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Animal Stress Due to Noise and Vibration

Felicia Doggett !, Sooch San Souci 2
! President, Metropolitan Acoustics, Philadelphia Pennsylvania, USA
2 Senior Consultant, Metropolitan Acoustics, Philadelphia Pennsylvania, USA

Abstract

Studies have conclusively shown that noise and vibration can adversely affect breeding in laboratory
mice and other common research animals. The misperception of the main factors that cause startle and distress in
these animals is largely due to our complete lack of awareness of the various phenomenon. Stressors, inaudible
to lab personnel, influence the behavior of animals in a myriad of facets and directions. Thus, the design phase of
an animal holding facility should recognize potential sources of animal stressors, and how integrating long-term
monitoring strategies may maintain or maximize healthy pup yield and minimize behavior changes resulting
from stress. The benefits of long-term monitoring include more than animal health, behavior and breeding, but
also elevate the productivity of research studies and facility operations, with less down-time.

Key words: Vibration, Ultrasonics, Stress, Animal behavior, Breeding, Laboratory Design, Research
Environments.

Cmpecc )#cugomubix u3-3a wiyma u euodpayuu

Felicia Doggett *, Sooch San Souci **
! [pesuoenm, Metropolitan Acoustics, @unadenspus, encunveanus, CLLIA
2 Cmapwuii Koncynemanm, Metropolitan Acoustics, @uaadenvghusa, [lencunveanus, CLLIA

Annomauusn

Hccnedosanus ybedumenbHo NOKA3AnU, YMO WYM U 6UOpAYUs MO2YM He2AMUBHO 6IUsMb HA
PpasmHodicenue 1abopamopHelx Mulwell U Opysux PpacnpoCmMpaHeHHbIX UCCIe008AMENbCKUX  ICUBOMHBIX.
Henonumanue ¢axmopos, 6vi3bisarowux ucnyz u cmpaoauus y dMux JHCUBOMHBIX, 60 MHO2OM OOBACHAEMCS
HAWUM NOJIHLIM OMCYMCMEUeM GOCNpUAmMUs 9mo20 AeleHus. Ha smane npoexmuposanus nomeHyuanbHo2o
YeHmpa coO0epIuCanlis JHCUGOMHBIX Cledyen pACcnO3HABAMb NOMEHYUATIbHbIE UCIOYHUKY GUOPAYUY, CIBIUUMO20
36YKA UNU YIbMPA3EYKOSHIX HAPYUIEHUTI U UCNONb306AMb 00J20CPOUHbIL MOHUMOPUHS, YMOo0bl MAKCUMANLHO
yeeauuumsy nosignenue 300p08020 NOMOMCMEA U C6eCMU K MUHUMYMY USMEHEHUs 6 nogeoeHuu JHcusomuvix. K
npeumMyujecmeam 00J20CPOYHO20 MOHUMOPUHSA MAKJCe OMHOCAMCA 0ojee NPoOyKMUeHble UCCIe006aHUL U
aKchayamayus 060py008anus, a makice COKpaujeHue pemMeH npoCcmos.

Kniwouegvie cnosa: Bubpayus, yivmpaseyk, cmpecc, NOGeOeHUe JICUBOMHBIX, pazeedeHue,
nabopamoproe npoekmuposanue, Ucciedo8amenbekas cpeod.

Introduction

Studies have conclusively shown that audible stressors and vibration can adversely
affect behavior and breeding in laboratory mice and the problem is reportedly widespread
[1, 2]. New technologies, introduced constantly in the laboratory environment, emit high
frequency signals either as a function of their operation or a byproduct of such. Investigators,
facility managers, and other professionals working with laboratory mice in medical research
facilities are aware that genetic research with transgenic mice colonies can be seriously
impacted when breeding performance declines. Efforts to maximize healthy pup yield and
minimize costs through sound breeding management practices must also include stress
control. Stress has long been understood to be one impediment to successful breeding. Sudden

“E-mail: Info@metro-acoustics.com (Felicia Doggett, Sooch San Souci)
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bursts of noise or vibration causing startle are possibly more harmful than some sustained or
continuous vibrations. Low frequency building vibrations and ultrasonic sounds are far below
and above human detection, leading to the key misunderstanding of the effect of these signals
on rodents and small animals.

1. Vibration as a Stressor

Vibrations in holding rooms are known to shake the animal racking and caging
equipment. As stressors, vibration sources may be continuous or random. Continuous
exposure to vibrations can impose fatigue, behavioral disorders and sleep deficiency [1-6].
Random vibration occurrences have been known to invoke panic in mice whereby they
cannibalize their pups when low frequency vibrations are suddenly perceived coming from
under their bedding possibly sensing an intruder is approaching.

Vibrations can originate from the exterior of the building via ground-borne
transmission or from concrete pavements that bridge the foundation of the building to
surrounding streets. Through the foundation, these vibrations travel up columns and load
bearing walls to upper levels where damping may not sufficiently mitigate slab vibrations.
Traffic, subways, rail lines, and nearby construction are typical culprits of ground-borne
vibration. Vibrations can also originate from inside the labs. Cage ventilation systems
mounted directly on racks have been shown to cause much vibration and noise. Other
vibration sources common to labs are exhaust hoods, refrigeration, elevators, base building
HVAC fans, and other motor driven equipment [7].

Building trends have tended towards the use of lighter weight structures for reasons
of cost and environmentally responsible design; however, these trends have exacerbated the
transmission of vibration throughout buildings [8].

As a design consideration, slab on grade is optimum for labs and holding rooms. For
labs on upper levels, spans between beams and slab bay thicknesses should be designed to
mitigate any risk of slab resonance resulting from known or predicted forcing frequencies.
HVAC fans, exhaust hoods, elevators, refrigeration and other motor driven equipment should
be installed with vibration isolation strategies, but may also emit very high frequency noise,
above human hearing.

2. Ultrasonic Sound as a Stressor

Ultrasonic sound pollution is rarely considered to be a stressor as normal hearing
adults cannot perceive sounds above 20 kHz (fig. 1). Animals of prey, mice, rats, and other
rodents have developed ultrasonic vocalization as a defensive adaptation. Rodents use their
ultrasonic vocalization for short range communication; vocalization of this type is ideal for
communicating in underground burrows, finding breeding mates, and most importantly,
communicating threats to one another without detection.

