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MNpepucnosue

Llenn, oCHOBHblE MPWHLWMNLI 1 OCHOBHOW MOPAAOK NpoBefeHuss paboT Mo MeXrocyAapCTBEHHOW CTaH-
naptusaumu yctaHossieHsl B FOCT 1.0—2015 «MexrocyfapcTBeHHas cuctema craHgaptmsaunn. OCHOBHble
nonoxexus» n FOCT 1.2—2015 «MexrocygapcTBeHHaa cucteMa ctaHgaptusaunn. CtaHgapTbl Mexrocygap-
CTBEHHblEe. NpaBuia 1 pekoMeHAaummn no MexrocyAapCTBeHHoW ctaHgapTusauun. MNpasuna paspaboTku, npu-
HATWSA. 0OGHOBMIEHUSA N OTMEHbI»

CsefieHus o cTaHjapTte

1 NOArOTOB/IEH ABTOHOMHOI HekoMMepueckoi opraHu3aumeinn «HTL, «3Heprus» Ha OcHOBe CO6-
CTBEHHOrO Nnepesoja Ha PYCCKWIA A3blK aHr1053bIYHOV BEPCUN CTaHAapTa, yKa3aHHOro B nyHkTe b

2 BHECEH ®epgepanbHbiM areHTCTBOM NO TEXHUYECKOMY pPerysiMpoBaHuio U METPOsIornm

3 MPUHAT MexrocygapcTBeHHbIM COBETOM MO CTaHJapTM3auuv, meTposorun n ceptudukauum (Mpo-
Tokon ot 30 Hos16pA 2017 r. Np 52)

3a NpuHATME NporosiocoBasin:

KpaTkoe HaumMeHoBaHuWe cTpaHbl Kop ctpaHbl 00 MK CokpalleHHOe HauMeHOBaHWe HalMoHalbHOTo opraHa
no MK(MCO 316B) 004—97 (WCO 3166)004-97 no craHgapTuaayuH
ApmeHus AM MWH3KOHOMUKN Pecny6nuku ApMmeHus
Benapycb BY locctangapt Pecny6nukn Benapycb
Kuprusus KG KblpreisctaHgapt
Poccus RU PocctaHpapTt
Y36ekncTtaH uz Y3ctaHgapt

4 Mpukasom PefepanbHOro areHTcTBa No TEXHUYECKOMY PerynpoBaHuio 1 MeTponorum ot 9 Hosbps
2018 r. No 968-cT mexrocyaapcTBeHHbIli ctaHaapT FTOCT IEC 60664-4—2017 BBeAeH B AelicTBME B KauecTBe
HaLumoHanbHOro ctaHgapta Poccuiickoin ®egepaumm ¢ 1 nioHa 2019 r.

5 Hacrosawmii ctaHAapT UAEHTUYEH MexayHapoAHoMmy cTtaHaapTy IEC 60664-4:2005 «KoopaunHauums
n3onAuMn ans obopyaoBaHNA HU3KOBOJbTHLIX cnucTeM. HacTb 4. AHasIM3 BbICOKOYACTOTHOIO HanpshKeHus»
(«Insulation coordination for equipment within low-voltage system — Part 4: Consideration high-frequency
voltage stress», IDT).

MexayHapoaHblii cTaHAapT paspaboTaH MexayHapoaHol anekTpoTexHuyeckoi komuccuein (IEC).

Mpy NpYMeHeHUn HacTosWero cTaHhapTa pekoMeHAyeTCs MCNOo/b30BaTb BMECTO CCbIIOYHBIX MeXAy-
HapoHbIX CTaHJApPTOB COOTBETCTBYIOLUME MM MEXIOCYAapPCTBEHHbIE CTaHAapTbl, CBEAEHUS O KOTOPbIX Npu-
BefeHbl B JONOHATENILHOM NPUIoXeHnn JA

6 BBEJEH BIEPBbIE

MHdopMaums 06 M3MEHEHUSIX K HACTOSALEMY CTaHA4apTy Ny6/MKyeTCs B €XerofgHoM UH(OPMaLMOH-
HOM yka3aTene -HaunoHasnbHble CTaHf4apTbl-, @ TEKCT M3MEHEHWU N MONPaBOK — B €XEMECAYHOM WUH-
popmaLmnoHHOM yKa3aTene -HaunoHanbHble cTaHA4apTbl*. B cnydyae nopew oTpa (3aMeHbl) UM OTMEHbI
HacTosALWero ctaHjaprta COOTBETCTBYyl UL ee yBegoMaeHne 6yaeT ony61MKOBaB B €XEMECSYHOM WH-
chopmaunoHHoM ykasatene «HaunoHanbHble cTaHgapTbli-. CoOTBETCTBYO W aA UHOpMaLms, yBeLoM-
NeHre N TeKCTbl pasMellalnTca Takke B MH(OPMALMOHHOM cucteme o6Lero noib3oBaHna — Ha ou-
unanbHOM caiiTe defepanbHOro areHTCTBa N0 TEXHUYECKOMY peryimpoBaHuio U METPOOrUM B CETH
MHTepHeT (Mvw.gost.ru)

© CraupgapTrHdopM. odpopmieHue. 2018

B Poccuiickoit defiepalmy HacTOAWMIA CTaHAAPT He MOXeT 6biTb NOMHOCTLIO WA
YaCcTMYHO BOCMPOM3BEAEH, TUPaXMPOBaH U pacnpocTpaHeH B KauecTBe ognUManbHOTo
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BBepeHne

HactosAwwii ctTangapT paccmatpuBaeT BOMPOChl KOOPAMHALMMN M30N5ALUN B YCIOBUSX BO3AENCTBUA Bbl-
COKOYACTOTHBIX HN3KOBOMIbTHBIX HAMPSHKEHWIA.

CraHgapT paccmaTpmBaeT BOMPOCHl BO3AENCTBUS BbICOKOYACTOTHbIX HAMPSXEHWA Ha TBEPAYH M30n5-
LMI0. @ TaKkke onpefenseT ycnoBMsA onpefeneHns BO3ayLUHbIX 3a30p0B, PACCTOSHUI yTeukn, pa3mepoB TBep-
[0 U30M1AUMM NpY BO34ENCTBUN CUHYCOUAANBbHOIO Y HECMHYCOUAAIbHOTO HaMpPsHKEHWS.

CTaHAapT NpUMeHAeTca COBMECTHO C MexayHapoAHbiM ctaHaapTom IEC 60664-1 «KoopanHauusa nso-
nauun ana o6opynoBaHUSA HU3KOBOMbTHbIX cucTeM. YacTb 1. MpuHumnbl, Tpe6oBaHWA ¥ UCNbITaHWA», [0-
MOJHAS N KOHKPETU3MPYS BONPOCHI KOOPANHALUW U30ALMM B YCNIOBUSAX BO3AENCTBMSA BbICOKOYACTOTHOIO Ha-
NPSHXEHNS.

HactosAwwii ctTaHgapT MOXeT 6bITb MCNONb30BaH NpW pa3paboTke HaLuMOHaIbHbIX U MEXTOCyAapCTBeH-
HbIX CTaHAapTOB Ha HW3KOBOMbTHOE 060pyAoBaHue, paboTatoliee nNpy BbICOKOYACTOTHOM HanpshkeHwun, Ans
obecneyeHnss COOTBETCTBUSA ero TpeboBaHUAM TEXHUYECKUX PernaMeHToB.
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M E XX IO CVY A4 APUCTUBEHH bl 7 C TAHOLAPT

KOOPANHALUWMA n3onaunnn anAa OeOPYALOBAHNA HU3KOBOJ/IBTHBIX CUCTEM
YacTtb 4

AHann3 BbICOKOYACTOTHOIO HanpsXeHus

Insulation coordination for equipment within low-voltage system. Part 4.
Consideration high-frequency voltage

fata BBefeHns — 2019—06—01

1 O6nacTb NpUMEHEHMS

HacToswwmii cTaHgapT paccmaTpuBaeT CTPeCCOBOE BO3AEWCTBME BbICOKOYACTOTHOIO HaMpsKeHUs Ha
OCHOBHY10, JONO/THUTENBHYIO U YCUIEHHYIO N30NSALMIO HU3KOBO/IbTHOTO 060pyfoBaHNs. 3HaYeHus pasMepos
M30/18UMN NPSIMO MPUMEHMUMbI K OCHOBHOI M30/M1ALMW: ANA YCUIEHHO M30MS4UN COOTBETCTBYLME Tpebo-
BaHWA NPUMeEHSTCA B cooTBeTCTBMM C IEC 60664-1. MNonoxeHus ctaHgapTa npMMeHUMBbl 418 onpejeneHus
pasmMepoB BO3[YLUHbIX 3a30POB (U30MSILMOHHBLIX NPOMEXYTKOB), PACCTOSIHWAM yTEeYKM W TBEPAON W30MsLuK,
noZiBepraemMbix BO3AENCTBMIO NEPMOANYECKMX HAMPSXKEHWI pa3/INyHbIX TUMOB B Anana3oHe yactoTt oT 30 kI,
4o 10 Mru,

HacTosiwumii ctaHaapT AO/MKEH NPUMEHATLCS TO/IbKO cOBMeCcTHO ¢ IEC 60664-1 nnu IEC 60664-5. Mpu
MX COBMECTHOM MPUMEHEHUN OrpaHNYeHns no YacToTe, ykasaHHble B IEC 60664-1 n IEC 60664-5. paclumps-
10TCS1 A0 3Ha4eHui Bbiwe 30 Ky,

HacTosiwumii ctaHgapT Takke npuMeHsieTcst coBMecTHo ¢ IEC 60664-3 ans yactoTsl Bbiwe 30 kY, 1 3a-
WwmThl TMNa 1. AnAa 3auTbl TMNa 2 3TOT BONPOC HAXOAUTCA B CTaANU pacCMOTpeHUS.

MpumevyaHne 1— 3HayeHus pa3mepoB A1 4acTOThl Bbiwe 10 MYy Haxo4ATCA B CTAAUN PACCMOTPEHUS.

NMpumeyaHue 2 — HacToAWwA cTaHAAPT HE paccMaTpuBaeT BbICOKOYACTOTHbIE Nomexu. CunTaeTcs, YTo Npu
HOPMaJibHOM NPUMEHEHUN 060PYA0BaHUS NHTEPEPEHLMS BbICOKOYACTOTHBLIX HaMpPsXXeHWU ¢ y4eToM BO3AeiCTBUSA Ha
M30N5LMI0 He3HauUTeNbHa. CneaoBaTenbHO, HET HEOGXOANMOCTM 3TO YUUTLIBATb.

MonoxeHns HacTosLLero cTaHjapTa NPUMEHSIOTCA K 060pyA0BaHMi0, NPUMEHAEMOMY NPU BbICOTE HafA,
ypoBHEM Mops He Bbiwe 2000 M Npy 3HAYEHUU HOMUHANBHOTO HanpskeHus He 6onee 1000 B.

MonoxeHns ctaHgapTa NPYMEHSATCA NPW HasHauyeHWy TpeboBaHWli K BO3AYLUHbIM 3a30pam, paccro-
AHUAM yTEUKM U TBEPAON M30NauMn Ana o60pyfoBaHUS NpU 3afaHHbIX kpuTepuax. OHW BKIOYAOT MeToAbl
3/1eKTPUYECKMX UCMBITAHUIA C yYeTOM KOOpAUHaLMN U30NALUN.

MuHUManbHble BO3AYLUHbIE 3a30Pbl, yKa3aHHble B HACTOSALWEM CTaHAapTe, He MPUMEHVUMbI B YCIOBUAX
MOHM3aLMKM ra30Boro NpoctpaHcTea. CneyunanbHble Tpe60BaHMSA N0 OrpaHUYEHUsIM AN1A 3TOro cyyas mMoryT
6bITb yKa3aHbl COOTBETCTBYHOLMMUN TEXHUYECKUMU KOMUTETAMMU.

HacTtoawmin ctaHgapT He pernaMeHTUpyeT pacCTOsHNUS.

- Yepes XUAKY U30/ALMI0;

- yepes VHble [Masbl, OT/IMYHbIE UT BO3AYXa;

- yepes cxatblii BO3AyX.

MpuMmeuyaHne 3— BbiCOkMe HANPSHKEHUS1 MOTYT NMPUCYTCTBOBATbL BO BHELLHMX Liensix 060pyA0BaHuS.

MpumeyaHue 4 — TpeboBaHWA NpU BbICOTE Haf YPOBHEM MOPS Bbilwe 2000 M MOryT 6bIThb B3AThI 13 IEC 60664-1,
Tabnuua A.2, npunoxexune A.

M3paHue oduymanbHoe
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MpUMEHeHUe HAcTosLLEero cTaHAapTa OroBapyuBaeTCcsi OTBETCTBEHHLIMU TEXHUUECKMMU KOMUTETaMU 415
pasnuuHoro 060pyoBaHNs B 3aBUCMMOCTY OT palyOHaNIbHOCTY JOCTXEHUsI TpeGoBaHN KoopAMHALMMN N30-
NALUM NPU YKa3aHHbIX B CTaHAAPTE U30JISILLMOHHBIX MPOMEXYTKaX B BO3AYXEe, PACCTOSIHUI YTEUKM U pasmMepoB
TBEPAOI M30N5AUMK AN 060PYA0BAHMS.

2 HopMaTuBHbIE CCbIKU

[nsa npyMeHeHna HacTosALWwero cTaHgapTa Heoo6xoAMMbl cneaytoLmne ceblflovHble cTaHgapTel. Ana gatu-
POBaHHbIX NPUMEHAOT TONbKO yKa3aHHoe n3gaHve, AN HefaTMpPOBaHHbIX — Moc/efHee n3faHvue craHaapTa,
BK/IOYAS BCE N3MEHEHUS K HEMY.

IEC 60112:2003. Method for the determination of the proof and the comparative tracking indices of solid
insulating materials (MaTtepvanbl 31eKTpoOU30NALNOHHbIE TBEpAble. MeTofbl onpefeneHns HOPMaTUBHOIO U
CpPaBHUTE/IbHOTO MHAEKCOB TPEKMHIOCTOMKOCTM)

IEC 60664-1:1992. Insulation coordination for equipment within low-voltage systems — Part 1: Principles,
requirements and tests Amendment 1 (2000). Amendment 2 (2002) (KoopanHauus nsonauum ans o6opyno-
BaHMNS B HW3KOBOJIbTHbIX cuctemax. Yactb 1. MpuHumMnbl, TpeboBaHnsa n ucnbiTaHns. MismeHenme 1 (2000).
M3meHeHune 2 (2002)]*

IEC 60664-5. Insulation coordination for equipment within low-voltage systems — Part 5: Acomprehen-
sive method for determining clearances and creepage distances equal to or less than 2 mm (KoopanHauus
n3onaumn Ans o6opynoBaHMs B HU3KOBOJbTHbIX cucTeMax. YacTb 5. KOMNNeKCHbIn MeTos onpejeneHuns 3a-
30pOB M MyTeN yTeukn, paBHbIX UK MeHee 2 MM)

IEC Guide 104:1997. The preparation of safety publications and the use of basic safety publications and
group safety publications (MoarotoBka ny6avkaymii no 6e3o0nacHoOCTV ¥ UCMONb30BaHNE OCHOBOMOIArakLLInX
1 rpynnoBbIX Ny6avkauuii no 6esonacHocTu)2*

3 TepMuHbI 1 onpegeneHus

B HacTosweM cTaHfapTe NPYMEHEHbI cregylolme TePMUHbI C COOTBETCTBYIOLLMMUN ONpeaeneHnsamu:

3.1 npn6nmM3nTenbLHO ofgHOpoAHOe none (approximately homogeneous field): Ans yacToTbl, NpeBbl-
watoLenn 30 k'Y, anekTpuyeckoe nose, nmetoliee NPUGIN3NTENbHYI0 OA4HOPOAHOCTb, KOrAa pafuycbl OKpYX-
HOCTel NPoBOAALLMX YacTeil paBHbl U 6onblie 20 % pasmepa BO3AYLLIHOMO 3a3opa.

3.2 HeogHopoaHoe noso (inhomogeneous field): AinsA yacTtoTsl, NpeBbiwatoLein 30 KI'y. 3nekTpuyeckoe
nosie, UMeloLLee Heo4HOPOAHOCTb, KOrga Paguycbl OKPYXHOCTEH NMPOBOAALMX YacTel paBHbl MW MeHbLue
20 % pa3mepa BO3A4YLLHOro 3a3opa.

3.3 |/peak: MukoBoe 3HAYeHWE NEpPUOAMYECKOro MMKOBOrO HampsXeHus N60oro Tuna, NPUIoKEHHOro
yepes n3onAumio.

3.4 fCijt: KpuTnyeckan yacTtoTa, Npy KOTOPOW NPOUCXOANT CHUXEHWE HaMpsiKeHns Npobos, npoucxoas-
Lero B BO3AyLLIHOM 3a30pe.

3.5 fmin: YactoTa, npu KOTOPOI MPOMCXOAUT MakCumMasibHOe CHWXEHWEe HanpskKeHus npobos, npouc-
X0AALLEero B BO3AYLLIHOM 3a30pe.

3.6 HanpshkeHne yacTuyHoro paspsaga (YP) (PD-voltage): O6wwnii TEpMUH 151 ABYX TUMOB YaCTHbIX
pa3pagos — Npu HavaslbHOM HanNpPsXKeHun Uty nNpy 3aTyxalowem HanpshkeHun UB.

3.7 HanpsXXeHHOCTb anekTpuyeckoro nons E (electrical field strength £): Vi3meHeHue (rpagneHT) Ha-
NPSKEHNS HA eAUHNLY A/THBI, 00bIYHO BbIpaXEHHbI B KB/MM.

4 Bo3fyluHble 3a30pbl (M30N1ALUOHHBIE MPOMEXYTKN)

4.1 [naBHble ycnosusa

HactoAwwii ctaHgapT paccMaTpuBaeT M30MALMOHHbIE MPOMEXYTKM B BO3dyxe. 3HayeHus pasmepos
yCTaHOB/EHbI AN MaKCMManbHON BbicoTbl 2000 M Haf ypoBHEM Mops. [na 60nblieli BbICOTbI NPUMEHSETCA
KOPPEKTUPYIOLLNIA KO3h(PMLMEHT BbICOTHI, NpuBeAeHHbI B IEC 60664-1, npunoxeHne A, Tabnuua A.2.

[fevictByeT IEC 60664-1:2007. ogHaKo Ana 0A4HO3HAYHOro coboaeHna TpeboBaHnii HaCTOALWEero ctaHAapTa, Bbl-
paXKeHHbIX B aTUPOBAHHO CCbIIKE, PEKOMEHAYETCS UCNOb30BaTh TO/IbKO YKa3aHHOE B 3TOl CCbiNke U3AaHue.

2> [leiictByeT IEC Guide 104:2010. ofHako AN OAHO3HAYHOTO co6noAeHNs Tpe6oBaHUii HacTosALWero ctaHaapTa,
BbIPaXEHHbIX B JaTUPOBAHHOI CCblSIKe, PEKOMEHAYeTCs UCMO/b30BaTh TO/IbKO YKa3aHHOE B 3TON CCblSIKe U3faHue.

2
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4.2 OcHoBHas nHopmayns

B cooTBETCTBUM C OCHOBHOW MHhopMaLmeli, NpuBeAeHHON B NpunoxeHun A. pasgen A.1. BblgepxvBae-
Masi CNOCO6GHOCTb BO3AYLLUHbIX 3230p0B MOXET ObITb MOABEPXKEHA BO3ENCTBUIO TOIbKO YACTOTbI HAMPSXXEHWS,
ecnn NepuoanyHOCTb HanpsxeHus umeet mecto (cMm. IEC 60664-1, n. 3.1.1.2 wnm IEC 60664-5. n. 3.1.1.2).
[lns KpaTKOBpPEMEHHbIX NepeHanpsxeHnii 4oCTaTOUYHbI pa3mepsl, NpuBefeHHble B IEC 60664-1, n. 3.1.1.1 unu
IEC 60664-5. n. 3.1.1.1.

4.3 OpHopoAgHble MAN NPUBAN3NTENBHO OAHOPOAHbLIE N0

4.3.1 Ycnosusa gna npnbnn3ntenbHO OA4HOPOAHOTO Nons

[ns yactoTbl, npesblwatowen 30 ky. NpnbaM3nTeNbHO OAHOPOAHOE MOsie paccMaTpuBaeTcs cylie-
CTBYIOLLUM, €C/N pafiMyChl OKPY>KHOCTEW NMPOBOASALLMUX YaCTel paBHbl unu 6osbLue 20 % pa3mepa BO3AYyLLIHOTO
3a3opa.

4.3.2 QKCnepuMeHTasibHble 3HAYEeHUs XapakTepucTuk npobos

B cooTBeTCTBUM C 3aK/oveHneM, NpuBeAeHHbIM B A.2.1. kputuyeckasa yactota f~ , cHuxawwas Hanps-
XXeHUs1 Npo6os, HaXoANUTCS B C/ieAyloLLeil 3aBUCUMOCTH OT 3HAYeHUs BO3AYLLHOTO 3a3opa

0.2 Mr

L.
cfimm (©

‘tn
rae d — BO3A4YLUHBINA 3a30p.
3KcneprvMeHTasbHble 3HaYeHus1, NnpuBeaeHHble B A.2.1 AnA yCnoBuii OAHOPOAHOIO NONS, yKasbiBaloT Ha
MakcUMasibHOE CHUXEHME HanpshkeHns Npobosi npu yacTtoTe, cocTasnsiowein 20 % 3HaveHns yactoTbl 50/60 Iy,
YacToTa, npu KOTOPOI MPOUCXOAUT MakCUMYM CHUXEHWS, HasbiBaeTcs /min.

