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IIpouecchl u31yuyeHusi 3ByKa NP Pe3aHNH MUIIEBbIX MPOIYKTOB

3aMmiIeTHUKOB I/I.H.l, [Munsrenko A.K.2
! 3as. Ka(. 000pyOBaHMS MUIIEBBIX TPOU3BOJICTB, JJOHEIKUIT HAIMOHAIBHBIA YHUBEPCUTET
SKOHOMUKH M TOproeiau umenn Muxauna Tyran-bapaHoBckoro,
VYkpauHna, r. Jlonenk, yin. JlyopaBnas, 1. 54
2 low. kad. 000pyA0BaHUS MUIIEBBIX MPOU3BOACTB, JlOHEIIKHI HAIIMOHATbHBIA YHUBEPCUTET
3KOHOMMKH U TOProBiau uMeHu Muxauna Tyran-bapaHnoBckoro,
VYkpauna, r. Jlonenk, yia. H. OctpoBckoro, 1.49, kB. 19

AHHOTaLUA

Hpe,I[CTaBHeHLI PE3yabTaThl 3KCOCPUMCHTAJIBHOI'O HCCICAOBAHUA H3JIYUCHHA 3BYKa IIPpU PE3aHUU
Haubolee pacnpoCTpaHCHHbBIX 0BOH.[el7[ 1 sI0JI0K B OKTaBHBIX I10JI0CAX YACTOT U IO YPOBHIO 3BYKa. YcraHOBIIEHO
BJIMSTHUC TOJIIIHWHBI PEXKXYIICTO HOXA U MOAYJIA YIPYTOCTH NPOAYKTA HA aKyCTHUYCCKHUC IMapaMETPhI IpoLecca, a
TAKKE MOJIy4CHa €ro MHOFO(baKTOpHa?[ MOACIIb.

Kurwuesble ciioBa: YPOBCHb 3BYKOBOI'O AaBJICHUA, pE€3aHNUEC, OBOIIH, MHOFO(I)aKTOpHaSI MOJEIIb.

The emission of sound at cutting food

Zapletnikov I.N.}, Pilnenko A.K.%.
! Professor, Donetsk National University of Economics and Trade named after Mikhail
Tugan-Baranovsky, Donetsk, Ukraine
2 Assistant professor, Donetsk National University of Economics and Trade named after Mikhail
Tugan-Baranovsky, Donetsk, Ukraine

Abstract

The results of experimental studies of radiation of sound waves when cutting most common vegetables
and apples in octave bands and the level of sound. The influence of the thickness of the cutting blade and the
elastic modulus of the product on the acoustic parameters of the process and get it multifactor model.

Key words: sound pressure level, cutting vegetables, multi-factor model

BBenenune

W3ydeHnio TPOIECCOB pe3aHHs TMHIIEBBIX MPOIYKTOB TOCBAIIEHO OO0JbIIOe
KOJIMYecTBO paboT, omyOnukoBaHHbIX B crpaHax CHI' u 3a pyOexom, cpeau KOTOpPBIX
HanOoJiee 3HAYUTEIbHBIME ABJISIIOTCS [1; 2; 3; 4; 5; 6; 7]. B paboTax mo pe3aHHio MUIIEBBIX
MIPOJIYKTOB pacCMaTPUBAIOTCS BOMPOCH KWHEMATUKU M TUHAMUKHN B3aWMOJIEHCTBUS pabounx
OpPraHoOB Pa3HOOOPA3HON KOHCTPYKIIUHU C IPOIYKTOM, BIHSIHHS CBOMCTB MPOIYKTOB, TPEHUS U
M3HOCAa pabouyuX OPraHoOB, YHEPTreTUUYECKHE BOMPOCHI U Ap. OTHAKO BOMPOCHI W3ITYYCHHS
AKyCTHMUECKON DJHEpPruHM B BHUJC 3BYKOBBIX BOJH OCTaroTcs Oe3 BHHMMaHusA. B mporecce
pEe3aHMs MHUIIEBBIX MTPOIYKTOB, AK€ B OBITOBBIX YCIOBUSAX, HAOIIOMACTCS XapaKTEPHBIH IIyM,
CBS3aHHBIA C OTHUM uU3NydyeHHeM. UTOo KacaeTcsi peXyIero OOOpYIOBAaHUS MHUIIEBBIX
MIPOU3BOJICTB, TO BEJIMYMHA aKyCTHUUECKOTO HW3JIyUYCHHsI OKaxkeTcs Oosee 3HaunTenbHOU. C
TOYKH 3pPEHUS CHIDKEHHS YPOBHS IIyMa, H3Iy4aeMoro pEXYyIIUM OOOpyIOBaHUEM B
MIPOM3BOJICTBEHHBIX II€XaxX IMHUIIEBBIX MPOU3BOJICTB, OOIIECTBEHHOTO MUTAHUS ATO SIBJICHUE
3aCJIy’KMBae€T OCHOBATEJIILHOTO HCCIIEIOBAHUS KaK C TEXHUYECKOHM, TaK U C HKOJIOTUYECKOH
CTOPOHBI.

“E-mail: obladn@kaf.donnuet.dn.ua (3anzemnuxos U.H.), pilnenko_a@mail.ru (Ilfursnenxo A.K.)
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Kak mnokazanu Hamu HCCIEOBAaHHUS IIYMOBBIX XapaKTEPUCTUK psa PEXYILEro
000pyIOBaHUS MHILEBBIX MPOU3BOJCTB — OBOIIEPE30K, MPOTUPOUYHBIX MAIIHH, MSICOPYOOK,
KaprodeneuncTok u ap. [8; 9; 10] ypoBHH M3TydaeMoro uMu 3Byka cocTasisitor ot 70 mo 89
nbA mpu pabore ¢ mpoaykrom u Ha 10-12 nBA wmenbme npu pabore 6€3 HpPOAYKTa.
[IpeBbllieHre CAaHUTAPHBIX HOPM IO IIYMY JIOCTUTaeTcsl Mpu paboTe MAIIMH C TPOIYKTOM.

lenpto  nmanHOW  pabOTBl  SIBISIETCS ~ KOJNHMYSCTBEHHAs  OICHKA  BIIMSHHS
TEXHOJIOTMYECKUX (PAKTOPOB Ha M3IyuyeHUE 3BYKa MPHU PE3aHUU IMHUIIEBBIX MPOIYKTOB. 3a
KpUTEPUN  KOJMYECTBEHHOM OIICHKM TMPUHUMAETCS ypPOBHHU 3BYKOBOI'O JIABJICHHUS,
BO3HUKAIOIIKE MTPU PE3aHUU MUILEBBIX TPOIYKTOB.

1. MeToauuyecKue NpEeaANnoCbLIKHA

[IpenBapuTenbHble MCCIEIOBaHUS IOKA3ald, YTO YPOBHHM 3BYKOBOI'O JaBJICHUS B
TUX HCCIeOBaHUAX MeHstoTcss B mpenenax 30-40 nbA. Jlns moiydyeHUs: KOPPEKTHBIX

pPe3yIbTaTOB HEOOXOUMO COOJIIOIaTh COOTBETCTBYIOUINE aKyCTHUECKHUE YCIOBHSI U3MEPEHHUS
[12].

N3mepeHuss NpoBOAMIMCh, B peBepOCpallMOHHON Kamepe oObemoM 71 M B
coorBercTBUM co cranmaprom MCO 3743-1-94; 3743-2-94. PacxoxxaeHnEe MEXIy BHEIIHUM
IIYMOM M HCTOYHUKOM 3ByKa coctaBuiio Oonee 10 nb (nbA) kak B OKTaBHBIX MOJIOCAX
Y4acTOT, TaK M MO KOPPEKTUPOBAHHOMY 110 A ypOBHIO 3BYKa. VI3MepeHus ypoBHEH 3ByKOBOTO
nmasienust (Y3/]) mpoBoamiioch aTrTecTOBaHHBIM IIymMoMepoM «AccucteHT» (Poccus) B
OKTaBHBIX II0JIOCAX YacTOT W YPOBHIO 3BykKa. MukpooH ycTaHaBIMBAJICA Ha
TEXHOJIOTHYECKOM CTOJIe, W3MepuTesnbHOoe paccTosHue | M. IlpoaykT 3akperuisuics Ha
mraTuBe. Pe3aHue mpojyKTa OCYHIECTBISIIOCh BPYYHYIO JIE3BUSIMU PA3IMYHOM TOJIIUHBL
O,lXIO'SM; 0,2><10'3M; O,4><10'3M; 1,6><10'3M. Hcnonb30BaAIMCH CHIPBIE OBOIIHBIE ITPOJYKTHI:
Kamycra, Kaptodenb, CBEKJa, JIYK U MOPKOBb, a Takke s070k0. MexXxaHHu4ecKue CBOMCTBA
UCCIIeyeMbIX TIPOIYKTOB NpuBeaeHbI B Tabaume 1 [13; 14].

Tabnuya 1 — Mexanndeckue CBOWCTBA HCCIEAYEMbIX TPOIYKTOB

Ne | IIpomykr Mopyne ynpyroctu | YaeiabHOE CONPOTUBIICHUE PE3AHUS C YUETOM CHII

npoaykra, MIla TPEHUs 0 rpaHu Hoxka, H/m (OLZISO)
BAPEHBIN CBIpOH

1 Kamycta 4.0 - 1900-2300

2 | Kaprodens 3,8 100-110 800-880

3 Caexiia 58 240-280 1300-1500

4 Jyk 1,8 170-180 850-960

5 | MopkoBb 6,5 200-250 1250-1450

6 SI6noxo0 0,1x2,2 - 30-37

2. Pe3yabTaThl 3KCIIEPUMEHTAIbHBIX MCCJIeI0BAHUI

Pe3ynbTarhl SKCIIEpUMEHTAIBHBIX HMCCIIEIOBAHUM W3MEHEHHUS YPOBHEW 3BYKOBOIO
JaBJICHUA HpI/I pGSaHI/II/I IIUIICBBIX HpO)IYKTOB B OKTABHBIX IT10JIOCAaX YAaCTOT U I10 ypOBHIO
3BYKa MPE/ICTABIICHBI HUXKE.

I'padmueckas  uHTEpmperTanus  pe3yabTaTOB  MPOBEAEHHBIX  SKCIEPUMEHTOB
MpeJ/ICTaBIeHa Ha pUCYHKaX 1-6.

Hcxonst u3 moNydeHHBIX pe3yJIbTaTOB MOKHO C/IeaTh CICIYIONTNE 3aKITFOUCHUS |
1. [Ipu pe3anuu NUIIEBBIX NPOAYKTOB MPOUCXOJUT M3IYUYEHHUE 3BYyKa C MU3MEHEHHUEM

3BYKOBOT'O JIaBJICHUS B quarna3zoHe oT 15 10 45 n1b B OKTaBHBIX MOJ0CAaxX 4acTOT U OT

23 no 37 nBA 1o ypoBHIO 3ByKa.
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2. HaubGonpmas Benwmunna Y3][ nmpuxoautcs Ha HH3KHE 4acToThl 63 u 125 T'm. Ha
cpennux yactorax 500 u 1000 I'm nabmronaercs cumwxkenue Y3]I, a 3aTem cHoBa
yBEJIMUEHUE HAa BBICOKMX YacTOTaX HE 3aBUCUMO OT BHJA MPOAYKTAa U TOJIIUHBI
JIe3BUSL.

3. [Ipu pe3zaHuu MpOAYKTOB ¢ 0Oojiee HU3KUM MOAYJIEM YIOPYTOCTH (Kamycra, JYK,
s10710K0) m3imydaercss MeHblne Y3l st HOKeW MEHbBIICH TOJIIMHBI Ha CPETHUX
yactoTax. Ha u3iaydeHuwe 3Byka HpU pe3aHUU MPOAYKTOB C OOJIBIIUM MOJYyJIEM
YIPYTOCTH (CBEKJIa, MOPKOBb, KapTO(EIlb) BIMSHIEC TOHKUX JIE3BUI CKa3bIBACTCS B
MEHBILIEH CTEIIECHH.

4. Haubonee cymectBenHoe cHmxkenne Y3J[ Habmomaercs mpu pe3aHuu Hamboliee
ToHKM HOKOM 0,1x10° M MIPOJIYKTOB C MEHBIIUM MOJYJIEM YINPYroctu (JyK,
kanycta) (Puc. 1) u kaprodenp Ha Beicokux yactorax (Puc.2).
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Puc. 1. YpoBeHb 3ByKOBOT'0 IaBJICHUS IPU PE3aHUH MUILEBOTO MPOAYKTA — KayCThl, JIE3BUEM
toymuHoM t,mM: 1 —t=0,1MmMm; 2 — t=0,2MmMm; 3 — t=0,4MmMm; 4 —t=1,6MM
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Puc. 2. YpoBeHb 3ByKOBOT'O JJaBJICHUS MIPH PE3aHUU MHUIIIEBOTO MPOAYKTa — KapTodes,
ne3pueM Toamuuon t,mm: 1 —t=0,1mm; 2 — t=0,2mmMm; 3 — t=0,4MmMm; 4 —t=1,6MMm

5. Ha Bricokux wactorax 2000-8000 I'm V3J[ mist mpoayKTOB C BBICOKUM MOIYyJIEM
yIpYyrocTH (CBeksa, MOpKOBb, KapTodens) rpapuku HIX (Puc. 3 u 5) HocaT
WJICHTUYHBIN XapakTep B MpeaesiaX TOYHOCTH M3MepeHuil. OHM MMEIOT JIMHEHHYIO
3aBUCUMOCTh OT YacTOThl. MOXKHO TMoiaratb, 4YTO M3JIyuY€HHE 3ByKa OT
B3aMMO/ICHCTBUS HOXA C STUMH MPOJTYKTAMH Ha BHICOKMX YAaCTOTaX CTaOMIIBHO.
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Puc. 3. YpoBeHb 3ByKOBOI'0 IaBJICHUSI IPU PE3AHUU MMUILEBOTO MPOAYKTA — CBEKIIbL,
ne3pueM toymuHou tmm: 1 —t=0,1mMm; 2 —t=0,2MmMm; 3 — t=0,4MmMm; 4 —t=1,6MM
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Puc. 4. YpoBeHb 3BYKOBOTO JIaBJICHUS [IPY PE3aHUU MUILEBOTO MPOAYKTA — JIYyKa,
ne3pueM tommuHon tmm: 1 —t=0,1mMm; 2 — 1=0,2MmMm; 3 — t=0,4MmMm; 4 —t=1,6MMm
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Puc. 5. YpoBeHb 3BYKOBOTO JABJICHHS IIPU PE3AHUU MUILEBOTO MPOIYKTa — MOPKOBH,
ne3pueM Toamuuon t,mm: 1 —t=0,1mm; 2 — t=0,2mmMm; 3 — t=0,4MmMm; 4 —t=1,6MMm

Heckonbko OTIENBbHO CIEAYeT OCTAHOBUTHCS HAa W3JIyYEHUHM 3BYKa IPU pPE3aHUU
MPOJYKTOB ¢ HU3KUM MoAayieM ynpyroctu (Puc.6). Xapaxrep IIX nanomunaer X
IIpY pE3aHMM MPOAYKTOB CO CPEIHUM MOJIYJIEM YIPYroCcTH (Kamycra, JyK), HO
BIIMsSIHEE HanGouIbIIel TonumHs! Je3sus 1,6x107° nmeer mecto GbITh MIpU pe3aHuu
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torkuME Je3Busmu 0,1-0,4x10° M, 11X MPAKTUYECKU COBMAJAIOT, HO MPHU PE3aHUU
toncreiM esBreM 1,6x107 M npoucxoaut Bo3pactanue Y3/ na 5-17 nb B
nuamnaszone 1000-4000 I'm.
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Puc. 6. YpoBeHb 3ByKOBOI'O JJaBJICHUS [IPU PE3aHUHU MUIIEBOIO MIPOJAYKTa — S0JI0KO,
ne3pueM toiuHon t,mm: 1 —t=0,1mm; 2 —1=0,2MmMm; 3 — t=0,4MmMm; 4 —t=1,6MM

7. [Tpu m3mepenusix mno yposHio 3Byka (Puc. 7) nabnromaercs Bo3pactanue Y3]l npu
pe3aHuu MOPKOBH, JTyKa U S0JI0KA ¢ YBEITMYCHUEM TOJIIUHBI HOXa Ha 2-7 nbA, s
KarmycTsl — Y3/ He u3MeHsiercs, a JUisl CBEKJIBI U KapTodens naxe CHUKaeTcs Ha 3
nbA. MOXHO MpeAnoNoXuTb, YTO HU3MEPEHUS IO YPOBHIO 3ByKa JalOT
HEOJIHO3HAYHBIN pe3ynbTat. J[aHHbIe cleayeT nepenpoBEePHUTh.
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Puc. 7. 3menenne ypoBHs 3ByKa IIPH pe3aHUMU MUIIEBBIX MPOJLYKTOB HOXKaMH Pa3IMYHON
TOJILUHBI

3. MHOroakTOpHBbIH IKCIIEPUMEHT

C uenplo MOJNyd4eHHsS KOJMYECTBEHHOM HH(GOpPMAIMM O BIUSHUM MEPEMEHHBIX
(GakTOpOB TOJNLIMHBI HOXA (X1) U MOAYJS YIPYTOCTH MPOAYKTa (X2) Ha H3JIyue€HUE 3BYyKa
ucronb3oBaH MetoJl bokca-Yuncona [13]. B kadectBe neneBoil (GyHKuIuM y HpUMEHEH
YpOBEHb 3BYKa, U3Jy4aeMblil IpU pe3aHUM MPOJIYKTa ¢ HAaUOOJIBIIUM MOJYJIEM YIPYTroCTH —
MOpPKOBH. Martpuna miuaHupoBaHus 2°. YpOoBHM U MHTEpBalbl BapbUpPOBaHMs NPUBEACHBI B
Tabnuie 2. MaTpuiia rulaHupOBaHUsI SKCIIEPUMEHTA Mpe/CTaBIeHa B TadumIle 3.
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Tabnuya 2 — YpOBHU U HHTEPBAJIBI BAPHHPOBaHUs (PAaKTOPOB B IPOIIECCE pe3aHus

®DakTopsl
YpoBHU TonmuHa pexxymero UHCTPyYMEHTA, Moayns ynpyroctv npoaykra, Xo,
X;'10%, M MIla

OcHOBHOIT 0 0,75 5,15
WNuTepBan .

BapblprBaHI/Iﬂ Al 0,85 135
Bepxuuit +1 1,6 6,5
Huwxuunit -1 0,1 3,8

Tabnuya 3 - Matpuua IIaHHPOBAHHUS DKCIIEPUMEHTa 2°

DakTopbl OYHKIUS OTKINKA YPOBHS 3ByKa, 1BA
Ne
Xo X1 X2 X12 Y1 Y2 Y3 Ya Yep
1 + — — + 25,9 21,7 26,8 32,2 28,15
2 + + — - 30,6 36,5 36,1 34,7 34,4
3 + — + - 32,2 32,8 33 33 32,6
4 + + + + 34,5 33,5 33,5 33,7 33,8

[Tocme mpoBepku KOI(D(PHUIIMEHTOB perpeccMd W aJIeKBAaTHOCTH  IIOJyYCHA
MHOTo(aKTOpHAasi MOJIeb YPOBHS 3ByKa B KOJIMPOBAHHBIX 3HAYEHUSIX (PAKTOPOB:

y(X;, X)) =32,24 +1,986 -x;+0,96 -x,—1,26 X1 X5 1)

Jlst monmyuenust ypaBHeHust (1) B HATypaJbHBIX IEPEMEHHBIX UCIIOIH30BaHbI 3aBUCUMOCTH

_h-h,, h-08.  E-E, E-515

X ) - ’
1TTan T 075 T AR 135 @
YpaBHeHHe B HAaTypaJIbHbLIX IIECPEMCHHBIX UMECT BHU/]
y(h,E)=2088+91-h+177-E~124-h-E_ spa 3)

B kauectBe mpumepa, eciii TOJICTaBUTH B IOJTYYEHHOE YpaBHEHHE MO BEPXHEMY
(MakcumanbHOMy) ypoBHIO h=1,6mMM; E=6,5MIIa, Tornay=33,93 n1bA, a ecnu moacTaBUTh B
MOJIyUEHHOE ypaBHEHHUE MO HUKHEMY (MUHUManbHOMY) ypoBHI0 0,1 mm; E=3,8 MIla, Torna
y =28,03 nb.

I'paduk 1 ypaBHEHUS perpeccuu sk BEpXHETO YPOBHS MPHUBEACHBI HA PUCYHKE 8.

Y(Xq1, Xy) = 32,24 +1,986 -X;+0,96 -X,—1,26 -X; X5 4)




3annemnuxoe U.H., [Tunoneuxo A.K.
Ilpoyeccol uznyuenus 38yKa npu pe3aHuu NUUebix NPoOyKmoe

Puc.8. I'paduueckas uatepnperanus ypaBHeHus (4)

Amnanus MHOrodaktoproit Mmonenu (1) u ee rpaduueckoll HHTEPIPETAMU TTOKA3aJ,
YTO MPHU pe3aHUM MOPKOBH Ha YpPOBEHb 3ByKa HambOoJiee CYIIECTBEHHOE BIIMSHUE OKa3bIBAET
TOJIIIMHA HOKAa U B MEHBIICH CTENEHU MOJYJb YINPYrOCTH, C BO3pacTaHUEM 3TX (haKTOpOB
YPOBEHb 3BYKa YBEIMYMBACTCA B MCCICAYEMOM JMAla30HE BapbUPOBAaHUSA IIE€PEMEHHBIX
¢axTopoB. IlapHoe B3ammopeiicTBue (HaKTOPOB X1 M Xz IOJOKHTEIBHO CKAa3bIBACTCS Ha
BEIIMYMHY H3IydaeMoro 3Byka. Bmecre ¢ Tem, Habmomaercss W 00JacTb MHHHUMAJIbHBIX
3HauUEHUH YPOBHS 3BYyKa IPU PE3aHUU JAHHOTO MPOJYKTA, €CIIU X1=1X 10 m n x,=1,7 mITa.

3akiaouyeHnue

[Ipu pe3anuu NMUIEBHIX MPOAYKTOB MPOUCXOJIUT W3JIYYCHHE 3BYKa C U3MEHEHUEM
3BYKOBOTO JJaBJI€HUs B Auana3zoHe oT 15 1o 45 ab B OKTaBHBIX Moji0cax 4yacToT U oT 23 a0 37
nBbA 1o ypoBHIO 3Byka. HamOoiplme ypoBHU 3BYKOBOTO JaBJICHHUS, CO37aBacMOI0 OT
B3aUMOJICHCTBUSL PEXKYIIETO MHCTPYMEHTA C MULIEBBIM IPOJYKTOM, BO3HUKAIOT Ha HU3KHUX
YacTOTaX, Ha CPEJHUX YACTOTaX YPOBHS CHIDKAIOTCS, Ha BBICOKMX YacTOTaXx MOTYT
BO3pacTarh Ui MPOAYKTOB C HU3KUM MOJyJIEM YIPYroCTU WM OCTaBaThCS CTaOMIbHBIMU
JUTSL TIPOJTYKTOB C BRICOKMMHU MOJYJISIMU YIIPYTrocTH. Ha mapaMeTpsl akyCTHYECKOTO Tpoiiecca
MIPU PE3aHUM MUIIEBBIX MPOAYKTOB BIUSAET TOJIIMHA JE€3BHUS U MOJYJIb YIIPYTOCTH MPOAYKTA.
[Tonyuena martemaTudeckas 3aBHCUMOCTH 3TOTO BIMSHHUS I TPOJAYKTa ¢ HAUOOIBIIUM
MOJIyJIeM YIpyrocTu (cwipas MOpKoBb). Hanbonee 3HaunMbIM (hakTOpOM OKa3anach TOJIIMHA
7Ie3BUs. Y CTaHOBJIEHA 00JIaCTh IEPEMEHHBIX (PaKTOPOB C MUHUMAIBHBIM YPOBHEM 3BYKOBOTO
JTaBJICHHUS.
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Abstract

The present paper describes the results of the combined finite element and experimental approach to
studying structure-borne vehicle interior noise using a simplified reduced-scale model of a car. The numerical
investigation included finite element calculations of structural and acoustic modes as well as frequency response
functions for interior acoustic pressure. Experimental tests included measurements of frequency response
functions at driver’s and passenger’s ear positions, when an electromagnetic shaker exciting structural vibrations
was located at different places. The effects of engine mass and of boot load on structure-borne interior noise
have been investigated as well. Some of the obtained numerical results have been compared with the
experimental ones. The obtained reasonably good agreement between them indicates that structure-borne interior
noise in the vehicle model under consideration can be predicted and understood rather well. This implies that the
proposed combined numerical and experimental approach to studying vehicle interior noise based on using
reduced-scale structural models is simple and reliable, and it can be used successfully by noise and vibration
engineers for prediction and mitigation of vehicle interior noise on a design stage.

Key words: Vehicle interior noise, Structure-borne noise, Finite element modelling, Experimental
modelling.

Introduction

To reduce time and efforts required for analysing and mitigating structure-borne vehicle
interior noise it is preferable to undertake most of the associated work on a design stage.
Therefore, virtual simulations and different predictive methods become increasingly
important in studying vehicle interior noise. They form an integral part of the design and
development process as mitigation of intrusive noise leads directly to the enhancement of
consumers’ perception of product quality [1]. In particular, the tuning of vehicles’ acoustic
properties to convey distinct characteristics of the brand, especially at low-frequency range, is
often considered as an additional motivation for analysing interior noise on this stage [2].

The analysis of structure-borne interior noise can be carried out using different
approaches. For a limited number of structures with simple geometry, one can use analytical
solutions to structural-acoustic problems [3-5]. This provides a great opportunity for explicit
physical interpretation and understanding of the cases considered. In contrast to analytical
approaches, the analysis of irregular cavities, representing real car compartments, requires
application of different numerical techniques. In the low frequency range, 10-250 Hz, the
most common techniques are Finite Element Method (FEM) and Boundary Element Method
(BEM), the upper frequency limit reported in the literature being at about 500 Hz [6]. In the
high frequency range, above 500 Hz, Statistical Energy Analysis (SEA) is used widely.

E-mail: V.B.Georgiev@Iboro.ac.uk, R.Ranavaya@Iboro.ac.uk, V.V.Krylov@Ilboro.ac.uk (corresponding author)
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From the very early stage of vehicle interior noise studies, the attention has been paid to
developing of a complete strategy of interior noise reduction on a design stage. One of the
first works of this kind has been carried out by Nefske et al. [7] who computed acoustic
modes and interior noise levels using FEM, when structural vibrations were supposed to be
known. At a later stage, Sung and Nefske [8] predicted vehicle interior noise and identified
noise sources for a coupled system ‘vehicle structure — acoustic interior’.

Although the approaches based on detailed numerical calculations have achieved
satisfactory levels of accuracy in predicting interior structural-acoustic response, they are not
much helpful in understanding physical mechanisms behind the problem, which would be of
great importance for predicting the behaviour of similar but slightly modified vehicle
structures. Therefore, there remains the scope for developing a new combined numerical and
experimental approach to studying vehicle interior noise based on using simplified reduced-
scale vehicle models. Such models can be easily used for different laboratory measurements,
and, due to their simplicity, they can assist in better understanding the physics of structure-
borne interior noise, in particular its dependence on different parameters of vehicle structures
and interior cavities.

Note that a number of simplified and reduced-scale models have been used already by a
number of authors for theoretical and experimental investigations of some aspects of vehicle
interior noise. For example, purely acoustic experiments have been conducted on scale
replicas of vehicle interiors, with walls described by rigid boundary conditions [9, 10]. In
particular, in the example described by Lee et. al. [9], the model was a 1:2 scale replica of the
passenger compartment of a saloon car, whereas Gorman et. al. [10] simplified their vehicle
models to equivalent rectangular and octagonal cavities having the same volume as the actual
enclosure. Recently, the well known structural-acoustic model — a rigid rectangular box with
one flexible wall - was investigated again to demonstrate a new hybrid method for simulating
the so-called ‘boom noise’ and identifying the parameters that affect its generation [11]. In
addition to the above, some new types of simplified and reduced-scale structural-acoustic
models have been suggested for studying vehicle interior noise both theoretically and
experimentally [12-16]. In particular, one of such simplified models contained a non-circular
cylindrical shell as its flexible element that could be described both analytically and
numerically.

The present paper describes the results of the combined finite element and experimental
approach to studying structure-borne vehicle interior noise based on using simplified reduced-
scale vehicle models. In the framework of this approach, a new reduced-scale vehicle model
of intermediate complexity has been designed and tested both numerically and
experimentally. Some of the results described in this paper have been published in the authors'
earlier paper [17].

A number of finite element calculations of structure-borne vehicle interior noise have
been carried out using finite element packages MSC.Nastran and MSC.Patran. Experimental
tests included measurements of structural-acoustic frequency response functions at driver’s
and passenger’s ear positions, when an electromagnetic shaker was located at different parts
of the vehicle model structure, thus simulating different sources of vehicle structural
vibrations. In addition to these, the effects of engine mass and of boot load on generated
structure-borne interior noise have been investigated in detail. As a simple measure of interior
noise reduction in the reduced-scale vehicle model under consideration, the effect of sound-
absorbing seats made of foam material has been tested experimentally. The results of some of
the finite element calculations have been compared with the relevant experimental
measurements.
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1. Reduced-scale Vehicle Model and Experimental Setup

The 1:4 reduced-scale vehicle model considered in the present paper is shown in Fig. 1.
Although this model has a rather complex geometrical form, it is still simple enough to enable
studying the effects of different model parameters on generated structure-borne vehicle
interior noise using laboratory measurements and not time-consuming finite element
calculations.

Fig. 1. Views of the reduced-scale vehicle model and of its different parts: a) the cavity
section, b) the under-cavity section, c) the whole model, and d) the engine section

The model consists of two main parts: the cavity and under-cavity sections (note that the
cavity section can be considered and investigated separately as an independent model of
vehicle cabin). Two side walls are attached to the cavity section by means of six bolts. The
under-cavity part includes boot and engine sections, the latter one being represented by a plate
joined to the under-cavity part by four bolts and springs that can be considered as engine
mounts. All model parts have been built of metal sheets of 1 mm thickness and spot welded
where necessary. Both parts (cavity and under-cavity) can be joined together by bolts to form
a more complex whole vehicle model, which is of primary interest in this investigation.
Detailed pictures of the model’s components can be seen in Fig. 1. Note that in the process of
scaling of structural acoustic models all acoustic and structural dimensions must be scaled,
including structural thickness [15].

In order to simulate the boundary conditions on the bottom of the model vehicle that
would be similar to those for real vehicles the model was fixed by four bolts to two wooden
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beams that in turn were firmly joined by clamps to a massive foundation (a laboratory table).
This type of attachment of the model corresponds to the so-called “grounded” boundary
conditions.

All experimental measurements of structure-borne interior noise in the above-mentioned
reduced-scale vehicle model have been carried out in the Noise and Vibration Laboratory at
the Department of Aeronautical and Automotive Engineering at Loughborough University.
The measurement data were recorded using an HP 3566 FFT analyzer. The excitation signal,
a continuous white noise, was generated by the analyzer and transmitted to a Ling Dynamic
Systems 200 series electromagnetic shaker by means of an amplifier ENDEVCO Model
27218. The amplitude of the driving force from the shaker was measured using a sample mass
and accelerometer, and it was evaluated as 2.8 N. For acoustic frequency response
measurements, a Bruel & Kjaer Type 4133 microphone was used. Its signal was amplified by
a Dual Microphone Supply Type 5935. A mechanical clamp enabling longitudinal and lateral
motion inside the cavity assured the positioning of the microphone in a desired location. The
Bruel & Kjaer Type 2635 charge amplifier was used to enhance the signal from a force
transducer Bruel & Kjaer Type 8200. The transducer’s reference sensitivity was 3.85 pc/N,
and its weight was 21g.

2. Results of the Finite Element and Experimental Studies
2.1. Numerical Analysis of Structural-acoustic Normal Modes.

The structural-acoustic normal mode analysis has been conducted using FEM
techniques for two different cases. In the first case, only the cavity model was considered,
whereas in the second case the whole model, i.e. cavity plus under-cavity, was under
examination. The interior cavity was the same for both models, and the acoustic numerical
model for it was built using 3420 CHEXA and 44 CPENTA acoustic finite elements and in
total 4147 nodes. The structural model of the cavity section was constructed using 1342
CQUAD structural finite elements and 1458 nodes. The whole structural model, including
cavity and under-cavity, consists of 1662 CQUAD structural elements and 1863 nodes. The
normal mode analysis was performed using modal analysis reduction for the first 300 modes
only. In contrast to the model presented in [14], the present two models have higher numbers
of degrees of freedom. There are about 293 natural frequencies in the range from 0 to 1.7
kHz.

The results of the numerical calculations show that structural normal modes of the first
model (cavity) include local modes for individual panels and global modes that spread almost
over all panels (see Fig. 2). The analysis shows that the structure of the cavity model can not
be broken up into different regions in specific frequency ranges, as it was possible for the
QUASICAR model [14]. The reason for that is that the constitutive panels have nearly the
same modal parameters and their natural frequencies are roughly in the same frequency range.
However, the side walls demonstrate a more specific vibration behaviour due to their rather
loose attachment to the main structure, that presumes less restriction compared to other
panels. Most of the normal modes of the side walls can thus be defined as local. Participation
of the side walls’ normal modes in global structural displacement of the model can be only
observed at certain frequencies.

13



Georgiev V.B., Ranavaya R.L., Krylov V.V.
Finite element and experimental modelling of structure-borne vehicle interior noise

701007

654009

607009

7.01-002

551004

467009

421009

374009

322009

234009

187009

140002

935009

-552:00d

0) | d)

440009 386005

4000 a5y

s7740) 331004
246009
B
26300 24e0ne
250 22100
220009 193008
1694009 166008
157009
12609 1104004
s.43004 a25009

529004 ss20g

7 314004 276004

591012

Fig. 2. Structural normal modes of the cavity model at: a) 11.525 Hz, b) 59.586 Hz,
¢) 325.07 Hz, and d) 560.65 Hz.

In contrast to the side walls, the main structure exhibits more complex and obscure
vibration behaviour, as can be seen in Fig. 2. The constitutive panels take part in both the
global and local structural motions. In the low frequency range, the global modes are
predominant, whereas in the high frequency range the local modes of different panels become
readily distinguishable.

An interesting feature of the current model is the effect of welded joints along edges of
the main structure (in comparison with simply-supported boundary conditions that have been
implemented in the earlier investigated reduced-scale model QUASICAR [14]). In particular,
the presence of welded joints facilitates the appearance of global modes at very low
frequencies, as it can be seen in Fig. 2(d). Note in this connection that global modes of the
QUASICAR model (that contained a non-circular shell as a vibrating structure [14]) appeared
only at relatively high frequencies, above 1 kHz.

The structural-acoustic normal mode analysis of the whole model, which included
cavity plus under-cavity sections, shows some resemblance to the first model, but
demonstrates certain specific features as well (see Fig. 3). Again, in this case the side walls
are involved in many normal modes in the whole frequency region.
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Fig. 3. Structural normal modes of the whole model at: a) 21.87 Hz, b) 136.91 Hz,
) 1399.20 Hz, and d) 1629.6 Hz ; in the last two pictures the side walls are not shown for
clarity

The structural behaviour of the whole model is also affected by boot and engine sections
which are firmly attached to the cavity and side walls by bolts. This is why, the first resonant
peak for this model exists at a higher frequency, 21.87 Hz, whereas in the first model the
fundamental frequency is 11.525 Hz (see Fig. 2(a), Fig. 3(a) and Table 1).

Table 1
First five structural and acoustic natural frequencies of the cavity model and of the whole model
Cavity model: | Whole model: | Hard-wall model: | Cavity model: | Whole model:
structural structural acoustic acoustic acoustic
frequencies, frequencies, frequencies, frequencies, frequencies,
Hz Hz Hz Hz Hz
1 2 3 4 5
11.525 21.87 326.66 (1, 0, 0) 325.07 327.51
15.52 28.759 529.22 (0, 1, 0) 536.00 538.44
23.486 31.498 553.74 (0, 0, 1) 560.65 555.18
26.626 33.28 584.46 (2, 0, 0) 589.45 588.24
28.255 36.394 642.92 (1,0, 1) 648.76 646.53

The boot and engine sections, particularly their vertical sides, appear to be quite loose;
they are first involved in the normal mode at 42 Hz (see Fig. 3(b)) and stay active in the
whole frequency range. Surface displacements of the upper three cavity panels look similar to
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the case of the first model (see Fig. 2(d) and Fig. 3(e)). However, the global modes, which
they are involved in, are realized at higher frequencies (Figs. 3(e) and 3(f)), as compared to
the cavity model only. The reason for that could be the double thickness of the bottom
cavity’s panels due to the firm attachment of the under-cavity to the cavity.

The bottom panels of the cavity, in case if the whole model is considered, have different
modal parameters due to the double thickness, and their surface displacements differ
completely from the displacements of the first model. The local fundamental frequency of the
bottom plate is 64.369 Hz for the first model and 196.98 Hz for the second model. In the low
and medium frequency ranges this part of the whole model is structurally almost ‘silent’, and
its structural activity starts at higher frequencies. This behaviour is similar to the structural
dynamics of the modified QUASICAR model with increased thickness of the bottom panel
[14]. In both cases the additional thickness suppresses structural activity of the treated panels
in a certain frequency range, which gives a simple demonstration of this method of passive
structural vibration control.
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Fig. 4. First four acoustic normal modes of the cavity at: a) 327.51 Hz, b) 529.57 Hz,
c) 555.18 Hz, and d) 587.01 Hz.

In Table 1, Columns 3, 4 and 5, one can see the values of the first five acoustic resonant
frequencies calculated for the acoustic model with rigid walls, for the cavity model and for the
whole model respectively (calculations for the two latter models took full structural-acoustic
coupling into account). The first four acoustic modes can be seen in Fig. 4. Obviously, the
different boundary conditions for each model affect the acoustic resonant peaks of the cavity,
slightly shifting their frequencies. Observations of the sets of acoustic resonances for these
three models did not show any specific patterns. The only difference is that the resonant peaks
of the latter two models appear to be higher than those of the first one, as it can be seen in the
Table 1. Therefore, one can not say how exactly the additional under-cavity body mass
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influences the acoustic normal modes of the cavity. However, the change in the frequency sets
from the case of the first model to the latter two is readily noticeable, reflecting the effect of
full structural-acoustic coupling.

2.2. Experimental and Numerical Analysis of Frequency Response Functions.

The frequency response functions (FRF’s) have been investigated for both models using
both numerical and experimental techniques. In total 83 experimental tests and 48 numerical
simulations have been carried out. The covered frequency range was between 0 and 1.6 kHz,
which for full size models corresponds to the range 0 - 400 Hz. A resolution of one point per
1 Hz for both numerical and experimental tests was adopted.

