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BBEAEHUNE

AuccunaTuBHbIE TIYIIMTENN LIyMa IIUPOKO UC-
MOJIb3YIOTCS AJSI CHUKEHUS Ta30AMHAMUYECKOTO
myma maiuH. Mx pacuyeTy nocBsiieHo 00JiblI10e KO-
JINYECTBO PabOT OTEUYECTBEHHBIX U 3apYOEKHBIX aB-
TopoB. [Ipu 3TOM HIMpOKOEe pacnpocTpaHEeHUE Mo-
JIyYUJIM pa3IMYHble METOIBI UX pacyera, Kak aHajIu-
tuueckue [1—10], rak u yncnennele [11, 12]. B [13]
MPOBENEHO CPAaBHEHUE ITUX JBYX MOAXOIOB pacuera
JUCCUTIATUBHBIX IiyliuTeseil myma. Bmecte ¢ Tem
TaKWe METOJbl MO3BOJSIOT PelIaTh TOJbKO MPSIMYIO
3ajauyy — oIlpeaeeHue aKyCTUYeCKUX XapakTepu-
CTUK IIIyLIMTENIs 3aJaHHOM KoHpurypauuu. OgHako,
pelieHre oOpaTHOI 3agauu, 6oJiee BaXXHOI Ha Mpak-
TUKE, O OTNpPeaeeHNI0 KOH(MUTYpallUK TIYIIUTENS C
3aJlaHHOI 2(p(PeKTUBHOCTHIO TPU €T0 MUHHUMAJbHOM
o0beMe WM ¢ MaKCUMaJbHOMI 3 (heKTUBHOCTHIO TIPU
3aJJaHHOM 00beMe He OCYILeCTBISIIOCh. PelieHue Ta-
KOTo pojia ONTUMU3ALMOHHOM 3alaul MPUMEHUTEb-
HO K PEaKTUBHBIM MIYLIUTEISIM LIyMa, OCHOBAHHOE
Ha MCTIOJb30BaHUM UHTETPpaIbHBIX TTOKa3aTesieit aky-
cTuyeckoit apdekTuBHOCTU, MpuBeneHo B [14, 15]. B
[15], moMuMoO 3TOTO, IIPU ONTUMMU3ALNN PEAKTUBHBIX
DIYLIMATENIe NPelIoKeHO UCI0JIb30BaTh 0e3pa3mep-
Hble FeoMeTpUUYecKue MmapaMeTpbl, YTO MO3BOJISIET
COKpPaTUTh BPEMEHHBIE 3aTpaThl Ha MOAOOp UX Te-
OoMeTpuueckoit KoHdurypaiuu, odbecreyrBaloliei

EDN: ZKSOYA

TpedyeMyI0 aKyCTUYECKYIO 3(P(HEKTUBHOCTD IIYIIU-
TeJIsl IPU 3aJaHHBIX OTpaHUYEHUSIX.

CrrenmduKa ONTUMHU3AINN TUCCUTTATUBHBIX TIIY-
IIUTENEH IyMa 3aKIi09aeTcsl B HAITMIUU B HUX 3BY-
Konoriomaioniero matepuana (3I1M). Mcciaenosa-
HUSI TI0 ONITUMU3ALUU AUCCUTIATUBHBIX DIYLIUTEISH
1ryma 6uUM TipoBeeHHl B [ 16, 17]. Kpome Toro, 3mech
clielyeT OTMeTUTb U padoThl [18, 19], B HUX Takxe
paccMaTpuUBaeTCs ONTUMU3ALUI TEOMETPUYECKUX
napaMeTpoB TaKoro poja riyiuTteneii. JlanHas pa-
60Ta ABIICTCS MaTbHEUIITNM pa3BUTHEM HCCIIeI0Ba-
HU 110 ONTUMU3AIMN TUCCUTTATUBHBIX TIYITATEICH
1IIyMa C UCI0JIb30BaHEeM 0000IIIeHHbBIX TOKa3aTeaei
3 GeKTUBHOCTU U Ge3pa3MepPHBIX TeOMETPUUECKUX
mapaMeTpoB.

KPUTEPUU OHEHKH 5OOEKTUBHOCTU
NMIYIODUTEJIEN IHYMA

[nmymmrens mryma sSIBJasSIeTCS Y4aCThIO Ta30IMHAMM-
YeCKOIl CUCTEMBI, B KOTOPYIO OH YCTaHaBJIMBaETCH,
HampuMep, B CUCTEME BbIITyCKa OTPaOOTaHHbBIX ra30B
JIBUTaTeIs BHyTpeHHero cropanus. [Toatomy akycTu-
yeckas 3¢ (PeKTUBHOCTh TAKOTO IIYLIWTEIS JOJKHA
OIPeAesIThbCS C Y4ETOM XapaKTepPUCTUK ITOM CUCTE-
Mbl. B KauecTBe mokaszaress akyCTu4eckoil agek-
TUBHOCTU TJIYLIUTEJISI UCITONB3YIOTCSI TaK Ha3bIBaeMble
BHOCUMBIE TToTepu /L. BHOCUMBIE MOTEPU SIBIASIIOTCS
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OMNTUMUBALIMA AUCCUTTATUBHBIX TAVIIUTENEN IIYMA

(byHKIIMEIT YaCcTOTHI 3ByKa M Ha i-TOM YaCTOTE OIlpemne-
JISIIOTCSI COOTHOLLIEHUEM:

IL; = Ly; — L; , 1B, (1)

roe Ly, 1 L; — ypOBHM 3ByKOBOTO [ABJIEHMS B KOH-
TPOJBHOI TOYKE Y cpe3a BBIITYCKHOM TPYOBI IJis BBI-
MYCKHOI CUCTEMbI COOTBETCTBEHHO 0€3 IITyLIUTENS U
C TIIYIIUTETIEM.

B TexHMYeCKOIl aKyCTHKe TaKXe HCIOJb3YIOTCS
CKOPPEKTUPOBAaHHbBIE YPOBHU 3BYKOBOTO JaBJICHUS.
Koppekuusi, Kak mpaBuio, OCyLIECTBISIETCS MO 1lKa-
Jie A, YIUTBIBAIOLIEH 3aBUCMMOCTD YYBCTBUTEILHOCTH
YEJ0BEUYECKOro yXa OT YaCTOThI 3BYKa. 3aMETUM, YTO
npu 1nepexone B (1) K CKOppeKTUPOBAaHHBIM YPOBHSIM
3BYKOBOTO AaBieHus L, n L, 3Ha4YeHUS] BHOCUMBIX
norepsb /L, He uaMeHstoTca. [ToMuMo 3TOTrO, UCTIOJb-
3yeTcsl Takasi MHTerpajibHasl XapaKTepUCTUKA KaK ypo-
BeHb 3ByKa, uaMepsiemblii B 1BA. Eciu B paccmaTpu-
Ba€MOM YaCTOTHOM Mana3oHe coaepXutcs N auc-
KPETHBIX 3HauYeHuii L, u L, ;, TO COOTBETCTBYIOLLINE
5TUM BEJIMYMHAM YPOBHM 3ByKa L ,, 1 L, onipenensarcs
bopmynamu:

N N
Ly =101g| S 10%1Fa0 |1 = 101g] S 10" a1 | (2)

i=l i=l

B cooTBeTcTBMU ¢ 3TUM 1o aHajoruu ¢ (1) BBoO-
ISITCSI B pacCMOTpeHMre 000011eHHbIe BHOCUMBIE T10-
tepu OIL:

N
OIL = Lyg — Ly = Lyg —101g| Y 10 Ea0i~1 | qpA (3)

i=l1

N3 popmynsl (3), B YaCTHOCTU, CIIEAYET, UTO KOT-
Ja BHOCUMBIe niotepu /L;= L, T.€. KOTIa IIyM B BBI-
MYyCKHOI CUCTEME C TIIYLIUTENEM MTOJHOCTBIO MOJABIIS -
€TCsI, TO TOTIa 0000IIIEHHBIE BHOCUMBIEC TTIOTEPHU PaB-
Hbl YPOBHIO 3ByKa Ha BBIXONIE CHCTEMbI BbIMycka 0e3
DIymmUTeNns. TakuM o6pa3oM, yCTaHOBKA TIIYIITUTES
TeM 2 deKTUBHEe, YeM OJMKEe CTAaHOBUTCS 3HAYEHUE
0000IIeHHBIX BHOCUMBIX ITOTEPh K YPOBHIO 3ByKa CH-
CTEMbI BbIMyCKa 06€3 TIyIIUTeIs.

