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1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ɺ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ANSYS Fluent ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʢʠ: 

ï ʦʧʨʝʜʝʣʝʥʠ ̫ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ; 

ï ʦʧʨʝʜʝʣʝʥʠ ̫ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʥʘ ʬʘʩʘʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ; 

ï ʦʧʨʝʜʝʣʝʥʠ̫ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ; 

ï ʦʧʨʝʜʝʣʝʥʠ ̫ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʵʨʦʫʧʨʫʛʠʭ ʵʬʬʝʢʪʦʚ 

(ʛʘʣʦʧʠʨʦʚʘʥʠʝ, ʜʠʚʝʨʛʝʥʮʠʷ/ʬʣʘʪʪʝʨ); 

ï ʦʧʨʝʜʝʣʝʥʠ ̫ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʟʘʭʚʘʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ; 

ï ʦʮʝʥʢʠ ʚʝʪʨʦʚʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ ʧʝʰʝʭʦʜʥʳʭ ʟʦʥ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʝʪʨʦʚʦʛʦ 

ʢʦʤʬʦʨʪʘ ʩʧʦʨʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ) 

ï ʠ ʜʨ. 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʪʦʤʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 40 ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʢʝ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ ʦʪʯʝʪʘ ʚ ʩʦʩʪʘʚʝ ʅʀʎ ʉʪʘɼʠʆ ʠ ʅʆʎ ʂʄ ʄɻʉʋ 

ʩ 2020 ʧʦ 2025 ʛʦʜ ʧʦ ʟʘʢʘʟʫ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʉ ʧʨʦʯʠʤʠ ʯʠʩʣʝʥʥʳʤʠ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʅʀʎ ʉʪʘɼʠʆ ʠ ʅʆʎ ʂʄ ʄɻʉʋ, ʧʨʦʚʦʜʠʚʰʠʤʠʩʷ ʩ 

2009 ʛʦʜʘ, ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʥʘ ʩʘʡʪʝ ʅʀʎ ʉʪʘɼʠʆ [1] ʠ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢʥʠʛʘʭ ʧʦ 

ʪʝʤʝ [2, 3]. 

 

ɺ ʨʘʟʜʝʣʝ 2 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ "ʘʧʨʦʙʘʮʠʠ", ʩʦʜʝʨʞʘʱʘʷ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ï ʥʘʟʚʘʥʠʝ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

ï ʧʝʨʝʯʝʥʴ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯ; 

ï ʩʪʘʮʠʦʥʘʨʥʘʷ / ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ; 

ï ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʥʝʯʥʦʦʙʲʝʤʥʦʡ ʩʝʪʢʠ; 

ï ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ; 

ï ʛʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʠ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʛʠʙʨʠʜʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʛʜʘ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʬʠʟʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʘʣʠʜʠʨʦʚʘʪʴ 

ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

 

ɺ ʨʘʟʜʝʣʝ 3 ʧʨʠʚʝʜʝʥʳ ʧʦʜʨʦʙʥʳʝ ʦʧʠʩʘʥʠʷ 12 ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ. 

 

ɺ ʨʘʟʜʝʣʝ 4 ʢʨʘʪʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʱʝ 28 ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʘ 

ʚ ANSYS Fluent (ʥʦʚʳʝ), ʘ ʯʘʩʪʴ ï ʚ ANSYS CFX (ʜʦ 2023 ʛ). ʇʝʨʝʭʦʜ ʦʪ CFX ʢ Fluent 

ʧʨʦʠʟʦʰʸʣ ʚʚʠʜʫ ʥʘʢʦʧʠʚʰʠʭʩʷ ʩ ʛʦʜʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚ Fluent (ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ) ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ. 

 

ʉ ʧʨʦʯʠʤʠ ʯʠʩʣʝʥʥʳʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʅʀʎ ʉʪʘɼʠʆ ʠ ʅʆʎ 

ʂʄ ʄɻʉʋ, ʧʨʦʚʦʜʠʚʰʠʤʠʩʷ ʩ 2009 ʛʦʜʘ, ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʥʘ ʩʘʡʪʝ ʅʀʎ ʉʪʘɼʠʆ [1] ʠ 

ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʢʥʠʛʘʭ ʧʦ ʪʝʤʝ [2, 3]. 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʪʦʤʘ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʧʳʪʘ ʘʚʪʦʨʩʢʦʛʦ ʢʦʣʣʝʢʪʠʚʘ ʠ 

ʥʘʟʨʝʚʰʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʝʨʠʬʠʢʘʮʠʠ ʇʂ ANSYS Fluent ʚʚʠʜʫ ʝʛʦ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʪʨʦʠʪʝʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ. 
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2. ʄʘʪʨʠʮʳ "ʘʧʨʦʙʘʮʠʠ" Ansys Fluent 

2.1. ʄʘʪʨʠʮʳ "ʘʧʨʦʙʘʮʠʠ" (ʊʦʤ 5. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʜʘʯʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ) 

ʄʘʪʨʠʮʘ "ʘʧʨʦʙʘʮʠʠ" ʏʠʩʣʝʥʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʈʝʰʘʝʤʳʝ 

ʟʘʜʘʯʠ1 
ʇʦʩʪʘʥʦʚʢʘ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

(ʤʣʥ. ʂʆ) 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ2 

ɻʦʜ 

ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ 

1 ɾʂ çJOISè, ʛ. ʄʦʩʢʚʘ ɺʅʅ, ɺʅʌ, ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 15.2 RANS (SST k-ɤ) 2023 

2 ɾʂ çʅʦʚʘʷ ʃʠʚʘʜʠʷè, ʛ. ʗʣʪʘ ɺʅʅ, ɺʅʌ ʩʪʘʮʠʦʥʘʨʥʘʷ 20.9 RANS (SST k-ɤ) 2024 

3 ʌʫʪʙʦʣʴʥʳʡ ʤʘʥʝʞ, ʛ. ʏʝʣʷʙʠʥʩʢ ɺʅʅ, ɺʅʌ, ʉʅ, ɻ ʩʪʘʮʠʦʥʘʨʥʘʷ 10.7 RANS (SST k-ɤ, GEKO k-ɤ)  2022 

4 ʎʝʥʪʨ ʚʝʣʦʩʠʧʝʜʥʦʛʦ ʩʧʦʨʪʘ, ʛ. ʄʘʡʢʦʧ ɺʅʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 5.89-17.42 RANS (SST k-ɤ) 2023 

5 ʂʠʥʦʪʝʘʪʨ ñʋʜʘʨʥʠʢò, ʛ. ʄʦʩʢʚʘ 
ɺʅʅ, ɺʅʌ, ʉʅ, ɸʕ, 

ɺɺ, ɻ 

ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 
0.78-16.9 

RANS (GEKO k-ɤ); SBES (RANS (SST k-ɤ)-

LES (WALE)) 
2023 

6 
ʉʪʝʣʘ çɻʦʨʦʜ ʪʨʫʜʦʚʦʡ ʜʦʙʣʝʩʪʠè, ʛ. ɽʢʘʪʝ-

ʨʠʥʙʫʨʛ 
ɺʅʅ, ɺʅʌ, ɸʕ, ɺɺ 

ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 
2.1-2.6 

RANS (SST k-ɤ); DES; 

SBES (RANS (SST k-ɤ)-LES (WALE)) 
2022 

7 
ʌʣʘʛʰʪʦʢʠ ʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʇʘʨʢʘ 300-ʣʝ-

ʪʠʷ ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
ɺʅʅ, ɸʕ, ɺɺ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 6.4 URANS (SST k-ɤ) 2021 

8 ɼʚʦʨʝʮ ʉʧʦʨʪʘ çʉʧʘʨʪʘʢè, ʛ. ʄʦʩʢʚʘ 
ɺʅʅ, ɺʅʌ, ʇɺʂ*, 

ʉʅ, ɻ 
ʩʪʘʮʠʦʥʘʨʥʘʷ 6.8-38.0 RANS (SST k-ɤ, GEKO k-ɤ) 2025 

9 
ʄʫʟʝʡʥʳʡ ʠ ʪʝʘʪʨʘʣʴʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʩ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ  
ɺʅʅ, ɺʅʌ, ʇɺʂ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 7.9-21.8 RANS (SST k-ɤ, GEKO k-ɤ) 2025 

10 
ʎʝʥʪʨʘʣʴʥʳʡ ʩʪʘʜʠʦʥ ʌʂ çʌʘʢʝʣè, ʛ. ɺʦʨʦ-

ʥʝʞ 
ɺʅʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 12-80 RANS (SST k-ɤ, GEKO k-ɤ) 2024 

11 
ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʜʝʣʦʚʦʡ ʢʦʤʧʣʝʢʩ ʥʘ ʫʣ. 

