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[OCT P M3K 62127-2—2009
[lpeaucnoBue

Llenn n npuHUunel ctaHgapTusaunn B Poccumnckon Peagepaunn yctaHosneHbl PeaepanbHbiM 3aKOHOM
oT 27 aekabdbps 2002 r. Ne 184-P3 «O TeXHUYECKOM perynmpoBaHnuny», a npasmna npuMeHeHunst HauMoHanbHbIX
ctaHgapTtoB Poccunckon ®egepaunmm — OCT P 1.0—2004 «CtaHaapTusaunsa B Poccumnckon ®epgepaumin.
OCHOBHbIE NONMOXEHUAY

CBeoeHUA o cTaHgapTe

1 NMOAIN OTOBIEH Becepoccnnckmm HaydHo-uccnegoBaTtesibCKUM MHCTUTYTOM (PUSUKO-TEXHUNYECKNX U
paanoTeXHUYECKUX namepeHnn deagepanbHOro areHTCcTBa No TeXHUYECKOMY perynupoBaHuio U MeTpoIorn
Ha OCHOBE CODCTBEHHOro ayTeHTUYHOrO Nepesoda Ha PYCCKUN A3bIK MeXayHapOoaHOoro ctaHgapTa, paspabdo-
TaHHOro MOK/TK 87 «YnbTpasByk», yka3zaHHOro B NyHKTe 4

2 BHECEH YnpasneHunem metponornm $egepanbHOro areHTCcTBa no TeXHUYeCcKoMy peryrnmpoBaHMio
MEeTPOoNornm

3 YTBEPXOEH W BBEAEH B JENCTBUWE MMpukazom deaepanbHOro areHTcTBa no TeXHUYECKOMY
perynupoBanunto u metponorin ot 15 gekadps 2009 r. Ne 1041-ct

4 Hactodawun cTaHgapT uaeHTudeH MexayHapogHomy ctaHgapty MOK 62127-2:2007 «YnbTpa-
3BYK — ['MapodoHbl. HacTb 2: MeToabl KannbpoBKM ANst U3SMEPEHUSA yNbTPa3BYKOBLIX NOMNEN Ha YacToTax Ao
40 MI'u» (IEC 62127-2:2007 «Ultrasonics — Hydrophones — Part 2: Calibration for ultrasonic fields up to
40 MHz»)

HanmeHoBaHMe HacTodAlWlero ctaHgaprta UsMeHeHO OTHOCUTENTbHO HaUMMeHOBaHUA yKasaHHOIo MexXxay-
HapoaHoro ctaHgapTa ana npueeaeHusa B cooteeTcTBue ¢ TOCT P 1.5—2004 (nyHKT 3.5).

[Tpy NpUMeHeHUn HacTOALWEero ctaHgapTa pekoMmeHayeTca UCMONb30BaTh BMECTO CChITOYHBIX MeXay-
HapoAHbLIX CTaHO4AapPTOB COOTBETCTBYOLWME UM HauMoHanNbHble cTaHgapTel Poccunckon egepaunn, ceeae-
HUA O KOTOPLIX NpUBedeHbl B AONONMTHUTENBbHOM NMPpUnoXeHun A

5 BBEAEH BI'NEPBbIE

VIHgbopmauusa 0b UsMeHeHUsIX K HacmosuweMy cmaHoapmy nyonukyemcsi 8 eXXe2o00H0 U30asaeMoM
UHpOpMalUOHHOM yKa3amerne «HayluoHalnbHbIe cmaHoapmbi», @ mekcm U3aMeHeHUU U rornpaeok — 8 exe-
MeCSIYHO u30asaeMbix UHMOPMaUUOHHbIX yKalzamensx «HauuoHanbHbie cmaHOapmei». B cniydyae nepe-
cMompa (3amMeHbl) Unu OmmMeHbl Hacmosuweao cmaHoapma coomeemcmsyrujee yeeodoMiieHue byoem
orybriuKo8aHO 8 eXeMeCAYHO U30asaeMoM UHPOPpMaUUOHHOM yKazamerne «HauuoHanbHbie cmaHoapmbly.
Coomeemcmeyrouiast UHGhbopMalus, yeeOoMIIeHUE U MeKCcmbl pa3Meliaromcs makxe 8 UHGhbopMalyUoOHHOU
cucmeme obLie20 rnoIb3osaHusa — Ha oghulyuansbHoM caume QPeodeparnibHo20 azeHmemea rno MexHU4YeCKoMy

pecyriiupoeaHuro U Memposioculu 8 cemu VIHmepHem

© CtaHpapTuHdopm, 2011

HacToawumn ctaHaapT He MoXeT ObITb NOMHOCTLIO UITU YacTUYHO BOCTNIPOU3BEAEH, TUPaXXNPOBaH U pac-
MpocTpaHeH B KayecTBe oduumanbHoro nsgaHmsa 6es paspeweHns PegepanbHOro areHTcTBa Mo TeEXHNYECKO-
MY PeryrimpoBaHuo 1 MeTpPoioru
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HAUUWOHANBbHBIN CTAHOAPT POCCUUCKOMWN PEOEPALNMN

[ocynapcTBeHHasa cuctema obecnevyeHnss eQUHCTBa U3SMEPEeHUN
TMOAPO®OHDI

ObLwune TpeboBaHUA K MeTOAUKAM KanMbpoBKU B YaCTOTHOM Auana3oHe Ao 40 MI'uy

State system for ensuring the uniformity of measurements. Hydrophones.
General requirements for calibration methods in the frequency range up to 40 MHz

NaTta BBeaeHnsa — 2011—01—01

1 ObnacTtb NpUMeHeHus

HacTodawmnn cTaHaapT pacnpoCcTpaHAeTCA:

- Ha rmapogoHbl, UCNoNb3yeMble ANs U3MepeHUn B BOAHOW cpee B yNbTPa3BYKOBOM AManasoHe vyac-
TOoT Ao 40 Ml'u;

- Ha rnapodoHbl C KPYTrnbIM Nbe303MEKTPUYECKUM YYBCTBUTENLHBLIM 3NeMeHTOM, paspaboTaHHble ANg
N3MepPeHU yNbTPa3BYKOBLIX NONEN UMMYNbCHOrO UM HEMPEPLIBHOMO U3NYyYeHUs, TeHepupyemMoro ynbtpa-
3BYKOBbIM 0DOOpYya0OBaHNEM;

- Ha rmapodoHbl ¢ NpeaBapuUTenbHbIM yecunutenem mnu 6es Hero.

HacTtodawmni ctaHgapT ycTaHaBnMBaeT MeToAdbl abCOMOTHON U OTHOCUTENBHOM KanndpoBKK rnapodo-
HOB, pekoMeHaaLuy No NPUMEHEHUIO KOTOPLIX NpUBeAeHLI B bubnuorpadpunn K Hactodalwemy ctaHaapTy.

[TpyumMmevyaHNHs

1 pn npumeHeHun ynbTpasByka B MegnumnHe, Hanpumep B punsanotepannmn, NCNosb3yloT gnanasoH 4actoTt o1 40
0o 100 kly, ogHako OCHOBHOW YacTOTHbIM AguanasoH yNbTPas3ByKOBOW AMArHOCTUKM pacnonaraetcs Bbiwe 2 Ml u.
B HacToswee BpemMs yCTAHOBIEHO, YTO HA pe3ynbTaTtbl U3BMEPEHUS KITIOYEBbLIX aKyCTUHECKUX NapamMmeTpoB MOXET BITUATDb
YaCTOTHaA XxapakTepucTuka rmapodoHa Ha cyuwecTBEHHO Bonee HM3Kux vacrtotax [1].

2 HekoTopblie TUNbl rMaApodPOHOB MOTYT UMETb U HEKPYITIbi€ YYBCTBUTEITBHbIE 3NTEMEHTbI, YTO CBA3aHO, HAaNpumep,
C HEBONbLUMM OTKIMOHEHUEM OT KPYroBOW CUMMETPUN POPMbI 3NEKTPOAA UNKU C NPUMEHEHNEM KBAAPATHbIX aKTUBHbIX
3NeMeEHTOB. B aToM cnyvae npm npMmMmeHeHNN NoNoOXEeHMN HACTOSIWEro CTaHaapTa PeKOMeHAyeTCs yaensTb 0coboe BHU-
MaHue TOMY, UTO guvarpamma HanpasleHHOCTU Takmx rmapodPoHOB U 3 dEeKTUBHBIN paganyc nxX akTUBHOIO 3MNeMeHTa
byayT 3aBUCETL OT HaNpPaBleHns OCU NOBOPOTa rMapocoHa.

2 HopMaTuBHbIE CCbINKN

B HacToswWeM cTaHOapTe UCNONb30BaHbl HOPMaTUBHLIE CChINTKX Ha crneayolue ctaHaapThi:

MOK 60050-801:1994 MexagyHapoaHbln SnekTpoTexHndecknin cnosapb. nasa 801: AKycTuka U anek-
TpoakycTuka (IEC 60050-801:1994, International Electrotechnical Vocabulary. Chapter 801. Acoustics and
electroacoustics)

MO3K 60565:2006 mapoakyctuka. 'mapodoHbl. KanndpoBka B YacToTHOM ananasoHe o1 0,01 'y ao
1 MI'u (IEC 60565:2006, Underwater acoustics — Hydrophones — Calibration in the frequency range 0,01 Hz
to 1 MHz)

MOK 61161:2006 YnbTpaseyk. MamepeHne molwHoCcTU. CUCTeMbl ypaBHOBeLUMBaAHUA padnalMOHHOW
cunbl U TpeboBaHua k ucnonHeHuto (IEC 61161:2006, Ultrasonics — Power measurement — Radiation force
balances and performance requirements)

MOK 61689:1996 YnbTpasByk. dusnotepanesTnyeckoe obopyaoBaHue. TpedboBaHUA K pabo4vum
XapakTepuctukam u metogam mamepeHua B amanascHe 4vactoT oT 0,5 MIy ao 5 MIy (IEC 61689:1996,

U3paHune odbmumnanbHoe
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Ultrasonics — Physiotherapy systems — Performance requirements and methods of measurement in the
frequency range 0,5 MHz to 5 MHz)

MOK 61828:2006 YnbtpassyKk. Pokycupyowme npeocbpaszopatenn. OnpegeneHns n MeToabl MUaMepe-
HMA napameTpoB mnanydvaemblx nonen (IEC 61828:2006, Ultrasonics — Focusing transducers — Definitions
and measurement methods for the transmitted fields)

MOK 62127-1:2007 YnbTpasByk. [uapodoHbl. YHactb 1. UsmepeHue un onucaHne meguUUHCKUX
yNbTPasBYKOBbIX nonen Ha dactoTtax ao 40 Mlu. lNonpaska 1 (2008) (IEC 62127-1:2007, Ultrasonics —
Hydrophones — Part 1: Measurement and characterization of medical ultrasonic fields up to 40 MHz.
Corrigendum 1)

MOK 62127-3:2007 YnbTpassyK. [ ngapodgoHbl. Hacte 3: CBOUCTBA rmapodpOHOB ANA U3MepeHns napa-
METPOB yNbTpasBYKOBbIX Nonien Ha Yactotax ao 40 My (IEC 62127-3:2007, Ultrasonics — Hydrophones —
Part 3: Properties of hydrophones for ultrasonic fields up to 40 MHz)

3 TepMuUHBLI, onpepeneHna n o6o3HavYeHus

B HacTosleM cTaHgapTe NpuMeHeHbl TepMUHLI, onpegeneHHble B cTaHgapTe MOK 62127-1, a Takke
cneaywowme TepMmnHbl C COOTBETCTBYOLLMMIK onpeaeneHUamMi:

3.1 aKycTu4yecKkun LeHTp: Touka Ha npeobpasoBaTtene nnu BONN3N HEro, OT KOTOPOW pacnpocTpaHs-
IOTCA U3NyvYaemMble npeocbpasoBaTenemMm cepuyeckn pacxoaslinecss 3ByKOBble BOMHbI, Habnwgaemblie U3
O0OCTaTOYHO yaaneHHbIX ToOUEK, Ha KOTOPbIX 3TO pacxoxaeHue npoasnaeTca.

3.2 ocb nydkKka: [lpamaa nuHUA, npoxoadllaa yepes LeHTpanbHble TOUKU NyJvKa, NnpuHaanexatwue
OBYM MMOCKOCTAM, NepneHAUKYNSApHbLIM K NPSAMON NMMHUX, coeauHSAoLWEN TOUKY MakCUManbHOro UHTerpana
KBaapaToB AaBMNeHUs1 B UMMNYyNbCe C LUEHTPOM BHELUHen anepTypbl NnpeobpasoBaTens.

[TpumevyaHwmns

1 lMonoxeHne nepBon U3 NNOCKOCTEN onpeaenseTcs HaxoXaeHNeEM B HEWN TOYKM C MaKCUManbHbIM 3HAYEHUEM
MHTErpana KBagpartoB AaBNeHnsi B UMNynbece (T. €. 06bIvHO (pokyca). BTopasi NnoCKOCTb A0MKHA OTCTOATh OT NEPBOU KaK
MOXHO ganblie n 6biTb NapannenbHOW eén, a CKAaHUPOBAHNE B HEW AOIMKHO OCYLWECTBNATBCH N0 TEM Xe OPTOroHasrbHbIM
OCHAM X U Y, YUTO U B NEPBOUN NITOCKOCTH.

2 BO MHOMMx cny4asix TepMUH «MHTErparn KBagparoB AAaBMEHNA B UMNYNbCE» 3aMEHA0T ero NIMHENHbIMU 3KBUBaA-
NeHTamu, Harnpumep:

a) Anst HENPepbIBHOBONHOBOIO U3MyYeHnUs1 OH MOXET DbITb 3aMEHEH TEPMUHOM «CPEAHEKBAAPaATUYECKOE aKyCTU-
yeckoe aasneHme» [em. MOK 61689];

b) ecnu TpyaHO AOCTUYb CUHXPOHM3ALMN U3MEPAEMOro U N3NYy4aemMoro CUrHanoB, TO OH MOXET DOblTb 3aMeHEH
TEPMNHOM «yCpeaHEHHas BO BPEMEHU MHTEHCUBHOCTbY.

3 Cm.TOCT P MOK62127-1, pncyHok 1.

3.3 UeHTpanbHaA TO4YKa ny4dka: Touka nepecevyeHns ABYX NMMHUN, COOTBETCTBYIOLLUMX cepeaAnHe nyy-
Ka B ABYX OpPTOroHanbHbIX NIIOCKOCTAX Xy U yz [MOK 61828].

3.4 WUPUHA NYUYKa Wg, W1y, Wy, M: Hanbonbllee paccToaHne Mexay ABYMSA TOYKaMun, nexawwmmm Ha
3agaHHOM OCK, NepneHOUKYNSpHOM K OCU NyuKa, Ha KOTOPLIX MHTerpan KesagpaToB AaBNeHUs B UMMYIbCe

yYMEHbLUaeTCAa MO CPaBHEHU C eroc MakCMMyMOM (Ha OCU MydKa) Ha onpeaenieHHoe 3HadeHue [cM.
MK 62127-1].

[TpyumevyaHNHs

1 BO MHOrmMx cnydasax TepMuUH « MHTErpan KBagpartoB AaBneHns B UMNyIbCce» 3aMeHAOT ero NIMHENHbIMN SKBUBA-
NeHTamu, Harnpumep:

a) Ans HENPEepbIBHOBONHOBOIO U3NMYYEHUS1 OH MOXET DObITb 3aMEHEH TEPMUHOM «CPEAHEKBaAPATUHECKOE aKyCTU-
yeckoe gaenenune» [em. MOK 61689];

b) ecnu TpyaHO AOCTUYb CUHXPOHMU3ALUN N3MEPAEMOrO U N3NY4aEMOro CUrHanoB, TO OH MOXET DblTb 3aMeHEH
TEPMUHOM «yCcpedHEeHHas! BO BPEMEHU MHTEHCUBHOCTb».

2 OB6bMHO MCNONb3YIOTCH 3HAYEHUS LWWPUHBLI NMyYKa Ha YPOBHSX, paBHbIX MUMHYC 6 ab, muHyc 12 ab w
MuHyc 20 ab. lpwun aTom geunben onpegensioT Kak A4eCATb AECATUYHbIX NnorapndmMmoB OTHOLWWEHUSA UHTENParnos.

3.5 cepeguHa ny4yka: YcpedHeHHas NUMHUA, npoxoasawada yepes TOYKU NOTOBUHHBIX 3HaYeHUN LWUpU-
Hbl Ny4Ka, Nnexawien B kKakon-1o ogHou nnockoctn [MOK 61828].

[TpnmedaHune— YcpegHeHne npooanTes no 20 3Ha4YeHUAM LWNPUHBI NMyYKa, COOTBETCTBYIOWMM MHTEPBanam,
nexawwum B gnanasoHe ot mmHyc 0,1 ab oo mmHyc 26 ab, kak ato ycraHoBneHo B MOK 61828.

3.6 UeHTp ny4ka: To4yka Ha NSIOCKOCTU, OBLIYHO NeprneHANKYNSPHON OCU NyYKa B ero AanbHeM none,
KOTopas COOTBETCTBYET NPOCTPaHCTBEHHOMY U BpeMEeHHOMY NMUKY aKyCTU4eCKOro AaBrneHus.

2
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3.7 pnamMeTpanbHoOe CKaHupoBaHMUe ny4vka: Paag M3MepeHU HanpskeHus Ha Bbixode rgpodpoHa
npn NnepemMeLleHnn nocneaHero BAoNb NPSMON NUHUN, Npoxoasallen Yyepes TOUKY Ha OCU NyYKa 1M B Hanpas-
NeHnn, nepneHanKynapHom K ston ocn [MOK 62127-1].

[TpumedyaHun e — [QuameTpanbHoe CKAHMPOBaHMWEe Ny4YKa MOXET pacrnpoCTPaHATbLCA Ha pasiNYHble pacCTos-
HWUS MO Pa3Hble CTOPOHbI OT OCU My4Ka.

3.8 pguarpammMma HanpaBneHHocTU: [lpeacrtasneHne (0ObIMHO B rpadouyeckomMm BUAE) 3aBUCUMOCTI
YYBCTBUTENLHOCTU rnapodoHa Ha Kakon-nmbo 3agaHHOW YacToTe OT HanpaBfeHUs pacnpocTpaHeHuns naaa-
lOLLIeN MJTOCKON 3BYKOBOW BOMHBI B KakoW-nMbo 3agaHHOW MMIOCKOCTU, NPOXOASILLEN Yeped ONOPHYIO TOYKY
[IMOK 60565].

3.9 adbpeKTMBHBLIN paguyc HecOKycuMpoBaHHOro ynbTpa3ByKOBOro npeobdbpasoBatena a; M:
Paanyc naeansHOro NOpLUHEBOro yNbTPa3BYyKOBOro npeobpasoBartens B popmMe gucka, UMeroLLero pacyer-
HYO OCEBYIO 3aBUCMMOCTb aKyCTUYECKOro AaBneHus, npubnmusnTenbHO 3KBMBANEHTHYIO HAbMogaemMon oce-
BOW 3aBUCUMOCTU aKyCTUYECKOro AaBMeHUA OO0 PacCTOsIHWNA, COOTBETCTBYHOLIMX NocnegHemMy MakCUMyMmy
3TOU 3aBUcMMoCcTU [MOK 62127-1].

3.10 adodpeKTUBHLIU paguyc rugpodoHa ay, ays, apg, M: Paanyc rugpodoHa B B1AE XXeCTKOro Agunc-
Ka, KOTOPbIN UMEET pacyeTHYIO guarpaMmMmy HanpaBleHHOCTU, YITIOBOU CEKTOP KOTOPOW paBeH YIMOBOMY
CEKTOPY U3MepeHHOU aAnarpamMmmel HanpaBneHHOCTU paccMmaTpusaemMmoro rugpodgoHa [MOK 62127-3].

[TpyumMmevyaHNHs

1 YrnoBown CEeKTop ONpeaensiorT No onpeaefieHHOMY YPOBHIO CHUXEHUS AnarpaMmmbl HanpaBneHHOCTU OTHOCKU-
TENBbHO €€ MakCuMarnbHOro 3HaveHus. ns onpegeneHHbiX YPOBHEN CHMXEHNS, paBHbIX 3 U 6 ab, 3HaveHns apPpekTmB-
HOro paguyca o603HavaloT KaK apq U apg.

2 3HaJveHus paguyca 3aBUCAT OT YacToOTbl. TUNUYHbIE SKCNEepUMeHTarnbHble gaHHble NpuBeaeHb! B [2].

3.11 uMnepaHc aneKTpuyeckon Harpy3ku z;, Om: KomnnekcHoe sHavyeHue BXoOHOro 3neKTpu4ecKo-
ro umnegaHca (BknovaroLlee peanbHylo U MHUMYIO YacTu), K KOTOPOMY NOAKM0YEH UMK JOJKeH ObiTb NoA-
KIHOYeH BbIXOAHOM pasbeM kabens rugpodgoHa [MOK 62127-3].

3.12 4yBCTBUTENbHOCTb Ha KOHUe Kabenda noa Harpy3kou; YyBCTBUTENbHOCTb ruapodoHa (nnu
ruapodoHa c npegycunuteneM) Ha KoHue kabena nog Harpyskoun M, (f), B/la: OTHolLeHWe MTHOBEHHOI O
3Ha4YeHNA 3NEeKTPUYECKOro HanpsbkeHUsl Ha KOHLe NOCTOsIHHO noacoeAuHeHHOoro kabensa unu passbemMa rug-
podoHa (M rnapooHa ¢ NpeaycunutTeneMm), NogcoeguHeHHbIX K 31eKTPUYeckoMy MMNedaHCy Harpysku,
K MTHOBEHHOMY aKyCcTU4YeCKOMY AaBrieHUK B CBOOOAHOM HEBO3MYLLEHHOM aKyCTUYEeCKOM Mone NoCcKou

BOJIHbI B TOUKE, COOTBETCTBYIOLWEN akyCTUYECKOMY LIeHTPpY ruapodoHa, npm ycrnoBum OTCYTCTBMUA rMaPodo-
Ha B 3ToU To4ke [MOK 62127-3].

3.13 4yBCTBUTENIBHOCTb XONTOCTOrO X04a Ha KOHLUe Kabensa;, YyBCTBUTENbHOCTb XONMOCTOro Xxoaa
Ha KoHLUe kKabens ruppodoHa M_(f), B/lNa: OTHoLLeHne MrHOBEHHOro 3Ha4YeHUs 3MeKTPUYeCcKOro HanpsKe-
HASA XOMOCTOro Xo4a Ha KoHLUe NOCTOSsIHHO noacoeguHeEHHOro kabena unu pasbema rugpodoHa (Unv rugpo-
¢boHa ¢ npegycunutenemMm) K MFHOBEHHOMY aKycTUYeCKOMY AaBneHuw B cBODOAHOM HEBO3MYLLEHHOM
aKyCTU4eCKOM nosie NIOCKOU BOJMHBbI B TOYKE, COOTBETCTBYIOLLEN aKyCTUYeCKOoMY LUeHTpY rugpodoHa, npu
YCNOBUU OTCYTCTBUSA ruapodoHa B 3T1on Touke [MIK 62127-3].

3.14 BHelWHAA anepTypa npeobpa3oBatensa: Yactb NoOBepXHOCTU nNpeobpasoBaTens UM rpynnol
3NeMeHTOB Npeobpas3oBaTens, KoTopas U3nydaeT yNbTPa3ByK B cpeay pacnpoctpaHeHnsa [MOK 61828].

[TpnmeyaHwmne— 3I3Ta NOBEPXHOCTb NMMDO HAXOAUTCH B HEMOCPEACTBEHHOM KOHTAKTE C TENOM nauneHTa, nmbo
KOHTaKTUPYET C HUM Yepes BOAY UK APYryto xXuakyto cpeay (em. M3K 62127-1, pucyHok 1).

3.15 panbHee none: AKycTn4eckoe (3BYKOBOE) NOJe Ha TEX pacCTOAHUSX OT YbTPa3BYKOBOro Npeon-
pasloBaTens, Ha KOTOPbIX MFHOBEHHOE 3HavYeHUe akKyCcTUYeCKoro AaBrieHUA N KonedbaTtenbHasi CKOPOCTb
yacTuL, npakTudeckn cosnagatoT no dpase [MOK 60050-801].

[TpumevyaHwmns

1 B panbHemM none BONHA akyCTUYECKOro gaslNeHuns npeacraBnserca chepudeckn pacxogsallencs OT TOYKM,
neXxalwewn Ha nanydaruen NoBEPXHOCTN nnu B6nmnam Hee. lNoaTtomy gaBneHne, reHepupyemMmoe NCTOYMHUKOM 3BYKa, MNpu-
Brin3anTenbHO OBPAaTHO NPONOPLUNOHANBHO PACCTOAHUIO OT 3TONr0 NCTOYHUKA.

2 TepMuUH «aanbHee None» UCNonb3yeTcsl B HACTOAWEM CTAHAAPTE TONbKO ANs HECHOKYCUPOBAHHbLIX MPeodbpa-
zoBatenen. nsa choKyCMpOBaHHbBIX NPUMEHSIIOT APYIrMe TEPMUHbI, PA3NUYHbIe ANS Pa3HbIX YacTen U3ny4aemMmoro nons

(cm. MOK 61828).

3.16 cBobopgHoe none: 3BYyKOBOE MOMe B TOMOreHHON N3OTPOMHOW cpeae, B KOTOPOM BIUSAHUEM rpa-
HAL, MOXXHO npeHebpeysb [M3OK 60565].
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3.17 rugpoddoH: [NpeocbpasoBaTerib, KOTOPLIN TEHEPUPYET 3MEKTPUYECKNE CUTHATbI NMPU BO3OEUCTBUM
Ha Hero akyctuieckmux curHanoB B Boge [MOK 60050-801].

3.18 rmgpodoH ¢ npeaycunutenem: F'mapodoH, COBMELLEHHbIN C NpeaBapUTenbHbIM YCUNUTENEM
B ogHOM Kopnyce [MOK 62127-3].

3.19 ocb ruppodoHa: HoMMHanNbHaAd OCb CUMMETPUM aKTUBHOIO a3nemMeHTa ruapodoHa
[IMOK 62127-3].

[TpnmevaHnue—Ilog ocbio rmapochoHa B HACTOSILLEM CTaHAAPTE NOAPAIYMEBAETCH NEeOMETPUYECKAs OCb
cummeTpum rngpodoHa, ecnu narotoButenem rmapodoHa He yCTaHOBMEHO Agpyroe, bornee KOHKpeTHoe, onpeaeneHue.

3.20 reomeTpudeckun paauyc rugpodoHa a
anemeHTa rugpodoHa [MOK 62127-3].

3.21 npegBapuTenbHbIn ycunutenb (Npeaycunutenb) rugpodoHa: AKTUBHOE 3MEKTPOHHOE
YCTPOUCTBO, KOTOPOE COeaANHAT C ruapodPoHOM AN CHUXKeHUA ero BeIxogHoro umnegaHca [MOK 62127-3].

g M: Paguyc, onpegendemMbln pasMmepamMn akTUBHOIO

[TpumevyaHwms
1 Mpepycnnutens rmapodoHa TpedbyeTt INMEKTPUHECKOTO NMUTAHUS.

2 KoadhduumeHT yeuneHus npeaycunurtens rmapodgoHa MoxXeT bbiTb U MeHbLIE 1, T. €. NPeayCUnnTEnb MOXeT
N HE ABNATLCH YCUTTUTENEM.

3.22 MrHOBEHHOE 3HaYeHUue akycTU4ecKoro (3BykoBoro) gasneHua p(ft), la: PasHocTb mexay aaB-
NeHneMm, CyLeCcTBYOLMM B paccMaTpuBaeMbll MOMEHT BPEMEHN B HEKOTOPOW TOYKE cpedbl, U CTaTUYECKUM
gasneHnem [MOK 60050-801 n MOK 62127-1].

3.23 MrHoBeHHOe 3HaueHue UHTeHcuBHocTU I(f), BT/M2: AkycTudeckas aHeprus, npoxoasilas 3a
eIUHNLYY BPEMEHWN B HanpaBfieHUN pacrnpoCcTpaHeHUs1 akyCTUYeCKOW BOJHbI Yepe3 eAunHUYHYO nnowaib,
nepneHAnKYNAPHYIO K 3TOMY HanpaBlieHWUIo, B paccMaTpUBaEMbI MOMEHT BPEMEHW B HEKOTOPOW TOUKE aKyC-
TUYECKOTrO Mons.

[MTpumeyaHun e—NrHoBeHHOe 3HAYeHNE MHTEHCUBHOCTM SIBMIAETCH NMPON3BEAEHNEM MIHOBEHHbIX 3HaJe-
HUMA aKyCTUYEeCKOro AaBrieHMA N KonebartenbHOW CKOPOCTU. M3MepnTb MHTEHCUBHOCTb B YNbTPA3BYKOBOM AMana3oHe
4acToT TPYAHO. [1pn namepeHnn NnapameTpoB B COOTBETCTBUM C HACTOSLWLMM CTAHAAPTOM B NPEANONoXeHun CyLLeCTBOBA-
HUS YCNOBMW OaNbHEero nona MrHoOBeHHoe 3HaYeHne MHTeHCMBHOCTH I(f) BbipaxkaeTcs Kak

1(t) = p(ty%/pc, (1)

roe p(f) — MrHoBeHHOe 3HaYeHMe aKyCTU4YeCKoro gaBneHus, [13;
p — MMNOTHOCTb Cpeabl pacnpocTpaHeHwus, Kr/M>;

C — CKOPOCTb 3BYyKa B cpeae, M/C.

3.24 onopHbIN UeHTp: Touka Ha rugpodoHe Unn B6IM3n Hero, OTHOCUTENTbHO KOTOPOW onpeaensitoT
aKkycTudeckyto YyBcTBuTenbHOCTb [MOK 60565].

[TpnmeyaHwune—B HacToAwemM cTaHaapTe Nod ONOPHbLIM LEeHTPOM NOAPa3yMEBAIOT FrEOMETPUYECKUN LIEHTP
N3Ny4atoLen NOBEPXHOCTU aKTUBHOIO 3nemMmeHTa rugpodoHa, ecnv narotoButenem rmgpodoHa He gaHo gpyroe, bonee
KOHKPETHOE, onpegeneHune.

3.25 HeonpegeneHHoOCTb: [lapameTp, CBA3aHHLIM C pe3ynbTaToOM U3IMEPEHUN N XapakTepusyroLwnm
pas3dbpoc 3Ha4YEHUA, KOTOPbIE MOTM Obl ObITL NPUNUCaHBLI U3MEPSIEMON BennvunHe [3].

4 Cnncok o6o3HavYeHUn

a, — 3PEPEeKTNBHLIN paguyc rngpodoHa (a3, a5 CO CCbIIKON Ha ero onpeaeneHue npu MMHyC 3 U
MWHYC 6 OB COOTBETCTBEHHO);

a, — reoMeTpuveckniA paguyc rugpodgoHa;

a.., — MaKcumarnbHoe 3HaveHue adpdeKkTUBHOro pagunyca ruapodoHa npn ero Kakom-nmbo KOHKpeTHOM
TPUMEHEHUN;

ap — nonepeyHoe paccToAHNe OT OCU NYYKA (8p max E» Ap max H. MaKCUMarnbHble 3Ha4YeHus, YTobbl N3be-
XaTb UHTepdepeHUNN C KpaeBbiMA M NOBEPXHOCTHBIMW BONTHAMW COOTBETCTBEHHO);

a; — 9PEPeKTUBHbIN pagnyc HecoKyCMpOBaHHOro ynbTpasByKoBOro npeobpasoBaTens;

A, — reomeTpuyeckas nnowaab ynbTpassyKkoBoro npeobpazoBaTens;

B/A — napameTp HENMUHEWNHOCTU;

C — CKOPOCTb 3BYKa B cpeae (0DbIYHO B BOAE);

C,, — eMKOCTb Ha KoHLUe Kabenda rugpodoHa (BK/toMaa HepasbeMHbll Kaberb U pasbemM Ha ero KoHLe);
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HOPMUPOBaHHasA XapakTepucTmuka HanpaBneHHOCTHU;

OCHOBaHWe HaTypanbHOro norapugpma;
4yacToTa;

OCHOBHad 4acToTa BO30OyXAeHUs curHana, UCnonb3yemoro Ans reHepaumm HenUHEUHbIX
NCKaXXeHUI;

BEPXHSAA rpaHUYHasg YacToTa YCTaHOBIEHHOro YacTOTHOro AManasoHa ruapodoHa;
aMnnnuTyaga MrHoBeHHOW MHTEHCMBHOCTM B NPEANONOXEHUN ee NMPonopLMoHansHOCTN KBad-
paTy akyCTUYECKOro AaBlieHUS;

BEKTOP MIHOBEHHOW MHTEHCUBHOCTW B TOYKE (X, ¥, Z) B MOMEHT BPEeMEHN f;

KOMMOHEHT BeKTopa MTrHOBEHHOW MHTEHCUBHOCTU B HANpaBNeHU pacnpocTpaHeHUs B TOYKe
(X, ¥, Z) B MOMEHT BPEeMeHMU I;

"eoMeTpuyeckoe PoKyCcHoe paccTosHne pokycupyrollero npeocbpasoBaTtens;

HOMEP KpanHen To4YKM CKaHMPOBaHUA NP paananbHOM CKaHUPOBaHUN;

BONMHOBOE YnCno (= 21/A);

obulee 0OO3HayeHWe AONA KOMMMEKCHOro 3HavyeHUa 4YyBCTBUTENbHOCTU TMAapodpoHa, rae
M = |M| asnaeTca moaynem, a arg(M) — apryMmeHToM, T. €. ero (oasoBbIM YoM,

4YYBCTBUTENIbHOCTb XOSIOCTOro X04a Ha KoHLe Kabens;
4YYBCTBUTENIbHOCTb Ha KOHLLe Kabensa noa HarpysKom;

YMCIO ycpeaHEeHNN BOTHOBOU POPMBI, B3ATOE NPU BOCNpoOU3BeaeHUn ycpeaHeHHOM BO Bpe-
MEeHW BOJTHOBOW POPMBI HAMPSXKEHNS;

4YMCNO TOYeK oTcyeTa Npu agnaMmeTpanbHOM CKaHUPOBAaHUN

YNCNO rapMOHMUK;

aMnnNuTyaa gaBfeHus;

aMnnnTyaa akyCTUYecKoro gaBneHns Ha NoBepxHoOCTN npeobpasoBaTens;

MFHOBEHHOE 3Ha4YeHne aKyCTUYeCKOoro AaBreHuns B ToUke (X, V¥, Z) B MOMEHT BPEMEHM f;
MONHaA MOLLHOCTb Y/IbTPa3BYKOBOIrO M3Ny4YeHUs1, npoxoasaliero yepes 6eckoHe4YHyo nmoc-
KOCTb, YCTAHOBMEHHYIO Ha paccTosaHUA [ OT yNbTPa3BYKOBOro npeobpasoBatens;

TONHasga ynbTpasByKkoBas MOLWHOCTb NpeobpasoBaTens;

pagMovYacTOTHbIE CUTHATTbI;

pacCcTOsAHNE MeXay LieHTPOM YIIbTPa3BYKOBOIO NMy4ka 1N TOYKOW CKaHUPOBAHUS;

(/ k/naf)—paccmﬂl-me MeXay npeobpasoBartenem m rmapodoHoOM, HOPMUPOBAHHOE K

PeneeBCKOMY pacCTOAHUIO (naf/k);

DACCTOAHNSA MeXAY LLIeHTPOM YNbTPa3BYKOBOTO NMy4vka 1 KpamHUMU TOUKaMU /-ro anameTpanb-
HOMO CKaHMPOBAHUSA;

PACCTOAHUE MeXAOy LEeHTPOM YNbTPa3BYKOBOIro nyyka v onumkanwen To4Komn CKaHUpOBaHUS;
BpeMs npuxoaa nepBUYHOU BOJHBI;

BpeMs, Heobxoanumoe ana N3MepeHuin B yCnoBuUax cBoOOAHOro Nons MeTo4oM CNeKTPOMET-
DU BpEeMEHHbIX 3a4epXeK;

aKyCTUYECKNN KO3 PULMEHT NpoXoXaAeHUS;

BNeKTpuyeckoe HanpskeHne Ha KoHue Kabens rnagpodpoHa B OMOPHOM Touke (X, ¥, Z) B
MOMEHT BpeMeHMu I;

al1eKTpuYecKkoe HanpsbkeHne Ha KoHue kabensa ruapodpoHa, BKIoYatowee ero CoOOCTBeHHbIe
LLIYMbl, B ONOPHON TOUKE (X, ¥, Z) B MOMEHT BPeEMEHMU f;

cpedHekBagpaTudyeckoe sHavyeHue LymMoB, U3MepeHHoe rmapodOHOM B ONMOPHOU ToUKe (X, Y, Z);
ANeKTpuYecKoe HanpsikeHne Ha pasbemMe ynbTPasBYKOBOIro npecbpasoBaTens;

BEKTOP MMTHOBEHHOMo 3Ha4YeHUa konebatenbHON CKOPOCTU YacTUL, B TOUKE (X, ¥, Z) B MOMEHT
BpeMeHN t;

CKOPOCTb paguarnbHOW BOMHbLI B NNacTuHe npeobpasoBaTens:
LLIMPMHA NMy4Ka No noso Ha OCHOBHOWM 4YacToTe;

OCeBOe paccTosiHUe MeXay rmapogpoHOM U NOBEPXHOCTLIO YNbTPa3BYKOBOrO npeobpasoBa-
Tena (z(, z,, Z3 N zZ, — 3ajaHHble 3Ha4YeHUsA pPaccTOAHUMN C YYETOM BIINAHUA KpaeBOU U
MOBEPXHOCTHOWU BOJTH);

MUHUMAaNbHOE paccTodHUE OT r’MapodoHa KOHEYHbIX pasMepoB A0 npecbpasoBaTens;
poKycHoe paccTosiHMe (No AaBneHuno) poKycupyrowero npecbpasoBartens;
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AZ — Pa3HOCTb PaCCTOAHUN;

Zy — KOMMJIEKCHbIN 3NeKTpU4eCcKn nMnegaHc Ha Bbixoae rnapogoHa;

Z, — KOMMIIEKCHbIN 3NEeKTPUYECKNA NMNeaaHC Harpys3ku;

o — aMNNUTYAHbIN KOSPPULMEHT 3aTyXaHUst NNOCKOW BOMHLI B cpeae (00bIMHO BoAE);

B — napameTp HeNMHeWHOCTWU, 3agaBaemMbln B Buae 3 = 1 + B/(2A);

S — aMnnuTyaa BTOPOM rapMOHUKN, BbipaykeHHad B NpoLeHTax OT akyCTUYeCKoro gaBreHnst Ha OCHOBHOW
YacToTe;

5,, — MONpaeka K aMNNnTyae AaBreHns U3-3a KOHe4YHOro pasmepa rmgpodpoHa;

® — Yron Mexay HanpaeneHuem pacnpocTpaHeHUda ynbTpasByKka U OCbHo Z, paBHLIX YINy MeXxay NUMHUen,
COEIMHSAOLWEN LEHTP YNbTPa3BYyKOBOIrC nNpeobpasoBarens ¢ LeHTpoM rnapodoHa, 1 HanpasneHnem
pacnpoCcTpaHeHUs;

®, — yronwmexay NMMHNEN, CoeaUHAOLWEN LLIEHTP YNbTPa3BYKOBOro npeobpasoBaTtens ¢ LEeHTPOM rnapodo-

Ha, N HanpaBlieHMeM MakcumMmanbHOW YyBCTBUTENbHOCTM TMapodoHa;
— OTHOLUeHUe paanyca nydka K adpdpeKkTMBHOMY paguycy rmgpodpoHa;

Y

{ — aKycTu4eckoe cMmelleHune, usmepsaemoe onTu4eckum MHTepdepomMeTpom;

0 — yron nageHunsa ynbTpasBYKOBOW BOMHbI OTHOCUTENbHO OCU r’MapodoHa (05, 85 Ha ypoBHAX 3 U 6 Ab
COOTBETCTBEHHO);

A — ANUHa yNbTpas3BYKOBOW BOJIHbI;

Ay — ANnHa CBETOBOW BOJIHbI]

& — YMHOXeHHasi Ha nt/2 annHa PeneeBcKoW BOMHGI (al?/x no MOK 61828) dhokycupyrowero npecbpasosa-
Tens;

p — MNJIOTHOCTb cpedbl pacnpocTpaHeHus (Boabl);

Pc — YAenbHbIN aKyCTUYECKNU MMNeaaHc;

s — napameTp HeNMMHEeNHbIX NCKaXXeHWN;

G, — NapameTp HeNNMHeNHOCTN PacnpoCTpaHeHuUs;

T — AJIMTENbHOCTb UMMYNbCa UM TOHANbHOIO UMMNYIbCA (Tmax £ Tmax H - MakCumMarnbHble 3Ha4YeHna Ang

yCTpaHeHns NHTepdepeHLnun ¢ KpaeBbiMU U MOBEPXHOCTHLIMU BOSTHAMW COOTBETCTBEHHO);
o — YrnoBas yacToTa.

5 OOLee npeacTtaBneHne 0 MeToAMKax KannopoBKK

5.1 O6wme nonoxeHus

[na namepeHnin abcontoTHbIX 3HAYEHN NapaMeTpPoB akycTudeckoro nongd TpebyoTca rugpodoHbl.
OnekTpudeckoe HanpsikeHne u(t) Ha Bbixoae ruapodoHa Kak 3aBUCUMOCTb BpeMeHun f MoXeT BbITb nNpea-
CTaBMeHO B BMAE

u(t) = p(t) m(l), (2)

rae p(f) — BonHoBas opma (3aBUCUMOCTb OT BPeMeHMN) AaBNeHUs;
* — onepauus CBepTKM;
m(f) — MMMNyNbCHbIA OTKNUK rMapodoHa.
[1pn pasnoxeHun B pagbl Pypbee, ecnun U, P(f) u M(f) aBnaloTca COOTBETCTBY LMK NpeobpasoBaHun-
AMU Pypbe, pe3yNbTUPYIOLWNN CMEKTP HANPAXKEHUA MOXHO NoNydnThb paBHbIM P(f) - M(f). BenundanHa M(f) aBns-

eTca dyHKUMen npeobpazoBaHusa ruapodoHa (YyBCTBUTENBbHOCTBLIO), U €e KOMMMeKCHoe 3HadveHue
npedcTaBnsieTCs Kak peanbHOW, Tak 1 MHUMOW YacTSMMU.

B COOTBETCTBUM C COBPEMEHHOWU NPaKTUKOWN N3MEPEHUN B HACTOSLLEM cTaHOapTe rMAPodOoHbl pac-
CMaTpUBAaIOT KaK 3NeMeHThl, YyBCTBUTENbHbIE K aMNNUTyae, a He K pase curHana. TemM He MeHee eCTb onpe-
neneHHble OCHOBaHUA nonaraTb, UTO (pas3oBble M3IMepeHUst B Oyayulem OyayT MMeTb Oonee Ba)KHoe
3Ha4yeHue, B YACTHOCTU NPU NPUMEHEHUN MeTOA0B 0bpaTHON cBepTKM (M. MOK 62127-1), koTopble TpebyoT
KOMMNEKCHOro npeacrasneHna yHKUMKM npeocbpasoBaHuns rugpodoHa. Ecnu 310 nponsonaeT, TO HACTOS -
LA cTaHaapT OyaeT nepecMoTpeH ANsl yCTaHOBNEHUA Bonee CTpornx TpeboBaHNU K TaKUM U3MEPEHUSIM.
O630p CyLWECTBYHOLWNX OTHOCUTENBbHbLIX a30BbIX U3MEPEHUN AaH B NPUNOXeHUn |.

[TpnumedaHwue—Ilog YBCTBUTENBHOCTBIO rMAPOIOHA B HACTOSAWEM CTaHdapTe nogpasymeBaroT 4eUCTBU-
TENbHOE 3HAYEHME (BbIPAXXEHHOE OTHOLWWEHMEM aMNIINTyA).

6
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N3noXeHHbIe B HACTOSILLEM CTaHdapTE METOAMNKN KanMbpoBKkn ruapotdoHOB O0CHOBAHbLI Ha ABYX MPUH-
LMNnanbHO pasnuMYHbIX nogxogax:

a) KanumbpoBka C NpUMeHeHWneM 3TanoHHOro npeobpasoBaTens.

B aToM cniyvyae rmapodgoH MoxeT ObiTb OTKanMdbpoBaH MeTOA0OM CPpaBHEHUSA C 3TANOHHBIM Npeobpaso-
BaTENIEM KakK UCTOYMHUKOM YIMbTPasBYKOBOWM MOLHOCTWU. BbIXogHast MOLWIHOCTbL npeocbpasoBatens Ao/TKHa
ObITb OnpeaeneHa MeToAoM ypaBHOBELWIMBAHUSA pagnalUoHHON cunbl, N3NoXeHHbIM B MOK 61161;

b) KanubpoBka Be3 sTanoHHOro npeocbpasoBaTend, BKAoYatoLwas:

1) KannMbpoBKY METOAOM B3aMMHOCTU, OCHOBAHHYIO Ha NMPpUHUMNE B3aUMHOCTU, NPU 3TOM, MO KpanHen
Mepe, ONH N3 UCNONb3YeEMbIX NpeocbpasoBaTenen AomkeH ObiTb B3aUMHbIM;

2) (Ppn3nYecKyro KannbpoBKy, NPU KOTOPOWN OEeUCTBYIOLWEee Ha ruapodoH 3BYKOBOE AaBNeEHUE pacCHu-
TbIBAKOT NO pe3ynbTaTam namepeHn pusndecknx napamMmeTpoB, OTHOCALLMUXCS K aKyCTUYeCKOMY MOS0, Takux,
Hanpumep, Kak akycTmdeckoe cMelleHne B MeTode ONTUYecKor UHTepdepoMeTpUn.