Paccmotpum ciyyaii, Korna CrieKTp He 3aniyllieH-
HOTO IIIyMa paBHOMEPHO paclpenesieH Mo 4acToTe, T.€.
KOTZa BO BCeX noJiocax yactot L, = const. [Ipn aTom,
OYEBUIHO, OyIET UMETh MECTO COOTHOIIEeHUE L ,, =
L,,— 1gN, Bcnencreue yero ypapHeHue (3) MPUBOINT-
cs1 K BULY

N
B 1 ~0.11L;
OIL =-101g NZI‘}O (4)
i=
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Crnenyer OTMETHUTB, UTO BHOCUMBIE TToTepu /L,
Kak 1 ux 06o06menue OIL, HanboJIee IMOJIHO Ompeae-
JISIOT aKyCTUUYECKYI0 d(OEKTUBHOCTD IYIIUTES IS
paccMaTpUBaeMOli Ta30AMHAMUYECKON CUCTEMBI, TaK
KaK OHHU 3aBUCAT HE TOJILKO OT ITapaMeTPOB CaMOro
[JIYIIUTENS, HO U OT ITOJIOXKEHUS TJIYIIUTENs B CUCTE-
Me, a TakKXe OT psja mapaMeTpoB caMOi ra30qMHa-
MUWUYECKOI CUCTEMBI, ONpeesieHrue KOTOPhIX CaMo 10
cebe mpencraBisgeT coboii HenmpocTylo 3agavy. K Ta-
KUM TTapaMeTpaM IpeXkae BCero OTHOCUTCS aKyCTH-
YeCcKMUii UMIeIaHC UCTOYHUKA 3ByKa, HalIpuMep IBU-
ratesst BHyTPEHHETr0 CropaHusl.

B 3T10i1 cBS3U OONBIIOE pacnpocTpaHEHUE MO-
JIyuyns 6osiee IpocToii mokaszaTeiab 3¢ HeKTUBHOCTHU
TIyLIUTENeH, TaK Ha3blBaeMble Notepu nepenaun 1L,
KOTOpbIE ONPENENsIOTCs yepes Jorapucdm oTHOIIIE-
HUS 3BYKOBOM MOIIIHOCTU MMajalolieii BOJHbI Ha BXO-
Jle TIYIIUTENs K 3ByKOBOH MOIIIHOCTHU Mpolieaei
MIYIIMTEb 3BYKOBOU BOJIHBI, MPU 0€33X0BOI (cora-
COBaHHOI1) Harpyske Ha ero Bbixone. B omiuuuu ot
BHOCHUMBIX NoTepb /L; morepu nepenayu 7L, onpe-
JEJISIIOTCSI TOJIbKO MapaMeTpaMu caMOTO TIYILIMUTENS,
0€3 MPUBSI3KHU K CUCTEME, B KOTOPOI OH YCTaHOBJIEH.
3aMeTUM, UTO BHOCHUMBIE MTOTEPU MPeoOpa3yloTcs B
noTepu nepenavyu, NMpu ycjaoBUU, YTO B pacCMaTpu-
BaeMoOM cucTeMe UMIMENaHC UCTOYHUKA 3BYKa U UM-
neJaHc U3Jy4YeHUs Ha cpe3e BhIITYCKHOU TpyObl COOT-
BETCTBYIOT 6€33X0B0Oii Harpyske. [1pu aToMm no aHajo-
MU ¢ 0000IEHHBIMIA BHOCUMBIMU TTOTEPSIMU MOXKHO
BBECTU B pacCMOTpeHue 0000IIeHHbIE TTOTEPU Tepe-
JlayM, KOTOpbIE ISl cliydyasi paBHOMEPHOTIO MO 4acTo-
T€ BXOIHOIO CIIeKTpa MPUHNUMAIOT BUI:

N
OTL =-101g %210““”:' (5)
i=1

B nanpHeiileM aHaIu3 U ONTUMU3AIUS AUCCUTIA-
TUBHBIX [JYIIUTENEH 11yMa OyayT IPOBOIUTLCS, OC-
HOBBIBAsICh HA PACCMOTPEHUM UX TTOTEPh Mepenadu 1
0000IIIEeHHBIX TTOTEPh Mepeaadn.

[NOTEPU INEPENAYUN
AUCCHUTIATUBHOTI'O INYIUIUTEA

PacueTHast cxema OMCCUIIATUBHOTO TIYIIMTEIIS
npeacrabieHa Ha puc. 1. UcxogHBIMU TeoMeTpuye-
CKMMM TMapaMeTpaMUy DIYLIUTEIS SIBIISIIOTCS €ro IJTH-
Ha L, nuametp D, a TakxKe guaMeTp d BXOIHOIO U
BBIXOJHOTO MaTpyOKOB IYIIUTENS, COBITANAIONINIA C
BHYTPEHHUM IUAMETPOM Tep(hOpUPOBAHHON TPYOHI.
Cama nepdopupoBaHHas Tpyba ONpenenasieTcst TOJI-
IIUHOM CTEHKU f, IMAMETPOM OTBEPCTHUI nmepdopa-
unu d, n KoadduureHToM nepdopauuu o, paBHbIM
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Puc. 1. PacuetHas MOIECIb IMCCUITATUBHOI'O INIYIHIUTEIIA 1IyMa.

OTHOILIEHUIO OO0ILEeH TI0Iaad OTBEPCTUI HAa TTOBEPX-
HOCTU nep(opupoBaHHON TPYOBI K MIOLIAANU ITOM
noBepxHocTU. OO0BbEM TAYIIMUTENS, 3aNOJHEHHBIN
BoJIOKHUCTBHIM 3IIM, xapakTepusyeTcsi KOMIIIEKC-
HBIMU BOJIHOBBIM COINPOTUBJIEHUEM Z U TTOCTOSIHHOM
pacnpocTpaHeHUs k. B KauecTBe OCHOBHOM aKyCTH-
YeCKO# XapaKTEepUCTUKU TIYIIUTES paccMaTpuBa-
[OTCSI TIOTepH Tiepenadyu 7L, KOTOpble OLIEHMBAIOTCS
KaK 3KCITepUMEHTAIbHO, TaK U PaCYCTHBIM ITyTeM, Ha
OCHOBE OIlpeieJIeHUs] 3ByKOBOTO JaBJIEHUSI BO BXOJ-
HOM U BBIXOJIHOM TaTpyOKax rayuurenst (puc. 1) u
MoCJenyolIero nepecuyera NoJy4eHHbIX 3HaYEHU I 10
MeTony Tpex Touek [13].

BaxxHbIM 3B€HOM MpPU MOJAEIUPOBAHUU AHUCCUTIA-
TUBHOTO MJIYLIUTEJIS SIBJISIETCS 3aJaHue XapaKTepu-
ctuk BojiokHuctoro 3IIM. Ha npakTtuke akycTtuye-
CKHE XapaKTEepUCTUKMU TaKOro MaTepuasa Kak Ipa-
BUJIO OTIMCBHIBAIOTCSI DMIUPUIECKUMU (DopMyiaMu,
HarnpuMep, Henanu baznau [20], koTopbie onpenes-
10T cpeny co 3IIM 4yepe3 NOCTOSIHHYIO paclpocTpa-
HeHud k, U UMIIeJaHC Z, B BULE:

—ay
Z, =pycy| 1+ q [pof) —iag (Mj ,
rm

—ag
—lay [_p’?fj ,
m

e p, — IJIOTHOCTh BO3/yXa, KI/M>; ¢, — CKOPOCTh
3ByKa B BO3zyxe, M/c; k, = 2mf/c, — BOJIHOBOE YHUC-
1o, 1/m; f — vacrora 3ByKa, [1; . — conmpoTuBie-
nue notoky 3I1M, Ia ¢/M?%; a,, a,, ... ag — HEKOTOpbIE
Oe3pazMepHble KO3(hOUIIMEHTHI, OIIpeaesisieMble 9KC-
nepuMeHTaabHO [21].

