
 ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʌʝʜʝʨʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪè 

 

ʀʅʉʊʀʊʋʊ ʄɸʊɽʄɸʊʀʂʀ ʀ ʄɽʍɸʅʀʂʀ 

ʂɸʌɽɼʈɸ ɸʕʈʆɻʀɼʈʆʄɽʍɸʅʀʂʀ 

 

ʅʘʧʨʘʚʣʝʥʠʝ: 010900.68 ï ʤʝʭʘʥʠʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʉʧʝʮʠʘʣʠʟʘʮʠʷ: ʤʝʭʘʥʠʢʘ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʧʣʘʟʤʳ 

ɺʓʇʋʉʂʅɸʗ ʂɺɸʃʀʌʀʂɸʎʀʆʅʅɸʗ ʈɸɹʆʊɸ 

(ʙʘʢʘʣʘʚʨʩʢʘʷ ʨʘʙʦʪʘ) 

 

ʇʈʀʄɽʅɽʅʀɽ ɻʀɹʈʀɼʅʆʁ ʉʍɽʄʓ ɸʇʇʈʆʂʉʀʄɸʎʀʀ 

ʂʆʅɺɽʂʊʀɺʅʓʍ ʉʃɸɻɸɽʄʓʍ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏʀ ʆ ʊɽʏɽʅʀʀ 

ɺʗɿʂʆʁ ʅɽʉɾʀʄɸɽʄʆʁ ɾʀɼʂʆʉʊʀ ɺʆʂʈʋɻ ʆʉʎʀʃʃʀʈʋʖʑɽɻʆ 

ʎʀʃʀʅɼʈɸ 

 

 

 

ʈʘʙʦʪʘ ʟʘʚʝʨʰʝʥʘ: 

"___"_________ 2015 ʛ. ____________________ (ɼ. ʈ. ʐʘʨʘʬʠʝʚ)  

 

ʈʘʙʦʪʘ ʜʦʧʫʱʝʥʘ ʢ ʟʘʱʠʪʝ: 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʢ. ʬ.ïʤ. ʥ. 

 "___"_________ 2015 ʛ. ____________________ (ɸ.ʅ. ʅʫʨʠʝʚ) 

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ, ʜ. ʬ.ïʤ. ʥ. 

 "___"_________ 2015 ʛ. ____________________ (ɸ.ɻ. ɽʛʦʨʦʚ)  

 

 

 

 

ʂʘʟʘʥʴ ï 2015 



2 

 

ʆʛʣʘʚʣʝʥʠʝ 
 

ɺʚʝʜʝʥʠʝ ............................................................................................................................. 3 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ............................................................................................................. 6 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ ..................................................................................... 8 

ʏʠʩʣʝʥʥʘʷ ʩʭʝʤʘ .............................................................................................................. 10 

ʈʝʟʫʣʴʪʘʪʳ ........................................................................................................................ 13 

ɺʳʚʦʜʳ ............................................................................................................................. 21 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ .......................................................................................................... 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

 ɺʚʝʜʝʥʠʝ 

 

 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʣʦʩʢʘʷ ʟʘʜʘʯʘ ʦʙʪʝʢʘʥʠʷ ʚʷʟʢʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ ʢʨʫʛʣʦʛʦ ʮʠʣʠʥʜʨʘ, ʩʦʚʝʨʰʘʶʱʝʛʦ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ɿʘʜʘʯʘ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘʚʠʘʮʠʷ, 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʠ ʜʨʫʛʠʝ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʛʨʫʧʧʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʪʨʫʙ, ʢʦʪʦʨʳʝ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʥʝʬʪʴ ʦʪ ʤʦʨʩʢʦʛʦ ʜʥʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ (ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ), ʪʘʢ ʢʘʢ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʜʚʫʤʝʨʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚʦʢʨʫʛ ʮʠʣʠʥʜʨʘ - ʧʝʨʚʳʡ ʰʘʛ ʢ 

ʧʦʥʠʤʘʥʠʶ ʩʣʦʞʥʳʭ ʪʨʝʭʤʝʨʥʳʭ ʧʦʪʦʢʦʚ.  

 ɽʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʝʪ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʟʘʜʘʯʝ ï ʵʪʦ ʦʙʰʠʨʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ[1-10], ʢʦʪʦʨʘʷ ʥʘʢʦʧʠʣʘʩʴ ʟʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʕʪʦ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʡ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʨʘʟʥʦʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ 

ʟʘʜʘʯʠ ʠ ʩʨʘʚʥʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ.  

 ʂʝʡʣʝʛʘʥ ʠ ʂʘʨʧʝʥʪʝʨ (1958) [1] ʧʦʤʝʩʪʠʣʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨ ʚ 

ʙʘʢ ʩ ʞʠʜʢʦʩʪʴʶ, ʛʜʝ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ  ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ὅ  ʠ ὅ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʯʠʩʣʘ ὑὅ +ÅÕÌÅÇÁÎ#ÁÒÐÅÎÔÅÒ, 

 ὑὅ
Ὗ  Ὕ

Ὀ
  

ɿʜʝʩʴ Ὗ  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, Ὕ - ʧʝʨʠʦʜ, Ὀ - ʜʠʘʤʝʪʨ 

ʮʠʣʠʥʜʨʘ. ɺ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʧʦʪʦʢʝ: 

ὑὅ
ς“ὃ

Ὀ
 

 ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ὑὅ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʘʤʧʣʠʪʫʜʝ ʧʦʪʦʢʘ ὃ.  

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ U-ʦʙʨʘʟʥʳʭ ʪʨʫʙ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʨʘʟʲʷʩʥʠʣ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 
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ʚʣʠʷʶʱʠʭ ʥʘ ʞʠʜʢʦʩʪʠ. ʀʩʧʦʣʴʟʫʷ U-ʦʙʨʘʟʥʫʶ ʪʨʫʙʢʫ, ʉʘʨʧʢʘʷ (1976) [2] 

ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ὅ  ʠ ὅ, ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ὑὅ, ʥʦ ʪʘʢʞʝ ʦʪ ʧʘʨʘʤʝʪʨʘ ɓ, 

ʢʦʪʦʨʦʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ  ὙὩ: 

‍
ὙὩ

ὑὅ
ὈὝ’ 

ʛʜʝ ’ - ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ 

ʪʝʯʝʥʠʷ ʠ ʧʦʢʘʟʘʥ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ‍, ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʪʝʯʝʥʠʷʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ.  

 ɺ ʨʘʙʦʪʘʭ ɹʠʨʤʘʥ, ɻʨʵʤ ʠ ʉʠʥʛʭ (1979) [3] ʩʦʦʙʱʘʝʪʩʷ ʦ ʥʘʙʣʶʜʝʥʠʠ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʧʨʠ ʤʘʣʳʭ ὑὅ.  ɼʣʷ  ὑὅ  ψ ʦʩʥʦʚʥʳʝ ʚʠʭʨʝʚʳʝ   

ʩʪʨʫʢʪʫʨʳ    ʦʢʘʟʘʣʠʩʴ     ʜʠʘʛʦʥʘʣʴʥʦʛʦ (ʜʣʷ ψ ὑὅ ρυ) ʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʨʝʞʠʤʘ (ρυ ὑὅ ςυ). ɼʣʷ ὑὅ  ςυ, ʦʥʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʩʣʝʜ 

ʥʘʧʦʤʠʥʘʣ ʜʦʨʦʞʢʫ ʂʘʨʤʘʥʘ  ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʥ rʚ ʢʘʞʜʦʡ ʧʦʣʦʚʠʥʝ ʮʠʢʣʘ.  

 ɺ ʨʘʙʦʪʝ ɺʠʣʴʷʤʩʦʥ (1985) [4] ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ π 

 ὑὅ  συ, ʠ ʚʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨ r ʪʝʯʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʂʝʡʣʝʛʘʥ-ʂʘʨʧʝʥʪʝʨʘ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʉʘʨʧʢʘʷ [2] ʪɻʠ 

ʪʝʯʝʥʠʷ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʚʫʤʝʨʥʫ  ʁʩʪʨʫʢʪʫʨʫ. 

 ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʖʩʪʝʩʝʥʘ [5] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩ ̫ ʩʠʪʫʘʮʠʠ ʦʙʪʝʢʘʥʠʷ 

ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʮʠʣʠʥʜʨʘ, ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʂʝʡʣʝʛʘʥ-ʂʘʨʧʝʥʪʝʨʘ (ὑὅ) ʤʘʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʯʠʩʣʝʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. 

 ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʙʦʪʫ ʆʙʩʘʡʶ [6], ʛʜʝ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ ʂʉ (τ ὑὅ υυ) , ʘ ʪʘʢʞʝ 

ʜʣʷ ʨʘʟʥʳʭ ‍, (ρππ ‍ ρφφυ. ɿʜʝʩʴ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʮʠʨʢʫʣʷʮʠʠ ʚʦʢʨʫʛ ʢʦʥʪʫʨʘ, ʙʣʠʟʢʦʡ ʢ ʮʠʣʠʥʜʨʫ.  

 ʕʪʘ ʟʘʜʘʯʘ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʠ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʂ 

ʧʨʠʤʝʨʫ, ʚ ʨʘʙʦʪʝ ʅʫʨʠʝʚʘ ɸ. ʅ. [7] ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʤʘʣʳʭ 

ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ (π   ὙὩ  ρπππ). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ  ʘʥʘʣʠʟ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʦʢʨʫʛ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ 
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ʮʠʣʠʥʜʨʘ, ʘ ʪʘʢ ʞʝ ʧʨʦʠʟʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ.  ʇʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʜʣʷ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ὙὩ ʠ ὑὅȢ 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ‍ ρωφ, ὑὅ  ρπ. 

ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʚʳʙʨʘʥ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʜʚʫʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʠ  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ.  

 ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʧʘʢʝʪʝ OpenFOAM. ʕʪʦʪ ʧʘʢʝʪ ʠʤʝʝʪ 

ʦʪʢʨʳʪʳʡ ʠʩʭʦʜʥʳʡ ʢʦʜ, ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʜʝʪʘʣʷʭ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʭʦʜ 

ʨʝʰʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʢʠ, ʚʳʙʦʨʘ ʩʭʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʣʘʛʘʝʤʳʭ 

ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ.  
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
 

 

 ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʮʠʣʠʥʜʨ ʨʘʜʠʫʩʘ Ὑ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. ʎʠʣʠʥʜʨ ʩʦʚʝʨʰʘʝʪ 

ʢʦʣʝʙʘʪʝʣʴʥʝr ʜʚʠʞʝʥʠ ̫ʧʦ ʟʘʢʦʥʫ: 

 
‬ὼ

‬ὸ
ς“Ὢὸ (1.1) 

 ʛʜʝ Ø ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ ʧʝʨʝʤʝʱʝʥʠʡ,  Æ   ï  

ʙʝʟʨʘʟʤʝʨʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʷ. ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʨʘʚʝʥ: 4 ρÆϳ. ɿʘʜʘʯʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ - ʉʪʦʢʩʘ:           

  

   

‬Ὗ

‬ὸ
Ὗ​Ὗ ​ὴ

ρ

ὙὩ
ЎὟȟ

​Ὗ πȟ                                      

  (1.2) 

ʛʜʝ  Ὗ όȟὺ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ, ὴ ï ʙʝʟʨʘʟʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ὙὩ  ï 

ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. 

 ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʝʨʝʭʦʜʠʤ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʩʚʷʟʘʥʥʫʶ ʩ ʮʠʣʠʥʜʨʦʤ. ɺ ʥʦʚʦʡ ʥʝʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʜʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ὴ ὴ ς“ὪὼίὭὲς“Ὢὸȟ (1.3) 

ʛʜʝ ὴ ï ʜʘʚʣʝʥʠʝ ʚ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ï 

ʜʦʙʘʚʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʠʥʝʨʮʠʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. 

