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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ 85-ʣʝʪʠʶ ʨʫʢʦʚʦʜʠʪʝʣʷ ɺʦʨʦʥʝʞʩʢʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʧʦ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ, 

ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ çʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠè, ʢʨʫʧʥʦʛʦ ʫʯʝʥʦʛʦ ʚ ʦʙʣʘʩʪʠ ʜʠ-

ʥʘʤʠʢʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨʘ ɺʣʘʜʠʤʠʨʘ ʉʝʨʛʝʝʚʠʯʘ 

ʉʘʬʨʦʥʦʚʘ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʟʘʚʝʜʦʚʘʚʰʝʛʦ ʢʘʬʝʜʨʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ɺɻʊʋ (ɺʀʉʀ, ɺɻɸʉɸ, ɺɻɸʉʋ) 

ʠ ʚʥʝʩʰʝʛʦ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʘʬʝʜʨʳ. ʇʨʠʚʦʜʷʪʩʷ ʢʨʘʪʢʠʝ ʙʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ, ʜʘʝʪʩʷ ʘʥʘʣʠʟ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʚʦʜʠʪʩʷ ʧʝʨʝʯʝʥʴ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʥʘʫʯʥʳʭ ʠ ʫʯʝʙʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ, ʧʝʨʩʦʥʘʣʠʷ, ʜʠʥʘʤʠʢʘ ʤʦʩʪʦʚ, ʧʦʜʚʠʞʥʘʷ ʥʘʛʨʫʟʢʘ. 

 

ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ ʉʘʬʨʦʥʦʚ ʨʦʜʠʣʩʷ 4 ʦʢʪʷʙʨʷ 1940 ʛʦʜʘ 

ʚ ʛ. ɽʣʴʮʝ ʃʠʧʝʮʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʩʝʤʠ ʢʣʘʩʩʦʚ ʩʨʝʜʥʝʡ ʰʢʦʣʳ 

ʧʦʩʪʫʧʠʣ ʚ ɽʣʝʮʢʠʡ ʪʝʭʥʠʢʫʤ ʄʇʉ. ɿʘʢʦʥʯʠʚ ʝʛʦ ʩ ʦʪʣʠʯʠʝʤ, 

ʙʳʣ ʥʘʧʨʘʚʣʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʡ ʬʘ-

ʢʫʣʴʪʝʪ ɺʦʨʦʥʝʞʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʢʦ-

ʪʦʨʳʡ ʪʘʢʞʝ ʩ ʦʪʣʠʯʠʝʤ ʟʘʢʦʥʯʠʣ ʚ 1963 ʛʦʜʫ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʙʫʯʝʥʠʷ ʚʩʶ ʩʚʦʶ ʜʘʣʴʥʝʡʰʫʶ ʞʠʟʥʴ 

ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ ʩʚʷʟʘʣ ʩ ʨʦʜʥʳʤ ʚʫʟʦʤ ɺʀʉʀ ï ɺɻɸʉɸ ï 

ɺɻɸʉʋ ï ɺɻʊʋ, ʧʨʦʡʜʷ ʧʫʪʴ ʦʪ ʘʩʩʠʩʪʝʥʪʘ ʜʦ ʧʨʦʬʝʩʩʦʨʘ (1963ï

1984) ʠ ʟʘʚʝʜʫʶʱʝʛʦ ʩʥʘʯʘʣʘ ʢʘʬʝʜʨʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 

(1981ï1987), ʘ ʟʘʪʝʤ ï ʢʘʬʝʜʨʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ (1987ï

2009). ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʦʥ ʥʝʠʟʤʝʥʥʦ ʙʳʣ ʩʘʤʳʤ ʘʢʪʠʚʥʳʤ ʩʦ-

ʪʨʫʜʥʠʢʦʤ ʢʘʬʝʜʨʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʬʝʩʩʦʨʘ, ʨʫʢʦʚʦʜʠʪʝʣʷ ʤʘʛʠ-

ʩʪʝʨʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʘʩʧʠʨʘʥʪʫʨʳ, ʯʣʝʥʘ ɻʕʂʘ ʠ ʨʷʜʘ ʜʠʩʩʝʨ-

ʪʘʮʠʦʥʥʳʭ ʩʦʚʝʪʦʚ ʧʦ ʟʘʱʠʪʝ ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʜʦʢʪʦʨʩʢʠʭ ʜʠʩʩʝʨ-

ʪʘʮʠʡ, ʨʫʢʦʚʦʜʠʪʝʣʷ ʦʙʰʠʨʥʦʛʦ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʨʘʙʦʪʳ ʢʘʬʝʜʨʳ, ʦʨʛʘʥʠʟʘʪʦʨʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ, 

ʘʚʪʦʨʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʘʫʯʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʡ. ʉ 2010 ʛʦʜʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʬʝʩʩʦʨ ɺ. ʉ. ʉʘʬʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʨʝʜʘʢʪʦʨʦʤ ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ çʉʪʨʦʠʪʝʣʴ-

ʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠè. 

 
1É ʂʦʟʣʦʚ ɺ. ɸ., ɻʘʙʨʠʝʣʷʥ ɻ. ɽ., ɹʘʨʯʝʥʢʦʚʘ ʅ. ɸ., 2025 
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ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ ʟʘ ʛʦʜʳ ʩʚʦʝʡ ʘʢʪʠʚʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʰʝʣ 

ʙʦʣʴʰʦʡ ʧʫʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʜʦʩʪʠʞʝʥʠʷ ʠ ʪʨʘʜʠʮʠʠ ʢʘʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʢʘ-

ʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʩʦʟʜʘʥʥʳʝ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ɺ. ʉ. ʂʦʩʪʨʦʤʠʥʳʤ,  

ɸ. ʀ. ʆʩʝʣʝʜʴʢʦ, ʗ. ɹ. ʃʴʚʠʥʳʤ, ɸ. ɻ. ɹʘʨʯʝʥʢʦʚʳʤ, ʅ. ʄ. ʂʠʨʩʘʥʦʚʳʤ [1, 2], ʯʪʦ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʝʛʦ ʧʣʦʜʦʪʚʦʨʥʦʡ ʨʘʙʦʪʝ ʚ ʪʝʯʝʥʠʝ ʧʦʯʪʠ 45 ʣʝʪ ʚ ʩʪʘʪʫʩʝ ʨʫʢʦʚʦʜʠʪʝʣʷ 

ʢʘʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʥʘʫʯʥʦʛʦ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʠ-

ʚʦʚ ʩʥʘʯʘʣʘ ʢʘʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʟʘʪʝʤ ʢʘʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ. 

ɺ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʙʣʝʩʪʷ-

ʱʠʤ ʧʝʜʘʛʦʛʦʤ, ʣʦʛʠʯʥʦ, ʧʦʥʷʪʥʦ, ʜʦʩʪʫʧʥʦ ʦʙʲʷʩʥʷʶʱʠʤ ʩʣʦʞʥʳʝ ʫʯʝʙʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʪʘ-

ʢʠʝ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ, ʜʠʥʘ-

ʤʠʢʘ ʩʦʦʨʫʞʝʥʠʡ, ʪʝʦʨʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʠʩʢʘ, ʤʝʭʘʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʩʥʦʚʳ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʩʯʝʪ ʟʜʘʥʠʡ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ 2003 ʛʦʜʫ (ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʪʨʝʭʩʪʫʧʝʥʯʘʪʫʶ ʩʠʩʪʝʤʫ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ) ɺʣʘʜʠ-

ʤʠʨ ʉʝʨʛʝʝʚʠʯ ʦʨʛʘʥʠʟʦʚʘʣ ʧʨʦʛʨʘʤʤʫ ʤʘʛʠʩʪʝʨʩʢʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʢʘʬʝʜʨʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝ-

ʭʘʥʠʢʠ ʧʦ ʧʨʦʛʨʘʤʤʝ çʊʝʦʨʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè (ʥʘʧʨʘʚʣʝʥʠʝ 08.04.01 

çʉʪʨʦʠʪʝʣʴʩʪʚʦè). ʆʥ ʨʫʢʦʚʦʜʠʣ ʝʸ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʠ ʥʘʫʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʧʣʦʪʴ 

ʜʦ 2025 ʛʦʜʘ. ɼʣʷ ʢʘʬʝʜʨʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʙʦʪʘ ʩ ʤʘʛʠʩʪʨʘʥʪʘʤʠ ʩʪʘʣʘ ʚʘʞʥʳʤ ʵʪʘ-

ʧʦʤ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠ ʜʘʣʴʥʝʡʰʝʤ ʦʙʦʛʘʱʝʥʠʠ ʥʘʢʦʧʣʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʠ ʥʘʫʯʥʦʛʦ 

ʦʧʳʪʘ. ɿʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʤʦʣʦʜʳʭ ʚʳʩʦʢʦ-

ʦʙʨʘʟʦʚʘʥʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʴʶ ʩʧʝʮʠʘʣʠʩʪʦʚ ï ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆ ʧʦʜʜʝʨʞʘʥʠʠ ʥʝʠʟʤʝʥʥʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʬʘʢʪ ʟʘʱʠʪʳ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʦʜʠʥʥʘʜʮʘʪʠ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʝʝ ʚʳ-

ʧʫʩʢʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʜʦʩʪʦʡʥʦ ʧʦʧʦʣʥʠʣʠ ʠ ʫʩʠʣʠʣʠ ʠʥʞʝʥʝʨʥʳʡ ʢʦʨʧʫʩ ɺʦʨʦʥʝʞʘ. ʅʝʢʦʪʦ-

ʨʳʝ ʠʟ ʥʠʭ ʧʦ ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ ʩ ʦʩʥʦʚʥʦʡ ʨʫʢʦʚʦʜʷʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʪʘʣʠ ʧʨʝʧʦʜʘʚʘʪʝ-

ʣʷʤʠ ʚʫʟʦʚ.  

ɺ ʥʘʯʘʣʝ ʥʘʫʯʥʦʡ ʢʘʨʴʝʨʳ ʧʨʠ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʩʩʠʩʪʝʥʪʘ ɺ. ʉ. ʉʘ- 

ʬʨʦʥʦʚʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʩʳʛʨʘʣ ʝʛʦ ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɸ. ɻ. ɹʘʨʯʝʥʢʦʚ, ʢʦʪʦʨʳʡ ʩ 

1957 ʛʦʜʘ ʫʚʣʝʯʝʥʦ ʨʘʙʦʪʘʣ ʥʘʜ ʥʦʚʳʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, ʧʦʩʚʷ-

ʱʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʩʪʦʚ [3, 4]. ɺ ɺʀʉʀ 

ʦʥ ʩʪʘʣ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʦʟʜʘʚ ʥʘʫʯʥʫʶ ʰʢʦʣʫ ʠʟ ʩʚʦʠʭ ʫʯʝʥʠʢʦʚ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ. ʉ. ʉʘʬʨʦʥʦʚ ʩʪʘʣ ʩʘʤʳʤ ʫʩʧʝʰʥʳʤ ʠʟ ʥʠʭ.  

ʅʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʠʥʘʤʠʢʝ ʘʚʪʦʜʦʨʦʞʥʳʭ 

ʤʦʩʪʦʚ, ʩʦʚʤʝʩʪʥʦ ʧʦʣʫʯʝʥʥʳʝ ɸ. ɻ. ɹʘʨʯʝʥʢʦʚʳʤ, ɸ. ʀ. ɸʥʘʥʴʠʥʳʤ ʠ ɺ. ʉ. ʉʘʬʨʦʥʦʚʳʤ, 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʜʥʦʡ ʠʟ ʛʣʘʚ ʠʟʚʝʩʪʥʦʛʦ ʚ ʈʌ ʠ ʟʘ ʨʫʙʝʞʦʤ ʩʧʨʘʚʦʯʥʠʢʘ ʧʦ ʜʠʥʘʤʠʯʝ-

ʩʢʦʤʫ ʨʘʩʯʝʪʫ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʟʜʘʥʥʦʛʦ ʚ 1986 ʛʦʜʫ 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʧʨʦʬ. ɹ. ɻ. ʂʦʨʝʥʝʚʘ [8]. 

ɿʘ ʚʨʝʤʷ ʩʚʦʝʡ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʣʘʜʠ-

ʤʠʨ ʉʝʨʛʝʝʚʠʯ ʟʘʱʠʪʠʣ ʩʥʘʯʘʣʘ ʚ 1970 ʛʦʜʫ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ [5], ʘ ʟʘʪʝʤ, ʚ 1984 ʛʦʜʫ, 

ʜʦʢʪʦʨʩʢʫʶ [6]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʤ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʝʝ 250 ʥʘʫʯʥʳʭ ʨʘʙʦʪ: ʩʪʘʪʝʡ, 

ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ, ʜʦʢʣʘʜʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʤʦʥʦʛʨʘʬʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ [7]. ɺ. ʉ. ʉʘʬʨʦʥʦʚʳʤ 

ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʩ ʢʦʣʣʝʛʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʘʟʚʠʪʳ ʤʝʪʦʜʳ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ ʚ ʣʠʥʝʡʥʦʡ 

ʠ ʥʝʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʘʭ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ ʘʚʪʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ (ʙʘ-

ʣʦʯʥʳʭ, ʧʣʠʪʥʳʭ, ʨʘʤʥʳʭ, ʚʠʩʷʯʠʭ, ʚʘʥʪʦʚʳʭ ʠ ʜʨ.) ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ: ʤʝ-

ʪʦʜ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʝʪʦʜ ʩʦʧʨʷʞʝʥʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʬʫʥʢʮʠʡ, ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʪʴ ʢʦʣʝʙʘʥʠʷ ʤʦʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʧʨʠ ʧʨʦʝʟʜʝ ʦʜʠʥʦʯʥʳʭ ʠ ʢʦʣʦʥʥ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʫʯʝʪʦʤ ʬʣʫʢʪʫʘʮʠʠ ʥʝʨʦʚʥʦʩʪʝʡ ʜʦʨʦʞ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ, ʠʥʪʝʨʚʘʣʦʚ ʜʚʠʞʝʥʠʷ, ʞʝʩʪʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜ-

ʚʝʩʢʠ ʠ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʠʪʦʛʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ɺ. ʉ. ʉʘʬʨʦʥʦ-

ʚʳʤ ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦ ʤʝʪʦʜʘʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʚʠʩʷʯʠʭ ʠ ʚʘʥʪʦʚʳʭ ʩʠ-

ʩʪʝʤ ʥʘ ʧʦʜʚʠʞʥʫʶ ʥʘʛʨʫʟʢʫ. 
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ʈʘʟʚʠʚʘʷ ʚʳʙʨʘʥʥʦʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʤʥʦʛʦ ʠ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʷ ʩ ʤʦʣʦʜʳʤʠ ʠʩ-

ʩʣʝʜʦʚʘʪʝʣʷʤʠ ï ʩʚʦʠʤʠ ʘʩʧʠʨʘʥʪʘʤʠ, ɺ. ʉ. ʉʘʬʨʦʥʦʚ ʦʩʥʦʚʘʣ ʥʘʫʯʥʫʶ ʰʢʦʣʫ, ʚ ʢʦʪʦʨʦʡ 

ʛʣʘʚʥʳʤʠ ʩʪʘʣʠ ʜʚʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: 

ī ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʢʦʣʝʙʘʥʠʡ ʤʦʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ; 

ī ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʠʩʢʘ ʜʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʢʨʠʪʠʯʝʩʢʠʭ ʥʘʛʨʫʞʝʥʠʷʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ. ʉ. ʉʘʬʨʦʥʦʚʘ ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʟʘʱʠʱʝʥʳ 18 ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ  

1 ʜʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ. ɽʛʦ ʫʯʝʥʠʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʥʳʥʝʰʥʝʛʦ ʩʦʩʪʘʚʘ ʢʘʬʝʜʨʳ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʢʘʥʜʠʜʘʪʳ ʥʘʫʢ, ʙʳʚʰʠʝ ʘʩʧʠʨʘʥʪʳ ɺʣʘʜʠʤʠʨʘ ʉʝʨʛʝʝʚʠʯʘ, ï ʛʨʘʞ-

ʜʘʥʝ ɸʣʞʠʨʘ, ɺʴʝʪʥʘʤʘ, ʉʠʨʠʠ ï ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʪ ʚ ʩʚʦʠʭ ʩʪʨʘʥʘʭ. ʊʝʤʘʪʠʢʘ ʚʳʧʦʣʥʝʥʥʳʭ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ. ʉ. ʉʘʬʨʦʥʦʚʘ ʢʘʥʜʠʜʘʪʩʢʠʭ ʜʠʩʩʝʨʪʘʮʠʡ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʥʘʫʯ-

ʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ: 

1. ɽʬʨʶʰʠʥ ʉ. ɺ. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʨʘʩʯʣʝʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʧʦʜʚʠʞʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ (ɺʦʨʦʥʝʞ, 1987); 

2. ʐʠʪʠʢʦʚʘ ʄ. ɺ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʠʩʷʯʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ 

ʪʦʥʢʦʩʪʝʥʥʦʡ ʙʘʣʢʦʡ ʞʝʩʪʢʦʩʪʠ (ɺʦʨʦʥʝʞ, 1988); 

3. ɹʘʨʯʝʥʢʦʚʘ ʅ. ɸ., ɺʦʟʜʝʡʩʪʚʠʝ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʙʘʣʦʯʥʳʝ ʩʠʩʪʝʤʳ ʩ ʥʝʣʠ-

ʥʝʡʥʦ ʜʝʬʦʨʤʠʨʫʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ɺʦʨʦʥʝʞ, 1989); 

4. ʇʝʪʨʘʥʠʥ ɸ. ɸ. ʈʘʩʯʝʪ ʪʦʥʢʦʩʪʝʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʠʤʧʫʣʴʩʠʚʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ (ɺʦʨʦ-

ʥʝʞ, 1989); 

5. ɻʘʣʘʠʠʥʠ ʐ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʘʣʦʯʥʳʭ ʩʠʩʪʝʤ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʧʦ ʥʝʨʦʚʥʦʤʫ ʧʫʪʠ 

ʛʨʫʟʘʤʠ, ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ (ɺʦʨʦʥʝʞ, 1991); 

6. ɼʞʘʭʨʘ ɸ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʘʥʪʦʚʦ-ʙʘʣʦʯʥʳʭ ʩʠʩʪʝʤ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʧʦ ʥʝʨʦʚ-

ʥʦʤʫ ʧʫʪʠ ʛʨʫʟʘʤʠ, ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʩʦʯʣʝʥʝʥʥʳʝ ʘʚʪʦʙʫʩʳ (ɺʦʨʦʥʝʞ, 1992); 

7. ʇʝʪʨʝʥʷ ɽ. ʅ. ʂʦʣʝʙʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ (ɺʦʨʦʥʝʞ, 1992); 

8. ɻʨʠʜʥʝʚ ʉ. ʖ. ʂʦʣʝʙʘʥʠʷ ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʛʠʜʨʦʫʧʨʫʛʦʝ ʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʠ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʝ (ɺʦʨʦʥʝʞ, 1993); 

9. ʉʚʝʥʪʠʢʦʚ ɸ. ɸ. ʆʙʝʩʧʝʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʚʠʩʷʯʠʭ ʤʥʦʛʦʧʨʦʣʝʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ (ɺʦʨʦʥʝʞ, 1994); 

10. ɺʘʨʥʘʚʩʢʠʡ ɺ. ʉ. ʈʘʩʯʝʪ ʙʘʣʦʯʥʳʭ ʠ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʥʘ ʧʦʜʚʠʞʥʫʶ ʥʘʛʨʫʟʢʫ ʩ 

ʫʯʝʪʦʤ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʤʘʪʝʨʠʘʣʘ (ɺʦʨʦʥʝʞ, 1994); 

11. ɻʘʙʨʠʝʣʷʥ ɻ. ɽ. ʈʘʩʯʝʪ ʟʘʤʢʥʫʪʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʚ ʫʧʨʫʛʦʡ ʩʨʝʜʝ ʩ ʫʯʝ-

ʪʦʤ ʦʜʥʦʩʪʦʨʦʥʥʠʭ ʩʚʷʟʝʡ (ɺʦʨʦʥʝʞ, 1998); 

12. ʉʪʝʧʘʥʦʚ ʉ. ɼ. ʅʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʩʪʘʚʥʦʡ ʧʣʠʪʥʦ-ʙʘʣʦʯ-

ʥʦʡ ʩʠʩʪʝʤʳ (ɺʦʨʦʥʝʞ, 2005); 

13. ʂʦʩʝʥʢʦ ʄ. ɺ. ʅʝʣʠʥʝʡʥʳʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʨʘʩʯʝʪ ʧʨʦʯʥʦʩʪʠ ʠ ʞʠʚʫʯʝʩʪʠ ʧʨʠ-

ʤʝʥʷʝʤʳʭ ʚ ʤʦʩʪʦʩʪʨʦʝʥʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪʥʦ-ʙʘʣʦʯʥʳʭ ʩʠʩʪʝʤ ʩ ʜʝʬʝʢʪʘʤʠ ʠ ʧʦʚʨʝ-

ʞʜʝʥʠʷʤʠ (ɺʦʨʦʥʝʞ, 2006); 

14. ʅʛʫʝʥ ʍ. ʂ. ʈʘʩʯʝʪ ʠ ʘʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʦʩʪʦʩʪʨʦʝʥʠʠ 

ʧʣʠʪʥʦ-ʙʘʣʦʯʥʳʭ ʩʠʩʪʝʤ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ (ɺʦʨʦʥʝʞ, 2009); 

15. ʅʛʫʝʥ ɼ. ʍ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʨʠʩʢʘ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʙʘʣʦʯʥʳʭ ʩʠʩʪʝʤ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʩʪʦʩʪʨʦʝʥʠʠ (ɺʦʨʦʥʝʞ, 2010); 

16. ɿʘʟʚʦʥʦʚ ɺ. ɺ. ʈʘʟʚʠʪʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʦʨʤ ʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʛʨʫʥʪʦʟʘʩʳʧʥʳʭ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ (ɺʦʨʦʥʝʞ, 2015); 

17. ɼʦʤʘʥʦʚʘ ʖ. ɸ. ʅʝʣʠʥʝʡʥʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʫʜʘʨ ʚ ʚʠʩʷʯʠʭ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʧʝʨʝʭʦʜʘʭ (ɺʦʨʦʥʝʞ, 2016); 

18. ɼʦʤʘʥʦʚ ɼ. ʀ. ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʦʩʪʦʩʪʨʦʝʥʠʠ ʢʦʩʦ ʦʧʝʨʪʳʭ ʧʣʠʪʥʦ-ʙʘʣʦʯʥʳʭ ʩʠʩʪʝʤ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ (ɺʦʨʦʥʝʞ, 2016). 
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ʉ. ʖ. ɻʨʠʜʥʝʚʳʤ ʚ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʥʝʝ ʩʜʝʣʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʠ ʟʘ-

ʱʠʱʝʥʘ ʚ 2013 ʛʦʜʫ ʜʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʪʝʤʫ çʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʨʘʩʯʝʪʘ ʘʚʪʦʜʦʨʦʞʥʳʭ 

ʤʦʩʪʦʚ ʥʘ ʧʦʜʚʠʞʥʫʶ ʥʘʛʨʫʟʢʫè. 

ʉʚʦʠʤʠ ʫʩʠʣʠʷʤʠ ʧʨʦʬʝʩʩʦʨ ɺ. ʉ. ʉʘʬʨʦʥʦʚ ʧʦʚʣʠʷʣ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʧʨʦʰʝʜʰʠʭ ʝʛʦ ʰʢʦʣʫ ʩʪʫʜʝʥʪʦʚ, ʤʘʛʠʩʪʨʘʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʥʦ ʠ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ 

ʚʳʧʫʩʢʥʠʢʦʚ ʥʘʰʝʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʅʘʯʠʥʘʷ ʩ 1992 ʛ. ʧʨʦʬʝʩʩʦʨ ɺ. ʉ. ʉʘʬʨʦʥʦʚ ʙʳʣ ʘʢʪʠʚʥʳʤ ʯʣʝʥʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʜʦʢʪʦʨʩʢʦʛʦ (ʧʦʟʜʥʝʝ ʢʘʥʜʠʜʘʪʩʢʦʛʦ) ʩʦʚʝʪʘ ʧʦ ʩʪʨʦʠʪʝʣʴʥʳʤ ʩʧʝ-

ʮʠʘʣʴʥʦʩʪʷʤ, ʛʜʝ ʚʦʟʛʣʘʚʣʷʣ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʯʥʦʡ ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ.  

ʆ ʝʛʦ ʧʨʠʟʥʘʥʠʠ ʢʘʢ ʩʧʝʮʠʘʣʠʩʪʘ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʪʚʝʨʞʜʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʝʜʩʝʜʘʪʝʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʧʨʠʩʫʞʜʝʥʠʶ ʫʯʝʥʳʭ 

ʩʪʝʧʝʥʝʡ ʧʨʠ ɺɻʊʋ. 

ɺʘʞʥʦʡ ʠ ʥʝʦʪʜʝʣʠʤʦʡ ʦʪ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʜʣʷ ʧʨʦʬʝʩʩʦʨʘ ɺ. ʉ. ʉʘʬʨʦʥʦʚʘ ʚʩʝʛʜʘ 

ʙʳʣʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɺ 1983 ʛʦʜʫ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʠ ʨʘʩ-

ʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʥʦ-ʵʢʩʧʝʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʘʥʥʘʷ ɸ. ɻ. ɹʘʨʯʝʥʢʦʚʳʤ ʥʘʫʯʥʦ-

ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ɺ. ʉ. ʉʘʬʨʦʥʦʚʳʤ ʚ ʥʘʫʯʥʦ-ʠʩ-

ʧʳʪʘʪʝʣʴʥʳʡ ʮʝʥʪʨ çɼʦʨʤʦʩʪè. ʇʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺʣʘʜʠʤʠʨʘ ʉʝʨʛʝʝʚʠʯʘ ʧʦ ʟʘʢʘʟʘʤ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ, ʜʦʨʦʞʥʳʭ ʠ ʤʦʩʪʦʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʚʳʧʦʣ-

ʥʷʣʩʷ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʪʨʦʷʱʠʭʩʷ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʦʩʪʘʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ 

ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ ï ʦʪ ʂʘʣʠʥʠʥʛʨʘʜʘ ʜʦ ʉʘʭʘʣʠʥʘ. ɽʛʦ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ ʤʦʥʠʪʦʨʠʥʛʝ, 

ʜʠʘʛʥʦʩʪʠʢʝ, ʧʘʩʧʦʨʪʠʟʘʮʠʠ, ʦʙʩʣʝʜʦʚʘʥʠʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙʦʚ 

ʫʩʠʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷʭ ʩʦʪʝʥ ʤʦʩʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʯʝʨʝʟ ʢʨʫʧʥʳʝ ʚʦʜʥʳʝ ʧʨʝ-

ʛʨʘʜʳ: ɺʦʣʛʫ, ɼʦʥ, ɼʥʝʧʨ, ɺʦʨʦʥʫ, ɺʦʨʦʥʝʞ, ʉʫʨʫ ʠ ʜʨ.) ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʚ ʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʅʘʢʦʧʣʝʥʥʳʡ ɺʣʘʜʠʤʠʨʦʤ ʉʝʨʛʝʝʚʠʯʝʤ ʦʙʰʠʨʥʳʡ ʦʧʳʪ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʙʳʣ ʚʦʩʪʨʝʙʦʚʘʥ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʝʛʦ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʙʘʟʦʚʦʛʦ ʵʢʩʧʝʨʪʥʦʛʦ ʮʝʥʪʨʘ (ʌʉɹʕʎ) ʧʦ ʧʨʦʚʝʨʢʝ ʪʝʭ-

ʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤ-

ʥʳʭ ʦʙʣʘʩʪʝʡ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʦʟʛʣʘʚʣʷʷ ʦʢʦʣʦ ʜʝ-

ʩʷʪʠ ʣʝʪ ʨʘʙʦʪʫ ʌʉɹʕʎ, ʦʥ ʤʥʦʛʦʢʨʘʪʥʦ ʣʠʯʥʦ ʠʥʩʧʝʢʪʠʨʦʚʘʣ ʨʘʙʦʪʫ ʧʨʦʬʠʣʴʥʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦʟʝʤʴʷ.  

ʇʨʦʬʝʩʩʦʨ ɺ. ʉ. ʉʘʬʨʦʥʦʚ ʙʳʣ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʠ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʩʝʤʠʥʘʨʦʚ, ʩʠʤʧʦʟʠʫʤʦʚ, ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʩʦʚʝʱʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. ʇʦ ʩʘʤʳʤ ʨʘʟ-

ʥʳʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʝʤʫ ʧʨʠʭʦʜʠʣʦʩʴ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʧʝʨʝʜ ʢʦʣʣʝʛʘʤʠ, ʪʘʢ ʠ ʧʝ-

ʨʝʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʦʙʣʘʩʪʠ. ɽʛʦ ʘʢʪʠʚʥʘʷ ʧʦʟʠʮʠʷ, ʫʥʠʢʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʦʧʳʪ, ʦʪʢʨʳʪʦʩʪʴ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʣʠ ʧʨʠʥʷʪʠʶ ʚʝʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʥʠʩʢʘʣʠ ʫʚʘʞʝʥʠʝ ʩʨʝʜʠ ʫʯʸʥʳʭ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʦʚ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʫʢʦʚʦʜʠʪʝʣʝʡ. 

ʉ 2010 ʛʦʜʘ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ɺ. ʉ. ʉʘʬʨʦʥʦʚʘ ʚʫʟʦʤ ʙʳʣ ʫʯʨʝʞʜʝʥ ʠ ʥʘʯʘʣ ʠʟʜʘʚʘʪʴʩʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠè, ʛʣʘʚʥʳʤ ʨʝʜʘʢʪʦʨʦʤ 

ʢʦʪʦʨʦʛʦ ʦʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 15 ʣʝʪ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʪʫʩ ʞʫʨʥʘʣʘ ʙʳʣ ʠʟʤʝʥʝʥ ʥʘ ʥʘʫʯʥʳʡ, ʝʛʦ 

ʪʝʤʘʪʠʢʘ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʩ ʧʷʪʠ ʨʘʟʜʝʣʦʚ ʜʦ ʩʝʤʠ. ɹʣʘʛʦʜʘʨʷ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʠ ʢ ʫʨʦʚʥʶ ʠ 

ʘʢʪʫʘʣʴʥʦʩʪʠ ʦʪʙʠʨʘʝʤʳʭ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʞʫʨʥʘʣ ʧʨʠʦʙʨʝʣ ʠʟʚʝʩʪʥʦʩʪʴ ʠ ʘʚʪʦʨʠʪʝʪ, ʚ ʥʝʤ 

ʥʘʨʷʜʫ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʚʫʟʘ ʧʫʙʣʠʢʫʶʪʩʷ ʘʚʪʦʨʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʨʫʧʥʳʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ 

ʩʪʨʘʥʳ. ɺ 2020 ʛʦʜʫ ʞʫʨʥʘʣ ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʇʝʨʝʯʝʥʴ ɺɸʂ (ʢʚʘʨʪʠʣʴ 2), ʘ ʚ 2025 ʛʦʜʫ ï ʚ 

çɹʝʣʳʡ ʩʧʠʩʦʢè ʈʎʅʀ (ʫʨʦʚʝʥʴ 3).  

ɺ ʟʥʘʢ ʧʨʠʟʥʘʥʠʷ ʥʘʫʯʥʦʡ ʠ ʠʥʞʝʥʝʨʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʟʘʩʣʫʛ ɺʣʘʜʠʤʠʨʘ ʉʝʨʛʝʝ-

ʚʠʯʘ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʦʥ ʙʳʣ ʥʘʛʨʘʞʜʝʥ ʤʝʜʘʣʴʶ çɿʘ ʜʦʙʣʝʩʪʥʳʡ ʪʨʫʜè, ʧʦʯʝʪʥʳʤʠ ʟʥʘʢʘʤʠ 

ʄʠʥʚʫʟʘ ʈʉʌʉʈ, ʠʟʙʨʘʥ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʧʦ-

ʣʫʯʠʣ ʟʚʘʥʠʷ ʟʘʩʣʫʞʝʥʥʦʛʦ ʨʘʙʦʪʥʠʢʘ ʚʳʩʰʝʡ ʰʢʦʣʳ ʈʌ, ʧʦʯʝʪʥʦʛʦ ʜʦʨʦʞʥʠʢʘ ʈʌ, ʧʦʯʝʪ-

ʥʦʛʦ ʯʣʝʥʘ ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠʥʞʝʥʝʨʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʦʡ ʙʘʣʦʯʥʦʡ ʬʝʨʤʳ ʨʝʛʫʣʷʨʥʦʛʦ ʪʠʧʘ. ʉʠʤʤʝʪʨʠʯʥʘʷ ʬʝʨʤʘ 

ʠʤʝʝʪ ʪʨʝʫʛʦʣʴʥʫʶ ʨʝʰʝʪʢʫ ʩ ʨʘʩʢʦʩʘʤʠ ʨʘʟʥʦʡ ʜʣʠʥʳ ʠ ʜʚʝ ʦʧʦʨʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ï ʥʝʧʦʜʚʠʞʥʳʡ ʰʘʨʥʠʨ, 

ʜʨʫʛʘʷ ï ʧʦʜʚʠʞʥʳʡ ʰʘʨʥʠʨ. ɺʳʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʬʝʨʤʳ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘ ʝʝ ʫʟʣʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ ʄʘʢʩʚʝʣʣʘ ï ʄʦʨʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʞʝʩʪʢʦʩʪʴ ʩʪʝʨʞʥʝʡ ʥʘ ʧʨʦʜʦʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʦʜʠʥʘʢʦʚʘʷ. ʆʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʩʣʫʯʘʡ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʤʧʴ-

ʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ çMapleè. ʈʘʟʳʩʢʠʚʘʝʪʩʷ ʘʩʠʤʧʪʦʪʠʢʘ ʨʝʰʝʥʠʷ ʠ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʩʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ 

ʦʧʦʨʳ. ɺʳʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʠʡ ʚ ʭʘʨʘʢʪʝʨʥʳʭ ʩʪʝʨʞʥʷʭ ʧʦʷʩʦʚ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʦʩʢʘʷ ʬʝʨʤʘ, ʠʥʜʫʢʮʠʷ, çMapleè, ʬʦʨʤʫʣʘ ʄʘʢʩʚʝʣʣʘ ï ʄʦʨʘ, ʧʨʦʛʠʙ, ʘʩʠʤʧʪʦʪʠʢʘ, 

ʩʤʝʱʝʥʠʝ ʦʧʦʨʳ. 

 

ɺʚʝʜʝʥʠʝ. ʈʘʩʯʝʪ ʧʨʦʛʠʙʘ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʥʘ ʧʨʘʢʪʠʢʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [1ï3]. ɺ ʩʧʨʘʚʦʯʥʠʢʝ [4] ʧʨʠʚʝ-

ʜʝʥʳ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʛʠʙʘ ʧʣʦʩʢʠʭ ʬʝʨʤ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʚ ʩʠʩʪʝʤʝ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ çMapleè. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʩʭʝʤʘ ʧʣʦʩʢʦʡ 

ʬʝʨʤʳ ʩ ʨʘʩʢʦʩʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʨʝʰʝʪʢʦʡ. ʆʩʦʙʝʥʥʦʩʪʴ ʨʝʰʝʪʢʠ ï ʨʘʟʥʳʡ ʥʘʢʣʦʥ ʥʠʩʭʦʜʷʱʠʭ 

ʠ ʚʦʩʭʦʜʷʱʠʭ ʨʘʩʢʦʩʦʚ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ 

ʠ ʨʘʟʤʝʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ [4].  

ʈʘʥʝʝ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ ʜʣʷ ʨʝʛʫʣʷʨʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʩʠʩʪʝʤ ʟʘʥʠʤʘʣʠʩʴ 

ɺ. ɸ. ʀʛʥʘʪʴʝʚ [3], R. G. Hutchinson ʠ N. A. Fleck [5, 6]. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ 

ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʛʫʣʷʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ [2, 3] ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. ʉʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ɸ. ɺ. ʄʘʪʨʦʩʦʚ ʠ ɼ. ʇ. ɻʦʣʦʩʢʦʢʦʚ. ɺ [7, 8] ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʦʥʠ ʧʨʠʤʝʥʷʣʠ ʩʠʩʪʝʤʫ çMapleè. ɺ [9] ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʪʦʥʢʦʡ ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ ʧʣʘʩʪʠʥʳ ʚ ʬʦʨʤʝ ʩʝʢʪʦʨʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʠʙʘ ʚʥʝʰʥʝ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʦʡ ʧʣʦʩʢʦʡ ʬʝʨʤʳ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ 

ʟʘʜʘʥʥʳʤ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ ʚʳʧʦʣʥʠʣʠ ɽ. ɺ. ʂʦʤʝʨʟʘʥ ʠ ʆ. ɺ. ʉʚʠʨʠʜʝʥʢʦ [10].  

ʌʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʩʦʩʪʘʚʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʝʨʤʳ ʤʝ-

ʪʦʜʦʤ ʠʥʜʫʢʮʠʠ ʚ ʩʠʩʪʝʤʝ çMapleè ʚʳʚʝʜʝʥʳ ʚ [11]. ɸ. ɼ. ʀʚʘʥʠʮʢʠʡ [12] ʧʨʠʚʝʣ ʧʨʦʩʪʳʝ 

ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʜʝʬʦʨʤʘʮʠʡ ʧʣʦʩʢʦʡ ʨʘʤʳ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ. ɸʥʘʣʠʪʠ-

ʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʝʨʚʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʨʝʛʫʣʷʨʥʦʡ ʨʝʰʝʪʯʘʪʦʡ ʨʘʤʳ ʚʳʧʦʣʥʝʥ ʚ [13]. ɼʝ-

ʬʦʨʤʘʮʠʠ ʧʣʦʩʢʦʡ ʰʧʨʝʥʛʝʣʴʥʦʡ ʬʝʨʤʳ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ ʨʘʩʩʯʠʪʘʥʳ ʚ [14]. 

ɺ ʨʘʙʦʪʝ [15] ɺ. ʄ. ʆʚʩʷʥʥʠʢʦʚʘ ʥʘʰʣʘ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʛʠʙʘ ʧʣʦʩʢʦʡ ʚʥʝʰʥʝ 

ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʦʡ ʬʝʨʤʳ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʦʛʠʙʘ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ ʬʝʨʤʳ ʯʝʪʳʨʝʭʩʢʘʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʣʫʯʝʥʘ ʚ [16]. 

 
2É ʂʠʨʩʘʥʦʚ ʄ. ʅ., 2025 
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ ʧʣʦʩʢʦʡ ʨʘʩʢʦʩʥʦʡ ʬʝʨʤʳ ʨʝʛʫʣʷʨʥʦʛʦ ʪʠʧʘ ʠ 

ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʝʝ ʧʨʦʛʠʙʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʚʥʦʤʝʨʥʦʡ ʫʟʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʬʝʨʤʳ. ʉʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʘʷ ʬʝʨʤʘ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʦʷʩʘʤʠ 

ʠʤʝʝʪ ʜʚʝ ʦʧʦʨʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ï ʥʝʧʦʜʚʠʞʥʳʡ ʰʘʨʥʠʨ, ʜʨʫʛʘʷ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʧʦʜʚʠʞ-

ʥʳʡ ʰʘʨʥʠʨ. ɺʩʝʛʦ ʬʝʨʤʘ ʩʦʩʪʦʠʪ ʠʟ 2n ʦʜʠʥʘʢʦʚʳʭ ʧʘʥʝʣʝʡ ʚ ʩʨʝʜʥʝʡ ʝʝ ʯʘʩʪʠ. ɼʚʝ ʙʦʢʦʚʳʝ 

(ʦʧʦʨʥʳʝ) ʧʘʥʝʣʠ ʫʢʦʨʦʯʝʥʳ ʠ ʩʦʩʪʘʚʣʝʥʳ ʠʟ ʯʝʪʳʨʝʭ ʩʪʝʨʞʥʝʡ ʢʘʞʜʘʷ. ɼʣʠʥʘ ʧʘʥʝʣʠ ï 3a. 

ɺʳʩʦʪʘ ʬʝʨʤʳ ï 2h. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʩʪʝʨʞʥʠ ʬʝʨʤʳ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʞʝʩʪʢʦʩʪʴ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ-ʩʞʘʪʠʝ (ʨʠʩ. 1). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʫʟʣʳ ʥʠʞʥʝʛʦ ʧʦʷʩʘ.  
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʬʝʨʤʳ ʩ ʥʘʛʨʫʟʢʦʡ ʧʦ ʥʠʞʥʝʤʫ ʧʦʷʩʫ, n = 4 

 

ʏʠʩʣʦ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʦʚ ʬʝʨʤʳ 4 7n . ʆʙʱʝʝ ʯʠʩʣʦ ʩʪʝʨʞʥʝʡ 8 11n , ʥʝ ʚʢʣʶ-

ʯʘʷ ʪʨʠ ʩʪʝʨʞʥʷ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʦʧʦʨʳ. 