Mice hear between the frequencies of 1 kHz and 90 kHz (fig. 1). The frequency
range where mice are the most sensitive to sounds is between 5 kHz and 50 kHz, and mice
vocalize between 16 kHz and 35 kHz. As a comparison, the human hearing range is between
20-20,000 Hz. When ultrasonic sound in a lab intrudes in the vocalization range of mice, there
is concern that the resulting stress may affect breeding [2, 9-11].
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Fig. 1. Auditory thresholds for various mammals commonly found in research applications

The level of stress caused by ultrasonic sound may relate to the actual peak level
above the ambient sound levels at these ultrasonic frequencies. As related to human hearing, a
squeal can easily be perceived within ambient noise, but becomes a potentially unsettling
distraction when the level of the squeal rises significantly above the ambient noise. It is not
uncommon to measure ultrasonic noise 10 dB or more above the ultrasonic ambient sound in
mice holding rooms. Stress also results from startle due to sudden onset or extended duration
of a distraction noise. Humans generally adapt to ambient sounds (acclimation) but this has
not been widely studied in rodents in the ultrasonic range from 20 kHz to 90 kHz.

There are many sources of ultrasonic sound in a lab environment including motors,
fans, microprocessors and sensors [1, 10, 12]. Artifacts resulting from any size motor driven
equipment, from small fans in computers to larger ventilation fans and exhaust hoods,
commonly generate some level of ultrasonic sound due to friction from lack of lubrication,
rubbing, scraping or skidding of rolling elements against a bearing raceway, mechanical flaws
or a contaminated in the lubricant. Many sensors function by producing ultrasonic sound,
such as motion detectors for automatic door openers or lighting on/off controls, particulate
detection, fluid flow sensors as well as cell phones, monitors and CPUs [1, 10, 12].

As a design recommendation concerning ultrasonic noise pollution, where possible,
locate all motors, fans, computers and sensors that employ ultrasonics outside of holding
rooms and access hallways [1, 10, 12]. Testing to provide normal operating ultrasonic levels
produced by systems and equipment can provide a baseline stressor risk assessment for all
spaces where animals are held. Testing should include hallways outside holding and
procedure rooms. Ultrasonic motion detectors located outside holding rooms can be heard by
animals when holding doors are open.

3. Monitoring for Sound, Ultrasonics, and Vibration

There are many ways to detect and monitor levels of ultrasonic sound and low
frequency vibrations. As discussed above, we as humans cannot detect very low frequency
vibrations or any levels of ultrasonic sound, which is why conformance monitoring in labs is
highly useful. Testing for conformance has become the de facto starting point for protecting
animals against stress and sustaining breeding performance, thus removing stress-related
behavioral change as a research variable.
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A short-term monitoring survey of actual conditions and the testing of equipment
provides a baseline. Long-term monitoring of labs, holding and procedure rooms provides
continuous awareness to any change in the environment due to new building or research
equipment, changes to procedures or personnel work habits; and construction activity interior
or exterior to the building. As an example, maintenance to the ventilation systems and exhaust
hoods, or general wear over time, can cause an increase in vibration and ultrasonic sound that
would not be detected otherwise.

Data from continuous monitoring can be archived and retrieved and correlated with
any problem laboratories may have with breeding in specific rooms. It is a highly useful tool
for lab managers and personnel to have access to.

Conclusion

Changes in ultrasonic noise and structure-borne vibration appear intermittently and
remain unnoticed by all lab personnel. Continuous monitoring provides alerts while data is
archived for future review. The opportunity to correlate environmental changes to animal
behavioral changes allows additional controls for research. Another advantage of long-term
monitoring is proactive control of invisible stressors, avoiding error while increasing the
animals’ well-being as well as the quality of research.
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Bunsinue BoicokouacToTHOro myma (4000I'n) Ha moka3areiun
Bapua0eIbHOCTH CepAeYHOr0 pUTMA
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AHHOTANHSA

W3-3a TOBBIIEHHOTO IIyMa B TOpoJax3a00JeBaHUS OPraHOB ClIyXa SBIISETCS pPaclpOoCTPaHEHHOU
npobieMoiiB coBpeMeHHOM Mupe. JlokasaHo, 4TO JIOAM TO-PAa3HOMY pearupyroT Ha LIYMOBOE BO3JEHCTBHE.
HccnenoBanue mokaszano, 4to 17% WCHBITYeMBIX HamOoiee BOCIPHUMYHUBBEI K BBICOKOYACTOTHBIM 3BYKaM.
CoTpyIHHKH LIYMHBIX TNPEINPHUATHH, HWMEIOIMX HU3KUH IOpOr BO3JACHCTBHAIIYyMa Ha OpPraHU3M, HanOoiee
MOABEPKEHBI 3a00JIEBaHUSAM HEPBHOH M CEPAECYHO-COCYNHCTON CHCTEMBI, a TaKKe 3a00JE€BaHMSAM, CBSI3aHHBIM C
Tyroyxocteto. Ho, Kak NpaBWiIO, CyIIECTBYeT OOpaTHasl CHUTYyalus, HEKOTOpBIC JIOIU HMEIOT YCTOMYHMBOCTH K
IIyMOBOMY BO3JEHCTBHIO. B cBsi3u ¢ 3TM, HEOOX0ANMO pa3zpadoTaTh METOANKY NMpodeccHoHaTbHOro 0TOOpa, Aa0bI
n30€XXaTh COUUAIBHBIX ¥ 3KOHOMHYIECKUX IPOOIIEM.

KnroueBbleciioBa: 1myM, BapuaOelIbHOCTh CEPAEYHOIO PHUTMA, CEpACYHO-COCYIHCTas CHCTEMa,
CeplieYHble COKPALICHMsI, BBICOKOYACTOTHBIN IIYM, TYTOYXOCTb.

