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MNpegncnosne

Lienn, oCHOBHble NMPUHLMMbI Y OCHOBHON NOPSAA0K NpoBeAeHNsA paboT Nno MexrocyAapCTBEHHOW CTaH-
napTtmnsaunm yctaHosneHol FOCT 1.0—2015 «MexrocygapcTBeHHas cucteMa ctaHgaptusaumn. OCHOBHble
nonoxexua» n FOCT 1.2—2015 «MexrocyfapcTBeHHas cucTeMa ctaHgaptusaunn. CtaHgapTel Mexrocygap-
CTBEHHblE. NpPaBWa 1 pekoMeHAaLMN Mo MeXroCyAapCTBEHHOW cTaHfapTu3aumn. MNMpasuna paspaboTku, npu-
HATUA, OGHOBIEHUSA N OTMEHbI»

CBefeHuns o ctaHgapre

1 NOArOTOBJ/IEH ®epepanbHbiM rocyAapCTBEHHbIM OHOKETHbIM 06pa3oBaTesibHbIM yYpexaeHnem
BbICLLEro npodheccnoHanbHOro o6pasoBaHna «HauuoHanbHbIA UccnegoBaTenbCkuii yHmBepcuteT «M3U»
(®re0yY BMO «HUNY «M3W») n ®epepanbHbiM rocyfapCTBEHHbIM YHUTApHbIM npeanpusatnem «Bcepoc-
CUICKNIA Hay4YHO-UccnefoBaTeNbCKMil UHCTUTYT CTaHAapTusaumm u cepTudmkauuy B MalVHOCTPOEHUN»
(BHUMNHMALL) Ha ocHOBe COGCTBEHHOIO NepeBoAa Ha PYCCKUiA A3blK aHr/10A3bIYHOW Bepcun ctaHgapTa, yka-
3aHHOrO B MyHKTE 5

2 BHECEH TexHuyeckumMm koMuMTeTOM Mo cTaHgaptusaunm TK 333 «BpallatoLmecs anekrpuyeckme ma-
LUWHBI»

3 MPUHAT MexrocyaapCTBeHHbIM COBETOM MO CTaHAapTu3auum, MeTposiorum n ceptudukauuu (npo-
TOKON OT 29 ceHTs6psa 2015 r. No 80-I1)

3a NpuHATME NPOros10CcoBasIn:

KpaTtkoe HavmeHoBaHe CTpaHb! Kog cTpaHbl no CokpallieHHOe VanbleHOaaH!C HaLWIOHa 1bHOro
no MK(MCO 3166) 004 -97 MK(NCO 3166)004-97 opraHa o craHgapTu3amm
ApmeHuns AM MunH3akoHOMUKM Pecnyb6nunku ApmMeHus
Benapycb BY FocctaHgapT Pecny6nvkn Benapycb
KazaxcTtaH Kz FocctaHaapT Pecny6nukn KasaxctaH
Knprusns KG KbipreisctaHgapT
MongoBa MD Monpgoea-Crtangapt
Poccusa RU PocctaHpapT
TamKukmucTaH TJ TampkukcTaHgapT

4 TMpukasom dPefepanbHOro areHTCTBa MO TEXHUYECKOMY perynnpoBaHuio U MeTposiornm oT 26 mas
2016 r. No 425-cT mexrocygapcTBeHHblid ctaHgapT FOCT IEC/TS 60034-27—2015 BBefeH B AelicTBME B Ka-
YyecTBe HalMOHaNbHOro ctaHgapTta Poccuiickoin ®egepauun ¢ 1 mapta 2017 1.

5 HacTtosAwmii cTaHaapT UAEHTUYEH MeXAyHapoAHOMY AokKyMeHTy |IEC/TS 60034-27:2006 «MalluuHbl
anekTpuyeckue spatjatwumecs. Hactb 27. isamMepeHns yacTUUYHOTO pa3psaga Ha M30naumMm ctaTopHoi o6moT-
KM OTK/TIOYEHHbIX OT CeTU BpallaloLMXcs afieKTpuyeckux mawmnH» («Rotating electrical machines — Part 27:
Off-line partial discharge measurements on the stator winding insulation of rotating electrical machines», IDT).

MexzayHapoaHblii cTaHAapT paspaboTaH TEXHUYECKM KOMUTETOM No cTaHdapTusauum TC 2 «Bpauwato-
Lmecs MawuHbl» MexayHapoAHOW anekTpoTexHnyeckoin komuccun (IEC).

Mpy NnpYMeHeHUn HacTosIWero cTaHgapTa pekoMeHAyeTCs MCNo/b30BaTbh BMECTO CCbIIOYHBIX MeXAy-
HapoAHbIX CTaHAAPTOB COOTBETCTBYIOLME UM MEXIOCyfapCTBEHHbIE CTaHAAPThl, CBEAEHNS O KOTOPbIX Npu-
Be/ieHbl B [OMONHUTENILHOM NpuioxeHnu JA

6 BBEJEH BINEPBbIE
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WHdopmaumsa 06 M3MeHeHUsx K HacTosAWeMy cTaHfapTy Ny6nnkyeTCca B eXerofHom nHdopmauu-
OHHOM yKa3aTene «HaunoHaslbHble CTaHAapThi» (MO COCNIOSAHNIO Ha 1AHBaps TekyLlero roga), a TekcT
N3MEHEHWA 1 NONPaBOK — B €XEeMEeCAYHOM MH(OPMaLMOHHOM yka3aTene «HaunoHa/lbHble CTaH4apTbi».
B cnyuyas nepecmoTpa (3amMeHbl) UM O TMEHbI HACTOALLLEN0 CTaHjapTa cooTBeTCTBYOLee yBefloM/IeHe
6yfeT Ony6/MKOBAHO B €XeMeCAYHOM WH(opMaLnoHHOM ykasaTene «HauuoHanbHble cTaHAapTbi».
CooTBeTCTByWLWasa nHdopmauusa, ysegoMneHne n TeKCTbl pasmeLlalnTCca Takke B MHDOPMaLVOHHON
cucTeme 06LLEro NOMb30BaHNA — Ha odhuLManbHOM caiiTe PefepasibHOro areHTCcTBa N0 TEeXHNYECKOMY
perynmpoBaHunio 1 MeTposiornm B ceTu NHTepHeT

© CtampapTtuHdgopm. 2016

B Poccuiickoli ®efepayuy HaCTOSILLMI CTaHAAPT HE MOXET GbITb MOSIHOCTHIO U/IM YACTUYHO BOCMPOU3-
BeAeH. TUPaXMPOBaH M pacnpocTpaHeH B KAYeCTBe OULMa/ILHOTO n3aHus 6e3 paspelleHns deaepanbHoro
areHTCTBa Mo TeXHUYECKOMY PerysimpoBaHunio 1 MeTposiorum
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BBepeHve

MHorve rofibl U3MepeHne yacTU4HbIX paspsafos (HP) Mcnonb3oBasiocb B KayecTBe TOYHOrO KpuTepusi
npu OLEHKe KayecTBa HOBbIX TUMOB U30NALUUK, a Takke A1 onpefesieHNss MeCTOMNOIOKEHNA UCToUYHMKa YP B
N301AUMN BCNEACTBME BO3HUKAIOLLMX HA Hee npy paboTe BO3AeiCTBMIA. [10 CpaBHEHWIO C APYTVIMU AN3NEKTPK-
YeCKMMMN nCnbITaHMAMK (M3MepeHne KoaduLMeHTa 3aTyxaHns UM CONPOTUBMIEHNS N30NALMN) U3MepeHne
UP no3BosisieT 06HapyXunTb cfiabble MecTa U30/ALUNOHHONM CUCTEMBI C LE/blo UX MAEHTUMKALUN.

N3mepenne UP BO BpallaloMXCs 3/1EKTPUYECKMX MallMHaX UCMOMb3yeTCs Takke Mpu KOHTpose kave-
CTBa BHOBb CO6paHHbIX 0OMOTOK, (DUHULLHOM KOHTPOJIE, NPOBEpPKe KOMMOHEHTOB OOMOTOYHbLIX CUCTEM (LLa-
610HHBIX KaTyLleK, BbICOKOBO/bTHbIX U30/IATOPOB U T. M.). & Takke MOMHOCTbI0 CO6PaHHbIX CTATOPOB.

MpYMeHNTENBHO K 0BCNYXMBAHWIO, PEMOHTY W MOAEPHMU3auui BpaLLaloWmnXCs 31eKTPUYECKNX MallvH
n3mepeHue YP npegctasnseT nHopmaunio OTHOCUTENBHO:

- cnabblXx MecCT B U30/ALMOHHOI cucteme,

- NPOLEeCCoB U3HOCA U30/1ALMK,

- NPUHATUA Mep MO TEXHNYECKOMY 06CNYXUBAHUIO 1 ONpefeieHNi0 MeXPEMOHTHbIX MHTEPBASIOB.

XoTa ucnbiTaHna Ha YP BO BpallaloLmMxcsl MallmHax HaLllav LMPoKoe NpUMeEHeHUe, psag uccnefoBaHuii
BbISIBU/, YTO KPUTEPWUU U METOAbl aHasm3a W OKOHYaTe/IbHON OLEHKM MOyYEHHbIX JaHHbIX MPY Pas/INYHbIX
MeTofax N3MePEeHUs HacTo CU/IbHO OTINYAIOTCA U HE AB/IAIOTCA CONOCTaBUMbIMU. [103TOMY CyLLLECTBYET HEOO-
XO4UMOCTb B PyKOBOACTBE ANS Nosb3oBaTenei, KoTopble NCNoNb3yloT usMepeHne YP Ana oueHKM COCTOAHNA
N30/IALMOHHBIX CUCTEM.

McnbiTaHne cTaTopHbIX 06MOTOK Ha UP MOXHO pas3genvTb Ha fBe 60/blune rpynnbi:

a) M3MEpPEHNS Ha OTK/THOYEHHbIX OT CeTW 3/IeKTPUYECcKUX MawnHax (ohnaiiHoBble N3MepeHus), Npu Ko-
TOpbIX 06MOTKa cTaTtopa M30/MpoOBaHa OT 3/IEKTPUYECKOW CUCTEMbI U ANS NMUTaHUS 0GMOTKM NpUMeEHsieTcs
OTAEeNbHbI UCTOYHWK NUTaHUSA:

b) M3MepeHNs Ha HaxoAALMXCS B IKCMyaTaunn aN1eKTpUYecknx MmatmnHax (OHNaiHoBble N3MepeHns),
NPy KOTOPbIX 3/1EKTPUYECKas MallnHa HaXoAWUTCS B paboyem pexume u coefjMHeHa C 3/IeKTpPUYecKoi cucte-
MOV.

Oba Buaa MCNbITaHWi MMEIOT CBOM MpEenMYLLECTBa M HepocTaTkn. KpaTkoe 06CyxaeHre JOCTOUHCTB 1
HefoCcTaTkoB UCNbITaHUIA Ha UP Haxoasawmxcs B aKCnayaTauum aNeKTpUyYecknx MalluH NpMBoaMTCa B Npuso-
XeHun A. OfiHako, NpMHMMas BO BHUMaHWe LUMPOKOe pacnpocTpaHeHne OHIaiHOBbIX MEeTOA0B, ONpaBAaHHoe
NO3UTUBHON MHAYCTPUASIbHOWN MPAKTUKON, HACTOAWMIA CTaHJapT OrpaHnYNBaeTCs PacCMOTPEHWEM MeTO[0B
MCMbITAHUI OTK/TOYEHHBbIX OT CeTU MalwunH. Takoil noAxon nNpeAcTaBnseTcs HeO6XOANMbIM U OCTATOUYHO Na-
KOHUYHbLIM /15 UX YCMELLIHOro UCNO/b30BaHUs Hecneuunanuctamu B o6nactu nsmepenuns Yp.

OrpaHunyeHuns

Mpwn ucnbITaHUM CTAaTOPHBIX 0OMOTOK Ha YP pasnimuHbiMy cpeAcTBaMn U3MepeHuini MoryT 6biTb nosyye-
Hbl pasHble pe3ysnbTaThbl, C/lef0BaTes/ibHO, CPaBHEHME Pe3y/bTaToB BO3MOXHO TOSIbKO NPW OnpefesieHHbIX K-
BMBaNEHTHbIX YCNOBUAX. M03TOMy npefcTaBnseT TPyAHOCTb Ha3HavyeHne abCoMTHbIX 3HAYEHWUI KpUTepues
npuemMKn nnn pabotocnocobHOCTU. ITO 06YC/I0BIEHO OCOGEHHOCTAMU pacnpocTpaHeHnss UMNybLCoB, TPya-
HOCTAMM KannbpoBKN U MHAWMBUAYASIbHBIMA OCOGEHHOCTAMMW YACTOTHbIX XapaKkTepUCTUK CTATOPHbIX 06MOTOK
1 CpeacTB n3mepeHuin UP.

Bornee TOro, creneHb cTapeHuns n3onAUUK, a crefoBartesibHO U PUCK ee paspyLUeHUsi 3aBUCUT OT Takux
dhakTopoB, Kak B4 UCTOYHMKOB YP 1 nx gucnokauumn BHyTPU CTaTopHO 06MOTKK, 06a U3 KOTOPbIX MOTYT 3Ha-
YNTENbHO B/IUATH Ha pe3y/bTaTbl UCMbITAHWIA.

[ns KoNn4yecTBEHHOW OLeHKM pe3ynbTaToB MCMbITAHWA B KauyecTBe OCHOBbI MOTyT 6GbITb MCMO/Ib30BA-
Hbl NOATBEPXAEHHbIE MPaKTUKON aMnmpuyeckne AaHHble. bonec Toro, AN HafEeXHO! OLEHKM COCTOSHUSA
130/718UMM O6MOTKM cTaTopa PeKoMeHAYeTCs OPUEHTUMPOBATLCA Ha TEHAEHLUUN U3MEHEHUS KONIMYECTBEHHbIX
XapakTepucTuk UP, nx cpaBHeHvWe ANA MalvH aHaSloTMYHON KOHCTPYKLUKM U C @aHaIOTMYHON M30NALMOHHON
CUCTEMOW, N3MEePEHHbIE MPW aHaNOrMYHbIX YCI0BMAX paboTbl C UCNOb30BAHNEM TOr0 Xe U3MEePUTENIbHOro
obopypoBaHus.

MepcoHan, NPoBOAALLMIA n3MepeHns UP fo/mKeH co3HaBaTb, YTO. B CUY NPUHLMNMANbHBIX 0COGEHHO-
cTeli meToAa, He BCce Npobnembl, CBA3aHHbIe C M30nsumMeil 06MOTOK cTaTopa, MOryT 6biTb pelleHbl MyTeM ero
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npuMeHeHna, HanpumMmep nospexaeHne n3onaunm n3-za NOCTOAHHbLIX TOKOB YTeUKWU, CBA3aHHbIX C Ha/M4ynem
npoBOAALLUX KOHTYPOB MeXAay pa3/iMiyHbiMM €e 3/IeMeHTaMi, Uan C ABNeHnem 6e3I/IMI'|y1'IbCHbIX pa3panos.
Ha ncnbiTaHua yacTeli 06MOTOYHbIX CUCTEM U nHTEpnpeTaunio UxX pesynbTaTtoB HE pacnpoCTPaHAKTCA

orpaHu4yeHus, ceA3aHHble C pacnpocTpaHeHnemMm NMnybCoB.

\Y|
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M E X T OCUY A4 APCTUBETHH®bB W CTAHAOAPT

MALWWNHbI NEKTPUYECKME BPALLAKOLWMECSA
YacTtb 27

M3mepeHnsa yacTUYHOro paspaja Ha nsonauuu CTaTOpHOVI 06MOTKM
OTK/MHOYEHHbIX OT CEeTU BpalwarnlWwnxca aNeKTpnyecknx MmallnH

Rotating electrical machines. Part 27. Off-line partial discharge measurements on the stator winding insulation of rotating
electrical machines

[ata BBegeHns — 2017—03—01

1 O6nactb NpUMeHeHuUst

HacTosiwumii ctaHfapT ABNSETCA TEXHUYECKMM perfnaMeHToM, obecneyvBaowmm obulyto 6asy ans:

- U3MEPUTENBHOW TEXHWKM 1 060pYA0BaHNS.

- yCTaHOBKM 060pyA0BaHNS.

- cTaHfapTU3aumMm 1 npoueaypbl UCbITaHWiA,

- CHUXEHUS LWymMa,

- othopmeHns pe3ynbTaTos.

- MIHTepnpeTauuy pesynbLTaTos.

JTO OTHOCUTCS K M3MepPeHUAaM YP B U30M5SLMM CTATOPHLIX O6MOTOK OTK/THOYEHHbIX OT CETU 3NeKTpuye-
CKMX MalWH NpK UX NMTaHUKM OT CMeLManbHOro NCTOYHMKA € YacToTol Ao 400 Iy, HacToawwmii ctaHgapT ox-
BaTbiBaeT ABuraTenn ¢ 6ennybein KNeTkoi nnmn WabnoHHbIMY 06MOTKaMU, YN0XEHHBIMU B HEU30IMPOBAHHbIE
nasbl. 3TO, Kak NPaBUIO, XapakTepPHO A/151 MALUUH Ha HanpsbkeHve 6 KB 1 Bbile. MeToabl M3MEpPEHNS, OnucaH-
Hble B HACTOSALLEM CTaHAapTe, MOryT Takke NPUMEHSITLCS A8 MaluH 6e3 NnpoBoAsLLeli Na3oBoi 060104KN.
OpHako pesynbTaTbl U MX aHan3 MOryT OT/IMYaTbCsA OT NPUBEAEHHbIX B HACTOSILLEM CTaHfapTe.

