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BBeaeHue

HacToawuin ctaHaapT paccmaTpuBaeT BOMPOChI KOOPAUHALMUMW U30NALMKN B YCIIOBUSIX BO3AENCTBUS Bbl-
COKOYACTOTHbIX HU3KOBOSLTHBIX HANPSHKEHWIA.

CraHgapT paccmaTrpuBaeT BONPOCHl BO3AENCTBUA BbICOKOYACTOTHLIX HAaNPSKEHUI Ha TBEPAYK U30Ms-
UMIo, a TaKkke onpeaenseT ycrnosua onpeieneHns Bo3ayLUHbIX 3a30P0OB, PACCTOSHUI YTEYKHU, pa3MepoB TBEp-
0V M30MAuMmM Npyu BO3AENCTBUN CUHYCOUAANBHOTO U HECUHYCOMAAMNBHOTO HANPSXKEHNS.

CTaHgapT NnpuMeEHSEeTCa COBMECTHO C MexayHapoaHbiM ctaHgaptom |IEC 60664-1 «KoopanHauyusa nso-
nauumu ans obopyaoBaHMSA HU3KOBOMLTHbLIX cucteM. Yactb 1. MNpuHuMnel, TpeBOBAHUSI U UCTLITAHUAY, A0-
MOMHSAA U KOHKPETU3MPYSI BONPOCHI KOOPAWHALIMU U3ONSLUK B YCIOBUAX BO3AEHCTBUSI BBICOKOYACTOTHOIO Ha-
NPSHKEHUS.

Hacrosimin ctaHaaptT MOXeT ObiTe MCNOMB30BaH NpU pa3paboTke HALMOHANbHBIX U MEXTOCYAAPCTBEH-
HbIX CTaHAAPTOB Ha HW3KOBOMbLTHOE 00OpyAOBaHME, paboTaloLee NPU BLICOKOYACTOTHOM HanpsKeHuu, ans
obecneyeHusi COOTBETCTBUSA €r0 TPEOOBAHUAM TEXHUYECKUX PETNIAMEHTOB.
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M E XTFOGCVYAAPGCTUBETHTHUbB W CTAHAAPT

KOOPOAMHAUNA n3ondumnn ana oboPyaooOBAHUA HU3KOBOJIbTHbIX CUCTEM
Yactb 4
AHanu3 BbICOKOYACTOTHOIO HanNpPsHkeHUA

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

DNara BBepgenua — 2019—06—01

1 ObnacTb NnpUMeHeHus

HacTosilumii ctaHgapt paccmarpuBaeT CTPECCOBOE BO3A€iCTBUE BbICOKOYACTOTHOMO HanpsXeHWs Ha
OCHOBHYIO, JONOMHUTENbLHYIO U YCUMEHHYIO M30AALMIO HU3KOBONLTHOTO 060pyaoBaHUA. 3Ha4YEeHUA pasmepos
U30MALMKN NPSIMO NPUMEHUMbI K OCHOBHON M30MALMKW; ANS YCUIEHHOW M30NSAUMKU COOTBETCTBYIOWME Tpebo-
BaHUA NPUMEHSAIOTCA B cooTBeTCcTBUU C IEC 60664-1. MNMonoxeHUa craHgaptTa NpUMMEeHUMbI AnNa onpeaeneHuns
pasMepoB BO3AYLUHbIX 3a30pPOB (M30MALUMOHHBLIX NPOMEXYTKOB), PACCTOAHUN YTEYKM WU TBEPAOW M30NALUM,
noasepraeMbixX BO3AEMCTBUIO NEPUOANYECKUX HANPSXKEHWUIN Pa3NUYHbIX TUNOB B Anana3oHe Yactot oT 30 kl'y
no 10 My,

Hactoawmn ctaHgapt A0MKEH NPUMEHATLCA TONbKO COBMECTHO ¢ |IEC 60664-1 unu IEC 60664-5. Mpu
X COBMECTHOM MPUMEHEHUM OrpaHUYEHnA No YacToTe, ykasaHHble B IEC 60664-1 u IEC 60664-5, pacLumps-
HTCA 40 3Ha4YeHun Bbiwe 30 klu,.

Hacrosawmii ctangapT Takke npuMmeHsieTcs coBMecTtHo ¢ IEC 60664-3 ana yactorsl Beilwe 30 k'Y u 3a-
wuThl TUNA 1. ONA 3awmTbl TUNA 2 STOT BONPOC HAXOAUTCA B CTaAMKN PACCMOTPEHUS.

MpuMedaHue 1 — 3HayeHUa pasmepoB ANs YacToThl Bhile 10 MY HaxogaTca B CTafjun pacCMOTPEHUS.

MpuMedaHue 2 — HacToAwumil cTaHfapT He paccMaTpUBaET BLICOKOYACTOTHLIE NOMeXU. CUUTAETCS, YTO Mpy
HOPManbHOM MPUMEHEeHUN 0BGOpPYAOBaHUA UHTEPdEPEHLUS BLICOKOYACTOTHBIX HamnpsikeHUn ¢ y4eTOM BO3[eCTBUSA Ha
N3onALUuI HeaHauuTenbHa. CrefoBaTenbHO, HET HEOGXOAMMOCTU 3TO YUUTLIBATD.

MonoxxeHnsa HacToALWero ctaHaapTa NPUMEHSATCA K 060pyA0BaHUIO, NPUMEHSIEMOMY NPU BbICOTE HAA
YPOBHEM MOPA He Bbile 2000 M Npu 3HAYEHMM HOMUHANBLHOTO HanpshkeHus He 6onee 1000 B.

MonoxxeHna craHgapTa NPUMEHSIIOTCA NPU Has3HadveHun TpeboBaHWi K BO3AYLUHLIM 3a30paM, paccro-
AHUAM YTEYKM U TBEPAOW U3onsauumn Ans o00pyaoBaHUA Npu 3afaHHbiX Kputepusax. OHM BKIIOYAIOT METOAbI
3NEKTPUYECKUX UCMBITAHUI C YYETOM KOOPAUHALMK U3ONALUN.

MuWHWManbHBIE BO3AYLUHbIE 3230Pbl, YKa3aHHblE B HACTOSAILLEM CTaHAapTe, He NPUMEHUMbI B YCITOBUSIX
MOHM3aLMKN ra3oBoro nNpocTpaHcTea. CneumansHeie TPeBOBaHUA NO OrpaHUYEHUAM ANS 3TOrO0 Cny4ast MoryT
ObITb YKa3aHbl COOTBETCTBYHOLUMMU TEXHUHECKUMU KOMUTETAMM.

Hacroswmn ctaHgapT He pernameHTUpPYeT pacCTOAHUS:

- Yepes XNOKYI U30naumio;

- Yyepes UHbIE rasbl, OTNIMYHLIE OT BO3AYXa;

- Yyepes cXKaTbli BO3AYX.

MpumedaHune 3 — Bbicokue HamnpsxxeHWUst MOTYT NPUCYTCTBOBATL BO BHELLHWX Liensix o6opyaoBaHus.

MpumeyaHue 4 — TpeboBaHusA Npu BeICOTE Hag YpoBHEM Mops BhiLle 2000 M MoryT 6biTb B3SiThI M3 IEC 60664-1,
Tabnuua A.2, npunoxexue A.

M3naHue ocpuumnanbHoe
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MpUMeHeHMe HACTOSALLEro CTaHaapTa OroBapUBaETCS OTBETCTBEHHLIMU TEXHUMECKUMU KOMUTETAMU ANS
pasnu4Horo 06opyaoBaHNUs B 3aBUCUMOCTHU OT PaLMOHANLHOCTU AOCTIKEHUSA TPEGOBaHMI KOOPANHALMK N30-
NAUMK NPY YKa3aHHbIX B CTaHAAPTE U3OMALMOHHBIX MPOMEXYTKaX B BO3AYXE, PACCTOSAHUM YTEYKU N PasMepoB
TBEpPAON M3onAuuu Ans obopyLoBaHuUs.

2 HopmaTuBHbIe CCbINKU

[nA npMMEHEHNA HaCTOALLEro cTaHaapTa HeobxoaMbl CrneayloLLMe CCbINoYHbIE CTaHaapThl. Ans aaru-
POBaHHbIX NTPUMEHAKT TOJNIbKO YKa3aHHOe nsgaHue, AnAa HegatupoBaHHbIX — nocneaHee udgaHue crtaHaapra,
BKNO4Yaa BCE€ UBMEHEHUA K HEMY.

IEC 60112:2003, Method for the determination of the proof and the comparative tracking indices of solid
insulating materials (MaTtepuanbl anekTpou3oNsiUMOHHbIE TBepable. MeToabl onpeaeneHnsa HOPMaTUBHOTO U
CpPaBHUTENbHOrO MHAEKCOB TPEKMHIOCTOMKOCTH)

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 usonsuum ansa obopyao-
BaHMA B HW3KOBOJLTHbLIX cuctemax. “Yactb 1. MpuHUmnbl, TpeboBaHma u ucneitauusa. MameHeunune 1 (2000).
MameneHue 2 (2002)]")

IEC 60664-5, Insulation coordination for equipment within low-voltage systems — Part 5: A comprehen-
sive method for determining clearances and creepage distances equal to or less than 2 mm (KoopauHauus
nsonaummn ans 060pyaoBaHUS B HU3KOBOJSBTHLIX CUCTEMAaX. YacTb 5. KoMnnekcHblii MeToa onpeaeneHust 3a-
30pPOB U NYTEN YTEYKU, 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 (Mogrotoeka nybnukaumin no 6€30NacHOCTU U CNONb30BaHWE OCHOBONONAratoLLMX
W rpyNnoBbIx nyGrmkaLuii no 6e3onacHocTm)?)

3 TepMUHbI 1 onpeaeneHus

B HacToALIEeM cTaHAapTe NPUMEHEeHbl cneaylowme TEPMUHbI C COOTBETCTBYIOLLMMU ONpeaeneHUsMu:

3.1 npubnusutenbHO oaHopoaHoe nose (approximately homogeneous field): nsa yactoTbl, npesbi-
watowei 30 kU, anekTpuyeckoe none, MMeIoLee NPUONU3UTENBHYIO OAHOPOAHOCTL, KOIAa PaanyChl OKPYX-
HOCTel NpoBOASALUMX YacTen paBHbl unu 6onblue 20 % pa3mepa BO34YLLHOIO 3a30pa.

3.2 HeogHOpoaHoe nose (inhomogeneous field): [ina yacToTbl, npesbiwatowen 30 Ky, anekTpuyeckoe
none, UMeKLEee HeOAHOPOAHOCTb, KOTAA PajMyChl OKPYXXHOCTEN MPOBOASALLMX YACTEW paBHbl UMU MEHbLLE
20 % pa3smepa BO34yLUHOrO 3a3opa.

3.3 Upeax: MnKoBOE 3HAUEHUE NEPUOANYECKOTO MUKOBOTO HAMPSKEHWs MIOBOro THMNA, NPUNOXEHHOTo
yepes U3onAUMIo.

3.4 1t KpuTnueckas yacrora, npu KOTOPOW NMPONCXOAUT CHIDKEHNE HANPskeHUsi NpoGos, Npoucxoas-
Liero B BO3AYLUHOM 3a30pe.

3.5 fiin: HacToTa, npu KOTOPOH NPOMCXOANT MAKCUMANbHOE CHIKEHWE HanpsbkeHus npobos, npouc-
X0AALLEro B BO3AYLUHOM 3a30pe.

3.6 HanpsxxeHue yacTuuHoro paspsaaa (UP) (PD-voltage): O6wumit TepMUH ANst ABYX TUNOB YaCTHbIX
paspsaoe — Npu Ha4anbHOM HanpsbkeHnn U; u npu satyxaiowwem Hanpskenuu U,.

3.7 HanpsXeHHOCTb JnekTpuveckoro nona E (electrical field strength E): UsmeneHue (rpagueHT) Ha-
NPSXXEHUA Ha eauHUUy ANUHBI, 0ObIYHO BbiPaXXEHHLIN B KB/MM.

4 BosayuHble 3a30pbl (M30NALMOHHDbIE NPOMEXKYTKUN)

4.1 MasBHble ycnoBus

HacroAwmin ctaHaaptT paccMaTpuBaeT W3OMALUMOHHBIE NMPOMEXYTKM B BO3ayxe. 3HayeHusi pa3sMepoB
YCTaHOBAEHbI ANs MakCUMarbHOM BbicOTbl 2000 M Hag ypoBHeM mops. Ans 60nbLuei BbICOTbl MPUMEHSIETCA
KOPPEKTUPYIOLMIA KOA(PDPUUMEHT BbICOTHI, NpuBeaeHHbIN B IEC 60664-1, npunoxenue A, Tabnuua A.2.

0 OevicteyeT IEC 60664-1:2007, ogHaKo ANA 0f4HO3HAYHOro cobniogeHus TpeGoBaHUiA HAacTosILLEro CTaHAapTa, Bbl-
paXeHHbIX B AaTUPOBAHHOW CChINIKe, PeKOMEHAYETCA UCNONb3oBaTb TONBKO YKasaHHOEe B 3TOW CCbiNke U3faHue.

2 DeincteyeT IEC Guide 104:2010, ogHako ansa ogHO3Ha4YHoro cobniogeruns TpeboBaHuii HacTosALLEero cTaHfapTa,
BblpaXXeHHbIX B JaTUPOBaHHON CChIfIKe, PEKOMEHAYETCA UCMONb30BaTh TONBbKO YKa3aHHOE B 3TOMN CChIfIKe u3gaHue.
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4.2 OcHoBHas uH¢opMauma

B COOTBETCTBMM C OCHOBHOW MH(pOpMaLIMeli, NpuBEAEHHON B MpunoxeHun A, pasgen A.1, Belaepxxvpae-
masi cnoCoBHOCTb BO3AYLLUHbIX 3a30P0OB MOXET ObITb NOABEPXKEHA BO3AENCTBUIO TONBbKO YaCTOTbl HANPSXKEHUS,
€CNnu NepUOANYHOCTb HanNpPsXKeHWsA nmeet mecto (cMm. IEC 60664-1, n. 3.1.1.2 unu IEC 60664-5, n. 3.1.1.2).
N KpaTKOBPEMEHHbIX NMEPEHAaNPHKEHUIA JOCTATOYHbI pa3Mepsl, npuBeaeHHbie B IEC 60664-1, n. 3.1.1.1 unu
IEC 60664-5,n. 3.1.1.1.

4.3 OgHOpoOAHbIe UMK NPUCITU3UTENIbHO OAHOPOOHbIE NONA

4.3.1 YcnoBusa ans npuonu3suTesibHO OQHOPOAHOIO Nosns

[na yactotel, npesblwawwen 30 kMY, NnpubnuaMTensHO OAHOPOAHOE Mofe paccMaTpuBaEeTCs Cylle-
CTBYIOLLIMM, €CMNU paauyChl OKPYXXHOCTEN NPOBOAALLMX YacCTel paBHbl unu 6onblue 20 % pasmepa BO3AYLIHOIO
3a3opa.

4.3.2 3kcnepuMeHTaribHbie 3HAYEHUA XapaKTepUCTUK Npobos

B cOOTBETCTBMM C 3aKMIOYEHNEM, NPUBEAEHHBIM B A.2.1, KpuTUYeckas vacrora £,
XEHWSA Npobos, HaXOAUTCA B CNEAYIOLLEN 3aBUCUMOCTM OT 3HA4YEHUA BO3AYLLUHOIO 3a3opa

0,2

crit = d/MMMrU" M

CHWXatrLwlaa Hanpa-

rae d — BO34yLUHbIN 3a30p.

JKcnepuMeHTanbHble 3HaYeHus, NpuBeaeHHble B A.2.1 ANsi yCnoBuii O4HOPOAHOIO NOMs, YKasbIBaOT HA
MakCUMMaribHOe CHUXEHWEe HanpsbkeHus npobos npu Yacrtore, cocrasnsoen 20 % 3HadeHus Yactorbl 50/60 .
Yacrota, npu KOTOPOW NPOMCXOANT MaKCUMYM CHUXEHUSA, Ha3bIBAETCA f ;..

MpumMmedaHnne — [nA Leneil HacTosALLero cTaHgapTa YacTota f,
3 My,

4.3.3 Pasmepbl Ans ycrnoBuil OQHOPOAHbIX U NPUGNU3NTESNIbHO OAHOPOAHLIX Nosen

M30nALUMOHHbIE XapaKTEPUCTMKM BO3AYLUHbIX 3a30POB MNPU €CTECTBEHHOM AaBfEHUU aTtMoCHEPHOro
BO34YyXa B YCMOBUSIX OAHOPOAHLIX NOMelt JOSKHbI pacCMaTpUBaThCA C YYETOM HaCTOThI Clieaytowmm obpasom:

- BblLLE Y4acToThl f_; HanNpsbkeHne NPoBosi CHUKAETCA C POCTOM 4acToThl. MakcumansbHoe CHwKeHue
HanpsbkeHue npobos okono 20 %;

- HanpspkeHne NpoBos LOCTUraeT MUHUMYMA npu vactote f ... Mpu Gonee BLICOKMX YacTOTaxX HanNpske-
HWe Npobos HapacTaeT u MOXET NPEBLICUTL 3HAYEHUE NPU NPOMBILLNEHHON YacToTe.

3TO CBUAETENMLCTBYET O TOM, YTO 3TU XapaKTepPUCTUKU TaKxe NpUeMIEMbl U ANng yCNOBWIA Npubnuau-
TeNbHO OAHOPOAHOIO NOSA.

Pa3mepbl Ans 04HOPOAHBLIX NOMEN OCHOBAaHbI HA 3HAYEHUAX, NPUBEAEHHbIX AnA cnyyasn B B IEC 60664-1,
Tabnuua 7 nnu IEC 60664-5, Tabnuua 3. MpumeHeHne aTuX 3Ha4eHui TpebyeT UCTIbLITAHUIA HA YCTOMYUBOCTb
B cooTBeTcTBUK ¢ IEC 60664-1, n. 4.1.1 unu IEC 60664-5, n. 4.1.1.

Pa3mepbl Ans npubnmautenbHO 0AHOPOAHbLIX NOJIEl OCHOBAHBI HA 3HAYEHUSIX, NPUBEAEHHbIX NS cnydas A
B IEC 60664-1, Tabnuua 7 unu |IEC 60664-5, Tabnuua 3. McnbiTaHwii HA yCTOMUMBOCTL He Tpebyercs. OgHako pa-
ZMYCbl OKPY>KHOCTEN NPOBOAALLUX YaCTeN AOMKHbI ObiTh paBHbI unu Gonblue 20 % pa3Mepa BO3AYyLLHOTO 3a3opa.

MMeeTca aBa meToaa onpeaeneHusa pasmepos.

1. Ecnn oTCyTCTBYET NOHUMAaHWE OLEHKU, BO3AYLUHbIE 3a30pbl B Npeaenax AuanasoHa 4acTtoT HacTos-
LLlero cTaHgapTa A0MKHbI HasHavYaTbea ana 125 % 3HaueHns Heo6Xx0AUMOTO BblAEPXKMBAEMOTO HaNPSXKEHUSA B
coorsercTBuK ¢ IEC 60664-1, Tabnuuya 7 unm IEC 60664-5, Tabnuua 3.

2. Ecnu oueHka BO3MOXHA, NPUMEHSAETCA crieayloLee:

a) Ans vYacrot Hke fy [em. chopmyny (1)] Bo3ayLUHBIE 3a30Pbl AOIHKHBI HAa3HaYaTLCA Ans 125 % 3HaueHus
HeoOX04MMOrO BblAEPKMBAEMOr0 HaNPskeHUA B COOTBETCTBUM ¢ IEC 60664-1, Tabnuuya 7 unu IEC 60664-5,
Tabnuua 3;

b) Ans YacTot Bbilwe f;,, BO3AYLWHLIE 3a30Pbl JOMKHBI HA3HAYaTLCA ANA 125 % 3HayeHus Heo6xoaUMOoro
BblAEPXXMBAEMOr0 HanpsiXXeHus B COOTBETCTBUM ¢ IEC 60664-1, Tabnuua 7 unu IEC 60664-5, Tabnuua 3;

C) AN 4acToT Mexay f. W fi, BO3AYLWHbIE 3a30pbI ONPEAENAIOT NO hopmyne

f—f. .
100 % +—3 .25 % @)
min~ ‘crit
Tpebyemoro BblAEpKMBaeMOro HanpsbkeHus B cootsetcreum ¢ IEC 60664-1, Tabnuua 7 wnu IEC 60664-5,
Tabnuua 3.

in» MOKa3aHHasa Ha pucyHke A1, NPUHATa KakK
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B uensx onpeaeneHusl KPUTUHMECKOW YaCTOThbI MEPBOHAYANbHO BO3AYLUHLIA 3a30p NMPUHUMAETCA ANA
100 % 3Ha4yeHuss HeoOXOAUMOrO BbIAEPKUMBAEMOrO HanNpsH>keHsa B cooTeeTcTBuu ¢ IEC 60664-1, Tabnuua 7
unu |IEC 60664-5, Tabnuua 3. 310 MOXET ObITb NPUHATO, ECNU NPUMEHUMbI YCNOBUSA a), b) unu ¢). Tak kak 3ToT
pacueT AOIMKEH BNUSATL HA pe3ynbTaT (BO3AyLUHbIN 3a30p), TpebyeTcs ero noBTopeHue.

MpumMmevyaHue — [anbHeilwan uHgopMaLms No BONPOCY onpeaeneHna pasmepa npusefeHa B NnpunoxeHuu F.

4.4 HeopgHopoaHble nons

4.4.1 YcnoBusa HEOQHOPOAHOIO NOssA

[na vacrortsl, npesbiwatowien 30 kM, HEOAHOPOAHOE NONE PacCMaTPUBAETCA CYLLECTBYIOLLUM, €Cnn
paanycbl OKPY>XHOCTEN NPOBOAALLMX YacTeil MeHbwe 20 % pasMmepa BO3AYyLUHOrO 3a3opa.