High-frequency noise impact (4000 Hz) on heart rate variability

Ksenofontova V.K.}, Levina E.A%, Levin S.V.?, Khramov A.V.*
YUndergraduate student of the Department ‘Ecology and life safety’

’PhD in Medical Sciences, Audiologist of the Department for hearing impairment diagnosis and rehabilitation
*PhD in Medical Sciences,Senior researcher of the Department for hearing impairment diagnosis and rehabilitation
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YBSTU « VOENMEH» named after D.F. Ustinov, 1 Krasnoarmeyskaya, 1, Saint-Petersburg, Russia
233aint St. Petersburg Research Institute of Ear, Nose, Throat and Speech, 9 Bronnitskaya Str., 9, St. Petersburg,
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Abstract

Due to the increased noise in the cities, hearing diseases are a common problem in the modern world. It
has been proved that people react differently to noise exposure. The study showed that 17% of the test subjects are
most susceptible to high-frequency sounds. Employees of the noisy enterprises with a low threshold of noise
exposure to the body are most prone to diseases of the nervous and cardiovascular system, as well as diseases
associated with hearing loss. But, as a rule, there is a reverse situation, some people have resistance to noise
exposure. In this regard, it is necessary to develop a method of professional selection in order to avoid social and
economic problems.

Key words: noise, heart rate variability, cardiovascular system, heart contractions, high-frequency noise,
hearing loss.
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IIpn nocTOSSHHOM BO3AECHCTBHM IllyMa Ha OpPraHU3M, y YEJOBEKA Pa3BUBAETCA IIyMOBAsI
60se3Hb. OCOOEHHO YacTO OT 3TOro 3a00JIEBAHUSA CTPAAAIOT KHUTEIH OOJBIIMX TI'OPOAOB, IIE
THUIIMHA — 3TO peAKHi pecypc. Taxke B rpymniy pucka BXOAAT paOOTHUKU OMpEAETIeHHBIX cdep,
CBSI3aHHBIX C TIOBBIIICHHBIM ILIyMOM. JIr00oW mpouecc, BbI3bIBAIOIMI KojeOaHUs B
pa3sHOOOpa3HBIX cpeax Miu U3MEHEHUs1 0apOMETPUYECKHX MOKa3aTeNeH, SBIsSeTCS HCTOUHUKOM
myma. HeoOxoaumo mpoBecTH HcCclelOBaHME peaklUM OpraHu3Ma, a MMEHHO BereTaTMBHOMN
HepBHOU cucreMbl (nanee — BHC) u BapuabGenbHOCTH pUTMa cepilia, Ha BbICOKOYACTOTHBIN
myM. Tak Kak KakIplid 4EJIOBEK MMEET MHIMBUIYaJIbHYIO YyBCTBUTEIBHOCTb K Pa3Ipa’karoluM
dakTopaM, peaknus y pasHBIX JIIOJIEH MOXET OTIMYaThcs. B mepByro ouepenp, yXyIAIICHUIO
3IOPOBBAIPH BO3ACHCTBUM BBICOKOYACTOTHOIO IIyMa, IMOJBEPrarOTCsA JIIOAU C MOBBIIICHHOU
BOCTIPHMMYHMBOCTBIO BETETATUBHOW HEPBHOW cuCTEMBbI. UenoBeK, 00JIagaromuil yCTOMUYUBOCTHIO
OpraHu3Ma K pasJpakaroliuM (pakTopam,He UMEET yXy/IIeHU B paboTe BereTaTUBHON HEpBHOU
CHCTEMbI, COOTBETCTBEHHO Yy TakKoro pa0OTHHKa HE pPa3BUBAIOTCS OOJE3HH CIIyXOBOTO
anmapara.HeoOxonuM aHanmm3 pe3ylbTaTOB HCCIEIOBAHUS BIMSHUS BBICOKOYACTOTHOTO IIyMa
Ha [I0Ka3aTead BapHaOEIbHOCTU CEpIEYHOr0 pUTMAa JUIs BBIABICHHS IPOLEHTA JIIOJEH,
UMEIOIINX WHAWBHIYAIbHYIO YyBCTBUTEILHOCTD K pa3apaxaromuM (Gpakropam.

1. AKTyaJIbHOCTH TeMbI

bonbiioe konuuecTBO JOJeH paboTaeT B YCIOBUAX IOBBIIIEHHOTO ILIyMa M, Kak
CJIeZICTBHE, UMEET NMPO(EeCCHOHANBHYIO TYTOyXocTh. Jlpyrue ke paboTHUKH, HaXOsICh B TEX JKe
yCIIOBUSIX, Oojiee yCTOMYMBBL, W TYrOyXOCTh Y HHUX HE pa3BUBaeTCs. OJTO TOBOPUT 00
UH/IUBUYaJIbHOM 4YyBCTBUTEIBHOCTH OpraHu3Ma K 3ByKaM pa3jiMYyHOM 4acToThl U
WHTECHCUBHOCTH. Ba)KHOM M NpPaKTUYECKOM 3ahadell Ha CETONHAIIHUN JCHb SBISIETCS TOHCK
HOBBIX, 6onee 3pHEKTUBHBIX KpPUTEpUEB JMAarHOCTHKH WH/IMBUyaJIbHOM
NPEpPacoNOKEHHOCTH K 3TOMy 3abosieBanuio. [Ipu 3ToM B HaydyHOW JMTEepaType HMEIOTCS
TOJIbKO €IMHUYHbIE MCCIIECIOBAHUS BIUSHUS IIyMa Ha MOKa3aTelau BapuabeabHOCTH CepAEeYHOro
putma (nanee — BCP), orpaxarolue COCTOSHUE BEreTaTUBHOM pEryisiliui OpraHu3ma
yesnoBeka [1]. Pe3ynpTaThl NMpOBEAECHHBIX MCCIEJOBAHUHN IOKA3bIBAIOT, YTO MPOCIYIIMBAHUE
IIyMa BbI3BIBAET CYIIECTBEHHbIE MEPECTPOUKH B (YHKIMOHHPOBAHMU KapIUOPECHUPATOPHON
CHCTEMBI, CHIDKEHHE BapHaOelbHOCTH CEpAEYHOI0 PUTMA, YMEHbILIEHHE SHTPONUHU, U3MEHEHUE
dbopmbl obaka Ha rpaduke Ilyankape (puc.l).llo xkaxaoit KapAHOUHTEpBAIOTpaMMe CTPOUTCS
ckaTTeporpamma uiu rpaguk Ilyankape (Poincare plot analysis). Iloctpoenue ckarteporpaMMsl
3aKouaeTcss B TpaduueckoM OTOOpakeHWHM TMOcieAoBaTelbHBIX Mmap R-RunTepsanos
(paccTosiHEE MEXIY COCEIHHMH CEp/ACYHBIMU COKDAILCHHSIMHU) B JBYXMEPHOU KOOPIMHATHON
wiockocTd. [Ipu 3TOM mo ocu abcuuce oTkinaapiBaeTca BenuunHa R-Rn, a mo ocu opaunHar —
BenmnunHa RN -Rn+1, To ecTth ucnonb3yercs BpPeMEHHOW psAl, CABUHYTBIH OTHOCHUTEIBHO
ucxonHoro Ha oauH R-R-untepsan. Ilomydennas Takum oOpa3oM 00J1aCTh TOYEK SIBISIETCS
NpoeKIeld Ha IUIOCKOCTh (ha30BOM TpaekTopuu JuUHaMudeckoro psiia R-R-unTepBanon. Oto
CBUJICTENILCTBYET O BBIPAXEHHOM HAINpPSDKEHUU PETyJIATOPHBIX MEXaHU3MOB B IEPUOJ
IIPOCITYIIMBaHU IIyMa.
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DoHoBas OpTocTaTueckan jEo