ɺʘʚʠʣʦʚʘ, ʛ. ʄʦʩʢʚʘ 
ɺɺ 

ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 
4.3-5.8 

RANS (SST k-ɤ); ELES, 

URANS (SST k-ɤ), LES (WMLES) 
2025 

12 
ʄʦʩʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʫʙʣʸʚʦ-ɸʨʭʘʥʛʝʣʴʩʢʦʝ 

(ʧʨʦʝʢʪ 2024 ʛʦʜʘ), ʛ. ʄʦʩʢʚʘ 
ɸʕ, ɺɺ 

ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 
1.6-4.8 SBES, URANS (SST k-ɤ), LES (WALE) 2024 

13 ɸʧʘʨʪ-ʦʪʝʣʴ ɸʶ-ɼʘʛ ʈʝʟʦʨʪ, ʧ.ʛ.ʪ. ʇʘʨʪʝʥʠʪ ɺɺʅ, ɺʅʌ ʩʪʘʮʠʦʥʘʨʥʘʷ 7.8 RANS (SST k-ɤ)* 2020 

 

 
1 ɺɺʅ - ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ɺʅʌ - ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʬʘʩʘʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʇɺʂ ï ʧʝʰʝʭʦʜʥʘʷ ʚʝʪʨʦʚʘʷ 

ʢʦʤʬʦʨʪʥʦʩʪʴ, ʉʅ ï ʦʧʨʝʜʝʣʝʥʠʝ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ, ɸʕ - ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʵʨʦʫʧʨʫʛʠʭ ʵʬʬʝʢʪʦʚ (ʛʘʣʦʧʠʨʦʚʘʥʠʝ, ʜʠʚʝʨʛʝʥʮʠʷ/ʬʣʘʪʪʝʨ), ɺɺ 

- ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʟʘʭʚʘʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ɻ ï ʛʠʙʨʠʜʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩʠʥʪʝʟ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, * - ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʠʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʨʦʝʢʪʘ 
2 * ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʝʢʪʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʇʂ ANSYS CFX 
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ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʈʝʰʘʝʤʳʝ 

ʟʘʜʘʯʠ1 
ʇʦʩʪʘʥʦʚʢʘ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

(ʤʣʥ. ʂʆ) 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ2 

ɻʦʜ 

ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ 

14 
ʂʘʤʧʫʩ ʄʘʩʪʝʨʩʢʦʡ ʫʧʨʘʚʣʝʥʠʷ çʉʝʥʝʞè, ʛ. 

ʉʦʣʥʝʯʥʦʛʦʨʩʢ 
ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 1.0-5.0 RANS (SST k-ɤ)* 2020 

15 ɾʂ çɸʢʚʘʪʦʨʠʷè, ʛ. ʄʦʩʢʚʘ ɺɺʅ, ɺʅʌ, ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 10.8 RANS (SST k-ɤ)* 2021 

16 ɾʂ çSky Viewè, ʛ. ʄʦʩʢʚʘ ɺɺʅ, ɺʅʌ, ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 8.0 RANS (SST k-ɤ)* 2021 

17 ɾʂ çLevel ʅʘʛʘʪʠʥʩʢʘʷè ʛ. ʄʦʩʢʚʘ ɺɺʅ, ɺʅʌ, ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 14.0 RANS (SST k-ɤ)* 2021 

18 ɾʂ çʇʨʘʡʤ ʇʘʨʢè, ʛ. ʄʦʩʢʚʘ ɺɺʅ, ɺʅʌ, ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 18.7-21.3 RANS (SST k-ɤ)* 2021 

19 ʉʙʝʨʙʘʥʢ-ʉʠʪʠ - ʂʫʪʫʟʦʚʩʢʠʡ ʧʨ., ʛ. ʄʦʩʢʚʘ ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 13.0-17.5 RANS (SST k-ɤ)* 2021 

20 ɾʂ çɹʝʨʝʞʢʦʚʩʢʘʷ ʥʘʙʝʨʝʞʥʘʷè, ʛ. ʄʦʩʢʚʘ; ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 16.5 RANS (SST k-ɤ)* 2021 

21 ʊʝʘʪʨ ʦʧʝʨʳ ʠ ʙʘʣʝʪʘ, ʛ. ʉʝʚʘʩʪʦʧʦʣʴ ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 5.7 RANS (SST k-ɤ)* 2021 

22 ʃʝʜʦʚʘʷ ʘʨʝʥʘ, ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 8.6 RANS (SST k-ɤ)* 2022 

23 
ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʦʨʪʠʚʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ 
ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 11.4 RANS (SST k-ɤ)* 2022 

24 
ʎʝʥʪʨ ʚʦʜʥʳʭ ʚʠʜʦʚ ʩʧʦʨʪʘ, ʛ. ʖʞʥʦ-ʉʘʭʘ-

ʣʠʥʩʢ 
ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 8.0 RANS (SST k-ɤ)* 2022 

25 ʉʪʘʜʠʦʥ ʉʂɸ ɸʨʝʥʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
ɺɺʅ, ɺʅʌ, ʉʅ, ʇɺʂ, 

ɸʕ, ɻ 

ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 

12.38-

30.28 
RANS (SST k-ɤ), DES* 2022 

26 ʂʦʥʛʨʝʩʩ-ʭʦʣʣ, ʛ. ʏʝʣʷʙʠʥʩʢ ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 10.4-11.0 RANS (SST k-ɤ)* 2022 

27 
ɺʩʝʩʝʟʦʥʥʳʡ ʢʫʨʦʨʪ çʄʘʥʞʝʨʦʢè: ʦʪʝʣʴ, ʨ-ʢʘ 

ɸʣʪʘʡ 
ɺɺʅ, ɺʅʌ ʩʪʘʮʠʦʥʘʨʥʘʷ 0.55-13.6 RANS (SST k-ɤ)* 2022 

28 
ɺʩʝʩʝʟʦʥʥʳʡ ʢʫʨʦʨʪ çʄʘʥʞʝʨʦʢè: ʧʘʥʦʨʘʤ-

ʥʳʡ ʨʝʩʪʦʨʘʥ, ʨ-ʢʘ ɸʣʪʘʡ 
ɺɺʅ, ɺʅʌ, ʉʅ, ɻ ʩʪʘʮʠʦʥʘʨʥʘʷ 5.3-11.47 RANS (SST k-ɤ)* 2022 

29 ɾʂ çʆʣʠʚʠʷè, ʛ. ʄʦʩʢʚʘ ɺɺʅ, ɺʅʌ, ʇɺʂ, ɺɺ 
ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 

9.7-15.2, 

0.28-0.46 

RANS (SST k-ɤ) 

DES* 
2022 

30 ʉʝʨʬʠʥʛ ʮʝʥʪʨ çɺʦʣʥʘè, ʛ. ʄʦʩʢʚʘ ɺɺʅ, ɺʅʌ, ʉʅ, ɻ ʩʪʘʮʠʦʥʘʨʥʘʷ 8.16-9.27 RANS (SST k-ɤ)* 2022 

31 
ʄɾʂ ʥʘ ʫʣ. ɸʨʭʠʪʝʢʪʦʨʘ ɺʣʘʩʦʚʘ, 

ʛ. ʄʦʩʢʚʘ 
ɺɺʅ, ɺʅʌ, ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 12.2 RANS (SST k-ɤ)* 2022 

32 
ʄʦʩʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʫʙʣʸʚʦ-ɸʨʭʘʥʛʝʣʴʩʢʦʝ 

(ʧʨʦʝʢʪ 2022 ʛʦʜʘ), ʛ. ʄʦʩʢʚʘ 
ɸʕ, ɺɺ 

ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 
1.5-10.4 RANS (SST k-ɤ), SBES (RANS-LES) 2022 

33 
ɾʂ ʧʦ ʧʨʦʛʨʘʤʤʝ ʨʝʥʦʚʘʮʠʠ, ʫʣ. ʇʦʜʚʦʡ-

ʩʢʦʛʦ, ʛ. ʄʦʩʢʚʘ 
ɺɺʅ, ɺʅʌ ʩʪʘʮʠʦʥʘʨʥʘʷ 4.6 RANS (SST k-ɤ)* 2023 

34 
ʆʬʠʩʥʦ-ʜʝʣʦʚʦʡ ʮʝʥʪʨ ʚ ʧʦʩʝʣʢʝ ʈʫʙʣʝʚʦ-ɸʨ-

ʭʘʥʛʝʣʴʩʢʦʝ (ʉʙʝʨʉʠʪʠ), ʛ. ʄʦʩʢʚʘ 
ɺɺʅ, ɺʅʌ, ʉʅ, ʇɺʂ ʩʪʘʮʠʦʥʘʨʥʘʷ 4.1-15.0 RANS (SST k-ɤ)* 2023 

35 ɾʂ ʥʘ ɸʣʪʫʬʴʝʚʩʢʦʤ ʰʦʩʩʝ, ʛ. ʄʦʩʢʚʘ ɺʅʌ ʩʪʘʮʠʦʥʘʨʥʘʷ 10.0 RANS (SST k-ɤ) 2023 

36 
ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʨʧʫʩ, 

ʛ. ʂʘʟʘʥʴ 
ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 14.0 RANS (SST k-ɤ) 2024 
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ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʈʝʰʘʝʤʳʝ 

ʟʘʜʘʯʠ1 
ʇʦʩʪʘʥʦʚʢʘ 

ʈʘʟʤʝʨ-

ʥʦʩʪʴ 

(ʤʣʥ. ʂʆ) 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ2 

ɻʦʜ 

ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ 

37 

ʆʬʠʩʥʦ-ʜʝʣʦʚʦʝ ʟʜʘʥʠʝ ʚ ʧʦʩʝʣʢʝ ʈʫʙʣʝʚʦ-ɸʨ-

ʭʘʥʛʝʣʴʩʢʦʝ, ʫʯʘʩʪʦʢ ɸ24 (ʉʙʝʨʉʠʪʠ), ʛ. 

ʄʦʩʢʚʘ 

ɺɺʅ, ɺʅʌ 
ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 
3.11-13.14 

RANS (SST k-ɤ, GEKO k-ɤ), SAS SST, SBES 

(SST k-ɤ + WALE) 
2024 

38 ɼʳʤʦʚʘʷ ʪʨʫʙʘ, ʛ. ʃʠʧʝʮʢ ɺɺʅ, ɺɺ 
ʩʪʘʮʠʦʥʘʨʥʘʷ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ 
3.6 RANS (SST k-ɤ), URANS (SAS SST) 2024 

39 ʊʝʘʪʨ ʦʧʝʨʳ ʠ ʙʘʣʝʪʘ, ʛ. ʂʘʣʠʥʠʥʛʨʘʜ ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 9.3-12.0 RANS (SST k-ɤ) 2025 

40 

ʉʧʦʨʪʠʚʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʘʷ ʙʘʟʘ ʌʂ çʉʧʘʨʪʘʢ-

ʄʦʩʢʚʘè 

ʚ ʉʦʢʦʣʴʥʠʢʘʭ, ʛ. ʄʦʩʢʚʘ 

ɺɺʅ, ɺʅʌ, ʉʅ ʩʪʘʮʠʦʥʘʨʥʘʷ 8.1 RANS (GEKO k-ɤ) 2025 
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3. ʇʦʢʘʟʘʪʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʠ ʟʘʜʘʯʠ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ 

3.1. ɾʂ çJOISè, ʛ. ʄʦʩʢʚʘ, 2023 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 
ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʠ ʩʥʝʛʦʧʝʨʝʥʦʩʘ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ; 

4. ʆʮʝʥʢʘ ʧʝʰʝʭʦʜʥʦʡ ʚʝʪʨʦʚʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ. 

