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HALULMWOHANBbHBIN CTAHOAPT POCCUNCKOWN ®EJAEPALUMN

FocypapcTBeHHas cuctema o6ecneyeHns eOUHCTBA U3MePEeHU
rMMAaPO®OHbI

OO0 une TpeGoBaHUSA K XapaKTepUucTUKaM Ans MsMepeHUil NnapaMeTpPoB YIbLTPa3BYKOBLIX Nonen
B YacToTHOM auanasoHe ot 0,5 0o 40 My,

State system for ensuring the uniformity of measurements. Hydrophones. General requirements to properties for
measurements for ultrasonic fields in the frequency range from 0,5 up to 40 MHz

Dara BBegeHus — 2012—07—01

1 ObnacTb NnpuMeHeHusi

HacToswmi cranaapT pacnpoCTPaHAETCs Ha rMapPOdOHbI C NMbE30INEKTPUYECKUMU YYBCTBUTENBHBIMU
anemMeHTamMu, pa3paboTaHHbIMU AN U3MEPEHUIA YIIBTPA3BYKOBbIX NMONEN UMIMYIIbCHOTO UIU HENPEPLIBHOTO W3-
NyYeHust, FreHEPUPYEMOTO YNETPa3BYKOBLIM 060pya0BaHUEM, Ha TMAPOGOHBI, UCTONb3yEMbIE AMNS U3MEPEHU
B BOZE W Ha rMapodoHbI C NPeABaPUTESNIbHBIM YCUIUTENEM UNK 6e3 Hero.

2 HopMaTuBHbIe CCbINIKU

B HacToALlem CTaHaapTe UCMOMb30BaHbI CChINKM HA CrieayloLme MexayHapoaHble CTaHaapThl:

IEC 62127-1, Ultrasonics — Hydrophones — Part 1: Measurement and characterization of medical
ultrasonic fields up to 40 MHz. Corrigendum 1 (Ynetpassyk. lnapodoHbl. Yactb 1. M3amepeHue u onpeaenexune
XapakTepucTUK MeAUUMHCKUX yNbTPa3ByKOBbIX Nonen go 40 Mru)

IEC 62127-2, Ultrasonics — Hydrophones — Part 2: Calibration for ultrasonic fields up to 40 MHz
(Ynbrpaseyk. lmapodoHbl. Yactb 2. KanubpoBka Ana yneTpa3sykoBbiX Nonen Ha vyactorax 4o 40 M)

3 TepMMHbI, onpeaerieHMsa u 0603HauYeHUA

B HacToswem craHgapte npumeHeHbl TepMuHbl No MK 62127-1 1 MOK 62127-2, a Takoke cneayowme
TEPMUHBI C COOTBETCTBYIOLIMMU ONPEAENEHNSIMU:

3.1 guarpamma HanpaeneHHocTM: [NpeacraeneHue (00bIMHO B rpaduy4eckoM BUAE) 3aBUCUMOCTM
YYBCTBUTENBHOCTU rMAPOPOHA OT HanpaBNeHUs PacNPOCTPaHEHUs nNajatowen NNOCKON 3BYKOBOW BOSIHbI B
Kakon-nmbo 3agaHHOW NNOCKOCTU, NPOXOASILLEN Yepe3 ONOPHYIO TOYKY, U Ha KakoW-nubo 3agaHHOM vyacToTe
[M3K 60565].

3.? 3 heKTUBHLIN paauyc rmAPOGIOHA &, a3, angs M: Pa,quyc ru.qpocboua! B BMAE XXEeCTKOro AMckKa,
KOTOPbIi UMEET PACHETHYIO AMArpamMMy HanpaBreHHOCTH, YINOBON CEKTOP KOTOPON PaBeH YrNOBOMY CEKTO-
py M3MepEHHOI Anarpammel HanpPaBNEHHOCTM paccMaTpuBaeMoro rmapodona.

MpuMevyaHns

1 YrnoBoi cekTop onpeaensioT no onpeAeneHHOMY YPOBHIO CHWKEHWA AnarpaMMbl HaNpPaBNeHHOCTU OTHOCK-
TernbHO ee MaKCUManbHOro 3HaveHus. [insa onpeaeneHHbIX YpoBHe#R cHXeHuns, paeHbix 3 AB n 6 AB, 3HaveHua adpdek-
TUBHOrO paanyca 0603HajaloT Kak aps U apg-

2 3HaveHusa paguyca 3aBUCAT OT YacToThl. [logpobHble 3KCNepUMEHTanbHbIE AaHHbIe CM. B [1].

3.3 MMneaaHc INEKTPUUYECKOii Harpy3ku Z, , OM: KOoMNnekcHoe 3HaueHue BXOAHOTO MeKTPUHEecKoro
umneaaHca (BknovatoLee peanbHyl0 U MHUMYIO 4acTH), K KOTOPOMY NOAKIIOMEH UK A0MKEH ObiTb Noaknto-
YeH BbIXOAHOI pasbem kabens rmgpodoHa.

W3paHue ocpuumnanbHoe
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3.4 KoHel kaGens: BbIXxogHONM pasbeM Ha KOHUE kabensi, KOHCTPYKTUBHO CBA3AHHOIO C rMapoOoHOM,
€CI1 TaKoM UMEeEeTCH Ha BbIxoae rmapodoHa ¢ yeunutenem unm 6e3s Hero. Ecnu rmapodoH ¢ ycunurenem unm
6e3 Hero He uMeeT Takoro kabens, To NoJ KOHUOM kabens NOHUMAIOT BbIXOAHON pasbemM, KOHCTPYKTUBHO CBS-
3aHHBbII C r’MAPOOHOM, HO HE C BHELLHUM (NoACOeANHAEMbIM) kabenem.

3.5 yyBCTBUTENBLHOCTL HAa KOHLE Kabens NoA HarpysKoW; YyBCTBUTENbHOCTb ruapodoHa (Mnm
rmapochoHa ¢ npeaycunuTenemM) Ha KoHue kabensa noa Harpyskoi M, , B/Ma: OTHoLlEHME MTHOBEHHOIO
3HAYEHUA AMEKTPUYECKOTO HANPSHKEHUS HA KOHLIE NOCTOSIHHO NOACOEANHEHHOIO kKabens unu pasbema ruapo-
¢oHa (unu rmapodoHa ¢ npeaycunuTenem), NoACOEANHEHHbIX K ANEKTPUYECKOMY UMMNEAaHCy Harpysku,
K MFHOBEHHOMY aKyCTUYeCKOMY AAaBNEHUI0 B CBOOOAHOM HEBO3MYLLUEHHOM aKyCTMYECKOM MOJie MnocKon
BOSHbI B TOUKE, COOTBETCTBYIOLLIEN aKyCTUMECKOMY LEHTPY rmapodoHa, npyu ycrnosuu OTCYTCTBUA rmapodo-
Ha B 3TOW TOUKE.

3.6 YyBCTBUTESNIbHOCTb XOJIOCTOINO XOAa Ha KOHUE Kabens; YyBCTBUTENbHOCTL XOSMOCTOro xoaa
Ha koHUe kabena ruapodona M, B/la: OTHoLLeHUe MIHOBEHHOTO 3HA4EHWsI ANIEKTPUHECKOTO HaMpPsHKeHNs
XOJSI0CTOr0 X012 HA KOHLIE MOCTOSIHHO NOACOEAUHEHHOTO kabens unu pasbema rmapodona (unu rmapocdoxa
¢ npeaycunuresniemM) K MTHOBEHHOMY aKyCTUYeCKOMY AaBSIEHUI0 B CBOOOJHOM HEBO3MYLLEHHOM aKyCTu-
YECKOM MOrE NSI0CKON BOSHbI B TOUKE, COOTBETCTBYIOLLIEH aKyCTUYECKOMY LIEHTPY ruapodooHa, npu ycriosum
OTCYTCTBUSA rTMAPOGOHA B ITON TOUKE.

3.7 cBo6oaHoe none: 3BYKOBOE NONe B FOMOTEHHOW N3OTPONHOW Cpefe, B KOTOPOM BIMSHUEM rpaHuL,
MOXHO npeHeOpeyb [M3K 60565].

3.8 reomeTpuyeckuit paauyc rugpodoHa ag, m: Paguyc, onpeaensieMmblii pasmepaMn akTUBHOMO
anemeHTa ruapodgoHa.

3.9 rupgpodon: MNpeobpasoBarenb, KOTOPbIA FTEHEPUPYET ANEKTPUYECKME CUTHaNbI NpU BO3AENCTBUMN
Ha HEro akyCcTuyeckux curHanos B Boge [MOK 60050-801].

3.10 rmapodoH ¢ npegycunurenem: Mapo@oH, COBMELIEHHbIN C NpeaBapUTENbHbLIM YCUnUTenem
B OAHOM Kopnyce.

3.11 ock rmgpodoHa: HoMuHanbHaA 0Cb CUMMETPUM aKTUBHOTO IneMeHTa ruapodoHa.