For all experimental tests the models were attached firmly to tables using the wooden
beams mentioned in Section 2. Because the masses of the tables were comparable to the
masses of the models, their frequency responses could be affected by tables” modal
parameters. This is why heavy weights were placed on the top of the tables to assure proper
grounded boundary conditions. The microphone was placed inside the cavity at the required
point of observation. Two points in the interior cavity were of particular interest, the driver’s
ear position (0, -90, 70) cm and the passenger’s ear position (250, -90, 70) cm, in respect to
the front upper left corner of the cavity.

2.2.1. Effect of the Shaker and Microphone Positions.

Both models have been examined in a number of structural-acoustic tests, including
measurements of acoustic response at driver’s and passenger’s ear positions, whereas the
electromagnetic shaker was located at five different positions at the bottom plate, thus
simulating dynamic forces due to road roughness. Obviously, the locations of the shaker and
of the microphone strongly influence the acoustic response. Since frequency responses of
both the structure and the fluid can be represented as infinite sums of their normal modes,
then, if the driving force coincides with a certain nodal point of some structural normal
modes, the structure will not be excited properly in the corresponding frequency range. The
same situation can be considered for the location of a microphone. If a microphone (receiver)
is located in the vicinity of a nodal point of some acoustic normal modes, then the sound
pressure response will be reduced.

In principle, the location of the driving force and of the microphone could be used for
optimal reduction of perceived interior noise. However, the practical effect of such an
approach is arguable. The location of the driving force or of the microphone may coincide
with nodal positions for some modes, but in the same time it might be in anti-nodal positions
for some other normal modes. This means that noise reduction can be achieved at a certain
frequency range, but there can be an increase beyond this range.

Figure 5(a) shows the results of finite element calculations of the effects of different
locations of the driving force with the amplitude of 2.8 N on the acoustic responses. In
particular, one can note that in test 3 the force does not excite properly some of the first
normal modes. This is why in the low frequency range the acoustic response is reduced in
comparison with test 1. On the other hand, in the high frequency range the location of the
driving force at the left front position excites the normal modes in this area, and the acoustic
response is higher than that in test 1.

Figure 5(b) presents the acoustic responses at driver’s (test 13) and passenger’s (test 26)
ear positions taken for the whole model, when the driving force was located at the left front
position of the bottom plate.
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Fig. 5. Structural-acoustic pressure FRF’s for different locations of a shaker
(a) and a microphone (b): test 1 - central position of a shaker (solid curve),
test 3 - left front position of a shaker (dash-dotted curve); test 13 - driver’s
ear position of a microphone (dash-dotted curve), and test 26 - passenger’s

ear position of a microphone (solid curve).

Similarly to the analysis above, the sound pressure readings shows some frequencies
where the resonant peaks are considerably reduced, as at 320 Hz. In this case the sound
perception at the driver’s ear position is reduced almost by 10 dB compared to the passenger’s
ear positions. However, at 1000 Hz the reduction is again about 10 dB, but this time it is for a
passenger’s ear position.

2.2.2. Comparison of Experimental and Numerical Results.

The purpose of comparison between the experimental and finite element results in the
present work was to evaluate to what extent the proposed experimental and numerical
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approaches are reliable and precise. Figure 6 shows sound pressure responses for
experimental and finite element simulations for the whole model.
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Fig. 6. Structural-acoustic pressure FRF’s of the whole model obtained
experimentally (single thickness curves) and by finite element calculations
(double thickness curves) for a shaker placed at the front right position in the
engine section (a) and at the back right position in the boot section (b).

The electromagnetic shaker with the force amplitude of 2.8 N was placed at the front
right position in the engine section (Fig. 6(a)) and at the back right position in the boot section
(Fig. 6(b)). Finite element mesh was consistent with the frequency limit of interest about 500
Hz; with about six finite elements per wavelength. In the FEM frequency response analysis, a

resolution equal to one point per 1 Hz was used, which was the same as in the experimental
testing.
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One can see that there is a reasonably good overall coincidence between the
experimental and FEM data. This proves that both FEM calculations and experimental
measurements are reliable enough to be used either together or separately for studying
structure-borne vehicle interior noise in simplified reduced-scale models under consideration.
Therefore, in subsequent sections of this paper either numerical or experimental investigations
will be used to analyse some specific interesting cases of generation of structure-borne
vehicle interior noise.

2.2.3. Effect of the Engine and Boot Masses.

The effects of additional masses placed in the engine and boot sections have been
examined in experimental tests 57 to 75. For all of the tests the microphone was located at
driver’s ear position and the electromagnetic shaker was moved to different positions from
left to right in the engine and boot sections. However, no matter where the position of the
shaker was, the sound pressure responses showed some common features for all tests. Since
the engine mass was separated from the main model structure by elastic elements, its effect on
acoustic response was barely detectable, as it can be seen in Fig. 7(a). The graphs show the
pressure magnitude without the engine mass (test 66) and with the engine mass equal to 5 Ib
(test 67), where the shaker was placed at the middle left position of the boot plate. Obviously,
the presence of elastic elements between the engine mass and the structure simulated engine
mounts.

Although the resulting tests pointed out clearly that the elastic elements suppresed
successfully the effects of engine mass, it must be mentioned that in the present experiment
the engine was modelled only as a mass unit, but not as a source of vibration. In practice,
however, the engine can experience its own vibrations, e.g. due to rotating imbalance. These
can result in dynamic forces applied to the vehicle structure that could cause additional
structural vibrations. Such aspects though were beyond the scope of this investigation.

Figure 7(b) shows the graphs of sound pressure response in the case of absence of
additional mass in the boot section (test 66) and in the case of presence of the additional boot
mass equal to 5 Ib (test 68). The additional boot mass was placed freely in the boot section,
without any elastic elements, thus simulating the effect of luggage placed in the boot in real
practical situations. It is seen from Fig. 7(b) that the resonant peaks are slightly shifted, in
comparison with Fig. 7(a), and there are some changes in their amplitudes. Particularly, in the
low frequency range the maximum peak is shifted from about 90 Hz to 160 Hz, whereas in
the high frequency range, above 1 kHz, the acoustic response is slightly reduced.

Although the overall sound levels in the case of presence of the boot mass remain
aproximately the same, the experiments demonstrate the influence of such mass, e.g. luggage,
on the frequency contents of interior noise. In particular, the boot masses can cause rather
large resonant peaks at certain frequencies that would annoy the driver and passengers in the
car compartment. For example, in the present work such a peak can be observed in Fig. 7(b)
between 800 and 900 Hz.
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Fig. 7. Effects of the engine mass (a) and of the boot mass (b) on structural-
acoustic FRF’s: test 66 - no engine and no boot masses (solid curve), test 67 —
with the engine mass, but no boot mass (dash-dotted curve); and test 68 - with

the mass in the boot, but no engine mass (dash-dotted curve).

2.2.4. Effect of Sound Absorbing Seats.

The effect of seats made of foam has been studied by experimental testing including
tests from 30 to 57 for both models. It was expected that the acoustic response would be
reduced because of the seats’ being made of sound absorbing material such as foam. Indeed,
this anticipation was found to be correct to some extent. Adding the two seats, that are shown
in Fig. 8, could affect the sound pressure response in two ways. First of all, according to the
analytical expressions for interior sound pressure in some simple models, the generated noise
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level is inversely proportional to the air volume (see e.g. [12]). Thus, any decrease of actual
interior volume could lead to the increase in the acoustic response of the enclosed cavity. On
the other hand, the model seats considered are made of sound absorbing material (foam), and
this would increase the acoustic energy dissipation, thus reducing the sound pressure
response. Therefore, it is the balance of these two opposite effects that defines the actually
observed acoustic response in the models with added foam seats.

The measured acoustic responses for all tests in this section show that in the low
frequency range the effect of added seats is negligible, whereas in the high frequency range
the reduction of sound pressure is readily noticeable.

Fig. 8. View of the interior of the whole model with the inserted foam seats.

In Fig. 9, the sound pressure responses are presented for two different locations of
electromechanical shaker, (a) the shaker is placed at the front-left position on the bottom
plate, and (b) the shaker is at the front-right position on bottom plate. In Fig. 9(a), test 13
corresponds to the model without seats, whereas test 35 was carried out for the model with
added seats. And respectively in Fig. 9(b), test 14 corresponds to the model without seats, and
test 37 — to the model with seats.

Obviously, the seat-related reduction of interior volume is a constant value causing the
increase in sound pressure that is independent of frequency. On the other hand, the foam seats
dissipate the acoustic energy, which is done most efficiently at higher frequencies. Thus, the
observed very small change in acoustic pressure in the low frequency range can be attributed
to the balance between the volume change and low-frequency foam dissipation, whereas the
noticeable reduction of the response at higher frequencies is mainly due to energy dissipation
by foam seats.
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Fig. 9. Effect of foam seats on structural-acoustic FRF’s for different positions
of a shaker: a) left front position — test 13, no seats (solid curve) and test
35, with seats (dash-dotted curve); b) right front position — test 14, no seats
(solid curve) and test 37, with seats (dash-dotted curve).

2.2.5. Comparison between Acoustic Responses of the Cavity and of the Whole Model.

In this section, the measured structural-acoustic responses of the cavity model and of the
whole model, including the cavity and under-cavity sections) are discussed. In spite of the fact
that the interior cavity is the same for both models, the pressure magnitudes behave
differently due to the structural modifications associated with the whole model. First of all,
the mass of the whole model structure is substantially larger, and the thickness of the three
bottom panels of the cavity is doubled. Secondly, the boundary conditions for the cavity
model are applied to four points lying in the horizontal bottom plate, whereas for the whole
model they are applied to the two points lying in the engine section and to the two points in
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the boot section. Thus, the distance between these two sets of points, which simulates a
vehicle base, is much larger for the whole model than for the cavity model.
Figure 10 shows the comparison of the two sets of data for the above two models.
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Fig. 10. Comparison between structural-acoustic FRF’s of the whole model
(single curves) and of the cavity model (double curves) at two positions of
the shaker: a) front left position and b) back right position

For the first set, shown in Fig. 10(a), test 3 and test 13 correspond respectively to the
cavity and to the whole model. In this case the shaker was placed at the left front position on
the bottom cavity plate - for the cavity model, and at the engine section - for the whole model.

The second set, shown in Fig. 10(b), represents test 5 and test 15 associated respectively
with the cavity and with the whole model, and the shaker was located at the back right
position, correspondingly on the bottom plate and in the boot section. Both sets of data show
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that the acoustic response in the whole model is significantly increased in the entire frequency
range. In Fig. 10(a), one can see more clearly the change in the first structural resonance due
to the structural modification associated with the transition from the cavity to the whole
model.

One can assume that the larger base of the whole model makes it a bit looser,
particularly in the area of the cavity. This could be a possible explanation for the observed
higher sound levels in this model. Also it can be seen that some of the resonant peaks coincide
completely in both graphs, which is not surprising, keeping in mind that the interior cavity is
the same for both models.

3. Conclusions

In the present paper, the results of the combined finite element and experimental studies
of structure-born interior noise in the two simplified vehicle models have been reported. In
particular, the normal mode analysis of the models and some of their frequency responses
have been carried out by finite element simulations. A large number of experimental tests
have been conducted. Some of them have been compared with the results of finite element
simulations. The observed reasonably good agreement between the experimental and
numerical results can be considered as confirmation of the acceptable precision and reliability
of the numerical and experimental procedures used in the present work.

The effects of different factors on frequency response functions of both models have
been investigated both experimentally and numerically.

In particular, it has been demonstrated, as expected, that the positions of the shaker and
of the microphone change significantly the sound pressure response in cases when they are
placed at a node or anti-node of respective structural or acoustic normal modes.

It has been shown that the effect of engine mass can be significant or negligible,
depending on the elastic elements, whereas the boot mass can be responsible for a noticeable
resonant peak at a certain frequency.

The effects of sound absorbing seats (made of foam) on the interior noise reduction in
the vehicle model under consideration have been investigated experimentally. It has been
demonstrated that the presence of foam seats considerably reduces the sound pressure
response, and their noise reducing efficiency increases in the high frequency range.

The whole investigation described in this paper has confirmed the usefulness of the
proposed combined numerical and experimental approach based on using simplified reduced-
scale models. These models can be sufficiently complex in order to take into account the
effects of some important vehicle components (such as engine, boot, seats, etc.), but they are
still simple enough to be investigated and understood easier than real size vehicle prototypes.
In other words, such simplified reduced-scale models can bridge the existing gap between the
simplest analytical models made of rectangular boxes and the full-scale commercial computer
models used in automotive industry. The proposed combined finite element and experimental
approach to studying structure-borne vehicle interior noise based on reduced-scale models can
be used by car manufacturers and noise and vibration engineers for prediction and mitigation
of vehicle interior noise on a design stage.

References

1. Pozar, M., Cook, H.E., "On determining the relationship between vehicle value
and interior noise", SAE paper 980621, 1998.

2. Bisping, R., Giehl, S., Vogt, M., "A standardised scale for the assessment of car
interior sound quality”, SAE paper 971976, 1997.

25



Georgiev V.B., Ranavaya R.L., Krylov V.V.
Finite element and experimental modelling of structure-borne vehicle interior noise

3.  Pretlove, AJ., "Free vibrations of a rectangular panel backed by a closed
rectangular cavity", Journal of Sound and Vibration, vol. 2, pp. 197-209, 1965.

4.  Pretlove, AJ., "Forced vibrations of a rectangular panel backed by a closed
rectangular cavity", Journal of Sound and Vibration, vol. 3, pp. 252-261, 1966.

5. Lyon, R.H., "Noise reduction of rectangular enclosures with one flexible wall",
Journal of the Acoustical Society of America, vol. 35, pp. 1791-1797, 1963.

6. Lim, T.C., "Automotive panel noise contribution modelling based on finite
element and measured structural-acoustic spectra”, Applied Acoustics, vol. 60, pp. 505-519,
2000.

7.  Nefske, D.J., Wolf Jr, J.A., Howell, L.J., "Structural-acoustic finite element
analysis of the automobile passenger compartment: a review of current practice”, Journal of
Sound and Vibration, vol. 80, pp. 247-266, 1982.

8.  Sung, S.H., Nefske, D.J., "A coupled structural-acoustic finite element model for
vehicle interior noise analysis", Journal of Vibr., Acoust., Stress, Reliab. Design: Trans. of
the ASME, vol. 106, pp. 314-318, 1984.

9. Lee, W.G,, Park, S.K., Suh, M.W., "A study on active noise control using the
half scaled compartment cavity model”, SAE paper 940606, 1994.

10. Gorman, R., Krylov, V.V., "Investigation of acoustic properties of vehicle
compartments using reduced-scale simplified models”, Proceedings of the Institute of
Acoustics, vol. 26(2), pp. 37-48, 2004.

11. Rashid, R., Langley, R.S., "A hybrid method for modelling in-vehicle boom
noise", Proceedings of the International Conference on Noise and Vibration Engineering
(ISMA 2004), Leuven, Belgium, pp. 3487-3500, 2004.

12. Krylov, V.V., "Simplified analytical models for prediction of vehicle interior
noise", Proceedings of the International Conference on Noise and Vibration Engineering
(ISMA 2002), Leuven, Belgium, vol. 5, pp. 1973-1980, 2002.

13. Kirylov, V.V., Walsh, S.J., Winward, R.E.T.B., "Modelling of vehicle interior
noise at reduced scale”, Proceedings of the International Conference "Euronoise 2003",
Naples, 2003 (on CD).

14. Georgiev, V.B., Krylov, V.V., Winward, R.E.T.B., "Finite element analysis of
structural-acoustic interaction in simplified models of road vehicles”, Proceedings of the
Institute of Acoustics, vol. 26(2), pp. 25-36, 2004.

15. Georgiev, V.B., Krylov, V.V., Winward, R.E.T.B., "Simplified modelling of
vehicle interior noise: Comparison of analytical, numerical and experimental approaches”,
Journal of Low Frequency Noise, Vibration and Active Control, vol. 25(2), pp. 69-92, 2006.

16. Georgiev, V.B., Krylov, V.V., "Finite element study of the effect of structural
modifications on structure-borne vehicle interior noise, Journal of Vibration and Control,
vol. 15(4), pp. 483-496, 2009.

17. Georgiev, V.B., Ranavaya, R.L., Krylov, V.V., "Experimental and numerical
investigation of structure-borne interior noise in a simplified vehicle model”, Proceedings of
the Institute of Acoustics, vol. 26(1), pp. 412-421, 2006.

26



NOISE Theory and Practice

IIym kak (paKTop IKOJOrHYECKOro pucka B yCJI0BUSIX YPOAHU3HUPOBAHHBIX
TePPUTOPHUIL
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HavansHuk oT/e/1a MHXXEHEPHOM SKOJIOTHH U 3KOJIOTMYECKOr0 MOHUTOPHHTA,
Camapckuii Hayunsnii ieHTp PAH
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AHHOTANHSA

PaccmaTpuBaroTcs BONPOCH BO3JEHCTBHS IIyMa Kak (pakTopa 3KOJIOTHYECKOTO PHCKA B YCIIOBHSX
ypOaHM3UPOBaHHBIX TeppUTOpHi. [IpoBeneH aHANIN3 HMCTOYHHKOB aKyCTHYECKOT'O H3JIyYEHHMs, OKa3bIBAIOIINX
HanOosiee HETaTHBHOE BO3JCHCTBHE B YCIOBHSAX ypOaHM3MPOBAHHBIX TeppUTOpHiL. PaccMoTpeHO HeraTtmBHOE
BO3JIeHcTBIE IIyMa. PacCMOTpEHbI MOIXO0/BI K OIIEHKE SKOJIOTHIECKOTO PUCKA OT aKyCTHYECKOTO 3arpsi3HEHHS B
YCIOBUSIX ypOaHM3MPOBaHHBIX TeppUTOpHi Ha mpumepe Camapckoil oOmactu. PesynbraThl MccienoBaHHI
MO3BOJISIIOT MPUITH K BBIBOAY O HEOOXOIMMOCTH OOECIIEYEHHs IIyMOBOH O€30IIaCHOCTH KaK COCTaBHOM 94acTH
9KOJIOTMYECKOH 0€30IacHOCTH ypOaHU3NPOBAHHBIX TEPPUTOPHH.

KiroueBble cI0Ba: aKyCTHYeCKO€ 3arpsAi3HEHHE, ILIyM, ypOaHW3UpOBaHHas TEPPUTOPHUS,
9KOJIOTHYECKUI PUCK.

Noise as a factor of ecological risk in conditions of urban territories

Vasilyev A.V.
Head of Department of Engineering Ecology and of Ecological Monitoring of Samara Scientific Center of
Russian Academy of Science, Samara, Russia

Abstract

Problems of noise impact as a factor of ecological risk in conditions of urban territories are
considered. Analysis of sources of acoustical pollution causing negative impact in conditions of urban territories
is carried out. Negative impact of noise is considered. Approaches to estimation of ecological risk from
acoustical pollution in conditions of urban territories in conditions of Samara region are considered. Results of
research are allowing to conclude that it is necessary to provide noise safety as a component of ecological safety
of urban territories.

Key words: acoustic pollution, noise, urban territory, ecological risk.

BBenenune

B nHacrosmiee BpeMsi HaOIIOAAa€TCs CYIIECTBEHHBINM POCT HETaTUBHOTO BO3ACHCTBUS
pPa3IUYHBIX JKOJOTHYeckuX (akrtopoB Ha Ouochepy. OcoOEHHO CYIIECTBEHHO OTO
BO3JICHICTBHE B YCIOBUSAX ypOAHM3UPOBAaHHBIX TeppuTopuil. COBpPEMEHHBIN TOPOJ
NPEICTaBISIET CIOXKHYIO CHCTEMY, OTJIMYAIOIIYIOCS TTOBBIICHHBIM BO3JCHCTBUEM Ha
OKPYKAIOIIYIO CPely M YeJOBeKa aHTPOMOTeHHBIX (IIPEX]IE BCETO TEXHOTEHHBIX) (aKTOPOB.
Bcé Oosee MHTEHCHMBHOE BO3JEHCTBHUE pPA3UYHBIX BUJOB 3arpsS3HEHHN, B TOM YHCIIE
AKyCTHUYECKHX, SBIICTCS CEpPhE3HBIM (PAKTOPOM pHCKA, CYIIECTBEHHO TMOBBIIIAIONUM
BEPOSTHOCTh 3a00JICBAHUHN HACEIICHUS M HETaTUBHBIX MOCIEACTBHMA i Ouochepsr [1, 2, 6,
10, 11, 15]. CnemyeT OTMETHUTB, YTO CEPbE3HYIO MPOOIEMY MPECTABISET KaK OTACIbHOE, TaK
U COYETAaHHOE BO3/ICHCTBHE aKyCTHUECKOI0 3arps3HEHUS.

“E-mail:avassil62@mail.ru (Bacunves A.B.)
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AHTpPOIIOTEHHOE BO3JICHUCTBHE IIyMa KaK OJHOrO0 W3 (U3NYECKuX (PaKTOpoB 3a
MOCJIEAHUE TOJbl CYIIECTBEHHO BO3POCIO, B TOM 4YHCIE BBUAY Iporpecca B Pa3BUTUHU
TEXHUKH, PA3BUTHs OTpaciiel TpaHCIOpPTa, MPOMBIILIEHHOCTH, CTPOUTENbLCTBA. B mociennue
roJibl OTMEYAeTCsi HENMpPEephIBHOE MOBBILIICHHE MIYMOBOrO (hoHa TOpoAOB. DKBHUBAJICHTHBIC
YPOBHH 3BYyKa B Takux ropojax kak Ilapux, Pum, Hb}O-fIOpK, Mexuko, MockBa, JOCTHTaIOT
75-80 nbA. Topoackod IIyM HMEET TEHIEHIHIO K pPOCTy. YPOBEHb IlIyMa B Topoaax
BO3pacraer exeronHo B cpeanem Ha 0,5-1,0 1BA B rox. DTa TeHIEHIUs COXpaHsSETCH,
HECMOTpSl Ha Y)KECTOUeHHE HOpPM K cpeactBam Tpancmopra. [lo mpornozam [10 u np.]
TEHACHIMS K YCWICHHIO IIymMa B TOpOAax B Oumkailme Toasl OyIeT COXpaHSThCS.
Oxunmaemoe exeronnoe ypenudeHue myma — 0,5 nbA. IloaToMy OlLieHKA 3KOJIOTHYECKOTO
pPHUCKa IIpU BO3JIEHCTBUM LIIyMa SIBIIECTCA KPAHE aKTyaJIbHOU 3a/1a4dei.

Hactosmass craTess mOCBsAlleHa aHalW3y BO3JCUCTBUA IymMa Kak (akTopa
HKOJIOTUYECKOTO PUCKA B YCIOBUSIX YPOAHU3UPOBAHHBIX TEPPUTOPHIA.

1. AHaiM3  HCTOYHHUKOB  IIyMa  ypOaHHM3UPOBAHHBIX  TEPPHUTOPHH.
OCo0eHHOCTH HEraTHBHOIO BO3JCHCTBHA IIYyMa B YCJIOBHAX YPOaHM3HPOBAHHBIX
TEPPUTOPHUI

XapakTtep MpOU3BOAUMOrO IIyMa 3aBHUCUT OT BUJA €ro ucrouHuka. Kak ussectHo, no
NPUPOJIC HCTOYHUKOB U XapaKTepy ACHCTBUS HKOJIOTHYECKHE (HAKTOPBI MOJPA3ACISIOTCS Ha
nBe Oosplnue Tpynmbl: abuotudeckue ((PpakTopbl HEKHBOM MNPUPOABI) M OHOTHYECKUE
(axTops! KUBOW TPUPOJIEI).

VY CTaHOBMJIOCH MHEHME, YTO LIYM KaK €CTeCTBEHHBIH 3KOJIOrMyeckuil (akrop amns
KUBBIX OPraHU3MOB HECYIIeCTBEH. TpyaHO ¢ 3THM cornacuthes. [Ipobimema w3ydeHus
BO3/ICUCTBUS €CTECTBEHHBIX UCTOYHHKOB IIIyMa 3acCiIy’>KHBaeT ropas3ao OOJIbIIEr0o BHUMaHUS
u m3ydeHus. Ocoboe BHMMaHHE MPUBIEKAET COYETAaHHOE BO3JICHCTBHE €CTECTBEHHBIX W
AQHTPOIIOTEHHBIX UCTOYHUKOB [2]. M3 ecTecTBEHHOIO IIyMa aOMOTHYECKOTO MPOUCXOKICHUS
MOYKHO OTMETHTb, HAIIPUMED, IITYM TIPH 3€MIIETPSCEHHUSIX U H3BEPKECHUSAX BYJIKAHOB, ITyM TIPU
CMEILEHUH MOBEPXHOCTHOIO CJOsi CyXOro MecKa, IIyM NpH BO3ACUCTBUM BETpa, MOPCKON
myM u ap. I'poxoTr usBepkeHus BynkaHa Kpakaray B 1883 r. He ycTyman mo MOIIHOCTH
IPOXOTY COBPEMEHHOI'O aTOMHOI'O B3pbIBa.

[IIym OMOTHYECKOTO TPOMCXOXKACHUS MOXKET T€HEpUPOBATHCA KaK JIFOJBMH, TaK H
KUBOTHBIMH U B pAJ€ CIIy4yaeB 3HAYUTEIBHO IPEBHIIATh YCTAHOBJIEHHBIE CAHUTAPHO-
TUTUEHHYECKHEe HOPMBI. Harmpumep, XOpomio u3BecTHa MpodieMa HETaTUBHOTO BO3JCHCTBUS
MOBBIIIEHHOI0 IIyMa B MIKojdax. OJHaKo BaXXHEHIIYIO poJib MPU BO3AEHCTBUHM OMOTHYECKHX
dakTopoB Ha Ouochepy B HacToslIee BpeMs HUIPaeT aHTPONOreHHOe (TPexae BCEro
TEXHOTEHHOE) BO3JCHUCTBUE, CO3/1aBa€MOE UEJIOBEKOM B IIpolecce XO3SHCTBEHHOU
nesirebHOCTH [1-15].

HcTtounuku myma ypOaHU3MPOBAaHHBIX TEPPUTOPUNA MOTYT OBITh Pa3OMTHI Ha JiBE
OCHOBHBIE TPYNIBI: OTIENbHBIE UCTOYHWKHA IIyMa W KOMIUIEKCHBIE MCTOYHHMKH Immyma. K
OTJENbHBIM HMCTOYHHKAM OTHOCSTCS €IUHHYHBbIC TPAHCHOPTHBIE CPEICTBA, SJIEKTPUUYECKUE
TpaHchopMaTopbl, 3a00pHBIE W BBITSHKHBIE OTBEPCTHS CHCTEM BEHTHIIAIUH, YCTAaHOBKU
INPOMBIIIJICHHBIX WM SHEPreTUYeCKUX npeanpuaruil. K KoMmieKkcHbIM HCTOYHMKAM MOTYT
OBITh OTHECEHBI TPAHCIIOPTHBIC MTOTOKU HA YJIHIIAX U AOPOTax, MOTOKH IMOE3/I0B Ha KEJIe3HOU
JI0pore, MPOMBIIIJICHHbIE MPEINPUATHS C MHOTOYUCICHHBIMH HCTOYHMKAMU IIyMa,
CTIOPTHUBHBIE U UTPOBBIC TUTOTIAIKH.

K 0CHOBHBIM HCTOUHHUKAM ITyMa YpOaHU3UPOBAHHBIX TEPPUTOPUI MOKHO OTHECTH:

* ITyM OT/EJIbHBIX aBTOMOOUJIEH, MOTOLMKJIIOB;

* ITyM aBTOMOOMJIBHBIX TPAHCHIOPTHBIX TIOTOKOB;
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* IIyM ITOJBMKHOT'O COCTaBa JKEJIE3HOL0POKHOIO TPAHCIIOPTA;

* ABHALMOHHBIN 1IyM;

* IIyM TpOJUIEHOYCOB U TpaMBaeB;

* IIyM HA OTKPBITHIX JIMHUSAX METPOIIOJIUTEHA;

* IIyM OT NPOMBILUIEHHBIX NPEANPUATUI U TPaHCPOPMATOPHBIX MMOACTAHIIMM;

* ITyM OT NMPOU3BOJICTBA PA3IUYHBIX BHIOB CTPOUTEIBHBIX paldoT;

* BHYTPUKBapTaJIbHBIN LIyM;

* IIyM COPTUPOBOYHBIX FOPOK JKEJIE3HOIOPOKHBIX CTAHIIUH.

He cnenyer ymyckaTb M3 BUIYy W JApYrM€ HCTOYHMKU IIyMa Ui CEJIUTEOHBIX
TEPPHUTOPHUIA: CIIOPTUBHBIC M KYJIbTYPHO-Pa3BIIEKATEIbHBIE O0BEKTHI, 00BEKTHI MUTAHUS H JP.

OnHuM n3 Haubojiee MHTEHCUBHBIX HMCTOYHUKOB aKyCTUYECKOI'O 3arps3HEeHus
OKpPY’KaIOILleH Cpelbl SABIISIOTCS TPAHCIOPTHBIE MOTOKU. [I0 maHHBIM psa uccienoBaTeei,
LIYMBbl OT TPAaHCIOPTHBIX MarucTpajeid cocTaBisAlOT cBbllle 80% BcexX BHEUIHMX LIYMOB
ropoga [1- 6, 10, 11, 15]. TpaHCHOPTHBINA IIyM HAa MPUMATUCTPAIBHBIX TEPPUTOPHUAX HE
ctuxaet 10 15-18 yacoB B cyTkH, ABMIKEHHE 3aTUXaeT Ha 2-4 yaca.

Hanuuue 3HaYMTENBbHOrO aBTOTPAHCIOPTHOIO MHapKa B KPYIHBIX 3apyOEKHBIX U
POCCUICKHX TIOpoJax MPUBOAUT K IUIOTHBIM TPAHCIOPTHBIM IIOTOKAaM, OKa3bIBAIOIIUM
MHTECHCUBHOE aKyCTHUYECKOE BO3/IEHCTBUE HA MPUJIETAIOIIYI0 CEIMTEOHYI0 TeppUTOpHto. Jlis
ycnoBuii Poccun mpoOiema BO3JEHCTBHS TPaHCIIOPTHOIO IIyMa B OOJIBLIIMHCTBE I'OPOJOB
yCYryousieTcss HeIOCTaTOYHO MPOTYMAHHOH IJIAHUPOBKON PACTIONOKEHUS JKUIBIX PAOHOB U
HECOOJIOZICHNUsl ~CaHUTApPHO-3aIUTHBIX 30H, 4YTO IIOBBIIIAET HSKOJIOTUYECKUE PUCKU
BO3/ICHCTBUS HETATMBHOTO IIyMa Ha 370poBbe HaceneHus. B Camapckoit obmactu B psize
rOpOZIOB aBTOTPAHCIIOPTHBIE MarucTpayid BIJIOTHYIO INPHUMBIKAIOT K CEIUTEOHOH 30HE, B
pe3ysibTaTe 4ero 3HauuTelbHAas 4YacTh HAceleHHs 00JacTU IOJBEPraeTcsi BO3JEHCTBHUIO
HOBBIIIEHHOTO ypoBHs myma. [llym aBroMoOMIBHOTO TpaHcnopTa Bbi3biBaeT oT 70 10 90%
’Kao0 B ropojax.

JIpyruM BaXHBIM (DaKTOpPOM HKOJOTHYECKOTO0 BO3ACUCTBUS IIyMa SBISIOTCS
IIPOU3BOJICTBEHHBIE MPEANPHUATHS MAIIMHOCTPOCHMS, XHUMHUYECKOW IMPOMBIIIJIEHHOCTH,
00BEKTHI SHEPTETUKH, CTPOUTENBCTBA U JP.

VYpoBeHb  ImIymMa, M3Iy4aeéMOro €IMHUYHBIM  HCTOYHHKOM TIpu  paboTe
HPOMBIIIJICHHOTO MPEANPUATHUS, BBIYUCISIETCS IO (opMyIIe:

S
L=L, +10lg(®)-10lg——-AL, 1)
SO
rjae:
L, — ypoBeHb 3ByKOBOW MOIIHOCTH HCTOYHHKA IIyMa, 1b;
® — ¢akrop HampaBIEHHOCTH;
S — muromaak MOBEPXHOCTH, HA KOTOPYIO paclpeessieTcsl u3lrydaeMast SHeprus, M
S=2nr (r— paccTosiHEE MEXTy HCTOUHHKOM IITyMa U TOYKOH HAOIIOIeHN ),
1 a2
Sy =1M5
AL, — CHIXCHHE YPOBHS 3BYKOBOW MOLIHOCTH IIyMa Ha ITYTH €r0 pacnpocTpaneHus, ab;

ALp =10lgk, rae k — kosddunueHt canxenus 38yKoBoit Momaoctu (K >1).

[IIupoko w3BECTHO, YTO MO (UZNOJOTHUECKOMY BO3ACUCTBUIO Ha YeJOBEKa
HanOoJiee OINaceH BBICOKOYACTOTHBIM IIyM (ocobeHHO B amama3zoHe yactor ot 1000 mo
4000 T'mr), 9TO MOATBEPKIAETCS MHOTOYHCIICHHBIMU OTIBITAMU U OTPAKEHO B CYIIECTBYIOIINX
HOPMATHUBHBIX JTOKyMEHTax 1o myMmy. OJHAKO B YCIOBUSAX YpOAHU3UPOBAHHBIX TEPPUTOPUIN
CYIIECTBEHHOE 3HAa4YeHHE MPHOOpeTaeT TOT (akT, YTO LIYMBI PAa3IMYHOIO CHEKTPAIBHOTO
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COCTaBa MPHU PACIPOCTPAHEHUH 3BYKa B OTKPHITOM IPOCTPAHCTBE BIIIYOb TEPPUTOPUH KHIIIOU
3aCTPOMKHM OyIyT MUMETh pa3lIMYHYIO CTENEHb 3aTyXaHus. I103ToMy ¢ 3KOJIOrMYecKol TOUKU
3pCHHUA HCKCIIATCIIbHBIM GYI[GT B03H€I>'ICTBI/IC myMa Takoro 4aCToTHOro auariasoHa, KOTOpBIﬁ
MaKCHUMAaJIbHO JOCTUTHET CETUTEOHON TEPPUTOPHUH.

MornekymsipHoe 3aTyxaHue 3Byka B aTMocdepe (AL, n1b) yuuTsIiBaeTcs cienyromum
BBIPA)KEHUEM:

__Bor
1000 2)

rze B — 3aryxanue 3Byka B armocdepe, 1b/km (tadi.l).

AHanu3upys TaHHBIC 3aTyXaHUs 3ByKa B aTMoc(hepe B 3aBUCUMOCTH OT YaCTOTHOTO
JMara3oHa, IPUBEACHHBIC B Ta0IuIEe 1, IPUXOAUM K BBIBOJY, YTO HMEHHO HU3KOYACTOTHBIM
IIyM pacrpocTpaHseTcs 0e3 0co00ro 3aryxaHHs Ha 3HAUYUTEIFHOE PACCTOSHHE W SBISETCS
OCHOBHBIM MCTOYHHUKOM AUCKOMdopTa /151 ypOaHU3UPOBaHHBIX Tepputopuii [2, 10].

Tabnuya 1
3aryxaHue 3ByKa B aTMocdepe

OKTaBHBIE OJOCHI YacTOT, 111 63| 125 [ 250 | 500 | 1000 | 2000 | 4000 8000

3aryxanue [3, 1b/km 007515 3,0 6,0 [ 120 | 24,0 48,0

B OunosiornyeckoM OTHOLIEHUU IIYM SIBJISIETCS 3aMETHBIM CTPECCOBBIM (PAKTOpPOM,
CHOCOOHBIM BBI3BaTh CPBIB IPUCHOCOOUTENBHBIX peakiuil. AKYCTHYECKHH CTpecc MOXKeT
OPUBOJIUTh K pPa3sHbIM IMPOSBIEHUSAM: OT (PYHKIHMOHAJIbHBIX HapYUIEHUN pEryasiuuu
LEHTPAJIbHOW HEPBHOW CHUCTEMBI O MOP(OIOrMYecKd 0003HAUYEHHBIX JeTre€HepaTHBHBIX
JNECTPYKTUBHBIX IPOLECCOB B Pa3HBIX OpraHax M TKaHsAX. CTeneHb HIyMOBOW NaTOJOTUU
3aBHCUT OT MHTEHCHBHOCTH U MPOAODKUTEIBHOCTH BO3JAEHCTBHS, (DYHKIIMOHAIBHOTO
COCTOSIHUSI LIEHTPAJIbHOM HEPBHOW CHCTEMBl M, YTO OYEHb Ba)XXHO, OT HWHAMBHUIYaJIbHOU
YyBCTBUTEIBHOCTH OpraHM3Ma K aKyCTHUECKOMY pasapaxurento. MHauBuayalbHas
YyBCTBUTEIBHOCTh K IIymMy cocraBiseT 4..17%. CuuraioT, 4YTO MOBBIIIEHHAs
YyBCTBUTEIBHOCTh K IIYMy  OIpeNeNseTcss CEHCHOWIN3MPOBAHHOW  BEreTaTUBHOU
peakTuBHOCTBIO, Tipucymedt 11% nacenenus. JKeHckuil W AETCKUN OpraHU3M OCOOEHHO
YyBCTBHUTEJIbHBI K IIyMy. BbIcOkass MHOUBUAyalbHAsE YyBCTBUTEILHOCTh MOXKET OBITh OJHOM
U3 MIPUYMH MOBBIIIEHHON YTOMJISIEMOCTH U Pa3BUTHS Pa3IMYHBIX HEBPO30B.

Haubonee n3ydyeHo BIUSHHE IIyMa Ha CIyX yeloBeKa. IHTEHCUBHBIN IIyM (CBBILIE
80 nbA) mpu exXeTHEeBHOM BO3/ICHCTBUU MPUBOAUT K BOSHUKHOBEHHIO MPO(ECCHOHATBHOTO
3a00J1eBaHNs — TYTOYXOCTH, OCHOBHBIM CUMIITOMOM KOTOPOT'O SIBJISIETCS MTOCTENEHHAs! OTEPs
ciyxa Ha o0a yxa, MepBOHauYalbHO Jiexkamas B obOmacTu Bbicokux yactoT (4000 I'm), c
MOCJIEIYIONUM PAaCIPOCTPaHEHUEM Ha 0ojiee HU3KHE YacTOThI, ONpeeNsIoue CocOOHOCTh
BOCIPUHUMATh peyb. OJHAKO cleAyeT HMMETb B BHIY, YTO HETaTHUBHBIE IOCIEIACTBHS
BO3JICUCTBUS HMHTEHCHBHOTO IllyMa Ha OpraHu3M 4YeloBeKa MHOrooOpa3Hbl M He
OrpaHUYHMBAIOTCS TOJIBKO BO3JEHCTBHEM Ha oprau ciyxa [1-3, 6, 10, 11, 13, 15]. Illym Taxke
BIIMSET Ha Pa3JIMYHbIE OTJENBI FOJOBHOIO MO3ra, U3MEHAS HOPMAaJbHBIEC MTPOLIECCHI BBICIIEH
HEPBHOW JIeATENbHOCTH. XapaKTEepHbl KanoObl Ha TOBBIIIEHHYIO YTOMISIEMOCTh, OOIIYIO
cJ1ab0CTh, PA3IPAXKUTEIBHOCTD, Ociabienue nmamsatu u Ap. Lllym u3MeHsieT aedarenbHOCTb
MO3ra: HapyllaeTcsi OKHCIUTEIbHAass M  BOCCTAHOBUTENIbHAs  CHOCOOHOCTh  MO3ra.
Y cTaHOBIIEHO, YTO MOJ] BIMSHUEM IlIyMa HACTyNarOT U3MEHEHUs B OpraHe 3pEHHUs YEJIOBEKa.
CHuxaercsi OCTpoTa 3peHMs, U3MEHSETCS YyBCTBUTEIBHOCTh K PA3IMUYHBIM IIBETaM U T. 1.
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Hapymarorcst (QyHKUMM KeIyJOYHO-KUIIEYHOro Tpakra. Ilpowcxonsar HapylieHus B
OOMEHHBIX Tpoleccax opranu3ma. HactymaioT M3MEeHEHUs B LMPKYJISIIUKA KPOBH U pabote
cepAla, IPUBOAAIINE K BOSHUKHOBEHHUIO 3a00J1€BaHUI CepeuHO-COCyIUCTON cucTeMsl. 1lym
o0nanaeT KyMYJATHBHBIM BO3JEHCTBHUEM: AKYCTHUECKHE pa3/pakeHUs, HAKaIJIMBasCh B
OpraHu3Me, YTHETal0T HEPBHYIO CUCTEMY.