 

ʋʯʘʩʪʦʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʨʘʡʦʥʝ ʍʦʨʦʰʝʚʦ-ʄʥʝʚʥʠʢʠ ʉʝʚʝʨʦ-ɿʘʧʘʜ-

ʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʦʢʨʫʛʘ ʄʦʩʢʚʳ. ʉ ʩʝʚʝʨʘ ʫʯʘʩʪʦʢ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʛʨʘʥʠʯʝʥ ʘʜʤʠ-

ʥʠʩʪʨʘʪʠʚʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʟʜʘʥʠʷʤʠ, ʩ ʚʦʩʪʦʢʘ ï ʦʟʝʣʝʥʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ, ʩ ʶʛʘ ʠ 

ʟʘʧʘʜʘ ï ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʩʪʨʦʡʢʦʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʚʳʩʦʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʜʘʥʠʡ 

ʆʙʲʝʢʪʘ. ʈʝʣʴʝʬ ʚʦʟʣʝ ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝ ʚʳʨʘʞʝʥʥʳʡ. 

ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ 3-ʭ ʢʦʨʧʫʩʦʚ ʧʝʨʝʤʝʥʥʦʡ ʵʪʘʞʥʦʩʪʴʶ, ʚʢʣʶ-

ʯʘʷ ʜʚʘ ʞʠʣʳʭ ʟʜʘʥʠʷ ʠ ʦʜʠʥ ʦʬʠʩʥʦ-ʜʝʣʦʚʦʡ ʮʝʥʪʨ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘ-

ʣʦʩʴ ʦʜʥʦ ʠʟ ʞʠʣʳʭ ʟʜʘʥʠʡ. ʌʦʨʤʘ ʟʜʘʥʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʨʘʟʥʦʫʨʦʚʥʝʚʳʭ ʙʘʰʝʥ ʨʦʤ-

ʙʦʚʠʜʥʦʡ ʬʦʨʤʳ ʠ çʢʨʳʣʴʝʚè ʩ ʪʝʨʨʘʩʘʤʠ. 

 

 
ʈʠʩʫʥʦʢ 3.1 ʆʙʱʠʡ ʚʠʜ ʆʙʲʝʢʪʘ (ʨʝʥʜʝʨ) 

 

 
ʈʠʩʫʥʦʢ 3.2 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʆʙʲʝʢʪʘ: ʠʟʦʤʝʪʨʠʷ (ʩʣʝʚʘ), ʚʠʜ ʩʚʝʨʭʫ (ʩʧʨʘʚʘ) 



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 5 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  10 

 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʆʙʲʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʝʯʥʦ-

ʦʙʲʝʤʥʘʷ ʤʦʜʝʣʴ (15.2 ʤʣʥ. ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ) ʚʳʩʦʪʦʡ 800 ʤ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʥʝʰʥʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʝʡ ʨʘʜʠʫʩʘ 950 ʤ. 

ʇʨʷʤʦʫʛʦʣʴʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʩʪʦʨʦʥʳ 3800 ʤ ʠ 2850 ʤ, ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʉʊʆ [4]. ɺ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʦʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ ʚ ʨʘʜʠʫʩʝ 600 ʤ ʦʪ 

ʆʙʲʝʢʪʘ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʆʙʲʝʢʪʫ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 3.3 ʆʙʱʠʡ ʚʠʜ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʄʦʜʝʣʠ (ʩʣʝʚʘ), ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʘʷ ʩʝʪʢʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʆʙʲʝʢʪʘ (ʩʧʨʘʚʘ) 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ RANS (ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ SST) ʧʨʠ 24-ʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ (ʫʛʣʳ ʘʪʘʢʠ ʚʝʪʨʘ ʦʪ 0Á ʜʦ 345Á ʩ ʰʘʛʦʤ 15Ü). 

ɺ ʮʝʣʷʭ ʫʜʦʙʩʪʚʘ ʥʘʟʥʘʯʝʥʠʷ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʧʨʠʚʝʜʝʥʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʃʀʈɸ-ʉɸʇʈ (ʦʩʴ Y ʜʣʷ 

ʫʛʣʘ ʘʪʘʢʠ 0Á ʩʦʚʧʘʜʘʝʪ ʩ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʦʡ ʚʳʩʦʪʥʦʡ ʯʘʩʪʠ ʆʙʲʝʢʪʘ). 

ʂʨʠʪʝʨʠʝʤ ʦʢʦʥʯʘʥʠʷ ʩʯʝʪʘ ʥʘʟʥʘʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ï 125 ʠʣʠ 

ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʝʚʷʟʦʢ ʧʦ ʜʘʚʣʝʥʠʶ, ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʢʦʨʦʩʪʠ, ʧʘʨʘʤʝʪʨʘʤ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʫʨʘʚʥʝʥʠʷʤ ʩʦʭʨʘʥʝʥʠʷ 10-4. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʤʦʞʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʘʩʯʝʪʘʭ, ʩ 100-ʡ ʧʦ 125-ʶ ʠʪʝʨʘʮʠʶ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʦʩʨʝʜʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʢʦʨʦʩʪʝʡ, ʜʘʚʣʝʥʠʷ, ʩʠʣ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ). 

 

  
ʈʠʩʫʥʦʢ 3.4 ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ (ʤ/ʩ) ʠ ʚʝʢʪʨʦʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ 20ʤ (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 270Ü) 
 
ɺʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  11 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʝ ʚʠʜʝ: 

ï ʩʨʝʜʥʷʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʥʪʝʛʨʘʣʴʥʳʭ (ʥʘ ʚʩʶ ɹʘʰʥʶ) ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ (FX, FY, ʪʩ) ʜʣʷ 

ʢʘʞʜʦʡ ɹʘʰʥʠ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʥʘʛʨʫʟʢʠ (FR, ʪʩ) ʜʣʷ 

24-ʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʚ ʬʦʨʤʝ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ; 

ï ʩʨʝʜʥʷʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʥʪʝʛʨʘʣʴʥʳʭ (ʥʘ ʚʩʶ ɹʘʰʥʶ) ʦʧʨʦʢʠʜʳʚʘʶʱʠʭ ʠ ʢʨʫʪʷʱʠʭ 

ʤʦʤʝʥʪʦʚ ʩʠʣʳ (MX, MY, ʢʪʩĀʤ; MZ, ʪʩĀʤ) ʚʦʢʨʫʛ ʦʩʝʡ X, Y ʠ Z ʜʣʷ ʢʘʞʜʦʡ ɹʘʰʥʠ ʚ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʝʢʪʦʨʥʳʡ ʩʫʤʤʘ ʦʧʨʦʢʠʜʳʚʘʶʱʠʭ ʤʦʤʝʥʪʦʚ (MR,, 

ʄʅĀʤ) ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʚ ʚʠʜʝ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ; 

ï ʧʦʛʦʥʥʳʝ ʧʦʵʪʘʞʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ (ʩʨʝʜʥʷʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʥʘ ʥʝʩʫʱʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʞʜʦʡ ɹʘʰʥʠ (fx, fy, fŰ, ʅ/ʤ) ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ. 

 

 
ʈʠʩʫʥʦʢ 3.5 ʀʥʪʝʛʨʘʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ (FX, FY) ʠ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ 

ʥʘʛʨʫʟʢʠ (FR), ʢʅ ʜʣʷ ʦʜʥʦʡ ʠʟ ʙʘʰʝʥ ɾʂ (ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦ ʤʦʜʫʣʶ) 

 

ʇʠʢʦʚʳʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʠʟʦʧʦʣʝʡ ʦʛʠʙʘʶʱʠʭ ʩʨʝʜʠ 24-ʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʧʠʢʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʜʣʷ 

ʆʙʲʝʢʪʘ ʠ ʧʦʵʪʘʞʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʧʠʢʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʚ 

ʪʘʙʣʠʯʥʦʤ ʠ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. 
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ʈʠʩʫʥʦʢ 3.6 ʅʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʜʥʦʡ ʠʟ ʙʘʰʝʥ. ʟʝʣʝʥʦʡ ʤʝʪʢʦʡ ʚʳʜʝʣʝʥʘ ʪʦʯʢʘ, ʛʜʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦ ʤʦʜʫʣʶ ʜʘʚʣʝʥʠʝ 

  
ʈʠʩʫʥʦʢ 3.7 ʇʦʵʪʘʞʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʧʠʢʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ (ʢʨʘʩʥʳʡ ʮʚʝʪ) ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ (ʩʠʥʠʡ ʮʚʝʪ) ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʜʥʦʡ ʠʟ ʙʘʰʝʥ 

 

ʉʥʝʛʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʢʨʳʪʠʷ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʉʇ 20.13330.2016 

çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ˉ 1-5 (ʩʭʝʤʳ ɹ.1, ɹ.8 ʠ ɹ.13 ʇʨʠʣʦʞʝʥʠʷ ɹ 

ʢ ʉʇ) ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ (ʯʠʩʣʝʥʥʦʛʦ) ʤʦʜʝʣʠʨʦʚʘʥʠ.̫ ɼʣʷ ʧʦʢʨʳʪʠʡ ʆʙʲʝʢʪʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʟʘʛʨʫʞʝʥʠʡ. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  13 

 

