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AnHOTanMs

B nmanmoii cratbe paccMaTpUBAeTCS BO3MOXKHOCTH MTPUMEHEHUsI MACCHBHOIO CEHCMHIECKOIO MeTOJIa,
OCHOBAHHOT'O HA BBIJIEJCHUNA CTOSIUX BOJH, W METOJ@ MPOCTYKUBAHUS JJI OIEHKU COCTOSIHUS COOPYIKEHUIL.
Bbuiu onpe/iesieHbl JyIMHbL 1 THUI 3aKPEIUICHAsT CBail (BuCauast/CTORKA), JTOKATU30BAHbI CKPBITBIE J1eeKThI, TaHa
OIIEHKa OCTATOYHOI'O PECypca COOPY?KEHHsI 110 COOCTBEHHBIM KOJIEDAHMSM U OI€HEHA OOBOJHEHHOCTH I'DYHTOB.
WsmMmepeHnust MpOBOIMINCH KAK B CAMOM COOPY?KEHUU, TaK ¥ Ha TPYHTE OKOJIO 37aHusi. 110 IOJIyIeHHBIM TaHHBIM
OBbLIN TTOCTPOEHBI KAPTHI AMILUIMTYIHOTO PACIpEIesIeHusT JJIs KayKJ0ro 3Tarka 37aHus. lIpuBeseHbl KapTbl
pactpenenennsa Koadpdunuenta Ilyaccona. B pesynbrare BbISBICHBI TPW aHOMAJbHBIE 30HBI B COOPYKEHUH,
YCTAHOBJIEHO MECTO PACIIOJIOXKEHUS OJTHOM BUCSIE CBAU U OIPEJIEJIEHO HAIIPABJICHIE IBUYKEHIS IPYHTOBBIX BO/I.

ﬂaHLI PEKOMEH Al IO IMIPOBEJICHUTIO KOMIIJICKCA YKPEINTEIbHBIX pa60T.

Kirouesnlie cioBa: aCCUBHBIN cellcMUYecKuii METO/T, CTOdYMN€ BOJIHBI, HNHXKEHEPHaAd CefICMHKa,

CEIICMOCTOMKOCTD, Hepa3pyLIaonie MeTObI.

Diagnostics of the technical condition of an industrial building in Belovo
(Kemerovo region) by standing waves

Fedin K.V.', Lukyanova A.L.2*, Skorobogatko A.V.2
1 PhD, Senior research scientist, 23 Engeneer
12,3 Trofimuk Institute of Petroleum Geology and Geophysics of Siberian Branch Russian Academy of
Sciences (IPGG SB RAS), Novosibirsk, Russia

Abstract

This article discusses the possibility of using a passive seismic method based on the allocation of
standing waves and the tapping method to assess the condition of structures .The lengths and type of fixing of
piles (hanging/bearing) were determined, hidden defects were localized, the residual resource of the structure
was estimated by its own vibrations and the water content of the soils was estimated. Measurements were
carried out both in the structure itself and on the ground near the building. Based on the data obtained,
amplitude distribution maps were constructed for each floor of the building. Maps of the distribution of the
Poisson’s ratio are given. As a result, three anomalous zones in the structure were identified, the location of one
hanging pile was established and the direction of groundwater movement was determined. Recommendations

on carrying out the necessary measures for strengthening works are given.

Keywords: passive seismic method, standing waves, engineering seismic, seismic resistance, non-

destructive methods.

*E-mail: LukyanovaAL@ipgg.sbras.ru (Jlykpsmosa A.JI.)



®@enun K.B., JlykpsaoBa A.JI., Ckopoborarpko A.B.
JInarHocTiKa TEXHHIECKOTO COCTOSIHHSI IIPOH3BOJICTBEHHOIO 3/1aHusl B I. Benopo (Kemepopckast 06iacTp)

II0 CTOAYHUM BOJIHAM 8

Bsenenune

B umkenepHoii ceficMuKe IMUPOKOe IIPUMEHEHHE HAILIM MCCJIeI0BAaHUs, OCHOBAHHbBIE
Ha U3YyYEHUU CTOSYIMX BOJIH. Takue MCCJIe/IOBaHUs IMO3BOJISIIOT U3yYaTh OOBEKTHI PA3JIUTHOIO
maciraba |1, 2|.  Tak, npu obciaefoBanuu 30aHUfi U COOPYZKEHHIl [0 CTOSYMM BOJIHAM,
MOKHO ONPEJIESIUTh UX TeXHUIecKoe cocTtoguue. g Bo30YK/IeHNs celiCMIYecKUX KOJiebaHumii
B HCC/IEIYyEeMBIX OOBEKTaX WCIOJB3YIOT, IPEUMYIIECTBEHHO, WCKYCCTBEHHBIC WCTOYHUKH,
OCYIIECTBJIAIONINE MEXaHU4IeCKOe BO3JIEHCTBUE Ha TEOJIOTHYECKYIO CPEeJy, YTO II03BOJISIET
ONpEJIENISITh  JTUHAMUYECKHE XapaKTePUCTUKKM KOHCTpyKuuii [3], HO Tpebyer co3manus
UJIEHTUYIHOIO BO3JAEHCTBYIOIIEIO CHTHAJIA, 3HAYUTEJIbHBIX BPEMEHHBIX MU MaTepPHAJJIbHBIX
3aTpar.

B mnocneanue roapl HAOMPAIOT MOIYJISPHOCTD UCCIETOBAHUS COOCTBEHHBIX KOJI€OAHMIA
3JaHUI U COOPYZKEHUIl C WCIOJAb30BaHUEM 3alluCeid MUKPOCEUCM. Hecmorps Ha
pacIpoCTpaHEeHHOCTb TOJOOHBIX HCC/IeIOBaHMUil, Ha JJAHHBI MOMEHT OIYOJUKOBAHO He
TaK MHOI'O CTaTeil, IOCBSIIEHHBIX aHAJIN3Y peabHBIX 00bEKTOB.

1. OO6beKT u MeToabl NCCJIeJOBaAHMSI

B kauecTBe 00beKTa UCC/IeI0OBAHNS B JIAHHON PADOTE PACCMATPUBAETCS IIPOMBIIIICHHOE
coopyzkenne (puc. 1), pacmosoxkennoe B I. benoo (KemepoBckasi 061acTh). DKCIEPUMEHTHI
[IPOBOJIN/INCH B JIETHUI ITEPHUOJ] TOJIA.

Puc. 1. llpomblnienHblit 06bEKT, HA KOTOPOM ITPOBOJIMIOCH MCCJIEIOBAHUE

st uccnenoBanust COOCTBEHHBIX KOJeOaHWit cBail 3/@HUA U IIPUIIOBEPXHOCTHBIX
I'PYHTOB IPUMEHAJICA METO/, OCHOBAHHBINI Ha, BbIJCJICHUN CTOAYMNX BOJIH U3 CeﬁCMO&KyCTH‘{eCKHX
Ty MOB.

CyTb MeTo/ia CBOJIUTCH K HAKOIUIEHUIO OOJIBIIOrO YUCIA AMILIUTY/IHBIX CIIEKTPOB
IIyMOBBIX 3alliceil, B pe3yJbraTe €Yero Ha OCPEIHEHHBIX (MM HAKOIUICHHBIX) CIEKTPax
IOABJIAIOTCA PEryjdpHbIC ITOCJIC10BaTC/JIbHOCTU IIMKOB, COOTBETCTBYIOIINE ceMelicTBaM CTOSTINX
BOJIH Pa3HBIX THIIOB.

Hesin mpuMenenus macCUBHON CefiCMOPA3BeIKM, OCHOBAHHON Ha CTOSYNX BOJIHAX:

1. Ompefiesienue JIIMHBL U THIA CBafl (BUCSAYas UM CTONKA);

2. Jlokam3alms CKpBITHIX J1e(DEKTOB;

3. OreHKa 0CTATOYHOIO Pecypca COOPYKEeHUs;

4. Onenka 00BOJHEHHOCTH IPYHTOB 110 Koaddurmenty Ilyaccona.
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JlaHHBI METO/T HEOJHOKPATHO |4-6| mpuMeHsiics paHee Ipu (GU3TIECKOM MOJICTHPOBAHIN
CTOSTINX BOJIH B PA3JIMIHBIX 00BEKTaX U ObLI YCIEITHO OMPOOOBaH Ha HATYPHBIX SKCIIEPUMEHTaX |5,
7-10].

AJIropuT™ BBIJIE/IEHUS CTOSTINX BOJIH U3 MUKPOCEHCM:

1. Perucrparus nryMOBBIX 3amuceil Ha MCCIEyeMOM OOBEKTE I BBIJIE/IEHUsS] B HUX
CTOSTINX BOJTH C UCIOJIB30BaHUEM TeO(OHOB: HECKOJIBKO IepeMeliaeMblX U OJHOTO OMOPHOIO
(HerepeMenaeMoro) JaTanKa;

2. HopmupoBka ypoBHS IIYMOB IepEMeNIaeMbIX JIATYNKOB HA YPOBEHb OIOPHOIO JIJIs
KaK/IOTO U3MEPEHUs;

3. Pasbuenne mymoBbix 3amnuceit Ha 06j10ku 110 50 ceKyH;

4. IlpeobpazoBanne Dypbe g  KaxKJOro OJIOKA U yCpeJHEHUe TOJIYUIeHHBIX
AMILIUTY/IHBIX CIIEKTPOB ITyTeM UX CyMMUPOBAHMT;

5. Boimesiennst aMImTy il COOCTBEHHOTO KOJIeOAHUS U3 aMILIUTYIHBIX CIEKTPOB;

6. [locTpoenne KapT aMIUIUTYIHO-9ACTOTHOTO pACIPE/Ie/IeHNs Ha UCCJIeTyeMOoi
IO WJIH IIPOUIIe.

YacToTHO-aMILTUTY/THOE  paCIpeie/ieHue  CTPOUJIOCH MEeTOJOM  TPUAHTYIANUA €
JUHENHON WHTEPIOJAIINEH.

[Ipu BbIOOpE ammapaTypbl I PErUCTPAIUU CEHCMUYIECKUX CHUIHAJIOB HEOOXOINMO
YUIUTBIBATH OTCYTCTBUE BHEITHETO UCTOYHUKA Kosiebanuii. [loaTomy HEOOXOIUMO UCIIOIB30BATD
aImapaTypy, OTJMYAIONIYIOCS OTCYTCTBHEM WM HU3KAM YPOBHEM COOCTBEHHBIX IIIYMOB,
KOTOpBbIE MOTYT HAKAILJINBATHCA B MIPOIECCE PETUCTPAIIIH.

B pesyibrare cpaBHEHUs CYNIECTBYIONIEH perucrpupyommeii ammnaparypst [11], st
[IPOBEJICHUST SKCIIEPUMEHTa OBbLIN BBIOPAHBI TPEXKOMIIOHEHTHBIE CEfICMOIPUEMHUKN BBICOKOI
gyscrBuresnibHoctr GS-ONE LF u perucrparopsr ceiicmuueckux curaanios D-REG (puc. 2a).
JlmuTeTbHOCTD HENPEePBIBHOM 3alich B KaXKJIOH TOYKe HAOJIOJEHWs COCTABJISIIA 2 MHUHYTBI
(ec/tu 3aIUCh TPOBOJUTCS OOJIbIIE JIBYX MHUHYT, TO CIIEKTD HE MEHSIETCH ).

Ornpejniesiennie  CKPBITBIX B T'PpyHTe J1eEKTOB CBail IMPOU3BOJMIOCH METOJOM
npocrykuBanus. s nposejenusi usmepenuit 6ot ucnosbzosan npubop Crekrp 4.3 (HIIII
Unrepnpubop) (puc. 26), npuHIMI pabOTHl KOTOPOIO OCHOBAH HA CBONCTBE aKyCTHIECKOI
BOJIHBI OTPazKaThCsl OT M'PAHUIL Pa3jiesia CpeJl ¢ PA3JINIHBIM aKyCTHIeCKUM umMIeancom [12].

Puc. 2. VamepuresibHoe 060py/I0BaHKE, COCTOSAIIEE U3 PEIUCTPATOPOB CEfICMUYECKUX CUTHAJIOB
D-REG (cnesa) u reodomnos GS-ONE DA (cupasa) (a); YcTpoicTBO JIJIs JUATHOCTHKA CBail
Cuexrp 4.3 (6)
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[esin uctio/ib30BaHUs aKTUBHOMN celicMOpa3BeKu (MeToa IPOCTYKUBAHUS ):
1. Ompesenenne JIUHBI CBAi;

2. OmupejienieHne CKPBITHIX J1eQEKTOB CBaif;

3. Ompeiesienne Tuia 3aKperieHnst cBail (Bucsiaasi/cToika).

2. (OO6ocHoBaHUWE NPUMEHSIEMOIN METOIUKU

B ocnoBe mnpumensiemoro B jiaHHON paboTe MeETO/A JUATHOCTUKHU TEXHUIECKOTO
COCTOAHUA 3JIaHUNA U COOPYZKEHUN JIEXKUT IIPEIAIIOJIOZKEHNE O TOM, YTO B IIPOCTPAHCTBE MEXKIY
3eMHO#l IIOBEPXHOCTHIO M OJimzKaiiiieil K Heil pe3Koil TrpaHuIeit (BerHeﬁ HOBEPXHOCTHIO
HOJIOCTH, TIOJOIIBON 30HBI MaJsbix ckopocreil (3MC)) Moryr BO3HHMKATH CTOSYME BOJIHBI
Ha COOCTBEHHBIX YaCTOTaX CJIOs T'PYHTA, BbIJe/IdeMble U3 MIyMoBoro mnoJis. Kpome Toro,
CIIEKTD CEHCMOAKyCTHIECKUX IIyMOB (MUKPOCEHCM) COJEPXKUT HYaCTOTHBIE COCTABJISIOIINE,
COOTBETCTBYIOIIHAE 3STUM COOCTBEHHBIM YaCTOTaM. HakammBasg aMmIuiuTyJiHble CIIEKTPbLI
OTHOCHUTEJIbHO KOPOTKHX (PParMeHTOB IIIYMOBBIX 3allMCeil, Ha OCPEJIHEHHOM CIEKTPE MOXKHO
BBIJIETIATH PETy/IsSpHbIE MUKW, COOTBETCTBYIOIIME cTosdInM BoJiHaM. [lokaszarenem Toro, |4ro
9TO UMEHHO CTOSYMe BOJIHBI, ABJIACTCS PEryJIgPHBIA XapaKTep 9TUX IUKOB.

st croguux BOJH BEPTUKAJILHOTO CXKATUS-PACTSKEHUs, O0PA3YIOMIMXCA Ha/T
cBODOJTHOM BepxHENl T'paHUIEl TOJIOCTH, KaK Ha Hell, TaK W Ha M3MepsAeMOil ITOBEPXHOCTH
JIOJIZKHBI HaOJIIOIATHCSA IIyIHOCTH 3TUX BOJIH, & UX YaCTOTHI KPATHBI 9acTOTE HUBMIEH MOJIBI:

fo= "0 (1)
n - 2h Y
rje n — HOMEp MOJBI CTOAYUX BOJIH, V), — CKOPOCTb IPOAOJIBHBIX BosH (M/c), h —
paccTosiHAEe OT BEPXHEH IPAHUIIBI OJOCTH JI0 TIOBEPXHOCTH (M).
Ecin ke crosiune BosHBl (OPMUPYIOTC B 00jiee IJIOTHOM cpejie, TO Ha ee HUXKHEl
IPAHUIE C YKECTKUMU TOPOJIaMi 00pa3yIoTCs y3JIbl CTOAYNX BOJH M 9aCTOTHI MOCIEIHUX PABHbBI
HEYETHBIM YHCIaM 9aCTOTHI HU3IIEH MOJIbL:

B (2n —1)V, 9
o= (2)

riae h — ruybuna g0 nogomset SMC (m).

B oboux cioydasix mHTEpBaJ MeXKJIy COCEJHUMH COOCTBEHHbIMU dacToTamMu Af =
(fne1 — fn) paBen ;/—Z, TO €CThb YacTOTEe HU3IIeH MOJbI fi HaJl IMOJIOCTHIO MU MEHee YKECTKUM
rpyaTroMm (1), mim yaBoeHHO# YacToTe HU3MIEH MOJBI fi HAJT OoJiee KeCTKUM OCHOBaHUEM (2).

Taxum obpazom, ecjin Ha KAKOM-JIHOO yYaCTKe MECTHOCTH PACIpee/IeHue PeryIapHbIX
[IMKOB OCPETHEHHBIX aMILIUTY/IHBIX CIIEKTPOB Ha OCH 9acToT cooTBeTcTBYeT (hopmyre (1), To
9TO CBUJETETHCTBYET O HAJWYNU B TAKOM MeCTe IOJI3EMHO MOJOCTH WJIM WHOT'O BKJIIOUEHUS C
CYIIECTBEHHO TTOHUKEHHON OTHOCUTETHHO BMEIAIONIEN CPeJIbl CKOPOCTHIO.

[Tockosbky B mcciaegyeMOM 3JIaHUU CBafHBIN (yHIaMEHT, TO CBONCTBA M3TUOHBIX
CTOSTINX BOJTH MOTYT OBITH MCIOJIB30BAHBI JJIS BBISBICHUS IOTepu WX ycroiumoctu. Ecam
cBasi TepsieT yCTOWIMBOCTh (HAIIpUMEp, KOIJla OTCYTCTBYET OMOpa € OJHOTO TOPIA CBam) Io
BEpTUKAIN HAOJIOAeTCsl 9aCTOTHO-aMILIUTY/IHAS 3aBUCUMOCTh coryiacHo dopmyie (2). Ecam
JKe TOPIIbI CBal 3aKPeIJIeHbl KECTKO, TO 10 TOPU30HTAJILHONW COCTABJISIONICH KBA3UPEryJIsiPHOE
pactipejiesienue HaOJIIOJaThCd He Oy/eT, B TO BpeMs KaK 0 BEPTUKAJIU IIPOCICKUBACTCS

YaCTOTHO-AMILUIUTY/IHAS 3aBUCUMOCTD coryiacHo ¢dbopmyite (1).

3. O6paboTka gaHHBIX

Ha pucynke 3 mpuBesieHbI pe3y/bTaThl aMILIUTYIHLIX clleKTpoB. Ha pucynke 3a
PE3KNX MUKOB He HAOJIIOMAETCd, a 3HAYUT OHU He MMEIOT CABUTOBYIO KOMIIOHEHTY, B TO BpeMs
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KaK Ha pHUCYHKe 30 MOXKHO HaOJIIOJaTh KBa3WUpEryJsipHbIE MUKW, YKa3bIBAIOIINE Ha IIOTEPIO
YCTOMYMBOCTU CBaM.
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Puc. 3. Ilpumep aMIUIMTYAHBIX CIIEKTPOB CTOAYMX BOJH B YCTOWYIHMBBIX (&) M HEYCTONIMBBIX
(6) cBasx

ﬂﬂHHbI cBait OlIpeJeJid/inCb METOJ0OM IIPOCTYKUBaHUA, TO €CTb aKYyCTUYeCKad BOJIHa
BO30YyKJIa/1aCh B CBae C MOMOIIBIO yaapa. CrermuajbHbIM MOJOTKOM OCYIIECTBIISICS YIap 110
TOPILY CBaM, MOCJIE 9€ro BOJIHA PACIIPOCTPAHSIACH IO CTBOJIY CBAM C ONPEJIEIeHHON CKOPOCTHIO,
OTpazKasiCh OT TPAHUIIBI pasjiesa cpejl (6eToH - TPYHT, 6eTOH - HHOPOJIHOE BKJIIOYEHNE, TPeIluHa,
10JI0CTh U T.J1.). OTpaskeHHast BOJHA BO3BPAIAJIACH K BEPXHEH 4aCTH CBau U PErUCTPUPOBAJIACD
JIATYNKOM, YCTAHOBJIEHHBIM Ha TOPIE CBau BOJIM3M MecTa HaHeceHHUs yiaapa. AxceaepoMerp
dpuKCcHpoBaJI CUTHAJ, TIOC/IE Yero CUTHAJ OIU(POBBIBAJICS U [TEPEIABAJICT HA KOMITBIOTED. 3aTeM
n3MepAaIcda BpeMeHHOfI HTEpBaJl ME2K/1y MOMEHTOM Yy/Jdapa U IIPUXOI0M OTpa}KeHHOﬁ BOJIHBI Ha
Jarduk. Takum oOpasoM, ompejeseHne JIUHbI CBau CBOJUTCA K dopmyiie 3:

VAt
= g

rie V' — CKOpOCTb PaCIpOCTPAHEHHs BOJIHLL B CBae (JIst 2KeIe300eTOHHBIX cBail V' =
4500 m/c), m/c; At — Bpemennoit uarepsas ().

Vamepenns JQHHBIM METOJOM IIOKA3aJIM, YTO BCE CBaW MMEIOT JUIMHY MOpska 12
METPOB, OJHAKO B OJHON M3 CBail KECTKOEe 3aKPEIIEHHE OTCYTCTBYET (pasyIIOTHEHHE CBAH

H =

C TPYHTOM, OTCYTCTBYET OILIOpa C TOPIA CBaU), TO €CTh OHA SIBJISETCS BUCSIEH.

[Ipu mupoBejennu IJIOMAIHON CHEMKU HUCIOJIb30BAIUCh YeThIpe JaT4IuKa:  TpHU
HepeMeInaeMblX W OJMH OMOPHBINH (HAXOAUTCA CTATHYHO B OfHONH Touke). C HOMOIIBIO
[IOOYEPE/IHO ITePEMEIaeMbIX JIATIMKOB ITOKPBIBACTCA BCS HCCIeyeMasd Iomaab. OmopHbIii
JATINK HEOOXOAWM JIjIsi HOPMHPOBKH YPOBHS IIIyMa IIepeMeliaeMbiX pardukoB.  CrouT
OTMETUTh, YTO CYIIECTBYIOT U & IbTePHATUBHBIE BAPUAHTHI IIOJIOOHBIX UCCJIEIOBAHUN, HATIPUMED,
C UCIOJIb30BAHUEM OOJIBIIIEr0 KOJIMIeCTBA PETUCTPATOPOB. Torna n3aMepeHus MOKHO ITPOBO/IUTD
erie ObICTpee, HO JIAHHBIN BapUaHT siBJIgeTCd 0oJiee 3aTPATHBIM U IPOMO3JIKHIM.

Ha pucynke 4 m3o6pazkena cxema yCTAHOBKH JIATYUKOB Ha IEPBOM STarKe 3JIaHUSI.



®Qenun K.B., JIykpsinoBa A.JI., Crkopoborarbko A.B.
JlnarHocTHKa TEXHHYECKOTO COCTOSIHUS TIPOU3BOJCTBEHHOrO 31aHusl B I. Besoo (Kemeposckast 06iacTb)

110 CTOSTIHM BOJIHAM 12

IInan nepBoro »Taxa
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Puc. 4. Cxema yCcTaHOBKHU JATUYNKOB Ha IEPBOM 3Tazke 37aHusd. JlaTankn 0603HaUEHbI
3eJIEHBIM IIBETOM

[To kommonenTe Z Oblaa onpeje/ieHa coOCTBEHHAs YacTOTa HepBOH MOJBI KojeOaHnuii
(pucynok 5), pasHas 2,68 I'i.
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Puc. 5. Cuexkrporpamma, KomioneHnTa /. CTpeJiKoil mokasaHa rnepBas MOJIa

Huzke npuBouTCsi aMILIUTY/IHOE paciipe/ieienne o cymme tpex Komrounent (X, Y, Z)
Ha IEPBOM 3Tazke 3nanus (puc. 6).
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. - Buca4gas ceas

Puc. 6. Tlnomaaaas cheMKa. AMIUTUTYIHOE PACIpe/iesieHne Mo cyMMe Tpex KommoHeHT (X, Y,
Z) Ha nepBoM sTazke 3xannsd. [udpamn 0603HaYEHb! JIJTMHBI CBAl

Takke ObLIa TpOBeJEHA ChEMKa BTOPOIO 3TaxKa. Ha pucynke 7 npuseeno
aAMILIUTY/IHOE paclpejiesienne 1o cymme tpex kommoHeHT (X, Y, Z) BTOpPOro srayka 3JaHMUsl.
[TockosibKy YacTh 37aHUSA UMeeT IOTOJKH BBICOTON B JiBa 3Taxka, Ha KapTe aMILIITYIHOTO
pacipe/iesieHIsi BTOPOro sraka (puc. 7) JaHHAs 9acTh OTCYTCTBYET.

IInan BTOpOro 3Taxka
AHOMAIHI

AHOoMAITHA

Puc. 7. Tlnomaanast chbeMKa. AMIUTUTY/IHOE pacipejieieHne o CyMMe TPeX KOMIIOHEHT
(X, Y, Z) Ha BrOpoM sTazke 3aHUs

Wsmepenust MpOBOAMINCH KaK BHYTPU 3JaHWUdA, TaK M HA TEPPUTOPUU BOKPYT HETO.
Ha pucynke 8 mnpuBesena Kapra pactpesenenns kodddunumenrta Ilyaccona (orHOmenuns
IPOJIOJIBHBIX KOJIEOAHUI K TIOMEPedHBbIM) MPUIOBEPXHOCTHBIX IPYHTOB HAa TEPPUTOPUU BOKPYT
3JIAHUS.
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HaHpaBJIeHHe JABHKCHHA I'PYHTOBBIX BOJ
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Az

Puc. 8. Kapra pacnpejiesienus kodddurmenta [lyaccona mpuoBepxHOCTHBIX TPYHTOB Ha
TEPPUTOPUA BOKDPYT 37aHU

4. MHWMurepnperanusa JaHHBIX

[To pesynabratam 00pabOTKU JIAHHBIX OBLIM OOHAPYKEHBI TPU AHOMAJIHLHBIE 30HBI
AMILIITY/THOTO PACIIpe/Ie/IeHus Koebanuii mepBoit Mojpl 1o cymme Tpex (X, Y, Z) KOMIIOHEHT
(HArIATHO BUJHO Ha DPUCYHKaX 6 ¥ 7) B OKOJIOCBAHOM IIPOCTPAHCTBE, KOTODPBIE XOPOIIO
[OPOCJIEKUBAIOTCS W 10 Kapre pactpejenenus: kKoddduimenrta I[lyaccona (oTHOIIEHMS
HOMEPEYHBbIX KOoJIeOaHUl K TPOI0JIbHBIM) Ha IPUJIEraloliell K 3JaHuio Teppuropun (puc. 8).

Ha xaprax mpociie:kuBaercss aHOMaJjbHasi 30HA, PACIOJIOKEHHasT B HUXKHEH JIeBOii
qactu dyagamenTa (puc. 6, 7), IPOSBIISIONA]CS PE3KUM HOBBIIICHUEM aMILIATY/] KOJTeOaHuii.
N3ydenne xapakTepa 3aKpeIlieHns CBau, MpUHAJJIeXKAIell K JaHHONH JacTu 3JIaHUsl TI0Ka3aJ10,
9TO CBasl HE MMeeT YKeCTKOI'O 3aKPeIJIeHNs, TO €CTh SIBJITeTCS BUCSYeH, ITO TMOITBEPIK IaeTCs
HaJIMIHeM MTOBBIIIEHNEeM aMILIUTY/IHOIO PacipeeieHrs Ha OCHOBAHIHU OKOJIO JIAHHOMN CBau.

Tak ke TPOCTIeKUBAIOTCA aHOMAJIMA B BEPXHEH YaCcTH 3JaHUA ¥ B 30HE JIECTHUIIBI
(BepxHwmii sieBbiit yrour). Ha kapre pactnpeenenus koaddunumenta [Tyaccona BuiHo, 9T0 naHHast
9aCTh MO0/ M TPYHTA HAXOIUTCA B Bojie (06 9TOM CBUJETEIbCTBYET YBeJINUIeHNe 3HAUCHUST
ko3 durmenta Ilyaccona no 0.5). Kpome Toro, Ha Kapre BHIHO HAIIPABJIEHNE I'PYHTOBBIX BOJI,
Pa3MBIBAIOIINX OCHOBaHUE (DYHIAMEHTa MPUCTPONKU 3IaHuUs.

B BepxHeit wacTu 3/1aHusI IPUCYTCTBYET €Ille OJ[HA aHOMAJIWS, IPOC/IE;KUBAIOIIAACT HA
pucynkax 6, 7. B jaHHBIX MecTax ¢ BHyTpeHHE CTOPOHBI TIOMEIEHS HATJISAIHO HAOTIOIAI0TC
TPEIUHbI, WYIIIe CO BTOPOro Ha MEepPBbIii 3Tax (pucyHok 9).
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Tpemunna

Puc. 9. Tpemuna Ha BTOPOM 3TaxKe 31aHUI

3akJiroueHue

MeTomoM mpoCTYKUBaHUS OBLINM OIpeJe/eHbl JTMHBl cBail (mopsaka 12 M) u ux
CKpBITBIE JiebeKThl. Bblia onpejeseHa ojHa Bucsdas cBasi (pa3yIlJIOTHEHHE CBAW C TPYHTOM,
OTCYTCTBYET OIIOpa € TOPIA CBaM), T0J] KOTOPOI CJiejlyeT BBITOJHUTEL [EMEHTHYIO WHbEKIIUIO
1OCJIe IIPOBEIEHUST PAbOT 110 BOAOOTBEIECHMUIO.

[TockosbKy byHIAMEHT CTOUT Ha TVIMHUCTOM I'pyHTEe (0 YeM CBHJIETEIbCTBYET KapTa
pacmpesenenusi Koabdurmenta [lyaccona), a ero 9acTh HAXOIUTCS B BOJE, TO BECHOH U
OCEHbIO OXKUJIAeTCsI JBUKEHNE IPYHTa (paHee BECHON TPOUCXOJNIN OCHOBHBIE TIOJIBIZKKH ), UTO,
BEPOSTHO, YXYIIIUT CATYAIMIO B aHOMAJbHBIX 30HaX. PeKoMeHyercs HpoBejeHue pador 1o
BOJIOOTBEJIEHUIO (JIDEHAK ).

OcraTo4nblil pecypc 3/aHust M0 cOOCTBEHHBIM KoJiebanusm coctasister 83% [13], uro
O3HAYAET, YTO €r0 elle MOXKHO 3KCIUIyaTHPOBATH IPH YCJIOBUU IIPOBEJIEHHUS CBOEBPEMEHHOIO
KOMILJIEKCA, YKPEIUTETbHBIX PaboT.
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AnHoTanusa

[Ipoeenen anamu3 paboT MO KCMOJB30BAHUIO YHCIEHHBIX PACYETOB PEAKTHBHBIX DIYITUTETEH TIyMa
MpU HAJUYUHM TIOTOKA, KOTOPbBIE MPOBOAMINCH B mporpaMMubix kommekcax ANSYS Fluent, OpenFOAM,
COMSOL Multiphysics. IlpoananusupoBano BiausHusa Momesneil TypOynentHoro moroka (RANS, LES) ua
PE3YJIBTATHI YUCTEHHBIX PacderoB. PaccMorpeHbl 0COOEHHOCTH MOJEIMPOBAHUS METOIOM KOHEYHbIX 3JEMEHTOB
peakTUBHBIX Diymureseil ¢ morokoM B mporpammuoi cpege COMSOL Multiphysics, kacaromuecs: 3amanust
PPAHUYHBIX YCIOBUU U pa3bueHuss PacIETHON 00JACTH HA KOHEYHBIE SJeMeHTHL.  [IpUBEJeHBI MpPUMepbI
npumenenus RANS mozenn 1y pacdera akKyCTHYECKHX XAapPAKTEPUCTUK TUIMOBBIX PEAKTHUBHBLIX TIIYITHTEICH
IyMa, B KaueCTBE KOTOPBIX ObLIA PACCMOTPEHa MPOCTasi KaMepa PACITUPEHHs, a TAK¥Ke KaMepa PaclliupeHust
C BJIBUHYTBIM BHYTPb KaMepbl aTpyOKOM, 00pasyioimM 4eTBepTbBOIHOBbLIA pesonarop. lloBeiena onenka

BIIMAHUA BO3AYIIHOI'O IIOTOKA B IVIyIIHUTEJIE Ha IIOTEPHU IIepeaavin PEaKTHUBHDBIX I‘.T[ylHHTeJ'IefI.

Karouessie ciioBa: MKD, maymmrenu 1yma, MOAETUPOBAHUE, PACUET, TOTEPU TIEPEIAIH.