(6)

k, =k, 1+a5[p0fj (7

OCHOBHBIM MapaMeTpoOM, OIMPEACISIONIUM aKy-
ctuuyeckue xapakrtepuctuku 3IIM B ¢opmyrnax

Hemanu baznu, SBIsIETCS €ro COMPOTUBJIEHUE TOTOKY
r.,, onpenensieMoe opmyinoit [22]:

HO pm
m d2 . (3)
rae U, — ko3GGUIueHT TMHAMUYECKOI BSI3KOCTH
BO3Iyxa, W, = 1.81x107° I1a c; d, — nuamerp BOJIOK-
Ha 31IM, M; p,, — oObeMHast IIoTHOCTH 3[TM, Kr/M°.

Bxonsmas B (8) 6e3pazmepHas noctosiHHas C 3a-
BUCUT OT ayameTpa BojiokHa 3I1M, mpuuem 3Ta 3a-
BUCUMOCTb 00paTHO nponiopuuoHanbHas. st 3[IM
C IMaMeTPOM BOJIOKHA dy, = 107> M 9KcriepuMeHTalb-
HO YCTaHOBJIEHO [22], UTO 3HAaYeHUE ITON MOCTOSIH-
Hoit Cy = 1.2x1073. Torna mist 3TIM ¢ rpyrum auame-
TPOM BOJIOKOH, d,, TOCTOssHHAd C ONpPenenTCs COOT-
Howenuem C = Cyd,/d,,. Ilpu aTom dopmyna (6) ans
conpotuBieHus notoky 3IIM npuBoauTCs K BUIY:

. —12x10_Ho_ P _151><10—5‘Z,m

9
dods o] E

Takum obGpa3zoM, CONMPOTUBJIEHUE MPOJYBAHUIO
BosiokHUcTOoro 3I1M okasbiBaeTcs 0OpaTHO MPOTOp-
LIMOHAJIbHBIM MaMEeTPy €ro BOJOKHa.

Hns 0600111eHUSs MoJIy4aeMbIX pe3yJIbTaTOB pacue-
TOB 1 peaau3alii BO3MOXHOCTH ONTUMU3ALINU KOH-
(urypanuu nuccunaTUBHBIX DIYLIUTENE BBENEM B
paccMoTpeHue 6e3pa3MepHbie FeoMeTprUUYeCcKre rmapa-
METPHI TIYLIUTENS, YTO B AabHEl1IlIeM MO3BOJIUT Te-
PEITHU K MOHATUIO MIYIIUTEAI-TpoToTUNA. JIJIsT 3TOTr0
BbIpa3uM BCE T€OMETPUUECKHUE pa3Mephbl MIYLIUTENs
yepe3 JMaMeTp ero BXOAHOTO MaTpyoka d, KOTOPbIit
SIBJISIETCSI UCXOJAHBIM MapaMeTpoOM TpPU MPOEKTUPO-
BaHUM JIIOOOrO TAyUIUTENsl 1yMa, He3aBUCUMO OT
ero Tuna. [Tomumo 6e3pa3MepHBIX CTeTIEHN PacCIIy-
penus m = D?/d? u oTHOCUTENbHOM NIuHbL 1 = L/d
TJIYIIUTENST, BBEAEM B pacCMOTpeHUE Oe3pa3MepHbBIC
AKYCTHUYECKHWM XYPHAJ Ne 3
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OMNTUMUBALIMA AUCCUTTATUBHBIX TAVIIUTENEN IIYMA

TONIIUHY nephopupoBaHHON TpyOnl e = [/d n nu-
aMeTp oTBepcTuil nepdopaunu s = dy/d. bespas-
MEPHBIM SIBJISIETCS TakKKe M Ko3(duuueHT mnepdo-
pauuu o. BeiOpaHHble Oe3pa3MepHbIe TTapaMeTphl
SIBIISIIOTCST OOIIIMMM KaK IJIT PEaKTUBHBIX, TaK U IJIsT
JUCCUTIATUBHBIX TAyIIUTeae myma. OcoO0eHHOCTH
JUCCUTIATUBHOTO TYLIUTENS COCTOSIT B MCTIOJIb30Ba-
Huu TaM BosiokHUcToro 3IIM. Takoit matepuan Mbl
OXapaKTePU30BAJIM BBIIIIE €TO COIIPOTUBICHUEM TTPO-
JYBaHUIO 7', KOTOPOE ComacHo (§) MoOMUMO 0OBEMHOM
IUIOTHOCTH P,, OTIpENENIsIeTCsl TakKe U JUaMeTpoOM
BOJIOKOH d,. B 3T0If cBSI3M B JOMOJIHEHUE K BBEIEH-
HBIM paHee Oe3pa3MepHBIM ITapaMeTpaM BBEIEM ellle
OJIMH — OTHOCUTEJIbHBIN TraMeTp BOJIOKHa ¢ =d,/d.

PacueThl MpoOBOAMINCH HA OCHOBE KOHEYHO-3JIe-
MEHTHOTO MOJeJIMpOBaHUsI B MPOrpaMMHOI cpefe
COMSOL Multiphysics. McxonHbIMU ypaBHEHUSIMU
MpPU MPOBEACHUUN YHCJEHHBIX PACUETOB SIBJISLIUCH
ypaBHeHus I'enbmronbua. Ilpyu MonenupoBaHUU UC-
M0JIb30BaJIOCh PaBHOMEPHOE pa3doueHue odbema riy-
LIUTENSI HA KOHEYHbIe 3JIeMeHThbl. CTEHKU TIIYIIUTENS
paccMaTpuBaIUCh aOCOJIOTHO XECTKUMHU. [paHnu-
HbI€ YCJIOBUS Ha NepOopupoBaHHOM TpyOe, SIBIISIIO-
HIelics TpPaHUILIEH TBYX CPEMl, COOTBETCTBOBAJIN CKay-
Ky 3BYKOBOTO JIaBJICHUS, OTIpeae/iieMOMY UMITeIaH -
coMm nepdopaunu. Cpena BHyTpu 1ep@GoprupoBaHHOMK
TpyObl paccMaTpuBajach HEBSI3KOI ¢ TeMIlepaTypoi
20°C. XapaKTepUCTUKU Cpelbl B 00beMe MIYLIUTE-
Js1, 3anonHeHHoro 3IIM, onuchiBanuch popmy-
mamu (6), (7). Ilpu >ToM 3HAUYEHUST TTOCTOSIHHBIX

(a)
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K02 puLMeHTOB, BXOASIINE B 3TU (hOPMYJIbI, B3SIThI
3 Kjaaccuueckoit padotsl Jdenanu bazmm [20].

Ha nepBoM aTamne omnpenensiiuch MOTEpU Iepe-
Jaun 1L muccUImaTUBHOTO TIYIIUTENS ¢ KO3 hUIm-
eHToM Iepdopauuu Tpyosl 0 = (0.1 ¥ MIOTHOCTHIO
Ha6usku 3[IM p,, = 100 kr/m>. Beutn paccmorpe-
HbI B KOHUTrypauuu raymurens. [lepsas uz Hux
onpenensiack pasmepamu: d = 40 mm, D = 120 MM,
L =300 mm, /=1.5MM, d, = 1 MM u d, = 10 Mxm. Bo
BTOPOIi KOH(UTYpallUU BCE TEOMETPUUYECKUE pa3Me-
pbl, B TOM YuCJie U IMaMeTp BOJIOKHA d,, ObUIN yBe-
JIMYeHBI B ABa pa3a. [Ipu aToMm Oe3pa3MepHbIe TTapa-
METpbI DIYLIUTEIS He udMeHsauch. Ha puc. 2a npen-
CcTaBJIeHBI TpadUKU MoTepu nepegadyn 1L mis 3Tux
JIBYX KOH(Urypaluui miylmurenaei, Kotopble sBs-
IOTCSI TUMMUYHBIMU TSI AUCCUTTATUBHBIX TIYLIUTENEH.
Otimune B rpadpukax 7L mst pacCMOTPEHHBIX KOH-
(burypauumii B ToM, 4TO 1151 TIEPBOI U3 HUX YacTOTa,
COOTBETCTBYlOIIAs MakcuMymy T'L, B 1Ba pa3a BhIlIE,
4eM JIJIS1 BTOPOIA.

