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B03MO0KHOCTH KAJTHOPOBKH CHCTEMbI IMCTAHIHOHHON OIIEHKH aKyCTHYECKHX
CHTHAJIOB B TOPOJICKOIi cpejie
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IIpeocmasnensl pe3ynbmamol UCCIE008AHUS 603MOICHOCIU 0OecneueHls 00CMOBePHOCMU
OUCTNAHYUOHHBIX USMEPEHULL NPU OYEeHKe PACNPOCMPAHEHUS AKYCMUYECKUX CUSHANO8 8 20POOCKOU
cpeoe. Jlanvl 06wue pekomeHOayuu no NOCMpOeHUIo CUCMeMbl ¢ Y4Emom HeoOX00UMoCcmu
NOIHOCHEKMPATbHO20 pedicuma usmepenuti. [lpeonosiceno ucnonvsosams xarubpamop mukpogpona. C
UCNONL308ANHUEM CMOOETUPOBAHHOU CUCTNEMbL USMEPEHUS NOLYHEHO, YMO AOCOTOMHAS NOSPEUHOCHIb
Kanubposxu Ha paccmosiHuu 00 240 mempos nexcum 6 ouanasone -0,25<4%<0,65. Coenan 61600 o
00CmMamo4HoU cmenenu 00CmMoOBEPHOCHU ROOODHBIX USMEPEHULL.

Kniouesvie crnosa: akycmuueckuil cueHan, KanubposKa, cucmema usmepeHus.

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.
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BBenenue

OcobenHocTr 00pa3oBaHUs W PACHPOCTPAHEHHUs aKyCTUYECKHX BOJH HEOJHOKPATHO
paccMaTpUBAINCh B HayuyHOU M cripaBouHoi nuteparype ([1,2] u map.). Bonbinoe BHUMaHue
YICIAETCS KOHTPOJTIO aKyCTUYECKUX CUTHAJIOB B IPOM3BOICTBEHHBIX oMenieHusx [3]. Takxke,
W3BECTHO MPUMEHEHUE aKyCTUUECKUX BOJH I 30HIUPOBAHUS IPU3EMHOTO CI0s aTMOCHEPHI
[4].

C mpakTHUeCKON TOYKH 3pEHUsS aKTyalbHOU SBISIETCS 3ajaya KOHTPOJS aKyCTHYECKHX
CHUTHAJIOB B FOpO}ICKOfI cpeac. HcToynnkaMu Takux CUTHAJIOB MOTYT OBITH KaK TPAHCIIOPTHEBIC
CpPE/CTBa, TaK U CTPOUTEIIbHBIC WIIM HHBIC TPOU3BOICTBEHHBIC PaboThI [5]. OcoObIit HHTEpEC B
TaKUX CIydasX MMEET OIIEHKa pacCIpOCTPAHEHHUS aKyCTHYECKUX CUTHAIOB (Ifyma) BIIIyOb
JKAJION 30HBI TOPOJA.

Jlisg mpoBeneHUss TakuX pPabOT OOBIYHO MPUMEHSIIOT CTAHJIAPTHYIO H3MEPUTEIbHYIO
TEeXHHUKY (mrymomepsl). OgHaKo, Kak Moka3aHo B [6], 0COOEHHOCTH CTaHAApTHBIX METOJUK,
OIPEICTISIIOIINX M3MEPEHUSI Ha CPEIHEB3BEIICHHBIX YacTOTAaX OKTABHBIX JaMarna3oHoB [3],
MOT'YT IPUBOJUTH K CYIIICCTBCHHBIM OI_HI/I6K3_M B OLICHKEC ypOBHCfI 3BYKOBOT'O JaBJICHUS LITYMOB.

Pemenrem 3THX mpobieM  MokeT crtath: 1) mpoBeneHHe  M3MEpPEHHE B
MOJHOCIICKTPAIBHOM ~pEXHME, W 2) TMOJydYeHHE OIICHOK 3arTyxaHHus (OciabJicHUs)
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AKyCTHYECKOTO CHI'HAJIa Ha THIIOBBIX TPACcCax PAaCHpPOCTPAHECHUS IIyMa OT UCTOYHUKA BIIyOb
JKHITBIX 30H.

Takum o0pa3om, pa3paboTka CpEICTB KOHTPOJIS AKyCTHYECKHX IIIYMOB U OIICHKH
3aTyXxaHHWs Ha KOHKPETHBIX y4yacTKax (B pEKHME pPEalbHOTO BPEMEHHM) SIBJISICTCS 3aJavyeid
BAKHOM U aKTyaJIbHOM.

