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HAUMWOHANBLHBLIN CTAHAOAPT POCCUUCKON ®PEREPAULUMNMN

locyaapcTeBeHHasi cuctema obecneyeHUsl eAUHCTBA U3MEPEeHUN
MOLLHOCTb YNbTPA3BYKA B XKUOKOCTAX

O6wme Tpe60BaHUA K BLINOSIHEHNIO U3MEPEHUIT METOAOM YPABHOBEIWMBAHNUA PAAUALMOHHON CUSbI

State system for ensuring the uniformity of measurements. Ultrasonic power in liquids. General requirements to
measuring by method of radiation force balance

DNara BBepeHua — 2020—09—01

1 O6bnacTb NpUMeHeHUs

Hacrosawmi ctTaHaapT pacnpoCTPaHAETCA HA METOAbI U3MEPEHUS MOLLIHOCTU YNLTPAa3BYyKa B XXMAKOCTSAX
W yCTaHaBNWBAET:

- METOA U3MEPEHUA NOMHON MOLLHOCTM aKyCTUHECKOrO U3IyyeHusl ynbTpa3ByKOBbIMU npeobpasoBare-
NAMU, OCHOBaHHbI Ha YPaBHOBELUMBAHUK PAANALIMOHHOTO AABSIEHUSI 3BYKOBOW BOMHbI;

- o6LUMe NPUHLUMMBI NMOCTPOEHUSA CUCTEM YPABHOBELUMBAHUSA, B KOTOPbIX NpensATcTBue (MULLEHb) npe-
rpaxkgaeT u3mepsiemMoe 3ByKOBOE Nore;

- OrpaHNYeHUst Ha YCIOBMA UCNOMNb30BaHUS METOAA, CBA3aHHbIE C achdekTamm KaBUTaLMM U NOBbILLE-
HWSA TeMnepaTypbl CPeabl;

- KONIMYECTBEHHbIE OrPaHUYEeHNsA NPUMEHEHUA METOAA, 00YCNOBMEHHbIE pacxoXaeHnem unm rokycupo-
BaHWEM yrnbTPasBYKOBOrO Myyka;

- cBeAeHMA 00 OLIEHKE aKyCTUYECKOW MOLLHOCTU AN CXOAALUUXCA U PACXOAALUMXCA YNLTPa3BYKOBbIX
NYYKOB METOAOM U3MEPEHUS PaauaLoOHHOW CUnbl;

- CBEJ1eHMsA 0 CyMMapHON HeonpeAeneHHOCTU pe3ynbTaToB U3MEPEHUS.

B HacTosweM cTaHgapTe npuseaeHa uHgopmaymusa 06 oLeHke akyCTMYECKON MOLHOCTM ANSl CXOASALLMX-
CS M pacxXoAsiLLIMXCA YNbTPa3BYKOBbLIX Ny4KOB METOAOM U3MEPEHUA PAAUALMOHHOM CUTbI, @ TAKKE CYMMapHON
HeonpeaeneHHOCTU Pe3ynbTaToB U3MEPEHUA.

Hacroawui ctaHaapT NPUMEHUM:

- K U3MEepPEHUsIM MOLLHOCTM ynbTpa3sByka, He npeBbiliaowen 1 BT B ananasoHe yuactor ot 0,5 o 25 MIy,
C UCMONb30BAHUEM CUCTEMbI YPABHOBELLMBAHWUA PAAVMALIMOHHON CUNbl 3BYKOBOW BOIHbI;

- UI3MEPEHMAM MOLLHOCTHU ynbTpa3Byka He 6onee 20 Bt B auanasoHe yacrot ot 0,75 go 5 Ml ¢ ucnone-
30BaHNEM CHCTEMbl YPABHOBELUMBAHUSA paAUALIMOHHON CUNbl 3BYKOBOW BOSIHbI;

- UBMEPEHUSAM MOMHOW MOLLHOCTU YNbLTPa3BYKOBOIO MOSsi B BUAE KONIIMMUPOBAHHOIO, pacxoasLlerocs
“nm cchoKyCMpOBAHHOIO NY4KOB;

- CUCTEMaM YpPaBHOBELUMBAHUSA paaMaLMOHHON CUIbl C UCMONbL3OBAaHWEM rpaBuTauuMm unu obpaTtHon
CBA3MN.

(Cm. A.1 npunoxxenusa A.)

MpuMmevaHunsa

1 CdpokycnpoBaHHbIA NYy4OK ABRSETCA CXOASALMMCS B 06nacTy, pacrnonoXeHHON A0 doKyca, U pacxoasaLmMcs 3a
ero npefenamu.

2 U3MepeHnsa ynsTpa3sByKoBOW MOLLYHOCTU B NONSIX BbICOKOW WHTeHcuBHOcTH (HITU), T. e. 6onee 1 unu 20 BT Ha
YacToTtax He 6onee 25 unu 5 MMy cooTBETCTBEHHO, N3NoXeHbl B MOK 62555.

UspaHue opuumanbHoe
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2 HopmaTuBHbI€ CCbINKU

B HacrofiLlem cTaHpapTe MCnonb30BaHa HOPMAaTMBHAA CCbINKa Ha Crneaylowmin craHaapt. fina aatumpo-
BaHHbLIX JOKYMEHTOB MPUMEHSIOT TONbKO YKa3aHHOE M3[4aHue CCbINTIOYHOrO CTaHAapTa, a Ans HeAaTupoBaH-
HbIX — MocfieAHee u3aaHue, BKIoYas BCE U3MEHEHUS.

IEC 61689:2007, Ultrasonics — Physiotherapy systems — Field specifications and methods of mea-
surement in the frequency range 0,5 MHz to 5 MHz (YneTpa3syk. Annapartbl Ana ynsTpa3BykoBOW Tepanuu.
TpeGoBaHua Kk napameTpam Usny4aemoro nonsi 1 MeroaaMm Ux m3amMepeHus B auwanasode yacror ot 0,5 go
5 MI'y)

3 TepmuHbl U onpeaeneHust

B HacToAiweM cTraHaapTe NPUMEHEHbI CReayloLmMe TEPMUHbI C COOTBETCTBYIOLLIMMU OnpeaeneHusiMu:

3.1 akyctuveckoe TeyeHue (acoustic streaming): OGLEMHOE NepemeLLeHNe XXUAKOCTU NoA AeNCTBUEM
3BYKOBOrO Nons.

3.2 cBo6oagHoe none (free field): 3BykoBOe none B roMOreHHOM M30TPONHON cpefe, BNUSSHUEM rpaHuL
KOTOPOW HA 3BYKOBbl€ BOMHbI MOXXHO NpeHedpeyb (M3MeHeHO no cpaBHeHuio ¢ MOK 60050-801:004).

3.3 BbIxogHaa mowHocTb P, BT (output power): YcpeaHeHHaaA BO BPEMEHU ynbTpa3BykOBas MOLL-
HOCTb U3NYy4YEeHUS YNbLTPA3BYKOBOIO Npeobpa3oBarens B yCNOBUSIX CBOOOAHOIO NOJIA U B ONpeAeneHHON
cpeae, NpeanoYTUTENbLHO B BOAE.

3.4 papguaunoHHas cuna (akyctuyeckan paavaumoHHas cuna) F, H (radiation force, acoustic radia-
tion force): YcpeaHeHHasa BO BpEMEHU cuna, NpUnoXeHHas K Teny npu Bo3gevMCTBUM Ha HEro 3ByKOBOrO Nons,
3a UCKMIOYEHUEM COCTaBMAIOLLMX, CBA3AHHLIX C aKyCTUYECKUMM TeYyeHuAMMU; unu B Gonee obLyemM cMmbicne
YyCpeOAHEHHan BO BPEMEHU cumna (3a UCKIIOYEHMEM COCTaBMSIIOLLUX, CBA3AHHbIX C aKyCTUYECKUMM TeYeHU-
fIMU) B 3BYKOBOM MOJie, MPOSIBNSAIIOLLASACA HA rpaHuLE pasaena ABYX Cpea C pasfuyHbIMU aKyCTUYECKUMU
CBOMCTBaMMU.

3.5 paguaunoHHoe naBneHue (aKkycrtuuyeckoe pagvaumoHHoe aasneHme), [a (radiation pressure,
acoustic radiation pressure). PaanauvmonHas cuna, BO31e/CTBYIOLLAA HA €AMHUYHYIO NIOLab.

MpuMeyaHue— STOT TEPMUH LUIMPOKO MCMONb3Y€ETCA B NuTepaType. OaHaKo, CTPOro rosops, pagnaLuoHHas
cuna Ha efjuHULY nnowagn SBnseTcA TEH30PHON BENUYNHON [4], N C TOYKWU 3PEHUA CTPOro Hay4YHOW TEPMUHONOrUKN ee
crnepoBano 6kl OTHOCUTbL K TEH30PY aKyCTUHECKUX pafnaLMOHHBLIX HanpshkeHUn. B HacTosWeM cTaHaapTe NpeanoyTeHne,
KaKk npaBus1o, OTAAETCA UHTErpanibHOMY 3Ha4YEHMIO «aKyCTUHECKON pagnaLUoHHO| cunbl». OgHako Npu ynotpebneHun B
TEeKCTe HacTosLLero cTaHaapTa TepMUHa «akyCcTUYECKoe paguaLumnoHHoe AaBneHUe» NOA HUM cneayeT NoOHUMaTb oTpula-
TenbHOE 3Ha4YeHNe pagnaLMOHHOTO HaNpPSXKeHUs B HanpaBneHUN OCK NyYKa.

3.6 muweHb (target): YcTpoincTBo, cneumansHo paspaboTaHHoe Ans TOro, 4ToObl Nnperpaxaarb cylle-
CTBEHHYIO YaCTb YNbLTPa3ByKOBOrO NOMsA U pearupoeaTe Ha paanaLuoOHHYIO CUny.

3.7 ynbTpa3BykoBOM npeoGpasoBaTenk (ultrasonic transducer): YcTpoiicTBo, cnocotHoe npeobpa-
30BbIBaTb 3NEKTPUUECKYIO SHEPrUi0 B MEXAHUYECKYIO B YNETPA3BYKOBOM AMana3oHe 4actoT u/unu obpatHo
MEXaHNYECKYI0 SHEPIui0 B SNEKTPUYECKYIO.

3.8 paguaumnoHHas npoBogumocTb G, C (radiation conductance): OTHOLIEHME aKyCTUYECKOW BbIXOO-
HOW MOLLHOCTM K KBagpary adeKkTuBHOrO (CpeaHEKBaAPaTUYHOIO) SNIEKTPUYECKOTO HAMPSXKEHUA Ha BXOAE
npeobpasoBarensi.

MpuMeyaHue— OTa BeNUYMHa UCTONb3OBaHA ANSA TOro, YTOOkI XapaKTepM3oBaTh 3IeKTPoaKyCcThYeckoe npe-
o6pa3oBaH1e yNETpasByKOBLIX AaTUYMKOB.

3Ty BENUUMHY WUCMONbL3YIOT ANs OMPEeAESieHUs napameTpoB SreKTPOakyCTU4ecKoro npeobpasoBaHus
ynbTPa3BYyKOBLIX NpeoGpasosarenen.

4 O603HaueHus

B HacTosLEM CTaHAapTe UCMONb30BaHbI crieayowme 0603HaYeHUs:;
a — paguyc Kpyrnoro yrsTpa3ByKoBOro npeoGpasoBartens.

b,, by— 1/2 pasMepa npsiMOyronbHOro yrbTPa3BYKOBOIO NpeodpasoBaTens B HAaNpaBnEeHUsIX X U ¥ COOT-
BETCTBEHHO (Tak yt0 2 b, 1 2 by — pa3mepbl ANWHbI €r0 CTOPOH).
c — CKOPOCTb 3BYyKa (Kak NpaBuno, B BOAE).

2
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dy, d,— reoMeTpu4eckue pokyCHble PaccTOsHUS (OKYCUPYIOLLEro yTPa3ByKOBOro npeo6pasosarens B
MMOCKOCTAX X—2Z W y—2Z COOTBETCTBEHHO.

d — reomeTpuyeckoe hoKyCHOe paccTosiHne HOKyCcHpytoLLero ynsTpa3sByKOBOro npeobpasoBarens B
ToM cryyae, koraa d, = d, = d.

F — pagauauMoHHas cuna, JeNCTBYIOLIAs HA MUILEHb B HAaNpaBNeHUN NageHus ynbTPa3ByKOBOW BOMHBI.

g — yCKOpeHue cBo6OAHOro nageHus.

— paauMauMoHHas NPOBOAUMOCTE.

— 1/, Amaronanu npsamoyronbHoro npeoGpasosarens hy = (b, + by2)1/2.

— rapmoHu4eckoe cpegHee b, u by kak h, = 2/(1/b, + 1/by).

— BONHOBOE uncno (k = 2x/).).

— BbIXOAQHasA MOIHOCTb YNbLTPa3BYKOBOro Npeo6pasoBartens.

— HOPMUPOBAHHOE PacCTOSIHWE OT KPYFMOTO YNLTPa3BYKOBOro npeotpasosartens (s = z 1/a?).
— paccTosiHME MEXIY MMUILEHbLIO 1 YNLTPa3BYKOBbIM Npeo6pasoBarenem.

& N o PgxZTS

— aMnImMTYAHbIA KOIMULMEHT 3aTyXaHUA NIOCKUX BOSTH B cpeae (kak npasuio, B BOAE).

, B, — dokanbHbIe MOmNyyrnbl NPSAMOYIONBLHOrO POKYCUPYIOLLErO YNETPa3ByKOBOIro npeodpasoBaTens B
x» Py Yy y
MNOCKOCTSAX X—Z U y—Z COOTBETCTBEHHO.
= arctg(b,/d.), B, = arctg(b,/d,), ecnn npeobpasoBarens NNOCKUI U ero OKYCHbIE PACCTOAHUA OT-
X X X y Yy
CUMUTBIBAIOT OT MIIOCKOCTU €ro U3ny4varoLen NnoBepxXHOCTH.

Y — cbokarnbHbIN (nony-)yron OKyCUpyoLLero ynsTpa3sBykKoBOro npeoépasoBarens; y = arcsin (a/d)
Ana npeobpasoBartenst chepu4ecKoil KPpUBU3HLI, ECNKU €ro POKYCHOE PacCTOsAHME OTCYMTLIBAIOT OT
«OHa» «4awumy;
y = arctg (a/d), hoKyCcHOE pacCTOsiHME KOTOPOro OTCYMTBLIBAIOT OT Kpasi aKTUBHOM YacTu «4aLun» unu
B TOM Cryyae, ecnu npeobpasoBatenb nnoCKui.

0 — Yron mexay HanpasnieHMeM NageHus yNbTPasByKOBOW BOSHbI U HOPMAnbIO K OTPaXKaloLLei NoBepx-
HOCTW MULIEHMU.

© — [ANMHa YNLTPa3ByKOBOM BOMHbI B CPefe pacrpoCTpaHeHUs (Kak NpaBuIo, B BOAE).

p — MAOTHOCTb CPeAbl PacnpoCTpaHeHus (Kak Npasuno, BOAbI).

MpumevyaHus

1 Mog HanpaBneHeM nagatolleii BOMHEI B onpejenerusix ana F u 6 nogpasymeBaetcs B Gonee obLueM cMbicne
0Cb 3BYKOBOIO Nons.

2 CrTporo rosops, AN dokycupytoLlero npeobpasobatens ero popma 1 cnocob okycupoBaHUs He 3aBUCAT Apyr
OT fpyra, T. €. Kpyrmnblii npeobpa3oBaTenb MOXET Takke UMETb ABa pa3nuYHbIX dokanbHbIX yrma. OfaHako ucxoga us
MPaKTUKW YrETPasByKOBbIX U3MEPEHUIA HacTOSALLMIA CTaHAapT paccMaTpuBaeT TOMbLKO fiBa BapWaHTa: ¢ OAHOMOKYCHBIM
KpyrnbIM npeobpasoBaTenieM 1 ¢ NpsMoyronbHeIM NpeobpasosaTenem, UMEIOLWUM ABa oKarbHbIX Yrna (KOTopble, KOHeY-
HO, Mory 6bITb paBHbIMM).

5 Tpe6oBaHUA kK cucTemam ypaBHOBEWMNBAHUS PagUaLMOHHOMN CUSbI

5.1 OOwume nonoxeHus

CucTeMa ypaBHOBELLMBAHUSA PAANMALMOHHOM CUAbI AOHKHA COCTOATL M3 MUILIEHW, CBA3AHHO C BECa-
MU. YNbTPa3sByKOBOW Ny4OK AOMMKEH GbiTb HANPaBMeH BEPTUKANLHO CBEPXY UMM CHU3Y UIK FOPU3OHTANBLHO Ha
MULLEHb, U €r0 BO3AENCTBYIOLLYI0 HA MULIEHb PAAUALIMOHHYIO CUAY CEAYET 3MEPUTL C MOMOLLILIO BECOB.
YNbTPa3sByKOBYO MOLLHOCTb CIIEAYET ONPEAENATL N0 PasHULIE MEXAY 3HAYEHUSIMM CUTbI, C KOTOPOW MULIEHb
BO3AEWCTBYET Ha BECHI, MPU MPUITOXEHUU K HEW YNLTPA3BYKOBOTO U3MYYEHUSI M NPU €ro OTCYTCTBUM B COOT-
BETCTBUM C BbIPAKEHWUSIMU, NPUBEAEHHBIMU B NPUNoxeHun B. Kanu6poBKY CMCTEMbI MOXHO BbINOMHUTL NO-
CPEACTBOM MPELN3NOHHBIX rPY3UKOB U3BECTHOI MacChl.

MpuMedyaHne — BO3MOKHLIE TUMBI KOHCTPYKUMN CUCTEMbI YpaBHOBELIMBAHMSA NMPEACTaBeHbl Ha pUCyHKax
F.1—F.7 npunoxeHus F. Kaxaas KOHCTPYKLUS UMEET CBOM OCOBEHHOCTH, PACCMOTPEHHBIE B NPUrioxXeHuu F.
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5.2 Tunbl MUWEHeNn

5.2.1 O6uwue nonoxeHun

AKyCTUYecKkme CBOIMCTBA MULIEHMU [JOIDKHbI ObiTb U3BECTHbI C JOCTATOUHON TOYHOCTbIO, 0COGEHHO Te u3
HUX, KOTOPbIE UMEIOT HENOCPEACTBEHHOE OTHOLUEHUE K 3aBUCUMOCTU U3MEPSIEMOIA YNbTPa3ByKOBON MOLLHO-
CTU OT paguaLMOHHON cunbl (CM. A.5.2.1 npunoxeHus A).

Ecnun MuweHb BbiOpaHa Takum 006pasoM, YTO OHa B AOCTAaTOMHOM CTENEHW COOTBETCTBYET OAHOMY U3
ABYX KPanHMX yCNOBUNA, T. €. AIBAAETCA NONMHOCTLIO NOTNOLLAIOLLEN UK NOTNHOCTBLIO OTPaXaloLWwen, To Ana pac-
4YEeTOoB Cneayer BOCNONb30BaTbCA COOTBETCTBYIOLMMU BbIPXXEHUAMM, AAHHBIMU B NPUNOXEHUU B, B 3aBUCK-
MOCTM OT CTPYKTYpPbI YNLTPa3ByKOBOrO NOns U npu cobniogeHuu cneayromux TpebosaHui.

5.2.2 Oina nornowaiowen MueHun

Mornowaiowas Mumenb (CM. pucyHok 1 u pucyHku F.1a, F.3, F.4, F.5a u F.7 npunoxeHusa F) gomkHa
UMETb:

- aMNAUTYAHbLIA KO3 PUUMEHT OTpaeHna meHee 3,5 %;

- KO3(PDUUMEHT NOrMOLLEHUS aKyCTUYECKON SHEPrMU He MeHee 99 % (CM. A.5.2.2 Nnpunoxenus A).

5.2.3 [inA oTpaxaioLen MULEHN

OtpaxaroLas mueHb (CM. pucyHku F.1b, F.2, F.5b u F.6 npunoxenus F) gomkHa UMeTb aMNAUTYAHbINA
KO3pDULIMEHT OTpaXkeHus, npesbiwatowmmn 99 %.

[na namepeHuin MmoHOCTU npeobpasosarenen, AnsA KoTopbix ka < 30, pekoMeHAyeTCs UCNonb3oBaTh
KOHMYECKYIO OTPAXKAIOLLYI0 MUeHb. [INA usMepeHnii MOLLHOCTM npeobpa3soBarenen, Ans KOoTopbix ka < 17,4
1 yNbTPa3ByKOBOW Ny4OK OyAeT CyLeCTBEHHO PacXoAALLMMCS, UCTIONb30BAHUE BbIMYKIIO KOHUHECKOW MULLIE-
HU C NONyyrnom KoHyca 45° He gonyckaerca (CM. Takke A.5.3 npunoxeHus A).

MpuMeyaHune — 3HaueHNe a B CTPOrOM CMbICAE 3aBUCUT OT pasfIUYHLIX YCnoBuid. [ina peanbHuiX npeobpa-
3oBateneil a aBnsetca apdeKTUBHLIM PaguycoM, onpegersieMbiM No CTPYKType co3faBaemMoro UMM nons. OgHako npu
pacyeTe Mcnonb3yeTcsl MOAENb KPYrnoro NopwHeBoro NpeotpasoBaTerns, rae a SBMAETCS reOMETPUYECKUM Pagnycom
MOPLUHSA.

BbINyknyo KOHUYECKYIO MULLIEHb C NONYYINOM KOHYCa 45° HE PEKOMEHAYETCS TAKKE NPUMEHATL U NpU
U3MEPEHUU MOLLHOCTM (hOKycupylowmx npeobpasoBarenei, ana kotopbix d < 32a. Ecnu reomeTpuyeckoe
dokycHoe paccTosiHue d HeM3BECTHO, TO BbIMYKIYIO KOHUYECKYIO MULIEHBb C MOSYYrNOM KOHyca 45° He peko-
MEHAYETCA NPUMEHATL B TEX CMy4asx, KOraa paccTosHue Z; 0T npeobpasosarens A0 TOYKU C MaKCUMarbHLIM
3Ha4YeHWeM JaBneHnus cocTaenseT z, < 1/[(1/32a) + Ma?)).

3Tu ycrnosusi pakTU4eCcKkn OrpaHMYnBalOT MPUMEHEHUE BbIMYKITbIX KOHNYECKMX MULIEHE W 3MEPEHUSMM
MOLLIHOCTU HedpoKycupyiowmx unu cnabdo dokycupyowmnx npeobpasosarenein. OqHaKko eCnu Takue MUILEHMW
UCMOMb3YIOT ANA U3MEPEHUST MOLLHOCTM CUMBHO (POKYCUpYOLLMX Npecbpa3soBaTenei u NPUMEHSIIOT Npyu 3TOM
BbipaxeHue (B.6) npunoxenus B, To He0OX0AUMO NPUHUMATbL B pacyeT AOMOMHUTENbHLIE MOTPELLHOCTH, HE
yKasaHHble B pasaene 7. [ina KocbiX My4KOB, MMEIOLLMX MECTO NPU CKAHUPOBAHUK, KOHUYECKUE oTpaXarenu
NPUMEHATL HE PEKOMEHAYETCS.

(Cm. A.5.2.3 npunoxeHus A n pasagen B.6 npunoxenus B).

5.3 OuameTp MULIEHN

MonepeyHsblii pasmep MULLIEHU JO0MKEH ObITb AOCTATOYHO GOMNbLUMM, YTODbI MEPEKPLITh BCIO 3HAYUMYIO
YyacTb Mons Ans Toro, Ytobel n3Mepsiemas paguaunoHHas cuna 6oina He meHee 98 % BCel paanaunoOHHOM
CUnbl, BO3AENCTBYIOLLEN HA MULLEHb BECKOHEYHbIX MONEPEYHbIX Pa3MEPOB.

B cBA3M ¢ TEM YTO Ha NpakKTUKE OMOPHAasA paAuaLMOHHaA CUNa He U3BECTHA, ANA HECHOKYCUPOBAHHbIX
nonei npeanaraerca gpyroe tpebosaHue. Pasmep MuweHu B nobom nonepeyHoM HanpasieHUM AOMMKEH
6bITb NO KpaliHel Mepe B 1,5 pasa 6onee COOTBETCTBYIOLLETO pasmepa (HanpuMep, AMameTpa) ynbTpasByKo-
BOro npeo6pasoBarens.

PekomeHAaLusi OTHOCUTENBLHO TOrO, JOIMKHA UMM HE AOMDKHA MULIEHb uMeTh gnamveTp B 1,5 pasa 6o-
nee, yem auameTp npeobpasosarens, 00yCNoOBMNeHa AMaMeTPOM Nyyka Nnons B Mecre pacrnosioXeHus Muiie-
HU. Paamepbl nyyka AOSKHbI ObITb U3BECTHbI U3 M3MEPEHUI UM OLiEHEHbI TEOPETUYECKU, KaK 9TO MOKa3aHO
Ha npumepe B A.5.3 npunoxeHus A.