[TpunmedyaHwune—Ilog «abconoTHOM» KanMbpoBKOW rmapo¢pPoHOB B HACTOSALWLEM CTAaHAAPTE NOHNUMALOT TO, YTO
OHa NpoBoAnTCS B6e3 CpaBHEHUS C YYBCTBUTENBHOCTBIO APYroro rmapodona. IHorga nonb3yoTesa TAKXKe NOHATUEM «Nep-
BUYHOIo» Metoaa kannbposku. C gpyron CTOPOHbLI, HA NPAKTUKE YaCTo UCMONb3YIOT KBTOPUYHBINY METOA NN METOL, «3aMe-
LLIEHUSA», KOTOPbIE npegnonaratoT CPpaBHEHUE C YYBCTBUTENBHOCTBIC KannbpoBaHHOIO onopHoro rmapodona. Cam onop-
HbIX TMAPO¢OH MOXET BbITb OTKANMBPOBaH «abCOMIOTHLIM» METOAOM UK C NOMOLLbIO APYIOro STanoHHOro rmapodoHa m
T. 4. O4eBUAHO, YTO 3TO ABE NPUHLUUMUANBHO Pa3finyHble METOAUKU: BbIMONHEHNE abcontoTHOM KannbpoBkn rmapodoHa
NN CPaBHEHNE YYBCTBUTENBHOCTEN ABYX ruapodoHoB. ABCOMOTHbIE METOALI N3NOXEHBI B padgenax 9, 10 n 11, a Takxke
npunoxenunsax D, F n H HacTosawero ctanHgapra. Metog cpaBHeHUs KOHKpeTu3npoBaH B pasgene 12. Cnegyetr OTMETUTS,
YTO METOAMKA 3aMeLLEHNST ODbIYHO NpeagycMaTpuBacT peann3auntio 0b6onx MeToaoB, N Xenarwwemy €10 BOCNoNb30BaTbCA
pPEKOMEHAYETCH 0BpaTUTLCH Kak K pasgeny 12, Tak n K gpyrum pasgenam, OTHOCAWMMCSH K MeTogam abcontoTHON Kanmb-
POBKW, OCOBEHHO ecnun peYb naet 06 OUueHKE HeonpeaeneHHOCTH PE3yrnbTaToB KaNnMbpPOBKM METOAOM 3aMeELLEHUSA, TaK KaK
COCTaBNSALWMMN STON HeonpeaeneHHOCTH DyayT BKNadb! Kak abConoTHbIX, TAK U OTHOCUTENBbHbLIX METOAOB.

5.2 O630p MEeTOAUK KannbpoBKU

HuKe ykasaHbl AManasoHbl HacToOT, B KOTOPLIX MOXET ObITb peannioBaH TOT UM MHOW MeTod KannbpoB-
KW, a TakKe pasgen, B KOTOPOM U3NMOXeH COOTBETCTBYOLWMKA MeToa. B Tabnuue 1 npuBegeHsl TUNUYHBIE 3HA-
YeHUs1 HeonpeAaeneHHOCTU Pe3yNbTaToB KANUOPOBKN 3TUMU METOAAMM.

a) KannbpoBka MeToaoM B3aUMHOCTM B cBOODOAHOM none:

- KanndpoBKa be3 NCNoNb30BaHUA 3TANoOHHOro npecbpasoBaTenst B cBOOOAHOM none, B AManasoHe
yactoT oT 50 kl'y ao 15 Ml'u; pasgen 9.

b) KannbpoBka MeToa0oM NMOCKOro CKaHMpPOBaHUA B cBOOOAHOM none:

- KannbpoBKa B cBOOOAHOM None C 3TanoHHbIM NpeobpasoBaTenem, B gnanasoHe YyactoTt oT 500 kl'y
go 15 Ml'u; pasgen 10.

c) KannbpoBka B CBOOOAHOM nosne METoA0M ONTUYECKON MHTEepdEepoMeTpUn:

- pnsnveckasa KanmbpoBKa Npm NSMepeHnsax akyCTU4YeCckoro cMelleHns B cBOOOAHOM none, B Anana-
30He vyacTtoT oT 200 kl'y ao 40 MI'y; pasaen 11.

d) KanubpoBka MeToa0oM CpaBHEHUSI C UCMOMNb30BAHNEM 3TaNoOHHOIo rugpodoHa:

- KannbpoBKa MeTOA0M CpaBHEHUS C NCNOSIb30BaHUEM 3TaNoHHOro rmapodoHa, B gnanasoHe 4acToT
o1 50 kl'y ao 40 MI'y; pasgen 12.

Tabnwuua 1—TlepeyveHb TMNNYHBIX 3HAYEHNN HEONpPeaeneHHOCTH PE3YNbTaTOB KannbpoBOK METOAAMM, YCTAHOB-
NEHHbIMM B HACTOSALLEM CTAaHAAPTE, B PA3NUYHbIX YaCTOTHbIX AnanaloHax

Pasnen MeTtoa kannbpoBku [lMana3oH 4acToTt Heonpeﬂf/feHHOCTb’
MeToa B3anMHOCTM € ABYMS nNpeobpasoBartensmm (9.3.4) Ot1m002 Mlu 6
o 10 My 10
Ho 15 My 16
? MeToa B3anMHOCTHM € Tpemsi npeobpasosatensimu (9.3.2) OT50klu go 100 kl'u 5
1o 500 kI u 0
Ho 1 MMy 10
MeToa nnockoro ckannpoBaHusi B ceobogHom none (npuno-| OT 500k u o 10 MITu 0
10 xeHue D)
Ho 15 My 18




[OCT P M3K 62127-2—2009

[lpodomxernue mabnuusi 1

Pasnen MeToa kanubpoBku [nanasoH 4acrtor Heonpeﬂf/fEHHOCTb’
MeToa ontnyeckon nHtepdepometpmum B cBobogHom none | OT200klMu*go 1 Ml u 7
(npunoxeHne F) Mo 10 Mru 7

11 Ho 20 My 3
o 30 My 10

o 40 My 11

MeTtopa cpaBHeEHUSA € 3TanoHHbIM rmgpodoHom (12.5.2nnpn-| OT 50 kKl'y go 200 ki L 9
noxennst G n H) Mo 1 My S

1 o 10 My /
Ho 20 My 11

o 30 My 12

o 40 My 12

* HuxHaa vactota gnanasoHa 200 k' u onpegenaercs He BO3MOXHOCTAMW METO4a ONTUYECKON UHTEPREPOMET-
PUK, a BITIUSHUEM OTPAXKEHNN OT CTEHOK DaccenHa n SNEMEHTOB KOHCTPYKUMM rnapodoHa.

5.3 lMNpepctaBneHne pe3ynbTaToB KannbpoBKU

UyBCTBUTENLHOCTL Ha KOHLEe Kabens rugpodoHa ¢ npeaycunuteneM AopkHa ObliTb BbipaXeHa B
B/l'a, nnn B KpaTHBIX ACNbHBIX eAUHULLAX, U B BUAE NorapnmMmnuecknx ypoBHen B aeumbenax ¢ ykasaHmem
OMOPHOro 3HaYEeHUs1 YyBCTBUTENBbHOCTU. [JOMKHO ObITh YKasaHo, ABNSAETCH NN 3Ha4YeHUe YyBCTBUTENBHOCTM
YYBCTBUTENIbHOCTBLIO XONMOCTOro Xo04a Ha KOHUe Kabena UM YyBCTBUTENbHOCTBIO Ha KOHLUe Kabens
noa Harpyskou. B nocrniegHem crniydyae crieyeT ykasaTb YCINOBUSI HArpy3Kkn, T. €. ee SNEeKTPUYECKUA UMre-
aaHc, Ytobbl obecnevunTb ykasaHHOE 3Ha4YeHUe YyBCTBUTENBHOCTMN.

[TpnmeyaHwmne—ITloHsaTHne «KOHeL Kabensa» OTHOCUTCS K BbIXOAHOMY pasbemy kabens rmapodpoHa Kak ¢ npes-
ycunutenem, Tak n 6e3 Hero.

[domkHa ObITb NpuBedeHa HeonpeaeneHHOCTb pPe3ynbTaTa U3MepeHUs YyBCTBUTENbHOCTU. Ecnn
YYBCTBUTENbLHOCTb NpUBeAEHa B KaKOM-NMDO UHTepBane 4acToT, TO U HeonpeAeNeHHOCTb A0/MKHA OTHO-
CUTbCS K TOMY Xe caMOMy WHTepBany. Ecnu 4yBCTBUTENLHOCTL yKasaHa B BMAe Habopa 3HadveHUn ans
oTAeNbHLIX 3HAYEHUN YacToT, TO HeonpeaeneHHOCTb PeKoMeHAYyeTCA AaBaTh B TEX YACTOTHLIX MHTepBanax,
KOTOpblIE UHTEPECYIOT Nonb3oBaTens (rngpodgoHa).

[TpnmedaHun e— PykoBOACTBO MO OLUEHKE HeonpeaerneHHOCTU NPUBEAEHO B MNPUITOXEHUN A.

[omkeH ObITb YCTAHOBNEH UHTEPBAs YacTOThl, B KOTOPOM YKa3bIBalOT YYBCTBUTENLHOCTb C OLEHKOW
HeonpeaeneHHOCTU ee nonyvyeHUda. B cOOTBETCTBUKM C HACTOALWMM CTaH4apTOM 3Ha4YeHUA YYBCTBUTENBHOC-
T N HeonpeReneHHOCTU Pe3yNbTaToB KanMbpoBKUA MOTYT ObITb NpUBeAEHbI OTAENBLHO U B YCTAHOBMNEHHbIX
MHTepBanax 4YacTtoT. YacToTHas XxapakTepucTmka YyBCTBUTENBHOCTU rugpodoHa MoXeT ObITb NpeacTaBne-
Ha KakK B aDCOMOTHBIX 3HAYEHUSX, TaK U B OTHOCUTENbHbIX e dMHULLAX — OTHOCUTENbHO abCONTHOIo 3Ha4e-
HASA YYBCTBUTENbHOCTU Ha Kakon-nmbo 3agaHHoU vactoTte. B nocnegHem cnyvae AOMKHbI ObIThb YKasaHbl
OTHOCUTENbHOEe 3HaYeHe YyBCTBUTENIbHOCTU U YacToTa, K KOTOPOMN OTHOCUTCHA 3TO 3HAYEHMe.

[omkHbl ObITb YKa3aHbl METOALI onpeaeneHnst YyBCTBUTENBHOCTU U OLLEHKN ee HeonpeaeneHHOCTH.

PesynbTaTbl HEKOTOPLIX KANMMOPOBOK OCTAKOTCH BEPHBIMU NALLL B TEX OKPYXKaOLWUX YCITOBUAX, MPU KOTO-
PbIX NPOBOAUNACL Kannbdposka. [Mo3ToMY ACIMKHBLI ObITh YKa3aHbl YCIOBUSI OKpyKatoLwen cpeabl npu npoeeae-
HAW KanndpoBku. [lpn 3TOM cnegyetr npuMBOAUTbL BCE Te VYCMNOBUA, KOTOPble MOTYT MOBMUSATH HAa
YYBCTBUTENLHOCTb UCMLITYEMOro ruapodoHa. B NpoTokon cneayeT BKIOYaTh:

- JaTy KannopoBKMU;

- 3HadyeHue TeMnepaTtypbl BOALlI 1 HeonpeaeneHHOCTb €€ U3MepeHUd;

- OaHHble o npegycunuTene rugpodgoHa, ecnm TakoBOU UCMONb30BaNcs, U ero aeHTUPUKaLUMOHHBIN
HOMeEP:;

- CBOWUCTBA BOAbI, ANTMTENbHOCTL NpegBapuTenbHOro samMmavymBaHUs rugpodoHa 1 AoNoNMHUTENbHbIE
npoueaypbl Mo ynydlleHUo cMadvynBaeMoCTU ero noBepXHOCTU, Hanpumep, ¢ NnpuMmeHeHneM crneumanbHbIX
cCpeacCTB.
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[TpumevyaHwmns

1 Ha 4yBCTBUTENBHOCTb OQHOCITONHLIX 3NEKTPUHECKN HE SKPAHUPOBAHHLIX MEMOpPAaAHHLIX rMapodOHOB BIUSAET,
HanpumMmep, 3NeKTPonpPoOBOAHOCTb NPUMEHAEMOWN BOAbI.

2 YyBCTBUTENBHOCTb HEKOTOPLIX TMAPOOHOB MOXET N3MEHATBCH 3a BPEMS X HAXOXAEHUA B BOAE, N NO3ITOMY
Ba)XHO, 4YTOObI X KanubpoBKa NpoBoaunachb nocne ux AnUMTenbHOro 3amavmMBaHus, obecneumBatowWero ctTabmnbHOCTb
NOKa3aHWW;

- AaHHble 06 opueHTaunn rugpodoHa OTHOCUTENTbHO KakKoW-NMMbo oCcU UNU Kakon-nmbo MeTKM Ha ero
Kopnyce;

- B cUTyaLuMax, MPU KOTOPLIX YCTPONCTBO KpeneHus rmnapodoHa MOXeT BNUATb Ha pe3ynbTaTbhl M3Me-
pPeHNA ero YyBCTBUTENIbHOCTU, NogpobHoe onucaHue aToro yCTpoUCTBa;

- napameTpbl 4ONONHUTENbHbLIX Kabenen, npucoeanHAEeMbIX K ruapodoHy A8 KanmbpoBKN;

- HOMWHarbHOE HanpaBneHne NageHus ybTPa3BYKOBOW BOSHbI OTHOCUTENbHO ruapodoHa.

[TpunmeyaHwmne— ITO ykazaHne BaXXHO MNOTOMY, HANPUMeEP, YTO gaxe ¢ MeMbpaHHbIX rmapotoHOB CUrHAN MO-
XET NBMEHUTBLCA NPU CMEHe HanpaeleHus NnageHns ynbTpasBykoOBOW BOMHbI HA NPOTUBOMONOXHOE [4];

- MakcuMarbHOe 3Ha4YeHue akyCcTUYeCKoro JaBieHns, BO3AeNCTBYoLee Ha ruapodoH npu ero Kanmo-
DOBKE.

[TpumedvaHune—B npunoxeHnn B gaHbl cBeaAeHUA 0 NMHENHOCTU rMaPotOOHOB, N3TOTOBMNEHHBLIX U3 NOJINBU-
HunnaendTopuaa (NBAP) n ncnonb3ayembiX NPU N3MEPEHUSX aKyCTUHECKUX MOSEN C BbICOKOW aMNIIUTya0MN AABMNEHUS;

- Kakne-nnbo npeanonoXeHusl, KoTopble caenaHbl No OTHOLWEHWU K Kanubpyemomy rugpodgoHy
(Hanpumep, O NooXeHUM ero ONOPHOro LeHTpa).

Ecnun ycnoBuUs okpyXKatoLlen cpebl, B KOTOPbLIX MPUMEHSIOT ruapodgoH, CyLLIECTBEHHO OTNINYAOTCH OT
YCINOBUW NMPpK ero KannbpoBKe, TO MOXET oKasaTbCH HEOOXoAUMBIM, YTODLI NONMb30BaTENb YBENMNYUT Heonpe-
AEeNeHHOCTb C YY4eTOM 3TUX OTITUHUNA.

5.4 PekoMeHAayeMble UHTepBarnbl NpoBeAeHUA KarnmbpoBOK

PekomeHayemMbll MHTEpBan NpoBeaeHns KanmbpoBoK rugpodoHa 3aBUCUT OT ero XxapakrepucTuk, u
ero HasHaJaeT U3roTOBUTE b.

[TpumevyaHune—B GoNbWMHCTBE CNy4YaeB NePUOANYHOCTb KanmbpoBKU MPpUHMMAaOT paBHou 1 rogy (Cm.
M3OK 62127-3).

[Ons aTanoHHbIX rMapotoHOB (rMAPOPOHOB CpaBHEHUST), NCNOMb3YyeMbIX TOMbKO AN KannbpoBKK,
pekomMeHayeTcsl, YTOObI UX KaNnMbpoBKa nNpoBoaunack exxerogHo. Ans rmgpodoHOB, NCNOMb3YEMbIX B HATYP-
HBIX YCMOBUAX, MOTYT NoTpeboBaTbCs U Bonee KOpOoTKME MHTEPBAalbl BPEMEHMN.

[Tpnumeyvanune—OnsarmapodoHOB, NCMONMb3YEMbIX B HATYPHbLIX YCITOBUSAX, MOXET OKa3aTbCsl MONMe3HOWN BbIOO-
po4Hasn (COKpaLLeHHas) NPOBEPKA UX KANMDPOBKU METOJAMN CPABHEHUS C APYIUM KannMbpoBaHHbIM (3TANOHHbIM) rMapo-
boHOM nnNn KanMbpPoBaHHBIM N3NyYaTeENEM, N3NOXEHHBIMU B Npunoxennn G. B kpanHux cny4asix, korga peyb naeT o CTa-

buneHOCTU paboumx rnapodoHOB, Takas MNPOBEPKA MOXET MPOBOAUTLCA Nepes Ha4varnom M3MEPEHUN U NOCcne ux
OKOH4YaHuA (cm. MOK 61127-1).

6 O6wune TpedbOBaAHUA K cUCTEeMaM KanmopoBKu rmnapodoHOB

6.1 No3nyunoHupoBaHue

6.1.1 ObLwmMe NonoKeHns

Heobxogmma TOYHOCTL pacnonoXeHus n opueHTaunn npeodbpasoBaTtens, rmgpodoHa 1 oTpaxartens
(Npn peanusaunm mMetoaa B3auMMHOCTWU, ONUMCAHHOTO B pasgene 9). 3T yCTponucTBa ACTKHbI ObITb YCTAHOBME-
Hbl Ha MPOYHLIX AepXaTensx, obecneynsatomx Tpedbyemyto oCTUPOBKY. PekomeHayeTcs, UTOObI AepKaTenun
ruapodoHa 1 npeobpasoBartens ObINU CHabDXeHbI YCTPOUCTBAMU UX MONEPEYHOro nepemMeLleHns h UsSMeHe-
HAS OpPUEHTAaLUN C TEM, YTODbI N3MEeHeHWe NONoXeHUa UN opueHTaun rmapodgoHa (Mnn npeocbpasoBaTte-
Nns1) Ha OAWH LWar NPUBOANNGC K U3MEHeHWUo curHana ¢ rugpodgoHa He bonee yem Ha 0,1 ab.

6.1.2 TOYHOCTb YCTaAHOBKU rugpodoHa B 0CEBOM HanpaBneHnn

PaccTosiHMe OT ONopHOro LeHTpa rmapodoHa Ao npeobpasoBatenst A40HKHO ObITb M3BECTHO U BOCMPO-
M3BOAUMO C MOrpeLlHoOCTbO He bonee 0,2 MM.

[Tpumeyvadnune—Ona Toro, 4HTodbl OUEHNTL HEOMNPEAENEeHHOCTb PE3YNbTATOB KAaNMOPOBKU, MOXHO NMPOBECTU
NOBTOPHbIE N3MEPEHUS, KOTOPbIE NPEAYCMAaTPUBAIOT NEPECTAHOBKY rmaApPohoHA B Ty XXe CaMyto TOYKY NONs, N3ny4aemoro
npeobpasoBarenem.
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MokeT okasaTbcs He0OX0AUMbIM HECKOSIbKO M3MEHUTb 3TO TpeboBaHue Ana doKyCUPYIOLLIUX n3ny4vaTe-
fieir ¢ y4eTOM Xapakrepa pacnpeaeneHns reHepmpyemMoro M1 nonst B 0CEBOM HanpaBfeHUH.

[TpumevyaHwmns
1 Ona dokycupyrowmx nanyvarenen, padbotarowmx B YaCTOTHOM AuanasoHe, COOTBETCTBYIOLWEM HACTOALLEMY
cTaHaapTy, TOYHOCTb NO3NLNOHUPOBAHUA 0COBEHHO BaxXHa. MOXXHO caenaTb OUEHKY N3MEHEHUS OCEBOIO PAcCTOSIHUS MO

CpaBHEHUIO C POKYCHBIM (T. €. AZ=F — z), KOTOpOE NPUBOANT K CHUXKEHWUIO AaBrneHus, pasHomy 1 ab. lcxoas na reopeTu-
yeckoro Beipaxenus sin[&(1/z - 1/R)/[E(1/z-1/F)] = 0,89 (3Ha4venune 0,89 cooTBeTcTBYEeT—1 Ab), rae & = natzf/(Zc), MOXHO

onpeaenuTb, YTO TaKOMY CHUXEHMIO cooTBeTCTBYeT Az = 0,808 F 2/.

2 Hunxecneayrowmym npuMmep nokKasbiBaeT, YTO €CNM NNocKas ynbTpa3ByKOBas BOJSIHA C NIMHEWHbIM AMana3oHOM
aMnnnTyq pacnpocTpaHaeTcs B BoAe npu temnepartype 22°C, 10 ee amnnntygbl B ABYX TOYKAX Ha OCU, OTCTOALWMX APYr
OT gpyra Ha 2 mm, oTnunyatotcsa Ha 0,09 ab Ha vacTtoTe 15 MMy nHa 0,7 ab Ha vactoTe 40 MIMu, 4TO OBBACHAETCA YaCTOT-
HOW 3aBUCUMOCTbIO NOrMOLWEHNS yNbTPa3ByKa B Boge {CM. npunoxenue E).

6.1.3 TOYHOCTb YyCTaHOBKM rugpodgoHa B nonepeyHoOM HanpasneHUu

PekomeHayeTcsi NpoOBEPATL 3aBUCUMOCTb 3MNEKTPUYECKOTrO HanpshKeHus Ha Bbixode ruapodgoHa oT
N3MEHEHUA ero NoNoXXeHns B nonepeyHomM (OTHOCUTENBbHO OCK YNbTPa3BYKOBOIo Nyyka) HanpasneHun. F'ng-
PO OH yCTaHOBNEH NpaBUNbHO, eCNii USBMeHeHWe HanpsXXeHUd Npu ero nepemelleHnn He npesbilwaeT 0,5 ab
No CPaBHEHUIO C MakCUMarnbHbIM 3HaYeHUEM.

[TpnmedaHwune—B ganbHemM none naeanbHOro KPyrmnoro nopLHEBOro nany4arens u B oOKanbHOW NMOCKOCTU
naeanbHOro PoKycupyoLWEro npeobpasoBaTens Npu OTCYTCTBUN HENMUHENHbIX UCKAXXEHUW CHUXEHNE aMNNNTYAbl CUrHana,

paBHoe 0,5 ab, Habnogaercs Ha pacctosaHum ot ocn nydka r = 0,107¢- z/(fa;), a cHmxeHne 1 gb — Ha paccTosiHUK
r=0,151c- z/(fa,).

6.2 UsmepeHuna Temnepatypbl U TeMNepaTypHasa cTabOUNbHOCTDb

[Mpn M3MEHEeHUM TemnepaTypbl OKpy)Katolen cpelibl anekTpoakycTuyeckme cBOMCTBa ruapodcdoHoB
n3meHstoTca. C 3TON TOUYKU 3pPEHUSA peKoMeHAYeTCH, eclin 3TO TOMbKO BO3MOXHO, KannubpoBaTb rugpodoH
Py TeX 3HAYEeHNAX TeMnepaTypbl, NPY KOTOPLIX OH UCTIONb3yeTcA B JalibHenweM. Ecnu 370 HEBO3MOXHO, TO
B 3HAYEHUA YYBCTBUTENIBHOCTN N €e YaCTOTHOW XapaKTepUCTUKA MOXHO BBECTU NOMpaBKn, OCHOBaHHbLIE Ha
pe3ynbTaTax MPeXxHux KanmbpoBok cxoaHbIX rnapodoHoB. OTKOPPEKTUPOBAHHbIE 3HAYEHUA YYBCTBUTEMNb-
HOCTWN 1 ee YaCTOTHOW XapaKkTepucTuk1 byayT nmeTb bDonee HU3KYO HeonpeaeneHHOCTb, YeM HEOTKOPPEK-
TUPOBaHHbIe 3HaYEeHUS.

[TpnumeyvyaHne— TemnepatypHble OTKINOHEHUS HEMBb3A UTHOPUPOBAaTL MO ABYM MPUYNHAM:

a) aMmnnutyaa ynbTpa3ByKOBOW BOMHbLI, Nagaowen Ha rmapodgoH, 3aBUCUT OT TEMNEPATYpPbI, TaK Kak OT HEE 3aBU-
CUT M 3aTyXaHune ynbTpa3Byka B Boge (CM. npunoxenue E);

b) Bpemsi pacnpocTpaHeHUs ynbTPAa3BYKOBOro CUrHana 3aBUCUT OT TEMNEPATYPLI, TAK KAK OT HEE 3aBUCUT N CKO-
POCTb 3BYyKa B BoAe (CM. npunoxeHue E). 310 uMeeT OTHOLWWEHNE K YCTAHOBKE BPEMEHN CTPOBMPOBAHNA B UMMNYIIbCHOM
NN TOHANBbHO-UMIMYINBbCHOM pPeXumMax, a TakKkke K METOAUKE CNEKTPOMETPUN BPEMEHHbIX 3a4EPXKEK.

UTo KacaeTcsa npuymnHbl a), TO MOXHO MPUBECTU crneayowmm npumep. Ecnmn nnockas yneTpasBykoBasi BONMHA C
NMMHENHbIM Ananas3oHoM aMnNnnTy4 pacnpocTpaHsaeTcs npu temneparype 22°C, 70 B TOUKe, OTCTOoAWEN HA 15 CM OT n3ny-
yarens, Ha vactote 15 My ee amnnutyga 6yget otnuyvartbes Ha 0,2 ab oT Ton amnnuTyabl, kKoTopas beina 6ul NPy TEM-
neparype, otnuyatrouwencs ot ycraHosneHHon Ha 1°C; na vactote 40 My a1o otnnumne cocrtasut 1,5 gab. AMNNNTYyaHbI
KO3 MUUMEHT 3aTyxXaHus B BOAE Ha MarnbiX amnnutygax nponopunoHaneH ksagparty 4actoTbl. SHA4YEHUS ero Temnepa-
TYPHOWU 3aBNCUMOCTU NMPUBEOEHLI B NPpUnoxerHmn E.

UTo KacaeTcs NpuymnHbl b), TO MOXHO AaTh crneaylowme pekomeHgaumn: npu namepenunsix tnna ll, onncanHbIx B pas-
nene 12 (cpaBHeHWe 4yBCTBUTENBHOCTEN ABYX U Bonee rmapodoHOB), OCEBOE PACCTOAHUE HEOBXOANMO KOPPEKTUPO-
BaTb ANA NONYyYeHUs NMNOCTOAHHOIO BPpEMEHN pacnpoCcTpaHEHUS.

6.3 PasmMmepbl rugpodgoHa

AKTUBHLIA 3nemMeHT ruapodoHa reHepupyeT 3NeKTpuYeckoe HanpshkeHne Mexgy CBoOUMM 3nekTpoaa-
MW, NMPOMNOPLMOHaNbHOE akycTUu4eckoMy daBnNeHuto, ycpedHeHHOMY Mo BCel NOBEePXHOCTU anemeHTa. Ecnu
HeobXoanUMOo NONYyYNUTh XopoLlee NPOCTPaHCTBEHHOE paspelleHne, To adhdpeKkTUBHbIU paguyc rugpodoHa
OOMKeH ObITb ManbiM NO CPaBHEHUIO C ANMMHOW BOMHBLI, COOTBETCTBYOLLEN CAMOWN BbICOKOW YaCTOTE aKyCTU-
YEeCKOro rnonsi, UCrnonb3yemMoro npu kannbpoeke. Ha peanbHoe akyCcTUYeCcKoe AaBneHne, AeUCTBYIOLLEE Ha
YYBCTBUTEIbHYIO MOBEPXHOCTbL rMapodoHa, BNUAIT U gNPpPakUNOHHbIe 3peKTel Ha caMoM rugpodo-
He [, 6, 7].

[TpumevaHne—Ecnn rmapodoH CNpPOEKTUPOBAH TaK, YTO €ro aKkTUBHasA MOBEPXHOCTb U3BECTHA UM MOXET
ObiTb OnpegeneHa, TO CTAHOBUTCH BO3MOXHbIM UCKITIOUUTb U3 Pe3ynbraTtoB KanubpoOBKU BrUSIHUE MPOCTPAHCTBEHHOIO
ycpeaHeHns1 unu andpakumm Ha 3agaHHOW YacToTe NyTEM NMPUMEHEHUS onepaunmn 0dbpaTHOW CBEPTKM MO U3BECTHBIM Pas-
MepaM aKTMBHOIO 3MieMeHTa.
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6.4 UsmeputenbHbin 6ak (cocyn) n cBoucTBa BoAbl

[nst obecneyeHns ycnoBuin cBOOGOAHOTO NMoMnsi Ha cCaMon HU3KOW YacToTe KanubpoBKK, a Takxke Tpebye-
MbIX PaCCTOSIHUA MeXay npeocbpasoBaTtenemM, rugpodoHOM UK oTpaXaTenem (B MeTode B3aMMHOCTH,
N3NOXXEHHOM B pasaernie 9), paBHbIX He MeHee YyeM 1,5 NpoTSKEeHHOCTN BIIKHEro Nong KaXxaoro n3 rnpeobpa-
3oBaTenen, nsmMepuTenbHbi Bak 4omKeH bblTe BOMNMbLLIUM.

PekomMmeHayeTca Takke, YTobbl paccTodHns oT npeocbpasoaTtens u rugpodoHa Ao cTeHoK baka U Bo-
HOW NOBEPXHOCTU ObINMN AOCTAaTOUHO DOMbLWMMK, YTODBI OTPpaXkeHHbIe OT HUX cUrHanbl He UHTepdepUupoBanin
C NEPBUYHLIM CUTHANOM, reHepupyemMbiM npeobpasoBaTtenem. Kpome Toro, ecnv 3To BO3IMOXHO, 3TN NMOBEPX-
HOCTW peKoMeHayeTCsl NOKPbIBaTb aKyCTUYECKU NOrnoLwalLLuMmn MaTepnanamum.

Ba)kHO, 4TOBLI aKyCTUYECKMA CUTHaM He ObIN UCKaXeH OTpaXkeHHbIMU curHanamu. lNepen Havanom
KXXO0ro U3MEepeHnsa pekoMeHayeTcs NpoBOoAUTb crneayrLlyto npoBepky. Bo Bcex cny4vasix UCrnonb3oBaHUs
MMMNYNbCHBIX NN TOHANbLHO-UMMNYNbCHLIX CUTHANOB HaAbNAaT 3a USMEHEHMEM CUTHANAa Ha BbIXoAe rmapo-
cboHa Npun N3MeHeHUn paccTosiIHUA MexXxay npeobpasoparesieM n ruapodoHoM B npeaenax HeCKONbKMX MUST-
NMMMETPOB, 4YTO no3BonsieT ybeaAnTbcd B OTCYTCTBUM BIUAHUS MHOMOKPATHBIX OTpPaXKeHUW Mexay
ruapodoHOM 1 NpeobpasoBartenem B curHane, npuHMmMaemom rugpodoHoM. Ecnun Takoe BNUsHMe oTMeYa-
eTCsl, TO PeKOMeHayeTCsa M3MEHUTb YacTOTy NOBTOPEHUA MMMNYITbCOB.

CBoNCTBa BOAbl AOTKHBI COOTBETCTBOBATL TPEOOBAHUAM N3roTOBUTENS rnapodoHa.

[TpnmeyvaHwmne—YyBCTBUTENBHOCTb HEKOTOPLIX rMAPOGOHOB MOXET 3aBUCETL OT 3MEKTPONPOBOAHOCTU BOJ-
HOW cpeabl. B Takmx cnyvyasax HeobxogMmo NPUHATL Mepbl, YTODbI yOeanTbcs, YTO YCNOBUSA NPOBeAEHUS U3MEPEHUIN COOT-
BETCTBYIOT YCINOBUSIM KarnnbpoBKM.

6.5 U3amepeHUe BbIXOAHOIO HanpsaXXeHns

CurHan c rmapocoHa n npeocbpasoBaTtens Ao/TKeH ObITb U3MEPEH C MOMOLLbIO ocuunnorpada, undpo-
BOr0 aHanusaTopa, aHanusaTtopa crnekrpa Unu apyroro COOTBETCTBYOLWErc npubdbopa ¢ 60nNbLLION NONOCOn
YacTOT U BbICOKOU YYBCTBUTENbHOCTLIO. MoXeT noTpeboBaTbCcsl U AONONMHUTENBHOE YCUNEHNE cUrHana rug-
podoHa, YTOObI NMOMYyYNUTL HeObX0OANMOe OTHOLUEeHNE CUrHan/WyMm.

[Tpndop, K KOTOPOMY NoaKkntoHaloT rnapodoH U BCTPOEHHLIA YCUNUTENb (Hanpumep, ocuunnorpad,
LMPPOBON aHaNM3aTop cUrHana, aHanusaTtop cnekrTpa, yCunutens), A0/MKEH COOTBETCTBOBATb CrieyoLWnm
TPebOoBaAHUSIM:

- OOIMKHO ObITb M3BECTHO KOMMJIEKCHOE 3HaYeHUe ero BXoAHOro MmnegaHca B TpebyemMom amanasoHe
YacToT, MO KOTOPOMY MOXHO onpeaennTb YyBCTBUTENLHOCTL rMAPOodOHa Ha KoHLLe Kabens noa Harpyskou
(cM. npunoxeHune C);

- ero NMHEeNHOCTb MO OTHOLLUEHUIO K BXOOAHOMY CUrHany B AMHaMuUyeckom guanasoHe, pasHom 50 ab,
aorkHa 6biTb nydvwe = 0,3 ab;

- B Crnydae npuMeHeHUa UMPPOBOro aHanusaTopa Ansd 3anvicu BONMHOBOU POPMblI CUrHamna 4acroTta
BbIDOPKN AOMKHA BbITh HEe MeHbLe 20f MUNNMOHOB OTCYETOB B CEKYHAY, rae f — vacTtoTa B merarepuax. Kpo-
ME TOro, ycuneHme gomkHo ObiTb TakMMm, YTODbI 0becneynTb He MeHee 7 OUT Ha oUNPPOBaAHHON BONHOBOM

dopme.

[TpnmedaHwue—Hna BepxHen rpaHndHon yactotel B 40 Ml U, npeayCMOTPEHHON HACTOAWMM CTaHO4APTOM,
yacToTa BbIbOpKkM aomkHa bbiTb HE meHee 800 MI ..

7 TpebGoBaHMA K INEKTPUYECKUM NapamMeTpam

7.1 Tvun curHana

CurHanel, UCNoNb3yemMblie Npu KannbpoBke, MOTyT ObITb CUMHYycOMAaNbHbIMUA (HenpepbiBHAA BOMNHAa),
CUHyconaanbHbIMKU Kavarowencs 4actoThl [8] N MNyNbCHBIMWU C CUHYCOUAAalNbHBIM 3anofIHEHMEM (CTPOOK-
POBaHHbIE TOHANbHbIE UMNYbCI). Nga nonyyveHns aetanbHbIX XapakTepucTuk rmapodoHa BoO BCceM Tpebye-
MOM AManasoHe 4acToT Heobxoaumo BbIOpaTh DONbLUCE KONMMYECTBO YaCTOTHBIX TOYEK.

[TpnmeyaHnune—Obwasa nHpopmaumns 0 pasnnUYHbIX BONHOBLIX Ppopmax KanmbpoBOYHbLIX CUTHANOB B TPebye-
MbIX gnanasoHax 4actoTt npvBeaeHa B npunoxenmm G.

7.2 3azemMneHue

UTOoObI YCTPaHUTL KOHTYPBLI 3a3eMNEeHNs, pekoMeHayeTCH, YTODbI 3neKkTpuieckme BbIBoAbl Npecbpaso-
BaTeNen He KOHTakTUpoBanu ¢ BOAOW. HapyXHble MeTannuyeckme Yactm rugpodgoHa A0mKHbl ObITh 3a3eM-
NeHbl TONbKO Yepes 3KkpaH Kabend n ycunutens ruapodoHa. Bce apyrme KoHTaKThl € 3eMnen A0TKHbI ObITh
MCKITHOUEHBI.
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7.3 A3mMepeHue aneKTpuuyeckoro HanpsaXxeHuUa Ha Bbixoae rugpodgoHa

7.3.1 Obwume nonoxeHus

HanpsikeHne XonocToro xoaa rmapodoHa cneayeTt onpeaensTs Ha KOHUe ero kabens.

[Tpn HeNpPepbIBHO-BONTHOBOM CUrHarne namepeHus MoryT ObiTb NPOBEeAEHbl C MOMOLLbIO BOMbTMETPA C
BbICOKMM BXOAHbIM MMneaaHcoM. OgHako anst UsMepeHus ToHalbHbIX UMNYNbCOB Hanbonee yaobHa oumnd-
DOBKa BOJTHOBOW (hOPMbI BLIXOOHOIO HanpsiKeHus rugpodoHa ¢ NoMoLLbio, Hanpumep, LdpoBOro ocLuI-
norpadpa unmn aHanoro-undppoBore npeobpaszoBartens ¢ KoMnbloTepoM. pU MCMONb3OBAHUNA YCUIMUTENS,
aTTeHoaTopa Unn dpunbTpa B KOMOUHALUM € BOMBTMETPOM UK UundpoBLIM NpeocbpaszoBaTenem, BMecTe
COCTaBNAOLWNX N3MEPUTENbHBIN KaHam, BCe 3TU 3NeMeHThl TOXe Heobxoammo KannbdbpoBaTb.

[TpumedyaHune—Meroguka KannbpoBKM ¢ MCNONBb30OBAHUEM HEMPEepPbIBHO-BONMHOBLIX CUTHANOB U3NOXEHA B
npunoxexHun H. Obwne npeacraeneHns 06 namepeHnn CUrHanoB ¢ amnInTygHoOW Mmoaynsumen aaHs! B npunoxeHum G.

7.3.2 OneKkrpuyeckas Harpyska B Buae UsmMeputensHoro npnubopa

[Tpn namepeHUax ruapodoH OomKeH ObITb NoACOeAUHEH K U3MEePUTENbHOMY NpUbopy C BbICOKUM
BXOAHBIM MMnegaHcoM (yCcUnuTento, BOMbTMETPY, ocuunnorpadgpy wunm ungppoBoMy npeobpasoBaTerto).
Ecnn BbIxogHOW nmnegaHc rugpodoHa Takke BbICOK (Hanpumep, Anst HeOONLLIOro Nbe303NeKTPUYECKOro
rugpodoHa ¢ HU3KON EMKOCTbLIO), TO B KAYECTBE ero anekTpu4eckon Harpyskm cneayeT paccMaTpuBaTh caMm
Nn3mMepuTensHbIn NpUbop. B TakmMx cnyvyasax ang nonyyvyeHusa HanpsiKeHnUsa XOonoCcToro Xxoaa cneayeT BBOAUTL
NonpaBKy Ha 3TY SNEKTPUYECKYIO HAarpy3Ky. Takad nonpaBka MOXeET ObITb paccynTaHa No MeToamnKe, N3NOXKEH-
HOW B npunoxeHun C. Ecnn npun KanmbpoBKe KOHKPeTHOro rugpodoHa Bceraa UCNonb3yeTcsd ogHa U Ta XKe
aNeKTpuyeckas Harpyska, Torga nonpasky yaobHee BBECTU HE B KaXKaoe 3HavYeHUe BbIXOAHOro HanpsXXeHus
rugpodoHa, a B 3Ha4YeHUe ero YyBCTBUTENLHOCTMN.

[TpyumevyaHNHs

1 Ecnv rmpgpodOoH ncnonb3yoT B NocneaoBaTeNlbHOM KOMOUMHAUMKN TaKUX 3MNEKTPOHHLIX NPUBOPOB, KakK yCunu-
Tenb, ocumnnnorpad n 1. 4., TO HA YaCTOTHYIO XapaKTEPUCTUKY CUCTEMbI B LenoM ByayT, KOHEYHO, BIMUATb U YaCTOTHbIE
XapaKTEPUCTUKN KaXXOO0ro KOMMOHEHTA.

2 Cnepyet obpatnTb BHUMAHWE Ha COrnacoBaHwe BbIXOQHOro mMmnegaHca rmapodoHa (C npeaycunutenem) vm
BXOAHOIro nMmnegaHca nogcoeguHEHHOro K HeMy M3MepuTenbHOro npubopa.

7.3.3 OneKkTpudveckasl Harpyska B Buae yanMHUTENbLHOro kabens

Ecnn kK rmgpodoHy nogcoeanHeH yANMUHUTENBbHbLIA Kabenb, TO OH OyaeT ABNATbCH 3MEKTPUYECKOU
Harpyskou rugpodoHa 1 ans nony4vyeHus sHavyeHnUs YyBCTBUTENTbHOCTM XONOCTOro Xoaa HeobXoanMmMmo BBECTU
COOTBETCTBYOLLYIO nNonpasKky. Ecnn kabenb 1 rugpodoH NnpeacTaBUTh B BUOE SMEKTPUHECKNX EMKOCTEN (3TO
KOpPEeKTHO And Kabenen soodLe 1 Ang ruapodpoHoB Ha YacToTax HMKe pe3oHaHca UX aKTUBHOIO 3r1eMeH-
Ta), TO NONPaBKYy MOXHO onpeaennTb No 3Ha4YeHUsIM eMKocTel kabens n rugpodoHa. Ecnm BeIXoAHOW MNe-
OaHc rnapodgoHa He SABNSIETCH YNCTO EMKOCTHBLIM (HanpumMep, Ha YactoTax, ONM3KUX K pe3oHaHcy), To ANS
BbIYMCNEHNSA NONPaBKM crneayeT UCNONb30BaTh KOMMNIEKCHOE 3HavYeHne umneaadca rmgpodgoHa. Oba Bapu-
aHTa BBeAeHUs nonpaBKkn paccMoTpeHbl B npunoxeHun C. Ecnn npu KannbpoBKe Kakoro-rnmmbo KOHKpeTHOro
rupgpocoHa Bcerga MCnNonb3yroT OAWMH U TOT XKe YANUHUTENbHBIA Kabenb, To nonpaeky yaobHee BBOAUTL B
3Ha4YeHUs1 YyYBCTBUTENBHOCTU rMapodoHa, a He B Ka)Xaoe 3HavYeHne HanpaXXeHus Ha ero Bbixoae.

[TpnmedaHwune— Ina ymeHbLWEHNA BINAHUSA SMEKTPUHECKON HArpPy3Kkn HEKOTOPLIE rMAPO¢POHBLI UMEIOT BCTPO-
€HHbIW B UX KOPNyC NpeaBapuTerbHbIM YCUNUTEND, PACNONOXEHHbBIWM KaK MOXHO Brnivke K rmapodoHy (cm. 7.3.6). 310 0COo-
DEHHO aKTyarnbHO Ha BbICOKMX YacToTax Ansl ymeHbLLIEeHUS BNUSIHUS Pe30HaHCOB B Kabene.

7.3.4 Lym

YpOBEHb 3NEeKTPUYECKMUX LUYMOB MOXET NMOHU3UTb TOYHOCTbL 3NeKTpUudecknx namepeHmnn. OTHOLLIeHMe
CUrHan/Luym A0MKHO ObITb TAKUM, UTODLI NPOBOAUTL N3MepeHUda Be3 CyLLLIECTBEHHbIX NOTEPb TOYHOCTU. [pea-
MOYTUTENBLHO, YTODLI aMNNUTYAa U3MepAeMOoro curHana oeina He meHee Yem Ha 20 Ab BhiWe ypOBHS LWWYMOB.

[TpumevyaHwms

1 YpOBEHbL LUNPOKOMONMOCHOIO MHTEPPEPEHUNOHHOIO LWYMa MOXHO CHU3UTb C NOMOLLBIO MOMOCoOBOro ounbrpa C
NONOCOWN NMPONyCKaHUs, 4OCTATOYHO LWWMPOKOW, YTODObLI NPONYCTUTL NONE3HbIN CUrHAN BEe3 NCKaXXEHUN.

2 [1pyn HAaNM4YMKM SNEKTPUHECKUX LUYMOB OTHOLWEHNE CUTHanN/lWymMm MOXHO MOBLICUTL YCPEeAHEHUNEM MOBTOPSAOLLNXCH
curHanos. [lpn Hann4mm cnyvYamHbiX WYMOB ycpegHeHne curHanoB N_ NMOBBLICUT OTHOLLIEHWE CUTHanN/lWyM C KO3 U LIK-
EHTOM, paBHbIM KBagpaTHOMY KOPHIO 3 N_ .

7.3.5 [lepekpecTHble NOMeXN (pagnodacToTHada HaBogKa) N akycTudeckas nHTepgepeHUnd

[Tpyn Hanuuun wWHTepdpepeHUMn U NepekpecTHbIX MOMeX ycpedHeHUe curHana M y3KononocHas
bunbTpauna B odbliem crnyvyae He NPUBOAAT K YBENMUYEHUIO OTHOLWIEHUSA curHan/wym. B aToMm cnyyae peko-
MeHayeTca onpeaennTb NPUYNHY BO3SHUKHOBEHUSA 3TUX 3P EKTOB U NpeanpuHATL Mepbl Mo X MUHUMKU3aL NN,
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YpOBeHb CUrHana akycTmyeckon nHTepdgepeHLnn AomkeH ObiTb He MeHee YeM Ha 30 Ab HXe YypOBHS Nones-
HOro curHana.

[Tpn HanNMuYMKU nepekpecTHbIX NOMeX B TOHANBbHOM UMNyNbCce crneayeT NpocneanTb, YTOObI ANUTEb-
HOCTb UMMYyNbCa He NpeBOoCXoAnna BpeMs NpoXoXaeHUs curdana ot npeocbpasoBaTtend K rmapoc¢goHy.

[Tpn NCNONBb30BAHUM CUTHANOB HEeNPepbIBHOW BOJTHBI YPOBEHb NMoMeX AoMKeH OblTb HE MeHee YeM Ha
40 b HMXe ypOBHA NONE3HOro curHana.

[TpnmeyaHune—YpoBeHb NOMEX UMK PAANOHACTOTHLIX HABOAOK MOXHO OLEHNTb, YCTAHOBMB MEXQy Npeobpa-
3oBarenem u rmapooHOM JOCTAaTOMHO TOHKUW NIUCT U3 MaTepuana ¢ CUrbHbIM aKyCTUHECKUMM NOrMoLweHueM (Takoro, Ha-
npumMep, Kak neHononnctupon). OH byaeTt racnTb akyCTUYECKUA CUHAn, a MOMEXN OCTaHYTCH MPEXHNMM.

7.3.6 [lpegBapuTtenbHbIN YyCUNMUTENb, BCTPOEHHLIN B TMAPOGOH

Ecnu rmapodoH MMeeT BCTPOEHHLIX B €ro Kopnyc npeasapuTenbHbiv yeunutens (Npeaycunutens), To
YYBCTBUTENbHOCTb MOXET ObITb BhbipaXkeHa B BMAe YyBCTBUTENIbHOCTU Ha KOHLE Kabensi, koTopasa oyaet
BKNOYATb N XapaKTepucTuku npegycmnutens. B aToM cnyyae HeT HeobXoaAUMOCTU BBOOUTL MOMPAaBKY OT BIU-
AHUA SNEKTPUIECKON Harpysku, onpeaensemMon yanmHUTensHeIM Kabenem.

8 lNoaroroBka rmapodOHOB

8.1 O6wWwune nonoxeHus

[lepen Hayanom nNpoBegeHnsa KanmbpoBKN Heobxoamma TwaTenbHas NoAroToBKa rugpodoHa, NpoBo-
nnMMas B COOTBETCTBUMN C 8.2—8 4.

