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roCT P MK 62127-2—2009
MpeancnoBue

Llenu 1 npuHUMnbl cTanHgapTusaumn B Poccuiickoit ®egepaumm yctaHoBneHbl defgepanbHbiM 3aKOHOM
0T 27 fekabps 2002 r. Ne 184-93 «O TeXHNYECKOM PErynupoBaHnny, a npasuna npuMeHeHns HauMoHanbHbIX
ctaHgapToB Poccuiickoin ®eaepaunm — FOCT P 1.0—2004 «CranpapTtusauumsa B Poccuiickoin Pegepauun.
OCHOBHbIE NOMNOXeHNA»

CBepeHus o ctaHgapTte

1 NOArOTOBIIEH BcepoCCUnCKUM Hay4YHO-UCCNea0BaTENIbCKUM MHCTUTYTOM (PU3MKO-TEXHUYECKMX 1
pagnoTexHU4eckux nsMmepeHuin PegepancHoOro areHTCTBa No TEXHUYECKOMY pPerynmpoBaHuio U MeTpororim
Ha ocHoBe COBCTBEHHOrO ayTEeHTUYHOrO NepeBoaa Ha PYCCKUA A3bIK MeXAyHapoaHoro ctaHaapTa, paspabo-
TaHHoro M3K/TK 87 «YnbTpassyk», ykazaHHOro B NyHKTe 4

2 BHECEH YnpasneHuem meTponorinm degepansHoro areHTCcTea no TeXHNYECKOMY peryiMpoBaHuto U
MeTponornm

3 YTBEPXIEH W BBEAEH B JENCTBWE Mpukasom deaepansHOro areHTcTsa no TexHu4yeckomy
perynuposaHuio 1 meTtpororumn oT 15 gekabps 2009 r. Ne 1041-cT

4 Hacrosiwun ctaHgapT MAeHTUHEH MexayHapoaHoMmy craHgapty MOK 62127-2:2007 «YnbTpa-
3Byk — MngpodpoHbl. YacTte 2: MeToabl kanMbpoBku 41 M3MepeHns ybTpasBYKOBbLIX MOMel Ha YacToTax 4o
40 Mrlu» (IEC 62127-2:2007 «Ultrasonics — Hydrophones — Part 2: Calibration for ultrasonic fields up to
40 MHz»)

HaumeHoBaHWe HacTosiLero ctaHgapTa UsMeHeHO OTHOCUTENbHO HanMeHOBaHWs yKasaHHOro Mexay-
HapoAHoro cTaHgapTa aAns npusegerHus B cootsetcTane ¢ FTOCT P 1.5—2004 (nyHkT 3.5).

Mpu nprMeHeHnn HacTosLWero cTaHgapTa PeKOMeHAYEeTCA NCNOMb30BaTk BMECTO CChINIOYHBIX MeXy-
HapoAHbIX CTaHAapTOB COOTBETCTBYIOLME MM HaUMoHanbHble cTaHaapTel Poccuiickon degepaunu, ceeae-
HUSA O KOTOPLIX MPYBEAEHbI B AONOMHUTENBHOM MpUNoxeHua A

5 BBEJEH BMNEPBbIE

UHpopmayua 06 usMeHeHUsIX K Hacmoswemy cmaHOapmy rybrnukyemcs 8 exe200HO uzdasaeMom
UHbopMayLoHHOM yKka3zamerne «HauyuoHarbHblie cmaH0apmbi», a mekcm U3MeHeHUl U rornpaeok — & exe-
MecCAYHO u3dasaeMbiX UHOPMaUUOHHbIX yKkazamensix «HayuoHanbHble cmaHOapmebi». B cnyyae nepe-
cMompa (3aMeHbl) Unu OMmMeHbl HacmosAwezo cmaHOapma coomeemcmsylowee ysedomneHue 6ydem
0nybruKo8aHo 8 exxeMecsIHHO uzdasaeMoM UHGOPMaUUOHHOM yKkazamerne «HauuoHanbHble cmaHdapmbiy.
Coomeemcmeytowjas UHhopMayusi, yeedoMIieHUe U mekcmal pa3Mewalomcesi makxe 8 UHGhopMayUoHHOU
cucmeme obujezo ronL30eaHust — Ha oghuyuarnbHoM calime PedepalsibHO20 a2eHMCMea 10 MeXHUYeCKOMY
peaynupoeaHuro U Memporsioguu 8 cemu ViHmepHem

© CrangaptuHdopm, 2011

HacToswuit cTaHAapT He MOXET BbITb NOMHOCTbIO UM YACTUYHO BOCTIPOM3BEAEH, TUPAXUPOBAH U pac-
MpocTpaHeH B kayecTse ochuLmMansHoro usnaHus 6es paspelueHns GeaepansHOro areHTCTBa No TeXHUYECKo-
MY pPerynmpoBaHuio U MeTposioru
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HAUMOHANbHBLIN CTAHOAPT POCCUWUCKOW OGEOEPALMUMK

FocyaapcTBeHHana cuctema obecnevyeHusa eqUHCTBa U3SMepPeHUN
rMaPO®OHbDbI
0O6wwme Tpe6oBaHUA K MeTOAUKAM KanMOGpoBKU B 4acTOTHOM Auana3soHe Ao 40 My

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

Data BBegenna — 2011—01—01

1 O6nacTb NpMMeHeHus

HacToswuin ctaHaapT pacnpocTpaHsaeTcs:

- Ha rugpodoHbl, NCNonbayeMble ANA U3MepPeHUiA B BOAHOWN cpefe B YNbTPa3BykOBOM AuManasoHe Yac-
ToT Ao 40 MIy;

- Ha ruapodoHbl C KPYrbIM Nbe303NeKTPUYECKUM YYBCTBUTENBHLIM 3M1eMEeHTOM, paspaboTaHHble ana
N3MEepeHUin YNbTPasBYKOBbIX MONEN UMNYNbCHOTO UMW HENPEPLIBHOMO U3My4eHusl, reHepupyeMoro yrnbTpa-
3BYKOBbIM 060pyAOBaHUEM;

- Ha ruapodoHbl ¢ NpeaBapuUTenbHbIM yeunutenem unu 6es Hero.

HacTtosiwmin ctaHgapT ycTaHaBnuBaeT MeToAbl abCOMNOTHON U OTHOCUTENbHON KanubpoBkK ruapodo-
HOB, PEKOMeHAALMMN MO NPUMEHEHUIO KOTOPLIX NpUBeAeHbl B Bubnuorpacdun kK HacToAweMy cTaHaapTy.

MpumevaHusn

1 lMpv npyMeHeHnn ynbTpaseyka B MeauLuuHe, Hanpumep B husnotepanum, Mcnonb3yioT gnanasoH Yactot ot 40
fo 100 k'y, oAHaKO OCHOBHOW YaCTOTHbLIM AMANa3oH YNbTPa3BYKOBOW AWMArHOCTMKW pacnonaraetcs Boiwe 2 MIu.
B HacToswee BpeMaA yCTAHOBINEHO, YTO HA pe3ynbTaTbl UBMEPEHUS KINIOHYEBbIX aKyCTUHMECKUX NapamMeTPOB MOXET BIUSITb
4acTOTHas XapakTepucTuka rmapodoHa Ha cyllecTBEHHO Gonee HM3KUX YacToTtax [1].

2 HekoTopble TMNbI rIMAPOMOHOB MOTYT UMETE U HEKPYITIble YYBCTBUTENbHLIE 3NIEMEHTI, YTO CBSA3aHO, Hanpumep,
¢ He6oNbWUM OTKNOHEHUEM OT KPYrOoBOW CUMMETPUM (DOpPMbI SMEKTPOAA UNKU C NPUMEHEHWEM KBaApaTHbIX aKTUBHbIX
aneMeHToB. B 3TOM cnyyae npy NpuMeHeHUY NONOXEHUI HacToSLEro CTaHaapTa peKoMeHayeTcs yaensite ocoboe BHU-
MaHwe TOMy, 4TO Avarpamma HanpaeneHHOCTU TaknX rMapodoHOB U IHDEKTUBHBIN PaanyC UX aKTUBHOTO 3MeMeHTa
6yayT 3aBUCETL OT HaNPaBMEHUS OCU NOBOPOTa MAPOodoHa.

2 HopmaTtuBHbIe CCbINKU

B HacToAweM cTaHgapTe UCNoMb3oBaHbl HOPMAaTUBHBIE CCbINKU Ha criedytolume cTaHaapThl:

M3K 60050-801:1994 MexayHapoaHblin aneKTpoTexHNYeckuin cnosaps. Masa 801: AkycTuka u anek-
TpoakycTuka (IEC 60050-801:1994, International Electrotechnical Vocabulary. Chapter 801. Acoustics and
electroacoustics)

M3K 60565:2006 Iigpoakyctuka. MmapodoHsl. KanubpoBska B YacToTHOM guanasoHe ot 0,01 My go
1 MI'y (IEC 60565:2006, Underwater acoustics — Hydrophones — Calibration in the frequency range 0,01 Hz
to 1 MHz)

M3K 61161:2006 YnbTpassyk. UamepeHue MowwHocTU. CUCTEMBI YpaBHOBELIMBAHUSA paanalMoHHON
cunel u TpebosaHna k ucnonHexuo (IEC 61161:2006, Ultrasonics — Power measurement — Radiation force
balances and performance requirements)

M3K 61689:1996 YnbTpassyk. dusmorepanesTuyeckoe obopyaoBaHue. TpebosaHus k pabouum
XapakTepuctukam n MetogaMm usmepeHus B guanasoHe 4vactoT oT 0,5 My go 5 My (IEC 61689:1996,

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

MO3K 61828:2006 YnbtpasByk. okycupyowme npeobpasosateny. OnpeneneHvs u MeToasl Usmepe-
HWs napameTpoB Manydvaembix nonen (IEC 61828:2006, Ultrasonics — Focusing transducers — Definitions
and measurement methods for the transmitted fields)

M3K 62127-1:2007 YnbTpas3yk. mapocoHbl. Yactb 1: UamepeHue n onucaHue MequLUHCKUX
ynbTpasByKOBbIX Nofein Ha vactotax Ao 40 Mru. Monpaska 1 (2008) (IEC 62127-1:2007, Ultrasonics —
Hydrophones — Part 1: Measurement and characterization of medical ultrasonic fields up to 40 MHz.
Corrigendum 1)

M3K 62127-3:2007 YnbTpasByk. FnapodoHsl. YacTb 3: CeolicTBa ruapocoHOB ANt USMepeHus napa-
MEeTPOB yNbTpa3BYKOBbIX Nonei Ha yactoTax Ao 40 My (IEC 62127-3:2007, Ultrasonics — Hydrophones —
Part 3: Properties of hydrophones for ultrasonic fields up to 40 MHz)

3 TepmuHbI, onpeaeneHna n 0603HavYeHns

B HacTosilwem cTaHgapTe NpUMeHeHbl TepMUHLI, onpeaerneHHble B cTaHgapte MOK 62127-1, a Takke
cnegyowme TeEpMNHBI C COOTBETCTBYIOLLIUMU onNpeaeneHNsMN:

3.1 akyctuyeckui ueHTp: Touka Ha NnpeobpasoBaTene UM B6NU3U Hero, OT KOTOPOW pacnpocTpaHsi-
toTCA M3nydaemole npeobpasoBaTeneM chepudecku pacxogsilumecs 3BYKOBbIE BOSHbI, Habnogaemble 13
0OCTaTOYHO yAaneHHbIX ToYekK, Ha KOTOPbIX 3TO pacxoXaeHue nposiBnsieTcs.

3.2 ocb nyuka: [NpsaMas NuHUS, NpoxoAasLlas Yyepes LeHTpanbHble TOUKU Ny4Ka, NpuHagnexawme
OBYM MIIOCKOCTSIM, NEPneHAUKYNSIpHLIM K MPSIMOM JIMHUA, COeAMUHSIIOLLIEA TOYKY MakCUMarnbsHOro nHrerpana
KBagpaToB AaBMeHUs B UMNYIbCe C LIEHTPOM BHelWHel anepTypbl npeoGpa3oBartens.

MpumedvaHwnsn

1 MNMonoxeHne NepBor U3 NNOCKOCTEN onpeaernsieTcsl HaxoXAeHUEM B HEW TOYKU C MaKCUMarbHbIM 3HAYEHMEM
MHTerpana KeagpaTtoB faBrneHusi B umnynece (T. e. 06bivHO dhokyca). Bropas nnockocTb JOnKHa OTCTOATL OT NEPBON Kak
MOXHO Aanblue 1 6biTb NapannensHoW e, a CKaHUPOBAHUE B HEW AOIMKHO OCYLLLECTBISATLCS MO TEM e OPTOroHanbHbIM
OCAM XU Yy, YTO U B nepBoﬁ MNITOCKOCTW.

2 Bo MHOrmx cny4asix TEpMUH «MHTErpan KBagpaToB AaBNEHUS B UMNYNbCE» 3aMEHSIIOT ero NMHENHbIMU SKBUBa-
NeHTaMu, Hanpumep:

a) Ons HenpepbLIBHOBOMHOBOIO M3NYYEHNS OH MOXET ObiTb 3aMEHEeH TEPMUHOM «CpeAHEKBaApaTUYECKOoe aKyCTu-
yeckoe gaenenune» [cm. MOK 61689];

b) ecnu TpyaHO AOCTMHBL CUHXPOHW3ALUKU U3MEPAEMOTO U N3NYHAEMOro CUFHANoOB, TO OH MOXET BblTb 3aMeHeH
TEPMUHOM «YCpeaHEeHHas BO BPEMEHN UHTEHCUBHOCTbY.

3 Cm.TOCT P M3K 62127-1, pucyHok 1.

3.3 LeHTpanbHaa Touka nyyka: Touka nepeceveHnn ABYX NMUHUIN, COOTBETCTBYIOLLNX CepeanHe nyy-
Ka B ABYX OpTOroHanbHbIX NnockocTax xy n yz [MOK 61828].

3.4 WUpUHA NyYKa Wg, Wqo, Woq, M: Hanbonbliee pacctoaHe Mexay ABYMA TOUKAMK, NeXallyMnA Ha
3aAaHHON ocu, NepneHANKYNAPHOM K OCU NyYKa, Ha KOTOPbIX MHTerpan ksaapaTos AaBNeHWA B UMNYbce
YMeHbLUaeTCA MO CpaBHEHW0 € ero MakCMMyMOM (Ha OocU my4vka) Ha onpeAeneHHoe 3HaudeHue [cwm.
M3K 62127-1].

MpumevyaHunn

1 Bo MHOrMX cniy4asx TEpMUH «MHTErpan KBagpaToB A4aBNEHUsI B UMNYNbCE» 3aMEHSII0T ero NMMHEWHbIMU 3KBUBA-
NneHTamu, Hanpumep:

a) Ans HenpepbIBHOBOMHOBOIO M3NYy4eHWs! OH MOXeT GbiTb 3aMeHeH TEPMUHOM «CpeAHEKBaApaTUyeckoe aKycTu-
yeckoe gasneHune» [cm. MOK 61689];

b) ecnu TpyaHO AOCTUYbL CUHXPOHN3ALUKU U3MEPAEMOTO M U3NYHaeMOro CUFHaNoOB, TO OH MOXeT BblTb 3aMeHeH
TEPMUHOM «YCPeaHEHHasA BO BPEMEHN UHTEHCUBHOCTBY.

2 OO6blMHO VCMONB3YIOTCS 3HAYEHUS WMPWHBI NYYKA Ha YPOBHSIX, paBHbIX MWMHYC 6 ab, muHyc 12 ab wu
muHyc 20 ab. Mpu aTom geunben onpeaensioT Kak 4eCATb AECATUYHBIX NOrapudMoB OTHOLWEHWUA UHTErparnos.

3.5 cepeauHa nyudka: YcpeaHeHHaa NUMHUA, NPoXoasLas Yepes TOYKN NONOBUHHBIX 3HAYEHUI Wupu-
HbI NyYKa, Nnexallen B kKakonu-To ogHoun nnockoctn [M3K 61828].

MpumeyaHune— YcpegHenne npoeoanTcs No 20 3HAYEHUSIM LLIMPUHBI NY4YKa, COOTBETCTBYIOLWMM UHTEpBanam,
nexawum B gnanasoHe ot muHyc 0,1 ab go munyc 26 ab, kak 310 yctaHoBneHo B MOK 61828.

3.6 uUeHTp nyyvkKa: Touka Ha NNOCKOCTU, 0BbIMHO nepneHauKynapHon ocu nyydka B ero ganbHeM none,
KOTOpaaA COOTBETCTBYET NPOCTPAHCTBEHHOMY U BpeéMeHHOMY NUKY aKyCTU4eCKoro gaBrieHus.

2
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3.7 pnameTpanbHoe cKaHUpoBaHUe ny4ka: Psag M3mepeHWid HanpskeHus Ha Bbixoge riapodoHa
npu nepemeLLeHnn nocregHero BAOMb NPSIMON JIMHAW, MPOXOAsILLEeN Yepes TOUKY Ha OcU NyYKa U B Hanpae-
NeHnKn, nepneHanKynapHoMm Kk aTon ocn [MOK 62127-1].

MpuMmeyaHune—[QnamerpanbHoe CKAHMPOBAHME My4Ka MOXET PacNpOCTPaHATLCS HA Pa3NIUYHbIE paccTos-
HUS MO pasHble CTOPOHBI OT OCKM NyYKa.

3.8 pamarpamma HanpaBneHHocTu: [peacTtaBneHne (06bIMHO B rpaduyeckoMm BUAE) 3aBUCUMOCTU
YyBCTBUTEMLHOCTW rMapodoHa Ha kakoin-nnbo 3agaHHo YacToTe 0T HanpaBneHUsl pacnpocTpaHeHus naga-
toLLie NIOCKOM 3BYKOBOW BOMHbI B KaKON-NMBO 3adaHHON NIOCKOCTU, MPOXOASLLEN Yyepes OMNOopHY TOUKY
[M3K 60565].

3.9 adhdheKTUMBHBIN paguyc HecthOKYCMPOBaHHOIO YNbTPa3ByKOBOro npeobpasoBaTens a, M:
Paguyc ngeansHoro nopLIHEBOro ynbTpa3BykoBoro npeocbpasoBaTtens B hopMe AnCKa, MMEIOLEro pacyeT-
HYI0 OCEBYHO 3aBUCUMOCTb akyCTUYECKOro AaBneHus, NpubnuanTensHo 3KBMBaneHTHyo Habnogaemoi oce-
BOW 3aBMCMMOCTWN aKyCTUYECKOro AaBfieHUsl 4O pacCTOsIHUA, COOTBETCTBYIOLMX MocreHemMy MakcuMymy
aToi 3aBucumocTti [MOK 62127-1].

3.10 adicbekTUBHBI papUyc rMAPOdOHa ap, aps, ape, M: Paanyc ruapodioHa B B1AE XECTKOro Anc-
Ka, KOTOPbIA UMeeT pacyeTHYI0 AuarpaMMy HanpaBreHHOCTU, YIIIOBOA CEKTOP KOTOPOM paBeH YrnoBoMy
CeKTOopY U3MEPEHHOM AMarpaMMel HanpasBneHHOCTN paccMaTpuBaemoro rugpocgona [MOK 62127-3].

MpumevaHwusn

1 YrnoBow cekTop onpeaensioT No onpeaeneHHoOMY YPOBHIO CHUXEHUS] AnarpamMmmbl HanpaBrieHHOCTN OTHOCH-
TeNbHO ee MakcumMarnbHOro 3HaveHus. [ns onpeaeneHHbIX ypoBHEN CHUXEHUs], paBHbIX 3 U 6 Ab, 3HaveHus adhdekTmBe-
HOTO pagunyca 0603HaYaI0T KaK 8xg U apg.

2 3HaveHus paguyca 3aBUCAT OT YacTOThl. TUMNUYHbIE 3KCNEepUMeHTarnbHble AaHHble NpUBeaeHb! B [2].

3.11 umnepaHc aneKkTpuyecKkon Harpysku z;, Om: KomnnexkcHoe 3HaveHme BXoJHOro aMekTpu4ecko-
ro umnegaHca (BKovatoLLee peanbHYo U MHUMYIO Y4acTu), K KOTOPOMY MOAKMOYEH Uin AorkeH BblTb noa-
KIHoYeH BbIXOAHOW pasbem kabens ruppodgoHa [MOK 62127-3].

3.12 4yBCTBUTENbLHOCTb Ha KOHLEe KabensA nop Harpy3kou; YyBCTBUTENbHOCTL rugpodona (unu
ruapocpoHa ¢ NnpeaycunuTenem) Ha koHue kabens nog Harpyskon M, (f), B/Ma: OTHoLIeHWe MTHOBEHHOTO
3Ha4YeHNs 3MeKTPNYECKoro HanpspkeHUst Ha KoHLLe NOCTOSIHHO nodcoeanHeHHoro kabensa unu pasbema rug-
podoHa (Mnn ruppocpoHa ¢ NnpeaycunuTenem), NoacoeaMHEHHBIX K 3NeKTPUYECKOMY UMNEeAaHCy Harpysku,
K MTHOBEHHOMY aKyCTU4eCKOMY AaBrieHUI0 B CBOGOAHOM HEBO3MYLLEHHOM aKyCTUYECKOM Mosie MITOCKOM
BOJIHbI B TOYKE, COOTBETCTBYOLLEN akyCTUYECKOMY LeHTpY ruapodpoHa, npu ycrnoB1mu oTCyTCTBUSA ruapodo-
Ha B aTol Toyke [MOK 62127-3].

3.13 4yBCTBMTENbLHOCTL XONOCTOrO X0Aa Ha KOHLUe KabenA; YyBCTBUTENBHOCTb XONOCTOrO XoAa
Ha KoHUe kabens ruapocona M (f), B/Ma: OTHolEHNe MTHOBEHHOTO 3HAUYeHUs! AMEKTPUYECKOTO Hanpsbke-
HWS XONOCTOro XoAa Ha KOHLE NOCTOSAHHO NoAcoeaAnHeHHoro kabens unn pasbemMa rugapodoHa (Mnv rugpo-
doHa ¢ npegycunutenem) K MTHOBEHHOMY aKycTU4eCKOMy AaBNneHUulo B CBOG0AHOM HEeBO3MYLLEHHOM
aKyCTU4YecKOM Mnofe NAOCKOW BOMHbI B TOUKE, COOTBETCTBYIOLWEN akyCTU4EeCKOMY LeHTpY ruapodioHa, npu
YyCNoBUU OTCYTCTBUA ruapodoHa B aToi Touke [MOK 62127-3].

3.14 BHewHAA aneptypa npeobpasoBartens: YacTtb noBepxHOCTU npeobpazoBaTens UKW rpynmnbl
anemeHTOB NpeobpasoBaTens, KoTopas U3nydaeT ynbTpasByk B cpedy pacnpoctpaHeHus [MOK 61828].

MpumeyaHune— ITanoBepxHOCTb NMMOO HAXOAUTCA B HENOCPEACTBEHHOM KOHTaKTE C TENOM naumeHTa, nméo
KOHTaKTUPYeT C HUM Yepes Boay Unun Apyryto xuakyio cpegy (cm. MOK 62127-1, pucyHok 1).

3.15 panbHee none: AKycTuyeckoe (3ByKOBOE) Nofe Ha TeX pacCTOSHUAX OT YNbTPa3BYKOBOro Npeot-
pasoBaTena, Ha KOTOPbIX MTHOBEHHOE 3Ha4YeHUe aKycTU4YecKoro aaBneHuAa u konebaTtenbHas cKOPOCTb
yacTuL, npakTudeckn cosnagatoT no gase [MOK 60050-801].

MpumevaHnun

1 B manbHeM none BOMHA aKyCTUYECKOrO AABMEHUsI NPEACTaBNAETCA CHEpPUHECKN PacXoasilLeiicsl OT TOUKM,
nexaituen Ha u3nyvaowiel noBepxHocTn unm B6nmnam Hee. MoaTomy gaBneHue, reHepupyemoe UCTOUHUKOM 3BYKa, Npu-
6nm3anTenbHo 06paTHO NPONOPUMOHANBHO PACCTOSIHUIO OT 3TOTO UCTOYHMKA.

2 TepmuH «aanbHee none» NCNonb3yeTcst B HACTOSILLEM CTaHAapTe TONbKO Ansi HeCOKYCUPOBaHHLIX Npeobpa-
soBatenen. [ins cpokycMpoBaHHbIX NPUMEHSIIOT APYIe TEPMUHbBI, PA3NNyYHbIe AN Pa3HbIX YacTen Uary4aemoro rnossi
(cm. M3K 61828).

3.16 cBo6oaHoe none: 3ByKkoBOE NoOJe B rOMOr€HHOM U3OTPOMNHON cpeae, B KOTOPOM BNUAAHAEM rpa-
HUL, MOXHO npeHebpeyb [MOK 60565].
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3.17 rmgpodoH: MpeobpazoBaTenb, KOTOPLIN reHepPUPYET BNEKTPUYECKE CUTHABI NPU BO3AENCTBUN
Ha Hero akycTudyeckux curHanos B Boge [MOK 60050-801].

3.18 ruapodoH c npegycunureneM: MNapodoH, coBMeLLeHHbIN ¢ MpeaBapuTenbHbIM yCUnuTenem
B oaHoM kopnyce [M3OK 62127-3].

3.19 ocb rupgpodoHa: HOMUHaNbHasi OCb CUMMETPUM aKTUBHOrO 3nemeHTa ruppodoHa
[M3K 62127-3].

MpumMmeuanue—TIlog ocbio rMAPodIOHA B HACTOSILLEM CTaHOapTe MoapasyMeBaeTcs reoMeTpuyeckasl och
CUMMETPUM ruapodioHa, ecrnivi N3roToBUTENEM rmapodioHa He YCTaHOBIMEHO Apyroe, 6onee KOHKPeTHOe, onpeaeneHue.

3.20 reomeTpudeckuin paguyc ruapocdgoHa ag, M Paguyc, onpegensieMeld pasmepamMmn akTUBHOIO
anemeHTa rugpodoHa [M3IK 62127-3].

3.21 npepBapuTenbHbI YyCUNUTenb (nNpeaycunutens) ruapodoHa: AKTUBHOE 3eKTPOHHOe
YCTPONCTBO, KOTOPOE COEANHSAIOT C rMapocPOHOM AN CHUXKEHNS ero BbIxogHoro uMmnegdaHca [MOK 62127-3].

MpumedvaHwus

1 Mpepycunutenb rmapod)oHa TpebyeT SNEeKTPUHECKOTO NUTaHWS.

2 KoadhdmumeHT yeunenuss npepgycmnutens rnapodoHa MoxeT 6biTb U MeHbLLe 1, T. €. NpeaycunuTen MoxXeT
W He SABNATLCS YyCUIUTenem.

3.22 MrHoBeHHOe 3Ha4YeHUue aKycTuyeckoro (3ByKkoBoro) aaBneHus p(t), MNa: PasHocTb mexay aas-
NeHneM, CyLecTBYOWMM B paccMaTpuBaeMblii MOMEHT BPeMEHWN B HEKOTOPOI Touke cpefpl, U CTaTUYECKAM
AasneHnem [MOK 60050-801 n M3K 62127-1].

3.23 MrHoBeHHOe 3HaueHue UHTeHcMBHOCTU [(f), BT/M2: AkycTudeckas SHeprusi, npoxoasawas sa
eVHNLY BPEMeHW B HampaBfieHUM pacrnpocTpaHeHUst akyCTUYECKOW BOMHbI Yepes3 eQnHUYHY nnowagb,
nepneHauKynsApHYIo K 3TOMY HanpasneHuio, B paccMaTpuBaemblil MOMEHT BPeMEHW B HEKOTOPOW TOUKe aKyc-
TUYeCcKoro nons.

MpumMmeyaHue— MrHoBeHHOe 3Ha4YeHNe NHTEHCMBHOCTM SIBMSIETCS| NPOU3BEAEHNEM MIHOBEHHbIX 3Have-
HWUW aKyCTUYEeCKOro AaBrieHuA W koneGaTenbHON CKOPOCTU. MaMepuTb MHTEHCMBHOCTL B YNbTPa3ByKOBOM AManasoHe
4acToT TpyaHO. Mpy n3MepeHun NnapaMeTpoB B COOTBETCTBUM C HACTOSILLMM CTaHAAPTOM B NPeanonoXeHWN CylecTBoBa-
HWS YCMOBWIA AanbHero nons MrHoBeHHoe 3HaYeHne MHTeHCUBHOCTH I(f) BbipaxaeTcsi kak

It) = p(ty2/pe, ™

rae p(f) — MrHoBeHHOe 3Ha4YeHWe aKyCTUYeCKOro aaBneHus, a;
p — MNOTHOCTb Cpedbl PacnpoCcTpaHeHus, Kkr/m3;
C — CKOpPOCTb 3ByKa B cpeae, M/c.

3.24 onopHbIN LeHTp: Tovka Ha rugpodoHe unu B6nm3n Hero, 0OTHOCUTENBHO KOTOPOI onpeaensiioT
aKycTnyecKyto YyBcTBUTENbHOCTL [MOK 60565].

MpnmedaHue— B HacToswem cTaHAapTe MO ONOPHbLIM LIEHTPOM MOAPa3yMeBaloT FeOMETPUYECKUN LEHTP
UanyyarLLein NOBepXHOCTU aKTMBHOIO SNeMeHTa rmapodoHa, eCriv N3roToBUTeNneM ruapodoHa He aaHo apyroe, 6onee
KOHKPETHOE, ornpeaerneHve.

3.25 HeonpepeneHHOCTb: [apamMeTp, CBA3aHHLIA C pe3ynbTaToOM U3MEPEHUA N XapaKTepusyroLmia
pas3bpoc sHa4YeHn, KoTopble MOornn 6bl OLITL MPUNUCaHBLI U3MepsieMoi BenuyuHe [3].

4 Cnucok o60o3HavYeHUn

a, — othdeKTUBHLIA paguyc ruapodoHa (a3, aue: CO CCHINIKOW Ha ero onpeaerneHne npu MUHYC 3 1
MUHYC 6 OB COOTBETCTBEHHO);

ag — reomeTpudeckuii paauyc ruapodoHa;

8nax — MakcumanbHoe 3HaveHue adeKTMBHOro paguyca ruapogoHa npy ero Kakom-mbo KOHKpeTHOM
npUMeHeHnu;

ap — MonepeyHoe PaccTosHNE OT OCU NYYKA (8p max E» 8P max H: MAKCUMarbHble 3HaYeHus1, YToGbl n3be-
XaTb UHTepdepeHUnn ¢ KpaeBbiIMU U NOBEPXHOCTHLEIMU BOSTHAMU COOTBETCTBEHHO);

a; — athdeKTUBHBIA paanyc HecoKyCUpPOBaHHOTO YNbTpasByKoBoro npeobpasosarens,

A, — reomeTpudeckas niowaak ynbTpassykosoro npeobpasoBaTtens;

B/A — napameTp HeNMUHEWHOCTH;

c — cKopoCTb 3ByKa B cpefe (06bl4HO B BOAE);

Cy — eMmKocCTb Ha koHue kabens ruapocdoHa (BKknto4as HepasbeMHbI Kaberb M pasbeM Ha ero KoHue);
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HOPMVpPOBaHHas XapaKTepuCTUKa HanpasIeHHOCTH;
OCHOBaHWe HaTyparnbHOro rnorapudma;

YyacToTa;

OCHOBHasl YyactoTa B03BYXAEHWs curHana, UCrMonb3yeMoro ANs reHepauun HenuHenHbIX
NCKaXKeHNIA;

BEPXHSS rpaHuyYHas YyacToTa yCTaHOBMEHHOro YacTOTHOro AnanasoHa rmapodoHa;
amnanTyaa MrHOBEHHON UHTEHCUBHOCTW B NPeANONoXeHUn ee NporopLnoHansHOCTU KBaa-
paTy akyCTUYeCKoro AaBneHus;

BEKTOP MIHOBEHHOW MHTEHCUBHOCTU B TOUKE (X, ¥, Z) B MOMEHT BPEeMeHU f;

KOMMOHEHT BEKTOPa MrHOBEHHOW MHTEHCUBHOCTU B HanNpasneHU pacrnpocTpaHeHns B TOUKe
(X, ¥, Z) B MOMEHT BpemeHu t;

reomeTpudeckoe (hokycHoe paccTosiHne okycupytoLlero npeobpasosaTens;

HOMep KpalHen TOYKM CKaHMPOBaHWA Npu paguManbHOM CKaHUPOBaHWUK;

BOMHOBOE YmMcno (= 2n/L);

obuee obo3HayeHMe AN KOMMNIEKCHOrO 3HaYeHWsi YyBCTBUTENbHOCTW rmapodoHa, rae
M = |M| sasnseTtca moaynem, a arg{M) — aprymeHTom, T. €. ero ba3oBbIM Yriiom;
YYBCTBUTELHOCTb XOMOCTOro Xo4a Ha KoHLe kabens;

YYBCTBUTEMbLHOCTL Ha KOHLe kabens noa Harpyskou;

4YnCcno ycpegHeHU BONHOBOW (DOPMbI, B3SITOE NPU BOCNIPOU3BEAEHUN YCPeQHEHHON BO Bpe-
MEHWN BONMHOBOW (hOpMbl HAMNPSPKEHUS;

4YMCNo TOYEK oTcyeTa Npu AMameTparibHOM CKaHUPOBaHUK;

YNCMO rapMOHUK;

amnnuTyda gasneHus;

amnnuTyda akyCTUYecKoro AasrieHnsl Ha NoBepXHOCTU NpecbpasoBaTens;

MFHOBEHHOE 3Ha4eHWe akyCTUYeCKoro AaBneHusl B ToUKe (X, ¥, Z) B MOMEHT BpeMeHM f;
nofiHasi MOLWHOCTb YrbTPasByKOBOro U3nyvyeHusi, NPoXoasLero Yepes 6eckoHeuHyto nnoc-
KOCTb, YCTaHOBEHHYIO Ha paccTosiHiu / oT ynbTpa3sBykoBoro npeobpasoBartens;

nonHasi ynbTpa3ssykoBasi MOLLHOCTb NpeobpasoBaTens;

pagnoYacToTHble CUrHanbl;

paccTosiHne Mexay LeHTPOM YrbTPpa3ByKOBOrO Ny4ka U TOYKOW CKaHUPOBaHUS;

(lk/naf)—paccmﬂHme mexgy npeobpasoBaTeneM U rmapodpoHOM, HOPMUPOBAHHOE K
Peneesckomy paccTosiHUIo (naf/h):

paccTOAHNA MexXQy LLeHTPOM yIbTPa3BYKOBOIO Nyyka 1 KpaiHUMU TOYKaMU i-ro auameTparnb-
HOTO CKaHWPOBaHUS;

paccTosiHNe Mexay LleHTPOM YNbTpa3ByKOBOro ny4ka v bnukaniuen To4Kon CKaHUPOBaHUS;
BpeMsi npuxoaa nepBUYHOIA BOJIHBI;

BpeMmsi, Heobxoaumoe Ansi U3MepeHuii B yCrioBusix cBoboaHoro nona MeToqoM cnekrpomMeT-
pUU BPEMEHHbIX 3adepXKek;

aKkycTn4eckni KoapULMEHT NPOXOXAEHUS;

aneKkTpuyeckoe HanpsbkeHue Ha kKoHue kabens rmgpodpoHa B ONOPHOW Touke (X, y, Z) B
MOMEHT BpeMeHHU f;

aneKTpuYeckoe HanpsbkeHne Ha KoHue kabens rmapocdhoHa, Bkovatowee ero cobCcTBeHHbIe
LLUYMbI, B OMOPHON TOYKE (X, ¥, Z) B MOMEHT BpeMeHu {;

cpeaHeKBapaTUYECKoe 3HaueHWe LUYMOB, U3MepeHHoe rmapoOHOM B ONOPHOM TOYKe (X, ¥, Z);
3MeKTpUYECKOe HarpsbkeHUe Ha pasbeMe yrbTpasByKOBOro NpeobpasosaTens;

BEKTOpP MrHOBEHHOrO 3HaueHust konebaTenbHOW CKOPOCTU YacTuL, B TOYKe (X, ¥, Z) B MOMEHT
BpemMeHu f;

CKOPOCTb paaunarnbHOM BOMHbI B MlacTUHe npeobpasoBaTtens;

LUMPUHA NyyKa Mo Mosiio Ha OCHOBHOM YacToTe;

oceBoe paccTosiHie mMexay rmapodoHOM 1 MOBEPXHOCTLIO YNbTpa3ByKoBoro npeobpasosa-
Tena (z4, z,, Zz VN Z, — 3aflaHHble 3HaYeHUA PAcCTOAHUW C YYETOM BIMSHUA KpaesBoi W
NOBEPXHOCTHON BOJIH);

MUHUMasbHOE paccToaHWe OT rapodoHa KOHEeYHbIX pasMepoB Ao NpeobpasoBaTens;
¢bokycHoe paccTosiHue (No aasneHuto) cokycupytowlero npeobpasosartens;
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Az — PasHOCTb paccTosAHUN,;

Z, — KOMMMeKCHbIN 3NeKTpUHecknid MnedaHc Ha Beixode ruapooHa;

Z; — KOMMMEKCHbIN 3MeKTpUYecKUin UMneaaHc Harpysku,

o — aMMnUTyaHbIA koadULMEHT 3aTyXaH1s NNOCKon BoMHbl B cpede (0bblMHO Boae);

B — napameTp HeNUHeHOCTW, 3adaBaeMblli B BUAe = 1 + B/(2A);

§ — amnnuTyaa BTOpOW rapMOHUKU, BbIpaXXEHHas B MPOLEHTaX OT akyCTUYeCcKoro AaBneHus Ha OCHOBHON
vyacToTe;

3, — Mnompaska k amMnInTyae AaBneHus 13-3a KoHeuHoro pasmepa ruapodoHa;

® — Yron Mexay HampaBfieHUeM pacnpocTpaHeHUs yNbTpasByka U OCbIo Z, paBHbIfA Yriy Mexay fuHuen,
coeavHsAoLWEeN LeHTP YNbTpasByKkoBoOro npeobpasosaTens ¢ LeHTPoOM ruapodoHa, 1 HanpasneHnem
pacnpocTpaHeHus;

©, — Yron mMexay nuHueit, CoefnHsoLLen LIeHTP yrbTpa3sykoBoro npeoGpasosaTens ¢ LeHTpoM riapodo-

Ha, WU HanpaBrieHneM MakCUMarbHON YyBCTBUTENBHOCTH rMAPOdOHa;
— OTHoLLeHWe paauyca ny4ka k apdekTUBHOMY paanycy ruapodoHa;

Y

¢ — aKycTuyeckoe CMeLleHMe, M3MepsemMoe ONTUHECKUM MHTepdepoMeTpoMm;

6 — yron nageHvs ynbTpasByKOBOW BOMHbLI OTHOCUTENLHO ocu rnapodoHa (B3, Bg: Ha yposHsAX 3 1 6 Ab
COOTBETCTBEHHO);

A — ONUHAa yNbTpa3BYKOBOW BOMHBI;

Ly — AfINHa CBETOBOW BOMHbI;

& — yMHOXeHHas Ha n/2 AnvHa PeneeBcKoi BOMHLI (af/x no M3OK 61828) cdokycupytoLlero npeobpasoBa-
Tens;

p — NNOTHOCTb Cpedbl pacnpocTpaHeHus (BoAabl);

pc — YAEnbHLIN akycTU4eCcKin Mneaanxc;

¢ — NapameTp HeNMUHENHBIX UCKAaXKEHWIA;

6, — NapameTp HeNUHeHOCTU pacnpoCTpaHeHus;

T — OJUTENbHOCTb UMMYIbCA UMM TOHAMBHOMC UMNYNBbCA (Tax £ Tmax H . MAKCUMasbHbIe 3HayeHus Ans

ycTpaHeHusA I/IHTep(*)epeHLLI/II/I C KpaeBbiMAN 1 MNOBEPXHOCTHbIMW BONMTHaMN COOTBeTCTBeHHO);
® — Yyrnoead 4yacTtoTa.

5 OOwee npeacTaBneHne 0 METOAMNKAX KarnmbpoBKu

5.1 O6wue nonoxeHuA

Ons namepeHnin abcontoTHbIX 3Ha4YeHU NapaMeTpoB aKycTU4eckoro nons Tpebylotca ruapodoHbI.
OnekTpuyeckoe HanpskeHue u(t) Ha Bbixode ruapodoHa kak 3aBUCMMOCTb BpemeHu t MoxeT 6biTb npea-
CTaBMeHo B BuAae

u(t) = p(t)"m(t), )
roe p(f) — BonHoBas opMa (3aBUCUMOCTb OT BPEMEHU) iaBNeHus;
* — onepauusi CBepTKM;
m(t) — MMMYNbCHBIA OTKNNK rMAPodoHa.

Mpu pasnoxeHnun B paabl Pypbe, ecnu U(f), P(f) u M(f) aBnatoTcsa cooTBeTCTBYOWMMU NpeobpasoBaHu-
AMU Dypbe, PesyrbTUPYIOLLMIA CMIEKTP HaMNPsXKEHUS MOXKHO NonyyYnTs pasHbiM P(f) - M(f). BennunHa M(f) sasnsi-
eTca yHKUMen npeobpaszoBaHua rmapodoHa (4yBCTBUTENBbHOCTHIO), U €e KOMMNMEeKCHOe 3HauyeHue
npedcTaBnsieTCa Kak pearibHoW, Tak U MHUMOWM YacTaMu.

B cooTBeTCTBUN C COBPEMEHHON MPaKkTUKOW U3MepeHU B HacTosdweM cTaHaapTe ruapodoHbl pac-
CMaTpUBaloT Kak 3fIeMEHThI, YyBCTBUTENbHBIE K aMMiMTyAae, a He K pase curHana. Tem He MeHee ecTb onpe-
JeneHHble OCHOBaHWS Monaratb, 4To hasoBble M3MepeHus B Oyayuwiem 6yayT umeTb Gonee BaxkHoe
3HayeHue, B YaCTHOCTU NPU NpUMeHeHnn meTodos obpaTHol ceepTkM (cM. MOK 62127-1), koTophle TpebytoT
KOMMIIeKCHOro npeactaBneHns gyHkunm npeobpasosaHus rugpodoHa. Ecnu ato npounsongeT, To HacToaA-
WM ctaHgapT 6ygeT nepecMoTpeH ANg ycTaHoBneHusa 6onee ctpormx TpeboBaHWiA K TakKUM U3MEpPEeHUaM.
0630p CyLLIECTBYIOLMX OTHOCUTENbHBIX (DA30BbIX U3MEPEHUIA AaH B NpUoXeHuu 1.

MpwumeyaHwne—Tllog 4yBCTBNTENBHOCTLIO rMApodoHa B HACTOSLWEM CTaHdapTe nogpasymeBaioT AerCTBu-
TenbHoe 3HaueHue (BblpaXeHHOe OTHOLIEHUEM aMNnTyA).

6
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M3noxeHHble B HACTOSALLEM cTaHdapTe MeToANKN KanmbpoBK/ rMAPOGgOHOB OCHOBaHbI Ha ABYX NPUH-
LUununansHo pasnnyHbiX noaxogax:

a) kannbpoBKa C MpUMEeHeHWeM 3TaroHHOro nNpeobpasoBaTens.

B aTom cny4vae ruapodoH MoxXeT ObITb 0TKanMbpoBaH MeTOA0M CpaBHEHUs C 3TanoHHbIM Npeobpa3so-
BaTefieM Kak UCTOYHMKOM YNbTpas3BYKOBOW MOLLHOCTW. BeixogHas MOLIHOCTb npeobpasoBatensa AofikHa
6bITb OMpeaeneHa MeTo40M YPaBHOBELUMBaHWUS pagnaLMoHHON cuslbl, U3NoXeHHbIM B MOK 61161;

b) kanubpogka 6e3 aTanoHHOro NpeobpasoBartens, BkAYatoLWwas:

1) KannMbpoBKY METOAOM B3aUMHOCTM, OCHOBAHHYIO Ha MPUHLIMNE B3aUMHOCTM, MPU 3TOM, NO KpauHewn
Mepe, o1H U3 UCMOoNb3yeMbiX NpecbpasoBarteneit 4omkeH ObiTb B3aUMHbBIM;

2) dbusnyeckyo kannbpoBKy, NPU KOTOPOWN AEACTBYOLEE Ha TMAPOMOH 3BYKOBOE AaBrneHue pacciu-
ThIBaIOT MO pesynbTaTam UaMepeHunin GUandecknx napameTpoB, OTHOCALLMXCS K aKyCTUMECKOMY MO0, TaKuX,
Hanpumep, Kak akycTU4eckoe CMeLLeHe B MeToe ONTUYECKON nHTepdepoMeTpun.

