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B crarbe oOpaiaercsi BHUMaHHE Ha TO, YTO B METOJUKE pacyera IIymMa CUCTEM
BCHTUJIALUH, chonmyeMoﬁ IIpU NPOCKTUPOBAHUU TAKUX CUCTCM, HC YUUTBIBACTCA
U3NTydeHHUEe U3  OKOHEYHBIX  OTBEPCTUH  BO3AYyXOBOJOB,  CBA3aHHOE C
peBepOepallMOHHBIME 3BYKOBBIMU TOJISIMH B BO31yxoBojax. [lomydena ¢opmyna
JUIs  pacyera 3BYKOBOM MOIIHOCTH, U3Iy4aeMOM U3 OTKPBITOIO KOHIA
BO3[yXOBOJa, C Yy4YETOM OTTOKa OJHEPIHH U3 peBepOepaloHHOTO TONS B
BO3JYyXOBOJIE 4epe3 AT0 oTBepctue. Ha mpumepe TUNHUYHONW BEHTUIISLIMOHHOMN
CUCTEMBI IIOKa3aHO, YTO PE3yJbTaThl pacuera M0 CTAaHJAPTHOW METOJUKE MOTYT
okasarbcd 3aHmkeHHpIMA Ha 10 1b u Oonee.

[enpro aKkycTMUECKOro pacyeTa CHCTEMbl BEHTWISALUU Ha CTaJAUU TPOECKTHUPOBAHUS
SIBJISIETCSI OTIPEICIICHUE 0KUAAEMbIX YPOBHEW 3BYKOBOTO JIABJICHHS B IMOMEIICHHUSX W/WIN HA
npuiieramei TeppuTopuu. VIcXoqHpIMU JaHHBIMU JJIsl TAKOTO pacueTa SIBISIOTCS YPOBHHU
3ByKOBOM  MOINHOCTH,  H3Iy4acMOM  OKOHEYHBIMM  YCTPOMCTBAMH  BO3JYyXOBOJOB
(B03/1yx03a00pHUKAMH U BO3AyXOPACIPEACTUTENISIMH), KOTOPBIC TAK)KE PACCUUTHIBAIOTCS.

B ocHOBe pexkoMeHIyeMOW [UIsi IIPOCKTUPOBIUMKOB METOAMKHA pacdera 3BYKOBOU
MOIIIHOCTH, M3JIy4aeMON OKOHEYHBIMH YCTpOMCTBaMH [l], NEXHT AOmylIeHHE O TOM, YTO
3BYKOBasi JHEprus, H3JIydyaemas BEHTWIATOPOM, CHH)KAETCA IIPU PACIPOCTPAHEHUU I10
BO3JyXOBOJy 3@ CUET JUCCUIATUBHBIX IOTEPh, OTTOKA SHEPIUU 4YEpPe3 CTEHKH U 3a CUET
OTpa)XCHUSI OT UPEMSTCTBHI (IIOBOPOTOB, Pa3BETBICHHM, CY)KEHHU MOIEPEYHOTO CCUCHMS,
OTKPBITOTO KOHIA W T.A.). [Ipudem, sHeprus, OTpakeHHas OT HPEISITCTBHHA, MOJIHOCTBHIO
NOTJIOIIAETCS B BO3/AYXOBOZE, OOpaTHBIA TOTOK SHEPrUM HE YyduThiBaeTcs. OleHuM
000CHOBAHHOCTb ATOTO JOMYILICHHS.

