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ɸʅʆʊɸʎɯʗ 

 

ʉʻʜʠʭ ɯ. ɺ. ɺʠʙʽʨ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴ-

ʥʦʩʪʽ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʢʦʩʤʽʯʥʠʭ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ 

ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʚʯʝʥʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ ʩʧʝʮʽʘʣʴ-

ʥʽʩʪʶ 05.07.02 ï ʇʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. ï 

ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè, ɼʥʽʧʨʦ, 2021. 

ʇʨʠ ʧʦʣʴʦʪʽ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟ ʙʘʛʘʪʦʨʘʟʦʚʠʤ ʚʢʣʶʯʝʥʥʷʤ ʤʘ-

ʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʘʫʟʠ ʤʽʞ ʡʦʛʦ ʚʢʣʶʯʝʥʥʷʤʠ ʤʘʶʪʴ ʙʫʜʴ ʷʢʫ ʪʨʠʚʘʣʽʩʪʴ ʽ ʤʦʞʫʪʴ 

ʜʦʩʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʜʽʙ. ʇʽʜ ʯʘʩ ʮʠʭ ʧʘʫʟ ʨʽʜʠʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʘ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʙʫʜʴ ʷʢʝ ʧʨʦʩʪʦʨʦʚʝ ʧʦʣʦ-

ʞʝʥʥʷ ʚ ʩʝʨʝʜʠʥʽ ʙʘʢʘ. ʑʦʙ ʛʘʨʘʥʪʦʚʘʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ 

ʙʽʣʷ ʚʭʦʜʫ ʚ ʧʘʣʠʚʥʽ ʤʘʛʽʩʪʨʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʝʨʮʽʡʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫ-

ʮʽʣʴʥʦʩʪʽ.  

ɯʥʝʨʮʽʡʥʽ ʟʘʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ, ʱʦ ʥʘʡʤʝʥʰʝ, ʜʚʘ 

(ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʷʛʠ), ʘʙʦ ʙʽʣʴʰʝ, ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ, ʷʢʽ 

ʧʨʠ ʨʦʙʦʪʽ ʩʪʚʦʨʶʶʪʴ ʧʦʟʜʦʚʞʥʻ ʧʨʠʩʢʦʨʝʥʥʷ. ʇʽʜ ʜʽʻʶ ʮʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʨʽʜʠʥʘ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʡ ʟʘʡʤʘʻ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ ʧʦʣʦʞʝʥʥʷ, ʪʦʙʪʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʧʝʨʝʜʩʪʘʨʪʦʚʦʤʫ ʩʪʘʥʽ. ɺʠʟʥʘʯʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ, ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʘ ʪʘʢʦʞ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʨʦʙʽʪ ʧʦ ʚʠʙʦʨʫ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʣʴʦʪʥʦʾ ʮʠʢʣʦʛʨʘʤʠ. 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʝʥ ̔ʧʠʪʘʥʥʷ ʧʦ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʠʭ ʟʘ-

ʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ, ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢ ʨʦʟʨʘʭʫʥʢʫ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʷʢ 

ʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʢʨʘ-

ʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʥʘ ʮʝʡ ʤʘʥʝʚʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 
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ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ.  

ɺ ʦʩʥʦʚʫ ʜʠʩʝʨʪʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʤʘʪʝʨʽʘʣʠ ʪʘ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦ-

ʚʝʜʝʥʽ ʘʚʪʦʨʦʤ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ ʽ ɼʇ çʂɹ çʇʽʚ-

ʜʝʥʥʝè ʽʤ. ʄ,ʂ. ʗʥʛʝʣʷ: 

1. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʛʨʘ-

ʚʽʪʘʮʽʾ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʧʨʦʝʢʪʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

(ʥʦʤʝʨ ʪʝʤʠ ʌʊʌ-26-13, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0114U000185). 

2. ʄʦʜʝʨʥʽʟʘʮʽʷ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʽ ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʥʝ-

ʩʧʨʠʷʪʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʶ ʥʘʚʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʥʦʤʝʨ ʪʝʤʠ 

6-242-11, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U001142). 

3. ʈʦʟʨʦʙʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ ʜʣʷ 

ʚʝʨʭʥʽʭ ʩʪʫʧʝʥʽʚ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʩʽʤʝʡʩʪʚ: çɸʂʈʂè, çʄʘʷʢè ʪʘ çʎʠʢʣʦʥè, 

ʟʛʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʠʭ ʧʣʘʥʽʚ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè. 

4. çʉʪʨʘʪʝʛʽʷ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2022 ʨʦʢʫè, ʟʘʪʚʝʨ-

ʜʞʝʥʘ ʅʘʢʘʟʦʤ ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ ˉ 100 ʚʽʜ 21.05.2015ʨ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ï ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘ-

ʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʫ ʙʘʢʽ 

ʧʝʨʝʜ ʧʦʚʪʦʨʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʦʙôʻʜʥʘʥʥʽ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʩʪʝʥʜʽ ʥʝʚʘʛʦʤʦʩʪʽ ʟ ʯʠʩʝʣʴʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ANSYS Fluent. 

ï ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʦʪʨʽʙ-

ʥʦʛʦ ʥʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʨʽʜʠʥʠ ʚ ʙʘʢʘʭ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘ-

ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʧʨʠ ʨʦ-

ʟʨʦʙʮʽ ʜʠʩʝʨʪʘʮʽʾ; 

ï ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨ-

ʭʥʝʚʦʛʦ ʰʘʨʫ ʡ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚ ʙʘʮʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʫ ʧʝʨʝ-

ʦʨʽʻʥʪʘʮʽʾ, ʧʽʜ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʽʚ ʚʠʥʠʢʘʶʯʠʭ ʚʽʜ ʨʦʙʦʪʠ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ. 
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ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: 

ï ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʱʦ ʧʦʪʨʽʙʝʥ ʥʘ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʧʘʣʠʚʘ, ʤʦʞʥʘ ʦʧʝʨʘʪʠʚʥʦ ʪʘ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ, ʥʽʞ ʮʝ ʙʫʣʦ ʨʘʥʽʰʝ, 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʮʝʡ ʯʘʩ, ʪʠʤ ʩʘʤʠʤ, ʚʞʝ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʢʣʘʜʝʥʠʭ ʥʘ ʮʽ ʤʘʥʝʚʨʠ 

ʟʘʧʘʩʽʚ ʧʘʣʠʚʘ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘ-

ʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʚ ʙʘʢʽ ʧʝʨʝʜ ʧʦ-

ʚʪʦʨʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ ʯʘʩʪʠʥʠ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝ-

ʨʠʤʝʥʪʽʚ ʯʠʩʝʣʴʥʠʤʠ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʬʽʥʘʥʩʦʚʽ ʡ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ, ʧʦʪʨʽʙʥʽ ʥʘ ʚʠʢʦ-

ʥʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝ-

ʪʨʽʚ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʚʠʙʽʨ ʧʘ-

ʨʘʤʝʪʨʽʚ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ, ʥʽʞ ʮʝ ʙʫʣʦ ʨʘʥʽʰʝ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʢʦʨʝʛʫʚʘʥʥʷ ʮʠʢʣʦʛʨʘʤʠ ʨʦʙʦʪʠ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩ-

ʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʽʚ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ 3-ʛʦ ʩʪʫʧʝʥʷ 

ʈʅ çʎʠʢʣʦʥ-4è, ʽ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʧʦʣʴʦʪʥʦʤʫ ʟʘʚʜʘʥʥʽ ʥʘ ʧʝʨʰʠʡ ʟʘʧʫʩʢ. 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʦʥʘʥʦ ʩʠʩʪʝʤʘʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʠʙʦʨʫ ʧʨʦ-

ʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʪʚʦʨʝʥʦ ʡ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʝʯʽʾ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʭ ʜʦ-

ʩʣʜ̔ʞʝʥʴ ʥʦʚʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘ-

ʣʠʚʘ. 

ʋ ʚʩʪʫʧʽ ʦʢʨʝʩʣʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʨʦʙʦʪʠ, 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʡ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʥʘʚʝ-

ʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʧʨʦʙʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʪʘ ʧʫʙʣʽʢʘʮʽʾ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʜʘʥʦ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʨʘʢʝʪʠ-ʥʦʩʽʷ. 

ʅʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʧʨʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʡ ʦʧʠʩʘʥʦ ʪʨʘʜʠʮʽʡʥʫ 
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ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. ʅʘ ʧʽʜʩ-

ʪʘʚʽ ʮʠʭ ʜʘʥʠʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ, ʥʘ ʤʘʩʰʪʘʙʥʠʭ ʤʦʜʝ-

ʣʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʥʜʫ ʥʝʚʘʛʦʤʦʩʪʽ. ɺ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʙʫʣʦ ʚʠʙʨʘʥʦ ʤʘʩʰʪʘʙ ʦʙôʻʢʪʫ ʚʠʧʨʦ-

ʙʫʚʘʥʥʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʤʦʜʝʣʴʥʠʤʠ ʪʘ ʥʘʪʫʨʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ʆʧʠʩʘʥʦ ʪʘʢʦʞ ʩʪʝʥʜ ʥʝʚʘʛʦʤʦʩʪʽ ʡ ʢʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʪʚʦʨʶ-

ʚʘʣʘ ʜʽʶ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʤʦʜʝʣʴ ʙʘʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʨʦʙʽʪ ʦʪʨʠ-

ʤʘʥʦ ʤʦʜʝʣʴʥʠʡ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʜʣʷ ʤʦʜʝʣʽ, ʪʘ ʧʝ-

ʨʝʨʘʭʦʚʘʥʦ ʡʦʛʦ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ, ʚ ʯʘʩ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʦʙôʻʢʪʘ. ʇʽ-

ʩʣʷ ʦʙʨʦʙʢʠ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ, ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ ʚ 

ʙʘʢʽ ʪʘ ʦʧʠʩʘʥʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʘʚʝʜʝʥʦ ʪʘʢʦʞ ʚʩʽ ʥʝ-

ʦʙʭʽʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʡ ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ; ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʛʨʘʬʽʯʥʽ ʜʘʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚ ʙʘʢʽ ʡ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟ ʧʦʨʽʚ-

ʥʷʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 2. ɿʘʜʦʚʽʣʴʥʘ ʟʙʽʞʥʽʩʪʴ ʜʦʟʚʦʣʠʣʘ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʧʦʪʨʽʙ-

ʥʦʛʦ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʾ ʢʨʦʤʢʠ ʨʽʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʦʾ ʬʦʨʤʫʣʠ 

ʨʦʟʨʘʭʫʥʢʫ, ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟ ʚʠʟʥʘ-

ʯʝʥʥʷʤ ʥʦʚʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʷʢʠʡ ʧʦʪʨʽʙʥʠʡ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢ ʢʨʦ-

ʤʢʠ ʨʽʜʠʥʠ, ʪʘʢ ʽ ʚʩʴʦʛʦ ʾʾ ʦʙô̒ ʤʫ. ʅʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʧʦʢʘʟʘʣʠ ʙʽʣʴʰʫ ʟʙʽʞ-

ʥʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʦʞ ʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʟʘʩʧʦʢʦʻʥʥʷ ʨʽʜʠʥʠ ʧʽʩʣʷ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ, ʡ 

ʦʪʨʠʤʘʥʦ ʥʦʚʫ ʬʦʨʤʫʣʫ, ʷʢʘ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʮʝʡ ʯʘʩ. ʋ ʟʘʢʽʥ-

ʯʝʥʥʽ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʥʦʚʫ ʧʽʜʩʫʤʢʦʚʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʬʦʨʤʫʣʫ, ʷʢʘ ʧʦʢʘʟʘʣʘ ʢʨʘʱʫ 
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ʟʙʽʞʥʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʯʘʩ, ʧʦ-

ʪʨʽʙʥʠʡ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘ-

ʟʦʥʽ ʧʨʠʩʢʦʨʝʥʴ ʫ ʙʘʢʘʭ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ. 

ʋ ʧô̫ ʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ̔ʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡ-

ʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ, ʘ ʩʘʤʝ:  

ï ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʷʛʠ ʜʚʠʛʫʥʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ ʪʘ ʾʭ ʢʽʣʴʢʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʤʘʥʝʚʨ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ; 

ï ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʤʘʥʝʚʨ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʷʛʠ ʜʚʠʛʫʥʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ ʪʘ 

ʾʭ ʢʽʣʴʢʦʩʪʽ. 

ï ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʘ ʩʘʤʝ: 

ï ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘ-

ʣʠʚʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʩʤʽʯʥʠʭ ʩʪʫʧʝʥʽʚ 

ʨʘʢʝʪ-ʥʦʩʽʾʚ,  

ï ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʯʘʩʫ, ʱʦ ʧʦʪʨʽʙʝʥ ʥʘ 

ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʠ ʨʦ-

ʟʨʦʙʮʽ ʪʘʢ ʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ ʢʦʩʤʽʯʥʠʭ ʩʪʫʧʝʥʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ; 

ï ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ 

ʧʘʣʠʚʘ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʽ ʚ ʧʦʣʴʦʪʥʦʤʫ ʟʘʚʜʘʥʥʽ ʨʘʢʝʪʠ-ʥʦʩʽʷ çʎʠʢʣʦʥ-4è;  

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè ʽʤ. ʄ.ʂ. ʗʥʛʝʣʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ 

ʨʦʟʨʦʙʢʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʘʢʝʪ-ʥʦʩʽʾʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʝʨʮʽʡʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ, ʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʜʚʠʛʫʥʠ ʤʘʣʦʾ ʪʷʛʠ, ʯʠʩʣʦ ɹʦʥʜʘ, ʨʘʢʝʪʘ-ʥʦʩʽʡ, ʩʪʝʥʜ ʥʝʚʘʛʦʤʦʩʪʽ, 

ʤʦʜʝʣʴ ʙʘʢʘ.
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ABSTRACT 

I.V. S̔ edykh. The choice of design parameters of inertial means of ensuring the con-

tinuity of propellant in the tanks of the space stages of launch vehicles. ï Qualification sci-

entific manuscript. 

The dissertation for obtaining the scientific degree of a Candidate of Technical Sci-

ences in speciality 05.07.02 ï Design, production and testing of flying vehicles. State Design 

Office ñYuzhnoyeò, Dnipro, 2021. 

During the flight of the space stage of the launch vehicle with multiple activation of 

the propulsion engine, the pauses between its inclusions have any duration and can reach 

several days. During these pauses, the liquid components of the fuel are under the influence 

of microgravity, and, as a consequence, can occupy any spatial position in the middle of the 

tank. To ensure the presence of propellant components at the entrance to the feed lines, 

inertial means to ensure continuity are used. 

Inertial means of continuity represent at least two (to ensure uniformity of thrust dis-

tribution), or more, low-thrust engine, which create a longitudinal acceleration during oper-

ation. Under the action of this acceleration, the fluid moves and occupies the necessary po-

sition to start the engine, i.e. is in the pre-start state. Determining the time required to move 

the liquid from one position to another is important in the development of the launch vehicle, 

as well as in the selection and optimization of the flight cyclogram. 

In the presented work the questions on the choice of parameters of inertial means of ensuring 

continuity, development of methods of calculation of these parameters and as a consequence of in-

crease of power characteristics of the launch vehicle due to improvement of accuracy of definition 

of a stock of propellant components which are necessary for this maneuver are solved.  The results 

of this work are confirmed by experimental data and the results of numerical calculations. 

Connection of work with scientific programs, plans, themes. The dissertation (the the-

sis) is based on the materials of generalizing research conducted by the author during the 

research work in accordance with the thematic plan of SDO "Yuzhnoye": 

1. Development of materials of the conceptual and technical project and technical 

reports on the launch vehicle "Cyclone-4". 
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2. Experimental confirmation of the operating time and sufficiency of the thrust of 

the liquid rocket engine of low thrust means of ensuring continuity in the deposition of fuel 

components in the tanks of the 3rd stage of the launch vehicle "Cyclone-4". 

3. Development of materials of conceptual designs of rocket carriers: "AKRK-2", 

"Mayak-3T", "Mayak-S3,9". 

The scientific novelty of the most significant results obtained by the author is as follows: 

ï A new calculation and experimental method for determining the time required to 

perform complete deposition of fuel components in the tank before restarting the propulsion 

engine using the software package ANSYS Fluent. 

ï Improved the traditional method of calculating the deposition time using the results of 

calculation and experimental studies performed during the development of the dissertation; 

ï A method for selecting the main design parameters of the inertial system to ensure 

continuity, namely the number of engines, their total thrust and the amount of fuel compo-

nents required for its operation. 

The practical significance of the work is as follows: 

ï using an advanced technique, you can quickly and accurately calculate the time and 

acceleration required to perform the deposition of fuel components, which, thus, at the de-

sign stage will optimize the energy capabilities of the launch vehicle by optimizing the fuel 

reserves laid down for these maneuvers; 

ï  based on the specified time and acceleration required to perform the maneuver of 

deposition of fuel components, select the optimal design parameters of the continuity sys-

tem, such as the number and thrust of the engines of the continuity system. 

ï developed calculation and experimental method for determining the time required 

to perform the deposition of fuel components in the tank before restarting the propulsion 

engine, allows by replacing part of the physical experiments with numerical significantly 

reduce the financial and time costs required to perform design work; 

The results obtained using the method and calculation-experimental method were 

used to adjust the cyclogram of the inertial system to ensure continuity when performing 

maneuvers of reorientation of the third stage LV "Cyclone-4", and successfully imple-

mented in the flight task for the first launch. 
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In the dissertation the systematic research of regularities of necessary time of movement 

of liquid depending on acceleration and other parameters is executed, the mathematical model 

of a current is created and proved, and on results of these researches, the new technique of 

calculation of time necessary for reorientation of propellant components is developed. 

The Introduction outlines the relevance of the research topic, formulates the purpose of 

the work, the main directions of research, outlines the scientific novelty and practical signifi-

cance, and provides information about the approbation of the results of work and publication. 

The first part provides a theoretical justification for the need to determine the time required 

for the reorientation of propellant components in the tanks of the launch vehicle. The general con-

cepts of reorientation of propellant components are given and the traditional method of calculating is 

described. Based on these data, the purpose and objectives of the study are formulated. 

In the second part, an experimental study was conducted to determine the time required 

for the reorientation of propellant components on large-scale models using a zero-gravity stand. 

To ensure the performance of this study, the initial data are given, on the basis of which the 

scale of the test object was selected with respect to the hydrodynamic similarity between the 

model and in-tour parameters. A zero-gravity stand and a kinematic model that reproduced the 

effect of external factors on the tank model are also described. As a result of these works, the 

model time required for the reorientation of propellant components for the model was obtained, 

and it was listed, according to the similarity criteria, in the time for the full-scale object. After 

processing all the results, the initial data required to build a mathematical model were generated. 

In the third part, a numerical model is constructed. The method of numerical modeling 

of fluid motion in the tank is given and the problem of numerical experiment is described. 

It also provides all the necessary settings and describes the process of computer calculation; 

As a result, graphical data on the movement of the liquid in the tank were obtained and 

analyzed with a comparison of the obtained results of numerical simulation with the results 

of experimental tests in part 2. Satisfactory convergence allowed the use of numerical cal-

culation to conduct numerical time studies required to move propellant components.  

The fourth part compares the results of calculating the time required to move the lead-

ing edge of the fluid using the traditional calculation formula, with the results of computer 

simulations. An analysis was performed to determine a new formula for calculating the time 
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required to move both the edge of the liquid and its entire volume. The new calculation 

formulas showed greater convergence with the results of the numerical experiment. The 

section also analyzes the results of determining the time required to calm the liquid after its 

movement, and obtained a new formula that allows determining this time with greater ac-

curacy. At the end of the section, a new final calculation formula is presented, which showed 

better agreement with the results of numerical simulations and allows calculating the time 

required for reorientation of propellant components with greater accuracy in the considered 

range of accelerations in spherical tanks. 

The fifth section presents engineering methods for calculating the parameters of the 

inertial system to ensure the continuity of the fuel, namely: 

ï engineering method of calculating the thrust of the engines of the inertial system to 

ensure the continuity of the fuel and their number depending on the time required for the 

maneuver of reorientation; 

ï engineering method of calculating the time required for the reorientation maneuver, 

depending on the thrust of the engines of the inertial system to ensure the continuity of the 

fuel and their quantity; 

ï engineering method of calculating the volume of fuel components required to per-

form the reorientation maneuver. 

The results of the dissertation, namely: 

ï methods for selecting the parameters of the inertial system to ensure the continuity 

of the fuel used in the creation of new promising space stages of launch vehicles, 

ï computational experimental method of confirming the time required for the deposi-

tion of fuel components in the tanks of launch vehicles, which is used both in the develop-

ment and subsequent experimental development of the inertial system to ensure the conti-

nuity of the fuel of the space stages of the launch vehicles; 

ï the results of the calculation of the time required to perform the maneuver of reorien-

tation of the fuel, which are implemented in the flight task of the launch vehicle "Cyclone-4"; 

used in State Design Office ñYuzhnoyeò during the development of promising launch vehicles. 

Keywords: inertial continuity system, deposition of propellant components,  

low-thrust engine, Bond number, launch vehicle, weightlessness stand, tank model. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʇʽʜ ʯʘʩ ʚʠʚʝʜʝʥʥʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʦʨʙʽʪʫ ʟ ʜʦʚʛʦ-

ʪʨʠʚʘʣʠʤʠ ʧʘʫʟʘʤʠ ʤʽʞ ʚʢʣʶʯʝʥʥʷʤʠ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘ-

ʧʫʩʢ ʜʚʠʛʫʥʘ ʚ ʢʦʩʤʦʩʽ, ʜʣʷ ʯʦʛʦ ʧʦʪʨʽʙʥʦ ʛʘʨʘʥʪʫʚʘʪʠ ʥʘʷʚʥʽʩʪʴ ʧʘʣʠʚʘ ʥʘ ʚʭʦʜʽ ʜʦ 

ʚʠʪʨʘʪʥʠʭ ʤʘʛʽʩʪʨʘʣʝʡ. ʇʨʠ ʮʴʦʤʫ, ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ, ʷʢ ʤʽ-

ʢʨʦʛʨʘʚʽʪʘʮʽʷ, ʪʠʩʢ ʩʦʥʷʯʥʦʛʦ ʚʽʪʨʫ, ʟʘʣʠʰʢʦʚʠʡ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʪʘ ʽʥʰʽ, ʧʘʣʠʚʦ 

ʚ ʙʘʢʽ ʤʦʞʝ ʟʘʡʤʘʪʠ ʙʫʜʴ ʷʢʝ ʧʦʣʦʞʝʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟʙʠʨʘʪʠʩʷ ʙʽʣʷ ʚʝʨʭʥʴʦʛʦ 

ʜʥʠʱʘ ʙʘʢʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʫ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚ ʨʘʢʝʪʥʽʡ ʪʝ-

ʭʥʽʮʽ ʟʥʘʡʰʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʟʘʚʯʘʩʥʦ ʜʦ ʢʦʤʘʥʜʠ ʥʘ ʟʘʧʫʩʢ ʤʘʨ-

ʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ ʩʪʚʦʨʶʻʪʴʩʷ ʧʦʟʜʦʚʞʥʻ ʧʨʠʩʢʦ-

ʨʝʥʥʷ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʧʘʣʠʚʘ, ʟʘʩʧʦʢʦʻʥʥʷ ʡʦʛʦ ʢʦʣʠʚʘʥʴ ʪʘ 

ʩʝʧʘʨʘʮʽʷ ʟ ʥʴʦʛʦ ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ. ʎʷ ʩʠʩʪʝʤʘ ʤʘʻ ʥʘʟʚʫ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʪʷʛʘ 

ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ, ʾʭ ʢʽʣʴʢʽʩʪʴ, ʯʘʩ ʨʦʙʦʪʠ ʡ ʦʙôʻʤ ʧʘʣʠʚʘ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʤʘʥʝʚʨʫ, ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʚʧʣʠʚʘʻ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʷ 

ʨʘʢʝʪʠ. 

ɺʠʙʽʨ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʧʦʪʨʽʙʥʠʤ ʥʘ ʚʠʢʦ-

ʥʘʥʥʷ ʤʘʥʝʚʨʫ ʦʩʘʜʞʝʥʥʷ, ʪʦʙʪʦ ʯʘʩʫ, ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʟ ʦʜʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʚ ʽʥʰʝ. ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘʢʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚôʷʟʘʥʽ 

ʟʽ ʟʥʘʯʥʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʦʙʫʤʦʚʣʝʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʨʦʟʚôʷʟʘʥʥʷ ʛʽ-

ʜʨʦʜʠʥʘʤʽʯʥʠʭ ʟʘʜʘʯ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʨʫʭʫ ʨʽʜʠʥʠ ʟ ʚʽʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ, ʘ ʪʘʢʦʞ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʥʦʞʠʥʠ ʽʥʰʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ, 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ. ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʽ ʜʘʥʽ ʧʦ ʨʦʟʚôʷʟʘʥʥʶ 

ʮʠʭ ʟʘʜʘʯ ʥʘ ʩʴʦʛʦʜʥʽ ʦʪʨʠʤʫʶʪʴʩʷ ʪʽʣʴʢʠ ʥʘ ʤʦʜʝʣʴʥʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʪʝʥʜʘʭ, ʥʘ 

ʷʢʠʭ ʤʦʞʣʠʚʦ ʟʤʦʜʝʣʶʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʨʽʜʠʥʠ ʚ ʙʘʢʘʭ ʚ ʫʤʦʚʘʭ ʤʘʣʦʾ ʛʨʘʚʽʪʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʬʦʨʤʫʣʠ ʨʦʟʨʘʭʫʚʘʥʥʷ ʯʘʩʫ ʦʩʘ-

ʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʧʨʠ ʧʦʣʴʦʪʽ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʨʘʢʝʪʠ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝ-

ʜʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʝʨʠʬʽʢʘʮʽʻʶ ʾʭ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 
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ʚʽʜʧʨʘʮʶʚʘʥʥʷ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ.  

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. 

ɺ ʦʩʥʦʚʫ ʜʠʩʝʨʪʘʮʽʾ ʧʦʢʣʘʜʝʥʦ ʤʘʪʝʨʽʘʣʠ ʪʘ ʫʟʘʛʘʣʴʥʶʚʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦ-

ʚʝʜʝʥʽ ʘʚʪʦʨʦʤ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʦʛʦ 

ʧʣʘʥʫ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ ʽ ɼʇ çʂɹ çʇʽʚ-

ʜʝʥʥʝè ʽʤ. ʄ,ʂ. ʗʥʛʝʣʷ: 

1. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʛʨʘ-

ʚʽʪʘʮʽʾ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʧʨʦʝʢʪʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ 

(ʥʦʤʝʨ ʪʝʤʠ ʌʊʌ-26-13, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0114U000185). 