Mpumeyanne—og «abconoTHoW» KanMOPOBKOK rmapod)OHOB B HACTOSILLEM CTaHAAPTE MOHMMAIOT TO, YTO
OHa npoBoauTcH 6e3 CpaBHEHWS C YYBCTBUTENBHOCTBIO APYroro ruapodoHa. VHorga nonb3yoTes TakKe NOHATUEM «nep-
BVYHOrO» MeToAa KanmbpoBku. C gpyroi CTOPOHbI, Ha MPaKTUKE YaCcTo UCMONb3YIOT «BTOPUYHBIA» METOZ UMK METOA «3ame-
LLEHUs», KOTOPbIe MpeanonaralT CpaBHEeHUe C YyBCTBUTENBHOCTBLIO KannbGpoBaHHOro onopHoro mapodoHa. Cam onop-
HbIli rMAPOdOH MOXET GbiTb OTKaNMGPOBaH «abCcoNtoTHBIMY METOAOM MM C MOMOLLBIO APYIOro 3TanoHHOro ruapodoHa u
T. 4. O4eBnAaHO, YTO 3TO ABE NPUHLMNMANEHO Pa3nnyHblie METOAMKM: BhINONHEHWe aGconioTHOM Kanubpoeku rmapocdona
UV cpaBHEHNE YyBCTBUTENbHOCTEN ABYX ruapod)oHOB. AGCOMIOTHLIE MeToAb! M3MoXeHbl B pasgenax 9, 10 n 11, a Takke
npunoxenusx D, F n H HacToswero craHgapta. MeTtog cpaBHeHWsi KOHKpeTU3upoBaH B pa3gene 12. Crneyer oTMETUT,
4YTO METOAVKA 3amelleHust 06bIYHO NpegycMaTpmBaeT peanmaaumio 060ux MeTo0B, 1 KenaioLieMy el BOCNomNb30BaThes
pekomeHayeTcsi 0b6paTUTbCs Kak K pasaeny 12, Tak v K Apyrum pasgernam, OTHOCAWMMCS K MeTogam abconioTHoW kanub-
poBku, 0cOBEHHO ecnu peyb naeT o6 oLeHke HeonpeaeneHHOCTH Pe3yrnbTaToB KanMOPOBKU METOAOM 3aMELLEHUS], TaK KaK
COCTaBIsIIOWMMI 3TON HeomnpeaeneHHOCTH OyayT BKnagbl Kak abCconioTHbIX, Tak M OTHOCUTENbHBLIX METOAOB.

5.2 O630p MeTOAUK KanMBpPOBKU

Hwxe ykazaHbl AnanasoHbl 4acToT, B KOTOPbLIX MOXET ObITb peannsoBaH TOT UK UHON MeToa kanubpos-
KW, @ Takke pasgen, B KOTOPOM U3NOXeH COOTBETCTBYOLWMIA MeTod. B Tabnuvue 1 npuBeaeHbl TUNWYHBIE 3HA-
YeHUs1 HeonpeaeneHHOCTU pe3ynbTaToB kKanNnMBPOBKU ATUMN MeToaaMMN.

a) Kanubposka meTogom B3anMHOCTU B cBoGogHOM none:

- kanunbposka 6e3 UCMonNb3oBaHUSA 3TanNoHHOro NpeobpasosaTtens B cBO6GOAHOM none, B AvanasoHe
yacToT oT 50 kI'y Ao 15 MI'y; pasaen 9.

b) KanubpoBka MeTOAOM MMOCKOro ckaHUpoBaHWS B cBOGOAHOM none:

- kanMbpoBka B cBOGO4HOM Norie C 3TanoHHbIM NpeobpasoBaTteneM, B AvanasoHe YacToT oT 500 kIy,
no 15 Ml'y; pasgen 10.

c) Kannbposka B cBoO60gHOM none MeToA0M ONTUYECKON MHTepdepoMeTpun:

- dumsmnydeckas kKanmbpoBKa Npu U3MEPEHMNAX aKyCTUYEeCKOro cMellleHs B cBo6oaHOM none, B Avana-
30He yacToT oT 200 klMy ao 40 MI'y; pasgen 11.

d) KannbpoBska MeToaoM CpaBHEHUS! C UCMOb30BaHMEM 3TalNlOHHOTO rMAPOtOHa:

- KannMbpoBKa MeTOOOM CpaBHEHUS C UCMOMb30BaHNEM 3TANOHHOrO rMAPodoHa, B AManasoHe 4actoT
o1 50 kl'y go 40 Mr'u; pasgen 12.

Tabnuua 1—TlepeyeHb TUMUYHbLIX 3Ha4YeHUI HeONMpPeAeneHHOCTH Pe3yribTATOB KanmbpoBOK METOAaMM, YCTaHOB-
NEeHHbIMU B HACTOSILLLEM CTaHAapTe, B PasfMyHbIX YaCTOTHLIX AnanasoHax

Pasnen MeTon kanvubpoBku [dunana3oH 4acToT Heonpeq;feHHocrb,
MeToa B3aumHOCTH € ABYMS Npeobpasosatenamm (9.3.4) Ot1g02MIy 6
o 10 My 10
° o 15 My 16
MeToa B3ammHoCTH € Tpems npeobpasosatensimu (9.3.2) OT1 50 k'y go 100 kly, 5
Ho 500 kl'y 6
Jo 1 My 10
MeToa nnockoro ckaHupoBaHusi B ceobogHom none (npuno-| O1 500 kM go 10 My, 6
10 xeHue D)
o 15 My 18
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lMpodomxernue mabnuypi 1

Paspen Merton kannbposku [lunanasoH yactot Heonpeni:/feHHocrb,
MeToa onTudeckon nHtepgepometpum B ceo6oavom none | OT200kMu* ao 1 My
(npunoxexue F) o 10 My
11 0o 20 Ml'y 8
0o 30 My 10
0o 40 MIy 1
MeToa cpaBHeHNS ¢ aTanoHHbIM rugpodoHom (12.5.2nnpu-| OT 50 k'y Ao 200 'y, 9
noxenuns G n H) o 1 My 8
12 Ho 10 MIy, 7
No 20 MIy, 1
o 30 MI'y 12
o 40 MI'y 12
* HuxHsia wacTtoTa guanasona 200 kI onpeaensieTcsi He BO3MOXHOCTSIMM MeTofa ONTUYECKON HTepdepomeT-
puK, a BIMSHUEM OTPaXEHUN OT CTEHOK BacceriHa 1 3NEeMEHTOB KOHCTPYKUMM rmapodyoHa.

5.3 MpepcTaBneHne pesynbTaToB KaNnMGpPOBKY

UyBCTBUTENLHOCTL Ha KOHUe kabens ruapodoHa ¢ npegycunutenem AosbkHa GbiTb BbipaxeHa B
B/MMa, Unu B KpaTHbIX A0MbHBLIX eAUHULAX, UNW B BUAE NorapudMUyeckux ypoeHen B Aeumnbenax ¢ ykasaHmem
OMOPHOro 3HaYeHNa YyBCTBUTENbHOCTU. [1oMkHO BbiTh YKasaHo, ABNAETCA N 3HaYeHUe YyBCTBUTENbHOCTU
UYYBCTBUTENbLHOCTLIO XOMOCTOrO XoAa Ha KoHLUe Kabensi UM YyBCTBUTENbHOCTLIO Ha KOHLe kabens
nod Harpyskoi. B nocnegHem cnydyae crnegyeT ykasaTb YCIOBUSI Harpysku, T. €. ee aNeKTpMyYeckuin umne-
AaHc, 4Tobbl obecneynTb ykasaHHOe 3HauYeHUe YyBCTBUTESIbHOCTM.

MpwumedyaHun e —lMoHaTe «koHel kabens» OTHOCUTCA K BbIXOAHOMY pasbemy kabens rmapodoHa kak ¢ npea-
yeunuTtenem, Tak u 6e3 Hero.

JomkHa 6bITb MpUBedeHa HeonpeAeneHHOCTb pe3ynbTaTa U3MepeHUst YyBCTBUTENbHOCTU. Ecnu
YyBCTBUTENMbLHOCTb NpUBeAeHa B kakom-nMbo MHTepBane 4acToT, TO U HeonpeAeneHHOCTb JOMKHA OTHO-
CUTLCS K TOMY XXe camoMy WHTepBsasny. Ecnu 4yBCTBMTENbHOCTb yKasaHa B Buae HaBopa sHaueHwin ans
0TAeNbHbBIX 3HaYeHWM 4acToT, TO HeonpeAeneHHOCTb PEKOMEHAYETCA AaBaTh B TeX YacTOTHLIX UHTepBanax,
KOTOpble MHTEPECYIOT NoNb3oBaTeNs (rMapodoHa).

MpuMeyaHwU e — PykoBOACTBO MO OLEHKE HEONPeAeNeHHOCTN NPUBEAEHO B NPUNOXEHUN A.

JormkeH BbITb yCTaHOBMEH WHTepBan YacToThbl, B KOTOPOM YKa3biBalOT YyBCTBUTENBHOCTb € OLEHKOM
HeonpeAeneHHOCTU ee Nony4eHust. B coOOTBETCTBUM C HACTOALIMM CTaHAAPTOM 3HAYEHUS YyBCTBUTENBbHOC-
T 1 HeonpeAeneHHOCTU Pe3ynbTaToB KanMMBGPOBKU MOTYT GbiTb NPUBEAEHbI OTAENBHO U B YCTAHOBMEHHBIX
MHTepBarnax 4YacToT. YacToTHas xapakTepucTuka YyBCTBUTENLHOCTU ruapodoHa MoxXeT 6bITb NpeacTaBne-
Ha KaK B aBCOMHOTHBIX 3HA4YEHUAX, Tak U B OTHOCUTESNbHBLIX €AMHULAX — OTHOCUTENbLHO aBCOMOTHOrO 3HaYe-
HUA YYBCTBUTENIBHOCTU Ha Kakoit-nuGo 3agaHHOW YacToTe. B nocnegHeM criyyae AoMKHbI GbITb yKasaHbl
OTHOCUTEMbHOE 3HaYeHWe YYBCTBUTENbHOCTU U YacToTa, K KOTOPOW OTHOCUTCA 3TO 3HAYEHUe.

[onxHbl GbITb YKkazaHbl MeToAbl orpeAesieHna YyBCTBUTENbHOCTU U OLIEHKN ee HeonpeaeneHHOCTH.

Pe3ynbTaTbl HEKOTOPbIX KANMGPOBOK OCTAOTCH BEPHBIMU NLLL B TEX OKPYXXaIOLLIMX YCNOBUSX, NPU KOTO-
pbiX NpoBoAusack kanubposka. MoaToMy AOMKHEI GbITb YKasaHbl YCIIOBUSI OKpYXKatoLLel cpeabl Npu nposeae-
HUM Kkanubposku. Mpu 3TomM crneayeT NpUBOAUTL BCE Te YCNOBUA, KOTOpble MOTyT TMOBMMATL Ha
YYBCTBUTENbLHOCTb UCNLITYeMoro ruapodoHa. B npoTokon cneayet BkoYaTh:

- naTy KanubpoBku;

- 3HayeHue TeMnepaTypbl BOAbI U HeoNpeAeneHHOCTb ee U3MepeHUs;

- [aHHble 0 NpeaycunuTene ruapodoHa, eCnv TakoBON UCMOb3oBarCe, U ero UAEHTUMUKALUOHHBIN
HOMep;

- CBOMCTBA BOAbI, ANUTENbHOCTL NpeaBapuUTENLHOrO 3aMavmMBaHis rMAPodOHa U AoNONHATESIbHbIE
npoueaypbl Mo yIyylleHUo CMa4YnBaeMoCT ero NoBepXHOCTW, Hanpumep, ¢ NPUMEHEHUEM creumarnbHbIX
cpeacTs.

8



rOCT P M3K 62127-2—2009

MpumevaHwusn

1 Ha 4yBCTBUTENBHOCTE OJHOCMOMHBIX 3MEKTPUYECKN HE 3KPaHVWPOBaHHbIX MeMOpaHHbIX rMAPOodOHOB BNMSET,
HanpumMep, SNeKTPONPOBOAHOCTb MPUMEHAEMON BOAbI.

2 YyBCTBMTENBHOCTb HEKOTOPBIX TMAPOOHOB MOXET UBMEHATLCS 3a BPEMS UX HaXOXAeHWs B BOAE, U NO3TOMY
Ba)HO, 4TOObI MX KanMbpoBka NpoBoAunack Nocre Ux ANMTENbLHOro 3amadnBanns, obecrneunBatoLLero cTabunbHOCTb
nokasaHuw;

- AaHHble 06 opueHTaunn ru,qpocbOHa OTHOCUTENBbHO Kakol-nnbo ocy UM Kakon-nmbo MeTkn Ha ero
kopnyce;

- B CUTyaUUsaXx, NPpU KOTOPbIX yCTpOIZCTBO KpenreHna ru,qpocboua MOXeT BJIMATb Ha pe3ylibTaTbl U3Me-
PEHUSA ero YyBCTBUTENLHOCTU, NoapobHoe onucaHne 3TOro YCTPONCTBa;

- napamMeTpbl AONONTHUTE IbHbIX KaGeneVl, npucoeanHAaemMblX K rI/I,quCbOHy and KaJ'II/I6pOBKI/I;

- HOMWHanbHOE HanpaBeHne nageHusa yJ'Ipra3ByKOBOIZ BOJIHbl OTHOCUTEJIIbHO rI/I,quCbOHa.

MpumeyaHune— ITO ykazaHUe BaXKHO NMOTOMY, HANPVMEp, YTO Aaxe C MeEMOPaHHbIX FMAPO¢OHOB CUrHANM MO-
KET UBMEHUTLCA NPU CMEHE HarnpasneHns NageHns yNbTPas3ByKOBOW BOMNHbI HA NPOTUBONONOXHOE [4];

- MakcMMalbHOe 3Ha4YeHWe akyCTUYEeCKOro AaBreHns, BO3AeNCcTBYoLee Ha TMAPO¢OH Npu ero kanuo-
pOBKe.

MpumeyaHune—B npunoxeHnn B aaHbl cBeaeHUs1 0 NMMHENHOCTU rPMAPOGIOHOB, U3TOTOBMEHHbIX U3 NOMUBY-
HunuaeHdTopuaa (MBAP) u necnonbayeMbix Npy UBMEPEHNSIX aKyCTUYECKMX MOJEN C BbICOKOW aMNnUTyaoV AaBrneHus;

- Kakue-nnbo npeanonoxeHus, KoTopble caernaHbl Mo OTHOLEHWH K Kanubpyemomy ruapod)oHy
(Hanpumep, 0 NOMNOXEHUN EF0 ONOPHOIO LIEeHTPa).

Ecnu ycnosus okpyxatoLweii cpefbl, B KOTOPLIX MPUMEHSIIOT ruapodoH, CyLLECTBEHHO OTMYaloTCs OT
YCMOBUIA NPU ero kanubpoBKe, TO MOXET okasaTbCs HEOBX0AMMBIM, UTOBLI MOMb30BaTE b YBENUYMI Heonpe-
AEeneHHOCTb C YYeTOM 3TUX OTIINYMIA.

5.4 PekoMeHOyeMble UHTepBanbl NpoBeaeHUA kanubpoBok

PekomeHOyeMblid MHTEpPBaN NpoBeAeHUs KanuGpoBoK rMApodpoHa 3aBUCUT OT ero XapaKkTepucTuk, U
ero HazHaJaeT U3roTOBUTEb.

MpuvumedvyaHune—B GonbKMHCTBE Cry4YaeB NepPUOAUYHOCTL KanubpoBkW NpuHUMAalOT paBHoW 1 rogy (cm.
M3K 62127-3).

Ans aTanoHHbIX TnApodoHOB (rMAPOtOHOB CpaBHEHUSs), UCMONb3YEMbIX TONMbKO ANl KannubpoBKy,
pekoMeHayeTcs, 4Tobbl UX KanubpoBka nposoaunack exerogHo. ins ruapodoHOB, UCNONb3yeMblX B HATyp-
HbIX YCNOBUAX, MOTyT noTpeboBaTbecs 1 6onee KOPOTKME MHTEpPBasibl BPEMEHN.

MpumeyaHune—/narnapod)oHOB, UICNONBb3YEMbIX B HATYPHBIX YCIOBUSAX, MOXET OKa3aTbCH Norne3Homn BeiGo-
pouHas (CokpalleHHas) NpoBepka Ux KanuGpPoBKM METOA4aMU CPaBHEHUA C APYrYM KanubpoBaHHbIM (3TanoHHbLIM) rmapo-
hOHOM nnn kanMBPOBaHHBIM U3NyvaTenem, U3NOXeHHbIMK B NpunoxeHnn G. B kpanHux criyyasix, koraa peyb MaeT o cTa-
ounbHocTM paboumnx rmapodoHOB, Takas NPOBEPKA MOXET NPOBOAUTLCA Nepep Ha4varnom M3MEpPeHWn u Nocne mux
okoH4YaHus (cm. M3K 61127-1).

6 O6wwme TpeboBaHMA K cuUCTeMaM KanuoépoBku rMAPodoHOB

6.1 NMosuynmoHupoBaHue

6.1.1 O6wune nonoxeHus

Heobxoauma TOYHOCTb pacnonoXeHus U opueHTauuu npeobpasoBaTtens, ruapodgoHa 1 oTpaxartens
(npwn peanusauum MeToAa B3aMMHOCTW, ONUCaHHOTO B pasaene 9). 3TN yCTponcTBa A0MKHbI BbITb yCTaHOBNe-
Hbl Ha MPOYHBIX AepXKaTensx, obecnevmsarowmnx Tpebyemyto oCTUPOBKY. PekoMeHayeTcs, UTobbl AepkaTenu
ruapodoHa 1 npeobpasoBatens 6biM cHaGXeHbl YCTPONCTBaMMU UX NONEPEYHOIO NepeMeLLEHNS U U3MEeHe-
HUSl OpUeHTaLum ¢ Tem, YTOOblI U3MeHeHWe NONoXeHUs M opueHTauun rugpodoHa (unu npeobpazosare-
ns1) Ha OOWH LLAr NPMBOANIIO K U3MEHEHUIO curHana ¢ ruapodgoHa He 6onee yem Ha 0,1 ab.

6.1.2 ToyHOCTb YCTaHOBKN ruapodpoHa B 0OCEBOM HanpasfieHun

PaccTosiHne oT onopHoro LeHTpa rugpodoHa Ao npeobpasoBaTensi AOMKHO BbITb U3BECTHO 1 BOCNPO-
WU3BOANMO C NOrPeLUHOCTLIO He Bonee 0,2 MMm.

MpwumeyaHune—[ns Toro, 4to6bl OUEHUTL HEONPEAENEeHHOCTb PE3YNLTAaTOB KanNMOpPOBKU, MOXHO NPOBECTU
MOBTOPHbIE U3MEPEHUS, KOTOPbIE NPEAYCMaTPUBAIOT NepeCcTaHOBKY ruapodoHa B Ty e CaMylo TOUKY MOorns, any4aemoro
npeobpasoBarenem.
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MoxeT okazaTbcs He0BXOAUMBIM HECKOMNBbKO N3MEHUTb 3TO TpeGOBaH me ans CbOKyCI/IpyI'OLIJ,I/IX nanydvarte-
nec y4yeToM XapakTtepa pacnpejeneHns reHepupyemoroc MMmn nond B OCeBOM HanpasneHuu.

MpumevaHnns

1 Ons dokycupylowux usnyyatenei, pabotawowmx B 4aCTOTHOM Avanas3oHe, COOTBETCTBYIOWEM HacTosLWeMy
CTaHaapTy, TOYHOCTb NO3ULMOHUPOBaHNs 0COBeHHO BaxHa. MOXHO caenaTtb OLeHKY M3MEeHEeHWS OCEBOro PacCTOAHWA Mo
CpPaBHEHUIO C (DOKYCHBIM (T. €. Az = F — Z), KOTOpOe NPMBOANT K CHIKEHUIO AaBneHus, pasHomy 1 ab. Mcxoas ns Teopetu-
yecKoro Bbipaxenus sin[é(1/z = 1/F)/[E(1/z—1/F)] = 0,89 (3Ha4eHue 0,89 cooTBeTcTBYeT—1 ab), rae & = natzf/(Zc), MOXHO
ONpenenuTb, 4TO TaKOMY CHWKEHUMIO COOTBETCTBYeT Az = 0,808 F 2/,

2 Hwxecneaytolwmii npymep NokasbiBaeT, YTO €CNu NoCcKas yNbTPa3ByKoBasi BOMHA C NUHEWHbIM ANanasoHoM
aMnnuTya pacnpocTpaHsieTCsl B BOAE Npu TeMnepaTtype 22°C, 70 ee amnnuTyAbl B ABYX TOYKaxX Ha OCW, OTCTOALLMX OpYr
OT Apyra Ha 2 mm, oTnndaloTes Ha 0,09 ab Ha yacToTe 15 My u Ha 0,7 b Ha vacToTe 40 ML, 4TO 06 BACHSETCA YacToT-
HOW 3aBMCMMOCTbIO NOMOLLEHNs yNbTpasByka B Boge (cM. npunoxeHue E).

6.1.3 To4yHOCTb YCTaHOBKM ruapodoHa B nonepeyHoM HanpasreHnn

PekomeHayeTcs NpoBepsTb 3aBUCUMOCTb 3/1EKTPUUECKOr0 HampsbkeHUa Ha Bbixode rugpodroHa oT
N3MeHeHMs! ero NoMoXKeHWs B NonepeyHoM (OTHOCUTENBHO OCK YbTPasBYKOBOrO Nyyka) HanpasneHun. Mua-
pochoH ycTaHOBMNEH NPaBUIbHO, ECNY U3MEHEHWE HaNPSXKEeHUA Npy ero nepemelleHnn He npesoiwaet 0,5 ab
Nno cpaBHEHWIO C MakcUManbHbIM 3HaYEHUEM.

MpumedyaHwue—B gansHem none ngeansHOro KPyrnoro NOPLUHEBOIO U3nyyarensi u B hokansHON MNOCKOCTH
naeansHoro hokycupyioLlero npeobpasosarensi Npu OTCYTCTBUN HENIMHENHBIX UCKAXXEHUI CHYXXEHWE aMNnUTYAbl CUrHana,
paeHoe 0,5 gb, Habniopaetca Ha paccTosiHuM OT ocu nydka r = 0,107c-z/(fa;), a cHuxenne 1 gb — Ha paccrosiHum
r=0,151c- z/(fay).

6.2 NaMepeHUs TeMnepaTypbl U TeMNepaTypHasa CTabUNbLHOCTL

Mpu n3MeHeHUM TemnepaTypbl OKpyXarlen cpeapl 3neKTpoakycTUyeckue cBolcTBa ruapodoHOB
nsmeHsitoTcsl. C 3TOW TOUKM 3peHUsI pekoMmeHAYeTCs, eCNN 3TO TONMbKO BO3MOXHO, kanubposaTs rugpodoH
Mpu1 Tex 3Ha4YeHUAX TeMnepaTypbl, PN KOTOPLIX OH UCTONb3yeTcs B AanbHeleM. Ecrn 3To HEBO3MOXHO, TO
B 3HA4YeHWUs YYBCTBUTENLHOCTM 1 ee YaCTOTHOW XapakTepUCTUKN MOXHO BBECTU NMOMpaBKWU, OCHOBaHHbIE Ha
pesynbTatax NpexHUX KanMbpoBok cxoaHbIX rmapodoHoB. OTKOPPEKTUPOBaHHbIE 3HAYEHUS YYBCTBUTEMb-
HOCTU 1 ee YacTOTHO XapaKkTepucTuku ByayT umeTb 6oree HU3KYH HeonpeaeneHHOCTb, YeM HEOTKOppek-
TUPOBaHHbIE 3HAYEHUA.

MpumeyaHune— TemnepaTypHble OTKMTOHEHUS HEMNB3S UTHOPUPOBATE MO ABYM NPUHUHAM:

a) amnnutyga ynbTpasBykOBON BOSHbI, Nazatolen Ha rnapodoH, 3aBUCUT OT TEMMNEPATYPLI, TAK KaK OT Hee 3aBu-
CUT U 3aTyxaHue yrbTpasByka B Boge (CM. npunoxenue E);

b) Bpemsi pacnpocTpaHeHus yNbTpa3ByKOBOrO CUrHana 3aBUCUT OT TEMNEPATYPbl, TaK KaK OT HEe 3aBUCUT U CKO-
poCTb 3BYyKa B Boge (CM. npunoxeHue E). 370 nMeeT OTHOWEHWE K YCTaHOBKE BPEMEHN CTPOBMPOBAHUS B MMNYNBCHOM
UK TOHANBHO-MMMNYINBCHOM PEXMMaX, a Takke K METOAMKE CNEKTPOMETPUN BPEMEHHbIX 3aAepiKeK.

UTo KacaeTcsi MpUYMHLI a), TO MOXHO MPUBECTM cnedyowmn npumep. Ecnn nnockan yneTpaseykoBasi BONHa ¢
TNMHENHbBIM Anana3oHoM aMnnuTya pacnpocTpaHsaeTcsa Npy Temnepatype 22°C, To B TOYKe, OTCTOAWEN Ha 15 cm OT nany-
vartens, Ha YactoTe 15 My ee amnnutyga 6yaet otnmyatees Ha 0,2 gb ot Ton amnnuTyael, kotopas 6eina 6sl Npn Tem-
nepaType, oTrvyaroLLelics oT ycTaHoBreHHol Ha 1°C; Ha vacToTte 40 MITy ato otnnyme coctaeut 1,5 ab. AMNNMTYgHbIN
KO3 PULMEHT 3aTyxaHusi B BOAE Ha Marnblx aMniMTyaax nponopumoHaneH KBagpaTy 4acToTel. 3Ha4YeHUs ero Temnepa-
TYPHOW 3aBUCUMOCTU NPUBEAEHbI B NpunoxeHum E.

UTo KacaeTcs Mpu4KMHbI b), TO MOXHO AaTh Cleayrowmne pekoMeHaauum: npy namepenusix Tuna ll, onmcaHHbIX B pas-
dene 12 (cpaBHeHWe YyBCTBMTENbHOCTEN ABYX U Gonee rmapodoHOB), OCEBOE paccTOsiHME HEOBXOAMMO KOPPEeKTUPO-
BaTb AJ15 NMony4eHnst NOCTOSIHHOTO BPEMEHMW pacrnpoCTpaHeHus.

6.3 Paamepsbl rugpocoHa

AKTUBHEIN 3neMeHT ruapocpoHa reHepupyeT anekTpnYeckoe HanpskeHne Mexay CBOMMU 3nekTpoaa-
MW, NponopLnoHanbHoe akycTUMeckoMy AaBleHUo, yepeaHeHHOMY No BCell NoBepxHOCTH anemenTa. Ecnn
HeobxoanMo NoNyYNTb XopoLlee NpocTpaHCTBEHHOe paspelleHune, To addpeKTUBHBIN paguyc rugpodcgoHa
AoMKeH ObiTb ManbiM NO cpaBHEHUIO ¢ AMWHON BOMHbI, COOTBETCTBYHOLLEA CaMO BbICOKOIN YacToTe akyCTu-
4YecKoro Mnons, UCnorb3yeMoro npu kanmbpoBke. Ha peanbHoe akycTudeckoe AaBneHune, AeCTBYoLEee Ha
YYBCTBUTENbHYO NOBEPXHOCTb rMApodoHa, BNMAKT 1 audpakunoHHble addekTel Ha camoM rugpodo-
He [5, 6, 7].

MpumedaHue—Ecny rmapodoH CNPOEKTUPOBAH TakK, YTO €ro aKTUBHAs MOBEPXHOCTb M3BECTHA UMM MOXET
ObITb onpegeneHa, TO CTAHOBUTCA BO3MOXHBIM WUCKITHOUMTb U3 PesyrbTaToB KanuMbpOBKM BMUSIHUE MPOCTPaAHCTBEHHOIO
ycpeaHeHvs Unu audpakumm Ha 3a4aHHON YacToTe NyTeM NPUMEHEHUs onepaunm 06paTHON CBEPTKM MO U3BECTHLIM pas-
Mepam aKTWBHOTO SNeMeHTa.
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6.4 UsmepuTenbHbIN 6ak (cocyn) u cBocTBa BOoAbI

[ns o6ecneyeHns ycnosuin cBo6oAHOIo NOMs Ha caMol HA3KON YacToTe kanubpoBku, a Takke Tpebye-
MbIX paccTosiHUA Mexay npeobpasosaTenem, ruapodoHOM UNu oTpaxarenem (B MeTode B3aMMHOCTW,
U3MNoXXeHHoM B pasaene 9), paBHbIX He MeHee YeM 1,5 NpoTsHKeHHOCTHN 6akHero NoNsA Kaxaoro us npeobpa-
30BaTenen, nsmepuTenbHelin 6ak AomKkeH 6bITe GONbLUWM.

PekomeHpayeTcs Taioke, 4ToBbI paccTosiHuA oT npeobpasosaTens v ruapodgoHa Ao cTeHok 6aka 1 Boa-
HOW NOBEPXHOCTM BbINIM 4OCTAaTOYHO BOMbLUMMK, YTOGLI OTPaXKeHHbIe OT HUX CUrHanNLl He UHTepdepuposany
C NMepBUYHBLIM CUrHANoOM, reHepupyeMbiM npeobpasosaTenem. Kpome Toro, ecnm 3To BO3MOXHO, 3TU noBepX-
HOCTM peKoMeHayeTCs NOKPbIBaTk aKyCTUYECKU NornoLanLwumMmn Matepuanamu.

BaxHo, 4ToBbl akycTUdeckuid curHan He 6bin UCKaxeH oTpaxkeHHbIMU curHanamu. Mepea Havanom
Ka)Xaoro MsmepeHusi pekoMeHayeTcs NPoBoAnNTL crneaylowlyto nposepky. Bo Bcex cnyyasx ucnonb3oBaHWs
UMMYNbCHBIX UM TOHAMBHO-UMMNYNbCHBIX CUrHANOB HabNAaT 3a USMEHEeHWEM cUrHana Ha Beixoae rugpo-
choHa npu U3MeHeHNn paccTosHUA MexXay NpeobpasosaTeniem U rMAPOdOHOM B Npeaenax HeCKONbKUX MUn-
NMETPOB, YTO MO3BOMSAET YOeAUTbCA B OTCYTCTBUM BAWSAHWUSA MHOTOKPAaTHLIX OTPaXeHUn mexay
ruapocdoHOM 1 NpeobpasoBaTtenemM B curHane, NpuHuMaemom ruapocgoHoM. Ecnu Takoe BnuaHue oTmeva-
eTCH, TO peKoMeHayeTCs N3SMEHUTbL YacTOTy NOBTOPEHUS UMMYNbCOB.

CsoiicTBa BOAbl A0MKHBI COOTBETCTBOBATL TPEB6OBaAHUAM U3rOTOBUTENS rMAPOodoHa.

MpunmeyaHne— YyBCTBUTENBHOCTL HEKOTOPLIX FTMAPOGOHOB MOXET 3aBUCETL OT NEKTPONPOBOAHOCTU BOA-
Hom cpeppbl. B Takux cnyyasix Heo6xoauMo NPUHATE Mepbl, 4To6bI yBeanTbes, 4TO YCNOBUA NPOBEAEHUS U3MEPEHUI COOT-
BETCTBYIOT YCMOBUAM KanuGpOBKU.

6.5 N3mepeHne BbIXOAHOTO HanpsXKeHUsn

CvrrHan c ruppodpoHa 1 npeobpasosartens 4oMKeH bbITb U3MepeH ¢ NoMoLbio ocumnnorpada, umdpo-
BOro aHanusaTopa, aHanusatopa cnekTpa Unu gpyroro cootseTcTayrowero npubopa ¢ 6onbwoi Nonocomn
YacToT U BbICOKOIN YyBCTBUTENbHOCTBLIO. MoXeT noTpeboBaTbes U AONONHUTENBHOE YCUNEHWE cUrHana rug-
podoHa, 4ToObI NoNYy4YUTL HEO6X0AMMOE OTHOLEHWUE CUTHAS/LLIYM.

Mpubop, K KoTOpOMy NoAKIOHaT FTMAPOGOH UM BCTPOEHHBIN yCUnuTenb (Hanpumep, ocuuniorpad,
LM POBON aHanMaaTop curHana, aHanusaTop CneKkTpa, yeunutens), A0keH COOTBETCTBOBATL CrneayowmnmM
TpeboBaHUAM:

- [OSKHO BbITb MU3BECTHO KOMMIIEKCHOE 3HaYeHWe ero BXoAHOro uMnegaHca B Tpebyemom agvanasoHe
4acToT, N0 KOTOPOMY MOXHO OMpeAenuTb YyBCTBUTENbHOCTL rMApodoHa Ha KoHLe kabensa nog Harpyskon
(cM. npunoxerue C);

- ero JIMHeNHOCTb MO OTHOLUEHUIO K BXOAHOMY CUrHany B AMHaMUYecKoM AuanasoHe, pasHoMm 50 ab,
AoikHa 6biTb Nyyuwe + 0,3 Ab;

- B cnydae npuMeHeHust LdpoBoro aHanusatopa ANA 3anucu BONHOBOW (OpMbl cUrHana Jacrota
BbIBOPKM AOMKHA BbITb He MeHbLUe 20f MUITIMOHOB OTCYETOB B CekyHAY, rae f — yactoTa B Merarepuax. Kpo-
Me TOro, ycuneHue JOSMKHO BbiTb Takum, YTobbl obecnednTtb He MeHee 7 BUT Ha oumdpoBaHHOW BOSIHOBOW
dopme.

MpumeyaHune—[nA BepxHel rpaHnyHoi YactoTsl B 40 MU, NpeayCMOTPEHHOW HAaCTOAWMM CTaHAAPTOM,
yacTota Bblb6opky AomkHa BbiTb He MeHee 800 MIL.

7 Tpe6oBaHMA K 3NeKTPMUYECKMM NapaMmeTpam

7.1 Tun curHana

CwurHansl, ucnonb3yemble npu kannubposke, MOryT ObiTb CMHycoMAanbHEIMU (HenpepbiBHas BOMHA),
CUHycouaanbHbIMN KavaroLwencs 4acToTbl [8] MM UMY bCHBIMW C CUHYCOMAANbHBIM 3anonHeHnem (cTpobu-
poBaHHble ToHarnbHbIe UMMYIbChl). [ns nonyYyeHns getanbHbiX XapakTepucTuk rmapodoHa Bo BceM Tpebye-
MOM AunanasoHe 4acToT HeobxoaunMo BbibpaTb 60MnbLIOE KONMYECTBO YaCTOTHBIX TOYEK.

MpumMeyaHne— Obwan MHOPMaLUs O pasnnYHbIX BONTHOBbLIX hopMax KanvBpoBOYHbIX CUrHamNoB B Tpebye-
MbIX AManasoHax 4acToT NpuBedeHa B npunoxeHuu G.

7.2 3azemMneHue

YUTtobbl YCTPaHUTb KOHTYPbI 3a3eMNeHnsA, peKoMeHOyeTCH, 4yTObbI neKTpn4eckmne BblBOAbI npeo6pa3o—
BaTenen He KOHTaKTUPOBaM ¢ BOAOMN. HapyxHble MeTannuyeckue 4actu rmqpocboria AOMKHbI BbITb 3a3eM-
neHbl TONbKO Yepes akpaH Kabensa n ycunutenb rugpodroHa. Bce apyrue KoOHTaKThbl C 3eMs1ei AOMKHbI ObIThb
NCKNKOYeHbI.
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7.3 U3MepeHne 3aNeKTPUYECKOTo HaNPsXXeHUs Ha Bbixoge ruapodoHa

7.3.1 O6uwme nonoxeHna

HanpsbkeHune xonocTtoro xona ruapodoHa crieqyeT onpeaenaTb Ha KoHLe ero kabens.

Mpu HenpepbIBHO-BOMTHOBOM cUrHane uamepeHust MoryT GbiTb NpoBeAeHbl ¢ MOMOLLbIO BONbTMETpa ¢
BLICOKMM BXOAHBIM UMNeaaHcoM. OaHaKko ANs UsMepeHus ToHasnbHbIX UMNYNLCOB Haubonee yao6Ha ouund-
poOBKa BOMHOBOW hOpMbl BEIXOAHOTO HanpskeHUs1 ruapodoHa ¢ NOMOLLbLIO, HanpuMep, LMdPOBOro ocLUI-
norpada unu aHanoro-uncposoro npeobpasoBaTens ¢ komMnbloTepoM. Mpu UCMONL3OBAHUM yeUnUTeENs,
aTTeHoaTopa unu dunbTpa B KOMOUHaAUUU C BOILTMETPOM Unu undpoBbiM npeobpasoBaTenem, BMecTe
COCTaBNALWMX N3MepPUTENbHBIA KaHan, BCe 3TN afleMeHTbl ToXe Heo6xoanumo KanmbposaThb.

MpumeyaHune—Meroguka kanubpoBKM C UCMONBL30BAHMEM HENPEPLIBHO-BONIHOBLIX CUMIHAMNOB U3NOXeHa B
npunoxexun H. O6wwme npeactasnenns 06 n3mepeHnn CMrHanoB ¢ amNNUTYAHOW MoAynsiumel faHbl B npunoxenmm G.

7.3.2 3nekTpudeckaa Harpyska B BUAe UsMepuTensHoro npnbopa

Mpu namepeHnax ruapodoH AoskeH 6bITb MOACOEAMHEH K U3MEpPUTENbHOMY NpUbopy C BLICOKAM
BXOAHLIM UMNEeJaHCOM (YCUnUTeNto, BomnbTMeTpy, ocuunnorpacdy unu undposomy npeobpasoBaTenio).
Ecnu BbixogHoM nMnegaHc ruapodpoHa Takke BbICOK (Harnpumep, Ana HeBonNbLOoro Nbe3oanekTpu4eckoro
ruapocdoHa ¢ HU3KOWM eMKOCTbIO), TO B KaUecTBe ero 3JfIeKTPUYECKON Harpy3ku cneagyeT paccmMaTpuBaTth cam
namepuTenbHbl Nprbop. B Takux cnyvasx Ans NonyvyeHUs HanpsbkeHUA XONOCTOro xoda cneayeTt BBOAUTL
rnonpasky Ha 3Ty 3NeKTPUYECKyto Harpysky. Takasi nonpaska MOXeT 6bITb paccHuTaHa rno MeToauke, U3NoXKeH-
Hol B npunoxeHun C. Ecnu npu kannbpoBke KOHKpPeTHOro rugpodpoHa Bceraa UCnonb3yeTcs ogHa U Ta xe
aneKkTpuyeckas Harpyska, Torga nonpasky yaobHee BBECTU He B kagoe 3HaYeHue BbIXOAHOrO HanpshkeHus
ruapodoHa, a B 3Ha4YeHne ero YyBCTBUTENbHOCTM.

MpumevaHusn

1 Ecnn rmapodoH ncnonb3yloT B nocneaoBaTenbHON KOMOMHALMM Takmx 3NEKTPOHHLIX NPMBOPOB, Kak ycunu-
Tenb, ocuunnorpad u T. 4., TO Ha YacTOTHYI0 XapakTepnCTUKy CUCTEMbI B LeNOM GyayT, KOHEYHO, BIUSATL U HaCTOTHbIE
XapakTepUCTUKN Kaxaoro KOMrnoHeHTa.

2 Cnepyet obpatuTb BHUMaHVe Ha COrMacoBaHUe BbIXOAHOIMO uMnegaHca rmapodoHa (c npegycunutenem) n
BXOQHOro MMnegaHca nogcoeAMHeHHOro K HeMy n3meputenbHoro npubopa.

7.3.3 3nekTpudyeckas Harpyska B Buae yanuMHUTeNsHoro kabens

Ecnn k ruapodboHy noacoeavHeH yANUHWUTENbHbIA Kabenb, To OH ByaeT SBNATbCA 3MEKTPUYECKOn
Harpyskoi rugpodoHa 1 4nsi Noy4eHUs 3Ha4YeHUs YyBCTBUTENIBHOCTU XOMNOCTOro XoA4a HeobxoaMMo BBECTH
COOTBETCTBYOLWY!IO nonpasky. Ecnu kabenb 1 ruapodoH NpeacTaBuTb B BUAE 3NEKTPUHECKUX EMKOCTEN (3TO
KoppeKTHO Ans kabenen BoobLle 1 Ans rugpodoHOB Ha YacToTax HUXKE pe3oHaHca UX akTUBHOTO aNieMeH-
Ta), TO NonpaBKy MOXHO onpeaennTb No 3Ha4YeHUAM eMKkocTel kabens n rugpodoHa. Ecnu BoixogHol nmne-
daHc rugpodroHa He ABMAETCS YACTO EMKOCTHBIM (Hanpumep, Ha YacToTax, 6rskux K pesoHaHcy), To Ans
BblYMCIEHUS MONPAaBKA crnegyeT UCNoMb3oBaTh KOMNNEKCHOe 3HaYeHe uMnedaHca rugpodona. Oba sapu-
aHTa BBeJeHWs NonpasKn paccMoTpeHbl B npunoxeHun C. Ecnu npu kanubposke Kakoro-nubo KOHKPeTHOro
rugpocboHa Bcerga UCronb3yoT OAMH U TOT Xe YASIMHUTENbHBIA kabenb, To nonpaeky yaobHee BBOAUTL B
3Ha4YeHWs1 YyBCTBUTENbHOCT rMApodoHa, a He B KaXaoe 3HavyeHne HarpsiKeHuUsl Ha ero Bbixoae.

MpumeyaHne— [ns ymMeHbLIEHUs] BINUSIHUS SNEKTPUYECKON Harpy3ku HEKOTOpble rMAPodoHbI UMEIOT BCTPO-
€HHbII B VX KOPNyC NpeABapuTerbHbli yCUNUTESb, PACMONOXEHHbIN Kak MOXHO Grivke k ruapodoHy (cm. 7.3.6). 1o oco-
GEHHO aKTyarnbHO Ha BbICOKMX YacToTax Ansl yMEHbLUIEHWS BIUSIHWSI PE30HAHCOB B kKabene.

7.3.4 Wym

YpoBeHb 3NEKTPUIECKUX LLIYMOB MOXET MOHU3UTb TOUHOCTb 3MIeKTpUYEecKUX nsamepeHnin. OTHoleHue
CUrHan/Lym JOJPKHO BbITb TakumM, YTOBBI NPOBOAUTL M3MepeHUst 6e3 cyLecTBEHHLIX NOTepb ToYHOCTU. MNpea-
NoYTUTENbLHO, YTOOBI aMNNUTYAa U3MEepPsieMoro curHana bbina He MeHee Yem Ha 20 AB BbiWwe YPOBHSA LWYMOB.

MpumeuvaHnns

1 YpoBeHb LUMPOKOMONOCHOIO MHTEPGEPEHLMOHHOIO LYMa MOXHO CHU3UTH C MNOMOLLBIO NONOCOBOrO hunbTpa ¢
Moriocomn NpornyckaHus, J0CTaTOYHO LUMPOKON, YTOObI NPOMYCTUTL NOoMe3Hbli curHan 6e3 nckaxeHui.

2 TMpy HaNUuUUKM SNEKTPUYECKUX LLIYMOB OTHOLLIEHUE CUTHan/LLyM MOXHO MOBLICUTL YCpeAHEHUEM NOBTOPSIIOLLMUXCA
curianos. MNpu HanUuUM cnyyarHbIX WYMOB ycpeaHeHne curHanos N, NOBbICUT OTHOWEHNE CUrHan/wWwym ¢ koaddnum-
€HTOM, paBHbIM KBaApaTHOMY KOpHio u3 N,

7.3.5 TNepekpecTHble NoMexu (paaMoyacToTHasi HaBOAKA) U akycTudeckas UHTepdepeHuns

Mpn Hanuuuu wuHTepdepeHLMM U nepeKkpecTHbIX MOMeX ycpedHeHue curHana u yskornonocHas
cunbTpaums B 06LLEeM criydae He NpUBOAAT K YBENUWYEHUIO OTHOLUEHUsI curHan/wym. B aTom cnydae peko-
MeHayeTcA onpeaesivTb NPUYNHY BO3HUKHOBEHUA 3TUX 3¢hdeKTOB U NpeanpuHATL Mepbl N0 UX MUHUMUSALIUK.
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YpoBeHb curHana akycTudeckom uHTepdepeHLmmn AoMmkeH BbITb He MeHee YeM Ha 30 AB Huke ypoBHA nones-
HOro CUrHana.

Mpyn HanMuMM nepeKkpecTHLIX NOMeX B TOHaNbHOM UMNYIbCce creayeT NpocneaunTb, 4To6bl AnuTenb-
HOCTb MMNyNbCa He NPEBOCXOANUNAa BpeMsl MPOXOXAEHUA cUrHana ot npeobpasosaTtens k ruapodony.

Mpuv ncnonb3oBaHWM CUTHANOB HeNpPepbIBHON BOMHbI YPOBEHb NOMEX A0KeH ObiTb He MeHee YeM Ha
40 ab HWxe ypoBHA NONE3HOro cUrHarna.

MpumeyaHn e — YpoBeHb NOMEX UMK paaNOHaCTOTHBIX HABOAOK MOXHO OLEHWUTb, YCTAHOBMB MeXAy npeobpa-
3oBaTenem n rmaApPoPoOHOM JOCTaTOYHO TOHKUIA MUCT M3 MaTepuana ¢ CUNbHbLIM aKyCTUHECKUM NOTNOLWEHNEM (TaKoro, Ha-
npumep, kak neHononuctupon). OH 6yaeT racuTb akyCTUHECKUIA CUTHAn, @ MOMEXM OCTaHYTCS NPEXHUMMU.

7.3.6 MNpeaBapuTenbHbIA yeUnuTerb, BCTPOEHHbLIN B ruapodoH

Ecnu ruapocdoH nmeet BCTPOEHHLIN B €ro Kopryc npeasapuTernbHbIA yeunuTens (Npegycunurens), To
YYyBCTBUTENBHOCTE MOXET ObiTb BbipaXkeHa B Buge 4yBCTBUTENbHOCTM Ha KoHue kabens, koTopas 6yaet
BKIlOYaTb U XapakTepuUcTUKY NpedycunuTens. B aTom cnyyae HeT HeobxoaAMMOCTN BBOAUTBL NOMpPaBKy OT BMMU-
AHUA 3MEeKTPUYECKON Harpy3Kku, onpeaensieMon yanmHuTenbHbIM kabenem.

8 MNMoaroroBka rmapodoHOB

8.1 O6wWue nonoxeHusn

Mepen Havanom nposeaeHUs KanMBpoBKM HeobxoamMma TllaTenbHas NoarotToska ruapod)oHa, NpoBo-
aumas B cootBeTcTBUM ¢ 8.2—8 4.