   
ʈʠʩʫʥʦʢ 3.8 ʅʝʢʦʪʦʨʳʝ ʩʭʝʤʳ ʨʘʩʯʸʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ Õ ʜʣʷ ʊʝʨʨʘʩʳ ʠ 

ʉʪʠʣʦʙʘʪʘ 

  
ʈʠʩʫʥʦʢ 3.9 ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õmm (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 

30Á) 

 

  
ʈʠʩʫʥʦʢ 3.10 ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õmm (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 

210Á) 

 

ʇʝʰʝʭʦʜʥʘ ̫ʚʝʪʨʦʚʘ ̫ʢʦʤʬʦʨʪʥʦʩʪ ɹ

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ: 

ï ʨʘʩʯʝʪʥʳʝ ʧʦʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚʝʪʨʘ (ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʨʝʜʥʠʝ 
ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ Vr = Vm / Vprof , ʛʜʝ Vm ï ʩʨʝʜʥʷʷ ʨʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʧʝʰʝʭʦʜʥʦʡ 

ʟʦʥʝ ʥʘ ʚʳʩʦʪʝ 1.5 ʤ, Vprof ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʪʦʡ ʞʝ ʚʳʩʦʪʝ ʙʝʟ ʫʯʝʪʘ ʟʜʘʥʠʡ) 

ʜʣʷ 8-ʤʠ ʭʘʨʘʢʪʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ; 

ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʜʣʷ 24-ʭ ʨʘʩʯʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʩʠʣʝʥʠʷ ʚʝʪʨʘ rV ; 

ï ʚʳʯʠʩʣʝʥʥʳʝ ʫʨʦʚʥʠ ʧʝʰʝʭʦʜʥʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ (ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ) ʧʦ 3-ʤ ʥʦʨʤʘʪʠʚʥʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤ (ʩʤ. [5]) ʢʨʠʪʝʨʠʷʤ (Kcr1, Kcr2, 

Kcr3). 
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ʈʠʩʫʥʦʢ 3.11 ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʧʝʰʝʭʦʜʥʦʡ ɿʦʥʝ 1 

(ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 0Á) 

 

  
ʈʠʩʫʥʦʢ 3.12 ʉʨʝʜʥʝʚʟʚʝʰʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (ɿʦʥʘ 2) 

(ʩʣʝʚʘ), 1-ʡ ʫʨʦʚʝʥʴ ʧʝʰʝʭʦʜʥʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ ï ʧʨʝʚʳʰʝʥʠʝ Vcr1=6 ʤ/ʩ  ʥʝ ʙʦʣʝʝ Kcr1 

=1000 ʯʘʩʦʚ ʚ ʛʦʜ ʚ ʧʝʰʝʭʦʜʥʦʡ ʟʦʥʝ (ɿʦʥʘ 3) (ʩʧʨʘʚʘ) 

 

3.2. ɾʂ çʅʦʚʘʷ ʃʠʚʘʜʠʷè, ʛ. ʗʣʪʘ, 2024 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 
ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʇʣʦʱʘʜʢʘ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʆʙʲʝʢʪʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʫ ʛʨʘʥʠʮʳ 

ʗʣʪʠʥʩʢʦʛʦ ʛʦʨʥʦ-ʣʝʩʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʧʦ ʘʜʨʝʩʫ ʆʙʲʝʟʜʥʘʷ ʜʦʨʦʛʘ, 6, ʛʦʨʦʜʩʢʦʡ ʦʢʨʫʛ 

ʗʣʪʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʨʳʤ. ʉ ʩʝʚʝʨʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʫʯʘʩʪʦʢ ʦʛʨʘʥʠʯʝʥ ʆʙʲʝʟʜʥʦʡ ʜʦʨʦʛʦʡ. 

ʂ ʟʘʧʘʜʫ ʦʪ ʫʯʘʩʪʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʫʣʠʮʘ ʂʫʨʯʘʪʦʚʘ. ʂ ʶʛʫ ʠ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʆʙʲʝʢʪʘ 

ʧʨʦʭʦʜʠʪ ʖʞʥʦʙʝʨʝʞʥʦʝ ʰʦʩʩʝ. ʆʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʩʝʚʝʨʫ ʠ ʚʦʩʪʦʢʫ ʦʪ ʫʯʘʩʪʢʘ, ʚʳʩʦʪʘ ʟʜʘʥʠʡ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 12 ʵʪʘʞʝʡ ʚ ʨʘʜʠʫʩʝ 

500 ʤʝʪʨʦʚ ʦʪ ʆʙʲʝʢʪʘ. ʂ ʶʛʫ ʠ ʟʘʧʘʜʫ ʦʪ ʫʯʘʩʪʢʘ ʦʪ ʫʯʘʩʪʢʘ ʧʦʜʥʠʤʘʝʪʩʷ ʩʠʣʴʥʦ-

ʚʳʨʘʞʝʥʥʳʡ ʨʝʣʴʝʬ ʟʘʧʦʚʝʜʥʠʢʘ. ɺ 1-1.5 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʯʠʥʘʝʪʩʷ 

ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʤʦʨʷ. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʘʵʨʦʜʠʥʘʤʠʢʘ ʆʙʲʝʢʪʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
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ʬʦʨʤʠʨʫʝʪʩʷ ʝʛʦ ʬʦʨʤʦʡ ʠ ʧʦʣʦʞʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʝʬʘ, ʘ ʥʘʣʠʯʠʝ ʥʠʟʢʠʭ 

ʦʢʨʫʞʘʶʱʠʭ ʟʜʘʥʠʡ ʤʘʣʦʟʥʘʯʠʤʦ. 

ʆʙʲʝʤʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʤʧʦʟʠʮʠʶ ʠʟ 

ʧʷʪʠ ʢʦʨʧʫʩʦʚ ʧʦ 20 ʵʪʘʞʝʡ ʢʘʞʜʳʡ: ʢʦʨʧʫʩʘ ʂ1 ʠ ʂ2 ʥʘ ʦʜʥʦʤ ʦʙʱʝʤ ʩʪʠʣʦʙʘʪʝ ʠ ʢʦʨʧʫʩʘ 

ʂ3, ʂ3 ʠ ʂ5 ʥʘ ʜʨʫʛʦʤ ʦʙʱʝʤ ʦʩʥʦʚʘʥʠʠ. ɺʳʩʦʪʘ ʧʦʪʦʣʢʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3 ʜʦ 6 ʤʝʪʨʦʚ. 

ʂʨʦʤʝ ʙʘʰʝʥ ʞʠʣʳʭ ʢʦʨʧʫʩʦʚ ʥʘ ʫʯʘʩʪʢʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʜʘʥʠʝ ʧʘʨʢʦʚʢʠ ʠ ʨʘʟʣʠʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. 

 

 
ʈʠʩʫʥʦʢ 3.13 ʆʙʱʠʡ ʚʠʜ ʥʘ ɾʂ çʅʦʚʘʷ ʃʠʚʘʜʠʷè: ʨʝʥʜʝʨ (ʩʣʝʚʘ), ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

(ʩʧʨʘʚʘ) 

 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʆʙʲʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʝʯʥʦ-

ʦʙʲʝʤʥʘʷ ʤʦʜʝʣʴ (20.9 ʤʣʥ. ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʲʝ-

ʤʦʚ ʨʘʜʠʫʩʦʤ 2 ʢʤ. ɺʳʩʦʪʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï 4 ʢʤ, ʚʳʩʦʪʘ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʨʝʣʴʝʬʘ, ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʝʣʴʝʬʦʤ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʴʶ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ï ʦʢʦʣʦ 470 ʤ. ɺ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʦʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ ʨʷʜʦʤ ʩ ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʨʘʞʝʥʥʳʡ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ 

(ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʜʦ 540 ʤ). 

ʄʦʜʝʣʠ ʜʣʷ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ 1:100 ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

 

  
ʈʠʩʫʥʦʢ 3.14 ʆʙʱʠʡ ʚʠʜ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʄʦʜʝʣʠ (ʩʣʝʚʘ), ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʝʪʢʘ ʥʘ 

ʬʘʩʘʜʘʭ ʆʙʲʝʢʪʘ (ʩʧʨʘʚʘ) 

 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ RANS (ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ SST k-ɤ) ʧʨʠ 24-ʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʪʨʘ (ʫʛʣʳ ʘʪʘʢʠ ʚʝʪʨʘ ʦʪ 0Á ʜʦ 345Á ʩ ʰʘʛʦʤ 15Ü). 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʩʝʚʜʦ-ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʝʪʦʜʘ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ï 200 300. ʉʙʦʨ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʩʨʝʜʥʸʥʥʳʭ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʦʩʣʝʜʥʠʭ 100 ʠʪʝʨʘʮʠʷʭ. ɼʣʷ ʫʨʘʚʥʝʥʠʡ 
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ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 

2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï Coupled. 

 

  
ʈʠʩʫʥʦʢ 3.15 ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʚʝʢʪʨʦʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʚʳʩʦʪʝ 30 ʤ ʥʘʜ ʟʝʤʣʝʡ ʠ ʤʦʨʝʤ (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ï 315Ü) 

 

ɺʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʝ ʚʠʜʝ: 

ï ʩʨʝʜʥʷʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʥʪʝʛʨʘʣʴʥʳʭ (ʥʘ ʚʝʩʴ ʂʦʨʧʫʩ) ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ (FX, FY, ʢʅ) 

ʜʣʷ ʢʘʞʜʦʛʦ ʂʦʨʧʫʩʘ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʥʘʛʨʫʟʢʠ (FR, 

ʢʅ) ʜʣʷ 24-ʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʚ ʬʦʨʤʝ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ; 

ï ʧʦʛʦʥʥʳʝ ʧʦʵʪʘʞʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ (ʩʨʝʜʥʷʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʥʘ ʥʝʩʫʱʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʞʜʦʛʦ ʂʦʨʧʫʩʘ (fx, fy, fŰ, ʅ/ʤ) ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ. 

