧʦʣʥʷʶʪʩʷ ʧʫʩʪʦʪʳ, ʠʤʝʶʱʠʝʩʷ ʧʦʩʣʝ 

ʝʛʦ ʫʢʣʘʜʢʠ ʠ ʟʘʢʘʧʳʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʫʢʣʘʜʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜ ʚʩʪʫʧʘʝʪ ʚ ʨʘʙʦʪʫ ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʥʫʣʝʚʳʤ ʟʘʱʝʤʣʝʥʠʝʤ ʩ 

ʛʨʫʥʪʦʤ, ʯʪʦ ʪʘʢ ʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʝʬʦʨʤʘʮʠʷʤ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʘʛʨʫʟʦʢ [136]. 

ʂ ʦʙʨʘʟʦʚʘʥʠʶ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʨʷʜ ʧʨʠʨʦʜʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʨʫʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʣʦʞʝʥ ʪʨʫʙʦʧʨʦʚʦʜ, ʢʨʘʡʥʝ ʥʠʟʢʠʝ ʠ 

ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʫʥʪʘ, ʘ ʪʘʢʞʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʦʥ [11, 116, 140]. ʇʦʩʣʝʜʥʠʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʢʨʠʪʠʯʝʩʢʠʭ ʜʣʷ ʤʝʪʘʣʣʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʢʨʫʧʥʝʡʰʠʤ ʘʚʘʨʠʷʤ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ [6, 58, 69, 

134, 141, 142, 147]. 

ʊʘʢʞʝ ʦʩʘʜʢʘ ʛʨʫʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʪʪʦʢʘ ʣʠʰʥʝʡ ʚʣʘʛʠ ʠ 

ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʛʨʫʥʪʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʠʙʨʘʮʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ [44, 104, 

112]. 

ɺ ʨʘʙʦʪʝ [126] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦ ʩʪʦʨʦʥʳ 

ʛʨʫʥʪʘ ʥʝ ʧʦʩʪʦʷʥʥʘ ʚʚʠʜʫ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʘ, 

ʧʨʠʯʝʤ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩ 

ʧʣʦʪʥʳʤ ʛʨʫʥʪʦʤ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʦʣʦʞʝʥʥʳʭ ʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʛʨʫʥʪʘʭ, ʪʦ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʝʨʤʦʢʘʨʩʪʳ, 

ʪʝʨʤʦʵʨʦʟʠʷ, ʩʦʣʠʬʣʶʢʮʠʷ, ʘ ʪʘʢʞʝ ʢʨʠʦʛʝʥʥʦʝ ʧʫʯʝʥʠʝ ʛʨʫʥʪʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʷʪ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʝʛʦ ʫʧʨʫʛʠʤʠ ʠʟʛʠʙʘʤʠ ʠ ʜʘʣʴʥʝʡʰʠʤ ʥʘʨʫʰʝʥʠʝʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ [13, 54]. 

ɺ ʨʘʙʦʪʝ [146] ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʧʨʦʢʣʘʜʢʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʟʦʥʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʛʠʙʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʧʝʨʝʭʦʜʘ ʦʪ 

ʛʨʫʥʪʦʚ ʚʳʩʦʢʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʪʘʣʳʤ ʛʨʫʥʪʘʤ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʜʥʠʭ ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʠʟʤʝʥʝʥʠʶ ʥʘ 

ʧʨʠʣʝʛʘʶʱʠʭ ʫʯʘʩʪʢʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʫʧʨʫʛʠʭ ʠʟʛʠʙʦʚ ʧʦ 

ʚʩʝʡ ʜʣʠʥʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
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1.4  ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ 

ɺʳʨʝʟʢʘ ʢʘʪʫʰʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ 

ʤʘʰʠʥ ʨʝʟʢʠ ʪʨʫʙ (ʄʈʊ). ʄʘʰʠʥʳ ʜʣʷ ʨʝʟʢʠ ʪʨʫʙʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʥʝʡ 

ʩʦʛʣʘʩʥʦ [86] ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 1.3 [115]. 

 

ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘ ʙʝʟʦʛʥʝʚʦʡ ʚʳʨʝʟʢʠ ʢʘʪʫʰʢʠ [115] 

1 ï ʨʘʙʦʯʠʡ ʢʦʪʣʦʚʘʥ; 2 ï ʤʘʛʠʩʪʨʘʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ; 3 ï ʄʈʊ;  

4 ï ʧʨʦʚʦʜ ʟʘʟʝʤʣʝʥʠʷ ʄʈʊ ʩʦ ʰʪʳʨʝʤ; 5 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʄʈʊ;  

6 ï ʰʫʥʪʠʨʫʶʱʘʷ ʧʝʨʝʤʳʯʢʘ; 7 ï ʧʨʠʩʪʘʚʥʘʷ ʣʝʩʪʥʠʮʘ;8 ï ʚʘʥʪʫʟ;  

9 ï ʛʠʙʢʘʷ ʩʪʘʣʴʥʘʷ ʣʝʥʪʘ (ʭʦʤʫʪ) 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʡ ʩʧʦʩʦʙ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʧʠʩʘʥʥʳʡ ʚ [86], ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʝʜ ʝʛʦ ʨʝʟʢʦʡ 

[116]. 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʪʝʭʥʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

ʉʧʦʩʦʙ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ [47], ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʪʢʘʧʳʚʘʥʠʠ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʝʛʦ ʚʳʨʝʟʢʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʜʥʘ 

ʩʪʦʨʦʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʚʳʨʝʟʢʠ ʙʳʣʘ ʜʣʠʥʥʝʝ ʜʨʫʛʦʡ. ʇʨʠ ʵʪʦʤ 

ʢʦʨʦʪʢʘʷ ʪʨʫʙʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʜʣʠʥʥʦʡ ʪʨʫʙʳ. 
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ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 

1.4. 

 

ʈʠʩʫʥʦʢ 1.4 ï ʎʝʥʪʨʠʨʦʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʟʜʘʥʠʝʤ ʨʘʟʥʦʧʣʝʯʠʭ ʪʨʫʙ [47] 

1 ï ʢʦʪʣʦʚʘʥ; 2 ï ʪʨʫʙʦʧʨʦʚʦʜ; 3 ï ʜʝʬʝʢʪʥʳʡ ʫʯʘʩʪʦʢ; 4 ï ʧʦʧʝʨʝʯʥʳʝ 

ʩʪʝʥʢʠ ʢʦʪʣʦʚʘʥʘ; 5 ï ʪʨʦʩ ʪʨʫʙʦʫʢʣʘʜʯʠʢʘ; 6 ï ʢʦʨʦʪʢʦʧʣʝʯʘʷ ʪʨʫʙʘ;  

7 ï ʜʣʠʥʥʦʧʣʝʯʘʷ ʪʨʫʙʘ 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʟʝʤʣʷʥʳʭ 

ʨʘʙʦʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʧʣʝʯʠʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʘʣʘʷ ʪʦʯʥʦʩʪʴ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʩʝʡ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʪʨʫʙʦʫʢʣʘʜʯʠʢʘ [115]. 

ʄʦʥʪʘʞ ʫʩʪʨʦʡʩʪʚʘ [46] ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʧʦʨʳ ʧʦ ʢʨʘʷʤ 

ʨʝʤʦʥʪʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʧʦʨʳ ʩʦ ʩʢʦʩʘʤʠ, ʨʘʩʰʠʨʷʶʱʠʤʠʩʷ ʢʥʠʟʫ, 

ʠ ʩʥʘʙʞʝʥʥʳʭ U-ʦʙʨʘʟʥʳʤʠ ʚʘʥʪʘʤʠ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʧʦʣʢʘʭ ʫʧʦʨʦʚ. 

ʆʧʠʩʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.5. 
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ʈʠʩʫʥʦʢ 1.5 ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʬʠʢʩʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ [46] 

1 ï ʦʩʥʦʚʘʥʠʝ; 2 ï ʨʝʤʦʥʪʥʳʡ ʢʦʪʣʦʚʘʥ; 3 ï ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʦʡʢʠ; 

 4 ï U-ʦʙʨʘʟʥʳʝ ʚʘʥʪʳ; 5 ï ʨʝʟʴʙʦʚʳʝ ʦʧʦʨʳ; 6 ï ʦʩʴ ʪʨʫʙʦʧʨʦʚʦʜʘ;  

7 ï ʫʧʦʨʳ; 8 ï ʧʦʣʢʠ 

ʋʩʪʨʦʡʩʪʚʦ ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʥʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʮʝʥʪʨʠʨʦʚʘʪʴ ʢʦʥʮʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʘ ʪʘʢʞʝ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ 

ʨʘʟʨʝʟʘʥʠʠ [115]. 

ɺ ʧʘʪʝʥʪʝ [111] ʦʧʠʩʳʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʩʥʘʙʞʝʥʥʦʝ ʩʪʨʠʥʛʝʨʘʤʠ ʠ 

ʧʦʜʚʠʞʥʳʤʠ ʫʧʦʨʘʤʠ. ʇʦ ʢʨʘʷʤ ʚʳʨʝʟʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʭʦʤʫʪʳ. ɺ ʦʪʚʝʨʩʪʠʷ ʧʨʠʣʠʚʦʚ ʦʜʥʦʛʦ ʠʟ ʭʦʤʫʪʦʚ 

ʧʨʦʜʝʚʘʶʪ ʩʪʨʠʥʛʝʨʳ. ʅʘ ʩʪʨʠʥʛʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʜʚʠʞʥʳʝ ʫʧʦʨʳ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʪʨʠʥʛʝʨʳ ʧʨʦʜʝʚʘʶʪ ʚ ʦʪʚʝʨʩʪʠʷ ʚʪʦʨʦʛʦ ʭʦʤʫʪʘ. ɼʘʣʝʝ 

ʚʳʨʝʟʘʝʪʩʷ ʜʝʬʝʢʪʥʳʡ ʫʯʘʩʪʦʢ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʚʘʨʠʚʘʝʪʩʷ ʥʦʚʘʷ ʢʘʪʫʰʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6. 
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ʈʠʩʫʥʦʢ 1.6 ï ʋʩʪʨʦʡʩʪʚʦ ʩ ʥʘʙʦʨʦʤ ʩʪʨʠʥʛʝʨʦʚ ʠ ʫʧʦʨʦʚ [111] 

1 ï ʪʨʫʙʦʧʨʦʚʦʜ; 2 ï ʭʦʤʫʪʳ; 3 ï ʩʪʨʠʥʛʝʨʳ; 4 ï ʧʨʠʣʠʚʳ; 5 ï ʩʪʦʧʦʨʥʳʝ 

ʚʠʥʪʳ; 6 ï ʟʘʧʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 7 ï ʢʘʪʫʰʢʘ; 8 ï ʧʦʜʚʠʞʥʳʝ ʫʧʦʨʳ 

ʅʝʜʦʩʪʘʪʢʦʤ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʝʤʣʠ ʙʝʟ ʧʦʤʦʱʠ 

ʪʨʫʙʦʫʢʣʘʜʯʠʢʘ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ, ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʨʠ ʚʳʨʝʟʢʝ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ, ʚʦʟʤʦʞʥʦ 

ʥʘʨʫʰʝʥʠʝ ʩʦʦʩʥʦʩʪʠ ʢʦʥʮʦʚ ʪʨʫʙʳ ʠʟ-ʟʘ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩʪʨʠʥʛʝʨʦʚ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʩʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʫʙʦʫʢʣʘʜʯʠʢʦʚ [115].  

ʇʦʜʦʙʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʧʘʪʝʥʪʝ [62]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʚ ʩʦʩʪʘʚ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʞʝ ʚʭʦʜʷʪ ʣʘʟʝʨʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʦʩʥʦʩʪʠ ʩʪʳʢʫʝʤʳʭ ʪʨʫʙ [115]. 

ɺ ʧʘʪʝʥʪʝ [78] ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʥʝʩʫʱʠʭ ʩʪʦʡʢʘʭ ʧʦ 

ʢʨʘʷʤ ʪʨʘʥʰʝʠ, ʦʩʥʘʱʝʥʦ ʩʠʣʦʚʦʡ ʮʝʧʴʶ ʜʣʷ ʧʦʜʥʷʪʠʷ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ 

ʪʘʢʞʝ ʫʟʣʦʤ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʨʳʯʘʞʥʦʡ ʣʝʙʝʜʢʠ ʠ ʩʠʩʪʝʤʳ ʧʦʣʠʩʧʘʩʪʘ, 

ʚʢʣʶʯʘʶʱʝʡ ʜʚʘ ʙʣʦʢʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʦʪʨʝʟʫ 
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ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʜʨʫʛʦʡ ʧʦʜʩʦʝʜʠʥʝʥ ʢ ʦʧʦʨʥʦʡ ʙʘʣʢʝ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ 

ʥʝʩʫʱʠʭ ʩʪʦʡʢʘʭ [115]. 

ʂʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.7. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʎʝʥʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʩʠʣʦʚʳʤʠ ʮʝʧʷʤʠ [78] 

1 ï ʧʣʦʱʘʜʢʘ; 2 ï ʦʩʥʦʚʘʥʠʝ; 3 ï ʬʠʢʩʘʪʦʨ; 4 ï ʜʦʤʢʨʘʪ; 5 ï ʦʧʦʨʥʳʡ ʣʠʩʪ;  

6 ï ʫʧʦʨ; 7 ï ʥʝʩʫʱʘʷ ʩʪʦʡʢʘ; 8 ï ʮʝʧʴ; 9 ï ʢʦʨʦʤʳʩʣʦ; 10 ï ʨʳʯʘʞʥʘʷ 

ʣʝʙʝʜʢʘ; 11 ï ʙʣʦʢ; 12 ï ʩʪʨʦʧ; 13 ï ʦʧʦʨʥʘʷ ʙʘʣʢʘ; 14 ï ʩʠʣʦʚʘʷ ʮʝʧʴ; 

15 ï ʦʪʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʝʝ ʤʦʥʪʘʞʘ, ʘ 

ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʥʠʟ ʧʦ 

ʚʝʨʪʠʢʘʣʠ [115]. 

ʉʧʦʩʦʙ ʟʘʤʝʥʳ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ [12], ʚʢʣʶʯʘʝʪ 

ʣʦʢʘʣʠʟʘʮʠʶ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʦʮʝʥʢʫ ʝʛʦ ʥʘʧʨʷʞʝʥʥʦ-
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ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʳʨʝʟʢʫ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ, 

ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʪʨʫʙ, ʤʦʥʪʘʞ ʠ ʩʚʘʨʢʫ ʢʘʪʫʰʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʦʜʦʣʴʥʳʝ, ʧʦʧʝʨʝʯʥʳʝ ʠʣʠ ʩʧʠʨʘʣʴʥʳʝ ʨʘʟʨʝʟʳ 

ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠʤʝʶʱʝʡʩʷ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʙʦʯʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʚ ʪʨʘʥʰʝʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʜʨʝʟʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ ʧʦ ʚʳʨʝʟʢʝ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ 

ʩʣʘʙʦʥʝʩʫʱʠʭ ʛʨʫʥʪʘʭ [72], ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʣʦʢʘʣʠʟʘʮʠʶ 

ʘʚʘʨʠʡʥʦʛʦ ʫʯʘʩʪʢʘ, ʦʪʢʘʯʠʚʘʥʠʝ ʠʟ ʥʝʛʦ ʛʘʟʘ, ʚʳʨʝʟʢʫ ʧʦʚʨʝʞʜʝʥʥʦʛʦ 

ʫʯʘʩʪʢʘ, ʤʦʥʪʘʞ ʠ ʩʚʘʨʢʫ ʥʦʚʦʡ ʢʘʪʫʰʢʠ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʥʦʚʦʡ ʢʘʪʫʰʢʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. ʉʘʤʦ ʫʩʪʨʦʡʩʪʚʦ ʢʨʝʧʠʪʩʷ 

ʩʚʘʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʜʥʦ ʪʨʘʥʰʝʠ ʚ ʤʠʥʝʨʘʣʴʥʳʡ ʛʨʫʥʪ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʚʳʨʝʟʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ [115]. 

ʉʧʦʩʦʙ ʚʳʨʝʟʢʠ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ [21] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʢʝ 

ʧʦ ʢʦʥʮʘʤ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʘʰʠʥ ʜʣʷ ʙʝʟʦʛʥʝʚʦʡ ʨʝʟʢʠ 

ʪʨʫʙ, ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʨʝʟʢʝ ʫʯʘʩʪʢʘ ʩ ʦʙʝʠʭ ʢʦʥʮʦʚ ʠ ʚʙʠʚʘʥʠʠ ʚ 

ʬʦʨʤʠʨʫʝʤʳʝ ʥʘʜʨʝʟʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 250-300 ʤʤ ʢʣʠʥʴʝʚ ʠʟ 

ʠʩʢʨʦʙʝʟʦʧʘʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʙʦʯʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʚ ʪʨʘʥʰʝʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʚʙʠʚʘʥʠʷ 

ʢʣʠʥʴʝʚ ʚ ʬʦʨʤʠʨʫʝʤʳʝ ʥʘʜʨʝʟʳ, ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚʚʠʜʫ ʠʤʝʶʱʝʡʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʨʳʚʘʥʠʷ ʤʝʪʘʣʣʘ ʪʨʫʙʳ ʢ 

ʢʦʥʮʫ ʧʨʦʮʝʩʩʘ ʨʝʟʢʠ. ʊʘʢʞʝ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʦʯʥʦʛʦ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦ ʢʨʘʷʤ ʦʪ 

ʚʳʨʝʟʘʝʤʦʛʦ ʫʯʘʩʪʢʘ [115]. 
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ʏʘʩʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʝʜʣʘʛʘʶʪ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʫʪʝʤ ʝʛʦ ʨʘʟʨʝʟʘʥʠʷ ʚ ʩʝʯʝʥʠʠ ʩ ʥʘʠʤʝʥʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ 

ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʨʘʟʨʝʟʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʩʝʯʝʥʠʠ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʫʧʨʫʛʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʪʦʣʴʢʦ ʣʠʰʴ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʟʨʝʟʘʥʠʝ ʩ ʥʘʠʤʝʥʴʰʠʤ ʥʘ ʨʝʤʦʥʪʠʨʫʝʤʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʩʤʝʱʝʥʠʝʤ ʝʛʦ ʢʦʥʮʦʚ, ʢʦʪʦʨʦʝ ʚʩʝ ʝʱʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʦʤʢʝ ʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʨʘʜʠʫʩʘʤʠ ʫʧʨʫʛʠʭ ʠʟʛʠʙʦʚ ʤʝʥʝʝ 1000D [7, 

115, 142]. 

ʉʧʦʩʦʙ ʨʝʤʦʥʪʘ [56] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʬʠʢʩʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʚ ʪʨʘʥʰʝʝ ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʦʚʳʭ ʘʥʢʝʨʦʚ. 

ʋʩʪʨʦʡʩʪʚʦ ʪʘʢ ʞʝ ʦʩʥʘʱʝʥʦ ʰʘʨʥʠʨʥʳʤʠ ʦʧʦʨʘʤʠ, ʥʘ ʩʠʣʦʚʳʭ ʮʠʣʠʥʜʨʘʭ, 

ʠʤʝʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʚʳʩʦʪʝ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʝʜʠʥʳʡ 

ʢʘʨʢʘʩ ʩʠʣʦʚʦʡ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʧʦʣʫʟʘʭʚʘʪʦʚ, ʠʤʝʶʱʠʭ 

ʟʘʤʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ [115]. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.8. 

 

ʈʠʩʫʥʦʢ 1.8 ï ʎʝʥʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʩʠʣʦʚʳʤʠ ʮʠʣʠʥʜʨʘʤʠ [56] 

1 ï ʪʨʫʙʦʧʨʦʚʦʜ; 2 ï ʬʠʢʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; 3 ï ʮʝʥʪʨʦʚʦʯʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ; 4 ï ʩʠʣʦʚʳʝ ʩʪʘʥʮʠʠ; 5 ï ʩʠʣʦʚʳʝ ʮʠʣʠʥʜʨʳ; 6 ï ʚʠʥʪʦʚʳʝ 

ʘʥʢʝʨʳ 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʥʘʜʝʞʥʦʡ 

ʬʠʢʩʘʮʠʠ ʚ ʛʨʫʥʪʝ ʪʨʘʥʰʝʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 
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ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʥʘ ʜʥʦ ʪʨʘʥʰʝʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ 

ʟʝʤʣʷʥʳʭ ʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ [115]. 