[Ins KOCbIX NYYKOB, MMEIOLLMX MECTO MPU CKAHUPOBAHUK, T. €. KOTAa OCb Ny4Ka OTKMOHEHA OT OCU CUCTEMBI
ypaBHOBELUMBAHUA paguauMoHHON cunbl, TpebyloTcs MuweHu Gonbliero pasmepa. B aTom cnyvae ueHTp
MOMepeYHOro CeYeHWs1 nons B MECTE PACMONOXEHUSI MUILEHU HE COBMAaAaEeT C LEHTPOM MMILEHM, a CMELLEH
OTHOCUTENbHO HEro Ha onpeAeneHHoe PacCTosHUE, 3aBUCSLLEE OT YIMa HaKIOHa U pacCTOAHUA A0 MULUEHW.
B aaHHOM cnyyae Tpebyemblin pasmep MULLEHU HEOOX0AUMO YBENUUYUTL HA BEMMUMHY TOTO CMELLEHUS.
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5.4 Becbl/cuctema nsamepeHusi Cunbl

Cucrema ypaBHOBELLMBAHUS PAAMALMOHHON CUITbI MOXET GbiTb rPaBUTALIMOHHOTO TUMA, U 3TO Npea-
ronaraet BEpPTUKanbHYI0 OPUEHTALMIO Myyka. B kayecrtse ansTEPHATUBLI MOXHO MPUMEHSITb KOHCTPYKLIUIO
¢ o6paTHOM CUMOBON CBAS3bLIO, MO3BOMSAIOLIYIO MCMONL30BATh FOPU3OHTANLHYIO OpUEHTaLMIO mydyka. Ecnu
YCTPOWCTBO AMNS U3MEPEHUs1 YPABHOBELLMBAIOLLIEN CUIlbl TPaAyUPYETCA NOCPEACTBOM €JMHULL MAacChl, TO €ro
M3rOTOBUTENEM MU NONb30BAaTENEM JOIMKHO GbiTb NPEAYCMOTPEHO NPaBUNLHOE Npeobpa3oBaHue nokasaHus
BECOB B 3HAYEHWE CUIbI.

MpuMeyaHune — BepTukanbHaa opmeHTauusa nydka obecnevnBaeT METPONOTMYECKYIO MPOCNEXUBAaEeMOCTb pe-
3yNLTaToOB M3MEPEHWA A0 HaLMOHanbHbLIX STanoHOB Macchl (Yepe3 kanubpoBaHHble rupbku). B ycTaHOBKax ¢ ropuaoH-
TanbHO opueHTaUMell Nydka NPUMEHSIOT Kak oTpaxatowwue [5], [6], Tak n nornowaiowme muwenn [7]. Ux kanubposky
MOXHO NPOBOAUTL COOTBETCTBYIOLLMM MOACOEANHEHNEM K KOPOMBICITY BECOB UWN NOCPEACTBOM UCTOMHUKA U3IMYYEHUs C
M3BECTHOMN aKyCTUYeCKOH MOLLHOCTbO.

Mcnonb3yeMble BEChI AOMKHbI UMETb A0CTAaTOMHYIO pa3peLLaloLLyio CNOCOBHOCTb AN U3MEPEHUA MOLL-
HOCTM ynbTpassyka (CM. A.5.5 npunoxeHus A).

5.5 Cocya usamepuTtenbHOro yCTpoucTBea

Mpu NnpumMeHeHnn oTpakatoLLlen MULIEeHN CTEHKU COCYAa AOMKHbI MMETb NOrnoLLaLLee NnoKpbITue AnA
TOro, YT06bl AONONHMTENBHbLIN BKMaA OTPAXXEHUI OT HUX He npeBbiwan 1 % CymMMapHOW U3MEPAEMON MOLL-
HocTu (cM. A.5.5 npunoxeHus A).

5.6 Cuctema nogBecKku MULLEHUN

Mpu cTaTtu4ecKkoM ypaBHOBELLMBAHWUM JMEMEHTbI NOABECKM MUILNEHWU, Nepealolue paguaLuoHHyI
CUITY Yepes NMOBEPXHOCTb pa3fena BoAbl U BO3AyXa, AOIMiHbI ObiTb CNPOEKTUPOBAHbLI TAKUM 06pasoMm, UTOObI
CBECTU APAEKTHI NOBEPXHOCTHOIO HATSHKEHUN K 3HAUYEeHUIo, MeHbeMy 1 % cyMMapHON M3MepseMOin MOLL-
HoCTU (CM. A.5.6 npunoxeHus A).

5.7 CucteMa Nno3MUMOHUPOBAHUA NpeobpasoBaTens

KOHCTpYKUMS AepxaTens U CUCTEMbl NepemMeLLeHuit ynbTPa3ByKOBOIO npeoGpasoBartens [0DkHA
obecneuynBaTb CTabUNbHOCTb M BOCNPOU3BOAUMOCTb €0 PACNOSIOKEHUSI OTHOCUMTENIBHO MULLIEHU C TAaKOMN TOY-
HOCTbI0, YTOObI OTHOCUTENbHLIE U3MEHEHUA 3MEPAEMON MOLHOCTU He npeBbiwany 1 %.

5.8 lMneHku, 3awmwarolme oT aKyCTUYECKUX TeUYeHUIN

Ecnu ans 3awmTbl OT BNUAHUSA aKyCTUYECKUX TEYEHUIN NPUMEHSIIOT CrieLMarnbHYIO MIeHKY, TO ee cre-
AyeT ycTaHaBnMBaTb MakCUMarnbHO 6M3KO K MUILIEHU, HO He napansensHo NOBEPXHOCTU YILTPa3ByKOBOIO
npeo6pasoBaTens [8]. KoadpduuneHt ee nponyckaHua AOmkeH ObiTb NpeaBapUTENbHO U3MEPEH, U €CNU
NPUMEHEHNE NIEHKU 3aHUXKAET 3HAYEHUE U3IMEPAEMON MOLLHOCTM Bonee yem Ha 1 %, TO B pe3ynbTaTbl U3-
MEpeHUii cneayeT BBOAMTL COOTBETCTBYIOLLYIO nonpaeky (CM. A.5.8 npunoxeHus A).

MpwnMeyaHune— Ha npakTuke 4OCTaTOMHO HAKNOHUTL NIEHKY Ha yron oT 5° o 10° OTHOCUTENbHO NOBEPXHOCTH
npeobpasoBaTtensi.

5.9 AKyCTMYECKMM KOHTAKT C npeobpasoBarenem

AKYCTUYECKUI KOHTAKT YNLTPa3BYyKOBOro NnpeobpasoBarensi C U3MepuTENbHLIM YCTPOUCTBOM AOMKEH
6bITb TakuM, 4TOBbl €r0 BAMSIHUE Ha U3MEPSIEMYIO MOLLHOCTb Obino MeHee 1 %, uHaye cneayet BBOAUTDL MO-
npasky (cMm. A.5.9 npunoxeHuna A).

5.10 Kanu6poeka

CucreMy ypaBHOBELUMBAHUSI paauaLMOHHON CUMbI crieayeT kanubpoBaTh C UCNONb30BAHMEM MarbiX
rPy3uKOB U3BECTHOM MacChbl.

Ecnu nameputenbHaa cucreMa He ABAAETCA NEPBUYHBIM 3TANIOHOM, TO ee crneayeT kanmbpoBartb, UC-
nonb3ys OZIUH UMW HECKONbKO YNbLTPA3BYKOBbIX NpeoGpa3oBaTtenei C U3BECTHON BbIXOAHON MOLLHOCTbIO,
NPOCHEXUBAEMON K NEPBUYHOMY STanoHy. KanubGpoBky crielyeT BbIMOMHATL ANA HECKOMbKUX 3HAYEHWUN
YaCTOTbl aKyCTUYECKOrO BO3AEUCTBUA U HECKONBbKNX 3HAYEHUI YPOBHS BbIXOAHOW MOWHOCTU, COOTBETCTBY-
IOLLUX ANanasoHy U3MEepeHUn CUCTEMBI YpaBHOBELIMBaHUSA. B aToM cnyyae kanubpoBKy crieayeT NpoBoAUTb
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OAMH pa3 B [iBa roga Wrnu yatle, ecnm 4yBCTBUTENbHOCTb CUCTEMbI K YNLTPa3BYKOBOW MOLLHOCTU U3MEHUNAaCb
(cMm. A.5.10 npunoxenus A).

MpuMedaHue — B HacToslLleM cTaHAapTe NoA NEPBUYHLIM 3TANOHOM NOApPa3yMeBaloT U3MEPUTENLHYIO yCTa-
HOBKY, KOTOpasi NPUHUMaET yqacTue B MEXAYHAPOAHbIX KNHOYEBLIX CIIMYEHNAX UNU APYTUX MEXAYHAPOAHBLIX CANYEHUSX,
opraHudyembix MKMB/MEMB.

B 3aBUCUMOCTM OT UCMONb3YEMOi YCTAHOBKW AN 06ecneyeHnsi TOMHOCTU U3MEPEHUI PEKOMEHAYETCA
BBOAWUTb MONPAaBKU HAa AUMPAKLMIO, YITbl (DOKYCMPOBKU, SHEPTUIO, HE YNOBMEHHYI0 MUIIEHbIO, HA €€ Heao-
CTaTOYHYIO OTPAXKAIOLLYIO UMK NOTTOLLAIOLLYIO CMIOCOBHOCTD, 3aTyXaHue ynkTpasByka B BOAe Npu pacnpocTpa-
HEHWUU OT U3NyYaTens K MULLEHU, aKyCTUYECKUE TEYEHUS U Np.

6 TpeboBaHus K ycrnoBusim namepeHun

6.1 MNonepeyHoe pacnonoxeHne MUILIEHN

PacnonoxeHve MuIIeHU B NONEPEYHON NITOCKOCTU OTHOCUTENBHO OCU MyYKa He AOIMKHO MEHSATLCA BO
BpeMsl uamepeHuin. BocnpousBoauMOCTb 3TOMO NONOXKEHUA AOMKHA ObITb TakoM, YTOObLI OTHOCUTENLHBIE U3-
MEHEHUA 3MepsaeMoin MOLLHOCTU He npesbiwanu 1 % (cMm. A.6.1 npunoxeHus A).

6.2 Paccrosinne Mexay npeo6pasoBaresieM U MULIEHbIO

PaccrosiHne mexay NnoOBEPXHOCTLIO YILTPa3sBYKOBOro npeobpasoBatens U MULIEHBLIO UMW NIEHKO
(ecnu oHa MCNOMb3yeTCsl) U MUILIEHBbI PEKOMEHAYETCA BblOMpaTb N0 BO3MOXHOCTU ManbiM ANS TOro, 4to6bl
YMEHbLUUTb BAMSAAHWE aKyCTUYECKUX Te4EHUIN, BOZHUKAIOLLUX M3-3a NOIMNOLLEHUS YyNbTPa3Byka BAONb aKyCTUYe-
ckoro nyTu (cMm. A.6.2 npunoxeHus A).

PaccrosiHne mexay noBepxHOCTbIO YRLTPa3sBYKOBOro npeobpasoBaTena 1 MULIEHBLI UMW NIIEHKOM
(ecnu oHa NCNONb3yeTCs) U MULIEHBLIO AOIMKHO ObITb U3BECTHO U BOCTIPOM3BOAUMO C TAKOW TOMHOCTbIO, YTOObI
BO3MOXHbI€ U3MEHEHUS B U3MEPAEMON MOLLYHOCTU He npesbiwann 1 % (cm. A.6.2 npunoxenus A).

6.3 Bopa

B cuctemax ypaBHoBeLLMBaAHUS pagualUMOHHON CUNbI ANA U3MEPEHUI cneayeT UCMoNb30BaTh BOAY.

Mpu nsMepeHun 3HayeHnii BLIXOQHOW MOLLHOCTH, Npesbiwatowmx 1 BT, cneayer npuMeEHsTL TONbKO
[JerasmpoBaHHyI0 BOAY.

Herasauuio BoAbI NPOU3BOASIT CTPOro onpeaeneHHbIM cnocobom, usnoxeHHsim B IEC/TR 62781 u npu-
noxexHuun D. Konu4ectBo pacTBOPEHHOIO B AErasMpoBaHHOM BOAE KUCNOPOAA AOIMKHO ObiTb MeHee 4 mr/n B
TeYeHue BCEro npoLecca M3MepeHnin U 10CTaro4HO HU3KUM ANS NPeAOTBPALLEHUS BOSHUKHOBEHUA KaBUTaLUM.
Mpu 0BHapyeHUn KaBUTALUOHHLIX NMy3bIPbKOB U3MEPEHUS CriefyeT npekpatuTtb (CM. A.6.3 npunoxeHun A).

6.4 KoHTakT ¢ Boaou

Mepen Ha4YanoOM M3MepeHUin cneayeT yA0CTOBEPUTLCA B TOM, UTO C NMOBEPXHOCTEN aKTUBHBIX 3N1EMEHTOB
yAaneHsl BCe My3blpbku BO3ayxa. 10 OKOHYAHWUM U3MEPEHUIA CrelyeT BHOBb OCMOTPETb 3TU NOBEPXHOCTMU.
Ecnun Ha Hux ByayT obHapykeHbl Ny3bipbku BO3yxXa, TO MU3MEPEHUA crieyeT Npu3HaTb HeBepHbIMKU (CM. A.6.4
NPUNoXeHua A).

6.5 YcnoBusa okpyxawuen cpeabl

Ona uamepeHuit B MUNNIMBATTHOM U MUKPOBATTHOM JMana3oHax U3MepuTernbHOEe YCTPOWCTBO AO0MKHO
ObITb YKOMMMEKTOBAHO TEMMOM30NsALUUEN, MMBo namepeHusi, BKnioyas c6op AaHHbIX, MPOBOAAT TakuM obpa-
30M, YTOObI TENNOBON APEN 1 Apyrue NOMEexm BO BPEMsI U3MepeHuii He aobaensnu 6onee 1 % NOrpeLHoOCTy
K o6Lien namepsieMoin MOLLIHOCTH.

MameputenbHoe yCTPOWCTBO AOSHKHO ObITh 3aLLMLLEHO OT BUOpAaLMi M BO3AYLUHLIX NOTOKOB (CM. A.6.5
NPUNoXeHna A).

6.6 Tennosoi gpend

Mpu paboTe ¢ nornowaLen MULEHbIO AN OUEHKU BNUSHUA TENNOBLIX 3(pheKTOB U3-3a NornoLweHns
3BYKOBOW 9HEpPrun (pacLumpeHue u u3MeHeHue nnapy4ecTu) HeobXxoaMMO 3anuUcbiBaTb 3HAYEHNE U3MEPEHHO-
ro curHana nepeg v nocrne BKMIOYEHUs U BbIKITIOYEHUS BO3OYXAEHUA yNBTPa3ByKOBOro npeotpasoBarens
(cm. A.6.6 npunoxxeHus A).
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7 HeonpepeneHHOCTb pe3ynbLTaTtoB U3MepeHun

7.1 O6wwue nonoxeHus

PacyeTr cymmapHoi HeonpeaeneHHOCTU pe3ynbraTtoB U3MEPEHUA UNKU OLEHKY TOYHOCTU NMPOBOAAT OT-
AenbHO AN KaXgon U3 UCnorb3yemblX CUCTEM. Huxe npuBeaeHbl UCTOMHUKKU HEONpeaeneHHocTu. Heonpeae-
NEHHOCTb Pe3ynbTaToB U3MEPEHUI CrieayeT OLEeHUBaTb B COOTBETCTBUM C [9].

7.2 Cuctema ypaBHOBELIMBAHUA C NOABECKOW MULLIEHU

CucteMy ypaBHOBELLMBAHUS NPOBEPSIOT UMK KanuOpyLOT C MOMOLLBIO ManeHbKUX rPpy3UKOB U3BECTHOW
Macchbl, B TOW KOHpUrypaummu BCEN CUCTEMbI, B KOTOPOW NPOBOASAT M3MEPEHNE paAuaLMOHHON CUTbI, BKITIO-
Yyasi NoABELUEHHYIO B BOAE MULLEHb.

3Ty onepauuio crneayet NnoBTOPUTL HECKOMbKO Pa3 C KaXXabIM rPy3MKOM ANA NONyYEHUS OLIEHKU Cryyait-
Horo pasbpoca pesynsratoB. HeonpeaeneHHOCTb OUEHKM KanuBpoBO4HOrO Ko3dpduumueHTa BECOB NoMyyalotT
Ha OCHOBAHUK PEe3ynbLTaToOB 3TOM KanuOpPOBKM M UCXOASA U3 NOTPELUHOCTU MACChl UCNOMb3YEeMbIX IPY3UKOB.

Pesynerartbl NPOBEPOK PEKOMEHAYETCH PErMCTPUPOBATbL AN TOFO, YTOOLI UMETH BO3MOXHOCTL CAENaTb
3aKMIOYEHNe O JONTOBPEMEHHON CTabWNbHOCTU KanMbpOBOYHOrO KoddphchuumeHta BecoB (Cm. Take A.7.2
NpUNoXeHua A).

7.3 JInHeHOCTb M paspeLleHne CUCTEMbI YPABHOBELIMBAHUA

JIMHEWHOCTb CUCTEMbI YpaBHOBELLMBAHMA PEKOMEHAYETCA NPOBEPATb HE pexe yYeM yepes Kaxable
6 Mec no crneayoLen npoueaype.

M3mepeHus no 7.2 cneayet NpPOBOAWUTL NO MEHbLUEN Mepe C TPems rpysmkamu pasnuyHoi Macchbl B
WHTEpecyloLleM AuanasoHe ypaBHOBELLMBAHUA. [MokaszaHusa BECOB Kak (PyHKUMA MacChbl rpy3UKOB MOTYT ObITb
npeacrasneHbl rpaduyeckun, kak aTo NoKasaHo Ha pucyHke 2. B naeane To4ku Ha rpaduke JOMKHbI nexarb
Ha NPSAMON NIMHUKM, HAYMHAIOLLEWCS B Ha4ane cCUCTeMbl KoopanHaT. ECnv MMeIoTCA OTKITIOHEHUS OT 3TOW JIMHUM,
TO MO HUM BbIMUCASAIOT BKNa AONONHUTENbHOW NOrPELLHOCTY.

Tak kak ¢ rpyaukaMmu Maccow meHee 10 mMr o6pawaTbCa CNOXHO, TO FIMHEWHOCTb CUCTEMbI YPaBHOBE-
LUMBaHMSI MPOBEPSIOT C NOMOLLbIO YNBTPa3BYKOBOIO Npeobpa3oBaTens ¢ U3BECTHLIMU XapakTepUCTUKaMm,
BO30Y)Xgas ero Hamnps>KeHMeM PasnUYHON aMnnuTyabl U CO3AaBas pagaUaLMOHHY O CUIY Pa3fNYHbIX YPOB-
Hel. B aTom crnydae BXOAHOW BENWMYMHON Ha abcumucce (CM. pUCYHOK 2) OyaeT BbIXOAHAA YNbTPa3BYKOBasA
MOLLHOCTb Npeobpa3oBarensi, U CNeayeT y4uTbiBaTb HEONpPeAEeneHHOCTb €€ YCTaHOBKU.

KoHe4yHOoe 3HayeHue paspelsaowiert cnoCoOHOCTM BECOB TOXE SIBMSAETCA MCTOMHMKOM HeonpeaeneH-
HOCTW, KOTOPbIA HEOBXOAMMO NMPUHMMATL B pacyeT Npu oLieHke o0Leil HeonpeaeneHHOCTU pe3ynbLTaToB U3-
MEepeHus.

7.4 DKCTpanonsuva K MOMEHTY BKITHOYEeHUA yNnbTPa3ByKOBOIo npeobpasoBarens

Ona nony4yeHus 3Ha4eHUA paguauMoOHHOW CUMbI NMPU UCMONB30BaHNUU SNEKTPOHHBLIX BECOB BbIXOAHOM
CUrHan ypaBHOBELUMBAHUS, KaK MpPaBurio, 3anuchiBaioT B BUAEe byHKLUUM OT BPEMEHU W IKCTPANONMUPYIOT K
MOMEHTY BKIMIOYEHUA YNLTPa3BYKOBOro npeobpasoBarens. 31a IKCTpanonaums COAepXUT HeonpeaeneH-
HOCTb, 3aBUCSALLYIO [M1aBHLIM 00pa3oM OT BENMUYUHBLI PACCEUBAHUSI BbIXOAHbLIX CUrHaNOB BECOB (T. €. OT OTHO-
weHunsa curHan/wym). HeonpeaeneHHOCTb pe3ynbrata 3KCTpanonsuum AomkHa ObiTb OLEHEeHa NoCpeacTBOM
CTaHAapTHBIX MaTeMaTU4eCKUX NpoLeayp no anropuTMy perpeccuu.

7.5 HecoBeplueHCTBO MUILIEHN

BnusHue HecoBepLLEHCTBA MUILEHMU JOIMKHO ObITb OLIEHEHO C MOMOLLLIO MITOCKOBOMHOBOIO npubnumke-
HWUA B COOTBETCTBUU C A.7.5 NnpunoxxeHus A.

7.6 NeoMmeTpuA oTpaxarwwen MULLEHN

BnusHue reomeTpun oTpaxaroLeit MMLILIEeHU JAOIKHO ObiTh OLIEHEHO U YYTEHO NPU pacyeTe CyMMapHOM
HeonpeaeneHHOCTU U3MEepPEHUI, BbIMOSTHAEMbIX CUCTEMON (CM. A.7.6 npunoxeHus A).

7.7 BoKoBbl€e NOIMOTUTENU ANA U3MEPEHUN C OTPpaXarolWen MULLIeHbIO

Cnenyer OUEHUTb BMUSIHWE HECOBepLUeHCTBA OOKOBLIX MOMMOTUTENE B YCTPOMCTBAX, MOKa3aHHbIX
Ha pucyHkax F1b, F.2, F.5b n F.6, n yyectb 3T0 npu pacyere CyMMapHOW HeOonpeaeneHHOCTU M3MEepPEeHUn
(cM. A.7.6 npunoxeHus A).
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7.8 CMelueHne MULLIEHU
BnusiHMe cMelLleHMs MUIEHU OTHOCUTENbLHO OCK NyYka Cneayer OLEHUTb U YY4eCTb NPU pacyeTe CyM-
MapHOI HeonpeaeneHHOCTN u3MepeHuii (cMm. A.7.8 npunoxexns A).

7.9 HeTOYHOCTbL YCTAaHOBKM YyNLTPa3ByKOBOro nNpeo6pasoBarens

BnusiHWe HETOYHOCTU YCTAHOBKM YIETPa3BYKOBOro npeodpasoBarens crieyeT OLEHUTb U Y4eCTb Npu
pac4eTe CyMMapHOW HEONPEeAENEHHOCTU UBMEPEHWIA, BbIMOMHAEMbIX CUCTEMON (CM. A.7.9 NpUNoXeHus A).

7.10 TemnepaTypa BOAbI

HeonpeaeneHHOCTb, CBA3aHHYIO C U3MEHEHWEM TeMmneparypbl BOAbI, CreayeT OUEHUTb U YYECTb Npu
pac4eTe CyMMapHON HEONPeAENEHHOCTU UBMEPEHMUIA, BbIMOMHAEMbIX CUCTEMOI (CM. A.7.10 npunoxeHus A).

7.11 3atyxaHue ynbTpa3ByKa U aKyCTUYECKUE TeUEeHNsA

HeonpeaeneHHOCTb, CBA3AHHYIO C 3aTyXaHWEM YNbTPa3Byka B BOAE M aKyCTUYECKUMM TeYeHUsMM,
cneayeT OLEHUTb M yYecCTb Npu pacdeTe CYMMapHON HEONPEAENEeHHOCTU U3MEPEHWIA, BbIMOITHAEMbIX CUCTE-
Mo (cMm. A.7.11 npunoxeHus A).

7.12 CBoicTBa NNeHokK

Mpu NPUMEHEHUM NNEHKM, HAXOASLLENCA B aKyCTUYECKOM KOHTaKTE ¢ Npeobpa3oBaTeneM, Unu NNEHKM,
3KPaHMPYIOLLEH OT aKyCTUYECKUX TEYEHWUIA, AOKHbI ObITb M3MEPEHbI UNU OLIEHEHBI MOTEPU aKYCTUYECKOTO CUr-
Hana npu ero NPOXoX4eHUU Yepes NneHky. Heo6XoaUMMO OLIEHUTL KaXKabli U3 UCTOUYHWUKOB HEOMpPeaeneHHo-
CTM, CBSA3aHHBIN C 3aTyXaHWEM B MNSIEHKE U C BO3MOXHbIM BMIUSAHUEM OTPAKEHMII OT HEE HA YNLTPA3BYKOBOM
npeoGpasoBartenb, U BKMIOYUTb UX B CyMMAaPHYI0 HEOTNPEAENEHHOCTb.

7.13 KOHe4yHOCTb pa3mepa MUILIEHU

Mpun oueHke cyMMapHOM HeonpeaeneHHOCTU CrieayeT OnpeaenuTb U YYeCTb BIIUSIHUE OrPaHUYEHHbIX
pasmepoB MUWEHU (cM. A.7.13 npunoxeHus A).

7.14 TnockoBONHOBOE NPUGNMNXeHUe

Criefyet onpeaenuTb U y4eCTb BAUAHWE AONYCTUMOCTM NPUMEHEHWS MOAENU NMIOCKOW BOMHbI HA pe-
3ynbTaTbl U3MEPEHUIA NPU pacHeTe CyMMapHON HeonpeaeneHHoOCTH (cM. A.7.14 npunoxeHusa A).

