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ʆʉʅʆɺʅʓɽ ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

ʇʘʨʘʤʝʪʨʳ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥ 

ʩ ð ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʜʚʠʞʝʥʠʠ, ʤ/ʩ; 

D ð ʜʠʘʤʝʪʨ, ʤ; 

F ð ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ, ʤ2; 

G ð ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʘ, ʢʛ/ʩ; 

i ð ʵʥʪʘʣʴʧʠʷ, ɼʞ/ʢʛ; 

k ð ʧʦʢʘʟʘʪʝʣʴ ʠʟʦʵʥʪʨʦʧʳ; 

L ð ʫʜʝʣʴʥʘʷ ʨʘʙʦʪʘ, ɼʞ/ʢʛ; 

M  ð 
ʯʠʩʣʦ ʄʘʭʘ (ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʢ ʤʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ), 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʅ ʤ; 

N ð ʤʦʱʥʦʩʪʴ, ʢɺʪ; 

n ð ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʤʠʥ-1; ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ; 

p ð ʜʘʚʣʝʥʠʝ, ʇʘ; 

ʈ ð ʩʠʣʘ, ʅ; 

r ð ʨʘʜʠʫʩ, ʤ; 

R ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɼʞ/(ʢʛĀʂ); 

T ð ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; 

u ð ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ, ʤ/ʩ; 

w ð ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʤ/ʩ; 

z ð ʯʠʩʣʦ ʣʦʧʘʪʦʢ; 

 ð ʫʛʦʣ ʧʦʪʦʢʘ ʠʣʠ ʣʦʧʘʪʢʠ ʚ ʘʙʩʦʣʶʪʥʦʤ ʜʚʠʞʝʥʠʠ, ʛʨʘʜ; 

 ð ʫʛʦʣ ʧʦʪʦʢʘ ʠʣʠ ʣʦʧʘʪʢʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʛʨʘʜ; 

 ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ; 

 ð ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3; 

 ð ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

 ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ; 

 ð ʩʪʝʧʝʥʴ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʪʫʨʙʠʥʝ; 

 ð ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʜ/ʩ. 
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ʀʥʜʝʢʩʳ 

*  ð ʇʘʨʘʤʝʪʨʳ ʪʦʨʤʦʞʝʥʠʷ (ʧʦʣʥʳʝ ʧʘʨʘʤʝʪʨʳ); 

ʘ ð ʦʩʝʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʧʦ ʦʩʠ ʪʫʨʙʦ-ʤʘʰʠʥʳ); 

ʛ ð ʛʘʟ, ʩʝʯʝʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʪʫʨʙʠʥʫ; 

ʜ ð ʜʠʩʢʦʚʳʡ; 

ʢ ð ʢʦʥʮʝʚʦʡ, ʧʝʨʠʬʝʨʠʡʥʳʡ; 

ʢʨ. ð ʢʨʦʤʦʯʥʳʡ, ʢʨʠʪʠʯʝʩʢʠʡ; 

ʣ ð ʣʦʧʘʪʦʯʥʳʡ; 

n ð ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ (ʧʦ ʥʦʨʤʘʣʠ); 

ʈʂ ð ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʨʘʙʦʯʝʤʫ ʢʦʣʝʩʫ; 

ʉɸ ð ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʩʦʧʣʦʚʦʤʫ ʘʧʧʘʨʘʪʫ; 

ʩʪ ð ʩʪʫʧʝʥʴ; 

ʩʨ ð ʩʨʝʜʥʠʡ; 

ʪ ð ʪʫʨʙʠʥʘ, ʩʝʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʫʨʙʠʥʳ; 

ʪʨ ð ʪʨʝʥʠʝ; 

ʫʪ ð ʩʚʷʟʘʥʥʳʡ ʩ ʫʪʝʯʢʘʤʠ; 

ʧ ð ʧʦʣʠʪʨʦʧʠʯʝʩʢʠʡ; 

ʩ ð ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

r ð ʨʘʜʠʘʣʴʥʳʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʪʝʨʷʤʠ; 

s ð ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʠʡ; 

u ð ʧʘʨʘʤʝʪʨ ʚ ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; 

w ð ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

0 ð ʩʝʯʝʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʩʦʧʣʦʚʦʡ ʘʧʧʘʨʘʪ; 

1 ð ʩʝʯʝʥʠʝ ʥʘ ʚʭʦʜʝ ʚ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ; 

2 ð ʩʝʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ. 

ʋʩʣʦʚʥʳʝ ʩʦʢʨʘʱʝʥʠʷ 

ɺɼ ð ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ; 

ɻɼʌ ð ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ; 

ɻʄ ð ʛʣʘʚʥʦʝ ʤʝʥʶ; 

ɻʉʂ ð ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ; 

ɻʊɼ ð ʛʘʟʦʪʫʨʙʠʥʥʳʡ ʜʚʠʛʘʪʝʣʴ; 

ɻʊʋ ð ʛʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ; 
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ɼɺʉ ð ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ; 

ɾʈɼ ð ʞʠʜʢʦʩʪʥʦ-ʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʂʇɼ ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ; 

ʂʕ ð ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ; 

ʃɺ ð ʣʦʧʘʪʦʯʥʳʡ ʚʝʥʝʮ; 

ʃʄ ð ʣʦʧʘʪʦʯʥʘʷ ʤʘʰʠʥʘ; 

ʃʂʄ ð ʣʝʚʘʷ ʢʥʦʧʢʘ ʤʳʰʠ; 

ʅɼ ð ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ; 

ʇʂʄ ð ʧʨʘʚʘ̫  ʢʥʦʧʢʘ ʤʳʰʠ; 

ʈɿ ð ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ; 

ʈʂ ð ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ; 

ʉɸ ð ʩʦʧʣʦʚʦʡ ʘʧʧʘʨʘʪ; 

ʉɻɸʋ ð ʩʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʉʂ ð ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ; 

ʊɼʃɸ ð ʢʘʬʝʜʨʘ ʪʝʦʨʠʠ ʜʚʠʛʘʪʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʨʘʪʦʚ; 

ʊʈɼ ð ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ; 

ʊʈɼɼ ð ʪʫʨʙʦʨʝʘʢʪʠʚʥʳʡ ʜʚʫʭʢʦʥʪʫʨʥʳʡ ʜʚʠʛʘʪʝʣʴ; 

ʊʅɸ ð ʪʫʨʙʦʥʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ;  

CFD ð 
ʘʥʛʣʦʷʟʳʯʥʘʷ ʘʙʙʨʝʚʠʘʪʫʨʘ çComputational Fluid Dynamicsè, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʘ ̫ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ.  

 

ʆʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʠʥʜʝʢʩʳ ʠ ʫʩʣʦʚʥʳʝ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʷʩʥʝʥʳ ʚ ʪʝʢʩʪʝ. 
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ɺɺɽɼɽʅʀɽ 

ʊʫʨʙʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʟʣʦʚ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠ-

ʛʘʪʝʣʝʡ ʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ. ʂʨʦʤʝ ʪʦʛʦ, ʪʫʨʙʠʥʳ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʠ 

ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʘʢʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 

ʪʦʧʣʠʚʥʳʭ ʥʘʩʦʩʦʚ ɾʈɼ, ʚʦʟʜʫʰʥʳʭ ʠ ʛʨʝʙʥʳʭ ʚʠʥʪʦʚ, ʵʣʝʢʪʨʦʛʝʥʝ-

ʨʘʪʦʨʦʚ, ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʠ ʪ.ʧ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʟʫʯʝʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʪʫʨʙʠʥʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. ɻʣʫʙʦʢʦʝ ʧʦʥʠʤʘ-

ʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʝʝ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʘʭ, ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʦʚʳʩʠʪʴ ʝʝ ʛʘʟʦʜʠʥʘʤʠʯʝ-

ʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʂʇɼ ʪʫʨʙʠʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʧʣʠʚ-

ʥʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ. ʅʘ-

ʧʨʠʤʝʨ, ʜʣʷ ʊʈɼɼ ʩ ʫʤʝʨʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʠʢʣʘ ʧʦʚʳʰʝʥʠʝ ʂʇɼ 

ʪʫʨʙʠʥʳ ɺɼ ʥʘ 1% ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 

ʥʘ 0,7%. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʪʫʨʙʦʤʘʰʠʥ ʷʚʣʷʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ. ʆʜʥʘʢʦ, ʦʥ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʜʫʚʦʢ, ʩʚʷʟʘʥ-

ʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʭ ʤʦʜʝʣʴʥʳʭ ʨʝʰʝʪʦʢ, ʚʝʩʴʤʘ ʜʦʨʦʛʦ. ɺʦ-ʚʪʦʨʳʭ, ʦʨʛʘʥʠʟʘʮʠʷ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ. ɺ-

ʪʨʝʪʴʠʭ, ʧʨʠ ʧʨʦʜʫʚʢʘʭ ʨʝʰʝʪʦʢ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʞʝ-

ʣʘʝʤʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ. ɺ-ʯʝʪʚʝʨʪʳʭ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʚʦʟ-

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʦʪʦʢʘ 
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ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʢʘʥʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʦʧʘʪʦʯʥʳʭ ʚʝʥʮʦʚ ʧʦʣʫʯʘʝʪʩʷ ʜʦʨʦʛʠʤ, ʜʣʠʪʝʣʴ-

ʥʳʤ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʦ ʯʠʩʣʫ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ, ʥʝʩʦ-

ʤʥʝʥʥʦ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʦʠ-

ʤʦʩʪʠ ʜʦʚʦʜʢʠ ʠʟʜʝʣʠʷ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʩʩʦʤ ʚ ʦʙʣʘʩʪʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʪʦ-

ʢʦʚ ʤʝʪʦʜʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʠʣʠ, ʢʘʢ ʠʭ ʯʘʩʪʦ ʥʘ-

ʟʳʚʘʶʪ, CFD-ʤʝʪʦʜʘʤʠ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʩʠʩ-

ʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ - ʉʪʦʢʩʘ, ʦʧʠʩʳʚʘʶʱʝʡ ʪʝʯʝʥʠʝ ʛʘʟʘ ʠʣʠ 

ʞʠʜʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷĚ ʪ.ʝ. ʩ ʤʠ-

ʥʠʤʘʣʴʥʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʵʪʠ ʨʝʰʝʥʠʷ ʜʘʶʪ 

ʨʝʟʫʣʴʪʘʪʳ, ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ. ʇʨʠʯʝʤ ʩʨʦʢʠ ʠ ʩʪʦʠʤʦʩʪʴ 

ʨʘʩʯʝʪʘ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʯʝʪ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʘʝʪ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʭ ʧʘʨʘʤʝʪʨʘʭ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙ-

ʣʘʩʪʠ ʧʦʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʜʦʚʦʜʢʠ, ʩʥʠʞʘʝʪʩʷ ʚ ʨʘʟʳ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘ-

ʟʳʚʘʝʪʩʷ ʥʘ ʩʨʦʢʘʭ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʤ ʧʦʩʦʙʠʠ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷ-

ʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʪʫʧʝʥʠ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ ʩ ʧʦʤʦ-

ʱʴʶ ʧʨʦʛʨʘʤʤʳ Ansys CFX, ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩʩʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʩʪʘʚʠʪ ʩʚʦʝʡ ʮʝʣʴʶ, ʩ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, çʟʘʛʣʷʥʫʪʴè ʚ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘ-

ʣʘʭ ʪʫʨʙʠʥʳ ʠ ʠʟʫʯʠʪʴ ʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʘ-

ʚʠʪʩʷ ʮʝʣʴ ʧʨʠʚʠʪʴ ʩʪʫʜʝʥʪʘʤ ʥʘʚʳʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʚ ʪʫʨʙʦʤʘʰʠʥʘʭ ʚ ʧʨʦʛʨʘʤʤʝ Ansys CFX. 
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1. ʈɸɹʆʏʀʁ ʇʈʆʎɽʉʉ ʉʊʋʇɽʅʀ ʆʉɽɺʆʁ 

ʊʋʈɹʀʅʓ 

ʊʫʨʙʠʥʘ ï ʵʪʦ ʣʦʧʘʪʦʯʥʘʷ 

ʤʘʰʠʥʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʧʨʝʨʳʚʥʳʡ ʦʪʙʦʨ ʵʥʝʨʛʠʠ ʦʪ 

ʩʞʘʪʦʛʦ ʠ ʥʘʛʨʝʪʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʝ ʚ ʤʝʭʘʥʠʯʝ-

ʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ.  

ʊʫʨʙʠʥʳ ʙʳʚʘʶʪ ʦʜʥʦ- ʠ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤʠ. ʄʘʢʩʠʤʘʣʴ-

ʥʦʝ ʯʠʩʣʦ ʩʪʫʧʝʥʝʡ ʚ ʪʫʨʙʠʥʘʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ɻʊɼ 

ʜʦʩʪʠʛʘʝʪ ʩʝʤʠ ʰʪʫʢ. ʏʠʩʣʦ ʩʪʫ-

ʧʝʥʝʡ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʵʪʫ ʚʝʣʠʯʠʥʫ. 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʪʫʨʙʠʥʳ ʜʝʣʷʪʩʷ ʥʘ ʦʩʝ-

ʚʳʝ, ʨʘʜʠʘʣʴʥʳʝ (ʮʝʥʪʨʦʙʝʞʥʳʝ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʝ) ʠ ʜʠʘʛʦ-

ʥʘʣʴʥʳʝ. 

ʉʪʫʧʝʥʴ ʪʫʨʙʠʥʳ ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʣʦʧʘʪʦʯʥʳʭ ʚʝʥʮʦʚ: ʥʝ-

ʧʦʜʚʠʞʥʦʛʦ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ (ʉɸ) ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʘʙʦʯʝʛʦ ʢʦ-

ʣʝʩʘ (ʈʂ). 

ɺ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʭ ʩʝʯʝʥʠʷ: 

 ʥʘ ʚʭʦʜʝ ʚ ʉɸ ʩʝʯʝʥʠʝ 0-0; 

 ʥʘ ʚʳʭʦʜʝ ʠʟ ʉɸ (ʥʘ ʚʭʦʜʝ ʚ ʈʂ) ʩʝʯʝʥʠʝ 1ï1; 

 ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʩʝʯʝʥʠʝ 2-2.  

 
ʈʠʩ. 1.1 ʄʥʦʛʦʩʪʫʧʝʥʯʘʪʘʷ ʧʘʨʦʚʘʷ 

ʦʩʝʚʘʷ ʪʫʨʙʠʥʘ 
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ɺʝʣʠʯʠʥʘ ʩʪʝʧʝʥʠ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ  ʦʙʳʯʥʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1,5 ʜʦ 5. ɹʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʤ ʦʩʝʚʳʤ ʪʫʨʙʠʥʘʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʊɺɼ) ʠ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʳʤ ʪʫʨʙʠʥʘʤ, ʘ ʤʝʥʴʰʠʝ ï ʪʫʨʙʠʥʘʤ ʥʠʟʢʦʛʦ ʜʘʚ-

ʣʝʥʠʷ (ʊʅɼ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʩʦʢʨʘʱʝʥʠʷ 

ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥ ʚ ɻʊɼ. ʇʦʵʪʦʤʫ ʩʪʝʧʝʥʴ ʨʘʩʰʠʨʝ-

ʥʠʷ ʛʘʟʘ ʚ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʫʨʙʠʥʳ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 5. 

1.1. ʉʭʝʤʘ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1.2. ɺʳʜʝʣʠʤ ʵʣʝʤʝʥʪʘʨʥʫʶ ʩʪʫʧʝʥʴ ʪʫʨʙʠʥʳ ʪʦʣʱʠʥʦʡ dr ʥʘ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʘʜʠʫʩʝ  (ʨʠʩ. 1.2 ʘ, ʙ). 

ʅʘ ʚʭʦʜʝ ʚ ʉɸ ʛʘʟ ʠʤʝʝʪ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ T
*
0 ʠ p

*
0 ʠ ʩʢʦʨʦʩʪʴ 

c0 ʥʘʧʨʘʚʣʝʥʥʫʶ ʧʦʜ ʫʛʣʦʤ Ŭ0 ʢ ʬʨʦʥʪʫ ʨʝʰʝʪʢʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦ-

ʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʪʨʳʚʦʤ ʧʦʪʦʢʘ, ʣʦʧʘʪʢʠ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙ  rʚʭʦʜʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʫʛʦʣ ʣʦʧʘʪʦʢ ʙʳʣ ʙʣʠʟʦʢ ʢ 

ʫʛʣʫ ʥʘʪʝʢʘʥʠʷ ʧʦʪʦʢʘ (Ŭʣ å Ŭ0ʣ). 

