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ɺʠʜʳ ʰʫʤʘ ʚʝʨʪʦʣʝʪʘ

ʰʫʤ ʦʪ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ

ʩʠʣ

ʰʫʤ ʚʨʘʱʝʥʠʷ

ʰʫʤ BVI

ʠʤʧʫʣʴʩʥʳʡ ʰʫʤ, 

ʚʳʟʚʘʥʥʳʡ  ʪʦʣʱʠʥʦʡ 

ʣʦʧʘʩʪʠ

ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʰʫʤ

ʰʫʤ ʦʪ ʚʠʙʨʘʮʠʠ 

ʬʶʟʝʣʷʞʘ

ʰʫʤ ʦʪ ʜʚʠʛʘʪʝʣʝʡ

ʰʫʤ ʦʪ ʘʛʨʝʛʘʪʦʚ ʰʫʤ ʦʪ ʪʨʘʥʩʤʠʩʩʠʠ

ʪʫʨʙʫʣʝʥʪʥʳʡ ʰʫʤ
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ʂ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ

ʋʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʛʝʥʝʨʘʮʠʶ ʟʚʫʢʘ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʪʝʣʦʤ (Ffowcs Williams-Hawkings)

ʛʜʝ ïʥʦʨʤʘʣʴʥʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʨʦʩʪʴ; ïʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ 

ʥʘʙʣʶʜʝʥʠʷ;  ïʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ʠʟʣʫʯʝʥʠʷ; ïʧʦʜʩʯʠʪʘʥʥʦʝ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ  ʯʠʩʣʦ ʄʘʭʘ;  ïʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ;; 

dS -ʵʣʝʤʝʥʪ ʧʦʚʝʨʭʥʦʩʪʠ.

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʚʥʦʩʠʪʩʷ ʧʦʜ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ 
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ʂ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ:

M
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ʟʘʧʘʟʜʳʚʘʥʠʷ (ʚ 

ʤʦʤʝʥʪ    );   

ï

ʰʠʨʦʪʘ ʪʦʯʢʠ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʤʦʤʝʥʪ  ;   

ï ïʯʠʩʣʘ  

ʄʘʭʘ,  ʦʧʨʝʜʝʣʝʥʥʳʝ  

ʧʦ  ʧʨʦʝʢʮʠʷʤ  ʩʢʦʨʦʩʪʠ 

ʥʘ ʦʩʠ ʍ, Z; ɋ ï

ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ.
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ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 
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ʚʨʝʤʷ

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʥʪʘ
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ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ
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ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ

ʆʥ

Yʥ

Zʥ

Xʥ

Xtn

Ytn

Ztn

ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ

ʂ ʟʘʜʘʚʘʝʤʳʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʜʚʠʞʝʥʠʷ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ 

ʦʪʥʦʩʷʪʩʷ ʩʢʦʨʦʩʪʴ Vʥ, 

ʫʛʦʣ ʘʪʘʢʠ Ŭʥ, ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ɤʥ, 

ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ 

ʢʦʥʮʘ ʣʦʧʘʩʪʠ ɤʥR, 

ʧʘʨʘʤʝʪʨʳ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ 

ʚʨʝʤʝʥʠ ïʫʛʦʣ 

ʧʦʚʦʨʦʪʘ ʣʦʧʘʩʪʠ ʟʘ 

ʦʜʠʥ ʨʘʩʯʝʪʥʳʡ ʰʘʛ 

ȹɣ.
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ʋʩʣʦʚʠʷ ʣʸʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

ʤʘʩʩʘ ʚʝʨʪʦʣʸʪʘ 11000 ʢʛ, 

D=17,3ʤ; ɤʥR=218ʤ/ʩ; Vʥ=60 ʤ/ʩ, 

ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ ʢ=5. 

ʊʦʯʢʘ ʠʟʤʝʨʝʥʠʷ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 150 ʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʸʪʘ ʠ ʫʛʣʝ 
ʚʦʟʚʳʰʝʥʠʷ ɗ=600ʧʦʜ ʜʠʩʢʦʤ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ.