ɺ ʧʘʪʝʥʪʝ [70] ʫʩʪʨʦʡʩʪʚʦ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʜʥʦ ʪʨʘʥʰʝʠ ʩ ʧʦʤʦʱʴʶ 

ʚʠʥʪʦʚʳʭ ʘʥʢʝʨʦʚ, ʜʚʫʤʷ ʧʦʣʫʟʘʭʚʘʪʘʤʠ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʫʧʨʘʚʣʷʝʤʳʭ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ, ʰʪʦʢ ʩʠʣʦʚʦʛʦ ʮʠʣʠʥʜʨʘ, ʩʦʝʜʠʥʝʥʥʳʡ ʰʘʨʥʠʨʦʤ ʩ 

ʦʧʦʨʥʳʤʠ ʣʳʞʘʤʠ, ʫʧʠʨʘʶʱʠʤʠʩʷ ʚ ʜʥʦ ʪʨʘʥʰʝʠ, ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ 

ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʊʘʢʞʝ ʦʩʥʦʚʘʥʠʝ ʟʘʭʚʘʪʘ ʦʧʠʨʘʝʪʩʷ 

ʥʘ ʰʚʝʣʣʝʨʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʘʢ ʞʝ ʩ ʧʦʤʦʱʴʶ ʩʠʣʦʚʦʛʦ ʮʠʣʠʥʜʨʘ [115]. 

ʆʧʠʩʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.9. 

 

ʈʠʩʫʥʦʢ 1.9 ï ʆʧʦʨʥʦ-ʮʝʥʪʨʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʘ [70] 

1 ï ʢʨʘʡʥʠʝ ʪʨʘʚʝʨʩʳ; 2 ï ʙʘʣʢʠ; 3 ï ʘʥʢʝʨʳ; 4 ï ʰʝʩʪʠʛʨʘʥʥʠʢ;  

5 ï ʚʥʫʪʨʝʥʥʠʝ ʪʨʘʚʝʨʩʳ; 6 ï ʦʧʦʨʥʳʝ ʣʳʞʠ; 7 ï ʩʠʣʦʚʳʝ ʮʠʣʠʥʜʨʳ;  

8 ïh ʘʨʥʠʨʥʘʷ ʩʚʷʟʴ; 9 ï ʛʦʬʨ; 10 ï ʩʪʚʦʨʢʠ; 11 ï ʦʩʴ; 12 ï ʜʫʛʘ; 13 ï 

ʩʠʣʦʚʳʝ ʮʠʣʠʥʜʨʳ; 14 ï ʦʩʥʦʚʘʥʠʝ; 15 ï ʟʘʤʢʠ; 16 ï ʰʚʝʣʣʝʨʳ;  

17 ï ʨʦʣʠʢʠ; 18 ï ʮʠʣʠʥʜʨ; 19 ï ʩʠʣʦʚʘʷ ʩʪʘʥʮʠʷ; 20 ï ʧʣʘʪʬʦʨʤʘ 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʨʝʛʫʣʠʨʦʚʢʠ ʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ. ʅʝʜʦʩʪʘʪʢʦʤ 
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ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʫʩʪʘʥʦʚʢʠ ʦʧʦʨʘʤʠ ʧʦ ʢʨʘʷʤ 

ʪʨʘʥʰʝʡ, ʘ ʥʝ ʥʘ ʝʝ ʜʥʦ, ʯʪʦ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʠ 

ʩʣʦʞʥʦʩʪʴ ʤʦʥʪʘʞʘ [115]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʶʪ ʩʧʦʩʦʙʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʣʠʩʴ ʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ, ʪʘʢ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʜ ʝʛʦ ʨʘʟʨʝʟʘʥʠʝʤ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ ʜʘʣʴʥʝʡʰʝʝ 

ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ. 

ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʦʣʞʥʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʲʝʤʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, ʦʙʣʘʜʘʪʴ ʫʜʦʙʩʪʚʦʤ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʤʦʥʪʘʞʘ ʠ ʜʝʤʦʥʪʘʞʘ, ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʝʩʪʠ ʨʘʙʦʪʳ 

ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʩʣʦʞʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʠʩʢʣʶʯʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʨʘʙʦʯʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʚ ʪʨʘʥʰʝʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ [115]. 

ɼʣʷ ʦʮʝʥʢʠ ʥʘʛʨʫʟʦʢ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʤʦʤʝʥʪ 

ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʦʮʝʥʠʪʴ ʜʘʥʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʝʛʦ ʥʘʨʫʞʥʦʤ 

ʠ ʚʥʫʪʨʝʥʥʝʤ ʜʠʘʤʝʪʨʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʜʣʠʥʝ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ. 

ʊʘʢʞʝ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʧʨʠ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʨʝʤʦʥʪʘ 

ʥʘʛʨʫʟʢʠ ʥʘ ʥʠʭ ʧʨʠ ʫʜʝʨʞʘʥʠʠ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ, 

ʠ ʦʮʝʥʠʪʴ ʫʩʠʣʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ. 
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1.5  ɸʥʘʣʠʟ ʧʨʠʤʝʥʠʤʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩ ʚʳʨʝʟʢʦʡ ʠʭ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʳʩʦʪʥʦ-ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠ ʵʪʦʤ, ʛʦʚʦʨʷ ʦ ʧʦʜʟʝʤʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʤʦʥʠʪʦʨʠʥʛ ʠʭ ʚʳʩʦʪʥʦ-ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ, ʢʦʛʜʘ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʢʦʧʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ 

ʦʪʢʘʧʳʚʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʚʳʩʦʪʥʦ-

ʧʣʘʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʢʦʧʘʥʥʦʛʦ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʤʝʥʷʝʪʩʷ ʚʚʠʜʫ ʧʨʦʩʝʜʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʦʪʧʦʨʘ ʩʦ ʩʪʦʨʦʥʳ 

ʛʨʫʥʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʘʥʥʳʝ ʦ ʚʳʩʦʪʥʦ-ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʦʙʲʝʢʪʠʚʥʳʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ ʩ ʚʳʨʝʟʢʦʡ 

ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

ɺʚʠʜʫ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʠʟ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʦ-ʧʣʘʥʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʚʳʷʚʠʪʴ ʠʭ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʂ ʪʘʢʠʤ ʩʧʦʩʦʙʘʤ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

ï ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ; 

ï ʇʨʠʤʝʥʝʥʠʝ ʠʥʢʣʠʥʦʤʝʪʨʠʠ; 

ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ; 

ï ʉʲʝʤʢʘ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ; 

ï ʇʨʠʤʝʥʝʥʠʝ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

ï ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɼʘʣʝʝ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʇʨʦʩʪʳʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʅɼʉ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

[73, 74, 114, 128, 131]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʧʫʩʢʝ ʚ ʧʦʣʦʩʪʴ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʥʘʨʷʜʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʜʦʣʴ ʝʛʦ 

ʜʣʠʥʳ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʠʤʝʶʱʠʝʩʷ ʚ ʪʝʣʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʝʬʝʢʪʳ ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʳʝ [43, 18, 107, 149]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʧʫʩʢʘʝʤʦʤ ʩʥʘʨʷʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʜʦʤʝʪʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʨʷʪʴ ʣʠʥʝʡʥʫʶ ʢʦʦʨʜʠʥʘʪʫ, ʠ 

ʛʠʨʦʩʢʦʧʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʚʳʩʦʪʥʦʤ ʠ 

ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʭ ʠʥʚʝʩʪʠʮʠʡ 

ʚ ʟʘʢʫʧʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [116]. 

ɺʥʫʪʨʠʪʨʫʙʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʪʦʜʦʤ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʨʠ ʵʪʦʤ ʪʘʢ 

ʞʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʧʫʩʢ ʠʥʩʧʝʢʮʠʦʥʥʦʛʦ ʩʥʘʨʷʜʘ ʩ ʩʠʩʪʝʤʦʡ ʥʘʚʠʛʘʮʠʠ ʚ 

ʧʦʣʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʨʘʟʤʝʱʘʶʪ ʩʪʘʮʠʦʥʘʨʥʦ ʚʜʦʣʴ ʪʨʘʩʩʳ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʠʤʝʶʱʠʝ 

ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ ʩ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ GPS (Global 

Positioning System)/ɻʃʆʅɸʉʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʧʝʨʦʚ [57, 127]. ʅʘ 

ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʥʪʠʨʦʚʘʥʳ 

ʙʣʦʢʠ ʩʚʷʟʠ ʩ ʠʥʩʧʝʢʮʠʦʥʥʳʤ ʩʥʘʨʷʜʦʤ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʝʤʫ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʜʘʥʥʳʝ ʦ ʢʦʦʨʜʠʥʘʪʝ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ. ʇʦʩʣʝ ʯʝʛʦ 
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ʜʘʥʥʳʝ ʩ ʠʥʩʧʝʢʮʠʦʥʥʦʛʦ ʩʥʘʨʷʜʘ ʠ ʜʘʥʥʳʝ ʦ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʝ 

ʧʝʨʝʜʘʶʪ ʚ ʥʘʟʝʤʥʳʡ ʧʫʥʢʪ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ [5, 45, 48, 95, 116]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʠʥʢʣʠʥʦʤʝʪʨʠʠ. 

ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ [38] ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ ʚʜʦʣʴ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʝʛʦ ʚʳʩʦʪʥʦ-

ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɼʘʥʥʳʝ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʪʦʯʢʝ ʠʭ 

ʫʩʪʘʥʦʚʢʠ [116, 117, 118, 135]. ʀʥʢʣʠʥʦʤʝʪʨʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚʜʦʣʴ 

ʚʝʨʭʥʝʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ, ʚ ʚʳʙʨʘʥʥʳʭ ʪʦʯʢʘʭ, 

ʧʦʩʣʝ ʯʝʛʦ ʪʨʫʙʘ ʠʟʛʠʙʘʣʘʩʴ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ ʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʪʘʥʛʝʥʩʦʚ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʪʨʫʙʳ. ɼʘʣʝʝ ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʪʘʥʛʝʥʩʦʚ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʧʦʣʠʥʦʤʦʤ ʧʷʪʦʡ 

ʩʪʝʧʝʥʠ ʠ ʧʦʩʣʝ ʝʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥ 

ʠʟʛʠʙʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʦʣʠʥʦʤ, ʦʧʠʩʳʚʘʶʱʠʡ ʧʦʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [14] ʧʨʦʚʝʣʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʛʠʙʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ SolidWorks. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʫʛʣʦʚ ʥʘʢʣʦʥʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʝʛʦ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʧʦ ʜʚʫʤ ʤʝʪʦʜʘʤ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʥʝʝ ʯʝʤ ʥʘ 2,9%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʦʯʥʦʩʪʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ [116]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʙʝʣʠ, ʢʦʪʦʨʳʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʚʝʪʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷ 

ʜʘʥʥʳʭ ʢʘʙʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ [20, 93, 

105]. ʈʘʩʩʝʠʚʘʥʠʝ ʩʚʝʪʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 
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ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʜʝʬʦʨʤʘʮʠʠ ʩʘʤʦʛʦ ʢʘʙʝʣʷ. ʊʘʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ 

ʨʘʩʩʝʠʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʵʬʬʝʢʪʦʤ ʄʘʥʜʝʣʴʰʪʘʤʘ-ɹʨʠʣʣʶʵʥʘ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʩʨʝʜ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ [24, 25]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʥʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʝʛʦ ʚʳʩʦʪʥʦ-

ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ ʢʘʙʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ, ʠʩʭʦʜʷ ʠʟ ʟʘʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [41, 152]. 

 ʉʲʝʤʢʘ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ ʙʝʟ ʝʛʦ ʦʪʢʘʧʳʚʘʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʟʘʪʨʘʪʳ ʪʨʫʜʘ ʠ ʬʠʥʘʥʩʦʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ. ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʤʝʪʦʜʠʢʦʡ ɺʈɼ 39-1.10-026-2001 [19]. ɼʣʷ ʠʟʤʝʨʝʥʠʷ 

ʛʣʫʙʠʥʳ ʟʘʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʩʩʦʠʩʢʘʪʝʣʴ [4, 109]. ʅʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʨʘʩʩʦʠʩʢʘʪʝʣʷ ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʪʦʣʴʢʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʤʠʤʦ ʪʨʘʩʩʦʠʩʢʘʪʝʣʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ GPS. ʇʨʠʝʤʥʠʢ GPS 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ ʠʟʤʝʨʝʥʠʷ 

ʛʣʫʙʠʥʳ ʟʘʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɼʘʣʝʝ ʵʪʫ ʪʦʯʢʫ ʧʨʠʥʠʤʘʶʪ ʟʘ ʨʝʧʝʨʥʫʶ 

ʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪ ʢʫʨʩʦʚʦʡ ʫʛʦʣ, ʰʠʨʦʪʫ, 

ʜʦʣʛʦʪʫ, ʘʣʴʪʠʪʫʜʫ ʠ ʛʣʫʙʠʥʫ ʟʘʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʨʘʩʯʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [4, 109, 154]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʰʘʛʫ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʩʘʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [88]. 
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ʇʨʠʤʝʥʝʥʠʝ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʆʩʥʦʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʨʫʣʝʪʢʠ, ʪʝʦʜʦʣʠʪʳ, ʥʠʚʝʣʠʨʳ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʭʝʦʤʝʪʨʳ, ʪʨʘʩʩʦʠʩʢʘʪʝʣʠ, GPS ɻʃʆʅɸʉʉ ʩʠʩʪʝʤʳ. ʄʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ [77]. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʦʟʜʘʥʠʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) [3, 53, 124, 145]. 

ʇʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ï ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʫʯʘʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʘʥʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʢʣʘʜʥʳʭ ʠ ʥʘʫʯʥʳʭ ʟʘʜʘʯʘʭ. ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ï ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ [67, 94, 106]. 

ʂʦʦʨʜʠʥʘʪʳ ʦʙʣʘʢʘ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʮʠʬʨʦʚʳʭ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ [68, 130].  

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ï 

ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ, ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩʦ ʚʩʝʭ 

ʩʪʦʨʦʥ ʪʨʝʙʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩʢʘʥʝʨʘ [27, 32, 33, 133]. 

ʇʦ ʧʨʠʥʮʠʧʫ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʠʤʧʫʣʴʩʥʳʝ ʠ ʬʘʟʦʚʳʝ. ʀʤʧʫʣʴʩʥʳʝ 

ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʦʪ ʩʢʘʥʝʨʘ 

ʜʦ ʦʙʲʝʢʪʘ ʠ ʦʙʨʘʪʥʦ. ʌʘʟʦʚʳʝ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʦʧʨʝʜʝʣʷʶʪ ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʢʦʣʠʯʝʩʪʚʘ ʮʝʣʳʭ ʜʣʠʥ ʚʦʣʥ ʤʝʞʜʫ 

ʩʢʘʥʝʨʦʤ ʠ ʦʙʲʝʢʪʦʤ ʠ ʨʘʟʥʦʩʪʠ ʬʘʟ ʠʟʣʫʯʝʥʥʦʡ ʠ ʧʨʠʥʷʪʦʡ ʚʦʣʥʳ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ [23, 26, 67, 96]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.10. 
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ʈʠʩʫʥʦʢ 1.10 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ 

ʇʨʠʤʝʨʳ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.11. 

 

ʈʠʩʫʥʦʢ 1.11 ï ʇʨʠʤʝʨʳ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɺʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʜʝʣʷʪʩʷ ʥʘ ʯʝʪʳʨʝ 

ʢʘʪʝʛʦʨʠʠ: ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ [9, 22, 52, 94]. 

ʇʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʦʰʠʙʦʢ ʷʚʣʷʶʪʩʷ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚ ʩʝʙʝ 

ʢʦʤʧʣʝʢʩ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʩʠʩʪʝʤ [28, 94]. 

ɺʣʠʷʥʠʝ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʪʦʯʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ 

ʩʢʘʥʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʣʫʯʘʝ ʩ ʪʝʤʥʳʤʠ (ʯʝʨʥʳʤʠ) ʧʦʚʝʨʭʥʦʩʪʷʤʠ 
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ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʣʦʱʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʣʫʯʘ, ʚʚʠʜʫ 

ʯʝʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʙʫʜʝʪ ʠʩʢʘʞʝʥʦ ʰʫʤʦʤ. ɹʦʣʝʝ ʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʩ ʭʦʨʦʰʝʡ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʝʢʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʯʠʩʪʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʟʝʨʢʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ) ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʣʦʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ 

ʣʫʯʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʚʳʩʦʢʠʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʠʟʤʝʨʝʥʠʷ [94, 122, 137]. 

ʅʘ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʯʠʩʣʦ 

ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʚʣʘʞʥʦʩʪʴ, ʚʠʙʨʘʮʠʠ ʠ 

ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʂ ʯʠʩʣʫ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʦʪʥʦʩʷʪ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʩ ʣʘʟʝʨʥʳʤ ʩʢʘʥʝʨʦʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦ 

ʨʘʟʚʠʚʘʝʪʩʷ: ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʩ ʩʢʘʥʝʨʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʠ ʪ.ʜ. [148]. 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ: 

ï ʥʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ; 

ï ʤʦʙʠʣʴʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ; 

ï ʚʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

ɺʳʙʦʨ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʦʙʲʝʤʦʤ ʨʘʙʦʪ ʠ 

ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʨʦʪʷʞʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʥʘʜʟʝʤʥʳʭ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ [68, 119, 120]. ɺ ʩʣʫʯʘʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ ʦʙʲʝʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 

ʤʠʢʨʦʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʙʠʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ [34, 65]. ɼʣʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʩ 

ʤʠʣʣʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʳʩʦʢʦʡ ʜʘʣʴʥʦʩʪʠ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʟʝʤʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ [113]. 
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ʅʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʢʘʥʝʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʨʝʥʦʛʝ, ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʦʙʣʘʢʦ ʪʦʯʝʢ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ 

ʜʘʣʴʥʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ [60, 89]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʢʘʥʝʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. 

ʊʘʙʣʠʮʘ 1.2 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʥʘʟʝʤʥʦʤ 

ʩʢʘʥʠʨʦʚʘʥʠʠ [97, 100, 101] 

ʄʦʜʝʣʴ 
ʉʢʦʨʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 
ɼʘʣʴʥʦʩʪʴ ʊʦʯʥʦʩʪʴ 

ʇʦʣʝ ʟʨʝʥʠʷ 

(ʚʝʨʪʠʢʘʣʴ/ʛʦʨʠʟʦʥʪʘʣʴ) 

Leica 

RTC360 

ʜʦ 2 000 000 

ʪʦʯ/ʩ 
130 ʤ 

1 ʤʤ / 

2,9 ʤʤ ʥʘ 20 ʤ 
300Á / 360Á 

Leica MS 60 
ʜʦ 30 000 

ʪʦʯ/ʩ 
2 000 ʤ 

1 ʤʤ / 

2 ʤʤ ʥʘ 500 ʤ 
270Á / 360Á 

Faro Focus 

M70 
488 000 ʪʦʯ/ʩ 70 ʤ 

1 ʤʤ / 

3 ʤʤ ʥʘ 70 ʤ 
300Á / 360Á 

ʃʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʜʣʷ ʥʘʟʝʤʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.12. 

   

(ʘ) (ʙ) (ʚ) 

ʈʠʩʫʥʦʢ 1.12 ï ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʜʣʷ ʥʘʟʝʤʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʘ ï Leica RTC360; ʙ ï Leica MS60; ʚ ï Faro Focus M70 

ʇʨʠʤʝʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʙʠʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1.3. 
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ʊʘʙʣʠʮʘ 1.3 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʙʠʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ [99, 103] 

ʄʦʜʝʣʴ 
ʉʢʦʨʦʩʪʴ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 
ɼʘʣʴʥʦʩʪʴ ʊʦʯʥʦʩʪʴ 

ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ 

ʪʦʯʢʘʤʠ 

ʇʨʠʚʷʟʢʘ 

ʢ ʥʫʣʶ ʧʦ 

ʤʘʨʢʝʨʘʤ 

Hexagon 

RS6 Laser 

Scanner 

ʜʦ 1 214 400 

ʪʦʯ/ʩ 

165 Ñ 50 

ʤʤ 
0,026 ʤʤ 0,027 ʤʤ ʅʝʪ 

ScanForm 

L5 

ʜʦ 1 100 000 

ʪʦʯ/ʩ 
300 ʤʤ 0,04 ʤʤ 0,15 ʤʤ ɼʘ 

ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʙʠʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

1.13. 

  

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.13 ï ɺʥʝʰʥʠʡ ʚʠʜ ʤʦʙʠʣʴʥʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ 

ʘ ï Hexagon RS6 Laser Scanner; ʙ ï ScanForm L5 

ʇʨʠʤʝʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.4. 

ʊʘʙʣʠʮʘ 1.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ [98, 102] 

ʄʦʜʝʣʴ 
ʉʢʦʨʦʩʪʴ 

ʩʢʘʥ-ʠ ̫
ʈʘʩʩʪ. ʊʦʯʥʦʩʪʴ ʅʘʚʠʛʘʮʠʷ 

ʇʦʣʝ 

ʟʨʝʥʠʷ 

(ʚʝʨʪ./ 

ʛʦʨʠʟ.) 

Greenvalley 

Liair 50 

ʜʦ 300 

000 ʪʦʯ/ʩ 
Ò100 ʤ 3 ʩʤ 

GPS, 

ɻʃʆʅɸʉʉ, 

ɻɸʃʀʃɽʆ, 

ɹɼ 

30Ü / 360Ü 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.4 

Phoenix 

miniRANGER

-3 LITE 

ʜʦ 

300 000 

ʪʦʯ/ʩ 

2 - 290 

ʤ 
15 ʤʤ 

GPS, 

ɻʃʆʅɸʉʉ, 

ɻɸʃʀʃɽʆ, 

ɹɼ 

30Ü / 360Ü 

ɺʥʝʰʥʠʡ ʚʠʜ ʚʦʟʜʫʰʥʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

1.14. 

