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Chief Editor’s Appeal

‘Noise is a disaster of the modern
world and undesirable product

of the technical civilization’
(UNESCO)

The outstanding Soviet acoustics
professor I.1. Kliukin wrote a book
called ‘The amazing world of
sound’. It begins with the words:
‘We live at the bottom of the ocean
of air and are surrounded by sounds
— mechanical vibrations, propagating
through any elastic medium’. He
wrote about the great role of sound
in our life, technology and science.
Acoustics is a branch of knowledge;
it is the whole world that gives us
benefits and joy, but sometimes

Nickolay lvanov, troubles and harm.

Doctor of Engineering Science, Professor
Baltic State Technical University ‘VOENMEH’ named

after D.F. Ustinov

Engineering acoustics is the science that is studying noise and sound vibrations and
devises methods of controlling them. Scientific basics of engineering acoustics were laid in
the second half of the twentieth century and its achievements find wide practical application
nowadays.

There are many examples of such application. Possibilities of wide and efficient use
of jet passenger airliners were implemented only after sufficient reduction of the noise
emitted by them into the environment. Many city dwellers perceived marked noise reduction
in their flats equipped with special soundproof windows. Comfort inside of a modern car is
associated in the first place with low noise level. Every day we encounter examples of
successes (or failures) of engineering acoustics — when we come down in the underground, go
by tram , switch on the air-conditioner, vacuum cleaner or washing machine, awake in the
night because of the roar of a motorcycle sweeping past our house. Engineering acoustics
gave rise to such impressive facilities like multistory jet and turbojet engines test boxes
dampening systems, tens of thousands kilometres of acoustic shields along the railways in the
USA, Germany, Japan, Italy and other countries, and also mass anti-noise devices, for
instance exhaust silencers of internal combustion engines, produced every year in hundreds of
millions of items all over the world, and many other things.

When we ask ourselves a question, what is the primary goal of our modern
civilization, we will venture to affirm that this goal is to improve human life, make life more
comfortable. If it is so, then ecological safety, environment conservation are becoming almost
main problems when reaching this attractive (but, unfortunately, impossible for all people on
Earth) goal. The priorities of the civilization development have substantially changed during
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the last decades. Famous German acoustics professor M. Heckle noticed that technologies
with main trends of ‘bigger, faster, higher’ at the present stage changed to modern ‘better,
safer, quieter’.

R. Koch called noise ‘the plague of the twentieth century’. This problem remains no
less actual in the twenty-first century. Indeed, excessive noise is a real disaster of our
civilization. There is an opinion that more than 30 percent of all the city dwellers’ diseases are
related to long-term influence of excessive noise: tiredness, rise of blood pressure, gastric
ulcer, memory impairment, neuropsychic diseases. Intense noise can also lead to aggression,
weakening of hearing and working efficiency slowdown.

Many journals dedicated to the problem of noise are published in the world. These
are in the first place ‘Journal of sound and vibration’, ‘International Journal of Acoustics and
Vibration’, ‘Applied Acoustics’, ‘Journal of the Acoustical Society of America’, ‘Acoustical
Physics’ and others.

For many years we have been publishing in Russia the abstract journal ‘The Noise’,
but its objectives were quite specific. It seems to me that publishing in our country a journal
devoted to theory and practice of controlling noise and vibration under the aegis of the
famous Baltic State Technical University “'VOENMECH’ named after D.F. Ustinov is a good
idea.

This idea was stated by the participants of the Fifth All-Russian scientific practical
conference with international participation ‘Excessive noise and vibration protection’ (March
18-20" 2015, Saint-Petersburg) and my young colleagues-acoustics working at the ‘Ecology
and life safety’ chair of our University. This idea was supported by the editorial board of our
journal.

We are inviting professionals not only from our country, but also from abroad to
cooperate with the Journal.

We are looking forward to your articles and notes. Our young journal called ‘Noise
Theory and Practice’ is bravely shipping out into the sea of information with hope and
enthusiasm.

Good luck!

Doctor of Engineering Science, Professor, Head of
Department ‘Ecology and life safety’ of the Baltic State
Technical University ‘VOENMEH’ named after
D.F. Ustinov, Honored Scientist of the Russian 21 July 2015
Federation.

N.I.lvanov
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3aKOHOMEPHOCTH IBOJIIOIUM IIYMOBBIX XaPAKTEPUCTHK MAIINH

HUBaunos H.I/I.l, 3amneraukos U.H.2"

! 3a. ka¢. sxonoruu u bXK/I, bantuiickuii rocyaapcTBeHHBIH TEXHUYECKUN YHUBEPCUTET
«Boamex» uMm. 1. @. Ycrunosa, PO, Cankr-IleTepOypr, yiu. 1-1 KpacHoapmerickas, a. 1
?3as. Ka(. 000pymOBaHMS MUIIEBBIX TPOU3BOJICTB, JJOHEIKUIT HAIMOHAIBHBIA YHUBEPCUTET
SKOHOMUKH M TOprosiv nMeHu Muxausna Tyran-bapanosckoro, P®, r. JloHelk,
yin. Jly6paBHas, 1. 54

AHHOTANHSA

HpeZ[CTaBJ'IeHLI 3aKOHOMEPHOCTH, OMNHCBHIBAIONIUE OSBOJIIOIIUIO HIYMOBBIX XapaKTCPHUCTUK MalllUH B
nepuon 0e30TKa3HOoI OKCITyaTallud Ha IIpUMEpe O60pyI[OBaHI/IH MAMICBBIX TPOU3BOACTB. O6ocHOBaHa
Acrpaalus 3TUX XapaKTCPUCTUK. HpezmomeHa METOAMKA UX IMPOrHo3a.

KunroueBble clioBa: IyMOBast XapaKTEPUCTHKA, 000PyIOBaHHE, SBONIOIMS, IPOTHO3, ITYMOBO# OTKa3.

Patterns of evolution of the noise characteristics of machines

Ivanov N.1.%, Zapletnikov I.N.%.
'Professor, Baltic State Technical University « VOENMEH» named after D.F. Ustinov,
Saint-Petersburg, Russia
*Professor, Donetsk National University of Economics and Trade named after Mikhail
Tugan-Baranovsky, Donetsk, Ukraine

Abstract

Article considers laws, which are describing the evolution of the noise characteristics of the machines
during the trouble-free operation on the example of equipment for food production. Authors substantiated the
degradation of these characteristics. Authors offered the technique of the forecast.

Key words: noise characteristics, equipment, evolution, prognosis, noise rejection.

Baxueiimunm COBPEMEHHBIM Hay4YHO-TEXHUYECKUM HaIlpaBJICHUEM B
MaIIMHOCTPOCHUH SIBIISIETCA COOJIOJEHUE 3KOJOTHYECKMX TpeOOBaHUil, Mpexe BCEro Io
HIyMy ¥ BUOpaLuu.

IIymoBbie xapaktepuctuku (mamee — IIX) mammH B BHIE ypOBHEH 3BYKOBOM
MOIIIHOCTH II0 XapaKTEPUCTUKE A M B OKTaBHBIX II0JIOCaX 4YacTOT OIPaHUYMBAOTCS
HAallHOHAIBHBIMM W MEXHAlMOHAIBHBIMM  CTAHJAPTAMHM: TEXHHYECKHMMH, CAHUTAPHO-
TUTUEHNYECKUMH, CTPOUTEIBHBIMU U JPYTMMH HOPMAaTHUBHO-TEXHUYECKUMH JIOKYMEHTAMH,
o0OecreunBarOIMMH BBIIIOJIHEHUE HKOJIOTMYECKUX TpeOOBaHUM IO OXpaHe OKpy’Karolen
Cpenbl.

Utorosenii  koHTpons IIX MammH ocyuiecTBisiercs Mpu  cepTUdUKaIU
MaIlIUHOCTPOUTEIBHON MPOAYKLIMH, IIOCJIE€ YEro MallMHBl BBOJATCA B JKCIUIyaTanuio. B
JaNbHEWIEM, CaHUTAPHO-TUTUEHUYECKHE CIYXKObl KOHTPOJMPYIOT JHIIb YPOBHU IIymMa B
IPOM3BOJICTBEHHBIX M OBITOBBIX IIOMEIEHUSX, CEIbCKOM XO3SIICTBE, CTPOUTEILCTBE,
TpaHcnopte U Ap. llepuoandeckuii WM SMHU30AUYECKHI KOHTPOJIb 3a 3asBieHHbiMH 11X
MallIUH B IIPOLIECCE UX DKCILTYyaTalluu OTCYTCTBYET.

OKCIEPUMEHTAIBHO B IPOU3BOJCTBEHHBIX YCIOBHAX, a NOTOM, TIIATEIbHO, U B
71a00paTOPHBIX YCIOBHUIX YCTaHOBIIEHO, yTO IIIX MamuH HecTaOMIbHBL, a U3MEHSAIOTCS JTaXe
B mnepuoj; 0e30Tka3HOW paloThl. M3nydaemast 3BykoBasi MOIIHOCTb MalllMH BO3pacTaeT M

“E-mail: kb_iak@mail.com (Heanos H.H.), obladn@Xkaf.donnuet.dn.ua (3anremnuros 1. H.)



NOISE Theory and Practice

MOKET MPEBBICUTH TONYCTUMbIE HOPMBI. B TakoM cilyyae HAcTyIaeT «IIyMOBOM OTKa3». JTO
SABJICHHE TNPUBOJUT K TOMY, YTO <«IIIyMOBOW OTKa3» MOXET HACTyNUTh paHbIIE
MEXaHMYECKOTO WJIM DJIEKTPUYECKOro. MammHa nOpoAo/KaeT 3KCILTyaTHpOBAaTbCS C
HapyLICHHEM dKoJIorHuecKux Tpedosanuii. LllymoBoe Bo3/eiicTBUE HA orlepaTopa CTAaHOBUTCS
OECKOHTPOJBHBIM U HE IOMYCTHUMBIM.

SIBNeHHME SBONIONUU IIYMOBBIX XapaKTEPUCTHUK MAaIlMH B MEpPHOJ] O€30TKa3HOU
SKCIUIyaTalMd HE HAlI0 OTPAKEHHST B HOPMATUBHOM M TEXHHUYECKOW JIMTEpaType 3a
UCKITIOYeHHEM paboT aBTOpoB [ 1, 2, 3] ¥ UX YICHUKOB.

[lenpt0 1aHHOTO MCCIENOBaHUA SIBJISIETCS YCTAaHOBJIEHUE 3aKOHOMEPHOCTEH
u3menenuss UIX wmamumH B nepuoa 0Oe30TKa3HOH paboOTbl M BBIOOP aJeKBAaTHBIX
MIPOTHO3UPYIOIIUX MOJEIIEH 3TUX MPOLECCOB.

SBnenne HectabwipHOocTH IIIX MammMH U3ydaloch Ha TEXHOJIOTHYECKOM
000py/ZI0BaHUU MHUIIEBBIX IMPOU3BOACTB. B MpPOU3BOACTBEHHBIX YCIOBHUSX OSKCIEPUMEHT
NPOBOJWICSA HAa CEPHUMHOM TEXHOJOTHYECKOM O0OpYJIOBaHUHM Hamboiiee pacripoCTpaHEHHBIX
TUTIOB: TecToMecuibHON MamuHe TMM-1M u mammne ounctku kaptodemnss — MOK 250.
Maiusbl paboTalld B TUIIOBBIX YCIOBHUSX SKCIUTyaTalluH.

Kontpons IIX mpoBoawiicss OIHUM U TEM K€ LIyMOMEpPOM B TeueHue 115 nHeit
0e30TKa3HOM paboThI. 3Mepsiicss ypOBEHb 3ByKa M YPOBHH 3BYKOBOTO JABJICHHUSI B OKTABHBIX
[I0JIOCAX YacTOT, a TaK)K€ BHEIIHUW LIyM B MPOM3BOJCTBEHHBIX MOMELIECHUAX. BpeMeHHas
XapakTepUCTUKA IIIyMa, U3JydaeMoro MamuHamu, mnoctosHHas. X  wusmepsumch
NEepPUOANYECKH MpH paboTe MamlMHbl 0e3 Harpy3ku, B HUX 3akjiajbpiBanach WHpopmauus o
BIIMSIHUM PEaJbHBIX AKCIUTyaTallMOHHBIX ycioBui Ha IIIX B mepuon Mexay u3MepeHUsIMH U
UCKJIIOYallach IOTPEIIHOCTh B MOMEHT HU3MEpEHHil, KOTopas BO3HUKala Obl H3-3a
HEpPaBHOMEPHOU 3arpy3Kd MaIllMHbBl U M3MEHYUBOCTH B OIPEICICHHBIX IMpEesiax CBOWUCTB
3arpy>KaeMoro MnpoayKra.

Pesynbrarel Habmonenuii 3a usmenenueMm LIIX Bo Bpemenu t oOpabareiBanuCch Ha
[1IK ¢ uenpio momydeHus: Mojielel KOpPEeKTUPOBAHHBIX YPOBHEH 3BYKOBOW MOIIHOCTH Lpa U
YpOBHEIN 3BYKOBOW MOIIHOCTH B OKTaBHBIX Nojocax yacToT Lp. Mcnomp3oBaics mMeron
JUHAMHUYECKOW perpeccuu [4] HE TONBKO ISl IMOCTPOEHUS MoOAeNed, HO M I HUX
nporuo3upoBanus. CoOOCTBEHHO MOJENM W OUTMOKU MPOTHO3a OLIEHUBAIUCH MOJIEISIMU TPEX
BugoB: MHK (meton nHammenbmux kBagpatoB), CC(1) (CKONmb3sIIEro CpemaHero MepBOro
MOpsI/IKa) M CMENIaHHasi MOJICNIb — aBTOpPErpeccuoHHast U ckob3siiero cpeaaero APCC (1, 1)
nepBoro mopsaka. Otoéupanuchk MOJENU, NAOUINE HAUMEHBIIYIO CpPEIHEKBAAPATHUYECKYIO
omuOKy TporHo3a cn. OnTuManbHble MOIENN TIpUBEACHBI B Tabnuie 1. Bpemenusie Moenu
X, kak mpaBwio, JUHEWHbIE W JuIIb Ha cpegHux vactorax 500 m 1000 I'm ypoBHUM
3BYKOBOH MOIIIHOCTH OOOpPYIOBaHUS H3MEHSIIOTCS CO BPEMEHEM 10 KpPUBOJIHMHEWHOMN
3aBHCUMOCTH, TMPEJICTABICHHON TOJMHOMOM BTOPOM cTenmeHW. MoJenn BKIIOYAOT
CBOOOAHBI YJEH M YIEH YypaBHEHHUS, YYUTHIBAIOIIMUN BIUSHUE BpPEMEHHOro (Qakropa.
OcranbpHble YieHbl YpaBHEHHS YUWTBHIBAIOT Mpollecc oOpa3oBaHusi OommMOKM mporHo3a U, B
(dbopMUPOBaHUN KOTOPOH Y4acTBYIOT Cly4yaiiHble HE3aBHCHUMO U HOPMAIbHO paclpeieieHHbIe
MEPEMEHHBIC V C HYJIEBBIMHU CPETHUMHU 3HAUCHHUSIMU U OOIIEH AUCTIEPCUEH.

AHanmu3 MoJenell IOKa3bIBaeT, YTO KOPPEKTHUPOBAHHBIM YpPOBEHb 3BYKOBOMU
MomHocth MOK-250 uMeer TeHAeHIMIO K YyBenwueHuto, a 'y TMM-IM ocraercs
NpakTH4ecku cTa0wibHBIM. Tenmenuus k yxynamenwto X y mocrnenHeidl MamimHbI
MpOosIBIIsieTCS 3a Oosiee JIUTENbHBIN MPOMEXYTOK BpeMEHU paboThl. AHAJIOTMYHAsl KapTHHA
HAOI0/IaeTCs Ha HU3KUX U CPEAHHMX YacTOTax, OJHAKO Ha cpeaHux yacrtorax y MOK-250
cienyeT oxuaaTh Ooisiee 3HaumTenpbHOro Bo3pactanus IIIX. Ha wactotax 2 m 4 kI y
mamuHbl MOK-250 ypoBeHb 3ByKOBOH MOIIHOCTH OcTaeTcst 0e3 m3aMeHeHuid, a y TMM-1M
cTpeMuTcs K Bozpactanuto. Monenu IIX uccneayempix MalivH npuBeieHbl B Tabnuie 1
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Takum o6pazom LIX cranroHApHOTO TEXHOJIOTHYECKOTO 00OPYI0BaHMsI B MPOIIECCe
0e30TKa3HOM paboThl OT Hayasla KCIUTyaTallMl CTPEMSTCS K YXYIIICHHUIO, T.€. BO3PACTAHUIO
U3ITy4aeMOl 3BYKOBOH MOIIHOCTH. [IpeMMyIIeCTBEHHO 3TO MpOosBiseTcs y Ooyiee JIETKUX

MaiuH. Bennunna uamenenus [IX paznuyna y pasHbIX MallvH.

Tabnuya 1.
MoenH IyMOBBIX XapaKTEPUCTUK 000PY0BaHHUS
Hacrora, | - Tum MOK-250 o, Tun TMM-IM | o,
k' MOJeJIH MOJeJIn
Loa=001231+79 3 Lon=84.077-
A CC)  199:0.0066v.+v;  |O718  |OMHK 5 h00at 0,36
L,=57,193+0 0471
0125)  |APCC(l, |t+U:; L,=73,747+0,00
miscas |1) U-0,907U. 0,60 cem) 583t-0.902v, v | 0,82
120,9799V_1+V
B L,=80,144-
go,:)m cc(l) tg‘86§5’23313’0185 1,76 cc(n) 0,0217t40,0027¢| o
peA o -0,904v.1+v '
L,=59.0-0,00075t- L,=67,45+0,016
(4) Bercokas | CC(1) 0,9054v.,+v 1,69 cC) 8t-0,893v.,+v 0,72

Haubonee yeTko nposiBuiIach TeHASHIUs K yxyamenuto 11X B nepuon 6e30Tka3HOM
paboThl HpU MCCIEJOBAHUM HX HU3MEHEHHs B J1a0OpPaTOPHBIX YCIOBHMSIX Ha MalllHE
u3MmenpueHust maca MHUUM-300. HccnenoBanusimu C.A. CokosoBa Ha CHEUATILHOM CTEH/IE 110
METOJIMKE YCKOPEHHBIX MCIBITAHUI IPOU3BOJMWIOCH HAIPYKEHUE MAIIMHBI B COOTBETCTBUU C
ee peXUMOM paboThl 3a (UKCHPOBAHHBIE TPOMEKYTKH BPEMEHH U KOHTPOJIHPOBAJIHCH

u3menenus X [5]. OTu usmeHeHus npeacTaBieHbl Ha pucyHkax 1-4.
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Puc. 3. JIlunamMuka ypoBHEH 3BYKOBOTO JIaBJICHUS JJIsl CPETHUX YacTOT
maimasl MUM-300

Perpeccuonnsie Monenu usmenenus 11X B nepuoj 6e30Tkaznoit msicopyOku MUM-
300 mo ypoBHIO 3ByKa La M ypOBHSM 3BYKOBOTO JaBJieHHUs L B OKTaBHBIX MOJIOCAX YacTOT

HMEIOT BU]T

L, = 80,398+0,5568t — 0,0112t
Lips = 71,411 + 0,22t + 0,0068t2
Lsoo = 68,244 + 0,604t + 0,011t
Looo = 70,07 + 0,1642t + 0,0075t
Lgooo = 68,319 + 0,3866t + 0,0019t>

\ 1)

J

Pesynprarel nccnenoBaHui U aHAINM3 MOJTYYEHHBIX MOJEIEH CBUJETEIBCTBYET, YTO
HIX wmamwmasl MHUM-300 B mepuon Oe30Tka3zHOW pabOThI CTpeMsTCs K BO3PACTAHHUIO,
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YBEJIUYCHUIO YPOBHS M3y4aeMOU 3BYKOBOM MOIIHOCTU KaK IO KOPPEKTUPOBAHHOMY YPOBHIO,
TaKk U B OKTaBHBIX Iosiocax 4actoT. Crenenp »Bomouuu X paznuyHa y pazHOOOpa3HBIX
MmamH. OHa 3aBHCHT OT psijia B3aUMOCBSI3aHHBIX (pakTopoB. K OCHOBHBIM CIEIyeT OTHECTH
KOHCTPYKTUBHBIE, KAUECTBO M3TOTOBJICHUS M MOHTAa)a, XapakTep U BEIWYMHY HArpyKEHUs
MallIuH, TPEHHE, CTEIICHb U3HAIIMBAHUS UX BO BPEMEHH, YCIOBUS HKCILTyaTal[uu U JIp.

B cBa3u ¢ stum mpouecc somoruu 11X mammH m3ydaics M MOIEIUMPOBAJICS
CTOXAaCTUYECKUMHU METO/IaMH.

OgauM #3 METOJOB OOecnedyeHHs] HaJeKHOW paboThl MallMH Ha CTaIuu
JKCIUTyaTali 0€3 BO3HUKHOBEHHSI «IIYMOBOTO OTKa3a» SIBJISETCS IPOTHO3HPOBAHUE
spostronnu ux LIX [6].

3ajauyn OPOrHO3UPOBAHMUS B JIAHHOM CIIy4ae CBOJATCA K IOJIYYEHHUIO OLIEHKU
Oynymux 3HaueHui! m3MeHenusi 11X Bo BpeMeHM Ha OCHOBE aHajM3a YXKe UMEIOLIUXCS
3HaueHud wu3MmeHeHus [IIX wmammH. McxomHbIMH JaHHBIMH JUISS TPOTHO3UPOBAHUS
sposroruu LIX gBisroTCcs ypOBHU 3BYKOBOM MOIIHOCTH 110 KOPPEKTUPOBAHHOMY YPOBHIO U
B OKTaBHBIX II0JIOCAX YAaCTOT, OIPEAEJIEHHbIE 3KCIEPUMEHTAIbHO Ha HCCIEIyEMOM
oOpasiie.

Hns ompenenenus 11X wuccinemyemoro odOpasina (MamuvHBI OYUCTKU KapTodems
MOK-350) ucnionbzoBaincs rexunueckuii merog MCO 3743-2-94. M3amepeHus: npoBOIUINCH
B peBepOEpALlMOHHBIX MOJISIX B MOMEHICHUSX C YKECTKHUMH CT€HAMH C HCIOJIb30BaHUEM
mrymomepa I knacca.

CymiecTBylOT pa3Hble aJrOPUTMbl OMCKOB 3aKOHOMEPHOCTEW B CYLIECTBYHOLIUX
JAHHBIX, HO HE3aBHCHMO OT HCIIOJIB3yEeMOTO METOZa, HeOOXOJUMO PEIIUTh JIBa BOMPOCA:
YTO SIBISETCS NPOTHO3UPYEMOM BEIMYMHOM M UYTO SBIISIIOTCS BXOJIHBIMU JIaHHBIMH. B
JJAHHOM CJly4a€ HPOTHO3UPYEMOM BEJIMYMHOW ABJAOTCS 3HaueHus [IIX wmamuHbl B
unrepane [T(n+1), T(n+1)], tae T(n) — Tekymuii MoMeHT Bpemenu, a f — wmHTEpBan
pOTrHO3UpOoBaHuA [6].

HauGonbmryro neHHocTs ans nporuosupoBanus LIX mpenctaBnsioT ananTHBHBIE
MaTeMaTU4YECKUE METObl U METO/IbI CTATUCTHYECKOT'0 MOJICIMPOBAHMS.

Hecrannonapusie BpeMeHHble psiabl 3HaueHuid 11X moxHO TpanchopmupoBath B
CTAllMOHAPHBIC ITyTEM B3ATHS OT UCXOTHOTO Psijia pa3HOCTH COOTBETCTBYIOIIErO mopsiaka d.
Torga k mpeoOpa3oBaHHOMY psIIy MOXHO TMOA0OpaTh OJHY W3 PACCMOTPEHHBIX HIKE
MOJENEN.

BBenem 0000111eHHBII aBTOPETPECCHOHHBIN OTIEPaToOp

¢(B) = ®(B)(1-B)" )

rae O(B) - crarmonapHseIil onepaTop, TOT1a MOIENb MOXKHO 3alucaTh

¢ (B)Z; =®(B)(1-B)’ =Q(B)a;

i ®(B)W; = Q(B)ag, rae W, = 47, (3)

Ha npakruke o6sryno d = 0,1,2.