2. ʄʦʜʝʨʥʽʟʘʮʽʷ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʽ ʢʦʩʤʽʯʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʥʝ-

ʩʧʨʠʷʪʣʠʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʶ ʥʘʚʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ (ʥʦʤʝʨ ʪʝʤʠ 

6-242-11, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0111U001142). 

3. ʈʦʟʨʦʙʢʘ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʟʘʧʫʩʢʫ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ ʜʣʷ 

ʚʝʨʭʥʽʭ ʩʪʫʧʝʥʽʚ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʩʽʤʝʡʩʪʚ: çɸʂʈʂè, çʄʘʷʢè ʪʘ çʎʠʢʣʦʥè, 

ʟʛʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʠʭ ʧʣʘʥʽʚ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè. 

4. çʉʪʨʘʪʝʛʽʷ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2022 ʨʦʢʫè, ʟʘʪʚʝʨ-

ʜʞʝʥʘ ʅʘʢʘʟʦʤ ɼʝʨʞʘʚʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ ˉ 100 ʚʽʜ 21.05.2015ʨ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʙʦʨʫ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩ-

ʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʫʪʦʯʥʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʨʘ-

ʭʫʥʢʫ ʯʘʩʫ ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʨʘʜʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʧʝʨʝʦ-

ʨʽʻʥʪʘʮʽʶ ʧʘʣʠʚʘ; 

ï ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ 

ʧʘʣʠʚʘ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʘʣʛʦʨʠʪʤ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʡ ʧʨʦʚʝ-

ʩʪʠ ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ANSYS Fluent, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʷʢʦʩʪʽ 

ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʽ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʝʨʠʬʽʢʫʚʘʪʠ ʦʪʨʠ-

ʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʟʫʣʴʪʘʪʠ; 
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ï ʫʜʦʩʢʦʥʘʣʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ, ʚʠʢʦʥʘʚʰʠ ʯʠʩʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʩʧʠʨʘ-

ʶʯʠʩʴ ʥʘ ʧʽʜʪʚʝʨʜʞʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʪʘ ʘʣʛʦʨʠʪʤ ʚʠʢʦʥʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟ-

ʨʘʭʫʥʢʫ; 

ï ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʙʦʨʫ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʜʣʷ ʩʬʝʨʦʮʠʣʽʥʜʨʠʯʥʠʭ ʙʘʢʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ ʽ ʧʨʦʮʝʩʠ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʘʣʠʚʘ ʚ ʙʘʢʽ 

ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʽʜ ʚʧʣʠʚʦʤ ʤʽʢʨʦʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ ʽʥʝʨʮʽʡ-

ʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ 

ʥʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʥʘ ʧʨʦʝʢʪʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘ-

ʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʘʥʘʣʽʟ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʜʦʤʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ, ʤʝʪʦʜʠ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʛʽʜʨʦʤʝʭʘʥʽʢʠ ʽ ʢʦʤʧôʶʪʝ-

ʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʩʪʝʥʜʽ ʥʝʚʘʛʦʤʦʩʪʽ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʘʩʰʪʘʙʥʠʭ ʤʦʜʝʣʝʡ ʙʘʢʽʚ; ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʝʨʠ-

ʬʽʢʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ANSYS. 

ʇʦʜʘʣʴʰʝ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘʢʦʞ ʚʠʢʦʥʫʚʘʣʦʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ANSYS, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʦʙʣʝʥʫ ʚʝʨʠʬʽʢʦ-

ʚʘʥʫ ʤʝʪʦʜʠʢʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʥʦʚʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ï ɺʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʠʡ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘ-

ʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʫ ʙʘʢʽ 

ʧʝʨʝʜ ʧʦʚʪʦʨʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʦʩʥʦʚʘʥʠʡ ʥʘ ʦʙôʻʜʥʘʥʥʽ ʨʝʟʫʣʴ-

ʪʘʪʽʚ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʩʪʝʥʜʽ ʥʝʚʘʛʦʤʦʩʪʽ ʟ ʯʠʩʝʣʴʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ANSYS Fluent. 

ï ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʦʪʨʽʙ-

ʥʦʛʦ ʥʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʨʽʜʠʥʠ ʚ ʙʘʢʘʭ ʨʘʢʝʪ-ʥʦʩʽʾʚ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘ-
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ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʧʨʠ ʨʦ-

ʟʨʦʙʮʽ ʜʠʩʝʨʪʘʮʽʾ; 

ï ʆʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨ-

ʭʥʝʚʦʛʦ ʰʘʨʫ ʡ ʧʦʜʘʣʴʰʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚ ʙʘʮʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʫ ʧʝʨʝ-

ʦʨʽʻʥʪʘʮʽʾ, ʧʽʜ ʚʧʣʠʚʦʤ ʬʘʢʪʦʨʽʚ ʚʠʥʠʢʘʶʯʠʭ ʚʽʜ ʨʦʙʦʪʠ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ. 

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ: 

ï ʪʝʦʨʝʪʠʯʥʠʤ ʘʥʘʣʽʟʦʤ ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ;  

ï ʢʦʨʝʢʪʥʽʩʪʶ ʧʦʩʪʘʥʦʚʦʢ ʨʦʟʚôʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ; 

ï ʟʙʽʞʥʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʽ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; 

ï ʧʨʘʢʪʠʯʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʝ ʧʽʜʪʚʝʨʜʠʣʦ ʧʨʘʚʠʣʴʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʧʨʘʢʪʠʮʽ ʜʦʟʚʦʣʷʻ: 

ï ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʱʦ ʧʦʪʨʽʙʝʥ ʥʘ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʧʘʣʠʚʘ, ʤʦʞʥʘ ʦʧʝʨʘʪʠʚʥʦ ʪʘ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ, ʥʽʞ ʮʝ ʙʫʣʦ ʨʘʥʽʰʝ, 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʮʝʡ ʯʘʩ, ʪʠʤ ʩʘʤʠʤ, ʚʞʝ ʥʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʝʥʝʨʛʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʢʣʘʜʝʥʠʭ ʥʘ ʮʽ ʤʘʥʝʚʨʠ 

ʟʘʧʘʩʽʚ ʧʘʣʠʚʘ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘ-

ʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʚʠʢʦʥʘʥʥʷ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʚ ʙʘʢʽ ʧʝʨʝʜ ʧʦ-

ʚʪʦʨʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ ʯʘʩʪʠʥʠ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝ-

ʨʠʤʝʥʪʽʚ ʯʠʩʝʣʴʥʠʤʠ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʬʽʥʘʥʩʦʚʽ ʡ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ, ʧʦʪʨʽʙʥʽ ʥʘ ʚʠʢʦ-

ʥʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ; 

ï ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʠʢʠ ʚʠʙʦʨʫ ʦʩʥʦʚʥʠʭ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝ-

ʪʨʽʚ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʘ ʚʠʙʽʨ ʧʘ-

ʨʘʤʝʪʨʽʚ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ, ʥʽʞ ʮʝ ʙʫʣʦ ʨʘʥʽʰʝ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-
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ʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʢʦʨʝʛʫʚʘʥʥʷ ʮʠʢʣʦʛʨʘʤʠ ʨʦʙʦʪʠ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩ-

ʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʽʚ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ 3-ʛʦ ʩʪʫʧʝʥʷ 

ʈʅ çʎʠʢʣʦʥ-4è, ʽ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʧʦʣʴʦʪʥʦʤʫ ʟʘʚʜʘʥʥʽ ʥʘ ʧʝʨʰʠʡ ʟʘʧʫʩʢ. 

ɸʧʨʦʙʘʮ̔ʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯ-

ʥʠʭ ʥʘʨʘʜʘʭ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè ʪʘ ʡʦʛʦ ʩʪʨʫʢʪʫʨʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʨʦʙʦʪʽ, ʜʦʧʦʚʽʜʘʣʠʩʷ 

ʡ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

ï 71-ʡ ʄʽʞʥʘʨʦʜʥʠʡ ʘʩʪʨʦʥʘʚʪʠʯʥʠʡ ʢʦʥʛʨʝʩ IAC (CyberSpace Edition, 2020 ʨ.); 

ï VIɯ ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʩʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ: ʩʫʯʘʩʥʝ ʪʘ ʤʘʡʙʫʪʥʻè  

(ʤ. ɼʥʽʧʨʦ, 2019 ʨ.); 

ï ɯɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çɼʠʥʘʤʽʢʘ, ʤʽʮʥʽʩʪʴ ʪʘ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽè (ʍʘʨʢʽʚ, 2020 ʨ.); 

ï XVIɯ ʽ XIX ï XXɯ ʄʽʞʥʘʨʦʜʥʘ ʤʦʣʦʜʽʞʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʃʶʜʠʥʘ ʽ ʂʦʩʤʦʩè  

(ʤ. ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢ: 2015 ʨ.; ʤ. ɼʥʽʧʨʦ: 2017 ï 2019 ʨʨ.);  

ï ʅʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʤʝʪʦʜʠ ʦʙʯʠʩʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʪʝʭʥʽʢʠè (ʤ. ɼʥʽʧʨʦ, 2019 ʨ.); 

ï Vɯ ʄʽʞʥʘʨʦʜʥʘ ʤʦʣʦʜʽʞʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʄʦʣʦʜʴ. ʊʝʭ-

ʥʽʢʘ. ʂʦʩʤʦʩè (ʤ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʽʷ, 2014 ʨ.). 

ʇʫʙʣʽʢʘʮʽʾ ʪʘ ʦʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ 17 ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʟ ʥʠʭ 

3 ʩʪʘʪʪʽ [1 ï 3] ï ʫ ʚʠʜʘʥʥʷʭ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟ ʜʘʥʠʭ (1 ʩʪʘʪʪʷ ʫ 

ʟʘʢʦʨʜʦʥʥʦʤʫ ʚʠʜʘʥʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Web of Science; 2 ʩʪʘʪʪʽ ʫ 

ʚʠʜʘʥʥʷʭ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʥʘʫʢʦʤʝʪʨʠʯʥʦʾ ʙʘʟʠ Index Copernicus), 4 ʩʪʘʪʪʽ [4  7] ï ʫ 

ʬʘʭʦʚʠʭ ʚʠʜʘʥʥʷʭ ʋʢʨʘʾʥʠ, 9 ʧʨʘʮʴ [8  16] ï ʚ ʤʘʪʝʨʽʘʣʘʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ 

ʟʙʽʨʥʠʢʘʭ ʪʝʟ ʜʦʧʦʚʽʜʝʡ, ʦʪʨʠʤʘʥʦ ʦʜʠʥ ʧʘʪʝʥʪ [17]. 

ʋ ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ, ʟʜʦʙʫʚʘʯʝʚʽ ʥʘʣʝʞʘʪʴ:  

ʚ [1, 2, 5] ï ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ; ʚ [3] ï ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘ-
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ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʦʙʫʜʦʚʘ 3D ʤʦʜʝʣʝʡ; ʚ [4, 6] ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠ-

ʧʨʦʙʫʚʘʥʴ, ʨʦʟʨʦʙʢʘ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡ ʚʠʙʽʨ ʤʘʩʰʪʘʙʫ ʤʦʜʝʣʝʡ ʙʘʢʽʚ; ʚ [7] ï ʘʥʘ-

ʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʚʠʩʥʦʚʢʠ; ʚ [8, 13, 14] ï ʤʝʪʘ, ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʚʠʩʥʦ-

ʚʢʠ; ʚ [15, 16 ] ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ, ʨʦʟʨʦʙʢʘ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʡ ʚʠ-ʙʽʨ ʤʘʩʰʪʘʙʫ ʤʦʜʝʣʝʡ ʙʘʢʽʚ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʧʨʘʮʶ-

ʚʘʥʥʷ , ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ; ʚ [17] ï ʪʝʭʥʽʯʥʝ ʨʽ-

ʰʝʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʩʽ ʝʪʘʧʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʘʥʘʣʽʟ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʷʢʽ ʚʠʥʝʩʝʥʦ ʥʘ ʟʘʭʠʩʪ, 

ʦʪʨʠʤʘʥʽ ʟʜʦʙʫʚʘʯʝʤ ʦʩʦʙʠʩʪʦ. ʊʝʢʩʪ ʜʠʩʝʨʪʘʮʽʾ ʥʘʧʠʩʘʥʦ ʦʩʦʙʠʩʪʦ ʘʚʪʦʨʦʤ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ.  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ 

ʚʠʢʦʨʠʩʪʘʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʜʦʜʘʪʢʽʚ. ʇʦʚʥʠʡ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ ï 210 ʩʪʦʨʽ-

ʥʦʢ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʚʠʢʣʘʜʝʥʦ ʥʘ 159 ʩʪʦʨʽʥʢʘʭ. ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ 106 ʨʠʩʫʥʢʽʚ,  

11 ʪʘʙʣʠʮ.ɹ ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 109 ʥʘʡʤʝʥʫʚʘʥʴ. ɼʦʜʘʪʢʠ ʟʘʡʤʘʶʪʴ 

34 ʩʪʦʨʽʥʢʠ. 

ʋ ʚʩʪʫʧʽ ʦʢʨʝʩʣʝʥʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʨʦʙʦʪʠ, 

ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʣʘʜʝʥʦ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʡ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʥʘʚʝ-

ʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʧʨʦʙʘʮ̔ʁ  ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʪʘ ʧʫʙʣʽʢʘʮʽʾ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘ-

ʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʨʘʢʝʪʠ-

ʥʦʩʽʷ. ʅʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʧʨʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʡ ʦʧʠʩʘʥʦ ʪʨʘ-

ʜʠʮʽʡʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʜʘʥʠʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɼʨʫʛʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʧʨʦʚʝʜʝʥʥ  ʁʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠ-

ʟʥʘʯʝʥʥʶ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʤʘʩʰʪʘʙ-

ʥʠʭ ʤʦʜʝʣʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʥʜʫ ʥʝʚʘʛʦʤʦʩʪʽ. ɺ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʙʫʣʦ ʚʠʙʨʘʥʦ ʤʘʩʰʪʘʙ ʦʙôʻʢʪʫ ʚʠ-

ʧʨʦʙʫʚʘʥʥʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʤʦʜʝʣʴʥʠʤʠ ʪʘ ʥʘʪʫʨ-
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ʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʧʠʩʘʥʦ ʩʪʝʥʜ ʥʝʚʘʛʦʤʦʩʪʽ ʡ ʢʽʥʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʪʚʦʨʶ-

ʚʘʣʘ ʜʽʶ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʤʦʜʝʣʴ ʙʘʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʦʪʨʠʤʘʥʦ 

ʤʦʜʝʣʴʥʠʡ ʯʘʩ, ʧʦʪʨʽʙʥʠʡ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʜʣʷ ʤʦʜʝʣʽ, ʡ ʧʝʨʝʨʘʭʦ-

ʚʘʥʦ ʡʦʛʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ ʥʘ ʥʘʪʫʨʥʽ ʫʤʦʚʠ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʚʩʽʭ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ, ʧʦʪʨʽʙʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝ-

ʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ ʚ 

ʙʘʢʽ ʪʘ ʦʧʠʩʘʥʦ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʦ ʚʩʽ ʥʝ-

ʦʙʭʽʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʡ ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ; ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʛʨʘʬʽʯʥʽ ʜʘʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚ ʙʘʢʽ ʪʘ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟ ʧʦʨʽʚʥʷʥʥʷʤ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ʥʘʚʝ-

ʜʝʥʠʭ ʚ ʨʦʟʜʽʣʽ 2. ɿʘʜʦʚʽʣʴʥʘ ʟʙʽʞʥʽʩʪʴ ʜʦʟʚʦʣʠʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴ-

ʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʧʝʨʝʤʽ-

ʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʧʦʪʨʽʙ-

ʥʦʛʦ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʾ ʢʨʦʤʢʠ ʨʽʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʦʾ ʬʦʨʤʫʣʠ 

ʨʦʟʨʘʭʫʥʢʫ, ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʟ ʚʠʟʥʘ-

ʯʝʥʥʷʤ ʥʦʚʦʾ ʬʦʨʤʫʣʠ ʜʣ ̫ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʷʢʠʡ ʧʦʪʨʽʙʥʠʡ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢ ʢʨʦ-

ʤʢʠ ʨʽʜʠʥʠ, ʪʘʢ ʽ ʚʩʴʦʛʦ ʾʾ ʦʙô̒ ʤʫ. ʅʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ ʧʦʢʘʟʘʣʠ ʙʽʣʴʰʫ ʟʙʽʞ-

ʥʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʘʢʦʞ ʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʟʘʩʧʦʢʦʻʥʥʷ ʨʽʜʠʥʠ ʧʽʩʣʷ ʾʾ ʧʝʨʝʤʽʱʝʥʥʷ, ʡ 

ʦʪʨʠʤʘʥʦ ʥʦʚʫ ʬʦʨʤʫʣʫ, ʷʢʘ ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʮʝʡ ʯʘʩ. ʋ ʟʘʢʽʥ-

ʯʝʥʥʽ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʥʦʚʫ ʧʽʜʩʫʤʢʦʚʫ ʨʦʟʨʘʭʫʥʢʦʚʫ ʬʦʨʤʫʣʫ, ʷʢʘ ʧʦʢʘʟʘʣʘ ʢʨʘʱʫ 

ʟʙʽʞʥʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʡ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʯʘʩ, ʧʦ-

ʪʨʽʙʥʠʡ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʟ ʙʽʣʴʰʦʶ ʪʦʯʥʽʩʪʶ ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʜʽʘʧʘ-

ʟʦʥʽ ʧʨʠʩʢʦʨʝʥʴ ʫ ʙʘʢʘʭ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ. 

ʋ ʧô̫ ʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʽʥʞʝʥʝʨʥʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʽʥʝʨʮʽʡ-

ʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ, ʘ ʩʘʤʝ:  



24 

 

ï ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʪʷʛʠ ʜʚʠʛʫʥʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ ʪʘ ʾʭ ʢʽʣʴʢʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʤʘʥʝʚʨ 

ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ; 

ï ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʤʘʥʝʚʨ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʷʛʠ ʜʚʠʛʫʥʽʚ ʽʥʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʧʘʣʠʚʘ ʪʘ 

ʾʭ ʢʽʣʴʢʦʩʪʽ. 

ï ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʫ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʧʦʪʨʽʙʥʦʛʦ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʤʘʥʝʚʨʫ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ. 

ʈʦʙʦʪʘ ʟʘʚʝʨʰʫʻʪʴʩʷ ʚʠʩʥʦʚʢʘʤʠ, ʩʧʠʩʢʦʤ ʣʽʪʝʨʘʪʫʨʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ɼʦʜʘʪʢʘʤʠ. ɼʦʜʘʪʢʠ ʤʽʩʪʷʪʴ ʜʦʢʫʤʝʥʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʨʦ-

ʙʦʪʫ, ʘ ʪʘʢʦʞ ʢʘʜʨʠ ʚʽʜʝʦʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʨʽ-

ʜʠʥʠ ʚ ʙʘʢʽ. 

ʇʦʜʷʢʠ. ɸʚʪʦʨ ʚʠʩʣʦʚʣʶʻ ʱʠʨʫ ʚʜʷʯʥʽʩʪʴ ʩʚʦʻʤʫ ʥʘʫʢʦʚʦʤʫ ʢʝʨʽʚʥʠʢʫ ʜʦʢ-

ʪʦʨʫ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ ʧʨʦʬʝʩʦʨʫ ɻʦʤʘʥʫ ʆʣʝʛʫ ɻʘʚʨʠʣʦʚʠʯʫ ʟʘ ʧʦʩʪʽʡʥʫ 

ʫʚʘʛʫ ʪʘ ʜʦʧʦʤʦʛʫ ʚ ʨʦʙʦʪʽ. 

ʊʘʢʦʞ ʚʝʣʠʢʘ ʚʜʷʯʥʽʩʪʴ ʢʝʨʽʚʥʠʢʫ ʣʘʙʦʨʘʪʦʨʽʾ ʉʤʦʣʝʥʩʴʢʦʤʫ ɼʤʠʪʨʫ ɽʨʽʭʦ-

ʚʠʯʫ, ʢʝʨʽʚʥʠʢʫ ʩʝʢʪʦʨʘ ʄʽʥʘʶ ʆʣʝʢʩʘʥʜʨʫ ʄʠʢʦʣʘʻʚʠʯʫ ʪʘ ʢʝʨʽʚʥʠʢʫ ʛʨʫʧʠ ʅʘʟʘ-

ʨʝʥʢʦ ɼʤʠʪʨʫ ʉʝʨʛʽʡʦʚʠʯʫ ʟʘ ʫʚʘʛʫ ʜʦ ʤʦʻʾ ʨʦʙʦʪʠ ʪʘ ʩʣʫʰʥʽ ʟʘʫʚʘʞʝʥʥʷ ʡ ʧʦʨʘʜʠ.  
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ʈʆɿɼɯʃ 1 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʅɽʆɹʍɯɼʅʆʉʊɯ ɺʀɿʅɸʏɽʅʅʗ ʏɸʉʋ, ʇʆʊʈɯɹʅʆɻʆ 

ʅɸ ʆʉɸɼɾɽʅʅʗ ʂʆʄʇʆʅɽʅʊɯɺ ʈɸʂɽʊʅʆɻʆ ʇɸʃʀɺɸ ɺ ɹɸʂɸʍ 

 

1.1 ʆʛʣʷʜ 

ɼʣʷ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ ʧʘʣʴʥʦʛʦ ʨʽʜʢʝ ʧʘʣʠʚʘ, 

ʧʨʦʙʣʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʧʘʣʠʚʘ ʥʘʜ ʚʭʽʜʥʠʤ ʦʪʚʦʨʦʤ ʙʘʢʘ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʦʾ ʛʨʘʚʽʪʘʮʽʾ 

ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʪʽʢʘʥʥʷ ʤʘʻ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʶʪʴ 

ʧʨʠʥʘʡʤʥʽ ʪʨʠ ʩʧʦʩʦʙʠ ʢʝʨʫʚʘʥʥʷ ʨʽʜʢʠʤ ʨʘʢʝʪʥʠʤ ʧʘʣʠʚʦʤ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʤʽʩʽʾ ʢʦʩʤʽʯʥʦʛʦ ʢʦʨʘʙʣʷ.  

ʇʝʨʰʠʡ ʩʧʦʩʽʙ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʙʘʢʽʚ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʨʘ-

ʢʝʪʠ-ʥʦʩʽʷ, ʜʝ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʥʘ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʧʨʦʤʽʞʢʫ 

ʯʘʩʫ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʩʽʪʯʘʩʪʠʭ ʝʢʨʘʥʽʚ ʘʙʦ 

ʢʘʧʽʣʨ̫ʥʠʭ ʢʘʥʘʣʽʚ. 

ʅʘ ʨʠʩ. 1.1 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʩʽʪʯʘʩʪʠʭ ʝʢʨʘʥʽʚ ʘʙʦ 

ʢʘʧʽʣʷʨʥʠʭ ʢʘʥʘʣʽʚ 

 

 

ʈʠʩ. 1.1. ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʩʽʪʯʘʩʪʠʭ ʝʢʨʘʥʽʚ ʘʙʦ ʢʘʧʽʣʨ̫ʥʠʭ  

ʢʘʥʘʣʽʚ [110] 

 

ɼʨʫʛʠʡ ʩʧʦʩʽʙ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʘʙʦ ʨʦʟʛʽʥʥʦʛʦ 

ʙʣʦʢʫ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʬʘʟʦʨʦʟʜʽʣʴʥʠʢʘ (ʩʽʪʯʘʩʪʦʛʦ ʝʢʨʘʥʫ 
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ʘʙʦ çʩʪʘʨʪʦʚʦʾ ʢʦʨʟʠʥʠè), ʱʦ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʚʠʧʫʩʢʥʠʤ ʦʪʚʦʨʦʤ ʙʘʢʘ. ʍʦʯʘ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʢʘʧʽʣʷʨʥʠʭ ʬʘʟʦʨʦʟʜʽʣʴʥʠʢʽʚ  ʚʠʛʣʷʜʘʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦʦʙʽʮʷʶʯʠʤ 

ʜʣʷ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ ʧʦʪʨʽʙʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʟʘʧʫʩʢʽʚ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʫ ʢʦʩ-

ʤʦʩʽ, ʚʩʝ ʞ ʻ ʜʝ ʷʢʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʨʽʦʛʝʥʥʦʾ ʨʽʜʠʥʠ. ʎʝ, 

ʫ ʧʝʨʫh ʯʝʨʛʫ, ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʬʘʟʦʨʦʟʜʽʣʴʥʠʢʫ ʡ ʦʩʫʰʝʥʥʷ ʩʽʪʦʢ, ʷʢʽ ʫʪʨʠʤʫʶʪʴ ʨʽ-

ʜʠʥʫ ʚʩʝʨʝʜʠʥʽ ʢʘʧʽʣʷʨʥʦʛʦ ʬʘʟʦʨʦʟʜʽʣʴʥʠʢʘ ʫ ʧʝʨʽʦʜʠ ʧʘʫʟ, ʢʦʣʠ ʩʘʤʝ ʡ ʙʫʜʝ ʚʠʥʠ-

ʢʘʪʠ ʚʽʜʪʽʢ ʨʽʜʠʥʠ ʚʽʜ ʚʠʧʫʩʢʥʦʛʦ ʦʪʚʦʨʫ ʙʘʢʫ. 

ʅʘ ʨʠʩ. 1.2 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʧʽʣʷʨʥʦʛʦ ʬʘʟʦʨʦʟʜʽʣʴʥʠʢʘ. 