NMpuMmeuaHne — [na ueneii HacTosLero cTaHAapTa yactoTa /mn, NnokasaHHasi Ha pucyHke A.1. NpuHATA Kak
3 Mru.

4.3.3 Pa3mepbl 419 YCN0BUA OA4HOPOAHbLIX U MPUGIN3NTENBHO OLHOPOAHBIX MONEN

M3015UMOHHbIE XapaKTepUCTUKN BO3AYLUHbIX 3a30pOB MNPV eCTeCTBEHHOM [JaBfieHMn aTmoctepHOoro
BO3A4yXa B YC/IOBUSIX OAHOPOAHbIX MOMEN fOMKHbI pacCMaTpuBaTbCs C YH4ETOM YacTOThl C/IeAYHOLINMM 06pa3oMm:

- BbllIe YacTOTbl A HanpshkeHne npobos CHMXAaEeTCs C POCTOM YacToTbl. MakcuMMasibHOEe CHUXeHue
HanpsxeHne npo6osi okosio 20 %;

- HanpsbkeHue npobos focTuraeT MMHUMYyMa npu YactoTte fmin. Mpu 6051ee BbICOKUX YacToTax Hanpsxe-
HVe Npo60os HapacTaeT N MOXET MPEBbICUTHL 3HAYEHVe NpY MPOMBbILLIEHHO YacToTe.

3TO CBMAETENLCTBYET O TOM. YTO 3TU XapakTepUCTUKN TakkKe NpUemMnaemsl U Ans ycnosuii npubansmn-
Te/IbHO 0 HOPOAHOrO NONS.

Pa3mepb! 4715 OAHOPOAHBIX MOJEV OCHOBaHbI HA 3HAYEHWAX, NPUBEAEHHbIX AN cnyyas B B IEC 60664-1.
Tabnuua 7 nnm IEC 60664-5. Tabnuua 3. NpUMeHeHne 3TUX 3Ha4YeHWin TpebyeT NCnbITaHWit Ha YCTONYMBOCTb
B cooTBeTCcTBUM C IEC 60664-1, n. 4.1.1 wnu IEC 60664-5. n. 4.1.1.

Pa3mepbl 415 npubnvM3nTebHO OAHOPOAHBIX NOJEli OCHOBaHbI Ha 3HAYEHWSAX, MPYBEAEHHbIX A8 ciyyas A
B IEC 60664-1, Tabnuua 7 nnu IEC 60664-5. Tabnuua 3. VcnbiTaHnii Ha yCTolUMBOCTL He TpebyeTcs. OgHako pa-
[AMyCbl OKPYXHOCTE NPOBOAALLMX YacTel [O/MKHbI ObITb paBHbl UK 60blue 20 % pa3mepa BO3AYLIHOIO 3a30pa.

MimeeTca aBa MeTofa onpefesieHvs pasmepos.

1. Ecnm oTcyTCTBYET NMOHUMaHWE OLEHKW, BO3AyLUHbIE 3a30pbl B NpeAenax AuanasoHa 4acToT HacTos-
Lero cTaHgapTa AO/MKHbI HazHavyaTbesa 415 125 % 3HavyeHnss Heo6X04MMOT0 BblAEPXKMBAEMOro HanpsXXeHus B
cooTtBeTcTBMM C IEC 60664-1. Tabnmuya 7 nim IEC 60664-5. Tabnuua 3.

2. Ecnu oueHka Bo3MOXHa, NpUMeHAeTca creaytollee:

a) Ansa vacToT Huxe fttA (cM. chopmyny (1)] BO3ayLUHbIE 3a30Pbl AO/MKHLI Ha3Ha4YaTbesa Ania 125 % 3HaveHus
Heo6X0AVMMOro BblAEPXKMBAEMOro HanpshkeHuss B cootBeTcTBuM ¢ IEC 60664-1, Tabnuua 7 nnm IEC 60664-5,
Tabnuua 3;

b)ANS 4acToT Bbile fiMm BO3A4YyLIHbIE 3a30Pbl AO/MKHbI Ha3HaYaTbea AnA 125 % 3HayeHus HeobxoaMMoro
BbIAEPXXMBAEMOro HanpshxeHuns B cooTBeTcTBUM ¢ IEC 60664-1. Tabnuua 7 nan IEC 60664-5. Tabnuua 3;

c) ansa yactot mexay finln ~ [1Bo3gyLHbIE 3a30pbl ONPeaenstoT no popmyne

100%.-1 | . 25% 2
(nin- Cit
TpebyeMoro BbIAEPXUBAEMOro HanpsxkeHnss B cootseTcTBum ¢ IEC 60664-1. Tabnuua 7 wan IEC 60664-5,
Tabnuua 3.
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B uensx onpefeneHus KPUTMYECKOW YacTOTbl NepBOHaYasibHO BO3AYLUHbLIA 3a30p NpUHMMaeTcs AN
100 % 3HayeHMs HeO6XOAMMOrO BblAEPXMBAEMOro HanpsbkeHus B cootBeTcTBumn c IEC 60664-1. Tabnuua 7
unn IEC 60664-5. Tabnuua 3. 3T0 MOXET ObITb MPUHATO, €C/IM NPUMEHVMbI YCN0BUS a). b) nnu c). Tak kak 3ToT
pacyeT AOJIKEH BNNSTL Ha pe3ysbTaT (BO3A4YLHbIA 3a30p), TpebyeTcst ero NOBTOPEHME.

MpuMmeyaHne — [lanbHeiiwas MHOPMaLMs Mo BONPOCY onpejesieHus pasmepa npuBejeHa B NpuioxeHnn F.

4.4 HeoaHopofAHble nonsa

4.4.1 Ycnosus Heo4HOPOAHOTO Nons

[nsa yactoTbl, npesbiwatowei 30 kY. HEOAHOPOAHOE MoJsie paccMaTpyBaeTCA CyLLeCTBYOLMM, eciun
pazmnycbl OKpY)XXHOCTel npoBoasAwmnx yacteli MeHblue 20 % pa3Mepa BO34YLLIHOrO 3a3opa.

4.4.2 DKcrnepuMeHTasibHble 3HAYEHUS YaCTHbIX paspsafoB M XapakTepucTuk npobos

[lns ycnosuii HEOAHOPOAHOrO Nonsa YacToTa ftrA MoXeT 6bITb BbluvcieHa no doopmyrne (1). Mpu yactoTax
BblLLE B/IUSIHME YacTOTbl HA HanpshkeHne Npo60s HamMHOro 60sbLle 3aBUCUT OT YCNOBUIA HEOLHOPOAHOTO
nons. CH/WXeHne HanpshkeHWs nNpobost C y4eTOM YacTOTbl CU/IOBOIO UCTOYHMKA MOXET 6bITb 60siee yem Ha
50 %.

[Lna ycnoBuii HEOAHOPOAHOTO MONA YaCTUYHBIVA pa3pag (KopoHa) MOXET ObiTb OXUAAEM NPU Hanpsxe-
HUW HUXXEe HanpskeHus npobos. B CBA3M C BLICOKMM PUCKOM MOBPEXEHUS, Bbl3BaHHbIE 3TUMMU Npo6osamn C
BbICOKOI 4acTOTON NOBTOPEHUS, onpeesieHre pa3MepoB A0/HKHO ObiTb TOYHLIM, YTOObI n36exaTb BO3ZHUKHO-
BEHWSA YyacTuyHoro npo6os (4I).

JKcnepuMeHTasbHble faHHble npuBefeHbl B A.2.2.

4.4.3 OnpegeneHne pasmepos BO3AYLIHbIX 3a30P0OB B YC/I0OBUAX HEOAHOPOLHOrO NonA

Mpy vacTtotax HUxe GIA (cM. dopmyny (1)] Bo3ayLlHble 3a30pbl MOTYT 6bITb HasHauveHbl Ans 100 %
3HAYeHUs YCTAHOB/IEHHOIO BblAEPXMBAEMOro HanpshkeHus B cooTBeTcTBUM ¢ IEC 60664-1. Tabnuua 7 vm
IEC 60664-5. Tabnmua 3.

YacToTa HanpshxeHns fomkHa 6biTb NPUHATA BO BHUMaHWe 15 onpeAenieHns pasmepos [/15 4acToTbl
paHoit unu 6onee yem feM. Ecnv UM HaunHaeTcs Npu KPaTKOBPEMEHHBIX NEePeHanpPsHKeHUsaX U He MOXeT BbITb
3aTyxalwLwmnm npu abbIX YCTAHOBMBLUMXCA HanpshkeHusax (cm. IEC 60664-1, n. 4.1.2.4), ana onpegeneHuns
pasmepa [0/MKHO NPUMEHATLCA HanpshkeHue 3aTyxaHus Ur. CooTBeTcTByOWME faHHble (CM. NpYMeYaHune)
(3mepeHuii) COBMECTHO C OrpaHnymnBatoLLei KpuBoW (onpeseneHns pasmepos) NpefcTaB/ieHbl Ha pUcyHke 1.

MpumeuvaHnune 1— [naonpefeneHna pasMepos NPUMEHUMbI faHHble A.2.2. NolyYeHHbIe A/19 BO34YLLUHbIX 3a30-
pos Bbiwe 0.75 MM nNpu yacTtoTe 1 MIY. HauMHaA OT HaNpsXeHWsa NpPo6os, v Bbille, HauUMHasA OT HanpsHKeHue 3aTyxaHusa Yr.

3HaueHns pa3MepoB A1 HEOAHOPOAHOrO MO CUCTEMATU3NPOBaHbl B Tabnmue 1. 3T 3HAUEHUA nNpu-
MEHVMbI. ecniv BCTPeyalTcsi Manble paguychbl CKPYrneHuii NpoBoAsALmMX yacTeid. Ha npakTuke 3Tu ycnoBusi
BbINOSIHUMbI, €C/TN PaANyCbl CKPYT/eHW i NpoBoAsALMX YyacTeli MeHee 20 % BefiMUMHbI BO3AYLLIHbLIX 3a30PO0B.

MpumeuyaHue 2 — [lanbHelilwas UHOPMAaLMs MO HA3HAYEHUID Pa3MepOB MpeacTaB/ieHa B NPUIoXeHnn F.

Ta6nuua 1— MUHMMa/bHbIE 3HAYEHUS BO3AYLUHbLIX 3a30P0B NPU aTMOCHEPHOM AaBfeHnn AN YCNoBuii HEo4HOPOA-
HOro nons

HanpsbkeHwe. KB Bo3ayLuHble 3a30pbl, MM
0 6“Xb) 1 BbIlWe 0.065
0.8»> 0.18
1,0% 0.5
1,2% 1.4
1,4%) 2.35
1.6») 4.0
1.8») 6.7
2.0») 11.0

») 1N NPOMEXYTOUHbIX 3HAYEHWNI I OTHOCUTE/IbHO YKa3aHHbIX B Tabnuue NnpuMeHsaeTcs pacyer.
bl 4na HanpskeHuid U Huxe 0.6 KB HET 4OCTOBEPHbIX faHHbIX.
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<l— 0034yWMbIO 3a30pbl

PucyHOK 1— Pa3Mepbl BO34YLIHbIX MPOMEXYTKOB B HEOLHOPOAHOM NoJie B BO3AYLUHOW cpeAe nNpyu atMocepHOM
faBneHnn (paguycbl TOYEK 3NEKTPOLOB B NnaHe — 5 ML) ANst UCKNOYEHNUS cnyyaes UM unu npo6oes
(BO3AYLLHbIE 3a30pbl MeHee 1 MM)

5 PaccTofHusa yTeuku

5.1 DKkcnepumMeHTasbHble faHHble

BnusiHMe yacToTbl Ha HanpshkeHne Npo6os ANA 3HaYeHWii pacCTOSIHUIA yTedek OLeHUBaeTCs B 3aBUCU-
MOCTU OT 3HAYEHWIA, MPUBEAEHHBIX B MPUIOXeHnn B.

OKcneprMeHTaslbHble YCOBUSA AN UCCNELOBAHUI UMEIOLLUXCS YCNOBUIA U MaTepuasioB BKIKYAKT B
3KCMEPUMEHTHI, OnNncaHHble B B.2.

JKcrnepuMeHTaslbHble 3HavyeHus npeacrasneHsbl B B.3. HacToTa HanpsXeHnsa okasbiBaeT CyLLeCTBEHHOE
BIMSIHME Ha HanpsbkeHue Ul n HanpsxeHue npo6os.

5.2 OnpepeneHve pasmMepoB PaccTOAHWI YTEUKM

Ha pucyHke 2 npefcTaBnieHbl M3MepeHHble 3Ha4YeHUss COBMECTHO C OrpaHMynBaioLLeil kpueoi (onpege-
NeHns pasmepoB) AN TpexX pasNnyHbIX YacToT B gnanasoHe go 100 klu. go 1 My v go 3 MIy,. 3HaveHus
pasMepoB pPacCTOSHUIA YTEYKM cucTeMaTn3MpoBaHbl B Tabnmue 2. [poMeXxyTouHble 3HaYeHus 471 COOTBeT-
CTBYIOLLMX ANANA30HOB YACTOT UMEIT JINHENHYI0 3aBUCUMOCTb. [laHHble 3HaYeHWs NpueMnemMbl A8 CTeNeHN
3arpsasHeHus 1.
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MpumeyaHne 1— [Ona onpeaeneHnini paamepoB PacCTOSIHUIA yTeUukn 3HAUYEeHUsi, NpuBefeHHble B C.3 Ans Ha-
npshxeHunii Yr. npuemnemsbl, ecnun Y npy BbICOKOM HanpshkeHUn umeeT paspyluanLuii ahhekT OCHOBHOro mMaTepuana n
NPONCXOAMT B TeYEHUe A/IMTENIbHOTO BPEMEHM.

OKCnepyMeHTbI, onncaHHble B [5]Y nokasbiBaloT, YTO pasMepbl PacCTOAHWUI YyTeukn Ansa cTeneHein 3a-
rPA3HEHNs 2 1 3 MOTYT BbITb NOYYEHbI N3 U3BECTHbIX PACCTOSAHWI 415 CTEMNEHW 3arpsA3HEHUsT 1 NpUMeEHeHneMm
nonpaBoYHbIX KO3 NLMEHTOB. [nA CTeneHn 3arpAa3HeHnsa 2 NPUMEHSeTCA NONPaBoYyHbIi KoachduumeHT 1.2,
a Ansa cTeneHn 3arpasHeHns 3 — koacpduuynenT 1.4,

3HayeHus, npuBeAeHHble B Tabnuue 2, He yUUTbIBalOT BAMAHWE adddhekTa TpekuHra. Ans atux uenei
OO/MKHBI ObITb paccMoTpeHbl MaTepuansl IEC 60664-1 n IEC 60664-5. Bcnencteme 3Toro 3HaueHus tabnm-
Ubl 2 MeHblLe COOTBETCTBYIOLINX 3HAYEHWUiA, npuBeaeHHbIx B IEC 60664-1. Tabnuua 4 wnn IEC 60664-5,
Tabnuua 4.

3TV 3HAYeHUsI pa3MepoB NPUMEHNMbI A1 BCEX MaTepuanos, CBOWCTBA KOTOPbIX MOTYT 6bITb YXyALUEHbI
TennoBbIM Bo3gelicTBneM. [na MmaTepruanos, KOTOpPbIe He NOABEPXEHbI TAKOMY YXYALLUEHWIO (Hanpumep, kepa-
MWKA). [OCTATOYHO onpejeseHne pasMepoB PACCTOAHWIA yTEUKM B COOTBETCTBUM C pa3aesiom 4.

Tabn mnya 2 — 3HayeHua MUHUMaNbHbIX paCCTOFIHVII‘/’I YyTeuku ana pasnnyHbiX 4actoT

PaccTosiHus yTeuku*' MM

HanpsxeHune

ans
npo« 301?)?«;'5 1£ Oin:/ll'ubl s Oﬁn:/ll'ubl Is o.gn:/lrup IS fl;; rub| 5 2%,1“: rus> IS 3'%”; ryr
0.1 0.0167 _ _ — — — 0.3
0.2 0.042 — — — — 0.15 2.8
0.3 0.083 0.09 0.09 0.09 0.09 0.80 20.0
0.4 0.125 0.13 0.15 0.19 0.35 4.5 —
0.5 0.183 0.19 0.25 0.40 15 20.0 —
0.6 0.267 0,27 0.40 0.85 5.0 — —
0.7 0.358 0.38 0.68 1.9 20.0 — _
0.8 0.450 0.55 11 3.8 _ _ _
0.9 0.525 0,82 1.9 8.7 — _ —
1.0 0.600 1,15 3.0 18.0 — — _
0.1 0.683 1.7 5.0 — — _ _
0.2 0.850 2.4 8.2 — — _ _
0.3 1.20 3.5 — —_ — _ _
0.4 1.65 5.0 — — — — _
0.5 2.30 7.3 — — _ — —
0.6 3.15 — — _ — — —
0.7 4.40 — — — — — _
0.8 6.10 — — — — — —

a| 3HayeHUst paccTosiHUIA yTeukn, NpuBeAeHHbIe B Tabnuue, NPUMEHSAIOTCS NpU cTeneHn 3arpssHeHns 1. fna cTe-
neHn 3arpssHeHns 2 Heob6xo4MMOo NpPUMeHeHre NonpaBoYHOro koaduumenTa 1.2, a 4na cTeneHn 3arpssHeHns 3 —
nonpasoyHoro koapcpuuynerta 1.4.

b* [119 NPOMEXYTOUHbIX 3HAYEHUIA YacTOT A4ONYCTUM NPOMOPLMOHANbHbIV Nepecyer.

') 3gecb n fanee a KBagpaTHbIX CKOH6Kax CCbIIKM HA UCTOYHVKKU, NpUBeAEeHHbIe B Gubnnorpadun.
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d. mm

+ — 100 . u3MepeH» U C 3HaueHnst

¢ — 1CO0«l, [A1M urnuaye*/a< pasmepos
* — 1 MI'U, n3440pPEeYKMOo 3HAYEHNSA

¢ — 1Mru, ana maxayeu/s pasmepe*
X — 3 MI'l, n3amepeHHble 3Ha YeHus

¢ — 3 Mla gna maxituekms pasmepe*

d — paccTosHNUA yTeuku

PucyHOK 2 — Pa3mMepbl paccTosiHUiA yTeukun, UcknovatwLme cnyydan Yl
(paccToaHMA yTeykn He MeHee 1 MM) uny Npo6oeB (PaccTosHUA YTeukn MeHee 1 mMm)

6 Teeppgas nsonauua
6.1 OCHOBHOI1 aHanun3

B cpaBHeHUM C W30NSALMOHHBLIMI MPOMEXYTKaMy B BO3AYLIHON cpefe TBepAas M30Msuust MOXeT obe-
CMeunTb AN3NEKTPUYECKYHD MPOYHOCTb, MO KpaliHeli Mepe Mpu 0AVHAKOBO BbICOKOW HampshkeHHOCTW. OgHako
Ha NPaKTUKe BbICOKAasH HaNPSHKEHHOCTb MO 415 TBepA0i N30NsSLMU NPUMEHSIETCS PeKo.

MpumeyaHune — TexHUYECKN HALEXHOCTb CTOWKOCTU K Aerpagaluy n okoH4aTesibHoMy npo6oto TBepAON 130-
nsayun obecneynBaeTca NpUMeHeHneM 60ee HU3KUX 3HAYeHW HanPSXXEHHOCTW MOAs, YTO fanee feTanbHO U3/10XEHO B
pasgene C.1 npunoxeHus C.
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6.2 Bnusawowue daxktopsbl

[nsa yactotbl 1 MIL, HANPSHKEHHOCTb NOMA KPaTKOBPEMEHHOro npobos fo/mkHa 6biTb Ha 10 % Huxe
3HaYeHnA ANA CMNOBOW 4acToTbl. HanpskeHHOCTb Noas NpPo6oa He Jo/HKHA JOCTUraTb HWXKHEro npegena,
MMeroLLEerocs npu yactoTe Bbilwe 3HavyeHns 100 MIy,

MpumeyaHne — XapakTepucTuka npo6GOs NPU BbICOKOI YacToTe npeacTassieHa B pasgene C.2 npunoxe-
Hua C.

[JuanekTpuueckasi NPOYHOCTb TBEPAOI M30M1ALMN B OCHOBHOM, M OCOGEHHO MPK BbICOKOYACTOTHOM Ha-
NPSHKEHNU, LO/DKHA Aa/Iee CHUXATLCA NoJ, BAUSIHUEM BNXKHOCTU U TEMNEPaTypbl. STU BANSHUS YUUTLIBAIOTCS
B 3aBMCHMOCTM OT YC/IOBUWIi Nepes UCMbITaHUSIMU B COOTBETCTBUM C 7.3.

B COOTBETCTBWM C ITUMW XapaKTepUCTUKamy TBEPAOi M30MsUMM, KoTopasi MPUMEHSIETCS B BbiCOKOYa-
CTOTHbIX YCTAHOBKAX, HE JO/HKHO 6bITh AUTENILHOMO BO34EACTBUS YCOBUIA BMAXHOCTY Bbilwe 92 % OTHOCU-
TesIbHO BNaXHOCTW. HeKoTopble MaTepurasbl, Takue Kak CTEK/IO U HEKOTOpbIe BUAbI KepaMuku, He NojBepxe-
Hbl BO3AENCTBUIO BNAXHOCTY U. Ce0BaTe/IbHO, HE TPeByloT orpaHuyeHnsi NpeAena BAaXHOCTV 3HAYeHUeM
92%.