st TOro 4TOoOBI COBMECTUTD MOJIyYeHHbIE Ipadu-
KM ¥ TaKMM 00pa3oM ciiesiaTh TOTepU Nepeaadyn yHU -
BepCaJibHbIMU XapaKTEePUCTUKAMU AUCCUTIATUBHOTO
MIYLIUTENsT nepeiaem, caenys [15], oT yacToThl f K
ee Oe3pasMepHoOMY aHanory F = d/A, rne A — AiauHa
3BYKOBOI1 BOJIHBI. 3aMETUM, UTO MpeaebHOE BepXHee
TpaHWYHOE 3HAYE€HUE ITOTO MapaMmerpa F, onpenens-
€TCS U3 YCJIOBUS paclpoCcTpaHeHUs B maTpyoKax miy-
LIUTEJIS TOJIBKO MJIOCKMX 3BYKOBBIX BOJIH, TaK YTO IS
MaTpyOKOB KPYIJIOTO MOMEPEYHOTO ceueHus Fy = 1.2.

(6)
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Puc. 2. [Morepu nepenauu njs nepsoii (/) u BTopoit (2) KoHbUTrypauuii IymuTeas Kak GyHKIMU () — 4aCcTOThl U

(6) — Ge3pa3MepHOIl YaCTOTHI.
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I1pu TakoMm nepexone ot f K F BXxomsaiuii B (hoOpMyJIbl
(6), (7) mapametp (pyf/ r,,) OKa3bIBAETCsl MPOMOPLIM-
OHAJIBHBIM OTHOCUTEIbHOMY JUaMETPy BOJIOKHA d, /d.
Takum 06pa3oM, IMOTepH Tepeaadr TUCCUTIATUBHOTO
JIYIIWATENS B LIeJIOM OYIyT ONpeAesiTbCs TOJAbKO ero
OTHOCHUTEJbHBIMU F€OMETPUUECKUMU pa3MepaMu 1
ioTHocThio 3T1M.

HeiictBUTENbHO, TpachMKU MOTEPh Mepeaadn pac-
CMOTPEHHBIX KOH(UTYpaLUil [IYIIUTEs, KaK (QYHK-
MU 6e3pa3MepHoii yacToThl F (puc. 20), mpakTuye-
CKHM COBNAJAIOT APYr ¢ ApyroM. Takoro pona norepu
rnepeaayd MOXXHO paccMaTpuUBaTh B KaUeCTBE Xapak-
TEPUCTUKU TIYIIUTENSI-TIPOTOTUIIA C OTIPEAETEHHBIM
HabopoM Oe3pa3MepHBIX ITapaMeTpoB. BriOpaB xa-
PaKTepPUCTUKY [IYLIUTENSI-TIPOTOTUIIA, MOXHO, HUC-
XOJisl U3 3aJlaHHOTO JUaMeTpa nmaTpyoka IylmuTens,
MepenTr K 1ecTBUTEIbHBIM pa3MepaM IIyIIUTes.

Ha puc. 3 npencraBieHBl 3aBUCUMOCTHU TTOTEPh
nepegayd IMCCUMATUBHOIO TIYIIUTEIS-TIPOTOTH -
ma oT ImapaMeTpoB ero nep@opupoBaHHON TPYOHI.
OcTanbHbBIe TeOMETPUUECKME pa3MEPBl COOTBETCTBO-
BaJIi paCCMOTPEHHOM BHIIIE TEPBOM KOH(MUTYypalluu
auccuriatTuBHoro rymmurens. Kak ciaegyer us npen-
CTaBJICHHBIX I'padUKOB, yBEJIMYECHUE MOPUCTOCTH
nepdopanuu MPpUBOAUT K CMEILIEHUIO MaKCUMyMa
noTeph IMepeaadyr B 001acTh BbICOKUX YacToT. [Tpu
5TOM MOTEpU Mepenadyud B 3TO 00JIacTU U B LIEJIOM
CYILIIECTBEHHO BO3pacTaloT. AHAJIOTUYHBIM 00pa3oM
U3MEHSIIOTCS TTOTepU Tiepeaayu U MPu YMEHbIICHUN
JuaMeTpa OTBepCTHil nmepdopalnuu, NpaBaa B 3TOM

TL, nB

KOMKMWH wu np.

cllyyae TOTepH Tiepenadyu B 00JIaCTU BEICOKMX YaCTOT
YBEJIMYMBAIOTCS HE CTOJIb 3HAUUTEIbHO, KaK MPU 13-
MEHEHUHU TTOPUCTOCTHU TNepdopaliu. YUuThIBasi, 4To
JUCCUTIATUBHBIC TIYIIUTEIN MTpeaHa3HaYeHbI TIpe-
XKJIe BCEro JJis TallleHUs BhICOKOYACTOTHOIO IIyMa,
Ko dumueHT nepdopaliiu TpyObl cienyer aenaTh
KaK MOXHO OOJIBIIIMM, a AUaMETpP OTBepCTUii mepdo-
pauuu, Ha06OPOT, KAK MOXHO MEHBIIIVM.

Hainee, xaKk cieayeT U3 puc. 4a, yMeHbIICHNUE qU-
ameTpa BojiokHa 3[IM omHO3HAYHO MIPUBOAUT K MO-
BBILIECHUIO 3(PPEKTUBHOCTU TAYIIUTENS, TIPU 3TOM
MOJIOXEHNEe MaKCUMyMa TIOTeph Tiepenady U3MeHsIeT-
cs1 He OueHb cyuiecTBeHHO. C Ipyroii CTOpOHbI, 3aBU-
CcUMOCTb 3((HEKTUBHOCTHU TIYLIUTENST OT INIOTHOCTHU
3IIM 6Gounee cnoxHas (puc. 40). B Hauane ¢ yBenuye-
HUEM ITIOTHOCTH ., 3[IM mortepu nepenaym pacTyr.
3areM Mpu DOCTHXEHUM 3HadeHust P, = 200 kr/m3,
KOTOPOE MOXHO CUMTATh ONITUMAJIbHBIM, MIOTEPU TIe-
penavm IOCTUTAIOT MaKCUMaJibHOTO 3HaueHus. [Tocie
3TOT0 AAIBHENHIINI POCT P, MPUBOAUT K CHUXKEHUIO
rnoTepsb nepenauu rayimureas. OQHaKo, CTPOro roBO-
psi, TOBOPUTb CJIEIYET He 00 ONITUMAJIbHOM 3HAUCHUM
ninotHocTtu 3IIM, a 06 onTUMaTbHOM COIIPOTHUBIIE-
HUM MIPOAYBaHMIO ¥ MaTepualia, KoTopoe depercs 3a
ocHOBY B Mmozeiau Henanu basnu, ucnojib3yeMoii npu
OMUCAaHUM eTO aKyCTUUECKUX XapaKTepUCTUK. Tak
KakK BeJIMYMHA 7 COIJIacHO (&) 3aBUCUT KaK OT BEJIUYU-
HbI IVIOTHOCTU MaTepurasa (ero KBajapara), Tak U M-
aMeTpa BOJIOKHA, TO COIJIACHO 3TOMY, HallpuMep, Ma-
tepuai ¢ p,, = 200 kr/m> u d, = 40 MKM OyIeT UMeTh

(6)

Puc. 3. 3aBucuMocTy nMoTeph Nnepeaayr DIyHuTeaei-npoTOTUIOB OT (a) — MOPUCTOCTU U (0) — AUMaMeTpa OTBEPCTHUIA

nepdopaluu.

AKYCTUYECKHWN XYPHAJ

tom70  Ne3 2024



OMNTUMUBALIMA AUCCUTTATUBHBIX TAVIIUTENEN IIYMA

Te XK€ aKyCTU4eCKUe XapaKTepUCTUKU, YTO U MaTepu-
anc p,, = 100 kr/mM> u d, = 10 MkM. DTO MOATBEPK/IA-
eTCs1 COOTBETCTBYIOIINMU rpacdukaMu Ha puc. 4.