7.15 BnuaHue CKaHMPOBaHUA

YcnoBsus npoBeeHNA U3MEpPeHUi MOLLHOCTU npeobpa3sosaTenein, paboralowmx B peXXuMax CKaHupo-
BaHUA, ANg NOrMowaioen MUIEHN U3NOXeEHb! B B.7 npunoxenus B. OHKM BKNIOYAIOT NPEAnonoXxeHue o
NOCTOSIHCTBE NMapaMeTpoB Nyyka B NPOLECCe CKAHMPOBAHUA U O 3HAHUM YINOB CkaHUMpoBaHuA. Heonpeaenen-
HOCTb, CBA3@HHYIO C rpaHnLiaMK, A0 KOTOPbIX 3TO NPEANONOXeHNe A0NYyCTUMO, U C TOYHOCTBIO OLEHKM YINOB
CKaHUpOBaHUS, crieayeT onpeaenuTb U y4ecTb NpU pacvyeTe CyMMapHO HeonpeaeneHHocTu. MNMpumeHeHne
OTPaAXAIOLUX MULLEHEN HE PEKOMEHIYETCS, Tak KaK OHU YYBCTBUTENbHbI K YTy NaZieHUs1 3ByKOBOM BOSIHbI.

7.16 BnusiHue yCcnoBun oKpyxaruen cpeabl

MCTOUYHMKM HEONpEeAEneHHOCTH, CBA3AHHbIE C BHELLHUMK BUOpaLMAMK, BO3AYLUHBIMY MOTOKAMMW MW U3-
MEHEHMsAMM TeMnepaTypbl BO34yxa, CneyeT OLEHUTb U BKMIOYUTb B CYMMAapPHYIO HEONPeAEeneHHOCTb usMepe-
HUW (cm. A.7.16 npunoxenus A).

7.17 U3MepeHue HanpsxeHUA BO3OyxaeHUA

Ecnu n3amepeHo Bo3byxaatoLwee HanpskeHue, NpUnoXeHHoe K ynbTpa3sByKOBOMY npeoGpasoBarento,
N ero 3HauYeHue BNUSET Ha pe3ynsraThl U3MEPEHUA MOLLHOCTU YNbTPAa3ByKa, TO HEONPEAENEHHOCTb u3Mepe-
HUS HanpsDKEHUA AOMMKHA ObITb OLEHEHA M yuTeHa NpU pacdeTe CyMMapHOW HeonpeaeneHHocTu (cm. A.7.17
npunoxxexus A).

7.18 TemnepaTypa ynbTpasByKoBOro npeotpasoBarens

Ecnu HeoGxoaAMMO CpaBHUBATb 3HAYEHUSA MOLLHOCTU YNbTPa3Byka, U3MEPEHHbIE NPU PaA3NTUYHbIX TEMIE-
patypax, To crnegyeT npoBepuTb 3aBUCMMOCTb MOLLIHOCTH OT TEMMNEPATYPbl U YHECTb BIIMAHUE STOW 3aBUCUMO-
CTU Ha pe3ynbTaTbl U3MepeHun (CM. A.7.18 npunoxeHus A).

8
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7.19 HenuHeiHoCTb

MoTeHUUanbLHOe BAMSAHME HENIMHENHOCTEN AOMKHO ObITh UCCNEf0BaHO U, eCriv 3TO HEOOX0AMMO, BHECE-
HO B CyMMAapHYI0 HEOMNpPEeAEeNneHHOCTb, YYUTbIBas CrieayoLLmue NCTOUHMUKK:

a) HenMHeWHOCTb CUCTEMbI YPAaBHOBELUMBAHUSA, BKIKOYAS NOABECKY MULLEHU;

b) HenuHelHbIA BKNag u3-3a HENONHOW Aeraszauuu BOAbl,

C) 3aTyxaHue ynsrpasByka u akyCTU4YeCKoe TeyeHue,;

d) OTKNOHEHMSA OT TEOPETMYECKOr0 COOTHOLUEHUS MeXAYy paAVuauuoOHHOW CUIOM W MOLLHOCTbLIO
yneTpasByka.

(Cm. A.7.19 npunoxxeHua A).

7.20 YckopeHue cBOOOQHOrO nageHus

NCTOYHWK HEONPEAeneHHOCTH, CBA3AHHbIN C YCKOPEHWEM CBOGOAHOrO nageHus g, kak npasuno, man no
CPaBHEHMIO C APYMMMMW UCTOYHMUKAMMU. YUCNIEHHOE 3HAYEHUE g 3aBMCUT OT MECTOMOMNOXKEHUS CUCTEMbI YPaBHO-
BELLMBAHWS PAAUALMOHHON CUIbI U BBICOTLI HaZl YPOBHEM MOPSI.

7.21 [Opyrue NCTOYHUKU

PekoMmeHayeTcs NepuoanYeckn NpoBepsiTh, HE BUAOT M HA CYMMAapPHYI0 HEONPEAENEHHOCTb, OLIEHEH-
HYI0 B COOTBETCTBUU C 7.2—7.20, apyrne nctovHukn (cMm. A.7.21 npunoxeHus A).

1cm

PucyHok 1 — Mormowyatowias MULWeEHb B paspese

Otcuer ¢
BECOB

>
>

BxofHas BenuuuHa

PucyHok 2 — lNpoBepka NUHENHOCTU OTCHETa BECOB KaK (PYHKLIMN BXOAHON BENNYUHBI

MpumedaHune—EcnynMHENHOCTL NPOBEPSIIOT C MOMOLLbIO FPY3UKOB Marioil Macchl, TO BXOAHOW BENUHUHON AB-
NAETCs Macca MCNonb3yemblX rpy3aukoB. ECnn NMHENHOCTbL NPOBEPAIOT NO paAMaLMOHHOK Cune ynesTpasBykoBoro Nons,
U3ny4aemoro ynbTpa3sByKOBbIM Npeobpa3soBartefieM ¢ U3BECTHBIMU XapakTepUCTMKaMu, TO BXOAHOW BEMUYMHON ABNA-
eTcA BbIXOAHas MOLWHOCTL Npeobpa3oBaTens.
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Mpunoxexue A
(cnpaBouHoe)

JDononHutenbHasa uHdopmaumsa 06 0COGEHHOCTAX 3MepeHU paauaLMoOHHON CUnbI

MpuMevaHue — [aHHoe npunoxeHue COAEPXUT AONONHUTENbBHYIO MHCbOpMaL[MIO 0 TEXHUYECKUX Tpe60BaHVIF|X
HacToAllero ctaHgaprta and Toro, 4TO6LI MOMOYL peanu3oBaTb Ha NpakTUKe U3MEPeHNA MOLLIHOCTU ynbTpassyka. Hy-
Mepauua pa3genos, nogpasfenoB U NYHKTOB NPUNOXeHUA COOTBETCTBYET HyMepaLun B OCHOBHOM TeKCTe HacToALlero
CTaHAapTa.

A.1 OBbnacTb NpUMEHeHHsA

PaguauMoHHas cuna skBUBarieHTHa U3MEeHEHUIO yCpeAHEHHOTo BO BpEMeHW NoToka 3Hepru [4] n Takum o6pasom
COOTBETCTBYET UHTEHCMBHOCTW U MOLLHOCTM YnbTpassyka. COOTHOWEHWE 3aBUCUT Takke OT CneundUKu akyCTUMECKOTO
Mons U MULLIEHMU.

A.2 HopmaTuBHbIe CCbINKu
JononHuTtenbHas MHopMaLms oTCyTCTBYET.

A.3 OnpeneneHus
JononHuTeneHas nHopmaLs OTCYyTCTBYET.

A.4 OBo3HauyeHUs U CoKpalLeHUs
JononHuTenbHas nHgopmaLmsa oTCyTCTBYET.

A.5 CucremMbl ypaBHOBelUMBaHUA pafauaLMOHHON CUNbI

A.5.1 O6Lwue nonoxeHus

JononHuTenesHan nHgpopMaLus oTCyTCTBYET.

A.5.2 Tun MuLeHu

A.5.2.1 OBLyme nonoxeHns

Kak npaBuno, cTpeMsTes NpubnusnTbCs K OGHOMY U3 ABYX KPaWHUX Cry4qaes: ngearnibHOMY NOrMoTUTENIo Unu uae-
anbHoMy oTpaxatento [10]. [ins Toro 4To6bl UCKNIOMUTL BNMSAHWE U3MEHEHWIA NNaBy4YeCTW U3-3a konebaHuii aTMocdepHo-
ro JaBfieHuUs, CXXMMaeMOCTb MULLIEHW J0MKHa GbiTb HU3KO, NO Mepe BO3MOXHOCTU. PekoMeHayeTcs yaenuTb BHUMaHKe
W APYrMM acnekTaM Ans JOCTUXKEHUA MaKCUManbHON CTabMNbHOCTW NNaBy4YECTU MULLEHHN.

Mpu NpoBeAEHUM M3MEPEHMIA MOLLHOCTU C NPEACKA3yeMOoii HeoNpeAeNneHHOCTbIO BLIGOP TUNa MULLEHU 3aBUCUT OT
TOro, HacKOMbLKO pacnpoCTpaHEHUe yNbTPasByKoBOrO Ny4ka COOTBETCTBYET TEOPETUHECKOMY NNOCKOBONHOBOMY Npnbnu-
XeHuio. B yacTHOCTU, NCMoNb3oBaHMe OTpaxatowwel MULLIEHU MOXET NPUBECTU K HeAoNYCTUMO BONbLUMM HeonpeaeneH-
HocTaM (cM. 5.2.3).

A.5.2.2 lMornowjatowias MulIeHb

Ana nomoLyalowux MUILIEHeW, Kak NpaBuno, UCNonb3ytoT obpasubl W3 NOAXOAALLEH SNACTUHHOW Pe3nHbl B
BUAE KNWHbEB uNu 6e3 HuUX. [na yBenu4eHWA NOrMoLWEeHUA MaTepuan MOXeT COoAepXaTb WHOPOAHLIE BKMOYEHUA
(HeogHOPOAHOCTH).

Ha pucyHke 1 nokasaH npumep NornoTUTENS CO CTPYKTYPON B BUAE YrNOBLIX KNWHBbEB. B 3TOM cnyyae KOHLEeHTpa-
Liust HEOHOPOAHOCTEN pacTeT OT Hynsi Ha ocTpue KnNuHbes A0 30 % no o6beMy Ha WX 3afiHei NoBepxHOCTU. B kadecTse
HeoHOPOAHOCTEN Y OBNETBOPUTENLHO paboTatoT nosble CTekNsiHHbIE cdepbl AnaMeTpom nopsaka 0,1 MM; oHM okasbiBa-
10T NULLb HE3HAYUTENBHOE BIMSAHUE Ha NMNOTHOCTb U CXMMaeMOCTb ANacTUYHOro Pe3UHOBOro MaTepuana.

Opyrve Tunbl normotuTenei onucatsl B [11], [12].

YnbTpa3sByKoBble My4KU MOLLHOCTLIO U3nydeHus 6onee 10 BT unu npossnsiowme BICOKYIO NOKanbHYH MNOTHOCTb
MOLLIHOCTU MPUBOASAT K Ype3MepHOMY foKanbHOMY BO3pacTaHUIO TEMNEPaTypbl NOFNOTUTENS, YTO MOXET CTaTb MPUYNHOM
€ro NoBpeXAEHUs1 UNN M3MEHEHUsT ero aKkyCTUHYECKUX CBOMCTB. Habnioganock Bo3pacTaHue Temnepatypbl Bhilie 50 °C.

A.5.2.3 OtpaxaioLjas MULLEHb

MmaBHOI NpobnemMoii ABNAeTc yMeHbLUEHNe CXMMaeMOCTU OTpaxaloLwen MULLIEHH, Tak Kak prnyKTyaLmmn Bo3ayLu-
HOro JaBneHUs BbI3bIBAIOT U3MEHEHUE ee 06beMa, a cnefoBaTefibHO, U NNaBy4eCcTU, NPONOpLUOHANbHOE €€ CXUMae-
MocTu. lnockue oTpaxarenu 3Byka, KOTopble, Kak NpaBWUIio, peanuayloTcsa NocpefCTBOM «OMepThIX Ha BO3AYX» TOHKUX
METanIM4eCKMx MNracTuH, NpUMeHsATbL He pekomeHayeTcs. Ucnonb3oBaHue B KayecTBe oTpaxareneil npodHelX MeTan-
JIMYECKMX MIAacTUH, HAKMOHEHHbIX K OCU YIBTPa3BYKOBOro Nyya nog yrrom 45°, MOXET NpUBECTU K NOTPELIHOCTAM M3-3a
CYLLECTBEHHOIO U YaCTOTHO-3aBUCUMOrO NPOXOXAEHUS YNETPa3ByKOBOA BOMHbBI B TENO MulleHu [13].

MpurogHbl oTpaxartern KOHUYEecKoi hopMbl, CAENaHHble B BUAE TONICTOCTEHHLIX MOMbIX TEN UMK «OMNepTbiX Ha
BO37lyX» TOHKWX MeTannuyeckux nnactuH. OTBeYatoT 3ajaHHbIM TpeboBaHWAM U oTpaxaTenn KOHUMYeCcKoi opmel, cae-
NaHHbIe U3 OYeHb XXeCTKOoro neHoobpa3sHoro NrnacTuka, NOKPLITOrO O4eHb TOHKUM METanmM4eckuM CroeM, HaHeCeHHbIM
anekTponuTu4eckum cnocobom [10].

10
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OTpaxatoLjas MULIEeHb BLINYKNOro Tuna

KoHun4eckunii oTpakaTenb BbINyKNoro Tvna npusefeH B npunoxeHun F Ha pucyHkax F.1b, F.2 n F.6. MMonyyron KoHy-
ca, Kak npasuro, BbIGUpatoT paBHbIM 45° Tak, YToBbl OTpaxeHHas BONHA YXO4WNa Noj NpsaMbIMUA YrmiaMu oT ocu yneTpa-
3BYKOBOIO fyya.

OTpaxatoLlast MULLIEeHb BOTHYTOro Tuna

KoHu4eckunit oTpaxaTenb BOFHYTOro TUNa npuseaeH Ha pucyHke F.5b npunoxeHus F. Monyyron KoHyca, Kak npasu-
no, BblbupatoT B npefenax ot 60° go 65° Takum oBpasom, 4YTOOLI OTpaxKeHHas BofHa npoxoauna Ha Gonee 6nvakoM oT
ynbTpa3ByKoBoro npeobpasoBarensi pacCTosHAK, YeM B Crydae BbINYKIOro oTpaxaTens.

A.5.3 NnameTp mMULLeHU

A.5.3.1 Kpyrnolit npeobpasoBaTenk NOPLUHEBOro TMNa

Hwxe npmuBegeHo oLEHOYHOE paBeHCTBO A1t MUHUManNbHOMO 3Ha4YeHWUs paguyca r MULLEHU, KOTOpbIA obecneynsa-
€T ynaenueaHue no MeHbllel Mepe 98 % paanaLMOHHOM Cubl, KOTOpas Bo3jeicTBoBana bl Ha MULLIEHb 6ECKOHEYHbIX
nornepeYHbIX pasmMepoB (T. €. MPUBOAUT K NOrpeLllHocTn MeHee 2 %) [14]. PaBeHCTBO BepHO NS KPYIMOW normoLatoLen
MULLEHW B NOMne HenpepbLIBHO U3My4atoLero 3KpaHnpoBaHHOro Kpyrioro NOpLUHEBOrO YNLTpa3ByKOBOro npeobpasosa-
Tensa paguyca a B HerornollawoLlei cpefe. PaBeHCTBO MMeET crefytowuii Bua;

r=a[1/(1+ 0,53t s)+1s] (A1)
roe n = 0,98 + 0,017tka,
Ty =T+ AT,

o = kal(2n(m? - 1)V2);

0,7, ecnnka<9,3;
At = 6,51/ka, ecnn 9,3 < ka <651;
0,1, ecnn 65,1 < ka,

rie Z — paccTosiHue MexXy MULLEHbIO 1 YNBT Pa3BYKOBbIM NpeoGpasoBarenem,;
A — ANWHa ynsTpasByKoBOW BOMHLI B cpefie pacnpocTpaHeHUs:;
k = 21/}, — BONHOBOE YUCO;
s = z Ma? — paccTosiHie Mexay MULIEHbIO 11 YNETPa3BYKOBbIM NpeoGpasoBaTenieM, HOPMUPOBaHHOE K NPOTSKEH-
HOCTW BRunKHero nons.

PaBeHcTBO (A.1) MOXeT ObITb peLleHo U ANA S, ecriu HeoOXOAUMO MOMYYUTb MakcUMarnbHOe 3Ha4YeHWe HOpMU-
POBAHHOrO PacCTOAHUA MeXAY YNLTpa3BYKOBbIM Npeobpa3oBaTeneM W MMLILIEHbIO 3afaHHOro paauyca r. Bnuauune
MOrmoLLEHUA U aKyCTUHECKOro Te4eHUs paccMaTpuBaeTcs OTAENBHO.

B nopsgke npefoCTOPOXHOCTU B COOTBETCTBUMU € 5.3 r HA NPU KaKuX YCNOBUSX He AoMmKeH BbiTb MeHee 1,5a, faxe
ecrnu aTo AornycKaeT paBeHcTBo (A.1).

Takum 06pa3om, NpuBefEHHOE BhilLE PABEHCTBO MPUMEHSAIOT ANSA NOrNoLWaloLLeil MULLEHM, HO €ro Takke MOXHO
ucnornb3oBaTh ANA TOro, YTobbI onpeAenuTb, NOAXOAUT NN OTpaxalowaa MULLEHb AN U3MepeHuii B criydae pacxoaslle-
rocs nyuJka.

B cnyuae ¢ BbINYKIbIM KOHUYECKUM OTpaxaTeneM ¢ nornyyrnom 45° cylecTByeT npefenbHoe 3Ha4YeHne ka gns npe-
obpa3oBarensi, HUXxe KoToporo TpeboBaHUs K NPUBEAEHHOMY BblLLE PAaBEHCTBY He MOTYT ObITb BbIMOMHEHLI HE3aBUCUMMO OT
pasMepa oTpaxaTensi, AJaxe ecnu BeplUMHa KOHyca oTpaxaTensa HacTonbko 6nuska k npeobpasoBaTernito, HaCKONLKO 3TO
BO3MOXHO, T. €. KacaeTcs ero NoBepxHOCTU. DTO NpefenbHOe 3HaYeHue cocTasnset ka = 17,4.

A.5.3.2 lNpAmoyronbHbIl NpeobpasoBaTtesib NOPLUHEBOrO TUNA

PaBeHcTBO (A.1) MOXHO NMPUMEHUTL U ANSA NPSAMOYronbHOro npeo6pasoBaTensi NOPLUHEBOrO TUNA, U3MEPSEMOrO C
NMOMOLLbIO KPYINOW NOrmnoLLaloLeil MALLIEHN paJiuycoM r. U B 3TOM CnydYae paBeHCTBO onpefensieT MUHUMarbHoe 3Have-
HWe paguyca, KOTopblii obecneumBaeT ynaBrnmMBaHue Mo MeHbluelh Mepe 98 % paamauMoHHONW cunbl, KoTopasi Obl Bo3-
AeiicTBoBarna Ha MMLLIEHb 6E€CKOHEYHBIX NoNepeYHbIX pa3Mepos.

R =hgl(1 + ptys) + hytys, (A.2)
rae n =0,53h,/hg

1 = 0,98 + 0,017kh,,

Ty =Tg+ AT,

To = khp/[2m(n? - 1)V2];
0,7, ecnu kh, <9,3;

At = 6,51/khy,, ecnn 9,3 < kh;, < 43,4,
0,15, ecnu 43,4 < khy,
rae s = zZAkh, — dopmarbHoe BblpaxeHue AUCTaHLUK, KOTOPOE He CReAYeT OTHOCUTL K MPOTSXKEHHOCTH BnnkHe-

ro nons;
h,=2/1/b, + 1/by) — rapMoHuYeckoe cpefHee ABYX NOMOBUH OPTOroHanbHLIX pasMepoB npeobpa3soBarens,

hy= (b2 + b,2)1"2 — nonyauaronans npeoGpasosarens.
1"
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B nopsiike NpejOCTOPOXHOCTU B COOTBETCTBUM € 5.3 r He A0NXKeH ObiTb MeHee 1,5 h, Aaxe ecnu 3To AoNyCTUMO
paBeHcTBOM (A.2).

A.5.3.3 Kpymblii dhokycupyemelii npeobpasosartenb

B aToM criyyae MeToAMKa OLEHKM, NpUBefeHHast B [15], MUHUManNbLHOro 3Ha4eHNs paguyca 1 Kpyrnoi nornoLatoLen
MULLEHW OTIIMYAETCS OT U3NOXKeHHOI B A.5.3.1. MNpuyem KpuTepreM SBNAETCA HEO6XOAUMOCTE YNaBNUBaHWUA NO MEHbLUEH
Mepe 98 % paauaLMOHHON CUNbl, KoTopasi BosjeiicTBoBana 6bl Ha MULIEHb GeCKOHEYHLIX NonepeYHbIX pasmepos. MNpu
3TOM UCMONb3YIOT BEMNWYUHLI &, d, K, Z 1 7y, NepedncrieHHble B pasaene 4, Ho AnA d N Z NOACTaBNAIOT 3Ha4YeHNsA, onpeae-
NeHHble B NTOCKOCTU, NPOXOASLLEN MO Kpalo aKTUBHOM YacTu npeobpasosaTens.

MpumeyaHune — /Ina npeobpasoBarens co cpepnyeckot KpUBU3HON POKYCHOE pacCTOsHWE U paccTosHUe Ao
MULLIEHU OTCUUTLIBAIOT OT «AHa» «4aluny, a d U Z NoNy4aloT BbIMUTAHUEM FNYBUHBI «HaLmny.

MpuBeaeHHas HKe OLiEHKa BEpHa ANsi pacCTOSIHUIA, Nnexallux B gnanasoHe ot z/d = 0 go z/d = 2. Paguyc Tpebye-
MOW MULLIEHW 1/a, HOPMUPOBAaHHBIA K paguycy npeobpasoBarterns, NpuBeAEH HUXE ANA YeTbipex 3HaYeHun z/d:

rla=1pna z/d = 0, (A.3)
rla=0,5+ 6,24 - (ka siny)y 0885 gna z/d = 0,5; (A4)
rla= 12,54 - (ka siny)y %749 gna z/d = 1; (A.5)
rla=1+29,1- (kasiny)y 0892 ang z/d = 2. (A.6)

[nsi ApyrMx paccTosiHWIA 0 MULLEHW, HAXOAALLUXCS MeXAY yKa3aHHbIMU BbiLe 3Ha4YeHUAMHU z/d, 3Ha4YeHuUA r/a nony-
YaloT JIMHEWHOW UHTEpNONALUEN.

MpuMeyaHune—TlpuBeaeHHas BhiLE OLiEHKa COOTBETCTBYET HaMXyALLEMY Cly4ato paBHOMEPHOrO U anofusu-
poBaHHOro pacnpegeneHusi aMnnuTyz korieGaHuid No NOBEpXHOCTU NpeobpasoBaTersi, HO He NpUMeHUMa Ans npeobpaso-
BaTeneil ¢ OTBEPCTUEM B €70 LiEHTpeE.

A.5.4 Becbl unu cuctema Ans UsMepeHus CUnbl

Tun TpebyeMbIX BECOB CYLLECTBEHHO 3aBUCUT OT MaKCUMaribHOro 3Ha4YeHUs M3MepsieMON YrbTpa3ByKOBON MOLL-
HocTu. 3HaveHmne mMolHocTu 10 MBT skBMBaneHTHO pagmauuoHHol cune 6,7 MkH (B Boge ANs nornoLyaioLleil MULLIEHH),
4yTo cooTBETCTBYET Macce 0,68 Mr; 3HaueHmne mMoLyHocTu 10 BT cooTBeTCTBYET paanaumMoHHoi cune 6,7 MH, akBuBaneHT-
Hoi macce 0,68 .

B nepeom crniyqae Hanbonee noaxoAALWUM UHCTPYMEHTOM BYAYT 3NEeKTPOHHBIE CAMOKOMMNEHCUPYIOLLINE MUKPOBECH,
B nocregHeM criyyae MoryT 6biTb UCNONb30BaHbI 3MIEKTPOHHBIE UNKU MeXaHuYeckne nabopaTopHble Beckl [16]. B ToOM N B
LpYrom criydae HeobxofMa KoMNeHcauua CMeLEeHN MULLIEHU OTHOCUTENBHO NEPBOHaYaNbHOMO COCTOAHUSA.

Ecnu ycTpoiicTBO AN U3MepeHnsa ypaBHOBELLUBAIOLLEH CUNbl FpaaynpyloT NOCPEACTBOM ManblX rPy3UKOB N3BECT-
HOI Macchl, NHa4e roBopsi, €Crin NoKasaHua 3Toro YCTPOWCTBa NpUBEAEHL! B €4UHULIAX Macchl, TO pe3ynsraT U3MepeHus
B efMHULAaxX MacChl YMHOXaKT Ha yckopeHue cBobogHOro nageHnn g Ana ero npeobpasoBaHuns B 3Ha4eHWe cunel. Ecnu
pesynsrathl U3MepeHWii NpuBeAeHsl B MUANUrpamMmMax (UNn B rpammax), YMHOXEHUe Ha g ONpeaensaeT 3HadeHne cunsl B
MWKPOHBIOTOHAX (MIM B MUMITMHBIOTOHAX COOTBETCTBEHHO). [Mpu Npeobpa3oBaHUK cuNbl B yNBTPa3ByKOBYIO MOLLHOCTL B
COOTBETCTBUM C (HOPMYIION, MPUBEAEHHOW B NPUNOXEHUN B, NCNONB3YIOT 3HAYEHWE CKOPOCTU 3BYKa B METpaXx Ha CeKyHAY,
Hanpumep ¢ = 1491 m - ¢! Ana YncTol Boakl Npu TemnepaType 23 °C, UTO ONpeAenseT 3Ha4eHUe MOLHOCTU B MUKPO-
BaTTax (MM B MUMNMBATTaX COOTBETCTBEHHO).