2 HopMaTuBHbIE CCbI/IKU

[na npyMeHeHus HacTosLwero cTaHjapTa Heobxoaumbl crnefyolme CCbl/IoYHbIe AOKYMeHThIl. Ansa fa-
TUPOBAHHbBIX CCbIJIOK MPUMEHSIOT TOJSIbKO YKa3aHHOe U3[aHne CCbISIOYHOro AOKyMeHTa, 419 HeaTUpoBaHHbIX
CCbI/IOK NPUMEHSAIOT NocnegHee n3gaHue cCbiZIOYHOro AOKYMeHTa (BK1oYas BCE ero M3MEHEHUS).

IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements (MeTtogab!
UCMbITaHUA BbICOKMM HanpsxxeHnem. YacTb 1. O6wme onpegenerHns n TpeboBaHns K UCNbITaHNAM).

IEC 60060-2. High-voltage test techniques — Part 2: Measuring systems (MeTofb! UCMbITAHWI BbICOKAM
HanpshxeHneM. YacTb 2. I3mepuTesnibHble CUCTEMbI)

IEC 60270:2000. High-voltage test techniques — Partial discharge measurements (MeTogb! ucnbITaHUiA
BbICOKMM HanpshkeHnem. Vi3amepeHne 4acTUYHbIX paspsifoB).

3 TepMuHbI 1 onpeaeneHus

O6Lure TepMUHbI 1 OnpeaenerHns No U3MEPEHNI0 YaCTUYHbIX PaspsgoB, NPUBEAEHHbIE B HACTOALLEM
ctaHgapTte, cogepxarca B IEC 60270 v 4ONOMHATCA HUXKecneayowmmMmm TepMnuHamm.

31 n3MepeHne Ha OTK/II0UEeHHON oT ceT mMawwuHe (off-line measurement): 3vepeHune, npoBognmoe
Ha OCTaHOB/IEHHOI MallnHe, OTCOeAUHEHHON OT NuTalLeit ceTn (ohnaiHoBoe n3MepeHue).

MpumevyaHne — Heobxognmoe ucnbiTaTenbHoe HanpsbkeHne npuknagbiBaetca K 06MOTKe OT creuunanbHOro
NCTOYHUKA.

M3paHue oduymansHoe
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3.2 n3MepeHne Ha MawwuHe, HaxoAasleiica B akcnayatauum (on-line measurement): 3mepeHue,
NpoBOAMMOE Ha BpallaloLieiics MalluHe Npu ee HopMasibHOW paboTe (OHNaliHOBOE M3MepeHNe).

3.3 nornowatwouwee nokpbiTue (stress control coating). KpacoyHoe NOKpbITUE UM NIEHTA Ha NOBEPX-
HOCTW Ma30BOI M30/MALMN BbICOKOBO/IbTHbLIX CTEPXHEN W KaTyllek, HaxoAslieecs MeXAy HUMU U CTEHKaMM
nasos.

MpumeyaHne — 3ITO NOKPbITUE YMEHbLUAET HaMPSXEHHOCTb 3/1IEKTPUYECKOro Nosia Mo A/inHe 06MOTKM Ao
BEJINYNHBI, MEHbLUE KPUTUYECKOro 3Ha4YeHus, npyv KOTOPOM Ha MOBEPXHOCTWU BO3HMKaT YP. OHo nepekpbiBaeT NnpoBo-
Aauive nokpbiTua yacTell nasa ana obecneyeHus ANIEKTPUYECKOTO KOHTaKTa Mexay HUMWU.

3.4 nposogsuee NnokpbiTUe nasa (conductive slot coating). MpoBoAsLLan Kpacka Uy /o NeHTbl, Ha-
X04sLMecs B HEMNOCPeACTBEHHOM KOHTaKTe C OCHOBHOI Ma3oBOW M3onsaumeid kaTywkn 1 4acTo HasbiBaemble
«MNOJIYyNPOBOASLLUM NOKPLITUEMS.

n pnmeyaHune — 310 nokpbiTne obecneumBaet Ha,D'e)KHblﬁ SﬂeKTpMHeCKMVI KOHTakT C cepage4yHnKoM ctatopa.

3.5 po3ucTuBHbIN gatuuk Temnepatypsbl (PAT) (resistance temperature detector — RTD): BcTpoeH-
HblIl B 06MOTKY CcTaTopa AaTynk Temnepartypbl, 0ObIYHO PACMONOXEHHbI MEXAY BEPXHUM U HXHUM CTEPXHSA-
MW NN MEXIY CMEXHbIMU CTOPOHaMU KaTyLuek.

3.6 nasoBble paspsagbl (slot discharges): Paspsigpl, npoucxofsiive Mexay BHELIHell MOBEepXHOCTbIo
Na3oBOW YacTy KaTyLKN WU CTEPXKHA U 3a3eM/IEHHBIMY M1ACTVHAMU LUMXTOBAHHOIO CepaeYHuKa.

3.7 BHyTpeHHMe pa3psagbl (internal discharges): Paspagbl, nponcxoasiine BHyTPU N30NSLUNOHHON cu-
CTeMbl.

3.8 noBepxHOCTHble pa3psagbl (surface discharges): Paspsabl, npoMcxogswme Ha NOBEPXHOCTU M30-
NAUMK UK HA NOBEPXHOCTU YacTeil 06MOTKM B TOGOBbIX HACTAX UM HA NOBEPXHOCTU aKTUBHOM YacT 0OGMOTKY.

3.9 pacnpegeneHne nMmnynbcoB no amnautyge (pulse height distribution): 3aBucumocTtb yncna nm-
My/nbCOB. U3MEPEHHbIX B TEYEHMEe 3apaHee OrOBOPEHHOr0 MPOMEXYTKa BPEMEHV VM UMEILNX aMnauTyay B
npegenax paBHbIX UHTEPBA/IOB AUCKpeTU3aLnn, OT BE/IMYMHBI amnanTyabl.

3.10 pacnpepgeneHve nMmnynbcoB no ase (pulse phase distribution): 3aBUCMMOCTb Yncna UMMy b-
COB. U3MEPEHHbIX B TEYEHME 3apaHee OroBOPEHHOr0 NMPOMEeXyTka BpeMeHu u nmerwunx day B npegenax
paBHbIX MHTEPBAIOB AUCKPETMU3aLnK, OT BENMYMHLI (hasbl.

3.11 pguarpamma pacnpegenenus YP (partial discharge pattern): KaptuHa pacnpegenexusa YP B Buge
3aBMCMMOCTU amnanTyabl YP oT a3kl Ha nepuoge HanpshxeHns nepemMeHHoOro Toka Ans Bu3yanusauuu no-
BefeHnss UP npu onpefeneHHOM 3apaHee BpeMEHU N3MepPeHui.

3.12 ycTpoiicTBOo conpsixeHus (coupling device): O6bIYHO aKTUBHbIV UM NACCUBHBIA YeTbIPEXMONHC-
HVK, KOTOpbIV NpeobpasyeT BXOAHbIe TOKV B CUTHa/bl HAMPSHKEHWUS.

MpumeuyaHne — [laHHble TOKM NepegatnTcs CpeaCcTBaM USMEPEHN cucTeMoii Nnpeo6pasoBaHns UsmMepuTeb-
HOiA MHhopmMaLun. AMNAINTYAHO-4YaCTOTHAs XapakTepPUCTVKa YCTPONCTBA CONPSXXEHUS BbIGUPAETCS Takum 06pasom, uTo-
6bl 3h(HEKTUBHO NPEAOTBPATUTL NMONajaHNe HexenaTelbHOro HanPsXKEHUS U YaCTOTbl HAa N3MEPUTESbHbIV UHCTPYMEHT.

3.13 6nok conpsixxeHna YP (PD coupling unit): BbICOKOBO/IbTHbIA KOHAEHCATOP HU3KOW MHAYKTUBHOCTM,
YCTaHOB/EHHbIV NOCnefoBaTesIbHO C YCTPOWCTBOM COMPSHKEHUS.

3.14 Haubonbwan nosTopsAwwasca amnantyga YP (largest repeatedly occurring PD magnitude),
(Om): Haubonbluee 3HaYyeHWe, 3apPeruMcTPUPOBAHHOE CUCTEMOW M3MEPEHUIi, KOTOpOoe MpPOoSsIBASIETCS B BUAE
cepun nMnysbCoB B cooTBeTcTBUYM € 4.3.3 |IEC 60270. niun 3HaueHne, CBSA3aHHOE C OLLEeHKOI NMOBTOPSHOLLMXCS
nMmnynecosB YP ¢ yactotoli 10 MMNy/bCOB B CEKyHAY, KOTOPOE MOXeT 6biTb HENOCPEACTBEHHO MOyYEHO U3
pacnpefeneHns uMnynbLCoB No amnanTyae.

3.15 Hopmanu3oBaHHasa ructorpamma umnynbcos (normalized quantity number — NON): Hopmanu-
30BaHHas nnowaab Nof MHvei, ornbaroLiein guarpammy pacrnpegeneHns uMnynbcos no amnanTyge, B KOTo-
POV KOIMYECTBO UMMNY/bCOB BbIPAXEHO Kak /Iorapntm yucna nMnynbCoB B CEKyHAY, @ aMnanTyAa UMnynbcoB
npefcTaB/ieHa B NMHeliHOM MacluTabe.

4 TMprpoaa YacTUUHBIX Pa3psiioB BO BPaLLAOLLMXCSH INEKTPUYECKUX MaLLMHAX

4.1 OCHOBbI TEOPUN YACTUYUYHbIX pa3panoB

O6bIYHO YacTuYHblE pa3psgbl (UP) npovcxodaT B MecTax, rae AU3neKTpuyeckue cBONCTBa U30MSLMOH-
HbIX MaTepuasioB HEOAHOPOAHbI. B 3TUX MecTax HanpshHKeHHOCTb 3/1eKTPUYECKOro NoJisi MOXeT YCUIMBATLCS.
Takne MecTHble YCUeHUsl NoNsi MOryT NPUBOAWTL K MECTHOMY YacTUYHOMY MPo60K. STOT MECTHLIN Npo6oii

2



FOCT IEC/TS 60034-27—2015

He SIBNSeTCA MOJSIHbIM NPo6oeM M30MAUMOHHONM cucTeMbl. O6bIMHO YUP ans cBOEro passBuTUSi HEOHXOAMMO
rasoBoe BK/IOYEHNE, T. €. 3aN0/IHEHHbIE ra30M NPOMEXYTKN BHYTPY M30N5LMM, PAcnOoIOXEeHHbIE 0KOJI0 NPOBO-
OHUKA WK OKONO BHYTPEHHEN NOBEPXHOCTW M30NSALMN.

UP MOXeT npou3oiiTv, Korga MecTHas HanpshKeHHOCTb MoJsi B 30He HEOAHOPOAHOCTU NPEBbLICUT Hanpsi-
XXEHHOCTb NPo60s M30MALMOHHOTO MaTepuana. ITOT NPOLECC MOXEeT NPUBECTU K MHOFOUYMC/IEHHbIM UMMY/b-
cam YP B TeueHvne 0fHOro0 Neprofa NPUIOXKEHHOTO HaNPsHKeHUS.

BennunHa 3apsifa, nepeHocuMoro npu paspsje, TECHO CBsi3aHa C HEO[HOPOAHOCTbLIO MaTepuana, ero
pasmepamu, NPOGMBHBLIM HaMPsHXXEHUEM W yAeNbHbIMW AN3NEKTPUYECKUMI CBONCTBaAMU Martepuasna, TUMNoM
rasa, ero flaB/ieHMemM v T. A.

MN3onsAumMoHHaa cuctema 06MOTOK cTaTopa BbICOKOBO/IbTHbLIX MalUMH 06bIYHO MMEET NOBbLILIEHHYH BOC-
NPUUMUMNBOCTL K YP. XOTA eii 1 npucyLla yCTOWUYMBOCTb K MX MOSIB/IEHWIO 61arofgaps Hammumnio HeopraHnyeckol
CMIOAAHON cocTaBnsLlen. Hannmune sHaunTenbHbix YP B 3TUX MawwmnHax B 60/1bLIel CTeneHn ABAATCA Mo-
KasaTesieM HecoBepLUEeHCTBA TEXHO/I0rMN MPOU3BOACTBA UM paspyLIeHns U30MSuuKN B npoLlecce akcnaya-
Tauun, HeXennm HemnocpencTBEHHOW NpuyYnHOV Npob6os. TemM He MeHee, B 3aBUCMMOCTU OT MHAMBUAYASbHbIX
npoLeccoB B MmawnHax YP MoXeT HenocpeAcTBEHHO B/UATL Ha M30NSALMI0 U NpoLecc ee ctapeHus. Bpems
[0 paspylleHns UNn BEPOSTHOCTb OTKasa He Bcerja UMerT CBA3b C YypoBHEM YP. HO CyLLeCTBEHHO 3aBUCAT
oT Apyrux hakTopos, Hanpumep, paboyeil TemnepaTypbl, COCTOSHUEM K/IMHOBOTO y311a, BUOpaLnmn CTepxHe,
CTeneHbio 3arpsA3HeHNsa U30NALMN U APYTUX.

MN3mepenne n aHanus cneymduyeckoro nosegerHnsa YP moryT 6biTb 3h(PeKTVBHO MCNONb30BaHbl 415
KOHTPO/A KayecTBa HOBbIX 0GMOTOK W X KOMMOHEHTOB W A1 PaHHEro 06HapyXeHUs HeJoCTaTKoOB N30MALMUN,
BbI3BaHHbIX €e CTapeHneM B npoLecce akcnayatauumn n3-3a TeNN0BbIX, INEKTPUHECKUX N MEXaHUYECKUX BO3-
[eicTBuiA, a Takke BO3AECTBMEM OKpYXatoLLei cpeabl, KOTOPblIE MOTYT NPUBECTU K ee NMOBPEeXAEHNIO.

4.2  Twunbl YaCTUUHbIX PA3pPSL0OB BO BpaLLAOLMXCSA MaLIMHAX

4.2.1 O6uMe NonoxeHus

MpryvHaMn pasBUTUA YaCTUYHbIX Pa3psAA0B B CTATOPHON 0O6MOTKE MOMYT ABASITLCA OCOBEHHOCTW Tex-
HOM0rMK, NPOU3BOACTBEHHbIE fedeKTbl, HOpMasbHOe U YCKOPEHHOE CTapeHue B npouecce 3Kcnayatauuu.
KOHCTpYKLMS MalUUHbI, UCMOMb3yeMble MaTepuasbl, TEXHOMOMMA MPOM3BOACTBA, YCNOBUA paboThl W Apyrve
hakTopbl MOryT CYLLECTBEHHO B/IMATbH Ha CBOWCTBA, MECTOMOMOXEHNE, XapakTepucTukm 1 passutne YP. Ana
KaXaol MallvHbl pasnnyHble NCTOYHMKM UP B psige cnyyaeB MOryT 6biTb 06HAPYXEHbl U AEHTU(ULMPOBaHSI
N0 0COBEHHOCTAM WX NOBEeAEHNUS.

4.2.2 BHyTpeHHUNe pa3pagbl

4.2.2.1 BHYTpeHHue nosioctn

HecMoOTpsa Ha TO. YTO TEXHOMOrMA NPOU3BOACTBA Harpas/ieHa Ha MUHUMU3AUUIO BHYTPEHHUX NyCTOT,
MX HEKOTOPOE KO/IMYeCTBO Hen36exHO MpUCyTCTBYeT B MPOMNUTAHHON KOMNayHAOM COAAHON N30NSALMOHHON
KOHCTPYKLUW, 06bIYHO UCMO/Ib3yeMOoli B BbICOKOBO/IbTHbIX Bpallalolmxcs MaluuHax. JeicTButensHo, cnoga
B M30M1ALMOHHON cMCTeMe NpefoTBpaLlaeT YacTUUHble paspsipl, He A0BOAA Ae/0 A0 nosHoro npo6os. MNoka
BHYTPEHHME MOI0CTU Masibl U CYLEeCTBEHHO He YBE/IMYMBAIOTCS, 3KCM/TyaTaunoHHas HafeXHOCTb U30AUun
He ymeHbluaeTcs.

4.2.2.2 BHyTpeHHee pacc/ioeHune

BHyTpeHHee paccrioeHne BHYTPY FNaBHOW M30MALMN MOXET ObiTb BbI3BAHO HECOBEPLUEHHbIM 3aneka-
HVeM U30MALMOHHON CUCTEMbI BO BPEMSA NMPOM3BOACTBA UM M3-3a YPE3MEPHbIX MeXaHW4yeckux v TensioBbIX
HanpshkeHwit Bo BpeMsl paboTbl. KpynHble NOM0CTU MOTyT pasBnBaTbCA Ha 60MbLUONM NaoLWaamn, YTo NpuBoaUT
K paspsfam OTHOCUTENIbHO BbICOKOW 3HEeprumn, KoTopble MOryT OkasblBaTb 3HA4YMTE/IbHOE BMSHME Ha W30-
NAun0. B yacTHOCTW, pacc/ioeHne MOXeT YMEHbLUWUTL TEM/I0NPOBOAHOCTL U30MALMN, YTO MOXET MPUBECTU K
YCKOPEHHOMY ee CTapeHuio Unun gaxe Bbixody M3 cTpos. MNoaTomy npu Hannunm YP Heob6xoamMMo TuiatenbHoe
paccMOTpeHne pacC/iOeHus.