8.2 3amMauvunBaHue

UTobbl rugpodoH xopollo cMmaduBanca sogon 6e3 obpasoBaHUA Ha ero NOBEpPXHOCTU BO3AYLUHON
MAEeHKN NN NYy3bIPbKOB, MOXHO UCMOMb30BaTh creyuanbHoe BeLWecTBO ANg yyylleHUs cMadyMBaeMoCTH, UM

noKpbiBatoT Becb ruapodoH. Ha rugpocoHe He 4oMKHO ObiTb BUOHO HUKAKUX CYXUX NATEH Mocne ero onyc-
KaHWA B BOAY U N3BNEYEHUA N3 Hee.

8.3 HepxaTtenb rugpocgoHa

Xopownn gepxartenb rugpodoHa He JO0MKEeH 3aMEeTHO BIMUATbL Ha ero 4YyBCTBUTENbHOCTb. T€M He
MeHee HekoTopble rnapo¢oHbl BOCNPUMMUKMBEI K COCoBy UX KpenneHusa B gepxkaTtene.

B cutyauuax, koroa gepxatenb rugpocgoHa Bce-Takm okasbiBaeT HEKoTopoe BnusHue, rugpodoH
crneayeTt KanubpoBaTtb ¢ TEM AepKaTenem, KoTopbin byaeT NPUMEHSTLCS NPU N3MEPEHUAX 3TUM ruapodo-
HOM B HaTYpPHbIX YCIoBuaX. B aToM crniydae pe3ynbTaTthl KanubpoBKKU ruapodoHa BepHbI TONLKO ANS AepKa-
Tenem Toro e Tuna, U BMEecTe ¢ NPOTOKONOM KannmbpoBKK crneayeT npuknagbiBatb noapodbHoe onucaHue
aepxatens n cnocoba kpenneHns rnapodoHa.

8.4 BnuaHue kabens

Ecnu ans npoBeaeHust KannbpoBkn HeobxoanmMo yanMHUTL Kabenb, TO ANs pacyeTa BUSIHUS 3TOW
3NEeKTPUYECKON Harpyskm HeobXxoaMMo OTAENbHO U3MEPUTb 3MNEeKTPUYECKU MmnedaHc YANHUTENbHOrO
kabensa. OnucaHne cnocoba yvyeta 3TON AONOMNHUTENBHON HArpysku AaHo B npunoxeHun C.

9 Kannbposka meTtogom B3aMMHOCTU B CBOOOAHOM none

9.1 O6wWwmne nonoxeHns

B sTO0M pasaene gaHo onucaHue NepBUYHOrO MeToda KanubpoBKn ruapodOHOB B NpakTUYEeCKn Des-
roaHU4YHOM oObemMe BOAHOWM cpedbl, T. €. B YCNOBUAX CBOOOAHOro Nosns C UCMofib30BaHMEM NPUHLMNA B3a-
MMHOCTW.

9.2 TemaTuka pasgena

B 3TOM pasgene paccMoTpeHbl pasnnyHble MeTodbl abcoNoTHON KanMbpoBKU NadbopaTopHbLIX 3TarnoH-
HbIX rnapodgoHoB, ocbecnevunBaroLLiMe HAUMMEHbLLYIO HeonpeAeNneHHOCTb Pe3ynbTaToB. AT METOAbI Nepe-
KpbIiBatoT AnanasoH YactoT oT 50 kl'y, ao 15 MITu.

9.3 O6wuMe npyuHUUNDbI

9.3.1 [na nuHenHoro obpaTUMoro NacCMBHOIO 3NEKTPoaKyCTUYecKoro npecbpasoBaTens CyLLecTBYeT
CTPOroe COOTHOLUEHUE MeXOy eroc YyBCTBUTENbHOCTbIO KakK NMpUeMHuKa B cBOOOAHOM Mofie U ero usny4a-
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TE€NbHOW CMOCODOHOCTLIC NMPU NPOTEKAHNN Yepes HEro anekTpuveckoro Toka. Ans Kaxxaon KOHKPEeTHOWU KOMMNO-
HOBKM 3MIEMEHTOB B CUCTEME MNpeobpasoBaTernien 3TO COOTHOLWIEHWE BblpaXaeTca 4vepes KoahPUUMEHT
B3aNMMHOCTMW.

Bce meToabl kKannbpoBKMA, OCHOBaHHbIE HA MPUHLMNE B3aUMHOCTU, TPEOYIOT NPpUMEeHeHNa B3aMMHOro
npeobpasoBarens B Ka4yecTBe NpueMHuKa 1 uanydartens. [pu n3BecTHbIX U3SMEHEHUAX aKyCTUYEeCKOro nons B
MOMEHT nepexoja ¢ N3Ny4eHns Ha NpUemM, M3Mepsas TOK U3nydaTerna 1 anekTpudeckoe HanpskeHue Ha npu-
eMHUKe, MOXKHO onpeaennTb n3ny4vaTesibHY CocobHOCTb M YYBCTBUTENbHOCTL NpeobpasoBaTenis B KA4ecT-
Be npuemMHuka. O4eBMOHBIM NPEUMYLLECTBOM 3TOr0 MeToda ABMSAETCH TO, UTO Tpebyemble akycTudeckue
napamMmeTpbl MOXXHO onpeaennTb M3MepPeHUAMIN TOMbKO 3NeKTpUYecknx BenndunH. Ha npaktuke kanmbpoBKy,
OCHOBaHHY0 Ha MeTode B3aMMHOCTU, peann3yoT HECKONbKUMUK cnocobamun, paccMOTPEHHBIMU HUXKE.

9.3.2 MeToa B3aMMHOCTU C UCNOSb30BaHUEM TpeX npeocbpasoBaTenein

Takaa meToauKa LWMPOKO UCTIONb3yeTCA B TpaguUMOHHOU (MOPCKOoW) rugpoakyctuke (cMm. MOK 60565).
OAaHako peanusauuns 3Toro Mmetoaa Ha bonee BbICOKMX YacToTax 3aTpyaHeHa n3-3a HeobxoanMmocTun obecne-
UEeHNS BbICOKOW TOYHOCTWU YCTaAHOBKW U OpUeHTauun npeodbpaszoBaTenen, a Takke M3-3a CYyLeCTBEeHHOW
HEPaBHOMEPHOCT XapaKTepUCcTMK HanpasBleHHOCTU nNpeobpasoBaTenen, padboTaowWwmx Ha YacToTax OKoMNo
1 MMy v BbIWE. UMeHHO NO3TOMY KanndbpoBKN 3TUM METOA0OM pekoMeHAOBaHbI B AanasoHe YyacToT oT 50 k'L
no 1 Mlu.

9.3.3 MeTtoa camoOB3aUMHOCT

KanubpoBka aTUM MeToACM, npegycMaTpuBarollasi MICNoNb3oBaHME TOMbKO OA4HOMO (UCNbLITYEMOro)
npeobpasoBartens n oTpaxarTens, He TpedyeT BbICOKOW TOYHOCTU UX YCTAHOBKM U opueHTaumn. OgHako sToT
MeTod He NMPUMEHUM AN BbICOKOYACTOTHLIX TMAPOMRIOHOB, Malble pasMepbl KOTOPLIX HE MO3BOMAKT MOMy-
YATb AOCTATOYHYHO MOLLHOCTb U3Ny4aeMoro UM curHana, utobbl obecneuyntb Tpebyemoe OTHOLLIEHMNE CUT-
Han/wym B pexumme npuema (MUHUManbHbIA gnamMmeTp npeobpasoBartenen, KanmbpyemblX 3TUM MeTOO0M,
COCTaBNAET OKOJO 2 MM).

9.3.4 MeToad B3aMMHOCTU C UCNOMBb30OBaHMEM ABYX NpeobpasoBaTenen

OTUM MEeTO0M, B KOTOPOM rMaPotOH yCTaHaBMMBAKOT B MONE C U3BECTHBIMU NapaMeTpaMin, reHepupy-
eMOM BCromMoraTesibHbIM NpeobpasoBaTenem, MOXHO KannbpoBaTb 3TanoHHbIE TMAPOMOHLI B AManasoHe
yactoT oT 1 o 15 MIu. MNapameTpbl Nona npeaBapuUTeribHO N3MEepPAT MeTOA0M CaMOB3aUMHOCTU. 3TOT
MeToa obecnevymBaeT npopeaeHne KannmbpoBKU ¢ TOYHOCTLIO, TpebyeMon Anst 3TaroHHbIX TMAPOo¢OHOB, U
MeHee TpeboBaTeneH K TOHHOCTU YCTaHOBKU N OpUEHTAaLUMU 3MTIEMEHTOB Kak MEeTo/] B3aUMHOCTW C TPEMS Npe-
obpasoBaTenaMu.

9.4 KannbpoBKa MeTOoA4OM B3aMMHOCTU C ABYMS NpeobpazoBaTensiMn

9.4.1 OTpaxaTenb

OTpa)xaTtenb pekoMmeHayeTcs BbibupaTh B popMe AnUcKa N3 HepKaBetoLLen cTanm anamMmeTpom, obecne-
YMBAKOLUM NepexBaThbiBaHUE BCEro yNbTPa3BYKOBOIO NMy4vka OT Kakoro-nnmbdo U3 BcnomMmoraTenbHbIX npeocbpa-
3oBaTesfien Ha paccTosAHUU OT ero NOBEePXHOCTU, NpeBblilacLleM He MeHee YeM B 1,5 pasa NpoTSAKeHHOCTb
GnkHero nons, onpegensiemyto kak N, = a2/, roe a, — 3eKTUBHbINA paauyc ynbTpasByKkoBOro npeobpa-
3oBaTens, a A — AnuHa yNbTPa3BYKOBOW BOMHbI B BOAE Ha YacToTe KannbpOoBKA.

TonwuHa oTpaxaTtens AomkHa ObITb Takon, YTODLI NEPBLIN CUTHAN, OTPa)XeHHbIN OT ero 3agHen noBep-
XHOCTU, HE UHTepdepUnpoBan ¢ TEM CUTHANOM, KOTOPLIA OTpa3uncsd oT nepegHen NOBEPXHOCTU OTpaXKaTens,
Ha caMOM HU3KOM YacToTe 3anofiHeHUda UCNoNb3yeMoro ToHaneHoOro curHana. NoBepxXHoCTb oTpa)kaTtensa 4or-
XHa ObITb NNnockon B npegenax = 10 MKM € LLepOXOBaTOCTbIO, HE NPEeBLIWAoLLEN £ 5 MKM.

9.4.2 lpoueaypa KanMbpoBKA

[loBOpaumMBalloT oTpa)XaTelle BOKPYr OcW, napannenbHOW ero noBepXHOCTU U nepneHAUKYNApHOU
NMUHNN, COeQUNHAIOLLEN aKyCTUYECKNN LIeHTP npecbpasoBaTtens 1 LeHTp oTpaxaTens, Ha yron okono 10°.

[TpumeyaHune—[anbHenwee COBEPLIEHCTBOBAHNE METOAA CBA3aHO C KOAKCUarbHbIM PacrnonoXeHnem rma-
podoHa n BcnomoratenbHOro npeobpasoBaTtensi, B cepeamHe MeXay KOTOPbIMU MOMELLAIOT oTpaxartenb. [locne kanmb-
POBKM BCMOMOraTternbHOro npeodbpasoBarens otpaxarenb yompawT n kanubpyoT rmapodoH. 3TUM yCTPaHAIT NnorpeL-

HOCTb, CBSI3aHHYIO C MOBOPOTOM OTpaXaTens, a TakKe ynpowarT npoueaypy B3aMMHOW OpueHTauum rngpodgoHa v
BCNOMOraTenbHOro npeobpasoBarens, 4YTo NO3BONSET CHM3UTL 00LW Yo norpewHocTb Ao 0,5 ab.

10 Kannb6poBka B CBOOOAHOM nofne MeToaoM NMOCKOro CKAaHMPOBaHUA

10.1 O6LWme nonoxeHun
B aTOM pasgene paccMmoTpeHa KannmbpoBka ruapodhoHOB MEeTOA0M MNITOCKOro CKaHUpOBaHUA.
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10.2 TemaTuka paspgena

B aTOM pasgene paccMoTpeH MeTod KanndbpoBkU rugpodoHa ¢ NoMOLLbIO MMOCKOro CKaHUPOBaHUA.
B HemMm Mcnonb3yoT npeobpasoBaTtefls C M3BECTHOU BbIXOAHOM MOLLHOCTbLIO. OTOT npecbpasoBaTenb UNu
n3nydyarternib MOXeT ObITb 3TANOHHBLIM MPUOOPOM C M3BECTHBLIM U BOCMNPOU3BOANMbBIM 3HAYEHUEM MOLLIHOCTM,
XapakTepusyemMbiM NMPoCneXmMBaeMoCcTbio K HaUMOHaNbHbIM 3TanoHaM, UM OH MOXET OblTb OTKanMbpoBaH
HenocpeACTBEHHO Nepea NCNOMb3OBaHMEM, HanpuMep, MeToA0M ypaBHOBeLUMBAHUA paanaLlUoHHOW CUMbI B
cooTBeTCcTBUM ¢ MOK 61161. MeTOoa NNoCKoro ckaHMpoBaHUSA NepekpbiBaeT YacToTHbIM aAnanasoH oT 500 kl'y
0o 15 MIMu, XoTs MOXeT NPUMEHATLCS U Ha bonee BbICOKMX YacToTax ¢ yBeNMYeHHOW OLEeHKON HeonpeaeneH-
HOCTU pPe3yNbTaToB.

10.3 OcHOBHOU NpPUHLUN

Ecnn M, aBnaeTca YyBCTBUTENbHOCTLIO Ha KOHLLe Kabens noAd Harpy3skou ruapodgoHa, onopHbIN
LeHTP KOTOPOro HaxoauTtcsa B ToJke (X, ¥, Z), TO MTHOBEHHOE 3Ha4vYeHne akyCTUYeCcKoro gasneHusa p(x, vy, z, t)
COOTHOCUTCA C U3MEPEHHbIM 3HauYeHneM HanpsxkeHna U, (x, y, z, t) Ha KoHLe kabensa Kak

px,y,z, t)=U,(x, ¥y, z, ) M,, (3)

rae (X, y, Z) — KoopAuHaTbl HEKOTOPOW TOUYKM B aKyCTUYECKOM None;
{ — MOMEHT BpeMeHN.
30ecb p(x, ¥, Z, f) COOTBETCTBYET aKyCTUYEeCKOMY AaBMEHUIO B NITOCKOW BOJSTHE B TOUKE OMOPHOIO LeH-
Tpa rugpodoHa npm ycrioBUM OTCYTCTBUSA NOCNEOHETO.

BekTop MTHOBEHHON MUHTEHCUBHOCTU (X, ¥, Z, I) B ONOPHON TOUKE YNbTPa3BYKOBOIO NOMS, reHepupye-
MOro npeobpasoBaTeneMm, LLeHTP KOTOPOro Haxo4uTcs B Ha4yarne CUCTEMbl KOOPANHAT, BblpaXatoT Kak

—

Ix, v,z =px, vy, z )-v(X,Vy z ), (4)

rae v(x, ¥, z, ) — BeKTOp MIHOBEHHOro 3Ha4YyeHus konebaTeibHOW CKOPOCTUN B OMOPHON TOUKE.

KomMnoHeHThl / 1 v B HAnpaBneHUn pacnpocTpaHeHnus éyayT paccMmaTpuBaTbes ganee Kak ckansipHble
BenninHbl f 1 v.

B ycnosuax gansHero nonga (npu a,/l <0,5), rae / — pacctoaHue oT npeocbpasoBaTenia No OCU Ny4Ka),
MIFrHOBeHHOe 3HavyeHUe UHTEHCUBHOCTU MOXHO BbIpasnuTb Kak [9]

I(X: Y, £, t) = [p(X: Y, £, t)]zf(pC), (5)

rae p — MIIOTHOCTb N3MepUTENbHOU XXUAKOCTN (BOAbI);
C — CKOPOCTb 3BYKa B BoJe.

B npunoxeHun E npuBeaeHbl AaHHbIE 0 TeMnepaTypHOU 3aBUCUMOCTU p U € BOAbl KaK pekoMeHayemMou
nepegaTovHoOU cpeabl NPpU N3MePEHUAX MOLLHOCTMN.

[MonHas ynbTpasBykoBasa MOLHOCTb P(/) n3nydyeHus, NpoxoasaLero Yepes niocKoCTb, YCTAHOBNEHHYIO
Ha paccToAHMM Z = [ NepneHauKYNApHO OCU Z, BblipaXkaeTcs Kak

P(l) = j j Iix, y, [, ) cos OdydXx, (6)

rae dydx — sneMeHTapHas nnowaib B NAoCKoCTU Z = /;

® — yron Mexay ocbto Z U HanpaBfieHUeM pacnpoCcTpPaHEeHUS;
[[ — nHTerpmnposaHne No BCen NIOCKOCTMW.

[TpnmeyaHwune— Ha paccTtosHusx [ (bonbwmnx af/k, rae a, — 9MPEKTUBHbIN paanyc yIribTPas3ByKOBOIO Mpe-

obpasoBatensi) nog ® B HACTOALWEM CTaHAAPTE MOXHO NPUHATL Yron MeXxay OCbio Z U IMHMEN, COEAVHSIOLWEN LEeHTPbI
rmngpodcdoHa n npeobpasoBaTens.

BepxHsasa yepTa B BbipaXkeHnU (6) o3HavaeT ycpeaHeHHOE BO BPEMEHM 3HAYeHUe, onpeaensemoe ans
Kakou-nmbo BeNnUYnHbI g Kak

o T (7)
g =Iim(T — o) [—] Ig(t)dt .

YcpeaHUB No BpeMeHU BelpaxeHue ()

Ix, y, z, 1) = p(x, y, , t)*/(pc), (8)
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N3 BblpakeHnsa (3) MOXHO NOJNYy4YUTH
Iy, z, ) = UL(x y, 2, 2(M, %pc), (9)

roe Ui (x, y, z, ) — HanpsbkeHUe Ha KoHUe Kabensa rnapodoHa, yCTaHOBNEHHOro B ONOPHOWU Touke (X, V, Z) B
MOMEHT BpeMeHu {.
34ecb nNpegnonaraeTtcsa BbldMCNeHWe yCcpeaHeHHOro BO BpeMeHU 3HavyeHna KBaapaTta HanpakeHus Ha

KOHLe Kabensa rugpodoHa. U3 BhipakeHust (5) B nnockoctn z = /[, npeHebperas cos ® (cm. D.3.9), MOXHO
BbIpa3nTb YYBCTBUTENbHOCTL FrTMAPOodQOHa Ha KOHLe Kabensa noa Harpy3kon M, kak

M, = | 1 _U Z Z_d d 1" (10)
X, V, ,t X >
L iE(Z)pC'“A_ L( y ) ) y

J

N3 (10) BUOHO, YTO YYBCTBUTENbHOCTL rMApocoHa Ha KOHLUe Kabena noa HarpysKkow MOXHO ornpe-
OennTb NyTeM CKaHMPpOBaHUA rTMAPOMOHOM B NSIOCKOCTU, NEPNEHANKYNAPHON OCN YNbTPa3BYKOBOIO My4Ka,
pas3aenuB MHTerpan oT cpefHero 3Ha4YeHnsa KBagpaToB curHana Ha Bbixode ruapodoHa Ha MofHYH MOLL-
HOCTb My4Ka.

[TpynmedyaHn e —HYyBCTBUTENTIBHOCTbL XONIOCTOrO Xo4a Ha KOHUe Kabena M. MOXHO onpegennTtb, eCrnn n3s-
BECTHbI 3NEKTPUYECKNE NMMNEQAHCHI rTMAPOdOHA U YCUITUTENS, KaK 3TO U3NOXEHO B npunoxeHun C.

10.4 TpeboBaHue K npouenype

10.4.1 CkaHupoBaHue rugpodoHOM

CyLLEeCTBYET HECKONTbKO MEeTOA0B CKaHUPOBaHUSA rMAPOGPOHOM yNbTPa3BYKOBOroO Nydka B NMIOCKOCTU
z = [. Hanbonee ncuepnblBatoWMM ABASIETCA METO, NPU KOTOPOM MONy4aoT NPSAMOYIrofbHYI0 peLllueTky 13
TOYEK oTcHeTa Npu nepemMelleHnn ruapodoHa npmn pacTpoBOM CKaHUpoBaHUKA. Ecnn npogunb yNbTpasBy-
KOBOIO Ny4yka MMeeT nNpubnnusnuTensHo LMNUHAPUYECKYHO CUMMETPUIC, TO BO3MOXHA N anbTepHaTUBHasA Npo-
legypa. B aToM cny4yae MOXHO BbINONMHUTL HECKOMbKO AMaMeTparbHbIX CKaHUPOBaAHM Ny4Ka Mo NUHUAM,
poxXoasilMM Yepes LeHTP nNyYKka U pacnonoXeHHbIM Apyr OTHOCUTENbHO Apyra nod paBHbIMU yrinamn. Ecnn
1POBOAAT, HAaNpUMep, ABa cKaHUPOBaAHUA, TO OHW AOIMKHBI BEINONHATLECA noad yrnom 90° aApyr OTHOCUTENLHO
apyra. PekomeHgauun no BeIbopy MeToda cKkaHUpoBaHUA NpuBeaeHbl B npunoxeHun D.

10.5 lNpoBegeHne KanMoépoBKK

10.5.1 N3amepeHne MOLLHOCTIA

Mcnonb3yoT npeocbpasoBaTteflb C aKTUBHLIM 3MIEMEHTOM B dOpMeE KPYriioro niocKoro Aucka, nonHas
BbIXOQ4HasA MOLLUHOCTb KOTOPOroc Ha onpeaeneHHON 4acToTe XOopolwo mn3secTHa. [peobpasoBaTenb MOXET
ObITb 3TanoHHbLIM [10], ero MOLWHOCTL ACIMKHA ObITb M3BECTHA NPKU onpeaeneHHbIX 3HaYeHUAX NoJaBaeMoro
Ha Hero anekTpu4eckoro HanpsXXeHus.

Ecnu npeobpasoBaTtenb He 3TaNOHHLIA, TO €ro MOLWHOCTb onpeaensatoT METOA0OM N3MEPEHUS pagnaLu-
OHHOW ckNbl B cooTBeTCTBUKM ¢ MOK 61161 11 [11].

Kakoi bbl npeocbpasoBaTeb He UCNOSb30BasICA, U3yYaeMyto UM MOLLHOCTb Py onpeaensatoT Ha YacTo-
Te fHenpepbIBHOrO CUHYyCcoNaanbHOro U3ny4eHusa npn onpeaeneHHblX 3Ha4eHUAX HanpsxxeHnsa U+ Bo3bykae-
HASA UMW B AWanas3oHe 3TUX HanpsbkeHUU. PesynbtaThl UaMepeHU NpeacTaBnAaoT B BMAe 3HAYEHUN BbIXOOHON
MOLLHOCTW, AeNneHHOoW Ha kBaapaT HanpsbkeHna (cMm. MOK 61161).

10.5.2 YcTaHoBKa npeobpasoBaTernd

[TpeocbpasoBaTenb yCcTaHaBNUBAKOT B bake ANl CKAHMPOBAaHUS U OPUEHTUPYIOT Tak, YTODBLI OCb U3Ny4ae-
MOro UM yNbTPa3BYKOBOro ny4vka oblna napannenbHa OCU Z CUCTEMbl CKAHUPOBaHUA. YCTAHOBKY M OpUEHTa-
LU0 Kanndpyemoro rugpodoHa BLINONHAKT B cooTBeTCcTBUM ¢ MOK 62127-1. B KOHLE 3TOW Npoueaypbl OCb
Z CUCTEMbI CKaHUPOBaHUA AO0IMKHA ObITb NapanfefnibHON Kak 0CU Ny4dKa, Tak 1 HanpaBneHUo MakCUMarbHOU
YYBCTBUTENBLHOCTU rugpodoHa.

[TpnmeyvaHwmne—B ycTponcrteax ycTaHOBKM 0ObIYHO UCTIONBb3YIOT BEPTUKANBHYIO NN FOPU3OHTAalbHYIO OPUEH-
Tayuio napel ruapocdoH — npeobpasosartens. B Tom 1 gpyrom cnyyae coeauHsoulas nx MMHUsA gormkHa 6biTe napannenb-
HOW O4HOW M3 ocen (0603HAYaEMON KaK OCb Z) CUCTEMbI CKAHUPOBAHUS.

10.5.3 YcnoBus namepeHun

[1pn BO3DYXAeHUM Npeobpa3oBaTens TOHaNbHLIMUA UMNYNbCaMU OHU ACTTKHBI coAepKaTb 4OCTaTOYHOoEe
KONNYecTBO NepuoaoB, YTOOLI 0becneynTb NOCTOAHCTBO YacToThl f BO3DYXAatowwero HanpsxxeHua U+ Kak npu
KanmbpoBke rmapodoHa, Tak 1 Npu nsMmepeHnn MoLHOCTN npecbpasoBaTtens. [lonoxeHne rmgpodoHa B
TOUKe Z = [/ ganbHero nons AomMKHO COOTBETCTBOBATbL MakCUManbHOMY 3HAYEHUIO aKyCTUYEeCKOro AaBeHus.
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PaccTosiHue / BbIBUpatoT TwaTebHO, € y4eTOM NPOCTPAaHCTBEHHOIO yCpeaHEHNUS1, HanpaBneHHOCTU U rnonpa-
BOK Ha 3atyxaHue (cM. npunoxeHue D), a Takke HeobXoOAMMOCTM NONyYeHUsA MakKCUMalibHOrO OTHOLIEHUS
cUrHan/wym.

[TpnmedyaHwune— 3HadyeHne [0BbIMHO NEXNT Memyaf/k U 3af/k, rae ar— apdekTMBHbIN pagnyc HeCcPoKy-

CUPOBAHHOIO yNbTPa3BYKOBOIO npeobpasoBaTtens, a A — ANnHa ynbTpa3ByKOBOW BOIMHbI. Ecnn 3HaveHne adhpekTnB-

HOro pagumyca HechoKyCMpPOBaHHOIoO ynbLTPa3ByKOBOro npeotpasoBaTtensi HEU3BECTHO, TO BMECTO HEI0 MOXHO UC-
NoNb30BaTb €ro reOMeTPUYECKUIN paanyc.

Ecnn cTtpobupoBaHmne BO3DYXAEHUSA MPakTUYECKU 3aTpyaHEeHO, NMPUMEHSAT HenpepbiBHO-BOTHOBOE
BO3OyXaeHMe. B aTom cniyvae cneayet npeanpuHATb Mepbl AN UCKNIOYEHUS BIUSIHUSA OTPaXXeHWUN OT CTEHOK
baka, rugpodoHa 1 ero gep)xaTterns, a Takke obpasoBaHUA CTOAYMNX BOJSTH.

10.5.4 [lpoBegeHne U3MepeHUn

[Tpoueaypa 3aknovaeTcd B U3MepeHMax HanpsXKeHUs Ha Bbixoae rmgpodoHa npu ero nepemMeLleHnax B
MIOCKOCTU Z = [, nepneHanKynsapHoOnU ocKn z, NyTeM pacTpoOBOro U HECKONbKUX AnamMeTpanbHbIX CKaHUPOBa-
HUI. PesynbTaThl NpeacTaBnaoT B BUAE 3HAYEHUN HanpsXKeHUs Ha koHue kabenda rmgpodorHa U, (x, y, [, t) B
3aBMCUMOCTM OT €ro NoNOXKEHUS B YbTPa3BYKOBOM nyuke. ['paHuLbl 06nacTyu CKaHUPpOBaHUA ONPeaenstoT Nno
YPOBHIO WYMOB. CYMMUPYIOT KBagpaThl HANMPSXKeHUN B KaXKO0W TOUKe CKaHMPOBAHUA U BBIMUCTIAKOT 3Ha4YeHne
YYBCTBUTENBHOCTU rMAapodoHa Ha KOHUe Kabena noa Harpy3kou Ha vactote f (cMm. npunoxeHue D).

10.6 BBepgeHue nonpaBoOK U UICTOYHUKU HeonpeaeneHHOCTHU

BLINONHAT OKOHYaTENbHYIO OLUEHKY 0bLlen HeonpeaeneHHoOCTU pesynbTata U3MepeHns YyBCTBU-
TenbHOCTU rMapodoHa Ha KOHLUe Kabenda noa Harpy3KkoWn. [NoapodbHoe pyKoBOACTBO MO OLEHKE MCTOYHU-
KOB 3TOU HeonpeaeneHHOCTU NpuBeaeHo B NpunoxeHun D.

11 KannbpoBKka B cBOOOAHOM none MeToaA0M ONTUYECKOU UHTepdhepoMeTpUm

11.1 Obwue nonoxeHun

B HacTosilee BpemMsi kKannbposka rugpocdoHoB B cBOOOAHOM nose onTU4eCcKMM MEeTo4aMn NPOBO-
ONTCA B cneunann3npoBaHHbiX nabopartopusx. B pamkax HacTosilero ctaHgaprta Metoq onTui4eckon MHTep-
dbepomeTpun gaH B BUAe KpaTkon unHopmauuun. MNMogpobHoe KM3NoXeHne 3Toro mMetoga npuBegeHo B
npunoxeHun F.

11.2 OOLwWwMe NnpUHLUUNBI MeToaa

OObIYHO onTUYeckMe MeTobl npeanonararwT N3MepeHne akycTUYeckoro cCMeLleHnsa B akyCTUYEeCKOM
rnosie, reHepnpyemom npeobpasoaTtesieM. Takme cMelleHUsa N3MePST C MOMOLLbH TOHKOW MeMbpaHbl 1N
NNeHKN, yCTaHOBIIEHHOW B aKyCTUYECKOM rone, koTopas konebneTtcsa coBMecTHO ¢ konebaHnammn YacTul, cpe-
bl pacnpocTpaHeHua. [na obecnedyeHns oTpaXkeHUs cBeTa MOBEPXHOCTb MMEHKU (OObIMHO TOMLLMHON B
HECKOJTbKO MUKPOH) MeTannmsnpoBaHa. CmelleHne NieHKU MOXHO U3MepUTb METOAOM ONMTUYECKON UHTEpP-
cdbepomeTpun. B ganbHem none npeobpasoBatensa 3T0 CMeLleHWe CBSA3aHO C aKyCTUYEeCKUM AaBnNeHNneM npo-
CTbiIM COOTHOLUEHWEM, 4YTO U MO3BONAET onpeaennTb AaBreHne B 3afaHHOW Todke nond. YCTaHOBUB
Kanmbpyembi rugpodoH B Ty Xe caMyto TOUYKY U U3MEPUB HanpsXXeHNe Ha ero BbiXoae, MOXXHO onpeaennTb
ero YyBCTBUTENbHOCTb. B npunoxeHun F npuBeaeHsl ABa BapnaHTa peanunsaLlum 3Toro Metoaa, Ucnonb3ye-
MbIX B nabopaTtopusax HaLoHanbHbIX 3TanOHOB HEKOTOPLIX CTPaH.

12 KannbpoBka MeToaOM CpaBHEHUA C NOMOLLbLIO 3TaNOHHOIro rmapodoHa

12.1 O6LWwue nonoxeHUN

B aTOM pasagene paccMoTpeHbl ABa TUMNa USMepeHUIA:
TN | — onpeaeneHne xapakTepUcTUK HanpaBNeHHOCTU;

TUn Il — cpaBHeHMe YyBCTBUTENLHOCTEN ABYX UMK bonee rnapodgoOHOB.

12.2 TemaTuka pasgena

O6a ykasaHHbIX BbllLe TUMa U3MEPEHUA OTHOCATCA K «OTHOCUTENbHBLIMY, YTO NoApasyMeBaeT BbINoHe-
HUe ABYX U Boree N3MepeHUin BbIXOAHOro HanpsbkeHns rmapodoHOB B 0gMHAKOBbLIX YCIOBUAX, MPU 3TOM
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M3MEHSIOT Kakon-nmMbo o4QuH napameTp 1 paccMaTpuBatloT OTHOLWEHWe pesynbTaToB (MnK norapudom oTHOLLe-
HUA Pe3ynbTaToB) 3TOI0 U3MEHEHUS.

[TpnmedaHnwune—IloCKONbKY 3TO OTHOCUTCH K namepeHusam tuna ll, To nogpasymeBaeTtcs, YTO NPOBOAAT CpaBb-
HEHWE YYBCTBUTENBbHOCTEN ABYX rmapocdoHoB. Ho 310 moxXeT 6bITh 1 TpK, n bonee rnapocdoHOB.

12.3 O6LWwme npuUHLUNDbI

[Tpn namepeHuax tuna | nsmeHaemMbIM NapamMmeTpoM ABNSAETCH Yron opueHTaunm rugpodoHa. lpu sTom
paccMaTpUBaETCH OTHOLWUEHME Ha Bbixode rmapodoHa, yCTaHOBMNEHHOIC Noa KakuM-nmbdbo onpeaeneHHbIM
YIrIIOM, K HANpsaXXeHUto Ha ruapodoHe, COpUeHTUPOBaHHOM B ONOPHOM HanpasneHUn. PasymeeTcd, Ha npak-
TUKEe Takne MsmMmepeHuns  NpoBoAAT ANd psaaa YyrnoB Npu nocteneHHoM nosopoTe rmapodpoHa. UsmepeHua aToro
TUMNa HeobxoanMbl ANg NonyvYeHUs guarpaMmMbl HanpasrieHHOCTU rmapodoHa 1 Ana onpeaeneHnus ero
adpheKTUBHOIo paguyca B cooTBeTCTBUN ¢ MOK 62127-3.

[Tpn namepeHuax tuna |l oanH rmapodoH (kannbpyembln) 3aMeHslT apyrum (rugpocgoHOM cpaBHe-
HUR). IamepeHnsa aToro tuna Heobxogumel Ans NONyYeHUst HyBCTBUTENbHOCTU Kannbpyemoro rugpodoHa,
€CNn N3BECTHA YYBCTBUTENBHOCTL FApodoHa cpaBHEHNUSA, U/UNU YaCTOTHOMN XapaKTePUCTUKU YYBCTBUTEMNb-
HOCTWU UCNBLITYeMOro rugpodoHa, ecnm Takas XxapakrepucTuka UusBectHa and rugpodoHa cpaBHeHUS.

Takne OTHOCUTENbHbIE U3MEPEHUS UMEIOT cneayrowne ocobeHHOCTU: UX BbIMOMNHSAT B bake ¢ BOAON B
yNbTPa3BYKOBOM Mone, usnyvyaemMom npeobpasoBartenem, TpeboOBaHUA K KOTOPOMY nNpuBedeHbl HUXKeE.
CyLleCcTBEHHO, YTODbI U3MepeHUd NPOBOAUIMUCE MO BO3MOXHOCTU B OANHAKOBBLIX YCNOBUAX, UTO NnogpasymMme-
BaET: OOHY U TY Xe TOUKY B YIbTPAa3BYKOBOM NOMe, Te Xe caMble YCIOBUA BO3DYXAeHUS (Mo aMnnnTyae 1 BO-
HOBOW popMe cuUrHana), Te e camble YCNOBUA OKpyXatouwen cpedbl (Hanpumep, No TeMnepaTtype) U T. 4.
OBbLWMM yCNnoBUEM SIBNAETCH NpoBeAeHNEe UIMEPEHUN NMPU NITOCKOU BOSHE.

[Tpn namepeHuax Tuna |l Ha HeonpepeneHHOCTb PE3YNbLTATOB KanNnMOPOBKM ByaeT BNUATL NPOCTPaH-
CTBeHHOe ycpeaHeHMe aaBneHusa. MeToabl oLeHKM HeonpedeneHHOCTU ANA BapUaHTOB peannsaunm metoga
cpaBHeHUA n3noxeHol B 12.6.

12.4 TpebGoBaHUA K Nnpoueaype NaMepeHUn

12.4.1 lNpeobpazoBaTenb B KAYECTBE NCTOYHUKA U3NYyYEHUS

[na nsamepeHnin, paccMaTtpuBaeMbiX B HACTOSALWLEM pa3aene, B KayecTBe UCTOYHMKA U3NTyYEeHUS UCNOTb-
3YIOT YIbTPAa3BYKOBOW npecbpasoBaTenb KPpyroBoM CUMMETPUU, NpeaHasHauYeHHbIW ANst UCNOMNb30BaHUS B
Bode. [1pn 3TOM nMetoTca pasnnyHble BapMaHThl pacrnonoXeHua rugpodoHa B 3aBUCUMOCTU OT SNneKTpuyec-
KOro BO30YXXOEHUSA U KOHCTPYKUUK NpeobpasoBaTens, a Takke BONHOBOW OPMbl CUTHaNAa (HEUCKaXXEHHOW, C
HeNMMHENHBbIMUN UCKaXKeHUAMWU), AeUCTBYIOLWEro Ha ruapodpoH B TOYKe N3MepeHUda. OTU BapuaHThl paccMoTpe-
Hbl B npunoxenn G. MoxXHO npumMeHsiTb BapuaHTel A, B 1 C ana HecdokycmMpoBaHHOro npeobpasoBaTten
nnn BapuaHTtbl D 1 E ana cdokycupoBaHHoro. B 3aBUCUMOCTU OT BbIOpaHHOMo BapuaHTa BONMHOBOW dOPMb
peocbpasoBaTerlb A0MMKEH reHepupoBaTh cUrHasbl Tpebyemon amnnutyabl (ana ocbecneyvyeHuUs COOTBETCTBY-
OLLEero OTHOLWIEHMST curHan/lym B curHane rmapodoHa) Ha Bcex yactoTax KanmbpoBKku. 3To TpeboBaHKMe
OTHOCUTCH U K YCUNMUTENO MOLLIHOCTU B Llenn Bo3DyXXaeHUA npecbpasoBaTensi.

[TpeobpasoBaTenb AOMKEH OTNNYaTbCH BPpEMEHHOW CTabMnNbHOCTLIO M HE BbI3bIBAThL NeperpeBa BoAbl B
Dake, npeBbillaoLWLEero AoNycTuMble TeMmnepaTypHbie N3MEHEHUS.

[TpumedaHwue—Illepeg Ha4anoMm Kaxxgoro NAMepPeHnst PeKoMeHayeTcsl NPOBECTU CreayoLLyio NMPOBEPKY: BO
BCEX CNy4vasax MPUMEHEHUSA UMIMYINbCHLIX UMW TOHANbHO-UMMYIBCHLIX CUrHaANoOB (BONMHOBbLIE hopmbl BapuaHToB A, B, C)

crnieayet HabnogaTh 3a BbIXOAHbLIM curHanom rugpodoHa npm nepemMeLleHnm NocnegHero Ha HECKONbKO MUNTTMMETPOB
OTHOCUTENBHO NpeobpasoBatens Ans Toro, YTodbl yoeanTbCH B OTCYTCTBUM MHOTOKPATHBLIX OTPaXXeHun mexay rngpodo-
HOM U nNpeobpasoBarenem. Ecnn nHrepdepeHumns ot Takux oTpaKeHun HabnogaeTcs B curHane, npUHMMaeMoM rngpo-
cboHOM, TO cneayeT N3MEHUTb YacTOTy NOBTOPEHNUSA UMMNYINbCOB.

12.4.2 CurHan Bo3dyxaeHus nsnydatens

AMNNUTYaa curHana Bo30yXXaeHUs nanyJvartens He AoKHa U3MeHATbes bonee yem Ha =1 %; ctabunb-
HOCTb YacTOThbl AO/MKHA ObITh B Npeaenax £ 0,1 %.

12.4.3 N3ameputenbHasa cuctema

N3meputernbHaga cuctemMa aomkHa COOTBETCTBOBAaThL TpeboBaHUAM, NpuBedeHHbIM B pasaenax o6, 7 n 8.

12.5 lpoueaypa namepeHU

12.5.1 UsmepeHua Tuna |: onpegeneHne xapakTepuUCcTMkM HanpaBneHHOCTU ruapodoHa
M'mapodcdoH ycTtaHaBnMBawT B bak ¢ BOAOW B None, reHepupyemoe nsnyvyatenem, B COOTBETCTBUN C
BblOpaHHLIM BapMaHTOM YCTAaHOBKWU (CM. npunoxeHue G), nNpm 3TOM ONOPHbLIN LeHTP ruapodoHa O0KeH
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HaxoANTbCA Ha ocu nydkKa nsnydatens. FTnapodoH gomkeH 6bITb YCTaHOBMEH B YCTPOUCTBE, obecneynBato-
LLieM ero NoBOPOT BOKPYI OCWU, NepneHAuKYNApHOM OCK NnydkKa, He3aBUCUMO OT ABYX APYrMX ocei NoBopoTa,
nepneHanKynapHbIX Apyr Apyry. Yron nosopoTta AokeH ObiTb M3MepeH ¢ paspelleHemM, paBHbIM U fyY-

WM vYem Bg/10, rae 6 — yron, COOTBETCTBYIOLLUN CHUXEHUIO YYBCTBUTENIBHOCTU Ha MUHYC 6 AB, KoTopbIx
CTAHOBUTCH U3BECTHbLIM B pe3ynbTaTe U3MEePEeHUN NN BENMUYNHY KOTOPOTO MOXKHO NPUONNINTENBbHO OLUEHNUTL

nepe U3sMepeHUaMn no reomeTpudeckomy paanycy ruagpodoHa.

fuapocoH cnegyet noBopavnBaTh Tak, YTOOLI €rc ONOPHbLIN LEeHTP oCTaBanca B 0gHOW U TON XKe TOou-
Ke YyNbTPa3BYKOBOro Noms ¢ TOYHOCTbIO, TpeboBaHUSA K KOTOPOW U3NOXEHLI B pa3aene 6.

[TpunmeyaHwmne—IllpaBnnbHOCTL BbIGOpa ocun BpaweHns rmapocgoHa membpaHHOro Tuna (T. €. BpallaeTcs nu
OH BOKPYT LEHTPA) MOXHO MPOBEPUTL, NOBEPHYB €ro Ha 180° n oUueHNB N3MEHEHNE BPEMEHU NPUX0AA YIBTPA3BYKOBOW BOS-

Hbl. [lnsa 3oHaoBOro rmgpodoHa MoXeT NnoTpedoBaTbCs cneynanbHOE NPUCNocobneHne B BUAE KPoYKa, YTobbl DbINo MOX-
HO NOBOpa4MBaTb rMAPOgPOH BOKPYr €ro ONOPHOro LEeHTpA.

N3mMepeHnsa MOXXHO NMPoBOAUTL ABYMSA criocobamMin: N3MepsatoT HanpskeHne Ha Bbixode rugpodoHa Kak
bYHKLMIO yriia ero NnoBopoTa Ha 04HOMN YacToTe UMM YaCTOTHYIO XapaKTepPUCTUKY 3TOro HaMpsaXXeHus, ocTas-
N9 HEeU3MeHHOW opuneHTauulo rmapodoHa, 1 NMOBTOPSAKT 3TN U3IMEpPEeHUsa NMpu Apyriux yrnax noBopoTa.
B nocnegHem cny4ae rpynnupyoT Nony4eHHble gaHHble M HaxoO4aT 3aBUCUMOCTb HanpsXkeHnsa Ha rugpodo-
He OT yrna ero noBopoTa Ha Kakon-nnmbo ogHOM YyacToTe. 3aTeM 3Ha4vYeHUs, N3MepeHHble Npu pasnnUYHbIX
yrnax noBopoTa, AenAT Ha MakCuManbHOe U3 HUX.

[TpumevyaHns

1 YT0bbI OnpegennTb 3Ha4YeHUs TPebyemoro paspeLlleHus No yriny, MOXHO caenartb Cneayiowyto oueHky. [Npeano-
NOXNM, YTO pagnyc rmapodoHa paseH 0,25 MM, a CKOPOCTb 3BYKa B Boae npu 22 °C paBHa 1488 m/c. VI3 BbipaxeHus (2) B
MOK 62127-3 Haxogum: Og = 8° Ha YacTtoTe 15 Ml u n 05 = 3° Ha vacToTe 40 M L.

2 3Ha4veHus CKOPOCTU 3BYKA B BOAE MNPUBEAEHbI B NPUNoXxXeHuu E.

PesynbTaTtbl UamepeHnin XxapakTepucTUK HanpaBneHHOCTU UCNONb3YIOT ANa onpeaeneHns adceKkTnB-
HOro paguyca akTUBHOMO 31IeMeHTa rugpodoHa rno BbipaXXeHnam

apq = 1,62 c/(2nfsin 64) (11)

dpg = 2,22 C/(2T5f5in 96), (12)
rae 63 N 6g— 3Ha4YeHUd YrnoB, NMPU KOTOPLIX CUTHaN CHMXKaeTcd Ha 3 M 6 Ab cooTBETCTBEHHO.

[TpnmedaHwune— 3HaHne adhhekTUBHOro pagunyca rugpodoHa Ba)HO 4nsA OUEHKU BIUAHNA 3PPEKTOB NPO-
CTPaHCTBEHHOIO ycpeagHeHus (cMm. npunoxexue J). Insa ogHmnx Tunos ruapodoHoB 3HaveHne adhPeKTUBHOIo pagmnyca mo-
KET 3aBUCETb OT YacTOoThl, a ANs APpYyrmx — v OT BbIDPaHHOW OCK NOBOPOTA.

12.5.2 WN3mepeHusa tuna ll: kannbpoBka MeToa0M CpaBHEHUA NO 3TaNOHHOMY TMAPOGOHY

ITOT MeToa nogpasymMeBaeT cepuio USMepeHUn, B KOTOPLIX TMAPO¢POHbI NooYepeHO YCTaHaBTMBAIOT-
CH B OQHY U TY XXe TOUKY YNbTPasByKOBOro nons. Kak MUMHUMYM O0MKHA BBINONMHATLCS CEPUA U3 ABYX U3Mepe-
HUA — No ogHOMY AN Kaxaoro rmapodoHa. OgHako Ans NpoBepKn CTabUNMbHOCTU aKyCTUYECKOro nons
pekoMeHayeTcsl, YTODbI Mo KpanHen Mepe nocne naMmepeHust BTopore rmapodoHa nepBhin N3MepPAncs elle
pas (T. e. B UenomMm Heobxogumbel TpU U3MepeHUsa B cepun). bonee npeanodtutenbHa cepust U3 NATU UMK
bonee oTAENbHLIX U3MEPEHUN.

[lepen KaxablM OAUHOYHBLIM U3MEpeHUEM Tnapod¢oH ycTaHaBNMBaOT B Oak ¢ BOAOU B aKyCTUYECKOe
none mnanydyartena B TO MOMOXEHMe, KOTOPOe COOTBETCTBYET BbiOpaHHOMY (CM. npunoxeHue G). 3ateMm ¢
MOMOLLbIO FOCTUPOBKN ruapodoHa B NnonepeyvyHoOM HanpaBneHUn U YTOUHEHUS ero opueHTaunm godbmeatoTca
MaKcMMarbHOro HanpsiKeHus Ha ero Bbixoae.