PaccMoTpuM 3amosIHEHHYIO BO3AYXOM M 3aKpPBITYIO C 00OMX KOHIIOB TPYOy ¢ aOCONIIOTHO
KECTKHMHU CTEHKaMM B BaKyyMe, B KOTOPOI HAXOIUTCS UCTOYHHK IIyMa. B TpyOe BO3HUKAIOT
CTOsIYME 3BYKOBBIC BOJHBI (peBepOepalioHHOE 3BYKOBOE T0Jie). Best akycTrueckas sHeprus,
BBOMMAs B TpyOy, npeoOpasyercss B TEIUIO 3a cueT aedopmanuu cpeabl B Tpyde mpu
KoneOanusax. Yem Oombllie MOTNIOIIEHHE JHEPruH (BHYTPEHHHE MOTEPH), TEM MEHBIIAs
aMIUTUTy/Aa KoyiebaHuit TpeOyercst Ui MOJHOro NpeoOpa3oBaHUS BBOJMMON SHEPrUM B
TEII0. DTOT OYEBUAHBIN ()aKT MOXKHO NPEICTaBUTh B BHUJE YPAaBHEHMS SHEPreTHUECKOTO
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Au=W_, (1)
rne W, — BBomumasi B TpyOy SHeprust (MOLIHOCTh MCTOYHMKA 3BYyKa), U — oOBeMHas
IJIOTHOCTh DHEPTUU  peBEepOCpallMOHHOTO Mot B Tpyoe, A — xkodddumument,

XapaKTepH3YIOLUIMH ToryIonieHne 3Heprun B TpybOe (oTTok sHepruu). B obmiem ciydae
A=wnV ,rae @ — kpyrosas 4acrora, 1] — KO3 HUIHEHT MOTEPb NPU KOJIEOAHUIX CPEIIbl

B TpyOe, V. — BHYTpeHHUI 00bEM TPYOBI.

Ecnu wuMmnenanc CcTeHOK TpyObl KOHEUYHBIM, a CHapyKd HaxOIHUTCi cpena, To
JIOTIOJTHUTENbHBIE TIOTEPU  CBSI3aHBI € BO3OYXKICHHEM KoyieOaHMH B CTEHKaX H
pactpoCTpaHEHHEM SHEPruM B OKPYXKAIOIIYIO Cpeay. OTH JIOTOJHUTENbHBIE TOTEPH
BKJIIOYat0TCs B KO3 punment A.

Ecnu paccmarpuBaemasi TpyOa MMEET OTKPBITBIM KOHEI, TO YacTb 3BYKOBOWH MOIIHOCTH
UCTOYHHKA M3JIy4aeTCsl U3 OTKPBITOTO KOHIIA B BU/E OETyIIMX 3BYKOBBIX BOJIH. Jlpyras yactb
MOIITHOCTH, OTPa)asicb OH OTKPBITOTO KOHIIA 32 CYET CKauKa aKyCTHYECKHX CONPOTHBIICHHH,
pacxomyetcst Ha (hopMHpOBaHUE peBEepOEPAIIMOHHOTO 3BYKOBOIO TOJIsl B TpyOe. B koHeuHOM
UTOTE 3Ta HEPrusl YaCTHYHO Moriomaercs (MepexoquT B TEIUIO, PaclpOCTPAHSETCS depe3
CTEHKH TpYyOBI), M, TIIaBHOE, YACTHYHO M3JTy4acTCs Yepe3 OTKPBITHIH KoHel. Takum o0pa3om,
3BYKOBas MOIIHOCTh, H3JIydyaemas W3 OTKPHITOIO KOHIA, CKJIAAbIBAaeTCs U3 JABYX
COCTABIJIIIOLINX: Oerymiel, KOTOopas pacCUMTBHIBACTCA 110 CTAaHAAPTHOM METOJHKE, U
COCTaBJISIIOLICH, CBA3aHHOM C peBepOepallMOHHBIM 3BYKOBBIM IIOJIeM B TpyOe, KoTopas
CTaHJAPTHOU METOAUKON HE YYUTBHIBACTCS.