4.2.2.3 OTCnoeHne U30naumm ot NPoBOAHMKA

Meproguyeckne U3MeHeHMs TENJOBOrO pexuma MOryT Bbi3BaTb OTC/I0€HVWE MeAHOro MpPOBOAHUKA OT
rNaBHOW M30N5LUMeN, KOTOpoe MOXET Bbi3BaTb ry60KMe NOBPEXAEHUS N30NSALMN BUTKA UK CEKLUN.

4.2.3 Paspagbl B nasy

Paspagbl B ma3y BbICOKOBO/IbTHbLIX MaLUWH Pa3BuBalOTCA B Ciyyae MOoBPEeXAEHUsA NMPOBOAALLErO NOKPbI-
TUSI U3-3a MOABWKHOCTW Ma30BOW YaCTW CTEPXHSA (KaTyLuku), Hanpumep, Npu ocrabneHnn ero 3anpeccoBky,
13-3a 3po3nn mMaTepuana, abpas3vBHOrO M3HOCA, BO3AENCTBUA XUMWYECKM aKTUBHOW cpefbl UMW NPOU3BOA-
CTBEHHbIX AedpekToB. Pa3pafbl 60NbLUIOA 3HEPTNM BO3HMKAIOT NPU Ha/IMYMU CePbe3HbIX MeXaHU4Yeckunx mno-
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BPEXAEMWiA. KOTOPble MOTYT NPUBECTMW K AOMOIHUTE/bHBIM NOBPEXAEHUSAM [N1aBHOW M30M1SLUN, U B KOHEYHOM
utore K ee Npo6ot0. Ha paHHMX cTagunax pas3psgbl B nasy B 60Mblueli cTeneHy npeAcTaBnsaoT coboi Bubpaum-
OHHOE NCKPOObpa3oBaHne, HeXenu YacTUYHbIA paspag. 3T0 NCKPoobpasoBaHMe MOXET TakkKe NMPoNCXOANTb B
4yacTsiX 06MOTOK C HU3KUM MOTEHLMAIoOM, Hanpumep, B6/IM3N HY/1eBOW TOYKM 3Be3Abl. XOTA abCconoTHoe Bpe-
MS MexXay NosiB/ieHneM paspagos U NpoboeM n3onaaumum 06bIYHO HEU3BECTHO, OHO MOXET 6biTb HEGO/bLUNM,
noaTOMy HEO6X0AMMO X CBOEBPEMEHHOE 0OHAapYXeHne 1 NPpoBeAeHNS PEMOHTHbIX paboT.

4.2.4 Pa3psagbl B N1060BbIX YacTax

YP B 30He 1060BbIX YacTeli 06MOTKM MOTyT BO3HUKATb B TeX MecTax, rge umeloTcsl 6oMblune Hanps-
XEHHOCTW aneKTpuyeckoro nosnd. Takne paspsfbl 06bIYHO NPOUCXOAAT B NMPOMEXYTKAX MEXAY Pas/MuHbIMU
3/1eMeHTaMm N060BbIX YacTelh 06MOTKM cTaTopa.

Ecnu nokpbiTe n060BbIX YacTell 06MOTOK, YMeHbLUatLlee HanpsXeHHOCTU nons, TepseT adheKTus-
HOCTb M3-3a Hey[auyHOW KOHCTPYKUMU 3TUX YacTei, Ux 3arpA3HeHns, NopucTocTu, BAUSHUA Temnepatypbl U
Apyrux akTopoB, BO3HUKAET NOBEPXHOCTHLIN paspag, NpuBoAALWMi K CyLLEeCTBEHHO 3p03un MaTepuasios.
Kak npaBuno, ato o4eHb MeA/IeHHbI NPoLEecC pa3BUTAA NOBPEXAEHNS, HECMOTPSA Ha TO. YTO noBefeHue UP
MOXeT 6bITb NOAYNHEHO OTHOCUTENIBHO BbICTPLIM N3MEHEHNAM OT NOBEPXHOCTHLIX addekToB. Kpome Toro UP
MOXEeT BO3HUKaTb Mexay hasamu, Hanpumep, U3-3a HapyLleHns 3a30POB MeXAy BBOAHLIMU 3aXNMaMu, 3aKn-
MaMu ¥ BbICTYNAOLWMMK 31eMeHTaMn KOHCTPYKLMM N paspsaga Mexay 1060BOi 4acTbio 06MOTKV 1 3eMAeid.

4.2.5 2OnektponpoBosLine YacTulbl

Hanuune snekTponpoBoAALMX YacTuL, 0CO6EHHO ManopasMepHbIX, 06pasyroWwmnxca B pesynbTtare 3a-
rpA3HEHNA 06MOTKM, MOXET NPUBECTU K CU/IbHO MECTHOW KOHLeHTpaummn YP. 3To MOXeT NpUBECTM K NosiB/e-
HUIO PakoBVH Y MUKPOTPELLVH B U30NALUN.

4.3 PacnpocTpaHeHWe UMMybCOB B 06MOTKe

Mo cBoei nprpofe TOK YaCTUYHOTO paspsaa npeacTaBnseT co60i UMNYNbCHbIA TOK ¢ nepegHUM PpoH-
TOM BCEro B HECKOJIbKO HaHoCekyHA. [ TakmxX KOPOTKMX MMMNYyNbCOB YP C BbICOKOYACTOTHLIM CNEKTPOM
o6MOTKa cTaTtopa npeacTaBnsieT coboli Lenb ¢ pacnpefesneHHbIMM napameTpamu, B KOTOPOA UMEKT MECTO
ABNEeHNA GeryLei BoHbI, UHAYKTUBHO-eMKOCTHOW CBA3W U pe3oHaHca. [1oaTomy Heo6xoaum aHanuns pacnpo-
CcTpaHeHus nvmnynsca YP. dopma u BennynHa perncTpmpyemMoro Ha 3axmmax obmoTku curHana YP otnnyatoT-
€S OT TeX. KOTOPble UMEKT MECTO B TOUKE BO3HUKHOBEHMS YUP 13-3a ABneHuii ocnabneHus, uckaxeHus, otpa-
XEHNS U B3aMMOBANSIHMA 6eryLueli BoNHbl. MNo3ToMy 4715 aHanusa n uHTepnpeTtauun pesynbTatoB M3mepeHunii
UP BO BpalLatoLMXcs 3/1eKTPUYECKUX MallMHaX BaXHO yuuTbiBaTh creaylolimne o6CcToaTeNsCcTBa.

- MNepepatouHas hyHKUUSA 3BEHA MEXAY TOYKO BO3HUKHOBEHMS YP 1 4yBCTBMTE/NbHbIM K HEMY 3BEHOM
Hen3BeCTHa U 3aBUCUT OT CNeuud ki KOHCTPYKLUM 3/1EKTPUYECKON MallvHbI, onpeaenstoweil amnanTyaHo-
4YaCTOTHYIO XapaKTepuCcTrKy cTaTopHOK 06MOTKK. o3aToMy 3Heprusa ucToyHrka YP. koTopas maeTt Ha obpaso-
BaHVe 3p03unN M305LMKN, HE MOXET ObiTb N3MepeHa MPSAMbIM CMOCOGOM.

- BbICOKOYACTOTHBIN CUTHa/I B cUCTEMe BO30YXAeHUs, Bbi3blBawlwuii UP Ha knemmax, 3aBuUCUT OT
CBOWCTB NepeAatoyHbIX XapakTeprncTMK UCMbITYEMOI MallvHbl U MecTa pacnosioXeHUss ncToyHmka YP.

- Bbicoko4acTOTHble cocTaBnsoLwme curiana YP 3HauntenbHoO ocnabesatoT No Mepe NPoXoXAeHUs yepes
06MOTKY 1. B 3aBUCMMOCTM OT nNpupogsbl YP. MOryT 6bITb HE pacno3HaHbl Ha KNeMMax MUCMbITyeMol MallnHbI.

Taknm 06pa3om, COBOKYNMHOCTb BblLLENEPEUYNCIEHHbIX 06CTOSATENBCTB C YH4ETOM He TOJIbKO 0CO6EHHO-
CTel KOHCTPYKLMU CTATOPHbIX 0BMOTOK, HO M CNELUEIUKN YACTOTHbIX XapakTepUCTMK CUCTEMbI aHannsa YP.
BK/l0YAsA COeMHUTE/IbHbIE 3/IEMEHTbI, OKa3blBaeT CYLleCTBEHHOE B/IMSIHME Ha XapaKTepUCTUKM CUrHasos.,
06pasyroLLMXCa Ha KNneMmMmax KaTyLuek.

5 TexHuka nsmepeHuii n NpnéopbI

5.1 O6uue cBegeHns

B cootBeTcTBUM ¢ |IEC 60270 faHHbI/ pa3fen NocBsAWEH UCKIUYNTENBHO 3NEKTPUYECKUM MEeTodam n3-
MepEeHMNA YacTUYHbIX Pa3paAoB, NOCKO/bKY idHHbIe METOAbI ABMSAIOTCA CaMblM PacnpoOCTPaHeHHbIM CNoco6om
OLLeHKW 3071511 06MOTOK BPALLLAILLMXCA 3NEKTPUYECKUX MALLUH. HeanekTpuueckne MeTofbl usmepeHmin YP
N UX MECTOMOJIOKEHNA NpeAcTas/eHbl B NPUIoXeHun B.

CucTeMbl U3MEPEHUS YacTUYHbIX PaspsaaoB MOryT ObiTb pasfeneHbl Ha NOACUCTEMbI: COeANHUTE NbHbIE
3/1IEMEHTbI, CUCTEMbBI Nepefayn cUrHanos (Hanpumep, CoeguHUTESNbHbIE 3/1EKTPUYECKE U ONTOBOJSIOKOHHbIE
Kabenu) n namepuTesnbHble yCTpoiicTBa. B obliem cryyae, cuctembl nepefadn He MMEOT, 3a UCKII0YEHEM
HEKOTOPOro ocrabneHus curHana, 3amMeTHOro BANSHUS Ha XapaKTepUCTUKM CUCTEMbl U3MEPEHUs, a NoToMy
He NPUHMMAIOTCA BO BHUMAHUE.
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5.2 BAuAHME YACTOTHbIX XapakTepPUCTUK N3MEPUTENIbHOW CUCTEMBI

YacToTHble XapaKTepucTukn cucTemsl aHanmsa YP, BkIlo4as ee coeauHuTeNibHble YCTpoiicTBa, onpege-
NAOT, Kakas YyacTb aHepruy YP 06MOTKM MOXeT ObITb pacno3HaHa. Takum 06pa3om, YacToTHas XapaKkTepucTu-
Ka 1 TUN UCNo/b3yeMbIX COEAMHUTENbHbIX YCTPONCTB OKa3blBalOT CYLECTBEHHOE B/IMSHWE Ha YyBCTBUTE/b-
HOCTb CUCTEMbI. M3-3a pasnnyna B 4HactoTe cpes3a I/I3MepI/ITe!'IbHOI7I CUCTEeMbI NpU NCNblTaHUAX KOMNNEKTHbIX
06MOTOK HEO6X0AMMO YUnTbIBaTb CleayoLmne obcToATeNbCTBA.

N3mepeHns B HMXHEM 4acTOTHOM uanas3oHe ob6ecneynBaloT XOPOLUY YyBCTBUTENbHOCTb HE TOJIbKO K
YP B BMTKax 1 06MOTKax, pacrnosioXeHHbIX B HENOCPEACTBEHHOW 6M30CTU K AaTynMKaM, HO U B OTAaNIEHHbIX
4yacTAax 06MOTOK. OfIHAaKO, HU3KOYACTOTHBIN Anana3oH NofgBepXeH B 60/bLLION CTENEHN NoMexam.

N3mepeHns B fuana3oHe BECbMa BbICOKMX YACTOT COMPOBOXAAOTCS 3HAUMTE bHbIM OcnabieHmemM ne-
pepaBaeMoii MowHOCcT YP. noaTomy o6ecneyvBaloT yA0BNETBOPUTENIbHYKO YYBCTBUTE/IbHOCTb K UP nunwwb
npu nx 613KOM PacnonoXeHun K gaTunky. OfHako, 3T U3MEPEHUst He YyBCTBUTE/bHbI K MOMeXam.

Ans aHannsa YP Ha KOMNIEKTHbIX 0OMOTKax OTK/OYEHHbIX OT CETU 3/1eKTPUYECKUX MALLUH PEKOMEHAY-
eTCcA MCNoJb30BaTh WNPOKOMNONOCHbIE U3MEPUTESIbHBIE CUCTEMbI. HMXHAS YacToTa cpesa B COOTBETCTBUM C
IEC 60270 fo/mkHa COCTaBNATb HECKO/ILKO AECATKOB KIL,

CnepyeT 3aMeTWTb, YTO B 3aBWCMMOCTU OT KOHCTPYKLMU OBMOTOK M MCMOMb3yEMOro U3MepUTeIbHOro
060pyA0BaHNA MOTYT BO3HUKATb PE30HAHCHbIe ABMEHUS, KOTOpble Takke OyAyT okasbiBaTb B/IUSHWE Ha pe-
3yNbTaTbl U3MEPEHWUIA.

5.3 BnusHMe coefuHUTENIbHbIX Y3/10B Ha YP

Mpu aHanuse YP Ha KOMMNAEKTHbIX OOMOTKaxX MU UX 3N1eMEHTaxX B OTK/THOYEHHbIX OT CETU 3/1EKTPUYECKMX
MallMHax YacTo UCNOJb3YITCA EMKOCTHbIE COefiMHUTE NbHbIE Y3/bl. OHU COCTOAT U3 MocnefoBaTesnlbHO Co-
eJMHEHHOr0 COeANHUTENIbHOTO 3BEeHa W BbICOKOBOJIbTHOIO KOHAeHcaTopa. [pu UCnbITaHUAX OTAE/bHbIX Ya-
cTeli 06MOTOK COefUHUTENbHbIN y3en MOXeT MOAKNIYATbCA Moc/fefoBaTe/lbHO C UCMbITyeMbIM O6BHEKTOM
(cm. pucyHok 5b). HM3koBo/bTHOE cOoeAnHUTENbHOE YCTPOMCTBO NOAKIIOYAETCS K CUCTEME Nepefayn curHa-
N0B.

BbICOKOBONbTHbLIN KOHAEHCATOP, COeAnHUTENIbHOE 3BEHO, cucTema nepefaun v BXOAHOE COnpoTuBie-
HVe N3MepuTeNbHON CUCTEMbI NMPeACTaBASAIOT COO0I BbICOKOYACTOTHbIA unbTp. MoaToMy yBenyeHne BXoa-
HOro COMPOTMB/IEHNSA N €MKOCTU NPUBOAAT K YBE/IMUEHNIO HYBCTBUTE/TIbHOCTH.

Ha pucyHke 1cxemartmnyecku nokasaHbl YHaCTOTHbIE XapakTepUCTUKN ngeannsnposaHHoro YP nmnynsca
1 nepegaTtoyHble PYHKUUM pasAnyHbIX COEAUHUTENbHbIX Y3/10B C BbICOKOBO/IbTHBIM KOHAEHCATOPOM U U3-
MepuTebHbIM CONPOTUB/IEHNEM Zm = R Ha HU3KOBOJ/IbTHOM yyacTke. 3aluTpuxoBaHHas obnactb cnektpa YP
UMNynbca u coeAvHNTENbHOrO 38eHa ¢ RC NOCTOAHHON BpeMeHW 5 HC nokasbiBaeT JOCTYNHYIO AN u3Mepe-
HMA aHepruio YP. Ha npakTuke Takve cucTembl MMET MO0CY MPONyCcKkaHusi, 06YCNOBNEHHY0 NacCuBHbIMU L
1 C KOMMNOHeHTamu.

BbicoKo4acToTHble cocTasnswwme YP nmnynbLcos ocnabesatoT 1 paccensaloTcs No Mepe npoxoxge-
HMA Yyepe3 06MOTKy. M03TOMY U3MEpPUTENIbHbIE CUCTEMbI C HA3KOW YaCcTOTOW cpesa B HA3KOYACTOTHOM Auana-
30He VMEIT B CpeAHeM XOPOLLYH YyBCTBMUTE/IbHOCTb NO BCE 06MOTKe.

Mpy n3mMepeHusx Ha OTAe bHbIX YacTAX OOMOTKM BbICOKOBO/bTHbIN KOHAEHCATOP NPUCOeAMHSeTCA K
MefIHOMY NPOBOAHMKY. 1A nsmepeHuin YP Ha KOMMNIEKTHON 06MOTKe CoeIMHUTE NbHbIN y3en NoAKYaeTcs K
KNemMMaM 3/1eKTPUYECKOW MalLUHbI AU BHYTPY Kopryca HenocpescTBEHHO K NPOBOAHMKAM 0O6MOTKM.