ʃʦʧʘʪʦʯʥʳʡ ʚʝʥʝʮ ʉɸ ʚʳʧʦʣʥʷʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙ  rʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʡ ʫʛʦʣ ʨʝʰʝʪʢʠ ʥʘ ʚʳʭʦʜʝ ʠʟ ʉɸ Ŭ1ʣ ʙʳʣ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʣʦʧʘ-

ʪʦʯʥʦʛʦ ʫʛʣʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʰʝʪʢʫ Ŭ0ʣ. ʇʨʠ ʪʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʫʛʣʦʚ 

ʧʣʦɦʘʜʴ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʉɸ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʚʭʦʜʝ, ʪ.ʝ. ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʉɸ ʷʚʣʷʝʪʩʷ 

ʩʫʞʘʶʱʠʤʩʷ (ʢʦʥʬʫʟʦʨʥʳʤ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʙʩʦʣʶʪʥʦʡ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ: ʩ1>c0. ʊʝʯʝʥʠʝ ʚ ʉɸ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦʠʟʦʣʠʨʦʚʘʥʥʳʤ, 

ʧʦʵʪʦʤʫ ʧʦʣʥʳʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʘ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʝʛʦ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ, ʘ ʚ ʉɸ 

ʵʥʝʨʛʠʷ (ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʠʣʠ ʪʝʧʣʘ) ʥʝ ʧʦʜʚʦʜʠʪʩʷ ʠ ʥʝ 

ʦʪʚʦʜʠʪʩʷ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʛʘʟ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʘʥʘʣʘ ʉɸ ʚʩʝ-ʪʘʢʠ 

ʩʦʚʝʨʰʘʝʪ ʥʝʙʦʣʴʰʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʧʨʦʪʠʚ ʩʠʣ ʪʨʝʥʠʷ (ʚ ʧʦ-

ʛʨʘʥʠʯʥʦʤ ʩʣʦʝ ʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ). ʇʦʵʪʦʤʫ ʧʦʣ-

ʥʦʝ ʜʘʚʣʝʥʠʝ p
*
 ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʣʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʝ T

*
 ʥʝ 
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ʠʟʤʝʥʷʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʪʝʧʣʦ, ʚʳʜʝʣʠʚʰʝʝʩʷ ʠʟ-ʟʘ ʪʘʢʦʛʦ ʪʨʝʥʠʷ, ʮʝ-

ʣʠʢʦʤ ʦʩʪʘʝʪʩʷ ʚʥʫʪʨʠ ʛʘʟʘ. 

 
ʘ - ʩʭʝʤʘ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ; ʙ - ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʪʫʧʝʥʠ; ʚ - ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʪʫʧʝʥʠ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ:  

ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ɹʝʨʥʫʣʣʠ () ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ 

ʧʦʣʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʪʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (p1 < p0, T1 < T0). ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʉɸ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʧʨʝʦʙʨʘʟʫ-

ʝʪʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʦʪʦʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʈʂ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʨʘʙʦʪʳ 

( ) ʉɸ ʩʦʟʜʘʝʪ ʟʘʢʨʫʪʢʫ ʚʳʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ 

(ʩ1u>>ʩ1r), ʨʘʟʚʦʨʘʯʠʚʘʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʦʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʢ-

ʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (Ŭ1 =12..25Á). 
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ʅʘ ʚʭʦʜʥʳʭ ʢʨʦʤʢʘʭ ʈʂ ʛʘʟ ʫʯʘʩʪʚʫʝʪ ʚ ʜʚʫʭ ʜʚʠʞʝʥʠʷʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʤ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʦʧʘʪʦʢ ʈʂ) ʩʦ ʩʢʦʨʦʩʪʴʶ w1 ʠ ʧʝʨʝʥʦʩʥʦʤ 

(ʚʤʝʩʪʝ ʩ ʣʦʧʘʪʢʘʤʠ ʈʂ) ʩʦ ʩʢʦʨʦʩʪʴʶ u1 (ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ). ʇʨʠ 

ʵʪʦʤ ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ c1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʉʂ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʦʡ . ʄʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʈʂ 

ʪʘʢʞʝ ʯʘʩʪʦ ʚʧrʦʣʥʷʝʪʩʷ ʩʫʞʘʶʱʠʤʩʷ (ʢʦʥʬʫʟʦʨʥʳʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʟʨʘʩʪʘʝʪ , ʘ 

ʩʪʘʪʠʯʝʩʢʠʝ ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʩʥʠʞʘʶʪʩʷ (

, ). 

ɸʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ c2 ʥʘ ʚʳʭʦʜʝ ʠʟ ʈʂ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ . ʆʙʳʯʥʦ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ 

ʧʨʦʝʢʪʠʨʫʶʪ ʪʘʢ, ʯʪʦʙʳ ʩʢʦʨʦʩʪʴ c2 ʙʳʣʘ ʙʣʠʟʢʘ ʢ ʦʩʝʚʦʤʫ ʥʘʧʨʘʚʣʝ-

ʥʠʶ, ʪ.ʝ. ʫʛʦʣ 2 ʙʳʣ ʙʣʠʟʦʢ ʢ 90. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʠʶ ʚʳ-

ʩʦʢʠʭ ʂʇɼ ʪʫʨʙʠʥʥʳʭ ʩʪʫʧʝʥʝʡ. 

ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʈʂ, ʧʦʪʦʢ ʛʘʟʘ ʧʦʚʦʨʘʯʠʚʘ-

ʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʧʦʪʦʢ ʛʘʟʘ ʧʨʠ-

ʞʠʤʘʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʳʪʮʘ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʤʝʩʪʥʦʝ ʧʦ-

ʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠ ̫(ʧʦʢʘʟʘʥʦ ʟʥʘʢʦʤ ç+è ʥʘ ʨʠʩ. 1.2, ʙ). ʉ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʪʝ ʞʝ ʩʠʣʳ çʦʪʞʠʤʘʶʪè ʧʦʪʦʢ ʦʪ ʩʧʠʥʢʠ ʬʦʨʤʠʨʫʷ ʪʘʤ ʦʙʣʘʩʪʴ 

ʨʘʟʨʝʞʝʥʠʷ (ʧʦʢʘʟʘʥʘ ʟʥʘʢʦʤ çïè ʥʘ ʨʠʩ. 1.2, ʙ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʯʘʷ 

ʣʦʧʘʪʢʘ ʠʩʧʳʪʳʚʘʝʪ ʜʝʡʩʪʚʠʝ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ, ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ 

ʩʠʣʘ  ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʫʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 1.2, ʙ. 

ʉʠʣʫ  ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʢʨʫʞʥʫʶ  ʠ 

ʦʩʝʚʫʶ . ʆʢʨʫʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ  ʩʦʟʜʘʝʪ ʥʘ ʨʘʙʦʯʠʭ ʣʦʧʘʪʢʘʭ 

ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ ʟʘʩʪʘʚʣʷʝʪ ʈʂ ʚʨʘʱʘʪʴʩʷ. ʆʩʝʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ  

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʫʧʦʨʥʳʤ ʧʦʜʰʠʧʥʠʢʦʤ ʨʦʪʦʨʘ ʪʫʨʙʠʥʳ. ʇʦʩʢʦʣʴʢʫ 

 (ʛʘʟ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ), ʘʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ c2 ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ c1.  

ɻʨʘʬʠʯʝʩʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʳ ʩʢʦʨʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʪʨʝʫʛʦʣʴʥʠʢ ʩʢʦʨʦʩʪʝʡ. ʉʦʚʤʝʩʪʠʚ ʚʭʦʜʥʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩʢʦʨʦʩʪʝʡ ʚ 

ʦʜʥʦʤ ʧʦʣʶʩʝ ʩ ʚʳʭʦʜʥʳʤ, ʧʦʣʫʯʠʤ ʧʣʘʥ ʩʢʦʨʦʩʪʝʡ ʚ ʩʪʫʧʝʥʠ ʦʩʝʚʦʡ 
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ʪʫʨʙʠʥʳ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 1.2, ʚ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥ-

ʥʳʤʠ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ, ʧʦʵʪʦʤʫ  ( ) ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ 

100...120 (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ ʩ ʧʨʠʝʤʣʝ-

ʤʳʤ ʫʨʦʚʥʝʤ ʂʇɼ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʨʠ max = 20...30). ʇʦʵʪʦʤʫ 

ʧʨʠ ʨʘʚʥʳʭ ʨʘʩʭʦʜʘʭ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʙʣʠʟʢʠʭ ʨʘʟʤʝʨʘʭ ʨʘʙʦʪʘ ʩʪʫʧʝʥʠ 

ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ ʙʦʣʴʰʝ ʨʘʙʦʪʳ ʩʪʫʧʝʥʠ ʦʩʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, ʘ ʧʦ-

ʪʨʝʙʥʦʝ ʯʠʩʣʦ ʩʪʫʧʝʥʝʡ ʪʫʨʙʠʥʳ ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʯʠʩʣʘ ʩʪʫʧʝʥʝʡ ʢʦʤ-

ʧʨʝʩʩʦʨʘ. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʫʨʙʠʥʝ: 

  1.1 

ʇʨʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʚ ʪʫʨʙʠʥʝ ʧʣʦʪʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʩʥʠʞʘ-

ʝʪʩʷ . ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʥʠʞʝʥʠʷ ʝʛʦ ʧʣʦʪʥʦʩʪʠ (ʦʙʳʯʥʦ ʪʫʨʙʠʥʳ ʧʨʦʝʢʪʠʨʫ-

ʶʪʩʷ ʪʘʢ, ʯʪʦ ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʠʚʘʪʴ 

ʧʣʦʱʘʜʴ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʚʳʩʦʪʫ ʣʦʧʘʪʦʢ ʢ ʚʳʭʦʜʫ (ʩʤ. ʬʦʨ-

ʤʫʣʫ 1.1.). ʉʪʦʠʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʨʘʩʰʠʨʝʥʠʝ ʛʘʟʘ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʳ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ, ʘ ʥʝ ʥʘʦʙʦʨʦʪ. 

1.2. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʜʣʠʥʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠ ʧʦʯʝʤʫ ʤʝʥʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ 

ʚʜʦʣʴ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ, ʤʝʞʣʦʧʘ-

ʪʦʯʥʳʝ ʢʘʥʘʣʳ ʈʂ ʠ ʉɸ ʪʫʨʙʠʥʳ ʠʤʝʶʪ ʢʦʥʬʫʟʦʨʥʫʶ ʬʦʨʤʫ. ʇʦʪʦʢ ʚ 

ʥʠʭ ʫʩʢʦʨʷʝʪʩʷ: ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚ ʈʂ  ʠ ʚ ʘʙʩʦʣʶʪ-

ʥʦʤ ʜʚʠʞʝʥʠʠ ʚ ʉɸ . ʇʦʩʢʦʣʴʢʫ ʘʙʩʦʣʶʪʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʉɸ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚ ʈʂ ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʦʠʟʦʣʠʨʦʚʘʥʥʳʤ, ʪʦ ʩʦʛʣʘʩʥʦ 

ʫʨʘʚʥʝʥʠʶ ɹʝʨʥʫʣʣʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʘ-
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ʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ  ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

. 

ɸʙʩʦʣʶʪʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚ ʈʂ ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʦʪʙʦʨʘ ʵʥʝʨʛʠʠ 

ʦʪ ʧʦʪʦʢʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʩ1> ʩ2. 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʦʡ ʬʦʨʤʝ ʚ ʘʙʩʦʣʶʪʥʦʤ ʜʚʠ-

ʞʝʥʠʠ ʜʣʷ ʨʝʰʝʪʢʠ ʈʂ: 

  1.2 

  1.3 

ɺ ʈʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʙʦʨ ʨʘʙʦʪʳ (). ʉʣʝʜʫʝʪ ʥʘʧʦʤʥʠʪʴ, 

ʯʪʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʦʤ ʧʝʨʝʜʘʯʠ/ʦʪʙʦʨʘ ʨʘʙʦʪʳ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʦʪʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ ʈʂ. ɺ ʉɸ 

ʵʥʝʨʛʦʦʙʤʝʥʘ ʥʝʪ ( ). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʨʘʙʦʯʝʤ ʢʦʣʝʩʝ ʨʘʙʦʪʘ ʦʪʙʠʨʘʝʪʩʷ  ʠ ʩ1>ʩ2, 

ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.2) ʧʦʣʦ-

ʞʠʪʝʣʴʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ  ʠ  ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʨʘʙʦ-

ʯʝʤ ʢʦʣʝʩʝ ʩʪʘʪʠʯʝʩʢʘʷ ʠ ʧʦʣʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʠʞʘʶʪʩʷ  ʠ 

. 

ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʚ ʘʙʩʦʣʶʪʥʦʤ ʜʚʠʞʝʥʠʠ 

ʜʣʷ ʈʂ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

  1.4 

ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ, ʨʘʟʚʠʚʘʝʤʘʷ ʪʫʨʙʠʥʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦ-

ʜʠʪ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ (), ʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.4) ʧʦʣʦ-

ʞʠʪʝʣʴʥʘʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʈʂ ʩʥʠʞʘʝʪʩʷ: . 
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ɸʥʘʣʦʛʠʯʥʦ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʦʡ ʬʦʨʤʝ ʚ ʘʙʩʦ-

ʣʶʪʥʦʤ ʜʚʠʞʝʥʠʠ ʜʣʷ ʉɸ: 

  1.5 

  1.6 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʉɸ ʨʘʙʦʪʘ ʥʝ ʦʪʙʠʨʘʝʪʩʷ , ʨʦʩʪ ʘʙʩʦʣʶʪ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʵʥʪʘʣʴʧʠʡ . ɸ ʵʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʘʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

. 

ʆʪʩʫʪʩʪʚʠʝ ʵʥʝʨʛʦʦʙʤʝʥʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʚʝʥʩʪʚʦ ʧʦʣʥʳʭ ʵʥ-

ʪʘʣʴʧʠʡ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʉɸ ( ʠ ). 

ʋʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʜʣʷ ʉɸ ʚʳʛʣʷʜʠʪ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

  1.7 

ʊʘʢ ʢʘʢ , ʠʟʤʝʥʝʥʠʝ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʟʚʘʥʦ ʪʦʣʴʢʦ 

ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʧʦʪʝʨʴ. ɽʩʣʠ ʙʳ ʧʨʦʮʝʩʩ ʚ ʉɸ ʧʨʦ-

ʭʦʜʠʣ ʙʝʟ ʧʦʪʝʨʴ, ʪʦ ʧʦʣʥʦʝ ʜʘʚʣʝ-

ʥʠʝ ʙʳʣʦ ʙʳ ʪʘʤ ʥʝʠʟʤʝʥʥʦ 

. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʪʝʨʷʤʠ 

 ʦʙrʯʥʦ ʥʝʚʝʣʠʢʠ, ʪʦ ʧʘʜʝʥʠʝ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʙʫʜʝʪ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʤ. ʆʙʳʯʥʦ ʦʥʦ ʥʝ ʧʨʝʚʳ-

ʰʘʝʪ 5%.  

 
ʈʠʩ. 1.3. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʪʦʢʘ ʚʜʦʣʴ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʩʪʫʧʝʥʠ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ 
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ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨ-

ʪʠʥʘ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʚ ʩʪʫʧʝʥʠ ʦʩʝʚʦʡ ʪʫʨ-

ʙʠʥʳ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.3. 

1.3. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ ʠ ʂʇɼ 

ʪʫʨʙʠʥʳ 

ʊʫʨʙʠʥʘ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʦʡ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʦʪ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥ-

ʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚ ʪʫʨʙʠʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ 

ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʩ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʜʠʘʛʨʘʤʤ. 

ʅʘ ʨʠʩ. 1.4 ʧʨʠʚʝʜʝʥʘ p-v 

ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ ʨʘʩʰʠʨʝ-

ʥʠʷ. ʂʨʠʚʘʷ çɻTsè ʩʦʦʪʚʝʪʩʪ-

ʚʫʝʪ ʧʨʦʮʝʩʩʫ ʠʟʦʵʥʪʨʦʧʠʯʝ-

ʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʊʦʯʢʘ çɻè ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʦʤʫ ʩʦʩʪʦʷ-

ʥʠʶ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, çʊsè ï ʢʦʥʝʯ-

ʥʦʤʫ. ɺʝʣʠʯʠʥʘ ʨʘʙʦʪʳ, 

ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʩ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ  ʦʪ 

ʜʘʚʣʝʥʠʷ  ʜʦ ʜʘʚʣʝʥʠʷ , ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʩʣʝʜʫʶʱʝʛʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ: 

  1.8 

ɺ ʨʝʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʨʝʥʠʷ çɻʊè ʠʟ-ʟʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʪʝ-

ʧʣʘ ʪʨʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ  ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚʳʰʝ 

 
ʈʠʩ. 1.4. ʨ-v ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ 

ʨʘʩʰʠʨʝʥʠʷ 
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ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʦʥʮʝ ʠʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ . ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʪʦʯʢʘ çʊè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʢʦʥʯʘʥʠʶ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʠʟʦʙʘʨʳ  ʠ ʠʟʦʪʝʨʤʳ . 

ʇʦʩʢʦʣʴʢʫ , ʪʦ ʠʟʦʪʝʨʤʘ  ʣʝʞʠʪ ʧʨʘʚʝʝ ʠʟʦʪʝʨʤʳ 

. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʠʪʨʦʧʘ çɻʊè ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʘʚʝʝ 

ʠʟʦɻʥʪʨʦʧʳ çɻTsè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʴʥʘʷ ʨʘʙʦʪʘ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ ʚ 

ʪʫʨʙʠʥʝ  ʙʦʣʴʰʝ ʠʜʝʘʣʴʥʦʡ  ʥʘ ʚʝʣʠʯʠʥʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘ-

ʙʦʪʳ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ : 

  1.9 

ʀʟ ʵʪʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ʚʳʪʝʢʘʝʪ ʧʘʨʘʜʦʢʩʘʣʴʥʳʡ ʚʳʚʦʜ: ʚ ʪʫʨʙʠʥʝ 

ʚʳʛʦʜʥʝʝ ʨʝʘʣʠʟʦʚʘʪʴ ʥʝʩʦʚʝʨʰʝʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ!!! ʅʦ ʵʪʦ 

ʥʝ ʪʘʢ! 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʫʨʙʠʥʝ, ʩʣʝʜʫʝʪ: 

  1.10 

(ʟʜʝʩʴ ʧʨʠʥʷʪʦ ) 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ: 

  1.11 

ʂ ʩʦʞʘʣʝʥʠʶ, p-V-ʜʠʘʛʨʘʤʤʘ ʥʝ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʦʦʪʥʦʰʝ-

ʥʠʷʭ ʚʝʣʠʯʠʥ  ʠ , ʧʦʵʪʦʤʫ ʠ ʚʦʟʥʠʢʘʝʪ ʚʠʜʠʤʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚ 

ʪʫʨʙʠʥʝ ʧʦʣʠʪʨʦʧʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʳʛʦʜʥʝʝ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʦʛʦ. ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝ-

ʥʠʷ ʚ T-S-ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 1.5). 

ʀʜʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʙʝʟ ʪʨʝʥʠʷ, ʥʘ 

ʜʠʘʛʨʘʤʤʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʨʝʟʢʘ çɻ-ʊsè. ʕʪʘ 

ʠʟʦʵʥʪʨʦʧʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʠʟʦʙʘʨʘʤʠ  ʠ 
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, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤʠ ʥʘʯʘʣʴʥʦʤʫ ʠ ʢʦʥʝʯ-

ʥʦʤʫ ʜʘʚʣʝʥʠʶ, ʠ ʜʚʫʤʷ ʠʟʦ-

ʪʝʨʤʘʤʠ  ʠ 

.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʨʘʩʰʠʨʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʪʝʨʷʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦ-

ʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʪʦʢʘ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʪʫʨʙʠʥʳ ʚ ʨʝʘʣʴ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ʙʫʜʝʪ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʠʜʝʘʣʴʥʦʤ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ ʪʦʯʢʘ çʊè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʥʮʫ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʨʘʩʰʠʨʝʥʠ,̫ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʠʟʦʙʘʨʳ  

ʠ ʠʟʦʪʝʨʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ , ʢʦʪʦʨʘʷ 

ʣʝʞʠʪ ʚʳʰʝ ʠʟʦʪʝʨʤʳ  ʈʝʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʚʦʟʜʫʭʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʠʪʨʦʧʘ çɻ-ʊè, ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.5. 

ɺ T-S ʜʠʘʛʨʘʤʤʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʣʦʱʘʜʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʯʣʝ-

ʥʘʤ ʫʨʘʚʥʝʥʠʷ (1.11). ʊʝʧʣʦ, ʧʦʜʚʝʜʝʥʥʦʝ ʢ ʛʘʟʫ, ʨʘʚʥʦ ʧʣʦʱʘʜʠ ʧʦʜ 

ʧʦʣʠʪʨʦʧʦʡ çɻ-ʊè (ʬʠʛʫʨʘ çe-f-ʊ-ɻè). ʇʦʩʢʦʣʴʢʫ ʚ ʪʫʨʙʠʥʝ ʪʝʧʣʦ ʩʧʝ-

ʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʧʦʜʚʦʜʠʪʩʷ, ʪʦ ʪʝʧʣʦ, ʧʦʜʚʝʜʝʥʥʦʝ ʚ ʨʝʘʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ Qɻʊ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʧʣʦ, ʚʳʜʝʣʘʚʰʝʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʦʜʦʣʝʥʠʷ ʪʨʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ çɻ-ʊè. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ 

ʧʣʦʱʘʜʴ ʨʘʚʥʘ ʨʘʙʦʪʝ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʧʦʪʝʨʴ . ʉʫʤʤʘʨʥʘʷ ʨʘʙʦʪʘ 

ʪʫʨʙʠʥʳ  ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʧʦʜ ʠʟʦʙʘʨʦʡ  (ʬʠʛʫʨʘ 

çd n ɻʝè). ɸʥʘʣʦʛʠʯʥʦ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʘʷ ʨʘʙʦʪʘ  ʙʫʜʝʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʧʣʦʱʘʜʴʶ çʩm ɻʝè. ʈʘʙʦʪʘ ʧʦʣʠʪʨʦʧʥʦʛʦ ʨʘʩ-

ʰʠʨʝʥʠʷ ʨʘʚʥʘ , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʱʘʜʠ ʬʠʛʫʨʳ 

çd n f ɻʊè. ʉʦʧʦʩʪʘʚʣʷʷ ʯʣʝʥʳ ʫʨʘʚʥʝʥʠʷ (1.11) ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

 
ʈʠʩ. 1.5. T-S ʜʠʘʛʨʘʤʤʘ ʧʨʦʮʝʩʩʘ 

ʨʘʩʰʠʨʝʥʠʷ ʚ ʪʫʨʙʠʥʝ 
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ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʱʘʜʝʡ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʙʦʪʘ ʦʙʲʝʤʥʦʛʦ ʨʘʩ-

ʰʠʨʝʥʠʷ  ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʬʠʛʫʨʳ çʊ-ɻ-ʊsè. 

ʊ-Sïʜʠʘʛʨʘʤʤʘ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʵʬʬʝʢʪ ʠʣʣʶʟʦʨʥʦʩʪʠ p-V- 

ʜʠʘʛʨʘʤʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʨʘʙʦʪʘ ʪʫʨʙʠʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʴʰʝ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʵʥʝʨʛʠʠ ʨʘʩʰʠʨʝʥʠʷ (). ɼʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʥʘ ʨʠʩ. 1.5 ʯʝʪʢʦ ʚʠʜʥʦ, ʯʪʦ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʚ ʪʫʨʙʠʥʝ ʩʣʝʜʫʝʪ ʩʪʨʝ-

ʤʠʪʴʩʷ ʢ ʨʝʘʣʠʟʘʮʠʠ ʠʟʦʵʥʪʨʦʧʠʯʝʩʢʦʛʦ (ʵʪʘʣʦʥʥʦʛʦ) ʧʨʦʮʝʩʩʘ ʨʘʩʰʠ-

ʨʝʥʠʷ. 

ʇʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʨʫʛʦʤ ʚʠʜʝ. ʂʘʢ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʪʫʨʙʠʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʙʦʨ ʵʥʝʨʛʠʠ ʦʪ ʥʘʛʨʝʪʦʛʦ ʩʞʘʪʦʛʦ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ ʧʨʦ-

ʮʝʩʩ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʛʘʟʘ ʢ ʤʝʞʣʦʧʘʪʦʯʥʦʤʫ ʢʘʥʘʣʫ ʈʂ ʪʫʨʙʠʥʳ, ʟʘ-

ʪʝʤ ʦʥʘ ʯʝʨʝʟ ʜʠʩʢʠ ʠ ʚʘʣʳ ʧʝʨʝʜʘʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʰʠʨʝʥʠʷ ʛʘʟʘ ʚ ʪʫʨʙʠʥʝ ʚʳʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴ . 

ʇʦʜʝʣʠʚ ʝʝ ʥʘ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʪʫʨʙʠʥʫ  ʧʦʣʫʯʠʤ ʫʜʝʣʴʥʫʶ ʨʘ-

ʙʦʪʫ, ʚʳʜʝʣʠʚʰʫʶʩʷ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʩ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

 ʦʪ ʜʘʚʣʝʥʠʷ  ʜʦ ʜʘʚʣʝʥʠʷ : 

  1.12 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ʨʘʙʦʪʦʡ ʪʫʨʙʠʥʳ ï ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʨʘʙʦʪʦʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʥʝʡ. 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʚʳʜʝʣʠʚʰʝʡʩʷ ʤʦʱʥʦʩʪʠ ʦʪ ʛʘʟʘ ʢ ʣʦʧʘʪʢʘʤ ʯʘʩʪʴ 

ʵʥʝʨʛʠʠ ʪʝʨʷʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʧʦʪʝʨʴ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʈʂ ʠ ʉɸ 

. ɼʘʥʥʳʝ ʧʦʪʝʨʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʪʝʧʣʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘʛʨʝʚʘʶʪ ʨʘʙʦʯʝʝ ʪʝʣʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚ ʪʫʨʙʠʥʝ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ . ɻʘʟ ʧʦʢʠʜʘʝʪ ʪʫʨʙʠʥʫ ʩʦ ʩʢʦʨʦʩʪʴʶ , ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʰʠʨʝʥʠʷ, ʨʘʚʥʘʷ ʢʠʥʝʪʠʯʝʩʢʦʡ 
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ʵʥʝʨʛʠʠ , ʥʝ ʙʳʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʥʘ ʚʘʣʫ. ʄʦ -ɦ

ʥʦʩʪʴ, ʜʦʰʝʜʰʘʷ ʜʦ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʦʚ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ, ʥʘʟʳ-

ʚʘʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʢʦʣʝʩʘ . ɽʩʣʠ ʝʝ ʧʦʜʝʣʠʪʴ ʥʘ ʨʘʩ-

ʭʦʜ ʚʦʟʜʫʭʘ, ʪʦ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʙʦʪʫ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʈʂ, ʢʦʪʦʨʘʷ ʩʦ-

ʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʨʘʚʥʘ: 

  1.13 

ʇʦʣʫʯʝʥʥʘʷ ʣʦʧʘʪʢʘʤʠ ʵʥʝʨʛʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʝʨʝʜʘʝʪʩʷ ʧʦʪʨʝʙʠ-

ʪʝʣʶ. ʏʘʩʪʴ ʤʦʱʥʦʩʪʠ  ʪʝʨʷʝʪʩʷ ʩ ʫʪʝʯʢʘʤʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʈɿ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʩʦ ʚʭʦʜʘ ʥʘ ʚʳʭʦʜ ʪʫʨʙʠʥʳ ʤʠʥʫʷ ʣʦʧʘʪʢʠ ʠ ʥʝ ʩʦ-

ʚʝʨʰʘʷ ʧʦʣʝʟʥʘʷ ʨʘʙʦʪʳ. 

ɼʨʫʛʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʪʝʨʷʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ ʜʠʩʢʘ ʦ ʛʘʟ 

. ʇʦʣʫʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʤʦʱʥʦʩʪʴʶ ʪʫʨ-

ʙʠʥʳ . ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʧʦ ʜʠʩʢʘʤ ʠ ʚʘʣʘʤ ʯʘʩʪʴ 

ʤʦʱʥʦʩʪʠ  ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʨʦʪʦʨʘ ʠ 

ʧʨʝʦʜʦʣʝʥʠʝ ʪʨʝʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ 

ʆʩʪʘʚʰʘʷʩʷ ʤʦʱʥʦʩʪʴ  ʧʝʨʝʜʘʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʶ. 

ʆʧʠʩʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʙʨʘ-

ʞʝʥ ʩʭʝʤʘʪʠʯʝʩʢʠ. ɹʘʣʘʥʩ ʵʥʝʨʛʠʠ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 

1.6 ʠ 1.7. 

                 

                 

 
 

       

 

ʈʠʩ. 1.6. ɹʘʣʘʥʩ ʵʥʝʨʛʠʠ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ 

ʇʨʦʚʝʜʝʥʥʳʡ ʚʳʰʝ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʥʘ ʧʦʥʷʪʠʝ ʂʇɼ ʪʫʨ-

ʙʠʥ,r ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʂʇɼ 
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ʪʫʨʙʠʥʳ - ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʢ ʟʘʪʨʘʯʝʥʥʦʡ. ʇʦʣʝʟʥʦʡ 

ʨʘʙʦʪʦʡ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ, ʧʝʨʝʜʘʥʥʘʷ ʧʦʪʨʝʙʠʪʝʣʶ . ɿʘʪʨʘʯʝʥʥʘʷ ʨʘ-

ʙʦʪʘ ï ʵʥʝʨʛʠʷ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʩ ʥʘʯʘʣʴʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʦʡ  ʦʪ ʜʘʚʣʝʥʠʷ  ʜʦ ʜʘʚʣʝʥʠʷ . ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʤʧʨʝʩ-

ʩʦʨʘ ʚ ʪʫʨʙʠʥʝ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʂʇɼ. 

 
ʈʠʩ. 1.7. ɼʠʘʛʨʘʤʤʘ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʠʥʳ 

ɸʜʠʘʙʘʪʠʯʝʩʢʠʡ ʂʇɼ ï ʦʮʝʥʠʚʘʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ 

ʪʫʨʙʠʥʳ: 

  1.14 

ʆʢʨʫʞʥʦʡ ʂʇɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʨʙʠʥʳ ʧʦ ʚʝʣʠ-

ʯʠʥʝ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʥʥʦʡ ʥʘ ʣʦʧʘʪʢʠ ʈʂ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʠ ʩ ʚʳʭʦʜʥʦʡ ʩʢʦʨʦʩʪʴʶ: 

 
 

1.15 
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ɺʥʫʪʨʝʥʥʠʡ (ʤʦʱʥʦʩʪʥʦʡ) ʂʇɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʫʨʙʠʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʵʥʝʨʛʠʠ, ʧʝʨʝʜʘʥʥʦʡ ʥʘ ʚʳʭʦʜʥʦʡ ʚʘʣ ʪʫʨʙʠʥʳ: 

  1.16 

ʀʤʝʥʥʦ ʵʪʦʪ ʂʇɼ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʝʝ ʩʦʚʝʨ-

ʰʝʥʩʪʚʘ. 

