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IIpeocmasnensl pe3ynbmamol UCCIE008AHUS 603MONICHOCIU 0OecneueHls 00CMOBEPHOCMU
OUCTNAHYUOHHBIX USMEPEHUL NPU OYEeHKe PACNPOCMPAHEHUs AKYCMUYECKUX CUSHANO08 8 20POOCKOU
cpeoe. Jlanvl 06wue pekomeHoayuu no NOCMpPOeHUIo CUCMeEMbl C Y4EMoM HeoOX00UMOCmuU
NOHOCNEKMPANbHO20 pedcuma usmepenui. Ilpeonodceno ucnonvzoeams kanubpamop muxkpogouna. C
UCNONL308ANHUEM CMOOETUPOBAHHOU CUCTNEMbL USMEPEHUS NOYHYEHO, YMO AOCONOMHAS NOSPEUHOCHIb
Kanubposxu Ha paccmosiHuu 00 240 mempos nexcum 6 ouanasone -0,25<4%<0,65. Coenan 61600 0
00CcmMamo4Hou cmenenu 00CMoOBePHOCMU NOOOOHBIX USMEPEHUIL.

Kniouesvie cnosa: akycmuyeckuti Cuenai, Kamobposka, cucmema usmepenus

Calibration capabilities of a remote acoustic signal assessment system in an urban
environment

S.S. Kozlov, Ya.D. Molchanov, L.Yu. Ermakova, V.V. Bulkin

Murom Institute of Vladimir State University.

The results of a study of the possibility of ensuring the reliability of remote measurements in
assessing the propagation of acoustic signals in an urban environment are presented. General
recommendations are given for the construction of the system, taking into account the need for a full-
spectrum measurement mode. It is suggested to use a microphone calibrator. Using a simulated
measurement system, it was found that the absolute calibration error at a distance of up to 240 meters
lies in the range of -0.25<4xi<0.65.The conclusion is made about the sufficient degree of reliability of
such measurements.

Keywords: acoustic signal, calibration, measurement system

BBenenue

OcobeHHOCTH 00pa30BaHUS W PACHPOCTPAaHEHHUS aKYCTUYECKMX BOJH HEOHOKPATHO
paccMaTpUBAINCh B HaydyHOU M cripaBouHoi nuteparype ([1,2] u nap.). Bonbinoe BHUMaHue
yIENSIETCS KOHTPOJIIO aKyCTUYECKMX CHTHAJIOB B IIPOU3BOACTBEHHBIX ToMetieHusx [3]. Takke,
M3BECTHO MPUMEHEHUE aKyCTUUECKUX BOJH JJI 30HIUPOBAHUS IPU3EMHOTO CI0S aTMOC(EpPhI
[4].

C mpakTHUeCKON TOYKH 3pEHUs aKTyalbHOW SIBISIETCS 3a/laya KOHTPOJS aKyCTHYECKUX
CUTHAJIOB B TOPOJICKOM cpejie. ICTOYHHKAaMU TaKUX CUTHAJIOB MOT'YT OBITh KaK TPAHCIIOPTHBIE
Cpe/CTBa, TaK U CTPOUTEIIbHBIC WIIM HHBIC TPOU3BOICTBEHHBIC PaboThI [5]. OcoObIit nHTEpEC B
TaKUX CIydasX WUMeEeT OICHKAa PaclpOCTPaHCHHS aKyCTHUYECKHX CHTHAJIOB (ITymMa) BTIyOb
JKAJION 30HBI TOPOJA.

JUis TpoBeleHUsT TakKWx pPadOT OOBIYHO MPHMEHSIOT CTAHJIAPTHYIO H3MEPHUTEIIBHYIO
TEeXHHUKY (mrymomepsl). OgHaKo, Kak Moka3aHo B [6], 0COOEHHOCTH CTaHAApPTHBIX METOJUK,
OTPEICTISIONINX M3MEPEHUSI Ha CPEIHEB3BEIICHHBIX YaCcTOTaX OKTaBHBIX JUAma3oHoB [3],
MOTYT MPUBOMTH K CYIIIECTBEHHBIM OITUOKAM B OLIEHKE YPOBHEH 3ByKOBOTO IaBJICHUS IITYMOB.