 

 

ʈʠʩ. 1.2. ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʧʽʣʷʨʥʦʛʦ ʬʘʟʦʨʦʟʜʽʣʴʥʠʢʘ 

 

ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʘʣʴʪʝʨʥʘʪʠʚʫ ʦʧʠʩʘʥʠʤ ʩʧʦʩʦʙʘʤ, ʻ ʦʩʘ-

ʜʞʝʥʥʷ (ʧʝʨʝʦʨʽʻʥʪʘʮʽʷ) ʨʽʜʠʥʠ ʥʘʜ ʚʠʧʫʩʢʥʠʤ ʦʪʚʦʨʦʤ ʙʘʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʥʷ 

ʩʠʣʠ ʪʷʞʽʥʥʷ ʚʽʜ ʜʽʾ ʽʥʝʨʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ. ʎʝ ʪʘʢʦʞ ʟʘʙʝʟʧʝ-

ʯʠʪʴ ʚʠʭʽʜ ʛʘʟʫ, ʱʦ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʦʙôʻʤʽ ʨʽʜʠʥʠ. ɯʥʝʨʮʽʡʥʘ ʩʪʘʙʽʣʽʟʘʮʽʷ, ʯʘʩʪʽʰʝ 

ʚʩʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ. ʑʦʙ ʜʘʥʠʡ ʤʝʪʦʜ ʽʥʝ-

ʨʮʽʡʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʙʫʚ ʢʦʥʢʫʨʝʥʪʥʦ ʟʜʘʪʥʠʡ ʟ ʽʥʰʠʤʠ ʤʝʪʦ-

ʜʘʤʠ, ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʥʘ ʮʝʡ ʤʘʥʝʚʨ. ʊʘʢʠʤ ʯʠ-

ʥʦʤ, ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʠʪʴ ʚʩʝʙʽʯʥʦ ʦʭʦʧʠʪʠ ʧʨʦʮʝʩ ʚʠ-

ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ʱʦ ʧʦʪʨʽʙʝʥ ʥʘ ʮʝʡ ʤʘʥʝʚʨ. ɸ ʮʝ, ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʧʦʪʨʽʙʥʦʛʦ ʥʘ 

ʤʘʥʝʚʨ ʦʩʘʜʞʝʥʥʷ, ʘ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʪʦʯʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʮʶ ʚʝʣʠʯʠʥʫ, 
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ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʦʪʝʥʮʽʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ, ɦ ʦ ʟʘʢʣʘʜʝʥʘ 

ʥʘ ʮʝʡ ʤʘʥʝʚʨ, ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʥʝʜʦʩʪʘʪʥʴʦʶ. 

 

1.2 ɿʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʧʨʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʨʘʢʝʪʠ 

 

ʇʨʠ ʧʦʣʴʦʪʽ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʨʘʢʝʪʠ-ʥʦʩʽʷ ʧʘʫʟʠ ʤʽʞ ʚʢʣʶʯʝʥʥʷʤʠ ʜʚʠʛʫʥʘ 

ʤʦʞʫʪʴ ʜʦʩʪʷʛʘʪʠ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ, ʘ ʽʥʦʜʽ ʡ ʜʝʢʽʣʴʢʦʭ ʜʽʙ, ʧʽʜ ʯʘʩ ʷʢʠʭ ʢʦʤʧʦʥʝʥʪʠ 

ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʟʥʘʭʦʜʠʪʴʩʷ ʬʘʢʪʠʯʥʦ ʚ ʫʤʦʚʘʭ ʧʦʚʥʦʾ ʥʝʚʘʛʦʤʦʩʪʽ [1 ï 20]. ʇʽʜ ʚʧʣʠ-

ʚʦʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ, ʪʠʩʢʫ ʩʦʥʷʯʥʦʛʦ ʚʽʪʨʫ, ʟʙʫʨʝʥʴ ʚʽʜ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʛʝʦʤʘʛʥʝʪʠʟʤʫ, ʚʥʫʪʨʽʰʥʴʦʾ ʛʨʘʚʽʪʘʮʽʾ ʪʘ ʪʝʧʣʦʚʦʛʦ ʚʧʣʠʚʫ ʧʘʣʠʚʦ ʤʦʞʝ ʧʝʨʝʤʽʱʫʚʘ-

ʪʠʩʴ ʡ ʟʘʡʤʘʪʠ ʙʫʜʴ ʷʢʝ ʧʨʦʩʪʦʨʦʚʝ ʧʦʣʦʞʝʥʥʷ ʚ ʙʘʢ.̔  

ʅʘ ʨʠʩ. 1.3 ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ ʧʦʟʥʘʯʝʥʦ ʜʝʷʢʽ ʡʤʦʚʽʨʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʚ ʫʤʦʚʘʭ ʥʝʚʘʛʦʤʦʩʪʽ.  

 

    

ʈʠʩ. 1.3. ʁʤʦʚʽʨʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʨʘʢʝʪʠ ʚ ʧʘʫʟʘʭ ʤʽʞ 

ʚʢʣʶʯʝʥʥʷʤʠ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ 

 

ɼʣʷ ʧʦʚʪʦʨʥʦʛʦ ʟʘʧʫʩʢʫ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʷʚʥʽʩʪʴ 

ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʥʘ ʚʭʦʜʽ ʜʦ ʤʘʛʽʩʪʨʘʣʽ ʞʠʚʣʝʥʥʷ ʤʘʨʦhʚʦʛʦ ʜʚʠʛʫʥʘ, ʯʦʛʦ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʡʦʛʦ ʧʝʨʝʤʽɦ ʝʥʥ̫  (ʦʩʘʜʞʝʥʥ̫ ). ʆʩʘʜʞʝʥʥ ̫ʧʘʣʠʚʘ ʚʠʢʦʥʫʻʪʴʩʷ h ʣʷ-

ʭʦʤ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʙʦʪʠ ʽʥʝʨʮʽʡʥʠʭ 

ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥ̫  ʩʫʮʽʣʴʥʦʩʪʽ, ̫ ʢʽ, ʟʘʟʚʠʯʘʡ, ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʜʚʠʛʫʥʽʚ ʤʘ-

ʣʦʾ ʪʷʛʠ. 
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ʏʘʩ, ʧʦʪʨʽʙʥʠʡ ʜʣʷ ʧʝʨʝʤʽɦ ʝʥʥ̫  ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʜʦ ʚʭʦʜʫ ʚ ʤʘʛʩ̔ʪʨʘʣʴ ʞʠ-

ʚʣʝʥʥʷ ʤʘʨʦhʚʦʛʦ ʜʚʠʛʫʥʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʣʦʞʝʥʥ̫  ʡ ʢ̔ ʣʴʢʦʩʪʽ ʢʦʤʧʦʥʝ-

ʥʪ̔ʚ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʧʝʨʝʜ ʚʢʣʶʯʝʥʥʤ̫ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ [21 ï 24]. 

ɺ ʧʨʦʮʝʩ ̔ʧʝʨʝʤʽɦ ʝʥʥ̫  ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥ̫  ʚ ʥʦʚʝ ʧʦ-

ʣʦʞʝʥʥ ̫ʨʫʭ ʨʽʜʠʥʠ ʥʦʩʠʪ ɹʩʫʪʦ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʭʘʨʘʢʪʝʨ [25 ï 43]. ʊ̫ ʛʘ ʜʚʠʛʫʥʘ, ɦʦ 

ʜʽʷʣʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʤʘʥʝʚʨʫ, ʙʫʣʘ ʪ̔ ʻʶ ʩʠʣʦʶ, ɦʦ ʫʪʨʠʤʫʚʘʣʘ ʨʽʜʠʥʫ ʚ 

ʾ ʾʧʦʧʝʨʝʜʥʴʦʤʫ ʧʦʣʦʞʝʥʥ.̔ ɼʚʠʛʫʥʠ ʤʘʣʦ ʾʪʷʛʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʢʦ-

ʨʝʥʥ̫, ʜʦʩʪʘʪʥʴʦʛʦ ʜʣʷ ʧʝʨʝʦʨʽʥ̒ʪʘʮʽ ʾʨʽʜʠʥʠ ʚ ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ. ʇʽʜ ʜʽʻʶ ʧʨʠʩʢʦ-

ʨʝʥʥ ̫ʤʘʩʘ ʨʽʜʠʥʠ ʧʝʨʝʤʽɦʫʻʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʙʘʢʘ, ʧʨʠʯʦʤʫ ʭʘʨʘʢʪʝʨ ʮʴʦʛʦ ʨʫʭʫ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʙʘʢʘ, ʚʝʣʠʯʠʥʠ ʮʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫  ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ ʜʽ,ʾ 

ʘ ʪʘʢʦʞ ʚʽʜ ʚô̫ ʟʢʦʩʪ ̔ʪʘ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥ̫  ʨʽʜʠʥʠ, ʥʘʷʚʥʦʩʪʽ ʚʩʝʨʝʜʠʥʽ ʙʘʢʘ ʨʟ̔-

ʥʦʤʘʥʽʪʥʠʭ ʝʣʝʤʝʥʪʚ̔ ʢʦʥʩʪʨʫʢʮʡ̔ ʪʦʱʦ (ʨʠʩ. 1.4).  

ʇʨʠ ʜʽ ʾʟʙʫʨʶʶʯʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫  ʧʦʚʝʨʭʥ ̫ʨʦʟʜ̔ʣʫ ʨʽʜʠʥʥʦʾ ʪʘ ʛʘʟʦʚʦ ʾʬʘʟ ʫ ʙʘʢ̔ 

ʩʢʨʠʚʣʶʻʪʴʩʷ ʡ ʚʠʥʠʢʘʻ ʨʫʭ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʩʪ̔ʥʢʠ ʙʘʢʘ [26 ï 32, 36 ï38]. ʇʦʪʽʤ ʧʦʚʝ-

ʨʭʥ̫ ʨʦʟʜ̔ʣʫ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ ̔ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʜ̔ʣʝʥʥ ̫ʨʽʜʠʥʠ ʚ ʙʘʢʽ ʥʘ ʜʝʢʽʣʴʢʘ ʚʽ-

ʜʦʢʨʝʤʣʝʥʠʭ ʦʙô̒ʤ̔ʚ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʜʠʥʦʶ ʢʘʧʽʣʷʨʥʦʛʦ ʩʪʘʙʣ̔̔ʟʘʪʦʨʘ 2 ʚʠʥʠʢʘ ̒

ʧʣʝʩʢʘʥʥ,̫ ʘ ʧʨʠ ʚʝʣʠʢʽʡ ʚʝʣʠʯʠʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʛʝʡʟʝʨʥʦʛʦ ʝʬʝ-

ʢʪʫ. ʊʘʢʦʞ ʧʽʜ ʯʘʩ ʧʣʝʩʢʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʝʧʘʨʘʮʽʷ ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ, ʷʢʽ ʙʫʣʠ ʟʘʭʦ-

ʧʣʝʥʽ ʚ ʧʝʨʽʦʜ ʨʫʭʫ ʨʽʜʠʥʠ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʧʦʣʶʩʘ ʙʘʢʘ ʜʦ ʥʠʞʥʴʦʛʦ. ʇʽʜ ʩʝʧʘʨʘʮʽʻʶ 

ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʩʧʣʠʚʘʥʥʷ ʛʘʟʦʚʠʭ ʧʫʟʠʨʽʚ ʥʘ ʧʦʚʝʨʭʥʶ. 
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ʚ)                                                           ʛ) 

ʈʠʩ. 1.4. ʇʝʨʝʦʨʽʻʥʪʘʮʽʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ 

ʘ) ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ;  

ʙ) ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ;  

ʚ) ʟʘʩʧʦʢʦʻʥʥʷ ʡ ʩʝʧʘʨʘʮʽʷ ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ;  

ʛ) ʦʩʪʘʪʦʯʥʝ ʧʦʣʦʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ. 

1 ï ʚʝʨʭʥʽʡ ʧʦʣʶʩ ʙʘʢʘ;  

2 ï ʢʘʧʽʣʷʨʥʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ;  

3 ï ʥʠʞʥʽʡ ʧʦʣʶʩ ʙʘʢʘ (ʚʭʽʜ ʜʦ ʤʘʛʽʩʪʨʘʣʽ ʞʠʚʣʝʥʥʷ). 

 

1.3 ʊʨʘʜʠʮʽʡʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ çʛʘʟ-ʨʽʜʠʥʘè ʧʽʜ ʜʽʻʶ ʟʙʫʨʝʥʥʷ ʚʽʜ 

ʧʨʠʩʢʦʨʝʥʥʷ ʤʦʞʣʠʚʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʬʘʟʠ: ʧʝʨʰʘ ï ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʫʨʝʥʴ ʚʽʜ ʧʨʠ-

ʩʢʦʨʝʥʥʷ ʤʝʥʰʝ ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʧʨʠ ʷʢʽʡ ʧʦʨʫʰʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʨʦ-

ʟʜʽʣʫ, ʜʨʫʛʘ ï ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʫʨʝʥʴ ʚʽʜ ʧʨʠʩʢʦʨʝʥʥʷ ʙʽʣʴʰʝ ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ. 

ɭ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʣʽʪʝʨʘʪʫʨʠ [45 ï 53], ʧʦʯʠʥʘʶʯʠ ʟ ʨʦʙʽʪ ʄʘʢʩʚʝʣʣʘ [45] ʡ 

ʟʘʢʽʥʯʫʶʯʠ ʨʦʙʦʪʘʤʠ ʃʘʤʙʘ [46] ʧʦ ʛʽʜʨʦʜʠʥʘʤʽʮʽ  ʡ ʊʝʡʣʦʨʘ [47, 48] ʧʦ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʦʚʝʨʭʥʽ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʙʫʨʝʥʴ ʚʽʜ ʧʨʠʩʢʦʨʝʥʥʷ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʣʽʪʝʨʘʪʫʨʠ ʧʨʠʩʚʷʯʝʥʘ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʧʨʠʩʢʦʨʝʥʥʷ ʥʘʧʨʘʚʣʝʥʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ. ʄʝʞʘ ʩʪʽʡʢʦʩʪʽ 

ʨʦʟʜʽʣʫ ʨʽʜʠʥʠ, ʪʦʙʪʦ ʚʝʣʠʯʠʥʘ ʧʨʠʩʢʦʨʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʧʦʚʝʨʭʥʷ ʨʦʟʜʽʣʫ ʙʫʜʝ ʨʫʡʥʫ-
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ʚʘʪʠʩʴ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦʤ ɹʦʥʜʘ, ʘ ʢʦʥʢʨʝʪʥʘ ʦʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʤʘʻ ʥʘʟʚʫ ʢʨʠʪʠ-

ʯʥʦʛʦ ʯʠʩʣʘ ɹʦʥʜʘ. ɺʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʛʦ ʯʠʩʣʘ ɹʦʥʜʘ, ʦʪʨʠʤʘʥʘ ʄʘʢʩʚʝʣʣʦʤ, ʟʥʘʭʦ-

ʜʠʣʘʩʴ ʫ ʜʽʘʧʘʟʦʥʽ 0,6 ï 58,72. ɺ. ʄʘʩʽʢʘ [49 ï 51] ʚʠʤʽʨʷʚ ʢʨʠʪʠʯʥʝ ʯʠʩʣʦ ɹʦʥʜʘ ʚ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʨʫʙʢʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚ ʷʢʦʩʪʽ ʟʙʫʨʶʶʯʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʣʝ ʥʦʨ-

ʤʘʣʴʥʦʾ ʛʨʘʚʽʪʘʮʽʾ. ʆʪʨʠʤʘʥʘ ʥʠʤ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ɹʦʥʜʘ ʜʦʨʽʚ-

ʥʶʻ 3,36. ʎʷ ʚʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʛʦ ʯʠʩʣʘ ɹʦʥʜʘ, ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʝʣʠʯʠʥʦʶ, ʦʪʨʠʤʘʥʦʶ 

ɹʨʝʪʝʨʪʦʥʦʤ [52] ʪʘ ʍʘʪʪʦʨʽ [53] ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʡ ʥʘʧʨʷʤʢʫ ʧʨʠʩʢʦ-

ʨʝʥʥʷ. ʋ ʚʢʘʟʘʥʠʭ ʨʦʙʦʪʘʭ ʯʠʩʣʦ ɹʦʥʜʘ Bo  ʚʠʟʥʘʯʘʣʦʩʴ ʷʢ  

      ὄέ
ϽϽ
   , 

ʜʝ r ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ; ʘ ïʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʝ ʜʦ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ;  

l ï ʜʝʷʢʠʡ ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʜʽʣ (ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʨʫʙ ï ʜʽʘʤʝʪʨ); s ï ʢʦʝʬʽʮʽʻʥʪ ʧʦ-

ʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ. 

ʇʨʠ ʦʩʘʜʞʝʥʥʽ ʯʠʩʣʦ ɹʦʥʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʚʠʯʘʡʥʦ ʫ ʚʠʛʣʷʜʽ: 

      ὄέ
ϽϽ
   , 

ʜʝ ʚ ʷʢʦʩʪʽ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʦʟʤʽʨʫ ʦʙʠʨʘʶʪʴ ʘʙʦ ʜʽʘʤʝʪʨ ʙʘʢʘ ʘʙʦ ʜʽʘʤʝʪʨ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʢʦʤʧʦʥʝʥʪʘ.  

ɺʝʣʠʯʠʥʘ ʯʠʩʣʘ ɹʦʥʜʘ ʚʠʟʥʘʯʘʻ  ʪʘʢʦʞ ʽ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ 

ʧʨʠ ʦʩʘʜʞʝʥʥʽ. 

ɺ ʪʘʙʣʠʮ ̔1.1 ʧʨʠʚʝʜʝʥʘ ̫ ʢʽʩʥʘ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʫ ʨʫʭʫ ʨʽʜʠʥʠ ʚʽʜ ʟʥʘʯʝʥʥ̫  

ʯʠʩʣʘ ɹʦʥʜʘ Bo [45 ï 53]. 

ʊʘʙʣʠʮ ̫1.1 

ʍʘʨʘʢʪʝʨ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʙʘʢʽ 

ʏʠʩʣʦ ɺʦ 0é3,37 3,37é103 103é106 >>106 

ʍʘʨʘʢʪʝʨ 

ʨʫʭʫ ʨʽʜʠʥʠ 

ʚ ʙʘʢ ̔

ʅʝʨʫʭʦʤʠʡ 

ʩʪʘʥ 

ʉʪ̔ʢʘʥʥʷ ʟʦʩʝʨʝ-

ʜʞʝʥʦʶ ʤʘʩʦ ʁʧʦ 

ʩʪ̔ʥʢʘʭ ʙʘʢʘ 

ʋʪʚʦʨʝʥʥʷ ʡ ʨʫʭ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ 

ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ 

ʈʫʭ ʨʽʜʠʥʠ 

ʷʢ ʪʚʝʨ-

ʜʦʛʦ ʪʽʣʘ 
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ʘ) 

 

ʙ) 

ʈʠʩ. 1.5. ʍʘʨʘʢʪʝʨ ʪʝʯʽʾ ʨʽʜʠʥʠ 

ʘ) ʈʫʭ ʨʽʜʠʥʠ ʟʦʩʝʨʝʜʞʝʥʦʶ ʤʘʩʦʶ ʧʦ ʩʪʽʥʢʘʭ ʙʘʢʘ; 

ʙ) ʇʝʨʝʭʽʜʥʠʡ ʨʝʞʠʤ, ʫʪʚʦʨʝʥʥʷ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ 

ɺ ʧʨʦʮʝʩʽ ʜʽʾ ʟʙʫʨʶʶʯʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʚʝʨʭʥ ̫ʨʦʟʜʽʣʫ ʨʽʜʠʥʥʦʾ ̔ ʛʘʟʦʚʦʾ ʬʘʟʠ 

ʚ ʙʘʢʽ ʙʫʜʝ ʚʠʢʨʠʚʣʝʥʘ ʘʙʦ ʟʜʝʬʦʨʤʦʚʘʥʘ. ʗʢʱʦ ʧʨʠʩʢʦʨʝʥʥʷ ʜʦʩʠʪʴ ʚʝʣʠʢʝ, ʪʦ ʧʦʚʝ-

ʨʭʥʷ ʨʦʟʜʽʣʫ ʚʠʢʨʠʚʣʷʻʪʴʩʷ ʡ ʚʠʥʠʢʘʻ ʨʫʭ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʩʪʽʥʦʢ ʙʘʢʘ. ʇʦʪʽʤ ʧʦʚʝʨʭʥʷ 

ʨʦʟʜʽʣʫ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ  ̔ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʜʽʣ ʨʽʜʠʥʠ ʚ ʙʘʢʽ ʥʘ ʜʝʢʽʣʴʢʘ ʚʽʜʦʢʨʝʤʣʝ-

ʥʠʭ ʦʙô̒ ʤʽʚ. ɺ ʙʘʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʣʝʩʢʘʥʥʷ ʨʽʜʠʥʠ ʪʘ ʛʝʡʟʝʨʠ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʧʨʘʢʪʠʮʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʙʶʨʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʦʩʘ-

ʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʧʦʣʶʩʘ ʙʘʢʘ ʜʦ ʧʨʦʪʠʣʝʞʥʦʛʦ ʢʦʨʠʩʪʫ-

ʶʪʴʩʷ ʤʝʪʦʜʠʢʦʶ, ʷʢʘ ʚʠʢʣʘʜʝʥʘ ʫ ʧʦʩʽʙʥʠʢʘʭ [21 ï 24, 54]. 

ɿʛʽʜʥʦ ʟ ʮʠʤʠ ʧʦʩʽʙʥʠʢʘʤʠ, ʩʫʤʘʨʥʠʡ ʯʘʩ ʦʩʘʜʞʝʥʥʷ ʨʽʜʠʥʠ Űʦʩ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, 

ʷʢ ʩʫʤʘ ʪʨʴʦʭ ʚʽʜʨʽʟʢʽʚ ʯʘʩʫ: ʯʘʩʫ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʧʦʣʁ ʩʘ ʙʘʢʘ ʜʦ 

ʥʠʞʥʴʦʛʦ Űʧʝʨ, ʯʘʩʫ ʟʘʩʧʦʢʦʻʥʥʷ ʨʽʜʠʥʠ ʙʽʣʷ ʥʠʞʥʴʦʛʦ ʧʦʣʶʩʘ Űʫʩ, ʪʘ ʯʘʩʫ ʩʝʧʘʨʘʮʽʾ 

ʛʘʟʦʚʠʭ ʚʢʣʶʯʝʥʴ Űʩʝʧ, ʪʦʙʪʦ 

Űʦʩ = Űʧʝʨ + Űʫʩ + Űʩʝʧ.     (1.1) 

ɿʛʽʜʥʦ [21 ï 24, 54], ʩʝʧʘʨʘʮʽ ̫ʛʘʟʫ ʡ ʟʘʩʧʦʢʦʻʥʥʷ ʨʽʜʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʯʘʩ, 

ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʪʨɹʦʤ ʥʘʧʽʚʧʝʨ̔ʦʜʘʤ ʧʣʝʩʢʘʥʥʷ, ʪʘʢʠʤ ʯʠʥʦʤ, ʯʘʩ ʦʩʘʜʞʝʥʥ̫  ʜʦʨʽʚʥʶʻ 
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Űʦʩ = Űʧʝʨ + 3ȹŰF,     (1.2) 

ʜʝ  ȹŰF ï ʥʘʧʽʚʧʝʨ̔ʦʜ ʧʣʝʩʢʘʥʥʷ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʧ̔ʩʣ̫ ʦʩʘʜʞʝʥʥ̫ , ʱʦ ʟʛʽ-

ʜʥʦ ʟ [23, 54] ʜʦʨʽʚʥʶʻ: 

ï ʜʣʷ ʮʠʣʥ̔ʜʨʠʯʥʦʛʦ ʙʘʢʘ ʟʽ ʩʬʝʨʠʯʥʠʤʠ ʪʦʨʮʤ̫ʠ: 

Ў† “Ͻ
Ͻȟ Ͻ ȟ Ͻ ȟȾ

,   (1.3) 

ï ʜʣʷ ʩʬʝʨʠʯʥʦʛʦ ʙʘʢʘ: 

Ў† “Ͻ
ϽϽ  

Ͻ
Ͻ Ͻ

,     (1.4) 

ʜʝ R ï ʨʘʜ̔ʫʩ ʙʘʢʘ; ʘ ï ʧʨʠʩʢʦʨʝʥʥʷ; Hǋ ï ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʨ̔ʚʥʷ ʨʽʜʠʥʠ ʚ ʙʘʢ ̔

h (ʜʠʚ. ʨʠʩ 1.2, ʛ) ʜʦ ʡʦʛʦ ʨʘʜʫ̔ʩʫ R. 

ʌʫʥʢʮʽ̫  f(Hǋ) ʤʘ ̒ʚʠʛʣʷʜ: 

ὪὌ
Ͻ Ͻ Ͻ

Ͻ Ͻ Ͻ
 , 

ʷʢʱʦ Hǋ>0,1; ̔ʥʘʢʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʨʤʫʣʘ (1.3). 

ʇʦʚʥʝ ʧʝʨʝʤʽɦ ʝʥʥ ̫ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ Űʧʝʨ ʚ ʙʘʢ ̔ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʜʥʠʱʘ ʙʘʢʘ ʜʦ 

ʧʨʦʪʠʣʝʞʥʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʯʘʩ, ̫ʢʠʡ ʧʨʠʙʣʠʟʥʦ ʚ ʧô̫ ʪʴ ʨʘʟʽʚ ʙ̔ʣʴʰʝ, ʥʽʞ ʯʘʩ Űʢʨʦ, 

ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʧʝʨʝʜʥʴʦ ʁʢʨʦʤʢʦ ʁʧʦʚʝʨʭʥ ̔ʨʦʟʜ̔ʣʫ ʬʘʟ ʧʨʦʪʠʣʝ-

ʞʥʦʛʦ ʪʦʨʮ ̫ʙʘʢʘ [54]. 

ɿʘ ʜʘʥʠʤʠ ʧʦʩʽʙʥʠʢʘ [22, 54] ʧʝʨʝʜʥʷ ʢʨʦʤʢʘ ʜʦʩʷʛʘʻ ʥʠʞʥʴʦʛʦ ʧʦʣʶʩʘ ʙʘʢʘ ʟʘ 

ʯʘʩ Űʢʨʦ, ̫ʢʠʡ  ʚʠʨʘʞʘʻʪʴʩʷ ʝʤʧʽʨʠʯʥʦʶ ʬʦʨʤʫʣʦʶ: 

†̋̑̏
Ѝ

ȟ ϽЍ Ͻ
ȟ ȟ

,    (1.5) 

ʜʝ L ï ʚʽʜʩʪʘʥʴ, ʧʨʦʡʜʝʥʘ ʧʝʨʝʜʥʴʦʶ ʢʨʦʤʢʦʶ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʬʘʟ ʚ ʙʘʢʽ. 