 

 

(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 1.14 ï ɺʥʝʰʥʠʡ ʚʠʜ ʚʦʟʜʫʰʥʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ 

ʘ ï Greenvalley Liair 50; ʙ ï Phoenix miniRANGER-3 LITE 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʪʦʜʦʤ 

ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʩʢʘʥʝʨʳ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʦʩʥʦʚʘʥʠʝʤ ʥʘ 

ʧʦʜʟʝʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʠ ʠʤʝʶʱʠʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʚʝʪʦʦʪʨʘʞʘʶʱʫʶ 

ʧʣʘʩʪʠʥʫ [10]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʦ-ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʟʝʤʥʳʤʠ ʩʢʘʥʝʨʘʤʠ ʠʭ ʫʩʪʘʥʦʚʢʫ ʥʝʦʙʭʦʜʠʤʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʘʢ, ʯʪʦʙʳ ʚʝʩʴ ʠʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʥʘʭʦʜʠʣʩʷ ʚ ʟʦʥʝ ʠʭ ʚʠʜʠʤʦʩʪʠ. 

ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.15. 
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ʈʠʩʫʥʦʢ 1.15 ï ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʰʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʜʘʥʥʳʭ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ [10] 

1 ï ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʩʦ ʩʢʘʥʝʨʦʤ ʠ ʬʦʪʦʢʘʤʝʨʦʡ; 2 ï ʩʢʘʥʠʨʫʶʱʠʡ 

ʣʫʯ; 3 ï ʫʩʪʨʦʡʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ;  4 ï ʛʨʫʥʪʳ; 5 ï ʣʠʥʟʘ ʚʳʩʦʢʦ ʣʴʜʠʩʪʳʭ ʛʨʫʥʪʦʚ; 6 ï ʭʦʤʫʪ 

ʢʨʝʧʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ; 7 ï ʪʨʫʙʦʧʨʦʚʦʜ; 8 ï ʧʨʠʙʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɺʊɼ; 9 ï ʟʦʥʘ 

ʨʘʩʪʝʧʣʝʥʠʷ ʛʨʫʥʪʦʚ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʥʦ-ʧʣʘʥʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ 

ʧʦʣʦʞʝʥʠʠ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʝʛʦ ʦʪʢʘʧʳʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʠ 

ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʢʦʧʘʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʘʢʪʫʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝʥʠʠ ʫʯʘʩʪʢʘ 
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ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ 

[132, 142, 143]. 

ʄʝʪʦʜ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʜʟʝʤʥʦʛʦ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [145]. ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʯʢʠ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ, ʢʦʪʦʨʳʝ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʢʫʙʠʯʝʩʢʠʤʠ ʩʧʣʘʡʥʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 15-20 ʤʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʦʪʢʦʧʘʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʝʛʦ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ. ɼʘʥʥʳʝ ʧʨʝʜʝʣʳ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʨʝʤʦʥʪʥʦʤ ʢʦʪʣʦʚʘʥʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʙʨʦʚʢʠ ʪʨʘʥʰʝʠ, ʚʚʠʜʫ ʯʝʛʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʛʦʣ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʊʘʢ ʞʝ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʢʦʦʨʜʠʥʘʪ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʥʝʨʦʚʥʦʩʪʠ ʝʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɻʦʚʦʨʷ ʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʪʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʝʝ ʪʦʯʝʢ 

ʧʦʣʠʥʦʤʘʤʠ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2 ʙʦʣʝʝ 0,95. ʅʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʥʦʤʘ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʜʠʫʩʘ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʘʥʥʳʡ 

ʧʦʨʷʜʦʢ ʧʦʣʠʥʦʤʘ ʥʝ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʨʘʜʠʫʩ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 20% 

ʚʚʠʜʫ ʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢ ʪʦʯʥʦʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [36-38, 40, 61, 62, 116, 

135]. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʥʝʦʙʭʦʜʠʤʦʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʪʦʯʝʢ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʧʦʣʠʥʦʤʦʤ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ 

ʨʘʙʦʯʘʷ ʠ ʧʨʦʩʪʘʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʦʪʢʦʧʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ 

ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ ʨʝʤʦʥʪʘ 

ʩ ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ [142]. 

1.6 ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʩʧʦʩʦʙʳ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʣʠʩʴ ʙʳ ʙʝʟʦʧʘʩʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʧʨʠʣʦʞʠʪʴ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʫʩʠʣʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʵʪʠʭ ʫʩʠʣʠʡ ʩ ʫʯʝʪʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɸʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙʳ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʣʦʞʝʥʠʠ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʦʩʣʝ ʝʛʦ ʦʪʢʘʧʳʚʘʥʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʨʝʜʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʠ ʙʳʩʪʨʦʡ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʦʪʢʦʧʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ 

ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʅʦ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʟʘʪʨʫʜʥʷʝʪʩʷ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʨʘʙʦʯʝʡ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʦʧʳʪʥʳʭ 

ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʝʤʦʥʪʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ 

ʩʧʦʩʦʙʘ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʙʝʟʦʧʘʩʥʳʡ ʧʨʦʮʝʩʩ ʚʳʨʝʟʢʠ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 
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1. ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʘʪʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʝʨʝʜ ʝʛʦ ʨʘʟʨʝʟʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʝʛʦ 

ʢʦʥʮʦʚ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ; 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʫʩʠʣʠʡ, 

ʩʦʟʜʘʚʘʝʤʳʭ ʟʘʭʚʘʪʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ 

ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ; 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʦʪʢʦʧʘʥʥʦʛʦ 

ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ; 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʠ ʦʮʝʥʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ 

ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

1.7 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

1. ɺʳʨʝʟʢʘ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʦʤ ʫʩʪʨʘʥʝʥʠʷ 

ʜʝʬʝʢʪʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʢ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʦʚʳʰʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʘ 

ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʨʝʤʦʥʪʘ; 

2. ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩ ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʦʛʦ 

ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʩʣʦʞʥʷʝʪʩʷ ʨʝʟʢʠʤ ʩʤʝʱʝʥʠʝʤ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʚʳʨʝʟʢʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠʭ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʜ ʨʘʟʨʝʟʘʥʠʝʤ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʪʨʫʙʦʫʢʣʘʜʯʠʢʦʚ; 

3. ʈʝʟʢʦʝ ʩʤʝʱʝʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ 

ʝʛʦ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 
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ʛʨʫʥʪʝ, ʪʘʢʠʭ ʢʘʢ ʦʪʪʦʢ ʣʠʰʥʝʡ ʚʣʘʛʠ ʧʦʜ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʫʧʣʦʪʥʝʥʠʝ 

ʛʨʫʥʪʘ, ʪʝʨʤʦʢʘʨʩʪʳ, ʪʝʨʤʦʵʨʦʟʠʷ, ʢʨʠʦʛʝʥʥʦʝ ʧʫʯʝʥʠʝ ʛʨʫʥʪʦʚ ʠ ʪ.ʜ.; 

4. ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʨʠʢʣʘʜʳʚʘʪʴ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʫʩʠʣʠʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʝʛʦ 

ʢʦʥʮʦʚ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ; 

5. ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʠʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʳʤ ʠ 

ʜʦʩʪʦʚʝʨʥʳʤ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʝʛʦ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. ʅʦ 

ʜʣʷ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʢʦʧʘʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʫʛʣʘ 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʨʘʩʯʝʪʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʝʛʦ ʢʦʥʮʦʚ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ.  
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ɻʃɸɺɸ 2 ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼɸ ʈɽʄʆʅʊɸ ʄɸɻʀʉʊʈɸʃʔʅʓʍ 

ʊʈʋɹʆʇʈʆɺʆɼʆɺ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʋʉʊʈʆʁʉʊɺ 

ʌʀʂʉʀʈʆɺɸʅʀʗ ʀ ʎɽʅʊʈʀʈʆɺɸʅʀʗ ʀʍ ʂʆʅʎʆɺ 

2.1 ʈʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʀʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʨʦʡʩʪʚ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʚʳʨʝʟʢʝ ʝʛʦ 

ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʘʭ 2.1-2.3 [90, 92, 142]. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʋʩʪʨʦʡʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʚʳʨʝʟʢʝ ʝʛʦ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ [142] 

1 ï ʦʩʥʦʚʘʥʠʝ ʟʘʭʚʘʪʘ; 2 ï ʦʩʴ ʟʘʭʚʘʪʘ; 3 ï ʙʦʣʴʰʦʡ ʩʠʣʦʚʦʡ ʮʠʣʠʥʜʨ;  

4 ï ʤʘʣʳʡ ʩʠʣʦʚʦʡ ʮʠʣʠʥʜʨ; 5 ï ʩʪʚʦʨʢʘ ʟʘʭʚʘʪʘ; 6 ï ʨʦʣʠʢ ʟʘʭʚʘʪʘ;  

7 ï ʩʪʦʧʦʨ ʨʦʣʠʢʦʚ ʟʘʭʚʘʪʘ; 8 ï ʟʘʤʦʢ ʟʘʭʚʘʪʘ; 9 ï ʙʫʨʦʚʦʡ ʘʥʢʝʨ;  

10 ï ʧʣʘʪʬʦʨʤʘ; 11 ï ʰʝʩʪʠʛʨʘʥʥʠʢ; 12 ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʮʠʣʠʥʜʨ;  

13 ï ʪʨʫʙʦʧʨʦʚʦʜ; 14 ï ʜʫʛʘ ʟʘʭʚʘʪʘ 
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ʈʠʩʫʥʦʢ 2.2 ï ʋʩʪʨʦʡʩʪʚʘ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʟʨʝʟʘʥʠʷ [142] 

1 ï ʦʩʥʦʚʘʥʠʝ ʟʘʭʚʘʪʘ; 3 ï ʙʦʣʴʰʦʡ ʩʠʣʦʚʦʡ ʮʠʣʠʥʜʨ; 4 ï ʤʘʣʳʡ ʩʠʣʦʚʦʡ 

ʮʠʣʠʥʜʨ; 5 ï ʩʪʚʦʨʢʘ ʟʘʭʚʘʪʘ; 6 ï ʨʦʣʠʢ ʟʘʭʚʘʪʘ; 9 ï ʙʫʨʦʚʦʡ ʘʥʢʝʨ;  

10 ï ʧʣʘʪʬʦʨʤʘ; 11 ï ʰʝʩʪʠʛʨʘʥʥʠʢ; 12 ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʮʠʣʠʥʜʨ;  

13 ï ʪʨʫʙʦʧʨʦʚʦʜ; 14 ï ʜʫʛʘ ʟʘʭʚʘʪʘ; 15 ï ʩʝʯʝʥʠʝ ʨʘʟʨʝʟʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ; 16 ï ʚʳʨʝʟʘʝʤʳʡ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ; 17 ï ʤʘʰʠʥʢʘ ʜʣʷ 

ʨʝʟʢʠ ʪʨʫʙ 

 

(ʘ) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 2.3 ï ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʘ ï ʫʩʪʨʦʡʩʪʚʘ, ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ; ʙ ï ʚʥʝʰʥʠʡ ʚʠʜ 

ʫʩʪʨʦʡʩʪʚʘ 



49 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʘʤʠ 2.1-2.3 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩ 

ʧʦʤʦʱʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʦʪ ʚʳʨʝʟʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʜʚʫʭ 

ʫʩʪʨʦʡʩʪʚ ʜʫʛʦʡ ʟʘʭʚʘʪʘ 14, ʩʦʝʜʠʥʝʥʥʦʡ ʩ ʦʩʥʦʚʘʥʠʝʤ ʟʘʭʚʘʪʘ 1, ʥʘ 

ʚʝʨʭʥʶʶ ʦʙʨʘʟʫʶʱʫʶ ʪʨʫʙʦʧʨʦʚʦʜʘ 13 ʚ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʝʯʝʥʠʷʭ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [30]. 

ʉʦ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦʣʞʥʦ 

ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʤʝʥʝʝ 0,5 ʤ ʦʪ ʤʝʩʪʘ ʨʘʟʨʝʟʘʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʭʚʘʪʳʚʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʪʚʦʨʢʘʤʠ ʟʘʭʚʘʪʦʚ 5. 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʥʪʘʞ ʠ ʟʘʙʫʨʠʚʘʥʠʝ ʚ ʛʨʫʥʪ ʧʦʩʨʝʜʩʪʚʦʤ 

ʙʫʨʦʚʦʛʦ ʨʦʪʘʪʦʨʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʰʝʩʪʠʛʨʘʥʥʠʢ, ʙʫʨʦʚʳʭ ʘʥʢʝʨʦʚ 9. 

ʇʦʩʣʝ ʵʪʦʛʦ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦʨʰʥʝʡ ʙʦʣʴʰʠʭ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ 3 

ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʧʫʪʝʤ ʟʘʢʨʳʪʠʷ 

ʛʠʜʨʦʟʘʤʢʦʚ ʛʠʜʨʦʩʠʩʪʝʤʳ, ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʝʟʘʥʠʷ ʠ ʧʦʩʣʝ ʥʝʛʦ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

17 ʚ ʩʝʯʝʥʠʷʭ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ 15, ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʟʨʝʟʘʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ [142]. ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʝʤʦʥʪʘʞ ʚʳʨʝʟʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

C ʧʦʤʦʱʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʥʪʘʞ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʢ 

ʤʝʩʪʫ ʩʚʘʨʢʠ ʝʛʦ ʪʦʨʮʦʚ ʩ ʢʦʥʮʘʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʪʦʨʮʘʤʠ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʫʪʝʤ ʧʦʜʘʯʠ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʨʘʥʝʝ ʫʩʠʣʠʡ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʙʦʣʴʰʠʝ 

ʛʠʜʨʦʮʠʣʠʥʜʨʳ 3 ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ. 

ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʷʪ ʩʚʘʨʢʫ ʪʦʨʮʦʚ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʩ 

ʢʦʥʮʘʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʜʝʤʦʥʪʘʞ ʙʫʨʦʚʳʭ ʘʥʢʝʨʦʚ 9 ʫʩʪʨʦʡʩʪʚ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʦʪʘʪʦʨʘ ʠ 

ʩʘʤʠʭ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ. ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʪʳʢʦʚ ʠ ʠʭ ʠʟʦʣʷʮʠʷ, ʘ ʪʘʢʞʝ ʟʘʢʘʧʳʚʘʥʠʝ 
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ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʋʧʨʘʚʣʝʥʠʝ ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ 

ʫʩʪʨʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʢʠ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʦʨʰʥʝʡ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʫʩʠʣʠʡ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʫʣʴʪʘ. 

ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʝʤʦʥʪʥʦʤ ʢʦʪʣʦʚʘʥʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʘʢ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʦʧʝʨʘʪʠʚʥʳʤ ʜʣʷ ʫʩʣʦʚʠʡ 

ʝʛʦ ʨʝʤʦʥʪʘ [142]. 

ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʝʤʦʥʪʥʦʤ ʢʦʪʣʦʚʘʥʝ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

2.2 ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ 

ʚʳʨʝʟʢʦʡ ʠʭ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ ʧʦ ʨʝʤʦʥʪʫ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʚʳʨʝʟʢʦʡ ʠʭ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2.4 [91, 115, 142]. 
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ʈʠʩʫʥʦʢ 2.4 ï ʇʨʝʜʣʘʛʘʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ ʧʦ ʨʝʤʦʥʪʫ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʚʳʨʝʟʢʦʡ ʠʭ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ [142] 

ʇʦʩʣʝ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʦʚʦʜʠʪʩʷ 

ʝʛʦ ʦʪʢʘʧʳʚʘʥʠʝ [142].  

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʢʣʝʡʢʘ ʢʨʝʩʪʦʚʳʭ ʤʘʨʢʝʨʦʚ ʧʦ 

ʢʨʘʷʤ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʚ ʩʝʯʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ 

ʧʣʘʥʠʨʫʝʪʩʷ ʝʛʦ ʨʘʟʨʝʟʘʥʠʝ. ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʝ ʤʝʥʝʝ ʪʨʝʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʥʘ ʢʨʘʶ ʪʨʘʥʰʝʠ ʜʣʷ ʧʨʠʚʷʟʢʠ ʧʦʣʦʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʝʨʘ ʧʨʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ ʢ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʆʩʫʱʝʩʪʚʣʷʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʜʦʣʴ ʝʛʦ ʜʣʠʥʳ ʥʘʜ 

ʪʨʘʥʰʝʝʡ ʦʪ ʦʜʥʦʛʦ ʢʨʘʷ ʢʦʪʣʦʚʘʥʘ ʜʦ ʜʨʫʛʦʛʦ ʩ ʰʘʛʦʤ ʥʝ ʙʦʣʝʝ 10 ʤ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 1 ʤ ʦʪ ʢʨʘʷ ʢʦʪʣʦʚʘʥʘ ʩʢʘʥʝʨʦʤ ʣʘʟʝʨʥʦʛʦ ʪʠʧʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʢʘʥʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʫʪʝʤ 

ʧʦʣʫʯʝʥʠʷ ʦʙʣʘʢʘ ʪʦʯʝʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 2.5. 
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ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ [142] 

1 ï ʨʝʤʦʥʪʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ; 2 ï ʢʨʝʩʪʦʚʳʡ ʤʘʨʢʝʨ;  

3 ï ʩʬʝʨʠʯʝʩʢʠʡ ʤʘʨʢʝʨ; 4 ï ʣʘʟʝʨʥʳʡ ʩʢʘʥʝʨ; 5 ï ʤʝʩʪʦ ʨʘʟʨʝʟʘʥʠʷ 

ʇʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʜʦʣʴ ʦʜʥʦʡ ʝʛʦ ʩʪʦʨʦʥʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʝʛʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ. ɺ ʧʨʦʮʝʩʩʝ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 

ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʘʣʴʥʝʡʰʫʶ ʝʛʦ ʦʙʨʘʙʦʪʢʫ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʦʙʣʘʢʦʚ ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʳʭ ʩʦ ʩʢʘʥʝʨʘ ʣʘʟʝʨʥʦʛʦ ʪʠʧʘ ʚ 

ʢʘʞʜʦʤ ʠʟ ʝʛʦ ʧʦʣʦʞʝʥʠʡ ʚʜʦʣʴ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʣʦʞʝʥʠʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʪʦʯʝʢ, ʷʚʣʷʶʱʠʭʩʷ ʮʝʥʪʨʘʤʠ 

ʩʬʝʨʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ 3. ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʙʦʪʢʠ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʧʦʣʠʥʦʤʘ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʠʟʛʠʙ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [142].  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʘʩʯʝʪ ʫʩʠʣʠʡ, ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘʭʚʘʪʘʤʠ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʝʛʦ ʢʦʥʮʦʚ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʥʪʘʞ ʫʩʪʨʦʡʩʪʚ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʨʷʜʢʦʤ ʦʧʠʩʘʥʥʳʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ. ʀʥʘʯʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʪʢʘʧʳʚʘʥʠʝ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
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ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʨʝʤʦʥʪʠʨʫʝʤʳʡ ʪʨʫʙʦʧʨʦʚʦʜ, ʚʳʨʝʟʢʘ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʝʛʦ ʜʝʤʦʥʪʘʞ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ. ʇʦʩʣʝ ʯʝʛʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʜʣʷ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʜʘʶʪʩʷ ʥʘ ʛʠʜʨʦʮʠʣʠʥʜʨʳ 

ʫʩʪʨʦʡʩʪʚ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʧʦʣʦʞʝʥʠʝ ʠʭ ʩʦʦʩʥʦʩʪʠ, ʦʯʠʩʪʢʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʝʨʤʝʪʠʟʘʮʠʷ 

ʧʦʣʦʩʪʠ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʥʪʘʞ 

ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ, ʫʩʪʘʥʦʚʢʘ ʥʘʨʫʞʥʳʭ ʮʝʥʪʨʘʪʦʨʦʚ, ʧʨʠʚʘʨʢʘ ʪʦʨʮʦʚ 

ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ ʢ ʪʦʨʮʘʤ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʜʝʤʦʥʪʘʞ ʥʘʨʫʞʥʳʭ 

ʮʝʥʪʨʘʪʦʨʦʚ, ʜʝʤʦʥʪʘʞ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠ 

ʟʘʢʘʧʳʚʘʥʠʝ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ [91, 142]. 

