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B crarbe oOpaiiaercsi BHUMaHHE Ha TO, YTO B METOJUKE pacyera IIymMa CUCTEM
BCHTUJIAIUH, HCHOJIB3y€MOI>i IIpU NPOCKTUPOBAHUU TAKUX CUCTCM, HC YUUTBIBACTCA
U3NTydeHHEe U3  OKOHEYHBIX  OTBEPCTUHA  BO3AYyXOBOJOB, CBA3aHHOE C
peBepOepallMOHHBIME 3BYKOBBIMU TOJISIMH B BO31yxoBojax. [lomydena ¢opmyna
JUIS  pacdera 3BYKOBOM MOIIHOCTH, U3Iy4yaeMOM U3 OTKPBITOIO KOHIA
BO3[yXOBOJa, C Yy4YETOM OTTOKa OJHEPrHH U3 peBepOepaloHHOTO TIONS B
BO3JYyXOBOJIE 4epe3 ATo oTBepctue. Ha mpumepe TUNHUYHOW BEHTUIISLIMOHHOMN
CUCTEMBI IIOKa3aHO, YTO PE3YyJbTaThl pacuera M0 CTAaHJAPTHOW METOJUKE MOTYT
oKa3arbcd 3aHmKeHHBIMA Ha 10 ob u Oouee.

[enpro aKyCTMUECKOTrO pacyeTa CHCTEMbl BEHTWISALUU Ha CTaJAUU TPOECKTHUPOBAHUS
SIBIISIETCSL OTIPEICICHNE 0KUAeMbIX YPOBHEH 3BYKOBOT'O JABJICHHS B MOMEIICHUSIX W/WIIK Ha
npuieramei TeppuTopuu. VcXoqHpIMU JaHHBIMU U1l TAKOTO pacueTa SIBISIOTCS YPOBHHU
3ByKOBOM  MOINHOCTH,  H3Iy4acMOM  OKOHEYHBIMM  YCTPOMCTBAMH  BO3JYyXOBOJOB
(BO3yX03a00pHUKAMHU U BO3JLyXOPACIIPEICIUTENSMH ), KOTOPBIE TAKKE PACCUUTHIBAIOTCS.

B ocHOBe pexkOMeHIyeMOW [UIsi IIPOCKTUPOBIUMKOB METOAMKH pacdera 3BYKOBOU
MOIIHOCTH, M3Iy4aeMON OKOHEYHBIMHU YCTpoMcTBaMM [l], JEXUT OONylIEHHWE O TOM, 4TO
3BYKOBasi JHEprus, H3JIydyaeMmas BEHTWIATOPOM, CHI)KAETCA IIPU PACIPOCTPAHEHUU I10
BO3JyXOBOJY 3@ CUET JUCCHUIIATUBHBIX IOTEPh, OTTOKA SHEPIUU 4YEpe3 CTEHKH U 3a CUET
OTpPaXEHMsI OT NPENATCTBUN (IIOBOPOTOB, PA3BETBICHUM, CY)KEHUH IONEPEYHOrO CEUEHUS,
OTKpBITOTO KOHIA W T. A.). Ilpuuem, sHeprus, oTpa’keHHas OT NPENATCTBUMN, MOJHOCTHIO
MOTJIOIIAETCS B BO3/AYXOBOZE, OOpaTHBIA TOTOK OSHEPruM He YyduThiBaeTcs. OleHuMm
000CHOBAHHOCTb ATOTO JOMYILICHHS.

PaccMoTpuM 3amosIHEHHYIO BO3AYXOM M 3aKpPBITYIO C 00OMX KOHIIOB TPYOy C aOCONIOTHO
XKECTKUMHU CTEHKaMH B BaKyyMe, B KOTOPOI HaXOIUTCS UCTOYHHK IIyMa. B TpyOe BO3HUKAIOT
CTOSYME 3BYKOBBIE BOJIHBI (peBepOepallmoHHOE 3BYKOBOE 1oiie). Best akycThueckast SHeprus,
BBOJMMAs B TpyOy, npeoOpa3yercssi B TEIUIO 3a cueT aedopmanuu cpeabl B Tpyde mpu
KosiebaHusx. Yem OoJblie TOTIIONIEHHE SHEPruM (BHYTPEHHHE IOTEpPH), TEeM MeEHbIIas
aMIUTUTy/Aa KosiebaHuit TpeOyercst Ui MOJHOrO NpeoOpa3oBaHUS BBOJMUMON SHEPrUM B
TEII0. DTOT OYEBUAHBIN ()aKT MOXKHO NPEICTaBUTh B BHUJE YPAaBHEHHS SHEPreTHUECKOTO
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Au=W,, (1)
rae W, — BBoguMmasl B TpyOy HHeprus (MOIIHOCTh HCTOYHUKA 3ByKa), U — OOBEMHasd
IJIOTHOCTh DHEPTUU  peBEepOCpallMOHHOTO MO B Tpyoe, A — KodhduiumeHrT,

XapaKTEePU3YIOUIUH TOTJIONIEHUE SHEpTuH B TpyOe (OTTOK SHepruu). B obOmem ciydae
A=wnV ,rne @ — Kpyropas 4actoTa, 1) — K03()(HULIUEHT MOTeph MPH KOJEOAHUSIX CpeJIb

B TpyOe, V' — BHYTpeHHUN 00BbEM TPYOBI.