8.2 3amauuBaHue

YT0bhI rmapodoH XopoLlo cMa4vuBancs BO4on 6e3 06paaoBan;| Ha ero noBepxHoOCTU BO3,EIYLUHOﬁ
NMAeHK UK Ny3blPbKOB, MOXHO UCMNOJ1b3oBaTb cneunanbHoe BelwecTBo ANA yny4vleHna cMmadmsaemMmocT, UM
NOKpbIBaOT BeCb ruapodoH. Ha ruapod)oHe He OMKHO 6bITb BUOAHO HUKAKMX CYyXux nATeH nocne ero onyc-
KaHWA B BOOY N M3BJ1E€YEeHNA N3 Hee.

8.3 Oepxatenb ruppocdoHa

Xopowwid gepxatenb rugpodoHa He AOIKEH 3aMeTHO BIIMSATH Ha ero YyBCTBUTENbHOCTb. Tem He
MeHee HekoTopble rMapPodoHbI BOCIPUMMYMBEI K Crocoby MX KpenreHus B Aepxarterne.

B cuTyauusix, korga gepxatenb ruapodoHa Bce-Takd okasbiBaeT HEKOTOpoe BNUsiHME, ruapodoH
cneayeT kannbposaTh ¢ TeM AepXaTeneMm, KOTopblil ByaeT NPUMEHSITLCS NMpU U3MepPeHUsIX 3TUM ruapodo-
HOM B HaTypHLIX YCIOBUSX. B 3TOM cnyyae pesynbTaTthl kKanubpoBku rugpod)oHa BepHbl TONbKO ANs Aepxka-
Tenel TOro Xe Tuna, U BMecTe C NPOTOKONOM KanubpoBKW crnedyeT NpuknaasiBaTh noapobHoe onucaHue
AepxaTens 1 cnocoba kpenneHust ruapodoHa.

8.4 BnusiHue kabens

Ecnu ans npoeegeHuns KaJ'lIA6pOBKI/I Heobxoaumo yannHUTb kabenb, To Ans pacyeTa BNUAHUA 3TON
3neKTpu4ecKomn Harpysku Heobxoaumo oTAenbHO NU3MepUTb 3NEKTPUYECKUn UMNneaaHc YOANUHUTESIbHOro
kabens. OnuncaxHue cnocoba ydyeta 3TOW [ONOMHUTENBHON Harpysku gaHo B NpUioXxeHun C.

9 Kann6poBka MeToAOM B3aMMHOCTH B CBOGOAHOM none

9.1 O6wue nonoxeHus

B aTom paspgene paHo onucaHue NepBUYHOrO MeToaa KanbpoBkn ruapo¢oHOB B NpaKkTUYECKN 6e3-
rPaHN4YHOM o6beme BoaHo cpedbl, T. €. B yCNoBuax cBo6ogHOro NonsA ¢ UCNonbL3oBaHem npuHUUNna B3a-
UMHOCTW.

9.2 TemaTuka pasgena

B aTom pasgene paccMoTpeHbl pasnnyHble MeToabl abcontoTHOM kKannbpoBku NabopaTopHbIX 3TanNoH-
HbIX rnapodoHoB, o6ecneunBalole HaMMeHbLLYHO HeonpeAeneHHOCTb pe3ynbTaToB. TN MeToabl Nepe-
KpblBaloT guanasoH Yactot o1 50 k' go 15 Mlu.

9.3 O6wume npUHUUNLI

9.3.1 [na nuHenHoro ob6paTMMoro NaccUBHOIo aeKTpoakycTuieckoro npeobpasoBarens cywecTsyer
CTpOroe COOTHOLWEHNEe MeXAy ero YyBCTBUTENbHOCTLIO Kak NpUeMHUKa B cBOGOAHOM Morne 1 ero usnyva-
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TeNbHOM CNOCOBHOCTLIO MPU NPOTEKAHUKN Yepe3 HEro JMeKTPUYEcKoro Toka. [nsa KaXKaoh KOHKPETHON KOMMo-
HOBKW 3M1eMEHTOB B cucTeme npeobpasoBaTenei 3TO COOTHOLWEHWE BbipaxaeTcsi yepes koacduuneHT
B3aUMHOCTW.

Bce MeToabl kKanMOpPOBKA, OCHOBAHHbLIE HA NPUHLMNE B3aUMHOCTU, TPEDYIOT NPUMEHEHNS B3aUMHOTO
npeobpa3soBartens B KauecTsBe NpueMHuka u usnydarens. Mpu U3BecTHbIX U3BMEHEHUSIX aKkyCTUYECKOro Nons B
MOMEHT nepexofa ¢ U3ny4yeHns Ha Nnpuem, Usmepss ToK U3NydYaTens 1 sneKkTpuYeckoe HanpsbkeHue Ha npu-
eMHWKe, MOXXHO OnpeaenuTb nanyyaTtesbHyo CNocOBHOCTb N YyBCTBUTENBHOCTL NpeobpasoBaTens B Ka4ecT-
Be npuemHuka. O4eBUAHBIM MPEUMYLLECTBOM 3TOrO MeToAa ABNSAeTcs To, UTo TpebyeMble akycTudeckue
napameTpbl MOXHO onpeAenuTb U3MEePEeHUSMU TOMNbKO 3NeKTpUYecknux BenuuuH. Ha npaktuke kanubposky,
OCHOBaHHYI0 Ha MeToZ€e B3auMHOCTU, pearnimayioT HeCKOSbKUMI cnocobamu, pacCMOTPEHHBIMU HUXKe.

9.3.2 MeToa B3aMMHOCTU C UCTIONb30BaHUEM Tpex npeobpasosaTtenei

Takas MeToauka LUIMPOKO UCMONb3yeTcs B TpaAuLMOHHON (Mopckoit) rugpoakyctuke (cM. MOK 60565).
OpHako peanusauus aToro Mmetofa Ha bonee BbICOKMX YacToTax 3aTpygHeHa us-3a HeobxogumocTtu obecne-
YeHUs1 BbICOKOW TOYHOCTW YCTaHOBKM M OpueHTauuu npeobpasoBaTtesfier, a Takke M3-3a CyLeCTBEHHOW
HepaBHOMEPHOCTWN XapaKTepUCTUK HanpaBneHHOCTU NpeobpasoBaTteneit, paboTalowmux Ha YacToTax OKomno
1 MI'y v Boile. UIMeHHO No3aToMy KanubpoBKU 3TUM METOAOM pekoMeHAoBaHbl B AuanasoHe YyacToT oT 50 My
oo 1 My,

9.3.3 MeTtoa caMOB3aMMHOCTHU

Kanubposka aTUM MeTOAOM, MpeaycMaTpyBaoLWan UCMONb3oBaHUE TOMLKO OAHOMO (UCNBLITYEMOro)
npeobpasoBaTens U oTpaxaTens, He TpebyeT BbICOKOW TOMHOCTU X YCTaHOBKW U opueHTauun. OgHako aToT
MeToA He NPUMEHUM A1 BbICOKOYACTOTHBIX rmapotoHoB, Manble pasmepbl KOTOPLIX He MO3BOAAIOT NOMy-
YNTb AOCTATOYHYID MOLLHOCTb M3ITydaemMoro UM curHana, ytobbl obecneunTb Tpebyemoe OTHOLWEHUE Cur-
Han/WyMm B pexume npuvema (MUHMManbHbIA AnameTp npeobpasosaTtenen, KanMbpyeMblx 3TUM MeTOAOoM,
COCTaBISIET OKOMOo 2 MM).

9.3.4 MeToa B3aMMHOCTU C NCMONb30OBaHUEM ABYX Npeobpasosartenemn

3TNM MeToaoM, B KOTOPOM rMAPO¢OH YCTaHaBMMBAIOT B NOfe C U3BECTHLIMW NapaMeTpamn, reHepupy-
eMOM BcroMoraTefibHbIM npeocbpasoBaTenieM, MOXHO KanmbpoBaTb 3TanoHHble rMAPodoHbI B AManasoHe
yactoT oT 1 go 15 MIu. MNapameTpbl Nons NpeasapuTenbHO U3MEPAIOT METOAOM CaMOB3aUMHOCTU. IDTOT
meTog obecneynsaeT nposegeHne KanubpoBKX C TOYHOCTbIO, Tpebyemon Ansa 3TanoHHLIX rMApPo¢oHOB, 1
MeHee TpeboBaTeneH K TOHHOCTU YCTAHOBKN 1 OpPUEHTaUUN 35IEMEHTOB Kak MeTo[, B3aMMHOCTU € Tpemsi npe-
obpasoBaTensamMu.

9.4 Kanu6poBka MeToAOM B3aMMHOCTU C ABYMS Npeo6pa3oBaTtensiMmum

9.4.1 OTtpaxaTtenb

OTpaxaTens pekoMeHayeTcs BblbMpaTh B hopMe AUcKa U3 HepXKaBetoLe ctany guameTpom, obecne-
yMBaloLMM NepexBaTbiBaHUe BCEro ybTpa3ByKOBOro Ny4vka OT Kakoro-nvbo us BcromoraTenbHbIX Npeobpa-
30BaTenen Ha pacCcTOSHUM OT ero MOBEepPXHOCTU, NPeBbillaloLeM He MeHee YeM B 1,5 pasa NpoTsbKeHHOCTb
6nvxHero nosns, onpeaensieMyto kak Ny = a2/), rae a;— adeKTUBHBIA paaunyc ynbTpassykoBoro npeobpa-
3oBaTens, a A — AnuHa yNbTpasByKOBOW BOMHEI B BoAE HA YacToTe KanubpoBKu.

TonwwmHa oTpaxaTensi 4o/kHa ObITb TakoW, YTOObI NepBbIA CUrHar, OTPaXKEHHDIN OT ero 3aHein NoBep-
XHOCTW, He UHTepdepnpoBar ¢ TeM CUrHaNoM, KOTOpLIN OTpasurics OT NnepeaHe NOBEPXHOCTU OTpaXkaTens,
Ha camoi HU3KON YacToTe 3arofHeHNs UCNOMNb3yeMOoro ToHamnbHOro curHana. MoBepxHocTb oTpaxarens Aon-
XHa 6bITb Nnockol B Npedenax = 10 MKM ¢ LWepoXoBaTOCTbIO, He NPEBbLILALLENR + 5 MKM.

9.4.2 lMpouenypa Kanmbposkn

MoBopaunBaloT oTpaxaTenb BOKPYr OCW, napannenbHOl ero MoBepXHOCTU WU nepneHOuKyrnsipHOn
NWHUK, COeAMHSIOLLEN aKyCTUMECKUA LIeHTp npeobpa3oBaTtensi U LLeHTp oTpaxarens, Ha yron okono 10°.

MpwnmeyaHune—JancHenwee COBEPLLIEHCTBOBAHNE METOAA CBSI3aHO C KOAKCUasibHbIM PacnonoXeHNeM rma-
podhoHa 1 BcriomoratensHOro npeobpasosarens, B cepeavHe Mexay KOTOpbiMM NoMeLLaloT oTpaxarens. [ocne kanu6-
POBKM BCroMoraTenbHOro npeobpasoearens orpaxarenb youpaioT u kanvopyioT rmapodoH. 3TUM YCTPaHAIOT NnorpeLl-
HOCTb, CBSI3aHHYI0 C NOBOPOTOM OTpaXaTernisi, a Takxe YNpowaoT Npoueaypy B3auMHOW OpveHTauun ruapodoHa u
BCriomMoraTternbHoro npeo6pasosartensi, YTo No3BoNsieT CHA3UTL 061yt norpewHocTs Ao 0,5 ab.

10 KannbpoBka B CBOGOAHOM Nnone MeToAOM MMOCKOro CKaHUpPOBaHUA

10.1 O6wWue nonoxeHusa
B aToM pasgene paccMoTpeHa kanubpoBka ruapodOHOB METOAOM MIIOCKOro CKaHUpOBaHUS.
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10.2 Tematuka pasgena

B aToM pasgene paccMoTpeH MeToa kannbpoBkM ruapodoHa ¢ NOMOLLBHO MIOCKOrO CKaHUPOBaHUS.
B Hem ncnonbayloT npeobpasoBaTtesnib ¢ M3BECTHOW BbIXOAHON MOLLHOCTbIO. OTOT npeobpasosatens Unu
n3ny4aTtenb MOXeT ObITb 3TaNoOHHbIM NPUOOPOM C U3BECTHBIM U BOCTIPON3BOAUMbBIM 3HaUYEHNEM MOLLHOCTM,
XapaKkTepusyemblM NPOCEXNBAEMOCTbIO K HaLMOHaNbHLIM 3TanoHaM, UM oH MoxXeT 6biTb 0TkanubpoBaH
HenocpeACTBEHHO Neped NCMofb30BaHNEM, Hanpumep, MeToA0M YpaBHOBELLNBAHUS paanaLNoHHON CUibl B
cooTBeTCTBMM ¢ MOK 61161. MeToa nriockoro ckaHMpoBaHWs NepekpbiBaeT YacToTHbIN AnanasoH ot 500 kIy,
80 15 MI'u, XoTsi MOXeT NPUMEHSATLCS U Ha Boree BbICOKNX YacToTax € yBeSIMYEHHON OLLeHKOW HeonpeaeneH-
HOCTU pesynbTaTos.

10.3 OcHoBHOM NpUHLUN

Ecnn M, siBnsieTcsl YyBCTBUTENLHOCTLIO Ha KOHLe Kabena nog Harpy3kon ruapodoHa, onopHbIn
LleHTpP KOTOPOro Haxo4uTca B ToYKe (X, ¥, Z), TO MTHOBEHHOe 3HaveHue akycTudeckoro Aasnexuns p(x, y, z, t)
COOTHOCUTCA C U3MEpeHHbIM 3HadeHnem HanpsbkeHus U, (X, y, z, f) Ha koHue kabens kak

p(x, y, z, ) = U (x, ¥, z, )M, 3)
rae (x, ¥y, Z) — KoopAuHaTbl HEKOTOPOW TOYKN B aKyCTUHECKOM MoNe;
t — MOMEHT BpeMeHu.
3aeck p(x, y, z, t) COOTBETCTBYET aKyCTUHECKOMY AABMEHUIO B NIIOCKOWN BOSIHE B TOUYKE OMOPHOTO LieH-
Tpa ruapodpoHa Npu yCroBum oTCYTCTBUSA NocreaHero.

BeKTop MrHOBEHHOW UHTEHCUBHOCTM I(X, ¥, Z, t) B ONOPHOI TOUKe YNbTPa3BYKOBOTIO MO, reHepupye-
Moro npeoBpasoBaTeniem, LEHTP KOTOPOro Haxo4uTCs B Hauare cUCTeMbl KOOpPAMHAT, BblpakatoT Kak

Iy, zty=pxy z t)Vxy z 1), (4)
roe v(x, y, z, f) — BeKTOp MrHOBEHHOro 3HayeHusi konebGaTenbHON CKOPOCTU B ONMOPHON TOUKE.
KomnoHeHTsl 7 1 v B HanpaeneHnn pacnpocTpaHeHus ByayT paccMaTpuBaThes Aarnee Kak ckansipHble
BENUYNHLI 11 v.
B ycnosusix aanbHero nons (npu a,;// <0,5), rae / — paccTosiHue oT npeobpasosaTens No ocu nyuka),
MrHOBeHHOe 3Ha4YeHUe UHTEHCUBHOCTU MOXHO BblPasnTb Kak [9]

Ix, vy, z, 0 =[p(x, y, z, D?/(pc), (5)
roe p — MIOTHOCTb U3MEPUTEBHOM KUAKOCTU (BOAI);
€ — CKOpOCTb 3ByKa B Bofe.
B npunoxeHuu E npuBeaeHbl aHHble 0 TeMrepaTypHON 3aBUCUMOCTU p U ¢ BOAbI Kak pekoMeHayeMoii
nepeaaToyHoi cpe/bl Npy M3MepeHUsIX MOLLHOCTM.
MonHas ynbTpassykosas MOLHOCTE P(/) N3MyYeHns, NPoXoasiLero Yepesa NIocKocTb, YCTAHOBMEHHYO
Ha PacCTosHUM Z = [ NepneHANKYISAPHO OCK Z, BbIpaXKaeTcs Kak

P() = H I, y, I, ) cos ©dydx, ©)

rae dydx — anemMeHTapHas nnolaas B NrockoCcTN Z = /;

® — yron Mexay ocblo Z 1 HanpasNeHNneM pacnpocTpaHeHus;

[I — vHTerpupoBaHue no Bcei NMOCKOCTY.

MpunmeyaHune—Ha pacctoaHusx / (6onbmx af/x, raoe a; — 3pPeKTUBHLIA pagnyc ynbTpassyKoBOro npe-
o6pasoBarTens) nog © B HACTOSLLEM CTaHAAPTE MOXHO MPUHSATB Yron Mexay OCbK Z U NUHWEN, CoeaMHSIIoWel LIeHTPbI
rugpodoHa n npeobpasoBarerns.

BepxHss yepTa B BblpaxeHuu (6) o3HayaeT ycpegHeHHoe BO BpeMeHU 3HaveHue, onpedensemMoe ans
KakoM-nmbo BennYnHbI g Kak

™

-
. 1
=lim(T — t)at
g =1im(T - x) [ZT] [9tt)
-T
YcpeadHuB no BpemeHu BelpaxeHue (5)

Ix, v, 2, t) = p(x, ¥, Z, t)21(pc), ®
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13 BblpaXeHus (3) MOXXHO NOMyYnUTb
Ix, y, 2, 1) = UL(x, y, 2, 2(M, %p0), ©)

rae Ui(x, y, z, ) — HanpsbkeHWe Ha koHLe kabens ruapodoHa, yCTaHOBMEHHOro B ONOPHOW ToUKe (X, ¥, Z) B
MOMEHT BpemeHn t.
3aecb npegnonaraeTcs BblUMCEHWE YCPEAHEHHOrO BO BpeMeHU 3HavYeHUs1 KBaapaTta HanpsbkeHus Ha
koHLe kabens rugpocdpoHa. U3 BeipaxkeHus (5) B nnockoctn z = /, npeHebperas cos © (cm. D.3.9), MOXHO
BbIPa3WTb YyBCTBUTENBbHOCTb rMApodoHa Ha KoHLe kabens noa Harpy3skon M, kak

1 5 12
s {W” [“L Xy L0 ]dxdy} .

M3 (10) BMAHO, 4YTO YyBCTBUTENbLHOCTb r’MApPocoHa Ha KOHUe kaGenAa nop Harpy3KkoM MOXHO onpe-
AennTb NyTeM CKaHMPOBaHNA rMAPOGOHOM B NIOCKOCTU, NEPNeHANKYNSAPHON OCK YNbTPa3ByKOBOrO My4ka,
pasgenue UHTerpan oT cpedHero 3HavyeHUsl KBagpaToB CUrHana Ha Bbixode ruapodoHa Ha MosHyo MolLl-
HOCTb MyuKa.

(10)

MpumeyaHune— YyBCTBMTENLHOCTL XONIOCTOrO X0Aa Ha KOHUe kabensa M, MOXHO onpenenutb, ecrnv u3-
BECTHbI SIIEKTPMYECKME UMMEeAaHChl rmapod)oHa 1 YCUIUTENS, KaK 3TO M3INOXEHO B Npunoxenun C.

10.4 TpeGoBaHue K npouenype

10.4.1 CkaHupoBaHue ruapogoHOM

CyllecTByeT HECKONbKO MEeTOAO0B CKaHUPOBaHUS rTMAPOMOHOM YNbTPasBYKOBOro nyyka B NAOCKOCTU
z = /. Hanbonee 1cyepnbIBaloWMM SIBISIETCA METOA, NPWU KOTOPOM MOMy4aloT NPAMOYroNnbHYIO peLlleTKy 13
Touek oTcyeTa npu nepemereHnn rugpodoHa npu pacTpoBoM ckaHupoBaHuui. Ecnn npoduns ynetpassy-
KOBOro My4ka nmeeT NpubAnsUTenbLHO LMIIMHAPUYECKYO CUMMETPUIO, TO BO3MOXHA U anbTepHaTUBHasA Npo-
uegypa. B aToM criydae MOXHO BBIMOMHUTL HECKOMLKO AWameTpalibHbIX CKAHUPOBaHWUA Nydka No NUHUAM,
NpoxosiLLMM Yepes LieHTP MyyKa U pacnofnoXeHHbIM Apyr OTHOCUTENbHO Apyra noA pasHbIMU yrnamu. Ecnn
NpoBOAST, HAaNpUMep, ABa CKaHUPOBAHUA, TO OHWU AOSMKHLI BLINOAHATLCS o yrnom 90° apyr OTHOCUTESTbHO
apyra. PekomeHgauuy no BeIbopy MeToAa CKaHUpOBaHUA NpuseAeHbl B NpuioxeHun D.

10.5 MpoBegeHue KanUGpoBKU

10.5.1 NamepeHne MOLWHOCTH

Mcnonb3aytoT npeobpasoBaTtenb ¢ akTUBHLIM 35IEMEHTOM B (bopMe KpPYriioro niockoro gucka, nonHas
BbIXOAHAsl MOLUHOCTb KOTOPOro Ha onpeaeneHHoW yacTtoTe xopollo u3secTHa. MpeobpazoBaTens MoxeT
6bITb 3TaNoHHbIM [10], ero MOWHOCTL A0MMKHA ObITb N3BECTHA NPUY ONpeaeneHHbIX 3Ha4YeHUAX NogaBaeMoro
Ha Hero aneKTPUYecKoro HanpPsHKEeHMS.

Ecnu npeobpaszoBaTterib He 3TaNOHHbIN, TO €ro MOLWHOCTL onpeaensitoT MeTOA0M U3MepPEHUsl paguaLm-
OHHoM cunbl B cooTBeTcTBUM ¢ MOK 61161 1 [11].

Kakoii 661 npecBpasoBaresib He UCMobL3oBarcs, U3ny4aemyio UM MOLLHOCTbL Py onpeaensioT Ha YyacTo-
Te fHenpepbIBHOro CMHYCOMAANLHOrO U3My4YeHUs Npu onpeaeneHHbIX 3HaYeHNAX HanpsbkeHus Uy Bosbyxae-
HUA UMK B AManas3oHe 3TUX HanpskeHuiA. PesynbtaTel U3aMepeHnii NpeacTaBnsioT B BUAE 3HAYEHWUIA BbIXOQHOMN
MOLLIHOCTW, AeNeHHOM Ha kBaapaT HanpsbkeHns (cm. MOK 61161).

10.5.2 YcTaHoBka npeobpasosaTens

MpeobpasosaTenb ycTaHaBnNMBaloT B 6ake AN CKAHUPOBAHUSA M OPUEHTUPYIOT Tak, YToBbl OCb N3ny4vae-
MOr0 UM yNbTpasBYyKOBOro My4ka Gbina napannensHa 0Cu Z CUCTEMbI CKAHUPOBaHUA. YCTaHOBKY W OpUeHTa-
Lo kannbpyemoro rugpodoHa BeINonHAT B cooTBeTCTBUM ¢ MOK 62127-1. B koHUe 3Toi npoLeaypbl ocb
Z CMCTEeMbl CKaHWPOBaHNS AOMKHa OblTb NapannesibHoM Kak OCU MyYkKa, Tak U HanpasfieHNo MakcumanbHoON
YYBCTBUTENLHOCTU TMAPOOHA.

MpumedyaHne—B ycTpoiicTBax yCTaHOBKM OBbIMHO MCMOSb3YIOT BEPTUKAIBHYIO MU rOPU30OHTANBbHYI0 OPUEH-
Taumio napel ruapodoH — npeobpasosarens. B Tom 1 gpyrom criyuae coeguHstowas ux IMHUs JomkHa ObiTb napannens-
HOW 0gHOM 13 ocel (0603Ha4aeMol Kak OCb Z) CUCTEMbI CKaHVPOBaHUS.

10.5.3 YcnoBusa namepeHuin

Mpu Bo3byxaeHUM npeobpasoBaTtens TOHaNbHBIMU UMMNYNbCaMN OHN AOMKHBI COAEPXKaTb AOCTATOYHOe
KONMYecTBO NepuoaoB, YToBk o6ecnednTb MOCTOAHCTBO YacToThl fBO3BY:Xaatowwero HanpskeHus Uz kak npu
Kannbposke rugpodpoHa, Tak 1 Npu U3MepeHUn MOLLHOCTM NpeocbpasoBatens. MonoxeHne ruapod)oHa B
ToYke z = / ganbHero Nonsa AoMKHO COOTBETCTBOBATL MakCUMaribHOMY 3HAYEHW0 aKycTMYeCKoro AaBneHuns.
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PaccTosiHue / BbIGUpaloT TwaTenbHo, ¢ y4eTOM NPOCTPaHCTBEHHOIO yepeAHEHUs], HanpaBneHHOCTU U nonpa-
BOK Ha 3aTyxaHue (cMm. npunoxeHue D), a Takke HeobXoAUMOCTU NOMYyYEHUS MaKCUManbHOr0 OTHOLLEHMWS
curHan/wym.

MpwumedaHun e — 3HaueHne / 06bIMHO NEXUT Mexqqyatz/x ] 3af/x, rae a; — 3dpeKTMBHBIN pagnyc HecdoKy-
CYPOBAHHOIO YNETPa3BYKOBOIo npeobpasoBarens, a A — ANMHA yrbTpasByKOBOW BONHbl. Ecnu 3Havenve adpdekTne-

HOro paauyca HecthoKyCMpOBaHHOrO YNLTPa3ByKOBOro npeo6pa3oBaTensi HEM3BECTHO, TO BMECTO HEr0 MOXHO UC-
Norb30BaTh €ro reOMETPUHECKUIA Paauyc.

Ecnn cTpobupoBaHue BO3OYXOeHWUsI NPakTUYECKU 3aTpyAHEHO, MPUMEHSIIOT HenpepbiBHO-BOTHOBOE
BO3byxaeHue. B aToMm cnyyae cneagyeT npeanpuyHATE Mepbl AMst UCKIIOYEHUSI BANSIHUA OTPaXKEeHWUIA OT CTEHOK
6aka, rugpodyoHa 1 ero gepxartens, a Taicke 06pa3oBaHUsA CTOSAYMX BOSH.

10.5.4 TpoBeaeHue nsMmepeHUn

Mpouenypa 3akno4aeTcs B USMepPEHUsIX HaNpsbKeHus Ha Bbixode rmapodoHa Npu ero nepemMeLleH1sX B
MMOCKOCTU Z = [, nepneHaUKyNsipHO ocu z, NyTeM pacTPOBOro UMM HECKOMbKUX AnameTparbHbIX CkaHUpoBa-
HWIA. Pe3ynbTaThl NpeAcTaBnaioT B BUAe sHa4eHUn HanpshkeHus Ha koHue kabens ruapodora U (x, y, [ f) B
3aBMCUMOCTU OT €ro NONMOXEHUs! B yNbTpa3ByKOBOM nyyke. [paHuLbl 0611acTn ckaHUpoBaHUS onpeaensoT no
YPOBH!O WyMoB. CyMMUPYIOT KBaApaThkl HAMPSPKEHUN B KXKA0M TOYKE CKAHMPOBaHWUA U BEIYUCAAIOT 3HaYeHne
YYBCTBUTENbHOCTU rnAapocoHa Ha KoHLe kabens noa Harpy3koM Ha vacToTe f (cMm. npunoxeHue D).

10.6 BBeaeHue nonpaBOK U UCTOYHUKU HeonpeaeneHHOCTU

BbINOMHAT OKoHYaTeNbHY0 OLEeHKY obLieil HeonpeAeneHHOCTU pesyfbTaTa M3MepeHUsa YyBCTBU-
TenbHOCTU rMApodoHa Ha KoHLe kabensa noA Harpy3koit. Moapo6Hoe pyKOBOACTBO MO OLEHKe UCTOUHU-
KOB 3TO HeonpeAeneHHOCTM NPUBEAEHO B NpunoxeHun D.

11 KannbpoBka B cBO60AHOM nNone MeToA0M ONTUYEeCKOWN MHTepdepoMeTpum

11.1 OG6LiMe nonoXxeHusa

B HacTosLwee Bpems kannbposka ruapodoHOB B CBOGOAHOM none onTUYEeCKUMU MeEToAaMu NpoBo-
ANTCA B cneLmanMsnpoBaHHbIX nabopatopusix. B pamkax HacTosilero ctTaHgapTa MeTog, ONTUYECKOW UHTep-
depomMeTpun gaH B BUAE kpaTkon uHdopmauun. MoapobHoe U3NOXKeHWe 3Toro mMetofa MpUBEAEHO B
npunoxerHumu F.

11.2 O6wme NpUHLUNBLI MeToaa

O6bIuHO onTudeckMe MeTodbl NpeAnonaraloT U3MEPEHUEe aKyCTUYECKOro CMELLEHUSI B aKyCTUYECKOM
none, reHepupyeMom npeobpasosartenemM. Takme CMeLLeHUst U3MEPSIOT C MOMOLLIO TOHKON MeMBpaHb! Unu
MreHKN, yCTaHOBIIEHHOM B aKyCTUYECKOM Mofe, KoTopas kornebneTcs COBMeCTHO ¢ kornebaHusamMn Yactul cpe-
Abl pacnpocTpaHeHns.. Ana obecneveHns oTpaeHUsi cBeTa MOBEPXHOCTb MIEeHKU (OGbIYHO TOMWMHOW B
HECKOMNBKO MUKPOH) MeTanmanmposaHa. CMelleHUe NieHKA MOXHO U3MepUTb METOAOM ONTUYECKON UHTEp-
tepomeTpun. B gansHem none npeobpasoBaTens 3TO CMelleHe CBA3aHo ¢ akyCTUYeCKAM AaBleHneMm npo-
CTbIM COOTHOLUEHWEM, YTO U MO3BOINSAET OMpedeNnnTb AaBrieHWe B 3aJaHHOW TOYke Mons. YCTaHOBUB
kanubpyemblii rUAPOGIOH B Ty e caMyto TOUKY U MU3MepPUB HanpshkeHUe Ha ero Bbixode, MOXHO onpeaenuTb
ero 4YyBCTBUTENbLHOCTL. B npunoxernn F npuBeaeHbl ABa BapuaHTa peanusauum 3Toro Metoa, ucnornb3aye-
MbIX B NabopaTopusix HaLMOHaNbHbIX 3TaNOHOB HEKOTOPBIX CTPaH.

12 KannbpoBKa MeToAOM CpaBHEHMA C NOMOLLbIO 3TaNnOHHOro rmapocdoHa

12.1 OGLiMe NONOoXeHUs

B aTom pasgene paccMoTpeHbl ABa TUMNa U3MEPEHNIA:

Tnn | — onpegeneHue XapakTepucTuk HanpaBneHHOCTH;

Tun [l — cpaBHeHMe YyBCTBUTENBHOCTEN ABYX UNK 6onee ruapodoHOB.
12.2 TemaTuKka pasgena

O6a ykazaHHbIX BbILLE TWUMa M3MEePEHNUI OTHOCATCS K «OTHOCUTENBbHBIMY, YTO Noapa3yMeBaeT BbiNomnHe-
HWe ABYX 1N Gonee U3MEePeHUin BLIXOOHOTO HamnpshkeHUs rMAPod¢OHOB B OANHAKOBLIX YCMOBUSX, MPU 3TOM

17



rocT P M3K 62127-2—2009

M3MEHSIIOT KakoW-NuGo oAuUH NapaMeTp 1 paccMaTpUBaloT OTHOLLIEHWE pesynbTaToB (Unv norapudm oTHoLLe-
HUsI pe3ynbTaToB) 3TOr0 U3MEHeHMs.

MpwnmeuyaHune— MNockonbKy 3T0 OTHOCUTCS K M3MepeHuam Tuna ll, To nogpasymeBaeTcsl, YTO NPOBOAAT CpaB-
HeHWe YyBCTBUTENbHOCTEN ABYX rmapodoHOB. Ho 910 MOXeT GbiTb U TpU, 1 Gonee ruapotoHOB.

12.3 O6wme NnpUHLUNLI

Mpu nsmepeHnax Tuna | nsmeHseMbIM NapamMeTpoM ABNSETCA yron opueHTauumn rugpodona. Mpu atom
paccMaTpuBaeTCsi OTHOLEHNE Ha Bbixode ruapodpoHa, YyCTaHOBMNEHHOro nog Kakum-nnbo onpegeneHHbIM
yrnom, K HanpsikeHuto Ha ruapodoHe, COpUeHTUPOBaHHOM B OMOPHOM HanpasneHun. PasymeeTcs, Ha npak-
TUKe TaKkvne U3MepeHuns NpoBoaAT ANdA pada YrioB npy nocTeneHHoM nosopoTe ruapodoHa. UsmepeHusa aToro
TMNa HeobXoauMMbl AnA MONyYeHUs AMarpaMMbl HanpaBneHHOCTUM ruapodoHa 1 4Ana onpeaeneHns ero
adbekTUBHOro paguyca B cootseTcTBUM ¢ MOK 62127-3.

Mpun namepennax tina Il oguH ruapodoH (kannbpyemelin) 3aMeHsT ApyruM (ruapodOHOM cpaBHe-
HUR). M3mepeHusa aToro Tuna Heobxo4uMbl AN NOMYYEHUS YyBCTBUTENBHOCTY kKanubpyemoro rugpodoHa,
€Crnu U3BECTHa YYBCTBUTENLHOCTL rTMAPOoddOHa CpaBHEHNS, U/NX YaCTOTHOW XapakTepUCTUKU YYBCTBUTEMb-
HOCTW UCNBITYeMOro ruapodoHa, ecnu Takas XxapakrepucTuka nssecTHa ansa ruapodoHa cpasHeHNs.

Takue oTHOCUTENbHBIE U3MEPEHUsT UMEeOT criedytoLine 0cobeHHOCTM: NX BbIMOMNHAT B 6ake ¢ BOAON B
yNbTPa3ByKOBOM rone, uanyyaemom npeobpasoBaTenem, TpeboBaHWA K KOTOPOMY MpUBEAEHbI HWXe.
CylwecTBeHHO, 4TOObl U3MEepPEeHUs NPOBOAUINNCE MO BO3MOXHOCTW B OANHAKOBbIX YCIIOBUAX, YTO NoagpasyMe-
BaeT: OAHY M TY Xe TOUKY B y/bTPa3BYKOBOM Morfle, Te Xe camble YCIoBMUs Bo36YKaAeHWUA (No aMnauTyae v Bon-
HoOBOW hopMe cuUrHana), Te Xe camble YCITOBUSA OKpyXatowen cpedbl (Hanpuvep, no temnepaType) u T. 4.
O6wum ycnosuem sBRsieTcs NpoBeAeHNe U3MEPEHUIA MPU NMIIOCKON BOSHE.

Mpn n3mepeHusax Tuna Il Ha HeonpeaeneHHOCTb PE3yLTATOB KANMGPOBKKN ByaeT BAMATL NPOCTpaH-
CTBeHHOe ycpeaHeHue aaBrneHuns. MeToabl oLeHKU HeonpeaeneHHoCT N AN BapnaHToB peannsaunm Metoaa
CpaBHeHNA M3noxeHbl B 12.6.

12.4 TpeGoBaHuA K Nnpoueaype U3MepeHUun

12.4.1 TpeobpasoBaTenb B KAYECTBE UCTOYHUKA U3NYYEHUS

[ns nuamepeHunin, paccmaTpuBaeMblX B HACTOsILLEM pasaere, B Ka4eCTBE MCTOUHMKA U3MyYEeHUs UCTOMb-
3Y10T YNbTPa3BYKOBON npeobpasoBaTtesb KPYroBoh cuMMETpumn, npegHasHadveHHbIA st UCNoMNb3oBaHUs B
Boge. Mpv 3TOM UMetoTCs pasnnyHble BapuaHTbl pacnonoxeHus ruapodoHa B 3aBUCUMOCTU OT dneKTpudec-
KOro Bo3bYyAeHWUsi U KOHCTPYKLMK NpeobpasoBaTens, a Takke BONHOBOW (hopMbl curHana (HeuckaxkeHHoM, ¢
HEeMUHENHBIMWN NCKAXKEHNAMK), AeNCTBYOLEero Ha ruapodoH B TOUKE U3MepeHUs. OTU BapuaHTbl paccMoTpe-
Hbl B npunoxeHun G. MoxHo npuMmeHaTb BapuaHTel A, B n C ana HecdoKycnpoBaHHoro npeobpasoBarens
nnu BapuaHnTel D 1 E ans cdokycnpoBarHHoro. B 3aBUCMMOCTM OT BbIGpPaHHOTO BapuaHTa BONHOBOW hopMbl
npeobpaszoBaTenb OMKEH reHepMpoBaTh curHasnsl Tpebyemor amnnuTyasl (ans obecnevyeHnst COOTBETCTBY-
tOLLIero OTHOLUEHUsI curHan/Wwym B curHane rugpodoHa) Ha Bcex YacToTax Kannbposku. 3To TpeboBaHue
OTHOCUTCS 1 K YCUNUTEN0 MOLLHOCTW B Lienu Bo36yxaeHns npeobpasoBaTers.

MpeobpaszoBaTenb AOMKEH OTNNYATLCS BPEeMEHHOW CTabnbHOCTLIO U He BhI3biBaTb Neperpesa BOAbI B
6ake, NpeBbIWaOLWEro 4oNycTUMbIE TEMNEpaTypHbIE N3MEHEHMS.

MpnmedyaHwune—Illepeqg Ha4anoOM Kaxaoro N3mMepeHnsi PEKOMEHOYETCH NPOBECTY CIeAyoLLY0 NPOBEPKY: BO
BCEX Criy4asx MPVMEHEHUs UMMYNbCHbBIX MNW TOHANbHO-MMMYINBCHBIX CUIHANOB (BONHOBLIE hopMbl BapraHToB A, B, C)
crnepyet HabnogaTe 3a BbIXOAHBIM CUrHaNoM rmapodioHa Npy NepeMeLLeHny NOCNeaHero Ha HeCKONbKO MUMNITMMETPOB
OTHOCKTeNbHO Npeobpa3osaTtens Ans TOro, YTo6bl y6eanTbest B OTCYTCTBUM MHOFOKPaTHbLIX OTpaXeHuin mexay ruapodo-
HOM U npeobpasoBateneM. Ecnu nHTepdepeHums oT Takmx oTpaxeHuin HabnaaeTcs B curHane, NPUHMMaeMoM rugpo-
hOHOM, TO criegyeT N3MEHWUTb YacTOTY NOBTOPEHWS UMIMYSIbCOB.

12.4.2 CurHan Bo3byxxaeHus nanyvatens

AMNnMTYaa curHana Bo3byxaeHnus usnyvatens He JomkHa U3MEHATLES Gornee YyeM Ha + 1 %); cTabunb-
HOCTb YacToTbl AoSkHa ObITh B Npeaenax =0,1 %.

12.4.3 NamepuTenbHas cuctema

UamepuTenbHas cuctema JoskHa cooTBeTCTBOBaTb TpeboBaHUAM, MpUBeAeHHbIM B paszgenax 6,7 n 8.

12.5 Mpoueaypa usMepeHun

12.5.1 N3amepeHns Tuna |: onpegeneHne xapakTepuUcTUKMA HarnpasreHHoCcT rmapodoHa
MmapodoH yctaHaBnmBatoT B 6ak ¢ BoAoH B Norne, reHepupyeMoe UsnydaTenem, B COOTBETCTBUM C
BbIGpaHHbLIM BapnaHTOM YCTaHOBKM (CM. NpunoxeHne G), Npu 3TOM ONOPHbLIN LLeHTP ruapodoHa AomkeH
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HaxoAuTbCA Ha ocu Ny4ka nanyyatens. FuppodoH gomkeH 6biTh YCTAHOBMEH B yCTpoicTBe, obecnevnsato-
LeM ero noBopoOT BOKPYr OCU, NEPMeHANKYAPHON oCK NyYKa, He3aBUCUMO OT ABYX APYrUX Oceil NoBopoTa,
nepneHanKynapHbIX Apyr Apyry. Yron nosopoTta AofKeH ObiTb M3MEpeH C paspelleHnem, paBHbIM Un Jy4d-
WM Yem 64/10, rae g — yros, COOTBETCTBYIOLLIMIA CHUXKEHWIO YYBCTBUTENbHOCTM Ha MUHYC 6 AB, KoTopbIiA
CTaHOBUTCS U3BECTHBLIM B pPe3yfibTaTe N3MepPeHNi Ui BErTUYMHY KOTOPOro MOXHO NPpUBN3NTebHO OLEHUTb
nepea U3MepeHUsIM1 Mo reomeTpudeckomy paguycy rugpodoHa.

FmppodoH crieayeT noBopaynsaTh Tak, YHTo6bl €ro ONOPHBLIN LLEHTP OcTaBasicsi B OAHON U TOM e Tou-
Ke yrbTpas3ByKOBOro Momns ¢ TOYHOCThIO, TPeBoBaHWUA K KOTOPON U3NOXKEHbI B pasaene 6.

MpumeyaHune— NpaBnnbHOCTL BbiGOpa 0cK BpalLeHUs rmapodoHa MEMGPAHHOIO TUMa (T. €. BpawaeTca nu
OH BOKPYT LIEHTPa) MOXXHO NPOBePUTb, NOBEPHYB ero Ha 180° 1 OLieHMB M3MEeHeHWe BpemMeHmu Mpuxoaa ynbTpa3ByKoBOIN BOSI-
Hbl. [Insi 3oHA0BOro rmapodhoHa MOXeT NoTpeboBaThCs crieunansHoe npucrnocobiieHne B BUAE Kpiovka, YTobbl 6b1no Mox-
HO MOBOpa4MBaTh FTMAPOGPOH BOKPYT €70 OMOPHOrO LeHTpa.

MN3mepeHna MOXHO NPpOBOAMTb ABYMS crnocoBamu: U3MepsaioT HanpshkeHUe Ha Bbixoae ruapodoHa Kak
(bYHKLMIO yrNia ero NoBopoTa Ha OAHOM YacTOTe UMK YaCTOTHYH XapaKTePUCTUKY STOMO HanpsKeHUs, 0cTaB-
NAs HEM3MeHHOW OpueHTaLulo rMAPOodoHa, U NOBTOPAIOT 3T U3MEPEeHUsl NpU ApYrux yrnax nosopora.
B nocrnegHem cnydae rpynnupytoT NonyyYeHHble AaHHbIe U HAXOAAT 3aBUCUMOCTb HaNpPsXKeHUs Ha ruapodo-
He OT yrna ero noBopoTa Ha KakoW-nuBo oAHON YacToTe. 3aTem 3HaYeHUs, M3MEPEHHbIE MPU PasNYHBLIX
yrnax noopoTa, AenAT Ha MakcuManbHoe M3 HUX.

MpumevaHusn

1 Ytobbl onpeaenvTh 3HaveHUs Tpebyemoro paspeweHns no yrny, MOXHO cAenaTb crieytoulyio oueHky. [peano-
noxum, 4To paguyc rmapodona pasen 0,25 mm, a CKOPOCTL 3ByKa B Boge npu 22 °C paBHa 1488 m/c. U3 Buipaxehus (2) B
M3K 62127-3 Haxogum: Bg = 8° Ha yacToTe 15 MI'u 1 85 = 3° Ha vacToTe 40 MI'u.

2 3HaueHnsi CKOPOCTY 3BYyKa B BOoAe NpUBEAEHb! B NpUnoxeHun E.

PesynbTaTbl U3MepeHUiA XapakTepuCcTUK HanpasneHHOCTN UCNONb3YIT ANs onpeaeneHus agdeKTuB-
HOFO paguyca aKkTMBHOTO 3NeMeHTa rapodoHa No BbIPaXKEHUAM

apz = 1,62 c/(2nfsin 05) (1)

apg = 2,22 cl(2nfsin 6g), (12)
rae 63 U Bg— 3HaYeHUs yrros, NpU KOTOPbIX CUrHamN CHWXaeTcsl Ha 3 U 6 Ab COOTBETCTBEHHO.

MpwuMedaHun e — 3HaHne acdhdekTMBHOrO pagmyca ruapodoHa BaXHO ANsl OLEHKN BIUsiHUS 3HEKTOB Npo-
CTPaHCTBEHHOTO ycpeaHeHws (cM. npunoxenue J). ins ogHmnx TMnos rmapodoHoB 3HaueHne adhdektmBHoro paguyca mo-
XKeT 3aBMCeTb OT 4acToThbl, a AN APYrMX — W OT BbiGpaHHOK OCK NOBOpPOTA.

12.5.2 Namepenua tuna ll: kannbposka METOAOM CpaBHEHMUS! NO 3TarloOHHOMY ruApodoHy

OTOT MeTo nogpasymeBaeT Cepuio U3MepPeHUid, B KOTOPbIX rApodoHbI NooYepeHO yCTaHaBANBaIOT-
CS B OJHY W TY Xe TOYKY YNbTpasBykoBoro rnosisd. Kak MUHUMYM AOIDKHa BBINOMHATLCA cepusi U3 ABYyX U3mepe-
HUN — Mo ogHOMY Ans Kaxgoro ruapodoHa. OgHako A4ns NPOBEePKU CTabUITbHOCTU aKycTUHeCKOro nons
pekoMeHayeTcs, 4Tobbl Mo KpaHen Mepe nocne uamepeHusl BTOporo rugapodpoHa nepablil U3Mepancs ewe
pas (T. e. B LernomMm HeobxodnMbl TpU U3MepeHuss B cepun). bonee npegnoututenbHa cepust U3 NATU UNK
6onee oTAeNbHBIX N3MEPEHIA.

Mepea kaxablM OAMHOYHBIM U3MepeHneM rmapodoH ycTaHaBnMeatoT B 6ak ¢ BOAOW B akycTudeckoe
none marnyyatens B TO NOJoOXeHWe, KOTopoe COOTBETCTBYeT BblbpaHHOMY (CM. npunoxeHue G). 3aTeMm ¢
MOMOLLbIO HOCTUPOBKN FrMApodIoHa B MoNepeyHOM HarnpasneHUM 1 YTOYHEHUs ero opueHTaummn gobunsatoTcs
MaKCUMarbHOro HanpsiKeHWsl Ha ero Bbixode.