OnopHbIA LEeHTP U3MepdaemMoro rugpodoHa OoMmKeH HaxoguTbCAa B TOM TOYKE aKyCTUYeCKOro nons,
KOTOopas BblbpaHa Ansa A4aHHOW CEPUN U3MEPEHUIA, C TpebyeMoKn TOYHOCTLIC (CM. pasaen 6). [1ns obecneveHus
BO3MOXHOCTU TOYHOro NO3ULMOHUPpOBaHUA rTugpodoHa ero yctaHaBnuMBalT B crneunanbHoe YCTPOUCTBO
nepemMelleHns. B gononHeHMe K 3TOMY NoNesHbIM MOXeT oKasaTbCd onpegernieHne BpeMeHU pacrnpocTpaHe-
HAS YNIbTPA3BYKOBOIO cUrHana (NpocToro Unmn TOHaNbLHOrO MMNyNbca) ANs OUeHKU pacCTOsIHUA Mexay Npeon-
pasoBaTenem n ruapodgpoHomMm.

N3mepsitoT BbIXOAHOE HanpsbkeHue rugpodoHa Kak PyHKUMIO 4acToThl M 3aTeM COOTHOCHAT ero c
pesynbTataMmm NaMepeHnn apyroro ruapodoHa.
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Ecnn sanekTtpuyeckasl Harpyska AByX namMepsieMblX rugpogoHOB HEOAMHAKOBA, TO 3TO AOIMKHO ObITh
YeTKO YCTaHOBNEHO WU ACITKHbI OblThb AaHbl MOSICHEHUA ONS pacyeTa OTHOLIEHUA YYBCTBUTENbHOCTEN 3TUX
rmapodoHOB Npu 0OHUX N TEX XKe YCIOBUAX HArpPys3KA.

12.6 MakcumanbHbIN pa3mMmep rugpodgoHa

[na Toro YtoObl YCTPaAHUTL NOrPELIHOCTUA N3MEPEHNUIN, CBA3AHHbLIE C NPOCTPAHCTBEHHbBIM YCpeaHEeHNeM,
Kak aTo ykasaHo B 12.5, appekTUBHbIW paanyc He A0IKEeH NpeBbiaTh NpeaenbHOro 3Ha4YeHns a . ,,, KoTopoe
3aBUCUT OT KOHKPETHBIX YCNOBUN N3MEPEHUA, PACCMOTPEHHBIX B NMPUIOXEeHUU J.

Ecnn 3T pekomMeHaauuM BbIMNOMHUTL HEBO3MOXHO, TO MOXHO MUCMONb30oBaTb rmapodoH 6onbluero
paguyca, Hanpumep, Kak npu namepeHuax tuna ll, korga cpaBHMBaloT ABa rugpodoHa ¢ 3PpPeKTUBHLIMN
pagnycamu, oTnnyarLnumMnca apyr ot gpyra He bonee yem Ha =5 %.

Ecnun a1 TpeboBaHNS BLINMOMHSAKTCA HE B NOMHOWU Mepe, TO BBOAAT TeopeTUYecKme nonpaBku K nony-
YeHHbIM pes3ynbTaTamM ¢ NnpusegeHnemMm PopmMynbl, ICNONbL3OBAHHOW AN BBeAEeHUSA NonpaBkn, U 3TO AOITKHO
ObITb YETKO Pa3bsSICHEHO.
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[MpunoxeHwne A
(cnpaBo4HOe€)

OueHKa HeonpeaeneHHOCTU pe3yNnbTaToB KanubpoBKK rmgpocoHoB B cBOOO4HOM none

A.1 Obwme nonoxeHwns

ns scHOCTN nHTEpNpeTauum pesynbtaTthl KANMOPOBKN AOMKHbI NPEACTABNATECA COBMECTHO C OLEHKOW Heonpe-
OEeNIeHHOCTHN UX nony4veHus. [pn oueHKe 1 BbIpaXXeHUn pe3ynbTaToB KannbpoBKU CrieayeT PyKOBOACTBOBATLCH JOKY-
meHToOM NCO «PykoBOACTBO MO BblIpaXXeHUI0 HEONMPEeaeneHHOCTU pe3ynbTaToB namepeHnny [3].

CornacHo PykoBoacTBY COCTaABNSAKLWME HEONPEeAENeHHOCTU MPYNNUPYyTCS B 3aBUCMMOCTU OT Crnocoba nx OUEHKMN:

TUN A: oUueHUBaeMble CTATUCTUHECKUMN METO4AMMU;

TMN B: oueHnBaemMbie gpyrumm cnocobamun.,

A.2 CymmapHasa (paclwumpeHHan) HeonpeneneHHoOCTb

CymMMapHyio HeonpeaeneHHOCTb PEKOMEHAYETCA OLUEHMBATL MO €€ COCTaBNALWMUM, KaK 3TO N3NOXEHO B [3].

[1py KOMBUMHUPOBAHUK COCTABNSICLWNX HEOMNpPeaeneHHOCTU PEKOMEHAYETCH 0bpallaTteb BHUMaHWE Ha Te, 3HaYe-
HMUSA KOTOPbIX BblpaxeHbl B geundbenax. [Npun obpaboTke 3TNX 3HAYEHUN UX CneayeT NepeBecTn n3 geumndben B NIMHENHYIO
dhopmy (Hanpumep, B NPOUEHTLI UMK B €AWHULLI BENTUYUH).

OkoH4yaTenbHOe 3HAaYeHne paclmMpeHHON HeonpeaeneHHOCTU MOXHO Bblpa3nTb B €4UHMULAX BENUYNHbI, B MPO-
LeHTax unu nNnepeBecTu B Aeumbenbl, ecnm 310 Heobxoanmo.

[TpumevyaHwms

1 bbiBalOT cny4au, Korga ncrnonb3oBaHne geunben npu BblpaXXeHun HeonpeaeneHHOCTEN NPUBOANUT K NX aCUM-
METPUYHOMY pacnpegenenunto (Hanpumep, +1,5 ab akBnBaneHTHo +19 %, a mmuyc 1,5 b 3kBMBaneHTHO MUHYC 16 %).

2 [1pn manbiX 3HAYEHUAX KQXO0MN U3 COCTaBMALWMNX HEONPEAENEHHOCTN, MEHBLUKMX, HanpumMmep, 1 ab, cymmapHyto
HeonpeaeneHHOCTb MOXHO BbIMUCIIATL U B Aeumnbenax.

A.3 Obwme NCTOYHUKKN HeonpeaeneHHOCTH

Hwxxe npeacraBneH cnncok obwmx (4ns Bcex MeTOA0B) UCTOHYHUKOB HeonpeaeneHHOCTH Pe3ynbTaToB Kannbpos-
KU rmapodoOHOB. ITOT CNUCOK HE CneayeT paccMaTpuUBaTh KAk OKOHYaTENbHbIN, HO UM MOXHO NOSIb30BaTbLCS B KAYECTBE
PYKOBOACTBA MNPU OLUEHKE HEeONnpeaeneHHOCTHU NPU KaX40W KOHKPETHON peanu3aunum MeToaoB Kannbpoeku. B 3aBucu-
MOCTW OT BbIDpaHHOIro metoaa u cnocoba ero peanusaymm HEKOTOPbLIE N3 YKA3aHHbIX UCTOYHUKOB ByayT BOCTpeboBaHbI
a5 OUueHKW. Hanpumep, norpewHoCcT n3aMepuTenbHbIX NPNBopPoB MOryT ObITb MMHUMMU3NPOBAaHLI NMPU UCNONTb30BaHUN
OQHOro U TOro Xe U3MEPUTENBHOIO KaHana (yeunutens, dunbtpa, BONbTMETPA U T. 4.) ANs BCEX CUIrHANOB, KOrga name-
PAIOT TONBKO X OTHOWEHUS. OgHaAKO Takon Noaxoa BO3MOXEH He BCeraa, no3toMy B CNUCOK BKIMIOYEHBI BCE BO3MOXHbIE
NCTOYHNKU NOrPEeLLHOCTEMN.

M CcTOYHMKN HeonpeaeneHHOCTU NPy KanubpoBke MeToa0M B3aMMHOCTU B CBOOOAHOM None:

- HETOYHOCTb AONYLWEHUN O CTPYKTYPE aKyCTUYECKOro Nosis, Hanpumep, O TOM, YTO 3TO none cheprnyeckon BOMNHbI;

- NOrPELHOCTU oNpeaeneHnst paccTosHUN MexXxay npeobpasoBaTensamm,

- NOrPELHOCTN onpeaeneHns YacToTbl aKyCTUHECKOro CUrHana;

- MOrPeLwHOCTN onpeaeneHns 3HaveHns NIOTHOCTU BOAb.

MCTOYHUKN HeonpeneneHHOCTN, XapakTepHble ANs KanmbpoBKU METOJAMU CPaABHEHUS:

- NOrpeLwHoCcTU B Kanubpoeke rmpapocoHa cpaBHeHUS (OCHOBHOW MCTOYHUK MOTPELLHOCTU B METOAE CPABHEHUS);

- KpaTKOBpPEMeEHHas! HecTabunbHOCTb HEKOTOPbLIX OMNOPHLIX NpeobpasoBartenen (Hanpumep, HeCTabUNbHOCTb
BbIXOAHOMO curHana npeobpasoBartens, UCNOMb3yeMOro B KA4eCTBE ONOPHOro nanydartens);

- HEeCTabunbHOCTb rMapodoHa cpaBHEHUS (HANPUMEP, UBMEHEHUE €ro YYBCTBUTENBHOCTU CO BPEMEHWN Npeablay-
Len KannbpoBkM abCoONMOTHBIM METOAOM);

- pasnuuyunsi B yCNOBUSIX OKPYXKalOLWEN cpedbl NPU KannbpoBKe METOA0M CPaBHEHUS C TEMU, B KOTOPbIX NPOBOANIIN
KannbpoBKy onopHoro ruapodoHa abCconoTHbIM METOAOM, YTO MOXET Bbl3BaTb U3MEHEHUE €ro YyBCTBUTENIBHOCTMW
(Hanpumep, TemnepaTypbl, yCNOBUW 3amMa4vnBaHUA, KOHCTPYKUMK gepxatens rmgapodoHa n T. a.);

- HETOYHOCTb HEKOTOPbLIX NPeANOOXEeHUN O CTPYKTYPE aKyCTUYECKOro Monsl, reHepupyemMoro onopHbIM nanydvare-
nem, HarnpumMep, 0 ToOM, 4YTO 3TO None cPEPNYECKON BOIHbI,

- MNOrpeLlHOCTU YCTAHOBKU rmapodoHa B OJHY M Ty XKe TOYKY aKyCTUYECKOro Nonsi;

- HepocTaTo4YHas cTabuNbHOCTb YCITOBUN INEKTPUHECKOro BO3DYXAEHNST ONMOPHOro npeobpasoBarens, BKOYas
ero HeJoCTaTO4HYI0 IMHENHOCTb, €CNY OH UCMONb3YETCH U KanubpyeTcs Npu pasnnyHbiX YPOBHAX CUTHANA;

- pasnu4us B yCINOBUSX OKPYKatoLWen cpebl Npu KanmbpoBKe METOAO0M CPaBHEHUSA C TEMU, B KOTOPbIX NPOBOANIN
KannbpoBKy ONOPHOro npeobpasoBartens abCoNtOTHbIM METOAOM, UTO MOXET Bbi3BaTb UBMEHEHNE €ro YYBCTBUTENBHOC-
™ (Hanpumep, TeMnepaTypbl, ANUTENBHOCTU 3aMaYMBaHUS, KOHCTPYKUMKW aepxXaTtensa u T. 4.).
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MCTOUYHUKM HEoNpeaeneHHOCTH, 0bLWwme Ans Bcex NpuBeaeHHbIX BbllLE METOO0B:

- nHTEepdepeHUns C OTPAXKEHHBIMU aKYCTUHECKUMWN CUTHanamm, NPUBoAaLLLAaNa K HApyLWweHUo yCnoBmum cBobogHOro
NOns;

- HEBbIMOJIHEHUE YCNOBUW garnbHEro noss;

- BNnsHMeE 3 PEKTOB NPOCTPAHCTBEHHOIO yCpeaHEeHUs Npun KannbpoBke rnapoPOHOB 1N3-3a NX KOHEYHbIX pa3Me-
POB M OTCTYNIIEHNSA OT YCITOBUSA NITOCKOWN BOJHDbI;

- HEeTOYHas opueHTaumns, 0CODEHHO Ha BbICOKMX YaCcTOTax, Ha KOTOPbIX XapakTepucTuka HanpaBneHHOCTU rnapo-
dboHa MOXKET ObITb CMNBHO HEPABHOMEPHOW;

- aKyCTUYECKOE paccesiHne OT 3NEMEHTOB KOHCTPYKUMK aepxartens rmpgpod oHa (mnmn HaBognmble Ha HUX BUbpa-
LMK, nepeagaBaembole rnapodony);

- NOMPELWHOCTN U3MEPEHUS HAaMPSPKEHUSA Ha NPUEMHUMKE (BKNHOYash NOrPEeHOCTN U3MEPUTENBbHBIX NPUBO-
POB — BOJNIbTMETPA, UndppoBoOro npeobpasoBartensa n 1. a.);

- HETOYHOCTb YCTAHOBKU KO3 PUMUNEHTA YCUNEHNS KAKNX-NNOBO MCNONMb3yeEMbIX YCUNUTENEN, PUNBTPOB, UM po-
BbIX NpeobpasoBaTeneu;

- NOrPELHOCTUN N3MEPEHUS TOKA UK HaNPsXKeHUs BO3byKaeHUs nanydvartens;

- NOrPELWHOCTN, CBA3AHHbIE C HEAOCTATOYHON NIMHEWHOCTBIO U3MEPUTENBHOW CUCTEMBI (MPUMEHEHNE Kannbpo-
BAHHOIO aTtTeHartopa anls BblpaBHUBAHNA N3MEPUTENBHbLIX CUTHANMOB MOXET CYLLECTBEHHO YMEHbLLUUTL BITUAHUE 3TOrO
NCTOYHUKA);

- HETOYHOCTb UCMOJIb3YEMbIX aTTEHIOATOPOB 3NEKTPUHECKNX CUTHATOB,;

- BINUSAAHWE 3MEKTPUYECKOro Wyma, BKIoYas paanodacTtoTHbIE HABOOKM;

- HETOYHOCTb YCIOBUWN 3NEKTPUHECKON HArpy3Kn Npu pacyveTte BIUSHUA UMNeaaHCoB YANMHUTENBHbIX Kabenewn um
npeaBapuTernbHbIX YCUNTUTENEN;

- Hanunauue Ha npeobpasoBaTenn BO3QyLWHbIX NY3blPbKOB — UX BITUSHUE MOXHO MUHUMU3NPOBATb COOTBETCTBY-
IOWKM 3amMmavmBaHuem npeobpasoBaTenen n ynydleHneM CMaunBaemMoCTu UX MOBEPXHOCTN;

- BIIUSIHWE YCINOBUA OKPYXKaIOLWEN cpelbl, TAKUX Kak TeMnepaTtypa BoAbl;, €CIN YKa3bIBAlOT, YTO pe3ynbTaTtbl Kanmb-
POBKW BEPHBLI NN B TEX YCINOBUAX, B KOTOPbLIX 3Ta KAaNMbpoBKa NpoBogunaceh, To HET HEOBX0ANMOCTM BBEAEHUS NONPAaBOK.
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[MpnnoxeHve B
(cnpaBo4HOe€)

[loBeaeHMe NoNMUMepPHbLIX YYBCTBUTENbHbLIX AaT4uKoB U3 NBO® B ynbTpasBYKOBbLIX NONAX
BbICOKOU UHTEHCUBHOCTH

B.1 O6bwmne nonoxeHwunA

YNbTPa3BYKOBbIE NOJS BBICOKOW UHTEHCUBHOCTU OBbIMHO MPUMEHSIOT B YIbTPA3BYKOBbLIX BMONOIMYeCcKknx n megm-
LMHCKMX nccriegoBaHusax. B HacTosiwee BpeMs XOpOLWO U3BECTHO, YTO MNOJIA C BbICOKMMU aMNnNTygamn QaBrieHus npuBo-
OAT K HENUMHEWHbIM 3dhdhekTam B cpeae pacnpocTpaHeHusl, CONPOBOXAAIWMMCH UCKKEHUAMU U 0Dpa3oBaHUEM
rapMoOHUYECKNX COCTaBNALWMX B BONHOBON chopme curHana [12]—[14]. Ana To4HbIX namepeHun napameTpoB yIbTpas-
BYKOBbIX NMonen Hanbonee noaxoasaT WMPOKONONMOCHbIE KaNnMBpoBaHHbIE MONMMEPHbIE TMAPOMOHBbI Kak 30HA0BOIO, Tak
N MeMBpPaHHOro TMNa, YacTOTHbIE XapaKTEPUCTUKU N XapaKTePUCTUKN HAaNpaBneHHOCTU KOTOPbIX onucanb! B [15]. Oagnako
MHPOPMALUNA O NIMHEUHOCTU OTKIMUKA Takmx rmuapodpOoHOB CyWEeCTBEHHO orpaHnyeHa. JIMHEMHOCTbL KpanHe BaXkHa ans
MEANLMNHCKNX MPUMEHEHUIN; COBPEMEHHOE MEOUNLMHCKOE ANarHoCcTUYeckoe 0bopygoBaHue crnocobHo nany4artb Nons ¢
aMmnnnTygoun akyctmdeckoro gasnenuns nopsagka 10 Mlla [16]. Takme amnnntyasl nulb HA NOPAAOK HUXE TEeX, KOTOPbIe
NPUCYTCTBYIOT B (DOKaAnNbHOW 06nactm MMNyNbCOB YAAPHOW BONMHLI annapaToB 3KCTPakopnopanbHOW NUTOTPUNCUN
(MMTOTPUNTEPOB).

B gononHeHwe K 3ToMy crneayeT yd4ecTb, YTO JIMHEWHOCTL OTKITUMKA rmgpodoHa Ha gaBrneHne BaXHa 1 Npwu pearm-
3aumn MeToaoB KanubpoBKKM C NCNONb30OBAHNEM HENTMHEWHbIX UCKaXeHun [17].

PaCCMOTPEHHbBIE HMXE UCNbITAHUS DbINM NPOBeAEHbI ANs onpeaeneHns NMHENHOCTHY YIbTPA3BYKOBLIX rmapodo-
HOB, cAernaHHbIX Ha ocHoBe nonumepa NBAd [18].

B.2 TeopeTnvyeckmne oCHOBBI

Teopns HENMHENHON aKyCTUKN NMEET MHOXECTBO YIbTPAa3BYKOBbIX MPUMEHEHUU KaK B BOAHOWU, TaK N B BO34YLWHOW
cpedax [12]. B nocnegHee BpeMs ee ctanu NPUMEHSATb B ANanasoHe 4acToT, UCNONMb3yeMoM ANy BMomMmeanumnHCKoON BU3y-
annsauum [13], [14].

XOpPOWO N3BECTHO, YTO CTEMNEHb NCKAXXEHUSA YNbTPA3BYKOBOW BOSHbI 3aBUCUT OT PacCTOAHUSA 40 NCToYHuka [12].
JTa 3aBUCUMOCTb SIBNAETCH KPUTEPUEM ANS onpeaeneHnss CTENEHN UCKaXXeHUs BONTHOBOW (DOPMbI, BbI3BBAHHOIO HENU-
HEMHOCTbLIO PacnpoCTPaHEHUSA, T. €. HENMMHENHOCTBIO AN depeHunarnbHbIX YPaBHEHNN, ONUCBIBAIOLWNX pacnpocTpaHe-
HWe, N CaMOUn cpeabl pacnpocTpaHeHus (B 4aHHOM cryyae BoAbl). TOT e caMmbl KPUTEPUN AaeT BO3MOXHOCTb OTAENNUTD
BbILLEYNOMSAHYTbIE NCKAXXEHUSA OT NCKaXXEHUN BONTHOBOW (POPMbI CUrHana rugpod¢goHa, Bobi3BaHHbIX HENTIMHEWHOCTBLIO €ro
OTKIMUWKA Ha gaBlieHne, Un oT BO3MOXXHbIX NCKaXXEHNN, CBA3aHHbIX C peakunen akyCTUYeCKoro nanyvarens Ha Hanpshxe-
HMe ero Bo3byxaenus. laHHbIn KpuTEPUM DbIN NCNOMBb30BaH MNPU ONMUCAHHBIX HUXKE UCTIbITAHUAX, YTOObI yOeaUTBLCS, HTO
HabngaemMble HENMMHENHbIE 3P EKTLI HE CBA3aHbI C BO3MOXHOW HENMMHENHOCTBIO PDYHKLUMKN 3NEKTPOAKYCTUYECKOIO MNpe-
obpa3oBaHus.

B.3 UcnbiTtanunsa

Bce onucaHHble B HACTOSILLEM MNYHKTE U3MEpeHust BbiNMn npoBedeHbl B AUCTUITIIMPOBAHHOW AEra3mpoBaHHON
Boge npu temneparype (21,0 £ 0,1)°C. B akcnepnmeHTanbHOW yCTAHOBKE ObINM NCMNONb30BaHbl PA3NUYHbIE YIIbTPA3BY-
KOBble nanydartenu, padortarwwme Ha vactortax ot 2,25 go 10 My, v rmnapodoHbl Kak 30HA0BOIO, Tak 1 MEMBOPAHHO-
ro tunoB [15], [19]. B pononHeHne K 3TOMy ObINO NPUMEHEHO ONTOAKYCTUYECKOE YCTPOWUCTBO, CrNocobHoe
reHepnpoBaTb yaapHble BonHbl [20], [21]. Ecnu ynbTpa3ByKOBbIE N3Ny4YaTenn MO reHEPUPOBaTh aKyCTUYECKOE AaBrie-
HMe ¢ amnnutygamun nopsaka 5,5 Mlla (4To COOTBETCTBYET NPOCTPAHCTBEHHOMY MUKY NMUK-BPEMEHHON MHTEHCUBHOCTW
nopsigka 1000 BT - cM™2), TO ONTOAKyCTUYECKUI MCTOYHUK FEHEPVPOBAI YAapHbIE BOITHbI C MMKOBbLIMW 3HAYEHUSIMU AaBMe-
HMA cxaTtnsa Boiwe 10 Mlla.

Oba ncrtouHnka n rmapodoH bbinNm TwaTenbHO COPUEHTUPOBAHBLI APYr OTHOCUTENBHO APYyra C NOMOLWbIO TPEXKO-
opAVMHaTHOro Mmkpomanunynatopa. CurHan ¢ rmgpodoHa nocTtynan Ha aHanuaaTop crnekrtpa un otobpaxancs Ha ero
3KpaHe Ans OUueHKM coaepXaHusi rapMoHnYecknx coctansiiowmx. OgHoBpemMeHHO curHan Habnwoganm no ocumnnorpa-
dy, C NOMOLWbIO KOTOpOro dpotorpaupoBann BONHOBbIe hOPMbI CUTHaANOB NPU Pas3nUYHbIX OCEBbLIX PACCTOAHUAX OT
NCTOYHUKA.

[lepea KaxabiM UMKNOM U3MEPEHUN NPOBEPSNN, YTO MPUYNHON NCKAXXEHUWN BOIMHbI ABNAETCH HENWHEWHOCTb €€
pPacnpoCTpPaHEHUs, a HENMHENHAA 3aBUCUMOCTb aKyCTUYECKOIO OKHA (M3ny4arLwen NoBEePXHOCTU) OT HaANPSXXEHUS BO3-
DYXOEHNS NCTOYHUKA UCKaXEHUW HE BHOCUT. Kak OTMeYeHO Bblle, Takasi NpoBepKa Oblnia OCHOBaAHA Ha TOM hakTte, 4To
NCKaXXEHWUA BOJTHbI 3aBUCHT OT PACCTOAHUSA 40 UCTOYHMKA, U COCTOSANAa B TOM, YTO Mocre 3anmcun oopm nMmnynbca npu pas-
NMNYHbIX OCEBbLIX PACCTOAHUSAX UX aHanNM3npoBanun. 3Tm N3MepeHns NPoBOANNKN KakK € 30HAOBbLIM rmapoPOHOM, TaK U C
HeaemnpupoBaHHbIM rmapodoHom membparHHoro tuna [15], [19].

nsa onpeaeneHnsa NMHENHOCTU OTKNUKA rngpodoHa npn yBENMYEHNN aKyCTUYECKOTO AaBneHns Bbinv npumMmeHe-
Hbl TPW pasfnydHblie npoueaypobl.
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B nepBoun npoueaype oueHmBanacb IMHEMHOCTb KannbpoBaHHbIX rmapoOHOB 30HAOBOIO TUNA; NPU 3TOM N3ME-
PANOCH YBENUYEHNE BbIXOQHOro curHana rmgpodoHoB auametpom 0,6 1 1 MM Npu NOBbILLEHNN HAMPSPKEHUA BO3OYXAe-
HUS unanydartenen. MakcumanbHOe 3HadYeHue akyCTUYeCcKOro AaBNeHusl cxatus, uamepeHHoe rugpodoHamMmum B
dokanbHOM 06nacTn NcnNonb3yemblX NpeobpazoBartenen, coctaenAano okono 5 Mlla na vacrotre 3 Ml'u.

Bropas npoueaypa npeaycmarpuBana namepeHmne rnonHon akyCTU4eCKkon MOLWHOCTU, T’EHEPUPYEMOUN BbIOPaHHbIM
nanydarenem. [ns ckaHnpoBaHWsA Mons v NOCNeayluwero BblMUCNEHUSA MOJNTHOM MOWHOCTU U3NYYEHUS MPUMEHANA
KannbpoBaHHbIE MUHWATIOPHbIE TMAPOGOHBLI 30HAOBOIO N MEMDBPAHHOIO TUMOB [22]. 3aTem pe3ynbTaThl pacyeTa MOLL-
HOCTU CpaBHMBAnNu ¢ pesyrnbrataMmm N3amepeHnn MOLHOCTU TOro Xe camMoro nosfsi U Ha TOM XXe CaMOM PacCTOAHUU OT
nanydarterns, BbIMONTHEHHbIX METOA0M YpaBHOBELWVBAHUA pagnauynoHHON cunbl. Ns yMmeHbLUEHNA NOrpeLuHoCTU, CBS-
3aHHON C 3IPPEKTOM NPOCTPAHCTBEHHOIO yCpegHEHUs, 3TN N3MEPEHUA MNPOBOAUIM B YaCTOTHOM AauanasoHe oT 1 go
2 Ml 0.

B TpeTben npoueaype 6bin NPUMEHEH ONTOAKYCTUHECKUN NpeobpasoBaTenb. B pabortax [23]—[25], kacatowmxcs
yIbTPA3BYKOBLIX XUPYPrUy4eCcKnxX rnpmnbopoB, ObINO MOKA3aHO, YTO Takoe YCTPOUCTBO U3Ny4vaeT pacxogsilweecss rnone,
aMnNnNUTyabl AaBrneHns B KOTOPOM 0BpaTHO NponopumoHarnbHbl PACCTOSHUIO 40 NCTOYHMKA.

B.4 PesynbTaThl

PaccMoTpeHHble U3MepPEHUs No OUEeHKe NMHENHOCTU Dbinn NnpoBeaeHbl Ha 30 rmapodoHax 30HAOBOro TUNa aAna-
meTpom 0,6 u 1 mm [15] m Ha 10 rmapodoHax membpaHHoro tnna [15], [19].

B paccmoTpeHHON Bbie NEPBON Npoueaype NMMHENHOCTb KAaNMbpoBaHHbIX ruapodoHOB 30HAOBOIO TUNA ANaMET-
pom 0,6 n 1 Mmm oueHnBanum no yBeNUYEHMO BbIXOQHOIo HanpsXXeHUsA Ha HUX NPV NMOCTENEHHOM MOBbLILLEHUN HAMPSXKEHUS
BO3DOy)XaeHns nanydarens Ha vactote 3 Ml u. [ pathumueckas 3aBUCUMOCTb cUrHana rmnapodoHa o1 HanpsiKeHUs BO3DYX-
OEHUS nanydarens cBugeTenbcTBoBana 0 NIMHEMHOM COOTHOLWEHUN MeXay 3TUMWN BENTUYNHAMM.

Bo BTOpON Nnpoueaype ansi CKAaHWPOBaHMUS Nons 6blNM NPUMEHEHBI KANNDBPOBAHHLIE MUHUATIOPHbIE TMAPO¢OHLI
30HA0BOro U MemMbpaHHOro TMNoB [22]. 3Ha4YeHns MOLWHOCTU, pacCUYMTaHHbIE MO pe3yNbTaTamM CKAHUPOBaHUSA, CPaBHUBA-
NMNCb CO 3HAYEHUAMU MOLLHOCTU, U3MEPEHHON METOA40OM YpPaBHOBELLUMBAHUSA pagnaunoHHON cunbl. Insa 0QHOro u 1oro xe
nanydvarens (1,5 vnm 2,25 MI'u) pacxoxgeHmne mexgy namepeHHbIM U pacCYNTaHHbIM 3HAYEHUSIMU MOLHOCTU COCTaBUNO
npnonmnantenosHo 22 %.

TpeTes npoueanypa cocToana B U3BMEPEHUAX aKyCTUYECKOro cUrHana, reHepupyemMoro onToakyCTUYECKUmM npeob-
paszopartenem. B yvactotHom amnanasone o1 1 go 10 MMy Ha BoNnHOBbLIX hopmax curHanoB HAbNoganncb NCKAXEHUS, CBS-
3aHHble C HENWHEeWHbIMW CBOUCTBaAMMU Cpedbl pacnpocTtpaHeHus. BonHoBas Qopma  curHanoe, W3ny4vyaembiX
ONTOAKYCTUYECKMMN NpeobpasoBaTensMmn, cxogHa ¢ TOW, KOTopas XapakrepHa ans pokanbHOM 06nactn n3BECTHbIX
nmtoTpunTepoB. Onsa atux npeobpasoBatenen bbina 3KCNepuMeHTanbHO NoATBEpXAeHa obpaTHas nNponopunoHarb-
HOCTb 3aBUCUMOCTU aMMNNNTyAbl aKyCTUYECKOro 4aBJIEHNSA OT PACCTOAHUSA 40 NCTOYHUKA, MPU 3TOM MakCnMalnbHOE 3Ha-
YeHue amMnnuTygbl AMepPeHHoro gaerneHus cocrtaenano okono 10 Mlla, a oTkKnoHeHUe NoNy4YeHHOU 3aBUCUMOCTU OT
3aKOHa 0DpaTHOM NPONOPUNOHANBbHOCTU HE NPEBLILLANo HeonpeaeneHHOCTH pe3ynbTaToB akenepumenTa (15 %) [21].

Kakoe-nnbo pacxoxaeHne ¢ 3aKOHOM 0bpaTHOW NPOonopUMOHanbHOCTW, NPEBLIWAOWEE CYMMAaPHYIO Heonpeae-
JIEHHOCTb Pe3yNbTaToOB U3MEPEHUN, NoApa3yMeBaeT BO3MOXHYIO HENMTMHENHOCTb XapakTepuctukn rmgpodgoHa. OgHako
TAKoOro pacxoXxaeHus He Habnganocb HXU AN MeMmbpaHHbIX, HU ANs 30HA0BbIX rmapodoHoB [21].

B.5 3aknroveHune

[nsa 6onbworo kKonuvecTBa NonUMepPHbIX rmapodoHoB Ha ocHoBe [1BI®P b6bina oueHeHa MMHEWMHOCTb UX OTKNUKA
Ha aaBnenue. Nlamepennsi Bbinu BbINOMHEHbI B AnanasoHe aasnedmn o 10 Mlla. C nomowbio pasnnyHbiX npoueayp
ObINO NOKa3aHo, 4TO Habnwagaemble HENUHEWHble 3PdEKTbl CBA3aHbI TONBKO C HENMUMHEWHbIM PacnpocTpPaHEHUEM
yIbTPa3BYKOBOW BOJIHbI B cpede. bbino nony4yeHo xopowee COOTBETCTBUE PE3yNbTaTOB N3AMEPEHNSA C MOMOLBbIO MOSK-
MEPHbIX rTMAPO¢MPOHOB KaK 30HAOBbLIX, TAK U AeMNPUPOBAHHBIX MEMDOPAHHbIX.

Kpome TOro, He Habnoganocb Kakoro-nmbo OTKNOHEHUS, MPEBbIWAKLWEro CyMMapHylo HeornpenereHHoOCTb
PE3yNbTaTOB M3MEPEHMW, OT 3aKOHa 0O0paTHOM NPONOPUNOHANBHOCTM AaBNEHME — PACCTOAHUE, NPOBEAEHHBLIX C
NOMOLLbIO KaK 30HA0BbIX, TAK U MEMDBpPaHHbIX rmapodoHoB. KaK yKa3aHo Bbllle, TAKOEe pacxoXgeHne CBUAETENbCTBOBA-
o Obl 0 HENMHENHOCTU OTKIMMKA rmapodoHa Ha yBENUYEHNE OAENCTBYIOWLENO HA HEro akyCTUYECKOro AaBIEHNUS.

AMNNNTYAbl aKyCTUHECKOIO AABNEHNSA B PACCMOTPEHHbLIX BblLLE UCMbITAHUAX BbINM OrpaHNYeHbl 3HA4YEHUEM MPU-
bnunantensHo 10 Mla. JononHuTenbHbIM CBUAETENBCTBOM, NOATBEPXKAAOLWMM U3NOXEHHbIE BbiWe Pe3ynbTaTthl, SABIS-
I0TCA pe3ynbrartbkl ucneiTaHun rngpodoHoB Ha ocHoBe [1BP, cneunanbHo paspaboTaHHbIX ANs rmapoakyCcTUYeCKUX
npumeHennn [26], [27]. OHn nokasbiBanu npeHedbpexmmo manbsle nameHeHust (B npeagenax 0,6 ab) wactoTHon xapakre-
PUCTUKN YYBCTBUTENBHOCTU NMPU U3MEHEHNN TAPOCTAaTUYECKOro aasnenns go 69 Mlla.

OCHOBbIBasiCb Ha peaynbTatax UCNbITaHMW U Ha nHdopmMmaumn, onybnukoBaHHow B [26], [27], MOXXHO caenaTtb
BbIBOZ, YTO NONIMMEPHbIE rMAPOYPOHbI XapakTepuayTCA XOpoLWwen NMIMHENHOCTBIO B AMana3oHe MHTEHCUMBHOCTEWN, Xapak-
TEPHOM ANA NCMNONb30BaHUA B 3XOUMIMYIbCHbIX CUCTEMAX YNbTPa3BYKOBOW ANarHOCTUKK [16].

B gononHeHwe K 3ToMy criegyet uMmeTb B BUAY, YTO NUKOBbIE 3HAYEHUSA aKyCTUYECKOro gasneHns B pokanbHOW
obnacTtmn moryT gocturatb 3HadveHnn nopsgka 100 MlMa, a namepsiemas hopma yaapHbIX BONMH OCTAETCH HEU3MEHHOW NMpu
YMEHbLUEHNN HaNPsXXEeHNS BO3DYKAEHUS UMW HANPSPKEHUA, NPUKNAaAbIBAEMOro K 3neKTrpogamMm annapartoB 3NeKTporna-
PaBMUYECKOro Tuna. JTo He gaeT CTPOororo nogarBepXxXaeHns nMMHenHocTn YyecteutensHocTn [NBO® kak matepuana, HO U
HE CBUAOETENbCTBYET, C APYron CTOPOHbI, YTO UMEETCS Kakas-nmbo HENMMHEWHOCTb B OTKITMKE HA AaBlieHne cneunanbHo
paspabotaHHbix rmgpocdoHoB Ha ocHoBe [1BP B gnanazone gasneHmn npunbnmusmntenobHo go 70 Mla.

24



[OCT P M3K 62127-2—2009

MpnnoxeHwne C
(cnpaBo4HOe€)

[lonpaBKU Ha 3NeKTPUYECKYIO Harpysky

C.1 Obwme nonoxeHuns

UyBCTBUTENBHOCTL rTMAPOMROHA HacTo NPeacTaBnsAlnT B BUAE YYBCTBUTENIbBHOCTU XOJIOCTOroO Xo4a Ha KOHUe
Kabens. 9170 YyBCTBUTENBHOCTL rMAPOdQIOHA HA KOHLUE ero kabens, He NOACOEANHEHHOIO K KAKOW-NNDBO 3NEKTPUHECKON
Harpy3ke. Ecnu K Bbixoay rmapodoHa nogknoveHa Kakasi-nnbo KOHKpeTHas afekTpuveckas Harpyska, Hanpumep oCLUWII-
norpad, yemnuTtene Unn yanuHUTEenbHbIN Kabenb, TO YYBCTBUTENBHOCTL HA KOHLUEe Kabena rmapodgoHa noa Harpys-

KOWU MOXeT OblTb CBA3aHa C HYBCTBUTEJIbBHOCTBLIO XOJIOCTOro Xod Ha KOHLUe Kabens BblpaXeHnem, rnpneegeHHbIM
HUXE.

C.2 lNMonpaBKku ¢ NCNONbL30OBaHUEM KOMIJTIEKCHOIro 3Ha4YeHUA nMmnegaHca

PacCcMOTPUM ODLWMK crny4an, B KOTOPOM ruapodoH paccMaTpmBalOT Kak ABYXNONIOCHUK C KOMMNITEKCHbIM 3NEKTPU-
YEeCKUM UMNedaHCoOM Ha ero Bbixoge Z,, NOAKMIOYEHHbIN K Harpy3ke C KOMMNIEKCHbIM umnegaHcom Z; . HyBCcTBUTE N b-

HOCTb Ha KOHUe Kabena rmapodoHa nog Harpy3koum M, npu ero noaknioYeHMn K Harpyske cBsidaHa C
YYBCTBUTENbHOCTBLIO XOMNOCTOrO X04a Ha KoHUe Kabenst M, BbipaxeHuem

Re(Z, )? +1Im(Z; )? (C.1)

M, = M| —
[Re(Z )+ Re(Zy )I* +[Im(Z; )+ Im(Zyy )14

C

roe Re(Z; Ynlm(Z; )oboaHavaloT pearnbHyl0 U MHUMYIO YaCcTU KOMIIEKCHOIO 3HAYeHUs COOTBETCTBYIOLLLErO MMNegaHca.

YacTo anekTprnyecKyo Harpy3ky MOXHO nNpeactaBuTb B BUAeE napannenbHoro coenHeHns akTUBHOIO COnpoTUBIE-
HUA R, n anekTpudeckon emkocTtun C,. B atom cnyyae Re(Z; )uIm(Z; ) BblpaxatoT Kak

R C.2
RE(ZL)= 2L2 o ( )
1+ e C/R;
~oC R} (C.3)
Im(Z, )=

2~2p2°
1+ 0?C2R?
rge o — Kpyropasq 4acrtora.

C.3 lNMonpaBku ¢ NCNoNb30BaHUEM eMKOCTeW

Ecnv nmnegaHce! Kak rmgpodoHa, Tak U Harpy3ku MOXHO NpeactaBuTb B BUAE EMKOCTEN, TO BO3MOXHO galibHEN-
wee ynpoweHue soipaxeHus (C.1). 1o 4oCTaToOMHO BEPHOE NpeacTaBneHne ansi rmapodoHa Ha 4acToTax MHOMO HUXe
ero pe30HaHCHOW YacTOThl U ANs TaKUX HArpy3oK, Kak yanuHuTenbHble kabenu. B aTom cnydae, ecnu C,;, — eMKOCTb rMA-
pocOHAa Ha KOHLE MHTEIPUPOBAHHOIO C HUM Kabens ¢ pa3beMoMm, BoipaxeHune (C.1) ynpowaeTca go

C
M =M “H (C.4)
CH + CL
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Mpnnoxenwe D
(cnpaBo4HoOe€)

AG6conwTHana kanubpoBKa rugpogoHOB METOAOM NIIOCKOro CKaHUPOBaHUSA

D.1 Obwee npeacraBneHve

B aTom npunoxeHnn gaHo nogpobHoe onucaHme MeToguku Kannbposku rmapot oHOB C MCNONMb30BAHMEM NITOCKO-
ro ckaHnpoBaHus. [lpyuBegeHbl pekoMeHgaunm no NPOBEAEHNI0 MEXaHNYECKOIO CKAHNPOBaHUSA rmap o OHOM 1 OLEHKE
Hanbonee BaXXHbIX UCTOYMHUKOB HeonpeaeneHHOCTHU Pel3yrnbTaToB KannbpoBKMW.

D.2 Metoawuka ckaHupoBaHud rmngpopoHOMm

CyllecTByeT HECKONbKO cnocoboB ckaHMpoBaHUS rmapogoHOM yIbTPA3BYKOBOIO Ny4Ka B NNIOCKOCTH Z = [. Hanbo-
rnee pacrnpocTpaHeHHbIM SABASIETCH CNOCcoO Nony4vYeHust NPSMOYroribHOW CETKM TOYEK oTcHeTa Npu nepemMeL,.eHnm rngpo-
cboHa MeToaOM ABYXMEPHOro pacTpoOBOro ckaHMpoBaHusi. B atom crniyqae

M N
”[UL (x,y,1,t)]dydx = Z Z[UL (xm,yn,l,t)]szAx,

m=1 n="1

(D.1)

roe Mn N — Konn4yecTBO TOYEK OTCHETA B HANpaBneHUsX y X COOTBETCTBEHHO;
AX, Ay — pasmMmepsbl Wara nepemMelleHns rmapodgoHa B HanpaeleHnsX X U y COOTBETCTBEHHO.

Ecnu npodhunb nydka npeobpazoBartens uMmeet NpubnNnanTernbHO KPYroBytd CUMMETPUIO, TO BO3MOXHA U arnbTep-
HaTUBHaA npoueaypa CKaHNPOBaHUSA. B 3TOM crny4vae MOXHO BbINOITHUTE HECKONTbKO AMaMeTparibHbIX CKAHUPOBAHWW
nyuka. JInHum ckaHnpoBaHMsa QOMKHbI NPOXO4UTL Yepe3 LeHTP YIbTPa3BYKOBOIo Ny4Ka u pacnonaratbCs gpyr OTHOCK-
TENbHO Apyr gpyra noja paBHbiMK yrnamu. Ecnn, Hanpumep, NpoBOAAT ABa CKAHMPOBAaHUSA, TO UX HaNpaBneHus byayT
NOBEPHYTHI ApPyr oTHocuTenbHO gpyra Ha 90°. [lna N gnameTtpanbHbiX CKAHUPOBAHUN MONMYYUM

,_.,1

o\ o[ Ry Ar 2
H[UL(x,yJ,t)]zdydx-(N] SOy [UL(Z,r)]zmrJr[UL(Z,S)]Z(2 S] >, (D.2)
i=1r=R1j

A

Ae r — paccTOsIHWE OT K&XXAO0W TOYKM OTCHETa A0 LeHTpa yNbTPa3ByKOBOro nyyka (paBHoe (y? + x2)V2 ecnu ueHTp
ny4vkKka BblOpaH B Havane CUCTEMbI KOOPAUHAT X, V);
Ar — pasMep Liara CKaHUPOBaHUS;

R.” U sz-— PaCCTOAHUA OT LeHTPAa NydKa 40 Kpaﬁme TOHEK OoTCHeTa npn anamMmeTpanbHOM CKaHUPOBAHUU NyYK4d,
S — pPacCTodHUE OT HeHTpPa NydKa 40 brnvkanwemn K HEMY TOYHKW OTCHETA.

BTtopow uneH B npaBon 4acTtu BelpaxkeHus (D.2) xapakrepnayeT BKNag LEeHTPaNbHOW YacTU NMy4Ka B NONTHY0 CYMMY
pe3ynbTaToOB CKAHUPOBAHUA.

[TpunmeyaHune—Bboipaxenue (D.2) He npeagnonaraeT coBnageHnsi TOHKU OTCHETA C LeHTPOM Nyu4Ka Unuv pas-
HOIO OTCTOSIHUSA TOYEK OTCHYETA OT UeHTpPa NyuKa.

D.3 lNMonpaBKM U NICTOYHUKN HeonpeaesrieHHOCTU Pe3yribTaToOB N3MEepPeHUN

D.3.1 llonHasg MOWHOCTL

[1pn namepeHnsx, NPoBOANMbIX B COOTBETCTBUK € pasgenom 10, rmapodoH ycTaHaBnmMBaloT Ha PACCTOSAHUN Z =/
oT npeobpasoBarens. B atom cny4vyae Heobxoagnmo BBECTU NOMPABKY Ha NOrMoweHune ynbTpa3Byka B BOAE, NOCKOSIbKY
BbIXOOHasi MOWHOCTL Py npeobpasosartenst npuseaeHa K Hyneson auctaduum (z = 0). [ina BBeaeHMA 3TON NONpaBKu
NCNONb3yT COOTHOLLEHNE

P(l) = P, exp(—2a.2), (D.3)

rae Py — nonHas ynbTpasBykoBas MOLWHOCTbL NpeobpasoBartens;
P(/ ) — nonHas MOWHOCTb YIbTPAa3BYKOBOIO Ny4vKa B NMIMTOCKOCTU HAXOXAEHUA rnapoPoHa,;

oL — aMMINTYAHbIW KOSODOUUMEHT 3aTyXaHus NNOCKOW BOINHbI B cpeae (06bIvHO B BOAE).

B npunoxexHuun E npnBeaeHbl 3Ha4eHUsA 3aTyxXxaHus B BOAE B 3aBUCUMOCTU OT TEMNEPaTYpPbl N HaCcTOThbl, KOTOPbIE
MOXXHO MCNOMNb30BaTh B BblpaxeHun (D.3).

MmeroTcs Tpn CTOYHMKA HeonpeaeneHHOCTH 3HAYEHNS NONMHOW MOWHOCTU P(/ ) yNnbTpa3ByKOBOIo ny4yka B MecTe
pacnonoXeHns rmapodoHa, n BKNag Kaxgoro n3 HMX crneagyert oueHnTb. [1epBbi NCTOYHUK — 3TO CUCTEMATUYECKas
NOrpeLHOCTb ONnpeaeneHnsi NONMHOW BbIXOAHOW MOWHOCTKN Py Kak Ansl 3TanoHHOoro npeobpasoBartens, Tak U oT npeobpa-
30BaTENsl, MOWHOCTb KOTOPOIro N3MEPSIOT HENOCPEACTBEHHO Nepen KannbpoBKON METOA0M YPaBHOBELLMBAHUA paana-
LUMoHHON cunbl (cm. MOK 61161).