Features of calculation of reactive mufflers in the presence of a flow

Matasova O.Yu.'*, Komkin A.I2, Bykov A.I3
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Abstract

The analysis of works devoted to the use of numerical calculations of reactive noise mufflers in the
presence of medium flow, which were carried out in the ANSYS Fluent, OpenFOAM, COMSOL Multiphysics
software packages, is presented. The influence of turbulent flow models, Reynolds-averaged Navier—Stokes
(RANS) and Large Eddy Simulation (LES), on the results of numerical calculations is analyzed. The features
of finite element modeling of mufflers with medium flow in the COMSOL Multiphysics software environment
are considered, regarding the settings of boundary conditions and the meshing of the computational domain
into finite elements. Examples of using the RANS model to calculate the acoustic characteristics of typical
reactive noise mufflers are given, for which cases of simple expansion chamber and an expansion chamber with
an extended inlet pipe which forms a quarter-wave resonator were considered. An assessment of the influence

of medium flow in the muffler on transmission losses of reactive mufflers is made.
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BBegenune

[IIymoBoe 3arps3HeHHe OKpYyzKaloImieil cpeabl OcCTaeTcs OJHUM U3  HamboJee
AKTyaJIbHbIX TIPOOJIEM MOC/JAEJHUX JIECATUJIETUNR B CBI3UM C POCTOM YHUCJAa HCTOYHUKOB
ImyMa H TEeXHOJOTHYECKOTO Iporpecca. B cBa3u ¢ ycaoXKHEHHEM TEXHOJOTHYECKUX
MPOIECCOB W POCTOM WX YHCJA MPOEKTHPOBAHME MEXaHUYECKUX YCTPOUCTB TpedyeT CTPOroro
9KOJIOTHYECKOI0 HOPMHPOBAHHS, KOTOPOE [IJId CHUXKEHHA MU KOHTPOJS IIYyMa CTAaHOBUTHCS
Bce OoJiee caoKHOU 3agadeit. s ocyliecTB/IeHHs KOHTPOJS W OCJa0JIeHUsS IIyMa B
HPOMBIIIJIEHHOCTH PAaCPOCTPAHEHUE 3BYKA B aKYCTUYECKUX YCTPOMCTBAX OCTAETCH aKTyaJIbHOM
TeMoil uccienoBanuii. B macrogmuii MOMeHT HauOOJIbIIEE YHUCAO IIYMOBBIX HCTOYHUKOB
3arpsg3Henusd B cpejie OOMTAHUS COBPEMEHHOTO HYeJOBEKA HABJLIETCH IMyM TPAHCIOPTHBIX
CPEeJCTB, B OCOOEHHOCTH BIIYCKHAsA M BBIIIYCKHas CUCTeMbl aBroMooOmseit. Jlnd cHuKeHH
HAIPY3KH IIYyMOBOI'O BO3AEHCTBUS OT JAHHOTO THUIA HCTOYHHKOB IMyMa Ha OKPYZKAOIILYIO
cpeay TPUMEHAIOTCS PA3JIUYHbIe TAYIIUTEN MIyMa, CIIOCOOCTBYIONINE CHUYKEHNIO HeraTUBHOTO
BO3JICHCTBUS U CO3JaHUI0 KOMMOPTHBIX YCJIOBUN YKU3HU JIIOJEH B COBPEMEHHBIX ropojax. B
HACTOSIIEe BPEMS CYIIECTBYET OOJIbINTOE KOJUYIECTBO UCC/IEI0BAHUIN 110 M3YYEHHUIO aKYCTUIECKHX
CBOMCTB Pa3/INYHBIX JIEMEHTOB IJIVIIUTe el yMa, BKJIIOYAIONNX B ce0d SKCIIePUMEHTAIbHbIE
U aHaJHTHYeCKHEe MeToAbl. OTJIHIUTE/IbHON 0COOEHHOCTHIO aBTOMOOHIBLHBIX TIJIYIIATE/IeH
IyMa siBJIsSeTCs X paboTa B YCIOBUIX BBICOKMX YPOBHEH 3BYKOBOI'O JABJICHUSA U IIPU HATUUNH
BBICOKOTEMIIEPATYPHOI'O Ta30BOI0 MOTOKA. JIBUZKEHME TAKOIO IOTOKA YCJIOXKHAET 33Jady u
HPOTHO3UPOBAHUE PE3YIbTATOB 3MDMEKTUBHOCTH MPOECKTHPYEMBIX TUIYIITHTEIEH 1IIyMa B CBA3HU C
U3MEHEHHEeM CKOPOCTH 3BYKa, a TaKxKe C JIOTOJHUTE/IHHBIMUA TMOTEPSIMU 3BYKOBOW SHEPIUU HA
BA3KOCTb M TPEHHE B JUHAMUYECKOH Ia30BO3AYIIHON cpejie. BoJibliad 4acTb HccieI0BaHUM,
HOCBSAIIEHHBIX ITPOEKTUPOBAHUIO U PACcUeTy TIYIIUTe e MyMa He yAeasdeT J0IKHOTO BHUMAHHE
HAJIMYUIO Ia30JMHAMUYECKOr0 HOTOKA U €ro BJUAHUIO HA 3DEPEKTUBHOCTD CHUKEHUS ILYyMA.
Bwmecte ¢ Tem, kak nokazanun Amnbdpeacon u Issuc eme B 1970-1971 romax [1|, npu pacuerax
ABTOMOOMILHBIX TUIYHIUTE/IeH TITyMa MOXKHO WMCIOJIB30BaTh JUHEHHYIO aKyCTHYECKYIO TEOPHIO,
HO IIPH 9TOM IIOTOK B IVIYIIMTE/€ YUYATHIBATH HEOOXOIUMO.

N3zydenneMm B3aUMOIEHCTBUSA AKYCTHUECKOH BOJHBI M Ta30AUHAMHYIECKOTO IIOTOKA
3aHUMAIOTCs C CePeJIMHBI XX BeKa, HMEIOIUM CJIOKHOCTH B ONUCAHUN (DUBHIECKUX TPOIECCOB.
TpebytoTca obmupHble 3HaHUS B O0JACTH aKYCTUKU W THAPOTA30JWHAMUKH, HA CTBIKE
KOTOPBIX M BO3HHKAET OCHOBHAS CJIOYKHOCTH IIPU PEHICHHH PacCMaTpUBaeMO#l IPOOJIEMBI.
OcHoBHasE 4YacTb HCCACIOBAHUN, TIOCBAIICHHBIX HU3YYEHUIO BJIUSHUS Ta30JIHHAMHYECKOIO
IIOTOKA HA 3BYKOBYIO BOJIHY TOCBSIIEHA AHAJIUTHUECKHM MeTogam [2-6].  Ucciemosanust,
HOCBSIEHHBIE PACYETY TUIOBBIX 3JIEMEHTOB IVIYIIUTE/IEH IyMa ¢ y4eTOM ra30iMHaMUYeCKOro
MIOTOKA aHAJIUTHIECKUME METOJaMi B 4Hcje mepBbix, nposoguiack M.JI. Myrunanom [4-6]. B
ero paborax pacCMaTpPUBAJICSI OCPEJIHEHHBIH Ta30/lMHAMUYECKHN MOTOK, XapaKTepu3yIOoNuics
gucjiom Maxa M. B pa6orax M.JI. Mynuaa u apyrux aBropoB ObLIM MaTeMaTHICCKU OIUCAHBI
HauGoJee pacpocTpaHeHHble (THIOBBIE) JIEMEHTHl PEAKTUBHBIX [UIYHIHTENe MIyMa ¢ yu4eToM
HHU3KOCKOPOCTHOTO ocpeanenHoro moroka (M < 0,1) B TepMmHAX HepeJaTOYHBIX MATPHIIL.
Meros mepegaTodYHBIX MATPHUIL MO3BOJILIET PACCUYUTHIBATH AKYCTHYECKUE XaPAKTEPUCTUKU U
boJiee CJAOXKHBIX TIJIYIIUTEICH IMIyMa, eCJii WX KOH(MHUTYPAIUIO MOYKHO TPEJICTaBUTbL B BHJIE
1I0CJIeI0BATEILHOIO COeTMHEHUs THIIOBBIX 3JIeMeHTOB. B kKadecTBe mokasare g 3(peKTUBHOCTH
CHUZKEHHUS IMyMa TUIVHIATEISIMHA Hambojee YacTO HCIOJIb3YyeTcs TaKad XapaKTEePUCTHKA, Kak
norepu nepejadu 1'L, Koropas olpejiesisiercs yepes jorapudm OTHOIIEHUS 3By KOBOI MOIIIHOCTH
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najgaoleil BOJIHBI Ha BXoze rurymuTeas Wi, K 3ByKOBOI MOITHOCTH 3BYKOBOH BOJIHBI Ha BHIXOJE
Wous W3 TAYIIATENS TIPH HAJIMYAN TaM CODJIACOBAHHON (6€35X0BOi) HAIDY3KH:
Win
TL = 10lgW , 1b.

out

B macrosmee BpeMs ypOBEHb Pa3BUTHA YHCJICHHOTO MOJCTUPOBAHUSA MO3BOJISAET
peliaTh MHOI'HE 33129l TEXHUIECKON aKyCTUKH, B TOM YUCJI€ H CJI0KHbBIE MEZKTUCIUILTMHADHBIE
3a/1a4M, BKJIIOYAIOIIME B3aUMOJAEHCTBUS aKyCTHUECKOH BOJHBI M I'a30JMHAMUYECKOIO MOTOKA,
KOTOpbIe paHee OBbLIM HE pelmaeMbIME. BO3MOMKHOCTL HCIIONb30BAHUS YHUCICHHBIX METOI0B
JUISE pemeHnsi MOJOOHBIX 3aJad OTMedajach yzKe JaBHO, HO CTajda BO3MOXKHON TOJIBKO
cefiyac, B CBA3M C IIOABJEHHEM MOIIHONH BBIYUCIUTEJbHON TEXHUKU M IPOTPAMMHBIX
KOMILJIEKCOB  JI/I  PElIeHUs MyJAbTH(U3MUECKUX HPOIECCOB, BKJIOYAIONMX KOMILIEKCHI
BeIaHCIUTeNbHON TuaporazoauaavMuku (CFD) #  BBIYHCIUTETHHON aKYCTHKH, YHCJIEHHbBIE
MeTOIBl MOJEJIUPOBAHUA, OCHOBAHHbIE HA METOJAX KOHEYHBIX W TPAHAYHBIX 3JIEMEHTOB,
CTaBIie HAXOAUTH IMIMPOKOE MPHUMEHEHHe B HCCIeloBaTeabekoil npaktuke |7-16]. Tak B [7]
aBTOPHI pa3pabaThiBaIl HOBBLIA BBIYMCANTEALHBIA MOMyab B mporpamve OpenFOAM s
nccaeI0Banua noreph nepegadn 1L sjeMenTa TIylmuTeas NP HAJIAYUW TOTOKA. B mporecce
UCCIIEJI0OBAHUA OHU OLEHWIN 3(PPEKTUBHOCTh Pa3spabOTaHHOIO BBIYHCIUTEIHLHOTO MOJIYJS Ha
npuMepe KaMepbl PACHIMPeHUs W CPABHUIM Pe3YJbTaThl 4acTOTHOH xapakrepuctuku 1L c
9KCIIEPUMEHTAJIbHBIME JaHHbIMU. OCOOEHHOCTHIO MOJIEJNPOBaHUst ObLIO HPOBEJACHUE PACIETA, ¢
BPEMEHHO peasm3arueil 3ByKOBOIO CHT'HAJIAa, KOTOPOE MEPEBOANIOCH B 9AaCTOTHYIO 06JaCTh C
nomorpio npeotpazopanuii Pypre (FFT). Tloxoxkuit pacaer npooausics B [8] B mporpaMMHOM
koMmiiekce ANSYS Fluent Ha mpumepe mepdOpHpOBAHHOTO TJIYIIHTEIS IIyMa IIPH HAJIAIAN
¥ OTCYTCTBMM IOTOKA C peajm3anyeii BO BpeMeHHOH ofjacTu, TpeOyromeil 3HAYUTeIbHBIX
3aTpAT BLIYMCIUTENbHBIX PECYPCOB, UeM B 4aCTOTHOH obsactu. /lajmee aHAJOMYHBIM 00pa30oM
HOJIyYeHHbIE PE3YJIbTAThl MPeodpa30BLIBAINCH B 4aCTOTHYIO 00J1aCTh M ONPEAEIAIUCH TOTePU
nepegaun T L roymmrens. [Tomydennsie aBropaMu pe3yabTaThl YUCAEHHOTO PacdeTa XOPOIIO
KOPPEJUPYIOT ¢ JAHHBIMHE, 1101y YeHHBIME 3KCIEPUMEHTATbHBIM METOIOM.

[lesblo  HacTOAIIEH HAyIHOW pabOTHI  ABIAETCS CPABHEHHE AKYCTUYECKHX
XapaKTePUCTUK KaMep PaCHIMpPeHHus, NPOCTOH 1M MOAuUIUPOBAHHON HYeTBEPTHBOJHOBBIM
PE30HATOPOM, B YCJIOBUAX HAJMYHA TA30JMHAMAYECKOIO MOTOKA CPEJIbl PA3JINYHON CKOPOCTH B
nporpammuom komtzekce COMSOL Multiphysics.

1. MozageaunpoBaHne MOTOKA CPEeAbl YNCJIECHHBIM METOIOM

[Ipyn npoBejieHMN YHUCJIEHHBIX PACYeTOB AKYCTHUYECKHX XapPAKTEPUCTUK 3JIEMEHTOB
TIIyIIATeNed B YCJIOBUAX HAJIUMYUA TOTOKA MPOBOALAIIEH CpeAabl METOJOM KOHEYHBIX 3JIEMEHTOB
(MK9) BaxkHyo posib HrpaerT BBIOOD MaTeMaTHYeCKOH MOJeau TypOyIeHTHOCTH. Ha
HACTOSAIINAN MOMEHT CYIIECTBYET TPH OCHOBHBIE Ta30IMHAMUYECKHE MOJETN TYPOYJIeHTHOCTH,
OTJINYUA B KOTOPBIX [TO3BOJIAIOT BAPbUPOBATH TOYHOCTBIO U CKOPOCTHLIO pellleHns [T0CTaB/IeHHO’
331441,

[TpunnunuaabHO B MOJIEJIMPOBAHUE TYPOYJICHTHOIO TEUEHUS CPEJIbl MOYKHO BBIJIEIUTD
JB€ OCHOBHBIE COCTaBJIAIOIINE IIPOIlecca: peryjgpHoe JABUKeHNne, OHO KaK IIPABUJIO OLIUChIBaeTCH
OCPeJIHEHHBIMHU 110 PACCMaTPUBAECMOMY CEYEHUIO CKOPOCTAMU, U HAJIOZKEHHOT'O Ha HEero XaoTUIHO
NYJIbCUPYIONIETO TeUeHUsI, KOTOPOe U MPUBOAUT K (DOPMUPOBAHUIO HEPETYJIAPHBIX (DIyKTyaIuit.
3amedare/IbHBIM MATEMATHIECKAM HHCTPYMEHTOM ONMUCAHUST BOSHUKAIOIINX B IIOTOKE BUXPEBBIX
npoduseil B 3aBHCUMOCTH OT XapaKTEPUCTHK MOTOKA ABISIOTCSA ypasHeHust Hasbe-CTokca, oHI
U JIe2KaT B OCHOBE BBLIIIEYIIOMSIHYTBEIX MOJeseil.

Haunbonee TouyHbIM W B TO :Ke BpeMs HamboJiee 3aTPATHBIM IOJIXOJOM, KaK C
SHEPreTudvecKoil, Tak u ¢ BPEMEHHON TOYKU 3PCHUHA, ABJIACTCH LIPAMOE pelleHue ypaBHeHUN
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Hasbe-Crokca (DNS — Direct Numerical Simulation). HeocmopuMBIM TPEHMYIIECTBOM
TAKOI'O TOJXO/a SBJSETCH, KOHEYHO K€, BO3MOXKHOCTb MPOCUYUTATh PACIPOCTPAHEHUE U
JIUCCUTIAIINIO CPABHUTEIBHO MAJIBIX Buxpeil Ha (one kpymabix. OueBuaHO 17151 3P PEKTUBHOTO
MCITOJIb30BAHNS TAKOro crocoba omnucaHus TypOyJIeHTHOCTH TpedyeTcss OYeHb MOApPOOHOE
pa3OmeHre, YTO B HAIlle BpeMsl IOKA ellle MpPeICTaB/ISIeTCsd CYIIeCTBEHHOW MmpoOaeMoit 11st
COBPEMEHHBIX KOMIIBIOTEPOB.

UNcxonss w3 HEOOXOAMMOCTH CHUZKEHUSI BBIYHC/JAUTEIBHON HArPY3KH ¥ BO3HUK
caenytomuii noaxox — wmeron Goabmux Buxpeii (LES — Large Eddy Simulation). B
JIAHHOM IIOJXO/e IIpeHeOperaroT MeJaKuMU (DIYKTYAIUsSMA, YTO MO3BOJISIET ONTHMH3HPOBATDH
pacyer W yBeJIUIUTh MHHHMAJIbHO HEOOXOIUMBIH pasmep ceTku pasbuenumsa momeau. Ciemyer
OTMETHThH, YTO 00IIas TOYHOCTh pacuera B paMKaX IPUHSITOrO JOMYIIEeHUsI CTPaIaeT He CHIBHO,
TAK 9TO Pe3yJibTaThl, MOJYYEHHBIE MPHU TAKOM MOJXO0/e, MOXKHO CYUTATH BECHbMa TOYHBIMH.
Tem He Mmenee MOJTOOHOTO POJLI pacdeThl TPeOYIOT 3HAYNUTE/THHOIO BPEMEHH W MOTYT OBITh
HCIIOJIB30BAHBI TOJBKO JJIsl pacdera HeCTAIMOHAPHBIX TeJYeHHH B TPEXMEPHBIX PeIlaTe/issX BO
BpeMeHHO#T oOnactu. Ha pucynke 1 mpeacrabieHa KapTHHA paclpeneeHds CKOPOCTH IIOTOKA,
B Kamepe paciiupenns LES meTomom.

Puc. 1. Pacuer pacnpejenenus CKOPOCTH MOTOKa B Kamepe pacmmpenus: LES merogom

[Toaxomom, KOTOpBIN TOXYYHI HAUOOJBINEe PACHPOCTPAHEHUEe TPHU PEIeHu’ 33J1ad
TypOyJIEHTHBIX TedeHuii, spjsiercss pemrenune ypasuenuit Hasbe-Crokca ocpegHeHHBIX 110

Peitnonbacy (RANS — Reynolds — averaged Navier — Stokes).  Ero HeocmopumbiM
NMpeuMynieCTBOM M AOCTOMHCTBOM dABJACTCA BO3MOXKHOCTL IIPOBEACHUA pacCdeTa B YCJIOBUAX
ONPAHUYEHHBIX BBIYUCJUTEJbHBIX MOIMHOCTEH — KepTBYd TOYHOCTBIO MOXKHO OOCUHUTATH

JIOCTATOYHO MaciuTabHBIe 3aJaud M, 0oJee TOro, HOJYYHTH pEIIeHHe B BUIE CTAIMOHAPHOM
KapTUHBL TedeHuii. BrupodeM, 3To CHUKAET TOYHOCTD YHCICHHBIX PE3YILTATOB U K HUM HYKHO
OTHOCUTBCH C OCTOPOXKHOCTBIO — B CJIydae PACCMOTPEHUs KAHAJIOB CJ0XKHOI reomerpun. Jlaxke
HpI/I HNCIIOJIb30BaHNN BECbMa HO,ZLpO6HbIX CeTOK MOZKHO HOﬂyanb CyH_[eCTBeHHbIe paCXO}K,ZLeHI/IH C
SKCIEepUMeHTaMu. B KadecTBe npuMepa HUzKe IPHBEIEH Pe3yIbTaT pacdeTa CKOPOCTH TeYeHUs
cpenbl B KaMepe pacimmpenus mMeromoM RANS, pucyHok 2. 31ech B OTJIHYHE OT pacdera
MerogoM LES nMmeer MecTo OBITH OCeCHMMETpUUYHAS KAPTUHA PA3BUTUS MOTOKA B KaHAJE, YTO
SIBJISIETCSI CJIEICTBHEM YIIPOIIEHHOIO pacdeTHoro noaxoga B RANS meroe.
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Puc. 2. Pacuer pacmpe/esieHusi CKOpOCTH TTOTOKa B Kamepe pacmupennss RANS meromom

B noarsep:kjieHrMe BBINIECKA3AHHOIO MOXKHO IPUBECTH B IPHUMEP PE3YJIbTaThI
noJiyuenubie B [7]. ABTOpBI paGoTBl pACCUUTHIBAIN TTOTEPH Hepenadn T L KaMepbl PACIIUpeHus
B yCJIOBUAX HaJIMYUA IIOTOKaA. OKaSaJIOCb, YTO IIpU CKOPOCTAX IIOTOKa HE IPEBLIIIAIOIMNX
10 m/c, LES mozmesnp meMoHCTpHpOBaJa JIydlllee CXOXKIAEHHEe ¢ sKcrnepuMenToM, deM RANS.
OueBUIHO, 3TO B TMEPBYIO OYePeIbh CTOUT CBA3BIBATH C 0OOJee TOUYHBIM PACUYETOM TOTEPH
3BYKOBOIl SHEPIUH B YCJOBHAX (POPMUPOBaHUsA OOJIBIIOrO YUCIA 3aBUXPeHuil B moToke. Camo
e orpaHnderue B 10 M/¢ MCXOAUIIO U3 BHIYUCIUTETBHBIX BO3MOXKHOCTEl MeTogom LES, RANS
B CBOIO OY€pPE/Ib [O3BOJISII PACCYUTHIBATH TY K€ MOJEJb U pH ckopoctsx 90 m/c.

OpHEM U3 TPOrpaMMHBIX KOMILIEKCOB TOAXOIAINNX s pacdera TAYITHTeN el myma,
IpUA HAJUYHM IIOTOKA C JIAHHBIME CKOPOCTHBIME pexkuMamu gpiasercs COMSOL. [lasee B
paboTe HpeJCTaBJIeHbI Pe3YyIbTaThl pacdeTa JIBYX KaMep PaCHIUpeHHsd, OJHA M3 KOTOPBIX
MOJMMDUITTPOBAHA, YETBEPTHBOIHOBBIM PE30HATOPOM, IMIPH PA3HBIX CKOPOCTSAX MOTOKA CPEIbI.

2. Co3ganme ceTKn KOHEYHO-3JIEMEHTHBIX Moejeli

B COMSOL Multiphysics moctpoenst 3D Momein KaMephbl pacIIipeHHst 1 9eTBePThBOJTHOBBI i
PE30HATOP, CXEeMbl KOTOPBIX IIpeJCTaB/IeHbl Ha PHUCYHKe 3. IIpu »TOM wucHONIB3YETCS
TpeXMepHas MOJeJb JII BbIIBJICHUS OCODEHHOCTEH BUXPEBOH CTPYKTYPBI HOTOKa. B cBsA3m
C TeM, YTO pacCMaTpuBaeMble KOH(MUTYPAIMHU TJIYHIATE el SABISIOTCI OCECUMMETPUIHBIMU,
IOBE/IeHNEe UNCJAEHHBIX PACYeTOB MOXKET OBITH YIPOIIEHO W MOTpedyer CyIIeCTBEHHO MeHbIIe
BBIUHCINTEIBHBIX 3aTPAT.

o)

Puc. 3. Cxembl KaMepbl paciimpenusi () W 9eTBepTHBOJHOBOIO pe3oHaropa (0)

J171st TOBBITIIEHNS] TOYHOCTH YUCTEHHBIX PACYETOB UCTIOIB3YIOTCS JIBE CTPYKTYPUPOBAHHBIE
CeTKH ¢ MOPOOHBIM pa3dbueHneM MPUCTEHOYHBIX C10eB. B ciydae pacdera mapaMerpoB HOTOKA
HCIIO/Ib3yeTcs DoJtee TOAPoOHAs ceTka, Tak Kak Tpebyercst Boicokas Toanoctu CFD pacueros.
[TocTpoenne ceToOK MPOU3BOANTCS O CJEIYIONIEMY AJTOPUTMY:
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1. CrpyKTypupOoBaHUe Moje el HCCJIeTIOBAHUS OCYIIEeCTBISIETCS ¢ TOMOMIBI0 (DyHKITUN
caMocTosITeJIbHO HacTpoiiku ceTok (User controlled mesh).

2. Pazmep snemMeHTOB ceTKH 3ajaercs B paszesne Size. Jljig pacdera akyCTHYECKOit
BOJTHBI B TIOTOKE MCHOJIB3YETCS CeTKA ¢ padMepamu 3-8 MM, 3TH 3HAYEHUs 33JAI0TCSA MCXOIsT
U3 MaKCUMaJbHOU dacToThl pacdeTa B akyctuke — 3 000 I'm. B sTom ciydae Ha KaXKIyio
JIJIMHY BOJTHBI TPUXO/IUTCS He MeHee 14 371eMeHTOB CeTKH, UTO TTO3BOJIsIeT CHU3UTh PACCUUTAHHBIE
OIKUOKHU 1IPU PACHPOCTPAHEHUN BOJH K MUHUMOMY.

3. Ilpu pacuere CKOIB3SIIETO MOTOKA Pa3Mep JIEMEHTOB BapbUPYETCsS B IIPejeax
1-5 MM. DTOT amama3’oH BHIOpAH Ha OCHOBAHHHM PEKOMEHIAINN, YTO pa3Mepbl 3JIeMEHTOB
JUId pacdeTa IMOTOKA JIOJKHBI OBITH MeHbINE, 4YeM [ aKyCTHYecKHX pacueToB. Taxoif
HOJIXOJT, TO3BOJISET MOBBICUTH TOYHOCTH MOJYYAeMBIX MPU MPOBEEHUN UHUCIEHHBIX PACYeTOB
Pe3YIbTATOB.

4. Jlnsg pacdera B NPUCTEHOYHBIX CJI0AX Hcnojb3yercsa gpyukiumsa Boundary Layers,
MO3BOJIAIONIASA CIeJaTh ceTKy 0Oojiee mogapoOHOi B JlaHHONW 00JIaCTH ¢ 33/laHWeM YhCJa CJI0eB,
co3JlaBaeMyIo I OoJiee JeTaJbHOrO ydeTa HOTepW HAa BA3KOCTb W TpeHme. [lng pacdera
napaMeTpoB TOTOKA HUCIOJIB3yeTcd pa3OneHne Ha 8 TPUCTEHOYHBIX CJIOEB, B aKyCTUIECKOM
pacdeTe 5 CJOeB.

[Tapamerpsl BO3IYyNTHOrO MOTOKA, mosyueHHble Ha ceTke CFD, mepenocsaTcs Ha ceTky
JUIT aKycTu4aeckoro pacdera. (O0e ceTkm Mojean KaMephl PacIiUpeHusi B Ka4ecTBe MpUMepa
npeJcTaBIeHbl HA PUCYHKeE 4.
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Puc. 4. Tunpapandeckas (a) u akycTudeckasi (6) pacueTHble CETKHU JIJisi KAMEPbl PACITHPEHHST

3. OcobennocTu pacuera raymiuTesaei mryma ¢ yaeroMm moroka B COMSOL
Multiphysics

MogenmnpoBanne kaMepHBIX sideek paccmarpuBaemoii kKoudurypamun B COMSOL
Multiphysics ¢ waauumem moroka cpeabl Merogom RANS mpom3BoAuTHCS € TOMOIIBIO
myabTudusndeckoit dyuknun (Background Fluid Flow Coupling), cBs3biBarolieii MexkIy
coboii nBa mMomaynst dusuku: TypOyaentHoro moroka (Turbulent Flow) m JuHeapu30BaHHBIX
ypasuennit Hapbe-Crokca B 4acTOTHOMN obnacru (Linearized Navier —
Stokes, FrequencyDomain), Myabrudusnka MO3BOJASET HATOKHTH HA Ta30[IHHAMUYECKHN
MOTOK aKyCTHYeCKue BOJHBI. [lojyuenne TpebyeMbiX pe3yabTaToB JIeIUThCs HA TPHU dTamna. B
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HEPBYIO OYepeIb MPOU3BOIUTHCS THAPABIUICCKUN pacdeT TYpOYJIEHTHOTO TOTOKA B MOJLYJIE
dusuku Turbulent Flow merogom RANS. B nansoM pacdere ncmnosb3yercs moapobHasi CeTKa
C MEJIKUM TITaroM pa30ueHus u JeTabHBIM JIEJIEHUEM MPUCTEHOUHBIX CJI0€B, TPEOYOMUXCS JI/TsT
ydeTa TOTeph HA BSI3KOCTh W TPEHWe, BIUAIOIMNX HA TOYHOCTH KOHEYHOTO pe3yJIbTaTa.
['panudnbie ycJIOBHS 10 BXOJHOMY CEYCHHIO 33JIAI0TCA  Uepe3  OCPeIHEHHOe 3HAYCHHe
ckopoctu moroka cpeabl (Fully developed flow).  Ha BBIXOZHOM CeYeHHH TI'DAHHYHOE
YyCJIOBHE 33/]ae€TCsl  4Yepe3 HyJeBOe JaBjeHHe OTHOCUTEJILHO 3HAYEHUsI aTMOCHEPHOro.
Ha BTOopoM »3tame pacueroB nojgk/ao4daercd dusndeckuii momyab Linearized Navier —
Stokes, Frequency Domain, CBI3BIBAIOMIANCS C PACIeTOM THAPABIUKU MYJIbTU(PUINIECKOT
dbyukmueit Background Fluid Flow Coupling ¢ TOMOIBIO II€peHOCa JaHHBIX E€PBOrO
Tana Ha aKyCTHYECKYIO ceTKy. Ha 3ak/IiouuTebHOM 3dTane HPOU3BOIUTCS AKYCTHUIECKUI
pacyeT ¢ HAaJIUYAEM TOTOKA CpPeJbl B YaCTOTHOM JIMANa30He ¢ UCIOJIb30BAHUEM Pe3yIbTATOB
pPacueToB W IEPEHOCA JAHHBIX € MPEAbIAyIuX maroB. JIjas maHHOTO pacdera Ha BXOIHOM
U BBIXOJHOM YyYaCTKaxX TPyOOMpPOBOIOB, MPHUCOEINHEHHBLIX K KaMepe pACIIHPEHUs JIBYX
KOH(bUrypanuii, co3aioTcd yCJOBUS COIJIACOBAHHONW HATPY3KH NPU MOMOIIH COTJIACOBAHHBIX
cioes (Perfectly Matched Layer). AkycTudyeckass BOJIHA 3aJaeTCs IIPH  IIOMOIIN
Background Acoustic Fields, roe yKa3bIBaeTCs aMILIATYIa 3BYKOBOH BOJIHBI U PACIPOCTPAHEHTE
K0J1e6aTeIbHON CKOPOCTH TO OCAM KOOpAauHAT. B 3ToM Moaysie (BU3UKH eCTh HEKOTOPbhIe
U3 TPEJIoJaraeMbiX IIPEANOI0OKEeHHIl, HAIpuMep, 9YTO TOTOK 0e3 TOoTeph, BI3KUHE U
aimabarudeckue 3Pp@GeKTh NpeHeOpe:KUMO MaJjbl, TaK YTO AaKyCTHYEeCKOe I0JIe MOZKeT
OBITH OMUCAHO 3BYKOBBIM JaBieHueM p [[1a], onpemesisieMbiM BOJHOBBIM ypABHEHHEM:

2
¥%g§+v-("£Vp)=Q
poc? Ot Po

rIe po — IUIOTHOCTH CPEeJbl, KI/M°; t — BpeMs, ¢; ¢ — CKOpPOCTb 3ByKa, Mm/c. B
CJIyda€e paCCMOTPEHHA I'apDMOHNYECKUX 3BYKOBBIX BOJIH BOJIHOBO€ YpPaBHCHHE MO2KHO IIpUBECTHU
K U3BECTHOMY ypaBHEHUIO [ eJibMrosibiia.

B 4HCIEHHBIX pacdeTax HCIOJb3YIOTCS TPU OCHOBHBIX IDAHUYHBIX ycjaoBus (puc 5):
TBep/Ible TPAHUIILI, KOTOPBIE MPOSBISIOTCA B BHJE HAJIWYUAS HPOUHBIX TBEPJBIX CTEHOK; ITO
ycsioBue Tpebyer, 94ToObl HOPMAJIbHAS CKOPOCTH KOJieOaHUi 4acTHIlbl ObLIa PABHA HYJIIO; KaK
yKe YIOMHHAJIOCH paHee, BXOIHOE OTBEPCTHE TUIYIIUTE S WMeeT CIeNUAJHHOE TPAHHTHOE
yCJIOBHE, KOTOPOE TO3BOJISIET PACIPOCTPAHATHCH 3BYKOBOIH BOJIHE depe3 00a KOHIA MOJIEJIH,
4TO obecrevrnBaeT YCJAOBHS MOJTHOTO Torsomennsd. CHopaBeimBOCTH PaJid CJeIyeT OTMETUTD,
910 ycsaoBue Bbhixofa u3 raymuteas B COMSOL Multiphysics MoxkeT OBITH peaJm30BaHO
O-PA3HOMY, HO BCE OHW COOTBETCTBYIOT YCJIOBUIO COTJIACOBAHHOW HATPY3KU Z = pC.