Hcnonp3yem mocneaHIon MOJenb, Haubosee OOIIyr0: WHTErpUpPOBAHHAS MOJEIb
aBTOperpeccuu ckombssiiero cpeanero (APUCC) mopsiaka (p, d, Q).

Bei6op u npussizka APUCC (p, d, q) k ucxoaubim IIX nmydiie Bcero qocturaercs
C MOMOIIBIO TPEXCTATUNHON MPOIEYPhl, KOTOpasi BKIOUAET UACHTH(HHUKAIIUIO, OIEHKY U
JUAarHOCTUYECKYI0 MpoBepky Mmojaenu. Ilocae 3Toro Monenb HUCHONAB3yeTCs A
MPOTHO3UPOBAHUSI.

I[Ton wunentudukanueit cieayeT TMOHUMATh WCIOJb30BaHUE HAOIIOJAEMBIX
sHauennit X nns ompeneneHuss moakinacca KOHOMHBIX (C TOUYKH 3pEHUS] KOJIMYECTBA
apamMeTpoB) MOJIENel, Cpeln KOTOPBIX HAXOJIUM aJIEKBaTHYIO UCCIEAyEMOMY IpoIeccy.
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[Ton omenkolr moHumaercss 3¢QekTuBHOE HCMOJb30BaHMe maHHbIX X s
IIOJy4EHHUs] YUCICHHBIX 3HAYEHHUM IapaMeTpOB MOJEIM B IPEANOJOXKEHUH €€
aJICKBaTHOCTH TPOILIECCY.
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Puc. 4. Ilporno3uposanue 3postonuu BAX Ha okraBHo# yactote 1000 I'g

JInarHOCTUYECKYI0 MPOBEPKY aJE€KBATHOCTU MOJEIU HUCCIEIYEMOMY MpOIECcCy
OPOBOAUT MyTeM aHalIu3a 3HAYCHHUUM aBTOKOPPENSIIUOHHBIX Koddduiuentos. Ilocne
BBIITOJTHEHHUSI ATUX HIPOLEAYP MOJEIb MOKHO MCIIOIb30BaTh /I IPOrHO3A.

[Iporpamma mnporno3a Metogom APUCC peanuszoBana Ha IIK  jgus
nporHosupoBanus ssomonun HIX Ha npumepe mnporHosupoBaHus 3Boaronuu X
MamuHbl o4uCcTKH Kaprodens tuna MOK-350. 3nauenus uzmenenus IIX Bo BpemeHu
OBLIO ONIpEAENeHO NyTEM IMPOBEAEHUS YCKOPEHHbIX HcHbITaHui. IIporHoszupoBanue
spomonnu IIX mammaer MOK-350 metonmom APUCC npoBoauiaoch Jjs OKTaBHOM
gactotel 1000 'y B makeTe mpukiagaeix nporpamm Statistica ¢ ucmonab30BaHuEeM MOIYJIS
Time Series/Forecasting (TS) — aHanu3 BpeMEHHBIX PsI0B/IpOrHo3upoBanue [3].

Opomonus BAX mnporHosumpoBanach MO YpPOBHSIM 3BYKOBOM MOIIHOCTH Ha
okTaBHO# monoce yactot 1000 'y Ha TpuHaANATH WAroB Brepes (puc. 4).

AHanu3 MOJy4eHHbIX 3HAYEHUU NPOTHO3UPOBAHUS YKa3blBaeT Ha YXYALICHHUE
HIX Ha oxtaBHOM yactoTe 1000 I'ty yepe3 78 yacoB paboThl MamuHbI Ha 8 1b.

AJZIEKBaTHOCTbh MOJYYEHHOW MOJIENN OMPEEIISIEM C MOMOIIBIO KOPPEIOTrPAMMBI.

KoppenorpaMma mnoxa3bpiBaeT YHUCIEHHO M TI'paUUecKd aBTOKOPPEISIHOHHYIO
GyHKIHIO, APYTUMH clIoBaMH K03 ¢dunueHTs aBTokoppensuuu (COorr) u 4acTHyI aBTO-
KOppEeNSUUOHHYI0 (YHKIUIO, TouHee ee kodpduuueHtsl (S.E.) Ha 15 maros mporxHosa
snauenwnit 111X (Lag). Ha cxomumocTs Moeny yKka3bsIBaOT ee mapameTpsl Q u P.

AHanu3 xoppenorpamMmsl (puc. 5) yka3bIBaeT Ha JOBOJIBHO BBICOKHME 3HAYCHUS
napameTpoB Q uw P ¥ J0Ka3pIBalOT CXOAMMOCTH MPOTHO3MpyeMbIx 3HaueHwi X c
HKCIEPUMEHTAIBHBIMU JaHHBIMU. Ha OCHOBE NOJy4EHHBIX pPE3yJIbTAaTOB KOPpEIOrpamMm
MOXHO cJenaTh BbIBOJ 00 ajnekBaTHocTH nporHo3a IIX. Takum o6pazomM, MOIYyYEHHYIO
MOJEIb MOXHO MCIIOJIb30BaTh JJI MPOTHO3A.
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Puc. 5. Koppenorpamma npornosa X mamuuast MOK-350

Nmes unpopmanuio o peasbHOM mpouecce usmeHenus 11X mamumbbel Ha 3Tane
JKCIUTyaTalldd MOXHO CcJelaTb OOOCHOBAHHBI NPOTHO3 O BPEMEHU HACTYIJICHUS
«IIyMOBOTO OTKa3a» B OyaymeM. OTO TO3BOJIUT CBOEBPEMEHHO MpeAyNpeauTh
«IIYMOBOM OTKa3», a TakK€ yIpaBlATb COCTOSIHUEM OOOpYJIOBAHHUS IYTEM 3aMEHBI €ro

OJICMCHTOB PE3CPBHBIMU UJIU ITYTCM U3MCHCHUSA pa6quX PEKHUMOB.

3akJioueHue

1. BriepBble HayyHO 0OOCHOBAHO M 3KCIIEPUMEHTAIBHO MOATBEPIKJIEHO Ha MpUMEpe
MaIIUH MHIIEBOT0 000pYyI0BaHUS SBJICHHUE JErpajalliy IIYMOBBIX XapaKTEpUCTUK MalIUH B
nepuoJ 6e30TKa3HoM paboThl. M3mydaemas 3ByKoBasi MOIIHOCTh MAIlIMH BO3PACTaeT U MOKET
MpEBBIIATh JOMYCTUMbIE HOPMBI [7].

2. N3noxeHHass METOAMKA MO3BOJISIET YCTAHOBUTH BPEMsl HACTYIUIEHUS «IIYMOBOTO
OTKa3a» 1 HopMmupoBath 11X mMammuH ¢ y4eTOM 3TOTO SBJICHHUS.
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Noise Mitigation in Buildings Using Sound Absorbing Materials

Azimi Mariam?, Azimi Mohammadreza®
! Engineer, Faculty of Architecture Engineering, Maziar Royan Institute, Royan, Iran.
2 Engineer, Faculty of New Sciences and Technologies, University of Tehran, Tehran, Iran.

Abstract

Noise, generally defined as undesirable sound, is characterized in terms of the pressure of the sound
wave. The improvement on the human quality of life and the continuous growth in population in developing and
developed societies, have exacerbated the environmental and financial issues. Some of these problems are noise
and the different types of human an industrial wastes. Many natural products have been recently developed and
tested for acoustic applications. Sound-absorbing materials absorb most of the sound energy striking them and
reflect very little. Therefore, sound-absorbing materials have been found to be very useful for the control of
room noise. In this study, sound absorption technology as an effective noise reduction technology buildings
using sustainable acoustic absorbers, will be discussed.

Key words: Noise, Noise Reduction, Passive Techniques, Sound Absorption, Sustainable Material.

Introduction

The recognition of noise as a serious health hazard is a development of modern
times. Too much noise obviously impairs our physical and mental existence and therefore it is
reasonable to pursue Technology Assessment concerning noisy technologies [1-4]. In other
words, noise has turned into one of the most important among the environmental factors on
which industry sets down a big part of its efforts and concerns. The conflicts of interest
associated with noise that arise from the operation of airports are well known.

Recently, passive mediums have been used extensively in the industry to reduce
noise. Acoustical sustainable materials, either natural or made from recycled materials, are
quite often a valid alternative to traditional synthetic materials [5]. The production of these
materials generally has a lower environmental impact than conventional ones, though a proper
analysis of their sustainability, through Life Cycle Assessment procedures, has to be carried
out.

Airborne sound insulation of natural materials such as flax or of recycled cellulose
fibres is similar to the one of rock or glass wool [6]. Many natural materials (bamboo, kenaf,
coco fibres) show good sound absorbing performances; cork or recycled rubber layers can be
very effective for impact sound insulation [7]. These materials also show good thermal
insulation properties, are often light and they are not harmful for human health. Furthermore,
many of these materials are currently available on the market at competitive prices [8].

Noise reduction techniques can be broadly classified as passive and active methods.
Passive control involves reducing the radiated noise by energy absorption, while the active
method involves reducing source strength or modifying acoustic field in the duct to obtain
noise reduction. Active noise control is being used only at low frequencies [1]. At middle and
high frequencies, active noise control is hard to implement because there are different
phenomena of sound propagation. Thus, the main purpose of the active sound control is to
provide higher noise reduction at low frequencies. While at higher frequencies standard
solutions are applied, and they are based on the application of absorbing properties of the
materials.

The absorbing materials, as such, are passive mediums that lower noise by
disseminating energy and turning it into heat. Acoustic absorption depends on the frequency
of the sound waves.

“E-mail: mariamazimi@gmail.com (first author), m_r_azimi1l991@yahoo.com (second author)

12



NOISE Theory and Practice

In current study, a bibliographical review concerning the usage of acoustic absorbers
on buildings noise reduction is presented.

1. Sound Absorbing Materials

Porous materials obtained from synthetic fibres, such as mineral wool(fig.1) or glass
wool(fig.2), are commonly used for thermal insulation and sound absorption, because of their
high performance and low cost. Their diffuse-field sound absorption coefficient is very high
at mid-high frequencies. On the other hand, they have several cons: they can be harmful for
human health if their fibres are inhaled, since they can lay down in the lung alveoli, and can
cause skin irritation (as stated by the European Council Directive on dangerous substances
67/548/EEC [9] and subsequent amendments). Hence such materials must be adequately
overlaid if directly exposed to the air. Viscous losses convert acoustic energy into heat as
sound waves travel through the interconnected pores (or fibers) of the material. Because
motion of the air through the porous material is necessary to dissipate acoustical energy, a
material tends to be ineffective when placed close to a rigid boundary (where the particle
velocity is zero) [10]. Effectiveness of absorption is directly related to the thickness of the
material; absorbers are most effective when their thickness is between one-fourth and one-half
the wavelength of the sound, with the maximum performance where the thickness is one-
fourth the wavelength. This means that sound absorbers do a very good job at high
frequencies, which have short wavelengths [11, 12].

Fig. 1. Porous materials obtained from mineral wool [13].
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Fig. 2. Porous materials obtained from glass wool [14].

A majority of sustainable materials for noise control can be divided into three main
categories:

- Natural materials;

- Recycled materials;

- Mixed and composited materials.

There is a great variety of natural fibres which can be used for thermal and acoustical
applications. These are commercially available in the form of coconut, kenaf, hemp,
mineralized wood fibres (Fig.3) [15].

2. Building Noise Reduction

At the scale of materials and building, noise pollution is taken into account besides a
number of sustainability aspects. Designing and improving acoustic environment, on the other
hand, is linked to a choice of particular building techniques and materials that imply different
environmental performance more than acoustic performance. An aware design should mediate
between these issues, which are sometimes contradictory [16].

It is possible to obtain sufficient insulation against impact noises between different
living units by interposing an element with the capacity of dampening vibrations between the
sources of the noise and the adjacent structures. As circumstances or conditions change, this
element may be applied in various points: Between loadbearing structure and the screed, or
between the screed and the flooring, as well as directly underneath the floor by creating a
false ceiling [17].

Brekreira et. Al [18] present the data elements to develop a new processing route to
transform elastomeric waste residue (particulates) into acoustic and thermal insulation
materials that can compete with commercial products.

14
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Oldham et. Al [19] present an examination of the acoustical characteristics of a range
of natural fibres which has confirmed their effectiveness as porous sound absorbers and also
the limitations of current models for predicting their performance. Examination of the
acoustical performance of materials consisting of different configurations of whole reeds and
straws has revealed that these also possess considerable potential for application as broadband
sound absorbers with particularly good low frequency absorption characteristics. They
concluded that the combination of natural fibres and whole reeds offer the possibility of
developing a range of sustainable absorbers which act very effectively across the complete
audio frequency range.

Avrticle written by Ballesteros, et al. [20] explains about the noise which turn out
through the construction activities is one of the main acoustic polluting essence for society.
However, there is no particular standard for this activity, which validates its own effluent
factors that make it phenomenon different from other operations. This experimental
information’s on construction sites have been measured through four averaging and
integrating sound level meters with spectrum analyzer included and a sound calibrator. The
factors of sound emission for experimental data has been differentiate as five stages
(excavation stage, frameworks, installation stage, roof stage, stage of walls) each stage have
been analyzed and compared with the standard level. The comparison among the values is to
characterize the noise emission of the construction process. These stages of the construction
process cannot be reasonably enviable regarding the spectra, except for the excavation stage,
given that the only staggering thing is effect of the peak at low frequency. The results show
that the measures for controlling the noise and the analysis of the acoustic impact which such
activity produce in the concern specified area.

Conclusion

Many public housing sites are subject to severe noise impact from various sources
many recycled materials, such as waste rubber, metal shavings, plastic, textile agglomerates
can be used. It can be useful to mix various recycled materials of different grain size to obtain
the desired performance. For this purpose a binder needs to be added in proper proportions.
This paper presents a brief review about acoustic absorbers and their usage for building noise
reduction.
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YcTpoiicTBO 1/l CHUZKEHHUsI BUOPAlMU U IIIyMa B TPYOONPOBOIHBIX
CHCTeMax JHepreTU4ecKNX YCTaHOBOK. Pa3padoTka u ncciieqoBanue
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AHHOTANHSA

PaccMmoTpeHs! poOieMBl U TTyTH CHIDKEHHS KoJieOaHWM NaBJICHHS W BUOpAIMH B TPYyOOIPOBOIHBIX
CHCTEMaxX »JHEPreTHYEeCKMX YCTaHOBOK. OIHMCaHbl TEOPETHYSCKHEe OCHOBHI BHOporamieHus. PaccMoTpeHa
pa3paboTaHHas aBTOpaMH KOHCTPYKIMS YCTPOMCTBa IUIS CHIDKCHHS IIyMa M BHOpalMu B TPyOOIPOBOIHBIX
cucteMax. MccnenoBana u 9KCIIEPUMEHTAIBHO IPOBEpEHa MpodiieMa CHIKEHHS KOJIeOaHHsl IaBJICHUS U IIyMa B
CPaBHEHHUH C 3apyOC)KHBIMH AHAJIOTaMH, IPUBEACHBI MMOKa3aTeNd 3()(GEKTUBHOCTH NPHBEACHHOTO YCTPOWCTBA.
[Mpumenenne pa3pabOTaHHOTO W BHEIPEHHOTO YCTPOWMCTBAa Uil CHIDKEHUS KojeOaHWil [aBiieHUs B
pr6OHpOBOL[HI)IX CUCTEMAX OHCPICTUYCCKUX YCTAHOBOK IMO3BOJIACT 3HAYUTCIIBHO CHU3UTH BI/I6paL[I/IIO,
MOBBICUTB 3 (HEKTUBHOCTD, HAJISKHOCTh U PECYPC PabOThI MPOMBILUICHHOTO 000pYyJOBaHHSI.

KiaroueBble cioBa: BuOpamus, IIyM, MyJIbCallud JIABICHUS, TPYOONPOBOAHBIE CHUCTEMBI,
M3MEpHUTENbHBIC IPUOOPHI.

Development and research of the device for reduction of vibration and noise in piping
systems of power plants

Chernov N.S.*, Muranovskiy V.P.?
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Abstract

In this article were researched the problems and ways for reducing the pressure of fluctuations and
vibration in piping systems of power plants. Also in this paper were described the theoretical basics of vibration
damping. We considered the design of device for reducing noise and vibration in piping systems, which were
designed by authors. In this work were studied and experimentally verified the problem of reducing vibrations
pressure and noise in comparison with foreign counterparts, were showed indicators of effectiveness of the
device. This device allows reducing the vibration significantly, improving efficiency and reliability and life
operation of industrial equipment.

Key words: vibration, noise, pressure pulsations, pipeline systems, measuring instruments.

Beenenne

HanexHocTs paOOThl SHEPreTHYecKHX YCTaHOBOK (DY) M TEXHOJOIMYECKOTO
obopynoBanus (TO) B 3HAYUTENBHOW CTETMEHW 3aBUCUT OT JUHAMHUYECKHX CBOWCTB
TpyOOIpoBOAHBIX cucTeM [1].

Boznukatonue npu padote DY HHU3KOUACTOTHBIE MYyJIbCALIUU JIaBJIEHUS MPHU HoJ1aue
TEIIOHOCHUTEJIS 1O TPYyOONPOBOAY, SBISIOTCS HCTOYHUKOM MHTEHCHBHOM BHOpAaIMi U MOTYT
BbI3BAaTh pa3pylleHHE TpPyOONpPOBOAOB M arperatoB, BBIXOJ M3 CTPOSI HU3MEPUTEIbHBIX
pruOOPOB, a TAK)KE MOTYT PUBOJIMTH K aBAPUU C TSHKEIIBIMU MTOCIIESACTBUSAMH [ 2].

BuOpauuu u mym sBisioTcsi HanboJiee pacpOCTpaHEHHBIMU U HEOJIaronpusTHBIMU
BpeIHBIMU (pakTOpaMu, BO3HHUKAIOIMMU MpH HKcmuyaramuun Y u TO. BuOpanwms

"E-mail: N.Chernov@tltsu.ru (Yepros H.C.), V.P.Muranovckiy@vaz.ru (Mypanosckuii B.I1.)
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TEXHOJIOTUYECKOT0 O000pyIOBaHUs BO3JCHCTBYET B IIEPBYIO OuYEpeIb Ha OIEpaTOpOB,
00CIyXUBAIOUIMX 93TO OOOpyIOBaHUE, U XapaKTEPU3YeTCS CPABHUTEIBHO BBICOKUMH
YPOBHSIMHU.

ym kak ¢usznyeckoe SBJICHHE MPEACTABIAET cOOON BOIHOBOE KOJeOaHUE YACTHUIL
BO3AyXa WIM YHOpyroe kojeOanue pabouell cpeasl (B THIPOINHEBMOCHCTEME), €ro
BO3HUKHOBEHHUE U paCIpOCTpaHeHue 00yCIOBICHbI (PU3NYECKUMU MPOIIECCaAMHU.

Boprba ¢ BuOpauueit u mymMmom sBISCTCS OCTPO MPOOIEMO NpU MPOESKTUPOBAHUH
u skcrutyaramuu OV u TO.

Bonbmioe pasapaxaromiee BO3JICHCTBHE Ha ONEPaTOPOB OKa3bIBa€T HE TOJBKO
MEXaHWUYEeCKas, HO M aKyCTHUecKas BUOpamus (1ryMm), 00ycaoBIeHHAs KoJIeOaHUIMH pabodeit
Cpenbl B TPYOOIPOBOIHBIX CHUCTEMAaX, MHUIIMHUPOBAHHBIMU OTPBIBAOIIUMUCS BUXPSIMH HITU
TypOyJIECHTHBIMU MYJIbCALUIMU JAaHHOU cpe/ibl. 3HaYCHHE aKyCTUYECKOM 4acTOThI KoieOaHui
3aBHCUT OT HOMepa MoOJIblI ((popmbl KojeOaHMif): camasi HHM3Kas 4acTOTa XapakTepHa s
nepBoi MoJibl, 60Jiee BBICOKAsl YacTOTa — JJIsl BTOPOil, TPEThE U T. 1.

Kpome Toro, akyctuieckast 4acToTa 3aBHCUT OT (DOPMBI, TEOMETPUIECKUX PAa3MEPOB,
a TaK)kKe CKOPOCTH 3BYKa B HEH, U MOXKET OBITh OJICYMTAHA TIO CIEIYIOIIEMY COOTHOLICHHIO:

f,=m-W,_/2d (1)

rae f, — akycTuueckas yacrora;
M — HOMEp MOJBI;
W, — CKOpOCTB 3ByKa B MEKTPYOHOMU KHUAKOCTH, M/C;
d — BHyTpeHHHMI TUaMeTp TPYObI, M.

[Ipuuyem sKcrepUMEHTaIbHBIE HCCIEIOBaHUS IOKa3bIBAIOT: IMOKa BO30YXJaroLIHe
4acTOThI Jiexkat B npeenax 10 20 % akyCTHMYecKOH 4acTOThl, BOZHUKAET IPOMKHMII IIYM H
aKycTHYeckasi BUOpauusi, COBMAJAIONIAs C COOCTBEHHOM PE30HAHCHOW 4acTOTOM 060ro
3IIEMEHTA TUPOITHEBMOCHCTEMBI, KaK MPABUIIO, Pa3pyIIAIOIIee ero.

EnvHCTBEHHBIM CpeAcTBOM OOpbOBI C LIYMOM M BHOpalMsIMU TPYOOIPOBOJHBIX
CHCTEM — OTO YCTPOWCTBA, YCTAHABIMBAEMbIE B COOTBETCTBYIOIIHME MAaruCTpalid: OHHU
IpeBpalaloT TypOyJIEeHTHBIN MMOTOK ra3a WM HUJIKOCTU B JAMUHAPHBIN, T.€. IOTOK, YacTOTa
¥ aMIUTATY/1a KoJIeOaHUI KOTOPOTO PABHBI MM OJIM3KH K HYJIIO.

KoHcTpykunu ycTpoicTB, MpUMEHSEMBIX B OTE€UECTBEHHOM NMPOMBIIUIEHHOCTH U 3a
pyOexoM, MOTYT OBITH CAMBIMH Pa3HBIMH: WX BBINOJHSIOT B BHJE MPOCTEUIIMX BCTABOK C
HEOOJIBIIIMMU OTBEPCTUSMH; PETYIMPOBOYHBIX BUHTOB U T. 1., CIIOCOOHBIX MepeMenaTbes B
OTBEPCTHUSX; BUTBHIX CIHpanei; HAOOpPOB IIaild ¢ OTBEPCTHSIMH U BbIQPE3UPOBAHHBIMU
KaHaBKaMH, 00pa3yIoUIMMHU CJIOKHBIE MPOCTPAHCTBEHHBIE M3JIOMaHHbIE KaHaibl M T. 1. Ho
BCE OHU CHUXKAIOT BUOpaIuu U 1ryM He Oosiee uem Ha 15-20 nBA.

PaccmarpuBaemas npo0iemMa 0COOEHHO aKkTyabHa JUls OTpacieil MPOMBIIIUIEHHOCTH,
MPUMEHSIIOIIUX HU3MEPHUTENbHbIE NPUOOPHl (MaHOMETPHI) B TPYOOIPOBOAHBIX CHCTEMAX
HHEPreTUYECKUX YCTAHOBOK M TEXHOJIOTHYECKOI0 000PYAOBaHMUS.

Pabouas cpema — TEMIOHOCHTENh — B TPYOONPOBOAAX SHEPTETHUYECKHX YCTaHOBOK
UMeeT pAd OCOOCHHOCTEH: BBICOKHE TEMIepaTypbl W TeMIEpaTypHbIE T'PaJHEHTHI,
3HAYUTEIbHbIE CKOPOCTH TMOTOKA, BHICOKUE JaBlieHHs. B Hanbomnee y3kux ceueHHsIX CKOpOCTb
KHJIKOTO TEIJIOHOCHTENsS jJocTuraet 14 wm/c, razoodpasznoro — 100-150 m/c, naBnenue 16-
25 Mna, temnepatypa 300-400°C. IIporecchl B IIaBHBIX HUPKYISIMOHHBIX TPYOOMpOBOJax
XapaKTepU3YIOTCS 3HAYMTENBHBIMH HECTAI[MOHAPHBIMH  pPAcXOJaMH  TEIUIOHOCUTENS U
MHTEHCUBHBIMHU BOJHOBBIMU M BUOPALIMOHHBIMU HAarpy3KaMHu.