OBOBUIEHHDLIE ITOTEPU INTEPEJAYUN
AU CCUTTATUBHOTIO I'NTYIIUTEJA

Hanee, B cOOTBETCTBUH C (6), OBIIN MOJTYYEHBI
00001meHHbIe moTepu nepenaun OTL nuccumnaTuB-
Horo rnymuTeasi. OHU BBIYUCSIJIUCH B YACTHOM
nuanaszoHe ot 800 I'm mo 4 xI'u. HuxxHsasa rpanuna
9TOro Auaras3oHa omnpenesigach TeM, 4TO, HAUMHAs
C 3TOM 9acTOThl, 3((DEKTUBHOCTh CHIKEHHUS IITyMa
OUCCUTIAaTUBHBIM INIYIIUTEJIEM CTaHOBUTCS IOCTa-
TOYHO BBICOKOW, a BEpXHSsl I'paHUIla — TEM, UTO
OOBIYHO HA MPAaKTUKE UCTOUYHMKM Ta3ogMHaAMUYe-
CKOTO IIIyMa, JJIS CHUXKEHMUS IIyMa KOTOPBIX UCTTOJIb-
3YIOTCS TUCCUTTATUBHBIE TIYIIUTEIN, XapaKTepHU3y-
IOTCS CTIeKTpaMu, OTPAaHUYEHHBIMU 3TOM YaCTOTOM.

Ha puc. 5 npeacrasiensl 3aBucumoctu OTL ot
napamMeTpoB ero nep@opupoBaHHON TYOBI TyIIN-
TeJisl, TOJyYeHHbIE JIS1 TpeX pa3InuyHbIX KOMOWHA-
U 6e3pa3MepHON JJIMHBI 7 U CTEIIEHU pacliupe-
HUg m mnymutens. [1pu aTom 0e3pa3mMepHbIiA 00b-
eM mIymuTesas V' = mn BO BceX TpexX BapuaHTax OblI
MNpakTUYECKU oanHaKoB. [IpeacraBieHHbIe Ha puC.
5a rpadMKM MOKa3bIBaIOT, UTO CHayaja ¢ yBeJauue-
HUeM KoadduuueHTa MOpUCTOCTU nepdopaluuu o
0000I11IeHHbIE TTOTePU UHTEHCUBHO BO3pacTaloT, HO
3aTeM 3TOT POCT 3aMeIsieTcsl, U HauuHasi ¢ o = 0.2,
0000IIeHHBIE MMOTEPU BBIXOMSAT HAa HEKOTOPBIN

(a)
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MOCTOSIHHBIN ypOBeHb (mpeaei), KOTOPhIi yxke He
MeHsIeTCs ¢ JaJbHeHmuM pocTtoM o. Ilepdopanuio
MPY 3TOM MOXHO pacCMaTpUBaTh KaK aKyCTUYECKU
MpO3pavyHylo ¥ MOATOMY He 11eJIecO00pa3HO UCTIOb-
30BaTh B MMCCUITATUBHOM DIIYIIHMTENE Tepdopalinio
c 0 > 0.2. Cnengyer Takxke OTMETUTb, YTO B pacCMO-
TPEHHBIX BapuaHTaX AUCCUMATUBHOTO MIYLIUTENS
Haubosbne 06001eHHbIe ToTepu OTL cooTBeT-
CTBOBAJIM KOH(MUTYPAILIMU TIYIIUTENIS ¢ HAaMOOIbIIei
OTHOCUTEJIbHON AJIMHOI. DTa 3aKOHOMEPHOCTh CO-
XpaHsieTCsI ¥ IPU pacCMOTpeHuu 3aBucuMoctu OTL
OT IHameTpa oTBepcTHil nepdopauuu d, (puc. 50).
TonbKo B 3TOM ciiy4yae ¢ yBelIu4eHneM d, 00001IeH-
Hbele moTepu OTL nnaBHO yMeHbiIaTcsa. [Toatomy
711 YBEIMYEHUST 0000IIEHHBIX TTOTEPh TIIYIIUTENS
JUaMeTp OTBepCTUl Mepdopaunu cieayet BLIOUpaTh
0 BO3MOXHOCTU MEHBIIHM.

I'pacduyeckune 3aBUCUMOCTH O0OOIIEHHBIX MO-
tepb OTL tnymutens ot rmuiotrHoctu 3[1M (puc. 6a)
MMEIOT 9KCTPEeMYyM, KOTOPBIH [J151 BCEX TPeX paccMo-
TPEHHBIX KOH(GUTYPAUHA TIYIIUTEIST COOTBETCTBYET
wiotHocTH p,, = 200 kr/m*. Kak u paHee, Hau6oJb-
mue 3HayeHus OTL umeeT IIyLIMTENb ¢ HAaUOOJb-
meil AIuHo. OTMETUM, YTO 3HAUYEHUE ONMTUMAb-
HOIi TutoTHOCTH P, = 200 Kr/M? TONTy4eHo ist 3[IM
C IMaMeTpoM BOJIOKHA d, = 10 MKM, KOTOPBI TIpH
9TOM COTIJIAaCHO (8) uMeeT CONPOTUBJIEHUE IMOTOKY,
pasHoe npumepHo 60 kIla ¢/M%. DTo 3HaAYEHUE MOX-
HO paccMaTpMBaTh KakK ONTHUMaJIbHOE COTIPOTUBJIE-
Hue npoayBaHuto 3[IM B nuccunaTuBHOM TYLIU-
tene. Ha mpakTuke, BeiopaB 31IM st raymuTess ¢
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Puc. 4. 3aBucuMocTH nmotepp nepenayu LIynmTeei-npoToTUIIOB OT (a) — AuaMeTpa BojoKHa u (0) — miotHoctu 311M.
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OTL, 1B

0 1 1 1 J
0 0,1 0,3 0,4

KOMKMWH wu np.

(6)

OTL, nb

dy, MM

Puc. 5. 3aBucumMocT 0600IIEHHBIX ITOTEPD Mepenayun oT (a) — KoahhUIIMEeHTa TOPUCTOCTU U (0) — ArMamMeTpa OTBEPCTUIA
nepdopaliy IYHIMTEs IIPU €0 OTHOCUTEIbHBIX pa3mepax: [ —m=16,n=4;2—m=9,n=7,3—m=4,n=15.

M3BECTHBIM IMAaMETPOM BOJIOKHA, MOXHO pacCUMTaTh
HEeOoOXOOUMYIO MJIOTHOCTh 3TOr0 MaTepuaja, KOTO-
past Obl oOecrneyrBajia ONTUMAIbLHOE COIIPOTUBJICHUE
npoayBanuio. [1pu aToM cieayer UMeTh B BUAY, UTO
3HaueHue TIOTHOCTH P, = 200 Kr/mM> 1Mo cyiiecTBy
SIBJISIETCS TIPENEbHBIM, KOTOPOE MOXKET OBLITh B JIeii-
CTBUTEJILHOCTH peaJiM30BaHO B IyluTese. Ecian BbI-
opanx 3I1M Takoil INIOTHOCTU C AUAMETPOM BOJIOKHA
d, > 10 MKM, TO peann3yeMoe 3Ha4eHUe COMPOTUBIIE-
Hus 311IM OyzneT MeHbllle ONTUMAaJILHOTO.