ʈʘʩʯʝʪ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ. ʇʨʦʛʠʙ ʬʝʨʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʄʘʢʩʚʝʣʣʘ ï 

ʄʦʨʘ. ɺ ʬʦʨʤʫʣʫ ʚʭʦʜʷʪ ʫʩʠʣʠʷ ʚ ʩʪʝʨʞʥʷʭ, ʥʘʡʪʠ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʫʟ-

ʣʦʚ. ɺ ʩʠʩʪʝʤʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ çMapleè ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝ-

ʩʠʷ ʫʟʣʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ ʫʩʠʣʠʡ, ʢʦʪʦ-

ʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʧʦ ʜʘʥʥʳʤ ʦ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʩʪʝʨʞʥʝʡ ʚ ʫʟʣʳ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʪʨʝʙʫʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ. ʋʟʣʳ ʠ ʩʪʝʨʞʥʠ ʬʝʨʤʳ ʥʫʤʝʨʫ-

ʶʪʩʷ (ʨʠʩ. 2). ɼʣʠʥʘ ʧʨʦʣʝʪ ʬʝʨʤʳ 6( 1)AB L n a . ɺ ʣʝʚʦʡ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʝ A ʨʘʟʤʝ-

ʱʘʝʪʩʷ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ: 

2 4 2 4

2 4 2 4

3 5 3 5

4 7 0 4 7

3 ( 1), 0, 1,..,2 3,

, ,

3 , 2 ,

3 ( ) , 2 , 1,.., 1,

, .

i i

n n

i n i n

i n i n

n n

x a i y i n

x a y h

x ai a y h

x a i n a y h i n

x L a y h

 

ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʪʝʨʞʥʝʡ ʚ ʫʟʣʳ ʢʦʜʠʨʫʝʪʩʷ ʫʩʣʦʚʥʳʤʠ ʩʧʠʩʢʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʥʦʤʝʨʘ ʢʦʥʮʦʚ ʵʪʠʭ ʩʪʝʨʞʥʝʡ. ʅʘʧʨʠʤʝʨ, ʩʪʝʨʞʥʠ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʢʦʜʠʨʫʶʪʩʷ 

ʩʧʠʩʢʦʤ: [ , 1], 1,...,2 2.
i

i i i n  ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʫʟʣʦʚ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʷʜʢʘ n ʬʝʨʤʳ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ: GS = R . ɿʜʝʩʴ R  ï ʚʝʢʪʦʨ ʫʟʣʦʚʳʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ, G  ï ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʠʟ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠ-

ʥʫʩʦʚ ʨʘʟʤʝʨʦʤ , ʚʝʢʪʦʨ S ï ʚʝʢʪʦʨ ʠʩʢʦʤʳʭ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ, ʚʢʣʶʯʘʷ ʪʨʠ ʦʧʦʨʥʳʝ 

ʨʝʘʢʮʠʠ.  
 

 
 

ʈʠʩ. 2. ʅʦʤʝʨʘ ʫʟʣʦʚ ʬʝʨʤʳ, n = 3 
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ʇʨʦʛʠʙ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ P ʥʘ ʫʟʣʳ ʥʠʞʥʝʛʦ 

ʧʦʷʩʘ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ, ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ, 

ʠʤʝʶʪ ʚʠʜ: 
2

, 2,..,2 2
i

R P i n . ɺ ʯʝʪʥʳʝ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ ʥʘʛʨʫʟʦʢ ʚʚʦʜʷʪʩʷ ʚʝʨʪʠʢʘʣʴ-

ʥʳʝ ʥʘʛʨʫʟʢʠ, ʚ ʥʝʯʝʪʥʳʝ ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ ʦʪ ʜʝʡ-

ʩʪʚʠʷ ʙʝʟʨʘʟʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ P = 1 ʧʨʠ a = h = 2 ʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3 ʜʣʷ n = 3. ʉʞʘʪʳʝ ʩʪʝʨʞʥʠ 

ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ, ʨʘʩʪʷʥʫʪʳʝ ï ʢʨʘʩʥʳʤ. ɹʝʟʨʘʟʤʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʧʨʠʚʝʜʝʥʳ 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʪʨʝʭ ʟʥʘʯʘʱʠʭ ʮʠʬʨ.  
 

 
 

ʈʠʩ. 3. ʅʘʛʨʫʟʢʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ, n = 3 

 

ɺʝʨʭʥʠʡ ʧʦʷʩ ʦʪ ʪʘʢʦʡ ʥʘʛʨʫʟʢʠ ʩʞʘʪ, ʥʠʞʥʠʡ ʨʘʩʪʷʥʫʪ. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʩʠ-

ʣʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʯʝʪʥʦʩʪʠ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. ʇʨʠ n = 2 (ʨʠʩ. 4) ʫʩʠʣʠʷ ʚ ʩʨʝʜʥʠʭ 

ʩʪʝʨʞʥʷʭ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʧʨʠ n = 3 ʚ ʥʠʞʥʝʤ ʧʦʷʩʝ ʫʩʠʣʠʷ 

ʥʘʠʙʦʣʴʰʠʝ ʚ ʯʝʪʚʝʨʪʠ ʧʨʦʣʝʪʘ (ʨʠʩ. 3). ɽʱʝ ʙʦʣʴʰʝʝ ʨʘʟʣʠʯʠʝ ʠʤʝʶʪ ʫʩʠʣʠʷ ʚ ʜʚʫʭ ʩʨʝʜʥʠʭ 

ʨʘʩʢʦʩʘʭ ʨʝʰʝʪʢʠ, ʦʙʨʘʟʫʶʱʠʭ ʙʫʢʚʫ çVè. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʩʞʘʪʳ, ʚ ʜʨʫʛʦʤ ʨʘʩʪʷʥʫʪʳ. 

ʕʪʠ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʩʠʣʠʡ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʣʷ ʜʨʫʛʠʭ ʯʠʩʝʣ ʧʘʥʝʣʝʡ.  
 

 
 

ʈʠʩ. 4. ʅʘʛʨʫʟʢʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ, n = 2 

 

ɿʘʚʠʩʠʤʦʩʪʠ ʫʩʠʣʠʡ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʝʨʞʥʷʭ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠ ʢʘʢ ʦʙʦʙʱʝʥʠʝ ʨʷʜʘ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. 

ʆʧʨʝʜʝʣʠʤ ʫʩʠʣʠʷ ʚ ʩʪʝʨʞʥʷʭ I, II  ʠ III  ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʠ ʩʪʝʨʞʥʷʭ IV, V ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʬʝʨʤʳ 

(ʨʠʩ. 2). ʆʩʦʙʝʥʥʦʩʪʴ ʨʝʰʝʪʢʠ ʬʝʨʤʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʵʪʠ ʫʩʠʣʠʷ ʤʝʪʦʜʦʤ ʩʝʯʝʥʠʡ. ʇʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʷ ʬʝʨʤʫ ʥʘ ʥʘʛʨʫʟʢʫ ʧʦ ʥʠʞʥʝʤʫ ʧʦʷʩʫ ʧʨʠ n = 2, 3, 4, é, ʧʦʣʫʯʘʝʤ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʝʨʞʥʝ I: 

15 / (2 ), 15 / (2 ), 21 / , 21 / , 81 / (2 ),...
I

S Pa h Pa h Pa h Pa h Pa h  
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ɸʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʩʠʣʠʡ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʪʝʨʞʥʝʡ. ʀʥʜʫʢʪʠʚʥʦʝ 

ʦʙʦʙʱʝʥʠʝ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʝʪʦʜʘʤʠ çMapleè ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʩʠʣʠʡ: 

2

2

2

2

(3 3(( 1) 2) 3(( 1) 1) ) / (4 ),

3 ( 1)( ( 1) 1) / (4 ),

3 ( 1) / (4 ),

(3 3(( 1) 2) 3(( 1) 3) ) / (4 ),

(3 3(( 1) 2) (3( 1) 1) ) / (4 ).

n n

I
n

II

III
n n

IV
n n

V

S P an an a h

S P n n a h

S P n a h

S P an an a h

S P an an a h

 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʜʝʣʝʥʥʳʭ ʫʩʠʣʠʡ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʥʘʛʨʫʟʢʝ P, ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5. ʕʪʠ ʢʨʠʚʳʝ ʠʤʝʶʪ ʢʚʘʜʨʘʪʠʯʥʳʝ ʘʩʠʤʧʪʦʪʳ, ʚʳʯʠʩʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʧʨʝʜʝʣʘ 2lim / ( ) 3 / (4 ), , , ,K
n

S Pn a h K I II III
­¤

=- = ʠ 2lim / ( ) 3 / (4 ), , .K
n

S Pn a h K IV V
­¤

= =   

ʕʪʠ ʘʩʠʤʧʪʦʪʳ ʥʘ ʨʠʩ. 4 ʦʪʤʝʯʝʥʳ ʧʫʥʢʪʠʨʦʤ. 
 

 
 

ʈʠʩ. 5. ʋʩʠʣʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʩʪʝʨʞʥʷʭ ʥʠʞʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ 

 

ʇʨʦʛʠʙ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʨʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʤ ʩʤʝʱʝʥʠʝʤ ʩʨʝʜʥʝʛʦ ʫʟʣʘ C. ɺʳʯʠʩʣʝ-

ʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʄʘʢʩʚʝʣʣʘ ï ʄʦʨʘ: 

( ) (1)

1

/ ( ),p

E
S S l EF  

ʛʜʝ 
( )pS  ï ʫʩʠʣʠʝ ʚ ʩʪʝʨʞʥʝ ʩ ʥʦʤʝʨʦʤ  ʦʪ ʜʝʡʩʪʚʠʷ ʥʘ ʬʝʨʤʫ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ;  

(1)S  ï ʫʩʠʣʠʝ ʧʨʠ ʜʝʡʩʪʚʠʠ ʝʜʠʥʠʯʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠʣʳ ʥʘ ʫʟʝʣ C; l  ï ʜʣʠʥʘ ʩʪʝʨʞʥʷ . 

ʇʨʦʜʦʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ EF ʩʪʝʨʞʥʝʡ ʜʣʷ ʚʩʝʡ ʬʝʨʤʳ ʦʜʠʥʘʢʦʚʘʷ. ʇʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʰʝʥʠʡ ʜʣʷ ʬʝʨʤ ʩ 

ʯʠʩʣʦʤ ʧʘʥʝʣʝʡ n = 1, 2, ..., 10: 
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3 3 3 3 2

,1
3 3 3 3 3 2

,2
3 3 3 3 2

,3
3 3 3 3 3 2

,4
3 3 3

,5

(888 48 48 24 ) / (16 ),

(3942 128 6 80 40 ) / (16 ),

(12192 192 192 56 ) / (16 ),

(29058 336 10 256 72 ) / (16 ),

(59832 432 432 88

C

C

C

C

C

P a c f h h EF

P a c d f h h EF

P a c f h h EF

P a c d f h h EF

P a c f 3 2) / (16 ),  ... ,h h EF

 

ʛʜʝ 2 2 ,c a h= +  2 2 ,4d a h= +
2 2.4af h+=  ʆʙʱʠʝ ʯʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʧʨʠ ʢʫʙʠʯʝʩʢʠʭ ʩʪʝʧʝʥʷʭ ʨʘʟʤʝʨʦʚ ʥʘʭʦʜʷʪʩʷ ʤʝʪʦʜʘʤʠ ʩʠʩʪʝʤʳ çMapleè ʠʟ ʨʝʰʝʥʠʷ ʦʜ-

ʥʦʨʦʜʥʳʭ ʣʠʥʝʡʥʳʭ ʨʝʢʫʨʨʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ:  

 3 3 3 3 3 2

, 1 2 3 4 5
( ) / ( ).

C n
P C a C c C d C f C h h EF   (1)

 
ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʠʥʦʤʳ ʧʦ ʯʠʩʣʫ ʧʘʥʝʣʝʡ: 

4 3 2 ( 1) ( 1)

1
2

2

3
2 ( 1) ( 1)

4

5

(90 360 624 6(3( 1) 85) 45( 1) 129) / 32,

(6 2(( 1) 7) ( 1) 7) / 8,

( 1)(( 1) 1) / 16,

(6 2(( 1) 5) 3( 1) 3) / 8,

1 / 2.

n n

n n

n

n n

C n n n n

C n n

C n

C n n

C n

 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʛʠʙ ʬʝʨʤʳ ʦʪ ʜʝʡʩʪʚʠʷ ʦʜʥʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦ-

ʣʝʪʘ ʠʤʝʝʪ ʪʦʪ ʞʝ ʚʠʜ (1), ʥʦ ʩ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

 

3 2

1

2

3

4

5

(36 108 132 9( 1) 51) / 16,

(2 ( 1) 3) / 4,

(( 1) 1) / 16,

(2 ( 1) 1) / 4,

1 / 2.

n

n

n

n

C n n n

C n

C

C n

C

 (2) 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ: 

 ,' / ( )C n sumEF LPD = D ,  (3) 

ʛʜʝ (2 1)sumP n P= +  ï ʦʙʱʘʷ (ʩʫʤʤʘʨʥʘʷ) ʥʘʛʨʫʟʢʘ ʥʘ ʫʟʣʳ ʥʠʞʥʝʛʦ ʧʦʷʩʘ ʬʝʨʤʳ. ʂʨʠʚʳʝ ʦʙ-

ʥʘʨʫʞʠʚʘʶʪ ʥʝʣʠʥʝʡʥʳʝ ʘʩʠʤʧʪʦʪʳ. ʂʨʠʚʘʷ ʨʦʩʪʘ ʧʨʦʛʠʙʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʧʘʥʝʣʝʡ 

ʠʤʝʝʪ ʚʠʜ ʢʚʘʜʨʘʪʥʦʡ ʧʘʨʘʙʦʣʳ:  

2 2 2lim '/ 15 / (64 ).
n

n a h
­¤
D =  

ɸʩʠʤʧʪʦʪʠʢʘ ʧʨʦʛʠʙʘ (1) ʬʝʨʤʳ ʦʪ ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (2) 

ʠʤʝʝʪ ʚʠʜ  

2 2 2lim '/ 3 / (8 ).
n

n a h
­¤
D =  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʬʦʨʤʫʣʝ (3) ʩʣʝʜʫʝʪ ʙʨʘʪʴ .sumP P=  

ʆʪ ʜʝʡʩʪʚʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʣʝʚʘʷ ʧʦʜʚʠʞʥʘʷ ʦʧʦʨʘ ʩʤʝʱʘʝʪʩʷ. ʇʦ ʬʦʨʤʫʣʝ 

ʄʘʢʩʚʝʣʣʘ ï ʄʦʨʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʵʪʦʛʦ ʩʤʝʱʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʯʥʦʡ ʩʠʣʳ 
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ʙʝʨʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʦʧʦʨʝ A. ʇʦʩʣʝ ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʙʦʙʱʝʥʠʷ ʩʝʨʠʠ 

ʨʝʰʝʥʠʡ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: 

2 23 ( 1)(4 6 3( 1) 1) / (4 ).n

A
P n n n a hEF  

ɼʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʜʚʠʛʘ ' / ( )A sumEF LPd d=  ʚ ʩʠʩʪʝʤʝ çMapleè ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʝʜʝʣ 

lim '/ / (4 ).
n

n a hd
­¤

= ɺ ʧʨʝʜʝʣʝ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʜʚʠʛʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ ʣʠʥʝʡʥʘʷ. 

 

 
 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ 

 

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʩʩʤʦʪʨʝʥʘ ʥʦʚʘʷ ʩʭʝʤʘ ʨʘʩʢʦʩʥʦʡ ʩʪʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʤʦʡ ʙʘʣʦʯʥʦʡ 

ʬʝʨʤʳ. ɺ ʩʠʩʪʝʤʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʚʳʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʛʠʙʘ ʠ 

ʩʜʚʠʛʘ ʧʦʜʚʠʞʥʦʡ ʦʧʦʨʳ ʦʪ ʯʠʩʣʘ ʧʘʥʝʣʝʡ. ʅʘʡʜʝʥʳ ʘʩʠʤʧʪʦʪʳ ʜʣʷ ʧʨʦʛʠʙʘ ʠ ʫʩʠʣʠʡ ʚ ʭʘ-

ʨʘʢʪʝʨʥʳʭ ʩʪʝʨʞʥʷʭ. ɺ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʧʨʦʛʠʙʝ ʬʝʨʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʫʟ-

ʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘʡʜʝʥʘ ʢʚʘʜʨʘʪʠʯʥʘʷ ʘʩʠʤʧʪʦʪʠʢʘ.  
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A design for a statically determinate regular beam truss is proposed. This symmetrical truss has a triangular 

lattice with diagonals of unequal lengths and two supports, one of which is a fixed hinge, the other a movable hinge. A 

formula is derived for the truss deflection as a function of the number of panels when a uniformly distributed load is 

applied to its nodes. The Maxwell ï Mohrôs formula is used under the assumption that the rods have equal longitudinal 

stiffness. The result is generalized to an arbitrary number of panels using induction. Analytical transformations are per-

formed in the Maple computer mathematics system. An asymptotic solution and a formula for calculating the displace-

ment of the movable support are sought. 
 

Keywords: planar truss, induction, Maple, Maxwell ï Mohr formula, deflection, asymptotics, support displacement.  
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ʈʘʩʩʤʦʪʨʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʷʜʨʘ ʩʝʯʝʥʠʷ ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʚʫʤʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʢʨʠʚʳʤʠ: ʦʜʥʦʡ ʠʟ ʢʨʠʚʳʭ ʷʚʣʷʝʪʩʷ ʜʫʛʘ ʦʢʨʫʞʥʦʩʪʠ, ʘ ʜʨʫʛʦʡ ï ʢʚʘʜʨʘʪʥʘʷ ʧʘʨʘʙʦʣʘ. ʇʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʳʣʘ ʥʘʡʜʝʥʘ ʪʦʯʢʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʦʢʨʫʞʥʦʩʪʴ ʩ ʧʘʨʘʙʦʣʦʡ, 

ʧʨʠ ʫʩʣʦʚʠʠ ʧʣʘʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʝʠʭ ʢʨʠʚʳʭ. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʠʤʝʝʪ ʦʜʥʫ ʦʩʴ ʩʠʤʤʝʪʨʠʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʦʣʴʢʦ ʚʝʨʭʥʠʝ ʧʦʣʦʚʠʥʳ ʪʨʝʭ ʵʣʣʠʧʩʦʚ ʧʦ-
ʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʕʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʫʢʨʫʛ ʠ ʯʘʩʪʴ ʧʦʣʫʢʨʫʛʘ, ʛʨʘʥʠʯʘʱʘʷ ʩ ʧʘʨʘʙʦʣʦʡ. ʇʨʠ ʚʳ-

ʯʠʩʣʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʨʦʚʝʜʝʥʳ ʛʣʘʚʥʳʝ 

ʮʝʥʪʨʘʣʴʥʳʝ ʦʩʠ uCv, ʟʘʧʠʩʘʥʳ ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʦʩʷʤʠ x, y ʠ ʦʩʷʤʠ u, v. ʉ ʧʦʤʦʱʴʶ ʦʙʱʠʭ 

ʫʨʘʚʥʝʥʠʡ ʢʦʦʨʜʠʥʘʪ u ,̫ v  ̫ʷʜʨʘ ʩʝʯʝʥʠʷ, ʚʟʷʪʳʭ ʠʟ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʦʩʦʙʘ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʥʥʦʤʫ ʧʦʧʝʨʝʯ-

ʥʦʤʫ ʩʝʯʝʥʠʶ ʩʦʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʜʣʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ. ʅʘʥʝʩʷ ʥʘ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ u ,̫ v  ̫ʚ ʦʩʷʭ 

uCv, ʩʪʨʦʠʤ ʷʜʨʦ ʩʝʯʝʥʠʷ ʠ ʟʘʰʪʨʠʭʦʚʳʚʘʝʤ ʝʛʦ. ʈʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʩʣʫʯʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ xc / r ʮʝʥʪʨʘ 

ʦʢʨʫʞʥʦʩʪʠ ʚ ʛʣʘʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʷʭ u, v ʠ ʧʦʩʪʨʦʝʥʳ ʜʚʘ ʷʜʨʘ ʩʝʯʝʥʠʷ ʜʣʷ ʵʪʠʭ ʩʣʫʯʘʝʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʵʣʣʠʧʩ, ʛʠʧʝʨʙʦʣʘ, ʢʚʘʜʨʘʪʳ ʨʘʜʠʫʩʦʚ ʠʥʝʨʮʠʠ, 

ʛʣʘʚʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʦʩʠ, ʷʜʨʦ ʩʝʯʝʥʠʷ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. 

 
ɺ ʢʘʯʝʩʪʚʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠʤʝʤ ʩʝʯʝʥʠʝ, ʠʟʦʙʨʘʞʝʥʥʦʝ ʥʘ ʨʠʩ. 1. ʆʥʦ ʦʛʨʘʥʠ-

ʯʝʥʦ ʜʚʫʤʷ ʢʨʠʚʳʤʠ: ʦʢʨʫʞʥʦʩʪʴʶ ʠ ʢʚʘʜʨʘʪʥʦʡ ʧʘʨʘʙʦʣʦʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʷʜʨʘ ʩʝʯʝʥʠʷ 

ʧʨʠʤʝʥʠʤ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʦʩʦʙ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [3]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʫʞʥʦ ʥʘʡʪʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ K ï ʪʦʯʢʠ ʧʝʨʝʭʦʜʘ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʘ-

ʨʘʙʦʣʫ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʮʝʥʪʨʦʤ ʦʢʨʫʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ O.  

ʋʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ: 

2 2 2x y r+ = . (1) 

ʋʨʘʚʥʝʥʠʝ ʢʚʘʜʨʘʪʥʦʡ ʧʘʨʘʙʦʣʳ: 

( )2 2

1y b a x a= - -; (2) 

2b
H

a
= , (3) 

ʛʜʝ 
1b O K=  ï ʦʩʥʦʚʘʥʠʝ ʧʘʨʘʙʦʣʳ; H  ï ʚʳʩʦʪʘ ʧʘʨʘʙʦʣʳ; a  ï ʧʘʨʘʤʝʪʨ ʧʘʨʘʙʦʣʳ. 

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ: ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ï r  ʠ H. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ 
1a  ʠ a .  

 
3É ʇʘʭʦʤʦʚʘ ʃ. ɺ., ɹʫʪʫʟʦʚ ɸ. ɸ., ʀʥʢʠʞʠʥʦʚ ʅ. ʉ., ʑʝʨʙʘʢʦʚʘ ʆ. ɺ., 2025 
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ʈʠʩ. 1. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʩʪʝʨʞʥʷ 

 

ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʜʚʝ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥʳ: 
1a  ʠ a. ɺ ʪʦʯʢʝ K  ʧʝʨʝʭʦʜ ʦʢʨʫʞʥʦʩʪʠ ʚ 

ʧʘʨʘʙʦʣʫ ʟʘʜʘʥ ʧʣʘʚʥʦ, ʪʦ ʝʩʪʴ ʫʛʣʳ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʦʜʠʥʘʢʦʚʳ. ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʧʨʦ-

ʠʟʚʦʜʥʳʭ ʵʪʠʭ ʢʨʠʚʳʭ, ʩʯʠʪʘʷ ʦʢʨʫʞʥʦʩʪʴ ʧʝʨʚʦʡ ʢʨʠʚʦʡ, ʘ ʧʘʨʘʙʦʣʫ ï ʚʪʦʨʦʡ: 

'

1

x
y

y
=- ; (4) 

'

2
2

a
y

y
=- . (5) 

ɺ ʪʦʯʢʝ K  
1x a= , y b= . ʇʦʜʩʪʘʚʠʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ K  ʚ ʫʨʘʚʥʝʥʠʷ (4)ï(5): 

' 1
1 ;

a
y

b
=-  (6) 

'

2
2

a
y

b
=- . (7) 

ʇʨʠ ʧʣʘʚʥʦʤ ʧʝʨʝʭʦʜʝ ʢʨʠʚʳʭ ʚ ʪʦʯʢʝ K : 

' '

1 2y y= . (8) 

ʊʦʛʜʘ 

1

2

a a

b b
- =-. (9) 
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ʆʪʩʶʜʘ  

12a a= . (10) 

ʇʦʣʫʯʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 
1a  ʠ a. ʇʦʜʩʪʘʚʠʤ ʚ ʫʨʘʚʥʝʥʠʝ (9) 

ʚʝʣʠʯʠʥʫ a  ʠʟ ʫʨʘʚʥʝʥʠʷ (3): 

2b
a

H
= . (11) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ: 
( )2

1

2

b
a H

b b
- =- , ʠʣʠ ʢʦʨʦʯʝ: 

2

1
2

b
a

H
= . (12) 

ɺʳʨʘʟʠʤ ʚʝʣʠʯʠʥʫ 2b  ʠʟ 
1KOOD : 2 2 2

1b r a= -, ʠ ʧʦʜʩʪʘʚʠʤ ʝʝ ʚ ʫʨʘʚʥʝʥʠʝ (12): 

2 2

1
1

2

r a
a

H

-
= . (13) 

ʇʨʝʦʙʨʘʟʫʝʤ ʫʨʘʚʥʝʥʠʝ (13) ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 
1.a  

2 2

1 12Ha r a= - ; 2 2

1 12 0a Ha r+ - =; ( )
1,2

2 2

1a H H r=- ° - +. 

ʅʦ 
1 0a > , ʟʥʘʯʠʪ, 

2 2

1 .a H r H= + - ʀʪʘʢ, ʟʘʜʘʯʘ ʨʝʰʝʥʘ. ʇʦʣʫʯʝʥʳ: 

2 2

1 ,a H r H= + -  (14) 

a = 2a. (15) 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʘʟʜʝʣʠʤ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʥʘ 3 ʯʘʩʪʠ.  

1. ʇʦʣʫʢʨʫʛ: 

1

4
;

3
c

r
x =- Ö

p
 

2

1 ;
2

r
A
p
=  

4

1 ;
8

x

r
I

p
=  

4

1 0 ;
8

y

r
I

p
=  

4

1 .0,109756ycI rº  

ʇʨʠ 2r =  ʩʤ 
1 0,848826cx =-  ʩʤ, 

1 6,283185A =  ʩʤ2, 1 1 0 6,283185x yI I= =  ʩʤ4, 

1 ,7561111ycI º  ʩʤ4. 

2. ʌʠʛʫʨʘ 
1OO KL (ʨʠʩ. 2). 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ 
2 : A  

;dA y dx= Ö  
2 2 ;y r x= -  

1

2 2

2

0

a

A

A dA r x dx= = - Ö =ñ ñ  

1

2

2

2

 

2 2

1 1 1

2
1 1

1 2 2

cos , sin , sin ;

0 cos cos 0, si

c

, ;
2

, a

n

os cos o, r s .cc

a
arccos

r

x r dx r d r x r

r r d

a a
a r

r r

p

= a =- aÖ a - = a

= =
p
== a a = a = - Ö a

= a a =

a

a=

ñ
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1 1 
2 2

2

2

2 2 2

1 1

arcco

.

1 cos2
sin 2

2 2 4

2

arccos · i

s

s n 2arccos
2 4 4

a
arccos

r

a

r r r
r d

a ar r r

r r

p

- a
=- a= - Öa+ Ö a

p

å õ
- Ö + Ö

å õ
=

ç

æ ö

p+ æ

ç ÷

= ö
÷

ñ
 

ʅʘʡʜʝʤ 
1a  ʧʨʠ 2r =  ʩʤ, 5H=  ʩʤ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (14): 

2 2 2 2

1 5 2 5 0,385165a H r H= + - = + - =  ʩʤ. 

ʅʘʡʜʝʤ ʪʘʢʞʝ a  ʠ b : 

12 2 0,385165 0,770330a a= = Ö =  ʩʤ;  0,770330 5 1,962562b aH= = Ö =  ʩʤ. 

 

 

ʈʠʩ. 2. ʌʠʛʫʨʘ 1OO KL  

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ 0yS  ʬʠʛʫʨʳ 
1OO KL: 

( )

1 1 2

0

2 2

0

0

2

0

cos , sin ,
;     

sin

a a

y y

x r r x r
dS x dA xydx S xydx x r x dx

dx r d

= a - = a
= Ö = = = - = =

= a - a
ñ ñ  

1

1

 
32

3 2 3

1
 

2

2
cos sin sin   sin sin   sin

3
 

a
arccos

r

a
arccos

r

r
r r r d r d

a
arccos

r

p

p

p

=- aÖ aÖ aÖ a= aÖ a= Ö a =ñ ñ  

3 3
3 3 31 1  sin  sin arccos   1 sin arccos .

3 2 3

a ar r

r r

å õ å õp å õ å õ
= - = -æ ö æ öæ ö æ ö

ç ÷ ç ÷ç ÷ ç ÷
 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʝʚʳʭ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʬʠʛʫʨʳ 
1OO KL ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ x  ʠ 

0y : 

( )
( )

1

1 1
arccos

33 4
2 2 42 3

2
2 2 3 32

0 0

2

cos , sin ,
1

    sin  
3 3 3sin

a

a a r

x

x r dx r d
y r

I dx r x dx d
r x r p

= a =- aÖ a

= = - = =- =
- = a

Öa añ ñ ñ  

( )
( )

1 1

24 4 42 2
2

1
arccos arccos

1 cos 2 2
    (1 2cos 2 cos 2 )    sin 2  
3 2 12 12

arccosa a

r r

r r r
d d

a

r

p p p

- a
= a= - a+ a Ö a= a- a +ñ ñ  
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1

4 42

1
arccos

1 cos 4 3 1 2
      sin 2 sin 4

2 12 2 8
arc o

1
c s

2 a

r

r r
d

a

r

p p

+ a å õ
+ a= a- a+ a =æ ö

ç ÷
ñ  

4

1 1 13 3 1
  arccos 2arccos 4arccos ;
12 2 2 2 8

a a ar
sin sin

r r r

å õp å õ å õ
= Ö - + -æ ö æ öæ ö

ç ÷ ç ÷ç ÷
 

1 1 1 2 2
2 2 2 2 2

2 0
2 2 2

0 0 0

cos , sin

sin , cos

a a a

y

x r r x r
I dA x x ydx x r x dx

dx r d x r

è ø= a - = a
= Ö = = - = =é ù

=- aÖ a = aé ùê ú
ñ ñ ñ  

1

1 1

arccos
4 42 2

4 2 2 2

arccos arccos
2

1 4
  sin cos   sin 2    ·

4 4 2

a

r

a a

r r

r r cos
r d d d

p p

p

- a
= =a a a- Ö Ö = Ö =a a añ ñ ñ  

4 4 4 4 4

1 1

1

2
     sin 4     arccos  sin 4arccos  .

8 32 16 8 32
arccos

a ar r r r r

a r r

r

p

å õ p å õ
= Öa- a = - Ö +æ ö æ ö

ç ÷ç ÷
 

ɿʘʧʠʰʝʤ ʪʝʧʝʨʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʛʫʨʳ 
1 1L K KL  (ʩʤ. ʨʠʩ. 1), ʠʩʧʦʣʴ-

ʟʫʷ ʥʘʡʜʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʚʠʥʥʦʡ ʬʠʛʫʨʳ 
1OO KL: 

2 1 1
2

1
sin 2arccos  arccos  ;  

2 2

a a
A r

r r

å õp å õ
= + -æ öæ ö

ç ÷ç ÷

3 3 1
2 0

2
1 sin arccos  ;

3
y

a
S r

r

å õå õ
= - æ öæ ö

ç ÷ç ÷
 

4

1 1 1
2

3 1
3arccos 2sin 2arccos sin 4arccos ;

12 2 4
x

a a ar
I

r r r

å õp å õ å õ
= - + -æ ö æ öæ ö

ç ÷ ç ÷ç ÷
 

4

1 1
2 0 2 4arccos sin 4arccos .

16
y

a ar
I

r r

å õå õ
= p- +æ öæ ö

ç ÷ç ÷
 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ (2r =  ʩʤ, 5H=  ʩʤ, 
1 0,385165a =  ʩʤ): 

2 1,531082A =  ʩʤ2;  2 0  0,293935yS =  ʩʤ3;  
2 0

2

0

  0,191979
y

ʩ

S
X

ɸ
= =  ʩʤ; 

2  2,016332xI =  ʩʤ4;  2 0 0,075333yI =  ʩʤ4. 

3. ʇʘʨʘʙʦʣʘ 
1K BK . 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʚʝʨʭʥʶʶ ʧʦʣʦʚʠʥʫ ʧʘʨʘʙʦʣʳ ï 
1O BK. ʀʟʦʙʨʘʟʠʤ ʚʝʨʭʥʶʶ ʧʦʣʦ-

ʚʠʥʫ ʥʘ ʨʠʩ. 3. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ 
3A : 

( )

2 2

2 2 2

3 3 3

0 0 0

1
;   

b b

H a a

dA ydx A dA ydx b ax dx b ax d b ax
a

= = = = - Ö =- - Ö - =ñ ñ ñ ñ  

( )

2
2 3

2 3
2 2

  .
3 3

0

b
b

b ax a
a a

=- - = Ö 
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ʉʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʧʣʦʱʘʜʠ 
3 1yS : 

( )

2
2

2

3 1 3 1 3 1
2

0 0

3

2

; ;

;  2
;  

3

b

H a

y y y

u x dv b ax dx

dS xydx S dS xydx x b ax dx
du dx v b ax

a

è ø= = - Ö
é ù

= = = = - Ö = =é ù
= =- -é ùê ú

ñ ñ ñ  

( ) ( ) ( ) ( ) ( )

2

2

03 3 3 3
2 2 2 2 22 2 2 22

2

0

0
2 2 2 2

   
3 3 3 3

b

a

b

a

x b ax b ax dx x b ax b ax d b axb
a a a a

a

= =+ Ö- - - = - + - -ñ ñ  

( ) ( )
3 5 5

2 22 2 2
2 2

0
2 4 4

.
3 15 15

b
x b ax b ax b

a a a
a

è ø
= - + - = Öé ù
ê ú

 

 

 
 

ʈʠʩ. 3. ʇʘʨʘʙʦʣʘ 

 

ʂʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ ʚ ʦʩʷʭ
1 1 xO y : 

5 2

3 1

3

3
'

3 2

4 2 2 2
: .

15 3 5 5

y
c

dS b b b
X H

A a a a

å õ
= = Ö Ö = Ö =æ ö

ç ÷
 

ʆʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ: 

( ) ( )

2
2

3 53 5
2 22 2

3

0

1 1 2 2
;

3 3 3 5 15
0

b

a

x

b
y b

I dx b ax dx b ax a
a a

è ø
= = - = - - = Öé ù

ê ú
Öñ ñ  

( )

2 2
2 2

2 2 2 2

3 1
2

0 0 0

3

2

; ;

· 2
2 ;  

3

b b

H a a

y

u x dv b ax dx

I dA x x ydx x b ax dx
du x dx v b ax

a

è ø= = - Ö
é ù

= Ö = = - Ö = =é ù
= Ö =- -é ùê ú

ñ ñ ñ  

( ) ( )
( )

( )
( )

2 3
2 2

3 3 3
2 2 2 2 22 2 2

5
20 2

; ;
2 4 2

     
23 3 3

;  
5

b

a u x dv b ax dx
x b ax x b ax dx x b ax

a a a
du dx v b ax

a

= = -
=- - + - = =-

Ö
- -

= =- -
ñ  
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( ) ( ) ( ) ( )

2

5 5 3 5
2 2 2 2 22 2 2 2 2

2 2 2

0

0
8 8 2 8

 
15 15 3 15

b

a

x b ax b ax dx x b ax x b ax b
a a a a

a

è ø
- - + - = - + - +é ù

ê ú
ñ  

( )
7 7

2 2 2
3 3

0
16 16

.
105 105

b
b ax b

a a
a

+ - =  

ʂʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʧʣʦʱʘʜʠ 
3A  ʚ ʦʩʷʭ 

0xOy : 

'

3 1 3.c cX a x= +  

ɿʘʧʠʰʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʙʦʣʳ 
1K BK  (ʩʤ. ʨʠʩ. 1), ʠʩʧʦʣʴʟʫʷ 

ʥʘʡʜʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʳ ʧʘʨʘʙʦʣʳ 
1O BK:  

3 5 7

3 3 1 3 3 1 3

4 2 4 32
;  ;    ;      . 

3 5 15 105
c x y

b b b
A X a H I I

a a a
= Ö = + = Ö = Ö 

ɼʣʷ ʟʘʜʘʥʥʦʛʦ ʧʨʠʤʝʨʘ 
3 13,083744A =  ʩʤ2; 

3 2,385165cX =  ʩʤ; 
3 10,078796xI =  ʩʤ4; 

3 1 74,764252yI =  ʩʤ4. 

ʇʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ: 

1 2 3 6,283185 1,531082 13,083744 20,898011A A A A= + + = + + =  ʩʤ2. 

ʇʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ C  ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ: 

( )6,283185 0,848826 1,531082 0,191979 13,083744 2,385165
1,252152 ʩʤ.

20,898011

i ci
c

A x
X

A

ä
= =

Ö - + Ö + Ö
= =

 

ʉʦʙʩʪʚʝʥʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʬʠʛʫʨ 2 ʠ 3 ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ 

ʦʩʝʡ 
2  cY  ʠ 

3cY : 

2

2 2

2 2 0 2 0,075333 1,531082 0,191979 0,018904yc y cI I A X- =Ö= = - Ö  ʩʤ4; 

2

' 2

3 332 1

2
( ) 74,764252 13,083744 5 22,429276

5
yc y cI I A x

å õ
= - = -Ö Ö Ö =æ ö

ç ÷
 ʩʤ4. 

ɻʣʘʚʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ  

6,283185 2,016332 10,078796 18,378313u ixI I=ä = + + =  ʩʤ4; 

2

2 2

2 4

( ) 1,756111 0,018904 22,429276 6,283185

( 0,848826 1,252152) 1,531082 (0,191979 1,252152)

13,083744 (2,385165 1,252152) 70,455681 ʩʤ .

yci i ci cvI I A x x=ä +ä - = + + + ³

³ - - Ö - +

+ Ö

+

=-

 

ʂʚʘʜʨʘʪʳ ʨʘʜʠʫʩʦʚ ʠʥʝʨʮʠʠ: 

2 ;u
u

I
i

A
=  (16) 



ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 
 

31 

2 .v
v

I
i

A
=  (17) 

2 18,378313
0,879429

20,898011

u
u

I
i

A
= = =  ʩʤ2;   2 70,455681

3,371406
20,898011

v
v

I
i

A
= = =  ʩʤ2. 

ʂʦʦʨʜʠʥʘʪʳ ʷʜʨʘ ʩʝʯʝʥʠʷ: 

2
2 2

' 2

1
· ;     · ;     .

ʷ

v
ʷ u

ʷ ʷ

v

u

dv iv u
u i v i

v uv v uv du i v
=

¡
=

- -¡
= - - Ö (18) 

ɿʘʧʠʰʝʤ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʘʨʳʤʠ ʦʩʷʤʠ x , y  ʠ ʥʦʚʳʤʠ u , v. ʕʪʘ ʩʚʷʟʴ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝ-

ʜʫʶʱʝʤ: ʦʩʴ u  ʩʢʦʣʴʟʠʪ ʧʦ ʦʩʠ x, ʦʩʴ v  ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʨʘʚʦ ʦʪ ʥʘʯʘʣʴʥʦʡ ʦʩʠ 
0y  ʜʣʷ ʦʢʨʫʞ-

ʥʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ 
cx  ʠ ʪʘʢʞʝ ʚʧʨʘʚʦ ʦʪ ʥʘʯʘʣʴʥʦʡ ʦʩʠ 

1y  ʜʣʷ ʧʘʨʘʙʦʣʳ ʥʘ ʚʝʣʠʯʠʥʫ 
1cx a- . 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʘʢʦʛʦ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʦʩʝʡ ʟʘʧʠʰʝʤ:  

- ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ: 

 

ʠʣʠ ;

ʠʣʠ ;

.

c c

c c

u x x x u x

u x x x u x

v y

= - = +û
î

= - = +ü
î= ý

 (19) - ʜʣʷ ʧʘʨʘʙʦʣʳ: 

- ʜʣʷ ʦʙʝʠʭ ʢʨʠʚʳʭ: 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʦʡ ʩʚʷʟʴʶ ʢʦʦʨʜʠʥʘʪ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʳʭ ʚ ʛʣʘʚʥʳʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʷʭ uCv: 

- ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ:  2 2 2( )cu x v r+ + =; 

- ʜʣʷ ʧʘʨʘʙʦʣʳ:  ( )2 2

1cv b a u x a= - + -. 
(20) 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ v  ʠ 
dv

v
du

¡= : 

- ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ: 

( )

2 2( ) ;

2 2 0,  .

c

c
c

v r u x

u x
u x v v v

v

û=° - +
î
ü+

+ + Ö =-¡=¡ î
ý

 
(21) 

- ʜʣʷ ʧʘʨʘʙʦʣʳ: 

( )2

1 ;

2 ;  .
2

cv b a u x a

a
v v a v

v

û=° - + -
î
ü

Ö =- =-î¡
ý

¡
 

(22) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ v  ʠ v¡ ʠʟ ʫʨʘʚʥʝʥʠʡ (21) ʠ (22) ʚ ʫʨʘʚʥʝʥʠʷ (18) ʧʦʣʫʯʠʤ ʢʦʦʨʜʠ-
ʥʘʪʳ 

ʷu , 
ʷv : 

- ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ: 

( )

2 2

2 2

2 2
2 2

2 2

( )
·   ;

( )
( )

( )

c

c c
ʷ v v

c c c
c

c

u x

r u x u x
u i i

u x r u x u u x
r u x u

r u x

+
°

- + +
= =-

+ - + + +
° - + ° Ö

Ö

- +

 
(23) 
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( )
2

2
;c

ʷ v

c c

u x
u i

r x u x
Ö

+
=-

- +
 

( )

2 2

2 2

2 2
2 2

2 2

( )1
·   · ;

( )
( )

( )

c

ʷ u v
c c c

c

c

r u x
v i i

u x r u x u u x
r u x u

r u x

- +
=- =°

+ - + + +
° - + ° Ö

- +

 

( )

2 2

2

2

( )
;

c

ʷ u

c c

r u x
v i

r x u x

- +
=°

- +
Ö  

(24) 

- ʜʣʷ ʧʘʨʘʙʦʣʳ: 

2

12 2

2

1 2

1

2 (   )2

(   )
2 2 (   )

c

ʷ v v

c

c

a
a

b a u x avu i i
a au

v u b a u x a
v b a u x a

°
- - + -

= = =

°

Ö

+ Ö ° - + -
-

Ö

+ -

 

( )
2

2

1

;
2

v

c

a
i

b a u x a au
=-

è ø- + - +
Ö

ê ú

 

(25) 

( )

2

12 2

2
2

1
1 2

1

2 (   )1
.