ɿʚʽʜʩʠ ʩʫʤʘʨʥʠʡ ʯʘʩ ʧʝʨʝʤʽɦ ʝʥʥ̫  ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫ-

ʣʦ  ʁ[22, 54]: 

†̐̆̑ χȟυυϽ
Ѝ

Ѝ Ͻ
ȟ ȟ

.    (1.6). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠʚʝʜʝʥʽ ʚʠʱʝ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʤʦʞʥʘ ʨʦ-

ʟʨʘʭʫʚʘʪʠ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. 
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ɺ ̔ʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʝʤʧʽʨʠʯʥʠʭ ʽ ʥʘʧʽʚʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞ-

ʥʦʩʪʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʨʽʜʠʥʠ ʷʚʣʷʻʪʴʩʷ ʜʦʤʽʥʫʶʯʠʤ ʤʝʪʦʜʦʤ, ʟʘ-

ʚʜʷʢʠ ʧʨʦʩʪʦʪ ̔ʪʘ ʟʨʫʯʥʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʆʜʥʘʢ, ʦʪʨʠʤʘʥʽ ʟ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ ʝʤʧʽ-

ʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʟʘʩʪʦʩʦʚʥ ̔ʣʠʰʝ ʜʣʷ ʦʙʤʝʞʝʥʦʛʦ ʢʦʣʘ ʟʘʜʘʯ, ʫʤʦʚʠ ʢʦʪʨʠʭ (ʧʦʯʘʪ-

ʢʦʚʽ ʪʘ ʛʨʘʥʠʯʥʽ) ʧʦʜʽʙʥʽ ʪʠʤ, ʜʣʷ ʢʦʪʨʠʭ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʣʝʞʥʦʩʪʽ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʡ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʜʠʬʝʨʝ-

ʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ ʨʽʜʠʥʠ ʟô̫ ʚʠʣʘʩʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʫʪʦʯʥʶʚʘʥʥʷ ʝʤʧʽʨʠʯ-

ʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ ʪʦʯʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʚʝʨʠ-

ʬʽʢʘʮʽʻʶ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

1.4 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ʋ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʫ, 

ʧʦʪʨʽʙʥʦʛʦ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʨʘʢʝʪʠ-ʥʦʩʽʷ. ʅʘʚʝ-

ʜʝʥʦ ʟʘʛʘʣʴʥʽ ʧʦʥʷʪʪʷ ʧʨʦ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʡ ʦʧʠʩʘʥʦ ʪʨʘʜʠʮʽʡʥʫ ʤʝ-

ʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ, ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʮʠʭ ʜʘʥʠʭ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʪʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  



34 

 

ʈʆɿɼɯʃ 2 

 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɺʀɿʅɸʏɽʅʅʗ ʏɸʉʋ, ʇʆʊʈɯɹʅʆɻʆ ʅɸ  

ʆʉɸɼɾɽʅʅʗ ʂʆʄʇʆʅɽʅʊɯɺ ʈɸʂɽʊʅʆɻʆ ʇɸʃʀɺɸ ʅɸ ʄɸʉʐʊɸɹʅʀʍ 

ʄʆɼɽʃʗʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʊɽʅɼɸ ʅɽɺɸɻʆʄʆʉʊɯ 

 

2.1 ʂʦʥʩʪʨʫʢʮʽʷ ʪʘ ʥʘʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ 

ɺ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʦ ʧʽʜʪʚʝʨʜʞʝʥʥʶ ʜʦʩʪʘʪʥʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʯʘʩʫ, 

ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʥʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʚ ʙʘʢʽ ʦʢʠʩʣʶʚʘʯʘ 3-ʛʦ ʩʪʫʧʝʥʷ 

ʈʅ çʎʠʢʣʦʥ-4è, ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʙʦʪʠ ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʽʜʪʚʝʨʜʞʝʥʥ ʁʮʴʦʛʦ 

ʯʘʩʫ [55, 56]. ɺʢʘʟʘʥʽ ʨʦʙʦʪʠ ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʩʪʝʥʜʽ ʥʝʚʘʛʦʤʦʩʪʽ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʩʰʪʘʙʥʠʭ ʤʦʜʝʣʝʡ.  

ʅʘ ʨʠʩ. 2.1 ʥʘʚʝʜʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʥʘʪʫʨʥʦʛʦ ʩʬʝʨʠʯʥʦʛʦ ʙʘʢʽ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ 

ʧʨʦʩʪʘʚʢʦʶ. 

 

ʈʠʩ.2.1. ʂʦʥʩʪʨʫʢʪʠʚʥʘ 3D ʤʦʜʝʣʴ ʙʘʢʘ 
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ɺ ʷʢʦʩʪʽ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʝʪʨʘʦʢʩʠʜ ʜʘ̔ʟʦʪʫ,  

ɸʊ ɻʆʉʊ ɺ17656-72; 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ + 5 ʜʦ + 23 Áʉ. 

ɺ ʪʘʙʣʠʮ ̔2.1 ʥʘʚʝʜʝʥʦ ʛʫʩʪʠʥʫ r, ʢʽʥʝʤʘʪʠʯʥʫ ʚô̫ ʟʢʽʩʪʴ n ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨ-

ʭʥʝʚʦʛʦ ʥʘʪʷʛʫ s ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ, ʥʦʤʽʥʘʣʴʥʽʡ ʪʘ ʤʘʢʩʠʤʘʣʴʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ. 

ʊʘʙʣʠʮʷ 2.1 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ 

ʇʘʨʘʤʝʪʨ t = +5 ̄ C t = +12 ̄ C t = +23 ̄ C 

r, ʢʛ/ʤ3 1479 1464 1439 

n, ʤ2/ʩ 3,36Ö10-7 3,11Ö10-7 2,80Ö10-7 

s, ʅ/ʤ 2,87Ö10-2 2,76Ö10-2 2,56Ö10-2 

 

ʊʷʛʘ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ ʩʠʩʪʝʤʠ ʦʩʘʜʞʝʥʥʷ ʧʘʣʠʚʘ ʫ ʚʩɹʦʤʫ ʜʽʘʧʘʟʦʥ ̔ʚʧʣʠʚʫ 

ʟʦʚʥ̔h ʥ̔ʭ ʪʘ ʚʥʫʪʨʽʥh̔ʭ ʬʘʢʪʦʨʚ̔: ʚʽʜ 21,6 ʜʦ 42,7 ʅ. 

ʂʣ̔ɹ ʢʽʩʪʴ ʧʨʘʮʶʶʯʠʭ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ ʩʠʩʪʝʤʠ ʦʩʘʜʞʝʥʥʷ  

ʧʘʣʠʚʘ ï 2 hʪ. 

ʇʨʠʩʢʦʨʝʥʥ ̫ʚʽʜ ʪʷʛʠ ʜʚʠʛʫʥʽʚ ʤʘʣʦʾ ʪʷʛʠ ʩʠʩʪʝʤʠ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘ-

ʜʘʥʠʭ ʟʘʜʘʯ ï ʚʽʜ 0,0058 ʜʦ 0,025 ʤ/ʩ2. 

ʄʥ̔̔ʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʟʘʧʘʩ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʧʝʨʝʜ ʧʦʚʪʦʨʥʠʤ 

ʚʢʣʶʯʝʥʥʷʤ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ (ʟ ʫʤʦʚʠ ʟʘʙʝʟʧʝʯʝʥʥ̫  ʩʫʮʽʣʴʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʚ̔ ʧʘ-

ʣʠʚʘ) ʜʦʨʽʚʥʶʻ 45 ʜʤ3 (ʟʛʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʝʢʪʫ ʈʅ çʎʠʢʣʦʥ-4è). 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʟʘʧʘʩ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʧʝʨʝʜ ʧʦʚʪʦʨʥʠʤ ʚʢʣʶʯʝʥʥʷʤ 

ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ ʜʣʷ ʥʦʤʽʥʘʣʴʥʦʾ ʪʨʘ̒ʢʪʦʨʽ ʾʚʠʚʝʜʝʥʥ̫  ʨʘʢʝʪʠ-ʥʦʩʽʷ ʜʦʨʽʚʥʶʻ  

612 ʜʤ3 (ʟʛʽʜʥʦ ʜʦ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʝʢʪʫ ʈʅ çʎʠʢʣʦʥ-4è). 
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2.2 ɻʽʜʨʦʜʠʥʘʤʽʯʥʘ ʧʦʜʙ̔ʥʽʩʪʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ 

ʧʘʣʠʚʘ 

 

ʈʦʟʙʽʞʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʢʦʩʤʽʯʥʦʛʦ ʧʦʣʴʦʪʫ ʡ ʚʽʜʪʚʦʨʝʥʥʷʤ ʮʠʭ ʫʤʦʚ ʧʨʠ ʟʝʤʥʦʤʫ 

ʪʷʞʽʥʥʽ (ʚʽʜʩʫʪʥʽʩʪʴ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʷʚʥʽʩʪʴ ʬʘʢʪʦʨʘ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ) 

ʚʠʢʣʠʢʘʻ ʨʷʜ ʧʠʪʘʥʴ, ̫ ʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʨʽʚʥʦʩʪʽ ʜʝʷʢʠʭ ʙʝʟʨʦʟʤʽʨʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ɹʩʫʢʫʧʥʽʩʪʴ ʤʦʜʝʣʴʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʽ 

ʙʝʟʨʦʟʤʽʨʥʽ ʢʦʤʧʣʝʢʩʠ ʥʦʩʷʪʴ ʥʘʟʚʫ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ [22, 23, 57 ï 59 ], ʘ ʜʦ ʧʘʨʘ-

ʤʝʪʨʽʚ ʚʽʜʥʦʩʷʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʙʘʢʽʚ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʘʣʠʚʘ ʪʘ 

ʜʝʷʢʽ ʟʦʚʥʽʰʥʽ ʜʽʶʯʽ ʬʘʢʪʦʨʠ. 

ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʧʽʜʪʚʝʨʜʞʝʥʽ ʯʘʩʫ ʥʘ ʦʩʘʜʞʝʥʥʷ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ: 

ï ʯʠʩʣʦ ɹʦʥʜʘ (ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʤʘʩʦʚʠʤʠ ʪʘ ʢʘʧʽʣʷʨʥʠʤʠ ʩʠʣʘʤʠ) 

      ὄέ
Ͻ̎ Ͻ̎̎

̎

Ͻ̍ Ͻ̍̍

̍
   ;    (2.1) 

ï ʯʠʩʣʦ ɺʝʙʝʨʘ (ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʠʣʘʤʠ ̔ ʥʝʨʮʽʾ ʨʽʜʠʥʠ ʪʘ ʢʘʧʽʣʷ-

ʨʥʠʤʠ ʩʠʣʘʤʠ) 

      ὡὩ
Ͻ̎̎Ͻ̎

̎

Ͻ̍̍Ͻ̍

̍
   ;    (2.2) 

ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ (ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʠʣʘʤʠ ̔ ʥʝʨʮʽʾ ʨʫʭʦʤʦʾ ʨʽ-

ʜʠʥʠ ʪʘ ʩʠʣʘʤʠ ʚô̫ ʟʢʦʩʪ)̔ 

      ὙὩ
Ͻ̎̎

n̎

Ͻ̍̍

n̍
   ;     (2.3) 

ï ʯʠʩʣʦ ɽʡʣʝʨʘ (ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʠʣʘʤʠ ʪʠʩʢʫ ʪʘ hʚʠʜʢʽʩʥʠʤ ʥʘ-

ʧʦʨʦʤ ʨʽʜʠʥʠ) 

    Ὁό ̎

Ͻ̎̎

̍

Ͻ̍̍
   ;     (2.4) 

ï ʯʠʩʣʦ ʌʨʫʜʘ (ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʠʣʘʤʠ ʥ̔ʝʨʮʽ ʾʨʫʭʦʤʦʾ ʨʽʜʠʥʠ ʪʘ 

ʤʘʩʦʚʠʤʠ ʩʠʣʘʤʠ) 

     Ὂὶ ̎

Ͻ̎̎

̍

Ͻ̍̍
   ;     (2.5) 

ï ʯʠʩʣʦ ʛʦʤʦʭʨʦʥʥʦʩʪʠ (ʉʪʨʫʭʘʣʷ) (ʚʠʟʥʘʯʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʪʝʤʧʦʤ ʟʤʽʥʠ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʘʶʯʠʭ ʬʘʢʪʦʨʚ̔ ʪʘ ʨʫʭʦʤ ʨʽʜʠʥʠ) 
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     Ὄέ
Ͻ̎̎

̎

Ͻ̍̍

̍
  ,     (2.6) 

ʜʝ w ï ʭʘʨʘʢʪʝʨʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ; ʘ ï ʧʨʠʩʢʦʨʝʥʥʷ; l ï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤ̔ʨ 

ʻʤʢʦʩʪ̔; n ï ʢ̔ʥʝʤʘʪʠʯʥʘ ʚô̫ ʟʢ̔ʩʪʴ ʨʽʜʠʥʠ; r ï ʛʫʩʪʠʥʘ; s ï ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ;  

t ï ʭʘʨʘʢʪʝʨʥʠʡ ʯʘʩ; P ï ʧʝʨʝʧʘʜ ʪʠʩʢʫ. 

ɯʥʜʝʢʩʠ çʥè ʪʘ çʤè ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʪʫʨʥʠʭ ʪʘ ʤʦʜʝʣʴʥʠʭ ʫʤʦʚ, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠ ʬʽʟʠʯʥʦʤʫ ʤʦʜʝʣʚʁʘʥʥ ̔ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚʠʙʠʨʘʪ̒ɹʩʷ ʤʦʜʝʣʴʥʘ ʨʽʜʠʥʘ, ̫ʢʘ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʩʚʦʾʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʢ̔ʥʝʤʘʪʠʯʥʦ  ʁʚô̫ ʟʢ̔ʩʪʁ, ʧʦʚʝʨʭʥʝʚʠʤ ʥʘʪʷ-

ʛʦʤ ʪʘ ʛʫʩʪʠʥʦʶ) ʚʠʤʦʛʘʤ ʜʦ ʨ̔ ʚʥʦʩʪ̔ ʚʽʜʧʦʚʽʜʥʠʭ ʢʨʠʪʝʨʽʚʾ ʥʘʪʫʨʥʦʛʦ ʚʠʨʦʙʫ ʪʘ ʤʦ-

ʜʝʣ̔ [57, 58]. 

ʗʢ ʧʨʘʚʠʣʦ, ʟ ʨʷʜʫ ʡʤʦʚʽʨʥʠʭ ʤʦʜʝʣʴʥʠʭ ʨʽʜʠʥ (ʩʧʠʨʪ ʝʪʠʣʦʚʠʡ, ʚʦʜʥʦ-ʩʧʠʨʪʦʚʽ 

ʨʦʟʯʠʥʠ 40% ʠ 60%, ʝʬ̔ ʨ ʝʪʠʣʦʚʠʡ, ʚʦʜʘ ʜʠʩʪʠʣʴʦʚʘʥʘ, ʭʣʘʜʦʥ 113, ʽʟʦʦʢʪʘʥ  ̔ʧʝʥʪʘʥ 

ʪʝʭʥʽʯʥʽ, ʽʟʦʧʝʥʪʘʥ, ʙʝʥʟʠʥ ʪʘ ʢʝʨʦʩʠʥ) ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʙʝʥʟʠʥ, 

ʢʝʨʦʩʠʥ (ʚ ʥʝʚʝʣʠʢʠʭ ʦʙô̒ʤʘʭ ï ʜʦ 30 ʜʤ3) ʪʘ ʚʦʜʫ ʜʠʩʪʠʣʴʦʚʘʥʫ (ʜʦʟʚʦʣʷʻʪʴʩʷ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʜʦʩʣʽʜʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʪʘ ʥʘ ʝʪʘʧ̔ ʥʘʣʘʛʦʜʞʝʥʥʷ). ɯʥʰʽ ʤʦʜʝʣʴʥ ̔

ʨʽʜʠʥʠ ̒ ʘʙʦ ʦʪʨʫʡʥʠʤʠ, ʘʙʦ ̫ʢ ʪʘʢʽ, ʱʦ hʚʠʜʢʦ ʚʠʧʘʨʦʚʫʶʪʴʩʷ ̔ ̒  ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥ.̔ 

ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʜ̔ʪʚʝʨʜʞʝʥʥ̫  ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝ-

ʣʁʚʘʥʥ̫ ʦʩʘʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʪʝʥʜʠ ʥʝʚʘʛʦʤʦʩʪʽ [60 ï 63]. ʉʪʝʥʜ ʥʝʚʘʛʦʤʦ-

ʩʪ ̔ʧʨʝʜʩʪʘʚʣʷ̒ ʩʦʙʦ ʁʚʝʨʪʠʢʘʣʴʥʫ ʰʘʭʪʫ ʚʠʩʦʪʦʶ ʜʦ 150 ʤ (ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦ 5 ʩ 

ʯʘʩʫ ʚʽʣʴʥʦʛʦ ʧʘʜ̔ʥʥ̫ ) ʟ ʪʦʨʤʦʟʥʠʤ ʧʨʠʩʪʨʦʻʤ ̔ ʧʨʠʩʪʨʦʻʤ ʧʽʜʡʦʤʫ ʦʙô̒ʢʪʘ ʚʠʧʨʦʙʫ-

ʚʘʥʥʷ ʥʘ ʥʝʦʙʭʽʜʥʫ ʚʠʩʦʪʫ. ʉʪʝʥʜʠ, ʧʨʠʩʫʪʥʽ ʚ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè, ʟʘʙʝʟʧʝʯʫʶʪʴ ʯʘʩ 

ʚʽʣʴʥʦʛʦ ʧʘʜ̔ʥʥʷ ʜʦ 2,85 ʩ. 

ɸʣʴʪʝʨʥʘʪʠʚʫ ʩʪʝʥʜʫ ʥʝʚʘʛʦʤʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷ ̒ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʪʘʢʘ-ʣʘʙʦʨʘʪʦʨʽ ʾ

(ʟʘʙʝʟʧʝʯʫʻ ʜʦ 40 ʩ ʥʝʚʘʛʦʤʦʩʪʽ), ʙʘʣʽʩʪʠʯʥʠʭ ʨʘʢʝʪ (ʟʘʙʝʟʧʝʯʫʶʪ ɹʜʦ 9 ʭʚ. ʚʽʣʴʥʦʛʦ 

ʧʘʜ̔ʥʥ̫ ), ʢʦʨʘʙʣʽʚ ʜʣʷ ʦʨʙʽʪʘʣʴʥʦʛʦ ʧʦʣʴʦʪʫ ʪʦʱʦ. ʈʝʘʣʟ̔ʘʮ̫̔ ʙʫʜʴ ʷʢʦʛʦ ʟ ʮʠʭ ʦʩʪʘʥ-

ʥʽʭ ʚʘʨ̔ʘʥʪʽʚ ʧʦʪʨʝʙʫ ̒ʙ̔ʣʴ hʟʥʘʯʥʠʭ ʬ̔ʥʘʥʩʦʚʠʭ ʟʘʪʨʘʪ, ʭʦʯʘ ʧʦʜ̔ʙʥ ̔ʚʘʨ̔ʘʥʪʠ ̔  ʤʦ-

ʞʫʪɹ ʟʘʙʝʟʧʝʯʠʪʴ ʙʽʣʴʰ ʪʦʯʥ,̔ ʪʨʠʚʘʣʽ ʪʘ ʙʽʣʴʰ ʥʘʙʣʠʞʝʥʽ ʜʦ ʥʘʪʫʨʥʠʭ ʤʦʜʝʣʴʥ ̔

ʫʤʦʚʠ, ʥʽʞ ʩʪʝʥʜʠ ʥʝʚʘʛʦʤʦʩʪʽ. 
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ʈʷʜ ʦʙʤʝʞʝʥʴ ʫ ʚʠʙʦʨ̔ ʧʘʨʘʤʝʪʨʚ̔, ʦʙʫʤʦʚʣʝʥʠʡ ʛʘʙʘʨʠʪʥʠʤʠ ʪʘ ʚʠʩʦʪʥʠʤʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʷʚʥʠʭ ʚ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè ʩʪʝʥʜʽʚ, ʧʨʠʤʫʰʫʻ ʧʨʠ ʚʠʙʦʨ̔ ʮʠʭ ʧʘ-

ʨʘʤʝʪʨʚ̔ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʷʜ ʧʨʠʧʫʱʝʥ,ɹ ʢʦʪʨ ̔ʙ ʤʦʛʣʠ ʛʘʨʘʥʪʫʚʘʪʠ ʥʦʨʤʘʣʴʥʝ ʬʫʥ-

ʢʮ̔ʶʚʘʥʥʷ ʚʫʟʣʘ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʦʚʽʣʴʥʫ ʪʦʯʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ɼʦ ʪʘʢʠʭ ʧʨʠʧʫʱʝʥ ɹʚʽʜʥʦʩʷʪʩɹ:̫ ʜʦʪʨʠʤʘʥʥʷ ʚʩ̔ʭ ʢʨʠʪʝʨ̔ʚʾ ʧʦʜʽʙʥʦʩʪʽ ʧʨʠ ʤʦ-

ʜʝʣʁʚʘʥʥʽ, ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʧʣʠʚʫ ʢʝʨʫʶʯʠʭ ʦʨʛʘʥʚ̔ ʥʘ ʧʦʚʝʜʥ̔ʢʫ ʧʘʣʠʚʘ, ʥʝʤʦʞʣʠ-

ʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤ̔ʨ̔ʚ ʦʩʝʨʝʜʢʽʚ ʩʽʪʯʘʩʪʠʭ ʬʘʟʦʨʦʟʜ̔ʣɹ ʥʠʢʽʚ ʪʘ 

ʩʪʽʣʴʥʠʢʦʚʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ, ʪʨʫʜʥʦʱ ̔ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘ-

ʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʚʝʣʠʯʠʥʠ ʪʦʱʦ. 

ʊʦʙʪʦ, ʢʦʞʝʥ ʢʦʥʢʨʝʪʥʠʡ ʚʠʧʘʜʦʢ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʧʦʪʽʤ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘ ʩʪʝʥʜʽ 

ʥʝʚʘʛʦʤʦʩʪʽ ʤʘ̒ ʽʥʰʝ ʚʠʨ̔h ʝʥʥ,̫ ʚʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʨʦʙʦʪʠ ʥʘʪʫʨʥʦʛʦ ʚʠʨʦʙʫ. 

ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ, ʩʝʧʘʨʘʮʽʾ ʪʘ ʟʘʩʧʦʢʦʻʥʥʷ ʧʘʣʠʚʘ 

ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʘʪʠʩ ɹʥʘ ʤʦʜʝʣʷʭ ʨʽʚʥʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʈʝʡʥʦʣʴʜʩʘ Re (2.3), ɹʦʥʜʘ ɺʦ 

(2.1), ʛʦʤʦʭʨʦʥʥʦʩʪ ̔Ho (2.6) ʪʘ ʢʨʘ̒ʚʠʭ ʢʫʪʽʚ q [64]. 

ɿ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.1),( 2.3) ʪʘ (2.6) ʚʠʟʥʘʯʘʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤ̔ ʞ ʬ̔ʟʠʯʥʠʤʠ 

ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ:  

     
 ̍

̎

̍

̎
Ͻ ̎

̍
Ͻ
n̎

n̍
  ,    (2.7) 

     
 ̍

̎

̎

̍
Ͻ ̍

̎
Ͻ
n̎

n̍
  ,    (2.8) 

     
 ̍

̎

̎

̍
Ͻ̍
̎
Ͻ
n̎

n̍
  ,     (2.9) 

ɼʦʪʨʠʤʘʥʥʷ ʨʽʚʥʦʩʪʽ ʯʠʩʝʣ Bo ʜʣʷ ʢʘʧʽʣʷʨʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ 

ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʴʥʦʾ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʫ ʷʢʦʾ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ s/r ʪʘ ʟʤʦʯʫʚʘʥʽʩʪʴ ʙʫʣʠ ʙ ʙʣʠʟʢɹʠʤʠ ʜʦ ʥʘʪʫʨʥʦ ʾʨʽʜʠʥʠ, ʘ ʮʝ ï ʙʝʥʟʠʥ ɹ-70 

ʪʘ ʢʝʨʦʩʠʥ ʊ-1. 

ɼʣʷ ʢʦʤʧʦʥʝʥʪʚ̔ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʪʝʪʨʘʦʢʩʠʜ ʜʽʘʟʦʪʫ ʪʘ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʜʽʤʝ-

ʪʠʣʛʽʜʨʘʟʠʥ ʪʘ ʚʢʘʟʘʥʠʭ ʤʦʜʝʣʴʥʠʭ ʨʽʜʠʥ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʨʽʚʥʦʩʪʽ ʢʨʠ-

ʪʝʨʽʾʚ ɹʦʥʜʘ (2.1) ʪʘ ʢʨʠʪʝʨʽʾʚ ʛʦʤʦʭʨʦʥʥʦʩʪʽ (2.6) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʘʙʦ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʤʦʜʝʣʝʡ, ʙʣʠʟʴʢʠʭ ʜʦ ʥʘʪʫʨʥʠʭ, ʘʙʦ ʥʘʚʽʪʴ ʙʽʣʴ-

ʰʠʭ, ʥʽʞ ʚ ʥʘʪʫʨʥʠʭ ʩʠʩʪʝʤʘʭ. ʋ ʙ̔ʣʴʦhʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʥʘʪʫʨʥʠʭ ʨʦʟʤ̔ʨʽʚ ʙʘʢ̔ʚ 
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ʚʧʣʠʚ ʯʠʩʣʘ Re ʥʝʟʥʘʯʥʠʡ, ʦʜʥʘʢ ʟ̔ ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʤʦʜʝʣʴʥʠʭ ʻʤʢʦʩʪʝʡ ʚʧʣʠʚ 

ʚô̫ ʟʢʦʩʪ ̔ʥʘ ʨʝʞʠʤ ʪʝʯʽ ʾʨʽʜʠʥʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɺʧʣʠʚ ʯʠʩʣʘ Re ʚ ʤʦʜʝʣ ̔ʟʥ̔ ʤʘʻʪɹʩʷ ̫ʢ 

ʤʘʩʰʪʘʙʥʠʡ ʬʘʢʪʦʨ, ʪʦʙʪʦ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʦʜʥʦʤʫ ʤʘʩʰʪʘʙʽ, ʧʽʜʪʚʝʨʜʞʫ-

ʶʪʴʩʷ ʥʘ ʽʥʰʦʤʫ ʤʘʩʰʪʘʙʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʛʽʜʨʦʜʠʥʘʤʽʯʥʫ ʧʦʜʽʙʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʨʽʜʠʥʠ ʫ ʥʘʪʫʨʥʦʤʫ ʙʘʢʽ ʪʘ 

ʤʦʜʝʣʴʥʽʡ ʻʤʢʦʩʪʽ ʙʫʜʝ ʜʦʪʨʠʤʘʥʦ ʧʨʠ ʨʽʚʥʦʩʪʽ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪ-

ʨʽʚ ʢʨʠʪʝʨʽʾʚ ɹʦʥʜʘ Bo (2.1)  ̔ʌʨʫʜʘ Fr (2.5). 