Crenenp BO3IEMCTBUS pa3jIMYHbIX HCTOYHMKOB IIyMa HA MXUTEJNEH 3aBUCUT OT
MHOX€eCTBa (PAKTOPOB: B3aUMHOI'O PAaCIOJIOKEHUS] UCTOYHUKOB IIyMa M JKMJIOW 3aCTPOUKH,
MHTEHCUBHOCTHU M COCTaBa JIBUKYILIUXCSI TPAHCIIOPTHBIX IIOTOKOB U IIP.

IIpu pacnonoxeHuu KUI0ro paiioHa BOJIM3M a3poIopTa, BOIU3H HKEIE3HOA0POKHOM
MarucTpajy Wiu rpy30BOil CTaHIIMU LIYM ONPEIENSIeTCs NePEeYUCIEHHbBIMA UICTOYHUKAMU, BO
BCEX OCTAJIBHBIX CIIydasX B JKWIbIX pallOHaX HpPEBAIMPYET LIYyM OT AaBTOMOOMJIBHOIO
TpaHcnopra. [IponeHT 3TUX BO3ACUCTBUN XapaKTEpeH I Kaxzaoro ropoxa. Hampumep, B
Pume 75% akycTudeckoro 3arpsi3HEHMs BHOCUT AaBTOMOOWIBHBIA TpaHcmopt, 8% —
KENE3HOJIOPOXKHBIH, 5% — mNpoMbIIUIEHHBIE O00BeKTh, a 12% — aBWarpancmopr,
CTPOUTENBCTBO U APYrHMe UCTOYHUKH LIyMa.

B ycnoBusix Tteppuropun Camapckoil 001acTi BO3/IEWCTBHE BHEIIHUX HCTOYHUKOB
mymMa TaKke pasnuuyaercs. Tak, ansg ropoga ToJbATTH XapaKTepeH CpPaBHUTEIbHO
OAHOPOJHBIA COCTaB TPAHCHOPTHBIX NOTOKOB — OTCYTCTBYET PEJIbCOBBIA TOPOJICKON
TPaHCIIOPT, MCKIIIOUEHO BO3ZEHCTBHE aBUAIMOHHBIX HCTOUYHHMKOB. B Camape umeercs
PENbCOBBIM TOPOJACKON TpaHCHOpT (TpamMBau) M MeTpornoauTeH. OOIUM HHTEHCUBHBIM
MCTOYHMKOM IIIyMa JUIg BCEX TOpOJACKMX OKpyroB Camapckoil 00yacTu —SIBISETCA
3HAYUTENIbHBIM aBTOTPAHCIOPTHBI MapK, CYIIECTBEHHYIO 4YacTh KOTOPOIO COCTaBIISIOT
JerkoBble aBToMOOWIH. [Ipn 3TOM He ciiexyer cOpachiBaTh CO cdeTa M JAPYrue JAOCTATOYHO
MHTECHCUBHbIC UICTOUHUKU: IIPOMBIIIIJICHHbIE IPEANPUATUS, BHYTPUKBApTaIbHbIE HCTOUHUKH U
Ap.

Jns ropoiackux okpyroB Camapckoil oOjacTé  XapakTepHO Haludue psijaa
MHTEHCHUBHBIX HMCTOYHHMKOB HH3KOYAaCTOTHOTO 3ByKa M UH(pa3Byka (TpaHCIIOPT,
HU3KOOOOPOTHBIE KOMIIPECCOPHBbIE YCTAHOBKM M APYroe TEXHOJIOIMYeckoe 000pylloBaHHE,
IIYM CHCTEM BEHTWIALMU M KOHIUIIMOHUPOBAHUS M Jp.), OKa3bIBAIOLUIMX 3HAYUTEIBHOE
BO3/ICHCTBUE Ha MPUIETAIONIYI0 CeIUTeOHYI0 TeppuToputo. Ilpobiema ycyrybnsercs tewm,
YTO psAJl YU4acTKOB cenuTedHoil tepputopun Camapckoi o0iacTh HEJOMYCTUMO OJIM3KO
OpUMBIKAaeT K MCTOYHHMKaM uHOpa3Byka. I[losroMy MOBBIIIEHHOMY BO3[IEHCTBHIO
HU3KOYAaCTOTHOTO 3ByKa M HMH(pa3Byka, IO BCEd BUIUMOCTH, IOJBEPracTcsi HE MEHee
TIOJIOBHHBI HACEJICHUsI TOPOJICKHX OKpyroB Camapckoii oonacru [1-6, 13].

Takum oOpa3oM, MOKHO YTBEPXKIATh, YTO AKYCTHYECKOE 3arpsiI3HEHUE OKpPYKarolen
cpeibl B HacTofllee BpeMsl MpeACTaBisieT co00i oAHY U3 TIJI00ANbHBIX MpoliIeM
COBPEMEHHOM 3KOJOTMH U 0€30MacHOCTH JKU3HEEATENbHOCTH. B 11e10M MOXHO TOBOPHUTH O
IyMOBO# §0J1e3HH, TO ecTh 001IeM 3a00JIeBaHMM BCETO OPraHM3Ma ¢ MPEUMYIIECTBEHHBIM
MOpaXEHUEM CIIyXa U HEPBHOU CHUCTEMBI.

2. AHaiM3 aKyCTHYeCKOro 3arpsi3HEHUsl B YCJOBHUSIX YPOAHU3HMPOBAHHBIX
TeppuTopuii Ha npumMepe Camapckoii 00J1acTH

ITon pykoBOACTBOM aBTOpa OBLIM MPOBEACHBI HCCIEIOBAHUS BIMSHHUS BHELIHUX
MCTOYHUKOB IIIyMa B YCJIOBUAX ypOaHU3MPOBAaHHBIX TeppuTopHil. B Tom uncie B Camapckoit
00J1aCTH Ha TEPPUTOPHUH KUIION 3aCTPONKU HauboJiee KPYMHBIX TOPOACKUX OKPYTroB 001acTh
(Camapa, Tomabsattu, Ce3panb, KuryneBck), a Takke Ha TEppUTOpUM  pAla
IPOM3BOJICTBEHHBIX IUIOMIAA0K ObUIO mpoBeneHo Ooznee 1500 u3mepeHHid, Mo KaxaoMy U3
KOTOPBIX COCTaBJICHBI IPOTOKOJIBI PE3YIBTATOB H3MEPEHUM.

N3mepeHHble ypOBHU IIymMa OLEHUBAJIUCH B COOTBETCTBUM C TUTMEHUYECKUMHU
TpeOOBaHUSAMH, COIJIACHO KOTOPBIM HOPMHUPYEMBIMHM IapaMeTpaMH sl HEMOCTOSHHOIO
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LIyMa SIBJISIIOTCS. SKBUBAJIEHTHBIE YPOBHU 3BYKA L A o M MaKCUMaJIbHBIE YPOBHHU 3BYKA LAyaxc,
nbA.

AHanu3 pe3yinbTaTOB M3MEPEHUH TO3BOJIMI BBIIBUTH Hambosiee 3HAYUTEIbHBIC
MIPEBBILICHUS PEIEIbHO-T0NYCTUMBIX YPOBHEH LIyMa.

Ha Tepputopuu ropojackoro okpyra Camapa 0110 mpoBeaeHo 6onee 150 nuzmepenwii
yYpOBHEH 3Byka B Oojiee yeM 60 Toukax. AHajau3 pe3ybTaTOB M3MEPECHHUHM YPOBHEH 3BYyKa
[I0Ka3aj, YTO IPEBBIILIEHUE HOPMATHBHBIX 3HAUYEHUU 110 SKBUBAJIEHTHOMY YPOBHIO 3BYyKa
BBIABICHO B Toukax u3MepeHuil Ne8, [IpombinuieHHbld paiioH, yia. HoBoBok3anbHas,
oM Nel62 (69 nbA); Nel5, Oxra0psckuii paiton, yi. Pesomtounonnas, gom NelO (66 n1bA);
Nel9, Jlenunckuii paiion, yn. Camapckas, qom Ne270 (68 nbA); Nel7, Okts0pbckuii paiioH,
yi. HoBo-CanoBas, nom Ne33 (67 nbA); Ne35, Kpacuornmunckuii paion, mn. HOxHbIH,
yi. Bropas FOxnas, nom Ne7 (67 nbA). UMerTcss TakKe MNPEBBIICHUS CIEKTPaIbHBIX
YPOBHEM 3BYKaA.

Ha Ttepputopun ropoackoro okpyra ToneaTTu ObUIO 00CIEIOBAHO CBBIIIE
200 Touek. IIpu »TOM 0coOOe BHMMaHHUE YAEISUIOCH CENUTEOHON TeppuTopuu T. TONBATTH,
NPUMBIKAIOIIEH K IIyMOOMACHBIM 30HAM BOJIM3U TPAHCIOPTHBIX Maructpaieil [1-8]. Bouin
IIPOBEJICHBI U3MEPEHUS KaK B JTHEBHOE, TaK U B HOYHOE BPEMSI.

B LlentpansHoM paiioHe B IHEBHOE BpeMs IO yi. Mupa B paiioHe ocTaHOBKH "Jlom
NpUPObl" BETUYMHA IPEBBILICHUS 10 SKBUBAJIECHTHOMY YPOBHIO 3BYyKa cocTaBiseT 7 n1bA, no
yi. banbikuna - 6 nbA, mo yn. Mupa, 114 BenuumHa mNpeBBILIEHUS HOPMAaTUBa 110
HKBUBAJIECHTHOMY YPOBHIO 3ByKa cOCTaBisieT 5 n1BA, Mo mMakCUMalbHOMY YpOBHIO 3BYKa —
4 nbA. Ilo MakcUMaabHBIM YPOBHSIM 3BYKa MOJy4YEHHBbIE aKyCTHUECKHE XapaKTEPUCTUKH B
OCHOBHOM COOTBETCTBYIOT HOpMaTHUBHBIM TpeboBaHusM. B HouHOEe BpeMms 1o yi. Jlenuna, 98
BEJIMYMHA MPEBBIIICHUS] HOPMATHUBA MO0 3KBUBAJIEHTHOMY YpPOBHIO 3ByKa cocTaBisiia 8 nBA,
M0 MaKCHMMaJbHOMY YpOBHIO 3Byka — 6 nbA; mo yn. Mupa, 60 BenuunHa TpEeBBIIICHUS
HOpMAaTHBa O SKBUBAJICEHTHOMY YpPOBHIO 3ByKa coctaBisieT 11 nbA, mo MakcumanbHOMY
ypoBHIO 3ByKa — 11 nBA.

B KomcomonbckoM palioHe B JHEBHOE BpeMs B Touke Mo yi. YalkuHou, 67
BEJIMYMHA NPEBBIIIEHUS HOPMATHUBA 110 MAKCUMAJIbHOMY YPOBHIO 3ByKa cocTaBisieT 8 nBA;
no yi. Spocnasckoit, 61 — 7 n1BA. B HOuHOE BpeMms B Touke 10 yia. MaTtpocosa, 60 BenuunHa
IIPEBBILIEHUS] HOPMAaTHBAa II0 HSKBMBAJEHTHOMY YPOBHIO 3ByKa cocrtaBiuser 9 nbA, mo
MaKCUMaJbHOMY YpOBHIO — 7 NBA; B TOouke no yiu. SpociaBckol, 11 BennunHa npeBbIICHNS
HOpMaTHBa IO 3KBUBAJIEHTHOMY YpPOBHIO 3ByKa cocTaBisieT 6 nBA, mo mMakcuMalibHOMY
YpOBHIO 3ByKa — 9 nbA.

B ABTO3aBOACKOM pailioHE B JHEBHOE BpeMs B Touke mo yia. Tomomuuoin 21
BEJIMYMHA MPEBBILIEHUS HOPMATHBA TI0 MAKCUMaJIbHOMY YPOBHIO 3ByKa cocTaBisieT 11 nbA;
B TOuke 1o yi. /[3epkunckoro, 31 BeanurHa MPEBHIIEHUS HOPMATHBA MO 3KBUBAJEHTHOMY
YpOBHIO 3ByKa cocTaBisseT 5 n1bA. B HouHoe Bpems B Touke no yi. /[3epxkunckoro, 31
BEJIMYMHA IPEBBIIICHUS HOPMATHBA 110 SKBUBAJIEHTHOMY YPOBHIO 3BYyKa cocTaBiisieT 7 NIBA,
110 MAKCUMaJIbHOMY YpOBHIO — 5 1BA.

Ha Ttepputopun ropoackoro oxpyra JKuryneBck Obuio mnposeneHo Oosiee 50
U3MEepeHuil ypoBHeW 3Byka B Oojiee yeM 25 Toukax. AHaiaM3 pe3yiabTaTOB H3MEpPEHUH
YpOBHEH 3ByKa IOKa3aJl, YTO MpPEBBILICHHE HOPMATUBHBIX 3HAYEHHUI MO SKBHUBAJIEHTHOMY
YPOBHIO 3BYKa BBIBICHO B TOoukax uaMmepeHuid Ne7, yin. Bok3anbHas, gom Ne 18 (68 nbA);
Ne9 r. XKurynesck, yn. Komcomonbckas, nom Ne58 (70 nbA); Nell r. JKurynesck, paiion
aBTOBOK3aia (corimacHo cxeme u3Mepenwmii) (66 nbA); Nel2 r. JKuryneBck, mepeceueHue
tpaccel M5 u yn. I'mapoctpouteneit (73 nbA); Nel3 r. XuryneBck, palloH TIJIOTHHBI
Kurynesckoit I'DC, Bo3ne Bbe3na Ha minotuny (70 n1bA). MakcumanbHOE 3HaUE€HUE YPOBHS
3ByKa, paBHoe 73 nbA, Obuto 3adukcupoBano B Touke Nel2. J/lmarpamMma CIEKTpajbHBIX
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XapaKTePUCTUK YPOBHEH 3ByKa /i TOUYKH Nel2 (OKTaBHBIM M TPETHOKTABHBIN JTHAITa30HbBI)
nokaszaHa Ha puc. 1.

Puc. 1. lnarpamma crieKTpajbHbIX XapaKTEPUCTUK YPOBHEH 3ByKa 1i1st TOuku Nel2
r. Kurynesck, nepeceuenue Tpaccsl M5 u yi. ['uapoctpoureneit (OKTaBHBIN U
TPETbOKTABHBIN /1MaIIa30HbI)

B ocranpHBIX TOYKAax H3MEpEHHbIE 3HAYECHUS YPOBHEH 3BYyKa COOTBETCTBYIOT
HOPMAaTHUBHBIM CAaHUTAPHO-TUTUEHUYECKUM TPEOOBAHUSM.

Ha tepputopuu ropoyckoro okpyra Cei3pans Ob110 mpoBeeHo 6osee 40 u3MepeHuit
ypoBHeH 3Byka B O6osee ueM 20 Toukax. AHanIM3 pe3yibTaTOB M3MEPEHUH YpOBHEH 3Byka Ha
oOcnenyemMoll TeppuTOpun ropojckoro okpyra CpI3paHb TOKa3ajl, 4YTO IPEBBIIIEHUE
HOPMAaTHBHBIX 3HaYEHUH 1O SKBUBAJECHTHOMY YPOBHIO 3ByKa BBIABJICHO B TOUKAaX M3MEPEHUMN
Nell r. Co3pansb, yn. Coserckas, noM Nel04 (66 nbA); Nel4 r. Cezpans, np-t 50 ner
Oxts6ps, mom Ne79 (67 nbA); Ne22 1. Ce3pans, yi. DHepretukos, oM Nell (69 nbA).

HccnenoBanuss BO3AEWUCTBUSA TPAHCIOPTHOTO IIymMa Ha Tepputopuio Camapckoit
00J1aCTH MOKa3ajiM, 4TO YPOBEHb LTyMa B 11e0oM Bo3pacTaeT Ha 0,5 n1BbA B roa (a B HEKOTOPBIX
30Hax U Oonbie). Ocobo HeOIaronpusTHas CUTyalUsl CKJIaJbIBaeTCs ¢ BO3AEHCTBUEM IIyMa
B HOYHOE BpEeMsI: B HOUHOE BpeMs 3Hau€HHsI B OOJIBIIMHCTBE N3MEPEHHBIX TOUYEK MPEBbIIIATN
HOpPMAaTHBHBIE.

Anamm3 xano0 HaceneHuss Camapckoil 0o6iacT Takke MO3BOJMI NMPUITH K BBIBOAY,
YTO WX TIPUYMHOW SIBIISIETCS HAJMYWE psla WHTECHCHBHBIX HCTOYHHKOB HWH(pa3BykKa H
HU3KOYaCTOTHOT'O IIyMa.

Pe3ynbrarhl aHanu3a U U3MEpPEHUH MO3BOJISIIOT CeNaTh O0Illee 3aKI0UeHHe: B psijie
30H M3MEpeHUil HaOmIoJaeTcs IMPEBBIIIEHUE CAHUTAPHO-TUTHEHHYECKUX HOpM. OcoOEeHHO
HeOJaronpusITHAsE CUTYallHsl CKJIaJbIBAE€TCS C BO3ACHCTBUEM LIIyMa B HOYHOE BPEMS: B HOUHOE
BpeMs 3HaYeHUs B OOJIBIIIMHCTBE U3MEPEHHBIX TOUEK MPEBBIIIATN HOPMATHBHEIE.

3. IMoaxoapl K OIEHKEe DJKOJOTHYECKOr0 PHCKA OT AaKYCTHYeCKOro
3arpsi3HeHHs] B YCJIOBHAIX yYpPOAHHU3UPOBAHHBLIX TeppuTropuii Ha npumepe Camapckoii
o0J1acTH

AHanu3 pHuicKa CTaBUT CBOEH IIENIbI0 BBIOOP ONTHMANBHBIX B JaHHON KOHKPETHOM
CUTyallun HYTCI;'I €ro yCTpaHCHHUA MWW CHHXXCHHUA W BKIIOYACT TPU B3aMMOCBA3AHHBIX
AJIEMEHTA: OIIEHKA PUCKA ISl 37J0POBbs, YIIPABIEHNE PUCKOM U MH()OPMHUPOBAHKE O PHCKE [ 7,
14]. Ha mpenBapuTelbHOM JTare Ieaecoo0pa3Ho pa3paboTaTh KOHIENTYAJIbHYIO MOJIEIhb



Bacunves A.B.
LIym xak paxkmop 2K0102UHECK020 PUCKA 8 YCIOBUSIX YPOAHUZUPOBAHHBIX MePPUMOPULL

TEPPUTOPUH, TPEICTABIAIONIYI0 COOOH rpaduyeckoe WM OMUCATENIbHOE MPECTaBICHHE
BO3MOXHBIX B3aUMOCBSI3€M MEXIy MCTOUHUKAMHU 3arpsS3HEHUs OKpYXKarolled cpeasbl,
MapuIpyTamu BO3AEHCTBHUS.

IIpy oLeHKke puCKa MCHOIB3YIOTCA PE3yJIbTaThl 3KOJOIMUECKOr0 MOHUTOPHHIA
3arpsA3HEHUH B aHAJTM3UPYEMbIX 00BEKTaX OKPYXKAIOMICH Cpe/bl W/WIIK TaHHbBIE, TOJyYeHHBIC
Ha OCHOBE MOJECIMPOBAaHMS PAaCCCUBAHUS 3arps3HEHUi 3a mepuoj He MeHnee 3-5 jer [7].
[TonHast oOLEHKAa puUCKa, OIHAKO, SBJSETCS OYEHb JIETAIBHBIM HCCIIEIOBAaHUEM BCEX
UCTOYHUKOB U IyTeH BO3JCHCTBUSA, aHAJIM30M BbIOMPAEMBIX BapUaHTOB IPUMEHHUTEIBHO K
KOHKpEeTHOMY MecTy. [109ToOMy 0OBIYHO OIEHKA BBIMOIHACTCS MOJTAIHO, 1Al 3a IIaroM, Tak
YTO MOCJ€  KaKIOro  JTala  MOXXKHO  CKOPPEKTHpOBaTh  JeHcTBHA,  OTOPOCHUTH
MaJIOCYILIECTBEHHbIE WJIM YPE3MEPHO JIOPOTOCTOSIIME BapHUaHThl, OCTABUB IPUOPUTETHBIE,
U3MEHHUTDH COJIEpP’KaHUE U MOPSAJOK paboT, OLEHUTh Haubosiee BakHbIe PUCKH. UeM MeHbIle
BO3JICUCTBUE HAa OKPYXKAIOIIYIO CpPEeAy TEXHOTE€HHOM NeATeTbHOCTH, TEM MEHBIINNA 00beM
paboT BBIMOJIHAETCS [IPH OLIEHKE pucka [7, 14].

KommiekcHasi OIEHKa JKOJOTHYECKOTO0 PHUCKAa B YCIOBHAX YpOaHW3MPOBAHHBIX
TEPPUTOPUI COCTOUT U3 CIETYIOLINX OCHOBHBIX ITAIOB!

— cOOp M aHaJIM3 JAHHBIX 00 MCTOYHMKAX, COCTABE M YCJIOBMSX 3arpsi3HEHUs Ha
UCCIIElyeMOI TEpPUTOPUH;

— BBIOOP MPUOPUTETHBIX IS UCCIIEIOBAHUS 3arPA3HEHUM OKpYKaroLel cpeibl;

— pacdeT U HaTypHbIC U3MEPEHUS 3arPSI3HEHUN OKPYKAOLIEH Cpe/bl;

— MOJIeIMPOBaHME pacIpeiesieH s 3arpsi3HeHN B OKpyXKaroleil cpene;

— aHaJIM3 COOTBETCTBUS YPOBHEW 3arps3HEHUH CAHUTAPHO-TUTMEHUYECKUM
TpeOOBAHUAM;

— OIIEHKA pUCKa KaHIIEPOT€HHBIX M HEKaHUEPOreHHbIX 3()(PEKTOB (IIpU OCTPBIX U
XPOHMYECKHX BO3/IEHCTBUSX);

— OIIEHKa pHUCKa MpPU MHOTIOCPEIOBBIX, KOMOMHHPOBAaHHBIX U KOMIUIEKCHBIX
BO3CUCTBUAX (PAaKTOPOB PA3INYHON MPUPOJIBI.

B mpaktuueckoii paboTe MO OLEHKE 3KOJIOTMYECKOrO0 pHUCKa OOJbIIYyI0 MOMOIIb
OKa3blBAlOT  MH(OPMAIIMOHHO-AaHAIUTHYECKHE,  MPOTHO3UPYEMble U YIPaBISAIOLIME
KOMITBIOTEPHBIE ~ CHUCTEMBI, TO3BOJISIONIME BHOCUTH W  00pabaThiBaTh OOIIUPHYIO
uH(popManKo 00 UCTOYHUKAX U YPOBHAX 3arpsA3HEHUI OKpyXarouieil cpesibl, yCIoBUAX UX
pacnpocTpaHeHus 1o ypOaHU3HUPOBAHHON TEPPUTOPUM, a TAKKE ONMUPATHCA HA HMIMPOKYIO
6a3y AaHHBIX 000 BCEX OCHOBHBIX M BCIIOMOTAaTEJIbHBIX (PAKTOPAX, BIUSIOUIMX HA 3/I0POBBE
YyeJoBeKa U COCTOSIHUE OKpY’Karollel cpelpl. ToabKO HadM4KMe MCUEpIbIBAIOIIEH KapTHHBI
no (aKTUYECKOMY COCTOSHUIO OKpY’Kalollell cpelbl, ONMUparolleiicss Ha JIOCTOBEpHbIE
pPe3yNbTaThl, MO3BOJSET OCYIIECTBIISITh TAKUE PACUETHI U TPOTHO3BI.

ITon pykoBoacTBOM aBTOpa OBLIM pa3paboTaHbl MH(YOPMAMOHHO-aHAIUTHUECKUE
CHUCTEMBl U COOTBETCTBYIOILIEE IPOrpPaMMHOE OOECleYeHHe, TO3BOJSIOUINE BBINOIHATH
CHEKTp MaTeMaTHYECKUX PacyeToB B 00JACTU HKOJOTHUYECKOTO MOJEIMPOBAHUS M OLEHKHU
pUCKa 370pPOBbIO HaceleHHs ypOaHU3UPOBAHHBIX TEPPUTOPHM, B TOM 4YHCIE OT
aKyCTHUYECKOI'O BO3JEHCTBHS.

Pa3paborannoe nporpammHoe obecrnieuenue «Integrated monitoring of physical and
chemical pollutions (IMCF)» cocTouT u3 TpE€X OCHOBHBIX OJOKOB, MHTEIPUPOBAHHBIX C
JIPYTMMU MOAYJISIMH aBTOMaTHU3WpOBaHHOTO padouero mecra «Comlex City Test»:

1. UndopmanmoHHbIii 010K, BKIIOYAIOIINN:

— 0a3pl JaHHBIX MO (u3MYecKUM (aKTOpaM M XHUMHYECKHUM 3arpsA3HSIOMINM
BEIIIECTBAM OKPYXKarolei cpesibl ypOaHU3UPOBAHHBIX TEPPUTOPUH (BO3TyXa, BOJBI, IOYB);

— uH(popManuoOHHO-cTipaBouHbie TaOmuiel 3HadeHuid [IJIK u IIY ocHOBHBIX
XUMHUYECKHX 3aTrPS3HAIONINX BEIIECTB U PU3NUECKUX (DaKTOPOB;

34



NOISE Theory and Practice 35

— CHHUCKHU MPUOPUTETHBIX XUMHUYECKHMX TOKCUKAHTOB U (DU3MUECKHUX 3arps3HEHUN
ropoaa;

— CHHUCKM OCHOBHBIX HCTOYHUKOB M (PAKTOPOB XHUMHUECKOTO M (HU3HMUECKOTO
BO3JECHCTBUS HA HACEIICHUE TOPOAA;

— wuHbOpMalMOHHbIE ©0a3bl JaHHBIX MEIULUHCKONH CTaTHUCTUKU 110 OCHOBHBIM
HO30JIOTUYECKUM €IUHUIaM, 0a3bl JAaHHBIX SKOJOTHYECKH OOYCIOBJICHHBIX 3a00JieBaHUI
JKUTEJIe ropoja.

2. [IporpaMMHoO-aHATUTHYECKHH OJI0K, COICPKAIIU:

— MOJYyJIb aBTOMATHU3HPOBAHHOW OOpaOOTKU PE3yNbTaTOB M3MEPEHUN Pa3TUUYHbBIX
bu3NYeCKUX W XMMHUYECKUX BO3JAeHCTBHI. MOIynb COAEpXKUT MPOrpaMMHBIE aJTOPUTMBI,
MO3BOJISIOIIME  MPOBOJUTH  PAaCUEThl  KOPPEJALMOHHBIX  3aBUCUMOCTEH, KpUTEpPHUEB
JIOCTOBEPHOCTH Pe3yJIbTaTOB U3MepeHuii (kputepuit CThI0IeHTa U T.1.);

— MOAYJb 3KOJOTrO-TOKCHUKOJOTHYECKOM OLICHKH W3MEPEHUW, MO3BOJIIIOLIUN
MIPOBOJIUTH OIIEHKY COOTBETCTBHUSI IPOBEICHHBIX HM3MEPEHUNW HOPMaM SKOJOTUYECKOTrO
3aKOHOJ1aTEIbCTBA;

— MOJyJIb UHTETPAIIbHON OICHKU (MJIM MOJYJb aHalu3a COYETAaHHOTO BO3ICHCTBUA
(akTOpOB pa3IMYHON TMPHUPOJIBI), TO3BOJSIOMIMA TPOBOJUTH HHTErPATBHYIO OILICHKY
COUYETAHHOT'O BO3JIECHCTBUS (U3MUYECKUX M XUMHYECKHX ()aKTOpPOB Ha UEIOBEKa, PacuEThI
OKOJIOTHYECKUX PHUCKOB WM HWHTETPATBHBIX IOKazareiae (U3NIECKOro M XUMHUYECKOTO
3arpsi3HEHUS]  OKpYXaromied cpeapl ¢ y4ETOM HMHJIEKCOB TOKCHYECKHX 3(PQeKToB
CUHEPTeTHYECKOTO BO3JICHCTBHYS, MPEBBIMAIONINX dP(EKTH CyMMAaIUH.

3. baok kaprorpajupoBanuss Teppuropuu (I'MC-kaprorpadupoBanus),
COAEpKALLIMIA:

— MOAyIb KapTorpadupoBaHus TEPPUTOPUHU TOPOJA MO OTAEIHHBIM MOJITIOTAHTAM U
(dakTopam (HU3UIECKOTO BO3ICHCTBHS;

— MOAYNb JUHAMUYECKUX KapT (U3MUYECKUX TOJIEH U XUMHUYECKOTO 3arps3HEHHs
ropoaa;

— MOAYyNb KapTorpaupoBaHUS HMHTETPATBLHOTO BO3JIEHCTBUS JIMMUTHUPYIOLINX
(akTOpOB TMO3BOJIIET COCTaBIATH KapThl 10 pe3yjbTaTaM M3MEPEHUH U PacueToB
MHTETPAIbHBIX [OKa3aTelel COYeTaHHOTO BO3ACHCTBHS (AaKTOPOB PA3IUYHOU MPHUPOJIHI,
TUHAMUYECKHE KapThl (PU3UYECKUX M XHUMHUUYECKHX 3arps3HEHUH (KapThl IKOJIOTHYECKUX
PHUCKOB, KapThl COYETAaHHOTO BO3/IEHUCTBUS (HaKTOPOB).

Pe3ynbrarhl pacdeToB B 3aBUCHMOCTH OT KOJMYECTBA IOKa3aTENe MOTYT OBITh
MpeJCTaBiIeHbl JUO0 cpa3dy B Tabiuile W3MepeHui, Jaubo, €Clid UX MHOTO, MOTYT OBITh
BBIHECEHBI B OT/JIEIbHYIO 00JIaCTh PE3YJIbTATOB.

[IporpamMmMHoOe oOecrieueHne TMO3BOJSET BBOAWTH B 0a3y MAaHHBIX PE3YNIbTAThI
WU3MEPEHHM CIETYIOIINX BO3IEUCTBUN:

* 1yM (3BYK);

* UH)PA3BYK;

* BUOpanus;

* DJIEKTPOMArHUTHBIE TIOJIS;

* MOHU3UPYIOUIUE U3TYyYEHNUS,

* TEIJIOBOE M3ITYYCHHUE;

*  XUMHUYECKHUE 3arps3HSIOLINE BEIIECTBA;

* TPUOPUTETHBIE TOKCUKAHTHI U JIP.

B co3naBaemoili Ha OCHOBE BHECEHHS AAHHBIX MO PA3IMYHBIM 3arps3HEHUSM U C
Y4€TOM pacYeTHBIX 3HAYeHUW WH(POPMAIMOHHO-aHAIIMTUYECKOW CHCTEME B KadyeCTBE
UCXOJHOM COCTABISIONICH BBICTyMaeT rpaduueckas ABYXMEpHas KapTa HCCIeTyeMOoi
TEPPUTOPUHU B TOYHO OMpEesIEHHOM MacuITale.
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a) 6)
Puc. 2. ]IByxmepHoe (a) u TpexmepHoe (0) nmpeacTaBIeHUE pe3yIbTaTOB OLIEHKH
HKOJIOTUYECKOT0 PUCKA C TTOMOIIBIO pa3paboTaHHOTO porpaMMHoro odecreueHus. O6acTb
3€JICHOTO 1IBETa — HOPMA, JKEJITOTO IIBETa — PUCK, KPACHOTO I[BETAa — YTPO3a

HNudpopmanlMoOHHO-aHAIUTUYECKas CHUCTEMa II03BOJISIET  OIpelesuTh Hauboiee
OMacHBIE MECTa C TOYKM 3pPEHHs] BEPOSTHOCTH PA3BUTUS XPOHMYECKMX 3a00JIeBaHUIl OT
pa3enabHOro0 M COYETAaHHOTO BO3ACHUCTBUS XMMHUYECKMX M (DU3MUECKUX (aKTOPOB, B TOM
yrcne myma (puc. 1). Peanusammst mporpaMMHOro o0ecTiedyeHns OCYIIECTBISIIACh Ha S3BIKE
BbIcokoro ypoBHs Delphi. Kpome TOro, cosmanHublii nporpaMMHbI HpOXyKT oOsagaer
BO3MOXKHOCTBIO MPOCMOTpPA CIPABOYHON WH(pOpManuu, HEOOXOAUMOW sl 3HAKOMCTBA CO
cneuudukoil pemaeMbix 3aaad. IlporpamMmHOe obOecneueHHE HUMEET SPrOHOMHYHBIN
UHTEpQEIC, CONEPXKUT CPEACTBA BHU3yaIM3alMM JAaHHBIX W PE3YJIbTAaTOB, MO3BOJISIOIINE
CTPYKTYPUPOBATh pacueTHBIE U CXO/IHBIE JAHHBIE C ITOCIEAYIOIUM BBIBOIOM Ha MeyaTh.

PazpabGortanbl Takke HMHPOpMAlMOHHAs CHUCTEMa W TPOTrpaMMHOE OOecrieyeHHue
«Physic City Testy, mo3BOJSIOIINE OCYIIECTBISATh ABTOMATH3MPOBAHHYIO OOpabOTKY U
OLICHKY pe3yJbTaTOB HW3MEpPEHUI pa3auuHbIX (Gu3nueckux BosnaedcTBui. IIporpamma
NpeJCTaBIsieT co00M CIIOKHBIA KOMIUIEKC, KOTOPBIH COCTOUT W3 CIEAYIOIIUX OCHOBHBIX
MOJYJICH:

1. Moaynp BeneHuss 0a3bl MJaHHBIX M aBTOMATH3UPOBAHHOW 00pabOTKHU
pe3yabTaTOB U3MEPEHUN PA3TUIHBIX (PU3UUIECKUX BO3ICHCTBUMN.

2. Moaynb  OLIEHKM  COOTBETCTBHMSI ~ IPOBEJIEHHBIX  HM3MEpEHHHl  HOpMaMm
HKOJIOTMYECKOTO 3aKOHOIaTENIbCTBA.

ITporpamma no3BoJsieT BBOAUTH B 0a3y TaHHBIX pe3yIbTaThl U3MEPEHUN CIIEAYIOIINX
BO3JICUCTBUM:

® 1IyM (3BYK);

UHOPaA3BYK;

BUOpaLUs;
3IIEKTPOMAarHUTHBIE MOJIS;
WOHW3HPYIOIIHE U3ITYICHUS;
TEIIOBOE U3ITy4YEHUE.

W3mepeHnuss BBOAATCS B CHENUANBbHYIO TabnmuHyto ¢opmy. Kak mpaswmio,
U3MEPSAIOTCS PAa3JIMYHbIE MMOKa3aTeNN OJHOTO M TOTO K€ BO3ACHUCTBUS, MO3TOMY TaOIHIl JJIst
BBOJIa MOXKET OBITH HECKOJIBKO.

[locne Toro kak u3MepeHHs BBEICHBI B 0a3y JaHHBIX, MOJb30BATENb MOXET
BBINTOJIHUTh aBTOMATH3HPOBAaHHYIO 00pabOTKY pe3y/IbTaTOB M3MEPEHHH, Ha)KaB Ha KHOIKY
«Pacuer». [Ipu aTOM pe3ynbTar pacdyera OyaeT coxpaHeH B 0a3y JaHHBIX.
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Crtpykrypa 6a3bl JaHHBIX CIPOEKTUPOBAHA TaKUM OOpa3oM, YTO K OJHOWH TOYKe
MOTr'yT 6BITI> IMMPpUBA3aHbI PA3JIMYHBIC (1)I/I3I/I‘-ICCKI/IG BEJINYMHBL. DTO ITO3BOJIUT BIIOCJICACTBUU
KOMIUIEKCHO OIICHUBATh BO3JICHCTBUE PA3IUYHBIX (DAKTOPOB.

Kpome Toro, B MOTysb 3aJ105k€HBI (DYHKIIMU BEACHUS CIIPABOYHUKOB 0a3bl JAHHBIX.

Jlia ucronb3oBaHMsT NPOTpaMMbl B IENSAX COCTaBIEHUS KapT HEOOXOJUMO B
n. «Bun» riiaBHOro MeHro BeIOpaTh moamyHKT «Kaprta...». OTKpoeTcss OKHO MOHHTOpPHHTA,
CM. puc. 3.

bourndlr  jpeEmams

< |

Chofi |L|_|gM j LleeTosan crema

Puc. 3. Bux okHa MOHHTOpPHHTA

B BepxHel 4acTH OKHa PACIOJIOKEHBI JJIEMEHTHI YIPABICHUS KapTOM M TOYKAMH
U3MEPEHU: CIIMCOK KapT, KHOMKa BBIOOPA KapThl, KHOMKA JI00aBIEHUsI HOBOM KapThl, KHOIIKA
BbIOOPA TOUKH, KHOIIKA OTOOpaKEHUSI U3MEPEHUH.

B HIKHEH yacTu OKHa pacrlojI0XKeHbI AIEMEHTHI YIPABICHUs OTOOPAKEHUEM TOYEK
Ha KapTe: CIHUCOK cJI0€B (II03BOJIAET BbIOpaTh BUJ U3MEPEHUM JUIsl OTOOpaXKEHHs ), U KHOIKa
0TOOpa)keHHs U3MEPEHUH C NCTIOJIH30BAHNUEM 1IBETOBOM CXEMBI.

Jlns BeIOOpa KapThl HEOOXOAMMO B CIIUCKE KapT BHIOPATh HY)KHYIO M HaXaTb KHOMKY
«Bp16patb». IIpu 3TOoM Ha Qopmy OyneT 3arpyxeHa BbIOpaHHasi KapTa U TOYKH, B KOTOPBIX
IPOBE/IEHBI U3MEPEHUS.