2(   )
2 (   )

c

ʷ

c
c

c

u u

b a u x a
v i i

au b a u x a aub a u x a
b a u x a

- + -
=- =°

è ø- + - +ê ú° - + - °
- + -

Ö Ö  
(26) 

ʂʦʦʨʜʠʥʘʪʳ ʷʜʨʘ ʩʝʯʝʥʠʷ ʚ ʩʪʘʨʳʭ ʢʦʦʨʜʠʥʘʪʘʭ: 

- ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ: 

2

2
;ʷ v

c

x
u i

r x x
=-

-
Ö

Ö
 

( )

2 2 2 2
2 2

2 2 2
;

·
ʷ v

c c

uv
r x r x

i i
r x x x x r x x-
Ö

- -
Ö=° =°

- + -
 

(27) 

- ʜʣʷ ʧʘʨʘʙʦʣʳ: 

( )
2

2

1

;
( )2

ʷ v

c

a
u i

b a x a a x x
=-

è ø- - + -ê

Ö

ú

 

( )

2

12

2

1

2 ( )
.

2 ( )
uʷ

c

b a x a
i

b
v

a x a a x x
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(28) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʷʜʨʘ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʠʤ ʪʘʙʣʠʮʳ ʜʣʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ (ʪʘʙʣ. 1, 2). 

ɺʳʧʠʰʝʤ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷ: 

2 0,879429ui =  ʩʤ2;  2  3,371406vi =  ʩʤ2;  2r =  ʩʤ; 

1,252152cx =  ʩʤ;  1,962562b=  ʩʤ; 

1 0,385165a =  ʩʤ;  0,770330a=  ʩʤ. 



ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 
 

33 

ʇʦʣʫʜʫʛʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʟʙʠʪʘ ʥʘ ʯʘʩʪʠ ʧʦ 22,5Ü. ɼʣʷ ʦʢʨʫʞʥʦʩʪʠ ʠ ʧʘʨʘʙʦʣʳ: 

i i cu x x= -; ʜʣʷ ʦʢʨʫʞʥʦʩʪʠ: 
2 2

i i iv y r x= = -; ʜʣʷ ʧʘʨʘʙʦʣʳ: 2 2

1( )i i iv y b a x a= = - -. 

 

ʊʘʙʣʠʮʘ 1 
 

i  ix  
i i cu x x= -  2 2

i i iv y r x= = - 
2

c ir x x- Ö  ʷiu  
ʷiv  ʷi

ʷi

dv

du
 

0 -2 -3,252152 0 6,504304 1,036669 0 Ð 

1 -1,847759 -3,099911 0,765367 6,313675 0,986675 -0,106608 1,056500 

2 -1,414214 -2,666366 1,414214 5,770810 0,826208 -0,215516 0,571773 

3 -0,765367 -2,017519 1,847759 4,958356 0,520407 -0,327724 0,284814 

4 0 -1,252152 2 4 0 -0,439715 0,163312 

5 0,385165 -0,866987 1,962562 3,517715 -0,369145 -0,490641 0,115234 
 

ʊʘʙʣʠʮʘ 2 
 

i  ix  
i i cu x x= -  2

1( )i i iv y b a x a= = - - ( )22 i i cy a x x+ -  
ʷiu  

ʷiv  ʷi

ʷi

dv

du
 

5 0,385165 -0,866987 1,962562 7,035433 -0,369145 -0,490641 0,115234 

6 1,252152 0 1,784316 6,361564 -0,407863 -0,492866 0 

7 2,385165 1,133013 1,520194 5,494771 -0,472648 -0,486609 -0,194413 

8 3,385165 2,133013 1,241233 4,724441 -0,549714 -0,462097 -0,448260 

9 4,385165 3,133013 0,877684 3,954112 -0,656808 -0,390409 -0,931137 

10 5,385165 4,133013 0 3,183782 -0,815726 0 -Ð 

 

ʀʟ ʵʪʠʭ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʪʦʯʢʠ K, ʛʜʝ ʦʢʨʫʞʥʦʩʪʴ ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʧʘʨʘʙʦʣʫ, 

ʢʦʦʨʜʠʥʘʪʳ ʷʜʨʘ ʩʝʯʝʥʠʷ ʦʜʠʥʘʢʦʚʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʷʜʨʘ ʩʝʯʝʥʠʷ, ʠʟʦʙʨʘʟʠʤ ʥʘ ʨʠʩ. 4 ʧʦʧʝʨʝʯʥʦʝ ʩʝ-

ʯʝʥʠʝ ʚʤʝʩʪʝ ʩ ʷʜʨʦʤ ʩʝʯʝʥʠʷ. ʗʜʨʦ ʩʝʯʝʥʠʷ ʟʘʰʪʨʠʭʦʚʘʥʦ. ʂʦʥʪʫʨ ʷʜʨʘ ʩʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʵʣʣʠʧʩʫ ʦʪ ʦʢʨʫʞʥʦʩʪʠ ʠ ʵʣ-

ʣʠʧʩʫ ʦʪ ʧʘʨʘʙʦʣʳ. ʂʘʞʜʳʡ ʵʣʣʠʧʩ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʣʠʥʠʡ: ʩʧʣʦʰʥʦʡ ʠ ʰʪʨʠʭʦʚʦʡ. ʉʧʣʦʰʥʳʝ 

ʣʠʥʠʠ ʷʜʨʘ ʩʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʧʣʦʰʥʳʤ ʣʠʥʠʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʐʪʨʠʭʦʚʳʝ ʣʠ-

ʥʠʠ ʷʜʨʘ ʩʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʰʪʨʠʭʦʚʳʤ ʣʠʥʠʷʤ ʦʢʨʫʞʥʦʩʪʠ ʠ ʚʝʪʚʝʡ ʧʘʨʘʙʦʣʳ, ʫʭʦʜʷ-

ʱʠʭ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 
 

 
ʈʠʩ. 4. ʗʜʨʦ ʩʝʯʝʥʠʷ 
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ɺ ʤʦʥʦʛʨʘʬʠʠ [1] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʝʯʝʥʠʡ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʫʛʦʡ 

ʦʢʨʫʞʥʦʩʪʠ, ʯʘʩʪʴ ʷʜʨʘ ʩʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ, ʠʤʝʝʪ ʬʦʨʤʫ ʣʠʙʦ ʵʣ-

ʣʠʧʩʘ, ʣʠʙʦ ʛʠʧʝʨʙʦʣʳ. ɺʝʣʠʯʠʥʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʫ ʠʣʠ ʠʥʫʶ ʬʦʨʤʫ ʢʨʠʚʦʡ ʷʜʨʘ ʩʝʯʝʥʠʷ, 

ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ cx

r
a=  ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʚ ʛʣʘʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʷʭ. 

ɽʩʣʠ ʵʪʘ ʢʦʦʨʜʠʥʘʪʘ ᾽1, ʪʦ ʷʜʨʦ ʩʝʯʝʥʠʷ ʠʤʝʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ, ʝʩʣʠ ʞʝ 1a>, ʪʦ ʷʜʨʦ ʩʝʯʝʥʠʷ 
ʠʤʝʝʪ ʬʦʨʤʫ ʛʠʧʝʨʙʦʣʳ. ʊʘʢʞʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʩʠʤʤʝʪʨʠʯʥʦʝ ʩʝʯʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʢʚʘʜ-

ʨʘʪʥʦʡ ʧʘʨʘʙʦʣʦʡ, ʪʦ ʷʜʨʦ ʩʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʪʦʡ ʧʘʨʘʙʦʣʝ, ʠʤʝʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ.  

ʇʦʩʪʨʦʝʥʠʷ ʷʜʨʘ ʩʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (18) ʟʘʢʦʥʯʝʥʦ.  

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʷʜʨʘ ʩʝʯʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʞʝ ʧʨʠʤʝʨʘ. ɼʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʷʜʨʘ ʩʝʯʝʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ [4]: 

2

; v
ʷ

u

i
u

a
=-    

2

,u

v

ʷv
i

a
=-  (29) 

ʛʜʝ 
ua , 

va  ï ʦʪʨʝʟʢʠ ʛʣʘʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʦʩʝʡ u , v  ʦʪʩʝʢʘʝʤʳʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʝʯʝʥʠʶ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʝ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʷʜʨʘ ʩʝʯʝʥʠʷ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʜʠʩʢʨʝʪʥʳʤ.  

ʉʥʘʯʘʣʘ ʩʪʨʦʠʪʩʷ ʚ ʤʘʩʰʪʘʙʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ɿʘʪʝʤ ʥʘʜʦ 

ʧʦʩʪʨʦʠʪʴ ʜʚʘ ʵʣʣʠʧʩʘ: ʦʜʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʢʨʫʞʥʦʩʪʠ, ʜʨʫʛʦʡ ï ʧʘʨʘʙʦʣʝ. ʂʘʞʜʳʡ ʵʣ-

ʣʠʧʩ ʩʪʨʦʠʪʩʷ ʧʦ ʯʝʪʳʨʝʤ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʪʦʯʢʘʤ. ɼʣʷ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʢ ʜʚʫʤ ʬʦʨʤʫʣʘʤ (29) 

ʜʦʙʘʚʣʷʝʪʩʷ ʪʨʝʪʴʷ ʬʦʨʤʫʣʘ ʠʟ ʫʨʘʚʥʝʥʠʡ (18): 

2

2

ʷ u

ʷ v

dv i u

du i v
=- Ö, (30) 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʷʜʨʫ ʩʝʯʝʥʠʷ, ʘ ʟʥʘʯʠʪ, ʠ ʢ ʵʣ-

ʣʠʧʩʫ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʡ ʬʦʨʤʫʣʳ, ʝʩʣʠ 0u= , ʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʨʘʚʝʥ ʥʫʣʶ, ʘ 

ʝʩʣʠ 0v= , ʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʨʘʚʝʥ 90Ü.  

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʦʢʨʫʞʥʦʩʪʴ. ʆʢʨʫʞʥʦʩʪʴ ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ v  ʚ ʪʦʯʢʘʭ a  ʠ b, ʛʜʝ 

0u= . ɿʥʘʯʠʪ, ʪʦʯʢʠ  a¡ ʠ b¡ ʵʣʣʠʧʩʘ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʝʡ. ʇʨʦʚʝʜʝʤ 
ʢʘʩʘʪʝʣʴʥʫʶ ae ʢ ʪʦʯʢʝ a  ʦʢʨʫʞʥʦʩʪʠ. ʕʪʘ ʢʘʩʘʪʝʣʴʥʘʷ ʦʪʩʝʢʘʝʪ ʥʘ ʛʣʘʚʥʳʭ ʮʝʥʪʨʘʣʴʥʳʭ 

ʦʩʷʭ ʦʪʨʝʟʢʠ 
uCe a=  ʠ   vCa a= . 

ʊʦʛʜʘ ʧʦ ʬʦʨʤʫʣʘʤ (29): 

2 2 2 2

1 1;      .v v u u
ʷa c ʷa

u v

i i i i
u C v c a

a Ce a Ca
=- =- = =- =¡=  

ʉʣʝʜʫʶʱʠʝ ʜʚʝ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʦʢʨʫʞʥʦʩʪʠ ï o  ʠ d, ʛʜʝ ʦʥʘ ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ u , 

0v= . ʆʧʫʩʢʘʷ ʜʘʣʴʥʝʡʰʝʝ ʚʳʢʣʘʜʢʠ, ʩʯʠʪʘʷ ʠʭ ʦʙʱʝʠʟʚʝʩʪʥʳʤʠ ʠʟ ʢʫʨʩʘ çʉʦʧʨʦʪʠʚʣʝʥʠʝ 
ʤʘʪʝʨʠʘʣʦʚè, ʩʪʨʦʠʤ ʵʣʣʠʧʩ ʦʪ ʦʢʨʫʞʥʦʩʪʠ. ʇʦʣʫʦʩʠ ʵʣʣʠʧʩʘ: 

0 1ʵa ʩd= ¡, 
0 1bɻ ʩa= ¡. ʉʪʨʦʠʤ 

ʵʪʦʪ ʵʣʣʠʧʩ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʮʝʥʪʨʫ ʠ ʧʦʣʫʦʩʷʤ.  

ʊʘʢʞʝ ʢʦʦʨʜʠʥʘʪʫ ʮʝʥʪʨʘ ʠ ʧʦʣʫʦʩʠ ʵʪʦʛʦ ʵʣʣʠʧʩʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʬʦʨʤʫʣʘʤ ʠʟ ʠʩʪʦʯʥʠʢʘ [1]:  

( )
1

2

2 2 2 2
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  1,735737

2 ( 1,252152)

v c
c

c

i x
u

r x
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= = =-
- - -

 ʩʤ; 

2

0 2 2 2 2

3,371406 2
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v
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c
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a
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Ö
= = =

-
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- -
 ʩʤ; 
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2

0
2 2 2 2

0,879429
 0,563909

2 ( 1,252152)

u
ʵ

c

i
b

r x
= = =

- - -
 ʩʤ. 

ʇʝʨʝʭʦʜʠʤ ʢ ʵʣʣʠʧʩʫ ʷʜʨʘ ʩʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʢʚʘʜʨʘʪʥʦʡ ʧʘʨʘʙʦʣʝ. ʆʥ ʩʪʨʦ-

ʠʪʩʷ ʪʘʢʞʝ ʧʦ ʬʦʨʤʫʣʘʤ (29) ʠ (30). ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʦʣʫʯʝʥʠʝ ʧʨʘʚʦʡ ʪʦʯʢʠ ʵʣʣʠʧʩʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʪʚʷʤ ʧʘʨʘʙʦʣʳ, ʫʭʦʜʷʱʠʤʠ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (25), (26), (28) ʢʦʦʨʜʠʥʘʪ ʷʜʨʘ ʩʝʯʝʥʠʷ ʚ ʩʪʘʨʳʭ ʠʣʠ ʥʦʚʳʭ ʢʦʦʨʜʠ-

ʥʘʪʘʭ x  ʠʣʠ u  ʜʣʷ ʧʘʨʘʙʦʣʳ. ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʤʝʥʥʳʝ u x= ­-¤, ʠʩʧʦʣʴʟʫʝʤ 

ʪʝʦʨʠʶ ʧʨʝʜʝʣʦʚ ʠʟ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʠ. ʆʧʫʩʢʘʷ ʚʳʢʣʘʜʢʠ, ʧʦʣʫʯʠʤ 0ʷ ʷu v= =. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʘʚʘʷ ʪʦʯʢʘ ʵʣʣʠʧʩʘ ʦʪ ʧʘʨʘʙʦʣʳ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ C  

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.  

ʆʩʪʘʣʦʩʴ ʦʙʚʝʩʪʠ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʯʘʩʪʠ ʦʙʦʠʭ ʵʣʣʠʧʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʤʫ ʢʦʥʪʫʨʫ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʵʣʣʠʧʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʤʥʠʤʳʤ ʯʘʩʪʷʤ ʦʙʝʠʭ ʢʨʠʚʳʭ, ʠʟʦʙʨʘʞʘʝʤ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ. ʗʜʨʦ ʩʝʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʝ 

ʤʝʞʜʫ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʵʣʣʠʧʩʦʚ, ʟʘʰʪʨʠʭʦʚʳʚʘʝʤ. 

ʂʦʦʨʜʠʥʘʪʳ ʷʜʨʘ ʩʝʯʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʘʯʝ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʝʤ ʵʣʣʠʧʩʘ: 

2 2

2 2

( )
1,ʷ cʵ ʷ

ʵ ʵ

u u v

a b

-
+ = (31) 

ʛʜʝ ɻ
cu  ï ʘʙʩʮʠʩʩʘ ʮʝʥʪʨʘ ʵʣʣʠʧʩʘ; 

ʵa , bɻ  ï ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 

ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ.  

ɺʝʣʠʯʠʥʳ 
ʷu , 

cʵu  ʙʝʨʫʪʩʷ ʩʦ ʩʚʦʠʤʠ ʟʥʘʢʘʤʠ ʚ ʦʩʷʭ uCv. ɿʘʜʘʚʘʷ ʚʝʣʠʯʠʥʫ 
ʷu , ʧʦʣʫ-

ʯʘʝʤ ʦʨʜʠʥʘʪʫ 
ʷv  ʠʟ ʫʨʘʚʥʝʥʠʷ (31): 

2 2( ) .ʵ
ʷ

ʵ

ʵʵ ʷ c

b
v a u u

a
=° Ö - - (32) 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʦʝ ʞʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, ʧʨʠʥʷʚ 2r =  ʩʤ, 10H =  ʩʤ. ʆʧʨʝʜʝʣʠʤ ʢʦ-

ʦʨʜʠʥʘʪʫ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʦ ʚʳʚʝʜʝʥʥʳʤ ʨʘʥʝʝ ʬʦʨʤʫʣʘʤ. ɺʳʯʠʩʣʷʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ: 

2 2 2 2

1 10 2 10 0,198039a H r H= + - = + - =  ʩʤ; 

12 2 0,198039 0,396078a a= = Ö =  ʩʤ;  2 2 2 2

1 2 0,198039 1,990171b r a =-= + =  ʩʤ; 

2 2

1

2
6,283185

2 2

r
A
p pÖ
= = =  ʩʤ2;  

1

4 4 2
0,848826

3 3
cX

r
=- Ö =- Ö =-

p p
 ʩʤ; 

2 1 1
2

1
sin 2arccos arccos

2 2

a a
A r

r r

å õp å õ
= + - =æ öæ ö

ç ÷ç ÷
 

2 1 0,198039 0,198039
2 sin 2arccos arccos 0,790860

2 2 2 2

åp õå õ
= + - =æ öæ ö

ç ÷ç ÷
 ʩʤ2; 

3 3 1
0

3 3

2

2 2 0,198039
1 sin arccos 2 1 sin arccos 0,078246

3 3 2
y

a
S r

r

å õ
= - = -æ

å õ å õå
=

õ
æ öæ ö æ ö
ç ÷ ÷÷ç çç÷

ö  ʩʤ3; 

2 0

2

2

0,078246
0,098938

0,790860

y

c

S
X

A
= = =  ʩʤ; 

3

3

4 4 4
1,990171 10 26,535613

3 3 3

b
A bH

a
= Ö = = Ö Ö =  ʩʤ2; 
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13

2 2
0,198039 10 4,198039

5 5
cX a H= + = + Ö =  ʩʤ; 

  6,283185 0,790860 26,535613 33,609658iA A=ä = + + =  ʩʤ2; 

( )6,283185 0,848826 0,078246 26,535613 4,198039
3,158094

33,609658

ii c
c

A X
X

A

Ö - + + Öä
= = =  ʩʤ. 

ʊʦʛʜʘ 
3,158094

1,579047 1
2

cx

r
= = >, ʟʥʘʯʠʪ, ʢʦʥʪʫʨ ʷʜʨʘ ʩʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʙʦʣʦʡ. 

ʆʩʝʚʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʦʚ:  

0

4

1 1

42
6,283185

8 8
x y

r
I I

p p
= = = =  ʩʤ4; 

4

1

40,109756 0,109756 2 1,756111ycI r= Ö = Ö =  ʩʤ4; 

( )
4

1 1 1
2

3 1
3arccos 2sin 2arccos sin 4arccos

12 2 4
x

a a ar
I

r r r

å õå õ
= Ö p- + - =æ öæ ö

ç ÷ç ÷
 

42 3 0,198039 0,198039 1 0,198039
3arccos 2sin 2arccos sin 4arccos

12 2 2 2 4 2

å õå õ å õ
= Ö p- + - =æ ö æ öæ ö

ç ÷ ç ÷ç ÷
 

1,051038=  ʩʤ4; 

4

1
2 0

12 4arccos sin 4arccos
16

y

a ar
I

r r

å õå õ
= Ö p- + =æ öæ ö

ç ÷ç ÷
 

42 0,198039 0,198039
2 4arccos sin 4arccos 0,010325

16 2 2

å õå õ
= Ö p- + =æ öæ ö

ç ÷ç ÷
 ʩʤ4; 

2

2 0 2

2

2 2 0,010325 0,790860 0,098938 0,002584yc y cI I A x= - = - Ö =  ʩʤ4; 

5
3 3

3

4 4 4
1,990171 10 21,020349

15 15 15
x

b
I b H

a
= Ö = Ö = Ö =Ö  ʩʤ4; 

2

2 3 3 3

3 1 3 3

'

3

32 4 2 16 16
·( ) 1,990171 10 181,958491

105 3 5 175 175
yc y cI I A x bH bH H bH

å õ
= - = - = = Ö Ö =æ ö

ç ÷
 ʩʤ4. 

ɻʣʘʚʥʳʝ ʮʝʥʪʨʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ: 

6,283185 1,051038 21,020349 28,354572u x ixI I I= =ä = + + =  ʩʤ4; 

2( ) 1,756111 0,002584 181,958491y iv ci i c cI I A X xè ø=ä +ä - = + + +ê ú  

2 26,283185 ( 0,848826 3,158094) 0,790860 (0,098938 3,158094)+ Ö - - + Ö - + 
226,535613 (4,198039 3,158094) 320,695380+ Ö - =  ʩʤ4. 

ʂʚʘʜʨʘʪʳ ʨʘʜʠʫʩʦʚ ʠʥʝʨʮʠʠ  

2 28,354572
0,843644

33,609658

u
u

I
i

A
= = =  ʩʤ2; 
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2 320,695380
9,541763

33,609658

v
v

I
i

A
= = =  ʩʤ2. 

ʕʪʦʪ ʩʣʫʯʘʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʪʦʣʴʢʦ ʨʘʟʤʝʨʦʤ H  ʧʘʨʘʙʦʣʳ. ɼʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʷʜʨʘ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʠʤ ʝʱʝ ʜʚʝ ʪʘʙʣʠʮʳ, ʘʥʘʣʦʛʠʯʥʳʝ ʜʚʫʤ ʧʨʝʜʳʜʫʱʠʤ 

(ʪʘʙʣ. 3, 4). ɺʳʧʠʰʝʤ ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʷ.  

2 0,843644ui =  ʩʤ2;  2 9,541763vi =  ʩʤ2;  2r =  ʩʤ;   3,158094cx =  ʩʤ;    1,990171b=  ʩʤ; 

1  0,198039a =  ʩʤ;  0,396078a=  ʩʤ. 

ʊʘʙʣʠʮʘ 3  

 

i  ix  
i i cu x x= -  2 2

i i irv y x= = - 
2

c ir x x- Ö  ʷiu  
ʷiv  ʷi

ʷi

dv

du
 

0 -2 -5,158094 0 10,316188 1,849862 0 Ð 

1 -1,847759 -5,005853 0,765367 9,835397 1,792594 -0,065650 0,578281 

2 -1,414214 -4,572308 1,414214 8,466219 1,593875 -0,140924 0,285858 

3 -0,765367 -3,923461 1,847759 6,417101 1,533875 -0,242921 0,187739 

4 0 -3,153094 2 4 0 -0,421822 0,139613 

5 0,198039 -2,960055 1,990171 3,374574 -0,559954 -0,497543 0,131504 

 

ʊʘʙʣʠʮʘ 4  

 

i  ix  
i i cu x x= -  2

1( )i i iv y b a x a= = - - ( )22 i i cy a x x+ -  
ʷiu  

ʷiv  
ʷi

ʷi

dv

du
 

5 0,198039 -2,960055 1,990171 6,749149 -0,559964 -0,497543 0,131504 

6 3,158094 0 1,669841 5,576738 -0,677687 -0,505224 0 

7 5,198039 2,039945 1,407264 4,768761 -0,792508 -0,497920 
-

0,128166 

8 7,198039 4,039945 1,090062 3,976604 -0,950379 -0,462517 
-

0,327684 

9 9,198039 6,039945 0,629348 3,184447 -1,186794 -0,333462 
-

0,848541 

10 10,198039 7,039945 0 2,788367 -1,355375 0 -Ð 

 

ʅʘ ʨʠʩ. 5 ʠʟʦʙʨʘʞʝʥʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʩ ʷʜʨʦʤ ʩʝʯʝʥʠʷ. ʂʦʦʨʜʠ-

ʥʘʪʳ ʷʜʨʘ ʩʝʯʝʥʠʷ ʚʟʷʪʳ ʠʟ ʪʘʙʣ. 3 ʠ 4. ʂʦʥʪʫʨ ʷʜʨʘ ʩʝʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʨʠʚʳʭ. ʂʨʠʚʘʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʙʦʣʦʡ 0'1'2'3'4'5', ʘ ʚʪʦʨʘʷ ʢʨʠʚʘʷ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʘʷ ʢʚʘʜʨʘʪʥʦʡ ʧʘʨʘʙʦʣʝ, ʷʚʣʷʝʪʩʷ ʵʣʣʠʧʩʦʤ 5'6'7'8'9'10'. ɺʳʯʠʩʣʠʤ ʚʝʣʠʯʠʥʳ, ʦʪ-
ʥʦʩʷʱʠʝʩʷ ʢ ʛʠʧʝʨʙʦʣʝ.  

ɸʙʩʮʠʩʩʘ ʮʝʥʪʨʘ G  ʩʠʤʤʝʪʨʠʠ ʛʠʧʝʨʙʦʣʳ: 

( )

( )

2

22 2 2

9,541763 3,158094
5,044529

3,158094 2

v c
G

c

i x
u

x r

Ö -Ö
=- =- =

- - -
 ʩʤ. 

ʇʦʣʫʦʩʠ ʛʠʧʝʨʙʦʣʳ: 

( )

2

22 2 2

9,541763 2
3,194667

3,158094 2

v
ʛ

c

i r
a

x r

Ö
= = =
-

Ö

- -
 ʩʤ; 

( )

2

2 2 2 2

0,843644
0,345178

3,158094 2
ʛ

u

c

i
b

x r
= = =

- - -

 ʩʤ. 



ISSN 2219-1038 (print)  ɺʳʧʫʩʢ 4 (47), 2025 
 

38 

 
ʈʠʩ. 5. ʗʜʨʘ ʩʝʯʝʥʠʷ ʩ ʵʣʣʠʧʩʦʤ ʠ ʛʠʧʝʨʙʦʣʦʡ 

 

ʂʦʦʨʜʠʥʘʪʳ ʷʜʨʘ ʩʝʯʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʝʤ ʛʠʧʝʨʙʦʣʳ: 

( )
2 2

2 2
1.

ʷ G ʷ

ʛ ʛ

u u v

a b

-
- = (33) 

ɺʝʣʠʯʠʥʳ 
ʷu , 

Gu  ʙʝʨʫʪʩʷ ʩʦ ʩʚʦʠʤʠ ʟʥʘʢʘʤʠ ʚ ʦʩʷʭ uCv. ɿʘʜʘʚʘʷ ʚʝʣʠʯʠʥʫ 
ʷu , ʧʦʣʫ-

ʯʘʝʤ ʦʨʜʠʥʘʪʫ 
ʷv  ʠʟ ʫʨʘʚʥʝʥʠʷ (33): 

2 2( ) .ʷ ʷ G
ʛ

ʛ

ʛ

b
v u u a

a
=° Ö - - (34) 
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This article discusses the construction of a cross-section core for a cross-section bounded by two mathematical 

curves: one of the curves is an arc of a circle, and another is a square parabola. Before determining the cross section 

geometric characteristics, a point connecting the circle to the parabola was found, provided that both curves were smoothly 
connected. The cross section has a single axis of symmetry, therefore, only the upper halves of the three ellipses of the 

cross section were considered when calculating the geometric characteristics. These elements are the semicircle and the 

part of the semicircle bordering the parabola. Integral dependencies were used to calculate geometric characteristics. The 

main central axes uCv are drawn, and the equations of the relationship between the original axes x, y and the u, v axes are 

written. Using the general equations of the coordinates u ,̫ v  ̫of the cross-section core, taken from the continuous method, 

applied to a given cross-section, tables for each curve are compiled. By plotting the coordinates u ,̫ v  ̫in the uCv axes to 

the cross-section, we construct the cross-section core and shade it. Two cases of the relative coordinates xc / r of the center 

of a circle in the main central u, v axes are considered and two cross-section kernels are constructed for these cases. 

 

Keywords: geometric characteristics, ellipse, hyperbola, squares of the radii of inertia, main central axes, core 

section, cross section. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʠʤʝʶʱʫʶ ʩʚʦʙʦʜʥʫʶ ʢʨʦʤʢʫ, ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʵʣʝʤʝʥʪʘ, ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʣʘʩʪʠʥʫ, ʞʝʩʪʢʦ ʟʘʱʝʤʣʸʥʥʫʶ ʧʦ ʪʨʸʤ ʢʨʦʤʢʘʤ. ɼʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʣʘʩʪʠʥʫ ʥʘʛʨʫʟʢʘ ï ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʘʷ. ʆʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʦʚ ʵʣʝʤʝʥʪʘ ʦʪ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʠ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩ ʜʘʥʥʳʤʠ ʚ ʧʨʦʛʨʘʤʤʝ çCAEFidesysè.  

ɺʳʚʦʜʳ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʆʧʠʩʘʥʥʫʶ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʣʦʩʢʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʝʥ ʫʯʸʪ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʥʘ ʯʘʩʪʠ ʵʣʝʤʝʥʪʘ. 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʨʫʛʠʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ, ʪʘʢʠʤ 

ʢʘʢ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʪʨʦ-

ʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 
ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ, ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ. ʇʦʷʚʣʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʫʧʨʦʩʪʠʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʧʦ-ʧʨʝʞʥʝʤʫ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʧʣʘʩʪʠʥ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʦʯʝʨʪʘʥʠʷ ʚ ʧʣʘʥʝ, ʜʝʡʩʪʚʠʷ ʧʨʝʨʳʚʥʳʭ ʥʘʛʨʫʟʦʢ, ʦʩʦʙʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ.  

ʇʨʠʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʟʛʠʙʘ ʧʣʘʩʪʠʥʳ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʦʯʝʨʪʘʥʠʷ ʩʦ ʩʚʦʙʦʜʥʦʡ ʢʨʦʤ-

ʢʦʡ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʚ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʤ ʚʠʜʝ ʜʣʷ ʪʨʝʪʴʝʛʦ 

ʚʠʜʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʩʚʦʙʦʜʥʘʷ ʢʨʦʤʢʘ), ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʧʠʩʳʚʘʣʩʷ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʨʘʥʝʝ. ʇʨʦ-

ʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʥʘ ʠʟʛʠʙ ʧʣʘʩʪʠʥ, ʠʤʝʶʱʠʭ ʩʚʦʙʦʜʥʫʶ ʢʨʦʤʢʫ, ʢʘʢ 

ʵʣʝʤʝʥʪʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʧʣʦʩʢʠʡ ʵʣʝʤʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʦʯʝʨʪʘʥʠʷ, ʨʘʩʯʝʪ, ʛʨʘ-
ʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʩʚʦʙʦʜʥʘʷ ʢʨʦʤʢʘ. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ ʠ ʧʦʟʚʦʣʷʶʪ ʩ ʥʝʢʦʪʦʨʳʤ ʫʩʧʝʭʦʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʣʦʩʢʠʝ ʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʦʙʝʥʥʦ ʚʳʜʝʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʧʨʦʯʥʦ 

ʚʦʰʝʣ ʚ ʠʥʞʝʥʝʨʥʫʶ ʩʨʝʜʫ. ʆʥ ʚʥʝʜʨʝʥ ʚ ʘʣʛʦʨʠʪʤʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(çCAEFidesysè, çAnsysè, çLiraSaprè ʠ ʜʨ.). ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠ ʩʣʦʞʝʥ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ, ʧʨʦʛʨʘʤʤʥʳʝ ʘʣʛʦʨʠʪʤʳ ʪʨʫʜʦʝʤʢʠ. ɿʘ-

ʪʨʫʜʥʠʪʝʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʩʣʦʞʥʦʛʦ ʦʯʝʨʪʘʥʠʷ (ʧʣʘʩʪʠʥ). ɺ ʧʨʦʮʝʩʩʝ 

ʨʘʩʯʝʪʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʣʫʞʠʪ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ (ʄʂʈ). 

ʄʂʈ ʩʯʠʪʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ. ʆʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪ ʚ ʧʦʥʠʤʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʨʘʩʯʝʪʥʳʡ ʵʣʝ-

ʤʝʥʪ ʨʘʟʙʠʚʘʝʪʩʷ ʩʝʪʢʦʡ ʥʘ ʫʟʣʳ, ʩʦʢʨʘʱʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ. ɹʦʣʝʝ ʪʦʛʦ, ʄʂʈ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʦʨʠʠ 
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ʫʧʨʫʛʦʩʪʠ ʢʘʢ ʧʣʦʩʢʠʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʩʪʠʥʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ), ʪʘʢ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʙʦʪʢʘ ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʇʂ. ɹʦʣʝʝ ʪʦʛʦ, ʦʩʥʦʚʘ ʄʂʈ ʠ ʧʨʠʥʮʠʧ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʦʩʚʘʠʚʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ. ʇʦ-

ʵʪʦʤʫ ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʩʚʝʱʘʝʪʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

ʊʘʢ, ʚ ʪʨʫʜʝ ɺ. ɺ. ʇʝʪʨʦʚʘ ʧʨʠʚʦʜʷʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʠ ʄʂʈ, ʩ ʨʘʟʙʦʨʦʤ ʥʝʢʦʪʦʨʳʭ ʨʘʩʯʝʪʥʳʭ ʩʠʪʫʘʮʠʡ [1]. 

ɻ. ʆ. ʍʘʟʘʤʦʚ ʚ ʩʚʦʝʡ ʩʪʘʪʴʝ [2] ʘʥʘʣʠʟʠʨʫʝʪ ʧʣʘʩʪʠʥʫ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʯʝʨʪʘʥʠʝ, ʙʣʠʟ-

ʢʦʝ ʢ ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ, ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʩʚʦʙʦʜʥʳʤʠ ʢʨʘʷʤʠ. ɿʜʝʩʴ ʘʚʪʦʨ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʫʝʪ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɺ ʩʪʘʪʴʝ [3] 

ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʩʯʝʪ ʢʦʣʴʮʝʦʙʨʘʟʥʦʡ ʧʣʘʩʪʠʥʳ ʧʦ ʄʂʈ. ɸʚʪʦʨ ʟʘʤʝʯʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʝʩʠʤ-

ʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʠ ʠ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʭʦʞʜʝʥʠʝ ʨʝʰʝʥʠʷ ʤʘʪʨʠʮ ʩʪʘ-

ʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ.  

ɺʘʨʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ (ʤʝʪʦʜ ʈʠʪʮʘ, ʤʝʪʦʜ ɹʫʙʥʦʚʘ ï ɻʘʣʝʨʢʠʥʘ, ʤʝʪʦʜ ʧʨʷʤʳʭ) ʭʦ-

ʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʥʦ ʦʩʪʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ʊʝʤ ʙʦʣʝʝ ʚ ʄʂʈ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʣʫʯʘʷ ʩʚʦʙʦʜʥʦʛʦ ʢʨʘʷ ʧʣʘ-

ʩʪʠʥʯʘʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʢʘʢ ʧʣʦʩʢʠʭ, ʪʘʢ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ). ɺ ʄʂʈ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʨʦʛʠʙʳ ʠ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʪʠʚʥʦʛʦ ʧʨʠʤʝʨʘ ʄʂʈ ʧʨʠʥʷʪ ʧʣʦʩʢʠʡ ʵʣʝʤʝʥʪ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʦʯʝʨʪʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʪʨʠ ʩʪʦʨʦʥʳ ʞʝʩʪʢʦ ʟʘʱʝʤʣʝʥʳ, ʘ ʯʝʪʚʝʨʪʘʷ ʠʤʝʝʪ ʩʚʦʙʦʜʥʫʶ ʢʨʦʤʢʫ 

ʧʦ ʚʩʝʡ ʩʚʦʝʡ ʜʣʠʥʝ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʣʠʩʪʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʕʣʝʤʝʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1, ʧʨʠʥʷʪ ʪʦʣʱʠʥʦʡ h = 0,06 ʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʚʥʦ-

ʤʝʨʥʦ-ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʥʘʛʨʫʟʢʠ q = 21,88 ʢʅ/ʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ɛ = 0,2. ɼʘʥʥʳʡ ʵʣʝ-

ʤʝʥʪ ʠʤʝʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ D: 
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 Ὀ ȟ  (1) 

ʛʜʝ h ï ʪʦʣʱʠʥʘ ʵʣʝʤʝʥʪʘ, ʤ; ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʢʅ/ʤ2. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʘ ʧʨʠʥʷʪ ʪʷʞʝʣʳʡ ʙʝʪʦʥ ʢʣʘʩʩʘ ɺ20. ɼʣʷ ʨʘʩʯʝʪʘ ʜʘʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʠʟʛʠʙʘ ʩʨʝʜʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʟʘʛʨʫʞʝʥʠʷ: 

 Ὠύ

Ὠὼ
ς
Ὠύ

ὨὼὨώ

Ὠύ

Ὠώ

ήὼȟώ

Ὀ
Ȣ (2) 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʄʂʈ: 

1. ʅʘ ʵʣʝʤʝʥʪ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʩʝʪʢʘ, ʠʤʝʶʱʘʷ ʰʘʛ ɚ ʧʦ ʦʩʷʤ ʭ ʠ ʫ. ɺ ʧʝʨʝʩʝʯʝʥʠʷʭ ʩʝʪʢʠ 

ʦʙʨʘʟʫʶʪʩʷ ʫʟʣʳ (ʨʠʩ. 1); 

2. ʅʘʟʥʘʯʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʨʦʛʠʙʘʭ ʚ ʢʘʞʜʦʤ ʫʟʣʝ. ɼʣʷ ʵʪʦʛʦ ʙʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʢʘʞ-

ʜʳʡ ʫʟʝʣ ʵʣʝʤʝʥʪʘ (ʨʠʩ. 2). ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʚʠʩʷʪ ʦʪ ʰʘʛʘ ʩʝʪʢʠ ɚ ʧʦ ʦʩʷʤ 

ʭ ʠ ʫ. ɼʘʥʥʳʡ ʦʧʝʨʘʪʦʨ ʚ ʬʦʨʤʫʣʴʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʤʝʝʪ ʚʠʜ: 

 ύ ȟ τύ ȟ φύȟ τύ ȟ ύ ȟ  

ςὧϽύ ȟ ύ ȟ ςύ ȟ ςύȟ  

τύȟ ςύȟ ςύ ȟ ύ ȟ ύ ȟ  

ὧϽύȟ τύȟ φύȟ τύȟ ύȟ ​ ​ύ ȟ 

(3) 

ʛʜʝ  

ὧ
‗

‗
Ȣ 

3. ʅʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʠʟʛʠʙʘ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʢʦ-

ʣʠʯʝʩʪʚʫ ʥʝʠʟʚʝʩʪʥʳʭ; 

4. ʇʨʠ ʨʝʰʝʥʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʠʩʢʦʤʳʝ ʧʨʦʛʠʙʳ; 

5. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʧʨʦʛʠʙʘʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʫʩʠʣʠʷ ʚ ʣʠʩʪʦʚʦʤ ʵʣʝʤʝʥʪʝ. 
 

 

ʈʠʩ. 2. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  

ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ çCAEFidesysè. 

ʈʝʟʫʣʴʪʘʪʳ. ʀʩʧʦʣʴʟʫʷ ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʪʫʨʥʳʭ ʪʦʯʝʢ ʧʝʨʚʦʛʦ 

ʨʷʜʘ ύ : 

 ύ ςϽρ ‘Ͻύȟ ύȟ ‘Ͻύ ȟ ‘Ͻύ ȟ, (4) 

ʠ ʪʦʯʝʢ ʚʪʦʨʦʛʦ ʨʷʜʘ ύͼ (ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3): 
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 ύ ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ ύ ȟ ύ ȟ 
(5) 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʠʟ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʚʦʙʦʜʥʦʡ ʢʨʦʤʢʠ ʧʨʠ ʨʘʩʯʝʪʝ ʄʂʈ, 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʦʛʠʙʦʚ ʚ ʫʟʣʘʭ ʩʝʪʢʠ, ʥʘʣʦʞʝʥʥʦʡ ʥʘ 

ʧʣʘʩʪʠʥʫ. 