[OuanekTpuueckasi NPOYHOCTb TBEPAOA M30N1AUUM (DYHKLMOHANBHO 3aBUCUT OT TO/LMHLI MaTepuana.
OueHb TOHKWE MEHKM MOTYT UMETb AMU3NEKTPUYECKYI0 NMPOYHOCTb, KOTOpasi MOXeT 6biTb Ha MOPSAOK Bbille,
YeM y UcnbiTaTeNbHOro o6pasua TonwmHol 0,75 MM. Tak pasnnyHble pasmepbl COOTBETCTBYHOLLEN TOMLLMHBI
TBEPAO M30M15LUMN BbIGUPAIOTCS, UCXOASA M3 MMeloLeiics 3aBUCHMOCTM MPOYHOCTY M30SILUKU OT TONLLMHbI
U30NSALNN.

BnmsiHue TeMnepaTypbl Ha HanpshkeHVe NPoGosi MOXET GbITb NPOC/EXeHo B pasaesne C.2 npunoxenus C.
Takum 06pa3omM, TeMnepaTtypa siBASeTCs BXHbIM BMSAIOWMUM (DaKTOPOM, KOTOPbIA AOMKEH YUNTLIBATLCS AS1
onpejeneHusl pa3mMepoB W NpU UCMbITAHUSIX.

YacTHble NPo60U MNP BbICOKOUYACTOTHLIX HAMPSHKEHWSIX JO/MKHbI UMETb UMMY/bCHbIE YACTOTHbIE MOBTO-
PEHUsI. 3aBUCSILLME OT YACTOTbI HaNpskeHus. CnefoBaTelbHO, HET NPMEM/IEMOrO MIAHUPYEMOTr0 XU3HEHHOTO
LMKNa TBEPAOI U30NALUM NPW HAJIMYUK YACTHBIX NPOGOEB.

6.3 OnpepeneHue pasmepoB TBEPAON M30NAUUN

B3ameH BbICOKOYACTOTHbIX UCMbITAHW B COOTBETCTBMMU C Pa3fiesIoM 7 MOXET 6biTb MPUMEHEH creayto-
Wi meToA onpegeneHns pasmepoB. OH NPUMEHUM AN MaKCUMasibHOW YacToTbl HanpshkeHns 10 MIu. ecnu
HanpsXXeHHOCTb NOAA NPUOBIN3NTENTBHO OLHOPOAHA, HET BbIGPOCOB CNeLUpUYHbIX HAaNPSXXeHW, COOTBETCTBY-
ownx opmyne (3) UM pUcyHKy 3 COOTBETCTBEHHO, U HET MYCTOT WM BO3AYLUHbLIX NOMOCTEN, UMEKLLUXCA
Mexay TBepAoi nsonaumeir. ECam aTm ycnosua NONHOCTbIO He yAOBNETBOPAOTCA, TpebyeTcs npoBeAeHve
BbICOKOYACTOTHbIX UCMbITAHNIA B COOTBETCTBUM C pasfenom 7.

OnpegenexHve pasMepoB NPUMEHSIOT, eC/IN 3NIEKTPUYECKOe None NPpUeAN3NTENbHO O4HOPOAHO (CM. NpuU-
MeyaHue). na ToNCTbIX CNoeB TBEPAON nsonauum ¢ c, r 0,75 MM NMKOBOE 3HAYeHWEe HanpPsXXeHHOCTK nonsa E
[LOJDKHO GbITb He 6onee 2 KB/MM. Ana TOHKMX c/ioeB TBepAol nsonauum ¢ r/, S30 MKM NMKOBOE 3Ha4YeHne Ha-
npshKeHHOCTW Nons E fonxHO 6biTb He 6onee 10 kB/MM. 115 BblYMCAEHWI MPOMEXYTOUHbIX 3HAYEHWA TONLWMH
¢/, > d> dopgomkHa npumeHaTbea hopmyna (3) (CM. Takke pUCYHOK 3).

0)

MpumeyaHne — B AaHHOM KOHTEKCTE 3/IeKTPUYECKOE NOMe SIBASETCA NPUGI3UTENBHO OLHOPOAHBIM, €CMN
pasfiMunB 3HaYEHWn HanpsXXeHHOCTV NoNA He npesbiwaeT + 20 %.

lMprvMeHeHne HanpsHKeHHOCTU Nos 415 onpejeneHns pasMepoB TBeEPAOW N30aaLMmn TpebyeT yCcTaHoB-
NIeHUs NPUGNN3UTENIbHO OHOPOAHOrO Nonsi 6e3 HauyMs NycToT WU BO3AYLUHbIX NOMOCTEW BHYTpU. Tpeby-
eTcs MpoBeAeHNe WCMbITaHUS Ha OU3NEKTPUYECKYH CTOWKOCTb WM UCMbITAHUSA Ha YacTU4HbIA Npo6oi npu
BbICOKOYACTOTHOM HanpshKeHuu, ecnn HanpshKeHHOCTb MO HE MOXET ObITb BblYMC/EHA (Tak Kak nose He-
O[HOPOAHO), NN MUKOBbIE 3HAYEHUS BbILLE NOYYEHHbIX 13 hopMy bl (3) unmn n3 rpadumka pucyHka 3 cooTseT-
CTBEHHO, WM HE UCK/TIOUYEHO Hanmume MycToT Uan BO3AYLUHbIX NOMOCTEW, AN AN1S BbICOKOW YacTOTbl, Takoii
kak 10 Ml'u. MepBbIM NpMMeHsieTCA KpaTKOBpeMEHHOE BO3A4ENCTBME, BTOPbIM — A/IMTENbHOE BO3AENCTBYE B
cooTtBeTcTBUM ¢ IEC 60664-1, n. 3.3.3.2.2.

8
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E. kB/Mm

PucyHok 3 — [lonycTUMble HanNpshXeHHOCTU NoNs AN onpejesnieHns pasmMepoB TBepAoii usonsumm
B COOTBETCTBMM C chopmyoii (3)

7 BblCOKOYaCTOTHbIE UCMbITAHUA

7.1 OcHOBHble TpeboBaHus

CnepytoLne ucnbiTaHNa NPOBOAATCA NPU YacTOTe MPUKNALbIBAEMOrO HaNPsHKeHUs:

- MpoBepka KpaTKOBPEMEHHOI YCTOMYMBOCTM AN BO3AYLUHbIX 3a30pP0OB U Yepe3 TBEPAYH U30M1ALMI0
NPUNOXEHNEM WCNbITATE/IbLHOrO BbICOKOYACTOTHOTO HanpsKeHUs;

- NpoBepka TOro, 4TO OTCYTCTBYIOT YaCTHble NPo6OU B YCNOBUAX CTAbWU/IbHOTO BbICOKOYACTOTHOMO Ha-
NPSYKEHNS YCTaHOBKMW.

Mpy oxunaaemo 60MbLION €MKOCTHOW Harpyske npu BbICOKOW 4acTOTe BbICOKOYACTOTHOE WCMblTaHue
nepBoHavyasibHO NPUMEHSEeTCA K KOMNOHeHTaM 1 coopkam. Ecnu TpebyeTcs COOTBETCTBYOLLEE BbICOKOBO/IbT-
HOe ucnblTaHne KOMNIEKTHOro 060pyAoBaHns, faHHOe UCTbITaHWe A0/MKHO NPOBOAUTLCA B COOTBETCTBUMN C
IEC 60664-1, n. 4.1.2 Npn HanpsHXeHUM NPOMbILLIIEHHOW 4acTOThI.

7.2 VicnblTaTenbHOe HanpaXeHne UCTOYHUKA

VcnbiTatenbHoe HanpsxeHne UCTOYHMKA yKa3aHo B pa3gene D.1 npunoxeHusa D.

7.3 EAVHCTBO ycnoBwii

Ecnu HeT MHbIX yKa3aHuii TEXHUYECKUX KOMUTETOB, UCMNbITaHWe A0/HKHO 6biTh NPOBEAEHO HA HOBOM UC-
nbiTatenibHOM 06pasue. YcnoBums TemnepaTypHOi 1 BNaXHOCTHOM NOAroTOBKM 06pasLua CoCToAT U3:

- €034aHus ycnoBuii, Hanbonee NPUGAMKEHHbIX K HOPMasibHbIM YCI0BUSAM MPUMEHEHNS;

- BbISIB/IEHNSA BO3MOXHbIX NOrPELLUHOCTEN, KOTOpble He NPeACcTaB/eHbl B HOBbIX YC/TOBUSX.

MeTopg, co3gaHnsa efuHbIX YC0BUIA, NpeacTaBnieHHbli B IEC 60664-1, n.4.1.2.1. Takke npuemnem u gns
BbICOKOYACTOTHOIO UCMbITAHUS.
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7.4 VicnbiTaHMe BbICOKOYACTOTHOrO Npo6os

7.4.1 MeTof ucnoltTaHus

Ha BbICOKOYACTOTHYIO AU3MEKTPUYECKYIO MPOYHOCTL OKa3biBaOT BAUSIHUE TeMnepaTypa 060pyaosBaHus
(annapaTta) v ycnoeus okpyxatoleii cpefbl. CnefgosartefibHO, UCNbITAHNE AO0/HKHO MPOBOAUTLCS B YCN0BU-
AX. Hanbonee NPUBAMKEHHBIX K HOPMaJIbHbIM YCOBUAM NPUMEHEHUS, BKOYasA NPEBbILEHNA TeMnepartypbl,
BO3HMKaloLWMe npu HOpMasibHOM NPUMEHeHUN 060pyA0BaHNA. ANNTENbHOCTL UCTbITaHNSA — 1 MUH.

7.4.2 Pe3ynbTaT UCMblTaHUA

He gomkHO 6bITb NPO60EB BO BpeMs NPoBefeHNs UCNbITaHus. ocne ncnbiTaHua He AO0/KHO OblTb BU-
OVIMbIX NOBPEXAEHWUI (TNeHns, cnefoB npoxura u T. n.).

7.5 VicnbiTaHMs BbICOKOYACTOTHOTO YacTUYHOro npo6os

7.5.1 OCHOBHOI4 aHanus

OCHOBHble METOAbl WUCMbITAHUIA BbICOKOYACTOTHOrO YacTUYHOro Npo6osi n3noxeHsl B IEC 60270. Ans
ucnbiTaHmin Ul npo6os HM3KOBOMBLTHOIO 060pyaoBaHua npumeHnmsl IEC 60664-1. n. 4.1.2.4 n IEC 60664-1,
npunoxexne C. HO ANA UCNbITAHWIA NPU BbICOKOYACTOTHOM HaNpPsXXeHUW N3MeHATCA TpeboBaHWs K UcnbiTa-
TeNbHOMY 060PYAO0BaHNI0O U MeTOAaM UCMbITaHUIA, YTO OFOBOPEHO B HACTOSLLEM CTaHaapTe.

B nopsigke MMHUMM3aUMKM pucka paspyLleHns ucnbiTaTenbHOro o6pasua mcnbitaHusa Ha Ul 4omkHbI
BbIMOMTHATLCA MU XECTKUM npoueaypamM ¢ TOUYHbIMU U3MEPEHUAMU U C UCMbITATE/IbHLIM HaMpPsSHXXEHNEM YPOBHSA
HavyanbHOro HanpPsHKeHNs YacTUYHOro NPo6osA. Na KpUTepreEB OLEeHKN NPO60s AO/MKHbI ObITh 3aaHbl HUXKHE
ypoBHu YT, HopmanbHO Huxe 10 nc. Ecnn 3agaHHoe HanpshkeHne MHTEHCMBHOTO UM mMoxeT 6biTb yKasaHo ¢
npefesibHbIMU fonyckamMu 1 NoABEPXKEHO BUAHUIO COOTBETCTBYIOLMMU NapaMeTpamu, TakKUMKN Kak Temnepa-
Typa ¥ BNaXHOCTb, KOTOpblE HE OFOBOPEHbI B NPOLECCe UCMbITaHWM, HanpsXXeHne UHTeHCUBHOro Ul moxet
BK/IIOYATb KO3(PhMLMeHT 6e3onacHocTn F,, paBHblii 1,2 — KpaTHbIM 3HaYeHUAM Hanb0obLUNX NepUoANYECKnX
MUKOBbIX HanpsbkeHuin (cM. IEC 60664-1, n. 4.1.2.4). Ana ycuneHHON n3onauum Heobxoamma oueHka 6onee
XECTKNX PUCKOB, U 419 HANPSHKEHNS MHTEHCUBHOTO Yl TpebyeTcs COOTBETCTBYOLWMIA KoadhununeHT 6e3onac-
Hoctn F, = 1,25 (cm. |IEC 60664-1, n. 4.1.2.4).

Url-ucneitTaHve nepsoHavyanbHO MPUMEHSeTC K KOMMNOHEHTaM, HO BO3MOXHO W WCMblTaHue o6opyfo-
BaHVA. B aTom cnyvae nokanusauunsa nctouHvka Yl satpygHeHa v usmepeHve aMnauTybl Hanpskenusa Url
[OMKHO 6bITh (hYHKLMOHANBHO 3a/10)KEHO BHYTPM annapatos. Bo BpeMs TUNOBbIX UCNbITaHUA ucnbiTaHe Yrl
[O/MKHO NOATBEPXAATb CBOMCTBA U30MALMOHHON CUCTEMbI KOHCTPYKL MK, NPaBUIbHOCTb BbIGOPa N30NALMNOH-
HbIX MaTepunasioB 1 NPaBWIbHOCTb NPoLeayp U3roToBAEHUs. Takme NCnbiTaHsa Takke Heobxo4uMmbl B npoLiec-
ce paspaboTku usgenuii. MonHoTa npouecca NPoM3BOACTBA A0/HKHA NOATBEPXAATLCA 0TOOPOM 06pas3LoB K
KOHTPOJIbHLIMW UCTMbITAHUAMM, YTO ABNSETCA BaKHON OCHOBOW rapaHTuM KayecTsa.

Mpn BbICOKOYACTOTHbIX UCMbITAHUAX HaNPsXXeHUneM TpebyeTcs NoSHOe 3KPaHWPOBaHWE UCMbITATENbHOW
CUCTeMbI 419 UCKYEHNS BIMSHUA HaXOAALWNXCA B OKPYXEHUW APYTUX 3/TIEKTPOHHBIX YCTPOCTB. Takas mepa
3KpaHVWPOBaHWA rNaBHbIM 06pa30M BaXHa C TOUYKM 3PEHUS YPOBHSA B/IMSHWUA BO BpeMs usmepeHuin Yrl.

7.5.2 MeTof ucnoltaHus

B ycnoBusix BbICOKOro prcka noBpexAeHns UCnblTbiIBaeMoro obpastia npu BbICOKOHaCTOTHOM UCMbITaHNUK
NoAbEM YPOBHS HANPSHXKEHNA AO/KEH ObiTb BbICOKMM, MO BO3MOXHOCTM 6e3 Ciyyaes BbixoAa UCMbITaTe/1bHOro
HanpsHkeHus 3a ero npegesnbl. B 0CHOBHOM YpOBEHb NOMEXU BO BPEMS UCMbITAHWSA BbICOKOYACTOTHOMO YacTuy-
HOro Npo60s fo/MKeH 6bITb CyLLECTBEHHO BbILLE, YEM NPU UCMbITAHUM YACTOTOW CMI0BOTO NCTOYHNMKA.

7.5.3 NicnbiTaTenbHOe obopyaoBaHne

M3mepeHne yacTUyHOro npo6osi Mpy BbICOKOYACTOTHOM HaMNpshKeHWn ABNseTcs 60see CMOoXHbIM, Tak
Kak ucnbitateslbHOe HanpsbkeHve n perncrpaums YacTUYHOro Npobos UMEKT Ha/loXKeHWe YaCTOTHOro CrekTpa,
KOTOopoe TpebyeT mpucyLimx MeTofoB pasgeneHus (dunbtpauuun). Ecnm yactota ucnbiTaTeNlbHOro Hanpsxe-
HUA MOXET HaMHOro NPeBbICUTL TPaHNLbl CnekTpa, TpebyeTcs NpPUMEHeHNe YaCTOTHOroO NosIoCOBOro iUnbTPa.
LleHTp yacToTbl 3TOro chunbTpa JO/MKEH HAXOANTHCA HA YacToTe UCNbLITATEIbHOrO HanpsxxeHns. 3T1o elle 6onee
CNOXHO ANA OTAENEeHNS rapMOHUK HECUHYCOUAAIbHOTO UCMbITATENIbHOrO HaMPSXXEeHUA U3 CUrHana 4acTUYHOro
npo6os; cnegoBaTesnibHO, Takue UCMbITaHWs He pekoMeHAOBaHbl ANS Leneli HacToAwero ctaHgapra. Ana ums-
MEpPEHNS MHTEHCMBHOCTM YacTUYHOro NPO60s NPUMEHSAIOTCS LUdPOBbIE 3anoMuHaloLme ocumnnorpadel co-
BMECTHO C OrpaHumyvBsaloLLmMmn nabTpaMun 415 NoAaBNeHNs BbICOKOYACTOTHOMO UCMbITATE/ILHOrO HaMpPshKeHUs.

Mprmepbl YacTHbIX MPO60EB UCMbITaTE/bHbIX Lienel BbICOKOYACTOTHLIM UCMbITATe/TbHbIM HaNpsXXeHneM
npvBefeHbl B npunoxeHun D. Pernctpauus yacTHbiIX Npo6oesB NMpon3BOAMTCS LUMEPOBbLIMU UHTErpaTopamu
LMdPOBbLIX 3anoMUHAOLLUX OCLMANOrPadoB C BbICOKUMU XapakTepUCTUKaMu.

7.5.4 VicnbiTaTenbHasa uenb

M3mepenune Ul npoussogutcs permctpaumein Toka Ur. Ans aToin uenn nameputenbHbii nmnegaHc Rni
nocnefosBaTeslbHO COeAUHAIOT C UCTbITbIBAEMbIM 06pa3LoM. HanpskeHune, NpunoXeHHoe K 3TOMy UMNeAaHcy,
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npuKNaabIBaloT Yepes NosocoBoi huibTp K OAHOMY KaHany LM poBOro 3anomMuHatLLero ocuunnorpada c
BbICOKOYACTOTHOI Mosiocoi nponyckaHusa (6onee 100 MIy) Tak, 4To6bl BMECTE C MUCMbITATENBHOW Lienbio 3TO
COCTaBNA/10 06WMIA 3neMeHT, obecneyrBatoLmii 06y nonocy nponyckaHns 60 MIy. Monocosoit unbTp
orpaHuymBaeT BbIOPOCHI HANPSXXEHUS B Cllydyae eMKOCTHOrO XapakTepa Toka uchbiTbiBaeMoro obpasua. Mpu
3TOM MOXeT 6bITb MosyyeHo spemsa Ul AnnTensHOCTbo 5 nc.

BblCOKOYACTOTHOE UCTMbITATE/IbHOE HANpPsiXeHWe N3MePSA0T BbICOKOYACTOTHLIM BOIbTMETPOM, Y BTOPbLIM
BXOZ0M LM(ppOBOro 3anoMuHaloLWero ocunanorpaga KoHTpoMpyoT (oopMy BoJHbI. [anbHelillee onncaHne
ucnblTaTeNnbHOM Lenu npuBegeHo B D.2.2 npunoxexus D.

7.5.5 Tpebyemas nosoca NponyckaHua ucnbitaTenbHOW Lonu

B cnepytolleii dpopmyne ucnbiTaTesibHas Lenb UMeeT NepBblii NOPSAOK HU3KOYACTOTHON NepexoAHoi
XapakTepuctukm (xapaktepuctuka PT,), NMpoABASAOWMIACA B CHWXKEHWU 4acTOTbl MOJIOCHI MPONycKaHWa A0
HYNA 1 Bbllle YacToTbl Nponyckanus (3 ab) fz. koTopas paBHa NPONyCcKHOM CNOCOGHOCTW KaHana.

PaccmoTpeHune ¢ yueToM adhdpekTa Ha/lMumsl TOUEK pe3oHaHca WM HU3KOWM 4acTOoTbl MPOMYCKaHUs uc-
nelTatesnbHol Lenu onvcaHo B D.2 npunoxeHus D.

7.5.5.1 MnHMmManbHasa nonoca NponyckaHna Ana 3HadyeHusa paspeleHua nmnynbca Yrl

[ns BbICOKOYACTOTHOrO UCMbITATENIbHOIO HANPSXEHUA MOXET 0XNAATbCA BbICOKAs YacToTa NMOBTOPEHNSA
umnynescos Ur. CneposaTtenbHO, 3Ha4YeHne paspelueHns nMnynsca Y moxeT 6biTb BaXHO A5 UCKIIOYEHUSA
HanoXeHns MMNybLCOB. 0 3TOW NPUYMHE MOXET OblTb NPYMEHEHO TOMBbKO N3MepuTenbHoe obopyaoBaHue,
Ha3blBaemoe «LLIMPOKOMOJIOCHbIM». ITO NPOTUBOPEUUT pekomMeHpaumaM, AgaHHbiM B IEC 60664-1 no nosoay
UCMbITAHUIA HANPSH)XEHNEM C YaCTOTOW CUIOBOrO UCTOYHMKA (MPOMBILLIEHHOW YacTOTOMN).

[Ns VCKIIOYEHUSI HaNOXEeHUsA MMMNY/bCOB MUHMMAasIbHAs nosioca NPOMnyckaHusa NS W3MepeHuin Toka
Ul gonxHa 6biTb He MeHee yacToTbl UIM umnynbcoB. 3To ABNASETCA MUHMMalbHbIM TpeboBaHWeM s Toro,
YTO6bI He 6bIN0 NOMYHEHO HANOXEHW hopMbl BOSTHbI MMMYIbCOB YT,

OO6bIYHO AOCTATOYHA YacToTa NpPonyckaHus fz ucnbiTatenbHOro Toka 3HavyeHnem Bbille 5-kpaTHol ya-
cToTbl UM nmnynbLCcoB, geTasnbHO 06 3Tom cM. D.2.2.2.1 npunoxeHus D.