Op/on=0

Puc. 5. OcHoBHBIE TDAHWYHBIE YCIOBUS PACCMATPUBAEMBIX B aKyCTHIECKOM MOJLYJIe
TIIYIITATES A
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4. Pe3yabpTaThl pac4eTosn

B wuccienyemblx KamMepHbIX gduefiKax: — KJIACCHUYECKOl Kamepe paciliupeHus u
MOJIUMPUKAIUN € Y€TBEPTHBOJHOBBIM PE30HATOPOM, ITOTOK Cpebl NMPUHUMAETCHS KaK CJa1a00
CKHMAEMBbIi B CKOPOCTHBIX Juanaszonax 5-30 m/c. Ilo uToraM YHCJIEHHBIX PAacIeTOB TPEX
9TAIOB, ONMCAHHBIX DaHee ONpeJeNdi0Tcs YacTOTHbIe XapaKTepPUCTUKU ToTepH nepeiadn 1'L
A KaxKOoil paccumTaHHOil ckopoctu. JId KiaccmyecKoil KaMepbl pacCIIUpeHdd IJIHHOMI
200 mm u gumamerpoM 80 MM C BXOJHBIM U BBIXOJHBIM narpyOkamu o 20 MM B juamerpe,
pe3yJIbTaThl pacyera ee NoTephb Mepeiadn MPeCTaB/IeHbl Ha PUCYHKE 6.

Kak mnoka3plBalOT pe3y/JbTaTbl pacdeTa, HaJW4dhe [OTOKA BBI3BIBAET HEKOTOPOe
yBeanueHne 3G@EKTUBHOCTH CHUXKEHUS IIyMa, KOTOPOe XOPOIIO TPOCTIeKUBaeTcsd Ha
MAaKCUMAaJIbHBIX 3HAYEHUSX TTOTepH mepeaadn 'L KaMephbl pacuiupeHus u KOTOpoe TeM 0OJIbIIe,
gem OOJIbITIe CKOPOCTH MOTOKA W 9acTOTa 3BYKa. ITO ABAEHHE CBA3AHO C HAJUIHEM HOTEPh
HA TpeHWe B TypOy/JeHTHOM moTOKe B Tiymmurene. Cremayer oOpaTuTh BHUMAHWE HA OJHY
0COOEHHOCTH IOy YeHHBIX PE3YIBTATOB, CBA3AHHYIO ¢ T€M, UYTO HA HU3KUX IACTOTAX MOSABJIAETCS
dbaykTyanus Ha KpUBOi TIOTEPH epeIadn, KOTopas MOsgBJsIeTCsI P CKOPOCTH ToToKa 10 M/c,
a pu ckopocTr 30 M/C U BBIIIE CTAHOBATCS OU€HDb CYIIeCTBeHHON. [TpudIrHA NOSBICHUS TAKAX
dryKTyanuii, npuyeM TOJbKO HA HU3KHX YaCTOTaX, HEIMOHITHA W, MO-BUJIUMOMY, CBA3aHA C
ocobeHHOCTSIMU TIPOBeeHus m0100HbIX pacderoB B makere COMSOL Multiphysics.

TL, 1B
20

19 o~ i

18

rrﬂﬁﬂ//‘,

%.\
o
%

16

‘ r é/
i
/

N
13 I
|

12

11 I

|
10
0 500 1000 1500 2000 2500 30007, I'og

Puc. 6. Tlorepu nepeaun KaMepbl paciiupeHus Jijisd Pa3JIudHbIX CKOPOCTEH CKOJIB3SIIETrO

noroka: V=0 m/c (—); V=15 m/c (....); V=30 m/c (——)
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Puc. 7. Tlorepu nepejiaun KaMepbl PACHIUPEHUS ¢ Y€TBEPTHBOJIHOBBIM PE30HATOPOM JIJIst
pa3nInIHBIX CKOpocTeil ckomb3smero noroka: V=0 m/c (—); V=15 m/c (....); V=30 m/c (——)

B cayvae pacdera KaMephbl paclImpeHns ¢ TAKIMHA »Ke reOMeTPHIeCKUMHI TTapaMeTpaMu,
4YTO W B IEpPBOM CJiydae, HO MOJAMMUIHUPOBAHHYIO 4YeTBEPTbBOJIHOBBIM PE30HATOPOM,
NPEJICTABIAIONINM COOOI BBEJIEHHYIO BXOJHYIO TPYOy 70 cepeuHbl ee JIIMHbI, ObLIN MOy YeHbl
pe3yIbTaThl XapaKTEePUCTHKU TOTEPh TMepeadn MpeJicTaBIeHbl HAa PUCYHKe 7 I TeX ¥XKe
CKOpocTell oToKa cpeiibl. [lpu pacdyere XapakKTepuUCTHK 00eMX KaMep YHUCJIEHHbIE PacYeThl
UMeIOT HJIeHTUYIHBIe pe3yAbTaThl B CPAaBHEHWHW ¢ AHAJHTHIECKHM MeTOJI0M pacdera. Kak
HOKA3bIBAIOT I'PAUKKU HA PUCYHKE 7, 1OdBJIEHUE HOTOKA B IVIYIIMTEJE U YBEJUYEHUE €ro
CKODPOCTHU MPUBOJUT K CHUXKEHUIO INOTEPh Iepejladn IJIYIINTe/isl Ha Pe30HAHCHBIX YacToTax
0 CPaBHEHWIO CO CJAy9aeM OTCYTCTBHsSI TOTOKA. Ta 3aKOHOMEPHOCTH OOYCJIOBJIEHA TeM
00CTOSATEIHLCTBOM, YTO BBI3BAHHOE HAJUYHEM IOTOKA TPEHHE B IVIYIIUTE/Ie BhI3bIBACT CHUKCHHE
JIOOPOTHOCTU  YeTBEPTHBOJIHOBBIX PE30HATOPOB, a 3HAYUT M yMEHbIICHHE aMILIATYIbI
PE30HAHCHBIX INHKOB Ha rpaduKkax moTepb mepegadu. Takasg 3aKOHOMEPHOCTH SIBJISIETCS
TUITMIHON )T BCEX PE30HATOPHBIX JIEMEHTOB B IUIYIIUTEISAX IMIyMa. 3aMeTHM, 9TO 37eCh, KaK
U B PACCMOTPEHHOI BBLIIIE KaMepe PaclHIupeHus, UMEIOT MecTO (DIYKTYAIuu MOTeph MepeIadn
HAa HHU3KHX 4JacToTax. llpmdem, deM OoJibllle CKOPOCTH IOTOKa, TeM OoJblie (pJIyKTyaluu,
KOTOpBIE IPU CKOPOCTH GoJiee 15 M/¢ CTAHOBSATCSA OY€Hb 3HAUHTETbHBIMU.

3ak/rodyeHue

B macrosiimee Bpemsi npuw HUCHOIb30BAHUEM YUCACHHBIX PACYETOB JIJI ONPEICTCHUS
AKyCTHYECKUX XapPaKTePUCTHUK [UIYHIHTEJeH IMIymMa € HaJUYueM [OTOKa Iesecoo0pas3Ho
MOJIEJTUPOBATH TPOIECChl TaszonuHamMukn ¢ npumenenneM RANS mojgesnn, Ha OCHOBaHUHT
HPOBEJCHHOr0 aHaau3a. [ TpOCTBIX 3IeMEHTOB TJIYINHTENedl IyMa aHAJIATHICCKHE U
YUCJIEHHBIE METOJbl HUMEIOT MICHTUYIHBIEC PE3YIbTATHI, UTO AT BO3MOXKHOCTH HMPUMEHSTH
YUCJCHHBIE MeTOJbl JiIsi pacdera 0Oojiee CJAOKHON KOH(DUIYpAIME TJAyHIATeIeH HryMa.
Taxxke mupu umcaennom wogemupoannu B COMSOL Multiphysics ma Hu3zkmx wacrorax
MOJTYIAEMBIX XapPAKTEPUCTUK HADJIOMAETCS TOSBIISIIOTCS HEKOTOPhie (DIYKTYaIluu, KOTOPHIe
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BO3PACTAIOT C YBEJIHMYEHHEM CKOPOCTH MOTOKa. lIpmymHa BOSHUKHOBEHHS TAKHX YHCJIEHHBIX
pe3ysbraroB Tpedyer 0oJiee JIeTajabHOIO U HOJPOOHOIO MCCJIEOBAHUS C SKCIEPUMEHTAIbHBIM
MOATBED:KIEHIEM, TIAHIPYEMOr0 Ha, CJIEAYIOIINX dTanaX HCCIeI0BaHMS.
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AKYCTI/I‘{eCKI/Iﬁ MeTOd, AUATHOCTUPOBAHNA MEXaHUYIE€CKNUX CUCTEM

Mypsunos B.JI.'*, Mypsunos I1.B.2, Mypsunos F0.B.?, Kouep:xenxo /1.B.*
! IIpodeccop 2* Houent * Acnupant
1,2,3.4 Bopone:kcknil TOCYTapCTBEHHBI TeXHIUeCKNil YHUBepCHTeT, I. Bopone:x, PO

AnHoTanusa

ITokazana BO3MOXKHOCTH HCIIOJIb30BAHUS AKYCTHYECKOrO METOAA JJIs JMATCHOCTHPOBAHUS COCTOSHUS
MEeXaHU4ecKoit cucrembl. IIpeamonaraercs, 9To 00as MEXaAHMYIECKAs CUCTEMA B Ipoiecce pyHKIINOHNPOBAHUSI
W3AeT pA3IMYHble 3BYKU. VICTOYHWKAMU ITUX 3BYKOB MOTYT OBITh MEXAHWYECKHE 3IJIEMEHTHI, & TaKKe
TIOTOKU JKUJIKOCTH ¥ Ta3a. 3BYKOBbIE TIOTOKH, WCXOIAIINE OT WCCAEIyeMON MEXaHWYECKON CHCTEeMBI,
BOCIIPUHUMAET AKYCTUYECKHUIl JATYHUK, [I0CJI€ KOTOPBIA BBIIOJIHAETCHA IPeoOPa30BaHNe aKyCTHIYECKOIO CHIHAJIA
B 3JIEKTPUYECKHUil curHaj. B ocHOBe KOHCTPYKTHBHOI'O PEIeHHs YyCTPONCTBA aKyCTHYECKOrO JATIUKA JIEKHUT
MOHSITHE AyCKyJbTanuu.  PaccMOTPEHBI pa3IudHble CHOCOObI U ycrpoiicTBa ayckynbramuu.  OTMedeHbl
JOCTOMHCTBA W HEJOCTATKU CYIIECTBYIOIIMX B HACTOSAIEE BpeMs YCTPOHUCTB ayckyabranmwu. llokazano
MpUMEHEHNE BAKyyMHOU MPOCTOWKOM 11 3 (DEKTUBHON 3aIMUTHI OT BJIMSHWUS BHEITHUX 3BYKOBBIX MTOTOKOB
Ha uccieayemblii morok. Paccmorpenbl jgarduku 0e3 BaKyyMHOH IPOCJIOMKM U [IQTYUKU, WCHOJIB3YIOMINE
BAKYYMHYIO MPOCIOWKY. AKycrwdeckuil marduk OObeIuHSeT JBA MOHATHUs: AyCKYJbTAIUI0 U BaKyyMHYIO

OPOCTIOUKY.

Kuirodesnlie cioBa: aKyCTI/ILIeCKI/Iﬁ JATYUK, METOJ, JUArHOCTUPOBAHUA, MEXaHHUYIECCKad CHCTEMa,

BaKyyMHasd IPOCJIOHKA, ayCKyIbTalud.

Acoustic method of diagnosing mechanical systems

Murzinov V.L.'*, Murzinov P.V.2, Murzinov Yu.V.?, Kocherzhenko D.V.*
I Professor 23 Associate Professor * Postgraduate student
1.2,3.4 Voronezh State Technical University, Voronezh, Russia

Abstract

The possibility of using an acoustic method to diagnose the condition of a mechanical system is shown.
It is assumed that any mechanical system emits various sounds during operation. The sources of these sounds
can be mechanical elements, as well as liquid and gas flows. The sound streams emanating from the mechanical
system under study are perceived by an acoustic sensor, after which the acoustic signal is converted into an
electrical signal. The design solution of the acoustic sensor device is based on the concept of auscultation.
Various methods and devices of auscultation are considered. The advantages and disadvantages of currently
existing auscultation devices are noted. The use of a vacuum interlayer for effective protection against the
influence of external sound flows on the studied flow is shown. Sensors without a vacuum layer and sensors
using a vacuum layer are considered. An acoustic sensor combines two concepts: auscultation and a vacuum

layer.

Keywords: acoustic sensor, diagnostic method, mechanical system, vacuum layer, auscultation.
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Beegenne

CoBpeMeHHOe TIPOU3BOICTBO HACHIIIEHO PA3JIMIHBIME BUAAMI 000DPY/I0BAHUSI, KOTOPBIE
HETPEPBIBHO (PYHKIIMOHUPYIO, BHITOIHsIST Tpebyembrie pyaknun. OCTaHOB 3TOTO 000PYI0BAHMUS
0 KaKuM-JTH00 mpudyuHaM HexkesjaTeaeH. OHAKO BO3HHKAIOT CHUTYAIMH, KOTJA ITPOUCXOIUT
HEOXKMJIAHHO pa3pylleHHe HEKOTOPBIX 3JEeMEHTOB I10 MNPUYUHE HMHTEHCHUBHOTO H3HOCA.
[IpoucxoauT aBapusi W OCTAHOB OOJIBIIIONO YHCIAA €IUHHI obopymoBanus. [IpounsBoacTBo
HeceT MarTepuasjbHbie W BpeMeHHble mnorepu. (OIHAKO 3TH aBapHilHbIe CHUTYAIHH MOYKHO
UCKJTIOYATH, TPUMEHUB OJUH W3 BUI0B MOHUTOPUHTA WM JHATHOCTHPOBAHUS. IDTO MOYKET
OBITH ILJIAHOBBIII OCTAHOB ODOpYIOBaHHSA, Pa3b0p MEeXaHMYECKUX JIEMEHTOB U UX Je(eKTallus
¢ mocJeayionieit 3aMeHol HIu BoccTaHoBaeHueM. Ho ecsm mocje ocranoBa aHAIN3 COCTOSHUS
MEXaHHYECKHX JEMEHTOB IOKArKeT, UTO OHH HAXOAATCSI B HOPMAJILHOM COCTOSHUHU, TO 3TO
HPUBEJIET K JAOMOJHUTETbHBIM MATEPUAIHHBIM 3ATPATAM.

Ho 31y curyanuio MOXKHO YJIy4HIUTH, HPUMEHUB OECKOHTAKTHBIN METOT,
JIMArHOCTUPOBAHUSI. DTOT MeTOoJ IO3BOJIIET YCTAHOBHTD COCTOSHUE paboraroIero
o0OpyIOBaHUS WU, B CJaydae IOATBEPXKICHUA ero padoTOCIHOCOOHOCTH, IPOJIOIKUTH
IKCILIyaTalluIO. 9TI/IM METOAOM, KaK IIOKa3blBa€T IIpaKTHKaA, ABJIACTCA aKyCTI/I‘IeCKI/IIU/I

MetoJ.  Hampumep, Jijisi KOHTPOJIA XapaKTEPUCTUK B TPOIECCE IKCILIYATAIUU CHIOBBIX
TpaHCMOPMATOPHBIX TIOJCTAHINI MPUMEHSIOT akKycTudeckuit merox |1, 2|, mpm KoTopom
TpaHcOpPMATOPHBIE MOJCTAHIIUN B IPOIECCE JTUATHOCTUPOBAHUA IMPOJIOJIZKAIOT 00eCIIednBaTh
MoJIavdy CHJI0BOTO HANIPAYKEHNUSI.

CymecTByer mpobJsiemMa — 9TO MOSIBJIEHNEe MEKPOTPEIH B MetaJsie. [lpu srom BHerHe
METAaJLT BBINJISIUT HOPMAaJAbHO, HO HEOOJIbIIas HArpy3Ka MPUBOJIUT K MTHOBEHHOMY Pa3pyIICHUTO
IEJIOCTHOCTU MeTa lta. Kak IoKa3bIBaeT MpaKTUKa, B IPOIEcC 00pa30BaHus MUKPOTPEIIHH OHH
M3/1a10T OYeHb CJabblil 3BYK, KOTOPBIH MOXKHO YJIOBHTH IpeobpazosaresieM |3, 4] B mporecce
AKyCTHYECKOT'0 MOHUTOPHHIA, ¥ TAKAM 0OPA30M IIPEI0TBPATHTD aBAPHUIO.

AkycTudeckuii  MeTOH, TO3BOJIZET OINEHHTb KadeCTBO CBapPHBIX COeJINHEHMA.
Ucnonib30Banne akKyCTHYECKONH CTPYKTYPOCKOIHWHU JIIsi CBAPHBIX COEJMHEHUN MMaponpoBOJIOB
u OapabaHOB KOTJIOB JJIMTENBHO padoOTAIoNEero MeTaslia O00OpYIOBAHHS TEILIOBBIX

SJEKTPOCTAHIINI MoKa3ano B padore [5].

Tak ke npuMeHsIOT aKyCTHYecKue MeTOJbl B rojorpadudeckom mpeodpasoBarelie,
MO3BOJIAIONIEM B YCJIOBUAX HaJUYHA ITYMOB M IIOMEX IIPUMEHATDH yCTpOﬁCTBO aKyCTHqQCKOﬁ
SMUCCHH I KOHTPOJis [6].

Haxoautr npumeneHume aKyCTHYEeCKHil MeTOJ, IOCTPOCHHBIHI Ha OCHOBE METOIA
AYCKYJIBTAIMN, KOTODPbIi NPUMEHSIeTCs B MEeJUIMHE JJisi THarHOCTUPOBaHus desoBeka |7, 8).
[Ipunumas o4eHb TUXHE 3BYKU OT (PYHKITHOHUPYIONIUX OPraHOB Ye/0BEeKa, JTAeTCd 3aK/TI0YCHHe
O COCTOSIHUW TUX OPTaHOB.

Meton aycKy/abTaluu BIepBble OBbLI HpHUMeHeH ((pPaHIYy3CKHM ydeHbIM Pene
Jlasuuekom (1781-1826), KoTOpBIil OBLT TAJAHTJIUBBIM KJIXHUIUCTOM, HATOJOTOAHATOMOM
W IperojiaBaresieM B MeIMIMHCKOI 1ikose B [Tapuxke.

B BopomnekckKoM TOCyJIapCTBEHHOM TEeXHHYECKOM YHHUBEPCUTETE IIPOBOJIIIUCD
HAYYHO-UCCIe0BaTeIbCKHEe PAabOThl O CO3IAHUIO AKYCTHYECKOIO JATUYHKA JIJIsS MPOBEICHUS
HEPa3pYIIAIOIIEro CrIocoba MOHUTOPHHTA PabOTalonero oOOPYIOBaHUs ATOMHBIX CTAHIIMIA
[9] B OCHOBE aKYCTHYECCKOI'0 JdaT4YuKa JIC2KUT KOHCTPYKTHUBHOE€ DpeEHICHHUE YIJIOTHUTEeJIA
3BYKOBOI'O TIOTOKa, HCHOJIb3yeMoro ammapare ayckyabramum |[10]. Db derTuBHOCTD
YIJIOTHUTEJA 3BYKOBOT'O ITOTOKaA 3aKJ/JII0OYaeTCd B TOM, YTO YIIJIOTHEHUE ITPOUCXOJUT C IMTOMOIITBIO
napaboJIMIeCKX OTPaXKATeJIbHBIX IOBEPXHOCTEH, KOTOpble OBLIM HOCTPOEHBI € IIOMOIIBIO
METOJMKH TpeaaokeHHoi B pabGore [11]. ITlocTpoeHHast KOHCTPYKIHUS M3 MapabOIUIecKUX
oTpazkaresell UCK/II0YaeT Hajmaue 00J1acTell ¢ CUHHIYISIPHOCTHIO B 3ByKOBOM 1oTOKe. [loaromy
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noJIydaeMas aKycTHuecKast nH(opMalms 00/1a/1aeT BBICOKUM KadeCTBOM.

OnHAKO KOHCTPYKIHST aKyCTHIeCKOro narduka 9|, mpumvensiemast a1 000pya0BaHUs
ATOMHBIX CTAHIW, WMeeT HeKOoTopble HemopaboTku. (CaM JaTYWMK HAXOIUTCS CHAPYKU
UCCJIelyeMOro 0O0PYIOBaHUsS U IOJBEPraeTcss BO3JACHCTBUIO BHEIIHETO aKYCTHYECKOTO IIOJIM.
3BYKH BHEIIHEr0 aKyCTHUYECKOTO IIOJIA MONAJAI0T dYepe3 CTEHKU JATYUKH B €ro BHYTPEHHIOIO
MOJIOCTh, CMEIIHBAIOTCSI CO 3BYKOBBIM IIOTOKOM, MCXOISIIAM OT MeXaHHIeCKHX 3JIEeMEHTOB
obopyioBanusi. Takum oOpa3oM, BHEIIHEE aKyCTHYecKoe IoJie co3jaer nomexu. [logydennas
3BYKOBasl TaMMa I[ONaJaeT B AHAAN3ATOP W Jajiee B KOMIBIOTED, T/ PEruCTPUPYeTCs
HOJIyYeHHasd 3BYKOBYIO HH(POPMAIIMIO U BbljlaeTcs pernenue. Perenune MoxKeT OBITH HE BEPHBIM,
U IpPUHHMAaeMble JIeHcTBHS MOIYT OBITH OMMOOYHBIMH. Eciaum BHelIHee aKyCTHYECKOe II0JIe
ob1a1aeT 6osiee BHICOKMM YPOBHEM 3BYKA, TOTIa 3(PPEKTUBHOCTD TATUNKA 3aMETHO CHUKAETCH,
a MHOT /14 MOKEeT BOOOIIE MePeCTATh BbIIABATH IPABUILHBIN Pe3y/ibTar. BHerrHee akycTuaeckoe
10JTe MHOTIA BBIJAET PEe3KHe BBICOKOYDPOBHEBBIE 3BYKH, KOTODPBIE CHCTEMa KOHTPOJIST MOYKET
HPUHATD 3a UCCAeyeMble 3BYKH MEXaHHYECKHUX 3JeMEHTOB 0OOPY/IOBaHUS U ONPEJIETUTb HX
KaK HaJu4ue B HUX jedekTa B nporecce paboTsl obopyaoBanus. llpu sTom maercsa Komania
HA OCTAHOB OOODPYIOBAaHHS ¥ BBHINOJHsSIETCS €ro pa3dopka. Ho oka3biBaeTcsi, 4TO 3JEMEHT
ucupasen. llosyuaerca omubka jguarnocrupoBanugd. B cBa3m 3TuM 1nogBiisieTcs 1pod/ieMa 1o
3aIuTe JATINKA OT BHENTHETO aKyCTHIECKOTO TIOJIS.

1. IlocraHoBKa 3ajgayn

PaszpaboTanHblil aBTOpaMu YILIOTHUTEb 3BYKOBOrO moToka [10], siBiasiercss ocHOBaHHeM

I CO3MAHUA AaKyCTHYCCKOTO JIATYHKA. [lonoxuTenbHBIl pe3yabTaT KOHCTPYKIIUU
YIUIOTHUTE/ISE 3BYKOBOI'O IIOTOKA 3aKJIIOYAaeTCd B TOM, 4YTO LoJydaeMas uHOpMalus O
3BYKOBOM TIOTOKE $BJIAETCS KadeCTBEHHOI. [Mosromy akyctumueckuit mar4auk [9] Oymer

00pabaThIBaTh 3ByKOBOI TIOTOK, HAXOJIAIIMIICSA B CBOEH BHYTPEHHEH 1M0JI0CTH, KadecTBeHHO. HO
HAJIMYHE IIOMEX CO CTOPOHBI BHEIIHEr0 aKyCTHYECKOI'0 MOJI CO3/IACT JIOXKHYIO HHMOPMAITIO 00
uccaeayeMoMm oobekTe. CienoBaTe/bHO, 3PPEKTUBHOCTD aKYCTHIECKOTO JTATUMKA, CHUMKACTCH.
[Tosromy st nostydenust 3pdexkTuBHON PabOThl AKYCTHYECKOI'O JaTYMKa HEOOX0MMO PEIinuTh
npobJieMy 1O 3alUTe aKyCTUYECKOrO JIaTYMKA OT 3BYKOBBIX ITOTOKOB, HCXOJMIIUX OT BHEITHErO
AKyCTHYECKOTo 1MoJigd. B KadyecTBe 3aIuThl MOYKHO TPUMEHHUTH BAKYYMHYIO TPOCJIOHKY, KOTOpast
ABJISETCS HEIPEO0TUMBIM MPEIATCTBAEM JIJI 3BYKOBBIX BOJIH.

2. Omnucanuve OCHOBHBIX KOHCTPYKTHBHBIX pPeIlIeHuit

OO0t B MPOMBITILIEHHOTO 000PYI0BaHUS U YCTAHOBJICHHOTO HA HEM aKyCTHYECKOTO
JIATYUKA TPeJCTaBIeH Ha PUCYHKe 1. AKycTHYeCKHil naTdmk 2 KPemuTcs HA TOBEPXHOCTH
JIECTBYIONIEr0 00OpYAOBaHus | W BOCIHPUHMMAET 3BYKOBbIE TIOTOKH OT MEXaHUYeCKUX
3JICMEHTOB.
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Puc. 1. O6mwuit Bug 060pyaIoBaHus ¢ aKyCTHYECKAM JTaTYUKOM. | — MPOMBITILIEHHOE
obopyaoBaHue; 2 — aKyCTUICCKUN JATUYHK

Ha pucynke 2 6ojee moapoOHO MOKa3aH aKyCTHUYECKUN JaTUMK, KOTOPBIH yKpelieH
Ha 1oepxHocTu 1 paboraroiiero MNpOMBIILIEHHOrO 00opy/aoBaHus. K OCHOBHBIM 3ji€eMeHTaM
KOHCTPYKTHBHOH CXeMbl OTHOCSTCSI TaKue MOCTPOeHHs, KaK HapabondecKuii orparkareab 2,
YMeHbIITeHHbIH Mapabojimyecknit orpaxkarenb 3, omopa 4. Ilpm srom B mapaboanmdeckom
oTpazkareJje 2 BBIIOJIHEHO IeHTpaabHoe orBepeTre 5. Mokychl mapaboandeckKux oTpazkareei
COBIAIAIOT MeXKIy coboii M HaxoasaTcs B Touke 6. [leHTpaabHOe OoTBepcTHE 5 COEJTUHEHO C
BHOPOAKYCTHIECKUM JaTdrKOM 7. CxeMaTudIHO n300parkeHbl 3ByKOBbIe TOTOKH W, nCXomsimme
OT KOHCTPYKTHBHBIX 3JIEMEHTOB paboTaroniero TexXHOJOrnYeckoro obopy/0BaHus U 3BYKOBbBIE
notokn Wy, mcxondamiue oT BHENTHETO aKyCTHIeCKOTO TTOJI.

W —=3BM 4

Puc. 2. O0muit Buj1 aKyCTHYECKOrO JaTIuKa. 1 — CTEHKA HPOMBINLIEHHOTO 000PyI0BaHuUs; 2
— mapabosindeckuii oTpazkaresb; 3 — YMEeHbIIeHHbIHT mapaboandecKuil orpazkaresb; 4 —
omopa; b — ImeHTpaJibHOE oTBepcTHe; 6 — QoKyc nmapaboandecKux oTpazkaresei; 7 —
BuOpoaKkycTudeckuit jaruuk. W, — ucciemyemblit 38yKosoil norok; W, — BHemnuil 38yKoBoil
MOTOK (moMexa)

B pabore [9] nokazan mexanusm byHKIHOHIPOBAHUS MAapabOJINIECKUX OTpazKaTesei,
HAIPaBJIEHHbIN Ha (POPMHUPOBaHKE YIJIOTHEHHOIO 3ByKOBOI'O 110ToKa. [ljmockuit 38yKoBO# 1OTOK
OT CTeHKH 1 MPOMBINLIEHHOIO 00ODPYAOBAaHUSA HAIIPABISIETCS Ha MapabOIHIecKUil OTPaskaTeb
2, KOTOPHINT OTpayKaeT ero B COOTBETCTBHHM € 3aKOHOM Jy4UeBOW TEOPWUW W HANpaBJsgeT B
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Touky dokyca 6. B 3roit Touke pacmonaraercs hbOKYC YMEHBIIEHHOTO ITTapadoJudecKOoro
oTpaxkarejs 3, Ha KOTOPbI TONAJIET 3BYKOBOI MOTOK OT HApabdOJIMYecKOro orpazKaress 2.
Orpazkasich OT TOBEPXHOCTH YMEHBIIIEHHOTO Mapabo/IndecKoro OTpaKare st 3, 3BYKOBOMH TOTOK
dopmupyercss B yIJIOTHEHHBI TJIOCKAH 3BYKOBOI MOTOK B COOTBETCTBUYM 3aKOHAMHU JIY9E€BOM
TEOPUHU W HAIpaBJIsgeTcs B IEeHTpaJbHOe OTBepcTue 5. Yepe3 3TO oTBepcTHe D aKyCTHUYECKUH
CUTHAJI TIOMAJaeT B BUOpoaKycTudeckui martauk 7 u jpajgee B 9BM. Ho B BubpoakycTudeckmii
JIaTYUK 7 1ONnajgaerT Tak ke nadopMarys OT BHENIHETO aKyCTHYEeCKOrO HOJIA. 3/eCh MOTOKH
W, n W, cvmemmuBaioTcd BO BHyTPeHHeil IOJOCTH aKyCTHYECKOTO JATYWKa U HOCTYNaloT Ha
BuOpoakycTudeckuit garauk 7. CrenoBarespHo, cyMMapHbIil 3ByKoBOit mortok (W, + W)
COJIEPKUT KpOMe I10J1e3HOH HH(MOPMAIME O TeXHUICCKOM COCTOSAHHHM 0OOPY/IOBaHUA, COMEPIKUT
IOTOK 3BYKOB, COIEPKAIIUX HH(MOPMAIMIO O HAJHYHU OIMHOOK OT BHEIIHEIO aKyCTHIECKOrO
noisa. Takum oOpa3om, BHeNIHee aKyCTHYeCKOe II0Jieé BHOCHT OOJIBIIYIO HMOTPEITHOCTH B
pPe3yJIbTAThl JUATHOCTUPOBAHKS, IOITOMY MOZKET ObITh BBIJAHO OINIMOOYHOE 3aKJIIOYEHUE O
Ham4Iuu JedeKkTa B TEXHUYECKOM yCTpoiicTBe.

3. 3a1u1/1Ta OT BHEIIHETO aKYCTUYI€CKOI'O IIOJIA

3ammuTa OT BHEITHETO AKYCTUYECKOTO MOJI MOXKeT OBITh peaJu30BaHa 3a CUer
npUMeHeHUs BaKyyMHO# npociaoiiku. Vmesa ucmonb30BaTh BAKYYM I 3aIIATHI OT 3ByKa ObLIa
npeniaozxeHa dpsuHom Maiiepom [12] eme 1937 romy. OnHako BakyyMUPOBAHHBIE KOHCTPYKIIHH
IMUPOKOT0 PACIPOCTPAHEHUS HE MOJYyYUIu u3-3a HU3KoH adpdexktuBnoctu. I[lpuyunnoit saromy
OBLIN aKyCTHYeCKHe MOCTHKHN MeYKIY IJIOCKAMHU CTeHKaMH KOHCTDYKITHMH, M€Ky KOTOPBIMU
CO3/aBajCsd BaKyyM. AKYCTHYECKHE MOCTHKH BCErJa HPUCYTCTBYIOT B BAaKYYMHUDOBAHHBIX
KOHCTPYKIIAX B BHUJe KOHTAKTHBIX 30H MEXKY CTeHKAMH.