OnopHeIN LeHTp nsmepsieMoro rugpodoHa JOMmKeH HaxoaMTbCs B TOM TOUKE aKyCTUYecKoro nons,
koTopas BelbpaHa Ans 4aHHOW cepun namepeHuin, ¢ Tpebyemoii TouHocTbio (cM. pasgen 6). Ans obecnedeHus
BO3MOXHOCTU TOYHOTO MO3ULIMOHMPOBaHMS ruapodoHa ero ycTaHaBMBaloT B creumanbHoe YyCTPOMNCTBO
nepeMelleHns. B gononHeHne K 3ToMy NonesHbIM MOXeT OKasaTbCs onpegerieHne BpeMeHn pacnpocTpaHe-
HUA YNbTPa3ByKOBOro curHana (MpocToro Unu ToHanbHOro MMNybca) Ans OLEHKN paccTOsHUA Mexay npeot-
pasoBaTernieM U ruapocoHOM.

M3mepstoT BbIXOAHOE HampsikeHWe ruapodoHa kak PyHKUMIO 4acToThl U 3aTeM COOTHOCAT ero C
pesynbTatamu M3MepeHnin Apyroro rugpodoHa.

19



rOCT P M3K 62127-2—2009

Ecnu anekTpuyeckas Harpyska ABYX M3MepsieMbiX ruapodoHOB HeoUHAKOBA, TO 3TO AOIDKHO 6bITh
YETKO YCTAHOBMEHO U AOMKHbI GblTh AaHbl NOSICHEHUA ANA pacyeTa OTHOLLEHUs YyBCTBUTENbHOCTeN 3THX
rMApPOodOHOB MPU OAHMX U TEX XKE YCNOBUAX Harpysku.

12.6 MakcumanbHbIf pasmep rugpodgoHa

[nsi Toro 4To6bl yCTPaHUTL NOrPELLHOCTUA U3MEPEHUIA, CBA3AHHBIE C NPOCTPAHCTBEHHBIM YCpeQHEHUEM,
Kak 3To ykasaHo B 12.5, achheKTUBHbIN paanycC He A0SKEH NPeBLILLaTh MpeAesibHOro 3HA4YEHUA &, ,,, KoTopoe
3aBUCUT OT KOHKPETHbIX YCIIOBUIA M3MEPEHUI, paCCMOTPEHHBIX B NPUIIOXKEHUN J.

Ecnun st pekoMeHaauuM BbINOMHUTE HEBO3MOXHO, TO MOXHO MCMOMb30BaTh rMMApPodoH 6onbLuero
paguyca, Hanpumep, Kak npu nsmepeHusix Tuna ll, korga cpasHusaloT Asa rugpodoHa ¢ aheKTUBHBIMA
paauycamu, oTIMHaoWMMICA APYT OT Apyra He Gonee yem Ha £5 %.

Ecnu 371 TpeboBaHWs BLINOMHATCSA HE B MOMHOW Mepe, TO BBOAAT TeopeTUYeckue Nonpasky K nony-
YeHHbIM pesynbTaTam ¢ npuseaeHMeM opMyrbl, UCNIONb3OBaHHOW AN BBeASHUA NONPaBKK, U 3TO AOIHKHO
6bITb YETKO pas3bsCHEHO.
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MpunoxeHne A
(cnpaBo4Hoe)

OueHKa HeonpeAeneHHOCTU pe3ynbTaToB Ka.ﬂVIGpOBKVI ruapocdoHoB B cBo6ogHOM none

A1 O6wwue nonoxeHns

Ons sICHOCTU MHTepNpeTaunmn pesynbTaThl KanMGPOBKM ACMKHbLI NPeACTaBNsTECA COBMECTHO C OLeHKON Heomnpe-
AerneHHOCTH nx nonydenusl. Mpu oLeHKe U BelpaXeHUW pe3ynbTaToB KanmbpoBKM criedyeT pyKOBOACTBOBATLCS OOKY-
meHToM MCO «PykoBOACTBO MO BbIpaXKEHU IO HEONpeaeNneHHOCTU pedynbTaToB namepeHmny [3].

CornacHo PykoBoacTBY COCTaBMsAOLWLME HeonpeaeNneHHOCTH FPYNNMpyoTCsi B 3aBUCUMOCTM OT crocoba nx OLeHKu:

TMN A: OLEHMBaeMble CTaTUCTUHECKMMU METOAaMM;

Tvn B: oueHuBaemble apyrumm cnocobamm.

A.2 CymmapHas (pacwumpeHHas) HeonpeaeneHHOCTb

CymMMapHyto HeonpeaeneHHOCTb PEKOMeEHAYeTCs OLEHUBaThL MO ee COCTaBNSIOWMUM, KaK 3TO M3noxeHo B [3].

Mpy KOMEGMHUPOBAHMK COCTABMNACLLUX HeOoNpeaeneHHOCTN pekoMeHayeTcsl o0palaTs BHUMaHNE Ha Te, 3Hadve-
HUsI KOTOPLIX BbipaxeHsl B geuunbenax. MNMpn o6paboTke 3TUX 3HAYEHWI UX criedyeT nepeBecTn us geunben B NUHENHyo
hopmy (Hanpumep, B NPOLEHTbI NN B €4WHNL bl BENUYUH).

OkoHuaTenbHoe 3Ha4YeHUe paclMpeHHON HeonpeaeneHHOCTN MOXHO Bbipa3uTb B €4UHMLAX BENUYWHBI, B NPO-
LeHTax unu nepeBecTu B Aeunbensl, ecrnv 310 Heo6Xxoanmo.

MpnmeuvaHusda

1 BbiBaOT crny4vau, Korga ucnosnb3oBaHue aeunben npy BoIpaXXeHU HeonpeaeneHHOCTEW NPUBOAUT K UX acuM-
MeTpUYHOMY pacnpegenenuio (Hanpumep, +1,5 ab akBuBaneHTHo +19 %, a muHyc 1,5 ab akBUBaneHTHO MUHYC 16 %).

2 [Mpun ManbIx 3Ha4YEHUsIX KXXO0W U3 COCTaBNSAOLNX HEONPEAENEHHOCTU, MEHBbLUMX, Harnpumep, 1 ab, cymmapHyio
HeonpeaeneHHOCTb MOXHO BbIYMCNATL U B Aeunbenax.

A.3 O6Gwme NCTOUYHUKM HeonpeaeneHHOCTH

Hwxe npeacTaBneH cnncok obwmx (ans BCex MeTOQ0B) UCTOMHUKOB HEONpPeaeneHHOCTN pe3ynbTaToB Kanubpoe-
K1 rngpocdoHOB. STOT CNUCOK HE cnegyeT pacCMaTPUBATL KaK OKOHYaTENbHbBIN, HO UM MOXHO NONb30BATLCS B KAYECTBE
PYKOBOACTBA NPKW OLEHKE HeONPeAEeNneHHOCTN NPU KaXKAO0W KOHKPETHON peanu3aumm MeTogoB kanubpoeku. B 3aesucu-
MOCTM OT BbIGpaHHOro Metoga U cnocoba ero peanusaumm HEKOTOpbIE U3 yKa3aHHbIX MCTOYHUKOB ByayT BocTpebGoBaHbI
ONs OUeHKW. Hanpumep, norpewHocTn nameputensHeix NPUGopoB MoryT GbiTb MUHUMU3UPOBaHLI NPY UCMONB30BAHUN
OAHOI0 U TOrO K& N3MEpPUTENBHOro KaHana (yeunurens, huneTpa, BONLTMETPA U T. 4.) A4NA BCEX CUTHANOB, KOrga n3me-
PAIOT TONBLKO MX OTHOWeHUs1. OAHAKO Takow Noaxod BO3MOXEH He BCeraa, noatomy B CNUCOK BKIMIOHEHB! BCE BO3MOXHbIE
WCTOYHUKU NOrPeLHOCTEN.

MCTOYHUKM HeonpeaeneHHOCTU Npu KanubpoBke MeToa0M B3auMHOCTM B CBOGOAHOM none:

- HETOYHOCTb 4ONYLLEHWI O CTPYKTYPE aKyCTUHECKOro Nons, HanpruMep, O TOM, 4TO 3TO nNone chepryecKon BOMHbI;

- MOrpeLHOCTN onpeaerneHnsa paccTostHUA Mexay npeobpasoBatensimu;

- MOrpeLHOCTU onpeaeneHns YacToTbl aKyCTUMECKOro CUrHana;

- MOrpeLHOCTU onpeaeneHns 3Ha4eHns NMNOTHOCTU BOAbI.

M cToOYHMKM HeonpeaeneHHOCTH, XapakTepHble Ansi KanubpoBKM MeToamMyn CpaBHEHWUS:

- norpewHocTu B kanubpoeke rmapodoHa cpaBHEHUSA (OCHOBHOM MCTOYHUK MOMPELLHOCTU B METOE CPaBHEHUS);

- KpaTKoBpeMeHHasi HecTabuNbHOCTb HEKOTOPbIX OMNOpHbIX NpeobpasoBartenen (Hanpumep, HecTaburbHOCTb
BbIXOQHOIO curHana npeobpasoBaTensi, UCTNONb3yeMOro B Ka4eCTBE ONMOPHOroO uanyyaTensi);

- HecTabunbHOCTE rMAPO¢IOHA CpaBHEHUS (HANPUMEP, U3MEHEHUE €r0 YyBCTBUTENbLHOCTU CO BPEMEHU NMpeabiay-
wev kanmbpoBku abCconoTHLEIM METOAOM);

- pasnu4us B YCINOBMSIX OKPY>KatoLWwew cpeibl Npy KanubpoBke METOA0M CPABHEHWS! C TEMU, B KOTOPbIX NPOBOANNN
KanumbpoBKy OMOPHOro rmapodoHa abCconioTHLIM METOAOM, UTO MOXET Bbi3BaTb M3MEHEHME €ro UyBCTBUTENBLHOCTU
(Hanpumep, TeMnepaTypsbl, YCrOBMIA 3aMmaqmnBaHuns, KOHCTPYKUMK fiepKaTterns rmapodoHa u 1. 4.);

- HETOYHOCTb HEKOTOPbIX NPEANONOXEHUIN O CTPYKTYPe aKyCTUYECKOro Morisl, FeHEPUPYEMOro ONoOpHbLIM U3nydyaTe-
neM, Hanpumep, 0 TOM, 4YTO 3TO None cepnveCKon BOMHbI;

- MOrpeLHoCTH yCTAHOBKU rnapodpoHa B O4HY 1 Ty e TOUKY aKyCTUYECKOro nonsi;

- HepocTaToyHasi cTabunNbHOCTL YCINOBUI 3reKTpudeckoro Bo3GyxaeHusi onopHoro npeobpasoBaTtensi, BKNoYas
ero HegoCTaToO4HYo ﬂMHeVIHOCTb, €CINn OH ncnonb3yeTcd n Kanm6pyeTc;| npn pasfindHbliX YPOBHAX CUrHanNa;

- pasnu4us B YCINOBUSIX OKPY>KatoLWwel cpeibl Npy KanubpoBke METOAOM CPaBHEHMWS C TEMU, B KOTOPbIX NPOBOANNN
KanuBpoBKy onopHoro npeobpasosatensi abCONIOTHLIM METOAOM, UTO MOXET BbI3BaTb M3MEHEHNE ero YyBCTBUTENbHOC-
TV (Hanpumep, TemnepaTyphbl, ANUTENbBHOCTU 3aMaYVBaHUs], KOHCTPYKLWY gepxaTtens n T. 4.).
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NcTouHrKM HeonpeaeneHHoCTH, obwme ansi Bcex NPUBEAEHHbIX Bbile METOAOB:!

- MHTepdepeHUmns C OTPaXKEHHBIMU aKyCTUYECKMMM CUTHaNamu, NpMBoOAsALWLAsl K HapyLLEHMIO YCNOBUiA cBoboaHoro
nonsi;

- HEBbINOMHEeHUe YCNOBUI AarnbHErO Mons;

- BnusiHne 3¢ HEeKTOB NPOCTPAHCTBEHHOTO YyCPEeAHEHNUA Npy kannbpoeke rmapodPOHOB N3-3a UX KOHEYHbIX pa3Me-
POB 1 OTCTYMNIEHNsI OT YCNOBUS NITOCKON BOIHBI;

- HeTouYHas opueHTauusi, oCOBEHHO Ha BbICOKMX YacToTax, Ha KOTOPbIX XapakTepucTMKa HanpaeneHHoCTU rmapo-
doHa MoxeT BblTb CUNBHO HEPaBHOMEPHOW;

- aKycTM4Yeckoe paccesiHue OT 3NIeMeHTOB KOHCTPYKLUMK AepxaTens ruapodoHa (Mnv HaBoguMble Ha HUX BUGpa-
umun, nepegasaemMble rugpodoHy);

- MOrpewWwHoCT! U3MEPEHWsT HamnpsiKeHWsi Ha MPUEeMHWKe (BKMioYas MOrpeLlHoOCTM M3MepuTenbHblX npubo-
poOB — BONbTMETPa, UM POBOro NpeobpasoBartens u T. 4.);

- HEeTOYHOCTb YCTaHOBKM KO3(PMUNEHTa YCUNEHNS KaKMX-NMMBO MCnonb3yeMblx yeunuTenen, hunbTpoe, L po-
BbIX NpeobpasoBaTenew;

- MOrpewHoCTH U3MEePEHUst TOKa UMW HanpsikeHusi BO3ByxaeHus nanydaTens;

- MOrPewHoOCTN, CBA3AHHbIE C HEAOCTAaTOYHOW NTIMHEWHOCTBIO U3MEPUTENBHON CUCTEMBI (MPpUMEHeHUe Kannbpo-
BaHHOTO aTTeHaTopa Arns BblpaBHUBAHWA U3MEPUTENBHBIX CUTHANOB MOXET CyLWEeCTBEHHO YMEHbLUUTBL BIIUSIHUE 3TOrO
UCTOYHUKA);

- HETOYHOCTb UCTIONb3yeMbIX aTTEHIOATOPOB 3NIEKTPUYECKUX CUTHAMOB;

- BMWAHKE 3NEKTPUYECKOIO LWYMa, BKIIOYas paguoYvyacToTHbIe HAaBOAKMW;

- HETOYHOCTb YCMOBWUM 3MNEKTPUYECKON Harpy3ku Npu pacyeTe BNMAHMA UMNEAAHCOB YAIIMHUTENbHBIX KaGenen n
npeaBapuTENbHLIX yCUnuTenen;

- HanunaHwe Ha NnpeobpasoBaTeny BO3AYLLHbIX NY3biPbKOB — WX BAMSHWE MOXHO MUHUMW3UPOBATL COOTBETCTBY-
IOWMM 3amaqmBaHveM npeobpasoBaTenei U ynyJlleHMEM CMa4YMBaeMOCTU UX NOBEPXHOCTY;

- BMMsIHWE YCNOBUI OKPY>KaloLLel cpebl, TaKMX KaKk TEMNepaTypa BoAbl; €CIU YKa3blBalOT, YTO pe3ynbTaTbl Kanmb-
POBKM BEPHbI NULLIL B TEX YCNOBUSIX, B KOTOPbIX 3Ta KanMbpoBka npoBogunach, To HeT He06X0AUMOCTI BBEAESHUS NOMNPAaBOK.
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MpunoxeHve B
(cnpaBo4Hoe)

MoBeaeHUe NONMMMEPHbIX YyBCTBUTENbHBLIX AaT4ukoB 13 NBO® B ynbTpasByKOBbLIX NOMAX
BbICOKOWA UHTEHCUBHOCTHU

B.1 O6wme nonoxeHwus

YNbTpa3ByKOBbIE MOMsi BbICOKOW MHTEHCUBHOCTU 06BIYHO NPUMEHSIIOT B YNbTPa3BYKOBbIX Buonornueckmx n meau-
LMHCKMX UccnegoBaHusix. B HacTosiLee BpeMsi XOPOLLO U3BECTHO, YTO MONS C BbICOKMMY aMNUTyAaMuy JaBreHusl NPUBo-
OST K HenuHenHbiM adhdhekTam B cpeae pacrnpoCTPaHeHUsl, COMPOBOXAAKLWMMCS WCKDKEHUSIMM U 06pazoBaHuem
rapMOHUYECKMX COCTaBMNSAOLLMX B BONHOBOW hopme curHana [12]—[14]. Onsa To4HbIX 3MepeHnn napameTpoB ynbTpas-
BYKOBbIX Nnonei Hanbonee nogxoasT WMPOKOMNONOCHbIE KanMBpoBaHHbIe NoNMMepHble rmAPodOHbI Kak 30HAO0BOTrO, Tak
M MeMbBpaHHOro TMNa, YaCTOTHLIE XapakTePUCTUKM U XapaKTePUCTUKM HanpaBneHHOCTU KOTOPbIX onucaHsl B [15]. OgHako
MHOpMaUWs O NMHENHOCTU OTKIMKA TakMX rTMAPO¢POHOB CYLLECTBEHHO OrpaHndeHa. JIMHENHOCTL KpanHe BaxHa Ans
MEANLMHCKMX NPUMEHEHWI; COBPEMEHHOE MeMUMHCKOe anarHoctTuyeckoe obopyaoBaHne cnocobHo uanyqarte nons ¢
aMnnuTyaon akyctnyeckoro aaenenus nopsgka 10 MMa [16]. Takve amnnutyasl NUWb Ha NOPSAAOK HUXKE TEX, KOTOpbIe
npucyTCcTBYIOT B hOKanbHoM obrnactu MMNynbCOB YO4APHOW BOMHbI annapaTtoB 3KCTPakopnopanbHOW NUTOTPUNCUK
(nuToTpMNTEpOB).

B gononHeHue K 3TOMy crielyeT y4ecTb, UTO NIMHENHOCTL OTKNMKA ruapod)oHa Ha AaBNEeHNe BaXKHa M Npu peanu-
3aUnn MeToAO0B KannGpOBKM C NCMNONb30BAHMEM HEIMMHENHbBIX UCKaXeHnn [17].

PaccMoTpeHHbIe HUXKe UCnbiTaHKs Obinu NpoBeeHb! ANA onpeaeneHns NMHENHOCTU YNbTPa3BYKOBbIX rugpodo-
HOB, CAeNaHHbIX Ha oCcHOBe nonvmepa MNBO® [18].

B.2 TeopeTtuyeckune oCHOBEI

Teopwst HEMMHENHOW akyCTUKN MMeeT MHOXECTBO YNbTPa3BYKOBbIX NPUMEHEHWI KakK B BOAHOW, TakK U B BO34YLUHON
cpepax [12]. B nocnegHee Bpems ee ctany NPUMEHSTh B AUana3oHe 4acToT, UCnons3yeMom anst GuomeanumnHCKom Bu3y-
anuaauwm [13], [14].

XOpOLWOo M3BECTHO, YTO CTENEHb NCKaXEHUS yNbTPA3ByKOBOW BOMHbI 3aBMCUT OT PacCcToOAHWUA A0 MCTOYHMKA [12].
OTa 32BVMCKMMOCTb SBINETCA KPUTEPUEM ANSA ONPeaeneHnsa CTENEHN UCKAXKEHNA BONHOBON (DOPMbI, BbI3BAHHOTO HENU-
HEWHOCTBIO PACNPOCTPAHEHUS, T. €. HENUHENHOCTLIO AnddepeHUnanbHbIX YPaBHEHNUIN, ONUCBIBAIOLWUX PacnpocTpaHe-
HWe, 1 CamMOW cpefibl pacnpocTpPaHeHus (B AaHHOM criyHae BoApl). TOT e cambiii KpuTepuin gaet BO3MOXHOCTb OTAENUTL
BbILLEYNOMSAHYTbIE UCKAKEHNUA OT UCKAXKEHUN BOMHOBON POPpMbI CUrHana ruapodpoHa, BbI3BaHHbLIX HENTMHEWHOCTBLIO €ro
OTKNUKA Ha AaBreHne, NI OT BO3MOXHBIX NCKAXKEHUI, CBA3AHHbIX C peakUMen akyCTUHeCKoro nany4arens Ha Hanpsbke-
Hue ero Bo3byxaeHus. [laHHbI kpuTepuii 6bin MCNONB3OBAaH NPU ONUCAHHBIX HUXE UCMNBbITAHKAX, YTOObI ybeauTbes, YTo
HabnogaeMble HenvHerHbie 3peKTbl HE CBA3aHbI C BO3MOXHON HEMMHENHOCTBIO (DYHKLMK 3MEKTPOAKYCTUHECKOro Npe-
obpasoeaHusi.

B.3 UcnbuiTanmsa

Bce onucaHHbie B HAcToOAWEM NyHKTE U3MepeHus Gbinu NpoBedeHbl B AUCTUANMWMPOBAHHON OerasmpoBaHHON
Boge npu Temnepatype (21,0 + 0,1)°C. B akcnepumeHTanbHON yCTaHOBKe 6biny MCNONb30BaHbl PasnuyHbie yNbTpasBy-
KOBbIe uarnydartenu, paboratwowme Ha vactotax ot 2,25 o 10 Mlu, n rmapodoHbl kak 30HAOBOTO, Tak U MembpaHHo-
ro tunoe [15], [19]. B pononHeHme Kk 3TOMy O6bINO NPUMEHEHO ONTOAKyCTUYECKOE YCTPOWCTBO, crnocobHoe
reHepupoBaTh ygapHble BonHbl [20], [21]. Ecnu ynbTpasBykoBblie 3nydaTeny MOrnm reHepupoBaTh aKkyCTUUECKOe iaBre-
HWe ¢ amnnuTyaamm nopsigka 5,5 MlMa (4To COoTBETCTBYET NPOCTPAHCTBEHHOMY NUKY NMUK-BPEMEHHON MHTEHCUBHOCTH
nopsiaka 1000 BT - cM~2), To onToaKyCTUHECKMI MCTOYHUK FEHEPUPOBAN YAAPHbIE BOMHbI C MMKOBLIMU 3HAYEHUSIMM [laBne-
HUA cxatmsa Bbiwe 10 MMa.

O6a uctouHuka u rmapodoH Gbinn TWaTensHO COPUEHTUPOBAHBI APYr OTHOCUTENBHO ApYra C NOMOLLBI0 TPEXKO-
OpAvHaTHOroO MUKpomaHunynstopa. Curian ¢ rmgpodoHa nNocTynan Ha aHanuaaTop crekTpa u otobpaxaricsi Ha ero
3KpaHe sl OLEHKU CoAepKaHnsA rapMOHUYECKMX cocTaensaowmx. OgHoBpemeHHO curHan Habnoganu no ocuunnorpa-
¢y, ¢ nomowpio kotoporo doTorpatmpoBany BOSNIHOBbIE POPMBI CUTHANOB MPU Pa3NUYHbLIX OCEBbIX PACCTOSIHUAX OT
WCTOYHMKA.

Mepea kaxgbiM LMKIOM M3MEPEHUN NPOBEPSINN, YTO NPUYMHON UCKAXEHWUW BOIHbLI SIBNSIETCH HENTMHEMHOCTb €e
pacnpocTpaHeHusi, a HeNMMHENHAA 3aBUCUMOCTb aKyCTUUECKOTO OKHA (M3nydalolueli NoBEPXHOCTU) OT HaNpPsKEHUs1 BO3-
6yxaeHUs1 UCTOYHMKA UCKaXXeHUI He BHOCUT. Kak oTMeueHO Bbilwe, Takasi npoBepka 6bina ocHoBaHa Ha TOM dhakTte, YTo
NCKa)KEHUS1 BONHbI 3aBUCSIT OT pacCTOAAHUSA 40 UCTOYHUKA, U COCTOAMNa B TOM, YTO nocne 3anucu hopm nmnynsca npu pas-
NNYHBIX OCEBbIX PACCTOAHUSIX UX AHANN3UPOBANU. JTU U3MEPEHUS NMPOBOAUIUN KaK C 30HA0BbIM FrMAPOPOHOM, TaK U C
HegeMndupoBaHHbIM rmapodoHoM MembpanHoro Tuna [15], [19].

[lna onpegeneHnsi NIMHENHOCTU OTKNUKA rMAPOodIOHA NPY YBENUYEHWUM aKyCTUYECKOro AaBneHns 6uinn NnpumMmeHe-
Hbl TPU pa3nuyHble Npoueayphbl.

23



rOCT P M3K 62127-2—2009

B nepBsow npoueaype oueHMBanach NMHEMHOCTb KanMbpoBaHHbIX rMApodOHOB 30HAOBOIO TUNA; NPU 3TOM U3Me-
psANock yBENUYeHne BbIXogHoro curdana rmapodgoHos anametpom 0,6 n 1 Mm Npum NoBbIWEHWN HANpsXXeHns BO36yxae-
HUS wmanydarenen. MakcumanbHOe 3HaueHMe akyCcTMYeCKOro [ABMEHUs cXaTusi, uamepeHHoe rungpodoHammn B
hokanbHo obnactu ncnonb3yemslX NpecbpasoBatenei, coctTaensno okono 5 Mla Ha vactote 3 MIu,.

Bropas npoueaypa npegycmaTtpveana namepeHue noriHom akyCTM4eckon MOLHOCTU, reHepUpyeMon BeIGpaHHbIM
nanyyatenem. [N ckaHMpoBaHWs MONS M NOCNEAYIOWEro BbIYMCIIEHUS] NOMHOW MOWHOCTU U3NYYEHWUS NPUMEHANN
KanubpoBaHHbIE MUHMATIOPHBIE FMAPOGOHbI 30HACBOrO U MeMBpaHHOro TUNoB [22]. 3aTem pesynbTaThl pacyeTa MoLl-
HOCTW CpaBHUBAaNu ¢ pesynbTatamy U3MepPeHWn MOLLHOCTM TOTO XXe Camoro MOJIS U Ha TOM Xe CaMOM PacCTOSIHUM OT
n3nyvaTensi, BbiMONHEHHbIX MeTOAO0M YpaBHOBELLMBaHWS paguauuoHHON cunbl. [N yMeHbWEHWA NOrpeLwHocTH, CBs-
3aHHON € 3OPEKTOM MPOCTPAHCTBEHHOIO YCPEeAHEHWs, 3TM M3MEPEHUsl NPOBOAUNM B 4YacTOTHOM guana3oHe oT 1 go
2 Mly,.

B TpeTben npoueaype 6bin NpUMeHeH oNToakycTMYeckuii NnpeobpasoBartens. B paboTtax [23]—[25], kacaowmxca
YyNbTPasBYKOBbIX XUPYPruyeckmx npubopos, ObINO NoKasaHo, YTO Takoe YCTPOWMCTBO M3NydaeT pacxogsieecss none,
aMnnuTyasl AaBeHUst B KOTOPOM 06paTHO NponopLUoHarbHbl PacCTOSHUIO 0 UCTOYHUKA.

B.4 PesynbTaTthl

PaccmoTpeHHble naMepeHusi No oueHke nNMHenHocTn Guinu npoeedeHsbl Ha 30 rmapodoHax 30HAOBOrO TMNA ana-
mveTpom 0,6 1 1 mm [15] n Ha 10 rugpodoHax membGpanHHoro tmna [15], [19].

B paccmoTpeHHON BblLe NepBON NpoLeaype NMMHENHOCTb KanmbpoBaHHbIX rmapod)OHOB 30HAOBOIO TUNa AnameT-
pom 0,6 u 1 MM OLEHUBAanNM No YBENUYEHWIO BEIXOAHOTO HAMNPSKEHNS HA HUX NMPY NOCTENeHHOM NOBbIWEHUN HanpsHkeHUs!
BO36yxageHus nanydarens Ha yactote 3 M. Mpaduyeckas 3aBUCHMOCTb CUrHana rmapotpoHa oT HanPsKeHNN BO3GYX-
OeHUA nany4arens CBu4eTenbCcTBoBana o NMMHEMHOM COOTHOLEHUW MeXay STUMU BENUYMHAMN.

Bo BTOpON Npouegype Ans ckaHMpoBaHWs Nonst GbiNu NPUMEHEHbI KanNMBOpPOBaHHbBIE MUHUATIOPHbIE TMAPO¢OHDbI
30HOOBOIO M MEeMBPaHHOro TUMOB [22]. 3Ha4eHVs MOLLHOCTY, PaCcCUYUTaHHbIE MO pe3ynbTaTam CKaHMPOBaHUS, CPABHWUBA-
NNCb CO 3HAYEHUSIMW MOLLHOCTY, M3MEPEHHOW METOAOM YPaBHOBELLVMBAHWS paanaunoHHON cunbl. [ns 0gHOro n Toro xe
nanyyatens (1,5 wnmn 2,25 MI'y) pacxoxgeHue Mmexgy U3MepeHHbIM U pacCUMTaHHbIM 3HAaYEHUSIMWU MOLLHOCTU COCTaBWNO
npubnuantensHo 22 %.

TpeTbs Npouedypa cocTosina B MU3MepeHUsix akyCTUHeCKOro curHana, reHepupyemMoro onToakycTuieckum npeob-
pasoBateneM. B yactotHom guanasoHe ot 1 go 10 MMy Ha BONHOBbLIX hopMax curHanos Habnoaanucb NCKaXeHus, CBs-
3aHHble C HenuHeWHbIMM CBOWCTBaMM Cpedbl pacnpocTpaHeHusi. BonHoBaa dopma curHanos, uanyqdaembiX
ONTOaKYyCTUHECKMMMU MpeobpasoBaTensamu, CXo4Ha C TOW, KOTopasi xapaktepHa ans dgpokanbHoW o6nactum W3BeCTHbIX
nutoTpunTepoB. [Ans aTMx npeobpasoeaTtenen Obina sKkcnepvMeHTanbHO noaTBepxgeHa obpaTHas NponopuMoHarb-
HOCTb 3aBUCUMOCTY aMmNnuTyAbl aKyCTUHECKOro AaBMNeHNs OT PACCTOSHNSA 40 NCTOYHUKA, NPY STOM MakCcMMarbHOe 3Ha-
YeHVe amnMTyabl N3MEPEHHOro AaeneHus coctaensano okono 10 Mla, a oTknoHeHWe NONy4YeHHOW 3aBUCMMOCTU OT
3akoHa o6paTHON NPONOPLUUOHANBHOCTM HE NPEBLIWAano HeonpeaeneHHOCTH Pe3ynbTaToB akcnepumeHTa (15 %) [21].

Kakoe-nnbo pacxoxgeHne ¢ 3akoHOM 0BpaTHON NponopuUMOHanbHOCTU, NPEBLILLAOWEe CYMMapHYI0 Heornpeae-
NeHHOCTb Pe3ynbTaTOB U3MEPEeHui, NogpasyMeBaeT BO3MOXKHYI0 HEMMHENHOCTb XapakTepucTuku rmgpodona. OagHako
TaKoro pacxoxaeHusi He Habnwaanock HYU ans MemoOpaHHbIX, HA 4N 30HA0BbLIX rmapodoHoB [21].

B.5 3aknioveHune

Ons Gonblworo konuyecTea NonuMepHsiX ruapodoHoB Ha ocHoie MNBO® 6bina oueHeHa NMHENHOCTb UX OTKNMKA
Ha pgaeneHue. Mamepenusi Obinu BbINOMHEHb! B gnanasoHe aaenenui go 10 MMa. C nomolybio pa3nnyHbiX npoueayp
6bIN0 nNokasaHo, 4To Habnwpaemble HenuHelHble 3PdeKTbl CBA3aHbl TONBKO C HENMMHEMHbLIM pacnpocTpaHeHUeMm
yNbTPa3ByKOBOW BOMHbI B cpefe. beino nony4eHo xopoluee COOTBETCTBUE Pe3yNbTaTOB U3MEPEHUSI C MOMOLLLIO MONK-
MepHbIX ruapodOHOB KaK 30HAOBbIX, TaK U AeMNMVPOBAHHBIX MEMBPaHHbIX.

Kpome Toro, He Habnioganock Kakoro-nmbo OTKMNOHEHWS, MPEBbLIAOWEro CyMMapHyl0 HeomnpegeneHHOCTb
pe3ynbTatoB M3MEpeHWW, OT 3akoHa OOpaTHOW NPOMNOPLUOHANBHOCTU [aBIEHWE — PaCCTOSsIHUE, MNPOBEAEHHLIX C
NOMOLLBIO KK 30HOO0BbIX, TAK U MeMOpaHHbIX ruapodoHoB. Kak ykasaHo Bbille, Takoe pacxoxXaeHne CBUAeTENbCTBOBa-
no 6bl 0 HEMMHEVHOCTU OTKNMKa rMApPodOHa Ha YBENMYEHWE OeNCTBYIOLLEro Ha HEro aKkyCTUYECKOro AaBneHusl.

AMNNNUTYAbl aKYCTUHECKOrO JaBrneHUs B paCCMOTPEHHbIX BblWe WCMbITaHUSX Oblnn OrpaHUYeHbl 3HaYEHEM NpU-
6nuautensHo 10 MMa. JononHWTeNnbHbIM CBUAETENLCTBOM, MOATBEPXKAAIOLLMM U3TOXKEHHbIE BblWe pe3ynbTaThl, SABNs-
I0TCH pesyrnbTaTbl UCNbITAHWIA rnapodoHoB Ha ocHoee BA®, cneunansHo paspaboTaHHbIX NS rMAPOaKyCTUYECKUX
npymMmeHeHnn [26], [27]. OHn nokasbiBanu npeHebpexnmo mansie nameHerus (B npegenax 0,6 ab) 4actoTHol xapakre-
PUCTUKM YyBCTBUTENBHOCTN NPU N3MEHEHUMN TMOPOCTATUYECKOro AasneHus go 69 MMa.

OcHoBbIBasiCb Ha pesynbratax MCnbiTaHWi 1 Ha uHdopMmauumn, onybnukosaHHow B [26], [27], moxHO caenaTtb
BbIBOZ, YTO NONMMepHble rMAPodOHbI XapaKkTepH3yHTCsl XOPOLLEN NUHEWHOCTBIO B Uana3oHe MHTEHCUBHOCTEN, Xapak-
TEPHOM [7151 UCMONb30BaHUSA B 9XOUMMYIBCHbIX CUCTEMaX YNbTPAa3BYKOBOW AnarHocTuky [16].

B gononHeHue k aTomy cnefyet UMETb B BUAY, YTO NMUKOBLIE 3HAYEHUS] aKyCTUUECKOrO AaBneHusi B hoKarbHOM
obnacTtu MoryT gocturatb 3HadeHuit nopsigka 100 MlMa, a usmepsemasn chopma ygapHbIX BOMH OCTAETCA HEU3MEHHOM Npuy
YMEHbLUEHUUN HaMNPsKeHUs BO3GYXAESHUSI UMW HANPSHKeHUs!, NPUKNaabIBaeMoro K arekrpogam annaparoB arnekTporng-
paBnMYeckoro Tvna. 3To He JaeT CTPOroro NoATBEPKAEHUSI IMHEWHOCTN YyBcTBUTENbHOCTY NBA® Kak maTepuana, Ho 1
He CBMAETENbCTBYET, C APYro CTOPOHBI, YTO MMEETCS Kakan-nmbo HENMHEMHOCTL B OTKIMKE HA AABNEHWEe cneumanbHo
paspaboTaHHbix rugpodgoHoB Ha ocHoBe BOP B guanasoHe gaeneHui npubnuautensHo go 70 MMa.
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MpunoxeHne C
(cnpaBo4Hoe)

MonpaBKX Ha 3MEeKTPUUECKYIO HarpysKy

C.1 Obwme nonoxeHnsa

YyBCcTBMTENBHOCTL rMAPOodoHa 1YacTo NpeAcTaBnAT B BUAE YYBCTBUTENbHOCTHN XONIOCTOrO X0Aa Ha KOHLe
Kabens. 310 UyBCTBUTENBLHOCTL rMAPOGOHA Ha KOHUE ero kabensi, He NOACOeQUHEHHOTO K KAaKON-NMGo 3NeKTpUYecKon
Harpy3ke. Ecniu k Bbixogy rnapodioHa nogkrioveHa kakan-nmbo KOHKpeTHas aneKTpuYeckasn Harpyaka, Hanpumep ocuur-
norpad, ycunurtenb Unv yanuHutensHbli kabenb, TO YyBCTBUTENBHOCTbL HA KOHUEe Kabensa rmapocdoHa nog Harpys-
KOW MOXeT ObiTb CBsid3aHa C YyBCTBUTENbHOCTbIO XONOCTOro XoAa Ha KoHUe KabenAa BobipaxeHWeMm, NpMBeAeHHbIM
HUXe.

C.2 MonpaBKkK ¢ NCNONMbL30BaHNEM KOMIMNIEKCHOro 3HaYeHNA nmnegaHca

PaccmoTpum obwumii crniyya, B KOTOPOM ruapodoH paccMaTpuBealoT Kak ABYXNONIOCHUK C KOMNNEKCHbLIM 9NEKTPU-
YECKUM UMNEAAHCOM Ha ero Bbixofe Z;, NOAKNIOHEHHbIN K Harpy3ke ¢ KOMNNEKCHbIM umnegaHcom Z; . YyBcTBuTenb-

HOCTL Ha KOHUe Kkabens ruapodoHa nopa HarpyskoW M, npu ero noaknNioYeHMn K Harpyake CBs3aHa C
UyBCTBUTENbHOCTBIO XONIOCTOO X0AA Ha KoHue kabens M, BbipaxeHnem

Re(Z, )? +Im(Z, ) (C.1)
[Re(Z; ) + Re(Zy )I? +[IM(Z, ) + Im(Z )1?

ML = Mc

rae Re(Z; Ynim(Z; ) o6o3HavyaloT peanbHyo 1 MHUMYIO YacTh KOMMIEKCHOTO 3HAYEHWUs1 COOTBETCTBYIOWEro MMNeaaHca.

YacTo anekTpuyeckyto Harpy3ky MOKHO NpeACTaBUTL B BUAE NApannenbHOro CoeiMHEHNs1 akTUBHOTO CONPOTUBNE-
HUA R; 1 anektpudeckon emkoctn C,. B aTom cnyyae Re(Z; )uIm(Z; )BbipaxaloT kak

R C.2
Re(ZL)=ﬁ, (C.2)
— 1+ 0°C/R;
0l R2 (C.3)
Im(Z, )= b Ky

2n2Rp2°
1+ 02C2R?
rae o — Kpyroesas vacroTra.

C.3 MonpaBKK ¢ NCMONbL30BaAaHNEM €MKOCTEHN

Ecnv nmnegaHckl kak ruapodona, Tak M Harpy3ku MOXHO NpeAcTaBUTb B BUAE EMKOCTEN, TO BO3MOXHO AarnbHen-
wee ynpolieHue BoipaxeHus (C.1). 3To gocTaTouHo BepHOe NpeAcTaBneHve ans ruApodoHa Ha YacToTax MHOIO HUXE
€0 PEe30HaHCHOMN 4acTOTh! U AMNsl TAKMX HAarpy30K, KaK yArnmHuTenbHbie kabenu. B sTom cnyyae, ecnn C, — eMKocTb rg-
podhoHa Ha KOHLIE MHTErPUPOBAHHOTO C HUM kabens ¢ pa3bemoM, BoipaxeHue (C.1) ynpowaercs go

_ Cy c4
M =M, =" (€4
Ht+Cp
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MpunoxeHwe D
(cnpaBo4Hoe)

AGconioTHaa kanubpoBka rMapPodoOHOB METOLOM MMOCKOro CKaHMPOBaHUSA

D1 O6bwee npeacraBneHune

B aTom npunoxeHnu gaHo nogpobHoe onucaHne MeToANKM KannGpoBKM rmAPOotOHOB C UCMONb30BaHNEM NIIOCKO-
ro ckaHvpoBaHusi. [puBeeHbl peKOMEHAALUN NO NPOBEASHNI0 MEXaHNYECKOro CKaHUPOBaHNSA ruapodgoHOM 1 oLeHke
Haubornee BaXHbIX UCTOYHUKOB HeonpeaeneHHOCTU Pe3yrbTaToB KarmbpoBKY.

D.2 MeTtoauka ckaHupoBaHusa rmgpooHOM

CyluecTByeT HECKONbKO CNOCOGOB CKAHUPOBAHWUA rMAPOOHOM yIbTPa3BYKOBOIo My4ka B nnockoctu z = . Hanbo-
rnee pacnpocTpaHeHHbIM SIBNAETCSA Cnocob Nony4eHns NPsAMOYrorbHOW CETKM TOYEK OTCUeTa Npu NepemeLLeHnmn rmapo-
droHa MeTO4OM ABYXMEPHOIO PacTPOBOro CKAHUPOBaHWSA. B aTom cnyyae

- M N
[[1UL (x,y, L 0Pdydx = 3. D1UL (om v LT ByAX, ®-D

m=1 n=1

rae M N — KonvnyecTBO TOYEK OTCHETAa B HAMNPaBIieHUSAX y U X COOTBETCTBEHHO,;
Ax, Ay — pasmepbl lWiara nepemMeLleHns ruapodoHa B HaNpaBneHusix X U y COOTBETCTBEHHO.

Ecnu npodunb nyyka npeobpasoBaTtensi UMeeT NpUGNN3NTENbHO KPYTOBYI0 CUMMETPUIO, TO BO3MOXHA M anbTep-
HaTUBHas Npoueaypa CKaHUpoBaHus. B 9TOM criydae MOXHO BbINONIHUTE HECKONBKO AnaMeTpanbHbIX CKAaHNPOBaHUN
nyd4ka. JlnHum ckaHnpoBaHust AOMKHBI MPOXOAUTL Hepe3 LEeHTP YNbTPa3ByKOBOro NyvKa U pacnonaratbca Apyr oTHOCH-
TenbHO Apyr Apyra nog pasHbiMK yrnamu. Ecnu, Hanpumep, NpoBOAAT ABa CKAHMPOBAHUA, TO UX Hanpaenexwusa 6yayT
NOBEPHYTbI ApYr oTHOcuTeNbHO Apyra Ha 90°. Ans N anameTpanbHbIX CKAHMPOBAHUI NONYYUM

(& Ry 2 2(Ar ) (D.2)
([ (x, y, 1, 0Pdydx 20D WL LPrar+ UL (1s)] s| ¢
N i=1{r=Rqj 2

e r— pacCTOosiHWE OT Kax/oW TOUKW OTcueTa 10 LieHTpa yNbTpa3BykoBoro nyu4ka (pasHoe (y2 + x2)12, ecnu uentp
ny4Ka BbiBpaH B Havane cUcTeMbl KOOPAMHAT X, ¥);
Ar — pa3sMep Lara CKaHWPOBAHUS;
Ry Ry; — paccTosiHus OT LeHTpa nyyKa 40 KPaiHnX TOYEK OTCUeTa Npy ANaMeTPanbHOM CKaHMPOBAHMN NYYKa;
§ — paccTosHMe OT UeHTpa nyuka A0 Grivkaiwen K HeMy TOYKM oTcHeTa.

BTopoi uneH B npaeow yactu Bolpaxkenus (D.2) xapakrepu3yeT BKNaj LeHTPanbHON 4acTu Ny4YKa B NOMHYI0 CYMMY
pe3ynbTaToB CKAHMPOBAHUS.

M pwnmedaHune— Bopaxenne (D.2) He npegnonaraer COBNageHUsl TOHKM OTCHETA C LLGHTPOM AyyKa UNu pae-
HOIO OTCTOAHUA TOYEK OTCHYETA OT LieHTPa Ny4Ka.

D.3 MonpaBkn n NCTOHMHNKWN HeomnpeAeNeHHOCTHN pe3yrbTaToB U3MEPEeHNN

D.3.1 MonHas MowHOCTb

Mpu namepeHunsix, NPOBOANMbLIX B COOTBETCTBUM C pasgernioM 10, rmapodoH ycTaHaBNMBaIOT Ha paccToaHum z =/
oT npeo6paszoBatens. B aToM criydae Heo6xoaAMMO BBECTU NOMNPaBKy HAa MOMOLeHWe yNbTpa3eyka B Boge, NOCKONbKY
BbIXOAHAA MOWHOCTL P, npeobpasosaTtens npuseaeHa K Hyneson gucraHumm (z = 0). [inA eBBeaeHns 3TOW NONpaeku
MCNonb3yT COOTHOLWEHNE

P(l) = P, exp(—20.2), (D.3)

rae Py — nonHas ynbTpaasykoBasi MOWHOCTE Npeobpasosarens,
P(l ) — nonHasa MOWHOCTb YNbTPa3BYKOBOIO My4Ka B NNOCKOCTU HaxoxaeHus rmapodoHa;

o — aMNNUTYAHBIN ko3 dULMEHT 3aTyxaHusi NMOCKON BOMHbI B cpede (06biuHO B Boge).

B npunoxenun E npuBegeHbl 3HaUeHUs 3aTyxXxaHus B BoAe B 3aBMCUMOCTU OT TeMMNepaTypbl U HacToThl, KOTOPbIE
MOXHO MCNonb3oBaTh B BbipaxkeHun (D.3).

MmeroTca Tpn MCTOUHMKA HeonpeaeneHHOCTH 3Ha4eHWUs NONMHOW MolHocTh P(/ ) ynbTpa3BykoBOro nyyka B MecTe
pacrnonoxexuns rnapodoHa, U BKNaA Kaxgoro U3 HUX cnegyert oueHuTb. [lepBbii UCTOUHUK — 3TO CMCTEMaTHyecKas
NOrPeLwHOCTb ONpeAerieHns! NOMHOW BLIXOAHOW MOLLHOCTYN P, Kak Ans stanoHHoro npeobpasosarens, Tak m oT npeobpa-
30BaTens, MOWHOCTb KOTOPOrO U3MePSIIOT HEMOCPEeACTBEHHO Nepes KannbpoBKon METOAO0M YPaBHOBELIMBAHUSI paana-
LUMOHHOW cunbl (cM. M3K 61161).