MpuMedaHue—TIlog ocbio rMAPOdOHa B HACTOSILLEM CTaHAapTe NOApasyMeBaeTCs reOMeTpUIeckas ocb CUM-
MeTpun ruppodpoHa, ecnu nsrotoBuTeneM ruapodpoHa He ycTaHoBneHo apyroe Gonee KOHKpeTHOE onpefenexue.

3.12 npeagBaputenbHbii ycunutenb (npeaycunutensb) ruapodoHa: AKTUBHOE 93NEKTPOHHOE
YCTPOICTBO, KOTOPOE COEAUHSIOT UIN HYXKHO COEAUHUTL C rMAPOMOHOM ANsi CHUXEHUA €r0 BbIXOAHOIO UM-
negaHca [MOK 62127-3].

MpumeyvaHus

1 Mpeaycunutenb rnppodoHa TpebyeT SNeKTPUHECcKoro NuTaHua.

2 KoahhuUMeHT yeuneHns npegycunurens rugpocoHa MoxXeT 6biTb U MeHbLUe 1, T. e. NpeaycUnuTenb MOXET U
He ABNATLCA YCUNUTENeM HanpsxeHus.

3.13 onopHbI# LeHTp: Touka Ha ruapodoHe unu B6NM3N HEro, OTHOCUTENBHO KOTOPOI ONpeaensioT
aKyCTUYECKYIO YyBCTBUTENBHOCTL [M3K 60565].

MpumedyaHune — B HacTosLeM cTaHAapTe No4 ONOPHLIM LEHTPOM NofgpasyMeBatoT reoMeTPUYECKUA LIeHTp
narydatoLLeil MOBePXHOCTY aKTUBHOMO areMeHTa FrMApPodIOHa, ECnu U3roToBUTeNeM ruapodioHa He AaHo Apyroe, Gonee
KOHKPETHOE OMpeseneHue.

3.14 HeonpeaeneHHOCTb: [lapaMeTp, CBA3AHHLIN C PE3YNLTaTOM U3MEPEHUIA U XapaKTepu3syioLLuin
pa3bpoc 3Ha4yeHUi, KOTopble MO Bbl ObITb NPUNUCaHLI M3MepAeMon BenuuuHe [Pykosoacteo UCO [2]).

4 Cnucok 0603HaYeHun

a; — reomMeTpu4ecknin pagmyc rugpodoHa

a, — 3(deKTUBHLIN Paanyc ruapodoHa (a3, a,g: CO CCbINKOW Ha ero onpeaeneHue npu muHyc 3 u 6 ab
COOTBETCTBEHHO)

C — CKOpOCTb 3BYyKa B cpeae (06bI4HO B BOAE)

f — vacrota

M — obuwee 0603HaYEHNE ANSt KOMNAEKCHOTO 3HAYEHUs1 YyBCTBUTENBHOCTM ruapodoHa, rae M = |M| saens-

erca moaynem, a arg(M) — apryMmeHTom, T. €. ero ¢hasoBbIM YrioM

N
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M, — 4yBCTBUTENILHOCTb XONIOCTOrO X04a Ha KOHLE kabens

M| — 4yBCTBMTENLHOCTbL Ha KOHUE Kabens nog Harpyskon

Z,, — KOMMNINEKCHbIA NeKTPUYECKUii BbIXOAHON UMNEAAHC rnapodoHa ¢ npeaycunuTenem unm 6e3 Hero

£, — KOMMIEKCHbIA ANEKTPUYECKUI UMNEAAHC Harpy3ku

® — yron nageHus yneTpasBykoBOM BOJHbI OTHOCUTENbHO 0CU TMAPOOHA (O3, Og: Ha YPOBHAX MUHYC 3 1

6 Ab coOTBETCTBEHHO)

5 XapakrepucTtuku rugpodoHa

5.1 OGwmMe nonoxeHusa

MpuBeaeHHas HUxe uHdopmaLus HeobxoaumMa AN NOMHOIo ONMCaHWA AKCNITyaTaLMOHHBIX XapaKkTepu-
CTUK rMapodOHa B YaCTOTHOM AuManasoHe, OTHOCALLEMCH K HACTosiLLeMy cTaHaapty. MNpumepsbl npeacrasne-
HUA Takon nHdopMaLun 0 xapakTepucTukax rmapodoHa npuBeaeHbl B NPUNOKEHUN A.

5.2 O6bwas uHcpopmauma

[omxkHa ObITb NpeacTaBneHa B NUCbMEHHOM BUAE cneayoLas nHpopmauma:

- OCHOBHbIE (hU3n4ecKkme NpMHUMNbI Npouecca npeobpasoBaHus SHEeprumn, TN MaTepuana 4yBCTBUTENb-
HOro anemMeHTa, hopMa M reoMeTpUYeckne pasmepbl (AMaMeTp, TONLIMHA) aKTMBHOTO anemMeHTa ruapodoHa
1 AMaMeTp HOXKKM (ANA 30HA0BOrO rMAPodOoHa);

- KOHpUrypaums n KOHCTPYKUUS rnapodoHa;

- UMEeTCst UNKU HeT B ruapodpoHe NpeaBapuTenbHbIA YCUNUTENb; €CNU NPeABapUTESIbHBIA YCUNU-
Tenb MOXET ObITb OTCOEAUHEH OT r<MAPOOHA, TO CrieayeT YETKO yKasarb, A Kakoro Tuna rmapodona npea-
Ha3Ha4eH ,El,aHHbII7I TUN NpeaABapuUTeribHOro yCUnurens,

- HOMMHaNbLHOE HanpaBneHue npuema ynsrpa3Byka OTHOCUTENBHO ruapod oHa.

MpumeyaHune — MNocnegHee ykasaHue Haubonee BaXHO, NOCKOMbLKY M3 NuUTepaTypbl [3] U3BECTHO, UTO YyB-
CTBWUTEMbHOCTb Aaxe MeMBpaHHBIX MTMAPOdPOHOB MOXET U3MEHSTLCA MPU U3MEHEHUN HaNpPaBnEeHWUs pacrnpocTpaHeHusi
yneTpa3Byka Ha NpoTUBOMNOIOXKHOE.

PekomenayeTcs npeacraBnsATb B NUCbMEHHOM BUAE W TaKyo UHGOPMALIUIO:

- pPe30HaHCHAsi YacToTa OCHOBHOM TONLUMHOW MOAbI KoneGaHui akTUBHOTO aneMeHTa ruapodoHa;

- pa3mepsl U Macca ruapodoHa;

- KO3(hPULUMEHTBI OTPAXKEHUS Y NOFNOLWEHUA (NPeaNOYTUTENbHO B 3aBUCUMOCTU OT HacCTOThl) ANA MEM-
GpaHHbIX rMapodOHOB;

Obwee npumedaHue, kacawoweeca 5.3 u 5.4: ecnu aocrynHa uidopmaums 0 ha3oBbIX XapakTePUCTU-
Kax, TO B JONOSIHEHNE K 3HAYEHUIO YyBCTBUTENBbHOCTYU (PABHOW MOAYNIO B KOMNIEKCHOM NPeACTaBNeHUN YyB-
CTBUTENLHOCTU rMAPOMOHA) peKOMEHAYETCA yKasblBaTb (Pa30BbIv YroN (PaBHbIM apryMeHTy B KOMMAEKCHOM
nNpeacTaBNeHUn YyBCTBUTENBLHOCTU MMAPOMPOHA), a TAKKE YaCTOTHYIO 3aBUCUMOCTbL HE TONbKO YyBCTBUTENb-
HOCTU, HO U (pa30BOro yrna.

5.3 YyBcTBUTENBLHOCTL

YyBCTBUTENLHOCTL HA KOHUE kabensa rmapodoHa (C npeaycunurenem unu 6e3 Hero) AomkHa ObITb
ykasaHa B B/[Na nnu B A€CATUMUHBLIX KPaTHbLIX UM eauHULax, Unu B Bnae norapupmMmyeckmx BenuunH — B ae-
uunbenax OTHOCUTENbLHO ONPeAENeHHOro 3Ha4YeHus.

Ecnu npeaBapuTenbHblil yCUNUTENb BAUAET HA YyBCTBUTENbHOCTb TMAPOJOHA, TO 3TO JOIMKHO ObITh
yKasaHo.

[omkHO GbITb YETKO YCTAHOBIIEHO, SBMSAETCS MU YKa3aHHOe 3Ha4YeHWe YyBCTBUTENbHOCTU YYBCTBU-
TEeNbHOCTBIO XONOCTOro X0Aa Ha KOHLE kabensa unu YyBCTBUTESNIbHOCTBIO Ha KOHLIE kabersi noa Harpys-
Kon. B nocneagHem cnyuyae AOmkHbI GbITb yKa3aHbl NApamMeTpbl Harpysku, T. €. ee NeKTPUYECKUn MMNEeaaHc,
obecneunBaloLLmii ykasaHHOE 3Ha4YEeHUe YyBCTBUTENbHOCTY.

[omkHa 6biTb NpuBeeHa HeonpeAeneHHOCTb YKa3aHHOTO 3HAYEHUS YyBCTBUTENbBHOCTH.