ITocTpoenue uzmepuTeas

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
mymMa 1 Ha HCKOTOPOM paCCTOAHHUU OT UCTOYHHKA B HAIIPABJICHUHN PACIIPOCTPAHCHHU.

Takas cxema u3MepeHHl Mpenrnoyiaraer, yTo: JUOO HCIOJIb3YIOTCS JIBa HE3aBUCHUMBIX
U3MEpPUTEIIS, THOO0 OJIMH, HO UMEIOIINH MUHIMYM JIBa 1aT4nKa (MUKPO(OHA) C BOBMOKHOCTBIO
nepenay nHGOpPMaIIUY O pe3yabTaTax B OCHOBHOM OJIOK TpuOopa Ha OTHOCUTENIBHO OOJIbIITNE
paccTosiHHUS.

B cnywyae wucnonb30BaHHS JBYX HE3aBUCHUMBIX H3MEPHUTENCH IONTYy4YEeHHbIE 3HAUYCHUS
(pe3yabTaThl KI3MEPEHHIA) JOIDKHBI COXPAHATHCS B 0a3€ JaHHBIX, a COTIOCTABIICHHE PE3YIbTATOB
MOJKET OCYIIECTBISITHCS TOJIBKO IMpPH MOCHenyrolIed o0paboTke B YCIOBHIX JabOpaTOpUU.
OnHOBpeMEHHO HEOOXOAMMO pELINTh BOMPOC C IOATBEPKACHUEM COIOCTaBUMOCTH
PE3yNIbTAaTOB 110 0OOUM U3MEPUTENSIM (OIIEHKA TOYHOCTH U3MEPEHHUI ).

[Ipu McnonBp30BaHUU OJHOTO MPUOOPa M JABYX MHUKPO(OHOB HEOOXOAUMO OOECTICUUTH
CBS3b ATHX MHUKPOGOHOB ¢ 0a30BBIM H3MepuTeseM. Vcrmonb3oBaHUE PAagUOCBI3U CHUMAET
BOIIPOCHI, BOBHHUKAIOIIKUE B CBSI3M C KaUYE€CTBOM IPOBOJHOM CBsi3u (Kabensi), ogHaKo TpeOyeT
pelIeHUs] COBOKYIMHOCTH JPYrMX HpoOjeM, B TOM YHUCle - OOecledeHHs JOCTOBEPHOCTH
PE3yIBTATOB MITH ITOTPEITHOCTH U3MEPEHUH.

OO01ast 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  BO3MOXKHOCTHM  OOecrieueHHs  JOCTATOYHOM  CTENEeHH  TOYHOCTH
(moctoBeprocT) wu3MepeHuit. COBOKYIMHOCTh JAPYTHX MPOOJeM, BO3HHKAIOIIUX MPH
NPaKTUYECKON pealu3aluyd TaKoOW CHUCTeMbl (BBIOOpP 4YacTOThI pajJHoKaHala, yd4er
BO3HUKAOIINX B ITporiecce nepeaaun mo Juauu PC 3amepxkek, yI€T BpeMeHH! pacipoCTpaHSHHS
CaMoOro aKyCTU4CCKOro Curiajia 10 TOYKH paCIOJIOKCHUA MK2 u HCOGXOI[I/IMOCTB BBCACHUSA
COOTBETCTBYIONICH  MONpaBKM MpH  00pabOTKEe IMOJYyYCHHBIX CHTHAJIOB) TpeOyer
CaMOCTOSITENIFHOTO PACCMOTPEHUSI, KOTOPOE BBIXOIUT 3a MPEeIIbl JaHHON padoThI.
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KannépoBka kaHasa nepeiayu U olleHKa e€ TOYHOCTH

Pemenune »5Toil mpoOieMbl mnpeanaraeTcs MNPOBEICHHEM IPOLEAYpPhl KaJIUOpPOBKH,
HarpuMep, MOCPEACTBOM KaiauOparopa MHUKpodOHa, Mepea HayajJoM M IOCie MPOBEIACHHUS
HM3MEpPEHU.

PeanbHOCTh Takoi KaJIMOPOBKH, BO3MOKHOCTH 00ECHEUUTH JOCTOBEPHOCTh M3MEPEHHI,
ObUIa IpOBEpEHa B MPOLECCE KOHTPOJIS PACIPOCTPAHEHUS AKYCTUUECKUX LITYMOB B FOPOJCKON
cpene. [IpoBepka ocymiecTBISIACH C UCIIOIB30BAaHUEM OIMCAHHOM BbIle cucTeMsl (puc. 1),
CMOJIETUPOBAaHHOM € MCIIOJIb30BAaHUEM MOJYJEH IepenaTuynka, NPpUEMHUKA U MUKPO(OHOB.
OpaMH U3 KaHAJIOB HMCIIOJIB30BAICS IS Mepeiaud KaJuOpOBOYHOTO CUTHANA OT KaiauOparopa
CA-114, dbopmupyroiiero KaimOpOBOYHBIN CUTHAI C YpOBHEM 3ByKoBoro masicHus (Y3]1)
94+0,3 nb. Ilpuémublii MOAYNH MOAKIIOYANCS K HOYTOYKY. JlIsi KOHTpOJs CHrHaia
UCIIONIb30BajIack nporpamMma Spectra Plus [7].