 

 
ʈʠʩʫʥʦʢ 3.16 ʀʥʪʝʛʨʘʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ (FX, FY) ʠ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  17 

ʥʘʛʨʫʟʢʠ (FR), ʢʅ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʢʦʨʧʫʩʦʚ ɾʂ (ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦ ʤʦʜʫʣʶ, ʢʦʨʧʫʩ 

ʚʳʜʝʣʝʥ ʩʝʨʳʤ) 

 

ʇʠʢʦʚʳʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʠʟʦʧʦʣʝʡ ʦʛʠʙʘʶʱʠʭ ʩʨʝʜʠ 24-ʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʧʠʢʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʜʣʷ 

ʆʙʲʝʢʪʘ. 

 

 
ʈʠʩʫʥʦʢ 3.17 ɺʝʨʭʥʷʷ ʦʛʠʙʘʶʱʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʜʥʦʛʦ ʠʟ ʢʦʨʧʫʩʦʚ 

  
ʈʠʩʫʥʦʢ 3.18 ʅʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʜʥʦʛʦ ʠʟ ʢʦʨʧʫʩʦʚ 

 

3.3. ʂʨʳʪrʡ ʬʫʪʙʦʣʴʥʳʡ ʤʘʥʝʞ, ʛ. ʏʝʣʷʙʠʥʩʢ, 2022 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  18 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ 
ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ 
ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʠ ʩʥʝʛʦʧʝʨʝʥʦʩʘ 

ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ. 

 

ʇʨʦʝʢʪ çʂʨʳʪʳʡ ʬʫʪʙʦʣʴʥʳʡ ʤʘʥʝʞ ʧʦ ʫʣ. ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʙʝʨʝʞʥʘʷè 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʂʘʣʠʥʠʥʩʢʦʤ ʨʘʡʦʥʝ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʛ. ʏʝʣʷʙʠʥʩʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ ʫʣ. ʄʦʣʦʜʦʛʚʘʨʜʝʡʮʝʚ ʠ ʋʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʥʘʙʝʨʝʞʥʦʡ. ʉ ʩʝʚʝʨʘ ʠ ʚʦʩʪʦʢʘ ʦʪ 

ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʩʧʦʣʦʞʝʥʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʦʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ ï 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʞʠʣʳʝ ʜʦʤʘ 17-25 ʵʪʘʞʝʡ. ʉ ʶʛʘ ʠ ʟʘʧʘʜʘ ʦʪ ʫʯʘʩʪʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʦʜʦʝʤʳ (ʨ. ʄʠʘʩʩ ʠ ʧʨʫʜ ʂʦʤʤʫʥʘʨ) ʠ ʣʝʩʦʧʘʨʢʦʚʘʷ ʟʦʥʘ 

(ʏʝʣʷʙʠʥʩʢʠʡ ʙʦʨ). 

ʂʨʳʪʳʡ ʦʜʥʦʵʪʘʞʥʳʡ ʬʫʪʙʦʣʴʥʳʡ ʤʘʥʝʞ ʠʤʝʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ ʚ ʧʣʘʥʝ ʩ 

ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 117ʭ189 ʤ. ʂʦʥʩʪʨʫʢʮʠʠ ʢʨʳʪʦʛʦ ʤʘʥʝʞʘ ï ʦʜʥʦʵʪʘʞʥʳʡ ʢʘʨʢʘʩ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʜʥʦʵʪʘʞʥʳʭ ʦʜʥʦʧʨʦʣʝʪʥʳʭ ʨʘʤ. ʇʨʦʣʝʪʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʨʘʤ ʷʚʣʷʶʪʩʷ 

ʩʪʘʣʴʥʳʝ ʘʨʢʠ ʩ ʟʘʪʷʞʢʘʤʠ, ʦʧʠʨʘʶʱʠʝʩʷ ʰʘʨʥʠʨʥʦ ʥʘ ʤʦʥʦʣʠʪʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʢʦʣʦʥʥʳ (ʧʠʣʦʥʳ). ʌʘʩʘʜʳ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʥʘʚʝʩʥʦʡ 

ʬʘʩʘʜʥʦʡ ʩʠʩʪʝʤʳ, ʘʣʶʤʠʥʠʝʚʳʭ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʭ ʚʠʪʨʘʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʘʤʝʣʝʡ ʠʟ ʵʢʩʪʨʫʟʠʨʦʚʘʥʥʦʛʦ ʘʣʶʤʠʥʠʷ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʬʘʩʘʜʥʦʡ 

ʧʦʜʩʚʝʪʢʦʡ. 

 

 
ʈʠʩʫʥʦʢ 3.19 ʂʨʳʪʳʡ ʬʫʪʙʦʣʴʥʳʡ ʤʘʥʝʞ (ʨʝʥʜʝʨ), ʚʠʜ ʩʚʝʨʭʫ (ʠʩʪʦʯʥʠʢ: ʤʠʥʠʩʪʨʝʩʪʨʚʦ 

ʩʧʦʨʪʘ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ) 

 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʆʙʲʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʝʯʥʦ-

ʦʙʲʝʤʥʘʷ ʤʦʜʝʣʴ (10.7 ʤʣʥ. ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ) ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ, ʚʳʧʦʣʥʝʥʥʘʷ ʚ 

ʚʠʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʨʘʜʠʫʩʦʤ 3 ʢʤ ʠ ʚʳʩʦʪʦʡ 500 ʤ. ʋʯʠʪʳʚʘʝʪʩʷ ʦʢʨʫʞʘʶʱʘʷ 

ʟʘʩʪʨʦʡʢʘ ʚʦʢʨʫʛ ʆʙʲʝʢʪʘ. ʄʦʜʝʣʴ ʜʣʷ ʚʝʪʨʦʚʳʭ ʠ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ 1:200 ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ-

ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  19 

 
ʈʠʩʫʥʦʢ 3.20 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ: ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʙʝʟ ʦʢʨʫʞʘʶʱʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʫʯʝʪʦʤ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ (ʩʣʝʚʘ), ʤʦʜʝʣʴ ɼʚʦʨʮʘ ʩʧʦʨʪʘ ʚʙʣʠʟʠ (ʩʧʨʘʚʘ) 

 

  
ʈʠʩʫʥʦʢ 3.21 ʄʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ 

ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ 

 

   
ʈʠʩʫʥʦʢ 3.22 ʆʙʱʠʡ ʚʠʜ (ʩʣʝʚʘ) ʠ ʨʘʟʨʝʟ (ʩʧʨʘʚʘ) ʢʦʥʝʯʥʦʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʤʦʜʝʣʠ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʫʩʨʝʜʥʝʥʥʳʭ ʧʦ ʈʝʡʥʦʣʴʜʩʫ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ (RANS) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʧʦʩʪʦʷʥʩʪʚʘ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ. ʇʨʠ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ SST k-ɤ, ʩʥʝʛʦʚʳʭ 

ʥʘʛʨʫʟʦʢ ï ʦʙʦʙʱʸʥʥʘʷ ʤʦʜʝʣʴ k-ɤ (GEKO). 

ʂʨʠʪʝʨʠʝʤ ʦʢʦʥʯʘʥʠʷ ʩʯʝʪʘ ʥʘʟʥʘʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ï 150, ʣʠʙʦ 

ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʝʚʷʟʦʢ ʧʦ ʜʘʚʣʝʥʠʶ ʠ ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʢʦʨʦʩʪʠ 10-5. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  20 

ʈʘʩʯʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʚ ʬʠʟʠʯʝʩʢʦʤ 

ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʫʥʠʢʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʫʩʪʘʥʦʚʢʝ ɹʀɻɸʊ 

ʅʀʋ ʄɻʉʋ ʢʦʣʣʝʢʪʠʚʦʤ ʋʅʇʃ ɸɸʀʉʂ. 

 

  
ʈʠʩʫʥʦʢ 3.23 ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ (ʤ/ʩ) ʠ ʚʝʢʪʦʨʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ 20 ʤ ʥʘʜ ʟʝʤʣʝʡ (ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ 180Á) 

 

ɺʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʝ ʚʠʜʝ: 

ï ʩʫʤʤʘʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (FX, FY, ʢʅ), 

ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʥʘʛʨʫʟʢʠ (FR, ʢʅ), ʩʫʤʤʘʨʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ (FZ, ʢʅ) ʜʣʷ 24-ʭ 

ʥʘʧʨʘʚʣʝʥʠʡ (ʰʘʛ ʧʦ ʫʛʣʫ 15Ü) ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʚ ʬʦʨʤʝ ʛʨʘʬʠʢʦʚ; 

ï ʩʨʝʜʥʝʝ ʚʝʪʨʦʚʦʝ ʜʘʚʣʝʥʠʝ (P, ʇʘ) ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʪʘʙʣʠʯʥʦʤ 

ʚʠʜʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʫʛʣʦʚ ʠ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ (ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʳ ʥʘʛʨʫʟʢʠ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠʣʳ). 

 
ʈʠʩʫʥʦʢ 3.24 ʉʫʤʤʘʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ FX, FY), ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʥʘʛʨʫʟʢʠ 

(FR) ʠ ʩʫʤʤʘʨʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ (FZ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʪʩ (ʟʥʘʯʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʧʦ ʤʦʜʫʣʶ): ʥʘ ʚʝʩʴ ʆʙʲʝʢʪ (ʩʣʝʚʘ), ʥʘ ʢʨʦʚʣʶ (ʩʧʨʘʚʘ) 

 

ɺʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  21 

ʈʝʟʫʣʴʪʘʪʳ ʛʠʙʨʠʜʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ: 

- ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ 

ʤʘʢʩʠʤʘʣʴʥʳʝ, ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʦʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ; 

- ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʆʙʲʝʢʪʘ. 

- ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʦʤʧʦʥʝʥʪʥʳʝ ʧʠʢʦʚʳʝ 

ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ. 

 

  
ʈʠʩʫʥʦʢ 3.25 ɺʝʨʭʥʷʷ ʦʛʠʙʘʶʱʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ æPenv,+, ʇʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʆʙʲʝʢʪʘ 

  
ʈʠʩʫʥʦʢ 3.26 ʅʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʢʦʚʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ æPenv,ï , ʇʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʆʙʲʝʢʪʘ 

ʇʨʦʚʝʜʝʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʩʨʝʜʥʠʝ ʠ ʧʠʢʦʚʳʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʶʪʩʷ 

ʧʦ ʭʘʨʘʢʪʝʨʫ ʠ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ 

ʧʨʠʥʷʪʴ ʥʘʛʨʫʟʢʠ ʢʘʢ çʚʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʝè ʚ ʨʘʩʯʝʪʥʳʭ ʩʦʯʝʪʘʥʠʷʭ. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  22 

 
ʈʠʩʫʥʦʢ 3.27 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʪʨʘ 180Ü) 

 

ʉʥʝʛʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʢʨʳʪʠʷ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʉʇ 20.13330.2016 

çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ˉ 1-4 ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

(ʯʠʩʣʝʥʥʦʛʦ) ʠ ʬʠʟʠʯʝʩʢʦʛʦ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ) ʤʦʜʝʣʠʨʦʚʘʥʠʡ. ɼʣʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʥʘʛʨʫʞʝʥʠʡ ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ ʙʳʣʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʚʝʨʭʥʝʝ ʠ ʥʠʞʥʠʝ. ɼʣʷ ʚʝʨʭʥʝʛʦ 

ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʜʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʜʝʩʷʪʴ ʚʘʨʠʘʥʪʦʚ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʛʨʫʞʝʥʠʷ, ʜʣʷ ʥʠʞʥʠʭ ʧʦʢʨʳʪʠʡ ʦʙʲʝʢʪʘ ï ʦʜʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʯʝʪʳʨʝ 

ʚʘʨʠʘʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʛʨʫʞʝʥʠʷ. 

 

   
ʈʠʩʫʥʦʢ 3.28 ʅʝʢʦʪʦʨʳʝ ʩʭʝʤʳ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʦʨʤʳ Õ ʜʣʷ ʚʝʨʭʥʝʛʦ ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  23 

   
ʈʠʩʫʥʦʢ 3.29 ʅʝʢʦʪʦʨʳʝ ʩʭʝʤʳ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʦʨʤʳ Õ ʜʣʷ ʥʠʞʥʝʛʦ ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ 

 

  
ʈʠʩʫʥʦʢ 3.30 ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õmm (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 

0Á) 

 

 
ʈʠʩʫʥʦʢ 3.31 ʌʠʟʠʯʝʩʢʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õpm ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 

0Á ʩ ʫʯʝʪʦʤ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ (ʩʣʝʚʘ), ʩʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʩʥʝʛʦʧʝʨʝʥʦʩʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 0Á ʩ ʫʯʝʪʦʤ ʦʢʨʫʞʘʶʱʝʡ 

ʟʘʩʪʨʦʡʢʠ (ʩʧʨʘʚʘ) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  24 

  
ʈʠʩʫʥʦʢ 3.32 ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õmm (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 

0Á) 

 

 
ʈʠʩʫʥʦʢ 3.33 ʌʠʟʠʯʝʩʢʠ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õpm ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 

0Á ʩ ʫʯʝʪʦʤ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ (ʩʣʝʚʘ), ʩʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʩʥʝʛʦʧʝʨʝʥʦʩʘ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 0Á ʩ ʫʯʝʪʦʤ ʦʢʨʫʞʘʶʱʝʡ 

ʟʘʩʪʨʦʡʢʠ (ʩʧʨʘʚʘ) 

 

3.4. ʎʝʥʪʨ ʚʝʣʦʩʠʧʝʜʥʦʛʦ ʩʧʦʨʪʘ, ʛ. ʄʘʡʢʦʧ, 2023 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʯʠʩʣʝʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʠ ʩʥʝʛʦʧʝʨʝʥʦʩʘ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʠʢ. 

 

ʇʣʦʱʘʜʢʘ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʆʙʲʝʢʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʝʣʢʝ ɿʘʧʘʜʥʳʡ ʛʦʨʦʜʘ 

ʄʘʡʢʦʧʘ. ʉ ʶʛʘ, ʁ ʛʦ-ʚʦʩʪʦʢʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʫʯʘʩʪʦʢ ʦʛʨʘʥʠʯʝʥ ʧʦʣʝʟʘʱʠʪʥʳʤʠ ʣʝʩʥʳʤʠ 

ʧʦʣʦʩʘʤʠ. ʉ ʟʘʧʘʜʘ ï ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʨʘʩʩʦʡ ʆʙʭʦʜ ʄʘʡʢʦʧʘ. ɹʣʠʞʘʡʰʠʝ ʢ ʫʯʘʩʪʢʫ 

ʩʪʨʦʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʢ ʶʛʫ ʦʪ ʫʯʘʩʪʢʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʣʦʵʪʘʞʥʫʶ ʞʠʣʫʶ 

ʟʘʩʪʨʦʡʢʫ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʦʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʘʵʨʦʜʠʥʘʤʠʢʫ ʆʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʣʴʝʬ ʦʢʨʫʞʘʶʱʝʡ ʤʝʩʪʥʦʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʦʚʥʳʡ. 

ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʩʦʦʨʫʞʝʥʠʡ ɹʄʍ-ʪʨʝʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʙʣʦʢʦʚ 

ʨʘʟʜʝʚʘʣʝʥ, ʜʚʫʭ ʩʪʘʨʪʦʚʳʭ ʭʦʣʤʦʚ, ʪʨʠʙʫʥʳ ʥʘ 1000 ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ, ʩʫʜʝʡʩʢʦʡ, ʪʨʘʩʩʳ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʧʦʨʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʨʘʟʤʝʱʝʥʳ ʧʦʜ 

ʥʘʚʝʩʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘʚʝʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  25 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʰʘʨʦʩʪʝʨʞʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʧʠʨʘʶʱʫʶʩʷ ʥʘ ʩʠʩʪʝʤʫ ʢʦʣʦʥʥ. 

ʏʝʪʳʨʝʭʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʚʝʣʦʜʨʦʤʘ ʠʤʝʝʪ ʚ ʧʣʘʥʝ ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ 

 

  
ʈʠʩʫʥʦʢ 3.34 ʆʙʱʠʝ ʚʠʜʳ ʆʙʲʝʢʪʘ: ʥʘʚʝʩ, ʧʦʜ ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʦʞʝʥʳ ʩʦʦʨʫʞʝʥʠʷ ɹʄʍ-

ʪʨʝʢʘ ʠ ʯʝʪʳʨʝʭʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʚʝʣʦʜʨʦʤʘ (ʨʝʥʜʝʨ) 

 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʆʙʲʝʢʪʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥ r ʪʨʠ 

ʤʦʜʝʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʦʚʳʭ ʠ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ: 

ï ʤʦʜʝʣʴ 1 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʠ ʬʘʩʘʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ɺʝʣʦ-

ʜʨʦʤʘ (14.44 ʤʣʥ. ʂʆ); 

ï ʤʦʜʝʣʴ 2 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʠ ʬʘʩʘʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʅʘʚʝʩʘ 

ʪʨʘʩʩʳ BMX (~17.42 ʤʣʥ. ʂʆ); 

ï ʤʦʜʝʣʴ 3 ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʧʝʨʝʥʦʩʘ (~5.89 ʤʣʥ. ʂʆ). 

ʈʘʩʯʝʪʥʳʝ ʦʙʣʘʩʪʠ ʜʣʷ ʄʦʜʝʣʝʡ 1 - 3 ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʯʘʩʪʠ: ʚʥʫʪʨʝʥʥʶʶ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʨʘʜʠʫʩʦʤ 400 ʤ ʠ ʚʥʝʰʥʶʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ. ɺʳʩʦʪʘ ʦʙʝʠʭ ʯʘʩʪʝʡ ï 

400 ʤ. ɺʦ ʚʩʝʭ ʤʦʜʝʣʷʭ ʫʯʠʪʳʚʘʝʪʩʷ ʦʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ. 

ʄʦʜʝʣʴ 1 ʫʯʠʪʳʚʘʝʪ ʩʦʜʝʨʞʠʪ ʧʦʜʨʦʙʥʫʶ ʛʝʦʤʝʪʨʠʶ ɺʝʣʦʜʨʦʤʘ ʠ ʫʧʨʦʱʝʥʥʫʶ 

ʅʘʚʝʩʘ ʪʨʘʩʩʳ BMX. ʇʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʥʘʚʝʩʥʳʝ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ɺʝʣʦʜʨʦʤʘ ʫʯʠʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʩʢʘʯʢʘ ʜʘʚʣʝʥʠʷ (porous jump [8]), ʠʩʧʦʣʴʟʫʝ-

ʤʦʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʪʦʥʢʠʭ ʧʦʨʠʩʪʳʭ ʪʝʣ. 

ʄʦʜʝʣʴ 2 ʩʦʜʝʨʞʠʪ ʧʦʜʨʦʙʥʫʶ ʛʝʦʤʝʪʨʠʶ ʅʘʚʝʩʘ ʪʨʘʩʩʳ BMX ʠ ʫʧʨʦʱʝʥʥʫʶ ʛʝʦ-

ʤʝʪʨʠʶ ɺʝʣʦʜʨʦʤʘ. ɺʣʠʷʥʠʝ ʰʘʨʦʩʪʝʨʞʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʣʘʤʝʣʝʡ ʥʘ ʘʵʨʦʜʠ-

ʥʘʤʠʢʫ ʫʯʠʪʳʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ (porous media model [8]). 