BuOpauuu Moryr craTh HOPUYMHOM YCTAJIOCTHBIX pa3pylIEHUN TpyOOIPOBOIOB,
AIIEMEHTOB JHEPreTUYECKHX YCTAaHOBOK, B pe3yJbTaTe KOTOPBIX HapylIaeTcs MpPOEKTHas
CTETIeHb TEPMETHYHOCTH TMPOTOYHBIX TPAKTOB W TIOSBISIOTCS 3HAYHMTENBHBIE TEUH
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TermoHocuTens. [loaToMy KakIblii ciaydail MOsIBICHHS BHOpamuu TpyOOIpoBOJOB TpeOyeT
KBAJTM(HUIMPOBAHHOTO aHAIM3a W MPUHATUS TEXHUYECKOTO peIleHUs M0 cTaduiu3anuu
KoJIeOaHus JaBJICHUS B TPYOONIPOBOJIE.

OCHOBHBIMH HMCTOYHUKAMH BHOpaluU TPyOONPOBOJOB B OOJBIIMHCTBE CIy4acB
SBJISIFOTCS] TUHAMUYECKHIE HArPy3KH U ITYJICUPYIOIINI MTOTOK TEIIOHOCUTEIIS.

1. MeToabl npoBeaeHNsI HCCIIEIOBAHNM

Jliia uccnenoBanusi aBTopaMu Obliia pazpaboTaHa HOBass KOHCTPYKIMSI IPOCCEIBHOTO
ycTpoiicTBa. BHeapeHne KoMIuieKkca MEpONPUSATHIA 10 BHOPOIIYMOTTTYIICHHIO HAYMHACTCS C
YCTAHOBKH JIPOCCEJIBHBIX YCTPOMCTB B T'MAPONHEBMOCHUCTEMAx JKCILUIyaTUPYEMOIO H
IPOCKTHPYEMOro 00OpyIOBaHUsA. BBIOOp TOro WJIM HMHOTO YCTPOWCTBA ONpeAesseTcs
HEOOXOIUMBIM YPOBHEM CHWKEHMsI IIyMa, €ro CIEeKTpOM M JPYrMMH YCIOBUSIMHU. B
THIpOCHCTEMaxX OO0OpYAOBaHUS, PabOTAIOMIETO MOJ BBICOKMM JIAaBJICHUEM, HAlpUMeEp, Npu
nojiaye paboyeil JKUIKOCTH WM CXKATOTrO ra3a MoJl BHICOKHM JIaBIICHUEM K W3MEPUTEIIbHBIM
npubopaM (MaHOMETpaM), YTOOBI JIPOCCENbHBIE YCTPONCTBA OKAa3bIBAIHM MPOTHUBOIABICHUE
MOTOKY paboYeil >KUIKOCTH.

Konebanuss paBneHus B TUAPOCHCTEMAx TMPHBOIAT K CHIIBHBIM BHOpamusM H
neperpy3kaM BceX MepeNaTOYHBIX 3JIEMEHTOB OOOPYIOBAHHUS U W3MEPUTEIBHBIX 3BEHBEB.
[MonkmoueHne HM3MEPUTETBHBIX MPUOOPOB K TUIAPOITHEBMOCHUCTEME Yepe3 JPOCCENIbHOE
YCTPOMCTBO OOECTEeUnBaET CYKEHHE IOMEPEYHOI0 CEUYEHHs IMPOX0j]a, MPOTUBOJCHCTBYET
KOJICOAHUSIM JIABJICHUS B CHCTEME M CTIIQKMBACT MX, YTO MCKIIOYAET OMMNOOYHbIC TIOKA3aHUs
M3MEPUTENbHBIX TPUOOPOB, MPEAOTBPAILIAET UX BBIXO U3 CTPOSI U CHIUXKAET YPOBEHb LIyMa.

TK MaHOMeTpy
D

m (@]
w175
N

1 y

T

di
d

MNogeon
paboyeii xuakocTu

(rasa)

Puc. 1. ]IpoccenbHOE yCTPOHCTBO
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1 — coenuHUTENBHBIN TITYIIEP; 2 — pe3b00Basi KOHUYECKAsi BCTaBKa; B — monocTs s monayn
paboueii cpenpl; C — kosblieBas kaHaBka; D — mojicoe TMHUTENBHBIH pa3Mep K MaHoMeTpy; d —
MOJICOCIMHUTEIILHBINA pa3Mep 1Mo1Bojia paboueii cpepl; d; — yCIOBHBIN POXO/I.

PazpaGorannas aBTOpaMHM KOHCTPYKIHS JPOCCENBHOTO YCTPOMCTBA IMOKa3aHa Ha
Puc. 1.

HpoccenbHoe YCTPOMCTBO COCTOMT M3 COEAMHHUTENIBHOrO INTylepa | W TUIOTHO
IOCA)KEHHOW pe3b0OBOI BCTaBKM 2 B ero KoHMueckoe orBepcTHe. LlTynep onxHuM KOHIIOM
MOJCOCAMHACTCS K HM3MEpPUTEIbHOMY MpHOOpy (MaHOMETpY), a BTOPBIM K HCTOYHHKY
nasieHus [3].

PaGoraer crnegyromum oOpa3om.

PabGouast cpema (KuIKOCTh WJIM Ta3) Toa pabOYMM JaBJICHUEM IOJAETCS K
nosiocty «By». M3 3T0i1 mosiocTu 0HA Yepe3 BUHTOBOM MPOXO0J pe3b00BOI BCTABKH MOIA/IaET B
KOJIBLIEBYIO KaHaBKy «C», CHOBa B BMHTOBOM IpPOXOJ M, Ha BXOJ MaHomeTpa. bmaronaps
TaKOMY TIEPEMEHHOMY IO THAPABINYECKOMY COINPOTUBICHUIO NYTH IYJIbCAIIUH, ITHKH
JTABJICHUS TacCATCS U TEM CaMbIM CHHUXKAIOTCS Pe3KUe AMHAMUYECKHUE HAarpy3KH Ha MEXaHU3MBI
OV uTO.

OTnuureM ONMCHIBAEMOI'O JIPOCCEIBHOIO YCTPOMCTBA OT TPaIULMOHHBIX SIBISETCA
TO, YTO JPOCCEIIMPOBAHUE OCYLIECTBIIAETCS MyTEM M3MEHEHMsI POXOJHOTO CEUEHUsl KaHaja
paboueil cpenpl 4epe3 BHUHTOBOM Ipoxoa pe3bOoBoW BcTaBkU. [Ipu 3TOM 3HAUYMTENBHO
NOBBIIAETCS YPPEKTUBHOCTH IPOCCETUPOBAHNS U CHUKEHHE YPOBHS LIyMa.

OnbITHOM IPOBEPKOI pa3pabOTaHHOTO JPOCCENBHOIO YCTPONUCTBA YCTAHOBJIEHO, YTO
mar pe3s0bl BCTaBKH J0JDKEH ObITh paeH 0,5-0,75 mwm, a yroi konyca 1...3°.

Bemonnaenue npoduns pe3post ¢ marom 0,5-0,75 MM obecrieuynBaeT ONTUMAIBHYIO
pa3sBepHYTYIO JUIMHY BUHTOBOI'O MPOXOZa JJIsi CHUXKEHMS M CIJIQ)KMBAaHUS NHKOB JIaBJICHUS
paboueii cpe/ibl ¢ BEICOKOM MysIbCcalue.

BbinonHenue pe3n00OBOM BCTAaBKUM KOHYCHOM ¢ yrioMm 1...3°) obGecrieunBaer npu
cOOpKe BBICOKYIO T€PMETHYHOCTD 33 CUET TUIOTHOTO MPHUJIETaHuUs TNIOCKOCPE3aHHOM BEPITUHBI
pe3bosI (0,2...0,4 MM) K KOHMYECKON TOBEPXHOCTH COEAMHUTENHHOIO HITYIIEpa U YMEHBIIAET
YTEYKH CpEeIbl MEXAY COCEIHMMH BHUTKamMH. KpoMme TOro, mpH SKCIUTyaTallid CO3JAeTcs
y100CTBO pa300pKu M COOPKH JpOccenst Ui MPOMBIBKM M OUYUCTKU Pe3b00BOM BCTABKH, TEM
caMbIM 00ecTeunBaeTCsl HaZe)KHOCTh M PEMOHTOIPUTOAHOCTD YCTPOICTBA.

KonbueBas kanaBka «C» BCTaBKM TapaHTHUPYET COUY€TaHWE B HEH JIAMHUHApHOTO
MOTOKa, 00pa30BaBIIETOCS B HWKHEW YacTH BHHTOBOTO NPOXO0Ja, C TYypOYIEHTHBIM, YTO
MOBBIIIAET MPOMYCKHYIO CIIOCOOHOCTh BEPXHEH 4acTH pe3bObl M CKOPOCTh JBM)KEHUS MOTOKA
paboueii cpebl.

PaccmarpuBaemslii  npoccens 3¢¢extuBern npu  gasinenuun  0,4-40 Mmna (4-
400 krc/em?). JInaMeTp ero ycIOBHOTO IPOXOAA COCTABISIET 4 MM, ero 3(h(eKT — CHIDKCHHE
aMIUTUTY/ABI KoJeOaHUl TaBJIeHUs Ha BXOJIE U BBIXOJE B 4-5 pas.

Takum o0Opazom, B paccMaTpuBaeMOM YCTPOWCTBE MPUMEHEHO (HaKTUUECKU
CTYIEHUYaToe JPOCCEIMPOBAHUE «pe3b0a-KaHaBKa-pe3bOa», KOTOPOE BBIMOJIHACT 3a4auy
CHWXeHUs BUOpanumii u nryma B 1,3-1,6 pa3a agpdextunnee (T. €. Ha 28-35 nbA), ueM cepuiiHo
BbIITycKaeMble apoccenu, Beimyckaembie pupmamu «WIKA» u «VDO-OTA» (I'epmanus).

Ero TexHUYeCcKHe XapaKTePUCTHUKH:

— HOMUHAJIbHOE JIaBJIeHHe pabodeil cpeabl (KUAKOCTb, ra3), MIla  40;

— JMaMeTp YCIOBHOTO MPOX0/1a CEUYSHHSI, MM 4;

— CHIDKEHHE KoyieOaHHUs 1aBJICHHs Ha BXOJIE U BBIXOJIE, pa3 4...5;

— TPUCOEIMHUTENBbHBIE Pa3MEpHI:
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® K H3MEpHTEIbHBIM Mprbopam (Manomerpam) (D) M12x1,5; M20x1,5;
e [0JBOJ Cpeabl K apoccenio (d) M12x1,5; G1/4; G1/8
(O603nauenus mo 'OCT 6357-81).

2. PesyabTarthl

JIns cpaBHeHUS 3(PQPEKTUBHOCTH Pa3padOTaHHOTO JPOCCENBHOTO YCTPOMCTBA C
CyliecTByOIUMH aHajoramu, Hanpumep, pupm «WIKAy», «VDO-OTA» (I'epmanus) O6butn
IPOBE/ICHBI SKCIIEPHUMEHTAIBHBIC UCIIBITAHUS Ha CTEHJJOBOM U JICHCTBYIOIEM 000pYyA0BaHUH.
Pesynbratsl ucnbiTanuii no 3¢dexruBHOCTH cBeneHbI B Taou. 1.

Tabnuya 1
[Tokazarenu 3¢ (HEeKTUBHOCTH Jpocceei
HaumenoBanue ¢pupm KonceTpyknms apoccesisi A, nBA
«WIKA» (I'epmanns) PerynupoBounsiii BuHT d=1,2 MM 20,5
«VDO-OTA» (I'epmanmusi) Buras criupains 1=25 mm, d=0,8-1 mm 25,5
Pa3paboTka aBTOpOB Konunueckast pe3nOoBast BctaBka 1=25 Mmm 32,5

[losydyeHHBIE  pe3ysbTaTbl MCHOBITAHWM  SABJIAIOTCS BAXKHBIMM  JUII  OLIEHKH
3 PEKTUBHOCTH W KCILTYyaTAlIMOHHON HaJIe)KHOCTH MPUMEHSIEMBIX KOHCTPYKIIHH Jpoccenen
B OTpACIAX 3apyOEXKHOIr0 M OTE€YECTBEHHOTO MAIIMHOCTPOCHMS.

3akaoyeHue

Pa3paboTanHbie ApoccenbHbIE YCTPOHCTBA 00JIaAal0T BHICOKMMHU aKyCTHYECKHMHU U
SKCIUTyaTalMOHHBIMH ~ XapakTepucTukamu. IIIMpoko WCMONB3ylOTCST Kak I BHOBb
NPaKTUKYeMOTO0, TaK M TPU KCIUTyaTallH JIEHCTBYIOMIETO TEXHOJIOTHIECKOTO 000PYI0BaHUS
BA3a. A takxe, MOTyT ObITh HUCIIOJIL30BAHbI B HE(TSIHON U ra30BOI MPOMBIIIEHHOCTH.

PazpaGoTka u ucciemoBaHWE HANpaBlIeHBl HA OTKA3 OT 3aKYNKH YCTPOWCTB IO
UMIIOPTY.

HNmnopro3ameneHue NPpoAYKTOB MAIIHMHOCTPOEHUsI. DKOHOMHUECKUH dPPEKT OT
3aMeHbl 1 eauHMIBI JApoccenbHoro yctpoiictBa ¢upmbl «WIKA» Ha oTeuecTBeHHOE
coctasisieT 400-450 py0. B 3aBucuMocTH ot Tuma (B reHax Ha 01.12.2014r.).
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Abstract

The important problem is protection of population from high noise. This problem was
discussed in the article. Also in the article was showed the necessity of the noise maps of the
city for making correct management decisions is proved. There are presented data on the
change in the number of vehicles on the territory of the European Union and Russia,
information about noise levels in the territories along the roads in the cities of Russia, the
algorithm for generating noise maps of the city. There were estimated noise levels generated by
vehicles, in the Central part of the city of St. Petersburg for two scenarios: first on the basis of
field studies on the composition and intensity traffic, second — on forecast of limiting vehicle
traffic. Conclusion: restriction of movement of vehicles can reduce impact, noise, and values of
the maximum concentrations near streets with restricted movement, but at the same time can
increase the negative impact of the near streets, where will be redistributed transport stream.
The decrease in the maximum ground level concentrations and levels of noise for such a big
city like St. Petersburg will contribute to complex of environmental measures: improving fuel,
classes environmental performance of vehicles, the development of the road network with
traffic organization based estimate of environmental consequences of the proposed activities.

Key words: vehicles, intensity traffic, acoustic calculations, noise map of the city

Hcnonvzosanue uiymogvix Kkapm 20pooa 01 6160pa ynpasieH4ecKux peuieHuil no
pecynuposanuio agmompancnopmHbIX HOMoOK08
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Annomauyus

Axmyanvnocms: 6 cmambe 00CyHCOAeMCss aAKMyaibHas npoojiema — 3auWuma HACENeHUs Om
NOBLIUEHHO20 ULYMOB020 8030eticmaust. Llenv: 0obocHosanue HeobxoouMocmu co30aHUs WYMOBLIX Kapm 20p0008
0I5l NPUHAMUSL KOPPEKMHbIX YNPAGIeHYecKux pewieHuil. Mamepuaivl u memoovl. npusoosmcs OaHHwlie NO
UBMEHEHUIO KOJIUYeCcmed asmompancnopmuslx cpeocme Ha meppumopuu Esponetickozo Cowsa u Poccuu. Taxoce
npedcmaeiena ungopmayust 06 YypoGHAX ULYMA HA MEPPUMOPUSX 800JIb ABMOMOOUTLHBIX 00P02, HADIOAEMbIX 8
Hexkomopwix 20pooax Poccuu. Ilpuseden ancopumm co30anusi wyMoGol Kapmvl 20p00d, KOMOPHLL GKIIOYAEN
nposedenue HamypHblX HAOMOOEHUL COCMABA U UHMEHCUBHOCMU A8MOMPAHCROPMHO20 NOMOKA, (HopMUposanue
INEKMPOHHOU 6Aa3bl OAHHBIX YPOGHEU 36YKA ONM  KAANCO020 AGMOMPAHCHOPMHO20 YYACHKA, NPOGeOeHUe

“E-mail: volkodaeva@atr-sz.ru (Volkodaeva M.V.), levkin@ atr-sz.ru.com (Levkin A.V.), deminaksenia@atr-sz.ru (Demina K.V.).
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AKyCMu4ecKux pacyemos, aHAIU3 pe3yIbmamos pacyemosg ¢ MOUKU 3PeHUs COOMOOeHUs 2UusUeHUdeckux
Hopmamueos. Pesyrsmamol: oyenenvl yposuu wyma 6 yewmpanvHou uacmu eopooda Canxm-Ilemep6ype,
€030a6aemM020 A8MOMPAHCNOPIMOM, KAK HA OCHOBAHUU HAMYPHBIX UCCIEO08AHU O COCMAse U UHMEHCUSHOCHU
aA8MOMPAHCNOPMHO20 NOMOKA, MAK U NPOSHO3HbIE — NPU OZPAHUYEHUU OBUNHCEHUS ABMOMPAHCHOPMHBIX CDEOCMS.
3axnrouenue: ocparuueHue OBUNCEHUS ABMOMPAHCNOPMA MOICEN CHOCOOCMB08AMb CHUNCEHUIO 8030eliCEUs,
KaK WyM08020, MAK U 3HAYEHUU MAKCUMATbHLIX NPUSEMHBIX KOHYEHmMpayuii 601usu yauy, Ha KOMOPbIX
02PAHUYEHO 0BUIICEHUE, HO 8 MO JHCe BDEMS MOXCEM NPUBECTU K YEETUUEHUI) He2AMUEHO20 8030eliCaus 0u3u
VAUY, Ha KOmopvle Nepepacnpedenumcs asmompancnopmuuiti nomox. CHUNCEHUIO 3HAYEeHU MAKCUMATbHBIX
NPU3EMHBIX KOHYEeHMpayull u yposuell uiyma 01 maxkozo KpynHo2o mezanonuca, kax 2opod Cankm-Ilemepbype,
Oyoem cnocobcmeosams KOMNIEKC NPUpoOOOOXPAHHBIX MepONPUAMUL, HANPAGNIEHHIX HA VIyduieHue Moniusd,
Kaacca 9KON02UHHOCIU AGMOMPAHCHOPMHLIX CPEOCME, pa3éumue YIuyHO-00POICHOU Ccemu ¢ opeanusayuell
OBUNCEHUSL C YUETOM IKOJIOUHECKUX NOCIeOCMEUT] NPediazaemblXx MeponpUsmull npu UCHOIb308aHUU UWLYMOBIX
Kapm.

Kniouesvie cnosa: asmompancnopm, uHmMeHCUBHOCMb, AKYCMUYECKUe pacuemvl, Uymoeas Kapma
2opooa.

Introduction

In the present time the noise impact is a topical ecological problem in cities. Motor
vehicles are a major source of such impact. Roads are laid everywhere: in industrial areas and
near apartment buildings. People who live near the roads are often subject to increased noise
levels.

Noise pollution — is a form of physical pollution in which the noise level rises above
the natural noise. The noise is disturbing, if it does not last long. But hearing organs may be
damaged or the organism may die with prolonged noise exposure.

Noise not only affects hearing. Irritation of the noise transmitted to the central and
vegetative nervous system through the fibers hearing nerve, and through them affects the
internal organs. This leads to significant changes in the functional state of the body, affects the
mental state, causes a feeling of anxiety and irritation. When there is pulse and irregular noise
then the impact of noise increases.

Every year number of vehicles increased by more than 2 million units in the Russian
Federation. In early 2014, Russia had more than 47 million vehicles (without trailers and semi-
trailers). It is predicted that the number of vehicles by 2016 to increase by 11 million units. At
the beginning of 2014 in Russia as a whole was 274 vehicles per 1000 people, in St. Petersburg
— 308 cars per 1000 people in Moscow — more than 311 cars per 1000 people [1].

It should be noted that since 2007, when 15.5 million cars were registered, the number
of new cars that are registered in the European Union, is reduced. In 2013, there were
11.8 million registered vehicles, this is 200,000 fewer units than in 2012. Approximately half of
the countries of Europe the number of registrations decreased in 2013 compared with 2012,
while in the other half of Europe, the number of registered vehicles has increased. The decrease
registrations of new vehicle were in Cyprus (- 37%), the Netherlands (17 percent) and Romania
(- 14%), whereas the highest growth of this indicator was recorded in the UK (11%), Portugal
(10%) and Bulgaria (9.7%). The number of registrations of new vehicles decreased by 24%
compared to 2007, by 80% in Greece, 54% in Spain, 48% in Portugal and 48% in Italy
compared with 2007 [2].

However, despite some decline in newly registered cars, the number of cars per
1000 people of Europe is higher than in Russia. For example, the number of cars per
1000 inhabitants in France and Germany — 600, UK — 550, The Netherlands — more than
500 [3, 4]. The main findings of the European Environment Agency are presented below:

e noise pollution is one of the main ecological problems for health residents of

Europe;
e road traffic is the most dominant noise source;
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e every year in Europe not less than 10 000 cases of premature death are due to the
noise in the environment;

e nearly 20 million adults had been irritated due to noise environment, and 8 million
suffer from sleep disorders;

e every year environmental noise causes more than 900 000 cases of hypertension [5].

In the last decades the noise level has increased in the major cities by 10-15 dBA. In
large urban the increase of noise is associated with increases of traffic intensity (up to
8,000 units/ hour), the power and capacity of transport, the introduction of new engines, etc. On
the roads of Moscow, St. Petersburg and other large Russian cities the noise from traffic
reaches 90-100 dBA during the day and even at night in some areas does not fall below
70 dBA. Excess noise levels are observed also in cities with smaller populations. In
Arkhangelsk equivalent sound levels near residential buildings (12-18 meters from the road,
traffic is about 2500 vehicles per hour) exceeded 11-18 dBA for daytime [6]. In Tyumen sound
levels near the residential buildings, which are located at a distance of about 15 meters from the
road, exceeded by 20,9 dBA for daytime [7]. Annual monitoring of measuring noise residential
areas of Murmansk, near main transport routes, indicate a steady trend of increasing noise
levels — in the daytime by 8-20 dBA during the night of 18-28 dBA. [8]

Sanitary standards for the territories of next to residential buildings are permissible
equivalent levels of sound 55 dBA in daytime (from 7 to 23 h.), 45 dBA during the night (from
23t0 7 h.) [9].

In general, in Russia about 35 million people are exposed to significant of traffic
noise.

In this connection currently protecting populations of high noise impact is important.
According to the authors of one of the possible ways to solve the problem of high noise
pollution — it is monitoring the situation on the basis of acoustic noise maps of cities, with a
selection of the most effective measures to regulate noise pollution on the basis of model
calculations of noise impact [10, 11].

1. The algorithm for generating noise maps of the city

This article describes an algorithm for creating a noise map of the city, based on data
about structure and the intensity of road traffic flows, as well as the results of computational
methods for assessing the changes of the noise pollution generated by road traffic in the city of
St. Petersburg, taking into account certain restrictions of traffic in the central part cities.

The algorithm of the work was of the following stages:

e selection of the main roads with high traffic volume;

e monitoring structure and intensity of vehicular traffic with separate monitoring of

trucks and diesel vehicles (including buses);

e exploring urban situation;

e the preparing of topographic map of the city in the geographic information system
containing the following thematic layers: roads, buildings, taking into account the
height, area with green spaces, hydrographic objects, etc.;

¢ stylization noise sources depending on sites with different intensity of vehicles and
configurations of roads;

e set noise sources to the prepared topographic map;

e using specialized software, the creation of an electronic database of sound levels
on each road section based on the parameters observing the intensity of motor
vehicles;
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e entry in the database of information about the buildings, their heights and sound
absorption properties, which are barriers to sound propagation;

e acoustic calculations for two scenarios: the existing situation and taking into
account activities;

e analysis of acoustic calculations and comparisons with hygienic standards.

Development of project recommends various methods of noise protection for detailed
planning of residential areas: a method of zoning — the removal of sources of noise from
objects, shielding of noise sources, etc.

