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YiabTpa3sByKoBbIe JaTYUKH.
Oco0enHocTH NpUMEHEHNS U BIOOPA.

IIpu BbIOOpE YJIBTPA3BYKOBOI0 JaTYMKA HEOOX0AMMO YYUTHIBATH 0COOEHHOCTH
OKPY’KAKIIeH cpeibl M XapaKTep ee BJMSHUS HA U3MEPEeHUsi U padoToCnoCOOHOCTh
H3MepHUTeJbHBIX IPUOOPOB.

1. BBeaenmue.

VY bTpa3ByKOBbIE JATYMKH IIUPOKO UCTIONB3YIOTCS B KAUECTBE JATUUKOB MPHOIMKEHHS
(proximity), IUIst TUCTAaHIIMOHHOTO OOHAPYKEHUH PA3IIMIHBIX 00HEKTOB, H3MEPEHHS
paccrosHuit. Kak npaBuiio, 7aT4MKH JEHCTBYIOT MyTEM MOCBUIKM KOPOTKOTO 11yTa
yIIBTPa3BYKOBBIX BOJIH B HAIPaBJICHUH 00bEKTa OOHAPYKEHHUSI, KOTOPHIA, OTPA3UBIIUCH OT
HOBEPXHOCTH 00BEKTA, BO3BpAIaeTCsi 00paTHO. 3aTeM, 3JIEKTPOHHAS cXeMa IIPOU3BOAUT pacyeT
BPEMEHH MEXKIY MOMEHTOM IOCHUIKH CUTHAJIa U MOMEHTOM IpUeMa OTPaKEHHOTO dXa.
PaccTosinue sBnsieTcs NPOU3BOIHON BETMYMHOMN OT BpEMEHH U CKOPOCTH 3BYKa B OKpY’KarolIeH
cpene.

B Hacrosiiiee Bpems Ha pbIHKE MPEACTABIIECH ILIUPOKHUI BEIOODP YIbTPAa3BYKOBBIX JaTUUKOB B
Pa3INYHBIX KOHCTPYKTUBHBIX MCIOTHEHUSX, ICHCTBYIOIINX B PA3JIMYHBIX aKyCTUYCCKUX
qacToTax. HanHTpa MOBCACHHUA PA3JIMYHBIX aKYyCTHYCCKUX YaCTOT B CXOXKHUX YCIOBUAX
OKPY’KaloIIeH Cpeibl HE ABJISICTCS OJJUHAKOBOM. B OONBIIMHCTBE ClTyyacB HE COCTaBHT TPY.a,
PYKOBOJICTBYSICH XapaKTepUCTHKAMH, TaHHBIMHU IPOU3BOAUTEIEM, BHIOPATH ITOIXO SN
JATYUK s cBoei 3amaun. Ho B cimyyasix, korja B paboTe YCTPOUCTB MOSBIISIOTCS COOU HITH
BO3HHKAIOT CYIIECTBEHHBIE OIIMOKH B U3MEPEHUX, HEOOX0IMMO POU3BECTH OoJiee
THIATEIBHYIO OIICHKY ()aKTOPOB BIIHMSIHUS, TAKHX KaK:

e lI3MeHeHHs CKOPOCTH 3ByKa B 3aBUCHMOCTHU OT TEMIIEPATYPhI U CBOHCTB
OKpPY’KaIoIIeH cpepl (B OCHOBHOM, BO3/yXa), - KaK JaHHBIC M3MEHEHUSI BIHSIIOT
Ha TOYHOCTh U3MEPEHUH U pa3pelIaronyo ClIOCOOHOCTh TaTYNKOB;

e lI3MeHeHUs JJIMHBI 3ByKOBOI>'I BOJIHBI B 3aBUCUMOCTH OT CKOPOCTU U YaCTOThIL
3BYKAQ, - KaK JaHHBIC U3MCHCHH BJIUAIOT HA TOYHOCTH I/I3MepeHI/II\/JI,
pa3pelamIy CocOOHOCTh, MUHUMAIILHBINA pa3Mep 00beKTa, MUHUMAIILHOE U
MaKCHUMaJIbHOE PACCTOSHHE 10 00BEKTa;