2.3 ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

2.3.1 ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʟʘʭʚʘʪʳ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʦʧʫʩʢʘʶʪʩʷ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʜʦ ʚʝʨʭʥʝʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ ʦʥ 

ʦʙʭʚʘʪʳʚʘʝʪʩʷ ʩʪʚʦʨʢʘʤʠ ʟʘʭʚʘʪʦʚ. ʇʦʨʰʥʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʬʠʢʩʠʨʫʶʪʩʷ 

ʚ ʜʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ ʜʣʷ ʫʜʝʨʞʘʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʜʝʬʦʨʤʘʮʠʡ ʚ ʤʦʤʝʥʪ ʩʤʝʱʝʥʠʷ ʝʛʦ ʢʦʥʮʦʚ ʚ ʢʦʥʮʝ 

ʧʨʦʮʝʩʩʘ ʨʝʟʢʠ. ʊʘʢʦʝ ʬʠʢʩʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʰʪʦʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʛʠʜʨʦʟʘʤʢʦʚ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʫʩʪʨʦʡʩʪʚ. ɻʠʜʨʦʟʘʤʢʠ ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʨʠʪʦʢʫ ʠ ʦʪʪʦʢʫ 

ʠʤʝʶʱʝʡʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨʘʭ, ʯʪʦ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝ ʬʠʢʩʠʨʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʭ ʰʪʦʢʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʬʠʢʩʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʝʯʝʥʠʡ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʭʚʘʪʳ [142]. 

ʇʨʠ ʫʩʣʦʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʬʠʢʩʠʨʦʚʘʥʠʷ ʰʪʦʢʦʚ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʚ ʧʦʣʦʞʝʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʫʙʦʧʨʦʚʦʜ ʥʘʭʦʜʠʪʩʷ ʜʦ ʝʛʦ 
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ʨʝʟʢʠ, ʜʘʣʴʥʝʡʰʘʷ ʜʝʬʦʨʤʘʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʩʤʝʱʝʥʠʠ ʝʛʦ ʢʦʥʮʦʚ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʝʡ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʛʠʜʨʦʮʠʣʠʥʜʨʘʤʠ ʠ ʛʠʜʨʦʟʘʤʢʘʤʠ ʫʩʪʨʦʡʩʪʚ [142]. 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ, 

ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩʦ ʩʪʦʨʦʥʳ ʟʘʭʚʘʪʦʚ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʚʝʣʠʯʠʥ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʝʛʦ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʚ ʨʝʤʦʥʪʥʦʤ ʢʦʪʣʦʚʘʥʝ, ʥʘʨʫʞʥʦʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʠʘʤʝʪʨʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʦʜʫʣʷ ʖʥʛʘ ʤʘʪʝʨʠʘʣʘ ʝʛʦ ʩʪʝʥʢʠ, ʘ ʪʘʢʞʝ 

ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʭʚʘʪʦʚ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʇʦʣʦʞʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʝʤʦʥʪʥʦʤ ʢʦʪʣʦʚʘʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʚʫʤʷ ʧʦʣʠʥʦʤʘʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ ʠʟʛʠʙ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ 

ʧʦʣʠʥʦʤʳ ʠʤʝʶʪ ʚʠʜ (2.1): 

4 3 2( ) ,y x ax bx cx ex= + + + (2.1) 

ʛʜʝ a, b, c, e ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ; x ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ 

ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ [30]. 

ʇʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʙʫʜʝʤ ʨʝʰʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ ʩʠʣ 

ʨʝʘʢʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨʘʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʩʥʷʪʠʠ 

ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʤʝʩʪʝ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʄʘʩʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʤʘʩʩʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩʫʥʢʦʤ 3, ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʝʛʦ ʨʘʟʨʝʟʘʥʠʷ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʂʨʘʡ ʨʝʤʦʥʪʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ. ʕʪʦ ʜʦʧʫʱʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʧʨʦʩʪʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ, ʥʝ ʧʨʠʥʠʤʘʷ ʚ ʨʘʩʯʝʪ ʜʝʬʦʨʤʘʮʠʶ ʛʨʫʥʪʘ ʫ ʢʨʘʷ ʢʦʪʣʦʚʘʥʘ. ʇʨʠ 

ʵʪʦʤ ʪʘʢʦʝ ʜʦʧʫʱʝʥʠʝ ʦʙʝʩʧʝʯʠʪ ʟʘʚʳʰʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠʩʢʦʤʳʭ ʫʩʠʣʠʡ. 
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ɿʘʭʚʘʪʳ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʙʦʟʥʘʯʠʤ ʥʘ 

ʩʭʝʤʝ ʚ ʚʠʜʝ ʰʘʨʥʠʨʥʳʭ ʦʧʦʨ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.6. ʇʨʠ ʵʪʦʤ ʩʠʣʳ 

ʨʝʘʢʮʠʠ ʚ ʰʘʨʥʠʨʥʳʭ ʦʧʦʨʘʭ ʧʨʠ ʩʤʝʱʝʥʠʠ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʫʜʫʪ 

ʯʠʩʣʝʥʥʦ ʨʘʚʥʳ ʠʩʢʦʤʳʤ ʫʩʠʣʠʷʤ ʜʣʷ ʠʭ ʫʜʝʨʞʘʥʠʷ ʦʪ ʩʤʝʱʝʥʠʷ. 

 

m ï ʚʝʩ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʪʨʫʙʳ, ʢʛ 

ʈʠʩʫʥʦʢ 2.6 ï ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʜʘʪʣʠʚʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʝʜʠʥʠʯʥʳʭ ʩʠʩʪʝʤ. 

ʇʝʨʚʘʷ ʝʜʠʥʠʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.7. 
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ʈʠʩʫʥʦʢ 2.7 ï ʇʝʨʚʘʷ ʝʜʠʥʠʯʥʘʷ ʩʠʩʪʝʤʘ 

Q0 ï ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚ ʤʝʩʪʝ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʅ;  

M0 ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʤʝʩʪʝ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʅĿʤ;  

Xj ï ʫʩʠʣʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʟʘʭʚʘʪʘʤʠ j-ʛʦ ʫʩʪʨʦʡʩʪʚʘ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʨʠ ʨʝʟʢʦʤ ʩʤʝʱʝʥʠʠ ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t, ʅ; ŭij  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ, ʅ/ʤ; x ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʠ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʛʣʦʚ ʧʨʦʛʠʙʘ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʝʣʠʯʠʥ ʝʝ ʧʨʦʛʠʙʦʚ ʜʣʷ ʧʝʨʚʦʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ (2.2): 

( ) ( )

( ) ( )

( ) ( )

( )
( )

( )
( )

1
0 1 1 2 2

1 1
0 0 1 1 1

2 2 2

2

1
22

1 10 1
0 1

2

2 2

2

( ) 1
2

( ) 1
2 2

2
( )

2 2 2 2

2

(

l
Q x Q He x X He x l X He x l

l l
M x M Q x x He x X x l He x l

X x l He x l

l
x

X x lQ x l
x M x He x He x l

EI EI EI

X x l
He x l

EI

W

q

å õ
= + Ö - + Ö - + Ö -æ ö

ç ÷

å õ å õ
= + + Ö - Ö - + Ö - Ö - +æ ö æ ö

ç ÷ ç ÷

+ Ö - Ö -

å õ
-æ ö Ö -å õç ÷= + + Ö - + Ö - +æ ö

ç ÷

Ö -
+ Ö -

( )
( )

( )
( )

3

1
32 3

1 10 0 1
1

3

2 2

2

2
)

2 6 6 2 6

6

l
x

X x lM x Q x l
x He x He x l

EI EI EI EI

X x l
He x l

EI

ë
î
î
î
î
î
î
î
î
î
î
î
ì
î
î
î
î
î

å õî -æ ö Ö -å õî ç ÷= + + Ö - + Ö - +æ öî
ç ÷

î
î Ö -
+ Ö -î
í

 

(2.2) 



57 

ʛʜʝ Q(x) ï ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʚ ʩʝʯʝʥʠʠ ʩ 

ʢʦʦʨʜʠʥʘʪʦʡ x, ʅ; M(x) ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʝʯʝʥʠʠ x ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʅĿʤ; ɗ(x) ï ʫʛʣʳ ʧʨʦʛʠʙʘ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʩʝʯʝʥʠʠ x, ʨʘʜ; 

W(x) ï ʧʨʦʛʠʙ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʩʝʯʝʥʠʠ x, ʤ; E ï ʤʦʜʫʣʴ ʖʥʛʘ ʩʪʘʣʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʅ; I ï ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʨʫʙʳ, ʤ4 ; He(x) ï ʬʫʥʢʮʠʷ 

ʍʝʚʠʩʘʡʜʘ, ʨʘʚʥʘʷ ʥʫʣʶ ʧʨʠ x<0 ʠ ʨʘʚʥʘʷ ʝʜʠʥʠʮʝ ʧʨʠ xÓ0 [30]. 

ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʨʠ x = l, Q(l) = 0 

2. ʇʨʠ x = l, M(l) = 0 

3. ʇʨʠ x = l1, W(l1) = 0 

4. ʇʨʠ x = l2, W(l2) = 0 

ʉ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʉʃɸʋ) (2.3) ʜʣʷ ʧʝʨʚʦʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ: 
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 (2.3) 

ʈʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʉʃɸʋ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʧʦʟʚʦʣʷʝʪ 

ʚʳʯʠʩʣʠʪʴ ʚʝʣʠʯʠʥʳ ʩʠʣ ʨʝʘʢʮʠʡ Xj ʩ ʫʯʝʪʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʝʨʚʦʡ 

ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʜʣʷ ʧʝʨʚʦʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʚʳʯʠʩʣʷʶʪʩʷ ʯʝʨʝʟ ʚʳʨʘʞʝʥʠʷ (2.4)-(2.6): 
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-æ ö+ + +å õ å õ å õç ÷= + + + -æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
 

(2.5) 

( ) ( )

3

1
2 3

3 30 0 1 2
31 1 2

2

2 6 6 6 6

l
l

M l Q l X X
l l l l

EI EI EI EI EI
d

å õ
-æ ö

ç ÷= + + + - + - 
(2.6) 

ɺʪʦʨʘʷ ʝʜʠʥʠʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.8. 

 

ʈʠʩʫʥʦʢ 2.8 ï ɺʪʦʨʘʷ ʝʜʠʥʠʯʥʘʷ ʩʠʩʪʝʤʘ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʠ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʛʣʦʚ ʧʨʦʛʠʙʘ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʝʣʠʯʠʥ ʝʝ ʧʨʦʛʠʙʦʚ ʜʣʷ ʚʪʦʨʦʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ (2.7): 

( ) ( )

( ) ( ) ( ) ( )

( )
( )

1 2
0 1 1 2 2

1 2 1 2
0 0

1 1 1 2 2 2

2

1 2
2

0 1 2
0

2

1 1 2

1

( ) 1
2

( ) 1
2 2

2
( )

2 2 2

2

l l
Q x Q He x X He x l X He x l

l l l l
M x M Q x x He x

X x l He x l X x l He x l

l l
x

Q x l l
x M x He x

EI EI

X x l X x
He x l

EI

q

+å õ
= + Ö - + Ö - + Ö -æ ö

ç ÷

+ +å õ å õ
= + + Ö - Ö - +æ ö æ ö

ç ÷ ç ÷

+ Ö - Ö - + Ö - Ö -

+å õ
-æ ö +å õç ÷= + + Ö - +æ ö

ç ÷

Ö - Ö -
+ Ö - +

( )
( )

( )
( )

( )
( )

2

2

2

3

1 2
2 3

0 0 1 2

3 3

1 1 2 2

1 2

2

2
( )

2 6 6 2

6 6

l
He x l

EI

l l
x

M x Q x l l
W x He x

EI EI EI

X x l X x l
He x l He x l

EI EI

ë
î
î
î
î
î
î
î
î
î
î
î
ì
î
î
î Ö -
î
î

+å õî -æ ö +å õî ç ÷= + + Ö - +æ öî
ç ÷

î
î Ö - Ö -
+ Ö - + Ö -î
í

 

(2.7) 
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ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʨʠ x = l, Q(l) = 0 

2. ʇʨʠ x = l, M(l) = 0 

3. ʇʨʠ x = l1, W(l1) = 0 

4. ʇʨʠ x = l2, W(l2) = 0 

ʉ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʘʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.8) ʜʣʷ 

ʚʪʦʨʦʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ: 

( ) ( )

( )

0 1 2

1 2
0 0 1 1 2 2

2 3

0 1 0 1

3

1 2
32 3 2

1 2 10 2 0 2

1 0

0
2

0
2 6

2
0

2 6 6 6

Q X X

l l
M Q l l X l l X l l

M l Q l

EI EI

l l
l

X l lM l Q l

EI EI EI EI

+ + + =ë
î

+å õî + + - + Ö - + Ö - =æ ö
î ç ÷
î
î
ì + =
î
î

+å õî -æ ö Ö -î ç ÷+ + + =
îí

 (2.8) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʜʣʷ ʚʪʦʨʦʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʚʳʯʠʩʣʷʶʪʩʷ ʯʝʨʝʟ ʚʳʨʘʞʝʥʠʷ (2.9)-(2.11): 

2 3

1 1
0 0

12

2 2

2 6

l l
M Q

EI EI
d

å õ å õ
Öæ ö æ ö
ç ÷ ç ÷= +  

(2.9) 

2 3 3

0 1 2 0 1 2 1 1 2
22 1

2 2 6 2 6 2

M l l Q l l X l l
l

EI EI EI
d

+ + +å õ å õ å õ
= + + -æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
 (2.10) 

( ) ( )

3

1 2
2 3

3 30 0 1 2
32 1 2

2

2 6 6 6 6

l l
l

M l Q l X X
l l l l

EI EI EI EI EI
d

+å õ
-æ ö

ç ÷= + + + - + - 
(2.11) 

ʊʨʝʪʴʷ ʝʜʠʥʠʯʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.9. 
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ʈʠʩʫʥʦʢ 2.9 ï ʊʨʝʪʴʷ ʝʜʠʥʠʯʥʘʷ ʩʠʩʪʝʤʘ 

ʉʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʠ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʛʣʦʚ ʧʨʦʛʠʙʘ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʝʣʠʯʠʥ ʝʝ ʧʨʦʛʠʙʦʚ ʜʣʷ ʪʨʝʪʴʝʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ (2.12): 

( ) ( )

( ) ( ) ( ) ( )

( )
( )

( )
( )

( )
( )

( )
( )

0 1 1 2 2

0 0 1 1 1 2 2 2

2 22
1 1 2 20

0 1 2

3 32 3
1 1 2 20 0

1 2

( )

( )

( )
2 2 2

( )
2 6 6 6

Q x Q X He x l X He x l

M x M Q x X x l He x l X x l He x l

X x l X x lQ x
x M x He x l He x l

EI EI EI

X x l X x lM x Q x
W x He x l He x l

EI EI EI EI

q

ë = + Ö - + Ö -
î

= + + Ö - Ö - + Ö - Ö -î
îî Ö - Ö -
ì = + + Ö - + Ö -
î
î

Ö - Ö -î = + + Ö - + Ö -
îí

 (2.12) 

ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʨʠ x = l, Q(l) = -1 

2. ʇʨʠ x = l, M(l) = 0 

3. ʇʨʠ x = l1, W(l1) = 0 

4. ʇʨʠ x = l2, W(l2) = 0 

ʉ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʉʃɸʋ ʜʣʷ ʪʨʝʪʴʝʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ (2.13): 
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( ) ( )

( )

0 1 2

0 0 1 1 2 2

2 3

0 1 0 1

32 3
1 2 10 2 0 2

1 0

0

0
2 6

0
2 6 6

Q X X

M Q l X l l X l l

M l Q l

EI EI

X l lM l Q l

EI EI EI

+ + + =ë
î

+ + Ö - + Ö - =î
î
ì + =
î
î Ö -
î + + =
í

 (2.13) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʘʪʣʠʚʦʩʪʠ ʜʣʷ ʪʨʝʪʴʝʡ ʝʜʠʥʠʯʥʦʡ ʩʠʩʪʝʤʳ 

ʚʳʯʠʩʣʷʶʪʩʷ ʯʝʨʝʟ ʚʳʨʘʞʝʥʠʷ (2.14)-(2.16): 

2 3

1 1
0 0

13

2 2

2 6

l l
M Q

EI EI
d

å õ å õ
Öæ ö æ ö
ç ÷ ç ÷= +  

(2.14) 

2 3 3

0 1 2 0 1 2 1 1 2
23 1

2 2 6 2 6 2

M l l Q l l X l l
l

EI EI EI
d

+ + +å õ å õ å õ
= + + -æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
 (2.15) 

( ) ( )
2 3

3 30 0 1 2
33 1 2

2 6 6 6

M l Q l X X
l l l l

EI EI EI EI
d = + + - + - (2.16) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʩʩ (2.17) ʟʘʧʠʰʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 

1 11 1 12 2 13 3

2 21 1 22 2 23 3

3 31 1 32 2 33 3

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

y t Y t Y t Y t

y t Y t Y t Y t

y t Y t Y t Y t

d d d

d d d

d d d

= + +ë
î

= + +ì
î = + +í

 (2.17) 

ʛʜʝ t ï ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ 

ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʝʛʦ ʢʦʥʮʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʝʟʘʥʠʷ, ʩ; yi(t) ï ʧʝʨʝʤʝʱʝʥʠʝ 

i-ʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʳ, ʤ; Yi(t) ï ʩʠʣʘ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ i-ʶ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʫʶ ʤʘʩʩʫ, ʅ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʩʠʣ ʠʥʝʨʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʧʦʩʣʝ ʨʘʟʨʝʟʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.10. 
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ʈʠʩʫʥʦʢ 2.10 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ   ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ 

ʉʠʣʳ ʠʥʝʨʮʠʠ ʧʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʚʳʯʠʩʣʷʶʪʩʷ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.18): 

1 1 1

2 2 2

3 3 3

( ) ( )

( ) ( )

( ) ( )

Y t m y t

Y t m y t

Y t m y t

=-ë
î

=-ì
î =-í

 (2.18) 

ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ (2.18) ʚ (2.17), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ 2-ʛʦ 

ʧʦʨʷʜʢʘ (2.19): 

1 11 1 1 12 2 1 13 3 3

2 21 1 1 22 2 1 23 3 3

3 31 1 1 32 2 1 33 3 3

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

y t m y t m y t m y t

y t m y t m y t m y t

y t m y t m y t m y t

d d d

d d d

d d d

=- - -ë
î

=- - -ì
î =- - -í

 (2.19) 

ʈʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.19) ʷʚʣʷʝʪʩʷ 

(2.20) [61]: 

3 3

1 1

( ) ( ) sin( )i ik ik k k

k k

y t y t Y w t j
= =

= = +ä ä  
  

(2.20) 

ʛʜʝ k ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʳʡ ʢʦʣʠʯʝʩʪʚʫ 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʩʯʝʪʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ; yik(t) ï 

ʧʝʨʝʤʝʱʝʥʠʷ i-ʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʳ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʜʣʷ k-ʡ ʬʦʨʤʳ 
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ʢʦʣʝʙʘʥʠʡ, ʤ; Yik ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ i-

ʫʶ ʩʦʩʨʝʜʦʪʦʯʝʥʥʫʶ ʤʘʩʩʫ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʜʣʷ k-ʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ, 

ʅ; wk(t) ï ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ k-ʡ ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ɻʮ; űk(t) ï ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʷ 

k-ʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʨʘʜ. 

ʊʦʛʜʘ ʜʣʷ k-ʡ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʩʧʨʘʚʝʜʣʠʚʘ ʩʠʩʪʝʤʘ (2.21): 

1 1

2 2

3 3

( ) sin( )

( ) sin( )

( ) sin( )

k k k

k k k

k k k

y t Y w t

y t Y w t

y t Y w t

j

j

j

= +ë
î

= +ì
î = +í

 (2.21) 

ʅʘʡʜʝʤ ʚʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (2.21), ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ (2.22): 

2

1 1

2

2 2

2

3 3

( ) sin( )

( ) sin( )

( ) sin( )

k k k k

k k k k

k k k k

y t Y w w t

y t Y w w t

y t Y w w t

j

j

j

ë =- +
î

=- +ì
î

=- +í

 (2.22) 

ʇʦʜʩʪʘʚʠʤ (2.21) ʠ (2.22) ʚ (2.20). ʉʦʢʨʘʪʠʚ ʥʘ sin( )k kw t j+  ʧʦʣʫʯʠʤ 

ʩʠʩʪʝʤʫ (2.23): 

2 2 2

1 11 1 1 12 2 2 13 3 3

2 2 2

2 21 1 1 22 2 2 23 3 3

2 2 2

3 31 1 1 32 2 2 33 3 3

k k k k k k k

k k k k k k k

k k k k k k k

Y mY w m Y w m Y w

Y mY w m Y w m Y w

Y mY w m Y w m Y w

d d d

d d d

d d d

ë = + +
î
= + +ì

î
= + +í

 (2.23) 

ʇʨʝʦʙʨʘʟʦʚʘʚ (2.23), ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʘʤʧʣʠʪʫʜʥʦ-

ʯʘʩʪʦʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.24): 

11 1 1 12 2 2 13 3 32

21 1 1 22 2 2 23 3 32

31 1 1 32 2 2 33 3 32

1
0

1
0

1
0

k k k

k

k k k

k

k k k

k

m Y m Y m Y
w

mY m Y m Y
w

mY m Y m Y
w

d d d

d d d

d d d

ëå õ
- + + =îæ ö

ç ÷î
î å õî

+ - + =ì æ ö
ç ÷î

î å õ
î + + - =æ ö
î ç ÷í

 (2.24) 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ ʢʦʨʥʠ Yik ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʨʘʚʝʥ ʥʫʣʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʦ 

ʚʳʧʦʣʥʷʪʴʩʷ ʨʘʚʝʥʩʪʚʦ (2.25) [61]: 
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11 1 12 2 13 32

21 1 22 2 23 32

31 1 32 2 33 3 2

1
                    

1
det                    0

1
                        

k

k

k

m m m
w

A m m m
w

m m m
w

d d d

d d d

d d d

-

= - =

-

 (2.26) 

ɺʳʨʘʞʝʥʠʝ (2.25) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʚʝʢʦʚʦʝ 

ʫʨʘʚʥʝʥʠʝè, ʩʣʫʞʘʱʝʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ [61]. ɽʛʦ ʨʝʰʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ 2.27: 

2

1
k

kw
l=  (2.27) 

ʛʜʝ ɚk ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ (ʩʦʙʩʪʚʝʥʥʳʝ) ʯʠʩʣʘ ʤʘʪʨʠʮʳ. 