[omkHbl ObITb TaKkKe yKa3aHbl UHTEPBAN YacTOT C YCTAHOBMEHHOW YyBCTBUTENbHOCTBIO U HEOMPEAENEH-
HOCTbIO ee 3HauYeHus. Hactosiwmin ctaHgapTt npeaycMaTpuBaeT, YTo 3HAYEHUS YyBCTBUTENLHOCTU U Heonpe-
AENeHHOCTU MOTYT BbiTb NpUBEAEHbI OTAENBHO ANS ONpeAeneHHbIX YaCTOTHLIX MHTEPBArOB.

[omxiHbl 6bITb ONUCAHBLI METOALI ONPEAENeHNs YYBCTBUTENBHOCTU U OLIEHKU HEONPeAEerneHHOCTH.
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HomkHa BbITb yKasaHa TemnepatypHas 3aBUCUMOCTb YYBCTBUTENbHOCTU. YyBCTBUTENLHOCTb rMAPO-
c¢poHa gomkHa ObITb AaHa Kak PYHKUMS TeMnepaTypbl BOAbI, N0 KpanHen mepe, B aguanasoHe ot 19 go 25 °C
UNW ANsA TON TeMMepaTypbl BOAbI, HA KOTOPOI onpeaeneHa YyBCTBUTENbHOCTb, HO NPW 3TOM HEOBX0AUMO Npu-
BECTU TeMnepaTypHbIi KO MPULNEHT YYBCTBUTENBHOCTU.

B pykoBOACTBE NO KCNyaTaummn A0MmKeH ObITh YKa3aH PEKOMEHA0BaHHbIN MEXMOBEPOYHbIA MHTEpBar.
ECnn HET UHbIX HOPMATUBHbIX AOKYMEHTOB, 3TUM pekoMeHAaLMsM HeoBxoaumo cneaoBarhb.

MpuMedaHue — B GonbluMHCTBE cryvaeB Haubonee NpMemMneMbIM MEXMOBEPOYHEIM UHTEPBaNoM ABNAETCH
1 rogd.

Ecnu 4yBCTBMTENLHOCTL rMAPOGIOHA HE OTHOCUTCH K FTEOMETPUYECKOMY LIEHTPY aKTUBHOTO SIEMEHTa
rugpodoHa, TO CrneayeT ykasaTtb ONOPHbINA LIEHTP ruapodgoHa.

MpumeyaHune— 310 Hanbonee BaxHO B cryyae da3oBbiX U3MEPEHU.

Ecnu 4yBCTBMTENLHOCTL NMMAPO(OHA HE OTHOCUTCA K NPUEMY YNbTPa3ByKa B HanpaBieHn ocu rmapo-
¢oHa, To HeoBX0ANMO YKa3aTh, B KAKOM HamNpaBMNeHUn OHa ONpeaeneHa.

5.4 YacToTHas xapakrepucTuka

5.4.1 YcTtaHOBneHHas nonoca 4acrtor

3asBneHHas ansa rugpodoHa (C npegycunutenemM unm 6e3 Hero) Nonoca YacToT A0IPkHA ObITh yka3aHa
B BUAE HWXXHEN U BEPXHEN YacTOT 3TOW NOMockl. YyBCTBUTENBLHOCTL HA KOHLUE kabens rmgpodona (c npea-
yeunutenem unu 6e3 Hero) B npeaenax aToi Nonocs! 40mKHA ObITb MOCTOSHHON C ONPEeAENEHHbIM OMYCKOM,
rpaHuLbl KOTOPOTO TaKXKE CrneayeT yKasbiBaTh.

5.4.2 3aBMCUMOCTb OT YacTOThI

UyBCTBUTENBHOCTL Ha KOHLE kabens unu ypoBeHb YyBCTBUTENLHOCTU ruapodoHa (C npeaycunurenem
unu 6e3 Hero) Kak (OyHKLUS 4acTOThbl AOMKHbI ObITh NPUBEAEHBbI B BuAe rpaduka unu Tabnuubl B 4YaCTOTHOM
AunanasoHe, N0 MeHbLUEeW Mepe BKIoYatoLLeM Mnosiocy 4acToT, OrOBOPEHHYI0 B 5.4.1. Ecnu 3aTta 3aBUCUMOCTb
npuBegeHa B hopme Tabnuubl Ny B BUAE OTAENbHbIX TOUEK HA rpaduke, TO paCCTOsIHUE MEXAY STUMM TOUKa-
MU OOIMKHO BbITb HACTONBKO MarbIM, YHTOObI NOKAa3aTh BCE BAXKHbIE A€Tany YaCTOTHON 3aBMCUMOCTH, & YPOBHU
YYBCTBUTENbLHOCTU B COCEHUX TOMKAX HE JOJHKHBI OTNM4YaTbca bonee yem Ha +1 ab.

YacroTHasi 3aBUCMMOCTb MOXET ObITb NPUBEAEHA Kak B aOCONIOTHLIX 3HAYEHUAX YYBCTBUTENBHOCTHU, Tak
U B OTHOCUTESIbHOM NPEACTaBNEHNUN KaK OTHOLLEHWE K aBCONIOTHOMY 3HAaYEHUIO YyBCTBUTENBHOCTU ruapodo-
Ha (c npeaycunutenem unu 6e3 Hero) Ha kakon-NMbo onpeaeneHHon Yactote. Bo BTopoM cny4vae Heobxoau-
MO yKasaTb 9TO ONOPHOE 3HAYEHME YYBCTBUTENBHOCTU M YACTOTY, K KOTOPOW OHAa OTHOCUTCA.

WMHdopmMaumsa o 4acToTHOM 3aBMCUMOCTM A0SHKHA OTHOCUTLCA K ONpeaeneHHbIM yCNnoBuAM (noa Harpys-
KON UMK B peXXMme XONOoCTOro XoAa), Kak 3T0 CienaHo Ans YyBCTBUTENbHOCTU B 5.3.

Ecnu HeonpepeneHHOCTb 3HAYEHUI YyBCTBUTENbLHOCTU NPU YKA3aHUU YaCTOTHOW 3aBUCUMOCTM OTIIU-
4aeTcst OT OLIEHKN HeonpeaeneHHOCTH, NPUBOAUMON B COOTBETCTBUM C 5.3, TO HA 3TO AOSMKHO ObITb YeTKOE
yKasaHue, npu 3TOM AOkHA ObiTh NpUBEIEHA HOBAs UNKU AOMNOINHUTENBbHAA HeonpeaeneHHoCcTb. Ecnu ya-
CTOTHasA 3aBUCUMMOCTb NPEACTABIEHA TONBLKO rpaduyecku, TO AONONMHUTENbHAA HEONPEAENEHHOCTL U3-3a He-
TOYHOCTM OTCYETOB MO rpachuKy A0rpkHa ObiTb MeHee 10 % CymMmapHOi HeonpeaesrieHHOCTH.

Ecnu yacroTHasa 3aBUCMMOCTbL NpeacTaBneHa B Buae Tabnuubl abContOTHLIX 3HAYEHMIA (Ha KOHUEe kabe-
NA NoA Harpy3kol UMM B peXuMe XOMNOCTOro XoAa), TO NpefcTaBreHne YyBCTBUTENBLHOCTU B COOTBETCTBUM C
5.3 Heobsa3aTenbHO.

MpumeyaHus

1 Ha 4acToTHyI0 3aBUCUMOCTb MOXET BIUATHL 3MeKTpuyeckas Harpyska ruapodoHa.

2 Ecnv ruppodpoH (c npeaycunutenem unu 6e3 Hero) NPUMEHSIIOT C NOCNEAYIOLLIMMMN 3NEKTPOHHBIMW KOMMOHEHTa-
MW, TaKUMK KaK ycUnuTenb, ocuunnorpad 1 Ap., TO YacTOTHas 3aBUCUMOCTb 3TUX KOMMOHEHTOB, KOHEYHO, ByfeT BNUATL
Ha YacCTOTHYO 3aBUCMMOCTb BCEi U3MEePUTENbHOI CUCTEMBI.

