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TIpnuBEAEHDbI PE3YIbTaTHI TEOPETUUECKNX UCCIEA0BAHMI LLIyMa ¥ BUODALIMY PENbCA KaK JIMHENHOO UCTOYHIKA Orpa-
HUYEHHON JUMHbI, YCTAHOBJIEHHOIO HA yrpyrux ornopax. [lpn yCTaHOBKE penibca Ha LUNanax OH NMPEACTABIEH KaK
CUCTEMA ABYXONEPTHIX UCTOYHNKOB, OAHOBPEMEHHO WU3JTyUalOLMX 3BYKOBYIO SHEPIMIO, 8 KaXAbII yYacTOK PesbCa
MEXAY LLUNANAMN — KK JWMHENHbIY UCTOYHNK OFPaHUYEHHOV J/MHBI. [115 TAKOro MCTOYHNKAE TMOJTYYEHbI 33BUCHMO-
€TV 3BYKOBOIO AABJIEHNS, CO3[ABAEMOrO PEIbCamMi. 3TO NO3BOJIET yTOYHUTL 3aKOHOMEPHOCTY LLYMOOBPAa30BaHNS
B 00J18CTH HU3KNX W BBICOKMX YaCTOT HOPMUPYEMOIrO AMAra30Ha 3BYKOBBIX YaCTOT. PAacCMOTPEHbI ABa BaPUAHTA
YCTaHOBKM PEJIbCa HA AEPEBIHHBIX Y KENE300E€TOHHbIX LNANax. B nepom ciiydae AnpeperLnanbHOE ypaBHEHNE
KOJIEOaHUY PE/IbCa PELLIEHO AT YC/IOBMI LIADHNUPHOIO 3aKPEN/IEHNS, BO BTOPOM — JJIS YC/IOBMY XECTKOro 3aKpert-
JIEHNS. Ha OCHOBE TEOPETUHECKN PACCUNTAHHBIX CKOPOCTEY KONIEOaHM PE/IbCa Ha COOCTBEHHBIX YACTOTax Koeba-
Hu ONMPEAENnsIoTCs CrIEKTPbI 3BYKOBOIrO U3JTyYeHs. T10JyHEHHbBIE 3aBUCHMOCTY YYUTHIBAIOT KOHCTPYKTUBHBIE U (Du-
3UKO-MEXAHUYECKMNE XaPAKTEPUCTUKN UCTOYHUKA LLYMA, a Takke S(OOEKTUBHBIN KOS(HOULUNEHT NOTEPL KO/1E6AaTE Tb-
HOW SHEPruy, YTO NMO3BOJISET TEOPETUYECKN BbIOPATL BAPUAHT CHIKEHUS WHTEHCHBHOCTY 3BYKOBOIO U3JTyYEHUS
penbea.

KnioueBble cnioBa: 1iyM penbca, BUOPALUUS PENbCa, LLNAaJbl, JMHEVIHBIN UCTOYHUK LLYM3, YPOBHM 3BYKOBOIO JaB-
JIEHUS.

BeepeHue. [pn yCTaHOBKE penbca Ha LWnasax oH MOXeT ObiTb NpeAcTaB/ieH Kak cuctema Ayxonep-
TbIX UCTOYMHUKOB, OJJHOBPEMEHHO W3JTYYAIOLLMX 3BYKOBYH) SHEPIUIO, @ Ka/bli Y4acTOK penbca Mexay
LUINaNnaM1M — Kak JIMHENHBIA MCTOMHUK OrPAHUYEHHOW A/IMHBI. IKCMEPUMEHTASIbHBIE UCCNEN0BAHNS MOKa-
3a/11, YTO CMEKTP 3BYKOBOrO M3MYyYEHWUS M BUOPALMU Penbca UMEET BbICOKOYACTOTHbIN XapakTep. Mox-
HO NPEeAno/IOXNTb, YTO AJIS YTOYHEHUS 3aKOHOMEPHOCTEN LYMOOBPa30oBaHMs AJIMHA UCTOYHMKA COOT-
BETCTBYET A/IMHE y4YacTKa pesibca Mexay LnasamMu.

OCHOBHas YacTb. [11s Takoi MOAENN HAa OCHOBE paboT [1, 2] NPUMEHWUTENBHO K KOHCTPYKTVMBHBLIM Na-

paMeETpPaM penbCa NONyHEHbI CNEAYIOLLNE BbiPpaXEHUA 3BYKOBOIO AaB/IEHUS:
2
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P=0,1 kR P COSBeXD’(koR +(p—¥), npu K., cosp <1; )]

B(f,h, cos B)O'5

P=76 exp/ (k,R + k,h, cosB -2n), npu kh, cosB=1, ()

rae B — yron usnyuyeHus; fy — COBCTBEHHbIE YacTOThl KonebaHuit, My, B — yHKUMS, YYMTbIBAKOLIASA
aMnAnTyaHO-(ha30B0OE pacnpeaeneHne BUBpOCKOPOCTU Ha MOBEPXHOCTU penbca U No AaHHbIM pabo-

Tbl [1] onpeaensemoe 3aBUCUMOCTLIO

/
B= LIV, (z)exp(—ik,z sinB)dz. (3)
V2n 9

B naHHOM criyyae BUBPOCKOPOCTU OMPEAENsTCA M3 CUCTEMbI AncdepeHUMantHbIX ypaBHeHW (npu
YC/IOBUM, YTO Ha YYaCTKE MEXAY Linanamun AenNCTBYET CUNOBOE BO3/ENCTBME TOIBKO OT OfHOTO KOJeca):