7.5.5.2 MnHnmanbHas nosioca nponyckaHua ang aHanvsa umnynsca Yrl

B nopspgke aHanusa ucTouHuka curiana Ul v npoeefeHnsa aHannsa hopmbl U pasmepa nycToT, Npounso-
weawmnx ot Y. tpebyetca Hambonee WMpokas nosoca nponyckaHvsa. [anbHeliwne getanu npuBeseHsl
B D.2.2.2.2 npunoxeHus D.

7.5.6 OnpegeneHne pasMepoB UCNbITATeNbHON Lenn

TouHoe onpefeneHne pasmepoB AO/IHKHO UCKNIOUNTL HaNOXeHe nmnynscos YUl 1 no3BoNUTL NPOBECTH
aHanun3 opMbl BOMHbI UMNynbca Yr. Takoe onpefeneHne pasmepos TpebyeT HEKOTOPOro aHasim3a ucnblita-
TeNnbHOW Lenu, 4To npeacTasneHo B D.2.2 npunoxexuns D.

7.5.6.1 BnusiHne ucnbitaTeNbHOM Lenn Ha NepexofHble XapakTepucTukm

[na apexksaTtHoro socnpoussegeHus umnynscos YUl Tpebyetca npubansuTensHo anepuoanyeckasn 3a-
BMCUMMOCTb WCMbITATE/IbHOW Lenn 1 C BbICOKON BEPOATHOCTLIO MOBbIWEHNE YacTOTbl nponyckaHus fc. fanb-
Helilune getanu npusegeHsl B D.2.2.3.3.1 npunoxeHus D.

[ns nonyyeHus anepuogvyeckoi 3aBUCUMMOCTU WCMbITATENIbHON Lenu cymMmapHas WMHAYKTUBHOCTb L
cknafblBaeTca U3 UHAYKTMBHOCTM MPOBOAHWKOB [/1 1 koHAeHcaTopa cBasn LK

L~ LV+ *<* )]

KoTopas fo/MKHa ObITb OrpaHnyeHa
RIC

LZ- ®
roe Rm— n3mepeHHsblIil umneaaHc aAns toka Url. 3dgekTneHas emkocTb C cocTaBnsieT

)

C eMKOCTbIO ucnblTatenbHoro obpasua C3.
B aToM cnyyae BepxHsAa nponyckaemas 4yactoTa fc go/mkHa 6biTb NPUGAN3NTENBHO BbIPaXKEHHOM, Kak

ans obpasya RC uenu
t'sbr J

HuxHee 3HayeHne Nponyckaemoi YacToTbl paBHoO 0.
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7.5.6.2 BnusHue KoHAeHcaTopa CBA3W Ha nepexofHble XapakTepucTuku

BnusHue BennuuHbl Ck KOHAeHcaTopa CBfA3W (NepexofHOoro KoHAeHcaropa) Ha nepexofHble xapakTe-
PUCTUKN UCNbITATENbHON Lenn, oueHeHHoe B D.2.2.3.4 [5] npunoxeHns D. o4eBUAHO AEMOHCTPUPYeT, 4To
3TO B/MSIHWE OYeHb BEMIMKO M YTO Manas eMKOCTb KOHAeHcaTtopa, CpaBHUMMas C eMKOCTbI0 WUCMbITaTeNbHOIo
obpasua Cy Henpuemnema.

MepexofHble KOHAeHCATOPbl Masioi eMKOCTW CHMXAKT YPOBEHb W3MEPSIEMOro CUrHana, YTo AO/HKHO
yunTblBaTLCA B MpoLecce kanmbpoBku. OfHaKo YyBCTBUTENBHOCTL Lienu ucnbitaHns Y takke fomkHa 6biTb
CHWxeHa. [ipyroii npo6nemoii ABNSETCA BbigeNleHne U3MepseMoro curHana npyu nNpuMeHeHWn nepexogHoro
KOHAeHcaTopa mMasnoi emkoctu. M3 D.2.2.3.4 npunoxeHus D oueBngHO, YTO MUHUMasbHasA eMkocTb Cy = C3.
B03MOXHO, YTO €MKOCTb A0/MKHA 6bITb Cv* 10C3.

HeobxoanMmoe 3HayeHne eMKOCTU MepexofHOro KoHAeHcaTopa 60/blue 3TOr0 3Ha4YeHus, U 3TO 3Haye-
Hune TpebyeTcsa AN anepuouYeckoil 3aBMCMMOCTU UCnbITatenbHol uenn [cm. 7.5.6.1, chopmyna (5)].

7.6 TMpumepbl pe3ynbTaToB UCMNbITAHWIA

[N5 HU3KOBONIbTHOMO 060PYA0BAHNSA AO/HKHO 6bITh UCMbITAHO MHOXECTBO KOMMOHEHTOB C NPUMEHeHeM
BbICOKOYACTOTHOIO Hanpsi)XeHWsl. BOMbLUMHCTBO AaHHbIX — COBCTBEHHbIE. HEKOTOPbIE OCHOBHbIE Pe3ynbTaTbl
npeAcTaBneHbl B NpuioxeHnn D.3.

8 HeCVIHyCOVI,EI,a}'IbeIe HanpsxeHuna

8.1 OCHOBHOW aHanm3

Hactoswwii ctaHgapT paccMaTpyBaeT U YUUTbIBaeT BIUSIHUE CUHYCOMAASIBHOTO BbICOKOYACTOTHOTO Ha-
NPsHKEHWs1 HA onpejefieHne PasMepoB U UCTbITAHUS U30M1sLMK. TPaKTUYECKN BO MHOTMX C/ydasXx peasibHo
BO3elicTBYylOLLEE CTPECCOBOE HanpshkeHue Janeko oT CUHycouAanbHol hopMbl. MNeproanyeckme nynbcalum
C pesko MeHsiioLLelica popmoii BOSHbI MOTYT BCTPEYATbCS BO MHOTUX 3/1IEKTPOYCTaHOBKaX.

B aTOM cnyyae TpebyeTcs aHann3 rapMOHUYECKX COCTaBASAOLWMX UMNYNbCA U ONPefeneHus COOTBET-
CTBYyIOLLE €My CMHYCOUAANbHOM YacToTbI.

Cnepylouime paccyXaeHvsi He NMPYHUMAKOT BO BHUMaHWe 3ahhekT, Npou3BoauMblii hOpMOii BOSHbI Ha-
NPSHKEHNS. NPUIOXKEHHOTO K U30MALMUN.

8.2 Mepuoguyeckoe MMNYbCHOE HaMNpsXXeHne

MpyMep Takoro HanNpPsHXeHWsI NPUBESEH HA PUCYHKE 4.

8.3 AHanNu3 rapMoHNYECKNX COCTaBAOLLNX

B pasgene E.2 npunoxeHus E npvBefeH aHain3 rapMOHUYECKMX COCTABASIOLLMX NEPUOANYECKUX UM-
My/NbCHBLIX HANPSHKEeHUIA ¢ pa3nnuHoil hopMoii BoMHbI. Bo BCex ciyyasx JOMUHUPYET CNeKTP OCHOBHOM BOJTHbI.
COOTHOLLIEHNE OCHOBHOIi 1 Hambonee BaXHOW 3-ii rapMOHUKM He M3MEHSIETCS MpU neperpyske. 3To Takke
BEPHO [/151 CUMbHBIX KONle6GaHuii, KOTopble HaknafblBaOTCS APYr Ha Apyra.

MoTepaeT—cAimh—

(W oy— Henpsim—

MNoBTapaowmcaTTgeammm m

PucyHok 4 — lMepuoanyeckoe nMnynbcHoe HanpskeHus (cm. IEC 60664-1)

12



FOCT IEC 60664-4—2017

BC/eiCTBME 3TOMO KAKETCS BO3MOXHbLIM OMpefesieHne pasmMepoB U UCMbITaHWe BO3AYLUHbIX 3a30pOB,
paccTosiHMiA yTeukn U TBepAoii N30NALMUM AN OCHOBHOI YacTOTbl MMMY/IbCHOTO HaNPshKeHusl. TakuM 06pasom,
NUKOBOE 3HauYeHWe HECUHYCOWAAIbHOTO HANPsHKeHUs1 PAcCMaTPUBAETCS B CBSI3U C OLEHKOI YCTaHOBNEHHOI
aMnAUTY bl OCHOBHOI BOJSIHbI K 9TOMY MUKOBOMY 3HAUYeHMUIO.

8.4 Tlpouepypa onpefeneHusa pasMepos U UCMbITaHUA

Ons onpegeneHns pasMepoB BO3AYLLUHbIX 3a30P0B BaXKHbIMW ABMSAIOTCA NMUKOBOE 3HAYeHUEe HeCUHYCou-
[anbHOro HanpshXKeHUs 1 yacToTa NOBTOPEHUSA NUKOB HanpsxeHus. Bo3gyLuHble 3a30pbl AOKHbI ObITb CNPO-
€KTMPOBaHbI, Kak AN CUHYCOMAANBHOTO HaMPSHXKEHUA C OAMHAKOBLIMY NMKOBLIM 3HAYEHWEM U YacTOTOW. Ecnu
NoNoXNTENbHbIE N OTPULATENbHbIE MUKOBbIE 3HAYEHUS Pa3/IMYHbI, NPUHUMAeETCA 60/bLuee U3 3HAYEHW.

Lns paccTosiHuii yTeYKM NPUMEHSIIOT 06LLMIA noaxo, Tak Kak YacTHble Npo6ou 1 Nnpobon obnagalT oau-
HakoBbIMU hakTopaMu Ans onpeaeneHust pasmepos.

Ons onpegeneHns pasMepoB TBEPAON U30MSLMU, Kak yxke yCTaHOB/IeHO B 6.3. TpebyloTca B OCHOBHOM
BbICOKOBOJ/1bTHbIE MUCNbITAHNA NP BbICOKOYACTOTHOM HanpsaXeHuwu. N3 aHanusa rapMoOHU4YeCKMUX cocTtaBnAto-
LWX. NPMBELEHHOTO B 8.3. aMNANTyAa OCHOBHOW 4acTOTbl 3HAUUTENLHO Goblue 3-1 rapMOHWKM A5 NOCKOi
¢hopMbl BOSHBI C 6ONBLUMMU NEPUOANYECKMMU BCreckamu. Takum o6pa3om, amnanTyaa CvHycouaanbHoro
ncnblTaTe/IbHOro HanpsXXeHna Ao/KHa COOTHOCUTLCA C NUKOBbLIM 3HadYeHuem 0p|/|rVIH6U'IbHOI7I CbOprI BOJIHbI
WU ¢ amMnanTy ol NepBoi rapMOHKKKM, YTO GosbLUE.

370 NOBbILWEHWE UCNBITATENBHOTO HAMPSXXEHUSA, Kak OTHECEHHOEe K amMnnTyie OCHOBHOW BOJHbI, yUUTbI-
BaeT B/INAHNE BbICLLUUX FApMOHUK, KOTOPOE He oroBsapuBaeTCAa B npouecce UcnbliTaHUA.

B cnyyae Hanuumsa MakCMMasibHO 4acToTbl HanpshxeHus 10 MIL. ecnn HanpsXXeHHOCTb 3N1EKTPUYECKO-
ro nosis NPUMEPHO PaBHOMEPHA W HET MyCTOT WAW BO3AYLUHbIX NOMOCTEN, UMEILMXCH Mexay TBepholi n3o-
nAuMein. B3aMeH UCMNbITaHWA MOXET GbITb NPUMEHEHA NpoLeaypa onpejeneHns pasMepos, onucaHHas B 6.3.

13



FOCT IEC 60664-4—2017

MpunoxeHne A
(cnpaBoyHoe)

MN30NAUNOHHbIE XapaKTepPUCTUKN BO34YLIHbIX 3a30P0OB MPW BbICOKOYACTOTHOM HanpsaXeHuu

A.1 OcHoBHas MHgopMaLma 0 NPo60AxX BO34YLWHbIX 3a30p0B

Mpo6oun BO3AYLIHbIX 3a30POB 06bIYHO NPOUCXOAAT MeHee yeM 3a 1 Mkc. C yyeTOM Takoli BPEMEHHO LuKabl Ha-
NpshxeHne NPOMbILLMEHHOW YacToTbl UMEeT UCKNIOUNTENIbHO NOCTOSIHHYI0 amnanTygy. [ina npumepa, npu yactote 50 Iy
3a 1 MKC amnauTyfa ocTaeTcsa Ha ypoBHe 99 9% CBOEro nuMKoBOro 3HayeHus. BcrefacTsue 3TOro B TeUeHWe pasBuTusA
npeanocbiiok Npo6osi NPo6oit MHULKMMPYET MUKOBOE 3HAYeHWe HanpshkeHus. [na BO3AyLWHbIX 3a30pOB B pamkax Lenei
HacTosLWwero cTaHjapTa 3To pesynbTar naeHTuduKaym nepemMeHHoro HanpskeHnst (MMKoBOe 3HauveHne) U MOCTOSAHHOTO
HanpshkeHns npo6os.

Y 60/iee BbICOKMX HACTOT CHUXEHNEe HanpsXXeHWs OT ero NMKOBOro 3HaYeHNs 1 faxe U3MeHeHne NoNspHOCTH A0XK-
HO 6bITb YYTEHO B CBSA3M C pa3BMTMEM Npo60os. STOT ahhekT N03BONSET NOBbIWATL HANpPsHXXeHne nNpobos.

Nanee adhhekT noHn3aunn (KOTOpPbI NCKNIOYNTENBHO NO3UTUBEH), NPOUCXOAALNI B Te4eHne Havana npobos, He
[O/MKEH paccMaTpuBaTtbCs. ATa MOHU3ALMS NMPOUCXOAMT Ha rpe6He NoyBOJHbI, W 3TO UCKIOUYMTENBHO AOCTATOYHOE Bpe-
MS 419 NepeHoca Ha 3/1eKTPoAbl B TeueHune JasbHelileil yacTu noayBosnHbl. B To xe Bpems npu 60MbWwnX 3a3opax uim
npu BbICOKOI 4acToTe NOMSIPHOCTb MOXET MOMEHATLCS A0 WOHM3aUUW, ucxogslleli U3 Bo3ayLIHOro 3asopa. OTo MOXeT
NposIBNATLCSA B NCKAXEHUN 3N1EKTPUUECKOro MOMA U [/IOKET CHMXaTb HanpsxeHne npobos. CpefHAs CKOPOCTb V MOHM3a-
uun coctasnset npuéansnTensHo [1J

v =6-102"L (A.1)

ANna AaBneHunsa sosgyxa 16ap. B TedeHne nHTepBana BpeMeHu Mexay rpebHem BO/HbI U HY/1eBbIM 3HaYeHneMm (nepeceue-
HUe IMHUK BOHOI) NOHN3aLUSA NPOXOAUT creAyolee paccTosHue s [2]

s— v (A-2)
241
yto coctasnsieT 1,91 m ans yactotbl 50 I'y. CnegoBaTenbHO, NPY NMPOMbILWJIEHHON YacToTe JaHHbI acnekT MOXeT GblTh
BaXKeH TO/IbKO AN 0YeHb 6ONbLINX BO3AYLLIHbIX 3230p0B. O4HAKO eC/in yacToTa NpubanmxaeTca K AgnanasoHy, NpeBblLlato-
Liemy Kunorepupl, 418 MasblX BO3AYLLHbIX 3230p0OB 3TOT 3 EKT CTAHOBUTCA BaXHbIM.
HanoxeHne o6onx adhpekToB NpeacTaBNeHO pe3ynbTaTtoM B TUMUYHON KPUBOI, KOTOpas NokasbiBaeT MUHUMYM Ha-
npsxeHnsa Npo6os ANA onpefenieHHo YacToTbl /TT B pailoHe 3HavyeHns 3 MIy.

A.2 DKCnepuMeHTaNbHble 3HaYeHUs

A.2.1 PacnpejeneHve o4HOPOAHOIO U NPUGIN3UTENIbHO OJ4HOPOAHOTO NONSA

[lns BO3AYLIHbIX 3a30p0OB B pacnpejesieHHoM OJHOPOLHOM MoJie 3Ha4YeHre HanpsXxeHus npobos n0 npeacraBneHo
Ha rpadukax pucyHka A.1 [3). Ana yacToT B AnanasoHe 25 Ml HanpsxeHne npo6os Npu6AN3MTENbHO OANHAKOBO CO
3HayeHune ansa 50 Y. Mpadumk Takke AEMOHCTPUPYET, YTO 3HAYEeHNe BO3AYLIHOro 3a3opa ABNAETCS BaXHbIM napameTpoMm
C y4eTOM ero CBOWCTB.

C y4yeTOM NpPUMEHEHUS NPefCTaB/IeHHbIX YacTOT YPOBEHb HAUYMHAIOLWErOCA CHUXEHUS HanpsXeHus npobos ¢ po-
CTOM 4acTOTbl NpeAcTaBnseT 60/blUOA NHTepec. STOT ypoBeHb YacToThl nopaaka 3 My 6onee geTanbHO MokasaH Ha
rpachukax pucyHka A.2 [4]. OTv gaHHble BaxHbl 415 LeNein HacTosiLero ctaHaapTa.

Kak BbIBOA, AN YC/IOBUI OAHOPOAHOrO MO MakCMMasibHOE CHUXEHWe HanpsxeHus npob6os Ub— Ha 20 % Huxe
3Ha4YeHnsa aToro HanpsxxeHua npu yactote 50/130 My. Kputuueckas yactota Kit- oT KOTOPOI NPOMCXOAUT CHUXEHME Ha-
npsixeHus npo6os [2] Ans 3HaveHns gaBneHnsa Bosgyxa 1 6ap. 3aBUCUT OT 3HAYEHWUA BO3AYLUHOrO 3a3opa B c/eyloliem
nopsigke

fo=_r
err  r.d

Kak MOXHO BUAETb 13 LONONHUTE bHOI KPUBOI cornacHo oopmyne (A.3) B pucyHke A.2, 3TO eCTb HEKOTOpPOE OTKJ/10-
HeHve Mexay UMelLWnMNCS dKCNepUMeHTa/IbHbIMU JaHHbIMU W KPUTUYECKOK 4yacToTol, nonyveHHol us dopmynsl (A.3).
Ecnu aKkcnepuMeHTasibHble AaHHble HEeMOJIHbIe U NX TOYHOCTb HEM3BeCTHa, AN uenei onpefeneHns pasmepos A0/KHA
npumeHaTbea hopmyna (A.3).
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Utj (nvkoBoe 3HayeHwue). kB

O-cY =20MM X-##=25um &-</=3.0mMuy
n-d-35mMm ¢ -d-4X)vM

Ub — Hanpsixenue npo6osi: d — Bo3aywHbIi 3a30p

PucyHok A.1 — lMpo6oii B 04HOPOAHOM NOJie NPV BbICOKOW YacToTe B BO3AYLLHONM cpege npu atMocthepHOM AaBleHUN.
ananasoH yacTtoT 50 'y — 24 MIy (3]
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(nvkoBoe 3HaueHwe). «B

+ - tf*06mMm X — 10vm O —d* I.Smm
X - d=20MM & - d=25um 4 - 9=30wmm
e - tf=35mMm Vv - d=40um O —0=4,0mm
m - d=6.0Mm — OOCWITBA.3
Ll, —HanpsxeHne npo6osa; d— Bo3AywHbI 3a30p

PucyHok A.2 — TMpo6oii B 04HOPOAHOM MOJie NPU BbICOKOI YacToTe B BO3AYLIHON cpeje npy aTMOCepHOM AaBleHUN.
AvanasoH yactoTt 50 My — 2.5 MI'y, [4]
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A.2.2 PacnpepeneHue Heo4HOPOAHOIO nons

[ns ycnoeuii HEOAHOPOAHOrO MOMSA MPU CTPECCOBOM BbICOKOBO/IbTHOM HamnpshKeHWW, ecin NoBblaeTcs Hanps-
XeHMe YacTU4YHOro npo6os (KOpPOoHbI), HEBOOPYXEHHbIM B3INAA0M MOXHO BUAETb CBETOBOM adhdpekT npobos, 6An3Koro kK
uronbyaTomy Tuny. Mocne ganbHeliwero NOBbIWEHNS HANPSXEHUA B 3TOl 061acTu 3TOT KaHan HauYvHaeT NepeHoCcUTb Mo
Hanpas/IeHN0 K MPOTUBOMOMOXHOMY 3/1EKTPOAY BO3HMKalOLWMA Npoboii. Takum o6pa3om, oYeHb BeposTHa Aerpagauus
MronbIraToro Tuna. 370 NPOAEMOHCTPUPOBAHO Ha PUCYHKe 3.

PucyHok A.3 — Tpo6oii nronbuyatoro Tmna Ao (BBepxy) U nocne (BHW3Yy) Npo6osi

[ns ycnosuii HEOLHOPOAHOTO NOMSA KPUTUYECKas YacToTa MOXeT Mo-npexHemy 6biTb NPUGANKEHHON K 3HA-
yeHuto popmynbl (A.3). Bbiwe YacToTbl B/IMSIHME 4acTOTbl Ha HanpshkeHne Npobos 60/1ee BaXHO MO OTHOLIEHUIO K
YyCNOBUSIM OHOPOAHOTO NossA. CHUXEHNE HanpshkeHWs nNpo6os No cpaBHEHWIO ¢ YacToToil 50 'L rnoxeT 6biTb Gonee
50 % 11].