YncrneHHoe 3Ha4YeHVe g 3aBUCUT OT MecTa PacrofioXeHUn BECOoB. OTO CNeAYET Y4UTLIBATb B KaXAOM KOHKPETHOM
cnyyae. Hanpumep, ans LientpansHoit EBponbl g = 9,81 M - €2, HO 1 3TO 3HaYeHUe ByAeT 3aBUCETb OT BLICOTHI Hag YPOB-
HeM Mops.

A.5.5 Cocypn (6aK) nameputenbHOro ycTpoicTtBa

Heobxogumo rapaHTuposaTh, 4To6bl HU MULLEHb, HA APYrMe YacTh U3MEePUTENBbHOrO YCTPONCTBa He ABNANUCH UC-
TOYHUKOM HexXenaTernbHbIX OTPaXKEeHUI YNETPa3ByKOBOro U3NYYeHUs, a Takke YToBObl OTpaKeHHbIe CUrHanbl He Bbinn Ha-
rnpaBrieHbl U He BO3feiicTBOBanu Ha yNnbTpa3ByKOBOI NpeobpasoBarenb. B npoTMBHOM cryyae usmepsieMas MOLWHOCTb
He ByAeT paBHOMN 3HAYEHUIO, COOTBETCTBYHOLLEMY YCNOBUSAM CBOBOAHOIO Nons.

Mpun ncnons3oBaHuK oTpaxatoLen MULLEHU OKa3bIBaKTCA KPUTUYHBIMU OTPaXEHWS OT CTeHoK 6aka. VX BnuaHue Ha
U3Mepsemyto MOLLIHOCTb 3aBWUCUT OT reoMeTpum Baka. Ecnu B nonepedHom cedeHnn 6ak LUnuHApUYeckuii, Bce oTpaxeHns
MOTYT BO3BPaTUTbCA Ha MULLEHb U, OTPa3WBLUUCL OT Hee, Ha npeobpasoBaTenb. MiIMeHHO 3TUM oBocHoBaHo TpeboBaHue
5.5, 4ToBbl 9HEprus cUrHanoB, OTPaXKEeHHLIX OT CTEHOK 6aka, NOKPLITLIX 3BYKOMOIOLWatoWMM MaTepuarnioMm, He npeBblLla-
na 1 % sHepruu, usny4aemMoii ynsrpa3BykoBblM NpeobpasoBarenem.

B Tom cryvae, korga usmMepuTenbHblii 6ak ycTaHOBMEH Henocpe CTBEHHO Ha Yally BeCoB (CM. CXeMy Ha pucyHke F.4
npunoxerus F), cnegyeT obecneuntb, 4ToObl 6ak pacnonarancs TO4HO MO LEHTPY YaLlu.

A.5.6 Cucrema noaBecku MULLEHU

Ecnu MuwieHb noapelleHa Ha NPOBOMOYKaX, MPOXOASALLMX HYepes NoBepPXHOCTb XUAKOCTU, TO UX AnameTp AOMmMKeH
6bITb MO BO3ZMOXHOCTW MasibiM, YTOObl CHA3UTL MOrPELUHOCTU U3MEPEHNIA, KOTOPLIe MOTYT GbITb BbI3BaHbl HEMOSTHOW CMa-
YMBaAEMOCTbLIO MPOBOMOYEK UMK YacTUYKaMu Mbink. Mcnonb3oBaHne NpoBonoYek Manoro fuaMetpa Haubonee BaxHoO B
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TOM cryyae, Korfa ynbsTpa3ByKOBOMW npeobpasoBaTteNnb YCTaHOBNEH HaJ MULUEHbIO (M3nydeHWe BHU3), KaK 3TO NoKa-
3aHo Ha pucyHke F.5 npunoxeHuns F.

MpuMeyvaHuns

1 Hawnbonee noaxoasileil B 3TOM cryvae SBMAETCA NNaTUHO-MpUAMeBas npososioka gunametrpom oT 60 4o 80 MKM.

2 BnusHune npoBonoyek NogBeck MOXET GbiTe MPOBEPEHO FpagynpoBKOi CUCTEMbI C MOMOLLIbIO FPY3NKOB U3BECT-
HOW Macchbl U MULLIEHW, NOABELLEHHOW B BOAE B COOTBETCTBUM € 7.2 1 A.7.2 NpUnoxeHus A.

Mpw ucnonb3oBaHUK YCTAHOBKU, NMOKa3aHHOW Ha pucyHke F.4 mpunoxeHus F, cnepyeT BbIMONHWTL crneyuarbHble
yKasaHus, CBA3aHHble C TeM, YTO BHELUHSAS NOBEPXHOCTL npeobpasosatens byAeT BNUATb Ha CUy NMOBEPXHOCTHOMO HaTs-
XeHus BoAbl. [Ans cTabunusauum ypoBHA Bogbl peKOMEeHAYETCS chenaTe HeGonbLUyo BPEMEHHYO BLIAEPXKKY Nepea TeM,
Kak Ha4aTb U3MepEHNS.

A.5.7 YctaHoBKa npeobpasoBarens

HononHuTtenbHas MHOpPMaLUs OTCYTCTBYET.

A.5.8 lMneHKu, 3awmLLaoOLUe OT BIUSHUA aKYCTUUYECKUX TEYEHU I

Kak npaBuno, paccmaTpuBaloT fBa TUNa TEYEHWUIA: TemnnoBYyo KOHBEKLMIO, KOTopas CyLleCTBEHHa B cnydvae npu-
MEHEHWA YT pa3ByKoBoOro npeobpasoBatens, HarpeBatoLlerocs npu paboTe, N aKkycTUYecKkoe TeueHue, CBA3aHHoe ¢
YNbBTPa3BYKOBEIM 3aTyxaHueM, HabnogatowuMcs B NepByo O4Yepeab B BbICOKOYaCTOTHOM AManasoHe.

Ecnv nornoLyeHne aHepruu BLOMNb TPAEKTOPUU PacnpOCTPaHEHNUSA 3BYKa 3HAYUTENBHO (M3-3a AMWHHOrO MyTW pac-
NpocTpaHeHWs WU BeICOKOIR YacToThl M3MYYEHNUs), TO MOXET NPOSBUTLCH aKycTUveckoe TeueHue [17]. Ero addekt
MoXeT BbITb KOMMNEeHcMpoBaH (a) BBe4eHUMEM NOMNPaBoK B pesynsTaTel M3MepeHus pagnmauuoHHoit cunbl, (b) ncnoneso-
BaHWeM MIEeHKN, 3aLmLatoliel MULLIEHb OT BO3AENCTBUA STOr0 TEYEHUS, UMK (C) UBMEHEHUEM PacCTOAHUA 40 MULLEHU U
3KCTpanonsyueit pesynsratos U3MEPEHNUS pagnaLMoHHON CUIbl K HYIEBOMY PacCTOAHMUIO.

WNcnoneayemasn nneHka fomkHa BbiTe MO BO3MOXHOCTM TOHKOW, YTOOLI ONTUMU3UPOBATL XapaKTepUCTUKKN ee Npo-
nycKaHus. OTOT acnekT SBMAETCA JOMUHUPYIOLLMM Ha BbICOKUX YacToTax.

A.5.9 AKycTuuyeckas cBfi3b ¢ npeobpasoBaTenem

MpwW TOYHBIX M3MepeHUsiX BO n3bexaHue BNUSHUA UMNEAaHca NPOMEXYTOYHOro Crosi (MNEHKN) YT pa3sByKOBON
npeobpasoBarernb JOMKeH GbITb HEMOCPEACTBEHHO CBA3aH C USMEPUTENBHOM XUAKOCTBIO. 3TO 0COBEHHO BaXHO AN
OYeHb YYBCTBUTESNBHLIX BEICOKOTOMHBLIX CUCTEM YpaBHOBELLMBAHUSA, B KOTOPLIX YrETPa3ByKOBOM My4OK HanpaBneH BepTu-
KaneHo Beepx [18], [19] (cM. pucyHok F.1 npunoxeHus F). YcTpaHeHne BAUSHWA uMnefaHca nneHkn ocob6eHHo BaXKHO ANA
M3MepeHuit BbICOKOAOBPOTHLIX YNBTPa3BYKOBbIX Npeobpa3oBareneil.

MoapobHLIe cxeMbl YCTPOMCTB ¢ cornacytoweit MemBpaHoil Ana nofobHbIX M3MepeHuid npeactasneHsl B [20].
YcTpoiicTBa ¢ cornacytoleit MeMOpaHoii GyAyT XopoLlo paGoTaTe NPKU U3MEPEHMUAX NOMA LMPOKOMNOMNOCHLIX YNbTpa3By-
KOBbIX Npeobpa3oBarenem, ecny «aHTUMNOTOKOBasi» MIeHKa yCTaHOBNEeHa B COOTBETCTBUM ¢ 5.8 U ecnu noTepu Ha npo-
XOXAEeHWe 3ByKa Yepes Hee ornpefeneHbl He3aB1MCMMO.

A.5.10 KanunbpoBka

Ecnu kannbpoBka ¢ NOMOLLbH0 FPY3NKOB Manoil Macchl SBNAETCA NPOBEPKO TONBKO BECOB, TO kannbposka nocpes-
CTBOM 3TasIOHHOrO YNLTPa3BYKOBOro Npeobpa3soBarenst — 3T0 NpoBepka BCeil CUCTEMbI YypaBHOBELUMBAHUS.

A.6 YcnoBus usmepeHum

A.6.1 bokoBoe cmelleHue MULLEHU

[ns oTpaxatoLleii MULLEHM BLINYKNOro TUNa pekoMeHAYyeTca o6paTuTL BHUMaHWE Ha TO, YTOOLI MULLEHb He CMe-
Larnachk oT LieHTpa Nnoj Bo3AeiCcTBUEM YIbTPa3ByKoBOro Nyyka. MuleHb MOXeT nepeMelyatecs B o6nactb 6onee HU3kown
WHTEHCUBHOCTHU, W Yron naieHnsi 3ByKOBOro Ny4ka Ha MULLEHb MOXET U3MEHSATLCS.

3710T 9PPEKT 3aBUCUT MaBHLIM 0OpPa3OM OT 3HAYEHUA U3NYHaeMON MOLLHOCTU, NPOCTPAHCTBEHHOrO pacnpeaene-
HUSl UHTEHCUBHOCTU B NyYKe 1 TUMNa NOABECKN MULLEHU.

A.6.2 lucraHuus ot npeoGpasoBarTensa A0 MULLEHN

PaccTosiHne mMexay NnoBepXHOCTLIO YNLTPa3BYKOBOro NnpeoGpasoBarensi ¥ MULLEHBIO UNKW NAEHKOI (Npu ee nc-
Nnosib30BaHUM) 1 MULLEHBbIO JOMKHO ObITb N0 BO3MOXHOCTU ManbiM, YTOGbI MOrnoLeHne yneTpasesyka BAOMb 3BYKOBOMO
nyTU He BbI3bIBaNo aKyCTUYECKUX TEYEHUMN.

MpuMedaHmne — MUHUMANBHO BO3MOXHOE PacCTOSHWUE MOXET BbiTb orpaHn4eHo poOpMON UnN opueHTaumnen
MULLIEHW UK NpeoBpa3soBaTens, BIMSHWEM HarpeBa NOCNEeAHEero, akyCTUHECKUMU OTPaXeHUSIMI UMK APYrUMU 3 dekTamu.

Mornowyatolyas MULLIEHb Beerga MOXeT BbiTb YCTaHOBNEHa J0CTaTOMHO GrU3Ko K yNbTpa3ByKkoBoMy npeobpaso-
Baresiio, YTO CHUMAET NpobneMebl, CBA3AHHLIE C PACXOXAEHNEM YNBTPa3BYKOBOIO My4Ka.

[nsa oTpaxaloleil MULLIEHM BOTHYTOrO TUMa BaXHO NpefoTBPaTUTL BO3AelCTBUE OTpaXKeHHOW BONHLI Ha ynbTpa-
3BYKOBOW npeobpasoBarernb. [103ToMy MULIEHb 3TOrO TUNA A0MKHa GbiTb YCTaHOBNEHa Ha paccToaHNK, obecnevnsato-
LeM MCKITIoYeHWe Takoro B3aumogeincteua [21]. MUHUManbHOe paccTOAHWUE 3aBUCUT OT KOHKPETHOW CUTYaLMKU U OMKHO
6bITb ONPEAENeHo B KaXA0M cryyae UHANBUAYASbHO.

C apyroit CTOPOHbI, BeplUMHa OTpaxalowed MULLIEHKU BLINYKNOro TUNa MOXET ObiTb pacnonoxeHa dakTuydeckun B
KOHTaKTe C NOBEPXHOCTHIO YNBLTPa3BYKOBOro npeoSpasoBaTens, HO 3TO He 03HA4YaeT, YTO MULLEHb 3aKpblBaeT BCe
nonynpocTpaHCTBO, B KOTOPOE U3ny4yaeT YNLTPa3BYKOBOW npeoGpa3oBarenb. [Jaxe ecnu nodTu Bce none nonagaet
B BbINYKMbIA KOHYC (B Crydae pacxoAsilerocs nydka), To yribl nageHus nepudepuitHelx YacTei nons 6yayT oTnuyaTbes
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OT nofpa3syMeBaloLmxcs B hopMyre Ansi MIIOCKON BOMHLI, YTO MOXET NPUBECTU K CHUXEHUIO ASUCTBYIOLLER paauaLmn-
OHHOM cunbl. Ecrniv BO3HWKAIOT HESICHOCTU OTHOCUTENBHO TOTO, YTO NOSe YNLTPa3ByKOBOro npeobpasoBarens MoXeT
ObITb HEOCTAaTOMHO KOMIMMUPOBAHHLIM (STO MOXET ObITb B NEPBYIO OMepeab NPU ManblX 3Ha4YeHUAX ka, T. €. Ha HU3KMX
YyacToTax W/wunu npyu MasoM guaMeTpe ynbTpa3ByKOBOro npeobpasoBarens), TO paccTosHUe Mexay YNbTPa3ByKOBbIM
npeo6GpasoBareneM U MULLEHbIO PEKOMEHAYETCA U3MEHATL U AenaTh NOBTOPHbIE N3MepeHns. CHUXeHne paanauuoH-
HOMW CUNbI C YBENTMYEHMEM PacCTosiHUA, 6onbluee, YeM onpeaenaeMoe yNeTPa3ByKoBbIM NOrNOLWEHNEM, NOKa3bIBAET, YTO
pasmep unu TUM MULLEHK BbIGpaH HeyfayHo.

Ecnun ansi MaMepeHuid BLICOKOW MOLLIHOCTU UCMOMb3YKOT NOMOLAoLLY0 MULWEHb, TO paccTosHUe Mexay npeob-
pasoBaTeneM U MULLEHbIO He pekoMeHAYeTcsA BbIGUpaTh CAUWKOM ManbiM. [ornowaemelii ynetpassyk 6yaeT HarpeBaTb
nornowarowmini Matepuan. Ha Maneix paccTosiHUAX U3-3a NPAMON Nepefadn Tenna oT NOrNOTUTENS MOrYT U3MEHUTLCA
XapaKkTepucTuku npeobpasoBarernsi.

A.6.3 Bopa

[ns npepoTBpalleHus KaBUTaLuKU Npu U3mMepeHun BbixogHoW MolHocTu 6onee 1 BT ucnonb3ylot Tonbko Aera-
3UpoBaHHYo Boay. [py HU3KNX YPOBHSAX BbIXOAHON MOWHOCTHU AerasmpoBaHHasa Bofa — Haubonee npefnovTUTENbHLIN
BapWaHT ANs TOYHbIX U3MEPEHUA, OfHaKO BO MHOMUX CRyYasX, €Criu NpUHATb Mepbl ANS Toro, YTobbl Ha NOBEPXHOCTAX
yNETpa3ByKoBOro npeobpasoBaTens 1 MULLIEHU OTCYTCTBOBanu Mny3bipbk BO3AyXa, MOXHO MPUMEHATL AUCTUNNNPO-
BaHHyto Boagy 6e3 ee AOMNONHUTENLHON Aerasaumi.

MpuMmeyaHus

1 Co BpeMeHeM YBeNMYMBAETCHA KONMUYECTBO PacTBOPEHHOro B BoAe kucrnopoga (cM. npunoxeHue D wu
IEC/TR 62781). CkopoCTb 3TOro yBefnM4yeHUsi 3aBUCUT OT pasMepoB baka 1 OT nepeMeluMBaH1s BOAbI.

2 WUcnonb3oBaHue fo6aBok AN npefoTBpalleHnn kasutauum onucaro B IEC/TR 62781.

3 Ecnu ucnonbsyemas Bofja HachllLieHa BO3A4yXOM, TO B MpoLiecce W3MepeHWiA Npu Harpeee BoAbl B Heil 6yayT 06-
pas3oBLIBaTLCA Ny3blpbKu Bo3fyXa. [pUUMHOIA 3TOro ABNSAETCA CHUXKEHWE pacTBOPUMOCTM ra3a npu nosbILLEHUN Temnepa-
TYpbl BOAbI.

A.6.4 KoHTtakT c Bogou

MoBepxHOCTU yNLTpa3ByKOBOro npeobpasoBarens, MULLIEHK W NIEeHKN (€CNU OHa NPUMEHAETCA) peKOMeHAyeTCA
aKkypaTtHo (4ToObl He NOBpPeAMTh) CMaYMBaTb AN YAANEHUs C HUX NNEHKU BO3fyxa, YTO JOCTUraeTCs BbAEPKKON 3TUX
YacTeil B jlerasampoBaHHoO Bofie nepef, Ha4yanom usmepeHuin. [ins HeKoTopbiX MaTepuanos NpoaomKUTENBHOCTb 3dhdek-
TUBHOIO CMaynBaHUSA MOXET AOCTUraTb HECKONBbKUX YacoB.

MpwuMedaH ne — [lerasayusi nornowjaroweil MULWIEHN BMecTe ¢ BOAOIA NpefjoTBpaLyaeT BO3MOXHbIE NpoGnemsi
CO cMayuBaHWeM MornoLlatLLero MaTepuana B Tex Cny4asx, ecfiv 3To He NOBpeMT caMoMy maTepuarly norrnoLyatoLlei
MULUEHMU.

A.6.5 YcnoBus okpyxatoliei cpeabl

NamepuTenbHelii cocys (6ak) pekoMeHayeTCA 3aKpbiBaTh CBepXY, UTOOLI NpefoTBpaTUTL TENNOBLIE KOHBEKLIMOHHLIE
MOTOKN B M3MEPUTENBHON XULKOCTH, Bbi3BaHHbIE dpdpekTamun oxnaxaeHns u3-3a ucnapeHust Ha NOBEPXHOCTMU XKNIKOCTM.

Ecnu ncnonbsytoT n3amMepuTenbHYH YCTaHOBKY, NpeACTaBrneHHyto Ha pucyHke F.4 npunoxeHusa F, MOXeT okasaTbcsl
3aTPYAHUTENBHBIM UM HEBO3MOXHbBIM 3aKpbiTh U3MEPUTENbHLIA cocyf, U Toraa HeobxoaMMo BBOAWUTL NOMNpPaBKK B NoKa-
3aHUs BECOB Ha Apeid, BbI3BaHHLIA UCNAapEeHUEM C NOBEPXHOCTU BOAbI.

PekoMeHayeTca M3MepsATb TeMNepaTypy XUAKOCTU (Boabl) B Bake, Tak Kak 3Ha4eHWe CKOPOCTH 3ByKa B Boge, HE0O-
XOAUMOE NS BEIYMCIIEHNSA UBMEPEHHOIN MOLLIHOCTK, 3aBUCUT OT Temnepatypbl (cM. Taioke A.7.10 npunoxeHusa A).

MpuMeYdaHue— BrusaHue BHELHUX BUGPALMIA M BO3AYLLHBLIX MOTOKOB MOXHO 3aMETUTL NO NOKa3aHWAM BECOB.

A.6.6 TennoBoii apeiic

Tennosoii Apeiid MoxHO HabniogaTb U NPU NPUMEHEHNN OTpaXaloLMX MULLEHEN, HO B MEHbLLEN CTENEHN.

BnusiHne nameHeHMs nnaByyecT MULLIEHN 3HAYUTENBHO CHUXKAETCA B CUCTEMaX, NOKa3aHHLIX Ha pucyHke F.4 npu-
noxeHus F, Ho faxe B 3TOM criydae pekoMeHAyeTcs 3anucbiBaTb NOKa3aHWA BECOB KaK pyHKLUIO BpEMEHH.

A.7 TorpelHOCTb U3MepeHum

A.7.1 O6Llue nonoxeHmsa

LononHuTtensHas nHpopMmayna OTCYTCTBYET.

A.7.2 Cuctema ypaBHOBELUMBaAHNA C NOABECKOW MULLEHU

O10 TpeboBaHue obecneunBaeT aBTOMATUYECKUIA YYET BNWSHWA NPOBOMOYEK NOABeCa, NepeceKalolux BOAHYHO
NOBEPXHOCTb.

A.7.3 IluHeliHOCTBb M pa3pelualolas Cnoco6HOCTbL CUCTEMbI Yy paBHOBELIMBaHUS

LononHuTtenbHas uHdopmaLmsa OTCYTCTBYET.

A.7.4 JkcTpanonsauusa K MOMEHTY BKITIOYEeHUS YNbTPa3BYKOBOro npeobpasoBarens

JononHuTtensHas uHdopMaLma OTCYTCTBYET.

A.7.5 HecoBeplueHCTBa MULLEHU

Ctporo roBopsi, ANl OLEHKU BIUAHUA HECOBEPLIEHCTBA MULLIEHU Ha TOMHOCTb U3MEepeHUs paguaLUMOHHOW CUNbI
TpebyeTca 3HaTb NOTOK 3HEPrUK BCEX HeXenaTesibHbIX BOMH, PacrnpoCTPaHSAOWWXCA OT MULLIEHM BO BCEX HANPaBlEHUsX.
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Tak Kak faHHble 3HaHWSA NPaKTUYeCcKN HeAOCTYNHbI, CHUTAETCA [OCTaTOMHBIM OMUCLIBAEMOe HMXE YNPoLLeHHoe npubnu-
XeHue (Mojernb) pacnpocTpaHeHus MIOCKon BomHbl. [pu 3TOM NpeAnonoXeHnn akyctuieckoe paaualmoHHoe aasne-
HUWe paBHO MNOTHOCTM NOSHOW aKyCcTUYeCcKoh sHepruu. BomHa, nponyckaemas nornollatollei MULIEHbIO (Kak, Hanpumep,
B YCTPOWCTBE, NPUBEAEHHOM Ha pucyHKe F.1a npunoxeHus F) B NpAMOM HanpaBneHum, NpMBOAUT K YMEHbLLEHUIO paana-
LMOHHOW CUMbl, OrnpefensaemMoi NIoTHOCTLIO NPOXOAALLEA SHEPruK, T. €. SHEepruu, CYLLEeCTBYIOLEN no3agn MULLEHW.
BenuuuHy atoro adppekta MOXHO onpefennTb, €Crn paccMaTpuBaTb MULLEHb Kak NpendaTcTBUe U U3MepsTb paanaum-
OHHYIO CUIY C NOMOLL|BHO [OMOMHUTENBHON MULLEHU, PaCcNONOXeHHOR HenocpecTBEHHO 3a Nepeoil. CrieqyeT 3aMeTUTb,
YTO OTpaxeHWe BOSHbI, MpoLle/LIel Yepe3 MULLEHb, OT NOBEPXHOCTU BOALI B YCTPOWCTBE, NMOoKasaHHOM Ha pucyHke F.1a
npunoxexus F, yABOUT yMeHbLUEHWEe U3MepsieMoli paguaLuUOHHON CUTbL.