10
10

Pucynok 1.Cxarreporpamma (rpaduk [lyankape) — u3MeHeHUE HAPSHKEHHUS PETYIISTOPHBIX
MEXaHHW3MOB B IEPHOJ NPOCTYIIUBAHUS IIIyMa

BapuabenbHOCTh CepIeYHOrO0 pPHUTMAa — HMHTEPBAT MEXAY COCEIHHUMH CepACYHBIMU
COKpAIIEHUSIMH, 3aBUCUT OT BETETATHUBHOW HEPBHOW CHUCTEMBI, KOTOpash PErylupyeTrcss ABYMs
HEpBHBIMU OTJENIAaMH: CHMIATHUYECKMM U TapacuMnaTudeckum [2]. JlaHHBIH TecT OYeHb
MOJIXOJUT Ui MPOBEACHUS CKPUHUHTOBBIX HccienoBanuii. Oco0oe BHUMaHUE CIENyeT YACIUTh
BBICOKOYACTOTHOMY Iymy. Beicokune ypoaum myma (100 —110 1b) BbICOKOYAaCTOTHOTO
xapaktepa (2000 — 4000 I't) BO3HHUKAIOT MPH paboTe ¢ PEKYIIUM HHCTPYMEHTOM (Harpumep,
METAJUIOPEXKYIINe CTaHKH). Takxke 3y04aTele W pEeMEHHBIE Iepeladd, SJICKTPOJIBUTATENH H
HNOJIINIHUKA B MEXaHU3ME SIBJISIOTCS MCTOUYHUKAMH 3BYKa BBICOKOW YaCTOTBI,0COOCHHO €CIU
JeTallb UMEET U3HOC WM JE(EKT.

2. MeToauka uccje10BaHus

Ha 6a3e Cankr-IlerepOyprckoronayuyHo-ucciae10BaTeNbCKOro HHCTUTYTayXa, Iopia,
Hoca u peun (HUW JIOP) ObuM mpoBeAEHBI HCCIEAOBAHUS BO3JIEHCTBHS HENPUSTHOIO
MOBBIINICHHOT'O BRICOKOYACTOTHOTO TiryMa (ckpexeT metaiuia o crekiny: 4000 ', 65 — 70 nb) Ha
BapuabenbHOCTh cepaedHoro putMma. MccnemoBanust Obumun mposeneHsl y 30 uenoBek (14
My>X4uH, 16 >keHIIMH) B Bo3pacte OT 18 mo 23 mer. B aTy rpymnmy He BKIIOYAIUCH JHIA C
[IATOJIOTUEN OpPraHoB ClyXa, CEpACYHO-COCYIUCTOM M HEpPBHOM cucreM. MeTtoauka
HCCJIEIOBAHMSI: MCHBITYEMbIN TMOMENIAETCSIB M30JIMPOBAHHYIO OT pa3/paxkaromux (akTopoB
KoMHatTy. Takke B KOMHaTe HaxoJsATcs nBa HaOmoparend. Jlanee, B TeueHue 10-tu mMuHyT
MPOBOAMTCS MOHUTOPUHI TOKa3aTeled JbIXaHWsT M CcepAueOueHus B TOPU30HTAIBHOM
MOJIOKEHUN J10 MX crabunmzanuu. [locnme Toro, Kak JaHHbIE MOKa3aTeld CTAOMIU3UPYIOTCH,
POBOIUTCS 5-TH MHHYTHAs 3alHCh MPoObI horosotiakmusnocmu (R — R unTepBans).doHoBas
(ucxoiHasg) 3amuch JOJDKHA MPOBOJUTHCS B YCIOBHSX IIOKOS B TEUEeHHE HE MeHee 5
MUHYT.OZHOBpEMEHHO Ha  ammapaTHOM KOMIUIEKce (UKCUPYIOTCS  (U3HUOJIOTUYECKUE
MoKa3aTesu: IMyJbC, YacTOTa CEPJCUHBIX COKpAICHWH, BapuabeIbHOCTh CEpJACYHOr0 pUTMa U
neixanue. Ilpu Bo3melcTBUMM IIymMa Ha OPraHM3M, 3THU IOKa3aTeNd MO3BOJISIIOT MOJYYUTh
MHTETPAJIIGHYIO OLIEHKY BO3JEHCTBUSI Ha CEPJAEYHO-COCYIUCTYI0 M BETETAaTUBHYIO HEPBHYIO
cuctembl. /lanee muiaBHbBIN MOABEM B BEPTUKAIBHOE MOJIOKEHUE (5 MUHYT, 3allMCh NTOKa3aTesen
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He mpepsiBaercs), mnpoucxoaut aktuBauus BHC (opmocmamuueckass npoba — wmeron
UCCIICIOBAaHUSI U JIMarHOCTUPOBAHMSI COCTOSIHUS CEPIEYHO-COCYIUCTOM M HEPBHOM CHUCTEM,
KOTOPBII TO3BOJISIET BBISIBUTH HAPYIICHHUS B peryisauuu padotsl cepaua. CyTh TecTa B epeBojie
TeJIa U3 TOPU3OHTAIBHOIO B BepTUKanbHOe mojoxeHue[3]). [locne — cHOBa ropu3oHTanbHOE
NOJIOKEeHHe, crabuim3anus mokazarened B TedeHue 10-tu munyt. [locnmemnuit stam —
AQHAJIOTUYHBIA  5-TM MHMHYTHBII MOHUTOPHHI BO3JEMCTBUS pa3[paXkalollero uryma Ha
BEr€TaTUBHYIO CUCTEMY IIPHU BO3/IEHCTBUU BBICOKOYACTOTHOI'O IIyMa.