5.5 XapakrepuCTMKM HanpaBreHHOCTHU

5.5.1 OOwue nonoxeHus

XapakTtepucTuku HanpaBrneHHOCTU rmapodoHa AOMKHbI ObiTb NPUBEAEHbLI KaK ANS HWKHEN, Tak U
AN BEPXHEN YacToT ero Nonochl B COOTBETCTBUM C 5.4.1. Cneayer ykasaTb M METO/ OnpeaeneHuns 3Tux xapak-
TEepUCTUK. XapakrepucTUKU HanpPaBleHHOCTU rmApPo@OHA JOMKHbI ObITb TaKKe NPUBEAEHbI U ANA reoMme-
TPUYECKOro cpeaHero OT 3Ha4YE€HUIN BEPXHEN U HUXKHEN YacToT, a €Cru Pe30HAHC TOMLUHON MOAbI HAXOAMUTCA
BHYTPM YaCTOTHOI NONoCkl ruapodoHa, TO U ANs YacTOTbl BONM3u 3T0ro pe3oHaHca.
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XapakrepucTuka HanpaBJyieHHOCTU J10IDKHA ObITb U3MepeHa Npu BpalleHun rmapodoHa BOKpyr ocu,
NpoXoasLuen Yepes ONOPHbIM LIEHTP U NEPNEHAUKYNSAPHON OCK ruapodoHa B npeaenax, no MeHbLLUEel Mepe,
OoT MUHyc 35° go nnoc 35° oT ocu rmapodoHa, unu OT NepeBoro NeBoro 40 NepBoro NPaBoro MMHUMyMOB
Ha XxapaKTepUCTUKe HaNpaBreHHOCTU, B 3aBUCUMOCTM OT TOTrO, KaKoW M3 3TUX cekTopoB Bonbiue. Mpu uc-
Nnonb30BaHWM STOT0 METOAA Takasi npoueaypa A0MKHA ObITb BbINONHEHA ABAXAbl — BPALLEHWEM BOKPYT ABYX
0Ceil, NepNeHAUKYNAPHLIX APYr Apyry. Ecnu B nnockocTu, nepneHankynspHon ocu ruapodonHa, ruapodoH
UMEET KaKylo-nubO KOHCTPYKTUBHYIO OCOOEHHOCTb (Hanpumep, anekTpudeckue BbiBOAbl HA MeMOpaHe Mem-
OpaHHOro rmapodoHa) B KakOM-nMb0O HanpaeneHun, TO OCK BpALLEHUS PEKOMEHAYETCA BbiOMpaTb BAOMb
3TOr0 HanpasneHus U NepneHAnKYNApHO eMy. Ecnu akTUBHbBIV 3NeMEHT He KPYIIblii, TO OAHY U3 OCel BpaLle-
HUSA cneayeT MapkMpoBaTb Kakum-nubo o6pa3oM unu caenatb COOTBETCTBYIOLLYIO 3aMUCh B PYKOBOACTBE NO
3Kcnnyarauum Ha ruapodoH.

M3mepeHus xapakTepuCcTUK HanpaBrieHHOCTU crniegyeT NPoBOAUTL B YNLTPA3BYKOBOM MOMe MMNOCKUX
BOJH.

Ecnu akTUBHbIN aNeMeHT MMeeT HenpaBuibHyo hopMy unu 6onee aByx 0cell CUMMETPUM, TO Xapak-
TEPUCTUKU HANPABIIEHHOCTU PEKOMEHAYETCSl U3MEPSTL NPU BPaLLEHUU rMapochoHa BOKPYT BCEX ITUX OCEN.

Crieayet NpUBOAUTL BCE XapaKTePUCTUKU HaNPaBSIEHHOCTYU, NOMyYEHHbIE B pe3ynsrate aTUX u3me-
PEHUN.

5.5.2 CUMMETPUYHOCTb XapaKTePUCTUK HanpPaBrieHHOCTH

Ecnu ans kakux-nmbo u3mepeHHbIX XapakTepuCTUK HaNPaBfeHHOCTHU YroN MeXay HanpasfeHueMm ¢
MaKCHMarnbHOW YyBCTBUTENBHOCTBIO U OCbIO rmapodoHa bonbwe 1/10 yrnoBoro cekropa Mexay Hanpasne-
HUSMU NEPBOrO NEBOIO U NEPBONO NPABOr0 CHWKEHMS ITON XapakTepucTuku Ha 6 ab, To cneayer ykasbiBaTb
Yron CMeLLeHUs1 HanpaBreHMst MaKCUMarbHOW YyBCTBUTENBHOCTHU OT OCU ruapodoHa. YPOBEHb UyBCTBUTENb-
HOCTU B HanpaBreHun ocu rmapo@doHa A0mkeH ObiTb HE HWKE YPOBHA B NIOGOM APYroM HanpaBreHUU Mu-
Hyc 2 ab.

Pekomenayetcs, utobbl CMMMETPUA NIOOOI xapakTepUCTUKU HanpaBneHHoOCTu Obina npeacraene-
Ha Tak, YToObl B Criy4ae cnagaHusa HOPMUMPOBAHHOTO YPOBHSI YyBCTBUTENLHOCTM 40 MUHYC 6 AB, uMeloLero
MECTO B KaKOM-NMBO KOHKPETHOM HanpaBrfieHUU MoJ ONpeAeneHHbIM YoM K HanpasneHUio MakCMManbHOW
yyBcTBUTENLHOCTU (0 AB), ypOBEHb YyBCTBUTENBLHOCTU, U3MEPEHHDIN C APYroi CTOPOHbI OT HanpaBnNeHUs Mak-
CMManbHOW YyBCTBUMTENLHOCTM U NOA TEM e YINOM, A0MKeH ObiTb B Npeaenax MuHyc 6 ab + 3 ab.

MpuMeYaHune— Ecnu HanpasreHue MakCMManbHOW YyBCTBUTENLHOCTU rTMAPOGOHA CyLLECTBEHHO N3MEHAET-
CH NpY U3MEHEHWUMN YacToTkl, TO NCMONL30BaHWE Takoro rmapodoHa ANA U3MepeHUsi NapaMeTpoB yNLTPa3ByKOBOro Nons
CBA3aHo ¢ Gonbmmu npobnemamu.

5.6 3¢ dekTUBHBLIN paguyc

Mo pesynsTataM U3MEPEHUS XapaKTePUCTUK HanpaBreHHOCTH, MOMyYeHHbIM B COOTBETCTBUK C 5.5,
HeoOX04MMO paccuuTaTb 3HaveHue 3cpheKTMBHOro paauyca akTMBHOMO sriemeHTa rugpodona. MNpu stom
Ha YacToTax B COOTBETCTBUM C 5.4.1 HEOOXOAUMO ONPEAENNUTL YKa3aHHbIE HUXE NapameTpsl.

Ecnu gna paccMmarpreaemoi xapakTepUuCTUKU HanpaBneHHOCTH YITIOBOIN CEKTOP MEXAY NeBOCTOPOH-
HWUM 1 NPABOCTOPOHHUM HanpPaBneHUAMN CNafaHus YYBCTBUTENbHOCTM Ha MMHYC 3 AB paseH 20, a yrno-
BOW CEKTOP MEXAy NEeBOCTOPOHHUM M MPABOCTOPOHHMM HanpaBneHUsiMU criafaHusi YyBCTBUTENbHOCTU Ha
MUHYC 6 AB paseH 2@, To AN pacyeTa 3(pheKTMBHOrO paauyca B NpeanonoXeHuu KpYroBoi CUMMETPUK
criefyeTt BOCMONb30BaTLCA crneayowmmm hopMynamu:

a3 = 1,62 c/(2nf sin @) )
m ang = 2,22 cl(2nf sin Og), @

rae f— yneTpasBykoBas 4acToTa, COOTBETCTBYIOLLAA KOHKPETHOMY U3MEPEHMIO;
€ — CKOPOCTb 3BYKA B XWUAKOW Cpeae npu KOHKPETHON Temneparype.

Pesynstupylowue 3HadeHus adeKTMBHOMO paguyca no COOTBETCTBYIOWMM XapaKTepuCTUKaM Ha-
NPaBfieHHOCTH CMNEeYET BbIMUCHIATL N0 YCPEAHEHHLIM 3HAYEHUAM 8,3 U 8pg.

A hekTUBHLIN paguyc ruapodoHa C KpyribiM akTUBHLIM 9NIEMEHTOM CNEAYEeT OnpeaenaTb Kak cpea-
Hee 13 ABYX 3HayeHuit 3dppeKTUBHOro paguyca, Nony4eHHblX No ABYM OPTOrOHarnbHbIM OCAIM BpaLUeHus.
Ecnn akTUBHbIN SNEMEHT HEe Kpyrnbii, TO B KayecTBe 3hdekTUBHOro paguyca ruapodoHa crneayert npu-
BOAMTb HanbonbLUee U3 3HaYeHuit 3PPeKTUBHOTO paanyca, NoslyYeHHbIX MO Pa3NUYHbIM XapaKTepucTUKam
HanpaBneHHOCTU. B nocneaHem cnyyae, eCnm U3BECTHO TEOPETUYECKOE COOTHOLLEHUE MEXOY XapaKrepu-
CTUKaMKn HanpaefeHHOCTU U 3¢ (PeKTUBHLIM PagUyCoOM 3MEeMEeHTa AaHHOW KOHKPETHOM ¢hOpMbl, TO Npu
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pacyeTe HY>XHO BOCMOMb30BaTbCA UMEHHO STUM COOTHOLLEHWEM, a BbipaxeHust (1) u (2) Hy>HO NPUMEHATb
TONbKO B KAYECTBE annpOKCUMAaLU.

MpuMeYaHue —Kak npasuno, paguyc npeacTaBnaeTcs Kak dpyHKYMs YacToTsl [3].

5.7 OnHaMunuyeckuit AManasoH, IMHeMHOCTb U 3NIEeKTPOMarHUTHbIe NOMexu

HomkeH ObITb yKazaH AMHAMWMYECKMIA guana3oH rugpocdoHa (¢ npegycunutenem unum 6e3 Hero), T. e.
AnanasoH amnnuTy AaBneHus, B KOTOPOM MOXHO NPUMEHSATb rMAPOCOH.