OTpaxeHHas Unu paccesiHHas B 06paTHOM HanpasrieHUn NornoLyatollieil MULLIEHbLIO BOIIHa NPUBOAUT K 3aBblLle-
HUIO U3MEPSEMOro 3Ha4YeHNsS paAuaLMOHHON CUMbl, YTO 06YCNOBNEHO MNOTHOCTLIO OTPaXeHHOW aHepruu. [nsa nrnockoii
nornoLyaroLLieit MULLEHN 3TOT aMEKT MOXET BbiTb OLEHEH CPaBHEHUEM OTPaXEHHOro OT Hee UMMYIIbCHOro curHana c
CUrHanoMm oT mpearnsHoro oTpaxarens. OfHako 45 MULLEHU CO CIOXHON NOBEPXHOCTLIO JaHHOe U3MepeHue ornpefe-
NAET TONBLKO MNPOCTPAHCTBEHHO KOrePEeHTHYIO COCTaBMAIOLWYIO, @ He CYMMapHYyto OTpaXeHHYIo sHepruto. B sToM cnyvae
OTpaxeHHas 3Heprusi MoXeT ObiTb OLieHEeHa CKaHMpoBaHMEM rMAPOMOHOM U UHTErPMPOBaHNEM KBaApaToB M3MEPEHHOro
JaBneHuA B nore otTpaxeHuit (cM. MOK 62127-2). B ansrepHaTUBHOM BapuaHTe Ansi NOry4YeHUs BepXHero npeaenbHoro
3HaYeHWs oTpakeHUin Morna Bkl GbITh UCNonNb3oBaHa Apyras WHgopMaLWsa o CBOWCTBAX NOrNOTUTENS (NonyveHHas, Ha-
npumep, Kak oTpaxaresisHas cnocobHOCTL 3KBUBaNEHTHOro Nilockoro obpasua). Mamepsiemas MOLLIHOCTb MOXET yBenu-
YMBAaTLCA U NMPU BO3EWCTBUM OTPaXEHWA OT MULLIEHU Ha YNETPa3BYKOBOW NpeobpasoBatenb, YTO U3MEHSIET ero Bbl-
XOfHble XxapakTepucTukm [8]. DhdreKT Takoih nHTepdepeHLUn MoXeT BbiTb MUHUMU3MPOBaH cnabbiM HAKNMOHOM MULLEHN
Uni Mcnonb3oBaHneMm nyylleil MulieHn. Ecnu uitepdepeHLnsa MMeeT MecTo, TO 3TO NPUBOAUT K MEPUOANYECKUM U3Me-
HEeHUAM pafnaLNOHHOI CUMbl, YTO MOXET HabnAaTbCA NPU U3MEHEHUN YacTOThl UMK PaccTOsIHUA Mexay npeobpaso-
BaTenemM N MulleHblo [8]. MorpeLlHoCTb, Bbi3BaHHAA 0CTaTOMHBIMU 3t deKTamu UHTEpdEpeHLMU, MOXET BbIThb OLeHeHa
Mo aMnnuTye STUX OTKITOHEHWA.

MpuMeYaHne— XapakTepUCTUKN OTpaXKeHUs UnNKU 0BpaTHOro paccesHWUA NOMTOLLaoLLeid MULLEHU MOTYT 3aBu-
CeTb OT yrna NageHus, YTo 0COBEeHHO BaXKHO ANSA KOCO Nagarowero nyvka (Npu cKaHUpoBaHUM). STO MOXHO NPOBEPUTL C
MOMOLLBIO 0CTATOMHO KOMNIMMUPOBaHHOTo Npeobpa3soBaTens, ycTaHOBMB ero KOMIMHeapHO YCTPOWUCTBY U3MEPEHUs! CUMbl
U 3aTeM HaKIIoHUB MOroLLatoLLyo MULLEHB (HO He Npeobpasosatent Unu Becokl). Cneayet yoeauTbes B TOM, YTOGLI yron
HakroHa bl He CIMLWKOM GoMbLUIMM U MULLIEHb NO-NPEXHeMY NepekpbiBana Becb Ny4ok. [ns coBepLIeHHOM nornotyato-
Leii MULLEHU pe3ynbTaT U3MepeHus He GyaeT 3aBUCETb OT yINa ee HaknoHa.

MpenblayLnMe paccyAeHUst 0 MPOXOASILLel BOMHE U ee BIUSIHUM BEPHLI U AN OTpaxatowux MuweHel. OaHako
OTpaXeHHble BOMHbLI MOTYT NPUXOAUTL Kak OT MULLEHM, TaK U OT 6OKOBbIX normoTtuTenei (cM. pucyHku F.1b, F.2 u F.6 npu-
noxeHuaA F), 4to fomkHo ObITh UccregoBaHo 6onee TLaTenbHo.

B obLem crnyyae 6onbLUMHCTBO pearibHbIX OLEHOK TOYHOCTM GyayT nonyyeHbl CPpaBHUTENbHBEIMA U3MEPEHUAMUN C
MULLEHAMM Pa3fnyYHbIX TUMOB. AKyCTUYECKWe CBOWCTBA MMILEHEH CYLLEeCTBEHHO WM3MEHSIOTCA C YacToTOW, U NO3TOMY
OLieHKa HeomnpefeneHHOCTH AOMmKHa ObITk cenaHa Ha KaXaoii 3aiaHHolA YacToTe. 3To 0coBeHHO BaXKHO ANA 4acTOT Me-
Hee 2 MI'L, Ha KOTOpbIX TPYAHO NOMYYUTb COBEPLUEHHYIO MULLIEHb.

B Uensx yMeHbLUEHUS] BMUSHUS KOTEPEHTHBIX OTPaXeHWil peKOMeHAYETCS NPOBOAUTH MO iBa U3MEPEHNa ¢ yepea-
HEeHWeM UX pesynbTaToB Ha PacCTOSTHUSIX, OTIMYatoWmxca Ha 1/4%, rae A — ANUHa akyCTMUYECKOW BOSHLI B cpefe pacnpo-
CTpaHeHus (Boae).

A.7.6 TeomeTpus oTpaxatowein MULLEHU

Yron KOHUYEeCKOA oTpaxatoLeil MULLEHW BNUSET Ha pesynstaTt usMepenusi (cM. B.2 npunoxenus B). B yacTHocTH,
€CInu rosyyron KoHyca B oTpa)aTtese BbINyKoro Tuna ¢ HOMUHanbHbIM 3HadeHneM 45° nexuT B npegenax (45 + 1)°, To
CBA3aHHaa ¢ 3TUM HeonpefeneHHOCTb U3MEPEHUA MOLLHOCTM cocTaBuT +3,5 %. Ecnu nonyyron KoHyca BOTHYTOro oT-
paxarens ¢ HOMUHasbHBIM 3HadeHueM 63° (4To o3HavaeT 6 = 27° B B.2 npunoxeHusi B) nexwuT B npegenax (63 + 1)°, To
CBAi3aHHaA C 3TUM HeonpefeneHHOCTb U3MepPEeHNA MOLLIHOCTU cocTaBuT 1,8 %.

MpuMeyaHune— B npunoxeHuu E npuseseHa JonornHUTeNbHas MHGOpPMaLUs O BIIUSHUW pasMepa MULLEHN Ha
pesyneTaT B criydae pacxogsALlerocsi 38yKOBOMo nydka.

A.7.7 BokoBble NOrMOTUTENU ANA U3MEPEHUIA C OTpaxatoLleil MULLEHbIO

HecoBeplueHcTBa 6OKOBLIX MOMMOTUTENEN B YCTPOWCTBAX, NpUBEAEHHLIX Ha pucyHkax F.1b, F.2, F.5b n F.6 npuno-
XeHus F, yBenumumBaloT MHTEHCUBHOCTb OTPaXXEHHbIX BOMH, BO3BPaLLaloLLMXCs Ha MULLEHb, YTO NPUBOAUT K YBENUYEHUIO
U3MEPEHHOro 3HaYeHUs paguaLMOHHOW cuiibl. [TOMUMO TOro, YTO MIIOTHOCTb OTPaXEHHOW SHEPrUM 3HAYUTENbHA B STUX
HEeKOrepeHTHBIX YCNOBUSIX, Takxe MOryT MMETb MecTo adbdpekTbl MHTepdepeHUun (cM. A.7.5 npunoxeHus A).

A.7.8 MNnoxaa opueHTaunsa MULLEHN

PaccmoTpeHa cuTyauums, Korga ynsrpa3ByKkoBoW npeoGpasoBartenb U YCTPONCTBO M3MEPEHUS CUIbl KONNnHeap-
Hbl 4PYr APYrY, HO YrroBas OpMeHTaLus MULLEHN HenpaBuibHas.

B To Bpems kak pagnauMoHHasa cuna, JeicTBylolas Ha ugeasnbHyo NOMoLarLLyo MULIEHb, B COOTBETCTBUN C
cbopmMynoi, npuseneHHo B B.1 npunoxerus B, He4yBCTBUTENbHA K HAKIIOHY MULLIEHU, U3MEPEHUA B Cryvae oTpaxato-
e MULLEHU 3aBUCAT OT MPaBUIIBHOCTU ee OpueHTauun. HanpumMep, yrroBasi NOrpeLllHoCTb +1° ANsA Nockoro oTpaxa-
Tensa ¢ yrnom 45° NpuBOAMUT K CBA3AHHOW C 3TUM HEONpeAeneHHOCTU N3MEePEeHU MOLLHOCTH, paBHoi +3,5 %. BnusHue
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pasopueHTaLUmMmn Ans KOHUYECKOW OTpaxatolein MULLEHN BblpasvuTb YHUBEPCanbHON POPMYON He NpenCcTaBNsaeTCs BO3-
MOXHbIM, HO B 06LLieM cryyae oHo BygeT CyLecTBeHHO MeHbLLUMM, YeM A5 NNOCKOA MULLEHH, B YaCTHOCTW €CMU MULLEHb
pacnonoxXeHa no ocu ny4ka. YUto kacaeTcs 45°-HON KOHUYECKOW OTpaxatoLLed MULLIEHU, LIeHTPUPOBaHHON B LIMNUHAPUYE-
CKW CUMMETPUYHOM MNy4Ke, TO ee YYBCTBUTENBHOCTL K YITIOBOW pasopueHTaLUnmn CHinkaeTes elle Gonblue.

MpenMyLLEeCTBO BOrHYTON KOHUYECKOW OTpaxaroLlen MULLEHN B TOM, YTO B 3aBUCUMOCTU OT TUNa nogseca oHa Oy-
[eT CaMOLIeHTPUPOBATLCA CUMMETPUYHO YIETPa3ByKOBOMY My4KY.

A.7.9 Mnoxas opueHTauuA ynsTpa3ByKkoBoro npeobpasosarens

PaccmoTpeHa cuTyaLys, Korga MULLEHb 1 YCTPOCTBO U3MEPEHNS CUMbI KONMUHeapHbl APYr ApYrY, HO YNETpa3By-
KoBOW npeo6pa3oBaTenb pPacrnonoXeH U OpUeHTUPOBaH HenpaBUbHO.

Ans ngeansHoW NornoLlamLLel MULIEHWU 3HaYUTENbHbBIX pasMepoB paAnauMoHHaa cuna nponopuuoHanbHa Ko-
CUHycy yrra pasopueHTauyun. Ansa 45°-Hoi BbINyKION KOHUYECKOW oTpaxaroLle MULLEHN MaKkcuMarnbHas HeonpeaerneH-
HOCTb, Bbl3BaHHas pasopueHTaLuen, MoXeT BbiTb paBHOWA £3 %, ecnn MakcumarbHble OLUMGKN YCTaHOBKM W YrioBOA
opUeHTaLMK oLeHMBaloTCA 3 MM U +£3°, YTO NpeAcTaBnsAETCA peanucTUYHLIM NPWU PerynupoBke Ha rnas [22].

Ecnu npu NoBTOPHbLIX U3MEPEHUSAX YNETPa3BYKOBOI npeobpasoBaTenb W3BNEKAETCA U3 YCTPOWCTBa MeXay W3-
MepeHUsIMU, TO HETOMHas YCTaHOBKa M opueHTaLus npeobpasosaTens BOWAYT B OLEHKY Cry4aiHoW NorpeLuHocT nsme-
peHuA. Ho MOXET UMETb MEeCTO U HeKoTopas cucTemMaTnyeckass cCocTaBnAoLasn, cBA3aHHaa ¢ STUMU NpUYUHaMu.

A.7.10 Temnepatypa BoAb!

M3-3a TemnepaTypHON 3aBUCMMOCTU CKOPOCTM 3ByKa B Boge [23] norpellHocTb U3MepeHua TemnepaTypbl 1 °C
NPUBOAUT K HEOMNPEAENEHHOCTU M3MepeHNs MoHocTH 0,2 %.

MoxeT HabrogaTbCcs 3Ha4UTEeNIbHOE MOBLILLEHUE TemnepaTypbl NMpW NPoBeAeHUA U3MEPEeHUA MOLYHOCTU CBLILLE
1 Br. CrieayeT 6bITb BHUMATENBHBIM U MPUHUMAaTL B pacyeT AeACTBUTENBHOE NOBLILLIEHWE TeMMepaTypbl.

A.7.11 3atyxaHue ynsrpasByKa U aKycTUUYECKUE TeUeHUs

3HayeHne MOLLHOCTW, BEIYUCIIEHHOE MO pesynsTataM U3MepeHuin paauauMoHHOW CUMbl, OTHOCUTCA K NONOXEHWNIO
MULLIEHWU Ha OMpefeneHHOM OCEBOM PacCTOsHUM OT YnbTpa3BykoBoro npeobpasoBarens. OaHako 4acTo obpallaror
BHUMaHWE Ha U3ry4aemyo MOLLHOCTb, NPUBEAEHHYIO K MOBEPXHOCTU YNLTPa3BYKOBOro npeobpasosatens. Huxe pac-
CMOTpeHa BO3HUKatoLasi Mpy 3TOM AOMNOMHUTeNbHast HeonpeaeneHHoCTb.

3T0 paccMoTpeHne B OCHOBHOM paccyuTaHo Ha M3MepUTenbHble CUCTEMBI, NPeACTaBnerHHble Ha pucyHkax F.1, F.2,
F.3, F.5, F.6 n F.7 npunoxeHus F. nsa cucteMbl U3MepeHuid, NpuBeaeHHON Ha pucyHke F.4 npunoxerua F, atn adpdexThl
KaXyTcs MeHee 3Ha4MMbIMK, HO TaM, rae 3Tu addeKTbl Habnoaanncb, UX NPONCXOXAeHNe HeU3BECTHO. [inNa Takow cucTe-
Mbl PEKOMEHAYETCA HasA METOAMKa BBE4eHUSI MONPaBOK MO CPABHEHUIO C TOW, KOTOPasA U3NOXEeHa HUXeE.

CyulecTBytoT ABe 6a3oBble MOAENW AN pacyeTa pasHULbl MeXAY OTMEYEHHBIMU Bbille 3HAYSHUAMWU MOLLHOCTH.
MepBas M3 HUX YY4UTBIBAET TONBKO BNWSAHWE 3aTyxaHWA ynerpasByka. B sTom criyvae genaloT nonpasky B BUAEe 3KCMO-
HeHLUManbHoro koadpdpuumenTa (cM. B.3.2 npunoxenus B). Bropas BkntoyaeT agppekTbl akyCTUYECKOro TeYeHUA BA oMb
nyTM cBOBGOLHOrO pPacnpoCTpaHeHNs K PPOHTAsNbHOA CTOpoHe MMLUEHM. [Ans nornoljaroweil MUIWEeHN Npu U3BECTHLIX
ngeansHbIX yCnoBuAX No Teopeme BoprHuca [24] sgpdekThl 3aTyxaHUs U aKyCTUUYECKOro TeYeHUA KOMNEHCUPYIOT Apyr
Apyra; 3Ha4uT, N He HY)KHO BBOAWTL Nonpasky. MNoBefeHWe peanbHbIX MULLEHEN (KaK MOMOoLWAoLWmx, Tak n oTpaxaloLwux)
HaxoauTca Mexay 6a3oBbiMU Mogensmu [17]. MMoaToMy pekoMeHAyeTcs paccMmaTpuBaTb pasMax HeonpeaeneHHoCTel,
paBHbIN pasHULE MEXAY HEKOPPEKTUPOBAHHLIM 3HAYEHWEM U3MEPEHHOW MOLLHOCTU U €€ 3Ha4YeHNeM, YYUTLIBAIOWUM 3a-
TyxaHue [25]. STOT BKNa4 B NOrpeLUHOCTb 3aBUCUT OT PacCTOAHUA 40 MULLIEHU M JOMUHUPYET, KOrAa U3MepeHnsa NpoBoaAT
B [inanasoHe BbICOKUX MerarepLoBbIX YacToT.

AnsTepHaTUBHLIA METOA OLIEHKM 3aKniovaeTcsl B USMEPEHUM MOLLHOCTU Kak YHKLMKU paccTOAHUA 4O MULLEHW U
SKCTPanonsLuWMu pesynsTaToB K HYNeBoid AMCTaHLUUM NOCPEACTBOM anroputMa perpeccuu, 6a3mpyowerocs Ha fIMHeHOM
U 3KCMOHEHLMUANbHOM 3aKOHe 3aBUCMMOCTU OT pacCTosiHMSA. M3MepeHHble 3HaYeHUst He ByayT TOYHO COOTBETCTBOBATL
3TOW 3aBMCMMOCTH, T. €. BygeT HabniogaTbcs HEKOTOPLIN SKCEPUMEHTanNbHLIA pasbpoc, U Torga AN NONy4eHUA OUEHKUN
HeonpeneneHHOCTU peaynsraTta aKCTpanonsALmn UCNoNb3YIOT CTaHAapTHLIE MaTeMaTUYecKne npoueaypsl.

[na MuULIeHN ¢ HENMOCKo NOBEPXHOCTLIO TPYAHO onpeAenuTb 3 deEKTUBHOE paccToaHne Ao Hee. [pu 3Tom no-
TNe3HO yYUTLIBaTb, YTO CPpefHSAA BbICOTa KOHyca U NupaMuibl paBHa 1/3 paccTosiHUA OT BEPLUNHLI 0 OCHOBAHWUA NPpU OT-
cYeTe OT OCHOBaHWA Unu 2/3 Npu oTcHETe OT BEPLUMHBLL. 3TO NPaBUIIo MOXHO NPUMEHATb, KOfAa UCNONb3YIOT OTpaxaloLue
MULLEHU KOHUYECKON pOopMBI MK NOrNoLLatoLLMe MULLEHM C KIMHBLSIMU NupaMugoobpasHoit hopmel. Ana BoobpaxaemMo-
ro naeanbHOro LWNNHAPUYECKOro NyyKka, NafatoLlero Ha BhiMyKylo KOHUYECKYIO MULLEHb, 3pdeKTUBHOE paccTosiHue A0
MuLLIeHU paBHO 2a/(3 tg &), rae a — paguyc nydka, a & — nonyyron KoHyca.

A.7.12 CBoiicTBa NNeHKn

HononHuTensHaa nHpopMaumnsa OTCyTCTBYET.

A.7.13 KoHeuHOCTb pa3mMepa MULLEHU

MpusenerHasn B A.5.3 npunoxeHua A dopMyna Ansi MUHUManbLHOTo pa3Mepa MuweHu 6asupyetca Ha 2 %-Hom
KpuTepun. Ecnn AeiicTBUTENbHANA WUPUHA MULLIeHN Gonee YeM Ha 50 % npeBbIWaeT onpegeneHHoe no A.5.3 3HavyeHue,
TO UMEET CMBICI OLIeHWUTL €€ BKNag B NOrpeLlwHOCTb TOMbKO Kak 1 % unu gaxe MeHee [14]. PekomeHayeTcs, ogHako, npo-
BEPUTb 3aBNCMMOCTb PagnaLlMOHHON CUMbI OT PaccTOsHUS 40 MMLILUEHU B COOTBETCTBMU ¢ A.6.2, NpuHUMas B pacyeT
3aTyxaHue 1 aKkycTuuyeckue TeyeHus (cm. 7.11).

MHbIMK crioBamu, NpuBefeHHble (hopMynbl cnpaBefnuBLl As nornoLljatowei MuweHn. MNMpuseaerHble B A.5.3 uB
npunoxeHuu E orpaHndeHns npuMeHnMsl 415 BbINYKIbIX KOHUHECKUX MULLEHEN.
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A.7.14 NnockoBonHoBoe NpubnuxeHune

Ecnu none umeet cxoasLLyocs UNu pacxoAsiLLyocs CTPYKTYpPY, TO MpUMeHeHue popMyn U3 pasaena B.2 npunoxe-
HUA B ANa NNOckoi BOMHbI He COBCEM KOPPEKTHO. TeopeTudeckne OLEHKN rpaHuL NOrpeLlHOCTEN, Bbi3BaHHLIX NpUMeHe-
HUeM 3TuX popMyn AN oKycupyeMbIx Moreit n Ans nornoLyaroLleii MULLIGHU, NpUBeAeHb! B pasfenax B.5 n B.6 npuno-
»eHus B (cM. [26]—[28]). TeopeTuyeckne oLieHKU rpaHuL, NOrpeLLHOCTeR, Bbi3BaHHLIX MPUMEHEHMEM laHHbIX hopMyn Ans
pacxoAsLMXCS Moreid U nornoLjaoLleil MuLIeHK, npuBeaeHsbl B pasaene E.1 npunoxenus E (cm. [29], [30]). O6cyxaeHune
CUTYaLuK C pacxofaLMMUCA NonsiMKu ANs BbIMYKIOA KOHUYECKOI oTpaxarowei MulleHn npusefeHo B pasgene E.2 npu-
noxeHus E.

A.7.15 BnusHue ckaHupoBaHus

JononHutensHaa MHOpMaLMA OTCYTCTBYET.

A.7.16 BrinsiHne ycrnoBMi OKpyXaloliei cpeabl

HeonpeaeneHHOCTH, CBA3aHHLIE C BHELLHUMU BUOpaLUsMK, BO3AYLLUHBIMW NOTOKaMMU N U3MEHEHNEM TeMnepaTyphl,
OL|EHUBAIOT MyTeM MOBTOPHBLIX U3MepeHWiA. B uaeane pekoMeHAyeTCA BLINONHUTL NO MEHbLUEH Mepe YeTbipe LuKna us-
MepeHWid, MPeAnoYTUTENbHO B pasHbie AHU, NpU4eM KaxkAblil LMK JOMMKEH BKNOYATb HE MeHee YeTblpex MOBTOPHbLIX U3-
MepeHWiA, BEINOMHAEMBIX HENPEpPbIBHO.

A.7.17 N3mepeHune HanpskeHUs Bo30yXaeHuA

B obuemM crnyyae MmorpeLlHOCTb U3MEPEHUS HanpsikeHUs Bo3byXaeHUs ynbrpa3ByKoBoro npeobpasoBarens
He BIIUAET Ha NOrPeLUHOCTbL U3MEPEHUS] BLIXOAHOW MOLWWHOCTU. Ecnu, oaHako, BbIXOAHYI0 MOLHOCTbL OfHOrO M TOro
Xe ynbTpasByKoBoro npeo6pasoBatensi M3MepsloT B pa3nuyHbix nabopatopusax (HanpuMep, B LENSX CIMYEHUs), TO
LOMXKHbI ObITb YYTEHEI BO3MOXHbLIE Pas3fMyuna B aMninuTyae HanpshkeHus Bo3byxaeHuns. Tak Kak BbIXOAHAA MOLWHOCTb
nponopunoHansHa KBagpaTy NPUNOXEHHOro HaNpsHKeHNS U B TakUX cny4yasx, Kak npaBuno, norb3yoTcs 3HaYeHUEM U3rny-
YatoLeit cnocobHocTU G, TO HeOMNpPeAENEHHOCTb M3MEPEHUs HaNPsXKEHUA yaBauBaETCS NPU ee BKIIOYEHUN B CYMMapHYIo
HeonpefeneHHocTb Ansa G.

MpumedaHune—Korga peyb nget o HanpsPKeHUM BO3BYXAEHNUA, BaXHO, 4ToObl OHO BbINo n3aMepeHo Henocpes-
CTBEHHO Ha BXOA € YNbTPa3BYKOBOro npeobpasoBarens.

PekomeHayeTcs, 4TOObl U3MepeHNUs 1 MKCUpOBaHUE HanpshxeHus Bo3byxaeHus 6binu npoBefeHbl B npolecce
KaXAoro usmepeHus BbIXOAHON MOLLUHOCT W, YTOOLI 3aTeM MOXHO OblNo onpefenuTb 3Ha4eHUe HanpsKeHNs ANs Kaxaoro
TpebyemMoro ypoBHs BbIXOAHON MOLYHOCTU MW 4718 BEIMUCIIEHUA U3nyYatoLei cnocobHocTU. OTH fAaHHbIE UCNOMb3YIoT
¥ ANA BbISBNEHUA HecTabunbHOCTEN pasnuyHoro poaa.

A.7.18 Temnepatypa ynsTpa3sBykoBoro npeo6pasoBarens

N3MeHeHWe BbIXOAHOW MOLWHOCTU MPU U3MEHEHUW TeMnepaTyphl yNTPa3BYKOBOrO npeobpasoBarena MOXeT
MMETb 3HaYeHue, ecrnn NPOBOAST CPaBHUTENbHbLIE M3MEPEHUS B PasfiMyHOE BPEMsI M B pasfnnYHbIX MecTax. MIHoraa 3to u3-
MEHEHWNe MOXET BbITb O4eHb 3Ha4YUTENbHLIM (Hanpumep, 5 % Ha 1 °C), B 4aCTHOCTM AN MHOTOCIIONHBIX, COrNacoBaHHbIX
no uMnedaHcy ynbTpa3ByKoBbIX NpeobpasoBateneil. MamMeHeHne TemnepaTypbl MOXET ObiTb BbI3BAHO W3MEHEHEM
OKpYXatoLLMX YCIOBUIA NN paccesHWeM Tenmna B caMOM YNLTPa3sBYKOBOM npeobpa3soBarerne.

MoBbILLEHNe TeMNepaTypbl NpeobpasoBaTens MOXET Bbl3biBaThb TaloKe TEMIOBbIE KOHBEKLMOHHBIE MOTOKN, KOTOpble
MOFYT U3MEHATL NOKa3aH!si BECOB.

O abpekThl MOTyT BbITb OLEHEHBI UCCIE0BAaHMEM PaANaLMOHHON CUMbl B 3aBUCMMOCTH OT BPEMEHU Henpe-
peIBHOM paboThl ynbTpa3ByKoBoro npeobpasosarensl.

