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ɿʉɸ ï ʟʘʜʥʷʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʘʨʪʝʨʠʷ 

ʉʇʇʆ ï ʩʠʥʜʨʦʤ ʧʦʟʚʦʥʦʯʥʦ-ʧʦʜʢʣʶʯʠʯʥʦʛʦ ʦʙʢʨʘʜʳʚʘʥʠʷ 

ʂʊ ï ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ 

ʉɸʇʈ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ɹʝʜɸ ï ʙʝʨʜʝʥʥʘʷ ʘʨʪʝʨʠʷ 

ɻʋ ï ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʉʇʇɺʈ ï ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ 

  



7 

 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, 

ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʚ ʤʠʨʝ ʦʩʪʘʶʪʩʷ ʟʘʙʦʣʝʚʘʥʠʷ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ [4]. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʈʦʩʩʠʠ [34]. 

ʇʦ ʜʘʥʥʳʤ ʬʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʝʞʝʛʦʜʥʳʝ 

ʦʪʯʝʪʳ ʤʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʨʦʩʪʝ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ, ʫ ʢʦʪʦʨʳʭ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʙʦʣʝʟʥʠ ʩʠʩʪʝʤʳ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. ʊʘʢ, ʝʩʣʠ ʚ 2000 ʛʦʜʫ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ 17.1 ʧʘʮʠʝʥʪʦʚ ʥʘ 

1000 ʥʘʩʝʣʝʥʠʷ ʩ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʜʠʘʛʥʦʟʦʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʙʦʣʝʟʥʷʤ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʫʞʝ ʚ 2015 ʛʦʜʫ ʪʘʢʠʭ ʩʣʫʯʘʝʚ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 31.2. ʇʨʠ ʵʪʦʤ ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʩʤʝʨʪʥʦʩʪʴ ʦʪ ʙʦʣʝʟʥʝʡ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 28% ʫ ʤʫʞʯʠʥ ʠ 31% ʫ ʞʝʥʱʠʥ [4]. 

ʉʨʝʜʠ ʚʩʝʭ ʙʦʣʝʟʥʝʡ ʩʠʩʪʝʤʳ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ 

ʩʤʝʨʪʥʦʩʪʠ ʧʦʩʣʝ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ ʩʪʦʷʪ ʠʥʩʫʣʴʪ ʠ ʜʨʫʛʠʝ 

ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʳʝ ʙʦʣʝʟʥʠ, ʦʪ ʢʦʪʦʨʳʭ ʝʞʝʛʦʜʥʦ ʫʤʠʨʘʝʪ 10-11 % 

ʥʘʩʝʣʝʥʠʷ [34]. 

ʇʨʠʥʷʪʦ ʨʘʟʣʠʯʘʪʴ ʠʰʝʤʠʯʝʩʢʠʡ ʠ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʡ ʠʥʩʫʣʴʪʳ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʧʘʪʦʛʝʥʝʟʫ ʨʘʟʚʠʪʠʷ ʧʦʚʨʝʞʜʝʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

ʀʰʝʤʠʯʝʩʢʠʡ ʠʥʩʫʣʴʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʚʨʝʞʜʝʥʠʝʤ 

ʚʝʱʝʩʪʚʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʧʨʠʪʦʢʘ ʢʨʦʚʠ. 

ɻʝʤʦʨʨʘʛʠʯʝʩʢʠʡ ʠʥʩʫʣʴʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʨʝʞʜʝʥʠʝʤ ʚʝʱʝʩʪʚʘ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʣʠʷʥʠʷ ʢʨʦʚʠ. 

ʇʦ ʜʘʥʥʳʤ ʢʣʠʥʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ [34], ʜʦ 80-90% ʥʝʪʨʘʚʤʘʪʠʯʝʩʢʠʭ 

ʩʫʙʘʨʘʭʥʦʠʜʘʣʴʥʳʭ (ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʧʘʫʪʠʥʥʦʡ ʦʙʦʣʦʯʢʦʡ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ) ʢʨʦʚʦʠʟʣʠʷʥʠʡ (ʉɸʂ) ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʷʪ 

ʠʟ-ʟʘ ʨʘʟʨʳʚʘ ʚʥʫʪʨʠʯʝʨʝʧʥʳʭ ʘʥʝʚʨʠʟʤ. ʇʦʩʣʝʜʩʪʚʠʷʤʠ ʪʘʢʦʛʦ ʨʘʟʨʳʚʘ 
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ʷʚʣʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʪʷʞʝʩʪʠ ʠʣʠ ʩʤʝʨʪʴ ʧʘʮʠʝʥʪʘ (ʩʤʝʨʪʥʦʩʪʴ ʧʨʠ ʩʫʙʘʨʘʭʥʦʠʜʘʣʴʥʦʤ 

ʢʨʦʚʦʠʟʣʠʷʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40-50% [73, 214]). ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʉɸʂ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʫ ʣʶʜʝʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ 

ʚʦʟʨʘʩʪʘ (40-60 ʣʝʪ).  

ɸʥʝʚʨʠʟʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʠʤʧʪʦʤʘʪʠʢʠ, 

ʧʦʵʪʦʤʫ ʯʘʩʪʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʫʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʠʣʠ ʞʝ 

ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʨʘʟʤʝʨʦʚ. ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʠ 

ʚʳʷʚʣʝʥʠʝ ʘʥʝʚʨʠʟʤ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ ʢʘʢ ʜʣʷ ʠʭ ʚʳʷʚʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʩ ʚʚʝʜʝʥʠʝʤ 

ʢʦʥʪʨʘʩʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ, 

ʥʝʢʦʤʬʦʨʪʥʳʤ ʜʣʷ ʧʘʮʠʝʥʪʘ ʠ ʠʤʝʝʪ ʨʷʜ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʠʡ, ʧʦʵʪʦʤʫ ʚʨʘʯ 

ʥʘʟʥʘʯʘʝʪ ʪʘʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʰʴ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʫ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʫʜʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʯʝʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʋɿʀ, ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ, ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʪʦʤʦʛʨʘʬʠʷ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʥʝʚʨʠʟʤʳ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ (ɺʂ) ʚʦ ʤʥʦʛʠʭ 

ʩʣʫʯʘʷʭ ʥʝ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʤʦʤʝʥʪʘ ʨʘʟʨʳʚʘ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʟʫʯʝʥʠʶ ʘʥʝʚʨʠʟʤ ʩʦʩʫʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤʳ ʩʣʫʞʠʪ ʘʪʝʨʦʩʢʣʝʨʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ [61, 72, 83, 143, 

151, 167, 172].  

ɼʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʮʝʜʫʨ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʷʚʣʷʝʪʩʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʦʧʧʣʝʨʦʛʨʘʬʠʷ, ʜʦʩʪʫʧʥʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʥʠʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʠʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʝʚʨʠʟʤ, ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʷʚʣʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʶ ʘʥʝʚʨʠʟʤʳ ʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʝʛʦ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ, ʠʥʬʦʨʤʘʮʠʶ ʧʦ 
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ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ ʠ ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʝ ʢʨʦʚʦʪʦʢʘ ʥʘ 

ʚʭʦʜʝ ʚ ɺʂ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ çʅʘʫʢʠ ʦ ʞʠʟʥʠè, ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ çʊʝʭʥʦʣʦʛʠʠ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʦʪ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡè, ʘ ʪʘʢʞʝ çɹʠʦʤʝʜʠʮʠʥʩʢʠʝ ʠ ʚʝʪʝʨʠʥʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠè ʠʟ 

ʧʝʨʝʯʥʝʡ, ʫʪʚʝʨʞʜʝʥʥʳʭ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 899 ʦʪ 

7 ʠʶʣʷ 2011. 

ɹʦʣʝʝ ʪʦʛʦ, ʤʠʥʠʩʪʨ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʌ ʄʫʨʘʰʢʦ ʄ.ɸ. ʥʘ 

ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ɺʆɿ ʧʦ ʙʦʨʴʙʝ ʩ ʥʝʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. ʚ 2021 ʛʦʜʫ 

ʟʘʚ̫ʠʣ, ʯʪʦ çé ɼʣʷ ʥʘʰʝʡ ʩʪʨʘʥʳ ʬʦʨʤʘʪ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ 

ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʤʝʜʠʮʠʥʳ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʠʦʨʠʪʝʪʥʳʤ. éè. ʆʥ ʪʘʢʞʝ ʜʦʙʘʚʠʣ, ʯʪʦ çéʚ ʨʘʤʢʘʭ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʈʦʩʩʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ ʧʨʦʝʢʪ - ʮʠʬʨʦʚʦʡ ʧʨʦʬʠʣʴ 

ʧʘʮʠʝʥʪʘ. ʕʪʦ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʩ ʚʳʨʘʙʦʪʢʦʡ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʧʦʜʭʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʘʮʠʝʥʪʘ. é ʵʪʦ ʤʦʞʝʪ ʩʦʯʝʪʘʪʴʩʷ ʩ 

ʧʨʦʛʨʘʤʤʘʤʠ ʧʦ ʩʢʨʠʥʠʥʛʫ ʥʝʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʦʬʠʣʷ ʨʠʩʢʘ ʜʣʷ ʧʘʮʠʝʥʪʘ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʧʘʮʠʝʥʪʦʚ, ʫʞʝ ʠʤʝʶʱʠʭ 

ʭʨʦʥʠʯʝʩʢʠʝ ʥʝʠʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʮʠʝʥʪʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʣʝʯʝʥʠʶ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʢʘʟʘʥʠʷ 

ʤʝʜʠʮʠʥʩʢʠʭ ʫʩʣʫʛ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʯʝʪʘʥʥʘʷ ʧʘʪʦʣʦʛʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʣʠʯʠʝʤ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʷʭ ʠ ʘʥʝʚʨʠʟʤ ʩʦʩʫʜʦʚ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ, ʚʩʪʨʝʯʘʝʪʩʷ ʫ 1.9-3.2 % ʥʘʩʝʣʝʥʠʷ [72, 128, 141]. ɸʥʝʚʨʠʟʤʳ 

ʧʨʦʪʝʢʘʶʪ ʙʝʩʩʠʤʧʪʦʤʥʦ [143] ʠ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ 

ʘʥʛʠʦʛʨʘʬʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʘʮʠʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʩʪʝʥʦʟʳ ʩʦʥʥʳʭ 

ʘʨʪʝʨʠʡ.  
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ʆʧʠʩʘʥʘ ʪʘʢʞʝ ʩʚʷʟʴ ʩʪʝʥʦʟʘ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʥʘʣʠʯʠʷ ʫ ʧʘʮʠʝʥʪʦʚ 

ʩʠʥʜʨʦʤʘ ʧʦʟʚʦʥʦʯʥʦ-ʧʦʜʢʣʶʯʠʯʥʦʛʦ ʦʙʢʨʘʜʳʚʘʥʠʷ [26, 31, 44]. 

ɸʪʝʨʦʩʢʣʝʨʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʛʨʫʧʧ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʘʪʦʣʦʛʠʡ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ, ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʚ ʩʦʩʫʜʘʭ ʛʦʣʦʚʳ 

[61, 72, 83, 143, 151, 167, 172], ʪʘʢ ʢʘʢ ʩʫʞʝʥʠʝ ʧʨʦʩʚʝʪʘ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʚʣʝʯʝʪ 

ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ 

ʢʨʦʚʠ ʚ ʚʠʣʣʠʟʠʝʚʦʤ ʢʨʫʛʝ ʟʘ ʩʯʝʪ ʝʛʦ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʬʫʥʢʮʠʡ. ʀʤʝʥʥʦ ʵʪʦ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʥʝʚʨʠʟʤ [143]. 

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʝ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ 

ʩʪʝʥʦʟʦʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʥʘ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʦʩʪʘ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ. ʆʜʥʘʢʦ ʦʧʠʩʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʩʣʫʯʘʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʩʚʷʟʠ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʝʜʧʦʣʦʞʝʥʠʡ 

ʧʨʘʢʪʠʢʫʶʱʠʭ ʚʨʘʯʝʡ, ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʝʝ ʥʘʣʠʯʠʝ [25, 116, 189]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʘʥʝʚʨʠʟʤ ʚ ʘʨʪʝʨʠʷʭ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʠ 

ʦʪʨʳʚʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʷʭ ʧʨʠ ʩʦʯʝʪʘʥʥʳʭ 

ʧʘʪʦʣʦʛʠʷʭ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʦʮʝʥʢʠ ʚʭʦʜʥʳʭ ʢʨʦʚʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ. ʊʘʢʞʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʜʭʦʜ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʠʢʠ ʚ ʨʫʪʠʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʚʳʙʦʨʝ 

ʩʠʩʪʝʤʥʦʡ ʪʘʢʪʠʢʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʣʝʯʝʥʠʷ ʚʨʘʯʦʤ-ʩʧʝʮʠʘʣʠʩʪʦʤ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ ʢʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ 

ʰʝʠ (ʦʙʱʘʷ ʩʦʥʥʘʷ, ʚʥʫʪʨʝʥʥʷʷ ʩʦʥʥʘʷ ʠ ʥʘʨʫʞʥʘʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʠ) ʠ ʛʦʣʦʚʳ 

(ʩʦʩʫʜʳ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ, ʚʢʣʶʯʘʶʱʠʝ ʧʝʨʝʜʥʠʝ, ʩʨʝʜʥʠʝ ʠ ʟʘʜʥʠʝ ʤʦʟʛʦʚʳʝ 

ʘʨʪʝʨʠʠ, ʘ ʪʘʢʞʝ ʟʘʜʥʠʝ ʠ ʧʝʨʝʜʥʶʶ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ, ʘ ʪʘʢʞʝ ʙʘʟʠʣʷʨʥʫʶ 

ʘʨʪʝʨʠʠ). 
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ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʛʝʤʦʜʠʥʘʤʠʢʘ ʘʨʪʝʨʠʡ ʰʝʠ ʠ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʨʠ ʪʠʧʦʚʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ 

ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ, ʘ ʪʘʢʞʝ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ çʩʪʝʥʢʘ-ʢʨʦʚʴè 

ʢʦʤʧʣʝʢʩʘ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʨʠʩʢʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ 

ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʲʝʤʥʳʭ ʢʨʦʚʦʪʦʢʦʚ, ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʣʶʙʳʭ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʦʩʥʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʭʠʨʫʨʛʠʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʨʪʝʨʠʡ ʰʝʠ ʠ 

ʛʦʣʦʚʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ.  

2. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʩ ʧʦʤʦʱʴʶ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʠ ʬʠʟʠʦʣʦʛʠʯʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʙʠʦʤʝʭʘʥʠʢʠ ʦ ʜʚʠʞʝʥʠʠ ʢʨʦʚʠ ʚ ʩʠʩʪʝʤʝ ʘʨʪʝʨʠʡ 

ʰʝʠ ʠ ʛʦʣʦʚʳ. 

3. ʇʨʦʚʝʩʪʠ ʨʷʜ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʧʦʢʘʟʘʪʴ ʥʘʣʠʯʠʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʦʯʝʪʘʥʥʳʭ ʧʘʪʦʣʦʛʠʡ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ 

ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʩ ʧʨʦʮʝʩʩʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʠʩʢʘ ʦʪʨʳʚʘ ʙʣʷʰʝʢ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʣʦʛʠʶ ʠ ʜʝʨʝʚʦ ʨʝʰʝʥʠʡ ʜʣʷ ʚʳʙʦʨʘ ʪʘʢʪʠʢʠ 

ʣʝʯʝʥʠʷ ʧʨʠ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʩ ʫʯʝʪʦʤ 

ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʘʧʨʦʙʠʨʦʚʘʪʴ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʢʣʠʥʠʯʝʩʢʦʤ ʩʣʫʯʘʝ 

ʩʠʩʪʝʤʫ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʪʘʢʪʠʢʠ ʣʝʯʝʥʠʷ ʧʨʠ ʩʦʯʝʪʘʥʥʳʭ ʧʘʪʦʣʦʛʠʷʭ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ 

1. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʨʩʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ ʯʝʣʦʚʝʢʘ 

(ʧ. 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

2. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʠ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʤʦʙʠʣʴʥʦʛʦ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʦʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʠ ʩʞʘʪʠʝ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʟʮʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʫʯʨʝʞʜʝʥʠʠ. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʠ 

ʘʧʨʦʙʘʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ ʚ ʨʘʤʢʘʭ ʤʝʜʠʮʠʥʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

(ʧ. 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

3. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ, ʧʦʢʨʳʰʝʢ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʠ ʩʘʤʠʭ 

ʙʣʷʰʝʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʨʘʤʢʘʭ 

ʢʣʠʥʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʝʤʦʜʠʥʘʤʠʢʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʰʝʠ ʠ ʛʦʣʦʚʳ 

(ʧ. 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

4. ʇʦʩʪʨʦʝʥʳ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʤʦʜʫʣʠ 

ʖʥʛʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʠ ʟʥʘʯʝʥʠʷ ʯʠʩʝʣ ʍʘʫʥʩʬʠʣʜʘ (ʦʪʪʝʥʢʦʚ 

ʩʝʨʦʛʦ ʮʚʝʪʘ ʥʘ ʪʦʤʦʛʨʘʤʤʘʭ). ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ 

ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʣʷʰʝʢ ʚ ʮʝʣʦʤ ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʚ ʩʣʫʯʘʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʧ. 8 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

5. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ ʷʚʣʷʝʪʩʷ ʪʠʧ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʠʧʘ Windkessel. ɺʧʝʨʚʳʝ 

ʧʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʘʨʪʝʨʠʠ ʩ ʜʘʥʥʳʤ ʪʠʧʦʤ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʝʘʣʴʥʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʧʦʢʘʟʘʥʦ ʭʦʨʦʰʝʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʛʝʤʦʜʠʥʘʤʠʢʠ ʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʧ. 2 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 
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6. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʝʥʦʢ ʩʦʥʥʳʭ 

ʘʨʪʝʨʠʡ ʠ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʤʝʪʦʜʦʤ 

ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʜʣʷ ʪʚʝʨʜʳʭ 

ʙʣʷʰʝʢ) ʥʝʧʨʠʤʝʥʠʤʦʡ (ʧ. 1 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

7. ɺʳʷʚʣʝʥ ʨʷʜ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ 

ʩʨʘʚʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ 

ʩ ʚʘʨʠʘʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʧʘʪʦʣʦʛʠʠ. ʂ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʧʦ 

ʢʦʪʦʨʳʤ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ, ʦʪʥʦʩʷʪʩʷ ʢʘʩʘʪʝʣʴʥʳʝ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʝʥʢʝ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʢʘʭ (ʧʨʠ ʠʭ ʥʘʣʠʯʠʠ), 

ʦʙʲʝʤʥʳʝ ʢʨʦʚʦʪʦʢʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ OSI 

ʠ TAWSS, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʩʘʪʝʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ (ʧ. 2 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

8. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ʫʯʘʩʪʢʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʰʝʠ ʠ ʛʦʣʦʚʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʩʦʯʝʪʘʥʥʳʭ ʧʘʪʦʣʦʛʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʧʦʨʘʞʝʥʠʝ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ 

ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʘʥʦʤʘʣʠʠ ʩʪʨʦʝʥʠʷ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʠ ʥʘʨʫʰʝʥʥʳʡ ʢʨʦʚʦʪʦʢ ʚ ʙʘʟʠʣʷʨʥʦʡ ʘʨʪʝʨʠʠ. ɺ ʭʦʜʝ 

ʨʘʩʯʝʪʦʚ ʚʳʷʚʣʝʥʳ ʚʘʨʠʘʥʪʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʥʦʨʤʳ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʩʣʫʯʘʷʤ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʦʪʨʳʚʘ ʙʣʷʰʝʢ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ (ʧ. 2 ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

9. ɺʳʷʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʬʘʢʪʦʨʳ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʶʱʠʝ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʠ ʦʪʨʳʚʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ. ʇʦʢʘʟʘʥʦ: ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʠʧʩʠʣʘʪʝʨʘʣʴʥʳʭ ʩʪʝʥʦʟʦʚ ɺʉɸ (r = 

0.25) ʠ ʪʠʧʘ ʢʨʦʚʦʪʦʢʘ ʚ ɹɸ (r = -0.28) ʥʘ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʚ ɿʉɸ; 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʩʪʝʥʦʟʦʚ ɺʉɸ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ (r = 0.41) ʠ ʪʠʧʘ 

ʢʨʦʚʦʪʦʢʘ ʚ ɹɸ (r = 0.33) ʥʘ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʚ ʇʉɸ; ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʪʠʧʘ ɺʂ (r = -0.34), ʪʠʧʘ ʢʨʦʚʦʪʦʢʘ (r = 0.22) ʠ ʠʧʩʠʣʘʪʝʨʘʣʴʥʦʛʦ 

ʩʪʝʥʦʟʘ ɺʉɸ (r = 0.45) ʥʘ ʨʠʩʢ ʦʪʨʳʚʘ ʙʣʷʰʝʢ (ʧ. 8 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 
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10. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠ ʤʝʪʦʜʳ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 

ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫʯʘʩʪʢʘ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ çʩʦʥʥʳʝ ʘʨʪʝʨʠʠ-ʙʘʟʠʣʷʨʥʘʷ 

ʘʨʪʝʨʠʷ-ʚʠʣʣʠʟʠʝʚ ʢʨʫʛè, ʫʯʠʪʳʚʘʶʱʝʡ ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʩʦʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʭʦʜʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʠ ʧʨʦʚʝʜʝʥʦ 

ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʩʝʪʠ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚʳʙʦʨʢʝ. ʅʘ ʦʩʥʦʚʝ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʠʩʢʦʚ 

ʦʪʨʳʚʘ ʙʣʷʰʝʢ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʣʫʯʘʷ 

ʩ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʝʡ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ (ʧ. 2 ʧʘʩʧʦʨʪʘ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.1.10). 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫʯʘʩʪʢʘ ʩʦʩʫʜʠʩʪʦʛʦ 

ʨʫʩʣʘ çʩʦʥʥʳʝ ʘʨʪʝʨʠʠ-ʙʘʟʠʣʷʨʥʘʷ ʘʨʪʝʨʠʷ-ʚʠʣʣʠʟʠʝʚ ʢʨʫʛè, ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʪʦʤʦʛʨʘʤʤ çʂʦʥʪʫʨ ʂʊ 2Dè ʠ çʂʦʥʪʫʨ ʂʊ 3Dè, ʘ ʪʘʢʞʝ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ: ʩʪʝʥʜʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ 

ʩʠʩʪʝʤʝ ʩʦʩʫʜʦʚ ʠ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ. ʇʦʣʫʯʝʥʳ ʧʘʪʝʥʪʳ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʠ ʙʘʟ ʜʘʥʥʳʭ: 

¶ ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʩʦʯʝʪʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ "ɺʠʣʣʠʩʦʥ" (RU 2023680959 ʦʪ 07.10.2023). 

¶ ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ ʥʘ ʩʨʝʟʘʭ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʤʤʳ "ʂʦʥʪʫʨ ʂʊ 2D" (RU 2021669321 ʦʪ 26.11.2021). 

¶ ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ ʥʘ ʩʨʝʟʘʭ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʤʤʳ "ʂʦʥʪʫʨ ʂʊ 3D" (RU 2021668315 ʦʪ 12.11.2021). 

¶ ʉʧʦʩʦʙ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʦʩʪʠ ʵʤʙʦʣʦʛʝʥʥʦʛʦ ʨʘʟʨʳʚʘ 

ʥʝʩʪʘʙʠʣʴʥʦʡ ʢʘʨʦʪʠʜʥʦʡ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ (RU 2723741 C1 ʦʪ 

17.06.2020). 
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¶ ʉʧʦʩʦʙ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʧʘʩʥʦʩʪʠ ʵʤʙʦʣʦʛʝʥʥʦʛʦ ʨʘʟʨʳʚʘ 

ʢʘʨʦʪʠʜʥʦʡ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ (RU 2729733 C1 ʦʪ 11.08.2020). 

¶ ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

"Vessel Volume Flow" (RU 2022619188 ʦʪ 19.05.2022). 

¶ ʋʧʨʘʚʣʷʶʱʠʡ ʩʢʨʠʧʪ ʜʣʷ ʤʦʙʠʣʴʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ 

MC-3 (RU 2024661169 ʦʪ 16.05.2024). 

¶ ɹʘʟʘ ʜʘʥʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʫʙʯʘʪʦʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ (RU 

2024622484 ʦʪ 05.06.2024). 

ʏʘʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʦʡ ʥʝʩʢʦʣʴʢʠʭ ʛʣʘʚ 

ʤʦʥʦʛʨʘʬʠʠ çɹʠʦʤʝʭʘʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè (ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ 

ʀʚʘʥʦʚʳʤ ɼ.ɺ.). 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ (ʇʨʠʣʦʞʝʥʠʝ 9) ʠ ʬʘʢʫʣʴʪʝʪʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʇʨʠʣʦʞʝʥʠʝ 10) 

ʌɻɹʆʋ ɺʆ çʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦè, ʘ ʪʘʢʞʝ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʨʘʜʠʦʣʦʛʠʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ. ʄ. ɻʨʘʥʦʚʘ (ʇʨʠʣʦʞʝʥʠʝ 11). 

ʇʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʫʯʘʩʪʢʦʚ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝʪʦʜʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʫʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʦʯʥʦʩʪʠ ʩʪʨʦʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ 

ʛʦʣʦʚʳ.  

2. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʦʤ ʤʦʙʠʣʴʥʳʡ ʩʪʝʥʜ, 

ʨʝʘʣʠʟʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʜʥʦʦʩʥʦʤʫ ʨʘʩʪʷʞʝʥʠʶ ʠ ʩʞʘʪʠʶ, ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʥʦʢ ʩʦʩʫʜʦʚ, 
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ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʠ ʧʦʢʨʳʰʝʢ ʙʣʷʰʝʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʣʠʥʠʢʝ 

ʩʨʘʟʫ ʧʦʩʣʝ ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʠʟʲʷʪʠʷ ʪʢʘʥʝʡ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʩʦʙʨʘʥʥʳʡ ʘʚʪʦʨʦʤ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ 

ʦʮʝʥʢʠ ʜʠʥʘʤʠʢʠ ʢʨʦʚʦʪʦʢʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʥʘʩʦʩʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ 

ʨʘʙʦʪʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʝʨʜʮʘ, ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ Arduino ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʨʳʣʴʯʘʪʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʙʠʦʤʝʭʘʥʠʢʠ ʢʨʫʧʥʳʭ ʘʨʪʝʨʠʘʣʴʥʳʭ 

ʩʦʩʫʜʦʚ. 

4. ʇʦʩʪʨʦʝʥʥʘʷ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʦʜʫʣʝʤ ʖʥʛʘ ʠ 

ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʝʣ ʍʘʫʥʩʬʠʣʜʘ ʧʦʟʚʦʣʷʝʪ ʥʝʠʥʚʘʟʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʤʤʳ. 

5. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ 

ʧʘʪʦʣʦʛʠʡ ʚ ʫʯʘʩʪʢʝ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʝʤ ʩʦʥʥʳʝ 

ʘʨʪʝʨʠʠ ʠ ʚʠʣʣʠʟʠʝʚ ʢʨʫʛ, ʚʢʣʶʯʘʶʱʘʷ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʙ ʠʤʝʶʱʠʭʩʷ 

ʧʘʪʦʣʦʛʠʷʭ ʫ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʷʚʣʝʥʠʝ ʥʘ ʵʪʘʧʝ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʨʠʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʠ ʦʪʨʳʚʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ. 

6. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʘʥʘʣʠʟʫ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ ʧʨʠ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʫʪʦʯʥʷʶʱʠʡ ʜʚʫʤʝʨʥʳʡ ʨʘʩʯʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ, ʧʦʨʘʞʝʥʥʦʛʦ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʠʩʢ 

ʨʘʟʨʳʚʘ ʧʦʢʨʳʰʢʠ ʙʣʷʰʢʠ. 

7. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ, ʚʢʣʶʯʘʶʱʘʷ 

ʪʠʧ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ, ʩʪʝʧʝʥʠ ʩʪʝʥʦʟʦʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʭʘʨʘʢʪʝʨ ʢʨʦʚʦʪʦʢʘ ʚ 

ʙʘʟʠʣʷʨʥʦʡ ʘʨʪʝʨʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʣʝʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʠʟʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʣʠʩʴ: 

¶ ʤʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ SolidWorks; 

¶ ʤʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʷʛʢʠʭ ʠ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ 

ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

Instron 3342, ʘ ʪʘʢʞʝ ʤʦʙʠʣʴʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʄʉ-3; 

¶ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʩʠʩʪʝʤʝ ʨʘʟʚʝʪʚʣʷʶʱʠʭʩʷ ʩʦʩʫʜʦʚ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ 

ʩʪʝʥʜʝ; 

¶ ʤʝʪʦʜ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʥʘ ʋɿʀ ʘʧʧʘʨʘʪʝ Mindray Resona 7; 

¶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʘʩʯʝʪʦʚ 

ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ; 

¶ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂʊ, ʋɿʀ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ 

Mimics, RadiAnt, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

çʂʦʥʪʫʨ ʂʊ 2Dè ʠ çʂʦʥʪʫʨ ʂʊ 3Dè; 

¶ ʤʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ 

ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ Ansys; 

¶ ʤʝʪʦʜʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ Delphy; 

¶ ʤʝʪʦʜʳ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ 

TensorFlow ʠ Keras. 

 
ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ, ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʳ 
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ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ: ʩʦʚʧʘʜʘʶʪ ʢʘʢ 

ʢʘʯʝʩʪʚʝʥʥʳʝ, ʪʘʢ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʥʘʪʫʨʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʘʭ ʠ ʨʘʟʨʳʚʥʳʭ ʤʘʰʠʥʘʭ. ʊʘʢʞʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʧʨʦʙʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʨʝʘʣʴʥʦʤ 

ʢʣʠʥʠʯʝʩʢʦʤ ʩʣʫʯʘʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʤʧʦʟʠʫʤʘʭ, ʥʘʫʯʥʳʭ ʰʢʦʣʘʭ ʠ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

¶ Summer School 2014 ç6th Summer School on Biomechanics: Trends 

in Modeling and Simulationè (ɸʚʩʪʨʠʷ, ɻʨʘʮ, 2014); 

¶ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çʄʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝè (ʈʦʩʩʠʷ, ʉʘʨʘʪʦʚ, 2015, 2023); 

¶ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çʇʨʘʢʪʠʯʝʩʢʘʷ ʙʠʦʤʝʭʘʥʠʢʘè (ʈʦʩʩʠʷ, ʉʘʨʘʪʦʚ, 2015, 2017); 

¶ Advanced Biomedical and Clinical Diagnostic and Surgical Guidance 

Systems XVIII (USA, San Francisco, 2020); 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳè (ʈʦʩʩʠʷ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2020, 2023); 

¶ XIV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çɹʠʦʤʝʭʘʥʠʢʘ-2020è (ʈʦʩʩʠʷ, ʇʝʨʤʴ, 2020); 

¶ XVIII  ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʙʠʦʤʝʭʘʥʠʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝè (ʈʦʩʩʠʷ, ɼʠʚʥʦʤʦʨʩʢʦʝ, 2024); 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʭʘʥʠʢʘ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚè (ʈʦʩʩʠʷ, ʇʝʨʤʴ, 2023); 

¶ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ çɹʠʦʤʝʭʘʥʠʢʘ-2024è (ʈʦʩʩʠʷ, 

ʄʦʩʢʚʘ, 2024); 
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¶ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ çɹʠʦʤʝʭʘʥʠʢʘ-2025è (ʈʦʩʩʠʷ, 

ʄʦʩʢʚʘ, 2025). 

ʊʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ: ʥʘ ʢʘʬʝʜʨʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ ʙʠʦʤʝʭʘʥʠʢʠ ʌɻɹʆʋ ɺʆ çʉʘʨʘʪʦʚʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ.ɻ. 

ʏʝʨʥʳʰʝʚʩʢʦʛʦè; ʥʘ ʢʘʬʝʜʨʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ 

ʙʠʦʤʝʭʘʥʠʢʠ ʌɻɸʆʋ ɺʆ çʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè; ʚ ʌɻɹʋ çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʨʘʜʠʦʣʦʛʠʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ʄ. ɻʨʘʥʦʚʘè 

ʄʠʥʟʜʨʘʚʘ ʈʦʩʩʠʠ; ʥʘ ʩʝʤʠʥʘʨʝ çɻʝʤʦʜʠʥʘʤʠʢʘè ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠʤ. ʄ.ɸ. ʃʘʚʨʝʥʪʴʝʚʘè ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ; ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʤʝʭʘʥʠʢʠ ʅʀʀ ʤʝʭʘʥʠʢʠ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ. 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

1.1.10. ï çɹʠʦʤʝʭʘʥʠʢʘ ʠ ʙʠʦʠʥʞʝʥʝʨʠʷè ʧʦ ʧʫʥʢʪʘʤ 1, 2, 8: ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʢʣʝʪʦʢ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʤʷʛʢʠʭ ʠ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ, ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʠ 

ʩʠʩʪʝʤ (ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ); ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʢʣʝʪʢʘʭ, ʪʢʘʥʷʭ ʠ ʦʨʛʘʥʘʭ (ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ); 

ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʧʨʦʷʚʣʝʥʠʡ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ, ʨʘʟʚʠʪʠʷ ʠ 

ʘʜʘʧʪʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ). 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʩʝʤʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʷʝʪ 294 ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ 

95 ʨʠʩʫʥʢʦʚ, 34 ʪʘʙʣʠʮʳ, 38 ʩʪʨʘʥʠʮ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʛʦ 306 

ʩʩʳʣʦʢ. 
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ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 50 

ʨʘʙʦʪʘʭ: 36 ʩʪʘʪʝʡ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 14 ʠʟ ʥʠʭ ʠʟ ʩʧʠʩʢʘ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ɺɸʂ; 7 ʩʚʠʜʝʪʝʣʴʩʪʚ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ, ʙʘʟ 

ʜʘʥʥʳʭ ʠ ʧʘʪʝʥʪʦʚ; 1 ʤʦʥʦʛʨʘʬʠʷ (ʚ ʩʦʘʚʪʦʨʩʪʚʝ); 9 ʩʪʘʪʝʡ ʚ ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʪʝʟʠʩʦʚ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʝʣ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʠʣ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ, 

ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʢ ʠʭ ʨʝʰʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʣ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʚʳʧʦʣʥʠʣ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ: 

¶ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʳ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʘʪʦʣʦʛʠʠ ʩʠʩʪʝʤʳ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ, ʘ 

ʪʘʢʞʝ ʠʭ ʩʦʯʝʪʘʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ; 

¶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʨʩʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ, ʚʢʣʶʯʝʥʥʳʡ ʚ ʤʝʪʦʜʠʢʫ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ; 

¶ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʤʤʳ ʩ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ ʧʦʩʪʨʦʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ 

ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ; 

¶ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʢʝʪʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʞʠʜʢʦʩʪʠ ʧʦ ʩʠʩʪʝʤʝ ʨʘʟʚʝʪʚʣʷʶʱʠʭʩʷ ʩʦʩʫʜʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʩʦʩʘ, 

ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʝʨʜʮʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʦ 

ʫʧʨʘʚʣʷʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʪʝʥʜʘ; 

¶ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʣʠʚʢʝ ʧʣʘʩʪʠʢʦʚʦʡ ʤʦʜʝʣʠ 

ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ, ʚʳʨʘʱʝʥʥʦʡ ʥʘ 3D-ʧʨʠʥʪʝʨʝ, ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʦʙʲʝʤʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʚʳʭʦʜʘʭ ʠʭ ʫʯʘʩʪʢʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʨʝʘʣʴʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ; 
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¶ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʤʦʙʠʣʴʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ 

ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ ʦʙʨʘʟʮʦʚ, ʩʦʙʨʘʥ ʝʛʦ ʨʘʙʦʯʠʡ ʦʙʨʘʟʝʮ ʠ 

ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʥʜʦʤ ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʘʝʤʳʭ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ; 

¶ ʥʘ ʤʦʙʠʣʴʥʦʤ ʩʪʝʥʜʝ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʩʪʷʞʝʥʠʶ 

ʩʦʩʫʜʠʩʪʳʭ ʩʪʝʥʦʢ ʠ ʧʦʢʨʳʰʝʢ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ, ʘ ʪʘʢʞʝ ʧʦ 

ʩʞʘʪʠʶ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ, ʦʧʨʝʜʝʣʝʥʳ ʤʦʜʫʣʠ ʖʥʛʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʪʨʫʢʪʫʨ, ʩʦʩʪʘʚʣʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

¶ ʧʦʣʫʯʝʥʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʤʦʜʫʣʷʤʠ ʖʥʛʘ ʠ 

ʯʠʩʣʘʤʠ ʍʘʫʥʩʬʠʣʜʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ; 

¶ ʧʨʦʚʝʜʝʥʦ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 145 ʚʘʨʠʘʥʪʦʚ 

ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ, ʧʦʣʫʯʝʥʳ 

ʧʦʣ̫ ʢʘʩʘʪʝʣʴʥʳʭ ʠ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʪʝʥʢʘʭ ʠ ʙʣʷʰʢʘʭ, ʘ ʪʘʢʞʝ 

ʧʦʩʯʠʪʘʥʳ ʤʘʩʩʦʚʳʝ ʢʨʦʚʦʪʦʢʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʚ 

ʩʠʩʪʦʣʠʯʝʩʢʫʶ ʠ ʜʠʘʩʪʦʣʠʯʝʩʢʫʶ ʬʘʟʳ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ; 

¶ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚʝʣʠʯʠʥ ʚʳʷʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʩʦʯʝʪʘʥʠʡ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, 

ʧʦʚʳʰʘʶʱʠʝ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʩʦʩʫʜʦʚ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʠ ʦʪʨʳʚʘ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ; 

¶ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʢʣʠʥʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʨʠʩʢʠ 

ʦʪʨʳʚʘ ʙʣʷʰʝʢ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ; 

¶ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʨʠʮ ʢʦʨʨʝʣʷʮʠʠ ʚʳʷʚʣʝʥʳ ʧʨʠʟʥʘʢʠ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʨʠʩʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ 

ʠ ʦʪʨʳʚʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ; 

¶ ʥʘ ʷʟʳʢʝ python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ pyQT, TensorFlow ʠ 

Keras ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʨʠʩʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʠ ʦʪʨʳʚʘ ʙʣʷʰʝʢ ʚ 

ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ. 
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ɺ ʩʪʘʪʴʷʭ [10, 11, 15, 19, 21, 157] ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ 

ʙʠʦʤʝʭʘʥʠʢʠ, ʯʘʩʪʠʯʥʦ ʦʙʟʦʨʳ ʣʠʪʝʨʘʪʫʨʳ, ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʯʠʩʣʝʥʥʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʯʘʩʪʴ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʘʙʦʪʝ [102] ʘʚʪʦʨʫ 

ʧʨʠʥʘʜʣʝʞʠʪ ʦʧʠʩʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ, ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʠ ʯʘʩʪʠʯʥʦ 

ʦʙʩʫʞʜʝʥʠʝ ʠ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ. ɺ [103] ʘʚʪʦʨ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʠʣ ʦʙʟʦʨ 

ʣʠʪʝʨʘʪʫʨʳ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʧʠʩʘʣ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʠ 

ʦʙʩʫʞʜʝʥʠʝ. ɺ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ [23] ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ ʯʘʩʪʴ ʘʥʘʣʠʟʘ 

ʣʠʪʝʨʘʪʫʨʳ. ɺ [24] ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʤʦʜʠʥʘʤʠʢʠ ʜʣʷ 

ʯʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɸʚʪʦʨʫ ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʯʘʩʪʴ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʚʪʦʨ ʚʳʧʦʣʥʠʣ ʯʘʩʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ [105], ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʧʦʜʛʦʪʦʚʢʝ ʦʙʩʫʞʜʝʥʠʷ ʠ ʟʘʢʣʶʯʝʥʠʷ. ɺ ʨʘʙʦʪʝ [38] ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ 

ʚʚʝʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʘʥʘʣʠʟ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʈʘʙʦʪʳ [9, 13] ʚʳʧʦʣʥʝʥʳ ʙʝʟ ʩʦʘʚʪʦʨʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʟʘ ʧʦʤʦʱʴ ʠ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʶ ʩʝʤʴʶ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʦʚ ʢʘʬʝʜʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʠ ʙʠʦʤʝʭʘʥʠʢʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʈʅʎʈʠʍʊ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ʄ. ɻʨʘʥʦʚʘ. ʆʩʦʙʘʷ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʂʦʩʩʦʚʠʯʫ ʃʝʦʥʠʜʫ ʖʨʴʝʚʠʯʫ, ʀʚʘʥʦʚʫ ɼʤʠʪʨʠʶ 

ɺʘʣʝʨʴʝʚʠʯʫ, ʂʠʨʠʣʣʦʚʦʡ ʀʨʠʥʝ ɺʘʩʠʣʴʝʚʥʝ, ɹʝʩʩʦʥʦʚʫ ʃʝʦʥʠʜʫ 

ɺʘʣʝʥʪʠʥʦʚʠʯʫ, ʄʘʡʩʪʨʝʥʢʦ ɼʤʠʪʨʠʶ ʅʠʢʦʣʘʝʚʠʯʫ ʠ ɻʝʥʝʨʘʣʦʚʫ ʄʠʭʘʠʣʫ 

ʀʛʦʨʝʚʠʯʫ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 
ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʚʷʱʝʥ ʚʦʧʨʦʩʘʤ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ, ʠʭ 

ʜʠʘʛʥʦʩʪʠʢʝ, ʣʝʯʝʥʠʶ ʠ ʚʟʘʠʤʦʩʚʷʟʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ, ʧʦ ʤʥʝʥʠʶ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʚ ʚʦʧʨʦʩʘʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ. ʇʦʢʘʟʘʥʳ ʚʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ. 

1.1. ʄʝʜʠʮʠʥʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʘʜʘʯʠ 

ɸʥʘʪʦʤʠʷ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ 

ʂ ʦʩʥʦʚʥʳʤ ʘʨʪʝʨʠʘʣʴʥʳʤ ʩʦʩʫʜʘʤ ʰʝʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʦʙʱʘʷ 

ʩʦʥʥʘʷ (ʆʉɸ), ʥʘʨʫʞʥʘʷ (ʅʉɸ) ʠ ʚʥʫʪʨʝʥʥʷʷ ʩʦʥʥʘʷ (ɺʉɸ), ʧʦʟʚʦʥʦʯʥʳʝ, 

ʙʘʟʠʣʷʨʥʘʷ ʘʨʪʝʨʠʠ (ɹɸ), ʘ ʠʟ ʘʨʪʝʨʠʡ ʛʦʣʦʚʳ ʚʘʞʥʝʡʰʠʤʠ ʷʚʣʷʶʪʩʷ ʩʦʩʫʜʳ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ: ʧʝʨʝʜʥʠʝ ʤʦʟʛʦʚʳʝ, ʩʨʝʜʥʠʝ ʤʦʟʛʦʚʳʝ, ʟʘʜʥʠʝ ʤʦʟʛʦʚʳʝ, 

ʧʝʨʝʜʥʷʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ (ʇʉɸ) ʠ ʜʚʝ ʟʘʜʥʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʘʨʪʝʨʠʠ (ɿʉɸ) 

[45]. ʉʭʝʤʘʪʠʯʥʦ ʠʭ ʩʪʨʦʝʥʠʝ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.1 
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ʈʠʩʫʥʦʢ 1.1. ɸʨʪʝʨʠʠ ʰʝʠ ʠ ʛʦʣʦʚʳ: 1 ï ʜʫʛʘ ʘʦʨʪʳ, 2 ï ʧʣʝʯʝʛʦʣʦʚʥʦʡ ʩʪʚʦʣ, 3 ï 

ʧʦʜʢʣʶʯʠʯʥʘʷ ʘʨʪʝʨʠʷ, 4 ï ʦʙʱʘʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ, 5 ï ʧʦʟʚʦʥʦʯʥʘʷ ʘʨʪʝʨʠʷ, 6 ï ʥʘʨʫʞʥʘʷ 

ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ, 7 ï ʙʘʟʠʣʷʨʥʘʷ ʘʨʪʝʨʠʷ, 8 ï ʟʘʜʥʷʷ ʤʦʟʛʦʚʘʷ ʘʨʪʝʨʠʷ, 9 ï ʟʘʜʥʷʷ 

ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʘʨʪʝʨʠʷ, 10 - ʩʨʝʜʥʷʷ ʤʦʟʛʦʚʘʷ ʘʨʪʝʨʠʷ, 11 - ʧʝʨʝʜʥʷʷ ʤʦʟʛʦʚʘʷ ʘʨʪʝʨʠʷ, 

12 ï ʧʝʨʝʜʥʷʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʘʨʪʝʨʠʷ. 

 

ʆʙʱʘʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ ð ʧʘʨʥʳʡ ʩʦʩʫʜ, ʩʧʨʘʚʘ ʙʝʨʝʪ ʥʘʯʘʣʦ ʦʪ 

ʧʣʝʯʝʛʦʣʦʚʥʦʛʦ ʩʪʚʦʣʘ, ʩʣʝʚʘ ʦʪ ʜʫʛʠ ʘʦʨʪʳ. ʗʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʤʘʛʠʩʪʨʘʣʴʥʳʤ ʩʦʩʫʜʦʤ ʦʙʣʘʩʪʠ ʰʝʠ. ʆʙʱʘʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ ʚ ʥʦʨʤʝ 

ʧʦʜʥʠʤʘʝʪʩʷ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʚ ʦʙʣʘʩʪʠ ʰʝʠ ʨʘʩʧʦʣʘʛʘʷʩʴ ʥʘ 

ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʝʨʝʯʥʳʭ ʦʪʨʦʩʪʢʦʚ ʰʝʡʥʳʭ ʧʦʟʚʦʥʢʦʚ. ʇʦ ʩʚʦʝʤʫ 
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ʭʦʜʫ ʚʝʪʚʝʡ ʦʙʱʘʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ ʥʝ ʜʘʝʪ, ʥʘ ʫʨʦʚʥʝ ʚʝʨʭʥʝʛʦ ʢʨʘʷ 

ʱʠʪʦʚʠʜʥʦʛʦ ʭʨʷʱʘ ʜʝʣʠʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʠ ʥʘʨʫʞʥʫʶ ʩʦʥʥʳʝ ʘʨʪʝʨʠʠ. 

ʅʘʨʫʞʥʘʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ ʜʘʝʪ ʨʷʜ ʚʝʪʚʝʡ, ʢʦʪʦʨʳʝ ʢʨʦʚʦʩʥʘʙʞʘʶʪ 

ʤʷʛʢʠʝ ʪʢʘʥʠ ʛʦʣʦʚʳ (ʢʦʞʘ, ʤʳʰʮʳ, ʩʣʠʟʠʩʪʳʝ ʦʙʦʣʦʯʢʠ). 

ɺʥʫʪʨʝʥʥʷʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ ʧʦʩʣʝ ʚʝʪʚʣʝʥʠʷ ʢʨʦʚʦʩʥʘʙʞʘʝʪ ʛʦʣʦʚʥʦʡ 

ʤʦʟʛ ʠ ʛʣʘʟʘ. ʇʦ ʭʦʜʫ ʚʥʫʪʨʝʥʥʷʷ ʩʦʥʥʘʷ ʘʨʪʝʨʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʦʙʱʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ. ɽʝ ʨʘʟʜʝʣʷʶʪ ʥʘ ʰʝʡʥʫʶ ʠ ʚʥʫʪʨʠʯʝʨʝʧʥʫʶ ʯʘʩʪʠ. ɺ 

ʰʝʡʥʦʡ ʯʘʩʪʠ ʘʨʪʝʨʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʜʘʝʪ ʚʝʪʚʝʡ. ʇʦʚʪʦʨʷʷ ʠʟʛʠʙʳ 

ʚʥʫʪʨʠʯʝʨʝʧʥʦʛʦ ʢʘʥʘʣʘ canalis caroticus, ʘʨʪʝʨʠʷ ʚʭʦʜʠʪ ʚ ʧʦʣʦʩʪʴ ʯʝʨʝʧʘ, ʛʜʝ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʘʨʪʝʨʠʡ, ʢʨʦʚʦʩʥʘʙʞʘʶʱʠʭ ʛʦʣʦʚʥʦʡ ʤʦʟʛ.  

ʇʦʟʚʦʥʦʯʥʘʷ ʘʨʪʝʨʠʷ ï ʧʘʨʥʳʡ ʩʦʩʫʜ, ʦʪʭʦʜʠʪ ʦʪ ʧʦʜʢʣʶʯʠʯʥʦʡ 

ʘʨʪʝʨʠʠ. ʅʘʧʨʘʚʣʷʝʪʩʷ ʢʚʝʨʭʫ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʧʦʟʘʜʠ ʦʙʱʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ. ʅʘ 

ʫʨʦʚʥʝ ʧʦʟʚʦʥʢʘ C6 ʚʭʦʜʠʪ ʚ ʧʦʧʝʨʝʯʥʦʝ ʦʪʚʝʨʩʪʠʝ ʠ ʧʦʜʥʠʤʘʝʪʩʷ ʯʝʨʝʟ 

ʧʦʧʝʨʝʯʥʳʭ ʦʪʚʝʨʩʪʠʷ ʚʩʝʭ ʰʝʡʥʳʭ ʧʦʟʚʦʥʢʦʚ. ʇʦʧʘʜʘʝʪ ʚ ʧʦʣʦʩʪʴ ʯʝʨʝʧʘ 

ʯʝʨʝʟ ʙʦʣʴʰʦʝ ʟʘʪʳʣʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ. ɺ ʧʦʣʦʩʪʠ ʯʝʨʝʧʘ ʣʝʚʘʷ ʠ ʧʨʘʚʘʷ 

ʧʦʟʚʦʥʦʯʥʳʝ ʘʨʪʝʨʠʠ ʩʣʠʚʘʶʪʩʷ ʚ ʙʘʟʠʣʷʨʥʫʶ ʘʨʪʝʨʠʶ, ʢʦʪʦʨʘʷ ʚʤʝʩʪʝ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʦʥʥʳʤʠ ʘʨʪʝʨʠʷʤʠ ʦʙʨʘʟʫʝʪ ʘʨʪʝʨʠʘʣʴʥʳʡ ʢʨʫʛ ʙʦʣʴʰʦʛʦ 

ʤʦʟʛʘ (ʠʣʠ ʚʠʣʣʠʟʠʝʚ ʢʨʫʛ) [33]. 

ɹʘʟʠʣʷʨʥʘʷ ʘʨʪʝʨʠʷ ʜʝʣʠʪʩʷ ʥʘ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ ʟʘʜʥʠʝ ʤʦʟʛʦʚʳʝ 

ʘʨʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʢʨʦʚʦʩʥʘʙʞʘʶʪ ʙʦʣʴʰʦʡ ʤʦʟʛ.  

ʆʩʥʦʚʥʳʤʠ ʘʨʪʝʨʠʷʤʠ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʧʝʨʝʜʥʠʝ ʠ 

ʩʨʝʜʥʠʝ ʘʨʪʝʨʠʠ ʙʦʣʴʰʦʛʦ ʤʦʟʛʘ [45]. ʇʝʨʝʜʥʷʷ ʤʦʟʛʦʚʘʷ ʘʨʪʝʨʠʷ ï ʧʘʨʥʳʡ 

ʩʦʩʫʜ, ʙʝʨʝʪ ʥʘʯʘʣʦ ʚ ʤʝʩʪʝ ʚʝʪʚʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ. ɼʚʝ 

ʦʜʥʦʠʤʝʥʥʳʝ ʧʝʨʝʜʥʠʝ ʤʦʟʛʦʚʳʝ ʘʨʪʝʨʠʠ ʩʦʝʜʠʥʷʶʪʩʷ ʧʝʨʝʜʥʝʡ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʘʨʪʝʨʠʝʡ.  

ʉʨʝʜʥʷʷ ʘʨʪʝʨʠʷ ʙʦʣʴʰʦʛʦ ʤʦʟʛʘ (ʩʨʝʜʥʷʷ ʤʦʟʛʦʚʘʷ ʘʨʪʝʨʠʷ) ï ʧʘʨʥʳʡ 

ʩʦʩʫʜ, ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʚʝʪʚʴʶ ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ 

ʘʨʪʝʨʠʠ, ʯʘʩʪʠʯʥʦ ʢʨʦʚʦʩʥʘʙʞʘʝʪ ʚʝʨʭʥʝ-ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʣʦʙʥʦʡ, 

ʪʝʤʝʥʥʦʡ ʠ ʚʠʩʦʯʥʦʡ ʜʦʣʝʡ ʙʦʣʴʰʦʛʦ ʤʦʟʛʘ. 
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ɿʘʜʥʷʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʘʨʪʝʨʠʷ ï ʧʘʨʥʳʡ ʩʦʩʫʜ, ʩʦʝʜʠʥʷʶʱʠʡ 

ʚʥʫʪʨʝʥʥʶʶ ʩʦʥʥʫʶ ʠ ʟʘʜʥʶʶ ʤʦʟʛʦʚʫʶ ʘʨʪʝʨʠʶ, ʧʦ ʩʫʪʠ, ʟʘʤʳʢʘʷ 

ʚʠʣʣʠʟʠʝʚ ʢʨʫʛ.  

 

ʇʘʪʦʣʦʛʠʠ ʘʨʪʝʨʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʣʝʯʝʥʠʶ 

ʂ ʦʩʥʦʚʥʳʤ ʧʘʪʦʣʦʛʠʷʤ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʚ ʦʙʣʘʩʪʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ 

ʛʦʣʦʚʳ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʝ ʧʦʨʘʞʝʥʠʷ, ʘʥʝʚʨʠʟʤʳ ʠ 

ʘʧʣʘʟʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ [110, 116, 189, 211,].  

ɸʪʝʨʦʩʢʣʝʨʦʟ ï ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ, ʧʨʠʯʠʥʳ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʣʝʞʘʪʴ ʚ 

ʦʙʣʘʩʪʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ. ɺ ʘʪʝʨʦʛʝʥʝʟʝ, ʪʦ ʝʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ, ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʩʪʝʥʢʘ ʘʨʪʝʨʠʠ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʢʨʦʚʠ 

ʬʦʨʤʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʣʦʢʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠʣʠ 

ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʢʨʦʚʦʪʦʢʘ [1]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʪʝʨʦʩʢʣʝʨʦʟ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ ʠ 

ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʳʭ ʧʘʪʦʣʦʛʠʡ. ʇʨʠ ʵʪʦʤ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʦʣʝʟʥʴ ʤʦʞʝʪ 

ʧʨʦʪʝʢʘʪʴ ʙʝʩʩʠʤʧʪʦʤʥʦ, ʦʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʩʪʠ ʢ ʠʥʬʘʨʢʪʫ ʤʠʦʢʘʨʜʘ, 

ʠʰʝʤʠʯʝʩʢʦʤʫ ʠʥʩʫʣʴʪʫ, ʭʨʦʥʠʯʝʩʢʦʡ ʮʝʨʝʙʨʘʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠ ʜʨ. 

[19]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʦʙʱʝʡ ʪʝʦʨʠʠ ʘʪʝʨʦʛʝʥʝʟʘ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʩʝ ʝʛʦ 

ʘʩʧʝʢʪʳ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʝʨʩʠʡ ʢʘʩʘʪʝʣʴʥʦ 

ʧʨʠʯʠʥ ʨʘʟʚʠʪʠʷ ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʷʚʣʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦ ʨʝʘʢʮʠʠ ʥʘ ʧʦʚʨʝʞʜʝʥʠʝ 

ʢʣʝʪʦʢ ʵʥʜʦʪʝʣʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʪʨʘʪʝ ʠʤʠ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ. 

ʌʘʢʪʦʨʘʤʠ, ʚʳʟʳʚʘʶʱʠʤʠ ʧʦʚʨʝʞʜʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʪʨʘʚʤʳ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʟʚʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʨʦʚʦʪʦʢʘ ʚ ʦʙʣʘʩʪʠ 

ʧʦʨʘʞʝʥʠʷ [1, 14, 120]. ʉʚʷʟʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩ ʘʪʝʨʦʛʝʥʝʟʦʤ ʙʫʜʝʪ 

ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ. 

ɸʥʝʚʨʠʟʤʘ ï ʵʪʦ ʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʢʨʦʚʝʥʦʩʥʦʛʦ ʩʦʩʫʜʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ ʠʣʠ ʚʳʧʷʯʠʚʘʥʠʝ ʯʘʩʪʠ ʩʪʝʥʢʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʚʳʟʚʘʥʥʦʝ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʥʝʡ [274]. ʉʘʤ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 
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ʘʥʝʚʨʠʟʤ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʢʘʢ ʩ 

ʦʙʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʘʨʪʝʨʠʡ. 

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤʳ, ʢʘʢ ʫʪʚʝʨʞʜʘʝʪ ʨʷʜ ʘʚʪʦʨʦʚ, 

ʩʣʫʞʠʪ ʘʪʝʨʦʩʢʣʝʨʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ [72, 167, 172], ʪʘʢ ʢʘʢ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʠʣʠ 

ʧʦʣʥʦʤ ʩʪʝʥʦʟʝ ʆʉɸ ʠʣʠ ɺʉɸ ʠʟʤʝʥʷʝʪʩʷ ʦʙʲʝʤʥʳʡ ʢʨʦʚʦʪʦʢ ʥʘ ʚʭʦʜʝ ʚ 

ʘʨʪʝʨʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʛʦʣʦʚʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ 

ʢʨʦʚʠ ʚ ʩʦʩʫʜʘʭ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʠʟ-ʟʘ ʝʛʦ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ ʬʫʥʢʮʠʡ. ʀʤʝʥʥʦ 

ʵʪʦ, ʧʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʥʝʚʨʠʟʤ. 

ɸʚʪʦʨʳ [189] ʧʦʣʘʛʘʶʪ, ʯʪʦ ʩʪʝʥʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ɺʂ. ʇʦ ʜʘʥʥʳʤ [189], ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʵʥʜʘʨʪʝʨʵʢʪʦʤʠʠ (ʫʜʘʣʝʥʠʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ 

ʙʣʷʰʢʠ) ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʧʦʢʘʟʘʣʘ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʘʥʝʚʨʠʟʤʳ ʇʉɸ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ [251]: ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʵʥʜʘʨʪʝʨʵʢʪʦʤʠʠ ʧʨʘʚʦʡ ɺʉɸ ʘʥʝʚʨʠʟʤʘ ʟʘʜʥʝʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ 

ʘʨʪʝʨʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʠʟ-ʟʘ ʨʘʟʚʦʨʦʪʘ ʢʨʦʚʦʪʦʢʘ ʧʦ ʘʨʪʝʨʠʠ (ʜʦ 

ʦʧʝʨʘʮʠʠ ʨʘʟʤʝʨʳ ʙʳʣʠ 3 ʥʘ 4 ʤʤ, ʘ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʩʪʘʣʠ 2 ʥʘ 3 ʤʤ). ɹʦʣʝʝ 

ʪʦʛʦ, ʘʚʪʦʨʳ [251] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʠʤʝʥʥʦ ʩʪʝʥʦʟ ʧʨʘʚʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ 

ʘʨʪʝʨʠʡ ʧʦʩʣʫʞʠʣ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʝʚʨʠʟʤʳ ʟʘʜʥʝʡ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʘʨʪʝʨʠʠ. ɺʦʟʥʠʢ ʩʫʱʝʩʪʚʝʥʥʳʡ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʢʨʦʚʦʪʦʢ 

ʯʝʨʝʟ ɿʉɸ ʦʪ ʚʝʨʪʝʙʨʦ-ʙʘʟʠʣʷʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʧʝʨʝʜʥʠʝ ʦʪʜʝʣʳ ɺʂ. ʇʦʩʣʝ 

ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʠ ʣʠʢʚʠʜʘʮʠʠ ʩʪʝʥʦʟʘ ʧʨʘʚʦʡ ɺʉɸ ʘʥʝʚʨʠʟʤʘ 

ʟʘʜʥʝʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʘʨʪʝʨʠʠ ʫʤʝʥʴʰʠʣʘʩʴ ʚ ʨʘʟʤʝʨʘʭ ʚ ʪʝʯʝʥʠʝ 15 ʤʝʩʷʮʝʚ. 

ɹʦʣʝʝ ʪʦʛʦ, Senn P. ʩ ʩʦʘʚʪʦʨʘʤʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʦʯʝʪʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ (ʘʥʝʚʨʠʟʤʘ ʠ ʩʪʝʥʦʟ) ʠ ʝʩʣʠ ʨʘʟʤʝʨʳ ʘʥʝʚʨʠʟʤʳ ʤʝʥʝʝ 5 ʤʤ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʵʥʜʘʨʪʝʨʵʢʪʦʤʠʶ, ʘ ʣʝʯʝʥʠʝ 

ʘʥʝʚʨʠʟʤʳ ʧʨʦʚʦʜʠʪʴ ʚʪʦʨʳʤ ʵʪʘʧʦʤ ʠʣʠ ʥʝ ʧʨʦʚʦʜʠʪʴ ʚʦʚʩʝ, ʪʘʢ ʢʘʢ 

ʥʦʨʤʘʣʴʥʳʡ ʢʨʦʚʦʪʦʢ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʠ ʵʥʜʘʨʪʝʨʵʢʪʦʤʠʠ, ʤʦʞʝʪ 
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ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʜʠʥʘʤʠʢʝ ʨʘʟʚʠʪʠʷ ʘʥʝʚʨʠʟʤʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʪʴ ʝʝ ʨʘʟʤʝʨʳ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʛʝʤʦʜʠʥʘʤʠʢʝ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʢʨʦʚʦʪʦʢʘ ʠ ʜʘʚʣʝʥʠʷ ʢʨʦʚʠ, ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ 

ʦʩʣʘʙʣʝʥʠʷ ʩʪʝʥʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤʳ [72, 76, 260]. 

ʆʧʫʙʣʠʢʦʚʘʥ ʨʷʜ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʝʚʨʠʟʤ ʩʦʩʫʜʦʚ 

ʚʠʣʣʠʟʠʝʚʦʛʦ ʢʨʫʛʘ ʧʦʩʣʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʦʢʢʣʶʟʠʠ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʩʪʝʥʪʠʨʦʚʘʥʠʷ ʠʣʠ ʵʥʜʘʨʪʝʨʵʢʪʦʤʠʠ [64, 253]. ʕʪʦʪ ʬʘʢʪ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʝʦʨʠʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʝʚʨʠʟʤ, ʷʚʣʷʶʱʠʭʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʩʫʞʝʥʠʷ ʧʨʦʩʚʝʪʘ ʚʥʫʪʨʝʥʥʠʭ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠʟ-ʟʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ. 

ʉʪʝʥʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʧʘʪʦʣʦʛʠʡ ʘʨʪʝʨʠʡ ʰʝʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʩʦʩʪʦʷʥʠʷ 

ɺʉɸ: ʥʦʨʤʘ (ʙʝʟ ʩʪʝʥʦʟʘ), ʩʪʝʥʦʟ 30% ʠ ʩʪʝʥʦʟ 70%. ʊʘʢʠʝ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʩʪʝʥʦʟʦʚ ʚʳʙʨʘʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [53, 190, 

281, 284]. ʉʪʝʥʦʟ 30% ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʟʥʘʯʠʤʳʤ, ʦʜʥʘʢʦ 

ʬʠʟʠʦʣʦʛʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʵʪʦ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʦʨʦʛʦʚʳʤ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ 

ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʣʦʞʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [281]. ʉʪʝʥʦʟ 

70% ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ, ʧʨʠ ʵʪʦʤ ʨʠʩʢ 

ʢʣʠʥʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʪʘʢʦʤ ʧʦʢʘʟʘʪʝʣʝ ʩʯʠʪʘʝʪʩʷ ʢʨʘʡʥʝ ʚʳʩʦʢʠʤ ʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ɹ

ʭʠʨʫʨʛʠʯʝʩʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ [284]. 

ɺ ʨʷʜʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʢʣʠʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʪʦʯʢʘ ʟʨʝʥʠʷ, ʯʪʦ ʠʤʝʥʥʦ ʘʪʝʨʦʩʢʣʝʨʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 

ʧʦʷʚʣʝʥʠʝ ʘʥʝʚʨʠʟʤ ʩʦʩʫʜʦʚ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʝʚʨʠʟʤʳ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʧʦʪʦʢʘ ʢʨʦʚʠ, ʫʜʘʨʷʶʱʝʛʦ ʚ ʩʪʝʥʢʫ 

ʘʨʪʝʨʠʡ [143, 189, 192]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʛʝʤʦʜʠʥʘʤʠʢʘ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʟʚʠʪʠʷ, ʨʦʩʪʘ ʠ ʨʘʟʨʳʚʘ ʘʥʝʚʨʠʟʤ. 

ʅʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʛʝʤʦʜʠʥʘʤʠʢʝ 
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ʧʠʪʘʶʱʠʭ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʘʨʪʝʨʠʡ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʦʩʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ [61, 72, 83, 151]. 

ʇʦ ʤʥʝʥʠʶ Heman L.M. ʠ ʩʦʘʚʪʦʨʦʚ [143], ʩʪʝʥʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ɺʂ. ʀʥʦʛʜʘ [83, 141, 251, 264] 

ʦʪʤʝʯʘʝʪʩʷ ʟʘʢʫʧʦʨʢʘ ʘʥʝʚʨʠʟʤ, ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʨʘʟʤʝʨʦʚ ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ ʧʠʪʘʶʱʠʭ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʘʨʪʝʨʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʘ [205] 1D ʤʦʜʝʣʴ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ɺʂ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴ 

ʢʨʦʚʦʪʦʢʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʟʘʢʫʧʦʨʢʝ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ (ʟʘʤʢʥʫʪʳʡ ʠ ʨʘʟʦʤʢʥʫʪʳʡ). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʪʦʢʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʪʴʩʷ, ʠ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʩʦʥʥʳʭ 

ʘʨʪʝʨʠʷʭ. ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʢʨʦʚʦʪʦʢʠ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʘʨʪʝʨʠʷʭ, ʚ ʥʦʨʤʝ ʧʦ ʢʦʪʦʨʳʤ ʢʨʦʚʦʪʦʢʠ ʥʘ 1-2 ʧʦʨʷʜʢʘ ʥʠʞʝ, ʯʝʤ ʧʦ 

ʦʩʥʦʚʥʳʤ ʘʨʪʝʨʠʷʤ ɺʂ. ʀʤʝʥʥʦ ʵʪʦ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʝʚʨʠʟʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʘʨʪʝʨʠʡ. ʆʜʥʘʢʦ ʤʦʜʝʣʴ ʚ ʨʘʙʦʪʝ 

[205] ʷʚʣʷʝʪʩʷ ʦʜʥʦʤʝʨʥʦʡ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʫʧʨʫʛʦʩʪʴ ʩʪʝʥʦʢ, ʘ ʪʘʢʞʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʦʚʦʪʦʢʦʚ ʦʪ ʚʨʝʤʝʥʠ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪ ʝʝ ʧʨʠʤʝʥʝʥʠʝ, ʘ ʩ ʜʨʫʛʦʡ, ʪʘʢʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʜʦʚʦʣʴʥʦ ʜʘʣʝʢʠʝ ʦʪ 

ʨʝʘʣʴʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʦ. 

ɸʧʣʘʟʠʷ (ʦʪʩʫʪʩʪʚʠʝ) ʦʜʥʦʡ ʠʟ ʘʨʪʝʨʠʡ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʯʘʩʪʦʡ ʧʘʪʦʣʦʛʠʝʡ, ʚʩʪʨʝʯʘʶʱʝʡʩʷ, ʧʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ, ʫ 60% - 70% ʥʘʩʝʣʝʥʠʷ 

[135, 165]. ʂ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʚʘʨʠʘʥʪʘʤ ʨʘʟʦʤʢʥʫʪʦʛʦ ɺʂ 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ: ʩ ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʧʝʨʝʜʥʝʡ, ʦʜʥʦʡ ʠʟ ʟʘʜʥʠʭ 

ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʠʭ ʟʘʜʥʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʘʨʪʝʨʠʡ [110, 144, 211]. ɺ 

ʨʷʜʝ ʨʘʙʦʪ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʘʨʠʘʥʪʳ ʚʨʦʞʜʝʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ɺʂ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʠʩʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʘʥʝʚʨʠʟʤ [144, 183]. 

ʆʜʥʠʤ ʠʟ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʛʝʤʦʜʠʥʘʤʠʢʫ ʩʦʩʫʜʦʚ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ, ʷʚʣʷʝʪʩʷ ʩʠʥʜʨʦʤ ʧʦʟʚʦʥʦʯʥʦ-

ʧʦʜʢʣʶʯʠʯʥʦʛʦ ʦʙʢʨʘʜʳʚʘʥʠʷ (ʉʇʇʆ) ʠʣʠ ʩʪʠʣ-ʩʠʥʜʨʦʤ (steal-ʩʠʥʜʨʦʤ) [17, 
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233]. ɺʧʝʨʚʳʝ ʨʝʪʨʦʛʨʘʜʥʳʡ ʢʨʦʚʦʪʦʢ ʙʳʣ ʦʧʠʩʘʥ ʝʱʝ ʚ 1960 ʛʦʜʫ L. Contorni 

[92], ʘ ʫʞʝ ʯʝʨʝʟ ʛʦʜ M. Reivich [239] ʩʚʷʟʘʣ ʵʪʦʪ ʬʝʥʦʤʝʥ ʩ ʪʨʘʥʟʠʪʦʨʥʦʡ 

ʠʰʝʤʠʯʝʩʢʦʡ ʘʪʘʢʦʡ, ʪʝʤ ʩʘʤʳʤ ʫʢʘʟʘʚ ʥʘ ʩʚʷʟʴ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʩ 

ʮʝʨʝʙʨʘʣʴʥʳʤ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝʤ. ʉʘʤ ʪʝʨʤʠʥ çsteal-ʩʠʥʜʨʦʤè ʚʧʝʨʚʳʝ ʚʚʝʣ ʚ 

ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʥʝʚʨʦʣʦʛ C. M. Fisher [123]. ʉʫʪʴ ʦʧʠʩʘʥʥʦʛʦ ʷʚʣʝʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʠʣʫ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʜʢʣʶʯʠʯʥʦʡ 

ʘʨʪʝʨʠʠ (ʯʘʱʝ ʚʩʝʛʦ ʚʩʣʝʜʩʪʚʠʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ [276]) 

ʚʦʟʥʠʢʘʝʪ ʨʝʪʨʦʛʨʘʜʥʳʡ ʢʨʦʚʦʪʦʢ ʚ ʧʦʟʚʦʥʦʯʥʦʡ ʘʨʪʝʨʠʠ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʪʨʦʛʨʘʜʥʳʡ ʢʨʦʚʦʪʦʢ ʚ 

ʙʘʟʠʣʷʨʥʦʡ ʘʨʪʝʨʠʠ (ʨʠʩʫʥʦʢ 1.2).  

 
ʈʠʩʫʥʦʢ 1.2. ï ʉʭʝʤʘ ʢʨʦʚʦʪʦʢʘ ʧʨʠ ʩʠʥʜʨʦʤʝ ʧʦʟʚʦʥʦʯʥʦ-ʧʦʜʢʣʶʯʠʯʥʦʛʦ 

ʦʙʢʨʘʜʳʚʘʥʠʷ [233] 

 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʩʪʘʜʠʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʠʥʜʨʦʤʘ ʧʦʟʚʦʥʦʯʥʦ-

ʧʦʜʢʣʶʯʠʯʥʦʛʦ ʦʙʢʨʘʜʳʚʘʥʠʷ [222], ʧʨʠʯʝʤ ʧʨʠ ʪʨʝʪʴʝʡ, ʥʘʠʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʦʡ ʩʪʘʜʠʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʦʩʪʦʷʥʥʳʡ ʨʝʪʨʦʛʨʘʜʥʳʡ 
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ʢʨʦʚʦʪʦʢ. ʇʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʨʝʪʨʦʛʨʘʜʥʦʤ ʢʨʦʚʦʪʦʢʝ ʚ 

ʙʘʟʠʣʷʨʥʦʡ ʘʨʪʝʨʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʠʞʝ, ʯʝʤ ʧʨʠ ʘʥʪʝʛʨʘʜʥʦʤ (ʥʦʨʤʘʣʴʥʦʤ), 

ʦʜʥʘʢʦ ʢʨʘʡʥʠʝ ʟʥʘʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʨʝʪʨʦʛʨʘʜʥʳʭ ʧʠʢʦʚ ʙʣʠʟʢʠ ʢ 

ʥʦʨʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʘʥʪʝʛʨʘʜʥʦʛʦ ʪʝʯʝʥʠʷ ʫ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ 

ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ [142].  

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʫ ʧʘʮʠʝʥʪʘ ʧʨʠ ʪʘʢʦʤ ʪʠʧʝ ʢʨʦʚʦʪʦʢʘ ʤʦʞʝʪ ʪʝʨʷʪʴʩʷ ʜʦ 

20% ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ [17]. ɸ ʧʨʠ ʨʘʟʚʠʪʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʝʨʪʝʙʨʦ-ʙʘʟʠʣʷʨʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʦʙʨʘʪʠʤʦʛʦ ʥʘʨʫʰʝʥʠʷ 

ʬʫʥʢʮʠʡ ʤʦʟʛʘ, ʚʳʟʚʘʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʝʤ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ, ʚ 30% ʩʣʫʯʘʝʚ 

ʧʨʠʚʦʜʠʪ ʢ ʠʥʩʫʣʴʪʫ ʚ ʪʝʯʝʥʠʝ 5 ʣʝʪ [124]. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʥʩʫʣʴʪʳ 

ʥʘ ʬʦʥʝ ʩʠʥʜʨʦʤʘ ʧʦʟʚʦʥʦʯʥʦ-ʧʦʜʢʣʶʯʠʯʥʦʛʦ ʦʙʢʨʘʜʳʚʘʥʠʷ ʥʦʩʷʪ 

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪʦ ʝʩʪʴ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʨʘʙʦʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦ 84% 

ʦʧʠʩʘʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʩ ʉʇʇʆ ʫʢʘʟʳʚʘʶʪ ʪʘʢʞʝ ʥʘ ʥʘʣʠʯʠʝ ʫ 

ʧʘʮʠʝʥʪʦʚ ʩʪʝʥʦʟʦʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ, ʚʳʟʚʘʥʥʳʭ ʥʘʣʠʯʠʝʤ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ [26, 31, 44]. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ [230] ʦʪʤʝʯʘʶʪ, 

ʯʪʦ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʘʥʝʚʨʠʟʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʪʝʥʦʟ 

ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʙʦʣʝʝ 70%. ʆʜʥʘʢʦ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʩʪʝʥʦʟʦʚ ʩʦʥʥʳʭ 

ʘʨʪʝʨʠʡ ʥʘ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʦʩʪʘ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ɺʂ ʠʟʫʯʝʥ ʤʘʣʦ. 

ʅʝ ʦʩʫʱʝʩʪʚʣʝʥʳ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʢʣʠʥʠʮʠʩʪʦʚ ʠ ʦʧʠʩʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʩʣʫʯʘʠ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʩʚʷʟʠ [25, 116, 189]. 

ʉʦʯʝʪʘʥʠʝ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʠ ʩʪʝʥʦʟʦʚ ʩʦʥʥʳʭ 

ʘʨʪʝʨʠʡ ʚʩʪʨʝʯʘʝʪʩʷ ʫ 1.9-3.2 % ʥʘʩʝʣʝʥʠʷ [72, 128, 141]. ʇʦ ʜʘʥʥʳʤ [143], 1 

ʠʟ 30 ʧʘʮʠʝʥʪʦʚ ʩʦ ʩʪʝʥʦʟʦʤ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠʤʝʝʪ ʘʥʝʚʨʠʟʤʳ ʩʦʩʫʜʦʚ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʪʝʢʘʶʪ ʙʝʩʩʠʤʧʪʦʤʥʦ ʠ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʘʥʛʠʦʛʨʘʬʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, 

ʚʳʧʦʣʥʷʶʱʝʤʩʷ ʧʦ ʧʦʚʦʜʫ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ ʧʦʢʘ 

ʥʝʷʩʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʪʝʤ, ʩ ʢʘʢʦʡ ʩʪʦʨʦʥʳ ʠʤʝʝʪʩʷ ʩʪʝʥʦʟ ʠ ʩ ʢʘʢʦʡ 
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ʩʪʦʨʦʥʳ ʬʦʨʤʠʨʫʝʪʩʷ ʘʥʝʚʨʠʟʤʘ. ɸʥʝʚʨʠʟʤʳ ʠ ʩʪʝʥʦʟʳ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ 

ʬʘʢʪʦʨʳ ʨʠʩʢʘ [119], ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʠʭ ʥʘʣʠʯʠʝ ʫ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʘʮʠʝʥʪʦʚ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʣʝʯʝʥʠʶ 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʜʠʘʛʥʦʩʪʠʢʠ ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʠ ʩʠʥʜʨʦʤʘ ʧʦʟʚʦʥʦʯʥʦ-

ʧʦʜʢʣʶʯʠʯʥʦʛʦ ʦʙʢʨʘʜʳʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʦʧʧʣʝʨʦʛʨʘʬʠʷ, 

ʜʦʩʪʫʧʥʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʥʠʢʝ [55, 215, 267, 273, 284]. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʫ ʚʨʘʯʘ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʫ ʧʘʮʠʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʘʪʦʣʦʛʠʠ ʘʨʪʝʨʠʡ ɺʂ, ʥʘʟʥʘʯʘʝʪʩʷ ʪʘʢʞʝ ʜʫʧʣʝʢʩʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʦʩʫʜʦʚ 

ʰʝʠ ʠ ʛʦʣʦʚʳ [121, 305]. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʣʝʜʫʝʪ ʟʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ ʋɿʀ ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʧʘʮʠʝʥʪʘ ʞʘʣʦʙ ʥʘ ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, 

ʧʦʪʝʨʶ ʦʨʠʝʥʪʘʮʠʠ, ʛʦʣʦʚʥʳʝ ʙʦʣʠ. ɺ ʭʦʜʝ ʋɿʀ, ʧʦʤʠʤʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʘʤʦʛʦ 

ʬʘʢʪʘ ʥʘʣʠʯʠʷ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʪʠʧ 

ʙʣʷʰʢʠ (ʩʪʘʙʠʣʴʥʘʷ/ʥʝʩʪʘʙʠʣʴʥʘʷ) ʠ ʝʝ ʧʨʠʤʝʨʥʳʡ ʩʦʩʪʘʚ [77, 187, 196]. 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʉʇʇʆ, ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʠ ʥʘʣʠʯʠʷ ʘʥʝʚʨʠʟʤ ʚ ʩʦʩʫʜʘʭ 

ɺʂ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʘʢʞʝ ʮʠʬʨʦʚʘʷ ʘʥʛʠʦʛʨʘʬʠʷ (ʎɸɻ), ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʤʠʤʦ ʚʠʟʫʘʣʠʟʘʮʠʠ ʘʨʪʝʨʠʡ ʦʮʝʥʠʚʘʪʴ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʢʨʦʚʠ [106, 143, 

281]. ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʥʝʙʦʣʴʰʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʎɸɻ ʚ ʢʣʠʥʠʢʘʭ, ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʩʫʜʦʚ ʛʦʣʦʚʳ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ɺʂ ʧʘʮʠʝʥʪʫ ʤʦʞʝʪ 

ʥʘʟʥʘʯʘʪʴʩʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʂʊ) ʩ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ ʠʣʠ 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʄʈʊ). ʆʙʘ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʰʝʠ 

ʠ ʛʦʣʦʚʳ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʘʣʠʯʠʝ ʘʥʝʚʨʠʟʤ [143, 250, 269, 291]. 

ɼʣʷ ʣʝʯʝʥʠʷ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜʠʢʠ 

ʢʣʠʧʠʨʦʚʘʥʠʷ [204] ʠ ʟʘʧʦʣʥʝʥʠʷ ʩʧʠʨʘʣʷʤʠ [71, 136, 228]. ʆʜʥʘʢʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʫ ʧʘʮʠʝʥʪʘ ʩʪʝʥʦʟʘ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʣʝʯʝʥʠʷ ʫʩʪʨʘʥʷʶʪ ʠʤʝʥʥʦ ʝʛʦ. 