C BbICOKOBO/IbTHbIM KOHAEHCATOPOM, Kak npasusio, COEAVHATCA Cneayolme HU3KOBO/IbTHbIE coean-
HWTenNbHbIe yCTpoiicTBa:

RLC domnbTpbl nnm yetbipexnontocHukn (IEC 60270), B KOTOpPbIX MHAYKTUBHOCTL obGecneyvBaeT noja-
B/IEHME BbICOKOYACTOTHOW COCTaB/AIOLLEN:

BbICOKOYACTOTHbIE TpaHCcdopMaTopbl TOKa, KOTOPblE KpOME BCEro NpoYero MoryT obecneumsath rasibBa-
HMYeCKyo pa3Bsi3Ky M3MepUTE/IbHOTO YCTPOKCTBA C BbICOKOBO/IbTHBIMU LiENSIMU.

BbICOKOUYACTOTHBI TpaHCOPMaTop TOKa, COeAMHEHHBIR C 3a3eMsALWMM NPOBOAHUKOM MOXET 6biTh
MCNOMb30BaH Kak OTAeNlbHOe CoefnHUTEeNbHOe YCTPOMCTBO. Mpu 1CNoMb30BaHUK ONTOBOJIOKOHHbIX Mepeja-
TOYHbIX Kabenel coefnHUTENIbHOE YCTPONCTBO MOXET ObiTb YCTAHOB/IEHO HA BbICOKOBO/IbTHOW CTOPOHE KOH-
JeHcartopa.
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H Knw B wLwcrepHcTum

Bbicokn HanpaBum

MocTosHHas BPEMEHN COeMHUTENBHOTO y3/a: | » RC Npy Zm * R, rAe Zm— CONPOTUB/EHVE U3MEpPUTENA.
C* — eMKOCTb COeAVHUTESIbHOI KOHAeHcaTopa
HwxHAs yacToTa cpesa. 1/ (2aAC>

PucyHok 1 — YacToTHble xapakrepuctuku YP nmnynbca n coeguHUTENLHOIO y3na
C pa3NnyHoli NOCTOAHHOI BpeMeHM

5.4 LWNPOKONONOCHbIE U Y3KOMNO/IOCHbIE U3MEPUTENIbHbIE CUCTEMBI

MpuHUMNanbHoe OT/IMYMe MeXAy pas3INyHbIMU crucTeMmamu nsmepeHns YP cocTonT B MX nosioce npo-
nyckauus. mnynbcel YP. nosiBnsowmecs Ha kieMmax 0O6MOTKM MMEKT YacTOTHbIA CNEeKTP, 3aBUCALLNIA OT
ee nepefaToyHOn PyHKLMKU. Ha n3mepsiemblli curHan UP B 60/bLUE N MeHbLUE cTeneHn BO3AeicTByeT
nosioca NponyckaHusi U3MepuTesibHOW cucTemMbl. Kpome Toro, M30MSILMOHHbIE CUCTEMbI HA OCHOBE COAbI
XapaKTepHbl BbICOKOW CKOPOCTbIO NMOBTOpeHuii YP nmnynbcoB. Ha pucyHke 2 npepcTaBieHbl XapakTepHble
npyMepbl Nepesayn MMNYbLCOB B Pa3/INyHbIX U3MEPUTE/IbHLIX CUCTEMax. BepxHsia ocumnnnorpamma cooTBeT-
CTBYET UCXOAHOMY MMNY/bCY YUP, a HUXHAA — ero NpeAcTaB/IeHN0 N3MEePUTENbHOW CUCTEMOIA:

1. LunpokononocHas cucTemMa: a)— HU3Kas yacToTa MOBTOpPEeHWil. b)— noBbllWeHHas YacToTa, C) —
BbICOKas YacToTa NOBTOPEHUIA, NPUBOASALLASA K HA/TOXEHWIO UMY IbCOB.

2. Y3KonosiocHasl cuctema: a) — HM3Kasi YactoTa NOBTOPEHWIA. b) — MOBbIWEHHAA YacToTa, C) — BbICO-
Kasi yacToTa NoBTOPEHWIA, NPMBOAALLASA K HAMTOXEHNIO UMY/ IbCOB.

LnpoKOMoNoCHbIE CUCTEMbI

B cooTtBeTcTBMM ¢ IEC 60270 cnuctema nsmepeHunin UP HasbiBaeTCs LUMPOKONOSIOCHON, ecnn ee noaoca
nponyckaHua npesbilwaet 100 KIu. M3meputesnbHble CUCTEMbI, UCNONb3yeMble A5 aHanu3a YP Bo Bpatlato-
LLIUXCA 3/IEKTPUYECKUX MalluHax UMeIoT nosocy nopsaka 1 Mrru, a B page cnyvyaes — go 500 Mry. Monoca
NPonycKaHna W3MepuTesIbHOW CUCTEMbl ONpefenseTca YacTOTHbIMU XapaKTepucTUKaMu COeAVHUTENbHOro
3BeHa 1 06paboTkoin curHana
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PucyHok 2 — TunuyHasa popma UMnynbcoB YP B LUMPOKO- 1 Y3KOMNOMOCHON cuctemax

6 MpeacTaBrneHvie pe3yibTaToB U3MEPEHUIA

6.1 O6uwue ceegeHns

MOoCKO/IbKY COCTOSIHME U30MALMOHHOW cUCTEMbI [O/MKHO ob6ecneynBaTtb ee Heo6X0AUMbIA YPOBEHb Ha-
[EXHOCTW. faHHble no YP, 3anucaHHble C NOMOLLbI NpeAcTaB/ieHHbIX B pasfene 5 cpefcTs, fO/KHbI GbiTh
npaBunbHO 06paboTaHbl. MOCKONbKY CTENEHb NOBPEXAEHUS W30MALMOHHON CUCTEMbI, & ClefoBaTesibHO U
BEPOATHOCTb OTKa3a HanpsMyl CBsi3aHbl CO cneuuukoii Npupoabl UCTOYHMKA YP. He06X0AMMO MoNyyYnTh
HaZeXHYH MH(OPMaLMIo 0 XxapakTepe UCToYHUKA YP, koTopble uamepsitoTcs. Ana aTux ueneii MoryT ucnosb-
30BaThbCs pas3/iMyHbie cnocobbl 06paboTkM BU3yaslbHON UHGOpMaL MK

6.2 MuHMManbHble paMKku nNpeacTaB/eHNsa pe3ynbTaToB nccnepgosaHua YpP

UTo6bl KONIMUECTBEHHO OLeHnTb UP pekomeHAyeTcs NCnonb30BaTth NO KpaiiHel Mepe cnegytoLive knac-
cuMyeckue napameTpbl, XapakTepusyLe n3mepeHne YacTUYHbIX paspstos:

Amnautyga Yp.

CpepgHekBagpatnyHoe 3HaYeHUe UCMbITaTe/IbHOTO HanpsXXeHus.

Amvnnutyga YP. kak Hanbonblias nosTopswowascs amnautyga YP. xapaktepusyemas HanpskeHnem
(MB) nnu kaxyuwmumes 3apagom (nK) n oueHnBaemas B cootBeTcTBuu ¢ IEC 60270. B npuHumne, Bbi6op uc-
nonb3yeMoii Npu oueHke YP eAnHMLbl M3MepeHns NpousBoseH. Mo pesynbTaTam n3mepeHuii aTux AByX Beu-
Y/H NpefcTaBiseTca 3aBUCUMOCTb amnanTygbl UP Qm oT HanpskeHnusa U, NpunoXxeHHOro K o6MoTke Asura-
Tens Win ee afieMeHTy 1 n3obpaxaetca B Buge rpaduka Qm = f{U). nocTpoeHHOro Ans cnyvyas HapacTaHus
n cnaganma U. Mpu aTOM ucnbiTaTesibHOe HanpshkeHwe B COOTBETCTBUM C pa3geniom 9.1.5 BospacTaeT Ao
onpeaeneHHoro MakCMmMasibHoOro 3Ha4eHnsa HenpepbIBHO WK AUCKPETHO C NPUeMIeMbIM Larom, a 3aTem Tak
Xe cnagaeTt 0 MUHUMa/IbHOTO 3HaYeHus.
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[aHHble rpadukn npeacTaBnieHbl Ha puUcyHke 3 1, B cootBeTcTBUM ¢ IEC 60270, NO 3aBUCUMOCTSIM
Qm= bl/lun,) No3BoNAKT onpefenuTb HanpsXkeHne Hadvana (Inception Voltage — PDIV) u HanpsikeHue ra-
weHwusa (Extinction Voltage — PDEV) yacTu4HbIX pa3psgoB B UCMbITYEMOM 00bEKTE.

Amvnnutyga umnynsce® YP

6.3 JlononHuTenbHble cpeAcTBa NnpeacTaBNeHnsa pe3ynbTaTtoB nccnegosanHna UYP

6.3.1 O6uwue cBegeHns

Ecnu pns nsmepenus YP ncnonb3yoTcs LudpoBbie U3MepuTesibHble YCTPOCTBa, B CEPUU UMNYbCOB
YaCTUYHbIX pa3psafoB UKCUMpyeTcsa amnanTyaa g, Kaxaoro nHamsuayansHoro YP, nonagatoliero B uHTepsan
M3MepeHns Mpu COOTBETCTBYIOLINX MIHOBEHHbIX 3HAaYeHuaX U. U tt uan Ana nepuofmyeckoro nepemMeHHoro
HanpshxeHns — a3oBoro yrna ¢ Ha COOTBETCTBYIOLLEM MPOMEXYTKE NEPEMEHHOro HanpsxeHus. B niobom
cnyyae nsmepeHHble napameTpbl YP 3anvcbiBaloTCA COOTBETCTBYIOWMUM N3MEPUTENbHLIM YCTPOCTBOM U CO-
XpaHATCA O MOMEHTa UX aHa/in3a OfHUM U3 NMPUeMIEMbIX METO/0B.

M3aaHHbIX, NOAYYeHHbIX Npu uccnegosanuy YP. MoryT 6bITb NOMYYEHbI Apyrve ux napameTpbl, Hanpu-
Mep CyMMapHbIii 3apsg, TOK pa3psaa, MOLWHOCTb 1 3Heprusa YP B cooTBeTcTBUM ¢ IEC 60270. Kpome TOro mo-
XeT 6bITb ncnosnb3osaH napametTp NQN — HopManusoBaHHas ructorpamma Mmnynbcos. OfHaKo B LM POBbIX
cucTemax nosydeHHble KOMMYEeCTBEHHbIe XapakTepucTukm YP 3aBUCAT OT MHAMBUAYASIbHLIX XapaKTepucTuk
CpefCTB U3MEPEHUIA, UCNONb30BAHHbIX MPW UCALITAHUAX, HANPUMep, OT YPOBHS NepekItoYeHns 1 T.n. icnonb-
3yA COOTBETCTBYWOLIME AMarpamMmmbl Npy NocriefyoleM aHaimie, MOXHO Tak NpeacTaButb usmepeHus Y.
YTOGbLI pacnosHaTb KPUTUYECKOE COCTOSIHUE U30NSLMOHHOI cucTembl. CTaTUCTUYeckoe pacnpegeneHue UP
napamMeTpos, Anarpammbl ¢ paspeLllueHnemM rno ase Uan no BpEMEHU, MHTepNpeTUpyloLme pesynbTarbl n3me-
peHnsa YP, nnu Tak HasblBaeMble TOUeYHble Avarpammbl paccesaHus (scatter diagrams) MoryT 6bITb MCNO/Mb30-
BaHbl ANS 3TUX Leneli (Hanpumep, pacnpegenexHne aMmnanTyasl v dasbl UMMNYIbLCOB, aMMIUTYAHO-(ha3oBoe
pacnpegeneHune, oCLUANOrpamMmmbl Cepuin UMNYNbLCOB, Tabnuubl pacnpegenenms YP n T. n.).

Bonee getanbHaa nHopmauma no mogensam u guarpammam YP gnsa nocnegylowiero aHanmsa npuse-
AeHa B nsgaHum 226 CIGRE [2].

6.3.2 Mogenu yacTU4HbIX pa3psaoB

B kayectBe mogenu UP moxeT paccmartpusaTbCcs guarpamma pacnpegeneHvs 4R B KOTOpON npeg-
CTaB/ieHbl XapakTepHble, HaxoAsAWmMecs B CBA3M Mexay co6oii napameTpbl YUP npuyem Takue, KoTopble Obl
no3BONANN onpeaesiTb UCTOYHUKM YP MMNyNbCOB.

B kauyecTBe npumepa Ha pucyHke 4 npefcTasnieHO pacnpefeneHne - g- N, B KOTOPOM KaKAbl /-7
UMNYNbC U306paXkeH TOYKOM € KoopAMHaTamu, paBHbIMKW ero amnautyae A( no ocu opamMHaT U 0, — Mo OcK
abcuucc. Havbonbluaa NNOTHOCTb TOYEK (MX KOMMYECTBO, NMPUXOAALLEECA Ha eAuHULy nowanu guarpam-

8
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Mbl) COOTBETCTBYOT YacTtoTe H nopsagka 14 vmn/c 1 nmeeT HeboNbLIY amMnanTyay U gasy B guanasoHax
10e— 40° 1 190° — 220°’. ina B13yanbHOro aHasm3a Hambonee NpuemMmsieMo pasnimyaTs 06/1acTu pa3nyHoii
MAOTHOCTU UMMY/IbCOB LIBETOM.

180 270 360
®aza npotekaHus paspsga (v,

PucyHok 4 — Mpumepip - q -n AuarpaMmmbl paccesiHusi UMnynbcoB YP Ha 06bekTe, NpeAcTaB/eHHOM Ha pUCYHKe 5b.

7 V3mepuTtesibHble Lenu

7.1 O6wwme cBegeHus

OcHOBHasa 3afjava UsMepuTenbHbIX Leneil — obecneyeHwe npuemaembiX YCI0BUIA AN onpegeneHus
YacTUYHbIX paspsfoB B UCMbITYeMOM 06bekTe. OHa peluaeTcss Hauaydwym o6pasoMm, ecnin oTAeflbHble KOM-
MOHEHTbI M3MEPUTE/TBHON CUCTEMbI, UCKOYas UCMNbITyeMbI/i 06BEKT, MO3BO/IAIOT CBOO6OAHO pasBuBaTbcs YP.

N3mepuTenbHble Lenu BKIOYatoT B ceba B NEpBY0 oYepesp:

- BbICOKOBO/IbTHbI UCTOYHKK, B cooTBeTCTBUK € IEC 60060-1 1 60060-2:

- USMepUTeNb HanpshKeHus:

- coeAnHUTeNbHOE 3BEHO;

- CoOeIMHNTENbHbI kabenb OT BXofa U3MepuTesIbHOro npuéopa K NCnbiTyeMOMy 06bEKTY C HU3KMM MO-
[JaBNeHneMm CurHana u Xopowwnm aKpaHupoBaHveMm;

- U3MepuTenb YacTUYHbIX pa3psLoB;

- BbICOKOBO/IbTHbIE COEAMHEHUS.

UTo6bl Y6eanTbCS B OTCYTCTBUM BAWSHWUS U3MEPUTESbHBIX Leneil Ha usmepeHus YP B mcnbiTyemom
06bekTe, 06opyfoBaHME AOMKHO ObITb MPOBEPEHO MPW MAKCUMaNbHOM WCMbITATe/IbHOM HanpshXXeHWn B COOT-
BETCTBMW C NpoLeypoili, onnucaHHoi B pasgene 9.1.6. YpoBeHb Luyma, MPOM3BOAMMOro Npu MakcyMasibHOM
ncnbiTaTeNlbHOM HanpskeHWn M3MepuTenbHbIMU LieNsaMu B COBOKYMHOCTU, He AO/MKeH npesbiwaTe 100 nKn
npu cnefoBaHnM npoLeaype HopManv3auuy B COOTBETCTBUM C U3/I0XEHHbLIM B rnase 8.

B cnyuyae ecnu pasmelleHve ucnbiITaTeNlbHOro 060pyAoOBaHNs He MOXeT obecneynTb AOCTATOUHYHO
YCTOMUYMBOCTb K MOMexaM A1 U3MepPeHns pernameHTUpOBaHHOrO HU3KOro YPOBHA 4R Ha CTOpPOHE BbICOKOrO
HanpshXeHna Mexay UCnbITyeMbiM 06 beKTOM Y MCTOYHMKOM BbICOKOTO HaMpPshXeHUs JO/MKHO ObiTb yCTaHoB/e-
HO [ONONHWTENBHOE CONPOTUBAEHUE Unn OUILTP. 3TV YCTPONCTBA AO/MKHbI CHU3NTL NMOMEXU OT UCTOYHMKA
BbICOKOTrO HanpshXeHus, HanpuMmep, OT UCNbITaTeNIbHOro TpaHcdopMaTopa, BbICOKOBO/IbTHbIX MPOBOAHUKOB U
N30M19TOPOB, BbICOKNX FAPMOHMK NUTAIOLLEr0 HanpshKeHUs BHYTPU Uan B6AM3M NOMOCHI NPONYCKaHUS U3Mepw-
TeNbHOW cucTembl. JononHMTeNbHasA UHGOPMaLMSA OTHOCUTE/IbHO BHELLHErO Lyma, NOMeX W YyBCTBUTE/b-
HOCTW M3MEPEHUI MOXET ObITb NosyyeHa 3 npunoxexuin C n D.
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B Lenom M3MepuTesibHble Lenn JO/MKHbI 061a4aTh HU3KOW MHAYKTUBHOCTLIO. BaXHO M36exaTb KOHTY-
poB 3a3eM/eHNs. B kayecTBe 3a3eMsALWMX NPOBOLHNKOB PEKOMEHAYOTCA MCMNO/b30BaTh NPOBOAHWKMA, 06-
napawouive Manoii UHAYKTUBHOCTbIO.