Vpasuenue (1) a7st TpyObI ¢ OTKPHITHIM KOHIIOM UMEET BH
Au+W, +W, =W, 2

rie W, — MoOIIHOCTb, Moryom@aeMas Ipu pacnpocTpaHeHuu Oerymiei BosHbl, W,

MOIIMHOCTB, U3JTydacMasd U3 OTKPBITOTO KOHIIA TPYGBI C 6€I‘yU_II/IMI/I 3BYKOBbBIMHU BOJIHAMH.

OTI[GJ'H:HBIG cllaracMbI€ B JICBOM YacTH YPaBHCHHUS UMCIOT BU:

W, =W 4L ; ©)
Wot :Vvin (1_5'-)1'- J (4)
rae 0 — Ko3((GUIMEHT, ONMMCHIBAIOIINK CHIDKCHHE MOIIHOCTU IMPU PACIPOCTPAHCHUH MO
TpyOe amuHoi 1 M, L — anmuHa TpyObl, T — KO3()QOUIHEHT MPOXOKICHHUS SHEPTHH Yepe3

OTKPBITBIH KOHEIl TPYObl B CBOOOIHOE MMPOCTPAHCTRBO;
A=onV + &, (5)
rie S — miomaas MONEPeYHOro ce4eHus: TpyOobl, C — CKOpPOCTh 3ByKa B Cpe€Ze BHYTPH

TpyOBI (B BO31IyX€E).
[MoncraBum (3) (4) u (5) B ypaBHenue (2):

(a)nv + SCT)U +Vvin6L +VVin (1 _6L)T :VVin . (6)
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Ortcrona HaliieM MIOTHOCTh SHEPTUH peBepOepaliiOHHOT0 MoJIs B TpyOe:

o Wall-dL—(1-dL)) W, (1-dL1-7)

onV + <t - onV+cr ("

Ipu 7=1 (oTpaskeHHWE OT OTKPBHITOrO KOHIA OTCyTcTBYeT) miu OL =1 (Bcs sHeprus
UCTOYHHMKA  TIOTJIOMIAeTCs Ha MyTH  PACHPOCTPAHEHUS JO  OTKPBITOIO  KOHIIA)
peBepOeparoHHoe 1mosie B Tpyoe He oopasyercs (U =0).

CymmapHasi 3ByKOBas MOIIHOCTh, HW3JydaeMash W3 OTKPBITOrO KOHIIA, paBHA CyMMe
MOITHOCTEH: M3IydaeMo ¢ OerymMy BOJHAMH M OTIABAaeMOM uYepe3 OTKPHITHIH KOHEIl
peBepOepaIIOHHBIM TTOJIEM:

W, =W, (1-dL) + Scu. (8)

[Moncrasus (7) B (8) momyunm

V\/in(l—SL)(l—T):Wm(l_SL N scr(l-7)

W, =W, (1-8L)r +Scr —
onV + <t onV + <t

9)

ITpu otcyrcTBuu noteps B Tpyde (6 =0, n=0) W, =W, . DToT BeIBOA coriacyercs ¢

3aKOHOM COXPaHCHUs SHEpruu. B To e BpeMs mpu pacdere 1Mo CTaHIapTHOW metomuke [1]
MOIITHOCTh, HM3Jy4aeMas W3 OTKpPBITOTO KOHIIA TPYObl, OKa3bIBaeTCSI MEHbIIE MOIIHOCTH
UCTOYHHMKA 3BYKa Ha BEJIMYMHY [TOTEPh HA OTPAXKEHHUE OT OTKPBITOTO KOHIIA.

PaccunTaem ans mpuMepa 3ByKOBYIO MOIIHOCTH, M3JIy4aeMyI0 M3 BBIXOJHOT'O OTBEPCTHS
Bo3ayxoBoja auamerpoM 100MM u UMHOW 2 M, TUNMYHOMY JJs TpaKTa CHCTEMBI
BCHTHJISILIUY, CBSI3BIBAIOIIETO BEHTHIISITOP C OTKPBITHIM BO3yXoM. KoadduumeHntsl 7, 6 u n
pPacCUMTHIBAIOTCS 110 TAaHHBIM, TIPEJICTaBICHHBIM B MeTouKe [ 1], ciaemyromum oOpa3om.