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ



ʈʘʩʯʸʪ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʦʩʥʳʭ ʚʠʥʪʦʚ

11

ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠ 

ʧʨʦʛʨʘʤʤʝ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ [ʇʘ] ʠ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ SPL [dB], 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʥʘ ʣʦʧʘʩʪʷʭ.

ʈʘʩʩʤʦʪʨʝʥʳ 3 ʥʦʚʳʝ ʢʦʤʧʦʥʦʚʢʠ 

ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʚʝʨʪʦʣʸʪʘ ʠ ʢʦʤʧʦʥʦʚʢʘ ʩʝʨʠʡʥʦʛʦ 

ʚʝʨʪʦʣʸʪʘ ʂʘ-27/32.

ɼʣʷ ʢʘʞʜʦʡ ʢʦʤʧʦʥʦʚʢʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʙʘʣʘʥʩʠʨʦʚʢʘ ʧʦʜ ʟʘʜʘʥʥʫʶ ʪʷʛʫ 

(12500 ʢʛʩ) ʠ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʝʨʚʦʡ 

ʩʠʥʫʩʥʦʡ ʠ ʢʦʩʠʥʫʩʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʤʘʭʦʚʦʛʦ ʜʚʠʞʝʥʠʷ. 



ʄʝʪʦʜʠʢʘ ʙʘʣʘʥʩʠʨʦʚʢʠ

12

ɼʝʣʘʶʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʸʪʳ ʜʣʷ ʯʝʪʳʨʸʭ 

ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʜʚʫʭ ʫʛʣʘʭ ʦʙʱʝʛʦ ʰʘʛʘ 

ʣʦʧʘʩʪʠ 0

ʇʦʣʫʯʘʝʤ ʜʚʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʘ ʜʣʷ 

ʟʘʜʘʥʥʳʭ ʫʛʣʦʚ 0. ɼʘʣʝʝ ʦʧʪʠʤʠʟʠʨʫʝʤ ʧʦʣʫʯʝʥʥʳʝ 

ʪʷʛʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʣʷ ʥʠʭ ʫʛʣʳ ʦʙʱʝʛʦ ʰʘʛʘ 

ʧʦʜ ʟʘʜʘʥʥʫʶ (ʪʨʝʙʫʝʤʫʶ ʪʷʛʫ) 12500 ʢʛʩ.

ʇʦʣʫʯʘʝʤ ʫʧʨʘʚʣʝʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʘ ʠ 

ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʚʚʦʜʠʤ ʚ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʤʧʦʥʦʚʢʠ.
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ʂʘ-27/32 ʂʘʤʦʚ ʎʘʛʠ 600 ʎʘʛʠ550

ɺɺ ʅɺ ɺɺ ʅɺ ɺɺ ʅɺ ɺɺ ʅɺ

ʈʘʜʠʫʩ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ,ʤ 7.95 7.95 8 8 8 8 8 8

ʋʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʠ, ʛʨʘʜ 17.6 17.6 16.71 16.71 15.96 15.96 16.6 16.6

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʢʦʩʠʥʫʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 1-ʡ ʛʘʨʤʦʥʠʢʠ, ʛʨʘʜ 2.831 2.831 3.62 3.62 4.41 4.41 4.34 4.34

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʩʠʥʫʩʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 1-ʡ ʛʘʨʤʦʥʠʢʠ, ʛʨʘʜ-9.04 -9.04 -8.04 -8.04 -7.69 -7.69 -8.21 -8.21

ʅʘʯʘʣʴʥʳʡ ʘʟʠʤʫʪ ʧʝʨʚʦʡ ʣʦʧʘʩʪʠ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ, ʛʨʘʜ 12.5 -12.5 12.5 -12.5 12.5 -12.5 12.5 -12.5

ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ,  ʨʘʜ/ʩ -27.673 27.673 -27.5 27.5 -27.5 27.5 -27.5 27.5