7.2 KOMNOHEeHTbl 06MOTOYHON CUCTEMBbI

[nsa n3amepeHnii 4acTMUHOro paspsifa Ha OTAEe/bHbIX 3/1IeMEHTax 06MOTOK (CTEPXHU, KaTyLLK/ cTatopa 1
T. N.) NPeAnoYTUTENIBHO MCMO/b30BaTh B OCHOBHbIE U3MepuTefibHbIe CXeMbl B cooTBeTCcTBUM ¢ IEC 60270.
37K cxembl NpeAcTas/ieHbl Ha PUCYHKe 5. HUM3KOBO/IbTHOE COefMHUTENbHOE 3BEHO B CXeMe Ha pucyHke 5a
pacnosnioXxeHo Ha CTOPOHe 3a3eMJIeHNa COeIMHUTENbHOro KoHAeHcaTopa. Takoe coeiuHeHne UMeeT npenmy-
LLLeCTBO NPY UCMbITAHUSAX 06BEKTOB € 3a3eM/IIEMbIM BbIBOAOM. py 3TOM UCMbITYEMbI 06bEKT NpUcoeanHs-
eTCA HenocpefcTBEHHO K MCTOYHWMKY BbICOKOrO HanpshXeHus u 3emsne. B cnydyae nospexaeHnsa u3onauum B
npouecce ncnbiTaHUsi 060pyaoBaHMe He NoABepraeTcs BO3AEWCTBMIO BbICOKOTO HaMpshKeHUs.

B cxeme, n3obpaxeHHO Ha pucyHke 5b. coegnHUTENbHOE 3BEHO NMOAK/IIOYEHO K 3a3eMSAIOLLEN KneMMe
UCMbITYEMOro 06bekTa. Takum 06pa3oM, Ero0 HU3KOBOSIbTHbIM BbIXOA M30/IMPOBaH OT 3eM/n. 0 CpaBHEHWUIO CO
CXeMOWi Ha pucyHKe 5a jaHHasi cxemMa MOXeT 06ecneunTb 60/1ee BbICOKYH YyBCTBUTENBHOCTbL K HU3KOEMKOCT-
HbIM 3n1eMeHTaMm. MoNApHOCTL n3mepaemMblx YP curHanoB NPOTUBOMOJIOKHA Ha PUCYHKax 5a 1 Sb.

B 06enx cxemax Lenu 3awmTbl OT TOKOB KOPOTKOTO 3aMblKaHWUSl, KOTOPbIE MOTYT BO3HUKHYTb Npu npoboe
UCNbITYEeMOro 06bekTa, A0/XKHbl 6blITb 00beAUHEHbI C COEAUHUTESTbHBIM 3BEHOM.

a - coefyHWTESIbHOE 3BEHO MOC/IeA0BaTEbHO C COEAVNHUTESIbHDIV KOHAEHCATOPOM. b — COeANHUTENbHOE 3BEHO NOC/N1e0BaTEbHO C

UCMbITyeMbIM 06BEKTOM. 4/— BbICOKOBO/IbTHbIA UCTOUHMK; — BXO/HOE CONPOTUB/IEHVE N3MepUTeNbHOI cucTembl; CC - coeauHu

TeNbHbI kabenb. OL —onTrnyeckas IMHUA CBSI3W; Cn - UCTbITyeMblli 06bekT. Ch - coeauHUTENbHBIM KOHAeHcaTopoM: CO —cBean
HuTenbnoe 38eHO; Ml — n3vepuTenbHbIli NPUGoP; Z — NILTP

PucyHok 5 — Ba3oBble nsmeputensHble yenu no IEC 60270

7.3 O6MOTOYHas cuctema B LEsIoM

7.3.1 O6wmo ceefeHns

WHdpopmaums, koTopas pakTM4Yecku MOXeT ObITb MOy4YeHa U3 UCMbITAHUI Ha YaCTUYHBIA pa3psif, BbICO-
KOBO/IbTHbIX 0OMOTOK, 3aBUCUT OT AOCTYMHOCTU HETpanu 3Be3abl M METOAA COeMHEHUS CXEMbI N3MEPEHMS.

BbICOKOBO/bTHbIV UCTOYHMK U COEAVHUTENIbHOE 3BEHO, €C/IM BO3MOXHO, [O/MKHbI GbiTh NPUCOEANHEHDI
K 3a)XKvMaM 06MOTOK C MPOTUBOMOIOXHBIX CTOPOH, YTOObI MCNOb30BaTb 3hhekT AemMndrpoBaHUSA UCTOYHMKA
pazamu 06mMoTOK. CoeguHUTEIbHOE 3BEHO HEOBXOAMMO PacnosioXMTb Kak MOXHO 6/mke K 3akumam 06mo-
TOK. @ KOpryc cTaTopa [O/IKeH 6bITb 3a3EMJ/IEH.
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Ha pucyHke 6 nokasaHo nNpucoeguHeHne U3MepUTesbHbIX Lenei npu namepeHusax YP K BbICOKOBO/IbT-
HbIM 3axuMam UV Wnpn noakIo4eHUN UCTOYHUKA NUTaHNS CO CTOPOHbI HEMTPabHbIX 3aXNMOB.

U — BbICOKOBO/IbTHbIA UCTOUHWK; Zm — V3MepUTENIbHOE CONpoTMBEHNe; CK —eMKOCTb COeAUHUTENBHOIO 3BeHa

PucyHok 6 — M3mepuTenbHas uenb Ans uccneposanmsa YP Ha nonHoii (S1.1) o6moTke

7.3.2 PekomeHayemble cTaHAapTHble namepeHuns (SX.X)

Mpu n3mepeHmax ¢ o6MoTKamMu, B KOTOPbIX JOCTYMHbI HyfieBble TOYKW, PEKOMEHAYETCHA WCNoJb30BaTb
coefiHeHNs, npefcTaBneHHble B Tabnuue 1. Tabnuua 2 0THOCUTCA K ClyYasMm, Korga HyneBble TOYKM 06Mo-
TOK COejMHEHbl BMECTe MW HefoCTyNHbI. [laHHble Tabnuubl pekoMeHAyeTCa NCNo/b30BaTh ANMS BbIMNOSHEHUS
N3MepeHnit, UMEILLMX Lebl0 CPaBHEHWE W BbISIBNIEHNSA TEHAEHUWA Pa3BUTMA YACTUYHbIX Pa3psLoB B HOBbIX
1 HaxoAUBLUMXCA B aKCNyaTauum o6MoTKax, a Takke kayecTBa NPoAyKLMU U TEXHOIOTMN ee NPOU3BOACTBA.

Ta6nunua 1— [narpamma coefuHeHnin S1 npu JOCTYMHbIX HYNEBbIX KTeMMax 06MOTOK

MopsigKoBbIii Homep BbICOKOBO/ILTHBIE KNEMMbI 3emwis
S1.1 u2 Viwi ul
S1.2 V2 uiwi V1
S1.3 w2 ulvi w1
S1.4 u2vavv2 — ulviwi

Ta6bnunya 2— [marpamMmma coeguHeHuii S2 npu coeANHEHHbIX HyNeBbIX Knemmax 06MOTOK

MopsiaKoBbIli Homep BbICOKOBO/IbTHbIE K/IEMMbI 3emnia
Hynesas Touka focTynHa
S2.1 U2v2wa2 — Ulviwi
HyneBas Touyka HefoCTynHa

S2.2 ulviwi — U2v2wz2

CpaBHeHve pe3ynibTaTtoB u3amepeHuii S1.1—S1.3 ¢ pesynbtatamMmm S1.4 npu AOCTYNHbIX HYNEBbIX KNeM-
mMax (Tabnuua 1) no3sonfeT onpefennTb U pPa3NnynTb XapakTepHble UCTOYHMKM YaCTUYHbIX paspsgos, BO3-
HUKaKLWMX Mexay AByMs dasamy 06MOTOK U3-3a NPOM3BOACTBEHHbIX AedeKTOB WM CTapeHus B npouecce
akcnnyatauuu (cm. 9.2).

B 3aBMCMMOCTW OT XapakTepuCTUK MMEILLEerocsi NCTOYHUKA NMUTaHWA 1 eMKOCTM OOMOTOK MOXET Oka-
3aTbCs HEeYA,06HbIM 1 AaXe HEBO3MOXHbIM NMTaHne Bceil 06MOTKM Lesimkom. B aTom cnyyae nsmepexve S1.4
KOMMIEKTHOM 06MOTKM AN CXEMbI C AOCTYMNHbLIMW HYNEBLIMU KNemMmamun B Tabnuue 1 He npoBoguTca. B cny-
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Yyae UCNbITaHUSi HOBbIX 0GMOTOK, 0COBEHHO MaLUVH Masioil MOLHOCTA, MOXET BbITb UCMO/Ib30BaHA YMNPOLLEH-
Has npoueaypa, coctoslas B BbinonHeHun S1.4 ona asurateneii ¢ JOCTYNHbIMW HyNI€BbIMU Knemmamu. 370,
0/lHaKo, NpefoCcTaBMT MeHbLUe MHAopMaLun AN AasbHeRLWero CpaBHEHNA 1 BbISBNIEHNS TeHAeHUWA cTape-
HMA 0BGMOTKM, a Takke He NOo3BO/IUT 0OHapPYXUTb paspsagbl Mexay pasnnyHbiMu haszamm o6MOoTKN.

B cnyuyaax, korga MoOXeT OblTb UCKIOYEHO KOHAYKTUBHOE B/IMSIHWE WCTOYHMKA NUTaHus, oba 3axuma
Kaxaoi 06MOTKU — dhasHblii 1 HeliTpanbHbil (U1U2, V1V2. W1W2) npu n3mepenmsax S1.1—S1.4 n S2.1
MOryT 6bITb COefMHEHbI YTOObI 06ecneunTb OAMHAKOBYIO YYBCTBUTENBHOCTL K AedheKkTam n3onaumm unm tex-
HOMOMMYECKNM MOTPELLUHOCTSIM Ha 06enx CTOpoHax 06MOTKM.

7.3.3 JononHuTeNbHbIe U pacWMpeHHble N3MepeHus

B gononHeHve kK cTaHAapTHbIM U3MepeHUsaM, npeAcTaBneHHbiM Tabnuuammn 1 un 2. ana 6onee getanb-
HOro nccnefosaHus nosegexHns YP B n30naumMmn 06MOTOK MOTYT ObITb MPOBEAEHbI pacLUMPeHHbIe N3MepeHus.
[laHHble n3mepeHus nnncTpupyotesa Tabauuammn 3 n 4. OHU MOTYT ObITb BblIOpaHbl NPUMEHUTESTBHO K CUTY-
aumu. BO3HMKaKLWEel B crlyyae, eciv cTaH4apTHble M3MEPEHUS yKa3biBalOT Ha Hannuve cneumgmyecknx nec-
TOYHUKOB YP, TpebyoLwmnx ganbHenwnx nccnefoBaHmnii. PelleHe o NnpoBeAeHnn fanbHeilumx nccnefoBaHuii
NPUHUMAETCA UCNbITATENEM UM NPON3BOAMUTENEM.

Ta6nuua 3— [marpamma coeguHeHuii E1 npy 4OCTYNHbIX HY/NEeBbIX KNeMmMax 06MOTOK

MopsaKoBbIii Homep BbICOKOBO/IbTHbIE KIEUMbI 3emns K
E1.1 Ul V2Ww2 U2
E1.2 Vi u2w?2 V2
E1.3 w1 u2v2 w2
El4 Ulviwi — u2vaw2

Ta6nuuya 4 — [narpamMma coefMHeHnit E2 npu coeAHEHHbIX HYNEBbIX KeMMax 06MOTOK

MopsiaKoBbIii HoMep BbICOKOBO/IbTHBIE KIEMMbI 3emnA <4

HyneBas ToHka foCTynHa

E2.1 u2vaw2 — Ul
E2.2 u2vawz2 — V1
E2.3 u2vawz2 — wi
E2.4 Ulviwi — u2vaw2

Hynesas Teuka HefoCTynHa

E2.5 Vi — Ul
E2.6 w1 — Vi
E2.7 ViR — Wi

MpoBeas pacluMpeHHble U3MepeHusl, npeAcTaB/ieHHble B Tabnuuax 3 v 4. B AONOJIHEHWE K CTaHAApPT-
HbIM M0 Tabnmuam 1 1 2. MOXHO MoNy4YnTb Goniee AeTaslbHylo MHopMaLMio 06 0COBEHHOCTSX HAXOXAEHWS
UCTOYHMKOB YP BHYTpU 06MOTOYHOM CMCTEMbI CTATOPa, NOCKOJ/IbKY AaHHbIE UCMbITAHUS YYNTbIBAKOT Oocniabe-
HUe UMMY/ILCOB MO Mepe MPOXOXAEeHUs Mo 06MOTKaM.

8 Hopmanusaums nsmepeHumii

8.1 O6ume cBegeHus

o mepe NpoxoxaeHus UMMYyNLCOB Yepes 06MOTKM © CUCTEMY U3MEPEHNA BO3HUKAKT pe3OoHaHCHble
ABNEHUA, B3aMMHblIE MepeKkpecTHble CBA3U B o6MOTKax nguratens, ynomsaHyTtele B 4.3. 4TO [enaeT HeBO3-
MO>XHbIM UCMNOJ/Ib30BaHue Kal'll/l6pOBaHHbIX N3MEePUTENbHbIX yCTpOIﬁCTB. Llenbto Hopmanusauum sBnsetcs
yYeT BANAHUA USMEPUTENbHbIX u,ene|7|, Hanpumep, coeAUHEHNA UCTOYHUKa NUTaHuA, NapasuTHbIX eMKoCTei.
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€MKOCTW COeAVHUTENIbHOTO 3BeHa W WUCMbITYyeMOro o6bekTa, nNpu nogaye CTPOro onpegenieHHoro nMnynbca
Ha 3aXMMbl ABUraTens npy NOMHOCTbIO YKOMMIEKTOBAHHOW U3MepuTeibHON cxeme. Hopmanusaumns fomkHa
rapaHTMpoBaTth [OCTATOYHYIO YYBCTBUTE/IbHOCTb A/19 aleKBaTHOIo 3MepeHns amnanTyasl YP 1 Bocnponsso-
OVMOCTb pe3ynbTaToB, BblAaBaeMblX CUCTEMOI M3MepeHnil. Kpome Toro, HopManusaums fo/XHa cofeiicTBo-
BaTb COMOCTABMMOCTU Pe3y/bTaTOB WCMbITaHWI ANA UX CPaBHEHUSA Y 0OBbEKTOB CO CXOAHbLIMU CTPYKTYpPOIi 1
nctouHnkamn YP. Hopmanmsauua usmeputenbHbiX Leneli obecneunsaeTcs nogadeil KpaTKOBPEMEHHbIX UM-
nyNbCOB OnpefeneHHol amnanTy bl C MOMOLLbIO 3a4aloLLero reHepaTopa MMny/bCcoB (kanuépartopa), yAoB-
netsopstowero Tpe6osaHusam IEC 60270.

CnepyeT nofyepkHyTb criefytoLine o6CcTosTenbCTBa:

- HopManusauus He npusBaHa onpefensATb HEU3BECTHYIO NnepefaTtoyHylo YHKLMIO MeXAy akTUBHbIM
UCTOYHMKOM YP B n3onauumv obMOTKM U MECTOMOJIOKEHNEM YCTAaHOBJIEHHbIX AaTuMKOB, KOoTopas B obLiem
cryyae 3aBUCUT OT floKanusaunn nocnefHnx 1 KOMNOHOBKW 3N1€KTPUYECKOW MalluvHbI:

- HopMannsaums Ha KlemMmmax MalluHbl He MOXeT O4HO3HauyHO npeacTasuTb YUP MMNy/bCbl, BO3HMKALO-
e B HeonpeaeseHHOM MecTe CTaTOpHOW 06MOTKM, NO3ITOMY NpoLleAypa HopManusaunm KOMNeKTHol 06-
MOTKM He obecneumBaeT OLEHKy KauyecTBa W30/ALMOHHON CUCTEMbl B TEPMUHaX abCO/MIOTHBIX 3HAYEHWUA ee
napameTposB;

- HopManusaumsa He MOXeT ABMATbCA KpUTEPUEM AN NPAMOro CPaBHEHUSA Pa3/IMYHbIX MaLluH.

