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Bseoenue. KabuHbI MMPOKOro Kilacca TEXHOJOTMYECKHX MaIInH
pa3nuuHOro (hyHKIIMOHAIPHOTO HAa3HAYEHUS, B YaCTHOCTH, ITyTe-
BBIX KPaHOB JOPOKHO-CTPOUTENEHOI TEXHHKH, UMEIOT OOJIBIIYIO
IUIomanb ocTekiaeHus. HyXHO. OTMETHTB, YTO OCTEKJICHHE OTHE-
CTH K «CJIa0BIM» 3JIEMEHTaM Kak I10 3BYKOM3OJILMHU, TaK ¥ MeXa-
HUYECKOMY HMIIEaHCy, YTO OOBSCHSET 3HAYUTEIBbHOE BIIMSHHE
BO3AYIIHOW M CTPYKTYPHOH COCTaBIAIONIMX IIymMa Ha (popMHpo-
BaHHE aKyCTHYECKHX XapaKTePUCTHUK BHYTPU TAaKMX KaOWH.
Mamepuanvt u memoosi. 1]eb HACTOSIIEro HCCIEIOBAHMUS 3aKITI0-
Yajach B aHAJIM3€ CIIEKTPOB ITyMa B KaOMHAX, CO3/aBaeMbIX U3ITy-
YEHHEM JJIEMEHTOB OCTEKJICHHS B 3aMKHYTOM 00BeMe, NMEIOIeM
(GopMy TPSMOYTOIBEHOTO Mapajuielenuena. MeTox HccienoBa-
HUsI aKyCTHUYECKMX XapaKTepPHCTHK OCHOBaH Ha (yHJaMEHTallb-
HBIX ITOJIOKCHMSIX TEXHHYECKOH BHOPOAKyCTHKH UL COpa3Mep-
HBIX IOMEILEHUH.

Pesynomamer uccneoosanus. I1ockoIbKy KaOWHBI TIOOBIX MaIInH
1 000pyJOBaHUS NPEACTABIAIOT COOOH SHEPTeTUYECKH 3aMKHY-
ThIE CUCTEMBI, COCTOAILIUE M3 IIJIAaCTUH OrpaHUYCHHBIX PasMEpPoOB,
TO PacueThl CIIEKTPOB BHOPOAKYCTHIECKHX XAPAKTEPHCTHK OCHO-
BaHBl Ha METOAAX J3Hepreruueckoro Oamanca. CymiecTByromme
HCCIIEOBaHYs BIONHE 00OCHOBAHBI JUIS OLCHKH YPOBHEH 3BYKO-
BOTO IaBJIEHHMS, CO3/1aBa€MbIX BHYTPU HMPOU3BOACTBEHHBIX ITOMe-
IIEHUH, KOr/Aa BO3JEHCTBUEM OTPaXXEHHOIO 3ByKa MOYKHO IpeHe-
Opeus. [Ipu onenke ypoBHei ryma BHyTpH KaOHH Takoe JOITyIIe-
HHUEC SABJIACTCA pr6]>IM H, TIO3TOMY, B )IaHHOﬁ CTaTb€ MPHUBEACHBI
HCCIIEZIOBaHNs, OCHOBaHHBIE HAa CHCTEME MOPIIHEBBIX HCTOYHU-
KOB, M3Iy4YalolIUX 3BYKOBYIO SHEPIUIO B 3aMKHYTHIH 00BeM, a
pa3Mepsl caMuX H3JTydarelied COM3MEpHUMBI C rabapuTHBIMHU pas-
MepaMu KaOuHEL JlaHHAs TeMa Haubolee akTyalbHa ISl MOTOBO-
30B ¥ KaOWH TEIIOBO30B.