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʙʠʨʘʣʠʩʴ ʜʣʷ ʚʩʝʭ ʨʘʩʯʸʪʦʚ ʠ ʣʦʧʘʩʪʝʡ ʦʜʠʥʘʢʦʚʳʝ

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ,ʤ/ʩ 340

ʉʢʦʨʦʩʪʴ ʢʦʥʮʦʚ ʣʦʧʘʩʪʝʡ ɤR,ʤ/ʩ 220

ʉʢʦʨʦʩʪʴ ʧʦʣʸʪʘ V,ʤ/ʩ 75

ʋʛʦʣ ʘʪʘʢʠ ʚʠʥʪʘ Ŭ,ʛʨʘʜ -10

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʠʥʪʘʤʠ h, ʤ 1.48

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʣʦʧʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʰʘʨʥʠʨʘ,ʢɻʩ*ʤ*ʩ̂2 167.56

ʉʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʣʦʧʘʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʰʘʨʥʠʨʘ,ʢɻʩ*c^2 31.84

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʫʣʷʪʦʨʘ ʚʟʤʘʭʘ ʚʠʥʪʘ 0.56

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʚʘʣʘ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʰʘʨʥʠʨʘ,ʤ 0.15

ʊʷʛʘʥʝʩʫʱʝʛʦ ʚʠʥʪʘ, ʢʛ 12500

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʦʤʧʦʥʦʚʢʠ ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ

˴͙͔͙ͤͣ͊ͭ;͔͙͔ͫ͟Σ ͎͔͔͙ͦͣͭͪ;͔͙͔ͫ͟  ͔ͨ͊ͪ͊ͣͭͪ· ͙ ͍ͣ͊ͫͫͦ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͙͔͔ͫͫ͒ͯͣ͡·ͻ 
͔ͤͫͯ΅͙ͻ ͍͙͍ͤͭͦ 
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CT CH CS

0.0208 0.00104 1.49E-05

TΣ ͎͟ HΣ ͎͟ SΣ ͎͟

12483.39 623.65 8.97

Ka-27/32:

CT CH CS

0.0206 0.00077 1.86E-05

TΣ ͎͟ HΣ ͎͟ SΣ ͎͟

12491.18 467.33 11.30

Kamov:

CT CH CS

0.0206 0.00051 2.87E-05

TΣ ͎͟ HΣ ͎͟ SΣ ͎͟

12507.17 306.79 17.44

TsAGI 550:

CT CH CS

0.0206 0.00043 3.03E-05

TΣ ͎͟ HΣ ͎͟ SΣ ͎͟

12511.48 261.31 18.43

TsAGI600:

ʈʝʟʫʣʴʪʘʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ
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ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ
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æSPL(dB) ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʦʚʦʢ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʠʥʪʦʤ ʂʘ-27/32

æSPL(dB) ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʦʚʦʢ 

ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ ʎɸɻʀ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʧʦʥʦʚʢʦʡ ʂʘʤʦʚ

ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ
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æSPL(dB) ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʦʚʦʢ 

ʥʝʩʫʱʝʛʦ ʚʠʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʠʥʪʦʤ 

ʂʘ-27/32

ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (Y=-150ʤ)
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æSPL(dB) ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʥʦʚʦʢ 

ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ  ʎɸɻʀ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʤʧʦʥʦʚʢʦʡ ʂʘʤʦʚ
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ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʫʨʦʚʥʷ 

ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʥʦʚʦʢ ʥʝʩʫʱʠʭ 

ʚʠʥʪʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʯʸʪʦʤ ʙʘʣʘʥʩʠʨʦʚʢʠ
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ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʈ [ʇʘ] ʠ 

ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ SPL [dB] ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʤʧʦʥʦʚʦʢ ʥʝʩʫʱʠʭ ʚʠʥʪʦʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʩ ʫʯʸʪʦʤ ʙʘʣʘʥʩʠʨʦʚʢʠ