ʇʦʣʥʳʡ ʂʇɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʫʨʙʠʥʳ ʧʦ ʚʝʣʠʯʠʥʝ 

ʵʥʝʨʛʠʠ, ʦʪʜʘʥʥʦʡ ʧʦʪʨʝʙʠʪʝʣʶ:  

  1.17 
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2. ɸʃɻʆʈʀʊʄ ʈɸʉʏɽʊʅʆɻʆ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʈɸɹʆʏɽɻʆ ʇʈʆʎɽʉʉɸ ɺ ʉʊʋʇɽʅʀ ʆʉɽɺʆʁ 

ʊʋʈɹʀʅʓ 

2.1. ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʇʨʦʮʝʩʩ CFD-ʨʘʩʯʝʪʘ ʣʦʧʘʪʦʯʥʦʡ ʤʘʰʠʥʳ ʪʨʘʜʠʮʠʦʥʥʦ ʩʦʩʪʦʠʪ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

 ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʟʘʜʘʥʠʝ ʮʝʣʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʙʦʨ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

 ʩʦʟʜʘʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʳʙʨʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ; 

 ʥʘʣʦʞʝʥʠʝ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʝʪʢʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʝ-

ʤʦʚ; 

 ʟʘʜʘʥʠʝ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʚʦʡʩʪʚ ʚʝʱʝʩʪʚʘ, ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ); 

 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ; 

 ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʱʘʷ ʦʮʝʥʢʘ ʟʘʜʘʯʠ ʠ ʚʳʙʠʨʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʘʷ ʩʪʨʘʪʝʛʠʷ ʨʝʰʝʥʠʷ. ʊʘʢ, ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ, 

ʥʘʧʨʠʤʝʨ, ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʥʘ ʧʝʨʠʬʝʨʠʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʩʝʨʠʶ ʨʘʩʯʝʪʦʚ ʩ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʦʡ ʟʘʟʦʨʘ ʠ ʩʨʘʚʥʠʪʴ ʠʭ. ʇʨʠ ʵʪʦʤ 

ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʪʘʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʚʥʝ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʣʘʙʠʨʠʥʪʥʳʝ ʫʧʣʦʪʥʝʥʠʷ ʚʙʣʠʟʠ 
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ʚʪʫʣʢʠ. ɽʩʣʠ ʞʝ, ʥʘʦʙʦʨʦʪ, ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʣʘʙʠʨʠʥʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʭ ʙʦʣʝʝ ʜʝ-

ʪʘʣʴʥʦ. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʯʝʥʠʝ ʚ ʪʫʨʙʦʤʘʰʠʥʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʯʝ-

ʪʦʤ ʚʩʝʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʡ ʪʝʭʥʠʢʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ - ʨʝhʝʥʠʝ ʪʘʢʦʡ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʝʨ-

ʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʇʦ-

ʵʪʦʤʫ ʧʝʨʝʜ ʠʥʞʝʥʝʨʦʤ ʚʩʝʛʜʘ ʩʪʦʠʪ ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ - ʦʙʷʟʘ-

ʪʝʣʴʥʦ ʫʯʝʩʪʴ ʚ ʨʘʩʯʝʪʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʥʝʛʦ ʚʩʝ ʣʠʰʥʝʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʨʝ-

ʰʝʥʠʷ.  

ʇʨʦʪʦʯʥʘʷ ʯʘʩʪʴ ʣʶʙʳʭ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥʳ ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ, ʟʘʪʨʫʜʥʷʶʱʝʡ ʢʘʢ ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʤʝʪʨʠʠ, 

ʪʘʢ ʠ ʥʘʣʦʞʝʥʠʝ ʥʘ ʥʝʝ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʠʭ 

ʦʧʝʨʘʮʠʡ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʝʪʢʦʛʝʥʝʨʘʪʦʨʘʭ ʚ ʧʨʠʥʮʠʧʝ ʚʦʟʤʦʞʥʦ, ʥʦ ʪʨʝʙʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ 

ʵʪʠʭ ʦʧʝʨʘʮʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʪʴ ʠ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ, ʠ ʩʝʪʢʫ ʜʣʷ 

CFD-ʨʘʩʯʝʪʘ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ 

ʪʨʘʜʠʮʠʦʥʥʫ ʁʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʣʦʧʘʪʦʢ: ʢʦʦʨʜʠʥʘʪ r

ʪʦʯʝʢ ʧʨʦʬʠʣʷ, ʣʠʥʠʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʦʙʚʦʜʦʚ ʠ ʪ.ʧ. ʇʨʠ ʵʪʦʤ ʧʨʦ-

ʮʝʩʩ ʩʦʟʜʘʥʠʷ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ ʟʘ ʩʯʝʪ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʠ ʦʙʲʝʜʠʥʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʨʝʰʝʥʠʷ CFD-ʟʘ-

ʜʘʯʠ. 

ʏʝʪʚʝʨʪʳʡ-ʰʝʩʪʦʡ ʵʪʘʧʳ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʣʶʙʦʛʦ 

CFD-ʨʘʩʯʝʪʘ, ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʨʝ-ʧʨʦʮʝʩʩʠʥʛ, ʨʝʰʝʥʠʝ ʠ ʧʦʩʪ-

ʧʨʦʮʝʩʩʠʥʛ. ɽʩʪʝʩʪʚʝʥʥʦ, ʦʥʠ ʪʘʢʞʝ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʪʫʨʙʦʤʘʰʠʥ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʙʫʜʫʪ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. 



25 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʠʯʝʩʢʦʤ ʧʦʩʦʙʠʠ ʧʨʠʚʝʜʝʥ ʧʦʜʨʦʙʥʳʡ ʘʣʛʦʨʠʪʤ 

CFD-ʨʘʩʯʝʪʘ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ: 

 ʫʥʠʚʝʨʩʘʣʴʥʳʡ CFD-ʧʘʢʝʪ Ansys CFX, ʦʙʣʘʜʘʶʱʠʡ ʫʜʦʙʥʳʤʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʰʘʙʣʦʥʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʫʨʙʦ-

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ; 

 ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ Ansys TurboGrid ʜʣʷ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʩʪʨʦʝ-

ʥʠʷ ʥʘ ʝʝ ʙʘʟʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ; 

 ʧʨʦʛʨʘʤʤʫ Profiler, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʥʘ ʢʘʬʝʜʨʝ 

ʊɼʃɸ ʉɻɸʋ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʦʚ ʛʝʦʤʝʪʨʠʠ ʜʣʷ TurboGrid ʥʘ 

ʦʩʥʦʚʝ ʪʘʙʣʠʮ ʢʦʦʨʜʠʥʘʪ ʧʨʦʬʠʣʝʡ, ʢʦʪʦʨʳʤʠ ʦʙʳʯʥʦ ʟʘʜʘʸʪʩʷ 

ʛʝʦʤʝʪʨʠʷ ʣʦʧʘʪʦʢ ʥʘ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʘʭ. 

 ʦʙʱʝʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘ-

ʥʠʷ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ - MS Notepad; ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʪʝʢʩʪʦʚʦʡ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ-

ʯʝʪʘ - MS Word, Paint. 

2.2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʚʳʙʦʨ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪ-

ʥʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʚ ʩʪʫʧʝʥʠ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ansys CFX. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʪʨʦʠʪʩʷ ʛʝʦʤʝʪʨʠʷ ʦʙ-

ʣʘʩʪʠ ʪʝʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʭ ʢʘʥʘʣʘʭ ʪʫʨʙʠʥʳ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʳʙʠʨʘʶʪʩʷ 

ʥʘ ʙʘʟʝ ʛʝʦʤʝʪʨʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʫʨʙʠʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ ʯʝʨ-

ʪʝʞʘ (ʨʠʩ. 2.1 ʠ 2.2) ʠʣʠ 3D-CAD-ʤʦʜʝʣʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʤʝ-

ʨʠʜʠʦʥʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʪʫʨʙʠʥʳ (ʩʤ. ʨʠʩ. 2.1) ʠ ʬʦʨʤʫ 

ʧʝʨʘ ʣʦʧʘʪʦʢ. ɻʝʦʤʝʪʨʠʷ ʧʝʨʘ ʥʘ ʯʝʨʪʝʞʘʭ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ 
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ʚʠʜʝ ʪʘʙʣʠʮʳ ʢʦʦʨʜʠʥʘʪ ʧʨʦʬʠʣʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ 

(ʨʠʩ. 2.2). 

 
ʈʠʩ. 2.1. ʌʨʘʛʤʝʥʪ ʯʝʨʪʝʞʘ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ 

 
ʈʠʩ. 2.2. ʊʘʙʣʠʮʘ ʪʦʯʝʢ ʧʨʦ-

ʬʠʣʷ ʩʦʧʣʦʚʦʡ ʣʦʧʘʪʢʠ 

ʄʝʨʠʜʠʦʥʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʪʫʨʙʠʥʳ (ʩʤ. ʨʠʩ. 2.1) ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ 

ʦ ʛʝʦʤʝʪʨʠʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʦʙʚʦʜʦʚ ʢʘʞʜʦʛʦ ʣʦʧʘʪʦʯʥʦʛʦ ʚʝʥʮʘ, 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʪʫʨʙʠʥʳ. ʀʤʝʥʥʦ ʦʙʚʦʜʳ ʷʚʣʷʶʪʩʷ ʨʘʜʠʘʣʴʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʜʣʷ ʧʦʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʩʪʫʧʝʥʴ. ʇʦʵʪʦʤʫ ʨʘʜʠʘʣʴ-

ʥʳʝ ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʚʪʫʣʦʯʥʦʛʦ (hub) ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ 

(shroud) ʦʙʚʦʜʦʚ (ʨʠʩ. 2.3). ʆʜʥʘʢʦ ʦʩʝʚʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʥʝ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʛʨʘʥʠʮʳ ʚʭʦʜʘ ʠ 

ʚʳʭʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʫʩʣʦʚʥʦ. ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʦʙʣʘʩʪʴ ʙʳʣʘ 

ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʡ, ʯʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʦʧʘʪʦʯʥʳʡ ʚʝʥʝʮ: ʥʘʯʠʥʘ-



27 

ʣʘʩʴ ʨʘʥʴʰʝ ʥʝʛʦ (ʙʣʦʢ ʚʭʦʜʘ - Inlet) ʠ ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʧʦʟʞʝ (ʙʣʦʢ ʚʳ-

ʭʦʜʘ - Outlet). ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʙʣʦʢʦʚ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʜʦ ʠ ʧʦʩʣʝ ʚʝʥʮʘ. ʅʘ-

ʧʨʠʤʝʨ, ʯʝʤ ʩʠʣʴʥʝʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʚʠʭʨʠ ʟʘ ʨʘʙʦʯʠʤ ʢʦʣʝʩʦʤ, ʪʝʤ 

ʜʘʣʴʰʝ ʥʫʞʥʦ ʦʪʦʜʚʠʥʫʪʴ ʚʳʭʦʜʥʫʶ ʛʨʘʥʠʮʫ, ʯʪʦʙʳ ʨʘʩʯʝʪʥʘʷ ʦʙ-

ʣʘʩʪʴ ʩʤʦʛʣʘ ʦʭʚʘʪʠʪʴ ʢʨʫʧʥʳʡ ʚʠʭʨʴ, ʠ ʥʘʦʙʦʨʦʪ. ʇʨʠʝʤʣʝʤʘ ̫ʚʝʣʠ-

ʯʠʥʘ ʦʩʝʚʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʠ ʚʳʭʦʜʥʦʛʦ ʫʯʘʩʪʢʦʚ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʰʠʨʠʥʝ ʣʦʧʘʪʦʯʥʦʛʦ ʚʝʥʮʘ 

(ʨʠʩ. 2.3). 

 
ʈʠʩ. 2.3. ɺʳʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ 

ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ ʣʦʧʘʪʦʯʥʳʭ ʤʘʰʠʥ ʚʩʝʛʜʘ ʠʤʝʝʪ ʦʩʝʚʳʝ 

ʟʘʟʦʨʳ ʩ ʚʪʫʣʦʯʥʳʤ ʦʙʚʦʜʦʤ (ʩʤ. ʨʠʩ. 2.1), ʩʜʝʣʘʪʴ ʨʘʩʯʝʪʥʫʶ ʦʙʣʘʩʪʴ 

ʟʘʤʢʥʫʪʦʡ ʤʦʞʥʦ ʪʦʣʴʢʦ ʫʩʣʦʚʥʦ ʟʘʤʢʥʫʚ ʦʙʚʦʜ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʩʪʠ 

ʟʘʟʦʨʦʚ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʜʦʧʫʱʝʥʠʝʤ, ʯʪʦ ʧʨʦʠʩʭʦ-

ʜʷʱʠʝ ʚ ʥʠʭ ʧʨʦʮʝʩʩʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝ-
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ʟʫʣʴʪʘʪʳ. ʆʜʥʘʢʦ, ʥʘʧʨʠʤʝʨ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʧʝʮʠʘʣʴʥʦʤ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʫʪʝʯʝʢ ʯʝʨʝʟ ʟʘʟʦʨʳ, ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. 

ʆʧʠʩʘʥʠʝ ʚʪʫʣʦʯʥʦʛʦ ʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʦʙʚʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʠʭ ʪʦʯʝʢ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʩʝʯʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʦʪʩʯʝʪ 

ʚʝʜʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʉʂ) ʜʚʠʛʘʪʝʣʷ, ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʛʣʦ-

ʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ɻʉʂ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʙʚʦ-

ʜʦʚ, ʠʟʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʜʚʝ ʢʦʦʨʜʠʥʘʪʳ, ʪʨʝʪʴʷ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ 

ʧʣʦʩʢʦʩʪʠ ʯʝʨʪʝʞʘ - ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ Y) ʧʨʠʥʠʤʘʝʪʩʷ ʥʫʣʝʚʦʡ. 

ʆʧʠʩʘʥʠʝ ʛʝʦʤʝʪʨʠʠ ʣʦʧʘʪʦʢ (Blade) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʟʘʜʘ-

ʥʠʷ ʠʭ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ ʧʦ ʚʳ-

ʩʦʪʝ ʚ ʦʢʨʫʞʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʤ. ʨʠʩ. 2.2), ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʤʝʨʠʜʠʦ-

ʥʘʣʴʥʦʤʫ ʨʘʟʨʝʟʫ ʜʚʠʛʘʪʝʣʷ. 

ʂʘʞʜʦʝ ʩʝʯʝʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ ʣʦʧʘʪʢʠ h ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʙʣʠʮʫ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʧʠʥʢʠ ʠ ʢʦʨʳʪʮʘ, ʘ 

ʪʘʢʞʝ ʦʧʠʩʘʥʠʝ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʢʨʦʤʦʢ. ʂʦʣʠʯʝʩʪʚʦ ʩʝʯʝʥʠʡ ʟʘ-

ʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʣʦʧʘʪʢʠ ʠ ʩʦʩʪʘʚʣʷʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ ʪʨʝʭ ʜʦ ʜʝʩʷʪʠ. 

ʇʨʠ ʵʪʦʤ ʧʝʨʦ ʣʦʧʘʪʢʠ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʣʦʢʘʣʴʥʦʡ ʉʂ ʣʦʧʘʪʢʠ, ʘ ʧʨʠ-

ʚʷʟʢʘ ʝʝ ʢ ɻʉʂ ʜʚʠʛʘʪʝʣʷ ʟʘʜʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʩʤʝʱʝʥʠʡ: ʦʩʝʚʦʛʦ ʠ ʨʘ-

ʜʠʘʣʴʥʦʛʦ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʦʛʜʘ ʥʘ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʘʭ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ 

ʣʦʢʘʣʴʥʳʭ ʉʂ - ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ (ʉɸ) ʠʣʠ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ (ʈʂ) - 

ʠʤʝʶʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʦʪʣʠʯʥʦʝ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʝʡ ɻʉʂ. ʕʪʦ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʱʝʡ ʤʦʜʝʣʠ, ʠʟʤʝʥʷʷ ʟʥʘʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʢʦʦʨʜʠʥʘʪ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʯʝʙʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʩʪʫ-

ʧʝʥʠ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʧʨʦʱʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʦʙ-

ʣʘʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʟʘʤʢʥʫʪʳʤʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʦʙʚʦʜʘʤʠ ʠ ʚʢʣʶ-

ʯʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʦʧʘʪʦʢ, ʟʘʜʘʥʥʳʝ ʧʦ ʩʝʯʝʥʠʷʤ. ʂʦʦʨʜʠʥʘʪʳ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʯʝʨʪʝʞʘ ʣʦʧʘʪʦʯʥʦʡ ʤʘʰʠʥʳ. 
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2.3. ʉʦʟʜʘʥʠʝ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʧʦʪʦʢʘ ʛʘʟʘ ʚ ʩʪʫʧʝʥʠ 

ʪʫʨʙʠʥʳ 

ʉʦʟʜʘʥʠʝ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʪʫʨʙʦʤʘʰʠʥʳ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ Ansys TurboGrid ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʥʮʘ: ʩʥʘ-

ʯʘʣʘ ʜʣʷ ʉɸ, ʟʘʪʝʤ - ʜʣʷ ʈʂ. 