Pemennem 3THX mpobiemM  MOokeT crtarth: 1) mpoBeneHHe — M3MEpPEHHE B
MOJIHOCTICKTPATIbHOM —peXuMe, W 2) TONydyeHUE OICHOK 3aTyxaHus (Ocla0JieHus)
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aKyCTHYECKOTO CHT'HaJIa Ha THIIOBBIX TPAaccax PaclpOCTPAHEHHUs LIyMa OT HCTOYHHUKA BIIIyOb
JKHITBIX 30H.

Takum o0pa3om, pa3paboTka CpEICTB KOHTPOJIS AKyCTHYECKHX IIIYMOB U OIICHKH
3aTyxaHHs Ha KOHKPETHBIX ydyacTKax (B peXHME pealbHOTO BPEMEHH) SIBIISICTCS 3allavyei
BAKHOM U aKTyaJIbHOM.

ITocTpoenue uamMmepuTeIs

KoHTponb ypoBHS IIymMa WM €ro M3MEHEHHs B Ipejaeiax TpacChl pacHpoCTpaHEHUs
BFJIyGB JKHUJIbI 30H BO3MOJKCH IIpHU YCJIIOBHUU PACIIOJIOKCHHUA HU3MCPHUTCIBHBIX MI/IKpO(bOHOB
BJIOJIb ATOM Tpacchl XOTs ObI B IBYX XapaKTEPHBIX TOUKAX: B 30HE HCTOYHUKA aKyCTHYECKOIO
myMa 1 Ha HCKOTOPOM paCCTOAHHUU OT HCTOUYHHKA B HAITPABJIICHUU PACIPOCTPAHCHU.

Takas cxema u3MepeHHl Mpenrnoyiaraer, yTo: JUOO HCIOJIb3YIOTCS JIBa HE3aBUCHUMBIX
WU3MEPUTEIIS, TUO0 OMH, HO UMCIOIINH MUHUMYM JBa JaT4rka (MUKpO(GOHA) C BO3MOKHOCTHIO
nepenayy nHGOpMaIUU O pe3yabTaTax B OCHOBHOU OJIOK TpuOOpa Ha OTHOCUTENBHO OO0JIbIITHE
paccTosHUS.

B cnywyae wucnonb30BaHHS JBYX HE3aBUCHUMBIX H3MEPHUTENCH IONTYy4YEeHHbIE 3HAUYCHUS
(pe3ynpTaThl U3BMEPEHUI ) TOJKHBI COXPAHATHCS B 0a3e JaHHBIX, & COITOCTABJICHUE PE3YJITATOB
MOJKET OCYIIECTBISITECS TOJIBKO IMpPH MOCHenyrolIed o0paboTke B YCIOBHIX JaOOpaTOpUU.
OnHOBpeMEHHO HEOOXOAMMO PpELIUTh BOIPOC C MOJATBEPXKIEHUEM CONOCTaBUMOCTH
pPE3yIbTAaTOB 10 0OOUM U3MEPUTENSIM (OLIEHKA TOYHOCTH U3MEPEHUN).

[Ipu McnonBp30BaHUU OJHOTO MPUOOPa M JABYX MHUKPO(OHOB HEOOXOAUMO OOECTICUUTH
CBS3b ATHX MHUKPOGOHOB ¢ 0a30BbIM H3MepuTeneM. Vcronb3oBaHHE PagUOCBSI3U CHUMAET
BOIIPOCHI, BOBHHUKAIOIIKUE B CBSI3M C KaUYE€CTBOM IPOBOJHOM CBsi3u (Kabensi), ogHaKo TpeOyeT
pelIeHUs] COBOKYIMHOCTH JPYrMX HpoOjeM, B TOM YHUCle - OOecledeHHs JOCTOBEPHOCTH
Pe3yJIbTaTOB WJIM NOTPELIHOCTH U3MEPEHU.

OO01as CTpyKTypa CXeMbl U3MEPEHUS MOKET OBITh TaKOM, KaK MOKa3aHo Ha puc.l.