BTopow ncTouHuk HeonpegeneHHOCTU CBSI3aH C BO3MOXXHOWM pasHULEN B 3HAYEHUSIX MOMHOWN BbIXOAHOW MOLLHOCTH
npeobpasoBaTens Bo BpeMsi NpoBeAeHUs1 NpoLeaypbl CKAHMPOBAHUSI M U3MEPEHHOW BO BpeMsi ero kanmbpoBku. Makcu-
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MarnbHOE 3Ha4YeHNe CBA3aHHOW C 9STUM HeomnpeAernieHHOCTU MOXHO OLEeHNUTL U3 NpeaBapuTEnNbHbIX CBeAeHUi 0 cTabune-
HOCTM npeobpasoeatensi. OTOT MCTOUHMK HeOoMNpeaeneHHOCTH creayeT OUeHWBaTb OTAENbHO AN  KaxAoro
ucrnonb3yemoro npeobpasoBarensi.

TpeTuit NCTOYHUK HeonpeaeneHHOCTH NOJHOW MOLWHOCTU CBA3aH C HEOGXO0AMMOCTLIO BBEAEHUA NONPaBKN Ha
3aTyxaHue ynbTpa3syka B Boge. HeonpeaeneHHOCTb BO3HUKAET Kak U3-3a NOTPELHOCTU B OUEHKe KoadhduruneHTa 3aTy-
xaHua a/f 2, KoTOpylo pekoMeHzyeTcsl NPUHUMAaTh paBHolt + 1,7 % ans scex Temnepatyp [28], [29], Tak u u3-3a norpeLu-
HOCTU B onpeaeneHumn pacctosiHus [ mexay npeobpasoBatenem u rmapogoHomM. 3T0 paccTosiHUe MOXHO onpeaenuTb
no ocuunnorpady namepsisi Bpemsi 3afiepKk1 curHarna, npuHMMaemoro ruaApogoHoOmM, NO OTHOLLEHUIO K BpeMeHN Nogaqm
curHana eo36yxaeHusi npeobpasosaTernsi.

D.3.2 Cwurnan, npyuHMMmaeMbii ruapodgoHOM

Cwvrnan na Beixoge rmapodiona U, (x, y, I, f) 06b1uHO u3amepsioT ¢ nomousio ocuunnorpada, ungposoro npeobpa-
30BaTensa unu Apyroro COOTBETCTBYIOLWENO U3MEPUTENBHOrO Npubopa, NOrpewHoOCTb KOTOPOro criedyeT oueHnTb. OHa
6yaeT 3aenceTb OT coaepKaHNUsA rapMOHUK B BbIXOAHOM CUrHane ruapodoHa, HacTOTHON XapaKTEpUCTUKM Camoro rmg-
podoHa n meToaa N3MepeHUst 3TOro curHana.

Bbino ycraHoBneHo, 4To peanusauusi MeToga CKaHMPOBaHWA C UCMONBb30BAHMEM CUTHANOB C UCKAXXEHHOW BOIHO-
BoM POPMON NPUBOAMUT K CYLLECTBEHHbLIM MOrpeLlHoOcTAM kanubposku [30]. 3TK norpewHocT Bo3pacTalT, ecnu ansi
M3MepeHui BbIXOAHOro curHana rmapodoHa UCNonb3yloT NUK-NONOXWUTENbHbIE 3HAYEHUs aKyCTMUYEeCKOro CUrHarna,
M CHMXAIOTCA NPY UCMOMNb30BaHUN 3HAYEHUI «OT NKKa A0 NUKa» MU NUK-0TPULUATENbHBIX 3HAYEHUIA aKyCTUYECKOTO AaB-
neHus.

D.3.3 CymmupoBaHue

Mpu npoBeaeHNN NNOCKOro CKAHMPOBaHWSA CYLLECTBEHHBIM SIBNSETCA NpaBuibHbIN BblGOp Tovek oTcueTa. Ha ocHo-
BaHMWN aHanu3a, NPoBEAEHHOrO B [28], NnpuHMMaem, YTo Npu gnameTpanbHOM CKAHUPOBaHUW C ONYCTUMOCTLIO O LIMITUH-
APNHECKON CUMMETPUM NMy4yka HeoBXoAUMBI MO MEHbLUEN Mepe 7 ToYeK oTcHeTa Mexay (M BKNoYas) KpaiHMMKU TOUKamu,
COOTBETCTBYIOLMMMU CHIDKEHUIO NPpoduns AaBneHust Ha 6 Ab oTHoCUTENBbHO AaBNEeHNA Ha OCKU Nydka (MnK 5 TOYeK oTcYe-
Ta MeXAy KPanHMMM TOYKaMK, COOTBETCTBYIOLLIMMM CHUXXEHWIO Npoduns KBagpaToB Aaenenus Ha 6 ab), ansi nonyyeHus
HeonpeaeneHHOCTN YyBCTBUMTENBHOCTM FrMAPOGIOHA, BbI3BAHHON NPOCTPAHCTBEHHLIM OrPaHUYEHUEM CYMMUPOBaHWUs,
meHee = 1 %. Mpwn pacTpoBoM ckanupoBaHum, ecnu M n N B eoipaxerum (D.1) BoiGpaHbl Tak, 4To 06e NMHWK ckaHnpoBa-
HYA (B HaNpaBneHWsX X 1 y), Npoxogsiiume Yyepes LeHTp Ny4ka, cogepxaT no MeHbwen mepe 7 ToUeK oTcueTa Mexay (v
BKITIOYas) KpaHMMM TOUKaMU, COOTBETCTBYIOLLMMY CHUXEeHUIO Npodunsi AaBneHns Ha 6 ab otHocuTenbHO AaBneHns Ha
OCM ny4Ka, TO HeonpeaeneHHOCTb YYBCTBUTENBHOCTU rMAPOKOHA, BbI3BaHHASA NMPOCTPAHCTBEHHLIM OrpaHUYeHUeM
cyMMUpoBaHus, byaet mernee + 1 %. Bknag 3Toro nctoyHMka HeonpeaeneHHOCTH, CBA3AHHOMO C KOHEYHbIM YUCIIOM
TOYEK OTCYeTa NMpy TOM UMK pYroMm MeToje CKAaHWPOBaHWS, AOIDKEH OblTb OLEHEH ANS KaXAoro KOHKPEeTHOro Yucna
TOYEK oTCYeTa.

HdonycTumocTb NPeanonoXeHUs O LMNMMHAPUHECKON CUMMETPUM NMyYKa Npu guameTparnibHOM CKAHMPOBAHUN MOXET
6bITb NpOBEpEeHa Npu aHanvae pes3ynbLTaToOB CKaHWPOBaHWS MO KaXXAOW paauarbHOW NIMHUK, CYMMMUPYS X Kak

Jmax D.4
2. LU r)PriAr, 4
j=0

rae r;— pacctosHue OT LeHTPa My4Ka A0 TOUKM OTCHETa,

Jmax — HOMEp Camoli ganbHel TOUKN oTcHeTa paauarbHON YacTu NIMHUM CKaHUPOBaHKS.
MpumeyaHue—Tlpegnonaraercs, YTO Kax4oe OMAMETPaNbHOE CKaHWPOBAHUE MOXET BbiTb pasgeneHo Ha
ABa pagmarbHbIX, pe3ynbTaTbl KOTOPbIX aHanmManpyoTest OTAerNbHO.

OnpegensioT pasHocTb (B NPOLEHTaX) MeXay MakCuManbHbIM U MMHUMaMbHbLIM 3HaYeHUsIMU, NOMYHEHHBIMU Ans
BCEX pagnanbHbIX NMMHUA ANaMeTpanbHOro CKaHMpPoBaHUA 13 BbipaxeHus (D.4), u NONOBUHY STON pasHuUbl CHMTAIOT
KaK BKag NCTOYHMKa HeonpeaeneHHoCcT!, CBA3aHHON C 4ONYCTUMOCTBIO NPeanonoXeHnst 0 LMNMHAPUYECKON CUMMET-
pyM yNbTpa3ByKkoBOro My4ka.

D.3.4 XapaktepucTvka HanpaBneHHoOCTH

Ecnu xapakTtepucTvka HanpaBneHHOCTH ruapodoHa N3BecTHa, TO Heo6x0AUMO BBECTU NONPaBKY Ha ee Hepas-
HOMepHOCTb. Ecriv aToro caenath Henb3s, TO B KaXK40W TOUKE CKaHMPOBaHWS cnegyeT YyTOYHATL OpueHTaumio rmgpodo-
Ha, Ao6uBasiCb MakCMMAarbHOrO CUrHana Ha ero Boixoge. [locTuxeHre Takon onNTMMarbHON OpMeHTaLumn He 06A3aTensHo
ONA K&XOOW TOYKM OTCcHeTa, ecnv Mpu nepemMeLlleHnm rmapodoHa o1 O4HON TOYKW K APYron uaMeHeHve yrna nageHus
ynbTpa3eyka Ha Hero mano. [poueaypa BBegeHUs NONpaBKM AOMXKHA COCTOATh B crepyloweM. CHavana namepsior
XapaKTepUCTVKY HanpaeneHHOCTN rmapodorHa Ha vacToTe f. 3aTem NpeacTaBnsioT ee B BuAe HOPMUPOBAHHON OyHKUUN
D(0©,), rae ©, — yrnosas opueHTauus ruapodona. [1ns BBeieHus NONPaBku B pe3ynbTaTel CKaHWPOBaHWUA crnedyeT pas-
AENuTb cUrHan Ha Boixofe rmapotona U, (x, y, I, 1) Ha koadpduument D(O,), rae ©, = arctg[(x? + y2)V2/1].

MeTtoabl onpegeneHnsi XapakTeprcTK HanpaBneHHOCTU rmapo¢PoHOB paccMoOTpeHbl B 12.5.

D.3.5 KoHeuHble paamepbl rugpocdoHa

CnegyeT OUEHVTb BKIaA B HEONPEAENEeHHOCTb, CBA3AHHBIN C KOHEYHBIMW pa3MepamMy aKkTMBHOrO SreMeHTa rma-
podoHa. FmapodoH pearnpyeT Ha akyCTUHECKOe AaBNEHNE, MHTENPUPOBAHHOE MO BCEW NOBEPXHOCTW aKTMBHOIO arie-
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MEHTa, U UMEHHO NO3TOMY MOXET OKa3aTbCsl Heo6XxoAUMbBIM BBeAEHME NONPaBKK Ha NMPOCTPaHCTBEHHOE ycpegHeHue [2],
[5], [31], [32]. OueHky 3Ha4eHUs 3TOI NOMNpPaBKy NONYYaT NYTEM BblUUCNEHUS PasHULbl MEXAY aKyCTUUECKUM AaBNeHN-
€M B 33aHHON TOYKE NONA U AABMNEHNEM, YCPeAHEHHbBIM NO NOBEPXHOCTU aKTUBHOTO 3nemeHTa (cMm. [2] 1 MOK 62127-1).
Mpw 3TUX pacyeTax Ans onpegeneHnst BHELWHWX rPaHuL, NOBEPXHOCTU aKTUBHOIO 3NeMeHTa crnefyeT UCNoNb3oBaTh 3Ha-
veHue adpdpexTuBHON Nnowaan rmapodoHa. IpdekTuBHAA NNOWAAL MOXeT GbiTb BbluncrieHa no adpdekTMBHOMY
papwnycy akTMBHOroO anemeHTa rmgpodyoHa, onpeaenseMomy B cooteeTcTBum ¢ 12.5 [6]. BnusiHme npoctpaHcTBEHHOTO
ycpeaHeHWA Ha pe3ynbTaTbl CKAHMPOBaHWUsI Hamboree BENWKO B LEHTpanbHOM obnactu nyuka. [Mo3Tomy TONbKO AN 9TOM
obnactn Heo6xoanmo onpeaensitTb UCTOYHMK COOTBETCTBYIOWEN HeonpeaeNneHHOCTH UMM BBOAWUTL NMONPaBKM Ha Npo-
CTpaHCTBEHHOe ycpeaHeHue. Vamepenusi npeanoytMTensHO NPOBOAUTL HA TakoM paccTosiium [ oT npeobpa3oearens,
npu KOTOPOM 3peKTbI NPOCTPAHCTBEHHOIO YCPEAHEHMA B LEHTPE NMy4dka He npesbiwaT 5 %.

D.3.6 Wym

B o6wem cnyyae ckaHMpoBaHUe NPOBOAST A0 TakMX PacCTOAHWM OT OCM YNbTPAasBYKOBOIO My4yka, HA KOTOPbIX
N3MepuTenbHbI CUrHaN BCe elle NpeBbilaeT WwyM. [1nsi oueHkn BKnaga WymoB U BBEAEHUSI COOTBETCTBYIOLLMX NONPaBoK
B CYMMY KBagpaToB HanpsikeHusi Ha ruapodoHe criefyeT BHavane onpeaenuTb YPOBeHb LWYMOB. TO MOXHO cAenaTb,
NOBTOPWEB BECH NPOLIECC CKAHUPOBAaHWS NPW BbIKMIOYEHHOM NpeobpasoBaTtene U MU3MepyB NPU 3TOM CpegHeEKBaapaTUyec-
koe 3Ha4eHWe HaMpPsHKeHUs LWYMOB B K&X/AO0N TOYKe. 3HaYeHUe CpeaHeKBaApaTUYeCcKoro Hanpspkenns wymos U (x, y, 1)
BblYMTAIOT U3 3HAYEHUSI UBMEPEHHOTO CUrHana cnegyowmum cnoco6om. Ecnu ycpeaHeHHOe 3HaYeHUe KBagpaToB Hanpst-
XeHus Ha rmapodoHe paBHO

Wi (x.y. L2, (D.5)

TO ycpeaHeHHoe 3HaueHve KBagpaToB HanpsixkeHus Ha ruapoddoHe nocre BBeAeHUs NONPaBKW Ha BKIaz, LYMOB COCTaBUT

Up(x,y, L0 =[U (x,y, L% = UR(x, y, I). (D.6)

Onsa rugpod)oHa, YCTAaHOBIEHHOTO B KPAWMHIOK TOYKY CKAHMPOBAHWUSA, CUMHAN Ha ero BbIXOAE MOXET COCTOATh He
TONBKO U3 LWIYMOB, HO M3 MONE3HOro CUrHana, MEeHbLLErD, YeM WyMbl, B aTom cnyuae cneayet onpeaenurb BEMUHUHY
BKIada Toi obnactu, KoTopast He BKII0UYEHA B NNOWaab CKAHMPOBAHWSA, YTO MOXHO CAenarb U3 TeOpeTUYECKON MOAENu
yNbTPa3BYKOBOro nyuyka. [laBneHne B ToHYke R AanbHEro nons KPyrnoro noplwHesoro npeo6pasosarensi Npornopumo-
HanbHO

2J,(ka, sin ®)/(ka,sin ©), (D.7)

rae kK — BOMNHOBOE YUCIO;
a; — 3dEKTUBHbLIN UNN reomeTpuyHeckin paguyc ynbTpassykoBoro npeobpasosarens;
® — yron mexay NUHnen, coeamHsioLen Touky R ¢ ueHTpom npeobpasoBaTtensi, U ocbio Ny4ka (CM. pasgen 4);
Ji — dyHkuuna beccens nepeoro poga nepeoro nopsaka.

Takon nogxoa npegnonaraeT ceprnHeckoe CKaHMPOBaHWE, M NO3TOMY BKI1aZ obnacren, He OXBaueHHbIX CKAHUPO-
BaHWeM, cnegyeT onpeaenaTb NyTemM CyMMUPOBAHUA KBAAPATOB HANPSHKEHUM MPU NX TEOPETUYECKOM pacripefeneHum B
chepuHeckom cermeHTe, orpaHM4eHHoOM o6nacTbio NNOCKOrO CKAHMPOBAaHUS, U CPaBHEHUS1 3TUX Pe3yrnbTaToB C Pe3ynb-
TatamMu UHTErpupoBaHnA No Bcew nonycdepe. Bknag nepndepuinHeix obnacrem, He OXBaue€HHbIX CKAHMPOBAHWEM, NPY
NNOCKOM CKaHMPOBAHWUKN cCneayeT OLEeHUBATh TOYHO TaK Xe, KaK U Npu cheprnieckoM CKaHUPOBAHUU; €ro criefyeT YyUnUTbl-
BaTb KaK NOMpaBKy B pe3ynbTaT CKAaHUPOBAaHWUS M PaccMaTpuBaTh KaK MCTOYHWUK HeornpeaerneHHOCTH, oBycnoBrneHHON
orpaHudeHnem obnactn ckanuposaHusi. Bknag nepudepuiiHbix obnactent 06blMHO Man No cpaBHEHUIO C APYrMMuy
COCTaBNAIOWMUMMN.

MoxeT okasaTbcs 6onee npakTMUHbIM NPOBEAEHNE CKAHUPOBAHUSA TONBKO B 0611acTy, orpaHUYeHHON NUHKEN, Ha
KOTOPOW AaBNEHNE CHWKAETCs 40 onpeaeneHHoro 3Hadenuns, Hanpumep 8o 10 % [26] nnm ao 5 % [33] no cpaBHeHuto ¢
MaKCUManbeHbIM B LEHTpe nydka. B atom cnyyae Bknag obnacrtewn, He OXBaueHHbIX CKaHMpOBaHueM, 6yZieT CylLeCTBEH-
HbIM, U OMMCaHHAasA BbIWE NPoLieaypa onpeaeneHns nonpaeku ob6asarensHa.

MpumevwaHwusn

1 Ecnn advpexTmBHBIN pagmyc ynbTpasByKOBOro npeobpasoBartensi He M3BECTEH, TO BMECTO HEro MOXHO
Nonb3oBaTbCH 3HAaYEHWEM FreOMeTPUUECKOro paguyca.

2 3Ha4uMMOCTb BKNaga WyMOoB B pe3ynbTaTbhl CKAHWPOBaHWA 32BUCUT OT MeToAa U3MepeHusi curHana ruapodoHa.

D.3.7 HenuHenHocTb pacnpocTpaHeHus

Mpu kannbpoeke rMAPOPOHOB METOAOM MNOCKOrO CKAHMPOBaHWA ONPEAensiioT YyBCTBUTENBHOCTL rMApPodoHa
Ha KOHKpeTHOW vacToTe f. MNpy 3TOM BaXHO, YTOObI YNbTPa3BYKOBbIE BOMHbI HE GbiNK NCKaXXeHbl MPUCYTCTBUEM BbICOKO-
YaCTOTHBIX COCTABRMSAOLLMX U3-38 HENMUHENHOCTN PacnpocTpaHeHns. [na oueHkn 3Ha4YMMOCTH BNusiHUA 3Toro addpekra
Ha pesynbTaThl kanwbpoBku rmapocoHOB METOAOM MIOCKOrO CKaHWPOBAaHUSI MPEeAnoXeHbl ABe Npoueaypbl, BeIGOp
MEXAY KOTOPbIMW 38BUCUT OT KOHKPETHON METOAMKU M3MEPEHUI M OT TUNa kanubpyemoro rugpodona. Obe npoueaypbl
no CyWwecTBY OCHOBaHbI HA TOM, YTO HeonpeAeneHHOCTb U3-3a BNUSHUSA HENTMHENHOCTW pacnpoCTpaHeHNsi 3aBUCUT OT
noTepkb B amMNInTyae OCHOBHOW YaCTOTHOW COCTaBMAIOLWEN B BONTHOBOW (POPMeE akycTU4ecKkoro gaeneHus. B nepsoii npo-
uedype npeanonaraercs, YTo amnnnTyaa BTOPOW rapMOHVKU COCTaBNAST onpeaeneHHbIli NPOLEHT § OT aMnnuTyabl Ha
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OCHOBHOW 4acToTe. B aTom cnydvae norpelHocTb (B NpouUeHTax) onpeaeneHusi YyBCTBUTENbHOCTU ruapodoHa npu
8 < 30 % coctaBut (cM. D.4.5)

18 ©9)
2100°

HecmoTpsi Ha NpocTOTy 9TOW NPOLEAYPbl, MOXET OKa3aTbCH HEBO3MOXHbLIM AOCTOBEPHOE onpeAeneHne § n3-aa
M3MeHeHUs YYBCTBUTENBHOCTY rMapodooHa Mexy HacToTamy OCHOBHOW M BTOPOW rapMOHVK UMW HA BbICOKMX 4acToTax
13-3a TOro, YTO HE MPUHUMAETCS B pacyeT akyCTMYecKoe 3aTyxaHue B BOAE.

Mpu BTOPOI NpOLEaype NpeanonaraioT, YTo AMs NOPLIHEBOrO YbTPa3BYKOBOIoO Npeobpa3osBarens HENMMHENHOCTb
pacnpocTpaHeHus MOXHO npeackasate. Kak nokazano B D.4.5, B ganbHem none npeobpasoBaTtens, Uanyyalwero
HenpepbIBHYI0 BOMHY MOMHOW MOLWHOCTLIO Py, NOrPELLHOCTb OnpeaerieHusi YyBCTBUTENbHOCTY ruapodoHa npnénuam-
TeNbHO COCTaBNsET

P,(0,28R + 0,065)f4at2 1020 (D.9)
nnﬂR=IX/nat2, (D.10)

rae f— vacroTa, lu;
a; — achheKTMBHBIN pagnyc ynbTPasBykoBOro npeobpasosarens, M.

3T0 COOTHOLWEHWE BEPHO ANs1 3HAYEHUM NOrPEeLHOCTU MeHee 5 % 1 Ans yCnoBuI, KOrga 3atyxaHneM B BO4e MOX-
Ho nNpeHebpeyb (cMm. npunoxeHwue E).

OTa oueHKa OCHOBaHa Ha TOM MPeAnooXeHNU, YTO He ONPeAEnsoT CUrHan Ha YacToTe BTOPOW FrapMOHUKU U YTO
BINVSIHUE 3aTyXaHusi Npy HENMMHEHOM pacnpocTpaHeHn maro. MNpu ncnons3oBaHny ruapodoHa ¢ NoCKoW YacTOTHON
XapaKTepUCTUKOW OLeHKa NorpelHocTn ByaeT 3aBbiweHa.

OueHK/ HeonpeaeneHHOCTHU NPOBOAAT C UCMONb30BaHMEM NPUBEAEHHbIX Bblle COOTHOLEHUI, NPY 3TOM crneay-
€T cYMTaThb, YTO OHU ONPeaensioT BEPXHWUI Npeaen NOorpeLlHOCTeln, CBA3aHHbIX C UCKQXKEHMSIMW BOITHOBOW (hOPMbl CUTHA-
na rmapodpoHa. MorpewHocTs AomnxkHa 6biTb MeHbLle 5 %.

D.3.8 lnockoe ckaHupoBaHue

B cTporom cmbicne BelpaxeHne YyBCTBUTENbHOCTH rnapodoHa Ha KoHUe KabGena noa Harpy3skon (10) u3 (6)
JOMXKHO Npegnonarate CYMMUPOBaHKe Mo cheprnyeckoin NOBEPXHOCTU C LIEHTPOM Ha yNbTpa3BykOBOM npeobpasoeare-
ne. NMorpewHocTb N3-3a 3ameHbl CHepNHECcKOro CKAHMPOBAHNA NNOCKMM NponopumnoHansHa [(1/cos ©) 1], rae ® — yron
MeXJy OCbIO MyYKa U JIMHUEN, COEUHSIIOLLEN LEHTP YrbTPa3ByKoOBOro npeobpasoBarens ¢ ONOPHbIM LEHTPOM aKTUB-
Horo anemeHTta rugpodoHa. Npegnonaras, 4To yron ® B KpanHWX TOYKaxX NNOCKOro CKaHWpoBaHusi meHblue 10°, MoXHO
CUUTaTh, YTO NMOrPELUHOCTBLIO N3-32 NEepexoa K NNOCKOMY CKaHMPOBAHUIO MOXHO npeHebpeyb [28], ogHako npu 6onbLumx
yrnax oueHKa BKnaga 9TOro MCTOYHUKa B HeONnpeaeneHHoCcTb o6a3arensHa.

D.3.9 lNponopunoHanbHOCTb MHTEHCMBHOCTY KBAAPaTy AABIIEHUA

BeipaxeHue (5) npeagnonaraeT, YTO MTHOBEHHOE 3Ha4YeHNe MHTEHCUMBHOCTH NPOoNopLMOHanbHO KBagpaTy akyc-
TU4eckoro gaernenns. OueHnTb pasnuyne mexay UCTUHHBIM 3HAYEHUEM MIHOBEHHOW UHTEHCUBHOCTU I 1 3HaYeHuem Ip,
Nony4YeHHbIM U3 KBagpaTta akyCTUHECKOro AaBNeHns, Ha OCU KPYInoro NOpLWHEBOro yrbTPa3BykoBOro npeobpasosarernsi
MOXHO MO criegylowemy ypaeHeHmio [9]

Iy 2 (D.11)
T ,V2

vl )

Ons pacctosnun, pekomenayembix B 10.5.3, n ansa npeo6pasoBatenen obbiuHoro anameTtpa (ot 6 go 25 Mm) 310
OTHOWEHWE OTNNYAEeTCs OT eAuHULIbI MEHbLe YeM Ha 1 %. Ecnn paccTosiHna MeHblue pekomeHgoBaHHbIX B 10.5.3, To
Bbipaxenune (D.11) cnegyer ncnonb3osaTh ANS OLUEHKM BKNAAA STOr0 MCTOYHUKA B HeOmNpeaeneHHOCTb pe3ynbTaToe
Kanmbpoeku.

D.4 O6ocHoBaHne oco6eHHOCTEN METOAUKN Kannbposku rmapod)OHOB NNOCKUM CKaHUPOBAHUEM

D.4.1 O6wwme nonoxeHusi

B aTom pasgene AaHbl 060CHOBaAHUS HEKOTOPLIX YCNOBUIA U onepauuit 06paboTkn pe3ynbTaToB, MCNONb3YEeMbIX
npy KanuGpoBKke METOAOM MITOCKOr0 CKAHMPOBAHUS.

D.4.2 CooTtHoweHune mexay addpexTnBHBIMK paanycamn ruapodoHa n npeobpasosartensi

Paccmotpum nopliHeson npeo6Gpaszosatent ¢ adyheKTMBHLIM pagnycom a, u rmapodon ¢ aghekTMBHBLIM
paanycom a,, pacnonoxeHHbIn Ha pacctosHum / ot npeobpasosartens.

BonHa o1 kpaeB npeobpasoBartens (kpaesas BonHa) 6yaet nagatb Ha rmApodoH Nnog yrinom, onpeaensieMbiM
BblpaXXeHnem

a, (D.12)

arcsin| ——————
(atz + 12)1/2
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MpepnonaraioT, 4TO XapakTepucTUKa HanpasneHHoOCT rAPodIOHa BblpaXaeTCsl Kak
2J,(ka,, sin 8)/ka,, sin 6, (D.13)

rae k — BOIMHOBOE 14nCNo, paBHoe 2/, a 0— yron nageHusi, Npy KOTOPOM BOSHbI OT Kpaes npeobpasosaTens 6yayT nagarb
Ha rmapodIoH nog yriom, COOTBETCTBYIOLMM CHUXEHUIO YYBCTBUTENBHOCTU B XapakTepUCTUKE HanpaBneHHOCTU, MeHb-
wemy, yem 1 ab. 310 osHauaer, uto (kay, sin 8)<1, T. e. 2J,(kay, sin 8)/kaj, sin 8 ~0,88. CnegoBaTtenbHO, 3TO 3KBMBANIEHTHO

(kay, sin 0) <1 (D.14)
Unun
kapar  _ (D.15)
(% + 12)12

D.4.3 MoxHO nokasaTb [9], YTO MCTUHHAs MHTEHCUBHOCTb Ha PaccTosiHMK / NO OCK NOPLUHEBOro NpeobpasoBartens
0TIM4aeTCA OT MHTEHCMBHOCTU, ONpeAeneHHoN No keaapaTy Aasnexns, npubnuantensHo Ha 6 % ans a; /1= 0,5. MNpy npy-
GnvxeHUM K Npeobpa3oBaTenio MHTEHCMBHOCTL «MO KBaApaTy AaBneHus» Bo3pacTaeT ObicTpee, YeM UCTUHHAS! MHTEH-
cnBHOCTb. W3 3TOrO CcneayeT, 4To BhipaxeHue (5) koppekTHo npu a, /1 <0,5.

D.4.4 Tpeo6pazosaHue BbipaxeHus (D.2)

PaccmoTpum pesynbratel otedeta U, (/, r) B TOUKaX, pacnonoxeHHbIX Mexay Ry;n Ry, T. €. Mexgy KpanHumy Tou-
KaMM j-ro AuameTpanbHOro CKaHMpoBaHuA. [TpuMeM 3a s pacCcTosiHUE OT LieHTPa YNbTPa3BYKOBOIo NyykKa Ao 6nvxait-
e K HeMy ToYkM oTcueTa. MNpeacTaBnss Kaxayto TOYKY, pacrnonoXeHHY0 Ha pacCTOSIHUM © OT LiIeHTpa ny4ka, B Buge
KonbLa paguycom r, CYMMUPYEM pe3yrnbTaThl AUameTpanbHOro CKaHWPOBAHUS Kak

Raj (D.16)
> wlU, (4 NPrar.
r=Rqj

MpumedaHnue—IlpegcraeneHHoe B 9TOM pasgene CYMMUPOBaHNE He COBCEM COOTBETCTBYET OObIUHBIM Npa-
BMNaMm matematuku. Mpegensl NokasbiBaloT KpaHue TOYKM CyMMUpoBaHus. Mexay aTumm Toukamm napametp r B (D.16)
npeacTaeneH BblOpaHHLIMU AUCKPETHBIMU TOHKaMM.

Bknag U, (/, s) ueHTpaneHON TOYKW S HEMb3s NPeACTaBUTb aHANOrMYHO BKNady KOMbLEBbIX 351IeMeHTOB Kak Ans
Apyrux Touek r. B aTom cniyyae cnegyeT paccmaTpuBaTh OTAeNbHbIV BKNaa ABYX NMONOBUHOK KPYra, pacnofioXXeHHbIX OKO-

MO LUeHTParnbHOM TOYKN, Kak
2 2 D.17)
b Ar Ar (
5 W, (L s)3 (—2 —sj + (—2 + sj .

Tak kak B Bblpaxerun (D.16) yxe npegycmoTpeH Bknag U, (, s) ToUkm s, To B 370 BeipaxeHne Heo6xoanmo BBECTU
nonpaeky, onpegernsieMyto pasHuLer ICTUHHOIO 3Ha4YeHUs BKNaaa LUeHTParbHOW TOUKU M TEM YITEHOM, KOTOPbIA UMeeTCs
B BblpaxkeHuu (D.16), T. e.

2 2 D.18)
kil o (A _ Ar _ 2 (
7 U, (L s)] ( > sj + ( 2 + sj n[U, (L, s)]°sAr,
NPUBOAMMYIO K BUZY
2 D.19
Rl 9F (5 -] ®-19)

OTa nonpaeka v NnpeacTaBneHa nocnegHM YeHom B BbipaxeHun (D.2).
Ecnu Touka, cooTBeTCTBYIOWAA UL(l, §), coBNagaeT C UWeHTPOM Ny4Ka, 70 s = 0 1 uneH B hUrypHbIX ckobGKax Bblpa-
xeHus (D.2) cokpaliaeTcs Ao

Raj 2
Z: (U, (4, NPrar + (U, (4, o)]z%‘ (D.20)
r=rRj

MpumeyaHune— Tak kak Noa 3HAKOM CYMMbI OTCYTCTBYET HNeH, COOTBETCTBYIOLMIA LEHTPArbHON Touke [r=0
ansa Ui(l, 0)], To Bknagy LeHTpanbHOW TOYKM COOTBETCTBYET NPaBbii YneH BoipaxeHusi (D.20).

D.4.5 BnusiHne HENUHEWHOro pacnpoCcTpaHeHUs

Huxe npueegeHo npeobpaszoBaHue Boipaxenus (D.9), oTHOcAWEeCs K BNUSIHUIO HENMHEMHOCTU pacnpocTpaHe-
HUS.

MoneaHon annpokcumaumen nons gaeneHun ¢ KOHEYHON aMNNNTYAON, FeHEPUPYEMOTO MOPLUHEBLIM U3ryJaTenem

Ha paccTosHWsAX nopsaka unu 6onbwe YeM HOPMUPOBaAHHOE paccTosHue R = DJnaTZ, sIBNsieTCA npeAcTaBneHne npo-
¢dunsa nyqka dyHkumen aycca.
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Mpyn HeGONbLWMX NCKAXKEHUSAX OTHOLLEHNE aMNNUTYAbl COCTABMNALLEN HA OCHOBHOW 4acTOTE Ha OCK pacnpocTpa-
HEHWS BONHbI K aMNNUTyae Npu OTCYTCTBUN UCKE&XKEHNI paBHO [34]

o (D.21)
'8

ans
(D.22)

7p1n2at2
G= -
szcz

] 26in 1| (1 + R2)20IR + (1 + R

rae pq — aMmnnutyna aKyCTU4eCKOro gaelieHnsA Ha MoBepXHOCTU yrbTpa3ByKOBOIo npeo6pa3OBaTen;|, CBA3aHHasA ¢

MOMHON aKyCTUYECKON MOWHOCTBI0 Py, nanyyaemon npeobpasosarenem Kak
wpla? (D.23)
Pyp=——
4pc

AMNNUTYAY AaBNEHUA B TOYKAX, HE NeXallmX Ha 0Cu NyyKa, 1 Npy Manbix uckaxeHusx (o < 0,5) nonydatoT yMHOXe-
HVEM ¢ Ha (OYHKUMIO HanpaBneHHOCTH npeobpasosatens [35]. MoaTomy B npegnonoxeHuu ayccoBa Npomunsa nyyka
KBagpaTHbIN KOPEHb N3 MHTErpana KBagpaToB aKyCTMYECKOro AaBreHus OTNMYaeTcs OT ero 3Ha4YeHust Npy OTCYTCTBUM

VCKa>KEHNI KaK
) ) ) 12
ZnI 1-1 % exp —22"?2 exp _2r—2 rdr
2 4 a?(1+R aZ(1+R

1.9 = (D.24)
16 2
ZnI exp _22r—2 rdr
a;{(1+R
OTctoga norpewHocTs (B NpoueHTax) kannbpoeku ruapodOHOB BhIpaXaeTcs Kak
49r%a2pP, (D.25)

2
100 %6 =100 [ J Sinz(%j (1+ R2MIn[R + (1 + R2)V2]2.

X4p02

Ecnn RHaxoautes B ananasone ot 0,5 Ao 3, To ata dhopmyna MoxeT 6biTb annpokcuMmmupoBaHa dopmyrnoii (D.9).
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Mpunoxenwue E
(cnpaBo4Hoe)

CBowctBa BoAbl

Tab6nwuuya E.1 — CkopocTb 3Byka [36], [37] ¥ ygenbHbili akyCTUHECKUIA MMNEAAHC BOAbI B 3aBUCUMOCTH OT TeMMnepaTypbl

Temnepatypa, °C CKOpOCTb 3BYKa, €, M-C ' AKycTUdecKkuit umneaaHe, pe, x 108 kr-m2 ¢
15 1465,9 1,4647
16 1469,4 1,4679
17 1472,8 1,4710
18 1476,1 1,4740
19 1479,2 1,4769
20 14824 1,4796
21 14854 1,4823
22 1488,3 1,4850
23 1491,2 1,4875
24 1494,0 1,4900
25 1496,7 1,4923
26 1499,4 1,4946
27 1501,9 1,4967
28 1504,4 1,4988
29 1506,8 1,5008
30 1 509,2 1,5026
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 1,5122
37 1523,7 1,5136
38 15255 1,5148
39 1527,2 1,5160
40 1528,9 1,5171

KoadrdpmumenT 3aTyxaHmsa npm pacnpocTtpaHeHUn B Boge

3HaueHVe o, B MerarepLoBOM uana3soHe YyacToT nponopLumoHanbHo F2. Ero TeMnepaTtypHasi 3aBUCMMOCTb B [iWa-
nasone ot 0 °C go 60 °C BbipaxaeTcsi NONMHOMOM [29]

alf? = (5,68524- 101 —3,02545-10° T + 1,17416- 1071 T2 - 2,95430- 103 T3 +
+3,96985-10°°T4-2,11091- 107 T5). 105 y-2. m~1.

MpwumeyaHune—Ecnn amnnutygHeii K03 UUMEHT 3aTyxaHnsi Heo6xoaUMO NepeBecTn u3 M B ab- M_1, TO
JKCrNEeHHOe 3HaYeHne HeobxoaMmo yMHOXNTL Ha 20logqg(e) = 8,69.
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Mpunoxexne F
(cnpaBouHoe)

AGconoTHaa KanubpoBka ruapo¢OHOB MeTOA0M ONTU4YeCcKoW UHTepdepomMeTpUmn
Ha yactoTtax go 40 My

F.1 O6wee npeacTaBneHne

B npunoxeHnun paccMoTpeHbl COBpEMeHHbIe abComnoTHLIE METOABI KaNMBPOBKM YNbTPA3BYKOBbIX rMAPOGOHOB Ha
vactoTax Bblwe 15 My, HekoTopble U3 METOA0B, KOTOPLIE NPUMEHSNKN B NPOLLNOM M UCMIONb3YIOT 40 CUX MOP, PACCMOT-
peHbl B pasgene F.2. OHn ocHOBaHbl HA Ucnonb3oBaHUK 3(OMEKTOB HENWHENHOTO PacNpPOCTPaHEHUN NIOCKUX BOIH, a
TaKKe Ha U3MEPEHNN CMELLEHUS C MOMOLLBIO ONTUYECKOTO HTepdepomeTpa. MepcnekTMBHOCTL BTOPOro MeToAa, B Yac-
THOCTH, 3aKNIOYAeTCH B TOM, YTO pe3ynbTaTbl KANMOPOBKM MOTyT UMETB NPSIMYIO NPOCNEXUBAEMOCTL K NEPBUYHOMY 3Ta-
NOHY eAnHNLBI ANUHBI.

B npunoxeHnun paccCMOTPEHbI Takke AOCTUXEHUS NO BHeAPEHUI0 abCoNntoTHLIX MeTOA0B KanUGPOBKM, OCHOBaHHbBIX
Ha oNTUYecKol HTepdepeHLun, B ABYX nabopaTopmsix HaUMOHaNbHLIX 3TANOHOB. MpUHUMNNanNbBHLIE pa3nuuns Mexay
ABYMS peanusaumamm 3Toro metoaa, ob6o3HaveHHbiMmn B F.2.3.1 n F.2.3.2 kak peanusauus | n peanuzaums I, 3akniova-
I0TCA B PacnonoXeHUn akyCTUHECKOro Myvka OTHOCMTENbHO NasepHoro nyva. B peanusauwu |, B NpoTMBONONOXHOCTL
peanusaumu |, onTudeckui Ny4 nepecekaeT akyCTUHECKUIN Ny4OoK.

Mpumevanue—Trlog «abcomoTtHon» kanubpoekon rmapodoHa 3geck nogpasymeBalor kanubpoeky «6e3
cpaBHeHus ¢ apyrum rmapodroHom». MHoraa ee Ha3blBalOT «NepBUYHON» Kanubpoekow. C apyror CTOPOHbI, YacTo Ha
npaktuke rmapodoHbl KanMBpPyIOT «BTOPUYHBIMY METOAOM UNN METOAOM «3aMeLEeHUs», KOTOPbIA NpeanonaraeT cpae-
HeHWe YyBCTBUTENbHOCTEN Kanubpyemoro rmapodona u rugpodoHa cpaBHeHus. OHeBUAHO, UTO B STOM 3akriovaeTcs
npuHLMNManbHoOe pasnuyne: NPoBOAUTL abCoNioTHYI0 KanMbpoeky ruapodoHa UK CpaBHUBATL UYBCTBUTENBHOCTU ABYX
rnapoc¢oHoB. B npunoxeHnn pevb naeT o NepeoM u3 3TMx MeTogos. Bropon metoa goctarouHo noapobHO pacCMOTPEH B
pasgene 12 HacTosiwero ctangapra. Cnegyer OTMETUTDb, 4TO KanubpoBka 3ameleHnem obbluHO oxBaThIBaeT 06a MeToaa n
3aVMHTEpPEeCcOBaHHbIN CreumanvMcT MoXeT oBpaTuTbCA Kak k pasgeny 12, Tak u kK 3ToMy NpunoxeHuio, Tem 6ornee YTo 3aech
pPaccMOTPeHbl UCTOYHVIKM HeONpeaAeneHHOCTH Pe3ynsTaTtoB abcontoTHOM KanMbpPoBKK, KOTOPbIE AOIDKHbI ObITh BKITHOYEHbI
B HeonpeaeneHHOCTb Pe3yrnbTaToB KOHEYHON KanubpoBKM METOAOM 3aMelLeHNsI.

F.2 CoBpemeHHOe coCTOSAHMe

F.2.1 MeTog, OCHOBaHHbIV HA HENTMHEWHOM pacnpoCTPaHEHUN

B npownom npeanpuHyManmcb nonsiTku kannbposaTts ruapodoHbl Ha yactotax go 100 MMy ¢ ucnonb3oBaHem
«3MMUPUHECKOW MOAENUN HENUHENHOIO pacnpocTpaHenusi» [34], [38]1—[42]. 3ToT meToa paccmoTpeH B [34]. OH ocHoBaH
Ha adphekTe HENMMHENHOTO PacnpoCTPaHEHUs NMITOCKMX BOMH U UCMNONb3yeT TO O6CTOSATENBCTBO, {TO AN NOPWHEBOro
npeobpaszoBaTens 0OTHOCUTENBHO BONbLIOIC AMamMeTpa COOTBETCTBYIOLWEN BPEMEHHON Cenekumel akycTuIeckoro curHa-
na MOXHO YCTPaHWTb BrMSIHWE TEX COCTaBMAOLWMUX MIOCKOW BOMNHbI, KOTOPbIE U3Ny4aloTcs Kpasmm npeobpasosaTtensi.
Mpwv BbICOKUX amMNIMTyAax AaBneHusi NOCKMe BOMHbI MOABEPraloTCsl NCKaXEHW0, Co3AaBas B aKyCTUHECKOM Nofe MHO-
XeCTBO rapMOoHMK. YToObI CNPOrHO3UPOBaTh UCKAXXEHUS STUX 3BYKOBbIX BOJTH, UCMONB3YIOT TEOPETUYECKYIO MOAeNb pac-
NpoCTPaHeHNs1 MMOCKOW BOINHbI, 3aTeM MyTeM CPaBHEHWSs1 PacyeTHOM 3aBWCMMOCTW C pesynbTatamy U3MepeHui,
npoBedeHHbIMY B HENocpeACcTBEHHON BM3ocTH oT NnpeobpasoBaTens (T. €. HEMCKKEHHBIMM), U B TOUKE, YAarneHHOW oT
Hero Ha M3BECTHOE PacCTOSHKE MO OCK MYYKa (T. €. UCK&XXEHHbIMW N3-32 HENMHENHOCTU PacnpoCTPaHeHns U cogepKallm-
MU MHOXECTBO FapMOHUK), MOXHO NPOBECTU KanubpoBKy rupapoddoHa Ha KaxJoW YaCTOTHON rapMOHUKe.

PesynbTarbl, Nony4YeHHble 3TUM METOAOM, ObINU NEPCMNEKTUBHBI U XOPOLLO COOTBETCTBOBANWU TEOPETUHECKMM pac-
YeTaM YyBCTBUTEINbHOCTM ABYX MeMGpaHHbIX rugpodoHoB. OaHako y JaHHOro MeToaa GbiNu U HEKOTOpLIE HEAOCTaTKM.
Bo-nepebix, pesynbrathl CUMbHO 3aBUCSIT OT BbIGPaAHHON MOAenu pacnpocTpaHeHns.. Bo-BTopbix, peanusauns Metoaa
CBfi3aHa € XapakTepucTukamu npeobpasoBarerns, UCNonb3yemoro Ansi Co3aaHusi akycTu4eckoro nons. Hegocratku npe-
obpasoBarens MOryT CyLLEeCTBEHHO UCKA3UTb U3MyYaeMyto MM MIOCKY0 BOIHY M NPVBECTU K CyLLeCTBEHHOW Heonpege-
JFIeHHOCTMW PEe3ynbTaToB KanmbOpoBKU.

Wcnonb3oBaHue dokycupytolero npeobpasoBartens manoro avamerpa ans o6pasoBaHWs rapMOHWK B €ro
chokanbHoW 06NacTh ycTpaHsieT HEKOTOPbIe U3 3TUX HEJOCTATKOB. V3aMepsieMble Norsi Ha U3BECTHOM (hOKYCHOM paccTos-
HUW, XapaKTepuayemble IMaBHbIM NenecTkOM HanpaBleHHOCTU, MOXHO BOCMNPOW3BECTM 4OCTAaTOYHO TOYHO. B dhokyce
MOXHO MONMyYNTb BbICOKME 3HAYEHUS JABMEHUS C HANM4YMEM MHOXECTBa rapMOHUK Ha paccTosiHWUSX, Donee KOPOTKUX,
YeM MpU MCMoNb30BaHUM NINOCKMX BOSH. Moaxoasawme anst atoro okycupyowme npeobpasoearenu ¢ 0aMHaKOBLIMM
XapaKTepucTKamMm B HaCTosILLee BPeMsi JOCTYMNHbI Ansi NpuoGpeTeHus.

F.2.2 OnTtudyeckas nHtepdepomeTpusi

Mpwv kKanMBpoBKe METOAOM ONTUUECKOW MHTEPEPOMETPUM U3nyHaemas NnpeobpasoBaTenem akycTuieckasi BOrHa
NPVHUMAETCH TOHKON NracTUKOBON MeMBpaHol (MNeHKoW), MeTannmanpoBaHHOW C OAHOW CTOPOHbI Ansi o6ecneveHus
ONTUYECKOro OTpaKeHus. MNneHka 4OCTaTOUYHO TOHKas, YTOObI GbITb aKyCTMYECKU NPO3paYHOl M OTCIEXUBATL aKycTUYec-
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Kkve konebanusi. CmeLleHusi NNeHKn N3MepsioT MeTO40M ONTUYECKON MHTEPMHEPOMETPUN U MO STOMY CMELLEHUIO BblUKC-
NAIT akycTuyeckoe gasnenHve. Kanubpyembl rmapodoH ycTaHaBNMBaloT B akyCTUYECKOe Mone Tak, UTo6bl ero LeHTp
Haxoguncst TO4YHO B TOM TOYKE, Ha KOTOpYH Bbln HanpaBneH Ny4 nasepa. 3aTteM U3MEPSIIOT BIXOQHOE HaNPsHKEHUE Ha
ruapodoHe 1 No N3BECTHOMY aKyCTUHECKOMY OABMEHUIO ONPEAEensioT ero YyBCTBUTENBHOCTD.