B nocnegHee BpemMs Obln BbINOMHEHbI 60/iee feTaNbHble n3mepeHunsa Ul HavyaibHbIM HaNpsHXeHWeM 1 Hanps-
XeHnem npobos HeOAHOPOAHbIX NoNoCTell (TOYeUHbIMU 3NEKTpoAamMu) B BO3Ayxe Npu atMocdepHoM fasneHun [5]
n (6]. Tak Kak TOUYKM WUrN 4PEBOBUAHO NPOBOAALMNX anekTpoAoB (Ogura) umetoT paguycbl 5. 30 1 100 MKM 1 TpybKu
C OfjHOHanpaB/eHHbIM TeYeHneM, B COOTBETCTBUMN C ISO 7864 [7] MOryT 6biTb NPUMEHEHbI UroNbYaTble 31eKTPOAbI
C paguycom npuéausnTenbHo 5 MkM. MpuMeHsaTCa npeumylecTBeHHO 60n1ee No3fgHue 3N1eKTPoAbl, HasbiBaeMmble
BB-urnamu.

B OCHOBHOM urosnb4yatble 31€KTPOoAbl MOTYT NPUMEHATLCSA ANA MOAEMPOBaHNA HEeOAHOPOAHOrO Mons, ecnu ad-
dhekTMBHAsA ANMHA UMbl NPUGAM3NTENbHO cocTaBnseT TPexXKpaTHblli BO3AyLWHbIA 3a30p [8]. CnepgoBaTensHo BB-urnbl ¢
athheKkTMBHON AANHON UMb, NPUGAN3NTENBHO paBHOK 20 MM. MOTYT NPVMEHATbLCA AN MakCMMasbHbIX BO3AYLIHbIX 3a-
30p0B 7 MM.

CpaBHeHue pe3ynbTaToB U3MEPEHWIi Ha pUCyHKe A.4. KOTOPbIE BbINO/IHEHbI Npu yacToTe 100 kY. feMOoHCTpUpy-
10T, UTO HET 3HAUUTE IbHOW pa3HuLbl B noBeAeHun Tpex urn (Ogura. 30 u 8 MkM) 1 BB-urnamu (NpuGamM3nTeNbHO 5 MKM).
B coOTBETCTBMM C PUCYHKOM A.4 MeHbLUVEe 3HaYeHus nosydeHsl BB-urnamu.

Tak kak 3aTyxawuiee HanpsbkeHue Yl mHoro 6onblue penpoayuupyeTt, 3TO AO/MKHO 6biTb NPeayCMOTPEHO. DTO
MMeeT CyLleCTBEHHOE 3HaveHve AN onpeaesieHnsa pa3Mepos, Tak kak Yl MoxXeT HauyaTbCa Npu KpaTKkoBPEeMEeHHbIX nepe-
HanNpPsHKeHUAX 1 MOXET He 3aTyXHYTb NPU MHOM CTabunbHOM HanpskeHun (cm. IEC 60664-1, n. 4.1.2.4).

W3 aToro n3mepeHus sartyxatwouiero HanpsxeHnusa U gna yactotel 460 kI'y Ha pucyHke A.5 [6] BMecTe ¢ Hanpsxe-
Huem npo6os npoussefeHa n npefactasfieHa oueHka. NprYMeHATCA NocneHne UCNbITaHUSA, OrpaHNyYeHHble MakcuMalb-
HbIM MCMbITATE/IbHLIM HANPSAXXEHNEM UCTOUHMKA.

[JanbHelilne ncnbiTaHNa fOMKHbI GbiTb NPOBEAEHbI ANt YacToTbl 1 MIL. Kak pe3ynbTat, Ha pucyHke A.6 nokasaHbl
HanpshkeHusa 3aTyxaHusa Ul v HanpsbkeHus npo6os [6]. s BO3AYLWHbIX 3a30p0B MeHee 1 MM HauvanbHbIii UM 6113ko co-
BnagaeT ¢ Npo6oem, Tak YTO HEBO3MOXHO WX Pa3NNynTb.

Ans yacTtoTbl 3 Ml MOryT 6bITh NPOBEAEHbI OrPaHNYeHHble 3KCMEePUMEHTbI C NOyYeHNeM HEKOTOPbIX He BrosHe
[OCTOBEPHbIX flaHHbIX. DTN AaHHble NPU6AN3NTENBHO OAVHAKOBbIE C AaHHBIMU, NOMyYeHHbIMK Npu YacToTe 1 MIu. Cne-
floBaTeslbHO. paccMaTpuBaeMble AaHHble, Noka3aHHble Ha pUcyHke A.6. yMeCTHbI AN onpefeneHns pasmepos Ansa uenei
HacToslwero ctaHgapra.

CneplyeT OTMETUTb, YTO YPOBEHb NOAbeMa UCMbITaTeIbHOTO HaNpPsXXeHWs B HEKOTOPOIi CTeneHn BAUSET Ha pesy/b-
TaTbl U3MEPEHUI HanpsHxeHns Havana 4rl.
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Ut (NukoBoe 3HaueHve). KB

I/, — HayanbHoe Hanpsixenne UM, d — Bo3aywHblll 3a30p

PucyHok A.4 — HauanbHoe HanpsbkeHue UI B BO3Ayxe Npu aTMochepHOM faBfieHun aas vactoTsl 100 kL. ToueuHble
371EKTPOAbI C Pa3MUHBIMU PafUYCamMn TOUKUA

U (nvkoBoe 3HaueHue). kB

Ua — HanpsixeHue 3atyxanns UYM; Ub— nanpsxexne npo6os; d — BosgywHblil 3a3op

PucyHok A.5 — HanpsikeHus 3aTyxaHus UM n HanpsxeHus npo60osi B BO3Ayxe Npu aTMochepHOM gaBneHunn
Ons vacToTbl 460 KU, ToYeuHble anekTpoabl ¢ BB-urnamu [6]
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U (nukoBoe 3HaueHue). *B

Uv & nanpsxenue 3atyxauus U/; Ub — nanpsixenue npo6os, d — Bo3AywHbIi 3a30p

PucyHok A.6 — HanpsixeHus 3atyxaHus Ul n HanpsixeHnsa npo6os B BO3AyXe Npu aTMocepHOM AaB/ieHUn
ANns yactoTbl 1 My, ToyeyHble anekTpoabl ¢ BB-urnamu [6]
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MpunoxeHne B
(cnpaBoyHoe)

MN30NAUNOHHbIE XapakTepucTuku paCCTOFIHVIVI YTEeUYKN NMPU BbICOKOYACTOTHOM HanpsaXeHuun

B.1 XapaKkTepucTUKN N30/ALNOHHOW CTOWKOCTU PACCTOAHUIA yTeukn

B IEC 60664-1 TpekuMHI paccMaTpuBaeTCs TOJIbKO Kak fiBNeHue, Tpebylouiee yyeta nNpu onpeseneHun pasme-
poB paccTosHuii yTeukn. OfHaKo nocnegHne gaHHble [9] AaloT fokasaTenlbCTBa TOr0, YTO ANA XECTKUX YCNOBUIA OKpY-
Xawwien cpefbl U ecnn NPUMEHAEeTCAa He CTONKWIA K TPEKUHTYy maTepuan, TO/bKo 3TO npumeHumo (cm. IEC 60112).
B 60nee 6naronpuAaTHbIX YCNOBMAX OKpYXatoLlei cpeAbl TPEKUHT MeHee BaXeH [4N1A onpejefnieHnsa pasmepos. B atom
cnyvyae, 0CO6EHHO A1 MasiblX PacCTOSIHUIA MeHee 2 MM. HanpskeHue npo6os, MpPUIOXKeHHOEe K NOBEPXHOCTW U30N5-
LMOHHOTO MaTtepuana, CHUXaeTCa BCNeACTBME 3arpsi3HEHWIA, 1 3TO J0/IKHO YUNTbIBATLCA NPU ONpejesieHnn pasmepos
(cm. IEC 60664-5).

[NA He3HauuTeNbHbIX 3arpsisHeHnit, 1 0CO6eHHO Manblix pasmepos, NPo6oi No NOBEPXHOCTU U30NALUK Npea-
CTaBNAETCA BaXHbIM ANA ONpefeneHns pasMepos, W A0/HKHO paccMaTpuBaTbCs BAWSAHUE 4acCTOThl Ha HaMpsXeHus
npo6os.

B.2 YcnoBua akcnepumeHTa

McnbiTaTenbHbli o6pasel 415 M3MepeHuii xapakTepUCTUK M30/IALMOHHOW CTOMKOCTN HEOOMbLLNX PACCTOAHWI yTeu-
KW npeAcTaBneH Ha pucyHke B.1. MaTepuasbl, KOTOpble BK/OYEHbI B UCCNefoBaHne, ykazaHbl B Tabnuue B.1. Mpumens-
NINCb W3rOTOB/IEHHbIE MO CTAHAAPTHON MPOMBbILIIEHHOW TEXHOMOTUKU NPOBOAHVKKA MeyaTHOro MoHTaxa. Obpasubl 6blan
yucTble 1 6e3 NoKpbITUA. Kaxaas ctopoHa vMena 15 nsmepuTtenibHbIX TOYEK MeXAy napasniefibHbiMy NpoBoAHNKaMuK. Ha
pucyHke B.1 Takxe mokasaHbl HOpMaslbHble PacCTOSIHUS 3NeKTPoAoB. V3mepsanuch oba HanpshkeHus UM n HanpsxeHne
npo6os.

Ana nsmepenus HanpsxkeHuii UM v HanpsxeHns npo6os ypoBeHb NoAbeMa UCMbITATEIbHOIO HanpshXeHWs Bblbnpa-
nun npu6nusutensHo 300 B/c. Takum 06pa3omM, 3TO rapaHTUPOBAso, YTO He GyAeT 3HAUUTENbHbIX NOBPEXAEHU UcnbITa-
TenbHOro obpasya BO BpeMs UcnbiTaHns. ECnn ANs BbICOKOYACTOTHOrO UCMbITATENBLHOMO HaNpPsXXeHNs ypoBeHb nogbema
3HauMTeNbHO Gonee HU3KKIA (NprMepHo 10 B/c). BO Bpemsi NCNbITaHWA MOXET NPOM30ATM NOBPEXAEHNE OCHOBHOIO Mare-
puana. 3ToT pe3ynbTat M3MepeHnit HanpsXXeHunii Npo6os CHUXaeTCsA Ha BeNMUnHY nopsgka 10 %.

4* 0,16 Mmm

4 * 0.4 Mm

-3*1.0 mMm

j- 2* 2.5 Mm

2* 53 Mm

PucyHok B.1 — WcnbiTaTenbHblii 06pasew AN n3MepeHuin HanpsixeHuin Ul 1 BbiAepXUBAEMOro HanpsXxeHus npo6os
paccTosiHWil yTeukn He 6onee 6.3 MM
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Ta6nunya B.1 — Marepuasnbl, NPUMEHEHHbIE B UCCNE[0BAHUN

Knaccudpvikauyist Matepuasion

B

OnucaHHble MaTepvanb
CTekno-anokcugHelit namuHat FR4
MonnacTtepoBas pe3uHa (TepmopeakTuBHas), Tun 802

PeHonbHaa pesuHa, Tun 31,5

FOCT IEC 60664-4—2017

MonnamugHas nneHka naMmHUpoBaHHaa CTEKI0-3NoKCUAHLIM naMnuHaTtom FR4

MonunacTtepoBsblii nammHat GPO I

MenamunHoBas pesuHa, tmun 150

B.3 3kcnepumeHTanbHble flaHHble
PesynbTathbl UCNbITaHUA NOKa3aHbl Ha pucyHkax B.2 n B.3: 6onee getanbHoe onucaHue npuseseHo B [5]. Mpu cpas-
HeHun yactoT 100 kY 1 1 MIy NnprbnnsnTenbHoOe OTAINYNE HaNPsSHXKeHUA HavabHOro YacTuyHoro npo6os (UM) 66 %. Mpu
yactote 3 My 8TV 3HAaYeHUA gasiee CHUXKeHbl NpubnnsutensHo Ha 30 %. Tak YTo Heo6xoAnmo obecneunTsb cneynguuHbie
KpuTepumn onpeaesieHnsa pasmMepos, 3aBUCHMbIe OT HAacTOThbl HANPSXKEHUs.

Ug (n1koBoe 3HaueHwue), rB

d —paccTosHue yTeukn

PucyHok B.2 — Pe3ynbTaTbl UCNbITAHWS HANpsbkeHUs 3aTyxaHus UM Ua npu paccTosiHusX yTeuku He 6onee 6.3 MM
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d Mm
* - 100ttfu X - 1MIy - 3 My

d - paccTosiHue yTeukn

PucyHok B.3 — Pe3ynbTaTbl UCMbITAHWSI HANPsXeHust Npo6osi Ub npy paccTosiHMsX yTeukn He 6onee 6,3 MM

HanpsixeHne npo60si MEHee 3aBUCUT OT YACTOTbI HaNpskeHus. Tem He MeHee 3P EeKT HaCbILLeHUs, KOTOPLIi Ha-
6ni0Aasncs A5 BO3AYLIHbIX 3a30pOB, TaK CW/IEH, YTO MOYTU HET HUKAKOro YBENUYeHUs HanpsbkeHue npobGosi, KoTopoe
MOXET 6bITb MOYYEHO N3MEHEHWEM PACCTOSIHWS HA YPOBHE HECKO/IbKAX MU/IIMMETPOB.

Bo BpeMsi n3MepeHuit HanpskeHnsi NPo6os y MHOTMX MCMbITaTeNbHbIX 06pa3LoB 6a30Bblii MaTepuan UMnu anek-
TPOAbl NOBPEXAAOTCS. VICTOYHUKOM 3TOr0 NOBPEXAeHUsi GbiBaeT NPOBOAUMOCTbL W30/ISILLMOHHOMO MaTepuana, cesizaHHas
C AByMsi MexaHu3mamu paspylieHusi. OfUH U3 HUX — pacniaBiieHne maTepuana 3MekTpoLoB BO Bpems npo6osi Bcies-
cTBUe 60/bLLION 3HEPrMK pa3paga. ipyroe sisfieHne BCTpedaeTcs Bo Bpems UMl nepeg npo6oem, 1 ABNsSeTCs pesyibTatom
Aerpajalumy 0CHOBHOTO mMatepuana.
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MpunoxeHne C
(cnpaBo4HoE)

MN30NAUNOHHbIE XapaKTepucTuku TBep,EI,OVI n3onAaunnm Nnpm BbICOKOYaCTOTHOM HanpsAXeHuu

C.1 MexaHu3m gerpajgaunu TBepAoi n3onsaumum

B cpaBHEHWN C xapakTepucTukaMmn U30MALMOHHbBIX MPOMEXYTKOB B BO3AYLLHONM cpefe TBepaas U3onaumns Moxet obe-
CneunTb, NO KpaiiHeli Mepe Ha Nopsaok, 60/1ee BbICOKYI0 aMNIUTYAY HANpsXEHWsi CTOMKOCTY NoNs K Npo6oto n3onsauuu. Tem
He MeHee 3Ta CTOWKOCTb NONs K NPO60t0 OKkasblBaeT 60/bLIOE BANSHWUE HA NapaMeTpbl, Takvue Kak TONWWHA N30NALUK, TeM-
neparypa W30M5LMOHHOro MaTeprana u 4anTebHOCTb 3/1EKTPUYECKOTO CTPECCOBOro Bo3aeiicTeus [10). JLo/MKHO 6bITb Takxe
paccMoTpeHo cneuudmyeckoe BANsSHNE, CBS3aHHOE C KOMMNO3WLMSIMI 1 TEXHONOMMel npon3BoAcTBa MaTepuanoB. OTHOCHK-
TENbHO MasnblX TONAWWMH n3onauum (< 0.1 MM) 1 KPATKOBPEMEHHbIX CTPECCOBbLIX BO3AENCTBIIA B OCHOBHOM MOXHO CKasartb,
4TO O4eHb 6oNblUAas CTOWKOCTbL NONS K Npo6oto nopagka 100 kB/MM MoXeT 6bITb NoNyYeHa Npy NPOMBbILLINEHHON’ YacToTe.

TemM He MeHee B MPaKTUYECKOM NPUMeHeHUM 6oMblias CTOMKOCTb NoMs K Npo6ot TBEPAOHA M30NALUN [ANTEKO He
Bcerga vucnonb3yeTcsi. B cnyyae nonocteil B Matepuane uan Bo3ayLHbIX Ny3bipeii Mexay Cnosimm U3onsLuoHHbIX CUCTEM
UM MOXET NPOM30WTH NPU HANPSKEHUU HUXKE HanpshkeHWs Npo6osi. TakuM 06pas3oM, ras BHYTPW MOOCTEN HA KOPOTKMi
nepuos BpeMeHN CTaHOBUTCS NPOBOAALLMM: U30NALUUA TEM He MeHee He NpekpaliaeT CoOnpoTUBAATLCA OocTalLWwUMucs
yacTamMu TBEPAOIN M30NSUMU. 3aTeM B TEYEHME YAaCTUYHOTO NPO6Os MPOUCXOAAT NPO6GOM B MOMOCTSAX, 3aNO/IHEHHbIX BO3-
LyXOM (MNY @aHaNOTUYHbIMU rasamu), NP OTHOCUTESNIbHO HWU3KOW NPUMOXEHHON HANPSXEHHOCTU nons. [lansbHeliwemy ycy-
ry6neHunto pe3ynbTaTtoB CNOCOGCTBYET TOT (PakT, UTo 4/19 CTPECCOBOIO NEPEMEHHOTO HANPSXEHNUSA XapakTepeH eMKOCTHbIN
XapaKkTep HanpsXeHUs CETU, U COTNacHO CPaBHUTENIbHO BbICOKOM AN3NEKTPUYECKOI MOCTOSAHHON TBepaoit usonauum 60b-
e hparMeHTbl NaAeHNUA HAMPSHXKEHUS NPUKNAALIBAIOTCA K 3aM0/IHEHHBIM ra3oM MoiocTAM. Takum 06pa3om, M30umpyto-
WKt ras ewe 6osee NOAYEPKUBAET CHUXEHNE CTOMKOCTM NONS K NPOGOIO.

B peasibHbIX U30MIALMOHHBIX CUCTEMAX YaCTUYHbI NPOGO MOXeT BCTPeuaTbCs NPU HAMPSHKEHUAX HUXE Hanpsxe-
HUS Npo6os. Mpy 4NUTENBHOM BO3AENCTBUM 3TO BEAET K ECTPYKLUM BIU3KO PACMONOXKEHHBIX U30NALMOHHLIX MaTepua-
nos [11]. Kak nokasaHo Ha cregylouiem npumepe, AMTENbHOCTL BPEMEHU 40 NPO60s N30MAUNN B HEGNAroNnpUATHBIX yC-
NOBUSIX Tak Mana, YTo faxe B TEYEHUE BbICOKOBOMbTHbLIX UCMbITAHU HANPSXXEHNEM MPOMBbILIEHHON YACTOTbl BO3MOXHO
nospexgeHue TBepaoit usonsaumn.

Hanpumep, neuyaTHble NnaTbl, MOKPbITbIE U30MAALMOHHLIMK NaeHKamu [12). paccmaTpuBatoTCsi, Korga HanpshkeHue
NPUNOXEHO MeX Ay NPOBOAHNKaMK 1 NpUneTaloWyMy MecTamu naiku, HopMasbHO PacnoNoXeHHbIMU HA HOMUHANBHOM pac-
cTosiHUM 0.4 MM. Korgia npuioXeHo BbICOKOE HanpshKeHue, CTOMKOCTb YaCTUYHOTO NPo60s ONPEAENSIeTCA HUKE N30NSALMOH-
HOIA NNEeHKN (MOKPbITUS), Kak chnHaNbHbIA pe3ynbTaTt AeCcTPyKLUKU UCMbITaTeNbHOro o6pasua. 310 NokasaHo Ha pucyHke C.1
NS NOCTOSIHHOTO 3HAYEHWUs UCMbITATENIbHOTO HANPSKEHWST NPOMBbIWIEHHON YacToThl L. paBHoro 3,15 kB (geiicTBytowee
3HaYeHue). ATO UCMbITATENbHOE HANPSXEHNE YXe Ha 45 % Bbllle 3HAYeHUs HavanbHOro HanpskeHus Yrl. pasHoro 2.2 kB
(peiicTBytowee 3HaueHue). McnbiTaTenbHble 06pasybl U3 U30ALMOHHbIE MATEPMaoB Haj/1exallero KauecTsa CrnocoGHsbI
BblZePXMBaTb 3TO BO3AeiCTBNE NPUBAN3UTENBHO 37 MUH C XECTKOCTbIO CTOVKOCTH UM g B AnanasoHe KynoHOB.

Mo.....