 

 
 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʣʠʩʪʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦ ʩʚʦʙʦʜʥʦʡ ʢʨʦʤʢʦʡ 
 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʠʩʳʚʘʝʤʦʛʦ ʫʨʘʚʥʝʥʠʝʤ 

 ςπϽύȟ ψϽύȟ ύȟ ύ ȟ ύ ȟ  

ςϽύ ȟ ύ ȟ ύ ȟ ύ ȟ  

ύ ȟ ύȟ ύ ȟ ύȟ ὅȟ, 
(6) 

ʜʣʷ ʪʦʯʝʢ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʩʪʨʦʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʧʦʩʣʝʜʥʝʡ ʠ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, 

ʯʪʦ ʧʨʦʛʠʙʳ ʚ ʪʦʯʢʘʭ, ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʛʨʘʥʠʮʳ ʧʣʘʩʪʠʥʳ, ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʦʣʴ. ʇʨʦʛʠʙʳ ʟʘʢʦʥ-

ʪʫʨʥʳʭ ʪʦʯʝʢ ʣʠʙʦ ʨʘʚʥʳ ʟʥʘʯʝʥʠʷʤ ʚ ʪʦʯʢʘʭ ʩʪʨʦʢʠ, ʙʣʠʞʘʡʰʠʭ ʢ ʢʦʥʪʫʨʫ (ʜʣʷ ʞʝʩʪʢʦ ʟʘʜʝ-

ʣʘʥʥʳʭ ʢʨʦʤʦʢ), ʣʠʙʦ ʙʝʨʫʪʩʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ (ʝʩʣʠ ʦʥʠ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳ). 

ʋʯʠʪʳʚʘʷ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʝ, ʧʦʣʫʯʠʤ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘ-

ʯʝʥʠʡ ʧʨʦʛʠʙʦʚ ʚ ʪʦʯʢʘʭ ʧʝʨʚʦʛʦ ʟʘʢʦʥʪʫʨʥʦʛʦ ʨʷʜʘ ʫ ʩʚʦʙʦʜʥʦʡ ʢʨʦʤʢʠ ʧʣʘʩʪʠʥʳ: 

Ὥ ρ: 

 ύ ςϽρ ‘Ͻύȟ ύȟ ‘Ͻύ ȟȟ (7) 

ς Ὥ ὲ ρ: 

 ύ ςϽρ ‘Ͻύȟ ύȟ ‘Ͻύ ȟ ‘Ͻύ ȟȟ (8) 

Ὥ ὲ: 

 ύ ςϽρ ‘Ͻύȟ ύȟ ‘Ͻύ ȟȟ (9) 
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ʘ ʪʘʢʞʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʦʛʠʙʦʚ ʚ ʪʦʯʢʘʭ ʚʪʦʨʦʛʦ ʟʘʢʦʥʪʫʨʥʦʛʦ ʨʷʜʘ: 

Ὥ ρ: 

 ύ ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ ȟ 
(10) 

ς Ὥ ὲ ρ: 

 ύ ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ ύ ȟ ύ ȟ 
(11) 

Ὥ ὲ: 

 ύ ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ Ȣ 
(12) 

ɼʘʣʝʝ ʩʦʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʦʚ ʧʣʘʩʪʠʥʳ ʄʂʈ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ 

ʧʝʨʚʦʛʦ ʨʷʜʘ Ὦ ρ (ʨʠʩ. 4): 

Ὥ ρ: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ςϽύ ȟ ύ  

ύȟ ύ ȟ ύȟ ύ ὅȟȟ 
(13) 

Ὥ ς: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ύ ȟ  

ςϽύ ȟ ύ ȟ ύ ύ  

ύ ȟ ύȟ ύ ὅȟȟ 

(14) 

σ Ὥ ὲ ς: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ύ ȟ  

ςϽύ ȟ ύ ȟ ύ ύ  

ύ ȟ ύ ȟ ύȟ ύ ὅȟȟ 

(15) 

Ὥ ὲ ρ: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ύ ȟ  

ςϽύ ȟ ύ ȟ ύ ύ  

ύ ȟ ύȟ ύ ὅȟȟ 

(16) 

Ὥ ὲ: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ςϽύ ȟ ύ  

ύȟ ύ ȟ ύȟ ύ ὅȟȢ 
(17) 

ʇʦʩʢʦʣʴʢʫ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʟʘʢʦʥʪʫʨʥʳʭ ʪʦʯʝʢ ʚʪʦʨʦʛʦ ʨʷʜʘ ʩʦʜʝʨʞʘʪ ʟʥʘʯʝʥʠʷ ʟʘʢʦʥ-

ʪʫʨʥʳʭ ʪʦʯʝʢ ʧʝʨʚʦʛʦ ʨʷʜʘ, ʧʦʜʩʪʘʚʠʤ ʠʭ ʚ ʫʨʘʚʥʝʥʠʷ (13)ï(17) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʦʚ 

ʩʚʦʙʦʜʥʦʡ ʢʨʦʤʢʠ: 

Ὥ ρ: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ςϽύ ȟ ύ  

ύȟ ύ ȟ ύȟ ςϽσ ‘Ͻύȟ ύ  

ύȟ ς ‘Ͻύ ȟ ύ ὅȟȟ 

(18) 



ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 
 

45 

Ὥ ς: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ύ ȟ  

ςϽύ ȟ ύ ȟ ύ ύ ύ ȟ ύȟ  

ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ ύ ȟ ύ ὅȟȟ 

(19) 

σ Ὥ ὲ ς: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ύ ȟ  

ςϽύ ȟ ύ ȟ ύ ύ  

ύ ȟ ύ ȟ ύȟ ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ ύ ȟ ύ ὅȟȟ 

(20) 

Ὥ ὲ ρ: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ύ ȟ  

ςϽύ ȟ ύ ȟ ύ ύ  

ύ ȟ ύȟ ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ ύ ȟ ύ ὅȟȟ 

(21) 

Ὥ ὲ: 

 ςπϽύȟ ψϽύȟ ύ ύ ȟ ςϽύ ȟ ύ  

ύȟ ύ ȟ ύȟ ςϽσ ‘Ͻύȟ ύ ύȟ  

ς ‘Ͻύ ȟ ύ ὅȟȢ 

(22) 

 

 
 

ʈʠʩ. 4. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʩʪʦʣʙʮʘ Ὦ ρ 
 

ʏʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

 ί ςϽρ ‘ȟ 
     Ὠ ςϽσ ‘ȟ   Ὢ ς ‘Ȣ  

(23) 
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ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

 ςρ Ὠ ψϽίύȟ ςϽὨϽύȟ ςϽύȟ ‘Ͻί ψϽύ ȟ  

ρ ‘ Ͻύ ȟ ςϽὪϽύ ȟ ὅȟȟ 
(24) 

ʋʨʘʚʥʝʥʠʝ (19) ʧʨʠ Ὥ ςȟὮ ρ ʠʤʝʝʪ ʚʠʜ: 

 ςπ Ὠ ψϽί ‘ Ͻύȟ ςϽὨϽύȟ ςϽύȟ  

τϽὪϽύ ȟ ρ ‘ Ͻύ ȟ ςϽὪϽύ ȟ  

ςϽὪϽύ ȟ τϽὪϽύ ȟ ‘Ͻύ ȟ ὅȟȟ 

(25) 

ɽʩʣʠ ʠʥʜʝʢʩʳ ʧʨʦʛʠʙʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ σ Ὥ ὲ ςȟὮ ρ, ʦʙʱʠʡ ʚʠʜ ʫʨʘʚ-
ʥʝʥʠʷ (20) ʧʨʠʤʝʪ ʚʠʜ: 

 ςπ Ὠ ψϽί ‘ Ͻύȟ ςϽὨϽύȟ ςϽύȟ  

τϽὪϽύ ȟ ρ ‘ Ͻύ ȟ ςϽὪϽύ ȟ  

ςϽὪϽύ ȟ τϽὪϽύ ȟ ‘Ͻύ ȟ ὅȟȟ 
(26) 

ɼʣʷ ʧʨʝʜʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ Ὥ ὲ ρȟὮ ρ: 

 ςπ Ὠ ψϽί ‘ Ͻύȟ ςϽὨϽύȟ ςϽύȟ  

τϽὪϽύ ȟ ρ ‘ Ͻύ ȟ ςϽὪϽύ ȟ  

ςϽὪϽύ ȟ τϽὪϽύ ȟ ‘Ͻύ ȟ ὅȟȟ 
(27) 

ɼʣʷ ʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ Ὥ ὲȟὮ ρ: 

 ςρ Ὠ ψϽίϽύȟ ςϽὨϽύȟ ςϽύȟ  

‘Ͻί ψϽύ ȟ ρ ‘ Ͻύ ȟ ςϽὪϽύ ȟ ὅȟȢ 
(28) 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʦʚ Ὦ ς ʚʪʦʨʦʛʦ ʩʪʦʣʙʮʘ (ʨʠʩ. 5): 

Ὥ ρȟὮ ς: 

 ψϽύȟ ςρίϽύȟ ωϽύȟ ύȟ  

ςϽύ ȟ ςϽύ ȟ ψ ‘Ͻύ ȟ ύ ȟ ὅȟȟ 
(29) 

Ὥ ςȟὮ ς: 

 ψϽύȟ ςπίϽύȟ ωϽύȟ ύȟ ψ ‘Ͻύ ȟ  

ψ ‘Ͻύ ȟ ύ ȟ ςϽύ ȟ ςϽύ ȟ  

ςϽύ ȟ ςϽύ ȟ ὅȟȟ 
(30) 

σ Ὥ ὲ ςȟὮ ς: 

 ψϽύȟ ςπίϽύȟ ωϽύȟ ύȟ ψ ‘Ͻύ ȟ  

ψ ‘Ͻύ ȟ ύ ȟ ςϽύ ȟ ςϽύ ȟ  

ςϽύ ȟ ςϽύ ȟ ύ ȟ ὅȟȟ 
(31) 

Ὥ ὲ ρȟὮ ς: 

 ψϽύȟ ςπίϽύȟ ωϽύȟ ύȟ ψ ‘Ͻύ ȟ  

ψ ‘Ͻύ ȟ ςϽύ ȟ ςϽύ ȟ  

ςϽύ ȟ ςϽύ ȟ ύ ȟ ὅȟȟ 
(32) 

Ὥ ὲȟὮ ς: 

 ψϽύȟ ςρίϽύȟ ωϽύȟ ύȟ  

ςϽύ ȟ ςϽύ ȟ ψ ‘Ͻύ ȟ ύ ȟ ὅȟȟ 
(33) 
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ʈʠʩ. 5. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʩʪʦʣʙʮʘ Ὦ ς 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʷ (7)ï(12) ʦʧʠʩʳʚʘʶʪ ʫʩʣʦʚʥʳʝ ʧʨʦʛʠʙʳ ʧʣʘʩʪʠʥʳ ʚ ʟʘʢʦʥʪʫʨ-

ʥʳʭ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ύȟύ , ʫʨʘʚʥʝʥʠʷ (13)ï(17) ï ʧʨʦʛʠʙʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʩʚʦʙʦʜʥʦʡ ʢʨʦʤʢʠ 

(Ὦ ρ, ʫʨʘʚʥʝʥʠʷ (18)ï(22) ï ʧʨʦʛʠʙʳ ʪʦʯʝʢ ʚʪʦʨʦʛʦ ʨʷʜʘ ʧʣʘʩʪʠʥʳ (Ὦ ς, ʦʩʪʘʣʴʥʳʝ ʫʨʘʚ-

ʥʝʥʠʷ ʥʝ ʠʤʝʶʪ ʦʩʦʙʳʭ ʪʦʯʝʢ ʠ ʩʦʩʪʘʚʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʦʧʝʨʘʪʦʨʫ ʄʂʈ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʷʤʦ-

ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʫʯʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦʰʣʠ ʘʧʨʦʙʘʮʠʶ ʚ ʧʨʦʛʨʘʤʤʝ çCAEFidesys. 6.1è. ɹʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʚʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠ-

ʘʣʘ, ʟʥʘʯʝʥʠʝ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʫʩʣʦʚʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ. ɺ 

çCAEFidesysè ʜʣʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʝʪʢʘ ʪʠʧʘ çʤʥʦʛʦʛʨʘʥʥʘʷè ʩ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʤ ʧʦʩʪʨʦʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʰʘʛ ʩʝʪʢʠ ʙʳʣ ʙʦʣʝʝ ʯʘʩʪʳʤ. ɺ ʠʪʦʛʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚʜʦʣʴ ʦʩʠ Z ʩʦʩʪʘʚʠʣʦ 9,12 ʤʤ (ʨʠʩ. 6). ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʩʦʛʣʘʩʥʦ ʨʫʯʥʦʤʫ ʨʘʩʯʝʪʫ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʦʛʠʙʘ ï 9,62 ʤʤ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ CAE-ʩʠʩʪʝʤʝ, ʥʘ 5 %.  
 

 
ʈʠʩ. 6. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʛʠʙʦʚ ʚ ʚʠʜʝ ʤʦʟʘʠʢʠ (çCAEFidesysè) 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʨʦʛʠʙʦʚ 

ʧʣʘʩʪʠʥʳ ʦʪ ʰʘʛʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ 
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ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʣʘʩʪʠʥʘ ʨʘʟʤʝʨʘʤʠ aĬb = 2000Ĭ2000 ʤʤ (ʨʠʩ. 7). ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʰʘʛ ʩʝʪʢʠ 0,2, 

0,4 ʠ 0,5 ʤ (ʚ çʨʫʯʥʦʤè ʠ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çCAEFidesysè). ɿʥʘʯʝʥʠʷ ʥʘʛʨʫʟʦʢ, ʧʨʦʯ-

ʥʦʩʪʴ ʙʝʪʦʥʘ ʠ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ ʧʨʠʥʷʪʳ, ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʩʯʸʪʝ.  
 

 

ʈʠʩ. 7. ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʧʣʘʩʪʠʥʳ 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʰʘʛʦʚ ʜʠʩʢʨʝʪʠʟʘ-

ʮʠʠ ʩʝʪʢʠ ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʜʥʦʟʥʘʯʥʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘ ʨʠʩ. 8 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʨʘʩʯʸʪʦʚ çʨʫʯʥʦʛʦè ʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çCAEFidesysè.  
 

 
 

ʈʠʩ. 8. ɿʥʘʯʝʥʠʷ ʧʨʦʛʠʙʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʘʛʘ ʩʝʪʢʠ, ʤ 

 

ɺʳʚʦʜʳ 

1. ʄʝʪʦʜʠʢʘ ʧʦ ʨʘʩʯʝʪʫ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʦʜʥʦʡ ʩʚʦʙʦʜʥʦʡ ʢʨʦʤʢʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʥʘ ʙʘʟʝ ʄʂʈ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʛʠʙʳ ʧʣʘʩʪʠʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʊʘʢʞʝ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʘʢʦʥʪʫʨʥʳʭ ʪʦʯʝʢ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ 

ʜʨʫʛʠʝ ʬʦʨʤʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʚʝʨʠʬʠʮʠʨʦʚʘʥʳ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çCAEFidesysè.  
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2. ɼʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ (ʧʣʘʩʪʠʥʘ 2Ĭ2ʤ) ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʤ ʠ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʤʝʣʢʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. 

3. ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʛʠʙʦʚ ʤʝʪʦʜʦʤ ʄʂʈ ʚ ʩʚʷʟʠ ʩ ʛʨʦʤʦʟʜʢʦ-

ʩʪʴʶ ʨʘʩʯʸʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʘ 

ʥʘ ʦʜʥʦʤ ʠʟ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
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Problem Statement. This work is aimed to develop a finite difference method for calculating flat elements for 

a building structure with a free edge. 

Results. A method for calculating an element, which design model is a plate rigidly clamped along three edges, 

is presented. The load acting on the plate is uniformly distributed. The element deflections due to the applied load are 

determined and the obtained values are verified with data in the CAEFidesys software. 

Conclusions. The results of a numerical and theoretical study of the element under consideration are obtained. 

The methodology described in this paper can be applied to the calculations of flat building structures, and can also account 

for concentrated loads and those distributed over parts of an element. 

The finite difference method is a promising alternative to other numerical methods, such as the finite element 

method, boundary element method, and discrete element method, used in structural mechanics. Despite significantly 
fewer unknowns while maintaining satisfactory accuracy, this method remains a challenging engineering challenge. The 

development of numerical methods to simplify classical calculations still presents certain difficulties, particularly for 

plates with more complex planforms, discontinuous loads, and special boundary conditions. 

This paper presents a numerical solution for the bending problem of a rectangular plate with a free edge using 

the finite difference method. As a result, finite difference equations are obtained for the third type of boundary condition 

(free edge), which has been virtually never described by this method previously. The results of the finite difference method 

are compared with the finite element method. Thus, we propose a mathematical modeling of the bending behavior of 

plates with a free edge as structural elements. 

 

Keywords: finite difference method, rectangular plane element, calculation, boundary conditions, free edge. 
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ʧʨʠʤʝʥʷʝʤʦʡ ʥʘʠʤʝʥʝʝ ʧʣʦʪʥʦʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ (ʂʕ-ʩʝʪʢʠ ˉ 1). ʉ ʮʝʣʴʶ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩ. 1 ʯʘʩʪʴ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʥʝ ʧʦʢʘʟʘʥʘ.  
 

 
 

ʈʠʩ. 1. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʭʝʤʘ ʢʘʨʢʘʩʘ (ʂʕ-ʩʝʪʢʘ ˉ 1) ʠ ʥʘʛʨʫʟʢʘ, ʢʅ,  

ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

ʉʪʝʨʞʥʝʚʘʷ ʨʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʦʱʘʜʢʠ ʚʪʦʨʦʛʦ ʵʪʘʞʘ ʠʟʦʙʨʘ-

ʞʝʥʘ ʥʘ ʨʠʩ. 2. ɺ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ʈʘʩʯʸʪʥʳʝ ʩʭʝʤʳ ʦʩʪʘʣʴʥʳʭ ʵʪʘʞʝʡ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. 
 

ʊʘʙʣʠʮʘ 1 

ʇʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʪʘʣʴʥʦʛʦ ʢʘʨʢʘʩʘ 
 

ɺʠʜ ʵʣʝʤʝʥʪʘ ʉʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ 

ʂʦʣʦʥʥʘ ɼʚʫʪʘʚʨ 30ʂ1 

ɻʣʘʚʥʘʷ ʙʘʣʢʘ ɼʚʫʪʘʚʨ 30ɹ1 

ɺʪʦʨʦʩʪʝʧʝʥʥʘʷ ʙʘʣʢʘ ɼʚʫʪʘʚʨ 30ʐ1 

ɹʘʣʢʘ ʥʘʩʪʠʣʘ ʐʚʝʣʣʝʨ 6.5ʇ 

 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʦʱʘʜʦʢ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʙʘʣʢʠ (ʧʦʢʘʟʘʥʳ ʩʠʥʠʤ ʮʚʝ-

ʪʦʤ) ʰʘʨʥʠʨʥʦ ʦʧʠʨʘʶʪʩʷ ʥʘ ʧʨʦʜʦʣʴʥʳʝ ʛʣʘʚʥʳʝ ʙʘʣʢʠ (ʧʦʢʘʟʘʥʳ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ). ʆʧʠʨʘ-

ʥʠʝ ʙʘʣʦʢ ʥʘʩʪʠʣʘ (ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ) ʥʘ ʛʣʘʚʥʳʝ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʙʘʣʢʠ ʪʘʢʞʝ ʰʘʨ-

ʥʠʨʥʦʝ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʝʤ: 

- ʨʠʛʝʣʠ ˉ 1 ï ʧʨʦʜʦʣʴʥʳʝ ʛʣʘʚʥʳʝ ʙʘʣʢʠ (ʧʦʢʘʟʘʥʳ ʟʝʣʸʥʳʤ ʮʚʝʪʦʤ); 

- ʨʠʛʝʣʠ ˉ 2 ï ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʙʘʣʢʠ (ʧʦʢʘʟʘʥʳ ʩʠʥʠʤ ʮʚʝʪʦʤ); 

- ʨʠʛʝʣʠ ˉ 3 ï ʙʘʣʢʠ ʥʘʩʪʠʣʘ (ʧʦʢʘʟʘʥʳ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ). 
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ʈʠʩ. 2. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʞʘ 

 

ɺʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʪʦʨʦʤ ʵʪʘʞʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʮʝʥʠ-

ʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ k, ʛʜʝ P = kP0. ɿʜʝʩʴ ʧʦʜ P0 ʧʦʥʠʤʘʝʪʩʷ ʥʦʨʤʘʪʠʚʥʘʷ (ʧʨʦʝʢʪʥʘʷ) 

ʥʘʛʨʫʟʢʘ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʥʘʛʨʫʟʢʫ ʈ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʥʦʨʤʘʪʠʚʥʦʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʝʣʠʯʠʥʫ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʘʩʯʝʪ ʜʣʷ ʩʭʝʤʳ ʦʧʠʨʘʥʠʷ ʐʨʐʨ. ʀʩʭʦʜʥʫʶ ʨʘʩʯʸʪʥʫʶ ʩʭʝʤʫ ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʘʞʘ 

ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʠʤ ʐʨʐʨ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʠʨʘʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ʠ ˉ 2 ʰʘʨʥʠʨʥʦʝ. 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʨʝʰʝʥʠʷ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʭʦʜʠʤʦʩʪʠ ʢ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ ʩʝʪʢʘʭ 

ʠ ʰʘʛʘʭ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʟʢʠ. 

ɺʩʝʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ 

ʩʭʝʤʳ ʨʝʰʝʥʠʷ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʪʨʠ ʚʣʦʞʝʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʂʕ-ʩʝʪʢʠ. ʋʩʣʦʚʥʦ ʠʤ ʧʨʠʩʚʘʠ-

ʚʘʶʪʩʷ ʥʦʤʝʨʘ: ʂʕ-ʩʝʪʢʘ ˉ 1, ʂʕ-ʩʝʪʢʘ ˉ 2 ʠ ʂʕ-ʩʝʪʢʘ ˉ 3. ɺʦ ʚʩʝʭ ʵʪʠʭ ʂʕ-ʩʝʪʢʘʭ ʢʦʣʦʥʥʳ 

ʠ ʨʠʛʝʣʠ ʨʘʟʙʠʚʘʣʠʩʴ ʥʘ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʩʪʝʨʞʥʝʚʳʭ ʂʕ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʸʪʥʘʷ 

ʩʭʝʤʘ ʢʘʨʢʘʩʘ ʜʣʷ ʂʕ-ʩʝʪʢʠ ˉ 1. ɼʣʷ ʢʘʞʜʦʡ ʂʕ-ʩʝʪʢʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʜʣʷ ʪʨʸʭ 

ʰʘʛʦʚ ʧʨʠʨʘʱʝʥʠʷ ʧʦ ʥʘʛʨʫʟʢʝ ȹP, ʨʘʚʥʳʭ 0,1P0, 0,05P0, 0,01P0, ʛʜʝ P0 ï ʥʦʨʤʘʪʠʚʥʘʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʚʨʝʤʝʥʥʘʷ ʥʘʛʨʫʟʢʘ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʠʟ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʛʦ ʨʘʩʯʝʪʘ.  

ɺ ʩʣʫʯʘʝ ʩʭʝʤʳ ʦʧʠʨʘʥʠʷ ʐʨʐʨ ʜʣʷ ʚʩʝʭ ʪʨʸʭ ʂʕ-ʩʝʪʦʢ ʠ ʪʨʸʭ ʰʘʛʦʚ ʧʨʠʨʘʱʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʦʜʠʥʘʢʦʚʘʷ ʣʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ (ʇʐ) 
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ʚ ʙʘʣʦʯʥʦʡ ʢʣʝʪʢʝ, ʢʦʪʦʨʘʷ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 3 ʜʣʷ ʜʚʫʭ ʰʘʛʦʚ ʧʨʠʨʘʱʝʥʠʷ 

ʥʘʛʨʫʟʢʠ ȹP, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳʭ 0,05P0, 0,01P0. ɺ ʪʘʙʣ. 2 ʜʘʥʳ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ 

ʥʘʛʨʫʟʦʢ ʜʣʷ ʚʩʝʭ ʪʨʸʭ ʰʘʛʦʚ ȹP, ʨʘʚʥʳʭ 0,1P0, 0,05P0, 0,01P0. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʣʦʢʘʣʠʟʘʮʠʡ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʠ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʧʦʜʦʙʨʘʥʥʳʭ ʪʨʸʭ ʂʕ-ʩʝʪʦʢ 

ʠ ʪʨʸʭ ʰʘʛʦʚ ȹP. ɸʥʘʣʦʛʠʯʥʦʝ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʝʣʦ ʤʝʩʪʦ ʠ ʜʣʷ ʜʨʫʛʠʭ 

ʩʭʝʤ ʦʧʠʨʘʥʠʷ ʨʠʛʝʣʝʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʠʞʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʝʩ-

ʧʝʯʝʥʘ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʢ ʨʝʰʝʥʠʶ. 

 
ʘ) ʙ) 

  
 

ʈʠʩ. 3. ʃʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʜʣʷ ʩʭʝʤʳ ʐʨʐʨ: 

ʰʘʛ ʧʨʠʨʘʱʝʥʠʷ ʥʘʛʨʫʟʢʠ ï ȹP = 0,05P0 (ʘ) ʠ ȹP = 0,01P0 (ʙ) 
 

ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʭʝʤʳ ʦʧʠʨʘʥʠʷ ʐʨʐʨ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʤ k = 5. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʨʫʰʘʝʪʩʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʦʨʤʘʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ ʚ 5 ʨʘʟ. 

 
ʊʘʙʣʠʮʘ 2 

ʇʨʝʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʘʜʠʷʭ ʨʘʟʨʫʰʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ k) 

 

ʅʦʤʝʨ  

ʩʪʘʜʠʠ ʨʘʟʨʫʰʝʥʠʷ 

ʎʚʝʪ ʇʐ  

ʥʘ ʨʠʩʫʥʢʝ 
ȹP = 0,1P0 ȹP = 0,05P0 ȹP = 0,01P0 

1 ƵƵƵƵ 5,00 4,95 4,92 

 

ʇʨʠ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʦʙʨʘʟʫʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ ʰʘʨʥʠʨʳ ʚ ʨʠʛʝʣʷʭ ˉ 2 (ʦʪʤʝʯʝʥʦ 

ʢʨʘʩʥʳʤʠ ʰʪʨʠʭʘʤʠ). ʊʘʢ ʢʘʢ ʩʧʦʩʦʙ ʢʨʝʧʣʝʥʠʷ ʨʠʛʝʣʝʡ ˉ 2 ʚ ʵʪʦʡ ʩʭʝʤʝ ʰʘʨʥʠʨʥʳʡ, ʪʦ ʜʦ-

ʙʘʚʣʝʥʠʝ ʝʱʝ ʦʜʥʦʛʦ ʰʘʨʥʠʨʘ ʧʨʝʚʨʘʱʘʝʪ ʨʠʛʝʣʴ ˉ 2 ʚ ʤʝʭʘʥʠʟʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥ ʨʘʟʨʫʰʘ-

ʝʪʩʷ ʠ ʵʪʦ ʚʣʝʯʝʪ ʦʙʨʫʰʝʥʠʝ ʦʧʝʨʪʳʭ ʥʘ ʥʝʛʦ ʨʠʛʝʣʝʡ ˉ 3. ʇʨʠ ʵʪʦʤ ʨʠʛʝʣʠ ˉ 1 ʦʩʪʘʶʪʩʷ ʥʝ 

ʨʘʟʨʫʰʝʥʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʦʡ ʩʭʝʤʝ ʐʨʐʨ ʨʘʟʨʫʰʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʙʘʣʦʯ-

ʥʦʡ ʢʣʝʪʢʠ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʥʘʭʦʞʜʝʥʠʝ ʩʧʦʩʦʙʘ ʫʚʝʣʠʯʝʥʠʷ ʧʣʘʩʪʠ-

ʯʝʩʢʦʛʦ ʨʝʟʝʨʚʘ ʢʦʥʩʪʨʫʢʮʠʠ.  
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ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 3 ʚʘʨʠʘʥʪʘ: 

1. ʋʚʝʣʠʯʝʥʠʝ ʩʝʯʝʥʠʷ ʨʠʛʝʣʝʡ ˉ 3; 

2. ʀʟʤʝʥʝʥʠʝ ʩʧʦʩʦʙʘ ʢʨʝʧʣʝʥʠʷ ʨʠʛʝʣʝʡ ˉ 2 ʠ ˉ 3 ʩ ʰʘʨʥʠʨʥʦʛʦ ʥʘ ʞʝʩʪʢʠʡ; 

3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ, ʢʦʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʦʧʠʨʘʥʠʷ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʚ ʙʘʣʦʯʥʦʡ ʢʣʝʪʢʝ 

ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʩʝʯʝʥʠʡ ʨʠʛʝʣʝʡ ˉ 3: 1) ʠʩʭʦʜʥʦʝ ï ʉ6.5ʇ; 2) ʫʩʠʣʝʥʥʦʝ ï ʉ14ʇ (ʞʝʩʪʢʦʩʪʴ 

ʫʚʝʣʠʯʝʥʘ ʚ 10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ). ɺ ʪʘʙʣ. 3 ʜʘʥʳ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ 

ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʪʠʧʦʚ ʩʝʯʝʥʠʡ.  

 
ʘ) ʙ) 

  
 

ʈʠʩ. 4. ʃʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ  

ʜʣʷ ʩʭʝʤʳ ʐʨʐʨ ʧʨʠ ʚʘʨʠʘʮʠʠ ʩʝʯʝʥʠʡ ʨʠʛʝʣʝʡ ˉ 3: 

ʘ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï 6.5ʇ(ʐʨʐʨ0); ʙ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï 14ʇ (ʐʨʐʨ1) 

 
ʊʘʙʣʠʮʘ 3 

ʇʨʝʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʘʜʠʷʭ ʨʘʟʨʫʰʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ k) ʜʣʷ ʩʭʝʤʳ ʐʨʐʨ 
 

ʅʦʤʝʨ  

ʩʪʘʜʠʠ ʨʘʟʨʫʰʝʥʠʷ 
ʎʚʝʪ ʇʐ ʥʘ ʨʠʩʫʥʢʝ ʐʨʐʨ0 ʐʨʐʨ1 

1 ƵƵƵƵ 5,00 5,00 

 

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʫʩʠʣʝʥ-

ʥʦʡ ʩʭʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ, ʥʝʫʩʠʣʝʥʥʦʡ, ʥʝ ʠʟʤʝʥʠʣʠʩʴ. ɺʳʚʦʜ: ʧʨʠ ʩʭʝʤʝ ʦʧʠʨʘʥʠʷ 

ʨʠʛʝʣʝʡ ʐʨʐʨ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʨʠʛʝʣʝʡ ˉ 3 ʥʝ ʧʦʚʳʰʘʝʪ ʧʣʘʩʪʠʯʝʩʢʠʡ 

ʨʝʟʝʨʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʞʘ. 

ʈʘʩʯʝʪ ʜʣʷ ʩʭʝʤʳ ʦʧʠʨʘʥʠʷ ɿʜʐʨ. ɼʘʣʝʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʪʦʨʘʷ ʩʭʝʤʘ ʦʧʠʨʘʥʠʷ 

ʨʠʛʝʣʝʡ ɿʜʐʨ (ʪ. ʝ ʨʠʛʝʣʠ ˉ 3 ʦʧʠʨʘʶʪʩʷ ʞʸʩʪʢʦ, ʘ ʨʠʛʝʣʠ ˉ 2 ʰʘʨʥʠʨʥʦ). ʇʨʠ ʵʪʦʤ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʪʨʠ ʨʘʩʯʝʪʘ ʜʣʷ ʨʘʟʥʳʭ ʩʝʯʝʥʠʡ ʨʠʛʝʣʝʡ ˉ 3: 1) ʠʩʭʦʜʥʦʝ ï ʉ6.5ʇ; 2) ʫʩʠʣʝʥʥʦʝ ï 

ʉ14ʇ; 3) ʫʩʠʣʝʥʥʦʝ ï ʉ20ʇ.  

ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ.  
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ʘ) ʙ) 

  
ʚ) 

ʈʠʩ. 5. ʃʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ  

ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ  

ʧʨʠ ʚʘʨʠʘʮʠʠ ʩʝʯʝʥʠʡ ʨʠʛʝʣʝʡ ˉ 3  

ʜʣʷ ʩʭʝʤʳ ɿʜʐʨ: 

ʘ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï ʉ6.5ʇ (ɿʜʐʨ0);  
ʙ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï ʉ14ʇ (ɿʜʐʨ1);  

ʚ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï ʉ20ʇ (ɿʜʐʨ2) 

 
 

ʉ ʮʝʣʴʶ ʦʙʣʝʛʯʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨ-

ʥʠʨʦʚ ʦʥʠ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ. ʂʘʞʜʘʷ ʛʨʫʧʧʘ ʰʘʨʥʠʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʦʧʨʝʜʝ-

ʣʸʥʥʦʤ ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ (ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ) ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʝ, ʪ. ʝ. ʧʦʯʪʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ. ɺ ʪʘʙʣ. 4 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ k, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʝʣʠʯʠʥʫ 

ʥʘʛʨʫʟʢʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʨʫʰʝʥʠʷ. ʋʢʘʟʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ k ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʣʠ-

ʯʠʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʚʳʟʳʚʘʶʱʝʡ ʧʦʷʚʣʝʥʠʝ ʛʨʫʧʧʳ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʥʘ 

ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʨʘʟʨʫʰʝʥʠʷ. ʕʪʘʧ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʘʭ ʠ ʚ ʪʘʙʣʠʮʘʭ.  
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ʊʘʙʣʠʮʘ 4 

ʇʨʝʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʘʜʠʷʭ ʨʘʟʨʫʰʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ k) ʜʣʷ ʩʭʝʤʳ ɿʜʐʨ 

 

ʅʦʤʝʨ ʩʪʘʜʠʠ 

ʨʘʟʨʫʰʝʥʠʷ 
ʎʚʝʪ ʇʐ ʥʘ ʨʠʩʫʥʢʝ ɿʜʐʨ0 ɿʜʐʨ1 ɿʜʐʨ2 

1 ƵƵƵƵ 5,1 4,5 6,4 

2 ƵƵƵƵ 5,4 5,0 6,9 

3 ƵƵƵƵ - 6,2 7,2 

4 ƵƵƵƵ - 6,5 8,7 

5 ƵƵƵƵ - 6,6 8,9 

6 ƵƵƵƵ - 6,8 9,1 

7 ƵƵƵƵ - ï 9,1 

 

ɺʳʚʦʜʳ:  

1. ʊʝʧʝʨʴ ʢʘʢ ʚ ʨʠʛʝʣʷʭ ˉ 2, ʪʘʢ ʠ ʚ ʨʠʛʝʣʷʭ ˉ 3 ʪʘʢʞʝ ʧʦʷʚʣʷʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ 

ʰʘʨʥʠʨʳ; 

2. ʈʠʛʝʣʠ ˉ 3 ʙʝʨʫʪ ʥʘ ʩʝʙʷ ʯʘʩʪʴ ʥʘʛʨʫʟʢʠ, ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʪʦʨʦʛʦ 

ʵʪʘʞʘ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʢʫ; 

3. ʏʝʤ ʧʨʦʯʥʝʝ ʨʠʛʝʣʠ ˉ 3, ʪʝʤ ʚʳʰʝ ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʞʝʩʪʢʦʛʦ ʦʧʠʨʘʥʠʷ ʨʠʛʝʣʝʡ ˉ 3 ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝ-

ʥʠʝ ʩʝʯʝʥʠʷ ʜʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʘʩʯʝʪ ʜʣʷ ʩʭʝʤʳ ʦʧʠʨʘʥʠʷ ɿʜɿʜ. ɹʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʪʨʝʪʴʷ ʩʭʝʤʘ ɿʜɿʜ ʩ ʞʸʩʪʢʠʤ 

ʦʧʠʨʘʥʠʝʤ ʨʠʛʝʣʝʡ ˉ 2 ʠ ʨʠʛʝʣʝʡ ˉ 3. ɼʣʷ ʥʝʸ ʪʘʢʞʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʨʠ ʨʘʩʯʝʪʘ ʜʣʷ ʨʘʟ-

ʥʳʭ ʩʝʯʝʥʠʡ ʨʠʛʝʣʝʡ ˉ 3: 1) ʠʩʭʦʜʥʦʝ ï ʉ6.5ʇ; 2) ʫʩʠʣʝʥʥʦʝ ï ʉ14ʇ; 3) ʫʩʠʣʝʥʥʦʝ ï ʉ20ʇ.  

ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ.  

ɺ ʪʘʙʣ. 5 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ k, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʝʣʠʯʠʥʫ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʨʫʰʝʥʠʷ. 
 

ʘ) ʙ) 

  
 

ʈʠʩ. 6. ʃʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʜʣʷ ʩʭʝʤʳ ɿʜɿʜ ʧʨʠ ʚʘʨʠʘʮʠʠ ʩʝʯʝʥʠʡ ʨʠʛʝʣʝʡ ˉ 3: 

ʘ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï ʉ6.5ʇ (ɿʜɿʜ0); ʙ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï ʉ14ʇ (ɿʜɿʜ1) 
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ʚ) 

ʈʠʩ. 6 (ʦʢʦʥʯʘʥʠʝ). ʃʦʢʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ  

ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ ʜʣʷ ʩʭʝʤʳ ɿʜɿʜ  

ʧʨʠ ʚʘʨʠʘʮʠʠ ʩʝʯʝʥʠʡ ʨʠʛʝʣʝʡ ˉ 3: 

ʚ) ʩʝʯʝʥʠʝ ʨʠʛʝʣʝʡ ˉ 3 ï ʉ20ʇ (ɿʜɿʜ2) 

 
 

ʊʘʙʣʠʮʘ 5 
ʇʨʝʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʘʜʠʷʭ ʨʘʟʨʫʰʝʥʠʷ (ʢʦʵʬʬʠʮʠʝʥʪ k) ʜʣʷ ʩʭʝʤʳ ɿʜɿʜ  

 

ʅʦʤʝʨ ʩʪʘʜʠʠ 

ʨʘʟʨʫʰʝʥʠʷ 
ʎʚʝʪ ʇʐ ʥʘ ʨʠʩʫʥʢʝ ɿʜɿʜ0 ɿʜɿʜ1 ɿʜɿʜ2 

1 ƵƵƵƵ 5,1 6,4 8,2 

2 ƵƵƵƵ 5,6 6,5 8,4 

3 ƵƵƵƵ 5,7 6,6 8,5 

4 ƵƵƵƵ - 6,7 8,6 

5 ƵƵƵƵ - 6,9 8,7 

6 ƵƵƵƵ - - 8,9 

 

ɿʜʝʩʴ ʧʣʘʩʪʠʯʝʩʢʠʝ ʰʘʨʥʠʨʳ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʨʠʛʝʣʷʭ ˉ 1 ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ ʨʘʤ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʚʩʝʛʦ ʵʪʘʞʘ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʡ ʩʭʝʤʝ ʦʧʠʨʘʥʠʷ ʨʠʛʝʣʝʡ 

ɿʜʐʨ ʚ ʩʭʝʤʝ ɿʜɿʜ ʯʝʤ ʧʨʦʯʥʝʝ ʨʠʛʝʣʠ ˉ 3, ʪʝʤ ʚʳʰʝ ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ.  

ʀʪʦʛʦʚʳʡ ʘʥʘʣʠʟ ʧʦ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʤʫ ʨʘʩʯʸʪʫ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʸʪʦʚ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʞʝʩʪʢʦʩʪʠ (ʧʨʦʯʥʦʩʪʠ) 

ʨʠʛʝʣʝʡ ˉ 3 ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʭʝʤ ʦʧʠʨʘʥʠʷ. ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʦʙʨʘʞʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ 

ʥʘ ʨʠʩ. 7 ʠ ʦʪʨʘʞʝʥʳ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʪʘʙʣ. 6. 
ʊʘʙʣʠʮʘ 6 

ʇʨʝʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ (ʢʦʵʬʬʠʮʠʝʥʪ k)  

 

ʉʝʯʝʥʠʷ ʨʠʛʝʣʷ ˉ 3 ɾʝʩʪʢʦʩʪʴ ʨʠʛʝʣʷ ˉ 3, ʩʤ4 
ʊʠʧ ʩʭʝʤʳ ʦʧʠʨʘʥʠʷ 

ʐʨʐʨ ɿʜʐʨ ɿʜɿʜ 

ʉ6.5ʇ 48,8 5,0 5,4 5,7 

ʉ14ʇ 493 4,9 6,8 6,9 

ʉ20ʇ 1530 ï 9,3 8,9 

ʎʚʝʪ ʥʘ ʛʨʘʬʠʢʝ ƵƵƵ ƵƵƵ ƵƵƵ 

 

ʅʘ ʛʨʘʬʠʢʘʭ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʨʠʛʝʣʷ ˉ 3 ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʠʟʛʠʙʘ, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʧʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ.  