(a)

70 B 3
60
50 F 2
n 40 F
g i
= 30 f
Q
20 F
10 F
0 1 1 L 1 J
0 100 200 300 400
0, Kr/m3

500

I'pacuyeckne 3aBUCUMOCTH 0OOOIIIEHHBIX TTOTEPh
OTL tymmTenst oT fMamMeTpa BOJIOKHA d,, TIPU TIJIOT-
Hocti MaTepuana 100 kr/m? (puc. 66) MOKa3bIBaIOT,
YTO IIJISI BCEX TPeX PAaCCMOTPEHHBIX KOH(PUTYpaIIHid
DIYIIUTENsT 0000IIEHHBIE TOTEPU C YBEIUMYSCHUEM dU-
aMeTpa BOJIOKHA mafatot. [1pu aToM, eciu 1jist KopoT-
KOTO TIIYILIUTENS ¢ # = 4 3TO NajJeHUue He3HAYUTENIbHO,
TO C MOBBILIEHUEM OTHOCUTEIbHOM JJIMHbBI TYLIUTES
IIPOMCXOOUT HE TOJBKO OOIINIT pOCT 0000IIEHHBIX I10-
TEPb, HO pacTeT U 3aBUcuMocTb OTL oT nnamerpa d,,

(6)

50
45

3
40 |

OTL, 1B

15 1 1 J
10 20 30 40
dg, MKM

Puc. 6. 3aBucumMocTy 0600IIEHHBIX ITOTEPH Mepenaun oT (a) — TIoTHOCTH U (60) — nuamMeTrpa BosiokHa 3[1M.

(O6o3HauyeHUs Te Xe, YTO U Ha puc. 5).
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TaK 4YTO NIPU yBEIWYEHUN d, B 4 pa3a CHIKeHUe 0000-
IIEHHBIX OTeph cocTaBisieT 6osee 10 nb.

OINITUMUBALUNA JNUCCUTTIATUBHOTI' O
[JIYIIMUTEIA

JYccUTnaTUBHBINA IYIIATETb XapaKTepu3yeTcs 1ie-
JIBIM PSIIOM TTapaMeTpOB, OMPENESIONINX ero aKyCTH -
yecKue CBOMCTBA. DTHU MapaMeTpbl MOXHO pa3ieiuTh
Ha Tpu Tpynmbl. K mepBoii rpyIime oTHOCATCS TeoMe-
TpUUYECKUE TTapaMeTpPhl IIYIIUTENS B LIEJIOM: JUIMHA U
JUaMeTp KaMephl DIYHIUTeNs, a TaKXkKe JuaMeTp ero
natpyokoB. Ko BTopoii rpyrmne oTHOCSITCS mapame-
Tpbl ephOpUPOBaHHON TPyObl: TOJIIMHA TPYOHI,
JraMeTp OTBEPCTUM M KO3 GULIUEHT mephopalnn.
K TpeTbeii rpymnre orHocaTcs napamerpsl 3IIM: ero
TUIOTHOCTh U AUMaMEeTp BOJIOKOH. B obiem ciyvae
ONMTUMUBALIMS TUCCUNATUBHOTO TJIYIIUTES TOJIKHA
OCYIIECTBISATHCS C YYETOM BCeX 3TUX (haKTOPOB, UTO
MPEICTaBIISIET COOO0I TOBOJIBHO CIOXHYIO 3a71ady.

Mexny Tem, clieiyeT UMeTh B BUAY, UTO MPU MPO-
eKTUPOBAHUU TJYyIIUTEIEH 1yMma BbIOOD 3HAUEHUI
IJIsT HEKOTOPBIX M3 3TUX MapaMeTPOB MPOBOTUTCS
OMHO3HAYHO, YTO OTHOCHUTCS B TIEPBYIO ouepenb K
napameTpaM nepdopanuu. CoraacHoO MIPOBEASHHO-
MY BBILIE aHaAu3y, Ko3dpduuueHT nepdopauuu o
1ejaecoo0pa3Ho IMpUHUMAaTh paBHEIM (.2, a muameTp
oTBepcTUil nepdopaunm d, 10IKEeH ObITh KaK MOX-
HO MeHbLIMM. Ha npaxrtrke 3HaueHue d, 0OOBIYHO He
meHee 3 MM. IIpakTuueckue coobpakeHUs JexaT U
B OCHOBE BbIOOpA TOJIIIMHBI Tep(OPUPOBAHHON TPY-
Obl, KOTOpasi B 3aBUCMMOCTU OT MaTepuasa TpyObl
MOXeT BapbupoBatbesa oT 1 o 1.5 mm. UTo Kacaetcs
napameTpoB 3IIM, To npoBeaeHHbII aHAIN3 MTOKa-
3bIBACT, UYTO B JUCCUMATHUBHBIX TIYIIUTEISIX 1ETECO-
o6pas3Ho ucrojb3oBarh 3[1M ¢ nuamMeTpoM BOJIOKHA
d, < 10 MKM. DTO NMO3BOJUT peajM30BaThb HEOOXOAM -
MYIO TUTOTHOCTh HAOMBKM 3TOTO MaTepuaia, obecre-
YMBAIOIILYI0 ONTUMaJbHOE COMPOTUBJIEHUE TTOTOKY
r= 60 xITa ¢/m>.

Takum o6pa3zoM, MbI MOJYUYUJIU OLIEHKU 3HAUe-
HUM M1 OOJBITMHCTBA TTapaMeTPOB, BIUSIONINX
Ha aKyCTUUYeCKHE XapaKTePUCTUKHU TUCCUTTATUBHO-
ro IyIuTeas. 3HaYeHUs 9TUX MTapaMeTpPOB Hapsay
¢ AMaMeTpoM MaTpyOKa mpu MpOBEIeHUN ONTUMHU3A-
I MOXHO TIPUHATH B KaUeCTBE MCXOTHBIX TaHHBIX.
Torma 3amaya ONTUMU3ALINY TAYIIUTENS CBOIUTCS K
OIpelesIeHUIO ero TabapuTHBIX pa3MepoB, 0OecIIeyn-
BalOILIUX MAaKCUMYM €ro o0001IeHHbIX TToTeph. [1pu
5TOM, OJHAKO, CJEAYeT TakxXe yAeasiTb BHUMaHUue
BBIOODY XapakTepuctuk 3[1M, p,, u d,, onpenensio-
IIMX ero COMPOTHBIeHNEe TponyBaHmio. C 3Toif TOY-
KM 3pEHUS 3amady ONTUMU3AINN TUCCUITAaTUBHOTO
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DJIYLIIUTENIS. MOXHO OMpPEeAeInTh KaK HaXOXIEHUE ero
KOH(puUrypauuu, odecrneyrBalolleii TpedyemMoe 3Ha-
yeHre 0000IeHHBIX ITOTePh TP MUHUMAaJIbHOM 00b-
eme pa3MelneHHoro B HeM 3I1M, KoTopkIil B 6e3pas-
MEpHOM BHJIe omnpenensieTcs kak V,, = (m—1)n.

Jag mpuMepa Bo3bMEM TJYIIUTENb ¢ TIepdopu-
poBaHHOM TpyOoit TommuHoi [ =1.5 MM, Koapdpu-
MeHToM nepdopauuu ¢ = 0.2 u AMaMEeTPOM OTBEP-
ctuit nepdopauun d, = 3 mMm. [Ipu aTom paccmo-
TpuM aBa BapuaHTa xapakrtepuctuk 3I1IM. Ilepsolit
cootBeTcTBoBaa 3IIM Cc MIOTHOCTbIO HAOMBKU
0 = 200 kr/™M* u inametpom BosiokHa d, = 10 MKM, a
BTOpOii — ¢ p,, = 100 kr/M> U d, = 10 Mmxm. Ha puc. 7
npencTaBieHbl o0lIMe MOTepUu MEepBOTO BapuaHTa
JUCCUTIATUBHOIO TIYIIUTENST KaK (DYHKLIUU ero 6e3-
pazmepHoro oobema V. Kpusble Ha npeacrasieH-
HBIX Tpa(MKax COOTBETCTBYIOT Pa3JIMUHBIM CTEIICHIM
paciivpeHus TAYIIUTEeas] M, a TOYKU Ha 3TUX KpU-
BbIX — pa3HbIM OTHOCHUTEIbHBIM JJIMHAM [IYIIUTENs
1, OIIPENEIIIEMBIM PSIIOM YETHBIX yucel: 2, 4, 6, 8, 10.