2.3.1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʯʝʪʥʦʡ 

ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʠʥʝ 

ɼʘʥʥʳʝ ʦ ʛʝʦʤʝʪʨʠʠ ʚʝʥʮʦʚ ʟʘʛʨʫʞʘʶʪʩʷ ʚ TurboGrid ʩ ʧʦʤʦʱʴʶ 

ʪʨʝʭ ʟʘʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.curve: 

 hub.curve ï ʩʦʜʝʨʞʠʪ ʢʦʦʨʜʠʥʘʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʪʫʣʦʯʥʳʡ 

ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʦʙʚʦʜ; 

 shroud.curve - ʩʦʜʝʨʞʠʪ ʢʦʦʨʜʠʥʘʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʝʨʠʬʝʨʠʡ-

ʥʳʡ ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʦʙʚʦʜ; 

 profile.curve - ʩʦʜʝʨʞʠʪ ʢʦʦʨʜʠʥʘʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʝʯʝʥʠʷ ʣʦ-

ʧʘʪʢʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ ʩʝʯʝʥʠʷʭ. 

ʀʤʝʥʘ ʬʘʡʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʧʨʦʠʟʚʦʣʴʥʦ, ʦʜʥʘʢʦ ʝʩʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʠʤʝʥʘ, ʧʨʠ ʚʳʙʦʨʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʧʨʠ 

ʟʘʛʨʫʟʢʝ ʛʝʦʤʝʪʨʠʠ, ʜʨʫʛʠʝ ʙʫʜʫʪ ʥʘʡʜʝʥʳ ʧʨʦʛʨʘʤʤʦʡ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ. 

ʌʘʡʣʳ hub.curve ʠ shroud.curve ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʨʠ ʩʪʦʣʙʮʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʦʙʚʦʜʦʚ ʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

253.93 3.22 52.96  {x, y, z ʧʝʨʚʦʡ ʪʦʯʢʠ} 

253.92 6.32 58.15  {x, y, z ʚʪʦʨʦʡ ʪʦʯʢʠ} 

253.87 7.85 64.83  {x, y, z ʪʨʝʪʴʝʡ ʪʦʯʢʠ} 

253.90 7.06 72.25  {x, y, z ʯʝʪʚʝʨʪʦʡ ʪʦʯʢʠ} 

ʠ ʪ.ʜ. 

 

ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʚʨʫʯʥʫʶ ʚʚʦʜʦʤ ʢʦʦʨʜʠʥʘʪ ʚ MS Notepad 

(ɹʣʦʢʥʦʪ Windows) ʠ ʩʦʭʨʘʥʝʥʳ ʚ ʬʘʡʣʝ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʨʘʩʰʠʨʝ-

ʥʠʝʤ. 
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ʌʘʡʣ profile.curve, ʦʧʠʩʳʚʘʶʱʠʡ ʛʝʦʤʝʪʨʠʶ ʣʦʧʘʪʢʠ, ʠʤʝʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ: 

 

# Profile 1 at 0.0   {ʧʝʨʚʦʝ ʩʝʯʝʥʠʝ ʥʘ ʚʳʩʦʪʝ 0} 

 253.99 0.34 50.24   {ʧʝʨʚʘʷ ʪʦʯʢʘ 1-ʛʦ ʩʝʯʝʥʠʷ } 

 253.99 0.41 50.17   {ʚʪʦʨʘʷ ʪʦʯʢʘ 1-ʛʦ ʩʝʯʝʥʠʷ } 

 253.99 0.41 50.17   {ʪʨʝʪʴʷ ʪʦʯʢʘ 1-ʛʦ ʩʝʯʝʥʠʷ } 

...  

# Profile 2 at 5.5   {ʚʪʦʨʦʝ ʩʝʯʝʥʠʝ ʥʘ ʚʳʩʦʪʝ 5,5} 

 259.29 1.12 50.24   {ʧʝʨʚʘʷ ʪʦʯʢʘ 2-ʛʦ ʩʝʯʝʥʠʷ } 

 259.29 1.19 50.17   {ʚʪʦʨʘʷ ʪʦʯʢʘ 2-ʛʦ ʩʝʯʝʥʠʷ } 

 259.29 1.19 50.17   {ʪʨʝʪʴʷ ʪʦʯʢʘ 2-ʛʦ ʩʝʯʝʥʠʷ } 

...  

 

ɺ ʥʸʤ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʝʯʝʥʠʡ, ʦʜʥʦ ʟʘ ʜʨʫʛʠʤ. ɼʣʷ ʢʘʞ-

ʜʦʛʦ ʩʝʯʝʥʠʷ ʚ ʪʨʠ ʩʪʦʣʙʮʘ ʧʨʠʚʦʜʷʪʩʷ ʢʦʦʨʜʠʥʘʪ rʝʛʦ ʪʦʯʝʢ. ʇʨʠʯʸʤ 

ʪʦʯʢʠ ʜʦʣʞʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʟʘʤʢʥʫʪʳʡ ʩʧʣʘʡʥ. ʅʦ ʦʙʳʯʥʦ ʥʘ ʯʝʨʪʝ-

ʞʘʭ ʣʦʧʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʥʝʟʘʤʢʥʫʪʳʭ ʩʧʣʘʡʥʦʚ, ʩʦʝʜʠʥʝʥ-

ʥʳʭ ʜʫʛʘʤʠ ʦʢʨʫʞʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʝʚʦʜʘ ʚ ʬʦʨʤʘʪ TurboGrid 

ʠʭ ʥʫʞʥʦ ʟʘʤʢʥʫʪʴ. ʕʪʫ ʦʧʝʨʘʮʠʶ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʚʨʫʯʥʫʶ, ʠʩ-

ʧʦʣʴʟʫʷ ʣʶʙʫʶ CAD-ʩʠʩʪʝʤʫ. ʅʦ ʵʪʦ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʤʘ Profiler, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʢʘʬʝʜʨʝ ʊɼʃɸ 

ʉɻɸʋ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ 

ʢʦʦʨʜʠʥʘʪ ʣʦʧʘʪʢʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʬʘʡʣ profile.curve ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʝʛʦ ʚ TurboGrid. ʇʨʦʛʨʘʤʤʘ Profiler ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʟʘʜʘʪʴ ʩʤʝʱʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʉʂ ʠʣʠ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʣʦʢʘʣʴ-

ʥʳʭ ʦʩʝʡ. 

2.3.2. ʉʦʟʜʘʥʠʝ ʬʘʡʣʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʦʙʚʦʜʳ 

ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʳʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʦʯʥʦʡ 

ʤʦʜʝʣʠ çʩ ʥʫʣʷè ʚʳʛʣʷʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 2.4): 
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ʈʠʩ. 2.4. ɸʣʛʦʨʠʪʤ CFD-ʨʘʩʯʝʪʘ ʪʫʨʙʦʤʘʰʠʥʳ ʚ CFX 

1. ʩ ʯʝʨʪʝʞʘ ʩʥʠʤʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʦʙʚʦʜʦʚ, 

ʚʚʦʜʷʪʩʷ ʚ ɹʣʦʢʥʦʪʝ ʚ ʪʨʠ ʩʪʦʣʙʮʘ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʬʘʡʣʳ hub ʠ 

shroud; 

2. ʚ ʧʨʦʛʨʘʤʤʫ Profiler ʚʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʩ ʯʝʨʪʝʞʘ (ʪʘʙʣʠʮʳ ʢʦʦʨ-

ʜʠʥʘʪ ʠ ʪ.ʜ.), ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʠʬʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʟʘʛʨʫʞʘ-

ʶʪʩʷ ʠʟ ʬʘʡʣʘ. ʇʦ ʥʠʤ ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʡʣ profile; 

3. ʚʩʝ ʪʨʠ ʬʘʡʣʘ ʧʦʤʝʱʘʶʪʩʷ ʚ ʨʘʙʦʯʫʶ ʧʘʧʢʫ TurboGrid, ʧʦʩʣʝ 

ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʛʨʫʟʢʘ ʛʝʦʤʝʪʨʠʠ; 
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4. ʩʨʝʜʩʪʚʘʤʠ TurboGrid ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ, ʠ ʦʥʘ ʩʦ-

ʭʨʘʥʷʝʪʩʷ ʚ ʬʘʡʣ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʜʨʦʙʥʝʝ ʥʘ ʧʨʠʤʝʨʝ ʩʦʟʜʘʥʠʷ ʜʚʫʭ ʣʦ-

ʧʘʪʦʯʥʳʭ ʚʝʥʮʦʚ ʦʩʝʚʦʡ ʪʫʨʙʠʥʳ: ʉɸ ʠ ʈʂ.  

ʐɸɻ 1. ʉʦʟʜʘʥʠʝ ʨʘʙʦʯʝʡ ʧʘʧʢʠ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʩʦʟʜʘʜʠʤ ʨʘʙʦʯʫʶ ʧʘʧʢʫ ʚ ʢʦʨʥʝʚʦʤ ʢʘʪʘ-

ʣʦʛʝ ʥʘ ʧʦʩʣʝʜʥʝʤ ʜʠʩʢʝ ʢʦʤʧʴʶʪʝʨʘ çEè (ʝʩʣʠ ʥʝʪ çEè, ʥʫʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ çDè). ɽʡ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʠʤʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ: 

<ʥʦʤʝʨ ʛʨʫʧʧʳ><ʬʘʤʠʣʠʷ>. 

ʅʘʧʨʠʤʝʨ, ç2405IVANOVè ʜʣʷ ʩʪʫʜʝʥʪʘ ʀʚʘʥʦʚʘ ʛʨʫʧʧʳ 2405, ʙʝʟ 

ʧʨʦʙʝʣʦʚ ʠ ʜʨʫʛʠʭ ʟʥʘʢʦʚ. 

ʐɸɻ 2. ʉʦʟʜʘʥʠʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʛʝʦʤʝʪʨʠʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʦʙʚʦʜʦʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦ-

ʛʨʘʤʤʳ çɹʣʦʢʥʦʪè. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2.1, ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʦʙʚʦʜʳ (ʚʪʫʣʦʯʥʳʡ ʠ ʧʝ-

ʨʠʬʝʨʠʡʥʳʡ) ʉɸ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʦʤʘʥʫʶ ʣʠʥʠʶ. ʂʦʦʨʜʠʥʘʪʳ 

ʙʘʟʦʚʳʭ ʪʦʯʝʢ ʚʪʫʣʦʯʥʦʛʦ ʦʙʚʦʜʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.1. ʀʭ ʩʣʝʜʫʝʪ 

ʚʙʠʪʴ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʛʨʘʤʤʝ ɹʣʦʢʥʦʪ (ʇʫʩʢ  ɺʩʝ ʧʨʦʛʨʘʤʤʳ  

ʉʪʘʥʜʘʨʪʥʳʝ  ɹʣʦʢʥʦʪ) ʚ ʦʧʠʩʘʥʥʦʤ ʚʳʰʝ ʬʦʨʤʘʪʝ: ʢʘʞʜʘʷ ʪʦʯʢʘ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʦʚʦʡ ʩʪʨʦʢʠ, ʢʦʦʨʜʠʥʘʪʳ ʦʜʥʦʡ ʪʦʯʢʠ ʦʪʜʝʣʷʶʪʩʷ ʧʨʦ-

ʙʝʣʘʤʠ, ʨʘʟʜʝʣʠʪʝʣʝʤ ʮʝʣʦʡ ʠ ʜʨʦʙʥʦʡ ʯʘʩʪʝʡ ʩʣʫʞʠʪ ʪʦʯʢʘ ñ.ò. ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʚʚʦʜʘ ʩʦʭʨʘʥʷʝʤ ʵʪʦʪ ʬʘʡʣ ʚ ʨʘʙʦʯʝʡ ʧʘʧʢʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

hub_SA.curve (ʨʠʩ. 2.5). ɸʥʘʣʦʛʠʯʥʦ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣ. 2.2 ʩʦʟʜʘʝʪʩʷ 

ʬʘʡʣ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʦʙʚʦʜʘ shroud_SA.curve 

(ʨʠʩ. 2.6), ʪʘʢʞʝ ʚ ʨʘʙʦʯʝʡ ʧʘʧʢʝ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮ 2.3 ʠ 2.4 ʩʦʟʜʘʶʪʩʷ ʜʚʘ 

ʬʘʡʣʘ hub_RK.curve ʠ shroud_RK.curve, ʦʧʠʩʳʚʘʶʱʠʝ ʦʙʚʦʜʳ ʧʨʦʪʦʯ-

ʥʦʡ ʯʘʩʪʠ ʈʂ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʪʦʯʢʠ ʦʙʚʦʜʦʚ 

ʉɸ ʩʦʚʧʘʜʘʶʪ ʩ ʧʝʨʚʳʤʠ ʪʦʯʢʘʤʠ ʦʙʚʦʜʦʚ ʈʂ. 
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ʊʘʙʣʠʮʘ 2.1  

ʂʦʦʨʜʠʥʘʪʳ ʚʪʫʣʦʯʥʦʛʦ ʦʙʚʦʜʘ ʉɸ 

(hub_SA.curve) 

N X Y Z 

1 23.0 0 120.0 

2 53.0 0 122.26 

3 58.0 0 122.26 

4 65.23 0 121.95 

5 71.54 0 121.13 

6 76.78 0 120.05 

7 90.57 0 116.74 
 

ʊʘʙʣʠʮʘ 2.2  

ʂʦʦʨʜʠʥʘʪʳ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʦʙʚʦʜʘ ʉɸ 

(shroud_SA.curve) 

N X Y Z 

1 23.0 0 172.82 

2 57.0 0 169.53 

3 68.80 0 169.33 

4 91.80 0 169.0 

5 96.64 0 170.29 
 

 

 
ʈʠʩ. 2.5. ɺʠʜ ʬʘʡʣʘ hub_SA.curve, ʦʧʠ-

ʩʳʚʘʶʱʝʛʦ ʚʪʫʣʦʯʥʳʡ ʦʙʚʦʜ ʧʨʦʪʦʯ-

ʥʦʡ ʯʘʩʪʠ ʉɸ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ 

ɹʣʦʢʥʦʪ 

 
ʈʠʩ. 2.6. ɺʠʜ ʬʘʡʣʘ shroud_SA.curve, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʚʪʫʣʦʯʥʳʡ ʦʙʚʦʜ ʧʨʦ-

ʪʦʯʥʦʡ ʯʘʩʪʠ ʉɸ, ʩʦʟʜʘʥʥʦʛʦ ʚ ʧʨʦ-

ʛʨʘʤʤʝ ɹʣʦʢʥʦʪ 

ʊʘʙʣʠʮʘ 2.3  

ʂʦʦʨʜʠʥʘʪʳ ʚʪʫʣʦʯʥʦʛʦ ʦʙʚʦʜʘ ʈʂ 

(hub_RK.curve) 

N X Y Z 

1 90.57 0 116.74 

2 92.20 0 116.35 

3 97.11 0 114.74 

4 127.96 0 109.08 

5 146.20 0 100.0 

6 164.73 0 97.56 
 

ʊʘʙʣʠʮʘ 2.4  

ʂʦʦʨʜʠʥʘʪʳ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʦʙʚʦʜʘ ʈʂ 

(shroud_RK.curve) 