Oanako 3amada yCTPAaHEHHsS AKYCTHYECKAX MOCTUKOB MEXKIY CTeHKaMu
BaKyyMUPOBAHHO! KOHCTPYKIIMU ObLIa perieHa. Boinia paspaborana KOHCTPYKITHS
IPOTUBOIIYMHBIX HAYITHHKOB [13|, B KOTOPO#i peaan30BaH MPUHIAI MATHATHOTO OTTAJIKABAHUS
Napajiae bHbIX cTeHOK. (TTajJKuBaHUE CTEHOK MPOUCXOIUT 3a CUYET MOCTOSHHBIX MArHUTOB,
YKPEILJICHHBIX Ha CTeHKax. Mexkay creHkaMu cO3/1aeTcs BakyyM. ArmocdepHoe JaBjeHue
CTPEMUTCH NPUKATH CTEHKN KOHCTPYKIIUH JPYT K JIPYTY, HO 3TOMY HPENaTCTBYIOT MOCTOAHHBIE
MATHUTHI, CXeMa DPACHOJIOKeHNsI KOTODHIX Ha TapaslelbHBIX CTeHKaxX oawHakoBas [14]. B
pe3yJbTaTe 3TOr0 KOHCTPYKTUBHOIO pellleHns] KOHTAKTHBIX 30H MeKJ/Iy CTeHKaMU HeT.
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Puc. 3. CxeMa KOHCTPYKIIMH aKyCTHIECKOTO JATYNKA ¢ BAKYYMHON MPOCTONUKOI. 1— cTeHKa
OPOMBINIJIEHHOTO 000PYIOBaHUs; 7 — BUOPOAKYCTUUIECKUH TaTINK; 8 — BaKyyMHas MPOCIOHKa

bBnaromaps TakoMy KOHCTPYKTHUBHOMY pPEIIEHUIO HAJ, aKyCTUYEeCKHM JIaTYHKOM
yCTaHABJIUBAETCS BaKyyMHas HPOCJIOHKa 8, 4To IMoKaszaHo Ha puc. 3. BakyymHas mpocsoiika
8 mperpazkiaeT JBUZKeHUe 3BYKOBOMY HOTOKY W, , mcxondimeMy OT BHEIIHETO aKyCTHYeCKOIo
HOJIS U HE [03BOJIET eMy HOIAacTh BO BHYTPEHHUN 00beM aKycTudeckoro jarduka. llosromy
BHOPOAKYCTHYECKHT JATYUK 7 BOCHpHUMET WHMOPMAIUIO TOJLKO 3BykKoBoro mnoroka W,
MOCTYHAIONIET0 OT CTEHKU 1 MPOMBINIJIEHHOTO 0OOPY/I0OBaHUs U COAEPIKAIIETO KaYeCTBEHHYIO
UHAMOPMAIIHIO O TEXHUYECKOM COCTOSHUU TOTO 00OPYIOBAHUS.

Bubpoakycruyeckuit Jardyuk 7 gBJALETCH COCTABHOW 4YaCThIO 3JIEKTPOHHOU CXEMbl,
nokazanuoit ua puc. 4. DTa 3JEKTPOHHAS CXeMa peajim3yer MeTOJ, aKyCTHIECKOTO
JIMATHOCTUPOBaHUs W paboraer ciaeayoimuM oopazom. [liockuit 3ByKOBO# MOTOK, MCXOISIIITNM
0T paboTaoIIero MPOMBIILICHHOIO OOOPY/I0BaHUd IONAJAeT B aKYCTHYECKUH maTduk 1,
B KOTOpOM (OpMHUpPYeTcsd YIUIOTHEHHBIH aKyCTHYECKUIl IOTOK, IIPeJACTaBIMIONHA coboi
AKyCTHYECKU{ CHUTHAA.  DTOT CHTHAJI MOJAETCId B BHOPOAKYCTHYECKHUI MAaTUMK 2, TJe
HPOUCXOJIUT MPeodbpa3oBaHNe aKyCTHYECKOIO0 CUI'HaJIa B dJeKTpudeckuit. boJiee KOHKpeTHO,
BHOPOAKYCTHIECKUM JATIMKOM 2 MOTYT ObITh cienytonue yerpoiicrsa ICP (IEPE), DeltaTron,
ISOTRON. 91 ycrpoiicrBa MoryT chopMUpPOBATH IJEKTPHUUCCKUN CUTHAT JJIs peaTu3alliu
Ha anamusarope 3 (mpubop A19-U2). C srum mpubOpoOM MOXKHO MPOBOJUTH H3MEpPeHHe
AKYCTHYECKUX XapaKTePUCTUK IPH HENPEPBIBHOW IMArHOCTUKKA PabOTAIONIEro 0OOPYIOBAHULI.
[Tpubop A19-U2 Bbrgaer crextp, 0OPabOTKON KOTOPOro 3aHMMAETCsl MPOTPAMMHBIN KOMILIEKC
«bBeckoHTaKTHASA JMATHOCTUKA TEXHOJOTHYECKOr0o obopymoBanussy. [IporpaMMHbBIi KOMILIEKC
BKJIIOYAET HeiipoceTeBoil mporeccop 5, KOTOPBIH 00padaThiBaeT TOJYUYEHHBIH CHEKTp W
dbopMupyeT pe3yabTaT IS aBTOMATU3UPOBaHHO# pabodeit crannmm 6. Takum obpasom,
BBITIOJIHAETCA aHAJIU3 TOJIHKO 3BYKOBOI'O MOTOKA, UCXOIAIIEr0 OT MEXaHU3MOB IIPOMBIIILIEHHOTO
obopyjoBanus. BimngHue BHENIHEIO aKyCTUYECKOrO 1OJIsi OTCYTCTBYET.
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Puc. 4. DnexkTpoHnast cxeMa aHAJIA3aTOPa 3BYKOBOT'O MOTOKA, UCXOALAIIEI0 OT aKyCTHIECKOrO
Jardrka. 1 — akycrudeckuit jarduk; 2 — Bubpoakycrudeckuii narauk (ICP (IEPE),
DeltaTron, ISOTRON); 3 — ananuzarop 3sykosoro nmoroka (A19-U2); 4 — nporpamMMHbIii
KOMILIEKC «BecKoHTaKTHast IMarHOCTUKA TEeXHOJOTHIECKOTO 000PY/IOBAHUSY | & —
HeiipoceTeBoil mporeccop 06paboTKH 3BYKOBOI'O CUI'HAaJA; 6 — aBTOMATU3UpPOBaHHAs padovast
CTAHIUA

3akJroJdyeHue

Takum obpaszom, NpeUIOXKEH OJMH U3 BapPUAHTOB 3allUThl 3BYKOBOI'O IIOTOKA OT
BHEITHUX MCTOYHUKOB 3BYKa, HCXOSIIEr0 OT 3JIEMEHTOB paboTaroniero JAuardHoCTHPyeMOro
000pyIOBaHUsI, TOCPEICTBOM BaKyyMHOI TTPOCTIOHKN Ha KOPIyCe aKyCTUIECKOTO JaTInKa, ITO
MOXKET CIIOCOOCTBOBATL ONTHMU3AIMU KOHTPOJA M HOJATOTOBKE METOAUK HHEMOPMATUBHOIO
JUArHOCTUPOBAHMUSI.
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Moesb BUOpPOAKyCTUIECKO JUMHAMUKY IOJAIOINX BAaJIKOB
MPUBOJHBIX POJINKOBBIX KOHBEIEPOB

Keaposa E.I1.
[IpenogaBarenb, BaaTuiickuii rocyrapcrBeHnbiit Texundeckuit ynusepcurer « BOEHMEX »
mMm. J.D. Verunosa, r. Caukr Ilerepbypr, PO

AnHoTanusa

B pabore Obuia paccMorpena KoJiebaTesbHAS CUCTEMA POJIbIAHTOBBIX MEXAHHU3MOB.  OJIEMEHTbI
KOJIE0ATEILHON KOHCTPYKIIMK TPEJICTABJSIOT COOOH CTEPKHEBYIO KOHCTPYKIHNIO. IloaToMy axycTudaeckoit
MOJIEJIBIO KazKJIOTO CTEHJA MCIOJIb30BAH JIUHEWHBIA N3JIy4aTelb.

Brin mpomssenen pacder CKOpOCTel KOJeOAHWIT BAJKOB POJBTAHTOBLIX MEXAHW3MOB U 3arOTOBKH.
Pacduer ckopocreii kosiebanuii 3arOTOBKHU IIPU MEPEMEIEHUY 3arOTOBKM 10 BaJKaM OCHOBAH HA JIOMYINEHUH,
9TO CHJIOBOE BO3JEHCTBUE OT KaXKIOTO BAJKA OCTAETCS TMOCTOSHHBIM B TE€YEHUU BCErO BPEMEHU IepeMeIleHus .
[Ipu pacuere ckOpocTH KOJIEOAHUIT BAJIKOB Y9€TOM YKECTKOCTH OMOP ObLIO MPUHATO JIOMYIIEHUE, YTO KECTKOCTH
BCEX OTOP PABHBI JIPYT APYTY.

Ocobo ciieryeT OTMETHTH YITEHHBIH B PACUETHBIX 3aBUCUMOCTSAX KOI(MDMUIIMEHT TTOTEPH KOJIE0ATETHHOM
SHEPTHUH, TTOCKOJIbKY MMEHHO 3Ta (DU3UIECKAS BEJIUINHA OPEIE/ISIeT BHIOOP MAaTEpHUaia U KOHCTPYKIUIO CHCTEMbI
BUOPOTIOTJIOIIEHNS ¥, CJI€IOBATE/HHO, YPOBHEH M3/Iyd4aeMoro myma. llosyueHHbIe 3aBUCHMOCTH TO3BOJISIOT
daKTHIECKHU ONPEIENTUTH CIIEKTP [IyMa.

KurroueBsbie cjioBa: pOJIBIAHTOBBIA MEXAHU3M, BHOPAIMOHHAST MOIIHOCTD, KOJIe0aTe/IbHAsT CUCTEMA,

CKOPOCTH KOJIEOAHUI, YPOBHU 3BYKOBOTO JTABJIEHUSI, aKyCTUIECKNE XaPAKTEPUCTUKH.

A model of vibroacoustic dynamics of roller conveying rollers of drive roller
conveyors

Kedrova E.IL,
Lecturer, Baltic State Technical University ‘VOENMEH’, St. Petersburg, Russia

Abstract

In this article the vibrating system of roller table mechanisms was considered. The elements of the
vibrating structure are a rod structure. Therefore, the acoustic model of each stand used a linear radiator.

The calculation of the vibration speed of rollers of roller table mechanisms and workpiece was made.
Calculation of the vibration speed of the workpiece when moving the workpiece along the rolls is based on the
assumption that the force influence from each roll remains constant during the entire movement time. When
calculating the speed of oscillation of rolls taking into account the stiffness of the supports, it was assumed that
the stiffness of all supports are equal to each other.

Special mention should be made of the vibration energy loss coefficient taken into account in the
calculated dependencies, as it is this physical quantity that determines the choice of material and design of the
vibration absorption system and, consequently, the emitted acoustic noise levels. The obtained dependencies
allow us to actually determine the acoustic noise spectrum.

Keywords: roller table mechanism, vibration power, oscillatory system, vibration speed, sound

pressure levels, acoustic characteristics.

E-mail: kedrova_ei@voenmeh.ru (Keaposa E.I1.)
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Beegenne

Posbranrosbie MexaHU3Mbl 9aCcTO UCHOJB3YIOTCA B TPOMBIIIJIEHHOCTH JIjIs YIIPOIIEHU s
1 aproMaru3anun nporneccoB. OHE MOryT ObITH YCTAHOBJIEHBI HA KOHBEiepax i TPAHCIOPTEPaX,
rJie IIOMOraloT IIepeMeNiaTh rpy3bl. Birarogaps cBoeil ruOKOCTH U HAJIEZKHOCTH, POJIbTAHIOBBIE
MEXaHH3Mbl 3HAYUTEJIBHO YBEJIHYUBAIOT IPEPEKTUBHOCTL PabOThl B IIPOMBINLJICHHBIX
MpeIpUuATAIX.

Hecvorps ©a pazauaust ux @QYHKIHOHAJBHBIX Ha3HAYEHHiIl, KOHCTPYKIUS U
KOMIIOHOBKA KOJIe0ATEJIHLHOM CHCTEMBI MO3BOJSIOT HCIOJIb30BATHL €IWHBIN METOI0JOrHYeCKUit
HOJXOJl K TEOPeTHYEeCKOMY OIIMCAHHUIO IIPOIECCOB BO30OYK/IeHHA BHOpaIWii U Ipolecca
mymoobpasoBanus. JleficTBUTEIbHO, BAJKU HMPEACTABISIOT COOOH MUJIUHIPHI OIpaHHYCHHOM
JJAHDbI, UMEIOIINE OJIMHAKOBbBII JuaMerp (B KaxKJIOM po.nbraHre), a HeCylIad paMa HpeJicTaBideT
coboi crucTeMy CTep:KHEBBIX KOHCTDYKImit. Ilpwuém jinHaA KaykKJ0ro CTepKHs HaMHOTO
00JIbITIe pa3MepPOB IMOMEPEYHOTO CeYeHHUs, UTO C ONPeAeSTEHHBIMHA JIOMYIIEeHNIMHI ITO3BOJISEeT
HACHOJIB30BATH MOJIEJIb JIMHEHHOTO NCTOYHUKA.

1. Pacuer ypoBHeil 3ByKOBOIrO JJaBJIEHNUS CHUCTEMbI

ITockobKy TOAAIONIHE BAJKH HMEOT [WIKHAPHIECKYIO (HOpMy, NpHIEM IHHA
BaJIKa HAMHOIO GOJIbIIEe AMAMETPA, B KAYeCTBE HCXOQHOIO BLIPAXKCHHs IIPHHSTA 3aBHCHMOCTD
3ByKoBOro nasienus [1,2] (puc. 1).

{2 poco B(ksin )
F= © R cos BH'(kRy, cos f3) (1)

B, (ko sin 3) — (%) v /O " / Z (g, z) exp —i(y + kosin B)) dpda (2)

lk

Puc. 1. Pacuérnas cxema BaJikKa pOJiblaHIa Kak ITUJIUHJIPA OIPAHUYE€HHON JIJIMHbBI

B sapucumoctu (1) mpuHATH caeayone 0003HAYEHNs: py — TMJIOTHOCTH BO3/yXa,
Kr/M%; ¢y — CKOpoCcThb 3ByKa B Bo3iyxe, M/c; ky — BojHOBoe wmciao, M~ '; 3 — yroxa
u3aydenus; R — paccTosHme OT MEeHTpa UCTOYHUKA 0 pacuérHoit Toukm, M; B(ksinf) —
dyHKIM, oupeje/sdionas aMIInTy IHO-ba30Boe pacupejiejienue KojiebarejibHO CKOPOCTH Ha
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OBEPXHOCTH BaJika; v(p, ) — CKOpocTh Kosebanus Baska, M/c; H'(koRy cos f) — dynkuns
lNankena mepBoro pojaa; Ry — paamyc BaJgka, M.

[TockoMBKY HpH KOJIEeOAHUAX BAJKOB UX CKOPOCTH paBHA Uy, TO AHAJUTHYECKH BUJL
byHKIMM pacipeneseHnsa CKOPOCTH 3a0aH0 CJICIAYIOIUM 00PA30M:

v expip upun x < |l

(3)

v(p, ) =
(¢, 2) 0 upi || >
rae [, — nauHa Bajaka, M.

IMoacrasiss 3aBucuMocts (3) B Bblpakenue (2) nosydeno sbipaxkenue B(ksinf) B
CJIeAYIOIIEM BHIE:

ol _ sin%sinﬁ
By = m‘b(ﬂ)’ D(B) = 05kl sin B (4)

B wuntepsane yriaos 8 or 0 mo § Beipaxkenne ®(S) mpencrabnser coboif mepBbiit
creruaabublit npeges n torga O(F4) = 1.

3aBucUMOCTH JJId PacdéTa 3BYKOBOTO JIaBJ€HUS W YPOBHEH 3BYKOBOTO JTaBIEHUS
HOJIYYEHBI C YIETOM BBIPAKEHUIT AaCUMIITOTHYECKOTO IIPEICTABJICHUEM MIPOU3BOAHOM (pyHKIUN
lankens ans coorromennit kR cos f <1 u kR cosf > 1.

HpI/I BLINIOJIHCHNN COOTHOIIICHHNA:

27T fk
Co

Ry cos B =0,018R; cos 8 < 1 (5)

Boipazkenne MOJyJisl 3BYKOBOTO JIABJI€HWsI W yPOBHEH 3BYKOBOTO JIABJEHUS (MCXOJS W3
sapucuMoctu (1) mpuver BU:

3,5 X 1072 (flch)2 Uklk
EE L ©

rjie fr — cOOCTBEHHBbIE YacTOTHI Kosiebanuit Baska, ['11.
[Ipu Boimosuenun coornomenus 0,018 fy R, cos B > 1 Moiy/ab 3BYKOBOIO JIaB/ICHUSA
orrpesiesigeTcs ciaeayolei hopmyoii:

22(fr.Ri) P oyl
P, | = 2 ok )

YPOBHU 7Ke 3BYKOBOI'O JIABJIEHHsI ONPEIEJISIIOTCA 10 H3BeCTHON dopmyJe [3]:

L, =20lg 54—.

Torna
L = 201g XU hvs 1 e p 4 og1e WY gy (8)
e T [ A R P
22lkvk(fkRk)0’5 lkvk
Ly =201g 5 105 201g fr Ry +201g R + 101g fr Rr + 121 (9)

Bayiku posbranra mpejacTaBIgiOT cOOOH JBYX OIOPHBIM CTAIbHONU IMJIMHIPUYICCKUN
CTepKeHb, 3aBUCUMOCTD JIJIsI pacdeTa COOCTBEHHBIX 4acTOT KoJieOaHuil 1IpuBeeHa K BUJLY:

k 2
fk =4 X 103Rk (7> (10)
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Cremxyer OTMETUTH, YTO, B OCOOEHHOCTH, JIjIsI JJIMHHBIX 3arOTOBOK 3BYKOBas dHEPIUs
M3JIy9aeTCss HECKOJIbKUMU BaJKaMU, KOJUIECTBO KOTOPBIX OLpeJIe/sieTcs Kak kg = }lTZ? roe [, —
JIJINHA, 3ar0TOBKU, M; h, — IMAr PacloJIOKEHUS BAJIKOB, M.

Toria ypoBHU 3BYKOBOTO JaBJI€HUS OIPEIETAI0TCT Kak

L5
Lys = Ly +101g 3> (11)

2. Pacuer ckopocrTeii Kojsiebauuii cucTeMsl

Haubostee BhICOKHME yPOBHE IIyMa Ipd padOTe POJbIaHIOB BO3HHKAIOT B CHUTYAIUIX,

Kora obpadaThiBaeMble M3/e/IHs CKATBIBAIOTCS HA BAJKH U3 COOTBETCTBYIOIINX HAKOMUTEJIEH.

DTO COOTBETCTBYET YCJIOBHSM CKAThIBaHUs OpEBEH IpPEBECHHBI MPH IMomade B paboOUyIo 30HY

JIECOMIUJIBHBIX PaM U CTAJbHBIX MPYTKOB, B 0COOEHHOCTH, DOJIBIIOTO JuaMerpa. B sTom ciyuae

BO3HUKAET J[BA <«PEKUMay WM3JIyUeHUs 3BYKOBOW 3Heprum. B mepBoii ¢raze npum CKaTbIBAHUH

3ar0TOBOK BO3HHKAET y/ap O BaJKH, 9TO COOTBETCTBYET HMIYJILCHOMY ImyMy. B ciemyrormeit

daze Bpamalomuecss BaJKH IePeMeIaioT 3aroTOBKY B 30HY O0OpabOTKH.  DTOT PEKUM

COOTBETCTBYET YCJOBHSAM CTAIlMOHAPHOTO ImyMa. Ilpm coygapeHHH 3aroToBOK € BaJKaMu
CHIJIOBOE BO3IEHCTBIE OLPEIeJISIeTCsl 3aBUCHMOCTAME (3):

2
F(t) = 1,14v; i

kl O (679

1,1
n’UOthHtSTI/IOHpI/It>T, (12)

rJe Yo — CKOPOCTh B MOMEHT COYJAapeHus, M/C; T — BpeMsl COy/JapeHusi, C.
Besmaunsl, Bxogsinue B hopmyay (12), onpenessirorcs ey onuMi COOTHOMEHUSIMH

[4]:
- 5v} 0’4_k:m1+m2.
" 4]{51/{72 M mime ’
¢ 2,9 (1,25\"
he = T 02 \ k)
(1 + p2) " T R Yo 12

e i; — kodddumuents llyaccona marepuasa BaJgkKoB W 3aroroBok; Ry u Ry — pajauycsl
3ar0TOBOK U BAJIKOB, M, (COOTBETCTBEHHO); ¢, — KO3hMUIMEHT, OmpeieseMblii 0 TaHHbIM [4]
B 3aBUCAMOCTH OT COOTHOIIeHUus Ry /Ry (1151 yeI0BUI KOHTAKTUPOBAHUS MEPIEHIUKYISIPHOTO
PACIIOJIOKEHUS OCeil BAJIKOB M 3aI0TOBOK ); 1] — MaCCa 3arOTOBKHU, KT My — MACCa BaJKa, K.

CKOpOCTb B MOMEHT COYJapeHUs OIPeAe/IsdeTcs U3 YCJIOBUSA PABEHCTBA KUHETHYECKOM
SHEPIUU W IOTEHINAJbLHOR B MOMEHT KOHTAKTa 3arOTOBKH M Bajka. Torma

2gmH 44 miH
mo ’ Mo ’

Vo =

rae H — BBICOTa IIa/JeHud 3arOTOBKH Ha BaJIOK, M.

IIpu pacuére ckopocreii KoJsiebanmWii BaJKOB OHH PACCMATPHUBAIOTCS KaK CHCTEMBI
C pacnpejesieHHbIMu mmapaMerpamu.  [IoCKOJbKY pa3mepsl ILIONMAJIKH KOHTAKTA BaJKa C
3ar0TOBKOI TOPA30 MEHbBIIIE JJIUHBI BATKA, TO PACIET CKOPOCTEil /I/isT 0O00UX PACCMATPHBAEMBIX
da3 oupejesisiercs U3 ypaBHeHUs

otJ 0%y
EJ— + pF—— = P(t)é(x — x9) , 13
O o = P ) (13)
rae £ — Moayab ynpyroctu Bajika, Ila; J — MomenT unepuuu, M%; p — 1m10THOCTL Marepuasa
Bajika, Kr/m%; F — maomajib momnepedHoro cedenus, M2; O (r —xg) — jeabra QyHKIM,

CMeIeHHad 10 KOOpJAUHaTE.
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[TockosbKY BaJIKH IPEeACTABILIOT COOON CTATBHON ITUIUHIP, TO YpaBHEHHE (13) npuMeT
BU:
2 4 —4
% + 1,7 x 106d2;l ‘Z = 1’6P<tzlzx 10 §(z — x0) (14)
Poabranru, sKcmyarupyeMmMble B MAaIIHHOCTPOCHUH U JepeBooOpabaThiBaloeit
HPOMBIIILIEHHOCTH, 3HAYUTEIBHO PA3IUIAIOTCS FeOMEeTPUIECKAMHI PasMepaMH, B 0COOEHHOCTH
JIMAMETPOM BaJIKOB U uX jiyimHHoi. [loaromy pacuer ckopocreit KosieOaHUil BBITIOJIHEH JIjis JIBYX
BapUAHTOB OLIOP U, COOTBETCTBEHHO, KPAEBbIX YCJOBUNA 3aKpeIleHUd — IMMIAPHUPHO-OLEPTOro
CTeP2KHS IIPH COU3MEPHUMBIX COOTHOIIEHHUSIX YKECTKOCTH OIOp U H3THOHOIl »KeCTKOCTU BaJIKa,
a TaKzKe YIPYI'OIIoAaT/IMBBIX OIIODP. CyIHeCTBeHHOG pa3jn4due B IIpoleccax BOS6y)KlL€HHH
BuOpaImuit u mymoobpa3zoBanus ABYX a3 3aKI0YAETCsI B TOM, YTO IPH COYIAPEHUU MPYTKOB
C BaJIKAMU KOODJAMHATA NPUJIOXKEHUH CHJIOBOW HAIrPY3KHU ABJIACTCd IOCTOAHHOW, a 1pu
nepemMelieHu 3aroToBKH (BTOpaH (1)a3a), YUUTbIBAETCA CKOPOCTH IIOJA4YU 3arOTOBKH. C
HCIOJIB30BAHUEM METOJa Pa3JaeJeHUud IePEMEHHBIX [5—9], IPUMEHUTEJIbHO K POJIbIaHTaM
juddepennuaabable ypaBHeHud TPUMYT CJAeTYIONUN BHI;

Jlnst mepBoit (a3l ¢ yIeToOM KpaeBBIX YCJIOBHIT MAPHUPHOTO 3aKPeILIeHus:

d2y E\* 228 x 1074y e . mhkxzo . 1,1
ﬁ+16><103d2<l) :T’ml p1 8ID —— sin dmt,

raie k — Ko>PUIMEHT, OIpeaesonuii coOCTBeHHbIe YacTOTHl KoJjiebaHuit Bajaka; k* —

KOJTMYIECTBO COOCTBEHHBIX YaCTOT B HOpMUpYeMoM Juamnasone dactor (f < 11200 I'm).
YacroTHOE pelenne OTHOCHTEILHO MO/ MAKCUMAJIbHOIO 3HAYEHUS JefCTBUTEILHOMN

YaCTU CKOPOCTH KOJICOAHUI C yIeTOM JeiCTBUTETbHON (DYHKITUU MOy IE€HO B CJIEIYIONIEM BH/JIE:

1,6 x 103> ()" — Liw (15)

k
l
[1,6 x 1032 (B)* — 1 “’0 ] +2,56 x 101672 (k)7 g4

2.5 x 10~40,?2
}Re{vk}‘ = Td 2l 0 Z

rjie 1 — K03 PUIueHT morepb KoaedATETLHON SHEPTUN.
JInst yestoBuii BAJIKOB € y4eTOM KECTKOCTH OMOp (IPH MOMYIIEeHNH, YTO KeCTKOCTH BCEX
OIOp PABHBI JIPYT JAPYTY) CHCTEMAa YPABHEHHI IPUMeT BHI:

t

dt? [

d2y w0 (BN 5,7 x 10 5y, 3rkzo . 1,1vp
_+1,3X10 d — :TTRZZCOS l Sin dm t

d? E\* 1.7 x 1074 k 1.1
@y +1,6 x 10%d* (—) y = # Zcos T lfUO sin ’d:O

dt? [

Obiree pereHne OMpeaeasieTcsl CIeAY MM 00Pa30oM:

1 k> k>
Re{vpl| == (13 x10% (=) cos1,3x 10*? [~ ) t+1,1x
[Refun}| = l l

2 2
x10%d (%) cos 1,3 x 10° (?) t]

rae j — KeCTKOCTh MOJNMTHITHUKOBON OMOPHI, H/M.

(16)
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YHacroTHOE penieHnue onpeaeadercd CJAEAYIOIMUM BbhIpazKeHHUEM:

2
[1,6 x 108d? (%)4 — (%) } cos ; 1;" + cos ’kao

1,9 x 1074 2
|Re{vk2}’ = d2l 0 Z |i

16 x 1052 ()" — (1;;;;0)2} 2,56 x 1002 (5)° a

(17)

2
|:1 3 % 1010d2 (%) — (%) :| cos 1;117:0 + cos 37rllca:Q

6,3 x 107
+ UOZ 5
kidyl 10,72 (k)4 Livg 10,2 (kY4 74
1,3 x 101042 (&) —(d—) +1,7 x 101092 (5)*d

Jng dasel, Korja 3aroroBKa MEPeMeIaeTcss MO BaJKaM IMPH MAPHUPHBIX OMOpax
audepeniuaibHoe ypaBHEHUE UMEET BUJL

d2?J 3 2
w—i-lﬁxl()d

N\ 2 x 1073m . wkxy . wkS
l) y:TZsm smmt, (18)

riae S — CKOPOCTb MOJAYM, M/C; M — NPHUBS3aHHAS K BAJKY Macca, KI.

1.6 X 10°2 ()" = (%55)°] cos 2454
Tk

6,3 x 1073 mS
|Re{uv}| = i > — - et (7 (19)
1.6 x 1052 (5)" = (%55)°| +2,56 x 1010921 (%)
Jutst yeqioBuit ¢ y4éToM 2KE€CTKOCTU OTOP:
d*y 30 [k 4 1,5 x 1073m ko kS
ﬁ—i—lG x 10°d (7) Yy = TZCOS l COSTt
4%y o (KN 5x107m 3rkxy  3mkS
ﬁ—i—l,BxlOd 7 y:TZCOS 7 CoS— t (20)
YacTHOoe perrerue onpeaeasercsa hopMyIoii:
47 x 10-°mS (16 10°%2 (4)" = (#42)° ] sin 2S¢ cos =i
|Re{vk2}| - )2 Z 4 i
(di) (1.6 x 1052 ()" = (%5)°] + 2,56 x 10924 (%)’
(21)

L5105 g [187 107 (£ - (7] i 51 o
(dl)?

(11,3 x 10102 ()" — (2285) ] + 1,7 x 1010244 (£)®

Vg = Ug + U2

[TepemerniaeMble  POJBIAHIOM 3arOTOBKM MOL'YT HMeTb (OpMY, OTJIUYHYIO OT
nuanHApuydeckoit.  [lpm mogade B 30HY peajin3alud TEXHOJOIMYECKOTO MPOIEcca ITPOKATa
B KadecTBe aKyCTUYECKOW MOJEJIM 3arOTOBKHU Ie1eCO00pa3HO MPUHSATH JUHEHHBIH UCTOYHUK,
AHAJIUTHIECKAs 3aBUCHMOCTH 3BYKOBOTO JIABJIEHUsS] KOTOPOTO TI0 JJAHHBIM paboT |2, 5| npusenena

K BUIY:
P = 70Uka\/ Ji , L, =20lgvia + 101gE + 131,

r7e a — pa3Mep MOMePEeYHOro cevdeHns 3aTrOTOBKH, M.
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AHaJIOrm9IHO POJbTaHraM /Il 3aTOTOBKH TaK:Ke CIeIyeT PpacCMOTPeTh aBe «dasbli». B
nepBoit «aze» cjejlyer y4ectb, 4TO B3aUMOJIEHCTBHE 3ar0TOBKH ITPOUCXO/JUT C HECKOJIbKUMHU
BaJIKaMH.

B sTom caydae coracHo 3apucuMoctu (12) ypaBHeHue KoJeOaHUil MMeeT BU/T:

LA Sl
dt2+ pF

l

kl A (679 ’

d2y EJ(k)4 L14K,02 | 1.1u,
= sin t

rae K, — KOJAWYeCTBO BaJIKOB.
Pemenune B BHe MOIY/Id JeHCTBUTEIBHON YacTH MAKCHUMAJILHOTO 3HAYEHHS CKOPOCTH
KoJIeDaHuil MOIyUeHO B CJIeAYIONIEM BUJIE:

Y

EJ (k\4 1,2v5
 1,25K,08 3 [Gp—F (1) - agn}

maa:‘_ 2 2
Fren T loB (5)' - 138] 36 (Bn) (4)°

| Re{vr

r7ie 7; — Ko3pDUIUEHT ToTeph KOIe0aTeTbHON YHEPTUH 3aTOTOBKH.

Pacder ckopocreii kosjebaHuii 3aroTOBKYM TPU HMEPEMEIIEHUHM 3ar0TOBKH MO BaJKaM
OCHOBAH HA JOMYIIEHNH, YTO CUIOBOE BO3IEHCTBHE OT KayKIOTO BAJKA OCTAETCS TOCTOSTHHBIM B
TEYCHHH BCEIO BPEMEHHU IepPeMeleHus.

B stom ciyuae auddepentmanbroe ypaBHeHue KoyeOannit mMeeT BU/T:

Py EJ(kK\' 2PK,

ST 622 (2 =
a2 TP \7) VT o,

kl;
Z{(B Sln ﬂ—l - )

rie [, — JJUHA 3arOTOBKHU, M; [; — KOOPAMHATA PACIOJIOKEHNS 1-T0 BAJIKA B POJLIAHTE, M.
B srom ciaydae ckopocTn KoJieOaHHMiIT  3arOTOBKH  ONPEIESISTIOTCS  CJIeLY FOIUM
BBIDAYKEHUEM:
ol 2m, K, l,pFk?
Uk’ max -
2 : 2
EJ(1+n2)

Jljist oupejiesieHnsi 3BYKOBOTO JIABJIEHHsI 1OJIyY€HHOe 3HAYeHHe CKOPOCTH KoJjebaHmii
HEOOXOMMO MOJCTABATH B 3aBHCHMOCTL (6) mam (7), MCXOAs M3 yCJIOBHil, 3aJaHHBIX B
BBIpasKeHUH (3), a YPOBHH 3BYKOBOIO JABJICHHS OIPEIEIAIOTC Bhipazkenuamu (8) mium (9).
YpoBeHb 3BYKOBOTO JIABICHHsT BCEl CHCTEMBI ONpeJeserTcs TpH HOMOIM Bbhipaykenus (11).
Becru pacuer umeer cMbICI Jist COOCTBEHHBIX YaCTOT BAJIKA DOJIbIAHIA.