A Y

0 5 10 15 20 25 30 35 40
r,YUH
sl - g

PucyHok C.1 — M30nAuMOoHHaA CTOKOCTb NOKPbITUIA K UM, NocToAHHOE ncnbiTatenbHoe Hanpshxenue L (/= 50 y) [12]
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Ha pucyHke C.2 ucnbiTaTeslbHblii 06pasel, NoABepXeH BO3AENCTBMIO NPUBAN3UTENBHO TMHEHO MOBbILIAKLErocs
UCNbITATENBHOTO HaNpsKeHUs LL NpOMbILWNEHHOW YacToTbl C TEMNOM pocTa Npu6an3nTeNnbHo 4 kB B 1 MUH. HavanbHbIi
Un c HanpsixeHnem 2,2 kB (AeiicTBylowee 3HaUYeHNe) OTHETINBO BUAEH. TUMUYHBIM A5 3TOFO WUCMbITaTeNIbHOTO 06pas-
La sBNsieTcs HemegneHHoe nposiBfieHne UM o4eHb BbICOKOW WHTEHCUBHOCTW. VIHTEHCMBHOCTb YT 1 ypoBeHb uMnynbca
UM npu6nn3nTeNbHO NMPONOPLMOHANbHBI 3HAYEHUIO UCMbITAaTeNIbHOTO HanpskeHus. O6pasel, BEpOsTHO, CNOCOGEH Bbl-
fepxaTb 60/iee BbICOKOE HanpshKeHWe TOMbKO Nocne 7 MUH. ATOT NPUMep SICHO NOKa3biBAET, YTO A5 HANPSXKEHUS Npo-
MbILL/IEHHOW YacTOTbl Cr1aXeHHbIe YacTHble MPo6ou MOTryT MOTEHLMaIbHO NPMBECTM K 60/bLIOK AeCTPyKLU B TEYEHWE
OTHOCWTE/NIbHO KOPOTKOTO NEPUOAA BPEMEHM.

U, (geiicTBytoLee 3HaueHune). kB q, r'e

PucyHok C.2 — M30MsILMOHHAsi CTOMKOCTb NOKPbITHA K UT: NMHEHO HapacTaLlee ncnbiTaTeslbHoe HanpsxeHue
L (f= 50 I'u) [12)

B gononHexnne ogHOBPEMEHHO 6biNN PacCMOTPEHbI NATb peasibHbIX 3/1eKTPOYCTAaHOBOK, U YCTAHOB/IEHO, YTO BCE
CTpeccoBble BO3AelCTBUSI U COOTBETCTBYIOLME pa3pyLlunTenbHble ahdekTbl, Npon3olieAlne BO BpeMsa akcnayartaymu
3NekTpoobopyoBaHNA, HakonneHHble. MNpeaBapuTenbHO HakNagbiBanuch afnekTpuyeckne, Tennosble [13] u Takke mexa-
HMYeckue CTPeccoBble BO3AENCTBMA COrlacHO MasiousyyeHHbIM MeToAmkam. MogenmpoBaHme aTux ANUTENbHbIX Tenno-
BbIX BO3/[eiCTBUIA B TeYeHNe COOTBETCTBYIOLIMNX KPATKOBPEMEHHbIX UCMbITAHWA — OYeHb CMOXHaA 3ajada. OTO MOXeT
6bITb OCTUTHYTO TO/IbKO KOMGUHUPOBAHNEM 3N1EKTPUYECKNX UCTbITAHWIA U COOTBETCTBYIOLWMNX YCNOBUIA A4NA UCMbITATENb-
Horo o6pasua. MprMeHuMble 06ycnoBNEHHbIE MeToAbl NpuBeAeHbl B IEC 60664-1, n. 4.1.2.1.

OTn cTpeccoBble BO3AENCTBMA PacnpoCTPaHAT YacTHble npoboun [14]. n nx paspywntenbHblli ahcekt, kKom6u-
HUPYSICb C AN3NEKTPUYECKUM HarpeBoM, MPUBOAUT K PE3KOMY CHUXEHWI0 CTolkocTu K npo6oto [15]. OTo rapaHTupyeT
paspywmnTenbHblil aheKT NPOUCXOAALLMNMI YaCTHbIMU NPO6OSIMM C BO3pacTaHWeM Y4acToTbl HANPSXXEHWUS, YTO yXe npo-
[leMOHCTPMPOBAHO YCKOPEHHbIMU MO BPEMEHU UcnbiTaHuaMu [16].

Bonee npaBunbHO, YTO YCKOpPEHME BPEMEHU BO3MOXHO ANA Lefieil TennoBbiX BO3AEeWCTBUIA (3akoH AppeHuyca,
[17]). Tem He mMeHee faxe 3TO MOXeT ObiTb TONbKO CMOAENNPOBAHO, €C/M 3TO cyyaii xummuyeckoir kopposun. OfHa-
KO €C/IM MexaHu3M yxyAleHus MeHseTca (Hanpumep, ocnabneHne/cmsryeHve BO Bpemsi Pe3koro pocta TemnepaTypbl)
BO BPEMS YCWU/IEHNA CTPECCOBOro BO3AEWCTBMNA, MeTOof YCKOPEeHUs BPEMeHu AonycTUM HeHagonro. B cnyyae TennoBoro
CTPECCcOBOro BO3AeiCTBUS 3TO MOXeT ObiTb /SIerko NpeABUAEHO U yCcTpaHeHo. Tem He MeHee, Korfja npuknagbiBaeTcs
Bo3pacTalwllee 3neKkTpuyeckoe CTpeccoBoe BO3feiicTBME AN AOCTUXEHUS YCKOPEHUS BPEMEHW, MOXHO BCTPETUTb W3-
MeHeHne MexaHu3ma yxyaleHvs [18].

O6bIYHO BaXHbI Ba MeXaHu3ma noBpexaeHus Teepaoi nsonauun. OfUH MexaHU3M NoBpPeXAeHUs SBNseTcs pe-
3yNbTaTOM AU3NEKTPUYECKMX MOTEPb OT BbICOKOrO 3/1EKTPUYECKOr0 CTPECcCOBOro BO3feiicTBusi. BcTpeuarowmiica poct
Harpeea MOXeT MPUBOAUTL K TENSIOBOI HECTabWIbHOCTM U TensoBOMY Mpo6ot. 3TO 06bIYHO MMEEeT MeCcTo B TeyeHue
HECKONbKNX MUHYT U MOXeT OblTb NE€rko NOATBEPXAEHO. [JJoNoNHUTENbHO TBEpAas U30MALMSA MOXeT BKIuaTb rasosble
NnonocTV AN NycToTbl, 06pa30BaHHbIE PA3/IMYHBIMU CIOSAMU U30MALUK, TPaHULaAMU MexXAy U30NMpYoLWrM1 U NpoBoas-
LWMMWN HYaCTAMU UAN HEKAYECTBEHHbBIM U3roTOBIEHNEM WU30/ALMOHHBIX MaTepnanos. B cnyyae masnbix NONOCTeR YacTHble
npo6on MoryT NpUBOAMUTL K OKOHYaTENbHbIM NPO6GOsiM TBEPAOI U30NALMK, AaXKe eCcn AN3NeKTpuyeckoe CTPeccoBoe BO3-
felicTBMe CyL|eCTBEHHO HMXe, Yero HeT npu Tenso0Bom npo6oe.
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Ona TBEPAOK M30NSALMKM YacTOTa HANPSXKEHUS SBNSETCA OYEHb BAXHLIM BAMUSAOLWUM (hakTopoMm. [uanekTpuyeckue
noTepw, Nosly4YeHHble OT HacTOThbl, BblpaxatTcs cnegytoweii popmynoi

Pv=21Pv/ CtanfS. (C.1)

rae Pv— MOLWHOCTL paccemBaHus:
f — yacToTa HanpsxeHus:
U — geiicTByloliee 3HaUYEHNE HaNpsHXeHUs, MPUIOXKEHHOTO Y N30NALNK:
C — eMKOCTb WM30/MPYHOLLETO YCTPOICTBA,;
tan6 — AnanekTpuyeckuii KO3 ULMEHT NoTepb (TAHTEHC NOTePb) U30/IALMOHHOIO MaTepuana.

Hagnexauias 3aBUCHMOCTb JU3INEKTPUYECKOTO KO3(DPULMeHTa noTepb tanS. BAUSIHWE YaCTOTbl Ha AU3NEKTpUYe-
ckue moTepy MOryT GbiTb BbILIE W HUXE OXWUAAEMON NMHeNHOoW 3aBNCUMOCTU. Pe3ynbTaTtoM MOryT SiBAATbCA 6oMbluas
BEPOSITHOCTb TEM/I0BOrO NPOGOS U CHUXEHNE KPATKOBPEMEHHO AN3NEKTPUYECKOI CTOKOCTU.

He npeactaBnseTcs BO3MOXHbIM CMOAENNPoBaTh 3(hHeKT BbICOKOHACTOTHOTO CTPECCOBOrO BO3AEWCTBUSA Hanpsxe-
HUS Ha TBEPAYI U30N5LMI0 Tak YTO HaNU4YMe BbICOKOrO YPOBHSI Takoro BO3AENCTBUSI B OCHOBHOM TpebyeT npoBefeHUs
ncnbiTaHnii TBepAoit M30NALUN BbICOKOYACTOTHLIM HanpseHnem. Cnefyroline aKCnepuMeHTanbHble pesynbTaTtsl MoryT
faTb HEKOTOPYH MHGOPMAaLMIo O 3HAYEHUSX HaMPSHXKEHHOCTU 3M1EKTPUYECKOTO MOJIsA, KOTOPOE NPEeACTaBsieT BbICOKOE
CTpeccoBOe BO3feicTBue cneumduyHoli YacToTbl, Tpebytoweinca AN BbICOKOYACTOTHbIX UCMbITaHWIA.

C.2 OKcnepuMeHTanbHble pe3ynbTaThl

XapaKTepucTKN BbICOKOYACTOTHOIO NP060si BbI/IN U3yYeHbl Ha Pas/IMYHbIX U30MALUOHHLIX MaTepuanax (15]. Hau-
60/1ee BaxHble pe3ynbTaThl NpefcTaBferbl Ha pucyHke C.3. [1ns yactoTbl 1 Ml L, HANPSXEHHOCTb KpaTKOBPEMEHHOrO Npo-
605 nons coctaBnseT Tobko 10 % 3Ha4YeHWs ANA NPOMbILWIEHHON YacToTbl. HanpshxeHHOCTb Npo60s Nons He gocTuraeT
HWXHEro npegena, gaxe ecnu yactora Hwke 100 My,

[inanekTpuyeckas CTONKOCTb TBEPAON N30NALUN SIBNSETCA OCHOBHOW, 0COGEHHO NPY BbICOKOYACTOTHOM Hanpsxe-
HWW. Alaniee OHa CHMXaeTCs 3a cHeT BO3AelCTBUI BAAXHOCTU N TemnepaTtypsbl.

[nuTenbHoe HakannuBawliee BO3AEWCTBUE YCNOBUIA BbICOKOW BNAXHOCTU HA CTOMKOCTb MONst TBEPLAON M30NALMUMN
K NPo600 NpU BbICOKOYACTOTHOM HanpshkeHun npusefeHo Ha pucyHke C.4 (19]. CHuxXeHue CTONKOCTU K Npo60oto Hanos-
HEHHOTo CNof0M heHona aKCTPaopANHAPHO BbICOKO. DTO Takxke BakHas npobnema BbICOKO 4acTOThl, KOTOpas u fanee
NPUBOAUT K YXYALEHWNIO N30SALMOHHOI CTOKOCTM C POCTOM YacTOThl.

Cna6oe npefcTaB/ieHe 0 HaNo/IHEHHOM ctoAol heHone, BbI3BaHHOE €ro CPaBHUTENIbHO BbICOKOW CMNOCOGHOCTbLIO
abcopbupoBaTtb BoAy, KOTOpPoe gaeT OCHOBaHWe CYMTaTb BECOMOCTb 3TOr0 Ha ypoBHe 1 %. — B psfy Takux yCnoBuii.

B nofo6HbIX ycnosusix abcopbuMoHHas cnocobHOCTb NamMuHaTa U3 KpeMHUEBOro CTek/la cocTaBnseT Tonbko 0.3 %
BECOMOCTW.

[nanekTpuyeckas CTONKOCTb TBEPAON U30MALMMN ABNSETCA (PYHKUMEN TONWMHBI MaTteprana, u MHOTO TOHKMX nne-
HOK UMEIOT fN3NEKTPUYECKYI0 CTOWKOCTb C pa3MaxoM amnanTyAbl Ha O4UH NOPSAAOK Bbile, YeM Y UCnblTaTenbHOro obpas-
La TonwuHoli 0.75 Mm. 9TO NpoeMOHCTPMpOBaHO Ha pucyHke C.5 [20]. OgHako ¢ pOCTOM 4acToThbl 3TO TakXe 1 peskoe
CHWXeHWe 3HayeHwuit. Mpu yactoTe 1 My 3HavyeHUs Npo6os GbINU NPUBIN3NTENBHO paBHbI TOMbKO 10 % 3Ha4YeHus npu
yactoTe 50 'l DTO CHUXEHME CpaBHMBAOCh Ha 06pasLuax, MMeLNX NpUubAN3nTeNbHY ToAWwmMHY 1 MMm. Takum obpasom,
Apyrue pasmepbl, COOTBETCTBYIOLME TO/LWMHE TBEPAOIA M30nALMKN, MOTYT 6paTbCA B COOTBETCTBUW C OLLEHKON 3aBUCMMO-
CTU [N3NEKTPNYECKO CTOMKOCTU OT TOJLMHBI U30NALUN.

BnusHne Temnepartypbl Ha HanpsxeHue npo6os npueeaeHo Ha pucyHke C.6 [20]. 3 Hero cnepyeT, 4To Temnepa-
Typa ABASIETCA BaXHbIM BAUAIOLWMUM (DaKTOPOM, KOTOPbIA JO/MKEH yUnTbIBATLCS B CBSA3W C ONpeAeneHueM pasmepos U
NCMbITAHUAMMU.

[letanbHble pe3ynbTaTbl OTHOCUTENIbHO XapaKTepPUCTUK YACTHbIX MPO6G0OEB NP BbICOKOYACTOTHOM HamnpsikeHun Ao-
CTYNHbI A48 4acTOT HEMHOrO Bbllle Heckonbkux kIy [16] u [21]. Mpn 3TOM Ananas3oHe 6bi10 YCTAHOB/EHO, YTO Bpems
aBapuu, NpoucxoAsLyei npu yacTMyHoM npo6oe, 06paTHO NPONOPLMOHANBHO YacToTe. 3Ta 3aBUCMMOCTb MOXET npume-
HATBLCS AN YCKOPEHHbIX UCMbITaHUiA. Takum o6pa3oM, 0CO6eHHO NPW BbICOKOW YacTOTe HaNpshKeHWs, npuemaemblii cpok
CNyX6bl TBEPAON N30MALUN HE MOXET BbITh OXWUAAEM B YCNOBUAX YACTHLIX NPO6GOEB.
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£b (OeiicTByoLLee 3HaYeHne). KB/w

*« — deHon — TedwoH * — [MonmatwieH
X —Monuctmpon & — KepnvHkH A — depdch

« —Cnepa v — Crexno ¢ — KpPObIMMOOCB CTEK/I0
= — MenaMMHOBOE CTEKN0 L|— ®eHonbHas Gymara

PucyHok C.3 — BbICOKOYACTOTHbI Npo60oWi TBepaoii nsonaunn: d= 0.75 mm [15]
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Eb (gelicTBytoliee 3HaueHune), KB/Mm

1, *T'y,
* — Afl.Voeo* X — NTAM Q0% OTHOC, BNXKHOCTb

+ — #1/180* 100% otHOC, BNAXHOCTL
« — (Znosbit T — B2 183Q50 % oTHOC, BN@KHOCTHL

O — #2/1S0rf, 100 %0rHoc. BNaXHOCTb

PucyHok C.4 — BbICOKOYACTOTHbIV Npo60oIi TBEPAON N30AALNN, BIUSHNE BNaXHOCTY;
ycnosus npu 50 "C: #1; HanonHeHHbI cnogoi deHon. d= 0.75 mm; #2: nammHaT 13 kpeMHueBoro cTekna. d= 0.75 mm [19]
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£b (peiicTBytolee 3HaueHue), k/Mm

/, Ky,
* — #1;30MKM X -*2;30i*v« & -#3.30Vv**

* — UIM;69mn« 1 —5260u<m ¢ —*3: 60 bl

PucyHok C.5 — BbICOKOYACTOTHbI/ NPo60Ii M30/MpPYyOLWMX NNEHOK; #1 — aueTobyTupaTHas Lennoosa;
#2 — nonvkapboHar; #3 — TpuaueTatHas Lesnnnosa
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Eb(neiicTylowee sHauenne). kB/Mm

s — «:*25*C Yy —«;*50-C

PucyHok C.6 — BbICOKOYACTOTHbIV NPO60I n30aMpyowmx nneHok; #1 — nonuctupon, d= 80 Mkwm;
#2 — nonuatuned, d =50 mMkm [20]
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MpunoxexHne D
(o6sa3aTenbHoe)

McnbiTaHUA M30N1ALUN BbICOKOYACTOTHLIMW HaNPAXeHNAMN

D.1 MoMexu NCNbITATEeNbHOTO HaNPSXXeHUs

Mpu3HaBas BaXHOCTb APYrUX BbICOKOBO/IbTHBIX UCMbITAHWIA, BONPOC MOMEX UCTbITATE bHbIX HANPSHXKEHWH, NpeaHa-
3HAYEHHbIX A1 COOTBETCTBYIOLMX MUCMbITAHWIA NPU YACTOTaxX MHOTO GOMbLINX, YeM MPOMbILL/IEHHAs YacToTa, SABASeTcs
(hyHAAMEHTANIbHBIM.

BbICOKOYACTOTHBIV Pe30HaHCHbIN TPaHC(OPMATOP MOXET 6biTb NMPUMEHEH B KOMGUHALMMN C HU3KOBO/IbTHBIM BbICO-
KOYACTOTHbIM reHepaTopoMm [22]. Mpo6aembl 3TOro MeTofa NPOAEMOHCTPUPOBaHbI B NpUMepe, NpuBeAeHHOM Ha pucyHke D.1.
B nopsifke nosyyYeHusi BbICOKO pe30HAHCHOW 4acTOTbl YAC/IO BUTKOB BO BTOPUYHOW 06MOTKE TpaHcopMaropa 4O0/IKXHO
CHUXATbCS, Kak nokasaHo Ha pucyHke D.1. CnepoBaTefibHO, [OMKHO TakkKe CHUXATbCS U HEOBXOAMMOE BbIXOLHOE Ha-
npskeHue.

(nvkoBoe 3HaueHune). kB

f. Ky,
* —M,=550 & —//,-420 + — Nj-35 V — N,=280 ¢ — N, =210

PucyHok D.1 — BbICOKOYACTOTHbIV Pe30HAHCHBI TpaHcopMaTop: BAUSHWE Yucia BUTKOB BTOPUUYHON 06MOTKM
Ha BbIXxOfHOe HanpskeHne LIN =210/280/350/420/560 [22]

B nopspke oxsaTa BCero guanasoHa 4acToTbl TPe6yeTcss HeKOTOPbIA pe3oHaHC TpaHCcthopmMaTopos. [JonoHUTe Nb-
HOl NPOo61eMOil CTOYHMKA UCMbITATE/IbHOTO HANPSHKEHUS IBNAETCA CUMNbHAsA peakums Mexay UMnefaHcom ucnbitatenb-
HOro obpasua 1 4acToToV U aMNANTY[O0A UCNbITAaTeNIbHOTO HaNPSXKEeHUS.

Kak anbTepHaTuBa, B ka4eCTBe UCTOYHMKA UCMbITATEIbHOTO HaNPsSHXKeHNs MOXeT 6biTb NPUMEHEeH MOLLHbIA BbICOKO-
4YacTOTHbI reHepaTop (TpaHcmuTTep) [5]. [6] n [20]. Ha pucyHke D.2 nokasaH npumep. BbixofHOe HanpshXeHue AaHHOTro
MCTOYHMKa cocTaBnseT Npu6N3nTeNnbHO 4 KB (NMKoBOE 3HAYeHUE) NpWM MakcuMasbHOW YacToTe 5 My (cm. Tabnuyy D.1).

Cnoco6HOCTb UCTOYHMKA UCMbITATENbHOTO HaMPsHXKEeHUs1 nMuTaTb GONbLIYID EMKOCTHYIO Harpysky — OAHa U3 Hau-
60/1ee BaXHbIX NPo6sieM UCTOYHMKA. Tak. KoHAeHcaTop cBA3n Ul gomkeH 6biTb 60/bLIe, YEM EMKOCTb WUCMbITaTeIbHOro
obpasua, AaHHbll KoHAeHcaTop 06bIYHO onpeAensieT eMKOCTHYIO Harpysky.