ʊʘʢ ʷʢ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʷʛʠ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘʜʘʪ̒ɹʩʷ 

ʥʝ hʚʠʜʢʽʩʪʴ, ʘ ʧʨʠʩʢʦʨʝʥʥʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪ̔, ʪʦ ʟʘʤʽʥʠʚʰʠ ʚ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʨʽʚ-

ʥʷʥʥʷʭ w ʥʘ aÖŰ, ʤʘʪʠʤʝʤʦ: 

      
Ͻ̎ Ͻ̎̎

̎
 
Ͻ̎ Ͻ̎̎

̎
   ,     (2.10) 

     
Ͻ̎̎

̎
  

Ͻ̍̍

̍
  ,      (2.11) 

ʪʘʢʦʞ ʟʘʫʚʘʞʠʤʦ, ʱʦ ʢʨʠʪʝʨʽʡ ʌʨʫʜʘ ʧʨʠ ʟʤʽʥʽ w ʥʘ aÖŰ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʢʨʠʪʝʨʽʡ 

ʛʦʤʦʭʨʦʥʥʥʦʩʪʽ. 

ɿ ʨ̔ ʚʥʦʩʪ̔ (2.10) ʦʪʨʠʤʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʢ̔ʥʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ:̔ 

      ὥ̍ ὥ̎Ͻ̎
̍
Ͻ̍
̎
Ͻ ̎

̍
   .    (2.12) 

ɿ ʨʽʚʥʷʥʴ (2.10) ʪʘ (2.11), ʰʣʷʭʦʤ ʚʠʢʣʶʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ 
 ̎

̍
, ʦʪʨʠʤʫʻʤʦ ʟʘʣʝ-

ʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʥʘʪʫʨʥʦʛʦ ʯʘʩʫ; ʟʦʢʨʝʤʘ, ʮʷ ʬʦʨʤʫʣʘ ʧʨʠʜʘʪʥʘ 

ʙʫʜʝ ʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʪʫʨʥʦʛʦ ʯʘʩʫ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ †̎ ʯʝʨʝʟ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ ʧʝʨʝʦ-

ʨʽʻʥʪʘʮʽʾ ʥʘ ʤʦʜʝʣʽ †̍: 

      †̎ †̍Ͻ ̎

̍
Ͻ ̍

̎
Ͻ ̎

̍
   .   (2.13) 

ɼʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʷʢʦʩʪʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʙʫʣʦ ʚʟʷʪʦ ʨʘʬʽʥʘʪ ʙʝʥʟʦʣʴʥʦʛʦ ʨʠʬʦ-

ʨʤʽʥʛʘ ʊʋ ʋ 23.2-00149943-558:2006 (ʈɹʈ), ʱʦ ʻ ʩʫʯʘʩʥʠʤ ʘʥʘʣʦʛʦʤ ʘʚʽʘʮʽʡʥʦʛʦ ʙʝʥ-

ʟʠʥʫ ɹ-70. 
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ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʬʦʨʤʫʣʠ (2.12) ʽ (2.13) ʥʘʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ, ʽ ʟʘʜʘʚʰʠ ʤʘʩʰʪʘʙ-

ʥʠʡ ʬʘʢʪʦʨ, ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʟʘʜʦʚʦʣʴʥʷʻ ʙʝʟʨʦʟʤʽʨʥʠʤ ʢʨʠʪʝʨʽʷʤ, ʫ ʜʘʥʦʤʫ ʚʠ-

ʧʘʜʢʫ ʮʝ, 1:12, ʦʪʨʠʤʘʻʤʦ ʥʝʦʙʭʽʜʥʽ ʤʦʜʝʣʴʥʽ ʧʘʨʘʤʝʪʨʠ. 

ɺ ʪʘʙʣʠʮʽ 2.2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʴʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʧʘʨʘʤʝ-

ʪʨʽʚ. 

ʊʘʙʣʠʮʷ 2.2 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʜʝʣʴʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʈʦʙʦʯʘ ʨʽʜʠʥʘ aʤ, ʤ/ʩ
2 tʤ, ʩ aʥ, ʤ/ʩ

2 tʥ, ʩ 

ʈɹʈ 3,1 2,3 0,016 110 

 

ʆʙô̒ ʤ ʟʘʧʨʘʚʢʠ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ  

ὠ̍ ὠ̎Ͻ ̍

̎
,        

ʊʘʢ, ʧʨʠ ʤʘʩʰʪʘʙʽ 1:12 ʦʙô̒ ʤ ʟʘʧʨʘʚʢʠ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ ʜʦ-

ʨʽʚʥʶʻ: 

ï ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʽʥʽʤʘʣʴʥʦ-ʥʝʦʙʭʽʜʥʦʛʦ ʰʪʘʪʥʦʛʦ ʟʘʧʘʩʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ: 

ὠ̍ τυϽ  ʜʤ3; 

ï ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦ-ʥʝʦʙʭʽʜʥʦʛʦ ʰʪʘʪʥʦʛʦ ʟʘʧʘʩʫ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʤʘʨʰʦʚʦʛʦ ʜʚʠʛʫʥʘ: 

ὠ̍ φρςϽ  ʜʤ3. 

 

2.3 ʆʙôʻʢʪ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɺ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʦʜʝʣʴʥʘ ʻʤʢ̔ʩʪɹ ʩʬʝʨʠʯ-

ʥʦʛʦ ʙʘʢʘ, ʚʠʛʦʪʦʚʣʝʥʘ ʚ ʤʘʩʰʪʘʙ ̔1:12, ʢʦʪʨʫ ʙʫʣʦ ʦʙʨʘʥʦ ʟʛʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, ʦʧʠ-

ʩʘʥʦʾ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʜʽʶʯʠʭ ʥʘ ʨʽʜʠʥʫ ʚ ʤʦʜʝʣʴʥʠʭ ʻʤʢʦʩʪʷʭ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʘʢ ʟʚʘʥʘ ʢʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. 
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ɼʦ ʩʢʣʘʜʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʭʦʜʷʪʴ: 

ï ʨʘʤʘ; 

ï ʛʘʟʦʨʝʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ (ɻʈʉ); 

ï ʩʠʩʪʝʤʘ ʦʧʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ (ʉʆɺ); 

ï ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʡ ʚʠʤʽʨʶʚʘʥʥʷ (ʉʂɺ); 

ï ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʡ ʟʘʧʽʨʥʘ ʘʨʤʘʪʫʨʘ ʜʣʷ ʟʘʧʨʘʚʢʠ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦ-

ʩʪʽ ʪʘ ʙʘʣʦʥʘ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. 

ɻʘʟʦʨʝʘʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʴʥʠʭ ʧʦʟʜʦʚʞʥʽʭ ʧʨʠʩ-

ʢʦʨʝʥʴ ʧʽʩʣʷ ʨʦʟʨʠʚʫ ʟʚôʷʟʢʫ ʤʽʞ ʢʽʥʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʪʘ ʩʪʝʥʜʦʤ ʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʙʘʣʦʥ, ʟʘʧʨʘʚʣʝʥʠʡ ʛʘʟʦʤ ʟ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ (ʚʽʜ 100 ʜʦ 150 ʘʪ), ʫʧʨʘʚʣʷʶʯʠʡ ʝʣʝʢʪ-

ʨʦʢʣʘʧʘʥ ʪʘ ʜʚʘ ʨʝʘʢʪʠʚʥʠʭ ʩʦʧʣʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪ ɹʩʪʚʦʨʝʥʥʷ ʪʷʛʠ, ʥʘʧʨʘʚʣʝʥʦʾ 

ʚʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʂʄ ʫ ʥʘʧʨʷʤʢʫ ʜʽʾ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʩʠʣ. 

ʉʠʩʪʝʤʘ ʦʧʪʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʽʟʫʘʣʴʥʦʾ ʨʝʻʩʪʨʘʮʽʾ ʛʽʜʨʦʜʠʥʘ-

ʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʧʨʦʙʫʚʥ̔ʡ ʤʦʜʝʣʴʥʽʡ ʻʤʢʦʩʪʽ ʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ  ʚʽʜʝʦʢʘʤʝʨ ʪʘ ʩʠʩ-

ʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ. 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʟʘʙʝʟʧʝʯʫʻ ʚʢʣʶʯʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʘʚ-

ʪʦʤʘʪʠʢʠ ʧʦ ʧʝʚʥʽʡ ʮʠʢʣʦʛʨʘʤʽ ʟ ʨʝʻʩʪʨʘʮʽʻʶ ʢʦʤʘʥʜ ʟʘʩʦʙʘʤʠ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ. 

ʂʦʤʘʥʜʠ ʧʦʜʘʶʪʴʩʷ ʟ ʥʘʟʝʤʥʦʾ ʘʧʘʨʘʪʫʨʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʟʚôʷʟʦʢ ʷʢʦʾ ʟ ʙʦʨʪʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ Wi-Fi. 

ʉʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʙʝʟʧʝʯʫʻ ʬʽʢʩʘʮʽʶ ʚʠʤʽʨʶʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʚ ʦʙôʻʤʽ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ ʨʦʙʦʪʫ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʚʽʜʣʘʜʢʫ. 

ʇʽʜʚʽʩ ʂʄ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʟʘʤʢʘ. 
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2.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ  

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʝʥʜ ̔ʥʝʚʘʛʦʤʦʩʪʽ ɼʇ çʂɹ çʇʽʚʜʝʥʥʝè. ʉʭʝʤʘ 

ʩʪʝʥʜʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.6, [65 ï 67]. 

ʉʪʝʥʜ ʥʝʚʘʛʦʤʦʩʪʽ ʤʘʻ ʚʠʩʦʪʫ 32 ʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʯʘʩ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʜʦ  

2,55 ʩ. 

 

 

 

ʈʠʩ 2.6. ʉʭʝʤʘ ʩʪʝʥʜʘ ʥʝʚʘʛʦʤʦʩʪʽ ʉʅ-28 

1 ï ʟʘʤʦʢ ʧʽʜʚʽʩʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; 2 ï ʢʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ; 3 ï ʧʣʦʱʘʜʢʘ ʦʙʩʣʫ-

ʛʦʚʫʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; 4 ï ʰʘʭʪʘ; 5 ï ʨʽʚʝʥʴ ʟʝʤʣʽ; 6 ï ʩʠʩʪʝʤʘ ʦʧʪʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʙʦʨʪʦʚʠʡ ʩʝʛʤʝʥʪ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʡ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ; 7 ï ʤʦʜʝʣʴʥʘ ʻʤʢʽʩʪʴ; 8 ï ʥʘʟʝʤʥʠʡ ʩʝʛʤʝʥʪ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʡ ʚʠʤʽʨʶ-

ʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; 9 ï ʛʘʣʴʤʽʚʥʠʡ ʧʨʠʩʪʨʽʡ 
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ɼʘʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʥʝʚʘʛʦ-

ʤʦʩʪʽ ʡ ʦʜʥʦʯʘʩʥʦʛʦ ʚʧʣʠʚʫ ʙʦʢʦʚʠʭ ʘʙʦ ʧʦʟʜʦʚʞʥʽʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʄʦʜʝʣʴʥʫ ʻʤʢʽʩʪʴ 

(7) ʚʩʪʘʥʦʚʣʶʶʪʴ ʚ ʢʽʥʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ (2), ʷʢʫ ʧʽʜʽʡʤʘʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʫ ʚʠʩʦʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʟʤʫ ʧʽʜʡʦʤʫ, ʧʨʠʻʜʥʘʥʦʛʦ ʜʦ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʯʝʨʝʟ ʟʘʤʦʢ ʧʽʜ-

ʚʽʩʫ (1). ʂʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʮʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʟʘʤʢʦʤ ʧʽʜʚʽʩʫ (1), ʷʢʠʡ 

ʟʯʝʧʣʝʥʠʡ ʟ ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽʡ 

ʚʽʩʽ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʂʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʢʦʥʫʻ 

ʝʚʦʣʶʮʽʾ, ʷʢʽ ʧʦʜʽʙʥʽ ʜʦ ʝʚʦʣʶʮʽʡ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ. ɺʠʢʦʥʘʥʥʷ ʮʠʭ ʝʚʦʣʶʮʽʡ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʨʦʙʦʪʦʶ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʛʘʣʴʤʫʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʘʪʫʪʘ, 

ʷʢʠʡ ʧʽʜʚʽʰʝʥʦ ʥʘ ʘʤʦʨʪʠʟʘʮʽʡʥʠʭ ʜʞʛʫʪʘʭ ʧʝʨʰʦʛʦ, ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʩʪʫʧʝʥʷ ʛʘ-

ʣʴʤʫʚʘʥʥʷ. ʇʝʨʰʦʯʝʨʛʦʚʠʡ ʫʜʘʨ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʠʡʤʘʶʪʴ ʧʦʨʦʣʦʥʦʚʽ ʢʫʙʠʢʠ, 

ʱʦ ʫʢʣʘʜʝʥʽ ʥʘ ʧʨʫʞʥʠʡ ʙʘʪʫʪ, ʧʦʪʽʤ ʜʦ ʨʦʙʦʪʠ ʧʦʩʣʽʜʦʚʥʦ ʧʨʠʻʜʥʫʶʪʴʩʷ ʘʤʦʨʪʠʟʘ-

ʮʽʡʥʽ ʜʞʛʫʪʠ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʙʘʪʫʪʦʤ ʢʨʘʡʥʴʦʛʦ ʥʠʞʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʢʣʠʥʦʚʠʡ ʟʘ-

ʪʠʩʢʘʯ ʩʧʨʘʮʴʦʚʫʻ,  ̔ʪʠʤ ʩʘʤʠʤ ʟʘʧʦʙʽʛʘʻ ʥʝʧʨʠʧʫʩʪʠʤʦʤʫ ʚʽʜʢʠʜʘʥʥʶ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʚ ʢʽʥʮʽ ʛʘʣʴʤʫʚʘʥʥʷ.  

 

2.5 ɺʽʜʪʚʦʨʝʥʥʷ ʫʤʦʚ ʥʝʚʘʛʦʤʦʩʪʽ ʧʨʠ ʚʽʣʴʥʦʤʫ ʧʘʜʽʥʥʽ ʦʙô̒ʢʪʘ 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʚʽʣʴʥʝ ʧʘʜʽʥʥʷ ʦʙô̒ ʢʪʘ ʚ ʘʪʤʦʩʬʝʨʽ, ʥʝʚʘʞʢʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʥʘ ʥʴʦʛʦ 

ʜʽʻ ʟʘʛʘʣʦʤ ʩʠʣʘ ʚʘʛʠ G=mg ʡ ʩʠʣʘ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫὔ ὅϽὛϽ
Ͻ
, ʘ ʜʠʬʝʨʝ-

ʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʘʻ ʚʠʛʣʷʜ 

ά άϽὫ ὅϽὛϽ
Ͻ
,     (2.14) 

ʜʝ m ï ʤʘʩʘ ʦʙô̒ʢʪʘ; V ï h ʚʠʜʢʽʩʪʴ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʦʙô̒ ʢʪʘ; Cx ï ʢʦʝʬʽʮʽʻʥʪ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ; t ï ʯʘʩ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ; S ï ʧʣʦʱʠʥʘ ʤʜ̔ʝʣɹʦʚʦʛʦ ʧʝʨʝʪʠʥʫ 

ʦʙô̒ ʢʪʫ; ɟ ï ʛʫʩʪʠʥʘ ʧʦʚʽʪʨʷ; g ï ʧʨʠʩʢʦʨʝʥʥʷ ʩʠʣʠ ʪʷʞʽʥʥʷ. 

ɿ ʨʽʚʥʷʥʥʷ (2.14) ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ a, hʚʠʜʢʦʩʪʽ V ʪʘ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ h ʜʦʩʣʽ-

ʜʥʦʛʦ ʦʙô̒ ʢʪʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ: 
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ὥ Ὣ ὯϽὠ, 

ὠ ϽὸὬ ὯϽὫϽὸ, 

Ὤ ϽὰὲὧὬ ὯϽὫϽὸ, 

ʜʝ Ὧ
ϽϽ

Ͻ
; th ï ʪʘʥʛʝʥʩ ʛʽʧʝʨʙʦʣʽʯʥʠʡ; lnch ï ʥʘʪʫʨʘʣʴʥʠʡ ʣʦʛʘʨʠʬʤ ʛʽʧʝʨʙʦ-

ʣʽʯʥʦʛʦ ʢʦʩʠʥʫʩʘ [68]. 

ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʮʽʥʢʠ ʩʪʝʧʝʥʶ ʥʝʚʘʛʦʤʦʩʪʽ ʻ ʥʘʜʣʠʰʢʦʚʝ ʧʝʨʝʚʘʥʪʘ-

ʞʝʥʥʷ, ʱʦ ʜʽ̒ ʥʘ ʦʙô̒ ʢʪ ʫ ʧʨʦʮʝʩʽ ʧʘʜʽʥʥʷ. ʎʝ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʧʨʦʧʦʨʮʽʡʥʝ ʩʠʣʽ ʘʝ-

ʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ 

ὲ
ϽϽϽ

ϽϽ
 .    (2.15) 

ɿ ʚʠʨʘʟʫ (2.15) ʚʠʜʥʦ, ʱʦ ʥʘʜʣʠʰʢʦʚʝ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʝ 

ʢʚʘʜʨʘʪʫ ʰʚʠʜʢʦʩʪʽ ʧʘʜʽʥʥʷ, ʛʫʩʪʠʥʽ ʧʦʚʽʪʨʷ, ʢʦʝʬʽʮʽʻʥʪʫ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʘ 

ʧʣʦʱʽ ʤʠʜʝʣʴʦʚʦʛʦ ʧʝʨʝʪʠʥʫ ʡ ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʝ ʤʘʩʽ ʦʙô̒ ʢʪʘ. 

ʆʜʥʠʤ ʟʽ ʰʣʷʭʽʚ ʟʥʠʞʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʻ ʟʤʝʥʰʝʥʥʷ ʛʫʩ-

ʪʠʥʠ ʧʦʚʽʪʨʷ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʨʦʟʨʽʜʞʝʥʥʷ ʫʩʝʨʝʜʠʥʽ ʩʧʝʮʽʘʣʴʥʦʾ ʰʘʭʪʠ, ʜʝ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ  ʧʘʜʽʥʥʷ ʦʙô̒ ʢʪʫ, ʦʜʥʘʢ ʜʘʥʠʡ ʩʧʦʩʽʙ ʜʫʞʝ ʩʢʣʘʜʥʠʡ ʽ ʜʦʨʦʛʠʡ.  

ɿʤʝʥʰʝʥʥʶ ʟʘʣʠʰʢʦʚʦʛʦ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ Cx, 

ʪʦʙʪʦ ʚʠʙʽʨ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʦʙʪʽʯʥʦʾ ʬʦʨʤʠ ʚʽʣʴʥʦ ʧʘʜʘʶʯʦʛʦ ʦʙô̒ ʢʪʘ, ʪʦʤʫ ʧʨʠ ʚʽʜʪ-

ʚʦʨʝʥʥʽ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʧʦʪʨʽʙʥʦ ʫʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʜʦʩʣʽʜʥʠʡ ʦʙô̒ ʢʪ ʮʽʻʾ ʩʠʣʠ. 

ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘ ʧʘʜʘʶʯʠʡ ʦʙô̒ ʢʪ ʜʦʜʘʪʢʦʚʦ ʜʽʻ ʧʦʟʜʦʚʞʥʻ ʧʨʠʩʢʦʨʝʥʥʷ, ʥʘ-

ʧʨʘʚʣʝʥʝ ʫ ʥʘʧʨʷʤʢʫ ʧʘʜʽʥʥ,̫ ʪʦʙʪʦ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ ʧʘʜʽʥʥʷ ʦʙô̒ ʢʪʘ, ʬʦʨʤʫʣʘ (2.14) 

ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

ά άϽὫ ὅϽὛϽ
Ͻ
,    (2.14') 

ʜʝ F ï ʪʷʛʘ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, m ï ʤʘʩʘ ʧʘʜʘʶʯʦʛʦ ʦʙô̒ ʢʪʫ. 

 ɺʽʜʧʦʚʽʜʥʦ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʨʽʚʥʷʥʥʷ (2.14') ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ 

ʧʨʠʩʢʦʨʝʥʥʷ a, hʚʠʜʢʦʩʪʽ V ʪʘ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ h ʜʦʩʣʽʜʥʦʛʦ ʦʙô̒ ʢʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʱʦ ʪʷʛʘ F ʟʘ ʯʘʩ ʧʘʜʽʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʘʣʦʶ: 

ὥ Ὣ ὯϽὠ , 
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ὠ ϽὸὬ ὯϽὫ Ͻὸ, 

Ὤ ϽὰὲὧὬ ὯϽὫ Ͻὸ. 

 

ʆʩʢʽʣʴʢʠ ʙʘʣʦʥ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʘʧʨʘʚʣʝʥʠʡ ʛʘʟʦʤ ʟ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ, 

ʪʦ ʟʘ ʨʦʙʦʯʠʡ ʯʘʩ (ʙʽʣʷ 2,3 ʩʝʢ.) ʪʷʛʘ Ὂ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʥʝ ʚʩʪʠʛʘʣʘ ʟʤʝʥʰʠ-

ʪʠʩʴ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ (10 ï 15) %. ʊʦʤʫ ʜʣʷ ʦʙʯʠʩʣʝʥʴ, ʙʝʟ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ, ʤʦʞʥʘ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʪʘʥʥʽ ʬʦʨʤʫʣʠ. 

ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʘ ʧʨʠʩʢʦ-

ʨʝʥʥʷ. 

 

2.6 ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʥʘʩʪʫʧʥʦʤʫ ʧʦʨʷʜʢʫ: 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘʧʨʘʚʢʘ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ ʨʦʙʦ-

ʯʦʶ ʨʽʜʠʥʦʶ ʚʽʜ ʩʪʝʥʜʦʚʦʛʦ ʜʞʝʨʝʣʘ. ʇʽʩʣʷ ʟʘʧʨʘʚʢʠ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦ ʚʠ-

ʟʥʘʯʘʚʩʷ ʨʽʚʝʥʴ ʤʦʜʝʣʴʥʦʾ ʨʽʜʠʥʠ ʚʽʜʥʦʩʥʦ ʥʠʞʥʴʦʛʦ ʧʦʣʶʩʘ. 

ɿʘʧʨʘʚʣʝʥʘ ʨʦʙʦʯʦʶ ʨʽʜʠʥʦʶ ʤʦʜʝʣʴʥʘ ʻʤʢʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʚ ʢʽʥʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ.  

ɺʠʢʦʥʫʚʘʣʦʩʴ ʩʢʠʜʘʥʥʷ ʟ ʤʘʣʦʾ ʚʠʩʦʪʠ (å 0,1 ʤ) ʟ ʤʝʪʦʶ ʧʝʨʝʚ̔ ʨʢʠ ʧʨʘʮʝʟʜʘʪ-

ʥʦʩʪʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʝʣʝʤʝʥʪʚ̔ ʘʚʪʦʤʘʪʠʢʠ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟ ʤʦʜʝʣʴʥʦ ʁ̒ ʤʢʽʩʪʶ ʧʽʜʚʽʰʫʚʘʣʘʩʷ ʚ ʟʘʤʢʫ ʩʪʝʥʜʘ ʥʘ ʚʠ-

ʩʦʪ̔ å 32 ʤ ʚʽʜʥʦʩʥʦ ʙʘʪʫʪʘ ʛʘʣʴʤʽʚʥʦʛʦ ʧʨʠʩʪʨʦʶ ʡ ʚʠʪʨʠʤʫʚʘʣʘʩʴ ʜʦ ʧʦʚʥʦʛʦ ʟʘʩʧʦ-

ʢʦʻʥʥʷ ʨʽʜʠʥʠ. 

ʇʽʩʣʷ ʟʘʩʧʦʢʦʻʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡ ʧ̔ʜʛʦʪʦʚʢʠ ʟʘʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʡ ʚʠʤʽ-

ʨʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʾʾ ʩʢʠʜʘʥʥʷ. 

ʌʘʢʪ ʚʽʜʜʽʣʝʥʥʷ ʨʝ̒ʩʪʨʫʚʘʚʩʷ ʙʦʨʪʦʚʦ ʁʯʘʩʪʠʥʦ ʁʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʝʨʫ-

ʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ï ʜʘʪʯʠʢʦʤ ʚʽʜʨʠʚʫ ʧʦ ʨʦʟ̔ʤʢʥʝʥʥʶ ʢʦʥʪʘʢʪʚ̔ ʜʘʪʯʠʢʘ. 

ʈʝʞʠʤʠ ʧʨʦʚʝʜʝʥʥ̫  ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.3. 
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ʊʘʙʣʠʮʷ 2.3  

ʈʝʞʠʤʠ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʈʝʞʠʤ 1 2 

aʤ, ʤ/ʩ
2 3,1 

Vʤ, ʜʤ
3 0,026 0,35 

dʞ, ʤʤ 5,0 

Pʙ, ʢʛʩ/ʩʤ
2 124 

 

ɺ ʪʘʙʣʠʮʽ 2.3 ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ: aʤ ï ʧʦʯʘʪʢʦʚʝ ʤʦʜʝʣʴʥʝ 

ʧʦʟʜʦʚʞʥʻ ʧʨʠʩʢʦʨʝʥʥʷ; Vʤ ï ʦʙô̒ ʤ ʟʘʧʨʘʚʢʠ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ; dʞ ï ʜʽʘʤʝʪʨ ʧʨʦʭʽʜ-

ʥʦʛʦ ʧʝʨʝʪʠʥʫ ʞʠʢʣʝʨʘ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ; ʈʙ ï ʪʠʩʢ ʫ ʙʘʣʦʥʽ ʛʘʟʦʨʝʘʢʪʠʚʥʦʾ ʩʠ-

ʩʪʝʤʠ. 

ɺʩɹʦʛʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 6 ʚʠʧʨʦʙʫʚʘʥʴ. ʅʘ ʨʠʩ. 2.7 ï 2.10 ʥʘʚʝʜʝʥʦ ʬʦʪʦʛʨʘʬʽʾ 

ʪʠʧʦʚʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

 

ʈʠʩ. 2.7. ʂʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʧʽʜʚʽʩʽ (ʚʠʛʣʷʜ ʟʙʦʢʫ) 
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ʈʠʩ. 2.8. ʂʽʥʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʥʘ ʧʽʜʚʽʩʽ (ʚʠʛʣʷʜ ʟʚʝʨʭʫ) 

 

ʈʠʩ. 2.9. ʇʘʜʽʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔
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ʈʠʩ. 2.10. ʇʨʠʟʝʤʣʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

 

2.7 ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2.3. 

ʊʘʙʣʠʮ ̫2.3  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ˉ 

ʚʠʧ. 