MeToauka U3MepeHHH 3aKII09anach B ciaeayroniem. B ycinoBHoi Touke «0» pasmemnanach
npuéMHas 4acTh C MOJKIoYeHHeM K HOyTOyKy. C marom 10 M, a 3arem c¢ marom 20 u, Ha
nocneaHeM 3tane, 40 M yaaneHus oT NpUEMHO-aHAIM3UPYIOLIEH YacTH Ha BXOJ NPUEMHOMN
4acTH 4Yepe3 MUKpo(oH nojaBajicsi KaauOpOBOUHBIM cHUrHalN OT KanuOpaTtopa. CroexkTp
NPUHUMAEMOT0 CUTHaja (pukcupoBaics mocpeactsom Spectra Plus.

3Havyenus Y3/l ans u3MepeHMH Ha KaxIOM IaabHOCTH IpeAcTaBieHbl B Tabmuue 1.
OueBUIHO, UTO 3aUKCHPOBAHHBIC 3HAYCHUs oTaHUaroTcst oT Y3/l kamubparopa 94,0+0,3 nb.
OOBACHUTH TaKyI0 pa3HHILy MOXKHO T€M, YTO yCHUJIEHHE IPUEMHOIO KaHajla He oOecrieunBaeT
YCTaHOBJIEHHE COOTBETCTBUS U B JAJbHEHIIIEM HYKIACTCSI B PETYIUPOBKE.

Ta6aunna 1. PesyabraTsl KaandpoBKu

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

OOGI1y 0 MOTPEHIHOCTh KATHOPOBKHM MOYKHO OLICHUTH 10 METO/IUKE, IPe/ICTaBIeHHOIT B [8].

[IpoBenss HeoOxoaumble BbluMciaeHUs noiayuuMm. CpenHee apu@MeTHUECKOE 3HAUYECHUE
COBOKYITHOCTH  pe3ynbTaToB  u3MepeHuit X = 90,55 n1b. U3menenue abGcontoTHOMH
MOTPEITHOCTH JISXKHT B Auana3one -0,25<Axi<0,65. UcturaHoe 3HaueHne Y3/ KaImOpOBOYHOTO
CHUTHaJIa C HaAE&KHOCThIO (BeposTHOCThIO) P=0,95 nexutr B JOBEpPUTEILHOM HHTEpBae
90,55+0,1834. 3nauenue BepostHocTH P=0,95 BrIOpaHO B CHITy peKOMEHIAINI HCIIOIh30BATh
ATO 3HAYEHHE NIPU AHATIN3E AaHAINTUYECKUX JaHHbIX.

B touke ¢ paccrosgarem 245 M IPOUCXOIUT «CPBIBY» MEPEIadl CUTHANIA.

BriBoabl

B uenom, nonyuyeHHble pe3yabTaThl MMOKA3bIBAIOT, YTO MPU HAJIUYUU CUCTEMATHYECKOM
norpemHocTl B 3,5 nb oTtHOcuTensHO KammOpoBowuHOro ypoBHS 94 nb, oOycioBneHHOM
O0COOCHHOCTSIMU J1a0OpaTOPHOTO MakeTa, MPEIJIOKEHHBIH METOJ KaIUOPOBKH CHCTEMBI
SIBJISICTCS] PETBHBIM M CTAOMIJIBHBIM: TIPOBEIEHHBIE PACUETHI TOKA3BIBAIOT, YTO C BEPOSTHOCTHIO
0,95 npuHUMaemblii KaTHOPOBOYHBIA CHUTHAJ HAXOMUTCS B JMANa3oHE JOBEPUTEIHLHOTO
unTepBaia 90,55+0,1834 B kax o Touke auctadmuu ot 0 M 10 240 M 1ambHOCTH.

CrnenoBatenbHO, TAKOW TOIX0]] K 00ECTICUEHUIO JOCTOBEPHOCTH U3MEPEHHM TPAaBOMOYCH.
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Hccneoosanue  evinonneno 3a cuem epamma  Poccuiickoeo  Hayynozo  ¢oHnOa
Ne 23-29-10100.
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