2. The results of calculations of noise levels when the vehicular traffic will be
limited in the central part of the city Saint Petersburg

Recently the question of limiting vehicular traffic in the city center of St. Petersburg is
debated. For a substantiation such a decision are often used environmental factor. Organization
of foot zones in the central, historic part of St. Petersburg is an important task requiring study
and assessment of such decisions. The results of such an assessment, conducted by the authors,
are given below.

At the beginning of research the real urban development situation and the boundaries
of the study area were analyzed and road traffic flows on the main roads, located in the central
part of the city, were measured.

The central part of St. Petersburg is the territory of the city, situated in the two
administrative regions — Central and Admiralty — which is bounded on the west, north and east
of the Neva River, and from the south — by-channel (Fig. 1a). The situation was modeled: in the
central part of the city, between the river Neva and Fontanka (Fig. 1b), traffic is limited. The
size of this area is 7 km? or 30% of the entire territory of the central part of the city.
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Fig.1 The central part of the city
a) (=== === ) the central part of the city, b) ( = = = = w m ) area of the city, which is
supposed to limit the movement of vehicles

The maximum intensity of traffic in the central part of the city was 4,700 vehicles per
hour — on the Nevsky Prospekt, the average rate — 2,150 vehicles per hour. Number of diesel
cargo transport in the road transport stream was an average of 9%.

It was considered that the vehicles will move to nearby streets. It was also taken into
account the maximum data throughput of streets. The model took into account the
redistribution of trafficl0 roads. The list of streets and data on changes in the characteristics
vehicles traffic is given in Table 1.
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Table 1

Changes in the average intensity and speed if it will be possible limitation movement in the

central part of St. Petersburg

Ne Street name Changing of average intensity Changlngrc));ergovement
1 Fontanka river emb. an increase of 26% a decrease of 20%
2 English emb. an increase of 65% a decrease of 43%
3 Sadovaya str. a decrease of 94% an increase of 20%
4 Bolshaya Morskaya str. a decrease of 85% an increase of 71%
5 Nevsky pr. a decrease of 98% an increase of 100%
6 Gorokhovaya str. a decrease of 94% an increase of 71%
7 Admiralteyskaya emb. an increase of 65% a decrease of 33%
8 Dvortsovaya emb. an increase of 65% a decrease of 25%
9 Decembrists travel a decrease of 96% an increase of 50%
10 Liteyniy pr. an increase of 13% a decrease of 25%

Figure 2 shows the location of the surveyed streets, changing the intensity of vehicles

and noise sources.
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Table 2
Changes in the average intensity and speed, the noise characteristics of the example 2 streets

Sound pressure levels

g < (power, if R =0), dB,
>5| ¥ § in octave bands with geometric mean
No|  Object 72| &% frequencys in Hz La,
5 § c3 dBA
c [ b}
= ®| Z& |315| 63 | 125 | 250 | 500 |1000|2000 |4000| 8000
Nevsky pr.
1 |(existing 4719 30 |723(788|743|71,3|68,3|68,3|653|593| 46,8 | 72,7
situation)
Nevsky pr.

2 |(a decrease of 100 60 68,9|754|709|67,9 649|649 |61,9|559| 43,4 | 69,2
number vehicle)
Changes v98% | A10% |v3,4|v3,4(v3,4|v34|v3,4|v3,4|v3,4|(v3,4|v3,4 |v35
Fontanka river
emb. (west side)
(existing
situation)
Fontanka river
emb. (west side)
4 |(anincrease the | 1692 30 73,1796 |751|72,1|69,1|69,1|66,1|60,1| 47,6 | 73,4
number of
vehicle)
Changes A20% | v25% |Al1,1|A11|A11|A1,1 |A11|AL1|AL1]|A1 A1 |Al12

1338 40 72,0|78,5|74,0|71,0|68,0|68,0|650]|590]| 46,5 | 72,3

The noise maps as well as noise levels at the control points located in residential areas
near roads and in yard territories were obtained for two scenarios: first on the basis of field
studies on the composition and intensity traffic, second — on forecast of limiting vehicle traffic.

Results: The equivalent sound levels near residential buildings (buildings located at a
distance of 5-10 m from the road) before conducting traffic restrictions higher sanitary
standards at 10 - 19 dBA for the daytime [9]. Noise levels decreased by approximately 5 dBA
after limit the movement of vehicle. But it's not enough. Hygienic standards for daylight hours
are not complied with, the standards are exceeded by 3,7 - 16,7 dBA (Fig. 3 - 5). In the central
part of the city are arranged low-rise buildings, width of pavement — about 3 - 6 meters high
traffic vehicles. Noise occurring on the roadway highway extends not only to the territory of
the residential buildings, but also deep into the residential area.

o s [ 0125 130y a6 o s [ v 138084 B - ' L | Qo useea O i [ (90 1358 [, e 136 264
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~ Fig. 3 Noise map of the downtown area
(a) the existing situation, (b) subject to the restrictions of movement
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a ‘ b
Fig. 4 Fragment the noise maps near the Nevsky Prospekt and the Fontanka River
(a) the existing situation (b) subject to the restrictions of movement
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Fig. 5 Fragment the noise maps near the Nevsky Prospekt
(a) the existing situation (b) subject to the restrictions of movement

It should be noted that the calculation of the maximum ground-level concentrations of
pollutants that come from the flue gases car, have been conducted also. Before the event the
maximum ground-level concentrations of nitrogen dioxide reached near homes 2 - 3 of
maximum permissible concentrations. After introducing limits traffic on the studied streets the
maximum surface concentrations slightly decreased and made 1,5-2 of maximum permissible
concentrations, which is the excess of the hygienic criteria of air quality. The traffic will
increase on the streets where traffic will come. But the roads capacity of these streets are not
changed, so the speed of movement will decrease and traffic jams can be on these roads. This
leads to increased concentrations of carbon monoxide (CO).

Conclusion

The restriction of movement of vehicles can reduce impact, noise, and values of the
maximum concentrations near streets with restricted movement, but at the same time can
increase the negative impact on the near streets, where will be redistributed transport stream. In
general, this measure is not enough to match hygienic and sanitary standards. The complex of
environmental measures will contribute to decrease in the maximum ground-level
concentrations and levels of noise for such a big city like St. Petersburg. Measures like an
improving fuel, classes environmental performance of vehicles, the development of the road
network with traffic organization based estimate of environmental consequences of the
proposed activities.
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Creating and using a noise map will promote the adoption of timely and correct
management decisions for the territorial planning and development of the city, the introduction
of modern technological means to reduce noise, creation and use of noise maps will promote
the adoption of timely and correct management decisions for the territorial planning and
development of the city, the introduction of modern technological means of reducing noise as
vehicles and materials used in the construction of buildings to protect the public from exposure
to high noise.
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Abstract

The paper is devoted to the actual problem — the fight against noise in urban areas. As a means of
protection against noise the model of the acoustic screen-resonator is suggested. The screen-resonator consists of
two chambers, one of which (the front) is a distributed Helmholtz resonator, and another (rear) forms a closed
space used as a silencer. Authors consider the possibility of using such acoustic constructions to reduce noise
levels in urban areas. The results of the experimental data are analyzed both in terms of a reflected sound signal,
and the level of absorbed sound signal. The conclusions of the work are made.

Key words: noise pollution, dual-chamber screen- resonator, sound insulation, Helmholtz resonator,
acoustic chamber.

O 603mo2icHOCmU nNpUMEHEHUA 0eyxcel<uuounbtx aKycmudecKux IKpanoe-peionamopoe
O0J151 CHUDICEHUA wyma

bynxun B.B.l, Kanunuuenxo M.B.z, Canvnuxos U.H.>"

Y Mpoeccop kagpeopui « Texnocdepnasn Gesonachocmvy, Mypomckuil unemumym (uauan) Bradumupckozo
eocydapcmeenno2o ynugepcumema, 2. Mypom, Braoumupckou ooracmu, yn. Opnosckas 0. 23, P®.
Cmapwuii npenodasamend kageopul « Texnocgeprnas bezonacnocmovy, Mypomckuii uncmumym (¢unuan)
Braoumupckoeo cocydapcemeennozo ynugepcumema, 2. Mypom,
Braoumupckoii obnacmu, yn. Opnogckas o. 23, P®.
® Cmyoenm kagpeopur « Texnocepepras 6esonacnocmvy, Mypomckuti uncmumym (unuan) Bradumupckozo
eocyoapcmeentozo yHugepcumema, 2. Mypom, Braoumupckou obnacmu, yn. Opaosckas 0. 23, P®.

Annomauusn

Paboma noceswena axmyanvnoti npobneme — 6opvbe ¢ wyMOM HaA YPOAHUBUPOBAHHLIX
npocmpancmeax. B xavecmee cpedcmea 3awumvl om wymMa paccMOmMpeHa MOoOeib AKYCMUYecKO20 IKpPaHa-
pe3onamopa, cocmoswe20 U3 08yxX Kamep, O00HA U3 KOMOpbIX (nepeowss) npeocmagiiem cooou
pacnpedenéunviii pezonamop I envmeonvya, a opyeas (3a0uss) oopazyem 3aMKHYmoe npoCcmpancmeo, Komopoe
UCNONbL3YEeMCs KAk nywumens wyma. Paccmompen éonpoc o 603mooicHocmu npumenenus makux akycmudeckux
KOHCMPYKYUUL OJIsi CHUJICEHUs. YPOGHEl wyMa Ha YpOaHu3upoeamHwlx npocmparcmeax. Illpoananuzuposamul
Pe3yIbmamol NOJLYYEHHbIX IKCHEPUMEHMATIbHbIX OAHHBIX, KAK NO VPOGHIO OMPAICEHHO20 36YKO8020 CUSHAIA,
MAK U HO YPOGHIO NO2NOUJEHHO20 38YK06020 cuchana. Coenamvt 8b1600bl 0 NPOOEIAHHOU pabome.

Knrouesvte cnosa: wymogoe 3acpsazHenue, 08YXCEKYUOHHBIU AKYCHMUYECKUL IKPAH-PE30HAMOP,
wymosawuma, pezonamop I'enbmeonvya, akycmuyeckas kamepd.

Introduction

Urbanization is one of the most striking phenomena nowadays. Urbanized territories
account for not more than 1% of the world land area but concentrate about 50% of the total

“E-mail: whulkin@mail.ru (Bulkin V.V.), marinakali@mail.ru (Kalinichenko M.V.), ivansal.1993@mail.ru
(Sal’nikov I.N.)



NOISE Theory and Practice

world population, produce 80% of gross domestic product, but provide 80% of all emissions
into the atmosphere and hydrosphere.

A by-product of any civilization is noise which is one of the most dangerous factors
harmful to the environment and all living things, especially humans. In large cities, over 65%
of the population complain of excessive noise. Noise and vibration significantly affect the
central nervous system, noise pollution in urban areas is increasing over time.

Noise "symphony" of a city is composed of many factors: roar and rumble of
railways and planes, roar of construction equipment, industrial noise and even noise of home
appliances — in short, everything that surrounds a man. A special chord in this symphony is
produced by the movement of vehicles, which provide up to 80% of noise. Noise level
exceeds the allowable value by 25dBA even during the day time. This is especially noticeable
on federal motorways passing through settlements (11,2% of the total length of federal
motorways and 11,7 % of regional ones) [1,2].

Noise reduction in urban environment is a challenge with no easy solutions. It's
obvious, that the first task is to reduce noise in the source (vehicles). It is generally accepted
and there is relevant legislation, standards, recommendations, etc. Among the tasks of noise
reduction that can be solved in a particular urban environment, are the use of so-called "low-
noise" asphalt and protective constructions such as acoustic screens (AS).

The actual reduction of noise with the help of "low noise™ asphalt does not provide a
level higher than 3 dBA [2], which is why its usage can't change the situation radically, and
the asphalt laying cost of works is rather high. The use of acoustic screens is more effective,
however, it is estimated that they don't provide an effective noise reduction in the range of 3
to 15-22 dBA [2,3] either.

In addition, as it follows from [1], the proportion of noise protection screens in
respect to the extent of settlements and accounts for 1,3% on federal motorways and 0,07%
on regional ones, which also doesn't solve the problem in principle.

However, an AS is a promising noise protection remedy whereby, the actual task is
to find methods and means to improve its effectiveness.

The aim of the article is to study the possibility of increasing the effectiveness of
noise protection devices in solving the problem of acoustic noise level reduction in urban
environments through the use of combined dual-chamber screens-resonators.

1. Noise protection screens based on Helmholtz resonator

The operation of an acoustic screen is based on several principles, among which the
reflection and absorption of the incident sound wave are the most important. The effect of the
protection is achieved in the area of a sound shadow (behind the acoustic screen) [4]. At the
same time one of the major AS drawbacks is that when the reflector panels are installed, the
strength of sound practically does not reduce its strength, but only changes its direction, that
creates a directional flow at an angle to the vertical line, which stuns the residents of the upper
floors, flying birds and poses an increased air vibration above a motorway. Furthermore,
depending on the installation, angle noise can be reflected in the source direction, creating
resonance phenomena, i.e. noise level increase in the area in front of the screen.

The reduction of this effect is provided with the help of sound-absorbing screens of
different modifications. One of the possible ways of an AS design is to include Helmholtz
acoustic resonators into the construction. The principle of operation of such a resonator is
well described in a number of scientific works, such as [5,6], and others. Under certain design
features, such a screen can provide noise level reduction in the area in front of the screen.

Estimation of the effectiveness of such an AS was given by the authors in [7,8]. The
studies, conducted in the laboratory acoustic chamber, showed that a possible noise reduction
before the screen in different conditions reaches 10-15 dBA. It is clear, that in a real urban

33



Bulkin V.V., Kalinichenko M.V., Sal'nikov I.N.
About the possibility of the use of dual-chamber acoustic screens-resonators to reduce noise

environment it is difficult to ensure such noise reduction, but in the course of further work
sufficient practical results can be obtained.

2. The design of an experimental dual-chamber acoustic screen-resonator

As a passive means of protection against noise a model of a dual-chamber acoustic
screen made on the basis of Helmholtz resonator can be considered. The front of the acoustic
screen is perforated with vertical slot gaps forming the neck cavity.

It is known, that the natural frequency (Hz) of the resonator in case of slotted gaps
use is defined by the following formula [5,6]:

C b
2z\VL-h-l" @
where f— the natural frequency of the resonator, Hz;

C — the velocity of a sound in the medium, m/s;

| — the depth of the cavity gap, m;

b — the width of the gap, m;

L — the distance between the gaps, m;

h — the depth of the cavity, m.

The analysis of interdependencies of AS main characteristics shows, that the change
of the natural frequency of the resonator at constant | and L, as it follows from (2) is
substantially determined by the ratio of the clearance of the cavity b and the depth of the
cavity h.

Fig. 1 shows the results of simulation of gap width dependence b on the frequency f
and the depth h of the cavity when they are changed in the ranges: f=0.1...1000 Hz,
h=1...100 mm. Obviously, the change of frequency largely depends on the variations in the
depth of the cavity.

When designing the test model, this indicator had a special significance. Due to the
limited dimensions of the acoustic chamber maximum depth of the cavity could be no more
than 100 mm. But due to the fact that this acoustic system is a system with distributed
parameters, the given ratio (1) is valid only in cases when the depth of the cavity is less than a
quarter of the sound wavelength, and the dimensions of the neck are less than two
wavelengths [6]. On a standard frequency of 1000 Hz a quarter of the wave constitutes
75 mm. This satisfies the condition the constructed acoustic booth usage.

An experimental model of a two-chamber AS has a total size of 75 mm in depth and
consists of front and rear cameras. The basis of the body is made of wooden bars, the front
and rear walls as well as the internal partition are made of a steel sheet (Fig. 2).

The front chamber is a distributed Helmholtz resonator with the depth (h) of 40 mm.

The front of the resonator is made of a steel sheet in which vertical slots were made
at a regular distance (L=40 mm). Functions of the neck (I=15 mm) are performed by angle-
shaped profiled elements mounted in the slots with the possibility of adjustment relative to the
horizontal plane of the front panel and the fixing of this position. This solution provides the
possibility of adjusting the width of the slot gap (b=0...1.5 mm) without disassembling the
structure of the screen.
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Width of the gap, mm

Fig.1. The relations between the width of the gap, the depth
of the cavity and the natural frequency of the resonator

The rear part is a rectangular sealed chamber with a depth of 40 mm, and it can be
expected to provide an additional function of a damper (silencer) for the resonant chamber.

Fig.2. Dual-chamber AS model made on the basis of Helmholtz resonator
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3. The methodology of experimental studies

The measurements were performed in a laboratory acoustic booth consisting of a
desktop acoustic chamber, a low frequency oscillator and an ordinary sound level meter.

The AS-resonator was placed in the middle part of the chamber in two positions:
forward, necks were towards the source of the acoustic signal, and the reverse, the rear part
was towards the source (Fig.3). The measurements were performed on standard center
frequencies 31.5; 63; 125; 500; 1000; 2000; 4000; 8000 Hz. Since most interest from the
point of view of protecting human hearing system is the range from 1000 Hz to 4000 Hz, the
measurements were carried out in steps of 100 Hz. For simplicity, the experiment studied the
AS reaction to the signal at four fixed values of the gaps — 0.25; 0.5; 0.75 and 1.0 mm. In each
case, a series of measurements was carried out and the average statistical value was
determined.

The assessment of the degree of acoustic signal attenuation is performed for the case
of reflection of the incident sound wave on the front panel of the AS and for the case of sound
transmission through the plane of the screen into the shadow zone. Quantitative estimations of
signal attenuation in the upright AS position were obtained when comparing levels with the
case of the screen in the form of a blind steel wall. Ratings for the case of signal transmission
into the shadow zone were received in the same way as a difference in level at different AS
positions.
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1 —a source of a sound signal; 2 —a sound level meter microphone in the control
of the reflected wave; 3 —an incident sound signal; 4 — a reflected sound signal;
5 — dual-chamber AS-resonator; 6 — a transmitted sound wave;

7 —a sound level meter microphone in the control of the transmitted sound wave
Fig.3. The scheme of the experiment conducted
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4. Practical measurements and conclusions

Estimates of changes in signal levels are shown in Fig.4 and 5.

Fig.4 shows the changes in the levels of the signal reflected from the AS in the case
of its direct location. In fact, we are talking about the noise level attenuation in the area
immediately adjacent to the screen. Estimates are given for the four values of the gaps.

A positive value on the axis of ordinates means a reduction of the audio signal when
using the AS with resonators in comparison with the screen in the form of a blind wall.
Accordingly, negative value indicates an increase in the level, i.e. resonance at a given
frequency.

It can be seen from the histograms that in the case of existing design features of a
particular model of the screen both attenuation and amplification of the reflected signal occur.
Thus, when the gap size is 0.75 mm (Fig.4,c) we can generally speak about positive effects in
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terms of reducing the level of acoustic signals. There are some resonance phenomena at
certain frequencies, including "splashes” to the level of 12 dB. When the gap size is 0.25 mm
(Fig.4,a) and 1 mm (Fig.4,d) we can generally speak about positive effects in terms of
reducing the level of acoustic signals. And the obvious dominance of resonance phenomena
occurs when the value of the gap is 0.5 mm (Fig.4,c).
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Fig.4. Histograms of the reflected signal attenuation at the given size of the gaps
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a) b=0.25 mm; b) b=0.5 mm; ¢) b=0.75 mm; d) b=1.0 mm
Fig.5. Histograms of transmitted sound signal attenuation at the given values of the gaps

The changes in the levels of the transmitted signal (an acoustic shadow zone) are
shown in Fig.5. The presented histograms prove that both attenuation and amplification of the
transmitted signal take place.

Conclusion

At this stage we can formulate the following conclusions:

1) laboratory experiments show that the use of dual-chamber acoustic screens
made on the basis of a combination of Helmholtz resonators and closed chambers, as a whole
provides a positive result — the reduction of acoustic level noise, while in the area of acoustic
shadow this effect is less pronounced;

2) the presence of resonance phenomena requires a preliminary analysis of the
spectral composition of the dominant acoustic noise in a particular area of the urban
environment in order to "choose™ the design parameters of the screen, providing at minimum
the absence of the relevant resonance at significant range frequencies;

3)  preliminary we can talk about the positive effect provided by a dual-chamber
construction in comparison with the same single-chamber in reducing noise level in the area
before the screen, suggesting the effectiveness of the damping function (silencing) provided
with the help of this camera;

4)  in terms of assessing the impact of a closed chamber as an additional damper
(silencer) to reduce the level of the signal passing through the screen in the shadow zone,
there is no basis for the conclusions of the receipt of clearly positive result and, therefore, the
issue requires further study;
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5)  further studies should be directed towards a more detailed investigation of the
relationships of various combinations of values of clearances and depths of the cavity and a
closed chamber in terms of finding the optimal combinations thereof, which can provide a
real noise reduction in the area in front of the AS and in the acoustic shadow zone.

The work was supported by the grant of Russian Foundation for basic research
MNe14-08-00186.
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Humepevio ¢ oupexmopom HIIK CEBMOPIEOCTPOH
I0.B. Cmupnosévim HnHa memy  Hepapyuwiaruieco
KOHMPONA KA4ecmea u32omoe1eHus 0ypoHaoueHuix ceai

Memoowi KOHMPOJIsi Kauecmea U320MoGIeHUs
OYPOHAOUBHBIX CB8ali NOOPA30eNAMCA HA 084 OCHOBHLIX
Hanpaenenus: mpeodylowue YacmuyHo20 paspyuleHus
bemona 6 cmeonax ceau, U, MmMaxK Hazvleaemvle,
Hepaspywiaoujue Memoobsl, NpUMeHeHUue KOMOpPbIX He
CB853AHO C HapyuleHUueM Yelo0CMHOCMU KOHCMPYKYULL.

O mom, Kak 2mo 6vleA0Um HA NPAKMUKe, Mbl NONPOCUNU
pacckazamov  oupekmopa HIIK CEBMOPI'EOCTPOU
FOpusa Cmupnosa.

— Opui Bnadumuposuy, umo cob6ou npedcmasisiom
Hepaspywaroujue mMemoosbl KOHMpPoisa?

— K HUM OTHOCAT yJIBTPa3ByKOBOM KapOTax, raMMa-KapoTax U
JUHAMUYECKUM MeToj. Bce OHM MIMPOKO MpEACTaBJICHBI 3a
pyOeKoM B pa3BUTBIX CTpaHax, rJe NpuMeHstorces ¢ 70-X rojaos
npouuioro Beka. C IOMOIIBIO YIBTPa3BYKOBOI'O KapoTaka
OCYILECTBIIIIOT KOHTPOJIb OJHOPOJHOCTH OETOHa B CBasX,
MOCTOBBIX YCTOSAX U IPOYUX COOPYKEHMsX. /[ 3TOro B cBaro
3apaHee Ha BCIO €€ JJIMHY 3aKJIa[bIBalOTCA METAJUIMYECKUE WU
IUIACTMAccoBble  TPYOKM  JUIsi  pa3MeIllleHuss B HHX
yABTPa3ByKoBoro mpeobpazoBarens. C  HX  HOMOILBIO
KOHTPOJIMPYIOT CIUIOIIHOCTh O€TOHA, 3aKIOYEHHOI'O MEXIY
TpyOKamH.

Ecnu Ha nmyTH npoXok/1eHus1 BOJIH BCTPEYAIOTCs] KaKHe-ITu00
neGeKkTsl, 3TO  yYMEHbIIAeT  CKOPOCTb  HPOXOXKICHHUS
yIbTPa3ByKOBOIO HMITYJIbCA, aMIUIUTYAy W HU3MEHsET (opmy
npuHuMaeMoro curHana. O nedexrax BHYTPH KOHCTPYKLUHU
MO>HO CYIUTh, KOTJa BpeMs MPOXOKICHUS CHTHaNa SBISETCA
3HAYUTEIbHO OOJBIIMM, YEM BpeMsl €ro MPOXOXKIACHUS Ha
OCTAJIBHBIX Yy4acTKax. Mim korga, CKaxeMm, CHTHal He
oOHapy’keH NPUHUMAIOLIUM JaTYUKOM. TO €cTh METOJ] OCHOBaH
Ha (DUKCHpPOBAaHMHM BPEMEHHM NPOXOXKACHUS YIbTPa3BYKOBOTO
CUTHAJIa 4epe3 cpely OT IepefaTdyvka [0 NpUeMHHKa. B
3aBHCUMOCTH OT ()M3MYECKUX CBOWCTB MaTepuaja MPOUCXOAUT
3aTyXaHUe aMIUIUTYIbl YIbTPa3ByYKOU BOJIHBI.