N X Y Z 

1 96.64 0 170.29 

2 99.20 0 171.0 

3 126.20 0 171.0 

4 139.49 0 180.0 

5 175.60 0 180.0 
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ʐɸɻ 3. ʉʦʟʜʘʥʠʝ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʛʝʦʤʝʪʨʠʠ ʣʦʧʘʪʦʢ. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʯʝʪʳʨʝʭ ʬʘʡʣʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʤʝʨʠ-

ʜʠʦʥʘʣʴʥʳʭ ʦʙʚʦʜʦʚ ʉɸ ʠ ʈʂ, ʧʝʨʝʭʦʜʠʤ ʢ ʩʦʟʜʘʥʠʶ ʬʘʡʣʦʚ ʧʨʦʬʠ-

ʣʝʡ ʣʦʧʘʪʦʢ. ʀʭ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ çɹʣʦʢʥʦʪè. ɺ 

ʩʣʫʯʘʝ ʝʩʣʠ ʠʤʝʶʪʩʷ ʨʘʙʦʯʠʝ ʯʝʨʪʝʞʠ ʣʦʧʘʪʦʢ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ Profiler, ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ ʥʘ ʢʘʬʝʜʨʝ 

ʊɼʃɸ ʉɻɸʋ. ʇʨʦʛʨʘʤʤʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʫʱʝʥʘ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ 

ʤʳʰʠ ʧʦ ʝʸ EXE-ʬʘʡʣʫ. ɺ ʢʦʤʧʴʶʪʝʨʥʦʤ ʢʣʘʩʩʝ ʢʘʬʝʜʨʳ ʊɼʃɸ ʝʝ 

ʤʦʞʥʦ ʚʳʟʚʘʪʴ ʢʦʤʘʥʜʦʡ: 

ʇʫʩʢ Ÿ ɺʩʝ ʧʨʦʛʨʘʤʤʳ Ÿ Ansys 13.0 Ÿ Fluid Dynamics Ÿ Profiler 

ɺ ʧʨʦʛʨʘʤʤʫ Profiler ʛʝʦʤʝʪʨʠʷ ʧʨʦʬʠʣʷ ʚʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 

ʢʦʦʨʜʠʥʘʪ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʩʧʠʥʢʠ ʠ ʢʦʨʳʪʮʘ, ʘ ʪʘʢʞʝ 

ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʦʚ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʦʢʨʫʞʥʦʩʪʝʡ. ʇʦʜʦʙʥʳʤ ʦʙ-

ʨʘʟʦʤ ʛʝʦʤʝʪʨʠʷ ʧʨʦʬʠʣʷ ʦʙʳʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʘʭ 

(ʩʤ. ʨʠʩ. 2.2). ʇʦʵʪʦʤʫ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʚʟʷʪʴ 

ʦʪʪʫʜʘ. ɺʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʦʛʨʘʤʤʘ Profiler ʧʨʝʦʙʨʘʟʫʝʪ ʚʦ ʚʭʦʜʥʦʡ 

ʬʦʨʤʘʪ TurboGrid. 

ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ Profiler (ʨʠʩ. 2.7) ʟʘʥʠʤʘʝʪ ʪʘʙ-

ʣʠʮʘ ʜʣʷ ʚʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʩʝʯʝʥʠʡ ʣʦʧʘʪʢʠ. ʇʦʤʝʱʘʷ ʢʫʨʩʦʨ ʥʘ ʥʫʞ-

ʥʦʝ ʧʦʣʝ ʤʦʞʥʦ ʚʚʝʩʪʠ ʪʘʙʣʠʮʫ ʩʝʯʝʥʠʡ (ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ h, ʨʘʜʠʫʩʳ 

ʚʭʦʜʥʦʡ R ʠ ʚʳʭʦʜʥʦʡ r ʢʨʦʤʦʢ, ʢʦʦʨʜʠʥʘʪʳ ʠʭ ʮʝʥʪʨʦʚ) ʠ ʪʘʙʣʠʮʫ 

ʢʦʦʨʜʠʥʘʪ ʩʝʯʝʥʠʡ (X, Yʩʧ, Yʢʦʨ), ʚʟʷʚ ʜʘʥʥʳʝ ʩ ʯʝʨʪʝʞʘ (ʩʤ. ʨʠʩ. 2.1 ʠ 

2.2). ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʝʯʝʥʠʡ ʚ ʪʘʙ-

ʣʠʮʝ, ʜʦʙʘʚʠʚ ʝʝɦ ʦʜʥʦ ʩʝʯʝʥʠʝ ʢʥʦʧʢʦʡ  , ʠʣʠ ʫʤʝʥʴʰʠʪʴ, ʫʜʘʣʠʚ 

ʧʦʩʣʝʜʥʝʝ ʩʝʯʝʥʠʝ ʢʥʦʧʢʦʡ . ʊʘʢʞʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʢʥʘ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʞʥʦ ʚʚʝʩʪʠ ʩʤʝʱʝʥʠʝ ʣʦʢʘʣʴʥʦʡ ʉʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ɻʉʂ: 

ʣʠʥʝʡʥʦʝ ʧʦ ʪʨʝʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʫʛʣʦʚʦʝ ʧʦʚʦʨʦʪʦʤ ʥʘ ʫʛʦʣ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʝʨʥʫʪʴ (ʠʥʚʝʨʪʠʨʦʚʘʪʴ) ʦʩʠ ʣʦʢʘʣʴʥʦʡ ʉʂ (inv 

X, inv Y). ɼʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʚʝʜʝʥʥʳʭ ʪʦʯʝʢ 
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ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʦʪʨʠʩʦʚʢʫ ʧʨʦʬʠʣʝʡ, ʥʘʞʠʤʘʷ ʢʥʦʧʢʫ . ʇʨʠ ʵʪʦʤ 

ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʢʥʘ ʙʫʜʝʪ ʦʪʨʠʩʦʚʳʚʘʪʴʩʷ ʧʨʦʬʠʣʴ ʩ ʥʦʤʝʨʦʤ, ʫʢʘ-

ʟʘʥʥʳʤ ʚ ʧʦʣʝ ʩʣʝʚʘ ʦʪ ʢʥʦʧʢʠ. ʉʦʭʨʘʥʝʥʠʝ ʧʨʦʬʠʣʷ ʧʝʨʘ ʚ ʬʦʨʤʘʪʝ 

TurboGrid ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʥʦʧʢʦʡ . 

 
ʈʠʩ. 2.7. ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ Profiler 

ʇʦʩʢʦʣʴʢʫ ʚʚʦʜ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ï ʵʪʦ ʜʣʠʪʝʣʴʥʳʡ ʠ 

ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʩʦʧʨʷʞʝʥʥʳʡ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʢ, 

ʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʥʫʞʥʦ ʟʘʛʨʫʟʠʪʴ ʫʞʝ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʚʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʠʟ ʬʘʡʣʦʚ profile_turb_SA.txt ʠ pro-

file_turb_RK.txt. ʀʭ ʥʫʞʥʦ ʚʟʷʪʴ ʚ ʧʘʧʢʝ çʃʘʙʦʨʘʪʦʨʥʳʝ ʧʦ 

CFD\ʊʫʨʙʠʥʘ\ʇʨʦʬʠʣʠ\è ʥʘ ʧʦʩʣʝʜʥʝʤ ʜʠʩʢʝ ʢʦʤʧʴʶʪʝʨʘ çEè (ʝʩʣʠ 

ʥʝʪ çEè, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ çDè). ʕʪʠ ʬʘʡʣʳ ʥʫʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʢʦʧʠʨʦʚʘʪʴ ʚ ʩʚʦʡ ʨʘʙʦʯʠʡ ʢʘʪʘʣʦʛ. 

ʐɸɻ 4. ɿʘʛʨʫʟʢʘ ʢʦʦʨʜʠʥʘʪ ʧʨʦʬʠʣʷ ʚ ʧʨʦʛʨʘʤʤʫ Profiler. 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʬʘʡʣʘ ʚ Profiler ʥʫʞʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ  ʠ ʚ ʧʦʷʚʠʚ-

ʰʝʤʩʷ ʦʢʥʝ ʥʘʡʪʠ ʩʚʦʡ ʨʘʙʦʯʠʡ ʢʘʪʘʣʦʛ ʠ ʚʳʙʨʘʪʴ ʬʘʡʣ pro-

file_turb_SA.txt. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʥʫʞʥʦ ʧʨʦʚʝʨʠʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʘʥ-
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ʥʳʭ, ʦʪʨʠʩʦʚʘʚ ʧʨʦʬʠʣʠ (). ɽʩʣʠ ʧʨʠ ʦʪʨʠʩʦʚʢʝ ʥʝ ʙʫʜʝʪ ʚʳʜʘʥʦ 

ʩʦʦʙʱʝʥʠʡ ʦʙ ʦʰʠʙʢʘʭ, ʠ ʥʘ ʵʢʨʘʥʝ ʙʫʜʫʪ ʦʪʨʠʩʦʚʘʥʳ ʪʨʠ ʩʝʯʝʥʠʷ 

ʧʨʦʬʠʣʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.8, ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʨʘʚʠʣʴʥʫʶ ʨʘʙʦʪʫ 

ʧʨʦʛʨʘʤʤʳ.  

 
ʈʠʩ. 2.8. ʆʢʥʦ ʧʨʦʛʨʘʤʤʳ Profiler ʧʦʩʣʝ ʧʨʦʨʠʩʦʚʢʠ ʧʨʦʬʠʣʷ ʣʦʧʘʪʢʠ ʉɸ 

ʐɸɻ 5. ʕʢʩʧʦʨʪ ʬʘʡʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʠ 

ʣʦʧʘʪʢʠ ʚ TurboGrid. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʬʘʡʣ ʚ ʬʦʨʤʘʪ 

TurboGrid, ʥʘʞʘʚ ʢʥʦʧʢʫ . ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʩʣʝʜʫʝʪ 

ʚʚʝʩʪʠ ʠʤʷ ʬʘʡʣʘ (ʤʦʞʥʦ ʦʩʪʘʚʠʪʴ ʠʤʷ ʧʦ ʫʤʦʣʯʘʥʠʶ profile_turb_SA) 

ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ çʉʦʭʨʘʥʠʪʴè.  

ʐɸɻ 6. ʉʦʟʜʘʥʠʝ ʬʘʡʣʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʝʡ ʣʦʧʘʪʢʠ. 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʬʘʡʣʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʈʂ. ʅʘʞʘʪʠʝʤ ʢʥʦʧʢʠ  ʚʳʧʦʣʥʷʝʤ ʟʘʛʨʫʟʢʫ ʛʝʦʤʝʪʨʠʠ ʈʂ ʠʟ ʬʘʡʣʘ 

profile_turb_RK.txt. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʠʤʦʝ ʪʘʙʣʠʮʳ Profiler ʦʯʠʱʘʝʪʩʷ, 

ʠ, ʝʩʣʠ ʜʘʥʥʳʝ ʙʳʣʠ ʠʟʤʝʥʝʥʳ, ʥʘ ʧʦʷʚʠʚʰʠʡʩʷ ʚʦʧʨʦʩ ʦ ʩʦʭʨʘʥʝʥʠʠ 
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ʤʦʞʥʦ ʦʪʚʝʪʠʪʴ ɼʘ ʠʣʠ ʅʝʪ. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʩʤʦʪʨʝʪʴ 

ʧʨʦʬʠʣʠ, ʥʘʞʘʚ ʢʥʦʧʢʫ ʦʪʨʠʩʦʚʢʠ , ʘ ʟʘʪʝʤ ʚʳʛʨʫʟʠʪʴ ʜʘʥʥʳʝ ʚ 

ʬʦʨʤʘʪʝ TurboGrid, ʩʦʭʨʘʥʠʚ ʠʤʷ ʬʘʡʣʘ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

ɺʥʠʤʘʥʠʝ! ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚʳʧʫʢʣʳʝ ʯʘʩʪʠ ʩʦʧʣʦ-

ʚʳʭ ʠ ʨʘʙʦʯʠʭ ʣʦʧʘʪʦʢ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ, 

ʪ.ʝ. ʛʝʦʤʝʪʨʠʷ ʩʪʫʧʝʥʠ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.59. 

ɽʩʣʠ ʵʪʦ ʥʝ ʪʘʢ, ʥʝʦʙʭʦʜʠʤʦ, ʠʥʚʝʨʪʠʨʫʷ ʦʩʠ ʣʦʢʘʣʴʥʳʭ ʉʂ, ʨʘʩʧʦʣʦ-

ʞʠʪʴ ʉɸ ʠ ʈʂ ʧʨʘʚʠʣʴʥʳʤ ʦʙʨʘʟʦʤ. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʜʚʫʭ ʬʘʡʣʦʚ (profile_turb_SA.curve ʠ pro-

file_turb_RK.curve) ʧʨʦʛʨʘʤʤʫ Profiler ʤʦʞʥʦ ʟʘʢʨʳʪʴ - ʦʥʘ ʙʦʣʴʰʝ ʥʝ 

ʧʦʥʘʜʦʙʠʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʦʧʠʩʘʥʥʳʭ ʤʘʥʠʧʫʣʷʮʠʡ ʚ ʨʘʙʦʯʝʡ ʧʘʧʢʝ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʰʝʩʪʴ ʬʘʡʣʦʚ ʩ ʨʘʩʰʠʨʝʥʠʝʤ *.curve (ʧʦ ʪʨʠ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʚʝʥʮʘ), ʩʦʜʝʨʞʘʱʠʝ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʤʝʪʨʠʠ ʧʨʦ-

ʪʦʯʥʦʡ ʯʘʩʪʠ ʉɸ ʠ ʈʂ ʚ ʬʦʨʤʘʪʝ, ʧʨʠʛʦʜʥʦʤ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʠʤʧʦʨʪʘ ʚ TurboGrid. 

2.3.3. ɿʘʛʨʫʟʢʘ ʩʦʟʜʘʥʥʳʭ ʬʘʡʣʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ 

ʣʦʧʘʪʦʯʥʳʭ ʚʝʥʮʦʚ, ʚ ʧʨʦʛʨʘʤʤʫ TurboGrid 

ʐɸɻ 7. ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ TurboGrid 

ʇʨʦʛʨʘʤʤʘ TurboGrid ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʦʪʜʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʚ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Ansys CFX. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʟʘʧʫʩʪʠʪʴ TurboGrid, 

ʥʫʞʥʦ ʩʥʘʯʘʣʘ ʦʪʢʨʳʪʴ 

ʩʪʘʨʪʦʚʦʝ ʦʢʥʦ CFX: 

ʇʫʩʢ Ÿ ɺʩʝ ʧʨʦʛʨʘʤʤʳ Ÿ An-

sys 13.0 Ÿ Fluid Dynamics Ÿ CFX 

ɺ ʜʘʥʥʦʤ ʦʢʥʝ (ʨʠʩ. 2.9) 

ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ 

ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʨʘʙʦʯʫʶ 

ʧʘʧʢʫ (Working Directory): 
 

ʈʠʩ. 2.9. ʉʪʘʨʪʦʚʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ Ansys 

CFX 
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ʥʘʞʘʪʴ ʢʥʦʧʢʫ Browse ( ) ʠ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʫʢʘʟʘʪʴ ʩʦʟʜʘʥʥʫʶ 

ʥʘ ʰʘʛʝ 1 ʨʘʙʦʯʫʶ ʧʘʧʢʫ, ʘ ʟʘʪʝʤ ʥʘʞʘʪʴ ʢʥʦʧʢʫ Choose (ʚʙrʨʘʪʴ). 

ʇʦʩʣʝ ʵʪʦʛʦ ʚʩʝ ʨʘʩʯʸʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠ ʦʪʢʨʳʪʠʠ 

ʬʘʡʣʦʚ ʙʫʜʫʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʝʜʣʘʛʘʪʴ ʫʢʘʟʘʥʥʫ  ʁʧʘʧʢʫ. 

ɼʘʣʝʝ ʟʘʧʫʩʢʘʝʤ TurboGrid, ʥʘʞʘʚ ʢʥʦʧʢʫ TurboGrid 13.0 ( ). 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ ʧʦʷʚʠʪʩʷ ʨʘʙʦʯʝʝ ʦʢʥʦ ʧʨʦ-

ʛʨʘʤʤʳ TurboGrid. ʅʘ ʨʠʩ. 2.10 ʦʙʦʟʥʘʯʝʥʳ ʝʛʦ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ. 