3. Pe3yJabTaThl HCCI€T0BAHUS

[Tocne amanmu3a mapameTpoB (HOHOBOW AKTUBHOCTH W OPTOCTATHYECKOW MPOOBI ObLIH
3aMCUCHbI HM3MCHEHHS peaKkiMd OpraHu3Ma Ha IIyMOBOe Bo3jeiicTBue (Tabiuia 1).
OuenuBanuch Takue napamerpsl kak: HR (Mc) — cpenqnss yacrota cepaeuHbIX COKpallleHUH 3a
10-tu MUHYTHYIO 3amuch, R-Rmin/max (Mc) — HHTEpBajbl MEXIY CEPACYHBIMH COKPAIIEHUIMU
(MuHUManpHOE/MakcuManbHOe 3HaueHune), RRNN (Mc) — cpeanee 3HaueHue uHTEpBajioB R-R,
SDNN (Mc) — cramnmapTHOe OTKIOHCHHE R-R WHTEepBaIOB Ha 3aperncTpUpOBAHHON 3aIHCH,
PNN50 (%) — Hanboiee YacTO UCMONIb3yEeMbIE MTApPaMETPhI, OTPEIE/IAEMbIe Ha OCHOBE pa3InIuii
MEXy UHTEPBAJIAMH.

Tabnuya 1
OTKIJIOHEHUs 3HaYeHUH (DOHOBOM aKTHBHOCTH IIPH OPTOCTATHYECKOM MpoOe (TIEpBOE 3HAYCHUE)U
IIPH BO3JICHCTBUU BBICOKOYACTOTHBIM IIIYMOM (BTOPOE 3HAUCHUE).

HR, R-Rmin, R-Rmax, RRNN, SDNN, pPNN50,

N MC MC MC MC MC %
BricokouactoTtusrii mrym (4000 I'x)

1. 3111 31—8 0,1 —»13 24— 10 59— 16 6— 55
2. 13—-3 19—4 11-1 15—-3 T—7 8219
3. | 1904 | 26—11 11-3 16—0,3 54—14 368—12
4. 314 238 16—4 24 —4 7—15 37—20
S. 3—-1 2—13 0,7—8 3—1 2—32 1358

BreisBieno, uyto y 5-x uenmoBek wu3 30 (17%) oOHapyxXuBaiach MOBBIIICHHAS
qyBCTBUTEIBHOCTH Mokazatenell BCP k mymy (Tabmuua 1). Tak xak ux mokasaTtenu, mocie
00paboTKH PE3yIbTATOB «J0» U «IOCIE» BO3JAEHCTBUS, BApUaOEIbHOCTH CEPIEYHOI0 PUTMA Ha
BBICOKOYACTOTHOM JMana3oHe uMenu 3ameTHoe paszimmune (15— 36%), Torna kak M3MEHEHHE
nokasarenei BCP y ocranpHbIX 00CI€I0BaHHBIX HE SBISUIMCH CTOJIb BBIPRXKEHHBIMH U
CTaTUCTHUYECKH 3HaUMMbIMHU (2-10%). Peakius Ha Takoe IyMOBO€ BO3JEHCTBHE apTepHaILHOTO
JIABJICHUSI U YaCTOThI MyJbca OBLJIO HECYIIECTBEHHBIM. DTO MOXET CBUAETEILCTBOBATH O TOM,
4yro u3MeHeHus mnokazateneili BCP oO0ycioBieHO M3MEHEHUSIMH CO CTOPOHBI HMEHHO
BEreTaTUBHOM, a HE CEPJICYHO-COCYIUCTON CUCTEMBI.