ʂ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʘʤ ʣʝʯʝʥʠʷ ʩʝʨʴʝʟʥʳʭ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʧʦʨʘʞʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʝʥʪʠʨʦʚʘʥʠʝ [71, 186, 202, 228] 

ʠ ɻʥʜʘʨʪʝʨʵʢʪʦʤʠʷ (ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʫʜʘʣʝʥʠʝ ʙʣʷʰʢʠ) [3, 31, 167, 189, 281]. 
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ʇʨʠ ʵʪʦʤ ʩʝʨʴʝʟʥʳʝ ʦʙʩʫʞʜʝʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ ʚʳʟʳʚʘʝʪ ʚʦʧʨʦʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʝʯʝʥʠʷ ʠʤʝʥʥʦ ʧʨʠ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ: ʩʪʝʥʦʟ ɺʉɸ 

ʟʘ ʩʯʝʪ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʛʦ ʦʪʣʦʞʝʥʠʷ ʠ ʘʥʝʚʨʠʟʤʘ ʘʨʪʝʨʠʡ ɺʂ. ʂ ʧʨʠʤʝʨʫ, 

ʚ ʨʘʙʦʪʝ [71] ʦʧʠʩʘʥʦ 10 ʢʣʠʥʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʫʩʪʘʥʦʚʢʠ ʩʪʝʥʪʘ ʚ ɺʉɸ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʧʦʣʥʝʥʠʷ ʘʥʝʚʨʠʟʤʳ ʩʧʠʨʘʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʘʚʪʦʨʳ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʠʤʝʥʥʦ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʚʦ ʚʨʝʤʷ 

ʦʧʝʨʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʳ ʢʣʠʥʠʯʝʩʢʠʝ 

ʩʣʫʯʘʠ ʧʦʵʪʘʧʥʦʛʦ ʣʝʯʝʥʠʷ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ [166, 167, 181, 230, 281, 301] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʦʚʦʜʠʪʴ 

ʵʥʜʘʨʪʝʨʵʢʪʦʤʠʶ, ʧʦʩʣʝ ʯʝʛʦ ʫʞʝ (ʦʜʥʦʵʪʘʧʥʦ ʠʣʠ ʚ ʭʦʜʝ ʧʦʚʪʦʨʥʦʡ 

ʦʧʝʨʘʮʠʠ) ʣʝʯʠʪʴ ʘʥʝʚʨʠʟʤʫ. ɺ ʨʘʙʦʪʝ [204] ʦʧʠʩʘʥ ʩʣʫʯʘʡ ʩ ʜʚʫʩʪʦʨʦʥʥʠʤ 

ʧʦʨʘʞʝʥʠʝʤ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ. ɺ ʩʠʣʫ ʪʷʞʝʩʪʠ ʩʦʩʪʦʷʥʠʷ 

ʧʘʮʠʝʥʪʘ, ʵʥʜʘʨʪʝʨʵʢʪʦʤʠʷ ʠ ʢʣʠʧʠʨʦʚʘʥʠʝ ʘʥʝʚʨʠʟʤʳ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʭʦʜʝ 

ʦʜʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ. 

ʆʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʣʝʯʝʥʠʝ ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʧʨʠʚʦʜʠʣʦ ʚ ʠʪʦʛʝ ʢ ʠʟʤʝʥʝʥʠʶ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʠ ʢ ʨʘʟʨʳʚʫ ʠʤʝʶʱʠʭʩʷ ʫ 

ʧʘʮʠʝʥʪʦʚ ʘʥʝʚʨʠʟʤ [242, 255]. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʧʦ ʦʮʝʥʢʝ ʨʠʩʢʘ ʨʘʟʨʳʚʘ 

ʘʥʝʚʨʠʟʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʝʯʝʥʠʷ ʧʨʠ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʚʩʝ ʝʱʝ 

ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ.  

 

1.2. ʉʚʷʟʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʘʪʝʨʦʛʝʥʝʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʝʥʢʝ ʩʦʩʫʜʘ, ʜʘʚʣʝʥʠʝ, 

ʵʬʬʝʢʪʠʚʥʳʝ (ʵʢʚʠʚʘʣʝʥʪʥʳʝ) ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʪʝʥʢʝ ʩʦʩʫʜʘ ʠ ʜʨ., ʠʛʨʘʶʪ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʘʪʝʨʦʩʢʣʝʨʦʟʘ [97, 246].  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʥʘ 

ʩʪʝʥʢʝ (WSS) [85, 199, 277]. ɸʚʪʦʨʳ [69, 81, 162] ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ 

ʛʠʧʝʨʧʣʘʟʠʶ ʠʥʪʠʤʳ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ ʩ ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. 
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ʅʠʟʢʠʝ (ʤʝʥʝʝ 1,5 ʇʘ) ʠ ʚʳʩʦʢʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʜʠʥʘʢʦʚʦ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʧʦʚʝʜʝʥʠʠ ʩʪʝʥʦʢ ʩʦʩʫʜʦʚ. A.D. Augst et al. [69] 

ʩʯʠʪʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʟʜʦʨʦʚʳʭ ʘʨʪʝʨʠʡ ï ʵʪʦ ʦʪʚʝʪ ʥʘ 

ʛʠʧʝʨʪʝʥʟʠʶ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʚʷʟʳʚʘʶʪ ʩ 

ʧʦʚʨʝʞʜʝʥʠʝʤ ʵʥʜʦʪʝʣʠʷ, ʨʘʟʨʳʚʦʤ ʙʣʷʰʢʠ [270], ʘʛʨʝʛʘʮʠʝʡ ʪʨʦʤʙʦʮʠʪʦʚ, 

ʪʨʦʤʙʦʟʦʤ [80, 266]. ʅʠʟʢʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʩ 

ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʤʥʦʛʠʝ ʘʚʪʦʨʳ [86, 201, 270]. ɺ ʨʘʙʦʪʝ H.F. 

Younis et al. [302] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʤʝʥʝʝ 1,5 

ʇʘ ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʘʪʝʨʦʛʝʥʥʳʡ ʬʝʥʦʪʠʧ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʦʙʣʘʩʪʷʭ, ʩʢʣʦʥʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ.  

ɺ [274] ʚʳʩʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʦʙʣʘʩʪʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʚʳʩʦʢʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʥʢʝ ʩʦʩʫʜʘ ʧʦʜʚʝʨʞʝʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʪʝʨʦʩʢʣʝʨʦʟʘ. ʂ ʪʘʢʠʤ ʦʙʣʘʩʪʷʤ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪ ʫʯʘʩʪʢʠ 

ʜʝʣʝʥʠʷ ʩʦʩʫʜʦʚ, ʢʦʛʜʘ ʧʦʪʦʢ ʢʨʦʚʠ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʠ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʛʘʩʠʪʩʷ ʦ ʩʪʝʥʢʫ [153, 201].  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʪʨʳʚʘ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʷʭ ʠ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦʜ ʦʪʨʳʚʦʤ ʙʣʷʰʢʠ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ 

ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʬʠʙʨʦʟʥʦʡ ʧʦʢʨʳʰʢʠ, ʢʦʪʦʨʘʷ ʦʪʜʝʣʷʝʪ ʩʦʜʝʨʞʠʤʦʝ 

ʙʣʷʰʢʠ ʦʪ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ. ʊʘʢʦʡ ʥʘʜʨʳʚ ʧʦʢʨʳʰʢʠ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʨʦʩʫ ʚ 

ʧʦʪʦʢ ʢʨʦʚʠ ʩʦʜʝʨʞʠʤʦʛʦ ʙʣʷʰʢʠ ʠ ʜʘʣʴʥʝʡʰʝʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʦʤʙʦʚ. ɺ 

ʮʝʣʦʤ ʨʷʜʝ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʩʦʢʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʣʷʰʢʠ 

ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʨʠʩʢʘ ʦʪʨʳʚʘ [122, 217, 227, 290]. ʇʨʠ 

ʵʪʦʤ ʟʥʘʯʝʥʠʝ 300 ʢʇʘ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʧʦʨʦʛʦʚʦʝ [90, 122], ʥʘ ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ ʨʠʩʢʘ. 

ʆʜʥʘʢʦ ʧʨʠ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ ʥʝ ʚʩʪʨʝʪʠʣʦʩʴ ʨʘʙʦʪ, ʩʚʷʟʳʚʘʶʱʠʭ 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʝʥʢʠ, ʧʦʨʘʞʝʥʥʦʡ 
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ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʦʡ, ʩ ʥʘʣʠʯʠʝʤ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʘʪʦʣʦʛʠʡ ʩʦʩʫʜʦʚ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʠʢʪʦʨʘʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ, ʪʦ ʟʜʝʩʴ ʦʩʥʦʚʥʳʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (ʢʘʢ ʧʦʚʳʰʝʥʥʳʝ, ʪʘʢ ʠ ʧʦʥʠʞʝʥʥʳʝ), ʘ ʪʘʢʞʝ 

ʩʨʝʜʥʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʧʝʨʠʦʜ ʧʫʣʴʩʘʮʠʠ (TAWSS) [266], ʘ ʪʘʢʞʝ 

oscillatory shear index (OSI) [54, 180, 268]. 

ɺ ʨʘʙʦʪʝ [206] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʢ ʚʳʩʦʢʠʝ, ʪʘʢ ʠ ʥʠʟʢʠʝ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʝʥʢʝ ʤʦʛʫʪ ʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʥʝʚʨʠʟʤ: ʥʠʟʢʠʝ WSS ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ OSI ʧʨʠʚʦʜʷʪ ʚ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʣʩʪʦʩʪʝʥʥʳʭ 

ʙʦʣʴʰʠʭ, ʘ ʚʳʩʦʢʠʝ WSS ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʦʥʢʦʩʪʝʥʥʳʭ ʤʘʣʳʭ ʘʥʝʚʨʠʟʤ. ʊʘʢʦʝ 

ʤʥʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʨʫʧʥʳʤ ʦʙʟʦʨʦʤ ʩʪʘʪʝʡ [178], ʚ ʢʦʪʦʨʦʤ ʘʚʪʦʨʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʳʩʦʢʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʝʜʫʪ ʢ ʧʝʨʚʠʯʥʦʤʫ 

ʬʦʨʤʠʨʦʚʘʥʠʶ, ʘ ʥʠʟʢʠʝ ï ʢ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʨʘʟʚʠʪʠʶ ʘʥʝʚʨʠʟʤ. ʇʨʠ ʵʪʦʤ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʦʥʢʦʩʪʝʥʥʳʝ ʤʘʣʳʝ ʘʥʝʚʨʠʟʤʳ ʦʙʨʘʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ 

ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ [150, 206], ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʙʦʣʴʰʠʭ ʪʦʣʩʪʦʩʪʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ ʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʛʣʫʙʦʢʦʝ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʪʝʥʢʠ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ 

[68, 208]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʥʳʝ ʠʣʠ ʧʦʥʠʞʝʥʥʳʝ WSS ʥʘ ʩʪʝʥʢʘʭ ʤʦʛʫʪ 

ʨʘʩʮʝʥʠʚʘʪʴʩʷ ʢʘʢ ʧʨʝʜʠʢʪʦʨʳ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʝʥʢʠ ʠʣʠ, 

ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘʢ ʬʘʢʪʦʨʳ ʨʠʩʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤʳ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ. 

 

1.3. ʉʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ 

ʉʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ ʜʣʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ ï ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ). ʂʘʢ 

ʧʨʘʚʠʣʦ, ʦʩʥʦʚʦʡ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʞʘʪ ʤʘʛʥʠʪʥʦ-
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ʨʝʟʦʥʘʥʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʄʈʊ), ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ (ʂʊ) ʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʋɿʀ) [107, 155, 250, 252, 291, 299].  

ɼʣʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʘʥʥʳʭ ʦ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʦʙʲʝʤʘ, ʟʘʥʠʤʘʝʤʦʛʦ ʪʝʣʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʚʝʨʜʦʪʝʣʴʥʦʡ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪʩʷ ʪʦʣʴʢʦ ʪʦʯʢʘʤʠ, ʣʠʥʠʷʤʠ 

ʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʚ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ï ʥʘʙʦʨʦʤ ʪʨʝʫʛʦʣʴʥʠʢʦʚ), 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʦʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʣʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʘʥʥʳʭ ʦ 

ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ ʦʙʲʝʤʘ ʵʪʘ ʤʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʠʪ. ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʩʥʦʚʝ ʂʊ 

ʠʣʠ ʄʈʊ ʧʦ ʦʪʪʝʥʢʘʤ ʰʢʘʣʳ ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ-

ʧʨʦʩʤʦʪʨʱʠʢʘʭ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ ʠʤʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʝʣʴ, ʘ ʩʦʟʜʘʥʠʝ ʥʘ 

ʝʝ ʦʩʥʦʚʝ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ï ʟʘʜʘʯʘ ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʠ ʪʨʫʜʦʝʤʢʘʷ [107, 155]. 

ɺ ʨʘʙʦʪʝ [271] ʘʚʪʦʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʩʪʨʦʝʥʠʝ 2D ʠ 3D ʤʦʜʝʣʝʡ 

ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʄʈʊ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʙʦʪʳ ʩ ʦʧʠʩʘʥʠʝʤ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʋɿʀ [299]. ʆʧʠʩʘʥʳ ʪʘʢʞʝ 

ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʂʊ-ʘʥʛʠʦʛʨʘʬʠʠ [136]. 

ɺʩʝ ʯʘʱʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [107, 187, 299]. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʠ ʩʪʨʦʛʘʷ ʘʣʛʦʨʠʪʤʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʂʊ ʠ ʄʈʊ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ ʠ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʫʯʥʦʤ ʨʝʞʠʤʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʥʝʚʝʨʥʦʡ 

ʪʨʘʢʪʦʚʢʠ ʜʘʥʥʳʭ. 

ʇʦʣʥʘʷ ʠʣʠ ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ, ʝʩʣʠ 

ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ [182] ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʩʧʝʮʠʘʣʠʩʪʦʤ ʚ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʤ ʠʥʞʠʥʠʨʠʥʛʝ, ʘ ʤʝʜʠʮʠʥʩʢʠʤ ʨʘʙʦʪʥʠʢʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʡ. 
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ʏʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʝʘʣʠʟʦʚʘʥʘ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [107]. ʀʥʩʪʨʫʤʝʥʪ 3-Matic, ʚʭʦʜʷʱʠʡ ʚ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Mimics [161], ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ 

ʦʙʲʝʢʪʦʚ ʚ ʬʦʨʤʘʪʘʭ STEP [259] ʠʣʠ IGES [154] ʥʘ ʦʩʥʦʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʦʜʝʣʝʡ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʨʫʜʦʝʤʢʠʡ ʵʪʘʧ 

ʧʦʜʛʦʪʦʚʢʠ, ʠʩʧʨʘʚʣʝʥʠʷ ʠ ʩʛʣʘʞʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʜʘʣʝʥʠʷ 

çʘʨʪʝʬʘʢʪʦʚè - ʫʯʘʩʪʢʦʚ, ʯʝʡ ʜʠʘʧʘʟʦʥ ʩʝʨʦʛʦ ʮʚʝʪʘ ʦʢʘʟʘʣʩʷ ʙʣʠʟʢʠʤ ʢ 

ʜʠʘʧʘʟʦʥʫ ʢʨʦʚʠ. ɼʘʥʥʳʡ ʵʪʘʧ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʤʝʥʝʝ, ʘ ʠʥʦʛʜʘ ʜʘʞʝ ʙʦʣʝʝ 

ʪʨʫʜʦʝʤʢʠʤ, ʯʝʤ ʦʧʠʩʘʥʥʳʡ, ʢ ʧʨʠʤʝʨʫ, ʚ [155, 252] ʨʫʯʥʦʡ ʩʧʦʩʦʙ 

ʧʦʩʪʨʦʝʥʠʷ, ʥʦ ʙʝʟ ʥʝʛʦ ʩʦʟʜʘʪʴ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʥʝ ʫʜʘʩʪʩʷ ʚ ʩʠʣʫ 

ʧʨʦʛʨʘʤʤʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 3-Matic. 

ʏʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʦʩʪʘʥʦʚʢʠ ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʷʪʴ ʪʘʢʠʝ ʨʘʙʦʪʳ 

ʜʘʞʝ ʤʝʜʠʮʠʥʩʢʠʤ ʨʘʙʦʪʥʠʢʘʤ, ʚʳʧʦʣʥʷʶʱʠʤ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʦʚʘʥʘ 

ʬʫʥʢʮʠʷ ʩʦʟʜʘʥʠʷ ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʬʦʨʤʘʪʝ STL [250, 269, 281], ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʪʨʫʜʦʝʤʢʦʡ ʜʦʨʘʙʦʪʢʠ. ʇʨʠ 

ʵʪʦʤ ʠʪʦʛʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʝʛʦ ʢʘʯʝʩʪʚʦ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʠ ʥʝʪʦʯʥʦʩʪʝʡ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢʘ.  

 

1.4. ɺʘʨʠʘʥʪʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʨʪʝʨʠʡ 

ʇʦʩʪʘʥʦʚʢʘ ʢʦʨʨʝʢʪʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʛʝʤʦʜʠʥʘʤʠʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʚ 

ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʅʘ ʛʨʘʥʠʮʝ çʢʨʦʚʴ-ʘʨʪʝʨʠʷè ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ 

ʫʧʨʫʛʠʤʠ ʩʪʝʥʢʘʤʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʨʦʚ ʩʪʘʚʠʪ ʫʩʣʦʚʠʷ 

ʧʨʠʣʠʧʘʥʠʷ [51, 139, 173, 177, 296]. ʊʦʨʮʳ ʩʪʝʥʦʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʞʝʩʪʢʦ 

ʟʘʢʨʝʧʣʷʶʪʩʷ [173, 177, 283]. 

ʅʘ ʚʭʦʜʘʭ ʚ ʫʯʘʩʪʢʠ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ (ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ), ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʝʪʩʷ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ [10, 

58, 91, 160, 177, 194, 305]. ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʦʮʠʬʨʦʚʢʠ ʜʘʥʥʳʭ ʋɿʀ, ʧʨʠʯʝʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʫʧʥʳ ʩʢʦʨʦʩʪʠ ʢʘʢ ʜʣʷ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ, ʪʘʢ ʠ ʜʣʷ ʩʦʩʫʜʦʚ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ [295, 305]. ɺ ʧʦʩʣʝʜʥʠʡ ʢʨʦʚʴ ʧʦʧʘʜʝʪ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʩʦʥʥʳʭ 

ʠ ʧʦʟʚʦʥʦʯʥʳʭ ʘʨʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʋɿʀ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʨʘʙʦʪ 

ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʘʩʪʥʦʡ 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ [134, 145, 211, 277, 306], ʥʦ ʠʟ-ʟʘ ʝʝ ʥʠʟʢʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʚ ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ (ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʦʩʫʜʦʚ) ʵʪʦʪ ʩʧʦʩʦʙ ʤʝʥʝʝ ʠʥʪʝʨʝʩʝʥ ʠ ʧʨʠʤʝʥʠʤ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʘʪʴʷʭ ʚʩʪʨʝʯʘʝʪʩʷ ʚʘʨʠʘʥʪ ʟʘʜʘʥʠʷ ʥʘ ʚʭʦʜʝ ʚ 

ʤʦʜʝʣʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ ʧʨʦʬʠʣʷ ʜʘʚʣʝʥʠʷ [238, 283]. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʚʳʭʦʜʘʭ ʠʟ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʙʦʣʝʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳ. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʘʜʘʚʘʪʴ ʥʫʣʝʚʦʝ ʜʘʚʣʝʥʠʝ [37, 

155], ʦʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʫʞʝ ʧʦʯʪʠ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ, ʚ ʩʠʣʫ 

ʥʝʬʠʟʠʦʣʦʛʠʯʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʦʜʭʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʜʙʠʨʘʪʴ 

ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠʝ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷ ʥʘ ʚʳʭʦʜʝ: ʨʝʰʝʥʠʝ ʋʦʤʝʨʩʣʠ, ʤʝʪʦʜʳ 

ʵʣʝʢʪʨʦʘʥʘʣʦʛʠʠ, ʟʘʢʦʥ ʄʶʨʨʝʷ ʠ ʜʨ. [184, 294]. ɺʩʝ ʦʥʠ ʥʘʮʝʣʝʥʳ ʥʘ ʪʦ, 

ʯʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʘʣʦʩʴ 

ʙʳ ʨʝʰʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʜʘʯʠ ʙʠʦʤʝʭʘʥʠʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʛʦ ʢʣʠʥʠʯʝʩʢʦʡ ʢʘʨʪʠʥʝ. 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʢʦʤʙʠʥʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʘʭ ʠ 

ʚʳʭʦʜʘʭ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʠʝ ʜʘʚʣʝʥʠʷ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʦ ʫʯʘʩʪʢʫ ʩʦʩʫʜʘ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ [177]. ʉʫʱʝʩʪʚʝʥʥʳʤ 
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ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʯʘʩʪʦ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʠʥʚʘʟʠʚʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʠʟ ʫʯʘʩʪʢʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʩʫʜʘʭ ʰʝʠ ʠ ʛʦʣʦʚʳ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʠʩʧʦʣʴʟʫʝʪ ʚ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʤʦʜʝʣʴ ʫʧʨʫʛʦʛʦ ʨʝʟʝʨʚʫʘʨʘ Windkessel [109, 219, 282, 289, 

306], ʧʦʟʚʦʣʷʶʱʫʶ ʦʮʝʥʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʞʝʣʝʞʘʱʝʛʦ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ 

ʠ ʷʚʣʷʶʱʫʶʩʷ ʥʘʠʙʦʣʝʝ ʬʠʟʠʦʣʦʛʠʯʥʦʡ. ʄʦʜʝʣʴ ʌʨʵʥʢʘ [125] (ʤʦʜʝʣʴ 

Windkessel), ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʝʱʝ ʚ 1899 ʛʦʜʫ, ʦʧʠʩʳʚʘʝʪ ʛʝʤʦʜʠʥʘʤʠʢʫ 

ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʦʙʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

1.5. ʈʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʝʥʜʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʝʥʜʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʥʦʛʠʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʜʣʷ ʮʝʣʦʛʦ 

ʨʷʜʘ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʢʨʦʚʠ ʧʦ 

ʢʦʥʢʨʝʪʥʳʤ ʘʨʪʝʨʠʘʣʴʥʳʤ ʫʯʘʩʪʢʘʤ, ʚʝʨʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ, ʠʩʧʳʪʘʥʠʷ ʟʘʤʝʥʠʪʝʣʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʠʣʠ ʘʨʪʝʨʠʘʣʴʥʳʭ 

ʩʪʝʥʪʦʚ [108, 158, 188]. ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ 

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʚʠʞʫʱʝʡʩʷ 

ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʦʙʲʝʤ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ, ʧʫʣʴʩ, ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʩʠʩʪʦʣʳ ʠ ʜʠʘʩʪʦʣʳ) [113, 256]. ʆʪʜʝʣʴʥʳʤ 

ʧʫʥʢʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʨʠʬʠʢʘʮʠʠ ʥʘ ʪʘʢʠʭ ʩʪʝʥʜʘʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʠ ʚʝʥʦʟʥʦʛʦ ʨʫʩʣʘ (ʟʘʧʣʘʪʳ, ʢʣʘʧʘʥʳ) [15]. 

ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʦʜʦʙʥʳʭ ʩʪʝʥʜʘʭ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʚ ʩʠʣʫ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʩʘʤ ʧʦʪʦʢ [42, 113]. ʆʜʥʘʢʦ 

ʪʘʢʠʝ ʨʘʩʭʦʜʦʤʝʨʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦ 
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ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʥʥʳʭ. 

ʀʭ ʢʨʳʣʴʯʘʪʳʝ ʘʥʘʣʦʛʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʚʦʙʦʜʥʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤ ʧʣʘʪʬʦʨʤʘʤ ʪʠʧʘ Arduino 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ. ʆʥʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʥʷʪʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ (ʢʣʘʧʘʥʳ, ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ) ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʝʥʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʢʨʦʚʦʪʦʢʘ ʚ ʥʘʫʯʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ [20]. 

ʆʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʤʦʙʠʣʴʥʳʭ ʩʪʝʥʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʪʘʢʞʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ [7, 35, 

67, 133]. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʣʠ ʚ ʨʘʤʢʘʭ ʢʣʠʥʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʧʨʦʮʝʩʩʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʘʧ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʙʨʘʟʮʦʚ ʚ ʣʘʙʦʨʘʪʦʨʠʶ. 

ɺ ʨʘʙʦʪʝ [133] ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʧʧʨʦʙʘʮʠʠ ʤʦʙʠʣʴʥʦʛʦ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ ʘʨʜʫʠʥʦ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʤʝʪʦʜʠʢʫ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ. ɸʚʪʦʨʘʤʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʦʜʥʘʢʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʧʨʠ ʜʦʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʭʚʘʪʦʚ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʞʥʦ ʙʳʣʦ 

ʙʳ ʨʝʘʣʠʟʦʚʘʪʴ. 

ɸʚʪʦʨʘʤʠ [35] ʨʘʟʨʘʙʦʪʘʥ ʚʘʨʠʘʥʪ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʜʣʷ 

ʜʚʫʭʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʫʜʠʩʪʳʭ ʩʪʝʥʦʢ). 

ɺ ʨʘʙʦʪʝ ʞʝ [7] ʦʧʠʩʘʥ ʤʦʙʠʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʰʚʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ɺ ʦʩʥʦʚʝ ʩʪʝʥʜʘ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [133], ʣʝʞʠʪ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʘʷ 

ʧʣʘʪʬʦʨʤʘ Arduino. 

 

1.6. ʉʚʦʡʩʪʚʘ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʠ 

ʢʨʦʚʠ 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʙʠʦʤʝʭʘʥʠʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʘʨʪʝʨʠʡ, 

ʧʦʨʘʞʝʥʥʳʭ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʥʦʢ ʩʦʩʫʜʦʚ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ [19, 132]. ʇʨʠ 

ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠʣʠ ʘʥʝʚʨʠʟʤ 

ʩʪʝʥʢʘ ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʠʟʤʝʥʝʥʘ, ʘ ʟʥʘʯʠʪ ʝʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʦʡʩʪʚ ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ. 

 

ʉʚʦʡʩʪʚʘ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ 

ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [19, 177, 179, 203, 240, 283] ʩ ʨʘʟʙʨʦʩʦʤ ʟʥʘʯʝʥʠʡ 

ʤʦʜʫʣʷ ʦʪ 0.08 ʜʦ 0.9 ʄʇʘ. ɺ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʝʚʦʛʦ 

ʩʝʯʝʥʠʷ ʘʨʪʝʨʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʪʝʨʠʘʣ ʩʪʝʥʢʠ ʩʯʠʪʘʶʪ ʛʠʧʝʨʫʧʨʫʛʠʤ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʦʮʝʥʠʪʴ ʨʠʩʢʠ ʨʘʟʨʳʚʘ ʧʦʢʨʳʰʢʠ [148, 169, 198]. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠ ʛʠʧʝʨʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʝʥʢʠ ʠ ʚ 3D-ʧʦʩʪʘʥʦʚʢʝ [117, 175, 198, 269, 297, 306]. ʆʜʥʘʢʦ 

ʚ [177] ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʯʝʪʘ ʛʝʤʦʜʠʥʘʤʠʢʠ ʙʠʬʫʨʢʘʮʠʠ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʪʝʥʢʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʝʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʦʜʫʣʴ ʖʥʛʘ (ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ) ʩʪʝʥʢʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0.9 ʄʇʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʧʝʨʫʧʨʫʛʠʭ ʤʦʜʝʣʝʡ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʤʦʜʝʣʠ ʄʫʥʠ-ʈʠʚʣʠʥʘ) ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ ʠ ʣʠʰʴ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ 

ʨʘʩʯʝʪʦʚ, ʥʝ ʚʥʦʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪ. 

ɺ [75, 278] ʤʘʪʝʨʠʘʣ ʠʟʤʝʥʝʥʥʦʡ ʩʪʝʥʢʠ ɺʉɸ ʚ ʦʙʣʘʩʪʠ ʙʣʷʰʢʠ 

ʩʯʠʪʘʝʪʩʷ ʣʠʥʝʡʥʦ ʫʧʨʫʛʠʤ ʠʟʦʪʨʦʧʥʳʤ. ɺ [278] ʤʦʜʫʣʴ ʖʥʛʘ ʠʟʤʝʥʝʥʥʦʡ 

ʩʪʝʥʢʠ ʧʨʠʚʝʦʜʠʪʩʷ ʨʘʚʥʳʤ 0.059Ñ0.047 ʄʇʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʜʣʷ ʟʜʦʨʦʚʦʛʦ ʩʦʩʫʜʘ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

 

ʉʚʦʡʩʪʚʘ ʙʣʷʰʝʢ 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʚ 3D, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ 
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ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [19, 74, 130, 169]. ɽʩʣʠ ʞʝ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ 2D 

ʧʦʩʪʘʥʦʚʢʝ, ʛʠʧʝʨʫʧʨʫʛʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʩʪʝʥʢʠ 

ʘʨʪʝʨʠʠ  [198, 306], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʣʷʰʢʠ 

(ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʝ ʷʜʨʦ ʠ ʤʷʛʢʘʷ ʣʠʧʠʜʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʣʠʥʝʡʥʦ ʫʧʨʫʛʠʤʠ ʠʟʦʪʨʦʧʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩʦ ʩʚʦʠʤʠ ʥʘʙʦʨʘʤʠ ʫʧʨʫʛʠʭ 

ʢʦʥʩʪʘʥʪ [218]. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʧʠʩʘʥʳ ʜʘʥʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʙʣʷʰʝʢ ʢʘʢ ʝʜʠʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʙʝʟ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʚʦʡʩʪʚʘʤ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ: ʷʜʨʫ, ʬʠʙʨʦʟʥʦʡ ʧʦʢʨʳʰʢʝ ʠʣʠ ʣʠʧʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ [96, 306]. 

ɽʩʪʴ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʜʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʝʥʦʢ ʘʨʪʝʨʠʡ (ʠʥʪʠʤʳ, ʤʝʜʠʠ ʠ ʘʜʚʝʥʪʠʮʠʠ) ʠ 

ʙʣʷʰʝʢ [146, 147, 149], ʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʤ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʦʙʨʘʟʮʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʪʨʫʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʩʤʝʨʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʪʦʷʪ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʚʥʝ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ [169, 240], 

ʧʦʵʪʦʤʫ ʦʙʨʘʟʮʳ ʪʢʘʥʝʡ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʤʫ ʭʨʘʥʝʥʠʶ ʠ 

ʯʘʩʪʦ ʜʘʞʝ ʟʘʤʦʨʦʟʢʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʢ ʤʝʩʪʫ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

[149]. ɺʩʝ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʢʘʥʝʡ, ʘ ʦʩʦʙʝʥʥʦ ʥʘ ʩʚʦʡʩʪʚʘ ʜʦʚʦʣʴʥʦ ʪʦʥʢʦʛʦ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʢ ʫʨʦʚʥʶ ʚʣʘʞʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʩʪʝʥʢʠ (ʠʥʪʠʤʳ), 

ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʨʝʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʦʚʥʦ çʩʚʝʞʠʭè ʦʙʨʘʟʮʦʚ.  

ɼʣʷ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ ʫʞʝ ʜʘʚʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʦʧʠʩʘʥʠʷ 

ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʦʤʦʛʨʘʤʤʝ (ʂʊ) ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʯʠʩʝʣ ʍʘʫʥʩʬʠʣʜʘ [78, 235]. ʇʣʦʪʥʳʝ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʂʊ [291], 

ʧʦʵʪʦʤʫ ʝʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʧʦ 

ʦʪʪʝʥʢʘʤ ʩʝʨʦʛʦ ʥʘ ʪʦʤʦʛʨʘʤʤʘʭ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʘʨʪʝʨʠʘʣʴʥʳʭ 

ʩʪʝʥʦʢ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʳʪʘʶʪʩʷ 
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ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʠʢʫ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ [196, 236]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʵʣʘʩʪʦʛʨʘʬʠʷ 

ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʙʣʷʰʝʢ ʧʦ ʩʪʝʧʝʥʠ ʨʠʩʢʘ 

ʨʘʟʨʳʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ [236] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʵʣʘʩʪʠʯʥʦʩʪʠ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʦʮʝʥʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ. 

ɺ ʨʘʙʦʪʝ [131] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʩʣʫʯʘʷ ʩ ʩʦʥʥʦʡ ʘʨʪʝʨʠʝʡ, ʧʦʨʘʞʝʥʥʦʡ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ ʠ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ. ɸʚʪʦʨ rʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʛʦ ʷʜʨʘ ʩʦʩʪʘʚʠʣ 110 ʢʇʘ, ʘ ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʯʘʩʪʠ ʙʣʷʰʢʠ ʩ ʪʨʦʤʙʦʤ ʠ ʢʨʦʚʦʠʟʣʠʷʥʠʝʤ ʩʦʩʪʘʚʠʣ 47 ʢʇʘ. ʇʨʠ 

ʵʪʦʤ ʚ [131], ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʷʛʢʠʭ ʪʢʘʥʝʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʢʨʫʞʘʶʱʠʝ 

ʩʪʝʥʢʫ ʩʦʩʫʜʘ ʪʢʘʥʠ ʠ ʞʠʜʢʦʩʪʠ (ʚ ʩʣʫʯʘʝ ʩʪʝʥʢʠ ʘʨʪʝʨʠʠ, ʥʘʧʨʠʤʝʨ), ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

 

ʉʚʦʡʩʪʚʘ ʢʨʦʚʠ 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ, ʢʨʦʚʴ ʩʯʠʪʘʝʪʩʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ [58, 130, 139, 156, 269]. ʆʪʜʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [238] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ. ʋʩʣʦʞʥʝʥʠʝ ʤʦʜʝʣʠ ʢʨʦʚʠ ʥʝ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 



44 

 

1.7. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ 

ʄʦʜʝʣʠʨʦʚʘʥʠʶ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʧʦʩʚʷʱʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʢʘʢ ʚʝʩʴ ʫʯʘʩʪʦʢ ʮʝʣʠʢʦʤ, ʪʘʢ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ [130, 169, 

206, 218, 238, 293]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʣʦʞʥʦʩʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʫʙʣʠʢʘʮʠʷ [210], ʛʜʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʘ ʩʛʫʩʪʢʦʚ ʢʨʦʚʠ ʠʟ ʩʝʨʜʮʘ ʚ 

ʩʦʩʫʜʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʙʳʣʠ ʚ 3D ʩʤʦʜʝʣʠʨʦʚʘʥ rʫʯʘʩʪʢʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʨʫʩʣʘ ʦʪ ʜʫʛʠ ʘʦʨʪʳ ʜʦ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʜʣʷ 4 ʢʦʥʢʨʝʪʥʳʭ ʧʘʮʠʝʥʪʦʚ (ʨʠʩʫʥʦʢ 

1.3). ʆʜʥʘʢʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʯʝʪʘʥʥʳʭ ʧʘʪʦʣʦʛʠʡ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʠʜʠʪʩʷ ʢʨʘʡʥʝ ʠʟʙʳʪʦʯʥʳʤ. 

 

ʈʠʩʫʥʦʢ 1.3. ï ʄʦʜʝʣʠ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʦʪ ʜʫʛʠ ʘʦʨʪʳ ʜʦ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ [210] 

 

ɺ ʨʘʙʦʪʝ [58] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʥʦʡ ʧʘʮʠʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ (ʥʘʯʠʥʘʷ ʦʪ ɺʉɸ). ɸʚʪʦʨʳ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ ʢʨʦʚʠ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ. ɺ [238] ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʩ ʫʯʘʩʪʢʘʤʠ ɺʉɸ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʦʜʝʣʠ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʵʪʠʭ ʘʨʪʝʨʠʡ ʚʣʠʷʥʠʝ ʤʦʜʝʣʠ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʥʠʤʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʣʠʷʥʠʷ 

ʚʨʦʞʜʝʥʥʳʭ ʧʘʪʦʣʦʛʠʡ ʩʪʨʦʝʥʠʷ ɺʂ ʥʘ ʨʠʩʢʠ ʨʘʟʚʠʪʠʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʠʣʠ ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ ʨʘʙʦʪʝ [293] ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʩʪʨʦʝʥʠʷ (ʩ ʘʧʣʘʟʠʝʡ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ). ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʚʨʦʞʜʝʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʦʚʦʪʦʢʦʚ ʚ ɺʂ. ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʪʨʦʝʥʠʷ ɺʂ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [211], ʧʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʩʦʩʫʜʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ 

ʙʘʟʝ ʄʈʊ ï ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʷʜ ʚʘʨʠʘʥʪʦʚ ʩʪʨʦʝʥʠʷ ɺʂ ʩ 

ʘʧʣʘʟʠʝʡ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʘʨʪʝʨʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʠʰʝʤʠʯʝʩʢʦʛʦ 

ʠʥʩʫʣʴʪʘ ʠʟ-ʟʘ ʟʥʘʯʠʤʦʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʦʚʦʪʦʢʦʚ.  

ʈʷʜ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥ ʯʠʩʣʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʥʝʚʨʠʟʤ ʩʦʩʫʜʦʚ ɺʂ 

[155, 156, 191, 206, 285], ʧʨʠʯʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʪʘʪʴʷʭ ʜʝʣʘʝʪʩʷ ʫʧʦʨ ʥʘ 

ʦʮʝʥʢʫ WSS, OSI ʠ TAWSS ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʠʩʢʘ ʨʦʩʪʘ ʠʣʠ ʨʘʟʨʳʚʘ 

ʘʥʝʚʨʠʟʤʳ. ɺ [191] ʨʘʩʩʤʦʪʨʝʥʦ ʩʨʘʟʫ ʪʨʠ ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʠ 

ʘʥʝʚʨʠʟʤ ʧʝʨʝʜʥʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʘʨʪʝʨʠʡ, ʧʨʦʚʝʜʝʥʦ ʠʭ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʨʝʘʣʴʥʦʡ ʢʘʨʪʠʥʦʡ ʠ ʠʩʭʦʜʘʤʠ ʚ ʢʘʞʜʦʤ ʢʣʠʥʠʯʝʩʢʦʤ 

ʩʣʫʯʘʝ.  

ɺʩʪʨʝʯʘʶʪʩʷ ʨʘʙʦʪʳ [148, 288], ʛʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʘʨʪʝʨʠʘʣʴʥʳʝ ʩʪʝʥʢʠ ʚ ʚʠʜʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʩʣʦʝʚ, ʦʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʚʪʦʨʳ ʥʝ ʦʙʲʷʩʥʷʶʪ ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ 

ʩʚʦʡʩʪʚ ʢʘʞʜʦʛʦ ʩʣʦʷ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ. 

ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʩ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʤʠ ʙʣʷʰʢʘʤʠ ʠ ʙʝʟ 

ʧʘʪʦʣʦʛʠʡ [129, 130, 169, 177, 198, 218, 227, 269]. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 3D-
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ʤʦʜʝʣʠ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ [130, 218, 269], ʪʘʢ ʠ 2D-ʧʦʩʪʘʥʦʚʢʘ [198, 227]. ɺ 

ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩʘʤʘ ʩʪʝʥʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʙʣʷʰʢʫ 

[169], ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʤʦʜʝʣʠʨʫʝʪ ʠʤʝʥʥʦ ʚʣʠʷʥʠʝ ʢʨʦʚʦʪʦʢʘ ʥʘ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʥʢʠ [130, 269].  