Jlnst noGaBiieHUI HOBOM KapThl HEOOXOIMMO HaXaTb KHOIKY «/l00aBUTH» MpH 3TOM
OTKpOETCsl OKHO BBIOOpa KapThl. [locie BbIOOpa (haiiyia ¢ KapToil MOKHO BHIOpATh Ty WIIH
UHYIO KapTy U 3arpy3uTh €€ B 0a3y JaHHbIX.

Ha 3arpyxenHoM B (hopmy KapTorpapuiyeckoM maTepuaie 0TOOpPaKaroTCsl TOUKH, B
KOTOPBIX MPOBOJUINCH U3MepeHus. B ciiyyae HE00X0AMMOCTH U3MEHEHUSI MECTOIOI0KEHUS
TOUYKU Ha KapTe HEOOXOIUMO HaXaTb KHOIKY «YKa3aTb TOUKY» M ILEIKHYTb JEBOH KHOMKON
MBIIIM Ha BBIOPAHHOW TOYKE, MPU 3TOM yKa3aHHas TOYKa CMEHUT IIBeT Ha KpacHbId. Ilocne
9TOr0 KypCOp MBI JO0JKEH OBbITh YCTAHOBJIEH B HOBOE MECTOIIOJIOKEHHE TOUKH M HaXKaTa
JeBast KHOIIKA MbIIIK. BeiOpaHHas ToOuKa MOMEHSIET CBOE MECTOIIOIOKEHUE Ha YKa3aHHOE.
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Jyis mpocMOTpa 3HAUYECHUI U3MEPEHHIA B OIIPEICIICHHON TOUKe He0OXO0IMMO BBIOPAThH
TOYKY KakK OIHCAHO BBIIIE M HaxaTb KHONKY «lloka3are m3mepeHus». IIpu 3ToM Ha xapte
0To0pa3uThes rpaduK (IMHAMUKA) U3MEPEHHUN B pa3IMUHbIE TIEPHUO/IBI BPEMEHH.

Jlns oOuieil OLEHKHM H3MEpEeHUH BO BCEX TOYKAX MOYKHO MCIIOJIb30BaTh PEXHUM
[IBETOBOM cXeMbl. J{Js1 OTPHUCOBKHM IIBETOBOW TIpajallid HEOOXOAWMO Ha)XaThb KHOMKY
«llBeroBas cxemay», IpU 3TOM BCE TOYKHM Ha KapTe OyAyT OTPUCOBAaHBI B COOTBETCTBHUU C
LIBETOBOM CXEMOW M pe3yibTaTaMu U3MEPEHUM.

Jlns peaakTUpOBAaHUS IIBETOBOM CXE€Mbl HEOOXOAMMO B IJIABHOM MEHIO BbIOpaTh
nyHKT «CepBucy, moanyHkT «LIBeToBbie cxembl». Ha skpane oToOpa3uTcst OKHO, IIOKa3aHHOE
Ha puc. 4.

# |l peToBAA CXeMa

Cooid |y =
a0 |55 | clGresn -
or |55 ao |60 [ clLime =l
or [BO ao |65 [ etvellow =l
o5
Ok

Puc. 4. OxnHo «l{BeToBas cxema»

JUis pelakTUpOBaHMUA CXeMbl HEOOXOJMMO BbIOpaTh CJIOH, Ha KOTOpbIM Oyner
NPUMEHSTHCSI CXE€Ma, W BBECTU Juamna3oHbl BenuuuH. Kaxaomy nuanazoHy HEOOXOIMMO
Ha3zHauuTh 1BeT. [locie penaktupoBaHust HEOOXOAMMO HaxkaTh KHONKY «OK». Jlns oTMeHbI
BBEJICHHBIX N3MEHEHUH HEOOXOMMO HaXaTh KHOMKY «OTMEHay.

Ha wmoayns mporpammer  «Sound City Testy monydeHO CBHIETEIBCTBO O
rocynapcTBeHHoOU peructpauuu Ne206611861.

B nponecce peanuzanuu u anpodanuu pa3pabOTaHHBIX METOAUK, HH()OPMAIIMOHHO-
AQHAINTUYECKUX CHCTEM U IMPOTrPAMMHOI0 00ECHedYeHHs aBTOPOM IPOBEIEHA KOMILIEKCHAs
OLIEHKa 5KOJIOTHYECKOTO PHUCKA B YCIOBUSAX YpOaHM3HPOBAHHBIX TEPPUTOPUN Ha HpuMepe
Camapckoil obmactu. B wacTHOCTH, COBMECTHO C coTpyAaHMKamu WHcTuTyTa 3Ko0MOTHMM
Bomxckoro Gacceiina PAH mpoBoamiack oneHka BIMSHUS IIyMa Ha 370POBbE HACEICHUs
Komcomornbckoro paiiona 1. Tonbsitta [8]. Ilpy u3ydeHnn BO3ACHCTBHS ITYMOBON HAarpy3Kd
AQHAJTU3UPOBAINCH CTATUCTHUYECKHE JTAaHHBIE JIMIIb 110 3a00JIEBaHUSAM, BO3MOXKHBIM C yYETOM
Ouosnoruueckoro aercTBus (axtopa myma. B uccrneayeMyro rpynmy BOLUIM 3a00JjeBaHUS
CEPJIEYHO-COCYIUCTOM CUCTEMBI, HEPBHOM CUCTEMBI, KEITYAOYHO-KUILIEYHOI'O TPAKTa — BCETO
14 HO30/JI0TMYECKUX €IUHUIL.

HcrounnkamMun WHGOpPMALUU SBISUIMCH MaTE€pUaibl 10 MEPBUYHON 00paIaeMoCcTH
rpaxzaadn B MmenuuuHckue yupexzaeHus (MY3 Komcomonbsckoro paiiona r.TomesattH). C
MOMOIIBIO  CHEIMAIM3UPOBAHHBIX MPOLEAYpP, OJHOM M3 KOTOPBIX SIBIISETCS METOJ
N.A. JIuensl, npoBeneHa OILIEHKA MMapaMeTPOB YPAaBHEHUS MHOKECTBEHHOW JIMHEWHOMN
perpeccu W TNpPOBEpKa CYIIECTBEHHOCTH BIMSHUS HCCIEAyeMbIX (aKTOpOB Ha
3a0oneBaeMocThb. OCHOBBIBAsICh HA pe3yibTaTax U3MEPEHUN IIyMOBOM Harpy3Kku cenuTeOHOM
TEPPUTOPUU M HA MEPBUYHBIX MEAMLIMHCKUX CTATUCTHUYECKUX JAHHBIX MO 3a00JeBAaEMOCTH
HACeJIeHHUs, MOYKHO YTBEpXkJaTh, YTO CYILECTBYET JAOCTOBEPHAs, CTATUCTHYECKU 3HAYMMas
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3aBUCHMOCTh POCTa 3a00JIEBAEMOCTH 110 PACCMATPUBACMBIM HO30JIOTHSAM OT aKyCTHYECKOTO
3arpsisHeHus (puc. 5).

o1 Z0
y = 0,0065x + 0,0435
R°=0,8016 ©®
) )
0,05 - PY
[ )
)
Fw

I O I I

4 2 0 2 4 6

Puc. 5. 3aBucumocTtb 3a0051€Ba€MOCTH HACEJIEHUS 110 BCEM YUUTHIBAEMBIM
HO30J10THsIM (Z0) OT 1ryMoBoii Harpy3ku (Fy)

3akjao4yeHue

IIpoBeneHHbIE MCcCaEN0BaHUS MO3BOJSAIOT CHAENATh BBIBOJ, YTO B HACTOSLIEE BPEMsI
IIYM SIBJISIETCSI OCOOBIM, CHELM(PUUHBIM (PAKTOPOM 3KOJOTHYECKOTO PUCKA, OKA3bIBAIOLIUM
KOMIIJIEKCHOE HETaTUBHOE BO3/IEHCTBUE B YCIOBUIX YpOAHU3UPOBAHHBIX TEPPUTOPHIL.

Takum 00pazoMm, MOKHO C YBEPEHHOCTHIO TOBOPUTH O CYILECTBOBAHUHU DPEATHHOU
npobaemMbl o0ecreyeHus IIYMOBOH 0e30nacHOCTH YPOAHU3MPOBAHHBIX TePPUTOPHIA.
Pemuth nannyro npo0iaeMy MOKHO TOJIbKO KOMITJIEKCHBIMU CPE/ICTBAMHU.

ITo MHeHut0 aBTOpa, HEOOXOaMMa pa3paboTKa KOHLENIUH O0ecreyeHHs IIyMOBOM
0€30I1aCHOCTH TOPO/Ia, a TAKXKE CEPbE3HOE PACCMOTPEHHE BOIIPOCOB IIYMOBOI'O BO3JEHCTBUSA
npu pa3paboTKe KaKUX-JIMOO JOKYMEHTOB, Kacarolluxcs Oe30MacHOCTH U YCTOMYMBOIO
pazButus ropoja. HeoOXxoaumbIM Takke SBISETCS NPHUHIATHE pslla 3aKOHOJATENIbHBIX
JIOKYMEHTOB, U, IPEKIE BCETO, 3aKOHA O LIyME.

Paboma sevinonnena 6 pamxax epanma PODU p nosondxcve _a, npoexm Ne [5-48-
026209.

Cnucok Jimreparypbl

1. Bacuibe A.B. DOkonorudeckuii MOHMTOPUHT (PHU3MYECKUX 3arps3HEHHM Ha
tepputopun Camapckoil ob6nactu. CHMKEHHME BO3JCHCTBHS MCTOYHHKOB 3arpsi3HEHHA:
monorpadus / Camapa, 2009.

2. BacunbeB A.B. Akyctudeckas 5KoJIorusi ropojaa: yuel. mocodue Juist CTy/IeHTOB
By30B / A. B. Bacunbes; ®enepanbHoe areHTCTBO 10 00pa3oBaHHIo, TOIBATTUHCKHM roc. YH-
T. TonpstTH, 2007 — 166 C.

3. BacunbeB A.B. AHanm3 HIyMOBBIX XapaKTEPUCTHK CEMTUTEOHOW TEPPUTOPUU T.
TonpsrTu. DK0N0TH ¥ poMbIIeHHOCTh Poccuu. 2005. Ne 4. C. 20-23.

4. BacunseB A.B. CHmwkeHHe IIymMa TpPAaHCIOPTHBIX IIOTOKOB B YCJIOBHSX
COBPEMEHHOI0 ropoja. JKojorus 1 npoMsinuieHHocTs Poccun. 2004. Ne 6. C. 37-41.



Bacunves A.B.
LIym xak paxkmop 2K0102UHECK020 PUCKA 8 YCIOBUSIX YPOAHUZUPOBAHHBIX MePPUMOPULL

5. BacuibeB A.B. MOHMTOPUHI aKyCTHMYECKOI'O 3arps3HEHHS] TEPPUTOPHUU
Camapckoit obnactu. B cOopHuke: 3amura HaceleHHsS OT TMOBBIIIEHHOTO LIYMOBOTO
BozaeiicTBus. Coopuuk nokianos II Beepoccuiickoit HAyqHO-TIPaKTHUECKON KOH(EpEeHIH ¢
MexayHapoaHbsiM yaactreMm. [loa penakmueit iBanoa H.M. 2014. C. 148-159.

6. Bacumbe A.B. IllymoBas 0e30macHOCTb ypOaHU3WPOBAHHBIX TEPPUTOPHIL.
N3Bectus Camapckoro HaydHoro mneHTpa Poccuiickoit akamemun Hayk. 2014. T. 16. Ne 1-1.
C. 299-305.

7. BacumbeB A.B., 3ab6onorckux B.B., Tepemenko HM.O., Tepemenko HO.II.
WubopMalinoHHO-aHAIMTHYECKAs] CUCTEMa OIEHKU PUCKOB 3I0POBBIO HACETICHUS B YCIOBUSIX
ypOaHU3UPOBAHHBIX TEPPUTOPHMA. DKOJIOTHS M HpoMbIILieHHOCTh Poccum. 2013. Ne 12. C.
29-31.

8. Bacunbe A.B., PozenbGepr I'.C. MOHUTOPHUHI aKyCTHUYECKOTO 3arpsi3HEHUs
cenuTeOHONW TeppuTopun T. TONBATTH W OLEHKA €ro BJIUSHUS Ha 370pPOBbE HACEICHUSI.
bezonacHocth B TexHocgepe. 2007. Ne 3. C. 9-12.

9. BacuieeB A.B., Bacuises B.B., IlIkonos M.A., Illumkua B.A., Kamuna P.I.
HccnenoBanue BO3AEHCTBUS (PU3MYECKUX TMOJICH B MPOMBIIIJICHHBIX W JKUJBIX 30HAX T.
TonbsitTu. Poccuiickuii xumuaeckuit sxypHai. 2006. T. L. Ne 3. C. 72-78.

10. MBanos H.N., Hukudopos A.C. OcHOBBI BUOPOAKYCTHKHU: Y4eOHUK TSl BY30B —
CII6.: [ToauTexuuka, 2000. — 482 c.: ui.

11. Luzzi S., Vassiliev A.V. A comparison of noise mapping methods in Italian and
Russian experiences. B coopuuke: Forum Acusticum Budapest 2005: 4th European Congress
on Acustic 2005. C. 1051-1056.

12. Luzzi S., Alfinito L., Vasilyev A. Action planning and technical solutions for
urban vibrations monitoring and reduction. B coopuuke: 39th International Congress on Noise
Control Engineering 2010, INTER-NOISE 2010. C. 2508-2515.

13. Vassiliev A.V. Recent approaches to environmental noise monitoring and
estimation of its influence to the health of inhabitants. B c6opuuke: 14th International
Congress on Sound and Vibration 2007, ICSV 2007. C. 3242-3249.

14. Vasilyev A.V. Method and approaches to the estimation of ecological risks of
urban territories. Safety of Technogenic Environment. 2014. Ne 6. C. 43-46.

15. Vasilyev A.V., Luzzi S. Recent approaches to road traffic noise monitoring. B
coopuuke: 8th European Conference on Noise Control 2009, EURONOISE 2009 -
Proceedings of the Institute of Acoustics 2009.

40



NOISE Theory and Practice
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Kyxnun IL.A.l, Marsees I1.B.2
! JloneHT, K.T.H., banTuiickuil rocy1apCTBEHHbIN TEXHUYECKUN YHUBEPCUTET
«BOEHMEX» um. a. ®. Ycrunosa, Poccus, . Cankr-IlerepOypr
2Cr. IIPEnoiaBarellb, K.T.H., banTUHCKH1 rOCYy1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET
«BOEHMEX» um. a1. ®. Ycrunona, Poccus, . Cankr-IlerepOypr

AHHOTaUUA

B craTtee npeamararoTcs METOABI pacdeTa NIymMa, CO34aBAEMOT0 JKeJIE3HOAOPOKHBIM TPAHCIOPTOM Ha
CENTMTEOHON TEPPUTOPHUH, NPUIIETAIOMEel K KEJIE3HOJOPOXKHBIM IYTSIM, C yIETOM HIYMOBBIX XapaKTEPHCTHK
MOTOKOB  JKEJIE3HOJOPOKHOTO TPAHCIOPTAa, HHTEHCHBHOCTU JBIDKEHHMsS II0€3J0B M JPYIHX YCIOBHH,
OKa3bIBAIONINX BIIMSHHIE HA PACIPOCTPAHEHHE 3ByKa HA MECTHOCTH.

[[TymoBBIE XapaKTEPUCTUKU OTAENBHBIX IOE3M0B ONPEIENAIOTCS B 3aBUCUMOCTH OT KaTETOPHUH U
JUIMHBI TI0€3/1a, CKOPOCTH U HUHTEHCUBHOCTH ABIKCHHUS.

Pacyer mryma mpoM3BOAMTCS, MCXOMAA U3 IIYMOBBIX XapaKTEPUCTHK IMOTOKOB KEJIE3HOJOPOXKHOTO
TPAHCIOPTA C YYETOM CHIDKEHHS IIyMa Ha IyTH PacHpOCTPaHEHUs, B TOM YHCJIE 3a CYET I'€OMETPHUUECKOTro
pacxoxaeHus (JUBEPreHLH) PU NOTJIOMIEHHH 3BYKa aTMOc(epoii, MOBEPXHOCTHIO TPYHTA, OTPAaHUYEHHS YrIia
BUAMMOCTH, 3aTyXaHHs 3ByKa B JKUJIOH 3acTpoiike, BIHSHMSA ODKPAaHUPYIOIIUX COOPYKEHHH U 3eJICHBIX
HACAXACHUIH, OTpayKEHHS 3BYKa OT 34aHUI

KaioueBble cjioBa: MeTonpl pacuéra IIyma, >KEJIC3HOAOPOXKHBIH TPAHCIIOPT, KaTeropHs IIOE30B,
JMHEHHBIH HCTOYHUK [TyMa, YPOBEHb 3BYKa, MAKCHMAJIbHBII YPOBEHb 3ByKa.

Analysis of trains external noise
Dennis Kuklin', Peter Matveev®”

! Associate professor, Baltic State Technical University « VOENMEH» named after D.F. Ustinov, Saint-
Petersburg, Russia
2 Senior lecturer, Baltic State Technical University « VOENMEH» named after D.F. Ustinov, Saint-Petersburg,
Russia

Abstract

This article briefly reviews of methods of analysis of noise from railway transport in the residential
area, on the territory adjacent to the railroad lines. In the methods of analyses takes includes the noise
characteristics of the flows of the railway traffic, the intensity of traffic and other conditions that affect sound
overland propagation.

Characteristics of the noise trains are determined by category and length of trains, speed and
intensity of movement. And as determined by the characteristics of the noise of railway transport flows taking
into account noise control along the path of expansion, including due to the divergence in the absorption of
sound by the atmosphere, the surface of the soil, the limitation of the angle of visibility, attenuation of sound in
residential areas, the shielding effect of buildings and green planting, noise reflections from buildings.

Key words: noise analysis, railway transport, type of train, line noise source, sound level, ceiling
sound level.
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- a’POJUHAMUYECKHUN LIyM.

MHTEeHCUBHOCTD IITyMa 3aBUCUT B OCHOBHOM OT CKOPOCTH.

IIym ob6opynoBaHusi (KOMIIPECCOpBI, TATOBBIE DJEKTPOABHTaTeId U Jp.)
peBaIMpPyeT Ha cKopocTax a0 50-60 km/4. Illym kadeHus: — mpoIecc coyaapeHust B CUCTEME
«KOJIECO — penbe» ompezensercs 3aBucuMocTtbio 301gv (Vv — CKOpOCTh JIBMXKEHUS, KM/4) U
npeBajMpyeT B Jauamna3oHe ckopocrei 60-300 km/gac. ASPOJMHAMHYECKUH IIyM,
00pa3oBaHHBII OOTEKaHHEM BO3AYXOM KOpIIyca MOJBM)KHOTO cOcCTaBa, maHtorpada u ap.
omnpenenseTcs 3aBUCUMOCThIo0 601gv 1 mpeBaMpyeT Ha CKOpOCTAX cBbIme 300 km/4.

OmnpeneneHHbId BKIaA B MPOIECChl MIyMOOOPa30BaHUS JAIOT TaKUE MPOIECCHl Kak
npede3kaHue Kopiyca MOJBUIKHOIO COCTaBa (KOPIYCHOM IIyM), «BU3I» Kojieca B KPHUBBIX,
3BYKOU3JIyY€HHE TOPMO3HBIX KOJIOAOK M KOJ€ca IPU TOPMOKEHUHU (LIIyM TOPMOXKEHMS),
coyJapeHue BaroHoB (IIyM CIIETKH), OTPa)KEHUE 3BYyKa MPH yCTAaHOBKE PENIbCOB Ha IUIMTAX,
yZlapbl Ha CTBIKAaX PEIbCOB U AP.

Bce mpomeccsl mymooOpa3oBaHus B JIaHHOM paboTe CBeneHbl B YJOOHBIE
(dopMyJIbHBIE 3aBHCUMOCTH [UIsl pacuéTa BHELIHEro LIymMa moe3loB. Bce 3aBucumocTu
MOJIy4eHbl Ha OCHOBAHHUU SKCIEPUMEHTAIBHBIX JAHHBIX U TMOATOMY XOPOIIO CXOMISTCS C
MPaKTUYECKUMHU U3MEPEHUSMH.

1. PacyeT 3KBMBaJICHTHOI'O YPOBHA 3BYKa 110€310B

B paborax [1] u [2] npeaniokeHo BhIpaKeHUE [T pacyéTa YPOBHS 3BYKOBOIO JIABJICHHUS
JUist 00bI4HOTO 1oe3ia. OHO OCHOBaHO HA MOJIENY aKyCTUYECKOTO AUTIONS U UMEET BUI:

L=1Ls+10lg(5) —201g (%) + G lg (), )
rae A — cpenHee 3HadeHHe ocedl Ha BaroH, N — 4nciio BaroHoB, lc — utiHa BaroHa (M),
Uy — ckopoctb moe3na (km/4), Cs — MHOXHWTENb TpU CKOPOCTHOM dlieHe, Lg — ueH,
OIMMCHIBAIOIINI TEOMETPHUYCCKOE 3aTyXaHHE.
L M™Moxer OBITh BBIYKCICH WHTETPUPOBAHHEM TI0 HEMPEPHIBHON  00JacTH
pacrpoCcTpaHeHHsI aKyCTHUSCKHUX JTUIOJICH 1 TAETCsl BRIpAKEHUEM
L; = 101g[2p - arctan f + B - sin(2 arctan )] + 83, ¥

5= I

rie 2d , d — paccrosiaue ot kpas myteit (M), | — muHa moesma (M).

MHOXUTENb PH CKOPOCTHOM ulieHe Tpubmu3uTensHo paBeH 30-40 amst OombIIMHCTBA
EBPOIEHCKIX MACCAKUPCKUX T0e3/10B, 20 — JUIs STTOHCKUX BBICOKOCKOPOCTHBIX, YTO JIOKA3hIBACT
3aBHCHMOCTD 3ByKa OT CKOpocTH noesza [3] u [4].

[Tpu paccMOTpeHHU 1MOe3/1a B BUIC MHOXKECTBA TOYCUHBIX HCTOYHUKOB ITyMa CPEITHSIS
BEJIMYMHA KBaJ[paTa 3BYKOBOTO JIaBJICHUsI BEIYUCISETCS 1O (hopMyIie

2 ApeW. arctg =

zDI?N 2D @)

rae D = d/ly, d — paccrosiHue Mexay HaOIoaTeNieM 1 HICTOYHUKOM IITyMa, M;

N — 9KCITO OZIMHAKOBBIX BArOHOB;

A —gucro oceii (map koinéc) y BaroHa,

|, — nimHa BaroHa, M,

W — MOIHOCTB, H3TydaemMast TMHEHHBIM UCTOYHUKOM IitymMa jmHoi |y (BT).

[IIym OT KOHTaKTa Kojieca C PEIbCOM MOJICIHUPYETCS TOYEYHBIM HCTOYHHMKOM. Bce
TOYCYHbIE HMCTOYHHMKH JIOKAT HA OJHOW JIMHWH, TOJTOMY MOE3]l MOJICIHPYIOT JIHHEWHBIM
HCTOYHHKOM, COCTOSIIIIMM M3 MHOYKECTBa HEKOTEPEHTHBIX TOYCUHBIX. TOr/ja YpOBEHb 3ByKOBOTO

naBienns L, otHecéHHbIi Ha 2-107 [la, BEIMHCISIETCS 110 bopmyie

L=10lg 10V_V12 +101g (%arctan%) —20lgl, + 10 lg% — 5 1b, 4)
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[Ipennaraemass MoJiesIb PacCpOCTPAHEHUs 3ByKa IO3BOJISIET OLIEHUTh YPOBEHBb 3BYKa C
TOYHOCTBIO 95% (morpemrHocTs B mpenenax 5 Ab) mo MeToAy ompesaeneHus YpoBHS Ilyma
L =L + ko (ucnibITanus NpOBOIMIIM B CBOOOIHOM aKyCTHUECKOM IIOJIE).

Ecmn Bmecto W uconb3oBaTh 3KCIIEPUMEHTANBHBIC JaHHBIC, COOTBETCTBYIOLIHE 10
['OCT 20444-85 [4] 3HaueHUsIM YpOBHS 3ByKa HA PACCTOSIHUM 25 M OT KOJICH ITyTH, TO opmMyia
MOXeT OBbITh 3aMMcaHa B BUJIE

arctg(/, /50)

+10lg arctg(rlv /2r)

L=L, —10lg
©)

Maremarnyeckoe MOJEINPOBAHNE PACIPOCTPAHEHHs 3BYKOBBIX BOJIH BKJIFOUAeT B ceOs
COBMECTHOE PacCMOTPEHHUE YpaBHEHHs JIBH)KEHHUS, COCTOSHMS M HenpepblBHOCTU. Kak npaBuiio,
3a7a4a CBOAUTCA K IU(PQPEepeHIMATPHOMY YPaBHEHUIO B YAaCTHBIX MPOHM3BOJIHBIX — YPABHEHHUIO
PacnpoCTpaHEeHUs! 3BYKOBOM BOJIHBI.

B 371011 paboTe NpUHSTHI CIIEAYIOIUE JONYIICHUS:

— BBICOTAa UCTOYHHUKA IITyMa HaJl 3eMJIEH — 1 m;

— UIMHApHYEcKas (hopMa CyMMapHOTo (pOHTA 3BYKOBOH BOJIHBIL.

M3BecTHOE ypaBHEHHE DPACIPOCTPAHEHUs] 3BYKOBBIX BOJH CBOJUTCS K YPABHEHUIO
pacnpocTpaHeHHsT KBa3UIMIMHAPUIECKUX BOJH, T.€. TAKHX BOJH, YPOBEHb 3BYKOBOTO JIABJICHUS
B KOTOPBIX CHI)KAETCS Ha KaXJI0€ yJBOCHUE pacCTOsHUA B mpenenax oT 3 no 6 nb. Pemenue
BOJIHOBOT'O YPaBHEHHMS JIJIsl TAKMX BOJIH MPEJICTABIECHO B opmyiie (6):

2 (n+l) 22&( )2 73 ' . TT . TT
p(r,t)zTF — r2 XZ:; d J%l 4 If(t)3|nTtdt sml—t

0 (6)
rie I — ramma-dyHkuus;
s
2 — ¢ynkuums beccenst nomyuenoro nopsika;
C — CKOPOCTh PacIpoCTPaHEeHHs 3ByKa, M/C;

r e[0+o0)
te [0;+ oo)

— PaCCTOAHUC 10 TPAHCIIOPTHOI'O IIOTOKA, M;

— BpeMsI U3JTy4eHHs 3BYKa, C;

| — monmymepron GyHKIMH, 3amaronieli 3BykoBoe aaBienue P(r,t) Ha MOBEpXHOCTH
HCTOYHHKA B JIFOOOH MOMEHT BpeMeHH t.

1 <n <2, npu sroM nipu N = | moNMydaroTCsl IMJIMHAPHYIECKHE BOJHBI, TpU N = 2
ceprueckue.

[Mocie ympomieHWsI W TIEpEXoia OT 3BYKOBOTO JaBJICHHS K YPOBHSM 3BYKOBOTO
JIABJICHUSI BBIPQKCHHUE JUTS YPOBHS 3BYKOBOT'O JIABJICHHS KBA3HUIIMITHHAPUICCKON BOJTHBI:

()]
(o)
S\e )

‘J n-1 (w ro)
B @)

Otmeuaercd, uro JaHHas (opMmyna JaeT CTPOryl0  (PU3MYECKYI0 KapTHHY
ne(pUHUPOBAHHON KBa3ULIMIMHAPUUECKON BOJIHBI TIPU COOTBETCTBYIOIINX YCIOBHSIX.

B paGote [5] mpu MoJenMpoBaHUM paclpOCTPAaHEHHs IIyMa YYTEHO T'€OMETPUYECcKOe
pacxoxxaeHne U 3PQexr BausHUSA 3eMid. [lodydeHo BbIpakeHHE JUIS YpPOBHS 3BYKOBOT'O

L(r)=L(r0)+10(n—1)lgr—;’+20Ig

. E i

BO3JIeiCcTBUS, omnpenensieMoro B Buae Lyp = 101g zr TAe Po = 2:10° Ma, th=1 c. 3BYKOBOE
0‘0

BO3JICIiCTBUE JISl TOE3J0B, JBHUTAIOIIMXCS C TOCTOSIHHOW CKOpOCThIO V Baoimb ocu OX Ha

paccrostHun d OT OCH, BBIYUCIISETCS IO (hopMyITe
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pA(<D)
VI0 ”cos db
2 , ®)

rne @ = arctg \g

®opmyia It pacdeTa ypoBHs 3ByKOBOI'O IaBJICHUS:

L, =Ly,—10lgd —8+10 Ig(Zarctg ij
, 9)

rne Lw,— yiensHas KoppeKTHpOBaHHAS 3BYKOBAasi MOIIIHOCTE, BT/Mm;

d— pacCTOAHHUE OT UCTOYHHKA 3BYKa 10 pacquHoﬁ TOYKH, M.

B pesynbrare BeIpakeHUE JUI MAKCUMAIBHOTO YPOBHS 3ByKa Ha paccrosiHuu d = 25 m:

L pamex.25 = Lwa +1OIg(arctg Lj -19
' 50 ’ (10)

[TprHUMAasT CKOPOCTh BIDKCHHS JIMHEHHOTO MCTOYHHMKA V, KM/4, JUI1 SKBUBAJICHTHOM
KOPPEKTHPOBaHHON MHTEHCHMBHOCTH 3ByKa B TEUCHUE MHTEpBaia HaOmoaeHus T = |/v, ¢, paBHoro
BPEMEHM TPOXOKICHUST UCTOYHMKA MHMO TOYKHM HAOJIOJCHUS, YIAIEHHONM OT MCTOYHHMKA Ha
paccrosiiue d, m [6], momyyaem BeIpaXkeHHeE:

I/vI 2
jj W, dxdtzvL larctgl——lln (lj +1
27z(x vt) +d2) Ald d 2 |(\d
(11)

B pesynprare uUis 3KBHBAJCHTHOTO YpPOBHS 3ByKa Ha paccrosann d=25wM or
MCTOYHHUKA NIoTy4yaeM [7]:

| 125 (( 1Y
L ppeq 2 =101gW,, +101g| arctg Z__Tln (Ej +1{|-19
(12)

OCHOBHBIM MCTOYHHKOM IIyMa MOE3/I0B, IBIKYIINXCS CO CKOPOCThIO MeHee 250 km/y,
ABJIAETCS IIyM KadyeHMsl, TIOPOXKIAEMBbI COYAapeHHsAMH Koneco-penbe. Ha 3HaueHue ynenpHoit
3BYKOBOM MOITHOCTH W B 3TOM Cilydae BIMSIOT ClIEyIOLIHe napameTpsl [8]:

— CKOPOCTb JIBMKEHUS II0e371a V,

— WHEPUUOHHBIE XApPaKTEPUCTHKH  KOJIECA, JKECTKOCTHBIE U  IONIOIIAIOIINE
XapaKTEPUCTUKH KOJIECa U PENbCa,

— LIEpOX0BATOCTh pelibea [9] u npyrue.

[Ipeamnonaras 3aBUCHMMOCTH OT CKOPOCTH V JOMHHHMPYIOUIEH, AallpoOKCUMHPYEM
YIETBbHYIO 3ByKOBYIO MOIITHOCTh WA PEerpecCHOHHBIM ypaBHEHUEM:

L, =algv+b (13)
Ioacrasnsia cootHomieHue (5) B pacueTHble (OPMYJIIbI ISl IIYMOBBIX XapaKTEPUCTUK

(2) 1 (4) ¥ BKTIOYAs 3HAYEHHE CBOOOJHOTO UieHa B 3HAUYEHHE BBEJCHHBIX mapameTpos D u b,
MOJTy4YaeM CJIEYIOIINE BhIPAKEHUS:

L

pAmax,25

=a, lgv+b, +10 Ig(arctg Lj
50 (14)
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2
L paeq 25 = @, IgV+b, +101g| arctg ZLS_lzl_s In (ZLSJ +111,
(15)
rae- 4, 4d,, b, b2 - IapaMeTphl, MOUISKAILIE OIPEICIICHUIO.
dopmyiter (16) — (19) mosaydeHsI 0 pacyeTaM JIMHEHHON perpeccuu s Pe3y/IbTaToB
U3MEPEHH IIyMa TPH MPOXOXKIECHUM OOJbIIoro ymcna (OoJblie cTa) MacCaKUPCKUX MOE3/10B
mmHoi ot 175 M go 500 M, rpy3oBbIX moe3noB miuHOM oT 506 M mo 1188 M, Gomee 150
AIIEKTPOIIOE310B AIMHOM 0T 176 M 10 264 M 1 37 BBICOKOCKOPOCTHBIX 110€3/10B AJIMHOM 250 M.
3BYKOBBIE CHI'HaJIbl PUMEHSIOT Ha YKEJIE3HOJOPOKHOM TPAHCIIOPTE TOJIBKO B CIIydae
HEOOXOAMMOCTH TPENOTBPAICHUS] aBapUMHOM CUTyallM{, II03TOMY YUYUTHIBaTh JAaHHbBII

HNCTOYHHUK IJIA pacdy€Ta S9KBUBAJICHTHOI'O YPOBHS 3BYKa HCI_ICJ'IGCOO6paSHO.

OKBUBAJIIEHTHBI ypOBEHb 3ByKa L CO3/1aBacMblii OTJICILHBIMU T10€3/1aMH  i-O¥

Aeq 25 °
kareropun (1-maccaxupckue, 2-Tpy30Bble, 3-MOTOpBaroHHble, 4-CKOPOCTHBIE IIO€37a) Ha
PacCTOSHUU 25 M OT OCH OJM)KHETO MarucTpalbHOIO JKEJIEe3HOAO0POKHOTO MYTH, PACCUMTHIBAIOT
o popmyiam (puc. 1)

JUTsl HAaCCaKMPCKUX 10e3/10B (kareropus 1)

I
Lreqzs = 25,319V, +10 Ig{arctg (2—15)} +33,3
(16)
JUISL TPY30BBIX MOE3/10B (Kareropus 2)
|
Lheqzs = 20,41gv, +10 Ig{arctg (2—25} +46
17
U1 MOTOPBAI'OHHBIX 3JICKTPOIIOC310B (KaTeF opua 3)
|
Leqzs = 28,91gv, +10 Ig{arctg (—35} +28
(18)
JJI1 BBICOKOCKOPOCTHBIX ITOC310B (KaTerOpI/ISI 4)
I
Leqzs = 411lgv, +10 Ig{arctg (2—“5}} -12,3
(19)

r7ie Vi — CKOPOCTb JIBFDKEHHS 1TO€3/1a i-0i KaTeropuu, KM/,
li — muHa moe3a i-oif KaTeropuu, m;
i=1,234.
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Puc. 1. 3aBUCUMOCTb BHEIIIHETO LIIyMa Moe3/1a (IKBUBAICHTHOTO YPOBHs) I-i
CKOpPOCTH

=

aTeropuu ot

Koaddurment xoppensium, MOKa3bIBAIOIINN Mepy JITUHEWHOW 3aBUCHMOCTH MEXIY

3HA4YCHUSIMU.
|
arctg (ZJSJ
10lg) ————~=

(257)

i _
Y = Laeg2s;

Xj = IO'Ing " , (19.2)
j = 1,...ni (N — yKa3aHHOE BBIIIE YKCIO HCIBITAHHBIX IMOE30B I-OH KaTEropHH),
COCTaBWJI I Maccakupckux moe3noB 0,78, mis rpy30Bbix moe3noB 0,74, i 3IeKTpOoIroe310B
0,71, nnst BBICOKOCKOpPOCTHBIX moe3foB (,98. 3aBUCHMMOCTh OT JUIMHBI TOE€3/1a MOJy4eHa
AQHAJIMTHYECKH 1T MOJIEM TI0€3/1a B BHJE JIMHEHHOTrO0 MCTOYHHUKA JauHON | ¢ paBHOMEpHBIM
pactpenereHMeM ~ BAONIb M cuHGA3HBIX ~ TOYEYHBIX  HCTOYHHKOB  OJWHAKOBOM
MIPOU3BOIUTETLHOCTH.
Jis yuera xapakTepa NyTH M JBHXKEHHS Toe3/la C TEPEMEHHOM CKOPOCTBIO K

paccuntanieiM 10 opmynam (16) — (19) 3HaueHUsIM LiAeq ,s TIPUOABIIOT  CIIEAYIOIIUE
KOPPEKIHU:
AL, —KOPPEKIMs Ha THII ITYTH, HAIMYUE CTHIKOB U CTPEJIOK, I1BA;

AL,, — KOPPEKIHsl IPH HAJTMYMU KPUBBIX yJaCTKOB IyTH, ABA;
AL, — KOPPEKLWs Ha YCKOPEHHE, NBA;

AL, — KOppeKIHs Ha TOPMOKEHHUE, TBA;

AL — KOPPEKIHS TIPY TIPOXOKJICHUH TI0€3/1a TT0 MOCTY, BA.
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YacoBON SKBUBAICHTHBIH YPOBEHb 3BYKA L'peqink IOTOKA MOE3IOB i-OM KaTeropuw,
HPOIIEIIINX 10 PAacCMAaTPUBAEMOMY YYacTKy MyTH B TedeHue K-ro 4aca, pacCUMTBHIBAIOT IO
dbopmyre:

i 1 & 0l
L' neq251nk =10 |g—thk10 Aeq 25, jk
3600 = 20)

rae L' neqjk — OKBHBQJICHTHBIN ypOBEHb 3BYKa, TBA, Co3/1aBaeMbIil Ha pacCTOSIHUU 25 M

OT OCH OJIMKHETO MarrCTPaJbHOTO YKEJIE3HOJOPOXKHOTO IMYTH |-M TIOE3[0M I-0if KaTeropuw,
HPOXOJSILIAM B TeueHue K-ro vaca;

Nj— YUCIIO TIOE3/I0B i-0if KATErOpvH, MPOXOMSIIMX 10 PACCMATPHBAEMOMY YYacTKy
yTH, B TedeHue K-ro yaca;

t [ BpEMs CJICAOBAHUSA KAXKAOIO IIOC34a IO pacCMarpuBacMOMy YYACTKY IIYTH B

teyenue |-ro gaca, c.
HacoBoii 9KBUBAJICHTHBIN YPOBCHb 3BYKA L .05,y » CO3AABACMBIN HA PACCTOSHUN 25m

OT OCH OmMKHEr0 MAaruCTPaIbHOTO  KEJIE3HOJOPOKHOTO IIyTM IIOTOKAMH  IIOE310B
KEJIE3HOIOPOKHOIO TPAHCIIOPTA BCEX KATErOpHii, MPOIIEIINX 110 PaCCMaTPUBAEMOMY Y4acTKy
nyTH B TeueHue K-ro gaca, onpenensiercs mo Gopmyiie:
[
\ O’:l'LA 251hk
— eq2o,1h,
L peq2s1nx =1019 210
=1 (21)
OKBHMBAJICHTHBIN YPOBEHb 3BYKa L, .5, 32 Bpems oueHku (16 4 aHeM u 8 4 HOYbBIO)

PaCCUUTBHIBAIOT 1O POpMYJIE:
0,1L

'Aeq 25,1h,k

1 &
L eqzs =10 lg— Ztk 10
TAT , (22)
rae Tk — BpeMst OLICHKH, 1, TPUHUMaeMoe paBHbIM 16 1 (Ng = 16) my1st aust u 8 u (N, = 8)
JI7IS1 HOYH;
k=11

2. PacyeT MaKcMMAJIbHOI0 YPOBHS 3BYKa

B kauectBe MozenM MCTOYHHMKA 3BYKA, CO3JAIOIIETO MAaKCHUMAaJbHbIE YPOBHH IIymMa
1oe3/1a, MPUHUMAEM TOYEYHBIM MCTOYHMK, PACIIOIOKEHHBI B MECTE BOSHUKHOBEHHS CUTHAJIOB,
ITOCKOJIBKY IIPAKTHKA U3MEPEHNI NTOKA3BIBAET, YTO MAKCUMAJIbHBIE YPOBHH HE HAKAIUIMBAKOTCS, a
HUMEIOT MTHOBEHHBIE 3HAUYEHUE.