Ob6cyacoenue u 3akniovenusi. IIpuBeeHHbIE B TaHHOH CTaThe pe-
3yJIBTAaThl TEOPETHUECKUX HCCICAOBAHMN IMTO3BOJISIOT BBINOIHUTH
HHKCHEPHBIE PacyeThl CIIEKTPOB BUOPALMHK U IIyMa BCEX JJIEMEH-
TOB OTpPaXJCHUsS KaOWHBI M OLECHUTH KOJWYCCTBEHHBIH BKIIAJ
KaX10ro B ()OpMUPOBAHHE CHEKTPOB LIyMa BHYTPH KaOWHBI Ha
pabounx Mectax oneparopoB. Takue pacdeTsl HO3BOJISIOT HA JTa-
TIe TIPOEKTUPOBAHNS KaOMH OLEHNUTH BKJIAJ] KaXKIA0T0 HCTOYHHKA U
OIIPEeNIUTh NPEeBBILICHUA  HaJ
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Introduction. Cabs of a wide range of technological machines of
various functional purposes, in particular, track cranes of road-
building equipment, have a large glass area. It will be observed
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that glazing should be designated as a “weak” element both in
noise proofing and mechanical impedance which explains the
significant effect of air and structural noise constituents on the
formation of the acoustic characteristics inside such cabs.
Materials and Methods. The present study objective is to analyze
noise spectra created by the emission of the cab glazing elements
in the closed space in the form of a rectangular parallelepiped. The
investigative technique of the acoustic characteristics is based on
the fundamental principles of the engineering vibroacoustics for
proportional spaces.

Research Results. Since the cabs of any machines and equipment
are energetically closed systems consisting of small-scale plates,
the vibroacoustic characteristics spectra analysis is based on the
power balance methods. The existing studies are well founded for
estimating the sound pressure levels created inside the production
areas when the anacamptic sound impact can be neglected. When
evaluating noise levels inside the cabins, this assumption is over-
simplified, and, therefore, the studies presented in the paper are
based on the system of the piston-type sources emitting sound
energy into a closed space, while the dimensions of the radiators
as such are commensurable to the overall sizes of the cab. This
topic is most relevant for locotractors and diesel locomotive cabs.
Discussion and Conclusions. The results of the theoretical studies
allow performing engineering calculations of the vibration and
noise spectra of all elements of the cab enclosure, and evaluating
the quantitative contribution of each one to the formation of noise
spectra within the cabin in the operators' workplaces. Such analy-
sis permits to estimate the contribution of each source at the de-

signing stage of the cabins and to define the excess over the ad-
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JOITyCTUMBIMU 3HaueHusMU. Ha 3Tolf oCHOBe Takxke NIpH IPOEK- missible limit values. On this basis, also in the design, the most

THPOBAHMH BBIOWPAIOTCS HAMOOJIEE TPOCTHIC, TEXHONOTHYHBIC simple, technologically and economically feasible options are
9KOHOMHYECKH OOOCHOBAHHBIE BaPHAHTHI [0 OOECIICUCHHIO CaHH-

chosen to ensure the sanitary norms of noise by obtaining the re-
TapHBIX HOPM ILIIyMa IyTeM HOCTIKEHUSI TpeGYyEeMbIX mapamMeTpoB

quired soundproofing parameters which is accompanied by the
3BYKOM3OJIALIMH, YTO CONPOBOXKAACTCS YMEHBIICHUEM JOJH BO3-

JYIIHOH COCTABNSIOmE IIyMa, a TAKKE HMITEIAHCOB COOTBET- decrease in the proportion of the noise air constituent, as well as
&