TpakToBKa pe3ynbTaTOB OCHOBBIBAETCS Ha COMOCTaBICHMHM OOHAPY>KEHHBIX aHOMAJHI C
TEMH, KOTOpble OBbUTM 3aperucTpUpOBAaHBbl B H3TOTOBJIEHHBIX OIBITHBIX CBasX, MMEBLIMX
W3BECTHBIE TUITNYHBIE 1E(PEKTHI.

Heocnopumoe mpenMyIecTBo 3aKkjo4aeTcsi B OTCYTCTBHH HEOOXOAUMOCTH M3TOTOBIICHHS
JIOTIOJTHUTEIIBHBIX 00pa3loB A ucnblTaHuil. KadecTBo peanbHON OETOHHON KOHCTPYKIMH

Puc. 1. Pazmemienue
YJIBTPa3ByKOBBIX
npeoOpaszoBareneil B Tene
CBau JIs1 KOHTPOJIA
CIUTOIITHOCTH
O0eToHa

42



NOISE Theory and Practice

BO3MOYKHO OIICHUTh HETIOCPEACTBEHHO HA CTPOUTEIIBHON TIJIOMIAIKE.
I[To Takoil ke METOJMKE OCYIIECTBIsAECTCA U TraMMa-KapoTax, TOJIbKO BMECTO
YIIBTPa3BYKOBOTO T€HEPATOPa MPUMEHSIOTCS PAIHOU30TOIIHI.

JlnHaMuyeckuid  KOHTPOJIb
MPOU3BOAUTCA C  MOMOIIBIO
MeXaHu4eckoro Momnora. FEro

KOHCTPYKITUS oOecrieyrBaeT
cOpoc  ymapHOW  dYacTu C
(buKCHPOBaHHOMN BBICOTBI.

MoJsoT uMeeT aBTOMaTHYCCKUI
3aXBaT M1l OCTAHOBKH yJIapHOM
YacTH IIOCIC €€ IIOJCKOKa B
MEpPTBOH TOYKE, 4YTO JacT
BO3MO’KHOCTh HCKIIIOYUTH
nepeaavy SHEPrUn
UCIIBITBIBAEMOM  KOHCTPYKIIHH
OT MMOBTOPHOTO yAapa.

Puc. 2. TlogrotoBka K NpoBeIEHUIO HEPA3PYILIAIOIIETO
KOHTPOJIS

Bce T MeTobl TO3BOJISIIOT, HANPUMED, BBISSBUTH HAPYIICHUS TEXHOJOTHU BBIMOJHEHUS
pabot, necobmoaenue 'OCToB u CHUIIoB, miu xe yCTaHOBUTH YHPOIICHUS YTBEP>KICHHBIX
MPOEKTHBIX PEUIEHU, HECOTJIACOBAHHBIC N3MEHEHUS.

— Ecmb nu kaxue-mo cneuuqbuuecxue 0cobenHoCmu SMUx Memooos?

— Ilpu mpoBeseHUN KOHTPOJII MPOYHOCTH OETOHA C MOMOIIBI0 HEPa3pyIIAOIINX METOJIOB
HA/IJISKUT YYUTHIBATh TO 0OCTOSITEIBCTBO, UTO BCE ATH METOJBI SBISIFOTCS KOCBEHHBIMU. Bee
HepaspylIaolie MEeTOAbl HMMEIOT OIpEJCJCHHbIE MOTPEIIHOCTH, KOTOpPhIE HYXKHO,
0€3yCIIOBHO, YYUTHIBATh NMpPU OLIEHKE MPOYHOCTH OeTtoHa. [losToMy HU OaMH W3 MPUOOPOB
HEpa3pyIIAONUIEro KOHTPOJII HENb3s HCIHOJb30BaTh, HE MOCTPOMB TI'PaJyUPOBOYHON
3aBUCHUMOCTH JJIsl Ka)X/J0ro KOHKpeTHOro OeroHa. OgHako MojaBisiioliee OOJIbIIMHCTBO
POCCHMCKHMX M 3apyOeXHbBIX NMPOU3BOAMUTENEH MPUOOPOB I'paAyHpPyeT CBOIO MPOAYKIHUIO B
€IMHUIAX TPOYHOCTH. MEXIy TeM Takas rpaJyHpOBKa MOKET OBITh TOCTPOCHA TOJBKO IS
KaKHMX-TO BIIOJIHE OINPEEICHHBIX YCIOBUN U HE SIBIISIETCS YHUBEPCAIBHOM.

- Hackonvko Pacnpocmparenvl
MEmMoObl  HEPA3PYUaoue2o KOHMpOos
npouHocmu 6emoHa 8 Haulel cmpane?

— DOTO HampaBlieHHE Yy Hac I[OKa
pasBuTo cnmabo. OHO Jenaer JHWIIb
nepble mard. Ho wMbel cMmoTpuMm B
Oynymiee ¢ onTuMu3MoM. M miis aToro
€CTh MIPUYUHEL. Ectp ocTpast
HEOO0XOINMOCTh TEXHHYSCKOMN
SKCHEPTHU3bl 3[JaHUN M COOPYKEHUH, S S :
HaxoJAIIMXCA B OKCIUIyaTalluM Ha  Pyc. 3. Metoauka KOHTPOJISI TO3BOJISIET BBISIBIISITH
MNPOTAKECHUU JJIUTCIIBHOI'O BPCMCHU. HapyIICHHUs] TEXHOJIOTUH BBITIOJIHEHUS paboT
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Humepevio ¢ oupexmopom HITK CEBMOPIEOCTPOMH F0.B. Cmuprosvim na memy waosiuje2o Konmpois
Kawecmaea uzeomosienust OypoHabusHvlx céail

Kpome Toro, B Poccuu cymiecTByer OOJIBIIOE KOJIMYECTBO HEIOCTPOCHHBIX OOBEKTOB U
JUISE TOrO YTOOBI BO30OHOBUTH HX CTPOHMTEILCTBO, CJICAYET IPOBECTH IPEIBAPUTCILHYIO
OIICHKY MX IPOYHOCTHBIX XapaKTECPHCTHK. PacTeT M KOJHMYECTBO OOBEKTOB, BO3BOJUMBIX C
MTOMOIIbIO TEXHOJOTUH MOHOJUTHOTO JIOMOCTPOCHHUS. [Ipy X CTPOUTENBCTBE CICIHAIUCTAM
MIOCTOSTHHO TPHXOAMTCS OIEPATHBHO ONPEICIATh pacralyO0dHyl MPOYHOCTh OeroHa. Ha
3aBOJIaX JKeJIe300€TOHHBIX M3/ICNIMI B CBSA3M C BO3pAaCTAHHEM KOJIMYECTBA M 0OBEMOB 3aKa30B
BO3HUKIIA HEOOXOAMMOCTh OBICTPOTO  OMpPENECICHHUS MPOYHOCTHBIX  XapPaKTEPUCTUK
W3rOTABIIMBAEMbIX KOHCTPYKITUH.

Bce 5TH 3agauM MOXXHO M HYKHO peliaTh € MOMOIIBI0 METOJOB HEpa3pyIIAroIIero
KOHTPOJIS.

Iloozomosun Cepeeui Bacunves, 0603pesamens cmpoumenbHo20 KOMNIEKCd
Canxm-Ilemepoypea u Jlenunepaockoii ooracmu
E-mail:sergo7205@gmail.com
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About the possibility of using acoustic screens, made on the basis of
Helmholtz resonators, to reduce noise

Kalinichenko M.V."
Senior Lecturer of the Department "Technosphere safety”, Murom Institute of Vladimir state
University, Orlovskaya, str., 23, Murom, 602264, Russia

Abstract

The article considers the urgency of the problem of noise control in urban areas, the means of
protection against noise on its propagation path from the source to the protected object, the most common of
which are acoustic screens and Helmholtz resonators. The possibility of using acoustic constructions made on
the basis of Helmholtz resonators is tackled upon in this paper. The results of the experimental data, both in
terms of a reflected sound, and the level of absorbed sound are analyzed. During the experimental procedure
resonating acoustic abilities of acoustic constructions were taken into consideration. The conclusions of the work
were made.

Key words: acoustic pollution, acoustic screens, sound insulation, Helmholtz resonator.

O 603MmodcHOCIU RPUMEHEHUA AKyCmUu4ecCKux 3Kpanoe, 6bIN0OJIHEHHbIX HA OCHOBE
pe3onamopoe FeJleZOJlbl(a, 0J151 CHUDICEHUA wyma

Kanunuuenxo M.B.”
Cmapwuii npenodasamens kagedpwi « Texnocgepras bezonacnocmovy, Mypomckuii uncmumym (¢unuan)
Braoumupckozo zocydapcmeennozo ynueepcumema, 2. Mypom,
Braoumupckoii obnacmu, ya. Opnosckas o. 23, PO

Annomayus

Toxazana axmyansnocms npodiemvl 60pbdbl ¢ WYMOM HA YPOAHUBUPOBAHHBIX NPOCMPAHCMEAX.
Paccmompenvr cpeocmea 3awumel om wiyma Ha nymu e2o pacnpoCmpanenus Om UCMoYHUKa 00 3auuyaemozo
0bvexma, CcambiMy pacnpoCMpaHenHbIMU U3 KOMOPLIX AGIAIOMCA AKyCMUYECKue SKpaubl U pe30Hamopbl
Tenvmeonvya. Paccmompena 603MOMCHOCHb NPUMEHEHUs AKYCIMUYECKUX KOHCMPYKYULL 8bINOJIHEHHbIX HA OCHO8E
pesonamopos ['envmeonvya. Onucana IKCNEPUMEHMANbHASL MOO€Nb  AKYCIMUYECKO20 JKPAaHd, d UMEHHO
aKycmu4eckuil 9KpaH, GbINOAHEHHBII 68 GUOe PE30HAMOPA C PA3TUYHOU WUPUHOU 3A30pa WeNeblX OMEePCMuUlL.
IIpoananusuposansl pe3ynbmamol NOIYYEHHBIX IKCHEPUMEHMATLHBIX OAHHLIX, KAK NO YPOGHIO OMPANCEHHO20
38YK06020 CUCHANA, MAK U NO YPOBHIO NO2IOWEHHO20 38YKOB020 CUcHand. B xode sxcnepumenma yuumoi8aiucsy
pesonupylowue choCOOHOCmuU camux akycmudeckux koncmpykyuil. Coenanvl 6616006l 0 npodenantol pabome.

Kniouesvie cnosa: axycmuueckoe sazpssHenue, aKycmuieckue Kpanbvl, WyMO3auuma, pe3oHamop
Tenvmeonvya.

Introduction

Urbanized areas (cities) account only for a few per cent of the world land area, but
more than a half of the world population lives there. The expansion of urbanized space creates
many environmental problems, including health decline due to the exposure to external
factors.

For a long time cities were formed without any scientific planning and optimization
of industrial, residential, recreational and buffer zones. This led to a merger or a mutual
penetration of these areas and aggravated environmental situation of cities, especially large
ones.

One of the most important factors influencing the health of the population of the city
IS noise. The adverse acoustic conditions can lead to cardiovascular disease and nervous
system pathology in the most susceptible segments of the population. Recent research found

E-mail:marinakali@mail.ru
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out that under the influence of noise there appear changes in organs of human vision
(resistance of clear vision and visual acuity reduce, sensitivity to different colors changes,
etc.), take place negative changes in vestibular apparatus, the function of the gastrointestinal
tract impairs, intracranial pressure increases, body metabolic processes occur, and so on.

According to the authorities in the Russian Federation more than 35 million people
live in conditions of acoustic discomfort. The State report "On the Condition and
Environmental Protection of the Russian Federation in 2011" shows that in the settlements
through which the motorway of federal and regional significance pass, noise level exceeds the
allowable value by 25 dBA even during the day [1]. These highways are mainly related to the
classes of noise from I - low noise (from 55 dBA to 60 dBA) to V — very noisy (from 75 dBA
to 80 dBA) [2].

Increased noise along with air and soil pollution, are included into the "triad" of
ecological environmental factors, massively influencing the morbidity of population.
Therefore, the acoustic improvement of urban areas, creating the optimum acoustic
environment is an important task of contemporary spatial planning.

The aim of the article is to study the possibility of increasing the effectiveness of
anti-noise devices in solving the problem of acoustic noise level reduction in urban
environments.

1. Means of noise protection

One of the most widespread means of the protection against noise on its propagation
path from the source to the protected object is acoustic screen (AS) [3]. Acoustic screens of
different designs are used both in our country and abroad. The problem of acoustic noise
reduction screens is investigated in the scientific works of Russian scientists: V.A. Aistov,
V.P. Gusev, B.G. Prutkov, N.I. lvanov, G.L. Osipov, P.l. Pospelov, I.L. Shubin, N.N. Minina,
N.V. Tyurin and others.

The work of the acoustic screen is based on several principles among which the
reflection and absorption of an incident sound wave (fig.1) are the most important. Protection
effect is achieved in the area of acoustic shadow (behind the acoustic screen) [4].

1 —a source of noise; 2 — an acoustic screen; 3 — an area of sound shadow;
4 — an incident sound wave; 5 — a reflected sound wave; 6 — a transmitted sound wave.
Fig. 1. Operating principle of an acoustic screen

The studies [4, etc.] showed that the AS has an efficiency of 3 to 22 dBA, depending
on geometric parameters, the material used, location and other factors. The normative
documents containing the recommendations for designing noise protection of areas adjacent
to roads and railways with the help of AS were worked out [5].
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The following drawbacks of an AS can be pointed out:

1) creates a sense of limited space for drivers;

2) reduces the illumination and results in a limited view, color and distortion of the
image;

3) limits walking availability of gated section of the route (if immediate assistance is
necessary, or if you need to leave the part of the route quickly);

4) high cost of materials — an average of 3 to 10 thousand rubles per square meter
excluding installation operations. For the effective protection against noise the recommended
height should be not less than four meters;

5)when installing the power of sound of reflecting panels practically does not reduce
its strength, but only changes its direction that creates a directional flow at an angle to the
vertical line, which stuns the residents of the upper floors, flying birds and results in an
increased vibration of air above the road.

Another common protection remedy is the use of acoustic resonators. The use of
passive resonators created on the basis of Helmholtz resonator for noise absorption and noise
dissipation is described in the works of L.K. Gorohova, K.A. Velezhavina, B.M. Efimtsov,
L.A. Lazarev, D.A. Elin and others.

The construction of the air resonator consists of two parts — the front and rear. In the
front part there is a neck characterized by the parameters of length/ depth (b) and cross-
sectional area (S). The rear part is a volume (V) (Fig. 2,a).

s [

b c

a— construction; b — deformation of the front of the incident wave; ¢ — return of the stored
energy into the surrounding space (formation of a standing wave).

)

Fig. 2. Principle of operation of the acoustic resonator

The principle of operation of the resonator is based on the formation of a standing
acoustic wave of a different phase (Fig. 2,b and 2,c). After the contact of the front sound wave
with the front of the resonator, the flow rate of the particles in the neck has the greatest
velocity, and therefore, has kinetic energy. The rear part is closed and has a volume (V),
which provides compressive accumulation of potential energy. In the resonator oscillations
occur even from a relatively weak sound waves impinging on them. Resonators, depending on
the phase of the standing wave forming in the construction can both amplify and attenuate a
sound signal [6].

The natural frequency (Hz) of the resonator is calculated by the formula

_C s
27 \V -1

where, f — the natural frequency of the resonator, Hz;
C — the velocity of a sound in the medium, m/s;
S — the area of the mouth lip of the cavity, m?;
V — the volume of the cavity, m;
| — the length of the cavity neck, m.

, 1)
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If the slotted openings are used instead of a series of round holes the formula (1)
obtains following form:

C b
2z\L-h-1"’ @)

where, | — the depth of the cavity gap, m;

b — the width of the gap, m;
L — the distance between the gaps, m;
h — the depth of the cavity, m.

The main advantage of resonators in comparison with other alternative means of
passive noise control is a small size of their wave. In a free-space maximum characteristics of
absorption and scattering cross sections of resonators depend on a single parameter — the
length of the sound wave [7].

2. The development of experimental models of acoustic screens based on
Helmholtz resonator

To evaluate the performance of AS in the studies an acoustic booth was used, which
consisted of an acoustic chamber, an audio frequency generator and a sound level meter. The
acoustic chamber is a rectangular construction assembled from sheets of chipboard, sheathed
inside with several layers of sound-absorbing material.

In this work a construction, made in the form of an acoustic screen, combined with
Helmholtz resonator [8] is proposed as a way of protection against noise. The front panel is
perforated with vertical slot gaps forming the neck of the cavity. The screen can be made of
different sheet materials. To maximize the effect of AS these materials must be able to
maximum air damping, i.e. have the property of sound suppression [9].

The analysis of interdependencies of AS main characteristics shows, that the change
of the natural frequency of the resonator at constant | and L, as it follows from (2) is
substantially determined by the ratio of the clearance of the cavity b and the depth of the
cavity h. Fig. 3 shows the results of simulation of frequency f on the above mentioned
parameters when they are changed in the ranges of: b=0.1...1 mm, h=2...80 mm. Obviously,
the change of frequency largely depends on the variations in the depth of the cavity.

When designing the test model, this indicator had a special significance. Due to the
limited dimensions of the acoustic chamber maximum depth of the cavity could be no more
than 100 mm. But due to the fact that this acoustic system is a system with distributed
parameters, the given ratio (2) is valid only in cases when the depth of the cavity is less than a
quarter of the sound wavelength, and the dimensions of the neck are less than two
wavelengths [7]. On a standard frequency of 1000 Hz a quarter of the wave constitutes
75 mm. This satisfies the condition the constructed acoustic booth usage.

Proceeding from the above an experimental AS-resonator model was created (Fig. 4).
The front of the resonator is made of a steel sheet in which vertical slots were made at a
regular distance (L=40 mm). Functions of the neck (I=15 mm) are performed by angle-shaped
profiled elements mounted in the slots with the possibility of adjustment relative to the
horizontal plane of the front panel and the fixing of this position. This solution provides the
possibility of adjusting the width of the slot gap (b=0...1.5 mm) without disassembling the
structure of the screen.

The rear part is a rectangular sealed chamber with a depth h=75 mm. The basis of the
body is made of wooden bars, the rear panel is made of a steel sheet.
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Natural frequency, Hz

Fig. 3. The relations between the width of the gap, the depth
of the cavity and the natural frequency of the resonator

Fig. 4. Model of AS, made on the basis of Gelmgoltz resonator

3. The methodology of experimental studies

The AS-resonator was placed in the middle part of the chamber in two positions:
forward, necks were towards the source of the acoustic signal, and the reverse, the rear part
was towards the source (Fig.5). The measurements were performed on standard center
frequencies 31.5; 63; 125; 500; 1000; 2000; 4000; 8000 Hz. Since most interest from the
point of view of protecting human hearing system is the range from 1000 Hz to 4000 Hz, the
measurements were carried out in steps of 100 Hz. For simplicity, the experiment studied the

49



Kalinichenko M.V.
About the possibility of using acoustic screens, made on the basis of Helmholtz resonators, to reduce noise

AS reaction to the signal at four fixed values of the gaps — 0.25; 0.5; 0.75 and 1.0 mm. In each
case, a series of measurements was carried out and the average statistical value was
determined.

—_ —_—
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2 4 6 7
1 —a source of a sound signal; 2 — a sound level meter microphone in the control
of the reflected wave; 3 —an incident sound signal; 4 — a reflected sound signal;
5 —an AS-resonator; 6 — a transmitted sound wave; 7 — a sound level meter microphone

in the control of the transmitted sound wave
Fig. 5. The scheme of the experiment conducted
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The assessment of the degree of acoustic signal attenuation is performed for the case
of reflection of the incident sound wave on the front panel of the AS and for the case of sound
transmission through the plane of the screen into the shadow zone. Quantitative estimations of
signal attenuation in the upright AS position were obtained when comparing levels with the
case of the screen in the form of a blind steel wall (the screen is installed in the reverse
position). Ratings for the case of signal transmission into the shadow zone were received in
the same way as a difference in level at different AS positions.

4. Practical measurements and conclusions

Estimates of changes in signal levels are shown in Fig. 6 and 7.

Fig. 7 shows the changes in the levels of the signal reflected from the AS in the case
of its direct location. In fact, we are talking about the noise level attenuation in the area
immediately adjacent to the screen. Estimates are given for the four values of the gaps.

A positive value on the axis of ordinates means a reduction of the audio signal when
using the AS with resonators in comparison with the screen in the form of a blind wall.
Accordingly, negative value indicates an increase in the level, i.e. resonance at a given
frequency.

It can be seen from the histograms that in the case of existing design features of a
particular model of the screen both attenuation and amplification of the reflected signal occur.
Thus, when the gap size is 0.25 mm (Fig.6,a) and 0.5 mm (Fig.6,b) we can generally speak
about positive effects in terms of reducing the level of acoustic signals. There are some
resonance phenomena at certain frequencies, including "splashes” to the level of 5-10 dB.
When the gap is 1 mm (Fig.6,d) resonance phenomena are more pronounced. And the obvious
dominance of resonance phenomena occurs when the value of the gap is 0.75 mm (Fig.6,c).
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The changes in the levels of the transmitted signal (an acoustic shadow zone) are
shown in Fig.7. The presented histograms prove that, as in the first case, both attenuation and
amplification of the transmitted signal take place. As a whole, we should speak about the
dominance of a positive result (signal attenuation) (Fig.7,a,b,d) with individual resonance
manifestations. Exception, as in the first case, is a variant with a gap of 0.75 mm (Fig.7,c),
where the resonance phenomena occur half the time.

Conclusion

At this stage we can formulate the following conclusions:

1) as it is shown by the laboratory experiments, the use of acoustic screens based
on Helmholtz resonators provides upon the whole a positive result — attenuation of the level
of acoustic noise — and this effect is observed in the area situated both in front of the screen
and behind it, in the area of acoustic shadow;

2) the presence of resonance phenomena requires a preliminary analysis of the
spectral composition of the dominant acoustic noise in a particular area of the urban
environment in order to "choose" the design parameters of the screen, providing at minimum
the absence of the relevant resonance at significant range frequencies;

3) a further research should be directed to the combination of different gaps that
can provide mutual compensation of possible resonance phenomena.

The work was supported by the grant of Russian Foundation for basic research
MNe14-08-00186.
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YCeTpoiCcTBO JIsl 3AIUMTHI 0T BUOpaLMU

*
Kopuarun A.b.
Jouent, OMCKuil rocyapCTBEHHbIN TEXHUUECKUA YHUBEPCUTET,
r. OMck, npocnekt Mupa, 11, PO

AHHOTaNUA

ITpoGnema co3manus ycTpOWCTBa BUOPAIMOHHOM 3alUThI 3aKII0YACTCS B 00ECIICUCHNH KauecTBa Kak
yOpyrux, Tak ¥ JEMI(QUPYIOIINX CBOHCTB IOJIBECKH. PelIeHHEe COCTOMT B NPOCKTUPOBAHUM YINPYTHUX H
JeMIUPYIOMNX 3JIEMEHTOB IOJBECKH C COIOCTABIMBIMH MOIITHOCTSMH. llenbl0 MaHHOM CTAaThH SIBISETCS
000CHOBaHNE TPHMEHEHHUS B OJHOM YCTPOMCTBE YIPYruX M AEMI(HUPYIONNX 3JIEMEHTOB C PaBHOLCHHBIMH
BO3MOXKHOCTSMHU. MCHonb30BaHUE B IMOJABECKE MACCHBHOTO YNPYrOro 3JIEMEHTA COBMECTHO C YNPAaBISEMBIM
JeMngpepoM MOXKET NPHBOAUTH K CHIDKEHHIO 3()(EKTHMBHOCTH MOCIEIHET0 M HaobopoT. /luccunaTruBHbBIE
CBOMCTBA ITHEBMAaTHYECKUX YIPYroAeMII(QUPYIONIUX AJIEMEHTOB XYK€ TAaKOBBIX y THIPABINYECKUX JIEMII(EepOB.
TexHu4ecKHe BO3MOXKHOCTH YIPABISEMBIX YHNPYTUX W AEMI(UPYIONIMX 3JIEMEHTOB MOTYT YJIOBIETBOPSTH
TpeOOBaHUSAM B3aUMHOTO COOTBETCTBHSA. CTaThsl COCTOUT M3 CIEAYIOUIMX Pa3/eliOB: BBEICHHS, TEOPETHUECKUX
OCHOB, OIKCaHWsI ITHEBMATHYECKOTO M  MAarHUTOPEOJOTHYECKOro JAeMI(UPOBAHUS, aHAIUTHYECKOTO
NpPEJCTAaBICHUS IUHAMUKH CUCTEMBI U 3aKITFOUEHHS.