3aBHCHMOCTh OT JJIMHBI 110€3/1a MOJIy4€Ha aHATMTUYECKU U1 MOJEIM IO0e3[a B BHUJE
JMHEHHOTO WCTOYHHMKA JUIMHOW | ¢ paBHOMEpHBIM pacrpeielieHueM B0 M CHH(a3HBIX
TOYEYHBIX UICTOYHUKOB OZMHAKOBOW IIPON3BOIUTEIIEHOCTH.

B npuBeneHHBIX 3aBUCHMOCTSX YYTEHA YaCTOTHAs KOPPEKLHsS A YpOBHS 3BYKOBOI'O
nasieHus Ha dactore curHaina 500 I'n, paBHas munHyc 3,2 n1b, 1 CHW>KEHHE YpOBHSI 3BYKOBOT'O
JIABJIEHUS C PACCTOSIHNEM, paBHOE MUHYC 14 1b.

MaxcumanbHbIH ypoBeHb 3ByKa L, . » CO31aBACMBIH [I0€371aMH PA3INIHBIX KaTCTOPUi

Ha PacCTOSIHUU 25 M OT OCH OJIMKHETO MYTH, PACCUYUTHIBAIOT 10 (hopMyiiam (puc. 2):
— JUIsl TACCAKUPCKUX TOE3/10B (KaTeropus 1)
LY oo = 241gVv, +42,6 (23)
— JUTSI TPY30BBIX TIO€3/10B (KaTeropus 2)

L2 s =15lgV, + 61,7 (24)
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— JUTSL QJIEKTPOIIOE3/10B (KaTeropusi 3)

3 _
Lamacas =271 1 v; +37,2 (25)
— ISl BLICOKOCKOPOCTHBIX TI0€3/10B (KaTeropus 4)

L4 e =451lgv,-17,8

/i€ Vi — CKOPOCTh JABHIKEHHS TI0€3/1a I-0i KaTeropyu, KM/d;
i=1234.

(26)
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Puc. 2 3aBucumocTh MaKCUMaJILHOTO YPOBHS 3ByKa O

o

CKOpOCTH Toe3/1a I-i KaTeropun

B cimyuae ecimm pacueTHbIE 3HAYEHHS MAKCUMAJIBLHOTO YPOBHS 3BYKA L o5y OOJBIIE
3HAYEHMH OKBUBAIECHTHOTO YPOBHSA 3ByKa L,.,5, Oonmee wem ma 15 nbA, 3Hauenns

MaKCHUMAaJIbHBIX YPOBHEH NPUHUMAEM, KaK Ly o5y = Laggask +19.

3a MakCUMaJbHBII  ypOBEHb 3ByKa IIOTOKAa [OE3/I0B,  CIEAYIOUIET0 IO
paccMaTrpuBaeMOMy y4acTKy MYTH, 3a Bpems OreHkH (16 4 qHeM M § 9 HOYBIO) MPUHUMAIOT
HanOOJbIIIee U3 CPETHUX MAKCUMATBHBIX YPOBHEH, PACCUMTAHHBIX TIO (POPMYIIE:

k

n K,i
—pd,i 1o, Lyl /10
LRAmax 25 =1019 —- 210 .
ni j=1
, pd = neHp, HOUb, 27
rue LK - MaKCHMaJIbHBIN ypoBeHb 3ByKa (1bA), paccuntanHblil o ¢popmynam (23)

Amax

- (26) mpu poxoxie j-ro moe3na i-i kareropuu B Pd-M UHTEpBaJIC OLICHKHU (ICHB, HOUb );

k
n

| — YUCII0 MPOXOJIOB MOE3/0B I-r0 TUIA, B Pd-M UHTEpBaJIC OLICHKH, JJIs1 U3MEPCHUIA.
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K,i
Cmexzsk = T Uiz

3. Pacuer 3KBHBAaJICHTHBIX ypOBHeﬁ 3BYKOBOI'0 JaBJICHHUS B OKTAaBHBIX IMOJIOCaX
qacToT
OKBUBaJICHTHBIE YPOBHHU 3BYKOBOI'O JAaBJICHHUA L 0q25 2 I[E B OKTaBHBIX IIOJIOCax

YacTOT Ha PACCTOSHHM 25 M OT OCH OJIMDKHErO MarrCTPalibHOTO JKEJIC3HOIOPOXKHOIO ITyTH
s moe3noB  I-oit kareropunm (I = 1, 2, 3, 4) onpeaensorT MyTeM CIIOXKCHHUS
COOTBETCTBYIOIIETO 3KBUBAJICHTHOIO YPOBHS 3ByKa L. ..., NBA, paccuuranHoro, kak B

nojpaszene 1, co 3HaYeHUsIMA OTHOCHTENIbHBIX CIIEKTPOB, MPHUBEACHHBIME B Ta0. 1 (puc. 3).

L)IB

0 ' ' : >
1000 2000 4000 8000

-5

-10

-15

\( === TlaccaXkMpCKnin noess c JOKOMOTUBHOI TATOM

O‘)

-20 Z ;
dnekTponoess,
== BbICOKOCKOPOCTHO Nnoe3z,
-25
Puc.3. OTHOCHTENBHBIC CIIEKTPHI LITyMa JUIs TI0€3]0B I-i KaTeropun
Tabnuya 1

OTHOCHUTEILHBIC CIICKTPBI HIyMa KCJIIC3HOAOPOKHOTO TPpAHCIIOPTA

OTHoCHTeIbHASI YACTOTHASI XapaKTepucTuka, 1b, npu
Hcrounuk myma cpelHereoMeTpMYeCKMX YaCTOTAX OKTAaBHOM 1moJiochl, 'y

63 125 250 | 500 | 1000 | 2000 | 4000 | 8000

[Taccaxxupcknii  moe3x €
JIOKOMOTUBHOH TATOH 12,6 | 155 | 18,4 5,6 3,7 6,4 115 | 234

I'pysosoii moesn, (sce Turnn) | 59 | 58 | 60 | 25 | 52 | 70 | 121 | 21,8

OnekTponoes3n 151 | 170 | 173 | 43 3,3 6,2 | 135 | 24,2

BricokockopoCTHOM 10€3]] 10 45 | 139 | 7.2 4.6 51 | 10,8 | 19,4

HYacoBble SKBUBAIECHTHBIE OKTABHBIE YPOBHU 3BYKOBOTO IaBICHHS L., MOTOKOB
JKEJIE3HOJIOPOXKHOTO TPAHCIIOPTA U OKBUBAICHTHBIC YPOBHU 3BYKOBOTO AaBiieHHs L,., 32

BpEMsI OLICHKH PAaCCUMTHIBAIOTCS COOTBETCTBEHHO 1O (popmynam (20) - (22) ¢ 3ameHO0# B HUX
3KBUBAJICHTHBIX ypOBHeﬁ 3BYKa Ha COOTBCTCTBYIOIINUC YPOBHU 3BYKOBOT'O JABJICHUA.
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4. Koppextupywuue K03(ppuiueHTsl, y4YuThIBaeMble IPU pacyerax

KOpp@KI/;M}O Ha mun nymu, Haiudue CmvlKo6 U Cmpejlok

Koppek1uio Ha TUI IyTH, HAJTMYKE CTHIKOB M CTPEJIOK OMPEeIISIIOT 1Mo (hopMyIie:

ALy = AL, — 10°1g(1 —f), (29)
rae AL, — KoppeKuus Ha THII ITyTH, IPHHUMAaeMast 110 Taoil. 2;
f — mapamerp, yUUTBIBAIOIMI HATMYHE CTBIKOB U CTPEIIOK, OMpPeIessieMbIii 110 Talu. 3.

Tabnuya 2
Koppekuuu Ha Tarl myt1
Tun nytu Koppexkuusi AL, 1BA

ITyTh ¢ GETOHHBIMU IITTATTAMH 0
[TyTh C epEeBIHHBIMY HINAIAMA MHHYC 2
ITyTs Ha OETOHHBIX MIMTAX 3

Tabnuya 3

[Tapamerp, yYUTHIBAIOIIHI HATMYKE CTHIKOB U CTPEIIOK

Koncrpyknust nytu f

ITyTh 6€3 CTBIKOB, CTPEIIOK U NIepEeCeUeHUI 0
I1yTh co CTBIKaMH, OJMHOYHAS CTPEIIKa 1/30
2 crpenku Ha 100 M 6/100
bonee 2 crpenok Ha 100 M 8/100

Koppexyus npu npoxoosicoenuu Kpugwix yuacmros nymu

Koppekimro Ha IpOXOXkKIEHHE KPHUBBIX ydacTKoB Iyt Al,, ciemyeT mpuHMMAarh B

3aBUCUMOCTH OT PaJyca KPUBU3HBI IPOXOJUMOTIO y4acTKa:
— Ha KPHMBBIX y4acTKax ITyTH ¢ paguycoM oT 500 M AL,
— Ha KpUBBIX y4JacTKax IyTH ¢ paguycoM ot 300 no 500

=0 nbA;
M AL, =3 1bA;

— Ha KPHMBBIX y4acTKax ITyTH ¢ paguycom MeHee 300 m AL, = 8 1BA.

Koppexmupyrowue xoagpgpuyuenmeor na mopmodicenue u mun Mocmos
Ha yuacTtkax, rie mpoucxoaut TopMoxenue, koppekius AL, onpenensercs mno tadm. 4

B 3aBUCHMMOCTHU OT KaTCTrOpUH I10C3/1a.

Tabnuya 4
Koppexkiust mpu TOpMOKEHHH TT0€3/1a

Kareropus noesna

Koppexuusi npu TopMo:KeHHH

AL, nBA
IMaccaxupckuii moesJ1 ¢ TOKOMOTUBHOM TATOM (Kateropus 1) 10
I"py30Boii moe3 (kareropus 2) 12
MoTtopBaroHHbIi 35ekTponoes s (kareropus 3) 10
BeicokockopocTHOM noe3 ] (kareropus 4) 0

IIpn mpoxoze mo MOCTY YpOBHM ILIyMa, T€HEpUPYEMBIE IOE€310M, BBILIE, YEM INPH
MPOXO/JI€ IO OOBIYHOMY ITyTH. Y BeJTMUEHHUE YPOBHSI LITyMa 3aBUCHUT OT THIIa MOCTa U ITyTH.
Koppekimio Alyeer TpH TPOXOXKAEHUM IMO€37[a 10 MOCTY NPUHMMAaeM Ha OCHOBE

AMITUPUYECKUX MOMPABOK 110 Ta0IuIEe 5.
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Tabnuya 5
Koppekius va Tun mocra
Tun mocra Koppexkuus, 1bA
CTanbHOM MOCT 10
CranbHOM MOCT ¢ OaJlJIaCTHBIM CIIOEM 5
BeroHHBIM MOCT ¢ OaJITIAaCTHBIM CIIOEM M IT0A0aIaCTHBEIM MAaTOM 0

3akiaro4yeHue

[TockompKy  MOMy4YCHHBIE  3aBUCHMMOCTH  OBUTM  TIOJIYYEHBI HAa  OCHOBAHUU
SKCIEPUMEHTAIbHBIX JIaHHBIX B pe3yibTare OOpaOOTKM XapaKTepUCTUK IIymMa OOJbIIOrO
komuuectBa moe3noB  (6onee 1000), TO TONMyYEHHBIC 3aBHCHMOCTH HWMEIOT XOpOIIee
NpUOIIKEHNE K peaibHbIM KCIIEPUMEHTAIBHBIM 3HAYCHUSI.

Takum oOpazoM, moixydyaeM pacuy€THble 3aBUCHUMOCTH TIIPUIOAHbBIE [UIl pacuéra
BHEIITHETO IIIyMa MOe30B B PaCYETHOM TOUKE B BUJIE 3aBUCUMOCTEH ISl SKBUBAJIEHTHOTO YPOBHS
3BYyKa, JJIs MAKCUMAJIbHOTO YPOBHS 3BYKa, a TaK K€ Ui YPOBHEW 3BYKOBOro naBiieHus. s
YTOUHEHHUSI PACUETHBIX XapaKTEPUCTUK HAa OCOOEHHOCTH IYTHU (CTBIKH, CTPENIKH, PaJUYCHI,
TOPMOXKEHHUE U T.II.) BBOJSTCS KOPPEKTHPYIOIIHE TTOMPABKH, TIOJYUYCHHBIC YKCIIEPUMEHTATEHBIM
nytéMm. PesynbraTel gaHHOW paboThl ObUIM uUcmoNb30BaHbl npu moarotoBku ['OCT P 54933
[IIym. Meroapl pacuera ypOBHEM BHEIIHETO IyMa, M3JIy4aeMOro JKEJIE€3HOAO0POKHBIM
TPaHCIIOPTOM.
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Pacuyer 10CTATOYHOCTH 3BYKOU30JISIIIUM TEPEXOTHO Kej1e300eTOHHOM
IUTUTHI cTposierocsi BbicotHoro 3nanust «IDEL’ Tower» B . Y e

Kpusnos C.I/I.l, Pamazanos T.A.z, Kouanosa E.JO.%"
1Bez[ymm”1 Hay4HbII COTpyAHUK LeHTpa «CTpONTEXIKCIIEPTH3ay», CTAPILINN IIPENo1aBaTellb
kadenpsl «CtpoutenbHbie KOHCTpYKIMn» YIHTY,
[Tpocnext Oktsa0ps, n. 180, k8. 340, . Ya, PO
ZMaFI/ICTpaHT kadenpsl «CtpouTtenbHbie KOHCTPYKIUN» YIHTY,
yn. Mengaeneesa 193/1, komu. 411, . Yoa, PO
3AC1‘II/IpaHT kadenpsl BeICIIEH U TPUKIAAHON MaTeMaTuku bI'Y,
yn. baiikanbeckas, 1. 101, r. Ya, PO

AHHOTANHSA

B craree mpuBeneHB pe3yabTAaTHl  MPOBEICHHOTO  aKyCTHYECKOTO pacdyera  IepexOJHOM
JKETIE300€TOHHOM IUINTHI, Pa3JeIsIONIeH M0 BEPTUKANN KUY 4acTh (BbIIIE 4 3Taa) BBICOTHOTO 3HaHHS OT
TEXHHYECKOTO 3Taxka (4 3Taxk), Ha KOTOPOM DPACIOJIOKEH OJOK BEHTHIAIMOHHBIX Kamep. [lepexonmHas mumra
IpefHa3HavYeHa Ui IePeAady Harpy3KH OT KOJIOHH BBIIIE PACTIONOKEHHbIX 3Ta)Ke Ha KOJIOHHBI HIDKHETO PAZA.

Cormacro m. 9.14 [1] MexIydTa)KHbIC IEPEKPBHITHSA C MOBBIICHHBIMA TPEOOBAHMAMH K W3OJLILUH
Bo3xymHOro myma (Rw= 57...62 nb), pasnensromue Xuible U BCTPOCHHBIC IIYMHbBIC NOMEIICHUS, CIEIYeT
NPOEKTHUPOBaTh, KaK IPaBWUIIO, C HCIOJIb30BAHHEM MOHOJMTHOI'O IKeJIe300€TOHAa JOCTATOYHOW TOJIIMHBI.
JlocTaTo4yHOCTh 3BYKOU3O0JIALUH TaKOH KOHCTPYKLIUHU OIPEACTIIOT PacueToM.

KiaioueBble cioBa: CTpOUTCIIbHAsd aKyCTHKa, aKyCTI/IIIeCKI/Iﬁ pacyeTr, HHIACKC 3BYKOU3OJALUU
BO3AYHIHOIO IIyMa, NPpHUHITAIL MaKCHUMaJIbHOM 3BYKOM3OJIAIIUH.

The adequacy calculation of acoustic isolation of the transitional reinforced concrete slab
in construction of high-rise building **Idel Tower" situated in Ufa

Krivtsov S.1.}, Ramazanov T.A.2, Kochanova E.Y.2"

!Senior Researcher Center "Construction and technical expertise”, Senior Lecturer of the Department "Building
Structures” USPTU,
Russia, Republic Bashkortostan, Ufa, 180 October Prospect, Apt. 340
Master of the department "Building construction" USPTU
Russia, Republic Bashkortostan, Ufa, 193 / 1 Mendeleev Street. room 411
*Postgraduate student of the Department of higher and applied mathematics BSU,
Russia, Republic Bashkortostan, Ufa, 101 Baykalskaya Street

Abstract

The article presents the results of acoustic calculation of the transitional reinforced concrete slab
which separates the residential section vertically (on the 4th floor above) of high-rise building from the technical
level (4th floor), where the block of fan rooms is located. The approach slab is designed to transfer the load from
the upstream floors pillar on the columns of the base course.

In accordance with clause 9.14 [1] the inserted floors with high requirements for airborne sound
insulation (Ry= 57...62 dB), separating residential and built-in noisy areas, as a rule should be designed by
means of monolithic reinforced concrete of sufficient thickness. The adequacy of acoustic insulation of such
construction is determined by calculation.

Key words: building acoustics, acoustic calculation, the index of airborne sound insulation, the
concept of maximum sound insulation.

“E-mail: mokimotol@yandex.ru (Kpusyoe C.H.), macrol6@yandex.ru (Pamasanos T.A.),
moto8728@mail.ru (Kouanosa E.IO.)
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[lepexoqnas miuTa (IUIMTa  TMEPEKPBITUS) —  MAacCHBHAas  apMHpPOBAHHAS
JKeJle300eTOHHAs TUIOCKAash OMOpHAas KOHCTPYKIUSA, CIyXKamas A Nepefadyd yCUJIuil oT
JKeJIe300€TOHHOTO KapKaca >KWJION 4acTu 3/1aHus (3Taxu 5-42) Ha xejie300€TOHHBIM KapKac
YacTU 3/aHHf, 3aHMMAaeMOro OOIIECTBEHHBIMH W TEXHUYECKHMHU IOMEIIECHUSMHU (ITaxKu
MuHyc 3-4). IIpy 3TOM mIar KOJIOHH HMJKHEH M BEpXHEM yacTe 3/1aHusl HE COBNAJAIOT.
[TockonbKy mepexoiHas IUIUTa SBISAETCA TaKXKE Ppa3[eIUTEIbHBIM JIIEMEHTOM MEXIY
BeHTWISIIMOHHBIMA ~ KaMepaMHd W JKAJIBIMA KBapTUpPaMH, HEOOXOAUMO IPOU3BECTH
AKyCTMUYECKHI pacyeT JIOCTaTOYHOCTH 3BYKOM3OJISIUU MEPEXOJHON IUIUTHI ISl 0OecedeHHs
YPOBHEW IIyMOB B OJKWJBIX KBapTUpax 3JaHUA OT paldOoTaoUIero BEHTWISALMOHHOTO
000pyaOBaHus, HEe MPEBBIMIAIOIIUX HOPMATUBHBIX 3HAYCHH.

WUcxonupie nanHule:.

— TONIMHA TepexoaHoi muThl hy = 1500 mwm;

— 00BeMHBIN Bec Marepualia mepexoaHoi miuTsl p; = 2500 kr/m;

— CKOpPOCTb 3ByKa B OeToHe ¢1=3200 m/c;

— aKyCTHYECKOe CONPOTHBICHHE GeToHa Zy = py X ¢1 = 2500 x 3200 = 8x10° kr/m*-c;

— o00bemHBIN Bec Bo3ayxa po = 1,29 Kr/M3;

— CKOpOCTb 3BYKa B BO3yxe cg = 340 M/c;

— aKyCTHUYECKOE CONMPOTHUBIEHUE Bo3ayXa Zg = po X co = 1,29 x 340 = 438,6 KF/MZ'C;

— HOpPMAaTHBHBIN YPOBEHb 3BYKa B )KHJION KOMHare KBapTupsl [1]:
= B guesHoe Bpems (72 — 23%) 40 1BA;

" B HOYHOE BpeMs (23@ — 7@) 30 nbA;
YPOBHH 3BYKOBOW MOIIHOCTH BEHTHJISIIMOHHOTO OOOpyHZOBaHHS Ha 4 3Taxe,
NpUBEICHHBIC B TaOIHUIIE.

Tabnuya 1
YpOoBHHM 3BYKOBOI MOITHOCTH BEHTHJISIIIHOHHOTO 000pyAOBaHuUs Ha 4 dTaxe
BeHTHASIIOHHOE 060PY/I0BaHHE Yponem: Vposenn
3BYKOBOIi .
HanmenoBanue MOILHOCTH cyMMapngn
NnMoOMeEICeHUu A I]_Iml)p 1o MapKa 1o OTAEJIbHOI'0 3BYKOBOH
MPOCEKTY KaTaJjory 060pyHOBaHHH, MOIIITHOCTH B
1BA nomMemennn, 1bA
[IpuTouno-
EZI;;‘P’I‘J(;” [B1-2A DV Compact 60 63 66
s [IB2-2A DV Compact 60 63
JKUITBIX
MMOMEIEHU I
Ia1-2A BPAH9-112-T1]] 98
IIpoTuBOIBIMHAS I112-2A BPAH9-112-T1]] 98
MIPUTOYHAS [A3-2A OCA-501-071 83 101
BEHTHJISIINS I114-2A TLP-200/5 53
[Aas-2A OCA-501-071 83
IIpoTuBOIBIMHAS
BBITSKHAS AVY5-28 BPAH9-90-/1Y 90 90
BEHTHJISALIUS
iff;;;‘;ﬂo 1123-2B DV Compact 15 53
S I121-2B TA 2000 HW 63 69
S —— [122B31-2B Topvex FRO3 65
N [120B30-2B Topvex FR0O6 64
MTOMETIEHUH
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B3auMHoe BnMAHUE Jpyr Ha JApyra 3BYKOBOW MOIIHOCTH BEHTOOOPYIOBaHMS
COCEIHHX TIOMEIIEHUH OmpenenseTcs 3BYKOM3OJIUPYIOMIEH CHOCOOHOCTBIO KHUPIHUYHBIX
HEPEropoIoK, pa3IeIAIOUMX BEHTKAMEPhl. 3BYKOU3OJIALUS KUPIUYHBIX IEPErOPOAOK MEXITY
BEHTKaMepaMH, paBHas 491b, nckiitoyaer BIUsSHUE (YCUJIEHUE) IIyMa CMEXXHbBIX TIOMEILEHUH.

YacToTHasi XapakTepUCTUKA W30JIALUM BO3IYLIHOIO LIyMa OAHOCIOMHOHM IIOCKOM
OrpakJaroniel KOHCTPYKLMEH CIUIOIIHOIO CEUEHUs ¢ OBEPXHOCTHOM IIOTHOCTHIO 0T 100 110
800 kr/m” B3 GeToHa, HKene300eToHa, KHPIAYa W TOMY MOZOOHBIX MATEpPHANIOB OMPE/IEseTCs
comnacHo 1. 3.2 [2]. [lepexonHas IMTa UMEET OBEPXHOCTHYO MIJIOTHOCTD

m=p, -h =2500-15=3750 Kkr/m 1)

ropas3io OOJBIIYI0, YeM IMOBEPXHOCTHAS IUIOTHOCTH OTPAKIAIONINX KOHCTPYKIIMH, OOBIYHO
NPUMEHSIEMBIX B CTPOUTENbCTBE. [103TOMY, /I pacyera IUIUThI aBTOPBI IPUMEHHIIN TIPUHIIHIT
MaKCHUMAaJIbHOCTH 3BYKOU3OJISIUH [3]:

Rmax = 2010(Z; / Z5)— 6 = 20lglg-10° / 438,6)-6 =79 1B (2)

I[To Ttabm. 5.1 [3] ompenmenseTcs MaKCHMalbHAas TONIIMHA OETOHHOW IITUTHI,
obecrieunBaroias MaKCHMAJbHO BO3MOXKHYIO 3BYKOM3OMSIUIO Nmax = 783 wmwm. Ilpum
YBEJIMYCHUHN TOJIIUHBI OCTOHHOW TUIUTHI, 3BYKOM3OJSIIHS HE YBEIMYMBACTCS, OCTaBasICh
BEJIMYMHOMN TMOCTOSTHHON. TakuM 00pa3oM, 3BYKOM3OJISIMS BO3AYIIHOTO IIyMa IEPEXOIHOU
wMToi TonuHoi paBHoi 1500 MM ocTaercs HeM3MeHHOM u coctasiser 79 ab.

TpeOyemyro n3onAnuio BO3MyMHOro myma Ry, 1b, orpaxkparomei KOHCTPYKIIMH,
4yepe3 KOTOPYI0 IPOHUKAET IIyM, CIIEIYeT ONPEICISTh P PACTIPOCTPAHCHHUH IIyMa B XKHIIOC
MOMEIIeHHEe, 3alldllaeMoe OT IIyMa, M3 CMEXKHOTO TOMEIIeHHs C HMCTOYHHUKAMHU IIyMa
(BeHTKamepa) o m.1.4 [2]:

Rip = Law —10IgB,, +10lgS —101gk — L ason, (3)

rne Ly — YypOBeHB 3ByKa B MOMEIICHUU C MCTOUYHWUKOM Imyma, nbA, Ly, = 101 abA; B, —
AaKyCTHYeCKas MOCTOSHHAs HM30JIMPYEMOIo IMOMEIICHMUS, M% S — romans pazaensIoIero
orpakJeHus (IepexoIHON TUINTHI) MEXAY KUJIOH KOMHATOW Ha 5 aTaxke M Haubosiee IyMHOMN
BeHTKamepoi (101aBA), M2, S =151 Mz; Lnon — JAOMYCTUMBIN ypOBEHBb 3BYKa B >KHIIOU
KoMHare B HO4HOEe Bpems, IBA, Ly,on = 30 nBA; k — koadduiueHT, yunTHIBAIOIIHI
HapymieHue audQGy3HOCTH 3BYKOBOTO MO, MPUHUMAETCs Mo Tadn. 3 [2] B 3aBUCHUMOCTH OT
cpenHero ko3 uIreHTa 3ByKOIOIIONMIEHHS Ol B H30JIHpyeMOM momernenud, K = 1,25.
AkycThueckasi TOCTOSHHAsI H30JIUPYEMOTO TIOMEILICHHUS:

B, =Al-ag, (4)

rme A — DSKBHUBAJIECHTHAs IUIONIAJb 3BYKOMONIOMIEHUS TMOMEIICHUS, MZ; Ocp — CPEIHHMH
KOO (UIIHEHT 3BYKOIOIVIOIIECHHWS TOMEIIEHHs (IS OINTYKaTYPEHHBIX W OETOHHBIX
HoBepxHOCTEH 0p < 0,02).

ITapameTp A BBIYHCIISIETCS:

A=0163V /T (5)
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rae T — Bpemst peBepOepaliuy MajbIX MOMEIICHHS, H ONPeaeIsieTcs Mo rpaduKy pucyHka [4].
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Puc 1. Tpaduk 3aBUCIMOCTH BPEMECHH peBepOepanuu 0T 00beMa MOMEIICHUS

Torpa:
V=8-H=151-30=453wm",
T=081c;
A=0163-453/081=912 m*
B, = AVl-o, =912/1-0,02=9,30".

U tpebyemast M30JIsI1IKsT BO3IYIIHOTO 1yMa 1o dopmyiie (3) COCTaBuUT:
R,, =101-101g9,3 +10Ig15,1 —10Ig1,25 — 30 = 72,1< Riax = 79 1b.

3akjao4yeHue

[IpoBeneHHble aBTOpaMH pPacyeTbl CBUAETEILCTBYIOT O TOM, YTO TpeOOBaHHE IO
3BYKOM3OJISIUM NEPEXOJHON IIIMTON BhIMONHseTcA. LIlyMOBBIE XapaKTEpUCTUKH B KUIION
KOMHaTe, pAaclojOXEeHHOH Haja Haubojiee IIYyMHBIM MOMEIIEHHEM (TPOTUBOABIMHAS
NPUTOYHAST BEHTWJIALMS), HE MPEBBIIIAI0OT HOPMATUBHBIX 3HAUEHUH Kak B JIHEBHOE, TaK U B
HOYHOE BpEMSI CYTOK.
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O6ocHOoBaHMe BBIOOPA CTATHCTUYECKOI TEOPUH ISl pacyeTa 0:KUIAeMOH
IIYMHOCTH TPAHCIIOPTHBIX MAIIMH

['pumuna C. 10."", UBanos H. 1.7, Kypues I'. M2
1CTy,I[eHTKa, Bantuiickuii rocy1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET
«BOEHMEX» um. 1. @. Ycrunosa, Poccus, r. Cankr-IlerepOypr
2Hpoq)eccop, Bbantuiickuii rocy1apcTBEHHbIM TEXHUYECKUA YHUBEPCUTET
«BOEHMEX» um. 1. @. Ycrunosa, Poccus, r. Cankr-IlerepOypr
3Hpoq)eccop, Bantuiickuii rocy1apcTBEHHbIA TEXHUYECKUA YHUBEPCUTET
«BOEHMEX» um. 1. @. Ycrunosa, Poccus, r. Cankr-IlerepOypr

AHHOTANHSA

B manHO#l cTaThe paccMaTpUBAIOTCS TPH TEOPUH aKycTHKH. Llenb naHHOW cTraTbu — 0OOCHOBaHHE
Teopuii, 4T00BI B JanbHEHIeM ObUa BO3MOXKHOCTH BBIOpaTh TEOPHIO, HEOOXOAUMYIO JUIS pacueTa OXHIAeMOMH
IIYMHOCTH B KaOWHE TPaHCHOPTHBIX MamuH. OTpa)XeHbl OCHOBHBIE MOJOXKEHHS AJS pacdera M0 BCEM TpeM
TeopusiM. B crarhe mpHBeAEHHI MONMYMICHHS KOHKPETHOM TEOPHH, IO KOTOPHIM MOXKHO pPacCUUTATh
aKyCTHYECKOE IoJie B KaOWHE CTPOMTEIbHO-IOPOXKHON TeXHWKH. Ha OCHOBE aHanmm3a IIONydEeHHBIX JaHHBIX
YCTaHOBIICHO, YTO OXHAAEMYI0 LIYMHOCTh B KaOWHE CTPOMTENLHO-IOPOXKHOH TEXHHKH HEO00X0IUMO
paccYnTHIBaTh HAa OCHOBE CTATHCTUYECKOM TCOPHH C €€ AOIMYIICHUIMH.

KiroueBble cjoBa: 1myM, KaOWHA, aKyCTHYCCKOE TIIOJ€, CTPOMTEIbHO-IOPOKHBIC MAIIUHBI,
oXKHJaemMasi IyMHOCTb.

Substantiation of the choice of the statistical theory for calculating of the expected
noise of transport vehicles
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Abstract

This article discusses three theories of acoustics. The purpose of this article is the substantiation of
the choice of the statistical theory for calculating of the expected noise in the cabin of transport vehicles. The
article describes the main regulations for the calculation of all three theories. The article presents the
suppositions of a particular theory for calculating the acoustic field in the cabin of the construction vehicle.
After analysis of the data authors offer to use the statistical theory with some of the suppositions for calculating
expected noise level in the cabin of the construction vehicle.

Key words: noise, cabin, acoustic field, construction vehicles, the expected noise.

BBenenune

Jnia pacueTa 0kuIaeMOi IIYMHOCTH B KaOWHE TPAHCIIOPTHBIX MAIIMH HEOOXO0IUMO
COCTaBUTh aHAIUTHUYECKYIO MOJIeNib. B cBOIO ouepenp, 3Ta MoJieb 10JKHA ObITh MOCTpOEHA
Ha OMNpENEICHHON TEOpUU aKyCTUKH. B akycTuke aiisg pacdera OXUAAEMOM IIYMHOCTH
WCIIONIB3YIOTCS TPU TEOPUM: BOJIHOBAs, TeOMETpUuYeckass M craTuctudeckas. [lns
ompesieNieHusT HEeOOXOIWMOM Mg pacyera OXHAaeMOM NIYMHOCTH Ha TPAHCHOPTHBIX
MalIMHAX TEOPUH, OCHOBBI TEOpUW OyAyT OMHCAHBI U JaHbI JOMYIIEHUS K HEOOXOAUMOil
TEOpUHU.

“E-mail:gsy62@mail.ru (I puwuna C.IO.)



T'puwuna C.1O., Heanos H.U., Kypyes I M.
ObocHosanue 8b100pa CMAMUCIMUYECKOU Meopul 05l PACHema 0AHCUOAeMOU WYMHOCMU MPAHCHOPTHBIX
MAwuH

1. BostHoBasi Teopusi

OcHOBBI BOJTHOBOM Teopuu ObuH pazpadotansl k. Y. Paneem u pa3Butel B pabotax
®. Mopse, P. bonra, JI. Kpemepa u np. BonHoBast Teopusi paccMaTpuBaeT 3BYKOBBIE ITPOLIECCHI
KaKk CTpPOrylo (hM3MYECKyI0 3aJady ¢ y4déToM BOJIHOBOM mMpupozbl 3Byka. Ilpum paccMmorpenun
MOBEICHUS BO3/YIIIHOTO 00BhEMa TOMEIICHUSI CO 3BYKOBBIM CHUTHAJIOM OTMETHM, YTO TIEPBBIN
BelleT ce0sl Kak cloxkHas KoneOaTtenbHas cucrtema. CTporuii aHaun3 BOJHOBBIX IPOIECCOB,
MPOTEKAIOIIUX B TIOMEIICHUH, TO3BOJISIET MOHATh, KaK OHU BJIMSAIOT HA aKyCTUYECKHUE CBOMCTBA
noMeleHus. BonHoBas TeopHsi aKyCTMKHM ONMHUPAETCs HA CTPOTM MaTEMAaTHUECKH armapar,
KOTOPBII IOBOJIBHO CJIOKEH U TPOMO3/IOK.

VYHpoILIeHHO CYIIIHOCTH BOJHOBBIX METOJIOB PACUETOB MOYKHO MPEACTABUTH CIIETYIOIIUM
oOpazom:

— COCTaBIIsSIeTCS BOJHOBOE YpaBHEHME, OIKMCHIBAIOIIEE HM3MEHEHHE 3BYKOBOTO
JTABJICHUS UM KOJIeOATEeTbHOM CKOPOCTH B PA3IMYHBIX TOUKAX CPE/IbI;

— HaxoAWTCs o0IIee peneHne TP PEPeHIMATLHOTO YPaBHCHNS;

— 3aJ1al0TCsl OIPEIEICHHBIE TPAaHUYHBIC YCIIOBHUS, B KOTOPHIE BXOIST T€OMETPHS
MOBEPXHOCTEH W HCTOYHUKA M (U3UYECKHE YCIIOBHUS 3BYKOBOTO TMOJS Ha
TpaHHUIIC;

— BBINOJIHACTCS PEIICHUE YPaBHEHUS OTHOCHUTEIBHO 3BYKOBOTO JABJICHHS WU
CKOPOCTH.

BonHoBOl MeTOA, HECMOTPSI Ha CBOK CTPOTrOCTb, HE BO BCEX CIy4asX MOXKET J1aTh
petenue. Tak, HarIpUMep, Ype3BBIYANHO CIIOKHBIM CTAHOBUTCS PEIlIEHHE BOJIHOBOTO YpaBHEHHUS
IpU CIyYaiHOM XapakTepe aKyCTUYECKOIO CHUTHaja, ¢ KOTOPhIM M MMEIOT JIeJI0 B MPAKTUKE
IIYMO3aIlUThL.

2. FCOMeTpI/I'{eCKaﬂ AKyCTHKa

['eomeTpryeckast Teopust SBISIETCS TIPEETBHBIM CITy4aeM BOJHOBOM, OHa OoJiee mpocTa
¥ HarJIsgaHa. DTa TeOopusl ONlepUpyeT ITOHSITHEM 3ByKOBOT'O JIy4a. 3ByKOBOE IOJIE ITPEICTABIISETCS
B BHUJE JIy4deHd, MOCTPOCHHBIX MO 3aKOHaM ONTHKU. METOJbl TE€OMETPHYECKOH aKyCTHKU
NPUMEHUMBI, €CJIH JUTHHA 3BYKOBOTO Jiy4a (I) Oosblie 17MHBI 3ByKOBOI BOJTHBI (A), WK paBHA €,
T. €. | > A. OHH JOCTATOYHO CIIOXKHBI, HE YHUBEPCAIbHBI M MPUMEHSIOTCS B OCHOBHOM JUIS
CPEIIHUX U BBICOKMX 4acTOT. C MX MOMOIIBIO OMUCHIBAIOTCS 3BYKOBBIC MOJIS B MPOTSHKEHHBIX
3aMKHYTBIX 00beMaxX, PEIIatoTCs 331491 OTPAKEHHUS 3ByKa OT MOBEPXHOCTEH.

Hanpumep, III0THOCTE OTpasK€HHOM 3BYKOBOM SHEPTUU ONPEAEISAETCS TaK:

Eomp = Enaz)(] - anoe)a IbK/ M3 (1)

rne Ep, — TUIOTHOCTE Majgaroliel 3HEpPruu, )1>1</M3; Omos — KOd(umeHt
3BYKOIIOIVIOILIEHUS OTPAXKAIOLLEH [IOBEPXHOCTH.

Otmerum, 49ro ycnoBus Au(@y3HOCTH 3BYKOBOTO MO B OojblIel CTENeHH
COOJTIOZAIOTCS. TPH PACIIONIOKEHUU HCTOYHUKOB IIIyMa CHAapY)XH 3aMKHyToro odbema. Ecimu
MCTOYHUK HAXOJUTCSI BHYTPH TIOMEIIEHHS, 3BYKOBOE I10JIe UMEET 00Jiee CI0KHBIN XapakTep.

B nmomemennn MOXHO pasinyare MPsMOM 3BYK OT MCTOYHMKA M OTPAXKEHHBIA — OT
OrPAXKAAIOLIUX [TOBEPXHOCTEN.

B6mu3u rcrounrka HaOMIOIaeTCsl CIiajl YPOBHEH 3BYKOBOI'O JIABJIEHUS C YBEJIMUYEHHUEM
pacCTOSTHUSA 10 TEX MOp, ITOKAa OTPAKEHHBIN 3BYK HE HAUHET MPEBATMPOBATH HAJl IIPSMBIM.