4.4.2 3kcnepuMeHTarbHble 3HAYeHUSA YaCTHLIX Pa3paAOB U XapaKTepUCcTUK Npo6os

[ns ycnoewii HEOAHOPOAHOTO NOSS YACTOTa fiy; MOXET ObITh BbluMCneHa no chopmyne (1). Mpu vacToTax
BblLLE f; BNMAHUE YACTOThI HA HanpsbkeHue Npo6os HamHOro GosnbLIe 3aBUCUT OT YCNOBUI HEOAHOPOAHOMO
nonsi. CHUXEHUe HanpsbkeHuss Npobos ¢ y4eToM 4acTOTbl CUITIOBOTO UCTOYHMKA MOXET ObiTb Bonee yem Ha
50 %.

[nsa ycnoBuin HEOAHOPOAHOTO MOMA YaCTUYHBIN pa3psaa (KOPOHA) MOXET ObITb OXuAaEM NPU Hanpshke-
HUM HKE HanpshkeHus npobos. B CBA3M ¢ BLICOKMM PUCKOM MOBPEXAEHUA, BbI3BAHHLIE 3TUMM NpobosiMu ¢
BbICOKOI YaCTOTO NMOBTOPEHUS, ONpeaeneHne pasMepoB JOMKHO ObiTb TOUHBLIM, YTOObLI N36exaTb BO3ZHUKHO-
BEHUS YacTUYHOTo npoGos (Hr).

JkcnepuMeHTanbHble AaHHbIe NpuBeAEHbl B A.2.2.

4.4.3 OnpegeneHue pasMepoB BO3AyWHbIX 3a30POB B YCNOBUAX HEOAHOPOAHOIO NonA

Mpun vactoTax Hwke f . [cM. chopmyny (1)] BO3AYWHbIE 3a30Ppbl MOMYT ObiTh HasHaueHbl Ansa 100 %
3Ha4YeHNsA YCTAHOBIMIEHHOTO BbIAEPXMBAEMOrO HaNPAXXEHUA B cooTBeTCTBUMM C IEC 60664-1, Tabnuua 7 unm
IEC 60664-5, Tabnuua 3.

YacroTa HanpshkeHns AOorpkHA ObiTb NPUHATA BO BHUMAHWE ANS onpeerneHust pa3mepoB Ansi 4acToThbl
paHon unu Gonee yem f ;. Ecnu UM HauMHaeTCa Npu KPaTKOBPEMEHHBIX NEPEHANPSDKEHUSX U HE MOXKET ObiTh
3atyxaowmm npu mobbiX YCTAHOBUBLUMXCA HanpsbkeHuax (cMm. IEC 60664-1, n. 4.1.2.4), ans onpeaeneHus
pasmepa OOMKHO NPUMEHATLCA HanpshkeHue 3atyxaHusa UM. CooTseTcTByOLME AAHHLIE (CM. NMPUMEYAHKE)
(M3MepeHUin) COBMECTHO C OrpaHUYMBAIOLLEN KPUBOW (OMpeaeneHuns pasMepoB) NPpeacTaBneHbl Ha pUCyHke 1.

Mpumevyanue 1—/[na onpegeneHns pasMepoB NPpUMEHNUMbI AaHHble A.2.2, NONyYeHHbIE ANA BO3AYLUHBIX 3a30-
poB BelLe 0,75 MM npu YacTtoTe 1 MIL, Ha4YMHas OT HanNpsPKeHWUs Npobos, W Bbile, HaYUHas OT HanpskeHne 3aTyxaHus M.

3HaYeHMs pa3mepoB AN HEOAHOPOAHOIO MOMS CUCTEMATU3UPOBAaHbI B Tabnuue 1. 3T 3HaUYEHNs npu-
MEHWUMbI, ECNIN BCTPEYAIOTCA Marbie paanyChl CKPYINeHUi NPoBOAALLMX YacTel. Ha npakTuke 3tu ycnosus
BbINOSHUMbI, ECIIN PAAMYChI CKPYTNIEHUI NPOBOAALLIMX YacTen MeHee 20 % BENUUMHBI BO3AYLLHbIX 330P0B.

MpuMmevaHnue 2— [anbHeiiwas nHpopmaLusa Mo HazHa4YeHWUIO pa3MepoB NpeacTaBneHa B NpunoxeHuu F.

Tabnuya 1— MuHUManbHbIe 3Ha4EHUS BO3AYLLUHBLIX 3a30PpOB NpU aTMOCHEpHOM AaBREeHUU ANS YCIOBUIA HEOZHOPOA-
HOro nons

HanpsxeHue, Upeak, kB BosayLuHble 3a30pbl, MM
0,6%: b y Bhiwe 0,065
0,89 0,18
1,02 0,5
1,29 1,4
1,42 2,35
1,62 4,0
1,82 6,7
2,09) 11,0

a) [INA NPOMEXYTOUHbIX 3HAYEHMiA OTHOCUTENBHO YKasaHHbLIX B TaGnuLe NpUMeHseTCA pacuer.
b) Ana HanpspkeHunit U, HUxe 0,6 KB HeT 40CTOBEPHLIX AaHHbIX.

pea
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0 0,2 0,4 0,6 0,8 1,0 1.2 14 1,6 1,8 20
U (nukoBbie sHaueHus), kB

+ — u3MepeHHble 3HaYeHUs % — ANA Ha3HaYeHWs pasmepos

d — BO3AYLWHbIE 3a30Pbl

PucyHok 1 — Pasmepbl BO3AYLUHBIX MPOMEXYTKOB B HEOAHOPOAHOM None B BO3AYLLIHOW cpeae npu atmochepHoM
AaBNEHUN (pPaanyCbl TOYEK 3NEKTPOAOB B INaHe — 5 MKM) AnA ucknioderun cnyyaes YN unn npoboes
(BO3ayLHbIE 3a30pbl MeHee 1 MM)

5 PaccTosiHUA yTeuku
5.1 JkcnepuMeHTanbHbIe AaHHbIE

BnusHue 4acToTbl Ha HanpsbkeHue Npobos ANS 3HAYEHW PACCTOAHNIA yTeYeK OLIEHUBAETCA B 3aBUCK-
MOCTU OT 3HaYE€HUW, NPUBEAEHHBIX B NPUIOXEHUU B.

SKCnepuMeHTarnbHbIe YCIIOBUS ANS UCCNEAO0BAHNA MEIOWNXCS YCNOBUA U Marepuanos BKNIOYAIOT B
3KCMEePUMEHTbI, ONUCaHHbIE B B.2.

SKcnepuMeHTanbHbIe 3Ha4YEeHUA NpeacTaBneHsl B B.3. YacTtota HanpskeHUs OKa3biBaeT CyLECTBEHHOe
BnusiHme Ha Hanpsbxkenue YN n HanpsxeHne npobos.

5.2 OnpepeneHne pa3mepoB PacCTOSIHUA YTEUKM

Ha pucyHke 2 npeacraeneHbl U3MEPEHHbIE 3HaYEHUs1 COBMECTHO C OrpaHuiMBaloLLel Kpueon (onpepe-
nNeHnsi pasmepoB) ANs TPEX pasnuUyHbIX YacToT B guanasoHe Ao 100 kM, Ao 1 My n ago 3 MI'y. 3HayeHus
pa3smepoB pacCTOSHUIA yTEUKU CUCTEMATM3NPOBaHbI B Tabnuue 2. MNpoMexyTouHble 3HaYeHUs1 Ana COoTBET-
CTBYIOLLMX AMANA30HOB YacTOT MMEIOT JINHENHYIO 3aBUCUMOCTB. [laHHbIE 3HAYEHUS NpUEeMIeMbl ANs CTeNeHn
3arpsizHeHus 1.
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MpumMmevauue 1 — [ns onpefeneHnii pasmMepoB pacCTOAHNIA YTeYKU 3HaYeHus, npueeeHHble B C.3 gns Ha-
npsxkeHunid UM, npuemnemsl, ecnu U npu BbICOKOM HanpspKeHUU UMeET paspyLuaroLLnil apdekT OCHOBHOro Matepuana u
NMPOUCXOAUT B TEYEHWUE ANUTENBHOrO BPEMEHM.

3KcnepuMeHThl, onucanHble B [5]1), nokasbiBaloT, YTo pasmepbl PACCTOSHUI YTEYKN ANs CTENeHei 3a-
rpA3HEHUs 2 U 3 MOryT ObITb MOMYY€EHbI U3 U3BECTHBLIX PACCTOSAHUI ANSA CTENEHW 3arpa3HeHNUst 1 NpUMEHeHneM
NnonpaBoYHbIX KO PULMEHTOB. JNsA CTeneHu 3arpa3HeHnsa 2 NPUMEHAETCS NONPaBoOYHbIN KO3hdUUMEHT 1,2,
a aAnAa cTeneHu 3arpasHeHnsa 3 — koadpduument 1.4,

3HaueHus, NpuBeAeHHbIE B Tabnuue 2, He y4YuTbIBAIOT BnNusHue adpdekta TpekuHra. Ons aTux uenen
AOIMKHbI ObITb paccmoTpeHbl Matepuans! IEC 60664-1 n IEC 60664-5. Becneacreue 9T0ro 3HaveHus tabnu-
Ubl 2 MEHbLLE COOTBETCTBYIOLLUMUX 3HAYEHWUI, npuseaeHHbIX B IEC 60664-1, Tabnuua 4 wunu IEC 60664-5,
Tabnuua 4.

OTU 3Ha4YEHUsI pa3MepoB NPUMEHKUMbI AN BCEX MaTepUanos, CBONCTBA KOTOPbIX MOTYT ObITb YXyALLUEHbI
TennoBbIM BO3AeNCcTBUEM. [nsi maTtepnanos, KOTOPbIE HE MOABEPXKEHbI TAKOMY YXyALLEHUIO (Hanpumep, kepa-
MUKa), 10CTaTOYHO onpeJeneHne pasMepoB PacCTOSHUIA YTEYKM B COOTBETCTBUK C pasfenom 4.

Tabnuya 2 — 3HayeHUA MUHUMASBHBIX PACCTOAHWIA YTEUYKN ANA pasfnyHbIX 4acToT

PacctosHus yTquMa), MM
HanpsxeHue Ans
Urealc 3 s Lf < | fs oﬂ"ﬁlmw f< Oinl\;/'l ) | f< o',D7ﬂ|\;/|| e | f< 1%1'3' o | f< 2%ni\;l|lrub) f< 3%ﬂn;/||rub)

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 45 —

0,5 0,183 0,19 0,25 0,40 1,5 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 1.1 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 — — — — —

06 3,15 — — — — — —

0,7 4,40 — — — — — —

08 6,10 — — — — — —

2) 3HaueHWs pacCTOSHMIA yTeuku, NpuBeAeHHbIe B Tabnuue, MPUMEHAIOTCA Npu cTeneHu 3arpssHerus 1. Ons cTe-
MeHW 3arpsiaHeHns 2 HeoBXoaMMO NPUMeHeHWe NonpaBoYHOro KoadpduLmMeHTa 1,2, a ANA CTeneHn 3arpssHeHns 3 —
nonpaBoYHOro KosdduymerTa 1,4.

b) [Ins npoMexyTOYHBIX 3HAYEHNIA YaCTOT AOMYCTUM MPONOPLMOHATBHBIN NepecyeT.

1) 3pechk 1 fanee B kBaapaTHLIX CKOBKaX CChIMKN Ha UCTOYHUKN, NpUBEAEHHbIe B Bubnnorpadmm.
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+ — 100 kI, naMepeHHbie 3Ha4eHus!
& — 100 «, ons HasHa4YeHus pa3Mepos

% — 1 MI'y, usMepeHHbIe 3HaYeHUs
® — 1 MrI'u, Ans HasHa4YeHUA pasmepoB

X — 3 MI'ly, U3MepeHHbIE 3HaYEHUA
L+ — 3 My, aAns HasHa4YeHun pasMepoB
d — pacCTOAHUA YTEUKK

PucyHok 2 — Pa3mepbl pacCTosiHMiA yTeuKm, uckriodaiowme criyyam Ul
(paccTosiHus yTeuku He meHee 1 MM) unu npo6oes (PacCToAHUA YTEUKM MeHee 1 MM)

6 TBepaas n3onauun

6.1 OcHOBHOM aHanNu3
B cpaBHeHUM C U30ONALMOHHBLIMUA NPOMEXYTKaMu B BO3AYLUHOW Cpefe TBEPAASs M30onsaums Moxet obe-

CMEYMTb [MINEKTPUYECKYIO MPOYHOCTDb, MO KpaiiHeil Mepe Npu OAWHAKOBO BLICOKOW HanpspkeHHOCTH. OgHako
Ha NpaKTUKe BbICOKAsi HANPSHKEHHOCTb NOMs ANs TBEPAON U3ONALMKU NPUMEHSIETCS PEAKO.

NMpumeyaHne — TexHMUECKN HAAEXKHOCTL CTOWKOCTM K Aerpagaummn U oKoHYaTenbLHOMy NpoGoio TBepaoi N3o-
nsaumn obecnevnBaeTcs npuMeHeHnem Gonee HUSKMX 3HAYEHUIA HAaNPSDKEHHOCTH MOJISA, YTO Aanee AeTaNbHO U3IOXEHO B

paspene C.1 npunoxeHus C.
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6.2 Bnusawuwmue dakropsbl

Ons yactotbl 1 MI'Y HanNpsPKEHHOCTb NONSA KPaTKOBPEMEHHOro npobosi gormkHa ObiTb HA 10 % Huxke
3HaYeHWsa Ans CUNOBOMW YacToTbl. HanpspkeHHOCTb nona nNpobosA He AOoMMKHA A0CTUraTh HWKHEro npegena,
MMEIOLLErocsa npu yacTtoTe Bbiwle 3HadyeHusa 100 My,

MpumMmedaHne — XapakTepucTuka npobos Npu BLICOKOW YacToTe npefcTaBreHa B pasgene C.2 npunoxe-
HuaA C.

[nanexkTpuyeckas npoYHOCTb TBEPAON M3ONALUN B OCHOBHOM, U OCOOEHHO MPU BbICOKOYACTOTHOM Ha-
NPSHKEHMK, AOMKHA Aarnee CHUXKATLCA NOJA BIUSTHUEM BNAXHOCTW U TEMNEPATYpPbl. TU BIIUSAHUSA YYUTbLIBAKOTCA
B 3aBMCMMOCTU OT YCNOBUI NEPEA UCTbITAHUAMU B COOTBETCTBUMN C 7.3.

B cOOTBETCTBUM C 3TUMM XapaKTEPUCTUKaAMKU TBEPAOW M30MALMM, KOTOpasA NPUMEHSAETCA B BbICOKOYa-
CTOTHbIX YCTAHOBKaX, He AOIMKHO ObITb ANWUTENBHOIO BO3AENCTBUS YCMOBUIA BNAXHOCTK Bbilwe 92 % OTHOCU-
TENbHOW BMAXXHOCTU. HEKOTOPLIE MaTepuarnbl, TAKUE Kak CTEKIO U HEKOTOPbIE BUALI KEPAMUKU, HE NOABEPXKE-
Hbl BO3AENCTBUIO BMAXHOCTU U, CNEAOBATENLHO, HE TPEDYIOT OrpaHMYeHns Npegena BnaxHOCTU 3HAYEHUEM
92 %.

[nanexkTpuyeckas NpoOYHOCTb TBEPAON M30NAUMM DYHKLUOHAMNBHO 3aBUCUT OT TOMLWMHBLI Marepuana.
OuyeHb TOHKME NMEHKN MOTYT UMETb AUSNEKTPUYECKYIO MPOYHOCTb, KOTOpas MOXET ObITb HA NOPSAAOK BbiLLE,
yeM y ucnbiTatensHoro odpasya TonwmHon 0,75 MmM. Tak pasnuyHble pa3mepbl COOTBETCTBYIOLLEN TONLWMHbI
TBEPAOW U30NALMKU BbIDMPAIOTCA, UCXOAS U3 UMEIOLLENCS 3aBUCMMOCTU MPOYHOCTU M30OMNAUMUM OT TONLLMHGI
n30nALnK.

BrnuaHue Temnepartypbl Ha HanpshxeHne npobos MoxeT ObITb NpocnexeHo B pasgene C.2 npunoxenusi C.
Takum o6pasom, TemnepaTypa ABMAAETCA BaXXHbIM BIUAIOLLMM (pakTOPOM, KOTOPbIN AOJKEH YYUTLIBATLCS ANA
onpeaeneHns pasmMepoB 1 NpU UCNbITAHUAX.

YactHble npobou Npu BbICOKOYACTOTHBIX HAMPSXKEHUAX JOIKHBI UMETb UMNYJILCHBIE YaCTOTHbIE NOBTO-
peHus, 3aBucALLME OT YacTOThl HanpskeHus. CneaoBaTenbHO, HET NPUEMIIEMOTO NITAHUPYEMOTO XU3HEHHOTO
LMKna TBepAon U3onauMmn Npu HanM4mMm YacTHelX Npoboes.

6.3 OnpeoeneHune pasmepoB TBEpPAON U3ONALUN

B3ameH BbICOKOYACTOTHBIX UCMbITAHUI B COOTBETCTBUU C pasfenomM 7 MOXET ObITb NPUMEHEH Cneayto-
LWuii meToa onpegeneHns pasmepos. OH NPMMEHUM AN MakCUMarnbHOW YacToTbl HanpskeHusa 10 MMy, ecnu
HaMNPSPKEHHOCTb NONA NPUOAM3UTENBHO OAHOPOAHA, HET BLIOPOCOB CneunUUHbIX HANPSXKEHUIN, COOTBETCTBY-
owmx popmyne (3) unu pUcyHKy 3 COOTBETCTBEHHO, M HET NYCTOT MMM BO3AYLUHbIX NOSIOCTEN, UMEIOLLMXCA
Mexay TBepaow m3onsaumen. Ecnu aTu ycnosusa nONHOCTLIO HE YAOBNETBOPAIOTCHA, TpebyeTcs npoBeaeHue
BbICOKOYaCTOTHbIX UCMbITAHWI B COOTBETCTBUU C Pa3aernom 7.

OnpeaeneHune pasmepoB NPUMEHSIIOT, ECNU 3NEKTPUYECKOe none NnpubnuanTensHO OAHOPOAHO (CM. Npu-
MedaHue). [Ina TONCThIX CNoes Teepaon nsonauumn ¢ d; 2 0,75 MM NUKOBOE 3HAYEHNE HANpPsKeHHOCTH nons E
AOIDKHO ObITb HE Gonee 2 KB/MM. [l TOHKUX Croes TBepaoi nsonaumu ¢ d; < 30 MKM NMUKOBOE 3HAYEHNE Ha-
npsbkeHHocTH nona E gomkHO 6biTh He 6onee 10 kB/MM. [ANst BLIMUCNEHUI NPOMEXYTOUHbIX 3HAYEHWUI TONLLMH
d; > d > d, pomkHa NnpumeHATLCA hopmyna (3) (CM. Takke PUCYHOK 3).

0,25 kB
E=|—+1,667 |—. 3)
d MM
MpuMmevyaHune — B AaHHOM KOHTEKCTe 3NeKTPUYECKOE Mone SABMAETCS NPUBNU3UTENBHO OAHOPOAHLIM, €CIn

pasnuyune 3Ha4eHWin HanpsPKEHHOCTK nons He npesblwaeT + 20 %.

MpumeHeHne HanpsXKEHHOCTW NONA ANA onpeaeneHust pasMepoB TBEpAON usonsauun Tpebyer ycTaHoB-
NeHust NpubnU3nTEnNbHO OAHOPOAHOrO Nonst 6e3 HanUuMA NyCcTOT MMM BO3AYLUHLIX NOMNOCTEN BHYTPU. Tpeby-
€TCSl NPOBEAEHUE UCTLITAHUA HA AUINEKTPUYECKYIO CTOWKOCTb UINKU UCMbITAHUS HA YaCTUYHbIN NPoBOoi npu
BbICOKOYACTOTHOM HanpsiXeHUU, eCniy HanpsHXKEHHOCTb MONS He MOXET ObiTb Bbl4MCMEHa (Tak Kak none He-
OZHOPOAHO), UMW MUKOBbIE 3HAYEHUSA BbILLE NOSYYEHHbIX U3 popmynbl (3) Unu u3 rpaduka pucyHka 3 cooTeeT-
CTBEHHO, UMM HE UCKITIOYEHO HaNU4Me NycTtoT MNKU BO3AYLUHLIX MOJIOCTEN, UNU ANS BbICOKOW YaCTOThbI, TAKON
kak 10 MI'y. MepBbIM NPUMEHAETCS KPATKOBPEMEHHOE BO3AENCTBME, BTOPbIM — AJNIUTENbHOE BO3AENCTBUE B
cooteetcTBuu ¢ IEC 60664-1, n. 3.3.3.2.2.

8
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E, kB/mm
10

0,01 0,1 1 10
d, MM

PucyHok 3 — [lonyCTUMbIe HanpsHKEHHOCTU NMons AN onpeAeneHus pasMepoB TBEPAOH U3onaUUn
B COOTBETCTBUM € hopMyrnow (3)

7 BbICOKOYACTOTHbIE UCTILITAHUA

7.1 OcHoBHbIe Tpe6oBaHus

CnepyioLme ncnblTaHusi NPOBOASTCH NPY YacToTe NPUKIIaABIBAEMOrO HaNpsHXEHUS:

- MpoBepKa KpaTKOBPEMEHHOW YCTOAYMBOCTU ANS BO3AYLUHbLIX 3230POB M Yepe3 TBEPAYI WU3ONSALUIo
NPUNOXEHUEM UCMNbITATENBEHOMO BbICOKOYACTOTHOMO HaNPSHKEHUS;

- NPOBEpPKA TOro, YTO OTCYTCTBYIOT YaCTHblE NPOGOM B YCNOBUSIX CTAGUNBHOMO BbICOKOYACTOTHOIO Ha-
NPSHKEHUST YCTAHOBKY.