Tabnuua D.1 npefctasmna HEKOTOPbIE TUNWYHbIE 3HAYEHUS /15 MOLLHOTO UCTOYHMKA UCMbITATENIbHOrO Hanpsxe-
HUA. KOTOPbIA NpumeHsnu B [5] u [6]. BbixogHoe HanpshkeHue, reHepupyemoe BaKyyMHbIM TeTPOAOM, MUTAeT MOLLHbIA
WUCTOYHWK MCMbITATeNbHOro HanpsxxeHns (4 kB. 400 mA). MNocnepoBaTtenbHaa pe3oHaHcHasa Uenb, opmupyeMas UHAYK-
TUBHOCTbIO aHojda u 06Lleli eMKOCTbI0 Harpysku, HacTpamBaeTCsi Ha 4acToTy, HEO6XoAMMYI0 AN1A NpUMeHeHus. Makcu-
Ma/lbHOE VCNbITaTe/lbHOE HanpshkeHne 1 MakcrMaibHas eMKOCTb Harpysku (rnaBHbIM 06pa3oM eMKOCTb HAKOMUTETbHOTO
KoHAeHcaTopa YIl) npuBeAeHsbl B Tabnumue D.1. O6Lwme rapMOHMYECKMe UCKaXKEeHNS 3TOT0 UCMbITATENIbHOTO HanpsXeHus,
cocTaBnsolwme meHee 2 %. ABNSIOTCA pe3ybTaToM AeiiCTBUSI pe3oHaHca.
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PucyHok D.2 — BbiCOKOYaCTOTHbIN reHepaTop 60/1bWwOoi MOLWHOCTK [5] 1 [6]

Ta6nunya D.1 — [laHHble UCTOYHMKA UCNbITATE/IbHOIO HanpsxeHus [5] u [6]

Yactota. MTy EMKOCTb HAaKONMUTENLHOTO MakcumanbHoe ucnbliTateNbHoe Tpe6y|0Lu.le7|cn
KOHAeHcaTopa. nd® Hanps)xeHue, KB ncnbiTaTeNbHbIR TOK. A
0.1 1100 2.7 1.9
0.2 1100 4.0 5.5
0.5 450 3.4 4.8
1.0 520 2.7 8.8
3.0 320 1.0 6.0

D.2 VicnbiTaHMe BbICOKOYACTOTHOIO YaCcTUYHOro npobos

D.2.1 UcnbiTaTensHoe obopyaoBaHne

BcTpeyvaloTcst HeKoTopble A0MN0NHUTENbHbIE NPo6aeMbl, ecny TpebyeTcs NpoBecTn ucnbiTaHne Yl BbICOKOYACTOT-
HbIM HanpsHKeHMeM HecTaH4apTHbIM U3MepuTenbHbIM o6opyaosaHnem UM, Tem He MeHee NpefnoYTUTEIbHbIM ABNSETCA
B OCHOBHOM LMCQPOBOIA 3anoMuHawWwuii ocunnnorpad B KOM6UHaLWUM C YacTAMW ANS NOLABNEHUS BbICOKOYACTOTHOIO
MCMbITATENLHOTO HanpsXeHNs.

MHoro oTyeToB n3mepeHuii Yl npy BbICOKOYACTOTHOM UCMbITATE/IbHOM HaNPsXKEHUN AEMOHCTPUPYIOT UCMbITATE b-
HbI TOK, NOKa3aHHbIli Ha pucyHke D.3 [24]. Perncrtpauus 4acTMHHOro nNpo60os BbINOMHAETCA LUMMPOBLIM MHTErpaTopom
LMncpoBOro 3anoMuHarLLero ocuuaiorpada ¢ BbICOKMM YPOBHEM U36MPaTENbHOCTH.

3Ta uyenb Ha pucyHke D.3 6a3npyeTca Ha BbICOKOYACTOTHOM Pe30HAHCHOM TpaHcdopmartope (2). KoTopblii nuTaeT
BbICOKOYACTOTHbIW ycunutens (1) [22]. Bo3MOXHOI anbTepHaTNBON SBNSETCA NPUMEHeHNe pe3oHaHca MOLLHOrO BbICOKO-
4aCTOTHOrO reHepartopa, Kak nokasaHo Ha pucyHke D.2.

Takoe gonyujeHne reHepupoBaHna 3HaAUYUTENIbHO BbICOKOW YacToThl [5] 1 [8]. noka nofaepXuBaloTCsa HU3KME rap-
MOHUYECKNE UCKAXKEHUSA, XENaeMo AN TOro, YTo6bl YMEHbLINTL OTK/IOHEHUS UCMbLITATE/IbHOTO HanpsXeHUs B TeyeHue
n3mepeHus 4.
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f - BbLICOKOYACTOTHbIN reHepaTop W YCUNUTENb: 2 — BbICOKOYACTOTHbI Pe30HAHCHbI TpaHchoOpMaTop: 3 — UCMbITaTeNbHbI
o6pasel. 4 - NONOCOBON UNLTP; 5 — BLICOKOBONLTHLIV pa3psAAHUK; 6 — 3KpaHupyloluas o6onouka: 7 — 6GbicTpogeiicTByto W Nt
unhpoBoii 3anoMuHal Wi ocyumnnorpad 8 — pasfennuTenbHblil ycunuTenb; 9 — cpejcTBO n3mepeHus UM (yskoro gnanasoHa,

TONbKO ANs uenell KOHTPoNA): 10 — UUGPPOBOK BONbTMETP. 11 -m aHANOroBbIV ocymMnnorpad: 12— KoMnbloTEP
ANA perncrpauum n KOHTpona

PucyHok D.3 — UcnbiTatenbHas uenb Ul npu ncnbiTaHMAX BbICOKOYACTOTHLIM HanpshxeHmem [22]

D.2.2 NcnbiTaTenbHasa uenb

D.2.2.1 OCHOBHOIi aHann3

M3mepeHmne UM nponssoguTcsa peructpauueii Toka UM. Ans aToil yenm namepuTenbHblli uMnegaHc AT coeauHAT
nocnefoBartefibHO C UCNbITaTe/IbHbIM 06pa3LoM. HanpsxxeHue, najarwoliee Ha U3MepuUTeNlbHOM MMNefaHce, NPUIoXeHo
yepes TPexypoBHEBbI MOM0COBOW hUALTP K O4HOMY 13 KaHas10B LM poBOro 3anoMuHarLero ocyuanorpada ¢ BbICOKO
nonocoi nponyckanus (no kpaiiHeli mepe. 100 MI'L) Tak. 4TO BMecTe C UCNbITaTeNbHON Lienblo, B Lie/IoM coAepxallei
o6Lme afeMeHTbl, MOXeT 6bITb NosyyeHa nosoca nponyckanus 60 MIy. MonocoBoit unbTp oTaenseT najgeHne Hanps-
XEHUA. BbI3BAHHOE €MKOCTHbIM TOKOM, MUTAOLWMM UCMbITaTeNbHbI obpasel,. ITON TeXHONOrMen MoXeT ObITb NosnyyeHa
YyBCTBUTENLHOCTL UM 5 fK.

BblcOKOYACTOTHOE UCMbITaTe/IbHOE HanpsHXXeHne U3MepPSAI0T BbICOKOYACTOTHBIM BO/IbTMETPOM 1 MO BTOPOMY Ka-
Hany KOHTPONUpPYOT LM poBbIM 3anoMuHaloWwmnm ocuunnorpadom. Ecnu B psge cnyyaes ucnbiTaTenbHbll o6pasel
He BUAEeH (Hanpumep, pacnonoXeHHbI B KTMMaTUYECKON kamepe), TO B LieNX KOHTPO/Si BHELWHWUX NPOSIBAEHWIA npo-
605 UK TOPeHUsa fyrn NPUMEHSAIT Bueokamepy. VcnbiTaTenbHbli TOK KOHTPOIMPYIOT (PEFMCTPUPYIOT) KOMNLIOTEPOM
nocpeAcTBoM LWunHbl IEEE 488. CxemaTuyeckoe pacnofioxeHne ucnbiTaTeNbHbIX Lienei yCTaHOBKM NpeAcTaB/ieHo Ha
pucyrke D.4 [5] n [6].
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[ns nenbiTaHnii 06pasLoB aTa TEXHOOMMS HE NPEACTAB/seT CI0KHOCTH, BUAEOKamMepa Takke faeT BO3MOXHOCTb
BU3yasibHOro onpegenenus Url. OfHako, kak NpaBuio, OHa He NO3BOJISIET NOBTOPUTL 3MIEKTPUUECKNX U3MEPEHWIA, TaK Kak
Nopor YyBCTBUTE/ILHOCTH 3TO TEXHOMOTMW faXe MPW BbICOKOUACTOTHOM HamNPsXKEHUN OYEHb HWU3OK. MpumeHeHue oTo-
yMHOXalLWeil Tpy6ku (PJY) Ans peructpayum cBeToBbIX IMUCCHI KPATKOBPEMEHHOTO TOKa 06pasLia No3BOAsSET NOAYUUTb
npeKpacHyl 4yBCTBUTENbHOCTb Ul-peructpatopa. HO He MO3BOMISET NPOMN3BOAUTL KANMGPOBKY amnanTyasl Y. Tem He
MeHee npuMeHeHne ®JY B kauecTBe Tpurrepa ocuunnorpada AaeT pesybTaT 3HaUNTENbHOTO YYYLLEHUs perucTpaLmm
Ur. nockosibKy No3BOISET BKIOYATH PaHbLUe 3M1EKTPUUECKNX TOMUKOB (BCMIECKOB).

D.2.2.2 Tpe6yiowasics Nonoca NponyckaHwus UCMbITaTesIbHOro Toka

B cnepytoLleil oLeHke UCTbITaTeNbHbIA TOK UMeeT 1-i ypOBeHb HU3KOYACTOTHON NepexoHoit XxapakTepnucTukn (xa-
pakTepucTuka PT1). nonydaloleiics Npu HUXHeli yacToTe cpesa, paBHoii 0. 1 BepxHeii yactoTe cpesa (3 gB) ft, uto co-
CTaB/ISI€T NOOCY NPOMNYCKaHWS.

1 — UCTOYHWUK MUCNbITATENIbHOTO HanpsXXeHuna: 2 — KOoHAeHcaTop CBA3WU; 3 — Aenntenb HanpsaXXeHusa. J — uncnbiTatenbHbl i
ob6pasel; 5 — kAumaTuyeckas kamepa; 6 - U3MepuTenbHbIi UMNeAaHc f.,; 7 ® BUAeOKamMepa; B — KOMMbOTEP;
9 — uudpoBoit 3anomunHatoWmii ocyumnnorpad. 10 — NonocoBo GunbTP; 11 - 3auMTa OT NepeHanpsXKeHwnin; 12 — MoHUTOp

PucyHok D.4 — Cxema ucnbiTaTenbHoi uenm [5] u [6]

PaccmoTpeHue ¢ yyeTom agh>chekTa Hamumsi BO3MOXHOW TOUKM pe3oHaHca UM HU3KO YacToTbl cpe3a UcnbiTaTeslb-
HOro ToKa npepcrtasfeHo B D.2.2.3.

D.2.2.2.1 MnuHuManbHas nosioca nNponyckaHnsa paspelueHusa curHana umnynsca 4rl

[NA BbICOKOYACTOTHbIX UCMAbITATE/IbHbIX HAMPSXXEHWI MOXET 6bIThb OXMAaeMa BblCOKasi YacToTa NOBTOPSIEMOCTH
nMmnynscos Ul. CneposaTenibHO, paspelleHne BaxXHOo 419 UCK/TIYEHUS HaMoXeHUa nMmnynscos YIM. ina aToro MoxeTt
6bITb NPUMEHEHO TONIbKO M3MepuTenbHoe obopyfoBaHue, HasbiBaeMOe «LWWPOKONOMOCHbIM» [23]. Takum o6pasom,
ans pernctpauuy UM o6bIYHO NPUMEHSAIOT WUPOKOMNOIOCHbIV ocumnnnorpad. CnoXHO onpefennTb TOYHOE 3HavYeHue
nonockbl NPONyckaHWsa UcnbiTaTeslbHOro Toka. [N oTpeska C YacToTOl UcnbiTaresbHOro Hanpsxxenua 100 kM B no-
BEPXHOCTHbIX 3a30pax obpasytouasca yactora umnynbcos Y coctasnset go 1 Mluy. Ana cABOEHHbIX NMHUIA [25].
rae Ul MoxeT NPoMCXo4uTb OQHOBPEMEHHO B HECKO/bKWX MecTax, MoxeT HabnwpaTtbcs yactoTa Mmnynbcos Y.
npesbiwaowaa 10 My,

B nopsiike UCKNIOYEHNA HANOXEHUS UMMYIbCOB MUHUMasIbHAA Nnosioca NponyckaHnsa namepsemoro toka Y gonx-
Ha 6bITb HE yXe 4acToTbl UMNYNbCOB Yl. 3TOT Tpebyemblit aBCOMOTHBI MUHUMYM He faeT BO3MOXHOCTW BOCMpon3Bee-
HWS BOJIHbI UMY IbCOB Y.
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PucyHok D.5 — XapakTepucTuka umnynbcos UM ansa rapaHTMpOBaHHO YacToTbl 2 MITL, Npy pa3nnyHoi BepxHei
yacToTe cpesa /C UCMbITaTeNbHOro ToKa; 34eCb BKNKOYEHbI [5] 1 [6]

O6bI4HO AN BepxHeli yacTtoTa cpesa L ucnbiTaTenlbHOro Toka J0CTAaTOYHO NATUKPATHOrO 3HAYeHUs 4acToTbl UM-
nynbcos Yr. 3To ycnosme BMeCTe C ApyrMMu NprMepamMun BepxXHero 3HavyeHns 4actoT cpesa npeAcTaBieHo Ha pucyHke D.5
AN npeanonaraeMoi yacTtoTbl MMNysbcoB UM 2 My, Ana ynpoweHust caenaHo AonyueHne Hanauuusi ToNbKo NOOXM-
TeNbHbIX UMAyAbcoB Y.

3T0 COOTHOLEHNe Takxe obecneyrBaeT 060CHOBAHHYIO NOIOCY NPOMYyCKaHUA B paiioHe 4acToTbl BO3AeiCcTBMSA no-
nocoBoro hunbTpa 419 Xopolleli YyBCTBUTENbHOCTYM AeTekTopa YIM. Mpumep, npuBeAeHHbI Ha pucyHke D.5. ocHoBaH Ha
NpPYMeHEeHNN TPeXypoBHEBOIO NOSI0COBOro (hM/IbTPa C 4acToToW = 1Mluy.

D.2.2.2.2 MuHnmanbHas nonoca nNponyckaHus 4nas aHanam3oB MMNynbcoB UM

B nopsagke aHanu3a MCTOYHMKa curHana Ul n npoBeAeHUsA HEKOTOPbIX aHann30B (hopMbl M pasmepa MoocTen,
ABNALWMNXCA UCTOUHUKOM YT, TpebyeTcs 60nee wuMpokas nosoca nponyckanus. B cnyuae UM tuna «Streamer-like» ¢
BpeMeHeM HapacTaHua S 1 He (26] Ana pearMpoBaHus Ha UMMNYbC AO/MKHA ObiTb HEOOX04MMa nosioca NPonyckaHnsa Ha
ypoBHe 1T1Tu,.

Takas wupokas nonoca nponyckaHns 06bIYHO MOXET ObITb NOMyYeHa TObKO KoaKCabHbIMV TOKOBbIMW LensiMu, T. B.
B 1abopaTtopHbIX ycnoBusax [26] n [27]. Mpn COBMECTHOM PacnofioXeHUn 31IeMeHTOB Nosioca NponyckaHns Ha yposHe 50 My,
nerko goctmwknma. Takum 06pasom, nmnysnbc Yl ¢ 04eHb KOPOTKUM BPEMEHEM HapacTaHus [OXET ObiTb BOCNPOV3BEEH C Bpe-
MEHEM HapacTaHus NPUGAN3UTENBHO 7 HC. DTOro A0CTATOYHO /151 YCTAHOBNEHUS pasnuunii mexay UM tuna «Streamer-like»
(TunnyHoe Bpems HapacTaHusa 1 Hc) n UM tuna «Townsend-like» (TunnyHoe Bpems HapacTaHus 20 Hc) [26].

D.2.2.3 OnpegenexHve pasMepoB UCNblTaTeNbHON Lenu

CooTBeTcTBYlOLLEE ONpefeeHne pasmepoB A0/HKHO obecneunTb nsbexaHve HanoxeHns uMnynbLCos Y n 4omxHO
no3BoNATbL NPOBOAUTL HEKOTOPbIV aHann3 popmMbl BOHbI YT,

D.2.2.3.1 AHanu3s ncnbiTaTenbHol yenwn 4rl

KoakcuanbHble Lenn NpUMEHSIIOTCA TONbKO 41 NabopaTopHbIX 3KCNEPUMEHTOB U He paccMaTpyBaloTCA B ;aHHOM
KOHTekcTe. VcnbiTyeMble Lenu, cocTosilne N3 COBMECTHO COefiHEeHHbIX afemeHToB (RLC), MoryT 6bITb NpeacTaBneHbl
3KBUBANEHTHOW Lenbio, NpUBEeEHHON Ha pucyHke D.6 [5].

NHAYKTUBHbIE KOMMOHEHTbI (MHAYKTUBHOCTb NPOBOAHMKOB LW, MHAYKTMBHOCTU UCTOYHMKA Lg M KOHAEHcaTopa CBA3M
Lgl vcnbitatensHoii yenn YT B OCHOBHOM He [O/DKHbI UCK/IOYATLCA M3 paccMoTpeHns. COBMECTHO C eMKOCTHbIMU KOM-
noHeHTamu (koHAeHcaTop cBsi3n CK, eMKOCTb ucneiTyemoro o6pasua Cj) MoxeT o6pa3oBaTbCs TOYKa pe3oHaHca B nepe-
XO[HOW xapakTepucTuke ncnbitatenbHoro toka Y. okasbiBawowasn 601bwoe BANSHNE Ha NOBTOPeHne nmnyabcos Yl. U3
3TOro cnepyeT 60/bluas BEPOATHOCTb NOSIB/IEHWS anepuoAnYeckoli OTBETHO peakLmmn NCNbITaTe/IbHOro TOKa Bbille TOYUKN
4acTOoTbl OTCEYKM /C.
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D.2.2.3.2 NIcTOYHMK HanpshxkeHusa Yl B cpaBHEHUU C UCTOYHMKOM ToKa Yrl

Haunbonee nogxoasiueit Mofesnbio UCTOYHUKA UMNYNbCcoB UMM npefcTaBnseTcs MCTOYHUK TOka. B nopagke npumeHe-
HUS HacTosLero ctaHgapTa Ans ucneitakna Y (23) ana kannbposky UcnblTaTeNbHOrO ToKka MOXeT NPUMEHATLCA UCTOoY-
HUK HanpshkeHus. MoxeT 6bITb BUAHO, YTO MepexoAHas xapakTepucTuka ucnbiTatenibHoro Toka YU B OCHOBHOM 3aBUCUT

OT NMMNYNbCOB UCTOYHUKA UT. NMPUMEHEHHOTO ANS KannGpoBKM.
Ha pucyHke D.7. a MCMOMb30BaH WCTOYHUK UMMY/IbCHOTO HanpshkeHus UM, koTopblii He gonyckaeT NpUCYLLUX

noBTOpeHuit curHana Yrl. Ecnv B Toii e camoii UCNbITaTeNbHON LEenu NpUMeHsIeTCs UMMYNbCHbI UCTOYHKK Toka Yl
(cMm. pucyHok D.7. b). TO eMy MpuUCyLLM NepexoAHble XapakTepucTuku. Bonee geTanbHas MHGOPMALUS O NEPEXOAHbLIX
XapaKkTepucTUKax UCnblTaTe/lbHOro TOKa UMeEeTCst B UCTOUHUMKe (5J.

UB

n — Wmnynbc UM UCTOYHMKA HaNpsXXeHns

PucyHok D.7. nucT 1— CpaBHeHNe NepexoHblX XapakTepuCcTUK UCNbiTaTebHbIX TOKOB Yl npu ncnonb3oBaHnu
WUCTOYHMKA UMNynbca HanpsxeHnsa Yl n nctoyHnka nmnynbca toka Y
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1A

£— Nmnynbc UM nctouyHnka TokKa

PucyHok D.7, nucT 2

B ganbHeliwem TONbKO UCTOUYHMK MMMY/IbCHOrO Toka UMM MoXeT paccmaTpuBaTbCsa B Mopsifke obecneyeHns cooT-
BETCTBYIOLLMX NEPEXOAHbIX XapakTepucTuk. KOHeYHOo, 3TO He pellaeT KOH(hIMKTa B cnyyae, korga Ansa KannbpoBKy UChbl-
TatenbHoro Toka UM npuMeHsieTcs cTaHAaPTHbIA MMNYIbCHBIA NCTOYHMK HanpsxeHns [23].

D.2.2.3.3 AHanus ucneitatesibHoro Toka 4yrl

MepexofHble xapakTepUCTUKN WCMbITaTeNbHOr0 TOka MOTyT 6GbiTb MOABEPrHYTbl aHann3y NpYMeHEeHWeM 3KBMBA-
NIEHTHOW [enu, NpuBefEeHHO Ha pucyHke D.6. OTO MOXeT GbiTb CAENAHO CETEBbIM aHa/IM30M WU MOAESIMPOBAHUEM
CXeMbl, NCMOMb3YS COOTBETCTBYIOLEE NpOrpaMmmMmHoe obecneyeHue.

D.2.2.3.3.1 CeTeBoi1 aHanu3

[Ana nctovyHmka UMNybCHOro Toka Y aHanuns BbINOMHAETCA NMPUMEHEHWEM EMKOCTHOIO 3KBUBAsIEHTa Lenu Ucnbl-
Tyemoro o6pasua (cMm. pucyHok D.6). CpaBHeHMEM pa3NINYHbIX MHAYKTUBHOCTEN LS ANns BbluMcneHnsa nocnefoBaTeflbHbIX
PE30HAHCHbIX YAacTOT MOXHO npeHebpeyb. LWL u Lw2 cocTaBnsitoT CoBMmecTHo c L*, rae koHAeHcaTop cBa3n CK60Mb-
LOW UHAYKTUBHOCTU UM UMEET NPOBOAHUKM 60NbLLIOrO ceveHus, obwas NHAYKTUBHOCTb L paBHa

=N+ 1N, (D.1)
BcneacTene oTHOLIEHMUSA
C3;->- C, Cj (D.2)
€MKOCTb UCMbITyeMOro obpasua MoxeT ObITb NPM6AN3MTENBHO paBHoil C3. CnegoBaTtenbHO, athdekTMBHaA eMKOCTb UC-
TOYHMKa UMMNYNbCHOTO Toka Yl paBHa
C (D.3)

1 pe3oHaHCHaA YacToTa paBHa

ryLc (®-4)

Ha npakTuke CHMXeHue 3Toro nocnefoBaTteslbHOro pe30HaHCHOIo TOKa MPOUCXOAMT WUCKIOUUTENbHO 3a cyeT Rm
MonpaBouHbIil koadphmumeHT d BblUMCAAIOT MO hopmyne

a=n (D.5)
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Ona anepnoguyeckoii peakyum nonpaBoYHbIi KO3 ULNEHT JO/MKEH BbiTb PABHbIM

dr 2. (D.6)

CnepoBaTenbHO, MHAYKTVBHOCTb A0/KHA BbITh OrpaHuyeHa cornacHo dopmyne

L D.7

4 (©.7)

B 3TOM cniyyae BepxHsisi yacToTa cpesa L MoxeT 6biTb NPUGANXKEHA K NosyYaemoii npocToii AC-Lenbio cornacHo
cdhopmyne

f.=— —- (D.8)

HwuxHAA yacToTa cpesa paBHa Hy/io.