e lI3MeHeHHs BEJMUYUHBI 3aTYXaHUSI B 3aBHCUMOCTH OT YaCTOTHI 3ByKa H
BJIQKHOCTH, - KaK JIaHHbIC H3MCHEHUS BIIUSIOT HA MAKCUMAIILHOE PACCTOSHUEC
YYBCTBUTCIIBHOCTH OATYHUKOB B BO3AYXE;

e l3MeHeHHs ypOBHsI BHEIIHHUX IIIYMOB B 3aBHCHMOCTHU OT YacCTOTHI, - KaK JTaHHbIC
HU3MCHCHUS BJIMAIOT HA MAKCUMAJIbHOC PACCTOSAHHUEC YYyBCTBUTCILHOCTH U PAa3MECPhI
00BbeKTa OOHAPYIKEHNUS,

e lI3MeHeHHs aMIUTUTYIbI OTPAYKEHHOTO 9Xa B 3aBUCUMOCTH OT PACCTOSIHUS 10
O6’beKTa, PasMEpOB U TCOMCTPHUU ITOBCPXHOCTH, - KAK JAHHBIC U3MCHCHUS BIUAKOT
Ha PacCTOSIHUE UyBCTBUTEIHHOCTH.
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2. YabTpa3Byk. OCHOBHBbIE CBONCTBA.

VYAbpTpa3ByK — 3TO 3ByKOBBIE KOJIeOaHUs, HE BOCIIPUHIUMAEMbIE Y€TIOBEUECKUM CITYXOM,
gactoToi cBbImre 20kl 11. Poias MuUKkpo(hOHOB 1 TpOMKOTOBOpHUTEINEH B chepe yiIbTpa3ByKa
BBITIOJHSIOT YCTPONCTBA, HA3bIBAEMbIE TPAHCAYKTOPAMH. BONBIIMHCTBO yIBTPa3ByKOBBIX
JATYMKOB MCIIOJIB3YIOT OJMH TPAHCIYKTOP KakK JUIsl epeiadyu, TaKk U IJisl TpueMa CUTHaJIoB. B
JaT4YMKaX IpUOTIKEHUS M U3MEPEHUS PACCTOSHUS, MPEAHA3HAYCHHBIX JJIs aBTOMATH3AINH
TEXHOJIOTHYECKHUX MPOIECCOB B KAUE€CTBE TPAHCIYKTOPOB MPUMEHSIOTCS TbE303JIEKTPUIECKUE
npeoOpaszoBaren (fanee - Mbe303JIEMEHTHI) ¢ paboueit yactoroit oT 40 1o 400kI 1.

3. CkopocTtb 3ByKa B BO3yXe. 3aBUCHMOCTb OT TeMIlepaTyphbl.

YJ'IBTpa3By'KOBBIC JaTYUKH HeﬁCTBYIOT 10 IPUHIHUITY 2XOJIOKAIIUU — PACCTOSIHUEC 10 00BeKTa
PACCUHUTBIBACTCA HA OCHOBAHHNU U3MCPCHUSA TPOMCEIKYTKA BPEMCHH MCKIY MOMCHTAMU IMOCBUIKA
U IIpreMa 3BYKOBOI'O UMITYJIbCAa U CKOPOCTHU 3BYKa B CpEIcC.

Jns ra3oB ¢popmyia CKOPOCTH 3BYKa (€) BBITJISIAUT TaK:
=\N(yk T/m)=~(y R T/M)=~(y R(t+273,15)/M), (1)

r7ie Y — ToKa3areib aaunadaTel: 5/3 Uit 0THOATOMHBIX Ta30B, 7/5 AJist ABYyXaTOMHBIX (U 7S
BO31yxa), 4/3 151 MHOTOaTOMHBIX; kK — MOCTOsSTHHAs: bospliMana; R — yHHMBepcanbHas ra3oBast
nocTostHHasi; 7 — aOcoJIIoTHas TeMIiepaTypa B KeJIbBUHAX; { — TeMIIEpaTypa B Irpaaycax
Lenscus; m — mMonekynsipHas Macca; M — MousipHast Macca. [1o mopsiiky BEeTHYHHBI CKOPOCTh
3BYyKa B razax OJu3Ka K CpeIHEe CKOPOCTH TEIJIOBOTO JBMKCHHS MOJICKYJI M B PUOJIMKCHUH
TIOCTOSTHCTBA MTOKa3aTelis anuadaThl MPOMopLUUOHAIbHA KBAAPATHOMY KOPHIO U3 a0COIIOTHOM
TEMIIEPATYPHI.