Mpu oxupaemo GOMbLUOW €MKOCTHOW Harpyske NMpu BbICOKOW 4YaCcTOTE BbICOKOYACTOTHOE UCMbITAHWUE
nepBoHa4arnbHO NPMMEHSIETCS K KOMNOHEHTaM u c6opkam. Ecnu TpebyeTcsi COOTBETCTBYIOLLEE BbICOKOBOIBLT-
HOE WUCMbITaHWe KOMMNEKTHOro 06opyAOBaHNUA, AaHHOE UCMbITAaHUE LOMKHO NPOBOAUTLCA B COOTBETCTBUU C
IEC 60664-1, n. 4.1.2 npn HanpsX€HUN NPOMBbILLNEHHO| YacToTbl.

7.2 UcnbiTaTenbHOE HanpspxeHue UCTOYHUKA

McnbiTatenbHoe HanpsiKeHne UCTOYHMKa yKkasaHo B pasfene D.1 npunoxenus D.

7.3 EaMHCTBO ycnoBui

Ecnu HeT MHbIX yKa3aHUil TEXHUYECKMX KOMUTETOB, UCTbITaHVWe AOMKHO ObiTb NPOBEAEHO HA HOBOM UC-
nbiTatensHoM oBpasLe. YCcroBusi TemnepaTypHOi 1 BNa>KHOCTHOW NOAroToBkM obpasuia COCTOSIT u3:

- co3faHusA YCrnoBuid, Hambonee NpUBNKEHHbIX K HOPMarbHBIM YCIOBMSAM NPUMEHEHUS;

- BbISIBIIEHNS1 BO3MOXXHbIX MOrpeLIHOCTeN, KOTopble He NpeACTaBeHbl B HOBbIX YCNOBUSIX.

MerTopn co3aanus eauHbIx yenosuid, npeacraeneHHbii B IEC 60664-1, n. 4.1.2.1, Taloke npuemneM u ans
BbICOKOYACTOTHOIO UCMbITAHUA.
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7.4 /icnbiTaHWe BbICOKOYACTOTHOIO Npo6osa

7.4.1 MeToa ucnbiTaHnAa

Ha BbICOKOYACTOTHYIO ANANEKTPUYECKYIO MPOYHOCTL 0KA3bIBAIOT BNUSHUE TeMnepaTypa obopyaoBaHuA
(annapara) u ycnosusa okpyxxatoLlein cpeabl. CrnegoBaTenbHO, UCTILITAHME AOMKHO NPOBOAUTLCA B YCNOBU-
ax, Hanbonee NpPUBNMKEHHBIX K HOPMAarbHLIM YCNOBUAM NPUMEHEHUS, BKNIOYAsA NPEBLILLEHUS TEMMNEPATYPbI,
BO3HMKAOLLME NPU HOPMANbHOM NPUMEHEHUN 000pyaOBaHMA. OANMTENbHOCTL UCNBITAHUA — 1 MUH.

7.4.2 Pe3ynbrat UCNbITaHUA

He gomkHo ObITb NPOO0OEB BO BpeMs NpoBeAeHus ucnbitaHus. Mocne ncnoitaHua He 4OMKHO ObITh BU-
OUMBIX NOBPEXaeHU (TeHus, Cneaos nNpoXxura u T. n.).

7.5 VcnbITaHUA BbICOKOYACTOTHOIO YaCTUYHOTO NpoGoA

7.5.1 OcHOBHOM aHanu3

OCHOBHbIE METOAbI UCMbITAHWUIA BLICOKOYACTOTHOrO YacTUYHOrO NPo6os usnoxeHsl B IEC 60270. Ona
ucnbiTanuii Y npo6os HU3KOBOMBTHOTO 06opyaoBaHUA npumeHumMbl IEC 60664-1, n. 4.1.2.4 n IEC 60664-1,
npunoxexue C, HO ANa UCNbITaHUIA NPU BbICOKOYACTOTHOM HanpsXXeHUN U3MEHAITCA TpeboBaHWA K UCnbITa-
TenbHOMY 000pPYA0BAHUIO U METOAAM UCNBITAHUI, YTO OFOBOPEHO B HACTOALLEM CTaHAApTe.

B nopsake MMHMMM3aLMWM pucka paspyLueHMsA UCnbiTaTtenbHoro obpasua ucnbitaHna Ha UM aomkHbI
BbIMOMHATLCA NO XECTKUM NPoLieAypPam C TOYHbIMU U3MEPEHUAMMN U C UCALITATENbHBLIM HANPSXKEHUEM YPOBHS
Hay4yanbHOro HaNPsXXEeHMSA YacTU4HOro Npobos. Ansa kputepnes oLEeHKkM NPoBoa A0SHKHLI ObITb 3a4aHbl HUXKHUE
ypoBHu YT, HopmanbHO Huxe 10 nc. Ecnu 3apgaHHoe HanpspkeHne MHTEHCMBHOO YIM MoxeT ObiTb ykazaHo C
npeaenbHbIMK 4ONYyCKaMn U NOABEPXKEHO BAMSIHUIO COOTBETCTBYIOLMMU NapaMeTpaMu, TakUMK Kak TeMmnepa-
Typa U BNaXHOCTb, KOTOPbIE HE OrOBOPEHbI B NPOLECCE UCMbITAHUM, HANPSDKEHNME UHTEHCUBHOTO YIM mMoxeT
BKIIO4aTh KOIPPULUMEHT 6€30MacHOCTM Fy, paBHbIN 1,2 — KPaTHLIM 3HAYEHNAM HANGONbLLLMX NEPUOANYECKUX
MUKOBbIX HanNpsbkeHun (cM. IEC 60664-1, n. 4.1.2.4). inA ycuneHHoW usonauum Heobxoauma oueHka Gonee
XKECTKMX PUCKOB, M AN HANPSHKEHUS UHTEHCUBHOTO Yl TpebyeTca cooTBETCTBYIOWMI KO3 UUneHT Gesonac-
Hoctu Fy = 1,25 (cm. IEC 60664-1, n. 4.1.2.4).

Ur-ucnbiTaHMe nepBoHa4yanbHO MPUMEHSETCA K KOMMNOHEHTaM, HO BO3MOXHO U UCMbITaHue 060opyao-
BaHua. B aTom cnyyae nokanusauusa uctodnuka Ul satpygHeHa u uamepeHue amnnutyabl HanpsbkeHus UM
AOIMKHO ObITb (PYHKLMOHANbLHO 3aN0XEHO BHYTPU annapartoB. Bo BpeMa TMNOBbIX UCTIbITAHWIA ucnbitaHue Yrl
JOIMKHO NOATBEPXKAaTb CBOWCTBA U3OMALMOHHOW CUCTEMbI KOHCTPYKLIMM, NPaBUIbHOCTbL BbiGOpa U30MSALMOH-
HbIX MaTepuarnos U NPaBUNbLHOCTL NPOLEAYP UIrOTOBNEHUA. Takue UCTIbITAHUSA TaKke HeobxoaAUMbI B NpoLieC-
ce paspaboTku usgenui. NMonHora npouecca NPOM3BOACTBA AODKHA NOATBEPXAATbCA 0TOOpOoM 06pasLoB U
KOHTPOMbHbLIMW UCNbITAHUSAAMU, YTO SIBFISIETCSI BAXKHOW OCHOBOW rapaHTUM KayecTBa.

MpK BBICOKOYACTOTHLIX UCMILITAHUAX HANPSXKEHUEM TPeOyeTcsi NONIHOE 3KPAHUPOBAHUE UCTILITATENBHOW
CUCTEMbI 41151 UCKSIOYEHNA BAUSIHWSA HAXOAALLIMXCH B OKPY>KEHUU AAPYTUX ANEKTPOHHBIX YCTPONCTB. Takas mepa
3KpaHMPOBaHUSA rMaBHLIM 00Pa30M BaXkHA C TOYKU 3PEHUS YPOBHSA BNUSIHUS BO BpeMs uamepenuin Y.

7.5.2 MeTtoa ucnbitTaHmsa

B ycnoeuax BbICOKOTO pucka NoBpeXaeHns UCNbITbIBAEMOro 0dpasua npu BbICOKO4aCTOTHOM UCNbITAHUU
noAbLEM YPOBHA HaNpsHKeHUs! AOIDKEH ObiTb BLICOKUM, N0 BO3MOXHOCTH 63 cny4aes BbiX04a UCMLITAaTENbHOTO
HanpsxeHus 3a ero npeaensl. B 0OCHOBHOM ypOBEHb MOMEXM BO BPEMS UCTILITAHUA BbICOKOYACTOTHOIO 4acTUY-
HOro NPo60s AOMKeH ObiTh CYLLIECTBEHHO BbILLIE, YEM MPU UCTILITAHUM YACTOTON CUNOBOTO UCTOYHMKA.

7.5.3 UcnbiTaTenbHOe 060pyaoBaHune

M3mepeHne yacTu4HOro nNpobosi Npu BbICOKOYACTOTHOM HAMPSXKEHUU ABRSieTcA Gonee CnoXHbiM, Tak
KaK ucnbiTatenbHOE HaNPsHXKEHNE U PErMcTpaumsa YaCTUYHOIO NPobO0sA MMEIOT HaNOXEHNE YacTOTHOrO CrekTpa,
KoTOopoe TpebyeT npucyLmx MeToaoB pasaenenus (unsrpauum). Ecnu yactotra ucnbiTatenbHOro Hanpsbke-
HWUA MOXXET HAMHOIO NPEBLICUTb IPaHNLbI CNEKTPa, TPeOyeTCs NPUMEHEHUE YacTOTHOrO NOI0COBOro hunkrpa.
LieHTp 4acToTbl 3TOr0 (hMnbTpa AOIPKEH HAXOAUTBLCSA HA YaCTOTE UCTILITATENBHOTO HanpshkeHus. 3To eLle bonee
CNOXHO AnS OTAENEHUs1 rapMOHUK HECUHYCOMAANbHOTO UCTMbITATENbLHOTO HANPSXKEHUS U3 CUrHamna 4actu4Horo
nNpoBos; cneaoBarTenbHO, TAKUE UCTMbITAHUSA HE PEKOMEHAO0BAaHbI ANs Lenew HacToALWero crangapra. Ansa us-
MEPEHUs UHTEHCMBHOCTU YaCTUYHOrO Npobos NpMMeHsIIoTCA UMdpPOoBbIE 3anOMUHAIOLME ocuunorpadbl co-
BMECTHO C OrpaHUuMBaOLLMMKU punsTpaMm Ansi NOAABNEHUS BbICOKOYACTOTHOIO UCMbITATENbHOIO HANPSHKEHUSI.

Mpumepbl YaCTHLIX NPOBOEB UCTILITATENBHbIX LIENEN BbICOKOYACTOTHLIM UCNLITATENbHLIM HAaNpsHKeHUEM
npuseaeHsl B npunoxenun D. Perucrpaumsi 4acTHbiX Npo6oeB Npou3BoAUTCSA UMGPOBLIMU UHTErPaTOpPamMu
U1 pPOBbLIX 3aNOMUHAIOLLIMX OCLMNNOrpacoB C BLICOKUMU XapaKTEPUCTUKAMMU.

7.5.4 cnbiTatenbHasa uenb

Mamepenue Yl npoussoantcs peructpaumen Toka Yrl. [insa aton uenu usMeputenbHbIn uMneaaHc R,
NoCneaoBarTernbHO COEAUHSIIOT C UCTILITbIBAEMbIM 06pa3LoM. HanpspkeHne, NPUNOXEHHOE K 3TOMY UMNEAAHCY,
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NPUKNaabIBalOT Yepes nonocoBoi PUNLTP K OAHOMY KaHany LMdgpoBOro 3anomMmuHaroLero ocuunnorpacda ¢
BbICOKOYACTOTHOW NONOCON nponyckaHus (6onee 100 MI) Tak, YToGbl BMECTE C UCMbITATENBHOM LIEMbIO 3TO
COCTaBnANo obLwmn snemeHT, obecnednBatroLmii obLLyto nonocy nponyckaHus 60 My, Monocosoi uUnLTp
orpaHvW4MBaeT BbIOPOCHI HANPSHXKEHUSI B Cllydae eMKOCTHOIO XapakTepa Toka UCMbITeiBaeMoro obpasua. Mpu
9TOM MOXeET BbITb NonyyeHo spemsa Ul AnUTenbHOCTbLIO 5 nc.

BblCOKOYaCTOTHOE UCNbITATESNIbHOE HANPSXKEHUE N3MEPSIOT BbICOKOYACTOTHLIM BONIETMETPOM, U BTOPbIM
BXOAOM LcppoBOro 3anomumHatoLero ocumnnorpada KOHTPONUPYOT hopMy BOMHbIl. JanbHenee onucanme
UcnbITaTeNbHOM Lenu npuseaeHo B D.2.2 npunoxenus D.

7.5.5 TpebGyemas nonoca nponycKaHUs UCNbITATENILHOM LIeNu

B cnepyiowienn popmyne ucnbiTaTesnibHasa Uenb MMEET Nepsblii NOPSAOK HU3KOYACTOTHOW NEPEexOaHON
XapakTepucTukn (xapakrepuctuka PT,), NPOABNAIOWNIACA B CHIXKEHMM YACTOThI MOSIOCkI NPONYCKaHua 10
HYNS U BbILLE YacTOThI NponyckaHus (3 AB) £, koTopas paBHa NPOMyCKHOM CNOCOBGHOCTM KaHana.

PaccMoTpeHue ¢ ydyeTom adpdpekta Hammumsa Tovek pe3oHaHca UNKU HU3KOW YacTOTbl NPOMYCKaHWA UC-
nbiTaTenbHOM Lenu onucaHo B D.2 npunoxenus D.

7.5.5.1 MuHMManeHasa nonoca NPonyckaHmsa A 3Ha4YeHus paspeLueHus uMnynbca Yl

[nsi BBICOKOYACTOTHOIO UCMLITATENBHOIO HANPSXKEHNUS MOXET OXMAATbCA BbICOKAs YacToTa MOBTOPEHUS
umnynecos Yr. CnegosaTenebHO, 3HaYeHUe paspeLueHns umnynbca Y MoXeT ObiTb BAXKHO AN NCKIOYEHUA
HanoXeHus1 UMNYnNeLCOB. M0 3TON NPUYMHE MOXET ObITb MPUMEHEHO TONBKO U3MEPUTENBLHOE 000pYAOBaHMKE,
Ha3blBAEMOE «LLUMPOKOMONOCHbIM». OTO NPOTUBOPEYMT PEKOMEHAauuam, AaHHbiM B IEC 60664-1 no nosogy
UCMNbITAHUIA HanNpPs>XeHUeM C YacTOTON CUITOBOTO MCTOYHMKA (MPOMBILLIFIEHHOW YacTOTOMN).

0N UCKMIOYEHUA HaMOXEHMA UMMNYNLCOB MUHMMAIbHAA NOyioca MponyckaHus AN U3MEPEHUIN Toka
UM gomkHa BbITb He MeHee 4YacToThl YUl uMnynbCcoB. 3TO ABMSAETCA MUHMMAanbHbIM TpeGoBaHUEM ANs TOrO,
4YTOGbI HE BbINO NONMYYEHO HANMOXEHUIN hOPMbI BONMHLI UMMYNbCOB YT,

OG6bI4HO [OCTaTOYHA YacToTa NPONYCKaHMsA f, NCMLITATENbHOTO TOKA 3HA4eHMeM Bbllle 5-KpaTHoOl Ya-
ctoTbl YUl umnynbcoB, AeTanbHO 06 aTom cM. D.2.2.2.1 npunoxexus D.

7.5.5.2 MuHumanbHas nonoca nponyckaHusi Ans aHanusa umnynbca Yr

B nopsigke aHanu3a ucrouHuka curdana " n nposegeHua aHanuaa opMbl M pasmepa nycroT, NPou3o-
weawmx ot YN, Tpebyetca Hanbonee wmMpokas nonoca nponyckaHusi. [lanbHelluMe AeTanu NpuBeaeHbl
B D.2.2.2.2 npunoxenus D.

7.5.6 OnpepeneHue pasMepoB UCNbITATENBbHOMN LieNKu

ToyHoe onpeaeneHne pasmepoB AOSPKHO UCKIIOUUTL HanoXeHne nmnynscos YN n NO3BONUTL NPOBECTU
aHanu3 opmbl BOMHbI MMnyneca U, Takoe onpeaeneHue pasMmepoB TpebyeT HEKOTOPOro aHanu3a ucnbita-
TenbHOW Lenu, 4To npeacrasnedo B D.2.2 npunoxexus D.

7.5.6.1 BnusiHue ucnbiTateNbHOM LIENN HA NEPEXOAHbIE XapaKTePUCTUKN

Ina ageksaTHOro Bocnpou3sseaeHns umnynbcoB YMM tpebyetca npubnuantensHO anepuoauyeckas 3a-
BUCMMOCTb MCNbITATENBLHON LIENN U C BLICOKON BEPOATHOCTLIO MOBLILLEHWE YaCTOThbl NponyckaHua f,. [ans-
Henwue aetanu npuseaeHsol 8 D.2.2.3.3.1 npunoxexua D.

Ona nonyyeHus anepuoanyeckol 3aBUCUMOCTM UCNLITATENbHON Lenu CyMMapHas UHAYKTUBHOCTb L
CKNaabIBaeTCsA U3 UHAYKTUBHOCTU NPOBOAHMKOB Ly U KOHAEHCATOPA CBA3N Lo

L= LW+ LCk’ (4)
KOTOopasa AOIPKHA ObITb orpaHun4eHa 5
R4C
Lxm=, )

rae R, — u3mepeHHbli umneaaHc ana toka Y. 3ddektnsHan emkocTb C coctasnsaet

C _ CSCK

= 6
C; +C ©

C eMKOCTbIO ucnbiTatensHoro obpasuya Cs.
B aTom cnyyae BepxHas nponyckaemas yactota f, AO/mKHa ObiTb NPUONMINTENLHO BLIPAXEHHOW, Kak
ans obpasuya RC uenu 1
f=—2 N
c
2nR C
HwxHee 3HavyeHne nponyckaeMon 4acToTbl paBHoO 0.
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7.5.6.2 BnusiHMe KOHA4EHcaTopa CBA3KN HA NepPEXOAHbIe XapakTe pPUCTUKK

BrimsHue senuumnHbl G, KOHAEHCATOPA CBA3KM (MEPEXOAHOr0 KOHAEHCaTopa) Ha NepexoiHble Xapakre-
PUCTUKM UCNbITATENBHON Uenn, oueHeHHoe B D.2.2.3.4 [5] npunoxeHus D, o4eBUAHO OEMOHCTPUPYET, YTO
3TO BNUSIHUE OYEHb BENUKO U YTO Manasi eMKOCTb KOHZEHcaTopa, CpaBHUMAs C €MKOCTbIO UCTIbITATENbHOI
o6pasua Cs, Henpuemnema.

MepexoaHble KOHAEHCATOPbI Marioil eMKOCTM CHUXAIOT YPOBEHb W3MEPAEMOro CUrHana, Yto JOIKHO
YYUTBIBATLCS B npoLiecce kanubposku. OgHAKO YYBCTBUTENBHOCTb LiENK UCMbITaHus YN Takke gomkHa GbiTh
CHxeHa. Opyroi npobrnemon ABNSETCA BbIAENEHUE U3MEPAEMOro CurHana npu NpUMEHeHUU NepexogHoro
KoHAeHcaTopa Manon emkoctn. Us D.2.2.3.4 npunoxeHus D o4eBMAHO, YTO MUHUMArbHAsA eMKoCTb Cy = C.
B0O3MOXHO, 4TO €MKOCTb A0MmKHa BbITh Cy = 10C;.

Heobxoanmoe 3HayeHMe eMKOCTU NEePEXOAHOro KoHaeHcaropa BonbLUe 9TOro 3Ha4YeHus, U 910 3HaYe-
HUe Tpebyercs Ana anepuoau4eCcKol 3aBUCUMOCTU UCMbITatensHon uenu [cm. 7.5.6.1, dopmyna (5)].

7.6 Mpumepbl pe3ynbTaToB UCNbITAHUNA

[na HU3KOBONBTHOrO 06OPYAO0BAHUSA AOIKHO ObITh UCMBITAHO MHOXECTBO KOMMOHEHTOB C NPUMEHEHUEM
BbICOKOYACTOTHOIO HanpsikeHus. BonbLIMHCTBO A@HHbIX — COBCTBEHHbIE. HEKOTOPBLIE OCHOBHbIE PE3YNLTaThI
npeacrasneHbl B npunoxenun D.3.

8 HecuHycomnpanbHble HanpshkeHnsA

8.1 OcHOBHOM aHanus

HacToawuin ctaHgapT paccMaTpuBaeT U YUUTbIBAET BIMAHUE CUHYCOUAANbHOIO BbICOKOYACTOTHOIO Ha-
NPSPKEHUS HA onpeAeneHne pasmepoB M UCMbITAHUA usonauuu. MpakTuyeckn BO MHOTUX CRyvasix peanbHO
BO3[ENCTBYIOLLIEE CTPECCOBOE HaMpPsHKeHWe Aaneko oT cMHycouaansHow popmel. Mepuoguyeckue nynbcaumm
C Pe3Ko MeHsALenca GopMon BOSHbI MOTYT BCTPEeYaTbCsA BO MHOIMMX 3M1EKTPOYCTaHOBKAaX.

B arom cnyyae TpebyeTca aHanu3 rapMOHUYECKMX COCTaBNSIIOLLMX UMNYNLCA U ONpeaerneHnsa CooTBeT-
CTBYIOLLIEN €MY CUHYCOUJanbHOW YacTOThl.

CneayloLwme pacCcy>xaeHusi He NMPUHUMAIOT BO BHMMaHWe 3ddexT, Npon3soauMbIin (POPMON BONHLI Ha-
NPSYKEHUS, MPUNOXKEHHOIO K U30MALMN.