ISSN 2219-1038 (print)  ɺʳʧʫʩʢ 4 (47), 2025 
 

60 

 

  

ʈʘʩʯʝʪʥʘʷ 

ʩʭʝʤʘ: 

ʎʚʝʪ  

ʥʘ ʛʨʘʬʠʢʝ: 

ʐʨʐʨ ƵƵƵ 

ɿʜʐʨ ƵƵƵ 

ɿʜɿʜ ƵƵƵ 

  

 
ʈʠʩ. 7. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ  

ʜʣʷ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʞʝʩʪʢʦʩʪʠ ʨʠʛʝʣʝʡ ˉ 3 
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The deformation is considered and the bearing capacity of a steel spatial frame is determined, taking into account 

the formation of plastic hinges under the combined action of a constant and technological load. Methods of increasing the 
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the reliability of the calculation method is given. The calculations were performed using a LIRA PC. 
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ʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩʪʘʣʴʥʳʭ ʥʘʜʟʝʤʥʳʭ ʤʦʩʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʙʘʣʦʢ, ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʚʳʪʷʞʢʦʡ ʩʪʝʥʢʠ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʪʘʣʴʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʩʪʦʚʦʡ ʥʘʜʟʝʤʥʳʡ ʧʝʨʝʭʦʜ ʩ ʚʩʪʘʚʢʦʡ ʠʟ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʚʫʪʘʚʨʦʚʦʛʦ, ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʘʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʧʨʝʜʝʣʠʪʴ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ, ʠ ʪʝʦʨʠʠ ʨʘʩʯʝʪʘ ʩʪʘʣʴʥʳʭ ʙʘ-

ʣʦʢ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʚʳʪʷʞʢʦʡ ʩʪʝʥʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ. ɿʘʧʠʩʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʠ ʧʨʦʛʠʙʦʚ ʢʦʥʩʦʣʝʡ ʠ ʩʨʝʜʠʥʥʦʡ ʯʘ-

ʩʪʠ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʩ ʫʯʝʪʦʤ ʠʭ ʚʟʘʠʤʦʚʣʠʷʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʳʯʥʳʭ 

ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʙʘʣʦʢ ʠ ʪʨʝʙʫʝʤʘʷ ʧʣʦʱʘʜʴ ʠʭ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʪʘ ʧʦʧʝʨʝʯʥʦʛʦ 
ʩʝʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʝʜʣʦʞʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ 

ʩʪʘʣʴʥʦʡ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʩʦ ʚʩʪʘʚʢʦʡ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʤʝʩʪʝ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʩʦʣʴʥʳʝ ʩʪʘʣʴʥʳʝ ʙʘʣʢʠ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥ-

ʥʳʝ ʩʪʘʣʴʥʳʝ ʙʘʣʢʠ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʛʦʨʦʜʘʭ, ʠʤʝʶʱʠʭ ʨʘʟʚʠʪʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʘʨʢʦʚʳʝ 

ʟʦʥʳ, ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʩʝʪʴ ʩʧʦʨʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʤʝʩʪʘ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʳʝ ʧʦʜʭʦʜʳ ʠ ʧʝʨʝʭʦʜʳ ʢ ʞʠʣʦʤʫ ʤʘʩʩʠʚʫ, ʤʝʩʪʘʤ 

ʨʘʙʦʪʳ, ʫʯʝʙʳ ʠ ʦʪʜʳʭʘ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʰʝʭʦʜʦʚ ʠ ʢʦʤʬʦʨʪʥʦʛʦ ʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʢ ʤʝʩʪʘʤ 

ʦʙʲʝʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʘʨʭʠʪʝʢʪʫʨʥʦ ʚʳʨʘʟʠʪʝʣʴʥʳʭ, ʧʨʦʯʥʳʭ ʠ 

ʫʩʪʦʡʯʠʚʳʭ ʥʘʜʟʝʤʥʳʭ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ. 

ʌɸʋ çʈʆʉɼʆʈʅʀʀè ʨʘʟʨʘʙʦʪʘʥ ʥʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʈʌ ɻʆʉʊ ʈ 70716-2023 çɼʦ-

ʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʠ ʫʣʠʮʳ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʝʰʝʭʦʜʦʚ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè [3], ʨʝ-

ʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʱʝʥʠʶ ʠ ʨʘʩʧʦʣʦʞʝʥʠʶ ʧʝʨʝʭʦʜʦʚ ʥʘ ʫʣʠʮʘʭ. ʄʠʥʠ-

ʩʪʝʨʩʪʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʌ ʚ ʜʝʢʘʙʨʝ 2020 ʛ. ʫʪʚʝʨ-

ʞʜʝʥ ʉʇ 59.13330.2020 çɼʦʩʪʫʧʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʜʣʷ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʩʝ-

ʣʝʥʠʷè ˉ 633/ʧʨ. [4]. ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʄʦʩʢʚʳ ʚ 2004 ʛ. ʫʪʚʝʨʜʠʣʦ ʨʝʛʣʘʤʝʥʪ çʇʝʰʝʭʦʜʥʳʝ 

ʧʝʨʝʭʦʜʳ ʚʥʝ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʫʣʠʮè, ʩʬʦʨʤʫʣʠʨʦʚʘʚ ʥʦʨʤʳ ʨʘʟʤʝʱʝʥʠʷ ʚ ʛʦʨʦʜʘʭ ʟʘʢʨʳʪʳʭ 

ʥʘʜʟʝʤʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʦʩʥʦʚʳ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ [5]. 

ɺʳʩʰʠʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʈʦʩʩʠʠ ʘʢʪʠʚʥʦ ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘʜʟʝʤʥʳʭ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ. 

 
6É ʂʨʘʚʯʫʢ E. ɺ., ʂʨʘʚʯʫʢ ɺ. ɸ., 2025 
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ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ [6] ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʢʦʥʩʪʨʫʢʮʠʡ ʙʦʣʴʰʝʧʨʦʣʝʪʥʦʛʦ ʥʘʜʟʝʤʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʭʦʣʦʜʥʦʛʥʫʪʳʭ 

ʩʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʠ ʚʣʠʷʥʠʝ ʩʭʝʤʳ ʥʘ ʧʘʨʘʤʝʪʨʳ ʩʝʯʝʥʠʷ ʧʨʦʬʠʣʝʡ. ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴ-

ʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ [7] ʨʘʩʩʤʦʪʨʝʣ ʧʨʠʤʝʥʝʥʠʝ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ ʚ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʩ ʤʝʪʘʣʣʦʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʜʟʝʤʥʦʛʦ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʋʯʝʥʳʝ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ [8] ʚʳʧʦʣʥʠʣʠ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ʥʘʜʟʝʤʥʳʭ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ ʩ ʧʦʟʠʮʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨ, ʩʣʦʞʥʦʩʪʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʉʘʨʘʪʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠ-

ʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [9] ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʥʘʜʟʝʤʥʦʛʦ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

ɺ ʨʘʙʦʪʝ çɸʨʭʠʪʝʢʪʫʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʰʝʭʦʜʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʟ ʬʠʙʨʦʘʨʤʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚè [10] ʘʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʷʭ ʩʦʦʨʫʞʝʥʠʡ.  

ʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ. ʂʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʭʦʜʦʚ ʚ ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʦʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʙʘʣʢʠ ʩ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʦʥʩʦʣʷʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʦʧʠʨʘ-

ʥʠʷ ʥʘ ʥʠʭ ʣʝʩʪʥʠʯʥʳʭ ʤʘʨʰʝʡ (ʨʠʩ. 1). ɿʘʛʨʫʞʝʥʠʝ ʣʝʩʪʥʠʮ, ʣʝʩʪʥʠʯʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʙʘʣʦʢ 

ʧʝʨʝʭʦʜʦʚ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʘ-

ʨʠʘʥʪ, ʢʦʛʜʘ ʥʝʩʫʱʠʝ ʙʘʣʢʠ ʥʘʛʨʫʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ q, ʢʅ / ʩʤ. 
 

 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ  

ʙʘʣʢʠ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʙʘʣʦʢ ʠʩʩʣʝʜʫʝʤ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʳʯʥʳʭ ʙʘ-

ʣʦʢ ʠ ʜʦʙʘʚʠʤ ʢ ʥʝʤʫ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʙʘʣʢʦʡ ʥʘ ʩʪʘʜʠʠ ʝʝ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʝʢʫʱʠʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 

 
xM =

2

( )
2 2

qL qx
x a- - . (1) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟʦʛʥʫʪʦʡ ʦʩʠ ʙʘʣʢʠ 
2 2/ /x yd y dx M EI=-  [11] ʦʧʨʝʜʝʣʷʶʪʩʷ: 

- ʧʦʚʦʨʦʪ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ: 

 
3 31 ( )

[ ( ) ];
2 6 4 24z

dy qL qx qLa L a qL
x a

dx EI

-
=- - - + - (2) 

- ʠ ʝʝ ʧʨʦʛʠʙ: 

 

1

z

y
EI

=-
4 3 4 3 2

3 ( ) ( )
( ) [ ] .

12 24 4 24 24 24 4

qL qx qLa L a qL qa qaL qLa L a
x a x

ë û- -
- - + - + + -ì ü

í ý
 (3) 
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 ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ (/ 2)x L= : 

 

4 3 2 3

max( /2)

1 11 8
[ (12 24 24 ) ]

384 48 96 96
x L

z

qL qL a qL a qLa
y L a

EI
=

Ö
=- - + + - -. (4) 

 ʇʨʦʛʠʙ ʥʘ ʩʚʦʙʦʜʥʦʤ ʢʦʥʮʝ ʢʦʥʩʦʣʠ ( 0)x= : 

 
3 3 4 3 2

( 0)

1 ( )
[ ]

12 24 24 24 4
x

z

qLa qL qa qaL qLa L a
y

EI
=

-
=- - - + + - . (5) 

 ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʛʜʘ 0a= , ʧʨʦʛʠʙ ʧʨʦʣʝʪʥʦʛʦ ʫʯʘʩʪʢʘ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 
ʚʳʨʘʞʝʥʠʷ (5) ʨʘʚʝʥ: 

 
( 0)ay = =

3 4 4 4
3 4 41 1 5

[ ] ( ] .
12 24 24 96 384 48 384z z z

qL q qL qL qL qL
x x x qL

EI EI EI
- - =- - - =-

Ö
 (6) 

 ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʚ ʩʨʝʜʠʥʝ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ( / 2)x L= : 

 2

( /2) ( ) ( ) ( 4 )
2 2 2 2 8

x L

qL L q L qL
M a L a= = - - Ö = -. (7) 

 çʅʫʣʝʚʘʷè ʪʦʯʢʘ ʥʘ ʛʨʘʬʠʢʝ ʤʦʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ 

ʪʝʢʫʱʠʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ 0xM = , ʪ. ʝ.: 

2 0
2 2 2

q qL qLa
x x- + =. 

 ʀʟ ʢʚʘʜʨʘʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʜʠʤ (ʨʠʩ. 2), ʯʪʦ 

2

1,2

1
4

2 2

L
x L La= ° - . 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢ ʤʦʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ ʚ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʝ 

 

 ɺʚʝʜʝʤ ʢʦʵʬʬʠʮʠʝʥʪ /a Lx= . ʉ ʫʯʝʪʦʤ ʫʢʘʟʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʦʞʝʥʠʝ çʥʫʣʝ-

ʚʦʡè ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʝ ʤʦʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ: 

 1,2 1 4 (1 1 4 ).
2 2 2

L L L
x = ° - x= ° - x (8) 

 ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʝʥʠʷ çʥʫʣʝʚʦʡè ʪʦʯʢʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ /a Lx=  ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʪʘʙʣʠʮʝ. 
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ʊʘʙʣʠʮʘ 

 

/a Lx=  
1 (1 1 4 )

2

L
x = - - x 

0,1 0,1127LÖ 

0,11 0,1258LÖ 

0,12 0,1386LÖ 

0,13 0,1535 

 

 ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ /a Lx=  ʚ ʜʠʘʧʘʟʦʥʝ (0,1 0,11)-  ʤʘʣʦ 

ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝʥʠʝ çʥʫʣʝʚʦʡè ʪʦʯʢʠ.  

 ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʧʨʠʤʝʤ, ʯʪʦ 0,1a L= Ö. 

ɼʣʠʥʘ ʩʨʝʜʠʥʥʦʛʦ ʫʯʘʩʪʢʘ ʙʘʣʢʠ ʤʝʞʜʫ çʥʫʣʝʚʳʤʠè ʪʦʯʢʘʤʠ: 

 ( 2 )ob L x= - . (9) 

ɽʩʣʠ 0,1a L= , ʪʦ 2 0,1 0,8 .b L L L= - Ö =  

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ, ʚ ʝʝ 

ʪʦʨʮʝʚʳʭ ʫʯʘʩʪʢʘʭ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,02L  ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪ-

ʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ ʝʝ ʜʣʠʥʫ ʤʝʞʜʫ çʥʫʣʝʚʳʤʠè ʪʦʯʢʘʤʠ ʥʘ ʵʧʶʨʝ ʤʦʤʝʥʪʦʚ ʚʥʝʰʥʠʭ ʥʘʛʨʫ-

ʟʦʢ (ʨʠʩ. 2) ʤʦʞʥʦ ʫʜʣʠʥʠʪʴ ʠ ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ  

 
0 0,8 0,015 0,815 ,b L L L= + =  (10) 

ʩʦʢʨʘʪʠʚ ʜʣʠʥʫ ʦʪʜʝʣʴʥʦʛʦ ʢʦʥʩʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʙʘʣʢʠ ʥʘ 0,0075L, ʪ. ʝ. ʧʨʠʥʷʪʴ  

 0,0925a L= . (11) 

ʀʟʤʝʥʝʥʠʝ ʜʣʠʥ ʙʘʣʢʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ çʥʫʣʝʚʦʡè ʪʦʯʢʠ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦ-

ʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʡ 

ʜʣʠʥʳ ʩʨʝʜʠʥʥʦʛʦ ʧʨʦʣʝʪʘ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʦʞʠʪʴ 

ʚʩʪʘʚʢʫ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʣʢʫ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ 

ʥʘʧʨʷʞʝʥʥʳʤʠ ʠ ʧʨʦʛʠʙʘʤʠ, ʚʝʢʪʦʨ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʳʯʥʳʭ ʙʘʣʦʢ.  

ɺ ʨʘʙʦʪʝ [1] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʡ ʵʣʝʤʝʥʪ ʩʧʦʩʦʙʝʥ ʚʳʜʝʨ-

ʞʘʪʴ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ, ʤʦʤʝʥʪ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

 .0,427pr y w prM AR An= , (12) 

ʛʜʝ ,w prn  ï ʛʠʙʢʦʩʪʴ ʩʪʝʥʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ,( 120 160);w prn = -  A  ï

ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; Ry ï ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ ʵʣʝʤʝʥʪʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʦʙʳʯʥʦʡ ʙʘʣʢʠ: 

 ,0,2357ob y w obM AR An= . (13) 

ɿʜʝʩʴ ,w obn  ï ʛʠʙʢʦʩʪʴ ʩʪʝʥʢʠ ʦʙʳʯʥʦʡ ʙʘʣʢʠ ,( 80 90).w obn = -  

ʉʦʦʪʥʦʰʝʥʠʝ ʤʦʤʝʥʪʦʚ: 

 

3/2 1/2 3/2 1/2

, .

3/2 1/2 3/2 1/2

. .

0,427
1,8

0,2357

pr pr w pr pr w pr

ob ob w ob ob w ob

M A n A n

M A n A n
z= = = . (14) 
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ʊʨʝʙʫʝʤʳʝ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʘʣʦʢ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ (12) 

ʠ (13): 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ: 

 

2

3
2 2

.

;
0,427

prtr

pr

y w pr

M
A

R n
=  (15) 

- ʦʙʳʯʥʦʡ: 

  
2

3
2 2

.

.
0,2357

tr ob
ob

y w ob

M
A

R n
=  (16) 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʙʘʣʦʢ: 

 
1/3

,

1/3

,

0,673 .

tr

pr w ob

tr

ob w pr

A n

A n
y= =  (17) 

ɸʥʘʣʠʟʠʨʫʷ ʚʝʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʚʩʪʘʚʢʠ ʚ ʢʦʥʩʪʨʫʢʮʠʶ 

ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʠ ʦʙʳʯʥʳʡ ʵʣʝʤʝʥʪ ʪʦʛʦ ʞʝ ʧʨʦʣʝʪʘ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʘʩʩʳ ʩʦʧʦ-

ʩʪʘʚʣʷʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ, ʪ. ʝ.: 

 
1/3

,

1/3

,

0,673 ,
pr w ob

ob w pr

m n

m n
V= =  (18) 

ʛʜʝ 
1/3 1/3

, ,,  w ob w prn n  ï ʛʠʙʢʦʩʪʴ ʩʪʝʥʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʳʯʥʦʛʦ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʦʚ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʚʩʪʘʚʢʦʡ ʚ 

ʟʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ: ʥʘ ʢʦʥʩʦʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʨʠʤʝʥʠʪʴ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʙʳʯʥʳʝ ʙʘʣʢʠ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʳʩʦʪʦʡ ʩʝʯʝʥʠʷ ʚ ʦʧʦʨʥʳʭ ʫʟʣʘʭ, ʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʙʘʣʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʡ ʵʣʝʤʝʥʪ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ (ʨʠʩ. 3). 
 

 

ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʠ ʩ ʚʩʪʘʚʢʦʡ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʚʩʪʘʚʢʠ ʚʝʨʥʝʤʩʷ ʢ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʚʳʨʘʞʝʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʛʠʙʘ ʧʦ 

ʚʳʨʘʞʝʥʠʶ (4). ʋʢʘʟʘʥʥʳʡ ʧʨʦʛʠʙ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ: 
4 3 2

( /2)

3

1 11 0,0925 8 0,0925 0,0925 4

384 48 8 96 0,0925 4

8 (0,0925 ) 0,0925 4
(12 24 24 0,0925 )

96 0,0925 4

x L

z

qL qL L qL L L
y

EI L

qL L L
L L

L

=

è Ö Ö
=- - + Ö Ö ³é

ê

øÖ Ö
³ + - Ö - Ö Ö =ù

ú
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4

2 2 2 2

1 0,034225 0,0023427
[[11 0,74 (12 24 0,9095) )

384 0,0925 0,0925

1
0,0208 .

8 48 8

z

x z

qL
L

EI L L

qL L B qL BL

EI EI

è ø
=- - + + Ö - =é ù

ê ú

= Ö Ö = Ö

 (19) 

ɿʜʝʩʴ 

  
0,034225 0,0023427

[10,26 (12 21,828 ) ).
0,0925 0,0925

B L
L L

= + + -  (20) 

ɺ ʦʙʳʯʥʳʭ ʙʘʣʢʘʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʛʜʘ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʦʪʜʝʣʴ-

ʥʦʛʦ ʧʦʷʩʥʦʛʦ ʣʠʩʪʘ0,25fA A= , ʘ ʧʣʦʱʘʜʴ ʩʪʝʥʢʠ 0,5wA A= , ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ: 

 2 / 6.z obI A h=  

ʇʦʜʩʪʘʚʣʷʷ ʟʘʚʠʩʠʤʦʩʪʴ (20) ʚ (19) ʧʦʣʫʯʠʤ: 

 ( /2) 2 2

0,0208 6 0,125
.ob ob

x L

M B M B
y

EAh EAh
=

Ö Ö Ö
= =  (21) 

ɺ ʚʳʨʘʞʝʥʠʝ (21) ʧʦʜʩʪʘʚʣʷʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʤʦʤʝʥʪʘ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ 

obM  ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (13): 

 

3/2 1/2 2 1/2 1/2 2

, ,

( /2) 2 2

0,1248 0,2357
0,0294 .

ob y w ob ob w ob y

x L

A R n L B A n BR L
y

EAh Eh
=

Ö
= =  (22) 

ʈʘʟʜʝʣʠʤ ʚʳʨʘʞʝʥʠʝ (22) ʥʘ ʧʨʦʣʝʪ ʙʘʣʢʠ L  ʠ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʠʤ 

ʚʳʩʦʪʫ ʦʙʳʯʥʦʡ ʙʘʣʢʠ: 

 

1/2 1/2

,2 0,0294 .
ob y w ob

ob

A R n L
h B

y
E

L

=
è ø
é ù
ê ú

ä
  (23) 

ɿʜʝʩʴ 
y

L

è ø
é ù
ê ú

ä
 ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ ʦʙʳʯʥʦʡ ʙʘʣʢʠ, 

1
0,004

250

y

L

è ø
= =é ù

ê ú

ä
 (ʩʤ. ʉʇ 

20.13330.2016, ʪʘʙʣ. ɼ.2.1). 

ʉ ʫʯʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʚʳʩʦʪʘ ʦʙʳʯʥʦʡ ʙʘʣʢʠ: 

 

1/2 1/2

,2 7,35 .
ob y w ob

ob

A R n L
h B

E
=  (24) 

ʇʨʦʛʠʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʚʩʪʘʚʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʝʤ ʞʝ ʬʦʨʤʫʣʘʤ, ʯʪʦ ʠ 

ʧʨʦʛʠʙ ʦʙʳʯʥʦʡ ʙʘʣʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʫʪʦʯʥʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʤʝʥʪʘ. ɺ ʨʘʙʦʪʝ [2] 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ 

 

2 2

. 2

[6 ( 1) ]

6( 1)

pr w

z pr

A h K K
I

K

-g +
=

+
. (25) 

ɿʜʝʩʴ K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥ-

ʥʦʡ ʙʘʣʢʠ, 1,1754K= ; wg ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʝʯʝʥʠʶ ʩʪʝʥʢʠ, 

0,496wg = . 
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ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

 
2

. 0,16575z pr prI A h= Ö ʩʤ4 . (26) 

ʅʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ ʦʥʘ ʧʦʣʫʯʘʝʪ ʚʳʛʠʙ 
0f , 

ʚʝʢʪʦʨ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʧʨʦʛʠʙʫ 
( /2)x Ly =

. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʠʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʷʪʴ ʩ ʫʯʝʪʦʤ ʚʳʛʠʙʘ 
0f ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ 

 ( /2) 0( ).pr x Ly y f== -ä  (27) 

ʀʟ ʨʘʙʦʪʳ ɺ. ɸ. ʂʨʘʚʯʫʢʘ [1] ʠʟʚʝʩʪʥʦ, ʯʪʦ  

2 3/2 1/2 2 1/2 1/2

. .

0 2 2
0,022 0,132

0,16575

y pr w pr y pr w pr

pr

R L A n R L A n
f

E A h Eh
= =

Ö
. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʚ ʚʳʨʘʞʝʥʠʝ 
0f  ʚʤʝʩʪʦ L  ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʩʪʘʚʠʪʴ b  ʠ 

ʚʳʛʠʙ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

2 3/2 2 2 1/2 2

/ ,

01 2 2
0,022 0,132

0,1657

y o pr w pr y o pr w pr

pr

R b A n R b A n
f

E A h Eh
= =

Ö
.

 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʳʯʥʦʡ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʦʢ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ (17): 

1/2

,

1/2

.

0,673
w ob

pr

w pr

n
A A

n
= Ö .

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  

1/2 1/4
2 1/2 1/2 2 1/2 1/2. 1/2 .

. 0 .1/2 1/4

. .1/2

01.1 2 2

1/4
2 1/2 .
0 1/4

.

2

(0,673 )
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w ob w ob
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w pr w pr
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y

w pr

n n
R b A n R b A n

n n
f
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n
R b A

n

Eh

Ö

= = Ö =

=

 

ʈʘʟʜʝʣʠʤ ʧʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʧʨʦʣʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

b  ʠ ʩ ʫʯʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʡʜʝʤ ʚʳʩʦʪʫ ʩʝʯʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ 

ʚʳʛʠʙʫ 
01.1f : 

 

1/4
1/2 .

1/4

/2

01

01.1

0

0,108

w ob
y o

w pr

f

n
R b A

n
h

f
E

b

=
å õ
Öæ ö
ç ÷

. (28) 

ɿʜʝʩʴ 01.1

0

f

b

å õ
æ ö
ç ÷

 ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʨʦʛʠʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠʥʠ-

ʤʘʝʤʳʡ ʧʦ ʉʇ 20.13330.2016 (ʪʘʙʣ. ɼ.2.1) ʨʘʚʥʳʤ 1/250. 
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ʆʢʦʥʯʘʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʚʩʪʘʚʢʠ ʚ ʧʨʦʣʝʪ ʢʦʥʩʦʣʴʥʦʡ 

ʙʘʣʢʠ ʦʧʨʝʜʝʣʠʤ ʠʟ ʚʳʨʘʞʝʥʠʷ 

 

1/4
1/2 .

1/2 1/2 1/4
2 , .2 2

01.1
10

( ) 7,36 0,108 .

( )

w ob
y o

y w ob w pr

obpr

o

f

n
R b A

A R n BL n
h h h

fE
E

b

= - = -ä  (29) 

ʉʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ 

ʤʘʩʩʳ ʠ ʤʘʩʩʳ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʢʦʥʩʦʣʴʥʦʡ ʙʘʣʢʝ ʧʨʦʣʝʪʦʤ 1800L=  ʩʤ ʚʳʩʦʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ 

ʚʩʪʘʚʢʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 18,2 %, ʘ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ ï ʥʘ 14,7 %. 

ɽ. ʀ. ɹʝʣʝʥʷ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ çʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʝʩʫʱʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠè (ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1963) ʦʪʤʝʯʘʝʪ: çʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦ-

ʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ, ʪ. ʝ. ʫʚʝʣʠʯʠʪʴ ʠʭ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʠ ʞʝʩʪʢʦʩʪʴè, ʘ ʜʘʣʝʝ, ʥʘ ʩ. 7: çé.ʩʦʟʜʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʟʥʘʢʘ 

ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠè. 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʣʶʙʦʛʦ ʩʪʝʨʞʥʷ, ʥʘʛʨʫʞʝʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʨʘʚ-

ʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ q, ʢʅ / ʩʤ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴʶ 

 
45

384

n

x

q l
EI

y
= Ö , (30) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʡ ʦ ʪʦʤ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʧʨʦʛʠʙ y, ʪʝʤ ʙʦʣʴʰʝ ʞʝʩʪʢʦʩʪʴ 
xEI  ʠʟʛʠʙʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ. 

ʇʨʦʛʠʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ ʟʘʧʠʩʳʚʘʝʤ ʚ ʚʠʜʝ: 
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3/2 3/2

. .

5 1
0,427 0,04448

48
pr y w pr y w pr

f x

l
y R A n R A n

EI
= Ö = Ö

g
. (31) 

ɺʳʛʠʙ ʙʘʣʢʠ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ [1]: 

 
2

0 ;
8,3

o

xt

M l
f

EI
=  (32) 
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0 2( 1) ( 2)

yR AhK
M

K K
= -

+ +
 (33)

 

ʤʦʤʝʥʪ ʫʩʠʣʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

 

(2 1)

2( 1) 1,2985

x
xt x

IK
I I

K

+
= = -

+  

(34)

 

ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʙʘʣʢʠ ʥʘ ʩʪʘʜʠʠ ʝʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [2]. 

ʉ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ ʩʝʯʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ 

1,1754K= , ʤʦʤʝʥʪ ʫʩʠʣʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ: 

 0,092 .o yM R Ah= Ö  (35) 

ɺʳʛʠʙ 0f  ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ (33), (34): 
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0 0,119462
y

x

R Ahl
f

EI
= Ö . (36) 
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ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʚʳʩʦʪʫ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ 

 . .w pr w prh An= g = .0,496 w prAn =0,70423 1/2

.w prA n . (37) 

ɺ ʠʪʦʛʝ ʚʳʛʠʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ ʥʘ ʩʪʘʜʠʠ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ: 

 

2 1/2 3/2 2

. .

0

0,70423
0,119462 0,0101 .

8,3

y w pr y w pr

x x

R Al A n R A l n
f

EI EI

Ö
= =  (38) 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʨʦʛʠʙ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ: 

 

3/2 2 3/2 2

. .

0( ) (0,04448 0,0101) 0,03438 .
y w pr y w pr

g

x x

R A l n R A l n
y y f

EI EI
= - = - =ä  (39) 

ʉʦʦʪʥʦʰʝʥʠʝ ʧʨʦʛʠʙʘ 
pry  ʠ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʛʠʙʘ yä  ʤʦʞʝʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʞʝʩʪʢʦʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʠʟʛʠʙʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ: 

 
0,04448

1,29377.
0,03438

y

y
j= = =
ä  

(40) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʞʝʩʪʢʦʩʪʴ ʙʘʣʢʠ ʧʦʚʳʰʝʥʘ ʚ 1,29 ʨʘʟʘ.  

ɺʳʚʦʜʳ. ɺʩʪʘʚʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʘʣʴʥʦʛʦ 

ʥʘʜʟʝʤʥʦʛʦ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʝʛʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-

ʪʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʤʘʩʩʳ ʠ ʩʪʦʠʤʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  
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Problem Statement. The article presents analytical dependencies that allow us to justify the feasibility of using 
beams prestressed by wall stretching in the most stressed sections of steel overground bridge crossings. The subject of 

the study is steel building structures. The object of the study is an overground bridge with an insert made of an asymmetric 

prestressed I-beam. 

Materials and Methods. The study is based on the principles of strength of materials, allowing to determine the 

deformed state of individual sections of a cantilever beam and the theory of calculating steel beams prestressed by wall 

stretching. 

Results. Analytical expressions for the rotation angles of and deflections of consoles and the middle part of the 

cantilever beam are written down, taking into account their mutual influence. The maximum bearing capacity of conven-

tional and prestressed beams and the required cross-section area are formulated, as well as the cross-sectional height of 

conventional and prestressed structures. A design solution for a steel cantilever beam with an insert made of a prestressed 

element located at the point of maximum bending moment is proposed. 
 

Keywords: cantilever steel beams, deformed state, prestressed steel beams.  
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ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʯʠʥʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚʳʟʳ-

ʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ), ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʬʘʢʪʦʨʳ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʢ ʢʘʢʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʷʚʣʝʥʠʝ ʢʦʨʨʦʟʠʠ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ 
ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʦʩʥʦʚʝ ʢʦ-

ʪʦʨʦʡ ʣʝʞʘʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʛʦ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʥʷʪʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʣʦʩʢʦʡ ʬʠʛʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʪʝʦ-

ʨʠʷ, ʥʘʧʨʷʞʝʥʠʝ, ʢʦʨʨʦʟʠʷ, ʜʝʬʝʢʪ, ʥʝʩʧʣʦʰʥʘʷ ʪʨʝʱʠʥʘ, ʮʝʥʪʨ ʪʷʞʝʩʪʠ. 

  

ɺʚʝʜʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʵʣʝʤʝʥʪʦʚ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʯʠʥʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʚʳʟʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥ-

ʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ), ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ, ʢ ʢʘʢʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʷʚʣʝʥʠʝ ʢʦʨʨʦʟʠʠ. 

ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝ-

ʨʠʘʣʦʚ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʝ ʩʠ-

ʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʜ ʟʝʤʣʝʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɼʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʣʘʥʦʚʳʝ ʠ ʥʝ-

ʧʣʘʥʦʚʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʝʪʦʜʠʢ ʦʮʝʥʠʚʘʶʪ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠʣʠ ʝʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʦʮʝʥʢʫ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ, ʢʦʪʦʨʘʷ ʠʩʧʳʪʳʚʘʝʪ ʤʝʩʪʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʆʮʝʥʢʫ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩ ʫʯʝʪʦʤ ʢʦʨʨʦʟʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨ-

ʤʫʣʝ [1, 2]: 

ὸ ὸᶻὩὼὴ
Ὧ

ς

„

ὲ
„ ὸȟ (1) 

ʛʜʝ t*  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʦ ʨʘʟʨʫʰʝʥʠʷ ʥʝʥʘʧʨʷʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʛʦʜʘʭ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʬʦʨʤʫʣʦʡ (2); n ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʦ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ; ůy ï 

ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʩʪʘʣʠ, ʄʇʘ; tf ï ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʥʘ ʤʦʤʝʥʪ 

 
7É ʉʘʚʠʯ ɺ. ʃ., ʗʰʠʥ ʃ. ɺ., ɻʘʙʦʚʘ ʄ. ʅ., ʍʣʘʤʦʚ ɺ. ɸ., 2025 
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ʦʙʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ; k ï ʢʦʥʩʪʘʥʪʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ; ůŬ ï ʬʘʢʪʠʯʝʩʢʠʝ ʜʝʡ-

ʩʪʚʫʶʱʠʝ ʢʦʣʴʮʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ, ʄʇʘ, ʨʘʩʩʯʠ-

ʪʳʚʘʝʤʳʝ ʧʦ ʬʦʨʤʫʣʝ (3). 

ὸᶻ
Ὤ

ὺ
ρ
„

„
ὲȟ (2) 

„ ὴ
Ὠ ςὬ

ςὬ
Ȣ 

(3) 

ɿʜʝʩʴ ů ï ʜʝʡʩʪʚʫʶʱʠʝ ʢʦʣʴʮʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʚʦʜʘ ʩʠʩʪʝʤʳ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ, ʄʇʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʳʨʘʞʝʥʠʝʤ (4); h0, ht ï ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʥʘ ʤʦʤʝʥʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʤʤ; d ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʤʤ; p ï ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʩʧʣʦʰʥʦʡ 

ʩʨʝʜʳ, ʄʇʘ; ὺ ï ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʤʤ/ʛʦʜ. 

ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5): 

„ ὴ
Ὠ ςὬ

ςὬ
ȟ  (4) 

ὺ
Ὤ Ὤ

ὸ
Ȣ (5) 

ʂʦʥʩʪʘʥʪʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὧ
ὠ

ὙὝ
ȟ (6) 

ʛʜʝ V ï ʤʦʣʴʥʳʡ ʦʙʲʝʤ ʩʪʘʣʠ, V = 7 ʩʤ3/ʤʦʣʴ; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, 

R = 8,3 ɼʞ/ʤʦʣʴ; T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠʥʠʤʘʝʤ ʊ = 293 ʂ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʯʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʡ, 

ʦʜʥʘʢʦ ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʚ ʤʝʪʘʣʣʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ [3, 4, 5, 8], ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʤʘʪʝʨʠʘʣ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚ-

ʥʷʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʩʦʧʨʦʚʦʞ-

ʜʘʝʤʳʝ ʢʦʨʨʦʟʠʡʥʳʤʠ ʷʚʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨ-

ʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. 

ɼʣʷ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠ-

ʞʝʥʠʠ ʤʝʪʦʜʳ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʪʘʪʴʝ [6]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʘʜʠʝʡ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 1).  

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 1 ʛʨʘʬʠʢʘʤ, ʤʝʞʜʫ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ (ʩʚʷʟʘʥʥʦʡ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ [T*]) ʠ ʧʫʥʢʪʠʨʥʦʡ (ʩʚʷʟʘʥʥʦʡ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤ ʢʨʠʪʝʨʠʝʤ [K*]) ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ n*  

(ʨʠʩ. 2) [6], ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʧʨʘʚʢʫ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʩ ʫʯʝ-

ʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ.  

ʅʘ ʨʠʩ 1ï2 ʧʦʜ ʠʥʜʝʢʩʘʤʠ ç1è, ç2è, ç3è ʠ ç4è ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʦʙʣʘʩʪʠ ʧʦʚʝ-

ʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ç1è ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʜʝʡʩʪʚʠʷ ʟʘʢʦʥʘ ɻʫʢʘ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʚʷʟʘʥʘ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ůʧʮ. ɸʥʘʣʦʛʠʯʥʦ ʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʦʙʣʘʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ: ç2è ï ʵʪʦ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚ ʦʙʣʘʩʪʠ ʪʝʢʫʯʝʩʪʠ ůʪ;  

ç3è ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʣʘʩʪʴ ʫʧʨʦʯʥʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, 
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ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʤʘʢʨʦʪʨʝʱʠʥʫ, ůʚ; ç4è ï ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʘʛʠʩʪʨʘʣʝʡ ʤʘʢʨʦʪʨʝʱʠʥ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʢʦʥʯʘʪʝʣʴʥʳʤ 

ʨʘʟʨʫʰʝʥʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ůʨ. 

 
ʘ) ʜʣʠʥʘ ʜʝʬʝʢʪʘ ï 6 ʤʤ  ʙ) ʜʣʠʥʘ ʜʝʬʝʢʪʘ ï 10 ʤʤ 

 
 

ʚ) ʜʣʠʥʘ ʜʝʬʝʢʪʘ ï 14 ʤʤ ʛ) ʜʣʠʥʘ ʜʝʬʝʢʪʘ ï 18 ʤʤ 

 

 
 

ʈʠʩ. 1. ɻʨʘʬʠʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʧʦʧʝʨʝʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ 
 

 

ʈʠʩ. 2. ʆʙʣʘʩʪʴ  

ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ 

(ʥʘ ʧʨʠʤʝʨʝ ʤʘʢʨʦʢʦʥʮʝʥʪʨʘʪʦʨʘ  

ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʜʣʠʥʦʡ 6 ʤʤ) 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤ (ʨʠʩ. 1) ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

ʉʪʨʫʢʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (7): 

ὲᶻ ‍Ͻὑᶻ Ὕᶻ ȟ (7) 

ʛʜʝ ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʝ, ʝʩʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʯʝʨʝʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʡ (ʥʘʧʨʠʤʝʨ, ʧʦ ʜʠʘʛʨʘʤʤʝ ʠʩʧʳʪʘʥʠʡ 

P ï ȹl).  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʭʦʜʘ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ 

ʦʙʲʝʤʦʚ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ ʠ ʠʟʜʝʣʠʷʤʠ ʩʪʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʦʙʱʠʝ ʜʘʥʥʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. 
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ʊʘʙʣʠʮʘ 1 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ n* ʜʣʷ ʠʟʜʝʣʠʡ 
 

ɼʣʠʥʘ ʜʝʬʝʢʪʘ 
ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʢʨʠʪʝʨʠʡ 
ůʧʮ ůʪ ůʚ ůʨ 

6 ʤʤ 

[K*]  1,932 1,303 0,099 0,0563 

[T*]  1 0,616 0,0905 0,039 

ὑᶻ Ὕᶻ 0,932 0,687 0,0085 0,0173 

10 ʤʤ 

[K*]  1,442 0,937 0,254 0,128 

[T*]  1 0,615 0,158 0,061 

ὑᶻ Ὕᶻ 0,442 0,322 0,096 0,067 

14 ʤʤ 

[K*]  1,505 0,916 0,259 0,151 

[T*]  1 0,584 0,154 0,068 

ὑᶻ Ὕᶻ 0,505 0,332 0,105 0,083 

18 ʤʤ 

[K*]  1,668 1,584 0,210 0,096 

[T*]  1 0,745 0,140 0,049 

ὑᶻ Ὕᶻ 0,668 0,839 0,07 0,047 

 

 
 

ʈʠʩ. 3. ʆʙʱʘʷ ʩʭʝʤʘ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʦʚ 
 

ʈʘʩʯʝʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 2 ʩ 

ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 1. 

 
ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ n* ʤʘʪʝʨʠʘʣʘ 
 

ɼʣʠʥʘ 
ʜʝʬʝʢʪʘ (d) 

ʆʙʲʝʤ, ʤʤ3 

ɓ 
(ʙ/ʘ) 

n* ʤʘʪʝʨʠʘʣʘ 

ůʧʮ ůʪ ůʚ ůʨ 
ʦʙʨʘʟʮʘ 
8Ĭ4Ĭ40 (V) 

ʠʟʜʝʣʠʷ V 
(2Ĭ2Ĭd) 

(ʘ) (ʙ) 

6 ʤʤ 

1280 

1256 0,981 0,914 0,674 0,0083 0,0170 

10 ʤʤ 1240 0,969 0,428 0,312 0,093 0,065 

14 ʤʤ 1224 0,956 0,483 0,317 0,100 0,079 

18 ʤʤ 1208 0,944 0,631 0,792 0,066 0,044 



ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 
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ʇʝʨʝʭʦʜ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʜʝʞʥʦʩʪʠ n* ʤʘʪʝʨʠʘʣʘ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʟʘ-

ʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦ ʛʨʘʬʠʯʝʩʢʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ 

ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ. 4. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʪʨʫʢʪʫʨʥʦʡ ʥʘʜʝʞʥʦʩʪʠ  

ʠ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 4 ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʷʨʢʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ 

18 ʤʤ ʜʣʠʥʳ ʜʝʬʝʢʪʘ ʧʦ ʠʩʧʳʪʫʝʤʦʤʫ ʦʙʨʘʟʮʫ; ʧʨʠ 10 ʠ 14 ʤʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʦʮʝʩʩʳ ʪʦʨʤʦʞʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ; ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʳʤ ʠ ʚʣʠʷʪʝʣʴ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʬʝʢʪ ʚ 6 ʤʤ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ ʷʨʢʦ ʬʦʨʤʠʨʫʝʪ ʜʠ-

ʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ.  

ʇʦʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʜʘ (Re), ʩ ʧʨʠʚʷʟʢʦʡ ʢ 

ʠʥʞʝʥʝʨʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ (nj), ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ (Sj). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6ï9.  