BTopon NCToYHMK HEONpeaeneHHOCTU CBA3aH C BO3MOXHOWN Pa3HULEN B 3HAYEHUAX MONMHON BbIXOOQHON MOLLHOCTW
npeobpasoBaTens BO BPpeMsA NPoOBeAeHUs Npoueaypbl CKAHUPOBaAHUSA U NUSMEPEHHON BO BPEMS €ro Kannbpoeku. Makcu-
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ManbHOe 3Ha4YeHne CBA3aHHOW C 3TUM HeonpeaeneHHOCTN MOXHO OLUEHUTb U3 NpeaBapuTenbHbIX CBEAEHUN O cTabUNb-
HOCTU npeobpasoBatenst. 3TOT WCTOMHUK HeonpeaeneHHOCTU creayeT OLUeHWBaTb OTAENbHO ANs  KaXaoro
Mcnonb3yemMoro npeobpasoBaTens.

pPETUN UCTOYHUK HeonpeaeneHHOCTU NOJTHOM MOLHOCTU CBAA3aH C HEOOXOAMMOCTbIO BBEAEHUS NONMpPaBKN Ha
3aTyxaHue ynbTpa3Byka B Boge. HeonpeaeneHHOCTb BO3HMKAET KaK U3-3a NOrPELHOCTU B OUEHKe KoadhpurumneHTa 3aTy-

XaHuA o/f 2, KOTOPYIO PEKOMEHAYETCH NPUHUMaThL pasHom + 1,7 % ansa Bcex Temnepatyp [28], [29], Tak n n3-3a norpeLu-
HOCTK B onpegeneHnmn pacctosiHus [ mexay npeobpasoatenem n rmapodPoHoM. 3TO pacCTOAHUE MOXHO ONpeaenunTb

no ocumnnorpady namepss BpemMsi 3aepKkm curHana, nNPUHUMMaeMmoro rmnapodoHoOM, No OTHOLLEHUIO K BPEMEHU NMOAAYUN
cCurHana Bo3byxgeHus npeobpasoBarterns.

D.3.2 CwurHan, npuHnMmaembsin rnapodoHOM

CurHan Ha Bbixoae rmapodonHa U, (x, y, /, ) 0BbIMHO M3MEPSAIOT C NOMOLLbIC ocLuunnorpadda, umgposoro npeobpa-
30BaTens UMn gpyroro COOTBETCTBYIOWENO N3AMEPUTENBHOIO NpMbopa, NOrpeLHOCTb KOTOPOro crneayeT oueHnTb. OHA
byaeT 3aBMCETb OT COAEPHKAHUA TAPMOHUK B BbIXOAHOM curHane rngpodoHa, 4acToTHON XapakTeEPUCTUKU CamMoro rma-
podoHa N MeTOAA N3MEPEHUS 3TOro cUrHana.

bbiNo ycTaHOBNEHO, UTO peanu3auus MeToga CKaHNMPOBaHUSA C NCMNONb30BAHUEM CUIHAIOB C UCKaXXEHHOW BOITHO-
BOU DOPMOUN NMPUBOAUT K CYLLECTBEHHbBIM MOrPEWHOCTAM KanumdpoBkn [30]. 3TK NOrpewHoOCTN BO3pacTatoT, eCnv Ans
N3MEPEHNN BbIXOOHOIo curHana rnppodoHa MCNonb3ylT MUK-MONOXUTENbHbIE 3HAYEHUSA aKyCTUYeCKOro curHana,
N CHMXKAKTCH MPU NCNONb30BAHUN 3HAYEHUWN «OT NMUKa 40 NMUKa» U NMUK-oTpULUaTENbHbIX 3HAYEHUW aKyCTUYECKOro AaB-
NEeHUS.

D.3.3 CymmMmunpoBaHue

Ipy NnpoBeaeHNN NNOCKOTo CKAHMPOBAHUS CYLWECTBEHHbIM SIBMAETCSH NPaBulibHbIN BbIOOP TOYEK OTCHETA. Ha OCHO-
BaHUM aHanum3a, NpoBeaeHHOro B [28], npuHnmaem, 4to npu gnameTtpanbHOM CKaHUPOBaHNN C A0MYCTUMOCTBIO O LUIMNH-
OPUYECKON CUMMETPUM NyYKa HEODXOANMbI MO MEHBbLLUEN Mepe 7 TOYEK oTCcHEeTa MexXay (M BKNoYas) KpanHUMKN TOUKaMMU,
COOTBETCTBYIOLMMUN CHUXEHUIO NMpohunsa gaBneHns Ha 6 ob oTHoOCUTENbHO AaBnNeHUsA Ha ocu nNy4dka (Mnn 5 To4Yek oTcHe-
Ta MeXQy KpanHUMKM TOYKaMK, COOTBETCTBYIOLWMMM CHUXEHUIO Npodmnns KBagpaToB gasneHunst Ha 6 ab), Ans nonyveHus
HeonpeaneneHHOCTN YyBCTBUTENbHOCTU rmapodgoHa, BbI3BaAHHOW NPOCTPAHCTBEHHLIM OrpaHNYeHNeEM CYMMUPOBAHUS,
meHee £ 1 %. Npun pacTtpoBom ckannmpoBaHumn, ecnm Mun N B BeipaxeHun (D.1) BbIDpaHb! Tak, 4To 06€ NMHUM CKAHUPOBA-
HUA (B HANPAaBMNEHUSAX X U V), NPOXoasime Yepesd LEeHTP NydKka, CoaepKart no MeHbLLEN Mepe 7 TOYEK OTCHETa MeXay (M
BKIT1I0Yas) KpPAWHUMM TOYKAMWM, COOTBETCTBYIOWMMM CHMXEHMIO Npodmnns gasneHnst Ha 6 Ab OTHOCKUTENBHO AaBNEHNs Ha
OCM NyYKa, TO HeonpeaeneHHOCTb YyBCTBUTENbHOCTU ruapodpoHa, Bbi3BaHHAsA NPOCTPAHCTBEHHbLIM OrPaHUYeHUnEM
CYMMUpPOBaHUSA, byaet meHee = 1 %. Bknag sT1oro nctovHMka HeonpeaeneHHoOCTH, CBA3AHHOIO C KOHEYHbIM YUCIOM
TOYEK OTCHYEeTa NPy TOM UNU gPYromMm MeToAde CKaHUPOBAHUA, OOIKEH ObiTb OUEHEH AN KXA0ro KOHKPETHOro vucna
TOYEK OTCHETA.

[lonycTMmMocTb NpeanonoXeHns 0 LUMMHAPUYECKON CUMMETPUM NMy4YKa NPy AnamMmeTpanbHOM CKAHMPOBAHUN MOXET
ObiTb NPOBEPEHA NMPU aHanNM3e pe3ynbTaToB CKAHMPOBAHUA NO KaXXA0W paananbHOW NMUHUN, CYMMUPYS UX KaK

Jmax 4
2. [yt r)Priar, (D-4)
f=0

rae G — PacCCTOAHUE OT UeHTPa NydKa 40 TOYKUN OTCHETAa,

Jmax — HOMED camMoun ganbHEN TOYKW OoTcHeTa paananbHOU YacTu NTMHUN CKAHUPOBAaHWS.

[TpumevaHune—Illpegnonaraercs, YTO KaKaoe aMamMeTpanbHOE CKaHMpoBaHWUEe MOXET ObiTb pasgeneHo Ha
OBa pagunarnbHbIX, pe3ynbraTbl KOTOPbIX aHANU3NPYIOTCH OTAENBHO.

OnpenenstoT pasHoCTb (B NPOLUEHTax) MeXay MakCumMmarnbHbIM U MUHUMAIbHbIM 3HAYEHUSAMW, NOSNTYYEHHBIMW OIS
BCEX pagnarnbHbIX IMHUWA AnamMeTparibHOro CKaHMpoBaHua 13 BolpaxeHus (D.4), n NONOBUHY 3TOWN Pa3HULbl CHUTALOT
KakK BKnag UCTOYHMKA HeonpeaeneHHOCTHU, CBA3aHHOW C AONYCTUMOCTbLIO NPeanonoXeHnsa 0 UMNMHaPNYeCKon CUMMET-
PN YIbTPa3BYKOBOIO My4kKa.
D.3.4 XapakrepucTtuka HanpaBneHHOCTU

Ecnun xapaktepucTtuka HanpaBrieHHOCTH rnapodoHa N3BECTHA, TO HEODXOAMMO BBECTU MONPABKY HA €€ HEPaB-
HOMEPHOCTb. ECNn 3TOro caenartb HENb3s, TO B KaX40MN TOYKE CKAHNPOBaHUSA crneayeT YyTOYHATh OpneHTauuto rmgpodo-
Ha, JOOMBasiCb MAKCMManNbHOIoO CUrHana Ha ero Bbixoae. [JoctmxeHmne Takom onTuManbHOW OpueHTauum He obsa3aTenbHO
ONSA KaXX4ou TOYKM OTCHEeTa, €Cnm npu nepemMeweHnn rmnapodgoHa ot 0gHON TOYKM K APpYyron nameHeHue yrna nageHus
yrbTpa3Byka Ha Hero mano. [lpouegypa BBegeHUs nonpaeku OQoOSHKHA COCTOATH B criegyowem. CHavana namepsior
XapakTepucTuky HanpaslieHHOCTU rmapodoHa Ha YacToTe f. 3aTemM NpeacTaBnsaloT ee B BUA4e HOPMUPOBAHHON (PYHKL UK

D(®,), rae ©, — yrnoBasi opueHTauusi rugpodona. [1ns BBegeHnsi NonpaBku B pe3ynbTaTbl CKAHUPOBaHWS CneayeT pas-
AenuTb curHan Ha Beixogde rmapodiona U, (x, y, [, t) Ha koadduumeHT D(O,), rae ©, = arctg[(x? + y2)V2/1).

MeToabl onpeaeneHns XapakTepucTUK HaNPaBAMeHHOCTU rMAPoOMdOHOB paccMoTpeHbl B 12.5.

D.3.5 KoHe4Hble paamepbl rmapodoHa

Cneayer oUueHUTb BKNag B HEONPEAENEHHOCTb, CBA3aHHbIN C KOHEYHbIMU pa3MepamMn akTUBHOIO 3NeMeHTa rma-
podooHa. F'mapodoH pearnpyeTt Ha akyCTUHECKOE AaBNEHNE, UHTEMPUPOBAHHOE MO BCEN NOBEPXHOCTU aKTUBHOIO 3r1e-
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MEHTA, U UMEHHO NO3TOMY MOXET OKa3aTbCH HEODX0ANMbIM BBEAEHNE NOMPAaBKN HA MPOCTPAHCTBEHHOE yCcpeaHeHune [2],
[5], [31], [32]. OueHKy 3Ha4YeHns 3TON NMonpaBky NONy4arT NyTeM BbIYUCTIEHNSA Pa3HNLblI MEXAY aKyCTUHYECKUM OaBMNeHW-
€M B 3a4aHHON TOYKE NONMsA U AaBleHNEM, YCPpeaHEHHbBIM MO NOBEPXHOCTU aKTUBHOIO anemeHTa {(cm. [2] n MOK 62127-1).
[1pn aTnx pacuertax gns onpegeneHns BHEWHMX rPaHnL NOBEPXHOCTU aKTUBHOIO 3r1IeMeHTa cnegyeT UCrnonb30BaTh 3Ha-
yeHne adhdekTBHOM nnowaan rngpodoHa. IdhdhekTmBHas nnowagb MoxXeT ObiTb BbluncrieHa no adgpdekTMBHOMY
paauycy akTMBHOro anemeHTta rmgpodoHa, onpegensemomy B coorBetcteun ¢ 12.5 [6]. BnuaHmne npocTtpaHCTBEHHOIO
yCpeAHEHUS Ha pe3ynbTaTbl CKAHMPOBAHUA HAMBONEee BENWKO B LEHTPanbHOW 0b6nactum nydka. [1oaToMy TONBKO ANS 93TOWN
obnactn HeobXoaAMMO onpeaensaTb UCTOYHUK COOTBETCTBYIOLLEN HeonpeaeneHHOCTN UM BBOANUTL NOMPAaBKN Ha Npo-
CTPaAHCTBEHHOE ycpeagHeHune. Mamepenuns npegnovTUTENbHO NPOBOAUTE HA TAKOM paccTosiHMKM [ OT npeobpasoBaTens,
NPV KOTOPOM 3PPEKTLI NPOCTPAHCTBEHHOIO YyCPpeAHEHUS B LEHTPE Ny4Ka He npeBbiwarnT 5 %.

D.3.6 LLym

B obwem cnyyae ckaHnpoBaHue NPoOBOAAT 40 TaKUX PacCTOSTHUW OT OCU YNbTPas3BYKOBOro MNy4ka, Ha KOTOPbIX
N3MEPUTESIbHbIN CUTHAI BCE eLlle npeBbiwaeT wym. [1na oueHkn BKknaga WwymoB v BBEAEHUA COOTBETCTBYIOLWLMX MOMNPaBoK
B CYMMY KBaaparToB HanpshxeHns Ha rmgpodooHe criegyeTt BHaYane onpegennts YPOBEHb WWYMOB. OTO MOXHO caenarb,
NOBTOPUB BECH NPOLECC CKAHNPOBAHUA NPU BbIKITIOYEHHOM NpeobpasoBarene n U3MepUB NPU 3TOM CpeaHeKBaapaTUYeC-
KOe 3Ha4YeHWe HanpsiKeHus LWyMOB B KaX/JoW ToYKe. 3Ha4eHne cpeHekBagpaTnyeckoro Hanpskenus wymos U (X, y, /)
BbIYMTAIOT U3 3HAYEHUS UBMEPEHHOIO CUrHana cnegyowmm cnocobom. Ecnm ycpeagHeHHOe 3HaveHne KBagpaToB Hanpsi-
XeHus Ha rmapodoHe PaBHO

U] (x,y, L), (D.5)

TO yCpeadHEHHOE 3HAaYEeHNE KBaApPaTOB HallPAXeHUA Ha FH,EIPO(*)OHE Nocrie eeeaeHnd noripaBKkn Ha BKIa4 lWymMoB COCTaBUT

U (x,y,L,t)? =[U] (x,y, L)% = UR(x, y, 1) (D.8)

Ons rmapodroHa, yCTaHOBNEHHOIO B KPAWHIOK TOYKY CKAHUPOBAHWUSA, CUIHAIN Ha €ro BbIXOAe MOXET COCTOATb HE
TONBbKO U3 WWYMOB, HO M3 NOME3HOro curHana, MeHbLllero, Yem Wwymbl. B aTom cny4yae cneayet onpegennutb BENUYUHY
BKNaga ton obnactu, Kotopasi He BKIlo4YeHa B NNowaab CKAHMPOBAaHUSA, YTO MOXHO caenaTb U3 TEOPETUYECKON MOAENN
yNbTPa3BYKOBOro ny4ka. [laBneHmne B Touke R panbHero nons Kpyrnoro NnopwHeBOro npeobpasoBartenst Nponopumno-
HanbHO

2J,(ka, sin ®)/(ka,sin ©), (D.7)

rae Kk — BOIMHOBOE 4YUCNO;
a, — SMPMEKTUBHbIN NN TEOMETPUYECKUN paaunyc ynbTpasByKoOBOro npeobpasoBaTerns;
® — yron Mexay NMHNENn, CoeanHsioWwen Todky R ¢ ueHTpomMm npeobpasoBaTenst, n oCbo Ny4Ka (CM. pasaen 4);

J, — yHKUMA beccens nepBoro poga nepeoro nopsiaka.

Takon nogxoa npegnonaraeT chepnHeckoe CKaHMPOBaHUE, 1 NO3ITOMY BKnag obnacrten, He OXBaY€HHbIX CKAHUPO-
BaHMEM, cneayeT onpeaensatb NyTeM CYMMUPOBaHUSA KBagpaToOB HaNpPs>KeHUN NMpu nx TeoOpeTUYeCcKoM pacnpegeneHum B
chepnyecKomM CErMeHTe, OrpaHNYeHHOM 0BNACTbIO NMMTOCKOro CKAHNPOBAHUSA, U CPaBHEHUSA 3TUX PE3YNbTATOB C PE3YIib-
TaTaMmn MHTErpupoBaHua No Bcen nonycdepe. Bknag nepndepunHbix obnacren, He OXBa4€HHbIX CKAHWPOBAHUEM, MPU
NMOCKOM CKaHUPOBaHUKM ClegyeT OLEeHMBATb TOYHO TaK Xe, KaK U Npu CPepuyecKkoM CKaHNPOBAHWW; €ro CrieayeT yunThl-
BaTb KaK NOMPaBKy B pe3ynbTaT CKAHUPOBAHUS U paccMaTpuBaTh KakK UCTOYHUK HeonpeaeneHHoCTn, 06ycnoBrneHHON
orpaHndeHnem obnactn CkaHmpoBaHus. Bknag nepudepunHbiXx obnacten 0ObIMHO Marn Mo CPaBHEHUID C APYIMMU
COCTAaBNSAIOLLUMMN.

MoxeT okasaTtbcs bonee npakTnyHbIM NPOBEeAEeHNE CKAHMPOBAHUA TONbKO B 06nacTu, orpaHn4YeHHON NUMHUEN, HA
KOTOPOW AaBleHne CHMXaeTcs A0 onpeaeneHHoro aHadveHust, Hanpumep ao 10 % [26] unm ao 5 % [33] no cpaBHeHuto ¢
MaKCUMarnbHbIM B LEHTPE Nydka. B aTom crniydae Bknag obnacren, He 0XBa4Y€HHbIX CKaHMPOBaHUEM, DyaeT CyLWEeCTBEH-
HbIM, W ONUCaHHAas Bblle npoueaypa onpeaeneHnsa nonpaekn obssarenbHa.

[TpumevyaHwms

1 Ecnn adhdhpekTMBHBLIN pagnyc ynbTPa3BYKOBOro npeobpasoBartenss HE U3BECTEH, TO BMECTO HEro MOXHO
NONb30BaTbLCH 3HAYEHMEM NrEOMETPUYECKOIo paaunyca.

2 3Ha4YMMOCTb BKNaaa WWyMOB B pe3ynbTaTbl CKAHUPOBAHUS 3aBUCUT OT MeToaa namepeHusi curHana rngpodoHa.

D.3.7 HennHenHoCTb pacnpocTpaHeHunst

[1pn kKannbposke rmMapocPoHOB METOAOM NMTOCKOrO CKAHMPOBAHUA ONpeaensitoT YyBCTBUTENBHOCTbL rmapodoHa
Ha KOHKpeTHoU vacToTe f. [1pn 3TOM BaXHO, 4TODbI yNbTPa3BYKOBbLIE BONHbI HE BbINN NCKaXEHbI MPUCYTCTBUEM BbICOKO-
YaCTOTHbLIX COCTABNSAOWMX N3-3a HENMMHENHOCTU pacnpocTpaHeHust. 1ns oueHKn 3Ha4YMMOCTU BIUSAHUSA 3TOro adpdhekra
Ha pe3ynbTaTbl KanMbpoBkM rmapooHOB METOAOM MNOCKOro CKaHMPOBaHUA NMPeanoXeHbl ABE npoueaypbl, BbIOOP
MEXAY KOTOPBIMN 3aBUCUT OT KOHKPETHOW METOANKN U3MEPEHUN M OT TUNa Kannbpyemoro rmapodona. Obe npoueaypsl
No CyWeCTBY OCHOBaHbI HA TOM, YTO HeonpeaeneHHOCTb N3-3a BITUAHUS HENTMHEVNHOCTU pacrnpoCTpaHEeHUsa 3aBUCUT OT
NnoTepb B amnnnTyae OCHOBHOW YaCTOTHOW COCTAaBIMAOWEN B BONTHOBOW hOpMeE akKyCTUYECKOro AasreHns. B nepBon npo-

Leaype npeanonaraeTcsi, YTo amnnutyga BTOPOW rapMOHUKM COCTaBNSAET onpeaeneHHbI NPOUEHT 6 OT aMnNinTyabl Ha
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OCHOBHOM 4acTtoTe. B 3TOM cnydae norpewwHocTb (B NPOUEHTax) onpeaeneHnss YyBCTBUTENBHOCTU rngpodoHa npu
o < 30 % coctasut (cm. D.4.5)

1 8% (D.8)
2100

HecmoTps Ha NpocToTy 9TOM Npoueaypbl, MOXET OKas3aTbCsl HEBO3MOXHbIM JOCTOBEPHOE onpeaeneHue 8 us-3a
M3MEHEHUs1 YyBCTBUTENbHOCTU rMAPocoHa Mexay YacToTaMn OCHOBHOW U BTOPOW rapMOHUK UMW Ha BbICOKMX YacToTax
13-3a TOro, YTO HE NPUHUMAETCS B pacyeT akyCTUYECKoe 3aTyxaHue B BOJeE.

[pw BTOpOW NpoLeaype npeanonaratoT, YTO A5 NOPLUHEBOro yNbTPa3ByKOBOro npeobpasoBaTensi HENMMHEMHOCTb
pacnpocTpaHeHuss MOXHO npeackasaTtb. Kak nokasanHo B D.4.5, B ganbHeM none npeobpas3oBaTtens, U3ny4atoLlero

HENpPEepbIBHYIO BOMHY MONHOW MOLWHOCTbLIO P,, NOrpewHoCcTb onpeaeneHnsa YyBCTBUTENbHOCTU rugpodoHa npnbnmnam-
TENbHO COCTaBNsAET

Po(0,28R + 0,065)f a2 10720 (D.9)

,qnﬂR=M/naf, (D.10)

rae f— vactora, [u;
a, — 3thppeKTMBHLIN paanyc yNbTPas3ByKOBOro rnpeobpasoBarens, m.

OTO COOTHOLWEHUE BEPHO ANA 3HAYEHUU MOTPELHOCTN MeHee 5 % 1 Ans yCrnoBuUN, Korga 3atyxaHmem B BO4E MOX-
HO npeHebpeyb (CM. npunoxexHue E).

JTa OUEHKA OCHOBaHa Ha TOM NPeAnonoXeHuun, YTo He onpeaensaoT CUrHan Ha YactoTe BTOPOU NAPMOHUKA U YTO
BIIMSAIHNE 3aTyXaHUA NPV HENMMMHENHOM pacnpocTpaHeHun mano. [lpn ncnonesoBannm rmapodoHa ¢ nIOCKoOn YacTOTHOW
XapaKTEPUCTUKON OLEHKA NOrPeWHOCTN ByaeT 3aBbllLeHa.

OueHKN HeonpeaeneHHOCTU NPOBOASAT C UCMOJIb30BAHUEM MNPUBEAEHHBIX BblLLE COOTHOLWWEHUN, MPU 3TOM Crieay-
eT CYNTaTb, YTO OHU ONpeaenstoT BEPXHUN Npeaern NorpeLlHoOCcTeN, CBA3AHHbIX C UCKXEHNAMW BOJTHOBOW (DOPMbl CUTHA-
na rnagpodoHa. [orpewiHoCcTb AoMmKHa ObITb MeHbLe 5 %.

D.3.8 [lnockoe ckaHnpoBaHue

B cTporom cmbicrie BblpaXxeHne HyBCTBUTENbHOCTU ruapocoHa Ha KOHUe Kabena noa Harpy3kou (10) na (6)

OOIMKHO npeanonaratb CyMMUPOBaHUE NO CPHeprnYecKon NOBEPXHOCTU C LEHTPOM Ha yNIbTPA3BYKOBOM NpeobpasoBarte-

ne. lNorpewHoOCTb N3-3a 3aMeHbl CPEPUYECKOTo CKAHNPOBAHUS NNTOCKUM NponopunoHansHa [(1/cos ©)-1], rae ® — yron
MEXAY OCBIO NMYYKa M JIMHMEN, COEANHSAIOLWEN LEHTP YINbTPA3BYKOBOro NpeobpasoBarens ¢ ONOPHbLIM LLEHTPOM aKTUB-

HOro anemeHta rmgpodoHa. [lpegnonaras, 4To yrosn ® B KpanHmx To4Kax niockoro ckaHnpoeaHusa meHbwe 10°, MOXHO
CUMTaTb, YTO NOrPELLHOCTBIO U3-3a Nepexoga K NNOCKOMY CKaHUPOBAHUIO MOXHO npeHebpevb [28], ogHako npu Bonbwmnx
yrnax oueHKa BKaga 3Toro UCTOYHMKA B HeonpeaeneHHOCTb 0b6A3aTernbHa.
D.3.9 [NponopuynoHanbHOCTbL MHTEHCUBHOCTU KBagparTy gaBneHus

BoipaxeHnue (5) npegnonaraet, YyTO MTHOBEHHOE 3HAa4YeHNe NHTEHCUBHOCTM MNPONopLUMOHaNbHO KBagparty akyc-
Tnyeckoro gasnenmns. OUueHnTb pasnuyne Mmexay UCTUHHbIM 3Ha4YeHUEM MIHOBEHHOW MHTEHCUBHOCTU { 1 3HaveHnem 1,
NONyYeHHbIM U3 KBagpaTa akyCTUYECKOro gaBreHusl, Ha OCK KPyrnoro NopLlHEBOro yrnbTpa3BykoBOro npeobpasoBarerns
MOXHO Mo crneayrwemy ypasHeHuio [9]

Ip _ 2 (D.11)

7 - 512
/ /

T+ — | /| 1+ | —

ai di

Ins pacctosHun, pekomenagyemblx B 10.5.3, n ansa npeobpasoparenen obbvHOIoO gnamertpa (o1 6 4o 25 mm) aT1o
OTHOWEHME OTNNYaeTCH OT eanHnUbl MeHblwe Yem Ha 1 %. Ecnn pacctosaHuna meHblwe pekoMmeHgoBaHHbiX B 10.5.3, TO
BblpaxeHue (D.11) cneayeTt ncnonb3oBaTth AN OLEHKM BKaga 3TOro MCTOMHUKA B HeonpeneneHHOCTb Pe3y/ibTaToB
KannbpoOBKM.

D.4 ObocHOBaHMe 0CODEHHOCTEN METOAMKM KannopoBKN rmapodoOoHOB NNOCKMM CKAHNPOBAaHUEM

D.4.1 Obwme NonoxeHuns

B atom pasgene gaHbl 060OCHOBAHUA HEKOTOPLIX YCIOBUN U onepaunn obpaboTku pe3ynbTaToB, UCNONb3YyEMbIX
npv KannbpoBKe MEeTOAOM MNIOCKOro CKAHUPOBAHUS.
D.4.2 CooTHOoweHne mexay adpdhekTnBHbIMK pagunycamm rnapodoHa n npeobpasoBaTtens
PaccMOTpUM MNOPLUHEBOW NMpeobpasoBaTent ¢ 3hheKTUBHbLIM pagnycom a, u ruapodoH ¢ 3ahPeKTUBHbLIM
pagnycom a,, pacnorioXeHHbl Ha paccTossHum / oT npeobpasoBarernsi.

BonHa oT kpaeB npeobpasoBarens (KpaeBasi BONHa) dyaet nagatb Ha ruapodoH noa yrrnom, onpeaensaemMmbim
BbIpaXKeHUeMm

2, (D.12)

arcsin
(atz N 32 )1/2
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[TpeanonaratoT, YTO XapaKrepucTnka HanpaBneHHOCTU rMAPOMdOHA BbipaXXaeTcs KakK
2J,(kay, sin 0)/ka, sin 6, (D.13)

rae K — BONMHOBOE 4YMCNO, paBHOE 27/A, a 0— yron nageHns, Npyv KOTOPOM BOMHbI OT KpaeB NpeobpasoBatens byayT nagaTb
Ha rMapPo¢oH Nog yrinoMm, COOTBETCTBYIOWMM CHUXEHUIO YYBCTBUTENBHOCTU B XapaKTEPUCTUKE HAaNpPaBNeHHOCTU, MEHb-

wemy, yem 1 ab. 310 03HavaeT, uTo (ka, sin 8) <1, 1. e. 2J.(ka, sin 8)/ka, sin 8 ~0,88. CnegoBaTenbHO, 3TO 3KBUBANEHTHO
(ka, sin 0) <1 (D.14)

NI
kahat
2 2112
(ay +17)

(D.15)

<1.

D.4.3 MoxHo nokasatb [9], YTO CTUHHAA MHTEHCUBHOCTb Ha PacCcToOsAHUM [ MO OCKU NOPLUHEBOro npeodbpasoBaTens
OTNNYaeTcs OT UHTEHCUBHOCTH, ONpeaeneHHON Mo KBagparTy AaBrieHus, npubnuantensHo Ha 6 % ans a,//= 0,5. [NMpwu npu-
DnmxXeHnn K npeobpasoBarerntio MUHTEHCUBHOCTL «NO KBagparty AaBleHusi» Bo3pactaeT bbicTpee, YeM UCTUHHANA UHTEH-
CUBHOCTb. VI3 3TOr0 cnefyeT, YTo BbipaxeHue (5) koppekTHo npu a, /1 <0,5.

D.4.4 TMpeobpasoBaHune BbipaxeHusa (D.2)

PaccmoTpum pesynbTatel oTcyeTa U, (/, r) B TOUKax, pacnonoxeHHblX Mexay R, n R, T. €. MexXay KpanHUmm Tou-
KaMW i-ro gnameTparnbHOro CKAHUPOBaHMA. [IpuMeM 3a S pacCTOsIHUE OT LeHTPA yNIbTPa3BYKOBOro ny4vKa 4o bnvxam-
lEN K HEMY TOYKM oTcueTa. [lpeacrtaBnsas Ka)Xayro TOYUKY, pacrnonoXeHHY0 Ha pacCTOoAHUN r OT LWeHTpa nydka, B Buge
KONbUa pagunycom r, CYyMMUPYEM pe3ynbTaTtbl guamMmeTparbHOro CKaHMPOBaHUSA Kak

2 (D.16)

> wlU, (I, r]Prar .
r=R1j

[TpumeyaHwune—IllpeacraBneHHoOe B 3TOM pasaerne CyMMMpOBaHNE HE COBCEM COOTBETCTBYET OObIYHBIM Npa-
BUNamMm MmartemaTtuku. [peaensl NOKa3bIBAOT KpanHne TOMKKM cymmMmupoBaHus. Mexay astumm toukamm napametp r B (D.16)
npeacTaBneH BblOpaHHbIMU ANCKPETHBIMU TOYKaMM.

Bknapg U, (/, s) ueHTpanbHON TOYKM S HEMb3SA NPEeaCcTaBUTb aHanornMyHoO BKNaay KONbLEBbIX 3N1EMEHTOB KaK A
OpYyrnx Todek r. B aTom crniyvae cnegyeT paccMmaTtpmBaTtbh OTAENbHbLIM BKITA4 ABYX MONMOBUHOK KPyra, pacrnonoXeHHbIX OKO-
NoO LUEeHTpanbHOU TOYKHU, KaK

2 2 D.17)
T o [ Ar Ar | (
5 [U, (1, s)] ( > 3] + ( > S] .

Tak Kak B BblpaxeHuu (D.16) yxxe npegycmoTtper Bknag U, (/, s) TOUKKM S, TO B 3TO BbIpaXKeHne HeobXxoanmo BBECTH
NoNpaBKy, onpeaensaemMyto pasHuLUeEN UCTUHHOIO 3HAYEHUS BKITaAa UEHTPANBbHOW TOYKU U TEM YITEHOM, KOTOPbIN UMEETCH
B BblpaxxeHun (D.16), 1. e.

A 2 A 2 (D.18)
NPUBOAUMYIO K BUAOY

- 2 D.19

7 [U, (I, s)P (‘&2" s] | (£-19)

JTa nonpaeka v npeacrasneHa nocrnegHum YneHom B Bolpaxenum (D.2).

Ecnu Touka, cootBeTcTBYOWasn U, (/, s), coBnagaeT C LeHTPOM ny4kKa, 70 s = 0 1 1neH B PurypHbiX CKoOKax Bblpa-
xeHus (D.2) cokpawaertcs ao

¥ ‘ D.20
Z [U, (£, N12rar + U (, O)]Z’AA‘:1 ( )
r=R1j

[TpnmedaHwune— Tak Kak nog 3HaKOM CYMMbl OTCYTCTBYET YNneH, COOTBETCTBYIOLLUMN LUeHTpanbHON Touke [r= 0
ans U (/, 0)], To BKNagy ueHTpanbHOW TOYKU COOTBETCTBYET NpaBbiv YneH BblipaxeHust (D.20).

D.4.5 BnnaHne HeENMHENHOIoO pacnpocTpaHeHust

Hwxe npuBeageHo npeobpasoBanne BolpaxenHus (D.9), oTHocAWEeEeCs K BIIMAHUIO HENTMHENHOCTU pacnpocTpaHe-
HUS.

[Tone3Homn annpokcnmaunen Nonsd gaBneHnm ¢ KOHEYHON aMNIMUTya40n, reHepupyemMoro NnopLHEBbIM N3ny4yartenem

Ha PacCTOSIHMUSAX Nopsadka nnu bonble YeMm HOPMUPOBAHHOE PacCTOsAHMNE R = Dira?, aensieTcs npeacraBlieHne Npo-
duna nydka dpyHkunen [ aycca.

30



[OCT P M3K 62127-2—2009

[Tpy HEBONBLUNX NCKQXKEHUAX OTHOLLIEHUE aMNNNUTYAbl COCTABNSAIOWEN HA OCHOBHOM 4YacTOTE Ha OCK pacnpocTpa-
HEHWS BOMNHbI K aMNnnTyae npu OTCYTCTBUN UCKAXXEHUWN paBHO [34]

2 (D.21)
By
ans
/7p1nzaf\’ | 1 (D.22)
o=| -t |2sin (2}?] (1+R2)V2n[R + (1 + R2)172]
. APt

rae p, — amnnuTyga akyCcTU4ecKoro AaBneHus Ha NOBEepXHOCTU YNbTPa3BYKOBOro npeobpasoBaTens, CBA3aHHas C
MOMHOW aKyCTUYECKON MOLHOCTBIO Py, nany4aemoun npeobpasoBarenem Kak

wp2a’ (D.23)
4pcC |

Py =

AMNNnTYAy AaBNEHNS B TOYKAX, HE NEXaLWMX HA OCK NyYKa, U NMPU ManbiX MCKaxXeHusx (¢ < 0,5) nony4atoT yMHOXe-

HUEM G Ha PyHKUMIO HanpaBneHHOCTU Npeobpasoartens [35]. [Moatomy B npegnonoxeHun [ayccoBa npoduns nydka
KBagpaTHbIN KOPEHb N3 MHTErpana KBagpatoB akyCTUYeCKOro gaBlneHuss OTNNYaeTcH OT €ro 3Ha4YeHUs Npu OTCYTCTBUNA
NCKaXEeHNW KaK

- V12

( ) / N / N
/62\ or? or?
2nl|1-| — |exp exp rdr
2 I 4 a?(1+ R? a?(1+R?
1 © —4%> (D24)
16 ( A |
or?
anexp 5 5 rdr
\ a; (1+R )

OTcloga NorpewHoCcTb (B NpoueHTax) KannmbpoBku ruapoOHOB BbipaXaeTcs KakK

(D.25)

/ a-3.2p5
2 49n aspP

100 °— =100 " 0 sin2(1] (1+ R2{n[R + (1 + RV,
16 | atpe? 2R

/

Ecnn RHaxoguntea B gnanasoHe ot 0,5 o 3, 1o ata dhopmyna moxeT BbliTb annpokcnmMmmnpoBaHa opmynown (D.9).
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[MpnnoxeHwe E
(cnpaBo4HoOe€)

CBoucrtBa BOAbl

Tabnwuya E.1— CkopocTtb 3BYyKa [36], [37] v yaenbHbIn akyCTUHECKMX MMNEAAHC BOAbI B 3aBUCUMOCTU OT TEMMEPATYPbI

Temnepartypa, °C CKOpOCTb 3BYKa, C, M-C AKYyCTUYECKUI UMneaaHc, p¢, x 10° kr-m2 ¢
15 1465,9 1,40647
16 1469,4 1,4679
17 1472,8 1,4710
18 1476,1 1,4740
19 1479,2 1,4769
20 1482,4 1,4796
2 1485,4 1,4823
22 1488,3 1,4850
23 1491,2 1,4875
24 1494,0 1,4900
25 1496,7 1,4923
26 14994 1,4946
27 1501,9 1,4967
28 1504.,4 1,4988
29 1 506,8 1,5008
30 1 509,2 1,2026
31 1511,4 1,5044
32 1513,6 1,5062
33 1515,8 1,5078
34 1517,8 1,5094
35 1519,9 1,5108
36 1521,8 1,122
37 1523,7 1,95136
38 1525,5 1,5148
39 1527,2 1,5160
40 1 528,9 1,917

KoadhdpmumeHT 3aTyxaHmsa npm pacnpocTpaHeHUn B Boae

3HaveHne o, B MerarepLoBOM Avana3soHe 4acToT nponopunoHansHo 2. Ero TemnepaTtypHas 3aBUCUMOCTb B AWa-
nasoHe o1 0 °C go 60 °C BblpaxkaeTcs NONUHOMOM [29]

alf? = (5,68524-101 - 3,02545-10° T + 1,17416- 1071 T2 - 2,95430- 103 T3 +
+3,96985-10°T4-2,11091-107T%)- 10" ry=2. m1.

y —1 —1
[TpumeyaHwune—Ecnn amnnuTyaHben KOIPPUUMEHT 3aTyxaHnsa Heobxoaumo nepeeectm am B ab-m | 10
YMCNEHHOE 3Ha4YeHne Heobxoanmo yMHOXUTL Ha 20logqg(e) = 8,609.
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MpnnoxeHnwe F
(cnpaBo4HOe€)

AbconwTHaa KannbpoBka rnapodoHOB METOAOM ONTUYECKON UHTepcepomMmeTpUn
Ha yactoTax Ao 40 Ml

F.1 Obwee npeacraBneHme

B npunoXxeHnm paccMmoTpeHbl COBPEMEHHbIE aDCONMIOTHLIE METOAbI KANMOPOBKN YIbTPA3BYKOBLIX rmapodOHOB HA
yactoTax Bbiwe 15 Ml 4. HekoTopble N3 meTtogoB, KOTOPbIE MPUMEHSANN B MPOLLUIIOM U UCMOMNB3YIOT 40 CUX MOP, PacCMOT-
peHbl B pasgene F.2. OHM oCcHOBAaHbI HA UCNONBb30BAHUN 3PP EKTOB HENMMHENHOIO PacnpoCcTpaHeHUs NNOCKUX BOIMH, a
TaKKe HA NUBMEPEHNN CMELLEHUSA C NOMOLLIO ONTUYECKOro nHrepdepomeTpa. [lepcnekTMBHOCTb BTOPOro Metoaa, B 4Yac-
THOCTH, 3aKITIOYAETCS B TOM, YTO PEe3ynbTaTbl KANMOPOBKN MOTYT UMETL NPAMYIO NMPOCNEXNBAEMOCTb K NEPBUHHOMY 3Ta-
NOHY €AnHNLbI ONTNHbI.

B npunoxeHnm paccmMoTpeHbl TaKKe JOCTUXEHNA NO BHEAPEHMIO aDCONIOTHLIX METOAOB KANMOPOBKU, OCHOBAHHbIX
Ha ONTUYECKON MHTepdEepeHUnI, B ABYX NabopaTtopusix HaUMOHAaNbHbIX 3TAaNOHOB. [1pUHUMNManNbHbIE PA3NUUNS MEXAY
OBYMS peanunsaumsamm sToro metoga, ob6osHaveHHsiMm B F.2.3.1 n F.2.3.2 kak peanusaums | u peanunzaums ll, 3akntova-
I0TCH B PACMOSIOXEHUN aKyCTUYECKOro nyyka OTHOCUTENbHO NnasepHoro nyda. B peanmnsauum ll, B NpOTMBONONOXHOCTH
peanunsayumn |, onTn4ecknn ny4d nepecekaeT akyCTUHeCKNN ny4okx.

[TpumevaHnwune—Ilog «abconoTHON» KanubposBkon rnapodoHa 34ecb nogpasymMmeBatoT KanmbpoBky «b6e3
cpaBHeHUs ¢ apyrmm rngpodcdoHom». Horaa ee HasbIBaOT «NEPBUYHONY Kanndposkon. C Apyron CTOPOHbI, 4YacTo HAa
NpakTuke rmapodoHbl KanNnMbpPyOT «BTOPUYHBIMY METOAOM UNU METOAOM «3aMeELLEeHUN», KOTOPbIW NpeanonaraeT cpas-
HEHWE YYBCTBUTENBbHOCTEW Kanubpyemoro rnapodoHa n rngpocgoHa cpaBHeHnsl. O4eBUOHO, YTO B 3TOM 3aKIOYaETCH
NPUHUMNMUANbHOE pasnnymne: NpoBoanTb abConoTHYIO KanmbpoBky rmngpodoHa nnmn cpaBHUBATL YYBCTBUTENBHOCTU ABYX
rmnapodoHoB. B npunoxeHun pevb naet 0 NEPBOM U3 3TUX METOA0B. BTopon metoa AocTaTouMHO NoapobHO pacCMOTPEH B
pasgene 12 Hacrtosiwero crangapra. Cnegyert OTMETUTD, YTO KannbpoBKa 3amMelleHneM 00bIYHO OXBaTbIBAET 06a MeToaa n
3aUHTEPECOBAHHbLIN CMELMNANUCT MOXET 0DpaTUTLCH KaK K pasaeny 12, Tak U K 3TOMy NPUNOXEHUIO, TeEM Bonee 4YTo 34echb
PACCMOTPEHLI UCTOYHUKM HeonpeaeneHHOCTHU Pe3ynbTaTtoB abCcontioTHOW KanmbpoBKK, KOTOPbIE AOIMKHbI BbITb BKITHOYEHbI
B HeonpeneneHHOCTb Pe3yNbTaToOB KOHEYHOW KarnmnbpoBKN METOAOM 3aMeELLLEHUS.

F.2 CoBpeMeHHOe COCTOSAHMeE

F.2.1 MeTtoa, oCHOBaHHbLIN HA HENTMHEWHOM pPacnpoCcTPaHEHUN

B npownom npegnpuHumanucb nonbiTkKn Kannbposatb rugpodorbl HA YacToTax Ao 100 Ml 'y ¢ ncnonb3oBaHUeEM

KIMMUPUYECKON MOJENN HENWHENHOIO pacnpocTtpaHeHus» [34], [38]—[42]. IToT meToa paccmoTpeH B [34]. OH ocHOBaH
Ha 3P PeKTe HENMMHEWHOIO PacnpoCTPaHEeHUs NMIMOCKUX BOSTH U UCMNONb3YEeT TO O0BCTOATENLCTBO, YTO AN MOPLIHEBOIO
npeobpasoBaTtens OTHOCUTENBHO DONMBbLLOINo AnameTpa COOTBETCTBYOWEN BPEMEHHON CENEKUNEN aKyCTUYECKOIO CUTHa-
a MOXHO YCTPaHUTb BIIMSIHUE TEX COCTaBMSAKLWMX NNOCKOWN BOMHbI, KOTOPbIE N3NYy4alTCH Kpasmum npeobpasoBarerns.
[1pn BbICOKMX amnnnTygax gaBrieHns NinoCKMe BOSHbI MOABEPraldTCH NCKAXXEHNO, Co3gaBast B akyCTUYECKOM Mosie MHO-
XKECTBO rapMoHUK. YToObI CNPOrHO3NPOBAaTL UCKAXEHUS 3TUX 3BYKOBbLIX BOITH, UCMOMNb3YIOT TEOPETUYECKYIO MOAENb pac-
NPOCTPaAHEHUSA MIIOCKOWN BOIHbI, 3aTe€éM NYyTEM CpPaBHEHUS PacCYeTHOW 3aBUCUMMOCTU C pedynbTartaMm U3IMEPEHUN,
NpoBeAeHHbIMU B HEMOCPEACTBEHHOW BNM30CTK OT NpeobpasoBaTtens (T. €. HEUCKAXEHHbIMW), U B TOYKE, yAaneHHOW OT
HEro Ha U3BECTHOE PacCTOsAHUE MO OCU NYYKA (T. €. UCKAXXEHHbLIMUN N3-3a HENMMHENHOCTU PacnpoCTPaHEeHUs U cogepxalum-
MU MHOXXECTBO rapMOHMK), MOXHO NMPOBECTU KannbpoBKy ruapodoHa Ha Ka)Xaon 4YaCcTOTHOWN rapMOHUKE.
Pe3ynbTaTbl, MONY4YEHHbIE 3TUM METOAOM, DbINN NEPCNEKTUBHbLI U XOPOLLO COOTBETCTBOBAIIN TEOPETUYECKUM paC-
YyeTam YYBCTBUTENBHOCTU ABYX MEMOpaHHbIX rmapodoHoB. OaHAKO Y AAHHOITo MeToaa ObINN U HEKOTOPLIE HEAOCTATKM.
Bo-nepBbiX, pe3ynbTaTbl CUNBHO 3aBUCAT OT BbIDpaHHOM Modenun pacnpoctpaHenuns. Bo-BTopbix, peanmnsayms metoga
CBSI3aHa C XapakTepucTukamm npeobpasoBaTensi, UCNoNb3yemMoro Ans co3gaHns akyctn4eckoro nons. Hegocratkm npe-
obpasoBaTenst MOryT CyWeCTBEHHO UCKA3NTb U3Ny4YaemMyto UM NINOCKYH0 BONHY U MPUBECTU K CYLLLECTBEHHOW Heonpeae-
JNIEHHOCTW PEe3yNbTaToB KannbdbpoBKW.

Mcnonb3oBaHne GOKycupylowero npeodbpasoBartens Manoro anamerpa ans obpasoBaHus raQpMOHUK B €ro
dokanbHOW 06NacTn yCTpaHSeT HEKOTOPbIE N3 3TUX HEAOCTATKOB. amepsieMble Nons Ha N3BECTHOM (POKYCHOM pacCTos-
HUW, XapakTepuayemsble rmaBHbIM NENECTKOM HanpaeJfiEHHOCTU, MOXXHO BOCMNPOU3BECTU 4OCTATOYHO TOYHO. B pokyce
MOXXHO MNONYYUTb BbICOKME 3HAYEHUS OABMNEHUSA C HANMUMYNEM MHOXECTBA rapMOHUK HA PaACCTOSIHUSX, Bonee KOPOTKUX,
YyeM NPU UCNONb3OBaHUN NNOCKMX BOMNH. lNoaxoaswme ans 3toro hokycnpyrowme npeobpasosarenn ¢ 04MHaAKOBbIMU
XapakTepucTUKaMm B HACTosILLES BPEMS AOCTYNHbI AN NPUobpeTerHuns.