A.7.19 HenuHeliHoCcTb

a) JIMHeAHOCTL cUCTEMbI YpaBHOBELLMBaHWSA, BKIOYas NOABECKY MULLEHK, MPOBEpsIloT Npu ee rpajyuposke no-
CPEACTBOM HECKOINBKMX IPY3UKOB pasfin4HON Macchl UM M3MEPEHUSIMUA C MOMOLLbIO 3aBEA0MO JIMHERHOTO YNETPa3ByKO-
BOro npeobpasoBarens (CM. 7.2) MULLEHbIO, pacronoXeHHoW bnuxe, 4em 10 MM OT Hero;

b) B cootBeTcTBMM € 6.3 1 6.4 UCMONbL3YIOT AerasMpoBaHHy0 BOAY Npu abcomnoTHOM OTCYTCTBUM BO3AYLUHBIX Ny-
3bIpbKoB. Ecnu BoaayLUHbIE My3blpbKU NPUCYTCTBYIOT UMW UMEETCA KaBUTaLMsi B YNLTPa3BYKOBOM More, TO U3MEPEHUN
MOLLHOCTU MOTYT BbITb CYLLEECTBEHHO HeBEPHbIMU. Kakoin-To obLLeil OLeHKM STUM MCTOMHUKaM MOTrPELLHOCTM AaTh HENb3SA.
OBbLweit oLeHKN STUX UCTOYHMKOB MOrPELLHOCTU He CyLLecTByeT.

Bonee nogpo6Has nHdopmaLuns o gerasaluy BoAbl M KaBUTaLUn NpuBeAeHa B npunoxexuu D,

C) 3aTyxaHwue ynerpasByka M aKkycTUYecKne TeYeHUA MOryT CONMpOBOXAATLCS HeNuHeHocTAMU. Ecnn pacctosHne
MexXay ynbsTpa3ByKOBbIM npeobpasoBaTernieM 1 MULIEHbLIO WU HauMeHbllee paccTosHUe [0 MMILEHM (B 3KCnepu-
MEeHTax ¢ U3MeHeHueM paccTosHus) meHee 10 MM, To cneayeT pykoBoAcTBoBaTbesl A.7.11. Ecnin paccTosiHue Mexay
yNETpa3ByKOBbIM Npeobpa3oBaTeneM U MULLEHbIO WU HaUMeHbLLee pacCcTosIHUE 0 MULLEHK (B SKCMEpUMEHTax ¢
usmMeHeHnem pacctosHus) 10 Mm nnu 6onee, To BEPOATHO BO3HUKHOBEHWUE [ OMOMHUTENBHLIX MOMPELLHOCTEN, CBA3aHHbIX
C HernMHeHoCTAMU, HO obLLas OLEeHKa 3TOro OTCYTCTBYET.

MoxeT nokasaTbCs, YTO 3TOT 3hPEKT MOXKHO NPOBEPUTH C NOMOLLbIO JIMHEAHOTO STANlOHHOMO YFLTPa3BYKOBOIO
npeobpasoBarens ¢ U3BECTHOW BbIXOAHON MOLLHOCTBLIO. CriefyeT OTMETUTD, YTO HEMUHEWHBIE ABNIEHUA NpU 3aTyXxaHun
ynbeTpasByka U aKkyCTUYECKUX TeUEHUSAX MOryT 3aBUCETb OT BOSTHOBOW (pOpMBI M OT BENMUYUHLI NUKa AaBrieHns, U Toraa
pe3yneraTbl UCMBITAHUA, NONYYEHHbIE C NIMHEAHLIM 3TaNoOHHBIM YNLTPa3BYKOBLIM NpeobpasoBarenem, Ybs BOrHoBas
chopMa BLIXOAHOMO CUrHana OTnMYaeTcs OT TOW, KoTopasi BOCMPOM3BOAMTCA U3MepsieMbiM Npeobpa3soBaTenem, He byayT
abcontoTHo y6eauTenbHeIMK;
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d) kpome ahdeKToB, pacCMOTPEHHbIX B NepedncrneHunsx a), b) u c), TeopeTudeckoe COOTHOLLEHWE ANA pagunaLm-
OHHOIN CUNbl MOXET BbITb HEMUHERHBIM U OTNIMYATLCA OT paccyMTaHHbIX No opmynam (B.2) u (B.5) npunoxexus B, B
KOTOPbIX YCTAHOBMEHLI NINHERHbLIE COOTHOLLEHUS MEXAY MOLLHOCTLIO U CUMNOA. TeM He MeHee B Anana3oHe BbIXOAHbIX
MOLLIHOCTEMN, NMPOU3BOANMBIX CYLLECTBYIOLMM B HacTosiLee BpeMs LWNarHOCTUYECKUM U TepaneBTUYecKUM ynbTpasBy-
KOBbIM 0BOpYAOBaHWEM, aKyCTUHYECKYIO pafMaLMOHHYIO CUIy paccMaTpuBaloT KakK JNMHeRHYy (yHKLMIO NO OTHOLUe-
HWIO K BBIXOAHOM MOLYHOCTU. HenMHENHbIE OTKITOHEHNS], paccUMTaHHble Mo BelpaxeHusam (B.2) u (B.5) npunoxexus B,
paccmaTpuBatoT Kak NpeHebpexnmo marnble No CpaBHEHUIO C APYrUMU UCTOMHUKaMK norpeLlHocTy [31].

A.7.20 YckopeHue cBo6ogHOro nageHus

HononHuTensHas nHopmaLMs OTCYTCTBYET.

A.7.21 [pyrue UCTOYHUKHU

PekoMeHayeTcA NepuoanYeckn NpoBEpsTh, HE COAEPXUT NN CyMMapHas HeonpeaeneHHoCTb, OLeHEHHas ¢ UCMNoMb-
30BaHNeM NpUBEAEHHbIX BhILLEe peKoMeHAaLUmni, APpYrux NCTOUHWUKOB CryYaiiHbIX MOrpeLLHOCTER. DTOro J4OCTUraloT MyTem
pa3bopku 1 NOBTOPHOW COOPKN M3MEPUTENBHOrO 060pYyL0BaHNUSA U MOBTOPEHUS 3MEPEHWIA He MeHee Tpex paa3. [MonesHbl-
MU MOTyT ObITb TaKKe CIIUYEHNS ¢ pe3ynsTaTamu, Nony4YeHHBIMUA B APYrnX nabopaTopusx Wim ¢ UCMorNb3oBaHWEM APYruX
nanydarenen.

Ecnn TpeboaHus pasgenos 5 n 6 ans npeobpasosareneit ¢ ka 2 30 unu kay, = 30 BLINOMHEHEI, TO JOCTUXUMO 3Ha-
YeHue cymmMapHoil HeonpeaeneHHoCcTU nameperuii 10 % B yacToTHOM AuanasoHe ot 1 go 10 MI'y [29], [32}{35], 20 %
BHe 3TOro guanasoHa u He 6onee 20 MMy 1 30 % u He Sonee 20 MMy, Anst npeobpasoBateneit, y kotopbix 10 < ka < 30
unun 10 < ka,, < 30, AOCTUXKUMO 3HAYEHUE CYMMaPHOMN HEONPEAENEeHHOCTN namepernii 20 % Ha YacToTax, 6nuskux k1 My,

AHanus norpeliHocTel AnA KOHKPETHLIX CUCTEM NpuBeaeH B [25], [29], [33], [36]. Ecnu BO3MOXHO Ucnonb3oBaHue
KanmbpoBaHHbLIX 3TanNOHHLIX YNLTPa3sBYKOBbIX Npeo6Gpa3oBaTenei, TO C HUMWU PEKOMEHAYETCA NPOBOAUTE KOHTPOIb-
Hble namepenus [33], [34], [37].
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Mpunoxexue B
(cnpaBouHoe)

OcHoBHble (hopmyrnbl

B.1 O6wwume nonoxeHusn

PekoMeHayeMble HACTOAWMM CTaHAapPTOM U3MEepPEeHUs paAnauMOHHOW CUIlbl MPOBOAAT B YCNOBUSAX «OTKPLITO-
ro cocyaa» (ycnoBusix NaHxeBeHa), T. e. obny4aemas XMAKOCTb KOHTAKTUPYET C OKpYXaloLei cpefjol, NofiBepXeHHoiA
BHELLUHEMY AjaBIeHMIO BO3AYXa.

B.2 ®opMynbl ANA NNOCKOW BOJHbI

Mpy Takux yCNoBUSAX U ANS MIIOCKUX YNBTPa3BYKOBLIX BOSIH Maron ammiuTyabl paanauuoHHoe aasnexHue, npo-
ABMAIOLlEecH Ha rpaHnue pasferna AByX cpef, paBHO pPasHOCTM MeXAY NMOTHOCTSAMU aKyCTUYECKOW 3Heprun Ha obeunx
CTOpOHaX MOBEPXHOCTU. B 3TOM crydae COOTHOLUEHWE MEXAY COCTaBMnsioleid F pagnauMoHHON CUNbl HA MULLIEHb B
HanpaereHuu pacnpocTpaHeHUsi NEPBUYHOI BOMHbLI U aKyCTUYECKO BbIXOAHON MOLLHOCTbIO P yNbTpa3ByKoBOro npe-
obpasoBarensa BbIpaxalor:

- ANA naeanbHOW nornowyatoeil MULWEHU no opmyne

P =cF; (8.1)
- ANA naeanbHON oTpaxaroLlei MULWeHU no opmyne
P =cF/ (2 cos?0), (B.2)

rAe ¢ — CKOPOCTb 3ByKa B Cpefie pacnpocTpaHeHus (B BoAe);
0 — yron Mexgy HanpaBrieHUeM pacnpocTpaHeHusi NagatoLLeil BONHBI U HOpMarbio K OTpaXaloLleil NOBEPXHOCTH.

MpunmedaHune—Moa HanpaeneHneM najatoLLeit BonHbI NojpasyMeBaeTcs HanpasleHue 0cH YNeTPpa3sByKOBOro
nosns, T. e. ero oblyee, a He YacTHoe onpeaeneHue.

B.3 MpuHaTbie NpubnmkeHns

B.3.1 MpuBepeHHble BhilLe POpMynbl OCHOBaHbLI Ha creayroLwWwmux NpeanonoXeHnsX.

B.3.2 MuweHb sBnseTcs foctatouHo GonbLUoii, YToObl NepekpeITh BCe NOMEpeYHoe CeYeHue YnbTpa3ByKkoBOro
nyyKa, T. €. JONs aKyCTUYEeCKOW MOLLHOCTY, U3ny4aemasi B HanpaBiieHUsX, MPOXOASALMX MUMO MULLEHU, NpeHebpexumo
Mara no cpaBHEHWIO C NMOMHOW aKyCTUYECKON MOLLHOCTLIO.

B.3.3 B cpeae pacnpocTpaHeHuWs OTCYTCTBYET MOrNoLUeHne yneTpassyka. [pu ero Hamm4um cumeon P B 3TUX op-
Mynax npegCcTaBnsieT akyCTUHEeCKYHo MOLHOCTb B MECTe PacrofioXeHus MuwweHn. [ns npeobpasoBaHnsa 3Toi akycTude-
CKOW MOLLHOCTW B BbIXOAHYIO MOLIHOCTb YNbTPa3BYKOBOro npeobpasoBarens ee 3Ha4YeHWe YMHOXatoT Ha exp(20z),
rAe Z — paccTosHUe MexXAy MULLIEHbIO U YNLTPa3ByKOBbIM npeobpasoBareneM, o — aMmniuTy4HbIA KoapPULUEHT
3aTyXaHWa NMNOCKMX BOMH. 3Ha4YeHNe o B MerarepLieBoM ANanasoHe YacToT NPoropLUMOHanbHO f2 N paccunTaHo, Hanpu-
mMep, no opmyne

/2 =23 104 MIMy~2 cm~! ans yucToit Boasl Npn Temnepatype 23 °C, (B.3)

rae f— ynsrpa3BykoBas YacToTa [38].
MpuBegeHHble Bbille hopMysbl NpeanonaraoT OTCYTCTBUE HEMUHERHBIX CKaXeHWI, a Takke A06aBOYHbIX CUM Ha
MULLUEHb, BbI3BaHHbLIX aKyCTUYECKUMMU TEUEHUSAMU (NpeanonaraeTca UCNoNb3oBaHne SKpaHUpYHoLLEen NNeHKN).

B.4 OrpaHuyeHus ansa HeccpoKycMpoBaHHbIX Nonei

B.4.1 MNpuBefdeHHble Bhile HOPMYnbl BbIBeAEHbl B NPEAMONOKEHUN pacnpoCcTpaHeHUa NIIOCKOW BOMHEI (B Nro-
CKOBOSTHOBOM NpUBMNuxeHumn). Ho cTpykTypa nons ynbTpa3ByKOBbIX NpeoGpasoBaterneil B o6LeM criyyae oTnuyaercs
OT NMOCKOMN BOMHbI FMaBHeIM 06pa3om u3-3a AndpakUMoHHbIX 3 deKToB. TeM He MeHee UCTonb3oBaHne TUX PopMyn
PEeKOMEHLYETCA U3 CreayroLLnX coobpaxeHu.

B.4.2 lMpu npoBefeHUK akCNepUMeEHTa AN U3MEPEHWUIA € TOYHOCTLIO B HECKOMBKO MPOLEHTOB OTCYTCTBYHOT HEKave-
CTBEHHble yNnbTpa3ByKoBble Npeobpa3oBareni NopLIHEBOro TUna.

B.4.3 C TeopeTnyeckoii Touku 3penus [cM. [39] u BeipaxeHue (E.2) B npunoxeHun E] nnockosonHosoe npubnu-
XeHue nNpubnusuTensHO BEPHO AN KPYINoro NOPLIHEBOro UCTOYHUKA C JOCTATOMHO BBICOKUM 3HaveHneM ka (kK = 2n/h —
BOJTHOBOE YUCIIO B Cpefie pacnpocTpaHeHust; @ — pafunyc ynsTpa3ByKoBoro npeobpasoBaTtens; TeopeTuyeckoe uccrne-
JloBaHue orpaHu4eHo crny4yaem normnoLyaroiei MuIieHun). Hanpumep, HecooTBETCTBUE He NpeBbIlaeT 2 %, ecnun ka 2 35,
4TO, KaK NpaBuIIo, SIEerko BbIMOMNHSETCA AN YNLTPa3sBYKOBbIX NpeobpasoBareneil. HecocTosTenbHOCTb NPUBEAEHHBIX
BblLLE POpMYIT MOXET UMETb MECTO IMaBHbLIM 06pa3oM B nanasoHe HU3KMX 3Ha4YeHWi ka (BBeieHUe nonpaBokK AN 3Toro
criy4asi pacCMOTPEHO B NpuUnoxeHun E).
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Moao6Hoe npeanonoXeHne NPUMEHUMO U AN NPAMOYTONBHOMO M3nyyarens NopLUIHEBoro Tuna [27]. Ana Hero Mox-
HO annPOKCUMUPOBATL NIIOCKOBOTHOBOE NPEANONOXEHUE, eCnn 3HaYeHne khy, LOCTaTO4HO BbICOKOE (khy, — rapMoHude-
CKoe cpefiHee W3 MOMOoBWH ABYX OPTOroHanbHbLIX CTOPOH npeobpasosarens). B crniyyae nany4eHua HenpepbIBHOW BONHLI
OTKMOHEHWe OT 3TOro NPeAnonoXeHNA He npesbiaeT 2 %, ecnu khy, = 36. HeobxoanMocTb BBEEHUS NONPaBOK MOXET
BO3HWUKHYTb TONBKO ANA MEHbLUNX 3Ha4YeHWi khy, (CM. npunoxenue E).

B.5 Mornouwaowan MuweHb B CPoKyCcMpoBaHHOM none

B.5.1 TeopeTnyeckn obocHoBaHO (cM. [26], [27]), UTO dpopMyna NIOCKOBONMHOBOIO NPUGNUKEHUA HE NOMHOCTbIO
BepHa AN okycupyembix ynbTpa3ByKoOBbIX NpeobpasoBarenei. BMecTo Hee HUXe AaHbl ABa BbipaXeHUA AnA pa-
AnaumMoHHoi cunbl. [Mpu 3TOM NpeanonararoTca HanMune naeansHoro okycmpyemoro npeobpasoBaTens ¢ NOCTOAHHOW
aMnnuTyaoi koneGaHuin, NepneHANKYNAPHBIX K €r0 U3Ny4atolleil NoBEPXHOCTHU, OTCYTCTBUE NOFMOLWEHUA B XUAKOCTU U
njeanbHan NOMoLALWAasn MULLEHb CYLLECTBEHHO GorMbLUMX MOMEpeYHbIX pa3MepoB ANA NepeKpbITUA BCEro ynsrpassy-
KOBOrO Ny4Kka, a Takke npeHebpexumo Manble AUdpaKkUMOHHBIE UCKaXeHUs Ha nepudepun Nydka. Torga ANSA Kpyrnoro
npeobpasoBaTens:

P=2cF/(1+cos ), (B.4)

rae y = arcsin(a/d) — dokanbHbIiA yron (nonyyron), ecnu Ans npeobpasosarens co cdhepuU4ecKoil KpUBN3HOI GokycHoe
paccTosiHue OTCHUTLIBAIOT OT «AHa» «yaluuy»; y = arctg(al/d), ecnu okycHoe paccTosiHMe OTCHM-
THIBAIOT OT MIIOCKOCTH, BKIIOYAIOWEN Kpasi akTUBHOW YacTu «4yawuny, unu ecnu npeobpasoBarerb
MIOCKWIA;
d — reometpuyeckoe POKYCHOE pacCTOAHUE,;
a — pajunyc akTUBHOIO 3fieMeHTa ynbTpa3ByKoBoro npeobpasoBarens.
Mpu y — 0 unn d — oo BblpaxeHune (B.4) npeobpaszoBaHo B hopMyrly AN MIOCKOWA BOMHbI.
[ns npaMoyronbHoro npeobpasoBaTens

P =c¢ F - yucnumens/3HameHamenb, (B.5)

npuiem qucnumens = 2 arcsin(sinp, sin B,),
3HameHamens = sin, arctg(cosp, tgp,) + sinP,, arctg(cosp, tgp,),

rae v [5y— chokanbHble (nony-)yrnel GOKYCMpYeMoro ynsTpa3syKoBOro npeobpasoBarens B NNOCKOCTU X—Z U y—Z
COOTBETCTBEHHO.

Mpn B, — 0 u By—> Owmd, —cwomn dy—> « BblpaxeHue (B.5) npusogutea k opmyne Ans nrockoBONTHOBOro
NpPUCTIMKEHNS.

[nsa npvBefeHHbIX Bbille (opMyn HeobX0AMMO NOCTOAHCTBO aMMNUTYAHO-Pa3oBoro pacnpeaeneHns no noBepx-
HOCTW npeobpasoBaTens. Ecnu dokycupoBka JOCTUTHYTa TONBKO NOCPEACTBOM KPUBU3HEI NpeobpasoBaTens, TO 3TO 03-
HayaeT, YTO ero MOBEPXHOCTb ABMAETCH NMOBEPXHOCTBIO MOCTOSAHHOW a3kl U aMnnuTyabl. Ho AaHHoe yTBepXgeHue He
COBCEM BEpHO AN APYrUX cnyyaes, Korga hoKycMpoBKa JOCTUIHYTa MHBIMK cnocobamu, Hanpumep ¢asoBbIM pacnpege-
neHneM. B aToM cnyyae npuBefeHHble Bille hopMyIbl He siBNAKOTCS abcontoTHO JOCTOBEPHLIMU, HO TEM HE MEHee UX
PeKOMEHAYETCA UCMONb30BaThb Kak annpoKcMMaLmio.

[o Tex nop noka He nonyqeHbl NOLTBEPKAEHUS (TEOPETUHECKUE UMN BKCTIEPUMEHTANbBHbLIE) STUX pasfnyunid, UX pe-
KOMeHJyeTcA paccMaTpuBaTh U y4UThIBaTL Kak BKNaj B HEOMNpPeAeneHHOCTb B U3MEPEHNS MOLLHOCTU CPOKYCUPOBaHHBIX
nonen.

MpumeyaHune — B Bolpaxenusx (B.4) u (B.5) npeHebperatorT AudpakLMOoHHbIMU ahdekTaMun Ha Kpasx nydka
(cMm. [26], [27]). 3To COOTBETCTBYET U U3NOXEHHOMY B pasgene B.4 nsa nnocKoBonHOBOro NpubnmkeHns B HecdoKycmpo-
BaHHbIX nonsx. AndpakumoHHble apdeKThl 3aBUCAT OT BOSTHOBOW hopMbl aKycTUYECKOro nons, a Takxke oT pacnpejene-
HUS aMnNUTYAbl (anogusaLuumn) no NoBepxHocTu npeobpasosartens, N 06bIMHO UX TPYAHO YHeCTb.

B.5.2 Huxe npuBeaeHbl HECKOMBKO NPUMEPOB ANs 3HaYeHUii P/cF, NoMyYeHHEBIX Mo BelpaxeHuam (B.4) u (B.5).
[ns kpyrnoro dokycupyemoro npeobpasoBatens ¢ dokanbHeIM (NoMy-) yrnom y = 25° no BeipaxeHuto (B.4) cnegy-
€T, YTo

PlcF = 1,049.
Ansa npsamoyronsHoro cokycupyemoro npeobpasosatens c B, = ﬁy = 25° no BuipaxeHuto (B.5) cnegyer, uto
PlcF = 1,0863.

Ecrm B, = [Sy, Tpebyercs Gonee 3HauuTeNbHaA nomnpaska, Yem ANA Kpyrroro npeobpasoBaTens ¢ aHanorMyHbIM
3Ha4YeH1eM hoKanbHOro yrna, Tak kak BofHbl OT YrIoB npeobpasosarens nagatoT nog 60nbLIWM YIIIOM K OCU NyYKa, Yem
ANSA Kpyrnoro npeo6pasosarens. Ho B 3TOM OTCYTCTBYET HeoGX0aUMOCTb, ecnm B, # By(CM. npuMep Huxe).

Ons npsimoyroneHoro cokycupyemoro npeobpasosatens ¢ 3, = 25°, By= 15° unm B, = 15°, By= 25° no BelpaxeHuto
(B.5) cnepgyer, uTo

PlcF=1,043.

BrlpaxeHue (B.5) oTHocuTcs K hokycupoBke B ABYX MNOCKOCTAX. Ecnu cdokycupoBka nony4eHa TOMbkO B 0f-

HOW MNMOCKOCTKW, HanpuMep B MIIOCKOCTU X—2Z, YTO COOTBETCTBYET By = 0° Ho Toraa BelpaxeHue (B.5) craHoBuUTCS He-
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onpeaeneHHbiM. 3Ta npobnema MoxeT ObiTb pelueHa MPUMeHeHUeM npasuna Jlonutans, 4To NpuBOAUT K PIcF =
= 2ssin B,/(B, + sin B, cos B,) unu k hopmyne ¢ [Sy, rAie yron B 3HaMeHaTene fomkeH 6biTb BolpaXxeH B pajnaHax.

Ans npamoyronbHoro npeobpasosatens ¢ B, = 25°, By =0° unn B, = 0°, By = 25° ykasaHHOe npaBuo NpUBOAMT K
cnepylowemy pesynerary:
PlcF=1,032.

B.6 Orpaxatowan MulieHb B cchoKyCUpOBaHHOM none

Hwxe npuBegeHa npubnusutenbHas dopmyna Ans BbMUCNEHUS paAaUaLMOHHOW CUMbl NPU UCTONb30BaHUKA KO-
HW4YeCcKoro oTpaxarens B chOKyCUpOBaHHOM YNLTPa3BYKOBOM none Kpyrrnoro npeo6pasosatens [28]. OHa ocHoBaHa Ha
crieayoLmx nNpeanonoXeHnsx.

Ynerpa3BykoBoe norne, cosfaBaeMoe KpyrnbliM npeobpasosaTtenemM co cdepuyeckoit NoBEpXHOCTELIO B HerormnoLya-
IOLLIEI XKUAKOCTU, CHUTAETCH COCTOSILLUM U3 aKyCTUYECKUX JTydel, Kaxabli U3 KOTOPLIX pacnpocTpaHAETCes BAOMbL NpAMOn
JIVHUM 1 MOSTHOCTBLIO OTPaXaeTCsl OT NOBEPXHOCTU MULLEHM KaK NNOCKan BOIHa, Npu 3ToM Y — dhokanbHbIiA Noryyron.

KoHunuyecKkan MULLIEHb — 3TO ueanbHblil TBEPAbLIA UMM MArKUIA oTpaxarernb. Ee BepwnHa HaxoauTCA Ha ocu nons
Mmexay npeobpasoBateneM u ero okycoM. [eoMeTpUs MULLIEHW XapakKTepU3yeTcs YrnoM 0, kak 3To onpeaeneHo B pasge-
ne 4. TunuuHble 3Ha4eHuUs O BOrHYThIX OTpaxarenei nexart mexay 25° u 30°. [ins BbiNyKNbIx oTpaxaTenei 3Th 3Ha4YeHUs
cnepyeT NOHUMaTh Kak oTpuuaTenbHble, U Torga TUNUYHOE 3HaveHne 0 = —45°.

MuweHb NONHOCTLIO NepeKpbIBaET BCe NOfe, T. €. He CYLUECTBYET fyYeid, KoTopble He nonagany 66l Ha MULLEHD.

OTpaxeHHble nyun cBobOAHO pacnpocTpaHATCA A0 GeCKOHEMHOCTU UMW A0 TeX NOp, Noka MOMHOCTLIO He Mo-
IMOTATCA nAeanbHeIM nornotTuteneM. Hu oguH U3 ny4yeil He Bo3BpalyaeTcs Ha npeobpasoBatens. B cny4ae ¢ BorHyToit
MULLEHbIO MHOTOKPaTHLIX OTPaXEeHWUI He CYLLIeCTBYET.