Mockonbky aghdhekT pacnpocTpaHeHWs UMMY/IbCOB He TpebyeT pacCMOTPEHUS MPU UCMbITAHUSAX KOM-
NNEKTHbIX 0OMOTOK, CTEPXHEN 1 APYTUX OTAE/NbHbIX 3/1EMEHTOB 0OMOTOK, KOTOPbIE MOTYT GbITb NPeACTaB/IEHbI
KaK cocpefloTOYEHHble EMKOCTU, HOpManusauua B TepMmuHax amnantyasl YP B cootseTctBumn ¢ IEC 60270
MOXeT C/YXXMTb OCHOBOW /19 06LLEero CpaBHEHUs pa3NnNyHbIX 0OBLEKTOB U, TakuM 06pa3oM, ABAATLCA Mepo
KayecTsa, HanpumMep, Npu UCMbITAaHUAX KayecTsa B NpoLecce NPou3BOACTBA.

8.2 KOMNOHEHTbl 06MOTOYHOI CUCTEMbI

Mpy ncnblITaHWAX OTAENbHBIX YacTeli 0OMOTOK M3MepuTesibHble Lenu, OnucaHHble B 7.2. AOJ/IKHbI
6bITb HOPMa/IM30BaHbl B COOTBETCTBMU C NPOLIeAYpPOi kannbpoBKKM, onucaHHOW B pasgesne 5 v Ha pucyHke
4 |EC 60270 c NOMOLLbI0 NoAa4n UMMYIbLCOB ONpPeAeneHHONn aMnanTyAbl B COOTBETCTBYIOLLEA KOMMIEKTHOM
n3MepuTenbHoN cxeme. OTO BbIMOIHAETCA C MOMOLLbIO 3a/al0LLero reHeparTopa UMNyIbCoB, PacnoIOXEHHOTo
Mexay 3axumMamMun UCMbITYEMOro 06bekTa M BbICOKOBOMIbTHOrO UCTOYHMKA MUTAHUS, COEAVHEHHOIO B CXEMY
UCMbITaHMSA, HO He paboTatoLLero.

Hopmanusauus BbINONHAETCA ANS OAHOV aMNANTYAbl, BbIOPAHHON 13 OXuUAaemMoro gvanasoHa Tak. YTo-
6bl ,O6MTLCA BbICOKOV TOYHOCTU M3MepeHUs aMnanTyasl UP. Ansa oTaenbHbIX YacTeli 06MOTOK n3mepeHue UP
B cootBeTcTBMM C IEC 60270 pekomeHAyeTCa BblpaxaTb B efuHMLAxX Kaxylierocs 3apsga g. UsmMepsiemoro
B nKn.

8.3 O6bmoTouYHas cucrtema B LLeIom

Mpy n“cnbiTaHNM KOMMEKTHbIX 06MOTOK npoueaypa HopManusauum usMepuTenbHbIX Leneld, onucaH-
HbIX B 7.3. BbINO/IHAETCA MyTem nogayv UMMy/bCOB ONpefAeseHHoNn aMnNanTyAbl K 3axumam fgsuraTens unm
COe/IMHNTENIbHOMY 3BEHY C NMOMOLLbIO 33/jaloLLero reHeparopa UMMybLcoB. 3T0 He06X0AMMO A1 CO3AaHusA
YP MmMnynbCcoB Ha knemmax MalluHbl B npouecce akcnepumeHta. OgHako HEO6XOAMMO OTMETUTb, YTO WC-
Nno/sb30BaHNe B Ka4eCTBe OLeHOYHbIX BE/IMUMH 3apsaga B NK nan HanpskeHuss B MB He MOryT CAyXuTb Mepoii
CpaBHEHWS pas3INYHbIX MalVH WU Pas/iMyuHbIX UCNOMb3yeMbIX JaTUMKOB.

Hopmanusauusa B npuHuune HeobxoaymMa AN1s BCEX TUMNOB U3MepUTEsbHbIX Lienel, onMcaHHbIX B 7.3,
nepepj Havanom ucneiTaHusa Ha YP. B cnyyae nposegexusa cepumn YP TecTtos, Hanpumep S1.1. S1.2. S1.3 ¢
CYMMETPUYHBIMN 06MOTKaMU, HopManusaumsa HeobxoAuma NULLb AN NepPBOro U3MepPeHHs.

B 3aBMCMMOCTM OT TMNOpasMepa UCMbITYeMOl MallnHbl MOXET 6biTb pEKOMeHA0BaHa pasfefibHas Hop-
mManm3aumus AN kaxaon gasbl, Hanpumep B 04eHb 6OMbLUMX MaLUMHAX CMMMETPUSA No Tpem asaM He ABNA-
eTca Heo6X0AMMOW 13-3a HAIMUUSI B KOHCTPYKLUM KOHTYpa TOKa.

Mpoueaypa HopManm3auuy Npu ucnbiTaHnm Ha YP KOMNNEKTHOW 06MOTKN UNNOCTPUPYETCS PUCYHKOM 7
1 BbITNSAAUT crefytolmm o6pasom.

a) VsmepuTenbHas Lenb BbiGupaeTcs B COOTBETCTBMU C pasfenioMm 7.3 B 3aBUCUMOCTY OT TUna BbINo/I-
HAEeMOro usmepeHus (CM. Tabnuupl 1—4).

b) Bce coefiMHeHVs NOABOAATCA K 3axkmmam das. NpuyeM CoeAVHUTENbHbIV Y3e 1 UCTOUHUK Hanpsxe-
HMA AO/DKHBI pacnonaraTbCa K HUM Kak MOXHO 6/mxe, a Bce oCTaslbHble KOMMNOHEHTbl U COeAVHEHUS AO/MKHbI
OblTb NO/THOCTHIO FOTOBbLI Nepes BKIOYEHHOM.
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U — BbICOKOBO/IbTHbI ICTOUHWK; Zm — U3MepPUTENbHOE COMPOTUB/IEHNE; Ck —eMKOCTb COANHUTENIbHOMO KOHAEeHCaTopa;
CHray ~ napasuTHasi eMKocTb; PG — reHepatop nmnynbcoB 0o ICC 60270; PD — yacTuuHbIi paspsg,

PucyHok 7 — Hopmanusauusi \aMepuTesibHOW Lenu ans coegmHermnin S1.1

c) 3apaloLmnii reHepatop UMMY/bCOB COEAVHEH MexAy (ha3oli, B KOTOPO NPOV3BOANTCA U3MEPEHne 1
3em/eil NPOBOAHMKAMY, VMEIOLLMMUN KaK MOXHO MEHbLUYH A/IMHY, YTO6bl M36exaTb UCKaXKEHUA curHana WH-
OYKTUBHOCTbIO NpoBoga. Ecnvm BO3MOXHO, reHepartop vMNynbCOB cnedyeT NpUcoefuHUTL HenocpeacTBEHHO
K kiemme ¢hasbl.

d) MeHepatop MMMyNbCOB JO/MKEH ObiTb HACTPOEH Tak. YTO6GbI COOTBETCTBOBATL amMNnInTyAe NMNybCOB
B fivanasoHe ee U3MEHEHUs, OXNLAeMOM OT UCTMbITYEMOro ob6bekTa.

e) 3apjawLme UMNynbCbl NOCTOSIHHOW amnnTyabl usmepstoTcs npuéopom YP 4Tobbl onpeaenuTb Mac-
LWTa6HbI KO3hMLMEHT ANS NOCNELYIOWNX UIMEPEHUIA.

MockoNbKy MCNbITYeMblii 06EKT B MOIHOV KOMMNAEKTaLMKN, COefUHUTE bHbIe Kabenu n usmeputenbHble
npuéopbl ¢ QUALTPOM U yCUUTenem AO/DKHbI pacCMaTpuBaTbCa € TOUKW 3pPeHVS NepCcrnekKTUBHOCTU CUCTEMBI,
HOpMasiM3aumna KOHKPETHOW 3MepuUTesibHON Lienn ANA KOMMIEKTHOW CTaTOPHON 06MOTKM MOXET 6biTb BbINO/I-
HeHa TObKO 4151 JaHHON MaLLWHbI U flaHHOIN CUCTEMbI UCNbITaHKsA. Heo6xoanMo noAgvepkHYTb, YTO HopMasu-
3auus Heobxoguma Bcerga, ecnu UcnbiTatenlbHoe 06opyfoBaHne MMeeT HOBYIO KOMMOHOBKY, HEXenn Ta. npu
KOTOPOI MPOBOAMNUCH NpeablayLine N3MepPeHUsa N CUMMETPUSA HapyLleHa.

B npvHumne, MoryT 6biTb NPUMEHEHbI 60n1ee CoXHbIe npoueaypbl HOpManu3auum, KoTopble No3BoNsAT
nony4nTb MHpOPMAaLMIO O 3aTyXaHun UMMybea, athdekTe nepekpecTHbIX CBA3EN U NPOXOXAEHUN UMNY/bCOB
no o6moTke. OAHaKko AaHHble npoueypbl He paccMaTpMBalOTCA B HACTOSLWEM CTaHAapTe.

9 lMpoueaypa ncnblTaHuii

9.1 M3mepeHne UYP B 06MOTKax M NX KOMMOHEHTax

9.1.1 O6Lwune ceefeHunn

M3mepeHns 4acTW4HbIX pPa3psafoB B OTK/IHOYEHHbIX OT CETU BPALLAIOLMXCA INEKTPUUECKMX MalunHax
MOTYT NPOBOANTLCS HA KOMMIEKTHBIX 06MOTKaX, MX OTAE/bHbIX hasax, CeKLUMAX UM KOMNoHeHTax. B cnyyae
KOMM/IEKTHbIX 06MOTOK MU UX CEKLMIA OHN [OMKHBI GbITh OTKMOYEHbI OT MUTAKLUX CETEN, LUMHHBIX KOHCTPYK-
LA, 3aLMNTHBIX NCKPOBbIX pPaspsAHUKOB M KOHAEHCATopoB, a Takke Bo3byauteneil. ECim BO3MOXHO, NPOBOJ,
ncnbiTaTeNbHOr0 YCTPOWCTBA NPUCOEANHAETCSA HenocpeCcTBEHHO K KeMMe MalvHbl. Hu npu kakux o6cTos-
TeNbCTBax He JONYCTUM KOHTaKT C aBTOMaTUYeCKUM Bbik/louaTenem. Bo Bcex nocnefyowmx NCnbITaHUAX BCS
ucnbiTaTenbHas Lenb, BKIOYas BCE ee KOMMOHEHTbI B COOTBETCTBUM C pasfesiom 7. Ao/IXHA 6bITb coefnHeHa
TaknmM e 06pa3om, Kak 3TO cenaHo B UCXOLHOM UCMbITaHUW, YTO6bl 06ecneynTb CONOCTaBUMOCTb M3Mepe-
HUiA. Kpome Toro, BaxHo, 4To6bl CMCTEMA U3MepeHui, COOTBETCTBYOLWan pasgeny 5. n npouedypa Hopmanu-
3aumu, BbINO/IHEHHASA B COOTBETCTBUM C pasfenioMm 8. 6bian OAHUMU U TEMU XKe A1 BOSMOXHOCTW CpaBHEHUS
pe3ynbTaTtoB, B YaCTHOCTW, NpU onpeAesieHnn TeHAeHUNIA. BaxHo Takke obecneuntb NonHoe AOKYMEHTUPO-
BaHWe yC/I0BWI UCMbITAHWI B OTHYETE, BbINOIHAEMOM B COOTBETCTBMU C pasgenom 11.
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9.1.2 WUcnbiTaTtenbHoe obopyposaHne n TpebosaHnsa 6e3onacHocTn

VCTOYHUK MCNbITATENBHOrO HanNpsXeHWUsi, UCMOMb3yeMblid A1 MUTAHUA WUCMbITYeMOoro obbekTa, A0S-
XeH obecneumBaTb cBO6OAHOE pa3BuTve YP B COOTBETCTBUM C pas3fesiom 7 BO BCEM Auanas3oHe uchbiTa-
TeNbHbIX HanpskeHuii. ®opma BOJIHbI NPUKNAALIBAEMOrO HanNpPsHXXeHUs A0/HKHA o6ecneynTb COOTHOLUEHWE
npp/nTB =272 +5 %. ICTOYHUK NUTAHMA SO/DKEH TakkKe UMEeTb HE0OX0AVMYI MOSHYI0 MOLHOCTL (KBA) Ans
nMTaHus o6moTkn. Ecnm Takas MOLWHOCTb TPYAHOAOCTMXMUMA, MOXET ObiTb MCMO/Ib30BAHO N11060e KOMMEH-
cupyloLLiee yCTPOICTBO, YyCTaHOB/IEHHOE MOCNeA0BaTeNlbHO UK napassiefibHo € UCTOYHMKOM. Kak anbTepHa-
TUBA. MOXET ObITb NPOBEAEHO MCMbITaHWe Ha YP npu NOHWXEHHONM YacToTe, Hanpumep, C UCNO/b30BaHNEM
o6opyAoBaHNs, KOTOpoe ob6ecrneymBaeT MOLHOCTb NuUTaHus npu vactote 0,5 'y wav npu 60nee BbICOKMX
yactoTtax fo 400 Iy, korga ncnonb3yeTcs pe3oHaHC cucTeMbl. He06Xxo0a4MMO OTMETUTb, YTO B C/TyHasXx UCNOsb-
30BaHNA 0YEHb HU3KUX YaCTOT NOJTyYeHHble pe3ynbTaTbl uccnefosadnsa YP MoryT oT/imyatbest OT pesynbTaTos
Ha pabouunx yacTtoTax, No3TOMy MpsIMOe CpaBHEHNE He BO3MOXHO [3). Kakoil 6bl MeTo HU 6bln BbIGPaH, Jlto-
6ble nocneayoLwme UCNbITaHNSA AO/MKHbI MPOBOAUTLCS C NCMOMb30BaHMEM TOTO XEe CamMOoro UCTOYHMKA, YTOGbI
CO BpeMeHeM 6bl/1a BO3MOXHOCTb BbISABUTb TEHAEHLUN.

TpeboBaHUsi 6€30MaCHOCTY NMPU BbICOKOBOJIbTHbIX UCMbITAHUAX CBOAATCS K CNIeAYHLIMM, XOTS U He orpa-
HUYEHbI UMU.

a) Llenv Ao/MKHbI UMETb HafEeXHOE MaKCMMaibHO-TOKOBOE pesie WU KOHTaKTop A5 OTK/IYEHUs nuTa-
HMA NpY HEUCNPaBHOCTU UK Npoboe.

b) Bce BbICOKOBO/bTHbIE MPUCOEAVHEHUS K KNEMMaM CTaTOPHbIX OOMOTOK AO/IKHbI ObiTb HACKO/IbKO
BO3MOXHO KOPOTKMMU WU UMETb HafeXHble NpUcoefnHeHns, 4Tobbl n3bexarb cnyvyaiHbIX pasbefnHeHuin B
npouecce ucnbiTaHuiA. Jlo/mkeH 6bITb 4OCTYNEH 3a3eMINTENb.

c) TeppuTopusi, HA KOTOPOI MPOBOAATCS MCNbITAHWA 06bEKTa, AO/HKHA ObITh SCHO 0603HAaYEHa XOPOLLO
pasIMYUMbIMUN OTPaXAEHUAMM.

d) MoHTax coeVHeHWIT 1 Nojadya HanpsHXKeHUst AO/HKHbI MPON3BOAMTLCA MEPCOHA/IOM, COCTOSALMM MO
KpaiiHeil mepe 13 ABYX YesloBeK.

MpumeyaHne — TlpaBuna U HopMaTVBHblE [LOKYMEHTbl MO 6€30MacHOCTM MPUMEHSATCA U B npolecce
NCNbITaHWNA.

9.1.3 lMoAroToBKa NUCNbITYyeMblX 06BHEKTOB

Mepepn HayanoM WCNbITaAHWI cTaTOP AO/MKEH ObITh ounweH. Kpome Toro, HeobxoanmMo yb6enmTbea B Ha-
NINYNMN HeoBXOAMMOro BO3AYLLHOIO 3a3opa Mexay cocefHUMUN PasHbIMU COEANHEHUAMMN U Kabenamu BHYTpY
MaLlvHbl. Kabenu He JOo/MKHbI KacaTbCa APYr Apyra v NOBEPXHOCTEN, UMetoLWUX APYyroi noTeHuman.

Mepen Havanom ucnbiTaHnss Ha YP Heobxoaymo y6eanTbCs B YAO0BNETBOPUTEIbHOM COMPOTUBEHWN
13078LUMM 06MOTOK, A8 Yero UIMepuTb ee CoNpoTUB/IEHNE, KOTOPOE JO/MKHO, ByAyun npusefeHHbIM K 40 'C
cocTaBfisiTb He meHee 100 Mowm [4]. Mi3mepeHne CONpPOTUBNEHUA U30NALUN MOKAKET, ABMAETCA /N OHa rpsis-
HOW. BNaXHoOl unn HewucnpasHol. Ecnn conpoTusBnieHne n30NsauMM HEAOCTATOYHO BEVKO, pPekoMeHAyeTcs
3N1eKTpuYeckne M3MepeHns NPou3BOAUTL /Wb MOCc/e NpeaBapuTeNbHOM OYUCTKW, NPOCYLUKA WAX nocne
06HapyXeHVs NPUYMHbI H3KOTO COMPOTUBAEHUS n3onaumn. OfHako No npeABapuTeslbHON A0roBOPEHHOCTU
MeXfy ucnbiTaTeneM 1 3aka3ymkom McnbiTaHus Ha YP MOXHO NpoBoAuTb 1 6€3 foN0NHUTENbHON 06paboTKu.