CTBYIOILUX JJIEMEHTOB. 9’1"0, B CBOKO O4Y€pElb, IPUBOJIUT K CHUKE- the impedances of the COI'I'CSpOHdiIlg clements. ThiS, in turn, leads
HHIO JIOJIM CTPYKTYPHOU COCTaBJISIOIIEH IIyMa. to the reduction of the part of the noise structural constituent.
KuroueBble ciioBa: mryMm, KaOnHa, OCTCKIICHHE. Keywords: noise, cabin, glazing.
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Benenune. 131y4eHnto 3ByKOM3OJSIIUYM 3JIEMEHTOB KaOWH TEXHOJOTMYECKUX Mallld MOCBSILIEHO OOJIBIIOE KOJIn4e-
cTBO padot [1-8]. list kabun ¢ OONBIION TUIOLIABI0 OCTEKICHUS XapaKTEPHO TO, YTO CAMO OCTEKJICHHUE SIBIISIETCS «CIaObIM»
AJIEMEHTOM HE TOJILKO MO 3BYKOM3OJISIIIMHU, HO U IO pacrpe/iejeHUuI0 BUOpaluid. B yacTHOCTH, SKCIIEpUMEHTANIBHBIE HCCIIEN0-
BaHMA OIS BHOparmi [7] mokas3aiy, 9TO YPOBHH BHOPOCKOPOCTH HAa HHUX CYIIECTBEHHO BBIIIE, YEM HA HECYIIUX 3JIEMEHTaX
kabuH. [1o3TOMy MOXKHO NPEZONIOKHUTE, YTO MOBBIIICHHBIC YPOBHY IIyMa B TAKMX KaOWHAX CO3IAIOTCSI IMEHHO 3JIEMEHTaMHU
OCTEKJIEHUS KaK 3a CUET MPOWJEHHOIrO 3BYKA, T.€. BO3AYIIHON COCTaBISIOUIEH, TaK M 332 CYET CTPYKTYPHOU COCTABIISIOLIEH.
[TosToMy BO3myIIHAS COCTABISIONIAS IIyMa B JAHHOM CTaThe HE PACCMATPUBAETCSL.

OcHoBHas yacTb. KOHCTpyKIMHE KaOWH MOTOBO30B M KO3JIOBBIX KPaHOB IIPHBENICHBI Ha PUC. 1a U O U NPeACTaBIAIOT
c000if TPEXKOOPJUHATHYIO CHCTEMY.
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Puc. 1. KoMnoHoBKa kKaOWH: a — MOTOBO3; b — KO3JIOBBII KpaH
Fig. 1. Cab packaging: a — locotractor; b —gantry crane

HpI/I pacyeTe 3BYKOBOI'O AaBJICHUA BHYTPU KaOHHBI CJICAYCT YYUTBIBATH, YTO 3BYKOBBIC BOJIHBI, PACIIPOCTPAHAIOIIUECA
B HallpaBJICHUU Ka)KZ[Oﬁ us3 ocei&, MMPpOUCXOAAT UACHTUYHO. Pa3HI/IHa 3aKJIIOYA€TCs B JJIMHE NIYTU PACIIPOCTPAHCHUSA 3BYKOBBIX
BOJIH (cornacno JAJIMHC, IIUPHUHE U BBICOTC Ka6I/IHBI). HOBTOMY HUWIKE MPUBCJCHBI PE3YJIbTAThI pacdCTa 3BYKOBOT'O AABJICHUS
Ipu paclipoOCTPpAaHCHUHN B HAIIPABJICHHUU OCHU OX. HOCKOJ’ILKy HNOPHIHCBBIC U3JTyYaTCIIN NPCACTABIAIOT Cc000# MIOCKHE MCTOY-

HUKHU, TO IJISI 3BYKOBOI'O AJaBJICHUS MTOJYYCHA CICAYIOIIas (1)opMyJ1a:

P = 4,9 - 10?V,,,, arctag®® Rily

— (1)
2R; /4Rl?+liz+li2

1€ Vi, — CKOPOCTB KONEOAHUH UCTOYHHMKA DIEMEHTOB OCTEKJIEHHS, M/C.
K!