ɺ ʦʙʟʦʨʝ [129] ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʧʨʠ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʩ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʤ 

ʧʦʨʘʞʝʥʠʝʤ ʩʪʝʥʦʢ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʠʤʝʥʥʦ ʩʚʷʟʘʥʥʫʶ ʟʘʜʘʯʫ, ʫʯʠʪʳʚʘʶʱʫʶ ʠʤʝʥʥʦ ʜʚʠʞʝʥʠʝ ʢʨʦʚʠ ʧʦ ʩʦʩʫʜʫ ʚ 

3D. ʆʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʨʝʟʦʚ 

ʘʨʪʝʨʠʡ ʩ ʙʣʷʰʢʦʡ ʚ 2D, ʨʘʩʧʠʨʘʝʤʳʭ ʚʥʫʪʨʝʥʥʠʤ ʜʘʚʣʝʥʠʝʤ. ʊʘʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʨʠʩʢ ʨʘʟʨʳʚʘ ʧʦʢʨʳʰʢʠ 

ʠ ʚʳʙʨʦʩʘ ʩʦʜʝʨʞʠʤʦʛʦ ʙʣʷʰʢʠ ʚ ʧʨʦʩʚʝʪ ʩʦʩʫʜʘ. 

ɺ [234] ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʘʨʪʝʨʠʠ ʚ 2D ʠ ʚ 

ʧʦʩʪʘʥʦʚʢʝ ʩ ʞʝʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʙʳʣ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘ ʥʝ ʜʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʣʷʰʢʠ. 

ɺ ʩʪʘʪʴʝ [77] ʦʧʠʩʘʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʩ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʦʡ, ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʳʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ 

ʦʩʥʦʚʝ ʄʈʊ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ. ʇʦʩʣʝ ʦʙʱʝʛʦ ʨʘʩʯʝʪʘ ʚ 3D ʘʚʪʦʨʳ 

ʧʨʝʜʣʘʛʘʣʠ ʧʝʨʝʭʦʜʠʪʴ ʢ ʘʥʘʣʠʟʫ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ ʩʦʩʫʜʘ ʚ 2D. ʇʦ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ çʦʪ 3D ʢ 2Dè ʦʮʝʥʠʚʘʣʠ ʨʠʩʢ ʦʪʨʳʚʘ ʙʣʷʰʝʢ (ʨʘʟʨʳʚʘ ʧʦʢʨʳʰʢʠ) ʫ 

6 ʧʘʮʠʝʥʪʦʚ ʧʨʠʯʝʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚʳʜʝʣʠʪʴ 3 ʩʪʝʧʝʥʠ ʨʠʩʢʘ ʠʩʭʦʜʘ: 

ʥʠʟʢʠʡ, ʩʨʝʜʥʠʡ ʠ ʚʳʩʦʢʠʡ. 

ɺ ʨʘʙʦʪʝ [193] ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 21 ʢʣʠʥʠʯʝʩʢʠʡ ʩʣʫʯʘʡ ʠ ʪʘʢʞʝ 

ʦʮʝʥʠʚʘʶʪ ʨʠʩʢ ʨʘʟʨʳʚʘ ʧʦʢʨʳʰʢʠ ʙʣʷʰʢʠ ʥʘ ʦʩʥʦʚʝ 3D ʠ 2D ʘʥʘʣʠʟʘ. ɺ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʨʠʩʢʘ ʨʘʟʨʳʚʘ ʬʠʙʨʦʟʥʦʡ 

ʧʦʢʨʳʰʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʮʝʥʠʪʴ ʨʠʩʢ ʥʝʛʘʪʠʚʥʦʛʦ ʠʩʭʦʜʘ. 

 



47 

 

1.8. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʤʝʜʠʮʠʥʝ 

ɹʠʦʤʝʭʘʥʠʢʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʨʦʯʥʦ ʚʭʦʜʠʪ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ: ʚ ʪʨʘʚʤʘʪʦʣʦʛʠʠ [18], ʦʥʢʦʣʦʛʠʠ [111], 

ʩʪʦʤʘʪʦʣʦʛʠʠ [43, 263] ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʚ ʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ. 

ɺ ʨʘʙʦʪʝ [36] ʦʧʠʩʘʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʘʨʪʝʨʠʠ ʩ ʘʥʝʚʨʠʟʤʦʡ ʠ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʝʝ 

ʭʠʨʫʨʛʠʯʝʩʢʦʤʫ ʣʝʯʝʥʠʶ. ʆʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʘʢʪʠʢʫ ʣʝʯʝʥʠʷ ʧʨʠ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʘʥʝʚʨʠʟʤʘʭ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ. 

ɸʚʪʦʨʳ [58] ʧʨʦʚʦʜʷʪ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʩʫʜʦʚ ʚʠʣʣʠʟʠʝʚʘ 

ʢʨʫʛʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʚ ʢʨʦʚʦʪʦʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʦʤʝʭʘʥʠʢʠ ʚ ʦʮʝʥʢʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʨʫʩʣʘ. ʆʮʝʥʢʘ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʪʝʥʢʘʭ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʤʦʞʝʪ 

ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʥʳʝ ʫʯʘʩʪʢʠ ʚ ʩʠʩʪʝʤʝ ʩʦʩʫʜʦʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ. 

ɺ [200] ʦʧʠʩʘʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 1D-ʤʦʜʝʣʠ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ ʧʦ ʫʩʪʘʥʦʚʢʝ ʰʫʥʪʦʚ. 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʝʭʘʥʠʢʠ ʚ ʢʣʠʥʠʢʝ ʦʧʠʩʘʥ ʚ ʨʘʙʦʪʝ [280]. 

ɿʜʝʩʴ ʜʣʷ ʯʝʪʳʨʝʭ ʧʘʮʠʝʥʪʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʙʝʜʨʝʥʥʦʡ ʘʨʪʝʨʠʠ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʝʥʪ-ʛʨʘʬʪʦʤ ʩ ʮʝʣʴʶ 

ʦʮʝʥʢʠ ʨʠʩʢʘ ʵʤʙʦʣʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʤʙʦʚ.  

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʨʘʤʠ ʢʦʥʢʨʝʪʥʳʭ ʧʘʮʠʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʥʝ ʥʦʩʷʱʠʭ ʩʠʩʪʝʤʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʚʥʝʜʨʝʥʥʳʭ 

ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʨʫʪʠʥʥʫʶ ʧʨʘʢʪʠʢʫ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʦʧʠʩʘʥʠʝ ʠ ʛʦʪʦʚʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʪʨʘʚʤʘʪʦʣʦʛʠʠ ʠ 

ʦʨʪʦʧʝʜʠʠ [18, 48], ʭʠʨʫʨʛʠʠ ʦʨʛʘʥʦʚ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ [41] ʠ ʜʨ. 
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ɺ ʩʦʩʫʜʠʩʪʦʡ ʭʠʨʫʨʛʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ). ʂ ʧʨʠʤʝʨʫ, ʚ 

ʨʘʙʦʪʝ [300] ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʀʀ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʦʩʪʘ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʥʘʙʦʨʘ ʛʝʥʦʚ ʧʘʮʠʝʥʪʘ, ʘ ʚ 

[198] ʥʝʡʨʦʩʝʪʴ ʧʦʟʚʦʣʷʝʪ ʧʦ ʬʦʨʤʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ ʦʧʨʝʜʝʣʷʪʴ 

ʩʪʝʧʝʥʴ ʨʠʩʢʘ ʨʘʟʨʳʚʘ ʝʝ ʧʦʢʨʳʰʢʠ. ʀ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʥʠʤʢʘʭ ʂʊ 

ʠ ʋɿʀ [187, 207, 244], ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʣʷʰʝʢ [244]. ʊʘʢʠʝ ʦʙʫʯʝʥʥʳʝ 

ʥʝʡʨʦʩʝʪʠ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʠʩʪʝʤʘʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ 

ʨʝʰʝʥʠʡ (ʉʇʇɺʈ). 

ʉʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʦʩʫʜʠʩʪʦʡ 

ʭʠʨʫʨʛʠʠ ʫʞʝ ʧʨʠʤʝʥʷʶʪʩʷ, ʢ ʧʨʠʤʝʨʫ, ʚ ʌɻɹʅʋ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʙʣʝʤ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡè: ʚ 

ʨʘʙʦʪʘʭ [3, 25] ʦʧʠʩʘʥʳ ʢʦʥʢʨʝʪʥʳʝ ʢʣʠʥʠʯʝʩʢʠʝ ʩʣʫʯʘʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʠʭ ʦʮʝʥʢʝ (ʨʠʩʫʥʦʢ 1.4). 

 

ʈʠʩʫʥʦʢ 1.4. ï ʀʥʪʝʨʬʝʡʩ ʧʨʠʤʝʥʷʝʤʦʡ ʉʇʇɺʈ [3] 

 

ʇʦʤʠʤʦ ʜʝʩʢʪʦʧʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʩʫʱʝʩʪʚʫʶʪ ʦʥʣʘʡʥ ʢʘʣʴʢʫʣʷʪʦʨʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʨʠʩʢ ʨʘʟʨʳʚʘ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʫ ʧʘʮʠʝʥʪʘ ʘʥʝʚʨʠʟʤ ʥʘ 
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ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʝʛʦ ʚʦʟʨʘʩʪʝ, ʨʘʟʤʝʨʝ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʘʥʝʚʨʠʟʤʳ 

(ʨʠʩʫʥʦʢ 1.5) [62]. 

 

ʈʠʩʫʥʦʢ 1.5. ï ʀʥʪʝʨʬʝʡʩ ʢʘʣʴʢʫʣʷʪʦʨʘ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʟʨʳʚʘ ʘʥʝʚʨʠʟʤ [62] 

 

ʆʜʥʘʢʦ ʚ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʘʭ ʦʮʝʥʢʘ ʨʠʩʢʘ ʠʩʭʦʜʘ ʠ ʚʳʙʦʨ ʪʘʢʪʠʢʠ 

ʣʝʯʝʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʥʝ ʥʘ ʯʠʩʣʝʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʠʤʝʥʥʦ ʨʠʩʢʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʠʣʠ ʦʪʨʳʚʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʧʨʠ 

ʩʦʯʝʪʘʥʥʳʭ ʧʘʪʦʣʦʛʠʷʭ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

 

ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 1 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ. 

1. ʅʝ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʩʪʝʥʦʟʦʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʥʘ ʧʨʦʮʝʩʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʦʩʪʘ ʘʥʝʚʨʠʟʤ ʘʨʪʝʨʠʡ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ. ʅʝ ʦʩʫʱʝʩʪʚʣʝʥʳ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʢʣʠʥʠʮʠʩʪʦʚ ʠ ʦʧʠʩʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʩʣʫʯʘʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʩʚʷʟʠ. 



50 

 

2. ʇʨʠ ʣʝʯʝʥʠʠ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʥʝʷʩʥʦ, ʯʪʦ ʣʝʯʠʪʴ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ (ʘʥʝʚʨʠʟʤʫ ʠʣʠ ʩʪʝʥʦʟ) [116]. ʕʪʦʪ ʚʦʧʨʦʩ ʚʦʣʥʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʢʣʠʥʠʮʠʩʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʣʝʯʝʥʠʝ ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ. 

3. ʅʝʷʩʥʦ, ʧʦʚʣʠʷʝʪ ʣʠ ʧʨʦʮʝʩʩ ʣʝʯʝʥʠʷ ʩʪʝʥʦʟʘ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʥʘ 

ʠʤʝʶʱʠʝʩʷ ʘʥʝʚʨʠʟʤʳ ʘʨʪʝʨʠʡ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʠ ʧʨʠʚʝʜʝʪ ʣʠ ʢ ʠʭ ʨʘʟʨʳʚʫ. 

ɺʳʩʢʘʟʘʥʦ [116] ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʭʠʨʫʨʛʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʢʘʨʦʪʠʜʥʦʛʦ 

ʩʪʝʥʦʟʘ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʨʠʩʢ ʨʘʟʨʳʚʘ ʚʥʫʪʨʠʯʝʨʝʧʥʳʭ ʘʥʝʚʨʠʟʤ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʧʝʨʘʮʠʶ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʩʥʘʯʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʝʯʝʥʠʝ ʩʪʝʥʦʟʘ, ʘ ʘʥʝʚʨʠʟʤʳ ʣʝʯʘʪʩʷ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʚʤʝʰʘʪʝʣʴʩʪʚʝ. ʆʧʫʙʣʠʢʦʚʘʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʩʣʫʯʘʠ [116, 189], ʧʦʢʘʟʳʚʘʶʱʠʝ, 

ʯʪʦ ʘʥʝʚʨʠʟʤʳ ʤʦʛʫʪ ʫʤʝʥʴʰʘʪʴʩʷ ʚ ʨʘʟʤʝʨʘʭ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʨʦʪʠʜʥʦʡ 

ʵʥʜʘʪʝʨʵʢʪʦʤʠʠ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ, 

ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʨʘʟʚʦʨʦʪʝ ʠ ʩʥʠʞʝʥʠʠ ʢʨʦʚʦʪʦʢʦʚ ʧʦ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ 

ʘʨʪʝʨʠʷʤ, ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʥʝʚʨʠʟʤ ʧʨʠ ʯʘʩʪʠʯʥʦʡ 

ʠʣʠ ʧʦʣʥʦʡ ʦʢʢʣʶʟʠʠ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ. 

4. ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʨʫʯʥʦʤ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

5. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʘʨʪʝʨʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʠ (ʥʘ ʚʭʦʜʘʭ), ʧʦʣʫʯʝʥʥʳʝ 

ʧʦ ʋɿʀ, ʠ ʫʩʣʦʚʠʷ ʪʠʧʘ Windkessel (ʥʘ ʚʳʭʦʜʘʭ). 

6. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ ʠ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʤʦʙʠʣʴʥʳʝ ʩʪʝʥʜʳ, 

ʪʘʢ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʘʟʨʳʚʥʳʝ ʤʘʰʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʩʪʝʥʜʳ 

ʜʣʷ ʧʨʦʣʠʚʢʠ ʘʨʪʝʨʠʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ. 

7. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʤʦʜʝʣʴ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʚ ʩʣʫʯʘʝ 3D), ʤʦʜʝʣʴ 
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ʛʠʧʝʨʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʪʦʠʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʫʪʦʯʥʷʶʱʝʤ 2D 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʂʨʦʚʴ ʚ ʨʘʩʯʝʪʘʭ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ. 

8. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʷʚʣʷʝʪʩʷ 

ʤʦʱʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʩʩʯʠʪʘʥʥʳʭ 

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

9. ʉʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʚʨʘʯʝʙʥʳʭ ʨʝʰʝʥʠʡ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʊʘʢʞʝ ʙʳʣ ʚʳʜʝʣʝʥ ʨʷʜ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ 

ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

ʘʪʝʨʦʩʢʣʝʨʦʟ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ 

ʘʥʝʚʨʠʟʤ; 

ʥʘʣʠʯʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʘʤʦʤ ʚʠʣʣʠʟʠʝʚʦʤ ʢʨʫʛʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʥʝʚʨʠʟʤ; 

ʦʪʩʫʪʩʪʚʠʝ ʢʨʦʚʦʪʦʢʘ ʠʣʠ ʥʘʣʠʯʠʝ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʢʨʦʚʦʪʦʢʘ ʚ 

ʙʘʟʠʣʷʨʥʦʡ ʘʨʪʝʨʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʛʝʤʦʜʠʥʘʤʠʢʫ ʘʨʪʝʨʠʡ ʛʦʣʦʚʳ; 

ʩʠʤʤʝʪʨʠʷ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ; 

ʥʘ ʛʝʤʦʜʠʥʘʤʠʢʫ ʚʣʠʷʶʪ ʢʘʢ ʤʘʣʳʝ, ʪʘʢ ʠ ʙʦʣʴʰʠʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ (30% ʠ 70% ʩʪʝʥʦʟʘ); 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ 

ʨʠʩʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ ʠ ʦʪʨʳʚʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ, 

ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʥʦʨʤʳ WSS, ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʙʲʝʤʥʳʝ 

ʢʨʦʚʦʪʦʢʠ ʥʘ ʚʳʭʦʜʘʭ ʠʭ ʫʯʘʩʪʢʘ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ; 

ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʫʪʦʯʥʷʶʱʠʝ 

ʨʘʩʯʝʪʳ ʚ 2D. 
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ɻʃɸɺɸ 2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʣʠʩʴ ʚ 

ʨʘʤʢʘʭ ʧʨʦʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʘ ʪʘʢʞʝ ʌʦʥʜʘ ɺʣʘʜʠʤʠʨʘ 

ʇʦʪʘʥʠʥʘ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ çʋʪʦʯʥʝʥʠʝ ʠ 

ʚʝʨʠʬʠʢʘʮʠʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʦ ʢʨʦʚʦʪʦʢʝ ʚ ʢʨʫʧʥʳʭ ʘʨʪʝʨʠʷʭ 

ʯʝʣʦʚʝʢʘè (ʧʨʦʝʢʪ 20-71-00131), ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʣʩʷ ʩ 2020 ʧʦ 2022 ʛʛ., 

ʜʠʩʩʝʨʪʘʥʪʦʤ, ʚʳʩʪʫʧʘʚʰʠʤ ʚ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʠʪʝʣ,̫ ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʬʦʨʤʫʣʠʨʦʚʢʝ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʳʭʦʜʘʭ 

ʠʟ ʘʨʪʝʨʠʡ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʝʤʦʜʠʥʘʤʠʢʠ. 

ɺ 2021 ʠ 2022 ʛʛ. ʜʠʩʩʝʨʪʘʥʪ ʷʚʣʷʣʩʷ ʧʦʙʝʜʠʪʝʣʝʤ ʧʨʦʛʨʘʤʤʳ 

çɸʢʘʜʝʤʠʯʝʩʢʠʡ ʜʝʩʘʥʪè, ʘ ʚ 2023 ʠ 2024 ʛʦʜʘʭ ʧʨʦʛʨʘʤʤʳ 

çʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝè ʬʦʥʜʘ ɺʣʘʜʠʤʠʨʘ ʇʦʪʘʥʠʥʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ 

ʠʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ, ʧʨʦʚʝʜʝʥʘ ʩʙʦʨʢʘ ʠ ʘʧʨʦʙʘʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ, 

ʧʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʨʦʚʦʪʦʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʛʨʘʤʤʘʤ 

çɸʢʘʜʝʤʠʯʝʩʢʠʡ ʜʝʩʘʥʪè ʠ çʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝè ʦʩʥʦʚʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʚʝʜʫʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, 

ʩʠʤʧʦʟʠʫʤʘʭ, ʘ ʪʘʢʞʝ ʩʝʤʠʥʘʨʘʭ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʨʘʜʠʦʣʦʛʠʠ ʠ 

ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ʄ. ɻʨʘʥʦʚʘ ʠ ʇʝʨʤʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

2.1. ʄʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʘʨʪʝʨʠʡ ʩʦʟʜʘʚʘʣʠʩʴ ʚ ʩʠʩʪʝʤʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ SolidWorks ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ çʂʦʥʪʫʨ ʂʊ 2Dè ʠ çʂʦʥʪʫʨ ʂʊ 3Dè. 

ɺ ʧʨʦʛʨʘʤʤʝ çʂʦʥʪʫʨ ʂʊ 2Dè ʠʥʩʪʨʫʤʝʥʪʦʤ çʄʝʪʦʜ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʨʦʩʪʘè ʥʘ ʩʥʠʤʢʘʭ ʂʊ ʩʪʨʦʠʣʠʩʴ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʮʝ 
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ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦʩʫʜʘ, ʚʳʙʨʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ɼʘʣʝʝ ʠʥʩʪʨʫʤʝʥʪʦʤ 

çʉʦʭʨʘʥʠʪʴ ʢʨʠʚʫʶ ʚ ʬʘʡʣè ʧʦʣʫʯʝʥʥʘʷ ʢʨʠʚʘʷ ʩʦʭʨʘʥʷʣʘʩʴ ʚ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ 

.sldcrv, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʬʦʨʤʘʪʫ ʭʨʘʥʝʥʠʷ ʢʨʠʚʳʭ ʚ ʉɸʇʈ SolidWorks. 

ɺ ʧʨʦʛʨʘʤʤʝ çʂʦʥʪʫʨ ʂʊ 3Dè ʠʥʩʪʨʫʤʝʥʪʦʤ çʌʨʦʥʪʘʣʴʥʳʡ ʨʦʩʪ 3Dè 

ʩʦʟʜʘʚʘʣʦʩʴ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʨʪʝʨʠʘʣʴʥʳʭ 

ʩʪʝʥʦʢ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ. ɼʘʣʝʝ ʦʙʣʘʢʦ ʪʦʯʝʢ 

ʠʥʩʪʨʫʤʝʥʪʦʤ çʉʦʭʨʘʥʠʪʴ ʦʙʣʘʢʦ ʪʦʯʝʢè ʩʦʭʨʘʥʷʣʦʩʴ ʚ ʬʘʡʣ ʬʦʨʤʘʪʘ .xyz. 

ʆʙʣʘʢʦ ʪʦʯʝʢ ʚ ʬʦʨʤʘʪʝ .xyz ʠʤʧʦʨʪʠʨʦʚʘʣʦʩʴ ʚ ʉɸʇʈ SolidWorks, ʛʜʝ 

ʠʥʩʪʨʫʤʝʥʪʦʤ çScanTo3Dè ʥʘ ʝʛʦ ʙʘʟʝ ʩʦʟʜʘʚʘʣʘʩʴ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʝʣʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʯʘʩʪʢʫ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʘ ʤʦʜʝʣʴ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʨʫʯʥʦʛʦ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʇʦʩʪʨʦʝʥʥʳʝ ʢʦʥʪʫʨʳ ʚ ʬʦʨʤʘʪʝ .sldcrv ʠʤʧʦʨʪʠʨʦʚʘʣʠʩʴ ʚ SolidWorks 

ʠ ʜʘʣʝʝ ʠʥʩʪʨʫʤʝʥʪʦʤ çɹʦʙʳʰʢʘ ʧʦ ʩʝʯʝʥʠʷʤè ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʪʚʝʨʜʦʝ ʪʝʣʦ. 

ʉʫʪʴ ʨʘʙʦʪʳ ʠʥʩʪʨʫʤʝʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʚʳʙʦʨʝ ʠʜʫʱʠʭ 

ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʩʝʯʝʥʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʪʚʝʨʜʦʝ ʪʝʣʦ, 

ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʙʨʘʥʥʳʤ ʢʦʥʪʫʨʘʤ. 

ʆʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʠʤʧʦʨʪʠʨʦʚʘʥʥʳʭ ʢʦʥʪʫʨʦʚ, 

ʦʙʲʝʜʠʥʷʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠʥʩʪʨʫʤʝʥʪʦʤ çɹʦʙʳʰʢʘ ʧʦ ʪʨʘʝʢʪʦʨʠʠè. ɼʣʷ 

ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʪʨʦʠʣʘʩʴ ʢʨʠʚʘ,̫ ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʜʣʷ ʧʨʦʪʷʛʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʙʠʨʘʣʩʷ ʢʦʥʪʫʨ, ʢʦʪʦʨʳʡ 

ʧʨʦʪʷʛʠʚʘʣʩʷ, ʦʙʨʘʟʫʷ ʦʙʲʝʤ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. 

ɼʦʩʪʨʦʝʥʥʳʝ ʫʯʘʩʪʢʠ ʘʨʪʝʨʠʡ ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʝʜʠʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ 

ʠʥʩʪʨʫʤʝʥʪʦʤ çʉʢʦʤʙʠʥʠʨʦʚʘʪʴ ʪʝʣʘè, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʦʚʦʜʠʪʴ ʦʙʲʝʜʠʥʝʥʠʝ 

ʦʙʲʝʤʦʚ ʚ ʦʜʠʥ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʮʠʶ 

ʚʳʯʠʪʘʥʠʷ ʪʝʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʙʫʣʝʚʦʡ ʦʧʝʨʘʮʠʠ ʚʳʯʠʪʘʥʠʷ ʤʥʦʞʝʩʪʚ, 

ʢʦʛʜʘ ʠʟ ʦʜʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʫʜʘʣʷʶʪʩʷ ʜʨʫʛʠʝ ʦʙʲʝʤʳ, ʝʛʦ 

ʧʝʨʝʩʝʢʘʶʱʠʝ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʚ ʥʝʤ ʩʦʜʝʨʞʘʱʠʝʩʷ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʩʝʯʴ ʯʘʩʪʴ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʩʪʨʫʤʝʥʪ 

SolidWorks çʈʘʟʜʝʣʠʪʴè: ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘ ʪʚʝʨʜʳʭ ʪʝʣʘ 

ʧʝʨʝʩʝʢʘʶʱʝʡ ʝʝ ʧʣʦʩʢʦʩʪʴʶ. 
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ɼʣʷ ʫʜʘʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʩʪʨʫʤʝʥʪ SolidWorks 

çʋʜʘʣʠʪʴ ʪʚʝʨʜʦʝ ʪʝʣʦè. 

ʀʥʩʪʨʫʤʝʥʪʦʤ çʇʦʚʝʨʥʫʪʘʷ ʙʦʙʳʰʢʘè ʩʦʟʜʘʚʘʣʦʩʴ ʪʚʝʨʜʦʝ ʪʝʣʦ 

ʚʨʘʱʝʥʠʷ: ʛʦʪʦʚʘʷ ʜʚʫʤʝʨʥʘʷ ʟʘʤʢʥʫʪʘʷ ʢʨʠʚʘʷ ʧʦʚʦʨʘʯʠʚʘʣʘʩʴ ʚʦʢʨʫʛ 

ʚʳʙʨʘʥʥʦʡ ʦʩʠ, ʩʦʟʜʘʚʘʷ ʦʙʲʝʤ. 

ʀʥʩʪʨʫʤʝʥʪʦʤ çɿʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝè ʩʦʟʜʘʚʘʣʦʩʴ ʪʚʝʨʜʦʝ ʪʝʣʦ, 

ʟʝʨʢʘʣʴʥʦ ʧʦʚʪʦʨʷʶʱʝʝ ʠʩʭʦʜʥʳʡ ʦʙʲʝʢʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʫʯʘʩʪʢʘ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʩ ʙʠʬʫʨʢʘʮʠʝʡ 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʝ ʩʥʠʤʢʠ ʂʊ ʩ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ, ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʋɿʀ (ʨʠʩʫʥʦʢ 2.1). ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʪʘʢʦʡ ʫʯʘʩʪʦʢ ʩʪʨʦʠʣʩʷ ʥʘ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʘʧʧʘʨʘʪʝ Mindray Resona 7 ʚ ʢʣʠʥʠʢʝ ʉʘʨʘʪʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʝʣʠʯʠʥʳ ʧʨʦʩʚʝʪʘ ʩʦʩʫʜʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʝʯʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ. ʅʘ 

ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʚ SolidWorks ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʝʯʝʥʠʷ ʩʦʩʫʜʘ, ʧʦʩʣʝ ʯʝʛʦ 

ʥʘ ʠʭ ʙʘʟʝ ʩʪʨʦʠʣʘʩʴ ʠʪʦʛʦʚʘʷ ʤʦʜʝʣʴ ʦʙʲʝʤʦʚ ʢʨʦʚʠ ʠ ʩʪʝʥʢʠ ʘʨʪʝʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ çɹʦʙʳʰʢʘ ʧʦ ʩʝʯʝʥʠʷʤè, çʉʢʦʤʙʠʥʠʨʦʚʘʪʴ 

ʪʝʣʘè, çɹʦʙʳʰʢʘ ʧʦ ʪʨʘʝʢʪʦʨʠʠè. ʄʦʜʝʣʴ ʩʪʨʦʠʣʘʩʴ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʪʦʤ, 

ʯʪʦ ʢʘʞʜʦʝ ʩʝʯʝʥʠʝ ʠʤʝʝʪ ʬʦʨʤʫ ʢʨʫʛʘ. 

  

ʈʠʩʫʥʦʢ 2.1. ʋɿʀ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ: ʩʣʝʚʘ - ʨʘʟʤʝʨʳ ʨʘʟʥʳʭ ʩʝʯʝʥʠʡ; ʩʧʨʘʚʘ ï 

ʧʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʥʘ ʬʦʥʝ ʩʥʠʤʢʘ ʋɿʀ 
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2.2. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʙʠʦʤʝʭʘʥʠʢʠ ʩʠʩʪʝʤʳ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʙʳʣʦ 

ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Ansys. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ ʢʨʦʚʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ CFX ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʷʣʩʷ ʚ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ ʞʝʩʪʢʠʤʠ 

ʩʪʝʥʢʘʤʠ. 

ɺ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʩʫʜʘ ʩ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʦʜʫʣʴ 

Mechanical. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʧʨʫʛʠʤʠ ʩʪʝʥʢʘʤʠ ʨʝʰʘʣʘʩʴ 

ʩʚʷʟʘʥʥʘʷ ʟʘʜʘʯʘ: ʜʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʤʝʱʝʥʠʡ ʩʪʝʥʢʠ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʤʦʜʫʣ ɹ Mechanical), ʜʣʷ ʨʘʩʯʝʪʘ ʜʚʠʞʝʥʠ ̫ʞʠʜʢʦʩʪʠ 

ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ (ʤʦʜʫʣ ɹCFX). ʆʙʘ ʤʦʜʫʣʷ ʩʚʷʟʳʚʘʣʠʩʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʩʪʨʫʤʝʥʪʘ System Coupling, ʢʦʪʦʨʳʡ ʠʪʝʨʘʪʠʚʥʦ ʧʝʨʝʜʘʚʘʣ ʚ 

ʤʦʜʫʣʴ CFX ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʩʪʝʥʢʠ, ʘ ʚ ʤʦʜʫʣʴ Mechanical ʟʥʘʯʝʥʠʷ 

ʫʩʠʣʠʡ ʚ ʪʦʯʢʘʭ ʥʘ ʛʨʘʥʠʮʝ çʩʪʝʥʢʘ-ʢʨʦʚʴè. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʨʝʰʘʣʘʩʴ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ [5, 12, 19]. ɺʩʝ ʫʨʘʚʥʝʥʠʷ ʟʘʧʠʩʘʥʳ ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʊʝʯʝʥʠʝ ʢʨʦʚʠ ʦʧʠʩʳʚʘʣʦʩɹ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ. 

” ὺ Ὢ ʂὺȟὨὭὺὺӶ πȟ   

ʛʜʝ ‬ ï ʟʥʘʢ ʯʘʩʪʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ὺ ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʨʦʚʠ, 

ὼ ï ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ, ὴ ï ʜʘʚʣʝʥʠʝ ʢʨʦʚʠ, ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʢʨʦʚʠ, ʠʥʜʝʢʩʳ ὭȟὮ ʧʨʦʙʝʛʘʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 1 ʜʦ 3. 

ɼʚʠʞʝʥʠʝ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʦʧʠʩʳʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʃʘʤʝ: 

”
‬ό

‬ὸ
Ὂ ‗ А

‬—

‬ὼ
‘ɳ όȟ 
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ʛʜʝ ᶯ  ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ” ï 

ʧʣʦʪʥʦʩʪʴ ʩʪʝʥʢʠ, όόȟὺȟύ  ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ, Ὂ ï ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ ʩʠʣ, 

‗, ‘ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʘʤʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʩʨʝʜʳ, — ï ʦʙʲʝʤʥʦʝ ʨʘʩʰʠʨʝʥʠʝ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʠ (ʢʨʦʚʠ) ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʨʪʝʨʠʠ ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ: 

ὺ
‬ό

‬ὸ
ȟ 

ʛʜʝ ὺ ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʨʦʚʠ, ό ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʪʝʥʢʠ. 

ʉʦ ʩʪʦʨʦʥʳ ʢʨʦʚʠ ʥʘ ʩʪʝʥʢʫ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʩʠʣʳ ʚʷʟʢʦʩʪʠ ʠ ʜʘʚʣʝʥʠʝ Ὂ ᴆ Ὂᴆ. 

Ὂᴆ ὲᴆ ὴὍʂ​όᴆ ​όᴆ ȟ 

ʛʜʝ ὲᴆ ïʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ; ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʢʨʦʚʠ; ʨ ï ʜʘʚʣʝʥʠʝ ʢʨʦʚʠ; I ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ; ʊ ï ʩʠʤʚʦʣ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ.  

ʅʘ ʛʨʘʥʠʮʝ ʦʙʲʝʤʦʚ ʢʨʦʚʠ ʠ ʩʪʝʥʢʠ ʩʪʘʚʠʣʠʩʴ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʫʟʣʘʭ: 

Ὠὼ όȟὨώ όȟὨᾀ όȟ 

ʛʜʝ Ὠὼ, Ὠώ, Ὠᾀ  ʧʝʨʝʤʝʱʝʥʠʷ ʫʟʣʘ ʩʝʪʢʠ. 

ʅʘ ʪʦʨʮʘʭ ʘʨʪʝʨʠʡ ʟʘʜʘʚʘʣʘʩʴ ʞʝʩʪʢʘʷ ʟʘʜʝʣʢʘ. 

ʅʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʩʪʝʥʢʠ ʟʘʜʘʚʘʣʦʩʴ ʥʫʣʝʚʦʝ ʜʘʚʣʝʥʠʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʚʘʣʠʩʴ ʥʫʣʝʚʳʝ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʝ 

ʢʨʦʚʠ, ʪʘʢ ʢʘʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʯʘʣʴʥʳʭ ʧʦʣʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʥʝ 

ʙʳʣʦ. 

ʅʘ ʚʭʦʜʝ ʚ ʩʦʩʫʜ ʟʘʜʘʚʘʣʩʷ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʢʨʦʚʠ. ʅʘʠʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʳʡ ʚʘʨʠʘʥʪ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʲʝʤʥʦʛʦ ʧʨʦʬʠʣʷ ʩʢʦʨʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʦʤʦʱʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
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ʅʘ ʚʳʭʦʜʘʭ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʨʘʟʥʳʝ 

ʚʘʨʠʘʥʪʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ɻʋ): ʜʘʚʣʝʥʠʝ ʠʣʠ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ. 

ʇʦʜʨʦʙʥʝʝ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ɻʣʘʚʝ 3. 

ɺ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʦʩʫʜʘ ʩ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ 

ʙʣʷʰʢʦʡ ʚ 2D ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʩʪʘʪʠʢʠ ʫʧʨʫʛʦʛʦ ʪʝʣʘ ʚ ʧʦʩʪʘʥʦʚʢʝ ʧʣʦʩʢʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʚʠʞʝʥʠʝ ʩʪʝʥʢʠ ʩʦʩʫʜʘ ʦʧʠʩʳʚʘʣʦʩʴ 

ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʃʘʤʝ: 

”
‬ό

‬ὸ
Ὂ ‗ ‘

‬—

‬ὼ
‘Ўόȟ 

ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʩʝ ʪʦʯʢʠ ʩʝʯʝʥʠʷ ʥʝ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʜʦʣʴ ʦʩʠ ʩʦʩʫʜʘ: 

ό ό ὼȟὼ ȟό ό ὼȟὼ ȟό πȢ 

ɿʜʝʩʴ u1, u2, u3 ï ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʦʩʴ x3 

ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʩʠ ʩʦʩʫʜʘ. 

 

2.3. ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʥʩʪʨʫʤʝʥʪ çʃʠʥʠʷ ʪʨʝʥʜʘè ʚ ʧʨʦʛʨʘʤʤʝ Excel, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʥʘʙʦʨʘ ʪʦʯʝʢ. ʋʨʘʚʥʝʥʠʝ 

ʣʠʥʠʠ ʪʨʝʥʜʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʛʨʘʬʠʢʘ çʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠè, ʢʦʪʦʨʳʡ 

ʨʘʚʝʥ ʤʦʜʫʣʶ ʖʥʛʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʅʘ ʛʨʘʬʠʢ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʚʝʜʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R2: ʯʝʤ ʙʣʠʞʝ R2 ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʚʳʰʝ 

ʪʦʯʥʦʩʪʴ ʩʦʚʧʘʜʝʥʠʷ ʧʨʷʤʦʡ ʠ ʤʘʩʩʠʚʘ ʪʦʯʝʢ [6]. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʧʨʦʚʝʨʢʠ, ʷʚʣʷʝʪʩʷ ʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʫʣʝʡ ʖʥʛʘ ʥʦʨʤʘʣʴʥʳʤ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʩʪ 

ʐʘʧʠʨʦ-ʋʠʣʢʘ [89] ï ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ 

ʚʳʙʦʨʢʫ ʟʥʘʯʝʥʠʡ ʩ ʵʪʘʣʦʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʩʪ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ, ʜʣʷ ʥʘʙʦʨʘ ʜʘʥʥʳʭ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʯʠʪʘʥʦ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʳʚʘʪʴ ʚ ʪʘʙʣʠʮʝ ʥʝ ʵʪʦʪ ʧʘʨʘʤʝʪʨ, ʘ ʧʨʦʮʝʥʪʠʣʠ. ʊʝʩʪ 
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ʐʘʧʠʨʦ-ʋʠʣʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʚʳʙʦʨʦʢ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʤʝʥʝʝ 50 

ʦʙʨʘʟʮʦʚ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ, ʷʚʣʷʝʪʩʷ ʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʘʩʘʪʝʣʴʥʳʭ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʙʣʷʰʝʢ 

ʥʦʨʤʘʣʴʥʳʤ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʩʪ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ [140] ï 

ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʪʝʩʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʚʳʙʦʨʢʫ ʟʥʘʯʝʥʠʡ ʩ 

ʵʪʘʣʦʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʊʝʩʪ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ ʧʨʝʚʳʰʘʝʪ 50 ʦʙʨʘʟʮʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʨʠʟʥʘʢʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʪʨʠʮʘ 

ʨʝʛʨʝʩʩʠʠ [52]. ʏʝʤ ʚʳʰʝ ʤʦʜʫʣʴ ʧʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʚ ʷʯʝʡʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʩʝʯʝʥʠʶ ʧʨʠʟʥʘʢʘ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʪʝʤ ʩʠʣʴʥʝʝ ʩʚʷʟʴ 

ʨʝʟʫʣʴʪʘʪʘ ʩ ʜʘʥʥʳʤ ʧʨʠʟʥʘʢʦʤ. ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʦʪ ʧʨʠʟʥʘʢʘ: ʪʦ ʝʩʪʴ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʧʨʠʟʥʘʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ (ʠ ʥʘʦʙʦʨʦʪ). 

 

2.4. ʅʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʜʫʣʝʡ ʖʥʛʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʞʘʪʠʶ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ 

Instron 3342 ʩ ʥʘʛʨʫʟʦʯʥʦʡ ʷʯʝʡʢʦʡ ʜʦ 500 ʅ (ʪʦʯʥʦʩʪʴ ʦʪ Ñ0,5% ʧʦʢʘʟʘʥʠʷ 

ʚʧʣʦʪʴ ʜʦ 1/100 ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʘʪʯʠʢ), ʘ ʪʘʢʞʝ ʥʘ ʤʦʙʠʣʴʥʦʤ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʚʠʞʥʘʷ ʪʨʘʚʝʨʩʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ ʜʘʚʠʪ 

ʥʘ ʦʙʨʘʟʝʮ, ʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʬʠʢʩʠʨʫʝʪʩʷ ʫʩʠʣʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ 

ʪʨʘʚʝʨʩʳ. ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ, ʢʘʢ ʠ ʝʛʦ ʥʘʯʘʣʴʥʫʶ ʚʳʩʦʪʫ 

ʩʯʠʪʘʝʤ ʠʟʚʝʩʪʥʳʤʠ, ʧʦʵʪʦʤʫ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʠʣʘ ʚ ʢʘʞʜʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʧʝʨʝʤʝʱʝʥʠʝ ï ʚ 

ʜʝʬʦʨʤʘʮʠʶ. ɼʘʣʝʝ ʧʦ ʧʦʩʪʨʦʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ çʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʤʦʜʫʣʴ ʖʥʛʘ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ [29]. ʀʩʧʦʣʴʟʫʷ 
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ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʛʨʘʬʠʢʘ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʦʜʫʣʴ ʖʥʛʘ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʝ ʟʘʢʦʥʘ ɻʫʢʘ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ:  

Ὁ „Ⱦ‐. (2.1) 

ʀʩʧʳʪʘʥʠʷ ʧʦ ʨʘʩʪʷʞʝʥʠʶ ʦʙʨʘʟʮʦʚ ʩʪʝʥʦʢ ʘʨʪʝʨʠʡ ʠ ʬʠʙʨʦʟʥʳʭ 

ʧʦʢʨʳʰʝʢ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʧʨʦʭʦʜʷʪ ʘʥʘʣʦʛʠʯʥʦ, ʩ ʪʦʡ ʨʘʟʥʠʮʝʡ, 

ʯʪʦ ʧʦʜʚʠʞʥʘʷ ʪʨʘʚʝʨʩʘ ʜʚʠʞʝʪʩʷ ʚʚʝʨʭ, ʧʨʠ ʵʪʦʤ ʨʘʩʪʷʛʠʚʘʷ ʦʙʨʘʟʝʮ, 

ʢʦʪʦʨʳʡ ʢʨʝʧʠʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʞʠʤʘʭ. ʈʘʩʯʝʪ ʤʦʜʫʣʷ ʖʥʛʘ ʪʘʢʞʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʝʥʦʢ ʩʦʩʫʜʦʚ ʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʩʜʚʠʛʦʚʦʡ 

ʵʣʘʩʪʦʛʨʘʬʠʠ [131, 171, 196, 216, 236]. ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʫʧʨʫʛʦʩʪʴ ʤʷʛʢʦʡ 

ʪʢʘʥʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʥʝʝ ʧʦʧʝʨʝʯʥʦʡ ʩʜʚʠʛʦʚʦʡ 

ʚʦʣʥʳ. ʏʝʤ ʚʳʰʝ ʞʝʩʪʢʦʩʪʴ ʪʢʘʥʠ, ʪʝʤ ʙʳʩʪʨʝʝ ʧʨʦʭʦʜʠʪ ʧʦ ʥʝʡ ʩʜʚʠʛʦʚʘʷ 

ʚʦʣʥʘ. 