8.2 MNepuognyeckoe UMNysnbCHOE HanpsHkeHue
Mpumep Takoro HanpsPKEHUS NPUBEAEH Ha PUCYHKE 4.
8.3 AHanu3 rapMoOHNYeCKUX COCTaBNAIOWNX

B pasagene E.2 npunoxenus E npuseaeH aHanu3 rapMOHUYECKUX COCTaBNSAIOLUX NEPUOANHECKUX UM-
NYNbCHBIX HANPSXKEHUN C Pa3NUYHOI hOPMON BOMHLI. BO BCeX Cnyvasx AOMUHMPYET CNEKTP OCHOBHOW BOSIHbI.
CoOTHOLIEHWE OCHOBHOW W Hanbonee BaXkHOW 3-N rapMOHUKWU HE U3MEHSIETCS NpU neperpyske. 3TO Takke
BEPHO ANs CUIMbHbLIX KonebaHuii, KOTopble HaKNaabLIBaOTCA APYr Ha Apyra.

MoBTopsiolweecs NMKOBOE 3HaYeHUe

PaGovee HanpspkeHue

Pa6ouee HanpsbkeHue

MosTopsiowweecs NTMKOBOE 3Ha4YeHUe
PucyHok 4 — MNepuoguyeckoe nMnynbcHoe HanpsbkeHns (cM. IEC 60664-1)

12



FOCT IEC 60664-4—2017

Bcneacrteue 3aToro KaXxercsi BO3MOXHbIM OnpejerneHme pasmepoB U UCNbITaHUE BO3AYLUHbIX 3a30pOB,
pPacCTOAHUIM YTEYKN U TBEPAOMN U30NALMM ANsi OCHOBHOW YaCTOTbl UMNYNbLCHOTO HaNpsbkeHus. Takum obGpasom,
NUKOBOE 3HAYEHUE HECUHYCOMAANbHOIO HaNpPsHKEHNS pacCMaTpUMBAETCA B CBA3W C OLIEHKOW YCTAHOBMEHHOW
aMnNAMTyabl OCHOBHOM BOJSIHbI K 3TOMY NMMKOBOMY 3HAY€HMIO.

8.4 NMpoueaypa onpegeneHnsl pasMepoB U UCTbITAHUA

[nsa onpeaenexuns paamepoB BO3AYLLUHbIX 3a30POB BaXXHbIMU ABMSAIOTCA NMUKOBOE 3HAYEHUE HECUHYCOU-
AanbHOTO HANPSHKEHUS U YaCTOTa NOBTOPEHUS NMMKOB HANPsXKeHUNA. Bo3ayLuHble 3a30pbl AOIMKHbI ObITh CNpo-
€eKTUPOBaHbI, KaK A CUHYCOUAArNbHOrO HaNPSXKEHUA C OAUHAKOBLIMU NMUKOBbLIM 3HAYE€HUEM U YaCTOTOM. Ecrin
NONOXUTENbHbIE U OTPULIATESbHLIE MUKOBLIE 3HAYEHMA Pa3fUYHbI, NPUHUMAaETCs O60nbLUee U3 3HAYEHUIA.

[nsa pacCTOAHMIA YTEUKU NPUMEHSIOT 00K NOAX0A, TaK KaK YacTHble npoboun u npodoun obnaaator oau-
HaKoBbIMU PaKTOpamMu AN onpeaeneHus pasMepos.

[ns onpeaeneHnsi pasmepoB TBEPAON U3ONALMK, KaK yXe YCTAHOBMEHO B 6.3, TpebyloTcsl B OCHOBHOM
BbICOKOBOJIBTHBIE UCMBITAHNA NMPU BbICOKOYACTOTHOM HanpshkeHun. M3 aHanu3a rapMoHUYecKMX COCTaBnsAo-
LLMX, NpuBeAeHHoro B 8.3, aMnnuTyaa OCHOBHOW YacCTOThl 3HAYUTENBLHO BonbLue 3-1 rapMOHUKK AN NNOCKON
hOpMbI BOMNHbI € GONBLLMMU NEPUOAUYECKMMMU BCneckamu. Takum obpasom, aMmnnuTyaa CUHYCOMAANbHOTO
UCNLITATENIbHOMO HaNPSHKEHUSI JOMKHA COOTHOCUTLCA € MUKOBLIM 3HAYEHUEM OPUTMHANBHOW POPMbI BOTHbI
UM ¢ aMnNnuTYao NepBOW rapMOHUKM, YTO GonbLue.

3TO NOBLILLEHUE UCTILITATENLHOTO HANPSXXEHUSA, KAK OTHECEHHOE K aMNAUTYAe OCHOBHOW BOSMHbI, y4YUTbI-
BaET BMUSHUE BbICLUMX rAPMOHMUK, KOTOPOE HE OrOBapMBAETCS B MPOLIECCE UCNbITAHUS.

B cny4yae Hanuuua makcumanbHOW YacToTbl Hanpskenusa 10 MMy, ecnu HaNPsXKEHHOCTb INEKTPUYECKO-
ro rnonsi NPUMEpPHO PaBHOMEPHA M HET MYCTOT MMM BO3AYLUHbIX MONOCTEN, UMEIOLMXCA Mexay TBepAoN n3o-
nAumen, B3aMeH UCMbITaHUI MOXET ObITb NPMMEHEHa NpoLeaypa onpeaernieHusa pasmMepos, oNUcaHHas B 6.3.
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Mpunoxexue A
(cnpaBouHoe)

U3onAauuoHHbIE XapaKTeEPUCTUKN BO3AYWHbIX 3a30POB NPU BbICOKOYACTOTHOM HaNpPsiKeHUU

A.1 OcHoBHasa nHdbopmMauua o Npoboax Bo3AYLWHLIX 3a30pOB

Mpo6oun Bo3ayLUHLIX 3a30poB 0OLIYHO NPOUCXOAAT MeHee YeM 3a 1 MKC. C y4eTOM TaKoi BpEMEHHOW LWKanbl Ha-
NpsXeHNe NPOMBILLIIEHHON YacTOThl UMEET UCKIIOYNTENBHO NOCTOSAHHYIO aMnNNuTyay. Ana npumepa, npu vactote 50 My
3a 1 MKC aMnnuTyga octaetca Ha yposHe 99 % CBOEro NUKOBOrO 3HaYeHWs. BeneacTBue 3TOrO B TedeHUe pasBUTMSA
npeanockLINoK Npo6os Npoboi MHULMUPYET NUKOBOE 3HaYeHUe HanpsKeHUs. [Na BO3AYLIHBIX 3a30pOB B paMKax Lenei
HaCTOALLero cTaHfapTa aTo pesynbraT WAeHTUUKALMUN NePeMEHHOro HanpPsKeHUS (NMKOBOe 3HA4YEHUEe) N NOCTOAHHOIO
HanpsbkeHus npobos.

Y 6onee BbICOKMX YaCTOT CHUXKEHNE HaNPsXKEeHUA OT ero NUKOBOro 3HAYSHNA U faxe N3IMEHeHNe NONAPHOCTMN [OMNX-
HO 6bITb Y4TEHO B CBA3N € pa3BUTUeM Npo6os. 3ToT achdeKT NO3BONAET NOBLILLATL HaNpsXeHWe Npobos.

Hanee adpdekT MoHU3aUnmn (KOTOPLIA UCKNIOMUTENBHO MO3UTUBEH), MPOUCXOAALLMIA B TedeHWe Havana npobos, He
AOMKEH paccMaTpuBarbes. 3Ta MOHWU3aUMA NPOUCXOANT Ha rpebHe NoNyBONHLI, U 3TO UCKITIOYUTENBHO AOCTaTOMHOE Bpe-
MSi ANA NepeHoca Ha aMNeKTPoAbl B Te4YeHne fanbHelLwel YacTi nonyeonHebl. B To xe BpeMs npu 6onblunx 3asopax unu
NpW BBICOKOI Y4acToTe MOMAPHOCTb MOXET NOMEHATHCA A0 MOHU3ALMK, UCXOAALEN U3 BO3AYLIHOTO 3a3opa. OTO MOXET
NPOSBNATLCA B UCKAXEHUN 3NEKTPUHECKOro NOMA U MOXET CHXKaTb HanpskeHue npobos. CpeaHAs CKOpOCTb V UOHU3a-
Lu1n cocTaBnsaeT npubnuantensHo [1]

v=6-10212 (A1)

Ans aaesneHus Bosgyxa 1 6ap. B TeueHue nHTepeana BpemMeHu Mexay rpebHeM BOMHbI U HyNEeBbIM 3Ha4YeHWeM (Nepeceve-
HWe NUHUKU BONHON) UOHM3aLNUA NPOXOAUT Cneaytollee paccTosiHue s [2]
v
s=—", A2

2nf ( )
yTo cocTaensAet 1,91 M ana 4Yactotsl 50 Y. CnegoBaTenbHO, NPY MPOMBILLNIEHHOW YacToTe AaHHbIi acnNekT MOXET 6bITb
BaXXeH TONbKO AN o4eHb 60NbLINX BO3AYLWHLIX 3a30poB. OfHaKo ecnn YacTtoTa NpubnuxaeTca K AnanasoHy, NpesblLLao-
LeMy Kunorepubl, NS MarblX BO3AYLUHbIX 3a30p0OB 3TOT 3PPEKT CTaHOBUTCH BaXKHbIM.

HanoxeHne o6ounx apheKToB NPeACcTaBNeHO pe3ynsTaTtoM B TUNUYHOR KPUBOW, KOTOpas NokasbiBaeT MUHUMYM Ha-
npsbkeHns npobost ANA onpefeneHHon YacToThl f ., B paioHe 3HaveHua 3 My,

A.2 3KcnepuMeHTanbHble 3HaYeHUs

A.2.1 PacnpegeneHue oqHOPOQHOro U NpMGNU3nTeNnbLHO OAHOPOAHOrO Nonst

[N Bo3AyLLIHLIX 3230p0B B pacnpe/eneHHoM 04HOPOAHOM Mofe 3HadeHne HanpsxkeHusa npo6os Uy, npeactaBneHo
Ha rpacukax pucyHka A.1 [3]. Ons vacToT B gnanasoHe 25 MY HanpsxeHue npobos NpUbNM3nTEnNbHO O0A4UHAKOBO CO
3Ha4yeHue ansa 50 MU, Mpaduk Takke 4EMOHCTPUPYET, YTO 3HaYEHNE BO3AYLLHOMO 3a3opa SABNAETCA BaXKHbIM NapaMeTpom
C Y4€ETOM €ro CBOWCTB.

C y4YeTOM NpUMEHeHUS NPeACTaBNeHHbIX YacTOT YPOBEHb Ha4YUHAIOLLErocs CHUXEHUA Hanpsx)eHua npobos ¢ po-
CTOM YacToThl NpefcTaBnseT GonblUoi WHTepec. OTOT ypoBeHb YacToTel nopsaka 3 My Gonee geTanbHO nokasaH Ha
rpadukax pucyHka A.2 [4]. 3Tu AaHHble BaxHbl 415 Lenen HacTosLero ctaHjapTa.

Kak BbIBOA, ANA YCNIOBUIA OAHOPOJHOMO MOSA MaKCUManbHOe CHUXeHMe HanpskeHns npobos Uy, — Ha 20 % Huxe
3Ha4YeHNs sToro HanpshxeHus npu Yactote 50/60 My, KpuTudeckas vacToTa fy, OT KOTOPOW MPOUCXOAUT CHUKEHME Ha-
npspkeHus npobos [2] Ans 3HaveHUs gaeneHus Bosgyxa 1 6ap, 3aBUCUT OT 3Ha4eHUs BO3AYLUHOMO 3a30pa B CrefyroLleM
nopsake

0,2
= foit = dvm’ (A.3)

_v
fcrit “nd
Kak MOXHO BMAETb U3 JOMNOMHUTENBHON KpMBOW cornacHo dopmyne (A.3) B pucyHke A.2, 3TO eCTb HEKOTOPOE OTKIMO-
HeHMe MexXay UMeRLMMUCS SKCNepUMeHTanbHEIMA AaHHBIMWA U KPUTUYECKOW YacTOTOR, NOMy4YeHHoR M3 cdopmynbl (A.3).
Ecnu akcnepuMeHTanbHble faHHble HEMOMHbIE U UX TOYHOCTb HEW3BECTHA, 4NN Lernei onpegeneHns pasMepoB formkHa
npuMeHaTbLea popmyna (A.3).
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PucyHok A.1 — lNpo6oii B 04HOPOAHOM Mone NpU BLICOKOW YacToTe B BO3AYLUHON cpeae Npyu atMocthepHOM AaBrneHum,
awnanasoH yacrot 50 'y, — 24 MI'y [3]
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U, — HanpsxeHune npoGos; d — BO3AYLUHbIIA 3a30p

PucyHok A.2 — lNpo6oii B 04HOPOAHOM More Npu BLICOKO 4acToTe B BO3AYLLHOW CpeAie Npy atMocepHOM AaBrneHuu,
pwnanasoH yactot 50 'y — 2,5 My [4]
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A.2.2 PacnpegeneHne Heo4HOPOAHOIO MoJA

[na ycnoswin HEOLHOPOAHOrO MOASA MPU CTPECCOBOM BbICOKOBOJ/IbTHOM HAMpPSKEeHWMW, eciv MOoBbILaeTcs Hanps-
YXEHME YacTUYHOro Npo6os (KOPOHbI), HEBOOPY)XXEHHbLIM B3r/1S40M MOXHO BUAETb CBETOBOW 3hDeEKT NPo6osi, 6AN3KOro K
uronbyaTomy Tuny. Mocne fanbHenwero NoBbILWEeHNS HanpshXKeHUs B 3Tol 061acTn 3TOT KaHasl HauMHaeT NepeHocuTb Mo
HanpaefeHNo K MPOTUBOMNOIOKHOMY 3N1EKTPOAY BO3HUKAKOLWMA Npo6oi. Takum obpa3om, O4YeHb BeposiTHa Aerpajauuns
Urofib4aToro Tuna. ATo NPOAEMOHCTPMPOBAHO Ha pUCYHKe 3.

PucyHok A.3 — [Mpo6oii nronbyatoro Tuna Ao (BBepxy) 1 nocne (BHW3y) npo6os

[na ycnosuii HEOAHOPOAHOIO NONA KpuTUyeckas vactoTa fcrit MoxeT no-npexHemy 6biTb NPUGAMXKEHHON K 3Ha-
yeHno copmysbl (A.3). Bbiwe yactoThl foit BAMSIHME 4acToTbl HA HanpshkeHne nNpobos 60siee BaXXHO MO OTHOLUEHUIO K
YCNOBWAM OAHOPOAHOrO nons. CHMXEHNe HanpshxkeHns npobos no cpaBHEHWo ¢ YacToToi 50 My moxeT 6biTb 6onee
50 % [1].

B nocnegHee BpemsA 6bl/in BbINONHEHb!I 60/1ee feTasibHble n3mMepeHus Ul HavyanbHbIM HanpshkKeHneM u Hanps-
XeHneM npo60osi HEOAHOPOAHLIX MOSOCTel (TOYEYHbIMKU 3NEKTPOAAMU) B BO3Ayxe npu atMoctepHOM aasreHun [5]
n [6]. Tak kak TOYKM WUrN 4PEeBOBUAHO MPOBOAALWMX anekTpodos (Ogura) umetoT paguycbl 5, 30 1 100 MKM ¥ Tpy6Km
C OfHOHanpaB/IeHHbIM TeYyeHneMm, B cOOTBETCTBUMN C ISO 7864 [7] MOryT 6biTb NPUMEHEHbI UrofibYyaTble 3N1EKTPOAbI
C paguycom npubnusuTenbHo 5 MkM. MpUMeEHATCA npeumyllecTBeHHO 6051ee Mo3AHWe 31eKTpoAbl, HasblBaemble
BB-urnamu.

B OCHOBHOM urosibyatble 3M1eKTPoAbl MOTyT NPUMEHATLCA 418 MOAeNMpoBaHuA HeOoAHOPOLHOro nossd, ecnu ad-
heKkTuBHasA A/IMHA WUIMbl NPUGAM3UTENBHO COCTaBASAET TPEXKPATHbI BO34YLWHbIA 3a30p [8]. CnepoBatenbHo BB-urmbl ¢
3(hheKTUBHON ANVMHOW UMNbI, NPUBAN3UTENBHO paBHOl 20 MM, MOTYT NPUMEHSITLCA A1 MakCUMasibHbIX BO34YLUHbIX 3a-
30pP0B 7 MM.

CpaBHeHUWe pe3ynbTaTtoB U3MepeHnii Ha pucyHke A.4, KOTopble BbINOMHEHb! npy Yactote 100 kI, AeMOHCTpupY-
HOT, UTO HET 3HAUYMTENIbHON pasHuMLpbl B noBegeHun Tpex urn (Ogura, 30 n 8 Mkm) 1 BB-urnamu (npubamsnTensHo 5 Mkm).
B cooTBeTCTBUM C PUCYHKOM A.4 MeHbLUME 3HaYeHns nosy4veHsl BB-urnamu.

Tak kak 3atyxawowee HanpsbkeHue YIM mMHoro 60nblie penpoayumpyeT, 3T0 JO/MKHO ObiTb NpefycMOTpeHo. 3To
MMeeT CyLL,eCTBEHHOE 3HaYeHve /1 onpefeneHus pa3Mepos, Tak Kak Ul MOXeT HayaTbCA Npu KpaTKOBPEMEHHbLIX nepe-
HanpsHKEHNAX U MOXET He 3aTyxXHYTb MPU MHOM CTabunbHOM HanpshkeHun (cMm. |IEC 60664-1, n. 4.1.2.4).

M3 aToro namepeHus 3atyxarowiero Hanpsbkenmsa U aons yactotel 460 kIy, Ha pucyHke A.5 [6] BMecTe ¢ Hanpshke-
HVMeM nNpobos Npou3BefeHa u npeacTasneHa oueHka. NMpuMeHsATCA nocnegHue UCbITaHns, orpaHNYeHHble MakCcumasb-
HbIM UCMbITATE/IbHBIM HANPs)KEHNEM UCTOYHUKA.

[anbHelilwme ncnbiTaHns foHKHbI 6bITb NPOBeAEHb Ana YacToTbl 1 My, Kak pe3ynbTart, Ha pucyHke A.6 nokasaHbl
HanpshkeHust 3aTyxaHus UM v HanpsbkeHus npo6os [6]. Ana BO3AYLIHbIX 3230p0B MeHee 1 MM HadasibHblii Yl 6/113k0 co-
BnagaeT ¢ Npo6oeM, Tak YTO HEBO3MOXHO VX PasfMunThb.

[na yactoTbl 3 MY, MOryT 6bITb NPOBEAEHbI OrpaHNYeHHbIe 3KCNEPUMEHTBI C MOJlyYEHNEM HEKOTOPbLIX HE BMOJHE
[OCTOBEPHbIX AaHHbIX. 3TV AaHHble NPUGAN3NTENBHO OAMHAKOBbLIE C AaHHLIMW, MONYyYeHHbIMM Npu YactoTe 1 MIy. Cne-
[0BaTeNbHO, paccMaTprBaemMble AaHHble, Noka3aHHble Ha puUCcyHke A.6, yMeCTHbI 415 OnpeAeneHns pasmepoB A1s uenei
HacTosLLero craHgapra.

Cnepfyet OTMETUTb, YTO YPOBEHb NOABLEMA UCMbLITATE/BHOIO HaMPSHKEHNUA B HEKOTOPOI CTENeHu BAWSET Ha pesy/b-
TaTbl M3MEPEHUA HanpshkeHns Hadvana Yrl.
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PucyHok A.4 — HauanbHoe Hanpsbkenne Ul B Bosayxe npu atmocdepHom paeneHun ans yactorsl 100 klu, ToueuHble
ANEeKTPOAbI C PasNUYHLIMK Paauycamm TOUKN
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PucyHok A.5 — HanpsixeHus 3atyxaHus Ul u HanpsikeHust npo6os B BO3ayxe Npu atMochepHOM AaBneHun
Ans vyactotsl 460 k1, ToueuHbie anekTpoab! ¢ BB-urnamu [6]
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PucyHok A.6 — HanpsikeHus 3atyxaHus Ul v HanpsbkeHus npo6osi B BO3ayxe npu atMocthepHOM AaBrieHun

Ans vactotbl 1 MY, ToueuHble anekTpoasl ¢ BB-urnamu [6]
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MpunoxeHne B
(cnpaBo4HOE)

N30M1ALMOHHbIE XapaKTEPUCTUKN PACCTOSSHUI YyTeUKM NPU BbICOKOYACTOTHOM HaMNpPsKeHWUu

B.1 XapaKTepucTUKN U30NALUNOHHON CTOMKOCTM PacCTOAHUIA yTeuKu

B IEC 60664-1 TpekuHr paccMaTpuBaeTCsl TOMbKO Kak sfiBNeHue, Tpebyloliee yyeta npyu onpegeneHnn pasme-
poB paccTosHuii yTeukn. OgHako nocnegHue gadHole [9] faloT gokasaTenbcTBa TOro, UTO 418 XKEeCTKMX YCNOoBUI OKpY-
Xawowleli cpefpbl M ecny NPUMEHSETCA He CTOWKUA K TPEeKMHTY MaTtepuasn, ToNbko 310 npumeHumo (cm. IEC 60112).
B 6051ee 6naronpuATHLIX YC/IOBMAX OKPYXalolwwei cpedbl TPEKMHI MeHee BaXeH ANA onpejesieHus pasmepoB. B 3tom
cnyyae, 0CO6EHHO AN MasblX PacCTOSIHUIA MeHee 2 MM, HanpsbkeHue npo6os, NPUNIOXEHHOE K NOBEPXHOCTU M30M5-
LMOHHOrO MaTtepuasna, CHWKaeTCa BCAEACTBME 3arpsA3HeHWin, 1 3TO A0/MKHO yYMTbIBATLCA NpU OnpejeneHuy pasMepos
(cm. IEC 60664-5).