3ako4yeHne
QakTUUecKn  y4YTeHbl  HEOOXOJAUMBIE  T'eOMeTpUuYecKue,  (PU3MKO-MEXaHUIeCKHe
XapaKTePUCTUKH W YCJAOBUS IKCILIYATAINH. Ocobo ciieyeT OTMETHTH YUYTEHHBIH B

pPacUYeTHBIX 3aBHCHMOCTAX KOXMPUIIMEHT 1oTepb KoJiebaTeabHONR SHEPIHuu, IMTOCKOJIbKY
HMEHHO 3Ta (pU3UUYecKasd BeJHUNHA OIpelesideT BHIOOP MaTepHa/a W KOHCTPYKIIHIO CHCTEMBI
BUOPOLOIJIONIEHUS U, CJI€JIOBATE/IbHO, YPOBHEH U3/1y4aeMOIo IIyMa.
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SKCHepI/IMeHTaJIbeIe nccisie0oBaHMA ypOBHeﬁ 3BYKOBOI'O JaBJI€eHUA
KOJIEC JIEFKOBOI'O aBTOMOOMJIS AJId JUAI'HOCTUKU IIOBPEKIAEHUA KOJIeC
10 aKyCTU41€CKHM CHUI'HaJIaM

Boraanosa A.M.'*, Kypuenko I1.C.2, ®ues K.IL.3
! Actimpant, 2Accucrent, 3Crapmmit npenogasaTen
3 Kadenpa «DKogormd 1 TPON3BOJICTBEHHAS HE30MACHOCTh
Banruiickuii rocynapcrBennbiii Texandeckuii yausepeuteT « BOEHMEX »
mMm. .®. Verunosa, r. Caukrt-Ilerepbypr, PO

1,2,

AnHoTanus

B crarpe mpemcTaBieHbI pPE3yIbTATHI IKCIEPUMEHTATBHBIX WCCAEJOBAHUN YpPOBHEH 3BYyKa KOJEC
JlerkoBoro aBromobmiist, 2019 roga Beimycka. IIpoamanu3upoBaHbl OKTABHBIE W TPETHOKTABHBIE CIIEKTPHI IITYMa,
aBTOMOOWMJIPHBIX IIIMH C YPOBHEM JaBjieHusi Bo3ayxa B Hux 2 u 1,5 armocdepnl. Ilo pesymbraram amanmmsa
TPETHOKTABHBIX CIEKTPOB IIyMa CAEJIaH BBIBOJ, O TOM, YTO 3HAUMMas PA3HUIA B YPOBHAX 3BYKOBBIX JABJIEHUI
aBTOMOOMJIBHBIX IIMH BbISIBJIEHA B TperboKTasHOM cuekrpe or 25 T'u go 10000 T'u na ckopocrsix 10 40 km /4.
ITpn noesrmennn ckopoct ¢ 40 10 60 KM/4 pasHWIa B yPOBHSIX 3BYKOBBIX JABJIEHMI aBTOMOOMIILHBIX NTWH
cokpamaercd. B pesynbrare TpOBEIEHHOTO WCCIEIOBAHUS OIpEAeIeHbl 3HAUYEHUS KPUTEPUEB 10 yYPOBHIAM
3BYKOBOI'O [IABJIEHUsI MIPU PA3HUIIE [TABJIEHUN BO3yXa B ABTOMOOWJIHHBIX INMWHAX JIETKOBOro aBroMobuis 0,5
armocdep, Ha ckopocrsx 15, 20, 40 km/4 B TperbokTaBuoM crnekrpe or 25 ['u go 10000 I'u. Takum obpaszom,
MOXKHO CZIeJIaTh BBIBOJ, 4YTO KPHUTEPHUH II0 YPOBHIO 3BYKOBOI'O JABJIEHUS B IPOLECCE CHUXKEHUS JABJICHUS
BO3yXa B IIHHAX SBJSIOTCS 3HAYAMBIMU TTOKA3ATESIMA W MOTYT OBITH MPUMEHEHBI [JIsi JTUATHOCTUPOBAHUST
COCTOSIHUST ABTOMOOHUILHBIX IITHH.

Kirouesnlie cioBa: myM, 3BYK, YPOBEHL 3BYKOBOI'O JaBJICHUA, KOMUBLIOTEPDHad OIUATHOCTUKA,

JIETKOBO#1 aBTOMOOMJIb, TOPOACKO# Tpaduk.

Experimental study of sound pressure levels emitted by wheels of a passenger car
to determine wheels damage using acoustic signals

Bogdanova A.M.'*, Kurchenko P.S.2, Fiev K.P.3
L Graduate student, ? Assistant, ®Senior Lecturer
1,2,3 Department of Ecology and Industrial Safety, Baltic State Technical University ‘VOENMEH’,
St. Petersburg, Russia

Abstract

The article presents the results of experimental studies of the sound levels of the wheels of the
passenger car, 2019. Octave and third octave noise spectra of automobile tires with an air pressure level of 2
and 1.5 atmospheres are analyzed. Based on the results of the analysis of the third-octave noise spectra, it
was concluded that a significant difference in the sound pressure levels of automobile tires was detected in the
third-octave spectrum from 25 Hz to 10000 Hz at speeds up to 40 km/h. When the speed increases from 40 to
60 km/h, the difference in the sound pressure levels of car tires decreases. As a result of the conducted research,
the values of criteria for sound pressure levels were determined at an air pressure difference in passenger car tires
of 0.5 atmospheres, at speeds of 15, 20, 40 km/h in the third octave spectrum from 25 Hz to 10000 Hz. Thus, it

*E-mail: bogdanovoyanne@gmail.com (Bormanosa A.M.)
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can be concluded that the criteria for the sound pressure level in the process of reducing tire air
pressure are significant and can be used to diagnose the condition of car tires.

Keywords: noise, sound, sound pressure level, computer diagnostics, passenger car, urban traffic.

BBegenue

CymecTBeHHBI pocT aBroMobmaum3amuu B Poccum, Espome, Cesepnoii Amepnke,
fuonnn m Apyrux cTpaHax MO3BOJISIET MPE/NOJI0XKUTh, YTO JOPOXKHOE IBUYKEHHE OCTAHETCS
JIOMHHUPYIOITUM HCTOYHUKOM IIIyMa B 00IIecTBe B 0603puMoM OyjryreM. MHOTOYHC/IeHHBIMI
UCCJIeIOBAHUSMEI YCTAHOBJIEHO, YTO IMpPU HOPMAJIBHBIX TPAHCIOPTHBIX MOTOKAX W THIIOBOM
cOCTaBe TPAHCIIOPTHBIX CPEJCTB HAa TOPOJCKHUX Jjoporax okoao 60% 3BYKOBOH MOIIHOCTH
JIOPOZKHOTO TIyMa OGYCIOBIEHO MIYMOM B3aUMOJEHCTBUS IMUH ¢ T0poToil [1,2].

I[To pmanueiv HUIL TUBJI/I MBJI P® cymecrBenno Bbilie J107s JOPOKHO-
rpancnoptabix npouctectsuii  (JITTI), B KOTOPHIX HeyIOBIETBOPUTEIBHOE TEXHUIECKOE
cocrosiare Tpancnoptabix cpeacts  (TC) 6wuio  comyrersytomieit mpuuannoir JITIL. Tlo
pe3ysIbTaTaM OTeYeCTBEHHBIX HAYYHBIX WCCJIEIOBAHWM, ¢ TEXHUYECKUMH HEUCITPABHOCTIMU
rpancnopra c¢Bazano g0 13% wupoucimecrsmii Bcex BugoB m g0 15% — ¢ 0c060 TKKMMM
HOC/I€ICTBUSIMH.

Texaudeckast AMATHOCTHKA AaBTOMOOWJIS — 3TO COBOKYINHOCTb Tejeil W 3ajad,
CBS3aHHBIX € IIOMCKOM HEWCITPABHOCTEH MeXaHW3MOB H CHCTeM aBTOMOOWJS, [IJIs WX
naibHeitero ycrpanenus. — [Ipomecc amarHocTHpoBaHHS BKIIOYAET TECTUPOBAHWE BCEX
OCHOBHBIX HAPAMETPOB M XapPAaKTEPHCTHK CHCTEM, BJIHUSAIONUX Ha paboTy aBromMobmis (6J0K
VIPaBJIEHUS JBUTATENS, ABTOMATHYECKAs TPAHCMUCCHSA, THEBMOMOBeCKa, cucrema ABS,
cucremMa 0e30MACHOCTH, KPYH3 KOHTDPOJIb, UMMOOUIAd3ep U T.)1.). DJIEKTPOHHBIE CHCTEMBI
yIpaBJIeHnss 00OPYIOBaHHEM aBTOMOOWJIEN MAIOT HOBBIE BO3MOXKHOCTHU JIJI aBTOMOOUJIUCTOB
P TTOTYYeHWH JTAaHHBIX O TEXHUYECKOM COCTOSTHUU CHCTeM W MeXaHU3MOB JIBUTATEs.

Db dekTUBHOE UCTIOIB30BAHIE CPEJICTB JUATHOCTHPOBAHUST HA CTAHIHUAX OOCTY JKIUBAHHS
aBTOMOOWM/Iell ¥ B ABTOTPAHCIOPTHBIX IMPEANPUATHSIX BO3MOXKHO JIMIIb B Pe3y/abTrare
OPABUJIBLHOTO UX MPUMEHeHWs W IKcIuTyaTanud. llosToMy mcciaenoBaHWIO TUArHOCTUYIECKOTO
0obOpYIOBaHWS, a TaKyKe MeTOJ0B TPOTHO3HPOBAHWS OCTATOYHOTO pecypca aBTOMOOUIS B
TnocsIeiHee BpeMsl yaeasieTcst ocoboe BHUMaHue [3)].

JlmarnocTuka ¥ yCTpaHEHWe HEUCIPABHOCTH aBTOMOOWIST u 3a0/1aroBpeMeHHOe
npeoTBPAaIlleHne CephE3HBIX aBTOMOOUIBHBIX aBaphil BO3MOXKHO IPH IMOMOIIH BOIUTETHCKOTO
uHTepdeiica, ecanm aBTOMOOWJIb OOOPYIOBAH COOTBETCTBYIOIIUME JTATYUKAMHU TYTEM
APXUBUPOBAHMUS HAKOIJIEHHBIX 3BYKOB W OTMPABKOW COOOIIEHWsT 00 OCHOBHBIX BO3HWKIIHX
HEHCIPABHOCTSIX aBTOMOOUIIsT BoJuTestio [4].

He menee BaykHO KOHTPOIHPOBATH H€30MTACHOCTD MEXAHUYIECKUX TACTeil aBTOMOOHUIIS.

[IporpaMMa AMATHOCTHKH aBTOMOOWJS C TOMOIIBIO 3BYKAa MOYKeT OBITH IepejiaHa
BJIAJIC/TBILY-BOJUTEIIO TIPU  BBITYCKE AaBTOMOOWJS, MOXKET BBIMOJIHITH CAMOJIUATHOCTUKY,
YCTAaHABIUBASCH HA  aBTOMOOWJIb, © MOXKET HCIOJAb30BATHCS C HPUIOKEHHEM B
HHTEJJIEKTYAThHON cpeze [5].

Apropamu [5] mpejiaraeTcst HCIMOIB30BATh HENOCPEICTBEHHYIO pacuudpoBKy hoHeM,
ONMPAasCh HA XapaKTePHbIe 3BYKHU OIPEJIEJEHHBIX HEUCITPABHOCTEN, KOTOPBbIe UCIOJIb30BATUCH
ONBITHBIMH BOJUTE/ISIME U MEXaHUKAMHU HPONLIbIX mokojeHuil. [lpemiaraercs 3ammcbiBaTh B
Ka9YeCcTBE HTAJOHHBIX 3BYKH 3AIyCKA JBUTATE/IsI, OCTAHOBKH JBUTATES U 3BYK MPH JBUKEHUMN.
OHaKO, yIUTHIBAsT XOPOIIYIO TTYMOHU3O/ISIIIAI0 COBPEMEHHBIX aBTOMOOWJIEH, WCIOIh30BaAHNE
€ TMHCTBEHHOTO JATYNKA 3BYKa AT BO3MOXKHOCTD BBIJETUTH (DOHEMBI HEUCIPABHOCTEH TOJIBKO
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B UJICAJTbHBIX «Ja00PATOPHBIXY YCJOBUSAX, B OTCYTCTBHUE JPYTUX UCTOYHHUKOB 3BYKa, & IPH
NCITOJBb30BaAHNN HECKOJBKUX MI/IKpOCl)OHOB7 MIyMOBad COCTaBJIAIOIIad HE IMTO3BOJIAET CPaBHUBATDH
MX CUTHAJIBI HEIIOCPEICTBEHHO.

Apropam pabor [6, 7| ymamoch ymauHO NPUMEHHUTH BPEMs-JACTOTHBIA TPHHIAII,
HO OIIAdTb-TaKH B HICAJIBHBIX «ﬂa60paTOprIX>> YCIOBUAX U C €AUHCTBEHHBIM MHNCTOYHHUKOM
3BYKOBOT'O CHTHAJIA.

3 Bcex KOMIIOHEHTOB W JeTajleil aBTOMOOWIA TOJILKO INHHBI HAXOIATCH B
HEIOCPEJCTBEHHOM KOHTAKTe ¢ JIOPOKHBIM IOKPBITHEM. L[103TOMY HMX COCTOAHEe Kpaiine
BaXKHO JIs1 JII0OOr0 aBTo. Belb 0T HEro 3aBUCUT He TOJILKO IIPOXOJUMOCTH U 3KOHOMUYHOCTh
MalllUHbI, HO U 0e30MacCHOCTDL BOJUTE/IS, MACCAKUPOB, /1a U JIPYTUX YYACTHUKOB JIBUZKEHUSI.
O,Z[HI/IM W3 TJIABHBIX IIOKa3aTeJieil COCTOSHUSI MOKPBINMIEK ABJIACTCA AdaBJIEHWE BO3JYyXa B HUX.
YT0ObI OIIePKUBATE €0 ONTHMAILHOE 3HAYCHHE, HY?KHO KOHTPOJIHPOBATH JABICHHE BO BCEX
KOJIecax He pexke, UeM pa3 B mecsll [8].

1. Onwucanme 3KCHEPUMEHTAJILHBIX MCCJIEIOBaAHUI

DKCIEPUMEHTATbHBIE HCCJIEIOBAHNSA BBITIOTHEHBI C MEJIbI0 BBHISBICHUS KPHTEPUEB,
MOKA3BIBAIONINX Pa3/IMdie B aKyCTUUECKUX XaPAKTEPUCTUKAX KOJEC JIETKOBOTO aBTOMOOHJIS
IPU UX KOHTAKTE C JIOPOXKHBIM IOKPBITHEM JIJIsI OODHAPYKEHUsl HEUCIPABHOCTH, & HMMEHHO,
CHUZKEHHUs JABJICHUSA B aBTOMOOWIbHBIX ITUHAX.

3aauaMu SKCIePUMEHTATbHBIX UCC/IETOBAHNI SIBJISIACD:

- ompejieieHAe YPOBHEH 3BYKOBOT'O JIaBJIEHUA, U3JIYIaeMbIX IIPABOM 1 J€BOI 33 IHUMH
IMIAHAMHA JIBUZKYIIEr0Cs JIETKOBOTO aBTOMOOUIA NPH JaBJACHUM BO3JyXa B HUX paBHOM 2 u 1,5
aTMocdepbl TP OJTHOBPEMEHHOM U3MEpPEHHH;

- aHAJIM3 YPOBHel 3BYKOBOTO JaBJI€HN, N3/Iy9aeMbIX TTHHAMMA;

- olpejie/ieHne KPHUTEpHeB, XapaKTepU3yoNuX HW3MeHeHnd YPOBHeH 3BYKOBOIO
JIABJIeHWsI TTMH TIPU JIBUXKEHUH €O CKopocTsiMu 15 kM/4, 20 km/4, 40 KM/4 ¢ pasHuIei
napaenus B muHaX 0,5 armocdep.

ABTOopamu cTarhu ObIIO TPOBEIEHO UCCJIEIOBAHNE AKYCTHIECKUX XaPAKTEPUCTUK KOJIEC
JIEFKOBOTO aBTOMOOMJISA B YCJOBHUSX T'OPOJICKOTO TpaduKa B 3UMHEE BpeMs.

WcnpiTanust TPpOBOIUINCH B YCJIOBUAX PEAJHHOTO TOPOJICKOTO Tpaduka, MAKPOMOHBI
paciiojiarajiuchb B paiioHe KpbLIbeB 3a/JHUX Kojiec aBromodu/sd. B jannoit pabore B kauectse
OOPTOBBIX YCTPOICTB HCIOJAbL30BAJUCH IIyMOMepbl 1 Kjlacca TOYHOCTH C HHUMPOBBIME
mukpodonamu (gamee — Mukpodon 1, MUKpohOH 2), PACTOJOKEHHBIMH TAaKUM DPA30M, YTO
YAAJIOCH CO3/IATh MPOCTPAHCTBEHHYIO BPEMAIACTOTHYIO Mojiesb (PucyHok 1).

=
|
|
|

MukpodoH 1 MMKpOd}?ﬁ

Puc. 1. Oyuknuonaibhas cxema H0PTOBOrO yCTPORCTBA JIJIA MOy YEHUS aKyCTHIECKIX
XapaKTEPUCTUK KOJIEC aBTOMOOWIIS
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st npoBejieHnst U3MEPEeHUil IPUMEHIOCH CcJie/lylolee 00opy1oBaHue:

- TIyMOMeEpBI-aHAIM3aTOPHl crekTpa 1 kKjaacca Tounoctn IJroduszmka 110A, Oxrapa
110A;

- mudposbie MuKpodons MK-233, BMK-205, mporpaMmMHuoe obecriedenue 171s1 aHATIA3A
daitioB u Tenemerpun «Signal+».

[HudppoBbie MUKPOMOHBI OBLIM YCTAHOBJEHBI TPU MTOMOIIH CTPOUTEJIHHOTO CKOTYA
HA IOBEPXHOCTL KPBLIbEB aBTOMOOWIA Ha paccTodHud 10 ¢M OT NOBEPXHOCTH IIHHBI.
Pacnostoxkenne MukpodonoB 1, 2 cxeMaTU4IHO IpeacTaBieHo Ha pucynke 1. Muxpodons 1,2
ObLIIM COEJIMHEHDBI € 1Ly MOMEPaMHU-aHAJIU3aTOPAMU HOCPEJICTBOM MUKPOMOHHBIX Y/IJIMHUTE/IbHBIX
KabeJieii.

DKCcuepuMeHTaJbHbIEe HCCJIeI0BAaHNS BBIIIOJIHSINCH Ha JIerkKopoM aBromobmite 2019 romaa
BBIIIYCKa. TexXHHYecKHe XapaKTepPHUCTUKH aBTOMOOWJIA U XapaKTePUCTHKH HCIIBITAHHBIX INHH
npeacrapiensl B Tadmure 1.

Ha pucynke 2 npencrasienbl dororpadun aBroMobmabHbX 1muH Yokohama 215/65
R16 102T IG65, ucroib30BaHHBIX JI/Id IPOBEJICHUA HATYPHBIX U3MEPEHHUId.

Tabuma 1
Texnudyeckne XapaKTePUCTUKHU JIEIKOBOI'O aBTOMOOMIS
XapakTepucTUKI aBTOMOOUIIS
Kitace aBromobuis B
KommaectBo aBepeit 5
KosmaectBo mMecT )
Pacnosoxenune pysis JleBwrit
O6bem 1.6 x
Tun apurarens OEH3MHOBBII
[Ipusox, IepeTHuii
XapakTepHCTUKH IIIHH

[IpousBoauTEb Yokohama 215/65 R16 102T 1G65
Ce30HHOCTH 3UMHIE
Knace mun B
Tumer €CThb

Puc. 2. Koaeco jerkoBoro apromobusisi ¢ muHoit Mapkn Yokohama 215/65 R16 102T 1G65
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Hpouecc 3alluCul aKyCTHY€CKHX CHUI'HaJIOB ABTOMOOMJIBHBIX IIHH OCYIIIECTBJIAJICA
HECKOJILKHMHU IIOCJI€JOBAaTEJIbHBIMI UTEpalludMM IIPOTrOHa aBTOMOOHJIS B TOPOJCKOM Tpa(bI/IKe.

Cpeiare 3HAYEHNST BpEMEHN U3MEPEHUs, IPU U3MEHEHHH yYPOBHSI /IaB/JIC€HUs BO3/IyXa B
muHax ¢ 2 710 0,5 armocdep B nnanazone ckopocreit 15xm/4 — 60 KM/ 4, cocrapuau or 0,5 10

3 MUHYT.

2. VYposHH mryma aBromobuabHbix muH Yokohama 215/65 R16 102T 1G65

B pesynbrare cepmm HATYPHBIX HCCJAEIOBAHHI OBLIM TOTyYeHBI 3HAYCHHS yPOBHEH
sBykoBoro aasienust (Y3/1) B oxrasubix (Tabsuna 2) u rperpokrasubix nojocax (Tabiuma
4) 9acTOT IpH HAKAYEHHBIX IMHHAX KOJEC aBTOMOOWIIS, ¢ JaBjeHHeM B 2 arMocdepsl, I IpH
GACTUIHO CIYIEHHBIX ITHHAX KOJIEC aBTOMOOWIIs, ¢ AasaerneM 1,5 armocdepsr.

Tabuna 2

Pesynaprarer namepennst Y3/1 B OKTaBHBIX TI0/10CAX 9aCTOT

Z . =
%Wﬁ E }é =~
O 2 2o . =
£ g 5 <§ o YPpoBHM 3BYKOBOI'O JlaBJjieHus, i, B OKTaBHBIX 110JIOCAX ® E g C% 3
z %Fg ;@E 9aCTOT CO CPEHEreOMEeTPUIECKUMHA JacToTaMu, 111 E % @? = %
Q o
SR = |7
=% | 2 5
% | 7305 ] 63 [ 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | aBA | ABA
Muxkpodon 1 (npaBoe 3ajHee KOJI€CO)
2 15 | 774 | 65,7 | 59,9 | 54,1 | 53.6 | 53,5 | 47.4 | 41,9 | 343 | 56,7 | 58.1
2 20 82,6 8,0 | 779|715 | 73,1 781 | 71,6 | 61,2 | 49,7 | 80,0 | 80,7
2 40 88,1 90,9 | 89,1 | 84,8 86,3 | 8,1 | 8,5 | 68,3 | 57,6 | 90,2 | 91,1
2 50 95,0 |94,5]90,8 | 88,0 | 88,6 | 89,8 | 81,3 | 69,5 | 60,2 | 92,0 | 92,6
2 60 | 99,7 | 97,1939 | 90,4 | 91,2 | 92,0 | 838 | 72,4 | 63,2 | 943 | 95,6
15 | 15 | 879 | 87.8 | 83,7 | 75,8 | 77,7 | 81,6 | 74,7 | 61,8 | 51,0 | 83,5 | 84,6
15 | 20 | 88,5 | 89,8 | 85,2 | 79,2 | 81,2 | 84,3 | 76,6 | 64,2 | 53,7 | 86,1 | 86,6
15 | 40 | 80,9 | 83,5 | 85,2 | 78,0 | 81,2 | 83,7 | 76,1 | 62,8 | 53,0 | 85,6 | 87,2
1,5 50 94,3 | 93,7 190,3 | 86,0 | 86,3 | 87,7 | 80,5 | 67,4 | 58,5 | 90,0 | 91,0
1,5 60 | 100,1 [ 99,1 | 95,7 | 91,5 [ 91,3 | 92,1 | 84,0 | 71,9 | 63,0 | 94,5 | 95,0
Muxkpodon 2 (1eBoe 3ajiHee KOJIeco)
2 15 | 78,7 | 643 | 59,2 | 55,1 | 54.0 | 53,7 | 49,7 | 448 | 38,7 | 57.6 | 5828
2 20 | 81,3 | 87,5 | 81,9 | 72,5 | 77,0 | 80,1 | 76,6 | 66,5 | 56,0 | 83,0 | 85,5
2 40 | 884 | 91,9 91,2 | 86,3 | 89,6 | 89,3 | 84,1 | 72,4 | 63,1 | 924 | 94,1
2 50 | 954 | 92,0 | 91,1 | 88,6 | 91,7 | 90,4 | 844 | 72,9 | 64,9 | 93,6 | 94,2
2 60 | 100,2 | 97,3 | 94,5 | 91,5 | 94,4 | 92,9 | 87,0 | 75,7 | 68,7 | 96,2 | 97,2
1,5 15 87,5 | 89,3 |85,3|76,2|80,8| 81,9 | 776 | 654 | 554 | 848 | 86,0
1,5 20 88,2 [ 91,2 |87,3|80,1|84,2| 84,5 | 79,3 | 68,7 | 61,0 | 87,5 | 88,3
15 | 40 | 94,1 | 92,6 | 90,4 | 85,9 | 89,4 | 88,0 | 82,6 | 70,3 | 62,4 | 91,3 | 91,9
15 | 50 | 975 | 95,7 | 91,6 | 89,4 | 92,3 | 90,9 | 85,2 | 73,7 | 66,0 | 94,2 | 94,9
15 | 60 | 100,0 | 96,2 | 93,3 | 90,7 | 94,2 | 92,3 | 86,3 | 74,6 | 67.3 | 95,7 | 961
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i YpOBHEH 3BYKOBOT'O JABJACHUA IIIyMa ABTOMO

I 9aCTOTHBIA aHaJIn3 9TONH MOJIEJH TOKa3aJ, YTO IPU CKOPOCTAX J0
HUZKe, 4eM I TIUH ¢ jaBiaenuem 1,5 arm. llpu yBenumdenun

.
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Pezysibrarnt uzmepenu

Tabanmna 3
Pesynbrarer uamepenus Y3 B TPEeTbOKTABHBIX 0JI0CAX YaCTOT

40 KM/49 B 9aCTOTHBIX MOJOCAX OKTABHOTO CIIEKTPA, YPOBHH 3BYKOBOTO JIABJIEHUS JJIsl IITHH C
CKOPOCTH aBTOMOOHJISI BKJIIOUUTENBHO 10 60 KM /4 oTMedaercsi cOUKeHNe YPOBHEH 3BYKOBOTO

JdaBJieHnd Ha BCEX BbI6paHHI)IX cpeanereoMeTpudeCKux 4acToTax.

YACTOTHBIX TIOJIOC TPETHOKTABHOTO CIIEKTpa mpejacTaBaenbl B Tabuie 3 u Ha pucynkax 3-5.

JaBJIeHNeM BO3IyXa 2 aTM.
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B pesyaprare anasmsa 3Havenwit Y3/l McTOUYHWKA TIyMa g YACTOTHBIX MOJIOC
TPETHOKTABHOTO CITEKTPa TOJYIUIN OoJiee JTeTaabHOE TpejcTaBienne o0 m3MeHeHusx ¥ 3/[ B

3aBUCHMOCTH OT JIaBJEHUsI BO3IyXa B IMIMHAX Ha BHIODAHHBIX cKopocTsx (Pucymnok 3-5).

B Tabaune 4 npejicraBieHbl 3HAYCHUS KPUTEPUEB, KOTOPBIE MOKA3BIBAIOT U3MEHEHUE

V3/1 B muHax J/Id TPETHOKTABHOI'O CIIEKTpa HPH Pa3HUIlE JTaBJICHUsS BO3/IyXa B IIMHAX KOJEC

0,5 aTMm.

Tabuma 4

SHauenus KpuTrepud ypOBHIA 3BYKOBOI'O JaBJICHUA 1IPDU PA3HUIEC JdaBJICHUA BO3/lyXa B HIMHAX

KoJiec aproMobmig 0,5 aTMm

0000T 8°LT |9 |g'¢- [9°C- |g°0- FLT (€9 | E°0 | €0 (0T

0008 0°LT 2% L7~ [6°T- 70" €L [T°¢ (€0 | €T (9T

00€9 ¢91 |2'e |17~ [0°T- | T°0 8°CT V¥ [L°T- | 8°T |G'T-

000¢ 91 |5°¢ |17 |8°1- |€°0- ¢o1 |¥'e |€'c- | T |eT-
= 000¥ 9°LT |8°C |67~ [€C- |2'0- 98T |8°C [6'T- | €T |€'T-
5 0ST€E €'Tc |T'¢ |8°¢- 102 |90~ | |L@e |81 [¢'C | 9°0 0T
S 004G 8FC |L°¢ |67 |T'T-| 0 67¢ |LT |61 | 70 |60
= 0002 T°LC |V |87 (€T |T'0- 8°8T [LC [0°T- | O'T |€°0-
m 0091 6°Lg [T €7~ €0 | 70 9'8T [8C |9°T- | 8°0 [8°0-
m 0¢eT = €8¢ [¢'¢ [0F- (€T |€°0- | [F'9¢ |¢°¢ (8T | 80 |6°0-
S 000T < 98¢ |89 |77 T | 0 c |78z [9°¢ |6'T- | 20 [2'T-
% 008 2 (L2T |69 |LF |€C | €0 m 162 [6°C [L°0- | 90| T0
2 0€9 g |T'9e |18 |67~ €2~ | T0 | g (968 |TL |10 | T'T |20
B 00¢ mﬁ& L) 1€6- (L2 | 20 ,mw €9z |0°L [9°0- | T°0 |2'0-
] 00% —(6CC (€8 |1'6 (8T | 0 | |€7€C [9°L |10 [ 60 |1°0"
QM ¢1e 2192 (2L [6'9- €T |€°0- w I've €2 |L°0- | 71 |0°T-
= 0¢T S ree (62 [c9 |16 | 27T | E[8Te [68 |9 | T [€T-
m 00g mwom 8L |€°L-|0°T- | ¥'C Mm L8 [¢°L [8°0- | €'0 |F0-
m 097 = 02g |16 |9 [8°0- | ¢ ¢ve |€°8 20~ |T0- |6°0-
< ezl ¢'0g |L'6 |27~ [T0- | LT 7'c¢ |08 [8°0- | &'T |6°0-
m 00T 9°9z [6°C [TF- [L°0- | S'T 0'62 [6°¢ |6°0- | G0 |G'T-
z 08 ¢'ye [T¢ 2T~ 8T | ¥'¢ 6'8C €T |T'T- [2°0- [8°0-
- €9 TTz [T9 €6 | 10 | 22| |€2z |¢F [T0- | 1¢ |0

0¢ ¢'T1g [0°L |S°G- 16°0- | P'T 9%7g [1°9 | 9°9 | 8°¢ |G'T-

iz T'TC |7 [T°9- |8°0- | AT 0Fg [L°¢ | LG | 0T [9°0-

¢TE 88T [F'¢ [2°L- [9°0- | C'0 6T [0°0 | &'¢ [ €T | T0

e 0°9 {08 |€£8- [6°0- |20~ 8 (88 | 6°C | LT |Z0-
b /TGL “BIFHQOWOIAR 1120d0M[) ¢ |0z | OV | 0S| 09 110z | OF | 0S| 09




NOISE Theory and Practice 57

B Tabsune 5 mpejcraBienbl OTHOCUTEIbHbIE MAKCUMAJIbHbIE I MUHUMAJIbHBIE 3HAYCHU S
KPUTEPHUd, XapaKTEePHU3YIONIero Pas3HUIly YPOBHEH 3BYKOBOI'O JIABJCHUS IMUH, [PH PA3HUIIE
JlaBjieHus Bo3ayxa B mmHax 0,5 armocdep.

Tabuma 5
OTHOCHUTEeTbHBIE MAKCUMAJTbHBIE I MUHUMAJIbHbIE 3HAUEeHUs KPUTEPUs TTPU PAa3HUIlE TaBJIeHUs
BO3/lyXa B muHax 0,5 aT™.