ʄʦʜʝʣʴ 3 ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʧʝʨʝʥʦʩʘ ʠ ʩʥʝʛʦʦʪʣʦʞʝʥʠʡ ʩʦʜʝʨʞʠʪ ʫʧʨʦʱʝʥʠʷ 

ʬʘʩʘʜʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʪ.ʢ. ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʥʝʛʘ ʥʘ ʧʦʢʨʳʪʠʷʭ.  

  
ʈʠʩʫʥʦʢ 3.35 ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ. 

ʆʙʱʠʡ ʚʠʜ (ʙʝʟ ʦʢʨʫʞʘʶʱʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ)
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  26 

 
ʈʠʩʫʥʦʢ 3.36 ʄʦʜʝʣʴ 1: ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʆʙʲʝʢʪʘ 

ʉʠʥʠʡ ʮʚʝʪ - ʧʨʦʥʠʮʘʝʤʳʝ ʪʝʣʘ 

 
ʈʠʩʫʥʦʢ 3.37 ʄʦʜʝʣʴ 2: ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʆʙʲʝʢʪʘ 

ʉʠʥʠʡ ʮʚʝʪ ï ʧʨʦʥʠʮʘʝʤʳʝ ʪʝʣʘ 

 

  
ʈʠʩʫʥʦʢ 3.38 ʆʙʱʠʡ ʚʠʜ (ʩʣʝʚʘ) ʠ ʨʘʟʨʝʟ (ʩʧʨʘʚʘ) ʢʦʥʝʯʥʦʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʤʦʜʝʣʠ 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ RANS-ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ SST k-ɤ (ʤʦʜʝʣʠ 1, 2) ʠ GEKO k-ɤ (ʤʦʜʝʣʴ 

3). ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 24-ʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ (ʦʪ 0Á ʜʦ 345Á ʩ ʰʘʛʦʤ 15Ü) ʜʣʷ 

ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠ ʦʮʝʥʦʢ ʧʝʰʝʭʦʜʥʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ ʠ 8-ʤʠ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʧʝʨʝʥʦʩʘ. ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʤʦʜʝʣʠ 1 ʠ 2 ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʡ 

ʨʝʩʫʨʩʦʝʤʢʦʩʪʴʶ ʦʙʱʝʡ ʤʦʜʝʣʠ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʩʝʚʜʦ-ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʝʪʦʜʘ (ʘʜʘʧʪʠʚʥʳʡ 

ʤʥʦʞʠʪʝʣʴ ʧʩʝʚʜʦʚʨʝʤʝʥʠ ʠʟʤʝʥʷʣʩʷ ʦʪ 1.0 ʜʦ 0.25 ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ). 

ɼʣʷ ʜʦʩʪʘʪʦʯʥʦʡ ʩʭʦʜʠʤʦʩʪʠ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ: 

ï 250 ʠʪʝʨʘʮʠʡ ʜʣʷ ʤʦʜʝʣʠ 1 (ʠʪʝʨʘʮʠʦʥʥʦʝ ʦʩʨʝʜʥʝʥʠʝ ʥʘ ʧʦʩʣʝʜʥʠʭ 75) 

ï 200 ʠʪʝʨʘʮʠʡ ʜʣʷ ʤʦʜʝʣʠ 2 (ʠʪʝʨʘʮʠʦʥʥʦʝ ʦʩʨʝʜʥʝʥʠʝ ʥʘ ʧʦʩʣʝʜʥʠʭ 75) 

ï 100 ʠʪʝʨʘʮʠʡ ʜʣʷ ʤʦʜʝʣʠ 3 (ʠʪʝʨʘʮʠʦʥʥʦʝ ʦʩʨʝʜʥʝʥʠʝ ʥʘ ʧʦʩʣʝʜʥʠʭ 20) 

ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ, ʜʘʚʣʝʥʠʡ ʠ ʧʝʨʝʥʦʩʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉʭʝʤʘ ʩʚʷʟʠ ʩʢʦʨʦʩʪʴ-ʜʘʚʣʝʥʠʝ ï Coupled. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  27 

  
ʈʠʩʫʥʦʢ 3.39 ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ (ʤ/ʩ) ʠ ʚʝʢʪʦʨʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 

ʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʚʳʩʦʪʝ 2 ʤ ʥʘʜ ʟʝʤʣʝʡ 

(ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 180Á) 

 

ɺʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʝ ʚʠʜʝ: 

- ʩʫʤʤʘʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (FX, FY, ʢʅ), 

ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʥʘʛʨʫʟʢʠ (FR, ʢʅ), ʩʫʤʤʘʨʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ (FZ, ʢʅ) ʜʣʷ 24-ʭ 

ʥʘʧʨʘʚʣʝʥʠʡ (ʰʘʛ ʧʦ ʫʛʣʫ 15Ü) ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ ʠ ʚ ʬʦʨʤʝ ʛʨʘʬʠʢʦʚ; 

- ʩʨʝʜʥʝʝ ʚʝʪʨʦʚʦʝ ʜʘʚʣʝʥʠʝ (P, ʇʘ) ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʦʥ ʩʙʦʨʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʜʣʷ ɺʝʣʦʜʨʦʤʘ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ; 

- ʧʦʛʦʥʥʘʷ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ (fx, fy, ʅ/ʤ) ʜʣʷ ʢʦʣʦʥʥ ɺʝʣʦʜʨʦʤʘ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ.; 

- ʩʫʤʤʘʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ (FX, FY, ʅ) ʠ ʩʫʤʤʘʨʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ 

(FZ, ʅ) ʜʣʷ ʣʘʤʝʣʝʡ ɺʝʣʦʜʨʦʤʘ ʚ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ; 

- ʩʨʝʜʥʝʝ ʚʝʪʨʦʚʦʝ ʜʘʚʣʝʥʠʝ (P, ʇʘ) ʜʣʷ ʩʪʝʥ ɺʝʣʦʜʨʦʤʘ ʚ ʬʦʨʤʝ ʵʧʶʨ. ɿʥʘʯʝʥʠʷ ʥʘ 

ʵʧʶʨʘʭ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʠʤʠ ʧʦ ʚʳʩʦʪʝ. 

 

  
ʈʠʩʫʥʦʢ 3.40 ʉʫʤʤʘʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ (FX, FY) ʠ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ 

ʥʘʛʨʫʟʢʠ (FR) (ʩʣʝʚʘ) ʠ ʠʥʪʝʛʨʘʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ (FZ, ʢʅ) (ʩʧʨʘʚʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʜʣʷ ʟʜʘʥʠʷ ɺʝʣʦʜʨʦʤʘ, ʢʅ (ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦ ʤʦʜʫʣʶ) 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  28 

  
ʈʠʩʫʥʦʢ 3.41 ʉʫʤʤʘʨʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ (FX, FY) ʠ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ 

ʥʘʛʨʫʟʢʠ (FR) (ʩʣʝʚʘ) ʠ ʠʥʪʝʛʨʘʣʴʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʣʘ (FZ, ʢʅ) (ʩʧʨʘʚʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʜʣʷ ʟʜʘʥʠʷ ʅʘʚʝʩʘ ʪʨʘʩʩʳ BMX, ʢʅ (ʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʧʦ ʤʦʜʫʣʶ) 

 

 
ʈʠʩʫʥʦʢ 3.42 ʕʧʶʨʘ ʩʨʝʜʥʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʪʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (P, ʇʘ) ʥʘ ʩʪʝʥʳ 

ɺʝʣʦʜʨʦʤʘ 

(ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 0Á) 

 

ɺʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʠʟʦʧʦʣʝʡ ʦʛʠʙʘʶʱʠʭ ʩʨʝʜʠ 24-ʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʪʨʘ ʧʠʢʦʚʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʪʨʦʚʳʭ ʜʘʚʣʝʥʠʡ ʜʣʷ 

ʆʙʲʝʢʪʘ. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  29 

 
ʈʠʩʫʥʦʢ 3.43 ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʧʠʢʦʚʳʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ɺʝʣʦʜʨʦʤʘ 

 

 
ʈʠʩʫʥʦʢ 3.44 ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʧʠʢʦʚʳʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʜʥʦʡ ʠʟ ʟʦʥ 

ʅʘʚʝʩʥʦʛʦ ʬʘʩʘʜʘ 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  30 

 
ʈʠʩʫʥʦʢ 3.45 ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʧʠʢʦʚʳʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʚʝʩʘ ʪʨʘʩʩʳ 

BMX  

 

 
ʈʠʩʫʥʦʢ 3.46 ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʧʠʢʦʚʳʝ ʚʝʪʨʦʚʳʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʚʝʩʘ ʪʨʘʩʩʳ 

BMX. 