Tabnuna 1. dopMyia CKOPOCTH 3ByKa B BO3yX€ IIpU
NaBJIEHUU ~]aTM:

CxopocTs 3ByKa B razax (0° C; 101325 I1a),
e c(t)=331N(1+1/273), ()
A30T 334
rae t — remmneparypa B rpagycax Llenbcus.
AmMmuak 415
AneruiieH 327 W3 3aBUCHUMOCTH BHJIHO, YTO CKOPOCTH
Bonopon 1284 pacnpoCTpaHeHus 3ByKOBBIX BOJIH CHH)KAETCS
Bosxyx 331 C TMIOHWKEHUEM TEeMIIEpaTypbl BO3AyXa.
TCenuii 965 BoJIBIIMHCTBO MPOU3BOAUTENEN B
Kucropon 316 crienuuKanyy K yabTpa3ByKOBBIM ,Z[aT‘II/I\I’(aM
YKa3bIBalOT KO3(PPULIHUEHT TeMIepaTypHOi
Meran 430 MOTPEUTHOCTH, BBIPAXKEHHBIN B % Ha OJUH
YrapHbIii a3 338 rpanyc temmneparypsl. Toraa, ¢ yuerom
Yraekucsiii ra3 259
Xnop 206 L=ct, 3)
pPacCTOSIHUE YYBCTBUTEIHHOCTH MOXKET OBIThH
OTKOPPEKTUPOBAHO.
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Pucynok 1.

3aBMCUMMOCTL CKOPOCTM 3ByKa OT TEMNepaTypkl B BO34yxXe npu 1aTtm
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JlaT4uky [UIs BBICOKUX, HU3KMX TEMIIEPATyp WIH U PaCIINPEHHBIX TEMIIEPATYPHBIX
JIana3oHoB 000py/I0BaHbI aBTOMATHYECKOH TeMIepaTypHOI KOppeKLuei.

4. JliimHa 3ByKOBOMH BOJIHBI.
JlnmuHa 3ByKOBO# BOJIHBI ONPENENSAETCS U3 COOTHOLICHHUS:
A=c/f, (4)

r7e A — IJTMHA BOJIHBI; C — CKOPOCTh 3ByKa; f — gacTora.

B ciygae, xorga pasmep nNpensarcTBUN U HEOJHOPOJHOCTEN B CPElle 3aMETHO NPEBBILIACT AIIUHY
BOJIHBI 3ByKa, paclpOCTpaHEHHE 3ByKa IPOUCXOJUT IO 3aKOHAM F€OMETPUYECKOHN aKyCTHKH.
Ecnu ke npensTcTBUSI CPaBHUMBI C JUIMHOW BOJTHBI (MM MEHBIIIE €€), CYIIECTBEHHYIO POJIb
HauMHAeT urpatb AUQpaKkius BOJIH, C KOTOPOU CBSI3aHO U paccesHue 3ByKa. [laHHbIe SBICHUA
CJIEZlyeT YUUTBIBATh MPU BBIOOPE JaTYMKa, OCOOCHHO, ISl OOHAPYKEHUS MEJIKUX OOBEKTOB U
HepoBHOCTel. HanpuMmep, iiHa BOJHEI IPU CKOPOCTH 3ByKa 344 m/c (20°C, latm) mis
YacTOTBHI:

40k’ — 8,6MM.;

180k’ — 1,9MmM.;

400k’ — 0,86MM.

DOKBHUBAJICHTHA JIJTMHE BOJIHBI M pa3pelIarolas ClioCOOHOCTh TaTYNKOB, yKa3bIBaeMasi MHOTHMHU
IPOM3BOJIUTENSAMH B CHIELU(PUKALNAX HA U3ACIIHSL.
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5. 3aryxanue. 3aBHCHMOCTB OT YaCTOTHI 3BYKA W BJIAKHOCTH.