Tpacea pacnpocmpanenia aKyvemuiecko2o uymua

”EOqHHK MK ___ AgycrudeckHimym » (MK2)—>
yma _,g }-—-— —— —*
VIIH 1 VIIH 2
PC 1 PC2

MK - mukpodon

VYTIH - yerpoiicTBo -
nepeaayn H3mepHTETHHBIR
nHQpopmamum npuGop

PC - paauocuruan (Anammsarop)

Puc. 1. O61mas CTpyKTypa cxeMbl U3MepeHust

PaccMoTpuM  BO3MOXKHOCTH  OOecrieyeHHs  JOCTATOYHOM  CTENEHH  TOYHOCTH
(mocToBeprocT) wm3MepeHuii. COBOKYIMHOCTh JIPYTHX MNPOOJEM, BO3HHUKAIONIUX IPH
NPaKTUYECKON pealu3aluyd TaKOW CHUCTeMbl (BBIOOD YACTOTHI pajJudoOKaHaia, yd4er
BO3HUKAOIINX B ITpoliecce nepeaaun mo JuHun PC 3amepkek, yI€T BpeMeHH! pacipoCTpaHSHUS
CaMoOro aKyCTU4CCKOro Curiajia 10 TOYKH paCIOJIOKCHUA MK?2 u H€O6XO,Z[I/IMOCTI> BBCACHUA
COOTBETCTBYIOIICH TMMOMpaBKH TpPH  0OpaOOTKE TOJYyYEHHBIX CHUTHAJIOB) TpelyeT
CaMOCTOSITENIbHOTO PACCMOTPEHHUSI, KOTOPOE BBIXOJIUT 3a MpeJIesibl JaHHOH paboThI.
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Kanu0poBka kaHa/ia nepeaady 1 OleHKA €€ TOYHOCTH

Pemenune »5T0il mpoOneMbl mpeanaraeTcs MNPOBEICHHEM IPOLEAYpPbl KaluOpOBKH,
HarpuMmep, MOCPEACTBOM KaiauOparopa MUKpO(OHA, MEepe HayalloM M TOCie MPOBEACHUS
W3MEpPEHU.

PeanbHOCTh Takoi KaJIMOPOBKH, BO3MOKHOCTH 00ECHEUUTH JOCTOBEPHOCTh M3MEPEHHI,
ObU1a IpOBEPEHa B NPOLIECCE KOHTPOJIS PACHPOCTPAHEHUS aKyCTHUECKUX LIIYMOB B TOPOJCKON
cpene. IIpoBepka ocylIecTBIsUIACH C UCIOJIb30BAHUEM OMUCAHHOM BhIIIE CUCTEMBI (puc. 1),
CMOJIETUPOBAaHHOM € MCIIOJIb30BAaHUEM MOJYJEH IepenaTuynka, NPpUEMHUKA U MUKPO(OHOB.
OxavH U3 KaHAJIOB HMCIIOJIB30BAJICS I Mepeadyn KaauOpOBOYHOTO CUTHAjJAa OT KaauOparopa
CA-114, dbopmupyroiiero KaimOpOBOYHBIN CUTHAI C YpOBHEM 3ByKoBoro masicHus (Y3]1)
94+0,3 nb. Ilpuémuelii MOAyNIb MOAKIIOYANCS K HOYTOYKy. JlIsi KOHTpOJisl curHaia
UCIIONIb30BajIack nporpamMma Spectra Plus [7].

Meroanka u3MepeHuil 3aKiovanach B cieaymomnieM. B ycnoBHoit Touke «0» pazmenianach
npuéMHas yacTh ¢ NoJKIo4YeHueM K HoyTOyky. C marom 10 M, a 3areMm ¢ marom 20 u, Ha
nocneaHeM 3tane, 40 M yaaneHus oT NpUEMHO-aHAIM3UPYIOLIEH YacTH Ha BXOJ NPUEMHOMN
4acTH 4Yepe3 MUKpOo(OoH mojaBajics KaauOpOBOYHBIM curHan ot kanuOparopa. Coektp
NPUHUMAEMOTO CUTHaa (pukcupoBaics mocpenctsoM Spectra Plus.