KaroueBble cjoBa: BHOpanMOHHAs 3allUTa, NMHEBMAaTHYECKas INpPYXKHHA, MarHUTOPEOJIOTHYCSCKUI
nmemrdep.

The device for protection against vibration
Korchagin A.B.

Assistant Professor, Omsk State Technical University, Omsk, Russia

Abstract

The problem of creating a device vibration protection is to ensure the quality of both elastic and
damping properties of the suspension. The solution is to design the elastic and damping of the suspension with
comparable capacities. The purpose of this article is to study the use of a single device elastic and damping
elements with equivalent capabilities. Using the suspension passive elastic member together with the controlled
damper can lead to reduced effectiveness of the latter and vice versa. Dissipative properties of pneumatic
elastic-damping elements are worse those of hydraulic dampers. Technical possibilities of elastic and damping
controlled elements may satisfy the mutual correspondence requirements. The article includes the following
sections: introduction, theoretical foundations, describing pneumatic and magnetorheological damping
analytical representation of the system dynamics and conclusions.

Key words: vibration protection, air spring, magnetorheological damper.

BBenenne

HeusmenHoit npo6iaemMoit mpu co3aHUM CUCTEMbl BUOPALIMOHHON 3aIUTHI SIBIISETCS
o0ecrieyeHHe OJMHAKOBOIO KadecTBa KakK YIPYrMX, TaKk M JAeMI(UPYIOIIUX CBOWUCTB
noaBeckd. [Ipm 3TOM OYEBHIHO, YTO OMNPEIEICHUE NAapaAMETPOB CHCTEMBI IOJBECKH
OCYILECTBIISICTCSI B COOTBETCTBMM C HPEAbABISEMBIMH K JaHHOW cHCTeMe TpeOOBaHUSIMH,
M03TOMY CcB00OJIa BHIOOpA 3aBHCHUT, B MEPBYIO Ouepellb, OT 00JACTH MPUMEHEHUS CUCTEMBI
3aIIUTHI, @ UMEHHO TPAHCIIOPTA, CEMCMHUUYECKON 3aIUTHI, TPAXIAHCKOIO U IIPOMBILUIEHHOTO
CTPOUTEIBCTBA, CTPOUTENBCTBA U IKCIUTyaTalluh MOCTOB U T. [I.

B npouecce pa3BuTus OABECKU €€ OCHOBHBIE JJIEMEHTHI CYLIECTBEHHO U3MEHUIINCD.
Bo MHoOrumx ciydasx MeTayuIM4ecKue YIpYyrue 3JIEMEHTHI (TSDKEble W IIyMHbIE JHCTOBBIE
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peccopbl M CKPMILSIIIUME IPYXKUHBI) 3aMEHSIIOTCS YINPYTMMH 3JEMEHTAMH Ha OCHOBE
PE3NHOKOPAHBIX 000JIOUEK, OIBIT IPUMEHEHHUSI KOTOPhIX OTHOCHUTCS €llle K EPBON MOJIOBUHE
19 Beka, M TOJNBKO OTCYTCTBHE MATEPHAIIOB KapKaca C¢ HEOOXOJWMBIMH TEXHHUYECCKHUMH
XapaKTepUCTUKAMU  SIBWIOCh ~ NPUYMHON  3aJ€PKKU  IIMPOKOTO  HMCIOJIb30BaHUS
[THEBMaTUYECKUX YIPYTUX JIEMEHTOB.

[IpakTuKoil MOATBEPKACHO, YTO MHEBMATUUYECKHE YIPYTUe 3JIEMEHTHI, Ha3bIBa€MbIe
TaK)K€ MTHEBMATUYECKUMU PECCOpPAMM WIN MMHEBMaTUYeCKUMU npyxkuHamu (nanee I111) nerue
U JIOJTOBEYHEEe METaUIMYECKUX AaHaJIoroB, YTO OHM, BIPOYEM, KaK U THUJPABINYECKUE
aMOpTHU3aTOphl, O00JaJal0T OAHOBPEMEHHO YIPYTMMH CBOWMCTBAaMH U  CBOMCTBaMHU
pacceuBanus (quccunanuu) sHeprud [1]. B Hacrosiiee Bpems pa3paboTaHbl MTHEBMATUYECKUE
NOJBECKM HAa  OCHOBE  pe3MHOKOpAHbIX  obonouek (PKO) ¢ ympaBisembiMu
yIpyroAeMnQpupyroIUMHI XapaKTePUCTUKAMHU.

HHTeHCMBHOE pa3BUTHE OJHOBPEMEHHO MPOUCXOMMJIO B 00JacTH  CO3JIAHHS
IeMIGUPYIOUIMX 3JIEMEHTOB CUCTEM BHOPAIIMOHHOM 3alIUThl. B KOHIIE MIECTHAECATHIX T0JI0B
IIPOLIOTO BeKa OBbLIO MPEASIOKEHO HPUHATH K CBEJIEHUIO, YTO «...Ha COBPEMEHHOM YpOBHE
pa3BUTHS TEXHUKHU Hanboliee JeTKMMH U KOMITAKTHBIMU MIPU OJAMHAKOBOW MOIIHOCTH MOTYT
OBITh TOJIBKO THAPABINYECKAE aMOPTHU3ATOPBI, KOTOpPbIE O0JAaJAI0T TaKXKe JOCTYITHOCTBHIO
PEryJIMPOBKU U CTAOUILHOCTHIO XapaKTEPUCTUK B IIMPOKOM JHAaNa3oHe 4acTOT KoJjeOaHui
(mo 20 Tm)...» [2]. Buumanme wuccrnemoBareneii oOpaimaeTcs TakkKe Ha PaCHIMPEHHE
NPUMEHEHUS YCTPOWCTB, PETYIUPYIOIIUX XapaKTepPUCTUKUA Kak YIOPYrux, TaKk U
paccerBarOIIMX PHEPIHI0 YCTPONCTB B COOTBETCTBHM C M3MEHEHUEM IapaMEeTpOB CHUCTEMBbI
BUOPALIMOHHOMN 3alIUTHI: «B COBpEeMEHHBIX MOJBECKAX BCE LIMPE MPUMEHSIOTCS YCTPOMCTBA,
perylupyomme XapakTepUCTUKU YIIPYTUX AJIEMEHTOB U aMOPTU3aTOPOB B 3aBUCUMOCTH OT
M3MEHSIOIIMXCS TapaMeTpoB cUCTeMbl. B Hemanekom Oyayiiem, O4eBHAHO, PETYIUPYIOLINE
YCTPOMCTBA TOJABECKHM CTaHYT €€ HEOThEMJIEMBIM M BAXHEHIIMM 3JIEeMEHTOM» [2].
BrickasbiBaHusT OTHOCHJIMCH K OyayliemMy aBTOMOOWJIBHOM OTpaciy, OJHAKO OHH II0-
NPEKHEMY aKTYyalIbHBI, T. K. HIMEIOT OOIIMK XapakTep, U B HACTOAIIEEC BPEMsI BOIUIOIICHBI B
METOJIMKAaX MPOEKTUPOBAHMS CHCTEM YympaBiieHus [3, 4] s pa3IuyHbIX HPOMBIIUICHHO
BBIIYCKAE€MbIX YCTPOMCTB BUOPAIIMOHHOM 3aIIUTHI.

CoBpeMEHHBIE TOJIyaKTUBHBIE MarHUTOPEOJIOTHYECKUE, DIIEKTPOPEOJIOTUYECKUE U
Ipyrue aeMn@upyromye ycrpoiictBa odecrnednsii n30aBiIeHHE OT IPOMO3JAKHX U CIIOKHBIX
THJIPOCUCTEM B CHUCTeMax IMoJBecKu [4], B pe3yibTaTe CO3/aHbl «UHTEUIEKTyalbHbIE»
MOJIBECKH, KOTOpble O0ECHeuMBaIOT HE TOJBKO OE30MacCHOCTb, YAOOCTBO MCIIONb30BaHMUS,
COOTBETCTBUE JICHCTBHM TPAHCIOPTHBIX CPEJICTB JOPOXKHBIM  YCIOBHSIM 32  CYET
HENPEPHIBHOIO M3MEHEHUS! CBOWCTB TMOJBECKH, HO M YCIEIIHO NPHUMEHSIOTCS B APYTUX
001acTsX, paHee YIOMSIHYTHIX.

Hcxons u3 OILEHKM COCTOSIHMSI TEXHOJIOTMM BHUOpPAllMOHHOW 3allluThl, Haubosee
1es1ecoo0pa3HbIM B HACTOSIIEE BpeMs MPEACTABISIETCS COBMEIEHUE B €IMHOM yIpaBiIsieMoi
CUCTEME TMOJBECKH ITHEBMATUYECKUX YIPYroAeMI(UPYIOUIMX 3JIEMEHTOB Ha OCHOBE
PE3MHOKOPHBIX 000JI0YEK M MAarHUTOPEOJIOIMYECKHUX AeMI(UPYIOIUX YCTPOHCTB.

1. Teopeanecmle OCHOBBI

PazpaGotunk mnonBecku TpaHcnopTHoro cpeacta (TC) wuimer KOMIPOMHUCCHBIH
BBIXOJ, pemias ABe 3amaud. [lepBas coctoutr B obecreyeHUM YIpPaBlIEHUS OTHOCUTEIbHBIM
JBUKEHUEM MOAPECCOPEHHON MAacChl U OCHOBAHHUS B COOTBETCTBHM C COCTOSIHUEM CHCTEMBI;
BTOpas 3ajaya — W3OJSIMS ABMXKEHHS TOJPECCOPEHHOM Macchl OT JBMKEHHSI OCHOBAHUSI.
WneanpHas moJBeCKa MOAAECPKHUBACT IMOJPECCOPEHHYIO MAacCy, COXpPaHSAET YCTOWYMBOCTH
00BEKTa B IPOLIECCE YIPABICHUS, CO3JaeT KOM(OPTHBIE YCIOBUS JIIOJSAM, YIPaBISET
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IIOJIO’KEHUEM KOJIEC M Ky30Ba, YMEHBIIIAET BO3MOXKHOCTD NEPeladdl BEPTUKAIBHON CUIIB, T. €.
yCTpaHSET IPOTUBOPEUNS MEXKAY YIIPABISIEMOCTBIO U IIIABHOCTBIO JIBUKEHHUS.

B Hacrosimiee Bpems MHEBMATUYECKas MMOABECKA MCIIONB3YIOTCS B Pa3JIMYHBIX BHJAX
noasecok. HMcronb3oBanue IIII B modyakTHBHBIX IOJBECKAaX IO3BOJSET JOCTUYb
pE3yJIbTaTOB, HENOCTHXKUMBIX I METAJUIMYECKUX NMPYXUH. Baxkueimu cBoiictBamu I1IT nmpu
ucnoib3oBanuu B TC sBstoTes [5]:

— obecneuenue miaBHocTH xona TC 3a cueT HU3KON COOCTBEHHOM YacTOTHI;

— BO3MOXXHOCTb JOCTIDKEHHSI TIOCTOSHCTBA COOCTBEHHOM 4YacTOTHI CHUCTEMBI B
LIMPOKOM [JUana3oOHEe 3HAYEHUH IOJPECCOPEHHOM MacChl IIyTeM PETYJIUPOBAHHA HUX
CTaTUYCCKOM BEICOTHI;

— 3HAYUTENIBHO OoJiee COBEpLIEHHblE BUOPOMU3OJILMOHHbBIE xapakTepuctuku 111 B
o0nacTM BBICOKMX 3HA4EHMM JAMana3oHa 4YacTOT BO30YKIEHHS 110 CpPaBHEHUIO C
MEXAHUYECKUMU NIPY>KMHAMH, JOCTUTAEMBIE BCIIEJCTBUE CKUMAEMOCTH BO3yXa;

— NOCTOAHCTBO BbICOTHI 1111 i1 Bcex yciioBui Harpy3Ku IO3BOJISET NMOJACPKUBATH
IIOJIE3HBIN XOJI ITOIBECKH HEU3MEHHBIM KaK IIPU CKAaTHH, TaK U IIPU PaCIIUPCHUH;

— MEHBIIUE BEC U Pa3Mepbl BO3YIIHBIX MPYKUH 110 CPABHEHUIO C METAIIIMYECKUMHU
BUHTOBBIMHU IIPY>KMHAMHU C COIIOCTaBUMBIMU XapaKTEPUCTUKAMMU.

Jna npyrux oOnacreid npumenenus [III mepeueHp npeuMylecTB OTIMYAaeTCA
KOJINYECTBOM M (OPMYJIMPOBKAMHU, OJHAKO OOLIMMM BO BCEX CIydasiX SBISIOTCS, IIO
MEHBIIIEH Mepe, TPEBOCXOICTBO BUOPOU3OISAIMOHHBIX XapakTepucTrk [1I1 Ha 6osiee BRICOKHX
4yacToTaXx BO30YXKAEGHUS I10 CPAaBHEHMIO C MEXaHMYECKUMM MpPYXXMHAMH, OTHOLICHHE
BOCIPUHHUMAEMON Harpy3Kku K COOCTBEHHOMY BECY, a TAaKXKe IICHa.

B xauectBe HemoctaTtkoB IIII MOXHO OTMETUTH BO3MOJKHBIE TPYIHOCTH B
yrnpasienun TC u3-3a KpeHa BClieACTBHE HHU3KOW coOctBeHHOM dacTtoThl III1, HamGomee
OpUeMIIEMON Ui BUOPOU3OJISILIMY, NPHUYEM OciiablieHue MpoOJieMbl 3a CueT cTabuiau3aluu
KpeHa JeNlaeT IMOJBECKy OoJiee >KECTKOM, YTO HEXKeJIaTelIbHO; HEOOXOTUMOCTH OOJIBIIETO
yXo0Jla, YeM TpeOyloT MEeTaJUIMYECKHE MPY>KUHBI, 1 BO3MOXKHOCTb CJIy4ailHOrO MOBPEXKICHUS
OCTpBIMHU IIpeMeTamu [5].

2. IIneBmaTu4eckoe feMnpupoBaHue

[IpyHiMn 1DHEBMATHYECKOrO (BO3AYIIHOTO) JeMI(GUPOBAaHUSA 3aKIIOYAeTCs B
OpraHM3alMy IIOTOKAa BO3JyXa 4Yepe3 OTBEPCTHS OINPEAEIECHHOIO CEYEHUs 3a CYET
MTHOBCHHOTO IIepenaja JaBlIeHUs, T[A€ DHEPrus pacxoayercss Ha IPEoJOJICHHE
COMNPOTHBJICHUS JIBI)KCHUIO MOTOKA 4Yepe3 Ipoccei W/Win KIalaHHble YCTpOMcTBA U
comyTcTBymoIee BuxpeoOpasoanue [6, 7]. IIIl BwimonHseTrcs B BUJE JBYX OOBEMOB:
HEPEMEHHOT0 pabovero U MOCTOSTHHOTO JOMOIHUTENIBHOTO, MEX/Ty KOTOPBIMU NEPUOIUYECKU
CO3JaeTcsl JIBWJKEHUE IIOTOKA BO3JyXa WM JAPYroro rasa uepe3 KIAllaHHOE YCTPOWCTBO
(puc. 1). B »tom cnywae IIIl BeimonHsieT (QyHKIMM MHEBMATUYECKOTO aMOpTHU3aTOpa,
COBMeIIIas yIpyrue u 1eMnpupyome cBoicTBa.

Puc. 1. TIHeBMaTHUECKUI aMOPTU3ATOP
1 — paGounii 06beM, 2 — TONOJIHUTETBHBIN 00BeM, 3 — KJIallaHHOE YCTPOMCTRBO,
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p1— aBJeHUE B paboueM o0beMe, py — IaBJICHUE B IOTIOJIHUTEILHOM 00bEeME,
V1 — pabounii 00beM, Vo — TOTIOJHUTEIBHBIN 00BEM

[Tpouecc aemmndupoBanus npoucxonut B Il mpu co3ganmu mepenana JaBICHHIA
MeX1y 00beMaMu pabouuM U JIOTIOJHUTEIBHBIM KaK Ha Xoje 0TOO0s, TaK U Ha XOJIe CHKaTHs.
Nx o00beMbl COEIMHSIOTCS KPAaTKOBPEMEHHO I10 OKOHYaHWM XOJOB CXaTHs M 0T00s
MOCPEACTBOM KIIAMIAHHOTO YCTPONCTBA M PAa3bEIMHAIOTCA B Hayaje Ka)JIOro CIEIyIOIIEro
xona. TepMonuHamuyeckwe IMporecchl B paboueM o00beMe TNpU 3TOM  MPOUCXOMASAT
HENPEPBIBHO, a B IOTIOJIHUTEIEHOM 00bEeMe — JIUIIb B TEYCHHE KOPOTKUX OTPE3KOB BPEMEHU B
Hayase KaxI0ro Xo/a cKaTus u 0Toosl.

PaGoune pexumpl U auanazoH ympyrojaemndupyoomux xapakrepuctuk 111
OTIPENeNAIOTCA KOHCTPYKUMSAMH KIIAIAHHBIX YCTPOMCTB M MX HACTpOMKoW. OnTUMaibHbIE
pexxumbl  pabotel IIIl  ycTanaBnuBarOTCSI Ha OCHOBE OMNHMCAHMSI TEPMOAMHAMHYECKUX
nporeccoB, nmpoucxonamux B odbemax [III. B cucremy auddepeHnmnanbHbIX ypaBHEHUIH
BXOJIST YpaBHEHUS TUHAMHUKH 00bekTa BUOpannonHoi 3anmutel (OB) [6].

[IpyHUMIIBI  AaKTUBHOW M IOJYaKTMBHOM  ITHEBMAaTUYECKOM  ITOABECKH
c(hOopMyIIMPOBaHbI, a MPOUCXOIINE MPOIecChl AeTanbHO onucanbl B [8]. Konctpykuuu I111
C yIpyroaeMnpupyroImuMi XapakKTepUCTUKAMHI U3MEHSUIHCh U COBEPIICHCTBOBAIINCH, PO IS
MyThb Pa3BUTUS OT MIPOCTHIX YCTPOMCTB ¢ MexaHWyeckum ynpasienuem [9, 10] mo IIII c
yIpaBisieMbIMH KJIAlIAHHBIMU yCTpoiicTBamu [6, 7].

3. Marauropeojoruieckoe aemMmnpupoBaHmue

Haunbomee  cooTBeTcTByIOIIMMH  TpeOOBaHUSM  (DYHKIMOHAJIBLHOW  THOKOCTH
JMCCUIIATUBHBIMM YCTPOMCTBaMU SBISIOTCS MarHuTopeosiorndeckue (MP) nemndepst. Mx

JOCTOMHCTBA:  Majoe  IOTpeOJeHHe  DHEpruu,  OBICTPOACUCTBHE,  H3MEPSIEMOE
MHUKPOCEKYHIaMH, CO3/1aHue JeMII(PUPYIOIIMUX YCUIHHA TONBKO MPU HAJTMYUU OTHOCUTEJBHBIX
HepeMEICHU I JJIEMEHTOB IIOJBECKH, CTaOUIIbHOCTh CBONCTB paboueit

MarHuTopeosiorndeckoi xuaxoctd (MP >xuaKocT), JOCTATOUHO HIMPOKHUNA TeMIlepaTypHbIN
JAana3oH u T.1. [3, 4].

HemnupoBanue B MP nemndepe npoucxoaur npu JBuxeHud MP sxuakocTa noa
JAaBJICHUEM B IPOLECCE MPEOAOJCHHS] T'MJIPaBIMYECKUX COMPOTHUBIEHUI B 3a30pax MeEXIy
NOPUIHEM M CTEHKAMH LWJMHApA WIN B OTBEPCTUAX JApocceneil mopumHsa. Bsskocts MP
KUJKOCTH M3MEHSIETCSI MHOTOKPAaTHO MOJ JAEMCTBHEM MAarHWTHOTO IOJS, CO3/1aBa€MOI0
00OMOTKaMHU COJIEHOMJIOB, pa3MEIEHHbIMH B MOPILIHE WIM BOKPYI LMJIMHIpPA WIK OTBEPCTUH
npocceneit [3]. Ynpasnsemoe usmMeHeHne BI3KOCTH MP JKHUIKOCTH MO3BOJISIET YCTAaHABINBATD
HEOOXO/MMBbIE B JIAHHBIX YCJIOBHAX 3HAu€HHsI MOLIHOCTH Jemrdepa [2] B COOTBETCTBUH C
YPOBHEM U XapaKTepoM BHOpaIuu.

OnHOM M3 OCHOBHBIX PACUYETHBIX CXEM MOIyakTHUBHBIX MP nemmndepoB sBisercs
M3MEHEHHasl MOJIEJIb BA3KOYIPYroro rena (puc. 2). AIrOpUTMbI TOJYaKTUBHOTO YIIPABICHUS
omnucassl B [3].

mg 0] | | 2

Puc.2. I3mMeHneHnHas MOJEINb BA3KOYIIPYroro Teia

B wuccinenoBaHuMM, IIOCBALIEHHOM YIPABISEMBIM IIOJYyaKTUBHBIM  IIOJBECKAM,
UCIIONIb3YeMBIM Ha cynax [11], mpeacraBiena rucrepesucHas Mmozenb byka-Baus, B koTopoit
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MP nemndep ycranosimen mapawienbHo ¢ maccuBHoOU I, obcyxkmaroTcss mpeumyiecTBa
MPUMEHEHUS YIPYroro M ASMI(PUPYIOMIETO B OJHOM YCTpoicTBe. Takas oObenuHEHHas
CUCTeMa BUOpPOM3OJIALIMM BECUT MEHBIIE, YEeM JIB€ OTHENIbHbIE CHUCTEMbl — YyOpyras u
nemndupytomas. JOCTOMHCTBOM MOJENH SBISIETCS TO, YTO BO BHUMAHHUE MPHUHSITHl Kak
yrpyrue, Tak u aemimdupyromnue csoiicrsa I1I1 (puc. 3).

mgl06)

Puc.3. TlapannenpHoe coeMHEHUE MarHuTopeosioruaeckoro nemmdepa (MP nemmdepa)
Y acCUBHOMW MHeBMaTu4eckon nmpyxunsl (I11T)
¢ (ITIT) u k (ITIT) — mapaMeTpsl )KeCTKOCTH U AemMiipupoBanus naccuBHou 111,
co, Ko, c1, k1 u Bouc-Wen — mapamerpsr MP nemmndepa,
d, y u z — cmemenus ocHoBanus, MP nemndepa u 00bekTa BHOPAIMOHHOM 3aIIUTHI.

Astopamu [12, 13, 14] ucnonb3yercsi cxema MOABECKH, B KOTOPOW H3MEHSIOTCA
XapaKTepUCTUKU YIPYrux u Aemndupyrommx snemMeHToB (puc. 4). Ilpennoxennas B [12]
ruOpuaHas  CHCTeMa  IIOJBECKH, COJepKamas  OCCCTYNEHYAThI  THIPABIMYCCKUN
MOJyaKTUBHBINA JleMriep U MPYKUHY, )KECTKOCTh KOTOPOM PEryinupyercs IOMOJTHUTEIbHBIM
MIPUBOOM, YCTAHOBJICHHBIM ITOCJIEI0BATENBHO IpyX)uHe. HemocTatkom ycTpoiicTBa sIBIIETCS
MCIOJIb30BaHNE METAJUIMUECKOM MPYKUHBI B KAYECTBE OCHOBHOTO YIIPYTOro 3JEMEHTA.

mg (0B)

A7

kit clt)
TZd

Puc. 4. Cxema MoIBECKH ¢ H3MEHSIEMBbIMU XapaKTEPUCTUKAMHU YIPYTUX
U IeMIIHUPYIONIUX AIEMEHTOB, ¢(), K(t) — mapamerps! geMupoBaHust 1 )KECTKOCTH,
duz — cMemeHuss OCHOBaHHs U 00BEKTa BUOPAITMOHHON 3aIUThI

4. AHaauTHYeCcKoe NpeaACTaBJICHUE TMHAMUKU CUCTEMbBI

Tak Ha3piBaeMass wujeanbHas JIMHEHHas MOJAENb Ui IOJIyaKTUBHOM CHCTEMBI
BUOpPALIMOHHOM 3a1UThI (puC. 2) npejcTaBieHa B Buje [S]:

mz+(B+c,)z+kz=(B+c,)d +kd, 1)

IJIe B JICBOW YaCTH PACIOIOXKEHBI XapaKTEPUCTHKH CHUCTEMBI, B TPABOM YaCTH — BHEIIHUE
BO3MYIIEHUS, JEHUCTBYIOINE HA CUCTEMY:

Z — abCOIIOTHOE CMEILICHHE, M,

Z — CKOpOCTh, M/C;

7 — yckopeHue maccbl, M/c’;

d — cMmeleHre OCHOBaHMS, M;
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d — ckopocTh ocHOBaHHS, M/C;

M — moJpeccopeHHas Macca, KT,

¢s — Kod(urment aemipupoBaHusi, Kr/c;
K — 5KeCTKOCTb TPYKUHBI, KI/c2.