I'pacduueckne 3aBUCUMOCTHU Ha pUC. 7a TTOCTPO-
€Hbl JUIS MIYIIWUTENs, B KOTOPOM XapaKTepPUCTUKU
3IIM obGecneyuBaloT ONTUMAaIbHOE 3HAYEHUE CO-
NpOoTUBJIEHUS NpoayBaHuto. Kak u cienoBajio oxu-
JaTh, KpUBbIE OOILIUX MOTEPh MIABHO BO3PACTAIOT C
yBeINYeHUEM Oe3pasMepHoOro oosema V,, mpuiaem
C POCTOM M COOTBETCTBYIOLIME KPUBbIE CTAHOBITCS
Bce G6osee mojorumu. Kpome Toro, pu n > 6 nipen-
CTaBJIEHHbIE 3aBUCUMOCTHU CTAHOBSTCS MPaKTUUECKU
nuHeltHbIMU. [TpencTaBieHHbIe TpaUKKU UMEIOT elle
OJIHY UHTEPECHYI0 0COOEHHOCTh, 3aKII0UAIONIyIOCs
B TOM, YTO MPU OJUHAKOBOW OTHOCUTEIbHOM NIMHE
n HauboJbue 3HaueHus1 OTL OynyT y DIylIuTe s
CO cTeTieHbIo pacmiupeHus m = 8. [Ipu MeHbIIUX m
3HayeHusa OTL pe3Ko CHUKAIOTCS, a IpUA OOJIbIINX —
CHUXAIOTCSl OY€Hb HE3HAUUTEbHO, XOTS U yBeJuue-
HUe obbeMa V B MocjeaHeM cliydyae MPOUCXOIUT
cymectBeHHoe. Ha puc. 70 mpencraBieHbl aHAJIO-
TUYHbIE TparuuecKre 3aBUCUMOCTU JJI TIYIIUTENS
¢ 3[IM, nmeronMM MEHbIIYIO TUIOTHOCTD P,, M 601b-
Ui 1naMeTp BoJoKHaA dy. O4eBUIHO, YTO CONTPOTUB-
JIeHVe TaKOoro Matepuaja OyneT 3HaUUTeJIbHO MEHbIIIE
OINTUMAJILHOTO 3HaueHus. [IpencraBieHHbIe 3aBUCK -
MOCTHU aHaJIOTUUHBI TEM, UTO MOKa3aHbI Ha puC. 7a, C
TeM OTJIMYKEM, YTO B 9TOM CJiyuyae yBeJIMUeHUE CTe-
MEHU pacIIUPEHUS MIYIIUTENS M BCeTaa MPUBOIUT K
YBEIUUYEHUIO er0 0000IIeHHBIX MOTeph. KpoMe Toro,
MMEEeT MECTO Clieylolasi 3aKOHOMEPHOCTh: TIPU OU -
HAKOBBIX 3HAYCHUSIX M U 1 JIJISI ABYX PACCMOTPEHHBIX
BapuaHTOB xapakTepuctuk 31IM 3nauenus OTL nns
IepBoro BapuaHTta npu m < 16 Bcerga BhILIE, YEM
IJIsT BTOPOTO BapwWaHTa, a Ipu m > 16, Ha000poT,
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Puc. 7. 3aBucuMocTu 060011IeHHBIX TOTEPD Mepeaayn OT OTHOCUTEIbHOTo o0bema rryiutess s 3[1TM
(a) — ¢ p =200 kr/™m>, d, = 10 Mmr™ 11 (6) — ¢ p = 150 kr/M>, d, = 30 MKM [P Pa3HBIX CTETICHAX PACITUPEHUSI TIYITHTEIIS.

3HaueHust OTL niisl IepBOTro BapuaHTa BCEraa HUXe,
4yeM JJIST BTOPOTO.

YcTaHOBAEHHbBIE 3aBUCUMOCTH aKyCTUYECKMX Xa-
PaKTEePUCTUK AMCCUTIATUBHOTO IJYIIUTENS OT eTo ma-
paMeTpOB MO3BOJIVIIM BEIPAOOTATh CAEMYIONIYIO CTpa-
TEeTUI0 OTITUMHU3AILINY eT0 KOH(MUTYpaIInu.

1. Ecnu craBuTcs 3amaya MUHMMHU3alluu o0Obema
V., 1 He HaKJIaAbIBAeTCd HUKAKNX OTPaHUYEHUI
Ha rabapuUTHBIE pa3Mephl DIYIIUTENsSI, TO B TAKOM
cJiydae eTo CTeIeHb pacIIMpeHUs m JOKHA OBITh
KaK MOXHO MEHBIIIeH, Harmpumep m = 4, TIpu 3TOM
€ro OTHOCUTEJIbHAS JUIMHA /1 I0JI)KHA OBITh BHIOpa-
Ha Takoil, yToObl 0becrneuynuTh TpedyeMoe 3Haue-
HMe obuux noreps nepenaun OTL;p. Kpome Toro,
MJOTHOCTH U AuamMeTp BosokHa 3ITM BapbupyroT-
csl TaK, YTOOBI CONIPOTUBJICHUE TTIOTOKY 3TOTO Ma-
Tepuana ObUIO OJM3KMM K ONTUMAJIbHOMY 3Haue-
Huo 60 kIla c/m?.

2. Ecnu BBomuTCS orpaHMYeHNE HA JJIUHY TIYIIATE-
Jisg, a cJIeloBaTelIbHO, M HAa 3HAUCHUE /1, TO B 3TOM
ciIydae 1eaecoo0pa3HO NPUHSITH CTENEeHb pac-
LHIMPEHUS TAyIUTeass m = §, mpu obecrneueHuun
ONMTUMAJbHOTO 3HAYEHUSI COTIPOTUBJICHUS TIPO-
nyBaHuio 3[IM. DTo MO3BOJUT MOJYYUTh BbICO-
Koe 3HaueHue 00001meHHbIX moTepb OTL 1 B TO
K€ BpeMsl MUHUMU3UPOBaATh 00beM V. B ciaydae
€CJIM TI0JIydaeMble IIpU 3TOM 0000IeHHbIE TOTEPU
OTL < OTLp, T0o piia noctuxennst OTL p HEOO-
XOIUMO MO BO3MOXHOCTHU OCJIabUTh TpeOOBaHUS
10 OTPAaHWYEHUIO IIMHBI TIyIuUTes. [pyroii myTh

noctikeHust OT L p COCTOUT B CHUXKEHUU COIIPO-
TuBJIeHUs mponyBaHuio 3[IM oTHOCUTENBHO OTI-
TUMAaJIbHOTO 3HayeHus. Torma mpu AO0CTaTOYHO
OOJIbIINX 3HAYEHUSIX M MOXHO TaKxXe JOCTUYb
OTL.p, npaBaa U 00bEM DIYLIMTENSI IPU 3TOM
3HAUYUTEIbHO BO3pacTaeT.

3. TlomepeyHblil pa3Mep MIYLIUTENs, a 3HAYUT U Be-
JIMYMHA M, MOXET yCTaHABIMWBATHCS B KauyeCTBE
WCXOAHBIX TaHHBIX, HATPUMEpP, KOraa IucCUria-
TUBHBIN TJYIIUTENb SIBJASIETCSI YaCThIO KOMOMHU-
POBAHHOTO MIYIIUTENS, COAEpXKAIEero Takxe u
peakTuBHbIe 3JieMeHThl. Eciiu mpu aToM perna-
MEHTUPYEMBI TTOTIepeUHbIil pa3Mep TIyIIUTeNs
COOTBETCTBYET YCIOBUIO m > 16, TO IJI yBenu-
yeHust OTL conpoTusieHue npoayBaHuio 3[1IM
JOJIKHO OBITh MEHbIIIE ONMTUMAaJIbHOTO, B IPOTUB-
HOM cJly4yae cliefyeT o0ecrneunuBaTh ONTUMaIbHOE
3HaUYEHUEe COMPOTUBIeHUS mpoayBaHuto 3[TM.

ITocne Toro Kak OTHOCHUTEIbHBIE nmapaMeTphl I1y-
HIUTEIA ONMPEACIEHDBI, MOXKHO, 3Has UCXOOHBIN aua-
METP HaTPY6Ka, ONIpCaCIINTDb IEUCTBUTEIbHbBIC T€0-
METPHUUYCCKHUEC IMTapaMETPbI INTYIIUTCIIA.