ʇʨʠ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʜʘʪʯʠʢ ʛʝʥʝʨʠʨʫʝʪ ʩʜʚʠʛʦʚʫʶ ʚʦʣʥʫ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʱʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʥʫʞʥʦʡ ʦʧʝʨʘʪʦʨʫ 

ʛʣʫʙʠʥʝ ʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ [47]. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟ ʨʘʟʤʝʨʦʤ ʫʩʣʦʚʥʦʛʦ ʧʷʪʥʘ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʋɿʀ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʚʫʤʝʨʥʦʡ ʩʜʚʠʛʦʚʦʡ 

ʵʣʘʩʪʦʛʨʘʬʠʠ (2D-SWE), ʧʦʟʚʦʣʷʶʱʘʷ ʩʪʨʦʠʪʴ ʮʚʝʪʦʚʫʶ ʢʘʨʪʫ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʢʘʥʝʡ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ (ʨʠʩʫʥʦʢ 2.2).  

 

ʈʠʩʫʥʦʢ 2.2. ʇʨʠʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ. ʂʨʘʩʥʦʡ 

ʩʪʨʝʣʢʦʡ ʦʪʤʝʯʝʥʘ ʦʙʣʘʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ 
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ʅʘ ʨʠʩʫʥʢʝ 2.2 ʢʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥ ʫʯʘʩʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʜʘʪʯʠʢʘ. ʈʘʩʯʝʪ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ, ʧʦʧʘʚʰʠʭ 

ʚ ʢʨʫʞʦʢ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʘʪʯʠʢʦʚ ʜʣʷ ʘʧʧʘʨʘʪʦʚ Philips, Resona ʠʣʠ Siemens, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʢʣʠʥʠʢʘʭ ʈʦʩʩʠʠ, ʩʦʩʪʘʚʣʷʝʪ 1 ʤʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʘʨʪʝʨʠʡ. 

 

2.5. ʉʝʪʦʯʥʘʷ ʩʭʦʜʠʤʦʩʪʴ 

ɺʦ ʚʩʝʭ ʟʘʜʘʯʘʭ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʢʨʦʚʠ ʧʦ ʩʠʩʪʝʤʝ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ (Ansys CFX), ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʩʫʜʠʩʪʳʭ ʩʪʝʥʦʢ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ (Ansys Mechanical) ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʝʪʦʯʥʘʷ ʩʭʦʜʠʤʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʢʠ ʧʦʜʙʠʨʘʣʦʩʴ ʪʘʢ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5%. 

ɺ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ ʞʝʩʪʢʠʤʠ 

ʩʪʝʥʢʘʤʠ ʟʘ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘ ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʧʨʠ ʘʥʘʣʠʟʝ 

ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ, ʧʨʠʥʠʤʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ (ʨʠʩʫʥʦʢ 2.3).  

 

ʈʠʩʫʥʦʢ 2.3. ɻʨʘʬʠʢ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ ʚ ɺʉɸ 
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ɺ ʩʚʷʟʘʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʟʘ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʘ 

ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʧʨʠ ʘʥʘʣʠʟʝ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ, ʧʨʠʥʠʤʘʣʠʩʴ 

ʟʥʘʯʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʧʨʘʚʦʡ ʧʝʨʝʜʥʝʡ ʤʦʟʛʦʚʦʡ ʘʨʪʝʨʠʠ 

(ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʤʦʜʝʣʴ ʟʘʤʢʥʫʪʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ) ʠ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʪʝʥʢʝ. ɻʨʘʬʠʢʠ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 2.4, 2.5. 

 

ʈʠʩʫʥʦʢ 2.4. ɻʨʘʬʠʢ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʤʘʩʩʦʚʦʤʫ ʨʘʩʭʦʜʫ 

 

 

ʈʠʩʫʥʦʢ 2.5. ɻʨʘʬʠʢ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʦ WSS 
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ʅʘ ʚʩʝʤ ʦʙʲʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʢʨʦʚʠ, ʩʪʨʦʠʣʘʩʴ ʛʝʢʩʘʵʜʨʠʯʝʩʢʘʷ 

ʩʝʪʢʘ. ʋʯʘʩʪʦʢ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʩ ʧʦʩʪʨʦʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʪʝʢʦʡ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

 

ʈʠʩʫʥʦʢ 2.6. ʋʯʘʩʪʦʢ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʙʠʪʳʡ ʛʝʢʩʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʦʡ 

 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʷʛʢʠʭ ʪʢʘʥʝʡ 

ʟʘ ʦʩʥʦʚʥʦʡ ʨʝʟʫʣʴʪʘʪ ʙʨʘʣʦʩʴ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʥʢʝ ʠ ʚ ʦʙʲʝʤʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʛʨʘʬʠʢ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.7. 

 

ʈʠʩʫʥʦʢ 2.7. ɻʨʘʬʠʢ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʩʪʝʥʢʝ 
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ʅʘ ʚʩʝʤ ʦʙʲʝʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʪʝʥʢʘʤ ʘʨʪʝʨʠʡ, ʩʪʨʦʠʣʘʩʴ 

ʛʝʢʩʘʵʜʨʠʯʝʩʢʘʷ ʩʝʪʢʘ. ʋʯʘʩʪʦʢ ʩ ʧʦʩʪʨʦʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʪʝʢʦʡ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.8. 

 

ʈʠʩʫʥʦʢ 2.8. ʋʯʘʩʪʦʢ ʩʪʝʥʢʠ, ʨʘʟʙʠʪʳʡ ʛʝʢʩʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʦʡ 

 

ɹʣʷʰʢʠ ʨʘʟʙʠʚʘʣʠʩʴ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʦʡ. ʇʨʠʤʝʨ 

ʤʦʜʝʣʠ ʙʣʷʰʢʠ, ʨʘʟʙʠʪʦʡ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʦʡ, ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.9. 

 

ʈʠʩʫʥʦʢ 2.9. ʋʯʘʩʪʦʢ ʙʣʷʰʢʠ, ʨʘʟʙʠʪʳʡ ʛʝʢʩʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʦʡ 

 

ɺ ʩʣʫʯʘʝ ʨʘʩʯʝʪʦʚ ʚ 2D ʤʦʜʝʣʴ ʨʘʟʙʠʚʘʣʘʩʴ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ 

ʥʝʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʦʡ. ʇʨʠʤʝʨ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.10. 
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ʘ     ʙ 

ʈʠʩʫʥʦʢ 2.10. 2D-ʤʦʜʝʣʴ, ʨʘʟʙʠʪʘʷ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʩʝʪʢʦʡ: ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

 

2.6. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʄʫʥʠ-ʈʠʚʣʠʥʘ 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʜʣʷ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʄʫʥʠ-ʈʠʚʣʠʥʘ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ Ansys, ʛʜʝ ʜʣʷ ʵʪʦʛʦ ʨʝʘʣʠʟʦʚʘʥ 

ʦʪʜʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ Curve Fitting. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʜʥʦʦʩʥʦʤʫ 

ʨʘʩʪʷʞʝʥʠʶ. ʉʪʦʣʙʮʳ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʷʤ ʠ 

ʥʘʧʨʷʞʝʥʠʷʤ ʚ ʦʙʨʘʟʮʝ, ʚʥʦʩʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʦʥʢʠ ʚ ʦʢʥʝ 

Engineering Data (ʨʠʩʫʥʦʢ 2.11). 
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ʈʠʩʫʥʦʢ 2.11. ʅʘʙʦʨ ʜʘʥʥʳʭ ʠ ʣʦʤʘʥʘʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʩʦʝʜʠʥʝʥʠʷ ʪʦʯʝʢ ʚ Ansys 

 

ɿʘʪʝʤ ʠʥʩʪʨʫʤʝʥʪʦʤ Curve Fitting ʧʦʜʙʠʨʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ 

ʢʨʠʚʦʡ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʣʦʤʘʥʫʶ ʣʠʥʠʶ, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʣʝ 

ʩʦʝʜʠʥʝʥʠʷ ʪʦʯʝʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.12).  

 
ʈʠʩʫʥʦʢ 2.12. ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʢʨʠʚʘʷ 
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʚ ʩʣʫʯʘʝ 5-ʢʦʤʧʦʥʝʥʪʥʦʡ ʤʦʜʝʣʠ ʄʫʥʠ-

ʈʠʚʣʠʥʘ ʙʫʜʝʪ 5 ʢʦʥʩʪʘʥʪ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʘʚʣʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʣʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 

 

2.7. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʜʠʟʘʡʥʘ ʧʨʠʣʦʞʝʥʠʷ 

ʉʦʟʜʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ çʂʦʥʪʫʨ ʂʊ 

2Dè ʠ çʂʦʥʪʫʨ ʂʊ 3Dè ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi ʚ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ 

Embarcadero Delphi [114]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ 

ʩʦʯʝʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫʯʘʩʪʢʘ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ çʩʦʥʥʳʝ ʘʨʪʝʨʠʠ-

ʧʦʟʚʦʥʦʯʥʳʝ ʘʨʪʝʨʠʠ-ʚʠʣʣʠʟʠʝʚ ʢʨʫʛè ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʫʣʴʪʠʧʘʨʘʜʠʛʤʘʣʴʥʳʡ 

ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ Python [237]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʤʝʥʷʣʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ QT Designer, ʧʨʠ ʵʪʦʤ ʠʥʪʝʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʧʦʩʣʝ 

ʨʘʟʨʘʙʦʪʢʠ ʩʦʭʨʘʥʷʣʩʷ ʚ ʬʦʨʤʘʪʝ .ui ʠ ʧʦʜʛʨʫʞʘʣʩʷ ʚ ʦʩʥʦʚʥʦʡ ʠʩʧʦʣʥʷʝʤʳʡ 

ʢʦʜ. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʥʝʡʨʦʩʝʪʷʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʪʢʨʳʪʳʝ ʙʠʙʣʠʦʪʝʢʠ 

TensorFlow (ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ) ʠ Keras (ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʦʙʫʯʝʥʥʳʤʠ ʥʝʡʨʦʩʝʪʷʤʠ) [99]. 

ʈʘʟʨʘʙʦʪʢʘ, ʦʪʣʘʜʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 

ʦʪʢʨʳʪʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ PyCharm. 

ʋʧʨʘʚʣʷʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ, 

ʩʦʙʨʘʥʥʳʭ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ Arduino, ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Arduino IDE [65]. 
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ɻʃɸɺɸ 3. ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʇʆʉʊɸʅʆɺʂɸ 

ɿɸɼɸʏʀ 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʝ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʚʘʞʥʦ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ ʛʝʤʦʜʠʥʘʤʠʢʠ. ʇʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʩʝʡ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʮʝʣʠʢʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʚʚʠʜʫ 

ʦʛʨʦʤʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʣʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʜʦʣʞʥʳ ʥʝ ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ, ʥʦ 

ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʘʨʪʝʨʠʠ ʪʦʡ ʯʘʩʪʠ ʩʦʩʫʜʠʩʪʦʛʦ 

ʨʫʩʣʘ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʛʝʤʦʜʠʥʘʤʠʢʠ ʫʯʘʩʪʢʘ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ; 

ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ; 

ʚʳʙʦʨ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʯʘʩʪʦʢ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ; 

ʚʳʙʦʨ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʩʪʝʥʢʝ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʳʭʦʜʘʭ ʠʟ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʠ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʬʠʟʠʦʣʦʛʠʯʥʦʛʦ ʚʘʨʠʘʥʪʘ; 

ʯʠʩʣʝʥʥʦʝ ʠ ʥʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʫʯʘʩʪʢʫ 

ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ, ʚʝʨʠʬʠʢʘʮʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

 

3.1. ʆʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ɼʚʠʞʝʥʠʝ ʢʨʦʚʠ ʧʦ ʩʦʩʫʜʫ ʩ ʫʧʨʫʛʠʤʠ ʩʪʝʥʢʘʤʠ [5, 12, 19] ʦʧʠʩʳʚʘʝʪʩʷ  

ʫʨʘʚʥʝʥʠʷʤʠ ʅʘʚʴʝ-ʉʪʦʢʩʘ (3.1):  
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”
‬ὺ

‬ὸ

‬ὺ

‬ὼ
ὺ Ὢ

‬ὴ

‬ὼ
ʂɳ ὺȟ 

  ὨὭὺὺӶ πȟ 

(3.1) 

ʛʜʝ ὺ ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʨʦʚʠ ὺӶ; ὼ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ; ὴ ï ʜʘʚʣʝʥʠʝ ʢʨʦʚʠ; ʂ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

ʢʨʦʚʠ. 

ɼʚʠʞʝʥʠʝ ʫʧʨʫʛʦʡ ʩʪʝʥʢʠ ʘʨʪʝʨʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ 

[8]: 

”
‬ό

‬ὸ
”Ὂ ʎɳȟ (3.2) 

ʛʜʝ ” ï ʧʣʦʪʥʦʩʪʴ ʩʪʝʥʢʠ; όό  ï ʚʝʢʪʦʨ ʧʝʨʝʤʝʱʝʥʠʡ; Ὂ ï ʚʝʢʪʦʨ ʚʥʝʰʥʠʭ 

ʤʘʩʩʦʚʳʭ ʩʠʣ (ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʝʰʥʠʝ ʤʘʩʩʦʚʳʝ ʩʠʣʳ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ). 

ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʠ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʂʦʰʠ (3.3) ʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʩʧʣʦʰʥʦʩʪʠ ʉʝʥ-ɺʝʥʘʥʘ (3.4) [20]: 

ρ

ς

‬ό

‬ὼ

‬ό

‬ὼ
‐ȟ (3.3) 

‬‐

‬ὼ‬ὼ

‬‐

‬ὼ‬ὼ

‬‐

‬ὼ‬ὼ

‬‐

‬ὼ‬ὼ
πȢ (3.4) 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʥʜʝʢʩʳ ὭȟὮȟὯȟὰ ʧʨʦʙʝʛʘʶʪ ʟʥʘʯʝʥʠʷ ʦʪ 1 ʜʦ 3. 

ʉʚʷʟʴ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʩ ʪʝʥʟʦʨʦʤ ʜʝʬʦʨʤʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ ɻʨʠʥʘ (3.5): 

ʎ
‬ὡ

‬‐
ȟ (3.5) 

ʛʜʝ W ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʨʫʛʠʡ ʧʦʪʝʥʮʠʘʣ (ʫʜʝʣʴʥʫʶ ʨʘʙʦʪʫ 

ʜʝʬʦʨʤʘʮʠʠ) [8]. 

ɺ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ ʫʧʨʫʛʠʡ 

ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ (3.6): 
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ὡ
ρ

ς
‗ὐ ς‘ὐȢ (3.6) 

ɼʣʷ 5-ʢʦʤʧʦʥʝʥʪʥʦʡ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ ʄʫʥʠ-ʈʠʚʣʠʥʘ ʫʧʨʫʛʠʡ 

ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ (3.7) [243]: 

ὡ ὅ ὐ σ ὅ ὐ σ+ 

ὅ ὐ σ ὅ ὐ σ ὐ σ ὅ ὐ σ Ȣ 
(3.7) 

ɺ (3.6) ʠ (3.7) ὐ ὐ‐  ʠ ὐ = ὐ‐  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʥʚʘʨʠʘʥʪʳ 

ʪʝʥʟʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʂʦʰʠ-ɻʨʠʥʘ; ‗, ‘ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʃʘʤʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩʨʝʜʳ; ὅ , ὅ , ὅ , ὅ , 

ὅ ,  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ ʄʫʥʠ-ʈʠʚʣʠʥʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.2) ï (3.5) 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʃʘʤʝ (3.8): 

”
‬ό

‬ὸ
‗ ‘

‬—

‬ὼ
‘Ўόȟ (3.8) 

ʛʜʝ — ï ʦʙʲʝʤʥʦʝ ʨʘʩʰʠʨʝʥʠʝ 

ʅʘ ʛʨʘʥʠʮʝ ʢʨʦʚʠ ʠ ʩʪʝʥʢʠ ʩʪʘʚʠʣʠʩʴ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ (3.9): 

ὺ
‬ό

‬ὸ
ȟ (3.9) 

ʛʜʝ ὺ ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʨʦʚʠ, ό ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʪʝʥʢʠ. 

ʅʘ ʩʪʝʥʢʫ ʩʦ ʩʪʦʨʦʥʳ ʢʨʦʚʠ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 

ʩʠʣʳ ʚʷʟʢʦʩʪʠ ʠ ʜʘʚʣʝʥʠʝ Ὂ ᴆ Ὂᴆ  (3.10). 

Ὂᴆ ὲᴆ ὴὍ‘​όᴆ ​όᴆ ȟ (3.10) 

ʛʜʝ ὲᴆ ïʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ; Õ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʢʨʦʚʠ; ʨ ï ʜʘʚʣʝʥʠʝ ʢʨʦʚʠ; I ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ; ʊ ï ʩʠʤʚʦʣ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʢʨʦʚʠ ʥʘʟʥʘʯʘʶʪʩʷ ʥʫʣʝʚʳʝ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ.  
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3.2. ɺʳʙʦʨ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʫʯʘʩʪʦʢ ʘʨʪʝʨʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʠʡ ʘʨʪʝʨʠʠ ʰʝʠ (ʥʘʯʠʥʘʷ ʩʦ ʩʨʝʜʥʝʛʦ ʦʪʜʝʣʘ ʦʙʱʝʡ 

ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ) ʠ ʛʦʣʦʚʳ (ʩʦ ʩʪʦʨʦʥʳ ʧʦʟʚʦʥʦʯʥʠʢʘ ʚʭʦʜʥʦʡ ʘʨʪʝʨʠʝʡ ʚʟʷʪʘ 

ʙʘʟʠʣʷʨʥʘʷ ʧʦʩʣʝ ʫʯʘʩʪʢʘ ʩʦʝʜʠʥʝʥʠʷ ʧʦʟʚʦʥʦʯʥʳʭ). ɺʳʭʦʜʘʤʠ ʠʟ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʩʣʫʞʘʪ ʫʯʘʩʪʢʠ ʧʝʨʝʜʥʠʭ, ʩʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ ʤʦʟʛʦʚʳʭ 

ʘʨʪʝʨʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʯʝʪʘ ʜʝʡʩʪʚʠʷ ʥʘ ʛʝʤʦʜʠʥʘʤʠʢʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʛʤʝʥʪʘ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʩʯʝʪ 

ʢʦʨʨʝʢʪʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. 

ʏʪʦʙʳ ʫʯʝʩʪʴ ʢʨʝʧʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʡ ʢ ʦʩʪʘʚʰʝʡʩʷ (ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ) ʯʘʩʪʠ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ 

ʩʠʩʪʝʤʳ, ʥʘ ʪʦʨʮʘʭ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʝʯʝʥʠʡ ʩʦʩʫʜʦʚ ʩʪʘʚʷʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʩʝʤ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

ό πȟὭ ρȟσᴆ. 

ʅʘ ʚʥʝʰʥʝʡ ʩʪʝʥʢʝ ʘʨʪʝʨʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʨʘʚʥʦʝ ʥʫʣʶ, ʪʘʢ ʢʘʢ 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʨʫʞʘʶʱʠʭ ʪʢʘʥʝʡ ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 

ʅʘ ʚʭʦʜʘʭ ʠ ʚʳʭʦʜʘʭ ʚ ʫʯʘʩʪʦʢ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʪʦʨʮʘʭ ʦʙʲʝʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʦʜʝʣʠ ʢʨʦʚʠ, ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʠʣʠ 

ʜʘʚʣʝʥʠʝ. ɼʣʷ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʠʣʠ 

ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʢʨʦʚʠ, ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʫʶ ʢ ʨʝʘʣʴʥʦʩʪʠ, ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʩ 

ʫʟʣʦʤ ʙʠʬʫʨʢʘʮʠʠ: ʜʣʷ ʪʘʢʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʧʨʦʱʝ ʚʩʝʛʦ 

ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ ʋɿʀ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ ʥʘʡʪʠ ʧʘʮʠʝʥʪʘ ʙʝʟ ʧʘʪʦʣʦʛʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʩʦʩʫʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʩʘʤʘ ʧʨʦʮʝʜʫʨʘ ʋɿʀ ʷʚʣʷʝʪʩʷ 

ʥʝʠʥʚʘʟʠʚʥʦʡ, ʥʝʪʨʘʚʤʘʪʠʯʥʦʡ ʠ ʟʘʥʠʤʘʝʪ ʤʘʣʦ ʚʨʝʤʝʥʠ. 

ɺʳʙʦʨ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʠʭ ʚʝʨʠʬʠʢʘʮʠʶ ʠ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʙʠʬʫʨʢʘʮʠʠ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʟʜʦʨʦʚʦʛʦ ʧʘʮʠʝʥʪʘ 
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(ʞʝʥʱʠʥʘ, 27 ʣʝʪ), ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʋɿʀ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

SolidWorks.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʨʠ ʦʩʥʦʚʥʳʭ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʪʠʧʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʪʘʙʣʠʮʘ 4.1) 

ʥʘ ʚʭʦʜʝ ʚ ʦʙʱʫʶ ʩʦʥʥʫʶ ʘʨʪʝʨʠʶ ʠ ʥʘ ʚʳʭʦʜʘʭ ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ ʠ 

ʥʘʨʫʞʥʦʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʡ. 

 

ʊʘʙʣʠʮʘ 3.1. ʊʠʧʳ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʊʠʧ 1 [19, 27, 

157] 

ʊʠʧ 2 [20] ʊʠʧ 3 [289] 

ɺʭʦʜ ʚ ʆʉɸ - 

ʩʢʦʨʦʩʪʴ 

ɺr ʭʦʜ ɺʉɸ ʠ 

ʅʉɸ ï ʥʫʣʝʚʳʝ 

ʜʘʚʣʝʥʠʷ 

ɺʭʦʜ ʚ ʆʉɸ - 

ʜʘʚʣʝʥʠʝ 

ɺr ʭʦʜr ɺʉɸ ʠ 

ʅʉɸ ï ʜʘʚʣʝʥʠʝ ʩ 

ʟʘʧʘʟʜʳʚʘʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʭʦʜʥʦʛʦ 

ɺʭʦʜʝ ʚ ʆʉɸ - 

ʩʢʦʨʦʩʪʴ 

ɺr ʭʦʜr ɺʉɸ ʠ 

ʅʉɸ - 

Windkessel 

 

ɺ ʪʨʝʪʴʝʤ ʪʠʧʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʳʭʦʜʘʭ ɺʉɸ ʠ ʅʉɸ ʩʪʘʚʠʣʦʩʴ 

ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʠʧʘ Windkessel, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʟʘʜʘʥʥʳʝ 

ʦʙʲʝʤʥʳʝ ʢʨʦʚʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʝʣʠ ʦʪ ʜʘʚʣʝʥʠʷ ʢʨʦʚʠ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʯʝʨʝʟ ʚʝʣʠʯʠʥʫ ʩʝʨʜʝʯʥʦʛʦ 

ʚʳʙʨʦʩʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʜʚʫʭʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ Windkessel [109, 289]). ʉ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ 

(3.11): 

ὗὸ ὅ , 

Ὑ
ψ–ὰ

“ὶ
ȟ 

 

(3.11) 
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ʛʜʝ P ï ʜʘʚʣʝʥʠʝ, ʟʘʜʘʥʥʦʝ ʥʘ ʚʳʭʦʜʥʦʤ ʩʝʯʝʥʠʠ; R ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʧʦʩʪʦʷʥʥʳʡ ʠʤʧʝʜʘʥʩ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʞʝʣʝʞʘʱʠʭ ʧʦ ʪʝʯʝʥʠʶ ʢʨʦʚʠ 

ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ; Q ï ʦʙʲʝʤʥʳʡ ʢʨʦʚʦʪʦʢ ʯʝʨʝʟ ʚʳʭʦʜʥʦʝ 

ʩʝʯʝʥʠʝ; C ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʘʪʣʠʚʦʩʪʠ ʩʪʝʥʦʢ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʢ ʧʝʨʝʧʘʜʫ ʜʘʚʣʝʥʠʷ; ɖ ï ʚʷʟʢʦʩʪʴ ʢʨʦʚʠ; l ï ʜʣʠʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ; r ï ʨʘʜʠʫʩ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʩʠʣʫ 

ʤʘʣʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʚʪʦʨʳʤ ʩʣʘʛʘʝʤʳʤ ʚ 

ʧʝʨʚʦʤ ʫʨʘʚʥʝʥʠʠ (3.11) ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ɻʨʘʬʠʢʠ ʩʢʦʨʦʩʪʝʡ ʠ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʚ ʩʦʩʫʜ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ 

ʜʘʥʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʋɿʀ). ɺ ʭʦʜʝ ʋɿʀ ʟʜʦʨʦʚʦʛʦ ʧʘʮʠʝʥʪʘ 

(ʞʝʥʱʠʥʘ, 27 ʣʝʪ, ʙʝʟ ʧʘʪʦʣʦʛʠʡ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ [10]) ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʩʝʯʝʥʠʷ ʘʨʪʝʨʠʠ ʥʘ ʦʩʝʚʦʤ ʨʘʟʨʝʟʝ ʩʪʘʚʠʣʘʩʴ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʘʧʧʘʨʘʪʦʤ ʋɿʀ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʨʦʠʣʩʷ ʛʨʘʬʠʢ ʩʢʦʨʦʩʪʠ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʦʮʠʬʨʦʚʳʚʘʣʩʷ ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʚʭʦʜʝ 

(ʨʠʩʫʥʦʢ 3.1). 

 

ʈʠʩʫʥʦʢ 3.1 ɻʨʘʬʠʢ ʩʢʦʨʦʩʪʠ ʚ ʦʙʱʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʧʦ ʜʘʥʥʳʤ ʋɿʀ (ʩʣʝʚʘ); ʟʘʜʘʥʥʳʡ ʚ 

ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʛʨʘʬʠʢ ʩʢʦʨʦʩʪʠ (ʩʧʨʘʚʘ) 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʠʩʪʝʤʝ Ansys Workbench. 

ʈʝʰʘʣʘʩʴ ʩʚʷʟʘʥʥʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ. ʉʦʩʫʜʠʩʪʘʷ ʩʪʝʥʢʘ 

ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʦʜʥʦʨʦʜʥʦʡ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʡ ʠ ʠʟʦʪʨʦʧʥʦʡ ʩ ʤʦʜʫʣʝʤ ʖʥʛʘ 

0.41 ʄʇʘ [22, 127] ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ 0.4 [19] 

ʂʨʦʚʴ ʩʯʠʪʘʣʘʩʴ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʴʶ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ: ”=1050 ʢʛ/ʤ^3 [139], ‘=0.005 [156]. 
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ʊʦʨʮʳ ʩʦʩʫʜʘ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʷʣʠʩʴ. ɺʥʝʰʥʷʷ ʩʪʝʥʢʘ ʘʨʪʝʨʠʠ ʙʳʣʘ 

ʩʚʦʙʦʜʥʘ ʦʪ ʟʘʢʨʝʧʣʝʥʠʡ. ʄʝʞʜʫ ʦʙʲʝʤʘʤʠ ʢʨʦʚʠ ʠ ʩʪʝʥʢʠ ʟʘʜʘʚʘʣʠʩʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʟʘʜʘʥʠʶ ʫʩʣʦʚʠʡ ʥʘ ʩʪʝʥʢʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ [51, 173, 177]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʢʨʦʚʠ ʧʦ 

ʘʨʪʝʨʠʘʣʴʥʦʤʫ ʨʫʩʣʫ ʩ ʪʨʝʤʷ ʪʠʧʘʤʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʢʨʦʚʠ. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʫʩʣʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʩʠʤʤʝʪʨʠʠ (ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʮʝʥʪʨʘʣʴʥʳʝ ʦʩʠ ʦʩʥʦʚʥʦʛʦ ʠ ʜʦʯʝʨʥʠʭ 

ʩʦʩʫʜʦʚ) ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ɻʋ ʩʨʘʚʥʠʚʘʣʦʩʴ ʩ ʢʘʨʪʠʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ ʋɿʀ ʧʘʮʠʝʥʪʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʪʨʦʠʣʘʩʴ 

ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʢʨʦʚʝʥʦʩʥʦʛʦ ʩʦʩʫʜʘ. ɸʧʧʘʨʘʪ ʋɿʀ Mindray Resona 7 ʷʚʣʷʝʪʩʷ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʘʧʧʘʨʘʪʦʤ ʚ ʈʦʩʩʠʠ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʧʨʦʚʦʜʠʪʴ ʚʝʢʪʦʨʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʢʨʦʚʦʪʦʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ [4]. ʀʤʝʥʥʦ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ 

ʜʚʠʞʝʥʠʝ ʢʨʦʚʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʫʟʣʘ ʙʠʬʫʨʢʘʮʠʠ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʠ ʢʘʯʝʩʪʚʝʥʥʦ 

ʩʨʘʚʥʠʪʴ ʩ çʦʨʠʛʠʥʘʣʦʤè ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʋɿʀ 

ʚʝʢʪʦʨʥʳʝ ʧʦʣʷ ʩʯʠʪʘʣʠʩʴ ʵʪʘʣʦʥʥʳʤʠ (ʨʠʩʫʥʦʢ 3.2). 
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ʈʠʩʫʥʦʢ 3.2. ʕʪʘʣʦʥʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʦʙʣʘʩʪʠ ʫʟʣʘ ʙʠʬʫʨʢʘʮʠʠ 

 

ʇʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚ ʩʠʩʪʦʣʫ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ɻʋ ʧʨʠ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.3 ï 3.5. 

 

ʈʠʩʫʥʦʢ 3.3. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʤʦʜʝʣʠ ʩ 1 ʪʠʧʦʤ ɻʋ 
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ʈʠʩʫʥʦʢ 3.4. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʤʦʜʝʣʠ ʩʦ 2 ʪʠʧʦʤ ɻʋ 

 

 

ʈʠʩʫʥʦʢ 3.5. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʤʦʜʝʣʠ ʩ 3 ʪʠʧʦʤ ɻʋ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʵʪʘʣʦʥʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʢʨʦʚʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʘʨʠʘʥʪ ʩ ʪʨʝʪʴʠʤ ʪʠʧʦʤ ɻʋ (ʫʩʣʦʚʠʷ Windkessel). ɺ ʩʠʩʪʦʣʠʯʝʩʢʫʶ ʬʘʟʫ 

ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚʠʟʫʘʣʠʟʠʨʫʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʡ ʚʠʭʨʴ ʚ 

ʘʤʧʫʣʝ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ, ʧʦ ʬʦʨʤʝ ʠ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʪʦʯʥʦ ʧʦʚʪʦʨʷʶʱʠʡ 

ʢʘʨʪʠʥʫ ʵʪʘʣʦʥʘ (ʨʠʩʫʥʦʢ 3.6). ʂʨʦʤʝ ʪʦʛʦ, ʚʝʣʠʯʠʥʳ ʤʦʜʫʣʝʡ ʚʝʢʪʦʨʦʚ 

ʩʢʦʨʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ ʩʭʦʞʠ ʩ ʵʪʘʣʦʥʥʳʤʠ ʚ ʦʙʣʘʩʪʠ ʫʟʣʘ 

ʙʠʬʫʨʢʘʮʠʠ (ʧʦʨʷʜʢʘ 56 ʩʤ/ʩʝʢ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ 50 ʩʤ/ʩʝʢ ʚ 

ʵʪʦʡ ʞʝ ʦʙʣʘʩʪʠ ʥʘ ʋɿʀ). 
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ʈʠʩʫʥʦʢ 3.6. ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚ ʩʠʩʪʦʣʠʯʝʩʢʫʶ ʬʘʟʫ ʚ ʤʦʜʝʣʠ ʩ ɻʋ ʪʠʧʘ Winkessel (ʩʣʝʚʘ) ʠ 

ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʦʝ ʥʘ ʘʧʧʘʨʘʪʝ ʋɿʀ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʚʝʢʪʦʨʥʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ). 

 

ʂʘʯʝʩʪʚʝʥʥʦ ʩʭʦʞʠʤʠ ʩ ʵʪʘʣʦʥʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʠ ʛʨʘʬʠʢʠ ʩʢʦʨʦʩʪʝʡ ʚ 

ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʅʉɸ ʠ ɺʉɸ. ʅʘ ʨʠʩʫʥʢʘʭ 3.7, 3.8 ʧʦʢʘʟʘʥʳ ʪʦʯʢʠ ʚ 

ʧʨʦʩʚʝʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʫʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʥʠʤʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʩʢʦʨʦʩʪʠ 

ʢʨʦʚʠ ʚ ʭʦʜʝ ʋɿʀ.  

 

 

ʈʠʩʫʥʦʢ 3.7. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʪʦʯʢʝ ʚ ʅʉɸ ʥʘ ʘʧʧʘʨʘʪʝ ʋɿʀ (ʩʢʦʨʦʩʪʴ 

ʩʥʠʤʘʣʘʩʴ ʚ ʪʦʢʝ, ʦʪʤʝʯʝʥʥʦʡ ʧʝʨʝʢʨʝʩʪʴʝʤ ʙʝʣʳʭ ʣʠʥʠʡ). 
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ʈʠʩʫʥʦʢ 3.8. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʪʦʯʢʝ ʚ ɺʉɸ ʥʘ ʘʧʧʘʨʘʪʝ ʋɿʀ (ʩʢʦʨʦʩʪʴ 

ʩʥʠʤʘʣʘʩʴ ʚ ʪʦʢʝ, ʦʪʤʝʯʝʥʥʦʡ ʧʝʨʝʢʨʝʩʪʴʝʤ ʙʝʣʳʭ ʣʠʥʠʡ). 

 

ʇʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ ʦʮʠʬʨʦʚʳʚʘʣʠʩʴ ʠ ʚʳʚʦʜʠʣʠʩʴ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ (ʨʠʩʫʥʢʠ 3.9, 3.10). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.9, 3.10 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʩʢʦʨʦʩʪʝʡ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʩʠʤʤʝʪʨʠʠ ʩʦʩʫʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʨʝʭ ʪʠʧʦʚ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 
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ʈʠʩʫʥʦʢ 3.9. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʪʦʯʢʝ ʚ ʅʉɸ ʥʘ ʘʧʧʘʨʘʪʝ ʋɿʀ. 

 

 

ʈʠʩʫʥʦʢ 3.10. ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʚ ʪʦʯʢʝ ʚ ɺʉɸ ʥʘ ʘʧʧʘʨʘʪʝ ʋɿʀ. 

 

ʈʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʜʣʷ ʜʘʥʥʳʭ ʋɿʀ ʠ ʤʦʜʝʣʠ ʩ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʪʠʧʘ Windkessel ʥʝ ʧʨʝʚʳʰʘʣʘ 10 % ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʪʠʧʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʟʘ ʧʝʨʠʦʜ 

ʧʫʣʴʩʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʦʯʢʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʵʪʘʣʦʥʘ ʜʣʷ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ 1-ʛʦ ʠ 2-ʛʦ ʪʠʧʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʙʦʪʝ [250] ʘʚʪʦʨʳ ʪʘʢʞʝ 
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ʦʪʤʝʯʘʶʪ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʪʠʧʘ Windkessel ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʨʦʚʦʪʦʢʦʚ ʩ ʧʦʤʦʱʴʶ ʤʝʜʠʮʠʥʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢ ʨʝʘʣʴʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ ʚ ʩʠʩʪʝʤʝ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʠʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʠʧʘ Windkessel. 

 

3.3. ʈʘʟʨʘʙʦʪʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ 

ʇʦʤʠʤʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʙʨʘʥ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 

6), ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʘʭ ʠʟ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ. ʉʭʝʤʘ ʩʪʝʥʜʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.11. 

 
ʈʠʩʫʥʦʢ 3.11. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ: FM ð ʨʘʩʭʦʜʦʤʝʨ; Artery ð ʤʦʜʝʣʴ 

ʘʨʪʝʨʠʠ; Arduino ð ʧʣʘʪʬʦʨʤʘ Arduino; ʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʩʠʛʥʘʣʳ ʩ ʨʘʩʭʦʜʦʤʝʨʦʚ; Valve 

ð ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ; Pump ð ʧʫʣʴʩʘʮʠʦʥʥʳʡ ʥʘʩʦʩ; Compliance chamber ð 

ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ  
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ʉʪʝʥʜ ʩʦʙʨʘʥ ʥʘ ʙʘʟʝ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʥʘʩʦʩʘ Harvard Apparatus Pulsatile 

Blood Pump, ʠʤʠʪʠʨʫʶʱʝʛʦ ʨʘʙʦʪʫ ʩʝʨʜʮʘ ʯʝʣʦʚʝʢʘ ʠ ʧʦʟʚʦʣʷʶʱʝʛʦ ʟʘʜʘʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʧʫʣʴʩʘ, ʦʙʲʝʤʘ ʩʝʨʜʝʯʥʦʛʦ ʚʳʙʨʦʩʘ ʠ ʩʦʦʪʥʦʰʝʥʠ ̫

ʩʠʩʪʦʣʠʯʝʩʢʦʡ ʠ ʜʠʘʩʪʦʣʠʯʝʩʢʦʡ ʬʘʟ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ 

ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ, ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ ʤʦʛʫʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʳ 

ʧʘʨʘʤʝʪʨʳ ʢʨʦʚʦʪʦʢʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʋɿʀ. 

ɼʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʦ ʢʦʥʪʫʨʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʝʣʢʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.11 (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ). ʇʝʨʝʜ ʥʘʩʦʩʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ, ʚ ʢʦʪʦʨʦʤ 

ʩʦʟʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ. 

ɼʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʘʥʦʤʝʪʨʦʤ ʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 80 ʜʦ 120 ʤʤ ʨʪ. ʩʪ. ɼʦ ʠ ʧʦʩʣʝ ʤʦʜʝʣʠ ʘʨʪʝʨʠʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʩʭʦʜʦʤʝʨʳ, ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʩ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ Arduino. ʇʨʦʛʨʘʤʤʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʠʡ ʨʘʩʭʦʜʦʤʝʨʦʚ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʚ ʩʨʝʜʝ Arduino IDE. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʨʝʞʠʤʝ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʢʘʟʘʥʠʷ ʨʘʩʭʦʜʦʤʝʨʦʚ ʠ ʟʘʧʠʩʳʚʘʝʪ ʠʭ ʥʘ ʬʣʝʰ-ʢʘʨʪʫ 

ʚ ʬʦʨʤʘʪʝ .txt (ʜʘʣʝʝ ʤʦʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʠʭ ʚ ʧʨʦʛʨʘʤʤʝ MS Excel). ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʚʳʚʦʜʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʭʦʜʦʚ, 

ʧʦʣʫʯʘʝʤʳʝ ʢʘʞʜʳʤ ʨʘʩʭʦʜʦʤʝʨʦʤ, ʥʘ ʵʢʨʘʥ ʢʦʤʧʴʶʪʝʨʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʂʦʤʧʦʥʝʥʪʳ ʩʪʝʥʜʘ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ ʛʠʙʢʠʭ 

ʩʠʣʠʢʦʥʦʚʳʭ ʪʨʫʙʦʢ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʰʠʨʠʪʝʣʴʥʦʛʦ ʙʘʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʯʦʢ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʠʚʝʜʝʥ rʬʦʪʦʛʨʘʬʠʠ ʩʪʝʥʜʘ ʠ ʥʘʩʦʩʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʞʠʜʢʦʩʪʠ ʚ ʩʪʝʥʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʘ ʠʟ ʛʦʨʦʜʩʢʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

[42].  
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ʈʠʩʫʥʦʢ 3.12. ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ: ʘ ï ʦʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ; ʙ ï ʥʘʩʦʩ Harvard Apparatus 

Pulsatile Blood Pump 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʝʥʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʨʳʣʴʯʘʪʳʝ ʨʘʩʭʦʜʦʤʝʨʳ 

ʤʦʜʝʣʠ YF-S401 (ʧʨʦʠʟʚʦʜʩʪʚʦ ʂʠʪʘʡ) [11]. ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʧʨʦʩʪʦʪʫ ʚ 

ʩʯʠʪʳʚʘʥʠʠ ʩ ʥʠʭ ʠʥʬʦʨʤʘʮʠʠ: ʥʘ ʨʘʩʭʦʜʦʤʝʨʝ ʠʤʝʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʚʦʜ 

(ʞʝʣʪʳʡ), ʢʦʪʦʨʳʡ ʥʘʧʨʷʤʫʶ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥ ʢ ʧʣʘʪʬʦʨʤʝ Arduino. 

ɼʚʘ ʜʨʫʛʠʭ ʧʨʦʚʦʜʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩʫʥʦʢ 3.13). 

 

ʈʠʩʫʥʦʢ 3.13. ʋʯʘʩʪʦʢ ʩʪʝʥʜʘ: ʨʘʩʭʦʜʦʤʝʨʳ ʠ ʧʣʘʩʪʠʢʦʚʘʷ ʤʦʜʝʣʴ ʘʨʪʝʨʠʠ 

 

ʇʝʨʝʜ ʦʩʥʦʚʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʩʪʠ ʢʘʣʠʙʨʦʚʢʫ 

ʨʘʩʭʦʜʦʤʝʨʦʚ ʠ ʚʥʝʩʪʠ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʧʨʘʚʣʷʶʱʫʶ 

ʧʨʦʛʨʘʤʤʫ ʩʪʝʥʜʘ [11]. 
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ʈʘʩʭʦʜʦʤʝʨʳ ʩ ʮʝʣʴʶ ʢʘʣʠʙʨʦʚʢʠ ʧʦʜʢʣʶʯʘʣʠ ʢ ʩʠʩʪʝʤʝ ʛʦʨʦʜʩʢʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦʩʪʦʷʥʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ, ʧʦʩʣʝ ʯʝʛʦ ʩ 

ʧʦʤʦʱʴʶ ʪʘʨʠʨʦʚʘʥʥʦʛʦ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ (100 ʤʣ, ɻʆʉʊ 1770-74) 

ʦʮʝʥʠʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ ʚʦʜʳ. ʇʦʢʘʟʘʥʠʷ ʨʘʩʭʦʜʦʤʝʨʦʚ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʡ ʧʣʘʪʬʦʨʤʳ Arduino. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʥʦʩʠʣʠ ʚ 

ʫʧʨʘʚʣʷʶʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʙʨʦʩʘ ʧʦʢʘʟʘʥʠʡ ʨʘʩʭʦʜʦʤʝʨʦʚ ʠʭ ʧʦʜʩʦʝʜʠʥʷʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʩʨʘʚʥʠʚʘʣʠ ʧʦʢʘʟʘʥʠʷ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʥʘʩʦʩʫ. ʅʘ 

ʨʠʩʫʥʢʝ 3.14 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʨʘʩʭʦʜʘ ʟʘ ʦʜʠʥ ʩʝʨʜʝʯʥʳʡ ʮʠʢʣ. ɼʣʷ ʦʮʝʥʢʠ 

ʨʘʟʙʨʦʩʘ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʥʠʷ ʚʩʝʭ ʨʘʩʭʦʜʦʤʝʨʦʚ ʩʨʘʚʥʠʚʘʣʠʩʴ 

ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩʫʥʦʢ 4.4). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʙʨʦʩ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʘʟʥʳʭ 

ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʩʦʩʪʘʚʠʣ ʥʝ ʙʦʣʝʝ 4%, ʯʪʦ ʩʯʠʪʘʣʦʩʴ ʜʦʧʫʩʪʠʤʳʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʩʭʦʜʦʤʝʨʳ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʶʪ ʢʨʦʚʦʪʦʢ 

ʦʜʠʥʘʢʦʚʦ.  

 
ʈʠʩʫʥʦʢ 3.14 ï ʇʦʢʘʟʘʥʠʷ ʪʨʝʭ ʨʘʩʭʦʜʦʤʝʨʦʚ (ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ),  

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ɺ ʩʚʷʟʠ ʩ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʨʘʩʭʦʜʦʤʝʨʦʚ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ 
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ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʭʦʜʦʤʝʨʦʚ ʙʳʣ ʩʦʙʨʘʥ ʧʨʦʩʪʦʡ 

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.15. 

 
ʈʠʩʫʥʦʢ 3.15 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʭʦʜʦʤʝʨʦʚ: FM ð ʨʘʩʭʦʜʦʤʝʨ; silicone pipe ð ʧʨʦʟʨʘʯʥʳʝ 

ʩʠʣʠʢʦʥʦʚʳʝ ʪʨʫʙʢʠ; in ð ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚʭʦʜʥʦʛʦ ʪʨʦʡʥʠʢʘ; out ð ʚʳʭʦʜʥʦʝ 

ʦʪʚʝʨʩʪʠʝ ʚʳʭʦʜʥʦʛʦ ʪʨʦʡʥʠʢʘ 

 

ʆʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʪʝʥʜʘ ʷʚʣʷʶʪʩʷ ʧʨʦʟʨʘʯʥʳʝ ʪʨʫʙʢʠ ʠʟ 

ʩʠʣʠʢʦʥʘ ʠ ʪʨʦʡʥʠʢʠ ʠʟ ʣʘʪʫʥʠ. ʈʘʩʭʦʜʦʤʝʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʪʨʦʡʥʠʢʘʤ ʪʘʢʞʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʷʛʢʠʭ ʩʠʣʠʢʦʥʦʚʳʭ ʪʨʫʙʦʢ ʧʦʜʭʦʜʷʱʝʛʦ ʜʠʘʤʝʪʨʘ. ʅʘ ʚʭʦʜ 

ʧʦʜʘʝʪʩʷ ʚʦʜʘ ʠʟ ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʚʦʙʦʜʥʦ 

ʚʳʪʝʢʘʝʪ ʯʝʨʝʟ ʪʨʦʡʥʠʢ ʥʘ ʚʳʭʦʜʝ.  

ʇʦʪʝʨʷ ʜʘʚʣʝʥʠʷ  ʥʘ ʨʘʩʭʦʜʦʤʝʨʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [50] 

 = Ὓ*ὗ2, 

ʛʜʝ Ὓ ð ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʭʦʜʦʤʝʨʘ, ὗ ð ʦʙʲʝʤʥʳʡ 

ʨʘʩʭʦʜ. 
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ʆʪʩʶʜʘ 

Ὓ = /ὗ2. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ  ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʨʘʟʥʠʮʝ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʪʨʫʙʢʘʭ (ʚ 

ʤʠʣʣʠʤʝʪʨʘʭ ʚʳʩʦʪʳ) ʜʦ ʠ ʧʦʩʣʝ ʨʘʩʭʦʜʦʤʝʨʘ, ʘ ʨʘʩʭʦʜ ʚʳʯʠʩʣʷʣʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʨʠʨʦʚʘʥʥʦʛʦ ʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʦʙʲʝʤʦʤ 100 ʤʣ (ɻʆʉʊ 1770-

74) ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʝʢʫʥʜʦʤʝʨʘ. 

ʅʘ ʦʜʥʦʤ ʠʟ ʨʘʩʭʦʜʦʤʝʨʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚʭʦʜʥʦʛʦ 

ʧʘʪʨʫʙʢʘ: ʥʘ ʩʚʝʨʣʠʣʴʥʦʤ ʩʪʘʥʢʝ ʚ ʜʚʘ ʨʘʟʘ ʙʳʣ ʫʚʝʣʠʯʝʥ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʚʪʦʨʥʘʷ ʦʮʝʥʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ ʨʘʟʥʳʭ ʨʘʩʭʦʜʘʭ. 

ɺ ʪʘʙʣʠʮʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʚ ʭʦʜʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʝʣʠʯʠʥʳ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὓ ʨʘʩʭʦʜʦʤʝʨʦʚ ʜʦ ʠ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 3.2 ï ʀʟʤʝʨʝʥʥʳʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜʳ ʠ ʚʳʯʠʩʣʝʥʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʭʦʜʦʤʝʨʘ 

ɼʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

Ὤ, ʤ ὗȟ̍  ̘
Ὓȟ̍

̍
̘

 
Ὤ, ʤ ὗȟ̍  ̘

Ὓȟ̍
̍
̘

 

0.63 0.036 478 0.15 0.053 54 

0.63 0.038 433 0.09 0.043 49 

0.95 0.045 467 0.66 0.123 44 

0.59 0.035 486 0.52 0.108 47 

0.60 0.036 460 0.52 0.106 46 

0.59 0.035 473 0.59 0.114 45 

0.76 0.042 423 0.86 0.143 42 

0.68 0.040 425 0.86 0.138 45 

ʉʨʝʜʥʝʝ ╢ 453 47 

ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʦʪ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʨʘʩʭʦʜʦʤʝʨʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.16. 
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ɸ ʙ 

ʈʠʩʫʥʦʢ 3.16 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʦʪ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʘ 

ʨʘʩʭʦʜʦʤʝʨʝ:  

ʘ ï ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʙ ï ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

 

ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʭʦʜʦʤʝʨʘ ʙʳʣʦ 

ʩʥʠʞʝʥʦ ʩ 453 ʜʦ 47 ʤ/(ʤ3/ʯ)2. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʳʩʦʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʭʦʜʦʤʝʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʧʨʦʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʩʚʝʨʣʠʣʴʥʦʤ ʩʪʘʥʢʝ ʚʩʝ ʨʘʩʭʦʜʦʤʝʨʳ ʙʳʣʠ ʟʘʥʦʚʦ ʦʪʢʘʣʠʙʨʦʚʘʥʳ, ʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʥʝʩʝʥʳ ʚ ʧʨʦʛʨʘʤʤʫ. 

 

3.4. ɺʝʨʠʬʠʢʘʮʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʤʦʙʠʣʴʥʦʤ ʩʪʝʥʜʝ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʠʧʘ 

Windkessel ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʨʝʘʣʴʥʦʩʪʠ, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʥʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʨʦʣʠʚʢʝ ʚʦʜʳ ʧʦ ʫʯʘʩʪʢʫ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʘʥʝʝ ʚ ʜʘʥʥʦʡ ʛʣʘʚʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʋɿʀ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʯʘʩʪʢʘ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʙʳʣʘ 

ʚʳʨʘʱʝʥʘ ʤʦʜʝʣʴ ʠʟ ʬʦʪʦʧʦʣʠʤʝʨʥʦʛʦ ʧʣʘʩʪʠʢʘ (ʞʝʩʪʢʠʝ ʩʪʝʥʢʠ), 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3.17.  
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ʈʠʩʫʥʦʢ 3.17 ï ʄʦʜʝʣʴ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ, ʚʳʨʘʱʝʥʥʘʷ ʥʘ 3D-ʧʨʠʥʪʝʨʝ 

 

ʄʦʜʝʣʴ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʥʘ ʚʭʦʜ ʠ ʦʙʘ 

ʚʳʭʦʜʘ ʩʠʣʠʢʦʥʦʚʳʤʠ ʪʨʫʙʢʘʤʠ ʢʨʝʧʠʣʠʩʴ ʨʘʩʭʦʜʦʤʝʨʳ (ʨʠʩʫʥʦʢ 3.18). 

 
ʈʠʩʫʥʦʢ 3.18 ï ʄʦʜʝʣʴ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ 

 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʥʘʩʦʩʝ ʙʳʣʠ ʚʳʩʪʘʚʣʝʥʳ ʥʘʩʪʨʦʡʢʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʟʜʦʨʦʚʦʛʦ ʧʘʮʠʝʥʪʘ: ʧʫʣʴʩ 70 

ʫʜʘʨʦʚ ʚ ʤʠʥʫʪʫ, ʫʜʘʨʥʳʡ ʦʙʲʝʤ (ʩʝʨʜʝʯʥʳʡ ʚʳʙʨʦʩ) 70 ʤʣ/ʤʠʥ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʠʩʪʦʣʘ/ʜʠʘʩʪʦʣʘ 30/70. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦʜʘ ʠʟ 

ʩʠʩʪʝʤʳ ʛʦʨʦʜʩʢʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʧʨʦʣʠʚ ʤʦʜʝʣʠ ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ ʥʘʩʦʩʘ, ʜʘʥʥʳʝ ʩ ʨʘʩʭʦʜʦʤʝʨʦʚ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ 

ʬʣʵʰ-ʢʘʨʪʫ ʠ ʟʘʪʝʤ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ MS Excel. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʫʯʘʩʪʢʘ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʨʫʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʙʳʣ ʚʟʷʪ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ, 
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ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʝʨʚʦʛʦ ʨʘʩʭʦʜʦʤʝʨʘ (ʨʠʩʫʥʦʢ 

3.19). 

 

ʈʠʩʫʥʦʢ 3.19 ï ɻʨʘʬʠʢ ʨʘʩʭʦʜʘ ʥʘ ʚʭʦʜʝ ʚ ʆʉɸ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʚʭʦʜʥʦʛʦ 

ʨʘʩʭʦʜʦʤʝʨʘ 

 

ʏʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʩʯʝʪʫ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʤʦʜʝʣʠ ʩʦʥʥʦʡ 

ʘʨʪʝʨʠʠ (ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ, ʧʦʩʪʨʦʝʥʥʘʷ ʨʘʥʝʝ ʧʦ ʜʘʥʥʳʤ ʋɿʀ 

ʟʜʦʨʦʚʦʛʦ ʧʘʮʠʝʥʪʘ, ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ ʘʙʩʦʣʶʪʥʦʡ ʞʝʩʪʢʦʩʪʠ ʩʪʝʥʢʠ) 

ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʩʠʩʪʝʤʝ Ansys CFX, ʛʜʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʨʝʰʘʣʘʩʴ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ [224, 225]. ʅʘ ʚʭʦʜʝ ʚ 

ʆʉɸ ʟʘʜʘʚʘʣʠ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ (ʨʠʩʫʥʦʢ 3.4), ʘ ʥʘ ʚʳʭʦʜʘʭ ʠʟ ɺʉɸ ʠ ʅʉɸ 

ʩʪʘʚʠʣʠʩʴ ʫʩʣʦʚʠʷ ʪʠʧʘ Windkessel. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ ʞʝʩʪʢʠʤʠ 

ʩʪʝʥʢʘʤʠ, ʦʜʥʘʢʦ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʧʦʩʣʝ ʨʘʩʭʦʜʦʤʝʨʦʚ ʥʘ ʚʳʭʦʜʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʷʛʢʠʝ ʩʠʣʠʢʦʥʦʚʳʝ ʪʨʫʙʢʠ, ʧʦʵʪʦʤʫ ʟʘʜʘʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʘ ʚʳʭʦʜʝ ʧʦ ʤʦʜʝʣʠ ʫʧʨʫʛʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʥʳʤ ʠ ʩ 

ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʛʨʘʬʠʢʠ ʨʘʩʭʦʜʦʚ ʞʠʜʢʦʩʪʠ ʥʘ ʚʳʭʦʜʘʭ ʠʟ ʚʝʪʚʝʡ 

ɺʉɸ ʠ ʅʉɸ. ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʨʘʩʭʦʜʘ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʛʨʘʬʠʢʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʜʘʥʥʳʤ ʨʘʩʭʦʜʦʤʝʨʦʚ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ. ɺ ʩʨʝʜʥʝʤ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ (ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʭʦʜʦʤʝʨʦʚ) 

ʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚ Ansys CFX ʟʥʘʯʝʥʠʷʤʠ ʨʘʩʭʦʜʦʚ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 6%. 
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ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.20. 

 
ʈʠʩʫʥʦʢ 3.20 ï ɻʨʘʬʠʢʠ ʨʘʩʭʦʜʦʚ ʚ ʤʦʜʝʣʠ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʥʠʝ ʥʘ ʚʳʭʦʜʘʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʠʧʘ Windkessel 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʧʦʭʦʞʠʝ ʥʘ 

ʨʝʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʨʘʟʚʝʪʚʣʷʶʱʠʭʩʷ ʩʦʩʫʜʦʚ. 

ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 3 

ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʘ ʦʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʝʤʦʜʠʥʘʤʠʢʠ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʚ ʧʦʩʪʘʥʦʚʢʝ ʩ ʫʧʨʫʛʠʤʠ 

ʩʪʝʥʢʘʤʠ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʪʠʧʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʳʭʦʜʘʭ ʠʟ ʘʨʪʝʨʠʘʣʴʥʦʛʦ 

ʨʫʩʣʘ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʤʦʜʠʥʘʤʠʢʠ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʩ 

ʪʨʝʤʷ ʪʠʧʘʤʠ ɻʋ. 
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ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʪʨʝʭ ʪʠʧʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʝʢʪʦʨʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʘ ʘʧʧʘʨʘʪʝ Resona Midray. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ 

ʚʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʪʠʧ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ 

ʨʝʘʣʴʥʦʩʪʠ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ ʢʨʦʚʠ ï ʫʩʣʦʚʠʷ Windkessel. 

ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʠ ʢʘʣʠʙʨʦʚʢʠ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʩʠʩʪʝʤʝ ʢʨʦʚʝʥʦʩʥʳʭ 

ʩʦʩʫʜʦʚ. 

ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʚʳʙʨʘʥʥʦʛʦ ʪʠʧʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

Windkessel ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʠʠ ʜʘʥʥʳʭ ɻʋ 

ʯʠʩʣʝʥʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʡ ʢ ʨʝʘʣʴʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪ. 
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ɻʃɸɺɸ 4. ʉʆɿɼɸʅʀɽ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ 

ʄʆɼɽʃɽʁ 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʤʦʜʝʣʝʡ ʩ ʧʦʟʠʮʠʠ ʩʪʝʧʝʥʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ: ʨʫʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ 

ʜʚʫʤʝʨʥʳʭ ʩʨʝʟʦʚ; ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʚ 3D; ʧʦʣʥʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚ 3D. ʂʦʤʙʠʥʘʮʠʷ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʦʜʭʦʜʦʚ ʢʨʦʤʝ 

ʧʦʩʣʝʜʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ.  

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʧʨʦʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʫʯʥʦʛʦ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ ʥʘ 

ʦʩʥʦʚʝ ʂʊ; 

¶ ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ 

ʘʨʪʝʨʠʡ; 

¶ ʯʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʨʪʝʨʠʡ ʚ 3D; 

¶ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ; 

¶ ʩʦʟʜʘʥʠʝ ʠʪʦʛʦʚʳʭ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ. 

4.1. ʈʫʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɸʚʪʦʨʳ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʘʨʪʝʨʠʡ 

ʰʝʠ ʠ ʛʦʣʦʚʳ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʫʶʪ ʠʤʝʥʥʦ ʨʫʯʥʦʝ, ʪʦ ʝʩʪʴ ʥʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʂʊ ʠʣʠ ʄʈʊ) 

[58, 155, 306]. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ ʠʤʝʥʥʦ ʩ ʜʘʥʥʦʡ ʦʙʣʘʩʪʴʶ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ, 

ʟʘʤʢʥʫʪʦʩʪʴ ʩʠʩʪʝʤʳ (ʚ ʩʣʫʯʘʝ ʟʘʤʢʥʫʪʦʛʦ ʢʨʫʛʘ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʫʩʣʦʚʥʦ ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʝʜʨʝʥʥʘʷ ʠʣʠ 

ʧʣʝʯʝʚʘʷ, ʟʜʝʩʴ ʦʩʴ ʩʦʩʫʜʘ ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠ ʧʦʩʪʨʦʝʥʠʝ 
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ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʪʨʝʙʫʝʪ ʧʦʚʦʨʦʪʘ ʙʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʦʙʣʘʩʪʴ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʟʣʦʚ ʨʘʟʚʝʪʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʠ ʪʨʝʙʫʶʪ ʦʩʦʙʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʉʫʪʴ ʤʝʪʦʜʠʢʠ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʘʨʪʝʨʠʡ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ [155, 238], 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ ʂʊ ʩ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ, ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʘ ʘʨʪʝʨʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤr ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ Mimics ʟʘʛʨʫʞʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʂʊ ʚ 

ʬʦʨʤʘʪʝ DICOM. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Mimics ʚʩʪʨʝʯʘʝʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʟʜʘʥʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ 

[70, 252, 285]. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʚʳʙʠʨʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ 

ʮʚʝʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʨʦʚʠ ʩ ʢʦʥʪʨʘʩʪʥʳʤ 

ʚʝʱʝʩʪʚʦʤ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʫʜʦʚ. ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʦʢʘʟʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

ʧʦʣʫʯʝʥʥʦʡ ʚ Mimics ʤʦʜʝʣʠ [155].  

 

ʘ     ʙ 

ʈʠʩʫʥʦʢ 4.1. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʤʦʜʝʣʠ ʩʦʩʫʜʦʚ: ʘ ï ʤʦʜʝʣʴ ʩ çʰʫʤʦʤè; ʙ ï 

ʦʙʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.1ʘ, ʠʟʥʘʯʘʣʴʥʦ ʚ ʚʳʙʨʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪʪʝʥʢʦʚ 

ʩʝʨʦʛʦ ʧʦʧʘʜʘʝʪ ʤʥʦʛʦ çʰʫʤʘè ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʘʨʪʝʬʘʢʪʦʚè - ʫʯʘʩʪʢʦʚ 

ʦʢʨʫʞʘʶʱʠʭ ʩʦʩʫʜʳ ʤʷʛʢʠʭ ʪʢʘʥʝʡ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʢʨʦʚʠ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ. ɺʩʝ ʣʠʰʥʠʝ 

ʵʣʝʤʝʥʪʳ ʫʙʠʨʘʶʪʩʷ ʚʨʫʯʥʫʶ ʚʩʪʨʦʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ Mimics 

(ʘʥʘʣʦʛʠʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʝʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʨʦʩʤʦʪʨʘ 

DICOM), ʧʦʩʣʝ ʯʝʛʦ ʤʦʜʝʣʴ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʬʦʨʤʘʪʝ STL ʠ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ 

ʉɸʇʈ SolidWorks (ʨʠʩʫʥʦʢ 4.1ʙ). 

ɼʘʣʝʝ ʚ SolidWorks ʩʦʟʜʘʪʁʩʷ ʧʣʦʩʢʠʝ ʵʩʢʠʟʳ ʩ ʟʘʤʢʥʫʪʳʤʠ ʢʦʥʪʫʨʘʤʠ 

ʚ ʚʠʜʝ ʩʧʣʘʡʥʦʚ ʠʣʠ ʦʢʨʫʞʥʦʩʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ 

ʘʨʪʝʨʠʡ. ɼʘʥʥʳʝ ʵʩʢʠʟʳ ʩʪʨʦʷʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʠʩʦʚʢʠ ʧʦʣʫʯʝʥʥʦʡ ʚ 

Mimics ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʚ ʩʦʟʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʣʦʩʢʦʩʪʷʭ, 

ʧʝʨʝʩʝʢʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ (ʨʠʩʫʥʦʢ 4.2ʘ).  

 

ʘ   ʙ 

ʈʠʩʫʥʦʢ 4.2. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʤʦʜʝʣʠ: ʘ ï ʧʦʩʪʨʦʝʥʥʳʝ ʢʦʥʪʫʨʳ; ʙ 

ï ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʫʨʦʚ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ 

 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʩʝʯʝʥʠʡ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 

ʚʳʙʠʨʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʩʣʦʞʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʢʦʥʪʫʨʳ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʨʦʠʣʠʩʴ ʚ ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʝʡ.  ʅʘ 

ʨʠʩʫʥʢʝ 4.2ʙ ʧʦʢʘʟʘʥ ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ ʩʦʟʜʘʥʥʳʭ ʩʝʯʝʥʠʡ ʫʯʘʩʪʦʢ 
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ʚʥʫʪʨʝʥʥʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ SolidWorks 

çɹʦʙʳʰʢʘ/ʦʩʥʦʚʘʥʠʝ ʧʦ ʩʝʯʝʥʠʷʤè.  

ʇʦʣʥʘʷ ʛʝʦʤʝʪʨʠʷ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʧʦʣʫʯʘʣʘʩʴ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ. ʉʨʘʚʥʝʥʠʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʘʢʝʪʝ Mimics, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 4.3. ɺʠʜʥʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʝʝ ʩʭʦʜʩʪʚʦ 

ʤʦʜʝʣʠ ʩ ʠʩʭʦʜʥʦʡ ʛʝʦʤʝʪʨʠʝʡ.  

 

ʈʠʩʫʥʦʢ 4.3. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ɺʂ (ʯʝʨʥʦʛʦ ʮʚʝʪʘ) ʠ ʠʟʥʘʯʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʤʦʜʝʣʴ (ʩʠʥʝʛʦ ʮʚʝʪʘ) 

 

ʊʘʢ ʢʘʢ ʩʪʝʥʢʠ ʩʦʩʫʜʦʚ ʚ ʠʤʧʦʨʪʠʨʦʚʘʥʥʦʡ ʠʟ Mimics ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʦʜʝʣʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʭ ʧʣʦʪʥʦʩʪʴ ʦʪʣʠʯʥʘ ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʨʦʚʠ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʥʘ ʪʦʤʦʛʨʘʤʤʝ ʠʤ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʜʨʫʛʦʡ ʜʠʘʧʘʟʦʥ ʩʝʨʦʛʦ ʮʚʝʪʘ, ʪʦ ʩʪʝʥʢʠ ʩʦʩʫʜʦʚ ʙʳʣʠ 

ʜʦʩʪʨʦʝʥʳ ʚ ʧʘʢʝʪʝ SolidWorks. ʊʦʣʱʠʥʫ ʩʪʝʥʦʢ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ 

ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [155].  

ʉʪʝʥʢʠ ʩʪʨʦʠʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʦʢʨʫʞʥʦʩʪʝʡ ʚ ʪʝʭ ʞʝ 

ʧʣʦʩʢʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʤʘ ʢʨʦʚʠ. 

ʎʝʥʪʨʘʤʠ ʦʢʨʫʞʥʦʩʪʝʡ ʚʳʙʠʨʘʣʠʩʴ ʚ ʢʘʞʜʦʡ ʧʣʦʩʢʦʩʪʠ ʮʝʥʪʨʳ ʨʘʥʝʝ 

ʧʦʩʪʨʦʝʥʥʳʭ ʩʝʯʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʨʦʚʠ, ʘ ʨʘʜʠʫʩʳ ʧʦʜʙʠʨʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ 
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ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ. 

ʀʥʩʪʨʫʤʝʥʪʦʤ çɹʦʙʳʰʢʘ/ʦʩʥʦʚʘʥʠʝ ʧʦ ʩʝʯʝʥʠʷʤè ʚ ʠʪʦʛʝ ʩʪʨʦʠʣʩʷ ʦʙʲʝʤ 

ʩʪʝʥʢʠ ʧʦ ʧʦʩʪʨʦʝʥʥʳʤ ʦʢʨʫʞʥʦʩʪʷʤ. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʤʘ ʩʪʝʥʢʠ ʠʟ 

ʥʝʛʦ ʩ ʧʦʤʦʱʴʶ ʙʫʣʝʚʳʭ ʦʧʝʨʘʮʠʡ ʫʜʘʣʷʣʩʷ ʦʙʲʝʤ ʢʨʦʚʠ (ʩʘʤʘ ʤʦʜʝʣʴ ʢʨʦʚʠ 

ʥʝ ʫʜʘʣʷʣʘʩʴ ʠʟ ʧʨʦʝʢʪʘ), ʯʪʦʙʳ ʩʪʝʥʢʘ ʠ ʢʨʦʚʴ ʠʜʝʘʣʴʥʦ (ʙʝʟ ʟʘʟʦʨʦʚ) 

ʢʦʥʪʘʢʪʠʨʦʚʘʣʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

ʆʧʠʩʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʝʤʢʠʤ ʠ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʡ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʪʦʨʤʦʟʠʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʮʝʩʩ. ʂ ʧʣʶʩʘʤ ʤʝʪʦʜʠʢʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʛʣʘʜʢʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʨʝʜʘʢʪʠʨʦʚʘʪʴ. 

4.2. ʏʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʚ 2D 

ʆʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʬʘʢʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʫʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʠ 

ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʠʯʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʩʨʝʟʘ ʪʦʤʦʛʨʘʤʤʳ, ʥʘ 

ʢʦʪʦʨʦʤ ʚʠʜʥʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʘʨʪʝʨʠʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʦʙʲʝʢʪʦʚ 

ʥʘ ʩʥʠʤʢʘʭ ʂʊ ʠ ʄʈʊ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʘʢʪʠʚʥʦʛʦ 

ʢʦʥʪʫʨʘ [126] ʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ. [32]. ɼʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ 

ʧʦ ʨʘʙʦʪʝ ʩ ʬʘʡʣʘʤʠ ʚ ʬʦʨʤʘʪʝ DICOM (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʫʨʘ) ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʘʭ ʪʠʧʘ Mimics [161], ʦʜʥʘʢʦ ʠʭ ʩʪʦʠʤʦʩʪʴ ʥʘ ʨʳʥʢʝ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘ. ɹʝʩʧʣʘʪʥʳʝ ʘʥʘʣʦʛʠ (3D Slicer [118], VMTK  [63], ITK Snap 

[303] ʠ ʜʨ.) ʙʦʣʝʝ ʫʟʢʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳ. ɺ ʦʩʥʦʚʝ ʵʪʠʭ ʧʘʢʝʪʦʚ ʣʝʞʘʪ ʤʝʪʦʜ 

ʘʢʪʠʚʥʳʭ ʢʦʥʪʫʨʦʚ (ITK Snap), ʤʝʪʦʜ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʠ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ [84].  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʚʫʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ 

ʦʙʲʝʢʪʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘ ʦʩʥʦʚʫ ʙʳʣ ʚʟʷʪ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʤʝʪʦʜ 

ʜʚʫʤʝʨʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʥʘ ʚʳʭʦʜʝ 
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ʧʦʣʫʯʘʝʪʩʷ ʢʨʠʚʘʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʥʪʫʨ ʦʙʲʝʢʪʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ ʩʨʝʟʝ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʟʦʙʨʘʞʝʥʠʠ ʭʨʘʥʷʪʩʷ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ 

ʧʠʢʩʝʣʝʡ, ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ, ʘ ʠʥʜʝʢʩʳ 

ʷʯʝʡʢʠ ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʮʚʝʪ ʧʠʢʩʝʣʷ 

ʭʨʘʥʠʪʩʷ ʚ ʬʦʨʤʘʪʝ RGB, ʪʦ ʝʩʪʴ ʚ ʢʘʞʜʦʡ ʷʯʝʡʢʝ ʩʦʜʝʨʞʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʨʘʩʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʠ ʩʠʥʝʛʦ ʦʪʪʝʥʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 255. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʥʠʤʢʠ ʄʈʊ ʠʣʠ ʂʊ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʫʜʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ ʚ 

ʬʘʡʣʘʭ ʬʦʨʤʘʪʘ DICOM [79]. 

ɸʣʛʦʨʠʪʤ ʤʝʪʦʜʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʝ [32]. 

ʅʘʙʦʨ ʘʢʪʠʚʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ ʨʦʩʪʘ, ʚ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʧʠʩʢʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚ ʚʠʜʝ 

ʨʝʢʫʨʩʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ, ʧʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʘʙʦʪʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʝʛʦ 

ʨʝʢʫʨʩʠʚʥʳʤ ʤʝʪʦʜʦʤ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ. 

ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʜʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤ 

ʨʠʩʫʥʢʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʘʤ ʠʩʢʦʤʳʡ ʦʙʲʝʢʪ ʠ ʬʦʥ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʦʜʥʦʨʦʜʥʳʡ ʧʦ ʮʚʝʪʦʚʦʡ ʛʘʤʤʝ). ʇʦʜ ʦʙʲʝʢʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʟʘʤʢʥʫʪʘʷ 

ʦʜʥʦʩʚʷʟʥʘʷ ʧʦʜʦʙʣʘʩʪʴ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʦʡ ʥʠʛʜʝ ʥʝ 

ʧʝʨʝʩʝʢʘʶʪ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʨʠʩʫʥʢʘ. ʌʦʥʦʤ ʩʯʠʪʘʝʪʩʷ ʧʦʜʦʙʣʘʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʣʝʞʘʱʘʷ ʚʥʝ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʧʠʢʩʝʣʴ (ʪʦʯʢʫ ʩʪʘʨʪʘ), ʢʦʪʦʨʳʡ ʪʦʯʥʦ ʣʝʞʠʪ ʚ ʧʦʜʦʙʣʘʩʪʠ 

ʦʙʲʝʢʪʘ. ʎʚʝʪ ʵʪʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʧʠʢʩʝʣʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʝʨʝʪʩʷ ʟʘ ʢʨʠʪʝʨʠʡ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʠʢʩʝʣʝʡ ʧʦʜʦʙʣʘʩʪʷʤ ʬʦʥʘ ʠʣʠ ʦʙʲʝʢʪʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʫʞʝ ʧʨʦʚʝʨʝʥʥʳʭ ʧʠʢʩʝʣʷʭ ʠ ʦ ʩʘʤʦʤ ʦʙʲʝʢʪʝ ʭʨʘʥʠʪʩʷ ʚ 

ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ (çʤʘʩʩʠʚ ʦʙʲʝʢʪʘè), ʷʯʝʡʢʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʠʧ 

çʟʘʧʠʩʴè, ʦʜʥʦ ʧʦʣʝ ʢʦʪʦʨʦʡ ʪʠʧʘ byte ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ 0 (ʧʠʢʩʝʣʴ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʥʫ), 1 (ʧʠʢʩʝʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʦʙʲʝʢʪʫ) ʠʣʠ 2 (ʧʠʢʩʝʣʴ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʮʝ ʦʙʲʝʢʪʘ), ʘ ʚʪʦʨʦʝ ʧʦʣʝ ʪʠʧʘ boolean ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ true (ʧʠʢʩʝʣʴ ʧʨʦʚʝʨʝʥ) ʠ false (ʧʠʢʩʝʣʴ ʝʱʝ ʥʝ ʧʨʦʚʝʨʝʥ). 

ʇʦʩʣʝ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʩʪʘʨʪʦʚʳʡ ʧʠʢʩʝʣʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʯʝʡʢʝ 

ʤʘʩʩʠʚʘ ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ ʧʨʦʚʝʨʝʥʥʳʡ (ʧʦʣʝ ʪʠʧʘ byte ʚ ʟʘʧʠʩʠ ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʝ 1), ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʚʝʨʢʘ ʩʦʩʝʜʝʡ ʜʘʥʥʦʛʦ ʧʠʢʩʝʣʷ ʧʦ ʨʝʙʨʘʤ 

(ʩʦʩʝʜʠ ʧʦ ʚʝʨʰʠʥʘʤ, ʪʦ ʝʩʪʴ çʧʦ ʜʠʘʛʦʥʘʣʠè, ʚ ʨʘʤʢʘʭ ʘʣʛʦʨʠʪʤʘ ʥʝ 

ʧʨʦʚʝʨʷʶʪʩʷ). ɽʩʣʠ ʮʚʝʪ ʩʦʩʝʜʘ ʚ ʨʘʢʘʭ ʢʨʠʪʝʨʠʷ ʧʦʜʦʙʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʦʢ 

ʢ ʠʩʭʦʜʥʦʤʫ ʧʠʢʩʝʣʶ (ʪʦ ʝʩʪʴ ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʚʳʧʦʣʥʝʥ), ʪʦ ʩʦʩʝʜʥʠʡ 

ʧʠʢʩʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʩʪʘʨʪʦʚʳʤ, ʠ ʠʟ ʥʝʛʦ ʟʘʧʫʩʢʘʝʪʩʷ ʨʝʢʫʨʩʠʚʥʳʡ ʤʝʪʦʜ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ. ɽʩʣʠ ʢʨʠʪʝʨʠʡ ʧʦʜʦʙʠʷ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʦʣʶ ʤʘʩʩʠʚʘ ʦʙʲʝʢʪʘ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ true 

(ʧʠʢʩʝʣʴ ʧʨʦʚʝʨʝʥ), ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʝʜʘ. ɺʳʭʦʜ ʠʟ 

ʨʝʢʫʨʩʠʠ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʫ ʪʝʢʫʱʝʛʦ ʧʠʢʩʝʣʷ ʥʝ ʦʩʪʘʝʪʩʷ ʥʝ ʧʨʦʚʝʨʝʥʥʳʭ 

ʩʦʩʝʜʝʡ. 

ɿʜʝʩʴ ʧʦʜ ʢʨʠʪʝʨʠʝʤ ʧʦʜʦʙʠʷ ʧʦʥʠʤʘʝʪʩʷ ʩʭʦʞʝʩʪʴ ʦʪʪʝʥʢʘ ʩʝʨʦʛʦ ʮʚʝʪʘ 

ʠʩʭʦʜʥʦʛʦ ʧʠʢʩʝʣʷ ʠ ʧʠʢʩʝʣʷ-ʩʦʩʝʜʘ. ʄʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʵʪʠʭ ʟʥʘʯʝʥʠʡ 

ʧʦʢʘʟʳʚʘʝʪ ʙʣʠʟʦʩʪʴ ʦʪʪʝʥʢʦʚ. ɺʝʣʠʯʠʥʫ ʢʨʠʪʝʨʠʷ (ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʤʦʜʫʣʷ 

ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʦʪʪʝʥʢʦʚ ʩʝʨʦʛʦ ʮʚʝʪʘ) ʟʘʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚʩʝ ʷʯʝʡʢʠ ʤʘʩʩʠʚʘ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʠʢʩʝʣʝʡ ʛʨʘʥʠʮʝ ʦʙʲʝʢʪʘ. ɽʩʣʠ ʧʦʣʝ ʪʠʧʘ 

byte ʷʯʝʡʢʠ ʩʦʜʝʨʞʠʪ 1 (ʧʠʢʩʝʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʜʦʙʣʘʩʪʠ ʦʙʲʝʢʪʘ), ʘ ʭʦʪʷ ʙʳ 

ʦʜʠʥ ʠʟ ʩʦʩʝʜʥʠʭ ʧʦ ʨʝʙʨʘʤ ʧʠʢʩʝʣʝʡ ʩʦʜʝʨʞʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ 0 

(ʩʦʩʝʜ ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʜʦʙʣʘʩʪʠ ʬʦʥʘ), ʪʦ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʠʢʩʝʣʴ ʣʝʞʠʪ ʥʘ 

ʛʨʘʥʠʮʝ, ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʣʝ ʤʝʥʷʝʤ 1 ʥʘ 2. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʟʦʙʨʘʞʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ NxN ʧʠʢʩʝʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʩʦʚʝʨʰʠʪʴ 4*N*N ʦʧʝʨʘʮʠʡ ʧʨʦʚʝʨʢʠ, ʪʘʢ ʢʘʢ ʫ ʢʘʞʜʦʛʦ 

ʧʠʢʩʝʣʷ ʝʩʪʴ 4 ʩʦʩʝʜʘ ʧʦ ʨʝʙʨʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 

ʩʦʩʪʘʚʠʪ O(N2). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʪʘʢ ʢʘʢ ʚ ʨʘʤʢʘʭ ʩʜʝʣʘʥʥʳʭ ʨʘʥʝʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʧʦʜʦʙʣʘʩʪʴ 

ʦʙʲʝʢʪʘ (ʪʦ ʝʩʪʴ ʦʙʲʝʢʪ ʥʝ ʟʘʧʦʣʥʷʝʪ ʨʠʩʫʥʦʢ ʮʝʣʠʢʦʤ), ʘ ʩʘʤ ʤʝʪʦʜ 
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ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚʩʝʭ ʧʠʢʩʝʣʝʡ, 

ʪʦ ʫʢʘʟʘʥʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʘʢʪʠʢʝ ʙʫʜʝʪ ʥʝʜʦʩʪʠʞʠʤʘ. 