3akjao4yeHue

Taxum oOpa3om, npeaBapUTeIbHbIE PE3YIbTAThl MOKA3aIM, YTO MCCIEI0BaHUE BIUSHUS
IIymMa Ha TMOKa3aTeld BapHaOelbHOCTU CEpJeYHOr0 PUTMA MO3BOJISIET BBIICIUTH TPYIILY JIMIL
(17% oObcnenyeMbix) ¢ TOBBIIICHHONH YYBCTBUTEIBHOCTHIO BET€TATHMBHOW HEPBHOW CHUCTEMBI K
IIyMOBOMY  Bo3feiicTBuio.  HeoOXoauMo  JONOJHMUTENBHO  HM3YyYUTh  BO3JEHCTBHE
HU3KOYACTOTHOTO IlIyMa, Tak Kak 3ByK Huxke 16 — 20 I'y umeer Hambosbllee BO3/IEHCTBUE Ha
IICUXOOMOLIMOHAJIBHOE ~ COCTOSIHME  uenoBeka. [IpojgomkeHwe  ucCClenoBaHMM B 3TOM
NEePCIEeKTUBHOM HAlpaBiIeHUH MOKET 000CHOBAaTh KPUTEPUHU HMCIIONb30BaHMs noka3arteneid BCP
B Mporuecce npodordopa W NpH MPOBEIECHHUH MEIUKO-IKOJIOTHYECKHX TECTOB y HACEICHUs
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MeranojucoB. B pe3ynbraTe 3TOro BO3MOXXHO BHeceHHe nomnpaBok B IIpuka3 Munucrepcrsa
3/IpaBoOXpaHeHus U corpanbHoro pa3Butusi PO N302H «O0 yTBepKIeHUH NEpedHel BpeIHbBIX
U (WIM) OMNACHBIX IPOU3BOJACTBEHHBIX (AKTOPOB M PAabOT, INpPHU BBINOJHEHUH KOTOPBIX
IPOBOASATCS 00sI3aTENIbHBIE IPEABAPUTENBHBIE M MEPUOJUYECKHE MEAMIMHCKHE OCMOTPBI
(o6cnenoBanus), u Ilopsaka nmpoBeneHUs: 00s3aTENBHBIX MPEIBAPUTEIBHBIX U MEPUOINIECKUX
MEIUIUHCKUX OCMOTPOB (00cienoBaHui) pabOTHUKOB, 3aHATBHIX Ha TSDKEIbIX padoTax U Ha
paboTax ¢ BpeAHbIMHU | (HJIM) ONIACHBIMHU YCIOBUSMU TyHa»[4].
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sources. By results of measurements of sound levels at selected points it is calculated values for sound power
levels of noise sources, assuming the absence of screening barriers - solve the inverse problem. At the second
step of the known sound power levels based on the screening effect of buildings it is calculated sound levels at
the points of measurement, which are compared with measured values. Values of sound power sources shall be
adjusted for the value obtained differences of sound levels.

The developed method of acoustic calculation of SPZ allows to solve many problems in the
measurement of noise characteristics of noise sources in operating conditions.

Key words: noise, sanitary protection zone, sound levels, acoustic calculation, the inverse method.

BBeagenue

[IlymoBoe 3arpsi3HEHHE — OJIHA W3 AKTYaIbHBIX MPOOJIEM COBPEMEHHOI'O TOpoJa.
[Iym 3HAaYUTENHHO YBETUYMI pPOCT 3al0oyieBaeMocTH. M3-3a HEro pe3ko yXyALIMIOCh
KauyeCTBO OKPYXKalOLIe cpesibl U, CIe10BATENIbHO, YCIOBUS CYLLIECTBOBAHMS JIFOIEH.

Jiis OoppOBI C HIYyMOM Ha CYIIECTBYIOIIMX MPEINPUITUAX pazpabaTbiBacTcs
caHuTapHo-3amMTHas 30Ha (mamee — (C33). Pacyer BenWYMHBI IIYMOBOTO BO3JEHCTBHS
MIPOBOJIUTCA OT Ka)KJOT0 UCTOYHMKA IIyMa MpEeAnpUsATUs Ha Touku Ha rpanuue C33 [1, 2]. B
OCHOBE TaKOTO MOAXOJa OOBIYHO HCIIOJB3YIOTCS PE3yJIbTaThl U3MEPEHHN YpOBHEW IIyma
KOHKPETHBIX MCTOYHHUKOB, BBIIIOJIHEHHbIE HEMOCPEACTBEHHO HA TEPPUTOPUU JIEUCTBYIOILIETO
npeanpustusi. OIHAKO TPOBEJACHUE TaKUX HW3MEPEHHM 4YacTo 3aTPYJHEHO, a WHOT/AA
HEBBIIIOJIHUMO, BBHJY HEBO3MOXHOCTH pa3/ieJ€HUsl BKIAJ0B KaXKJOr0 MCTOYHUKA B
Pe3yIABTUPYIOIINE YPOBHU IIyMa.

B kaudecTBe pelieHusi MOCTaBIECHHBIX MpobieM ObUT pazpaboTaH OOpaTHBIM METOA
AaKyCTHYECKOT'O pacueTa CAaHUTAPHO 3aIMTHBIX 30H, MPEJCTABICHHBIM HAa MEXKIyHApOIHOU
KOH(pEepeHIIMH, TMOCBALICHHOW 3alluTe HaceleHus OT noBbiIeHHOro myma [3]. B
paccMaTpuBaeMOM METOJIE TMPEIJIaraeTCsl BBINOJIHATH HU3MEPEHHUS IIyMa B MPOU3BOJIBHBIX
TOYKAX, pACIIOJIOKEHHBIX Ha TEPPUTOPUM MNpeanpusTus. VCTOUYHMKHM IIymMa, KOTOpbIE
VUUTBHIBAIOTCS B pacueTe, WX KOJIMYECTBO M KOOPIWHATHI ONPEACISIOTCS Ha OCHOBE OOIIUX
MOAXOAOB K HWHBEHTapU3alMd MCTOYHUKOB IIyMa. YHCIO TOYEK HM3MEPEHHUM JOJIKHO
MIPEBBINIATH KOJIMYECTBO UCTOYHUKOB 1Iyma. [1o pe3ynbraram u3MepeHui OKTaBHBIX YPOBHEH
3BYKOBOTO JAaBieHusi (naigee — Y3Jl) wiM SKBHBAJIECHTHBIX YPOBHEH 3ByKa B BBIOpaHHBIX
TOYKAX, PACCUUTHIBAIOTCS 3HAYECHMUsS] DKBUBAJICHTHBIX U OKTAaBHBIX YpPOBHEH 3BYKOBOM
MomHocTH (mamee — Y3M) HCTOYHUKOB IIyMa, B MPEANONONKEHHUH OTCYTCTBHS
SKPAHUPYIOMIMX MPETSATCTBUN — pelraeTcss oopaTHas 3ajiada. 3aTeM, 10 U3BECTHBIM YPOBHSAM
3BYKOBOM MOIIIHOCTH HCTOYHHKOB IIyMa C YYETOM JKPAHUPYIOUIETO BIIHUSHUS 3aCTPONKH
pacCUMTHIBAIOTCS YPOBHM 3ByKa B TOYKAX M3MEPEHUN, KOTOPBIE COIMOCTABISIOTCS C
W3MEPEHHBIMU 3HadeHUsIMU. [0 BenWunMHE MOMyYEeHHBIX pa3sHOCTEH Y3 KOPPEKTHPYIOTCA
3HAQUEHUS] YPOBHEW 3BYKOBOM MOIIHOCTM MCTOYHUKOB. lIpouenypa KOppeKTHpPYHOLIUX
pacyeToB MPOJOJKAETCS /10 TOJTYYEHUs 3aJaHHOM CXOJUMOCTU pe3ylbTaTOB pacyera u
u3MepeHus (Harmpumep, 10 +31bA B KOHTPOJIbHBIX TOUKAX).