OTOT Anana3oH JomkeH ObiTb 0O6YCNOBMNEH, NO MEHbLUEH Mepe, CreayoLMMMN YCIIOBUSIMU:

a) He JOIKHO ObITb HUKAKUX MEXaHWYECKUX UMW SNEKTPUYECKUX nospexaeHuin rmgpodoHa (C npea-
younutenem unum 6es3 Hero);

b) He 4OMKHO ObITb HACBILLEHWUS BLIXOAHOIO CUrHaNa;

C) BbIXOZHOMN CUMTHanN JOSPKEH ObIThb BbILLE YPOBHS LLYMOB.

MpumevyaHusa

1 «HaceblleHre BbIXOAHOMo CUrHana» o3Haqaert, YTo OTIIMYHOE OT HYNSA NpupalleHue faBneHns Ha ruapodoHe He
NPUBOAMT K UBMEHEHWIO HaMpPsPKeHWs Ha ero BhIXoge.

2 YpoBeHb LLYMOB MOXET 3aBUCETb OT 3MEKTPOMAarHUTHBIX HAaBOAOK U U3MEHATBCH B 3aBUCMMOCTM OT BENNYMHBI
3MNeKTPOMarHMTHOro Nons B MecTe namepeHuii. MigeansHoi cHUTaroT BOZMOXHOCTb NpefCcTaBneHns BCEX 4PpyrMX UCTOUHU-
KOB LUyMa, UCKIToYas areKTPOMarHUTHbIE HaBOAKM.

JomkeH ObITb yYKasaH AnanasoH NIMHENHOCTU rmapodoHa (C npeagycunutenem unu 6e3 Hero), T. €. aua-
NnasoH amnnuTya AaBneHui, B KOTOPOM ruapodoH (C npegycunutenem unu 6e3 Hero) UMeeT NMHENHYIO 3a-
BUCUMOCTb BbIXOAHOIO CUrHana o1 BXOAHOIO Mpu CrieayloLweM YCNoBuu;

Ecnu rpadmk 3aBUCMMOCTU HanpsbkeHUst Ha KOHUe kabens rmapodoHa OT amnnuTyabl akyCTUYECKO-
ro AaBfeHUs B YCIOBUAX CBOOOAHOIO NOMsi MOXET ObITb NpeaCTaBneH NPSMON NMHUEN, MpoXoasLen Yepes
Hayano KoopAuHar Tak, YTo B 3aaHHOM AuanasoHe AaBreHUA AeNCTBUTENbHbIE 3HAYEHUS HANPSXXEHUS He
OTKMOHATCA OT NpAMON NuHUKM Gonee yem Ha 10 %, TO STOT AMANA30H CYUTAKOT AUANA3ZOHOM SIMHEWHOCTU
ruagpodoHa (c npegycunutenem unu 6es Hero). 3TO JOMKHO BbINOMHATLCA ANS NOOON U3 YaCTOT BHYTPU NO-
NOCbl YacToT rmapodoHa, yKkasaHHOM B 5.4.1.

Cnepyet gaearb peKOMeHAAaLMN, KaK MOXXHO CHU3UTL BAUSHUE 3MEKTPOMAarHUTHbLIX HABOA,OK.

5.8 XapakTepuCTUKM INEKTPUYECKOro BbIXOAHOIO CUrHana

5.8.1 OGwme nonoxeHusa

HorkHa ObITb NpUBEAEHA YACTOTHAsA 3aBUCUMOCTb KOMMIEKCHOTO 3MeKTPUYECKOro MMnesaHca Ha KOH-
ue kabens Z, ruapodoHa (c npegycunutenem unu 6es Hero). OHa MOXET ObITb NPeACTaBneHa B BUAE pe-
anbHOW U MHUMOM YacTen uUnu B BUAE 3HAYEHWUII BNEKTPUYECKMX KOMMNOHEHTOB (TAKMX KaKk CONpPOTMBIIEHUE
M €MKOCTb) B 3KBMBANEHTHOWN 3rekTpu4eckon cxeme. B nocneaHem cnyyae gomkeH ObiTb YETKO yKasaH tun
3MNEeKTPUYECKON CXEMbI (HANPUMEP, Kak NOACOEANHEHO CONPOTUBIEHNE K EMKOCTM — MOCHEA0BaTeNbHO U
naparnnesbHo).

OTHOLUEHMEe Mexay KOMMMEKCHbIMA 3HAYEeHUsIMU YYBCTBUTESNIbHOCTU Ha KOHLIe Kabens noa Harpys-
KOW U Yy BCTBUTESILHOCTM XOSIOCTOrO X0Aa Ha KOHLe kabens OyaeT 3aBUCETL OT 3HAYEHU Z, 1 Z, , KaK 310
crnegyert u3

M, =M, [Z /(4 +Z)] &)
C Moaynem

12
2 2
Re” 4 +Im” 2

[ReZ, +Re Z P +[ImZ, +ImZ

M, =M, )

rae M| — 4yBCTBUTENBLHOCTL Ha KOHLE kabens noa Harpysko;
M, — 4yBCTBUTENLHOCTL XOMOCTOr0 X0Aa Ha KOHLE kabens;
«Re» n «lmy — peanbHas 1 MHMUMAasi 4aCTU COOTBETCTBYIOLLMX BENUYMH.
BoipaxeHus (3) n (4) MOryT ObITb UCMOMNb30BaHbI ANA BbIMUCIIEHUA MONPaBOYHbLIX KOIMMPULINEHTOB, KOT-
[a aneKkTpU4YecKUi MMNeaaHc KOHKPETHOW Harpy3ku He COOTBETCTBYET YCMOBUSAM, MPU KOTOPbIX BbIN0 onpeae-
NEeHO 3Ha4YeHne YyBCTBUTESIbHOCTH.

MpuMeyaHne—BelpaxeHus (3) 1 (4) NpUMEHNUMbI B YaCTOTHOM NpeAcTasneHnu. MNpu namepeHnn rugpodgoHoM
yNTPa3ByKOBbIX MMMYNLCOB HEOOXOANMO NPUHUMATEL B pacHeT U NpefcTaBneHns Bo BpeMeHM (CBEPTKY U ee obpalleHue).
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5.8.2 MuapodoH 6e3 npeaBapUTENILHOIO yCUNuTena

YyBCTBUTENBLHOCTb HAa KOHLUE kabens ruapodoHa 6e3 npeaBapuUTENLHOTO YCUNUTENSA MOXHO YKa3bIBaTb
Kak nog Harpyskom, Tak un 6es Hee.

Ecnu 4yBCTBUTENLHOCTbL HA KOHUE kabena ykaszaHa Kak YyBCTBMTENbHOCTbL NOA Harpy3kom, TO AOSMKHbI
ObITb YKa3aHbl COOTBETCTBYIOLUME MapaMETPbl SNEKTPUYECKON Harpy3kn (MMMNegaHc anekTPUYecKon Harpy3km
WUIN KOMMOHEHTbI 9KBUBANEHTHON CXBMbI), K KOTOPbIM 6yp,yT OTHOCUTbLCA yKa3aHHbl€ 3Ha4YeHUA YyBCTBUTENb-
HoCcTu. Ecnu ruapoOH NpMMEHSIOT C Pa3nNUYHbLIMKU Harpy3kamu, TO B 3HAa4YEHUSI €ro YyBCTBUTENbHOCTU He-
06Xx0AMMO BBOAUTbL NOMPAaBKW B COOTBETCTBUM C (4).

Ecnu 4yBCTBUTENBHOCTE HA KOHLE kabens yka3aHa Kak YyBCTBUTENbHOCTb XONOCTOrO X044, a BbIX0A
rugpodoHa NOAKIIOHEH K Harpy3ke C KOHEYHbIM 3HAYEHUEM BMEKTPUYECKOTO UMNEAAHCa, TO B 3HA4YEHNS YyB-
CTBUTENLHOCTM rmapodoHa He0OX0AMMO BBOAUTL NOMPABKN B COOTBETCTBUU C (4).

5.8.3 MuapodoH ¢ npeaBapuUTesibHbIM yCUITUTENEM

YyBCTBUTENLHOCTb Ha KOHLUE Kabens rmapodgoHa ¢ npegycunutenemM A0mkHa ObITb yKkaszaHa Kak vyB-
CTBUTENbLHOCTbL NOA Harpy3KOn, Npu 3TOM YKa3blBalOT U NapamMeTpbl COOTBETCTBYIOLLEN Harpy3ku (MMnegaHc
ANEKTPUYECKON HArpy3Kkn UNU KOMNOHEHTbI 9KBUBANEHTHON CXEMbI), K KOTOPbIM ByAYT OTHOCUTLCS YKa3aHHble
3HaYeHus 4YyBCTBUTENbLHOCTU. Ecnn ruapodoH NPUMEHSIOT C pasnuyHbIMU Harpy3kamu, T0 B 3HAYEHUS ero
YYBCTBUTENLHOCTU HEOOXOAMMO BBOAMTL MOMPABKN B COOTBETCTBUM C (4).