YuuTeiBas, 4YTO TreOMETpUYECKas AaKyCTHMKa MCHOJIb3yeTCA Il MCCIIEIOBAaHUS
3BYKOBBIX I10JIEM B HECOPA3MEPHBIX ITOMELICHUAX U UMEET Psijl OTPaHUYECHUM, €€ IPUMEHEHUE
JUId pa3pabOTKM METoJa pacyeTa OXXHIAEMOH ILIYMHOCTH TPAHCIOPTHBIX MAallIMH PE3KO
OTPaHUYEHO, 3a UCKIIOUYEHUEM METO/A JIMHEUHBIX UICTOYHUKOB.
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3. CraTucTnyeckas Teopus

OCHOBBI CTaTHCTHYECKOW TEOPUU aKYCTUKH ObUTH 3ajokeHbl Y. (Co0MHOM W
pazsuBanucy JI. bepanexom, H. W. UBanoeim, E. . HOmunsim, WM. U. KrokunbiMm,
P. JlalionoMm u nip. DTa Teopus MPUHIMIHAIBLHO OTKA3bIBACTCSI OT PACCMOTPEHMS CIOMKHBIX
AKyCTHUYECKHX SIBJICHHI, JIOMYCKAET OMPEACIICHHYIO UAcaTu3alnio (PU3NIECKUX MPOIECCOB B
MOMEIIEHUU M TMOJHOCTBIO OTXOAUT OT PACCMOTPEHHS] BOJHOBOW MPHUPOJBI 3BYKA.
Craructuueckasi TEOpHUs HEYHNOPSIOYHBIE JProjJMYECKUe IMPOIECChl OCHOBBIBAETCA Ha
MPEIIOJIOKEHUH O PAaBHOBEPOATHOM IPUXOJAE 3BYKOBBIX OTPAKEHHBIX BOJIH M3 JII0OOOTO
HATPaBIICHUS B TIO0YIO TOYKY MOMEIICHHSI. 3BYKOBOE I10JIC B TIOMEIICHUH HJICATH3UPOBAHO U
paccMmatpuBaeTcs Kak u3oTporHoe u quddysnoe. Cratuctudeckas TEOpUs HCIOIb3YET METO/T
HSHEPreTUYECKOro CI0KEHHSI CUTHAJIOB.

[Ipun paccMOoTpeHUM METOJAMHU CTAaTHCTUYECKOM aKyCTUKH PacHpOCTpaHSIOIIeHcs
3BYKOBOW BOJIHBI HE YYHUTHIBAIOTCS MIHOBEHHBIC U3MEHEHUS aMIUTUTYABI U (a3 KojaeOaHuH,
T. €. TpeHeOperaroT paccMOTpPEeHHEM HHTEePPEPEHIIMOHHOW KapTUHBI 3BYKOBOTO TMOJS U
KOOPJMHATBHl TOYKU cpenbl. OJHUM U3 OCHOBHBIX TMOJIOKEHUN CTATUCTUYECKON Teopuu
ABIIIETCS TPEANONOKEHUE O TIOCTOSHCTBE aKyCTHYEeCKOW MOIMHOCTH HUCTOYHHKA B
MTOMEIICHUH.

CratucTuueckas TEOpus CIipaBeAJIuBa AJsl IOMEIICHU, KOTOPbIE XapaKTePU3YIOTCs
PaBHOMEPHBIM pacIpeesieHHeM 3BYKOBOW JHEPryd, MOSTOMY OHA HMEET OIpECIICHHbIC
OTpaHHYECHUSI.

Tak Kak TPUHIUIIBI DHEPrETHYECKOTO CJIOXKEHHUSA, IIOJIOKEHHBIE B OCHOBY
CTAaTHUCTUYECKON TEOpHH, MO3BOJSIOT BCE pPAaCyYEThl CBECTHU K JOrapu(PMUYECKUM, TO 3Ta
TEOpHsl SABJISICTCSI YPE3BBIYAMHO OJATOMPUSTHONW HJIsi CO3/JaHMS WHXEHEPHBIX METOJI0B
pacueta. [ToaToMy GOJBIIMHCTBO MPAKTUYECKU MPUMEHIEMBIX METO/IOB pacdyera OKuIaeMOn
IIYMHOCTH OCHOBaHBI HA TEOPUHU CTATUCTHYECKON aKyCTHUKH, a TaM, IJie¢ OHA HE MOXKET OBITh
MPUMEHEHA — TEOMETPHUECKON aKyCTUKH.

Brime yxe oTMedanoch, 4YTO METOJ CTAaTHCTMYECKOW AaKyCTHKH HMEET P
OTpaHUYEHUH, TIO3TOMY OCHOBHOM 3a/1aueil HaCTOSIIEr0 PACCMOTPEHHUS SIBJIETCS YCTAHOBUTD
BO3MOKHOCTh NMPUMEHEHHUS ITHX MPUHIIMIIOB JJIA CO3/JaHHS METOJOB pacuera OXHIaeMOU
IIYMHOCTH IS CTPOUTENBHO-A0POXKHBIX MauH (nanee — CIAM).

Paccmotpum Gosiee moipoOHO OCHOBHBIE TIOJIOKEHUSI CTATUCTUYECKOW TEOPHH, U B
KaKoW Mepe 3T JOMYIIEHUS COOTBETCTBYIOT ycioBusaM Ha CJIM.

OcHOBHBIE TIOJIOXKEHUS TIPU pacdyeTax 0KUAAEMOM IITYMHOCTH:

1. 3BykoBoe mosje B nomemieHuu auddysHoe;

2.  HMmmepmaHc orpakIaroniuX MOBEPXHOCTEH MOMEIIEHUS IPUMEPHO OJIMHAKOB;

3. Pa3smepsl moMenieHHsl AOCTATOYHO BENUKH M KAK MHHUMYM OOJBIIE IJTHMHBI
3BYKOBOM BOJIHBI (A);

4.  OrtHomieHWe HAWOONBIIETO pa3Mepa IOMEIICHUS K HauMEHBbIIeMY He
IpeBbIIaeT 4-5;

5.  HcrtouyHuku 3ByKa HEHaNpaBlIEeHHBIE;

6.  VcToyHWKHM 3ByKa HEKOTCPEHTHBHI;

7.  AKYyCTHYECKHI CHTHAI IIHPOKOTOIOCHBII;

8.  HcrTouHuky 3ByKa HCHAINPABJICHHBIE W SBJSIOTCS TOYCYHBIMH HCTOYHHKAMHU
chepruecKux 3BYKOBBIX BOJIH.

B mepBom mpuOmmkeHMH 3BYKOBOE TMOJi€ B 3aMKHYTOM OOBEME MOXKET
paccMaTpuBaThCs Kak kBazuaup@dysHoe, ecii B HEM HE COACPKHUTCS AOCTATOYHO OONbIIOe
YHUCJIO0 COOCTBEHHBIX KOJICOAHUH.

[To nanubM ASIM (AMepukaHCKoe 0OIIeCTBO M0 UCTIBITAHUIO MAaTEPHUATIOB) 3BYKOBOE
1moJie B 3aMKHYTOM oObeMe auddy3Hoe, eclii B HeM Bo30yKaeHO He MeHee 20 cOOCTBEHHBIX
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T'puwuna C.1O., Heanos H.U., Kypyes I M.
ObocHosanue 8b100pa CMAMUCIMUYECKOU Meopul 05l PACHema 0AHCUOAeMOU WYMHOCMU MPAHCHOPTHBIX
MAwuH

konebanuii, a mo ganHeM A. C. Hukudoposa ve meree 10 konebanwmii. Y cnoBue Maiiepa st

nuddy3HOro 3ByKOBOTO ITOJIS:
Faup = 1253/% I )

rie V — 06bEM IIOMEILICHHS, M.

Pacyersl mo BhIenpuBeaeHHOW (GOpPMyJe TOKA3bIBAIOT, YTO JJS CaAMBIX MAJIbIX
06bémoB C/IM (V=3 M3) 3HaueHue fyg coctaBmser fy =500 I'n, a m1d cambIX cpeaHHX
00béMoB (V=10 M°) f,,3<300 T'i. Takum 06pa3om, pacuersl oxuaaeMoii urymaoct CJIM,
OCHOBaHHbIE Ha CTaTHCTUYECKOM TEOpHUH, MOTYT OCYIIECTBIATHCA C YacTOTBHl CO
cpeanereomerpuueckuM 3Hauenuem 250 .

AHanu3 KOHCTPYKIUH 3aMKHYTBIX 00bEMOB C/IM (kabuH, Tu3eIbHBIX TOMEIICHUN U
mp.) TIOKa3pIBaeT, 4YTO HMMIICAAHCHI  OTPAKIAIONIMX  KOHCTPYKIUHA  Pa3IMYaroTCs
HE3HAYUTENbHO, & OTHOIIEHNE HAauOObIIIEro pa3Mepa K HAMMEHbIIEMY He MPEBBIIIAET 3+4.

AHanu3 B3aUMHOTO pacroyiokeHus uctouHukoB Ha CJ/IM moka3bIBaeT, 4TO OHH, KaK
MIPABUIIO, PACTIONIOKEHBI Ha CPABHUTEILHO HEOOBIINX PACCTOSHUSAX IpYT OT Apyra. [Ipumewm,
YTO, €CJIM UCTOYHHUKH 3BYKa PACIOJIOXKEHBI IPYT OT JIpyra Ha pacCTOSIHWH CBBImE 1/6 A, TO
OHHM HEKOTepeHTHbl. HammeHblllee BO3MOXKHOE PACCTOSIHME MEXAY UCTOYHUKAMHU IIymMa Ha
CIM cocranser 0,3-0,5 m. Takum obpazom, Ha gactorax £>110-200 't mcTouHMKH 3BYKa
HEKOT€PEHTHBI.

AHanu3 HCTOYHUKOB, pACIOJOKEHHBIX B IOMEIICHUU (KOPIYC JIBHTATEIS
BHyTpeHHero cropanus (ganee — JIBC), peaykrop, rujpoMoTop, THAPOHACOC U JIP.) MOKa3al,
YTO BCE UCTOYHHKH, KK IIPABUIIO, SBIISTFOTCS. HEHAIIPABJICHHBIMH UCTOYHUKAMU.

Bonpoc 3ByKkoBBIX moneil uznyyateneir TpedyeT ocoboro paccmorpenus. [Ipumem,
gyro Ha CIIM B psijie coydaeB MMEET MECTO PACIIOJIOKCHHE PACUYCTHOW TOYKH B JAbHEM
3BYKOBOM TIOJI€ H3JTydaTensi. TO MPEIIoIoKEeHNEe PeaTu3yeTcs MPH YCIOBUAX:

2
R > ZI’”%HJH/I R =200 M 3)

7€ lmax — MaKCUMaIbHBIN pa3Mep U3ydaress, M.

Jlns  abconmoTHOro OOJBIIMHCTBA H3IydaTeNed 3ByKa (PEAyKTOPbI, BBIXJION U
BcaceiBanue JIBC, ruapoHacockl U mp.) 3HaueHHWe 1 M, T. €. pacyeTHble TOUYKHU MPAKTUYECKH
HaXoJATCS B 30HE JaJIbHETO 3BYKOBOro noiisi. Mckimouenne cocrasnseT kopiyc JIBC: HekoTopsie
pacyeTHbIE TOUYKH, PACIOJIOKEHHbIE HA paccTosHMM MeHee 1,0+-1,5 M, Moryr nomacte B 30HY
ONKHEro 3BYKOBOIO IOJISt B OTJENBHBIX YacToTax. B Takom ciiyyae B pacueTax MOXET ObITh
UCII0JIb30BaHa MOMNpaBKa Ha OrKHee 3ByKoBoe 1osie, noirydenHas . JI. OcunoBbIM.

Takum 00pa3oM, MOKHO YTBEp)KIaTh, YTO CTATUCTUYECKAs TEOPHUS MOXKET OBITh
UCIIOJIb30BaHa B KayeCTBE TEOPETHUYECKOW Oas3bl ISl pa3pabOTKU METO/a pacueTa OXKUIaeMOn
nrymHocTd Ha CIIM.

HanexxHble pe3ynbTaTbl MOTYT OBITH IOTYYEHBI JJIsI IIECTH OCHOBHBIX YacTOT
HOPMHUPYEMOT'0 TMaa3oHa, HAYMHAs C YacTOTHI €€ CpeAHereoMeTpuieckoro 3HaueHust 250 I'm.

Takum o6pazom, pacueT oxumaemon mrymMmHoctd CJIM Npou3BOAUTCS MPHU CIIETYIOLIUX
MPEANOIOKEHUSAX:

— B OTHENbHBIX CIydYasX M3JIy4daTeld Ha JOCTATOYHO OJM3KUX PACCTOSHUSIX
NPUHUMAIOTCS KaK M3JTy4aTely IIIOCKUX 3BYKOBBIX BOJIH;

— HNCTOYHHUKHU 3BYKaA ABJIAKOTCA HCTOUHUKAMU C(bepnqecm/lx 3BYKOBBIX BOJIH;

—  3BYKOBOE I10JI€ B 3aMKHYThIX 00beMax kBazuanddysHoe;

—  PE30HAHCHBIC SBJIECHHS B 3aMKHYTBIX 00beMax M ApYrux KoHCTpyKimsx C/IM He
YUYUTBIBAKOTCA;
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—  HCTOYHUKH 3BYKa SBIISIOTCS HCTOYHHKAMH HEKOTEPEHTHBIX 3BYKOBBIX CHTHAJIOB,;

—  koHcTpykumu CIM npuHATH UAEaTU3UPOBAHHBIMH;

— B pacueTax UCIOJIb3YIOTCS SMITUPUUYECKHUE U MOITYIMITUPHUUECKUE TAHHBIE;

—  OmmkHee 3BYKOBOE I10JI€ UICTOYHHKA B PACUETHOM TOUKE YUUTHIBACTCS BBEIACHUEM
SKCIEPUMEHTATIBHON MOMPABKY;

—  3BYKOBas JHEPIus B PAaCUETHOW TOYKE MOXKET OBITh MOTyYeHA SHEPreTUYCCKUM
CYMMHPOBAHUEM OT/IETbHBIX COCTABJISAIOIINX;

— 3BYKOBas  BOJHA, Mpoxojsiias BOMM3M  OTpaXarolled  MOBEPXHOCTH,
paccMmarpuBaeTcs Kak pe3ysbTaT ASHCTBUS 3epKAIbHOIO MHUMOTO HCTOYHUKA, PACIIONOMKEHHOTO
3a OTpaXkarollel MOBEPXHOCTHIO HA PACCTOSIHUM, PABHOM PACCTOSIHUIO OT M3Jy4aress A0 3Tou
MIOBEPXHOCTH;

—  3aMKHYTBIHA o0beM XapaKTepU3yeTcs CpeIHUM k03 hurmeHToOM
3BYKOIOTJIONICHUS (&);

—  3BYKOBas MOIIHOCTh OJJHOTO U TOTO K€ MCTOYHMKA 3ByKa MPHU Pa3MEIICHUH B
Pa3HBIX TIOMCIICHHUSIX HE MEHSICTCSL.

Ha Oonee HHU3KMX 4dYacTOTax, /i KOTOPBIX BBIIICIEPEUUCICHHBIC YCIIOBUS HE
COOJTIOAtOTCS,, HEOOXOIMMO YUYUTHIBATH PE30OHAHCHBIC SIBJICHUS, MPOXOISIINE B 3aMKHYTBHIX
o0béMax. 3BYKOBOE TIOJ€ Ha HH3KHMX YacTOTax XapaKTepusyercsi HWHTep(epeHIIMOHHON
KapTUHOM, T. €. B Pe3yJbTaTe HAIOKCHUS TPSAMBIX M OTPAKCHHBIX 3BYKOBBIX BOH 00Opa3yercs
cTosiuasi BONHA. Pe3ynbTaThl SKCIIEPUMEHTOB IOKA3bIBAIOT, YTO HEPABHOMEPHOCTH 3BYKOBOTO
MOJIsl Ha HU3KUX YacToTax mpesbimmaer 5-7 ab. Kak mokaspIBatOT JaHHBIE WHBIX SKCIIEPUMEHTOB,
JUIE HAuOOJIBIIIEr0 BIMSHUS HAa (OPMHUPOBAHME 3BYKOBOTO TIOJS B HH3KOYACTOTHOM 0O0IacTH
OKa3bIBaeT KoJieOaHHE BO3AYIIHOTO CTON0A KaOWHBIL. OTH SBICHHUS C TPYAOM MOIIAIOTCS
pacueram, MO3TOMY OHM YUYUTBIBAIOTCS BBEJCHHMEM HKCIEpUMEHTATBHBIX 100aBok. st CIAM
TaKKe TIOTyYeHbl SMIMPUUECKIE XapaKTEPUCTUKU BIMSHUS PE30HAHCOB B 3aMKHYTHIX 00BEMax
(xabuHax). Takum 00pa3zoM, pacyeT OXKUAAEMOUM MTYMHOCTH MO CTaTUCTUYECKOU TEOPUU MOMKET
OBITH BBIIOJHEH IS auana3oHa 4yactor HauuHas ¢ 250 T'm. A mig gacror 63 u 125 T
HEO0XOIMMO BHOCHTD IKCTIEPUMEHTAIbHBIE MTOMPABKU.
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Ouenka ypoBHs mryma Ha padodem Mecrte. Pacuer cpeacTs 3auThl 0T
myma

Tarapkuna A.A.°
Crynentka kadenpsl «TexnocdepHas 6e3o0nacHoCTs», MypoMcKuii HHCTUTYT ((unnan)
Brnagmmupckoro rocynapcTBeHHOTO YHUBepcuTeTa, T. MypoM, Bragumupckoit obmacT,
yi. Opnosckas 1. 23, PO

AHHOTANHSA

B pabote mokazaHa akTyaJbHOCTh NMpPOOJIEMBI OOPBOBI C aKyCTHYECKUM 3arpsis3HEHHEM Ha pabodyeM
MecTe MacTepa MeTauioo0padaTeIBaroONIIero Mpon3BoACcTBa. [IpeacTaBieH pacdeT ypoBHS 3ByKa, (opMHpyeMOTo
JIBYMsI HCHAIPABJICHHBIMU TOYCYHBIMH MCTOYHHKAMH, ITOJyYCHHBIH PE3yJIbTAT COIOCTaBIICH C JCHCTBYIONMHU
CaHWTAPHBIMH HOpPMaMH M OmIpenesiéH HeoOXOIUMBIH ypoBeHb TpeOyemoro cHIKeHus myma. [IpencraBneH
Hanbosiee pPacTpoOCTPAHCHHBIH METOJN, NPUMEHSEMBIH JUIA CHIDKCHHS IIyMa B IIOMEINEHWH. HanexHpIM H
3¢ GEeKTUBHBIM METOJOM SBILSIFOTCS aKycTHYeckne KaOWHBI. OmnmcaHbl 3Tambl BEIOOpPA KOHCTPYKIMH, PAacdeT
[apaMeTpOB AKyCTHYECKOH KaOWHBI, BBINOJHEH rabapuTHBIH 4YepTeX NpelaraeMod aKyCTHYECKOH KaOWHBI.
[TpousBeneH BBIOOp MaTEpHAIOB ISl 3BYKOM3OJIMPYIOLIEH KaOWHBI, KOTOpBIE OTBEYAIOT COBPEMEHHBIM
TpeboBaHusM. PerieHbl 3a1aun sl CO37aHusl ONaronpusTHON aKyCTHYECKOW OOCTaHOBKHM Ha paboueM MecTe.
CrenaHbl BBIBOJBI O NIPOJIeNIaHHOM paboTe.

KuroueBble ciioBa: KoMpOPTHBIC YCIOBHUS TPY/a, IIyMO3AIINTa, 3ByKOU30IUPYIOLIas KaOuHa.

Assessment of the level of noise in the workplace. Calculation of protection from
noise

Tatarkina A.A.”

Student of the Department "Technosphere safety”, Murom Institute (branch) of Vladimir State University,
Murom, Vladimir region, st. Orel g. 23, Russian Federation

Abstract

The paper shows the importance of the problem of combating noise pollution in the workplace master
production of metal. The calculations of the sound level generated by two non-directional point sources, the
result is compared with the current sanitary standards and defined the required level of noise reduction
required. The most common method used to reduce the noise in the room. A reliable and efficient method is
sound booths. The stages of design choice, the calculation of the parameters of acoustic cabin, made outline
drawing proposed acoustic cabin. Produced selection of materials for sound insulation cabins that meet modern
requirements. The problems for the creation of a favorable acoustic environment in the workplace. The
conclusions of the work done.

Key words: comfortable conditions for workers, sound insulation, sound insulation cabin.

BBenenune

Illym Ha mnpoU3BOJACTBE HEOJATONPUATHO JEHCTBYeT Ha OpraHu3M YeJOBeKa:
MOBBILIAET PACXO0Jl PHEPIMH MPHU OJMHAKOBOHN (pU3MUecKoW Harpyske, ociiadyiseT BHUMaHUE
pabotatoumx. Illym okaspiBaeT BpeAHOE BIMSHUE Ha (DU3NUYECKOE COCTOSHUE YeJIOBEKa.
VYcranoBneHo, uto okosio 20 % paOOTHUKOB, 3aHATHI B TpOMBITIUIEHHOCTH PD B ycnoBusix, He
OTBEYAIOIINX CAHUTAPHO-TUTUCHUYECKUM HOpMaTHBaM, Ooiee Ttpetn u3 HuUX (6,8 %)
MOJIBEP>KEHbI BO3/ICHCTBUIO MOBBIIIEHHOTO YPOBHS IITyMa U BUOparuu [1].

Mertamnoo0paboTKa CErojiHs HE TOJIBKO OJHO U3 CaMBIX Pa3BUTHIX HarpaBlICHUH
IPOM3BOJCTBA, HO U OJHO U3 Hamboiee UIYMHBIX Hpou3BOJACTB. Mcmonb3yromeecs

*E-mail:tatarkinaalena@gmaiI.com
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o0opyI0oBaHHE CO3MaeT Ha pabOYMX MECTax YPOBHH IyMa, CYIIECTBEHHO IPEBBIMIAIOIINEC
HpGI[CJIBHO JOIIYCTUMBIC BCIIMYHHBI. BCG 9TO AOKAa3bIBACT AKTYaJIbHOCTDb HaHHOﬁ TCMBI.

Llenpto paboTHI SABISIETCS CHUYKEHHE YPOBHS 3BYKOBOTO JaBJICHUS HAa paboueM MecTe
MacTepa B MPOU3BOACTBEHHOM TOMEIICHUH. B CBS3H ¢ 3TUM OBLIM MMOCTABJICHBI CICIYIOIIHE
3aJIa4u:

- pacyeT OXHUJAEMbIX YPOBHEW 3BYKOBOIO [JABJIICHUSI B PACYETHOM TOUKE,
HaXOJSAIICHCS B TIOMECIICHHM,

- pacyeT TpeOyeMOro CHUKCHHUS YPOBHS IIyMa;

- pa3paboTka CpEICTB CHIKCHHS aKyCTHYECKOTO 3arpsi3HCHHs 0 HOPMAaTHBHBIX
3HAUYCHMUI.

1 Br16op MeponpusITHIi 0 CHUKEHHIO IIIyMa

Br16op meponpusTuii 1uist odecredeHus: TpedyeMoro CHIKEHHS IITyMa OIpeIeNsieTcs
OCOOCHHOCTSIMU TPOM3BOJCTBA W OOOPYIOBAaHUS, BEIWYMHOW MPEBBIIICHUS JIOMYCTUMBIX
YPOBHEH 3BYKOBOTO JABJICHHS, XapakTepoM Iryma u npyrumu (akropamu [2]. Haubonbmmit
3(h(}eKT mo CHUNKEHHIO IIyMa Ha MYTH PACHpPOCTPAaHEHUS 3BYKOBON BOJIHBI C TOMOIIBIO
3BYKOU3OJISILUM, JKPAHUPOBAHMSI, 3BYKOIIOIJIOIIEHUS, PpACCTOSHUSA HaOmogaercs s
BBICOKOYACTOTHBIX 3BYKOB. 3BYKOM3OJISIMS OOecriednBaeT CHMXeHue myma Ha 25-30 nb,
3ByKoOmMorjomenue — Ha 6-101b, a yaBoeHHe pacCTOSHHUS OT MCTOYHHUKA IIyMa JO0 pabodero
MeCTa YMEHbBIIIAeT yPOBEHb IIyMa MpuMepHo Ha 6 1b.

UroObl yMEHBIIUTH IIyM B T[OMEIICHHH C WCTOYHUKAMH €r0 H3JIy4YCHUS,
UCIIOJIB3YIOTCSI CIIEAYIOIINE CTPOUTENIbHO-aKyCTHIECKUE MeponpusTus [ 3]:

— KaOWHBI HAOJIOICHUS, JUCTAHIIMOHHOTO YIIPABJICHUS U CHCIHAIBLHBIC OOKCHI IS
HanOoJiee IyMHOTO 000PY/IOBaHHUS;

— 3BYKOM3OJIHPYIOIIHE KOXKYXH, aKYCTUYECKHE SKPAHbI U BHITOPOJIKY;

— BUOpoAeMIpUPYIOIIHE MOKPBITHS HA BUOPUPYIOIIHE TTOBEPXHOCTH;

— 3BYKONOTJIOMIAIONINE  OOJHMIIOBKM  TIOTOJIKA M CTeH WIM  IITy4YHBIE
3BYKOIIOTJIOTUTEINH;

— 3BYKOM3OJMpPOBaHHbIE KaOMHBI W 30HBI OTAbIXa JUISI OOCIY)KHBAOILErO
NepcoHaIa.

2 OmnpeneneHue CHHUKEHHMS] NIIyMa MNPH NPUMEHEHUHM 3BYKOM30JHPOBAHHOM
KaOUHBI

OnpenenyM CHMKEHUE IIyMa B TOMEUIEHHM, TI€ PAacIoJIOKEHO JBa HMCTOYHUKA
IIymMa C 33JJaHHbIMH IIYMOBBIMU XapakTepucTHUKamH. Pa3zmeprl nmomemenus: juymHa — 10 m,
mmprHa — 8 M; BeicoTa — 6 M. [Ipu paboTe HCIBITYeMOTo ABUTaTeNs MAKCHMYM H3MEPEHHBIX
YpOBHEH 3BYKOBOTO JIaBJICHHUS HaXOIUTcs B Auana3zoHe yactoT 250- 4000 I'n. Pacnonoxxenue
MCTOYHUKOB IlIyMa MpeACTaBlIeHO Ha puc. 1.
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Tamapxuna A.A..
Oyenxa yposus wyma Ha pabouem mecme. Pacuem cpedcma 3awumul om wiyma

Em

10m

1 — aBTOMAT ISt 3JEKTPOCBAPKH (00OPYIOBAHUE C IITYMOBBIMH XapaKTEepUCTUKaMu L),

2 — CTaHOK KpyTri10-nuin(oBaibHbIN (000pyI0BaHHE C IIYMOBBIMH XapaKTepUCTHKaMU L),
3 — mpejytaraeMasi 3ByKOM30JIMPOBaHHAs KaOuHa, 1 U I— paccrostHus ot PT 10 uCTOYHHKOB
myma 1 u 2 coorBercTBeHHO, PT — pacueTHas Touka (pabouee MecTo MacTepa)

Puc. 1. Cxema nomeneHus ¢ pacrojaoKeHueM 000py10BaHus

T.k. nomerienne uMeeT Maiblii KO3 (UIIMEHT 3BYKOIOTJIONICHUS U XapaKTepU3yeTcs
MHO’KECTBEHHBIM OTPaKEHUEM 3BYKa OT Pa3IMYHbIX [MOBEPXHOCTEH, a pa3Mepbl OMELICHUS
copa3sMepHbI (Bce pa3Mepbl MOMEIIEHUS MPUOIU3UTENIBHO OJHOIO MOPSAIKA) MPEAINoaraem,
4TO B JJAHHOM IMoMelneHuu popmupyercs kBazuanpdysnoe 3BykoBoe noie [4]. Mcrounuku
IymMa — UMeronieecss 000py/J0BaHue, IPUHUMAEM 33 HEHANPaBJIEHHBIN TOUEUHbIH HCTOYHHUK.

Onpenenum oxujaemblii ypoBeHb 3ByKoBoro namieHus (Y3]l) B pacu€THoll Touke
(PT), T.e. Ha paboueM MmecTte MacTepa, (GOPMHUPYEMbIH IBYMsS TOUYEUYHBIMU HCTOYHHKAMHU
mryma. OKkTaBHbIE ypOBHU 3BYyKOBoro pnamieHus L, n1b, B PT copa3smepHoro nmomemieHust ¢
HECKOJIbKUMH HCTOYHMKAMU IIIyMa OTpeiensieM 1o ¢popmyIie:

L= 10lg(zp, 221y Ly 1001y, (1)

rze Lj — oKTaBHBIM ypoBEHb 3BYKOBOM MOIIIHOCTH i-ro UCTOYHUKA, 1b;

M — YUCJIO HCTOYHMKOB IIyMa, OMMKaWIIMX K pacdeTHOM Touke (HaXOSAIIMXCS Ha
pacctosiHuu I < 5 I, TAE I, — PACCTOSHUE OT PACYETHON TOUKH JI0 aKyCTUYECKOTO IIEHTpa
OKalIero UCTOYHUKA IITyMa);

N — o0111ee YMCII0 MCTOYHUKOB IITyMa B TOMELICHUH;

k— ko3¢ ¢uimeHt, yduThIBAOMUK HapyiieHHe aup@Gy3HOCTH 3BYKOBOTO TIONS B
MIOMEILEHUHY;

B — akyCTHUeCKasi TOCTOSIHHAS [IOMCIICHHS, M’

Xi — KOO (PHUIMECHT, YYUTHIBAIOUINN BIUSHHE OJIMKHETO TOJIS JUTS 1-TO UCTOYHHKA,

@; — ¢akTop HANMpPaBJIEHHOCTH HCTOYHHKA IIyMa (AJi1 MCTOYHUKOB C PaBHOMEPHBIM
uznydeHreM @ = 1) s i-ro HCTOYHUKA,

i — paccTosiHUE OT aKyCTHYECKOro LEHTpa MCTOYHHMKA IIyMa J0 PacYeTHOM TOYKH, M
(ecmu  TOYHOE TMOJOXKEHUE aKYyCTHYECKOIO LEHTPa HEU3BECTHO, OH IpUHUMAeTCA
COBITAJAIOIIUM C TEOMETPHUYECKUM [IEHTPOM) JJISI I-TO0 HCTOYHUKA.
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OrmpenensieM K03()GHUIUECHT ¥ B 3aBUCUMOCTH OT BEJUYUHBI OTHOIICHHUS [/lmax 1O
tabmuue 2 B [3] 1= y2= 1.

OnpezensieM B — akycTHUeCKyi0 ITOCTOSHHYIO POM3BOACTBEHHOTO TIOMEIICHHS, M,
o popmye:

B=—2 )

- 1-agp
2 .
rye A — SKBUBAJICHTHAS IUIONIA (b 3BYKOITOTJIOIICHHUS, M*, onpeessiemast 1o Gopmyiie:
— n m
A= Zi=1 a; Si +Z]=1A] Tl] , (3)
re a; — K03 UIIMCHT 3ByKOIOTIIOMICHHUS I-if TOBEPXHOCTH;
Si — oAk i-i MOBEPXHOCTH, M}
: 2.
Aj — DKBUBaJICHTHASI TUIOLIA/b 3BYKOIIOTJIOIICHHUS J-T0 IITYYHOTO MOTJIOTUTENS, M

Nj — KOJIMYECTBO J-bIX LITYYHBIX HOTJIOTUTENICH, IIIT.;
Ocp — CPEAHUM KO PUIIMEHT 3BYKOINOIIONIEHHs, ONpeeseMblii 1o Gopmyie:

A

(4)

A =
cp Sorp

rae S,., — CyMMapHas IUI0IIab OrPaKAAlOIIUX OBEPXHOCTEH MOMELCHHUS, M.

Pesynbratel pacu€ToB cBenem B Tabmuiy 1. PaccumTaHHbIe 0XKHMIaeMble OKTaBHBIE
ypoBHU 3BykoBoro gaBienus B PT (L) okasamuce mpakTHUeCKHM Ha  BCeX
CPEIHETEOMETPUYECKUX YACTOTaX BBIIIE JOMYCTUMBIX.

TpebyeMoe cHmKeHUE YpOBHS 3BYKOBOTO JaBJICHHS Ha paboueM MecTe MacTepa
OTIPENIETISIETCS KaK Pa3HOCTh MEXKIY OKHUJAEMbIM YPOBHEM 3BYKOBOTO JIABJICHUS B PACUETHOU
TOYKE U JOMYCKAaeMbIM YPOBHEM Loy !

AI-Tpe6 =L- L)IOH. (5)
Tabnuya 1
Pacu€r o)knmaemMbIX OKTaBHBIX YPOBHEHN 3BYKOBOT'O JABJIEHUS B PACUETHOM TOUKE
g = CpennereoMeTprueckasi 4aCTOTa OKTaBHON
E. Bennunna 5{ § [Tosicuenue nonockL, I
Z 2 125 | 250 | 500 | 1000 | 2000 | 4000
aBroMar i | b YpoBeHb 76 78 79 80 72 75
3IIEKTPOCBApP 3BYKOBOM
1 | km(Ly) MOIIHOCTH,
W3JTy4aeMblid
aBTOMAaTOM
CTaHOK nb YpoBeHn 78 80 73 75 77 73
KpyrJIo- 3BYKOBOM
2 | mumdoBanbH MOIIIHOCTH,
brit (L) M3ITy4aeMbIi
CTaHKOM
n - 3HaueHue 0,62 | 0,64 | 0,75 1,0 15 24
3 koa¢pdunrenTa
npu
Vexa=480 >
4 | B M dopmyna (2) 99 | 10,2 | 12,0 | 16,0 | 24,0 | 384
5 |L nb ®opmymna (1) 84 87 89 86 81 78
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Lson nb JonycTumblii 87 82 78 75 73 71
6 OKTaBHBIN
V3]l B PT

7 | ALpes nb ALy =L—Lson | -3 5 11 11 8 7

N3 pacueroB cienyer, 4ro TpeOyeTcs CHU3UTH 3BYKOBOE JaBJIEHHE HA CPEIHUX
yactotax He MeHee uveM Ha 11xab. B cBsisu ¢ »Tum, mnpeanaraercs B KauecTBE
IIYMO3AIIUTHOIO CPEACTBAa HCIIOJIb30BATh 3BYKOU3OJIMPYIOILYI0 KaOMHY i 00ecnedeHus
KOM(OPTHBIX aKyCTUYECKUX YCIOBUN pabodero Mecta Macrepa.

3 Bb10op MaTepnaioB 1Jis KOHCTPYKIMH aKyCTHYeCKOH KaOUHBI

C y4eToM OCHOBHBIX TpeOOBaHM, M3JIO0KEHHBIX B OTEYECTBEHHBIX HOPMATHUBHBIX
JIOKyMEHTaX, OblJIa CIIPOCKTUPOBaHA aKyCcTUYEeCKast KaOrHa Jisl pabodero Mecra Macrepa.

W3onsmus  Bo3aymiHOro 1ryma KaOWHOM  3aBHCUT OT KOHCTPYKTUBHOTO H
TUTAHUPOBOYHOTO PEIICHUS KaOWHBI, MaTepralia U KOHCTPYKIIUU CTCH, IEPEKPBITHI, OKOHHBIX
MPOEMOB, JIBepeil, BHUOPOM3OISAIMU KaOMHBI, HAIWYHS 3BYKOMOIJIOIMIAIOMIEH OOIUIIOBKU
BHYTPH KaOMHBI U JPYTUX (HaKTOPOB.

[TonGop HEOOXOAMMBIX W JOCTATOYHBIX IO 3BYKOU3OJSAIUH  OTPaXKIAIOILIUX
KOHCTPYKIIMH KaOWHBI TPOU3BOIWICA [0 CHOPABOYHBIM TaOJIMIAaM  3BYKOH3OJSIIUU
OTPaXIEHUI, TEPEeKpPhITHIL, OKOH M JABeped OT BO3AymIHOro Iayma. Jlns oOIUIIOBKU
BHYTPEHHUX IIOBEPXHOCTECH KAaOWHBI BBIOMPAINCH 3BYKOIOTJIOIIAIONINE KOHCTPYKIIUH,
UMEIOIINEe MaKCHUMallbHble KO3(DQUIIMEHTHI 3BYKOMOIJIONICHUSI B OKTaBHBIX Mmoiocax 250-
2000 I'm.

Hcxons w3 BBINIECKA3aHHOTO, OblJIa CKOHCTPYMPOBAaHA aKycTHuYecKas KaOuHa,
MPEACTABISIIONIAs CO0OM COBMEIIEHHYIO 3BYKOM3OJMPYIONIYI0 M 3BYKOMOTJIONIAIOIIYIO
KOHCTPYKIIMIO, CKOHCTPYHPOBAaHHYIO B BUJE MPSMOYTOJBHOTO MapajuieNienunea pa3sMepom
3,0x4,0%6,0 M., METAIITHYECKUMHU NMPOPUIIIMU U3 OIIMHKOBAHHOM cTamu (cM. puc. 1).

Ha mepenneit crene HaxoauTcs OkHO pazMepoM 2,0x1,5M ¢ OKOHHBIMH OJOKaMH
SOK-4 ¢ omgHOKaMEepHBIM CTEKJIONAKETOM, W30JSIHS BO3AyIIHOro myma — 27 1b
(cootBercTByeT TpeboBanusaM 'OCT 30674-99 ne menee 26 nb).

B OokoByr cTeHy meperopoaku BcTaBiieHa 1Bepb pasmepoM 2,0x0,9 m. Ilo
pesynbtratam ucciegoBanuss AKYCTUK BATTC®, uHaekc H30JA1UU BO3AYLIHOTO IIyma
cocraBnsier oT 43 nb. [IBepp kaOWHBI MMeEeT YIMJIOTHSAMIOIINE MPOKIAAKH B MPUTBOPE U
3all0pHOE YCTPOICTBO, OOecrneunBaroliee o0kaTue MpokIagoK. BHemHue creHsl kopoOa
BBITIOJTHEHBI U3 CTEKIOMArHe3uToBbIX MIHUT (2500%1200%12 mm).
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Puc. 1. Kabuna 3Bykonsonupytomias. ['abapuTHbIi gyepTex

BHyTpeHHHE MTOBEpXHOCTH OCHOBHOTO OTPaKJICHHS KaOWHBI OOJUIIOBAHBI ITITHUTOM
nephopupoOBaHHOTO FMIICOKApPTOHHOTO 3BYyKomnoriomatoniero marepuaia KHAY®-Akyctuka
tuna C1-8/18KP ¢ 3amonHuTeneM BO3IYIIHON MOJIOCTH MUHEPAIBHONU BAaTOM «AKyCTHYECKas
neperopojika [5].

KoHcTpyknuioo  akycTH4ecKoin
BUOpOM3OJIATOpaX Uil  HIPeAOTBPALICHUsS
KOHCTPYKIIMHU B KapKac KaOWHBI.