CKOpOCTh MuaumMmajapHOE 3HaYEeHUEe MakcumaJjbHOE 3HaYeHUe

Ne aBTOMOOMIIS, Kpurepug no Y31, n1b Kputepug no Y31, n1b
n/m KM/4 cjaeBa cipasa cjaeBa cipasa

1 15 2,8 6 29,6 28,5

2 20 1,7 3,1 8,5 9,7

3 40 (-) 0,1 (-)1,2 6,6 (-) 8,3

4 50 0,2 0,1 5,1 (-) 3,1

5 60 0,1 0 (-)1,6 2,5

3akJiroueHne

CoryiacHO TOJIy4EeHHBIM JIAHHBIM, MOXKHO CJEeJaTh BbBIBOJ, YTO HPHU JIBUKCHUH
aBTOMOOHJIsSI Ha cKopocTH 10 40 KM/d, IpH yMeHbIeHUN JaBIeHHs BO3Ayxa B muHax Ha 0,5
arMocdepsbl B TpeThoKTaBHOM crieKTpe ot 25 'ty mo 10000 I'n, nabirrogaercs pa3nuia B ypoBHE
IyMa I7H.

[Tpu yBesmvenun cxkopoctu aBromobmwias ¢ 40 kM/v mo 60 KM/4, U yMeHbIICHUH
Japjenusd Bo3ayxa B 1mmHax Ha 0,5 armocdepbl B TpPeTbOKTaBHOM cuekTpe ot 25 [ so
10000 T'm, pasuuiia B ypoBHE ITyMa IMWH 3HAYMMO COKPAIMAETCS, W3 Yero MOYKHO CJeaTh
BBIBOJI, YTO Ipu CKOpocTd 10 40 KM/9 BO3MOYKHO YUHTHIBATH KPUTEPHii, XapaKTepu3y oIl
PA3HUILY YPOBHEN 3BYKOBOT'O JaBJleHWs IIWH, NPHU Pa3HUIE JaBJeHns Bo3gayxa B mmHaxX 0,5
aTM. JJIs IUATHOCTUKU TEXHUYIECKOTO COCTOSTHUS aBTOMOOUJIBHBIX IITHH.

Pesysibrarbl 1IpOBEJIEHHOIO HUCCACIOBAHUS ITO3BOJMIN OMPEAETUTH OTHOCUTETbHBIE
MUHUMAJTbHBIE 1 MAKCUMAJILHBIE 3HAYCHUS KPUTEPUSA PA3HUIIBI YPOBHEH 1ITyMa aBTOMOOUILHBIX
muH. JlaHHBI KpUTepuil MOXKeT OBITH MPeJJIOKEH JIJI YI€Ta MpH pa3paboTKe IPOrpaMMHOIO
KOMIIJIeKCa JIIs OIEeHKH TeXHUYeCKOr'0 COCTOdHHS TPAHCIOPTHOTO CPeJCTBA W NPUHATHS
VIPaBJIeHIECKUX PEeITeHnil M0 aKyCTHIeCKUM CUTHAIAM.
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OcobeHHOCT HOPMUPOBAHNA M KOHTpPOJId miyma B Pecirybinke
¥Y3b6ekucran

Axaros A.P.!, Byropuna M.B.%*, Tiopuna H.B.?
L M.r.1., mpodeccop, IpOPEKTOp HO MeKIyHAPOAHOMY coTpyaandecTBy CaMapKaHICKOTO
rocyjapcrBennoro yuupepcurera uM. [llapoda Pamunosa, r. Camapkan, Y30ekucran

23 JI.1.1., npodeccop Baaruiickoro rocy1apcTBeHHOI0 TeXHHYECKOTO YHUBEPCHTeTA
«BOEHMEX» um. [1.®. Ycrunosa, r. Cankt-Ilerepbypr, PO

AnHoTanus

B mocnennue Tombl BHUMAHHE PYKOBOACTBA Y30ekucrana Bce daie obpamaercs Ha tuyMm. [Ilywm
ABJIAETCs OJJHUM M3 OCHOBHBIX (DAKTOPOB, HErATHBHO BJIUSIOLIMX HA 3/[0POBbE Y€JI0BEKA KaK Ha pabouyem mecre,
Tak u B ObiTy. B crarbe npuBomuTcs cpaBHeHne HOpMaTUBHON 6a3bl Y36ekucrana u Poccuu, mpoaHasn3upoBaHbl
MEpPOIIPUATHSI, KOTOPbIE IPUMEHSIOTC JJIs 3allUThI OT IIyMa B HAIIUX CTPaHax. B 1mesoM, HOpMUPOBaHUE IIIyMa,
¥ MEPOIPHUSATHUS TI0 3aIIUTE OT HEro, BO MHOTOM CXOXKH, T.K. Oa3upylTCs Ha JOKyMEHTaX, pa3pabOTaHHBIX BO
Bpemena CCCP. Oauum u3 HanbOIee COBPEMEHHBIX U MEPCIEKTUBHBIX CPEMICTB I OIEHKN W KOHTPOJISA IIyMa,
KaK Ha TEPPUTOPUH KUJIOH 3aCTPONKM, TaK M Ha PabOUYMX MeCTaX, SBJSeTCs MOCTpOoeHwue KapT miyma. Jlis

CHM?KEHUA 11YyMa B I'OPO/ICKOI 3aCTPOMKE IPUMEHAIOTCA 11y MO3aIIIUTHBIE 3KPAaHbl U LI1yMO3aIIUTHOE O3€IeHEeHHE.

KitroueBble cjoBa: T1i1yM, CAHUTAPHBIE HOPMbBI U IMPABUJIA, [IyMO3AIUTHBIE MEDOIPUATHs, KapTa

IryMa, IpeaejibHO JOMYCTUMbIE YDOBHU IITyMa.

Features of noise regulation and control in the Republic of Uzbekistan

Akhatov A.R.', Butorina M.V.2*, Tyurina N.V.3
L DSec, Professor, Vice Rector for international cooperation, Samarkand State University, Samarkand,
Uzbekistan
2,3 DSc, Professor, Baltic State Technical University ‘VOENMEH’, Saint-Petersburg, Russia

Abstract

In recent years, the attention of the leadership of Uzbekistan has increasingly been drawn to noise.
Noise is one of the main factors that negatively affects human health both in the workplace and at home.
The article provides a comparison of the regulatory framework of Uzbekistan and Russia, and analyzes the
measures that are used to protect against noise in our countries. In general, noise regulation and protection
measures are similar, because they are based on documents developed during the USSR. One of the most
modern and promising means for assessing and controlling noise both in residential areas and in workplaces is
the development of noise maps. To reduce noise in urban areas, noise barriers and noise-proof landscaping are
used.

Keywords: noise, noise regulation, noise protection, noise map, noise limits.

*E-mail: butorina_mv@voenmeh.ru (Byropuaa M.B.)
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Beegenne

Crparerusa pazBuTud Y30ekucrana nHa 2022-2026 r.r. cTaBUT IepeJ 0OOIIECTBOM
3318491 yCTPAHEHUs CYIIECTBYIONIUX SKOJOIHYIECKUX HTPo0/ieM, HAHOCAIINX YIIEepOd 3J0POBbIO U
reHoOH Iy HACeJIeHHsI, OXPaHbl OKPYzKaloleil cpejibl, YJydIleHus SKOJOI'MYeCKON cuTyaruu
B ropomax u paitonax [1]. Tlo mMHeHHIO y30eKCKHX YYEHBIX, KayKIblil TSATHIA WHCYJIBT,
MOPaKAIAN TOPOACKUX YKHUTEJeH, ABIACTCS pPe3yabTaTOM BO3JAEHCTBUA IyMa, T.. HE MeHee
20% »xuresteii Y3b6eKucTaHa MOABEPralOTCsl cepbe3Hoit onacuoctu (2. [To pasaudHbIM OlEHKAM,
npoBeleHHBIM B Poccun u EBpomne, mOpomeHT KUTeJeH MEramoucOB, IOJIBEPraloIIuXcs
HETaTUBHOMY BO3JICHCTBUIO ITOBBIINECHHBIX YPOBHEH! IIyMa, €IIe BBINIE W JIOCTUrACT TPEeTH
rOPOJICKOTO HACEIEHUSI.

Jlaboparopus ¢dusmdeckux dakropoB Hayduno-uccienoBarenbcKoOro HHCTHTYTaA
CAHMTApHH, THIHEHBI U HPOQeCCHOHAJILHBIX 3aboseBanuit MuHHCTEPCTBA 3PaBOOXPAHEHUS
Pecniybiuku  V30ekucTan wu3ydaeT BO3JeiicTBHe IIyMa Ha 4YeIOBeKa U pa3pabaTbiBaeT
CaHUTapHbIE HOPMBI, YYUTbIBalOIIue ACATEC/IbHOCTbL Y€J/IOBEKa KaK Ha IIPpOU3BOACTBE, TaK U B
JKIJTBIX TTOMEITEHUAX, OOIECTBEHHBIX 3/IaHUAX HA TEPPUTOPUH YKHUJIOH 3acTpoiiku. BbiBomwbr,
HOJIYYEHHBIE B XOJI€ ONEHKH, CBUIETEJIbCTBYIOT O TOM, YTO PaOOTHUK Ha IIPOU3BOJICTBE TepaeT
CJAyX B TeYeHHe 7-8 JieT BO3JeHCTBHUSA IMyMa, HEHAMHOTO IIPEBBIIAIONIETO JOIMYCTHMbIE HOPMBI.

B nacrosiiiee BpeMsi BoipocaM IiyMa B Y 30eKHCTaHe yJIe/seTcss cepbE3HOoe BHUMAHUE
Ha BbICHIEM YPOBHE. PeSyﬂbTaTbI IpoBEeACHHOIO MI/IHI/ICTepCTBOM IOCTUIUN H3Yy4YCHUA
HAIIMOHAJIBHOI'O 3aKOHOJATEJIbCTBa U ,ZLeI'?'ICTByIOH_[eIU/I NMPpaKTUKU CBUACTEJIBCTBYIOT O HaJIUYNHU
paaa mpobiaeM B cdepe 3aluThl TpazkjaH MW 0D0IIecTBa OT IIymMa. DbIJIO yCTaHOBJEHO,
YTO OTCYTCTBYeT €JIUHBII HOPMATHUBHO-IPABOBOM aKT, perjaMeHTUPYIONUi  BOIPOCHI
HPOTUBOJEHCTBASA HETaTUBHOMY IIIYMOBOMY BO3IEiCTBHIO. Crhexyer TakyKe OTMETHTD,
910 B Y30ekucrane 3a nocjaenune 20 jieT mpOBEAEHO JUIIL OJHO KOMILTIEKCHOE HCCIe0BAHNE B
cdepe 1ryma.

MunucTepcTBO OCTUIINH V3bekucrana paspaboTraio 3aKOHOIIPOEKT,
IpeIyCMATPUBAIOMIMIT Mepbl JI/Is 3aIlUThl T'PakKIaH U OKPYIKAIOIeH Ccpeabl OT BPEIHBIX
IyMOB M HEIPUATHBIX 3a1axoB. JlokymeHnT ycranasjiuBaer «0Oecirymubie» 4acbl ¢ 23.00 10
7.00, a B Buixoaubie u npasgaukn — ¢ 21.00 go 8.00. B 3Tor nepmoja Oyjer 3amnperieHo He
TOJILKO CO37aBaTh TIYM, TPEBBIMAIONINNA JTOMYCTUMBIH yYPOBEHb, HO JlayKe HW3JaBaTh TIMyM,
COOTBETCTBYIONIMHA JIONYCTHUMOMY YPOBHIO, HO HIPUYHHSIONIUN CyIIecTBeHHOE OeCIOKOHCTBO
KuTeasM. K TakuM BuZaM IIyMa 3aKOHOIPOEKT OTHOCHT CPEICTBa JIjIs aBTOMATHUYECKO
MOKM aBTOTPAHCIOPTHBIX CPEJCTB, YCTPOUCTBA Jijig OOPE3KH JIEPEBbEB, CTPUZKKH a30HOB U
TPaBbl, 3BYKOBBIE YCTPOHCTBA aBTOMOOHIEN (BK/IIOUYAs TPAHCIOPTHBIE CPEJCTBA CHENHATbHBIX
cJIy:K0), TpOBeJieHne pa3BIeKATeJbHBIX, KOHIEPTHBIX, CIOPTUBHBIX W JAPYTUX MepONpHUATHI
O/l OTKPBITHIM HEOOM, IIPOBEJEHHE CTPOUTEJIbHBIX M PEMOHTHBIX pabdOT B YACTHBIX H
MHOIOKBAPTUPHBIX JI0OMax [2].

Crarbs 192 KoAll V3bekucrana 3a HapyleHue CIOKORCTBUS U HOPMAJIBHOTO OTBIXA
rpakjaH B HOUYHOE BPEMd IIPEIyCMaTPpUBAECT HAJIOXKeHue mrpada Ha rpaKaaH B CyMMe OJHOI
TpEeTbhEeR, a Ha JOJIZKHOCTHBIX JIMIL - OT OJHOU TpeThen /10 OJTHON BTOPOIl MUHUMAJILHOTO Pa3Mepa
3apaboTHOM IIATHI. 3a IMOBTOPHOE HapYIIEeHHe cyMMa InTpada yBeanduBaeTcs B 1,5-2 pasa.

KonTposib 3a cobjojieHneM IIyMOBOI'O pPe:KMMa B IOMEIIEHUAX KUJIBIX 3AaHUil
ocymiectBiasier [leHTp TOCYJapCTBEHHOTO CAHUTAPHOTO —SUUIEMHUOJOTHYECKOTO  HAI30DPa
V3bekucrana, Kyja rpakjaHe MOryT OOpaTUThCs C 3asiBJIEHWEM Ha TOBBITIIEHHbIE YPOBHU
myMma. Cuermuanuctel HHI'COH Bble3:KaioT Ha MeCTO, HIPOU3BOAAT 3aMepbl U COCTABJSIOT
odunraabHoe 3aKJII0UYEeHHe O HECOOTBETCTBUM VPOBHEH IIyMa JIONYCTUMBIM, C KOTOPBIM
KIJIbIBI MOI'YT OOPAaTUTHCS B CY/I.
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1. HopmaruBHble TpeboBaHusd K yPOBHAM IIIyMa

B nacrosinee BpeMs Ha TePPUTOPHH Y30eKHCTaHA JEHCTBYIOT CAaHUTApHbIE HOPMbBI U
npasuia CanlluH Ne 0267-09 «Ilo obecnevyennto TOMycTHMOTO MIyMa B KHUJIBIX ITOMEIIEHHX,
OOIMECTBEHHBIX 3IaHUNH W Ha TEPPUTOPUU KUJIOH 3aCTPOHKH», ONpeaessIoNiue TOMYyCTUMBIE
YPOBHH IIIyMa, CO3/aBa€MOr'0 OT BHEITHUX U BHYTPEHHUX UCTOYHUKOB B YKUJIBIX HMOMEIICHUIX,
OOIECTBEHHBIX 3/IAHUAX, HACEJCHHBIX IIYHKTaX, a TaKxKe o0Ime TpeboBaHUd K U3MEPEHHUIO
YPOBHd IIyMa Ha IIPOBEPSIEMOM OOBEKTE, ero MeTOJaM M THMTHeHHYecKoil onenke. OnHu He
PACIPOCTPAHAIOTCS HA IIYM, U3JaBAeMbIii caMOJIeTaMU U BEPTOJIETAMU IIPH B3JIeTe U IIOCAIKE.

Anaymsz CaulluH Ne 0267-09 nmoka3biBaer, YTO HOPMBI IIyMa HA TEPPUTOPHUE KUJIOM
3aCTPOIKI COOTBETCTBYIOT panee nefictoBaBmnM poccuiickum CH 2.2.4/2.1.8.562-96 «I1Tywm
Ha pabOYMX MecTaxX, B MOMEIIEHUX KUJIbIX, OOIIECTBEHHBIX 3/IaHUi U Ha TEPPUTOPUH YKUJIOH
3aCTPOWKHI», KOTOPBIi MOCTYZKHI OCHOBOM /7151 HOBOT'O JAeHCTBYIOIIETO B HacTOAIIee Bpems B PO
CanlluH 1.2.3685-21 «I'uruenmyeckue HOpMATUBBI B TPeOOBAHUSA K obecredeHnio 6€30macHOCTH
1 (min) 6e3BpeHOCTH JIst Ye10BeKa (DAKTOPOB CPE/Ibl OOUTAHMUSI.

B nmomomnenme K cymectBytomuM B Poccum  wopmaruBam  CanlluH  0008-20
(monucukanus CaulluH Ne 0267-09) BBOAUT mpe e bHO JOMYCTUMbBIE YPOBHH 71T KOHIIEPTHBIX
3aJI0B, JIHMCKOTEK, HOYHBIX KJIyOoB — He Oosee 85 n1BA mo skeuBasentHomy um 90 nBA mo
MaKCHMAJIbHOMY VPOBHIO 3ByKa. IIpH 3TOM I'POMKOTOBOPHUTEIN 3BYKOU3IYUAIONIUX YCTPONCTB
JIOJIZKHBI yCTAHABJAMBATHCA Ha IIPOTUBONOJJIOXKHON CTOPOHE OT YKUJIBIX JIOMOB.

CanlluH pekomenayeT OCYIECTBASATh WHKEHEPHO-TEXHUIECKHE MEPOIPUSITHSA U
TeopeTHUYeCKre pacueThl M0 CHUKeHHUIO IyMa B coorBercTBHE ¢ KMK 2.01.08-96 «3amura or
mymMas [3], KoTopble BO MHOTOM COOTBETCTBYIOT jeficToBaBimemy 10 2003 I. Ha TeppUTOPUE
P® CHull 1I-12-77. Cnexnyer orMmeruTb, 4TO jjis ydera pacupocrpanenus tryma KMEK
HCIIOIb3YeT HECKOJIBKO yCcTapeBinne (POPMY/ibl, KOTOPbIE HE YYUTHIBAIOT OCHOBHBIX MMOJIOZKEHUIT
GoJ1ee HOBBIX JIOKYMeHTOB, orpakenHbix B 'OCT 31296.2-2006 [4].

[Ipu »ToM Ha TeppuTOpuu Y30eKUCTaHA JEHCTBYET PsII COBPEMEHHBIX
MEXKTOCYJAPCTBEHHBIX CTAaHIAPTOB, pa3pabOTaHHBIX U IpUMeHseMbIX B P, Takux Kak:

- TOCT 33325-2015 «Meroasl pacdera ypOBHeil BHENIHErO IMyMa, W3JIy94aeMOro
2KeJIe3HO/IOPOZKHBIM TPAHCIIOPTOMY, PEIHA3HAYCHHBIH I pacdeTa IIyMa KeJIe3HOJI0POZKHOrO
TPAHCIIOPTA;

- T'OCT 22283-14 «Illym aBuamuonusiit. lonmycTumMble ypOBHHE HIYMa Ha TEPPUTOPUH
KIJIOW 3aCTPOUKM U METOJbl €ro MU3MEDPEHUs» JjIsi OUEHKM U HOPMUPOBAHHUS IIyMa
ABUAIMOHHOI'O TPAHCIIOPTA;

- TOCT 23337-14 «I1lym. Merost m3meperns 1mymMa Ha ceiuTeOHOM TePPUTOPUN U B
HOMEIEHUSX YKUJIBIX U OOIMIECTBEHHDBIX 3JaHUN» JI/Id U3MePeHus yPOBHEH IIyMa Ha TePPUTOPUH
3aCTPOIKU U B IMOMEIICHUSIX;

- TOCT 20444-2014 «Illym. Tpancnoprubie noroku. MeTo bl onpeeenns nyMOBOi
XapaKTePUCTUKHU Y JIJIS ONEHKHU TITYMOBBIX XapaKTEePUCTHK IMOTOKOB TPAHCIOPTA.

CaulluH Ne 0267-09 pekomeHngyer HpOBOJUTH HU3MEPEHHS IIyMa B KUJIBIX U
OOIIECTBEHHBIX 3JaHUAX U HA TEPPUTOPHUHU XKHUJIOH 3aCTPONKH € IEJIbI0 KOHTPOJISI COOTBETCTBHS
daKTHIECKUX yPOBHEH IyMa JOMYCTUMBIM 3HAYEHHUSIM I10 IeHCTBYIOIMMM HOpMaM, Pa3pabOTKH
MEpPOIPULATUH TI0 CHUZKEHUIO IyMa u OleHKe 33G@MEKTUBHOCTH 3ITUX MEPOIPUATHI, IpH
COCTABJICHUH KapT MIyMa YJIUYHO-JTOPOXKHOM CeTH M T.JI., & TAKKe 10 KaJ100aM HACEJeHHS.

Jlnst m3MepeHHs IIyMa MCIOJB3YIOTCI IIYMOMephl 1 WM 2 KJjacca ¢ OKTaBHBIMHU
duabTpaMu, a HpH HEOOXOJMMOCTH CAMOIIHCEIN YPOBHs, MAarHuTOMOH, AHAJIH3ATOP
CTATUCTUYECKOIO paclpejieienust ypoBHell, ocnuuiorpad, KajuOpOBOYHBINR ITAJIOH IIyMa
(macrordon) u ap. npubopel. K HpHMEHEHHI0 DPEKOMEHIYIOTCS CJIeIyOIine IIyMOMeDbI
npoussojictBa Poccuu, T'epmanum u Jlanuu. Bce npubopbl JOJIKHBI €2KErOJHO MPOXO/UTD
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MeTPOJIOTUYECKUH KOHTPOJIb B areHTCTBEe «Y3CTaHIAPT».

Cumkenne mrymMa Ha OOBEKTaX PEKOMEHIYETCS OCYIECTBJIATH MyTeM yCTaHOBKH
CHEIUAIBHBIX MTyMO3AIUTHLIX YKPAHOB M CO3JaHUA JIPEBECHBIX HacaxkjeHnwii. B kadecTsre
OPTaHU3AIMOHHBIX Mep TpHUMeHseTcd OrpAHWYeHHe JBUKEHWS [IYMHBIX TPAHCIOPTHBIX
CPEJICTB U PEAKTUBHBIX CAMOJIETOB, co3jaioniux myM Beime 80 1BA B Teuenume cytok. [lpm
OCYTIECTBICHUN WHIUBUIYAJBHONU WM KOOTEPATHBHOW TPYAOBON TeATETbHOCTH B ZKUJIBIX
JIOMax YPOBHH IIIyMa, IPOHUKAIOIIME B COCEJHHUE KUJble KOMHATBI, HE JOJXKHBI HPEBBIIIATH
JIONYCTUMBIX KaK B JIHEBHOE, TAK U B HOYHOE BpPeMs CYTOK.

C Toukm 3peHHs obeclevdeHUs JOMYCTHUMBIX YPOBHeHl B TOMEIIEHUSX IKUJIBIX
3nanmit caenyer takxke ynomsauyThb CanlluH Ne 0146-04 «Camwrtapuble mpaBuia U HOPMBI
HPOEKTUPOBAHUS ZKUJIbIX JIOMOB B KJIUMATHYECKUX YCJOBUAX Y30ekucranar.  JlaHubiM
JIOKYMEHTOM  [PEAYCMATPUBACTCA TPUMEHEHUE aPXUTEKTYPHO-TIJIAHUPOBOYHBLIX —PEIIeHU,
KOTOpbIe 00eCIeYnBaIOT JOMYCTUMbIE YPOBHHU TITYMa M BBICOKUE 3BYKOU30JUPYIOIIHE KAIeCTRBA
CTPOUTEbHBIX KOHCTPYKIIHI. CanlluH mnpenycmaTpruBaeT panuoHAIbHOE pa3MelleHHne
UHYKeHEePHO-TEXHUIeCKOr0 000py0BaHus, TU(MTOBBIX MIAXT U MYCOPOIPOBOJIOB TAKUM 0OPa30OM,
qro0bl OHM He rpaHudmiIn ¢ KmibiMu noMmemennsamu. CanlluH Ne 0146-04 pekomenmyer
cOOJTIO/IeHTe JOMYCTUMBIX YpOBHEit tryma, npeaycmorpenubrx CaulluH Ne 0267-09, HO npu sTOM
JionyckaeT Bejgenue nonpasku K [IJ[YV Ha mecTo pacrnoioxkenns oObeKTOB: KypPOPTHBIH paiioH,
MecTa OTIbIXa, TYPH3Ma, 3ejieHasd 30Ha Topoja - -5iBA, paiton cioxusmiefics 3acTpoitku - +5
nBbA. CanlluHom Ne0146-04 mpemycMmaTpuBaeTcs TpoBeIeHHe TOCYIapCTBEHHOIO CAHUTAPHO-
MUIEMHUOJIOTHIECKOTO HA/I30pa C MPUBJEYEHNEeM OpPTaHOB W YUPEeKJIEHUI TOCyIapCTBEHHOIM
CAHUTAPHO-IMUIEMHUOJIOTHICCKON Cay)kObl PecryOmkn Y30€KUCTAH B CJELYIONHUX CJIyYasX:
npu BHIOOPE 3eMEJIbHOI'0 yYaCTKa IOJ CTPOUTE/TBCTBO YKUJIBIX 3JIaHU, SKCIEPTH3E MPOEKTA
JKIJIBIX 3/IaHWi, BBOJE B IKCILUIYATAIUIO KUJIBIX JOMOB U B IIPOIecce UX IKCILIYaTaIluu, a
TaKKe Pa3MeleHNn HeXKUJIBIX MMOMEIIeHHH B YKUJIOM 3/TaHUH.

2. TpeboBaHug, MpuMeHgeMble K NCTOYHUKAM IITyMa

MCCJIG,ZLOB&HI/IH y36eKCKI/IX V49€HbIX IIOKa3blBalOT, HYTO IIYM IPOU3BOACTBEHHOI'O

obopyJoBaHusg — JBUrarejeil, HaACOCOB, KOMIPECCOPOB, TYpOHMH, [HEBMATHYCCKUX WU
JEKTPUYECKUX HHCTPYMEHTOB, MOJIOTOB, JpPOOUJIOK, CTAHKOB, TEHTPUGYT, OYHKEPOB W
[POYUX YCTAHOBOK, HMEIOIIAX JABUZKYIIHECHd JEeTAJAd — HEraTuBHO BJIAAET Ha OpPraHu3M

paboraukoB. [lom Bo3meilicTBHEM ITyMa BO3HHUKAIOT H3MEHEHWs, TpeyKIe BCero, B OpraHe
CayXa, HEepBHOW W ceplevdHO-cocyaucToit cucremax. Kpome ToOro, TpyaoBble MpOIECCH B
1eXax, CBA3aHHbIe ¢ BO3JEHCTBUEM TIyMa, HEPEJIKO TPEOYIOT BBIHYZKJICHHOIO IOJIOKEHHUS TEJIa,
HAIPSAZKEHUS OTPEJIJICHHBIX TPYIIT MBI, TOBBIIIIEHHOI0 BHUMAHU, HEPBHO-3MOIIHOHAILHOTO
HALpszKeHus [5].

Insa obecriedennss TOMYCTUMBIX YPOBHEH ITyMa Ha MPOU3BOJICTBE HCIOIB3YIOTCS:

- CanlluH Ne 0325-16 «Canurapabie HOPMBI TOIYCTHMBIX YPOBHEH IIyMa Ha, pabodnx
MeCTax»;

- CaulluH Ne 0208-06 «Canurtapuble NpaBuia OpPraHU3AIMUU TEXHOJOTHTIECKUX
IPOIIECCOB U TUTHeHHIecKHue TPpeOOBAaHNS K MTPOU3BOJICTBEHHOMY 000DYIOBAHWIO».

CanlluH Ne 0325-16 ycranaBamBaer IOIyCTHMbBIE YPOBHHU IIyMa Ha pabodux MeCcTax,
KOTOpBIe cooTBeTcTBYOT poccuiickum CH 2.2.4/2.1.8.562-96 «IIlym nHa paboumx wmecrax,
B IMOMEIEHUAX KUJIBIX, OOIMECTBEHHBIX 3JaHWil W Ha TEPPUTOPHUH IKUJIOW 3acTPOUKH> WU
YCTAaHABIWBAIOTCS B 3aBHCHMOCTH OT BHJA BBINOJHAEMBIX pPa0OT, a TakKzKe YIUTHIBAIOT
KATEeropuio UX TAKeCTW W HampszKeHHocTH. [lOKyMeHT mpemycMaTpuBaer obecliedeHre TaKoi
CUCTEMbl OPraHU3allud TPYJAOBOIO IPOIECCa, KOTOpas Obl MCKJIIOYAJA IMONAJaHue IePCOHAI
HA YYaCTKH, TJI€ YPOBHHU IIIyMa IMPEBBINIAIN Obl CAHUTAPHbIE HOPMATHUBBI, HCIOJIH30BAHHE
CPEJICTB TIpeyNpexKIeHns (npeaynpeuTeabHble 3HAKH) W OrpaHHYeHnst (OrpazKIeHus ), a
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TaKyKe 3AIMATHBIX (SKPAHUPYIONIUX) CPEJICTB.

CaulluH PY3 Ne 0208-06 upeaycmarpuBaer coOaoaeHne TpeOOBaHUNE CAHUTAPHBIX
HOPM y2Ke Ha 3Talle KOHCTPYHUPOBAHUS TPON3BOICTBEHHOTO 000PYI0BAHNsI, YPOBHU BO3/IeHCTBIS
KOTOPOI'O JIOJI2KHBI OBITH YKa3aHbI B €r0 TEXHUYECKOM IIACIOPTE.

CHmKeHnme IyMa B HCTOYHHKE €ro OOPa30BaHUs MOJIKHO BECTHCH IYTEM 3aMEHBI
VIAPHBIX HPOIECCOB Oe3ymapHbIME, METAJIMYECKUX JAeTajgeill — JeTaasiMi W3 MaTepPHAJOB
C 6OJIb]lH/IM AKYCTUYIECCKHUM COIIPOTHUBJIECHHUEM, IIOAIMUIIHUKOB KadeHud — IMIOAIMUIITHUKaAMHU
CKOJIbZKEHHsI, pEMEHHBIX IIepe/1ad — KJINHOPEMEeHHBIME, BO3BPATHO-IIOCTYIATETbHOTO JIBUKEHU S
— BpaIaTeJbHBIM, IPUMEHEHHs JIeMIDpUPYIONIMX MATEPHAJOB ¢ OOJIBIIAM BHYTPEHHHUM
TpeHueM (pe3uHa, TIACTMACCHI, BOIIOK, acOect, Jap.).

Jlng cHuyKeHust TryMa Ha, pabOvIuX MecTax IMPUMEHSIIOTCS SKPaHbl, 3By KOU30TUDYIOIIHE
KaloThl, 3BYKOM3OJUPYIOIINE U BUOPOAEMIIDUPYIONIHE TOKPHITHSI, Iy TITATE N
A9PONMHAMUIECKHX IIIYMOB, a TaKKe 3BYKOM30JIHPOBAHHbIE KAOHMHBI HAOIIOIEHUS WA
JHUCTaHIIMOHHOTO VIpPAaBIeHHUs. DKCILIyaTHpyeMoe 000pyIoBaHHE HEeOOXOIMMO MPOBEPSTH He
peke OJHOIO pa3a B 'O U IPOBOJIUTH OIEHKY yPOBHEH NIyma Ha pabodeM MecTe.

JlommycTuMble YPOBHU IIyMa YCTAHABIUBAIOTCH TEXHUYECKUMH HOPMaMHU JIJI CPEJCTB
tpancrnopra. Tak, corracuo 3akony «O6 aBTOMOOHUJIBHOM TPAHCIOPTE», ABTOTPAHCIIOPT
JIOJ2KEH HMMeTh cepTu(HUKAT COOTBETCTBUS TpeboBaHHAM O6e30MacHOCTH, OXPAHbI TPYIA,
9KOJIOTHH, MeIUKO-CAHUTAPHBIM HOPMAM, a TaK¥Ke CTAHJAPTAM M TeXHHYECKUM YCJoBUAM [6].
JInst rpazk JaHCKUX BO3/YIIHBIX CYJ0B IIPEJAYCMOTPeHa Bbijada ceprudukara no mymam [7].

3. KouTpoab u CHuU>KeHUe YPOBHell IIIyMa HAa TEPPUTOPHUU 3aCTPONKM

AreHTCTBO I'HIPOMETEOPOJIOIHYECKOil CJIyKObl DU MUHUCTEPCTBE IKOJOIHMH, OXPAHbI
OKpYZKalomIeil cpesibl W W3MeHeHus: KianMarta Pecny6unkn Y30eKnCTaH MTPOBOJUT MOHHTOPHHT
VDOBHeil 3arpsi3HeHHsl BO3JyXa HA TEPPUTOPHU CTPaHbl. lIpH 3TOM HA MHTEPAKTHBHYIO
KapTy, pacrojioxkKeHnyio B ceru llHTepHeT, HAHOCAT HOCTbHI, IJie ITPOU3BOJUTCA KOHTPOJID
3arpd3HeHudd, opu 1noMomu yCJIOBHBIX IIBETOB, COOTBETCTBYIOIIIUX BeJUYHNHE HNHICKCA
3arpsasuenns arMocdepHoro Bosayxa (puc. 1) [8].
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Puc. 1. Kapra 3arpssuennst armocdeproro Bo3ayxa Peciybimku Y36ekucran (r. CamapkaH)



AxaroB A.P.; Byropuna M.B., Tropuna H.B.