5.8.4 KoHdurypaumsa KOHTaKTOB BbIXOQHOIO pa3bema

JorkHa ObITh MOKa3aHa OCHOBHASA KOHpUrypaLmsi KOHTAKTOB BbIXOAHOIO pa3bema, B TOM YUCIE yKasbl-
BaIOT, ABMNSAETCA N BbIX04 AnddepeHumnantHbIM UM HECUMMETPUYHBIM, T. €. TONbKO C KTOPSIYMM» KOHTaKTOM
U C 3a3eMIIEHNEM.

5.9 BnusHue oKpyxarouwen cpeabl

5.9.1 manasoH Temnepatyp

M3roToButenb AOMKEH yKa3aTb AOMYCTUMbIN AMana3oH pabounx TeMnepaTyp u Temneparypbl XpaHeHus
ruapodona (c npeagycunutenem unm 6e3 Hero).

5.9.2 N'epMeTUYHOCTb

JomkHO BbITb yka3aHo, kakme Yactu rugpodoHa (C npegycunurenem unum 6e3 Hero) SBnAKTCA BOAO-
HENPOHULAEMbIMU, A Kakue HeT. [OormkHbl ObiTb Takke ykasaHbl OrpaHndeHust (ECnu TakOBblE MMEKOTCH) Mo
NPOAOIMKUTENBHOCTM HaxXoXaeHusi rmapodoHa B BoAe (BO3MOXHO B 3aBMCUMOCTM OT TEMNEPATYpbI).

5.9.3 CsomnctBa BOAbI U HECOBMECTUMbIE MaTepuarsbl

JomkHbl ObITb YKa3aHbl OrpaHUYEHNUst (eCnNK TakOBbIE UMEKOTCS) NO AONYCTMMON SNEKTPONPOBOAHOCTM
BOAbI. [OMKHbI ObITh TAKKE YKa3aHbl XapakTepPUCTUKU BOAbI (HAMpUMeEp, SNeKTPONpOBOAHOCTb, ra3ocoaepxa-
HKE), K KOTOPbIM OTHOCSITCA YCTAHOBMEHHbIE KONMMYECTBEHHbIE XapakTePUCTUKN rmapodoHa.

JomkHbl ObITb NPUBEAEHBI U OrPaAHUYEHUSI HA MPUMEHEHNE HEKOTOPLIX MaTEPUAanoB (HaNnpPUMep, XUAKO-
CTeW, pacTBOpOB).

5.9.4 Martepuanbl, KOHTaAKTUPYHOLLME C BHELWHEW Cpeaon

JomkHbl ObITb YKa3aHbl TUMbI MaTepuanos (Hanpumep, MeTanmnoB, Pe3vH, KOMNAayHAOB W Ap.), KOHTaK-
TUPYIOLLIMX C XUAKOCTbIO, B KOTOPOW Aonyckaercs paborarb ruapodoHy. Bce KOHTAKTUPYOLME C XMAKOCTbIO
yacTu ruapodoHa J0MmKHbI ObITb CAEMaHbl U3 KOPPO3MEBOYCTONYUBLIX MaTepuanos. B yacTtHOCTH, AN BHeLL-
HKUX yacTten rmapodoHa AOMKHO ObITb UCKIIOYEHO UCMOMb30BaHUE PA3HOPOAHLIX METamnmnoB, YTobbl n3be-
»KaTb BO3MOXXHOW raribBaHU4Y€CKON KOPPO3nuu.

KoHTakTupylome ¢ BOAOW MeTannuMyeckue 4actu kopnyca ruapodpoHa U ero anekTpocTatuveckui
3KpaH AOMKHbI ObITb COEANHEHDbI C 9KpaHOM kabens.

5.10 PykoBoacTBO NO 3KcnnyaTtauuu

K rugpodoHy (C npeaycunutenem unu 6e3 Hero) AOMKHO npunaratbcs nogpobHoe pPyKOBOACTBO NO
aKcnnyarauumu.

B gononHeHue K nHdopmaumm, NpUBOAMMON B COOTBETCTBUM C 5.2—5.9, pyKOBOACTBO NO aKcnnyaraumum
JOIMKHO coaepxarhb:

- PUCYHOK, Ha KOTOPOM MOKa3saHbl reomeTpuyeckas popma u pasmepsl ruapodoHa;

- pekoMeHAauuMmn No npasunLHOMY U 6e30nacHOMY NMPUMEHEHUIO TMAPOdOHA, BKMOYasa Bpems 3amadu-
BaHWs, AManasoH TeMneparyp 1 MakCumMarnbHOe ynbTPa3ByKOBOE JaBMNEHUE;

- TUNUYHBIE YACTOTHbIE 3aBUCUMOCTU UMMEAaHca U KosdPuUNEHTa yCUneHns npeaBapuTenbHOro ycu-
nuTena (ecnv TakoBOW B TMAPOdOHE UMEETCS).
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5.11 Cnucok napameTpoB ruapodoHa

Tpebyemyio nHcbopmMaLuio 0 xapaktepucTukax rugpodoHa o606LLaloT B COOTBETCTBMU CO CNEAYIOLLMM
CMUCKOM:

- obwas uHdpopMaums, Takas Kak Marepuan akTUBHOTO AMIEMEHTA, rEOMETPUYECKUE pasMepbl, UMEET
NN HE UMEET rTMAPO¢POH NpeaBapUTENbHbIN YCUITUTEND;

- YYBCTBUTENMbHOCTb rMAPOIOHA;

- HaCTOTHaA XapakTepucTtnka 4yBCTBUTENbHOCTMH,

- XapakTepPUCTUKN HANPaBSyIEHHOCTU U 3D EKTUBHbIN paaunyc;

- AMHAMWYECKMIA AMana3oH U AMana3oH NMHERHOCTH;

- 9NEKTPUYECKNI BbIXOAHOW MMMNEAAHC U KOHUrypaumnsa KOHTaKkTOB pasbema;

- YCIOBUSA BHELLHEW Cpeapbl.
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MpunoxeHue A
(cnpaBouHoe)

MpumMepkl NpeacTaBrneHnsa MHGOPMaLMK O XapakTepucTUKax ruapodoHa

A.1 O6Lue nonoxeHus

B HacTOALLEM NPUMOXEHUN B Ka4ecTBe npuMepa NpuBefeHa MHOpMaLns 0 XxapakTepucTMKax 30HL0BOMO rMapo-
choHa grnameTpom 0,2 MM, BKIKOMAIOLLEro norpyxaeMmbilil B BOAY NpefBapuTerbHLIi yeunuTens. Bee ykasaHHbIe A 3TOro
TMAPOdOHa aKyCTUYecKMe NapaMeTpbl OTHOCATCA K KOMBUHALMU M1 podhoH — NPeAyCUmUTENb.

MpumedaHune — MaTtepnarn, NPUBEAEHHbI B 3TOM MPUITOXEHUMN, ABNSETCA TONBKO AEMOHCTpaLMWel Toro, Kak
cnegyeT NpeACTaBnATE MHGOPMaLMIo, U He ABNSETCA oduLManbHbIM JOKYMEHTOM Kakoro-nmbo KOHKPETHOro W3genus.

A.2 O6wan nHcpopMauma

Tabnuya A1 —Tlpumep obleit uHdopmauuu o 0,2 MM-30HAOBOM rMAPOdOHE C NpegycunmTenem

Tpebyemasn nHopMaLMa 0 XxapakTepucTukax 30HA0BI rMApodoH AnamMeTpom 0,2 MM
MpUHLMN Npeobpa3oBaHUA 3Hepru MbesoanekTpuyeckoe npeobpasosaHue (Nbe303pdeKT)
MaTepuan 4yBCTBUTEMNLHOIO SNEMeHTa MonueuHunuaeHgTopug (MBAOD)
leomMeTpudeckune pasaMepsbl akTUBHOMO afieMeHTa OvameTp 0,2 MM, TonwyHa 9 MKM
YacToTa pesoHaHca no ToNWUHe Nbe30NNeHKN 63 MI'y
TUNWYHOE 3Ha4YeHne YyBCTBUTENbHOCTM Ha 3 MMy 50 HB/Ma (cm. panee B A.3)

BHelWHWI guameTp TPyGKM (30HAE) 0,5 MM

Macca rugpocoHa 1,51

OnvHa rugpodoHa O6was: 55 MM, Tpy6ka: 35 Mm

MpenBapuTenbHbll yeunutenbs MMapodoH JOMmMKEeH NPUMEHATLECSH COBMECTHO ¢ Norpyxae-
MbIM B Bogly npegycunutenem mMogenu Ne

HoMuHanbHbIA BEIXO4HOW MMNeaaHc 50 Om

OpueHTauus npu namMepeHusx TopeL, Tpy6ku NpAMO K aKyCTUHECKOMY UCTOYHUKY

A.3 YyBCTBUTENbLHOCTb U YaCTOTHasl XapaKTepUCTUKa

YacToTHasn xapakTepucTuka YyBCTBUTENBHOCTM Ha KOHLE kabensa ruapod)oHa noj HarpysKkoi ¢ npucoeguHEHHbLIM
npeaBapuUTENbHBIM YCUIUTENEM, Harpy>KeHHbIM Ha 50 Om, nokasaHa Ha pucyHke A.1.