>(8,8 +a, 1 )g = %a}._izj_iqf +k§:jNi (1-7y). )

1

e 8, — Kod(hHIMEHTHI OTIOMEHHs YHEPTHU B CTEHKAX KOpIyca, M o — KO3 UIMEHTHI epeladuu MEeXAY AByMs

i—jij-i
COCEIHUMU CTEHKaMM KopIyca; [, ;— JUIMHA JIMHUM KOHTAKTa MEXJy JBYMs IUIACTHHAMH, M; g, — HOTOKH BHOpAIIOHHOH

MOIIHOCTH B CTEHKax Kopiyca, Br/mM; K,— KOIM4ecTBO CTEHOK Kopiyca; K, — KOJM4YeCTBO IOJIIUINHUKOB B COOTBETCTBY-

MaHII/IHOCTpOGHI/Ie 1 MallIMHOBEACHUEC
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o 2
FOIICHU CTCHKE, Ni_ BBOJMMaAsd, B KOPITYC 4€PE3 NOAUNIUITHUKOBBIC Y3JIbI, BI/I6pOMOH.lHOCTB, BT; Si — IIoIIaApb CTCHKHM, M ; Ty

— KO3 puIHEHT OcIabIcHUsT BUOpAIIHiA, ONPECICMBIi CTOCOOOM YCTaHOBKH OCTCKIICHHS B CTCHKE KaOWHEI.

Koaddumment 3aryxanus u3 [9, 10] onpenensercs kak

Y mnN
mn
3, =—m—, A3)
Cu
rz[ef,,m — cOOCTBEHHAs 4acTOTa KoJIecOaHui 31eMeHTa OCTCKJIICHMU, FI_[; ¢, — CKOpPOCTb pacpOCTPaHCHUA HM3rHOHOM BOJIHBI B

JJIEMEHTE OCTeKIIeHHsT, M/C; 1 — 3¢ deKTuBHBIN K03 duIMeHT noTeps KoedaTeabHON SHEPTHH.

CkopocTh pacpocTpaHEeHHsI U3rHOHOW BOJIHBI 110 TaHHBIM paboTsI [9, 10] ompenensiercst o popmyie:

Cy = 1,8\/§hfmn. 4)

rie E — Moxyiis ynpyroct, I1a; p— mioTHOCTb, Kr/M°; L — koddduiment ITyaccoua.

[ToToku BHOPOMOIITHOCTH B CTEHKAX KOPITyCa OMPEACISIOTCS CIEAYIOIUM 00pa3oM:

qg=zV* 5)
Wit f < [,
1
z, = EmmmM , (6)
rue M — macca CTEHKH, KT
s f > famf;
Eh’
z, =8———m,, @)
12(0-M")p
rzie m, — paclpeeieHHas Macca CTCHKH, Kr/m%;
16 Eh?
f(‘)m]) = 2 . (8)
mS\12(1-M*)p
Torma ckopocT KojeOaHHU CTEHOK OMPEIEIISIOTCS CIICTYFOIUME 3aBHCHMOCTSIMHU:
. )

C yueToM (l)I/I3I/IKO-MeX3HI/I‘IeCKI/IX XapaKTCPUCTUK IJIEMCHTOB OCTCKIICHUSA U3 CTCKJIA KOHCTPYKIIMOHHOI'O MOJYYCHbBI

CJICAYIOIINEC BbIPAKCHUS.

cy=15-10° |h (T—;+’Z—§) (10)
fn = 6,5-102h(’7—;+7—;); (11
b =140 h (% +22); (12)
frwp = 3,3710° (). (13)

Torna cucrema ypaBHeHuH (2) mpuUMeT BUI:

k m? | n? _
Zl 1,47] h llTl+lsz Si+0-’i—jli—j qi—Zai_jli_jqi+Z... (14)

W3 maHHOM CHCTEMEI OMPEACIIAIOTCA CKOPOCTHU KoJIeOaHUI BCEX JIEMEHTOB OCTCKIICHUS U TIOACTABJIAKOTCA B 3aBUCH-

MOCTB 3BYKOBOTO faBieHus. Koadduiment noteps konedaTeabHON SHEPTHH SBISETCS YaCTOTHO-3aBUCHMOI BEIMUMHOMN U JUIs
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pacueToB 00BEKTOB HCCICOA0OBaHUA LICJ'ICCOO6p33HO HCIIOJIB30BAaTh JKCIICPUMEHTAIIBHBIE MAHHBIE U IIOJTYUYCHHBIE HAa OCHOBE