Koaddunment nemndupoBanus «c» COOEpKUT COCTABISIONINE AeMI(epa U JPyrHxX
IeMI(pUPYIOMMX 3JIEMEHTOB CHCTEMBbI, 3HAY€HUS KOTOPBIX Mallbl 0 CPAaBHEHHUIO C
neMnoupyromeid cunoi ngemmdepa. 3menenne [ ¢ TeYeHHMEM BpPEMEHH IPOUCXOIHUT
COIJIACHO 3aKOHY YIpaBJICHUS, BOCIPOU3BOAMMOMY cucTeMoil ympamienus. [lpu f = 0
CHCTEMa COXPaHsET CBOWCTBO JIeMII(pUpOBaAHHUS.

JIuneiiHOE ypaBHEHME MpEaIoaraeT JMHEWHOCTh CHIIbI IeMI(pUPOBAHUA, T. €. OHA
SBISIETCSL  JIMHEHHOW (YHKIMEH OTHOCHTENBHON CKOPOCTH C HAaKJIOHOM, pPaBHBIM
ko3P unmenty nemndupoBanus. YpaBHeHue (1) MOKHO MPECTaBUTh B BUJIE:

mXx+F, +F =0, (2)
rzie 1eMnpupyoas cuia onpeaensercs Kak
F=B+c)z-d) . @3)
U yCWIHE NPYKUHBI OIPEIEIAETCS KaK
F=klz-d) . (4)

TIe (Z -d ) — OTHOCHUTEJILHOE CMEIIEHHE, M;

(Z - d) — OTHOCHUTEJIbHAS CKOPOCTh, M/C.

Paccyxxnas aHajnormuHbIM  00pa3oM, YCHUIME MPYXHUHBI C  PEryJupyeMbIMU
XapaKTEePUCTUKAMU MOXKHO IIPEICTaBUTh B BUJE:

F(pv)=(c+k z-d) 5)

IZIe K — U3MEHsAeMasl COCTaBIIAIOIIAs )KECTKOCTH.

VYpasuenue (1) MokHO 3anucaTh B BUJIE

mz+B+c )2+ (c+K)z=B+c Jd+ (< +K)d . (6)

BcenenctBue HenmmHEHHOCTH AEHCTBUTENBHBIX CHII JEMI(HUPOBaHUS U YNPYTOCTH,
Takoe IMPEJCTABICHUE YIPYrol CUJIBI YCIOXKHSAET aHalIW3 cucrteMbl. OJHAKO, YYUTHIBas
IpeuMylIecTBa yIpaBiIsIeMbIX THEBMAaTHUYeCKUX NnpyxuH u MP nemmndepos, nenecoodpa3Ho
UX UCIOJB30BaTh B OJHOM ycTpoiicTBe. DYHKIIMM OCHOBHBIX YHOPYIHX M JIeMI(UPYIOLIIUX
sreMeHTOB B HeM BoinousHAoT [1I1 u MP nemndep, npu stom I1I1 obnagaer orpaHndeHHBIMU
IeMIpUPYOLUIMMH CBOWCTBAMHU.

Ha puc. 5 nokaszana cxema ycTpoiicTBa BUOpPAIIMOHHOM 3alUThI, cocTosiero u3 I111
u MP nemndepa. YcrpolicTBo coueTaer B cebe MepedHCleHHbIE TOCTOMHCTBA YNPYTUX MU
neMn@upyrommx >JIeMEeHTOB, MpHuBeleHHbIX paHee. Cxema I[IIl anamormyna cxeme,
MOKa3aHHOM Ha puc. 1.
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Puc. 5. YcrpoiicTBo BU6panoHHoM 3awuThl ¢ [1A 1 MP nemndepom
1 —TI1I1, 2 — xyanaHHOE yCTpoiicTBO, 3 — MP nemmidep, 4 — G110k ynpaBineHus, 5 — TaTINKA
nepeMeleH sl, CKOPOCTH U YCKOPEHHS.

3akjaueHue

Pe3ynbTarel BBIMOMHEHHOW B COOTBETCTBHHM C 3asABJICHHOW TEeMOH pabOTHI
MOKa3bIBAIOT, YTO HanOOJIee 1eIecO00pa3HO COYETAHNE B OJTHOM TOIYaKTHBHOM YCTPOWCTBE
VIOpaBIsieMBbIX YIOPYTUX W JeMOGUPYIOIMX 3JeMeHTOB. WTorm o0630pa auTEepaTypHBIX
HUCTOYHUKOB CBHUJCTCILCTBYIOT 00 HWHTEpece pa3paboTUMKOB Kak K oOmmer mpobdieme
CO3/JIaHUsl YCTPOMCTBA C UACAIbHBIMU XapaKTEPUCTUKAMU, TaK U K OT/AEIbHBIM €€ CTOPOHAM.
VYcenex perieHust mpo6JIeMbl 3aBUCUT OT TJIYOOKOTO U3YYEHHS TIPOLIECCOB, TPOUCXOISIINX TTPH
ocnablieHuu BUOpAllMM TEXHUYECKUMHU CpPEICTBAMHU, a TaKXe OT JAOCTUTHYTOTO YPOBHS
TEXHUKU. B Hacrosiieil cratbe He NpuUBENEHA, BCIEACTBHE HE3aBEPIIEHHOCTH PabOThHl U
OTPaHMYEHHOCTH O0ObeMa CTaThH, pa3BepHyTas METOJMKA pacdera MpPeaoKEHHOTO
YCTpOI\/JICTBa. B COCTaB METOAUKHU BXOOAT Ha4daJIbHBIC n TpaHUYHBIC yCI10BUA,
COOTBETCTBYIOIIME 3aJlaHHOM 00JIacTH TPUMEHEHHUs TOJBECKH, COJAepKallell JaHHOe
YCTPOMCTBO; CHCTEMa HENMHEHHBIX NuddepeHalbHbIX yYpaBHEHUH ISl BBIPAXKEHHUS CHJ
neMnupoOBaHUs U YIPYTOCTH; CUCTEMA JTHHEAPU30BaHHBIX MU (epeHIIMaTbHBIX YPaBHEHUH,
npeoOpa3oBaHHAsl W3 TMPEIBIIYIIEH € y4eTOM BO3MOXKHBIX YIPOIICHUH W JOMYIICHH;
HEJMHEWHbIe YpaBHEHHs, 3aITUCAaHHbIE B YIOOHOM JJIsl MOJICTMPOBAHUS CUCTEMBI yIIPaBICHHUS
MOJBECKOM BHUJIE; TEXHOJIOTUS MOJIEIUPOBAaHUS MOABECKH W T. A. [lokazaHo wucxomgHOe
YpaBHEHHE CHUCTEMBI C YIpaBIsEeMBbIMU IMapamMeTpaMu JeMI(GUPOBAHUS M KECTKOCTH, HE
HAKJIa/IbIBAIOIIEE OrPaHWYEHHH Ha MHOrooOpa3ue TMOAXOJOB K CO3/IaHUI0 YCTPOMCTB
BUOPALIMOHHON 3aITUTHI.
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006 ycaoBusix npuMeHenus1 creHoBbIX nanejed WALLKING no kpurepuro
3BYKOM30JISIIUM B KWINIIHOM CTpouTe/ibcTBe Poccnu

Kpusuos C.I/I.l, Pamazanos T.A.z, Jatemos B.M.>
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r. Yda, PO
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koMH. 411, 1. Ya, PO
3 JIOKTOp TEXHHUYECKUX HayK, nmpodeccop, wieH-kop. PAEH, 3aBenyrommii kadenpoit
«Ctpoutensubie KoHCTpYKIun» YI'HTY, yn. Pesonmtoninonnas, a.15, k8. 15, 1. Yda, PO

AHHOTaNUA

B crarbe mpuBeneHbl pe3yiabTaThl MPOBEACHHOTO aKyCTHMUECKOrO aHajlu3a C LENblo ajanTaluu K
PoccuiickoMy pBIHKY WIS CTEHOBBIX MEHOMONIUCTUPOIOESTOHHBIX MaHesel kuraiickoi komnanuu WALLKING
INTERNATIONAL NEW BUILDING MATERIALS CO., LIMITED, xotopble HaxoisiT Bce OoJbliiee
MPUMEHEHNE B KaueCTBE BHYTPEHHUX OTPaXKTAIOMIUX KOHCTPYKIHUI MPU CTPOUTENLCTBE KUIBIX 3AaHuid. OqHUM
W3 JIOCTOMHCTB PACCMOTPEHHBIX TMaHesel siBiseTcs ux macca. [ImoTHOCTh maHenu coctaBiser 650 kr/M>, 4TO B
3 paza nerde oOBIYHON KUPIUYHON KIAJKH, X TIO3BOJIET BECTH MOHTaXKHBIC pabOTHI BPYUHYIO.

KiaoueBble cjoBa: CTpOUTCIIbHAsA aKyCTHKa, aKYCTHq€CKHﬁ pacdeT, HHACKC 3BYKOU3O0JIUH
BO3AYLIHOIO IIyMa, Pa3aCIbHbIC KOHCTPYKIUU.

On the conditions of use of the wall panels WALLKING criterion of sound insulation in
housing construction Russian

Krivtsov S.I.}, Ramazanov T.A.%, Latypov, V.M.

! Senior Researcher Center "Construction and technical expertise”, Senior Lecturer of the Department "Building
Structures” USPTU, Russia, Republic Bashkortostan, Ufa, 180 October Prospect, Apt. 340
2 Master of the department "Building construction" USPTU Russia, Republic Bashkortostan, Ufa, 193/ 1
Mendeleev Street. room 411
¥ Doctor of Technical Sciences, professor, corresponding member. Natural Sciences, Head of the Department
"Building Structures” USPTU Russia, Republic Bashkortostan, Ufa, 15 Revolutionary Street, apt. 15

Abstract

The article presents the results of the acoustic analysis in order to adapt to the Russian housing market
expanded polystyrene concrete wall panels of the Chinese company WALLKING INTERNATIONAL NEW
BUILDING MATERIALS CO., LIMITED, which are increasingly used as internal walling in the construction of
residential buildings. One of the advantages of the considered panels is their weight. The density of the panel is
650 kg / m3, which is 3 times lighter than conventional masonry and allows installation work manually.

Key words: building acoustics, acoustic calculations, the index of sound insulation of airborne noise,
separate structure.

BBenenne

OOBEKTOM HCCIEeIOBAaHUS SABISAIOTCS TEHOIMOJUCTUPOIOETOHHBIE CTEHOBBIE NaHENIn
kurtaiicko komnanun WALLKING INTERNATIONAL NEW BUILDING MATERIALS
CO., LIMITED c¢ Toukm 3peHuss WX TPUMEHHUMOCTH Ha POCCHICKOM pBIHKE >KUJIbS.
AHaIM3UPYIOTCS pacyeTHbIE aKyCTHMUECKHUE XapAKTEPUCTUKU 3TUX MaHENIEeH M IpenaraeTcs
TEXHUYECKOE PEIIEHNE TPUMEHNMOCTH NIaHeNeH, ¢ yaeToM POCCUICKMX HOPM 3BYKOU3OJISALINH.

*E-mail:mokimotol@yandex.ru (Kpusyos C.H1.), stexpert@mail.ru (Pamaszanos T.A., Jlamvinos B.M.)
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1. AxycTuueckue pacueTbl HHAEKCA H30/ISIIMU BO3AYIUIHOTO LIyMa

Hcxons w3 ymoOcTtBa MOHTaxka 0€3 TPy30MOIBEMHONW TEXHHUKH U BO3MOXKHOCTH
TPAHCIIOPTHPOBKH B CTAallMOHAPHBIX KOHTEHWHEpax, pa3Mephl IaHeled B IUIAHE COCTAaBJISIOT
610%2440 (2680, 2880, 3000) M, a TonuumHa naneneit — 50, 75, 100, 120 u 150 mm.

VYpoBens 3Bykomzossiiuu naHeined WALLKING, onpeneneHHbI TPOU3BOIUTEIIEM
COTJIaCHO KUTalcKoMy cTanaapty 3Bykousossanuu GBJ121-88, cooTBeTcTBYET:!

Tabnuya 1
AKYCTHUUYECKHE XapaKTEPUCTUKU PA3ICIIbHBIX OIPaKICHUI
TommHa NaHeJu, MM Bo3nymnas 3BykoBasi uzoJsinys, 1b
75 37
100 42
120 47

ABTOpamu ObUIH BBITIOTHEHBI aKyCTUUECKUE PACUETHl MHEKCA U30JISIIIUKI BO3YIIHOTO
IIyMa OJHOCTCHHBIX KOHCTPYKIIMI corjacHo TpeOoBaHuii HopmartuBa [1]. Tlpu stom B
KaueCcTBE PacueTHOW MOJENHU MPUHSITA aKyCTUYECKH OJHOPOJHASI OAHOCTEHHAs] KOHCTPYKIUS
CO cpeJHeH IIIOTHOCThIO Y=650 Kr/ve.

Pesynprats! cienyrompue:

1) manens Tommr 50 MM 2) maHesb TOJIIL. 75 MM
RW = 27I[E RW = 33IIB
ot
[N &0
=11] jali]
40 an s
20 0 2B
20 = e
10 1
R T TR TR T e
3) manens Toam. 100 MM 4) nanens tonul. 120 mm

RW = 37,[[]5 RW = 40Z[B



Kpusyos C.1., Pamazanos T.A., Jlamvinoe B.M.

006 ycnosusix npumenenus cmenogvix nanenetl WALLKING no kpumepuio 36yKOU30JAYUU 8 HCUTUUHOM
cmpoumenvcmse Poccuu
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Puc. 1. I'paduixu pacyeTHBIX YACTOTHBIX XapaKTEPUCTUK U30JSMH BO3IYIIHOTO IIymMa

[IpuBenennble pacueTsl (pUc. 1) CBUIETENBCTBYIOT O HAJIMYUN OTKJIOHEHUN MHIEKCOB
M30JSIIMM  BO3AYIIHOIO IIyMa, ONPEIEICHHBIX IO KUTAMCKOMY CTaHAapTy, OT HMHJIEKCOB
M30JSIIMM BO3YLIHOTO IIyMa, OIpPENEJIeHHBIX [0 POCCUWCKOMY CTaHAApTy, B CPEJHEM Ha
4.7 nb B MeHbIIyI0 CTOpOHY. TakuM 00pa3oM, Npu MPUMEHEHUH MEHOMOIMCTUPOIOETOHHBIX
creHoBbix maHenet WALLKING B Bujge OJHOCTEHHOM KOHCTPYKIIMM B KadeCcTBE
MEXKBApTUPHOW CTEHBI (JUIsI KOTOPOW HOPMATHBHBIN MHJEKC W3OJSAILMHU BO3AYIIHOIO LIymMa
coctaBisier 52 nb [1]), MoxkeT OBITH HCIOJIb30BaHA MaHeNb TOMmMUHONW 270 MM, a I
MEXKOMHATHOW CTEHbI (HOPMATHBHBII HMHAEKC M30JMU BO3AylrHOro myma — 43 nb [2])
MOXXET OBITh HCIOJIb30BaHa mMaHenb ToimmHou 150 MMm. Bec opHoil manenu paszmepom
150%x610%3000 mm coctaBisger 178 xr, a TommmHON 270 MM — 321 Kr, YTO 3HAYUTEIHLHO
3aTPYHUT PYYHON MOHTAXX TaKUX ITAHEIIEH.

B cBsa3u ¢ 3TUM, aBTOpaMM MNpEIIOKEHA KOHCTPYKLMSI CTEHOBOTO pPa3JeibHOIO
OTpa’KJIEHUS, COCTOSIIAS U3 JIBYX OJMHAKOBBIX MO TOJIIIMHE MaHEeJe ¢ BO3AYIIHBIM 3a30POM
Mmexay HUMH B 10 mm: 50 MM + 50 MM — a1 MexxkoMHaTHOTO orpaxkaeHust 1 100 mm + 100 mm
— I8 MEXKBAPTHUPHOTO OrpakieHus. B 3ToM ciyyae HauOonbplIMi BeCc OJHOM MaHEIn
tommuuHoi 100 MM coctaBut 119 Kr, yTO BIoJIHE MPUEMIIEMO JUTSI PyYHOT'O MOHTa)ka 3BEHOM U3
3 yenmoBek. Pacder 3BYKOM3OJAIMH TpesiaraeMbIX OTPakKIEHHI MPOU3BEICH C MPUMEHEHUEM

66



NOISE Theory and Practice

«H)XEeHEepHOTO pacyeTa 3BYKOM3OJSALMH JBYCTCHHOW KOHCTPYKLHHY», IPEITI0KESHHOTO
npodeccopom boronenossim Uropem Mnbuuom [3].

50 {| 50 104 100
i0 10
Puc. 2. PacueTHas cxema neperopoJiku Puc. 3. PacueTHas cxema CTCHBI
«50+50» mm «100+100» Mmm

Pacuer BpINOJHSETCA  aHAJIUTUYECKHM  CIIOCOOOM, Kak I  OJHOCTEHHOM
KOHCTPYKIIMM, W HAUMHAETCS C OINpeAeNeHUs] 3HAueHUH JIByX TpPAaHUYHBIX YacTOT B
TPETHOKTABHBIX IMOJ0CaX 4acToT. [Ipu 3TOM mepBas rpaHWYHas 4acTOTa PACCUUTHIBAETCS IO

bopmye:
— m; + mp
fr1=85 ,m, I'o 1)

raec m]_ nu m2 — HOBerHOCTHI)Ie MacCcChbl, COOTBETCTBEHHO, HepBOI;'I nu BTOpOI;’I IIJIACTUHBI
OJIHOCTEHHBIX KOHCTPYKIIUH, Kr/M;
dy — paccrosiHEe MEXKy CTCHKAMH, M.
Bropast rpaHn4Has 4acToTa pacCYUTHIBACTCS 10 (hopmyoe:

85
fFZ = d_z’ FH (2)

3HaueHusi MepBOM M BTOPOM TIPaHUYHBIX YAaCTOT O0O3HAYAIOTCSA ONMMKAWIIMMM T10
3HAUEHUIO TPEThOKTAaBHBIMM YacToTaMH. HUXKHSAS ¥ BEpXHsIs TPAaHULIBI paCUE€THOIO JUana3zoHa
YacCTOT OIpPENEISIIOTCd TAKOBBIMM JUIsI OJHOCTEHHBIX KOHCTPYKIIMM JAHHOM THUIIOBOM
JIBYCTEHHON KOHCTpYKIMH. OT HIDKHEH TpaHuIbl pacyeTHOro auanasona yactot (100 I'm) no
NepBOM I'PaHUYHOM YacTOTHl 3BYKOM3OJIALMS JIBYCTEHHON KOHCTPYKIIMM PACCUHUTHIBAECTCS I10

bopmye:

R=145I1g[ f(my + my)] —29, nb (3)
rie f — TpeThOKTaBHBIE MMOJIOCHI YAaCTOT B PACYETHOM Juarna3zoHe, [
M; Mz — TOBEPXHOCTHBIE IUIOTHOCTH, COOTBETCTBEHHO, IEPBOM M BTOPOH

IUTACTHHBI OJHOCTEHHBIX KOHCTPYKIHii, Kr/M°, (IIpH OJMHAKOBOIl TOJIIMHE CTEHOK
Pa3AeIBHOTO OTPAKACHUS M1 = My).
2
My, My = p XS, KT/M 4)

r7ie S — TOJIIIMHA OJTHON CTEHKH OTPaXKIACHUS, M;
p — IJIOTHOCTb, Ko/,
Ot nepBoOit 0 BTOPOM TPAaHUYHOM YaCTOThI 3BYKOM3OJISLUS IBYCTEHHON KOHCTPYKIUU
B TPETHOKTABHBIX T0JIOCAX YACTOT OMpeaAeseTcs 1mo Gopmyre:

_ [R (fr2)— R (fr1)] _
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006 ycnosusix npumenenus cmenogvix nanenetl WALLKING no kpumepuio 36yKOU30JAYUU 8 HCUTUUHOM
cmpoumenvcmse Poccuu

rne R(fri1) — 3ByKOM3OMSIMS Ha MEPBOM TPAaHUYHOW YaCTOTE, PACCUMUTAHHAS IO
dopmyie (3), nb;
R(frz) — 3ByKOHM3OJISLMS HAa BTOPOM T'PAHUYHOM YACTOTE, PACCUYMTAHHAS IIO
dopmyie (6), nb;
fr1 — mepBasi rpaHUYHAs 4acTOTa, paccuuTanHas mo gpopmye (1), I';
fr2 — BTOpas rpaHUYHas 4aCTOTa, paccyuTanHas no gopmyne (2), I'i;
f — TpeThOKTaBHasl 4acTOTa PaCUETHOTO JUara3oHa, ['1.
3BYKOU3O0JIAIKSI HA BTOPO rpaHn4HOM yacToTe R( fr, ) M Ha YacToTax B AMANa3oHE OT
BTOPOW TPpaHUYHOM YaCTOTHI JI0 BEPXHEH I'paHHUIBI pacueTHOro nauarma3ona dactoT (3150 I'm),
ompeaensercs mo hopmyie:
R(fiz) =0.9 x (Ry + Ry), 1B (6)
rae R1 = Ry — 3ByKoU30JIsI1Usl OHOM CTEHKU pa3/IebHOTO OrpaxkaeHus (3HaueHus R,
Ha COOTBETCTBYIOIIMX YacTOTaX MPUHATHI M3 BBIIIEIPUBEACHHBIX aKyCTUYECKUX PacyeTOB
OJIHOCTEHHBIX KOHCTPYKILIHH), 1b.
Pacuyer pa3nenbHbIX orpaxkaeHuit cBeieH B Tabnuiry 2:

Tabnuya 2
AKYCTHYECKUE XaPaKTSPUCTUKHU PA3ICTBHBIX OTPayKICHHI

3ByKOI/I30J'[ﬂ[IHﬂ B TPETHOKTABHBLIX MMOJ0CAX 4YaCTOT, nb

Ne | Tunm |frq, | frz, Rw,
n/n |crenbl, |[I'm | T'g nb
MM 100|125 |160 |200 (250|315 {400 {500 (630 |800 [1000{12501600|2000[2500(3150

1 |50+50 |200 8500 |26 |28 |29 |31 |34 |37 |39 |42 |45 [48 |51 |54 |56 |59 |62 |65 [45

2 [100+100(160 |8500 |31 [32 |34 |38 |41 |45 |49 |53 |56 |60 |64 |67 |71 |75 |78 |82 |53

3akjao4yeHue

IIpoBeneHHBIE pacyeThl CBUAETEILCTBYIOT O TOM, YTO MHJEKC U30JIALMN BO3AYIIHOIO
nryma pasfenbHbIMU - orpaxkiaeHussMu  tuna  «50+50» MM m «100+100» MM, paBHBIi
cooTrBeTcTBeHHO 45 1b u 53 1b, cooTBeTcTBYeT HOpMaTUBHBIM TpeOoBaHUsM Poccuiickoii
@enepaniil UIsi BHYTPEHHUX OTPa)JAOIIMX KOHCTPYKLUMH >KWIIBIX 3/1aHUM, NPU 3TOM BEC
HaunOoJiee TSHKENIOH MaHeNln Mo3BOJIseT IPOU3BOANUTE PAOOThl BHYTPH 37jaHus BpyuHyto. OOmias
TONIIHUHA MEXKKBapTHpHOM cTeHbl Tuma «100+100» mm cocraBmsier 210 MM, yto Ha 70 MM
MEHbIIE TPAJAULUOHHOW KUpHUUYHOU cTeHbl. OOIas TOJIMHA MEKXKOMHATHOW IEPEropoiKu
tumna «50+50» MM cocraBinser 110 MM, uto Ha 40 MM MEHBIIIE KHPITUYHBIX TEPETOPOIOK.
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Pacuer n30/15i0MH BO3AYUIHOTO IIYMA (3BYKOM30JISIIIMHU)

OXHOCJTOUHBIX IIJIMT

IllenoxoB FO.A.
I'enepanbhublit gupexkTop, OO0 «AKYCTHYECKUE PaCUeThI»,
P®, r. Cankr-IlerepOypr, np. [Tuckapesckuii 1.25

AHHOTaNUA

B pabore paccMOTpeHa METOOMKA ONPENCNCHUS M30JALUH BO3AYLNIHOTO IIyMa MAacCCHBHBIX
KoHcTpyKuui, cormacHo CBoxay Ilpasmn CII 23-103-2003 «IIpoexTrpoBaHHE 3BYKOM3OJSIIIH OTPAXKTAOIIIX
KOHCTPYKIMH XMIIBIX W OOIIECTBEHHBIX 3[aHUI». PaccMOTpeHbI OCHOBHBIE HEAOCTAaTKH Ipad)oaHaTNTHIECKOTO
mertoza. [IpuBenena knaccndeckast METOIMKA pacdeTa 3BYKOU3O0JISIINH, @ TAKXKE CIIOCOOBI €€ KOPPEKTHPOBKHU IS
BO3MOXKHOCTHU pacdeTa MacCHBHBIX mperpaj (rumt). [ToiydeHa yHuBepcaibHas TeOpeTHUECKas MOJIeNb pacueTa
3BYKOM3OJISIIIMM aKyCTUYECKH OJHOPOJAHBIX KOHCTpyKuuil. IIpoBeneHO cpaBHEHHE pe3yNbTaToOB pacdera Io
npejaIaraeMoil MEeTO/IMKe C JaHHBIMHU JIADOPATOPHBIX HCCIIEOBAHUN 3BYKOM3OJISALUKM MPErpazbl U3 CTEHOBBIX
CHJINKATHBIX OJIOKOB.