B aToMm cnyyae BblpaxeHne MMeeT BUJ

P =4 cF - function (y, 0),
rae function(y, 0) = (1 — cosy)[(1 — cos2y)(1 + cos20) — (2y — sin2y)sin20]. (B.6)

MpumeyvaHunsa

1 ¥Yron y curypupyet B npuBeAeHHON (POpMyNne He TONbKO B TPUrOHOMETPUYECKUX (DYHKLMAX U NOITOMY AOMKEH
BblpaXaTbCs B pagnaHax.

2 Ecnun 6 = —45°, 1o B cooTBeTCcTBUM C DopMynoit (B.6) 3HaveHne P/cF cocTasuT 0,98 (T. €. pasHuya Mexay 3Ha-
YEHWAMM, BbIYUCTIEHHBIMK Mo opMynam (B.2) n (B.6), cocTaBuT 2 %) Npu 3Ha4eHUn y, COOTBETCTBYOWEM d = 32a. 3T0
06CcTOATENBCTBO ABMNAETCA OCHOBOM A COOTBETCTBYOLWMX pekoMeHaaumii B 5.2.3.

Crnepyer OTMeTWUTb, YTO NpuBefeHHas Bhillie hopMyna NepexofuT B CTyrnenyaTyto (yHKLUuio XeBucaiiaa, Koraa
BEpLUMHA KOHyca nepeMelLaeTcs Yepes okyc.

MpvBegeHHas Bbille (hopMyra noryyeHa Ha OCHOBE HECOBEPLUEHHON MOZENH, U NOSTOMY e€ CrieflyeT paccMmaTpu-
BaTb Kak annpokcumaLumio. dhdpektamMmn AudpakLmn npu SToM MOXHO NpeHebpeyb, Kak U MHUMBIMUA YacTsIMU CKOPOCTH
YacTuL, NOSIBNSIOLLMMUCS, KOrfa akycTUYeckue Nydun He napanmnenbHbl Apyr Apyry. JlokansHoe OTKIOHeHWe OT NpsMoro
pacnpocTpaHeHusi (HanpuMep, B pesynsTate JUPaKkLymM) MOXET NPUBECTU K YBENUYEHUIO UMW YMEHBLLEHUIO paguaLm-
OHHOI CUIbI, TOra KaK MpU UCMoMb30BaHUM MOTMOTUTENS AU paKUMs MPUBOAUT K YMEHBLUEHNIO paauaLMOHHONM CUTbI.

MpuMeyvaHuns

1 TeM He MeHee CyLLEeCTBYET JKCNEePUMEHTaNbHOE W YUCIIEHHOE MOATBEPXAEHUE NPaBUMBHOCTU aKyCTUYECKON
MOAENK, nofnoxeHHo B ocHoBy dopmynel (B.6) [40]. B 3ToM 3KcnepuMeHTe € BbINYKMbIM KOHUYECKUM OTpaxaTenem ¢
yrnom 8 = —45° dopmyna (B.6) npubnusutenbHo BepHa, Koraa paccTosiHue Mexay npeobpasoBaTerniemM 1 BepLUMHON KOHY-
ca npesbiwaeT 20 MM U MeHee okycHoro paccTtossHus Ha 10 MM. Ha paccTosiHUAX, MeHbLUUX 20 MM, NPU SBHOM HanU4um
OTpaXeHWn mMexay npeobpasoBaTenem W KOHYCOM M3MepsieMas cuna Bo3pacTaeT M NPUMEPHO yABaWBaEeTCA Ha OYeHb
MarnblX paccTOsHUSAX; Ha pacCcToOAHUAX OT dhokyca Bonblunx, YeM dokycHoe paccTosHne MUHyc 10 MM, M3aMepsAemas cuna
MOCTeNeHHO YMeHbLUaeTcs oT J0dOKyCHOro 3Ha4eHus, onpeaensemoro no gopmyne (B.6), fo 6onee HU3KMX 3HAYEHUI
3a QOKYCOM.

2 3KenepuMeHTamu nofTBepxaeHo [41], 4TO, MO MeHbLUe Mepe, NPU BBICOKUX YPOBHAX MoLHocTh (HITU) nsme-
PEHUS C KOHUYECKUM oTpaxaTrerneM B CHOKYCMPOBaHHbLIX MOSSAX COMPOBOXAAlTCA NOBbILLEHWEeM HeonpeeneHHocT no
CpaBHEHUIO C UBMEPEHUSAMU C MOornoLlaloLieil MULLIEHBbIO.

3 [Ans naMepeHuii ¢ KOHMYECKON oTpaxaroLieil MULLEHbIO B CHOKYCUPOBaAHHOM Mofe NpsiMoyroneHoro npeobpa-
30BaTensa CooTBETCTBYIOWAsA PopMyna OTCYTCTBYET. [103TOMY AN TakuxX YCNoBUA X UCMOMb3OBATb HE PEKOMEHIYETCS.

B.7 Mornowarolwan MULLEHb NPY HaKMOHHO NafaloLweM UNu CKaHUpPYIoLEeM nyyke

B.7.1 O6wue nonoxeHus

B pasgene 2 oroBopeHbl YCroOBKSA, NpU KOTOPbLIX OCb MajatoLlero nyyka KonmnumHeapHa HanpaslieHWo U3MepeHus
cunel. CobnioaeHue atoro ycnoeus TpebyeTcs Ana Bcex hopMyr, NpuBeeHHbIX B pasfenax B.2—B.6. Ecrnu ock nagato-
Lero ny4ka OyAeT HaknoHeHa NoA KOHEYHbLIM YITIOM \f MEXAY OChHO My4dKa W HanpaBreHMeM U3MEPEHNUSA CUMbl, TO U3Me-
peHHas Becamu paguauuoHHas cuna 6yeT oTnnyaTbCs oT MU3MEPEHHOI B KONNMHeapHbIX ycrnosusx. Huxe gaHo obbsac-
HeHuWe aToro hakTa ANs nornowjaroLlei MULIEHU. PaccMOTpeHbl ABe CUTYaLnK, Npu KOTOPLIX crefyeT BBOAUTL NOMNpaBKy
B U3MEepeHHYIo paguaLoHHYyto cuny. MNocnegyoLune BelYUCIEHNS MOLLHOCTMW Nocre BBe4eHUSA STOW MonpaBKy 3aBUCAT
OT XapaKTepUCTUK CaMOro YNETPa3ByKOBOro Nyyka, Kak 3To paccCMOTPEHO B APYruX pasfenax HacTosALero cTaHaapTa.
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B.7.2 CTaTU4YeCKMI HAKNMOHHO NagaloLWMi NyYoK

Honyctum, uto Fg = ) ABNAETCA paanaUMOHHON CUITO HaKMOHHO NajaloLero Ha MnornoLjaloLlylo MUleHb
ny4ka npu ee U3MepeHUn ¢ NOMOLLbIO BECOB, a Fy = F(y = 0) — paauaLMOHHaA cuna aHanornyHoro nyyka npu ero Kon-
NHeapHoM nageHuu. Torga ux oTHOLLIEHUE MOXHO 3anucarb cornacHo [42] no opmyne

Fg = F4cosy. (B.7)

MpeaBapuTenbHLIM YCIOBUEM SABMAETCH TO, YTO NYYKM B crniydasx A U B ABNAOTCA WAEHTUYHBIMU, B YaCTHOCTU NO
OTHOLLEHUIO K aMNNTyAe, BPEMEHHOW 3aBUCUMOCTU aKyCTUYECKOro JaBneHus, napaMeTpam ¢oKycupoBku U np. Ecnu
Yros HaknoHa \ U3BECTeH, TO A4S BHECEHUS NMOMNpaBku B pajiMaLMOHHYI0 CUny Fg, N3MEpEHHYIo NpU HaKMoHHOM NMajeHuu
ny4vKa, MOXHO MCMonb30BaTh hopmyny (B.7) n nonyunts Takum 06pasom F, ANS KONNUHEAPHBIX YCIOBUIA, T. €. YMHOXUTb
Fpg Ha 1/cosy. TNony4eHHas Takum o6pazom paguauuoHHas cuna F, Gyaet saTem Mcnonb3oBaHa Ans pacdeTa ynsTpa-
3BYKOBOW MOLLHOCTU P B COOTBETCTBUM C hOPMYyNamMmn U BolpaxeHnaMu pasgenos B.2—B.5 unu npunoxenuns E.

B.7.3 CkaHupylowWMiA Ny4OK

BLIno nposefeHO cpaBHEHUE [IBYX OCTAHOBMEHHbLIX YNbTPa3ByKoBbIX Ny4koB A 1 B. MNpu paboTe AUuarHoCTUYECKOro
npubopa B CKaHUPYIOLLIEM PEXUME OH reHepupyeT MHOXECTBO, JONYCTUM N, NYHKOB NOA n yrnamu HaknoHa ;. MNpeanona-
raeTcs, YTo (a) Bce MyvKu OAUHAKOBBLI M UX MOLLIHOCTM paBHbl APYr ApYry HE3aBUCUMO OT HanpaefeHUsi pacnpocTpaHeHus,
(b) Kaxgblii My4oK U3nyvyaeTcd B OAUHAKOBOM BPEMEHHOM WHTEpBane, nocne Yero Bo3GyxaaloT crefyowmii ny4ok, (c)
3TOT BPEMEHHOI MHTepBar MHOro MeHbLLE BPEMEHN peakuyun CUCTEMbl YpaBHOBELLUMBAHUA paAvuaLMOHHON CUNbI, Tak
YTO BEChl U3MEPAIOT YCPEAHEHHYI0 BO BpEMeHU paguaunoHHyto cuny £ Ecnn Fy — paanaumorHas cua ofHoro 1 Toro xe
OCTaHOBMEHHOTO My4Kka B NPpSIMOM HanpasneHuu (Y = 0), Toraa

F=Fjcos vy, (B.8)
1 n

roe cosy = ;Zcos ;. (B.9)
i=1

Ecnn CKaHnpoBaHWe npoBOAAT MO MHOXeCTBY 3KBUAUCTAHTHbIX 3Ha4YeHun Y, TO 3TO MOXHO paccMaTpuBaTtb Kak
KBa3NHENPEPLIBHOE CKaHUPOBaAHWE B YITIOBOM CEKTOPE OT Y4 A0 Yo, N TOrAA

w2 Y2
cosy = [ coswydy/ | dy =(siny, —siny)/(wz —wy). (B.10)
W1 W1
Mpn CUMMETPUYHOM CKAHUPOBAHUMN OT 4 = — Yo A0 W, = Yq

cos ¥ = sin /g = sin ¢y, (B.11)
MpuMeYyaHune— 3HadyeHns Y B 3HaMeHarerne BolpaxeHwii (B.10) u (B.11) npuBefeHbl B pagnaHax.

PaguaunoHHyto cuny F, nonyuyeHHylo B peXuMe CKaHWpOBaHMs, NPUBOASAT K -, yMHOXeHUeM Ha 1/cos , aKkBMBa-
NEHTHYI0 KONMHeapHbIM ycnoBuaM. OTKOPPeKTUPOBaHHY0 Takum o6pasoM pagMaLMOHHYIO CUIly F, UCMOMNb3YOT AN
BbIYMCNEHUSA YNETPa3BYKOBOIN MOLHOCTU P B cooTBETCTBUM € hopMyrnamu pasgenos B.2—B.5 unu npunoxenus E.

[na nsmepeHuii Bcex Ny4koB HeobxoAnMMa MULLEHBL CYLLIECTBEHHO GonbLUKMX pa3Mepos (cM. 5.3), npuyemM akycTuye-
CKve CBOICTBA MormoLyaloLleil MULLEHN He AOMMKHbI 3aBUCETb OT YITia NageHusi 3ByKOBOIA BOSHBI.

Ecnu xapakrepucTUKM nyyka n yCrnoBus UISMEPEHUA HE OfUHAKOBbI AN BCEX NYYKOB, TO B NPOLECC YCPeAHEHUs,
NPUBOASALLMIA K cOoS \, HeOBXOAMMO BKITIOMUTE COOTBETCTBYIOLUME BecOBble KO3(PULIMEHTHI NpU OTCYTCTBUM OBLLMX
peKkoMeHAauuiA.

B kavecTBe Nnpumepa NpUMEHEHUS NPUBEAEHHOTO BhILLIE BLIPAXXEHUS NPefNnoraratoT, YTo Ny40oK CKaHUPYET B KBa3u-
HenpepbIBHOM pexnMe B cekTope oT MUHyc 30° go nntoc 30°. Toraa ucxoas U3 Belpaxenus (B.11) Fy /F = 1,047. Peluerne
BOMpoOCa 0 TOM, Kak npeobpasoBaThk F, B yNLTPa3sBYKOBYH MOLHOCTL P, 3aBUCUT OT APYIiX XapakTepucTUK nyyka, a UMeH-
HO OT AnchbpakLmm U ero OKyCUpOBKU. Ecriu NpesnonoxuTs, YTo npeobpasosaters cpokycuposaH ¢ yrnamu B, = ﬁy= 25°
(cm. B.5.2), To Fy cneayeT YMHOXUTL Ha [iBa NonpaBoqHbIX Ko3dduLmeHTa, npuBeieHHLIe B pasaenax B.5 n B.7, uto s
3TOM npumepe npuseaet k P/lcF = 1,113. OgHako, Kak U B pasgene B.4, n B npunoxeHuu E, He NpuHATO B pacyeT BNuaHue
Aundpakuunm [26], [27] (cM. Taloke NpuMeyaHue B koHue B.5.1).

B.8 Kparkue BbiBoAbl K U3BMEPEHUAM C NMOIMOLWAOWEN MULLIEHbIO

Mpu NpUMeHeHUN nornoLyatoLLei MULLEHM NoYTK BeCKOHEYHbIX MOMEPEYHBIX pasMepPOB TPU HE3ABUCUMBIX 3hhek-
Ta NPUBOAAT K YMEHbLLEHUIO paAuaLMOHHOW CUIIbl MO CPAaBHEHUIO C ee 3HaYEHUEM NPU NNOCKOBOTHOBOM NpeANonoxXe-
HuK, onpeagensieMomM copmyroit (B.1), @ UMEHHO:

a) Audpakuyms, paccmorpeHHas B E.1.1 u E.1.2 npunoxerus E;

b) dokycupoBka, paccMoTpeHHas B pasgene B.5;

¢) CKkaHUpoBaHWe, pacCMOTpPeHHoe B pasgene B.7.

Ecnun paaMepbl MULLIEHKU He OYeHb GonbLune, TO OXXUAAETCA AONONHUTENBHOE CHUXEHWE 3MEPSEMON paguaLUOH-
HOW cUNbl, YTO NpoaHanuauposaHo B A.5.3.1—A.5.3.3. Ha npaktuke 3T1 3pdeKTH MOryT NOBNUSATL OQHOBPEMEHHO Ha
3Ha4YeHne paanaLMOHHOM CUIIbl, NO3ITOMY PEKOMEHAYETCA UX yHECTb U BHECTU COOTBETCTBYIOLME NOMPaBKK.

22



rOCT P M3K 61161—2019

lMpunoxeHune C
(cnpaBouHoe)

Apyrue meToabl U3MepeHUs MOLHOCTH YALTPa3ByKa

MpuMmeHANUCL W apyrne MeTofbl M3MEPEHUs paguaLMOHHOM CUMbl, HanNpUMep TOPCUOHHOE YpaBHOBELLMBaHUE
[43] wnn ycTponcTBa, ncnonb3ylolme MOAyNAaLMIo paanMauMoOHHOW cunbl [25], [44]). CucTeMbl ypaBHOBELLUBaHUSA pa-
ONaLMOHHON CUnbl C MOAYNSALMEA MoryT GbiTb MCMONb30BaHbI ¢ No6LIM YNLTPa3BYKOBbIM Npeobpa3oBarenem, cro-
cobHbIM paboTaTb NpU MOAYNMPOBAHHOM WM TOHANbLHO-MMNYIILCHOM BO36YyXAeHWW. Bofbluoe ceMelcTBO YCTPOWCTB
€03aHO Ha OCHOBe MeTofa MnaBaloLleil MULLIEHM, KOTOpbIe, Kak NpaBUNo, NpeAHasHa4YeHbl ANns paboTbl B AUanasoHe
MOLLIHOCTW MopsiAKa efuHWL, BaTT, UCMONb3yeMOM B YNbTPa3ByKoBON Tepanun. B HavanbHOM BapuaHTe [21] pednekTop
KOHW4eckol hopMbl MOA AeiicTBMEM paaMaLMOHHON cunbl nepemelyarncs B 6onee Taxenyo Xuakoctb. B nutepartype
[45]—[49] npepcTaBneHO MHOXeCTBO MOogUUKALUNA U YCOBEPLIEHCTBOBAHUIA 3TOro NpuHUMna. OYeHb YyBCTBUTENbBHLIE K
MOrpy>XeHuto BEChI, NPUrofHble 415 M3MEPEHNA B MUKPOBATTHOM Anana3soHe, onucaHbl B [50]. MsmepeHus paguaLoHHOM
CUNbl B AWanasoHe MOLLHOCTeNR, XapakTepHbix Ana HITU, paccMoTpeHbl B MOK 62555.

Opyrve MeToabl, OTNMYatoLmecs oT NPMHUUNa ypaBHOBELUMBAHUA paANMaLMOHHONW CUMbl, OCHOBaHbl Ha CKaHMpPO-
BaHWM YMLTPa3sByKOBOro Nons NocpescTsoM KanubpoBaHHOro rmapodoHa (Mnockoe ckaHuposaHue) (cM. MOK 62127-1 n
M3K 62127-2), [51], andpakumm ceeTa [1], [52], uameHeHunsa nnasydectn (MOK 62555), [63], [54] n kanopumeTpunm [1], [3],
[55].
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NMpunoxexune D
(cnpaBouHoe)

Cpeaa pacnpocTpaHeHus u aerasauus

[ocToBepHO yCTaHOBIMEHO, YTO Ha pe3ynkraThl U3MepeHNUs MOLHOCTK yrbrpa3syka, ocobeHHo Ha vacTtotax 1 My,
M MeHee, MOXET OKa3sbiBaTb CUITbHOE BMMSIHWE aKycTUYecKkas kasutauus. KaButauua — 3T0 pocT, OCLMNNALMK U CXNO-
nblBaHUe paHee CyLLeCTBOBaBLUMX MUKPOMNY3bIpbKOB, HAaNOMHEHHLIX NApOM WK rasom, B cpefe. B npouecce nameperus
MOLLHOCTU ynbTpasByKa Ny3blpbKW paccenBaloT YrbTPasByKOBOWA My4voK, W3nyvaemblil MCnbiTyeMbiM nNpeobpasoBartenem,
npuBoASA K HECTAaBUINBHOCTU M 3aHUXEHMIO ero AeCTBUTENBHOW MOLYHOCTU. B 3TOI cBSi3n HeobxoaUMO 3HaTh, Koraa no-
ABNAETCA KaBUTaUUs, U BLIOUpaThL NOAXOASLLYIO CpeAY, B KOTOPOI KaBUTaLus 3aTpyaHeHa.

MeToa onpefieneHua Havarna KaBuTauuu onucaH B [29]. B 4acTHOCTM, HacTynneHwe UHepuuanbHOW KaBuTauum
YacTo XapaKTepusyeTcsi NosiBlieHneM cybrapMoHUK OCHOBHO pabodeit 4acToThl. [Tpumep akycTM4eckoro cnekTpa, nony-
YEHHOro ¢ NOMOLLIbIO 30HA0BOTO MMApodoHa, NpueeaeH B [29].

Bo3moxHble MeTogbl Aerasaunn Boabl NpuseaeHsl B [30] n IEC/TR 62781.

Ecnu npuMeHeHne aerasnpoBaHHoi Boabl 06a3aTenbHo, To Briarogapsi UsSMEPEHUsIM KOHLIEHTpaLu pacTBOPEHHOro
B BOAE KUCMOpOoAa NOMb3oBaTENU NONYYaloT NOME3HY0 N HeobXoAUMYI0 MHEOPMALIMIO O KONWYECTBE PacTBOPEHHOTO B
BOjl€ rasa.
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MpunoxeHue E
(cnpaBoO4YHOE)

N3mepeHne pagnauoHHON CUMbl MPU PACXOAAUMXCA YIbTPa3BYKOBbIX MyuykKax

E.1 MNonpaBku 1 HeonpeaeneHHOCTH, pacxoaslmecs noss, nonagarolme Ha NornolarLLyo MULeHb

E.1.1 Kpyrnblii nanyyatenb NOPLIHEBOro Tuna

MpuMeHuMble B 06LLEeM cryyae MeToAbl M3MepeHus pagunauMoHHON CUbl F U BbIYUCIEHUS MOLLHOCTW yNbTpa-
3Byka PocHOBaHbl Ha NpeAnonoXeHnu, YTO BOMHA Niockas. bonee peannuctuyHble Mogenu noneli [26], uccnefoBaHHble B
npovwecce BbINOSIHEHNSA €BPONENCKOro COBMECTHOMO NPOeKTa, U310XeHbl B npunoxerHun B OTyeTa 06 nccnegosaHusx [29].
B uenom MoOxHO yTBEpXAaTb, UTO CTPYKTypa peasibHOro Kpyrnoro Hec)OKyCMpOBAHHOrO Mo COOTBETCTBYET cpefHemy
3HAYEHUI0 Mexay NosieM MOCKUX BOSIH U MOJIEM, CO34aBaeMbliM KPYI/ibIM MI0OCKMM MOPLUHEBLIM UCTOYHUKOM. B cnyyae
abCconTHO noraowanwLweli MIWeHN ¢ 6eCKoOHeYHbIM pasMepoM MONEPEYHOro Ce4YeHUs BepHbl creaytowme BblpaXeHus:

- AN Nons NAOCKUX BOJSH P - T; (E.1)
cF

- A1 NONs OT KPYr/1I0ro NJI0CKOr0 UCTOYHMKA MOPLUHEBOro Tuna
P _ \-J"(Zka)lka

E.2
oF 1-n(ka)-Jn(ka) E2)
rae ¢ — CKOpOCTb CBeTa;

K — BOJIHOBOE YUC/O;

a — paanyc npeobpasoBarens;

J — dyHKumMA Beccens.

Ha pucyHke E.1 ocumnnupyowas kpuBasi UAICTPUPYeT BbipaxeHne (E.2). Makcumymbl MOTYT GbiTb CO€AUHEHBI
NnaaBHOW KpMBOW cornacHo copmyne (CrnaxumBaHue «mno nukam»)

P_ ey =1 06831 4, 1407 €3)
cF Ka (ka)?'®

UTO NOKa3aHOo CMN/OWHOM NUHKeEl Ha pucyHke E.1.

PucyHok E.1 — 3aBucumocTtb P/cF oT ka (ocumnnupyto- PucyHok E.2 — 3aBucumocTb PICF oT ka ansa vetbipex

Lwas kpvBas) c annpokcumauuein «no nukam» (CnaowHas pasnuyHbIX ncesgoTpaneuneBuaHbIX amnanTyAHbIX pac-

NINHUA) 1 LEeHTpasibHON (MO MONOBMHHBLIM 3HAYEHUSIM) NN- npegenennii: gna e =0 (nopweHb) (CnsaowWwHas kpusas),

HUel (NyHKTUPHasA KpuBas), NPeAcTaB/AOLWEA NonpaBoY- 6 =101 (wtpmxoBas), £= 0,25 (ToueuHas), e = 0,6 (LWTPUX-
HbIli K03hhuymeHT corr NYyHKTUPHas)

JTa KpuBasi NpPYMEeHNMa TOMbKO A5 MOPLUHEBOrO WCTOYHMKA; AN APYrOro pacnpefesieHns amnauTyabl, B YacTt-
HOCTW AN npeobpa3oBaTesieil, 3axXaTbix N0 NepUMETPY, MOXHO OXMAaTb, YTO KpuBas GyaeT npoxoauTb mMexay PlcF =1
(nnockas BOMIHA) U KPMBOW, COOTBETCTBYIOLLEN MOPLUHEBOMY UCTOUYHUKY.

25



roCT P M3K 61161—2019

1 anAa 0<R<a
—={—%5—— A ag<R<a,;, (E.4)
0 aA a, <R

rae R — paccTosiHue oT LieHTpa npeobpasoBaTens.

MpeanonaraeTcs, YTO aMNAUTYAa CKOPOCTY konebaHui v NOCTOAHHA W paBHa Vj 10 3HAYEHMS XapaKTepUCTUUECKOro
paanyca R = a;, 3aTeM MOHOTOHHO YMEHbLIAETCA 10 HYIs, COOTBETCTBYIOLLEro BTOPOMY XapaKTepucTUHecKoMy paauycy
R = a,, 1 coxpaHsieT HyneBoe 3HaYeHue 3a npefenamu a,. dhdeKTUBHLIR paguyc npeobpasoBatens a onpeAensioT kak
3HaveHne R, ANs KOTOPOro CKOPOCTb aMMNIUTYALI paBHa V/2, 4T 03Ha4aeT

vi@)_1
v 2 (E.5)
3To0 aHarnoruyHo onpefeneHunio, ucnonbdyeMomy B [26]. ®opmynel (E.4) n (E.5) npuBogar k
2 .2
a; +a
-2 > 2 (X))

Kaxpoe ncespoTpaneyuesansHoe pacrnpegerneHne MoxeT 6biTb oxapakTepu3oBaHo napametpoM € (o B [26]), ko-
TOPLIA ONPEAEnsAlT KaKk OTHOCUTENBLHYIO LUMPUHY 30HbI NafeHNa aMnauTyAbl OKONo Kpasi npeobpasoBarensi COrnacHo

copmyne
k]
a

& (E.7)

PaccmaTtpuBaloTr YeThbipe pasnuyHbIX nceBaoTpaneymeaancHblX pacnpeaeneHus, nokasaHHble Ha pucyHke E.2 cne-
ayrowuMn nuHuaMK: € = 0 (nopieHsb) — cnnolHas; € = 0,1 — npepbiBUCTas; € = 0,25 — nyHKTUpHan, € = 0,6 — wpux-
NyHKTUPHas. Peaynesratel pacnpefeneHusi ¢ € > 0 MOryT HaxoAUTbCA MEXAY KPUBBLIMU, COOTBETCTBYIOLUMMN MOPLLHIO U
nnockon BonHe PlcF = 1 (cM. Takke [26]).