[na He3HaunTeNbHbIX 3arpsa3HeHuii, 1 0COBEHHO MasbiX pa3MepoB, NPOo6O MO MOBEPXHOCTW U30NSUUN Npes-
CTaBnseTCcsA BaXHbIM A1 onpeenieHnMs pasMepoB, U AO/HDKHO paccmaTpyBaTbCs BAUSIHUE 4YACTOTbl HAa HanpsxeHus
npo6os.

B.2 YcnoBsua akcnepumeHTa

VcnbiTaTenbHbIli 06paseL, 4151 U3MEPEHN XapakTepUCTUK U30NSLUNOHHONM CTOMKOCTM HEGOMbLUMX PACcCCTOAHWIA yTeu-
K/ MpeAcTaB/ieH Ha pucyHke B.1. MaTepuasnbl, KOTOpble BK/OYEHbI B MCCNeAoBaHve, ykasaHbl B Tabnuue B.1. MpumMeHs-
JICb W3rOTOBJIEHHbIE MO CTAHAAPTHOV MPOMbILL/IEHHON TEXHOMOTMM NPOBOAHMKM MeYaTHOro MoHTaxa. Obpasupl 6biin
yncTble U 6e3 NokpbITMS. Kaxaas cTtopoHa umena 15 n3MeputenbHbIX TOUEK Mexay napannenbHbIMU NpoBoAHUKamu. Ha
pucyHke B.1 Takke nokasaHbl HOPMasibHble PACCTOSHWA 3M1EKTPOAOB. V3Mepsnnch oba Hanpsbkenus Ul n HanpsxeHue
npo6os.

Ans n3amepeHnsa HanpsbkeHwin UM n HanpshkeHns Npobosi ypoBeHb NOAbEMA MCTMbITATE/IbHOTO HanpsXeHus Bblbupa-
m npuénusntensHo 300 B/c. Takum o6pa3om, 3TO rapaHTUPOBa/o, YTO He ByAeT 3HaUYUTe bHbIX NOBPEXAEHWUI UChbITa-
TenbHOro obpasua BO BPeMs UcnbiTaHnsA. Ecnv gns BbICOKOYACTOTHOTO MCMbLITATENIBHOMO HAMPsHXKEHUS YPOBEHb Mogbema
3HaunTensHo 6onee HM3KKIA (NpumepHo 10 B/c), BO Bpems MCMbITaHUS MOXET NPOV30MTY NOBPEXAeHNEe OCHOBHOTO Mare-
pvana. 3TOT pesynbTaT M3MEPEHWIA HanpsXkeHUii NPo60s CHUXAeTCA Ha BennyuHy nopsgka 10 %.

4 x 0,16 mm

4 x 0,4 Mm

>3x 1,0 Mm

|2 x 2,5 MM

m2x 6,3 Mm

50 mm

PucyHok B.1 — VicnbiTaTenbHbIl 06pasel, 415 U3MepeHuii HanpskeHnit UM 1 BbIAEPXMBAEMOrO HanpshkeHUs Npo6os
paccTosiHUiA yTeukn He 6onee 6,3 MM

20



rocCT IEC 60664-4—2017

Tabnuua B.1 — Marepuansl, NpUMEHEHHbIE B UCCIIEA0BaHUMN

Knaccucpukauus marepuanos OnucaHHble marepuansl
B Crekno-anokcuaHblin namuHar FR4
Cc Monunacreposas pesuHa (TepMopeakTusHas), Tun 802
D deHonbHan pesvHa, Tun 31,5
E MonuamnaHas nneHka NaMmMHUPOBAHHAs CTEKNO-3MOKCUAHLIM naMuHatom FR4
G MonuacTepoBbiii namuuar GPO Il
H MenamuHoBas pesuHa, Tun 150

B.3 3kcnepuMeHTanbHbIEe AaHHbIE

PesynbTaTtbl MCNbITaHUSA NOKasaHbl Ha pucyHkax B.2 u B.3; 6onee petanbHoe onucaxue npuseaeHo B [5]. Mpw cpas-
HeHuu vacToT 100 KMy 1 1 MMy npubnusnuTensHoe oTnMuMe HaNpsPKeHUn HauanbHOro YactmaHoro npoSos (HM) 66 %. Mpu
yacrote 3 MI'y aTh 3Ha4YeHus aanee cHWKeHb NnpubnuantenbHo Ha 30 %, Tak YyTo Heobxogumo obecneunTs cneundnyHbie
KpUTEpUM OnpefeneHnsl pa3MepoB, 3aBUCUMbIE OT YaCTOThl HANPSKEHUS.

U, (nukoBoe sHaueHue), kB

2,0
/
"
//
1|5 /, | e
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0.5 )(x— ¢ °
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% —-100kiy X—1My e-—-3MMy

d — paccrosHue yTeuku

PucyHok B.2 — PeaynkTathl MCTbITAHUS HanpskeHus 3atyxaHua Ul U, npu paccTosHusX yTeuku He Gonee 6,3 Mm
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PucyHok B.3 — PesynbraThl ucCnbiTaHUs HanpsbkeHust npobosi Uy, npu pacctoaHusx yTedku He Gonee 6,3 MM

HanpsikeHne npobosi MEHee 3aBUCUT OT YaCTOThl HanpsikeHus. TeM He MmeHee 3hheKT HaChILLEHUS, KOTOPbIA Ha-
6niogancs AnsA BO3AYLUHbIX 3230pOB, TaK CUFIEH, YTO MOYTU HET HWMKAKOIO YBENWYEHUs HanpsbkeHue npobosi, koTopoe
MOXET GbITb MONTy4Y€HO M3MEHEHMEM PaCCTOSIHUS Ha YPOBHE HECKONbKMX MUISIMMETPOB.

Bo Bpems nsmepeHnin HanpskeHns npobos y MHOMMX ucnbiTatenbHbIX 06pasuoB 6a3oBbIi Matepuan wwunu anek-
Tpoabl noBpexaaTcs. MCTOMHUKOM 3TOro noBpexaeHus ObiBaeT NPOBOAUMOCTbL U3ONSILIMOHHOTO MaTepuana, cBsisaHHas
C ABYMS MexaHu3mMamu paspywieHus. OavH U3 HUX — pachiiaBneHne maTepuarna aneKkTpo4oB BO Bpems npo6osi Bcres-
cTBre GonbLuon aHeprum paspsga. [pyroe sisneHune BcTpeyaetcs Bo Bpemsi UM, nepen npoboem, n siBNsieTcs pesynsratom
AerpaaaLum OCHOBHOIO matepuwana.
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MpunoxeHue C
(cnpaBouHoe)

U30onsiuMOHHbIe XapaKTepUCTUKU TBEPAOIK U3ONALIMU NMPU BLICOKOYACTOTHOM HanpsXXeHUH

C.1 MexaHu3M gerpagauuv TBepAoi U3onsiuum

B cpaBHeHuM ¢ xapakTepucTuKamm U3oNALMOHHBIX MPOMEXYTKOB B BO3AYLLHOW Cpeae TBepAas m3onsaumsa moxer obe-
CNeunTh, MO KpaiiHei Mepe Ha NopsAoK, Gonee BLICOKYIO amnNNUTYAy HanpspkeHWs CTOMKOCTM Nons K Npoboto usonsiuun. Tem
He MeHee 3Ta CTOMKOCTb Moss k Npo6olo okasbiBaeT GONbLLOE BNUSHUE HA NapaMeTpbl, Takke Kak TOMLLMHA U3ONSILIMK, TEM-
neparypa U3onsLMOHHOIo Marepuarna v ANUTESNbHOCTb ANEKTPUYECKOoro cTpeccosoro BosaericTams [10]. [lorkHo 6bmb Taloke
pPaccMoTpeEHO cneLmduyeckoe BIMSHUE, CBSI3aHHOE C KOMNO3ULIMSIMA U TEXHONOIMER NpoussoAcTea Marepuanos. OTHOCK-
TeNbHO MarbIX TONMWUH u3onAUMK (< 0,1 MM) 1 KpaTKOBPEMEHHbLIX CTPECCOBLIX BO3AEHCTBUIA B OCHOBHOM MOXHO CKasaTb,
uTO oMeHb GonbLuasi CTOMKOCTb nons K npo6oto nopsagka 100 kKB/Mm moxeT GbiTb NoOSyYeHa Npyu NPOMBbILLITEHHOW YacToTe.

TeM He MeHee B NpPaKTMHYECKOM MPUMEHEHUM GonbLuas CTOKOCTL Mons K Npo6oio TBepAoA U30NALIMK AAneko He
Bceraa ucnonbayetcs. B cnyyae nonocrei B MaTepvane unv Bo3ayLLHbIX Ny3bipei MEX/Ly CrosiMmu U3ONALMOHHBIX CUCTEM
Yl MOXET NpOM30IATM NP HANPSXKEHMWA HUXKE HanpsbkeHWUs npobos. Takvum obpasom, ras BHyTPU NONMOCTEA HA KOPOTKUIA
nepvuos BPEMEHN CTaHOBUTCH NPOBOAALLMM; U3ONALMA TEM HE MeHee He MpeKpalaeT CONPOTUBIIATLCA OCTAOWNMNCA
YyacTAMU TBEpAON U3onALMK. 3aTeM B TeUEHWe YacTMYHOro Npo6osA NPoOUCXoAAT NPoGoK B NOMOCTAX, 3anofHEHHbIX BO3-
[YXOM (Mnn aHanorn4HLIMU rasamm), NP1 OTHOCUTENBHO HWM3KO NPUIIOKEHHOM HANPSHDKEHHOCTW NonA. [lanbHenwemy ycy-
ryGneHunio pesynsTaToB CnocoBCTBYET TOT (haKT, YTO AN CTPECCOBOro NEPEMEHHOO HaNPSXKEHNA XapaKTepPeH €MKOCTHBIN
XapaKkTep HanpshKeHWs CeTH, U CorniacHo CpaBHUTENbHO BLICOKOW AMANEKTPUYECKOA NOCTOAHHON TBepAOK naonauum Gonb-
e cparmMeHTbl NaAEHUA HanNPsHKEHUA NPUKNAALIBAIOTCA K 3aMNOSHEHHLIM ra30M NONOCTAM. Takum oB6pasoM, N3onupyio-
UM ras ewle Gonee noauepKMBAET CHIDKEHME CTOMKOCTY nons K npo6oto.

B pearbHbIX U30MALMOHHBIX CUCTEMAX YaCTUYHbLIA NPOGOM MOXET BCTPEYATLCA NPU HANPSKEHNAX HWKE HanpsKe-
Husi npo6os. MNpy ANUTENBEHOM BO3AEVCTBUN 3TO BEAET K AecTPyKUMM Bnusko pacnonoXeHHbIX U3ONALMOHHBIX MaTepua-
nos [11]. Kak nokasaHo Ha crieaytoLLlem npumepe, AUTENbLHOCTL BpEMEHU A0 Npobos U3oNALMKU B HEGNaronpusiTHbIX yC-
NOBUSIX TaK Mana, YTo Aaxe B TeUYEeHUE BLICOKOBOMLTHBIX UCTLITAHUIA HanpshkeHUEM NPOMBILLIIEHHOW YaCTOThbI BO3MOXHO
nospexaeHue TBepaon U3onaLMA.

Hanpumep, nevarHble nnaThbl, NOKPbITbIE U3OMALMOHHBIMU NneHkamu [12], paccmarpusaloTcs, KOrAa HanpspkeHue
NPUNOXEHO MEXAY NPOBOAHUKaMU U NpUneraioLLMmMmM MECTaMU Naiikv, HOpMarbHO pacrnoNoXEHHLIMA H2 HOMUHANBLHOM pac-
crosiium 0,4 MM. Kora npUnoXeHo BbICOKOE HanpsiXeHWe, CTOMKOCTb YacTUiHOro Npobosi onpeaenseTca Huke U3oNALMOH-
HOW NNeHKN (NOKPLITUSA), Kak PUHANLHBIW pesynbTaT AeCTPYKLMM UenbiTatenbHoro obpasua. 3To nokasaHo Ha pucyHke C.1
AN NOCTOSIHHOTO 3HAaYEeHWs1 UCTILITATENbHOIO HaMpsPKEHUsI MpombILLNeHHon YacTtotel U, paBHoro 3,15 kB (pencteyiowee
3Ha4eHwe). JTO UCMbITATENBHOE HaNpsKeHWe yxe Ha 45 % Bbile 3HaYeHVs HauanbHOro HanpsbkeHus Ur, pasHoro 2,2 kB
(neicTeylollee sHadyeHue). VcnbiTaTenbHble 06pasubl U3 USONSLMOHHBIE MarepuanoB HaanexXallero Kayectea CrnocobHb!
BblAepKVBaTb 3TO Bo3fencTBMe NpUBnManTenbHO 37 MUH C XXECTKOCTbIO cToiikocTu Yl ¢ B AMana3oHe KySIoHOB.

U (pericteylowiee sHadeHue), kB q, nc
3,5 7000
3,0 — 6000
25 5000
2,0 T = 4000

1,59 i / 3000
1,03 2000

0,5 1000
0 0
0 5 10 15 20 25 30 35 40
e—U +-q t, MUH

PucyHok C.1 — UsonsimoHHas cTokocTk nokpbITuiA K UM, nocTosHHOE ncnbiTatensHoe Hanpsokerve U (F= 50 Mu) [12]
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Ha pucyHke C.2 ucnbiTatenbHblid 06pa3sel; noaBepKeH BO3ASUCTBUIO NPUONU3UTENBHO NMMHEWHO NOBLILLIAIOLLIETOCA
UCNLITATENbLHOMO HaNpsKeHNsi Uy, NPOMbILLNEHHOI YacToThl C TEMMOM pocTa npubnuauTensHo 4 kB B 1 MuH. HauanbHbii
Ul ¢ HanpsxeHuem 2,2 kB (oeicTeyoLee 3HauyeHne) OTYETNMBO BUAEH. TUNUYHLIM AN 3TOro UcnbITaTenbHOro obpas-
La sBMAETCA HemeaneHHoe nposisneHune Ul oyeHb BbICOKOW MHTEHCUBHOCTU. MHTEeHcuBHOCTL Ul 1 ypoBeHb Mmnyrnbca
UM npubnusuTenbHO NpOonopLMOHasibHbl 3HAYEHUIO UCTILITATENBHOrO HanpseHusi. O6pasew, BEpOSITHO, CNOcoBeH Bbl-
AepxaTtb 6onee BbICOKOE HanpsiKeHWe TONbKO Nocne 7 MUMH. OTOT NPUMEpP ACHO NMOKa3biBaET, YTO A1 HaNpsiKEeHUs1 Npo-
MBbILLINTEHHOW HYacCTOThl CrMaXeHHble YacTHbLIe NPoGoM MOryT NoTeHUUansHO NPUBECTU K GOMbLLIOW AECTPYKUMMN B TEUYEHME
OTHOCUTEMNBLHO KOPOTKOro NEpUOAA BPEMEHM.

U, (peictayiowlee sHaqeHue), KB q, nc
6 6000

5 < 5000
L~

4 4000

3 // ‘ 3000
2 7’ 2000
1 1 1000
0 0
0 1 2 3 4 5 6 7 8 9
o—U +—q t, MUH

PucyHok C.2 — U3onsiuMoHHan CTOMKOCTL NOKPLITUIA K UTM; NuHelHO HapacTalowee UCNbITAaTeNbHOE HanpsXXeHne
U, (F=50Tu) [12]

B fononHeHWe OfHOBPEMEHHO Obinii pacCMOTPEHbI NATL peanbHbIX ANEKTPOYCTAHOBOK, U YCTAHOBIIEHO, YTO BCE
CTpeccoBble BO3AEWCTBUS U COOTBETCTBYIOLUME paspyluuTesibHble 3cddekTsl, npousoweawme BO BpeMsa SKCnyarauumn
anekTpoobopynoBaHus, HakonneHHble. [peasapuTenbHO HaknaabiBaNMCh anekTpudeckue, Tennosbie [13] n Take mexa-
HUYECKUE CTPECCOBbIE BO3AEACTBUS COMMacHO MarousyyYeHHbIM MeToaukam. MoaenvpoeaHne 3Tux ANUTESNbHLIX TENNo-
BbIX BO3AEWCTBUN B TEYEHME COOTBETCTBYIOLUMX KPaTKOBPEMEHHbIX UCTIbITRHUA — OMEHb CIIOKHAA 3afada. OTO MOXET
6bITb AOCTUrHYTO TONbKO KOMOMHUPOBAHUEM 3MEKTPUYECKUX UCTIbITAaHUIA U COOTBETCTBYIOLUX YCNOBUIA ANS UCTIbITaTENb-
Horo o6pasua. lMpyMeHuMble 0GycrnoBneHHbIe MeToAbl NpuBeaeHsl B IEC 60664-1, n. 4.1.2.1.

OTn cTpeccoBble BO3OENCTBUS PacnpoCTPaHAIOT YacTHble npobou [14], n ux paspylumTenbHblir addexT, KoMou-
HUPYSICb C AU3NEKTPUYECKUM HArpPeBOM, NMPUBOAUT K PE3KOMY CHWDKEHMIO CTOMKOCTU K npoboio [15]. O1o rapaHTmpyer
paspywmTenbHbIi adbekT NPoUCXoaALIMMU YaCTHLIMU NPOGOsIMK C BO3pacTaHMEM YaCTOThl HANPSDKEHUS, YTO YXKE Npo-
[EMOHCTPMPOBAHO YCKOPEHHBIMU MO BPEMEHU UCTbITaHUsIMU [16].

Bonee npaBUMbHO, YTO YCKOPEHME BPEMEHW BO3MOXHO AnNs LEeneW TennoBbiX BO3AENCTBUN (3aKoH AppeHuyca,
[17]). Tem He MeHee Jaxe 3TO MOXET ObiTb TONMBLKO CMOAENMPOBAHO, €CINK 3TO Cryyal XuMmuyeckon kopposun. OaHa-
KO €CNu MEXaHM3M YXyALIEHUs MeHsieTca (Hanpumep, ocrnabneHne/cmsryeHne Bo Bpemsi pesKoro pocta Temneparyphbl)
BO BPEMS YCUITEHUS1 CTPECCOBOTO BO3AENCTBUS, METOA, YCKOPEHUS BPEMEHU JOMyCTUM HeHaponro. B cnyyae tennosoro
CTPECCOBOro BO3AEWCTBMSI 39TO MOXET ObITb NErko npeasuaeHo M ycrpaHeHo. Tem He mMeHee, Korga npuknagbiBaercs
BO3pacTaioLLee SNEKTPMYEeCcKoe CTPECCOBOE BO3AENCTBUE ANSA AOCTMKEHUS YCKOPEHUs1 BPEMEHU, MOXHO BCTPETUTb U3-
MEHeHWe MexaHuama yxyaweHus [18].

OO6bIUHO BaXHbl ABa MeXaHW3Ma NMOBpEXAEHUs TBepAoi usonsauun. OaUH MexaHu3M NoBpeXAEHUR SBMAETCA pe-
3yNnbTaTOM AWUSNEKTPUYECKUX MOTePb OT BbICOKOTO ANeKTPUYECKOro CTPeCCOBOro BO3AEWCTBUA. Berpevarowmiicss poct
Harpesa MOXET NMPUBOAUTL K TENNIOBOW HECTABUINBbHOCTM U TEMOBOMY Npo6oio. 310 06bIMHO MMEET MECTO B TeYyeHue
HECKONbKUX MUHYT U MOXET ObiTb NErko noarsepxaeHo. [JononHUTENbHO TBEpAasA U3ONALMA MOXET BKIOYaTb rasosble
NonocT UMM MyCTOThbl, 00pa30BaHHLIE PA3MUYHBIMUA CIIOSIMU U3OMALIMK, FPaHULIAMU MEXAY U30NMUPYIOLLIMMUA M NPOBOAS-
MMM YaCTAMU UITU HEKAYECTBEHHBLIM U3FOTOBMEHMEM M3OMNSALIMOHHBIX MaTtepuanos. B cnyyae marnbix NONOCTei YacTHble
npobou MoryT NPMBOAUTL K OKOHYATENbHbIM NPOBOSAM TBEpAON U3OMNSALIMK, AaXe eCNU AU3NEKTPUYECKOe CTPECCOBOE BO3-
AeNCTBME CYLLECTBEHHO HWKE, Yero HET nNpu TennosoM npo6oe.
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[na TBepAoOi M30NALMKU YacToTa HaNpsXKeHUA ABNAETCA OMeHb BaXKHLIM BAUsiloLLMM dhakTopoM. [lnaneKkTpudeckue
noTepu, Nony4eHHble OT YacTOThl, BbipaXaloTcsi cneaytowen dpopmynon

P,=2r P, fU? Ctan, (C.1)

rae P, — MOLHOCTbL paccenBaHus;
f — yacToTa HanpsPKeHuUs,
U — peiicTByiollee 3HaYeHUe HaNpsXKEeHUs1, NPUNOXKEHHOO Y N30NALK,
C — eMKOCTb U30NUpYIOLLEro YCTPOWCTBA;
tand — ananekTpuyeckuini kO3 PULMEHT NOTEPhb (TaHreHC NOTEPb) U3ONAUMOHHOIO MaTepuana.

Haanexallasa 3aBUCMMOCTb AUanekTpuyeckoro koadduunueHTa notepb tand, BNUAHUE YacTOTbl Ha AU3NeKTpUYe-
ckue notepu MOryT ObiTb BbILLE U HIDKE OXUAAeMOoi NUHEHHON 3aBUCUMOCTU. PesynsTaToM MOryT SBRATbeA Gonbluas
BEPOSATHOCTb TENMOBOro NPpobos U CHWXXEHUE KPaTKOBPEMEHHON ANSNEKTPUYECKOW CTOWKOCTH.