KaOWHBI
nepeaadu

yCTaHABIUBAIOT  Ha
BUOpanuii  Ha

PE3UHOBBIX
OrpaXkJaroniue

4 OnpeneJieHne 3BYKOU30JIMPYIOLIEH ClIOCOOHOCTH KOHCTPYKIMH KAaOHMHBI

Omnpenenenne 3(PEKTUBHOCTH aKYCTUUECKONM KaOWHBI PAaCCUMTHIBATH MO METOIUKE,
U3J10’KeHHOM B [2]. ICXOMHBIMHU TAaHHBIMU JUTS PacyueTa SBIISIOTCS:

1) pasmepsl kabunbl 3,0x4,0x6,0 M, 001Ut 00beM KaOUHBI V=72 M

2) oOmias riomajb orpaxacHuii kabunabl S=108 M2;

3) TIomaah TIyXOi YacTH CTE€H U MEPEeKPhITHS (OCHOBHOTO OTPaKICHUS KaOMHBI)
$1=91,2 Mz, IIoImanh moja 12 M2;

4) miomiaas okHa Sp=3 M

5) momans nepu S3=1,8 MZ;

6) BHYTPCHHHE TOBEPXHOCTH OCHOBHOTO OTPaXKACHUS KAOWHBI OOJIHMIIOBAHbI
3BYKOIOTJIOMIAIONINM MaTeprasioM. B TakoM cirydae Sqe,=S1=91,2 M.
Ompenenssem  cpenHuii KOG (HUIIMEHT  3BYKOIMOIJIOMICHUS  OTPaXKTAIONIUX

IIOBEPXHOCTEH MOMEMIEHHS Clocp, 1O 3BYKOM30JIUPYIOIIEH 00IUIIOBKH IO hopmyie

: (6)

_ @o(Sorp=Sosn)+AA
aOcp -

Sorp
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rue Og — CPeAHUH KOI(PPHUIMEHT 3BYKOIOIJIOMICHUS! OrPaXKIAIOUIMX ITOBEPXHOCTEH
HOMEIICHHS JI0 YCTPOCTBA 3BYKONOIJIOIIAONICH OOJIMIIOBKH, YIUTHIBAIONIMI ITOIIIONICHHE,
BHOCHMOE HaXOJSIIMMHKCS B IOMCIICHHH TNpEAMETaMH U O00OpyIOBaHUEM (CIIPaBOYHBIC
nanuele [6]);

Serp — OO TLIOMIA/Ib OTPAXKIAIOIINX TOBEPXHOCTEH TOMEIICHHS, M’}

So61— IUIOIIA/Ib, 3AHSTAs 3BYKOIOTIOMIAIONICH OGIHIIOBKOI, M;

AA — BenmMYMHA 3BYKOIOTJIONICHHS, BHOCHMAs 3BYKONOTIJIOIIAONIMMHU KOHCTPYKIIUSMH,
M

Oosn — pEeBEpOCPAIMOHHBIA KOX(P(UIMEHT 3BYKOMOIJIOMICHHS 3BYKOIOTIOIIAOIICH
OOJIMIIOBKH B pacCMaTPHBAaEMOW OKTABHOM MOJIOCE YaCTOT.

T[TOCTOSHHYIO TTOMeIIeHHsT By, M°, B OKTaBHBIX IOJOCAX 9ACTOT I COPa3MEPHBIX

MTOMEIICHHUH CIIeTyeT ONPEACIIATh 1Mo (hopmyiie
aXSorp
B, = —=¢, (7)

1-a
r7ie o — cpeaHuit Ko3PGUIUEHT 3BYKOIMOTIIONIEHUS B TOMELIEHIH, Oe3pa3MepHBIi.
Sorp — 00IIAS TUIOIIAH OTPAKIAAIOIIUX TOBEPXHOCTEH, M.
Pacuér TpeOyemoit N30JI11K BO3TYIIHOTO IIIyMa 3JIEMEHTaMU OTPaKICHUI KaOUHbI
R.pi=L-10lg B,+101gS;-L 0, +10 Ig m, (8)
rne L — okraBubiii Y3/ Ha paGoueM MecTe B NOMELIEHMM C HMCTOYHMKOM IyMa Ha
MIPEJII0JIaraeMOM MECTE YCTAHOBKH KaOWHEI, 1b;
B, — akycTudeckas mocTOsTHHAs MOMEIICHUs KaOWHBI, MZ;
Si — momaak orpaxkIeHus KaOUHBI, M
L on — IOMYCTUMBI 110 HOpMaM OKTaBHBIN Y 3/[ Ha paboueM mecTe B kabune, ab;
m — oOImiee KOJIMYECTBO PA3IMYHBIX IO HU3OJSIUU 3JIEMEHTOB OTPaKICHHM KaOWHBI,
Yyepe3 KOTOpbIe MPOHUKAET IITYM B KaOUHY (CT€Ha, OKHO, IBEPh U T.I1.).
OmpenenseM TpeOyeMyr0 H30JIAIMIO BO3AYIIHOTO IIyMa OTACIbHBIMU AJIEMEHTaMHU
KaOMHBI B OKTaBHBIX MOJOCaX B pacdy€THOM Touke (Ha paboueM mecte B kabune). Pacuérsl
CBOJIUM B Tabmumy 2.

Tabruya 2
Ornpenenenue TpeOyeMOi H30JSIIUK BO3TYIIHOTO IITyMa

g S CpenHereoMeTprieckast 4aCTOTa OKTaBHOU
= | Bennunna 2 Ilossicuenue moxnockl, I'n
2 ) 125 250 500 1000 | 2000 | 4000
1L nb | ®opmyma(l) 84 87 89 86 81 78
2 |og (Ge3| - st THITIA
0OJINIIOBKH) MTOMEILICHMS -
metayooopa | 0,10 0,11 0,11 0,11 0,12 0,13
OaThBIBAIOIIHE
[EexXu
3 G - aO(SOTp-SO6J'I)
(Sorp=108 M | 1,68 | 1,85 | 1,85 | 1,85 | 2,02 | 2,18
Se6:=91,2 M%)
4 | dosn - Jost IUTUT
C1-8/18KP
KHAY - 0,30 0,60 1,00 0,85 0,55 0,50
AKycTHKa
5| AA M’ AA=0o5: XS | 27,4 54,7 91,2 77,5 50,2 45,6
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6 | coep - [ ®opmyna(6) | 0,27 | 053 [ 0,86 | 0,73 | 0,48 | 0,44
714 1/m | Ilokasarens
SATYXAHIBL 1 g 0009 | 0,0033 | 0,0084 | 0,0150 | 0,0270 | 0,0687
3ByKa B
BO3J1yX€
8 | B, M> | @opmyna (7) | 39,9 | 121,8 | 663,4 | 2920 | 99,7 | 84,9
9 [10lgB, |aB |- 16,0 | 209 | 282 | 247 | 200 | 193
10] 10Ig S, - [ S5=91,2 M2 196 | 196 | 19,6 | 19,6 | 196 | 19,6
11| 101g S, - S,=3 M° 4.8 48 4.8 4.8 48 48
12 10Ig S; - [ S=1,8 02 2,6 2,6 26 | 26 | 26 | 2,6
13| Lyon ab | Jlonmyctumslii
OKTaBHbII 74 68 63 60 57 55
V3B PT
14 10Ig m - |m=3 4,8 48 48 | 48 | 48 | 48
15| L-10lg B, |- |-
~Luon+10lg 35 | 12 03 | 46 | 65 | 6,7
n
16 | Ripi dopmyina (8)
(OCHOBHBIC | /5 161 | 20,8 | 19,9 | 264 | 261 | 26,3
OI'paKICH
usi)
17 | Ryp2oxHa) | nb | ®opmyna (8) 1,3 6 51 11,6 11,3 115
18] Rups b | PoPyma®) |\ 59 | 38 | 29 | 94 | 91 | 93
(ABEPH)
19| Ryag 15 | Ryag=L-Lon 10 19 26 26 24 23

Pacuér tpebyemoii U30A1MKA BO3AYIIHOTO IIIyMa JIEMEHTAMH OTPaXACHUN KaOWHBI
MO3BOJIUT BHIOpaTh U (MJIM) TPOBEPHUTH TMPABUIBHOCTH YK€ BBIOPAHHBIX KOHCTPYKIIUH
orpaxaeHuii. CTEHBI W BEpXHEE IMEPEKPBITHE — KapKacHas KOHCTPYKIUS W3 CTaIbHBIX
YTOJIKOB, K KOTOPBIM KPETSTCs CTeKIIOMarHe3uToBbie TIHTHI (2500%1200%12 Mm).

BHyTpeHHUE NMOBEPXHOCTH OCHOBHOT'O OTPa)KICHHS KaOWHBI OOJIMIIOBAaHBI IUIUTOM
nepQopUpoOBaHHOTO  KPYIJIBIMA  OTBEPCTUSIMH  (IuUaMeTp 8 MM)  THIICOKAPTOHHOTO
3Bykonorjomatomero marepuaia KHAY®-Akycruka tuna C1-8/18KP ¢ 3anomnurtenem
BO3/IYIITHOW MOJOCTH MUHEPATHHOM BaTON «AKyCTHYECKas Meperopojka». TONIIMHA TUIUTHI
60 MM [5]. OkHO W JBEpb YAOBJIECTBOPSAIOT KOHCTPYKTHBHBIM U 3BYKOH3OJSIIHOHHBIM
TpeOOBaHUSM.

3BYKOU30JIUPYIOIIAs CIIOCOOHOCTH ITUX KOHCTPYKIIUH omnpeeneHa
HKCIIEPUMEHTAIBHO U (MJIN) B35TA U3 CIPABOYHON TUTEPATYPHI.

5 Pacuer o:xn1aeMoro CHuKeHHusl IyMa KaOUHOM

[TpoBepoYHBIN pacueT 0XKUAAEMOTO CHM)KEHHS IIyMa KaOMHOW Ry,s, 1B, mpousBeneH
no ¢popmynam (9) u (10) u cBeneH B Tabmuiy 3.

Ryas = Rep +10lg - B, — 10lg 12, S; ©)
5 Yt Si
Rep = 1019W’ (10)

2
raec Si u Ri — COOTBCTCTBCHHO ILIOMIAAHW, M , U BCJIMYUHBI HU30JIOUHA BO3AYIIHOTO ITyMa
OTJICTHHBIMU DJIEMEHTAMU OTPaXACHUS KaOUHBI, 1b;

B, u m — 10 *xe, uTo B hopmyie (8).
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Tabauya 3
[TpoBepoYHBIi pacdeT 0KUAAEMOT0 CHIKEHHS IITyMa KaOUHOM
E- g CpeI[HGFCOMeTpI/ILIeCKaH qacToTa OKTaBHOfI I10JI0CHI, FLI
Xl Beanunna 5 = TlosicHeHuE
125 250 500 1000 2000 4000
1R, 1B |Tlo 23 28 36 36 36 38
orpaxc;[. BKHepI/IMeHT.
JaHHBIM
2 | Ry oxna b |- 14 21 27 28 31 36
3 |RymBepu | b |- 19 24 30 30 31 32
4 | 10°% - - 0,5:10%]0,16:10%{0,25-10°[0,16:10°]0,16:10°] 0,16-10°
5 | 1001 - - 0,410% | 0,8:10% | 0,2:10% [0,16:107°| 0,8-:10° | 0,25-107
6 | 100 - - 0,13-10%] 0,4-10% | 1-10° | 1-10° | 0,8-10° | 0,63-107
7 | Sorp10°™ [ - |S,,=912m" | 0450 | 0,144 | 0,022 | 0,022 | 0,014 | 0,014
8 | Sor1071R | - So=3 M° 0,120 | 0,024 | 0,006 | 0,005 | 0,002 0,001
9 [ S 107 |- [S,=1,8m 0,023 | 0,007 | 0,002 | 0,002 | 0,001 | 0,001
10 3 - - 0,593 | 0,175 | 0,030 | 0,029 | 0,017 | 0,016
zSi
1
X 10—0 1Ri
1113 M| - 96 96 96 96 96 96
Ysi
1
12| Ry 1B | Rp=10lg(mo | 22,1 27,4 35,1 35,2 37,5 37,8
3.11/m03.10)
13| 10IgB, nb 16,0 20,9 28,2 24,7 20,0 19,3
14| 101996 - | 10lgY3si=1 | 19,8 19,8 19,8 19,8 19,8 19,8
0lg96
15 | Ryas 16 |Rus=(Ryp+10 | 18,3 28,5 43,5 40,1 37,7 37,3
IgB,; -101g96)
16 | Ry 16 | Ryp=L-Lon 10 19 26 26 24 23

N3 pacderoB BUAHO, UYTO MpeiaraeMoe [IYMO3alIUTHOE CpPEeJCTBO, T.C.
3BYKOHM30JIHMpYIolas KaOuHa, obecreuynBaeT KOM(OPTHBIE IIYMOBBIE YCJIOBHS Ha pabodyem
MecTe mactepa. E€ mpumeneHue obecrednT HEOOXOAMMOE CHIKEHHE YPOBHSI 3BYKOBOTO
JIaBJICHUS HA CpeIHEreoMeTpuuecKknx yactotax ot 125 I'u no 4000 I'.

3akao4yeHue

C pa3BUTHEM CpEICTB aBTOMATH3AIMHA W DJIEKTPOHHUKH, ITYMBI OT HCHOIB3yEeMOTO
000pyIOBaHUSl MPHUCYTCTBYIOT IOBCEMECTHO. M3BECTHO, YTO JUIMTENIBHOE BO3JEiCTBHE
IIyMOB M BHOpamuii OTPHUIATEIBHO CKa3bIBACTCS HA CAMOYYBCTBHH deioBeka. M moromy,
3HaHUE KaK yoepeub CBOE 3/J0pPOBbE BECbMa HEOOXOAUMO.

JIronmu, paboTaromue B IeXax, IJI€ OCHOBHBIMH HCTOYHHKAMH IIIyMa SIBIISTFOTCS
IIyMbI, BO3HHMKAIOIIME TPU TEXHOJOTHMUYECKOM IIpOLecce, MOJBEPraloT CBOM OpraHu3M
BPETHOMY BO3ICHUCTBUIO. BBelneHHE AMCTAHIIMOHHOTO YIPABJICHUS TEXHOJIOTHYECKOTO
000pyI0BaHUS 1I€Xa MOTJIO0 Obl PeIIUTh MPOOJIEeMy 3aIIUTHI OT IIyMa U COXPAHHUThH 3/I0POBBE
COTPYIHHUKOB.

KoHcTpyupoBanue akycTHuecKol KaOMHBI M3 BBIOPAHHBIX MaTe€pHajoB 00ECHeuuT
3alIUTy OT LIYMOBOTO BO3ICHUCTBHSA, O HOPMATHBHBIX 3HAUYCHHH, pEraMEHTHPOBAHHBIX
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CaHUTApHBIMM  HOpMaMHu.  brjaromaps  HaJW4YMIO  3BYKOM3OJUpYIOLIEH  KaOWHBI
oOecrieynBarOTCa KOM(POPTHBIE YPOBHH LIIyMa Ha paboyeM MECTe MacTepa MpOU3BO/ICTBA.
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I[pu6au:xenHbie GU3NKO-MaTEMATHYECKHE MO/IEIH Fa30{UHAMNYECKUX U
23P0AKYCTHUYECKHMX MPOIECCOB B IJIyHIMTENAsAX IyMa Beinycka IBC

JlyGstHuenko A.A.
[IpenomaBatens, BI'TY « BOEHMEX» um. J1.®. Ycrunosa, r. Cankt-IletepOypr

AHHOTaNUA

B nmanHOW paboTe mpencTaBieHBl (QU3MUYECKas MOJETb M METOJAMKA pacueTa a’pOaKyCTHYCCKHX
MapaMeTPOB HEU30TEPMHUYCCKOTO TYpPOYJICHTHOrO IIOTOKAa B DIIYIIATENAX IIIyMa BBINYCKa JBUTATENCH
BHYTPEHHEIr0 Cropanus. MeTonuka OCHOBaHa Ha aKyCTHYECKOW aHajoruu JlalTxwumima, MOAENd JIOKaJbHBIX
HCTOYHHKOB M yPaBHCHUH ra30AMHAMUKH TYpOYJICHTHOTO MMOTOKA.

KiroueBble cjI0Ba: TIIyIIUTENh IIyMa BBITYCKa, TypOYJNEHTHBIN IIOTOK, BOJHOBOE YpaBHECHHE,
HEU30TepMUYECKAs CTPYsl, aKyCTUYECKOE I10JIE, IUarpaMMa HallPaBJICHHOCTH.

The approximate physical and mathematical models of gas-dynamic and aero-acoustic
processes in the exhaust mufflers of ICE

Lubianchenko A.A.
Lecturer, Baltic State Technical University « VOENMEH» named after D.F. Ustinov, Saint-Petersburg, Russia

Abstract

The article presents a physical model and the method of calculating the aero-acoustic parameters in
non-isothermal turbulent flow of the exhaust mufflers of internal combustion engines. The method is based on
the Lighthill acoustic analogy, models of local sources and the gas dynamics equations of turbulent flow.

Key words: exhaust muffler, turbulent flow, wave equation, non-isothermal flow, acoustic field,
directivity diagram.

Beenenune

[Ipouieccrl, mnpoucxoasimiie B Kamepax CropaHusi JBUTaTelell BHYTPEHHETrO
CropaHusd, MOPOKAAKOT CIIOKHBIC BI/I6poaKy0TI/I‘-IeCKI/IC SABJICHUS, CBA3AaHHBIC C IICPEMCIICHUCM
BBICOKOCKOPOCTHOTO U BBICOKOTEMIIEpATypHOTO TMOTOKa OTpabOTaBHIMX Ta30B IO
ra3oBBIIYCKHBIM cUCTeMaM (TpyOompoBoAbl M IIIyIIUTENb IIymMa Belmycka). [lpu
MPOXOXKACHUH Ta30BOTO TMOTOKA MO TIYIIUTEII0 TMapamMeTpbl IOCIEeIHEro (CKOpPOCTh,
TEeMIEeparypa, JaBJI€HUE M Mp.) HU3MEHSIOTCSA, YTO MPHUBOJUT K YMEHBIICHHIO HIyMa Ha
BBIMTYCKE.

HpaBI/IHBHOG IIOHUMAHHUEC q)HSI/I‘IeCKI/IX MCXAaHU3MOB I'CHCpAallui Tra30BbIX ITOTOKOB U
AKyCTHUECKHX TIOJIeW pa3NUYHBIX YaCTOTHBIX JHMAMa30HOB, CO3JaHHE MPUOMKEHHBIX
METOMK pacu€Ta ra30JUHAMUYCCKHX, a9POaKyCTHIECKUX ITapaMeTPOB TTO3BOJIAT pa3paboTaTh
ONTUMATbHBIE KOHCTPYKIIMH TJIYIIMTEIEH ¥ CYIIECTBEHHO COKPAaTUTh 3aTpaThl IMpH
pa3zpaboTke u oTiaaKe 3Q(HEKTUBHBIX CHCTEM TIyIICHHUS.

Kpome mryma, reHepupyeMOro HCTEKAIOMIMMHU MPOAYKTAMHU CropaHHUs, B OOIIEeM
CIIEKTPE 4YacTOT, M3JIy4aeMbIX aKyCTHYECKHX IIOJIEH, CYHIECTBYET psA YacTOT JPYrou
buznueckoil mpupoabl (COOCTBEHHBIE YACTOTHI KoJiebaHuii B oObeMax TIIYHIUTENeH U Tp.).
KOHCTpYKIIMM peaNbHBIX Ta30BBIX TPAKTOB, BKIOYAs TIIYIIUTEIH, IOJDKHBI O0ECIICYHUTH

*E-mail:anna.voenmeh@gmail.com (Iybsinuenro A.A4.)
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CHI)KCHHE IlIyMa PA3IUYHOM (U3UYECKON MPHUPOIBI, PACIPOCTPAHSIONIETOCS IO Ta30BOM
cpeze.

B nannoii pabote Ha OocHOBE 0000IIEHUS UMEIOUIMXCS MaTeMaTHYEeCKHX Mojieiei
[1], BBIOMHEHBI PacU€Thl Ta30IMHAMHYECKUX MMapaMETPOB ra30BOr0 TPaKTa OT I[WJIMHAPOB
JBUTATENS 10 BBIXJIOTHOW TPYOBI, pacuéT mapaMeTpoB aKyCTHUECKHX MOJIeH, FeHepUpPyeMBbIX
UCTCKAIONIUMHU TPOJYKTAMH CTOpaHMs, W pacdyeT COOCTBEHHBIX YaCTOT DJIEMEHTOB
BBIXJIOITHOTO TPaKTa (AMCKPETHBIC YaCTOTHI).

1. Pacuért razoamHaMU4YecKHX IapaMeTpPoB

[TpoayKTHl cropaHus JU3EJILHOTO TOILUIMBA, HAXOASIIMECS B LUJIMHAPE JBUTATENS, C
MOMEHTA JIBIDKEHUS BBITYCKHOTO KJalaHa HAYMHAIOT HUCTEKaTh Yepe3 KOJBILEBYIO IIENb
CHavaja IoJ JICHCTBHEM IIepernana JaBJICHHS, a 3aTeM I0J JICHCTBHEM BBITAJKHBAIOIICTO
JBYKCHUS TOPIIHA. [Ipy MBMYKEHUHM BBITYCKHOTO KJIAallaHA IUIONIAJb MPOXOIHOTO CEUCHUS
MIOCTOSIHHO M3MeHsieTcs. McTekaromumii ra3 monajaer uepe3 TpyOOnpoBOJ B IIIYIIUTENb. B
3aBUCHUMOCTH OT KOHCTPYKIIMH TIYIIUTENS B HEM MOXKET OBITh HECKOJIBKO OOBEMOB, uepe3
KOTOPBIC MTEPETEKAET ra3, U Yepe3 BHIXJIOMHOE OTBEPCTHE UCTEKAET B atMochepy.

Tt ipuOMMKEHHBIX Pacy€TOB Ta30MHAMUYECKUX IMapaMEeTPOB B Ta30BOM TPAKTE
UCTONb30Baack pacuérHas cxema [l], (mpeacraBieHHyro Ha puc. 1), Koropas
MPUHIMITAATIBFHO OTPakaeT TEOMETPHUIO pPeaJbHBIX TIIYIIMTEICH, T.e. HAOOp OTIEIhHBIX
00béMoB (W1, ..., W), coenuHEHHBIX Mexay coboit orBepctusmu (di, .., dy) win
Pa3TUYHBIMU TTATPyOKAMH.

W w W W,

1 —_—

d, dz d —  — T~ dy ]

w

rn
Puc. 1. Pacuetnas cxema raymutens (W1 — o0beM MWIMHIpa ABUTATENS;
Wy, W3 ... Wy — 00BbeMbl, MOJIETUPYIOLIHE KOHCTPYKLIUIO TITYITUTENS;
di, da,...dN — AMAMETPBI BBIXOHBIX OTBEPCTHH, Te N — 4KCI0 00HEMOB).

[Ipu 3TOM NPUHATHI CleIyOIIKE JOMYIIEHUs: padoyee Tesno (MPOLYyKThl CTOpaHus) —
yaealbHbIl  ra3,  ra3oJUHAMHUYECKMe  MapaMeTpbl  OCpPEeJHEHbl 10  00BEMY,
TEPMOJMHAMHYECKHUE NTapAMETPhl TOCTOSHHBI, CTEHKH KOHCTPYKIIMH — KECTKUE.

Hcxonnas cucreMa ypaBHEHUH BKIIIOYACT:

VYpasnenue coxpanenus éewjecmesa:

iZ—1: my; = IZ_;, m, 1)

Vpasnenus coxpanenus smepauiL:
Mo; C, Toi + ICp Tiad mi_gi- ICp Tid mjjiz1 =m;C, T; (2)

Mg = J- gi,i+1dt : (3)

Vpasnenue cocmosnus 015 i-020 06véma:
PiWi=miRT; (4)
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rae i =1...N — uncio o0bEMOB B pacy€THOM CXeMe BBIXJIOIMHOTO TpakTa (puc. 1), m —
Macca, Cp, Cy — TEINI0EMKOCTH, R — ra3oBas nocrosnnas, W — o0bem, T — Temneparypa, g —
MacCOBBIN pacxo/.

[Ipyn HanwuuMu NIUHHBIX TPYOOIIPOBOJOB B CHCTEME NPHHUMAIOTCS CICIYIOIINE
nomymenus [1]: TpyOonmpoBoa MMeeT MOCTOSIHHOE MONEepeYHOe CEUYEeHHE, pachpeiesieHue
JABJICHUS TI0 CEYCHUIO TPYOOIPOBOIa paBHOMEPHOE, CHIION TSHKECTH MpeHeOperaeM, TeueHue
rasa rno TpyoonpoBoy — aguadbarudeckoe, (M30TepMUUYECKOE), a MaTeMaThuueckast Mojaelb (1-
4) nononHseTcs psAAOM ypaBHEHUI:

Vpaesnenue xonuuecmea 0gudcenus:

Vd(ﬂw:_(d_miﬂvz)

dx dx 8 ®)
YpaeHeHue menioobmena:
V 2

c,T +a7:CpTO, (6)
Ypasnenue pacxooa:

g=FpV =const, (7
YpaeHeHue COCMOAHUA.

P=pRT, (8)

rae: F — mimomans momepedyHoro cedeHus TpyoompoBona; o, B — KOdPPUIUEHTHI,
3aBHCSIIME OT CEUYCHHUs TPYOOIPOBOa, XapakTepa TeueHus yncia Peitnonbaca (mpu Re = 10

a = 1,045, B= 1,02); r, =% - ruapaBianveckuii pamuyc; d — guamerp TpyObl, A —

6e3pazMepHbIi KOAPHHUIMEHT TPEHHUS.

JInst  yCIOBWA HEM30TEPMHUYECKHUX CTPYH, KOT/Ia CYIIECTBEHHBIM CTaHOBUTCS
OTJIMYHUE TMAapaMeTpOB Ha Cpe3e BBIXJIOMHON TPyObl OT MapaMeTpoB OKpPY)KAIOLIEH cpenbl,
HEOOXOIMMO YYUTHIBATh 3TH OTIMYMsA. Huke mpuBeeHB OCHOBHBIC YpaBHEHHS, TOAPOOHOE
onucaHue (PU3NKO-MaTeMaTHYECKON MO/IEH MTPUBEICHO B MOHOTrpaduu [2].

Jlnst omucaHWs — TPOIECCOB B TYPOYJCHTHOW CTPye HCIOJB3YETCS CIEAyIOIIast
cucreMa ypaBHeHu [1]:

Ypasnenue nepaspvienocmu:

& o ) 5 ()0, ®

YpaeﬁeHue Koauvecmeda Oeuafceﬁuﬂ:

oV, _ 0V, p 0 ———1 0 NV,
+ oV, k =— + \ V — \V \ (10)
paxk P T ox ax[ ~ el ]atpppk p“’axJ
Ypasnenue snepeuu:
_—_— - B
PN v, oh A Py 2R
ot OXj 8t ax OXk OXk
j j
— oV Npk 8 —— 0 oh (11)
+T i —K 4+ T i — — L p hp ———p Vi Vv
k5 Tk T T PR o PpYpi'p ~Pp pJaX

Ypaeneﬂue COCMOAHUA.
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p=pRT; (12)

Ypasnenue 015 petinonb0co8vlx HANPANCEHUL 8 CHCUMAEMOL HCUOKOCTIU:

0. 0 (oo ). ° oo
—pVpiVpk + —VjpVpiVpk J+ =—pVpiVpiVpk )=
ol pivpk axj( jPY¥pi pk) o] (P pi¥pj pk)

oy Tpik .y, TRl
8xk P oXj P! oXj Pk oXj

v vibexvam TRV vabuvav TR v APV .
+V;i P pVpk J+V V:p Vi ]+ Vi —p pVpk + , (13)
0 0 ———— V] ——— NV
+Vk =P pVpi +PpV ViV —pVpiV VRY;
k5 PpYpi Pl@lojaJ k= P|DJ|okaJ Pplpja

rae Vj =Vj +ij MTHOBEHHOE, CpEJHEE U IMYyJIbCAllMOHHOE 3HaYeHHE MmapameTpa
(CKOpPOCTH) COOTBETCTBEHHO, t — Bpems, h — sHTanbmus, i, |, K — HHICKCHI, OMpenesioue
HaIpaBJIEHUE OCEW JIEKapTOBOW CHCTEMBbI KOOPAMHAT, P pV ij pk — COCTaBJIAIOIIME TEH30DPA

TypOYJIEHTHBIX HaNPsKEHUH.

2. Pacuér mapaMeTpoB aKyCTHYeCKHUX MoJiei

Jlns pacuéra a’poaKyCTHYECKHUX IapaMeTpOB HEU30TEPMHMUECKUX CTpYyH JaHHas
CUCTEMa YpaBHEHUH JIOTIOJIHEHA BOJIHOBBIM YpaBHEHHEM (BOJIHOBOE ypaBHeHHUe JIalTxmia):

p L,0p 0 oV 6V 2V,
— VYV, — + K S.
e a; pY: aa [PVV, - 6;(pag + p) - ,U( % 8xi T3, o) (14)
Lnpu j=k
TIe 8jk = ) — cumBon Kponekepa; N — kodddummeHT quHaAMHUECKON
O,npu j =Kk

(MOJIEKYIISIPHOI) BSA3KOCTH; P — IUIOTHOCTb, P — CTaTHYECKOE JaBlICHUE; 8, — CKOPOCTh 3ByKa
B HEBO3MYIIEHHOM cpene; V — CKopocTh; t — Bpems, X, X; — KOOp/IMHATBI, ij,k=1,23.

B npennoxeHHOW  MaTreMaTM4eCKOM MOJENM  pacyera Tra30JIMHAMHYECKHUX
apaMeTpoB HEM30TEPMHUUECKUX TYpOYJIEHTHBIX CTPYH MPOJYKTOB CrOpaHUsl MCHOJIb3YIOTCS
YpaBHEHUsI HEPa3pbIBHOCTH, YPABHEHUS KOJMYECTBA [IBJKCHHUS YpPAaBHEHHUS SHEPIUHU C
WCIIOJIb30BaHUEM Mojienn PeiiHosbaca u BotHOBOrO ypaBHeHud /. Jlalitxuimia. [TonmydenHbie
AQHAJUTUYECKUE 3aBUCUMOCTU (C y4€TOM MPOCTPAHCTBEHHO-BPEMEHHON KOPPENSIIUU MEXIY
ra30JMHAMUYECKHUMH TIapaMeTpaMu) TO3BOJUIN BBIICIUTh BKJIAJ «COOCTBEHHOTO» IIyMa,
OOyCIIOBIEHHOTO  TYpOYIEHTHBIMH  MyIbCAIlUSIMH  Ta30JMHAMHYECKUX  IOTOKOB, U
«CIIBUTOBOTO» IIIyMa, OOYCJIOBJICHHOI'O HaJIM4YMEM TpaJleHTa CKOpOoCcTU MoToka [2]. laHHas
MaTeMaTU4yecKasi MOJIeNIb TO3BOJISIET BBIMOJIHATh PAaCU€Thl TAKMX aKyCTHYECKUX MapaMeTpOB
KaK 3BYKOBOE JIaBJIEHNE, aKyCTUYECKasi MOIITHOCTb, TMarpaMma HarpaBJICHHOCTH U JIp.

3. Pacuer cOOCTBEHHBIX YAaCTOT 3JIEMEHTOB BBIXJIOITHOTO TpaKTa

Hanmyume B BBIMYCKHOM TpakTe€ TNPOTOYHBIX KaHAJIOB M IIOJIOCTEH Ppa3IMYHBIX
00BEMOB M KOH(UTrypanuii, o6iagaronmx HabopoM COOCTBEHHBIX YacTOT, TPEOYeT OLIEHKU
YHCIICHHBIX BEJIMYMH M BO3MOKHBIX MEXaHM3MOB MX BO3HMKHOBeHH:S. HeoOxommMocTs 3TOM
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paboTbl 00yCIOBIEHA BO3MOXHBIM IPOSBICHUEM PE30HAHCHBIX 3(P(EKTOB B Pa3IMYHBIX
4acTOTHBIX auana3oHax. C yuéToM 0COOCHHOCTEH FeOMETPHH 3JIEMEHTOB BBIITYCKHOT'O TPAaKTa
ObUIM MTPOAHAIU3UPOBAHBI PA3JIUYHbIC (PU3MUECKHE MEXaHU3MbI BO30YKIAEHUS COOCTBEHHBIX
4acToT.

OcHOBHBIE MOJENU BO30YKIEHHUS COOCTBEHHBIX YaCTOT M COOTBETCTBYIOIIHE
pacuétHbie (hopMyIIbl IPUBEIACHBI HUXeE [3].

OOBEMHBIE PE30HATOPBI:

fd
= & =ré PE30HATOP € IUIOCKUM TFOPJIOM (15)
= & —L_ — ¢ ynnuHEHHBIM ropyioM (16)
for 2\, w Y P
d.&+d e
f, = ao AL _TI272 ¢ nyms MIIOCKMMHE FOPJIaMU @17
fop = — C ABYMS Y/UIMHEHHBIMH TOPJIAMH (18)
JIBYIOJIOCTHBIC PE30HATOPBI:
ao (m+2)c 19
e (19)
f! aO LY 20
20 =27 \W (0)

rae: M= 2, ¢ = 2R 1t KpyTrJIOTO OTBEPCTHSL.
BosiHOBBIE pe30HATOPHI:

f=30

= — 4 BOTHOBBIE, T1ie N=1, 3,... (21)
1 b b b
3 4L
k
fl = alL — % BonHOBBIE (TMTpoAOIbHEIE), THe K =1, 2, ... (22)
L
le % Y, BOJTHOBBIE (HOTIepeunbie), e k=1, 2, ... (23)

2

rae: d, |, — muamerp, anmua ropna; W — o0béM monoctH; S; — Iuioniaap ropia;
L, D — nnuHa, AMamMeTp BOJIHOBOTO PE30HATOpPA; 8y — CKOPOCTh 3BYKAa B HEBO3MYIIEHHON
cpene; R — panuyc otBepcrtus; f — yacrora; € — ko3 dunmenT, yuuteiBaromuii popmy ropia.

Wcnone3ys npuBenéHHbie (HOpMyNbl, MOXHO paccuuTaTh 3HAUYEHUS BO3MOXKHBIX
COOCTBEHHBIX YaCTOT M UX FAPMOHUK JJIsi KOHKPETHBIX KOHCTPYKLUH TITyIINUTENEH.

HomnonuurenbHo kK ¢opmynaMm  (15-23)  coOCTBEHHBIX YacTOT — pa3IUYHBIX
KOHCTPYKLUH TIyIINTENEH A YCIOBUM paboTarolero ABUraresis Heo0X0AuMO YUUTHIBATS:
yucio 00opoTtoB n=36+37 o006/cex, 4acTOTy B3aUMOJEWUCTBUS MOPIIHEH C LUIUHApPAMU
f = 148 1/c, 4YacTOTy OTKpBITUS KJIAllaHOB JBHUraTens (YeTbIPEXTAKTHBIA JH3ETIb)
f=236+37 1/c, f =74 1/c, £ = 148 1l/c, £ = 192 1/c, a TakKke BO3MOKHOE MOSBJICHUE
cobctBeHHoi wactotel f1/4 (popmyna 22) ¢ xapakrepHbiM pasmepoM H (ummHa TpyObI OT
BBIIYCKHOT'O KJIaraHa J10 MOJIOCTH TITYIIUTENS).
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4. AHaau3 pe3yJibTaTOB PacyeToB

B rtabmume | mnpuBeneHsl 3HAYeHHS COOCTBEHHBIX YaCTOT ISl TJIyIIUTENEH,
UMEIOIMX OJHY U JBe mepdopHpoBaHHBIE TPYObI JUIs 1MOABOAA W BhIOpoca rasza (puc. 2),

PacuEThI BHINOIHEHBI JUIS COOTBETCTBYIONIMX 3HAYeHHi ckopocTeil 3Byka (@=+kRT ).

Tabnuya 1
Pacuérnble 3HaueHNsI BO3MOXKHBIX COOCTBEHHBIX YaCTOT
C onuoit C nBymst
Koncrpykuus .
S ITonast kamepa nep([)opnpmtanﬂon nep¢opupoBaHHBIMHU
TpyOoii Tpydamu
Pacuérnbie
3HaveHus1 COOCTBEHHBIX 4acTOT, I'1X
dopmyasi pas fi
fo (15) 115 153 195
f 0 (16) 83 73 209
o2 (17) 161 203 296
f o2 (18) 120 124 192
fus (21) 212 178 228
f 120 (22) 425 462 539
T 100 (23) 708 771 987
2 1
|
.,.d.,.,.
--------------------------- I'mymurens — nonast
____________________ Kamepa
L
2 1
I
] S| :o: o:o :o: < : _________________ I'mymwurens
0 o 0 0 OJTHOKaMEPHEIH ¢
___________________________________________ oo
neppoprUpoOBaHHOMN
TpyOOH
|
L
2 1
1] T I Zoz 9,:9 Z°Z < : ,,,,, I'mymrens
°© 0 0 o o OJIHOKaMEpPHBIN C
______________________ Rt By
__________________ 0. ._0...Q_0._9 mmaon, Hep(bopI/IpOBaHHBIMI/I
O _O O O O pr6aMH
| 3
L k

Konctpyxrusnslie pazmepsl: L = 500 mm, D = 300 mm,
1=300 MM, d =100 mm, ¢ = 150 mm, k = 150 mm, V = 0,035 M
rtoiazap nepdopauun 15%, & nepdoparmu 10 mm
Puc. 2. Cxempl Tnymmreneid: 1 — KOpIyc riiymmrens, 2 — BXOJIHOW NaTpyOoK,
3 — BBIXOHOM MaTpy0oK, 4 — mepdopupoBanHas Tpyoa
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l'azoguHamuyeckne pacyé€Thl TPAaKTa, BBIIOJHEHHBIE IS PA3JIMYHBIX HadaJbHBIX
ycioBuil (naenenue Po, temmneparypa To, mepeMeHHasl MIIOMIA[b BBITYCKHOTO OTBEPCTHS)
MOKa3ajy, 4TO MapaMeTpbl MOTOKA HA Cpe3€ BBIXJIOMHON TPYOB! SIBISIIOTCS MEPEMEHHBIMHU
BennunHaMu. [Ipuu€m pacd€rbl, BBIMONHEHHBIE ¢ momoinsio nakera FloWorks, BeisiBumm
HaJIMYUe CYIIECTBEHHON HEOJHOPOJHOCTH MapaMeTpPOB HA cpe3e BBIXJIONHOM TpyOsl. Kpome
TOT0, HEOOXOIUMO TPEJICTABISTH, YTO MBI HMEEM JIEJIO C UMITYJIbCHBIMH CTPYSMU (II0 YUCITY
nepuoArYecku paboTaromMX KJalmaHoB BHINYcKa). B mpencTaBieHHON MeToAuKe pacuéra
ra3oIMHaMHUYECKUX NapaMeTpOB HA JIAHHOM JTalle HCCIECIOBAHUN HMMITYJbCHBIM XapakTep
MCTEYEHUS HE YYUTHIBAJICS.