 ʅʘ ʛʨʘʥʠʮʝ ʮʠʣʠʥʜʨʘ ʟʘʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

 ό ὺ π. (1.4) 

 ʅʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ 

ʥʠʞʝ: 

 
ό ὧέίς“Ὢὸȟ

ὺ πȢ                  
 (1.5) 
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 ʊʘʢʞʝ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ: 

 

ὴ ς“ὪὼίὭὲς“Ὢὸȟ

 
‬ὴ

‬ὼ
ς“ὪίὭὲς“ὪὸȢ

 (1.6) 

 ɺʤʝʩʪʦ ʣʶʙʦʛʦ ʫʩʣʦʚʠʷ (1.5) ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ ʠʟ 

ʩʠʩʪʝʤʳ (1.6). 

 ʅʘ ʧʝʨʝʜʥʝʡ ῲ  ʠ ʟʘʜʥʝʡ ῲ   ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʚ ʜʚʫʭʤʝʨʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ çʧʫʩʪʳʝè ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʚ ʧʘʢʝʪʝ, ʪʘʢ ʢʘʢ ʚʳʯʠʩʣʝʥʠʷ ʚ ʦʙʦʟʥʘʯʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʝ ʧʨʦʚʦʜʷʪʩʷ. 
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ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʦʙʣʘʩʪʠ ʨʝʰʝʥʠʷ 
 

 

 ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ɺ ʮʝʥʪʨʝ ʥʘʭʦʜʠʪʩʷ ʢʨʫʛʣʳʡ ʮʠʣʠʥʜʨ. ɺʩʝ 

ʨʘʩʩʪʦʷʥʠʷ ʠ ʨʘʟʤʝʨʳ ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʩʚʦʙʦʜʥʦʛʦ ʧʦʪʦʢʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʳ ʛʨʘʥʠʮʳ.  

 

ʈʠʩ.2.1. ʆʙʣʘʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʛʨʘʥʠʮʳ 

 ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʩʛʝʥʝʨʠʨʦʚʘʪʴ ʩʝʪʢʫ ʜʣʷ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʢʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʩʝʪʢʠ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʩʭʦʜʠʤʦʩʪʴ 

ʨʝʰʝʥʠʷ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʣʦʯʥʘʷ ʨʝʛʫʣʷʨʥʘʷ ʩʝʪʢʘ. ɺʩʷ 

ʦʙʣʘʩʪʴ ʜʝʣʠʪʩʷ ʥʘ ʧʨʦʩʪʳʝ ʙʣʦʢʠ, ʘ ʟʘʪʝʤ ʢʘʞʜʳʡ ʙʣʦʢ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʷʯʝʡʢʠ. ʉʧʦʩʦʙ ʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʙʣʦʢʠ ʚ 

ʧʣʦʩʢʦʩʪʠ xOy ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.2. 
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 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʩʝʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʪʠʣʠʪʘ blockMesh, ʢʦʪʦʨʳʡ 

ʚʭʦʜʠʪ ʚ ʧʘʢʝʪ OpenFOAM [12].  

 

ʈʠʩ.2.2. ʉʧʦʩʦʙ ʜʝʣʝʥʠʷ ʥʘ ʷʯʝʡʢʠ 

 ʊʘʢ ʢʘʢ ʟʘʜʘʯʘ ʜʚʫʤʝʨʥʘʷ, ʧʦ ʦʩʠ  πᾀ ʥʘʭʦʜʠʪʩʷ ʦʜʥʘ ʷʯʝʡʢʘ ʠ ʪʝʯʝʥʠʝ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʩʫʪʩʪʚʫʝʪ.  
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ʏʠʩʣʝʥʥʘʷ ʩʭʝʤʘ 
 

 

 ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʧʘʢʝʪʝ 

OpenFOAM ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ (FVM) ʚ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɼʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʜʠʩʢʨʝʪʥʳʝ ʜʘʚʣʝʥʠʷ ʣʦʢʘʣʠʟʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʭ 

ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʦ 

ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʲʝʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʱʘʷ ʧʨʦʮʝʜʫʨʘ ɻʘʫʩʩʘ [13]. ɼʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʷʯʝʡʢʠ ʟʘʧʠʩʳʚʘʝʤ ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ 

ʚʠʜʝ: 

 

 

ừ
ỬỬ
Ừ

ỬỬ
ứ ‬Ὗ

‬ὸ
Ὠὠ ᶯὟὟὨὠ ὴɳὨὠ’ ЎὟὨὠȟ

ὟɳὨὠπȢ                                                                          

 (3.1) 

 ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ  ʥʘ ʦʙʲʝʤ ʷʯʝʡʢʠ V. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʩʪʘʣʴʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʦʙʲʝʤʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʢ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ, ʟʘʪʝʤ ʩʫʤʤʠʨʫʝʤ ʧʦ ʛʨʘʥʷʤ ʷʯʝʝʢ ʠ ʧʨʠʙʣʠʞʝʥʥʦ 

ʚʳʯʠʩʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ ʩʨʝʜʥʠʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

   

ừ
Ử
Ừ

Ử
ứ
Ћ5
ЋÔ

0

6 3Æ
Æ

55Æ 3ÆÐÆ
Æ

ʉ 3Æ 5ɳÆ
Æ

ȟ

3Æ5Æ
Æ

πȢ                                                                      
 (3.2) 

 ʀʥʜʝʢʩ Ὢ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʝʤʝʥʥʘʷ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʛʨʘʥʠ ʷʯʝʡʢʠ, 

ὖ ï ʚ ʮʝʥʪʨʝ ʷʯʝʡʢʠ.  3 ï ʚʝʢʪʦʨ ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʢ ʛʨʘʥʠʮʝ ʷʯʝʡʢʠ, ʧʦ ʤʦʜʫʣʶ 

ʨʘʚʥʳʡ ʧʣʦʱʘʜʠ ʵʪʦʡ ʛʨʘʥʠ. 
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 ʂʦʥʚʝʢʪʠʚʥʳʝ ʩʣʘʛʘʝʤʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ: 

 3 55 & 5 Ȣ (3.3) 

 ɿʜʝʩʴ &  ʵʪʦ ʤʘʩʩʦʚʳʡ ʧʦʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʛʨʘʥʴ ʩ ʠʥʜʝʢʩʦʤ 

ÆȢ  ʆʥʦ ʩʯʠʪʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤ.   

 ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʘʷ 

ʠʥʪʝʨʧʦʣʷʮʠʷ. ɿʥʘʯʝʥʠʝ ὴ ʥʘ ʛʨʘʥʠ ʩ ʠʥʜʝʢʩʦʤ  Æ, ʥʘʭʦʜʷʱʠʡʩʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʦʩʝʜʥʠʤʠ ʷʯʝʡʢʘʤʠ N ʠ M , ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 
ὴ ὴὪ  ὴ ρ Ὢ , (3.4) 

ʛʜʝ Ὢ - ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʬʘʢʪʦʨ (ʥʝ ʥʘʧʠʩʘʥʦ ʯʪʦ ʪʘʢʦʝ). ʇʦʨʷʜʦʢ 

ʪʦʯʥʦʩʪʠ ʜʘʥʥʦʡ ʬʦʨʤʫʣʳ ʠʤʝʝʪ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʧʨʠ ʣʦʢʘʣʴʥʦʡ ʘʩʠʤʤʝʪʨʠʠ 

ʩʝʪʢʠ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʠʥʪʝʨʧʦʣʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʚ 

ʮʝʥʪʨʝ ʛʨʘʥʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʠʤʝʝʪ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ 

ʪʦʯʥʦʩʪʠ. 

 ɼʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʝʨʝʤʝʥʥʳʭ ʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʣʘʛʘʝʤʳʭ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʩʭʝʤʘ [13]. ɻʠʙʨʠʜʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʟʚʝʰʝʥʥʦʝ ʩʨʝʜʥʝʝ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʨʠ ʤʘʣʳʭ ʩʝʪʦʯʥʳʭ ʯʠʩʣʘʭ 

ʈʝʡʥʦʣʴʜʩʘ (ʠʣʠ ʯʠʩʣʦ ʇʝʢʣʝ) ʠ ʨʘʟʥʦʩʪʝʡ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʠ 

ʙʦʣʴʰʠʭ ʩʝʪʦʯʥʳʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ. ʉʭʝʤʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ: 

 Ὢ  ‌ ὟὈὛ ρ  ‌ὅὈὛ (3.5) 

ɿʜʝʩʴ ‌ᴼπ ʧʨʠ ὙὩ ς ʠ ‌ᴼρ ʧʨʠ ὙὩ ς, UDS ï ʩʭʝʤʘ ʩ ʨʘʟʥʦʩʪʷʤʠ 

ʧʨʦʪʠʚ ʧʦʪʦʢʘ, CDS ï ʩʭʝʤʘ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ.  

 ʉʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʝʬʠʟʠʯʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʨʝʰʝʥʠʷ ʚ 

ʦʙʣʘʩʪʷʭ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʭʦʜʠʤʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ. ʆʜʥʘʢʦ, 

ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʧʨʦʪʠʚʦʧʦʪʦʯʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
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ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʥʘ ʨʝʰʝʥʠʝ ʯʠʩʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ. ʅʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʯʠʩʣʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʚʳʰʝʥʠʝʤ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʪʢʠ ʚʙʣʠʟʠ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʫʯʝʥʠʷ ʩʝʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ. 

 ʈʝʰʝʥʠʝ ʜʠʩʢʨʝʜʠʪʠʨʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

PISO [12], ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʤʦʜʫʣʝ icoFoam.  
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ʈʝʟʫʣʴʪʘʪʳ 

 

 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ‍ ρωφ, ʤʝʥʷʣʠʩʴ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʝʡʣʝʛʘʥʘ-ʂʘʨʧʝʥʪʝʨʘ π  ὑὅ ρπ. ʉ ʨʦʩʪʦʤ 

ʧʘʨʘʤʝʪʨʘ KC ʥʘʙʣʶʜʘʪʁʩʷ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʚ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʂʘʢ 

ʠ ʚ ʨʘʙʦʪʝ ɺʠʣʴʷʤʩʦʥʘ [4] ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʡ (ʈʠʩ. 4.1), V- 

ʦʙʨʘʟʥʳʡ ʨʝʞʠʤ (ʈʠʩ. 4.2)   ʠ ʨʝʞʠʤ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʠʭʨʝʚʦʡ ʜʦʨʦʞʢʠ 

ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʦʩʥʦʚʥʦʤʫ ʧʦʪʦʢʫ (ʈʠʩ. 4.3). ʍʦʪʴ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʝʜʝʥʥʳʝ ʘʚʪʦʨʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʭʤʝʨʥʳʤ,  ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʨʦʚʝʜʝʥʥʳʝ ʧʨʠ ʪʘʢʠʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ.   

 

ʈʠʩ.4.1. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʜʣʷ ʂʉ = 3, ʩʠʤʤʝʪʨʠʯʥʳʡ ʨʝʞʠʤ. 