Ipacbuk 3TOM YaCTOTHOW 3aBUCUMOCTU YyBCTBUTESNBHOCTH MOMyYeH NpU KanubpoBke METOAOM 3aMeLLEHUS, Onu-
caHHbIM Smith n Bacon [4]. MeToa npeanonaraeT ucnonb3oBaHWe yrsTpasByKOBOro UCTOYHUKA, U3NyYaloLero MMmnynbebl
yAapHOIA BOSHbI, CNEKTP KOTOPbLIX COAEPXUT MHOrO rapMOHUK. B 3To KannbpoBKe NCNOMb3oBaH akyCTUYECKUA UCTOUHNUK
C OCHOBHOIW YactoTtoit 1 Ml Bhicokasi aHeprua nsny4aemMoro UM yrsTpasByKoBOro CUrHana Mo3BofsieT nofyyarb MHO-
XKeCTBO KpaTHLIX el rapMOHUYECKUX cocTaBnsowmx, YTo obecnevnsaeT kanmbposky ruapodoHa B AnanasoHe ot 1 go
20 MI'y yepe3 1 MI'y. MppodoH 6bin oTkanubposaH npu Temnepatype (20 + 2) °C.

MpumeyaHune —TemnepaTypHblil KO3PPULMEHT YyBCTBUTENBLHOCTU NpUBEAEH B pasferne A.8.

3oHao0BbIE rMAPOGOHDI, NMPUMEHSIEMbIE ANA aGCONIOTHLIX U3MEPEHNIA aKyCTUYECKOro faBrieHusl, peKoMeHAYyeTCA
kanubpoBaTb He pexe 1 pa3a B 12 MecsileB. [py 3TOM peKoMeHAYyeTCs NPoBEPSTL TMMAPOGPOH EXEMECSYHO MO STarloH-
HOMY MCTOYHUKY AN TOro, YTo6bl BOSMOXHO paHblue 06HapYXXWUTb M3MEHEHUsI ero YyBCTBUTENBLHOCTH, HE OXWAAaACh
ouyepefiHOIN exeroqHoi KanmbpoBKH.
YyBcTBUTENBHOCTL rMApodpoHa: (47 + 5) HB/Ma
LLinpuna nonocel ruapocbora: ot 1 o 20 My,
HeonpeaeneHHoOCTb pesynsTaTtoB KanubpoBku:
B Anana3soHe oT 1 o 8 MI'y — 14 %;
B Aunana3soHe oT 9 o 20 My — 18 %.
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PucyHok A.1 — YacToTHas xapakTepucTuka YyBCTBUTENBbHOCTU 0,2 MM — 30HA0BOTO rMapodpoHa

HeonpeaeneHHOCTL pe3ynsraTtoB Nn3MepeHuna YacTOTHOM XapaKTepUCTUKKU YyBCTBUTENTBHOCTU 6bina oueHeHa Mme-
ToAaMU, U3NOXeHHbIMU B [1]. OaHOR U3 rNaBHbIX cocTaBnAarwWmnx HeonpeaeneHHOCTU ABNAETCA HeonpeaeneHHOCTb Ka-

NUEPOBKM 3TafIOHHOTO MMAPOCOHA, UCTONB3YEMOro NPK KanuGpoBKe, KOTOPLIA B CBOK odepefb Gbin oTKanubposaH Ha
HaluMnoHanbHOM 3TalloOHe.

MpumeyaHue— OcobeHHOCTU HACTOTHON 3aBUCUMOCTU 30HAOBLIX FTMAPOGOHOB PacCMOTPEHb! B [5].
A.4 XapaKTepuCTUKU HanpaBneHHOCTH

XapaKTepuCTUKM HanpaBNeHHOCTU rMApPodoHa BbiM U3MepeHb! C MOMOLLLIO TOTO JKe CaMOro HEMMHENHOTO YNb-
TPa3BYKOBOro MOns, KOTOPOE NMPUMEHSNW NpWU U3MEPEHUN YACTOTHOW XapaKTepUCTUKKU YyBCTBUTENbHOCTU. MuapodoH
6bIN yCTaHOBMNEH B KOOPAUHATHO-MOBOPOTHOM YCTPOicTBe, obecrneunBatolLieM TOHHOE NoMoXeHne rnapodoHa 1 ero cTu-
poBKy. KOH4YMK 30HA0BOrO ruapodoHa Gbifl 3aTeM OTLIOCTUPOBaH Y OPUEHTUPOBAH TaK, YTOGHI BpeMEHHOM CABUM cUrHana
npu BpalleHun rMApochoHa B yNsTpasByKoBOM More He npeBbilwan 100 He. 3To 03Havano, rmapodoH Npy BpaLeHun
NpakTU4eckn He cMeLlascs U BCe U3MEHEHUA BLIXOLHOrO curHana rugpodooHa Geinu o6ycroBneHsbl TONBKO ero Harnpas-
neHHocTbto, TpU 3anucu curkana ¢ ruapodoHa Kak yHKLMK yria NoBopoTa MOXHO MOMYYMTh XapakTepUCTUKA Harpas-

JIeHHOCTU B 3a4aHHOM MWanasoHe YacToT. XapaKTepuCTUKKU HanpaeneHHocTH 0,2 MM 30HAOBOMO ruapodpoHa Ha YacToTax
1,5, 10, 15 1 20 MI'y npeacTaBneHsbl Ha pucyHke A.2.
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MpuMmedvaHusa

1 Ha pucyHke A.2 npeacTaBneHbl XapakTepucTUKN HanpaBneHHOCTU MMAPOodOHa NpU ero BpaLleHn BOKPYT TONBLKO
OfHOWN U3 ABYX OPTOroHanbHbIX OCel, pacCMOTPEHHbLIX B 5.5.

2 MokasaHHble Ha pUCyHKe A.2 XapaKTepUCTUKW HanpaBneHHOCTU Ha YacToTax oT 5 go 20 MIMy nonHocTLIO COOT-
BETCTBYIOT KPUTEPUIO CUMMETPUYHOCTH, NpueeaeHHoMy B 5.5.2. Ha 1 MI'L 3T0 OLIeHUTb HEBO3MOXHO, NOCKONLKY YYBCTBU-
TeNbHOCTb He AOCTUraeT ypoBHS crnafaHnusa MuHyc 6 ab.

A.5 3dbheKkTUBHBIN paguyc

AdcbekTUBHLIN paguyc ruapodoHa Obin onpegeneH no yrnam, orpaHMYeHHBIM TOYKaMK Ha AuarpaMMe Hanpas-
TNIEHHOCTH, COOTBETCTBYIOWUMU CnajaHuto YyBCTBUTENBHOCTU MUHYC 3 AB 1 MuHyc 6 ab, kak sTo ykasaHo B 5.6. Oddek-
TUBHbIA paguyc 0,2 MM — 30HA0BOrO rapodoHa 6l paseH: 0,131 MM gna 5 MIry; 0,124 mm ana 10 MIy; 0,114 Mm ans
15 My, 0,121 mm ans 20 My,

MpumeyaHuns

1 3Tn 3Ha4YeHUs SBNAIOTCA CPEAHUMM U3 aps U ayg.

2 Wcnonb3ays aTOT METOA, HEBO3MOXHO OLIEHUTb apchekTBHBIA paguyc Ha 1 MITL, NOCKONbKY YyBCTBUTESIbHOCTb HE
JOCTUraeT ypoBHel cnagaHusa HU MUHyc 3 4B, HM MuHyc 6 ab.

A.6 [IMHamMnueckuii AmanasoH, TIMHENHOCTb U 3MeKTPOMarHUTHbIE HAaBOAKM

A.6.1 HuxHuii npegen AMHaMU4YecKoro auanasoHa

MUWHUManeHbIA YypoBeHb LLYMOB rUAPOdOHA € NpeaycunuTenem orpaHn4mBacT BOZMOXHOCTb U3MepeHnUs cnabbix
aKycTudeckux curHanos. CpegHeKBajpaTUYHOE 3Ha4YeHWe YPOBHS LLYMOB NPeABapUTENBHOMO YCUNUTENA paBHO Npubnu-
3uTensHo 50 MkB B nonoce vacToT fo 100 My, Ecnu 4yBcTBUTENEHOCTE rMApoddoHa NpUHATL pasHol 50 HB/Ma, To
YypOBeHb LyMa ByAeT COOTBETCTBOBATL 3KBMBaNEeHTHOMY LLyMoBoMY faBneHuto 50 mkB / 50 HB/Ma = 1 kMa.

MpumeyaHune — Cuctema CHUUTbIBAHUS pe3ynbTaToB, UCMNoNb3yeMas Ans 3anucu curHana ¢ rugpodoHa, Tak-
Xe MOXET orpaHudvBaTe MUHUMANLHbBIA curHarn, KoTopbiin MOXHO 3anucatb. Hanpumep, ocuunnorpad ¢ MakcuMarbsHbIM
paspelieHmem 0,5 MB Byfet cnocobeH oTobpaxaTb TONbKO CUrHanbl ¢ aMniuTygoi He Huxe 0,5 mB/50 HB/Ma = 10 kla.