OTpenbHble KOMMNOHEHTbI 06MOTKM (BUTKM, CTEPXHU U CEKLMU OOMOTOK) AO/DKHBI ObITh TLATENbHO NoA-
roToBMeHbl Nepef nogavein HanpskeHWs. OHW JO/DKHbI ObiTb OYMLLEHbI W BbICYLLIEHbI C NPUMEHEHUEM 3a-
LMTHBIX CPEACTB OT KOPOHHOrO paspsaga. Cnegyet nsberarb YCUIEHWA NOAA Ha Kpasix 31eMeHToB, cobnogas
XOPOLWWIA KOHTAKT BCEX XWU/. MOoKpbITME NPOBOAALLMX NA30B AO/HKHO MMETb KOHTAKT C 3a3eM/IeHneM Mo Beeld
ANVHe, 4To6bl 06ecneynTb 3KBMNOTEHLMaIbHYIO NOBEPXHOCTb. PekoMeHAyeTcsa NPUMeHATb TOHKWUIA rmbkuii
Me/Hbl NPOBOA, MHOTOXW/IbHbIE MPOBOAHWKMN, MOKPLITUE METanIMYeckoin PoIbroli U NpUMeHeHne cnewm-
a/ibHbIX Mas3os.

9.1.4 Josopka

OO6bIYHO YaCTUYHbIV pa3psag YMeHbLIaeTCA B TeYeHWe NepBbiX MUHYT NOc/e nogayn HanpshkeHus, no-
3TOMY AN5 nonyyeHuss ctabunbHoro nosegeHnss YP B 06MOTKe ¥ ee KOMMOHEHTax B Npouecce U3MepeHuii
HeobxoAvMa npeaBapuTenbHan AoBoAka. VcnbITyemblii 06beKT fO/MKEH HAXOAUTLCS NOA HanpsXKeHnem He-
CKOJIbKO MUHYT HENOCPeACTBEHHO Nepef HayasioM perncTpaunei ganHbix YP. YTobbl n3bexatb neperpysku
HanpshkeHne nNuTaHus AO/XKHO OblTb BbIOPAHO B COOTBETCTBUM C napameTpamu 06MOTKW. [Mpodosmkutens-
HOCTb [0OBOAKM A1 HOBbIX U ObIBLUMX B 3KcnyaTaumMm 06MOTOK peKoMeHAyeTcs 5 MUHYT npu mMakcumasb-
HOM uCMbITaTEIbHOM HanpsikeHun B COOTBETCTBUM C pasfesiom 9.1.5. [loBofka pekoMeHAyeTca Takke v ans
06MOTOYHbIX KOMMOHEHT. lMocne nposeAeHns Uukna A4OBOLKU NUTaoLLee HanpshkeHne BHOBb nofaeTtcs A/is
npoBefeHNst n3mepeHuii Yp.
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9.1.5 VcnbiTaTesibHble HaNPAXeHUs

[Onsa vcnbiTannii Ha YP nenbiTyemblii 06BEKT CoeAnHAETCS B CXEMY B COOTBETCTBMU C pasfeniom 7 1 Ha
Hero nogaeTca HanpshxeHue, pacTyliee CTyneH4yaTo BblGpaHHbIMK Wwaramun (Hanpumep. Al/ = 0.2Umax) nnn
nAaBHO € BblibpaHHbIM Temnom (£ 1 kB/e) 40 MakcyMasibHOro 3HaveHnsa Umax.

B cnyyae cTyneH4yaToi nogaun HanpskeHus, Kak NokasaHo Ha PUCYHKe 8a. BpeMSA BbILEePXKN Ha Kavk[ou
CTyNeHu cocTasnseT, No kpaiHeli mepe. 10 c. yTo TpebyeTca ANA 3anMcu CyLlecTBEeHHbIX napameTpos YP.
BK/IlOYAS AuarpaMmy Ux pacnpegeneHnst Ha Kaxaom Lary.

Mpu NNaBHOM yBeNWYEHUN UCMbITATE/IbHOrO HanpshKeHUs, Kak nokasaHo Ha pucyHke 8b. nogaBaemas
MOLLHOCTb A0/MKHa o6ecneunTb cBo60aHOE pa3Butne YP B npoLiecce ero BO3HVKHOBEHWS.

MakcmmasibHoe 3HauYeHne ncnbiTaTelbHOro HanpshkeHns Umax AN HoBbIX 06MOTOK M MX YacTell cnepy-
eT BblbupaTtb, PyKOBOACTBYACH CNeAyOLMM:

n\ ~U JJ3. unn paboyee HanpskeHne (TMHWUA-3eMS) N30NSALUOHHOW CUCTEMBI:

U2 =1,2Un/ "3 . nnn 120 % paboyero HanpsHkeHus (IMHUS-3eM5) N30/ISLMOHHON CUCTEMBI;

U3 = ubl, 11 HOMUHAJIbHOE INHEHOE Hanps>xeHue I/I30]'I$ILI|VIOHHOI71 CUCTEMDI.
Bonee BbICOKME UCMbITATE bHLIE HANPAXEHUA MOTYT obecneunTb OONO/THNTENBbHYIO I/IH(*)OpMaU,VI}O.

MpumeyaHune — B cnyyae ucnbiTaHUs 0GMOTOK, BbIBLIMX B 3KCR/yaTauuu, TEMN PocTa HaNPsXXEHWUs W ero
MakcuMasibHoe 3Ha4YeHve ABNATCA NPeAMETOM JOrOBOPEHHOCTU MeXAy UCTbITaTeNIeM U 3aKa3unkoMm.

W rw «4q-,

PucyHok 8 — VcnbiTaTensHoe HanpshkeHue, npukniagbiBaemMoe K 06bekTy UCnbITaHuii npu namepenun YP

9.1.6 Tlpouepypa ucnbiTaHua Ha YP

9.1.6.1 OueHka POHOBbIX NOMEX

Mepepn Havyanom ucnbiTaHuii Ha YP go/mkeH 6bITb OLeHEH YPOBEHb BHELUHMX NMOMEX, CONPOBOXAALLNX
[aHHble nCnblTaHns, 4To6bl Y6eaAnTbCS B TOM. YTO YCTaHOB/IEHHOE 060py0BaHMe UMeeT LOCTATOUHO HU3KUIA
YpPOBEHb MOMEX ¥ NO3BOMAET NPOBOAUTL UCNbITaHNA YP BNIOTb A0 MAKCMMa/IbHOTO HanpshkeHnsa. 9T0 MOXeT
6bITb peanM3oBaHO Ha MOJIHOCTbIO FOTOBOM K MCMNbITaHWAM Ha YP o6opyAoBaHun nyteMm npensapuTesibHOW
3aMeHbl 06beKTa UCNbITaHWi Ha pa3psAaHbIA KoHAeHcaTop. Mpu OTCYTCTBUU NOA06GHOTO KOHAEeHcaTopa MOXHO
NPOBECTU WCNbITaHNe NPV NOTHOCTLIO BK/IOYEHHOW cxeme 6e3 Harpysku C BK/THOUYEHHbIM MCTOYHMKOM NUTaHus,
COeAUHNTENbHBIM 3BEHOM U W3MEPUTE/bHLIM YCTPOWCTBOM, HO OTK/IHOYEHHLIM WUCMbITYEMbIM OO6BbEKTOM NpK
MaKCUMasibHOM UCMbITaTeNIbHOM HanpskKeHun. MNpu Takom UcnbITaHUM HEO6XOAMMO NPOBECTU HOPMAaN3aLuo
B cxeme 6e3 Harpysku, 4To6bl NONy4YnTb HafeXHble pe3ynbTaTel. ECM npu nocneayowmnx ucnbitaHnsax oyget
npuknagbiBaTbCA BO3pacTaloLiee HanpsKeHue, ucnbitaHne 6e3 Harpy3km Heo6xo4MMO NPOBOAWTL MPU Takmx
Xe yCnoBusix.

9.1.6.2 YMeHblUeHNe BAUSAHUA LWyMa 1 NoMex

LLym. npovcxogsawmini OT passiMyHbIX UCTOYHMKOB MPaKTUYEeCKn He MOXET ObiTb ycTpaHuM, Hanpumep,
TepPMUYecKnii LIyM B COOTBETCTBUM C NpuioxeHnem C (BHELHWI WyM. NOMEXW 1 YyBCTBUTE/bHOCTL). Mome-
XMW, KOTOPbl€ MPOMCXOAAT OT BHELUHUX UCTOYHUKOB, MOTYT ObITb YMEHbLUEHbI 1 AaXe UCKTHYEHbl NPUMEHEHN-
em cneunanbHblX Mep. B nepsyto ouepesb HEO6XOAMMO NOKaNN30BaTh CUrHas bl NOMEX MpPU UX NOABEHWM, a
3aTeM MPUHATL COOTBETCTBYIOLME MepPbI N0 UX YMeHbLUEeHUIo. B oblem cnyvae, Ana onTumMusaunm nsmepu-
TenbHOro 06opyAoBaHNA MOTYT 6bITb PEKOMEHA0BaHbI CeayoLmne Mepbl.
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- Ncnonb3yiiTe npoBepeHHble Ha NPakTUKe CoYeTaHusi COeANHUTENbHbIX Y3/10B U N3MEPUTENbHOTO 060-
pyfoBaHus.

- YcTaHaBnumBaiite coeguHMTEIbHOE 3BEHO Kak MOXHO BGamke K UCNbITyeMOMY 06bekTy, 4TOObl YMeHb-
LWNTb ocnabnexHne curHana Mexagy HUMU.

- MprcoegnHMTe UCTOYHVK MUTAHWS U COEAMHWUTENbHOE 3BEHO K 0OMOTOYHBLIM K/eMMam C MpPoTUBOMO-
NIOXHbIX CTOPOH, KakK yka3aHo B pasgesie 7, 4Tobbl NOMEXW OT UCTOYHUKA NUTAHUS, NPOXOAA Yepe3 06MOTKY,
0cnabnannce.

- Mpy “cnbITaHUN KOMMNEKTHLIX CTATOPHLIX 06MOTOK 06ecneybTe coeiHeHe NPOBOAHVKOB, UAYLLNX OT
BCTPOEHHbIX AaTYMKOB Temnepartypbl C 3a3eM/IEHHbIM KOPMyCcoM cTartopa.

- Cxema ¢ TpaHCcopMaTopoM U COeMHUTENbHbIM 3BOHOM A0/MKHA ObITb HOpManu3oBaHa 1 NcnbiTaHa,
4YTOObI NOMYUYNTL NPeACTaBUTEsIbHYI0 MHDOopMaLMIo 06 amMnInTyae nomex.

- Hopmanusaumsa v n3mMepeHus nomex UCMbITaTesIbHOW CXeMbl PEKOMEHAYIOTCA Nepej KaxabiM ee uc-
nosb30BaHWEM. YCNOBUSA HOpManu3aLmMm MoryT USMeHATLCS B 3aBUCHMOCTW OT MecTa Y BpEMEHU UCTbITaHWIA,
COCTOSIHMA UCTOYHMKA MUTAHUSA, 3arpsa3HEHUs TpaHcdopmaropa, CTapeHnsa U3oaaumMm n apyrux gaktopos.

- B o6wem cnyyae uenecoobpasHo 3a3eM/sATb UCMbITYEMbI 06BEKT 1 M3MepUTeIbHOe YCTPOMCTBO Ha
60/1bLUYI0 3a3eM/IAIOLLYI0 NOBEPXHOCTb. EC/IM BO3MOXHO, crieflyeT UCNo/b30BaTh 06LLYI0 TOUKY NpucoeuHe-
HWA ANSA COeANHUTENbHOTO 3BEHA, UCMbITYEMOro 06bekTa 1 M3MepUTeNIbHOro YCTPOCTBA.

- Pa3pabartbiBaiiTe, HacCKO/IbkO BO3MOXHO, Hanbonee KOMMaKTHY KOHCTPYKLMIO MCMbITATeNbHOrO0 060-
pygoBaHusi. KopoTkve namepuTesibHble U 3a3eM/isowmne nNpoBOAHVKA, KOMNAKTHbIE CXEMbl YMEHbLUAKT WH-
OYKTUBHOCTU M COKpaLLaloT 3hUPHbIE 3N1EKTPOMArHUTHbIE MOMEXN.

- HekoTopble n3mepuTenbHble kabenu TpebylT yCTaHOBKM COr/iacyloLlero pesucropa BO v3bexaHue
ahdpekTa oTpaxeHus. Mo TOi e NpuunMHe pekoMeHAYeTCst UCNOMb30BaTh TO/IbKO NMPOBEPEHHbIE HA NPaKTUKE
Kabenu.

- HekoTopble aNekTpOoHHbIe NPMOOPbI, HANPUMEP MOHUTOPbI U KOMMbIOTEPbLI, MOTYT BHOCUTb MOMEXN B
n3MepuTesnbHble Lenu. Yacto 6biBaeT AOCTATOYHO NNWb U3MEHUTb MX OpUEHTaLMI0 OTHOCUMTENIbHO 13Mepu-
TesIbHbIX CXEM, YTOObl YMEHbLUNTL OTpULATENbHOE BANSHNME.

9.1.6.3 MWcnbiTaHua Ha YP

B MONHOCTbIO MOArOTOB/IEHHOW M COOGPaHHOW B COOTBETCTBUM C pas3fesioM 7 U3MepUTeNbHOW cxeme
ucnblTaTeNlbHOE HanpshXKeHne NoJaeTcs Ha UCMbITYeMbll 06BEKT, Kak onucaHo B pasgene 9.1.5. Ha kaxpgoi
CTYMEeHN NojaBaemMoro HanpsHkeHUs uau B NpoLecce ero NaasHOro NOBbILEHUS AO/DKHbI ObITb 3aperncTpupo-
BaHbl ¥ 3anucaHbl pekomeHayemble B pasfene 6 napameTpbl UP, 4ToObl NONYYUTbL UX afleKBaTHoe npeacTas-
neHve. N3mepeHns fokHbI 6bITb NPOBEAEHbI NPU YBESTMYEHUN N YMEHBLUEHUN UCMLITATENIbHOrO HaNpshXeHns
(cM. pucyHok 8). uTobbl 06ecneunTb NonyyeHne 3asncumoctn Qm=f(U). a Takke HanpsxxeHue Havyana (PDIV)
1 HanpsxeHue raweHusa (PDEV) yacTu4yHbIX pa3psifioB B COOTBETCTBUM C pasfesiom 6.

Ecnn napameTpbl 4acTMYHOTO paspsAa B npolecce BO3AENCTBUA HaNPsSHKeHWs 3anucbiBAIOTCSH 3/1ek-
TPOHHOI annapaTtypoil aBToMaTuyecku, MOryT 6biTb MOJyYeHbl OMUCaHHble B pasfene 6 guarpaMmbl, KOTO-
pble, 6yayun obpaboTaHbl No MeToamke pasgena 10. No3BoOnAT Aatb oueHky UYP. OHa MoxeT BkiovaTb pac-
npegeneHne aMnauTyabl UMMysbLCoB, ha3oBble NOPTPETLI, crneuudunyeckne mogenm YP (cm. pasgenst 6 1 10)
npu pasnnyHbIX YPOBHAX BO3pacTatoLero v cnajatoLero HanpskKeHus.

[o/mKHbI 6bITh 3adMKCUPOBaHbI Pa3/iyHble KOMMEHTapUK 1 BbIBOABI, NMOJlyYEHHbIE B NpoLiecce UcnbiTa-
HWIA. ANS AanbHelwero Ncnonb3oBaHus. B 3aBMCMOCTM OT TUNa UCNbITYEMON MalUWHbI U Lieneli BbINOMHAT-
CA CTaHAapTHble UK paclUMpeHHbIe UCTIbITAHKSA, Kak onncaHo B pasaerne 7.

9.2 OnpepgeneHne Hanuuma n pacnonoxexHuna 4P

9.2.1 O6ume cBegeHun

dnekTpuyeckne nsmepeHnsa UYP Ha 3axumax obpasua no3sBossioT 3aperncTpupoBaTb 3Ha4YEeHUss amnau-
TyAbl, 4acTOTbl U NONAPHOCTY PaspsALOB NPW UCNONb30BaHUW NPUBOPOB, U3MepALLUX napameTpsl YP B co-
oTBeTCTBMM € N. 6.3. OfHakKo, 4TO6bI NPeACcTaBUTb 3TV NapaMeTpbl B MOSIE3HY0 MHDOPMALMIO O COCTOSHUN
06MOTKM, He06X0AMMO OnpeAennTb PacnosioXXeHNe NCTOYHMKA YaCTUYHbIX pa3psaoB.