ʈʝʞʠʤ  

ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʆʙôʤ̒ ʟʘ-

ʧʨʘʚʢʠ  

Vʟ, ʜʤ
3 

ʊʝʦʨʝʪʠʯʥʝ ʤʦʜʝ-

ʣʴʥʝ ʧʦʟʜʦʚʞʥʻ ʧʨʠ-

ʩʢʦʨʝʥʥʷ, ʷʢʝ ʚʽʜʪʚʦ-

ʨʶʚʘʣʦʩʴ ʘʪ.ʧ., ʤ/ʩ
2 

ʆʪʨʠʤʘʥʝ ʤʦʜʝʣʴʥʝ 

ʧʦʟʜʦʚʞʥʻ ʧʨʠʩʢʦ-

ʨʝʥʥʷ ʘʤ.ʧ., ʤ/ʩ
2 

1 

1 0,026 

3,1 

3,08 

2 3,06 

3 2,97 

4 

2 0,35 

3,00 

5 2,87 

6 3,02 
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ʅʘ ʨʠʩ. 2.11 ï 2.16 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʷʢʽ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ.  

 

ʈʠʩ. 2.11. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ, ʚʠʧ. ̄ 1, ʨʝʞʠʤ 1 

 

 

ʈʠʩ. 2.12. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ, ʚʠʧ. ˉ 2, ʨʝʞʠʤ 1 
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ʈʠʩ. 2.13. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ, ʚʠʧ. ˉ 3, ʨʝʞʠʤ 1 

 

 

ʈʠʩ. 2.14. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ, ʚʠʧ. ˉ 4, ʨʝʞʠʤ 2 
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ʈʠʩ. 2.15. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ, ʚʠʧ. ˉ 5, ʨʝʞʠʤ 2 

 

 

ʈʠʩ. 2.16. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ, ʚʠʧ. ˉ 6, ʨʝʞʠʤ 2 
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ʈʠʩ. 2.17. ʆʙôʻʤ ʟʘʧʨʘʚʢʠ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ, ʨʝʞʠʤ 1 (Vʟ = 0,026 ʜʤ
3) 

 

ʈʠʩ. 2.18. ʆʙôʻʤ ʟʘʧʨʘʚʢʠ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ, ʨʝʞʠʤ 1 (Vʟ = 0,35 ʜʤ
3) 

ɻʨʘʥʠʮ ̫ʨʦʟʜ̔ʣʘ 

ʛʘʟ-ʨʽʜʠʥʘ 

ʄʪ̔ʢʠ ʥʘ ʩʪʥ̔ʢʘʭ 

ɻʨʘʥʠʮ ̫ʨʦʟʜ̔ʣʘ 

ʛʘʟ-ʨʽʜʠʥʘ 

 

ʄʪ̔ʢʠ ʥʘ ʩʪʥ̔ʢʘʭ 
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2.8 ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʆʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨʠ ʩʪʝʥʜʘ, ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʤʦʜʝʣʽ ʙʘʢʘ ʥʝ ʜʦʟʚʦʣʠʣʠ 

ʚʽʜʪʚʦʨʠʪʠ ʧʦʚʥʠʡ ʯʘʩ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʨʽʜʠʥʠ, ʘ ʣʠʰʝ ʪʽʣʴʢʠ ʧʝʨʰʫ ʬʘʟʫ, ʪʦʙʪʦ ʧʝʨʝ-

ʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʾ ʢʨʦʤʢʠ ʨʽʜʠʥʠ, ʪʦ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ, ʩʪʚʦʨʠʪʠ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʠʡ ʤʝʪʦʜ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʯʘʩʫ, ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʥʘ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ. ɯʜʝʷ ʮʴʦʛʦ ʤʝʪʦʜʫ 

ʧʦʣʷʛʘʻ ʚ ʦʙôʻʜʥʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʟ ʤʝʪʦʜʦʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ANSYS Fluent, ʪʦʙʪʦ ʟʘʛʘʣʴʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʨʦʟʧʦʜʽʣʷ-

ʻʪʴʩʷ ʥʘ 3 ʝʪʘʧʠ: 

1) ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʨʫʭʫ ʧʨʠ ʧʝʨʝʪʽʢʘʥʥʽ ʧʝʨʝʜʥʴʦʾ ʢʨʦʤʢʠ ʨʽʜʠʥʠ; 

2) ʚʽʜʪʚʦʨʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ANSYS Fluent, ʪʦʙʪʦ ʧʦ-

ʚʪʦʨʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ï ʮʝ ʧʦʪ-

ʨʽʙʥʦ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ; 

3) ʧʽʩʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʯʠʩʝʣʴʥʦʾ ʤʦʜʝʣʽ ï ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʦʙʪʦ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦʪ-

ʨʽʙʥʦʛʦ ʥʘ ʮʝʡ ʧʨʦʮʝʩ ʯʘʩʫ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʩʘʜʞʝʥʥʷ ʢʦʤ-

ʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʟʘʣʝʞʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ 

ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ. 

ʅʘ ʨʠʩ. 2.19 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʦʩʝʨʝʜʥʝʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʦʜʝʣʴ-

ʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ (ʧʦʢʘʟʘʥʥʷ ʜʘʪʯʠʢʘ ʧʨʠʩʢʦʨʝʥʥʷ) ʚʽʜ ʯʘʩʫ, ʦʪʨʠʤʘʥʦ ʾʥʘ ʚʠʧʨʦʙʫ-

ʚʘʥʥʷʭ (ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ ʟʘʟʥʘʯʝʥʦ ʦʩʝʨʝʜʥʝʥ ̔ʛʨʘʬʢ̔ʠ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫, 

ʦʩʝʨʝʜʥʝʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ 6-ʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ). 



56 

 

 

ʈʠʩ 2.19. ʆʩʝʨʝʜʥʝʥʘ ʟʘʣʝʞʥ̔ʩʪɹ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫  ʚʽʜ 

ʯʘʩʫ 

 

ʆʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ ʤʦʞʥʘ 

ʨʦʟʜ̔ʣʠʪʠ ʥʘ ʪʨʠ ʭʘʨʘʢʪʝʨʥʽ ʜʽʣʷʥʢʠ: 

ï ʜʽʣʷʥʢʘ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥ̫  ʧ̔ʩʣ̫ ʩʧʨʘʮʶʚʘʥʥʷ ʟʘʤʢʘ ʧʜ̔ʚ̔ʩʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦ-

ʜʝʣʽ (ʘʤ å 0); 

ï ʜʽʣʷʥʢʘ ʚʽʜʢʨʠʪʪʷ ʝʣʝʢʪʨʦ-ʧʥʝʚʤʦʢʣʘʧʘʥʽʚ ̔  ʥʘʙ̔ʨ ʪʷʛʠ ʛʘʟʦʨʝʘʢʪʠʚʥʦʶ ʩʠʩʪʝ-

ʤʦ;ʁ 

ï ʜʽʣʷʥʢʘ ʟʥʠʞʝʥʥ̫  ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥ̫  ʪʷʛʠ ʛʘʟʦ-

ʨʝʘʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʨʦʩʪʘʥʥʷ ʘʝʨʦʜʠʥʘʤʯ̔ʥʦʛʦ ʦʧʦʨʫ. 

ɻʨʘʬ̔ʢʠ ʟʤʽʥʠ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫  ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʧʦʣɹʦʪʫ ʢʽʥʝʤʘ-

ʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʧʨʦʢʩʠʤʦʚʘʥʽ ʥʘʩʪʫʧʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ: 

ï ʜʽʣʷʥʢʘ 1, tʤ = 0é0,38 ʩ: 

ʘʤ1 = 0, [ʤ/ʩ
2];             (2.16) 

ï ʜʽʣʷʥʢʘ 2, tʤ = 0,38é0,51 ʩ: 

́̍ ςςȟτπωϽὸ̍ ψȟυρστ, [ʤ/ʩ2];         (2.17) 

ï ʜʽʣʷʥʢʘ 3, tʤ = 0,51é2,3 ʩ: 



57 

 

́̍ πȟσπωϽὸ̍ ρȟπςςρϽὸ̍ σȟυρτψ, [ʤ/ʩ2].        (2.18) 

ɼʣʷ ʯʠʩʝʣɹʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥ̫  ʢʦʤʧʦʥʝʥʪʠ ʧʘʣʠʚʘ ʚ ʧʦʚʥʦ-

ʨʦʟʤʽʨʥʠʭ ʙʘʢʘʭ ʟʘʣʝʞʥʦʩʪʽ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ ʙʫʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʘ 

ʥʘʪʫʨʥʽ ʫʤʦʚʠ, ʟʛʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʧʦʜ̔ʙʥʦʩʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨ̔ʚʥ̫ʥʴ (2.12) ʪʘ (2.13). ʊʘʢ, 

ʥʘʪʫʨʥʝ ʧʦʟʜʦʚʞʥ ̒ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟʘʣʝʞʥʦʩʪʽ: 

ὥ̎ ὥ̍ Ͻὕ,     (2.19) 

ʜʝ ʂʘ ï ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʜʦʨʽʚʥʶʻ 

ὕ ̍

̎
Ͻ̎
̍
Ͻ ̍

̎
, 

ʘ ʥʘʪʫʨʥʠʡ ʯʘʩ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥ̫  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ ʟʘʣʝʞʥʦʩʪʽ: 

ὸ̎ ὸ̍Ͻὑ,      (2.20) 

ʜʝ ʂt ï ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʯʘʩʫ, ʱʦ ʜʦʨʽʚʥʶʻ 

ὑ ̎

̍
Ͻ ̍

̎
Ͻ ̎

̍
. 

ʇ̔ʜʩʪʘʚʠʚhʠ ʟʘʣʝʞʥʦʩʪʽ (2.19) ʪʘ (2.20) ʜʦ ʨ̔ʚʥ̫ʥɹ (2.16) ï (2.18), ʦʪʨʠʤʘʻʤʦ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʦʟʜʦʚʞʥʴʦʛʦ ʥʘʪʫʨʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʥʘʪʫʨʥʦʛʦ ʯʘʩʫ ʜʣʷ ʥʘʪʫʨ-

ʥʦʛʦ ʙʘʢʘ, ʘ ʩʘʤʝ: 

ï ʜʽʣʷʥʢʘ 1, tʥ = 0é18,1 ʩ: 

ʘʥ1 = 0, [ʤ/ʩ
2],              (2.21) 

ï ʜʽʣʷʥʢʘ 2, tʥ = 18,1é24,3 ʩ: 

́̎ ςȟτψϽρπϽὸ̎ πȟπτυ, [ʤ/ʩ2],           (2.22) 

ï ʜʽʣʷʥʢʘ 3, tʥ = 24,3é109,5 ʩ: 

́̎ χȟςϽρπ Ͻὸ̎ ρȟρσϽρπϽὸ̎ πȟπρψφ, [ʤ/ʩ2].       (2.23) 

ʅʘ ʨʠʩ. 2.19 ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫  ʚʽʜ ʯʘʩʫ, 

ʧʝʨʝʨʘʭʦʚʘʥʽ ʟ ʤʦʜʝʣ ̔ʥʘ ʥʘʪʫʨʫ. 
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ʈʠʩ. 2.20. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫  ʚʽʜ ʯʘʩʫ, ʧʝʨʝʨʘʭʦʚʘʥʘ  

ʟ ʤʦʜʝʣʴʥʠʭ ʫʤʦʚ ʥʘ ʥʘʪʫʨʥ ̔

 

ɿʛʽʜʥʦ ʜʦ ʨʠʩ. 2.20 ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʘʢʝʪʫ ANSYS Fluent ʧʦʪʨʽʙʥʦ ʚʽʜʪʚʦʨʠʪʠ ʪʨʠ ʜʽʣʷʥʢʠ ʟ ʨʽʟʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʧʦʟ-

ʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ. ʆʩʦʙʣʠʚ̔ʩʪɹ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ANSYS Fluent, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʝʣɹʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʦɦ ʟʘʜʘʪʠ ʚ 

ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʟʤʽʥʥʝ ʧʨʠʩʢʦʨʝʥʥ ̫ʥʝʤʦʞʣʠʚʦ. ɼʣʷ ʟʘʜʘʥʥ̫  

ʚ ʯʠʩʝʣɹʥ̔ ʡ ʤʦʜʝʣ ̔ʟʤʽʥʥʠʭ ʧʦ ʯʘʩʫ ʧʘʨʘʤʝʪʨʚ̔ ʥʝʦʙʭʜ̔ʥʦ ʩʢʦʨʠʩʪʘʪʠʩʴ ʜʦʧʦʤʦʛʦʶ 

ʪʘʢ ʟʚʘʥʦʛʦ User Defined Function (UDF), ɦʦ ʧʨʝʜʩʪʘʚʣʷ ̒ʩʦʙʦ ʁʽʥʪʝʛʨʦʚʘʥʫ ʚ ʦʩʝʨʝ-

ʜʦʢ ANSYS ʧʨʦʛʨʘʤʫ, ʥʘʧʠʩʘʥʫ ʥʘ ʤʦʚʽ ʉ#  ̔ʚʠʢʦʥʫʶʯʫ ʧʦʪʨʽʙʥʽ ʜ̔ ʾ. 

ɼʣʷ ʟʘʜʘʥʥ ̫ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʦʥʠ ʚ ANSYS Fluent ʚʠʢʦʨʠʩʪʦ-

ʚʫʻʪʴʩʷ ʚʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ DEFINE_ZONE_MOTION, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ̫ʢʦʩʪʽ ʦʩ-

ʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ. 

ʊʦʤʫ ʜʣʷ ʦʧʠʩʫ ʨʫʭʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘʣʝʞʥʦʩʪʽ h ʚʠʜʢʦʩʪʽ 

ʚʽʜ ʯʘʩʫ, ʜʣʷ ʯʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.16) ï (2.18) ʪʘ (2.21) ï (2.23) ʙʫʣʠ ʧʨʦʽʥʪʝʛʨʦʚʘʥʽ. 
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ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʙʘʢʘ ʚʽʜ 

ʯʘʩʫ. 

ɼʣʷ ʤʘʩʰʪʘʙʥʦʾ ʤʦʜʝʣʽ: 

ï ʜʽʣʷʥʢʘ 1, tʤ = 0é0,38 ʩ: 

ὺʤ1 = 0, [ʤ/ʩ];              (2.24) 

ï ʜʽʣʷʥʢʘ 2, tʤ = 0,38é0,51 ʩ: 

ὺ̍ ρρȟςπτϽὸ̍ ψȟυρυτϽὸ̍ ρȟφρχω, [ʤ/ʩ];         (2.25) 

ï ʜʽʣʷʥʢʘ 3, tʤ = 0,51é2,3 ʩ: 

ὺ̍ πȟρπσϽὸ̍ πȟυρρρϽὸ̎ σȟυρτσϽὸ̍ ρȟτυφτ, [ʤ/ʩ];      (2.26) 

ɼʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ: 

ï ʜʽʣʷʥʢʘ 1, tʥ = 0é18,1 ʩ: 

ὺʥ1 = 0, [ʤ/ʩ];              (2.27) 

ï ʜʽʣʷʥʢʘ 2, tʥ = 18,1é24,3 ʩ: 

ὺ̎ ρȟςτϽρπ Ͻὸ̎ πȟπτυϽὸ̎ πȟτπχ, [ʤ/ʩ];        (2.28) 

ï ʜʽʣʷʥʢʘ 3, tʥ = 24,3é109,5 ʩ: 

ὺ̎ ςȟτϽρπ Ͻὸ̎ υȟφχϽρπϽὸ̎ πȟπρψφϽὸ̎ πȟσφφ, [ʤ/ʩ];     (2.29) 

ʅʘ ʨʠʩ. 2.21 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʠ User Defined Function, 

ʥʘʧʠʩʘʥʦ ʾʜʣʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.28). 

 

#include ñudf.hò 

DEFINE_ZONE_MOTION(t1,omega,axis,origin,velocity,time,dtime) 

{  

N3V_D (velocity,=, 0.0, 1.24eï03*time*timeï4.5eï02*time+4.07eï01, 0.0 ); 

return; 
 

ʈʠʩ. 2.21. User Defined Function ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.28) 

 

ʅʘ ʨʠʩ. 2.22 ʪʘ 2.23 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥ̔ʩʪɹ ʧʦʟʜʦʚʞʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʯʘʩʫ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʦʩʘʜʞʝʥʥ̫  ʚ ʤʦʜʝʣʴʥʡ̔ ̒ʤʢʦʩʪ̔ ʪʘ ʚ ʥʘʪʫʨʥʦʤʫ ʙʘʢʽ, ʚʽʜʧʦʚʽʜʥʦ. 



60 

 

 

ʈʠʩ. 2.22. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʯʘʩʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʘʜʞʝʥʥʷ ʚ 

ʤʦʜʝʣʴʥʽʡ ʻʤʢʦʩʪʽ 

 

ʈʠʩ 2.23. ɿʘʣʝʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʜ ʯʘʩʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʘʜʞʝʥʥʷ ʚ 

ʥʘʪʫʨʥʦʤʫ ʙʘʢʽ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʧʦʯʘʪʢʫʚʘʥʥʷ ʜʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʧʨʠʡʥʷʪʦ ʥʘʩʪʫʧʥʽ 

ʧʦʯʘʪʢʦʚʽ ʜʘʥ̔: 

ʏʠʩʝʣɹʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʘʜʞʝʥʥ̫  ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʤʦʜʝʣʴʥʽʡ ʻʤʢʦʩʪ:̔ 

ï ʛʘʟ ï ʧʦʚʽʪʨʷ; 

ï ʨʽʜʠʥʘ ï ʈɹʈ (ʨʘʬʽʥʘʪ ʙʝʥʟʦʣʴʥʦʛʦ ʨʝʬʦʨʤʽʥʛʘ); 

ï ʜʚʘ ʨʽʚʥʷ ʟʘʧʨʘʚʢʠ ʨʽʜʠʥʠ: V1 = 0,026 ʜʤ
3 (ʅ1 = 6 ʤʤ), V2 = 0,35 ʜʤ3 (ʅ2 = 

40 ʤʤ); 

ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽɦ ʝʥʥ̫  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.24) ï (2.26); 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʦʩʘʜʞʝʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʥʘʪʫʨʥʦʤʫ ʙʘʢʽ: 

ï ʛʘʟ ï ʛʝʣ̔ʡ; 

ï ʨʽʜʠʥʘ ï ʪʝʪʨʘʦʢʩʠʜ ʜʽʘʟʦʪʫ; 

ï ʜʚʘ ʨʽʚʥʷ ʟʘʧʨʘʚʢʠ ʨʽʜʠʥʠ: V1 = 45 ʜʤ
3 (ʅ1 = 72 ʤʤ), V2 = 612 ʜʤ3 (ʅ2 = 480 ʤʤ); 

ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2.27) ï (2.29). 

 

2.10 ʇʦʢʘʟʥʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ, ʪʦʯʥʽʩʪʴ ʽʭ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʦʭʠʙʢʠ 

ʇʝʨʝʣʽʢ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ, ʪʘ ʚʠʤʦʛʠ ʜʦ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʾʭ ʚʠ-

ʤʽʨʶʚʘʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2.4 

ʊʘʙʣʠʮʷ 2.4 

ʇʝʨʝʣʽʢ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʤʽʨʶʶʪʴʩʷ, ʪʘ ʚʠʤʦʛʠ ʜʦ ʜʦʧʫʩʪʠʤʦʾ  

ʧʦʭʠʙʢʠ ʾʭ ʚʠʤʽʨʶʚʘʥʴ 

ʅʘʟʚʘ ʧʘʨʘʤʝʪʨʫ, ʱʦ  

ʚʠʤʽʨʶʻʪʴʩʷ 

ʆʜʠʥʠʮʽ  

ʚʠʤʽʨʶ-

ʚʘʥʥʷ 

ɼʽʘʧʘʟʦʥ  

ʚʠʤʽʨʶʚʘʥʴ 
ʊʠʧ ʜʘʪʯʠʢʘ 

ʇʦʭʠʙʢʘ 

ʜʘʪʯʠʢʘ 

ʇʦʟʜʦʚʞʥʻ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʠ 

ʧʘʜʽʥʥʽ ʢʽʥʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 
ʤ/ʩ2 Ñ30 ɺʪ51 Ñ2% 

ʈʽʚʝʥʴ ʨʽʜʠʥʠ ʚ ʤʦʜʝʣʽ ʙʘʢʘ ʤʤ 0 ï 360 
ʄʽʪʢʠ ʥʘ ʩʪʽʥ-

ʢʘʭ ʻʤʢʦʩʪʽ 
Ñ1 

ʈʫʭ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʬʘʟ 

çʛʘʟ-ʨʽʜʠʥʘè ʚ ʙʘʢʽ 
ʤʤ 0 ï 360 

ʄʽʪʢʠ ʥʘ ʩʪʽʥ-

ʢʘʭ ʻʤʢʦʩʪʽ 
Ñ1 

ʏʘʩ ʩ 0 ï 20 ʚʽʜʝʦʢʘʤʝʨʘ Ñ0,0083 
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ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʜʦʨʽʚʥʶʻ ʧʦʭʠʙʮ̔  ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʝʦʢʘʤʝʨʠ, ʪʦʤʫ 

ʱʦ ʯʘʩ ʚʠʤʽʨʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ: 

ȹt = Ñ0.0083 ʩ. 

ʆʩʢʽʣʴʢʠ, ʧʨʦʮʝʩ ʦʩʘʜʞʝʥʥʷ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʦʨʽʚʥʶʚʘʚ ʧʨʠʙʣʠʟʥʦ 1 ʩ, ʘ 

ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʯʘʩʫ ʚʽʜʝʦʢʘʤʝʨʦʡ ʜʦʩʠʪʴ ʤʘʣʘ, ʪʦ ʥʝʶ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʰʣʷʭʫ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʜʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʭʠʙʢʘ ʥʝ-

ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ: 

S = hʨʽʜ ï hʟʘʧ 

ЎὛ̍
‬Ὓ

‬È̑ ̨̅
ЎÈ̑ ̨̅

‬Ὓ

‬È̈ ́̐
ЎÈ̈ ́̐ Ѝς ̍̍ ρͯȟτ ̍  ̍

ʜʝ ȹhʨʽʜ = ȹhʟʘʧ = Ñ1 ʤʤ; ȹhʨʽʜ ï ʨʽʚʝʥʴ ʚ ʤʦʤʝʥʪ ʚʠʤʽʨʶʚʘʥʥʷ; ȹ hʟʘʧ ï ʨʽʚʝʥʴ 

ʟʘʧʨʘʚʢʠ. 

 

2.10 ɺʠʩʥʦʚʢʠ ʟʘ ʨʦʟʜʽʣʦʤ 

 

ʈʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʧʨʦʚʝʜʝʥʥʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʟʥʘ-

ʯʝʥʥʶ ʯʘʩʫ, ʱʦ ʧʦʪʨʽʙʥʠʡ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʤʘʩʰʪʘʙ-

ʥʠʭ ʤʦʜʝʣʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʥʜʘ ʥʝʚʘʛʦʤʦʩʪʽ. ɺ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʙʫʣʦ ʚʠʙʨʘʥʦ ʤʘʩʰʪʘʙ ʦʙôʻʢʪʫ ʚʠ-

ʧʨʦʙʫʚʘʥʥʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʤʦʜʝʣʴʥʠʤʠ ʪʘ ʥʘʪʫʨ-

ʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʧʠʩʘʥʦ ʩʪʝʥʜ ʥʝʚʘʛʦʤʦʩʪʽ ʡ ʢʽʥʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʪʚʦʨʶ-

ʚʘʣʘ ʜʽʶ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘ ʤʦʜʝʣʴ ʙʘʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʦʪʨʠʤʘʥʦ 

ʤʦʜʝʣʴʥʠʡ ʯʘʩ, ʧʦʪʨʽʙʥʠʡ ʥʘ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʧʘʣʠʚʘ ʜʣʷ ʤʦʜʝʣʽ, ʪʘ ʤʦʜʝʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʨʽʜʠʥʠ ʡ ʧʝʨʝʨʘʭʦʚʘʥʦ ʾʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʨʠʪʝʨʽʾʚ ʧʦʜʽʙʥʦʩʪʽ ʥʘ ʥʘʪʫ-

ʨʥʽ ʫʤʦʚʠ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʧʦʯʘʪʢʦʚʽ ʜʘʥʽ, 

ʧʦʪʨʽʙʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʡ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 
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ʈʆɿɼɯʃ 3 

 

ʇʆɹʋɼʆɺɸ ʏʀʉɽʃʔʅʆɰ ʄʆɼɽʃɯ ʊɸ ɰɰ ɺɽʈʀʌɯʂɸʎɯʗ  

ʈɽɿʋʃʔʊɸʊɸʄʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɺʀʇʈʆɹʋɺɸʅʔ 

 

3.1 ʄʝʪʦʜʠʢʘ ʯʠʩʝʣʥɹʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʨʽʜʠʥʠ ʚ ʙʘʢʘʭ 

 

ʗʢʱʦ ʨʫʭ ʽʟʦʪʨʦʧʥʦʾ ʦʜʥʦʬʘʟʥʦʾ ʨʽʜʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʩʪʘʣʽʡ ʪʝʤʧʝ-

ʨʘʪʫʨʽ, ʪʦ ʚʽʥ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʢʦʤʧʦʥʝʥʪʽʚ hʚʠʜʢʦʩʪʽ vx, vy, 

vz, ʪʠʩʢʦʤ ʈ ʪʘ ʛʫʩʪʠʥʦ  ʁʨʽʜʠʥʠ r, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʧô̫ ʪʠ ʨʽʚʥʷʥʴ. ʎʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʷʚʣʷʶʪʴʩʷ: ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ (ʨʽʚ-

ʥʷʥʥʷ ʥʝʨʦʟʨʠʚʥʦʩʪʽ), ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʧʨʷʤʢʫ ʡ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ, 

ʷʢʱʦ ʩʝʨʝʜʦʚʠʱʝ ʩʪʠʩʣʠʚʝ, [4, 25, 42, 43, 46, 70, 72]. 

ʗʢʱʦ ʧʦʟʥʘʯʠʪʠ ʯʝʨʝʟ ὺᴆ ʚʝʢʪʦʨ ʰʚʠʜʢʦʩʪʽ, ʪʦ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ 

ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

ὨὭὺ”ὺᴆ π,    (3.1) 

ʘʙʦ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʰʚʠʜʢʦʩʪʽ 

π.   (3.2) 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʨʫʭʫ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʟʤʽʥʦʶ ʛʫʩʪʠʥʠ ʤʦʞʣʠʚʦ ʟʥʝʭʪʫ-

ʚʘʪʠ (ɟ = const, π) ʡ ʩʧʨʦʩʪʠʪʠ ʨʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ: 

ὨὭὺ ὺᴆ π.      (3.3) 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʤʘʪʠʯʥʠʡ ʟʘʧʠʩ ʟʘʢʦʥʫ ʟʙʝʨʝ-

ʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙô̒ ʤʫ ʨʫʭʦʤʦʾ ʚô̫ ʟʢʦʾ ʨʽʜʠʥʠ. ʋ ʬʦʨʤʽ ʨʽ-

ʚʥʷʥʥʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚʦʥʦ ʤʘʻ ʚʠʛʣʷʜ 

”
ᴆ

ÇÒÁÄὴ ‘Ўὺᴆ ‘ÇÒÁÄÄÉÖὺᴆ Ὢᴆ,   (3.4) 

ʜʝ ȹ ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; ɛ ï ʜʠʥʘʤʽʯʥʘ ʚô̫ ʟʢʽʩʪʴ; Ὢᴆï ʦʙô̒ ʤʥʘ ʩʠʣʘ (ʥʘ-

ʧʨʠʢʣʘʜ, ʩʠʣʘ ʪʷʞʽʥʥʷ). 