F.2.2 Ontnyeckast nHTepdhepomeTpus

[1pyn KannbpoBKe METOAOM ONTUYECKON MHTEPdEepOMETPUM n3nyvaemas npeodpasoBarenemM akycTuieckas BONHA
NPUHUMAETCSH TOHKOW MIMACTUKOBOW MeMBpPaHOW (NNEHKOW), MeTannmanpoBaHHOW C OQHOW CTOPOHbLI ANns obecneyveHus
ONTUYECKOro oTpaxeHus. lNneHka gocTaTtovyHO TOHKas, YTOObI ObITb aKyCTUYECKU MPO3PAYHON N OTCNEXUBATL aKyCTUYEC-
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kne konebannsa. CmeweHns NNeHKN N3MEPSIIOT METOAOM ONTUYECKON MHTEPPEPOMETPUM U NO ITOMY CMELLEHNIO BbIYNC-
NS0T akycTndeckoe gasnenne. Kannbpyemol ruapodoH yCTaHaBNMBAIOT B aKyCTUYECKOE Nore Tak, YTobbl ero UeHTp
Haxoguncs TOMHO B TOW TOYKE, HA KOTOPYIO BbiN HanNpaBneH nyd nasepa. 3atemMm U3MepsatoT BbIXOQHOE HANPsXXeHUe Ha
rmapodgoHe n No N3BECTHOMY aKyCTUYECKOMY AaBIIEHNIO ONMPeaensiorT ero YyBCTBUTENBHOCTD.

HACHO, YTO AnNa peanns3aumm 3TOro MeToga HeobxogMMo Takoe akyCcTUYeCcKoe AaBreHne, Kotopoe bl obecnevmnno
Tpebyemoe OTHOWEHWE CUrHan/Wym B BbIXOAHOM curHane rngpodgoHa Ha Hy)XHbIX YactoTax, T. €. 4o 40 Mly. Ognako
ONTUYECKUN NHTEPPEPOMETP B AEUCTBUTENBHOCTU N3MEPHAET HE OABNEHUE, a aKyCTUYECKOE CMELLEHNE, N 3TO NPEeabsB-
nsiet bonee xectkme TpeboBaHns K 0becneyveHnto oTHoWeHNA curHan/wym. Ina nnockon BONHLI aMnnnTyaa akyCTUYecC-
KOro JaBrneHuns p, onpeaenseTcs BblpaXeHnem

p. = peat, (F.1)
rae p — MIOTHOCTb U3MEPUTENBHOM XUAKOCTU (BOAbI);

C — CKOPOCTb 3BYKa B Cpefe;

® — KpyroBast 4acrora;

{ — amnnuTyga akyCTU4ecKoro cMmelleHns bes ydyeta pasHocTu dpas mexay AaBneHnem 1 CMeLLEeHNEM.

Ecnn He yunTbiBaTh Pa3HOCTb has Mmexay AaBleHNEM U CMeELLEHNEM, TO U3 BblipaxeHus (F.1) cneayer, 4To Ans
CO3aHusI CMELLEHNIN, KOTOPLIE NPU 3a4aHHOM aKyCTUYECKOM AaBneHnn obpaTHO NPoNopUMOHarbHbl HacTOTE CUrHanNa u
KOTOPblE MOXHO Bbino 6bl namepnTb Ha YacTtoTtax 40 MIy n bonee, HeOBXOANMMO reHEPUPOBAaTL NOME C BBICOKUMU 3HAYeE-
HUSIMW aKyCTU4YeCcKoro gasneHuns. Crnegyet OoTMETUTDL, UTO B K&XXO0W N3 pacCMOTPEHHbIX HMXE peanuiaumn metoga ans
YBENTMYEHUS aKyCTUYECKOIo AaBNEHUS NCMONb30BaHbl (POKYyCUpyoLwmne npeobpasoBarenm.

F.2.3 BblCOKOYACTOTHbLIE MPUMEHEHUSA METO4Aa ONTUYECKON NHTEpPdepoMeTPUn

F.2.3.1 Peanu3auus |

F.2.3.1.1 N3ameputenbHas cuctema

KannbpoBka onTUMYECKMM METOA0OM 3aKINIYaeTcs B UBMEPEHUN CMELLEHNA MeMBpPaHbI, YCTAHOBIMEHHOW HA NOBEP-
XHOCTH XUOKOCTN, B KOTOPYIO NOMELLEH Npeobpa3oBaTtenb (pUCcyHOK F.1). 3BykoBas BOMHa, reHepupyemas npeobpasoBa-
Tenem, nagaer Ha MembpaHy nepneHaAuKYnaApHO U CMelWaeT €e€; pasMep CMEWEHUs U3MEPSIOT € MOMOLWbLO
nHrepdepometpa Mankenocona [43]—[46]. B kavecTBe NCTOUHMKA CBETa NCNONB3YIOT Nasep; Ans pasgeneHnsa n obbe-
OVNHEHWA ONTUYECKUX MOSTEN MPUMEHSAIOT NONAPU3ALUNOHHBIN AENUTENb Nyva. B namepuTtenbHOM Mnredve cBeT POKYCUPYIOT
Ha MNEeHKY, NOKPbLITYIO artoMUHUEBBLIM CITOEM ANSA yNy4LWEHUST ONTUYECKON OTpaXXaTenbHON CNOCOBHOCTW.

OnNTUYECKMN CUrHan PEerncTpyupyoT ¢ NoMowbio cbanaHcMpoBaHHOW CXeMbl DOTOAETEKTUPOBAHUA C LUMPUHOW
nonocskl BW ~ 100 M['u. Cxema BkntovaeTt aApa otoanoaa n aneepeHumanbHbi YCUNTUTENb HANPSXKEHNUA A, , ynpaBnsi-
eMbIM TOKOM, OANA nogasrieHus wyma v yeennieHns dpototoka. K Beixogy anpepeHyumnanbHOro yeunntens nogknoyeH

1 2 3 4
- _
5 > > '
LY
7 8 9 10 11

1T — poTtoanon;, 2 — yCunutenk ToKa, 3 — yCUnuUTenk curHana ruapodoHa; 4 — uudpposon ocumunnorpad; 5 — genutenb ny'a,

6 — dortoanon; 7/ — nasep; 8 — ONTUYECKUU UIONATOP; 9 — nonapu3aunoHHbIM aenutens nyyva; 10 — 4yeTBepThbBONHOBASA NNACTUHA;

11 — nbes3oynpasnaemoe 3epkano; 712 — JveTBepTbBONHOBAA nnactuHa; 713 — nneHka, 714 — akyctudeckun npeobpasoBarens;
15 — rimapodoH; 16 — cTpobupyrollee yecTpoucTeo; 17/ — cuHTe3aTop

PUCYHOK F.1 — JKcnepumeHTanbHasi yCTaHOBKA, NPUMEHSIEMAs MPU ONTUYECKOM METOAe KannbpoBKU
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BTOPOU ycunutenb V ¢ BbICOKUM BXOAHbLIM MMNEOaHCOM, KOTOPbIM MOXET OblTb NCNOMb30BaH U Kak yCUIMUTENb CUrHana
rmapodoHa (cMm. HuXxe). IHTepdepomeTp cTabunmanpoBaH no onTudeckomy nyTtu [44] ¢ nomMmowbio cnegsiwen CUCTEMBI,

nvetouwen pasHein 1 koadhdpuumeHT yeunenmsa Ha dactorte okono 100 ['u. B atom cnyyae 3Ha4veHne CMeLeHns, N3MepeEH-
HOE MO TOKY POTO3MNEMEHTOB, PABHO

Uskq V(f =0) (F.2)
2nTFU  V(f)

rae i, — AnnHa ONTUYECKON BONHbLI (41TMHA BOIMHbLI CBETA B BaKyyMe);

TF — KOS PUUNEHT aKkyCTUYECKOU Nepegadmn CMeLLEeHNs Yepesd NIEHKY;
Us — HanpspkeHne curHana;

A

U — pasmax HanpsbkeHus (0T NuKa 4o NukKa), COOTBETCTBYIOLWMN MOJTHOW MHTEPEPEHLNOHHON MONOCE U N3MEPEH-
HbIW HA BbIXOAE yCunuTensa V, nMerowero 4acToTHO-3aBUCUMbIN KO3hdmumenT yennenns V().

BbixoaHoe HanpsieHne U g n3amMepsiioT C NOMOLLbIo LMgpoBOro ocuunnorpada c wmpuHon nonocskl BW > 100 Ml .
[1Ns NoBbIWEHNS OTHOLWEHNUS CUTHAN/WyM NPUMEHSAIOT LUMPOKOMONOCHbBIN (POKYCUPYIOLLMN MNbE30INEKTPUYECKUN NP eob-
pasoBartenb. Ero Bo3byxgaoT TOHaNbHLIMU UMMYNbCaAMWU 3a4aHHOW YacTOThl, a U3MEPEHUSA NPOBOAAT HENOCPEACTBEHHO
nocne noga4n ynbTPasByKOBOro MMIMyrbCca Npu BbIXo4e ero amnintyabl Ha NOCTOSAHHOE 3HAYEeHWe. JTO YCTPAHAET BINUS-
HME OTPaXXeHUN OT CTEHOK U3MEPUTENBHOIO cocyaa.

OcTupoBKY NpeobpasoBaTtens NPOBOAAT C MOMOLWbIO TPEXKOOPANHATHOW CUCTEMBI NO3ULMOHUPOBAHUS C NOBOPO-
TOM BOKPYr ABYX ocel. [1aTHO na3sepHoro nyya HaBogsaT Ha POoKyC npeodbpasoBaTtens nyTem nepemMeLleHmnin B Hanpasre-
HUSX, NEePneHaNKYNsPHbIX OCU YyNbTPaA3BYKOBOrO Mydka, KOTOPYID ONpeaensloT MyTeEM HaxXOoXAEHUS TOYEK C
MaKCUMarnbHbIM 3HAYEHMEM AABIMEHUS HA Pa3fnYHbIX PaAcCTOSAHUAX OT npeobpasoBatens. Kputepumem npaBUiIbHOCTU
IOCTUPOBKN ABNSAETCH MAaKCUMarbHbIM CUTHAN Ha BbIXO4Ee MHTEPDEPOMETPA, a TAKKE BPEMS 3aEPXKKN BbIXOAHOINO CUTHa-
n1a OTHOCUTESNBHO CUrHana Bo3byXaeHus. Yron mexay nieHKon n HanpasneHneM pacrnpocTpaHeHUs 3ByKa HOCTUPYIOT C
NOMOLLLIO NA3epPHOro nyva.

[Tocne coxpaHeHus pe3ynbTaToB U3MEPEHUS CMELLEHUSA NINEHKN €€ yOnpatoT N Ha MEeCTO HaXOXAEHNA HA HEW NAT-
Ha NasepHoro ny4va ycraHaenueawT rnapodoH. B bak obaBnsoT Heobxognmoe KONMYECTBO BOAbIl, YTODbI Kannbpye-
MbIW rTMAPO¢OH OKa3ancs Nnorpy>XeHHbIM B BOAyY. ATy Npoueaypy MOXHO ynpoCTUTb, €CIK, HE yBupast NNeHKY, NOBEPHYTH
npeobpasoBaTernb B CTOPOHY rmapodoHa, Kak 310 nokasaHo Ha pucyHke F.1. K Bbixoay rmapodoHa nogknovatoT yCunm-
TENb V 1M U3MEPSAIOT HANPSXXEHME MPU TOM Xe caMmoM BO3byXaeHun npeobpasoBarens.

HyBcTBUTENbHOCTL M, rmapoc¢goHa Ha KOHUe Kabens noa Harpy3kou onpeensior no popmyrne

1 27TFU Uy (F.3)
G)CpV(f ZO) ?v] US ’

M, =

rde ¢ — CKOPOCTb 3BYyKa B BOAE;
p — MNNOTHOCTb U3MEPUTENBHOWN XXUAOKOCTU (BOAbI);

Uy — HanpsixeHne Ha Bbixoae rmapodgoHa;
o (=2nf) — KpyroBasi yactoTa curHana c npeobpasosaTtens.

[1py aTOM rmapodOoH HarpyXeH Ha BXOQHOW nMmnegaHc yemnurtens V.
F.2.3.1.2 BBeaeHne nonpaBoK

Ha 3HaveHne YyBCcTBUTeNnbHOCTU M, rmapod)oHa Ha KOHLUe Kabens noa Harpy3koun BrnusitoT Tpy adpdpekTa cuc-
TEMATUYECKOro Xapakrepa, uto TpebyeT BBeAeHUS NONpaBoK, PACCMOTPEHHbLIX HUXKE.

F.2.3.1.3 HuameTtp naATHa

Kak rmapodoH, Tak n nasepHbin Nyd, POKYCUPYEMbBIN HA NINEHKE, HE MOTyT ObIThb NPEACTaBNEHbI B BUAE TOYEYHOIO
NPUEMHMKE, N NO3ITOMY HEODXOANMO NMPUHNUMATL B pacyeT 3PDeKT NPOCTPAHCTBEHHOIO ycpeaHeHus. [1pn KONMNYeCcTBEH-
HOM OnMucaHum 3Toro addekra npeobpasoBarenb paccMaTPUBAIOT KaK NIOCKUN noplerb [45]. [NpocTpaHCTBEHHOE pac-
npegeneHne CcMelWeHnsa nonydvarT npu peweHunn wuHterpana Panesa [46], 4To gaer BO3MOXHOCTb MOMNyYUTb MO
N3MEPEHHBIM YCPEeAHEHHbLIM 3HAYEHUAM NMUKOBbIE 3HAYEHUA OaaBreHuns [45].

F.2.3.1.4 MHorokpaTtHble OTpaXeHns B MNieHKe

B (pokyce ynbTpasByKOBOIO Ny4Ka NOBEPXHOCTb XUAKOCTU 3aKpbiTa NJIEHKOW AN YIyYLlWEeHUsA ONTUYECKOWN OTpaXa-
TeNnbHOW cnocobHocTu. MNagaowmn ynbTpasByK HaCTUYHO OTPaXaeTcs OT METANIU3NPOBAHHOIO CINOA U OT BHYTPEHHEN
(NPOTUBONONOXHOW) NOBEPXHOCTU MIMEHKW, @ UHTEPDEPEHUNA 3TUX OTPXKEHMN OKA3bIBAET BITUSIHNE HA CMELLEHWME MINEH-
K. B CBA3KM C TEM, 4YTO (PaA30BbIN PPOHT BONMHbLI B DOKYyCE YNbTPA3BYKOBOIo Ny4ka SABNSAETCH NPUONIN3NTENBHO NIMOCKUM,
TO AN KONMNMYECTBEHHOIoO ONUCaHUA CUCTEMATUYECKOWN MNMOMPeLlHOCTN, CBA3AHHOU C 3TUM 3DPEKTOM, MOXHO MNPUHATL
NPOCTYIO MOAENb pe30HaHca MNNOCKUX BOMNH [45]. 3TO NO3BONAET NOMYyYNTb KOIPPULUNEHT aKyCTUHECKOIO NPOXOXaeHUs
TF, koTopbin BXOoAUT B BblpaxeHus (F.2) n (F.3).

F.2.3.1.5 YacToTHasa xapakrepuctuka dpotoaetekropa

B npoTMBONONOXHOCTL YAaCTOTHOMN 3aBUCUMOCTU KO3 duumneHTa yeunnenus V(f) yennurtens, 3agencTBOBAHHOIO HA
OBYX aTanax M3MmepeHun n He BITUAIOWEro NO3TOMY Ha KOHEYHbIN pe3yribTaT N3MEPEHUs, YacTOTHAA XapaKTepnucTuka
oToAETEKTOPA CKa3blBAETCA HA pe3ynbTaTax usmepeHnst HyBCTBUTENbHOCTU M, rmapodoHa. [losTomy Bbinm nposee-
Hbl M3mepeHnsa PyHKUMK npeobpasoBaHus PoToaeTekTopa ¢ NOMOLLBIO ONTUYECKU CMELUMBAIOWLEINO0 UCTOYHUKA, YTO
NO3BOSINNO BBECTN COOTBETCTBYIOLWME MOMPaBKN B pe3yrbTaTbhl UBMEPEHUA NHTEPHEPOMETPOM.
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F.2.3.1.6 Peaynbrarsl

Ha pucyHke F.2 B kavecTBe npumepa npuBedeHbl pesynbTaTbl M3MEPEeHUsi YyBCTBUTeNbHOCTHM M xonocTtoro
X04a Ha KOHLUe Kabena koMmnnaHapHoro membpanHoro rmgpodoHa tonwmHon 25 mkv. HeonpeaeneHHOCTL pe3yrbTa-
TOB 3TUX UBMEPEHUN 3aBUCENa OT YacToTbl M Bbina oueHeHa Kak 9,5 % B ananaszoHe ot 1 o 5 MIu n 8 % B gnanasoHe o1 5
no 20 Ml'u. Ha vactote 30 MI'y aTta HeonpegeneHHocTb yBenn4yuBaetcs 4o 10 %, aHa 40 My — o 12 %. 3Ha4veHus
NONy4YEeHbI NPU KO3IPPUUMEHTE OXBaTa K = 2, UTO COOTBETCTBYET 4OBEPUTESIBHON BEPOATHOCTUN 95 %.

Y
-142

-143
-144
-145
-146
-147

-148
no ocn X — vacrora f, Ml'u;, no ocn Y — 4yBCTBUTENBHOCTDL
-149 M., nboTtH. 1 B/MNa

-150

“ncyHok F.2 — YyectBUTENBHOCTHL M. XONOCTOrO
-151 X04a Ha KoHue kabens ogHOCNOUHOIO MembpaHHOoro

0 5 10 16 20 25 30 35 40 45X rmapogoHa

F.2.3.2 Peannzauuns Il

F.2.3.2.1 N3ameputenbHas cuctema

MeToa onTu4yeckon nHTepdepomeTpun, paspaboTaHHbIM AN UCMOMNb30BAHUSA B NEPBUYHOM 3TanoHe Ans Kanumob-
POBKM yNbTPa3BYKOBbIX rmapodoHoB B ananasoHe 4YactoTt oT 500 kl'y ao 20 MIMy, noapobHo paccmoTpen B [47]. ocTto-
BEPHOCTb KannbpoOBKXW METOAOM ONTUYECKOW uHTepdepomeTpum Ha dactoTtax Bbiwe 500 kl'u 6bina nogreepxxaeHa
MEXAYHAPOAHbIMM CNUYEHUSAMN HaUMOHAalNbHbIX MEeTponiormdecknx MHCTMTyToB [48]. [lpn nccnegoBaHnm NCTOYHUKOB
HeonpeaeneHHoCcTn BbiNoO YCTAHOBIEHO, YTO CYMMapHas HeonpeaeneHHOCTb Pe3yNbTaToB KANMbpoOBKU HA YacToTax
no 20 My He npeBbiwaeT 3 %—4 % npu QOBEPUTENBHOWN BEPOATHOCTU 95 %.

B kauecTBe membpaHbl NPUMEHSANN NNEHKY U3 NONU3TUNEHA-TepedTanara TONWUHON 3,5 MKM U 5 MKM, MOKPLITYIO
TOHKUM (25 HM) cnoem 3onoTa. B 3TanoHHOM yCTaHOBKE ONTUYECKUN IyY NEPECEKAET aKyCTUYECKMN NYyHOK U B3aUMOEN-
CTBYET C HUM. ICTOYHMKOM B3anMOOENCTBUS SABMNSAETCHA M3MEHEHWe rnokasaTtens MNMpenoMneHns cpefbl, Bbl3BaHHOE
NOKanbHbIMU U3MEHEHUSIMU €€ MNIOTHOCTU MNMPU pa3HblX dpazax akyCTUYEeCKOU BONHbI — pase cxaTus n pase paspexe-

HUA. OPdeKkT akyCTooNnTUYECKOro B3anmmo-

AmnnuTtyga, B nencTeus paccmotped B F.2.3.2.4 4.
0,2 F.2.3.2.2 AKyCTU4ecKoe norne
KannbpoBKy nNpoBOAAT C MOMOLWbIO
0.1 dhokycupyrowmx npeobpasoBarenen ¢ HOMU-
0 HanbHOW yactoTtonm 5 Ml u. Ina nccnenoBa-
HUA NCTOYHUKOB CUCTEMATUYECKUX
01 NOrpeLwwHoOCTEN, CBSAI3AHHBIX C aKyCTOOMTY-
YeCKUM B3auMMOOENCTBMEM U MNPOCTPaH-
0.2 CTBEHHbLIM YyCpeaAHEHWEM, WCMONib30BaHbI
’ Ba TMna npeobpasoBaTenen ¢ pasnn4HbIM
-0,3 okycHbIM pacctosHuem: 50 n 150 mm. X
BO30OYyXAEHNE OCYLECTBNANOCH TOHAlNbHbI-
04 MW  UMNyNbCaMM  OOCTAaTOMHO  DONbLUION
| aMnnnTyabl, YTOObI reHepupoBaTb BOJTHY C
-0.5 CUITbHbIMW HENMMHEWNHBIMU WUCKaXXEHUSIMU B
3aflaHHON Todke (B pokyce). Takmm obpa-
-0,6 30M, KakK nokasaHo Ha pucyHke F.3 ans kowm-
nnaHapHoro rngpodoHa TONWMHON 9 MKM
-0,7 anametpom 0,5 mm, HA BonHoBon dhopme

0 0,1 02 03 04 05 06 07 08 09 1,0 nNPUHNMAEMOro UM CUrHana MOXHO HaAUTK
Bpemsi, MkC  rapmonuku go 100 MIMu. 3ta dhopma gocra-

TOYHO 6rnmM3ka K nmnoodpasHon BOMHOBOW

PucyHok F.3 — BonHoBas popma curHana Ha Beixoge 9 MKM 0gHOCNONHO-  dhopme, amnnntyaa rapMoOHNYECKUX COCTaB-

ro membpaHHoro rmapodoHa, ycTaHOBNEHHOIo B (Pokyce npeobpasoBarte- NAKWUX B KOTOPOW 3aBUCUT OT HOMepa n
N C HOMUHanNbHOM YacToTon 5 ML, 1 hOKYCHbIM paccTosHuem 51 MM FapMOHUKKM Kak 1/n. Tak Kak ans reHepupo-
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BaHUA aKyCTUYECKUX AaBneHuu 6onbLLIon amnnuTyabl Heobxoanmbl OKycUpylome npeodpasoBarenu, TO UX UCMNOSIb30-
BaHUe noapasyMeBacT BBeAeHUe NonpaBok, CBA3aHHbLIX, B YAaCTHOCTU, C NPOCTPaHCTBEHHLIM ycpelHeHueM, TeM Honee
4YTO NPU YBENTUYEHUN HOMEPA NAPMOHUKN YNbTPasBYKOBOW Ny4OK CTaHOBUTCA YXe (cM. F.2.3.2.4.3).

F.2.3.2.3 KannbpoBka

Ha pucyHke F.4 nokasaHa BpeMeHHas 3aBUCUMOCTb CMeELLIeHUN NIEHKU, pacnonoXXeHHOU B poKyce (Ha (POKYCHOM
paccTtoaHuM 51 MM) poKycupyloLlero npeodbpasosartenda Ha vYactore S MU, Ha pucyHke BMAHO, 4TO Kakne-nmbo ABHbIE
UCKaXXeHUs BONHOBOW POPMbl OTCYTCTBYIOT. OTO NOATBEPXKAAETCA U pe3ynbTaTtamMu npeobpazoBaHna OPypbe BONMHOBOW
¢oopMbI cUrHana, nokasaHHbIMU Ha pUCYHKe F.5 (HWKHSAA U3 ABYX KPUBbLIX NPEeACTaBMIAET CrekTp cMelleHnin). dudpdpepen-
LMpOBaHUEe 3TOrO CreKkrpa AaeT CNeKTp AaBneHWn, Takke NoKasaHHbI Ha pucyHke F.5 (BepXHAS KpuBas), rae MOXHO
Nonay4nTb KOMNOHEeHTbl 40 60 MI'L. MeToaoM cpaBHEHUA CNEKTPa BbIXOAHOIro curHana ruapooHa, yctTaHOBNEHHOro B Ty
XXEe caMyl0 TOUKY yNbTPa3BYKOBOro nons, ¢ auddepeHumnpoBaHHbIM CNEKTPOM CMELLEeHUN NNEHKU KanubpyloT ruapodoH
B MHTEpPECYIOLWEM Anana3oHe YacToT. Ha pucyHke F.6 nokasaHbl paccyYMTaHHble TaKuM 00pasoM pesynbTaThl KanMbpPOBKW
bunammHapHoro MembpaHHoro rugpodoHa Ha nrneHke TonwuHoOn 9 MKM ¢ JuaMeTpoM akTuBHoro anemeHTta 0,2 Mm.
YcTaHoBKa, peanusylowas 3ToT MeTo, UMeeT TeopeTU4YeCKUn pe3oHaHC Ha YacTtoTe Ookono 55 Ml U, KOTOpbIM XOpOLLO
BUAEH Ha pesynbTatax Kanubposku. [peactaBneHHble Ha pucyHKe F.6 HeonpeaeneHHOCTU HOCAT ClyvYauHbIW Xapakrep
M YBENMUYUBAKOTCA Ha YacToTax Bbille 40 Ml n3-3a yMeHbLUEHUA OTHOLLEHUA CUrHan/Luym npu U3MepeHumn cMeLleHUs
NNEHKN Ha 3TUX YacToTax.

AMnnutyaa, B
0,6

HopmupoBaHHasa amnnuryaa

0.4
0,2

'0,6 .. :

I

0 01 02 03 04 05 06 07 08 09 1,0 ALY\ L_LL__M DDA s o

Bpemsi, MKC 0 10 20 30 40 50 60 70 80 90 100
YacTtota, Ml u

PucyHok F.4 — 3MepeHHaa UHTepdOepOMETPOM BOJTHO-
Bad popma cMeLLeHNA NNeHKN, YCTaHOBNEHHOU B hOKyce
npeobpasoBartesnid HoMMHanbLHoOM Yactoton S Ml
N POKYCHbIM paccTtoaHunem 51 mm

PucyHok F.5 — 4acToTHbIe CnekTpbl BONHOBbLIX QOPM CMe-
LLieHUA (HWKHAS KpuBas) U ero npon3Bo4HON
(BEpPXHASA KpuBas)

YyscTBUTENBHOCTDL, HB/Ta
70

60
50
40
30

20

10

10 20 30 40 50 60 70
YacTtora, Ml

PucyHok F.6 — YyBCTBUTENBLHOCTL ABYXCNOUHOrO MemMbpaHHOro rmgpodoHa TONWMHON 9 MKM C aKTUBHbBIM 3JIEMEHTOM
anameTtpom 0,2 MM, naMmepeHHasda 4epes 5 Ml 1 B guana3soHe ot 5 40 60 Ml
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F.2.3.2.4 [lonpaBku B pe3ynbTaTbl KANMOPOBKN N NCTOYHUKN NX HEONPeneneHHOCTH

Hwxe KpaTKo paccMoTpeHbl Hanbonee 3Ha4YnMMble UCTOYHUKN HeoONnpeaeneHHOCTH pPe3yrnbTaToB KannbpoBKN.

F.2.3.2.4.1 YacToTHasa xapakTepuctuka nHTepepomMmeTpa

LacToTHasa xapakrepuctnka nHTepdepomeTpa CBsi3aHa ¢ XxapakTepuctmkamm potoanoaoB n ycnnntens. B npoLu-
NOM OHa bblna namepeHa B YactotHoOM gnanaaoHe ot 1 kl'y go 20 MI'u ¢ nomowbio KannbparTopa, cneumanbHo paspado-
TaHHoro Ans atux uenen [49]. PacwupeHne nonocbl paboumx vyactotr mHTepdepometrpa ao 60 Mly notpeboBano
Moaundmnkaymm YactoTHoro kanmbparopa. C nomouwbio mMogndnumpoBaHHOro Kannbpartopa YacToTHas XxapakTepucTuka
nHrepdepometpa onpeaeneHa ao 100 MlIu. HeonpeaeneHHOCTL pPe3ynNbTaTOB €0 KAanNnnMbpoBKM BapbupyeTcs oT 3,5 %
Ha 20 My no 4,3 % Ha 40 MI u.

F.2.3.2.4.2 KoadhdmumeHT nponyckaHus nneHKu

B peaynbTaThl KANUMOBPOBKM rmppodoHa criegayet BBECTU NONPaBKU, CBS3aHHbIE CO CBOUCTBAMM NNeHKW. [pn onpe-
OeNeHnn 3TUX NOoNpaBoOK BO3MOXHbI ABa NMoaxoaa: TEOPeTUHECKUnN N akcnepuMeHTanbHbln. Ha 0cHOBE yrnpoweHHOW TeOo-
PUN MPOXOXAEHNSA aKyCTUYECKUX MITOCKUMX BOJSTH Yepe3 Crov pPasHOpOdHbLIX matepuanoB bObin paspabotaH anroputm
pac4yeTa 4YaCTOTHOU 3aBUCUMOCTUN KO3 PrnuUMeHTa NpoxoxaeHus depes nneHkn. OH npegnonaraeTr, 4To 3aTyxXxaHne akyc-
TUYECKOro ny4vka B Croe 30510T7a TONWWHON 25 HM NpeHedpexnmo mano.

bbin pazpadboTaH 3KkcnepuMeHTanbHbIM MeTO4 onpeaeneHns KoddduuneHTa NPoxXoXxaeHns B HacTOTHOM Auana-
30He oT 2 go 60 MI U, OCHOBaHHbIN HA MeTo4e 3aMeLlLeHns, C UCMONb30OBAHUEM aKyCTUYECKOro nosns ¢ HeNnMHEeNHbIMU
NCKaXEHNAMW, TEHEPUPYEMOrO NpeobpasoBaTernem ¢ OCHOBHOM YacToTon 2 Ml u. [NneHky, nponyckaHne KOTOPOW cneao-
Bano N3aMepuTb, NOMeLWLanu mexay npeobpasoparenem n rmngpodoHom (04eHb BNu3ko K rmapoony). AHANM3 Kak Teo-
PETUHECKNX, TaK U 3KCMEPUMEHTAlIbHbIX PE3yNbTaTOB MO3BOMWUIT OMPEeAennTb YacTOTHYIO 3aBUCUMMOCTb MOMPaBKW,
HeonpeaeneHHoOCTb KoTopoun Bapbmpyetes oT 1 % Ha 5 MIT'u ao 2 % Ha 40 M.

F.2.3.2.4.3 [lonpaBka Ha NPOCTPaHCTBEHHOE yCpegHEHNE

Manas wupuHa ny4vka rapMoHNYECKMX COCTaBMAKLWMNX, T’EHEPUPYEMbBIX (POKYCUPYIOLWLUM YNbTPAa3BYKOBbIM NPeont-
paszoBaTenem ¢ oCHoBHoOM yacTtoTton 5 Ml Uy, agenaet HeobxognmbIM BBE4EHWE NOMPABOK Ha MPOCTPAHCTBEHHOE YCPEaHE-
HUEe AAaBNeHusl, pacnpeaeneHHoro no rnoBEPXHOCTU akTUBHOMO anemeHta rnapodoHa. C nomowbio BUNnammHapHoro
(ABYXCNOWHOIo) membpaHHoro rmgpodgoHa TonwmuHON 9 MKM C aKTUBHbBIM 3N1EMEHTOM anameTpom 0,2 mm Bbinn NpoBe-
NEHbI IKCMNEPUMEHTAlbHbIE NCCNEA0BAHNS NPOCTPAHCTBEHHOIO yecpeaHeHus B okyce npeobpasoarens. [Mpeobpa3so-
BaHne Pypbe BOMNHOBOW (POPMbI CUrHaANa NO3BONUNO Oonpeaenntb 3HaAYeHUs WUPUHBbI NMydKka ANA rapMOHUYECKUX
coctaenstowmx. [pu 3aTom npeanonaranockb, YToO 4N Nas3epHoro nydka ¢ natHom ganametpom 0,1 mm nonpaeky Ha Npo-
CTPaHCTBEHHOE yCpeaHEHNE BBOAUTbL HE HYXHO. HeonpegeneHHOCTb MOrnpaBoK Ha NPOCTPaAHCTBEHHOE YyCPEeAHEHNE
oueHeHa kKak 1 % Ha 5 Mlumn 6 % Ha 40 MI u.

F.2.3.2.4.4 AKyCTOONTUYECKOE B3auMOOENCTBUE

B ncnonb3ayemon aKkCcnepnmeHTaribHON yCTaHOBKE Nyd CBETa MNepeceKkaeT yrnbTpa3ByKOBOWU My4OK, COo3haBas TEM
CaMblM BO3MOXHOCTb UX B3AUMMOAENCTBUSA. ITO O3HAYAET, YTO U3MEPSAEMOE NMHTEPDEPOMETPOM CMELLLEHNE HE ABNAETCH
NCTUHHBIM CMELLLEHMEM MEMBPAaHbI, TAK Kak ONTUYeCcKas AnnHa nytm byaet 3aMeHATBCS Kak U3-3a nepemMeLL,eHus NieHKu,
Tak U n3-3a N3AMEHEHUSA KO3 PUUMEHTA NpenoMneHns B4ONb nyda nasepa. na yderta atoro adopekra B pesynbrarhl
N3MEPEHNS CMELLEHNS HAA0 ObINO BBECTU OTHOCUTENBHO BONbLUYIO NONPaBKy, CBA3aHHYIO MaBHbIM 06pa3om ¢ 3pdek-
TUBHbIM 3Ha4YeHUemM KoadduumneHTa npenomneHns soasl. [1paBUNbHOCTb BBEAEHUSA 3TOW NONPaBKM bblna noarBepXae-
Ha B JIMHEWHOM PEeXMUMe NIMOCKOW BOIHbI, UCNONMb3YEMOM NPU HU3KOYACTOTHBLIX KannbpoBkax [47], 0AHAKO BbICOKNE
3HAYEHUA aMmnNNnTya AaBleHUsA B HENMMHENHbIX POKYCUMPOBaHHbLIX MNONAX MPUBOAAT K BO3pacTaHUIO HeonpeaeneHHOCTH
3HaA4YeHUN KoadpdpunumeHta npenomMmneHns. AKyCTOONTUYECKOE B3auMOAEVUCTBUE SABNAETCHA NpeaMeToM AallbHENLWKX
nccneaoBaHnn, a HeonpeaereHHOCTh, CBA3aHHAs C UBMEHEHUSMN KOS dUUMEHTA NPENOMNEHNA B paCCMaTPUBAEMOM
ananasoHe 4acToT, OUueHeHa B 3TOM MeToAMKe KaKk He npeBbiwatowas 1 %. OueHka HeonpeaeneHHOCTU N3-3a OTKITOHE-
HUA OT YCNOBUN NNOCKOW BONHLI Bapbupyetcs o1 0,5 % Ha 5 My ao 3 % Ha 40 MI .

F.2.3.2.5 CymmapHasa HeonpeneneHHOCTb PE3YNbTAaTOB U3MEPEHUN

CocraBnsawwme HeonpeaeneHHOCTU Pe3ynbTaToB U3MEPEHUN METOAOM OMTUYECKOro UHTEpEepoOMeETpa npu

KannbpoBKe Ha BbICOKMX YacToTax Bbinn paccmoTpeHsb! B [50], oueHKa pacllMpeHHON HeonpeaeneHHoOCTH BapbUpyeTCs
oT 7 % Ha 20 My oo 11 % Ha 40 Ml u.
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MpnnoxeHve G
(cnpaBo4HOe€)

[TfpuMeHeHUe CUrHanoB ¢ pasfNM4YHbIMU BONHOBbLIMU bopMaMi

G.1 Kpatkmnn ob30p

KannbpoBky ruapodgoHa BbINONHAIRT NPU €ro NOMELEHNN B KaKoe-Nnnbo 3aaHHOe CTaUuMOHAPHOE YIbTPa3BYyKO-
BO€ nosie. XapakrepuCcTUKU 3TOrO Nons Moryt 6biTb PasnmnyHbIMU B 3aBUCUMOCTU OT BOJNTHOBOU (POPMbI SNTEKTPUYECKOIO
curHana Bo3byxgeHuns npeobpaszoBaTensl, ero KOHCTPYKUMKU (NNOCKUK, (POKYCUPYIOWMK) N BbIOBPAHHOIO B 3TOM Mone
NONoXeHnsa kannbpyemoro rmapodoHa. PasnnyHble BapmaHTbl 3TUX YCNOBUK paccMoTpeHbl B pasgenax G.2—G.5 v
cBeaeHbl B Tabnmuy G.1.

Tabnunuya G.1— BapmaHtbl BONMHOBLIX OPM CUTHANOB U MONOXeHUn rmapodoHa, pacCMOTPEHHbIX B HACTOSLLEM
NPUNOXEHUN

BapuaHTbl BONMHOBbIX POpM BapuaHTbl nonoxeHusa rugpogoHa

a | Y3KOMnonoCHbIN TOHANbHLIN UMMNYNbC A | B bnunxHem none

BonHoeas dhopma ¢ LWMPOKOW NOSIocoun B pesynbtate Henv- | B | B ganbHem none
HEWHOIO pPacnpoCTPaHEHUs Y3KOMOMNOCHOI0 TOHANbHOIO
nvnynbca

c | WnpokononocHbeIn nMmnynec C | B ganbHem none Ha BONbLWIOM PacCTOAHUN AN
NONTYHEHUA HETTMHENHDBIX NCKaXXEHUN

d | Kavawuwasicsa yactora HenpepbiBHOro curHana B metoge | D | B reometpuyeckom dhokyce OKYCUPYIOLLETO U3-
CMEKTPOMETPUN BPEMEHHbBIX 3aepKeK nydyartenst npu NIMHEMHOM pacnpoCTpaHeHnu

e | Kavawuwasics yactota HenpepbiBHOro curHana npunyactor- | E | B reometpuydeckom hokyce OKYyCUPYIOLLETO U3-
HOM aHarnuae curHana ¢ spemeHHon cenekunen (TGFA) nydvartens npv HEIMHEMHOM PacrnpoCTpaHeHNN

B gononHeHne K 3TUM BapuaHtam B pasgene G.5 paccMOTPEHbI crneunanbHble YCITOBUSA KanNnnbpoBKU B HENOCPE-
CTBEHHOM BNN30CTU K N3Ny4atoLen NnoBePXHOCTU MNIMOCKOro npeobpasoBarens (BapmaHT A, onucanHbin B G.4.1).

G.2 BapwvaHTbl BONHOBLIX (hOpM CUrHana v pacnoroxeHve rnapodoHa npu KanmbopoBKe MeToaAOM
CpaBHEHUA

Bce peaynbrartbl, nony4vaemMmblie B COOTBETCTBUM C PEKOMEHAAUMSAMM 3TOro pasgena, OTHOCATCH K KaKoOMy-nnbo
onpegeneHHoOMY 3Ha4YEHUIO YNbTPA3BYKOBOW YacToThl. OHM paccMaTpuBatoTCH B 3aBUCUMOCTU OT HaCTOThbl U MOTYT ObITb
npeacTaBfeHbl B BUAe aMmnnuTyn Criekrpa 4acTtorT.

BapvaHTbl BONMHOBOW QOPMbI U HACTOTHON MOEHTUMDUKALNIA:

a) Yy3KONONOCHbIW TOHANbHbIW UMIMYIbLC,

b) BONHOBas hopma C LUMPOKOW MOSTOCON B pe3ynbTaTe HENMMHEWHOIO PacnpoOCTPaHEHUs Y3KONONMOCHOIo TOHamNb-
HOIro MMMYIbCa,;

C) WMPOKONOMNOCHBIN MMMNYIbC;

d) kavarouwasncs yactota HENPEPLIBHOIO CUrHana B MeToae CNneKTpoOMEeTPUn BpeMeEHHbIX 3aaepxek (CB3) — cm.
npunoxexnme H;

€) Kavalouwancs 4actota HEnpepbIBHONO curHana npyu 4actoTHOM aHanuie curHana ¢ BPEMEHHOW Cenekumnemn
(TGFA) [39].

BapnaHTtbl nonoxeHns rugpod¢goHa B ynbTPa3ByKOBOM MOJe:

A — B BnmxHem none;

B — B ganbHem none;

C — B AanbHem none Ha 6ONbLWIOM PacCTOAHUM ANS1 NONYYEHUS] HENTMHEWHBIX UCKAaXXeHUN (B COOTBETCTBUU C
BApUaHTOM BOJTHOBOWN (POPMBbI).

[Tone NNocKoro Kpyrnoro npeodpasoBartensi B 06WeM criy4ae MOXHO paccMmaTpyBaTb COCTOSILLMM U3 BOJTH ABYX
TUMNOB: NITOCKOW BOMHbI OT NOBEPXHOCTU N HEMMOCKUX BOIH, pacnpoCcTpaHSALWMXCH OT KpaeB npeobpasoBarens. Ecnu
rmapodoH ycTaHOBNEH NO BapuaHTy A, T. e. Tak 6m3ko K npeobpasoBaTtento, YTO 3HAYEHUS NMyTU pacnpocTpaHeHus
3TUX BOMNH OyAyT pasnu4HbIMKU, TO 3TU BOMHbI MOXHO OTAENUTL APYr OT Apyra. Beibopom COOTBETCTBYIOWENO BPEMEHMN
(CTPOOUPOBAHUSA) MOXHO BbiAENUTb UMMYIbC NNOCKOW BOMHbI OT NOBEPXHOCTU. Ecnn rmapodoH ycTaHOBNEH N0 BapraH-
Tam B u C, 7. €. Ha ocn yNbTPa3BYKOBOro NMy4Ka B AaribHEM norne npeobpasoBarens, To pasHuua Mexay anuHamMmu nyTu,
NPOXOANMbIMU 3TUMWU KOMMOHEHTaAMM YNbTPA3BYKOBOW BOJIHbI, Mana, 4YTo HEN36eXXHO Bbi3bIBAET UX B3AaUMHY0 MHTEpde-
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peHuunto. OgHako none B uenom byageT HOCUTb XapaKTep NMNOCKOW BOSHbI, OFPaHNYEHHON LeHTPalbHbIM NENECTKOM Orpe-
OEeNeHHoro gnameTpa;

D — B reoMeTpn4ecKkom oKyce OKYCUPYIOLLEro nanydartens npm NIMHENHOM pacnpoCTPaHEHUW;

E — B reomeTpuyeckom (PoKyce POKYCUPYIOLWEro nanydartens rnpm HeriIMHENHOM pacnpoCTpaHeHun.

[1pn ycTaHoBke rmgpodoHa no sapunaHtam D n E nanyvarwowmm npeobpasoBarenb A0MKeH bbiTb CPOKycnpoBaH
TakK, YTODObI B €ro reoMeTprnyeckomMm QOKyce ynbTPasByKOBOW NYyYHOK UMEN Ty Xe Phopmy, YTO U B AaribHeM none HeCcPOoKy-
CUPOBAaHHOIo npeobpasoarens. [Npenmywectso BapmaHta D 3akniodaeTtcss B TOM, 4YTO U3ny4aTenb CO34aeT yCnoBus,
NoaoOHbIE TEM, KOTOPbLIE CYLLLECTBYIOT NPU YCTAaHOBKE rnapodoHa no BapuaHTy B. OgHako B BapmnaHTe D n3-3a KOpOoTKO-
ro Nyt pacnpocTpaHeHns ynbTPa3BYKOBOW BOJHbI 3HAYUTENBHO CHMXXEH 9PMEKT €€ 3aTyxXxaHus.

[Tone chokycnpyrowero npeobpasoBaTterns, B reOMeTpu4eckom PoKyce KOTOPOro yctaHoBNeH rmapodoH no Bapu-
aHTy E, xapakrepunayeTcs CUNbHbIMU HENUMHENHBIMU UCKXXEHUSMN N3-3a BbICOKNX aMNNnTya BO3OyxXaeHus npeobpaso-
Bartens. [lpenmylecteo BapmnaHTa E 3akniovaetca B TOM, YTO U3-3a KOPOTKOIo NyTU PacnpocTpaHEHUS yNbTPa3ByKOBOW
BOMNHbI 3HAYUTENBHO CHUXEH 3D EKT 3aTyXaHUs Kak A/ OCHOBHOWM YacTOThl, TAK U Ans bonee BbICOKUX €€ COCTABNSAI0-
LWLKNX, @ HENMTMHEWHbIE UCKaXEHUA 0Dbpa3yoTcs 3a CHET NOBbIWWEHUS aMNNnTyabl AaBNeHnsa npu POoKyCnpoBKE NOSs Npeob-
pa3oBaTenem.

[TpunmeyaHune—IllpeanodreHne oT4AIOT TONBKO onpeaeneHHbIM KOMOUHaALUNAM BapuaHTOB BO3OyXaeHnA npe-

obpasoBarensi n yCTaHOBKU ruapodoHa (XOTs 3TU BAPUaHTLI NCNONb3yoT Ao YactoTbl 15 MITu nnn gaxe Huxe): aB [51], bC
[52], [53], cA[54] n dB [55], [56], [22]. Bo3aMOXHbI TakXe 1 gpyrme KombmHaumm.

G.3 BapwaHTbl BpeMmeHHON (popmMbl CUrHana Bo30yXaeHUA U ero YacToTHbIX AMana3oHOB

G.3.1 Vcnonb3oBaHue y3KOMOMNOCHOINo TOHANBHOIO MMMynbca (BapuaHT a)

B aTtoMm BapmnaHTe MCNonb3yoT NMPAMOYIrofibHbIE TOHANBbHbIE UMMYNbChI C HACTOTOW 3anonHeHns F n gnntenbHO-
CTbto 1. ODObIYHO B BbIXOAHOM CUrHane rmnapodpoHa OTCYyTCTBYIOT CTPOro NPSMOYrofibHbIE MMNYIbChI, CKOPEe 3TO CUTHa-
Nbl C HAYalnbHbIM N KOHEYHbLIM MEPEXOodHbIMU NpoueccamMmu, B ngeane MMerLwme LeHTparnbHy 4acTb C NOCTOSAHHOW

amnnutygon. Mmnynbc AomKkeH ObiTb AOCTATOMHO ANUTENbHbIM, YTODOLI aMmnnNuTyaa curHana ¢ rngpodgoHa gocrurna
NOCTOSAHHOIO 3HAYEHUST; €ro U3AMEPKAIOT, HANPUMEP, C NOMOLLLIC KannbpoBaHHOro ocuunnorpada. MNony4vyeHHbIN pesynb-
TaT OTHOCUTCSH NMULLb K BbIDPAHHOW YacToTeE.

ITOT BapuaHT BO3byXaeHust MeeT crneayrouwme ocobeHHOCTI:

- 3TO OAHOYACTOTHLIM MeToA. Ecnun Heobxoanmo MMeTb AaHHble AN HECKONBbKMUX YacToT, TO N3MEPEHUS Crieayer
NOBTOPUTb U Ha 3TUX YacTtoTax. MHorga ato notpebyeTt cmeHbl NpeobpasoBaTenen U nx IOCTUPOBKU, YTO YBENNYMBAET
TPYAOEMKOCTb KanmnbpoBKW,;

- 4acTOTHbIM AnanasoH nany4varLwero npeobpasoBartens 4OIMKEH NepekpbiBaTh TPEOYEMbIN HACTOTHLIWN AManasoH
KannbpoBkKU. Ha npaktuke aTtoT npeobpasoBarernb AOTKEH BbITb 4EMNPUPOBAHHBIM U LUMPOKONONOCHBIM, COOTBETCTBY-
OWKM TpebyemMomMy AnanasoHy 4acToT;

- npeobpasoBarenb AOIMKEH N3NyyaTb yNbTPAa3BYKOBLIE BOMHbI C aMNNUTyaaMmn, 4OCTATOUHbIMU ANS CYLLECTBEH-
HOro NPEBbIWEHNS LLYMOB rugpo¢oHa ¢ y4eTOM 3aTyXaHUs yNbTPAa3ByKa HA NYTU pacnpoCTPaHEeHUs;

- €CNN BbIXOOAHOW curHan runapodgoHa M3MepsitoT LWUPOKOMONOCHbIM Npubopom, TO HEOBXOAUMO MPOBEPUTH
coaep)XaHne B CUrHane rapmMoHUYEeCKUX COCTaBNAOLWMX, KOTOPbIE AOMXKHbI ObITh, MO KpanHen mepe, Ha 30 ab HmnXe cur-
Harna OCHOBHOW 4acCTOTHl.