[Ipu pacnpocTpaHeHnu 3ByKa B MEXaHUUECKOH Cpefie, aMIUIUTya 3ByKOBOT'O JJaBICHMUS
CHIDKAeTCs B pe3yJibTaTe NudpaKkiiy BOJH, pacCesHUs, MOTIOMIEHUs, HEOOPaTUMOTO
MIPEeBpaICHIS SHEPTUH 3ByKa B npyrue Gopmbl. OmeHKa 00beMOB aOCOPOIIMOHHBIX ITOTEPh U
3aTyXaHUs UCTIOb3YETCS B ONPEIECIEHUN MaKCUMaIbHOM 1aJbHOCTH I€UCTBUS
yIbTpa3BykoBoro aarduka. Koagduuuent 3aryxanus (1b/M) yBelTUInBaeTCs ¢ POCTOM YaCTOTHI
yIbTPa3ByKa, B TO XkKe BpeMs, AJIs JTF000H OTJENBbHO B3ATOM YaCTOTHI CYIIECTBYET 3aBUCUMOCTD
k02 dunmenTa 3aTyxaHus OT BIAKHOCTH (Bo3ayxa). CTereHb BIaXHOCTH, IPU KOTOPOM
MIPOUCXOAUT MAKCUMAJIbHOE 3aTyXaHHe, pa3JinyHa JJisd pa3HbIX yacToT. Hanpumep, 1u1st 4acToThI
cBbile 12511 MakcuManbHOE 3aTyXaHUe IPOUCXOAUT MIPU OTHOCUTENBHOMN BIaKHOCTH
Bo3ayxa (OBB) 100%, nis yactotsl 40k 11 MakcuManbHOE 3aTyxaHue npoucxoaut npu OBB
50%. OmpenenuTh MaKCUMAIBHBIN KO3 PUIHEeHT 3aTyXxanus 11 9acToT oT S0 1o 400k 11
MO>KHO, BOCITOJIb30BaBIIIUCH OLIEHOYHOM (OPMYIIOii:

a(f)=0,066f-1,8, (5)

rae a(f) — koaddumuent 3aryxanus (1b/m); f— yacrora ynsrpassyka (k') mpu 20°C, latwm,
OBB 80%.

Pucynox 2.

3aBucumocTtb KoadduumeHTa 3atyxaHusa ot Yactotel npu 200C, 1atm, OBB
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30

=]
L3

=]
=

=

o

KoacphuumneHT 3aTtyxaHua, abm

/

0 T T T T T T T
50 100 150 200 250 300 350 400

YacToTa, K'Y

Ha rpaduke (Puc. 3) npuBeaeHsl SKCIIepUMEHTaIbHbIE KPUBBIE JJIsl pa3HBIX YacTOT,
NIOKa3bIBAIOINE 3aBUCUMOCTb KO (UIMEHTA 3aTyXaHUs OT BJIAXKHOCTH BO3/1yXa.
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Pucynox 3.
3aBucumocTtb KoadcpuumeHTa satyxaHua ot OBB
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6. BHemHHe IIYMBbI.

Uewm BbIIII€ YACTOTA 3ByKA, TEM MEHbIIIE BIMSIHUE BHEIIHUX ITyMOB. DTO CBSI3aHO C TEM, UTO
B OKpYXaloIlel cpesie MPUCYTCTBYET HE3HAYUTENbHOE KOJIMUYECTBO BHICOKOYACTOTHBIX ITYMOB U
OHH OBICTPO paccerBaroTcs B aTMocdepe.

7. BiusiHHe YacTOTHI, PACCTOSIHUS U CPeAbl PACTIPOCTPAHEHHUS 3BYKA HA aMILIMTYY
3BYKOBOI'0 1aBJICHHS.

PaznuuHble TaTYMKK MPOU3BOAT pazandHoe 3ByKoBoe aaBieHue (SPL — sound pressure
level). B akycTuke, B CHITy ITUPOKOTO JMHAMUYECKOTO UANA30Ha, 3BYKOBOE JABJICHHUE OOBIYHO
BBIpa)KaeTcsl B Aenuoenax. 3. 1., sIBISCh COBEPIICHHO-OTHOCUTEILHON BEIMYMHOM, OTBEYAET
COOTHOIIICHUIO:

SPL=20 log (P/Py), (6)

riae P — ¢paktuueckoe nasnenue B Mukponackaisix (plla); Po — onopHoe naBienue, npuHUMaETCS
paBHbIM | plla — MUHMMaTBEHOMY YPOBHIO, BOCIPUHUMAaeMOMY Ha paccTosiHud Ry=30cM. oT
natdrka. COOTBETCTBEHHO, Ry MpuHUMaeTcs Kak OIIOPHOE PACCTOSHUE.