ɼʘʣʝʝ, ʠʟʤʝʥʷʷ ʟʥʘʯʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʤʘʪʨʠʮʳ, ʥʘʭʦʜʠʤ ʪʝ ʠʭ 

ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʠʪʝʣʴ det A ʨʘʚʝʥ ʥʫʣʶ. ʇʨʠ ʜʘʥʥʳʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʣʘʭ ʚʳʯʠʩʣʷʝʤ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʝʛʦ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʝʟʘʥʠʷ. 

ʊʦʛʜʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ, ʠʩʭʦʜʷ ʠʟ (2.27), ʚʳʯʠʩʣʷʶʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ (2.28): 

1
k

k

w
l

=  (2.28) 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʚʝʣʠʯʠʥ Yik 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʘ ʚ ʩʠʩʪʝʤʝ (2.24) ʚ ʚʠʜʝ 

(2.29): 

1 2 3
1 2 3

1 1 1

1;   ;    k k k
k k k

k k k

Y Y Y
y y y

Y Y Y
= = = = (2.29) 

ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʥʝʦʜʥʦʨʦʜʥʫʶ ʉʃɸʋ (2.30), ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʳ yik: 
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1
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k k
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m y m y m
w

m y m y m
w

m y m y m
w

d d d

d d d

d d d

ë å õ
+ =- -î æ ö

ç ÷î
îå õî

- + =-ìæ ö
ç ÷î
î å õ
î + - =-æ ö
î ç ÷í

 (2.30) 

ʉʭʝʤʘ ʧʝʨʝʤʝʱʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʢʦʣʝʙʘʥʠʡ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.11. 

 

ʈʠʩʫʥʦʢ 2.11 ï ʉʭʝʤʘ ʧʝʨʝʤʝʱʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ 

ʢʦʣʝʙʘʥʠʡ 

W0(x), Wʩʪ(x) ï ʧʨʦʛʠʙʳ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ 

ʢʦʣʝʙʘʥʠʡ ʝʛʦ ʢʦʥʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʀʩʭʦʜʷ ʠʟ ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 2.11, ʥʘʯʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 

(ʦʪʢʣʦʥʝʥʠʷ) ʤʘʩʩ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ (2.31): 

() ()

1 1
1 0

1 2 1 2
2 0

3 0

;
2 2

;
2 2

ʩʪ

ʩʪ

ʩʪ

l l
W W

l l l l
W W

W l W l

e

e

e

å õ å õ
= -æ ö æ ö
ç ÷ ç ÷

+ +å õ å õ
= -æ ö æ ö
ç ÷ ç ÷

= -

 
(2.31) 
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ɼʘʣʝʝ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʩʩ (2.32), ʠʩʭʦʜʷ ʠʟ (2.20), 

ʩ ʫʯʝʪʦʤ (2.31): 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

1 11 1 1 12 2 2 13 3 3

2 21 11 1 1 22 12 2 2 23 13 3 3

3 31 11 1 1 32 12 2 2 33 13 3 3

( ) sin sin sin

( ) sin sin sin

( ) sin sin sin

y t Y w t Y w t Y w t

y t y Y w t y Y w t y Y w t

y t y Y w t y Y w t y Y w t

j j j

j j j

j j j

ë = + + + + +
î

= + + + + +ì
î

= + + + + +í

 (2.32) 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʤʘʩʩ ʚʳʯʠʩʣʷʶʪʩʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

(2.33): 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

1 11 1 1 1 12 2 2 2 13 3 3 3

2 21 11 1 1 1 22 12 2 2 2 23 13 3 3 3

3 31 11 1 1 1 32 12 2 2 2 33 13 3 3 3

( ) cos cos cos

( ) cos cos cos

( ) cos cos cos

y t Y w w t Y w w t Y w w t

y t y Y w w t y Y w w t y Y w w t

y t y Y w w t y Y w w t y Y w w t

j j j

j j j

j j j

ë = + + + + +
î

= + + + + +ì
î

= + + + + +í

 
(2.33

) 

ʇʨʠ ʵʪʦʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʠʥʷʪʦʡ ʩʭʝʤʳ ʢʦʣʝʙʘʥʠʡ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʟʘʧʠʰʫʪʩʷ ʚ ʚʠʜʝ (2.34): 

1 1 2 2 3 3 1 2 3(0) ; (0) ; (0) ; (0) 0; (0) 0; (0) 0y y y y y ye e e= = = = = = (2.34) 

ʇʦʜʩʪʘʚʠʚ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ (2.34) ʚ (2.32) ʠ (2.33), ʧʦʣʫʯʠʤ: 

11 1 12 2 13 3 1

21 11 1 22 12 2 23 13 3 2

31 11 1 32 12 2 33 13 3 3

11 1 1 12 2 2 13 3 3

21 11 1 1 22 12 2 2 23 13 3 3

31 11 1 1 32

sin sin sin

sin sin sin

sin sin sin

cos cos cos 0

cos cos cos 0

cos

Y Y Y

y Y y Y y Y

y Y y Y y Y

Y w Y w Y w

y Y w y Y w y Y w

y Y w y Y

j j j e

j j j e

j j j e

j j j

j j j

j

+ + =

+ + =

+ + =

+ + =

+ + =

+ 12 2 2 33 13 3 3cos cos 0w y Y wj j

ë
î
î
îî
ì
î
î
î

+ =îí

 (2.35) 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.35), ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ 

Yik ʠ űik. ʈʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʟʘʤʝʥ (2.36): 

11 1 11 1

12 2 12 2

13 3 13 3

cos ; sin ;

cos ;  sin ;

cos ;  cos

A Y B Y

C Y D Y

E Y F Y

j j

j j

j j

= =

= =

= =

 (2.36) 

ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ (2.37): 

2 2 2 2 2 2

11 12 13

1 2 3

;  ;  ;

;  ;  

Y A B Y C D Y E F

B D F
arctg arctg arctg

A C E
j j j

= + = + = +

= = =
 (2.37) 

ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (2.36) ʩʠʩʪʝʤʘ (2.37) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ (2.38) 



67 

1

21 22 23 2

31 32 33 3

1 2 3

21 1 22 2 23 3

31 1 32 2 33 3

0

0

0

B D F

y B y D y F

y B y D y F

Aw Cw Ew

y Aw y Cw y Ew

y Aw y Cw y Ew

e

e

e

+ + =ë
î

+ + =
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 (2.38) 

ʇʦʩʣʝ ʵʪʦʛʦ ʨʝʰʘʝʪʩʷ (2.38) ʩ ʫʯʝʪʦʤ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʟʘʤʝʥ. 

ɼʘʣʝʝ ʠʩʭʦʜʷ ʠʟ (2.18), ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ (2.33), ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʩʠʣ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʤʘʩʩʳ, ʠʤʝʶʪ ʚʠʜ (2.39) 

( ) ( ) ( )( )

( ) ( )(
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( ) ( )(

( ))

2 2 2

1 1 11 1 1 1 12 2 2 2 13 3 3 3

2 2

2 2 21 11 1 1 1 22 12 2 2 2
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23 13 3 3 3
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3 3 31 11 1 1 1 32 12 2 2 2
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33 13 3 3 3

( ) sin sin sin

( ) sin sin

sin

( ) sin sin
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Y t m Y w w t Y w w t Y w w t

Y t m y Y w w t y Y w w t

y Y w w t

Y t m y Y w w t y Y w w t
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j j

j

j j

j
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î
î
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î

= + + + +î
î
+ +îí

 (2.39) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʨʝʘʢʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʘʭʚʘʪʘʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʩʤʝʱʝʥʠʷ ʧʦʩʣʝ 

ʨʘʟʨʝʟʘʥʠʷ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʝʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʦʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2.12. 

 

ʈʠʩʫʥʦʢ 2.12 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʨʝʘʢʮʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʘʭʚʘʪʝ ʫʩʪʨʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 
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ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ 

Q(t), ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ M(t), ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ɗ(t) ʠ ʧʨʦʛʠʙʦʚ w(t) ʠʤʝʝʪ ʚʠʜ (2.40) [30]: 
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(2.40) 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʷʪʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠʤʝʶʪ ʚʠʜ 
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1 1

2 2
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ 

ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʣʫʯʝʥʘ ʉʃɸʋ (2.41): 
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(2.41) 

ʈʝʰʘʷ ʧʦʣʫʯʝʥʥʫʶ ʉʃɸʋ (2.41), ʠʟʤʝʥʷʷ ʚʝʣʠʯʠʥʫ t, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʘ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʝʣʠʯʠʥʳ X1(t) ʠ X2(t). 

ʊʦʛʜʘ ʧʦʣʥʳʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʡ (2.42): 

1 1 1

2 2 2

( ) ( )

( ) ( )

ʩʪ

ʧ

ʩʪ

ʧ

X t X t X

X t X t X

= +

= +
 (2.42) 

ʛʜʝ 
1 2,  ʩʪ ʩʪX X  ï ʚʝʣʠʯʠʥʳ ʩʠʣ ʨʝʘʢʮʠʡ ʚ ʟʘʭʚʘʪʘʭ ʫʩʪʨʦʡʩʪʚ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʥʠʭ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ, 

ʢʦʛʜʘ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʅ. 

ɺ ʩʣʫʯʘʝ ʠʟʛʠʙʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʧʦʣʥʳʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (2.43): 

2 2( ) ( ) ( )jʧ jʧv jʧhX t X t X t= +  (2.43) 

ʛʜʝ ( ),  ( )jʧv jʧhX t X t  ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʚʝʢʪʦʨʘ ʫʩʠʣʠʡ ʩʦ ʩʪʦʨʦʥʳ ʟʘʭʚʘʪʘ j-ʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʝʛʦ ʢʦʥʮʦʚ, ʅ [30]. 
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2.3.2 ʉʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʠʣ ʨʝʘʢʮʠʡ ʚ ʟʘʭʚʘʪʘʭ ʫʩʪʨʦʡʩʪʚ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥ ʩʠʣ ʨʝʘʢʮʠʡ 
1 2,  ʩʪ ʩʪX X , 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʘʭʚʘʪʘʭ ʫʩʪʨʦʡʩʪʚ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʣʝʙʘʥʠʡ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʠʭ ʩʤʝʱʝʥʠʠ, ʢʦʛʜʘ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʧʦʣʦʞʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʝʩʘ [142]. 

ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.44) (ʅ/ʤ): 

2 2( )
,

4

l D d
q g

p
r

Ö Ö -
= Ö Ö  (2.44) 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʛ/ʤ3; g ï ʫʩʢʦʨʝʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2; l ï ʝʜʠʥʠʯʥʘʷ ʜʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ; D, d ï 

ʥʘʨʫʞʥʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ [30]. 

ʅʘʯʘʣʴʥʳʝ ʧʨʦʛʠʙʳ ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʭʚʘʪʦʚ ʫʩʪʨʦʡʩʪʚ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʜʦ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʳʯʠʩʣʷʶʪʩʷ 

ʧʦ ʬʦʨʤʫʣʘʤ (2.45): 

1 1 2 2( );   ( )y l y lD = D =  (2.45) 

ʛʜʝ l i ï ʢʦʦʨʜʠʥʘʪʳ ʜʣʠʥʳ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ 

ʟʘʭʚʘʪʳ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤ; 

()iy l  ïʧʨʦʛʠʙ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʩʝʯʝʥʠʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ l i, ʤ  

ʈʘʩʯʝʪ ʚʝʣʠʯʠʥ ʩʠʣ ʨʝʘʢʮʠʡ ʩʪ

iX  ʚ ʟʘʭʚʘʪʘʭ ʫʩʪʨʦʡʩʪʚ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʚ ʥʠʭ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʛʜʘ ʦʥ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ (2.46) ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ: 

()

()

11 1 12 2 1 1 1

21 1 22 2 2 2 2

ʩʪ ʩʪ

c c ʩ P

ʩʪ ʩʪ

c c ʩ P

X X y l

X X y l

d d

d d

ë + +D +D =î
ì

+ +D +D =îí

 (2.46) 



71 

ʛʜʝ 
cijd  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʘ ʩʠʣ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʝ i-ʛʦ ʩʝʯʝʥʠʷ ʩ ʢʦʦʨʜʠʥʘʪʦʡ l i ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʷ  j-ʡ ʩʠʣʳ, ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ, ʤ/ʅ;iʩD ï ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʯʣʝʥʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʛʣʦʚʳʤ ʩʤʝʱʝʥʠʝʤ ʚ ʟʘʜʝʣʢʝ; iPD  ï ʛʨʫʟʦʚʳʝ ʯʣʝʥʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʦʛʠʙʦʤ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʩʝʯʝʥʠʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ l i ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ, ʤ [142]. 

ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʨʝʘʢʮʠʡ 
1 2,  ʩʪ ʩʪX X ʵʧʶʨʳ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.13. 

 

ʈʠʩʫʥʦʢ 2.13 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʫʜʝʨʞʘʥʠʠ ʧʦʩʣʝ 

ʢʦʣʝʙʘʥʠʡ ʟʘʭʚʘʪʘʤʠ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

Mʨ ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʦʪ ʜʝʡʩʪʚʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʅĿʤ; iM  ï ʝʜʠʥʠʯʥʳʡ ʠʟʛʠʙʘʶʱʠʡ 

ʤʦʤʝʥʪ ʦʪ ʜʝʡʩʪʚʠʷ i-ʡ ʩʠʣʳ, ʨʘʚʥʦʡ 1 ʅ, ʅĿʤ 
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩijd  ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʝʜʠʥʠʯʥʳʝ ʵʧʶʨʳ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ 
iM ʦʪ ʜʝʡʩʪʚʠʷ ʢʘʞʜʦʡ 

ʥʝʠʟʚʝʩʪʥʦʡ ʩʠʣʳ Xi = 1 ʅ. ʊʘʢ ʞʝ ʩʪʨʦʠʪʩʷ ʛʨʫʟʦʚʘʷ ʵʧʶʨʘ Mp ʦʪ ʜʝʡʩʪʚʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʂʦʵʬʬʠʮʠʝʥʪ 

cijd  ʚʳʯʠʩʣʷʝʪʩʷ ʧʫʪʝʤ ʧʝʨʝʤʥʦʞʝʥʠʷ ʵʧʶʨʳ 
iM  ʥʘ ʵʧʶʨʫ 

jM , ʘ ʛʨʫʟʦʚʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ iPD  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʝʨʝʤʥʦʞʝʥʠʝʤ ʵʧʶʨʳ 
iM  ʥʘ ʵʧʶʨʫ Mp. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.47): 

0
1

,
i

n l i j

cij

i

M M
dz

EI
d

=

=äñ  (2.47) 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʩʝʯʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʭʚʘʪʳ 

ʫʩʪʨʦʡʩʪʚ; ji MM  ,  ï ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʦʪ ʜʝʡʩʪʚʠʷ ʝʜʠʥʠʯʥʳʭ ʩʠʣ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷ i ʠ j ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʅĿʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠʤʫʪ ʚʠʜ (2.48), (2.49): 

3

3

i
ʩii

l

EI
d =  (2.48) 

2 1
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2

i j i

ʩij

l l l

EI
d

å õ
-æ ö

ç ÷=  (2.49) 

ʆʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʨʫʙʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.50): 

4 4( )

64

D d
I
pÖ -
=  (2.50) 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʯʣʝʥʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʫʛʣʦʚʳʤ ʩʤʝʱʝʥʠʝʤ ʚ 

ʟʘʜʝʣʢʝ, ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.51): 

0

1

n

iʩ ik k i

k

R c lq
=

D =- =-ä  (2.51) 

ʛʜʝ ikR ï ʨʝʘʢʮʠʷ ʚ ʩʤʝʱʘʝʤʦʡ ʟʘʜʝʣʢʝ ʦʪ ʜʝʡʩʪʚʠʷ ʝʜʠʥʠʯʥʦʡ ʩʠʣʳ ʚ 

ʦʩʥʦʚʥʦʡ ʩʠʩʪʝʤʝ; kc  ï ʟʘʜʘʥʥʳʝ ʩʤʝʱʝʥʠʷ ʚ ʟʘʜʝʣʢʝ, ʤ [30]. 
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ɻʨʫʟʦʚʳʝ ʯʣʝʥʳ ʜʣʷ ʩʣʫʯʘʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (2.52): 

( )
2 2 2

21 1

4 3 2 24

i i i
iP i i

ql l l
l l l l

EI

å õå õ
D =- Ö - + Ö - -æ öæ ö

ç ÷ç ÷
 (2.52) 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʨʝʤʦʥʪʥʦʤ ʢʦʪʣʦʚʘʥʝ, 

ʥʘʨʫʞʥʦʤ ʠ ʚʥʫʪʨʝʥʥʝʤ ʜʠʘʤʝʪʨʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʦʜʫʣʝ ʖʥʛʘ ʤʘʪʝʨʠʘʣʘ 

ʝʛʦ ʩʪʝʥʢʠ, ʘ ʪʘʢʞʝ ʢʦʦʨʜʠʥʘʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʭʚʘʪʦʚ ʫʩʪʨʦʡʩʪʚ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ. 

ʇʨʠ ʩʦʚʤʝʱʝʥʥʦʤ ʠʟʛʠʙʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʣʠʥʦʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʟʛʠʙ ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʘʢ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʝʤʳʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʧʦʣʠʥʦʤʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠʟʛʠʙʘ ʙʫʜʫʪ ʘʥʘʣʦʛʠʯʥʳ ʦʧʠʩʘʥʥʳʤ ʜʣʷ 

ʧʦʣʠʥʦʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠʟʛʠʙʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʨʫʟʦʚʳʭ ʯʣʝʥʦʚ 

ʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ iPD , ʢʦʪʦʨʳʝ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠʟʛʠʙʘ ʙʫʜʫʪ 

ʨʘʚʥʳ ʥʫʣʶ. ʇʦʩʣʝ ʯʝʛʦ ʧʫʪʝʤ ʩʣʦʞʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʡ ʫʩʠʣʠʡ ʚ 

ʛʠʜʨʦʮʠʣʠʥʜʨʘʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʭ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʟʥʘʯʝʥʠʷ [142] ʧʦ 

ʫʨʘʚʥʝʥʠʶ (2.53): 

2 2ʩʪ ʩʪ ʩʪ

j jv jhX X X= +  (2.53) 

ʛʜʝ ,  ʩʪ ʩʪ

jv jhX X  ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ 

ʩʠʣʳ ʨʝʘʢʮʠʠ ʚ ʟʘʭʚʘʪʝ j-ʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʫʜʝʨʞʘʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʢʦʣʝʙʘʥʠʡ, ʅ. 

2.3.3 ʈʘʩʯʝʪ ʫʩʠʣʠʡ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ 

ʎʝʣʴʶ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ, ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʩʦ 

ʩʪʦʨʦʥʳ ʟʘʭʚʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʝʛʦ ʢʦʥʮʦʚ 

ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʫʩʪʘʥʦʚʢʠ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʥʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʜʚʫʭ ʫʩʠʣʠʡ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʨʘʚʥʦʝ ʜʚʫʤ ʩʦ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʛʣʘ ʤʝʞʜʫ ʩʚʘʨʠʚʘʝʤʳʤʠ ʢʨʦʤʢʘʤʠ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʨʘʚʥʦʛʦ 0Ü ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʥʘ ʪʨʝʙʫʝʤʫʶ ʚʝʣʠʯʠʥʫ 

[142]. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʛʠʙʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʙʘʣʢʫ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ, ʟʘʧʠʩʘʥʥʳʤ ʚ ʚʠʜʝ (2.54): 

''( ) ( )EIy x M x=  (2.54) 

ʛʜʝ M(x) ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜ ʚ ʩʝʯʝʥʠʠ x, 

ʅ/ʤ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʚ ʩʣʫʯʘʝ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ (2.55) [30]: 

0'(0) ;  (0) 0;  '( ) 0;  ( )y y y l y l hq= = = = (2.55) 

ʛʜʝ h  ï ʥʝʦʙʭʦʜʠʤʘʷ ʚʳʩʦʪʘ ʧʦʜʲʝʤʘ ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʦʩʠ, ʤ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩ ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ (q) ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.14. 