3Hauenus Y3/l ansd u3MepeHUH Ha KaxIOM HadbHOCTH IpeACTaBieHbl B Tabmuue 1.
OueBuIHO, U4TO 3aKCHPOBAaHHBIC 3HAYCHUS oTIAMYaroTcs oT Y3/ kamubparopa 94,0+0,3 nb.
OOBACHUTH TaKyI0 pa3HHILy MOXKHO T€M, YTO yCHUJIEHHE IPUEMHOIO KaHajla He oOecrieunBaeT
YCTaHOBJIEHHE COOTBETCTBUS U B JAJbHEHIIIEM HYKIAETCSI B PETYIUPOBKE.

Ta6anna 1. PesyabraThl KaJandpoBKu

Paccrosinue, M 0 10 20 30 40 50 60 70 80

Y31 KaJTuOPOBOYHOI 0

. 90,7 1 90,7 | 90,7 | 90,7 |90,3 | 90,3 | 90,3 |90,2 | 90,2
CHIHAJIA B TOYKe npuéma, 1b

Paccrosinune, m 90 100 | 120 140 160 | 200 | 220 | 240 | 245

Y31 KaJTHOPOBOYHOI0

- 91,2 {912 | 90,3 |90,3 |91,1 90,1 |90,3 (90,3 |0
CUTHAJIA B TOUYKe npuéma, 1b

OOI11y0 TIOrPENTHOCTD KATHOPOBKH MOYKHO OIIEHHUTD 110 METOIMKE, TIPEICTaBICHHOM B [8].

[TpoBenss HeoOxoaumbie BhIUMCICHUST MonyduM. CpenHee apudMeTHueckoe 3HAYCHHUE
COBOKYITHOCTH  pe3ynbTaToB  u3aMepenwit X = 90,55 nb. H3meHnenue abcomtoTHOM
MOTPEITHOCTH JISKHUT B Auanazone -0,25<Axi<0,65. MctuaHoe 3nauenue Y 3/[ kamuOpoBOYHOTO
CUTHala C HaA&KHOCTBIO (BeposATHOCTHIO) P=0,95 nexut B MOBEpUTEIHHOM HWHTEpBaJe
90,55+0,1834. 3nauenue BepostHocTd P=0,95 BEIOpaHO B CHUITy pEKOMEHIAIMIA UCTIOIh30BATh
ATO 3HAYEHUE MPU aHATN3€E AHATTMTUYECKUX JaHHBIX.

B touke ¢ paccrosgarem 245 M IPOUCXOIUT «CPBIBY» MEpPEIadl CUTHAJIA.

BriBoabl

B uenom, nmonyuyeHHble pe3ysiabTaThl MOKA3BIBAIOT, YTO MPHU HATUYUM CHUCTEMATHUYECKOU
norpermHocTH B 3,5 nb oTHOcuTensHO KammOpoBo4YHOro ypoBHA 94 nb, 00ycrnoBieHHOM
O0COOCHHOCTSIMU J1a0OpaTOPHOTO MakeTa, NPEIIOKEHHBIH METOJ KaIUOPOBKH CHCTEMBI
SIBJISICTCS] PETBHBIM M CTAOMIIBHBIM: TIPOBEIEHHBIE PACUETHI TOKA3BIBAIOT, YTO C BEPOSITHOCTHIO
0,95 npuHUMaemblii KaTHOPOBOYHBIA CHUTHAJ HAXOMUTCS B JMANa3oHE JOBEPUTEIHLHOTO
unrepBana 90,55+0,1834 B kaxxaoi Touke nuctanuuu ot 0 m 10 240 M JaIbHOCTH.

CrnemoBaTenbHO, TAKOW TOIX0]] K 00ECTIEUEHUIO TOCTOBEPHOCTH U3MEPECHHIA TPABOMOYCH.
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Hccneoosanue  evinonneno 3a cuem epamma  Poccuiickoeo  Hayynozo  ¢oHnOa
Ne 23-29-10100.
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