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JINHENHbIN akyCTUYECKUN nMnNeaaHCc OTBEepPCTUA B neperopake

bespasmepHslii (MPUBEACHHBIN K PC) UMIIEIaHC OTBEPCTHS
Z =R +Ikl,,
rae R, = 2kd I/d, — nuneiinoe Ge3pazMepHOE COPOTUBIIEHUE B
OTBEPCTHH;
K = w/c — BOITHOBOE YHMCIIO;
(0 — YIJIOBas 4acTOTa;
5, =(2v/®)Y2 — rybuna nmorpaxcnos;
V — KHHEMaTH4YeCKasl BA3KOCTh BO3TyXa;
| — meiicTBUTEIbHAS JUTMHA OTBEPCTHSI;
d, —muamerp oreeperus, |, =1 + 1 ;
|, — >pdexruBHas qmuna orBeperus, | =1+ 1;

| ,— IPUCOETMHEHHAs JJIMHA OTBEPCTHSI.

|.=0.81(1—1.34g)d,.

MmneaaHC OTBEPCTUA He 3aBUCAT OT YPOBHA 3BYKOBOIO AaB/IEHMA B MMNeaaHCHOM Tpybe.




ViMnenaHc ropra pesoHartopa Ha HENMUHENHBLIX peXnmax

(BbICOKMX YPOBHAX 3BYKOBOIO AaBfieHUd)

(Bies D., Wilson O. // J. Acoust. Soc. Am. 1957. V. 29, Ne 6. — P. 711-714))

Acoustic Resistance, g/{cm*sec)
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RMS Particle Velocity, cm/sec RMS Particle Velocity, cm/sec

Pe3oHarop pacrionokeH Ha TOpIieBo (©) u OOKOBOM (+) CTEHKaX KaHalia

[MonaratoT, YTO HE/IMHENHbIE CBOMUCTBA OTBEPCTMA NPU BbICOKMX
YPOBHAX 3BYKOBOIO AaBieHunA (TouHee KonebaTenbHOM CKOPOCTH)
CBAA3aHbl C OTPbIBOM NOTOKa (06pa3oBaHMe CTPYU) NPU MNPOXOXKAEHUN

3BYKa Yepes oTBepcTume.
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[ MnoTes3a o0 cnpaBeafIMBOCTU HA HEJTMHEUHbLIX peXXmmax
3akoHa bepHynnu
(Ingard U., Ising H. // J. Acoust. Soc. Am. 1967. V.42, Ne 1. P. 6-17.)

MoCTOAHHDI BO3AYLWHDbIA NOTOK 3BYKOBaA BOJIHA
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[TocTaHOBKA 3a4a4u

[10 HacTOALLEro BPEMEHU He UCC/IeEA0BaAHO BAUAHUE AMAaMETPa OTBEPCTUA HA ero MMneaaHc
B HEJIMHEMHOM peXKMUMeE, He CMOTPA Ha Bonblioe KoNn4yecTso Nyb6nKaummn, NOCBALWLEHHbIX
HE/IMHEMHOMY MMMEeAaHCy OTBEPCTUN. KaK 3TO He yaAMBUTENIbHO, HO €AMHCTBEHHOW CTaTbeN,
KOTOpaA Kaca/siacb 3TOro Bonpoca, octaerca pabota Y. MHrapaa:

( Ingard U. // J. Acoust. Soc. Am. 1953. V. 25, Ne 6. P. 1037-1061.)
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Llenbto gaHHOM paboTbl ABNAETCA YyCTPaHeHUe 3Toro npobena n yctaHoOBAEHUM
3aKOHOMEPHOCTU N3MEHEHUA HEJIMHEMHOrO MMnNeaaHca OTBEPCTUS OT ero Anamerpa.




OnpeneneHve 3aBUCMMOCTU MMNedaHca OTBEPCTUM OT UX anamMmeTpa
B OOnbLUOW nMmnegaHcHouW Tpyobe

[Teperopoaku TommuaoM 1=2 MM, tmamerp oTBepctuii oT 4 10 20 MM.

Omnpenensuics K03QPUUUEHT OTpakeHUs OT MEPErOPoJIKU R, a 3areM Oe3pa3MepHbIil
UMIICJIAHC OTBEPCTUSA EPETOPOIKH

Z=g*(1+R)/(1-R), rmeg=d,/d

1-v 3Tan

(KomkuH A.U., Boikos A.U., MupoHos M.A. // Akycm. scypH. 2018. T. 64. No.3. C. 296-301.
KomkuH A.N., Beikos A.U., MupoHos M.A. // Akycm. xcypH. 2018. T. 64. No.5. C. 562-565.)