 
ʈʠʩ. 2.10. ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʙʦʯʝʛʦ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ TurboGrid 

ʐɸɻ 8. ɿʘʛʨʫʟʢʘ ʬʘʡʣʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʩʦʧʣʦʚʦʛʦ 

ʚʝʥʮʘ. 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʬʘʡʣʦʚ ʛʝʦʤʝʪʨʠʠ ʉɸ ʥʫʞʥʦ ʥʘʞʘʪʴ ʢʥʦʧʢʫ Load 

Curves ( ) ʚ ʛʣʘʚʥʦʡ ʧʘʥʝʣʠ ʧʨʦʛʨʘʤʤʳ. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʤʝʥʶ 

ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʩʪʨʦʡʢʠ (ʨʠʩ. 2.11): 

 

Geometry Ÿ 

# of BladeSets - 28 (ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʚʝʥʮʘ - 28) 

Rotation Ÿ Axis - X (ʚʨʘʱʝʥʠʝ Ÿ ʦʩʴ - X) 

Coordinates and Units Ÿ Length Units - mm  

(ʢʦʦʨʜʠʥʘʪʳ ʠ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ Ÿ ʝʜʠʥʠʮʳ ʜʣʠʥʳ - ʤʤ) 
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ɺ ʪʦʤ ʞʝ ʤʝʥʶ, ʚ ʧʦʣʝ TurboGrid Curve Files (curve-ʬʘʡʣʳ Turbo-

Grid), ʥʝʦʙʭʦʜʠʤʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʷʭ ʫʢʘʟʘʪʴ ʪʨʠ ʩʦʟʜʘʥʥʳʭ 

ʨʘʥʝʝ ʬʘʡʣʘ, ʦʧʠʩʳʚʘʶʱʠʭ ʛʝʦʤʝʪʨʠʶ ʩʦʧʣʦʚʦʡ ʨʝʰʝʪʢʠ: 

 ʜʣʷ ʦʙʚʦʜʘ ʚʪʫʣʢʠ ʉɸ (Hub) - ʬʘʡʣ hub_SA.curve, 

 ʜʣʷ ʦʙʚʦʜʘ ʧʝʨʠʬʝʨʠʠ ʉɸ (Shroud) - ʬʘʡʣ shroud _SA.curve, 

 ʜʣʷ ʣʦʧʘʪʢʠ ʉɸ (Blade) - ʬʘʡʣ profile_turb_SA.curve,  

ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʚʩʝ ʪʨʠ curve-ʬʘʡʣʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʙʦʯʝʡ 

ʧʘʧʢʝ ʠ ʚ ʩʚʦʝʤ ʥʘʟʚʘʥʠʠ ʠʤʝʣʠ ʩʣʦʚʘ hub, shroud ʠ profile. ʊʦʛʜʘ ʧʨʠ 

ʚʳʙʦʨʝ ʧʝʨʚʦʛʦ ʬʘʡʣʘ TurboGrid ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʡʜʝʪ ʦʩʪʘʣʴʥʳʝ ʠ 

ʟʘʧʠʰʝʪ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʷ. ʆʜʥʘʢʦ ʚʩʸ ʨʘʚʥʦ ʥʫʞʥʦ ʚʥʠʤʘ-

ʪʝʣʴʥʦ ʧʨʦʚʝʨʷʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʬʘʡʣʦʚ, ʪ.ʢ. ʥʝʨʝʜʢʠ 

ʦʰʠʙʦʯʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ. 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʤʝʥʶ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘʩʪʨʦʝʢ ʩʣʝʜʫʝʪ ʥʘ-

ʞʘʪʴ ʢʥʦʧʢʫ OK ʜʣʷ ʟʘʧʫʩʢʘ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʉɸ. ʇʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʦʢʥʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʫʜʝʪ ʦʪʦʙʨʘʞʝʥ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʦʪʦʢʘ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʧʝʨʦ ʣʦʧʘʪʢʠ (ʨʠʩ. 2.12). 

ʐɸɻ 9. ʇʨʦʩʤʦʪʨ ʟʘʛʨʫʞʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʏʪʦʙʳ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʣʦʧʘʪʦʯʥʳʡ ʚʝʥʝʮ, ʥʫʞʥʦ ʦʪʢʣʶʯʠʪʴ ʦʪʦ-

ʙʨʘʞʝʥʠʝ ʢʘʨʢʘʩʘ - ʫʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʘʣʦʯʢʫ ʚ ʜʝʨʝʚʝ ʧʨʦ-

ʝʢʪʘ, ʢʣʠʢʥʫʚ ʣʝʚʦʡ ʢʥʦʧʢʦʡ ʤʳʰʠ (ObjectŸGeometryŸOutline). ɸ ʟʘ-

ʪʝʤ ʥʘʞʘʪʴ ʚ ʛʣʘʚʥʦʡ ʧʘʥʝʣʠ ʢʥʦʧʢʫ Display Two Instances (ʧʦʢʘʟʘʪʴ 

ʜʚʘ ʚʭʦʞʜʝʥʠʷ - ) ʠʣʠ Display All Instances (ʧʦʢʘʟʘʪʴ ʚʩʝ ʚʭʦʞʜʝʥʠʷ 

- ) (ʨʠʩ. 2.13). 

ɺʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʠʚ ʚʝʥʝʮ ʠ ʫʙʝʜʠʚʰʠʩʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʰʠʙʦʢ ʧʦ-

ʩʪʨʦʝʥʠʷ, ʥʫʞʥʦ ʚʝʨʥʫʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʢʘʨʢʘʩʘ (ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʫ ʫ 

ObjectŸGeometryŸOutline) ʠ ʥʘʞʘʪʴ Display One Instances (ʧʦʢʘʟʘʪʴ 

ʦʜʥʦ ʚʭʦʞʜʝʥʠʝ - ), ʯʪʦʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʠʥ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʵʣʝ-

ʤʝʥʪ (ʩʤ. ʨʠʩ. 2.12). 

ʐɸɻ 10. ʇʨʦʚʝʨʢʘ ʠ ʢʦʨʨʝʢʮʠʷ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʟʘʛʨʫʞʝʥʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. 
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ɿʘʛʨʫʞʝʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʙʳʣʘ ʦʪʦʙʨʘʞʝʥʘ ʩ ʥʘʩʪʨʦʡʢʘʤʠ, ʟʘʜʘʥ-

ʥʳʤʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʄʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʵʪʠ ʥʘʩʪʨʦʡʢʠ ʜʝʪʘʣʴʥʦ, 

ʜʚʘʞʜʳ ʢʣʠʢʥʫʚ ʃʂʄ ʧʦ ʵʣʝʤʝʥʪʘʤ ʚ ʜʝʨʝʚʝ ʧʨʦʝʢʪʘ: Machine Data, 

Hub, Shroud, Blade Set, Blade 1. ʇʨʠ ʵʪʦʤ ʦʪʢʨʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʠɦʝ ʜʠʘʣʦʛʦʚʳʝ ʦʢʥʘ (ʨʠʩ. 2.14), ʛʜʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚʚʝʜʝʥʥʳʝ ʨʘʥʝʝ 

ʜʘʥʥʳʝ: ʯʠʩʣʦ ʣʦʧʘʪʦʢ ʠ ʦʩʴ ʚʨʘʱʝʥʠʷ - ʚ Machine Data, ʝʜʠʥʠʮʳ ʠʟ-

ʤʝʨʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʘʡʣʳ ʚ Hub, Shroud ʠ Blade Set.  

 
ʈʠʩ. 2.11. ɿʘʛʨʫʟʢʘ ʚ TurboGrid 

ʜʘʥʥʳʭ ʉɸ 

 
ʈʠʩ. 2.12. ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʦʪʦʢʘ, 

ʦʭʚʘʪʳʚʘʶʱʠʡ ʦʜʥʦ ʧʝʨʦ ʣʦʧʘʪʢʠ ʉɸ 

 
ʈʠʩ. 2.13. ʇʦʣʥʳʡ ʚʝʥʝʮ ʉɸ 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʜʘʥʥʦʤ ʤʝʥʶ ʟʘʜʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʩʢʨʳʚ ʟʘʢʣʘʜʢʫ Hub, ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʩʚʦʡʩʪʚʘ 

ʚʪʫʣʦʯʥʦʛʦ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʦʙʚʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʪʠʧ ʢʨʠʚʦʡ (Curve Type), ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʠ, ʚʟʷʪʳʝ ʠʟ ʬʘʡʣʘ, ʧʦ 
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ʫʤʦʣʯʘʥʠʶ ʫʩʪʘʥʦʚʣʝʥ ʢʘʢ BSpline. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʯʢʠ 

ʩʦʝʜʠʥʷʶʪʩʷ ʙʘʟʠʩʥʳʤ ʩʧʣʘʡʥʦʤ (ʚ TurboGrid ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʙʠʯʝ-

ʩʢʠʡ ʩʧʣʘʡʥ ɹʝʟʴʝ). ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2.1 

ʠ 2.3 ʚʪʫʣʦʯʥʳʡ ʦʙʚʦʜ ʩʦʩʪʦʠʪ ʠʟ ʦʪʨʝʟʢʦʚ ʧʨʷʤʳʭ ʦʪʨʝʟʢʦʚ. ʇʦɻʪʦʤʫ 

ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ ʪʠʧ ʢʨʠʚʦʡ, ʚʳʙʨʘʚ ʚ ʧʦʣʝ Curve Type ʵʣʝʤʝʥʪ Piece-

wise Linear (ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ). ɺʳʙʦʨ ʩʣʝʜʫʝʪ ʧʦʜ-

ʪʚʝʨʜʠʪʴ, ʥʘʞʘʚ ʢʥʦʧʢʫ Apply (ʇʨʠʤʝʥʠʪʴ).  

ʆʧʠʩʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʥʫʞʥʦ ʧʦʚʪʦʨʠʪʴ ʜʣʷ ʧʝʨʠʬʝʨʠʡʥʦʛʦ ʦʙʚʦʜʘ 

(Shroud), ʠʥʘʯʝ ʥʝʧʨʘʚʠʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʪʦʯʝʢ ʧʨʠʚʝʜʝʪ ʢ ʥʝʧʨʘʚʠʣʴ-

ʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʛʝʦʤʝʪʨʠʠ (ʨʠʩ. 2.15). 

 
ʈʠʩ. 2.14. ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʚʪʫʣʢʠ 

 
ʈʠʩ. 2.15. ʂ ʦʧʠʩʘʥʠʶ ʦʰʠʙʦʢ ʟʘʜʘʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʠʟ-ʟʘ ʥʝʚʝʨʥʦʛʦ ʪʠʧʘ ʣʠʥʠʠ 

ʐɸɻ 11. ʆʧʠʩʘʥʠʝ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ ʉɸ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʥʫʞʥʦ ʟʘʜʘʪʴ ʧʦʣʦʞʝʥʠʝ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ 

ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʉɸ. ʏʪʦʙʳ ʦʪʦʙʨʘʟʠʪʴ ʛʨʘʥʠʮʫ ʚʭʦʜʘ (In-

let) ʠ ʚʳʭʦʜʘ (Outlet), ʥʫʞʥʦ ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʫ ʫ ʵʪʠʭ ʛʨʘʥʠʮ ʚ ʜʝʨʝʚʝ 

ʧʨʦʝʢʪʘ (ʨʠʩ. 2.16). ʇʦʩʣʝ ʵʪʦʛʦ ʚʭʦʜʥʘʷ ʛʨʘʥʠʮʘ ʚʳʜʝʣʷʝʪʩʷ ʟʝʣʝʥʳʤ 

ʮʚʝʪʦʤ, ʚʳʭʦʜʥʘʷ - ʢʨʘʩʥʳʤ. 
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ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʚʭʦʜ ʠ ʚʳʭʦʜ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʟʦʥʳ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ Tur-

boGrid ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʟʠʮʠʦʥʠʨʫʝʪ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʟʤʝʨ ʨʘʩʯʸʪʥʦʡ ʟʦʥʳ ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ, ʥʦ ʜʦʩʪʘ-

ʪʦʯʥʳʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ ʚʦʢʨʫʛ ʧʝʨʘ ʣʦʧʘʪʢʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʵʪʦ ʥʝʧʨʠʝʤʣʝʤʦ, ʪ.ʢ. ʚʭʦʜ ʚʪʦʨʦʛʦ ʚʝʥʮʘ (ʈʂ) ʜʦʣʞʝʥ ʪʦʯʥʦ ʩʦʚʧʘʜʘʪʴ 

ʩ ʚʳʭʦʜʦʤ ʧʝʨʚʦʛʦ (ʉɸ). ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʭʦʜ ʠ ʚʳʭʦʜ 

ʪʦʯʥʦ ʧʦ ʛʨʘʥʠʮʘʤ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

 
ʈʠʩ. 2.16. ɺʭʦʜʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʛʨʘʥʠʮʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʦʪʢʨʳʪʴ ʤʝʥʶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚʭʦʜʥʦʡ 

ʦʙʣʘʩʪʠ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʃʂʄ ʥʘ ʧʫʥʢʪʝ Inlet ʚ ʜʝʨʝʚʝ ʧʨʦʝʢʪʘ.  

ʆʩʥʦʚʥʫʶ ʝʛʦ ʯʘʩʪʴ ʟʘʥʠʤʘʝʪ ʪʘʙʣʠʮʘ (ʨʠʩ. 2.17), ʩʦʜʝʨʞʘʱʘʷ ʢʦ-

ʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʚʭʦʜʥʦʡ ʛʨʘʥʠʮʳ. ɺ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʪʦʯʝʢ ʜʚʝ - 

Low Hub Point ʠ Low Shroud Point, ʵʪʦ ʪʦʯʢʠ, ʣʝʞʘʱʠʝ ʥʘ ʚʪʫʣʢʝ ʠ ʧʝ-

ʨʠʬʝʨʠʠ. ʇʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʟʘʜʘʶʪʩʷ ʧʫʪʝʤ ʚʚʦʜʘ ʚ ʧʦʣʷ ʧʦʜ ʪʘʙʣʠʮʝʡ 

ʟʥʘʯʝʥʠʡ ʦʩʝʚʦʡ (A) ʠ ʨʘʜʠʘʣʴʥʦʡ (R) ʢʦʦʨʜʠʥʘʪ. ʏʪʦʙʳ ʟʘʜʘʪʴ ʪʦʯʢʫ, 

ʜʦʩʪʘʪʦʯʥʦ ʟʘʜʘʪʴ ʦʜʥʫ ʠʟ ʢʦʦʨʜʠʥʘʪ, ʚʪʦʨʘʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʘ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʟʘʜʘʶʪʩʷ ʚ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ ʚ ʚʳʙʨʘʥʥʳʭ ʝʜʠʥʠʮʘʭ.  

ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʚʭʦʜʥʫʶ ʟʦʥʫ ʚ ʢʨʘʡʥʝʝ ʧʦʣʦʞʝʥʠʝ, ʘ 

ʪʦʯʥʳʝ ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʧʨʠ ʵʪʦʤ ʥʝʠʟʚʝʩʪʥʘ, ʪʦ ʤʦʞʥʦ ʟʘʜʘʪʴ ʟʥʘ-

ʯʝʥʠʝ, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʤʝʥʴʰʝʝ ʢʨʘʡʥʝʛʦ (ʥʘʧʨʠʤʝʨ, ʥʫʣʝʚʦʝ: A=0). 
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ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʡʜʝʥʘ ʤʠʥʠʤʘʣʴʥʘʷ ʦʩʝʚʘʷ ʢʦʦʨʜʠ-

ʥʘʪʘ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʡ ʨʘʜʠʘʣʴʥʘʷ. 