ɼʣʷ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʝ ʫ ʚʠʛʣʷʜʽ 
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ᴆ
ὺᴆÇÒÁÄὺᴆ ÇÒÁÄὴ nЎὺᴆ

ᴆ
,    (3.5) 

ʜʝ ɜ ï ʢʽʥʝʤʘʪʠʯʥʘ ʚô̫ ʟʢʽʩʪʴ, ʉ . 

ɼʣʷ ʨʽʜʠʥ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ ʷʚʣʷʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʘ ʧʦ ʘʥʘʣʦʛʽʾ ʟ ʟʘʢʦ-

ʥʦʤ ɻʫʢʘ ʟʚô̫ ʟʫʻ ʟʤʽʥʫ ʦʙô̒ ʤʫ ʟʽ ʟʤʽʥʦʶ ʪʠʩʢʫ 

Ὠὴ ὑ ,      (3.6) 

ʜʝ K ï ʦʙô̒ ʤʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʨʽʜʠʥʠ; V ï ʨʦʟʛʣʷʥʫʪʠʡ ʦʙô̒ ʤ ʨʽʜʠʥʠ. 

ʊʘʢ ʷʢ ʧʨʠ ʮʴʦʤʫ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʩʪʠʩʢʘʥʥʷ ʧʝʚʥʦʾ ʤʘʩʠ ʨʽʜʠʥʠ m, ʪʦ 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

Ὠά Ὠ”ὠ ”ὨὠὠὨ”π,    (3.7) 

ʪʦʙʪʦ , ʡ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʜʣʷ ʨʽʜʠʥʠ ʤʘ ̒ʚʠʛʣʜ̫ 

Ὠὴ ὑ .      (3.8) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʧʨʦʮʝʩ ʨʫʭʫ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʪʽʢʘʻ ʚ ʫʤʦ-

ʚʘʭ, ʢʦʣʠ ʟʤʽʥʦʶ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʚʽʥ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʜʠ-

ʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ὨὭὺ”ὺᴆ π, 

”
ᴆ

ÇÒÁÄὴ ‘Ўὺᴆ ‘ÇÒÁÄÄÉÖὺᴆ Ὢᴆ,     (3.9) 

. 

ʈʽʚʥʷʥʥʷ (3.1), (3.4) ʪʘ (3.8) ʫʪʚʦʨʶʶʪʴ ʟʘʤʢʥʫʪʫ ʩʠʩʪʝʤʫ (3.9), ʢʦʪʨʘ ʧʨʠ 

ʧʝʚʥʠʭ ʢʨʘʡʦʚʠʭ ʫʤʦʚʘʭ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʠʭ ὺᴆ, ʈ ʠ r. 

ɺʠʱʝ ʥʘʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʦʧʠʩʫʻ ʰʠʨʦʢʠʡ ʢʣʘʩ ʬʽ-

ʟʠʯʥʠʭ ʷʚʠʱ ʽ ʤʘʻ ʷʢ ʟʘʚʛʦʜʥʦ ʚʝʣʠʢʝ ʯʠʩʣʦ ʯʘʩʪʠʥʥʠʭ ʨʦʟʚô̫ ʟʢʽʚ. ʈʦʟʚô̫ ʟʦʢ, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʜʘʥʽʡ ʢʦʥʢʨʝʪʥʽʡ ʟʘʜʘʯʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʘʡʦʚʠʭ 

ʫʤʦʚ. ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʚʢʣʶʯʘʶʪʴ ʜʦ ʩʝʙʝ ʛʨʘʥʠʯʥʽ ʡ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ. 

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʥʘ ʛʨʘʥʠʮʽ ʦʙʣʘʩʪʽ, ʚ ʷʢʽʡ 

ʧʨʦʪʽʢʘʻ ʨʦʟʛʣʷʥʫʪʠʡ ʧʨʦʮʝʩ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʝ 

ʟʤʽʥʥʠʭ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 
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ʉʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʨʫʭʫ ʨʽʜʠʥʠ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʦʽʥʪʝʛʨʫʚʘʪʠ ʾʾ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ʎʝ ʟʤʫʰʫʻ ʡʪʠ ʧʦ ʰʣʷʭʫ ʩʧʨʦʱʝʥʥʷ ʨʽʚʥʷʥʴ, ʪʘʢʦʛʦ ̫ ʢ 

ʚʽʜʢʠʜʘʥʥʷ ʥʝʩʫʪʪʻʚʠʭ ʜʣʷ ʜʘʥʦʾ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ ʯʣʝʥʽʚ ʨʽʚʥʷʥʴ ʪʘ ʟʘʤʽʥʘ 

ʩʢʣʘʜʥʠʭ ʟʚô̫ ʟʢʽʚ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʽ. ɼʣʷ ʦʮʽʥʢʠ ʟʥʘʯʝʥʥʷ ʦʢʨʝ-

ʤʠʭ ʯʣʝʥʽʚ ʨʽʚʥʷʥʴ, ʧʨʠʡʥʷʪʠʭ ʜʦʧʫʱʝʥʴ, ʩʧʨʦʱʫʚʘʥʴ ʪʘ ʽʥʰʝ, ʧʦʪʨʽʙʥʦ ʟʥʘʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʰʫʢʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʘʢʠʤ ʯʠʥʦʤ ʟʥʘʪʠ ʨʦʟʚô̫ ʟʦʢ ʨʽʚʥʷʥ.ɹ 

ɿʘʤʢʥʝʥʠʡ ʢʨʫʛ, ʱʦ ʚʠʭʦʜʠʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʨʦʟʨʠʚʘʻʪʴʩʷ ʚʠʢʦʨʠ-

ʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʦʙʫʜʦʚʦʶ ʝʤʧʽʨʠʯʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʟʚô̫ ʟʫʶʯʠʭ ʰʫʢʘʥʽ ʚʝʣʠʯʠʥʠ. ɸʥʘʣʽʟ ʮʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʜʘʻ 

ʰʣʷʭʠ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʚʠʭʽʜʥʠʭ ʨʽʚʥʷʥʴ. ʇʨʘʚʠʣʴʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʚʝʜʝʥʠʭ 

ʩʧʨʦʱʝʥʴ ʦʮʽʥʶʻʪʴʩʷ ʟʽʩʪʘʚʣʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʦʩʣʽʜʽʚ. 

 

3.2 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ʇʨʦʮʝʩ ʨʦʟʚô̫ ʟʘʥʥʷ ʛ̔ʜʨʦʜʠʥʘʤʯ̔ʥʦ ʾʟʘʜʘʯ ̔ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪ ̔ʦʙʯʠʩ-

ʣʶʚʘʣʴʥʦʾ ʛ̔ʜʨʦʜʠʥʘʤʢ̔ʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧ̔ʚ: 

ï ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ:̔ ʚʠʟʥʘʯʝʥʥʷ ʮ̔ʣ̔ ʦʙʯʠʩʣʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʥʷ ʧʦʯʘʪʢʦ-

ʚʠʭ ʜʘʥʠʭ; 

ï ʚʠʜʽʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʦʙʣʘʩʪʽ; 

ï ʧʦʙʫʜʦʚʘ 3D-ʤʦʜʝʣʽ (ʘʙʦ 2D-ʤʦʜʝʣ)̔ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʦʙʣʘʩʪʽ; 

ï ʩʪʚʦʨʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩ̔ ʪʢʠ; 

ï ʚʠʙ̔ʨ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ ̔ʨʦʟʨʘʭʫʥʢʫ; 

ï ʟʘʜʘʥʥ ̫ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʘ̔ʣ̔ʚ; 

ï ʟʘʜʘʥʥ ̫ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

ï ʟʘʜʘʥʥʷ ʧʘʨʘʤʝʪʨʚ̔ ʦʙʯʠʩʣʶʚʘʯʘ; 

ï ʚʠʙ̔ʨ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ (ʜʣʷ ʥʝʩʪʘʮʦ̔ʥʘʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ) ʘʙʦ ʢ̔ ʣʴʢʦʩʪʽ 

ʪ̔ʝʨʘʮʡ̔ ʨʦʟʨʘʭʫʥʢʫ (ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʦʙʯʠʩʣʶʚʘʥʴ); 

ï ʧʨʦʮʝʩ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ. 

ï ʚ̔ʟʫʘʣʟ̔ʘʮ̫̔ ʪʘ ʘʥʘʣʟ̔ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʶʚʘʥʥʷ. 
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ʊʦʯʥʩ̔ʪʴ ʨʝʟʫʣʴʪʘʪ̔ʚ ʯʠʩʝʣɹʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʨʝʢʪʥʦʩʪ ̔

ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʨʦʟʨʘʭʫʥʢʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥ ̔ʯʠʩʝʣɹʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘʢʦʞ ʧʨʠʭʦʜʠʪʴʩʷ ʧʨʠʡʤʘʪʠ 

ʨʷʜ ʩʧʨʦʱʝʥ ɹʪʘ ʧʨʠʧʫʱʝʥʴ, ʦʩʢʣ̔ʴʢʠ ʚʨʘʭʫʚʘʪʠ ʚʩ̔ ʬʘʢʪʦʨʠ, ʚʧʣʠʚʘʶʯʠ ʥʘ 

ʧʦʚʝʜʽʥʢʫ ʨʽʜʠʥʠ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʧʦʣɹʦʪʫ ʨʘʢʝʪʠ, ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ. 

ɼʦʚʦʜʠʪʴʩʷ ʪʘʢʦʞ ʟʤʝʥʰʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʚʠʭʦʜʷʯʠ ʟ 

ʥʘʷʚʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʘ ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʚ̔. ʊʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣɹʥʦʛʦ ʤʦ-

ʜʝʣʁʚʘʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʧ̔ ʜʪʚʝʨʜʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

 

3.3 ʇʦʨʷʜʦʢ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʇ̔ ʩʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʚ̔ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʩʪʝʥʜʽ ʥʝʚʘʛʦʤʦʩʪʽ ʧʨʦʚʦ-

ʜʠʣʦʩʴ ʯʠʩʝʣɹʥʝ ʤʦʜʝʣʚʁʘʥʥ ̫ʧʨʦʮʝʩʫ ʧʝʨʝʦʨʽʥ̒ʪʘʮʽ ʾʨʦʙʦʯʦ ʾʨʽʜʠʥʠ ̫ʢ ʚ ʤʦ-

ʜʝʣ̔ ʙʘʢʽ, ʪʘʢ ̔ ʚ ʥʘʪʫʨʥʦʤʫ ʧʘʣʠʚʥʦʤʫ ʙʘʢʽ ʟ ʧʘʨʘʤʝʪʨʘʤʠ (ʦʙô̒ʤ ʨʽʜʠʥʠ, ʟʘʣʝ-

ʞʥʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʜ ʯʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʯʘʩ ʧʝʨʝʦʨʽʥ̒ʪʘʮʽ ʾʧʘʣʠʚʘ), ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ̔ ʧʝ-

ʨʝʨʘʭʦʚʘʥʠʭ ʟ ʤʦʜʝʣ ̔ʥʘ ʥʘʪʫʨʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ (2.12) ï (2.13). 

ʂʨʠʪʝʨʽʤ̒ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʚ̔ ʯʠʩʝʣɹʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ̒ ʧ̔ ʜʪʚʝʨ-

ʜʞʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʬʦʨʤʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥ ̔ʪʘ ʧʦʣʦʞʝʥʥ ̫ʢʦʤʧʦʥʝʥʪʚ̔ ʧʘʣʠʚʘ ʫ 

ʚʽʜʧʦʚʽʜʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ 

ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ. 

ʇʨʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʚ̔ ʯʠʩʝʣɹʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʨʝʟʫʣʴʪʘʪʘʤ ʚʽʜʝʦ-

ʚʠʤʽʨʶʚʘʥʴ (ʟ ʜʦʧʫʩʪʠʤʠʤ ʚʽʜʭʠʣʝʥʥʷʤ Ñ15 %), ʯʠʩʝʣɹʥʘ ʤʦʜʝʣʴ ʚʚʘʞʘʣʘʩʴ 

ʧʽʜʪʚʝʨʜʞʝʥʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʡ ʧʨʠʡʤʘʣʘʩʴ ʜʣʷ ʦʙʯʠʩʣʶʚʘʥʥʷ ʧʝʨʝʦʨʽʻ-

ʥʪʘʮʽ ʾʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʝʣɹʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʦʨʽʥ̒ʪʘʮʽ ʾʢʦʤ-

ʧʦʥʝʥʪʚ̔ ʧʘʣʠʚʘ ʚ ʥʘʪʫʨʥʦʤʫ ʧʘʣʠʚʥʦʤʫ ʙʘʢʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʧʨʠʩʢʦʨʝʥʥʽ. ʈʦ-

ʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʜʣʷ ʧʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʧʝʨʝʦʨʽʥ̒ʪʘʮʽ ʾʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ 

ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʧʦʣʶʩʘ ʙʘʢʘ ʜʦ ʥʠʞʥɹʦʛʦ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʩʧʦʢʦʻʥʥʷ ʨʽʜʠʥʠ. 
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3.4 ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʨʦʛʨʘʤʫ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣʽ ʡ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ  

ʨʝʟʫʣʴʪʘʪʽʚ 

 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʴ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘʢʝʪʽ ANSYS 

Fluent, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛʽʜʨʦʜʠʥʘʤʽʢʠ 

[79]. 

ʇʦ ʚʠʢʣʠʢʫ ʤʦʜʫʣʷ Fluent ʫ ʨʦʙʦʯʦʤʫ ʧʨʦʩʪʦʨʽ ANSYS ʬʦʨʤʫʻʪʴʩʷ ʨʦ-

ʙʦʯʘ ʦʙʣʘʩʪʴ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʧʦʙʫʜʦʚʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣ ̔ʪʘ ʦʙʨʦʙʢʠ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʚ̔. ɺʠʛʣʷʜ ʨʦʙʦʯʦ ʾʦʙʣʘʩʪ ̔ʤʦʜʫʣʷ Fluent ʥʘʚʝʜʝʥʦ ʥʘ  

ʨʠʩ. 3.1. 

 

ʈʠʩ 3.1. ɺʠʛʣʷʜ ʨʦʙʦʯʦ ʾʦʙʣʘʩʪ ̔ʤʦʜʫʣʷ Fluent 

 

ʇʦʨʷʜʦʢ ʧʦʙʫʜʦʚʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣ ̔ʚʢʣʶʯʘ ̒ʜʦ ʩʝʙʝ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ: 

1. ʇʦʙʫʜʦʚʘ ʛʝʦʤʝʪʨʽʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣ:̔ ʤʦʞʣʠʚʘ ʢ̫ ʚʥʫʪʨʽʰ-

ʥʽʤʠ ʟʘʩʦʙʘʤʠ ANSYS (ʤʦʜʫʣʴ Geometry), ʪʘʢ  ̔ʰʣʷʭʦʤ ʤ̔ʧʦʨʪʫʚʘʥʥʷ ʚʞʝ ʧʦ-

ʙʫʜʦʚʘʥʦ ʾʛʝʦʤʝʪʨʽʾ ʚ ʜʦʨʝʯʥʽʡ CAD ʩʠʩʪʝʤ ̔(ʥʘʧʨʠʢʣʘʜ, Autodesk Inventor, 

SolidWorks ʪʘ ʽʥʰʽ). 

2. ʇʦʙʫʜʦʚʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩ̔ʪʢʠ: ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ 

Mesh. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩ̔ʪʢʘ ʧʦʚʠʥʥʘ ʤʽʩʪʠʪʠ ʪʘʢʫ ʢ̔ ʣʴʢʽʩʪʴ ʦʩʝʨʝʜʢʽʚ, ̫ ʢʘ ʜʦʟʚʦ-

ʣʠʪʴ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʩ̔ʪʶ ʪʘ ʟ ʜʦʧʫʩʪʠ-

ʤʠʤʠ ʚʠʪʨʘʪʘʤʠ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ (ʟʙʽʣʴʰʝʥʥʷ ʢ̔ ʣʴʢʦʩʪʽ ʦʩʝʨʝʜʢʽʚ ʦʜʥʦʯʘʩʥʦ 

ʧʨʠʟʚʦʜʠʪ ɹ ʢ̫ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪ ̔ʨʦʟʨʘʭʫʥʢʫ, ʪʘʢ  ̔ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ 

ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʥʘ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. 
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3. ʅʘʩʪʨʦʡʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ Setup: ʚʠʙ̔ʨ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦʜʝʣ ̔ʪʝʯ̔ʾ, ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʟʘ-

ʜʘʥʥ ̫ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʥʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʚ̔ ʚʠʨ̔ ʰʫʚʘʯʘ, ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʧʦʯʘʪ-

ʢʦʚʠʭ ʟʥʘʯʝʥ ɹʟʤʽʥʥʠʭ, ʟʘʜʘʥʥ ̫ʯʘʩʪʦʪʠ ʟʙʝʨʝʞʝʥʥʷ ʧʨʦʤ̔ʞʥʠʭ ʨʝʟʫʣʴʪʘʪʚ̔, 

ʚʠʙ̔ʨ ʢʨʦʢʫ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʯʘʩʦʤ. 

4. ʇʨʦʮʝʩ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ: ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʤʦʜʫʣ ʁ

Solution. 

5. ʆʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʚ̔: ʚʟ̔ʫʘʣʟ̔ʘʮ̫̔ ʡ ʘʥʘʣʟ̔ ʨʝʟʫʣʴʪʘʪʚ̔ 

ʨʦʟʨʘʭʫʥʢʫ, ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʤʦʜʫʣ ̔Results. 

 

3.5 ɼʦʧʫʱʝʥʥʷ, ʧʨʠʡʥʷʪ̔ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʯʠʩʝʣɹʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʦʩʘʜʞʝʥʥ̫  ʢʦʤʧʦʥʝʥʪʚ̔ ʧʘʣʠʚʘ 

 

ʇʨʠ ʨʦʟʚô̫ ʟʘʥʥʽ ʟʘʜʘʯ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʛ̔ʜʨʦʜʠʥʘʤʢ̔ʠ, ʢ̫ ʧʨʘʚʠʣʦ, ʙʫʜʫ-

ʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʦʙʣʘʩʪ ̔ʪʝʯ̔ʾ, ʪʦʙʪʦ ʤʦʜʝʣʶʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʧʦʨʦʞ-

ʥʠʥʠ ʙʘʢ̔ʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʪʦʚɦ ʠʥ ʩʪʥ̔ʦʢ ʙʘʢʚ̔. 

ɿʚʘʞʘʶʯʠ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʛʝʦʤʝʪʨʽ ʾʥʘʪʫʨʥʠʭ ʙʘʢʚ̔, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ  ʥʘ̫ʚ-

ʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢ̔ ʣʴʢʦʩʪʽ ʤʘʣʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʚ̔ (ʥʘʧʨʠʢʣʘʜ, ʩʽʪʦʢ ʢʘʧʽʣ̫ʨʥʦʛʦ 

ʩʪʘʙʣ̔̔ʟʘʪʦʨʘ, ʢʦʪʨʽ ʤʘʶʪʴ ʨʦʟʤ̔ʨ ʦʩʝʨʝʜʢʫ ʙʽʣʷ 40 ʤʢʤ), ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʙʫ-

ʜʦʚʠ ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʪʨʘʪ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʝʦʤʝʪʨʽ ʾʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʦ-

ʜʝʣ̔ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʩʧʨʦʱʝʥʥ̫ , ʷʢ ̔ʟʘ ʦʟʥʘʯʝʥʥʷʤ, ʩʧʨʘʚʣʷʶʪʴ ʩʣʘʙ-

ʢʠʡ ʚʧʣʠʚ ʥʘ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥ̫  ʧʘʣʠʚʘ ʚ ʙʘʢʘʭ ʪʘ ʥʘ ʛʘʩʽʥʥ̫  ʢʦʣʠʚʘʥʴ ʚʽʣʴʥʦʾ 

ʧʦʚʝʨʭʥ:̔ 

ï ʩ̔ ʪʢʠ ʢʘʧʽʣʷʨʥʠʭ ʩʪʘʙʣ̔̔ʟʘʪʦʨʽʚ ʤʦʜʝʣʶʚʘʣʠʩʴ ʪʚʝʨʜʠʤʠ ʩʪʥ̔ʢʘʤʠ. 

ï ʩʪʽʣʴʥʠʢʦʚʽ ʥʘʢʦʧʠʯʫʚʘʯʽ ʤʦʜʝʣʶʚʘʣʠʩʴ ʢ̫ ʩʫʮʽʣʴʥʝ ʪʽʣʦ ʟ̔ ʟʙʝʨʝʞʝʥ-

ʥʷʤ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ. 

ï ʦʙôʻʤ, ̫ ʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʩʪ̔ʦʢ ʢʘʧʣ̔ʷʨʥʦʛʦ ʩʪʘʙʽʣ̔ʟʘʪʦʨʘ, ʥʝ ʤʦ-

ʜʝʣ ʚʁʘʚʩʷ. 
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ʉʧʦʯʘʪʢʫ ʯʠʩʝʣɹʥʝ ʤʦʜʝʣʚʁʘʥʥ ̫ ʧʣʘʥʫʚʘʣʦʩʴ ʧʨʦʚʦʜʠʪʠ ʚ  

3D-ʧʦʩʪʘʥʦʚʮ,̔ ʘʣʝ ʧʽʩʣʷ ʛʝʥʝʨʘʮʽ ʾʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩ̔ʪʢʠ ʚʠ̫ʚʠʣʦʩʴ, ʱʦ ʤ̔ʥ̔ʤʘ-

ʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʧʦ ʷʢʦʩʪʽ ʩ̔ ʪʢʘ ʧʦʚʠʥʥʘ ʥʘʨʘʭʦʚʫʚʘʪʠ >106 ʝʣʝʤʝʥʪʚ̔. ʈʦʟʨʘʭʫ-

ʥʦʢ ʟʘʜʘʯ ̔ʚ ʥʝʩʪʘʮʦ̔ʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ ʪʘʢʦʶ ʢʽʣɹ ʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʟʘʡʤʘʻ ʥʝ-

ʜʦʧʫʩʪʠʤʦ ʟʥʘʯʥʫ ʢ̔ ʣʴʢʽʩʪʴ ʯʘʩʫ. ʊʘʢ, ʜʣʷ ʟʘʜʦʚʽʣʴʥʦʾ ʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪ̔ʝʨʘʮʡ̔ ʨʦʟʨʘʭʫʥʢʫ ʢʨʦʢ ʨʦʟʨʘʭʫʥʢʫ ʧʦ ʯʘʩʫ ʩʢʣʘʚ 10-5 ʩ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʣʴʥʠʡ 

ʤʘʰʠʥʥʠʡ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʦʛʦ ʢʨʦʢʫ ʧʦ ʯʘʩʫ ʥʘ ʩʘʤʡ̔ hʚʠʜʢʦʜʽʶʯʽʡ ʇɽʆʄ, 

ʷʢʘ ʤʘʻʪʴʩʷ ʚ ʥʘʷʚʥʦʩʪʽ, ʩʢʣʘʜʘʻ å 1 ʭʚʠʣ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʯʠʩʝʣɹʥʦʛʦ ʤʦʜʝ-

ʣʁ ʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥ̫  ʜʣʷ ʦʜʥʦʛʦ ʚʘʨʘ̔ʥʪʫ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʚ 3D-ʧʦʩ-

ʪʘʥʦʚʮ ̔ʧʦʪʨʽʙʥʦ ʧʝʨʝʨʘʭʫʚʘʪʠ, ʚ ʧʝʨʦhʤʫ ʥʘʙʣʠʞʝʥʥʽ, 100/10-5 = 1Ŀ107 ʯʘʩʦ-

ʚʠʭ ʢʨʦʢʽʚ, ɦʦ ʚʽʜʧʦʚʽʜʘʻ 1Ŀ107 ʭʚ. = 1,67Ŀ105 ʛʦʜʠʥ = 6944 ʜʥʽʚ = 19 ʨʦʢʽʚ ʙʝʟ-

ʧʝʨʝʨʚʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʨʦʟʨʘʭʫʥʢʫ. ɿʨʦʟʫʤʽʣʦ, ɦʦ ʧʨʦʚʦʜʠʪʠ ʧʦʜ̔ʙʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʇɽʆʄ, ̫ʢʽ ʤʘʪʁʴʩʷ ʚ ʥʘʷʚʥʦʩʪʽ, ʥʝʜʦʮʽʣʴʥʦ. ʊʦʤʫ, ʯʠʩʝʣʥɹʝ ʤʦ-

ʜʝʣʁʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 2D-ʧʦʩʪʘʥʦʚʮ,̔ ɦʦ ʜʦʟʚʦʣʷʻ ʥʘ ʧʦʨʷʜʦʢ ʩʢʦʨʦʪʠʪʠ 

ʢ̔ ʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʚ̔ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ̫ ʢʦʩʪʽ ʨʦ-

ʟʨʘʭʫʥʢʦʚʦʾ ʩ̔ʪʢʠ, ,̔ ʪʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ 

ʥʘ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʠ ʧʨʠʡʥʷʪ̔ ʥʘʩʪʫ-

ʧʥ ̔ʜʦʧʫʱʝʥʥ̫ : 

ï ʧʨʦʮʝʩ ʧʝʨʝʦʨʽʥ̒ʪʘʮʽʾ ʟ̔ʦʪʝʨʤʯ̔ʥʠʡ; 

ï ʩʪʥ̔ʢʠ ʙʘʢʘ ʚʚʘʞʘʶʪʴʩʷ ʛ̔ʜʨʘʚʣʯ̔ʥʦ-ʛʣʘʜʢʠʤʠ; 

ï ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʚʝʩʴ ʦʙôʤ̒ ʢʦʤʧʦʥʝʥʪʘ ʧʘʣʠʚʘ ʟʥʘʭʦʜʠʪʩɹʷ ʚ ʤʘ-

ʢʩʠʤʘʣʴʥʦ ʥʝʩʧʨʠʷʪʣʠʚʦʤʫ ʧʦʣʦʞʝʥʥ ̔ ï ʩʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʙʽʣʷ ʚʝʨʭʥʴʦʛʦ 

ʜʥʠʱʘ ʙʘʢʘ. 