Ecnmu wuMmnenanc CcTeHOK TpyObl KOHEYHBIM, a CHapyKd HaxOIHTCi cpena, To
JIOTIOJTHUTENIbHBIE TIOTEPU  CBSI3aHBI € BO3OYXKICHHEM KoyieOaHMH B CTEHKax W
pactpoCTpaHEHHEM SHEPruM B OKPYXKAIOIIYI0 Cpeay. OTH JIOTOJHUTENbHBIE TOTEPH
BKJTIIO4at0TCs B KO3 urment A .

Ecnu paccmarpuBaemasi TpyOa MMEET OTKPBITBIM KOHEI, TO YacTb 3BYKOBOH MOIIHOCTH
MCTOYHHKA M3JIy4aeTCsl U3 OTKPBITOTO KOHIIA B BU/E OCTyIIMX 3BYKOBBIX BOJIH. Jlpyras yactb
MOIITHOCTH, OTPa)kasicb OH OTKPBITOTO KOHIIA 32 CYET CKauKa aKyCTHUECKHX CONPOTHBIICHHH,
pacxojnyeTcst Ha (OPMHPOBAHUE pEeBEpOECPAIIIOHHOIO 3BYKOBOT'O 1Mo B TpyOe. B koHeuHOM
UTOT€ 3Ta HHEPIrUs YaCTHUHO MOromaercs (MepexonuT B TEIJIO, PaCHpOCTPAHAETCS yepes
CTEHKH TpYyOBbl), U, TJIABHOE, YACTUYHO M3IYy4aeTCsl 4Yepe3 OTKPBITHIM KoHel. Takum obpazom,
3BYKOBasl MOIIHOCTb, H3JIydyaeMmas W3 OTKPBITOIO KOHIA, CKJIAAbIBAaeTCs U3 JABYX
COCTABIJIIIOLINX: Oerymiel, KOTOpas pacCUMTBHIBACTCA 110 CTAaHAAPTHOM METOJHKE, U
COCTABJISIIONICH, CBA3aHHOM C peBepOepallMOHHBIM 3BYKOBBIM II0JIeM B TpyOe, KoTopas
CTaH/IAPTHOW METOJIMKON HE YUUTHIBACTCA.

VYpasuenue (1) aist TpyObI ¢ OTKPBITHIM KOHIIOM HMEET BH]L
Au+Wd +VV0[ :VVm’ (2)

rae W, — MOIIHOCTb, INOINIONAaeMasl IpU PaCHpOCTpaHEHUW Oerymie BOIHBL, W,

ot
MOIITHOCTb, U3TTy4aeMasi U3 OTKPBITOrO KOHIIA TPYOBI C OETYIMMH 3BYKOBBIMHU BOJTHAMHU.

OTI[GJ'H:HBIG cllaracMbI€ B JICBOM YacTH YpaBHCHUA UMCIOT BHU/:

W, =W,L; 3)
W, =W,(1-8L), )
rae 0 — Ko3((GUIKEHT, ONMMCHIBAIOIINNA CHI)KCHHE MOIIHOCTU IPU PACIPOCTPAHCHUH MO
TpyOe amuHoi 1 M, L — anmuHa TpyObl, T — KO3(QOUIMEHT MPOXOKICHHUS SHEPTHH Yepes3

OTKPBITHIN KOHEIl TPYOBhl B CBOOOHOE MMPOCTPAHCTBO;

A=wnV +Sct, 5)
rae S — MJIOHIaas MONEPEeYHOTO0 CEYEeHUs: TpyObl, ¢ — CKOpPOCTh 3ByKa B Cpe€le BHYTPH
TpyOBI (B BO31IyXe).

[ToncraBum (3) (4) u (5) B ypaBHenue (2):
(onV +Sct)u+W, SL+W, (1-8L)y =W, . (6)
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Ortcrona Hali1eM MIIOTHOCTh YHEPTHH peBepOepallMOHHOTO MOJIsl B TpyOe:

LW, (-dL-(-dL)) _w,(1-dL)fi-7)

onV +Sct - onV +Set )

IMpu 7=1 (OTpaskeHHWE OT OTKPBHITOrO KOHIA OTCYTCTBYeT) miu OL =1 (Bcs sHeprus
UCTOYHUKA IMOIJIOLIAETCSI HAa IYTH  paclHpoCTpPaHEHUs A0  OTKPBITOrO  KOHIA)
peBepOepanroHHoe 1oJie B Tpyoe He oOpazyetcs (u =0).