He npeacraBnsaeTcs BO3MOXHBIM cMOAENUpoBaTh 3P eKT BLICOKOYaCTOTHOrO CTPECCOBOro BO3ASCTBUA Hanpsixe-
HWS1 Ha TBEpAYIO U3onsAuuto. Tak YTo Hannuvue BLICOKOTO YPOBHSA Takoro BO3feiCTBUSA B OCHOBHOM TpebyeT npoBeAeHUs
UCTbITaHWiA TBEpA O U30NALMM BbICOKOYACTOTHLIM HanpsxxeHneM. Cneayone akcnepuMeHTanbHele pesynsrarbl MoryT
JlaTb HEeKOTOPYK UH(MOPMALIMIO O 3HAYEHUSX HaMpPsXXEeHHOCTU ANEKTPUYECKOro NoMsA, KOTopoe NpeAcTaBnseT BbiCOKOe
CTpeccoBoe Bo3feicTBUE cneLyudUYHON YacToThl, TpebyioLeica ANa BEICOKOYACTOTHLIX UCNbITAHUIA.

C.2 9KcnepuMeHTanbHble pe3ynsrarbl

XapaKTepUCTUKU BbICOKOYACTOTHOrO Npo6os 6bINu U3yYeHsbl Ha pasnnUYHbIX U30NALNOHHBLIX MaTepuanax [15]. Hau-
6ornee BaxHble pe3ynsraTel NpeAcraBneHbl Ha pucyHke C.3. Ana yactotsl 1 MY HanpsKeHHOCTb KpaTKOBPEMEHHOTO NMpo-
605 nona coctaensaet Tonbko 10 % 3Ha4eHUa ANA NPOMBILLNIEHHOW YacToThl. HanpsxeHHOCTb Npo6osa nons He gocTuraet
HWXHero npeaena, Aaxe ecnu vyactora Huxe 100 My,

[naneKkTpuyeckas CTONKOCTb TBEPAON U3ONALNUMN ABNSETCA OCHOBHOW, 0COGEHHO NPU BLICOKOYACTOTHOM Hanpsxe-
HWK, fanee oHa CHWKAaETCA 3a cHET BO3IENCTBUIN BMAXHOCTU U TeMNepaTyphbl.

[nuTenbHoe HakannuealoLlee BO3feACTBME YCIOBUIA BbICOKON BN@XHOCTW Ha CTOMKOCTb NOMS TBEPAON U3oNAaLum
K Npo6oto Npy BEICOKOYACTOTHOM HanpspKeHUU npuBefeHo Ha pucyHke C.4 [19]. CHuwkeHWe cToikocTu K npo6oto Hanon-
HEeHHOro CroAon deHona aKCTpaopAMHapHO BLICOKO. 3TO TakkKe BaxHas npobneMa BbICOKOW YacToThl, KOTOpas U Aanee
MPWUBOAWT K YXYALLUEHWNIO U30MNALIMOHHON CTOMKOCTU C POCTOM YacToThl.

Cnaboe npefcrasneHne o HanofIHEHHOM Critofloi peHorne, BbI3aBaHHOE ero CPaBHUTENBHO BLICOKON CNOCOGHOCTLIO
abcopbupoBaTb BoAY, KOTOPOE faeT OCHOBAHWE C4MTaTb BECOMOCThL STOMO Ha ypoBHe 1 %, — B pAAY Takux yCnoBui.

B nogobHbIx ycnoBusix abcopbumoHHast cnoco6HOCTb NaMuHaTa U3 KpeMHUEBOTO CTekna cocTaBnseT Tonbko 0,3 %
BECOMOCTM.

AnanekTpuyeckas CTOMKOCTb TBEPAON U30NALMN ABNSETCA PYHKUWEN TONWMHEI MaTepuana, U MHOrO TOHKUX nre-
HOK UMEIOT JU3NEKTPUYECKYIO CTOMKOCTb C pazMaxoM amnanTYAbl Ha OAUH NOPSAOK BhILLE, YEM Y UCNbITaTeNbHOro obpas-
La TonwuHoit 0,75 MMm. 3To npofeMoHCcTpupoBaHo Ha pucyHke C.5 [20]. OaHaKo ¢ pocTOM YacToThl 3TO TakXke U pe3koe
CHWXeHWe 3HadYeHui. Mpu YactoTe 1 My 3HaveHUa npobos Guinu NPUBNN3NTENLHO paBHbI Tonbko 10 % 3HaYeHUs npu
vacToTte 50 'L, 3To CHMXEHWe cpaBHMBanock Ha obpasyax, MMetoWwux NpubnuanTenbHyto TonwuHy 1 MM. Takum obpasom,
Apyrue pasmepsl, COOTBETCTBYOLLME TONLLMHE TBEPAOH U30NALMK, MOTYT 6paTbCA B COOTBETCTBMM C OLIEHKOI 3aBUCMMO-
CTW ANAMNEKTPUYECKOR CTOWKOCTH OT TOMLMHBI U3ONALMN.

BnivsiHne Temnepartypbl Ha HanpsxeHue npoboa npusefeHo Ha pucyHke C.6 [20]. U3 Hero cnepyerT, YTo Temnepa-
Typa SBNAETCS BaXHbIM BAUAIOLMM hakTopoM, KOTOPLIA AOMKEH Y4UTLIBATLCSA B CBS3W C ONMPeAEeneHWeM pasmepoB U
UCnbITaHUAMMU.

[JeTanbHble pesynbTarel OTHOCUTENBHO XapaKTEPUCTUK YacTHBIX NPo6oeB NpyU BEICOKOMACTOTHOM HaNPsiXEHWNU A,0-
CTYMHbI AN1A YacToT HEMHOrO Bblle Heckonbkux Ky [16] u [21]. Mpu 3ToM AgnanasoHe 6biNo YCTaHOBNEHO, YTO BpeMS
aBapuu, NPOUCXOAALLEA NpU YacTUYHOM Npoboe, o6paTHO NPONOPLUMOHaNBHO YacToTe. 3Ta 3aBUCUMOCTE MOXET NpUMe-
HATBCA ANA YCKOPEHHbIX UCTIbITaHWA. TakuM 06pa3soM, 0COGEHHO NpU BLICOKOW 4acToTe HanpsiKeHUs:, NpuemnemMblili Cpok
cnyx6bl TBEPAOW N3OMALMM He MOXET BbiTb OXUAAEM B YCNOBUAX YacCTHBIX Npo6oeB.

25



rOCT IEC 60664-4—2017

E,, (peicTaylowwee sHaveHne), kB/Mm

100
\\
by \\ .'h ~~‘hn
NN T
»—— ) \
oy \\:-_ I Pt ] "
‘ Vi W M~ N :;::*
'IF" MR ‘E\ N
T RN XN
10 masli ™ Ny
{
™ N N o \
N N
\\~~ \ \§='~
SaL RN
\\ N
N
1 N
0,1 T T
0,01 0,1 1 10 100 1000 10000 100 000
£,y
WccneaoBaHHble Matepuanbi:
¢ — deHon -+ — Tednon % — Monuatunex
X— Monuctmpon & — Kepamuka A — dapdop
® — Cnioga v — Crexno ¥ — KpemHu1eBoe CTekno
m — MenamMMHOBOE CTEKINo # — ®deHonbHan bymara

PucyHok C.3 — BbicokouacToTHbI npoboii TBepaoi usonsuum: d = 0,75 mm [15]
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PucyHok C.4 — BbicokouacToTHLIA Npoboii TBEpAOH U30MSALIMK, BISIHUE BRAXHOCTY;

ycnosust npu 50 °C: #1: HanonHeHHbIN crogoi deHon, d = 0,75 mm; #2: nammHar U3 kpemHueBoro crekna, d = 0,75 mm [19]
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PucyHok C.5 — BbICOKOUACTOTHbIA NpoGoi n3onupyloLmMx NNeHok; #1 — aueTobyTupaTtHas Lennionosa;

#2 — nonvkapboHar; #3 — TpuaueTaTHas uennionosa
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PucyHok C.6 — BbiCcOokouacTOTHbI NpoBoi usonupyioLmx nneHok; #1 — nonuctupon, d = 80 MKm;
#2 — nonuatuneH, d = 50 mkm [20]
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Mpunoxexnue D
(ob6s3aTensHoe)

UcnbiTaHUA U30NSLMK BbICOKOYACTOTHLIMM HaNpPsHKEHUSIMU

D.1 MNomexu ucnbiTaTtenbHOro HaNPSHKEHUNA

MpusHaBas BXXHOCTb APYrMX BbICOKOBOJILTHBIX UCNbITAHWIA, BOMPOC NMOMEX UCTILITATENbHBLIX HANPSKEHUA, NpeaHa-
3HaYeHHbIX ANA COOTBETCTBYIOLLMX UCNbLITaHUIA npu yacrotax MHOro 6OI1I:LLIVIX, YeM NpoMbillNneHHasa 4yacrora, ABnseTcs
tbyHAGMEHTaNbHLIM.

BbICOKOUACTOTHBIV pe30HaHCHBIA TpaHchopMaTop MOXET ObiTb NPUMEHEH B KOMOMHALIMM C HU3KOBOIETHLIM BbICO-
KOYaCTOTHbIM reHepaTtopom [22]. Mpobrnembl 3TOro MetToaa NPOAEMOHCTPMPOBaHbI B NpUMEpe, NPMBEAEHHOM Ha pucyHke D.1.
B nopsigke nonyyeHus BbICOKOW pe3OHAHCHOM YacTOTbi YUCNO BUTKOB BO BTOPU4HON 0BMOTKe TpaHcdopMaropa JOImKHO
CHWKaTbCS, Kak nokasaHo Ha pucyHke D.1. CneposarenbHO, AOIDKHO Takke CHMXAaTLCS M Heobxoaumoe BbIXOAHOE Ha-
NpsbKeHUe.

U, (nukosoe sHaueHue), kB
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PucyHok D.1 — BbICOKOUACTOTHBIN PE30HAHCHDLIN TPaHC(OPMATop; BNUSIHWE YUCTIA BUTKOB BTOPUUHONM 06MOTKM N,
Ha BbixoAHoe HanpskeHue U,; N, = 210/280/350/420/560 [22]

B nopsiake oxeara BCero AvanasoHa 4acTtoThbl Tpebyercsi HeKOTOpbIV pe3oHaHC TpaHcdopMarTopoB. JlononHuTenb-
HO NPOGNEMOi MCTOUHMKA UCTILITATENLHOTO HANPSDKEHUS IBASIETCS CUMNbHAA PeakUmsa Mexay UMNEAaHCOM UCTIbITaTeNb-
Horo 06pasLia u YacToTON M aMNNUTYZI0N UCTILITATENbHOIO HanpPsHKEHUS.

Kak ansrepHatvBa, B Ka4€CTBE MCTOYHWKA MCTILITATENBHOIO HAMPSDKEHNA MOXET ObiTb NPUMEHEH MOLLHBIN BbICOKO-
4acToTHbIV reHeparop (TpaHcmuTTep) [5], [6] 1 [20]. Ha pucyHke D.2 nokasaH npumep. BbixogHoe HanpspkeHue 4aHHOrO
MCTOMHMKA cocTaBnsieT npubnuautensHo 4 kB (nMkoBoe sHaueHue) npu makcumanbHon Yacrore 5 My (cm. Tabnuuy D.1).

CnocoBHOCTbL UCTOYHMKA UCTLITATENbHOIO HaMpsDKeHWs NUTaTth OONbLUYI0 EMKOCTHYIO Harpy3sKy — OfiHa U3 Hau-
bonee BaxHbIX NpobnemM uctouHuka. Tak, koHaeHcartop cesisu Ul gomkeH ObiTb 6onblue, YHeM eMKOCTb UCTILITATENBLHOMO
obpasLia, AaHHbIA KOHAEHCATOp OBLIMHO ONpeAensieT eMKOCTHYIO Harpysky.

Tabnuua D.1 npeacraBuna HEKOTOPbIE TUMWYHBLIE 3HAYEHUS AN MOLLHOTO UCTOMHWKA UCNIBLITATENbHOMO Hanpsxe-
HUSA, KOTOpbIW Npumensinu B [5] u [6]. BoixogHoe HanpsbkeHne, reHepupyemMoe BaKyyMHbIM TETPOAOM, NUTAET MOLUHbINA
MCTOMHMK UCTILITATENBLHOIO HanpsbkeHus (4 kB, 400 mA). MocnepoBarenbHan pe3oHAHCHaA uenb, hopmupyemas nHayk-
TUBHOCTBIO @aHoAa M obLLell eMKOCTLIO Harpy3ku, HacTpamBaeTcsl Ha 4acToTty, Heobxoaumyio AnA NpuMeHeHus. Makcu-
MarnbHOe UCTIbITaTeNbHOE HANPXEHUE M MaKCUMaribHasi eMKOCTb Harpy3kiu (raBHbIM 06pa3oM eMKOCTb HaKONUTENLHOTO
koHAeHcatopa UIM) npuBeaeHbl B Tabnvue D.1. Obwme rapMoHUYecKMe UCKaXKEHNS! 3TOTO UCTIbITATENLHOIO HanpsHKEHUs,
cocrasnsiiowme meHee 2 %, ABNAIOTCH pesynbratoM AeACTBUS pe3OHaHCca.
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PucyHok D.2 — Bbicoko4acToTHLIN FreHepaTop 6onbLuoit MoLyHocTH [5] 1 [6]

Tabnuuya D.1— [JaHHble UICTOYHMKA UCMIBITATENBHOMO HaNPsXXeHUs [5] n [6]

dacroraury | Ewoore oo | Matcmaruice wererereroe | Toeoyoupion
0,1 1100 2,7 1,9
0,2 1100 4.0 55
0,5 450 3,4 48
1,0 520 2,7 8,8
3,0 320 1,0 6,0

D.2 UcnbiTaHUe BbICOKOYACTOTHOIO YaCTUYHOro np0609|

D.2.1 VcnbiTaTrenbHoe o6opyaoBaHue

BeTpevatoTest HekoTopble AONONHMTENBHBIE NpobneMsl, ecrnn TpebyeTca npoBecTU UcnbiTaHue Yl BbICOKOHACTOT-
HbIM HanpsXXeHWeM HecTaHAapTHLIM M3MepUTeNnbHBIM 06opygoBaHuemM UMM, Tem He MeHee NpPeAnoYTUTENBHBIM SBNAETCA
B OCHOBHOM LWUGPOBOIA 3anoMuHarowuii ocuunnorpad B KomMObUHaLUMK € YacTaAMU AN NojaBleHns BblCOKOYaCTOTHOMO
UCMbITaTENbHOrO HaNPsPKEHUS.

MHoro ot4yeToB M3mMepeHuin Ul npu BbICOKOYACTOTHOM UCTbITATENBHOM HanpsXXeHUU 4EeMOHCTPUPYHOT UCTbITaTeNb-
HbIIA TOK, NokasaHHbI Ha pucyHke D.3 [24]. Peructpayusi HYacTUYHOMO Npobosi BEIMOMHAETCA LMGPOBLIM UHTErPaTopoM
UucppoBOro 3sanoMuHarLLero ocuunorpaga ¢ BbICOKUM YpoBHEM M3bUpaTensHOCTH.

Ota yenb Ha pucyHke D.3 6a3npyeTtca Ha BLICOKOYACTOTHOM pe30HaHCHOM TpaHcdopMaTtope (2), KOTopbI NuTaeT
BbICOKOYACTOTHLIN yeunuTens (1) [22]. Bo3MOXHOWK ansrepHaTMBOW ABMAETCA NPUMEHEHWE pe30HaHca MOLHOro BbICOKO-
YacTOTHOro reHepaTopa, kak nokasaHo Ha pucyHke D.2.

Takoe agonyuweHue reHepupoBaHUs 3Ha4YMTENBHO BLICOKOW YacToThl [5] 1 [8], noka nogaepxuBaloTCA HU3KUE rap-
MOHUYECKNE UCKaXEHURA, XenaemMo ANA Toro, YTobbl YMEHbLUUTbL OTKITOHEHUS UCTNBLITATENBLHOrO HaNPsXXEHUA B TEYEHUE
namepenus Url.
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1— BbICOKOYACTOTHbIVi FEHEpaTop U YCUNTEeNb; 2 — BbICOKOYACTOTHbIN Pe30HAHCHbIA TpaHcopMaTop; 3 — ucnbiTaTeNbHbIi
obpasel; 4 — nonocosoli UNbLTP; 5 — BbICOKOBO/bTHbIW paspafHuK; 6 — akpaHupytowaa o6on04ka; 7 — 6bICTPOAENCTBYIOLW NI
LUndhpoBOIi 3anomMuHaLWnii ocunnnorpad; 8 — pasgenuTenbHblii yeunuTtens; 9 — cpefcTsBo usmepeHns UM (yskoro guanasoHa,

TONbKO ANs uenein koHTpons); 10 — yncposoit BonbTMETp; 11 — aHanorosblli ocumnnorpad; 12 — komnbloTep
ANA perucTpauun n KOHTpons

PucyHok D.3 — WcnbiTaTenbHas uenb UM npu ncnbiTaHMSX BbICOKOYACTOTHLIM HanpsixeHnem [22]

D.2.2 NcnbiTaTenbHaa uenb

D.2.2.1 OcHOBHOli aHanus

M3mepeHune Yl npoussoauTca peructpauuein Toka Ur. Ans aToli uenm namepuTesnbHbli nmnegaHc Rm coegunHawT
nocnefoBaTeflbHO C UCNbITaTeNbHbIM 06pa3Lom. HanpsxeHue, nafjawliee Ha M3MepuTenbHOM MMNefaHce, NPUIOXKeEHO
yepes TPeXypPOBHEBLI N0N0COBOIM (UABLTP K O4HOMY M3 KaHa/0B LU1dPOBOro 3anoMuHalLero ocuunnorpada c BbICOKOWA
nosiocoin mponyckaHusa (No kpaiHeli mepe, 100 MIu) Tak, YTO BMECTe C MCMbITaTENbHOW LENb, B LEOM cogepxalei
ob6uime aneMeHTbl, MOXeT ObiTb NoNyyYeHa nosfoca nponyckaHua 60 MIu. MonocoBoi unbTp OTAENSET NnajgeHue Hanps-
XEHUS, BbI3BAHHOE €MKOCTHbIM TOKOM, MUTAIOLWMM MCMbITaTeNbHbIA 06pa3sel,. JTOW TexHonormelr MoXeT ObiTb MonyyeHa
YyBCTBUTENbHOCTL Ul 5 nK.

BbicOKOYACTOTHOE MCNbITaTe/IbHOE Hanps)XXeHWe U3MePSIOT BbICOKOYACTOTHbLIM BOJIbTMETPOM W MO BTOPOMY Ka-
Hany KOHTPOMMPYKT UMpPOBbIM 3anomMuHakwWwmm ocuunnorpadom. Ecnu B page cnyyaesB ucnbiTaTefbHbll obpasey
He BMAEeH (Hanpumep, pPacrnosiOkKeHHbIi B KNIMMATMYECKON kamepe), TO B LUenax KOHTPONAS BHELHWX NPosBAEHui npo-
6051 WU TOpPEHUs AYrM MPUMEHSAIOT Bugeokamepy. McnbiTaTenbHblii TOK KOHTPONMPYOT (PETMCTPUPYIOT) KOMMbIOTEPOM
nocpeacTBOM WKWHbI IEEE 488. CxemaTnyeckoe pacnosioXXeHne WUCMbliTaTeNbHbIX Leneli ycTaHOBKM MpeacTaBneHO Ha
pucyHke D.4 [5] u [6].
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Onsa ucnbiTaHnii 06pa3LoB 3Ta TEXHONOTMS He npeAcTaBnseT CN0XHOCTW, BugeokaMepa Takxe fgaeT BO3MOXHOCTb
BM3yanbHOro onpegeneHun Ur. OgHako, kak npaBuio, OHA He NO3BONAET NOBTOPUTb IMEKTPUYECKNX U3MEPEHUN, Tak Kak
Nopor YyBCTBMTE/IbHOCTW 3TOW TEXHONOIMU Jaxe Mpy BbICOKOYACTOTHOM Hanps)XeHUW O4YeHb HU30K. MNMpumeHeHne doTo-
yMHOXatouwen Tpybkn (®3Y) ana permcrpaymm CBETOBbIX 3MUCCUIA KPATKOBPEMEHHOIO Toka o6pasua No3BonseT Noay4nThb
npekpacHyl 4yBCTBUTENbHOCTb Ul-peructpatopa, HO He NO3BOMAAET NPOM3BOAUTbL KanMGpOBKY amnauTyabl Ur. Tem He
MeHee npuMmeHeHne ®3JY B KauecTBe Tpurrepa ocuunnorpada gaeTt pesynbTar 3Ha4YUTEIbHOTO yNyylleHnsa perncrpaymm
Yrl, nockonbky MO3BONSET BKAOYATb paHblle 3/IEKTPUYECKUX TOYKOB (BCMN/IECKOB).

D.2.2.2 Tpebylouwancs nosoca nNponyckaHus ucnbliTaTebHOro Toka

B cnepyouweit oueHke ncnbiTaTenbHbI TOK UMeeT 1-i1 ypoBeHb HW3KOYACTOTHOW MepexofHOol xapakTepucTukm (xa-
pakTepucTtuka P'T|), nonyyawuieincsa npu HMWXHel YyacToTe cpesa, paBHOW 0, n BepxHeit yacToTe cpesa (3 gb) fc, uto co-
cTaBnseT Nosocy NponyckaHus.

1 2 3 4 56 7

1 — WCTOYHMK MCMbITATENbHOIO HANPsSXeHus; 2 — KOHAeHCcaTop CBA3N; 3 — AenuTesib HanpshHkeHus; 4 — ucnbiTatesbHbli
o6pasel; 5 — kaumaTunyeckas kamepa; 6 — namepuTenbHblii MNegaHc Rm; 7 — Bugeokamepa; 8 — komnbloTep;
9 — uundpoBoii 3anomuHarwWwmnii ocumnnorpad; 10 — nonocosoin punbTp; 11 — 3awmMTa OT NnepeHanpsxeHuin; 12 — MoHuTOp

PucyHok D.4 — Cxema ucnbiTatenbHon uenu [5] n [6]

PaccmoTpeHue c yueTom adphekTa HaNMumMsa BO3MOXHOW TOYKM pe3oHaHca Uan HU3KOW 4acToTbl cpesa UcnbliTaTeb-
HOro Toka npepcrtasneHo B D.2.2.3.