KaioueBble ci10oBa: 3ByKOM30JISIIMS, CTPOUTEIbHAS aKyCTHKA, KOO(Q(UIIMEHT MeXaHHYECKHUX TOTEpPb,
(hakTop mepeusnyucHHus, 3aIIUTa OT [IyMa.

Calculation of airborne sound insulation for single-layer plates
SchelokovY”

General Director, LLC "Acoustic calculations", Piskarevsky pr., h. 25, Saint-Petersburg, Russia

Abstract

The paper considers the method of determining airborne sound insulation massive structures,
according to a set of rules SP 23-103-2003 "Design of sound insulation enclosing structures of residential and
public buildings." The paper considers the main disadvantages of graphic-analytical method. The paper shows
the classical method of calculating of the sound insulation, as well as ways of calculating with adjustment for the
calculation sound insulation of massive barriers (plates). Universal theoretical model were received for
calculating the sound insulation of acoustically homogeneous structures. In the article author did the
comparison of the calculation results by the proposed method with laboratory data for the wall of silicate blocks.

Key words: sound insulation, building acoustics, mechanical loss factor, the factor of re-emission ,
protection against noise.

BBenenne

[Ipu mpoeKkTUpoBaHUM KHUJIBIX U OOLIECTBEHHBIX 3/1aHUN pa3paboTKa U MPUMEHEHHE
KOHCTPYKLIMH, OTBEYAIOIIUX HOPMATUBHBIM TPeOOBaHUAM MO 3(P(GEKTUBHOCTH 3ALIUTHI OT
1IymMa, MMeeT 00JIbII0e 3HAaUECHHUE.

B kauecTBe OCHOBHOH MHCTPYKTHBHO-HOPMATHBHOM JOKYMEHTALUU IO BOIPOCaM
pacyera u pa3pabOTKH 3BYKOM3OJSIIIMN KOHCTpYKIwiA mpumenstor Ceox [Ipasun CIT 23-103-
2003  «IIpoekTHpoBaHUE 3BYKOM3OJSAIMHM  OTPAXJAIOMIMX KOHCTPYKUUH KHIBIX U
0OII[ECTBEHHBIX 30aHUID).

OCHOBHYIO JIONIIO TIPaKJIAHCKOTO CTPOUTEIbCTBA B COBPEMEHHBIX TIOpoJax
COCTaBJIAIOT MHOT'OKBAPTHPHBIC JOMA, B KOTOPBIX IMPECBAJIUPYIOT MACCHBHBLIC OHHOCHOﬁHBIe
BHEIIIHUE U BHYTPEHHUE OTPakJatoIIe KOHCTPYKIIUHU TOCTOSTHHOTO CEYEHUSI.

Pacrymas notpebHOCTh akycTudeckoro komgopra u 0osblias pacIpoCTPaHEHHOCTh

E-mail:info@acoustic-services.ru

70



NOISFE TheoryandPractice

MOJOOHBIX KOHCTPYKIMHA TpeOyeT KayeCTBEHHOIO IMOAXO0Ja IMpH pacdyere H30JSIUN
BO3JIYIIHOTO LIyMa.

1. I'padoananurnyeckuii MeTox pacuera 3ByKOU30JISIIIMU

Jliis pacueTa 3BYKOHM30JISANUY TT0I0OHBIX KOHCTpYKInid B CBojie [IpaBuin HCmonp3yroT
rpadoaHaIUTUYECKUN METOJ, 3aKII0YAIOIMIUNACA B MOCTPOCHUM YaCTOTHOW XapaKTEPUCTHKHU
W30JISIIIAKA BO3AYIIHOTO ITyMa, U300paxkasi €¢ B BHJIC JOMAHOW JIMHWW, aHAJIOTUYHOU JIMHUU
ABCD Ha pucynke 1 [1].

R, nb
e C D
=
o1
e el » SRR S22 1dcmelr

1 6 S

[~

- / S

A B OkTasa
i - r [ = VARSIt B e

AU B
A i

Puc.1. YacToTHas XapaKTCPUCTHKA U30JIALIUN BO3AYIITHOI'O HIyMa OﬂHOCHOﬁHBIM
IIJIOCKUM OI'paKaACHHUEM

KOOp,I[I/IHaTbI Toukn B wacToTHOM XApaKTCPUCTUKHU 3aBUCAT OT IUIOTHOCTH H
TOJIIIMHBI orpaxcz[ammeﬁ KOHCTPYKIIMHU, KOTOPBIC OMPEACTIAIOTCA 11O SOMIIMPUUICCKHUM JaHHBIM

COOTBETCTBYIOIIUX IPaPUKOB U TAOJIHII.
3HavYeHNE U30JISIIIMU BO3AYIIHOTO ITyMa Rg B Touke B onpenensiercs mo popmye

R; =20log(m,) -12, 1)

rac m9 =K -m — 3KkBUBaJIeHTHAA IMMOBEPXHOCTHAA IJIOTHOCTD, KF/MZ;

M — MOBEPXHOCTHAS IOTHOCTb; KI/M’;
K — k03 GUIHEeHT, YYUTHIBAIOUIUNA OTHOCUTEIHHOE YBEIIMYEHUE H3THOHOU
KECTKOCTH OTPaXKACHUS U3 OETOHOB HA JIETKUX 3allOJIHUTENAX, HOPHU30BAHHBIX OETOHOB U T.II.
[0 OTHOIIEHWIO K KOHCTPYKIHSM U3 TSDKEIOro OeToHa ¢ TOW JkK€ IOBEPXHOCTHOM
IUIOTHOCTBIO.
CH0XHOCTH NMOCTPOEHUS YACTOTHON XapaKTEPUCTUKU W3OS BO3IYIIHOTO IIIyMa
[0 BBILIEU3JIOKEHHOH METOJUKE COCTOMT B TOM, YTO KOOpPAMHATHI TOUKM B u 3HaueHue
kod(p¢umenTa K MOXKHO ONPEAETUTh /111 OTPaHUYEHHOT0 KOJIMYECTBA MaTEPHAJIOB:
— KepamM3UTOOETOH;
— TEepIUTOOETOH;
—  aryIonopuTo0eTOH;
—  IIaKOIEM300€TOH,;
— Ta300eToH, IEHOOETOH;
—  KUpIHY,;
—  THUIICOOETOH, THIIC.
B mocnennee BpeMsi MOSIBIJIOCH MHOTO HOBBIX BHJIOB CTPOUTEIBHBIX MaTEpHajoOB
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Pacuem uzonayuu 6030ywino2o wyma (36yKou3onsyuu) OOHOCIOUHBIX NIUM

(MOMUCTUPOSIOETOH, BCIICHEHHAs JPEBECHHA, apOOJIuT, OWOMaTepHalbl M JIp.),KOTOPBIC
paccMaTpUBAIOTCSl MPOEKTUPOBIIMKAMHU KaK TMEPCIEKTUBHBIC, MPU 3TOM PACCUUTATH HUX
3BYKOM3OJISIIMIO 10 MeToauke Coja [IpaBui He monydaercs.

Bosee TOrO, AN M3BECTHBIX MAaTEPUATIOB HCIOJIB30BaHHE TpadOoaHATUTHIECKOTO
METOJIa COMPSIKEHO C JIOMOJHUTENbHBIMH OLIMOKaMH, 3a CYET OKpYIJCHHUS 3HaYeHUS
KPUTHYECKON 4YacTOThl B 110 cpenHereoMeTpuuecKkod 4acTOThl TPEThOKTaBHOW II0JIOCHI, B
npezenax KoTopoi Haxoaures fg .

Kpome rpadoananuruyeckoro Meroia MpoCTOro pacyeTHOro Crocoda OmpeeneHus
3BYKOHM3OJISIIIUH TOJICTHIX, MACCUBHBIX KOHCTPYKIIMI HaiiieHo He ObLIO.

Pe3ynbratel  TPYAOEMKHX  BBIYUCICHHUH, MPOBEIEHHBIX  PSIAOM  aBTOPOB
(M. Cenog [5], JI. Ocurmos [6]) ucrosib30BaTh Ha MPAKTHKE HE yIaI0Ch.

2. Knaccnueckasi Teopusi 3ByKOM30JII LI

B nmanHoili paboTe ms pacdera M30JISIUU BO3AYIIHOTO ITyMa MAacCHUBHBIX, TOJCTHIX
KOHCTPYKIIMH  paccMaTpuBaeTcsi  BO3MOXHOCTh  NPUMEHEHHS  KOPPEKTUPOBAHHOM
KJIACCUYECKOW TEOPUH 3BYKOU3OJISAINHN, HE UMEIOIIEH BHIIIICU3I0KEHHBIX HEIOCTATKOB.

B 1942 r. Kpemep [3] mia koapduirienTa npoxoxkIeHHUs Yepe3 CTEHY MpPeCTaBHII
BBIPAKECHUE

1
- 2(0)-cos(6)| " “
- COS
1+ ———=

2p,Cy

rae Z(6)— uMiienanc nperpajisi, [kr/™m%c];
6 — yron naaenusi, [rpaaychi];
P, — IUNIOTHOCTH BO3/1yXa, [xr/M°);
€, — CKOPOCTb 3ByKa B BO31yxe, [M/c].
Bripaxkenue nms pacyera uMIieiaHca MiacTUHbI [4] uMmeer BUJ

D(1+i7)w’sin*(8) @)

Co

Z(0) =i om—

rae i =+—1— MHUMas elMHUIIA;
@ = 27f — nuKnInYeckas yacrora, [pazn/c];
f —wacrora, [I'u];
M — OBEPXHOCTHAs Macca IIACTHHBL, [Kr/M’];
Eh®
3.
D= >\ — WMIIMHPUYECKas )KEeCTKOCTh MIacTuHsl, [[Ta-M7];
12‘1— Y7, )
E — moxyne FOmra, [I1a];
h — TonmuHa MIaCTUHBL, [M];
U — xoa¢p¢unment Ilyaccona,
N — k03 PUIMEHT MEXaHUUECKUX MTOTEPb.
B peanpHBIX yci0BuUsAX 3ByKOBOE TOJI€, MAAA0NIee Ha OrpakJatoIlyl0 KOHCTPYKIIUIO
MOXHO cuntath audpdy3HsiM. Koaddurment npoxoxnmenus mnst auddysnoro momis [7]
OTIpeieNIeTcs KaK
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78

[7(6) cos(6)sin(0)
Thiff = 0 : (4)

78

Icos(e) sin(6)

C yuerom nuddysnoro ko3 duiimeHTa mpoxoxaeHUs 3ByKOU3OJIAIKS TUIACTHHBI R
Oyner paBHa

1
R=10-log| — |. (5)
T giff
Pacuer 3Bykomszomsmuu 1o dopmynam (2) - (5) cmpaBeIMB IS TOHKHX

KOHCTPYKIUH, TAKUX KAK CTEKJIO, THIICOKAPTOHHBIE JINCTBI, CTAJIb U IPyTrUe MaTepUalsl, I
3BYK pPacIpOCTpaHsIETCs B BUJI€ U3THOHBIX BOJIH.

[IpuMeHeHne KIacCU4eCKOW TEOPUM IS TOJCTOCTEHHBIX KOHCTPYKIUN IPUBOIUT K
HEBEPHOMY PE3yJIbTaTy: HAKJIOH PaCU€THOM KPUBOW POCTA 3BYKOM3OJIALIUN C YaCTOTOM BbIIIE
HAaKJIOHA YKCIIEPUMEHTAIILHON KPUBOM.

3. KoppekTHPOBKA KJIACCHYECKOH TEOPUHU 3BYKOM30IALHHU

PacripocTpaHeHre aKyCTHYECKHMX BOJH 4Yepe3 MACCHUBHBIE KOHCTPYKIHU (U3
TSKEJIOT0, JISTKOTO OETOHA, KUPITMYHOW KJIaJIKU U T.I1.) COMPOBOXKIAETCS BOBHUKHOBCHUEM HE
TOJILKO HW3THOHBIX, HO H TMPOJOJBHBIX CIBUTOBBIX KojeOaHuid. B pesynprare uero,
XapaKTEPHbIC YACTOTHBIC XAPAKTEPUCTHKU MACCHBHBIX M TOHKOCTCHHBIX KOHCTPYKIIUW HE
COBIIAJIAIOT.

[Ipenmonoxum, uro momyueHHas Kpemepom dopmyna (2) mis koadduimeHta
MPOXOXKACHUS TOJICTOCTEHHONW KOHCTPYKIIMM CIpaBeUIMBa C UMIIEJaHCOM mperpaasl Z'(6),

YUUTBIBAIOIIUM C/IBUTOBBIE BOJIHBI.
UTo0b!l ydecTb CABUTOBbIE BOJIHBI B MaTepuale nperpajasl [6] 3anuiieM UMIIEJaHC B

BHJIE
’ H ZBZS
Z'(0) =iom+—2=S_ (6)
Zg +1Z4
=3
1w°D .
e Zg =——— sin* (0) — umnenanc u3ruoa, [KF/MZC];
0
ioGh .
Zg =——, sin?(#) — umnexanc casura, [Kr/m’c);
C

0

G= E — MoayJb caBura, [[1a]
o0+ 2) " S

OmHako TpH  TIOCTPOCHWW  YACTOTHOH  XapaKTEPUCTHKH  3BYKOM3OJISIIHU
TOJICTOCTEHHOM mperpajasl mo ¢opmynam (2)-(6) gaxe ¢ y4eToM CABHUIOBBIX BOJIH BEJET K
HEBEPHOMY HAKIIOHY KPHBOH: POCT HM3OJISAIMU BO3AYIIHOTO IIyMa C YaCTOTOW MOIy9aeTcs
0oJiee MHTEHCUBHBIM, YEM Ha MPAKTHUKE.

[Ipenmnomnaras, 9To UMIEIAHC TOJICTOCTEHHOW MPETPaIbl MPOIOPIIMOHATICH TAHTCHCY
yria maneHus 6 , BBexeMm daktop mepemsnydenus @(F) , u nepenumieMm (opmyny (2)
CJIeIyIOIIUM 00pa3om



H]enoxos FO.A.
Pacuem uzonayuu 6030ywino2o wyma (36yKou3onsyuu) OOHOCIOUHBIX NIUM

)
i 3 o4
i oM — 2|a) r_1G2Dsm )] —|-sin(6)
, 1 (0?Dsin?(0) + Gh;
T (0): 2 = 1+ !(7)
MRAORAGE cos(9)| 2,C,
2yCy ‘

rae 7'(6)— kodpduueHT TpOX0oKACHUS 3BYKa, YUUTHIBAIOUINI CBUTOBBIC BOJIHBI B

MaTepuase nperpaabl U GakTop nepensyueHus,

D(0) = ! — (akrop mepeusnmydeHus (yrioBou ¢aktop), paBHbIH | mis
tan(6)
TOHKOCTEHHBIX KoHCTpyKimit u tan(f) — nyis MaccHBHBIX KOHCTPYKITHA.
JIns  ompeneneHus 3BYKOM3OJSIMU aKyCTUYECKHM OJHOPOJHOM Mperpagsl IpH
¢ dy3HOM MaJACHUU HAa HEEe aKyCTUYECKOW SHEpruu, HEOOXOMMO MOIyYeHHOE BBIPAKCHHE
i Koo dunmenta npoxoxaenus 7'(0) moxctaButh B Gopmyisl (4) u (5), COOTBETCTBEHHO.

4. JKkcniepuMeHTAJIbLHAs MPOBEPKa Pe3yIbTATOB pacyeTa

Panee [2] B kauecTBe mpumepa Mbl PaCCUUTHIBAIM 3BYKOU3OJISALUIO CTPOUTEIbHBIX
KOHCTpYKUMH 1o  ¢opmyne (7), CpaBHMBaIM C  pe3ylbTaTaMd pacdera 10
rpa0aHaTUTHIECKOMY METO/Y, U MIOKa3aJIl XOPOLIYIO COIJIACOBAHHOCTh PE3yJIbTaTOB.

18 urons 2015 r. B ucnsitarensHoM neHTpe « [ IKTU-Ctpoif TECT» Obuin ipoBeieHbI
UCCIICIOBaHMSI 3BYKOM3OJISILIMOHHON COCOOHOCTH OTpakKAarolieil KOHCTPYKLIUU (CM. puc.2)
13 CTEHOBBIX CHUJIMKATHBIX 0JIOKOB, INIOTHOCTHIO 1740 Kr/M° ¥ TommHoi 130 M.

e
™

Puc. 2. ctibIThiBaeMasi KOHCTPYKIUS U3 CUIIMKATHBIX OJIOKOB

Kak npaBuio, B kauecTBe nomenieHus Bbicokoro yposHs (IIBY) mpu n3mepenusix
3BYKOM3OJISILIMM BBIOMPAIOT IOMEIleHHe OOJbIINX pa3MepoB. B kauecTBe mNoMelleHus
Huskoro ypoBHs (IIHY) BwIOMpaioT cMexHOe mHOMeElIeHHEe MeHbLIero pasmepa. OmHako
COIVIACHO TMPHUHLMITY B3aUMHOCTH: TpU H3MEHEHMM TMaJeHHMs 3Byka Ha oOpaTHoe,
3BYKOM3OJISIHUS TIPETpajbl HE MEeHseTcs [S].

C wnenpl0 NOATBEPKIACHWS JAaHHOIO IPUHIUIA HA IPaKTUKE, W3MEPEHUs
MIPOBOAMIIMCH C pa3MELIEHNEM UCTOUYHHKA TyMa B 000MX U3MEPUTENIbHBIX TOMEIIEHUH.

[Ipu pa3MerieHUM UCTOYHUKA IIyMa B OOJIBIIOM IMOMEUICHWH, U3MEPEHUus Oyiaem
Ha3bIBaTh CTaHJAPTHHIMHU. [Ipu pasmelieHny UCTOYHHMKA IIyMa B MaJEHbKOM IOMEIEHUH,
u3MepeHus OysieM Ha3bIBaTh PEBEPCHBIMHU.

B kauecTBe pacyeTHBIX TaHHBIX ObUIM MPUHSTHI CIEAYIOLINE 3HAUCHHUS:

Tabnuya 1
[TapameTpsl HccneyeMOi KOHCTPYKITHA
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Ilnotnoctb, | Tommmua, | Moayas FOunra, | Koag¢pumment Kosgguumnr
Marepuan 3 10 i8] MeXaHMYeCKHX
KI/M MM 10" a ITyaccona Bl
noTepb
ChmIaTHB | 47,0 130 4 02 001
OeToH

PesynbraThl M3MEpEeHUN U PacyeTOB MCCIEAYEMOW KOHCTPYKLIMM, IIPEACTaBICHbI HA
puc.3.
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Puc.3. Pe3ynbraThl H3MEpEHUN U pacueTOB 3BYKOU3O0JIALUN KOHCTPYKIIUU U3 CTEHOBBIX
CHJIMKATHBIX OJIOKOB

AHanu3upys TaHHBIE PUCYHKA 3 MOYKHO CIENaTh CIICAYIONIHE BBIBOJIBL:

1) TIlpu cmeHe pa3MelleHHs UCTOYHHKA MIyMa (JI0PKad/pa) U3 OTHOTO MOMEIICHHSI
B JIDYroe, MEHSETCS CTOPOHA OTpaXKJaloIled KOHCTPYKIMH, Ha KOTOPYIO BO3JIEHCTBYET
OpsAMOE aKyCTHYeCKOe o€ HMCTOYHHMKA. [Ipym 3TOM 3BYKOM3OJIAIMOHHAS CIIOCOOHOCTH
KOHCTPYKLIMM B LEJIOM HE MEHSEeTCd, 4YTO MOATBEpPKJIACT CIPaBeUIMBOCTh IMPHUHIIMIIA
B3aWMHOCTH 3BYKOU3OJISIIIH.

2) Pacuer no rpadoaHaIUTHYECKOMY METOIY JaeT YaCTOTHYK XapaKTepPHCTHKY,
JeKaIyro Hioke (TpaBee) DKCIEPUMEHTANBHOW KPUBOW 3BYKOM3OJSIIMM Ha YacTOTaxX C
250 T', uT0 MOXKET ObITH OOYCIOBIEHO HEBEPHBIM OINpEJENCHUEM YacToThl f,, ommbkamu,

BO3HUKAIOINMHU npu OKpYTJIEHUU JTAHHOTO 3HAYEHUS 10 Onmmxaitiein
CPEIHETEOMETPUYECKON YacTOThl TPETHOKTABHOM MOJIOCHI, B Mpejesiax KOTOpoil OHa Oblia
oIpezeIeHa.

3) Pacuer M0 KOPPEKTHPOBAHHOM KIACCHYECKONH METOAMKE MOKA3bIBACT OOJIBIIYIO
COTJIACOBAaHHOCTh C pe3yabTaTaMH OJKCIIEPUMEHTa: Oojiee BEPHO OMNpEIENICHbl 3HAYEHUS
3BYKOU3OJISILIMH, PE30HAHCHAS YaCTOTA, HAKJIOH YaCTOTHOM XapaKTEPUCTUKH.

3akjao4yeHue

Takum 00pa3om, KOPPEKTUPOBKA KJIACCUUYECKOW METOAMKU pacdyeTa 3BYKOU3OJISAIINU

3a CYeT BBEAEHHOTO (hakTopa mepemsiydenus (yrioBoro (dakropa)D(6) = U ydera

b
tan(6)
CABUI'OBBIX BOJIH B MATCpUAJIC, MO3BOJIACT OHNPCACIATL 3BYKOU3OIALUOHHYIO CIIOCOOHOCTD
OJIHOCJIOMHBIX IpErpaj U3 pa3HbIX MATEPUATIOB U Pa3HOW TOJIIMHBI, XOPOIIO COTJIACYSCH C
rpa(poaHanHTqucngH MCTOAaMHU U SKCIICPUMCHTAIILHBIMU UCCIICTOBAHUSAMU.
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