SAKJIIOYEHUE

[Mpu onTUMU3ALIMY TUCCUTTATUBHOTO TIIYIITATEIISI
He BCe TTapaMeTphl, ONPENEISIONINE er0 aKyCTHIEeCKHe
XapaKTepUCTUKU, CIEMYyeT BKIIIOUYATh B KAUeCTBE Ba-
PUATUBHBIX BeTMYWH. Tak, TONIIUHY ITephoprupoBaH-
HOM TpYyOBI CIEAYET OMPENEIATh UCXOIST U3 TPEOYeMBbIX
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OMNTUMUBALIMA AUCCUTTATUBHBIX TAVIIUTENEN IIYMA

JIJIsI Hee SKCIUTyaTallMOHHBIX XapaKTepUCTUK, KO3(]-
¢unumeHT nepgopannu, Kak mokasajm pacuyeThbl, He-
o0xoguMo IMpUHKUMAaTh paBHBIM 0.2, a nMaMeTp OT-
BepcTUil nepdopalluy JOJKEH ObITh MUHUMAaJIbHO
BO3MOXKHBIM, YTO ONpPEACIsIETCS TEXHOIOIMUEeCKUMU
BO3MOXHOCTSIMU TIPOU3BOACTBA. TakuM oOpa3om,
ONTUMM3ALMS TUCCUITATUBHOIO MIYLIMTENST CBOIUT-
cs K BBIOOpY €ro rabapuTHBIX pa3MEpOB, KOTOpLIE,
B CBOIO O4Yepeb, ONMPEIESIOTCS UCTIONb3YEeMbIM KPU-
TepueM ONTUMU3ALNU U BBEIEHHBIMU TOTIOTHUTEb-
HBIMU orpaHuyeHusiMu. [1pu 3ToM B OOJILIIMHCTBE
NpaKTUYECKUX CIy4YacB B OUMCCUMATUBHBIX Ty~
TeJISIX lLieJaecoo0pa3Ho ucnojb3oBaTh 3[IM ¢ ontu-
MaJIbHBIM CONPOTUBIEHUEM NTOoToKy 60 kIla ¢/mM?, uTo
oOecreynBaeTcsl HajajiexXaluM IMog00poM Kak IIoT-
HOCTH, TaK ¥ JMaMeTpa ero BOJIOKOH.

CITMCOK JIMTEPATYPbI

1.  Cmapobunckuit P.H., IOoun E.A. O6 onHoii Moxeau
pacrnpocTpaHeHHs] HU3KOYaCTOTHOTO 3BYKa B OOJIMU-
HOBaHHOM KaHaie // AKycT. xypH. 1972. T. 18. No 1.
C. 115—119.

2. Cummings A., Chang I.-J. Sound attenuation of a finite
length dissipative flow duct silencer with internal mean
flow in the absorbent // J. Sound Vib. 1988. V. 127.
Ne 1. P. 1-17.

3.  Peat K.S. A transfer matrix for an absorption silencer el-
ement // J. Sound Vib. 1991. V. 146. Ne 2. P. 353—360.

4. Wang C.-N. Numerical decoupling analysis of reso-
nator with absorbent material // Appl. Acoust. 1999.
V. 58. Ne 1. C. 109—122.

5. Glav R. The transfer matrix for a dissipative silencer of
arbitrary cross-section // J. Sound Vib. 2000. V. 236.
No 4. P. 575—594.

6. Auredgan Y., Debray A., Starobinski R. Low frequency
sound propagation in a coaxial cylindrical duct: appli-
cation to sudden area expansions and to dissipative si-
lencers // J. Sound Vib. 2001. V. 246. Ne 3. P. 461—473.

7. Kirby R. Transmission loss predictions for dissipative
silencers of arbitrary cross section in the presence of
mean flow // J. Acoust. Soc. Am. 2003. V. 114. No 1.
P. 200—-209.

8. Selamet A., Xu M.B., Lee 1.-J., Huff N.T. Analytical
approach for sound attenuation in perforated
dissipative silencers // J. Acoust. Soc. Am. 2004.
V. 115. Ne 5. Pt. 1. P. 2091-2099.

9. Panigrahi S.N., Munjal M.L. Comparison of various
methods for analyzing lined circular ducts // J. Sound
Vib. 2005. V. 285. Ne 4—5. P. 905-923.

AKYCTHYECKHWMU JXYPHAIJI Ne 3

ToMm 70 2024

149

10. Venegas K., Arenas J.P., Boutin C. Analytical model-
ing of dissipative silencers // J. Acoust. Soc. Am. 2018.
V. 144. Ne 5. P. 2998—30009.

11. Astley R.J., Cummings A. A finite element scheme for
attenuation in ducts lined with porous material: com-
parison with experiment // J. Sound Vib. 1987. V. 116.
Ne 2. P. 239-263.

12. Bilawchuk S., Fyfe K.R. Comparison and implemen-
tation of the various numerical methods éused for
calculating transmission loss in silencer systems //
Appl. Acoust. 2003. V. 64. Ne 9. P. 903-916.

13. Kirby R. A comparison between analytic and numeri-
cal methods for modelling automotive dissipative
silencers with mean flow // J. Sound Vib. 2009. V. 325.
No 5. P. 565—582.

14. Barbieri R., Barbieri N. Finite Element Acoustic Simu-
lation Based Shape Optimization of a Muffler // Appl.
Acoust. 2006. V. 67. Ne 4. P. 346—357.

15. Komkun A.M. OnTuMu3anns peakTUBHBIX DIYIIUTE-
neit iryma // Akycrt. xypH. 2010. T. 56. Ne 3. C. 373—379.

16. Bopobwvesa JI.C., Komxun A.H. Pacder 1 NMpoeKTUpPO-
BaHUWE TUCCUIIATUBHBIX DIYIIUTEICH IIyMa METOIOM
KOHEYHBIX 2JIeMeHTOB // V3B. By30B. MalmHoCTpoO-
enue. 2013. Ne 11. C. 58—63.

17. Kapuayxoea JI.C., Komxunm A.H. VIHTeTpaabHbBIC
TMoKa3aTeIn aKycTuiIeckoil 3¢ (eKTUBHOCTU THUCCU-
MaTUBHbIX DIylIUTENel IiymMa // AKyCTHUKa Cpembl
oburtanus: c6. tpynoB I Bcepoc. koHd. M., 2016.
C. 80-87.

18. Chiu M.C. Shape Optimization of One-chamber
Perforated Mufflers Filled with Wool Using Simula-
ted Annealing // J. Marine Science and Technology.
2013. V. 21. Ne 4. P. 380—390.

19. Ferrandiza B., Denia F.D., Martinez-Casas J., Na-
dal E., Rodenas J.J. Topology and shape optimiza-
tion of dissipative and hybrid mufflers // Structur-
al and Multidisciplinary Optimization. 2020. V. 62.
P. 269-284.

20. Delany M.E., Bazley E.N. Acoustical properties of
fibrous absorbent materials // Appl. Acoust. 1970.
V. 1. Ne 3. P. 105—115.

21. Honoe HU.A., Komxun A.H. Dmmupudeckre GopMyJibl
IUIST OIMCAHUS aKyCTUICCKUX XapaKTePHCTUK 3BY-
Kormorjolarmux Marepruanos. O63op // AKycTuka
cpensl odutanust: co6. Tpynos 11 Beepoc. koud. M.,
2018. C. 43—49.

22. Komkun A.U., Jlveos B.A., Hecmepos H.C. W3mepe-
HUE COINPOTUBJICHUS IPOAYBAHUIO BOJOKHUCTHIX

3BYKOTIOIJIOIAIOIINX MaTepHuajioB // 3MepuTeapHas
texHuka. 2017. Ne 7. C. 62—65.



150 KOMKMWH wu np.

OPTIMIZATION OF DISSIPATIVE MUFFLERS
A.L. Komkin**, A.I. Bykov*, L.S. Karnaukhova“®
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The method of selecting the configuration of dissipative mufflers with the required acoustic efficiency is
considered. The peculiarity of the considered approach is the use of an integral indicator of acoustic efficiency
and dimensionless geometric parameters. The studies were carried out using finite element calculations. In the
finite element model of a dissipative mufflers, acoustic characteristics of a fibrous sound-absorbing material
obtained from experimental studies were used.

Keywords: sound-absorbing material, muffler, acoustic characteristics, numerical calculation.
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