JlaHHBIE =~ CPaBHMTEIBHOIO  aAHANM3a  JKCIEPUMEHTAJIBHBIX W  YUCICHHBIX
HCCJIEI0OBAHUI Ta30AMHAMUYECKUX I1apaMEeTPOB TPAKTa M a’dPOAKYCTHUECKUX IapamMeTpOB
TypOYJIECHTHOTO IITyMa Ta30BOr0 IMOTOKA JIJISl PACCMAaTPUBACMBIX TITYIIIUTEINEH MPECTaBIICHBI B
Tadymue 2.

Tabnuya 2
Pe3ynbrarsl 3KCIEPUMEHTATHHBIX 1 YMCIICHHBIX UCCIICIOBAHUI TTYIIUTENICH

OKTABHbIE V31, 1b B OKTaBHBIX 110JI0CAX CO CFE}IHCFCOMeTpH‘IeCRI/IMI/I 4acTOTAMHU, V3,

moyocsl, I BA
"™ 7315 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 ] 8000 |
I'nymurens — nosasi kKamepa
OKcnepuMeH-
TaJbHBIE 110 127 119 103 105 108 107 | 103 87 113
JTAHHBIS
Pacuérnbie
COOCTBEHHBIX 83 161 212
4acToT 120 Lps =107 nb
Bo3smymiatoi
W€  YacTOTHI 37 74 148 192
JABC
Hctounuk
renepan Yacrorel pabotaromiero jasurarens, | YacToTbl, W3IydaeMble IOTOKOM
CcOOCTBEHHBIE YaCTOTHI IIPOJYKTOB CTOPaHUS
3ByKa
'nymuTens oqHOKaMePHBII ¢ oMHOH nepdopupoBaHHOi TPYOOii
OKCrepuMeH-
TaJbHBIE 101,8 | 124,1 | 1127 98,9 97,6 101 101 | 99,1 | 82,9 107,8
JTAHHBIC
PacuérHbie
3HAYEHUS 153 203 462
COOCTBEHHBIX 73 124
178 192 771

4acTOT Lps =101,7 nb
Bozmymatoin
W€  YacTOThI 37 74 148 192
JABC
HcTounuk
EA— YacToThl paboTaroMIero ABUraTels, YacToTsl, U3yyacMble TTIOTOKOM
3myKa cOOCTBEHHBIE YaCTOTHI MIPOJYKTOB CTOPaHUS
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OKTABHbIE Y31, ib B OKTABHBIX 0JIOCAX CO CFI(;IIHCFGOMeTpH‘IGCKl/IMI/l YacToTaMH, V3,
, I BA
HOMOeEL I 315 1 68 | 125 | 250 | 500 | 1000 | 2000 | 4000 8000 |
CaymmTens oqHOKaMePHBIii ¢ AByMs nepopupoBaHHBIME TPyOaMu
DKCIepUMEH- 101
TalbHEIE 112,9 | 120,7 | 108,1 96,9 100,8 | 97,6 | 101,6 7 " 87,9 102,4
JTaHHBIE
Pacuérnnie 195
HaYeHU 209
SHATE 119 296 | 539 | 987
COOCTBEHHBIX 192
JacTOT 228 Lps = 105,6 ob
Bosmymarom
K€ YaCTOTHI 37 74 148 192
JBC
HcTounuk
eHEDAILII YacToThl paboTaroIIero ABUraTelis, YacToTsl, H3JTydaeMbIe TOTOKOM
3Bng H COOCTBEHHBIE YACTOTHI MPOAYKTOB CrOPAHHUS

AHanu3 5TON TpyNmbel [IyMHMTENeH ¢ MocTossHHBIM 00béMoMm (V=0,035 M3) u
OTIIMYAOIIUXCS HATMIHEM MTepPOPUPOBAHHBIX TPYO MOKA3aIH CIIEAYIOMIee:

- BBEACHHE B KOHCTPYKIMIO TIIyIIUTENeW nephOpupOBaHHBIX TPYO NPUBENO K
M3MEHEHUIO0 COOCTBEHHBIX YACTOT KOHCTPYKIIUM TITYIITUTENCH, YTO B CBOIO OU€pEIb MPUBEIIO K
M3MEHEHUIO 3(PPEKTUBHOCTU IIIYIIUTENEH B PA3TUUYHBIX OKTaBHBIX MOJOCAX. DTU TIYIIHUTEIH
MeHee G @dexTuBHBI B OKTaBHBIX mojocax 31,5, 63, 125 T'm, u Oonee >ddexTuBHBI B
oktaBHBIX mojiocax 500, 1000 I'y B cBA3M ¢ MOSBIEHHEM B 3THUX II0JIOCAX COOCTBEHHBIX
4acToT;

- pacu€Thl aKyCTHUECKHMX MapaMeTpoB TYpOYJIEHTHOTO IIymMa ATHX TIyLIUTeNen
MOKa3aJIi  HE3HAUYUTEIHFHOE  CHIDKCHHME  U3Jy4aeMOW  MOIIMHOCTH C  TOSIBIICHUEM
nephopupoBaHHBIX TPYO.

JIJsl OLIEHKM XapaKTEPUCTUK IMUPOKOMOJIOCHOTO IIyMa HEU30TEPMHUUYECKUX CTPYH
OBLITM BBITTOJIHEHBI PACUETHI 110 MPUBEICHHON METOTUKE.

Pe3ynbrarhl pacd€ToB ra3oJMHAMHUYECKUX MapaMeTpPOB ISl TIAYIIMTENIS — TOJION
KaMmepbl IPUBEACHbI HUXKE:

— CKOpOCTh M3MeHsercs B quanazone V = 50 + 125 m/c;
— Juana3oH AaBiieHui B 00béMe Pg= 103000 = 109623 I1a;
— Juana3oH Temmeparyp B 00séme Ty = 290 +466 °K.

s pacuéra akyCTHUECKHX TOJIeH OBUIM MCIOJNBb30BAHBI CIEAYIOIINE MapaMeTphl:
To =359 °K, Po=109316 Ila, V = 124,44 m/c.

st mccnenoBaHus ObUIM TIOCTPOEHBI JMArpaMMbl  HampaBleHHOCTH (puc. 3):
WHTEHCHUBHOCTH CYMMAapHOTO IIyMa Jsym [BT/MZ], WHTEHCUBHOCTH «COOCTBEHHOTO» IIymMa
(own noise) — Jpuise [BT/MZ], WHTEHCUBHOCTH «CABHTOBOro» mryma (shift noise) — Jgy [BT/MZ] 51
3BykoBoro nasienust — PPB [[1a]. JluarpaMMbl HanpaBIeHHOCTH CTPOUJIMCH O 16 TOYKaMm Ha
chepe paguycom 12 M (Takoe yaajieHHE MO3BOISET MAKCUMAIBHO y4€CTh BKJIQJ Pa3IMYHBIX
COCTABJISIIOLIMX HAa BCEH MNPOTSHKEHHOCTH  Ta30BOrO  IMOTOKA HAa  aKyCTHYECKUE
XapaKTepUCTHKH) C YIIIOBbIM mmarom A22.5°.

VYpoBenb akyctuueckoit momHoct Ly = 102 nb, akyctudeckas momuocte N =
0,0145 Br, ypoBeHb 3BykoBoro nasienus L, = 107 nb.



Jlybsinyenxo A.A.

Tpubnusicennvie usuxo-mamemamuueckue Mooeau 2a300UHAMUYECKUX U
A2POAKYCIMUYECKUX NPOYeccos 8 2rywumensix wyma evinycka JJBC

I[I/Ial" paMMa HAImpaBJICHHOCTHU

1 — «CoOCcTBeHHBII TIYM |,
2 — «C1BUTOBBII» IIyM

YpoBeHb aKyCTHYECKOM MOIITHOCTH
L=101.6293 Db

Jwnarpamma HampaBIeHHOCTH (CyMMapHast 3BYKOBOE J1aBJIeHHE (aMILTUTYIHOE 3HAYCHHE)
aKyCTHYeCKasi MOIIHOCTb)

Puc. 3. JlnarpaMMbl HarpaBICHHOCTH aKyCTHYECKUX XapaKTEPUCTHUK TITYIIUTEIIs — TOJION KaMepsl ( B
JTAHHOM MactTabe AuarpaMMbl BKJIA] "'cOOCTBEHHOTO" ITyMa He BHJICH)

[Ipoananu3upyem MaTepHalbl 0 IIIYLIUTENIO ¢ 0IHOW nepdopupoBaHHOM TPYyOOI:

— CKOpOCTh U3MeHsieTcs B nuamnaszone V =20 + 120 m/c;

— JHMAaIa3oH JaBJIEHUHA B 00bEME Po = 101577 + 109500 IIa;

— Juamna3oH temrepatyp B 00béme  To =290 + 500° K.

Jlns pacuéra aKyCTHUECKHX IoJIel ObUIM HCIIOJIb30BaHbl CIEAYIOLIME MapaMeTphl:
V=97 m/c; To = 302° K; Py = 107009 ITa.

Pesynprathl pacdy€roB (IuarpaMMbl HaIlpaBIE€HHOCTH) MpPHUBEICHBI Ha pHUC. 4.
YpoBeHb AKyCTHYECKOM MOIITHOCTH Ln=93,2 1b, aKyCTHUYeCKas MOIIIHOCTb
N=0,0021 BT, ypoBens 3BykoBoro nasiaenus L,=101,7 ab.

Pesynbrarel pacdy€roB ra3oJMHAMUYECKUX MApaMeTpPOB TIIIYHIMTENS C JABYMs
nephopupoBaHHBIMU TPYOAMU IPUBEACHBI HUXKE:

— CKOpOCTh U3MeHsieTcs B nuamnazone V =20 + 130 m/c;

— JMaIa3o0H JaBJIEHUHA B 00bEME Py =103049 + 109000 IIa;

— Juama3oH temrepatyp B 00bémMe  To =290 + 490° K.

Jlns pacu€ra aKyCTHUECKHX IOJIel ObUIM MCIOJIb30BaHbl CIEAYIONIME MapaMeTphl:
V =108 m/c; Tg =310° K; Py = 108279 Ila.

Pesynbrarhl pacu€éToB NpPUBEACHBI HA PUC. 5. YPOBEHb aKyCTUYECKOW MOIIHOCTH
Ly = 97,17 nb, akyctuyeckas momHocTh N=0,00521 Bt, ypoBeHb 3BYKOBOT'O JIaBIICHUS
Lp,=105,6 nb.
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):[I/Ial"paMMa HammpaBJICHHOCTH

2
1 — «COBCTBEHHBIH» myM
2 — «CIIBUTOBBINY TIIyM
YpoBeHb aKyCTHYECKOH MOLTHOCTH
L=93,2269 Db

Junarpamma HampaBIeHHOCTH (CyMMapHas 3BYKOBOE JIaBJIeHHE (aMILTUTYIHOE 3HAYCHHE)

= MOHIHOCTB) %

Puc. 4. [lnarpaMmbl HaNpaBJICHHOCTH aKYCTHYECKUX XapaKTEPUCTUK
TIYIIUTENS ¢ OHOM mephopupoBaHHOil TpyOoii ( B JaHHOM MaciiTabe TuarpaMMbl BKJIa
"coOcTBEHHOTO" IITyMa HE BHUJICH)

I[I/Ial"paMMa HaIpaBJICHHOCTU

2
1 — «COBCTBEHHBIIY IIyM
2 — «CABUTOBBII» IITyM
YpoBeHb aKyCTUYECKON MOIIIHOCTU
L=97,1723 Db

Huarpamma HanpaBieHHOCTH (CyMMapHast 3BYKOBOE JIaBJIeHUE (aMIUITUTYJHOE 3HAYCHHUE)

= MOHIHOCTL) «

Puc. 4. [lnarpaMmbl HaNIpaBJICHHOCTH aKyCTHYECKUX XaPaKTEPUCTUK ITYIIUTEIIS
*
¢ IByMsi ieppopupoBaHHbIMU TpyOamu (B JAHHOM MaciiTade quarpaMMbl BKIaJ "coOCTBEHHOTO"
IITyMa HE BHJICH)




Jlybsinyenxo A.A.

Tpubnusicennvie usuxo-mamemamuueckue Mooeau 2a300UHAMUYECKUX U
A2POAKYCIMUYECKUX NPOYeccos 8 2rywumensix wyma evinycka JJBC

AHanu3 NOJy4YEeHHBIX IaHHBIX [T03BOJISET CeNaTh psii 0000LUIeHUH]:

- MaKCUMAaJIbHbIE YPOBHHU 3BYKOBOI'O JIaBJIECHMSI HAXOJSATCS HAa HU3ZKMX U CPEAHMX
4acToTax, 3TO CBSI3aHO C XapaKTepHbIMH YacTOTaMM pPabOTaloIIEero JABMUraTteis u
COOCTBEHHBIMH YaCTOTaMH BBIXJIOITHOTO TPAKTa;

- U3JIy4eHHE OT HECTALIMOHAPHOI'O HEM30TEPMUYECKOT0 MOTOKA MTPOAYKTOB CrOPaHUSI
(ompenensiercss UX  CKOPOCTBbIO, JIaBJI€HUEM M  TEMIIEpaTypod) NPUXOJUTCS  Ha
BBICOKOYACTOTHBIH 1ana3oH;

- BBEJEHHE B KOHCTPYKIMIO TIIyIIUTENeH NeppOpHpOBaHHBIX TPyO NPHUBEIO K
U3MEHEHHIO COOCTBEHHBIX YaCTOT KOHCTPYKIMH IIYLIUTENEH, 4TO B CBOIO O4Yepeib IPUBEIO K
U3MeHEeHHIO 3()(PEeKTUBHOCTH TITYIIUTENCH B Pa3IMYHBIX OKTABHBIX MOJIOCAX. DTH TIIYIIUTEIH
MeHee (G @dexTuBHBI B OKTaBHBIX mojocax 31,5, 63, 125 T'm, u Oonee >ddexTuBHBI B
oktaBHBIX monocax 500, 1000 I'm B cBs3M C MOSABIEHHEM B ITHX I10JI0CaX COOCTBEHHBIX
4acToT;

- pacué€Thl aKyCTHMYECKMX IapaMeTpoB TYpOYJIEHTHOIO IIymMa ATHX TIIIyLIUTENEn
[OKa3aJld  HE3HAUUTEIbHOE  CHIKEHHE  H3Jy4aeMOM  MOINHOCTH C  IOSBJICHHUEM
neppopupoBaHHBIX TPYO;

- MEXaHU3Mbl TI'eHepalluu aKyCTHYecKuX BoJH B mosnoce 250 I'm, moryt ObITh
o0ycioBieHbl pabOTOil MEXaHW3MOB JBHUTATeNs, MyJIbCAllUSIMHU, YAaPHO-BOJHOBBIMU
npoieccamMu B TpyOompoBoae u riymmutene (dpopmynst 22, 23). Ilo-Bugumomy, ofHa u3
rumnoTe3, OOBscHAOmAs dS((HEKTUBHOCT, (QYHKIMOHUPOBAHHS TIYIIMTENS, CBS3aHA C
ONTUMAJILHBIM COOTBETCTBUEM YaCTOT, BO30Y)KJaeMbIX JIBUI'aTEJIbHOM YCTAaHOBKOM, H
COOCTBEHHBIX YaCTOT TPAKTa IIYMOIJIYIIECHHUS.

AHanu3 YHUCIECHHBIX MCCIIEIOBAaHUM, BBIIOJHEHHBIX IO IPHUBEIECHHOM B JaHHOU
paboTe MEeToauKe Ha OOJbIIEM YHUCIIE MOJAENEH TIylIuTeNled, MO3BOJIUI OLEHUTh BIIMSHHUE
CKOPOCTH MCTE€UYEHMSI U TEMIIEPATYPBI IOTOKA HA TapaMeTPbl aKyCTUUECKOIO U3ITyUEHUS.

CKopocTh HCTEYEHHs Tra3oB ONPENENSIOMUM 00pa3oM BIUSET Ha aKyCTHUYECKYIO
MOIIHOCTb, 3BYKOBO€ JaBJICHHWE, JAWArpaMMbl HANpPaBIEHHOCTH W  COOTHOILLIEHHUE
«COOCTBEHHOTO» M «CIBUIOBOTrO» Iiyma. VM3menenue ucrteuenus B nuanazoHe 50-100 m/c
YBEJIIMUMBAET YPOBHU U3TydyacMol 3ByKOBOW MoiHocTH Ha 15-20 nb. IIpu ManbsIx ckopocTsx
npeobsiajaeT «COOCTBEHHBIM» IIyM, C POCTOM CKOPOCTH — «CIIBUIOBBIM» LIyM. BiusHue
TEMIIEPATYPHl HA M3JIy4aeMYK aKyCTHYECKYI0 MOIIHOCTb MEHEE 3HAuuTeNbHO. 3MeHeHue
temneparypsl Ha 100-200°C npuBOoAMT K pOCTYy aKyCTHUECKOM MOIIHOCTH Ha
3-6 nb. Ilpu manbIx Temreparypax OCHOBHOM BKJIaJ B aKyCTHYECKYIO MOIIHOCTb BHOCHT
«CIIBUTOBBIN» LIIyM, C POCTOM TEMIEPATYPbI — «COOCTBEHHBIN».

Takum 00Opa3oM, ONTHUMaJbHBIE COYETAHHs TEMIepaTypbl, JaBJIEHUS M CKOPOCTH
HCTEUYCHUSI Ta30B CIOCOOHBI O0ecTeunTh TpeOyemble YPOBHH IITymMa, YTO IO3BOJSET
UCIIOJIb30BaTh  NPEJCTABICHHYI0  MH)KEHEPHYIO  METOJUKY  OLIEHOYHBIX  PacueToB
a’POAKyCTUYECKUX XapaKTEPUCTUK BBIXJIOMHOIO TPAaKTa MpHU pa3paboTKe IIIyHIMTENel myma
Bhiycka /IBC.

Jak/oueHue

PaccmoTpennsle B JgaHHOM — pabore  (u3MKO-MaTeMaTHYecKHe  MOJAETH
ra3o/IMHaMUYeCKUX U a’3pPOaKyCTHUECKHMX MPOIIECCOB B MIyMMTENsX Iryma Bbaimycka [IBC
[IO3BOJISAIOT pellaTh PA3IMYHbIE IPAKTUYECKUE 3a/1a4U, BBIIOJIHATH YACICHHBIE UCCIIEIOBAHUS
BIIMSHMS Ta30IMHAMHYECKMX I1apaMETPOB Ha AaMIUIMTYJHO-YACTOTHBIE XapPAaKTEPUCTHKHU
u3llydeHus. bilo4HOE IOCTPOEHHME alNropuTMa pacyeToB IO3BOJISIET KOPPEKTUPOBATH
METOAMKY IO Mepe MOSBIECHUS HOBBIX JJAHHBIX O TYpOYJIEHTHBIX TEUEHHUSAX, KOPPEIALIUOHHBIX
CBA3SX U MEXaHU3MaxX I'E€HEPaLlUK 3BYKA.
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HccaenoBanue npoueccoB miyMooOpa3oBaHusi MPH ABHKEHU U
BBICOKOCKOPOCTHBIX M0€e3/10B

Boiiko }0.C.%, Ilamypun A.E.*", Joan Cardona®, Marc Albaladejo*
'Acrmpant, BITY «BOEHMEX» um. J1.®. Verunosa, r. Caukr-IlerepGypr, P®
2K.T.H., BI'TY «BOEHMEX» um. /I.®. YcrunoBa, r. Cankt-IletepOypr, PO
3CEO, AV Ingenieros, Abat Marcet, 41 bajos, 08173 St. Cugat del Vallés, Spain
*Engineer, AV Ingenieros, Abat Marcet, 41 bajos, 08173 St. Cugat del Vallés, Spain

AHHOTaLUA

PaccmaTpuBaeTcs mporecc IIymMOoOOpa3oBaHHMS TP MPOE3[€  BBICOKOCKOPOCTHOTO — IOE€3[a.
[pencraBieHsl METOJMKA M PE3yNbTAaThl M3MEPEHUIA, POBEICHHBIX Ha jkeJe3Hol mopore Mcnmanmn Renfe na
moesnax cepuu AVE 103 mpu ckopoctu askerns 300 km/4. [IpeanoxeH ydeT CKOPOCTH BO3pacTaHUs 3ByKa
JUIL  OLIEHKH CTETeHH BO3JCHUCTBHS 3BYKOBOTO COOBITHS Ha 4eJOBEKa U YBEJIWYEHHBIH HMHTEpBal
MIPOJOJKUTEIBHOCTH 3BYKOBOTO COOBITHS AJIS ONpeAeSICHUs SKBUBAJICHTHOTO YPOBHS 3BYKa.

KitioueBsbIe cJI0Ba: BHICOKOCKOPOCTHOM MOE3[1, IPOLECCHI IIyMOOOPa30BaHus, METOANKA H3MEPEHHIL.

BBenenne

B nHacrosiiee Bpemst mporecc nryMmo0pa3zoBaHus MPU ABHKEHUH BBICOKOCKOPOCTHBIX
I0€3/I0B /10 KOHLA HEe M3Y4eH, M HM OJMH U3 METOAOB pacyera, pa3pabOTaHHBIX B TaKHX
cTpaHax kak Anonwus, Kutail, FOxnas Kopes, I'epmanus u ®pannus, rae nuHppacTpykrypa
BBICOKOCKOPOCTHOTO JKEJIE3HOJOPOKHOTO TPAHCIOPTA CUJIBHO PAa3BUTa M JABHO YCIIEIIHO
OKCIUTyaTUPYETCs, HE SBISETCS OQUUUANIbHO YTBEP)KJIEHHOM W YHUBEpPCAJIBbHON IS
IIPUMEHEHHS.

CornacHO TeopeTHYeCcKOW MoAend O (OPMHUPOBAHMM 3BYKOBOTO TMOJS TpHU
JOCTIDKEHUM Toe3oM ckopoctd B 250 KkM/4 M jJanbpHeliieM ee  yBEIHMYEHHH,
a’pOIMHAMUYECKUH 1IIyM CTAHOBUTCS NMPEBATUPYIOUINM B 00IlIEM CyMMapHOM YPOBHE 3BYKa.
HcTouHnKkaMu a’poJMHAMUYECKOro IIyma sBISIOTCS MaHTorpad), HOcoBas yacTh IOe3/1a U
M0JIBATOHHOE MPOCTPAHCTBO. [loMHMO a’spoauHaMHUEcKOro Iryma B OO YPOBEHb BHOCST
BKJIa/l ITyM KadyeHus U 1yMm asuratens. OcoOeHHoe BIUsSHUE Ha (OPMHUPOBAHHE 3BYKOBOTO
MOJIE OKa3bIBa€T BBHICOTA PACIONIOKEHHS MCTOYHUKOB IIyMmMa, IpeiacTaBieHHas B TaoOum. 1,
cornacho [3, 4].

Tabauya 1.
BricoTa pacoyioxkeHust HCTOYHUKOB IITyMa BRICOKOCKOPOCTHBIX ITOE3]I0B
Hcroynukm myma BricoTa pacnosiokeHus, M

JlBurarein 2,5-3,0

[Ilym xauenus 0,2-0,3

AdpoMHAMUYECKHE

Hocosag yacTts moezga 2,5-3,5
IlogBaroHHoe MpoCTPaHCTBO 0,8-1,0
[TanTorpad 45-6,0

Jlj1 moATBEpK/IEHUSI TEOPETUUYECKUX CBEJIEHUI O Mpoliecce NIyMooOpa3oBaHus MpH
JIBIDKEHUH BBICOKOCKOPOCTHBIX TO€3/I0B aBTOPAMH CTaThH OBLIM MPOU3BECHBI U3MEPEHUS Ha
xene3nbix jpoporax Mcmammm RENFE (ucn. Red Nacional de Ferrocarriles Espafoles —
«HarmmonanbHast cetb kene3nbix jJopor HWcmanum») Ha nuHuu bapcenona — Manpun.

“E-mail: iulia.boyko@gmail.com (Foiixo FO.C.), 7596890@mail.ru (Llawypun A.E.)
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W3mepeHnss NMpOBOAMIMCh HAa YYacTKaX C MAaKCUMAJIbHOM HSKCIUIyaTUPYEMOW CKOPOCTBIO

newkenus noesga (300 km/a) cepun AVE 103 ¢ anmunamu nmoxaBmxHOro coctaBa 200 M u
400 m.

1. MeTtoauka npoBeaeHusi H3MePeHH

ABTopamu ObLIH pa3pabOTaHbl METOAMKH M3MEPEHUH, MO3BOJIIONIMX OLEHUTh KaK
XapakTep 3ByKOBOI'O IOJISl TPH M3MEHEHUHU BbICOTHI (1,5 M - 7,0 M 0T 3emiH), Tak U mporecc
pacnpoCcTpaHeHusT IIyMa Ha MECTHOCTH, M €ro CHW)XXCHHME C pPAacCTOSHUEM 3a CYeT
JMBEPreHI1H.

B npencraBieHHOM cTaTbe  pacCMOTPEHBI  PE3YNbTAThI, IIOJYYEHHBIE IIPH
OIIpE/ICNIEHUH XapaKTepa 3ByKOBOT'O I10JIsl IPY U3MEHEHUHU BBICOTHI IIPU JBUKEHUHU 110€371a Ha
PaBHUHHOW MECTHOCTH.

JInsi BBIABICHHS MPEBATUPYIOIINX HMCTOYHHKOB IIyMa OBUTH BBIOpAaHBI TOYKH Ha
BoicoTax 1.5M, 3.0 M, 5.0 M, 7.0 M. Bce MukpooHbl Kpenwiuchb OJHOBPEMEHHO Ha 7-
METPOBOM LLITAaTUBE HA PACCTOSHUU 25 M OT OCH 7KEJIE3HOH T0POTH.

W3mepenuss npoBOAMINCH B PEXKMME MYJBTU3AMMCH LIYMOMEPAMHU POCCHUICKOIO U
MCIIAHCKOTO MPOU3BOJICTBA C (PUKCAIMEN CPETHEKBAIPATUYHBIX, SKBUBAJCHTHBIX U MTHMKOBBIX
YPOBHEH 3ByKa, OKTaBHBIX U 1/3-OKTaBHBIX CIIEKTPOB.

Cxema M3MepeHUH YpPOBHEW 3ByKa W OOIIMU BUJ W3MEPUTEIBHONH YCTAaHOBKH Ha
PaBHUHHOW MECTHOCTH IIpeJCTaBlIeHbI Ha Puc. 1.

Pasmepbl B MeTpax 2
2
| -
/’ N\, 1 =)
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o | O -
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Puc. 1. a) cxema u3mepeHuii ypoBHel 3ByKa Ha paBHUHHON MeCTHOCTH: 1 —
MOJIBIKHOM cOCTaB, 2 — MUKPO(OHBI; 0) 00N BUJ H3MEPUTETHHON YCTAHOBKH



boiixo 10.C., Hlawypun A.E., Joan Cardona, Marc Albaladejo
Hccnedosanue npoyeccos uiyMoobpazo8anis npu 08UNCEHUU 8bICOKOCKOPOCHHBIX N0€3006

N3smepenns mnpoBoawnuch Ha JuHUM bapcenona-Maapua Ha  ydacTkax ¢
MaKCHMaJbHOU 3KCILTyaTHpPyeMoOil ckopocThio ABkeHus noesna (300 km/u): Vilafranca del
Penedes — Gelida. [1nan MmecTHOCTH TIpOBeIeHUS U3MEPEHU ITpeCTaBieH Ha Puc. 2.

bapcenona
mBarcelona

T : ,
Puc. 2. [1nan MECTHOCTH NPOBEICHU U3MEPEHUI: | — y4acTOK Tpacchl ¢ MAKCUMAIbHOMN
IKCILTyaTUpyeMou ckopocThio 300 KM/4, 2 — TOYKH MPOBEICHUS U3MEPCHHIA

2. AHanau3 pe3yJbTAaTOB H3MepeHMil

CornacsHo I'OCT 31296.1-2005 (UCO 1996-1:2003) MAaKCUMaJIbHbIM
KOPPEKTHUPOBAHHBIM  YPOBHEM  3BYKOBOI'O  JIaBJI€HHMsA  SBJISIETCS  HAMOOJBLIMHA
KOPPEKTUPOBAHHBIM YPOBEHB 3BYKOBOT'O JaBJICHUS HA 33JaHHOM BPEMEHHOM uHTepBaie. [Ipu
00paboTKe pe3yslbTaTOB M3MEPEHUl MaKCHMallbHbIE YPOBHH 3ByKa NPUHUMAIUCH C
UCIIOJIb30BAHUEM BPEMECHHOW XapaKTEPUCTUKHU IyMmoMepa «SIoW» («MeIIeHHOY).

PesynpraTel M3MepeHMII 3BYKOBOIO IIOJISI Ha pa3IMYHOM BBICOTE OT 3€MJIM Ha
paccTosHUU 25 M OT OCHM INpH Mpoe3ze moe3na co ckopocTbio 300 KM/4 MpencTaBlieHbl B
Tabm. 2.

Tabauya 2
Pe3ynbTarel n3amMepeHuii MakKCUMaabHOTO YPOBHS 3ByKa

u aoac, 75A vt swyva i
BbicoTa TOYKU U3MEPEHHUH (cpe/THue 3HAYCHNS TIO BeeM | P yK
BeicoTe 1,5Mu 7,0 M
HU3MEPECHHSIM)
7,0 m 88-90
5,0m 87-89 A =23 1BA
3,0m 86-88
1,5m 85-87

Pe3ynbrarsl u3MepeHuii MOKa3pIBatOT, YTO Ha BbIicOTE 7,0 M MaKCUMAalbHbIE YPOBHU
3ByKa BBIIlIE MAKCUMAaJIbHBIX YPOBHEW 3ByKa Ha BbIcoTe 1,5 M B cpenHeM Ha 2-3 nbA, 4to
HNOJTBEPAKIACT TEOPETUUYECKHE CBEAEHUS O IPEBATMPOBAHUU AIPOAMHAMHYECKOro ULIyma

86



NOISE Theory and Practice 87

na"rorpada HaJ IPYTMMHU HCTOYHHKAMH IIyMa, B TOM YHCJE IIyMa Ka4eHHUs, B CYMMapHOM
3BYKOBOM TMoyie Tpu ckopoctsx nBwxkeHus 300 km/4. B cBoro ouepenb, MCCIEAOBaHUSA,
npoBeneHHbIe B Poccun Ha moesnax ¢ MeHbIUMH ckopocTsmu (1o 200 km/4), TOBOPAT O
NpEBAMPOBAHUM IIymMa KadeHus [3], 4YTO Takke OKCIEPHUMEHTAIbHO IOATBEPKIACT
rPaHUYHYI0 CKOpocTh B 250 KM/4 Kak yCJIOBHE CMELIECHHS OCHOBHOTO HCTOYHMKA IIymMa B
00111eM ypoOBHE ¢ IITyMa KaueHHUs Ha adpOoAMHAMUYECKUM myM (11ym maHTorpada).

Cnenyer Takke OTMETHTb, 4YTO 3a HPOJOKUTEIBHOCTh 3BYKOBOIO COOBITHSA,
cormacio I'OCT 31296.1-2005 (MCO 1996-1:2003), mpuHMUMACS HMHTEpBal BPEMCHHU, B
TE4YEeHUE KOTOPOTO YPOBEHBb 3BYKA, CO3aBAEMBIN MOE3/I0M, OTIMYAJICS OT (POHOBOTO YPOBHS
3ByKka Oosiee yem Ha 10 nbA. Tak, g noezna mmHoi 400 M 3ByKOBOE COOBITHE JJUIIOCH B
cpeareM 17 ¢, mpu 3TOM MHTEPBAJI BPEMEHU C HAYAIHHOTO MOMEHTA M3MEHEHHs! (POHOBOTO
YPOBHS 3ByKa (C y4eTOM MHTEpBaJla BPEMEHU IMPU pa3HUIlE MEXKAY (POHOBBIM YPOBHEM 3BYKA
U CO3/1aBaeMbIM YPOBHEM IpU MPOHUCIIECTBUU 3BYKOBOro codObitusi menee 10 nbA) mo ero
BO3BpAIICHUS HA UCXOTHBIA YPOBEHb COCTaBIsIO 35 ¢, yTo Oosee yeM B 2 pasa BhILIE paHEee
OTIpEeIeNIEHHON MPOTSHXKEHHOCTH 3BYKOBOTO COOBITHS, B TO BpeMsl KaK HEMOCPEICTBEHHOE
MPOXOXKACHHE MTOe37]a MUMO TOUYKH HabmoaeHui 3annmaet 4,8 c.

Te ke camble mapameTpsl A noes3aa mHoi 200 m coctasisitot: 13 ¢,30cu 2.4 c.

I'padux M3MEHEHHST MAKCHUMAaJbHOTO YPOBHS 3ByKa OT (DOHOBBIX 3HAYEHHUH [0
IIMKOBBIX C HAHECEHWEM BPEMEHHOM IIKaJIbl IpejcTaBiieH Ha Puc. 3.

Osiin_Tenemerpns fleiiceus _ Cnpaska

& B By BRI D [T ucpeanerve

Y3LLe oxrasax | U3/1e 1/3 oxrasss | Kopp. ypos | Cnexrp | Motopi | Mapamerpei|

nopor
Llodasus rpapuc 100006

p— 17:51:40 17:51:50 17:52:00 17:52:10 17:52:20 17:52:30 17:52:40 17:52:50 17:53:00 17:53:10 17:53:20 17:53:30 17:53:40 17:53:50

A; xoppyp. Slow; A
A; Koppyp.; Fast A

Kypcop
X

v
Cueuerue 1
X

Y

\ 4

174400 17:4430 174500 174530 17:46:00 174630 174700 174730 174300 17:48:30 17:4900 17:40:30 175000 17:50:30 17:5100 17:5130 175200 17:5230 175300 17:5330 17:5400 175430 175500 17:55:30

Puc. 3. I3meHeHre MaKCUMAalTLHOTO YPOBHS 3BYKa MPU MPOXO0KICHUH MOE3]1a CO CKOPOCTHIO
300 km/u

MaxkcuMaiabHas CKOPOCTh BO3pacTaHHS 3BYKa Ha paccMaTpUBaeMoM Tpaduke
HaOmoaeTcs Ha 525-527 ¢ u coctaBisieT npubau3uTenbHo 8§ A1bA/c (TIpu HEMOCPEICTBEHHOM
MPOXOXKJICHUHU M0E3/1a MUMO TOYKH HAOIIOIEHUS ), B TO BpeMsl KaK MpH MPHOIMKSHUN TT0e3/1a




FBotixo 10.C., llawypun A.E., Joan Cardona, Marc Albaladejo
Hccaedosanue npoyeccos uymoobpazo8anus npu 08UNCEHUU BbICOKOCKOPOCIMHBIX H0E3008

CKOPOCTh BO3pacTaHUs 3ByKa COCTaBJsieT B cpeaneM 1,5 nbA/c, uro B 6 pa3 Hmwke. M3BecTHO,
YTO IIOMHMO XapakTepa IIyMa, CKOPOCTb BO3pacCTaHUs 3ByKa TaKK€ BIMSIET Ha €ro
BOCIPUSATHE YETIOBEKOM.

[To pe3ynbraTam ananu3a rpaduka BO3pacTaHUs MAaKCUMAJILHOTO YPOBHS 3ByKa MpHU
NPOXOXKJICHUH BBICOKOCKOPOCTHOTO MOE€3/1a MHUMO TOYKHM HAOJIOAEHUS, CIeIyeT OTMETHUTD,
YTO MPH ONPEACTCHUN MPOJOJKUTEIBHOCTA 3BYKOBOTO COOBITHS, COTJIACHO CYIIECTBYIOIIEH
HOPMATHBHOM 0a3e, NCUCTBYOIICH Ha TeppuTopun PO HE yUMTHIBAIOTCS YPOBHH 3BYKa MpPH
npuOIMKEHUH T0€3/1a, KOorja pa3Hula MeX1y (OHOBBIM M CO3/1aBa€MbIM YPOBHSIMH 3BYyKa
MeHee 10 abA, 4TO COCTaBIISIET NPAKTUYECKH IIOJOBUHY NEPUOJA W3MEHEHUs J1aBJICHUS
BO3/lyXa B OKPYKAalIIEW cCpele OTHOCUTEIBHO HW3HAYaJbHOI'O YPOBHS. YUYET JIaHHOIO
MHTEpBaJla MOXET OBITh IOJIE3EH U LEeNecO00pa3eH IMpHU OINPENEICHUH SKBUBAJIEHTHOTO
YPOBHSI 3BYKa, CO3/1aBa€MOT'0 OJMHOYHBIM 3BYKOBBIM COOBITHEM (TTpoe3aoM moe3na). Taxxe,
B JICUCTBYIOLIEH HOPMATHUBHOW JOKYMEHTAIIMM OTCYTCTBYET KPUTEPUH OLIEHKH 3BYKOBOI'O
cOOBITHSI B 3aBUCHMOCTH OT CKOPOCTHM BO3pacTaHHs 3ByKa. BBeleHue AaHHOro napamerpa
MOXET OBITh TOJIE3HO NpPHU M3YYCHUH BO3ICHCTBUS PA3IMYHBIX HCTOYHHKOB INyMa Ha
YeJloBeKa.

3akjao4yeHue

Pe3ynbpTarel  BBINONHEHHBIX ~ HKCCIENOBaHUM MO M3Y4YEHHIO  Ipolecca
IyMOOOpa30BaHUs MIPH MPOE3/I€ BEICOKOCKOPOCTHBIX TOE3JI0B, NMPOBEICHHAS Ha JKEIEC3HBIX
noporax Mcemanmm Ha mnoe3gax cepur AVE 103 co ckopocthio amxenus 300 km/4a
TTO3BOJIMJIM ClIETIATh CIIEAYIONINE BEIBOBI:

- TOATBEPXKJACHO TMPEBATHPOBAHUE adPOJMHAMHUYECKUX HCTOYHHMKOB IIyMa
(manrorpaga) B CcyMMapHOM YPOBHE;

- TPEJIOKEHO YYUTHIBATh MHTEPBAI BPEMEHU MPU BO3PACTAaHUU YPOBHS 3ByKa C
pazHuueit meree 10 n1BA ¢ (oHOBBIMH YpPOBHSIMH Ha TEPPUTOPUHU NPU HPUOIMKEHUU U
OTJIAJICHUH T0e3/1a 71s1 0oJiee JOCTOBEPHOTO OMpPEIEICHHs YKBUBAJIEHTHOTO YPOBHS 3BYKa, U
MOCJEAYIOUIEN €r0 OLICHKH;

- MPEeIJIOKEHO BBEJCHHE MapaMeTpa CKOPOCTH BO3pacTaHWs 3ByKa MPU OMHCAHUU
XapaKTePUCTUK MCTOYHUKOB IIyMa M OIICHKE CTETICHW BO3JICHCTBHUS 3BYKOBOT'O COOBITHS Ha
YenoBeKa.
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