1. MarteMaTHuecKasi IOCTAHOBKA 3aJa4H

MaremaTnueckoe pelieHne OoOpaTHOM  3aJaud  COCTOMT B OIpEJesIeHHH
ko3 dumeHToB auddepeHINaTbHbIX YpPaBHEHUH KBaJpaTUYHOTO (YHKIHMOHAIA MEXITY
WU3MEPEHHBIMU M PACUETHBIMU 3HAYEHHUSMHM MHTEHCUBHOCTHU 3BYKa B TOUKAX MU3MEPEHUH (IUIs
N TOYEK U3MEPEHUI U M UCTOYHUKOB IIyMa):

2 2, 4
Finm)=> (1,-> 1,)°, Br/m (1)
rac |n [BT/MZ] — 3HA4YCHUS MHTCHCUBHOCTH 3BYKA, OMPCACIICHHBIC N3 HU3MCPCHHOTO
3BYKOBOT'O OAaBJICHUA B n TOYKax, Im — paCCUUTAHHBIC 3HAUCHUA HWHTCHCHBHOCTHU IJId m
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rcTouHnKoB (BT/M?).
3HaveHHsI HHTEHCHBHOCTH 3BYKa B N TOYKAX PACCYMTHIBAIOTCS 10 (hopMyIie:

P2

p-C
r7ie P— IUIOTHOCTDH CPEIbI (Kr/M3); P— 3BykoBoe naBneHue B Touke usmepenus (I1a); c-
CKOPOCTH 3BYKa B cpefie (M/C).
3Ha4YeHUsT UHTEHCUBHOCTHU Ui M MCTOYHHMKOB ONPEAEISIOTCS 1Mo (opmyne (Kak A
ClIydasi pacrloJIO>KEeHUsI ICTOYHHKA IIyMa Ha 3BYKOOTpaXKarollel MOBEPXHOCTH):
I, = W—m2 ., B/ 3)
2-7-r
rae I — paccTostHue OT UCTOUYHUKA M A0 TOYkH u3MepeHus N (m); Wp — akyctuueckas
MOIITHOCTh «M» —T0 ucTouHuka (BT).
HewnsBecTHBIMHU 3HAYCHUSMU SIBIISIOTCS 3HAYCHHSI 3BYKOBOW MOIIHOCTH UCTOYHUKOB
Wp. Jns ux ompeneneHuss HaxoguTcss MUHUMYM ¢yHkiuoHana F. Munumym ¢yHKIMN
HECKOJIbKMX TEPEMEHHBIX JIOCTUTAETCS TPU YCJIOBHM pPABEHCTBA HYIIO €€ YaCTHBIX
MIPOU3BOIHBIX

n

, Br/v? @)

ddTF =0 . 4)
m
Takum o00Opa3oM, TModydeHa CHUCTeMa JIMHEHHBIX anreOpanyecKux ypaBHEHUH,
COCTOSIIAs U3 M ypaBHEHU ¢ M HEM3BECTHBIMU, U3 KOTOPOU onpeaenstorcs 3HaueHus: Wi,
Pemenne cuctemsl anredpandeckux ypaBHEHHUH pean3oBaHo B mporpamme MathCad
Y TIPOU3BOAUTCA ITyTeM OOpaIieHus MaTpUIlbl KO3PPUIIMEHTOB 110 popmyIie:

-1
W = Ann X B (5)
rae A —marpuna kodddumuentos npu W; B — mMaTpuna nenbx 3Ha4eHUH.

2. Pemenue oOpaTHOii 3a1aun

W3 BBIIIEN3II0)KEHHOTO BUJIHO, YTO B OOILIEM BHJE 3TOT TPAJAULIMOHHBIA aJrOpPUTM
JIOCTaTOYHO MPOCT U MPUMEHUM K OOJIBIIOMY YUCITy HCTOYHHUKOB IIyMa.

Jljig TeCTOBBIX 3a/1a4 pa3HUIA MEXY MOJIyYeHHBIMH 0OpaTHBIM METOJIOM IOCIIe 2-X
marop  urepauuun B «APM-AkycTuka» pesyiabraTaMH pacyeTa YpPOBHEM 3ByKa U
MOJIyYUEHHBIMHU HPSIMBIMHA METOJaMH Ha TpaHMIle CAaHUTApHO-3AIIUTHBIX 30H, yJAJICHHOH OT
rpaHunbl  npennpuatdss Ha S50 M cocrtaBnstoTr  He Oosee 2 1BA, uro  BmHoOJHE
YIIOBJIETBOPUTENBHO C MPAKTUYECKON TOUYKU 3pEHHS], XOTSI CXOJAUMOCTb PE3ylIbTaTOB MOKHO
YCHJINTB, UCIIONb3Ys JAJIbHEUIINE UTEPALIUOHHBIE IIaTH B PaMKaX M3JI0)KEHHOTO TIOAXO0AA.

ITpumep, nmmrocTpUpyrOmMi padOTOCIOCOOHOCTh METOAA, OTHOCHTCA K pacdeTry
IIyMa Ha TPaHUIIE CAHUTAPHO-3AILUTHON 30HBI MOPTa «DKOHOMHUS» B I. ApXaHrenbck [3].