AcHo, 4TO AN peanu3aunmn 3Toro MeToda Heo6xoAMMO Takoe akyCTUUeCcKoe AaBneHue, kotopoe Gbl obecneunno
Tpebyemoe OTHOLWEHWe cUrHan/lWwymM B BbIXOAHOM CurHane ruapodoHa Ha HYXXHbIX YacToTax, T. €. 4o 40 My, OgHako
ONTUHECKNIA MHTEPPEPOMETP B AENCTBUTENBHOCTU U3MEPSIET HE AaBIEHNe, a aKkyCTUHECKOe CMELLEHNe, N 3TO NpeabsiB-
nsieT bonee xecTkme TpeboBaHUs kK 06ecneYeHno OTHOLWEHWA curHan/wym. [ns nNockon BOMHbl aMnnuTyAa akycTuiec-
KO0 AaBNeHns p, onpeaensieTcs BblpaxXeHnem

P, = poat, (F.1)
rae p — NNOTHOCTb M3MEPUTENBHOW XNOKOCTH (BOAbI);
C — CKOPOCTb 3BYKa B Cpefe;
® — Kpyroas 4acTorTa;
{ — amMnnuTyaa akyCTU4eckoro cMmeLleHnst 6es yueTta pasHocTu as mexay AaBlieHMeM U CMeLLEHUEM.

Ecnu He yunTbiBaTh pasHocTe has mexay QaBneHneM U cMeLLeHneM, To 13 Bbipaxenus (F.1) cnepgyer, yto ans
€034aHusi CMeLLeHWI, KOTopble NPV 334aHHOM aKyCTM4eCKOM AaBneHnn o6paTHo NponopLUuoHarnbHbl YacToTe cUrHana u
KOTOPbIe MOXHO GbIno 66l M3mepuTb Ha YacToTax 40 My 1 Gonee, Heo6xoaMMO reHepupoBaTh More C BLICOKUMU 3HAYe-
HUSIMW aKyCTMYECKOro gasnenus. Cnegyet OTMETUTB, YTO B K&XAON U3 pAaCCMOTPEHHbIX HUXE peanu3auuii Metoaa ansi
YyBENNYEHNS akyCTUHECKOrO AABMEHNUS UCNONb30BaHbl POKycupylowme npeobpasoBaTenu.

F.2.3 Bbicoko4acTOTHbIE NPUMEHEHNST METOOAa ONTUHECKON MHTEpdEepoOMeTprmn

F.2.3.1 Peanusauus |

F.2.3.1.1 WamepuTtenbHas cucrema

Kannbpoeka onTU4eckum MeTOAO0M 3akKioHaeTcs B U3MepeHUn CMelLeHna MembpaHbl, yCTaHOBNEHHOW Ha NoBep-
XHOCTW XMZKOCTW, B KOTOPYIO NoMeLLeH npeobpasoBaTens (pucyHok F.1). 3eykoBas BonHa, reHepupyemMas npeobpasosa-
TeneMm, nagaet Ha MeMOpaHy neprneHaVKynsipHO W CMelWaeT ee; pasMep CMEeLEHUS U3MEPSIIOT C MNOMOLWbIO
nHTepdepomeTpa Marvikenscona [43]—[46]. B kauecTBe MCTOYHMKA CBETA MCNONB3YIOT Nasep; Ans pasgeneHus n obbve-
OVHEHUs ONTUHECKUX MONen NPUMEHAIOT NONAPU3aLMOHHBLIN AenuTens nyya. B nuamepurensHom nneve ceet OKycUpyoT
Ha MNEeHKY, NOKPLITYI0 aNOMWHUEBBIM CMOEM AN1S YNYYLIEHUS ONTUYECKOW OTpaxaTenbHoW cnocoBGHOCTH.

OnNTUYeCKMIn cUrHan perucTpupyioT ¢ NOMOoLbI0 chanaHCUPOBaHHOW CXeMbl HhOTOAETEKTUPOBAHUS C LWUMPUHON
nonocel BW ~ 100 MI'u. Cxema Bkniovaet aBa dotoamoaa n auddepeHumnanbHbiin yeunuTenb Hanpsbkenns A, , ynpaens-
eMbIll TOKOM, AN NoJaBneHns wyma u ysenuyienuns dototoka. K Boixogy anddepeHumansHOro yeunuTensa NoagKmioyeH

1 2 3 4

16 17

1— doToanon; 2 — ycunutenb Toka; 3 — ycunutens curdana rugpodona; 4 — undposonn ocuunnorpad; 5 — genutens nyua;

6 — doTtoguon; 7 — nasep; 8 — oNTUYECKUIN U3ONATOP; 9 — NONAPU3ALMOHHBIN AenuTens Nyya; 10 — YeTBEepPTLBONHOBAA NNACTUHA;

11 — nee3oynpasnseMoe 3epkano; 72— 4eTBepTbBONHOBaA nnactmHa; 13 —nnenka; 74 — akyctuyeckun npeobpasoBartens;
15 — rugpodon; 16 — cTpobupyiollee ycTpoucTeo; 17 — cuHTesarTop

PucyHok F.1 — JkcnepumeHTanbHaa yCTaHOBKA, NPUMEHAEMast Mpu ONTUHECKOM MeTofe KanubpoBKu
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BTOPON ycunuTtens V ¢ BbICOKMM BXOAHBIM UMMNEAaHCOM, KOTOPbI MOXeT ObiTb MCNOMNb30BaH U KaK yCUNUTENb curHana
ruapodoHa (cM. Huxe). iHTepdepomeTp cTabunmanpoBaH nNo ontTuyeckomy Nyt [44] c nomowbio cneaawein CucTeMmsl,
MerLWwen paBHbin 1 kO3DULKNEHT yemnenust Ha vacToTe okono 100 Mu. B atom cnyyae 3HaveHne CMeleHna, namepen-
HOe Mo TOKY POTO3MEMEHTOB, PaBHO

- Ush VUF=0) (F2)
2rTFO VAF)

rae i, — ANVHa ONTUHECKON BOMHBI (4MHA BOMHLI CBETA B Bakyyme);
TF — xoadbrumneHT akycTU4eCKoN nepeaaqmn CMeWeHNs Yepes NIeHky;
Ug — HanpsbkeHne curHana;

{J — pasmax HanpskeHnst (0T MUKa A0 NNKa), COOTBETCTBYIOLLMIA NOMHOM MHTEPMhEPEHLIMOHHON NOSIOCE N M3MEPEH-
HbIll Ha Bbixode yeunurtens V, uMelowero 4acToTHO-3aBUCUMBbIN ko3dhdunumneHT yeunennsa V(f).

BuixogHoe HanpsixeHne Ugn3mepsaioT ¢ noMoLwbio Lmudposoro ocuunnorpada ¢ wmpnHon nonocel BW > 100 MIu.
[ns noBbIWeHUst OTHOWEHWUST CUrHaN/WyMm NPUMEHRAIOT LWMPOKONOMMOCHLIN (hOKYCUPYIOLUIA NbE303NEKTPUHECKUIA NPeot-
pasoBatenb. Ero Bo3byxaaloT ToHanbHbLIMWM MMNYNbCaMU 3a4aHHON YacToThl, @ U3MEPEHUsI MPOBOAAT HENOCPEACTBEHHO
nocrne nogayv ynbTpa3ssykoBOro UMNynbCca Npu BeIXoAe ero aMnAnTyabl Ha NOCTOSIHHOE 3HaYeHue. JTO YCTpaHsieT BNust-
HUE OTPaKEHWI OT CTEHOK M3MEPUTENBHOIO cocyaa.

KOctnpoBky NnpeobpasoBaTens NPoOBOAAT C NOMOLLBIO TPEXKOOPANHATHOW CUCTEMbI MO3ULUMOHUMPOBAHUS C NMOBOPO-
TOM BOKPYT ABYX oceli. [1ATHO nasepHoro ny4a HaBoAasT Ha ¢hokyc npeobpasoBaTens nyTem nepemelleHui B Hanpaerne-
HUSIX, NEPneHaVKYNAPHLIX OCU  yNbTPAa3BYKOBOTrO MNy4Ka, KOTOPYID ONpPepensiorT NyTeM HaxoXOAeHUs TO4eK C
MakCUMarnbHbIM 3Ha4YeHVeM AABNEHUsl Ha PasnNUYHbIX paccTonHWsX oT npeobpasoBaTtens. KputepueM npaBunbHOCTU
IOCTVPOBKU ABMAETCH MakCumarnbHbI CUrHaN Ha BeIXxoae UHTepepoMeTpa, a Taioke BPEMS 3a4EPXKKU BbIXOJHOIO CUTHA-
na oTHOCUTENBbHO cUrHana Bo3byxaeHus. Yron mexay NNeHKoW U HanpaeneHWem pacnpocTpaHeHus1 3Byka I0CTUPYIOT C
NMOMOLLBI0 N1a3epHOro ny4a.

Mocne coxpaHeHWs pe3ynbTaToB U3MEpPEHUsI CMELEHUs NNEHKM ee YBupaioT M Ha MeCcTO HaXOXAEHUS1 Ha Hel NAT-
Ha NnasepHOro nyya ycraHaenueaioT ruapodoH. B 6ak aobaensioT Heobxogumoe KONUYecTBO BOAbl, YTOOLI kanubpye-
MbI rMAPOodIOH OKa3arncs NOrpyxeHHbIM B BOAY. Ty Nnpoueaypy MOXHO YNpOCTUTb, eCnu, He yorpasi NneHKy, NOBEPHYTL
npeobpaszoBaTtenb B CTOPOHY rMAPOGOHA, KakK 3TO nokasaHo Ha pucyHke F.1. K Bbixogy ruapodyoHa nogknioyaroT yeunu-
Tenb V 1 n3MepsioT Hanpsx)xeHWe Npu TOM e camom Bo3byxaeHun npeobpasosarensi.

HyecTBuTensHocTe M; ruapoconHa Ha KoHuUe kabena noa Harpy3Koit onpeaensiot no gopmyne

Y = 1 27TFU Uy (F.3)
L™ wepV(f=0) Ay Us’

rge ¢ — CKOpPOCTb 3ByKa B BOAE;
p — MMNOTHOCTb N3MEPUTENBHON XUOKOCTM (BObI);

Uy — HanpsixeHue Ha Bbixofe rnapodoHa;
o (=2nf) — Kpyroeasi YacToTa curHana ¢ npeobGpasoBartensi.

Mpwn sTOM rMapodoH HarpyXeH Ha BXOOQHOW umneaaHc yeunutensi V.

F.2.3.1.2 BeeaeHne nonpaBok

Ha aHaqenne YyscTBMTENLHOCTH M, ruapocoHa Ha KOHUe Kabens noa Harpy3kon BnmsioT Tpu addbekra cnc-
TEMaTUYECKOro Xxapakrepa, Uto TpebyeT BBEAEHUsI NOMNPaBOK, PACCMOTPEHHBIX HUXKE.

F.2.3.1.3 [OuameTp naTtHa

Kak rmgpodpoH, Tak 1 nasepHbiii ny4, GOKYCMpyemblli Ha NIeHKe, He MoryT 6biTb NpeCcTaBrneHbl B BUAE TOUEYHOTO
NPYEeMHUKA, 1 MO3TOMY HeoBX0aAMMO NPUHMMAaTL B pacyeT 3 eKT NPOCTPAHCTBEHHOTO yepeaHeHusi. [pu konuyecTBeH-
HOM onuncaHnm aToro addekta NpeobpasoBaTenb paccMaTpUBaloT Kak NNockuii nopieHsb [45]. MpocTtpaHcTBEHHOE pac-
npegeneHve CMmelleHus nony4alT Mpu peweHun uHTerpana Panesa [46], 4TO gaeT BO3MOXHOCTb MOMY4YUTb MO
M3MepeHHbIM YCpeOHEeHHbIM 3HA4YEHUAM NVKOBbBIE 3HAYeHWA gaBrnenns [45].

F.2.3.1.4 MHorokpaTHble OTPaXXeHUs1 B MITEHKe

B dhokyce ynbTpa3BykoBOro ny4ka NoBePXHOCTh XXUAKOCTU 3aKpbITa NIEHKOW A5 YIy4yLlleHUs ONTUYECKOW OTpaxa-
TenbHON cnocobHocTu. Magatowmii yrbTpasByk YacTUYHO OTpaXxaeTcs 0T METaNM3NPOBAHHOIO CNOs U OT BHYTPEHHEN
(NPOTUBONONOXHOMN) MOBEPXHOCTU MIEHKU, @ MHTePMEPEHUMUS 3TUX OTPaXKeHU OKa3biBaeT BNUAHME Ha CMELLEHWe MIeH-
Ku. B ¢BSI3K € TeMm, 4To ha3oBbIi PPOHT BOMHLI B (HOKYCe YIbTPa3BYKOBOIO MNyyka ABMsieTCH NPUGNManTenbHO NocKUMm,
TO ANA KONMWYECTBEHHOIo ONMCaHnsi CUCTEMATUYECKON MOrPELLHOCTU, CBSI3AHHOW C 3TUM 3D(PEKTOM, MOXHO MPUHSATH
NPoCTYI0 MOAEMNb Pe3cHaHCca NNOCKNX BOMH [45]. OT0 no3BoONSAET NONyunTh KOIPPULMEHT aKyCTUYECKOrO NPOXOXAEHUA
TF, koTopbIn BXoguT B Bhipaxehusi (F.2) n (F.3).

F.2.3.1.5 YactoTHas xapakTtepuctmka dpotogeTekropa

B NpoTMBONONOXHOCTL YACTOTHOW 3aBMCUMOCTU koadduumneHTa yeunenus V(f) yeunutensi, 3agefcTBOBaHHOIO Ha
ABYX 3Tanax n3mMepeHuil 1 He BIUSIOLLEro NO3STOMY Ha KOHEYHbIW pe3ynbTaT U3MepeHUsi, YacTOTHas XapakTepucTuka
hoToaeTeKTopa CKasbIBAETCS HA pedynbTaTax UaMepPeHus YyBCTBUTENbHOCTM M, ruapodhona. Mostomy Gbinm nposeae-
Hbl U3MepeHns YHKUMK npeobGpasoBaHns HOTOAETEKTOpa C MOMOLLbI ONTUYECKM CMELLVBAIOLLEr0 UCTOYHUKA, YTO
NO3BOMWUNO BBECTU COOTBETCTBYIOLLME MOMPABKU B Pe3yrbTaTbl U3MEPEHUsi MHTEPdEPOMETPOM.
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F.2.3.1.6 Pe3ynbTtarthbl

Ha pucyHke F.2 B kayecTBe npumepa npuBefeHbl pe3ynbTaTbl M3MepeHMsa YYBCTBUTENLHOCTU McC X0/M0CTOro
X0fa Ha KoHLe kabens komnnaHapHoro Mem6paHHoro ruapodoHa TonwmHoi 25 Mkm. HeonpeaeneHHOCTb pesynbTa-
TOB 3TUX U3MEPEHUI 3aBUCENa OT YacTOThl U 6blNa oleHeHa kak 9,5 % B guana3oHe oT 1 go 5 Ml'y 1 8 % B Anana3oHe oT 5
[0 20 Mlu. Ha yactote 30 Ml'y ata HeonpepeneHHOCTb yBenuymusaetca Ao 10 %, a Ha 40 MI'y, — go 12 %. 3HavyeHuns
nonyyeHbl Npu koadduuneHTe oxBaTa K = 2, 4TO COOTBETCTBYeT A0BEepPUTENbHOI BepoAaTHOCTM 95 %.

no ocn X — vacrtora f, Ml'y; no ocn Y — 4yBCTBUTESILHOCTb

PucyHok

Mc, sBoTH. 1B/Ma

F.2 — YyBCcTBUTENBLHOCTL McC XO/10CTOrO

Xo4a Ha KoHue kabens ogHOCNOWHOroO MeM6paHHOro

F.2.3.2 Peanusauus Il
F.2.3.2.1 WN3mepuTenbHaa cucrema

rmapodgoHa

MeToa onTuyeckoin nHTeppepomeTpumn, paspaboTaHHbli 415 UCNONb30BaHWSA B NEePBUYHOM 3TasioHe ANA Kanuno-
POBKM yNbTPa3BYKOBbIX TMAPOC(OHOB B AnanasoHe yacTtoT oT 500 kY go 20 Mlu, nogpo6HO paccmoTpeH B [47]. focTo-
BEPHOCTb KannbpoBKM MeToAOM ONTUYEeCcKOn MHTepdhepomeTpum Ha yacTtoTax Bbiwe 500 k[ 6bina noaTBEpPXAeEHA
MeXAYHapOAHbIMU CAUYEHUAMWU HaALMOHA/bHbIX METPOJIOTMYECKUX WMHCTUTYTOB [48]. lMpu nccneposaHnn UCTOYHUKOB
HeonpegeneHHOCTU 6b1J10 YCTAHOB/IEHO, YTO CyMMapHas HeonpeaeseHHOCTb pe3y/bTaToB KanMbpoBKM Ha yacToTax
80 20 Mly He npeBbiwaeT 3 %—4 % npy LOBepUTesibHOW BepoATHOCTM 95 %.

B kayecTBe Mem6paHbl MPUMEHANY NAEHKY M3 NOAN3TUNeHa-TepedTanara TOAWNHOR 3,5 MKM 1 5 MKM, NOKPbITYIO
TOHKUM (25 HM) cnoem 30/10Ta. B aTasloHHO ycTaHOBKE ONTMYECKWIA NyY nepecekaeT akyCTUYeCKUiA Ny4ok u B3aumopgeii-
CTBYeT C HUM. WCTOYHWKOM B3anMOAENCTBUS ABNAETCSA W3MEHeHuWe nokasaTensa npesioMAeHus cpefbl, Bbi3BaHHOE
NoKanbHbIMW NU3MEHEHNAMU ee NOTHOCTU MpU pasHbixX haszax akycTU4eckoil BOMHbI — hase cxatma u dase paspexe-

AmMmnnutyaa, B

PucyHok F.3 — BonHoBas popma curHana Ha Bbixoge 9 MKM O HOC/T0MHO-
ro membpaHHoro rugpocoHa, yctaHoBneHHOro B hokyce npeobpasosaTte-
NA ¢ HOMUHaNbLHOW YacToTol 5 MY 1 hOKYCHbIM paccTosiHuem 51 mm
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HUsl. SdpekT akycTOONTMYECKOro B3auMo-

nelicteus paccmoTpeH B F.2.3.2.4.4.

F.2.3.2.2 AKycTu4yeckoe none

KannbpoBky npoBOAAT C MNOMOLLbIO
chokycupyoLmnx npeobpasoBarenein c HOMU-
HanbHOW yacToTo 5 MIyY. AnsA uccnepgosa-
HUA MCTOYHUKOB cucTtemMaTuyecknx
NnorpelHocTel, CBA3aHHbIX C akKycToonTu-
yeckum B3auMmopgeicTBMEM W MPOCTpPaH-
CTBEHHbIM YyCpefHEeHUeM, WCNOoJIb30BaHbl
ABa Tvna npeobpasoBaTeneli ¢ pasNnMyHbIM
OKYyCHbIM paccTosiHuem: 50 n 150 mm. Ux
BO30OyXAeHne OCyL,ecTBAANOCh TOHa/IbHbI-
MU MMOyAbCamu  [0CTATOYHO  6O/bLIOK
aMnauTyfabl, 4Tobbl reHepupoBaTb BOJIHY C
CUNbHBIMU HENUHEWHbIMU WUCKaXEHNAMU B
3aflaHHO Touke (B ¢hokyce). Takum ob6pa-
30M, KaK nokasaHo Ha pucyHke F.3 gna Kom-
naaHapHoro rmMapodoHa TonwmHoi 9 MKM
anameTtpom 0,5 MM, Ha BOJIHOBOW chopme
NMPUHMMAEMOro UM CUTHana MOXHO HainTu
rapMmoHukun go 100 Mry. 3ta popma gocra-
TOYHO 6/71M3Ka K MUIoo6pa3Holi BOJIHOBOA
dopme, amnanTyga rapMoHUYeCcKnux coctas-
NAWNX B KOTOPON 3aBWCUT OT HOMepa n
rapMoHUKM Kak Mn. Tak Kak gns reHepupo-
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BaHWS aKyCTUHECKUX AaBNeHWi 6ONbLLIOH aMnNnuTyabl HeobxoauMbl hoKycupyloLme npeodbpasoBaTernu, TO X UCMONb30-
BaHWe nogpasymeBaeT BBEAeHWe NonpaBoK, CBA3aHHbIX, B YACTHOCTH, C NMPOCTPaHCTBEHHbIM ycpeaHeHueM, Tem bonee
YTO NpU yBENUYEHUU HOMEpa rapMOHUKW YNbTPa3BYKOBOW NMYHOK CTAHOBUTCA Yxe (cM. F.2.3.2.4.3).

F.2.3.2.3 KanubpoBka

Ha pucyHke F.4 nokasaHa BpeMeHHasi 3aBMCHMOCTb CMELLEHUI MNEHKK, pacnonoXeHHOo B hokyce (Ha hoKyCHOM
paccTosHumn 51 MM) dokycupyloLLero npeobpasosaTens Ha Hactote 5 MI'U. Ha pucyHke BUAHO, 4TO kakue-nmbo ABHbIE
UCKa)KEHUS BONTHOBOI (hOPMbl OTCYTCTBYIOT. OTO NOATBEPXAaeTCA U pesynbTatamu npeobpasosaHusi Pypbe BOMHOBOWM
copMbI cUrHarna, nokasaHHbIMKU Ha pucyHke F.5 (HWKHAA U3 ABYX KPMBLIX NPeACTaBNAeT crekTp cMmelleHuin). AuddepeH-
LUMpoBaHue 3TOro CreKTpa AaeT CMeKTp AaBneHWUr, Takke Nnoka3aHHbIA Ha pucyHke F.5 (BepxHsis kpuBas), rae MOXHO
nony4uTb KOMMOHeHTbl 40 60 MIML. MeTogom cpaBHEHUS CNEKTPpa BbIXOAHOrO CUrHana ruapodoHa, ycTaHOBIIEHHOrO B TY
e camylo TOUKY YNbTpasByKOBOro Nons, ¢ AuddepeHLMpoBaHHbLIM CEKTPOM CMeLLIeHUIA NNeHKU kanubpyloT ruapocdoH
B MHTEpecyoLeM AnanasoHe YacToT. Ha pucyHke F.6 nokasaHbl paccunTaHHble TakuM 06pasom pesyrnbTaTbl KanmbpoBKM
6unamuHapHoro MemGpaHHOro ruapopoHa Ha NeHke TOMNWMHON 9 MKM C AMamMeTpOM aKTUBHOIO anemeHTta 0,2 mMm.
YcTaHOBKa, peanuayioLlas 3T0T MeToA, UMeeT TeOpeTUYECKUIA pe3oHaHC Ha YactoTe okomno 55 MI'L, KoTopblil XopoLlo
BMEH Ha pe3ynbTaTax kanubpoBku. [NpeacTaBneHHbIe Ha pucyHke F.6 HeonpeaeneHHOCTU HOCAT CyYaiHbIA Xapakrep
M yBENUYMBAIOTCH Ha YacToTax Bbie 40 Ml U3-3a yMeHbLUEHUS OTHOLIEHUA CUrHan/LLyMm npyu U3MepeHUM CMELLEHUS
NMMeHKNn Ha 3TuX 4YyacrtoTax.

Aznnnmyp,a, B HopmupoBaHHaa amnnutyga

2%

1,0
0.4- r 0.9
0.2 0,8
0,7
0 0,6
-0,2- 0,54
oan 0,4+
0,3
-0,6- 0,2
0,8 — T T T T T T T 1 0,19
o o1 02 03 04 05 06 0,7 08 09 10
Bpewms, MKc O 1 20 30 40 5 60 70 8 90 100

Yacrora, MMy
PucyHok F.4 — VaMepeHHaa MHTepepoOMeTpoM BOMHO-
Bas hopMa CMELLEHWSA MNEHKKN, YCTaHOBINEHHOW B chokyce
npeobGpasoBaTena HOMUHaNbLHOWM YacToTon 5 My
1 (POKYCHbIM paccTosiHieM 51 MM

PucyHok F.5 — 4YacToTHbIe crnekTpbl BONMHOBLIX (POPM CMe-
LeHUs (HWKHSA KpUBasi) U ero Npou3BOAHON
(BEpXHAs KpuBasn)

YyscrButensHocTb, HB/Ma
70

60— -i—
50—
40

30

0 T T T T T T
10 20 30 40 50 60 70

Yacrora, My

PucyHok F.6 — UyBcTBUTENBHOCTL ABYXCNOWHOrO MeMBpaHHOro rapodoHa TONLLMHON 9 MKM C aKTMBHBIM 31IEMEHTOM
nnameTpom 0,2 MM, n3MepeHHast Hepes 5 MMy B auanasoHe ot 5 no 60 MMy
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F.2.3.2.4 Monpagku B pe3ynbTaTtbl KANMOPOBKN U NCTOYHUKM MX HEONpPeaeneHHOCTH

Hwuxe KpaTko paccmoTpeHbl Hanbornee 3Ha4UMble UCTOYHUKM HeonpeaeneHHOCTH Pe3yrbTaToB KanubpoBKu.

F.2.3.2.4.1 YacToTHas xapakrepucTmka nHrepdepomerpa

YacToTHas XxapakrepucTuka nHTeptepomMeTpa CBsi3aHa ¢ XapakTepucTukamm poToamodoB u yeunutens. B npolwu-
1NOM OHa Gblna namepeHa B 4acToTHOM aguanasoHe oT 1 kl'y go 20 MI'y ¢ nomowwbio kanubpaTtopa, cneunansHo paspabo-
TaHHOro Ans atmx uenen [49]. PacwwupeHne nonocel paboumnx vactoT mHTepdepometpa go 60 My notpebosano
mMoandmKaLum YacToTHOro kanubpartopa. C noMoLbio MOaANGMULMPOBaHHOMO KanmbpaTopa 4acToTHas XapakTepucTuka
uHTepgepomeTpa onpegenena go 100 Ml'u. HeonpegeneHHocTb pe3ynbTaToB €ro kKanubpoBku Bapbupyetcsi ot 3,5 %
Ha 20 My ao 4,3 % Ha 40 My,

F.2.3.2.4.2 KoatdhdrumeHT nponycKaHnsi NNeHKu

B pesynbTaThl Kanubpoeku ruapodpoHa criedyeT BBECTH NONPaBKK, CBSAA3aHHbIE CO CBOMCTBamMM NnneHku. Mpu onpe-
AeNeHun 3TUX NONPaBoOK BO3MOXHbI ABa NOAX04A: TEOPETUYECKUI 1 SKCNepuMeHTanbHbIn. Ha ocHoBe ynpoleHHon Teo-
pUM NPOXOXAEHWSI aKyCTUYECKMX MIIOCKMX BOJH Yepe3 Clov pasHOPOAHbIX MaTepuanoB 6Gbin paspaboTaH anropuTtm
pacyeTa 4acTOTHON 3aBUCUMOCTHK KoadhumumeHTa npoxoxaeHus yepes nneHku. OH NpegnonaraeTt, UTo 3aTyXaHue akyc-
TUYECKOro Mydka B Crioe 3050Ta TONWUHON 25 HM npeHebpexrnmo mano.

Bbin paspaboTaH skcneprvMeHTarnbHbI MeTog onpeaeneHust KoaghuuMeHTa NPOXoXaAeHUsl B YaCTOTHOM Avana-
30He oT 2 4o 60 MI', OCHOBaHHbBIV HA MeToAe 3aMelleHns], C UCNONb30BAHWEM aKyCTUYECKOro Morsi ¢ HENMUMHENHbIMK
UCKaXXeHUsIMKW, reHepupyemoro npeobpasoBarternemM ¢ OCHOBHOW YacToTon 2 MIy. MNMneHky, nponyckaHve KOTOpo crnego-
Bano uaMepuTb, NnomMeLLanu mexay npeobpasosarenem u rmapogoHoM (o4eHb 6nMnsko K rmgpodpoHy). AHanma kak Teo-
peTuyeckux, Tak U IKCMepUMEHTAsIbHbIX pe3ynbTaToB MO3BOMNUIT ONpeAennTb YacTOTHYI0 3aBUCMMOCTb MOMNpPaBKu,
HeonpeaeneHHOCTb kOoTopon BapbupyeTest oT 1 % Ha 5 MMy go 2 % Ha 40 MIu.

F.2.3.2.4.3 lMonpaBka Ha NPOCTPaAHCTBEHHOE yCpeAHEHUe

Manas wuprHa nyyka rapMoHUYECKUX COCTaBISIOLLMX, FeHepUpyeMbIX (DOKYCHPYIOLUM YIbTPa3BYKOBbIM Npeot-
pasoBarenem ¢ 0CHOBHOM YacTtoTon 5 My, aenaet Heo6xoaMMbIM BBEAEHME NONPABOK HA NPOCTPaHCTBEHHOE ycpeaHe-
HWe OaBreHusi, pacrnpenernieHHOro no NOBEpPXHOCTU akTUBHOro anemeHTta rmgpodona. C nomoublo GunammHapHoro
(aByxcnoriHoro) mem6parHHoro rmapodoHa ToNWMHON 9 MKM C aKTUBHBIM 3ieMeHToM gnameTpom 0,2 MM 6binm npose-
JeHbl 9KCNepUMeHTarnbHble NCCrneaoBaHns NMPOCTPAHCTBEHHOTO yecpeaHeHusl B hokyce npeobpasoaTens. [Npeobpaso-
BaHue ®dypbe BOMHOBON (POPMbI cUIHaNa Mno3sBoNwno OrNpefenuTb 3Ha4YeHUsl LWMPUHBLI My4yka Ans rapMOHUYECKUX
cocTaensiowmx. Mpy aToM Npeanonaranock, YTo Arisi Na3epHOro nyyka ¢ nATHOM aguameTpom 0,1 MM nonpaeky Ha Npo-
CTPaHCTBEHHOE yCcpedHeHne BBOAUTb He HyXHO. HeonpegeneHHOCTb NONPaBoOK Ha NPOCTPAHCTBEHHOE ycpeaHeHue
oueHeHa Kak 1 % Ha 5 My u 6 % Ha 40 M.

F.2.3.2.4.4 AkycToontudeckoe B3anmogencTevne

B ncnonb3yemol akcnepuMeHTansHON yCTaHOBKE Nyd CBeTa NepeceKkaeT ynbTPasBykOBON My40K, CO34aBas TeM
CaMbIM BO3MOXHOCTb MX B3aMMOAENCTBUA. 3TO O3HAYAET, YTO u3mepsiemoe MHTepHepoMeTPOM CMELLIEHNE HE ABNSETCA
WCTUHHBIM CMeLLIeHnEM MeMBpaHbl, TaK Kak onTuYeckasl aAnvHa nytv 6yaeTt n3aMeHATbCA Kak n3-3a NepemeLl,eHUs MNeHKN,
TaK M 13-3a n3aMeHeHus koadduuneHTa NnpenoMmneHns BAonbL nyva nasepa. [insa ydera atoro addekra B pesynbrarsl
M3MepeHusi CMelLLeHUsl Hado GbINo BBECTN OTHOCUTENBHO HBOMNbLIYIO NONPAaBKY, CBA3aHHYIO rMaBHbLIM 06pa3om ¢ addek-
TVMBHbIM 3Ha4YeHNeM KoahduLeHTa npenomnenunst Boasl. NpaBunbHOCTL BBEAEHNSA 3TON NonNpaBku 6bina nogreepxae-
Ha B NVMHEMHOM PEXMME MITOCKOW BOMHBI, UCNOMNb3yEMOM NPU HU3KOYACTOTHLIX kanubpoekax [47], ogHako BbiCOKMeE
3HaYeHWs aMNNUTy AaBNeHNs B HEMMHENHBIX (POKYCUPOBAHHBIX NONAX NPUBOAAT K BO3PaCTaHUI0 HeonpeaeneHHOCTH
3Ha4YeHu KoadrumeHTa npenoMneHnsa. AKyCTOONTUYECKOE B3aUMOAESNCTBUE ABMNSAETCA NMPEAMETOM AanbHEenLmnX
MCCrefoBaHui, a HeonpeaeneHHOCTb, CBA3AHHAA C U3MEHEHNAMU KO3 dUUMeHTa NPEeNOMNEHNS B PACCMATPMBAEMOM
AnanasoHe 4acToT, oLeHeHa B 3TOM MeTOAUKe Kak He npeBblwatowas 1 %. OueHka HeonpeaeneHHOCTH U3-3a OTKITOHE-
HUS OT YCINOBUIA Nrockol BornHbl Bapbupyetcs oT 0,5 % Ha 5 My ao 3 % Ha 40 Mlu.

F.2.3.2.5 CymmapHasi HeonpeneneHHOCTb Pe3ynbTaToB N3MEPEHNN

Cocraensiolure HeonpeaeneHHOCTN Pe3ynbTaTOB U3MEpPEeHUW MeTOAOM ONMTUHYECKOro uHTepdepomeTpa npm
KannGpoBKe Ha BbICOKMX YacToTax Obinn paccmoTpeHsl B [50], oLueHKa paclumpeHHon HeonpeaeneHHOCTN BapbupyeTcsi
ot 7 % Ha 20 My go 11 % Ha 40 Mlwu.
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MpunoxeHne G
(cnpaBo4Hoe)

MpumMeHeHUe cUrHanoB ¢ pa3nMYHbIMUA BOSTHOBbIMU CbOpMaMVI

G.1 KpaTtknn o630p

Kanubpoeky ruapodoHa BbINONHSAIOT NPY ero NoMeLLeHMn B kakoe-nubo 3agaHHoe cTaumoHapHoe ynbTpasByKo-
BOE none. XapaKkrepucTUKKN 3TOro nonst MoryT 6biTb pasnuyHbLIMKU B 3aBUCUMOCTY OT BOITHOBOWM (hOPMbl SMEKTPUHECKOrO
curHana BoabyxaeHusi npeobpasoBartens, ero KOHCTPYKUUM (MNOCKWIA, OOKyCUMPYIOWMIA) N BbIBPaHHOTO B 3TOM Mone
nonoxeHusn kanubpyemoro ruapodoHa. PasnnyHbie BapMaHTbl 3TUX YCIIOBMI paccMoTpeHbl B pasgenax G.2—G.5 u
cBegeHbl B Tabnuuy G.1.

Tabnwnuya G.1— BapraHTbl BOMHOBbIX POPM CUrHANOB M NONOXEHUI ruapodoHa, pacCMOTPEHHBIX B HACTOSILLLEM
NPUNOXEHUN

BapuaHTbl BONHOBLIX hopm BapuwaHTel nonoxexus rugpodgora

a | Y3KOnonocCHbIN TOHAMbHbLIA MMNYMNbC A | B 6nuxHem none

BonHoBas chopma ¢ LuMPOKON NOnocow B pesynetate Henu- | B | B gansHem none
HEMHOro pacnpocTpPaHeHUsi Y3KOMOMOCHOrO TOHAaNbHOro
uMnyneca

¢ | WwupokononocHein umMnynsc C | B panbHem none Ha GOMbLWOM PaccTOAHUN 4NN
NoNy4YeHNs HENUHENHBIX NCKAKEHWI

d | Kavawowasncsa vactota HenpepblBHOTO curHana B metoge [ D | B reometpuyeckom dpokyce hokycupytowero na-
CNEKTPOMETPUM BPEMEHHbIX 3adepXKekK nydarens npy NMMHENHOM pacnPoOCTPaHeHUu

e | Kavawowasncs yactoTa HenpepbIBHOTO curHana npudvacTtot- | E | B reometpuyeckom dpokyce hokycupyowero na-
HOM aHanu3ae curHana ¢ BpemenHon cenekumen (TGFA) nyyarens npy HENUHENHOM PacnpoOCTPaHEHUM

B gononHeHwe k 3TMM BapvaHTam B pasgene G.5 paccMOTpeHbl cneumarnbHbie YCNoBusa kKanmbpoBku B Henocpea-
CTBEHHON BrM30CTH K N3ny4aroLlen NoBepXHOCTM NNOCKoro npeobpasoBarens (BapuaHT A, onucaHHbi B G.4.1).

G.2 BapwuaHTbl BONHOBLIX (POpM CUMIHana v pacnonoxeHme ruapodgoHa npu KanuépoBke MeToaoM
CpaBHeHuA

Bce pesynbTtaTthl, Nonyyaembie B COOTBETCTBUM C PEKOMEHAALMUSIMU 3TOrO pasaena, OTHOCATCS K Kakomy-nnbo
onpegeneHHOMY 3Ha4eHWIO YNbTPa3BYKOBOMW YacToTbl. OHM paccmaTpuBaloTCs B 3aBUCMMOCTU OT 4acTOTbl U MOTyT BbiTh
npeAcTaeneHbl B BUAE aMNnnTyg CrekTpa 4acror.

BapuaHTbl BONHOBOWM (hOpMbl M YaCTOTHOW MaeHTUMKaLum:

a) Y3KOMOITOCHbIN TOHANbHbIA UMNYIILC;

b) BonHoBas copma ¢ LUIMPOKOI NONOCON B pe3yrnbTaTe HENMMHENHOTO PacnpOCTPaHEeHUs! Y3KONONOCHONO TOHamNb-
HOro UMNYIbCa;

C) LUMPOKOMOIIOCHbIA UMIYNLC;

d) kavalowasics YacToTa HeNnpPepbLIBHOIO CUIHana B MeToAe CrekTpoMeTpun BpeMeHHbIX 3agepxek (CB3) — cm.
npunoxenune H;

€) Kayamwowasicsl 4acToTa HenpepbLIBHOIO CUrHarna fpy 4acTOoTHOM aHanu3e curHana ¢ BPeMEHHON cenekumen
(TGFA) [39].

BapwraHTbl nonoxeHusi rmgpodoHa B yrbTpa3ByKOBOM MOre:

A — B GrivkHeMm none;

B — B panbHem none;

C — B panbHem none Ha 60OMbWOM PacCTOSIHUMKM AMNsl NONYYEHUs1 HENUHENHBIX UCKAXeHWN (B COOTBETCTBUM C
BapuaHToOM BOINHOBOM hopmbl).

Mone nnockoro kpyrrnoro npeobpasoBartensi B o6wem criyyae MOXHO paccMaTpuBaTb COCTOSILLUM U3 BOSIH ABYX
TUMOB: NITOCKOW BOMHbI OT MOBEPXHOCTU U HEMNMOCKUX BOIH, pacnpoCcTPaHAWMXCA OT kKpaeB npeobpasoeartens. Ecnu
rmapodpoH ycTaHOBNEH MO BapuaHTy A, T. e. Tak 6nu3ko k npeobpa3soBartenio, YTo 3Ha4YE€HWA NYTU pacrpocTpaHeHuUs!
3TUX BONH OyAyT pasnuyuHbIMU, TO 3TU BONHBI MOXHO OTAENUTL APYr OT Apyra. Beilbopom cOOTBETCTBYIOWEIRO BPEMEHU
(cTpobMpOBaHUsT) MOXHO BbIAENUTH MMMYIbLC MITOCKOW BOMHLI OT NOBEPXHOCTU. Ecnn ruapodon yctaHoBneH No BapuaH-
Tam B u C, T. e. Ha ocy ynbTpa3BykoOBOro MyyvkKa B AanbHeM none npeobpasoeaTens, To pasHuua Mexay AnvHamu nyTu,
NpoOXoAMMbIMU 3TUMU KOMINOHEHTaMM YNbTPa3BYKOBOM BOMHbI, Mana, 4To Heun36exHo BbI3bIBAeT MX B3aUMHYI0 MHTepde-
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peHumio. OgHako none B Lenom 6yaet HOCUTL XapakTep NMOCKON BOITHbI, OFPAHUYEHHON LIeHTparnbHbLIM NenecTkoM onpe-
OeneHHOoro guameTpa;

D — B reomeTpuyeckomM dhokyce pOKyCUpYIOLLLEro uarydaTterns Npu MMHENHOM pacnpocTpaHeHuy;

E — B reomeTtpuyeckom cokyce hoKycHpyloLwWwero nanyyarensi npy HENUMHENHOM pPacrnpocTpaHeHuw.

Mpu yctaHoBke rmapodoHa no BapuaHtam D u E uanyuaiowmii npeobpasoBarternb AormkeH 6biTb chokycupoBaH
TakK, 4Tobbl B €ro reoMmeTpuyeckoM okyce ynbTpa3BykOBOW Ny4HOK MMenN Ty e dopMy, UTO U B AanbHeM none Hechoky-
cmpoBaHHoro npeobpasoBartenst. [peumywecteo BapuaHTa D 3akniouaetcsi B TOM, YTO M3ny4datenb co3gaeT yCnoewus,
nogoGHble TeM, KOTOPbIE CYLLLECTBYIOT NpU yCTaHOBKe rugapodona no BapuaHTy B. OgHako B BapnaHTe D us-3a kopoTko-
ro NyTW pacnpocTpaHeHus yrnbTPa3ByKOBOWN BOITHbI 3HAYUTENBLHO CHUXEH 9h(eKT ee 3aTyxaHus.

Mone dokycrpytowero npeobpasoBaTensi, B reoMeTpuyieckom (GoKyce KOTOpOro yCTaHOBINEH ruapod)oH no Bapu-
aHTy E, xapakrepusyeTcs CMNbHbIMU HENMHENHBIMU NCKAXEHUSIMU M3-3a BbICOKUX aMmnnuTyz, Bo3byxgeHns npeobpaso-
Barens. [penmylecTeo BapmaHTa E 3akniovaeTtcsa B TOM, YTO M3-32 KOPOTKOTO NyTW PacnpoCcTpaHeHns ynbTpasByKOBON
BOJTHbl 3HAUUTENBHO CHUKEH adEKT 3aTyxaHWs1 Kak Arsi OCHOBHOM 4acToThl, Tak U Ans 6onee BbICOKMX ee COCTaBNAIo-
LWMX, & HENMMHENHbIE NCKaXeHns1 0bpa3yloTcsl 3a cHeT NOBbILWEHUs] aMNNUTYAbl 4aeneHus Npu hokycupoeke nonsa npeo6-
pasoBarenem.

M pwu™eyaHn e — NpegnoyuteHne oTAAIOT TONBKO onpeaeneHHbIM KOMGUHaUNAM BapuaHToB BO3GyxaeHus npe-
obpaszoBaTens u yctaHoBKM ruapodoHa (x0T 3TM BapuaHTbl MICNonb3yoT Ao Yactotbl 15 My unm gaxe Hwke): aB [51], bC
[52], [53], cA [54] n dB [55], [56], [22]. BoamoxHbI Takke 1 gpyrme komGuHaumu.

G.3 BapuaHTbl BpemeHHOW hOpMbI CUrHaNa BO36YXA€HUA N ero YacToTHbIX ANana3oHOB

G.3.1 Vcnonb3oBaHue y3kOnonoCHOrO TOHANbHOIO UMIMyNbCa (BapuaHT a)

B aTOoM BapmaHTe MCnonb3yloT NPSIMOYroNibHble TOHANbHBIE UMNYNbLCLI C YacTOTOW 3anoNHeHWs F 1 aAnuTensHo-
cTbto 1. OBbIYHO B BEIXOAHOM curHane rmapodoHa oTCyTCTBYIOT CTPOro NPSIMOYronbHble UMNYNbCHI, CKOpee 3TO CUrHa-
Nbl C HaYanbHbIM U KOHEYHbIM MEepexodHbIMM NpoueccaMu, B naeane UMelowme LeHTpanbHylo 4acTe C NOCTOAHHOW
amnnuTygon. Mmnynsc gonxeH ObiTb 4OCTAaTOMHO ANUTENBHBIM, YTOBEI aMnNUTyaa curHana ¢ rmapodoHa gocturna
NOCTOAHHOIO 3HAYEHWS; Ero U3MEPSIOT, HAaNpUMep, € NOMoLWBLIO KanubpoeaHHoro ocuunnorpada. NMony4YeHHbINn pesyne-
TaT OTHOCUTCS NULLIL K BbIGpaHHOI YacToTe.

OTOT BapuaHT Bo3byXaeHUs UMeeT cneayiowme oCoBeHHOCTU:

- 9TO OAHOYACTOTHLIN MeToA. Ecnu HeobxoanMo meTh gaHHbIe ANSA HECKONBKUX YaCTOT, TO M3MEPEHUs cnegyert
NOBTOPUTL W Ha 3TKX Jactotax. MHorga ato notpebyet cmeHbl npeobpasoBatenen n nx ICTUPOBKU, HYTO yBENUYMBAET
TPYOOEMKOCTb KanmbpoBku;

- Y4acTOTHbIV AnanasoH uanydaiouwero npeobpasoBarerisi JOIIKEH NepekpbiBaTb TpEOyeMbI YacTOTHbLIN ANanasoH
kanubpoeku. Ha npakTuke aToT npeobpa3oBaTernb fOKeH 6biTb 4EMMN(UPOBAHHBIM U LLIMPOKOMOSIOCHLIM, COOTBETCTBY-
lowum TpebyeMomMy AnanasoHy 4acToT;

- npeobpasoBaTenb 4OIKEH U3NyYaTb YNbTPa3BYKOBbIE BOSHbI C aMNNUTYAAMM, AOCTATOYHBIMU ANS CYLLECTBEH-
HOIO NPEeEBbILEHNs WYMOB rnapodoHa ¢ y4eToM 3aTyxaHusl ynbTpa3Byka Ha NyTy pacnpocTpaHeHust;

- eCcnu BbIXOAHON cwurHan ruapodoHa U3MepsiioT LUMPOKONONOCHbIM NMPUBOpPOM, TO HEOBXOAMMO NPOBEPUTL
cogepxaHve B cUrHarne rapMoHUYeCKUX COCTaBNSIOWMX, KOTOPbIe AOIKHLI ObiTb, MO KpanHel Mmepe, Ha 30 gb H1Xe cnr-
Hana OCHOBHOW YacToTbl.