B nponecce pacnpocTpaHeHys, 3ByKOBOM JIyd PaHAIbHO PACIIAPAETCS IO MEPE YAAIECHHS OT
U3Jy4aTelisd, a aMILUINTY1a 3BYKOBOTO J1aBJIeHUs P CHMIKaeTcs U3-3a 3aTyXaHusl U pacCEUBaHUs.
Torma SPL Ha paccTostHum R ot u3myuaTens Beipakaercs GopmyIioi:

SPL(R)=SPL(Ry)-20 Log (R/ Ry)-a(fR, (7)

rae R — gakrtuueckoe paccrossHue ot gaTumka; Ry — onmopHoe paccrosiaue; a(f) — koagdunuent
3aTyXaHHs CUTHAJa ¢ 4acTOTOM f.
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8. AMmiuTyAa 0TpPa’KeHHOro 3Xa OT IUVIOCKOH MOBEPXHOCTH JISl Pa3JINYHbIX
yJAbTPa3BYKOBBIX 4aCTOT.

Paccmotpennas B mpensiayniem naparpade gopmysna (7) 3ByKOBOTO JaBIICHUS CIIPABEINBA
JUISL IPSIMOJIMHENHOTO PacpOCTPAHEHUS 3ByKa B CPEJIE OT OJHOM TOYKH K IPYTOM U MOKET
IPUMEHATHCA JUISl JaTYUKOB € pa3aeieHHbIM uinyyateneM u npueMHukoM (THRU-BEAM). Jlns
JaTYUKOB ¢ AU Py3HBIM OTpaskeHHEM JTyda OT 00BEKTa (C €JMHCTBEHHBIM 3JIEMEHTOM,
UCIIOJTHSIOLIUM POJIb U3JTy4daTess U MPUEMHHUKA), AEUCTBYIOLIUM 110 IPUHLIUITY 3XOJIOKaI1H,
CBOWCTBEHHBI MIOTEPH MPH OTPAXKEHUH OT cpeibl Apyroit (Oosblieit) mnotHocTH. OTpaxkeHue
3BYKa - IBJICHHE, BO3HUKAIOIIIEE MIPU MaJICHUH 3ByKOBOW BOJIHBI HAa IPAaHUILy pa3jiena AByX
yHOPYTUX CPel U COCTosAlIee B 00pa30BaHUM BOJIH, pACIPOCTPAHSIOLINXCS OT IPAHULIBI pa3jiena B
oOpaTHOM HanpaieHuH. KoanuecTBo OTpakeHHOr0 3ByKa 3aBUCUT OT COOTHOLIEHUS
aKyCTHYECKOI'0 CONPOTUBIICHUS cpefl (Z).

T.k. akycTryeckoe conpoTusieHre Bo3ayxa B 1000 pa3 npeBplliaeT CONPOTUBICHHUE BObI, a
OoJiee TBEpABIX MAaTEPHAIIOB - B HECKOJIBKO THICSY Pa3, yIbTPa3ByKOBbIEC BOJHBI HA IPAHUIIE
pazzena oTpa)xaroTcs MOYTH MOJIHOCTHIO. B citydae npsIMOJIMHEMHOTO OTpaXkeHUs JIyda OT
IUIOCKOW TTOBEPXHOCTH MOKHO NpeHeOpedb B3aMMOIEHCTBIEM 3ByKa C TBEPbIM TEJIOM U
BOCIIOJIB30BaThCA (popmyiioit Openens:

V=(Z-Z )22+ 2Z)), (8)

rae V — KodpOUIHEHT OTpaxeHus; Zo U Z; — aKyCTHIECKOE COTPOTUBIICHUE MaTEPUATIOB.
Jlnist rpaHuLibl BO34yX/BoJa kKoadduireHT otpaxenus V paseH 0,99.