Ilocne Tpex maroB HMTEPallMOHHOM HACTPOMKM AaKyCTMYECKOM MOJENM IopTa B
I. ApXaHrenbcK, IO pe3yjJpTaTaM M3MEPEHHUs IIymMa Ha €ro TEPPUTOPHUM, pPaCUETHbIE
3HAu€HUs, TIOJYyYEHHbIE MIPSIMBIM U OOpaTHBIM METOJaMH, B KOTOPOM YYMTHIBAIUCH BBICOTHI
PacIroI0KeHUsI UCTOYHUKOB, IIPAaKTUUECKU coBnayiv. Ha rpaHniie caHuTapHO-3alIMTHON 30HBI
Pa3HOCTb MEXAY PAacCUMTAHHBIMH JIByMs METOJAMM YpPOBHSIMU 3BYKa JIEKHUT B Ipenenax
+2 nbA [4].

2.1. Cxooumocms memooa

BBuay Toro, 4ro cucremMa JIMHEWHBIX anreOpanyuyecKux ypaBHEHUH Obla IJI0XO
00ycCIToBJICHa, TO JUIS ee Oojiee KOPPEKTHOT'O PEIICHUs OBbLI WCIOJb30BAaH CIEITUATBHBIN
MOJIXO0JT — METOJl CHHTYIIsIpHOTO pasnoxkeHus (svd (A) B cpene Mathcad).
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VYcoBepieHCTBOBaHHE pa3padOTaHHOTO 00paTHOrO METOJa aKyCTHYECKOTO pacueTa
CaHUTAPHO-3AIUTHBIX 30H MO3BOJISAET JIy4llIe PEIUTh MPOOIEMy BBIICICHUS OMPEIEIIEHHOTO
UCTOYHMKA U3 TPYNIBl OJIM3KOPACIONOKEHHBIX NPU NPOBEICHUH H3MEPEHHMH HIYMOBBIX
XapaKTepUCTUK HUCTOYHHKOB B YCJIOBMSIX OKCIUTyaTaluu mnpeanpusatus. lcmons3oBanue
BBICOTHOM KOOpJMHATHI B pacyeTax [4] mO3BOJIAET YUUTHIBATh TPYAHOJOCTYIIHbIE HCTOUHUKH
1IyMa, K KOTOPbIM HET JOCTyla Ha HEOOXOAMMYIO ISl TIPOBEACHUSI U3MEPEHUN TUCTAHIIUIO
(HampumMep, TpPyObl KOTENBHBIX, CKPYOOEphl M OOBEKTBI C OCOOBIM PEKHMOM JIOCTYIA).
Hcnonp30BaHrEe METO/Ia CUHTYJISIPHOTO Pa3NioKEHUs [5] MO3BOJISET YIYUIIUTh CXOJUMOCTD U
0oJjiee TOYHO ONPEEINUTD IIYMOBBIE XapaKTEpUCTUKU. VccaenoBanus pa3aMuHbIX MOJAEIEH, C
3aBEJIOMO IIJIOXO0M CXOJIUMOCTBIO [5], MOKa3bIBalOT HEOOXOIMMOCTh BBEACHUSI KPUTEPHS ISt
BbIOOpA TOUEK U3MEPEHUI.

B npenmpimymux  pab6orax [3-5] wucciaenoBaHust  ObUTM  MIPOBEACHBI IS
IIPOM3BOJICTBEHHBIX IIIYMOB, OIMCBHIBAEMBIX B IIapaMeTpax ypoBHeH 3Byka. OJIHaKo d4acro,
O0COOCHHO Ji pa3paOOTKU CpEACTB CHIDKEHHUS IIymMa, B IEpPBYIO Ouyepellb Ui CHUCTEM
BEHTWISILIMM, HEOOXOJMMO OLEHMBAaTh MCTOYHHMKM IIyMa M HX BKJIaJ B KOHTPOJIbHBIE
pacueTHble TOYKM B OKTaBHBIX Mojiocax dactoT. llpu »93TomM, Kak wu3BecTHO [6],
HEeOoIpeAeNEHHOCTh (MOrPEIIHOCTh) U3MEPEHUN CHUIBHO 3aBUCHUT OT YaCTOTHI, CYIIECTBEHHO
YBEJIMYUBASACH B 00J1aCTH HU3KUX YaCTOT.

2.2. Anpobayus pazpabomannozo memooa

s uccnenoBanusi paboOTOCIIOCOOHOCTH METO/a B OKTaBHBIX IOJOCaX YacTOT B
JIAHHOM CTaThe MPHUBEICHBI pacyeThl OKTaBHBIX YPOBHEW 3BYKOBOTO JAaBJICHUS Ha T'PAHHIIC
C33 bokcuToropckoro 3aBojia OT BHIOPOCOB CUCTEM BEHTHIISALIMU, PACIIONIOKEHHBIX HA KPOBIIE
IpOU3BOJCTBEHHOro 1exa. Ha pucynke 1 mnpeacraBieHa MoJenb, peanu3oBaHHAs B
nporpaMMHOM Komiuiekce APM «AkycTukay.

TH — touku nzmepenuii; NI — ucToyHUKY 11yMa

Puc. 1. Mogens KpOBJIX TPOU3BOACTBCHHOT'O LI€Xa EOKCI/ITOFOPCKOFO 3aBoJa

OTHOCHTENBHBIN BKJIaJ OKTAaBHBIX YPOBHEW 3BYKOBOTO [aBJIEHHS B CyMMAapHbIN
YpOBEHb 3BYKa MOXET OBITb ONpPENENECH [0 KOPPEKTUPOBAHHBIM 3HAUYEHUSM YpOBHEH
3BYKOBOTO JaBJCHHMS (MJIM 10 KOPPEKTHPOBAHHBIM YPOBHSM 3BYKOBOM MOIIHOCTH B
OKTaBHBIX I0JIOCax 4acToT). KoppekTupoBaHHBIE 10 MIKalle «A)» OKTaBHBIE YPOBHH 3BYKOBOM
MOITHOCTH HCTOYHHUKOB IIyMa (CHUCTEM BEHTWJISIMM) TIpPHBEIEHbl HAa PHUCYHKE 2 JUIs
BBISIBJICHUSI OCHOBHBIX YacTOT, ONpPENENSIIOIIMX BKJIad B 0OmUN ypoBeHb 3Byka. U3
NPEJCTaBICHHBIX CHEKTPOrpaMM BUAHO, YTO OCHOBHBIE BKJI/bl HAOJIOJAIOTCS HAa YacTOTax