CymmapHas 3BYKOBasi MOILIHOCTb, H3JIydaeMmasi M3 OTKpBITOIO KOHIIA, paBHA CyMME
MOITHOCTEW: M3IydaeMol ¢ OerymMMy BOJIHAMH M OTIABAaeMOM dYepe3 OTKPBHITHIH KOHEIl
peBepOepaIIOHHBIM TTOJIEM:

w, =W, (1-6L)+Sctu . (8)

[MoxcraBus (7) B (8) momyunm

Wm(l—éL)(l—T):W (-o0f o+ Set(1-1)

W, =W, (1-6L)+Sct
onV + Sct onV +Sct

o

9)

ITpu otcyrcTBuM noTeps B Tpyde (6 =0, n=0) W, =W, . DTOT BBIBOA COIIacCyercs

3aKOHOM COXpPaHEHHMs dHepruu. B To ke Bpems mpu pacueTe 1o CTaHAapTHOM meTouke [1]
MOIITHOCTh, HM3Jy4aeMas W3 OTKpPBITOTO KOHIIA TPYObI, OKa3bIBaeTCSI MEHbIIE MOIIHOCTU
MCTOYHHUKA 3BYKa Ha BEJINYMHY NIOTEPh HA OTPAXXKEHUE OT OTKPBHITOrO KOHIIA.

Paccunraem ans npuMepa 3BYKOBYIO MOIIHOCTb, U3JIy4aeMy M3 BBIXOJHOIO OTBEPCTHUS
Bo3ayxoBoga juamerpoM 100 MM M JiauHONW 2 M, THUNMYHOMY JJIsi TpPakTa CHCTEMBI

BEHTUJISALIMH, CBSI3BIBAIOIETO BEHTHIISITOP C OTKPBITHIM BO3ayxoM. Koadduituentsr 7, & u 1

pacCYMTHIBAIOTCA MO JAHHBIM, IPECTABICHHBIM B MeTOAMKE [ 1], creayromum o6pazom.

B wmeromuke [1] npuBeneHbl BEIWYMHBI CHM)KEHHS OKTAaBHBIX YpPOBHEHW 3BYKOBOM
o
MOIIHOCTH B PE3YJIbTaTe OTPAXKEHHUS OT OTKPHITOrO KOHUA Bo3ayxoBoaa (AL, tabi. 24 [1]).
Hcnonb3yemblii HaMu KO3(PGUIIMESHT MPOXOXKICHUS T PACCUUTHIBACTCS 1O (hopmyrie

ALy
=10 10 (10)

Koaddurment O BoIpakacTcst yepes MpuUBEACHHBIC B METOAUKE [ 1] BETMYMHBI CHUKEHHSI
OKTABHBIX YPOBHEW 3BYKOBOW MOIMHOCTH B Ab Ha 1M [IJIHHBI TPSAMBIX YYaCTKOB

BO31yx0B0J10B (AL’ , Tabmn. 20 [1]) cnexyromnm o6pasom:

§=(-105m)p (1)

Koaddumment motepp 1 cBsizaH ¢ Kod(PPUIIMEHTOM 3aTyXaHHs B TPOCTpPaHCTBE (Mpu

pacIpoCcTpaHeHNH 3ByKa BJIOJb TPYObl) 5 COOTHOIIEHHEM

n=2pc/w. (12)
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Koapdunuent 3atyxanust B BIpaKaeTcs depe3 aMIUIATY/IbI 3BYKOBOTO JaBJICHHS B JIBYX

Toukax (A u P, ), pasHECEHHBIX HA pacCTOSHUE / :

1. P
=—ln—L.
B M (13)

HCIIOJIBb30BaAHHUECM BCIINYHHEI N3 MCTOOUKH IMOJIY4HUM
C AL 1

AL
B=1In10?2 ; (14)
AL,
p_ 20t e (15)
[0)

Pesynbratel pacdera KO3pPHUIHUEHTOB T, O W 1] U1 pacCMaTPHBAEMOIO BO3IyXOBOA

npeCTaBICHbI B Tabuie 1.