MaTeMaTHIeCKOi 00paboTKH perpeccHoHHbIe 3aBucuMocTH [11].
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Puc. 2. KoadduumneHt morepb KoaebarenbHON SHEPTUH IUIACTHH U3 CTEKIIA PA3IHYHOMN TOJIIHHBI
Fig. 2. Loss index of oscillatory energy of the glass plates of dissimilar thickness

DKCIepUMEHTAIBHBIC MCCACIOBAHUS MMOKA3ald, YTO MaKCUMAaJIbHOE 3HaYeHHUE KOd(DQUIMEHTa MOTeph HAOI01aeTCs
JUTS CTCKJISSHHBIX IJIACTHH, TOJIIHHA KOTOPBIX COCTABIACT 4—8 MM.

Pe3ynbraThl 9KCIIEPUMEHTAIBHBIX UCCIICAOBAHMIA YaCTOTHOW 3aBUCUMOCTH KO3(D(HIIMEHTAa OTEPh OCTEKICHUS IPH-
BEJICHHI Ha puC. 3.
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Puc. 3. YactoTHast 3aBUCUMOCTh KO PHUIIMEHTA MTOTEPh KOJICOATEIHHON SHEPTUH TUTACTHH M3 CTECKIIA
pa3nu4HOM ToMmMHEL: 1 — 6 MM; 2 — 12 MM

Fig. 3. Frequency dependence of the loss index of oscillatory energy of glass plates of dissimilar thickness: 1 — 6 mm; 2 — 12 mm

Pe3ynbTaThl SKCHIEpUMEHTANBHBIX UCCIEJOBAaHWH YaCTOTHOM 3aBHCUMOCTH KO3(QHUIIEHTa NOTEph JBOHHOTO OCTEK-
JICHWUS PUBEACHBI Ha puc. 4.
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Puc. 4. YacToTHast 3aBUCUMOCTh KOB(i)(i)I/IHI/IeHTa OTEPh KosiebaTeIbHON OHEPruu CTEKJIOMAKETa ¢ pa3jInIHbIM

BO3YIIHBIM MPOMeXyTKoM: 1 — 10 Mmm; 2 — 20 MM

Fig. 4. Frequency dependence of the loss index of oscillatory energy of double glass pane with
various air gaps: 1 — 10 mm; 2 — 20 mm

Perpeccronnsie 3aBHCUMOCTH KOA(HUIIEHTa TOTEph KOJIeOaTeNsHON SHEPTUH JBOWHOTO CTEKIIONAKeTa OT YacTOTHI
KOJIeOaHUN AT BO3AYITHBIX TPOMEKYTKOB 10 1 20 MM UMEFOT CIICAYIOIIHIA BU:

MaIHI/IHOCTpoeHI/Ie 1 MallIMHOBEACHUEC
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h=10 Mm

OTPaHUYCHHBIX Pa3MEPOB

h =20 Mm

N = —4,849 + 12,452lgf — 12,686(lgf)? + +6,717(lgf)* — 1,954(lgf)* + 0,297(lgf)°> — 0,018(lgf)°. (15)