 

3.6 ɻʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪ,̔ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ̔  

ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

 

ʅʘ ʨʠʩ. 3.2 ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʜ̫ ʧʨʠʡʥʷʪʦ ʾʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪ ̔

(2D-ʤʦʜʝʣʴ) ʜʣʷ ʩʬʝʨʠʯʥʦʛʦ ʙʘʢʘ. 
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ʈʠʩ. 3.2. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʜ̫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʜʣʷ ʩʬʝʨʠʯʥʦʛʦ ʙʘʢʘ 

ʅʘ ʨʠʩ. 3.3 ʥʘʚʝʜʝʥʠʡ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʜ̫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩ̔ʪʢʠ ʜʣʷ ʩʬʝʨʠʯ-

ʥʦʛʦ ʙʘʢʘ. 

 

 

ʈʠʩ. 3.3. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʜ̫ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩ̔ʪʢʠ ʜʣʷ ʩʬʝʨʠʯʥʦʛʦ ʙʘʢʘ 
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ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʽʪʢʘ ï ʯʦʪʠʨʠʢʫʪʥʘ. ʈʦʟʤ̔ʨ ʝʣʝʤʝʥʪʚ̔ ʩ̔ʪʢʠ ï 10 ʤʤ. ʂʽʣʴ-

ʢʽʩʪʴ ʚʫʟʣʽʚ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩ̔ʪʢʠ ï 38380, ʢ̔ ʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʚ̔ ï 38011.  

ʋ ʤʦʜʫʣʽ ʛʽʜʨʦʜʠʥʘʤʯ̔ʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ANSYS Fluent ʧ̔ʩʣ̫ ʟʘʚʘʥʪʘ-

ʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʽʪʢʠ, ʧʝʨʝʚ̔ʨʢʠ ʾ ʾʤʘʩʰʪʘʙʫ, ʪʝʩʪʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ 

ʪʘ ʘʥʘʣʽʟʫ ̫ ʢʦʩʪʽ ʩ̔ʪʢʠ ʙʫʣʦ ʦʙʨʘʥʦ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʤʝʪʦʜ ʨʦʟʚô̫ ʟʢʫ Pressure-

Based ʪʘ ʪʠʧ ʚʠʨ̔h ʫʚʘʯʘ ʜʣʷ ʥʝʩʪʘʮʦ̔ʥʘʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ Transient, ʪʘ ʚʩʪʘʥʦ-

ʚʣʝʥʦ ʦʧʮʁ̔ ʜʣʷ ʚʠʨ̔ ʰʫʚʘʥʥ̫  ʟʘʜʘʯ ʚ 2D-ʧʦʩʪʘʥʦʚʮ ̔ï Planar. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʪʝʯʽʾ  ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯ ʟ ʜʚʦʤʘ ʡ 

ʙ̔ ʣʴʰʝ ʥʝʟʤ̔ ʫhʚʘʥʠʤʠ ʬʘʟʘʤʠ ï Multiphase, Volume of Fluid (VOF).  

ʂ̔ ʣʴʢʽʩʪʴ ʬʘʟ ï 2. 

ʊʘʢʦʞ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʮʁ̔ ʬʦʨʤʫʚʘʥʥʷ ʪʨʝʢʥ̔ʛʫ ʦʙô̒ʤʫ (Volume 

Fraction Formulation) ï Explicit (ʫ ʥʘʚ̫ʥʦʤʫ ʚʠʛʣʷʜʽ). ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʮʁ̔ ʬʦʨ-

ʤʫʣʁʚʘʥʥ̫  ʤʘʩʦʚʠʭ ʩʠʣ (Body Force Formulation) ï Implicit Body Force, ʷʢʫ ʨʝ-

ʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʚʟʘ̒ʤʦʜ̔ʾ ʨʽʜʠʥʠ ʟ 

ʪʚʝʨʜʠʤʠ ʩʪʥ̔ʢʘʤʠ ʚ ʟʘʜʘʯʘʭ, ʫ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʛʨʘʚʪ̔ʘʮ̫̔ ʡ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʪʠʧ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʞʽ ʨʦʟʜ̔ʣʫ ʬʘʟ (Interface Modeling) ï 

Sharp ʽ ʚʠʙʨʘʥʦ ʦʧʮʁ̔ Interfacial Anti-Diffusion, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʤʽʥ̔ʤ̔ʟʫʚʘʪʠ 

ʧʘʨʘʟʠʪʥʝ ʨʦʟʤʠʪʪʷ ʤʝʞʽ ʨʦʟʜ̔ʣʫ ʬʘʟ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ. 

ɹʫʣʦ ʚʠʙʨʘʥʦ ʣʘʤ̔ʥʘʨʥʫ ʤʦʜʝʣʴ ʪʝʯʽʾ ï Laminar (ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʠ ʚʠ-

ʢʦʥʘʥʽ ʧʦʧʝʨʝʜʥ ̔ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ ʪʝʯ̔ʾ, ʢʦʪʨʽ ʧʦʢʘʟʘʣʠ 

ʟʥʘʯʥʦ ʛʽʨʰʫ ʟʙʽʞʥʽʩʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ). 

ɺʩʪʘʥʦʚʣʝʥʦ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜ̔ʾ ʤ̔ ʞ ʬʘʟʘʤʠ (Phase Interaction) ï Surface 

Tension Force Modeling (ʫʨʘʭʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ), ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʝ-

ʚʦʛʦ ʥʘʪʷʛʫ ï Continuum Surface Force (ʥʝʧʝʨʝʨʚʥʘ ʧʦʚʝʨʭʥʝʚʘ ʩʠʣʘ), ʚʩʪʘʥʦʚ-

ʣʝʥʦ ʦʧʮʁ̔ ʘʜʛʝʟʽ ʾï Wall Adhesion (ʧʨʠʩʪʽʥʥʘ ʘʜʛʝʟʽ̫ ). ɹʫʣʦ ʟʘʜʘʥʦ ʚʽʜʧʦʚʽʜ-

ʥʠʡ ʢʦʝʬʮ̔̔ ʥ̒ʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʨʽʜʠʥʠ. 

ʇʝʨʚʠʥʥʦʁ ʡ ʚʪʦʨʠʥʥʦʁ ʬʘʟʘʤʠ ʙʫʣʦ ʧʨʠʟʥʘʯʝʥʦ ʛʘʟ  ̔ʨʽʜʠʥʫ, ʚʽʜʧʦ-

ʚʽʜʥʦ; ʟʘʜʘʥʦ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʛʫʩʪʠʥʘ ʪʘ ʚô̫ ʟʢʽʩʪʴ). 
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ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ ʟʤʥ̔ʥʦʛʦ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫  ʜʦ ʟʘʜʘʯ ̔ʙʫʣʘ ʧʨʠ-

ʻʜʥʘʥʘ ʪʘ ʦʪʢʦʤʧʣ̔ɹ ʦʚʘʥʘ ʬʫʥʢʮʽ̫  User Defined Function, ̫ʢʘ ʦʧʠʩʘʥʘ ʚ ʧʽʜʨʦʟ-

ʜ̔ʣ̔ 2.5. ʋ ʨʦʟʜ̔ʣ̔  Sell Zone Conditions ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʮ̔ʁ Frame Motion (ʫʨʘ-

ʭʫʚʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʫʭʫ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʤʝʥʫ) ʡ ʧʨʠʚô̫ ʟʘʥʦ ʚʽʜʧʦʚʽʜʥʫ 

ʬʫʥʢʮʽʁ, ̫ʢʘ ʚʠʟʥʘʯʘʻ ʨʫʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʦʥʠ (Zone Motion Function). ʇʨʠ 

ʮʴʦʤʫ, ʫ ʛʦʣʦʚʥʦʤʫ ʨʦʟʜ̔ʣ̔ (General) ʛʨʘʚʽʪʘʮʽʷ (Gravitational Acceleration) ʙʫʣʘ 

ʟʘʜʘʥʘ ʨʚ̔ʥʦʁ ʥʫʣ,ʁ ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʁ 

DEFINE_ZONE_MOTION. 

ʋ ʨʦʟʜ̔ʣ̔ Boundary Conditions (ʤʝʞʦʚʽ ʫʤʦʚʠ) ʚʩʪʘʥʦʚʣʝʥʦ ʪʠʧ ʟʦʥʠ wall-

surface_body ï Wall (ʩʪ̔ʥʢʘ),  ̔ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʮʁ̔ Moving Wall (ʨʫʭʦʤʘ ʩʪ̔ʥʢʘ) 

ʟ ʧʘʨʘʤʝʪʨʦʤ ʨʫʭʫ ʚʽʜʥʦʩʥʦ ʧʨʠʣʝʛʣʦ ʾʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʦʥʠ (Relative to Adjacent 

Cell Zone) Speed (h ʚʠʜʢʽʩʪʴ), ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʟʘʜʘʪ̒ɹʩʷ 

ʩʫʤ̔ʩʥʠʡ ʨʫʭ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʦʥʠ ʪʘ ʩʪ̔ʥʦʢ, ɦ ʦ ʾ ʾ ʦʙʤʝʞʫʶʪʴ. ʊʘʢʦʞ ʫ ʧ̔ ʜʨʦʟ-

ʜʣ̔̔ Wall Adhesion ʚʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʝʥʥ ̫ʢʦʥʪʘʢʪʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥ̫ ʨʽʜʠʥʠ 

(ʥʫʣʴ ʛʨʘʜʫʩʚ̔). 

ʋ ʨʦʟʜʽʣ̔ Solution Methods (ʤʝʪʦʜʠ ʨ̔h ʝʥʥ̫ ) ʙʫʣʠ ʟʘʜʘʥ ̔ʥʘʩʪʫʧʥʽ ʧʘʨʘ-

ʤʝʪʨʠ: 

ï ʫ ʧʽʜʨʦʟʜ̔ʣ̔ Pressure-Velocity Coupling (ʩʧʦʣʫʯʝʥʥʷ ʪʠʩʢʫ ʡ hʚʠʜʢʦʩʪʽ) 

ʚʠʙʨʘʥʘ ʩʭʝʤʘ PISO (Pressure-Implicit with Splitting of Operators), ̔ʥʰʽ ʧʘʨʘʤʝ-

ʪʨʠ ʟʘʣʠʰʝʥʽ ʙʝʟ ʟʤʽʥ; 

ï ʫ ʧʜ̔ʨʦʟʜ̔ʣ̔ Spatial Discretization (ʧʨʦʩʪʦʨʦʚʘ ʜʠʩʢʨʝʪʠʟʘʮʽʷ) ʚʩʪʘʥʦʚ-

ʣʝʥʦ: 

ï ʩʭʝʤʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʛʨʘʜʽʻʥʪʫ (Gradient) ï Least Squares Cell Based; 

ï ʩʭʝʤʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʪʠʩʢʫ (Pressure) ï PRESTO! (PREssure STaggering 

Option); 

ï ʩʭʝʤʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʤʧʫʣʴʩʫ (Momentum) ï Second Order Upwind (ʜʠʩ-

ʢʨʝʪʠʟʘʮʽ̫  2-ʛʦ ʧʦʨʷʜʢʫ); 

ï ʩʭʝʤʫ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʦʙô̒ ʤʫ ʬʘʟʠ (Volume Fraction) ï Geo-Reconstruct. 

ɯʥʰʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʠʰʝʥʽ ʙʝʟ ʟʤʽʥ. 
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ʋ ʨʦʟʜ̔ʣ̔ Solution Controls ʟʥʘʯʝʥʥ̫  ʢʦʝʬ̔ ʮʽʻʥʪ̔ʚ ʨʝʣʘʢʩʘʮʽ ʾʟʘʣʠʰʝʥʽ ʙʝʟ 

ʟʤʽʥ. 

 

3.7 ɯʥ̔ʮ̔ ʘʣʽʟʘʮ̫̔ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥ ɹʟʤʽʥʥʠʭ. 

 

ʋ ʨʦʟʜ̔ʣ̔ Solution Initialization ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʪʥʫ ʽʥ̔ʮ̔ʘʣ̔ʟʘ-

ʮ̔ .ʁ 

ʇʦʯʘʪʢʦʚʽ ʚʝʣʠʯʠʥʠ ʟʤʽʥʥʠʭ ʩʪʦʩʦʚʥʦ ʪʠʩʢʫ ʡ hʚʠʜʢʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʽ ʨ̔ -

ʚʥʠʤʠ ʥʫʣ.ʁ 

ɿʤʽʥʥʘ Liquid Volume Fraction ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʘ ʨ̔ʚʥʦʁ ʥʫʣ,ʁ ʦɦ ʚʽʜ-

ʧʦʚʽʜʘʻ ʚʽʜʩʫʪʥʦʩʪʽ ʨʽʜʠʥʠ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʟʦʥ̔. ɼʣʷ ʟʘʜʘʥʥ ̫ʧʦʯʘʪʢʦʚʦʛʦ ʧʦ-

ʣʦʞʝʥʥ̫  ʡ ʨʽʚʥʷ ʨʽʜʠʥʠ, ʧʩ̔ʣ̫ ʚʠʢʦʥʘʥʥ ̫ʢʦʤʘʥʜʠ ̔ʥ̔ʮ̔ʘʣ̔ʟʘʮ̔ʾ, ʥʝʦʙʭʽʜʥʘ ʦʙ-

ʣʘʩʪʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʟʦʥ̔ ʤʘʨʢʫʻʪʴʩʷ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽ ʾ

Adapt -> Region -> Mark. ʇ̔ʩʣ̫ ʮʦɹʛʦ ʫ ʧʨʦʤʘʨʢʦʚʘʥʽʡ ʦʙʣʘʩʪ ̔ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽ ʾPatch ʟʤʽʥʥʘ Volume Fraction ʜʣʷ ʬʘʟʠ liquid ʟʘʜʘʻʪɹʩʷ ʨʚ̔ʥʦʁ 1. 

ʅʘ ʨʠʩ. 3.4 ʧʨʠʚʝʜʝʥʦ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥ ̫ʨʽʜʠʥʠ ʫ ʙʘʢʽ (ʨʽʜʠʥʘ ʧʦʟʥʘ-

ʯʝʥʘ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ). 

 

ʘ) ʤʘʣʘ ʟʘʧʨʘʚʢʘ 
 

ʙ) ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ 

ʈʠʩ. 3.4. ʇʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥ ̫ʨʽʜʠʥʠ ʚ ʙʘʢʽ 
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3.8 ʇʨʦʮʝʩ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ  

 

ʋ ʨʦʟʜ̔ʣ̔ Calculation Activities ʟʘʜʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʤ̔ʞ-

ʥʠʭ ʬʘʡʣʚ̔ ʨʝʟʫʣʴʪʘʪʚ̔ ʨʦʟʨʘʭʫʥʢʫ ï ʘʚʪʦʟʙʝʨʝʞʝʥʥʷ ʢʦʞʥ ̔10 ʯʘʩʦʚʠʭ ʢʨʦʢʽʚ, 

ʘ ʪʘʢʦʞ ʥʘʩʪʨʦʥ̒ʘ ʘʥʤ̔ʘʮ̫̔ (Solution Animation) ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʮ̔ʥʢʠ ʨʝ-

ʟʫʣʴʪʘʪʚ̔ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʨʦʮʝʩ ̔ʦʙʯʠʩʣʶʚʘʥʴ. 

ʋ ʨʦʟʜ̔ʣ̔ Run Calculation ʧʨʦʚʦʜʠʪʴʩʷ ʧʝʨʝʚ̔ ʨʢʘ ʩʫʤʽʩʥʦʩʪʽ ʥʘʣʘʛʦʜʞʝ-

ʥʠʭ ʧʘʨʘʤʝʪʨʚ̔ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽ ʾCheck Case, ʘ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʦʙʯʠʩʣʶʚʘʥʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʘ-

ʱʦ ʾʟʙʽʞʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʚ̔ ̔ʪʝʨʘʮʽʡʥʦʛʦ ʚʠʨ̔h ʝʥʥʷ ʜʠʬʝʨʝʥʮʘ̔ʣʴʥʠʭ ʨʽʚʥʷʥʴ 

ʨʫʭʫ ʦʙʨʘʥʦ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʨʦʢʫ ʟʘ ʯʘʩʦʤ Variable (ʟʤʽʥʥʠʡ). ʏʠʩʣʦ ʂʫʨʘ-

ʥʪʘ (Global Courant Number) ʟʘʜʘʚʘʣʦʩʴ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0,25 ʜʦ 1 ʥʘ ʨʽʟʥʠʭ ʝʪʘ-

ʧʘʭ ʨʦʟʨʘʭʫʥʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʙʽʞʥʦʩʪʽ ʨʦʟʚô̫ ʟʢʫ (ʧʨʠ ʩʣʘʙʢʽʡ ʟʙʽʞʥʦʩʪʽ 

ʯʠʩʣʦ ʂʫʨʘʥʪʘ ʟʘʜʘʪ̒ɹʩʷ ʤʝʥʰʠʤ). ʇʦʯʘʪʢʦʚʘ ʚʝʣʠʯʠʥʘ ʯʘʩʦʚʦʛʦ ʢʨʦʢʫ ʟʘʜʘʚʘ-

ʣʘʩʴ ʨʽʚʥʦʁ 0,0001 ʩ. 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʦʧʮʽʷ Extrapolate Variables, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʯʘʩʦʚʦʤʫ ʢʨʦʮʽ ʚ ̫ʢʦʩʪʽ ʧʦ-

ʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥ ɹʜʣʷ ʧʦʪʦʯʥʦʛʦ ʢʨʦʢʫ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʟʙʽʞʥʦʩʪʽ ʨʦʟʚô̫ ʟʢʫ. 

ʇ̔ ʩʣʷ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʚ̔ ʤʘʪʝʤʘʪʠʯʥʦ ʾʤʦʜʝʣ ̔ʟʘʧʫʩʢʘʚʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʜʣʷ ʟʘʜʘʥʦʛʦ ʦʙʯʠʩʣʶʚʘʥʦʛʦ ʚʠʧʘʜʢʫ. ʋ ʧʨʦʮʝʩ ̔ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʚʦʜʠʚʩʷ ʧʦʧʝ-

ʨʝʜʥʽʡ ʘʥʘʣʟ̔ ʧʨʦʤʞ̔ʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʡ ʢʦʨʝʛʫʚʘʥʥʷ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʨʦʟʨʘ-

ʭʫʥʢʦʚʦʾ ʤʦʜʝʣ.̔ 

ɼʣʷ ʢʦʞʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʠʧʘʜʢʫ ʪʨʠʚʘʣʽʩʪʴ ʤʘʰʠʥʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʘʥʦʚʠʣʘ ʚʽʜ 1-ʛʦ ʪʠʞʥʷ ʜʦ 1-ʛʦ ʤ̔ʩʷʮ̫. 

ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʨʦʟʨʘʭʫʥʢʫ, ʚ ʤʦʜʫʣʽ Results ʚʠʢʦʥʫʚʘʣʘʩʴ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʾʭ ʘʥʘʣʽʟ (ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ). 

ʊʘʢʦʞ ʚʠʢʦʥʫʚʘʣʦʩʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʥʽʤʘʮʽʾ ʧʨʦʮʝʩʫ ʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦ-

ʥʝʥʪʘ ʧʘʣʠʚʘ ʪʘ ʾʾ ʟʘʧʠʩ ʫ ʬʦʨʤʘʪʽ ʚʽʜʝʦ mp4 ʘʙʦ avi. 
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3.9 ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʩʪʝʥʜʽ ʥʝʚʘʛʦʤʦʩʪʽ 

 

ʅʘ ʨʠʩ. 3.5 ï 3.20 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʬʦʨʤʠ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥ ̔ʨʽʜʠʥʠ ʫ 

ʙʘʢʽ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ ʯʠʩʝʣɹʥʦʤʫ ʤʦʜʝʣʚʁʘʥʥ ̔ʪʘ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ, ʜʣʷ ʭʘʨʘʢ-

ʪʝʨʥʠʭ ʤʦʤʝʥʪʽʚ ʯʘʩʫ. 

ʅʘ ʨʠʩʫʥʢʘʭ ʥʘʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʫʤʦʚʥ̔ ʧʦʟʥʘʯʝʥʥʷ: t_ʤ ï ʤʦʜʝʣʴʥʠʡ ʯʘʩ; 

t_ʥ ï ʥʘʪʫʨʥʠʡ ʯʘʩ; ʘ_ʤ ï ʤʦʜʝʣʴʥʝ ʧʨʠʩʢʦʨʝʥʥ;̫ ʘ_ʥ ï ʥʘʪʫʨʥʝ ʧʨʠʩʢʦʨʝʥʥ.̫ 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ, ʬʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥ ̔ʨʜ̔ʠʥʠ, ̫ ʢʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʧʨʠ ʯʠʩʝʣɹʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ, ̫ʢ ʜʣʷ ʤʦʜʝʣʴʥʠʭ ʫʤʦʚ, ʪʘʢ  ̔ʜʣʷ ʥʘʪʫʨʥʠʭ, ʥʘʙʣʠ-

ʞʝʥʘ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʅʘ ʨʠʩ. 3.21 ʪʘ 3.22 ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʛʨʘʬʢ̔ʠ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʜ-

ʥɹ ʦʛʦ ʬʨʦʥʪʫ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʩʪ̔ʥʢʠ ʜʣʷ ʤʘʣʦʾ ʪʘ ʚʝʣʠʢʦʾ ʟʘʧʨʘʚʢʠ ̒ʤʢʦʩʪ̔, ʚʽʜ-

ʧʦʚʽʜʥʦ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʢ̔̔ʚ, ʜʣʷ ʚʝʣʠʢʦʛʦ ʟʘʧʦʚʥʝʥʥ̫  ̒ʤʢʦʩʪ ̔ʨʝʟʫʣʴʪʘʪʠ ʨʦʟ-

ʨʘʭʫʥʢʫ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ, ̔ ʟʥʘʭʦʜʷʪʩɹʷ ʚ ʤʝ-

ʞʘʭ 15%-ʦʾ ʧʦʭʠʙʢʠ. 

ɼʣʷ ʤʘʣʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʙʨʝ ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ̄ 1, ʡ ʛʽʨʰʝ ï ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ̄ 2 ʠ ̄3 

ʧʨʠ ʙʽʣʴʰʽʡ h ʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʽʜʠʥʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʤ ʧʝʨʝʭʜ̔ʥʠʤ 

ʨʝʞʠʤʦʤ ʪʝʯʽ ʾʚ ʪʦʥʢʦʤʫ hʘʨʽ ʨʽʜʠʥʠ, ̫ʢʘ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʩʪ̔ʥʢʠ ʙʘʢʘ. ʇʨʦʪʝ, 

ʢ̫ ʚʠʜʥʦ ʟ ʨʠʩ. 3.5 ï 3.11, ʦʩʥʦʚʥʘ ʤʘʩʘ ʨʽʜʠʥʠ ʫ ʙʘʢʫ ʧʝʨʝʤʽʫɦʪ̒ɹʩʷ ʚʟʜʦʚʞ 

ʮʝʥʪʨʘʣʴʥʦ ʾʦʩ̔ ʙʘʢʘ, ʡ ʯʘʩ ʾ ʾʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʥʠʞʥɹʦʛʦ ʧʦʣʶʩʘ ʜʦʙʨʝ ʟʙʽʛʘ-

ʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʡ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦ-

ʙʨʫ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝ-

ʥʪʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ ʧʦʜʘʣʴʰʫ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʦʧʠʩʘʥʫ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʙʘʟʦʚʠʭ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʥʘ-

ʚʝʜʝʥʠʭ ʫ ʨʦʟʜʽʣʽ 1. ɺʠʢʦʨʠʩʪʘʥʥʥʷ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʨʽʜʠʥʠ ʚ ʤʦʜʝʣʷʭ ʙʘʢʽʚ ʚ ʫʤʦʚʘʭ ʤʽʢʨʦʛʨʘʚʽʪʘʮʽʾ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʨʦ-

ʟʛʣʷʜʘʶʪʴʩʷ ʚ ʽʥʦʟʝʤʥʠʭ ʜʞʝʨʝʣʘʭ [80 ï 96]. 



 

7
6
  

 

 

 

ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦ ʾ ʤ̒ʢʦʩʪ ̔

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥ̫   

(Vʟ = 0,026 ʜʤ
3) 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣ̔ ʥʘ ʥʘʪʫʨʫ (Vʟ = 45 ʜʤ
3) 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ (Vʟ = 0,026 ʜʤ
3) 

ʈʠʩ. 3.5. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥ ̔ʨʽʜʠʥʠ ʚ ʙʘʢ ̔(ʤʘʣʘ ʟʘʧʨʘʚʢʘ) ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʤ̒ʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.6. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʤʘʣʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,5 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʤ̒ʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.7. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʤʘʣʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,66 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʤ̒ʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.8. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʤʘʣʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,75 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʤ̒ʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.9. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʤʘʣʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,86 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʤ̒ʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.10. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʤʘʣʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 1,0 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʤ̒ʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.11. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʤʘʣʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 1,8 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

(Vʟ = 0,35 ʜʤ
3) 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ (Vʟ = 612 ʜʤ
3) 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ (Vʟ = 0,35 ʜʤ
3) 

ʈʠʩ. 3.12. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.13. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,5 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.14. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,62 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.15. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,7 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.16. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,8 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.17. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 0,9 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.18. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 1,0 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

                   ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.19. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 1,25 ʩ 
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ʘ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʤʦʜʝʣʴʥʦʾ ʻʤʢʦʩʪʽ 

ʪʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

 

 

ʙ) ʨʦʟʨʘʭʫʥʦʢ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʙʘʢʘ ʪʘ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ ʟ ʤʦ-

ʜʝʣʽ ʥʘ ʥʘʪʫʨʫ 

 

 

 

ʚ) ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʈʠʩ. 3.20. ʌʦʨʤʘ ʚʽʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ ʚ ʙʘʢʽ (ʚʝʣʠʢʘ ʟʘʧʨʘʚʢʘ) ʚ ʤʦʤʝʥʪ ʯʘʩʫ tʤ = 2,28 ʩ 
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ʈʠʩ. 3.25. ʇʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʩʪʽʥʢʠ ʤʦʜʝʣʽ ʙʘʢʘ 

ʧʨʠ ʤʘʣʦʤʫ ʟʘʧʦʚʥʝʥʥ ̔

 

ʈʠʩ. 3.26. ʇʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ ʨʽʜʠʥʠ ʚʟʜʦʚʞ ʩʪʽʥʢʠ ʤʦʜʝʣʽ ʙʘʢʘ 

ʧʨʠ ʚʝʣʠʢʦʤʫ ʟʘʧʦʚʥʝʥʥʽ 