McTouHKK 3BYKa - AnHamumKk SVEN HT-500 mowHocTbio 120 BT
CO34aBa/l 3BYKOBOE AaB/eHne B uMmneaaHcHom Tpybe ao 135 ab.



NccnenoBaHMe MHUMOM YacTU MMNedaHca OTBEPCTUA B
TepMUHAX NPUCcoeaNHEeHHOU AJINHbl OTBEPCTUS

ImZ=kl, — l,=ImZ/k-I

l/d .
a0 NMHelnHasnA §
0.8 o4 0 00068006, JInHeMHaa npucoegMHeHHan A/MHa
07T ® ;= 0.81(1-1.34g)d
o al Y- ( . g) 0-
0.6 F
0.5 F o HenuHeliHasa npMcoeanHeHHaa AAUHa
0.4 1 OD InI: aI_AInI
03 oo
HEeNMHENHaA
0.2 . L ,  Cnapametpom U/(wd,) nonyvaem
0.01 0.1 1 YaCTOTHO HE3aBUCUMbIE OLEHKM
Ul(o-dy)

200 ' (0), 175 T (), 150 I'ny (o)

YCTaHOBNIEHO, YTO Ha HEJIMHEMHOM peXKMme NPUCcoeaANHEHHaA AJMHA BbIXOAUT Ha HOBbIN
YPOBEHDb, 3aBMCALLNIN OT gMuameTpa OTBEPCTUA.

3TOT YPOBEHb MOXKET OT/IMYATLCA OT IMHENHOM Bonee yem B ABa pa3al

YMeHbLUEeHME NPUCOEANHEHHOW ANNHbI MPOUCXOAUT NO 06enm CTOpoHam oTBepcTUA!




[TpnBegeHHOEe HEJIMHENHOE CONPOTUBAEHNE OTBEPCTUS
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YacTOTHO HE3aBMCUMbIM OLEHKM obecnevymnBaeT napameTp U/\/vm



JInHEeMHaA annNpPoKCMMaUmMa NMPUBEAEHHOIO HEJIMHENHOIO
COMPOTMB/IEHNE NPU BbICOKMX YPOBHAX KoNebaTesnbHON CKOPOCTU

R, =(8.3U +20)10°°,

Rnl
0.008 J=uU / \/E
YCTaHOBNEHO, YTO XOTA 3aBUCUMOCTH
MIPUBEICHHOTO HEJIWHEWHOTO COMPOTUBIICHUS
0.006 OT CKOPOCTH aIMPOKCUMUPYETCSA JTUHEUHOU
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dg=4mm (O), dy=7mm (A), dy=10 mm (0) u ;=150 I'm;
dg=4 MM (m), dy=7mm (A), dy=10 mm () u f;=200 Iw.



OnpeaeneHne 3aBUCMMOCTU MMNeaaHCA OTBEPCTUM OT UX AMaMeTpa
B 60nblION MMNeaaHCHOM Tpybe

2-1 9Tan

NCTOYHUK 3BYKa - AMHaMunK Beyma 12MI1100 guametpom 300 mm mowHocTbio 450 Br,
YTO Aa/10 BO3MOXKHOCTb CO34aBaTb 3BYKOBble AaBneHusa B Tpybe ao 155 apb.

Bonbwon gnameTp nmneaaHcHon Tpybbl ( 99 mm) no3BoaseT nccnesoBaTb NEPErOPOAKN C
60NbLIMM AMaNa30HOM AMAMETPOB OTBEPCTUNA. 10



3aBUCUMOCTb NpucoeanHeHHOM A/INHbI OTBEPCTUM OT be3pasmepHOon
CKOPOCTU
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Yem 6onblue gnameTp oTBEPCTUM — TEM MEHbLUMN CKaYOK Ha HOBbI MOPOroBbIN YPOBEHb



3aBMCUMOCTb CONPOTUBAEHNA OTBEPCTUN OT HEe3pa3mepHOMN CKOPOCTH
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[NlepdopmpoBaHHbIE NEPErOPOAKHU

[MpucoeanHeHHas AnMHa oTBEPCTUN
[MopucTtocTtb

l,
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c =0.82%
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0 2 - 6 8 10
c=1.47% 1/Sr

Meperopogku c ogHum (—0-), naTtbto (-A-) n

NeBATbIO (—O—) oTBEpCTUAMM AMaMeTPOM 4 Mm
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[NlepdopmpoBaHHbIE NEPErOPOAKHU

Bespa3mepHoe conpoTuBneHne
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9 o18. 4 MM 1 10TB 12 mm.