[TpunmeyaHune—Ecnn rapmoHnyeckne cocTaenslowne curHana npeebiwakT 3T1oT npegen (mmuyc 30 ab), 10
HEOBX0ANMO UCMONBb30BAaTb NONOCOBON PUNBLTP € NPONYCKAHNEM HA OCHOBHOW 4YacTOTE curHana unm aHannsarop Cnekrpa,
4TOOb! OUEHUTb BKI1a4 BTOPOU 1 Bonee BbICOKUX TAPMOHUK, a 3aTEM BblAENUTb CUITHAN OCHOBHOW YaCTOTbl.

G.3.2 Ncnonb3oBaHne BONHOBOW hOPMbl C LUMPOKOW MOMOCON B pedynbTarte HENIMHEUMHOro pacnpocTpaHeHus
Y3KOMONMOCHOIo TOHANBHOIrO MMNyrnbca (BapuaHT b)

[TpeobpaszoBaTent BO3OYXAal0T TOHANBHBIMU UMNYIBCAMM C BbICOKOW aMNNUTYA0WN. YNbTPa3BYKOBOW CUrHaN pac-
NPOCTPaHAETCH Ha TaKoe paccTosiHUE, NOKa ero BONHoOBas hopma, namepsiemas Ha Bobixoge rmapodoHa, yCTaHOBNEHHO-
ro no sapmnanty C nnu E, He cTaHeT CUNbHO aCMMMETPUYHON. JTa UCKa)XEHHAas BONHOBas (popmMma XapakTepuiyeTcs
OCTPOKOHEYHbIMU Monynepunogamm B doase cxatusi U NoNormmMmu nNMkamm B goase paspexeHus. [ apMoHN4YeCcKne CoCcTaBIs-
lOLLME CNeKTpa OTCTOAT APYr OT Apyra Ha OAMHAKOBbLIE NPOMEXYTKW, PpaBHble OCHOBHOM YacToTe, aMninTyaa KOTOPbIX
cnagaeTt npnbnuantTenbHo Kak 1/n, rae n — HOMep rapmoHukun. [puHUMaemMbi cMrHan NoAaT HA aHanNM3aTop CNekTpa
nnn cxemy bbicTporo npeobpasosanns Pypbe (BINP) n nonyvatoT pesynbraTbhl U3MEPEHUS HA ANCKPETHbLIX 3HAYEHUAX
YaCTOTbl, COOTBETCTBYIOLWMX KaXQ0N rapMOHUKE.

YNbTPa3ByKOBOW U3ny4aTenb MOXET ObITb Y3KOMONOCHbIM, €ro Pe30HaHCHAaA YacToTa HaXoAUTCS HUXKE anana3soHa
4yacToT, Tpebyemoro gns kannbposkn rngpodona. OgHako 3Ta pe30HaHCHas 4YacToTa He AOMKHA ObiTb CIULWKOM HU3-
KOW, YTODObI HE NCNONb30BaTb FAPMOHUYECKUE COCTaABNAOLWMNE, 4ANEKO OTCTOALWME OT OCHOBHOW YacToTbl. [1Ns 4acTOTHO-
ro gnanasoHa, OTHOCSLWEroCH K HacTosAWeEMY CTaHAapTy, B COOTBETCTBUU € TpeboBaHussmm MOK 62127-3 K 4aCTOTHOW
Xapaktepuctmke rmnapodoHOB OCHOBHYIO 4acTOTy paccMaTpuBaeMblX npeobpasoBaTenen pekoMeHOyeTcs BbibupaTh
npnbnmnantensHo pasHon 1 Ml u. NpeobpasoBarenb AOMKEH reHePUpoOBaTh daBreHne TpebyemMbiX aMmnnnuTyad, HO Npw
3TOM HE CITULLKOM CUITbHO HarpeBaTbCs, TaK Kak 3TO MOXET NPUBECTU K HECTABUNBHOCTU TEMNEPATYPLI B UBMEPUTESb-
HOM Dake (cM. 6.2) n nanyvartenbHon cnocobHocTn camoro npeobpazoBartens. C atTumum npobnemamm MOXHO CrPaBUTb-
cs, BblbpaB bonee nogxoasiwmm Ko3sppuuneHT 3anofTHEHUSA UMMNYIbCOB.
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G.3.3 Vcnonb3oBaHne LWMPOKOMONOCHBIX UMMNYIbCOB (BAPUAaHT C)

B 3TOM BapuaHTe reHepupyoT KOPOTKME LLMPOKOMOMNOCHbIE MMIMYNbChl ANMUTENBHOCTBLIO T. CUrHan ¢ Bbixoga rma-
pocoHa nogaoT Ha aHanusaTop crnekTpa. B aTom cnyyae yactoTHOe paspelleHne aMniuTya B CrekTpe paBHO o6paTHON
BENNYMHE BPEMEHHOIO NHTEpPBana n3aMepeHust LUMPOKOMONIOCHOroO UMMNyNbca, a YacTOTHbIM AnanasoH, NepekpbiBaeMblia
CNEKTPOM, 3aBUCUT OT ANIMTENBHOCTU UMIYJIbCA.

Manydyaowmn npeobpasoBaTternb MOXeET OblTb AeMNPUPOBAHHBLIM PE3OHAHCHLIM, OCHOBHAas 4acTb CNekTpa
MMMNYNbCca KOTOPOro onpeaenseTcs 4acToTon pe3oHaHca no TonwmHeE akTUBHONO afneMeHTa. JTta pe3oHaHcHas YactoTa
OOIMKHA ObITb HMXHEW 4YacTOTOM Ananas3oHa kannbposBku. [NpeobpasoBaTenb MOXET UMETb U OTHOCUTENBHO DONbLUYIO
TONWMHY, €Clnn ero BO36yXXgarT KOPOTKUMU MMNYINbCaAMKN TOKA, 0Opa3yeMbIMN NMPU KOPOTKOM 3aMblKAHUW BbICOKOBObT-
HOro UCTOYHUKA. [1pn 3TOM ANS NONy4YeHUs AOCTATOYHO LWMPOKOro CrekTpa BaXHOW npobnemon sBNsieTcs ObICTpoE
BKITHOYEHME BbICOKOroO HaNMpsiXeHns nunum Toka. TonwmuHa npeobpasoBaTtens onpeaensieT BpeMs 3adepXKU Npuxoaga mexa-
HWYECKOro UMNyneca oT 3agHen NOBEPXHOCTU NpeobpasoBaTens; CrIUWKOM Marnoe BPEMS MOXET UCKA3UTb Pe3ynbTaThl
N3MEPEHUN.

G.3.4 Vlcnonb3oBaHWe BOMH C KQYatloWencs YacTOTOW HENPEPLIBHOINO cUrHana B Metoe CrnekTpoMeTpumn BpeMeH-
HbIX 3agepXxekK (BapunaHT d)

B aTOM BapnaHTe NCnonb3yT HENPEPLIBHOBOTHOBOW CUMHar ¢ JIMHEMHOWN Pa3BEPTKON YaCTOThl B YACTOTHOM Ana-
Na3oHe KannbpoBKY NN C NOCTOSIHHOW YaCcTOTOW KavaHusl. BeixogHouw curHan rmapodoHa nogatT Ha cneasilwmm y3Kono-
NOCHbIK PUNBTP, pasBepTka KOTOPOro CUHXPOHU3MPOBAHA C pPas3BEepPTKOW curHana BO3OyXAeHWUsl, HO CABUHYTA
OTHOCUTENbHO HEro Ha onpeaeneHHoe 3Ha4YeHne 4YacToTbl. ATOT CABUT YacTOTbl BbIOMPAT Mo BPpEMEHW pacnpocTpaHe-
HUA NPSMOro yNbTPAa3BYKOBOIo curHana ot npeobpasopartens 4o rmapodoHa, onpeaenseMmomMy Kak OTHOLLEHNE PaCCTO-
AHUA MeXOy HUMM K CKOPOCTM 3BYKaA, 3aBUCALWLEN OT Temnepartypbl BoAbl. Takas MeTtoguka ycTpaHsaeT BIunsiHue
OTPa)XeHHbIX CUTHANOB U, B CTPOromM CMbICNe, BCEX OCTallbHbIX CUTHANOB, BPEMS PaCNpoOCTPaAHEHUS KOTOPbLIX OTNNYaETCH
OT BPEMEHM pacnpoCcTpaHEHUs NPSAMOro curHana.

OCHOBHbIM KOMMOHEHTOM 3MTEKTPOHHOIO 060pYyA0BaHUA NPV peann3auumn 3Toro BapmaHrta aBnaeTcs cneymnanbHbIin
aHanuasartop cnekTpa, obecrnevmBatloLLMi BbINONMHEHNE BCEX YKa3aHHbIX onepaunn. BeixogHonm curHan rmapodoHa nony-
YalT B BUAE HEMPEPLIBHOW DYHKLUMN HaCTOThl, NOSTOMY aHanu3atop crnekrpa AormKkeH paboTtaTtb BO BCEM Anana3oHe Yac-
TOT KannbpoBKMW.

TpeboBaHusa K4acToTe U aMNNUTyAe CUrHanNa, reHepPUpPyemMoro npeodbpasoBaTenem, CXo4Hbl C TEMU, KOTOPLIE YKa-
3aHbl B G.3.1.

G.3.5 PasBepTKka 4acTtoTbl HENPEPLIBHOBOITHOBOIO CUrHana ¢ BpeMeHHON CeNneKkunen curHana B ero HacToTHOM
npeacraBneHnn (BapuaHT €)

Onuncanne atonm metoamkm (obosnavaemon kak TGFA — Time Gating Frequency Analysis) npuBegeHo B [39].

G.4 BapwnaHTbl yCTaHOBKM ruapodoHa

G.4.1 YcraHoBKka rugpodoHa B brnivkHem none (BapuaHt A)

fmapodoH ycTaHaBnMBAaOT 4OCTATOYMHO BNKU3KO OT nNpeobpasoBaTens Ha ocn NydkKa. [nsa HAaCTPOVMKM BPEMEHMU
BbIDOPKK (CTPOBMPOBaAHMS) NCNONBb3YIOT CUIrHaN Ha BbiXoge rnapodoHa, COOTBETCTBYIOWMM TOHANBHOMY UIU UMIY-
NbCHOMY MPSAMOMY CUTHaNy HENpPepbIBHOW BOJSHbI.

CooTBeTCTBME NpeobpasoBarens 3agaHHbiM TpeboBaHUAM cneayeTt NpoBepUTb NPpu HabnioaeHUn 3a BbIXOAHbIM
curHanom rngpodoHa npu ero NnepemMeLleHnn B NonepeyHom HanpasneHum B6nm3m ocu ny4ka (cm. G.5.2), yaocrtose-
PUBLLUCL, YTO BCE 4acTU U3Ny4allWen NOBEPXHOCTU MnpeobpasoBarenss KonebniTca ¢ 0gUMHAKOBOW aMIMNMUTYyaoN W
dason. KannbpoBka B bnmxHem none npeobpasoBartens paccmoTpena B pasgene G.5.

[[eOMETPUYECKOE NMPOCTPAHCTBO, UCMONb3yeMOE ANSA U3MEPEHUN 3TOIO TUNA, MOXET BbITb OUEHEHO MO ANUTENb-
HOCTU T TOHAlNbHO-UMMNYINbCHOIO NN UMMNYINbCHOIO cUrHarna.
G.4.2 YctaHoBka rngpod)oHa B AanbHeM none (BapuaHTt B)

[TpunmeyaHwmne— ITOT BApUaHT NPUMEHSIOT NPy BO3ByXaAeHUM npeodbpalsoBarens TONbKO Mo BapmaHTtam a, ¢, d
n e. BapuwaHt yctanoBkmn rmgapodpoHa npu Bo3byXaeHUun no BapmnanTy b paccmotpeH B G.4.3.

fmapodcdhoH ycTaHaBNMBaOT HA OCU NyYKa B AanbHeM none npeobpasosatens. JJanbHee none Ha4YMHaAETCH OT
NONOXEHUA NOCNeAHEero MakCMMyma AaBnerHuns (N0 OCY Ny4Ka), KOTOPOE PEKOMEHAYETCH ONpeaensiTb HA BEPXHEN MPaHU-
Lie 4YaCTOTHOro AnanasoHa KanubpoBku. B 3Tom cnyvae 370 paccTosHme crneayert paccmaTpuBaTh KAk MUHUMArbHOE.

TeopeTnyecku nocnegHUn MakCUMyM AaBIlIEHWUS B MOJ€ NMNOCKOro KPyrrnoro nopLHEBOro nanydarens HaxoguTcs
OT HEro Ha paccTOsAHUN, PABHOM Z = atzf/c. OTO paccTosHWe MNPOonopLUUOHanbHO YacToTe U CYLLLECTBEHHO 3aBUCUT OT

pagnyca npeo6pasoaaTenﬂ. Tem HE MeHee AJTMHa aKyCTUHECKOIO 1Nyt He AQO0JXXHa B O6LLI,8M CliyHae rnpepblillatb 3HaA4Ye-
HUW, PaBHbIX HECKOJIBKUM AdeUuUMEeTpPaMm, 4yTODObI N3bexaTb CYWweCTBEHHOIO 3aTyXaHUA YIIbTPa3BYKa, U MNO3TOMY B 3TOM
Criydae criegyert BbI6MpaTb nanydaresrin OTHOCUTEIIbHO Malloro AnameTpa.

G.4.3 YctaHoBka rugpodoHa B ganbHemM none n npuv 6onbwWon ANMHe akyCTUYECKOro NyTy Ans nony4eHus Hermnm-
HEWHbIX UCKaXXeHUW curHana (Bapmant C)

s ncnonb3oBaHns BONMHOBOW hopmMbl curHana no sapuanty b, npueegeHHomy B G.3.2, NyTb pacnpocTpaHeHns
CUrHana aomnxeH ObITb CYWECTBEHHO AJTMHHBIM, YTODbLI NONY4YNTb 3HAYNMbIE HENTMHEWHbIE NCKaXXEHUH BONTHOBOWN DOPMb
curHana v obecnevnTb 4OCTATOYHO LUMPOKOE NPOCTPAHCTBEHHOE pacnpeaeneHmne akyCTUYeCcKoro AaBnenunst, Tak 4Ytobbl
BNnsHMe adppekra NPoCTPaHCTBEHHOIO ycpeaHeHns Bbino HUXE YCTAHOBIMEHHOIO YPOBHS (CM. npunoxexHuwe J). 310
MOXEeT OblTb AOCTUTHYTO MPU MPUMEHEHUN MOPLIHEBLIX MpeobpasoBaTenen OTHOCUTENBbHO OONMbLIOIO AnameTpa,
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obnacTtb BNMXHEro NoNs KOTOPbIX (atzf/c) MOXET nexartb B gnanasoHe ot 200 go 400 mm [52]. CteneHb HENWMHENHBLIX
NCKaXXEHUN CUTHana B MecTe yCTaHOBKM rnapodoHa 0ObIMHO MOXHO XapakTepun3oBaTbh NapamMeTPoOM HENMUHENHbLIX UCKa-
XXEHUU G, 3HAYEHUE KOTOPOro 3aBUCUT OT aMnIUTydbl JaBNEeHWs Py Ha nanyvartene U Ans niockon BOMHbI BbIpaXKaeTCsl Kak

= o, PPOIFZ (G.1)
pc*

rae B =1+ B/(2A) — napameTp HENMUHENHOCTU ANs BoAdbl (NpUbnnanTensHo paseH 3,5 nNpu 3HaveHnsix A n B, npuBeen-
HbIX, HANpumep, B [57]);
fe— OCHOBHas YacToTa BO3DYyXaeHusa curHana, co3faroLLLero HenMHenHble NCKaXeHNs;
Z — paccTosiHue mexay npeobpasoBartenem n ruapooHOM;
p — MMNOTHOCTb U3MEPUTENBHOWN XUOKOCTU (BOAbI).

[Ins obecneveHnsa onTMmMmanbHbIX YCNOBMW NPOBEAEHUS KannmbpoBKM METOAOM CPaBHEHUSI 3HAYEHUE G OOJTKHO
ObITb paBHbIM 3. [1pK 3TOM 3HAYEHNE aMNNUTYAbl CUrHana Ha OCHOBHOWM YacToOTe CHMXAaeTcsl Ha 6 Ab n3-3a notepb Npw

HENMMHEWHOM pacnpocTpaHeHuun [58]. [Insa 3Tnx 3HaveHnn ¢ BONHOBast hopma curHana CTaHoOBUTCH naeanbHOW MUMNoo6-
Pa3HOW, aMMNUTYAbl €€ rapMOHUK B CMEKTPE YMEHbLLAKTCH Kak 1/n, rae n — HOMEP rapMoOHNKN. ITa 3aBUCUMOCTb MO3BO-
NAeT OUEHUTb aMnInTyabl AABMNEHUS HA BbICOKMX YacTOTax, UTO Ba)XHO M OIS OUEHKU TOYHOCTM Kanubposku. Ecnu

noAAepXNBAOTCA YCINOBUA, NPU KOTOPbLIX ¢ = 3 (T. €. amnnnTyaa gaBneHus B To4ke namepeHuns cocrtaenset 50 % amnnum-
TyObl JABIEHUSA Py Ha nanydarene), To MOXHO paccynTaTb 3Ha4YeHne amnnuTyabl JaBNeHna Ha BepxHen vactoTe f, ana-
nasoHa rmgpodgoHa kak 0,5 p, f./f (oTHoweHwe f./f NO cywecTBy 3KBMBanNeHTHO 1/n, rae n — HOMEpP rapMOHUKY,
COOTBETCTBYIOLLEN BEPXHEN YACTOTE YACTOTHOINO AnanasoHa rnapodoHa).

[TpumeyaHwune—Ilputemneparype Boabl 22 °C BoipaxeHue (G.1) npuBogaaT K ¢ = 6,7 po fiz, rae po BbIPa)XeHo B
Meranackansx, fr— B merarepuax, a Z — B MeTpax.

3TN NpUbNMXKXEHHbIE BblpaXXeHusi NpeanonaratoT Hann4ime ycnoBuin NNOCKOW BONHbI M OTCYTCTBUE NOTEPL NPU pac-
NpoCTPaHeHnn BoNHbI. [Ins bonee ToYHbIX pacyeToB MOXHO y4eCTb (POKYCUPOBKY, COOTBETCTBYIOLLYIO MOPLUHEBLIM N3MY-

yatensm [58]. lNpeanonoxenmne o6 OTCYTCTBMM NOTEPb NPU PacnpoCTpaHeHUn BOIMHbI BEPHO npu of(az) >> 1, rpe
oL — aMIMIINTYAHbIN KOSMPMUUNEHT 3aTyXaHUA NMIMOCKOW BONHbLI C Manon aMmnnauTygon B Boge, NponopunoHanbHbIV KBaA-
paTy 4acTtoTbl (3HAYEHUSA o NPUBEAEHbI B NPUNOXEHUN E). ITOMY KpuTepuio oBbIMHO yOOBNETBOPSAIOT CUrHanbl ¢ bonee

HU3KUMW OCHOBHbIMM YacToTamun, Hanpumep 1 nnmn 2 My, ina 6onee BbICOKMX YacToT o/(0.z) = 1, n 3aTyXxaHue cUrHarnos
Malion amnnanTygbl HA OCHOBHOW YacToTe ByaeT orpaHnYeHO NCKaXKEeHUSIMU, KOTOPbIE CHUXKAIT aMNNnUTyabl rapMOHNYeEC-
KUX COCTaBIALWMNX, UBMEHAA TEM CaMbIM aMMIMUTYAHbIN KOS MPUUNEHT 3aTyXaHUA NIIOCKMX BOJTH B BOAE.

B HEeKOTOPLIX Cly4HadX Mpn MUCnolib30BaHUN BadpPUWaHTA C pekoMeHaveTcAd UCCneopatb 0CeBYIO 3aBUWCUMOCTD
dAMITJINTYA HaCTOTHbIX COCTABITAKIWNX HENMWHENHOTO MO, 4yTOObl HANTU ONTUMAanNbHOE pacCTOdHNE AJ1d YyCTaHOBKKU rna-

podoHa B COOTBETCTBUMU C PEKOMEHAALUUSMIN 3TOro noapasaena. 310 NoNoXeHne AO0MKHO COOTBETCTBOBATb MAaKCU-
ManbHOMY OTHOLLEHWUIO CUTrHan/Wwym ans BepxHen rpaHn4yHON 4acToThbl KannbpoBKY f .

G.4.4 YctaHoBka rmapodoHa B reomeTpruyeckomMm okyce nanydarterns npu ero HU3KOM UIv NIMHENHOM BO3DyXae-
HUK (BapmnaHT D)

[TpunmeyaHune— Takasa ycTaHOBKA NPUMEHMMA TONMBbKO NMpu BO3byXaeHun npeobpasoBarens Nno BapmaHTam a,
c, d n e. O6 yctaHoBke rmapodroHa npu Bo3dyxxaeHun no sapuaHTty b cm. G.4.3.

('Mapo¢OH yCTaHaABNMBAIOT HA OCU NYYKA B reOMeTPpUYeCcKoM pokyce nanydarens [59]. Ecnm dpokycHoe paccTos-
HMe F npeobpasoBaTens HE U3BECTHO U3 rEOMETPUHECKUX NPeaCcTaBNeHnn, TO ero MOXHO onpeaennuTb N0 PacCTOAHUIO
Z,; A0 MECTa HaXOXAeHWs doKyca gaBneHus (HaxogsiWerocsi B MeCTe HaxoXaeHust MakCcuMmyma UHTerpana KBagpartoB
OAaBNEHNS B UMNYIbCe N0 OCK Ny4Ka) N3 BblpaXKeHus

/ \ (G.2)
F —

[Tpy ycnoBun NUHENHOrO pacnpoCTpaHeHUsl NapaMmeTp HEeNMUMHENHOCTU pacnpocTpaHenns o, (cM. MOK 62127-1)
ans Qokycupyrowmx npeobpasoBarenen AonmKeH bbiTb MeHbLLE 1.

G.4.5 YctaHoBka rmapodoHa B reoMeTpuyecKkomMm QOKyce nanydaTterns rnpu ero BbICOKOM BO3byXaeHun ans nony-
YEHUS1 HENMMHENHbIX NCKaXeHUN (BapuaHT E)

f'mapodoH ycTaHaABNMMBAIOT HA OCKU NYYKa B reoMeTpu4eckom pokyce nanydarens. Ecnu dpokycHoe paccrossHue F
npeobpasoBarensi He N3BECTHO N3 TEOMETPUYECKNX MPEACTABNEHNIN, TO €ro0 MOXHO ONPeaennuTb Mo MeCcTy HaXoX4eHUs
dookyca gaBneHunsi B yCroBUsiX NMIMHENHOIO BO3DYXAEHUS, Kak 3TO nokasaHo B G.4.4. [1na nonyvYeHusi CyweCTBEHHbIX

HENMMHENHbIX UCKaXXeHNN NapameTp HENMMHENHOCTU PacnpoCTPaHeHUs G, AOIXKEeH ObiTb > 3.

G.5 CneumanbHble cnyvYyan KanmopoBKK BONMN3N NOBEPXHOCTU npeobpa3oBaTens

G.5.1 Obwume TpeboBaHuS
OceBoe paccTosHue z mexay rmnapodoHOM 1 yNbTPa3ByKOBbIM NpeobpasoBatenem 4OMKHO BbiTb

. (G.3)

2
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Tak YTOObI HU OQNH NMNYIIBC, OTPAXEHHbIM OT rmapodoHa K npeobpasoBarento n Hasag K ruapodony, He nHTepdhepupo-
Ball C KOHUOM NMepBOHAYanbHOro nMnyneca, nagaruwero Ha rmnapodg oH.
G.5.2 BnunsaHme kpaeBbIX BONH
PacCcMaTPUBAIOT MIMOCKUU KPYIMbIA M3Nydanwmmn npeobpa-
3oBaTeslb paguyca a, ToYKy P B rnone, pacrnonoXeHHyo Ha OCeBOM
PacCcTOSHUK Z OT npeobpasoBarens M Ha PacCTOSHUN a, 0T ocn
nyvka (cm. pucyHok G.1). nuHa akyCcTU4eckoro nytm nNIoCKOu
BONMHbI OT npeobpasoBartens 40 To4kn — z. [lnnHa camoro KopoTt-
KOro akyCTUYECKOIro NyTU BOMMHbI OT Kpas npeobpasoBartens (Kpae-

BOW BOMNHbLI), 0603HaveHHass HA pucyHke G.1 Kak r, cocTaBnsier

\/z 2 4 (a; —ap )2 . OCHOBHbIM SIBNIsieTcs TpeGoBaHue, YTobbl T He

NpeBbLILAano PpasHoCTb MEXAy BPEMEHEM NPUXoda B TOYKY P Kpae-
BOW M NITOCKOW BOJTH. ITO NPUBOAUT K HEPABEHCTBY

_\/22+(af—ap)2 —Z (G.4)

max £ C )

TET

KOTOpOEe MOXHO npeobpasoBaTb B HEPABEHCTBO 1T — npeobpasoBartenk;, 2 — NNOCKOCTL U3IMEPEHUA rma-

(G.5) POJOHOM; ay — paanyc Kpyrnoro nnockoro npeobpasosa-
' Tens;, zZ— OCeBOe paccTosiHue OoT npeobpasoBarens,

ONUHA NYTU NPAMOro cUrHana ninockon BONHbI, £ — Touka

B Nnone;, ap— nonepevyHoe paccrosHue OT OCU NyHKa;
r — AONUHA NYTU PAcnpoCcTPaHEeHUA KpaeBoU BOJIHbI

— 2
onpegensiiowee ncnonb3yemyto ob6nacTe OKONO OCKH Ny4Ka.

[TpnmedyaHwune—B 3aBUCMMOCTN OT KOHKPETHOIO HAbO-
pa napameTpoB MOXET OKasaTbCs, YTO HEPaBeHCTBO, onpeaense-
MOe No BbipaxeHuio (G.5), He ByaeTt nmetk pelwenuns (dopmansHo PucyHok G.1 — KoopavHaTel ToUkM P B DNMXHEM
3TO O3HAYAET, YTO OHO BbIPAKAETCH OTPULIATENBHBIM YMCNIOM), YTO MOMe KPYrnoro Ninockoro uanydawuwero npeobpaso-
O3HA4aeT, YTo NPOBeAEHMNE TaKUX U3MEPEHUI HEBO3MOXHO. B 3TOM BaTENsi pagnycoMm a;

crnydae cneayer YMEeHbLUUTb ONMUTENBHOCTE T TOHAlTbHO-UMIMYIbC-
HOrO NN UMNYNBbCHOIO CUrHana nw/unun pacctosHue z 4o rngpodoHa. Ycnosme BbINONHEHUA HepaBeHCcTBa ((G.5), 03Havato-
LLlee BO3MOXHOCTb NPOBEAEHUS NU3MEPEHUN 3TOIO TUMNAa, MOXHO NPeacTaBuTb B BUAE

-

Z< Z _1{&12 1v%¢ (65
1_5 - — T.

L y

G.5.3 Bo3moxXHOe BNMsHME NOBEPXHOCTHLIX BOIH

[Tone nnockmnx BONMH B6NM3n npeobpaszoBartens MOXeET ObiTb TakKe BO3MYLLEHO BONHAMKU APYrmx TUNoB. [pexae
BCEro, 3TO NOBEPXHOCTHbLIE BOJIHbI, BbI3bIBAEMbIE paananbHbIMU KONMEBAHUSAMW aKTUBHOIMO 3NEeMEHTa NPU NMNYINIbCHOM
BO3OyXaeHmun. Korga pagnanbHas BONHa HAYMHAETCH OT Kpasi 3MTIEMEHTA U ABUXETCH BHYTPb K €ro LEHTPY CO CKOPOCTbIO
V;, OOMNbLUEN YEM CKOPOCTb 3BYKa C B 3BYKOMNPOBOASLLEN Cpee, TO U3Ny4aeMoe B XXUAKOCTb Mone 3TUX BONTH MOXET [0C-
TUTHYTb TMAPO(IOHA U BbI3BaTb HA €r0 BbIXOA4E NCKAXXEHHbIW CUrHar, 3aBUCALWLMKN OT NONoxeHus rmgpodgoHa B nose [60],
[61]. 3TM NCKaxeHns B 3HAUMTENbHOW CTENEHN 3aBUCAT OT CKOPOCTH v, B 0bLLem cnyyae HeT Kakmx-nnbo npeaBapuTerb-
HbIX AaHHbIX O KONTMYECTBEHHOM BINUSHUKN 3TOro adpdheKkra, M NO3TOMY HENb3S AaTh OO LWKMX peEKOMEeHZAUNN NO STOMY NOBO-
Oy. B KaxXgom KOHKpPETHOM cry4Yae pPEeKOMEHAYETCHA MPOBOAUTL 3KCnepumeHTanbHble uccneposanuns [60]. Hanee
npuBeaeHbl POPMYIbl, aHaNorn4Hble BolpaxeHuam (G.4) n (G.5), KoTopble UCMOMNb3YIOT, €CNKU v, U3BECTHA.

G.5.4 BnusiHne noBepXHOCTHbLIX BONH Ha none Bbnmu3u npeobpasoBarens

[TpyBeAEeHHbIE HUXE pPaCCYyXKAEHUSA CnpaBealvBbl AN NMMOCKOro KPyrnoro npeobpasoBartens, NnokazaHHOro Ha
pucyHke G.1. PaccMmoTpum NpoCcTPaHCTBO, OrPaHUYEHHOE KOHYCOM (CUMMETPUYHBIM OTHOCUTEINBHO OCK NYyYKa), OCHOBA-
HMEM KOTOPOro SIBMNSETCS KPpyrnas nany4datrou,as NoBEPXHOCTb NpeobpasoBaTens, a BEPLUMHON — TOYKA HA OCKU Ny4Ka Ha

2 p

C

rae v, — CKOpPOCTb pacnpocTpaHeHusi paananbHOW BOMHbI B NNacTuHe npeobpasosarensi.
O6pa3sylowas NMMHUSA 3TOro KPyrnoro KoHyca npeacraBnseTcsl ypaBHEHUEM

z (G.8)

-

B TOYKM (z, ap) aTOrO NPOCTPaHcTBa BDyayT NPUXoaAUTb ABE NOBEPXHOCTHLIE BOMHbI: OJHA PacnpocTpaHAaeTcs oT
bnmxxaniwen TOYKM nepumeTpa npeodbpasoBartens, a gpyrasg — o1 camoun ganbHen [60], [61]. K ocn 3TK BONHbI NPUXoaAT
OJHOBPEMEHHO.

ap=at
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Bo Bce TOYKM 3TOro KOHNYECKOro NPOCTpaHCTBA bnmxxanwasa noBepXHOCTHAsA BONHa byaeT npuxognTb ObicTpee,
YeM KpaeBasi BONTHA, NO3TOMY PEKOMEHAYETCs MpoaHanu3npoBaTh ee BIIUSIHME B pacCMaTpUBaAaeMOM KOHUYECKOM MpPo-
CTpaHCTBe.

B oTrnnume oT KkpaeBbiX BONH MNOBEPXHOCTHbLIE BOMHbI HE CYLLECTBYIOT BO BCEX TOYKaX Nonsi. BHe KOHNYECKOro npo-
CTPaHCTBA NOBEPXHOCTHbIE BOJTHbI UITN HE CYLLLECTBYIOT, UM NPUXOAAT MO3XKe KPaeBOW BOJTHbI, U MO3TOMY HET HEObX0aM-
MOCTU paccMaTpuBaTbh UX B HACTOSALWEM CTaHaapTe.

BHYTpY KOHU4YECKOIo NPOCTPAaHCTBA, ONPeaeneHHOro Bbllle, OCHOBHbIM TPEOOBaHMEM MPU yHeTe NOBEPXHOCTHbIX

BOJTH SIBNAETCH ANMMUTENBbHOCTb T TOHAlbHO-UMIMYIMbCHONO UMM UMIMYINbCHOIO CUrHana, Kotopas He 4oJKHa MpeBbIWwaTh
PA3HOCTU 3HAYEHUW BPEMEHMN NPpuXoaa dbnmxanwen NOBEepPXHOCTHOW BOMNHbI U MMOCKOW BOMNHbI. Bpems {,, 3a KoTopoe bnu-
Xanwasi NOBEPXHOCTHAA BOMHA NpuxXoauT B TOYKY P, paBHO

(Vt)z (G.9)
at—ap + Z — — 1

t
H v,

[ToaTomy no ananorum ¢ BolpaxeHnsamm (G.4) n (G.5) aNMTENBHOCTL UMNYyNbCa AOMKHA ObITb

' ™
., y )2 (G.10)
dy —ap —Zy — —1%
C C
T<T = - -
max H vy
h
i !
) v, 2 (G.11)
Ap<ap oy =8t — VT — Z¢ . . -1+

ITO HEPABEHCTBO MMeEET MNONoOXNTelribHoOe peweHne, eclin
at — VfT (G12)

; :
V¢ V_f _ 1
C C

G.5.5 Mecto yctaHoBku rugpodoHa B GrnmxHeM none nnockou BONHbI C y4eTOM BO3ENCTBUS KPAEBLIX U NOBEPX-
HOCTHbIX BOJTH
Honyctum, 4TO rmapodPOH yCTAaHOBIIEH HA OCEBOM PACCTOSHUN Z OT KPYITOro nNiiockoro npeobpasoBarens pagny-

coM a; (cM. pucyHok G.1), nanyvaroLwiero ToHanbHO-UMMYIbCHbIE UM UMIYIIbCHbIE CUTHAIbI ANUTENBHOCTBIO T.
OnpegeneHsl KpUTEPUK BbIBOPpA PaACCTOSHUA Z OTHOCUTEIBbHO YETbIPEX €ro ONOPHbIX 3HAYEHUN, TPU U3 KOTOPbIX
0603Ha4YeHbl Kak z4, Z, N Z; B BblpaxeHusx (G.6), (G.7) n (G.12) cooTBeTCTBEHHO, a YETBEPTOE ONnpeaeneHo B BUaie

{W]Z B (G.13)

Z<ZS_

[anee paccmMoTpeHbl BO3MOXHOCTU YCTAHOBKU rnapodoHa B COOTBETCTBUM C 3TUMUN KPUTEPUSMMUA.

a) lpwn z =z, paccmaTpuBaemMble U3MEPEHNS HEBO3MOXHbI U3-3a HapyLWeHUs TPeOOBaHUA K aKyCTUYECKOW ANnnHE
NyTU KPpaeBOW BOJIHbI.

b) MNpn z<z, nz=z, N3MepPeHns MOXHO BbINOMNHUTL NPY YCTaHOBKE rMApPod¢oHa B NpuoceBon obnactu, onpeae-
nsiemou BoelpaxeHuem (G.5).

c) Npnz<z;, z<z,n z=2z, NU3IMEPEHNA HEBO3MOXHbI N3-3a HapYyLLEHUA TPeboBaHWsA K aKyCTUHECKON ANUHE NYTH
NOBEPXHOCTHOW BOJHbI.

d) Npnz<z,, z<z, 2<2z3NZ=2z,N3MEPEHNA MOKHO BbINONHUTbL NPKU YCTAHOBKE rmapodoHa B Npuoceson obnac-
TN, onpegensiemon BolpaxeHuem (G.5).

e) Npnz<z,,z<z,, z2<z,NZ< 2z, UIAMEPEHUS MOXHO BbINONHUTb NPU YCTaHOBKe ruapodooHa B Npnocesoun obnac-
TN, onpegensiemon BolpaxeHuem (G.11).

Cnegyer y4ecTb, YTO B NPUOcCeBON 0bnactn AomKHa HaxXoaAnTbCH BCSA YYyBCTBUTENIbHASA NOBEPXHOCTL rmapodoHa
Tak, 4Tobbl R npeacrasnan cobon cymmy paguyca rugpodoHa n pacCTossHUA OT ero LeHTpa 40 OCU NyUKa.

Heobxoanmo Takke OTMETUTb, YTO BCE MNPUBEAEHHbLIE BbILLE Cry4an yCTAHOBKU rmapodoHa NnonyyeHbl Ha OCHOBA-
HUKM obLwero TpeboBanus, NpeacTaBneHHOro BolpaxeHunem (G.3).
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Mpnnoxenve H
(cnpaBo4HOe€)

MeToa cnekTpoMeTpuun BpeMeHHbIX 3aaepXeK — TpeboBaHUA K BbIMONHEHUIO U3MEPEeHUN

H.1 Obwwne nonoxeHwuA

MeToa cnektpomeTpun BpemMeHHbIX 3agepxek (CB3, Ha aHrnmnckom si3bike — Time Delay Spectrometry — TDS)
BNnepBble ObIN NPeanoXeH ANA U3MEPEHUsT XapakTEPUCTUK MPOMKOrOBOPUTENEN MPU HANUUYMU aKyCTUYECKUX OTpaxe-
HUK [62]. [TlodaHee ero npumennnun ansa Kannbpoeku rmapotoHOB B MerarepuoBom gnanasoHe vyactort [55]. B [63] aaH
BCECTOPOHHMW aHann3 ocobeHHocTen metoga CB3 v npmBeaeHbl pe3ynbrtaThl CCNegoBaHNK, 060CHOBLIBAOLWKX TPEDO-
BaHUA K YCTAHOBKE M M3MEPUTENBHON annapartype ans npaktm4eckon peanumsauumm gaHHoro metoga. B [56] nokasaHo
COBMECTHOE ucnonb3oBaHune ans abcontTHoOM kanubpoBkn rmnapodoHoB metoaoB CB3 M B3aMMHOCTUN, MHOXECTBO
pPe3ynbTaToB TAaKOM KanmbpoBKU npeacraBneHo B [64]. [NMpenmywectBa nepexoga OT BPEMEHHOIO K HYaCTOTHOMY pa3spe-
LLEHUIO PACCMOTPEHLI B [22].

B npunoxeHun paccmoTpeHbl Hanbonee BaxHble TpeboBaHUs K npoBeaeHuio kKannbposkmn metogom CB3.

H.2 KannbpoBka ynbTpa3BYKOBbLIX rmapod)OHOB U onpeneneHne nx XxapakTepmcTtmk MeTtoaom
CMEeKTPOMETPUN BPEMEHHbIX 3aAepPXekK

H.2.1 N3amepsaemble napameTpbl yNbTPa3ByKOBOIO MNorss

[TlepBnYHbIM NapameTpom, namepsemsim metogom CB3, ABnAeTca akyctndeckoe gasneHmne. 3Ha4YeHnsa aMmnnuTy-
Obl JaBleHUS 3arnncbiBaloT OAHOBPEMEHHO C 3MNEKTPUYECKUM HarnpsiKeHuem Ha BbiXxoade rnapodoHa. V3 oTHoweHus
HaMpsKeHUA U COOTBETCTBYIOWEro AaBMNEeHUNA ONpPeaensiioT YyBCTBUTENbBHOCTL ruapodoHa Ha KOHUe Kabens noAa
Harpy3kowu B BUAe HENpPepbIBHON YaCTOTHOW 3aBUCUMOCTW.

H.2.2 [vana3oH ynbTpasByKOBbIX YaCTOT, B KOTOPOM MOXHO npumeHsaTe metog CB3

ITOT METOA UCNONMb3YIOT KaK B AMana3oHe CribllWMMoro 3syka (npumepHo ot 20 ['U), Tak M B AnanasoHe, Xapakrep-
HOM Ansa bunomeanumHckmnx ncenegosanunm (ot 1 go 40 MIMu). Hanbonee ycnewHoOW okasanacbh peann3aumns 3Toro Metoaa
Ha vyacToTax oT 100 kl'u oo 1 Ml .

LYacToTHbIE orpaHnyeHnss MetToa CBSA3aHbl C:

a) 4acTOTHbIM ANANa30HOM MNPUMEHAEMbIX NU3MEPUTENBHbBIX NPUBOPOB,;

D) BO3MOXHOCTbLIO NPUMEHEHNA KanmbpoBaHHOro rmapodoHa CpaBHEHUA B TPEDyeMOM 4aCcTOTHOM JuanasoHe
(Npy kKannbpoBke METOOO0M 3aMELLEHUSA).

[TpunmeyaHnune—MogndbuumposaHHbin metog CB3 no3Bonser npoBoAUTL KanmbpoBKY HA YacToTax 4o U He
meHee yem 60 MI 4 [39].

H.2.3 CTpyKTypa ynbTPasByKOBOIO Moss, B KOTOPOM MOXHO npumeHsaTe metog CB3
[Tone NNOCKMX BOINH (HENPEPLIBHLIX C KAYaloLWENCS YaCcTOTOWN).
H.2.4 [lpocTpaHCTBEHHOE pa3pelleHne

BbixogHown curHan rmgpodoHa npeacTaBnsioT B BUAE CMNEKTPAa YacToT U3MEPSAEMON BONTHOBOW POopMbl. PaspeLle-
HME MO BbIDOPKE 3aBUCUT OT OTHOLLIEHUS WWMPUHBI NMONOCkl UnbTpaymm K CKOPOCTU KavaHus 4YactoTbl. B obwem cnyyae
HeonpeaeneHHOCTb YHAaCTOTHOIO paspelleHns] BbipaXXaeTcs Kak

f =1t (H.1)

rae f— vactora, [u;
t-ng — Bpems, Tpebyemoe ans ogHoro naMmepenus metogom CB3, c.
[TpumeHeHne metoga CB3 No3BONAET NONyYNTb Kak HACTOTHYIO XapakTepPUCTUKY YYBCTBUTENBHOCTU rMapod¢goHa,

TaK N XapakTepUCTUKY ero HanpaBneHHOCTH [55]—[57], [63]—[65].

H.2.5 Pa3pewatouwas cnocobHoOCTb MeToaa

B0O3MOXHOCTE onpegeneHns N3aMmeHeHUs1 B YyBCTBUTENBHOCTN rugpodgoHa 3aBUCUT OT YPOBHA CUrHarma Ha ero
BbiIxoae. [1pn 3Ha4YeHnsIX aMNnnTyabl akyCTUYECKOro gasrneHus okono 1 kfla MoXxHo 06bIYHO 4OCTUYbL 3HAYEHUSA OTHOLLE-
HUA curHan/wym okono 50 ab. MakcnmanbHO QOCTUXUMOE 3HaYeHne OTHOLWEeHUA curHan/wym — nopsigka 75 ab. [Npwu
3TOM BO3MOXHO onpegennutb 3Ha4YeHns N3MEHEHUSA YyBCTBUTENbHOCTU rmgpodgoHa, npumepHo pasHble 0,2 ab.

H.2.6 [lnana3oH namepeHns YyBCTBUTENBHOCTU rmapodpoHa

HyBCTBMTENBLHOCTb HA KOHUE Kabensa rmgpodoHa nog Harpy3kom n YyBCTBUTENTbHOCTb XOJTOCTOrO Xo4a Ha
KOHUe Kabensa rmppodoHa MOXHO namepuTtb B gunanaszoHe oT mmHyc 300 ab otHocutenvHo 1 B/mklla (1. €. okono
1.107° B/MNa).

H.2.7 Bocnpon3BognmocTb (MOBTOPAEMOCTL) PE3yNbTaTOB KAanNnnbpoOBKK

Pa3bpoc 3HAYEHUN PE3YNbTATOB NPU MOBTOPHBLIX KAannbpoBkax rmapodpoHOB € YyBCTBUTEIBbHOCTbLIO, DONbLUEN
3 HB/T1a, B yactoTHOM AmnanasoHe ot 0,1 go 10 My 06b1vHO He npeBbliwaeT £ 5 %.
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H.2.8 ImnynbcHas xapakrepucrtuka

MMNynbCHYIO XapakTepucTtuky curHana rmnapodoHa MOXHO NMony4nTb ¢ NOMOWbIO npeobpaszoBaHns Pypbe Yvac-
TOTHOW XapakTepUCTUKN cUrHana, ecnm boina sanucana daasa curHana npm namepenHnmn metogom CB3. Npun aTom paspe-
LLEHUE UMIMYJIbCHON XapaKTepPUCTUKM COOTBETCTBYET YACTOTHOMY AManasoHy 3anucu curHana [66].

H.2.9 Tlpoueaypa namepeHun

TnnnyHble npoueaypbl namepeHnn metogom CB3 paccmoTpeHnbl B [22], [59], [96], [63], [64], [660], a ux kpaTtknu
0630p npmBeageH B pasgenax H.3 n H.4.

H.3 lNpoueaypa namepennn (onpegeneHna HyBCTBUTENbHOCTUN CIINYEHNEeM)

a) YcraHaBMUBAKOT M OPUEHTUPYIOT U3NydaTenb U MNPUEMHUK (NpeaBapuTenbHO KannbpoBaHHbin rngpodoH [15],
[66], [67]) B Dake ¢ ANCTUNNMPOBAHHOW AErasnpoBaHHOW BOAOW, TEMMEpaTypa KOTOPON NOAAEPHKNBAETCH C TOYHOCTbIO
no + 0,5°C.

b) NamepsatoT cnekTp curHana B norapupmmyeckom macwrtabe B BbIDPAHHOM YaCTOTHOM AManas3oHe.

c) CoxpaHsoT B NnaMATU N3MEPUTENBHOIO YCTPOUCTBA N3MEPEHHBIN CMEKTP (HACTOTHYIO XapaKTEPUCTUKY).

C) 3aMeHsIIoT ONopPHbIN (KannbpoBaHHbIN) rMAPOMdOH KannbpyembIM.

d) lMoesTOpstoT onepaunu no a), b) u c).