OKBMBaneHTHoe LWYMOBOe AaBreHne ruapodpoHa pasHo 1 klla.

A.6.2 BepxHuii npegen AMHaMUYeCcKoOro AuanasoHa

YToO6bl He BbITb NoABEPKEHHEIM MEXaHUYECKOMY NOBPEXAEHNIO NPU BO3LENCTBUMA BLICOKOrO aKyCTUYECKOro jaBrne-
HWS, 3TOT IMAPOdOH paspaboTaH ANA usMepeHuii nonei amnautygoi go 20 MMa. Xota ruapodpoHbl 3TOro TUna Ucnosnb-
3YI0T B YNETPa3ByKOBLIX MONsX, Npesbiwatowux 50 MMa, puck nospexaeHns ruapodcona sBospacraer. Ecnm Heobxogumo
ucnonb3oBaTh rMAPOdOH B none, akycTu4eckoe AaBrneHne B KOTOpoM npesbiwaet 20 MMa, To cnepyet obpatuteea 3a
COBETOM K MOCTaBLLUKY.

UTto6bl He MPOUCXOAUNO HackIEeHWe NpesycUnuTens Bhille ONpeAeneHHOro npejena akycTMYecKoro faBneHus,
BCTPOEHHbLIN B 3TOT rTMAPOGOH NPefyCUNUTENL CNPOEKTUPOBaH TaK, YTO ero HENUHEWHOCTL HauUHaET NpPoABNATLCA NPU
NpeBbILLEHUN MUKOBOrO 3Ha4YEHWUA BEIXOAHOrO HanpsixeHus, pasHoro 2000 MB. Ecnu NnpuMHATL BO BHUMaHWE TUMUYHOE 3Ha-
YeHue YyBCTBUTENBHOCTU rMAPOGPOHA, TO 3TO COOTBETCTBYET AaBneHuto, pasHomy 2000 MB/50 HB/Ma = 40 MMa. Ecnu
NPUXOAUTCA UMETb AEenO C MonsMU, AaBneHne B KOTOPbIX NPEBLILIAET 3TO 3HaYeHUe, To Heobxoanmo obpaTuTLes K no-
CTaBLUUKY ruapodoHa, 4ToObl PacCMOTPETb BO3MOXHOCTL BKIKOYEHUA aTTeHIoaTopa B cxeMy ruapocpoHa.

Mopor HenuHelHocTn paBeH 40 MMa.

Mopor BosMoxHoro nospexaerHns paseH 20 MMa.

A.7 NapameTpbl NEKTPUYECKOro BbiXoaa
CooTBeTCTBYIOWME NAapaMeTpLl ANA paccMaTpUBaeMoro ruapocoHa He onpeeneHsbi.

A.8 YcnoBus okpyxatowei cpeabl

FuapodoH ¢ npeaycunurTeneM MoXeT 6biTb UCNONb30BaH NPU U3MEPEHUsX B AnanasoHe pabounx TemnepaTtyp
oT 5 o 50 °C n ero xpaHAT Npu 3TUX Xe TemnepaTypax. HaxoxaeHue ruapodpoHa npu Temneparypax, npeBbILIAIOLWUX
60 °C, MOXET cTaTb NpUYNHOW HeoBpaTUMOro NoBpexaeHus rmapodpoHa.

apodoH ¢ npeaycunurenem 6uin oTkanubposaH B AnanasoHe Temnepatyp oT 19 go 25 °C. Ero uyBcTBUTENL-
HOCTb 3aBWUCUT OT TeMnepaTypbl Takum o6pa3som, YTO NpuU NOBbILWEHUN TeMnepaTypbl Ha 1 °C YyBCTBUTENBHOCTL YBENN-
yusaetca Ha 0,6 %.

FuapodoH ¢ npeaycunutenem 6bin paspaboTaH Ansi NONHOMO NOTPYXeHUsi B BOAY U MOXET YCMELLHO BbIAEpPXK-
BaTb rMApocTaTU4eckoe AaBneHne, COOTBETCTBYIOLWEe AaBlneHnto Ha rmybure 2 M. XoTa ruapocdoH ¢ npegycunurenem
MOXET BblAepX1BaTb U ANUTENbHOE NOrpy>XeHue (> 48 u), Npu OTCYTCTBUN HEOBXOAUMOCTU HaXOXAEHUS B Bofle PEKOMEH-
AyeTca ussnekatb rmapodoH U3 BoAbI U NPOCYLWNBATD.

Kakux-nubo TpeboBaHuit k Ka4ecTBy BoAbl He npeabsBnsaeTca. OgHaKo cTaHzapThl, OTHOCALYMECS K rMapotOoH-
HbIM U3MepeHUAM, Takue, Hanpumep, kak MOK 62127-1 unu [6], MOryT npeabsaenaTb onpejeneHHole TpeboBaHUs K ee
KayecTBy.

1
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MpumeyaHune — lNpogonxuTenbHoe HaxoxaeHWe rMAPodPOHa B HEAEUOHU3NPOBaHHOW Boge (Hanpumep, Bo-
LOMPOBOAHOM) MOXET NMPUBECTU K HapacTaHUI OTNOXEHUN Ha KoHLe ruapodoHa. KanbuueBblie OTNOXeHUA B YCNOoBUSX
«©KeCTKOW» BoAbl MOTyT CTaTb ONpeAeneHHoi NPoGnemMoit U NPUBECTU K NOTepe YyBCTBUTENBHOCTM rMAPOdoHa.

HecMoTps Ha To, YTO rMapocoH paszpaboTaH ANS U3MEPEHUIA B BOAE, €M0 MOXHO NMPUMEHATL U BO MHOTUX Apyrux
XuAakux cpepax. OfHako crieqyeT uMeTb B BUAY, YTO kanwbpoBka ruapodoHa Obina BelNonHeHa B Boge. Jpyrue matepu-
anbl ¢ pasnuyHbIM akyCTUYECKUM UMMEefaHCoOM U3MEHSAIOT YYBCTBUTENBHOCTL rnapodoHa. CreayeT UCKNIOUUTE NPUMeHe-
HUe HEKOTOPLIX XUMUYECKU arpeccuBHbIX XuaKocTel. K nocnegHMm oTHOCAT:

d) KOHLEHTpUpOBaHHbLIE KUCNOTEI (HanpuMep, a3oTHYIO U CEPHYIO);

€) KOHLEHTpUpOBaHHbIE LLENnoYun (Hanpumep, eakuii HaTp);

f) cunbHble opraHuyeckne pacTBOPUTENU (Hanpumep, MHOrUe anbAernfbl, MHOrMe aLleToHbl, CBA3YLLMEe B KOMNa-
yHAAX, AUMeTUndopMamug).

B vacTax rugpodhoHa, nofsepraroLuxcs Bo3AeCTBUIO OKpYXatoLlen cpeibl NPUMEHeHbl 30/10TO, HepxaBsetoLlas
cTanb, ToponnacT, natyHe M NONMBUHUNXIOpUE (ANs obonoykun kabensa npegycunutens). OgHako, ecnu nony4uT no-
BpEeXAEHWe HapyXHbI 30M0TON anekTpos, To cpeaa byaeT BosgelicTBoBaTh Ha MNBAD 1 ynnoTHeHne ruppocoHa.

12
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Mpunoxexnue AA
(cnpaBouHoe)

CBeleHMA O COOTBETCTBUMU CCbINIOYHbIX MeXAYHapOAHbIX CTaHAAPTOB
HauuoOHaNbHbIM CTaHOAPTaAM

Tabnuya OA1

0OB603HauYeHne CCbINOYHOro CTteneHb O6o3HavyeHUe n HaMMmeHoBaHue COOTBETCTBYHOLLEero HalnoHanbHOro cTaH-
MeXAyHapoAHoro ctaHgapTa COOTBETCTBUA AapTta
IEC 62127-1 IDT FOCT P M3OK 62127-1—2015 «l'ocyaapcTBeHHas cuctema obecne-

YeHUs efiMHCTBA U3MepeHniA. MNapaMeTpbl Nonei ynsrpas3ByKOBbIX.
Obwue TpeboBaHUA K MeTOAaM U3MEPEHUI U crocobamM onucaHus
nonei B 4acToTHOM guanasoHe ot 0,5 go 40 MIy»

IEC 62127-2 IDT FOCT P M3K 62127-2—2009 «l'ocyaapcTBeHHasa cuctema obecne-
YeHWA eguHCTBa usmepeHuit. fugpogorebl. Obwue TpeGoBaHUA K
MEeToANKaM KanubpoBKU B YaCTOTHOM AuanasoHe 4o 40 MIMy»

MpuMeyaHune— B HacTosAWel Tabnuye Ucnonb3oBaHo criegyloLlee ycrnoBHoe 0603HavYeHUe CTeneHn cooT-
BETCTBUS CTaHAapTOB:
- IDT — nageHTUYHbIE CTaHAapTh.

13
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