ɺ ʩʨʝʜʝ Delphi ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ çʂʦʥʪʫʨ ʂʊ 2Dè 

(ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ, ʨʝʛ. 

ʥʦʤʝʨ ˉRU 2021669321 ʦʪ 26.11.2021 ʛ.), ʨʝʘʣʠʟʫʶʱʘʷ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ 

ʤʝʪʦʜ [39]. ʇʨʦʛʨʘʤʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʞʘʪʴ ʦʪʜʝʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʥʘʙʦʨʳ ʩʨʝʟʦʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʣʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʪʦʤʦʛʨʘʤʤ ʚ 

ʬʦʨʤʘʪʝ DICOM. ʇʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʝʪʴ ʩʨʝʟʳ 

ʧʦʦʯʝʨʝʜʥʦ ʠ ʚʳʙʨʘʪʴ ʩʨʝʜʠ ʥʠʭ ʥʘʯʘʣʴʥʳʡ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʩʪʨʦʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ. ʉʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʟʘʜʘʥʠʷ ʚʳʩʦʪʳ 

ʩʨʝʟʦʚ ʜʣʷ ʵʢʩʧʦʨʪʘ ʧʦʩʪʨʦʝʥʥʳʭ ʢʨʠʚʳʭ ʚ SolidWorks ʚ ʬʦʨʤʘʪʝ sldcrv. 

ʆʙʨʘʙʦʪʢʘ ʩʨʝʟʦʚ ʠ ʩʝʛʤʝʥʪʘʮʠʷ ʩʝʨʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʩʪʨʦʝʢ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦʞʝʪ ʩʪʨʦʠʪʴʩʷ ʟʘʤʢʥʫʪʘʷ ʧʣʦʩʢʘʷ ʢʨʠʚʘʷ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʢʦʥʪʫʨʦʤ ʧʨʦʩʚʝʪʘ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʫʜʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ. ʇʦʩʪʨʦʝʥʥʘʷ ʢʨʠʚʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʘ ʬʘʡʣ 

ʬʦʨʤʘʪʘ .sldcrv, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʨʠʚʳʭ ʚ ʉɸʇʈ 

SolidWorks. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4.4. 

 

ʈʠʩʫʥʦʢ 4.4. ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ çʂʦʥʪʫʨ ʂʊ 2Dè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʦʤʦʛʨʘʤʤ 
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ʈʘʙʦʪʫ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʤʦʞʥʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʩʚʝʪʘ ʩʦʩʫʜʘ ʥʘ 

ʜʚʫʭʮʚʝʪʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ, ʛʜʝ ʧʨʦʩʚʝʪ ʩʦʩʫʜʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʙʝʣʦʡ 

ʧʦʜʦʙʣʘʩʪʴʶ, ʘ ʦʢʨʫʞʘʶʱʠʝ ʪʢʘʥʠ (ʬʦʥ) ï ʩʝʨʦʡ (ʨʠʩʫʥʦʢ 4.5). ɺʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʪʘʢʦʛʦ ʩʣʫʯʘʷ ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʩʪʨʦʝʢ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

 

ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 4.5. ʄʦʜʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʦʙʨʘʙʦʪʘʥʥʦʝ ʘʣʛʦʨʠʪʤʦʤ: ʘ ï ʧʦʣʫʯʝʥʥʳʡ 

ʧʨʦʛʨʘʤʤʦʡ ʢʦʥʪʫʨ; ʙ ï ʚʠʜ ʢʨʠʚʦʡ ʧʦʩʣʝ ʠʤʧʦʨʪʘ ʚ SolidWorks 

 

ʂʦʛʜʘ ʞʝ ʧʨʠʭʦʜʠʪʩʷ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʭʦʜʝ ʂʊ- ʠʣʠ ʄʈʊ-ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ ʪʘʢʠʭ 

ʩʥʠʤʢʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʦʜʦʙʣʘʩʪʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʯʝʥʠʷʤ ʩʦʩʫʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ 

ʷʚʣʷʶʪʩʷ ʜʚʫʭʮʚʝʪʥʳʤʠ: ʥʘ ʥʠʭ ʝʩʪʴ ʨʘʟʣʠʯʥʳʝ ʦʪʪʝʥʢʠ ʩʝʨʦʛʦ ʮʚʝʪʘ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʪʫʨʘ ʣʝʚʦʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʩ 

ʨʘʟʥʳʤʠ ʧʦʨʦʛʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 4.6. 
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ʘ)     ʙ) 

ʈʠʩʫʥʦʢ 4.6. ʆʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʤʝʪʦʜʦʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʨʦʩʪʘ: ʘ ï ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ; ʙ ï ʥʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

 

ʇʨʠ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʫʨ ʩʦʩʫʜʘ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʛʣʘʜʢʠʤ, 

ʪʘʢ ʢʘʢ ʧʝʨʝʭʦʜ ʦʪ ʙʝʣʦʛʦ ʮʚʝʪʘ ʦʙʲʝʢʪʘ ʢ ʩʝʨʦʤʫ ʮʚʝʪʫ ʬʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʛʨʘʥʠʮʝ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦ, ʠ ʧʨʠ ʤʘʣʝʥʴʢʦʤ ʧʦʨʦʛʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʘʩʪʴ 

ʧʠʢʩʝʣʝʡ çʚʳʧʘʜʘʝʪè ʠʟ ʠʪʦʛʦʚʦʡ ʧʦʜʦʙʣʘʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʨʝʢʫʨʩʠʚʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʤʢʥʫʪʦʡ ʛʨʘʥʠʮʳ ʩʨʝʟʘ ʩʦʩʫʜʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʫʢʘʟʘʣ ʩʪʘʨʪʦʚʳʡ ʧʠʢʩʝʣʴ, ʨʘʙʦʪʘ ʟʘʚʝʨʰʘʝʪʩʷ, ʠ ʧʨʦʚʝʨʢʘ ʦʩʪʘʚʰʠʭʩʷ 

ʧʠʢʩʝʣʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ɺ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʳʭ 

ʢʨʠʚʳʭ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʥʪʫʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠʭ ʨʝʘʣʴʥʳʝ ʨʘʟʤʝʨʳ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ ʦʪʨʝʟʢʘ ʩ ʠʟʚʝʩʪʥʦʡ ʜʣʠʥʦʡ ʥʘ ʣʶʙʦʤ ʩʨʝʟʝ ʪʦʤʦʛʨʘʤʤʳ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʪʦʯʢʠ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ ʧʨʠ ʵʢʩʧʦʨʪʝ ʫʤʥʦʞʘʶʪʩʷ ʥʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʞʜʦʛʦ ʩʨʝʟʘ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʳʚʘʪʴ ʝʛʦ 

ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʩʨʝʟʦʚ. ɺ ʪʨʝʭʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʨʠʚʳʭ 
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ʟʘ ʵʪʦ ʦʪʚʝʯʘʝʪ ʢʦʦʨʜʠʥʘʪʘ Z, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʦ ʚʳʩʦʪʝ ʩʨʝʟʘ ʠʟ DICOM-ʬʘʡʣʘ. 

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʨʝʟʦʚ 

ʂʊ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠʣʠ ʄʈʊ ʧʘʮʠʝʥʪʘ ʩ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ 

ʜʘʣʝʝ ʤʦʛʫʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴʩʷ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ SolidWorks. ʊʘʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘ çɹʦʙʳʰʢʘ ʧʦ ʩʝʯʝʥʠʷʤè ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ 

ʫʯʘʩʪʢʠ ʩʦʩʫʜʦʚ, ʢʦʪʦʨʳʝ ʜʘʣʝʝ ʩʦʝʜʠʥʷʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʘʤʠ çɹʦʙʳʰʢʘ ʧʦ 

ʪʨʘʝʢʪʦʨʠʠè ʠ çʉʢʦʤʙʠʥʠʨʦʚʘʪʴ ʪʝʣʘè.  

4.3. ʏʘʩʪʠʯʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʚ 3D 

ɼʣʷ ʩʣʦʞʥʦ ʨʘʟʥʝʩʝʥʥʦʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʤʝʪʦʜ 

ʨʝʢʫʨʩʠʚʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

(ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʂʦʥʪʫʨ ʂʊ 

3Dè, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ, ʨʝʛ. 

ʥʦʤʝʨ ˉ RU 2021668315 ʦʪ 12.11.2021 ʛ.) [40]. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʥʦʧʢʠ ʜʣʷ 

ʟʘʛʨʫʟʢʠ DICOM ʠʟʦʙʨʘʞʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʚʠʜʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʜʘʥʥʳʝ 

ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʩʫʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʩʨʝʟʦʚ. ʇʨʠ 

ʵʪʦʤ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ 2D, ʥʦ ʩ ʧʨʦʚʝʨʢʦʡ ʧʦ 

ʢʨʠʪʝʨʠʶ ʧʦʜʦʙʠʷ ʥʝ ʧʦ ʨʝʙʨʘʤ, ʘ ʧʦ ʛʨʘʥʷʤ ʫʩʣʦʚʥʦʛʦ ʦʙʲʝʤʥʦʛʦ ʚʦʢʩʝʣʷ. ʅʘ 

ʨʠʩʫʥʢʝ 4.7ʘ ʧʦʢʘʟʘʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʩʫʜʦʚ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʯʝʣʦʚʝʢʘ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʂʊ.  

ʈʠʩʫʥʦʢ 4.7 ʄʦʜʝʣʴ ʩʦʩʫʜʦʚ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ: ʘ - ʦʙʣʘʢʦ ʪʦʯʝʢ ʩʪʝʥʦʢ ʩʦʩʫʜʦʚ; 

ʙ - ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʜʝʣʴ 



101 

 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʪʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʣʝʞʘʪ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʫʜʦʚ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʪʦʯʢʠ, ʣʝʞʘʱʠʝ 

ʚʥʫʪʨʠ ʩʦʩʫʜʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʩʪʨʦʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʩʝʪʢʫ. ɿʜʝʩʴ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʰʘʛʘʶʱʠʭ ʢʫʙʦʚ [195]. ʅʘ ʩʘʤʦʤ 

ʜʝʣʝ, ʘʣʛʦʨʠʪʤ ʰʘʛʘʶʱʠʭ ʢʫʙʦʚ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʴ ʝʱʝ ʥʝ ʩʦʟʜʘʥʘ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤ, ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʧʦʚʝʨʭʥʦʩʪʠ ʇʫʘʩʩʦʥʘ [265]. ʊʨʠʘʥʛʫʣʠʨʦʚʘʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʪʚʝʨʜʦʪʝʣʴʥʫʶ, ʢʦʪʦʨʫʶ 

ʟʘʪʝʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʯʠʩʣʝʥʥʦʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʫʜʦʙʥʳʤ ʦʢʘʟʘʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʠʤʝʥʥʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʟʜʘʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ SolidWorks ʥʘ ʙʘʟʝ ʵʪʦʛʦ ʦʙʣʘʢʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʝʣʠ 

(ʨʠʩʫʥʦʢ 4.7ʙ). ɼʘʣʝʝ ʵʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ 

ʨʫʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʂʊ ʤʝʪʦʜ 

ʨʝʢʫʨʩʠʚʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʚʝʩʴ çʰʫʤè, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦʙ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʩʦʩʫʜʘʭ. ʅʦ 

ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʩʛʣʘʞʝʥʥʦʩʪʴ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʩʪʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʠ ʠʟʣʠʰʥʷʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ: ʘʣʛʦʨʠʪʤ ʩʪʨʦʠʪ ʚʩʝ ʚʝʪʚʠ ʘʨʪʝʨʠʡ ʥʘ ʚʩʶ ʜʦʩʪʫʧʥʫʶ ʚ 

ʪʦʤʦʛʨʘʤʤʝ ʛʣʫʙʠʥʫ. 

4.4. ʇʦʣʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʚ 3D 

ʇʦʜ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʦʙʫʯʝʥʠʷ 

ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʩʝʛʦ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʫʯʘʩʪʢʘ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ 

ʥʘ ʦʩʥʦʚʝ ʂʊ ʠʣʠ ʄʈʊ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʙʫʜʝʪ 

ʚʳʛʣʷʜʝʪʴ ʧʨʠʤʝʨʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

¶ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʛʨʫʞʘʝʪ ʚ ʩʠʩʪʝʤʫ ʪʦʤʦʛʨʘʤʤʫ ʚ ʬʦʨʤʘʪʝ DICOM; 
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¶ ʥʝʡʨʦʩʝʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʝʪ ʥʘ ʪʦʤʦʛʨʘʤʤʝ ʢʨʦʚʝʥʦʩʥʳʝ 

ʩʦʩʫʜʳ, ʩʪʨʦʠʪ ʠʭ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ; 

¶ ʧʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʦʜʥʦʤ ʠʟ 

ʬʦʨʤʘʪʦʚ ʭʨʘʥʝʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ (Parasolid, STEP, IGES 

[154, 226, 259]). 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʘʣʠʟʦʚʘʥ, ʢ ʧʨʠʤʝʨʫ, ʜʣʷ 

ʫʯʘʩʪʢʦʚ ʧʦʟʚʦʥʦʯʥʦ-ʪʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ [2], ʥʦ ʜʣʷ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ 

ʨʝʘʣʠʟʘʮʠʠ ʠʤʝʥʥʦ ʚ ʬʦʨʤʘʪʝ ʧʦʣʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘ 

ʥʝʪ.  

ʄʝʪʦʜʳ ʧʦʣʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʘʨʪʝʨʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʩʪʴ, ʜʣʷ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʯʝʥʘ, ʢ ʧʨʠʤʝʨʫ, 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ. ʆʜʥʘʢʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʠ 

ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚ ʢʣʠʥʠʢʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʪʦʣʢʥʫʪʩʷ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ: ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʘʨʪʝʨʠʘʣʴʥʦʝ ʨʫʩʣʦ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʩʠʣʴʥʦ ʨʘʟʚʝʪʚʣʝʥʦ, ʥʝ ʚʩʝ ʫʯʘʩʪʢʠ ʭʦʨʦʰʦ ʧʨʦʣʠʚʘʶʪʩʷ 

ʢʦʥʪʨʘʩʪʦʤ. ʅʝ ʩʦʚʩʝʤ ʧʦʥʷʪʥʦ ʪʘʢʞʝ, ʢʘʢ ʧʨʠ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʠʩʢʣʶʯʘʪʴ 

ʥʝʟʥʘʯʠʤʳʝ ʠʣʠ ʥʝʥʫʞʥʳʝ ʫʯʘʩʪʢʠ ʩʦʩʫʜʦʚ, ʘʜʝʢʚʘʪʥʦ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʠ) ʫʜʘʣʷʷ ʠʭ ʠʟ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ. ɺʠʜʠʤʦ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʨʝʘʣʠʟʦʚʘʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʨʘʙʦʪʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʦʥ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ. 

4.5. ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʪʦʛʦʚʳʭ ʤʦʜʝʣʝʡ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ 

ʧʨʠʤʝʥʷʣʘʩʴ ʢʦʤʙʠʥʘʮʠʷ ʪʨʝʭ ʤʝʪʦʜʠʢ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ: ʨʫʯʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʯʘʩʪʠʯʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚ 2D ʠ 3D. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʂʊ ʩ 

ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʝʤ ʧʘʮʠʝʥʪʘ ʩʦ ʟʜʦʨʦʚʳʤʠ ʩʦʥʥʳʤʠ ʘʨʪʝʨʠʷʤʠ ʠ ʟʘʤʢʥʫʪʳʤ 

ʚʠʣʣʠʟʠʝʚʳʤ ʢʨʫʛʦʤ ʙʝʟ ʧʘʪʦʣʦʛʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʪʨʝʭʤʝʨʥʦʛʦ 

ʨʝʢʫʨʩʠʚʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʦʙʣʘʢʦ ʪʦʯʝʢ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʛʨʘʥʠʮʘʤ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʚ 

SolidWorks ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 4.7). ʕʪʦʪ ʰʘʛ 

ʧʦʟʚʦʣʠʣ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʙʦʪʫ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʤʦʜʝʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʳ-ʧʨʦʩʤʦʪʨʱʠʢʘ 

ʪʦʤʦʛʨʘʤʤ, ʛʜʝ ʧʨʠʰʣʦʩʴ ʙʳ ʫʜʘʣʷʪʴ ʠʟ ʨʝʟʫʣʴʪʘʪʘ ʙʦʣʴʰʦʡ ʦʙʲʝʤ çʰʫʤʘè. 

ɼʘʣʝʝ ʩʨʝʟʳ ʪʦʤʦʛʨʘʤʤʳ ʚ ʬʦʨʤʘʪʝ DICOM ʧʦʜʛʨʫʞʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʫ 

çʂʦʥʪʫʨ ʂʊ 2Dè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʨʝʟʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʩʝʯʝʥʠʡ ʘʨʪʝʨʠʡ. ʋʯʘʩʪʢʠ 

ʩʦʩʫʜʦʚ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩʥʠʤʢʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʦʡ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʚʳʝ ʩʦʭʨʘʥʷʣʠʩʴ 

ʚ ʦʪʜʝʣʴʥʳʝ ʬʘʡʣʳ ʠ ʟʘʪʝʤ ʠʤʧʦʨʪʠʨʦʚʘʣʠʩʴ ʚ SolidWorks. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʪʘʢ ʢʘʢ ʥʝ ʚʩʝ ʩʝʯʝʥʠʷ ʩʦʩʫʜʦʚ ʥʘ ʩʨʝʟʘʭ ʂʊ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʢ ʧʣʦʩʢʦʩʪʠ ʩʨʝʟʘ, ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ɺʂ 

ʮʝʣʠʢʦʤ ʦʜʥʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ çɹʦʙʳʰʢʘ ʧʦ ʩʝʯʝʥʠʷʤè ʥʘ ʙʘʟʝ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʚʳʭ ʥʝ ʫʜʘʣʦʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʨʘʙʦʪʢʘ 

ʤʦʜʝʣʝʡ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʩʦʩʫʜʠʩʪʳʭ ʫʯʘʩʪʢʦʚ ʚ 

ʝʜʠʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʪʚʝʨʜʦʪʝʣʴʥʫʶ ʤʦʜʝʣʴ. ɿʜʝʩʴ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʨʫʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ. 

ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʦʨʦʚʦʛʦ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʠ ʫʯʘʩʪʢʦʚ ʦʙʱʠʭ 

ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʩ ʫʟʣʦʤ ʙʠʬʫʨʢʘʮʠʠ ʥʘ ʅʉɸ ʠ ɺʉɸ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

4.8. 

 

ʈʠʩʫʥʦʢ 4.8 ɺʠʣʣʠʟʠʝʚ ʢʨʫʛ ʠ ʩʦʥʥʳʝ ʘʨʪʝʨʠʠ ï ʠʪʦʛʦʚʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ 
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ʈʘʟʦʤʢʥʫʪʳʡ ɺʂ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʟʘʜʥʠʝ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʠʣʠ 

ʧʝʨʝʜʥʷʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʘʨʪʝʨʠʠ, ʩʪʨʦʠʣʩʷ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʯʘʩʪʢʦʚ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ ʚ SolidWorks ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ 

çʈʘʟʜʝʣʠʪʴè ʠ çʋʜʘʣʠʪʴ ʪʚʝʨʜʦʝ ʪʝʣʦè. 

ʇʦʨʘʞʝʥʠʝ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʠʥʩʪʨʫʤʝʥʪʘ çʇʦʚʝʨʥʫʪʘʷ ʙʦʙʳʰʢʘè ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʙʣʷʰʢʠ ʠ 

ʧʦʚʦʨʦʪʘ ʝʛʦ ʚʦʢʨʫʛ ʦʩʠ ʩʦʩʫʜʘ. 

ʅʘ ʨʠʩʫʥʢʝ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʧʘʪʦʣʦʛʠʷʤʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʘʧʨʦʙʘʮʠʠ ʦʧʠʩʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ. 

 

ʘ)    ʙ)   ʚ) 

ʈʠʩʫʥʦʢ 4.9 ʄʦʜʝʣʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʘʪʦʣʦʛʠʷʤʠ: ʘ ï ʘʪʝʨʦʩʢʣʝʨʦʟ ɺʉɸ ʩʣʝʚʘ ʠ 

ʩʧʨʘʚʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʘʚʘʷ ɿʉɸ; ʙ ï ʘʪʝʨʦʩʢʣʝʨʦʟ ɺʉɸ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʇʉɸ; ʚ 

ï ʘʪʝʨʦʩʢʣʝʨʦʟ ɺʉɸ ʩʣʝʚʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʇʉɸ. 

 

ʉʪʝʥʢʠ ʜʣʷ ʚʩʝʭ ʘʨʪʝʨʠʡ ʜʦʩʪʨʘʠʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

SolidWorks ʥʘ ʦʩʥʦʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [155]. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 

ʩʪʝʥʦʢ, ʧʦ ʩʫʪʠ, ʟʘʢʣʶʯʘʣʩʷ ʚ ʨʫʯʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʝʯʝʥʠʡ ʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʠ ʚ ʪʚʝʨʜʦʝ ʪʝʣʦ ʠʥʩʪʨʫʤʝʥʪʦʤ çɹʦʙʳʰʢʘ ʧʦ 

ʩʝʯʝʥʠʷʤè. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʨʪʝʨʠʠ ʩʦ ʩʪʝʥʢʦʡ, 

ʠʟ ʥʝʝ ʦʧʝʨʘʮʠʝʡ çʉʢʦʤʙʠʥʠʨʦʚʘʪʴ ʪʝʣʘè ʚʳʯʠʪʘʣʩʷ ʦʙʲʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʢʨʦʚʠ ʠ ʙʣʷʰʢʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʣʦʩʴ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʪʝʥʢʘʤ ʩʦʩʫʜʦʚ ʠ ʠʜʝʘʣʴʥʦ ʧʨʠʣʝʛʘʶʱʝʝ ʢ ʦʙʲʝʤʫ ʢʨʦʚʠ. 
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ɺʩʝʛʦ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ 45 ʤʦʜʠʬʠʢʘʮʠʡ ʤʦʜʝʣʠ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʧʘʪʦʣʦʛʠʡ (ʪʘʙʣʠʮʘ 4.1) [9].  

 

ʊʘʙʣʠʮʘ 4.1 ʄʦʜʝʣʠ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʧʘʪʦʣʦʛʠʡ 

ɺʘʨʠʘʥʪʳ ʩʪʨʦʝʥʠʷ ʚʠʣʣʠʟʠʝʚʘ 

ʢʨʫʛʘ 

 ɺʘʨʠʘʥʪʳ ʩʪʝʥʦʟʦʚ ɺʉɸ 

1 ɿʘʤʢʥʫʪʳʡ 1 ʆʙʝ ʘʨʪʝʨʠʠ ʚ ʥʦʨʤʝ (çʥʦʨʤʘè) 

2 ʆʪʩʫʪʩʪʚʫʝʪ ʧʨʘʚʘʷ ɿʉɸ 2 ʉʪʝʥʦʟ ʧʨʘʚʦʡ 30 % 

3 ʆʪʩʫʪʩʪʚʫʝʪ ʣʝʚʘʷ  ɿʉɸ 3 ʉʪʝʥʦʟ ʧʨʘʚʦʡ 70 % 

4 ʆʪʩʫʪʩʪʚʫʶʪ ʦʙʝ ɿʉɸ 4 ʉʪʝʥʦʟ ʣʝʚʦʡ 30 % 

5 ʆʪʩʫʪʩʪʚʫʝʪ ʇʉɸ 5 ʉʪʝʥʦʟ ʣʝʚʦʡ 70 % 

  6 ʉʪʝʥʦʟ ʧʨʘʚʦʡ 30 %, ʩʪʝʥʦʟ ʣʝʚʦʡ 30 % 

  7 ʉʪʝʥʦʟ ʧʨʘʚʦʡ 30 %, ʩʪʝʥʦʟ ʣʝʚʦʡ 70 % 

  8 ʉʪʝʥʦʟ ʧʨʘʚʦʡ 70 %, ʩʪʝʥʦʟ ʣʝʚʦʡ 30 % 

  9 ʉʪʝʥʦʟ ʧʨʘʚʦʡ 70 %, ʩʪʝʥʦʟ ʣʝʚʦʡ 70 % 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ [51] ʦʙʨʘʙʦʪʢʠ ʂʊ ʠ ʄʈʊ 

ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʢʨʘʡʥʝ ʪʨʫʜʦʝʤʢʠ 

ʚʚʠʜʫ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ. 

ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ, ʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʠʢ ʩʦʧʦʩʪʘʚʠʤʦ. ʀ ʪʝ, ʠ ʜʨʫʛʠʝ ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ.  

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʡ, ʧʦʚʪʦʨʷʶʱʝʡ 

ʨʝʘʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ ʩʦʩʫʜʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʧʘʮʠʝʥʪʘ. ɼʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ 

ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʚʘʨʠʘʥʪʦʚ ʩʦʯʝʪʘʥʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʚ ʩʠʩʪʝʤʝ 

ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ [15], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʢʦʤʙʠʥʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʶʱʠʝ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʝʚʨʠʟʤ. ʇʦʟʞʝ ʙʳʣʠ ʥʘʡʜʝʥ rʨʘʙʦʪ r [25, 

181, 221, 224, 261, 301] ʩ ʦʧʠʩʘʥʥʳʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʩʣʫʯʘʷʤʠ ʩʦʯʝʪʘʥʥʳʭ 

ʧʘʪʦʣʦʛʠʡ (ʩʪʝʥʦʟʳ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʥʘʣʠʯʠʝ ʘʥʝʚʨʠʟʤ ʚ ʧʝʨʝʜʥʝʡ ʠʣʠ 

ʟʘʜʥʠʭ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʘʨʪʝʨʠʷʭ), ʢʦʪʦʨʳʝ ʟʝʨʢʘʣʴʥʦ ʧʦʚʪʦʨʷʣʠ ʦʧʠʩʘʥʥʳʝ ʚ 

ʨʘʙʦʪʝ [15] ʩʦʯʝʪʘʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 



106 

 

ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʤʤʝʪʨʠʯʥʫʶ ʤʦʜʝʣʴ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ, 

ʪʘʢ ʢʘʢ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʤʦʛʫʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩ ʦʜʠʥʘʢʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ (ʚ ʨʘʙʦʪʝ [28] 

ʫʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʠ ʥʘ ʩʠʤʤʝʪʨʠʶ ʚʭʦʜʥʳʭ ʢʨʦʚʦʪʦʢʦʚ ʚ ʩʦʥʥʳʭ ʘʨʪʝʨʠʷʭ ʫ 

ʟʜʦʨʦʚʳʭ ʧʘʮʠʝʥʪʦʚ ʙʝʟ ʧʘʪʦʣʦʛʠʡ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʨʫʩʣʘ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʤʝʶʱʘʷʩʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʘʩʩʝʯʝʥʘ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʧʦʧʦʣʘʤ, 

ʧʦʣʦʚʠʥʘ ʙʳʣʘ ʫʜʘʣʝʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʦʤ çɿʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝè 

ʙʳʣʠ ʜʦʩʪʨʦʝʥʳ ʥʝʜʦʩʪʘʶʱʠʝ ʫʯʘʩʪʢʠ ʩʦʩʫʜʠʩʪʦʛʦ ʨʫʩʣʘ. ʀʟ-ʟʘ ʥʝʢʦʪʦʨʦʡ 

ʢʨʠʚʠʟʥʦʡ ʙʘʟʠʣʷʨʥʦʡ ʘʨʪʝʨʠʠ ʝʝ ʧʨʠʰʣʦʩʴ ʚʨʫʯʥʫʶ ʧʝʨʝʩʪʨʦʠʪʴ ʚ ʚʠʜʝ 

ʧʨʷʤʦʛʦ ʫʯʘʩʪʢʘ. ʀʪʦʛʦʚʘʷ ʩʠʤʤʝʪʨʠʯʥʘ ̫ ʤʦʜʝʣʴ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.10. ʀʤʝʥʥʦ ʦʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 

ʈʠʩʫʥʦʢ 4.10 ɺʠʣʣʠʟʠʝʚ ʢʨʫʛ ʠ ʩʦʥʥʳʝ ʘʨʪʝʨʠʠ ï ʠʪʦʛʦʚʘʷ ʩʠʤʤʝʪʨʠʯʥʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʛʠʪʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ 

 

ʊʘʢʠʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʘʢʞʝ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ 45 ï ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 4.1. 
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ɺʳʚʦʜʳ ʧʦ ɻʣʘʚʝ 4 

ɺʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʜʚʫʤʝʨʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʨʦʩʪʘ, ʧʨʦʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʄʝʪʦʜ ʧʨʠʤʝʥʷʣʩʷ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʪʦʛʦʚʳʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ. 

ɺʧʝʨʚʳʝ ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʨʝʢʫʨʩʠʚʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʨʦʩʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʦʜʭʦʜʝ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʘʨʪʝʨʠʡ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʪʦʤʦʛʨʘʤʤ ʠ ʩʦʟʜʘʥʠʝ ʙʘʟʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʝʣʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ çʂʦʥʪʫʨ ʂʊ 2Dè ʠ çʂʦʥʪʫʨ ʂʊ 

3Dè, ʨʝʘʣʠʟʫʶʱʠʝ ʤʝʪʦʜʳ ʜʚʫʤʝʨʥʦʛʦ ʠ ʪʨʝʭʤʝʨʥʦʛʦ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʦʩʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʇʨʠʣʦʞʝʥʠʷ 4, 5) [39, 40]. 

ʇʦʩʪʨʦʝʥʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʦʥʥʳʭ ʘʨʪʝʨʠʡ ʠ ʚʠʣʣʠʟʠʝʚʘ ʢʨʫʛʘ 

ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ ʩʦʩʫʜʦʚ ʰʝʠ ʠ ʛʦʣʦʚʳ. 
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ɻʃɸɺɸ 5. ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ɸʈʊɽʈʀʁ ʐɽʀ ʀ ɻʆʃʆɺʓ 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʚʳʙʦʨ ʤʦʜʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʘʨʪʝʨʠʡ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ; 

¶ ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʩʜʚʠʛʦʚʦʡ 

ʵʣʘʩʪʦʛʨʘʬʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ; 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʢʦʚ ʩʦʩʫʜʠʩʪʳʭ 

ʩʪʝʥʦʢ; 

¶ ʘʧʨʦʙʘʮʠʷ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ; 

¶ ʧʨʦʚʝʨʢʘ ʤʝʞʵʢʩʧʝʨʪʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʩʪʝʥʜʘ; 

¶ ʧʨʦʚʝʜʝʥʠʝ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ, ʧʦʢʨʳʰʝʢ ʙʣʷʰʝʢ, 

ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʩʦʩʫʜʠʩʪʳʭ ʩʪʝʥʦʢ; 

¶ ʧʦʩʪʨʦʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʖʥʛʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ ʦʪ ʯʠʩʝʣ ʍʘʫʥʩʬʠʣʜʘ ʥʘ ʂʊ. 

 

5.1. ɺʳʙʦʨ ʤʦʜʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚ 

ʇʨʠ ʚʳʙʦʨʝ ʤʦʜʝʣʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʨʪʝʨʠʡ ʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʦʙʱʝʧʨʠʥʷʪʫʶ ʤʠʨʦʚʫʶ ʧʨʘʢʪʠʢʫ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ ʛʝʤʦʜʠʥʘʤʠʢʠ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ 

ʜʘʥʥʳʭ ʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʢʘʥʝʡ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ 

ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, 
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ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ [19, 74]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʣʷʰʢʠ ʚ 2D ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʢʨʳʰʢʝ, ʚ ʨʷʜʝ ʨʘʙʦʪ ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʧʝʨʫʧʨʫʛʠʭ ʤʦʜʝʣʝʡ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ [198, 

306]. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʣʷʰʢʠ (ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʝ ʷʜʨʦ ʠ 

ʤʷʛʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʤʦʜʝʣʠʨʫʶʪʩʷ ʪʘʢʞʝ ʣʠʥʝʡʥʦ ʫʧʨʫʛʠʤʠ ʠʟʦʪʨʦʧʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʨʘʟʥʳʤʠ ʤʦʜʫʣʷʤʠ ʫʧʨʫʛʦʩʪʠ [218]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʣʷʰʝʢ ʜʦʩʪʘʪʦʯʥʳʤ ʚʠʜʠʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʖʥʛʘ ʧʦ 

ʣʠʥʝʡʥʦʤʫ ʫʯʘʩʪʢʫ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ 

ʩʞʘʪʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʶ ʩʚʦʡʩʪʚ ʬʠʙʨʦʟʥʳʭ ʧʦʢʨʳʰʝʢ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ 

ʙʣʷʰʝʢ ʧʦʩʚʷʱʝʥʦ ʜʦʚʦʣʴʥʦ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʢʞʝ ʜʦʚʦʣʴʥʦ ʤʘʣʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʨʘʩʯʝʪʘʤ ʩʦʩʫʜʘ ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʣʷʰʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴʶ ʠ ʤʘʣʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʠʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʨʳʰʢʠ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦ 

ʫʧʨʫʛʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʢ, ʢ ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ [75]. 

ɺ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʪʝʥʢʠ ʚʳʙʦʨ ʤʦʜʝʣʝʡ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʝʥ. ʏʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ 3D ʠʩʧʦʣʴʟʫʶʪ ʣʠʥʝʡʥʦ ʫʧʨʫʛʠʝ 

ʠʟʦʪʨʦʧʥʳʝ ʤʦʜʝʣʠ [203, 283], ʯʘʩʪʴ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʧʝʨʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ [117, 175, 198, 269, 306]. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʠ ʨʘʩʯʝʪʝ ʢʦʥʢʨʝʪʥʦʡ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʧʝʨʫʧʨʫʛʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʩʪʝʥʢʠ [148, 169, 198], ʪʘʢ ʢʘʢ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʷʛʢʠʭ ʪʢʘʥʷʭ ʠ 

ʦʮʝʥʠʪʴ ʨʠʩʢ ʨʘʟʨʫʰʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [177] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʠ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʤʦʜʝʣʴ ʄʫʥʠ-ʈʠʚʣʠʥʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 



110 

 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʤʦʜʫʣʷʭ ʖʥʛʘ ʤʘʪʝʨʠʘʣʘ, ʤʝʥʴʰʠʭ 0.9 ʄʇʘ, ʤʦʜʝʣʴ 

ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʘʝʪ ʩʭʦʞʫʶ ʩ ʤʦʜʝʣʴʶ ʄʫʥʠ-ʈʠʚʣʠʥʘ ʢʘʨʪʠʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʥʢʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʞʝʩʪʢʦʩʪʠ ʩʪʝʥʢʠ (ʙʦʣʝʝ 

0.9 ʄʇʘ) ʨʝʟʫʣʴʪʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʷʪʩʷ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʦʜʝʣʴ 

ʄʫʥʠ-ʈʠʚʣʠʥʘ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʪʝʥʢʝ: ʚʳʷʚʣʷʪʴ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʧʦʚʳʰʝʥʥʳʭ 

OSI ʠʣʠ WSS. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʯʝʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʛʝʤʦʜʠʥʘʤʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʠʩʘʥʥʳʭ ʚ ʛʣʘʚʝ 4 ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʪʝʥʢʠ ʘʨʪʝʨʠʡ 

ʩʯʠʪʘʣʠ ʣʠʥʝʡʥʦ ʫʧʨʫʛʠʤʠ ʠʟʦʪʨʦʧʥʳʤʠ ʩ ʤʦʜʫʣʝʤ ʖʥʛʘ 0.55 ʄʇʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ 0.4 [19]. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʜʣʷ ʩʪʝʥʦʢ ʟʘʜʘʚʘʣʩʷ 

ʛʠʧʝʨʫʧʨʫʛʠʡ ʤʘʪʝʨʠʘʣ ʄʫʥʠ-ʈʠʚʣʠʥʘ (5-ʢʦʤʧʦʥʝʥʪʥʘʷ ʤʦʜʝʣʴ) ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ, ʚʟʷʪʳʤʠ ʠʟ ʨʘʙʦʪʳ [306]. 

ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʘʭ ʚ ʦʙʱʠʝ ʩʦʥʥʳʝ ʘʨʪʝʨʠʠ 

ʟʘʜʘʚʘʣʠʩʴ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʦʚ, ʚʟʷʪʳʝ ʠʟ ʨʘʙʦʪʳ [155]. ʅʘ ʚʳʭʦʜʘʭ 

ʟʘʜʘʚʘʣʦʩʴ ʥʫʣʝʚʦʝ ʜʘʚʣʝʥʠʝ. 

ɺʨʝʤʷ ʨʘʩʯʝʪʘ ʜʣʷ ʦʜʥʦʛʦ ʩʝʨʜʝʯʥʦʛʦ ʮʠʢʣʘ ʜʣʷ ʤʦʜʝʣʠ ʩ ʣʠʥʝʡʥʦ 

ʫʧʨʫʛʠʤ ʠʟʦʪʨʦʧʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʦʩʪʘʚʠʣʦ 5391 ʩ, ʜʣʷ ʤʦʜʝʣʠ ʩ 

ʛʠʧʝʨʫʧʨʫʛʠʤ ʤʘʪʝʨʠʘʣʦʤ 14946 ʩ, ʪ.ʝ. ʧʝʨʚʘʷ ʤʦʜʝʣʴ ʩʯʠʪʘʝʪʩʷ ʚ 2.77 ʨʘʟ 

ʙʳʩʪʨʝʝ. ʇʨʠ ʵʪʦʤ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʚ ʧʦʣʷʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ WSS ʠʣʠ ɻʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩʫʥʢʠ 5.1, 5.2). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʨʘʩʯʝʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʘ     ʙ 

ʈʠʩʫʥʦʢ 5.1 ï ʇʦʣʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʩʪʦʣʫ: ʘ ï ʤʦʜʝʣʴ ʩ ʣʠʥʝʡʥʦ ʫʧʨʫʛʠʤ 

ʤʘʪʝʨʠʘʣʦʤ; ʙ ï ʤʦʜʝʣʴ ʩ ʛʠʧʝʨʫʧʨʫʛʠʤ ʤʘʪʝʨʠʘʣʦʤ. 

 

 

ʘ     ʙ 

ʈʠʩʫʥʦʢ 5.2 ï ʇʦʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʠʩʪʦʣʫ: ʘ ï ʤʦʜʝʣʴ ʩ ʣʠʥʝʡʥʦ ʫʧʨʫʛʠʤ 

ʤʘʪʝʨʠʘʣʦʤ; ʙ ï ʤʦʜʝʣʴ ʩ ʛʠʧʝʨʫʧʨʫʛʠʤ ʤʘʪʝʨʠʘʣʦʤ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʙʦʣʴʰʠʭ (ʤʝʥʝʝ 0.9 ʄʇʘ) ʟʥʘʯʝʥʠʡ 

ʤʦʜʫʣʝʡ ʖʥʛʘ ʩʦʩʫʜʠʩʪʦʡ ʩʪʝʥʢʠ ʚʠʜʠʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ 

ʣʠʥʝʡʥʦ ʫʧʨʫʛʦʛʦ ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʤʦʜʠʥʘʤʠʢʠ 
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ʘʨʪʝʨʠʡ ʰʝʠ ʠ ʛʦʣʦʚʳ ʚ 3D, ʘ ʧʨʠ ʫʪʦʯʥʷʶʱʝʤ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʤ ʨʘʩʯʝʪʝ 

ʚ 2D ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʛʠʧʝʨʫʧʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ (5-ʢʦʤʧʦʥʝʥʪʥʘʷ 

ʤʦʜʝʣʴ ʄʫʥʠ-ʈʠʚʣʠʥʘ) ʜʣʷ ʩʪʝʥʢʠ. 