MpwnmedyaHnue— Ecnv rapmoHnyeckue cocTaensiiolimMe curHarna npesbiwatot atot npegen (muHyc 30 gb), To
HeoBX0AMMO UCMONbB30BaTh NONOCOBON OUETP C MPONYyCKaHUEM Ha OCHOBHOW YacToTe CUrHarna unu aHanmaaTop CrekTpa,
4TOObI OLEHWTE BKNag BTOPO 1 6oree BbICOKMX rApMOHUK, @ 3aTEM BbIAENUTb CUIHAN OCHOBHOWM 4acToThl.

G.3.2 Wcnonb3oBaHue BOMHOBOV (POPMbI C LUMPOKOW MOMOCON B pe3ynbTaTe HENMUHEMHOro pacrnpocTpaHeHust
Y3KOMOIOCHOIO TOHANBHOIO MMNYIbca (BapuaHT b)

MpeocbpasoeaTtens BO30YKAaloT TOHANBHLIMU UMMNYNBCAMU C BLICOKOW aMnnUTyAoW. YNbTpa3BykOBOW cuUrHan pac-
NpoCTpaHsieTCsl Ha TaKoe PaccTosiHWE, NMOKa ero BONHOBasi PopMa, uamepsiemasl Ha Bbixofie rmapodoHa, ycTaHOBNEeHHo-
ro no Bapuanty C vnn E, He cTaHeT cnnbHO acMMMeTpUYHONW. 3Ta UCKaXeHHas BONMHOBas hopma xapakrepusyertcsi
OCTPOKOHEYHBLIMU NMonyrnepuogamu B ase cxatvs 1 nonornMy nukamu B hase paspexeHusi. [apMoHnYeckue cocTaBrnsi-
oWme crnekTpa oTCTOAT APYr OT Apyra Ha OAMHAKOBblEe NMPOMEXYTKU, paBHble OCHOBHOWM 4acToTe, amnnuTyga KoTopbiX
cnagaet npubnnautensHo Kak 1/n, rge n — Homep rapMoHukW. [prHYMaeMbii curHarn noAalT Ha aHanuM3aTop cnekTpa
unu cxemy 6eicTporo npeobpasosanust Pypee (BMP) u nonyqatoT pesynbTatsl U3MEPEHUST HA AUCKPETHBLIX 3HAYEHUsIX
4acTOTbl, COOTBETCTBYIOLUMX KKAON rapMOHUKE.

YnbTpa3ByKoOBOW U3ny4vaterb MOXeT OblTb Y3KOMONOCHbBIM, ro pe3oHaHCHas YacToTa HaxoAMUTCsl HUXe AnanasoHa
yactoT, Tpebyemoro anst kannbposku rmgpodoHa. OgHako aTa pe3oHaHCHas YacToTa He AO0MKHA ObiTb CIIULLKOM HU3-
KOW, 4TOGbI HE UCMONBb30BaTh FAPMOHMYECKME COCTaBMALWME, AANEKO OTCTOsWLME OT OCHOBHOM YacToThbl. [insi YacToTHO-
ro AvanasoHa, OTHOCALWErocs K HacTosiWemMy cTaHgapTy, B COOTBETCTBUM ¢ TpeboaHusimm M3IK 62127-3 k yacToTHOM
xapakTepucTnke ruapodoHOB OCHOBHYIO 4acTOTy paccMaTpuBaeMblx npeobpasoBaTenel pekomeHayeTcsl Bbibupartb
npnbnnautensHo paeHol 1 MIu. Mpeobpa3oBaTenb AOMKEH reHepUpPoBaTh JaBreHne TpebyeMbix amnnuTya, HO Nnpu
3TOM HE CITMLLKOM CUIIBHO HarpeBaTbCs, TaK Kak 3TO MOXET NPMBECTU K HECTabuNbHOCTU TeMNepaTypbl B U3MepuTenb-
HoM DBake (cMm. 6.2) n nanyyatenbHol cnocobHocT camoro npeobpasoeatens. C aTMmMm NnpobneMamy MOXHO CrPaBnUTb-
cs1, Bbibpae bonee nogxoasiwmm ko3 ULNEHT 3anoNHEHWSA UMMYNbCOB.
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G.3.3 Wcnonb3oBaHne WNPOKOMOOCHBIX MMIYNBCOB (BapuaHT ¢)

B aTom BapuaHTe reHepupyloT KOPOTKME LUIMPOKOMNONOCHBIE UMIYIbChI ANUMTENBHOCTLIO T. CurHan ¢ Boixoga rma-
podhona nopaloT Ha aHanu3aTtop cnekTpa. B aTom cnyyae yactoTHoe paspelueHne aMnNNUTyA B CNeKTpe paBHo o6paTHON
BeNUYNHE BPEMEHHOTO MHTEPBANa namepeHusi LUIMPOKOMOOCHOTO UMIYIbCA, a YacTOTHLIN AMana3oH, NepeKkpbiBaembii
CNEKTPOM, 3aBUCUT OT ANUTENBHOCTU UMITYIIbCA.

Usnyvaowmn npeobpasoBatens MOXeT ObiTb AeMNMPOBaHHbIM PE30HAHCHBIM, OCHOBHAsi 4acTb CNEKTpa
MMNynNbca KOTOPOro onpeaenseTcs YacToToON pe3oHaHca Mo TOrWMHE aKTUBHOIO 3NeMeHTa. 3Ta pe3oHaHCHan YacToTa
AomxHa 6bITb HWKHEN 4acTOTON Anana3oHa kanubposku. [Npeobpa3oBaTternb MOXET UMETb U OTHOCUTENbHO Gonbluyio
TONWWHY, ecnu ero Bo36yXAaloT KOPOTKMMMU UMITYNbCaMU TOKa, 06pa3yemMbiMU NMPU KOPOTKOM 3aMblKaHUWN BbICOKOBOIbT-
HOro uctodHuka. Mpu 3TOM ANs Nony4YeHusi 4OCTATOUHO LUMPOKOIO CMEKTpa BaXXHOW npobnemoi siensietcs GbicTpoe
BKIMI0YEHME BLICOKOIO HaNpshxeHusi v Toka. TonwuHa npeobpa3soBarersi onpeaenseT BpeMs 3aaepXXkm npuxoaa mexa-
HU4ECKOTro MMNyNbCca OT 3aAHeN NOBEPXHOCTU Npeobpa3oBaTerns; CMMLLKOM Marnoe BPpeMA MOXET UCKa3nTb pesynbraThbl
W3MepeHun.

G.3.4 WNcnonb3oBaHne BOMH C Ka4aloLWERcsl YacTOTON HENPEPBLIBHOIO CUrHana B MetToge CNeKTPOMETPUN BpeMeH-
HbIX 3aaepxek (BapuaHT d)

B atom BapuaHTe ncnonb3yioT HENPEepPbIBHOBOIIHOBOW CUIHaI C JIMHEWHOW pa3BepTKON YacToThbl B YaCTOTHOM ana-
nasoHe KannbpoBKW MNM C NOCTOSIHHOM YaCcTOTON KayaHnusl. BeixogHol curHan ruapodyoHa noAaloT Ha cnegawmii y3kono-
NocHbIN  UNbTP, pasBepTKa KOTOPOrO CUMHXPOHW3UPOBaHa C pas3BepTKOM curHana Bo3byxaeHwus, HO CcABUHYTa
OTHOCUTESBLHO HEro Ha OnpeferneHHoe 3Ha4YeHNe YacToTbl. ATOT CABUI YacTOThl BbIGUPaIOT No BpeMeHn pacnpocTpaHe-
HWUA NPAMOIOo YNbTPa3BYKOBOIO cUrHana ot npeobpasoBartens Ao rmapodoHa, onpeaensemMomMy Kak OTHOWEHUE paccTo-
AHWA MeXAy HMUMM K CKOpPOCTM 3BYyKa, 3aBUCsILLEW OT TemnepaTtypbl BoAbl. Takas metoguka YCTpaHseT BusHWe
OTPaXeHHbIX CUIHAJIOB U, B CTPOTOM CMbICIIE, BCEX OCTarbHbIX CUIHASIOB, BPEMS PAcnpoCTpaHeHUst KOTOPbIX OTNnYaeTcs
OT BPEMEHMN pacnpoCTpaHeHusi NPsIMOTro curHana.

OCHOBHbIM KOMIMOHEHTOM 3JIEKTPOHHOTO 060PYI0BaHUS NMPU peanu3aumm 3Toro BapuaHTta aBfseTcs cneunanbHbIn
aHanu3aTop cnekTpa, obecneuvBalowmii BEINONHEHWE BCEX YKa3aHHbIX onepauuii. BoixogHow curHan rmapodoHa nony-
YaloT B BUZIE HENPEPbLIBHOWM (PyHKUMM YacTOThl, MO3TOMY aHanu3aTop criekTpa fonxeH paboTaTb BO BCEM AnanasoHe Yac-
TOT KannbpoBKuU.

TpeboBaHusi Kk YacToTe M amMNNUTYAE CUrHana, reHepupyemoro npeobpasoarenem, CXo0aHbl C TEMU, KOTOPbIE YKa-
3aHbl B G.3.1.

G.3.5 Pa3sBepTka 4acToTbl HEMPEPLIBHOBOJIIHOBOIO CUrHarna ¢ BpPEMEHHOW cenekumen curHana B ero YacTOTHOM
npeacTaeneHun (BapuaHT e)

OnvcaHve aTol MeToamukm (ob6osHauvaemon kak TGFA — Time Gating Frequency Analysis) npueegeHo B [39].

G.4 BapwuaHTbI ycTaHOBKM rupgpodoHa

G.4.1 YcTaHoBKa rmgpocdoHa B BrnivxkHem none (BapuaHT A)

FnapodoH ycTaHaBnuBaoT 4ocTaToMHO BriM3ko oT npeobpasoBaTtens Ha ocy nyYka. [na HacTpoWku BpeMeHU
BblGOpkM (CTpOBMpPOBaHWS) UCMNOMb3YIOT CUrHaM Ha Bbixode rmapodoHa, COOTBETCTBYIOWMIA TOHANBHOMY MM UMMY-
NbCHOMY MPAMOMY CUrHany HenpepbIBHON BOIHbI.

CooTeeTcTBUE NpeobpasopaTens 3agaHHbIM TpeGoBaHMAM crieqyeT NPOBEPUTb NpY HAOMIAEHUM 38 BbIXOAHbLIM
curHanom rmapodoHa npy erc nepemMeLleHMn B nonepeyHoM HanpaeneHun B6nun3m ocu ny4ka (cm. G.5.2), yaoctoee-
PVBLIKUCH, YTO BCE 4acTW Many4arollel NOBEepXHOCTM npecbpasoBaTens KONebnioTcs ¢ OAMHAKOBOW aMnivTygon u
thazon. Kannbposka B GnuxHeM none npeobpasoBaTens paccmoTpeHa B pasgene G.5.

FeomeTpuyeckoe NPOCTPaHCTBO, UCMOMNb3yeMOe Ana U3MEPEHUIA STOrO TUNa, MOXeT BbiTh OLEHEHO MO ANUTENb-
HOCTM T TOHANbHO-MMMYNBLCHOFO UMW UMMNYNBCHOMO cUrHana.

G.4.2 YcraHoBka rugpodoHa B ganbHem none (BapuaHT B)

MpumedyaHwue— 3TOT BapUaHT NPUMEHSIOT Npy Bo3bykaeHUn NpeobpasoBarerns TONbKo No BapuaHtam a, ¢, d
u e. BapnaHT ycTaHoBKM ruapocpoHa npu Bo3byxaeHnn no BapuaHTty b paccmotpeH B G.4.3.

FmapodoH ycTaHaBNMBalOT HA OCKU Ny“Ka B AanbHem none npeobpasosatens. [JanbHee none Ha4YMHaeTcs OT
NONOXeHWsi NocNeaHero MakcMyma AaBneHus (o ocu nyyka), KOTopoe peKOMeHAyeTCsl ONpeaenaTh Ha BEPXHEW rpaHu-
L& 4acTOTHOro guanasoHa kanubpoBky. B aTom cnydae 310 paccTosiHue cnegyeT paccMaTpuBaTtbh Kak MUHUMArbHOe.

TeopeTnyeckn nocnegHMn MakCMMyM OaBMEeHUs B NONe NNoCKOro KPYrnoro NOpPLHEBOro Uanyyarensi Haxogaurtes
OT Hero Ha paccTosiHUM, PaBHOM Z = atzf/c. OT0 paccTosiHme NponopUUOHaNeHO 4acToTe U CYLWEeCTBEHHO 3aBUCUT OT

paguyca npeobpasopaTens. Tem He MeHee AnvMHa akyCTUHeCKOoro NyTu He 4ormkHa B obLweM cnyyae npeBbiwaTb 3HaYe-
HUI, PaBHbIX HECKOMNBKMM deuumeTpam, 4Tobbl n3bexarb CyLeCcTBEHHOrO 3aTyXaHusi ynbTpasByka, U No3ToMy B 3TOM
cnyyae cnegyet BblbMpaTtb M3ny4areny oTHOCUTENBHO Manoro guamerpa.

G.4.3 YcrtaHoBka ruapodioHa B AanbHeM none v npu 60nbWoN ANMHE akyCTUYeCKOro Ny Ty Ans NonyYeHust Henu-
HEWHbIX UCKaXXeHUIN curHana (Bapmant C)

Ansa ncnonb3oBaHust BONMHOBOW (POPMbI CMrHana no BapvaHTty b, npyusegerHomy B G.3.2, nyTb pacnpocTpaHeHus
curHana gonxeH ObiTb CyLWECTBEHHO AMVHHBIM, YTOObLI NONMY4YUTE 3HAYNMbIE HENWHEWHBIE CKaXXeHWS BONTHOBON hOpMBI
curHana n obecneymTb J4OCTATOYHO LUMPOKOE NPOCTPaHCTBEHHOE pacnpeaernenve akyCTM4eckoro AaBneHusi, Tak YTobsi
BMMsiHME 3dheKTa NPOCTPaHCTBEHHOIO ycpeaHeHusl BblNo HUXe YCTaHOBMEHHOTO YPOBHSA (CM. npunoxenue J). 310
MoxeT OblTb OQOCTUIHYTO MNPV MPUMEHeHWM MOpPLWHEBBIX NpeobpasoBaTenelt OTHOCUMTEnbHO Oonbloro AvameTpa,
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obnacTb BNMXHEro Nomns KoTopbIX (atzf/c) MOXET nexartb B gnanasoHe ot 200 go 400 mm [52]. CTeneHb HENMHENHbIX
MCKaXKEHUI curHana B MecTe YCTaHOBKM rmapodoHa OObIYHO MOXHO XapakTepn3oBaTb NapamMeTpoM HeNUHENHbIX ucka-

XEeHWUIN o, 3Ha4eHne KOTOPOro 3aBUCUT OT aMNMUTYAbI AABNEHNS Py HA U3NydaTtene n Ans NocKoi BOMHbI BbIPaXaeTCs Kak
frz G.1
o= 275319073»‘, (G.1)
pc
roe p = 1 + B/(2A) — napameTp HENWHENHOCTY Ans BoAbl (NpnbnnanTensHo paseH 3,5 Npu sHavennsx A u B, npueeaex-
HbIX, Hanpumep, B [57]);
f— ocHOBHas YacToTa BO3DYXAEHWA curHana, co3faloero HellMHelHbIe NCKaxeHus,
z — paccTosiHue mexay npeobpasoatenem n rnapodoHOM;
p — NNOTHOCTb M3MEPUTENBHON XNAKOCTH (BOABI).

Ons obecneveHnss onTUManbHbIX YCNOBUIA NPOBeAEHUs! KanMBpOBKM MEeTOAOM CPaBHEHWs 3Ha4YeHue ¢ SONKHO
6bITb paBHbIM 3. [py 3TOM 3HaYeHWe amnUTYAbl CUrHanNa Ha OCHOBHOW YacToTe CHWXaeTcs Ha 6 ab n3-3a notepb npu
HenMMHenHoOM pacnpocTpaHeHum [58]. [nsa aTux 3Ha4YeHW ¢ BONHOBas hopma curHana cTaHoBUTCS ugeanbHoW nunoob-
pasHoN, aMmnnnTyabl €€ rapMOHUK B CMEKTPE YMEHbLUAIOTCS Kak 1/n, rae n — HOMep rapMoHVKNU. 3Ta 3aBUCUMOCTb NO3BO-
NsieT OUeHWTb amMnnuTyabl OaBNEHUS Ha BbICOKMX 4acToTax, YTO BaXKHO W ANS OUEHKM TOYHOCTM Kanmbpoeku. Ecrm
noaaepXMBaKTCH YCIOBUS, NPpU KOTOPLIX ¢ = 3 (T. €. aMNNuTyada AaBNeHus B TOYKe namepenus coctaensiet 50 % amnnu-
TyApbl AABNEHUS Py HA Nanydartene), To MOXHO PaccunTaTh 3HaYeHWe aMmnnnTyabl JaBNeHNs Ha BepXHel vacToTe f, ana-
nasona rmapodoHa kak 0,5 p, f./f, (oTHowenne f/f, NO cywecTBy SKBMBaNEHTHO 1/n, rae N — HOMEp rapMOoHMKY,
COOTBETCTBYIOLWEN BEPXHEN 4aCcTOTe YacTOTHOro AgnanasoHa rmapodgoHa).

Mpumedyanue—Iputemneparype Boabl 22 °C BblpaxkeHue (G.1) npuBoasiT Kk ¢ = 6,7 po fiZ, rae po BoIPaXeHo B
meranackansix, fr— B merarepuax, a z — B MeTpax.

3TV NpubNMKEHHbIE BbIpa)XeHUs NpeanonaratT Hanuume yCroBuii NITOCKOW BOSHbI U OTCYTCTBUE NOTEPL NpY pac-
npocTpaHeHUM BonHbl. [insi 6onee TOUYHbIX pac4eTOB MOXHO y4ecTb (DOKYCUPOBKY, COOTBETCTBYIOLLLYIO NOPLUHEBbLIM U3MNY-
vatensam [58]. MpegnonoxeHne o6 OTCYTCTBUM MNOTEPb MPU PacnpoCTPpaHEeHWU BONHbI BepHO npu of(a.z) >> 1, rae
o — aMNIMTYAHbIN KOIPMUUMEHT 3aTyXaHnsi MITOCKON BOMHbI C Manow aMmnnutyaon B Boge, NponopuvoHanbHbIN KBag-
paTy 4acToTbl (3Ha4YeHUs1 o NpUBeAEeHb! B NpunoxeHun E). 3tomy kputepunio obbIMHO yAOBNETBOPSIOT curHarsl ¢ 6onee
HU3KMMUW OCHOBHbLIMMW YacToTamu, Hanpumep 1 nnu 2 MIMy. ins 6onee BbICOKMX YacToT o/(0.z) = 1, U 3aTyxaHWe CUrHanoe
Marnow aMmnnuTyabl Ha OCHOBHOW YacToTe GyAeT orpaHM4eHoO UCKAKEHUSIMMY, KOTOPbIE CHUXAIOT aMNIUTYZibl rAapMOHUYeC-
KMX COCTaBMNSAOWMX, N3MEHSIA TEM CaMbIM aMMNNTYAHbLIN KOIDDULUMEHT 3aTyxaHUA NNOCKMX BOSH B BOAE.

B HekoTOpbIX cnyvasx npu ucnonb3oBaHwn BapuaHta C pekoMeHAyeTCs uccneaoBaTb OCEBYID 3aBUCUMOCTb
aMNIUTYZ YaCTOTHBIX COCTABNSAIOWMX HENUHENHOTO NONSA, YTO6LI HANTK ONTUMAanNbBHOE paccTOsHUE ANs YCTAaHOBKU rMa-
podroHa B COOTBETCTBUM C PEKOMEHJAUMUSAMMU 3TOro nogpasgena. 3TO NONOXeHWe [0IPKHO COOTBETCTBOBATbH MAaKCU-
ManbHOMY OTHOLLEHMIO CUTHAN/WYM ANA BEPXHEN rPaHNYHON 4acTOTbl KanmbpoBku f,.

G.4.4 Ycranoeka rngpodoHa B reomeTpruyeckom GoKyce Uany4arersi npy ero HU3KOM unu NMMHeNHoOM Bo36yxae-
Hum (BapwaHT D)

MpwnmedaHune— Takas yctaHOBKa NpMMeEHMMA TOMMbKO MNpu Bo30yxaeHun npeobpasoBarensi o BapMaHTam a,
¢, d n e. O6 ycranoeke rmgpodoHa npu Bo3byxaeHum no BapmuaHty b cm. G.4.3.

FmapodoH ycTaHaBNMBalOT HA OcK NyYKa B reomeTpuieckom dokyce nanydarens [59]. Ecnu dokycHoe paccrosi-
Hue F npeobpasoBaTensi HE U3BECTHO U3 FrEOMETPUUECKUX NPeACTaBIEHUA, TO €r0 MOXXHO ONMpeaenuTb Mo pacCTOAHUIO
Z,¢ 10 MECTa HaXOXAEHNS hokyca aaBneHus (HaxodsLWErocsi B MeCTe HaxXoXAeHUs1 MakCMMyMa MHTerpana KsagpaTtoB
[ABMeHNs B UMNYNbCE NO OCU NYYKa) U3 BbIpaXXEHWs
-1 (G.2)
1 c
F=| — - —

Z pf faf2

Mpy ycnoBuu NMHENHOTO pacnpocTpaHeHns napameTp HeJIMHEMHOCTU pacnpocTpaHelns o, (cM. MOK 62127-1)
Ansa dhokycupyowmx npeobpasoBatenen JomKkeH 6biTb MeHbwe 1.

G.4.5 Ycranoska rnapodoHa B reoMmeTpuieckomM pokyce usnyuaTtens npu ero BbICOKOM BO36yxaeHun ans nony-
YEHWA HENWUHEWHbIX UCKaXEeHNN (BapuaHT E)

Fnapodon yctaHaenuealoT Ha ocKn Ny4Ka B reomeTpuyeckom chokyce nanydvarens. Ecnu dokycHoe pacctosHve F
npeobpasoBaTens He N3BECTHO U3 FEOMETPUYECKNX NPEACTaBNEHUN, TO ero MOXHO onpeaennTb NO MECTY HaXoXaeHUs
chokyca gaBneHun B yCnoBusX NUHENHOro Bo3byxaeHus, Kak 370 nokasaHo B G.4.4. [ina nonyqeHnn CyweCTBEHHbLIX
HENWHENHbIX NCKAXXeHNIA NapaMeTp HENMTMHENHOCTN PacnpPOCTPaHEHNsA G, AOMKEeH BbiTb > 3.

G.5 CneunanbHble cnyyan KanmbpoBkn B6Nn3n noBepxXHOCTN NpeobpasoBaTtens

G.5.1 O6bwwue TpeboBaHus
OceBoe pacctoaHne z mexay rmapodOoHOM 1 yNbTpa3ByKOBLIM Npeobpa3oBaTenem JOMMKHO BblTb

. (G.3)
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Tak 4To6bl HM OAMH MMNYNBC, OTPaXKeHHbIN OT rmAapodoHa Kk Npeobpa3soBaTento u Hazag K rnapodgoHy, He nHTepdepupo-
Ban C KOHLOM NepBOHA4YanbHOrO MMNYNbCA, NafaloLLero Ha rMApPodoH.
G.5.2 BnusiHne kpaeBbIX BOSH
PaccmaTpuBaloT nnockui Kpyrnbii u3nyyaiowmin npeobpa-
30BaTelb paguyca a, Touky P B none, pacnonoXeHHyio Ha OCEBOM
paccTosHuM z oT npeobpasoBaTena W Ha paccTosHUK a, ot ocm
ny4yka (cMm. pucyHok G.1). [InvHa akycTMYecKoro nyTv niocKom
BONHbI OT NpeobpasoBaTensa 4o Touku — z. [lnmHa camoro KopoT-
KOro akyCTU4eCKOoro nyTu BOMNHbI OT Kpas npeobpasoBartenst (kpae-
BOW BOMHbI), 0603Ha4eHHan Ha pucyHke G.1 kak r, cocTaBnsieT

Vz?+ (ay —ap )2 OcHOBHBIM SIBNSIETCS TpeGoBaHue, UTOBbI T He

NpeBbILLano pasHocTb MEXQy BpeMeHeM Npuxoaa B TouUky P kpae-
BOW W NITOCKOW BOMH. OTO NPMBOANT K HEPABEHCTBY

3 Vz2 +(ay-ap)? -z (G4) I
T<T = )
max E c
KOTOpOE MOXHO npeobpa3oBaTb B HEPABEHCTBO 1 — npeobpasoBartenk; 2 — NAOCKOCTL U3MEPEHus rma-
2 (G.5) podoHOM; a; — paauyc Kpyrnoro nnockoro npeobpasosa-
ap<8pmax e = 8 —y(C1)° + 2012, ) tenn; z— oceBoe paccrosHue OT npeobpasosaTtens,

ANYHA NYTWU NPSIMOTO CUrHanNa NNOCKOW BONHbI; P — Tovka

B none; ap— nonepe4vyHoe paccrogHue OT OCU Ny4Ka;
MpumMmeyaHwue— B 3aBUCHMOCTN OT KOHKPETHOTO Habo- £ — ANUHA NYTU PACPOCTPAHEHNS KPAEBON BOMNHbI

pa napameTpoB MOXeT OKasaTbCsl, YTO HEPABEHCTRBO, onpeaensie-

Moe Mo Beipakenmio (G.5), He 6yaeT umeTk pelwenns (chopmansHo PucyHok G.1 — KoopauHatel Toukn P B GnvkHem

3TO 03HAYaEeT, YTO OHO BbIPAXKAETCS OTPULATENBHLIM YMCIOM), 4TO NOMEe KPYrnoro Nnockoro uanyyatouwero npeobpaso-

03Ha4aeT, YTo NPOBEAEHUE TaKMX U3MEPEHU HEBO3MOXHO. B aTom BaTens paguycom a;

cnyyae cregyeT yMeHbWWTb AMUTENbHOCTb T TOHANBbHO-UMNYSbC-

HOIO MMV UMMNYNBCHOIO CUrHaNa Wunu paccTosHue z 4o rmapodoHa. Ycnoeue BoinonHeHus HepaeseHcTea (G.5), o3Havalo-

Lee BO3MOXHOCTb NPOBEAEeHNSA M3MEPEHMWI 3TOro TUna, MOXXHO NPEACTaBUTL B BUae

1 ay 2 (G.6)
z<z1—5 — | -1t

onpeaenstowee ncnonb3yemyro o6nacTb OKOMNo ocK nyJka.

[

G.5.3 Bo3mMoOxHOE BNUsSiIHME NOBEPXHOCTHbLIX BOJTH

Mone nnockux BonH B6nv3u npeobpasoBartens MOXeT BbITh Takke BO3MyLWEHO BONHaMU apyrux Tunoe. [pexae
BCEro, 3T0 NOBEPXHOCTHbIE BOJIHbI, Bbl3biBAeMble paguarnbHbiMU KONnebaHusiMu akTUBHOTO 3f1ieMeHTa Mpu UMMNYIbCHOM
BO30OyxaeHvu. Korga pagmanbHas BONHA HAYMHAETCs OT Kpasi aNeMeHTa U ABUXKETCS BHYTPb K €r0 LEHTPY CO CKOPOCTbIO
v;, bonblUel Yem CKOPOCTb 3BYKa € B 3BYKONPOBOAALLEN cpeie, TO U3NYy4aemMoe B KNAKOCTb None 3TMX BOINH MOXEeT A0C-
TUrHYTb rMAPO¢POHA 1 BbI3BaTb HA €r0 BbIXOAE UCKaXKEHHBIN CUTHAr, 3aBUCSLLMIA OT NONoXeHusa ruapodoHa B none [60],
[61]. BTN NCKaxXeHMsA B 3HAUNTENbLHON CTENEHN 3aBUCHT OT CKOPOCTH V;. B 0B1em cnyvae HeT kakux-nubo npegsaputens-
HbIX A@HHBIX O KONMWYECTBEHHOM BNVUSAHUW 3TOT0 3OEKTa, M NO3TOMY HENB3A AaTh 06WMX peKkoMeHaaLui No 3TOMY NoBo-
ay. B kaxgom KOHKpeTHOM crnyyae pekoMeHAyeTcsl NMpoBOAUTbL IKCMEPUMEHTanbHble uccnegosanusa [60]. Nanee
NpuBeAeHb! POPMYIbI, aHaNorMyHbIe BolpaxeHuam (G.4) n (G.5), KoTopble UCNONb3YIBT, €CNK v, U3BECTHA.

G.5.4 BnvsiHne NOBEpPXHOCTHLIX BOIMH Ha norne B6nusu npeobpasoBartens

MpuBeaeHHbIE HUXE pacCyKAeHWs CnpaBeanvBbl AN NIOCKOro KPyrnoro npeobpasoBartens, NOKa3aHHOIO Ha
pucyHke G.1. PaccMoTpyM NpOCTPaHCTBO, OFPaHNYE€HHOE KOHYCOM (CUMMETPUYHBIM OTHOCUTENBHO OCU Ny4Ka), OCHOBA-
HMeM KOTOPOro SBMAETCSH Kpyrnas nanyvatow,as noBepxHocTb Npeobpa3oBartens, a BEPWHWHOW — TOYKa Ha OCKU Ny4Ka Ha
paccTosiHum z,,

vtjz i (G.7)

zZ=2=a (

rA€ v, — CKOPOCTb PacnpocTpaHeHns papnanbHOM BOMHbLI B nnactvhe npeo6pasosartens.
OGpaasytoLas NUHUS 3TOro KPYIIoro KoHyca npeAcTaBrisieTcsl ypaBHeHUeMm

z (G.8)

IR
v
LS
c

B Toukm (z, ap) 8TOr0 NpocTpaHcTea GyAyT NPMXoAUTL [1BE NOBEPXHOCTHLIE BOMHLI: OJHA PacnpocTpaHsieTcs: oT

Gnvxariwel To4kM nepumeTpa npeobpasoBarers, a Apyrasi — ot camon gansHen [60], [61]. K ocu a1 BONHLI Npuxoaat
OQHOBPEMEHHO.

ap=ay—
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Bo Bce TOYKM 3TOro KOHMYECKOrO NPOCTpaHCTBa Grnvkanwas noBepxHocTHaA BonHa 6yget npuxoguTe GeicTpee,
Yem KpaeBasi BOIHa, No3TOMY PEKOMEHAYETCH NpoaHanuanpoBaTb ee BNMAHME B PaCCMaTPMBAEMOM KOHUHECKOM Npo-
CTpaHcTBe.

B oTnvume oT kpaeBbIX BOIH MOBEPXHOCTHbIE BOIHbI HE CYLLLECTBYIOT BO BCEX TOYKax nons. BHe koHu4eckoro npo-
CTPaHCTBa NOBEPXHOCTHbLIE BOIMHbI UMW HE CYLLECTBYIOT, UITU NPUXOLAT MO3XKE KPASBOW BOMHbI, U MO3TOMY HET Heobxoau-
MOCTW paccMmaTtpmMBaTh UX B HACTOSILLEM CTaHaapTe.

BHYTpY KOHMY€ECKOTO NPOCTPAHCTBA, ONPEeAENEHHOro Bbllle, OCHOBHBIM TPpeboBaHWEM Npu y4eTe NOBEPXHOCTHBIX
BOJH SIBNSIETCS] ANUTENBHOCTL T TOHANbHO-UMIYNBCHOTO UMM UMIYNBCHOIO CUMHaNa, KOTopas He AOKHA NpeBbIWaTh
PasHOCTU 3HA4EHNI BPEMEHU NpnxoAaa GrivxaiiLuei NOBEPXHOCTHON BOMHbI U NITOCKON BOMHbI. Bpems {, 3a koTopoe 6rn-
Xanwasn NOBePXHOCTHAs BOMHA NPUXOAUT B TOYKY P, paBHO

(vtjz (G.9)
ay —ap +z — -1

4
H v,

MoaTtomy no aHanorum ¢ BelpaxxeHusimm (G.4) n (G.5) AnuTenbHOCTb UMIMYNbCa AOIMKHA 6biTh

2 (G.10)
v "4
ay —ap -z il S (tj -1
c c
T<1 =
max H v
n
ve  l(ve)? (G.11)
Ap<ppaxy =8t ~ViT-Z < Ve -1

3T10 HepaBeHCTBO UMeEeT NOoNnoXuTenbHoe pelweHne, ecnn
at - Vt T (G 1 2)

-
ve J(ve)®
c \Lc

G.5.5 Mecto ycTraHoBkn ruapodoHa B GrivbkHEM Morie NocKON BOMHbI C yH4ETOM BO3IENCTBUSA KPAEBbIX U NOBEPX-
HOCTHBbIX BOJTH

Honyctum, 4To rmuapodpoH YCTAaHOBIEH HA OCEBOM PacCTOSIHUM Z OT KPYITIOro Niockoro npeobpasoBarens paany-
coM a; (cM. pucyHok G.1), nanyvaiowero TOHanbHO-MMNYNbCHBLIE MITM UMIYTLCHLIE CUTHATbI ANMUTENBHOCTBIO T.

OnpegerneHbl kputepun Boibopa pacCcTOAHUS Z OTHOCUTENBHO YETbIPEX €r0 ONOPHBLIX 3HAYEHWN, TPU U3 KOTOPbIX
0603HaueHbl KaK z,, Z, U Z3 B Bolpaxenusix (G.6), (G.7) n (G.12) cooTBeTCTBEHHO, a YeTBepToe onpeaeneHo B Buae

(vtjz _ (G.13)

c

Z<Z3=

Ianee paccMoOTpeHbl BO3MOXHOCTW YCTAHOBKM ruapod)oHa B COOTBETCTBUU C 3TUMU KPUTEPUSIMMU.

a) I'Ipl:l Z > Z, paccMaTpMBaEMbIe U3MEPEHM HEBO3MOXHbI M3-3a HapyLLeHUs TpeGOBaHUA K aKyCTUHECKON AnnHe
NyTW KpaeBOW BOJHbI.

b) Mpun z < z; n z > z, N3mepeHNa MOXXHO BHIMNOIHUTL NPK YCTaHOBKE rmapodoHa B npuocesoi obnacmm, onpege-
nsiemon BelpaxkeHuem (G.5).

c) Mpu z< z,, z< z, n Z > Z; N3MEPEHNSI HEBO3MOXHbI M3-3a HapPYLIEHWUs TPeBOBaHWUA K aKyCTUHECKON ANNHE NyT!
NOBEPXHOCTHOMN BOJHEI.

d) Mpuz<z,, z<z,, Z< zz3 N 2>z, U3IMEPEHUS1 MOXHO BLINONHUTL NPN yCTaHOBKE rmapodgoHa B npuoceson obnac-
T, onpeaensieMon BolpaxeHvem (G.5).

e) Mpnz<z,,z<z,, Z<Z3N z < Z, U3MEPEHN MOXHO BLINONHUTL NPU ycTaHOBKe rmapodg oHa B npuocesoi obnac-
T, onpeaensieMon BolipaxeHuem (G.11).

CnepyeT y4ecTb, 4TO B IPUOCEBON 06nactu gonxHa HaxoanTLCS BCS HyBCTBUTENbHAs NOBEPXHOCTL ruapodoHa
Tak, 4To6bl R npegcTaBnsn coboii cymmy paguyca rmapodgoHa 1 paccTosiHUS! OT ero ueHTpa 4o ocKv MmydKa.

Heobxoaumo Takke 0OTMETUTB, YTO BCE NPUBEAEHHbIE BbIWE CMyYan yCTaHOBKM rMAPocoHa Nony4eHs! Ha OCHOBa-
HuK obwero TpeboBaHus, NpeACTaBNEHHOIO BepaxeHnem (G.3).

44



rocT P M3K 62127-2—2009

MpwunoxeHne H
(cnpaBo4Hoe)

MeTopn cnekTpoMeTpUn BpeMeHHbIX 3aaepkeKk — Tpe6GoBaHNA K BbIMOJIHEHUIO U3MepeHun

H.1 O6wwe nonoxeHus

MeToa cnekTpoMeTpum BpeMeHHbIX 3agepxek (CB3, Ha aHrnuiickom s3kike — Time Delay Spectrometry — TDS)
Briepeble ObiN NpeanoXeH AN U3MepeHus XapakTePUCTMK FPOMKOrOBOPUTENEN NPU HaNMuMKU akyCTUYEeCKUX oTpaxe-
Huii [62]. MoagHee ero npyMeHunu ans kannbposku rmapodoHOB B MerarepyoBoM guanasoHe vacrtoT [55]. B [63] aaH
BCECTOPOHHUI aHanmna ocobeHHocTen meToaa CB3 u npreeaeHbl pe3ynbrarsl uccneaoBaHui, 060CHOBbIBaOWMX Tpebo-
BaHUA K YCTAHOBKE U M3MEPWTENbHOW annapartype Ans NPakTUHECKOW peanusaumn AaHHoro metopa. B [56] nokasaHo
COBMECTHOE MCnorb3oBaHue anst abcontoTHol kanubpoeku rmapodoHoB metogoe CB3 v B3aMMHOCTU, MHOXECTBO
pe3ynbTaToB Takoh kanubpoBku npeacTaeneHo B [64]. MNpenmylwecTBa nepexoga OT BPEMEHHOIO K YaCTOTHOMY paspe-
LUEHWUIO PpacCMOTpPeHbI B [22].

B npunoxeHun paccmoTpeHbl Hanbornee BaxHble TpeboBaHUSA K NpoBeAeHnIo kannbpoeku metogom CB3.

H.2 Kanu6poBka ynbTpa3ByKOBbIX rmapod)OHOB M onpeaerneHne nx XxapakTepmcTuKk MeToaom

CNEeKTPOMETPUMN BPEMEHHBIX 3aaepXeK

H.2.1 UNamepsiemble napameTpbl yNibTPa3ByKOBOro Nnons

MepBrYHbIM NapameTpom, nsmepsaemeim metogom CB3, saBnsieTca akyctuyieckoe aasneHne. 3HaveHnss amnnuTy-
bl AaBMNeHUs 3anvcbliBaloT OQHOBPEMEHHO C 3MEKTPUYECKUM HanpsbkeHWeM Ha Bbixoge rmapodpoHa. M3 oTHoweHus
HanpsXXeHUs 1 COOTBETCTBYIOLLEro AABMEHNS ONpeaensioT YyBCTBUTENbLHOCTL rnapodoHa Ha KoHuUe kabensa nop,
Harpy3Kom B BUAe HENPEPbLIBHOW YaCTOTHON 3aBUCUMOCTH.

H.2.2 [QnanasoH ynbTpa3ByKOBbIX HacTOT, B KOTOPOM MOXHO NpumMeHsiTb metog CB3

OTOT METoA UCMONb3YIOT KaK B AMana3oHe ClblWMMOro 3Byka (npumepHo ot 20 '), Tak u B AnanasoHe, xapakrep-
HOM ans GuomeanunHCKMX nccnegoeanmi (ot 1 o 40 MIMu). Hanbonee ycneluHown okazanach peanusaums 3Toro metoga
Ha vyacTtoTtax o1 100 kl'y go 1 Mlu.

YacToTHbIE OrpaHnYeHns MeToga CBs3aHbl C:

a) 4YacTOTHBIM AMaNa3oHOM NMPYMEHSAEMbIX N3MEePUTENbHBLIX NPMBOpPOB;

b) BO3MOXHOCTBEIO NpMMEHeHWs KanmbpoBaHHOTo rmapodoHa cpaBHeHUs! B TpebyemMoM 4acTOTHOM AunanasoHe
(npv KanMBpPOBKe METOAOM 3aMelLLeHUs ).

MpumedyaHune—MogndmumposaHHein metog CB3 nossonsieT npoeognTe KanmbpoBKy Ha YacToTax 4o U He
MeHee Yem 60 My [39].

H.2.3 CtpykTypa ynbTpa3BykoBOro Nnoss, B KOTOPOM MOXHO Npumensitb metog CB3

Mone NNockux BOMNH (HEMPepbIBHbIX C KaYaloLwenca HacToTon).

H.2.4 TpocTpaHCTBEHHOE pa3speLueHne

BbixogHoW curHan rugpodgpoHa npeacTaenAoT B BUAE CNEKTPa 4acToT N3amMmepsaeMon BONHoBow hopmel. Paspewe-
Hue No BblGOpKE 3aBUCHT OT OTHOLIEHMSA LUMPKHbLI MONOCk! hUNbTpaumMmn K CKOPOCTU KavaHua JYacToTel. B obuwem cnyvae
HeonpeaeneHHOCTb YacTOTHOrO paspeLleHns BbipaXXaeTcs Kak

f=1trpe (H.1)
rae f— vacrtoTa, u;
frps — Bpems, Tpebyemoe Ans ogHoro namepenus metogom CB3, c.

MpumeHeHne meToga CB3 no3eonsieT NONy4nTh KaK YaCcTOTHYIO XapakTepUCTUKY YYBCTBUTENbHOCTU ruapodoxa,
TaK M XapakTepUCTUKy ero HanpasneHHocTH [55]—[57], [63]—[65].

H.2.5 Paapewatowas cnoco6HoCTe MeToaa

B0O3MOXHOCTb onpeaeneHns M3MEHeHUA B YyBCTBMTENbLHOCTM ruapodoHa 3aBUCUT OT YPOBHSI CUTHana Ha ero
Bbixode. [pu 3HauYeHnAX amnnnTyabl aKyCTUYECKoro gaenenms okono 1 klMa MoXxHO 06bIMHO 4OCTUYL 3HAYEHNA OTHOWe-
HUs curHan/wym okono 50 ab. MakcumanbHO JOCTMXMMOE 3HadYeHne OTHOLWEHUS curHan/wym — nopsigka 75 ab. MNpu
3TOM BO3MOXHO OnpeAenvTb 3Ha4YeHUs M3MEeHeHUs1 YyBCTBUTENBHOCTY rmapodoHa, NpuMepHo paeHbie 0,2 ab.

H.2.6 [nana3oH namepeHus YyBCTBUTENBHOCTU rugpodoHa

YyBcTBMTENLHOCTL Ha KOHLe kabens rmapod)oHa Noa Harpy3Kkon v YyBCTBUTENbHOCTbL XONOCTOro X0Aa Ha
KOHUe Kabensa rmapodoHa MOXHO MamepuTb B auanasoHe oT muHyc 300 gb otHocutenbHo 1 B/mkla (7. e. okono
1.10-2 B/Ma).

H.2.7 Bocnpon3sogmMmMocTe (MOBTOPSEMOCTE) pe3yNbTaToB KanubpoBKu

Pa3bpoc 3HauyeHuii pe3ynbTaToB NPV MOBTOPHLIX KannbBpoBkax rmapodOHOB € YyBCTBUTENBHOCTLIO, Gonblwen
3 HB/Ma, B yactotHom gnanasoHe ot 0,1 go 10 MI'y 06bIYHO He npeBbliwaeT + 5 %.
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H.2.8 WUmnynbcHasa xapakrepucTuka

MMNynbCHYI0 XapakTepucTuKy curHana ruapodoHa MOXHO NomnyynTb C NOMOLLIO NpeobpasoaHus dPypee vac-
TOTHOW XapakTepucTUKN curHana, ecnu 6uina sanucana ¢gasa curHana npu nameperHum metogom CB3. Mpu aTom paspe-
LEHWE UMNYNBbCHOWN XapaKTePUCTUKN COOTBETCTBYET YaCTOTHOMY AManasoHy 3anucu curHana [66].

H.2.9 MNpoueaypa namepeHnn

TunuyHble npoueaypbl namepennin metogom CB3 paccemotpensl B [22], [55], [56], [63], [64], [66], a ux kpaTkui
0630p npueegeH B pasgenax H.3 m H.4.

H.3 MNpoueaypa namepeHvn (onpeneneHna YyBCTBMTENLHOCTN CIINYEHNEM)

a) YcraHaenvealoT u OPUEHTUPYIOT nanyyarenb 1 NPUeMHUK (NpeaBapuTenbHO KanubpoBaHHbIN ruapodoH [15],
[66], [67]) B 6ake ¢ AMCTUNNMPOBaHHON AerasMpoBaHHON BOAON, TeMMNepaTypa KOTOpON NOAAEPXNBAETCA C TOHHOCTLIO
ao +0,5°C.

b) WUamepsaioT cnekTp curHana B norapucdmmuyeckom maclitabe B BeiGpaHHOM YacTOTHOM AnanasoHe.

c) CoxpaHsioT B NaMATU M3MEPUTENBHOIO YCTPOMCTBA M3MEPEHHBLIN CNEKTP (YacTOTHYIO XapakTepucTUKy).

c) 3amMeHsI0T ONopHbLIN {(KanMbpoBaHHLIA) rMAPodoH KanMbpyeMbiM.

d) MoeTtopsioT onepaumm no a), b) u c).