 

ʈʠʩʫʥʦʢ 2.14 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʩ ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ [30] 

P1, P2 ï ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʩʦ ʩʪʦʨʦʥʳ ʟʘʭʚʘʪʦʚ, ʅ 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (2.54), ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ (2.55) ʠ ʫʨʘʚʥʝʥʠʷ (2.56) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (2.57) ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʫʩʠʣʠʡ, ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʪʨʝʙʫʝʤʫʶ 

ʚʳʩʦʪʫ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦʦʩʥʦʩʪʠ ʩʚʘʨʠʚʘʝʤʳʭ ʪʨʫʙ [132, 30]: 

( ) ( )

( ) ( )

2 2 2 3
1 1 2 2 0

0 0

3 3 2 3 4
1 1 2 2 0 0

0

0 1 2

2

0 1 1 2 2

0
2 2 2 6

0
6 6 2 6 24

2

P l l P l l Q l ql
M l EI

P l l P l l M l Q l ql
EI l EIh

Q ql P P

ql
M Pl P l

q

q

ë - -
+ + + - + =î

î
î - -
î + + + - + - =
ì
î
= - -î

î
=- + +î

í

 (2.57) 

ʇʨʠ ʩʦʚʤʝʱʝʥʥʦʤ ʠʟʛʠʙʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʤʠʤʦ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʠʟʛʠʙ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʥʦʤ, ʦʧʠʩʳʚʘʶʱʠʡ ʠʟʛʠʙ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʷʤ 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʦʝʢʮʠʷ ʢʦʪʦʨʦʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ. 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʠʣʠʡ 

ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʩʢʣʘʜʳʚʘʶʪʩʷ ʧʦ ʤʝʪʦʜʫ ʪʨʝʫʛʦʣʴʥʠʢʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʭ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ (2.58) [142]. 

2 2

j jv jhP P P= +  (2.58) 

ʛʜʝ ,  jv jhP P  ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ 

ʫʩʠʣʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʟʘʭʚʘʪʦʤ j-ʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʅ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʝʯʝʥʠʠ x ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʧʨʷʞʝʥʠʷ 

ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.59): 

( )

2

M x D

I
s

Ö
=  (2.59) 

ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (2.58) ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ ʠʭ ʜʦʧʫʩʪʠʤʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. 
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ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 

ʕɺʄ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʘʪʴ ʠʩʢʦʤʳʝ ʫʩʠʣʠʷ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʩʪʝʥʢʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ [31]. 

2.4 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

1. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʜʝʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʢʦʥʮʦʚ ʧʝʨʝʜ 

ʨʘʟʨʝʟʘʥʠʝʤ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʮʝʥʪʨʠʨʦʚʘʪʴ ʠʭ ʧʝʨʝʜ ʧʨʠʚʘʨʢʦʡ ʥʦʚʦʛʦ 

ʫʯʘʩʪʢʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ (ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 

2763096 çʋʩʪʨʦʡʩʪʚʦ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʠ ʚʳʨʝʟʢʝ ʝʛʦ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘè ʦʪ 27.12.2021 (ʇʨʠʣʦʞʝʥʠʝ ɸ), ʧʘʪʝʥʪ 

ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 216133 ʦʪ 17.01.2023 (ʇʨʠʣʦʞʝʥʠʝ ɹ)); 

2. ʈʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ 

ʚʳʨʝʟʢʦʡ ʜʝʬʝʢʪʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʧʨʠʢʣʘʜʳʚʘʥʠʝʤ ʢ ʪʨʫʙʦʧʨʦʚʦʜʫ ʫʩʠʣʠʡ ʩʦ 

ʩʪʦʨʦʥʳ ʟʘʭʚʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ (ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 279179 ʦʪ 13.03.2023 

(ʇʨʠʣʦʞʝʥʠʝ ɺ)). 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ. ʅʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ˉ 2023662609 ʦʪ 

09.06.2023 (ʇʨʠʣʦʞʝʥʠʝ ɻ). 
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ɻʃɸɺɸ 3 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺɽʃʀʏʀʅ 

ʋʉʀʃʀʁ ɼʃʗ ʋɼɽʈɾɸʅʀʗ ʂʆʅʎʆɺ ʊʈʋɹʆʇʈʆɺʆɼɸ ʆʊ 

ʉʄɽʑɽʅʀʗ ʀ ʀʍ ʎɽʅʊʈʀʈʆɺɸʅʀʗ 

3.1 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʣʠʯʠʥ 

ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʆʮʝʥʢʘ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʦʟʜʘʥʥʦʤ ʩʪʝʥʜʝ, ʘ ʪʘʢʞʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʨʘʟʨʝʟʘʥʠʷ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

ANSYS. 

ʆʮʝʥʢʘ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʫʪʝʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS. 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʫʧʨʫʛʦ-ʠʟʦʛʥʫʪʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

1. ɺ ʤʦʜʫʣʝ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ Transient Structural 

ʩʦʟʜʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʠʥʦʡ 40 ʤ; 

2. ʀʥʩʪʨʫʤʝʥʪʘʤʠ Mesh ï Sizing ʠ Mesh ï Method ʩʦʟʜʘʥʘ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʩ ʨʘʟʤʝʨʦʤ ʵʣʝʤʝʥʪʦʚ 0,1 ʤ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ɺ 

ʤʝʩʪʝ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ ʨʘʚʝʥ 0,01 ʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʰʠʨʠʥʝ ʨʘʟʨʝʟʘ; 

3. ʈʝʘʣʠʟʦʚʘʥʘ ʞʝʩʪʢʘʷ ʟʘʜʝʣʢʘ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʦʙʦʠʭ ʢʨʘʝʚ 

ʠʥʩʪʨʫʤʝʥʪʦʤ Fixed Support; 
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4. ʇʨʠʣʦʞʝʥʳ ʥʘʛʨʫʟʢʘ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʠʥʩʪʨʫʤʝʥʪʦʤ Standard Earth Gravity ʠ ʫʩʠʣʠʝ ʢ ʩʝʨʝʜʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʠʥʩʪʨʫʤʝʥʪʦʤ Force ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ; 

5. ɺ ʧʫʥʢʪʝ Analysis Settings ʫʢʘʟʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Number of Steps, ʨʘʚʥʦʝ ʪʨʝʤ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʫʧʨʫʛʠʡ ʠʟʛʠʙ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʳʭ ʥʘʛʨʫʟʦʢ. ʅʘ 

ʚʪʦʨʦʤ ʰʘʛʝ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ Element Birth and Death ʨʝʘʣʠʟʫʝʪʩʷ 

ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ ʚ ʤʝʩʪʝ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʅʘ ʪʨʝʪʴʝʤ 

ʰʘʛʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʩʤʝʱʝʥʠʝ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘ Force Reaction ʚ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ ʟʘʭʚʘʪʦʚ ʫʩʪʨʦʡʩʪʚ 

ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʫʩʠʣʠʡ ʜʣʷ ʫʜʝʨʞʘʥʠʷ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.1. 

 

ʈʠʩʫʥʦʢ 3.1 ï ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʣʠʥʦʡ 

40 ʤ ʩ ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 1020 ʤʤ, ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 12 ʤʤ ʩ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʦʡ 

ʕʣʝʤʝʥʪʳ ʩʝʪʢʠ ʚ ʤʝʩʪʝ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.2. 
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ʈʠʩʫʥʦʢ 3.2 ï ʕʣʝʤʝʥʪʳ ʩʝʪʢʠ ʚ ʤʝʩʪʝ ʨʘʟʨʝʟʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦʟʜʘʥʘ ʩʣʝʜʫʶʱʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ: 

1. ɺ ʤʦʜʫʣʝ ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ Static Structural ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ 

ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦʩʣʝ ʨʘʟʨʝʟʘʥʠʷ ʜʣʠʥʦʡ 20 ʤ; 

2. ʀʥʩʪʨʫʤʝʥʪʘʤʠ Mesh ï Sizing ʠ Mesh ï Method ʩʦʟʜʘʥʘ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ ʩ ʨʘʟʤʝʨʦʤ ʵʣʝʤʝʥʪʦʚ 0,1 ʤ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ; 

3. ʈʝʘʣʠʟʦʚʘʥʘ ʞʝʩʪʢʘʷ ʟʘʜʝʣʢʘ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʣʝʚʦʛʦ ʢʨʘʷ 

ʠʥʩʪʨʫʤʝʥʪʦʤ Fixed Support; 

4. ʇʨʠʣʦʞʝʥʘ ʥʘʛʨʫʟʢʘ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʠʥʩʪʨʫʤʝʥʪʦʤ Standard Earth Gravity; 

5. ʀʥʩʪʨʫʤʝʥʪʦʤ Remote Displacement ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʣʦʞʝʥʠʝ 

ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʝ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʠ ʥʫʣʝʚʳʤ 

ʫʛʣʦʤ ʤʝʞʜʫ ʝʛʦ ʦʩʴʶ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ; 

6. ʉ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ Force Reaction ʚ ʤʝʩʪʘʭ ʫʩʪʘʥʦʚʢʠ 

ʟʘʭʚʘʪʦʚ ʫʩʪʨʦʡʩʪʚ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʟʤʝʨʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʫʩʠʣʠʡ ʜʣʷ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦ ʫʨʦʚʥʷ ʥʫʣʝʚʦʡ 

ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ ʥʝʤʫ 

ʫʩʠʣʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.3. 
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ʈʠʩʫʥʦʢ 3.3 ï ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʧʨʠʣʦʞʝʥʥʳʤʠ ʢ 

ʥʝʤʫ ʫʩʠʣʠʷʤʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʠʡ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʩʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʣʝʜʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ï ʩʪʘʣʴʥʘʷ ʪʨʫʙʘ ʜʣʠʥʦʡ 2,4 ʤ, ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 51 ʤʤ, 

ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 3 ʤʤ, ʤʘʪʝʨʠʘʣʦʤ ʩʪʘʣʠ 09ɻ2ʉ ʩ ʥʘʢʣʝʝʥʥʳʤʠ ʚʜʦʣʴ 

ʙʦʢʦʚʦʡ ʦʙʨʘʟʫʶʱʝʡ ʢʨʝʩʪʦʚʳʤʠ ʤʘʨʢʝʨʘʤʠ; 

ï ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʩʩ; 

ï ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʪʠʧʘ 2ʇʂɹ-10-100 ɻɺ; 

ï ʬʦʪʦʢʘʤʝʨʘ NAC Memrecam HX; 

ï ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʨʝʡʪʦʚʘʷ ʩʠʩʪʝʤʘ LTR-EU-16, ʤʦʜʫʣʴ 

LTR 215 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʩ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʩ 

ʯʘʩʪʦʪʦʡ 5000 ʠʟʤʝʨʝʥʠʡ ʚ ʩʝʢʫʥʜʫ; 

ï ʥʘʙʦʨ ʭʦʤʫʪʦʚ ʠ ʦʩʥʘʩʪʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʥʘʛʨʫʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʨʫʙʳ. 

ʇʝʨʝʯʠʩʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 3.4-3.6. 
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ʈʠʩʫʥʦʢ 3.4 ï ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʪʠʧʘ 2ʇʂɹ-10-100 ɻɺ 

 

ʈʠʩʫʥʦʢ 3.5 ï ʌʦʪʦʢʘʤʝʨʘ NAC Memrecam HX 

 

ʈʠʩʫʥʦʢ 3.6 ï ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʨʝʡʪʦʚʘʷ ʩʠʩʪʝʤʘ LTR-EU-16 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.7. 
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ʈʠʩʫʥʦʢ 3.7 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʨʫʙʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʫʶ 

ʦʩʥʘʩʪʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʩʥʦʚʥʦʡ ʨʘʤʳ, ʩʦʝʜʠʥʝʥʥʦʡ ʩʦ ʰʚʝʣʣʝʨʦʤ 

ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʢʨʫʯʝʥʥʳʭ ʩ ʜʚʫʭ ʢʨʘʝʚ ʰʚʝʣʣʝʨʘ ʰʧʠʣʝʢ ʚ ʦʪʚʝʨʩʪʠʷ ʚ 

ʰʚʝʣʣʝʨʝ ʠ ʨʘʤʝ ʩ ʥʘʨʝʟʘʥʥʦʡ ʟʘʨʘʥʝʝ ʨʝʟʴʙʦʡ. ʅʘʜ ʰʚʝʣʣʝʨʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʪʘʣʴʥʳʝ ʩʢʦʙʳ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʨʫʞʥʦʤʫ ʜʠʘʤʝʪʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʨʫʙʳ. ʉʢʦʙʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘʜ ʰʚʝʣʣʝʨʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʪʷʞʢʠ ʛʘʝʢ ʥʘ ʰʧʠʣʴʢʘʭ, 

ʧʨʦʜʝʚʘʝʤʳʭ ʚ ʦʪʚʝʨʩʪʠʷ ʩʢʦʙ ʠ ʰʚʝʣʣʝʨʘ. ʊʨʫʙʘ ʥʠʞʥʝʡ ʦʙʨʘʟʫʶʱʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʰʚʝʣʣʝʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʥʘ ʯʫʛʫʥʥʫʶ ʨʘʤʫ ʧʦʩʨʝʜʩʪʚʦʤ ʰʧʠʣʝʢ, ʧʦʩʣʝ ʯʝʛʦ ʪʨʫʙʘ ʩʚʝʨʭʫ 

ʧʨʠʞʠʤʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʩʪʘʣʴʥʳʤʠ ʩʢʦʙʘʤʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʰʚʝʣʣʝʨʘ 

ʧʫʪʝʤ ʟʘʪʷʞʢʠ ʛʘʝʢ ʥʘ ʰʧʠʣʴʢʘʭ. ʊʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʞʝʩʪʢʘʷ 

ʟʘʜʝʣʢʘ ʪʨʫʙʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʥʫʣʝʚʦʛʦ ʫʛʣʘ ʤʝʞʜʫ ʦʩʴʶ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʩʝʯʝʥʠʠ ʟʘʜʝʣʢʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ, ʯʪʦ ʧʨʠ ʢʘʞʜʦʤ ʥʘʛʨʫʞʝʥʠʠ ʪʨʫʙʳ 

ʧʨʦʚʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʛʣʦʤʝʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʯʫʛʫʥʥʘʷ 

ʨʘʤʘ ʫʪʷʞʝʣʷʝʪʩʷ ʛʨʫʟʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʦʩʥʘʩʪʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʪʨʫʙʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.8. 
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(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 3.8 ï ɺʥʝʰʥʠʡ ʚʠʜ ʦʩʥʘʩʪʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ 

ʪʨʫʙʳ 

ʘ ï ʪʨʫʙʘ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʦʩʥʘʩʪʢʫ; ʙ ï ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʩʠ ʪʨʫʙʳ 

ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʚ ʤʝʩʪʝ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʫʛʣʦʤʝʨʘ 

ɺʪʦʨʦʡ ʢʦʥʝʮ ʪʨʫʙʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʫʧʨʫʛʦʛʦ ʠʟʛʠʙʘ ʥʘʛʨʫʞʘʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʛʨʫʟʘ ʤʘʩʩʦʡ 15 ʢʛ. ɻʨʫʟ, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ 

ʪʨʫʙʳ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.9. 

 

ʈʠʩʫʥʦʢ 3.9 ï ɻʨʫʟ, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ʪʨʫʙʳ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʠʣʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ 

ʩʤʝʱʝʥʠʷ ʢʦʥʮʘ ʪʨʫʙʳ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʣʴʮʦ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʤ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ. ʀʩʢʦʤʦʝ ʫʩʠʣʠʝ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ ʚʝʣʠʯʠʥʝ 
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ʫʩʠʣʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʚ ʤʦʤʝʥʪ ʩʤʝʱʝʥʠʷ 

ʢʦʥʮʘ. ʊʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʢʦʣʴʮʦ ʥʘ ʦʜʥʦʡ ʠʟ ʝʛʦ 

ʙʦʢʦʚʳʭ ʦʙʨʘʟʫʶʱʠʭ ʧʦ ʦʜʥʦʤʫ ʩ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥ ʢʦʣʴʮʘ ʧʦ 

ʧʦʣʫʤʦʩʪʦʚʦʡ ʩʭʝʤʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.10. 

 

ʈʠʩʫʥʦʢ 3.10 ï ʇʦʣʫʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʦʚ 

ɺʳʙʦʨ ʢʦʣʴʮʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʦʪʩʫʪʩʪʚʠʷ 

ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʤʫ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʛʨʫʟʦʢ ʧʨʠ ʨʝʟʢʦʤ ʩʤʝʱʝʥʠʠ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʪʩʫʪʩʪʚʠʝ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ ʚʳʙʨʘʥʥʦʛʦ ʢʦʣʴʮʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʨʝʩʩʦʤ ʜʦ ʥʘʛʨʫʟʢʠ, ʧʨʝʚʳʰʘʶʱʝʡ ʨʘʩʯʝʪʥʫʶ ʤʠʥʠʤʫʤ ʚ 1,5 ʨʘʟʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʥʘʛʨʫʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʦʢʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʦʣʥʦʤ ʩʥʷʪʠʠ ʥʘʛʨʫʟʢʠ ʩ ʢʦʣʴʮʘ ʰʪʦʢ 

ʧʨʝʩʩʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʊʘʢ ʢʘʢ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʢ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʢʦʣʴʮʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʘʨʠʨʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʨʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʠʪʴ, ʥʘ ʩʢʦʣʴʢʦ 

ʤʝʥʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 
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ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʢ ʢʦʣʴʮʫ 

ʥʘʛʨʫʟʢʠ ʥʘ 1 ʅ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʨʠʨʦʚʘʥʠʷ (ʤɺ/ʅ) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʦʨʤʫʣʘ (3.1): 

,ʜʪ

U
K

F
=  (3.1) 

ʛʜʝ Uʜ ï ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʤɺ; F ï ʚʝʣʠʯʠʥʘ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʥʘʛʨʫʟʢʠ ʢ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ, ʅ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʦʣʴʮʦ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 752,422 ʅ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ʚ ʧʨʦʮʝʩʩʝ ʪʘʨʠʨʦʚʘʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 

1200 ʅ, ʰʘʛ ʥʘʛʨʫʞʝʥʠʷ 200 ʅ. ʇʨʠʣʦʞʝʥʠʝ ʠ ʩʥʷʪʠʝ ʥʘʛʨʫʟʢʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ Testometric M350-5CT. 

ʇʨʦʮʝʩʩ ʪʘʨʠʨʦʚʘʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 3.11. 

 

ʈʠʩʫʥʦʢ 3.11 ï ʇʨʦʮʝʩʩ ʪʘʨʠʨʦʚʘʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ 
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ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʜʘʪʯʠʢʝ ʚ ʧʨʦʮʝʩʩʝ ʪʘʨʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

3.12. 

 

ʈʠʩʫʥʦʢ 3.12 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʜʘʪʯʠʢʝ ʚ ʧʨʦʮʝʩʩʝ ʪʘʨʠʨʦʚʘʥʠʷ 

ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʢʦʣʴʮʘ ʧʦʩʣʝ ʩʥʷʪʠʷ 

ʥʘʛʨʫʟʢʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʣʥʦʝ ʚʦʟʚʨʘʱʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʘʪʯʠʢʝ ʢ ʠʩʭʦʜʥʦʡ ʥʫʣʝʚʦʡ ʚʝʣʠʯʠʥʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʨʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 

ʊʘʙʣʠʮʘ 3.1 ï ʈʝʟʫʣʴʪʘʪʳ ʪʘʨʠʨʦʚʘʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ 

ʇʨʠʣʦʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʉʥʷʪʠʝ ʥʘʛʨʫʟʢʠ 

ʅʘʧʨʷʞʝʥʠʝ, 

ʤɺ 

ʋʩʠʣʠʝ, 

ʅ 

ʂʦʵʬ-ʪ 

ʪʘʨʠʨʦʚʘʥʠʷ 

ʅʘʧʨʷʞʝʥʠʝ, 

ʤɺ 

ʋʩʠʣʠʝ, 

ʅ 

ʂʦʵʬ-ʪ 

ʪʘʨʠʨʦʚʘʥʠʷ 

0 0 0 -6,67912 1200 -0,00557 

-1,11181 200 -0,00556 -5,55877 1000 -0,00556 

-2,22873 400 -0,00557 -4,44865 800 -0,00556 

-3,33760 600 -0,00556 -3,33711 600 -0,00556 

-4,44869 800 -0,00556 -2,22849 400 -0,00557 

-5,55943 1000 -0,00556 -1,11183 200 -0,00556 

-6,67915 1200 -0,00557 0 0 0 

ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʨʠʨʦʚʘʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʝʛʦ 

ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ, ʩʦʩʪʘʚʣʷʝʪ 0,0056 ʤɺ/ʅ. 

ʇʦʩʣʝ ʪʘʨʠʨʦʚʘʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʧʨʠʢʨʫʯʠʚʘʣʦʩʴ ʥʘ 

ʭʦʤʫʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʪʨʫʙʝ. 
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ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʪʨʫʙʝ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.13. 