[TpumeyaHune—Kannmbpyembin rngpotoH JomKeH ObiTb YCTAHOBIEH B TY e CaMyo TOYKY MOIMs, B KOTOPOU
npexXxae Haxoamncst ONOPHbIN, 3TO MOXHO NPOBEPUTL ABYMS crniocobamm: a) cnonb3yst UMNYIbCHbIA PEXUM BO3DYKAEHUS
nanydarensi, OTperynupoBaTb OCEBOE paccTosiHue Ao rmapodoHa Tak, 4Tobbl BpeMs 3aepKKkM npuxoaa curHana Ha oba
rmngpodroHa ObINo OANHAKOBBIM. 3aTteMm, nepemMeLwas rmapodoH B nonepeyHomM HanpaBneHumn, 4OOUTHCA MaKCUManbHOro
CurHana Ha ero Bbixoge; unu b) B pexxume CB3 ycTaHOBUTH BPEMS 3a4EPXKEK TAKUM Xe, KaK U NPU N3AMEPEHUSAX ONOPHOro

rmapocdoHa, a 3aremMm nepemMeLLeHns MmN Kannopyemoro rmgapocgoHa 4obuTbcsi MakCMManbHOroO CUrHana Ha ero Bbixoge.

fy HdatoT rpadhmyeckoe npeacraBneHmne pasHocTn 06onxX CrnekTpoB B nnorapndpmmyeckom macwtabe. Ecnm onopHbin
rmapodoH MMEET NMOCKYIO YaCTOTHYIO XapakTEPUCTUKY, 3Ta pas3HOCTb ByaeT npeacTaBnsATb YaCTOTHYIO 3aBUCUMOCTb
kannbpyemoro rmgpodoHa. bonee noapodbHo cm. B [22], [55], [56], [62]—[64].

[TpumeyaHwune— [Ona kanmbpoBKM KAk METOAOM CPABHEHUS, TAK U METOAOM B3AaUMHOCTU MOXXHO UCMONb30BAaTb
TEXHONOINMIO CNEKTPOMETPUN BPEMEHHbIX 3aaepek. bonee noapobrHo cm. B [22], [56]. OgHako ansa kannbpoBOK METOAOM
CpaBHEHUs1 HEODBXOAMMO MMETb ONOPHbLIV rMAPOMROH C N3BECTHOW YACTOTHOW XapakTeEPUCTUKOW B BUAE HEnpepbiBHOW
DOYHKUMKN HaCTOThI.

H.4 lNMpoueaoypa namepeHnn npu KanmopoBKax MeToaomMm B3aUMHOCTMH

KannbpoBka MeToA40OM B3aMMHOCTK TPebyeT NCNoNb30BaHUS AOCTATOYHO CNOXHOW U3MEPUTENBHON YCTAHOBKU U
crneymanbHbiX NpnbdopoB. B 0COBEHHOCTU 3TO OTHOCUTCH K LUMPOKONONOCHOM MOCTOBOM CXemMe, KoTopasi obecnevmBaeT
pasgeneHne na3nyvyaemoro n NPUeMHOro CUrHarnoB, a Takke K Harpy3ke, 3KBUBarneHTHOW LWMPOKOMONMOCHOMY M3ny4arenio.
BMeCcTO 3KBUBANEHTHOW HArpy3ku MOXHO UCMONb30BaTb BTOPOU MOAEHTUYHBIN n3nydarens. [logpobHee cm. B [22], [56].
HeonpeneneHHOCTb pe3ynbTaToB KANMBPOBKU NPU COBMECTHOM MCNONb30BaHUN MeTOA40B B3anmMHocTn n CB3 B gnana-
30He vacTtoT oT 2 Ao 15 MI'u He npeBbiwaet 10 %. Huxe 2 MI'u v Bbiwe 15 Ml L HeonpeaeneHHOCTb BO3pacTaeT MNpu-
bnnantensHo go 20 %, 4TO B NepByto oYepeb CBA3AHO C YMEHbLUEHNEM OTHOLWWEHUS CUTHanN/LWyMm.

H.5 OrpaHun4eHunsn

OCHOBHO€ orpaHn4veHne npumeHeHnst metoga CB3 cBA3aHO € NpeanonoXeHunem, YTo cpega pacnpocTpaHeHus
ABMAETCH HepaccemBawwen. Ho 310 HE UMEEeT Kakoro-nnbo aHaveHus, eCrnv KanMbpoBKY NPOBOAAT B AEra3npoBaHHOW U

OENOHU3NPOBAHHOWN BOAE.
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MpunoxeHnwue |
(cnpaBo4HOe€)

OnpeaeneHue pa3oBbIX XapakTepUCTUK rmapodoHOB

.1 KpaTtknn ob30p

N3amepeHnsi BbICOKOYACTOTHBLIX MU NCKaXEHHbIX (M3-3a HENTMHEWHOCTM) BONTHOBbLIX POPM HaCTO 3aTpyaAHEHbI BCNe-
OCTBUE HEMAEeanbHOCTU XapaKTEepPUCTUKU npeobpasoBaHusa ncnonblyemoro rnapodoHa. [lpaBunbHble pe3ynbTaThl
MOXHO NOMNy4YnTb NPy 06paTHOW CBEPTKE U3MEPEHHbLIX BONMHOBLIX hOPM, UCMONB3YS NPU 3TOM KOMMITIEKCHOE 3Ha4YeHne
dyHKUMKM NpeobpazoBaHns ornbatoen YactoTHyo obnactb (cm. MOK62127-1). B gononHeHne K amnnnTygHOW YyBCTBU-
TENBHOCTUN rMAPo¢oHa, N3MEPAEMON B NMpoLiecce ero KannbpoBkK, aTa npoueaypa Tpebyet onpegeneHns n pasoBou
YYBCTBUTENBHOCTU. B 3TOM NpunoXeHun paccMoTpPEHbl COBPEMEHHBIE METOAbLI onpegeneHns hasoBon XapakTepPUCTUKN
rmapodQoHOB.

B obwem cny4vae Kak HYyBCTBUTENbHOCTb rmapodoHa Ha KOHUe Kabena noa Harpy3koW, Tak U YyBCTBUTES b-
HOCTb XOJIOCTOro Xo4a Ha KOHLUe Kabenda rmgpodoHa sABNAITCH KOMMNNEKCHbIMU BENTUYNHAMW, KOTOPbIE MOXXHO Bblpa-
3UTb amMnNnTyaon v dazon. AMNNuTyay onpeaensitot npu kanmdposke rmapodoHa JaBHO M3BECTHLIMU METOAAaMU
KannbpoBKK (CM., HANpUMepP, pasaen 5 HacToswero ctavgapra). Onpegenenne gasbl TPebyeT, BO-NepBbIX, KOFEPEHTHON
BbIDOPKM 3HAYEHUW aMNNUTyadbl U a3kl B NpoLecce U3AMEPEHUN, U, BO-BTOPLIX, HANU4nsi 3TanoHa gasbl C NMNoOCKOW Unw,
N0 MEHbLIEN Mepe, XOPOLWO U3BECTHOW (PA30BOW XaAPaAKTEPUCTUKON, OTKANMDPOBAHHOIO MepBUYHbIM (aDCOMIOTHLIM)
METOAOM NN PA30BAA XapakTepPUCTUKA KOTOPOro N3BECTHA 3apaHee.

[TpunmedyaHune— «AbcontoTHasy KannbpoBKa No draze CONPOBOXAAETCH PAAOM TPYAHOCTEN TEXHUYECKOTO Xa-
pakTepa un He CTONb Heobxoanma B BonbLlIMHCTBE cny4vaes. [1log «abcontoTHOW» 34eCb NOAPa3yMeBatOT KanubpoBKY «MNo
3TaNOHHOMY UCTOYHUKY C ngearnbHO NIOCKOU Pa3oBON XapaKTEPUCTUKONY.

Insa onpegenenna a3oBOW XapakTEPUCTUKU rMAPO¢OHOB MOXHO NPUMEHNUTb YCTAHOBKMU ANA KannbpoBKKU MO
aMmnnuTyae, ecnm obecneunTb X BO3MOXHOCTBIO KOrepeHTHOro npuema. OgHako pasosble namepeHunst bonee YyBCTBU-
TE€INbHbI K UBMEHEHUIO YCITOBUIN OKPYXatoLWen cpefibl U K TOYHOCTU YCTAHOBKN PACCTOAHUSA MeXAy rmapogoHOM 1 Npeodb-
paszosartenem. Ha vacrtote 20 Ml 4 nameHeHne temnepatypsl Bogbl Ha 10 MK npnBoguT K U3MEHEHUIO (Pa3bl, paBHOMY
10°, Ha gnnHe 100 mm. B CBA3KM € TEM YTO TEMMEPATYPY BOAbl HE yAAeTCA nogaepXXmBaTtb NOCTOAHHOW B 3TOM AnanasoHe
OUTENbHOE BpeMsl, TpebyeTcsl, YTobbl BCE U3MEPEHUA NPOAOIIKANMUCL HE Bonee HEeCKONbKNX cekyHA. [ToTovevHas npo-
Leaypa cbopa gaHHbIX, NCNONb3yemMas, HanpumMmep, B METOAAX B3AUMHOCTU UIMN ONMTUYECKON MHTEPDEPOMETPUN, HENPU-
rogHa n3-3a bonbLWON ANUTENBHOCTU KXA0Io UMKNa namepeHunn. Crneayer y4ecTb TakkKe, YTo cMmeweHne rmnapodoHa Ha
2 MKM BAOJb OCU pacnpocTpaHeHns BOMHbI NPUBOANT K U3MEHEHUIO pasbl, paBHomMy 10°, Ha 20 Ml u, uto nogreepxpgaer
XKECTKOCTb TPEDOBAHUN K TOYHOCTU YCTAHOBKU rmapodoHa.

Hwxe paccMOTPEHbl TP METOAUKU, YCNELWHO NPUMEHAEMbIE AN KannbpoBKM No dpaze B pasnnyHbiX naboparopu-
Ax. 3noxeHbl NpuUHUMNBLI paboTbl COOTBETCTBYIOLWMX YCTAHOBOK C pe3ynbTataMm naMmepeHnn, NnpuBeaeHbl orpaHn4YeHns
NX MPUMEHEHMUS, @ TAKXKE NCTOYHUKN HEOMNPEeaEeNeHHOCTU pPe3yNbTaToB N3MEPEHUN.

.2 MeToAa cnekTpoMeTpMN KOTrepeHTHbIX BPeMeHHbIX 3aaepxek

1.2.1 TpvHumnn paboTbl

B meToae cnekTpoMeTpumn BPEMEHHbIX 3afepPKeEK Ans obecneveHnst ycrnoBmn cBo6O0AHOro nons BO BPpEMS Kanmob-
POBKM UCNOMBb3YIOT KOHEYHOE BPEMS pacnpoCcTpaHeHns yrbTpa3ByKa B cpeae [56], [62], [63], [68]. Manyvaemas npeobpa-
30BaTeNneM BOIHA gaBneHus gocturaet rugpodoHa vepes Kakon-nmbo npomMexyTok BPpEMEHU, 3a KOTOPbIN MTHOBEHHOE
3HAYEHNE 4YacTOTbl NPUHUMAEMOrO rMapPoPOHOM cUrHana CMeLWaeTcss OTHOCUTENBHO YacTOTbl HANPSXKEHUS BO3byxae-

HUSA, NPUKNaabIBaeMoro K npeobpasoBaTento BO BpeMsi KavaHust (pasBepTku) 4acToTel Mexay o, U fo a

tar top’ H

\ = 'stop ~Istart 1 (1.1)
fs c

rae to — BpPEMS pasBepTKM (KavaHWs 4acToTbl);

[ — paccTosiHne mexay rmnapodoHOM n npeobpasoBaTenem;
C — CKOPOCTb 3BYyKa B cpeae (0bbIvHO BOAE).

Ecnv ans reHepmpoBaHmsa HanpsixeHus1 BO30yXaeHnsa v Ans npuemMma curHana ¢ Bbixoga rugpo¢goHa ncrnonbayioT
aHann3aTop, KOTOPbIK MOXET paboTaTb B HAaCTOTHOM NPOMEXYTKE MEXAY 3TUMN ABYMS CUTHANaMmn, TO C NOMOLLbIO Y3KO-
NONOCHOro hnnbTpa MPOMEXYTOHYHOW YacTOThl BbIOMPAaOT ANMHY pacnpocTpaHeHus akyctudeckoro curHana. Ecnm vac-
TOTa CMELWEeHUs] yCTaHOBNEeHa PaBHOM A, TO MOXHO BblAENUTb MPAMOW CUIHaN OT manydartens K rmapodgoHy wm
OTCTPOUTBLCH OT CUTHANOB, OTPAaXXeHHbIX OT CTEeHOK Daka.

[lpn peannaaunm KOrepeHTHOro Npuema arns reHepupoBaHns U NPUemMa CUrHarnoB UCMOMNb3YIOT CETEBOW aHaNm3a-
Top. PukcnpoBaHHOEe HA30BOE OTHOLWEHUE MEXAY U3Ny4YaeMmbiM U NMPUHUMAEMbIM CUTHaANoOM obecneymBaeTcsi CXeMOW
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retepoguHa ¢ OTAENbHLIM CMECUTENEM U CXEMOW CUHXPOHM3aUUK [reTepoaAuHHbLIA MeTod, CNeKTPOMETPUN BPEMEHHbIX
3agepxek — [CB3 (Ha aHrnmnckom sa3blike — HTDS)] [69]. CeTeBOoU aHanu3aTop paboTaeT B peXxuMme caBura 4actoThbl
reHepaTopa go 50 Ml'u. Apyron cMecutenb 0becne4vmBaeT curHan Bo3byxaeHust npeobpasoBartens. [1pn ogUMHaKOBOM
BO30Y>KOEHWU BbINOJIHAKT ABa USMEPEHUS: NepBoe C ONOPHbLIM TMAPOGPOHOM, a BTOpoe — ¢ KannbpyembiM. B pe3ynbTa-
Te CpaBHEHWA pPe3ynbTaToB 3TUX U3MEPEHUIN NONYYaT YaCTOTHYID XapaKTepPUCTUKY YYBCTBUTENBHOCTU NMMAPOMOHA.

Hpyron cnocod OTCTPOUKU OT HEXenaTenbHbIX CUTHAN0B OCHOBAH Ha UCNOMNb30BAaHUKU HE YAaCTOTHON, @ BPEMEHHON
obnacTtu, T. €. pasnNIUYHOro BPeMeHU pacnpoctpaHeHuns curdanos [39], [69]. CHavyana onpeaensioT YacTOTHYH 3aBUCK-
MOCTb KaHana nepegadu cMcteMbl npeodpasoBatenbL-ruapo¢PoH Npu HenpepbiBHO YBENMUUYMBAKOLLENCH YAaCcTOTE BO30YX-
neHus ot fg. . A0 fStop. 3aTteM C NomMoLLbio obpaTtHOro npeobpasoBaHua Pypbe NepeBOAAT YAaCTOTHYK 3aBUCUMOCTL
NonNy4eHHOro CUrHana Bo BPpeMeHHylo obnacTtb. B pesynbTtaTte Takon ob6paboTku NpaMon U oTpaXXeHHble cUrHansl byayT
NPeacTaBEHbl Ha LLKAne BpeMeHHn, Kaxablii CO CBOUM BPEMEHEM pacnpocTpaHeHus. 3aTemM ycTtaHaBnmealoT CTPoO B
COOTBETCTBUMU C BpEeMeHEM pacnpocTpaHeHUs NpsMoro curHana t’ = //c n ybupaiot HexxenaTtenbHble cUrHanbi.

.2.2 PesynbTathl

KorepeHTHbI MeTog CB3 MOXHO nNpUMeHsITL Npu Kanubpoeke no dase niobbix ruapocdoHoB. Ha pucyHke 1.1
NnoKasaHbl pe3ynbTaTbl UBMEPEHUA 3TUM MEeTOAOM a3kl ABYX MeMbpaHHbIX rMAPOMOHOB U3 NNEHKU TONWUHOU 25 MKM
C AMaMeTPOM aKTUBHOIO anemMeHTa 1 MM. MamMeHeHue pasbl BbI3BaHO BIIUSAHUEM pe3oHaHca No ToNwuHe MeMbpaHbl: Ans
oagHocnonHoro — Ha 40 My (HenpepbiBHas KpuBast), Ans AByXCNnouHoro — Ha 22 My (TouedHas kpueas).

[Tpunumed aHune— CymmapHas TonwuHa memopaHbl OMunammHapHoOro (4ByXCnoUHOro) ruapodoHa COCTaBnseT
50 MKM, a KonnaHapHoro (0AHOCNOUHOIO) — 25 MKM.

Arg(M), rpaaycel
20

10

0 2 4 6 8 10 12 14 16 18 20 22
Yactota, M U4

PucyHok |.1 — HyBCTBUTENBHOCTL XOTIOCTOrO Xoaa no ¢pase Ha KoHue kabena aByx MeMbpaHHbIX rmapodOHOB:
OAHOCIOWMHOro (HenpepbiBHaAa KpMBas) U ABYXCINOWHOro (TouyevyHas Kpueas)

|.2.3 HeonpeaneneHHOCTU pe3ynbTaToB U3MEPEHUN

HeonpegeneHHOCTU pe3ynbTaToB U3MEPEHUN 3aBUCAT OT MHOrMx napameTpoB. OgHako Hanbonee sHavYMMbIM N3
HUX ABNAETCA NOrpeLlHOCTb onpeaeneHua paccTtoaHusa mexay npeobpasosartenem n rmgpodgoHom. OHa onpegenseTca
rmaBHbIM 0BPA30M TOYHOCTLIO YCTAHOBKU rugpodoHa n hnykTtyauusimum TeMnepaTypbl B npouecce namepeHuin. B Tabnu-
ue |.1 npuBegeHbl 3HAa4YEeHUA pacLUMPEHHOU HeonpeaperneHHOCTU pe3ynbTaTtoB KannbpoBku ruapodgoHa 30HO0BOrO
TUNa.

Tadbnwua |.1— 3HaveHna HeonpeaeneHHOCTHU pe3ynbTaTtoB Kanmbpoeku no gase metogom ['CB3 3oHaoBOrO rua-
podroHa anameTtpom 0,2 MM (Npu aoBepUTENLHON BEPOATHOCTU 95 % n kosdduumeHTe oxBaTta kK = 2)

INwnana3soH vyactoTt, My HeonpepeneHHoOCTL, rpagychbl
2—5 15.9
H—12 8,8
12—20 13,0
20—30 19,1
30—40 25,0

MTpunmeyaHue— CylecTBEHHOCTbL abCoNOTHLIX 3HAaYEHUIA HeonpeaeneHHOCTH hasbl He NMOSTHOCTLIO AACHA A0
cux nop. lNpu onepaunm obpaTHON CBEPTKU CABWUI KaK MOCTOSIHHOW, TaK U YacTOTHO-3aBucuMon asbl He UMEET CMbICHNa, a
MHTEPECHO NULLb 3Ha4YeHWe OTKMOHEHUs1 «BTOPOro nopsiakay.
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|.2.4 OrpaHu4veHuUs

MeToabl, ocHOBaHHble Ha CB3, MoryT ObiTb NpuMeHeHbl Ansa pa3oBor Kanudposku NbbIX rMAPodoHOB. BaXHO
MCNONbL30BaTb NoAXoAALIUe nsnyyaTtenu, YTobbl nonyyntb TpebyemMoe oTHoLWeHUe curHan/lym. B ¢BA3KU C TeM YTO 3TO
BTOPUYHbLIA MeTOoa KanubpoBKU, TO ANSA NonyyYeHns abConTHLIX 3HA4YeHUA aMnnuTyabl U ha3bl HeO6XOAUM 3TANOHHLINA
pa30BbLIA NPUEMHUK.

.3 Annapartypa Ana KanmbpoBKU MO UMNYNbCY C MOMOLWbLIO ONTUYECKOro MHOrocrnomHoro ruapodgoHa

[.3.1 [NpuHuun paboTbl

MeTtoabl, ocHOBaHHble Ha CB3, obecneunBaloT onpeaeneHne ToNnbKO OTHOCUTENbHBIX 3Ha4YEHUN YYBCTBUTESTBHOC-
™V no ¢ase. [Ana nonyvyeHna abconioTHbIX 3HAYEHUN HEODXOAUMO UCNOSB3OBAaTL 3TaNoOHHbIN PAa30BbIN MPUEMHUK, KOTO-
Dbl KanubpoBaH abCcomnmiTHbIM MEeTOAOM Wnu dasa KOToporo wu3BectHa 3apaHee. ONTUYECKUA MHOMOCHOWHBLIN
rmaopooH UMeeT nageanbHO NNOCKYK YaCTOTHYIO 3aBUCUMOCTb YyBCTBUTENbHOCTU No amnnutyae [/70], u ecTb OCHOBa-
HUA nonaraTb, YTO YacTOTHaA 3aBUCUMOCTb ero pasoBou XapakTrepucTukm Toxe nnockad. [oatomy ero MOXXHO npume-
HUTb B KQ4Y€CTBE 3TaNOHHOro oa3zoBoro NpUeMHUKa.

OnTnyeckMm MHOroCronHbIN TMAPOMKPOH COCTOUT U3 CTEKNAHHOWN NMOASIOXKKWA, MOKPLITOU AU3NEKTPUYECKUMHN ONTHU-
yeckumu cnosamm [70]1—[72]. Otn cnoun popmMupyloT MUKpoUHTEepdepoMeTp, ONTUYecKaa oTpaxaTenbHaa cnocobHOCTb
KOTOPOro OYe€Hb YyBCTBUTESIbBHA K U3MEHEHUAM TONLWKUHBI U KO3 dULMEHTa ONTUYECKOro npenomneHnsa cnoes. [pu
nonagaHuv Ha rMAPO¢OH 3BYKOBOWU BOJTHbI 3BYKOBOE AaBrieHne AeopMUpYyeT CNou, MeHAA UX KOIPMULMEHT Npenom-
NeHua. 3T NSMEHEHUA JNIerko U3MepuTb Ha NPOCTON YCTaHOBKe, cocTodllen u3 He-Ne-nasepa, AByX NIMH3 N poToaAETEK-
Topa. [oanoXKy yctaHaBnUBAKOT NO OTHOLUEHUID K Nydy Tak, 4ToObl A0OMNTLCA ONTUYECKOro pe3oHaHca, Npu KOTOpPOM
ONHA BOJHbI, COOTBETCTBYIOLWAA paboyen vacTtore npMemMHuKa, paBHa AJIMHe BOIMHbI NlasepHoro mnanydveHua. Ms-3a
KOHEYHOU TOSLLUHbBI CTEKINAHHOW NOAJOXKN aKyCTUYECKUE OTPpaXKeHUs OT ee 3aflHEN NOBEPXHOCTU OKa3blBalOTCH BHE NpPO-
MEXYTKa BpeMeHn, Heobxoanmoro ana nsmepeHumn, n 3To NO3BOSNAET UCTMONb30BaTh MPUEMHUK NMPU NSMEPEHUSAX KOPOT-
KWX UMNYJ1bCOB.

OnTUYyeckun MHOrOCINOMHBIM TMAPOMOH NPUHUMAET KOPOTKUE UMNYINBChl 3BYKOBOU BOJIHbI C HENMMMHENHBIMU UCKa-
XEHUAMU, nany4vaemble (POoKycupyiolMM npeodbpasoBaTenem, Bo3dyKaaemMbiM reHepartopoM UMNynecoB. BeixoaHoe
HanpsaXeHne Ha poToaeTeKkTope NpPonopLUMOHanbHO 3BYKOBOMY AaBSIEHUIO, 3TOT CUrHaN MOXHO noaaTtb Ha UuMdpOBOW
ocuunnorpad U coxpaHutb B KOMMNbloTepe. [ocne obpaboTku B KOMNbIOTEPE C NOMOLLBIO ObICTPOro npeobpasoBaHus
Dypbe MOXHO NONMy4YUTh YaCTOTHBIM CNEKTP N3MEPEHHOro curHana. lamepeHua noBTOPSAIIOT NPU pasnuyHbIX YCNOBUAX
cornacoBsaHusa npeobpasoBaTtensa ¢ reHepaTtopoM, HEMHOIo CMeLLasl OCHOBHYIO 4YacToTy U rapMoOHUYEeCKUe COCTaBIAlo-
LLiIMEe UMNYIIBLCOB, YTOObLI NEPEKPLITL BECH YACTOTHLIM ANanasoH U3MepeHUun CUrHanom AoCcTatouHoU MmolHocTU. Cneayer
3aMeTUTb, YTO KaKk OCHOBHaf 4acToTa, Tak U €e rapMOHUKU ABMNAIOTCA He Y3KOMNOJIOCHBIMU NIMHUAMMU B CNEKTPe, a A0CTa-
TOYHO LUMPOKOMOSTIOCHBIMU KOMIMOHEHTaMMU CO MHOXECTBOM CNeKTparibHbIX COCTaBNAKLLUX. HaCTOTHYK XapaKTepucTuky
YYBCTBUTENBHOCTU rmapogQroHa no ¢ase MOXHO Nony4YuTe U3 ABYX USMEPEHUN, B NEPBOM U3 KOTOPbLIX y4acTBYET ONTU-
4YeCKUU ruapodoH B Ka4yecTBe ONOPHOro, a BO BTOPOM — Kanubpyembsiv ruapodgoH.

|.3.2 PesynbTtarthl

B kadvecTBe npumepa Ha pyUcyHKe |.2 nokasaHbl pasoBasd Xapakrepuctuka 3oHA0BOro ruapodpoHa AMamMeTpom
0,2 MM, namepeHHas Ha pacCMOTPEHHOU BbiLLE UMMYIbCHOWU YCTAHOBKE C MOMOLLbIO ONTUYECKOro MHOrOCNOUHOro ruapo-
doHa (HenpepbiBHasA KpuBas). [lna cpaBHEeHUA HA 3TOM XXe PUCYHKe TOYEeYHOU KPUBOM NOKa3aHbl pe3ynbTaTtbl USMEPEeHUNn

TOro ke camoro ruapodona metogom [CB3 ¢ ncnonbzoBaHMem Toro xe camoro onopHoro ruapodgoHa.

Arg(M), rpaaycel
100

50
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PucyHok |.2 — YyBCTBUTENBHOCTb XONOCTOro XoAa no ¢gase Ha KoHLUe Kabensa MemopaHHOro ruapodoHa ¢ akTUBHbIM 311€-
MeHTOM 0,2 MM, n3MepeHHaa MMNynbCHBIM METOAOM (HenpepbiBHaA Kkpuead) u metogom [ CB3 (TouyeuHasa KpuBasn)

.3.3 HeonpeneneHHOCTH
[Tpouenypa o0paboTku pe3ynbTaToB ¢ NOMOLLLIO BbiCTPOro npeobtpasoBaHua Pypbe 3aTpyaHAET OLEeHKY Heonpe-
AeneHHOCTU pe3ynbTaToB KannbpoBKKU U3-3a TOro, YTO nNpoueaypa BbliUCNEHUA MackKupyeT BIMUAHUE MHOMUX UCTOYHU-
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KOB 3TOM HeonpeaeneHHocTn. OgHako OCHOBHOW BKag B 3Ty HeonpeaeneHHoCTb gaer, kak u B metoge CB3,
HETOYHOCTb ONPeaeneHus paccTossHUA MexXxay npeobpasoBatenem n rmnapodoHoM. 3HAYEHNS HEONPEAENTEHHOCTU HE
CITULLKOM OTNMYarTes OT AaHHbiX Tabnuubl 1.1, JInHenHble cocTaBnsaowme asoBOW XapaKTEPUCTUKN (XOTH OHU U He

noanexar npouegype obpaTtHON CBEPTKN) MOXHO MUHUMU3UPOBATL C NOMOLLbIO B3aUMHO-KOPPENSLMOHHOW 06paboT-
Ku [72].

[TpnmMmedaHune— O sHavYeHUsIX HeonpeaereHHOCTU dasbl CM. NpumedaHme K |.2.3.

.3.4 OrpaHun4eHus

N3-3a KOHEYHOW TOMNWMWHbI CTEKNAHHOW MNOANIOXKN ONTUYECKOro0 MHOTOCNMOMHOro rmapodoHa OH MOXeT DbiTb
NCNONb30BaH ANA U3AMEPEHNN KOPOTKUX UMIMYTIbCOB aKyCTUYECKOro Nons. IT0 onpegensieT HUXKHIOK rpPaHnuy YacTOTHOIO
ananasoHa takoro rmgpodona 3HaveHunsamm okono 500 klMy. Ans nonyveHns goCcTaTovHO BbICOKUX YacTOT, HE0DX0aN-
MbIX 4118 onepaunm obpaTtHonM CBEPTKU, TPEbyeTCsH CUNTbHO CHOKYCUMPOBAHHOE NOSE UMMYITbCOB C HENTMHENHBIMU UCKaXEe-
HUSIMW, YTO OrpaHnYMBaeT pas3Mep akTUBHOMO anemeHTa rnapodoHOoB, AMamMeTp KOTOpPOro AomkeH ObiTb MeHbLlue
0,5 mm. OgHako B coveTaHun ¢ metogom [ CB3 meToa KannbpoBKU No nMnynbcy obecnevumBaeT BECb CMNEKTP YCIyr no
KanmbpoBKe Kak Nbe303NEKTPUHECKMX, TaK U ONTUHECKUX rnapo OHOB.

.4 MopenvpoBaHne HENMMHENHOro pacnpoCcTpPaHeHNa UMNYJILCOB

1.4.1 MpuHumn paboThbl

B ycTaHOBKaXx, paccMOTPEHHbIX B pasgenax .2 v 1.3, kannbpoBky no dase OCyWeCTBNAT CPAaBHEHNEM C 3TAITOH-
HbIM (UK OMOPHBLIM) TMAPOPOHOM. ANbTEPHATUBON 3TOMY MOXET ObiTb UCMOMNBb30BAHNE 3BYKOBOIO MNOSMS B KAYECTBE
OMNOPHOIo Nons ¢ N3BECTHLIMU NapaMmeTpamMu, BblMUCNAEMbIMU TeopeTudeckn. OgHaKo B 3TOM criydae cnegyert yoeanTb-
CS1, YUTO SKCMEPUMEHTAlIbHOE 3BYKOBOE NONE COBMNagaeT C ero TeopeTndecknm npeacraBineHunemMm.

OaHON M3 BO3MOXHbLIX peanu3auun 3Toro noaxoaa SABNSETCH UCnornb3oBaHne sd@eKkrta HENMMHENHOIO Pacrnpoc-
TPpaHeHUs UMNynNbCHOW BONHbI [73]. [peobpasoBaTenb B BUAE OANHOYHOIO 3NIEMEHTA rEHEPUPYET MNOJIE KOPOTKUX aKyCTU-
YECKUX UMIMYIbCOB, (POKYCUPOBAHHOE Ha OTAANEeHHOM paccTosAHun. B pesynbrarte HENMHEWHOIO pacnpoCTpaHEHUs B
CUrHane obpasyeTcsi HECKOITbKO rapMOHUYECKUX COCTaBIMAIOLWMX C onpeaeneHHon ha3zoBov 3aBUCUMOCTBIO OT OCHOBHOW
4acTOTbl, N 3Ta 3aBUCUMOCTb MOXET DbITb paccHuTaHa n3 TeopeTuHeckux npeacrasBneHmnn. Ecnm nameputb OTHOCUTENb-
Hble Pa3bl TAPMOHUK U CPaBHUTb Pe3ynbTaTbl 3TUX U3MEPEHUN C TEOPETUYECKOU MOAEeNbly, TO MOXHO MNONMYYUTH
dra30-4aCTOTHYIO XapakTEPUCTUKY N3MEPUTENBHOW CUCTEMbBI B LLENOM (HEe TONbKO 0AHOro rmapodoHa).

|.4.2 OrpaHnyenHuns

YCcTaHOBKa C UCMNOJNIb30BAHUEM HEJNTMHEWHOro pacnpocTpaHeHns MMMNyIbCHbIX CUrHaroB MNO3BOSISAET MONy4YUTb
ha3oBYI0 XapakTepPUCTUKY N3AMEPUTENBHOIO Tpakta B uenom. [1pn atom pasoBylo XapakTepUCTUKy rmgpo¢gproHa MOXHO
BbIYMCNUTL NNLLBb B TOM Clny4ae, eCrnv N3BeCTHbl Pa30Bble XapaKTEPUCTUKUN BCEX OCTalbHbIX 3NTEMEHTOB NU3MEPUTENBHO-
ro Tpakra. PEKOMEHAYETCA UCMNOSb30BaTh TaKyld MOAEsb PacCrnpoCTPaHEHNA aKyCTUYECKOro curHana, 4OCTOBEPHOCTL
KOTOPOW MOXHO NOATBEPANTL COOTBETCTBUEM C TEM pearnbHbIM NOMNEM, B KOTOPOE YCTAHOBNEH rMAPoO¢ OH.
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MpnnoxeHnwve J
(cnpaBo4HOe€)

MakcuManbHbIN pa3Mep aKTUBHOTO 3feMeHTa rugpodgoHa

J.1 MakcumanbHbIN pa3mep rmnapodoHa ona namepeHnn B onnxkHem none (Npu yctaHoBke rmapodoHa
no BapuaHTty A, cMm. npunoxeHue G)

Ecnv rmapodoH yctaHoBneH B BrivkKHEM none no Bapuanty A npunoxeHns G, TO ero MakCumarnbHbIM pagnyc
OrpaHNYEeH TONbKO pagnycom Ton ob6nacTu nons OKono ocu npeobpasoBaTens, KOToOpas UCMONb3YEeTCHA B COOTBETCTBUN
¢ G.4.1. OgHako ecnu nNpu peKoOMeHAYEMON NPOBEPKE NONEPEYHOIo cMmeLweHns rmapodoHa obHapyXeHbl 3MEHEHUSA
aMnnnTyabl curHana Ha Bbixoge ruapodoHa, 70 OHM AOIKHbI BbITb MeHbLWe £ 1 Ab npu nepemelweHnn rnpgpodoHa Ha
paccTosHueE OT OcK, paBHoe adcpeKTMBHOMY paanycy rmgpodoHa, BO BCEX MONEPEYHbIX HanpaBneHusX.

J.2 MakcunmanbHbIN pa3mep rmapodoHa ona namepeHnn B AanbHeM none (npu ycrtaHoBke rngpodgoHa
no sBapuwaHTty B, cMm. npunoxenne G)

Ha ocHOBaHMM NpeanonoXeHnsi 0 NIMHEMHOM PacnpoCcTPaHEHMN B AaNibHEM NOJie, reHEPUPYEMOM MITOCKUM KPYT-
NbIM NOPLHEBLIM NpeobpasoBarenem, MOXHO AaTh CNeayloLlWyo OUEHKY AN MakCuManbHOro pagmyca rmapodoHas:

_ ¢z (J.1)
max Sfa,

a

[TpumevyaHwms
2 -
1 OTa opmyna To4YHa TONbKO Npu z >> a; n z << 20 fat /c (cm. [2]), HO BNONHE NpUMeEHNMa AN U3MEPEHUN, pac-

CMaTpuUBaeMbIX B 3TOM noapasaene.
2 B [2] TeopeTnyeckn ob6oOCHOBaHa npoueaypa BBEAEHUS MONPaBKN AN NONy4YeHUs AeNCTBUTENBHOIO 3Ha4YEeHUS
aMmnnuTyapl A4aBNeHusl, CornacHo KOTOPOU N3MEPEHHOE 3HaYEHNe aMNNnTYAbl AaBNeHnsa ymHoXatT Ha (1 +6, ), rae o,

— 2
BbIYMCIIAIOT U3 Bblpaxenus 6, = [ra/(16a__ )]-c a_ . , nony4aembiM u3 BblipaxeHnus (J.1). Ho 970 npuMeHnMOo TOMbKO TOr-
aa, korga rmapodpoH OpneHTUpPOBaH B ONOPHOM HanpasliEHUW, T. €. KOrga NoBePXHOCTb €ro aKkTUBHOIO 3NeMeHTa nep-
NEHANKYNSAPHA OCKU Ny4Ka.

3 Bobipaxenune (J.1) npumeHnmo n B cny4vae yctaHoBku rmgpodoHa no sapmanty D (cm. npunoxexHue G).

J.3 MakcvumanbHbIn pasmep rnapodoHa Ana naMmepeHun B garibHeM rnone Ha 6onbLOM PacCTOAHUM ANA
NONYy4YeHNA HEeJIMHEeNHbLIX NCKaXeHUN (Npn ycTaHoBKe rmgpodgoHa no BapunaHTty C, cM. npunoxeHwve G)

BonHoBas dhopma curHana B TOM TOYKE MO, KOTOPYIO UCNONBb3YIOT NPU CITIMYEHNAX Pa3fINYHbIX METOL40B, COAEP-
XUT MHOXXECTBO rapMOHUYECKUX COCTaBNAIOLLMX OCHOBHOM YacToThl. [ 1pocTpaHCTBEHHOE pacnpeaeneHne aasneHuns ans
KaXXgon n3 STUX rapMOoHUK OOJHKHO BbiTb 4OCTATOYHO WWMPOKUM, YTODbI NPOCTPAHCTBEHHOE yCpeaHEHNE JaBITIEHUSA Ha
rmapodoHe He OKa3bIBaNo CyLWeCTBEHHOIO BNUSIHUS HA TOYHOCTL €ro Kannbposku. [pu npaBunsHOM BbIbope anameTtpa
npeobpasoBaTtens u paccTossHns 4o rmapodgoHa MOXHO 40BN TLCA 4OCTOBEPHON annpoKcumMmaLunum ycnoBUKW NI1OCKON BOJT-
Hbl HA 3PPEKTUBHON NPUEMHOWN anepType rmapodoHa.

B cBA3K C TEM, YTO NPV YBENMUYEHUN HOMEPA FAPMOHUKU LWUMPUHA NyYKaA NOCTENEHHO YMEHbLLAETCH, OCOBEHHO
BaXXHO y4nUTbIBaTh 3PPEKT NPOCTPAaHCTBEHHOIO YCPEAHEHUSI HA BEPXHEW rpaHule f, 4acToTHOro AnanasoHa rngpodo-
Ha. BnnsaHune s ekra npoCcTpPaHCTBEHHOIO yCpeaAHEHNA MOXHO OLEHUTL MO LWMPUHE NyYKa 455 CaMON BbICOKON YacTOT-

HOW COCTaBNAKOWEN, NCNONb3YA NapamMeTp v, 3a4aBaeMblV BblpaXXeHNeEM

'}/_

LUMpWHa NMy4YKa Ha ypoBHe MUHYC 6 Ab ansa coctaenstwoLen f,, (J.2)
3PP EKTUBHBIN ANaMeTp rnapodoHa |

[TpumevyaHwms

1 B 9TOM BblpaXeHnn Ppurypmpyrot N3aMepeHHble 3Ha4YEeHNUS WNPUHBLI NyYKa, npu v > 2 OHU NPUMEPHO paBHbI
OENCTBUTENBHBLIM 3Ha4YeHusaM. [lpn v = 2 nonpaBka Ha NPOCTPaHCTBEHHOE ycpeaHeHne cocTtaBnseTt okono 7,5 %. [pw
v > 3 MNOrPELWHOCTb, CBA3aHHAsA C NPOCTPAHCTBEHHBLIM YCPEAHEHUEM, HE MPEBLICUT 3,5 %. [Ans TOro 4tobbl CHM3NTBL 40NYyC-
TUMYIO NOrpeLwwHocTb A0 2 %, Heobxoanmo, 4Tobb! v > 4 [74].

2 MakcumanbHbii pagavyc rmapod)oHa pekoMeHayeTcs onpeaenaTb W3 Bblpaxenwus: a_ . = cz/(8fay). [lpu

Z=a f f/c 3TO COOTBETCTBYET v = 2,8.

MoXXHO onpeaennTb YCroBUsi, orpaHnvnBatoLlne npeaenbHbie 3Ha4veHns achdekTa NPoCTPaHCTBEHHOIO yepeaHe-
HUS PEKOMEHAOBAHHbLIM YPOBHEM. [lNs1 3TOro cneayer AonNyCcTuUTb ABa NPeaAnonoOXeHUs:
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- WWMPKWHA NMyYKa HA OCHOBHOW YacTOTE UCKAXEHHOro MMMynbCa, UCNOMb3yeMOro nNpyv nNpoBeaeHUn CIrINYEHUH,
naeHTU4YHa Ton, KotTopas bbina obl NPy NMMHENHOM PacnpoCTPaHEHUU BOMHbI.

[Tpnmedvadnwune—Ilpn NnoCTENEHHOM YBENNYEHUN 3HAYEHUN G MPOCTPaAHCTBEHHOE pacnpeneneHne gasrneHus
N3MEHSAETCSH, YTO NPUBOANT K pacLlLUMpeHUto NpodOuns nyyka gnsa kaxgom rapmoHukm [36]. [Nostomy npegnaraembiv aHanums
npeacrtaenseTr Hanxyawmmn BapuaHT ¢ TOYKU 3pEeHUs OUEHKN NOrpeLLHOCTH,

- WWMPUHA NyYKa Ans Kaxgon 3 rapMoHUYECKMX COCTaBNSAIWMNX MOXET BbITb NpeacTaBneHa B Buae wf/n‘z, roe
W, — WM PWHA Ny4Ka AN OCHOBHOW YacTOoTbl, @ N1 — HOMEep rapMOHUYECKOWN cocTaBnstowen [73].

Ecnu f;— ocHOBHasi YacToTa BO3DYXAeHWs curHana, UCNonb3oBaHHas Ans NONy4YeHnsi HENMMHENHbIX NCKaXXeHWHN, a
f,, — BEPXHSASA rpaHuLa 4acToOTHOrO AnanasoHa ruapodoHa npu ero kKanubposke, To, Npeanonaras uanyvatens naearb-
HbIM NMOCKUM MOPLUHEBbLIM, MOXHO MOMY4YNTh Bblpa)XeHne Anst MMHMMarnbHOro paccTosiHus Z, . Mexay npeobpasoBaTe-
nem un rngpodoHom, Tpebyemoe ans Toro, 4Tobbl BNUSHME NPOCTPAHCTBEHHOIO YCPEAHEHUS HE MPEBbLIWAnNo
PEKOMEHAYEMOro NpeaernbHOro ypoBHs. BeipaxeHue gns z BEpHOE A BoNblKNX 3HA4YEHUN Ka;, MOXXHO NPeacTaBUTb
B BUAe

min’

z... =0,451ya, ka, ];“ (J-3)
f
rae a, — 9PeKTUBHbIN pagnyc rnapodoHa;
k = 2nf,/c — BOINHOBOE YNCIO;
a, — SPPEKTNBHbIN paanyc ynbTpasByKoOBOro npeobpasosarernisi.

OTO BbIPpaXXeHne MOXHO UCNOoNb30BaTbh AN BblYUCIIEHUSA NMPUBNMUN3NTENBHbBLIX 3HAYEHUN Z
HEWHbIX UCKaXXEHNWN MPUMEHNMbI U MEHbLLNE PaCCTOSHUA.

[Tpn ncnone3oBaHum BapuaHTa bC (cMm. npunoxexHune G) crnegyeT uccnegoBaTtb COAEpKaHMe YaCTOTHbLIX COCTaBIMSA-
O LLMX BONHOBOW POPMbI CUrHarna npuv pasfnyHbiX PACCTOSHMUSAX OT OCK NyYKa ANd TOro, 4tobbl ybegnTecs B NpaBUITbHOM
npeacTaBneHnn 0 Xapakrepe npocTpaHCTBEHHOIO pacrnpeaeneHns JaBreHus.

min? Nnpn HaliIndynn Hesrn-

[TpumeyaHwue—YpaBHeHue (J.3) MOXET ObITb NPUMEHEHO N ANS ap, ONPeaensitoWero MakCuMmanbHoOe 3HaYe-
HMe paguyca rngpodoHa Ha KakoM-NMbo 3aaHHOM PaCCTOAHUN Z.
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Mpnnoxenvne OA
(cnpaBo4HOe€)

CBegeHNA 0 COOTBETCTBUMU CCbINMOYHbIX MeXAYHapoOAHbIX CTAHAAPTOB CCbINMTOYHbIM
HauMoHanbHbLIM cTaHgapTaMm Poccunckou ®epgepauuum

Tadbnwuwua OA.1

OBo3Ha1vYeHNe CChITOYHOroO CTeneHb

Obo3HaYeHue 1 HaMMeHOBaHUe COOTBETCTBYHOLWEro HaunoOHaNnbHONo CtTaHgapTa
MEXXOYHAPOAHOIo CTaHAaapTa COOTBETCTBUA

MOK 60050-801:1994 — x
MOK 60565:2006 — *
MOK 61161:2006 IDT [OCT P M3OK 61161—2009 «locypgapcTBeHHas cuctema obecneyeHns

eANHCTBA namepeHnn. MoWwHOCTb yNbTPasByKa B XXUAgkocTax. Obwme Tpe-

boBaHMA K METOAMKAM BbINONHEHUA U3MEPEHUN B ANana3oHe 4acTtoT OT
0,5 po 25 MI'u»

MOK 61689:1996 IDT [OCT P 8.583—2001 «locypapcTBeHHas cucrema obecneveHuss eam-
HCTBa namepeHun. ObopyaoBaHne MEQNLIMHCKOE YyNbTPa3BYKOBOE Tepa-
neBTndeckoe. Obwpe TpeboBaHNA K METOAUKAM BbINONMHEHNA N3MEPEHUNA

napameTpoB aKyCTUYeCKOro BbiXoga B AuanasoHe yactotr ot 0,5 ao
5,0 MI'u»

MOK 61828:2006 — *

MOK 62127-1.2007 IDT [[OCT P M3K 62127-1—2009 «['ocygapcTBeHHasi cuctema obecneyeHms
eANHCTBA U3MepeHun. NapameTpbl nonen yneTpasBykoBbiX. Obwpe Tpe-
boBaHWA K METOAMKAM BbINMONHEHUS U3MEPEHUN N criocobam onnmcaHus No-
nev B YactotHomMm amanasoHe ot 0,5 no 40 MI u»

MOK 62127-3:2007 IDT [[OCT P MBK 62127-3—2010 «['ocygapcTBeHHasi cuctema obecneyeHms
eauHCTBa namepennn. ' mgpodorbl. ObWme TpebOBaAHUA K XapaKTEPUCTU-
KamMm Ans U3MEPEHUN yNbTPa3BYKOBbIX MOMeEN B YaCTOTHOM guanasoHe OT

0,5 no 40 MIuy

* COOTBETCTBYOLWMN HALUMOHANBbHBIN CTaHZapT OTCYyTCTBYET. 11O ero yrBepXxaeHns pekoMeHayeTCH UCMoNb30BaTh
nepeBoq Ha PYCCKNN A3bIK MEXAyHapoaHoro crangapra. [lepeeog gaHHOro MexayHapoaHoro crtaHgapra HaxoauTes B
PenepanbHOM MHAPOPMALUNOHHOM hoHaEe TEXHUYECKUX pernameHToB U CTaHOapTOB.

[TpwnmedaHune—BRacToawen Tabnuue ncnonb3oBaHO cneaywee yenoBHoe 0b603HaYeHNe CTENEHN COOT-
BETCTBUA CTAHOAPTOB:
- IDT — npeHTn4HbIE CTAHOAPTHI.
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