 

 ɼʣʷ ʜʠʘʧʘʟʦʥʘ KC < 7, ʦʪʨʳʚ ʢʨʫʧʥʳʭ ʚʠʭʨʝʡ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ. ʉʤʦʪʨʷ 

ʥʘ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ,  ʯʪʦ ʦʪʨʳʚ ʚʠʭʨʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʤʝʥʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. ɽʩʣʠ ʜʣʷ KC<4 ʦʪʨʳʚ ʚʠʭʨʝʡ ʧʨʦʠʩʭʦʜʠʪ 

ʩʠʤʤʝʪʨʠʯʥʦ (ʈʠʩ 4.1), ʪʦ ʜʣʷ ʜʣʷ KC ʩʚʳʰʝ 4 ʧʨʠʣʦʞʝʥʥʳʝ ʚʠʭʨʠ 

ʩʪʘʥʦʚʷʪʩʷ ʥʝʨʘʚʥʳʤʠ ʧʦ ʩʠʣʝ ʠ ʧʘʨʘ ʚʠʭʨʝʡ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, 
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ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ, 

ʢʦʣʝʙʣʶʱʝʡʩʷ ʩ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ. (ʈʠʩ.4.3.)   

 

 

 

 

ʈʠʩ 4.2. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʜʣʷ ˗˞ υ, V- ʦʙʨʘʟʥʳʡ ʨʝʞʠʤ. 



15 

 

 ɼʣʷ KC > 7 ʤʳ ʥʘʙʣʶʜʘʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʨʘʥʩʚʝʨʩʥʳʡ ʨʝʞʠʤ 

ʪʝʯʝʥʠʷ (ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʜʦʨʦʞʢʦʡ) (ʈʠʩ. 4.2). ʕʪʦʪ ʨʝʞʠʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʨʳʚ ʦʜʥʦʛʦ ʙʦʣʴʰʦʛʦ ʚʠʭʨʷ ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʦʛʦ 

ʧʦʣʫʧʝʨʠʦʜʘ.   

 ʇʦʣʫʯʝʥʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʪʝʯʝʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʘʨʪʠʥʢʘʤʠ 

ʪʝʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ ɺʠʣʴʷʤʩʦʥ [4] ʠ ʚ ʨʘʙʦʪʝ ʅʫʨʠʝʚʘ [7]. 

 
 

  

  

  

ʈʠʩ. 4.2. ʂʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʜʣʷ ὑὅ  ρπ, ʨʝʞʠʤ ʩ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʜʦʨʦʞʢʦʡ. 
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 ʕʪʠ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʚʳʟʳʚʘʶʪ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ. ɻʨʘʬʠʢʠ ʢʦʣʝʙʘʥʠʷ ʧʦʜʲʝʤʥʳʭ ʩʠʣ ʠ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.3, 4.4. ʉʤʦʪʨʷ ʥʘ ʥʠʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ 

ʪʝʯʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʜʣʷ KC=2,3 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʠʤʤʝʪʨʠʯʥʦʝ ʦʙʪʝʢʘʥʠʝ ʮʠʣʠʥʜʨʘ.  ʂʘʞʜʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʠʢ ʦʙʫʩʣʦʚʣʝʥ 

ʨʦʩʪʦʤ ʠ ʩʙʨʦʩʦʤ ʚʠʭʨʷ ʚ ʢʘʞʜʦʤ ʧʦʣʫʧʝʨʠʦʜʝ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʧʠʢʠ 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʚʨʘʱʝʥʠʝ ʥʝʜʘʚʥʦ ʩʙʨʦʰʝʥʥʦʛʦ ʚʠʭʨʷ ʢ ʮʠʣʠʥʜʨʫ ʧʦʩʣʝ 

ʩʤʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʠʢʘ ʥʘ ʛʨʘʬʠʢʝ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ , ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʠʢ ʥʘ 

ʛʨʘʬʠʢʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʥʜʫʮʠʨʫʶʪʩʷ ʚ ʧʦʣʦʚʠʥʝ ʮʠʢʣʘ, ʢʦʛʜʘ ʙʦʣʴʰʦʡ 

ʚʠʭʨʴ ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʮʠʣʠʥʜʨʘ. 
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ʈʠʩ. 4.3. ʂʦʣʝʙʘʥʠʷ ʧʦʜʲʝʤʥʳʭ ʩʠʣ ʜʣʷ 2 < KC < 10 
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ʈʠʩ.4.4. ɻʨʘʬʠʢʠ ʢʦʣʝʙʘʥʠʷ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ 2 < KC < 10 