D.2.2.3.3.2 Cumynsumsa uenmn

Bonee geTtanbHblil aHaNn3 NCNbITATE/IbHOTO TOKA BO3MOXEH YaCTUYHON CUMyNsauMeit uenu, npyuMeHeHnem noaxo-
asawero koga (PSPICE) (28]. 9Ta TeEXHONOMMS MOXET Takke NPUMEHATHCA B NOPSAAKE NONYyYEHUSA pe3ybTaToB, ONUCaHHbIX
B D.2.2.2.1. MepBoHayanbHO 3TO NPUMEHSAIOT 418 TOrO, YTOObI OLEHNTbL BAUSHNE pa3mepa KOHAeHcaTopa CBA3W Ha nepe-
XO[IHble XapaKTepuCTUKN UCMbITATeIbHOrO TOKa.

D.2.2.3.4 BnusiHne KOHAeHcaTopa CBA3W Ha nepexofHble XapakTepucTuku

U.B

0/ +- I ¢—uioy *10ro a-<VCk«KX>w> ,V

PucyHok D.8 — BxogHoii curhan Umu nsmepsiemblii curdian Um 3aBucsiline ot eMKOCTU KOHAeHcaTopa CBs3u
(emkocTb ncnbiTyemoro o6pasua C3= 10 nd) [5]

BnusHue pasmepa koHgeHcaTopa csA3n Cy Ha nepexofHble XxapakTepucTuku, nokasaHHoe Ha pucyHke D.8 [5]. sicHo
[EMOHCTPVPYEeT, 4TO 3TO B/IMSHME OYEHb PE3KOEe U YTO Masibio EMKOCTY KOHAEHCATOPOB CBA3M, CPaBHUMbIE C eMKOCTbo C3
ncnbiTyemoro obpasua, He npuemnemsl [29].

MasneHbkne KOHAEHCaTOPbl CBA3M CHMXAKT M3MEPAEMbIli CUTHaU1, YTO AO/DKHO 6biTb YYTEHO Npu kannbposke. Tem
He MeHee YyBCTBUTENIbHOCTb UCNbITaTeNbHOro Toka UM Takxke 6yaeT cHuxeHa. ipyroii npo6aemoii npuMeHeHns ManeHb-
KMX KOHAEHCATOpPOB ABNAETCA BblAENeHe n3MepsaemMoro curHana. M3 pucyHka D.8 BUAHO, 4TO MUHMMaAIbHAA €MKOCTb
HaxoguTcsa Ha ypoBHe Ck = Cy MpepgnoytutensHas emkoctb Cy r 10C3.

HeobxoAnMmoe 3Ha4eHne eMKoCTW ANSA KOHAeHcaTopa CBA3N 60/blle 3TOr0 3HaUYeHNs, 1 eMKOCTb MOXET BbiTb CHU-
XeHa ANs anepuoaunyeckoii peakuun ucnbliTaTenbHoro Toka (cm. oopmyny (D.7) D.2.2.3.3.1].

370 He fABNAETCS TEOPeTUYECKUM BEPXHVUM NpejAesiomM pasmepa KoHAeHcaTopa cBA3n. Ha npakTuke oH MOXeT 6bITb
orpaHuyeH XecTKol peakuuneli UICTOYHKMKA HaMpPsKEHUS!, 0COBEHHO NPW BEPXHUX YacTOoTax UCMbITaTe/IbHOro HanpsHKeHNs.
JTa cneundmyHan npobnema onucaHa B (29]. HekoTopble NpakTUyeckne 3HayeHns npusedeHbl B Tabnumue D.1.

D.3 Mpumepbl pe3ynbTaToB UCNbITAHW

MHOXECTBO KOMMOHEHTOB A1 HU3KOBOJIbTHOrO 060pYA0BaHNs MOTYT GbiTh UCMbITaHbl C NPUMEHEHWEM BbICOKO-
YaCTOTHOTO MCMbLITATE/ILHOTO HaMPsHKEeHUs. Bonbluas 4acTb AaHHbIX ABSETCA KOMMEPYEeCcKoi nHgopmauueii. Hekotopble
OCHOBHble pesynbTaTbl Ny6AUKYOTCA OTKPbITO (30] M NpescTaBneHbl B HACTOSLWLEM CTaHAapTe.
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Kak BnaHo u3 pucyHka D.9 [30]. Ans onTpOHOB MOXET ObiTb CyLECTBEHHO CHMKEHO HanpskeHnue UM, Euwe 6onee
BaXHbIM SIBAETCS pe3Koe CHWKEeHWe HanpshkeHHOCTW UM cO CHWXeHWeM YacToTbl HampshkeHus, KOTopoe NpMBOAUT K
Yype3BblYaiiHO BbICOKOMY CTPECCOBOMY BO3/EiCTBUIO HA N30MALMIO.

[Nna uMnNynbCHbIX TPAHCOPMATOPOB BaXHbIM BAVAIOLLMM (DAKTOPOM SBSETCA YacToTa HanpsxxeHus. 3a cyeT yBe-
NINYEHNS YacTOTbl Bbile MPOMbILWIEHHOW XxapakTepucTmki YT cywecTBeHHO cHuxatTca. Kak nokasaHo Ha pucyHke D.10
[30], HanpsixeHne Havana UM cHmxaeTca. MHTeHCMBHOCTbL UM He 0co6eHHO BbiCOKa, HO YacToTa NOBTOPEHUS UMMY/IbCOB
YTl Bo3pacTtaeT NponopunoHanbHO NCNbITaTeIbHOW YacToTe, YTO MPUBOAUT K YBE/IMUYEHNIO NOoTeHunana Aerpagauyuu.

U (gelicTBytoLiee 3HaueHue). kB A nK

PucyHok D.9 — VcnbiTaHue Y onTpoHa Npy BbICOKOYACTOTHOM HanpshkeHum [30]

U (peiicTBytoLLee 3HauYeHne). kB g. nK

*K —HanpshkeHve Hauana 4rl ¢ — Ha-paAxoHue 3atyxaHus Il O —wHTeHeMBHOCTb UM

PucyHok D.10 — WcnbiTaHne UM nMnybCHbIX TpaHCOPMaTOpPOB; BAVSHME YacToTbl HanpshxeHus [30]
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[na NoKpbITbIX NevaTHbIX N1aT U301ALVOHHbIE XapaKTePUCTUKN He Tak CUIbHO 3aBUCUMbI OT YacCTOThbl HAMPSXKEHNS.
Kak BuagHo n3 pucyHka D.11, 4ns NpoBOAHMKOB pa3HbiX BUAO0B KOH(PUrypaunii HauanbHoe HanpsxeHune Ul cnerka cHuxa-
€TCA C POCTOM YacTOTbl HaNPsHXKEHUS. TeM He MeHee NpY BbICOKON MHTEHCMBHOCTM YT 1 BLICOKON YacToTe HanpsKeHus
MOXHO OXUAaTb TONIbKO KpaTKOBPEMEHHYI0 YCTOuMBOCTL K UM, CneposartensHo, Kaxjoe ucnbitaHne Yrl. kotopoe 06biy-
HO cuMTaeTCs HepaspyLllalLM. MOXET Cepbe3HO NOBPEeAUTL UCNbITYeMbIl obpasel,.

HekoTopble BbIBO/AbI 0 XU3HEHHOM LUK/e / 30NMPYIOLWKUX NIEHOK B ciydae UM Tpy BbICOKOYACTOTHOM HamnpshxeHun
MOTYT 6bITb NONy4YeHbl U3 pucyHka D.12 [31]. HecMOTpsA Ha TO 4TO HanpshkeHne ToNbKo Ha 10 % Bbille HavyabHOTO Hanps-
XeHus Ul XNU3HEHHbIV LMKN MOXeT 6biTb B Npefenax 1 MUH UNu MeHee, Tax uTo AaHHblll o6pasel, He MOXET BblgepxaTtb
[laXe MVHYTHOTO BO3/eCTBNSA BbICOKOBO/IbTHOTO BbICOKOUACTOTHOTO UCMbITATE/IbHOrO HaMpPsHKEHNS.

U (pevicTytoLLee 3HayeHve). >6 ArK

v— 7 nposoaa** (D*c o — 7 nposogu»' 135'C m— q, Yyepes oTBepcTue

U — HauyanbHoe Hanpshkenne UM; d — Bo3aywHblii 3a30p

PucyHok D.11 — WcnbiTaHne YT nokpbITbiX NeyatHbix nnat; L, d= 0.2 mm [30]

* — X-#T *—*3

PucyHok D.12 — XXn3HeHHbI LyKN /NpoBOAOB, MOKPLITbIX 3Manbio (BUTbie Napbl); CTpeccoBoe Bo3felicTene
HanpshxeHnem Ha 10 % Bbiwe HavYanbHOro HanpshkeHus YI [31]

39



FOCT IEC 60664-4—2017

Mpunoxexne E
(cnpaBoyHoe)

CTpeCCOBbIe BO3,D,eVICTBVIFI Ha N3014Uunt0 BbICOKOYACTOTHbIMMU
HeCUHycounganbHbIMU HanpaXXeHnAamMmmn

E.1 Llenb HacToAWero npuioxeHus

B HacToAlWeMm cTaHfapTe paccMaTpuBaloTCA BO3AeliCTBUE CUHYCOMAANbHbIX BbICOKOYACTOTHBLIX HaNpPshKeHwi, nuc-
nbiTaHue 1301AUNN 1N onpeAeneHne pasMepoB, UCXOAA U3 3TOr0 BO3feiicTBMA. Bo MHOrMX npakTuyeckmx cnyvasx peasb-
Hble BO3AeiCTBYOLWME HaNPsHXKEHUS aneko He BCcerAa CMHyconaasnbHbl. MNeprnoanyeckme nynbcaunn ¢ 60bWUM NCKaxe-
H1eM hOpMbl CUHYCOMAbI MOTYT BCTpeYaTbCA BO MHOMMX 3/1EKTPOYCTaHOBKAX.

B aToM cnyyae Heob6xo4MMbl YACTOTHBIA aHann3 OpMbl BOSHbI UMAYNbCa U MAEHTUDMKALMA 4aCTOT OCHOBHbIX
COCTaB/IAOLWNX CUHYCOUS,.

Cnepyowmnini aHanns He yuntbiBaeT achhekT BAUSHUSA POPMbl BOHbI HAMPSHKEHUS HA pacnpefeneHe HanpsxeHus
Ha 130NN 06MOTOK.

E.2 YacToTHbI aHanus

Ha pucyHkax E.1—E.8 npefctaBneHbl YaCTOTHbIE aHaIN3bl NepPUoANYECcKUX UMMNYNbCOB HanpshxeHus. Ha pucyHkax E.1
n E.2 cummeTpuyHasa npsAMoyronbHasa opMa BOMHbI aHan3npyeTca TONbKO AN5 Lueneil cpaBHeHus. Ha pucyHkax E.3 n
E.4 aHanusupyeTcs 6onee npakTuyeckuit cnyvaii, B3sToili 3 IEC 60664-1. nameHeHune 2. 31a hopma BOSHbI Takke npes-
CTaB/ieHa Ha pucyHke 4.

B o60ounx cnyyasx B COOTBETCTBUM C pucyHkamu E.2 n E.4 B cnekTpe JOMUHUPYET OCHOBHAasA yacTtoTa. CoOOTHOLEHMEe
MeXay OCHOBHOW 1 60/1ee BaXKHOV TpeTbeli rapMOHUKOI He CUIbHO MEHSAeTCs Npu nepeperyanpoBaHnu.

Oro Takxe BEPHO, €C/n B COOTBETCTBUM C pcyHkamm E.5 n E.6 nckaxeHne )opmbl BOHbI @aHANOTMYHbIM Nepepery-
nMpoBaHueM npegnonaraeTcs, Kak Ha pucyHke E.3. B aTOM cnyyaB TpeTbsi rapMOHMKa flaxe CHUXaeTCs, HO 13-3a AeBATol
M 0fMHHauaTol rapmMoHumK yactota 1 Ml CcylecTBEHHO NOBbILWAETCS.

[axe ecnu BbIGPOC 3HAUYNTENbHO YBENNYNBAETCS, Kak BUAHO Ha PUCYHKax 7 1 8. pe3ynbTar ofH 1 TOT xe. CnegyeTt
OTMETUTb, YTO 3TOT NPUMEP Ha NpakTUKe pefKo BCTpeyaeTcs.

B cnekTpe 4acToT JOMUHMPYeT OCHOBHas yactoTta. COOTHOLIEHNE MeXAy OCHOBHOI 4acTOTON W TpeTbell rapmo-
HUKOI HE CM/IbHO MEHseTca Npu nepeperynupoBaHumn. MoaTomy npeAcTaBiseTcs BO3MOXHbIM NPOEKTUPOBAHUE N UCMbI-
TaHue TBepAol M30MALMM NPOBOAMTL NPU OCHOBHON (JOMUHMpYHOLLEl) YacToTe UMNynbca HanpshkeHus. B gononHeHve
NMKOBOE 3HA4YeHWe HEeCKHYCOMAANbHOrO HanpshkeHWs paccmaTpuBaeTCcsi B CBA3W C HACTPOKON aMnauTyAbl OCHOBHOM
BOJIHbl 3TUM MUKOBbIM 3HAYEHUEM.

HanpsbkeHve. B
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Hanpsxenve.B

1.5l
1.0 ®®O®O®OOO® e eeeaaa L g ® ® o
|
0.5
100 Iy 300 Ky 1.0 My 3.0 My 10 Mry 30 My, 100 Mry

YacrtoTta
(b]V<1) A1.(99.993 K. 1.2735)A2 <299,966 K 425.000 m) DIFF(A):<-199.969 K. 846.529 )

PucyHok E.2 — lMepuoanyeckue UMNybCbl HANPSHXKEHWS, MPSMOYTo/ibHas popMa BO/HbI, aHAMN3 CNeKTpa YacToT

HanpsbxeHue. B

PucyHok E.3 — TMepuoguueckue UMMybCbl HANPSHXKEHWS, NPSIMOYrofibHas (hopMa BOJIHbI C BCMIECKaMu (CM. PUCYHOK 4)
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100 kI'y, 300 *Ty, 1,0 MIy, 3,0Kly, 10 My, 30 My, 100 MI'y,
Ynctora
[o]V(1) Bl <100.005K. 1.3338) B2:(300.002 K. 535294 m) DIFF(B):(-199.997 K 798529 1ir.)

PucyHok E.4 — Mepuoguyeckme MMNyAbCbl HANPsHXeHUs, NPSAMOYronbHas hopMa BOJIHbI C BCNeCKaMu.
aHa/m3 cnekrpa 4yacrtot

Honpsa-kcHuc, B

PucyHok E.5 — lMepuognyeckme nMnyabCbl HANPSHXXEHUS, MPAMOYrosibHasa popMa BOJIHbI C BCneckamu (vactota 1 MIru)
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100 Ky, 300 kI'y, 1.0My 3.0My, 10 My, 30 MIy, 100 My,

L VI(ESUM)  81:(99.998 K. 12440) 82 (299 995 K, 461.5)9in) DIFF(B).(-199.597 K, 823,077 T) HactoTa

PucyHok E.6 — lMepuognyeckne UMNynbCbl HANPSXXeHUs,, NPAMOYrofibHas hopMa BOJIHbI C BCMeCKaMu
(vactoTta 1 Mly). aHanu3 cnekTpa 4yacTot

Hanpsikexve. B

PucyHok E.7 — Meproguueckne UMNynbCbl HANPSXEHWUSA, NPAMOYTronbHas popma BOJHbI
CO 3HauUTesIbHbIMU BCMeCKaMu
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100 KTy 300 Iy 1,0 MIy 3.0 MIy 10 My, 30 My,
$V1 Al (100003K. 1.4190) A2:<299.995 K. 664,234 m)DFF(A) (-199932 K. 754.745 T)

PucyHok E.8 — Mepuoguyeckne MMNynbCbl HANPsKeHUs, NPsIMOYrosibHas popMa BOSIHbI
CO 3HAUYNTENIbHLIMU BCMIECKAMM, AHA/IN3 CNEKTPa YacToT
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Mpunoxexne F
(cnpaBo4HoE)

Owvarpammbl onpegeneHus pasmepos

Cnepgytowve guarpamMmsl (CM. pucyHkn F.1 n F.2) [EMOHCTPUPYIOT 3aBUCUMOCTW MEXAy BAUAIOWMMUN hakTopamm
onpegeneHns pasMepoB BO3AYLUHbLIX 3a30POB W PACCTOSIHUI YTEUKM /151 KOOPANHALUN U30AAuMA. Juarpammbl Bblgens-
0T OCHOBHble (DAKTOPbl U He nMpefHa3HauyeHbl 415 NOAMEHbI MOMHOTO 0630pa COOTBETCTBYIOLMX PA3fEe/oB cTaHAapTa.
B 4acTHOCTU, OHM He npejHasHayeHbl /1 PACCMOTPEHUsi 60/Iee TOUYHbIX PA3MEpPOB BO3AYLUHbLIX 3a30POB B CUTYyauusx
0[HOPOAHOrO Nons (3HadeHus cnyyas B) Ana yactoT Mmexay Unu IrTu onpefeneHus pasmepos TBEPAOHA M3onauum B
NOPSAKE UCKTIOUEHNS UCTILITAHUI BbICOKOYACTOTHBIMU HAMPSHKEHUSIMN.

Mpoueaypsbl onpeAenieHnsi pa3MepoB BO3AYLIHbIX 3a30POB M PACCTOSIHWIA yTeuku HesaBucUMbl. CrefoBaTenbHo,

Tam. rae BO3A4YyLIHbIE 3a30pbl U PACCTOSAHMSA YTEUKM HA3HAYAKTCA HAA OLHOW U TOl XKe NMOBEPXHOCTbLI M30/ALMU, AOSIKHO
6bITb NPUHATO HanbonbLIee N3 UX 3HAYEHWIA.

MpumevaHne — [na yacToT, npeBbiwarowmx 30 MIy. NpubAM3MTENBHO OAHOPOAHbIE NONSA CYMTAKOTCH CY-
LL|eCTBYOLWMMN. KOTAa pagnycCbl OKPYXXHOCTEW NMPOBOAALMX YacTeil paBHbl uan npesbiwaT 20 % 3HaYeHWii BO3AYLWHbIX

3a30p0B. Heo6xoAVMble pafnycbl OKPYXHOCTEN MOTYT 6bITb ONPeAeneHbl TOMbKO B KOHLLE NpoLieAypbl onpeAeneHus pas-
MepoB.

PucyHok F.1 — [lnarpamma onpejaefieHns BO3AYyLLIHbIX 3a30p0B
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Cranem»
Tunn*—m

toon*— yTaeH

EC BKHO*-1,Tab 1
ayTnwo ~L,Taonnue 4, TeroBas T60MLB 2

NeTsi|MHHbIA 1ECMMW-C, nrtnnie 1

LUTapMB
()

IM — MbHBB paccrnXn»y T» n -
HUANYL— N — il, TpH)WLLFOCTHI
r» NaaXXHEHUUTPNMHre
WM YXKLLIMHM) Bbl @*M CTTH bl bl HBMPLLKBHNOM

PucyHok F.2 — finarpamma onpegeneHnst pacCTosHUIA yTeukn
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MpunoxexHune JA
(cnpaBo4HoE)

CBefleHVs1 0 COOTBETCTBMU CChIIOYHbIX MEXAYHAPOHbIX CTAHAAPTOB
MEXrocyAapCTBEHHbIM cTaHgapTam

Ta6nunya [OA1

O603Ha4YeHne CCbiINOUYHOro
MeXAyHapoAHOro cTaHjapTa

IEC 60112:2003
IEC 60664-1:1992

IEC 60664-5

IEC Guide 104:1997

CteneHb
cooTaeTcTens

HoT

O6G0o3HaueHMe U HAaMMEHOBaHNE COOTBETCTBYIO W ErD
MeXrocyAapCcTBEHHOrO cTaHAapTa

FOCT IEC 60664-5— 2013 «KoopguHauma nsonauumn gna obopy-
[OBaHNA B HMW3KOBOJMIbTHbIX cucTemax. YacTb 5. KomnniekcHbIi
MeTo[, onpejAeneHns 3a30poB W MyTeli yTeukn, paBHbIX UAN Me-
Hee 2 MM0

* COOTBETCTBYHOLMNIA MEXrOCYyJapCTBEHHbIN CTaHAapPT OTCYTCTBYET. [0 €ro NPUHATUS PEKOMEHAYEeTCsl UCMOMb30-
BaTb NEPEBO/, Ha PYCCKMI A3bIK JAHHOTO MeXAyHapo4HOro cTaHaapTa.

MpuMmeuaHne — B HacTosAwel Tabnuue UCNONb30BaHO cleaytollee yCoBHOe 0603HadYeHe CTEeNeHn cooT-

BETCTBUA CTaHOapTa:

- HOT — MAEeHTUYHBIN cTaHaapT.
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