ʇʘʨʘʤʝʪʨ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʛʨʘʬʠʢʫ (ʨʠʩ. 5) ʜʣʷ ʢʘʞʜʦʡ 

ʦʙʣʘʩʪʠ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʠʩ. 6ï9 ʨʝʟʫʣʴʪʘʪʳ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝ-

ʥʠʷ ʢʨʠʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ (ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ) ʠ ʢʨʠʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʜʘ 

ʩ ʧʘʨʘʤʝʪʨʦʤ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʛʨʘʥʠʮʳ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘ ʨʠʩ. 6ï8 ʢʨʠʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʭʦʜʘ ʠ ʧʘʨʘʤʝʪʨʘ ʩʪʨʫʢ-

ʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʦʨʤʠʨʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʡ ʛʠʩʪʝʨʝʟʠʩ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʘʣʴʥʝʡʰʝʝ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʝʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ çʚʥʫʪʨʝʥʥʝʡè ʧʣʦʩʢʦʡ ʬʠ-

ʛʫʨʳ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʨʝʜʝʣʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ ʩ ʫʯʝʪʦʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʝʜʝʣ ʪʝʢʫʯʝ-

ʩʪʠ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʢʘʪʝʛʦʨʠʯʝʩʢʠ 
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ʟʘʧʨʝʱʝʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʨʘʥʠʮʫ ʧʨʝʜʝʣʴʥʦ ʚʦʟ-

ʤʦʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ ʜʠʘʛʦʥʘʣʝʡ ʜʣʷ çʚʥʫʪʨʝʥʥʝʡè ʧʣʦʩʢʦʡ ʬʠ-

ʛʫʨʳ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʙʫʜʝʪ 

ʧʦʣʫʯʝʥʘ ʪʦʯʢʘ çʋè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʧʨʷʞʝʥʠʶ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʨʘʩʧʦ-

ʣʘʛʘʝʤʘʷ ʤʝʞʜʫ ʜʦʧʫʩʢʘʝʤʳʤ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ (ʪʦʯʢʦʡ ç1è) ʠ ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ. ʊʦʯʢʘ 

çʋè ʩʚʷʟʘʥʘ ʩ ʜʠʘʛʦʥʘʣʴʶ çʋɸè. 

 

 
 

ʈʠʩ. 5. ɺʟʘʠʤʦʩʚʷʟʴ ʧʘʨʘʤʝʪʨʘ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʜʝʬʝʢʪʦʚ  

ʩ ʫʯʝʪʦʤ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ 

 

 

 
 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ  

ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ ʚ 6 ʤʤ 
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ɼʣʠʥʘ ʜʝʬʝʢʪʘ, ʤʤ

ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ(Si )

ʦʪ ʜʣʠʥʳ ʜʝʬʝʢʪʘ

ʋʧʨʫʛʘʷ ʦʙʣʘʩʪʴ ʆʙʣʘʩʪʴ ʪʝʢʫʯʝʩʪʠ

ʆʙʣʘʩʪʴ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠʆʙʣʘʩʪʴ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ

ɼʣʠʥʘ ʜʝʬʝʢʪʘ 6 ʤʤ

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ (n) ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ (Re) ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ (S)
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ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ ʚ 10 ʤʤ 

 

 
 

ʈʠʩ. 8. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ ʚ 14 ʤʤ 

 

ɼʘʣʝʝ ʚʣʝʚʦ ʧʨʦʚʦʜʠʪʩʷ ʛʦʨʠʟʦʥʪ ʦʪ ʚʝʨʪʠʢʘʣʠ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʦʪ ʢʨʠʚʦʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʪʦʯʢʠ ɺ ʠ ʉ. ʇʦ 

ʚʝʨʪʠʢʘʣʠ ʥʘʧʨʷʞʝʥʠʷ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʩ ʢʨʠʚʦʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʧʘʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʘ D. 

ʇʦʩʣʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʣʫʯʘʝʪʩʷ ʬʠʛʫʨʘ ɸɺʉD, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʬʠʢʩʠʨʫʝʤʦʤ ʥʝʩʦʚʝʨʰʝʥʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʚʩʣʝʜ-

ʩʪʚʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ. 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ

ɼʣʠʥʘ ʜʝʬʝʢʪʘ 10 ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ (n) ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ (Re) ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ (S)
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ

ɼʣʠʥʘ ʜʝʬʝʢʪʘ 14 ʤʤ

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ (n) ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ (Re) ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ (S)
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ʈʠʩ. 9. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ ʚ 18 ʤʤ 

 

ʊʝʭʥʠʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 10ï13. 
 

 

ʈʠʩ. 10. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʜʛʦ-

ʪʦʚʢʘ ʬʠʛʫʨʳ ɸɺʉD  

ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ  

ʚ 6 ʤʤ 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ (Re) ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ὑ ὲ ρ Ὕᶻ Ȣ (8) 

ʇʦʩʣʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʬʠʛʫʨʳ 

ɸɺʉD ʧʦ ʬʦʨʤʫʣʝ (8) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ [7]: 

ὣ
ВὃϽώ

Вὃ
Ȣ (9) 

ɿʜʝʩʴ Ai ï ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʛʫʨʳ; yi ï ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʛʫʨʳ. 
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ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ

ɼʣʠʥʘ ʜʝʬʝʢʪʘ 18 ʤʤ

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ (n) ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʘʩʭʦʜ (Re) ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ (S)



ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 
 

81 

 

ʈʠʩ. 11. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ  

ʬʠʛʫʨʳ ɸɺʉD  
ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ ʚ 10 ʤʤ 

 

ʈʠʩ. 12. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ  

ʬʠʛʫʨʳ ɸɺʉD  

ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ ʚ 14 ʤʤ 

 

ʈʠʩ. 13. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ  

ʬʠʛʫʨʳ ɸɺʉD  

ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʜʣʠʥʝ ʜʝʬʝʢʪʘ ʚ 18 ʤʤ 

 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʡʜʝʥʥʦʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʢʫʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯ-

ʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʥʘʣʠʯʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʘ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ. 14ï15 ʠ ʚ ʪʘʙʣ. 3. 
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ʈʠʩ. 14. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʜʣʷ ʨʘʩʯʝʪʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

 

 

 
 

ʈʠʩ. 15. ʋʯʝʪ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʧʨʠ ʢʦʨʨʦʟʠʠ 
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ɼʣʠʥʘ ʜʝʬʝʢʪʘ, ʤʤ

ʇʦʪʝʨʠ ʤʝʪʘʣʣʘ ʧʨʠ ʢʦʨʨʦʟʠʠ
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ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʜʝʬʝʢʪ ʚ ʚʠʜʝ ʢʦʨʨʦʟʠʠ, ʟʘʤʝʥʷʝʤʳʡ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʩʧʣʦʰʥʦʡ ʪʨʝʱʠʥʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʵʪʦ ʫʯʝʩʪʴ ʧʨʠ ʦʧʠʩʘʥʠʠ ʚʠʜʦʚ ʢʦʨʨʦʟʠ-

ʦʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʠʪʪʠʥʛʦʚʫʶ ʢʦʨʨʦʟʠʶ, 

ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʤʝʥʠʪʴ ʥʝʩʧʣʦʰʥʦʡ ʪʨʝʱʠʥʦʡ. ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʤʦ-

ʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ.  

ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʩʚʷʟʘʥʥʦʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ, ʟʘʚʠʩʠʪ ʦʪ ʤʥʦ-

ʛʠʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʢ ʪʘʢʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʥʝʰʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʘʣ, ʢʘʯʝʩʪʚʦ ʩʘʤʦʛʦ ʤʝʪʘʣʣʘ. 
 

ʊʘʙʣʠʮʘ 3 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

 

ɼʝʬʝʢʪ ʕʣʝʤʝʥʪʘʨʥʳʝ ʬʠʛʫʨʳ yi Ai Aiyi Yc 

6 ʤʤ 

1 (ɸ-1-2) 1,27 0,1015 0,128905 

1,28 
2 (ɸ-1-ɺô) 1,27 ï0,0244 ï0,03099 

3 (D-C-2) 1,23 ï0,01485 ï0,01827 
 ʉʫʤʤʳ 0,06225 0,079652 

10 ʤʤ 

1 (ɸ-1-2) 1,21 0,11 0,1331 

1,22 
2 (ɸ-1-ɺ') 1,21 ï0,0341 ï0,04126 

3 (D-C-2) 1,16 ï0,01155 ï0,0134 
  ʉʫʤʤʳ 0,06435 0,078441 

14 ʤʤ 

1 (ɸ-1-2) 1,18 0,12 0,1416 

1,19 
2 (ɸ-1-ɺ') 1,18 ï0,0396 ï0,04673 

3 (D-C-2) 1,12 ï0,0087 ï0,00974 
 ʉʫʤʤʳ 0,0717 0,085128 

18 ʤʤ 

1 (ɸ-1-2) 1,13 0,105 0,11865 

1,14 
2 (ɸ-1-ɺ') 1,13 ï0,02835 ï0,03204 

3 (D-C-2) 1,08 ï0,0114 ï0,01231 
 ʉʫʤʤʳ 0,06525 0,074303 

 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʧʨʦʱʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ ʫʯʝʪʘ ʧʦʪʝʨʠ ʤʝ-

ʪʘʣʣʘ ʧʦ ʪʦʣʱʠʥʝ ʢʦʥʩʪʨʫʢʮʠʠ (t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ ʜʝʬʝʢʪʘ (l), ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʫʣʦʡ [9] ʠ ʨʠʩ. 15. 

ὸ πȟσσσὰȢ (10) 

ʊʦʛʜʘ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʚ ʤʦʤʝʥʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

Ὤ Ὤ ὸȢ (11) 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʜʘʥʥʳʭ: ʤʘʪʝʨʠʘʣ ï ʩʪʘʣʴ 3, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ůy = 210 ʄʇʘ, ʜʠʘʤʝʪʨ d = 1120 ʤʤ, ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ h0 = 12 ʤʤ, ʬʘʢʪʠʯʝʩʢʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ tf = 30 ʣʝʪ, ʨʘʙʦʯʝʝ ʜʘʚ-

ʣʝʥʠʝ ʧʨʠ ʪʨʝʭ ʚʘʨʠʘʮʠʷʭ p1 = 1,5 ʄʇʘ, p2 = 2,0 ʄʇʘ, p3 = 2,5 ʄʇʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʘʤ (1)ï(11) ʧʨʦʠʟʚʝʜʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʢʝʪʘ 

çMicrosoft Office Excel ï 2007è.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4 ʠ ʥʘ ʨʠʩ. 16. 
ʊʘʙʣʠʮʘ 4 

ʆʮʝʥʢʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

 

ʅʦʤʝʨ ɼʘʚʣʝʥʠʝ, ʄʇʘ 

ɼʣʠʥʘ ʜʝʬʝʢʪʘ, ʤʤ 

6 10 14 18 

ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ, ʣʝʪ 

1 1,5 74,95 35,09 17,25 7,73 

2 2,0 49,87 20,75 7,25 0,28 

3 2,5 24,80 6,40 0 0 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ, n 1,28 1,22 1,19 1,14 
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ʈʠʩ. 16. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠ ʟʘʤʝʥʝ ʢʦʨʨʦʟʠʠ ʣʦʢʘʣʴʥʳʤ ʜʝʬʝʢʪʦʤ  

ʚ ʚʠʜʝ ʥʝ ʩʧʣʦʰʥʦʡ ʪʨʝʱʠʥʳ ʤʝʪʦʜʘʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʘ ʢʦʨʨʦʟʠʠ ʚ ʚʠʜʝ ʥʝ-

ʩʧʣʦʰʥʦʡ ʪʨʝʱʠʥʳ ʧʦʣʫʯʝʥʘ ʜʦʩʪʘʪʦʯʥʘʷ ʛʠʙʢʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ, ʫʯʠ-

ʪʳʚʘʶʱʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʨʝʞʠʤ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʊʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝ-

ʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩ ʢʦʨʨʦʟʠʦʥʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʫʨʦʚʥʝ ʧʦʜʜʝʨʞʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʨʘʙʦʯʝʤʫ ʜʘʚʣʝʥʠʶ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʝʨʠ ʤʝʪʘʣʣʘ ʜʣʷ ʦʜʥʦʛʦ 

ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʘ ʞʠʚʫʯʝʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʘʢ, ʧʨʠ 2 ʠ 2,5 ʄʇʘ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʫʶʪʩʷ ʨʝʤʦʥʪ-

ʥʳʝ ʨʘʙʦʪʳ ʧʦ ʟʘʤʝʥʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
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During operation of various mechanical systems and structural elements, structural changes in the material oc-

cur, the causes of which are various operating conditions and modes that cause the dynamics of the stress-strain state of 

the object under consideration, as well as additional factors of a physical nature, which include the phenomenon of cor-

rosion. The article proposes a method for determining the residual life of a conservative mechanical system in the form 

of a pipeline, which is based on energy criteria for the behavior of materials in a stress-strain state, as well as a geomet-

ric technique for determining the current safety factor of a structure in the presence of an operational defect using the 

concept of the center of gravity of a flat figure.  

 

Keywords: residual life, safety factor, structural-energy theory, stress, corrosion, defect, non-continuous crack, 

center of gravity.  
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ʈʦʩʩʠʷ, ʛ. ʄʦʩʢʚʘ 
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ʈʦʩʩʠʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
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e-mail: kaf-mk@bk.ru 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʪʘʣʴʥʦʛʦ ʥʘʩʪʠʣʘ ʠʟ ʛʥʫʪʳʭ ʧʨʦʬʠʣʝʡ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʳʤʠ 

ʛʦʬʨʘʤʠ. ʆʧʨʝʜʝʣʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʧʳʪʘʥʥʳʭ ʧʨʦʬʠʣʝʡ, ʩʭʝʤʳ ʟʘʛʨʫʞʝʥʠʷ ʠ ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʠ-

ʙʦʨʦʚ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʟʘʛʨʫʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ 

ʥʘʛʨʫʟʢʦʡ. ʆʧʨʝʜʝʣʝʥ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʩʧʳʪʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤʠ.  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʧʨʦʢʘʪ, ʛʥʫʪʳʝ ʧʨʦʬʠʣʷ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʳʤʠ ʛʦʬʨʘʤʠ, ʥʘʪʫʨʥʳʝ ʠʩ-

ʧʳʪʘʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʚʳʰʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʤʝʪʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʣʴʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʣʠʩʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʭʦʣʦʜʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʦʚʠʪʴ ʵʣʝʤʝʥʪʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʬʣʠʩʪʘ: ʚ ʢʘʯʝʩʪʚʝ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʥʝʩʫʱʝʛʦ ʠʣʠ ʦʛʨʘʞʜʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ [1é3] ʠ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʲʸʤʥʦʡ ʦʧʘ-

ʣʫʙʢʠ ʜʣʷ ʤʦʥʦʣʠʪʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ [4é7]. ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʦʡ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʫʤʝʥʴʰʠʪʴ 

ʩʪʦʠʤʦʩʪʴ, ʫʚʝʣʠʯʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʘʩʯʝʪ ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʨʤʠʨʦʚʘʥ ʉʇ 260.1325800.2023. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

 
8É ɿʚʝʨʝʚ ɺ. ɺ., ʈʠʤʰʠʥ ɺ. ʀ., ɸʥʧʠʣʦʚ ʉ. ʄ., ɾʠʜʢʦʚ ʂ. ɽ., ʄʘʨʢʦʚʠʯ ɸ. ɾ., 2025 
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ʜʦʩʪʘʪʦʯʥʦ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

[8...15]. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ 

ʨʘʩʯʝʪʘ ʜʣʷ ʪʦʥʢʦʣʠʩʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʳʤ ʥʘʧʨʷʞʝʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʧʦʪʝʨʝʡ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʥʘʛʨʫʟʢʠ, ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [1é3, 16...19]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥ ʣʠʥʝʡʥʳʡ ị-ʦʙʨʘʟʥʳʡ 

ʧʨʦʬʠʣʴ [4é6, 20] ʚʳʩʦʪʦʡ 260 ʤʤ, ʰʠʨʠʥʦʡ 600 ʤʤ (ʧʦ ʥʠʞʥʠʤ ʧʦʣʢʘʤ) ʠʟ ʟʘʛʦʪʦʚʢʠ ʰʠʨʠ-

ʥʦʡ 1250 ʤʤ (ʨʠʩ. 1). ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʩʤʷʪʠʠ ʚ ʦʧʦʨʥʳʭ ʟʦʥʘʭ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʧʦʧʝʨʝʯʥʳʝ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ. 

 

 
 

ʈʠʩ. 1. ʃʠʥʝʡʥʳʡ ị-ʦʙʨʘʟʥʳʡ ʵʣʝʤʝʥʪ 

 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʨʘʩʯʝʪʘ ʧʦ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧʘʤ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʪʘʣʴʥʳʭ ʛʥʫ-

ʪʳʭ ʧʨʦʬʠʣʝʡ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʳʤʠ ʛʦʬʨʘʤʠ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʥʘʩʪʠʣʘ, ʩʦ-

ʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʩʪʘʣʴʥʳʭ ʛʥʫʪʳʭ ʧʨʦʬʠʣʝʡ ʩ ʪʨʘʧʝʮʠʝʚʠʜʥʳʤʠ ʛʦʬʨʘʤʠ (ʨʠʩ. 2). ʇʨʦʬʠʣʠ 

ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʥʠʞʥʠʤ ʧʦʣʢʘʤ ʚʜʦʣʴ ʧʨʦʣʝʪʘ ʩʘʤʦʥʘʨʝʟʘʶʱʠʤʠ ʩʘʤʦʩʚʝʨʣʷ-

ʱʠʤʠ ʚʠʥʪʘʤʠ. ɺ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʠ ʥʘʜ ʦʧʦʨʘʤʠ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʨʝʙʨʘ ʞʸʩʪ-

ʢʦʩʪʠ ʚʳʰʝ ʫʨʦʚʥʷ ʥʠʞʥʠʭ ʧʦʣʦʢ (ʨʠʩ. 3), ʢʨʝʧʣʝʥʠʝ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʠʥʪʘʤʠ. ɺʩʝ 

ʪʦʥʢʦʣʠʩʪʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʣʝʤʝʥʪʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʣʠʩʪʦʚʦʛʦ ʛʦʨʷʯʝʦʮʠʥʢʦʚʘʥʥʦʛʦ 

ʧʨʦʢʘʪʘ ʧʦ ɻʆʉʊ [21], ʪʦʣʱʠʥʘ ʪʨʘʧʝʮʠʝʚʠʜʥʳʭ ʧʨʦʬʠʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʤʤ, ʨʝʙʝʨ ʞʝʩʪʢʦ-

ʩʪʠ ï 1,2 ʤʤ (ʨʠʩ. 4). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʦ ɻʆʉʊ [22], ʦʪʦʙʨʘʥʥʳʭ ʠʟ 

ʥʘʠʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ (ʧʨʠʦʧʦʨʥʦʡ ʥʠʞʥʝʡ ʧʦʣʢʠ) ị-ʦʙʨʘʟʥʦʛʦ ʧʨʦʬʠʣʷ, ʧʨʠʥʷʪ ʧʨʝ-

ʜʝʣ ʪʝʢʫʯʝʩʪʠ ï 308 ʄʇʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ [23] ʠʩʧʳʪʘʥʠʷ ʧʨʦʬʠʣʷ / ʥʘʩʪʠʣʘ ʧʦ ʦʜʥʦʧʨʦʣʸʪʥʦʡ ʩʭʝʤʝ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʢʘʢ ʜʣʷ ʙʘʣʢʠ, ʩʚʦʙʦʜʥʦ ʦʧʠʨʘʶʱʝʡʩʷ ʥʘ ʧʦʜʚʠʞʥʫʶ ʠ ʥʝʧʦʜʚʠʞʥʫʶ ʦʧʦʨʳ ʯʝʨʝʟ 

ʜʝʨʝʚʷʥʥʳʝ ʙʨʫʩʢʠ ʥʘ ʚʩʶ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʰʠʨʠʥʫ ʦʧʠʨʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʧʨʦʬʠʣʴ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʚʥʝʰʥʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ, ʜʣʷ ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʧʨʠʥʷʪʦ ʦʧʠʨʘʥʠʝ ʧʦ ɻʆʉʊ [24], ʪ. ʝ. ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʘʣʴʥʫʶ ʧʣʘ-

ʩʪʠʥʫ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ 5). ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʦʧʠʨʘʥʠʷ ʩʦʧʦʩʪʘ-

ʚʠʤʦ ʩ ʨʝʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʦʟʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʠʩ-

ʧʳʪʘʥʠʷʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ [24]. 
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ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʠʙʦʤʝʨʦʚ ʇɸʆ-6 

ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,01 ʤʤ. ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6. 

 

 
 

ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ʜʣʷ ʠʩʧʳʪʘʥʠʡ 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʥʘʜ ʦʧʦʨʦʡ 

˭͊ͦͪ͘ 
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ʈʠʩ. 4. ʂʦʥʪʨʦʣʴʥʳʝ ʟʘʤʝʨʳ ʪʦʣʱʠʥ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʵʣʝʤʝʥʪʦʚ 

 

 
 

ʈʠʩ. 5. ʆʧʠʨʘʥʠʝ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʣʠʩʪʘ ʥʘ ʰʘʨʥʠʨʥʦ-ʧʦʜʚʠʞʥʫʶ ʦʧʦʨʫ ʩʪʝʥʜʘ 

 

ʅʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ 

ʪʝʥʟʦʩʪʘʥʮʠʠ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʝʥʟʦʤʝʪʨʠʨʦʚʘʥʠʷ MIC-185. ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʪʝʥʟʦʜʘʪʯʠ-

ʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 7. 
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ʈʠʩ. 6. ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʦʛʠʙʦʤʝʨʦʚ ʇɸʆ-6 

 

ʩ  

 
 

ʈʠʩ. 7. ʉʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ ʪʝʥʟʦʜʘʪʯʠʢʦʚ 
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ʅʘʛʨʫʞʝʥʠʝ ʥʘʩʪʠʣʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʦʪ ʦʧʦʨ ʢ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʩ ʧʦʤʦʱʴʶ ʪʨʦʪʫʘʨʥʳʭ 

ʧʣʠʪʦʢ ʨʘʟʤʝʨʦʤ 60Ĭ300Ĭ6000 ʤʤ ʩ ʫʩʨʝʜʥʝʥʥʳʤ ʚʝʩʦʤ 27,4 ʢʛ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʥʪʨʦʣʴʥʳʭ 

ʚʟʚʝʰʠʚʘʥʠʡ).  

ʅʘʛʨʫʞʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʠ ʦʩʥʦʚʥʦʡ. ʇʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʨʠʙʦʨʦʚ, ʚʳʷʚʣʝʥʠʷ ʥʝʩʦʚʝʨʰʝʥʩʪʚ ʠ ʦʙʤʷʪʠʷ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʙʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʣʷʣʘ 

91,33 ʢʛ/ʤ2 ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʛʨʫʟʢʦʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʙʥʦʛʦ ʟʘʛʨʫʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʘʟʛʨʫʟʢʠ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʩʥʠʞʘʶʱʠʭ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʥʝ ʚʳʷʚʣʝʥʦ. 

ʆʩʥʦʚʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʪʫʧʝʥʷʤʠ ʚʝʣʠʯʠʥʦʡ 10é20 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʨʘʟʨʫʰʘʶʱʝʡ ʥʘʛʨʫʟʢʠ ʩ ʚʳʜʝʨʞʢʦʡ ʥʝ ʤʝʥʝʝ 15 ʤʠʥ ʠʣʠ ʜʦ ʧʦʣʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʢʘʟʘʥʠʡ 

ʧʨʠʙʦʨʦʚ.  

ɿʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʧʦʧʝʨʝʯʥʳʭ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ (ʩʤ. ʨʠʩ. 2, 3) ʩʤʷʪʠʝ ʚ ʧʨʠʦʧʦʨʥʦʡ ʟʦʥʝ 

ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʟʘʛʨʫʞʝʥʠʠ ʦʪ 685 ʜʦ 730 ʢʛ/ʤ2 ʚ ʧʦʥʠʞʝʥʥʦʤ ʫʯʘʩʪʢʝ 

ʚʝʨʭʥʝʡ ʧʦʣʢʠ ʦʪʤʝʯʘʝʪʩʷ ʤʝʩʪʥʘʷ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩ. 9). ʀʩʩʣʝʜʫʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ 4-ʤʫ ʢʣʘʩʩʫ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʪʝʨʷ ʤʝʩʪ-

ʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʩʪʫʧʘʝʪ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʚ ʦʜʥʦʡ ʠʣʠ ʙʦʣʝʝ ʟʦʥʘʭ ʧʦʧʝ-

ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

 

 
 

ʈʠʩ. 9. ʇʦʪʝʨʷ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʧʦʥʠʞʝʥʥʦʤ ʫʯʘʩʪʢʝ ʚʝʨʭʥʝʡ ʧʦʣʢʠ 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʫʯʝʪʦʤ ʨʝʜʫ-

ʮʠʨʦʚʘʥʠʷ ʩʝʯʝʥʠʷ ʧʦ ʉʇ [25] ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʥʘʛʨʫʟʢʝ 1288 ʢʛ/ʤ2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʥʠʞʝʥʥʳʡ ʫʯʘʩʪʦʢ ʚʝʨʭʥʝʡ ʧʦʣʢʠ ʪʝʨʷʝʪ ʤʝʩʪʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʇʨʠ ʫʯʝʪʝ ʚʳʢʣʶʯʝʥʠʷ ʠʟ ʨʘʙʦʪʳ ʧʦʥʠʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚʝʨʭʥʝʡ ʧʦʣʢʠ ʪʝʦʨʝ-

ʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʞʠʜʘʝʪʩʷ ʧʨʠ ʥʘʛʨʫʟʢʝ 1154,5 ʢʛ/ʤ2. 

˽͔ͦͭͪΎ ͔͚ͣͫͭͤͦ 

͚ͯͫͭͦ;͙͍͙ͦͫͭ 
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ʌʘʢʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʠʟʦʰʣʘ ʚ ʚʠʜʝ ʩʤʷʪʠʷ ʠ ʢʦʨʦʙʣʝʥʠʝ ʧʦ-

ʣʦʢ (ʩʤ. ʧ 5.2.3 ʉʇ 260.1325800.2023) (ʨʠʩ. 10, 11) ʧʨʠ ʥʘʛʨʫʟʢʝ 1224,17 ʢʛ/ʤ2. ʌʘʢʪʠʯʝʩʢʘʷ 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ) ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʥʘʩʪʠʣʘ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ 5,7 % ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. 

 

 
 

ʈʠʩ. 10. ʆʙʱʠʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝ ʧʦʪʝʨʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʜʦ ʨʘʟʛʨʫʟʢʠ) 

 

 
 

ʈʠʩ. 11. ʆʙʱʠʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʩʣʝ ʨʘʟʛʨʫʟʢʠ 

 

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʥʘʛʨʫʞʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘʨʘʩʪʘʣʠ ʨʘʚʥʦʤʝʨʥʦ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʥʫʪʳ ʧʝʨʝʤʝʱʝʥʠʷ 29,35 ʤʤ (ʙʣʠʟʢʦ ʢ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʝʜʝʣʴʥʦʤʫ ʧʨʦʛʠʙʫ), ʩʦʩʪʘʚʠʣʘ 995,83 ʢʛ/ʤ2. ɻʨʘʬʠʢ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ 

ɋ-ʦʙʨʘʟʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 12. 
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ʈʠʩ. 12. ɻʨʘʬʠʢ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ɋ-ʦʙʨʘʟʥʦʛʦ ʧʨʦʬʠʣʷ 

 

 

ɺʳʚʦʜʳ 

1. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʝʜʝʣʴʥʳʡ ʧʨʦ-
ʛʠʙ fʪʝʦʨ = (1/200)L = 30 ʤʤ, ʩʦʩʪʘʚʣʷʝʪ q = 839 ʢʛ/ʤ2. 

2. ʌʘʢʪʠʯʝʩʢʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʛʠʙ ʧʨʠ ʥʘʛʨʫʟʢʝ q = 822,00 ʢʛ/ʤ2 ʩʦʩʪʘʚʠʣ 

fʵʢʩʧ = 21,99 ʤʤ, ʧʨʠ ʥʘʛʨʫʟʢʝ q = 867,67 ʢʛ/ʤ2 ʩʦʩʪʘʚʠʣ fʵʢʩʧ = 23,53 ʤʤ. ʀʥʪʝʨʧʦʣʷʮʠʝʡ ʦʧʨʝ-

ʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʫʟʢʝ q = 839 ʢʛ/ʤ2 ʧʨʦʛʠʙ ʩʦʩʪʘʚʣʷʝʪ fʵʢʩʧ = 22,6 ʤʤ. 

3. ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʛʠʙ 29,35 ʤʤ (ʙʣʠʞʘʡʰʠʡ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 30 ʤʤ [26]) 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʨʠ ʥʘʛʨʫʟʢʝ q = 995,83 ʢʛ/ʤ2. 

4. ʌʘʢʪʠʯʝʩʢʠʡ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ) ʧʨʦʛʠʙ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʥʘʛʨʫʟʢʝ 

q = 839 ʢʛ/ʤ2 ʥʠʞʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 32,7 %. 

5. ʇʨʠ ʟʘʛʨʫʞʝʥʠʠ ʦʪ 685 ʜʦ 730 ʢʛ/ʤ2 ʧʨʦʠʟʦʰʣʘ ʧʦʪʝʨʷ ʤʝʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ-

ʥʠʞʝʥʥʦʡ ʯʘʩʪʠ ʚʝʨʭʥʝʡ ʰʠʨʦʢʦʡ ʧʦʣʢʠ ʧʨʦʬʠʣʷ. ɺʳʢʣʶʯʝʥʠʝ ʯʘʩʪʠ ʩʝʯʝʥʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʟʘʛʨʫʞʝ-

ʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʟʘʢʨʠʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪʳ ʧʨʦʬʠʣʷ. 

6. ʇʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʬʠʣʷ ʧʨʦʠʟʦʰʣʘ ʚ ʚʠʜʝ ʩʤʷʪʠʷ ʠ ʢʦʨʦʙʣʝʥʠʷ ʧʦ-

ʣʦʢ ʧʨʠ ʥʘʛʨʫʟʢʝ 1224,17 ʢʛ/ʤ2. 

7. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʉʇ [25] 

ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʥʘʛʨʫʟʢʝ 1288 ʢʛ/ʤ2. ʇʨʠ ʫʯʝʪʝ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʩʝʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʦʡ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʰʠʨʦʢʦʡ ʯʘʩʪʠ ʚʝʨʭʥʝʡ ʧʦʣʢʠ ʧʨʦʬʠʣʷ ʠʩʯʝʨʧʘʥʠʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʨʠ ʥʘʛʨʫʟʢʝ 1154,5 ʢʛ/ʤ2. 

8. ʌʘʢʪʠʯʝʩʢʘʷ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ) ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ 
ʥʘʛʨʫʞʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ 5,7 % ʚʳʰʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ.  
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ʉʚʝʜʝʥʠʷ ʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʘʨʭʠʪʝʢ-

ʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʘʫʢ: 3.1.1.1 ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ 

ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʦʡ ʠʟ ʥʘʩʪʠʣʘ ʩʠʣʦʚʦʛʦ ị-ʦʙʨʘʟʥʦʛʦ ʩʝʯʝʥʠʷ, ʩʪʘʣʝʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʥʘʩʪʠʣ ʩʠʣʦʚʦʡ. 
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ʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʦ ʬʨʦʥʪʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ɺ ʩʦʚʝʪʩʢʠʡ ʧʝ-

ʨʠʦʜ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʯʝʥʳʝ ʩʪʘʚʠʣʠ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʪʘʙʣʠʮʳ ʠ ʛʨʘʬʠʢʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʘʪʫʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ ʩ ʧʦʤʦʱʴʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʚʪʦʨʷʶʪ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʰʣʦʛʦ ʦʧʳʪʘ, ʠʩʧʦʣʴʟʫʷ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʚʳʧʦʣʥʠʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʚʘʣʠʜʠʨʦʚʘʪʴ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʭʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʳʭ 

ʫʜʘʨʥʳʭ ʚʦʣʥ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʣʶʙʳʝ ʧʘʨʘʤʝʪʨʳ ʬʨʦʥʪʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʢʘʥʘʣʦʚ ʠ ʢʘʤʝʨ ʩʦʦʨʫ-

ʞʝʥʠʡ. 

ʄʝʪʦʜʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʷʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʵʡʣʝʨʦʚʦʤ ʦʧʠʩʘʥʠʠ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ.  

ʈʝʟʫʣʴʪʘʪʳ. ɺʳʧʦʣʥʝʥ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʧʨʷ-

ʤʦʤ ʢʘʥʘʣʝ, ʚ ʢʘʥʘʣʝ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʧʝʨʝʭʦʜʦʤ ʠʟ ʫʟʢʦʛʦ ʩʝʯʝʥʠʷ ʚ ʰʠʨʦʢʠʡ, ʠ ʥʘʦʙʦʨʦʪ, ʘ ʪʘʢʞʝ ʚ ʢʘʥʘʣʝ 

ʩ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ, ʯʪʦ ʜʦ-

ʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦʩʪʘʥʦʚʦʢ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʫʰʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, çAnsys Fluentè, ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʢʘ, ʢʘʥʘʣʳ ʩʦʦʨʫʞʝʥʠʡ, 

ʬʨʦʥʪ ʚʦʣʥʳ. 

 

ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʣʶʜʝʡ ʦʪ ʚʦʟʜʫʰʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʩʦʦʨʫʞʝʥʠʷʭ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, ʛʜʝ ʚʦʟʜʫʰʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʤʦʞʝʪ ʟʘʪʝʢʘʪʴ ʯʝ-

ʨʝʟ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʠ ʜʨʫʛʠʝ ʢʘʥʘʣʳ. ɺ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩ-

ʧʳʪʘʥʠʡ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦ ʬʨʦʥʪʝ ʟʘʪʝʢʰʝʡ ʚ ʢʘʥʘʣ ʚʦʣʥʳ. ʅʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʤʝʪʦʜʠʢ ʧʨʦʚʝʨʠʪʴ 

ʠ ʚʳʧʦʣʥʠʪʴ ʚʘʣʠʜʘʮʠʶ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚ-

ʣʷʝʪʩʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʢʘʥʘʣʘ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʟ-

ʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʧʨʦʭʦʞʜʝʥʠʝʤ ʩʢʚʦʟʴ ʧʨʷʤʦʡ ʢʘʥʘʣ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʩʢʚʦʟʴ ʢʘʥʘʣ ʩ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ.  

 
9É ʉʘʚʝʥʢʦʚ ɸ. ʖ., ʌʦʤʠʥ ʇ. ɺ., 2025 
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ʊʠʧʳ ʢʘʥʘʣʦʚ ʩʦʦʨʫʞʝʥʠʡ. ʂʘʥʘʣʳ ʩʦʦʨʫʞʝʥʠʡ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʛʝʦʤʝʪʨʠʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʷʤʳʤʠ (ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʰʘʭʪʳ ʫʙʝʞʠʱ, ʘʚʘʨʠʡʥʳʝ ʚʳʪʷʞʥʳʝ ʢʘʥʘʣʳ, ʛʣʘʜʢʠʝ 
ʫʯʘʩʪʢʠ ʧʨʠʪʦʯʥʳʭ ʠ ʚʳʪʷʞʥʳʭ ʩʠʩʪʝʤ), ʩ ʫʯʘʩʪʢʘʤʠ ʧʝʨʝʭʦʜʦʚ ʦʪ ʰʠʨʦʢʦʛʦ ʚ ʫʟʢʠʡ ʠʣʠ ʠʟ 
ʫʟʢʦʛʦ ʚ ʰʠʨʦʢʠʡ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʰʠʨʠʪʝʣʴʥʳʝ ʢʘʤʝʨʳ ʥʘ ʚʭʦʜʘʭ ʚ ʫʙʝʞʠʱʘ ʠʣʠ ʢʘʤʝʨʳ ʛʘʰʝ-

ʥʠʷ ʵʥʝʨʛʠʠ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʪʫʥʥʝʣʷʭ [1, 2].  
ʇʨʝʜʤʝʪ, ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ. ɺ ʤʝʭʘʥʠʢʝ ʜʚʠʞʝʥʠʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʤʦʞʥʦ ʬʦʨʤʫʣʠ-

ʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘ, ʦʧʠʩʳʚʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ 

(ʧʣʦʪʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ) ʠ ʜʚʠʞʝʥʠʷ (ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ [6]. 
ʄʝʪʦʜ ʃʘʛʨʘʥʞʘ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʜʝʬʦʨʤʘʮʠʠ ʩʘʤʦʛʦ ʪʝʣʘ. ʄʝʪʦʜ 
ʕʡʣʝʨʘ ʦʧʨʝʜʝʣʷʝʪ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢ ʟʘʜʘʯʘʤ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʧʦʪʦʢʘʤʠ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫ-
ʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʦʨʦʩʪʷʭ ʠ ʫʩʢʦʨʝʥʠʷʭ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʚ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪ ʤʝ-

ʪʦʜ ʕʡʣʝʨʘ. ʊʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢ-
ʩʘʭ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʚ [3] ʧʦʢʘʟʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çLS-Dynaè, ʪʘʢʞʝ 
ʤʦʞʥʦ ʥʘʡʪʠ ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʦʙʥʳʭ ʧʦʩʪʘʥʦʚʦʢ ʚ ʠʥʦʩʪʨʘʥʥʳʭ ʨʘʙʦʪʘʭ [4, 5]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
ʨʘʩʩʤʦʪʨʠʤ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ ʚ ʇʂ çANSYS Fluentè ï ʧʨʦʜʫʢʪʝ çANSYSè ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ (CFD). 
ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʨʝʘʣʠʟʦ-

ʚʘʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʕʡʣʝʨʘ ʠ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʛʘʟʦʜʠʥʘʤʠʢʠ, ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ:  

- ʫʨʘʚʥʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ [7], ʠʣʠ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʩʩʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ, ʝʩʣʠ ʥʝʪ ʠʩʪʦʢʘ. ɼʣʷ 
ʫʜʦʙʩʪʚʘ ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʪʝʥʟʦʨʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ: 

Öɟ

Öt

Öɟvi

Öxi
,                                                                        (1) 

ʛʜʝ xi  (x; y; z) ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ; p  p (x; y; z; t) ï ʜʘʚʣʝʥʠʝ;  

ɟ ɟ (x; y; z; t) ï ʧʣʦʪʥʦʩʪʴ; vi = vi (x; y; z; t) ï i-ʷ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ; 

- ʫʨʘʚʥʝʥʠʝʤ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ, ʚ ʬʦʨʤʝ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʧʦʪʝʟʳ ʉʪʦʢʩʘ, ʠ ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 
ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ [7, 8]. ɼʣʷ ʢʘʞʜʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʫʣʴʩʘ ɟv
i
: 

Öɟvi

Öt

Öɟvivj

Öxj

Ö

Öxi
 p
2

3
ɛS
kk

Ö2ɛS
ij

Öxj
,                                           (2) 

ʛʜʝ Sij 0,5 (
Övj

Öxi

Övi

Öxj
) ï ʪʝʥʟʦʨ ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʠ; ɛ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ɿʜʝʩʴ ʠ ʜʘ-

ʣʝʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʤʘʩʩʦʚʳʝ ʩʠʣʳ ɟg
i
, ʪʘʢ ʢʘʢ ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʜʝʡʩʪʚʠʝ ʛʨʘ-

ʚʠʪʘʮʠʠ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʠʣʘʤʠ [9]; 

- ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ [8, 10]: 

ÖɟE

Öt

Ö

Öxj
(ɟE p)vj viϽ2ɛ(Sij

1

3
Skk‏) ə

ÖT

Öxj
,                             (3) 

ʛʜʝ E ï ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʢʘʢ ʩʫʤʤʘ ʢʠʥʝʪʠʯʝʩʢʦʡ 0,5ɟvkvk ʠ ʚʥʫʪʨʝʥʥʝʡ Ů; T  T (x; y; z; t) ï 

ʪʝʤʧʝʨʘʪʫʨʘ; ə ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ; ‏  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ. 

ʉʚʷʟʴ ʤʝʞʜʫ ɟ, p ʠ Ů ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʪʘʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ [11]: 

p ɔ 1ɟŮ,                                                                   (4) 

ʛʜʝ ɔ ï ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʇʫʘʩʩʦʥʘ.  
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ɺʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ [12ï14] ʥʘʟʳʚʘʝʪʩʷ ʨʝʟʢʦʝ ʩʞʘʪʠʝ ʚʦʟʜʫʭʘ ʚ ʦʙʣʘʩʪʠ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʰʠʨʠʥʳ. ʆʥʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ ʚʟʨʳʚʘ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ï 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʬʫʥʢʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʚ ʤʦʤʝʥʪ tf ʧʨʠʭʦʜʘ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʚ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩ. 1). ʇʦʵʪʦʤʫ, ʚʦʟʜʫʰʥʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʨʳʚʥʳʝ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1)ï(4), ʥʦ ʧʘʨʘʤʝʪʨʳ ʬʨʦʥʪʘ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʫʜʘʣʸʥʥʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚʳʨʘʞʘʶʪʩʷ ʧʨʦʩʪʦ ʯʝʨʝʟ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ æ p
f
 , ʥʝ 

ʫʯʠʪʳʚʘʶʱʝʝ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʚʟʨʳʚʘ ʠ ʝʛʦ ʧʨʠʨʦʜʫ [6, 12]. ʉʦʛʣʘʩʥʦ [15], ʠʟʙʳʪʦʯʥʦʝ ʜʘʚ-

ʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ (ʚ ʬʦʨʤʝ ɻʦʨʥʝʨʘ) ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

æ p
f

KeffϽC
3

R
82,4

KeffϽC
3

R
265

KeffϽC
3

R
687 [ʢʇʘ], 

ʛʜʝ R ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʥʪʨʘ ʚʟʨʳʚʘ [ʤ]; C ï ʤʘʩʩʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʪʨʦʪʠʣʦʚʦʤ ʵʢʚʠ-

ʚʘʣʝʥʪʝ [ʢʛ]; Keff ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʨʷʜʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʳʡ ʙʫʜʝʤ ʧʨʠʥʠʤʘʪʴ ʟʘʚʠʩʷʱʠʤ ʪʦʣʴʢʦ ʦʪ ʚʠʜʘ ʚʟʨʳʚʘ: 

Keff 1 ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ, Keff 2 ʜʣʷ ʥʘʟʝʤʥʦʛʦ. 