! pa6oTa BLINONHEHA B paMKax UHULMATMBHOM HIP,
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Ans ycnoBuit KpenneHnsl pensca K AEPEBAHHbIM LUNanaM U3rnbHas XECTKOCTb CPaBHUMA C KECTKOCTLIO
Onopbl. ITOT BapUaHT COOTBETCTBYET LLUAPHUPHOMY 3aKpensieHno U B COOTBETCTBUM C KPaeBbiMK YC/10-
BUSIMW CMCTEMA YPaBHEHUI (4) NpUMET BUA:
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BbINOAHSAS aHaNoOrMyHble NPeobpasoBaHUs, NOTyYUM:
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B 3TOM cnyyae ¢yHKuMa B, onpeaensiollas aMnantyaHo-a30Boe pacnpeaeneHme BUOBpoCKOPOCTU Ha
NOBEPXHOCTU PenbCa, ONPeaensaeTCsl BbIpaXXEHUEM:
, sin? nk — k,/sinp sin? nk + k,/ sin

B=— JKZ+K? 2 2 : )
Jan #—kosinB ¥+kosin8

[ns BapuaHTa YCTaHOBKW PENbCOB Ha XKENE306ETOHHBIE LLUMAMbI, U3rMOHas KECTKOCTb MEXOMOPHOW Ya-
CTW MeHblLIE XECTKOCTW onop. B 3ToM cnyvae LenecoobpasHo NPUMEHWUT MOAESTb XECTKO 3aLLEMSIEHHOM
6ankun unu obonoukun. Kpaesble ycnoeus 6yayt umetb Bug, [3]:

Z=0 :/
y=0, ay _0, y=0 % _0.
oy
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OYHKUMI, YAOBNETBOPSIOLLYIO KPAEBLIM YCNOBUAM, 3a13/IUM B BUJE:

l|J(Z)=Siﬂ3E,

/
Torna d(z-2z,) = Zsm3 Esm3 HI;V
YpaBHeHus VI3FVI6HbIX Kone6aHvu7| nNpUMyT BUA:
; %— pJ, aza:aEtZ +p % = 27 ism3 nkV t sin’ nl/(z @
EJ, % -pJ, % +p Stz = /X ism3 nkV t sin’ nl/(z

Mcnonb3ys u3BecTHyo opmyny sin’ x = 3(3 sinx —sin 3x) WU NPpUHUWNN pasfeneHnus nepeMeHHbIX, no-

Ny4nM cuctemy anddepeHunanbHbIX YpaBHEHW:
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PellieHne JaHHOW CUCTEMBI OTHOCUTENBHO BUOPOCKOPOCTEN NONYUEHO B CNIEAYIOLLEM BUAE:
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OyHKUMSA, OMpPeAenaioas aMnanTyaHO-(hasoBoe pacnpefeneHne BUMBPOCKOPOCTM Ha MOBEPXHOCTH
PEsibCa, ONPEAENSETC BbIPAXEHUEM:
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sin? nk — k,/ sin3 sin? nk + k,/ sin3
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3aknroueHme. onyyeHHble pe3ysibTaThl 3BYKOBOIrO U3MyYeHNUs pesibCa CYLECTBEHHO YTOUHSAIOT 3aKO-
HOMEPHOCTU LIyMOOOpa30BaHnsA N OOBACHAIT NPUYMHY BbICOKOMACTOTHOrO COCTaBa CreKTpa LiyMa
pensca. KpoMe 3Toro, yyé€T aumccunaTMBHOM (byHKUMM, 3aaaBaemMort 3bEeKTUBHBIM KO3(HUULMEHTOM
noTepb KosebaTeNbHO 3HEprMM, NO3BONSET OB0CHOBATL BbIGOP MaTepuanoB BUOPOAEMMMUPYHOLLMX
MOKPLITUN LIENKN penbca, 06ecnedmBatoLLMX CHUXKEHMWE LYMa B CAMOM UCTOYHWMKE €ro BO3HWKHOBEHMSI.
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VIBROACOUSTIC DYNAMICS SIMULATION OF RAIL ON SLEEPERS®

S. F. Podust

(LLC PC “Novocherkassk Electric Locomotive Plant”),
D. A. Kuklin

(Baltic State Technical University)

The theoretical investigation of the noise and vibration of the rail as a line limited distance elastically mounted
source Is resulted, When installing the rail on sleepers, it is presented as a system of two-point sources simultane-
ously radiating the sound energy, and every section of the rail between the sleepers — as a line limited distance
source, The dependences of the sound pressure produced by the rails are obtained for such a source. It permits to
specify the noise emission pattern in low and high frequencies of the rated audio band. Two options for installing
the rail on wooden and concrete sleepers are considered, In the first case, the differential equation is solved for the
rail vibration pinning conditions, in the second — for the rigid fixing conditions. On the basis of the theoretically cal-
culated vibration velocities at natural frequencies, the acoustical radiation spectra are defined. The obtained de-
pendences consider both engineering data and stress-strain properties of the noise source, and the effective loss
index of the vibration energy which allows choose theoretically the option of reducing the rail sound emission inten-
sity.

Keywords: rail noise, rail vibration, sleepers, line noise source, sound pressure levels,

! The research is done within the frame of the independent R&D.
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