Torpaa, 3ByKOBO€ J1aBJIEHUE OTPAKEHHOTO 3Xa MOXKHO BbIPA3UTh (YOPMYIION:

SPL(2R)=V(SPL(Ry)-20 Log (2R/ Ry)-2a(f)R), (9)

rae R — paccrosiHue oT natumka 10 oobekra; Ryo — onopnoe paccrosaue; a(f) — koadduruent
3aTyxaHus curHana ¢ yactorou f; V — koapdurnment orpaxenus (~1).
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VYnbrpa3BykoBbie quddy3Hbie qaTauku cepun US npeaHa3HadeHbl Uit 0ECKOHTAKTHOTO
OOHapYKEHUS M ONPEICIICHUS PACCTOSHUS 10 PA3INIHBIX 00OBEKTOB, ACUCTBYIOT MO MIPUHIIHITY
9XOJIOKAINK (M3ITy4YeHHST B 00pabOTKH OTpaKEHHOM OT 00BEKTA YIIbTPa3BYKOBOW BOJHBI) B
gactotax 180, 350, 400 kI'1 ¢ mpeoOpa3oBaHKEeM B BEIXOJHOW aHAJIOTOBBIN MU TUCKPETHBIN
curHai. Jluanazon gyBctBUTenbHOCTH cepun US: 0...5000 mMm. (5 m.).

YJIbTpa3BYKOBbIE JaTYHKH B HWINHIPHYECKOM pe3b00BOM Kopmyce

Cepus US M12 M18 M30
0-100
Jlnana3oH 4yBCTBUTEIBHOCTH, MM. 20 - 200 0-1000 350 - 3500
YapTpa3zBykoBas yacTtoTa, KI 1. 400 350 180
IIpucoenunenue Pa3zvem M12 Paznem M8, M12 Pa3zrem M12
Hanpsxenue nuranus, DC, B. 15-30 18 -30 12 -28
CoOcTBeHHBIH TOK MOTpeOIeHNs, He 30 35 45
Ooitee, MA.
Tok Harpy3ku, Makc., MA. 100 300 100
Yacrota onepuposanus, ['n. 13 7 15
PNP PNP PNP
3aMBIKAIOIINN NEPEKIIOYAOIINN 3aMBIKAIOIIUI
BrixonHoli curnan agasior. 0 —10B | ananor.0—10B | ananor.0—10B
aHAaJIOT. aHaJIor. aHaJIorT.
0-20mMA 0-20mMA 0—-20MA
['ucrepesuc He 6onee 1%
[ToBTOpsieMOCTb He Ooaee 0.5%
Jlnanason pabouunx Temmeparyp, °C -25...470 -25...470 -20...+70
CreneHb 3alUThI 1P65 1P67 1P67
3amuTa OT KOPOTKOT'O 3aMbIKAHMSI €CTh
I"apanTus 2 roma
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YJII)TpaIiByKOBBIe AATYUKH B IIPSAMOYI'OJbHOM KOpIIyce

Cepus US 41x60x32 41x60x33 41x60x38
80 - 500
Jlnana3oH 4yBCTBUTEIbHOCTH, MM. 20 - 1000 80 - 2500 80 - 5000
YapTpa3zBykoBas yacTtoTa, KI 1. 180 180 180
[Ipucoeannenue Pa3zrem M8 Pa3zrem M8 Paznem M8
Hanpsbxenue nuranus, DC, B. 15-30
CoOcTBeHHBIH TOK MOTpeOIeHNs, HE
80
Ooitee, MA.
Toxk Harpy3ku, Makc., MA. 100
Yacrora onepupoBanus, 1 '11. 2 3 2
PNP nepexntouaroniuit
BrixonHoi curnan anasnor. 0 — 10 B
aasor. 0 — 20 MA
l'ucrepesuc He Oonee 1%
[ToBTOpsieMOCTh He Oonee 0.5%
Jlnamasos paGounx temmeparyp, °C 20..450 | -20...470 | -20...4+70
Crenensb 3alIUThI 1P67
3amuTa OT KOPOTKOTO 3aMBIKAHHUSI eCTh
l"apanTys 2 rona
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