 

 
 

ʈʠʩ. 1. ʌʫʥʢʮʠʷ p(t) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʣʥʳ ʯʝʨʝʟ ʪʦʯʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʇʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʟʘ ʬʨʦʥʪʦʤ [15] ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʦʪ ʚʨʝʤʝʥʠ 

ʠ ʟʘʚʠʩʷʪ ʧʦʤʠʤʦ æ p
f
  ʝʱʸ ʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʘʟʳ ʩʞʘʪʠʷ Ű+ (ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ p(t) ʟʘ ʬʨʦʥ-

ʪʦʤ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ p
0
101,325 ʢ˜  ́ʥʘ ʨʠʩ. 1): 

Ű+
1,5

103
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3
  [ʩ],                                                        (5) 

ʠʣʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʘʟʳ ʨʘʟʨʝʞʝʥʠʷ Ű, ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʧʨʝʥʝʙʨʝʛʘʪʴ ʚʚʠʜʫ ʥʝʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʢʣʘʜʘ [14]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠʤʝʤ æ p
f
100 ʢʇʘ. ɺʳʨʘʟʠʚ ʦʩʪʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʨʦʥʪʘ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ ʠʟ [15], ʧʦʣʫʯʠʤ:  

- ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʠʭʩʷ ʚʤʝʩʪʝ ʩ ʬʨʦʥʪʦʤ ʯʘʩʪʠʮ ʚʦʟʜʫʭʘ: 

vf

2,4Ͻæ p
f

1 0,00846Ͻæ p
f

176,643 
ʤ

ʩ
;                                             (6) 
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- ʠʭ ʩʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ: 

q
f

2,5Ͻæ p
f

2

æ p
f
7p
0

30,9 ʢʇʘ;                                                        (7) 

- ʩʢʦʨʦʩʪʴ ʬʨʦʥʪʘ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ: 

Df a0 1 0,00846Ͻæ p
f
461,95 

ʤ

ʩ
,                                              (8) 

ʛʜʝ a0 340 ʤ/ʩ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʨʝʜʝ; ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ:  

ɟ
f

ɟ
0

1
vf
Df

1,98344 
ʢʛ

ʤ3
,                                                        (9) 

ʛʜʝ ɟ
0
1,225  ʢʛ/ʤ3 ï ʠʩʭʦʜʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ; ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʬʨʦʥʪʝ: 

Ὕ
æ p
f
p
0

0,287ɟ
f

353,67 Áʂ;                                                      (10) 

- ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʥʘ ʬʨʦʥʪʝ: 

af 1,4Ͻ287 Ὕ 377 
ʤ

ʩ
.                                                     (11) 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʬʘʟʳ ʩʞʘʪʠʷ Ű+ ʧʦʜʙʝʨʸʤ ʪʘʢ, ʯʪʦʙʳ ʟʘʜʘʪʴ ʜʣʠʥʥʫʶ ʚʦʟʜʫʰʥʫʶ ʫʜʘʨ-

ʥʫʶ ʚʦʣʥʫ [17] ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ d  2 ʤ  

(Df ʚʟʷʪʦ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (8)): 

Ű+
200Ͻd

Df

200Ͻ2 ʤ

461,95
 ʤ
ʩ

0,865895 ̒ , 

ʟʘʪʫʭʘʥʠʝ ʢʦʪʦʨʦʡ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦ ʢʘʥʘʣʫ ʥʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʠʪ ʩʨʘʚʥʠʪʴ ʠʭ ʩ ʈɼ-95.10533-96 [18]. ʇʫʩʪʴ R  1 ʢʤ, C  50 ʢʪ (ʜʣʷ 
Keff 1) ʠʣʠ C  25 ʢʪ (ʜʣʷ Keff 2), ʪʦʛʜʘ ʧʦ ʬʦʨʤʫʣʝ (5): 

Ű+
1,5

103
RϽKeffϽC

3
0,911379 ʩ. 

ʇʦʣʫʯʠʚʰʠʝʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ: 

æ p
f
100 ʢʇʘ;

  Ű+  0,911379 ʩ.
                                                            (12) 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʨʘʟ-

ʥʳʭ ʩʝʯʝʥʠʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ çANSYS Fluentè [7] ï ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ (CFD). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʧʣʦʩʢʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ (2D-Axisymmetric) ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʚ-

ʥʦʛʦ ʨʝʰʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʧʣʦʪʥʦʩʪʠ (Explicit Density-Based Solver) ʠ ʚʢʣʶʯʝʥʠʝʤ ʚ ʨʘʩʯʸʪ ʫʨʘʚ-

ʥʝʥʠʷ ʵʥʝʨʛʠʠ (Energy Equation), ʫʯʠʪʳʚʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ.  

ʇʨʠ ʨʘʩʯʸʪʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʨʝʜʝ ʪʫʨ-

ʙʫʣʝʥʪʥʦʩʪʴʶ ʦʙʳʯʥʦ ʧʨʝʥʝʙʨʝʛʘʶʪ, ʧʦʩʢʦʣʴʢʫ ʩʨʘʟʫ ʟʘ ʬʨʦʥʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʥʝ ʫʩʧʝʚʘʝʪ 

ʨʘʟʚʠʪʴʩʷ [16], ʦʜʥʘʢʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʬʨʦʥʪʘ ʠ ʜʣʷ ʜʚʠʞʝʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ 

ʢʘʥʘʣʘʤ ʩ ʧʝʨʝʤʝʥʥʳʤ ʩʝʯʝʥʠʝʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ. ɺ ʨʘʩʯʸʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʤʦ-

ʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʄʝʥʪʝʨʘ (k-ɤ SST), ʭʦʨʦʰʦ ʧʨʦʷʚʣʷʶʱʘʷ ʩʝʙʷ ʢʘʢ 
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ʚ ʮʝʥʪʨʝ ʧʦʪʦʢʘ, ʪʘʢ ʠ ʫ ʩʪʝʥʦʢ [8]. ʇʨʠ ʜʘʥʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʯʠʩʣʝʥʥʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-

ʪʦʜʘ ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ (FVM) ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʧʝʨʝʤʝʥʥʳʭ ʚ ʮʝʥʪʨʘʭ ʷʯʝʝʢ, ʨʝʰʘʶʪʩʷ ʦʩʨʝʜ-

ʥʝʥʥʳʝ ʧʦ ʈʝʡʥʦʣʴʜʩʫ (URANS) ʫʨʘʚʥʝʥʠʷ (1)ï(4) ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʴʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ AUSM. ɺʳʯʠʩʣʝʥʠʝ ʛʨʘʜʠʝʥʪʦʚ ï ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɸʧ-

ʧʨʦʢʩʠʤʘʮʠʷ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʷʚʥʦʡ ʩʭʝʤʦʡ (Explicit Transient Formulation), ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ï çʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡè (UPWIND) ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ.  

ɺʦ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʦʜʝʣʷʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʚʥʦʤʝʨʥʘʷ ʦʨʪʦ-

ʛʦʥʘʣʴʥʘʷ ʢʦʥʝʯʥʦ-ʦʙʲʸʤʥʘʷ ʩʝʪʢʘ ʩ ʨʘʟʤʝʨʦʤ ʢʦʥʝʯʥʦʛʦ ʦʙʲʸʤʘ 0,05 ʤ  0,1 ʤ. ʂʘʞʜʦʡ ʨʘʩ-

ʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʧʨʠʩʚʦʝʥ ʜʦʤʝʥ ʩʞʠʤʘʝʤʦʛʦ ʚʷʟʢʦʛʦ ʚʦʟʜʫʭʘ (Air) [19] ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (Ideal gas) ï ʬʦʨʤʫʣʘ (4).  
ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʢʘʞʜʦʡ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩ-

ʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ (12). ɺ çANSYS Fluentè ʥʘ çʚʭʦʜè ʚ ʨʘʩʯʸʪʥʫʶ ʦʙʣʘʩʪʴ (Pressure Inlet) ʧʦ-

ʜʘʚʘʣʠʩʴ:  

- ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ æ p
f
q
f
130,9 ̋˜́ ʥʘ ʬʨʦʥʪʝ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ (ʩʦ-

ʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (7)), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʜʦʣʴ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʬʫʥʢʮʠʷ ʝʛʦ ʠʟʤʝʥʝ-

ʥʠʷ ʟʘ ʬʨʦʥʪʦʤ ʩʦʛʣʘʩʥʦ [15]: 

æ pt qt æ p
f
1
t

Ű+

1
æ p
f

p
0

0,6

 q
f
1
t

Ű+

2,640,0227æ p
f
 2,1

1,05

;             (13) 

- ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʬʨʦʥʪʘ æ p
f
100 ʢʇʘ ʠ ʬʫʥʢʮʠʷ ʝʛʦ ʠʟʤʝʥʝʥʠʷ: 

æ pt æ p
f
1
t

Ű+

1
æ p
f

p
0

0,6

;                                                    (14) 

- ʪʝʤʧʝʨʘʪʫʨʘ Ὕ = 353,67 Áʂ ʥʘ ʬʨʦʥʪʝ, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (10), ʠ ʬʫʥʢʮʠʷ ʝʸ ʠʟ-

ʤʝʥʝʥʠʷ ʟʘ ʬʨʦʥʪʦʤ: 

Ὕt
28.97 pt

8.314 ɟt
,                                                              (15) 

ʛʜʝ p(t) p
0
æp(t) ʠ  ɟt ɟ

f

pt

æ p
f
  p

0

1

1,4

 ï ʬʫʥʢʮʠʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ. 

ʅʘ çʚʳʭʦʜʝè ʠʟ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ (Pressure Outlet) ʙʳʣʦ ʟʘʜʘʥʦ ʚ çANSYS Fluentè ʥʫ-

ʣʝʚʦʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ æ p  0 ʢʇʘ, ʘ ʩʪʝʥʢʠ ʢʘʥʘʣʘ (Wall) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʧʦʜʚʠʞ-

ʥʳʤʠ, ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ, ʩ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʥʘ ʥʠʭ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʧʣʦʚʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩ ʜʚʠʞʫʱʠʤʩʷ ʧʦʪʦʢʦʤ.  

ʇʦʩʣʝʜʥʝʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʧʣʦʩʢʦʩʠʤʤʝʪʨʠʯʥʳʭ ʟʘʜʘʯ ï ʦʩʴ ʩʠʤʤʝʪʨʠʠ (Axis).  

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʤʠ: ὴ = 101,325 ʢʇʘ ï ʘʪ-

ʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ; ʥʫʣʝʚʳʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ æ p  0 ʢʇʘ ʠ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ v 0 ʤ/ʩ; 

T0  288,15 Áʂ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʨʝʤʝʥʠ t 0 ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʜʣʷ 

ʬʦʨʤʫʣ (13)ï(14) ʥʘ çʚʭʦʜʝè ʚ ʢʘʥʘʣ ʧʨʠʥʷʣʠ ʤʦʤʝʥʪ  tf  ʧʨʠʭʦʜʘ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʥʘ çʚʭʦʜè ʚ ʨʘʩʯʸʪʥʫʶ ʦʙʣʘʩʪʴ (ʨʠʩ. 1). 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʘʥʘʣʦʚ ʠ ʢʘʤʝʨ ʩʦʟʜʘʚʘʣʠʩʴ ʚ ʇʂ çANSYS SpaceClaimè ï ʧʨʦ-

ʜʫʢʪʝ çANSYSè ʜʣʷ ʧʨʷʤʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉɸʇʈ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʦʩʫ-

ʱʝʩʪʚʣʷʣʘʩʴ ʚ çWorkBench DesignModelerè ï ʤʦʜʫʣʝ ʇʂ çANSYS WorkBenchè ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʉɸʇʈ. ʈʘʩʯʸʪ, ʢʘʢ ʙʳʣʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʚʳʧʦʣʥʷʣʩʷ ʚ çANSYS Fluentè, ʘ ʚʠ-

ʟʫʘʣʠʟʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ çCFD Postè ï ʧʨʦʛʨʘʤʤʝ çAnsysè ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ. 
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ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ˉ 1 ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʪʝʢʘʥʠʷ ʚʦʟ-

ʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʢʘʥʘʣʘ ʩ ʰʠʨʦʢʠʤ ʩʝʯʝʥʠʝʤ ʚ ʫʟʢʠʡ ʧʨʠ ʨʝʟʢʦʤ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ 

ʢʘʥʘʣʘʤʠ. ɼʣʠʥʘ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ï 8 ʤ, ʝʛʦ ʜʠʘʤʝʪʨ d0  2 ʤ, ʜʣʠʥʘ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ï 13 ʤ, ʝʛʦ 

ʜʠʘʤʝʪʨ d1  1 ʤ. ʂʦʥʝʯʥʦ-ʦʙʲʸʤʥʘʷ ʩʝʪʢʘ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3 ʩ ʫʢʘʟʘ-

ʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠ ʩʦʩʪʦʠʪ ʠʟ 2900 ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ. 
 

 
 

ʈʠʩ. 2. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ˉ 1 

 

 
 

ʈʠʩ. 3. ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ˉ 1 

 

ʇʨʠʚʝʜʸʤ ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʨʘʩʯʸʪʘ. ʇʨʠ ʟʘʪʝʢʘʥʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0172526 ʩ 

ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ æ p
f

 96908 ʇʘ ʥʘ ʬʨʦʥʪʝ (ʨʠʩ. 4) ʠʟ ʰʠ-

ʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʨʳʪʠʝ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ ʫʟʢʠʡ ʢʘʥʘʣ ʦʪʨʘʞʸʥʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ (t  0,0202654 ʩ), ʦʙʨʘʟʦʚʘʥʥʦʡ ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ c S0 d0
  2

 ʜʦ S1 d1
  2

 (ʨʠʩ. 5). ʅʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʚʭʦʜʘ ʚ ʫʟʢʠʡ ʢʘʥʘʣ, ʧʨʠ-

ʙʣʠʞʝʥʥʦ ʨʘʚʥʦʤ ʥʝʩʢʦʣʴʢʠʤ ʜʠʘʤʝʪʨʘʤ ʢʘʥʘʣʘ [17], ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  

t  0,0252927 ʩ ʩʬʦʨʤʠʨʦʚʳʚʘʝʪʩʷ ʬʨʦʥʪ ʟʘʪʸʢʰʝʡ ʚ ʫʟʢʠʡ ʢʘʥʘʣ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, 

ʥʘ ʢʦʪʦʨʦʤ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ æ p
1

 137250 ʇʘ 1,42 æ p
f
 (ʨʠʩ. 6), ʘ ʩ ʜʨʫʛʦʡ ï ʜʚʠʞʫ-

ʱʠʡʩʷ ʧʦ ʰʠʨʦʢʦʤʫ ʢʘʥʘʣʫ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʬʨʦʥʪ ʦʪʨʘʞʸʥʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ  

(t  0,0414947 ʩ), ʥʘ ʢʦʪʦʨʦʤ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ æ p
0

 206018 ʇʘ 2,13 æ p
f
 (ʨʠʩ. 7).  

 

 
ʈʠʩ. 4. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0172526 ʩ  

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ 

 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ [18] ʛʨʘʬʠʢʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʨʦʩʪʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ S1ȾS0 ʠ æ pf . ʉʦʛʣʘʩʥʦ ʠʤ, æ p
1
1,35 æ p

f
  ʠ æ p

0
2,15 æ p

f
  ʜʣʷ 

S1ȾS0  d1
  2Ⱦd0

  2
0,25 ʠ æ p

f
 97 ʢʇʘ. ʅʝʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʳʚʦʜʝ 

ʜʘʥʥʳʭ ʛʨʘʬʠʢʦʚ [17] ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʥʘ ʚʭʦʜʝ ʚ ʫʟʢʠʡ ʢʘʥʘʣ, ʦʪ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʠ ʄʘʭʘ [11], ʘ ʣʠʰʴ ʦʪ ʦʪʥʦʰʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ 
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ʩʝʯʝʥʠʡ S1ȾS0 ʢʘʥʘʣʦʚ ʠ ʛʝʦʤʝʪʨʠʠ ʧʝʨʝʭʦʜʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ. 
ʊʦʯʥʳʝ ʜʘʥʥʳʝ ʦ ʜʣʠʥʝ ʫʯʘʩʪʢʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʦʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʝ [17, 

18] ʪʘʢʞʝ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʠ ʦʧʨʝʜʝʣʝʥʳ ʚʠʟʫʘʣʴʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ: ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 6 

ʚ ʤʦʤʝʥʪ ʢʦʛʜʘ ʩʬʦʨʤʠʨʦʚʘʥ ʬʨʦʥʪ ʟʘʪʸʢʰʝʡ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʬʨʦʥʪ ʦʪʨʘʞʸʥʥʦʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʝʭʦʜʥʦʡ ʩʪʘʜʠʠ. ʇʨʦʠʟʦʰʝʜʰʠʡ ʨʦʩʪ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʫʟʢʦʤ ʢʘʥʘʣʝ  

ʚ 1,42 ʨʘʟʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʨʦʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʪʦʣʴʢʦ ʦʪ æ p
1
 ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (6)ï(11).  

 

 
ʈʠʩ. 5. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0202654 ʩ 
ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ 

 

 
ʈʠʩ. 6. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0252927 ʩ 

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ 

 

 
ʈʠʩ. 7. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0414947 ʩ 

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ 

 

ɼʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t   0,0414947 ʩ, ʢʦʛʜʘ ʦʙʘ ʬʨʦʥʪʘ (ʟʘʪʸʢʰʝʡ ʠ ʦʪʨʘʞʸʥʥʦʡ ʚʦʟ-
ʜʫʰʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ) ʩʬʦʨʤʠʨʦʚʘʥʳ, ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʠʟʦʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 

(ʨʠʩ. 9). ɺ ʫʟʢʦʤ ʢʘʥʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʤʝʥʪʦʤ 
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ʚʨʝʤʝʥʠ t  0,0172526 ʩ (ʨʠʩ. 8), ʦʜʥʘʢʦ ʦʥʘ ʦʩʪʘʝʪʩʷ ʜʦʟʚʫʢʦʚʦʡ. ɺ ʰʠʨʦʢʦʤ ʢʘʥʘʣʝ (ʨʠʩ. 9) 

ʦʪʨʘʞʸʥʥʳʝ ʯʘʩʪʠʮʳ ʚʦʟʜʫʭʘ ʪʦʨʤʦʟʷʪʩʷ ʥʘʙʝʛʘʶʱʠʤ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ.  

 

 
ʈʠʩ. 8. ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ [ʤ/ʩ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0172526 ʩ 

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ 

 

 
ʈʠʩ. 9. ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ [ʤ/ʩ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0414947 ʩ 

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ 

 

ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ˉ 2 ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʪʝʢʘʥʠʷ ʚʦʟ-

ʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʢʘʥʘʣʘ ʩ ʫʟʢʠʤ ʩʝʯʝʥʠʝʤ ʚ ʰʠʨʦʢʠʡ ʧʨʠ ʨʝʟʢʦʤ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ 

ʢʘʥʘʣʘʤʠ. ɼʣʠʥʘ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ï 6 ʤ, ʝʛʦ ʜʠʘʤʝʪʨ d0  1 ʤ, ʜʣʠʥʘ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ï 11 ʤ, ʝʛʦ 

ʜʠʘʤʝʪʨ d1  2 ʤ. ʂʦʥʝʯʥʦ-ʦʙʲʸʤʥʘʷ ʩʝʪʢʘ ʜʣʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 11 ʩ ʫʢʘ-

ʟʘʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʠ ʩʦʩʪʦʠʪ ʠʟ 2800 ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ. 

 

 
 

ʈʠʩ. 10. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ˉ 2 

 

 
 

ʈʠʩ. 11. ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ˉ 2 

 

ʇʨʠʚʝʜʸʤ ʨʝʟʫʣʴʪʘʪʳ ʚʪʦʨʦʛʦ ʨʘʩʯʸʪʘ. ʇʨʠ ʟʘʪʝʢʘʥʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0128024 ʩ 

ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ æ p
f

 96924 ʇʘ ʥʘ ʬʨʦʥʪʝ (ʨʠʩ. 12) ʠʟ 

ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʚʭʦʜʘ ʚ ʰʠʨʦʢʠʡ ʢʘʥʘʣ ʚʩʣʝʜʩʪʚʠʝ ʨʝʟ-

ʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ c S0 d0
  2

 ʜʦ S1 d1
  2

 ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t  0,0398606 ʩ 

ʩʬʦʨʤʠʨʦʚʳʚʘʝʪʩʷ ʬʨʦʥʪ ʟʘʪʸʢʰʝʡ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʥʘ ʢʦʪʦʨʦʤ ʠʟʙʳʪʦʯʥʦʝ 
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ʜʘʚʣʝʥʠʝ æ p
1

 41839 ʇʘ 0,43 æ p
f
 (ʨʠʩ. 13). ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʨʠʚʝʜʸʥ-

ʥʳʤʠ ʚ [18] ʛʨʘʬʠʢʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʥʠʞʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʬʨʦʥʪʝ ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʠʟ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ S0ȾS1 ʠ æ pf .  

ʉʦʛʣʘʩʥʦ ʠʤ, æ p
1
0,38 æ p

f
  ʜʣʷ S0ȾS1  d0

  2Ⱦd1
  2

0,25 ʠ æ p
f

 97 ʢʇʘ. ʅʝʙʦʣʴʰʠʝ 

ʦʪʣʠʯʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʤʠ ʞʝ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, ʯʪʦ ʠ ʚ ʧʝʨʚʦʤ ʨʘʩʯʸʪʝ: ʧʨʠ ʚʳʚʦʜʝ ʜʘʥʥʳʭ 

ʛʨʘʬʠʢʦʚ [17] ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʚʭʦʜʝ 

ʚ ʰʠʨʦʢʠʡ ʢʘʥʘʣ, ʦʪ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʠ ʄʘʭʘ [11], ʘ ʣʠʰʴ ʦʪ ʦʪʥʦʰʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 

S0ȾS1 ʢʘʥʘʣʦʚ ʠ ʛʝʦʤʝʪʨʠʠ ʧʝʨʝʭʦʜʘ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʨʘʩʯʸʪʝ, ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʬʨʦʥʪʘ ʟʘʪʸʢʰʝʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʝʥʘ ʚʠʟʫʘʣʴʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʘ. ʇʨʦʠʟʦʰʝʜʰʝʝ 

ʧʘʜʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʢʘʥʘʣʝ ʚ 2,3 ʨʘʟʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ 

ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʨʦʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʪʦʣʴʢʦ ʦʪ æ p
1
 ʩʦʛʣʘʩʥʦ ʬʦʨ-

ʤʫʣʘʤ (6)ï(11).  

 

 
ʈʠʩ. 12. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0128024 ʩ 
ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ 

 

 
ʈʠʩ. 13. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0398606 ʩ 

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ 

 

ɼʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t   0,0398606 ʩ, ʢʦʛʜʘ ʬʨʦʥʪ ʟʘʪʸʢʰʝʡ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʩʬʦʨʤʠʨʦʚʘʥ, ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʠʟʦʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ (ʨʠʩ. 15). ʅʘ ʚʭʦʜʝ ʚ ʰʠ-

ʨʦʢʠʡ ʢʘʥʘʣ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʪʝʯʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʟʚʫʢʦʚʦʡ ʨʝʞʠʤ ʚ ʩʨʘʚʥʝ-

ʥʠʠ ʩ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ t  0,0128024 ʩ (ʨʠʩ. 14), ʘ ʟʘʪʝʤ ʨʝʟʢʦʝ ʪʦʨʤʦʞʝʥʠʝ ʯʘʩʪʠʮ ʚʦʟʜʫʭʘ. 

ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʚʭʦʜʝ ʚ ʰʠʨʦʢʠʡ ʢʘʥʘʣ ʦʙʨʘʱʸʥʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ (ʨʠʩ. 13), ʢʦʪʦʨʘʷ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t   0,0398606 ʩ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ 

ʦʪ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʢʘʯʦʢ ʫʧʣʦʪʥʝʥʠʷ ʩ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʤ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ [17].  
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ʈʠʩ. 14. ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ [ʤ/ʩ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0128024 ʩ 

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ 

 
ʈʠʩ. 15. ʀʟʦʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ [ʤ/ʩ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0398606 ʩ 

ʧʨʠ ʟʘʪʝʢʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ 

 

ʉʨʘʚʥʠʚ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ çANSYS Fluentè ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʰʠʨʦʢʦʛʦ ʢʘʥʘʣʘ ʚ ʫʟʢʠʡ (ʨʠʩ. 4ï9) ʠ ʠʟ ʫʟʢʦʛʦ ʚ ʰʠʨʦʢʠʡ  

(ʨʠʩ. 12ï15) ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ ʚ [18] ʛʨʘʬʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʩ ʦʧʠʩʘʥʠʝʤ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʵʪʦʤ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ [17], ʪʝʤ ʩʘʤʳʤ ʧʦʜʪʚʝʨʜʠʚ ʚʦʟʤʦʞʥʦʩʪʠ çANSYS Fluentè ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʫʜʘʨʥʳʭ ʚʦʣʥ ʚ ʢʘʥʘʣʘʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʝʨʝʡʜʸʤ ʢ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʇʂ ʥʘ ʧʨʠʤʝʨʝ ʧʦʜʙʦʨʘ ʨʘʟʤʝʨʦʚ 

ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʧʨʦʭʦʜʷʱʝʡ ʧʦ ʢʘ-

ʥʘʣʫ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. 

ʅʘ ʨʠʩ. 16ï18 ʦʪʦʙʨʘʞʝʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ˉ 3ï5 ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʢʚʦʟʴ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ. ʅʘ ʨʠʩ. 16 ʧʨʝʜʩʪʘʚʣʝʥ ʢʘ-

ʥʘʣ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʨʘʟʤʝʨʘʤʠ: ʜʣʠʥʘ ï 20 ʤ, ʜʠʘʤʝʪʨ ï 1 ʤ. ʅʘ ʨʠʩ. 17 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʤ ʦʪ 

ʚʭʦʜʘ ʚ ʜʘʥʥʳʡ ʢʘʥʘʣ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʝʸ 

ʜʠʘʤʝʪʨʦʤ ï 2 ʤ.  

 

 
 

ʈʠʩ. 16. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ˉ 3 

 

 
 

ʈʠʩ. 17. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ˉ 4 
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ʅʘ ʨʠʩ. 18 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʚ 3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʝʸ 

ʜʠʘʤʝʪʨ ï 6 ʤ. ʂʦʥʝʯʥʦ-ʦʙʲʸʤʥʳʝ ʩʝʪʢʠ ʜʣʷ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 19ï21 ʩ 

ʫʢʘʟʘʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʪʦʢʦʚ ʠ ʩʦʩʪʦʷʪ ʠʟ 2000, 2200, 2600 ʢʦʥʝʯʥʳʭ ʦʙʲʸʤʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 
 

 
 

ʈʠʩ. 18. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ˉ 5 

 

 
 

ʈʠʩ. 19. ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ˉ 3 

 

 
 

ʈʠʩ. 20. ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ˉ 4 

 

 
 

ʈʠʩ. 21. ʈʘʩʯʸʪʥʘʷ ʤʦʜʝʣʴ ˉ 5 

 

ʇʨʠʚʝʜʸʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ˉ 3ï5. ʀʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʚʦʟʜʫʰʥʦʡ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʚʘʪʴ ʥʝ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʨʦʥʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʩʢʚʦʟʴ ʨʘʩʰʠʨʠʪʝʣʴʥʳʝ ʢʘʤʝʨʳ, ʘ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ ʥʘ ʚʳʙʨʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ (15 ʤ ʦʪ 

çʚʭʦʜʘè ʚ ʨʘʩʯʸʪʥʳʝ ʦʙʣʘʩʪʠ) ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʝʸ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʞ-

ʜʦʡ ʠʟ ʪʨʸʭ ʨʘʩʯʸʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

ʧʦ ʢʘʥʘʣʫ ʙʝʟ ʨʘʩʰʠʨʠʪʝʣʴʥʳʭ ʢʘʤʝʨ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0337212 ʩ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 
ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 95795,4 ʇʘ (ʨʠʩ. 22). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ 
ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʢʚʦʟʴ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʚ 3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ 

ʝʸ ʜʠʘʤʝʪʨ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0386979 ʩ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ 
ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 64830,4 ʇʘ (ʨʠʩ. 24), ʪʦ ʝʩʪʴ ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʧʦʛʘʩʠʣʘ ʚʦʟʜʫʰʥʫʶ 
ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʪʫʘʮʠʝʡ ʥʘ ʨʠʩ. 22. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʢʚʦʟʴ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ, ʜʣʠʥʘ ʢʦʪʦʨʦʡ ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʝʸ ʜʠʘʤʝʪʨʦʤ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0386979 ʩ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-
ʤʦʡ ʪʦʯʢʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ 99587,5 ʇʘ (ʨʠʩ. 23), ʪʦ ʝʩʪʴ ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʥʝ ʩʤʦʛʣʘ 
ʧʦʛʘʩʠʪʴ ʚʦʟʜʫʰʥʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ, ʠ ʜʘʞʝ ʧʨʦʠʟʦʰʸʣ ʥʝʙʦʣʴʰʦʡ ʨʦʩʪ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝ-

ʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʟʚʫʢʦʚʳʤ ʠʩʪʝʯʝʥʠʝʤ ʚʦʟʜʫʭʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʢʘʥʘʣʘ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ 

ʢʘʤʝʨʫ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʝʪ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʘʥʘʣʘ (ʨʠʩ. 15) ʜʣʷ ʩʠ-

ʪʫʘʮʠʠ ʟʘʪʝʢʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠʟ ʫʟʢʦʛʦ ʢʘʥʘʣʘ ʚ ʰʠʨʦʢʠʡ ʩ ʪʘʢʠʤ ʞʝ ʦʪʥʦʰʝ-

ʥʠʝʤ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ï 0,25. ɼʣʠʥʳ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʫʯʘʩʪʦʢ ʩʦ ʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝ ʧʦʚʣʠʷʣ ʥʘ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʝ, ʧʦ-

ʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʰʠʨʠʪʝʣʴʥʳʭ ʢʘʤʝʨ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʠʭ ʜʠʘʤʝʪʨʦʤ, ʥʝʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʜʘʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 23). 



ʉʪʨʦʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 
 

109 

  
ʈʠʩ. 22. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0337212 ʩ 

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʦ ʢʘʥʘʣʫ 

 

 
ʈʠʩ. 23. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0447334 ʩ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʢʚʦʟʴ ʧʝʨʚʫʶ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 

 

 
ʈʠʩ. 24. ʀʟʦʧʦʣʷ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  0,0386979 ʩ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩʢʚʦʟʴ ʚʪʦʨʫʶ ʨʘʩʰʠʨʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 

 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʟ-

ʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʢʘʥʘʣʘʭ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩ-

ʯʸʪʘ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʜʦʙʥʦʡ ʧʦʩʪʘʚʢʝ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʏʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʧʘʩʩʠʚʥʳʝ ʠʣʠ 

ʘʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʟʜʘʥʠʷʭ ʠ 

ʩʦʦʨʫʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚʟʨʳʚʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʪʨʦʠʪʝʣʴ-

ʥr ʝ ʢʦʥʩʪʨʫʢʮʠʠ. 
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Introduction.  When an air blast wave interacts with structures, not only diffraction and flow around building 

elements occur, but the wave can also penetrate into ventilation or other utility channels of the structure, which may be 

dangerous for people and equipment located inside. To assess the level of hazard, it is necessary to know the parameters 

at the front of the propagating air blast wave. In the Soviet period, domestic researchers addressed such problems and 
obtained empirical tables and charts based on full-scale experiments, subsequently approximated for various scenarios 

using mathematical formulas. At present, with the development of software packages, it has become possible to perform 

numerical experiments that fully reproduce full-scale tests. 

Purpose of the study. Building on the experience gained in the past and using numerical methods, to carry out 

a comparative analysis and validate computational models for more complex schemes of air blast wave propagation, 

which will make it possible to obtain any wave-front parameters at any point in the channels and chambers of structures. 

Methods. For the numerical analysis, methods of nonlinear dynamics were used, based on explicit time-integra-

tion schemes and an Eulerian description of the motion of the air medium. 

Results. A numerical experiment was performed on the propagation of an air blast wave in a straight channel, in 

a channel of variable cross-section with transitions from a narrow section to a wide one and vice versa, as well as in a 

channel with an expansion chamber. The computed results are close to experimental data, which confirms the effective-
ness of numerical methods and shows that such approaches can be used for more complex problem formulations. 

 

Keywords: air blast wave, Ansys Fluent, nonlinear dynamics, structural channels, wave front. 
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ʇʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʇʂ çAnsysè ʩʚʦʜʦʚ ʟʜʘʥʠʷ ʧʨʘʚʦʩʣʘʚʥʦʛʦ ʭʨʘʤʘ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ɻʘʨʥʠʟʦʥʥʳʡ ʭʨʘʤ ʂʘʟʘʥʩʢʦʡ ʠʢʦʥʳ ɹʦʞʠʝʡ ʄʘʪʝʨʠ ʧʨʠ ɸʢʘʜʝʤʠʠ ʌʉʆ ʈʦʩʩʠʠ (ʚ 

ʛ. ʆʨʣʝ). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʜʣʷ ʮʝʣʝʡ ʨʘʩʯʝʪʘ ʠ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʚʘʨʠ-

ʘʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʜʦʚ ʢʠʨʧʠʯʥʳʤʠ ʚʟʘʤʝʥ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʧʣʘʥʠʨʦʚʘʥ-

ʥʳʭ ʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʦʙʲʸʤʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʚʦ-

ʜʦʚ ʠ ʧʦʣʫʯʝʥʥʳʝ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʚʳʰʝʣʝʞʘʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʦ-

ʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʦʙʩʫʞʜʝʥʠʠ ʠ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʚʦ-

ʜʦʚ ʭʨʘʤʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʮʝʥʥʦʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʩ ʦʙʲʸʤʥʦʡ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʴʶ ʧʦʟʚʦʣʠʣʠ ʧʨʦʠʟʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʦʮʝʥʢʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩʚʦʜʦʚ ʧʨʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʳʙʦʨʝ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʦʜʳ, ʧʨʘʚʦʩʣʘʚʥʳʝ ʭʨʘʤʳ, ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʦʙʲʸʤʥʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ ʥʝʨʝʜʢʦ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ, 

ʚ ʩʣʫʯʘʝ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ï ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ɺ ʥʝʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʙʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʝʪʦʜʘʤʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʘ ʧʦ ʬʦʨʤʫʣʘʤ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ. ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʞʝ ʩʣʫʯʘʷʭ ʧʨʠʭʦʜʠʪʩʷ 

ʧʨʠʙʝʛʘʪʴ ʢ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩ ʦʙʲʸʤʥʦʡ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʴʶ [2]. 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʘʚʦʩʣʘʚʥʳʭ ʭʨʘʤʦʚ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʚʦʟʤʦʞʥʳʝ ʠʭ ʨʝʰʝʥʠʷ. ʂʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʟ ʢʠʨʧʠʯʘ, ʩʚʦʡʩʪʚʝʥʥʳʝ 

ʨʫʩʩʢʦʡ ʪʨʘʜʠʮʠʠ ʠ ʢʫʣʴʪʫʨʝ, ʪʘʢ ʠ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [3, 4] ʠ ʜʨ.). ʀ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʆʪʜʝʣʴʥʳʝ ʘʚʪʦʨʳ, ʥʘʧʨʠʤʝʨ [3], ʦʧʘʩʘʶʪʩʷ, ʯʪʦ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʞʝʣʝʟʦʙʝ-

ʪʦʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʩʫʪʩʪʚʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʧʝʮʠʘʣʠʩʪʘʭ, ʩʧʦʩʦʙʥʳʭ ʚʦʟʚʝʩʪʠ ʢʘʤʝʥ-

ʥʳʝ ʩʚʦʜʳ, ʠ ʚ ʮʝʣʦʤ ʚʳʧʦʣʥʝʥʠʶ ʩʚʦʜʯʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʢʠʨʧʠʯʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɻʘʨʥʠʟʦʥʥʳʡ 

ʭʨʘʤ ʂʘʟʘʥʩʢʦʡ ʠʢʦʥʳ ɹʦʞʠʝʡ ʄʘʪʝʨʠ ʧʨʠ ɸʢʘʜʝʤʠʠ ʌʉʆ ʈʦʩʩʠʠ ʚ ʛ. ʆʨʣʝ [5]. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʭʨʘʤʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʣʝ ʧʝʨʝʨʳʚʘ (ʚ 2008 ʛ.), ʥʘ ʤʦʤʝʥʪ ʢʦʪʦʨʦʛʦ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʬʫʥʜʘʤʝʥʪʘ ʠ ʮʦʢʦʣʴʥʦʛʦ ʵʪʘʞʘ. ɺ ʧʨʦʮʝʩʩʝ ʚʦʟʦʙʥʦʚʣʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ 2016 ʛ. ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʝʰʝʥʠʷ ʭʨʘʤʘ [6] ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʷʭ ʚʦʟʥʠʢ ʚʦʧʨʦʩ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʚʦʜʦʚ ʭʨʘʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠ-

ʘʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚʳʧʦʣʥʝʥʠʝ ʩʚʦʜʦʚ ʚ ʞʝʣʝʟʦʙʝʪʦʥʝ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʝ 

 
10É ʏʝʨʥʷʝʚ ɸ. ɸ., ʄʘʨʬʠʥ ʂ. ɺ., 2025 



ISSN 2219-1038 (print)  ɺʳʧʫʩʢ 4 (47), 2025 
 

114 

ʨʝʰʝʥʠʝ ʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 2008 ʛ.) ʠ ʢʠʨʧʠʯʥʳʤʠ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ (ʧʨʠ 

ʚʦʟʦʙʥʦʚʣʝʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ). 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʚʦʜʦʚ ʟʜʘʥʠʷ 

ʧʨʘʚʦʩʣʘʚʥʦʛʦ ʭʨʘʤʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʘʨʠʘʥʪʝ ʠʟ ʢʠʨʧʠʯʘ. 

ɺ ʧʨʦʝʢʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ: ʢʠʨʧʠʯ ʢʝʨʘʤʠʯʝʩʢʠʡ ʧʦʣʥʦʪʝʣʳʡ ʂʈ-ʨ-ʧʦ 

250Ĭ120Ĭ65/1ʅʌ/150/2,0/100 ʧʦ ɻʆʉʊ 530-2012; ʨʘʩʪʚʦʨ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʡ M150/F100 ʇʢ 2 

ʧʦ ɻʆʉʊ 28013-98. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʚʦʜʦʚ ʚ ʦʩʷʭ 2-5/ɻ-ɾ ʥʘ ʧʣʘʥʝ ʧʨʘʚʦʩʣʘʚʥʦʛʦ ʭʨʘʤʘ ʂʘʟʘʥʩʢʦʡ ʠʢʦʥʳ 

ɹʦʞʠʝʡ ʄʘʪʝʨʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʈʘʟʤʝʨ ʧʦʢʨʳʚʘʝʤʦʛʦ ʢʦʥʩʪʨʫʢʮʠʷʤʠ çʢʚʘʜʨʘʪʘè ʚ ʦʩʷʭ 

12720 Ĭ 13040 ʤʤ. ʇʨʦʣʝʪʳ ʩʘʤʠʭ ʩʚʦʜʦʚ ʧʦ ʮʠʬʨʦʚʳʤ ʦʩʷʤ ï 6560 ʤʤ, ʧʦ ʙʫʢʚʝʥʥʳʤ ï 6440 ʤʤ. 

ʉʚʦʜʳ ʢʨʝʩʪʦʚʳʝ, ʩʝʯʝʥʠʝʤ ʚ ʚʠʜʝ ʧʦʣʫʢʨʫʛʘ [1, ʛʣ. 4], ʪʦʣʱʠʥʦʡ 250 ʤʤ (ʪʦʣʱʠʥʘ ʧʨʠʥʷʪʘ ʨʘʚ-

ʥʦʡ ʪʦʣʱʠʥʝ çʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦè ʚʘʨʠʘʥʪʘ ʜʣʷ ʧʝʨʚʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʠʡ). 
 

 
 

ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʚʦʜʦʚ ʥʘ ʧʣʘʥʝ ʧʨʘʚʦʩʣʘʚʥʦʛʦ ʭʨʘʤʘ 

ʂʘʟʘʥʩʢʦʡ ʠʢʦʥʳ ɹʦʞʠʝʡ ʄʘʪʝʨʠ ʧʨʠ ɸʢʘʜʝʤʠʠ ʌʉʆ ʈʦʩʩʠʠ (ʚ ʛ. ʆʨʣʝ) 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʦʣʫʯʠʪʴ ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʥʝʯʥʦ-ʵʣʝ-

ʤʝʥʪʥʳʡ ʨʘʩʯʝʪ ʩ ʦʙʲʸʤʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚ ʇʂ çAnsysè [7].  