AHaNM3 NONYYEHHbIX pe3y/1bTaToOB

ConpoTtmneneHne oTBEPCTUN ConpoTtunsneHne neperopoaku
R
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U, m/s U m/s
JuameTpsl OTBEpCTUd: —O—, 3 MM; —O—, 4 MM; JlnaMeTpbl OTBEPCTUNA: —O—, 5 MM;

—m—, 7 MM; —4—, 12 mm; —o—, 20 mm. —A—, 7mm;, —A—, 10 MM; —m—, 15 MMm.
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ConpotueieHne oTBEPCTUA N CKOPOCTb CTPYU B OTBEPCTUN

Ingard’ U, Labate S. // J. Acoust. Soc. Am. CBAasb mexay KonebatenbHoOM CKOPOCTbHO

1950. V. 22, Ne 2. P 211-218.
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PARTICLE VELOCITY = U IN CM/SEC,

—O—, UBMEPEHUE; —=—, BKJIaJ CTPYyH (pacyer);
—e—, BKJIaJ] CTPYHY U BUXpPEH. (pacyer)

B OTBEPCTUM U CKOPOCTbIO CTPYM

(Grushin A.E., Dragan S.P., Lebedeva I.\V.//
XI Session of the Russian Acoustical Society.
Moscow, November 19-23, 2001)




NlanbHenwme passutTne paboTbl

ueﬂbi onpenennTtb 3aBUMCUMOCTb CKOPOCTU CTPYU B OTBEPCTUN OT €ro gnameTpa.

Tpu HanpaBneHusa

1. JKCNepUMeHTa/IbHOE nccegoBaHMe XxapaKTepa ABUXKEHUA cpedbl B OTBEPCTUM

(Buick J.M. et al // J. Acoust. Soc. Am., Vol. 129, No. 3, 2011. P.1261-1272.)
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FIG. 2. The experimental configuration.
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NlanbHenwme passutTne paboTbl

2. [lpoBegeHne YNCEHHbIX PacyeToB

(Scarpato A.. Linear and nonlinear analysis of the acoustic response of perforated plates
traversed by a bias flow. Engineering Sciences [physics]. Ecole Centrale Paris, 2014.)

(a) t/T, 0 (b) t/T; 0.2 (c) /T, =04

Figure 5.5: Axial slice extracted from simulations, presenting the unsteady flow in the vicinity of the
perforation, traversed by a mean bias flow uo= 3.40 ms-: (directed from the bottom to the top) and
subjected to acoustic waves at the forcing frequency f = 400 Hz and at a high SPL = 140 dB.

i

(d) t/T, = 0. () t/T, ).8 (F) t/T, 1

3. [lpoBegeHme aHaNMNTUYECKUX pacyeToB ?




BbiBOAbI

1. lMpoBeaeHHble 3KCNEPUMEHTANbHbIE NCCeA0BaHMA NO3BOAUAM ONPEaENNTb
0COBEHHOCTN U3SMEHEHUA HEIMHEMHOTO MMMNeAaHCca OTBEPCTMA B
3aBMCMMOCTHU OT ero AMameTpa;

2. lMonyyeHHbIN NPU 3TOM PEe3yabTaT, YTO HEIMHEWHOE CONPOTMUBAEHUE
OTBEPCTUA B MPOTUBOMNOJIOXKHOCTb IMHEMHOMY COMPOTUBAEHUIO
YBENNYMBAETCA C ANAMETPOM OTBEPCTUA HE UMEET ACHOMN PU3NYECKOM
nHTepnpeTaunm;

3. Heobxoanmbl ganbHenwmne nccnegoBaHua, Ytobbl 06bACHUTL NOTYYEHHbIE
3¢pdeKTbl B NOBEAEHNA MMNe[aHCa OTBEPCTUMN HA HEJIMHEMHOM peXKUME.

[MpurnawatoTcs Bce xenatowme!