 

ʈʠʩʫʥʦʢ 3.13 ï ɺʥʝʰʥʠʡ ʚʠʜ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ 

ʪʨʫʙʫ 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʳ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʰʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ, ʢʦʪʦʨʳʡ ʦʧʫʩʢʘʣʩʷ ʜʦ ʤʦʤʝʥʪʘ ʝʛʦ ʢʘʩʘʥʠʷ ʩ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ. ʄʦʤʝʥʪ ʢʘʩʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʣʴʮʦ, ʠʟʤʝʨʷʝʤʦʡ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ. 

ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ 

ʩʤʝʱʝʥʠʷ ʢʦʥʮʘ ʪʨʫʙʳ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʞʝʩʪʢʘʷ ʟʘʜʝʣʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ ʚ 

ʚʳʙʨʘʥʥʦʤ ʝʝ ʩʝʯʝʥʠʠ; 

2. ʅʘ ʩʚʦʙʦʜʥʳʡ ʢʦʥʝʮ ʪʨʫʙʳ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʛʨʫʟ ʤʘʩʩʦʡ 15 ʢʛ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʠʟʛʠʙʘ; 

3. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʠʟʛʠʙʘ ʪʨʫʙʳ ʬʦʪʦʢʘʤʝʨʦʡ 

ʩʦ ʩʪʦʨʦʥʳ ʙʦʢʦʚʦʡ ʦʙʨʘʟʫʶʱʝʡ ʩ ʥʘʢʣʝʝʥʥʳʤʠ ʥʘ ʥʝʝ ʢʨʝʩʪʦʚʳʤʠ 

ʤʘʨʢʝʨʘʤʠ; 

4. ɺ ʚʳʙʨʘʥʥʦʤ ʩʝʯʝʥʠʠ ʪʨʫʙʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʭʦʤʫʪ ʩ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ ʠ ʦʧʫʩʢʘʝʪʩʷ ʰʪʦʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ ʜʦ 

ʤʦʤʝʥʪʘ ʢʘʩʘʥʠʷ ʩ ʢʦʣʴʮʦʤ; 

5. ʆʪʩʦʝʜʠʥʷʝʪʩʷ ʛʨʫʟ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʠʣʳ 

ʨʝʘʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʘ 
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ʪʨʫʙʳ, ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʢʦʣʴʮʝ, ʩ 

ʯʘʩʪʦʪʦʡ ʧʷʪʴ ʪʳʩʷʯ ʠʟʤʝʨʝʥʠʡ ʚ ʩʝʢʫʥʜʫ. 

ʌʦʪʦʛʨʘʬʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ ʧʨʠ ʚʳʙʨʘʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʩʝʯʝʥʠʷ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʩ ʛʨʫʟʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.14-3.16. 

 

ʈʠʩʫʥʦʢ 3.14 ï ʊʨʫʙʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʠʟʛʠʙʘ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 1,85 ʤ ʦʪ 

ʩʝʯʝʥʠʷ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ 

 

ʈʠʩʫʥʦʢ 3.15 ï ʊʨʫʙʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʠʟʛʠʙʘ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 1,9 ʤ ʦʪ 

ʩʝʯʝʥʠʷ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ 

 

ʈʠʩʫʥʦʢ 3.16 ï ʊʨʫʙʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʠʟʛʠʙʘ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ 2 ʤ ʦʪ ʩʝʯʝʥʠʷ 

ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ 
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3.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʨʘʟʨʝʟʘʥʠʠ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ANSYS ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 3.2 ʠ 3.3. 

ʊʘʙʣʠʮʘ 3.2 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʩʠ ʚ ʰʘʛʦʤ 0,5 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ 

a b c e 

ʊʨʫʙʦʧʨʦʚʦʜ D = 820 ʤʤ, d = 796 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

-1,998Ö10-8 2,286Ö10-5 -5,271Ö10-4 -9,890Ö10-5 

ʊʨʫʙʦʧʨʦʚʦʜ D = 1020 ʤʤ, d = 996 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

-1,301Ö10-7 1,741Ö10-5 -4,193Ö10-4 -9,695Ö10-5 

ʊʨʫʙʦʧʨʦʚʦʜ D = 1220 ʤʤ, d = 1196 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

-9,340Ö10-8 1,448Ö10-5 -3,604Ö10-4 -1,061Ö10-4 

ʊʨʫʙʦʧʨʦʚʦʜ D = 1420 ʤʤ, d = 1396 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

-7,092Ö10-8 1,128Ö10-5 -2,821Ö10-4 -1,065Ö10-4 

ʊʘʙʣʠʮʘ 3.3 ï ɺʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ X1, X2 ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ P1, P2 

ʇʘʨʘʤʝʪʨ 
ɺʝʣʠʯʠʥʘ ʧʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɺʝʣʠʯʠʥʘ ʧʦ 

ANSYS 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ, % 

ʊʨʫʙʦʧʨʦʚʦʜ D = 820 ʤʤ, d = 796 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

X1, ʅ -75 090,4 -73 033,7 2,739 

X2, ʅ 39 340,19 38 701,3 1,624 

P1, ʅ 31 633,51 31 375,06 0,817 

P2, ʅ 8 381,638 8 328,75 0,631 

ʊʨʫʙʦʧʨʦʚʦʜ D = 1020 ʤʤ, d = 996 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

X1, ʅ -124 755 -122 395 1,892 

X2, ʅ 56 599,64 54 497,53 3,714 

P1, ʅ 40 786,64 40 496,24 0,712 

P2, ʅ 10 277,87 10 173,55 1,015 

ʊʨʫʙʦʧʨʦʚʦʜ D = 1220 ʤʤ, d = 1196 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

X1, ʅ -200 141 -190 508 4,813 

X2, ʅ 96 876,98 93 495 3,491 

P1, ʅ 51 508,87 51 378,55 0,253 

P2, ʅ 11 962,48 11 873 0,748 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 3.3 

ʊʨʫʙʦʧʨʦʚʦʜ D = 1420 ʤʤ, d = 1396 ʤʤ, l = 20 ʤ, l1 = 10 ʤ, l2 = 19,5 ʤ 

X1, ʅ -257 847 -254 152 1,433 

X2, ʅ 155 932 149 980,1 3,817 

P1, ʅ 63 101,2 62 692,3 0,648 

P2, ʅ 529,754 526,6761 0,581 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʡ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ANSYS ʚ ʧʨʝʜʝʣʘʭ 5%, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʇʦ ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʩʦʟʜʘʥʥʦʤ ʩʪʝʥʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʘ ʪʨʫʙʳ. 

ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʪʨʫʙʳ ʜʣʠʥʦʡ 2 ʤ ʩ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,15 ʤ ʦʪ ʤʝʩʪʘ 

ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʪʨʫʙʳ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.4. 

ʊʘʙʣʠʮʘ 3.4 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ 

ɼʣʠʥʘ ʪʨʫʙʳ, ʤ 2 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʢʦʣʴʮʘ, ʤ 1,15 

ʅʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ, ʤ 0,051 

ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ, ʤ 0,045 

ʄʦʜʫʣʴ ʖʥʛʘ, ʇʘ 2Ŀ1011 

ʄʘʪʝʨʠʘʣ ʩʪʘʣʠ 09ɻ2ʉ 

ʇʣʦʪʥʦʩʪʴ ʩʪʘʣʠ, ʢʛ/ʤ3 7850 

ɻʨʘʬʠʢ ʧʨʦʛʠʙʘ ʪʨʫʙʳ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʢʨʝʩʪʦʚʳʭ ʤʘʨʢʝʨʦʚ, ʥʘʢʣʝʝʥʥʳʭ ʥʘ ʙʦʢʦʚʫʶ ʦʙʨʘʟʫʶʱʫʶ ʪʨʫʙʳ, ʧʦʩʣʝ ʝʝ 

ʠʟʛʠʙʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʢʨʝʧʣʝʥʠʷ ʛʨʫʟʘ ʤʘʩʩʦʡ 15 ʢʛ ʥʘ ʝʝ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.17. 
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ʈʠʩʫʥʦʢ 3.17 ï ɻʨʘʬʠʢ ʧʨʦʛʠʙʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ ʜʣʠʥʦʡ 2 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʠʟʛʠʙ ʪʨʫʙʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 3.5. 

ʊʘʙʣʠʮʘ 3.5 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʠʟʛʠʙ ʪʨʫʙʳ 

ʜʣʠʥʦʡ 2 ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ a b c d 

ɿʥʘʯʝʥʠʝ 2,748Ŀ10-6 9,490Ŀ10-4 -5,720Ŀ10-3 -1,234Ŀ10-5 

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʨʫʙʳ, ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʨʝʘʢʮʠʠ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʢʦʣʴʮʝ ʩ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʣʝʙʘʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʠʣʘ ʨʝʘʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ, ʩʦʩʪʘʚʠʣʘ -

567,939 ʅ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʪʨʫʙʳ ʜʣʠʥʦʡ 2 ʤ ʠ ʧʨʠ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʦʣʴʮʘ 1,15 ʤ ʧʦʣʫʯʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʪʝʥʟʦʜʘʪʯʠʢ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3.18. 
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ʈʠʩʫʥʦʢ 3.18 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʭʦʜʷʱʝʛʦ 

ʯʝʨʝʟ ʧʨʦʚʦʣʦʢʫ ʪʝʥʟʦʜʘʪʯʠʢʘ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ ʜʣʠʥʦʡ 2 ʤ ʧʨʠ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʢʦʣʴʮʘ 1,15 ʤ 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʳ ʨʝʘʢʮʠʠ X, 

ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ 

ʜʣʠʥʦʡ 2 ʤ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʢʦʣʴʮʘ 

1,15 ʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.19. 

 

ʈʠʩʫʥʦʢ 3.19 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʨʝʘʢʮʠʠ X, ʚʦʟʥʠʢʘʶʱʝʡ 

ʚ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʪʨʫʙʳ ʜʣʠʥʦʡ 2 ʤ ʧʨʠ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ ʜʦ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʢʦʣʴʮʘ 1,15 ʤ 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʘʨʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʠʣʠʶ -565,103 ʅ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʢʦʥʮʘ 

ʪʨʫʙʳ ʦʪ ʩʤʝʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ -567,939 ʅ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʩʯʝʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 3.6. 

ʊʘʙʣʠʮʘ 3.6 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʟʥʘʯʝʥʠʷ 

ʩʠʣʳ ʨʝʘʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ, ʧʨʠ ʨʝʟʢʦʤ ʩʤʝʱʝʥʠʠ 

ʢʦʥʮʘ ʪʨʫʙʳ 

ɼʣʠʥʘ 

ʪʨʫʙʳ, 

ʤ 

ʈʘʩʩʪ. 

ʜʦ 

ʢʦʣʴʮʘ, 

ʤ 

ʉʪʘʪʠʯʝʩʢʦʝ ʫʩʠʣʠʝ 

Xʩʪ, ʅ ʆʪʥ. 

ʦʪʢʣ., % 

ɼʠʥʘʤʠʯʝʩʢʦʝ 

ʫʩʠʣʠʝ X1, ʅ ʆʪʥ. 

ʦʪʢʣ., % 
ʕʢʩʧ-ʪ ʈʘʩʯʝʪ ʕʢʩʧ-ʪ ʈʘʩʯʝʪ 

1,85 

0,75 -383,116 -391,725 2,198 -725,430 -752,422 3,587 

0,9 -314,774 -317,659 0,908 -628,565 -639,155 1,657 

1,05 -264,129 -264,679 0,208 -563,895 -584,267 3,487 

1,2 -224,104 -224,836 0,326 -533,033 -549,046 2,917 

1,9 

0,85 -339,946 -347,843 2,270 -749,179 -761,130 1,570 

0,95 -296,993 -305,754 2,865 -635,618 -667,508 4,776 

1,05 -269,633 -271,640 0,739 -599,424 -606,608 1,184 

1,15 -249,504 -243,408 -2,504 -527,333 -539,391 2,235 

2 

1,05 -278,784 -285,190 2,246 -609,070 -629,047 3,176 

1,15 -253,874 -255,932 0,804 -565,103 -567,939 0,499 

1,3 -220,452 -220,390 -0,028 -469,764 -481,522 2,442 

1,35 -214,948 -210,271 -2,224 -439,595 -450,259 2,368 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʧʨʝʜʝʣʘʭ 

5%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ 

ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ. 
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3.3 ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1. ʈʘʟʨʘʙʦʪʘʥ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʘ 

ʪʨʫʙʳ ʧʦʩʣʝ ʩʥʷʪʠʷ ʩ ʥʝʛʦ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ; 

2. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYS ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʪ ʠʭ 

ʟʥʘʯʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʩʦʩʪʘʚʠʣʠ ʚʝʣʠʯʠʥʫ ʜʦ 5%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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ɻʃɸɺɸ 4 ʆʎɽʅʂɸ ɺɽʃʀʏʀʅ ʋʉʀʃʀʁ ɼʃʗ ʋʉʊʈɸʅɽʅʀʗ 

ʉʄɽʑɽʅʀʗ ʂʆʅʎʆɺ ʊʈʋɹʆʇʈʆɺʆɼɸ ʀ ʀʍ ʎɽʅʊʈʀʈʆɺɸʅʀʗ 

ʅɸ ʆʉʅʆɺɽ ʆɹʃɸʂɸ ʊʆʏɽʂ ɽɻʆ ʃɸɿɽʈʅʆɻʆ 

ʉʂɸʅʀʈʆɺɸʅʀʗ 

4.1 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʣʠʯʠʥ 

ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʦ ʜʘʥʥʳʤ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥ 

ʫʩʠʣʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʢʦʦʨʜʠʥʘʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʉʧʦʩʦʙ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʘʟʝʨʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʦʟʜʘʥʠʠ ʮʠʣʠʥʜʨʦʚ ʜʠʘʤʝʪʨʦʤ ʥʝ ʤʝʥʝʝ ʥʘʨʫʞʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʭ ʦʩʝʡ ʚʜʦʣʴ 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʦʯʝʢ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢʘʞʜʦʤʫ ʠʟ ʩʦʟʜʘʥʥʳʭ ʮʠʣʠʥʜʨʦʚ ʫʨʘʚʥʝʥʠʝʤ ʵʣʣʠʧʩʘ, 

ʦʧʨʝʜʝʣʝʥʠʠ ʮʝʥʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʵʣʣʠʧʩʦʚ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ 

ʮʝʥʪʨʦʚ ʫʨʘʚʥʝʥʠʝʤ ʧʦʣʠʥʦʤʘ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ. 

ʇʦʨʷʜʦʢ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 4.1. 
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ʈʠʩʫʥʦʢ 4.1 ï ʇʦʨʷʜʦʢ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ, ʠ 

ʨʘʩʯʝʪʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʫʩʠʣʠʡ ʬʠʢʩʠʨʦʚʘʥʠʷ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʝʝ ʢʦʥʮʘ 

ʧʨʠʤʝʥʷʣʦʩʴ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

ï  ʪʨʫʙʘ ʜʣʠʥʦʡ 2,4 ʤ, ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 51 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 

ʩʪʝʥʢʠ 3 ʤʤ; 

ï  ʣʘʟʝʨʥʳʡ ʩʢʘʥʝʨ Hexagon RS6 Laser Scanner; 

ï  ʬʦʪʦʢʘʤʝʨʘ Hasselblad H5D 200 MS ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʩʥʠʤʢʦʚ 200 

ʄʇ; 

ï  ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʩʩ Testometric M350-5CT ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ʪʨʫʙʦʧʨʦʚʦʜʘ [142]. 
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ʇʨʠʤʝʥʷʝʤʦʝ ʚ ʧʨʦʮʝʩʩʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4.2-4.4. 

 
ʈʠʩʫʥʦʢ 4.2 ï ʀʩʩʣʝʜʫʝʤʘʷ ʪʨʫʙʘ ʜʣʠʥʦʡ 2,4 ʤ, ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 51 

ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 3 ʤʤ [142] 

  
(ʘ) (ʙ) 

ʈʠʩʫʥʦʢ 4.3 ï ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʣʘʟʝʨʥʳʡ ʩʢʘʥʥʝʨ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʩʩ [142] 

ʘ ï ʃʘʟʝʨʥʳʡ ʩʢʘʥʝʨ Hexagon RS6 Laser Scanner; ʙ ï ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʩʩ 

Testometric M350-5CT 
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ʈʠʩʫʥʦʢ 4.4 ï ʈʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ [142] 

ɺʜʦʣʴ ʙʦʢʦʚʦʡ ʦʙʨʘʟʫʶʱʝʡ ʪʨʫʙʳ ʥʘʢʣʝʠʚʘʶʪʩʷ ʢʨʝʩʪʦʚʳʝ ʤʘʨʢʝʨʳ 

ʯʝʨʝʟ ʢʘʞʜʳʝ 5 ʩʤ, ʬʦʪʦʩʲʝʤʢʘ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʢʘʤʝʨʳ Hasselblad H5D 200 MS. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʧʳʪʘʥʠʡ ʠʩʩʣʝʜʫʝʤʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ ʟʘʯʠʱʘʝʪʩʷ ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʰʠʥʢʦʡ ʚ ʤʝʩʪʘʭ ʥʘʢʣʝʡʢʠ 

ʤʘʨʢʝʨʦʚ ʜʣʷ ʣʫʯʰʝʡ ʘʜʛʝʟʠʠ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ 

ʜʝʡʩʪʚʠʡ: 

1. ʈʝʘʣʠʟʫʝʪʩʷ ʞʝʩʪʢʘʷ ʟʘʜʝʣʢʘ ʣʝʚʦʛʦ ʢʨʘʷ ʪʨʫʙʳ ʝʛʦ 

ʟʘʱʝʤʣʝʥʠʝʤ ʚ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʦʩʥʘʩʪʢʝ; 

2. ʅʘʜ ʚʪʦʨʳʤ ʢʦʥʮʦʤ ʪʨʫʙʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʰʪʦʢ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ; 

3. ʈʘʟʤʝʱʘʝʪʩʷ ʚʠʜʝʦʢʘʤʝʨʘ ʥʘʧʨʦʪʠʚ ʥʘʢʣʝʝʥʥʳʭ ʥʘ ʪʨʫʙʫ 

ʤʘʨʢʝʨʦʚ; 

4. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʛʨʫʞʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʪʨʫʙʳ ʫʩʠʣʠʝʤ 

150 ʅ ʦʧʫʩʢʘʥʠʝʤ ʰʪʦʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ, ʪʝʤ ʩʘʤʳʤ ʨʝʘʣʠʟʫʝʪʩʷ ʝʝ 

ʫʧʨʫʛʠʡ ʠʟʛʠʙ; 
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5. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʪʨʫʙʳ ʚ ʠʟʦʛʥʫʪʦʤ 

ʧʦʣʦʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʢʘʤʝʨʳ; 

6. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʪʨʫʙʳ ʚ ʠʟʦʛʥʫʪʦʤ 

ʧʦʣʦʞʝʥʠʠ ʣʘʟʝʨʥʳʤ ʩʢʘʥʝʨʦʤ ʩ ʧʣʦʪʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 9 ʪʦʯʝʢ/ʩʤ2; 

7. ʉʥʠʤʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʩʦ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʪʨʫʙʳ ʧʫʪʝʤ ʧʦʜʥʷʪʠʷ 

ʰʪʦʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ [142]. 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʨʫʙʘ ʚ ʠʟʦʛʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.5. 

 

ʈʠʩʫʥʦʢ 4.5 ï ʀʩʩʣʝʜʫʝʤʘʷ ʪʨʫʙʘ ʚ ʠʟʦʛʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ [142] 

ʇʨʦʮʝʩʩ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.6. 

 

ʈʠʩʫʥʦʢ 4.6 ï ʇʨʦʮʝʩʩ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ [142] 
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ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.7. 

 

ʈʠʩʫʥʦʢ 4.7 ï ʆʙʣʘʢʦ ʪʦʯʝʢ ʪʨʫʙʳ ʜʣʠʥʦʡ 2,2 ʤ ʧʨʠ ʝʛʦ ʠʟʛʠʙʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʪʨʫʙʳ ʧʨʠ ʝʝ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʜʣʠʥʘʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʝʭʦʜʘ ʦʪ 

ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʢ ʫʨʘʚʥʝʥʠʶ ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʪʨʫʙʳ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʢʨʠʚʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʝʛʦ ʫʧʨʫʛʦʤ ʠʟʛʠʙʝ, ʨʝʘʣʠʟʦʚʘʥʥʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʦ ʜʘʥʥʳʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

1. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʪʨʫʙʳ, 

ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʬʠʣʴʪʨʘʮʠʠ ʦʙʣʘʢʘ ʪʦʯʝʢ, ʪʦ ʝʩʪʴ ʫʜʘʣʝʥʠʠ ʠʟ ʥʝʛʦ ʪʦʯʝʢ, 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʦʪʦʨʳʭ ʦʪ ʠʭ ʦʙʱʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 0,1 ʤʤ. ʌʠʣʴʪʨʘʮʠʷ ʪʦʯʝʢ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʦʙʲʝʤʝ 

ʩʦʟʜʘʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʩʦʪʦʡ 5 ʤʤ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʢʨʝʩʪʦʚʳʤʠ ʤʘʨʢʝʨʘʤʠ ʩ ʰʘʛʦʤ 5 ʩʤ. ʎʝʥʪʨʘʣʴʥʳʝ ʦʩʠ 

ʩʦʟʜʘʥʥʳʭ ʮʠʣʠʥʜʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ. ʇʫʪʝʤ 

ʚʳʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʦ 0,1 ʤʤ ʥʘ ʛʨʘʬʠʢʝ ʦʪʢʣʦʥʝʥʠʡ 

Geometry Fit Graph, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 4.8 ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ Spatial Analyzer ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʫʜʘʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʧʨʝʜʲʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʢʣʦʥʝʥʠʷ 

[142]. 