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʛʝʦʤʝʪʨʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʭʨʘʤʘ, ʥʘ ʨʠʩ. 3 ï ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʦʙʲ-

ʸʤʥʘʷ ʤʦʜʝʣʴ, ʥʘ ʨʠʩ. 4 ï ʟʘʛʨʫʞʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʦʡ ʦʪ ʚʳʰʝʣʝʞʘʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

(Force C: 1.5Ŀ105 ʅ; ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ (ʛʨʘʚʠʪʘʮʠʷ) Force ɺ ï 9806 ʤʤ/ʩ2). 

 

 
 

ʈʠʩ. 2. ɻʝʦʤʝʪʨʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʭʨʘʤʘ ʚ ʇʂ çAnsysè 

 

 
 

ʈʠʩ. 3. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʦʙʲʸʤʥʘʷ ʤʦʜʝʣʴ ʚ ʇʂ çAnsysè 

 

 
 

ʈʠʩ. 4. ɿʘʛʨʫʞʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʦʡ ʦʪ ʚʳʰʝʣʝʞʘʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʇʂ çAnsysè 
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ʈʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʞʘʪʠʶ ʢʣʘʜʢʠ R = 2,4 ʄʇʘ; ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʣʘʜʢʠ ʨʘʩʪʷʞʝʥʠʶ ʧʦ ʧʝʨʝʚʷʟʘʥʥʦʤʫ ʩʝʯʝʥʠʶ Rt = 0,16 ʄʇʘ; ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (ʥʘʯʘʣʴʥʳʡ 

ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʡ) ʢʣʘʜʢʠ E0 = 7200 ʄʇʘ [8].  

ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩ. 5ï8 ʧʦʢʘʟʘʥʳ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (Type: Principal Stress) ʚ ʩʚʦʜʘʭ. 

 

 
ʈʠʩ. 5. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʦʜʘʭ (ʚʠʜ ʩʚʝʨʭʫ) ʚ ʇʂ çAnsysè 

 

 
ʈʠʩ. 6. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʦʜʘʭ (ʚʠʜ ʩʥʠʟʫ) ʚ ʇʂ çAnsysè 

 

 
ʈʠʩ. 7. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʦʜʘʭ (ʚʠʜ ʩʚʝʨʭʫ) ʚ ʇʂ çAnsysè 
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ʈʠʩ. 8. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʚʦʜʘʭ (ʚʠʜ ʩʥʠʟʫ) ʚ ʇʂ çAnsysè 

 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʨʘʩʯʝʪ ʩ 

ʦʙʲʸʤʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚ ʇʂ çAnsysè ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʩʣʦʞʥʳʝ ʢʘʨʪʠʥʳ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʚʦʜʘʭ (Type: Principal Stress) ï 0,36412 ʄʇʘ, ʤʠʥʠʤʘʣʴ-

ʥʳʝ (ʥʘʠʙʦʣʴʰʠʝ) ï 1,6049 ʄʇʘ. ʇʨʝʚʳʰʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʪʷʞʝʥʠʶ ʩʯʠʪʘ-

ʝʪʩʷ ʥʘʯʘʣʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ [9] ʠ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ. 

ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʚʦʜʦʚ ʚ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʠ ʦʧʘʩʥʳʤ [10], ʪ. ʢ. ʥʘʛʨʫʟʢʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʩʚʦʜʦʚ ʠʟ ʢʠʨʧʠʯʘ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ 

ʧʨʝʚʳʰʘʣʘ ʜʦʧʫʩʪʠʤʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʢʠʨʧʠʯʥʳʝ ʢʦʣʦʥʥʳ ʚʳʰʝ 0,000 ʠ ʢʦʣʦʥʥʳ ʩʪʠʣʦʙʘʪʥʦʛʦ 

ʮʦʢʦʣʴʥʦʛʦ ʵʪʘʞʘ (ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʞʝ ʚʳʧʦʣʥʝʥʳ). ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʨʘʩʯʝ-

ʪʦʚ ʚʘʨʠʘʥʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʜʦʚ ʢʠʨʧʠʯʥʳʤʠ, ʚʟʘʤʝʥ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʭ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ, ʙʳʣ ʦʪʢʣʦʥʝʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʮʝʥʥʦʝ ʢʦʥʝʯʥʦ- ʣɻʝʤʝʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʩ ʦʙʲʸʤʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʧʦʟʚʦʣʠʣʠ ʧʨʦʠʟʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʦʮʝʥʢʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩʚʦʜʦʚ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʳʙʦʨʝ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. 
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This paper presents finite element modeling of the vaults of an Orthodox church building using Ansys. The 

object of the study is the Garrison Church of the Kazan Icon of the Mother of God at the Academy of the Federal Security 

Service of Russia (in Orel). The modeling was performed for the purposes of calculating and possibly designing an alter-

native structural design for the vaults using brick, replacing the reinforced concrete originally planned in the design doc-

umentation. The paper presents a finite element volumetric geometric model of the vaults and the resulting stress distri-

bution patterns from the combined load of the overlying structures. The modeling and calculations were used in the 

subsequent discussion and selection of the structural solution for the church vaults. Thus, comprehensive finite element 
modeling and calculations with a volumetric geometric model allowed for the necessary assessment of the stress state of 

the vault structures during the final selection of their structural solution. 

 

Keywords: vaults, Orthodox churches, finite element volumetric calculation model.  
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ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʝʨʝʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘ-

ʥʠʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʦʧʠʩʘʥʳ ʵʪʘʧʳ ʨʝʰʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʪʫʨʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟ-

ʤʝʨʝʥʠʷ. ʆʧʠʩʘʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʚ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʦʧʠʩʘʥʳ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʫ-

ʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʘ ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʠ ʚʠʙʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʆʧʨʝʜʝʣʝʥʳ 
ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʝ ʢʘʢ ʚ ʫʧʨʫʛʦʤ ʧʦʣʫʧʨʦʩʪʨʘʥ-

ʩʪʚʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʠʧʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʚʠʜʳ ʠʭ ʟʘʪʫʭʘʥʠʷ (ʜʝʤʧʬʠʨʦʚʘʥʠʷ). ɺʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʨʠ ʧʦʜʢʘʯʢʝ ʵʥʝʨʛʠʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʛʨʫʥʪʦʚʦʤ ʤʘʩʩʠʚʝ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʥʘ ʩʦʦʨʫʞʝʥʠʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ, ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʚʦʣʥʘ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʠʙʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʩʪʦʷʯʘʷ ʚʦʣʥʘ. 

 

ɺʚʝʜʝʥʠʝ. ɼʚʠʞʫʱʠʡʩʷ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʭʥʦʛʝʥ-

ʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʣʠʟʣʝʞʘʱʠʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʳ ʧʨʦʚʦʜʷʪʩʷ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ. 

ɸ. ɺ. ɹʘʥʘʭ ʚ ʩʪʘʪʴʝ [1] ʩʨʝʜʠ ʘʚʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʣʠʩʴ ʚʦʧʨʦʩʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʙʦʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ ʘʥʘʣʠʟʘ ʠ 

ʢʦʥʪʨʦʣʷ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʩʠʩʪʝʤ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ʚʳʜʝʣʷʝʪ ɺ. ʇ. ɸʛʘʧʦʚʘ, 

ɸ. ʉ. ɻʦʨʦʜʝʮʢʦʛʦ, ɸ. ɸ. ɼʳʭʦʚʠʯʥʦʛʦ, ʀ. ɼ. ɽʚʟʝʨʦʚʘ, ʉ. ʌ. ʂʣʦʚʘʥʠʯ, ʕ. ɿ. ʂʨʠʢʩʫʥʦʚʘ,  

ɺ. ɺ. ʂʫʣʷʙʢʦ, ɸ. ɺ. ʇʝʨʝʣʴʤʫʪʝʨʘ, ɺ. ʀ. ʉʣʠʚʢʝʨ, ɽ. ɹ. ʉʪʨʝʣʝʮ-ʉʪʨʝʣʝʮʢʦʛʦ ʠ ʜʨ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʘʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʡ ʯʝʨʝʟ ʛʨʫʥʪʦ-

ʚʳʡ ʤʘʩʩʠʚ, ʦʪʥʦʩʠʪʩʷ ʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʠ ʤʝʪʨʦ. ɺ ʦʩʥʦʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʣʝʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʨʘʩʯʝʪʳ ʚ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ 

 
11É ɻʨʠʜʥʝʚ ʉ. ʖ., ʉʘʬʨʦʥʦʚ ɺ. ʉ., ɼʷʪʣʦʚ ɺ. ɺ., 2025 
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ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʩ ʚʝʨʠʬʠʢʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʨʦʚ ʧʨʠʭʦʜʷʪ ʢ ʤʥʝ-

ʥʠʶ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʝʨʝʜʘʶʱʠʭʩʷ ʯʝ-

ʨʝʟ ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ, ʥʝʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʠ ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʪʨʝʙʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʦʛʦ ʧʦʜʭʦʜʘ. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʵʣʝʤʝʥʪʘʭ ʩʦʦʨʫʞʝʥʠʡ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʪʝʤʝ ʥʝ ʦʩʚʝʱʝʥ ʚʦʚʩʝ. 

ɺ ʨʘʙʦʪʘʭ [1, 2] ʘʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʪʨʦʠʪʝʣʴ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ɺ [3] ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʠ, ʚʳʟʚʘʥʥʦʡ ʜʚʠʞʝʥʠʝʤ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʦʝʟʜʦʚ. ɺ ʩʪʘʪʴʝ [4] ʧʨʠʚʝ-

ʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʧʨʦʝʟʜʘ ʦʜʠʥʦʯʥʦʛʦ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪ-

ʥʦʛʦ ʩʨʝʜʩʪʚʘ. ɺ [5] ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʟʜʘʥʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʵʪʘʞʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʝʪʨʦʧʦʣʠʪʝʥʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʫ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1. ʊʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘ-

ʥʠʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ; 

2. ɺʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʛʨʫʥʪʦʚʦʤ ʤʘʩʩʠʚʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʥʝʣʠ-

ʥʝʡʥʫʶ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʜʦʩʪʠʛʘʝʪ ʵʣʝʤʝʥʪʦʚ ʩʦʦʨʫʞʝʥʠʡ; 

3. ɺʦʣʥʘ, ʤʝʥʷʷ ʩʚʦʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʝʨʝʜʘʝʪ ʵʥʝʨʛʠʶ ʦʪ ʦʩʥʦʚʘʥʠʷ ʥʘ ʬʫʥʜʘʤʝʥʪ 

ʟʜʘʥʠʡ; 

4. ɼʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʚʩʝʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ; 

5. ʈʝʛʫʣʷʨʥʘʷ ʧʦʜʢʘʯʢʘ ʵʥʝʨʛʠʠ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ ʧʝʨʝʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʯʝʨʝʟ ʛʨʫʥʪʦʚʦʝ 

ʦʩʥʦʚʘʥʠʝ ʦʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʆʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʫʨʦʚʝʥʴ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʆʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʚʦʣʥʳ; 

2. ʆʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʛʨʫʥʪʦʚʦʤ ʤʘʩ-

ʩʠʚʝ ʠ ʭʘʨʘʢʪʝʨ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʥʦʚʦʜʦʚ ʨʘʟʣʠʯ-

ʥʦʛʦ ʪʠʧʘ; 

3. ʆʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʚʦʣʥʳ ʩ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʥʘ ʵʣʝʤʝʥʪʳ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩ ʫʯʝʪʦʤ ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ. ɺʳʷʩʥʠʪʴ, ʢʘʢ ʧʨʠ ʵʪʦʤ ʤʝʥʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʣʥʳ; 

4. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʚ ʵʣʝʤʝʥʪʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʳ-

ʷʚʠʪʴ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʦʷʯʠʭ ʚʦʣʥ ʚ ʵʣʝʤʝʥʪʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʦʪʦʢʦʤ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʦʮʝʥʢʠ (ʚ ʦʩʥʦʚʥʦʤ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʦʣʥ ʠʟ ʛʨʫʥʪʘ 

ʚ ʪʝʣʦ ʩʦʦʨʫʞʝʥʠʷ ʪʨʝʙʫʶʪ ʟʘʜʘʥʠʷ ʨʷʜʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʥʳ ʢʦʥʪʘʢʪʘ ʩʦʦʨʫʞʝʥʠʷ ʩ ʛʨʫʥʪʘʤʠ ʦʩʥʦʚʘʥʠʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ:  

1) ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ;  

2) ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ. 

ɺʳʧʦʣʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʛʨʫʥʪʦʚ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʦʩʥʦʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʤʦʜʝʣʠ ʛʨʫʥʪʘ ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. 
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ɽ. ɸ. ɺʦʟʥʝʩʝʥʩʢʠʡ [6] ʚʳʜʝʣʷʝʪ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʧʦʣʝʚʳʭ ʤʝʪʦʜʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳ-

ʪʘʥʠʡ ʛʨʫʥʪʦʚ: 

1. ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ, ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠ ʟʘʪʫʭʘʥʠʷ ʛʨʫʥʪʘ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʩʢʦʨʦʩʪʷʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ (ʦʙʲʝʤʥʳʭ 

ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ); 

2. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʥʝʩʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ: ʥʝ ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʘʤʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩ-

ʧʳʪʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʨʫʥʪʘʭ, ʥʦ ʩʧʦʩʦʙʥʳ 

ʜʘʪʴ ʟʥʘʯʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʨʝ-

ʰʝʥʠʠ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʛʨʫʥʪʦʚ; 

3. ɺʠʙʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ: ʨʘʩʯʝʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʦʦʨʫʞʝʥʠʝʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʝʛʦ ʤʦʜʝʣʴʶ); 

4. ɻʝʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʛʨʫʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪ: 

1. ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʛʨʫʥʪʘ; 

2. ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; 

3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʨʫʥʪʘʭ; 

4. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʞʠʞʘʝʤʦʩʪʠ ʛʨʫʥʪʦʚ; 

5. ʇʘʨʘʤʝʪʨʳ ʧʨʦʯʥʦʩʪʠ; 

6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʛʨʫʥʪʘ ʚ ʦʙʲʝʤʝ. 

ʀʟʤʝʨʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʡ ʦʪ ʪʨʘʥʩʧʦʨʪʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʨʝʘʣʴʥʦʡ ʘʢʩʝʣʝʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʪʨʘʥʩʧʦʨʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

ʊʘʢ, ʚ ʨʘʙʦʪʝ [2] ʟʘʜʘʯʘ ʚʠʙʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʦʷʣʘ ʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʥʝʩʫʱʠʭ ʩʪʝʥ 

ʦʙʩʣʝʜʫʝʤʳʭ ʟʜʘʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʯʠʩʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʧʦ-

ʤʦʱʠ ʚʠʙʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʘʪʯʠʢʦʚ ʀ001 ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʩʘʤʦʧʠʩʮʝʤ 

ʫʨʦʚʥʷ ʕʂ IT-04 ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 2ï30 ɻʮ. ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ 

ʢʦʣʝʙʘʥʠʡ, ʥʘʩʪʨʦʡʢʠ ʢʦʤʧʣʝʢʩʘ ʠ ʫʪʦʯʥʝʥʠʷ ʤʝʩʪ ʨʘʩʩʪʘʥʦʚʢʠ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʢ-

ʪʨʦʥʥʳʡ ʮʠʬʨʦʚʦʡ ʚʠʙʨʦʤʝʪʨ ɹʀʇ-7. ɺ ʨʘʙʦʪʝ [3] ʧʦʣʫʯʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʠʙʨʦʦʙʩʣʝʜʦʚʘʥʠʷʤʠ, ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʙʨʘʮʠʠ 

ʟʜʘʥʠʷ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʠʙʨʦʩʢʦʨʦʩʪʝʡ ʠ ʚʠʙʨʦʫʩʢʦ-

ʨʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʂʦʣʝʙʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʠʙʨʦ-

ʤʝʪʨʦʤ ʕʂʆʌʀɿʀʂɸ-111ɺ (ʚ ʛʦʩʨʝʝʩʪʨʝ ˉ 66279-16). ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʨʝʤʷ ʦʜʥʦ-

ʢʦʤʧʦʥʝʥʪʥʳʤʠ ʜʘʪʯʠʢʘʤʠ (ɸʈ 2099-100). ɺ ʨʘʙʦʪʝ [4] ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʘʤʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʚʦʣʥ (ʄɸʇɺ). ɺ ʨʘʙʦʪʝ [5] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʙʨʦʛʨʘʤʤʳ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʱʝʥʠʡ 

ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʙʦʨ TSS-101 ʩ ʜʘʪʯʠʢʦʤ ʀ-001. ɺ [7] ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʦʚ ʧʦ ʤʝʪʦʜʫ ʩʪʦʷʯʠʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʣʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʟʜʘʥʠʷ. 

ʉʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʤʦʜʫʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠʟ ʪʨʸʭʢʦʤʧʦʥʝʥʪ-

ʥʳʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ɹɸʁʂɸʃ-ɸʉʅ8. ɺ ʢʘʯʝʩʪʚʝ ʩʝʡʩʤʦ-

ʧʨʠʝʤʥʠʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ ɸ1638. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʦʪ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʦʩʥʦʚʘʥʠʷ 

ʠ ʬʫʥʜʘʤʝʥʪʳ ʟʜʘʥʠʡ ʧʨʦʚʦʜʷʪ ʢʘʢ ʧʫʪʝʤ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ 
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ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʳ ʟʜʘʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [1, 2] ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʟʜʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʇʂ çLIRA-Windowsè. ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [8] 

ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʷ çQuake/Wè ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çGeoStudioè ʜʣʷ ʯʠʩ-

ʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪ ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʫʣʠʮʝ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʥʘ ʬʫʥʜʘʤʝʥʪʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ. 

ɸʚʪʦʨʳ [3] ʧʨʦʚʦʜʠʣʠ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çmidas 

GTS NXè. ɸʚʪʦʨʘʤʠ [4] ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪ ʧʨʦʝʟʞʘʶʱʝʛʦ ʘʚʪʦʤʦʙʠʣʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

çPlaxis 2D v.9è. ɺ ʨʘʙʦʪʝ [5] ʧʨʦʠʟʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ çAnsysè. ɺ ʨʘʙʦʪʝ [7] ʩʦʟʜʘʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʦʙʩʣʝʜʫʝʤʦʛʦ ʟʜʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çSCADè. 

ʅʝʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʳ ʦʩʥʘʱʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʦʪ ʨʘʟʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʫ ʘʚʪʦʤʦ-

ʙʠʣʷ, ʥʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦ-

ʣʝʩ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʝʜʠʥʠʯʥʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪ-

ʥʦʛʦ ʩʨʝʜʩʪʚʘ ʙʦʣʴʰʦʡ ʤʘʩʩʳ. 

ʅʘ ʢʘʬʝʜʨʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʙʳʣʠ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦ-

ʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʠʟ ʩʦʩʪʘʚʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʦʪʦʢʘ. ʊʘʢ, ɺ. ʉ. ʉʘʬʨʦʥʦʚ ʠ ʉ. ʖ. ɻʨʠʜʥʝʚ 

ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʝʩʫʱʠʭ ʩʠʩʪʝʤ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʦʜʚʠʞʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ: 

1. ʊʷʛʘʯ ʩ ʧʦʣʫʧʨʠʮʝʧʦʤ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʣʠʥʥʦʤʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

2. ɸʚʪʦʮʠʩʪʝʨʥʘ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ [15ï17]. 

ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʤʦʜʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯ, ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʩʯʝʪʘ, ʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʷʤ ʨʘʩʯʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʨʦʙʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦ-

ʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ-

ʧʨʦʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʜʘʥʠʡ ʩ ʦʩʥʦʚʘʥʠʷʤʠ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʯʝʨʝʟ ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʯʝʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʨʘʩʯʝʪʥʦʤ ʢʦʤʧʣʝʢʩʝ ʄʂʕ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ 

ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʟʘʜʘʶʪʩʷ ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʢʣʶʯʝʚʳʝ ʩʚʦʡʩʪʚʘ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʟʥʘʢʘ ʩʭʝʤʳ (ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʚ ʫʟʣʘʭ ʩʭʝʤʳ). ʅʘ ʜʘʥ-

ʥʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʢʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ï ʧʣʦʩʢʦʡ ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ. ʆʪ ʚʳʙʦʨʘ ʧʨʠʟʥʘʢʘ ʩʭʝʤʳ ʟʘʚʠ-

ʩʠʪ, ʧʦ ʢʘʢʠʤ ʟʘʢʦʥʘʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʙʳʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʦʣʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʜʝʣʠ; 

2. ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʠ-

ʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝ-

ʨʝʜʘʯʫ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʙʨʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʧʦʜʙʦʨ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʶʱʠʭ ʩʚʦʡʩʪʚʘ ʦʙʩʣʝʜʫʝʤʳʭ 

ʯʘʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɸ ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʫʶ ʙʠʙʣʠʦ-

ʪʝʢʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʤʦʛʫʪ ʧʨʦʚʦ-

ʜʠʪʴʩʷ ʚ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʝʨʝʥʦʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʘʞʜʦʤʫ ʵʪʘʧʫ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

3. ɺʳʙʦʨ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʇʦʩʢʦʣʴʢʫ ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʠʤʝʝʪ ʪʦʣʴʢʦ ʚʝʨʭʥʶʶ 

ʛʨʘʥʠʮʫ, ʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʘʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʫʯʠʪʳʚʘʪʴ ʜʝʤʧʬʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʷ, ʥʦ ʧʨʠ 
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ʵʪʦʤ ʥʝ ʧʝʨʝʛʨʫʞʘʪʴ ʨʘʩʯʝʪʥʫʶ ʤʦʜʝʣʴ. ʊʘʢʞʝ ʦʪ ʚʳʙʦʨʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʘʚʠʩʷʪ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʧʨʝʣʦʤʣʝʥʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʨʫʥʪʝ ʠ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ; 

4. ɿʘʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ ʥʘʛʨʫʟʦʢ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʘʚ-

ʪʦʤʦʙʠʣʴʥʦʛʦ ʧʦʪʦʢʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʦʩʥʦʚʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʪʠʧ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʨʘʩʯʝʪʘʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ 

ʚʣʠʷʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʘʚ-

ʪʦʨʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʟʘʛʨʫʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ ʦʜʠʥʦʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘ. ɺ ʨʘʤʢʘʭ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʦʙʦʩʥʦʚʘʪʴ ʥʘʣʠʯʠʝ ʨʝʛʫʣʷʨʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʦʪʦʢʘ; 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ. ʇʦʩʣʝ ʚʳʙʦʨʘ ʦʧʨʝ-

ʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʠʷ ʥʫʞʥʦ ʫʯʝʩʪʴ ʜʝʤʧʬʠʨʫ-

ʶʱʠʝ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ. ʀ ʧʦʩʢʦʣʴʢʫ ʛʨʫʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʘʙʩʦ-

ʣʶʪʥʦ ʫʧʨʫʛʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʦʡ, ʘ ʚʣʠʷʥʠʝ ʚʠʙʨʘʮʠʡ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʤʦʜʝʣʠ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʠ ʨʷʜʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʧʠʩʳʚʘʶ-

ʱʠʭ ʩʚʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʷ; 

6. ɺʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʘ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪ-

ʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʅɼʉ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʧʦ ʠʭ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʱʠʭ ʄʂʕ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʢʨʝʪʥʳʭ ʧʨʘʚʠʣ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ ʠ ʠʭ ʘʥʘʣʠʟʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, 

ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʄʂʕ ʦʙʣʘʜʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʨʘʩʯʝʪʘ ʠ ʪʨʝʙʫʝʪ ʢʦʥʢʨʝʪʥʳʭ ʠʥʩʪʨʫʢʮʠʡ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʳʤ ʟʘʯʘʩʪʫʶ ʟʘʪʨʫʜʥʝʥ ʜʣʷ ʨʷʜʦʚʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʚʦʧʨʦʩʦʚ.  

1. ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʢʨʠʪʝʨʠʝʚ; 

2. ʇʨʠ ʚʳʙʦʨʝ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʘʯʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʩʭʝʤʘʤʠ ʠ ʚʳʧʦʣʥʝ-

ʥʠʝ ʠʭ ʫʚʷʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʶʪ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʠ ʧʨʦ-

ʮʝʩʩʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʛʨʫʥʪʦʚʦʤ ʤʘʩʩʠʚʝ ʠ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʜʘ-

ʥʠʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ 

ʠ ʚ ʨʘʤʢʘʭ ʨʝʰʘʝʤʦʡ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʜʘʯʠ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʠ ʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʛʨʫʥʪʦʚʦʤ ʦʩʥʦʚʘʥʠʠ. ʊʨʘʥʩʧʦʨʪ-

ʥʳʡ ʧʦʪʦʢ ʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ. ʉʦʟʜʘʚʘʝʤʳʝ ʪʨʘʥʩ-

ʧʦʨʪʥʳʤ ʧʦʪʦʢʦʤ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʨʫʥʪʦʚʦʤ ʤʘʩʩʠʚʝ ʨʘʩʩʝʠʚʘʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʇʦ ɽ. ɸ. ɺʦʟʥʝʩʝʥʩʢʦʤʫ [6], ʜʠʥʘʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʣʶʙʫʶ ʧʝʨʝ-

ʤʝʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚʳʟʚʘʥʥʳʝ ʝʶ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʨʫʥʪʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʘʢʪʠʢʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚʳʟʳʚʘʝʪ 

ʯʝʨʝʜʦʚʘʥʠʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʫʙʳʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤ 

ʧʨʦʮʝʩʩʦʤ. 

ɺ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʧʨʠʤʝʨʦʤ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʥʝ-

ʢʦʪʦʨʦʡ ʤʘʩʩʳ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ. ɺʳʟʳʚʘʝʤʳʝ ʵʪʦʡ ʤʘʩʩʦʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʛʨʫʥʪʝ ʧʦʜ-

ʯʠʥʷʶʪʩʷ ʪʦʤʫ ʞʝ ʟʘʢʦʥʫ, ʯʪʦ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʘʶʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ: 

1. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ; 

2. ʅʝʧʝʨʠʦʜʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ: ʘ) ʫʜʘʨʥʘʷ (ʠʤʧʫʣʴʩʥʘʷ), ʙ) ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʘʷ, ʚ) ʥʝ-

ʨʝʛʫʣʷʨʥʘʷ. 
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʨʘʟʣʠʯʘʶʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʫʶ ʠ ʟʥʘʢʦʧʦʩʪʦʷʥʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ. 

ɺʠʙʨʘʮʠʷ ʩʦʦʨʫʞʝʥʠʡ ʠ ʛʨʫʥʪʦʚ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʦʪ 1 ʜʦ 100 ɻʮ). 

ʂ ʪʘʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʚʦʩʧʨʠʠʤʯʠʚʳ ʦʨʛʘʥʳ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʚʠʜʦʤ ʥʝʨʝʛʫʣʷʨʥʦʡ ʜʠ-

ʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʨʝ-

ʤʝʥʠ. ʉʣʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʦʚʝʜʝʥʠʷ ʛʨʫʥʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʝʨʝʛʫʣʷʨʥʳʭ ʥʘʛʨʫʟʦʢ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ çʚʭʦʜʥʦʛʦè ʠʩʪʦʯʥʠʢʘ ʩʠʛʥʘʣʘ ï ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʨʝʛʠʩʪʨʘʮʠʷ ʨʝʘʢʮʠʠ ʛʨʫʥʪʦʚ ʥʘ ʚʦʟʤʫʱʝ-

ʥʠʝ ï çʚʳʭʦʜʥʦʛʦè ʩʠʛʥʘʣʘ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚʦʛʦ ʦʩ-

ʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʛʥʘʣʘʤʠ ï çʚʭʦʜʥʳʤè (ʥʘʛʨʫʟ-

ʢʦʡ) ʠ çʚʳʭʦʜʥʳʤè (ʨʝʘʢʮʠʝʡ ʛʨʫʥʪʘ). 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʛʨʫʥʪʦʚ ʷʚʣʷʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ. ʅʘʧʨʷʞʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʥʫʞʜʝʥʥʳʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ ʩʠʥʫʩʘ ʦʪ ʥʫʣʷ ʜʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʟʥʘʯʝʥʠʷ: 

„ὸ „ÓÉÎ‫ὸ •Ȣ (1) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

1. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʘʢʦʡ ʥʘʛʨʫʟʢʠ ʧʝʨʝʤʝʱʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʯʘ-

ʩʪʠʮ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʪʦʞʝ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʟʘʢʦʥʫ ʩʠʥʫʩʘ; 

2. ʊʘʢʘʷ ʥʘʛʨʫʟʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʠ 

ʩʣʦʞʝʥʠʠ (ʩʫʧʝʨʧʦʟʠʮʠʠ) ʜʚʫʭ ʠ ʙʦʣʝʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ ʚ ʧʦ-

ʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʢʦʣʝʙʘʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ ʩʝʡʩʤʠʯʝ-

ʩʢʦʡ ʚʦʣʥʦʡ. ɺʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʧʝʨʝʥʦʩʷʪ ʵʥʝʨʛʠʶ ʚ ʛʨʫʥʪʦ-

ʚʦʤ ʤʘʩʩʠʚʝ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʪʠʧʘʤʠ: 1) ʧʨʦʜʦʣʴʥʳʝ; 2) ʧʦʧʝʨʝʯʥʳʝ; 

3) ʧʦʚʝʨʭʥʦʩʪʥʳʝ. 

ʇʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʛʨʫʥʪʘ ʩ ʧʦʩʪʦ-

ʷʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ὠ ʠ ὠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʚʷʟʘʥʥʳʤʠ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

ὠ

ὠ

ρ ‘

ςρ ‘
ρȟ (2) 

ʛʜʝ ‘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ. 

ɺ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʠʤʝʶʱʝʛʦ ʩʚʦʙʦʜʥʫʶ ʛʨʘʥʠʮʫ, ʧʦʤʠʤʦ ʦʙʲ-

ʝʤʥʳʭ ʚʦʣʥ, ʦʙʨʘʟʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʈʵʣʝʷ, ʘ ʪʘʢʞʝ ʢʦʥʠʯʝʩʢʘʷ ʚʦʣʥʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʝʩʣʠ ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʠʤʝʝʪ ʚʢʣʶʯʝʥʠʷ-ʚʦʣʥʦʚʦʜʳ (ʥʘʧʨʠʤʝʨ, ʧʦʜ-

ʟʝʤʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ) ʠʣʠ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʘʢʫʩʪʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʫ ʩʣʦʝʚ 

ʨʘʟʣʠʯʥʘ, ʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ: ʧʩʝʚʜʦʨʵʣʝʝʚʩʢʘʷ 

ʚʦʣʥʘ, ʚʦʣʥʳ ʃʷʚʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʦʙʤʝʥʥʳʭ (ʧʨʝʣʦʤʣʝʥʥʳʭ ʠ ʦʪʨʘʞʝʥʥʳʭ) ʚʦʣʥ.  

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʵʥʝʨʛʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʠʤʝʶʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ [9]. ʇʨʠ ʵʪʦʤ ʦʥʠ ʙʳʩʪʨʦ ʟʘʪʫʭʘʶʪ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 

ʦʜʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. 

ɻʨʫʥʪ ʥʝ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʅʝʠʜʝʘʣʴʥʘʷ ʫʧʨʫʛʦʩʪʴ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʠ ʜʠʩʢʨʝʪʥʦʩʪʴ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦ 

ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʟʘʪʫʭʘʥʠʝ (ʜʝʤʧʬʠʨʦʚʘʥʠʝ) ʚʦʣʥʳ ʩ ʧʦʪʝʨʝʡ ʯʘʩʪʠ ʝʝ ʵʥʝʨʛʠʠ. ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ʟʘʪʫʭʘʥʠʷ: 1) ʨʘʩʭʦʞʜʝʥʠʝ; 2) ʨʘʩʩʝʷʥʠʝ; 3) ʧʦʛʣʦʱʝʥʠʝ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʚʠʜʳ ʟʘʪʫʭʘʥʠʷ ʚ ʛʨʫʥʪʝ ʜʝʡʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʘ ʨʘʟʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʭ ʚʢʣʘʜ ʙʫʜʝʪ ʨʘʟʣʠʯʘʪʴʩʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʨʘʟ-

ʥʳʤʠ ʚʠʜʘʤʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʯʘʩʪʦʪʳ 

ʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ. 

ʉʦʛʣʘʩʥʦ [10], ʪʨʘʥʩʧʦʨʪʥʘʷ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʥʘʟʝʤʥʳʤ ʠʩ-

ʪʦʯʥʠʢʦʤ ʧʦʩʪʦʷʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ ʩ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʦʡ 10ï20 ɻʮ ʠ ʟʦʥʦʡ ʜʝʡ-

ʩʪʚʠʷ 40ï100 ʤ. ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʘʚʪʦʨ ʧʨʠʚʦʜʠʪ ʟʥʘʯʝʥʠʝ ʜʦ 31 ʜɹ. 

ʋʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25ï40 ʤ ʦʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʠ ʧʝʨʝʢʨʝʩʪʢʦʚ ʢʦʣʝʙʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʦʚʥʶ 3ï4-ʙʘʣʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʠʙʨʘʮʠʡ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʥʝʧʨʝ-

ʨʳʚʥʦ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʂʘʞʜʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʩʪʦʯʥʠʢ ʢʦʣʝʙʘʥʠʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ. 

ʋʨʦʚʝʥʴ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʷʟʘʥ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦ-

ʪʦʢʘ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὃ ςρȟυρὔȟ , (3) 

ʛʜʝ ὃ ï ʫʨʦʚʝʥʴ ʚʠʙʨʦʩʢʦʨʦʩʪʠ, ʜɹ; ὔ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ, ʪʨ. ʝʜ./ʯ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʦʨʦʜʩʢʠʭ ʤʘʛʠʩʪʨʘʣʝʡ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ὔ ρππππ ʪʨ. ʝʜ./ʯ ʠ ʙʦʣʝʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʡ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʦʪ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 65ï70 ʜɹ. 

ʌʦʨʤʫʣʘ (3) ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʘʚʪʦʤʘʛʠʩʪʨʘʣʝʡ ʩ ʛʣʘʜʢʠʤ ʧʦʢʨʳʪʠʝʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʠʟ 

ʘʩʬʘʣʴʪʘ ʠʣʠ ʙʝʪʦʥʘ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʦʨʫ-

ʞʝʥʠʡ ʯʘʩʪʦ ʙʳʚʘʶʪ ʙʣʠʟʢʠ ʢ ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʨʘʙʦʪʝ [12] ʠʟʣʦʞʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʅɼʉ ʟʜʘʥʠʡ ʨʘʤʥʦ-ʩʚʷʟʝʚʳʭ 

ʩʠʩʪʝʤ. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [8] ʩʨʝʜʠ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʣʠʯʠʥʫ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʥʘ ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʳ, ʚʳʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʪʦʯʥʠʢʘ, ʤʘʩʩʫ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʛʨʫʥʪʦʚʳʝ ʫʩʣʦʚʠʷ, ʪʠʧ ʬʫʥʜʘʤʝʥʪʘ, ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ, ʩʦʩʪʦʷ-

ʥʠʝ ʧʦʢʨʳʪʠʷ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʪ. ʜ. ʊʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʳ ʧʨʠ-

ʭʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʦʢʘʟʳʚʘʝʪ ʥʘ ʦʩʥʦʚʘʥʠʷ, ʩʣʦʞʝʥʥʳʝ 

ʠʟ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ, ʤʝʥʴʰʝʝ ï ʥʘ ʧʝʩʯʘʥʳʝ ʦʩʥʦʚʘʥʠʷ. 

ʇʨʠ ʨʝʛʫʣʷʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʨʦʝʟʞʫʶ ʯʘʩʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʯʝ-

ʨʝʟ ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʥʘʭʦʜʷʱʝʝʩʷ ʚʙʣʠʟʠ ʟʜʘʥʠʝ. ɺʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʦ-

ʷʯʘʷ ʚʦʣʥʘ (ʨʠʩ. 1). ʇʨʠ ʧʦʜʢʘʯʢʝ ʵʥʝʨʛʠʠ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚ-

ʣʝʥʠʶ ʪʨʝʱʠʥ, ʯʘʱʝ ï ʚ ʧʝʨʝʢʨʳʪʠʷʭ ʠ ʨʝʞʝ ï ʚ ʩʪʝʥʘʭ. ʇʦʷʚʣʝʥʠʝ ʪʨʝʱʠʥ ʛʦʚʦʨʠʪ ʦʙ ʫʤʝʥʴ-

ʰʝʥʠʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʘ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [11], ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʛʨʫʥʪʦʚ ʧʨʠ ʪʝʭ-

ʥʦʛʝʥʥʳʭ ʚʠʙʨʘʮʠʷʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʤ/ʩʝʢ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 5ï6-ʙʘʣʣʴ-

ʥʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ. ʀ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʤʘʩʩʠʚʳ ʛʨʫʥʪʦʚ ʜʘʣʝʢʦ ʥʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʜʭʦʜʠʪ ʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʬ-

ʬʝʢʪʘ ʪʝʭʥʦʛʝʥʥʳʭ ʚʠʙʨʘʮʠʡ, ʤʥʦʛʠʝ ʧʦʣʦʞʝʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʣʦʛʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʠ ʦʮʝʥʢʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʛʨʫʥʪʦʚʳʝ ʤʘʩʩʠʚʳ ʤʦʛʫʪ ʙʳʪʴ ʟʘʠʤʩʪʚʦʚʘʥʳ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʠʙʨʘʮʠʡ. 
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ʉʝʛʦʜʥʷ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʛʨʫʥʪʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʦʨʠʠ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ [9]. ɼʘʥʥʘʷ ʪʝʦʨʠʷ ʷʚʣʷʝʪʩʷ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʦʟʚʦ-

ʣʷʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʦʣʫʯʠʪʴ ʚʝʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʘʣʦʘʤʧʣʠʪʫʜʥʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ. 

 

 
ʈʠʩ. 1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʚ ʧʝʨʝʢʨʳʪʠʠ  

ʦʪ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ 

 

ʈʘʟʤʝʨʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʩʥʦʚʘʥʠʷ ʚʳʙʠʨʘʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʠʥʘʤʠʯʝ-

ʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʥʦʚʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʅɼʉ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʝʛʦ ʛʨʘʥʠʮʳ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʬʠʢʪʠʚʥʳʭ ʦʪʨʘʞʝʥʠʡ ʥʘ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮʘʭ ʤʦʜʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʚʷʟʢʠʝ ʛʨʘʥʠʮʳ. ʈʘʟʤʝʨʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʟʥʘʯʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʚʦʣʥ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʫʛʠʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʧʨʠʥʠʤʘʶʪ ʧʦ ʜʘʥ-

ʥʳʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʛʨʫʥʪʦʚ. 

ʄʦʜʝʣʴ ʦʩʥʦʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʨʦʙʥʦʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʥʘʣʠʯʠʝ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʝʡ, ʧʦʜʟʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʝʡ ʚ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʝ, ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ, ʦʜʥʦʩʪʦʨʦʥʥʠʝ ʩʚʷʟʠ. 

ʂʦʣʝʙʘʥʠʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ, ʧʝʨʝʜʘʶʪʩʷ ʚ ʛʨʫʥʪ. ʇʦ ʤʝʨʝ ʫʜʘ-

ʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʦʥʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʟʘʪʫʭʘʶʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ, ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ ʩʦʚʦʢʫʧʥʦ-

ʩʪʴʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʨʘʟʥʳʭ ʪʠʧʦʚ ï ʦʙʲʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʦʩʣʘʙʝʚʘʶʱʠʭ ʩ ʨʘʩʩʪʦ-

ʷʥʠʝʤ ʧʦ ʨʘʟʥʳʤ ʟʘʢʦʥʘʤ. 

ʏʘʱʝ ʚʩʝʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʛʨʫʥʪʦʚʳʡ ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʠʟ ʩʝʙʷ ʩʣʦʠʩʪʫʶ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʤʘʩʩʠʚʘ ʤʦʛʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʚʦʣʥʦʚʦʜ, ʠʤʝʶʱʠʡ ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʆʪʨʘʞʘʶ-

ʱʠʝ ï ʧʨʠ ʥʘʣʠʯʠʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪ ʢʦʪʦʨʳʭ ʚʦʣʥʘ ʦʪʨʘʞʘʝʪʩʷ, ʠʣʠ ʧʨʦʟʨʘʯʥʳʝ ï ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʚ ʧʨʠʢʣʘʜʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʤʝʥʴ-

ʰʝʥʠʠ ʧʣʦʱʘʜʠ ʨʘʩʩʝʠʚʘʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʛʨʘʥʠʮʘʤʠ ʚʦʣʥʦʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ (ʚʦʣʥʦʚʦʜʘ). 