D.2.2.2.1 MuHMManbHasa nosoca NponyckaHusa paspelwweHus curdHana mmnynsca Yrl

[na BbICOKOYACTOTHbBIX MCNbITATEMbHbIX HANPSXXEHN MOXeT 6bITb OXMAaema BbiCOKas 4yacTtoTa MOBTOPSAEMOCTH
mmnynbcos Yl. CnepoBaTenibHO, paspelleHne BaXHO AN UCKIYEHNSA HaNoXeHus mmnynbcos Y. Ansa aToro moxeTt
O6blTb MPUMEHEHO TONIbKO M3MeEpUTeNbHOe ob6opyAoBaHMe, Ha3biBaeMOe «WMPOKONOMNOCHbIM» [23]. Takum o6pasom,
ans perunctpaumn Ul o6bIYHO MPUMEHSIOT WHWPOKONOAOCHbIV ocumunnorpad. CNoXHO onpefennTb TOYUHOE 3HavYeHue
nosiocbl NPONYyCKaHWA MCNblTaTeNIbHOro Toka. [ns oTpe3ka C 4acTOTOM WUCNblTaTeNbHOro HanpshkeHus 100 Iy B no-
BEPXHOCTHbIX 3a30pax obpasywuwascsa yactota umnynbcoB Yl coctaBnseT go 1 MIy. Ans coBOEHHbIX NUHUI [25],
roe YUl moxeT NMPoMCXOAUTb OAHOBPEMEHHO B HECKO/IbKMX MecTax, MOXeT Habnwgatbca yactota mmnynbcos Y,
npesbiwarwwas 10 Mlu,.

B nopsagke UCKNOYEHNS HaNOXEHUA UMMNYNbCOB MUHMMAaIbHAA Nosioca NponyckaHusa namepsemoro Toka UM gonx-
Ha OblTb HE YXe YacToTbl UMNYyAbCOB YlM. DTOT TpebyeMblit abCONOTHLIA MUHUMYM He AaeT BO3MOXHOCTU BOCNpou3Beae-
HMA BOJIHbI UMMYyAbLCOB Yrl.
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PucyHok D.5 — Xapaktepuctuka umnynbcos Ml ans rapaHTMpoBaHHON YacToTbl 2 MMy npu pa3nuyHon BepxHen
yacToTe cpesa f, UCTIbITATENLHOTO TOKA; 34€Ch BKIIOYeHb! [5] v [6]

O6bIMHO Ans BEpXHEN YacToTa cpesa fc WCTbITATENbHOIO TOKa AOCTATOYHO NATUKPATHOIO 3HaYEHUs1 YacToThl UM-
nynscos YlN. 3T1o ycnosue BMecTe C ApYruMy NpMMepaMmn BEPXHENO 3HAYEHWUS YaCTOT Cpe3a NpeACTaBNeHo Ha pucyHke D.5
Ans npeanonaraemoil YacToTel UMNynscoB YN 2 My, [lns ynpolueHus caenaHo AonyLueHne HanuvuMsa TOMbKO MONoXu-
TenbHbIX UMMynscos YI.

OT0 cooTHOLLEHUE Taloke obecneunBaeT 060CHOBaHHYIO NOMNOCY NPONyCKaHws B palioHe YacToThbi BO3AENCTBUA NO-
nocoBoro unskTpa AN XopoLuei YyBCTBUTENBHOCTY AeTekTopa Ull. Mpumep, npuBeaeHHbLIN Ha pucyHke D.5, ocHoBaH Ha
MPUMEHEHNN TPEXYPOBHEBOrO MOMOCOBOO (PMNLTPA C HACTOTOM fgnyre = 1 MITLL

D.2.2.2.2 MuuumanbHas nonoca nponyckaHvs Ans aHanu3os uMnynscos Yl

B nopsigpke aHanusa nctodHuka curdana Yl u npoBeaeHMA HEKOTOPLIX aHanu3oB hopMbl M pasmepa NONoCTeN,
sasnawowmxca mcroyHnkom UYr, Tpebyercs 6Gonee wmpokas nonoca nponyckanus. B cnyyae Ul tuna «Streamer-like» ¢
BpeMeHeM HapacTaHus < 1 Hc [26] ans pearupoBaHus Ha UMNYNbC AOMKHA ObiTb HeOOXoAMMa NOMoca NPOMyCcKaHUsA Ha
yposHe 1 ITw.

Takas LLMpoKasi nonoca NpornyckaHus 0ObIMHO MOXET GbiTb NOMyUeHa TONbKO KoaKCUanbHLIMU TOKOBLIMU LIEMSIMM, T. €.
B naboparopHbix ycroswusix [26] n [27]. Mpu coBMECTHOM pacnonoXeHnn 3nNeMeHTOB Nosioca npornyckaHus Ha yposHe 50 My,
nerxo goctvxuma. Takmm o6pasom, umnynbc Ul ¢ o4eHb KOPOTKMM BPEMEHEM HapacTaHnsi MOXET GbiTb BOCIIPOU3BELEH C Bpe-
MEHEM HapacTaHusi NPUGIUBNTENBHO 7 HC. 3TOro AOCTATOMHO AN YCTaHOBMEHUA pasnuuuii mexay YN mna «Streamer-like»
(TunuuHoe Bpemst HapacTanma 1 He) u Ul Tuna «Townsend-ike» (TUNuuHOE BpeMs HapacTavus 20 He) [26].

D.2.2.3 Onpeaenexve pasmepoB UCILITAaTENLHON Lienn

CootBeTcTByIOLIEE ONPEAENEHNE Pa3MepPOB AOMKHO ob6ecneunTs usbexaHue HanoxeHns MMNynbcoB Ul u JomkHO
NO3BONSATH MPOBOAUTL HEKOTOPLIN aHaNu3 hopmbl BONHbI Yl.

D.2.2.3.1 Ananus ncnbitatensHon uenw U

KoakcnanbHbie Lenu npuMeHsIoTca Tonbko Ans naboparopHbix 9KCNEPUMEHTOB U HE paccCMaTpVBAlOTCS B JaHHOM
KOHTeKCTe. AcnbiTyeMble Lienu, COCTOALWME U3 COBMECTHO COeAUHEHHBIX aneMeHToB (RLC), moryT GbiTh nNpeAcTaBneHbl
SKBUBAINEHTHON LIeNbio, NpuBeAeHHON Ha pucyHke D.6 [5].

MHAyKTUBHbLIE KOMMNOHEHTBI (MHAYKTUBHOCTL MPOBOJIHUKOB Ly, MHAYKTUBHOCTU UCTOMHUKA L g M KOH/IEHCATOpA CBA3U
L)) venbiratensHoit uenm UM B 0CHOBHOM He [I0/DKHbI MCKITIOYaTLCS M3 paccMoTpermst. COBMECTHO C @MKOCTHBIMN KOM-
noHeHTamm (koHaeHcatop csssu C,, eMKOCTb UcTibiTyemoro obpasua C;) moxeT 06pa3oBaTbCsl TOYKa pe3oHaHca B nepe-
XOAHOW XapaKTepucTuke ucnbitatensHoro Toka Ull, okassiBaiowas 6onbLuoe BnMsHue Ha nosTopeHue umnynbcos M. Us
3TOro cneayet 60nbLIan BEPORTHOCTL NOSIBNIEHMS anepruoaMYeCcKoil OTBETHOW PEAKLIMM UCTILITATENBLHOIO TOKa BbiLLIE TOUKM
4acToThl oTCeukM £
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PucyHok D.6 — OkBuBaneHTHas uenb ucnbiraHus Toka Yl ¢ obwwmmmu anemeHtamm

D.2.2.3.2 Uctounuk Hanpsbkerus UM B cpasHeHUn ¢ NcTouHuKom Toka Yl

HauGonee noaxoasiueit Moaenbio MCTOMHUKa uMnynbcos YN npeacTaBnseTca UCTOYHMK ToKa. B nopsiake npumeHe-
HWUA HaCTOSALLEro cTaHaapTa Ans ucnbiradus YN [23] aAna kanmbpoBkN UCNBITATENbHOIO TOKA MOXET NMPUMEHATLCA UCTOY-
HUK HanpsokeHus. MoxeT ObiTb BUAHO, YTO NEPEXOAHAN XapaKTepucTuka ucnbitatensHoro Toka Yl B OCHOBHOM 3aBUCUT
OT UMNYNLCOB UCTOMHMKA YT, NPUMEHEHHOIO ANSA KanMbpoBKy.

Ha pucyHke D.7, a ucnonb3oBaH UCTOMHUK UMMYyrbCcHOro HanpsxeHus Ul, KkoTopblit He AonyckaeT NpUCYLMX
nosTopeHwii curHana M. Ecnv B Toil e camoil uCnbITaTENbHOR Lieny NpUMeHsIeTcA UMNYNbCHBIW UCTOYHUK Toka Ul
(cm. pucyHok D.7, b), To eMy npucylLm nepexoaHble xapaktepucTuki. bonee getanbHas uHdopmauma 0 nepexofHbIX
XapakKTepUCTMKax UCMbITATENbHOMO TOKA UMEETCA B UCTOUHMKE [5].
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a — Umnynbe YN nctouHuka HanpskeHus

PucyHok D.7, nuct 1 — CpaBHeHne NepexoAHbIX XapakKTepUCTUK UCTIbiITaTernbHbIX Tokos Ul npu ucnons3osaHum
MCTOMHMKA MMNYNbca HanpsbkeHWA UM n ncTouHnka umnyrnbca Toka UM
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b — Wmnynbe UM uctouHuka Toka

PucyHok D.7, nucrt 2

B AanbHeiweM ToNbKO MCTOYHMK MMINYNbCHOIO Toka Yl MOXEeT paccMaTpmBathesl B nopsake obecneueHust cooT-
BETCTBYIOLUUX NEPEeXoAHbIX xapakrepncTvk. KoHeuHo, a1o He pellaeT koHdnukTa B criyyae, Korga 4nst KanmbpoBku UCnbl-
TatensHoro Toka YN npuMeHseTcs CTaHaapTHLIA UMMYNBLCHBLIA MCTOYHUK Hanpspkenus [23].

D.2.2.3.3 AHanus ucnbitarenbHoro Toka Yl

MNMepexoaHble xapakTepuCTUKN UCNLITATENbHOMO TOKa MOTYT ObiTb NOABEPrHYTHI aHANU3y NPUMEHEHUEM 3KBUBA-
NEHTHOW Lenu, npuBeaeHHON Ha pucyHke D.6. 310 moxer ObiTb CAenaHoO CeTeBbIM aHAIIM3OM UM MOAENMPOBaHUEM
CXEMbI, MCMOmnb3ysi COOTBETCTBYIOWEE NporpaMMHoe obecneyenune.

D.2.2.3.3.1 CeTeBo# aHanu3

[ins ucTouHUKa MMMynNbCHOro Toka Yl aHanua BLINOMHSAETCS NPUMEHEHWEM €MKOCTHOIO 3KBUBAMNEHTa LIEN UCTIbI-
Tyemoro obpasua (cM. pucyHok D.6). CpaBHeHueM pasnuuHbIX MHAYKTUBHOCTEN Lg ANA BLIYMCIICHNS NOCNEA0BATENbHBIX
PE30OHAHCHBIX 4AcTOT MOXHO npeHebpeusb. Ly, n Ly, cocraensior Ly, COBMECTHO ¢ L, rae konaexcarop ceasn C, 6onb-
LLIOW UHAYKTUBHOCTU UINK UMEET NPOBOAHNKN GONbLLIOIO ceveHust, 06Lan MHAYKTUBHOCTb L paBHa

L=Ly +Lg. (©.1)

BcnepcrtBue oTHOLLEHUA
Cy3->-Cy -Gy (D.2)

€MKOCTb UCTIbITyemMoro obpasua MoXeT 6biTb npubnusuTensHo paeHoi C,;. CneposatenbHo, 3tgheKkTUBHasA EMKOCTb UC-
TOYHUKA MMMyNbCcHOro Toka YN paBHa
C= Csck

ey (D.3)

U pesoHaHCHas YyacToTa paBHa
1 1
f=—_—. D.4
r a2n\LC ©4
Ha npakTuke CHWXeH1e STOro MoCre0BaTeNbHOMO PE30HaHCHOIO TOKa NPOMCXOANT UCKIIOYUTENLHO 3a cueT R,
MonpaeouHbIN k03hPULMEHT d BEIMUCTISIOT MO (popmyne

d= (D.5)

ﬁ's”
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[na aneproauyeckoit peakunm NonpaBoHHLIA kKO3((ULMEHT AOIMKEH ObITb PaBHLIM

d=>2. (D.6)
CnepoBartenbHo, UHAYKTUBHOCTb AOMKHA ObiTb OrpaHU4eHa cornacHo gopmyne
R2C

L<-M— (D.7)

4
B atom cnyyae BepxHasA yacToTa cpesa f, MoxeT 6biTb npnbnvkeHa k noryyaemoit npocToii RC-Lenbio ComacHo

copmyne 1
k= . (D.8)

2R C

HwxkHss1 YyacToTa cpesa paBHa Hyrio.

D.2.2.3.3.2 Cumynsums uenu

Bornee AeTanbHbIA aHANU3 UCTILITATENIbHOMO TOKA BO3MOXEH YaCTUYHOW CUMYNISILMEN Lienun, NPpUMEHEHNEM NOAXO-
Asiero kofaa (PSPICE) [28]. 3Ta TEXHONOrMs MOXeT Takke NPUMEHSITLCA B NOPSAKE NOMyYeHUs pe3ynbTaToB, ONUCAHHBIX
B D.2.2.2.1. NepBOHa4anbHO 3TO NPMMEHRAIOT ANA TOro, YTobbl OLIEHUTb BNMSHUE pasMepa KOHAEHCcaTopa CBA3MN Ha nepe-
XOAHbIE XapaKTEPUCTUKN UCTILITATENbHOIO TOKA.

D.2.2.3.4 BnusiHue koHAeHcaTopa CBA3WU Ha NepexofHble XapakTepuCcTUKK

uB
0,12

0,10

0,08

0,06
0,04 X
0,02

4

-0,02 L
-0,04 \
¥

0 2 4 6 8 10 12 14 16 18 20
«—01U, +—U C=1n0 &— U C=10nd £ — U,/C,=100nd £, we

-0,06

PucyHok D.8 — BxogHo# curHan U, U namepseMblli curHan U,,,, 3aBucsiLLive oT eMKOCTU KoHAeHcaTopa ceAsu Cy
(emxocTb ncnbityemoro obpasua C; = 10 n®) [5]

BnusiHve pasmepa koHAeHcaTopa cessu C, Ha NepexoAHble XapakTepuCTUKy, nokasaHHoe Ha pucyHke D.8 [5], acHo
ASMOHCTPUPYET, YTO 3TO BNUAHWNE OMEHb PE3KOE U YTO Marlble EMKOCTM KOHAEHCATOPOB CBS3U, CPaBHUMbIE C eMKOCTbIO Cg
ucnbiTyemoro obpasua, He npuemnembl [29].

ManeHbkne KoHAeHCaTOpbl CBA3N CHUKAIOT M3SMEPSEMBIA CUrHan, vTo AOMKHO BbiTk yuTeHO npu kanubposke. Tem
He MeHee UYyBCTBUTENLHOCTb UcnbiTatenbHoro Toka Ul Tawke Byaer cHwkeHa. [ipyroii npobneMoil NpUMeHeHUss ManeHb-
KUX KOHZEHCAaTOpOB SIBIIAETCA BbiAeneHue usmepsieMoro curdana. s pucyHka D.8 BuaHO, YTO MUHMManbHaA €MKOCTb
HaxoguTcs Ha yposHe C, = C,. MpeanoutuTtensbHas emkocts Cy = 10C,.

HeoGxoavmoe 3HauyeHMe eMKOCTU ANA KOHAEHCATopa CBA3WN GonbluUe 3TOro 3HA4YEHWA, U EMKOCTb MOXET GbiTb CHU-
JKeHa ANnA anepuMoauYecKoi peakumm nenbitatenbHoro Toka [em. copmyny (D.7) D.2.2.3.3.1].

OT0 He ABMAETCA TEOPETMYECKUM BEPXHUM NPEAENOM pasmepa KoHAeHcaTopa CBA3W. Ha npakTuke oH MoxeT 6biTb
OrpaHUYeH XeCTKON peakuueil UICTOYHUKA HanpskeHUs!, 0COBGEHHO NP BepXHUX YaCcTOTax UCMbITATENBHOMO HaNpsHXKeHUs.
3Ta cneuuduyHas npobnema onucaHa B [29)]. HekoTopbie NpakTuyeckue 3HaueHUsi NnpueefeHb! B Tabnvue D.1.

D.3 MNpumMepbl pe3ynLTaToB UCMLITAHUI

MHOXeCTBO KOMMOHEHTOB ANSl HU3KOBOMNLTHOrO O0GOPYAOBaHUS MOMYT ObiTb UCMbITAHBI C MPUMEHEHUEM BbICOKO-
YaCTOTHOIO UCTLITATENBHOrO HaNpPsHKeHUs. Bornbluas YacTb AaHHLIX SBNSAETCH KOMMepueckol uHopmMmaLuen. Hekotopble
OCHOBHbIE pe3ynkrarbl nyGnukyoTcs oTkpbiTO [30] M NpeacTaBneHbl B HACTOSALLEM CTaHAapTe.
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Kak suaHo u3 pucyHka D.9 [30], ans onTpoHOB MOXET ObiTh CYLLIECTBEHHO CHWKEHO HanpsbkeHue Ul. Ewe Gonee
BaXHbIM ABNSIETCS PE3KOE CHWDKEHWe HanpsbkeHHoCTH UM co CHMXEHMEM 4acTOThl HanpsXKeHUsl, KOTOpoe NPUBOAUT K
ype3Bbl4aliHO BLICOKOMY CTPECCOBOMY BO3ASHCTBUIO HA M3OMSALIMIO.

[ns nMnynbCHbIX TPaHCHOPMATOPOB BXKHBIM BAUSIIOLLMM (PaKTOPOM ABMSIETCS YacToTa HanpsbkeHns. 3a cYeT yBe-
JSIMYEHNA YACTOThI BbilLie NPOMBILLIIEHHON xapakTepucTuku Yl cywecrsenHo cHuxalotes. Kak nokasaHo Ha pucyxke D.10
[30], HanpsbkeHne Hauana Ul cHwkaeTcs. MHTeHcuBHOCTL U He 0coBeHHO BbiCOKa, HO YacToTa NOBTOPEHUA UMMNYNbCOB
Ur1 Bospacraet nponopLMoHanbHO UCNLITAaTENLHOW YaCcToTe, YTO NPUBOAUT K YBENUYEHUIO NOTEHLUMana aerpaaauum.

U (peitctayiowiee sHaueHume), kB g, nK
3,0 900
|
\\\
N TN
N T
N e b
[ — o]
2,0 ~] T 600
P
1.5 / 450
1,0 300
/”/—
0,5 150
’ L1
f‘/
1 il
0 0
0,01 0,1 1 10 100 1000
f,xu
% — HanpsbkeHue Havana MM & — HanpsbkeHwe 3aryxaHus Ul £} — UHTeHCUMBHOCTL YT

PucyHok D.9 — UcnbitaHue Yl onTpoHa Npy BbICOKOUACTOTHOM HanpsikeHuu [30]

U (neiictylolnee 3HaveHve), kB g, nK
2,0 1000
\\\\
1,6 800
\\ \\ __/*\\\§
NJ N1 T~
1,2 600
\ L}
/A\ N \\\
A S N
0,8 e \ >€.—— 400
/ N /’/
// \\ﬁ-- ///
04 ¢ - 200
0 0
0,01 0,1 1 10 100 f,duy
*% — Hanpspkenue Hayana YN 4 — HanpspkeHue saryxaHua Ul ¥} — nHTeHcuBHOCTL Ul

PucyHok D.10 — UcnbitaHue YN uMnynbCHbIX TpaHCOpPMaTopoB; BIMSIHWE YacToThl HanpsbkeHus [30]
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[ns noKpbITbIX MeYaTHbIX NNaT USONALMOHHbBIE XapaKTepMCTMKN He TaK CUIBHO 3aBUCUMbI OT YACTOTbI HANPsXKeHUS.
Kak BuaHo U3 pucyHka D.11, ans npoBoAHWKOB pasHbiX BUAOB KOHUrypauui HavyanbHoe HanpsbkeHue Ml cnerka cHbka-
€TCs C POCTOM YacTOThkl HANPSHXKEHUA. Tem He MeHee Mpu BblICOKON MHTeHCMBHOCTY Yl 1 BLICOKOA YacTOTe HaMpsHKEHWUS
MOXHO OXXWUAATb TOMbKO KPAaTKOBPEMEHHYIO YCTOWUMBOCTL K YI. CneaosarensHo, kaxgoe ucnbitaHue Yrl, Kotopoe obblu-
HO CYUTAETCH HepaspyLUaloLLUM, MOXET Cepbe3HO MoBpeAUTb UCTbITYeMbI obpasel.

HekoTopbie BbIBOAbI O XXWU3HEHHOM LiMKIe { N30NMpYIoLMX nieHok B cryvae I npy BbICOKOYACTOTHOM HanpsiKeHUH
MoryT 6bITb nonyyeHbl n3 pucyHka D.12 [31]. HecMOTps Ha TO UTO HanpsbkeHve TonbKo Ha 10 % Bbiwe Ha4YanbHOro Hanpsi-
eHus YN, )KU3HEHHBIA LMKn MoxeT BbiTh B Npeaenax 1 MUH Unu MeHee, Tak UTo AaHHBIA 06pa3sel] He MOXET BbiiepkaTb
JaXxe MUHYTHOro BO3AENACTBUA BbICOKOBOIMLTHOMO BbICOKOYACTOTHOMO UCTbITaTENbHOMO HanpsiKeHus.