OcobennocTn HOPMHPOBAHUS W KOHTPOJIsI niyMa B Pecriybsinke Y306ekucran 64

B HUNUM camurtapum, rurueHbl # IpodeccHOHAIBHBIX 3aboJeBannit MuHuCcTEepCcTBA
snpaBooxpanenust Peciybinkn YV30eKucTan cocraBieHa IyMoBas kapra ropojga Tamkent |2].
Ha kapry-cxemy ropoickoii ceTu aBTOMOOWJILHBIX JIOPOT HAHECEHBI Pe3yJbTaThl U3MEpPEeHUS
ypOBHeﬁ nIyMa OT TPAHCIIOPTHBIX MTOTOKOB B «YaChl IMTAK». KapTa HnryMa IMO3BOJIAeT MPOU3BOAUTDL
IUTHEHUYECKYIO OIICHKY aKYCTHYECKOr0 3arpa3HeHHd Ha TEKYINHI IMepHoJ, a TaKKe BBIOpATD
naubosiee 1enecoobpasubie, IGHGEKTUBHBIE H IKOHOMHYHBIE CPEJICTBA CHUMKEHUs IIYMA,
OLCHUTHb pPallMOHaJIbHbIEC C TOYKH 3PCHULA 3allUThbl OT IIYMa BapUaHTbl Pa3MCHIICHUA 2KUJIbIX,
OOIECTBEHHBIX 3/IaHUi, YUPEXKICHUN 3/IPABOOXPAHEHUS U JIPYIUX OObEKTOB, B COOTBETCTBUU C
YCTaHOBJEHHBIMU IJId HUX JOIIYCTHUMbBIMU YPOBHAMU ITTYyMaA.

Taxume kKapThl myMa CTpomwIuch B Poccum pamee, Korga IpH IOMOIIHA PA3JIUIHBIX
IBETOB Ha KapTy rOpoja HAHOCHJIUCH YPOBHHU IIYMa, MOJIYyUYeHHbIE 110 Pe3yabTaTaM H3MEepPeHUi.
B macrosimee Bpemsi OoJiee pacCHpOCTPAHEHBI pPACYETHBIE KAPTHI IIyMa, KOTOPbBIE CTPOSITCS
IIpu IIOMOIIM pPaCY€THBIX IPOrpaMM MW HO3BOJAIOT HalJIAJHO IPEACTaBUTH PaCIIpPOCTpaHEHHEe
IIyMa II0 TOPOJCKOil Teppuropun. [[as mocTpoeHuss KapThl IIyMa IPOU3BOJASATCI 3aMepbl WJIH
pacdeTbl IIYMOBBIX XapaKTEePUCTHK ABTOMOOMJIBHBIX M KEJIE3HBIX JIOPOT, ITPOMBINLICHHBIX
OpeINpUSTAN/, TyTeil IpoJieTa CaMOJETOB.  3aTeM IpPH TOMOIIM PACUYETHLHIX METOIWK B
CIIEIUAJIBHBIX IIPOrpaMMax IPOU3BOJAMUTCS PacdeT PacHpOCTPAHCHUdA IIyMa II0 TEePPUTOPHAHN
ropojia ¢ y4eToM OTMETOK peJsibeda, PacIoNoKeHHsT W BBICOTH 3haHuil. [Ipm 3Tom Ha Kaprty
TEPPUTOPUN TOPO/Ia HAHOCAT W30JMHUU PABHBIX YPOBHEI 1yma ¢ marom B 5 1BA.

@parmMeHT pacdeTHoO# KapThl mryma r. CamMapKanI, pa3paboTaHHBIH MezKIyHapOIHbIM
KOJIIEKTHBOM MOJIOJBIX POCCHACKUX U Y30EKCKHX YUeHBIX MO JAHHOW METOMUKe, IpeICTaB/IeH
wa puc. 2 [9]. Topon Camapkanj sIBJsSIeTCsI HE TOJHKO KPYIHBIM MEramoJicOM, IEHTPOM
CamapkaHACKOil 00/1aCTH, TPOMBINLJIEHHBIM ¥ TPAHCIOPTHBIM y3/0M, HO U JIPEBHUM
HUCTOPUYECKHUM, TYPUCTUICCKUM IIEHTPOM, IJIe He0OX0IUMO COOIONATD aKyCTHIECKUH KOMGOpT
JUtst TocTeil u kuTeseii ropoma [10].

Crietyer OTMETHTD, YTO PA3BUTHE HAYYHOTO COTPYHHYECTBA HA MEKIYHAPOIHOM
YPOBHE COOTBETCTBYET cTparerudeckuM mesam «Konmenmuu paspurus Hayku 1o 2030 rogay,
3akperienHoit B ykase IIpesugenta Peciybsmkn YV3bekucran ot 29 oktssops 2020 roga.

Puc. 2. ®parvent kaprer miyma Camapkanga po3osbiii — 70-75 1BA, opamxkessiit — 60-70
nBA, xearwiit — 55-60 nBA, zenensriit — 55 1BA |9
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Pacuernslit momxon K KapTHUPOBAHWIO TIyMa Ha TEPPUTOPHH TOPOJICKOI 3acTpONKM
COOTBETCTBYET IeJIIM co3/ianus «Eanuoro reonndopMalnnoHHOIO MOPTaia BPEAHBIX MIYMOB U
HEIPUSATHBIX 3alaX0B», KOTOPHI mIaHupyercs co3narh B Peciybinke Yabekucran [2|. K Tomy
JKe, pacdyeTHble KapThl ITyMa MO3BOJISIOT BbIOpaTh Haubosee 3pdeKTUBHBIE TTyMO3AIUTHBIE
MEPOTPHUATHST UCXO/s U3 BUJIA UCTOYHUKOB IIyMa U TUIA 3acTpoiiku [11].

B 1menom, meponmpuaTus, peKoMeHIyeMmble IS CHUKCHHs IHIyMa B Y30eKucrame,
COOTBETCTBYIOT MpakTuke, npumMensieMoil B Poccuu [12|. B Hacrosiiee Bpemsi Ha TeppUTODHE
V3bekucrana i 3alUThl OT TIyMa aBTOMOOUJIBHBIX JOPOr PEKOMEHJYEeTCS TPUMEHEHHE
CIETWAIbHBIX JOPOXKHBIX HMOKPBITHIl, MOTJIOMAIONINX [IYM; CTPOUTEIHCTBO IIYMO3AITUTHBIX
9KPAHOB U CAHUTAPHBIX 30H; OPTaHM3AIWs MHOTOYPOBHEBBIX TPAHCHOPTHBIX pPa3BA30K. s
OOPHOBI KAaK C TOKCHYHBIME BBIOPOCAME, TaK M C IIYMOBBIMH 3arDS3HEHUSIMH OT TPAHCIOPTA
MOYKET UCI0JIb30BaThCS 03ejieHenne, npoekTupyemoe B coorserctun ¢ MKH 33-07 «Vkazanus
no O0/JaroycTpoiCTBY H O03€JEHEHUI0 aBTOMOOWJIHLHBIX JIOPOT», B KOTOPOM YKa3bIBAIOTCS
TpeGOBaHUS [0 CO3MAHKUIO MOJIOC 3eJEeHBIX HACAYXKIEHUIT BI0Jb aBTOMOOMIBHBIX Jopor [13].

Jnd cHWXKeHHs TTyMa aBTOMOOWJIBHBIX JOPOT Y30eKHCTaHa PEKOMEHIyeTcsl TaKiKe
HpUMEHEHHEe aKyCTHYecKuX 3dkpanoB. Tak, B mocenke Ok Apuk r. @epranbl na crajuu
CTPOUTEILCTBA M IKCILIyaTaluu  aBTOMOOMJIBHOI  JIOPOTH  pEeKOMeHJiyeTcd  00ecrneduTh
HOPMATUBHBIE YPOBHU IIyMa TPHU TMOMOIIU MIyMO3AIUTHOTO 3KpaHa BBICOTOH 3,5 M
npotsizkenHoctbio 300 M. Ha jgamHoM ydacTKe aBTOAOpoOra yiaajaeHa OT ceJUTeOHON 30HBI,
ee TIOKPBITHE UMeeT TOBBINIEHHbIE XapPAaKTePUCTUKHU 10 CHUYKEHHWIO TPAHCIOPTHOrO IyMa, a
B JIOTIOJTHEHUE TPeIyCMOTPEHO O3eJIeHeHWe pe3epPBHO-TeXHOJOTHIECKON MOJOCH JIPEBEeCHO-
KyCTAPHUKOBON PAaCTUTEIbHOCTHIO. JIaHHBIN KOMILJIEKC MEpOIPUATHI 1MO3BOJIAET 0OECHeYnTh
JOIYCTHMbIe YDOBHHU TIyMa Ha TEPPUTOPHH YKHJIOH 3acTpoiiku [14].

B o6ynymem Biactm PecrmyOGamku Y30eKHCTaH IJIAHWUPYIOT, MO HPUMEPY Pa3BUTHIX
3apyOeKHBIX TOCYIApCTB, YCTAHOBUTH NIYMOMEPH HA aBTOMOOWJIBLHBIX JOPOraxX, KOTODPBIE
HO3BOJIAT OINEPATUBHO BBIAB/IATH B IIOTOKE aBTOMOOWUJIM C IOBBINIEHHBIM YPOBHAM IIIyMa H
HPOU3BOJUTH MEPOIPUATHUS IO YJIAJEHHIO UX C ABTOMOPOTH O YCTPAHEHUS HECOOTBETCTBUS
TPeOOBAHUSIM.

3akJrodyeHue

Crparerus pas3sutus ¥YzOekucrana Ha 2022-2026 r.r. mpeaycMaTpuBaeT yCTpaHeHHe
CYIIECTBYIONINX SKOJOTHUECKUX TPOOIEM, HAHOCAIMUX YIIepd 3T0POBBIO, OHON M3 KOTOPBIX
SABJIAETCS 1IyM, HETATUBHO BJIMSIONIUN HA KazKJOr0 IATOTO KUTEJs Y30eKUCTaHa.

Ha repputopuu Y3bekucrana JefcTBYIOT HOPMATUBHBIE JIOKYMEHTHI, OFPAHUINBAIOIIIE
BO3JIeliCTBUE TIyMa KaK Ha TEPPUTOPUHU 3aCTPOMKHU, TaK W HA pabounmx mectax. HopmaTnsHas
JIOKYMEHTAIlusl BO MHOTOM COOTBETCTBYeT JTOKYMeHTaMm, mpuMeHseMbiM B Poccuum, a Takike
MEZKHAIMOHAJIbHBIM CTaHIapTaM, JefiCTBYIONIUM HA TeppUTOpun 060UX rocyJ1apcTB.

MounuTopunr ypoBHeil 3arps3hHenus aTMocdepbl XUMUUYECKUMHU U (PU3TICCKUMU
dakTopamMu mnpomsBoauTCA B Y30eKHCTaHe MPH TOMOINH KapT, HAa KOTOpPble HAHOCATCS
pPE3YIBTATHI W3MEPEHH Ha MOCTaX, PACIOJIOKEHHBIX B PA3HBIX YacTdX ropojga. Takme KapThl
MO3BOJISIOT OINEHUTH TOJBKO TEKYIIYI0 OOCTAHOBKY, HE OXBATBIBAIONIYIO BCIO TOPOJCKYIO
TeppuTopuio. PekoMmeHnyercs MCHob30BaTh COBPEMEHHBIE METO/bI HOCTPOEHHUS KapT IIyMa
[pU TOMOIIH PACYETHBIX METOJIOB.

B menom, meponpuaTHsd, peKOMeHIyeMble IS CHUKeHHs IIyMa B Y30eKucTaHe,
COOTBETCTBYIOT TPAaKTHKe, TpuMeHsemoit B Poccuun. B mHacrosimee BpeMs Ha TeppuTOpuu
V30ekucrana Jijis 3alUTbhl OT IIyMa aBTOMOOUJIBHBIX JIOPOI PEKOMEH/IyeTCs HPUMEHEHHE
CHEIUAJTbHBIX JIOPOKHBIX MOKPBITUH, TONJIOMAIONUX IIYM; CTPOUTEILCTBO TTYMO3AITUTHBIX
9KPAHOB M CAHUTAPHBIX 30H; OpraHU3alis MHOTOYPOBHEBBIX TPAHCIOPTHBIX PA3BA30K.
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Abstract

The results of theoretical and experimental studies of the efficiency of noise reduction from excited steel
thin-walled structures, modernized with the help of discrete vibration-damping inserts, are presented. As part
of the study, an analysis of the factors of dissipation of vibration energy of a plate with inserts was performed.
A scheme for placing vibration-damping discrete inserts in the structure under study has been developed. To
determine the wave resistance of the damping insert in the plate, a design scheme is adopted. It is hypothesized
that during the propagation of flexural waves, the process of dissipation of flexural vibrational energy in a plate
with discrete rubber inserts is determined by dry and viscoelastic friction between the elements of the structure
under study. It is shown that the process of dissipation of vibrational energy in the plate under study is the same
as in a system of excited plates with individual anti-vibration blocks located on its surface. When developing
a mathematical model of noise reduction from an oscillating plate with discrete vibration-damping inserts, the
necessary suggestions and assumptions were made. The results of experimental studies are presented in the
form of graphical dependences of the change in the loss coefficient and the decrease in the sound pressure level
in the plate under study, which has damping discrete inserts for various variable parameters. The research
results can be used on production equipment for noise reduction and ensuring normal conditions labor on noise

factor.

Keywords: excited thin-walled steel structures, noise reduction, vibration-damping inserts,

excitation frequency, noise, loss coefficient.
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C IOMOIIBIO JUCKPETHBIX BHOPOJEeMII(OUDYIOIIHX BCTABOK. B paMKax wccegoBaHUsI BBIIIOJHEH AaHAJIN3
paKTOpOB gHCCHITAIIME >HEPruyd KoJjiebaHui IJIACTHHBI CO BcTaBkamu. Paspaborana cxema pasMmereHust
B HCCIeAyeMOH KOHCTPYKIIHH BHODPOJEMII(pUPYIOIINX JHUCKPETHBIX BCTaBOK. Jljs ompesesieHus: BOJHOBOTO
COIIPOTHBJICHHUST JIEMII(PUPYIOIIEell BCTABKH B ILIACTHHE IIPHHSITA pacdeTHAasl cxeMa. BbUIBHHYyTa rumoresa, 9To
IPH PACIIPOCTPAHEHUH H3THOHBIX BOJIH IIPOIECC JUCCHIIAIAN H3THOHOH KoIebaTeIbHOH SHePrud B IJIACTHHE C
JTUCKPETHBIMH DE3HHOBBIMU BCTABKAMU OIIPEAE/ISIETCS CYXHM H BSI3KOYIPYTHM TPEHHEM MEXKIY SJIeMEHTaMU
uccaepayemol kouctpyknun. IlokazaHo, 9To Hponecc AHCCHIALUH KOJICOATEJIbHOH SHEPruu B HCCJIEyeMO
IJIACTHHE TaKOH ke, KaK U B CHCTeMe BO30Y>KIEHHbBIX IJIACTHH C IINTYYHBIMH AHTHBHODAIIHOHHBIMH OJIOKAMH,
PACIOJIO)KEHHBIMH Ha ee moBepxHocrd. Ilpum paspaborke MaTeMATHIECKOH MOJETH IIyMOIOJABJICHHS OT
KOJIEOJTIOMIEHCST IIACTHHBI C JHCKPETHBIMH BHOPOJEMII(OHDYIOIUMH BCTABKAMH OBLIH MPUHSTHI HEOOXOJHUMBIE
PEAIIOIOKEHAS U JOMYICHHS. IlpuBenenbr pe3yabTaThl SKCIIEPUMEHTAJIBHBIX HCCACIOBAHUNH B BHIE
rpaguiecKkux 3aBHCHMOCTEH H3MEHEHHsI KO3(UIMeHTa MOTeph W CHUYKEHHS YPOBHSI 3BYKOBOI'O JIABJICHUS
B HCCJIEJYeMOH IIJIACTHHE, HMEIOIIel JeMIIUpPYoIie AHUCKPETHbIe BCTABKH IIPU PA3JIMIHBIX [MEDEMEHHBIX
mapamerpax Pe3syibrarsl uccieaoBaauit MOTyT ObITH HCIIOJIB30BAHBI Ha IPOU3BOJCTBEHHOM OOODYIOBAHUH IS

IIIyMOIOJABJIEHHS U 0beCriedeHrsi HOPMAJIbHBIX YCJIOBUI TPYyZJa II0 IIyMOBOMY (DaKTopy.

Kuaro4yeBbre ciioBa: Bo30y K IEHHBIE TOHKOCTEHHBIE METALIMIECKHE KOHCTPYKIIHH, [Ty MOIIO/IaB/IeHIE,

BHOPOAEMII(PUPYIOIIHE BCTABKH, YACTOTA BO3OYXKIEHHSI, IIyM, KOI(DDHUIHEHT TOTEPD.

Introduction

Let us consider the problem of noise reduction during vibration excitation of thin-walled
steel structures (TSS). To reduce the transmission of vibration and noise, vibration isolation
materials and devices, such as rubber gaskets, shock absorbers and soundproofing materials,
can be used. These methods make it possible to isolate TSS from the environment and reduce
sound transmission.

Per sound power (W), emitted by a plate TSS are affected by the oscillatory speed v?
and plate area S.

Effective protection against noise created by a vibrating TSS are damping methods
that affect the above parameters. Among damping methods, the most common is vibration
damping coatings (VDC) [1-4].

VDC are one of the effective means for reducing noise from excited TSS. VDC can
reduce the amplitude of vibrations of the TSS surface, which can lead to a decrease in the
surface area of emitted sound waves. This occurs due to the absorption of part of the vibrational
energy. VDC can reduce the speed of oscillations of T'SS due to the absorption and dissipation
of oscillation energy. This leads to a decrease in the frequency and amplitude of the oscillations,
which in turn reduces the frequency and amplitude of the emitted noise.

However, the VDC does not fully meet the conditions of the task, that is, reducing the
noise level with the help of special TSS. Therefore, we propose the design of a rubber piece
vibration-damping insert (PVI), which is fixed in the perforation of a steel plate. Rubber gaskets
generally withstand a variety of environmental conditions such as humidity and temperature
changes.

A diagram with a discrete vibration-damping insert placed in the perforation hole of
the plate is shown in Figure 1.

Using loss factor (n) vibrational energy describes the dissipative properties of the VDC.
Energy is generated in the TSS in the event of oscillatory movements. The properties of VDC
are considered in studies [1-10].

The loss coefficient is used when assessing the dissipative properties of VDC and other
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materials used to reduce vibration and noise in engineering systems. The higher the loss
coefficient value, the more significantly the material suppresses vibrations and reduces sound
power. When selecting a VDC for a specific application, it is important to consider the loss
factor and compare it with the noise reduction and attenuation requirements of the system.

Existing mathematical models describing the process of dissipation of vibration
energy of plates with various types of coatings (soft, hard, reinforced) are quite sufficient
and informative. According to these mathematical models, the loss coefficient (7y-) can be
determined either in the structure of the coated object under study, or as the loss coefficient
of the coating material, if 7y~ was established experimentally.

Expected effect of reducing T'SS noise from vibration excitation:

AL =201g =
T

where 7,7y, — the total loss coefficients of the plate before and after coating, respectively.

To calculate a specific noise reduction effect, it is necessary to use equations related to
material and structural losses for engineering calculations. To do this, you can use formulas to
estimate the loss coefficient and take into account the nature of the deformation of the coating.

For plates with vibrational excitation with PVI, there is no theoretical understanding
of the dissipation of vibrational energy.

A hypothesis is proposed according to which the dissipation of vibrational energy in
the 'plate-PVT’ system is a consequence of a combination of factors:

- the energy of the longitudinal wave is reduced by adding a PVI to the plate, which
in turn acts as an obstacle during the propagation of such a wave;

- dry friction occurs between the edge of the perforated hole of the plate and the
surface of the welding joint;

- viscoelastic friction occurs in the body of the ball-and-roll motor made of rubber
[11-13].

Physically, the process of energy dissipation of an excited plate with PVI largely
coincides with the physical picture in a system of plates with oscillatory excitation with a
partial local anti-vibration block, consisting of local components on its surface. In the study
[9], the antivibrator is considered as a local oscillatory system having certain mass, friction and
elastic components (Figure 2).

d
2r

Fig. 1. Schematic illustration of wafer placement damping insert:
1 — metal plate; 2 — rubber damping insert
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Fig. 2. Design diagram of a local antivibrator

1. 1. Mathematical model of noise reduction of an oscillating plate with
discrete vibration-damping inserts

Figure 3 shows a plate with discrete vibration-damping rubber inserts.

To determine the numerical value of the drop in the sound pressure level of a plate
equipped with shock-absorbing discrete rubber inserts, we will use the method of wave
impedance of thin plates.

Fig. 3. Plate with vibration-damping inserts: 1 — metal plate; 2 — discrete rubber inserts

To determine the numerical value of the drop in the sound pressure level of a plate
equipped with shock-absorbing discrete rubber inserts, we will use the method of wave
impedance of thin plates.

Next, we denote:

N — the number of damping inserts;

pr — the density of the damping rubber insert material, kg/m?;

m — the weight of one damping rubber insert, kg;

p — the density of the plate material, kg/m?;

G- dynamic shear modulus, N/m?;

pw — air density, kg/m3;

¢ — the speed of sound in the air, m/s;

h — plate thickness, m;

k. — coefficient of rigidity of the insert material, N/m;

H — height of the damping insert, m;

d — diameter of the hole for the damping insert, m;

q — oscillatory movements of the damping insert, m;

x,y — coordinate axes of the plate, m;

~v — the dimensionless area of the plate, expressing the ratio of the actual area of the
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plate to the unit area;

v — Poisson’s ratio;

w — oscillation frequency, s~

E — Young’s modulus, N/m?;

¢ — transverse displacement of the plate, m;

k — wave number of bending waves;

F,, — amplitude of transverse forces on a plate of unit area, N/m?;

F, — the resistance force of the ambient air, related to the unit area of the plate, N/m?;

Z, 4o, Z3 — the wave resistance of the plate, the damping insert, the plate with damping
inserts, respectively;

Wy — the energy radiated and absorbed by the plate with damping inserts for half the
oscillation period, W;

Wy — energy in the plate with damping inserts, W

B — bending stiffness of the plate;

D — complex bending stiffness of the plate;

n1, M2, Ny — loss coefficients of the plate, damping insert, plate with damping inserts
(total loss coefficient), respectively;

AL — change in sound pressure level, dB;

i =+/—1 — an imaginary unit.

We describe the process of changing the sound pressure level in the air using the
expression [7]:

AL(w) = 201g (”ZM). (1)
m(w)
We will determine the loss coefficient using the Kirchhoff-Love hypothesis, according
to which the following assumptions are introduced:
- we consider the infinitesimal element of the plate to retain its length and straight
line, as well as the normal to the central plane;
- small elastic transverse deformations take place in the plate, residual deformations
do not occur;
- external forces cause a flat stressed state in the plate;
- when the plate is bent in the middle surface, deformations do not occur.
The internal forces in the plate are determined from the expressions:

M11=B<%+U%>;M22=B<g—;+vg—:§>; } 2)
My = My, = B(l - 0)%;Q1 = B@%Aﬂ Q2 = B%Af; 7

where A = 88—; + ;—;2 — Laplace operator.
Bending vibrations are determined from the expression:

2

0
ZS_F
+phos (2,y,t)

8053000 o (058) 5 (075) 2 )

In the case where the plate thickness and , the vibration equation of the plate will take

the form:
0%
BAAE + pham = F(z,y.t) (3)
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The force acting on the plate per unit area consists of the excitation forces and air
resistance.
The one-dimensional wave equation has the form:

- _ -7 _ 4
dz?2 2 dt? 0, (4)

where 1) — speed potential of an air medium having a density p,,, having a pressure
increment p and the speed of acoustic waves V':

dip . dy
At £(t) = iw€e™ the potential can be written in the form

P = —Puw

?/J(Z,t) _ ¢06(Az+iwt)
and the solution to equation (4) will take the form:
2
(X2 + %5 Joe™ = 0
¢
or

P = Alexp<iw (t + E)) + Blexp<iw (t — %)) (6)

Based on equations (5) and (6) we obtain:

Fo = prE(l’,y,t)- (7)

The exciting force is determined by the formula
Fi(zy,t) = Foexp(z' (wt — k(x + y))), (8)

and taking into account equation (7), we transform (3) to the form:

ot ot ot 0? , 0
D ((%i + 28x2§y2 + 8y§> + pha—tf = Foexp(i(wt — k(z+y))) — pwca—i, (9)
Let’s transform (9) to the form:
E(zyy,t) = &)exp(i (wt — k(m + y))), (10)
or
% (zyt) =€ = oiwexp(i(wt — k(z +y))). (11)

Let us substitute (10) into (9), perform differentiation, take (11) into account, and
obtain the expression:

DAk R D) o R iwe @REY) = e @ikty) e et @t Raty), (12)
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Flexural stiffness is calculated from the expression:

(1+in)ER3
D= ——"——. 13
12(1 — v?) (13)
Based on (12) we determine:
Fi 4Dk
H(w) = —= = =" 4 phiw + puc. (14)
Eotw w
Transforming (14), we obtain:
En3  k* ER® K
g et phw — 4 15
alw) =gy e tiphe —dea s (1)
h

where k = /-2~ — wave number, r = 3~ moment of inertia of the section of a plate

of unit area, ¢, = , /ﬁ — bending wave phase velocity.
Let’s divide the expression into imaginary and real parts:

Re(z(w)) = (ﬁgggw + puC I

O P ) (16)

We will write down the loss coefficient of the plate under the condition of damping of
the surrounding air:

Wy Re(z(w)) 1

w) = - -
m(w) T W |21 (w))| I )|
mlz1(w
1+ {m]
or
1
e N (17)
[ph— 4Bz:|w
L (ren)?d
1+ (:}fﬂn}2w+pwc]

We use equation (17) to construct a graph (Figure 4).

To determine the physical parameters of the damping insert, the main parameter of
the damping insert is determined. To determine the parameters of plate motion, the oscillatory
motion of the plate is studied. This includes the amplitude, frequency and mode of vibration of
the plate. Determining the wave properties of a medium includes the study of wave impedance,
which depends on the type of medium through which the wave caused by the vibration of the
plate passes.

The calculation of wave resistance is performed using the obtained data on the
movement of the plate and the properties of the medium; it is possible to additionally calculate
the wave resistance of the damping insert. This may require special equations and calculation
methods, depending on the specific conditions of the problem. After the calculation and
determination of the wave resistance value has been completed, it is necessary to analyze
the results. Evaluate how the characteristic impedance of the insert affects the vibration of
the plate and how effectively it absorbs or reduces vibration. The calculation scheme for
determining the wave resistance is shown in Figure 2.
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Fig. 4. Graph of loss coefficient values in the plate on the excitation frequency
at the initial data:h = 0,0025 m, E = 2,1-10" N/m?, v = 0,3,
p = T1850 kg/m?, p, = 1,29 kg/m?, ¢ = 330 m/s, n = 0,015

The force of elastic deformation can be taken into account using the stiffness coefficient:

k, = Gh. (18)

For the source of oscillatory motion of the damping insert, the following law is valid:

E(w,t) = o™, (19)

where &, — amplitude of transverse movement of the plate.

This law may differ for different scenarios and types of plate vibration. To take into
account the influence of lateral displacement on the oscillatory movement of the damping
insert, a mathematical description of the movement of the plate should be performed, that
is, a mathematical description of the movement of the plate taking into account the lateral
displacement. This may require an equation for the vibration of the plate, which depends on
time and coordinates.

Determining the force acting on the insert using a mathematical description of the
movement of the plate, determining which parts of the movement affect the insert when it is
damped. This may involve breaking down the displacement into components and determining
how each component affects the elastic force and the friction force. Calculation of wave
resistance is used when obtaining data on forces (elastic deformation force and friction force)
to calculate the wave resistance of the damping insert. Analysis of the results involves
consideration of the obtained values of wave resistance and its influence on the oscillatory
motion of the damping insert. This analysis allows us to understand how the insert effectively
suppresses vibration, taking into account the lateral movement of the plate.

The equation of motion of the damping insert has the following form:

mq =+ ktr(q - 6) + kz(q - 6) = Oa (20)
where m = Hr - r?p, — weight of one damping insert.
The oscillatory motion of the plate occurs with a certain frequency, which is also
transmitted to the damping insert, and their frequencies coincide in stationary mode.
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The vibrational motion of the plate can be described by a parameter such as the
vibration frequency (set frequency), that is, the frequency at which the board oscillates or
vibrates. It is determined in relation to the magnitude of the external influence causing vibration
of the board. The damping insert allows you to control the amplitude and duration of vibration
of the plate. It is usually used to reduce vibration energy and keep the system in a less mobile
state. Damping can occur in various ways, for example through energy loss within the material
or through damping elements.

Stationary mode is a state of the system in which the amplitude and frequency of
vibration of the plate remain constant over time. It is achieved when the energy entering
the system is equal to the energy leaving the system as a result of attenuation and other
losses. If the set vibration frequency of the board is the same as the frequency in stationary
mode, this may mean that the system is in a resonant state, which can lead to an increase
in vibration amplitude. Controlling this process is important to prevent system damage or
ineffective operation.

Let us transform expression (19) to the form:

g(w,t) = goe"™, (21)

where gy — amplitude of oscillatory movement of the insert
Solving jointly (21), (20), (19):

mg + kg + k.q = (kyiw + k;)&e™,
or

(k:trz'w + kfz)

We find the transfer force of inertia from the expression:

= Loe™t. (22)

F, = —mé(w,t) = Fye™t

where

FO = mwQ&). (23)

Damping insert impedance:

! 0 mw2§0
W)= — = . 24
22( ) 40 iwq{) ( )

Let us transform (22) to the following form:

meeiwt

(ktriw —+ kz)

mw k, . -
( - iwqo + kiwgy + azwq()) = Fpe™',

mw

2(w) = [(mw? — k.)i + kyw] T LB

2, 4 2 2.3
k,mAw K (mw® — k)mw — ki mw

TR B+ kR

(25)

zo(w)

The real and imaginary parts are as follows:
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keprmPw?

Re(zQ(w)) = k2 + k2 W27
z tr

k. (mw? — k,)mw — kZ.mw?

_[m(ZQ(CU)) = k2 + k2 C(.)2
z tr

Loss factor for a single rubber insert:

Re(zs(w 1
772(W) _ ( 2( )) _
|z2(w)] Im(za(w)) 2
1+ [Rem(w))}
or
1
() = . (26)
\/1 + [kZ(mWLkl::,)gZ;kngwg]

Using equation (26), we plot the graph of the relationship of the loss coefficient values
for the rubber insert (Figure 5).
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Fig. 5. Graph of the relationship between the loss coefficient values in the rubber insert and
the excitation frequency in the plate with initial data:
for the plate — h = 0,0025 m, d = 0,01 m; to insert — G = 9,6 - 10° N/m?, p = 1400 kg/m?,
k,=24-103 k, = 1,1, m=1,583-1073 kg

The characteristic impedance of the composite plate is determined from the expression

z3(w) =7 z1(w) + N - z2(w).

From (15) and (25) taking into account v = %, we obtain:

4B
h—
p (r-cp)?