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ SpatialAnalyzer ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ ʪʦʯʝʢ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.8. 



101 

 

ʈʠʩʫʥʦʢ 4.8 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ SpatialAnalyzer ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʣʘʢʘ 

ʪʦʯʝʢ [142] 

ɼʘʣʝʝ ʚ ʢʘʞʜʦʤ ʩʦʟʜʘʥʥʦʤ ʮʠʣʠʥʜʨʝ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʝ ʪʦʯʢʠ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʝʤʫ, ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʵʣʣʠʧʩʦʤ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʠʥʩʪʨʫʤʝʥʪʦʚ SpatialAnalyzer. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʝʯʝʥʠʝ ʪʨʫʙʳ ʢʨʫʛʣʦʝ, 

ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʫʨʘʚʥʝʥʠʝ ʵʣʣʠʧʩʘ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʠʟʛʠʙʝ ʪʨʫʙʳ ʧʨʦʠʩʭʦʜʠʪ ʦʚʘʣʠʟʘʮʠʷ ʝʝ ʩʝʯʝʥʠʡ [44]. ɼʣʷ ʢʘʞʜʦʛʦ 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʵʣʣʠʧʩʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʢʦʦʨʜʠʥʘʪʘ ʝʛʦ ʮʝʥʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʠ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ [142]. 

ʊʨʝʪʠʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʦʞʝʥʠʷ 

ʢʨʝʩʪʦʚʳʭ ʤʘʨʢʝʨʦʚ, ʥʘʢʣʝʝʥʥʳʭ ʥʘ ʙʦʢʦʚʫʶ ʦʙʨʘʟʫʶʱʫʶ ʪʨʫʙʳ, ʥʘ ʦʩʥʦʚʝ 

ʝʝ ʬʦʪʦʛʨʘʬʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ. 

ʌʦʪʦʛʨʘʬʠʠ ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ ʊɽʄɸ Motion, ʫʢʘʟʳʚʘʶʪʩʷ 

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʤʘʨʢʝʨʦʚ, ʚʚʦʜʠʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʠʟ ʥʠʭ. 

ʀʩʭʦʜʷ ʠʟ ʚʚʝʜʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʦʜʠʥ ʤʠʣʣʠʤʝʪʨ ʨʘʩʩʪʦʷʥʠʷ ʚʜʦʣʴ 

ʦʩʠ ʪʨʫʙʳ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.9. 
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ʈʠʩʫʥʦʢ 4.9 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʊɽʄɸ Motion [142] 

ʌʦʪʦʛʨʘʬʠʷ ʪʨʫʙʳ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʥʘ ʥʝʡ ʮʝʥʪʨʘʤʠ ʤʘʨʢʝʨʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.10. 

 

ʈʠʩʫʥʦʢ 4.10 ï ʌʦʪʦʛʨʘʬʠʷ ʪʨʫʙʳ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʥʘ ʥʝʡ ʮʝʥʪʨʘʤʠ 

ʤʘʨʢʝʨʦʚ [142] 

ʇʦʣʫʯʝʥʥʳʝ ʮʝʥʪʨʳ ʤʘʨʢʝʨʦʚ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʠʟʦʛʥʫʪʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʜʚʫʤ ʦʧʠʩʘʥʥʳʤ ʤʝʪʦʜʘʤ ʪʦʯʢʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ 

ʧʦʣʠʥʦʤʦʤ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʚ ʪʘʙʣʠʯʥʦʤ ʧʨʦʮʝʩʩʦʨʝ MS Excel ʩ ʚʳʚʦʜʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʪʨʫʙʳ ʧʨʠ ʝʝ ʠʟʛʠʙʝ. ʅʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ ʧʦ ʜʚʫʤ ʤʝʪʦʜʘʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʘ ʪʨʫʙʳ ʠ ʝʛʦ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʜʦ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʇʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʢʨʝʩʪʦʚʳʭ ʤʘʨʢʝʨʦʚ ʠ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʫʙʳ [29, 142]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʜʘʥʥʳʤ ʝʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʫʩʠʣʠʡ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: 

1. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʩʣʦʡ ʠʭ 

ʥʘʨʫʞʥʦʡ ʠʟʦʣʷʮʠʠ ʩʧʦʣʟʘʝʪ, ʦʙʨʘʟʫʷ ʩʢʣʘʜʢʠ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʘʝʪʩʷ ʝʛʦ 

ʮʝʣʦʩʪʥʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʝʤ ʵʣʣʠʧʩʘ 

ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʧʦʣʫʯʝʥʥʳʭ ʵʣʣʠʧʩʦʚ, ʢʦʪʦʨʳʝ ʠ 

ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺʚʠʜʫ ʵʪʦʛʦ ʧʨʠ ʪʘʢʠʭ 

ʦʪʢʣʦʥʝʥʠʷʭ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʝʛʦ 

ʬʘʢʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝʨʦʚʥʦʩʪʠ ʠʟʦʣʷʮʠʠ, ʚʦʟʤʦʞʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʅʝʨʦʚʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 

4.11. 
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ʈʠʩʫʥʦʢ 4.11 ï ʅʝʨʦʚʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

2. ɺ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʨʝʘʣʠʟʫʝʤʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʩʝʡ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʩ ʢʨʘʷ 

ʪʨʘʥʰʝʠ ʥʘʜ ʪʨʫʙʦʧʨʦʚʦʜʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʢʘʥʠʨʫʝʪʩʷ ʚʝʨʭʥʠʡ ʩʝʢʪʦʨ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʫʛʣʘ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ 

ʫʛʣʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʝʛʦ ʢʦʥʮʦʚ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʚʳʯʠʩʣʷʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʦ ʜʘʥʥʳʤ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 
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ɼʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ 

ʵʪʘʧʦʚ: 

1. ʇʨʦʚʝʜʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ ʙʝʟ ʩʣʦʷ 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ; 

2. ʀʟʦʣʷʮʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ ʩʣʦʝʤ ʧʦʢʨʳʪʠʷ ʩ ʩʦʟʜʘʥʥʳʤʠ ʝʛʦ 

ʥʝʨʦʚʥʦʩʪʷʤʠ ʠ ʜʝʬʝʢʪʘʤʠ; 

3. ʇʨʦʚʝʜʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ; 

4. ʆʙʨʘʙʦʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʝʟ ʩʣʦʷ 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʧʦʩʣʝ ʠʟʦʣʷʮʠʠ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʝʨʝʭʦʜʦʤ ʦʪ 

ʦʙʣʘʢʘ ʪʦʯʝʢ ʪʨʫʙʳ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʝʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ; 

5. ʋʤʝʥʴʰʝʥʠʝ ʫʛʣʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʪʨʫʙʳ ʦʪ 180Ü ʩ ʰʘʛʦʤ 30Á 

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʩʠ ʪʨʫʙʳ; 

6. ʈʘʩʯʝʪ ʘʙʩʦʣʶʪʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ ʧʨʠ ʢʘʞʜʦʤ ʠʟ ʫʛʣʦʚ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ; 

7. ʉʫʤʤʠʨʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʫʧʨʫʛʦ-ʠʟʦʛʥʫʪʦʡ 

ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʦʪʦʩʲʝʤʢʠ 

ʢʨʝʩʪʦʚʳʭ ʤʘʨʢʝʨʦʚ, ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʠʭ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʣʷʮʠʠ ʪʨʫʙʳ ʧʨʠ ʢʘʞʜʦʤ ʠʟ ʫʛʣʦʚ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ ʪʦʯʝʢ ʧʦʣʠʥʦʤʦʤ ʯʝʪʚʝʨʪʦʡ 

ʩʪʝʧʝʥʠ; 

8. ʈʘʩʯʝʪ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʞʜʦʛʦ ʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʥʦʤʦʚ; 

8. ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʫʩʠʣʠʡ ʜʣʷ ʥʘ ʦʩʥʦʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʥʦʤʦʚ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ ʦʪ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ; 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʦʩʴ ʩʣʝʜʫʶʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: 
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ï ʪʨʫʙʘ ʜʣʠʥʦʡ 2,4 ʤ, ʥʘʨʫʞʥʳʤ ʜʠʘʤʝʪʨʦʤ 51 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 

ʩʪʝʥʢʠ 3 ʤʤ; 

ï ʣɻʝʢʪʨʦʥʥʳʡ ʪʘʭʝʦʤʝʪʨ ʩ ʬʫʥʢʮʠʝʡ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

Leica MS60; 

ï ʩʬʝʨʠʯʝʩʢʠʝ ʦʪʨʘʞʘʪʝʣʠ ʜʣʷ ʧʨʠʚʷʟʢʠ ʧʦʣʦʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʝʨʘ ʢ ʠʤʝʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʠ [142]. 

ʀʩʧʦʣʴʟʫʝʤʳʡ ʣʘʟʝʨʥʳʡ ʩʢʘʥʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.12. 

 

ʈʠʩʫʥʦʢ 4.12 ï ʃʘʟʝʨʥʳʡ ʩʢʘʥʝʨ Leica MS60 

ʇʨʦʚʝʜʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

1. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʷʟʘʚ ʣʘʟʝʨʥʳʡ ʩʢʘʥʝʨ ʧʦ ʧʦʣʦʞʝʥʠʶ ʯʝʪʳʨʝʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʦʪʨʘʞʘʪʝʣʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʝʛʦ ʟʦʥʫ ʚʠʜʠʤʦʩʪʠ.  

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʫʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʝʨʘ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ ʦʪʨʘʞʘʪʝʣʷʤ ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.13. 
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ʈʠʩʫʥʦʢ 4.13 ï ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʧʫʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ ʦʪʨʘʞʘʪʝʣʷʤ 

 ʈʝʟʫʣʴʪʘʪ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ, ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʬʝʨʠʯʝʩʢʠʭ ʦʪʨʘʞʘʪʝʣʝʡ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ Spatial Analyzer ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.14. 

 

ʈʠʩʫʥʦʢ 4.14 ï ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʩʦʟʜʘʥʥʘʷ ʧʫʪʝʤ ʧʨʠʚʷʟʢʠ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʝʨʘ ʢ ʩʬʝʨʠʯʝʩʢʠʤ ʦʪʨʘʞʘʪʝʣʷʤ r1, r2, r3 ʠ r4 
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2. ʃʘʟʝʨʥʳʤ ʣʫʯʦʤ ʩʢʘʥʝʨʘ ʫʢʘʟʳʚʘʶʪʩʷ ʪʦʯʢʠ ʧʝʨʠʤʝʪʨʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʦʢʨʫʛ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɼʣʷ ʵʪʦʛʦ ʣʫʯ ʩʢʘʥʝʨʘ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦʦʯʝʨʝʜʥʦ ʥʘ ʪʦʯʢʠ ʧʝʨʠʤʝʪʨʘ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʦʨʜʠʥʘʪʘ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ Spatial Analyzer. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʠʤʝʪʨʘ ʙʳʣʠ ʚʳʙʨʘʥʳ 6 

ʪʦʯʝʢ. ʈʝʟʫʣʴʪʘʪ ʩʦʟʜʘʥʠʷ ʧʝʨʠʤʝʪʨʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

4.15. 

  

ʈʠʩʫʥʦʢ 4.15 ï ʇʝʨʠʤʝʪʨ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʥʳʡ ʧʫʪʝʤ ʫʢʘʟʘʥʠʷ ʪʦʯʝʢ 

ʧʝʨʠʤʝʪʨʘ ʣʫʯʦʤ ʩʢʘʥʝʨʘ 

1, 2, 3, 4, 5, 6 ï ʪʦʯʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʟʦʥʫ ʩʢʘʥʠʨʦʚʘʥʠʷ 

3. ɿʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʩʩ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ ʚ 

ʨʘʤʢʘʭ ʧʦʣʫʯʝʥʥʦʛʦ ʧʝʨʠʤʝʪʨʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ ʥʝ ʤʝʥʝʝ 9 ʪʦʯʝʢ/ʩʤ2. 

4. ʃʘʟʝʨʥʳʡ ʩʢʘʥʝʨ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʦʣʦʞʝʥʠʝ, ʩ ʢʦʪʦʨʦʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚʪʦʨʦʡ ʩʪʦʨʦʥʳ ʪʨʫʙʳ. ʇʦʩʣʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʧʨʠʚʷʟʢʘ ʝʛʦ ʢ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʚʝʜʝʥʠʝʤ ʥʘ ʪʝ ʞʝ ʯʝʪʳʨʝ ʩʬʝʨʠʯʝʩʢʠʭ ʦʪʨʘʞʘʪʝʣʷ r1, r2, 

r3 ʠ r4, ʯʪʦ ʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʥʝʝ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʫʙʳ ʩ ʜʚʫʭ ʝʝ ʩʪʦʨʦʥ 

ʧʦʣʫʯʝʥʦ ʝʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 4.16. 
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ʈʠʩʫʥʦʢ 4.16 ï ʆʙʣʘʢʦ ʪʦʯʝʢ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʝʨʠʤʝʪʨʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 

1, 2, 3, 4, 5, 6 ï ʪʦʯʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʟʦʥʫ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʦʣʷʮʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʫʙʳ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʯʝʨʥʘʷ ʠʟʦʣʝʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʤʠʪʠʨʦʚʘʪʴ ʪʨʝʙʫʝʤʳʝ ʥʝʨʦʚʥʦʩʪʠ ʠ ʦʪʩʣʦʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʪʨʫʙʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.17. 

 

ʈʠʩʫʥʦʢ 4.17 ï ʀʟʦʣʠʨʦʚʘʥʥʘʷ ʪʨʫʙʘ 

ɺʝʣʠʯʠʥʘ ʩʦʟʜʘʥʥʳʭ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʪʨʫʙʳ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,02 ʜʦ 0,14 ʦʪ ʝʝ ʥʘʨʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ (ʚʝʣʠʯʠʥʘ ʥʝʨʦʚʥʦʩʪʝʡ 

ʦʪ 1 ʜʦ 7 ʤʤ). ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʥʝʨʦʚʥʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʨʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙʳ ʜʣʷ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʨʫʞʥʳʤ 

ʜʠʘʤʝʪʨʦʤ 1420 ʤʤ ʚʝʣʠʯʠʥʘ ʥʝʨʦʚʥʦʩʪʝʡ ʩʦʩʪʘʚʠʣʘ ʙʳ ʦʪ 28,4 ʤʤ ʜʦ 

142 ʤʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 
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ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʘ, ʠ ʧʦʣʫʯʝʥʥʳʝ 

ʚʳʚʦʜʳ ʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʠʟʦʣʷʮʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ [142]. 

ʇʦʣʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʫʜʘʣʝʥʠʝ ʪʦʯʝʢ ʠʟ ʦʙʣʘʢʘ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʚʠʜʫ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ 

ʚʠʜʠʤʦʡ ʠ ʥʝʚʠʜʠʤʦʡ ʟʦʥ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ. ʊʘʢʠʝ ʪʦʯʢʠ ʥʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4.18. 

 

ʈʠʩʫʥʦʢ 4.18 ï ɿʦʥʳ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʊʦʯʢʠ, ʚʭʦʜʷʱʠʝ ʚ ʟʦʥʳ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ, ʫʜʘʣʷʶʪʩʷ ʧʫʪʝʤ ʠʭ 

ʚʳʜʝʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Spatial Analyzer. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʛʨʘʥʠʮʳ ʟʦʥ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʢʨʘʷʤ 

ʦʪ ʩʢʘʥʠʨʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ, ʪʦ ʤʝʩʪʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʘ ʟʦʥʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʝ 

ʪʘʢ ʭʦʨʦʰʦ ʨʘʟʣʠʯʠʤʦ.  

ɺ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʩʢʘʥʝʨʘ ʧʝʨʝʜ ʦʪʢʦʩʘʤʠ ʪʨʘʥʰʝʠ ʥʘʜ 
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ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʩʝʢʪʦʨʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʜʢʦ ʙʫʜʝʪ 

ʙʦʣʴʰʝ 180Á ʚʚʠʜʫ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʤʦʥʪʥʳʭ ʪʨʘʥʰʝʡ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʟʦʥʘ ʢʨʘʝʚʦʛʦ ʵʬʬʝʢʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʥʠʞʝ ʙʦʢʦʚʦʡ ʝʛʦ ʦʙʨʘʟʫʶʱʝʡ. 

2. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʨʫʙʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Spatial Analyzer ʚ ʧʦʨʷʜʢʝ, ʦʧʠʩʘʥʥʦʤ 

ʨʘʥʝʝ ʜʣʷ ʥʝʠʟʦʣʠʨʦʚʘʥʥʦʡ ʫʧʨʫʛʦ-ʠʟʦʛʥʫʪʦʡ ʪʨʫʙʳ. 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʩʝʢʪʦʨʘ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʚʝʣʠʯʠʥ ʫʛʣʦʚ 

ʩʝʢʪʦʨʘ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʳʙʠʨʘʝʤ ʯʝʪʳʨʝ ʚʝʣʠʯʠʥʳ ʦʪ 180Á ʜʦ 90Á 

ʩ ʰʘʛʦʤ ʫʤʝʥʴʰʝʥʠʷ ʫʛʣʘ ʨʘʚʥʳʤ 30Á. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʦʝ ʦʙʣʘʢʦ 

ʪʦʯʝʢ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʨʫʙʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʙʨʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʫʛʣʦʚ ʩʢʘʥʠʨʫʝʤʦʛʦ ʩʝʢʪʦʨʘ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʝʢʪʦʨʦʚ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 4.19. 

 

ʈʠʩʫʥʦʢ 4.19 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʩʝʢʪʦʨʦʚ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 

4.2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʣʠʯʠʥ ʫʩʠʣʠʡ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʝʟʢʦʛʦ ʩʤʝʱʝʥʠʷ ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʠʭ 

ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʦ ʜʘʥʥʳʤ ʝʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʫʧʨʫʛʦ-ʠʟʦʛʥʫʪʦʡ ʪʨʫʙʳ ʥʘ 
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ʦʩʥʦʚʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʝʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʛʨʘʬʠʡ ʢʨʝʩʪʦʚʳʭ 

ʤʘʨʢʝʨʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 4.1. 

ʊʘʙʣʠʮʘ 4.1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʪʨʫʙʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʝʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 

ʤʘʨʢʝʨʦʚ 

ʄʝʪʦʜ ʦʮʝʥʢʠ 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ 

a b c e 

ʊʨʫʙʘ l = 2,2 ʤ, l1 = 1,1 ʤ, l2 = 2,1 ʤ 

ʉʢʘʥʠʨʦʚʘʥʠʝ -4,971Ö10-5 3,024Ö10-3 -1,841Ö10-2 -3,628Ö10-5 

ʌʦʪʦ -4,950Ö10-5 3,119Ö10-3 -1,904Ö10-2 -3,746Ö10-5 

ʊʨʫʙʘ l = 2 ʤ, l1 = 1 ʤ, l2 = 1,9 ʤ 

ʉʢʘʥʠʨʦʚʘʥʠʝ -4,780Ö10-5 2,974Ö10-3 -1,659Ö10-2 -3,751Ö10-5 

ʌʦʪʦ -4,753Ö10-5 3,069Ö10-3 -1,716Ö10-2 -3,875Ö10-5 

ʊʨʫʙʘ l = 1,8 ʤ, l1 = 0,9 ʤ, l2 = 1,7 ʤ 

-4,580Ö10-5 -4,580Ö10-5 -4,580Ö10-5 -4,580Ö10-5 -4,580Ö10-5 

-4,580Ö10-5 -4,580Ö10-5 -4,580Ö10-5 -4,580Ö10-5 -4,580Ö10-5 

ʊʨʫʙʘ l = 1,6 ʤ, l1 = 0,8 ʤ, l2 = 1,5 ʤ 

-4,064Ö10-5 -4,064Ö10-5 -4,064Ö10-5 -4,064Ö10-5 -4,064Ö10-5 

-3,976Ö10-5 -3,976Ö10-5 -3,976Ö10-5 -3,976Ö10-5 -3,976Ö10-5 

ʇʨʠʤʝʨ ʛʨʘʬʠʢʦʚ ʧʨʦʛʠʙʘ ʪʨʫʙʳ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʘʤʠ ʝʝ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʩʲʝʤʢʠ ʤʘʨʢʝʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.20. 

 

ʈʠʩʫʥʦʢ 4.20 ï ɻʨʘʬʠʢʠ ʧʨʦʛʠʙʘ ʪʨʫʙʳ ʜʣʠʥʦʡ 2,2 ʤ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʘʤʠ ʝʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʬʦʪʦʩʲʝʤʢʠ ʢʨʝʩʪʦʚʳʭ ʤʘʨʢʝʨʦʚ 


































































