U (pevicTeyiolee sHayeHue), kB q, nK
25 50 000
2,0 . / 40 000
‘Fn___\ \\ Pttt a“ p
\\‘_-‘- > |t
1, 5 <. ‘—— N \?‘\ ~ 30 000
/ q /’*
\ 20000

1,0 /’ \

/ \\ ///,/,I

0.5 L~ 10000
g ) d
q \
Y| I
§ v
0 == —L v-0
0,01 0,1 1 10 100

£,y
% — U;, npoeoank 90 °C & — U, nposoaHuk 135°C @ — U,, uepes oteepcTre

¥ — g, npoeogHuk 80 °C ¥ — ¢, npoeopHMk 135°C MW — g, yepes oTBEpCTHe

U, — HavanbHoe Hanpsixenue Ul; d — sosayluHbIA 3a30p
PucyHok D.11 — UcnbiTanme Yl nokpbITbix nevartHbIX mnar, U, d = 0,2 MM [30]

tc
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PucyHok D.12 — XKusHeHHbliA umkn { NPOBOAOB, NOKPLITLIX 3Marbio (BUTbIE Napbl); CTPECCOBOE BO3AEACTBME
HanpsbkeHWeM Ha 10 % BbilLe HayanbHoro HanpsbkeHus UM [31]
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MpunoxeHue E
(cnpaBoyHoE)

CTpeccoBble BO3eWCTBUS HA N30/ALUID BbICOKOYACTOTHLIMMU
HECUHYCOMNAANbHLIMU HANPSAXEHUAMM

E.1 Llenb HacToAwWero npunoxeHus

B HacTosilLeM CTaHAapTe paccMaTpuBaloTCsl BO3AENCTBUE CUHYCOMAANbHBIX BbICOKOUACTOTHBLIX HANPsXKeHuid, uc-
nblTaHUe W3OMALMK 1 ONpejesieHne pasMepoB, UCXOAs M3 3TOr0 BO3AECTBIS. Bo MHOTMX MPakTUYECKUX Cryyasx peasb-
Hble BO3LENCTBYIOLME HANPSXEHUS JaNieKo He BCerja CMHycouaasbHbl. Meprognyeckne nynbcaumm ¢ 60MbLUNM UCKaXe-
HUEM (POPMbI CUHYCOUZBI MOTFYT BCTPEYATLCS BO MHOTMX 3/1IEKTPOYCTAHOBKAX.

B 3TOM cnyyae HEOGXOAUMbI YACTOTHbIA aHann3 opMbl BOSIHbI UMMYSbCA WU MAEHTUMKALMS YaCTOT OCHOBHbIX
COCTaB/ISIOLLNX CUHYCOUS,

Cnepyowmin aHanm3 He yuuTbiBaeT A MeKT BAMSHNS (DOPMbl BOSHbI HANPSKEHUS! HA pacnpese/eHne HanpsxxeHus
Ha U301ALMN 06MOTOK.

E.2 YUacTOTHbIli aHanu3

Ha pucyHkax E.1—E.8 npeacTas/ieHbl YaCTOTHbIE aHaIN3bl NEPUOLNYECKNX UMIMYIbCOB HanpshkeHus. Ha pucyHkax E.1
n E.2 cummeTpuyHas npsmoyrosibHas hopMa BOJHbI aHaIM3MpyeTcs TONbKO ANA ueneli cpaBHeHns. Ha pucyHkax E.3 n
E.4 aHanu3unpyeTcs 60nee npakTuyeckuii cnydaid, B3sATbl 13 IEC 60664-1, nameHeHue 2. 3Ta hopmMa BOJHbI TaKxXe npes-
CTaB/fIeHa Ha puUCyHkKe 4.

B 060unx cnyyaax B COOTBETCTBUM C pucyHkamu E.2 n E.4 B cnekTpe fOMUHUPYET OCHOBHasA yactota. CooTHOLWeHne
MeXy OCHOBHOI 1 60/1ee BaxXHOI TpeTbel rapMOHMKOM He CUIbHO MEHSIETCS Npu nepeperyMpoBaHun.

3TO TaKxe BEPHO, eC/M B COOTBETCTBUM C pucyHkamu E.5 1 E.6 nckaxeHne hopMbl BOSHbI aHA/IOTMYHBIM Nepepery-
NvpoBaHMeM npejanonaraeTcs, kak Ha pucyHke E.3. B aToM cnyyae TpeTbsa rapMoHMKa JaXe CHUXKaeTCs, HO 13-3a AeBATOM
1 OAMHHAJLUATOlM rapMoHMK YacToTa 1 MIL cyLlecTBEHHO MOBbILIAETCS.

[axe ecnu BbIGBPOC 3HAUNTENIBHO YBEIMUMBAETCSA, KaK BUOHO Ha PUCYHKax 7 1 8, pe3ynbTaTt OauH 1 TOT xe. Cneayet
OTMEeTUTb, YTO 3TOT NPMMEpP Ha NPakTUKe pPeaKo BCTpeyaeTcs.

B cnekTpe 4acToT AOMMHUPYET OCHOBHas 4actoTa. COOTHOLUEHME MexAy OCHOBHOM 4acTOTOl U TpeTbel rapmo-
HVKO He CW/IbHO MeHSIeTCs Npu nepeperynuposaHun. MoatomMy npeactaBnsieTcs BO3MOXHBIM NPOEKTUPOBaHUE W UCMbI-
TaHue TBepAON M30MAUMN NMPOBOAUTL NPU OCHOBHOW (4OMUHMPYIOLEN) YacToTe nMMNybca HanpshkeHus. B gononHeHune
MMKOBOE 3HAYeHWe HEeCUHyCouAanbHOro HanpsHKeHWs paccMaTpuBaeTCcsl B CBSA3WM C HACTPOWKOM aMnivTyfbl OCHOBHOM
BOJIHbl 3TUM MUKOBbLIM 3HAYEHUEM.

HanpsxeHve, B

PucyHok E.1 — Mepuoguyeckue UMNynbCbl HANPSXKEHWS, NPSIMOYronbHast dopma BOJIHbI
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HanpskeHve, B

O V(1) AL:(99,998 K, 1,2735) A2:(299,986 K, 425,000 m) DIFF(A):(-199,989 K, 848,529 T)

PucyHok E.2 — lMNepuoanyeckne UMNysbChl HANPsHKeHUs, NPSMOYrofibHas hopMa BOJHbI, aHaIM3 CrekTpa 4yacToT

HanpsyeHuve, B

PucyHok E.3 — lMeprogmuyeckme nMnynbCbl HANPSHXKEHWSI, NPSIMOYTosibHasi (hopMa BOJIHbI C BCNieckamu (CM. PUCYHOK 4)
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HanpsheHune, B
1,57

0,5-

O n
100 kI'y, 300 Ky, 1,0 MI'y, 3,0 MIy, 10 MI'y, 30 MI'y, 100 MrIy

Yactota
V(1) B1:(100,005 K, 1,3338) B2:(300,002 K, 535,294 m) DIFF(B):(-199,997 K, 798,529 T)

PucyHok E.4 — TMeprognyeckne nMnyibCbl HANPsHKeHUs, NPAMOyrofibHas (oopmMa BOJIHbI C BCMleCKamu,

aHanui3 cnekTpa 4acTtoTt

HanpsxeHue, B
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HanpsxeHve, B

V1(ESUM)  B1:(99,998 K, 1,2846) B2:(299,995 K, 461,539 m) DIFF(B):(-199,997 K, 823,077 T) Hacrora

PucyHok E.6 — MNepuognyeckne UMnynbCbl HanpshkeHus, NPSMOYrosibHas hopmMa BOJIHbI C BC/eckamu
(vyacTtota 1 MI'y), aHanmM3 cnekTpa 4YacTtoT

HanpspkeHve, B

PucyHok E.7 — lMepuognyeckme MMy bCbl HANpPSXeHns, npsMoyrosibHass )opma BOJHbI
CO 3HauMTesIbHbIMW BCIECKaMM
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HanpsxeHwve, B

V1 A1:(100,003 K, 1,4190) A2:(299,995 K, 664,234 m) DIFF(A):(-199,992 K, 754,745 T)

PucyHok E.8 — lNepuoguyeckme MMNy/bCbl HaMpshXKeHus, NpsamMoyrofibHas hopma BOJIHbI
CO 3HaYMTE/IbHbIMK BCMECKAMW, aHann3 crnekTpa 4actoTt
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MpunoxeHue F
(cnpaBouHoe)

OuarpaMmbl onpegenexHuns pasmepos

Cnepyrowne anarpaMmmbl (CM. pucyHku F.1 v F.2) LeMOHCTPUPYIOT 3aBUCUMOCTU MEXAY BNUAIOLWLUMKU dhakTopamu
ONpeAeneHns pasmMepoB BO3AYLUHbIX 3a30POB W PACCTOSAHUIA YTe4KW ANS KoopauHaLuW usonsaumu. Juarpammbl Belgens-
HOT OCHOBHbIE (paKTopbl M He MpefHa3Ha4YeHbl A8 NOAMEHBI NonHoro o63opa COOTBETCTBYIOLLMX pasfenioB cTaHAapTa.
B 4aCTHOCTW, OHM He MpefHasHa4eHbl 415 pacCMOTPEHUA Goree TOYHBIX pasMepoB BO3AYLUHBIX 3a30pOB B CUTyaLMsX
OAHOPOAHOro NoMns (3HadeHus crydas B) Ana 4acTOT MeXny fy W foyin W ONpedeneHns pasmMepoB TBEpAOH nsonsayuv B
nopsAgKe UCKMKYeHUA NCNbITaHUN BbICOKOYAaCTOTHBIMU HanpsXXeHUAMN.

Mpouenypbl onpefeneHns pasMepoB BO3AYLUHBIX 3a30p0OB W PACCTOSHUA yTeukn HesaBUCUMbIl. CrefoBaTensHo,
TaMm, rge Bo3fyLWHble 3a30pbl U PaCCTOAHUA YTEYKN Ha3HavarTcA Haj OAHOVI 1 TOW Xe NOBEPXHOCTBIO U3ONALUKN, JOIMKHO
ObITb NPUHATO HanbonbLUee U3 UX 3Ha4eHUN.

Moban uenb

/

MsmepeHne unu KoHTporb IMioboe nepuoguyeckoe
BPEeMEHHOro nepeHanpskeHus HanpspkeHue

{
{ {
Ycnosus npubnusntensHo

OAHOPOAHOTO ronst YCrnoBumst HEOAHOPOAHOTO

! B COOTBETCTBUM C 4.3 nonsi B COOTBETCTBUM C 4.4
(cM. npumevaHue)

BosaywiHbli 3a3op
no IEC 60664-1, Tabnuua 2 i

Ana cryuas A 125 % 3HaueHun Bo3myLIHOTO 3a3opa
no |[EC 60664-1, Tabnuua 7 Bo3anywiHbii 3a30p
unm |EC 60664-5, Tabnuua 3 no Tabnuue 1
ana cnyyasi A
i \
MuHUManbHLIA BO3AYLUHBIA 3a30p —
HauborbLee 13 3Ha4eHwi, Tpebylowmxcs
AnA BpeMeHHbIX nepeHanmeeHMﬁ
WIM NEepUoaNYECcKUX HanpsoKeHUiA
NMpumevyanne — [OnaA yacTot, npesbiwatowux 30 My, NpubnUsUTeNbHO OAHOPOAHBIE NOMSI CYUTAKOTCA Cy-

LLIECTBYHOLLUMU, KOTAa paguychbl OKPYXHOCTEH MPOBOAALLUX YacTed paBHbl UK npesbiwatoT 20 % 3Ha4eHUin BO3AYLLIHLIX
3a30poB. HeobxoauMble paguychl OKPYXKHOCTER MOryT 6bITb onpeaeneHbl TONLKO B KOHLE Npoueaypbl onpeaerieHns pas-
MepoB.

PucyHok F.1 — Inarpamma onpefieneHns Bo3ayLUHbIX 3a30poB
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46

CreneHb
3arpsisaHeHus1

Mobas uenb

/

\ i

Dewncreyiowee 3HavyeHne
nioGoro NepvoaM4ecKoro
HanpsKeHusi

MnkoBoe 3Ha4YeHne
nio6oro nepuoan4ecKoro
HanpsHKeHUs

/

N30n5LUMOHHBIN
Marepuan
(KAT)

PaccrosiHne yTeuku
cornacHo IEC 60664-1, Tabnuua 1,
|IEC 60664-5, Tabnuua 1

PaccTtosiHne yTeukn
cornacHo Tabnuue 2

CrteneHb
3arpsiaHeHus

/

\

MuWHMManbHOEe paccTosiHUE YTEUKU —
HauGonbLlee U3 3HaYeHWi, Tpebylowmxcs
NS UCKIIOMEHWs1 TPeKnHra
WINW yXyOLEHUs1 BbICOKOYACTOTHBIM HanpspkeHUem

PucyHok F.2 — [duarpamma onpegeneHnsa paccToAHWUA yTeuKn

MN30nAUMOHHBIN
Marepuvan
(cm. 5.1)
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MpunoxeHue JA
(cnpaBo4Hoe)

CeeeHusi 0 COOTBETCTBUM CChIFIOYHbIX MEXAYHAPOAHbLIX CTAHOAPTOB
MeXrocyaapCTBeHHbIM CTaHAapTam

Tabnuya OA1

O603HaYeHne cebINovHOro CTeneHb OB6o3HayeHe U HaUMeHOBaHWe COOTBETCTBYOLLEro
MeXayHapodHoro ctaHaapTa COOTBETCTBUA MEeXrocyapCTBEHHOro CTaHaapTa
IEC 60112:2003 — *
IEC 60664-1:1992 — *
IEC 60664-5 IDT FOCT IEC 60664-5—2013 «KoopanHauua usonsauum ans obopy-

[ OBaHWA B HW3KOBOMBTHBLIX cucTeMax. YacTb 5. KomnneKcHbli
MeToZ, ofnpejAeneHns 3a3opoB U MyTel yTedKW, paBHbIX UMK Me-
Hee 2 MM»

IEC Guide 104:1997

*

BeTCTBUA CTaHAapTa:

- IDT — nAeHTUYHbIA cTaHgapT.

* COOTBETCTBYIOLWIA MEXTOCYapCTBEHHBIA CTaHAapT OTCYTCTBYET. [lo ero NpuHATUS pEKOMEHAYETCA UCMOoMnb3o-
BaTb NepeBOA Ha PYCCKWA A3bIK AaHHOMO MEXAYHapoLHOro CTaHZapTa.

MpunmeyaHue — B HacTosLWel Tabnuue MCNonL30BaHO crefytollee ycroBHoe 0G03HaYEHWe CTENeHM cooT-

47



FOCT IEC 60664-4—2017

(1]
(2]
(3]
[4]
(3]
6]
[7]
(8]
[0l

(10]
(1]

(12]
[13]

(14]

(18]
[16]

[17]
(18]

[19]
[20]
[21]
[22]
(23]
[24]
[29]

[26]

48

Buonuorpacgun

Ganger B. Electrical breakdown of gases (in German). Springer Verlag, Berlin/Géttingen/Heidelberg, 1953,
pp. 422—450

Boeck W., Pfeiffer W. Conduction and Breakdown in Gases: in Vol. 4 of the «Encyclopedia of Electrical and
Electronics Engineering» John Wiley, New York, 2000

Muller F. Electrical breakdown or air at very high frequency (in German). Archiv fur Elektrotechnik — Vol. 28 —
pp. 341—348, 1934

Lassen H. Frequency dependence of the breakdown voltage in air (in German) Archiv fur Elektrotechnik. Vol. 25,
pp. 322—332, 1931

Plessow R. Requirements and possibilities of PD measuring techniques at high-trequency voltage, Application for
clearances and creepage distances (in German), Dissertation, TU Darmstadt, 1997

Paede M., Pfeiffer W. Investigation of the insulation characteristics of clearances and creepage distances for high-
frequency voltage stress (in German) Final Report to the German Research Foundation, 1999

ISO 7864:1993 Urmnbl MHBEKLMOHHBIE CTEPUIIBHBIE OFHOKPaTHOro NPUMEHEHUA

Pfeiffer W., Plessow R., Kolev N., Darjanov P., Darjanova D. About the dimensioning of a needle plane electrode
arrangement for comparative investigations of partial discharges in air Electrical Insulation Conference and Electrical
Manufacturing & Coil Winding Conference — 1997 — pp. 301—307

Uhlemann F. Evaluation of new dimensioning criteria for creepage distances in low-voltage equipment» (in German)
Dissertation, TH Darmstadt, 1990

Roth A. High-voltage engineering, Springer Verlag, Wien, 1959

Tanaka T. Internal partial discharge and material degradation IEEE Transactions on Electrical Insulation —
Vol. 21(1986) — pp. 599—905

Koch H., Pfeiffer W. Computer aided partial discharge testing of thin solid insulation systems ETEP — Vol. 2(1992) —
pp. 51—57

Simoni L. A general approach to the endurance of electrical insulation under temperature and voltage IEEE
Transactions on Electrical Insulation — Vol. 16(1981) — pp. 277—289

Pfeiffer W., Plessow R. Analysis of the insulation material degradation process in correlation to the temporal course
of the partial discharge phenomena at high frequency voltage stress, 1997. Conference on Electrical Insulation and
Dielectric Phenomena, Minneapolis, pp. 554—557

Chapman J.J., Frisco L.J. Dielectric strength of solid insulation Electrical Manufacturing — Vol. 51(1954) —
pp. 136—143

Wichrnann A., Grinewald P. Lifetime evaluation of high-voltage insulation by acceleration with the frequency or the
test voltage (in German) ETZ-A — Vol. 95(1974) — pp. 318—322

Daniels F., Alberty R.A. Physical Chemistry, Wiley, New York

Endicott H.S., Hatch B.D., Sohmer R.G. Application of the Eyring model to capacitor ageing data IEEE Transactions
on Component Parts — Vol. 12(1965) — pp. 34—41

Chapman J.J., Frisco L.J., Smith J.S. Dielectric failure of volume and surface types AIEE Trans. — Vol. 74 —
pp. 349—354, 1955

Suhr H. Evaluation of the influencing factors on the breakdown voltage of thin insulating films (in German)
Dissertation, Technische Universitat Berlin, 1961

Ikeda Y., Tanaka T. Frequency acceleration characteristics in internal discharge endurance tests by a glass-covered
electrode system |EEE Trans. Electric. Insulation — Vol. 17 — pp. 64—69, 1982

Scheuerer F. Investigation ol the insulation characteristics of solid insulation at high periodic voltage stress (in Ger-
man) Dissertation, TH Darmstadt, 1993

IEC 60270:2000 High-voltage test techniques. Partial discharge measurements (MeTogbl UCNEITAaHWIA BLICOKUM Ha-
npskeHneM. MsmepeHns YacTUYHbIX pa3psgoB)

Hund R., Pleiffer W., Reinhard H. and Scheuerer F. Partial discharge testing of components for low-voltage equip-
ment at high frequencies Conference on Electrical Insulation and Dielectric Phenomena, 1990, pp. 261—266

IEC 60851-1:1996 Winding wires. Test methods. Part 1. General ([poBoga o6mMoTouHble. MeTogbl UCNbITaHWUIA.
YacTb 1. OBLWwme nonoxeHns)

Morshuis P.H.F. Partial Discharge Mechanisms, Mechanisms Leading to Breakdown. Analyzed by Fast Electrical
and Optical Measurements Dissertation, Delft University of Technology, 1993



[27]
(28]
[29]
[30]

[31]

FOCT IEC 60664-4—2017

Brosche T. Extended partial discharge measuring techniques by inclusion of new impulse parameters (in German)
Dissertation. TU Darmstadt, 1998

Pfeiffer W. Simulation of measuring circuits — calculation of practical examples with PSPICE (in German) Springer
Verlag; Berlin, Heidelberg, New York, 1994

Pfeiffer W., Piessow R. The influence of the coupling capacitance and the frequency of the voltage stress with
respect to a partial discharge Conference on Electrical Insulation and Dielectric Phenomena, 1997, pp. 558—561

Pfeiffer W. Dielectric testing of solid insulation with respect to insulation coordination of low-voltage equipment IEEE
Electrical Insulation Magazine — Vol. 17(2001) — pp. 34—47

Paede M., Pfeiffer W. About the influence of the frequency on the partial discharge characteristics of enamelled
wires Eiectricai Insuiation Conference 1999, pp. 485—488

49



FOCT IEC 60664-4—2017

YOK 621.3.002.5.027.2:006.354 MKC 29.035.01

KniodyeBble CnoBa: BbICOKOYACTOTHOE HanpsikeHue, Npo6oi N3onAUMKn, YacTUYHbIR npoboit

IDT

B3 9—2017/26

Pepnaxrop H.A. ApeyHoea
TexHunueckuin pegaktop B.H. Mpycaxkosa
KoppekTop E.P. AposH
KomnbloTepHas BepcTka FO.B. Monosol

CpaHo B Habop 13.11.2018.  lMoanwucaHo B neyatb 24.12.2018.  dopmat 60 x 841/8- lapHuTypa Apuran.

Yen. ney. n. 6,05,  YJ.-usg. n. 5,47.

MOArOTOBMNEHO Ha OCHOBE AMeKTPOHHO Bepcuu, NpegocTaBneHHol paspaBoTYMKoM cTaHaapTa

A «KOopucnpyaeHumay, 115419, Mocksa, yn. OpgxoHuknase, 11.
www.jurisizdat.ru  y-book@mail.ru

CosgaHo B eanHnyHoM ucnonHeHun ®ryf « CTAHOAPTUHOOPM»
AnA KomnnekToBaHna PefepansHOro MHDPOPMALIMOHHOTO hoHAa CTaH4apToB,

117418 Mocksa, Haxumosckuid np-T, 4. 31, k. 2.
www.gostinfo.ru  info@gostinfo.ru


https://www.mosexp.ru#  
https://www.mosexp.ru
https://www.mosexp.ru#
https://www.mosexp.ru# 
https://files.stroyinf.ru/Index2/1/4293733/4293733361.htm