4B Nk, m2w?
YD1 t77”H/J+Z.{,y wi N

S P e ER

k.(mw? — k,)mw — k2 mw?
k2 + klw? '

The total loss coefficient in the plate is obtained by separating the imaginary and real
parts in the above equation, as a result we obtain:
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Re(z3(w !
ne(w) = i N
ol o
1+ |:R6(Z3(W)):|
or
1
ns(w) = | :
mw2—kz)mw—k? mw
+
2B ot ypuwet ng f$f524

Figure 6 shows the graph obtained using equation (27).
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Fig. 6. Graph of the relationship between the values of the total loss coefficient in a plate
with a rubber insert and the excitation frequency with initial data:
for the plate — h = 0,0025 m, d = 0,01 m; v = 0,25; for rubber insert — G' = 9,6 - 103> N/m?,
p = 1400 kg/m3, k, = 2,4 -103, ky = 1,1, m = 1,583 - 1073 kg, N = 80

The amount of reduction in sound pressure level is obtained from expression (1) and
equations (25), (17):

=il
1t | —gpien)

(ren)2 OO0
AL(W) - 20 lg kz(mw2—kz)mw—k2 mw3 2 ’ <28)
A phe—aB | win | F2 = tr
(r-cn)2 k2 +k7, w2
I+ v4Bn Nk¢pm2wd
\ (ren)2 TPwet K2 +k2 w2
3 -
where B = #}ivg), r= \/Lﬁ, Cn = ﬁ. We take into account that

201g(v/z) = 4,343 In(z),

Then we write expression (2.28) in the form:
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mw(kzmw27k27k2 w2) 2
9w? N 2 _—tr= - 3yphw
AL — 4,343 ln (1 + (4 +W)2) - 111 1 —|— = ngrf?er . (29)
nw+5 N ké:’:% “;2 +7pwct+dyphnw

In Figure 7 graphs of changes in sound pressure level and frequency (f) and on the
number of rubber inserts are plotted (N) [11, 12].
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Fig. 7. Graph of the relationship between the sound pressure values of a plate with rubber
inserts and the excitation frequency with initial data:
for the plate — d = 0,01 m, h = 0,0025 m, v = 0,25; for rubber insert — m = 1,583 - 1073 kg,
G =9,6-10° N/m?, p=1400 kg/m3, k, = 2,4-10%, k;, = 1,1,
N = [280, 220, 160, 80, 40, 20, 10, 1]

The use of equations such as (29) in engineering practice can significantly improve
the design and efficiency of damping systems, which are important in many industries where
vibration and noise control are critical.

Conclusions

1) Based on the analysis of theoretical studies, it is assumed that the physical process
of dissipation of flexural vibrational energy in a plate with discrete rubber inserts is determined
by dry and viscoelastic friction between the elements of the structure under study.

2) It is assumed that the process of dissipation of vibrational energy in the plate under
study is the same as in a system of excited plates with individual anti-vibration blocks located
on its surface.

3) Based on the hypotheses and assumptions adopted in the research, a mathematical
model was obtained, with the help of which it seems possible to reduce the level of sound
radiation of plates with PVI. The mathematical model can be used as a tool for engineers and
researchers to design and optimize systems with damping inserts to reduce sound radiation,
which is important in various fields including sound protection and vibration isolation.
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Abstract

Acoustic screens used in industrial enterprises for noise reduction and creation of comfortable working
conditions are considered. It is proposed to use a new design of a portable lightweight soundproofing panel
with a corrugated diamond-shaped structure. The results of mathematical modeling of the process of sound
transmission and distribution in a portable lightweight soundproof panel are presented. Simulation of sound
distribution in the studied medium was performed by applying a mesh model with concentrated parameters. The
mathematical model is a system of differential equations, the solution of which makes it possible to determine the
mechanical behavior of the system based on the given parameters. The Runge-Kutta second order method was
used for the numerical implementation of the mathematical model. An analytical formula for the nodes in the
design scheme depending on the parameters of the sound-isolating panel under study is obtained. The developed
model, due to its versatility, allows modeling the sound distribution with a wide variety of characteristics. Three
types of sounds for conducting basic computer experiments were selected: sinusoidal, single pulse of rectangular
shape, single pulse of Gaussian shape. The calculation of sound absorption characteristics is performed. An
algorithm for the passage of sound through a sound-isolating panel has been developed. Initial and boundary
conditions, model assumptions are given. The software implementation of the model has been performed.
The results of computer modeling, proving the effective sound absorption of the proposed portable lightweight
soundproof panel are presented and analyzed.

Keywords: acoustic screens, sound insulation, portable lightweight soundproof panel with diamond-

shaped structure, mathematical modeling, computer experiment.
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AnBHOTanIMA

Hccnenytorcst  aKycTHdeckme  CBOHCTBA — 3BYKOH3OJSIHOHHBIX — 9KPAHOB,  HCIOJB3YEMBIX  HA
IPOMBIIIJIEHHBIX HPEIPHATHSIX /I CHHXKEHHsSI YPOBHS IIyMa H CO3JaHHs TPEOYyeMbIX YCJIOBHIH TDyIa.
IIpenmaraercst ucmob30BaTh HOBBIH THII MOPTATHBHOI JIETKOH 3BYKOH3OJISIHOHHON ILTHTHI C TOPUPOBAHHOL
POMOOBHIHOI CTPYKTYPOIi. PaccMoTpeHsr pe3yibraTbl MOJEIHPOBAHIS MIPOIECCa MePeJadn H PACIPOCTPAHEHHS
3BYKa B IOPTATHBHBIX JIETKHX 3BYKOH3OJISIUOHHBIX maHessx. (Cerdaras pacdeTHas MOAENb C JUCKDPETHBIMI
mapaMeTpaMHi  HCHOJIB30BaJIaCh I MOJEJIHPOBAHUA DPACOPOCTPAHEHNS 3BYyKa B HCCIEAYeMOIl  cpeJe.
Maremarnyaeckass Mozesnp cocrout u3 CHCTEMBI g pepeHuaabHbIX yPABHEHHIIE, PEIIeHHe KOTOPOI MO3BOJISIET
OIIPenesIsITh MEXaHHIeCKOE ITOBEEHIE CACTEMbI Ha OCHOBE 3a4aHHbIX mapamerpoB. Merorx Pyrare-KyTrer Broporo
MOPSITKA HCIIOJIB30BAJICS JIJIST IACIE€HHON peaanu3allii IPEITOKEeHHON MaTeMaTHIeCcKoi Moaen. B cooTBeTcTBIm
¢ mapaMeTpaMH HCCJIeYyeMOi 3BYKOH3OISIHOHHON IJIHTHI OblyIa MOJIy9eHa aHAJIUTHYIECKasT (DOPMYJIa JJIst y3/I0B
B pacderHoii cxeme. IlpemioxxenHast Moqesn, GJarogapsi CBOei yHHBEPCAJIHHOCTH, MO3BOJISIET MOJETNPOBATH
pacrnpocrpaHeHue 3ByKa C CaAMbIMH DAa3HOOODA3HBIMH XapPAKTEPHCTHKAMIU. Ilpu nposenennn 6a30BbIx
KOMITBIOTEDPHBIX IKCIIEPHMEHTOB OBbLIH BBHIOPAHBI TPH THIIA 3BYKOB: CHHYCOWJAJIbHBIE, OJUHOYHBIH HMILYJIHC
IPSIMOYTOJIBHONH (POPMBI H OQHHOYHBIIH HMILYJIBC TayCCOBOI (popMbl. B pe3yibrare npOBEIEHHBIX HCCIEJOBAHHIT
OBLIH ONpEeIEIeHBI XapAKTEePUCTHKH 3BYyKOMOr/IomeHns. BpL1 pa3paboran aJropurM mMpoOXoXK I€HUs 3ByKa, depe3
3BYKOH3OJSIUOHHBIE MaHean. B crartbe mpuBeneHsl HadajabHBIE H TPAHWYHBIC YCAOBUS W JIOMVIICHHS IS
moznesn. Ilocie mporpammHOI peasm3anuu MoAe Hd ObLIN IIPOAHAJHU3UPOBAHBI PE3YJIbTATHI KOMIIBIOTEDPHOIO
MOJEJHPOBAHHUsI, IIO3BOJISIOIIHE CAEIaTh BBHIBOL O 3(PQEKTHUBHOCTH 3BYKOIIOIVIOMIAIONIEH CIIOCOOHOCTH

npeaJaraeMorl NOPTATUBHOH JIETKOH 3BYKOU3O0IAIIHOHHON ILIUTHL.

KurroueBble cjoBa: aKyCTHYECKHe SKDAHbI, 3BYKOH3OJISIUs, IEPEHOCHAs OOJIerd6HHAasT
3BYKOH3OJIHPYIOIAsT MAHEIb C POMOOBHIHOIH CTPYKTYPOI, MaTEMaTHIECKOEe MOJEJTHPOBAHUE, KOMIIBIOTEDHBIH

9KCIIEPDUMEHT.

Introduction

Acoustic screens (hereinafter referred to as AS) have a noise-canceling effect, as they
effectively protect workers from the direct effects of noise. They are installed between the noise
sources and the workplace in order to create a shadow area where sound waves penetrate only
partially.

The sound-proofing properties of the screen material, which depend on its density, are
of great importance in the effectiveness of its application. As it is known, the greater the density
and thickness of the material, the higher the sound insulation of the structure.

Stationary acoustic screens in production workshops have not found wide application,
for the same reason as wall sound-proofing walls.

Portable acoustic screens for permanent and temporary workplaces are rarely used due
to:

- their large weight and dimensions;

- inconveniences of movement and transportation;

- difficulties arising in their storage and storage when there is no need to use them (for
example, at temporary workplaces).

Based on experimental studies, it was found that the design of a portable lightweight
soundproof panel (PLS panel) with a corrugated diamond-shaped structure is the most effective
one.

PLS panels with a corrugated diamond-shaped structure are proposed to be made from
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polymer film materials or from leafed pulp and paper materials, fabrics (Figures 1 and 2) [1].

Figure 1 shows a general view of the PLS panel in an axonometric projection. Figure 2
schematically shows the process of folding the panel during disassembly for storage or transfer
to another room. The PLS panel contains a diamond-shaped partition 1 enclosed between two
parallel flat partitions 2 and 3, which have bending lines 4.
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Fig. 2. Cross section of the PLS panel structure during the disassembly process

1. Simulation of the process of sound transmission and distribution in the
PLS panel

To study the process of sound transmission and distribution in the PLS panel, as
well as to confirm the acoustic efficiency of the developed structure, its computer simulation
considering certain assumptions and limitations is proposed. To simulate the propagation of
sound in the PLS panel and its scattering, the studied media were presented in the form of a
grid model with concentrated parameters (Figure 3).
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Fig. 3. Rectangular grid used in the model: a — indexing of grid nodes; b — separate
viscoelastic interaction; ¢ — the appearance of elastic forces when the grid nodes are displaced
from equilibrium positions

The following parameters are used for grid nodes:

- parameter of the medium type k;; (for the panel material k;; = 1, for the air medium

- the mass parameter m;;, wherein m = pdg, p is the volume density of the medium;

- the Cartesian components of the displacement z;;, y;; represent the displacement of
the node from its equilibrium position in the horizontal and vertical planes;

- the Cartesian components of the velocity v,;, v,;; describe the displacement velocity
of the node in the horizontal and vertical planes;

- the coefficient of rigidity of the interaction c¢;; determines the degree of rigidity of the
connection between the nodes of the grid;

- the viscosity coeflicient of the interaction d;; reflects the degree of damping of the
connection between the nodes.

Below, the grid dimensions are denoted by n x m (i =1 ... n, j =1 ... m). Figure 4
shows the model representation of the media through which the sound passes.

a | b

Fig. 4. Model representation of the medium for sound distribution in the form of a
straight-angle grid with nodes of two types (air and material of the panel are, respectively,
white and black circles): a — fully simulated system (three panel element cells); b — enlarged
middle panel cell
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Equations (1) constitute a system of differential equations, the solution of which makes
it possible to determine the mechanical behavior of the system based on the given parameters

(masses, stiffness, friction coefficients, etc.).
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Second order differential equations (1) are solved by the second order Runge-Kutta
method [2]:

T+1 __ 2 /9.
=l + vm] At + ag,; - (At)7/2;
T 1 T .
U = xij + Qgij At? (2)

zij

yfj“ = Y + vy - At—{—aw (At)2/2; v;;]Tl = Uy + ag;; - At,

wherein xz;;, v, a;; are the coordinate, speed, acceleration of the node, respectively; At is the
time integration step; ij are the node indices, 7 and 7 + 1 are the indices of the current and

next time step.

2. Model representation of the soundproof panel

We set the node type k;; = 1 (panel material) to those nodes that fall into the geometric
area corresponding to the panel. For the other nodes, the node type k;; = 0 (the air) is set.
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We obtain an analytical formula for £;; depending on the parameters of the soundproof panel
(panel thickness a; cell size b; thickness of the front /rear wall d¢, the thickness of the partition
dn) (Figure 5).

j—n dn \/az+b (; _ %) d() +bN;[ < g ‘Z _% dO 4 %—[\/aijpbz;
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o~ S < i< s
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5 d() + bNg < 5
2 ‘L _ 7l do — b + asb %\/452+b2 < — (j _ %> do + bNg < _% dO _ Q + ab + dc \/4s2+b
%—s——‘<|2— {d0<
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0,0therwzse

(3)
wherein Ng is the panel cell number (in most calculations, Ng took the values —1,0,1).

The main cell of the soundproof panel is located in the center of the model space
(Figure 5): the point O has the coordinates (n/2-dy, m/2-dy).
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Fig. 5. Model representation of the soundproof panel

3. Model representation of the sound source and receiver

The developed model can be used to study the propagation of sound in various media,
such as air, water, solids and others. It also takes into account various physical properties of the
medium, such as the density and speed of sound. Due to this, the model can be used to analyze
and predict sound phenomena such as noises, echoes and resonance. It can also be used to
optimize the acoustic design of rooms and the development of sound-absorbing materials [3,4].

The high versatility of the developed model makes it an effective tool for exploring and
improving the sound environment.

For basic computer experiments, the model reproduces the incident of a plane sound
wave on a sound-absorbing panel, for which the coordinates of nodes located in the leftmost
row (having indices ¢ = 1, j — arbitrary) are simultaneously changed. The sound source is given
by a mathematical expression for the function z;(?).

Three types of sounds were selected for carrying out the basic computer experiments:

a) sinusoidal, given by the formula
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%ﬂn:Awm(%?>, (4)

wherein A3 and f3 are the amplitude and frequency of sound;
b) a single pulse of rectangular shape:

0, t <t
w(t) = Au 1, ty <t <ty +tu; (5)
0,  t>ty+tu,

wherein Ay is the pulse amplitude; ¢y is the moment of time at which the pulse is emitted; ¢ty
is the pulse duration.
¢) a single pulse of Gaussian shape:

_(t—tg)?

x1;(t) = Aye ™| (6)

wherein 7y is the parameter describing the pulse duration (the pulse duration is approximately
equal to 67y); to is the moment when the pulse amplitude reaches its maximum.

The current sound level zy(t) x N(t) perceived by the model ‘receiver’ is determined
by averaging the horizontal displacements x,;(¢) of nodes with the index ‘nj’ (index i = n
means the maximum index in the direction i):

n

1
el = - S (0] @
j=1
wherein m is the maximum index of nodes in the vertical direction ( j =1 ... m).
The amplitude of the received sound Ay is defined as the maximum value of the function

xy(t): .
Ag = max (% Z | T, (t)|) (8)

Jj=1

From comparing the amplitude of the sound of the transmitter A3z and the sound of the
receiver Ar, we can conclude about the effectiveness of sound absorption when passing through
the medium. Quantitatively, this efficiency is expressed in terms of the logarithmic attenuation
increment 6 = lg(A3/Ap) and is expressed in decibels (dB).

Each step of the calculation is based on the previous values and uses numerical methods
to approximate the desired parameters. That is, the model uses numerical methods and
algorithms to calculate output characteristics based on sampling of input data. Analytical
models, on the contrary, are based on analytical transformations of mathematical equations,
which may be impossible for complex simulated processes. A simplified calculation algorithm
is presented in the flowchart (Figure 6).
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Fig. 6. The algorithm of sound transmission through the soundproof PLS panel

4. Calculation of sound absorption characteristics

Because the developed model reproduces sound distribution at the level of vibration
of individual nodes, there are ample opportunities to determine various characteristics of the
sound transmission process through the panel. In particular, the following characteristics are
used for further analysis:

a) the amplitude of the sound after the passage of the panel Ay (or the logarithmic
decay of the sound during the passage of the panel § = lg(A3/An));

b) the dependence of the sound amplitude along the line perpendicular to the plane of
the panel A(z).

¢) the dependence of the displacements of the control elements on time z;;(¢).

d) the scheme of the current displacements of the elements of the medium z(i,j,t);

e) the scheme of the current energy distribution in the medium E(z,y,t), defined as
follows:

E (%?/aﬂ =FE (idoajd077) = ElTIij + EIT(ij = % <<$;)2 + (y;)2> + n;ij <<U;z’j)2 + (U;ij)2) ) (9)

wherein Fr;; and Fy;; is the potential and kinetic energy of the element 7j.

5. Initial and boundary conditions, model assumptions
5.1. Initial conditions

At the initial moment of time, the offsets x,y and node velocities are equal to zero:
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0 _ 0 _ 0 _ 0 _
L =0, Y =0, vy =0, Uy = 0.

5.2. Boundary conditions

Nodes on the upper (j = m), lower (j = 1) and right (i = n) boundaries of the model
space are fixed:

Tir = 0;Yis = 03 Tim = 0;Yim = 0525 = 05y = 0;

Vgir = 05051 = 05 Vgim = 0; Vyim = 0; Ugnj = 0;0y; = 0.

Nodes on the left boundary (i = 1) of the model space move according to a given law
(see above) — in accordance with the nature of the sound being supplied.

5.3. For the model, we introduce the following assumptions:

- the environment is considered as solid;

- the physical properties of the medium extend to all nodes and the connections between
them;

- the interaction between nodes is considered linear viscoelastic, which means that the
connections between nodes have both elastic and viscous characteristics;

- the nodes of the model perform mechanical movement near equilibrium positions
according to the laws of classical dynamics, that is, the movement of the nodes is determined
by Newton’s laws;

- the modeling does not take into account the effect of gravity on the environment,
which means that the gravitational influence is not taken into account when calculating the
model;

- the mechanical properties of the material depend only on five parameters of the
elements: mass, diameter, viscosity coefficients, stiffness coefficients and interaction constraints.
This means that the properties of the material used in the model are determined only by these
five parameters.

6. Software implementation of the model

The developed mathematical model is numerically implemented using the computer
program ‘A program for modeling the passage of sound through a lightweight soundproof panel
with a corrugated diamond-shaped structure’, which is developed in the Object Pascal language
in the integrated programming environment Borland Delphi 7.0 (Figure 7).

Fig. 7. The form of the output of the computer experiment results in the developed program
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The program is designed to study and simulate the passage of sound through panels
with a corrugated diamond-shaped structure. It can be useful when designing sound insulation
systems, such as insulation panels for rooms or sound-absorbing materials.

After the computer experiment was completed, the program recorded the main
characteristics of the process (the distribution of the sound amplitude in the direction
perpendicular to the plane of the panel, the time dependence of the amplitude of the vibrations
of air particles before and after passing the panel) in files on the hard disk of the computer.

7. Features of the computer experiment

The numerical experiment consisted in modeling the distribution of a given initial air
vibration through a soundproof panel and determining the nature of the air vibrations behind
the panel.

During the computer experiment, the disturbance of the air environment, initially
created on the left boundary of the model space, moved at a certain speed in the direction of the
panel, then the disturbance was transmitted to the panel itself, causing complex deformations
of the structure [5-8].

Spreading inside the panel, the disturbance at a certain point in time came out from
the right side of the panel, causing fluctuations in the air environment. At a given distance
from the panel, on the right side, there were a number of elements, the average displacement
of which determined the amplitude of the transmitted sound AP.

8. Investigation using the acoustic efficiency model of the PLS panel

8.1. Stages of the process of overcoming the PLS panel by the sound

To analyze the process of overcoming the PLS panel by sound using the developed
model, a sequence of energy distribution schemes E(x,y,t) and displacements z;;(z,y,t) at
several key points in time was obtained (Figures 8-11).
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Fig. 8. Scheme of the sound energy distribution as it passes through the PLS panel

For the convenience of visual analysis of the process, the passage of a Gaussian-shaped
sound pulse with a characteristic width of about 3 cm was simulated in the model.
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The width of the pulse was specially chosen for a comparable smaller panel thickness
(45 or 90 mm, depending on the purpose of the computer experiment), in order for the passage
of the pulse to be observed more clearly. In addition, for this computer experiment, the density
of the panel material was specially significantly reduced and amounted to 1/10 of the density of
air. The reason was that for the real density of the panel material, even one thin wall leads to a
significant decrease in the amplitude of the sound, which would complicate the visual analysis
of the energy distribution scheme s and the displacement of the medium.

Such steps to improve the presentation qualities of the model were made only for the
first computer experiments. For the main series of computer experiments, the density of the
panel material corresponded to the real density of polyethylene (or cardboard), and the width
of the sound pulses corresponded to the frequency of 1000 Hz (the most characteristic frequency
of sound).
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Fig. 9. Scheme of sound energy distribution as it passes through the PLS panel

It should also be noted that in Figures 10, 11 the displacements of the elements of the
medium are depicted magnified by 1000 times for the convenience of visual analysis. In reality,
the amplitude of the initial sound pulse was 100 dB.

Now consider the stages of the process of overcoming the PLS panel by the sound.
Initially, the sound is a Gaussian-shaped air disturbance moving at the speed of sound in the
air in the direction of the panel (Figures 8, 10, t = 70 microseconds).

At the moment of contact of the sound pulse with the panel’s outer wall, peculiar
membranes are formed on the wall — free sections of the wall resting on the junction of the wall
with the internal partitions (Figures 8, 10, t = 120 microseconds). The membranes partially
transmit the disturbance of the medium inside the panel (into the triangular air chamber),
partially reflect the disturbance from the panel. The junctions of the wall and partitions also
act as a secondary sound source and transmit perturbation both along the partitions and into
the air chamber of the rhombic section.

Further, the sound inside the panel passes through three mechanisms (Figures 8, 10, t
= 160 microseconds).
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When the disturbance reaches the center of the panel, the following effects occur
(Figures 8, 10, t = 210 microseconds):

a) in an air chamber of triangular cross-section, a focused disturbance acts on a strong
central node of the intersection of internal overheating. As a result, the sound energy spread in
the chamber air is significantly dissipated by internal friction in the partition material. Part of
the sound disturbance is transmitted to the central node, and it further acts as a point source
of sound in the second triangular air chamber;

b) the disturbance propagating along the partitions continues to spread further after
overcoming the central node, continuing to lose energy to internal friction in the material of
the superglue;

¢) in the rhombic chamber, the air disturbance has a width (judging by the dimming
on the energy distribution scheme) about twice as large as the outgoing sound pulse.

By the time the outer wall is reached, the following effects occur (Figures 9, 11, t =
250, 270 microseconds):

a) sound is focused in the rhombic chamber and the disturbance hits the solid junction
of the internal partitions with the far outer wall, due to which a significant damping of the
disturbance occurs;

b) disturbances moving along the internal partitions reach the junction of the partitions
with the far outer wall, and are transmitted to these nodes;

c¢) in the distant triangular chamber, the sound, propagating mainly from a point
source, is additionally blurred in time and the sound pulse has a width approximately three to
four times greater than the original pulse. This blurred pulse is transmitted to an extended
section of the far outer wall, which acts as a membrane, relying on the nodes of the connection
of the outer wall with internal partitions.

After contact with the outer wall, the disturbance of the medium is partially reflected
back into the panel, partially exits the panel and continues to propagate in the air in the form of
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a flat single wave (Figures 9, 11, t = 300, 360 microseconds). It should be noted that the sound
pulse after passing the panel is significantly blurred (judging by the width of the darkening
area - at least 4 times).
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Fig. 11. Offset of the PLS panel elements during the passage of sound
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As the sound disturbance passes through the PLC panel, due to the internal structure
of the panel, more than 10 effects are observed, each of which leads to a damping of the
disturbance energy, or to a blurring of the disturbance in time.

8.2. Influence of frequency and amplitude of sound

For practical use, the proposed PLS panel should provide sufficiently high sound
absorption in a wide range of frequency and amplitude of sound. In order to determine the effect
of the sound frequency f3 on the sound absorption efficiency, a series of computer experiments
on the passage of a sinusoidal sound wave in the following octave frequency bands f3 was
carried out: 125, 250, 500, 1000, 2000, 4000, 8000, 16000 Hz. Figure 12 shows the dependence
of the sound pressure level L after passing the panel from the speaker. For comparison, the
experimental dependence I(f3) is also depicted.

The dependence L(f3) has a maximum in the frequency range of 500-2000 Hz, which
indicates the lowest absorption capacity of the panel in this range.

The best absorption is observed in the frequency range of less than 500 Hz and
more than 4000 Hz. The model dependence coincides well with the experimental one both
qualitatively (the characteristic form of the curve with a wide maxim is reproduced) and
quantitatively (on average, the difference is about 7%).
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The greatest difference is observed in the low frequency region (in particular 125 Hz)
and is associated with the complexity of reproducing sound waves in the model with a large
wavelength significantly exceeding the size of the modeling area.

A good coincidence of model and experimental data indicates a high adequacy of the
model. In the entire range of frequencies under consideration, the PLS panel absorbs sound
quite effectively and has the greatest efficiency in the low and high frequency regions.

L,dB
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100 1000 10000 f; Hz

Fig. 12. Influence of sound frequency on sound intensity after passing the panel

Conclusions

Within the framework of the developed model, the sound absorption efficiency AL
practically does not depend on the initial sound level. Apparently, this is because the model
based on linear initial laws (the dependence of the elastic force on displacement and the viscous
friction force on velocity) has a linear character.

With a fairly high degree of confidence, it can be argued that in a wide range of sound
levels, the PLS panel provides equally effective sound absorption.
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' aKYCTNYECKIX KOHCTRYKLIWM

OO011eCTBO C OTPAHUYECHHON OTBETCTBEHHOCTHIO
"NHCTUTYT aKyCTUYECKUX KOHCTPYKUUit'"

00O "MAK" 3aHuMaercs pa3paboTKO#l IyMO3aluIUTHBIX MeponpusThil 6osnee 10 ner.

OpranuzaimoHHas CTpyKTypa NpeaIpHsITHSL:
® OT/IEJI AKYCTHUKU;
® OT/EJI IPOEKTUPOBAHUS;
® UCIIbITaTeNIbHAs TAOOpaTOPHs, aKKPEAUTOBAHHASI HA U3MEPEHUSI (PU3NUECKUX (PaKTOPOB;
® OT/EJI CTPOUTEIBCTBA;
® OTJIeJ1 HAYYHBIX UCCIEI0BaHUMN U pa3paboToK;
® OT/ICJI BHEAPEHUS,
® [JIAHOBO-3KOHOMMYECKUH OTIEN.

3a roapl paboOTHl OpraHU3aNMEH 3aMpPOEKTUPOBAHO OOJBIIOE KOJMYECTBO ITyMO3AIIMTHBIX
KOHCTPYKILMI B pa3iu4HbIX peruoHax Poccum (Ha CKOPOCTHBIX aBTOMAarucTpajisX, MOCTaXx,
KEJIE3HBIX noporax, 3CTaKajax), B TOM quUCIIe 51 Ha TaKUX
MacmTaOHbIX 00beKkTaX, Kak KombiieBass aBtomopora u 3anaaaeiii  CKOPOCTHOW  AuaMeTp B
Cankr-IlerepOypre, oobekTax omumnuiickoro Coun u PecnyOnmuku KpbiM, peKOHCTpYKIUU
benepanpHBIX aBToHOpOr M-8 "Xommoropsr", M-4 "Jlon" u ap. Opranu3anueil BBITOTHSIIOTCS
POEKTHO-U3BICKATEIBCKUE PAOOTHI MO MPOSKTUPOBAHUIO IIYMO3aLIUTHl Ha nepBoi B Poccuu
BricokockopocTHON — Kene3HoJopoxkHOM  Maructpanu  'MockBa-Kazanp".  Cunamu
UCTIBITATEIFHOW 1a00paTOpPUH OCYIIECTBISIOTCS aKyCTUYECKHE HWCCICIOBAHUSA, OTIEIaMH
aKyCTUKA U TPOEKTHPOBaHMUS pa3paldaThIBAIOTCS IIYMO3AIUTHBIE MEPOINPHUATUS Ha
IPOMBIIIVICHHBIX, YHEPTeTUYECKUX, KYJIbTYPHBIX M O3JOPOBHUTEIBHBIX OOBEKTaX HalIeh
ctpanbl. [IpoW3BOACTBO, OpraHM30BaHHOE Ha 0a3e MPEANPHUITHS, MO3BOJISIECT BBHIMYCKATh
M00bIe IYMO3AIIUTHBIE KOHCTPYKILHH, OTBEYAIOIIHE BCEM TpeOOBaHUSM TrOCYIapCTBEHHBIX
CTaH/JapTOB, a ONBITHBIA MEPCOHAN B KpAaTYaKIIINEe CPOKH MPOU3BOIUT COOPKY U MOHTAXK.

"Hawa komnanus obaadaem MOWHLIMU HAYYHBIM U NPOEKMHBIM
noopazoeneHusMu ¢ COBPEMEHHbIMU MEXHUUECKOU U UHMENNeKMYalbHol 0a30l,
N03B0NAIOWUMU 8bINOJIHAMb NPOEKMbL N0 WyMO3auume a000U CLOXCHOCU OM

uoeu 00 sonioweHus. B ceoetl desmenvnocmu Mbl onupaemcs Ha ayduiue mpaouyuu,
couemasi ux ¢ nepeodosuIMU MEXHONOSUAMU U CIMAPAEMCS COeNamb Haul OKPYHCAIOWULL
mup muue"
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iput bI'TY "BOEHMEX" mm. 1.®. YcrnHosa

I'1aBHast 1esb cereBoro HayuHoro XypHasla "Noise Theory and Practice"
— croco0OCcTBOBATh PasBUTIIO BUOPOAKyCTVKHY, 3allliTa OT IITyMa U BUOpaLuiL.

OcHoBHBIE 3agaun
OcHOBHBIMM 3aga4aM1 Ky pHaJla ABJIAIOTCA:

o OTpakeHVIe ITOCTIEMHMX JOCTVDKEHMN (PyHIaMeHTaIbHOM BUMOPOAKyCTVKY,
TeOpUM ¥ IpaKTuKe OOPBOBI C IIyMOM U BuOpaliuer:, B 001acTy OLIeHKM
aKyCTIYIeCKOTO BO3IEVICTBIS Ha OKPY KAOIIYIO CPeny;

e OTpaXeHVe pe3yJIbTaTOB Hay4YHO-VCCIIe0BaTeIbCKIX PadoT MO M3yUeHMIO
IIPOLIecCcOB IIIyMOOOpa3oBaHys, pacIpOCTpaHeHNs 3ByKa ¥ BUOparmm;

e OTpaXeHMne pe3yJjIbTaTOB pa3pa60TI<I/1 cpeacTs mMyMmo- 1 BT/I6p03aIlH/ITBI, a
TaKXe pe3yJIbTaTOB MHbIX pa60T, IIPOBOLAVIMBIX B oOJtacTu BT/I6p0aKYCTT/IKT/I,
BBIITOJIHAEMBIX HaYyYHbIMV COTPYAHVIKaMI BYSOB " MTHBIX OpI"aHI/ISaD;T/IVI,'

 IIpefOCTaBJIeHVe CBeAeHUN O IUIaHVPYeMbIX KOHdepeHIIX, ceMUHapax,
npoBoauMBIX B Poccunt 1 gpyrux crpaHax;

e IIpEeNoOCTaBJIEHVIE aPXVIBHBIX MaTep1ia/IoB TPYAOB HayYHBIX KOH(l)epeHLIVIV[,
ITOCBAIIT€HHDBIX BT/I6poaKYCTT/IKe.

Hayqﬂoe oOuTUpOBaHME ) KypHaJia

)KypHaH ABJIAETCA O6HJ;€,U,OCTYHHBIM I YTeHV:d HeOorpaHMYeHHbIM
YCJIOM ITOJIb30BaTeJIev.

Matepuansl  XypHajla  MHIOEKCUPYIOT B  HayKOMeTpuUeckKmx  0Oasax
Poccuiickoro Mupekca Hayunoro Lintuposanus (PVMHLI), Google Scholar.
XypHal BKIIOUeH B Hay4dHble 3jIeKTpoHHble Ombimorekn "Kubep/lenmnka',
CiteFactor, ROAD.

Xypnain "Noise Theory and Practice" sxnouen B IIEPEYEHD penensupyempix
Hay4YHBIX W3[IaHWN, B KOTOPBIX HOJDKHBI OBITH OIIyOJIMKOBAaHBI OCHOBHBIE
Hay4YHble pe3yJIbTaThl HOMUCCepTaIlMyi Ha COMCKaHWe Y4YeHOW CTelleHU
KaHAMgaTa HayK, Ha COMCKaHVe y4eHOV CTelleHM KaHauaaTa M JOKTopa Hayk
(xaTeropms K2, 11. 788).
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