MpumeyaHune—Kanmbpyembit ruapodoH fonxkeH 6biTb YCTAHOBNEH B Ty XXe CaMylo TOYKY NONns, B KOTOPOW
npexae Haxoauncs ONOpHbINA, 3T0 MOXHO NPOBEPUTL ABYMs cnocobamm: a) ncnonb3ya MMNYNbCHbIN pexnm Bo3GyxaeHus
uany4arterns, oTperynmpoBatb 0CeBoe paccTosiHne o rmapodoHa Tak, UTobbl BpeMs 3a4epxkkn npuxoga curHana Ha o6a
rugpodoHa 6bino oguHakoBeiM. 3aTeM, nepemeltasi ruapodoH B nonepeyHoM HanpaeneHun, 4OOBUTHCS MaKCUManbHOO
curHana Ha ero Boixoge; unu b) B pexxkume CB3 ycTaHOBUTL BpeMs 3agepXeK TakuM e, Kak 1 NpU U3MepeHnsiX ONOPHOro
ruapodoHa, a 3aTem nepemMelleHusmMmM kanmbpyemoro rmapodoHa O6UTECS MaKCMMANBHOTO CUTHANA Ha ero BbIXOAE.

f) Oatot rpadhmyeckoe npeacTtaeneHve pasHocTn 06omx cnekTpoe B norapudmmuyeckom macwrabe. Ecnm onopHbin
rmapodoH NMeeT NMOCKY YaCcTOTHYIO XapaKTepuCcTUKy, 3Ta pasHoCTb ByaeT NnpeAcTaBNsATh YaCTOTHYI0 3aBUCUMOCTL
kanubpyemoro rnapocoHa. bonee noapobHo cm. B [22], [55], [56], [62]—[64].

MpwuMeyaHne—[nAkanubpoBku KaKk METOAOM CPaBHEHWS, TAK U METOAOM B3aUMHOCTU MOXHO UCMONb30BaTh
TEXHOINOIMIO CNEKTPOMETPUM BPEeMeHHbIX 3aaepxek. bonee nogpobHo cm. B [22], [56]. OgHako ans kanuGpoBoK METOAOM
CcpaBHeHWs1 HeobxoaMMO MMEeTb OMOPHbLIN FMAPOGIOH C U3BECTHOW YaCTOTHOW XapaKTEPUCTUKOW B BWAE HENPEPLIBHOM
hYHKLUMM HaCTOTbI.

H.4 Mpoueaypa namepeHn Npyn Kannbé poBKax METOAOM B3aMMHOCTH

Kanvbpoeka MeTogoM B3anMHOCTK TpebyeT MCMoNb30BaHUsl fOCTATOYHO CITOXHOW U3MEPUTENbBHOW YCTAHOBKU U
crneumnanbHbiX Npr6opoB. B 0co6eHHOCTN 3TO OTHOCUTCS K LUMPOKOMNONOCHOW MOCTOBOW CXeMe, KoTopasi obecrieunsaeT
pasgerneHve nany4aemMoro v NPUEMHOIO CUTHaNoB, @ TAKKe K Harpy3ke, SKBYBaNeHTHOW LUIMPOKOMOIIOCHOMY MU3rydarernio.
BmecTo SKBUBaNEHTHOW Harpy3kun MOXKHO MCMONb30BaTk BTOPOW MAEHTUYHBIN uanyyatens. [MogpobHee cm. B [22], [56].
HeonpepeneHHOCTb pe3ynbTaToB KanvbpoBKKU NpY COBMECTHOM UCMONb30BaHUKM MeToa0B B3aumHoctn u CB3 B anana-
30He YacToT oT 2 Ao 15 MI'y He npeebiwaet 10 %. Huxe 2 My u Beiwe 15 MMy HeonpeaeneHHOCTL BO3pacTaeT Npu-
6nuantensHo go 20 %, 4TO B NepBYyio oYepeb CBS3aHO C YMEHbLIEHNEM OTHOWEHWUS CUrHamM/LIYM.

H.5 OrpaHwnyveHnsn

OcHoBHOe orpaHuyeHve npumeHeHns metoga CB3 cBsizaHO ¢ npeanonoXeHWeM, YTo cpeda pacnpocTpaHeHus
ABNAETCA HepacceuBatoLen. Ho 310 He uMeeT kakoro-nNMbo aHaveHus, ecrm kKanMGpoBKY NPOBOAAT B AEra3vpoBaHHON 1
OENOHN3MPOBaHHON BOAE.
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Mpwvnoxenwne |
(cnpaBouHoe)

OnpegeneHue ha3oBbLIX XapakTepucTuk ruapodoHoB

1.1 KpaTtkmnnm o630p

M3mMepeHns BbICOKOUACTOTHBLIX UMW MCKAXEHHbIX (M3-3a HENMHENHOCTH) BOMHOBBLIX (hOPM YaCcTO 3aTpyAHEHbI BCrie-
ACTBME HenAearbHOCTU XapaKTepucTuku npeobpasoBaHus ucronb3yemoro rmapodpoHa. [paBunbHble pe3ynbrarhbl
MOXHO MONy4NTb Npy 06paTHON CBEPTKE U3MEPEHHBIX BOMHOBLIX (DOPM, MCNONb3ys NPU 3TOM KOMIJIEKCHOE 3HaueHue
hyHKummn NnpeobpasoBaHus ormbaiolen YacToTHylo obnacts (cM. MOK 62127-1). B gononHeHne K amnnmTyaHOW YyBCTBU-
TensHOCTU rmapod)oHa, namepsiemol B npoLiecce ero kKanubpoBku, aTa npoueaypa TpebyeT onpeaenenusi n Ha3oBom
YYBCTBUTENBHOCTU. B 3TOM NpunoxeHnyn paccmoTpeHbl COBPEMEHHbIE METOALI onpeaeneHnsi PasoBOW XapaKTepUCTHKK
rnapodoHoOB.

B obwem cnydyae kak YyBCTBUTENbLHOCTL rMAPO(OHA HA KOHLe Kabensa nop Harpy3kowW, Tak U YyBCTBUTESb-
HOCTb XONOCTOro XoAa Ha KoHUe kabensa ruapodoHa sIBNSTCH KOMIMITEKCHBIMU BENUYUHAMM, KOTOPbIE MOXHO Bblpa-
3NTb amnnuMTygon u dason. AMINUTYLQY onpeaensiioT npu kanubpoeke rmapodoHa A3aBHO M3BECTHLIMM MeToAamM
KanubpoBkuM (CM., HaNpuMep, pasaen 5 HacTosiwero cTaHgapTa). Onpegenexue dasbl TpebyeT, BO-NEPBLIX, KOFePEeHTHOM
BbIGOPKM 3HAYEHUII aMNNUTYAbI U ha3bl B NPOLIECCE M3MEPEHUIA, U, BO-BTOPLIX, HANMums atanoHa ¢asbl ¢ NNOCKoW U,
Nno MeHblIel Mepe, XOPOLWO M3BECTHOW (Da30BOW XapakTEepPUCTUKOW, OTKanuGpoBaHHOIO NepBUYHbLIM (abCOMIOTHBLIM)
MeTogoM unu haszoBas XxapakTepUcTUKa KOTOPOro M3BECTHA 3apaHee.

MpwumeyaHune— «ABconoTHas» kanubpoBka no gase ConpoBoOXAAETCS PAAOM TPYAHOCTEN TEXHUHECKOrO Xa-
pakTtepa v He cTonb Heobxoguma B GonbliMHCTBE cny4aes. [log «abconioTHoO» 3aech nogpasymeBaloT Kanubpoeky «no
3TanoOHHOMY UCTOYHVKY C MAeanbHO NIOCKOoN Hha3oBOW XapaKTePUCTUKON».

Ons onpenenennst a3oBoi XxapakTepucTuku ruapodOHOB MOXHO MPUMEHUTH YCTAHOBKM OISl KANMGPOBKK NO
amnnuTyge, ecnm obecneynTb NX BO3MOXHOCTBIO KOrepeHTHoro npuema. OpgHako dasoBble namepeHusi 6onee YyBCTBU-
TerbHbl K U3MEHEHWIO YCITOBUI OKPYXatoLWwen cpedbl Y K TOYHHOCTU YCTAHOBKU PAcCTOSIHUS Mexay ruapodoHom u npeob-
pasoearenem. Ha vactote 20 My nameHeHne Temnepartypsl Bogsl Ha 10 MK npueoauT k nameHeHmio asbl, paBHOMY
10°, Ha gnvHe 100 mMm. B cBA3KM ¢ TeM 4TO TeMMepaTypy BoAbl He yAaeTCA NoaaepKMBaTh NOCTOAHHON B 3TOM AiMana3oHe
AnvTensHoe BpeMmsi, TpebyeTcs, UToObl BCce uaMepeHusi npogonkanuck He 6onee Heckonbkux cekyHa. MoToyeyHas npo-
Lueaypa cbopa gaHHbIX, UCNonb3yemas, Hanpymep, B MeTogax B3aumMHOCTU UM ONTUYECKON MHTepEpPOMETPUM, HEMPU-
rogHa n3-3a 6onbLOoN ANMTENbHOCTU KaXA0r0 LUKna namepeHun. CnegyeT y4ecTb Takke, 4To cMeweHne rmapodoHa Ha
2 MKM BOOIb OCU pacnpocTpaHeHUs BOMHbI NMPUBOANT K U3MeHeHuio dhasel, pasHomy 10°, Ha 20 Mlu, 4To nogTBepXxaaeT
XKeCTKOCTb TpeboBaHWI K TOUHOCTU YCTaHOBKM ruapodoHa.

Hwxe paccMoTpeHbl TpU METOAMKM, YCMELWHO NpUMEHseMbIe Anst Kannbpoekm No dase B pasnu4yHbIX nabopartopu-
aX. VanoxeHbl NpuHUMNbI paboThl COOTBETCTBYIOWMX YCTAHOBOK C pe3ynbTatamu U3MepeHuii, NpUBeaeHsb! orpaHnyeHust
UX NPUMEHEHUS, 8 TaKKe UCTOHYHUKM HEONMPEeAEeNneHHOCTN Pe3ynbTaToB N3MEPEHUN.

.2 MeToa CNEeKTPOMETPUM KOrepeHTHbLIX BPeMEeHHbIX 3agepxek

1.2.1 TMpuHumn paboTbl

B meToae cnekTpomMeTpumn BpEeMEHHbIX 3agepkek Ans obecneveHnss ycnoeui ¢Bo6oaHoro nons Bo BpeMsi kKanut-
POBKM UCMOMNb3YIOT KOHEYHOE BPEMSA pacnpocTpaHeHusl ynbTpa3syka B cpege [56], [62], [63], [68]. Nany4aemas npeobpa-
30BaTeneM BOMHa AaBNeHus gocTuraet rmapodoHa Yepes Kakon-nmbo NPOMeXxXyToK BpEMeHH, 3a KOTOPbIA MIHOBEHHOE
3Ha4eHne 4YacToTbl NPUHMMAEMOro rmapodOHOM curHana cMeLwaeTcsl OTHOCUTENBHO YaCcTOThl HANPsSHKEHUSI BO3DYxae-
HUS1, NPUKNAALIBAEMOro K NpeobpasosaTesnio BO BPEMA KauaHns (PasBepTkn) 4acToTbl MEXAY fgia U fStOp, Ha

A= fstop ~fstart | (1.1)
tS C‘

rae fg — Bpems pasBepTkM (KavaHus 4acToThbl),
I — paccrosinne mexay ruapocdoHomM 1 npeobpasoBaTenem;
C — CKOpOCTb 3ByKa B cpege (06b1MHO BOAE).

Ecnu gns reHepupoBaHna HanpsxeHWs BO3DY)XKAEHUA 1 4NA Npuema curHana ¢ Bbixoga ruapodoHa ucnonbayiot
aHanmu3aTop, KOTOpbI MOXET paboTaTb B HAaCTOTHOM NPOMEXYTKE MeXAy STUMU ABYMSI CUrHaNamu, TO C NOMOLLLIO Y3KO-
NOMocHOro uUnNbTPa NPOMEXYTOUHOWM YacToThl BLIGUpAIOT ANWHY pacnpocTpaHeHUn akycTuueckoro curHana. Ecnm vac-
TOTa CMELWEHUsA YCTaHOBNEHa PaBHOW A, TO MOXHO BbIAENUTH MPSMOW CUrHaN OT muanydatens K rmapodoHy u
OTCTPOUTBLCA OT CUFHANOB, OTPAXEHHbIX OT CTEHOK Baka.

Mpu peanu3aumn KOrepeHTHOro NPMeMa Ass reHepupoBaHua U NpMeMa CUrHaNoB UCMONb3YIOT CETEBOI aHanu3a-
TOp. PUKCUpOBaHHOE (Ha30BOE OTHOWEHNE MEXAY U3NYyYaeMbiM U NPUHUMAEMBIM CUTHANOM o6ecnevnBaeTcs CXeMOu
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reTepopvHa c OTAENbHbIM CMECUTENEM U CXEMOIN CUHXPOHWU3aLUUK [reTepOANHHBIA METO/, CMIEKTPOMETPUN BPEMEHHBIX
3apepxek — FCB3 (Ha aHrnuiickom s3bike — HTDS)] [69]. CeTeBoii aHanuaatop paboTaeT B peXuMe CABUIa 4acToThl
reHepatopa ao 50 MIru. pyroi cMecutens oGecneunBaeTt curHan so3byxaeHus npeobpasosartens. [1py oguHakoBoOM
B036YXAEHUN BLINOMHAIOT ABA U3MEPEHWA: NEePBOE C ONMOPHbLIM rMAPO¢OHOM, a BTOpoe — ¢ KanubpyembiM. B peaynbra-
Te CPaBHEHUA Pe3ynbTaToB 3TUX U3MEPEHUIA NOMYUAIOT YaCTOTHYIO XapaKTEPUCTUKY YyBCTBUTENbLHOCTH MMApodoHa.

Hpyroii cnoco6 oTCTPoNiKM OT HeXenaTenbHbIX CUTHANOB OCHOBAH Ha UCTMOMb30BAHNKU HE YACTOTHOM, @ BPEMEHHOM
obnactu, T. €. pa3nNM4YHOro BpeMeHU pacnpocTpaHeHus curHanos [39], [69]. CHayana onpeaensioT YacTOTHYIO 3aBUCU-
MOCTb KaHana nepegauu cucteMbl NpeoSpasoBaTenb-ruipohoH NpKU HenpepbIBHO YBENUUYMBAIOLLIGIACS YacToTe BO3GYX-
AEHNA OT fg, NO fgy,,. 3aTEM C MOMOLLBIO 0GpaTHOrO NpeoGpa3oBaHus Pypbe NEPEBOAAT YaCTOTHYIO 3aBUCMMOCTL
nosly4eHHOro curHana Bo BpeMeHHyto o6nactb. B pesynbtarte Takoi 06paboTku npsAamMoi 1 oTpaxeHHbIe curHansl GyayT
NpeacTaBneHbl Ha LWKane BPEMEHW, KaXablii CO CBOMM BPpEMEHEM pacnpocTpaHeHus. 3atem yctaHasnuealoT cTpob B
COOTBETCTBUU C BPpEeMEHEM pPacnpocTpaHeHUs NPSIMOro curHana t’ = I /c u ybupaiot HexenaTenbHble CUrHanbl.

1.2.2 PesynbTarthl

KorepeHTHbIh MeTog CB3 MOXHO npuMeHsiT npu kanubposke no drase mobbix ruapocoHoB. Ha pucyHke 1.1
nokasaHbl pesynbTaTbl U3aMepeHuii 3TUM MeToAoM (dasbl ABYX MEMOpaHHEIX TMAPOMOHOB U3 NNEHKW TONWUHON 25 MKM
C AMamMeTPOM aKTMBHOrO anemeHTa 1 MM. UsMmeHeHue hasbl BbI3BAHO BAUSIHUEM Pe3OHaHca No ToNLMHe MeMOpaHbl: Ans
0AHOCNOIHOTrO — Ha 40 MMy (HenpepbiBHAA KpuBast), ANs ABYXCNOMHOrO — Ha 22 MIy (ToyeyHasn kpusas).

M p uMey aHune— CymmapHas TonwmHa MembpaHsl GunammHapHoro (AByXcroiHoro) ruapodgoHa cocrasnsaeT
50 MKM, a KONnaHapHOro (OAHOCNONHOMO) — 25 MKM.

Arg(M), rpaayce!
20

Illl
0 2

I L] L] 1 I 1 1 I L] L] I
8 10 12 14 16 18 20 22
Yacrora, My

7T
4 6

PucyHok |.1 — YyscTBUTENLHOCTL XONOCTOrO XoAa no dase Ha KoHue kabensa AByx MeMbpaHHbIX rnapodOHOB:
OZHOCIIONHOTO (HenpepbIBHASA KpUBas) U ABYXCIMONHOTO (ToYeYHas KpMBas)

1.2.3 HeonpepeneHHOCTM pe3ynbLTaToB U3MepeHUi

HeonpegeneHHocTH peaynbTaTtoB U3MEpPeHWUi 3aBUCAT OT MHOTMX napameTpoB. OaHako Havbonee 3HaUMMbIM U3
HUX SIBNIIETCA NOrPELLHOCTb ONpeAeneHns paccTosHuA mexay npeobpasosarenem v rugpodgoHom. OHa onpegensietcsi
rnaeHbIM 06pa3oM TOUHOCTLIO YCTaHOBKM ruapodpoHa 1 onykTyaumsamm TemnepaTtyphbl B npouecce naMepeHuii. B Tabnu-
ue |.1 npuBedeHbl 3Ha4YeHUs1 paclUMpPeHHON HeonpeaeneHHOCTU pe3ynbTaToB KanubpoBkM ruapodoHa 30HOOBOTO
TMna.

Tabnuuya |.1— 3HayeHus HeonpeaeneHHOCTHU pe3ynbTaTos kanubposku no ¢ase metogom MCB3 3o0HAOBOIO rMA-
podoHa auameTtpom 0,2 mm (Npu goBepuTenbHOM BeposiTHoCcTH 95 % 1 koadduumeHTe oxeara k = 2)

IOuanasoH yactoT, My HeonpepeneHHoCTb, rpagychbl
2—5 15,9
5—12 8,8
12—20 13,0
20—30 19,1
30—40 25,0

Mpwumevy aH e — CylecTBeHHOCTb aBCOMIOTHLIX 3HAYEHMIA HEONPeaeNneHHOCTH hasbl He NOMHOCTLIO ACHa A0
cux nop. Npu onepaumm o6paTHON CBEPTKM CABUI KaK MOCTOSIHHOM, TaK U YaCTOTHO-3aBUCUMON (pasbl HE UMEET CMbICNa, a
MHTEPECHO NULIbL 3HaYEHNE OTKMNOHEHUS «BTOPOTO NopsiKan.
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1.2.4 OrpaHuyeHus

MeToabl, ocHoBaHHbIe Ha CB3, MoryT 6biTe NpUMeHeHb! Ans ha3oBoi KanMbpoBku NioGbix ruapodoHoB. BaxHo
MCNonb30BaTh NOAXOAALLME U3Ny4aTeny, Ytobbl nonyunTb Tpebyemoe OTHOLLEHWe curHan/wyM. B cBA3Ku ¢ Tem YTo 3TO
BTOPUYHbIA MeTo KanMbpoBkMY, TO ANA Nony4YeHUsa abConTHLIX 3HAa4YeHWUn aMnUTYAbl U ¢asbl HEOGX0AUM 3TANOHHBIA
ha30BLIA NPUEMHUK.

1.3 Annapatypa Ansi KanMGpoBKU MO UMMYIbLCY C MOMOLLLI0 ONTUYECKOr0 MHOroCNoMHOro ruapodgoHa

1.3.1 MpuHumMn paboThbl

MeToaebl, ocHoBaHHble Ha CB3, o6ecneunBaloT onpeaeneHme ToNbko OTHOCUTENbHbIX 3Ha4YEeHWUI YYBCTBUTENBbHOC-
T no chase. [insa nonyyeHns abConTHBIX 3HA4YEHUI1 HEOOX0AUMO UCNONB30BaTh ATANOHHLIN (Ha30BbIN NPUEMHUK, KOTO-
pbil kanubpoBaH abCoONIOTHBIM MeToAOM WM hasa KOTOpOro M3BecTHa 3apaHee. ONTUYECKUIA MHOrOCHOMHBINA
ruapodoH MMeeT uaeanbHO NIOCKYH0 YaCTOTHYIO 3aBUCUMMOCTb YyBCTBUTENBHOCTM no amnnutyae [70], n ecTb ocHoBa-
HWA nonaraTtb, YTO YACTOTHAS 3aBUCUMOCTb €ro (ba3oBOi XapaKTEPUCTUKK TOXE Mrockast. [oaTomy ero MoXHO npume-
HUTb B KavecTBe 3TarnoHHOro d)a3OBOI'O NpUeMHuKa.

OnTUYeCcKUiA MHOTOCIOMHBI TMAPOMOH COCTOUT U3 CTEKIAAHHON NOASNOXKMN, NOKPLITON ANSNEKTPUHECKUMU ONTH-
yeckumu crnosimm [701—[72]. 3tn crnou dopMmUpyloT MUKpOMHTEpdEPOMETP, ONTHYECKasi OTpaxaTeribHasa cnocobHoCTb
KOTOPOr0 OYeHb YYBCTBUTESNbHA K U3MEHEHWSIM TOMLWMHBI U Ko3dUUUEHTA ONTMYECKOTO MperoMneHus cnoes. Mpu
nonagaHum Ha rmapodcoH 3BYKOBOI BOMNHbI 3BYKOBOE AaBneHune AedopMUpyeT Criou, MeHsisi Ux KoadULMEHT NPenom-
neHus. 3T UBMEHEHUSA NErKOo M3MEPUTb Ha NPOCTON yCTaHOBKe, cocToswel U3 He-Ne-nasepa, aAByx NMH3 U hOTOAETEK-
Topa. [Moanoxky ycTaHaBnMBAIOT MO OTHOLUEHUIO K Nydy Tak, YTobbl 4OBMTBCA ONTUYECKOrO pe3oHaHca, Npyu KOTOpOM
ANvHa BOMHbI, COOTBETCTBYIOLAA paboyel YacToTe NPUEMHUKA, PaBHa ASIMHE BOJHBLI NasepHoro usnyveHun. Ua-aa
KOHEYHOW TOJLLMHBI CTEKNAHHOW NOAJSIOKKM aKyCTUYEeCKUE OTPaXKeHUs! OT ee 3a4Hel NOBEPXHOCTU OKa3bIBaIOTCS BHE NPO-
MEXYTKa BPeMEHU, He0BX0AMMOTO ANA U3MEPEHUI, U 3TO NO3BONSAET UCNONbL3OBATL NPUEMHUK NMPU U3MEPEHNAX KOPOT-
KUX UMNYNbCOB.

OnTUyYeckuit MHOrOCNOWHBI rMAPOGOH NPUHUMAET KOPOTKUE UMNYNBChI 3BYKOBOW BOJHbI C HENTIMHEWHBIMU NCKa-
XKeHusiMu, uanydaembie oKycupylowmMM npeobpasoBaTenem, Bo3OyKOaeMblM reHepaTtopoM uMNynbcoB. BbixogHoe
HanpsbkeHue Ha oToaeTekTope NPONOPLMOHAIEHO 3BYKOBOMY [JABIIEHMIO, 3TOT CUMIHAN MOXHO noAath Ha uudpoBon
ocuunnorpad u coxpaHute B KomnbloTepe. Mocne o6paboTku B KOMNbIOTEPE C NOMOILLIBIO BbicTpOro npeobpasoBaHus
®dypbe MOXHO MOMYYUTE YACTOTHBIN CMEKTP U3MEPEHHOro curHana. MamepeHusi NOBTOPSIOT NP pPasnUYHbIX YCIOBUAX
cornacoBaHusi npeobpasoBarensi ¢ reHepaTopoM, HEMHOIO CMeLLasi OCHOBHYIO YacTOTy U rapMOHUYECKUe COCTaBnAIo-
LLMe UMNYSbCOB, YTOObI NEPEKPbITb BECb YACTOTHBIN AMana3oH U3MEPEHUn CUrHariom 10CTaTouHO| MOLHOCTU. CneayeT
3aMeTUTb, YTO KaK OCHOBHas YacToTa, TaK U ee rapMOHUKU ABNAIOTCA HE Y3KONONOCHBIMU NMHNAMK B CNEKTpe, a AocTa-
TOYHO LUMPOKOMONOCHBIMM KOMIMOHEHTAMMU CO MHOXXECTBOM CMNEKTParnbHbIX COCTABNAOWMNX. HYacTOTHYIO XapaKTepUCTUKY
YyBCTBUTENBHOCTU ruapodioHa no dase MOXHO NONYYUTL U3 ABYX U3MEPEHUM, B NEPBOM U3 KOTOPLIX Y4acTByeT ONnTh-
yeckuit rmapotboH B Ka4ECTBE OMOPHOTO, @ BO BTOPOM — Kanubpyembivi ruapodoH.

1.3.2 Pesynetathl

B kavecTBe npumepa Ha pucyHke |.2 nokasaHbl ha3oBas xapaKTepucTuka 30HOBOro ruapodoHa AuaMeTpom
0,2 MM, M3MEpeHHast Ha PaCCMOTPEHHOM BbILLIE UMITYSNIbCHON YCTAaHOBKE C NOMOLLBbIO ONTUYMECKOrO MHOIOCSIOMHOTO rMApPo-
choHa (HenpepbiBHasA kpuBas). [ins cpaBHEHUs1 HA ATOM e PUCYHKE TOYEYHON KPUBOW NOKa3aHbl pe3ynbTarbl UBMEPEHUIA
TOro xe camoro ruapocdona metoaom CB3 ¢ ucnonb3oBaHUEM TOrO e CaMoro onopHoro rmapodoHa.

Arg(M), rpaaycel
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PucyHok |.2 — YyBcTBMTENBHOCTL XONOCTOrO XoAa no dase Ha KoHLe kabena mem6paHHoro ruapodhoHa ¢ aKTMBHbLIM are-
MeHToM 0,2 MM, N3MepeHHass UMNYSbCHLIM METOZIOM (HenpepbiBHas kpusas) n metofom 'CB3 (ToyeyHas kpusasi)

1.3.3 HeonpeaenenHoctn

Mpoueaypa 06paboTkn pesynbTaToB ¢ NOMOLLLIO GbICTPOro npeofpasosanna Oypbe 3aTpyAHAET OLEHKY Heonpe-
AeneHHOCTHU pe3ynbTaTtoB KanuGpoBKM U3-3a TOrO, YTO NPOLelypa BLIMUCNIEHUA MacKMpyeT BNUSIHUE MHOTMX MCTOYHU-
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KOB 3TOW HeonpegeneHHocTn. OgHako OCHOBHOW BKMag B 3Ty HeonpeaerieHHOCTb AaeT, kak u B metoae CBS3,
HETOYHOCTb ONMpeAeneHusl paccTosiHUg Mexay npeobpazoBatenem n rmapopoHom. 3HaveHUs1 HeonpeaeneHHOCTH He
CINULLKOM OTNMYaIoTCsl OT AaHHbIX Tabnuupl 1.1. JluHeliHble cocTaensawowme haszoBon XapakTepUCTUKM (XOTH OHU U He
noanexar npoueaype o6paTHOM CBEPTKM) MOXHO MUHUMM3UPOBATb C MOMOLLBIO B3aWMHO-KOPpensaunoHHon o6paboT-
ku [72].

MpwumeyaHu e — O 3HaueHNsIX HeonpeaeneHHOCTN dha3bl M. NpumMedaHue K 1.2.3.

1.3.4 OrpaHnuuenums

MN3-3a KOHEYHOW TOMLMHbLI CTEKMNSHHON MOAMOXKU ONTUHECKOrO MHOFOCNONHOrO rmapodoHa oH MOXeT ObiTb
MCNOMNb30BaH AN U3MEPEHUN KOPOTKMX UMITYTTbCOB aKyCTUHECKOro nons. 310 onpeaensaeT HUXHIOK MPaHnLy YacTOTHOTO
AvanasoHa Takoro rmapodoHa 3HaveHnammn okono 500 klMy. na nonyvyeHus 4oCTaToMHO BLICOKMX YacToT, Heobxoau-
MbIX A5 onepauum obpaTHol cBepTku, TpebyeTcs cunbHo chokycMpoBaHHOE Nore UMNYNbCOB C HENUHEWHBIMU UCKaXe-
HUSIMU, YTO OFpaHWuYMBaET pas3Mep akTMBHOIO 3nemeHTa ruAPocOHOB, AMameTp KOTOPOro AoMmKeH ObiTb MeHblwe
0,5 mm. OpHako B coueTanHmm ¢ metogom 'CB3 meToa kanmbpoBku NO UMMynbCy obecneunBaeT BeCb CMEKTP yCnyr no
KanubpoBKe KakK Nbe303NEKTPUYECKUX, TaK N ONTUHECKUX TMAPOPOHOB.

.4 MopenvnpoBaHve HeIMHENHOrO PacNpPoOCTPaAHEHNA NMMNYJILCOB

1.4.1 MpuHUMN paboTsl

B ycTtaHoBKax, paccMOTpeHHbIX B pasgenax .2 n 1.3, kannbpoBky no dase ocylwecTBNsAI0T CPpaBHEHUEM C 3TaNOH-
HbIM (MM ONOPHBLIM) TMAPOGhOHOM. ANbTepHATUBOW 3TOMY MOXET ObiTb CMNONb30BaHWE 3BYKOBOTO MOMsi B KayecTee
ONOPHOro NONS C M3BECTHLIMU NapaMmeTpamu, BblUUCTIsieMbIMK TeopeTrdecku. OgHaKo B 3TOM criyyae crnegyet ybegutb-
€A, YTO 3IKCNEepUMeEHTanbLHOe 3BYKOBOE NONE COBNagaeT C ero TeopeTMyeckum nNpeacraBreHnem.

OpaHOM U3 BO3MOXHBIX peanusauni 3Toro noaxoaa siBNsieTcs Ucnonb3oBaHne adpdekra HeNMHENHOro pacnpoc-
TpaHeHnsa UMNYNLCHOM BONHbI [73]. MpeobpasoBaTternb B BUAE OAMHOYHOTO 3MEMEHTa reHepupyeT none KOPOTKUX akyCTu-
YeCKUX UMNYNbCOB, POKYCMPOBaHHOE Ha OTAANIEHHOM paccTosiHuK. B pesynbrate HENWHEWHOro pacrnpocTpaHeHus B
curHane o6pa3syeTcs HeCKONbKO rapMOHNYECKMX COCTaBNSIOWMX C onpeaeneHHon hasoBoi 3aBUCMMOCTbIO OT OCHOBHOM
4acToThl, U 3TA 3aBUCMMOCTb MOXET BblTb paccunTaHa u3 TeopeTuyeckux npegcrasnedni. Ecnv nameputb oTHocuTenb-
Hble a3kl FApPMOHWK U CPABHUTbL PEe3ynbTaTbl 3TMX U3MEPEHWH C TeOPeTUYEeCKON MOAENbIo, TO MOXHO MONy4uTb
Ha30-4aCTOTHYIO XapaKTePUCTUKY N3MEPUTENBHON CUCTEMBI B LLEMNOM (HEe TOMNbko oaHOro rmapodona).

1.4.2 OrpaHnvenus

YCTaHOBKa C UCMOMb30BAHUEM HENMHEWHOro pacnpoCTPaHEeHUs UMMYIMbCHbIX CUFHANOB MO3BOJISIET MOJY4UTb
ha30ByH0 XapakTepucTMKy M3MepUTENBLHOIO TpakTa B uenom. Npu atom dasosyio xapakrepucTuky rngapod)oHa MOXHO
BbIYMCINUTL NWLLb B TOM Criyyae, ecriv M3BeCTHbI (ha3oBble XapaKTEPUCTUKKU BCEX OCTaNbHbIX 3NIEMEHTOB U3MEPUTENBbHO-
ro Tpakta. PekomeHayeTcsl MCMONb30BaTh Takyld MOAENb PacnpocTpaHeHUss aKkyCTUHECKOro curHana, 4oCTOBEPHOCTb
KOTOPOW MOXHO NOATBEPAUTL COOTBETCTBUEM C TEM PearibHbIM MONeM, B KOTOPOE YCTaHOBNEH rMAPOQOH.
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Mpunoxenwe J
(cnpaBo4Hoe)

MakcuManbHbIA pazMmep aKkTUBHOIO 3fieMeHTa ruapodoHa

J.1 MakcumaneHbIil pasmep rugpod)oHa ans uamepeHuit B 6nnmxHem none (Npu ycTaHoBKe rmapodoHa
no BapunaHTy A, cM. npunoxeHue G)

Ecnn ruapodhoH ycTaHoBneH B 6nvxxHEM none no BapuaHTy A npunoxeHust G, To ero MakcumarnbHbii paguyc
orpaHuyeH TOMbKO paguycom Tor obnacTi nons okono ocy npeobpasoBaTens, KoTopas UCNOb3yeTcsl B COOTBETCTBUM
¢ G.4.1. OgHako ecnn npy pekomMeHayeMON NPOoBepKe NMONepeyvHoro cMmelweHus ruapodoHa obHapyXeHbl U3MeHeHUs
aMnnnTyasl curHana Ha eeixode ruapodoHa, To OHM JormkHbl 6bITb MeHblWwe + 1 4B npy nepemewerHn rugpodoHa Ha
paccTosHWe OT ocu, pasHoe 3thchpeKTMBHOMY paauycy ruapodoHa, BO BCEX NonepeyHbIX HanpaBneHusix.

J.2 MakcumanbHbIi pasmep rugpodoHa ans u3amepeHuin B AanbHeM none (Npy ycTaHoBKe rmapodoHa
no BapuaHTy B, cm. npunoxeHne G)

Ha ocHoBaHWMM NpegnonoXeHnst 0 IMHENHOM pacnpocTpaHeHn B AanbHeM none, reHepnpyemMom nNnoCKUM Kpyr-
NbIM MOPLWHEBbIM npeoGpa3OBaTeneM, MOXHO aTb Cneayrowyo OUeHKy Ans MmakcumMmarnbHOro paguyca rnapodoHa:
o o2 (1)
max )
8fat

MpumevaHwus
1 3Ta dhopmyna ToHHa TONbLKO Npn Z >> a,; 1 z << 20 faf/c (cm. [2]), HO BNOMHE NpMMeHMMa ANs U3MepeHnUi, pac-

cMmaTpuBaeMbIX B 3TOM nogpasgene.

2 B [2] TeopeTnyeckn o6ocHOBaHa npoueaypa BBEASHUS NONPaBKU ANA NMONyYeHUs: efCTBUTENbHOIO 3HAYeHUN
amnnuTyasl 4aBIeHus, COTMacHO KOTOPOI N3MEPeHHOe 3HaYeHre aMnnuTyael 4aBneHns ymHoxaoT Ha (1 +38,_ ), rae 8,
BbIYWCIIAKOT M3 BbIPXEHUA 5 = [na/(16amax)]zc 8y NONYHAEMbIM 13 BbIpaxeHus (J.1). Ho 370 npuMeHnmMo Tonbko Tor-
Aa, korga rmapodoH OpreHTUPOBaH B ONOPHOM HamnpaBreHuu, T. €. KOraa NoBepPXHOCTb ero akTMBHOIO 3rieMeHTa nep-
neHavKynspHa ocy nyudka.

3 Belpaxenue (J.1) npuMeHUMO 1 B Cry4Hae YCTaHOBKM ruapodpoHa no sapuanty D (cm. npunoxenve G).

J.3 MakcumanbHbIin pa3mep ruapod)oHa ANA M3MepeHU B AarnbHeM nose Ha GoNblIOM paccToAHUKM Ans
nosy4eHWsl HeNMMHENHbIX NCKaXXeHuW (Npw ycTaHoBKe rugpocdoHa no BapuaHTy C, cM. npunoxeHue G)

BonHoeas cdopma curHana B ToV TOYKe MOMsl, KOTOPYH UCMOMNb3YIOT MPY CIMYEHUSX PasnuYHbIX METOA0B, CoAep-
XWUT MHOXKECTBO rapMOHNYECKMNX COCTABNSAIOLLMX OCHOBHOWM YacToThl. [1pOCTpaHCTBEHHOE pacnpeaerneHne AasneHus ans
KaXOow U3 3TUX FapMOHUK JOMKHO OblTh 4OCTATOMHO WMPOKUM, YTOBLI NPOCTPaHCTBEHHOE ycpeAHeHWe AaBreHus Ha
rnapodpoHe He OKa3bIBaNo CyLeCTBEHHOro BIMAHUS HA TOMHOCTb ero kannbpoeku. Mpu NnpaBunsHOM BeiGope anameTpa
npeobpaszoBaTens v paccTosHUs A0 rnapodoHa MOXHO AOOMTECA AOCTOBEPHOMN annpoKCcHMaL MM YCIIOBUIA NITOCKOW BON-
Hbl Ha 3hheKTBHOM NpMeMHON anepType rmapodoHa.

B ¢BA3W ¢ TeM, YTO NpW YBENWYEHUN HOMEPa FAPMOHMKU LUMPUHA MyYKa NOCTENEHHO YMeHblUuaeTcs, 0co6eHHo
B&XHO Y4MTLIBaTL 3OPEKT NPOCTPAHCTBEHHOIO YCpeaHEeHUs Ha BepXHel rpanuue f, 4yacToTHOro gnanasoHa rngpodo-
Ha. Brninanne addexra npocTpaHCTBEHHOTO yCpeaHEHN S MOXHO OLEHWTE MO LWMPWHE MyYKa A5l CAaMO BbICOKON 4YacToT-
HOW COCTaBMSAOWEN, NCMONb3Yys NapameTp y, 3a4aBaeMblil BbipaKeHNem

WMpKUHa ny4Ka Ha ypoBHe MUHYC 6 b ansa cocraensiowen f;, W.2)
ahbhekTnBHLIN gnameTp rmgpodoHa

MpumeuvaHusn
1 B 3TOM BbIpaKeHUn PuUrypmpyoT namMmepeHHble 3Ha4YeHUs WWPKUHBbI NyYKa, NPy ¥ > 2 OHU NPUMEPHO PaBHbI
AeNCTBUTENbHbLIM 3Ha4YeHuAM. [py y = 2 nonpaeka Ha NPOCTPAHCTBEHHOE ycpeaHeHne cocTaenseT okono 7,5 %. MNpu
¥ > 3 NOrpeLwHoCTb, CBA3aHHAasA C NPOCTPAHCTBEHHbIM yepeaHeHneM, He npeebicuT 3,5 %. [insa Toro 4tobel cHU3UTL gonyc-
TUMYIO NOrpeLHocTb A0 2 %, Heobxoanmo, 4TobLl v > 4 [74].
22 MakcumanbHbIi pagnyc ruapoctioHa PEKOMEHAYeTCA OMnpedenaTe M3 Bblpaxewws: a.,. = cz/(8fa,). Mpwu
z=a, f/c 3T0 COOTBETCTBYET ¥ = 2,8.

MoXHO onpeaenuTb YCnoBusi, orpaHUuKBaoWwme npedenbHble 3Ha4eHNs 3heKTa NPOCTPaHCTBEHHOIO yepeaHe-
HWS peKOMEHAOBaHHbIM YPOBHEM. [ns 3Toro crieayer 4ONYCTUTL ABa NPeanonoXeHus:
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- WWPWHA NyYKa Ha OCHOBHOW 4acTOTe WUCKKXEHHOro MMNYNbCca, UCNOSb3yeMOro NMpu NpoBEeAEHUU CrIMUEHUH,
naeHTMYHa Ton, KoTopas Obina 6kl NPY NUHEVHOM PacnpPoOCTPaAHEHWUN BOSHbI.

MpumeyaHune—Ipn NOCTENEHHOM YBENUYEHUN 3HAYEHWI ¢ NPOCTPAHCTBEHHOE pacrpeaeneHne AaBneHus
N3MEHAETCS, YTO NPUBOOUT K PacumpeHnto Npoduns nyydka Ansa Kaxgon rapmoxunkm [36]. NMoaroMy npegnaraembivi aHanma
npeacTaenseT HauxyawWwnn BapuaHT C TOHKU 3peHUs1 OLIEHKN NOTPELUHOCTY;

- LUMPUHA NYYKa AN KOHXAO0W U3 rapMOHNYECKNX COCTaBNALWMX MOXeT BbiTb NpeAcTaeneHa B BUge wf/n—z, roe
W;— LUMPMHA NyYKa 4N OCHOBHOW 4acTOThl, @ N — HOMEP rapmMoOHUYECcKo cocTasnsaiowen [75].

Ecnu f,— ocHoBHas 4acToTa BO36YxAeHNs CMrHana, ncnonb3oBaHHas Ans NOMy4eHUs HeNUHENHbIX UCKaXKeHnI, a
f,, — BEPXHAsA rpaHnua 4acToTHOro AnanasoHa rmapodona npu ero kanubposke, To, Npegnonaras usnydarens naeans-
HbIM MIOCKMM MNOPLWHEBbLIM, MOXHO MOMNYYnTh BbIPAXeHUe AN MUHUManbHOMO paccTosHuA Z,, Mexay npeobpasoBare-
nem u rnapodoHom, Tpebyemoe aAns Toro, 4ToObl BNUAHWE NPOCTPAHCTBEHHOIO YCpeAHeHWsl He MpeBbILarno
PEKOMEHAYEMOTO NPeAenbHOro YPoBHSA. Boipaxkenne ana z,., sepHoe Ana 60Mnbwmnx 3HaueHnn ka,, MOXHO NpeAcTaBnTb
B BUge

J.3
Zyin = 0,451ya,ka, \/g, (J.3)

rae a, — shdeKTMBHLIN paanyc rnapodoHa;
k = 2nf;/c — BONHOBOE 4NCNO;
a; — 3pdexTMBHLIN paguyc ynbTpassykoBoro npeobpasosartens.

3TO BbIPaXEHNE MOXHO MCTIONb30BATL ANA BbIUUCNSHNS NPUGNUSNTENBHBLIX SHAYEHWI Z, .,
HEWHbIX UCKaXXeHnn NpUuMeHNMbl U MEHbLLIME PACCTOSAHUS.

Mpun ncnonb3oeanunn Bapuanta bC (cm. npunoxexne G) cnegyeT uccneaoBaTh cogepKaHne 4acTOTHLIX COCTaeNsA-
IOLMX BOMNHOBOW (hOPMbl CUrHanNa npy pasnuyHbiX PacCcTosHUAX OT OCH NyYKa ANs Toro, 4To6ul y6eanTHCs B NPaBUITbHOM
npeacTaBneHnn o Xapakrepe NPOCTPaHCTBEHHOIO pacrnpegeneHna AaBneHus.

npun Hann4um Henun-

MpwnmeyaHune— YpasHeHue (J.3) MoXeT GbITb NPUMEHEHO 1 AN ap,, ONPeAensIioWero MakCuMarnbHoe 3Haqe-
HWe paanyca rmapodoHa Ha KakomM-NMGo 3a1aHHOM PacCTOSIHUN Z.
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Mpunoxenvne OA
(cnpaBouHoe)

CBefleHUs1 0 COOTBETCTBMMU CChISIOYHbIX MEXAYHaPOAHbIX CTAHAAPTOB CChINOYHLIM
HauMoHanbHLIM cTaHaapTaMm Poccuitckon ®egepaumm

Ta6nwuuya QA1

O6o3HaveHWe CCbINOYHOrO CreneHb O6o3na AMMeHOBaNMe

MeszyHapoaHOro cTaHpapTa COOTBETCTBUS HavYeHue N HauMeHoBaHUe COOTBETCTBYHOLLEro HauMoHanLHOro ctaHgapTa

MOK 60050-801:1994 — *

M3K 60565:2006 — *

MOK 61161:2006 IDT FOCT P M3K 61161—2009 «locypapcTBeHHasi cuctema obecneveHus
€VHCTBa uaMepeHuin. MoLHOCTE yNbTpas3eyka B kuakoctsx. O6wme Tpe-
60oBaHWs K METOAUKaM BbIMOSNHEHWS UBMEPEHUIA B AMana3oHe 4acToT OT
0,5 po 25 Ml"u»

MOK 61689:1996 IDT FOCT P 8.583—2001 «locypapcTBeHHasi cuctema obecneveHus eaw-
HCTBa uamepeHuii. OGopyaoBaHMe MegUUMHCKOE YrbTpasByKOBOE Tepa-
neeTu4deckoe. Obwue TpebGoBaHUs K METOAMKAM BbIMONTHEHWSI U3MEPEHUIA
napaMeTpoB akyCTWYeCKOro Bbixoda B AuanasoHe 4vactoT ot 0,5 go
5,0 Ml u»

MOK 61828:2006 — *

MO3K 62127-1:2007 IDT FOCT P M3K 62127-1—2009 «[ocygapcTeeHHasi cuctema obecneyeHns
eaguHCTBa namepeHuii. MapameTtpel nonen ynetpassykosbix. Obwme Tpe-
60BaHWA K METOAMKAM BbINOITHEHUSI U3MEPEHUI 1 cnocobam onucaHus no-
neli B HactoTHOM amanasoxe ot 0,5 go 40 MMuy»

M3K 62127-3:2007 IDT FTOCT P M3K 62127-3—2010 «locyaapcTBeHHasi cuctema obecneyeHust
eauHcTBa uameperuin. MapodpoHsl. O6lme TpeboBaHus K xapakrepnucTu-
KaM ONs U3BMepeHuii ynbTPa3BYKOBbIX MOMNEN B HACTOTHOM AWana3soHe oT
0,5 oo 40 MIu»

BETCTBUA CTAaHOAPTOB:

* COOTBETCTBYIOLLMI HALMOHaNBHBIN CTaHAapT oTcyTcTByeT. [lo ero yTBepxaeHusi pekoMeHayeTcs UCrornb30BaTb
NnepeBod Ha PyCCKMii s3bik MeXayHapogHoro ctTaHaapta. epesod 4aHHOIO MeXAyHapoAHOro ctaHaapTa HaxoauTcs B
degepanbHOM MHDOPMAaLMOHHOM (HOHOE TEXHUHECKUX PErniaMeHToB N CTaHaapToB.

MpwnmeyaHune—B HacToswel Tabnule NCNONb3OBaHO cregyiolee ycrnoBHoe 00603HaveHne CTeneHn coot-

- IDT — naeHTn4YHble cTaHgapThI.
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