B wmertoauke [1] npuBecHBI BEIHYMHBI CHIDKEHHSI OKTaBHBIX YPOBHEH 3BYKOBOM
[0}
MOIITHOCTH B PE3yJbTaTe OTPAXECHUsS OT OTKPHITOro KoHIa Bo3ayxoBoaa (AL, Tadi. 24 [1]).
Hcnonb3yemblii HaMu KO3(PGUIIMEHT MPOXOXKACHUS T PACCUUTHIBAETCS 1O (hopmyrie

AL

7=10 10 .

(10)

Koaddurment O BoIpaskaeTcst yepes MpUBEACHHBIC B METOAUKE [ 1] BEMYMHBI CHUKEHHSI
OKTABHBIX YPOBHEW 3BYKOBOW MOIMHOCTU B Ab Ha 1M [JIHHBI TOPSMBIX YYaCTKOB

B031yx0B0J10B (AL , Tab6a. 20 [1]) cieayrommm o6pazom:

§=(—105 )L (11)

Koaddumnuent moreppr 1) cBsizaH ¢ KOI(PPHUIMEHTOM 3aTyXaHUs B MPOCTpaHCTBE (IpH

PacIpoCTpaHeHUH 3ByKa BIOJIb TPYObl) 3 COOTHOILIEHHEM

n=2pc/w. (12)
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Koa¢pdunuent 3atyxanust B BIpaxkaeTcs depe3 aMIUIATY/IbI 3BYKOBOTO JaBJICHHS B JIBYX

toukax (P, u P,), pasHeceHHbIX Ha paccTosiHUE [

1. P
=—|n—.
P=ing (13)

C ucrionp3oBanueM BeanuuHbl AL” u3 Metonuku [ 1] momyuaum
p

AL}

INES
n:2ln102°c. (15)
0]

Pesynbratel pacyera KOIpPHUIHUEHTOB T, O W 1] U1 pacCMaTPHBAEMOIO BO3IyXOBOA

MpeICTaBICHbI B Ta0nwie 1.

Tabnumna 1. Koaddunuenrsr 7, 0 u n

CpPEAHEr€OMETPUYECKHUE YaCTOThI OKTaBHBIX 10JI0C, [T
63 125 250 500 1000 | 2000 | 4000 | 8000
ALY, 1B, Tabn. 24[1] 19 14 10 5 2 0 0 0
T 0,013 0,04 0,1 0,32 0,63 1 1 1
AL}, nB/w, Tabn. 20 [1] 0,1 0,1 0,15 0,15 0,3 0,3 0,3 0,3
o 0,0225 | 0,0225 | 0,0334 | 0,0334 | 0,0645 | 0,0645 | 0,0645 | 0,0645
n 0,02 0,01 | 0,0075 | 0,0037 | 0,0037 | 0,002 | 0,0009 | 0,0005

B Tabin. 2 (ctpoka 1) mpeacTaBicHBI 3HAYCHHS Pa3HHIBI YPOBHEH 3BYKOBOW MOIIHOCTH,
U3ITy4aeMol U3 OKOHEYHOTO0 OTBEPCTHUS BO3AYXOBOJA, PaCCUMTAHHOM C ydeToM U 0e3 yuera
00paTHOro MOTOKAa MOIIHOCTH, YTO COOTBETCTBYET paccMaTpuUBaeMol OmIMOKe pacdera 1o
CTaHJapTHOU MeToauke. M3 Tabi. 2 BUIHO, 4TO B JAaHHOM pealbHON CUCTEME BEHTUIISINK 0e3
riymuTens omudka pacueta npesbimaeT 10 1b Ha HU3KMX yacToTax.