 

5.2. ʇʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʠʢʠ ʩʜʚʠʛʦʚʦʡ 

ʵʣʘʩʪʦʛʨʘʬʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ ʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ 

ʙʠʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʪʦʤʫ, ʯʪʦ ʜʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʥʝʠʥʚʘʟʠʚʥʦʡ, ʙʝʟʚʨʝʜʥʦʡ ʜʣʷ ʧʘʮʠʝʥʪʘ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʡ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʠʥʠʢʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʚʝʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʮʠʝʥʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʷʛʢʠʭ ʪʢʘʥʝʡ. 

ɺ ʢʣʠʥʠʢʝ ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤ. ɺ.ʀ. ʈʘʟʫʤʦʚʩʢʦʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 5 ʧʘʮʠʝʥʪʦʚ ʩ 

ʥʝʠʟʤʝʥʝʥʥʳʤʠ ʩʦʥʥʳʤʠ ʘʨʪʝʨʠʷʤʠ [10]. 

ʇʨʠʤʝʨ ʩʣʘʡʜʘ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.3. ɺ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʠʩʫʥʢʘ ʚʠʜʥʘ ʧʦʩʪʨʦʝʥʥʘʷ ʮʚʝʪʦʚʘʷ ʢʘʨʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

 
ʈʠʩʫʥʦʢ 5.3. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʩʪʝʥʢʠ ʧʦ ʵʣʘʩʪʦʛʨʘʬʠʠ 
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ʕʣʘʩʪʦʛʨʘʬʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʘʧʧʘʨʘʪʝ Mindray Resona 7 ʩ ʬʫʥʢʮʠʝʡ 

ʜʚʫʤʝʨʥʦʡ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ, ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʮʠʝʥʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 

ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʩʦʩʫʜʠʩʪʦʡ 

ʩʪʝʥʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 5.1. 

 

ʊʘʙʣʠʮʘ 5.1. ɼʘʥʥʳʝ ʵʣʘʩʪʦʛʨʘʬʠʠ 5 ʧʘʮʠʝʥʪʦʚ 

ʇʘʮʠʝʥʪ ʄʦʜʫʣʴ 

ʖʥʛʘ, ʢʇʘ 

ʇʘʮʠʝʥʪ 1 32 

ʇʘʮʠʝʥʪ 1 44 

ʇʘʮʠʝʥʪ 1 56 

ʇʘʮʠʝʥʪ 1 35 

ʇʘʮʠʝʥʪ 1 43 

ʇʘʮʠʝʥʪ 1 37 

ʇʘʮʠʝʥʪ 2 19 

ʇʘʮʠʝʥʪ 2 31 

ʇʘʮʠʝʥʪ 2 22 

ʇʘʮʠʝʥʪ 2 23 

ʇʘʮʠʝʥʪ 2 37 

ʇʘʮʠʝʥʪ 2 8 

ʇʘʮʠʝʥʪ 2 60 

ʇʘʮʠʝʥʪ 3 25 

ʇʘʮʠʝʥʪ 3 31 

ʇʘʮʠʝʥʪ 3 23 

ʇʘʮʠʝʥʪ 3 30 

ʇʘʮʠʝʥʪ 3 43 

ʇʘʮʠʝʥʪ 4 17 

ʇʘʮʠʝʥʪ 4 38 

ʇʘʮʠʝʥʪ 4 38 

ʇʘʮʠʝʥʪ 4 34 

ʇʘʮʠʝʥʪ 4 55 

ʇʘʮʠʝʥʪ 4 47 

ʇʘʮʠʝʥʪ 4 18 

ʇʘʮʠʝʥʪ 5 24 

ʇʘʮʠʝʥʪ 5 19 

ʇʘʮʠʝʥʪ 5 15 

ʇʘʮʠʝʥʪ 5 22 

ʇʘʮʠʝʥʪ 5 11 

ʇʘʮʠʝʥʪ 5 8 

ʇʘʮʠʝʥʪ 5 10 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʖʥʛʘ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʚʩʝʤ ʧʨʠʚʝʜʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤ, ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 41 ʢʇʘ. 

ʅʘ ʨʠʩʫʥʢʝ 5.3 ʚʠʜʥʦ, ʯʪʦ ʦʢʨʫʞʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʣʘʩʪʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ (ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ), ʧʦ ʜʠʘʤʝʪʨʫ ʙʦʣʴʰʝ, ʯʝʤ 
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ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʜʣʷ ʵʪʦʛʦ ʜʘʪʯʠʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 1 ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʢʨʫʞʥʦʩʪʴ ʧʦʧʘʜʘʶʪ ʢʘʢ ʦʢʨʫʞʘʶʱʠʝ 

ʩʦʩʫʜ ʪʢʘʥʠ, ʪʘʢ ʠ ʦʙʣʘʩʪʴ ʧʨʦʩʚʝʪʘ ʩʦʩʫʜʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʠʪʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʦʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 41 ʢʇʘ ʥʘ ʧʦʨʷʜʦʢ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʤʦʜʫʣʷʤ ʖʥʛʘ ʜʣʷ ʩʪʝʥʦʢ ʩʦʥʥʳʭ 

ʘʨʪʝʨʠʡ [19, 179, 240]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʪʝʥʦʢ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʠʜʠʪʩʷ ʥʝʧʨʠʤʝʥʠʤʦʡ ʚ ʩʠʣʫ ʥʠʟʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ. 

ɺ ʦʪʜʝʣʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʌɻɹʋ 

çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʨʘʜʠʦʣʦʛʠʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ 

ʘʢʘʜʝʤʠʢʘ ɸ.ʄ. ɻʨʘʥʦʚʘè ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʥʘ ʘʧʧʘʨʘʪʝ SuperSonic Imagine Aixplorer ʩ ʬʫʥʢʮʠʝʡ ʜʚʫʤʝʨʥʦʡ 

ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʭ ʧʘʮʠʝʥʪʦʚ ʩ 

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ (ʧʦʨʷʜʢʘ 50%, ʧʘʮʠʝʥʪ 1) ʠ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʥʝʟʥʘʯʠʤʳʤ (41%, ʧʘʮʠʝʥʪ 2) ʩʪʝʥʦʟʦʤ ʦʙʱʝʡ ʩʦʥʥʦʡ ʘʨʪʝʨʠʠ ʥʘ ʬʦʥʝ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʛʦ ʦʪʣʦʞʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 5.4 ʧʦʢʘʟʘʥ ʢʘʜʨ ʩ ʘʧʧʘʨʘʪʘ ʋɿʀ 

ʚʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʨʘʟʤʝʨʦʚ ʩʫʞʝʥʠʷ ʦʙʱʝʡ ʩʦʥʥʦʡ 

ʘʨʪʝʨʠʠ. ʆʙʣʘʩʪʴ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ ʦʪʤʝʯʝʥʘ ʢʨʘʩʥʳʤ ʵʣʣʠʧʩʦʤ. 

 

ʈʠʩʫʥʦʢ 5.4. ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ (ʧʘʮʠʝʥʪ 1) 
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ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʚ ʩʠʣʫ ʚʳʩʦʢʦʡ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʩʪʠ ʙʣʷʰʢʠ ʜʣʷ ʙʦʣʴʰʝʡ ʝʝ ʯʘʩʪʠ ʘʧʧʘʨʘʪ 

ʥʝ ʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ ʧʦʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʨʠʩʫʥʦʢ 5.5, ʢʨʘʩʥʳʤ 

ʵʣʣʠʧʩʦʤ ʦʪʤʝʯʝʥʘ ʟʦʥʘ ʙʣʷʰʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʝ ʧʦʣʫʯʠʣʦʩʴ ʧʦʩʪʨʦʠʪʴ ʢʘʨʪʫ 

ʩʚʦʡʩʪʚ).  

 

ʈʠʩʫʥʦʢ 5.5. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ (ʧʘʮʠʝʥʪ 1) 

 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ ʚ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʘʪʯʠʢʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʝʝ 

ʩʯʠʪʳʚʘʪʴ. ʅʘ ʨʠʩʫʥʢʝ 5.5 ʚʠʜʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʫʜʘʣʦʩʴ 

ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʙʣʷʰʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʝ ʤʷʛʢʠʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ (ʟʦʥʘ ʩʣʝʚʘ ʦʪ ʢʨʘʩʥʦʛʦ ʵʣʣʠʧʩʘ). 

ʋ ʚʪʦʨʦʛʦ ʧʘʮʠʝʥʪʘ ʙʣʷʰʢʘ ʙʳʣʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʙʦʣʝʝ ʤʷʛʢʦʡ, ʩ 

ʚʳʨʘʞʝʥʥʳʤ ʥʝʙʦʣʴʰʠʤ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʤ ʷʜʨʦʤ (ʨʠʩʫʥʦʢ 5.6). 
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ʈʠʩʫʥʦʢ 5.6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ (ʧʘʮʠʝʥʪ 2) 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʚ ʟʦʥʘʭ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʥʫʪʨʠ ʙʣʷʰʢʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʨʠʩʫʥʦʢ 5.7, ʢʨʘʩʥʳʡ 

ʵʣʣʠʧʩ ï ʟʦʥʘ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʛʦ ʷʜʨʘ). 

 

ʈʠʩʫʥʦʢ 5.7. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ (ʧʘʮʠʝʥʪ 2) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʤʝʪʦʜʦʤ ʩʜʚʠʛʦʚʦʡ ʵʣʘʩʪʦʛʨʘʬʠʠ ʦʢʘʟʘʣʘʩʴ 
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ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʜʣʷ ʪʚʝʨʜʳʭ ʙʣʷʰʝʢ) ʥʝʧʨʠʤʝʥʠʤʦʡ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʢʘʥʝʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʦʙʠʣʴʥʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʤʘʰʠʥʘʭ. 

 

5.3. ʈʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʙʣʷʰʝʢ ʠ ʩʪʝʥʦʢ 

ʄʦʙʠʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʠʟ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʣʠʥʠʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʠʟʲʷʪʠʝʤ ʦʙʨʘʟʮʘ ʠʟ ʦʨʛʘʥʠʟʤʘ ʚ ʭʦʜʝ 

ʦʧʝʨʘʮʠʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʩʪʝʥʜ ʜʦʣʞʝʥ ʚ 

ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʧʦʚʪʦʨʷʪʴ ʤʝʪʦʜʠʢʫ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ, 

ʘʥʘʣʦʛʠʯʥʫʶ ʪʦʡ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ 

ʤʘʰʠʥʘʭ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʪʝʥʜ ʜʦʣʞʝʥ ʧʦʟʚʦʣʷʪʴ ʦʧʝʨʘʪʦʨʫ ʬʠʢʩʠʨʦʚʘʪʴ 

ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʠ ʩʠʣʫ ʩʞʘʪʠʷ ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʢ ʵʪʠʤ 

ʜʝʬʦʨʤʘʮʠʷʤ ʧʨʠʚʝʣʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ɹʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʝʩʦʚ (ʤʦʜʝʣʴ OHAUS AX5202, 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʦ 0.01 ʛ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʤʘʩʩʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ï 5 ʢʛ), ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʩ ʮʠʬʨʦʚʳʤ ʵʢʨʘʥʦʤ (ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʦ 0.01 ʤʤ) 

ʩ ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʩʲʝʤʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ (ʨʠʩʫʥʦʢ 5.8ʙ), 

ʢʦʪʦʨʳʝ ʢʨʝʧʷʪʩʷ ʥʘ ʛʫʙʢʠ ʧʨʠʙʦʨʘ, ʘ ʪʘʢʞʝ ʚʠʜʝʦʢʘʤʝʨʳ, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪ 

ʵʢʩʧʝʨʠʤʝʥʪ (ʨʠʩʫʥʦʢ 5.8ʘ). ɼʣʷ ʬʠʢʩʘʮʠʠ ʧʦʜʭʦʜʠʪ ʜʘʞʝ ʢʘʤʝʨʘ ʩʤʘʨʪʬʦʥʘ: 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʣʦ ʧʨʦʯʠʪʘʪʴ ʧʦʢʘʟʘʥʠʷ 

ʚʝʩʦʚ ʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ [13]. 
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ʘ     ʙ 

ʈʠʩʫʥʦʢ 5.8 ï ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ: ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʩʧʝʮʠʘʣʴʥʳʝ 

ʥʘʩʘʜʢʠ ʥʘ ʰʪʘʥʛʝʥʮʠʨʢʫʣʴ. 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʝʪʩʷ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʥʘʯʘʣʴʥʘʷ ʚʳʩʦʪʘ (ʣʠʥʝʡʥʳʡ 

ʨʘʟʤʝʨ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʞʘʪʠʷ). ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʮʠʬʨʦʚʳʤ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ. 

ʉʘʤ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʩʦʚ, ʢ ʝʛʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠ ʧʦʜʚʦʜʠʪʩʷ ʦʜʥʘ ʛʫʙʢʘ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʩ ʰʠʨʦʢʦʡ ʧʣʦʩʢʦʡ ʥʘʩʘʜʢʦʡ. ɺʪʦʨʦʡ ʛʫʙʢʦʡ ʠʥʩʪʨʫʤʝʥʪ 

ʫʧʠʨʘʝʪʩʷ ʚ ʥʠʞʥʠʡ ʢʨʘʡ ʩʪʦʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʚʝʩʘʤʠ ʪʘʢ, ʯʪʦ ʰʪʘʥʛʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʘʪʬʦʨʤʳ ʚʝʩʦʚ. ʇʦʢʘʟʘʥʠʷ ʚʝʩʦʚ ʠ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʦʙʥʫʣʷʶʪʩʷ. ɿʘʧʫʩʢʘʝʪʩʷ ʟʘʧʠʩʴ ʚʠʜʝʦ, ʠ ʦʧʝʨʘʪʦʨ ʤʝʜʣʝʥʥʦ 

ʠ ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʤʝʱʘʝʪ ʚʝʨʭʥʶʶ ʛʫʙʢʫ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʢ ʧʣʘʪʬʦʨʤʝ ʚʝʩʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʷ ʩʞʘʪʠʝ ʦʙʨʘʟʮʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʚʝʩʘʭ, 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʚʫʢʘ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʠʣʠ ʧʨʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʞʘʪʠʷ (ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʘʣʴʮʠʥʦʟʘ 

ʙʣʷʰʢʠ) ʵʢʩʧʝʨʠʤʝʥʪ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʚʠʜʝʦʟʘʧʠʩʴ ʧʨʝʢʨʘʱʘʝʪʩʷ. 

ɼʘʣʝʝ ʚʠʜʝʦ ʩ ʟʘʧʠʩʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʜʨʦʚʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ, ʚ 

ʪʘʙʣʠʮʫ ʩʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʨʫʛ ʜʨʫʛʫ ʧʦʢʘʟʘʥʠʷ ʚʝʩʦʚ ʠ 

ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. ɺ ʧʨʦʛʨʘʤʤʝ Excel ʧʦʢʘʟʘʥʠʷ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʢʦʨʦʯʝʥʠʝ ʦʙʨʘʟʮʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʞʘʪʠʷ: ʧʦ ʩʫʪʠ, 
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ʧʦʢʘʟʘʥʠʷ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʠʪʴ ʥʘ ʥʘʯʘʣʴʥʫʶ ʚʳʩʦʪʫ ʦʙʨʘʟʮʘ. 

ʇʦʢʘʟʘʥʠʷ ʚʝʩʦʚ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʷ (ʤʘʩʩʫ ʥʘ ʚʝʩʘʭ ʥʝʦʙʭʦʜʠʤʦ 

ʫʤʥʦʞʠʪʴ ʥʘ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʟʜʝʣʠʪʴ ʨʝʟʫʣʴʪʘʪ 

ʥʘ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʨʘʟʮʘ). ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʪʦʯʝʢ 

ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ 

ʛʨʘʬʠʢʘ ʜʣʷ ʦʙʨʘʟʮʘ ʠʟ ʤʷʛʢʦʡ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʦʡ ʙʣʷʰʢʠ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 5.9. 

 

ʈʠʩʫʥʦʢ 5.9 ï ʊʠʧʠʯʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʜʝʬʦʨʤʘʮʠʡ. 

 

ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʛʨʘʬʠʢʘ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʦʜʫʣʴ 

ʖʥʛʘ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ ʟʘʢʦʥʘ ɻʫʢʘ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʦʩʥʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ: Ὁ „Ⱦ‐. 

ʄʦʜʫʣʴ ʖʥʛʘ ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ (ʢʘʢ ʧʨʘʚʠʣʦ, 10 ʪʦʯʝʢ 

ʥʘ ʛʨʘʬʠʢʝ), ʧʦʩʣʝ ʯʝʛʦ ʙʝʨʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʠ ʧʨʠʥʠʤʘʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ Excel 

ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʪʦʯʢʘʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʣʠʥʠʷ ʪʨʝʥʜʘ (ʣʠʥʝʡʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ), ʘ ʥʘ ʩʘʤʦʤ ʛʨʘʬʠʢʝ ʚʳʚʝʜʝʥʦ ʫʨʘʚʥʝʥʠʝ ʣʠʥʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ X ʚ ʫʨʘʚʥʝʥʠʠ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʜʝʬʦʨʤʘʮʠʡ 
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120 

 

ʠ ʙʫʜʝʪ ʨʘʚʝʥ ʤʦʜʫʣʶ ʖʥʛʘ ʦʙʨʘʟʮʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʠ ʪʨʝʥʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʯʢʠ ʛʨʘʬʠʢʘ, ʣʝʞʘʱʠʝ ʥʘ ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʧʨʫʛʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʨʘʟʮʘ. 

ʊʘʢʞʝ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʛʨʘʬʠʢʘʤ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʦʪ 

ʜʝʬʦʨʤʘʮʠʡ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩʪʝʥʦʢ, ʙʣʷʰʝʢ ʠʣʠ ʧʦʢʨʳʰʝʢ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʯʠʩʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʤʦʜʝʣʝʡ ʛʠʧʝʨʫʧʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʆʛʜʝʥʘ 

[146, 148] ʠʣʠ ʄʫʥʠ-ʈʠʚʣʠʥʘ [209]. ʀʥʩʪʨʫʤʝʥʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʯʠʩʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʣʠʟʦʚʘʥ, ʢ ʧʨʠʤʝʨʫ, ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ Ansys. 

ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʩʠʣʴʥʦ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʤʠ ʙʣʷʰʢʘʤʠ ʤʦʞʥʦ 

ʙʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʟʚʫʢʫ 

ʠʣʠ ʦʱʫʪʠʤʦʤʫ çʧʨʦʚʘʣʫè ʛʫʙʢʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʙʨʘʟʮʘ 

ʤʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ. 

ʉʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ 

ʆʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʤʷʛʢʠʭ ʠ 

ʪʚʝʨʜʳʭ ʙʣʷʰʝʢ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʢʘʭ ʩʪʝʥʦʢ ʘʨʪʝʨʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʢʘʟʘʪʴ 

ʰʠʨʦʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʝʪʦʜʠʢʠ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʝʡ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʙʨʘʥ ʤʦʙʠʣʴʥʳʡ 

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʠ 

ʨʘʩʪʷʞʝʥʠʝ ʦʙʨʘʟʮʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʝʥʜʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʧʧʘʨʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ Arduino UNO, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʢʦʥʪʨʦʣʴ ʟʘ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʪʝʥʜʘ (ʜʚʠʛʘʪʝʣʴ, ʪʝʥʟʦʜʘʪʯʠʢ), ʘ ʪʘʢʞʝ 

ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʥʘ SD-ʢʘʨʪʫ ʠ ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʵʢʨʘʥ. 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʦ ʩʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʥʘʣʦʛ ʜʚʫʭʢʦʣʦʥʥʦʡ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. ʆʙʱʠʡ ʚʠʜ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.10. 
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ʈʠʩʫʥʦʢ 5.10 ï ʆʙʱʠʡ ʚʠʜ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ. 

 

ʆʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʫʟʣʳ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʧʝʨʝʥʦʩʥʦʤ ʜʝʨʝʚʷʥʥʦʤ ʢʝʡʩʝ, 

ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʚʳʥʦʩʥʦʛʦ ʧʣʘʩʪʠʢʦʚʦʛʦ ʧʫʣʴʪʘ 

(ʨʠʩʫʥʦʢ 5.11).  

 
ʈʠʩʫʥʦʢ 5.11 ï ɺʳʥʦʩʥʦʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʪʝʥʜʦʤ. 

 

ɺ ʧʫʣʴʪʝ ʩʦʜʝʨʞʠʪʩʷ ʩʘʤʘ ʧʣʘʪʬʦʨʤʘ Arduino, ʜʨʘʡʚʝʨ ʰʘʛʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʷ MX1508S (ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥ ʧʦʣʥʦʨʘʟʤʝʨʥʳʡ L298N), 

ʚʝʥʪʠʣʷʪʦʨ ʦʭʣʘʞʜʝʥʠʷ ʜʨʘʡʚʝʨʘ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʴ SD card shield, ʦʪʚʝʯʘʶʱʠʡ 

ʟʘ ʟʘʧʠʩʴ ʥʘ SD ʢʘʨʪʫ. ʅʘ ʧʫʣʴʪʝ ʨʘʟʤʝʱʝʥʳ 6 ʫʧʨʘʚʣʷʶʱʠʭ ʢʥʦʧʦʢ: ʚʳʙʦʨ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʩʞʘʪʠʝ ʠʣʠ ʨʘʩʪʷʞʝʥʠʝ), ʢʘʣʠʙʨʦʚʢʘ ʪʝʥʟʦʜʘʪʯʠʢʘ ʠ ʧʨʦʚʝʨʢʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢʘʨʪʳ, ʩʪʘʨʪ/ʩʪʦʧ ʠʩʧʳʪʘʥʠʷ, ʢʥʦʧʢʠ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʪʨʘʚʝʨʩʳ ʚʚʝʨʭ/ʚʥʠʟ, ʢʥʦʧʢʘ ʦʪʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʆʩʪʘʣʴʥʳʝ 
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ʵʣʝʤʝʥʪʳ ʩʪʝʥʜʘ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʳ ʚ ʩʘʤʦʤ ʧʝʨʝʥʦʩʥʦʤ ʢʦʨʧʫʩʝ. ʆʪ 

ʚʳʥʦʩʥʦʛʦ ʙʦʢʩʘ ʢ ʢʦʨʧʫʩʫ ʠʜʫʪ 2 ʢʦʤʧʣʝʢʪʘ ʧʨʦʚʦʜʦʚ: ʦʜʠʥ ʢ ʜʚʠʛʘʪʝʣʶ, 

ʚʪʦʨʦʡ ʢ ʫʧʨʘʚʣʷʶʱʝʤʫ ʤʦʜʫʣʶ ʪʝʥʟʦʜʘʪʯʠʢʘ HX711. 

ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ ʩʪʝʥʜʘ ʚʢʣʶʯʘʝʪ ʥʝʧʦʜʚʠʞʥʳʡ çʩʪʦʣè ʠ ʧʦʜʚʠʞʥʫʶ 

ʪʨʘʚʝʨʩʫ, ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 

17HS4401 ʬʦʨʤ-ʬʘʢʪʦʨʘ NEMA 17. ɺʨʘʱʝʥʠʝ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʳʡ ʜʚʫʭʟʘʭʦʜʥʳʡ ʚʠʥʪ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʜʚʫʭ 

ʟʫʙʯʘʪʳʭ ʰʢʠʚʦʚ ʬʦʨʤʘʪʘ GT2 c 20 ʠ 60 ʟʫʙʮʘʤʠ.  ʉʘʤʘ ʪʨʘʚʝʨʩʘ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʜʠʘʤʝʪʨʦʤ 8 ʤʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʢʦʣʴʞʝʥʠʷ ʜʚʫʭ ʩʣʘʡʜʝʨʦʚ ʩ ʧʦʜʰʠʧʥʠʢʘʤʠ ʠ ʚʨʘʱʝʥʠʷ ʛʘʡʢʠ ʥʘ ʦʩʥʦʚʥʦʤ 

ʚʠʥʪʝ. ʈʘʙʦʯʘʷ ʥʝʧʦʜʚʠʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (çʩʪʦʣè) ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʣʠʥʝʡʥʦʤ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʤ ʜʘʪʯʠʢʝ, ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʥʦʤ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʝʮ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʞʜʫ ʩʪʦʣʦʤ ʠ 

ʪʨʘʚʝʨʩʦʡ, ʧʦʩʣʝ ʯʝʛʦ ʦʙʥʫʣʷʶʪʩʷ ʧʦʢʘʟʘʥʠʷ ʪʝʥʟʦʜʘʪʯʠʢʘ, ʠ ʥʘʯʠʥʘʝʪʩʷ 

ʠʩʧʳʪʘʥʠʝ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʥʘ ʩʪʦʣ ʠ ʪʨʘʚʝʨʩʫ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʝʧʣʝʥʠʷ, ʦʩʥʘʱʝʥʥʳʝ 

ʩʤʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʠʟ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʠ ʜʣʷ ʥʘʜʝʞʥʦʡ ʬʠʢʩʘʮʠʠ 

ʦʙʨʘʟʮʦʚ ʠ ʠʩʢʣʶʯʝʥʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʝʥʜ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜʠʢʫ ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ. ʊʝʥʟʦʜʘʪʯʠʢ ʨʘʟ ʚ 0.1 ʩ ʬʠʢʩʠʨʫʝʪ ʫʩʠʣʠʷ, ʢʦʪʦʨʳʝ 

ʜʝʡʩʪʚʫʶʪ ʥʘ ʦʙʨʘʟʝʮ, ʘ ʜʨʘʡʚʝʨ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʳʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʚʘʣʘ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʚ 

ʣʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʨʘʚʝʨʩʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʵʢʨʘʥ ʢʦʤʧʴʶʪʝʨʘ ʯʝʨʝʟ COM-ʧʦʨʪ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʤʦʜʫʣʝ ʟʘʧʠʩʠ SD-ʢʘʨʪʳ ʤʦʛʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ 

ʬʘʡʣʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ, ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʨʷʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʘ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʧʠʨʦʚʘʥʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʤʦʥʠʪʦʨʘ COM-ʧʦʨʪʘ, ʢʦʪʦʨʳʡ ʜʦʩʪʫʧʝʥ ʚ ʩʨʝʜʝ 
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ʨʘʟʨʘʙʦʪʢʠ Arduino IDE ʠʣʠ ʦʪʢʨʳʪʳ ʢʘʢ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʩ SD-ʢʘʨʪ.r ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʦʙʨʘʙʘʪʳʚʘ ̫ʢʦʪʦʨʳʡ ʚ ʨʘʤʢʘʭ 

ʤʝʪʦʜʠʢʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʦʜʫʣʴ ʖʥʛʘ ʦʙʨʘʟʮʘ ʠʣʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʄʫʥʠ-ʈʠʚʣʠʥʘ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʛʨʘʬʠʢʫ (ʚ ʪʦʯʢʝ ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ). 

ʂʦʜ ʫʧʨʘʚʣʷʶʱʝʡ ʨʘʙʦʪʦʡ ʩʪʝʥʜʘ ʧʨʦʛʨʘʤʤʳ, ʟʘʢʘʯʘʥʥʦʡ ʚ ʧʘʤʷʪʴ 

ʧʣʘʪʬʦʨʤʳ Arduino, ʧʨʠʚʝʜʝʥ ʚ ʇʨʠʣʦʞʝʥʠʠ 1. ʅʘ ʜʘʥʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʜ 

ʧʦʣʫʯʝʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ 

(ʇʨʠʣʦʞʝʥʠʝ 2). 

 

5.3. ɺʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʘ ʤʦʙʠʣʴʥʦʤ ʩʪʝʥʜʝ 

ʅʘ ʤʦʙʠʣʴʥʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠʩʧʳʪʘʪʝʣʴʥʦʡ 

ʤʘʰʠʥʝ Instron 3342 ʩ ʥʘʛʨʫʟʦʯʥʦʡ ʷʯʝʡʢʦʡ 500 ʅ (ʪʦʯʥʦʩʪʴ ʦʪ Ñ0,5% 

ʧʦʢʘʟʘʥʠʷ ʚʧʣʦʪʴ ʜʦ 1/100 ʜʦʧʫʩʪʠʤʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʘʪʯʠʢ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʞʘʪʠʶ ʦʙʨʘʟʮʦʚ ʠʟ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʭ (ʫʩʣʦʚʥʦ ʪʚʝʨʜʳʭ) ʠ 

ʤʷʛʢʠʭ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ. ʅʘ ʦʙʨʘʟʮʘʭ ʢʘʞʜʦʛʦ ʪʠʧʘ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʦ 7 ʠʩʧʳʪʘʥʠʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ 

ʥʘ ʤʦʙʠʣʴʥʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ, ʧʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʘ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 10 ʅ. ʇʨʠ ʪʘʢʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʜʝʡʩʪʚʫʶʱʝʡ ʩʞʠʤʘʶʱʝʡ ʩʠʣʳ 

ʦʙʨʘʟʝʮ ʦʩʪʘʚʘʣʩʷ ʚ ʨʘʤʢʘʭ ʟʦʥʳ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʨʝʜʝʣ ʥʘʛʨʫʟʢʠ ʚ 10 ʅ 

ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥ ʥʘ ʧʦʜʦʙʥʳʭ ʦʙʨʘʟʮʘʭ ʙʣʷʰʝʢ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ Instron. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ. ʇʨʠʤʝʨ 

ʜʠʘʛʨʘʤʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʙʣʷʰʝʢ (ʪʚʝʨʜʳʭ ʠ ʤʷʛʢʠʭ) ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 5.12. ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʝ ʜʦ 10 ʅ ʠʤʝʶʪ ʤʝʩʪʦ ʫʧʨʫʛʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʚʩʝʭ ʦʙʨʘʟʮʦʚ [38]. 
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ʈʠʩʫʥʦʢ 5.12 ï ɼʠʘʛʨʘʤʤʳ ʩʞʘʪʠʷ ʦʙʨʘʟʮʦʚ 

 

ɺ ʩʣʫʯʘʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʦʙʨʘʟʮʦʚ ʠʟ 

ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʣʠʩʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʦʙʠʣʴʥʦʤ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʩʪʝʥʜʝ ʠ 

ʤʘʰʠʥʝ Instron ʜʣʷ ʙʣʷʰʝʢ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʝʨʠʬʠʢʘʮʠʠ ʤʝʪʦʜʠʢʠ, 

ʦʪʣʠʯʘʣʠʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 4.3%, ʘ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʥʝʪʢʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʥʘ 2 %. ʍʘʨʘʢʪʝʨʥʳʝ ʢʨʠʚʳʝ çʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè ʤʷʛʢʦʡ 

ʙʣʷʰʢʠ ʠ ʦʙʨʘʟʮʘ ʠʟ ʩʧʘʥʙʦʥʜʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Instron 

ʠ ʥʘ ʤʦʙʠʣʴʥʦʤ ʩʪʝʥʜʝ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.13. 

 
ʘ     ʙ 

ʈʠʩʫʥʦʢ 5.13 ï ʍʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ çʥʘʧʨʷʞʝʥʠʝ-ʜʝʬʦʨʤʘʮʠʷè, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ ʠ ʤʦʙʠʣʴʥʦʤ ʩʪʝʥʜʝ: ʘ ï ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʞʘʪʠʝ; ʙ ï ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ 

ʤʦʙʠʣʴʥʦʤ ʩʪʝʥʜʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ. 

 

5.4. ʇʨʦʚʝʨʢʘ ʤʝʞʵʢʩʧʝʨʪʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʆʯʝʚʠʜʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʬʘʢʪʦʨ, ʘ ʠʤʝʥʥʦ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ ʘʢʢʫʨʘʪʥʦ ʨʘʟʤʝʩʪʠʪʴ ʦʙʨʘʟʝʮ, ʘ 

ʟʘʪʝʤ ʢʦʨʨʝʢʪʥʦ ʦʙʨʘʙʦʪʘʪʴ ʨʝʟʫʣʴʪʘʪʳ.  

ɼʣʷ ʦʮʝʥʢʠ ʤʝʞʵʢʩʧʝʨʪʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʩʪʝʥʜʘ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʧʨʠ 

ʵʪʦʤ ʦʜʠʥ ʠʟ ʥʠʭ ʷʚʣʷʣʩʷ ʙʠʦʤʝʭʘʥʠʢʦʤ, ʜʦʢʪʦʨʦʤ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʥʘʫʢ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɹʠʦʤʝʭʘʥʠʢʘè (ʟʥʘʢʦʤ ʩ ʤʝʪʦʜʠʢʦʡ ʠ ʠʤʝʝʪ ʙʦʣʴʰʦʡ 

ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ), ʘ ʚʪʦʨʦʡ ʥʝ ʠʤʝʣ 

ʦʪʥʦʰʝʥʠʷ ʢ ʤʝʭʘʥʠʢʝ ʠ ʨʘʙʦʪʘʣ ʚ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʥʝ ʙʳʣʦ ʦʧʳʪʘ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʝ ʦʙʣʘʜʘʣ ʟʥʘʥʠʷʤʠ ʦ ʤʝʪʦʜʠʢʝ). ʂʘʞʜʳʡ ʠʟ ʪʨʝʭ 

(ʚʢʣʶʯʘʷ ʘʚʪʦʨʘ ʨʘʙʦʪʳ) ʦʧʝʨʘʪʦʨʦʚ ʧʨʦʠʟʚʝʣ ʧʦ 5 ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʥʘ 

ʦʙʨʘʟʮʘʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʝʟʠʥʦʧʦʜʦʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʟʠʥʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦʪʦʤʫ, ʯʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙʝʟ ʧʦʪʝʨʠ ʝʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠʩʩʣʝʜʦʚʘʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʦʙʨʘʟʮʳ. ʂʘʞʜʳʡ ʦʧʝʨʘʪʦʨ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʩʪʦʨʦʥʥʝʡ ʧʦʤʦʱʠ ʦʙʨʘʙʘʪʳʚʘʣ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ ʖʥʛʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.2.  

 

ʊʘʙʣʠʮʘ 5.2. ʄʦʜʫʣʠ ʖʥʛʘ, ʧʦʣʫʯʝʥʥʳʝ ʪʨʝʤʷ ʦʧʝʨʘʪʦʨʘʤʠ, ʄʇʘ. 

 ʆʧʝʨʘʪʦʨ 1 ʆʧʝʨʘʪʦʨ 2 ʆʧʝʨʘʪʦʨ 3 

ʆʙʨʘʟʝʮ 1 0.53 0.60 0.58 

ʆʙʨʘʟʝʮ 2 0.79 0.97 0.81 

ʆʙʨʘʟʝʮ 3 0.59 0.65 0.62 

ʆʙʨʘʟʝʮ 4 0.45 0.55 0.53 

ʆʙʨʘʟʝʮ 5 0.97 0.93 0.97 

ʉ ʧʦʤʦʱʴʶ U-ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ [212] ʧʦʣʫʯʝʥʥʳʝ ʚʳʙʦʨʢʠ 

ʧʦʧʘʨʥʦ ʩʨʘʚʥʠʚʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʥʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 
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ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʜʣʷ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0.01. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʳʪʘ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʘ ʤʝʪʦʜʠʢʘ ʠ ʨʝʘʣʠʟʫʶʱʠʡ ʝʝ 

ʤʦʙʠʣʴʥʳʡ ʩʪʝʥʜ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʥʘ ʩʞʘʪʠʝ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʝʡ ʖʥʛʘ. 

 

5.5. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʜʫʣʝʡ ʖʥʛʘ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʠ ʫʯʘʩʪʢʦʚ ʘʨʪʝʨʠʘʣʴʥʳʭ ʩʪʝʥʦʢ 

ɺ ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʌɻɹʋ çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʨʘʜʠʦʣʦʛʠʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ɸ.ʄ. ɻʨʘʥʦʚʘè 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʙʣʷʰʝʢ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ. ɹʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ ʖʥʛʘ ʜʣʷ ʪʚʝʨʜʳʭ (ʩʠʣʴʥʦ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʳʭ) 

ʫʯʘʩʪʢʦʚ ʙʣʷʰʝʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʷʛʢʠʭ ʙʣʷʰʝʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʰʝʢ ʙʣʷʰʝʢ, ʘ ʪʘʢʞʝ ʟʜʦʨʦʚʳʭ ʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʭ ʩʪʝʥʦʢ ʚʥʫʪʨʝʥʥʠʭ ʩʦʥʥʳʭ (ɺʉɸ), ʦʙʱʠʭ ʩʦʥʥʳʭ 

(ʆʉɸ) ʠ ʙʝʜʨʝʥʥʳʭ ʘʨʪʝʨʠʡ (ɹʝʜɸ) (ʨʠʩʫʥʦʢ 5.14). ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʜʘʣʦʩʴ 

ʚʳʜʝʣʠʪʴ ʫʯʘʩʪʢʠ ʩʪʝʥʦʢ ʟʘ ʙʣʷʰʢʦʡ (ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʩʦʩʫʜʘ ʟʘ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʙʣʷʰʢʦʡ, ʪʦʣʴʢʦ ɺʉɸ), ʜʣʷ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʦʜʫʣʠ ʖʥʛʘ. ʇʦʢʨʳʰʢʘ ʙʣʷʰʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʥʫʶ ʠ 

ʫʧʣʦʪʥʝʥʥʫʶ ʠʥʪʠʤʫ [130, 292, 298]. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʢʨʳʰʢʘ ʣʝʛʢʦ ʦʪʜʝʣʠʤʘ 

ʦʪ ʤʘʩʩʠʚʘ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʩʣʫʯʘʷʭ ʩʠʣʴʥʦʛʦ ʢʘʣʴʮʠʥʦʟʘ. 
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ʈʠʩʫʥʦʢ 5.14 ï ʀʩʧʳʪʘʥʠʝ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʫʯʘʩʪʢʘ ʘʨʪʝʨʠʘʣʴʥʦʡ ʩʪʝʥʢʠ 

 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟ ʧʦʨʘʞʝʥʥʳʭ ʘʪʝʨʦʩʢʣʝʨʦʟʦʤ ʩʦʩʫʜʦʚ ʚʳʜʝʣʷʣʠʩʴ 

ʦʙʨʘʟʮʳ ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʚ ʚʠʜʝ 

ʢʨʫʛʘ ʠʣʠ ʢʚʘʜʨʘʪʘ. ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʞʘʪʠʝ ʥʝʦʙʭʦʜʠʤʦ ʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ, 

ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʚʜʦʣʴ ʦʩʠ ʩʞʘʪʠʷ ʙʦʣʴʰʝ ʣʶʙʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʨʘʟʤʝʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʨʠ ʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʧʦʨʘʞʝʥʠʷ ʵʪʦ ʥʝ 

ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʷʛʢʠʭ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʪʚʝʨʜʳʭ ʙʣʷʰʝʢ. ʂ 

ʧʨʠʤʝʨʫ, ʥʘ ʨʠʩʫʥʢʝ 5.15 ʧʨʝʜʩʪʘʚʣʝʥ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ, ʚʳʜʝʣʝʥʥʳʡ 

ʠʟ ʫʯʘʩʪʢʘ ʙʝʜʨʝʥʥʦʡ ʘʨʪʝʨʠʠ (ʤʷʛʢʘʷ ʙʣʷʰʢʘ). ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʤʝʨ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʩʞʘʪʠʷ ʩʦʩʪʘʚʣʷʣ ʦʪ 4.5 ʜʦ 9 ʤʤ, ʘ ʤʠʥʠʤʘʣʴʥʳʡ ʣʠʥʝʡʥʳʡ 

ʨʘʟʤʝʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (ʜʠʘʤʝʪʨ ʠʣʠ ʜʣʠʥʘ ʨʝʙʨʘ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ) ʧʨʠ 

ʵʪʦʤ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 2 ʜʦ 5 ʤʤ. ʀʟ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʫʜʘ, ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ 

ʢʦʥʢʨʝʪʥʦʤʫ ʧʘʮʠʝʥʪʫ, ʧʨʠ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʤʦʛʣʦ ʧʦʣʫʯʠʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ. 
















































































































































































































































































































