ʀʪʘʢ, ʥʫʞʥʦ ʜʚʘʞʜʳ ʱʝʣʢʥʫʪʴ ʃʂʄ ʥʘ ʩʪʨʦʢʝ ʪʘʙʣʠʮʳ Low Hub 

Point, ʯʪʦʙʳ ʢʦʦʨʜʠʥʘʪʳ ʜʘʥʥʦʡ ʪʦʯʢʠ ʧʦʷʚʠʣʠʩʴ ʚ ʧʦʣʝ Location 

(ʨʠʩ. 2.17). ɿʘʪʝʤ ʚ ʣʝʚʦʤ ʧʦʣʝ Location ʥʫʞʥʦ ʚʚʝʩʪʠ ç0è (A=0) ʠ ʥʘ-

ʞʘʪʴ ʢʥʦʧʢʫ Apply. ʇʨʠ ʵʪʦʤ ʚʪʫʣʦʯʥʘʷ ʪʦʯʢʘ ʟʘʡʤʸʪ ʢʨʘʡʥʝʝ ʚʭʦʜʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʥʫʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʪʘʢʫʶ ʞʝ ʦʧʝʨʘʮʠʶ ʜʣʷ ʚʪʦʨʦʡ 

ʪʦʯʢʠ - Low Shroud Point, ʪ.ʝ. ʜʚʘʞʜʳ ʱʸʣʢʥʫʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʪʨʦʢʝ ʪʘʙʣʠʮʳ, ʚ ʧʦʣʝ Location ʚʚʝʩʪʠ ç0è ʠ ʥʘʞʘʪʴ Apply. ʇʨʠ ʵʪʦʤ 

ʧʝʨʠʬʝʨʠʡʥʘʷ ʪʦʯʢʘ ʪʘʢʞʝ ʟʘʡʤʸʪ ʢʨʘʡʥʝʝ ʚʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ 

(ʨʠʩ. 2.18). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʭʦʜʥʘʷ ʛʨʘʥʠʮʘ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʛʨʘ-

ʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʟʦʥʳ. 

 

ʈʠʩ. 2.17. ʄʝʥʶ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʦ-

ʣʦʞʝʥʠʷ ʚʭʦʜʥʦʡ ʛʨʘʥʠʮʳ 

 
ʈʠʩ. 2.18. ɺʭʦʜʥʘʷ ʛʨʘʥʠʮʘ ʧʦʩʣʝ ʧʝʨʝ-

ʤʝʱʝʥʠʷ 

 
ʈʠʩ. 2.19. ʈʝʟʫʣʴʪʘʪ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʝʠʭ 

ʛʨʘʥʠʮ 
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ɸʥʘʣʦʛʠʯʥʫʶ ʧʨʦʮʝʜʫʨʫ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʚʳʭʦʜʥʦʡ ʛʨʘʥʠʮʳ 

- ʟʘʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʳʭʦʜʥʦʡ ʣʠʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʟʘʜʘʚʘʪʴ ʟʥʘʯʝʥʠʝ A, ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ, 

ʥʘʧʨʠʤʝʨ A=1 (1 ʤʝʪʨ). ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʥʘʡʜʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟ-

ʤʦʞʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩ. 2.19). 

ʐɸɻ 12. ʉʦʭʨʘʥʝʥʠʝ ʩʦʟʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʯʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʰʘʛʦʚ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʪʨʝʭʤʝʨʥʘʷ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ ʚʦʢʨʫʛ ʩʦʧʣʦʚʦʡ ʣʦʧʘʪʢʠ 

ʣʦʧʘʪʢʠ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʤʦʞʥʦ ʩʦʭʨʘʥʠʪʴ ʬʘʡʣ ʥʘʩʪʨʦʝʢ TurboGrid, 

ʥʘʞʘʚ Save State As ( ). 

2.3.4. ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʩʣʝʜʫʝʪ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʫʶ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ, ʨʘʟʜʝʣʠʚ ʝʝ ʥʘ ʢʦ-

ʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ (ʂʕ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ, 

ʩʝʪʢʘ ʂʕ ʜʦʣʞʥʘ ʙʳʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ. ʊʦ ʝʩʪʴ ʢʦʥʝʯʥʳʝ ʵʣʝ-

ʤʝʥʪʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʬʦʨʤʫ ʛʝʢʩʘʵʜʨʘ, ʝʛʦ ʛʨʘʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʠʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʷʤ ʪʦʢʘ, ʘ ʬʦʨʤʘ 

ʬʠʛʫʨʳ ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʫ. 

ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʚ ʧʨʦʛʨʘʤʤʝ TurboGrid ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʦʣʫʘʚ-

ʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʐɸɻ 13. ɺʢʣʶʯʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʩʝʪʢʠ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ, ʦʙʥʦʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚʳʢʣʶʯʝʥʦ, ʯʪʦʙʳ ʧʨʝʜʦʪ-

ʚʨʘʪʠʪʴ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʧʦʩʣʝ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʛʝʦʤʝʪʨʠʷ 

ʠʤʝʝʪ ʦʰʠʙʢʠ, ʪʦ ʢʘʞʜʦʝ ʧʝʨʝʩʪʨʦʝʥʠʝ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʠ-

ʥʫʪ. ʇʦʵʪʦʤʫ ʧʦ ʫʤʦʣʯʘʥʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʙʥʦʚʣʝʥʠʝ ʦʪʢʣʶʯʝʥʦ. 
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ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʛʝʦʤʝʪʨʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʧʠʩʘʥʘ ʢʦʨʨʝʢʪʥʦ, 

ʧʝʨʝʩʪʨʦʡʢʘ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ ʠ ʵʪʫ ʦʧʮʠʶ ʤʦʞʥʦ ʚʢʣʶʯʠʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʱʝʣʢʥʫʪʴ ʇʂʄ ʥʘ ʵʣʝʤʝʥʪʝ Topology Set, ʥʘʭʦ-

ʜʷʱʝʤʩʷ ʚ ʜʝʨʝʚʝ ʧʨʦʝʢʪʘ, ʠ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʚʩʧʣʳʚʘʶʱʝʤ ʤʝʥʶ ʫʙ-

ʨʘʪʴ ʛʘʣʦʯʢʫ Suspend Object Updates (ʧʦʜʘʚʠʪʴ ʦʙʥʦʚʣʝʥʠʷ ʦʙʲʝʢʪʘ). 

ʇʨʠ ʵʪʦʤ ʵʣʝʤʝʥʪ Topology Set ʠʟ ʥʝʷʨʢʦʛʦ ʩʪʘʥʝʪ ʷʨʢʠʤ (ʘʢʪʠʚʥʳʤ), ʫ 

ʥʝʛʦ ʠʩʯʝʟʥʝʪ ʥʘʜʧʠʩʴ Suspended (ʧʦʜʘʚʣʝʥʦ), ʠ ʧʨʦʠʟʦʡʜʝʪ ʧʦʩʪʨʦʝ-

ʥʠʝ ʪʦʧʦʣʦʛʠʠ ʩʝʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʩʪʨʦʡʢʘʤʠ, ʠʤʝʶʱʠʤʠʩʷ ʚ 

ʧʨʦʛʨʘʤʤʝ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʝʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. 

ɺʥʠʤʘʥʠʝ! ɼʘʥʥʳʡ ʰʘʛ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʦʙʷʟʘʪʝʣʴʥʦ. ɽʩʣʠ ʝʛʦ 

ʧʨʦʧʫʩʪʠʪʴ ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʙʫʜʝʪ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʝʥʦ. 

ʐɸɻ 14. ʇʨʦʩʤʦʪʨ ʪʦʧʦʣʦʛʠʠ ʩʝʪʢʠ. 

ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʩʯʝʪʥʳʝ ʦʙʣʘʩʪʠ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʥʘʧʨʠʤʝʨ ʪʫʨʙʦʤʘʰʠʥ ʠ ʦʩʦʙʝʥʥʦ ʪʫʨʙʠʥ, ʟʘʯʘʩ-

ʪʫʶ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʨʪʦʛʦʥʘʣʴʥʫʶ 

ʩʝʪʢʫ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʣʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʤʳʩʣ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʛʝʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʙʣʦʢʠ, ʢʘ-

ʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʦ ʨʘʟʙʠʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʝʪ-

ʢʦʡ. ʕʪʦʪ ʧʦʜʭʦʜ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʨʦ-

ʛʨʘʤʤʝ TurboGrid.  

ɺ ʥʝʡ ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʟʜʝʣʝ-

ʥʠʷ ʛʝʦʤʝʪʨʠʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʙʣʦʢʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʜʝʣʝ-

ʥʠʷ ʛʝʦʤʝʪʨʠʠ ʥʘ ʙʣʦʢʠ ʚ ʧʨʦʛʨʘʤʤʝ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʪʦʧʦʣʦʛʠʠ (To-

pology). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʝʪʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʙʨʦʪʥʦ ʦʧʠʩʘʪʴ ʢʦʣʠʯʝʩʪʚʦ, ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝ-

ʥʠʝ, ʬʦʨʤʫ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʙʣʦʢʦʚ, ʟʘʪʝʤ ʫʞʝ ʥʘʢʣʘ-

ʜʳʚʘʪʴ ʥʘ ʥʠʭ ʩʝʪʢʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʏʪʦʙʳ ʧʨʦʩʤʦʪʨʝʪʴ ʪʦʧʦʣʦʛʠʶ ʩʝʪʢʠ, ʥʫʞʥʦ ʚʢʣʶʯʠʪʴ ʝʸ ʦʪʦʙʨʘ-

ʞʝʥʠʝ: ʧʦʩʪʘʚʠʪʴ ʛʘʣʦʯʢʠ ʚ ʜʝʨʝʚʝ ʧʨʦʝʢʪʘ ʫ ʵʣʝʤʝʥʪʦʚ LayersŸHub ʠ 
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ʈʠʩ. 2.21. ʄʝʥʶ Topology Set 

LayersŸShroud. ʇʨʠ ʵʪʦʤ ʥʘ ʚʪʫʣʢʝ ʠ ʧʝʨʠʬʝʨʠʠ ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ 

ʵʩʢʠʟʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʪʦʧʦʣʦʛʠʷ) ʙʫʜʫʱʝʡ ʩʝʪʢʠ (ʨʠʩ. 2.20).  

 
ʈʠʩ. 2.20. ɻʝʦʤʝʪʨʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʉɸ ʩ ʥʘʥʝʩʝʥʥʦʡ ʪʦʧʦʣʦʛʠʝʡ ʩʝʪʢʠ  

ʅʘʯʠʥʘʷ ʩ 13-ʡ ʚʝʨʩʠʠ, ʧʨʦʛʨʘʤʤʘ TurboGrid ʠʩʧʦʣʴʟʫʝʪ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʪʦʧʦʣʦʛʠʠ ʩʝʪʦʢ ʚ ʪʫʨʙʦʤʘʰʠʥʘʭ 

ATM Optimized, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ 

ʩʝʪʢʫ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʩʪʨʦʝʢ. 

ɼʣʷ ʟʘʜʘʥʠʷ ʜʨʫʛʦʡ ʪʦʧʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ 

ʃʂʄ ʚʳʙʨʘʪʴ ʚ ʜʝʨʝʚʝ ʦʙʲʝʢʪʦʚ ʧʫʥʢʪ 

Topology Set. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʥʶ (ʨʠʩ. 2.21). ɺ 

ʥʝʤ, ʚ ʩʧʠʩʢʝ Topology Definition  

Placement, ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʠʥʫʶ ʪʦʧʦ-

ʣʦʛʠʶ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʠʪʴ 

ʙʣʦʢʠ ʩʝʪʢʠ (ʚʳʜʝʣʝʥʳ ʙʦʣʝʝ ʪʦʣ-

ʩʪʳʤʠ ʣʠʥʠʷʤʠ), ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʚ -r

ʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʝʪʢʠ. ʅʦ ʚ ʧʦʜʘʚ-

ʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʟʤʝʥʝ-

ʥʠʷ ʪʦʧʦʣʦʛʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʠ ʤʦʞʥʦ 

ʦʩʪʘʚʠʪʴ ATM Optimized. 
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ʐɸɻ 15. ɿʘʜʘʥʠʝ ʛʫʩʪʦʪʳ ʩʝʪʢʠ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʪʦʧʦʣʦʛʠʷ ʦʧʨʝʜʝʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʯʠʩʣʦ ʫʟ-

ʣʦʚ ʚ ʂʕ-ʩʝʪʢʝ ʠ ʤʝʩʪʘ ʝʝ ʩʛʫʱʝʥʠ.̫ ʕʪʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʝʥʶ Mesh 

Data (ʨʠʩ. 2.22), ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪʩʷ ʜʚʦʡʥʳʤ ʱʝʣʯʢʦʤ ʃʂʄ ʥʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤ ʧʫʥʢʪʝ ʚ ʜʝʨʝʚʝ. ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʤʝʥʶ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ 

ʪʨʝʙʫʝʤʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʩʝʪʢʠ. 

ʇʦ ʫʤʦʣʯʘʥʠʶ ʚ ʤʝʥʶ Mesh Data ʚʳʙʨʘʥʘ ʦʧʮʠʷ Coarse, ʯʪʦ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʛʨʫʙʦʡ ʩʝʪʢʝ, ʠʤʝʶʱʝʡ 20000 ʫʟʣʦʚ. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʘʩ-

ʯʝʪʦʚ ʪʘʢʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʦʜʥʘʢʦ, ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʠʤʝʨʘ ʵʪʦ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦ. ʆʩʪʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ 

ʚ ʤʝʥʶ Mesh Data ʤʦʞʥʦ ʦʩʪʘʚʠʪʴ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ 

ʥʫʞʥʦ ʠʟʤʝʥʠʪʴ - ʵʪʦ ʟʘʜʘʪʴ ʦʧʮʠʶ Near Wall Element Size Specification 

(ʆʧʠʩʘʥʠʝ ʨʘʟʤʝʨʘ ʧʦʛʨʘʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ). ʄʝʪʦʜ ʟʘʜʘʥʠʷ (Method) 

ʥʫʞʥʦ ʧʦʩʪʘʚʠʪʴ y+, ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ 

ʜʘʥʥʦʛʦ ʚʝʥʮʘ ï 510000. ʕʪʘ ʦʧʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʛʫʩʪʠʪʴ ʩʝʪʢʫ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʜʣʷ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʝʛʦ 

ʦʧʠʩʘʥʠʷ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʟʘʜʘʥʠʷ ʚʩʝʭ ʧʦʣʝʡ ʥʫʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ 

ʢʥʦʧʢʦʡ Apply ʚʩʝ ʚʳʙʨʘʥʥʳʝ ʥʘʩʪʨʦʡʢʠ. 

ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʢʠ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʚ ʤʝʥʶ 3D Mesh 

(ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ), ʜʚʘʞʜʳ ʱʝʣʢʥʫʚ ʧʦ ʥʝʤʫ ʚ ʜʝʨʝʚʝ ʧʨʦʝʢʪʘ 

(ʨʠʩ. 2.23). ɺ ʥʝʤ ʧʨʠʚʦʜʠʪʩʷ ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʫʟʣʦʚ 

(Node Count) ʠ ʵʣʝʤʝʥʪʦʚ (Element Count) ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʝʸ ʦʪ-

ʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

ʐɸɻ 16. ɻʝʥʝʨʘʮʠʷ ʩʝʪʢʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʪʦʧʦʣʦʛʠʷ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʘ ʠ ʢʘʯʝʩʪʚʦ 

ʩʝʪʢʠ ʧʨʠʝʤʣʝʤʦ ʜʣʷ ʚʩʝʭ ʩʣʦʝʚ, ʤʦʞʥʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʩʝʪʢʫ, ʥʘʞʘʚ 

ʢʥʦʧʢʫ Generate ʚ ʤʝʥʶ 3D-Mesh. 

ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʩʝʪʢʘ ʟʘʜʘʥʥʦʡ ʛʫʩʪʦʪʳ 

(ʨʠʩ. 2.24) ʠ ʩʪʘʥʝʪ ʘʢʪʠʚʥʳʤ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʩʝʪʢʠ (Mesh Analysis) ʚ 

ʜʝʨʝʚʝ ʧʨʦʝʢʪʘ. 
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ʈʠʩ. 2.22. ʄʝʥʶ Mesh Data  

ʈʠʩ. 2.23. ʄʝʥʶ 3D-Mesh 

 
ʈʠʩ. 2.24. ʉʝʪʢʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʘʢʪʠʚʥʳʡ ʵʣʝʤʝʥʪ Mesh Analysis 