BrImonHuM aHaOrnyHbINA pacyeT AJs BO3yXOBOJa C OTHOCUTENIBHO BRICOKUMU MOTEPSMH,
KOTOpBIE XapaKTepU3YyIOTCs CHIDKCHHEM OKTAaBHBIX YPOBHEH 3BYKOBOUW MormHocTH 15 b Ha
1 M JIMHBI BO3TyXOBOJIa BO BCEX OKTAaBHBIX (uiIbTpax. Pe3ynbTaTsl pacueTa npeacTaBieHbl B
taba. 2 (ctpoka 2). OueBHAHO, YTO OINHMOKA pacyera, CBS3aHHAs C MpPEHEOPSIKEHHEM
00paTHBIM TOTOKOM MOUIHOCTH, YMEHBIIIAETCS IPU YBETMYEHHUH MTOTEPh B BO3TyXOBO/IE.
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Tabmuia 2. Pa3auiia ypoBHe# 3ByKOBOH MOIITHOCTH, U3JIy4aeMON U3 OKOHEYHOTO OTBEPCTHS
BO3/IyXOBOJIa, PACCUUTAHHOU C YYETOM H 03 yueTa 0OpaTHOro MOTOKa MOIIHOCTH, 1b

CPEIHETEOMETPUUECKHIE YaCTOThI OKTaBHBIX TMOJIOC, [ 11

63 125 250 500 1000 | 2000 | 4000 | 8000

1 12,5 10,9 8,0 4,4 1,7 0 0 0

2 0,6 0,5 0,5 0,4 0,2 0 0 0

OCHOBHBIE TIOTEPH B CHUCTEMAax BEHTHISALUU BHOCATCS TIIYHIMTEISIMHU IIyMa AaKTUBHOTO
TUNA, COAEP)KAIIMMU 3BYKOIOIJIOIMIAIONINE MarepHaibl. MOXKHO TNpEANOJIOKUTh, YTO B
cUCTeMax C TIYIIMTENSAMHU IIyMa MOTEPU Ha CPEJAHUX U BBICOKUX YacTOTaX HOPMHPYEMOTO
nuanazona (250-80000 I'n) nocTaToyHO BENWKH, M OOPATHBIM MOTOK SHEPTUU HE BHOCHT
3aMETHOTO BKJIaJia B CyMMapHbIe YPOBHU 3BYKOBOH MOIIHOCTH, M3Ty4aeMON OKOHEYHBIMU
OTBEPCTUSAMHU BO3AYyXOBOJOB. OHAKO, 3PPEKTUBHOCTh OOBIYHO MPUMEHSIEMBIX TIIyHIHTEICH
aKTHBHOTO THIa Maja win paBHa O Ha HUM3KHX yacToTax HOpMupyeMmoro jauanazona (31,5 u
63 I'u). [Ipu 3TOM MOTEPU 3BYKOBOW MOIIHOCTH OOYCIIOBJICHBI B OCHOBHOM MPOXOXKJICHHEM
SHEPTUU Yepe3 CTEHKU BO3JyXOBOAOB. JTH MOTEPU TAKXKE Mallbl, OCOOCHHO ISl LIMPOKO
NPUMEHSIEMbIX IHJIMHAPHYECKUX BO3AYXOBOJOB. TakuM 00pa3oM, CyMMapHble MOTEpH B
cUCcTeMaxX BEHTHISAIUN HAa HU3KMX YaCTOTaX MOTYT OKa3aThCsl HEAOCTAaTOYHBIMHU, YTOOBI TIPU
NPOBEICHUN DPACUYETOB MpeHeOperaTb MU3Iy4eHHEM pPeBepOepallMOHHOM COCTABISIONICH
3BYKOBOTO TOJsI B BO3AyXOoBojax. Pacder mo meronuke [1] mpu STHX YCIOBHSX MOXET
npuBecTH K 3aHKeHHbIM Ha 101b u Oosee pesynbratam, B OCOOCHHOCTH HAa HHU3KHX

qaCToTax.
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