 

ʉʥʝʛʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʦʢʨʳʪʠʷ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʉʇ 20.13330.2016 

çʅʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷè ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ˉ 1-4 ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

(ʯʠʩʣʝʥʥʦʛʦ) ʠ ʬʠʟʠʯʝʩʢʦʛʦ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ) ʤʦʜʝʣʠʨʦʚʘʥʠʡ. ɼʣʷ ʧʦʢʨʳʪʠʡ 

ɺʝʣʦʜʨʦʤʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʝʚʷʪʴ ʚʘʨʠʘʥʪʦʚ ʟʘʛʨʫʞʝʥʠʡ ɼʣʷ ʅʘʚʝʩʘ ʪʨʘʩʩʳ BMX 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʝʚʷʪʴ ʚʘʨʠʘʥʪʦʚ ʟʘʛʨʫʞʝʥʠʡ. 
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ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  31 

 
ʈʠʩʫʥʦʢ 3.47 ʅʝʢʦʪʦʨʳʝ ʩʭʝʤʳ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʦʨʤʳ Õ ʜʣʷ ʧʦʢʨʳʪʠʷ ɺʝʣʦʜʨʦʤʘ 

 

  
ʈʠʩʫʥʦʢ 3.48 ʅʝʢʦʪʦʨʳʝ ʩʭʝʤr ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʸʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʦʨʤʳ Õ ʜʣʷ ʥʘʚʝʩʘ ʪʨʘʩʩʳ ɺʄʍ 

 

 
ʈʠʩʫʥʦʢ 3.49 ʏʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õnm (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 0Á) 

 



Ansys Fluent. ɺʝʨʠʬʠʢʘʮʠʦʥʥʳʡ ʦʪʯʝʪ. ʊʦʤ 5 ɻʣʘʚʘ 3 

ʅʀʋ ʄɻʉʋ ï ʅʆʎ ʂʄ ʠʤ. ɸ.ɹ. ɿʦʣʦʪʦʚʘ, ɸʆ ʅʀʎ ʉʪʘɼʠʆ, 2025  32 

 
ʈʠʩʫʥʦʢ 3.50 ʏʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ Õnm (ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ 135Á) 

 

3.5. ʂʠʥʦʪʝʘʪʨ ñʋʜʘʨʥʠʢò, ʛ. ʄʦʩʢʚʘ, 2023 

 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 

1. ɺʝʨʠʬʠʢʘʮʠʷ ʠ ʚʘʣʠʜʘʮʠʷ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ; 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʦʛʨʘʞʜʘʶʱʠʝ (ʬʘʩʘʜʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 
ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʢʨʳʪʠʷ ʆʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʯʠʩʣʝʥʥʦʛʦ 

ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ ʠ ʩʥʝʛʦʧʝʨʝʥʦʩʘ ʠ ʥʦʨʤʘʪʠʚʥʳʭ 

ʤʝʪʦʜʠʢ; 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʵʨʦʫʧʨʫʛʠʭ ʵʬʬʝʢʪʦʚ 

(ʛʘʣʦʧʠʨʦʚʘʥʠʝ, ʜʠʚʝʨʛʝʥʮʠʷ/ʬʣʘʪʪʝʨ); 

6. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʟʘʭʚʘʪʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ. 

 

ʂʠʥʦʪʝʘʪʨ çʋʜʘʨʥʠʢè ʚ ʩʦʩʪʘʚʝ ʦʙʲʝʢʪʘ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ çʂʦʤʧʣʝʢʩ ñɼʦʤ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘòè ʨʘʩʧʦʣʦʞʝʥ ʥʘ ɹʦʣʦʪʥʦʤ ʦʩʪʨʦʚʝ ʚ ʨʘʡʦʥʝ ʗʢʠʤʘʥʢʘ ʧʦ ʘʜʨʝʩʫ ʛ. ʄʦʩʢʚʘ, 

ʫʣ. ʉʝʨʘʬʠʤʦʚʠʯʘ, 2. ɹʣʠʞʘʡʰʠʝ ʟʥʘʯʠʤʳʝ ʦʙʲʝʢʪʳ: ɻʕʉ-2 (ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʦʩʝʜʩʪʚʝ 

ʩ ʶʛʘ), ʍʨʘʤ ʍʨʠʩʪʘ ʉʧʘʩʠʪʝʣʷ (ʥʘ ʟʘʧʘʜʝ ʥʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʨʝʢʠ), ʄʘʣʳʡ ʢʘʤʝʥʥʳʡ ʤʦʩʪ 

(ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʦʩʝʜʩʪʚʝ ʩ ʚʦʩʪʦʢʘ), ʊʨʝʪʴʷʢʦʚʩʢʘʷ ʛʘʣʝʨʝʷ (ʥʘ ʚʦʩʪʦʢʝ ʥʘ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʝ ʨʝʢʠ). ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʛ. ʄʦʩʢʚʳ ʤʘʣʦʵʪʘʞʥʘʷ ʧʣʦʪʥʘʷ 

ʦʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝʤ ʥʘ ʆʙʲʝʢʪ, 

ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30 ʤ. 

ʂʠʥʦʪʝʘʪʨ çʋʜʘʨʥʠʢè ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʦʙʲʝʢʪʘ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ çʂʦʤʧʣʝʢʩ 

ñɼʦʤ ʧʨʘʚʠʪʝʣʴʩʪʚʘòè (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ɼʦʤ ʥʘ ʥʘʙʝʨʝʞʥʦʡ) ʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ 1927-

1931 ʛ. ʧʦ ʧʨʦʝʢʪʫ ɹ.ʄ. ʀʦʬʘʥʘ ʚ ʩʪʠʣʝ ʢʦʥʩʪʨʫʢʪʠʚʠʟʤʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʝʢʪ ʨʝʩʪʘʚʨʘʮʠʠ ʆʙʲʝʢʪʘ. ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʝʰʥʝʡ 

ʬʦʨʤʳ ʟʜʘʥʠʷ: ʫʩʪʨʦʡʩʪʚʦ ʨʘʟʜʚʠʞʥʦʡ ʢʨʦʚʣʠ ʠ ʥʘʨʫʞʥʳʝ ʣʠʬʪʳ ʩʦ ʩʪʦʨʦʥʳ ɻʕʉ-2. 
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ʈʠʩʫʥʦʢ 3.51 ʂʠʥʦʪʝʘʪʨ çʋʜʘʨʥʠʢè ï ʵʣʝʤʝʥʪʳ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʦʚʣʠ ʚ 

ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʣʝʚʘ), ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʧʨʘʚʘ) 

 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʜʠʥʘʤʠʢʠ ʆʙʲʝʢʪʘ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʯʝʪʳʨʝ 

ʤʦʜʝʣʠ: 

- ʤʦʜʝʣʴ1 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʦʚʳʭ ʠ ʩʥʝʛʦʚʳʭ ʥʘʛʨʫʟʦʢ (9.8 ʤʣʥ. ʂʆ); 

- ʤʦʜʝʣʴ 2 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʢʨʦʚʣʠ 

ʆʙʲʝʢʪʘ (çʢʨʳʣʴʷè) (16.9 ʤʣʥ. ʂʆ); 

- ʤʦʜʝʣʴ 3 (ʯʘʩʪʴ ʧʦʢʨʳʪʠʷ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʯʠʩʝʣ 

ʉʪʨʫʭʘʣʷ (0.71 ʤʣʥ. ʂʆ); 

- ʤʦʜʝʣʴ 4 ʜʣʷ ʩʚʷʟʘʥʥʳʭ ʘʵʨʦʫʧʨʫʛʠʭ ʨʘʩʯʝʪʦʚ (1.17 ʤʣʥ ʂʆ). 

ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʤʦʜʝʣʝʡ 1-2 ʠʤʝʝʪ ʚʳʩʦʪʫ500 ʤ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʩʦʩʪʦʠʪ 

ʠʟ ʚʥʝʰʥʝʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʝʡ ʨʘʜʠʫʩʘ 700 ʤ. 

ʇʨʷʤʦʫʛʦʣʴʥʘʷ ʯʘʩʪʴ ʠʤʝʝʪ ʩʪʦʨʦʥʳ 3000 ʤ ʠ 2000 ʤ, ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʉʊʆ [4]. ɺ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʦʢʨʫʞʘʶʱʘʷ ʟʘʩʪʨʦʡʢʘ ʠ ʙʝʨʝʛʘ ʨʝʢʠ ʚ 

ʨʘʜʠʫʩʝ 500 ʤ ʦʪ ʆʙʲʝʢʪ 

  
ʈʠʩʫʥʦʢ 3.52 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʆʙʲʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ, ʤʦʜʝʣʴ 1: ʚʠʜ 

ʩʚʝʨʭʫ (ʩʣʝʚʘ), ʚʠʜ ʚʙʣʠʟʠ (ʩʧʨʘʚʘ) 
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ʈʠʩʫʥʦʢ 3.53 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʆʙʲʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ, ʤʦʜʝʣʴ 2: ʚʠʜ 

ʚʙʣʠʟʠ (ʩʣʝʚʘ), ʚʠʜ ʥʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʫʶ ʢʨʳʰʫ ʆʙʲʝʢʪʘ (ʩʧʨʘʚʘ) 

 
ʈʠʩʫʥʦʢ 3.54 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʆʙʲʝʢʪʘ, ʤʦʜʝʣʴ 3. ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʥʳ 

ʠʩʩʣʝʜʫʝʤʳʝ ʢʨʳʣʴʷ ʧʦʢʨʳʪʠʷ.  

 
ʈʠʩʫʥʦʢ 3.55 ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʤʦʜʝʣʠ 3 
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ʈʠʩʫʥʦʢ 3.56 ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʆʙʲʝʢʪʘ, ʤʦʜʝʣʴ 4. 

 

  
ʈʠʩʫʥʦʢ 3.57 ʄʦʜʝʣʴ 1 (ʩʣʝʚʘ) ʠ ʤʦʜʝʣʴ 2 (ʩʧʨʘʚʘ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ 

ʟʘʩʪʨʦʡʢʠ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ 

 

  
ʈʠʩʫʥʦʢ 3.58 ʆʙʱʠʡ ʚʠʜ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʄʦʜʝʣʠ 1 (ʩʣʝʚʘ), ʨʘʟʨʝʟ ʢʦʥʝʯʥʦ-

ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʚʙʣʠʟʠ ʆʙʲʝʢʪʘ (ʩʧʨʘʚʘ) 
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ʈʠʩʫʥʦʢ 3.59 ʈʘʟʨʝʟ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʚʙʣʠʟʠ ʆʙʲʝʢʪʘ, ʤʦʜʝʣʴ 2 

 

 
ʈʠʩʫʥʦʢ 3.60 ʈʘʟʨʝʟ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʚʙʣʠʟʠ ʆʙʲʝʢʪʘ, ʤʦʜʝʣʴ 3 






















































































































































































































































































































































