Takum o6pasom, 3HayeHue, paBHOE 1 (3Ha4eHWe ANsi MITOCKOW BOSHI), U BblpaxeHue (E.3) MOXHO paccMaTpuBaTh
KaK Haunydlyto annpokeuMaumio ana P/cF B cnyvae HeM3BecTHOro pacrpefeneHns aMmnnuTyabl. OTo nokasaHo Ha pu-
cyHke E.1 npepbIBUCTOR MUHMER 1 NpeAcTaBnAeT NonpaBKy, KOTopas MOXET ObiTb BBefjeHa YMHOXEHUEM pe3yrbTaToB
N3MepeHUin ANsA NIOCKON BOMHLI Ha KOPPEKTUPOBOYHLIA KOS MULIMEHT, paBHbIiA

corr =%. (E.8)

KoppeKTUpPOBOYHbIA k03hPULIMEHT YBENUYUBAET pe3ynkTaT oT P/cF = 1 40 3Ha4YeHus, NpeAcTaBreHHOro NpepbiBU-
CTOW NUHUei Ha pucyHke E.1, ¢ HeomnpeAeneHHOCTbIO + U, KOTopas NepeKpbIBaeT BCe NPOCTPaHCTBO MeXAY BENIMYMHON
P/cF =1, 1 HenpepLIBHON NMHWENR crnaXmBaHWUa «Mno NMKkaM» Ha pUcyHke E.2.

PekomeHayeTcs ucnonb3osaTk 3Ty annpokcuMaumio. Ha npaktuke cnegyeT BblbupaTb Hanbonee noaxoasaLwmin ad-
eKTUBHbIN paguyc a. [ina npeobpa3oBaTenen, UCNonb3yeMbiX B puanoTepaniu, paguyc JomKkeH ObITb ornpeaerneH ucxo-
A N3 3HaYeHNs acpheKTUBHONM nnoaan nanydeHns (Agg) no MGK 61689. [ina ocTankHeIx npeobpasosaTeneil 3HaueHne
paauyca onpefensatoT no pesynsrataM U3MepeHUid ¢ NOMOLLbIO rMAPodOHa U NOCPESCTBOM U3MEPEHNS reOMeTpuYe-
CKUX Pa3MepoB areMeHTa Unu rpynnbl ANEMEHTOB npeobpasosartens. KoppeKTUpoBOYHbIA KOS(MULMEHT BLIYMCASAIOT B
3aBUCUMOCTM OT ka no gopmyrne

-1 0,65311 1,407
corr = 1+=—~ +(ka)2’3 . (E.9)

KoppeKTMpOoBOYHbIA KO3 PULIMEHT KOMMNEHCUPYET ahpeKThl (KaK NPpaBuno, Masble) HENNOCKOBOMHOBOW CTPYKTYpbI
nons (pacxoxgeHue ny4ka) Npu U3MepPeHUsX paguaLMoHHOW Cunbl NOrMoLaroLen MuLIeHblo. Ero MOXHO NpUMeHsTb
ANSA onpeaeneHns 3HaYeHnii akyCTU4YECKOA MOLLHOCTMW.

Tak Kak CTpykTypa nonsi ucnbiTyemoro npeobpasoBatens HeW3BeCTHa B JOCTATOMHON CTemneHu ANA BblMUCTEHUS
KOPPEKTUPOBOYHOrO KO3hULIMEHT B KaXAOM KOHKPETHOM cryyae, TO C ero BBefeHWeM NosBNsSeTCA JOMNONHUTENbHbIA
WCTOYHUK HeonpeaeneHHoCTH. OTa cocTaBnsaoLas HeonpeeneHHoCcT 6asnpyeTea Ha NpeanonoxXeHnu NPsIMOYronbsHoro
pacnpegeneHus c pasmaxoM oT P/cF =1 Ao 3Ha4YeHUs, onpegensemMoro BelpaxeHuem (E.3).

YenoBua paccMoTpeHusa npveefeHbl ANns norrollatowieii MuwieHun. Npu npoBefeHUn n3MepeHunii ¢ oTpaxaroLlen
MULLEHbIO TaKue MonpaBkvu U HEONPEeAEeneHHOCTU HeLonyCTUMBI.
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E.1.2 MpAMOYronbHblli n3nyyaTenb
CoobpaxeHus, n3noxeHHole B E.1.1, MOXHO NMPUMEHUTbL U K CNlyYato NPSMOYrofibHOrO U3nyyartens, U3MeHVB TObKO
YuCNeHHble 3HaYeHus B ypaBHeHusX. MocnegHas dopmyna (E.9) 6yaeT BbIrsAfeTb cneyowmmMm obpasom;

c
cort = 1+ 0,668 1+ 1,33 (E0)
2khh - (khh)2/3;
MpumeyvyaHune — ddekTbl, paccmoTpeHHble B E 11 n E.1.2, 06ycnoBfieHbl gudpakumeri Ha Kpasix nyudka,

Hab/1t0AaEMOI B HEKOTOPbIX Clydyasx W yBeuuMBatoleiics npyu masbix 3HaueHnsx ka wm khh.B E.1.1 n E.1.2 He pac-
cMaTpuBaeTCsl HaMepeHHOe pacxoXAeHue Myuka, Bbi3BaHHOE ero pacthoKyCUpPOBKOW nocpeAcTBOM (DasoBOro pacnpeje-
NIeHVA, KPWBU3HbI NpeobpasosBaTens Wiv NpYMeHeHWeM cnelnasibHbIX JINHS.

E.2 lMonpaBku ¥ NOrpewHocTH, pacxoasmnecst nons, Bo3AeicTBYOLIME HA OTPaXaloULylo MULLEHb

HecmoTps Ha TO YTO Ha JaHHbIi MOMEHT HEM3BECTHO, KakMM 06pa3oM BBOAUTL MOMPABKU Ha CTPYKTYPY pacxofsiie-
rocs Nons A4ns BbIMYKJOrO KOHWYECKOTO OTpaaTens, NnpefocTaB/ieHne HEeKOTOPbIX PekoMeHAauMii BO3MOXHO.

OcHoBHas hopmyna 415 BblYUC/IEHWUSA MOLLHOCTU AN MAeanbHON OTpaaloweid MULLEHW B KOMMMUPOBAHHOM
none (nNydke) npveefeHa B pasgene B.2 npunoxeHus B.

BbluncneHHoe no dpopmynam pasgena B.2 3HauyeHvne akyCTUYeCKOW MOLLHOCTW OyAeT 3aHMKEHHbIM Aas N16oro
pacxogsduierocs nydyka. BenmumHa 3TOro 3aHMXeHUA CYLLECTBEHHO 3aBUCUT OT pacnpefesieHns LaBfieHus B Nyyke u ot
CTENEHN pacxoxaeHus nyuka. MOXHO paccuuTaTtb, YTO AN BbINYKIOTO KOHWYECKOro OTpakaTens C NosyyrnoM KoHyca
45° npeHebpexeHne OTKNOHEHWEM Yrna NafeHns, paBHbIM 5°, y)xe NpuBeAET K 3aHMKEHMIO BbIYMCISAEMOW MOLLHOCTM Ha
17 %. Ha npakTuke B nyyke paguaumoHHble CU/bl BO3AENCTBYIOT HA MULLEHb MOA, Pa3/IMYHbIMKU YriaMn nageHusl, no3Tomy
3TO NpubAnKeHne GyJeT CAMLIKOM OCTOPOXHbIM. CpaBHEHME pe3y/nbTaToB U3MEPEeHW akyCTUYeCKON MOLLHOCTU B gua-
nasoHe oT 140 20 BT ¢ BbINYK/bIM KOHWYECKMM OTpaXKaTenem ¢ nosyyriom KoHyca 45° v ¢ nornowatollein MyeHbo noka-
3aHO Ha pucyHke E.3 [29], Ha OCHOBaHUM KOTOPOrO MOXHO CAenaTb BbIBOA O TOM, YTO BbINyK/ble KOHUYECKMe oTpaxarenu
3TOro TMMNa CUCTEMATMYECKM 3aHMXalT U3MePSEMY0 MOLLHOCTb.

Ha pucyHke Takxe BWUAHO, 4TO AN npeob6pasosateneii ¢ Ka = 30 HeonpeeneHHOCTb U3MEpPeHWil Bo3pacTaeT Ao
Henprvemnembix BeMUnH. OgHa v3 Hanbonee BaXHbIX MPUUMH 3TOr0 OOBACHAETCH HUXE.

~“reflrrabs’

Ka

PrcyHok E.3 — 3aBUCMMOCTb OT KA OTHOLUEHUS W3yyaTeNbHbIX CnocobHocTeld G, MOJyYeHHbIX A5 KOHWYECKON
BbINYK/I0M OTpaXxatoLlen M1ULeHN ¢ noayyrnom 45° u nornowatoLlein Mmuwenn, gns 11 pasnnyHbix rusnoTepaneBTUYecKmnx
npeobpasoBaTeneii, U3MepeHHas B TPeX pas/iMyHbIX nadopaTtopusax [29]

E.3 AnameTp MulieHun

CyuiecTByeT hopMmyna Ans MUHUMALHOMO paguyca MULIEHU FKak yHKuuM oT Ka uim kh v oceBoro paccrosiHus
Z OT MuWweHn o npeobpasosarens (cm. 5.3). 3Ty opmyay NPUMEHSIOT 418 NJOCKON NOrsowaoLeli MULLEHW, HO Npy
onpefeneHHbIX YC0BUAX ee MOXHO NPUMEHATb U 41 MULLEHel Apyrux TUMOB.

Mog r cnegyeT NoHMMaTbL pagnyc HambosbLIEro NOMNEPEYHOro CeYeHUs MULLEHU (B C/lydae C BbINYyK/IbIM KOHWUYe-
CKMM OTpaxartefnieM 310 ByaeT OCHOBaHWE KOHyCca), a Mof, Z — paccTosiHWe OT 3TOro ceveHus o npeobpasosatens. Ecnu
BbIUMCMEHNA NpUBEAEHbl ANs yrna 45° BbINyKIOr0 KOHUYECKOro OoTpaxartess, TO OkasblBaeTCcs, YTO CyLlecTByeT onpege-
NIEHHOE OrpaHuyeHne 418 3HauYeHui Ka unmn kh, Hivke KoTopbIx AaHHble DOPMY/Ibl HIA MPK KaKWX YCIOBUSIX He BYAyT BEpHSI,
He3aBWCMMO OT pasmMepa oTpaxaTesis, ec/in ero BepLlunHa npubnmxeHa kK npeobpasoBaTesito HACTO/bLKO, YTO KacaeTcs ero
NoBEepPXHOCTU. ITO rpaHNYHoe 3HauyeHve Ka = 17,4 uwm kh = 17,4.
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MpunoxeHue F
(cnpaBo4yHOE)

OFpaHI/I‘-IeHI/Iﬂ, CBA3aHHblIe C pa3r|w-|H0|7| KOMMOHOBKOW CUCTEMbI ypaBHOBeWNnBaHnUA

F1 KomnoHoBKa BecoB

Hwxe npefcras/ieHb! Hanbonee 4acto ncnosib3yemble TUMbl BeCOB. OHW XapakTepusyrTcs crnoco6om KpensieHna
MULLIEHN K Yallke BecOB.

KomnoHoBka A:

KomnoHoBka B:

KomnoHoBka C:

KomnoHoBka D:

KomnoHoBKa E:

KomnoHoBka F.
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C MULLEHbIO, NOABELLUEHHON NoA Becamu; 6ak ¢ BOAOM He CBSi3aH C YallKoil BecoB; npeobpasoBaTesib
n3ny4aeT BBEPX ¥ YCTaHOB/EH, HaNpUMeEp, B OTBEPCTUM B fHULLE Gaka C Bofoi (cM. pucyHok F.1).

C MULLEHbIO, NOABELUEHHOW C MOMOLLbI Gaslkv, YCTaHOB/IEHHOW Ha Yallke BecoB; 6Gak C BOAol He
CBA3aH C Becamu; Yy NMOBEpPXHOCTW BOAbl HaxoguTcs npeobpas3oBaTtesb, KOTOPbIA W3nyvyaeT BHU3 Ha
MULEHb (CM. pUcyHkn F.2 n F.3).

C MULLEHblo, Nexaltleli Ha fHe Gaka C BOLOW, YCTAaHOB/IEHHOrO Ha YallKy BECOB; Y NOBEPXHOCTW BOAbI
HaxoamTcs npeobpasoBatesib, KOTOPbIA M3/yyaeT BHU3 HA MULLIEHb (CM. pUCyHOK F.4).

C M/IOCKOV OTPaXKaloLeil MULIEHbIO, NOABELLEHHOV Mo Yr/IoM Ha Gaslke, YCTAHOB/IEHHON Ha uvallke
BECOB; 6aK C BOAOIi He CBsi3aH C BECAMM; Y MOBEPXHOCTY BOAbl HAXOAWUTCS NpeobpasoBaTesib, KOTOpbIi
U3Mly4aeT BHU3 HA MULLEHb.

C MULLIEHbIO, NOABELUEHHON C NMOMOLLbBI0 6ank1 Ha Yalluky BECOB TaK, YTOObl MMENOChb NPOCTPAHCTBO
NS yCTaHOBKW NpeobpasoBaTensi; 6ak c BOAOIN He CBsi3aH C Becamul; Y NOBEPXHOCTU BOfbl HAXOAUTCA
npeobpasoBaTtesib, KOTOPbI U3yyaeT BHM3 HA MULEHb (CM. pucyHoK F.5).

C rOpu30HTaNbHOW OpueHTaLWeld yNbTPasBykOBOrO Myyka, C MULLIEHbIO, NOABELUeHHOW Mnof Aepxare-
JIeM C BO3MOXHOCTbIO OMpeesieHns ee NoIoXeHNs], a Takke C BOSMOXHOCTbIO 3MEPEHUsT Custbl yaep-
XUBAHUS MULLIEHW B HYNEBOI No3uumm (CM. pucyHkn F.6 n F.7).

7— BeCbl; 2 — My/bT ynpaBneHus Becamu; 3 — npeobpasoBateib;
MULLIEHb; 5— GOKOBble MOrNOTUTENN

PucyHok F1 — KomnoHoBka A ¢ nornowatoueit (a)
1 oTpaxatowein (b) MuweHAMn



7 — BeCbl; 2 — nynbl ynpasneHns secamu; 3 — npeob-

pasoBaTesb; 4— MuLLEHb; 5 — GOKOBbIE NOTNOTUTENN; 6 —

[Nepxartenb npeobpasoBatens; 7— 6ak ¢ BoAoii; 8 — reHe-
patop v ycunutens; 9 — BONLTMETP

PucyHok F.2 — KomnoHoBka B
C BbIMYK/I0li OTpaXatoLlein MULLIEHbIo

7— Becbl; 2— MynbT ynpaeneHust Becamu; 3 — npeo6-

pasoBatenb; 4 — MuLeHb; 5— aepxaTens npeo6paso-

Batens; 6 — 6ak c BOAON; 7 — reHepatop v yCUIuTenb;
8— BonbTMETP

PucyHok F.4 — KomnoHoBka C
C nornowarwLein MILLEHbIO

OCT P M3K 61161—2019

7— BeCbl;, 2 — Ny/bT yNpaB/ieHns Becamu;
3 — npeobpasoBatesib; 4 — MULLEHb;
5 — pepxaTenb npeobpasoBatens; 6 — 6ak c BOAON;
7 — reHepatop v ycunutesb; 8— BOLTMETP

PucyHok F.3 — KomnoHoBka B
C nornowatwoLleli MULLEHbIO

7— Becbl; 2 — Ny/bT yNpas/eHnsl Becamu;
3 — npeo6pasoBatefib; 4 — MULLEHb;
5 — GOKOBble MOrNoTUTENN

PucyHok F.5 — KomnoHoBka E
¢ nornowatouieii (a) n BOrHyTOl oTpaxkatoLlein (b)
MULLIEHAMM
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7 — npeo6pazoBatesib; 2 — Mosas KOHUYECKas MULEHb; 3 — MOrOTUTENb; 4 — MarHuT 47151 ypaBHOBELLMBA-

HUS PaANaLMOHHON CUnbl; 5 — KaTyllka A8 ypaBHOBELMBAHWS PaAMaLMOHHON CUMbl; 6 — WHAMKATOPbI HyNA

Ha cBeToamogax; 7 — Mem6paHa c donaHueM; 8 — CBUHLOBO-KUCOTHas 6aTapest; 9 — ycTaHoBka Hyns; 10—

noggecka Muwwenyn; 11— kamepa ¢ Bofoii; 12 — kpbiwka ¢ dmnbTpom; 13— uandbl Ha kamHsx; 14 — nepe-
KnoYaTesb AMana3oHoB, 31EKTPOHHBIM 610K, NoKasblBatollee YCTPONCTBO

PucyHok F.6 — KomnoHoBKa F c BbINyk/10li OTpaxakwl,ein MULEHbLIO

7 — npeo6pasoBaTesib; 2 — norsowaowas MiLeHb; 3 — (POTOTPaH3UCTOPbl; 4 — 3aTeMHEHHbI haxkoK;
5 — TOHKOe MNacTMKoBOe OKHO; 6— onopHas ocb; 7 — Boga; 8 — marHut; 9— katywka; 10 — amnepmeTp;
77 — yewnutens; 72 — ceetoanos; 13— paavaumoHHas cuna; 14— marHuTHas cuna

PucyHok F.7 — KomnoHoBka F ¢ nornowarowein MULeHs

CuCTeMbl YPaBHOBELLUMBAHMSI BCEX PACCMOTPEHHbIX KOMMOHOBOK MOFYT ObITb OCHALLEHbI MULIEHbIO fI06Or0 TMNa:
norsiowatoLieli N oTpakaroLleil. HecmMoTpst Ha To UTo KOMMOHOBKa C fonyckaeT MCMo/Ib30BaHWE Kak Mor/ioLatoLLeid, Tak
N OTpadKatoLLleli MULLIEHW, B 3TOM MPUIOKEHNN PACCMOTPEH NLLIb OfMH YaCTHbIA Cryyali — KOMMNOHOBKA C MorolatoLLeli
MUWeHbo. OCOGEHHOCTM KOMMOHOBKM A (Hanpumep, HasmuvMe OTBEPCTUS ONpefefieHHbIX PasMeEPOB B AHULLE U3MeEpPW-
TeNbHOTo 6aka) HakaAbiBaloT onpeAesieHHbIe OrpaHNYeHUst Ha KOHCTPYKLMIO M3MepsieMblX Npeobpas3oBaTtesiei, a 3HauuT,
M Ha 06/1acTV MPYMEHEHUs YCTPOCTB KOMMOHOBKM A. Hanbonee LenecoobpasHo MX UCMO/b30BaTh B 3TA/IOHHLIX Cpef-
CTBax M3MEPEHU, KOTOpPbIE MPUMEHSIOT /151 U3MEPEHUST NpeobpasoBaTesieli onpefesieHHON KOHCTPYKUMK. [pyrie Tunbl
KOMMOHOBKW CUCTEM W3MEPEHMUST PaAMaLMOHHON CUMbl MOTYT 6bITb MOMOXEHLI B OCHOBY pa6ounx CPeAcTB U3MEpPEHWIA.

F.2 OrpaHuuyeHus, cBA3aHHble C K/laccudukaumeii BecoB

XoTs Bce npeacTaB/ieHHble B HACTOSALWEM MPUIOXEHUN TUMbl (KOMMNOHOBKM) CUCTEM YypaBHOBELLUUBAHWUS B TON Wn
WHO Mepe MPUMEHUMbI A5 U3MEPEHUS MOLLHOCTY YNbTPasByka, Kakablii TUM UMEET CBOWM MPeMMyLLEeCTBa W HEAOCTATKW,
onpefensiowme BO3MOXHOCTb €70 KOHKPETHOTO MCNo/b30BaHus. lMpeumyliecTBa M HEQOCTaTKM Kavkaol M3 KOMMOHOBOK
npvBegeHsbl B Tabnvue F.1.
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Tabnuuya F1—penmyLlecTtBa M HeLOCTaTKN CUCTEM YPaBHOBELUMBAHWSA B Pa3fM4HOW KOMMOHOBKE

Mpeumylyectea

KomnoHoBka KomMnoHoBka
C norrnoLyatoLei C oTpaxaroLyei
MULLEHbIO MULLIEHBIO MpumeyaHue
B|C|[D]|E B|C|D|E
N v OTHOCKTENBHO Hefoporue Bech

[JocTaToyHo yHMBepcarnsHbl

Mpo4YHan nepeHocHast KOHCTPYKLUUSA

MpocToTa ycTpoiicTBa NoaAepKaHUA MUALLIEHN

He TpebytoTesa ycTpoiicTBa ANA NoALepKaHUS MULLEHN

Ierkunid goctyn

MpocToTa 3aMeHbl NpeobpasoBaTens

BorHyTasi MULLIEHb CaMOLIEHTPUPYETCS B YIETPa3BYKOBOM MyuKe

He TpebyeTcs tocTUpOBKa MULLIEHU

Tennota, BelgensieMasi Npu BLICOKUX YPOBHSIX MOLLUHOCTH, By-
[ €T pacrnpefensTbes no cTeHkam baka

TennoBble KOHBEKLMOHHBIE MOTOKW MepreHANKYNSapHLl n3Me-
psiemoil cune

HepocTtaTku

Pacxogsalwmidica ynesrpa3sykoBoil nydok (ka < 30) He MoxeT
6bITb TOMHO U3MepeH

Heobxognmo obecneunTb W3NydeHWe yneTpassByka CHU3Y
BBEPX

MemOpaHa akycTU4eckol CBs3UM BbiGUpaeTcsl B pesynsrare
KOMMpoMMcca Mexay ee NPOYHOCTLIO U CTPEMIIEHUEM MUHU-
MWU3MpOBaThb aKyCTUYECKUe NoTepu

KOHBeKL[I/IOHHbIe TeYeHUA oT npe06paaoBaTenﬂ K MULLIEHN

HeobxogumocTb NOKpbITUA CTEHOK nornowjarlmm Marepua-
oM genaet Ux HenpospavyHbiMU

B HeofHOPOAHOM Nyuke MULLEHb ByfleT cMellaThes

HanE‘B MULLUEHU U3-3a NornoLjeHns B HEW ynbrpa3ByKa MOXeT
W3MEHUTb aKyCTu4yeckune CBOCTBA MULLIEHU

[NepeHoc Tenna ot npe06paaoBaTen;| K MULLUEHU

I'Ipoaonoql(m noagseca MULLEHU MOryT ObITb Nerko noBpexaeHbl

TpebyeTcs crneuymansHas KOHCTPYKUUS AMNsl YCTaHOBKU MuULLe-
HW, NpefoTBpaLlaloLlas ee CMeLLeHUe B HEOAHOPOLHOM Yfib-
Tpa3BYKOBOM Ny4ke

Tak kak 6ak ¢ MULLEHbIO YCTaHOBIIEH Ha Yallke BecoB, Tpe-
byeTcA LWIMPOKUA AManas3oH B3BELUMBAHWUA MNPU COXpPaHEHWUU
BbICOKOI YYBCTBUTENBHOCTU, @ 3HAYUT, U Aoporue Beckbl. Mu-
HUManbHas usmepsieMast MOLLHOCTb okono 20 MBT

[na HenocpeACTBEHHON CBA3U ¢ BOA oI TpebytloTea cneyunans-
Hble yCTpOWCTBa BBoAa npeobpasosaTens

[na kannbpoBK METOAOM FPaBUMETPUHECKOTO YpaBHOBELLIU-
BaHWUA HeO6X0AUMO UMETL AONONHUTENBHOE NNEYO K BeCaM
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Mpunoxexnue JA

(cnpaBouHoe)

CBeaeHUs 0 COOTBETCTBUM CCbINTOYHbIX MeXOYHAapPOOHbIX CTAHOAPTOB
HaUuUOHaAJNIbHbIM CTaHOAapPTaM

Tabnuya JA
O603Ha4YeHne CCbINoYHOro CTeneHb O6o3Ha4YeHne n HauMmeHoBaHue COOTBETCTBYHLLEro
MeXAyHapo4Horo ctaHgapTta COOTBETCTBUA HalUWoHanbHOro ctaHgapTa
IEC 61689:2007 — *

* COOTBETCTBYIOLWMIA HaLWOHaNbHLIA CTaHgapT oTcyTcTByeT. [o ero NpuMHATUA pekoMeHAyeTcs WCNonb3oBaTh
nepeBof Ha PyCcCKUI A3bIK MexayHapoaHoro ctaHgapTa ISO 61689.
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