Kaxplii 3;1eMeHT KaOWHBI TIPECTABISIET CO0O0M TIOCKYIO TUIACTHHY OTpaHHYEHHBIX pa3sMepoB. IIpu pacdere CTPyK-
TYPHOM COCTaBJISAIONIEH NIyMa B KaOMHE KaX/bIH DJIEMEHT IeJIeCO00Pa3HO MPEICTaBUTh, KaK MOPIIHEBOW MCTOYHUK, U3ITyda-
FOIIHI 3BYKOBYIO DHEPIHIO BO BHYTPEHHHI BO3AYIIHBINA 00beM KaOUHBI. BOJHBI, BO30YK/1a€MbI€ KaKIbIM MOPITHEBBIM UCTOY-
HHUKOM, PaclpOCTPaHSIOTCS 0 COOTBETCTBYIOLICTO AJIEMEHTA OIPAXICHUS, OTPaXKAlOTCs B 0OpaTHOM HAIpaBJICHHU, CHOBA
OTpaKaroTCs U T.1. B 3TOM ciIy4ae 3ByKOBOE IMOJIe B KaOMHE MPEACTABISACT CO00H OECKOHEUHOE KOJIMYESCTBO MOJOKHUTEIBHBIX
M OTpUUIATCIIbHBIX BOJIH, HAJIAraromuxcda Apyr Ha Apyra. HpI/I'-IeM, IMMOCKOJIBKY H3JIy4acTCsd COBOKYITHOCTH 3BYKOBBLIX BOJIH Ha
COOCTBEHHBIX YaCTOTaX KOJICOAHMH KaKIOrO MOPIIHEBOTO UCTOYHUKA, TO PE3YJIBTUPYIOIIHE BOJHBI TIONYIalOTCs CIIOKEHUEM
BCEX dIIeMEHTapHBIX BOIH. CyMMapHast aMIUTUTY I TIPSIMBIX BOJIH OTIPEZEIACTCS KaK BEKTOPHAS CyMMa:
a=3f a, (16)
a o0paTHOI1 (OTpayKeHHOI):
b=3f"b, a7
rJie KOJIMYEeCTBO COOCTBEHHBIX YaCTOT KOJIEOaHUI COOTBETCTBYIOIIETO MOPIIHEBOIO HCTOYHHKA.
B o06iieit hopme 3ByKOBOE JIaBlICHUE BBHIPAKEHO 3aBUCHMOCTBIO:
P(x,t) = poco(ae™Fo* + peko¥)egiwt, (18)
BenuuuHel @ 1 b onpenensioTcs U3 IpaHUYHBIX ycaoBHid. [Ipumep pacuera mokasaH At KOOpAMHATHI X. JIist Koop-
JIMHATHI Y U Z PacyeT BBIMOJIHACTCS AHATIOTHYHO C YIETOM APYTHUX JUTHH Mpobera 3ByKOBBIX BOJH (I3 ¥ [, — COOTBETCTBEHHO).
Pacyer 3ByKOBOTO JaBJICHHSI OCHOBAH Ha MPUBEICHHbBIX HIDKE COOTHOIICHHSX.

x=0 x=1
Zo Ze
crIa P(O)eiwt Pleimt
CKOPOCTb Vinn(o) Vinn(iy)
NaBJICHHE Pyeit Petot
IPaHUYHbIE YCIIOBUS ZoVo + So Py Z Vo + SeFe s

IJie Z — MMIIEJaHC TIOPILHS OIpeaeseMblil popMynamu.
Ioncrasnss 3Hauenus P(x,t) npu x = 0 u x = l; B rpaHMYHBIE YCIOBUS, II0ITYYAETCA CUCTEMA U3 IBYX yPABHEHMUIL.
(2o + Sopocola +
+(2o — SopoCo)b = Yy
(Ze - epoco)ae_kol +
+(Ze - Sepoco)bekol =,

(19)

BruiBoabl. 13 cucremsr (19) onpezaenstorcst KoO3QQUIMEHTH! @ U b, MOJCTaBISIOTCS B 3aBUCHMOCTh 3BYKOBOT'O JIaBJIe-
Hus (18), 9TO ¥ TO3BOJSIET BBIMONHUTH WH)KEHEPHBIA pacdyeT CHEeKTPOB ITyMa B KaOMHAX, WMEIOMNX OOJBIIYIO IIIOMIAIh
OCTEKJICHHSI ¥ ONpenesuTh Hanbonee 3(p(eKkTHBHBIE CIIOCOOBI 1O JOCTMXEHUIO HOPMATUBHBIX BEIMYUH YPOBHEH 3BYKOBOTO
nasnenus. CiieyeT OTMETHTh, YTO TOIyYSHHBIE Pe3yNbTaThl (aKTHYEeCKH YHUBEPCAIBHBI U pacCMaTpHBaEeMOro Kiacca Ka-
OMH MaIllMH pa3IMYHOTO (HYHKIIMOHAIHHOTO HA3HAUYCHMS.
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