Tabnumna 1. Koaddunuenrsr 7, 6 u n

CPEIHEreOMETPHUECKUE YACTOThl OKTaBHBIX TOJIOC, ['11
63 125 250 500 1000 | 2000 | 4000 | 8000
AL;, 1B, Ta6m. 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/m, 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 Tabn. 2 (crpoka 1) mpeacTaBieHbl 3HAYCHUSI PA3HUIBI YPOBHEW 3BYKOBOW MOIITHOCTH,
U3ITy4aeMol U3 OKOHEYHOTO0 OTBEPCTHUS BO3IYXOBOJA, PAaCCUMTAHHOHN C ydeToM U 0e3 yuera
00paTHOro MOTOKAa MOIIHOCTH, YTO COOTBETCTBYET paccMaTpUBaeMoOi OmIMOKe pacyera Io
cTaHJapTHOU MeToauke. 3 Tabi. 2 BUAHO, YTO B JAaHHOH pealbHON CUCTEME BEHTUJISAIUK 0e3
TIYIIUTENS omnoKa pacuera mpesbimaet 10 n1b Ha HU3KMX yacToTax.

BrImonHuM aHaTOTHYHBIN pacyeT A7 BO3AYXOBOJAA C OTHOCUTENIbHO BHICOKUMU MOTEPSIMU,
KOTOPBIE XapaKTEPU3YIOTCSA CHUKEHHUEM OKTABHBIX YPOBHEH 3BYKOBOM MOIIHOCTH 15 nb Ha
1 M JIMHBI BO3yX0BOJIa BO BCEX OKTAaBHBIX (uiIbTpax. Pe3ynbTaTsl pacueTa npeacTaBieHbl B
Tabn. 2 (ctpoka 2). OdeBWaHO, YTO OIMOKA pacueTa, CBsA3aHHAs C TNpPEHEOpeKECHUEM
00paTHBIM TOTOKOM MOUIHOCTH, YMEHBIIIAETCS IPU YBETMYEHUH MTOTEPh B BO3TyXOBO/IE.
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Tabmuia 2. Pa3auia ypoBHE# 3ByKOBOH MOIITHOCTH, U3JIy4aeMON U3 OKOHEYHOTO OTBEPCTHS
BO3/IyXOBOJIa, PACCUUTAHHOMU C YYETOM H 03 yueTa 0OpaTHOro MOTOKa MOIIHOCTH, 1b

CPECAHECTCOMETPUUCCKHUE YaCTOTEI OKTABHBIX ITOJIOC, FH

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 NOTEPU B CHUCTEMAX BEHTWISILIMM BHOCSTCS TIYLIMTENSMHU IIyMa aKTUBHOTO
TUIA, COACPXKALIMMHU 3BYKOINOIVIOIIAIOIINE MaTepuaibl. MOXXHO MNpEANOI0kKUTh, YTO B
CUCTEMAX C IIIYIIUTENSMU IIyMa IOTEPH HAa CPEAHMX M BBICOKMX YacTOTaX HOPMHPYEMOIO
nuanaszoHa (250-80000 I'm) moctaTOYHO BENMMKH, M OOpaTHBIM MOTOK SHEPTUU HE BHOCHT
3aMETHOTO BKJIaJla B CyMMapHbI€ YPOBHM 3BYKOBOW MOIIHOCTH, M3JIy4a€MOW OKOHEYHBIMU
OTBEPCTUSAMHU BO3AYyXOBOJOB. OHAKO, 3PPEKTUBHOCTh OOBIYHO MPUMEHSIEMbIX TIIyHIHTEICH
AaKTUBHOI'O THIAa Majla WK paBHa 0 Ha HU3KMX 4YacTOTaX HOpMHpyeMoro auamnasoHa (31,5 u
63 I'r). Ilpu 3TOM MOTEpU 3BYKOBOW MOIIHOCTH OOYCIIOBJIEHBI B OCHOBHOM IPOXOXKJIECHUEM
SHEPTUU Yepe3 CTEHKU BO3JyXOBOAOB. JTH MOTEPU TAKXKE Mallbl, OCOOCHHO JIsi LIMPOKO
NPUMEHSIEMbIX IHJIMHAPHYECKUX BO3AYXOBOJOB. TakuM 00pa3oM, CyMMapHble MOTEpH B
cUCcTeMaxX BEHTHISAIUHN HAa HU3KMX YaCTOTaX MOTYT OKa3aThCsl HEAOCTATOYHBIMHU, YTOOBI TIPU
NPOBEICHUN pPACUYETOB MpeHeOperaTb MU3Iy4eHHEM pPeBepOepallMOHHON COCTaBISIONICH
3BYKOBOTO IMOJIsI B BO3AyXoBojax. Pacuer mo meronuke [l] mpu 3TUX YCIOBUSIX MOXKET
npuUBeCTH K 3aHKeHHbIM Ha 10 nb u Oosiee pesynbraTam, B OCOOCHHOCTH HA HHU3KHX
4acToTax.
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