Kak npaBwno, BHauane ucneitaHne Ha YP nposoanTcs Ans 0A4HOW 13 ha3 06MOTKM, B TO BPEMSA Kak ABe
Apyrve 3asemneHbl. 3TO NO3BOMSET ONpefenuTb XxapakTepucTukn pacnpegenenus YP wnn ero gnarpammy
paccesiHus Ana kaxgon dasbl. Mocnegylouwee nogasHoe UcnbiTaHWe MO3BOMAET BbIACHUTL, fOCTaTO4HA NN
KaxyLiaacs (BblpaxeHHas B KBA) MOLLHOCTb A/19 OAHOBPEMEHHOro NUTaHus Bcex Tpex a3 0O6MOTKM npu
OCHOBHbIX 6@30BbIX UCMbITAHUAX UCTOYHMKOB YACTUYHbIX pPa3psfoB OTK/IOYEHHOrO OT ceTu aAsuratens. B atux
YCNOBMAX He NPOsIBNSETCS ABeHne MexdasHoro nepenaga HanpsxeHus B 1060BbIX YacTsax 06MoTok. Korga
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BCe Tpu hasbl NUTATCA OAHOBPEMEHHO OT OAHOr0 UCTOYHMKA, paspaabl, CBA3aHHbIe C MexXdasHbIM BAUAHN-
eM. UCK/TIoHaloTCA U3 XapakTepHbIX npusHakos YP. Pa3spagbl hasa — 3em1s1 0CTaloTCA SABHO BblpaXeHHbIMU,
N UX WUCTOYHWKM MOTyT OblTb NOAPOOHO nccnefoBaHbl. COOTBETCTBYIOLEE YMeHblueHne amnantyasl YP n
KonmMyecTBa MMMNYNbCOB CBMAETENILCTBYET O TOM, YTO /I06OBbIE YACTU BAUSIOT HA CUrHas, MOJIYUYEHHbIA npu
nothasHoM n3MepeHun. 3T0 BaXHbI/ cNoco6 pacno3HaBaHua YP B 1060BbIX YACTAX W nasy.

B page cnyvyaeBs AN BbIACHEHUSA NCTOYHMKA paspsaga MOXeT 6biTb MOSIE3HO N0 BO3MOXHOCTU pa3fenuntb
06MOTKY. OfjHaKo, MOCKO/IbKY MaLLUMHOCTPOUTE TN OAHOBPEMEHHO NPUMEHSIOT KOHTaKTUPYIOLLUe APYT C APYroM
MOJIIOCHbIE NEPEMbIYKU, KOMbLEBbIE BUTKN N (ha3Hble NPOBOAHMKM, BO3MOXHA CUTYyaLus, Korga ofHa uenb 3a-
3emM/eHa. a fpyrne nofknoyeHbl K UICTOUHMKY, U NPKU 3TUX aHOMaslbHbIX YC/I0BMAX MOTYT ObITb 3adMKCnpoBa-
Hbl BbICOKME ypoBHU YP.

MpumeuyaHune — B cnyvasx, korga He06X0ANMO pas3feniuTb 06MOTKY, 3aKa3umk U UCTbITaTeNb MOTYT NPOKOH-
CyNbTUPOBATLCS C NPOM3BOAUTENEM MaLUVHbI O NOPsAKE NPOBEAEHUS UCTbITAHWIA.

Pa3paboTaHbl pa3HoobpasHble AONO/HUTENIbHbIE METOAbBI UCMbITAHWA, NCNOMb3YoLMe pas/inyHble ad-
heKTbl YaCTUUHBIX paspsaAoB. UTobbl y6eantbCcs B HaNMyYumM uUav OTCyTCTBUM paspsfoB B /1060BbIX YacTsX,
Ha npakTuke GbiBaeT MOMIE3HO WCNO/b30BaTh KaKoW-NM60 ONTUYECKMA NpMbop uUnM kamepy, No3BonstoLme
YyCTaHOBWTb HaIM4ne KOPOHHOTO paspsafa C KaxAol CTOPOHbI 1060BbIX YacTel. MpenMyLLecTBOM UCTbITaHWi
Ha OTK/TIOYEHHON OT CeTU MallVHe AB/ISETCA TO. YTO OHW MOTYT NPOBOAUTLCS Ha pa3obpaHHO MalluvHe C Bbl-
HYTbIM POTOPOM, €C/IM B 3TOM MMEeTCH HEOO6X04MMOCTb.

Hwxecnepgyolliee onncaHne OTHOCUTCA K BECbMa pacnpocTpaHeHHOMY 3/1EKTPUYECKOMY MeToAy onpe-
feneHunsa MectononoxeHus UP. Heanektpuyeckue meTofpl okanmsaunm UCTOYHNKOB YP paccMoTpeHb! B npu-
noxeHun B.

9.2.2 3neKTpoMarHuTHble uccnenoBaHuns

Vicnonb3oBaHne 3M1eKTPOMarHUTHbIX M3MEpPEeHWin Ana onpeAesieHns MecTOnooXeHUs UCTOYHUKoB YP
npefycmatpuBaeT CKaH/poBaHWe CTaTOPHbIX Nas3oB (Moc/e U3bATUSA poTopa), MecT BbiIXOAa M3 Na30B, 30HbI
No60oBbIX YacTe 0OMOTOK MPU Pas/INYHbIX HANPSHKEHUAX NUTaHus. Kpome ucnbiTaHuii Npu MakcumasibHOM
HanpskeHnn, MoryT NMPOBOAUTLCA CXOAHbIE U3MEPEHUA Ha MPOMEXYTOUHbLIX YPOBHAX HAMPSXKEHUA HUXE Mak-
cumManbHoro. O6bIYHO AaHHbIE UCMbITAHWSA NPOBOAATCA B C/ydasiX, KOrga cpaBHUTesIbHble pesyfbTaTbl MOryT
6bITb NpeAcTaBfieHbl B OnpefesieHHon 6ase faHHbIX, Aaloweil BO3MOXHOCTb CMCTEMATU3NMPOBATbL UCMbITye-
Mble MaLLUVHBbI.

CnepgyeT OTMETUTb, YTO aKTUBHOCTb UP MOXeT He orpaHuumMsaTtbCsi 1060BbIMU YacTAMU OOMOTOK Ma-
LWnH. PacnpegenuresibHble KOPOOKU, kabesibHble TPacchl, K1eMMHbIE NaHesnun, N30MATOPbI U APYrhe 3NeMeHTbl
MOTYT BbI3blBaTb YP 1 6bITb yuTeHbl Npn BbibOpe MeToAa UcnbiTaHuii. Heo6Xo4MMOo yunTbiBaThb, YTO UCMbITA-
HUS1 MOTYT HapyLNTb KapTUHY 3/1IeKTPUYECKOro MOJIA. YTO. B CBOK ovepefb, MOXET NPUBECTU K BO3HWKHOBE-
HUIO NOXHbIX pa3psafos. Mpu ncnbitTaHnax Ha YP B 1060BbIX YacTAX 0OMOTOK AO/MKHbI 6bITb NPeAnpuHATHI
[OnonHNTENbHbIE Mepbl 6e30NacHOCTY A1A UCMbITATENIbHOrO NepcoHana.

10 WHTepnpeTaums pesysbTaToB UCMbITaHNIA

10.1 O6uwume cBOAOHUSA

B o6Luem ciyyae N3MEPEHUsT YACTUYHBIX Pas3psiioB B 0GMOTKAX M UX YacTsiX Npy Npou3BOACTBE MalUVH
HanpaeneHbl Ha 4oKa3aTe/bCTBO CTabW/ILHOCTU U KauecTBa NPOM3BOACTBA, B TO BPEMs Kak MchbiTaHus UP
Ha MecTe 3KcnyaTauuy npusBaHbl onpeaesnnTb CTeneHb CTapeHwusl U3oNsuUU nog AeicTBMEeM Pas/iMyHbIX
¢hakTopoB M3HOCA B NpoLecce pa6oThl. B 060Mx ciyyasx WHTeprnpeTauus pesynbTaToB UCTbITaHuii aBnsieTcst
HEOBXOAMMbIM BaXKHbIM LUAroM, 3aBepLUaLIMM AaHHble UCMbITaHus. B 3aBUCMMOCTM OT MX pe3y/bTaToB NGO
HEO6X0AMMO MPUHSTUE pEeLIeHUe OTHOCUTESIbHO KAauecTBa W30/ISILMOHHON CUCTEMbI, EC/IM 3aMeUeHbl sBHble
fedekTbl, IM60 NPeAnpUHATL AONOHUTENbHbIE UCTILITAHUA WM CMIaHMPOBaThL NpodunakTuieckne paboTbl
Mo 06CNYXMBaHUIO.

CnefyeT OTMETUTb, YTO Kaxaas OTAeflbHas MaluuHa BbiMylleHa NPoM3BOgUTEsIeM MO CBOEN TEXHOJ0-
rmn. o6n1agaeT cneyudmUeckuMn 0Co6eHHOCTAMU KOHCTPYKLMM U CUCTEMbI M30MISAILMK, a Takke B npouecce
aKcnsyatauum noiBepraeTcsi MHAMBKUAYabHBIM CTPECCOBLIM YC/IOBUSIM. STO MPUBOAMT OGbIYHO K 3HAUUTE b-
HOMY OT/INYMI0 B KOJIMUYECTBE YACTWUUHBIX PaspsoB B 3aBUCKMOCTU OT WHAVMBUAYANbHbIX CBOWCTB UCMbITYe-
MOV MaluHbl. MO3TOMY HEBO3MOXHO MPSIMOE CPAaBHEHWE Pa3/IMUHbIX MaWMWH N0 a6COMOTHBIM 3HAYEHUAM
n3mMepsieMbIX BENINUNH.
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HeBO3MOXHO TakkKe YCTAHOBUTb aGCO/IOTHbIE KPUTEPUM A/1S1 KOMIMIEKTHBIX 06MOTOK, HanpuMmep Kpute-
pun Npu NPou3BOACTBE W B 3KCM/yaTauun. No3ToMy B JAHHOM CTaHAApTe He AaHbl KOHKPETHbIE AaHHbIE A5
OL|EHKM KayecTBa.

ONs ynydweHns uHTepnpeTauumn pesynbTaTtoB UCMbITAHUA KOMMIEKTHbIX 06MOTOK Ha UP fO/MKHbI 6bITh
TWATENBHO YYTeHbl pe3ynbTaTbl NpefblAyLinux HabnoAeHUi, HanpymMep BU3yaslbHbIX.

10.2 WHTepnpeTauna HanpsxeHua Havana v raweHus YP

10.2.1 BbasoBas nHTepnpeTaums

OCHOBHbIMK pe3ynbTataMmn UCMbITaHWA KOMNIEKTHbIX 06MOTOK 1 UX YacTeil Ha YP. koTopble nognexar
MHTeprpeTauun, ABMATCA HayanbHoe HanpsxeHuwe YP (PDIV), HanpsxeHune rawexua YP (PDEV) n Hau-
6onbllas nosropswLanca amnantyga YP (Qm). nsmMepeHHble Npy HapacTaHuy 1 cnagaHnuu UcnbiTateslbHoro
HanpsXXeHns B COOTBETCTBUM C 6.2.

Jaxe ecnu otaenbHan kapTuHa YP He o6fA3aTeflbHO faeT MeCTOMNoJIOXeHNe UCTOYHUKOB B 0OMOTKe,
npeAcTaBaAWMX HaMbosbLLY OMacHOCTb, ONpeaeneHve U nHTepnpetauma amnantygbl UP. kak doyHKuum
UCnblTaTeNIbHOro HanNpsXXeHus, obecrneynsaeT nNpocToe 1 3MPEKTUBHOE CPEACTBO HAXOXKAEHNUA TUMUYHBIX OC-
HOBHbIX UCTOYHWNKOB YP.

WNHTepnpeTauus ana KOMNAEKTHbIX CTATOPHbIX 0GMOTOK HOCUT BCErAa CPaBHUTE/bHBIN XapakTtep. Takum
o6pasom, B 06LLiEM C/lydae HEBO3MOXHO onpeAennTb [OoNyCTUMbIN ypoBeHb Qro Uau TOT YypOBEHb, NPU KOTO-
poM nmeeTcs HauboNbLINI PUCK NOBPEXAEHNA n3onauMn. Kak ykasaHo B pasfene 8. aTOT napameTp cBA3aH
C MHAYKTUBHOCTbIO, EMKOCTbIO U NepefaToYHOl XxapakTepuCcTUKOl CTaTopHO 06MOTKM, PaBHO Kak 1 hakT, 4To
YP aBnseTcsA nokasarenem yxyAleHus n3onsauum o6MOTKM, HO He ero NpsAMoi npuunHoii. OgHako copepxa-
TeNbHas UHTepnpeTauus pe3ybTaToB MOXET ObiTb JOCTUTHYTA HUKENEepPeUncIeHHbIMU npoLeaypaMu;

- aHann3 TeHAeHUMin n3ameHeHnss QmHa OfHOM M TOM Xe cTaTtope yepes onpefenieHHbIli NPOMEeXyToK
BPEMEHV NyTeM UCMNO/Ib30BaHUSA OAHOTO W TOTO Xe MeTofa UCMbITaHWA 1 CPeACcTB UCMbITaHWli C TeMU xe Xa-
pakTepucTUKamu:

- cpaBHeHue O,,,, U3MEPEHHbIX HA HECKO/IbKMX CTAaTOpax CXOLHOW KOHCTPYKLUW C MCMO/b30BaHUEM Of-
HOro 1 TOrO e MeToAa WCNbITaHUA 1 CPeACTB UCMbITAHUIA C TEMM Xe XxapakTepucTmkamu;

- cpaBHeHMe QmHa pasHbix hasax OfHOro crtatopa C UCMO/Mb30BaHWEM OAHOIO M TOrO Xe MeToAda uc-
NbITAHWIA U CPELCTB UCMbITAHWI C TEMU Xe XapakTepucTukamm

Pesynbtatbl usmepeHuii YP B yacTAX 06MOTOK 1 CTEPXHSAX, BblpaXKeHHble B NKn, v amnautyasl YP sB-
NATCA abCONOTHBIMU. 3TO NO3BONSET CPaBHMBATL aMNANTYAbl UP B pasHbiX BUTKAX U CTEPXHSX Mexay co-
6011 1 pe3ynbTaTbl U3MEPEHWIA, NOSTYYEHHbIE pas/IMYHbIMK NpubopamMun. Ha pasnnyHbIX KOMNOHEHTaX 06MOTOK
HavasbHoe HanpsxeHue UP (PDIV) n HanpsxeHue raweHus YP (PDEV) nsmepsaioTca ¢ MakCUManbHbIM 3a-
JaHHbIM (DOHOBbLIM LyMOM B nK.

B ob6uiem cnyyas, yem 6onblie PDIV 1 PDEV. TeM nydile nponutaHbl 06MOTKA Y UX KOMMNOHEHTbI U TEM
MeHbllie N3bAHOB B U30NALUN.

10.2.2 TeHAeHUUN n3meHeHns YP BO BpemeHu

AHanuns TeHaeHuni nsMeHeHns YP ABNSIeTCA MOLLHLIM CPeACTBOM MHTepnpeTauum n3MepeHuii amnim-
Tyabl YP Ha KOMMNMEKTHbIX CTATOPHbIX 06MOTKax, He3aBMCUMO OT UCMosib3yemoro metoga. CHavyana Heobxo-
AVIMO MONYYUTb NCXOAHbIA XapakTepHbIli NPU3HaK akTMBHOCTW YP Ha OTKMOYEHHOW 0T ceTn MaluvHe. JaHHbIl
npu3HaK Hannyywum ob6pa3om MOXeT 6biTb NoyyeH Ha HoBol o6MoTke. Mpu n3HOCe 06MOTKM B Mpolecce
akcnnyaTaunm Qmo6bblyHO co BpeMeHeM yBenuuusaeTtcs. K npumepy, yasoeHve Oii Yepes rof, MOXeT cBuie-
TeNbCTBOBATb O 3aMEeTHOM U3HOCe U30NAauMn. MoryT 6bITb pekoMeHA0BaHbl JOMNONTHUTENbHbIE UCMbITAHNUA Ha
OTK/IIOYEHHOW OT CeTu MalluHe, UCNbiTaHna Ha YP 1 BU3yasibHbIli KOHTPOSIb OOMOTOK.

CnepyeT caenatb paf 3amMevaHuii OTHOCUTESIbHO TeHAEHUWI n3mMeHeHna YP Bo BpemeHu.

- HoBblii cTaTop MOXeT UMeTb OTHOCUTESIbHO BbICOKWIA YpoBeHb YP. KOTOPBIV yMeHbLIaeTcsa nocne nep-
Bbix 5000 1 o 10000 sKBMBaNEHTHbIX YacoB pPaboTbl.

- YT106bI TEHAEHUMN GbiNN CONOCTaBUMbIMUW, rPatvkv AO/MKHbI 6bITb NpeAcTaBeHbl NPY aHaI0MMYHbIX
Hanps)KeHWsx, Temnepatype u BMaXHOCTU, a TakkKe OAHUX U Tex e gatyukax YP. HackonbKOo BO3MOXHO,
HanpshkeHve npu nepexoje OT OAHOr0 UCNbITAHWA K APYroMy AO/HKHO MEHATLCA He 6osiee yem Ha £2.5 %, a
TemnepaTypa ucnblTyemoro o6bekta — Ha +10 °C. MaluuHbl ¢ BOAOPOAHLIM OXNaxAeHNeM pekoMeHayeTcs
UCMbITbIBATb NPY 06bIYHBIX aTMOCHEPHBIX YC/I0BUAX, OJHAKO ras U gasneHne [O/HKHbl OcTaBaTbCA TEMU Xe
npv nocneayoLwmnx UCnbITaHNAX.

- HekoTopoe n3meHeHue 3HaveHus Qm. Hanpumep +25 %, MOXHO CUATaTb HOPMasibHbIM B YCNOBUAX
cny4yaliHbIX U3MEHEHUIA YC/I0BWIA NCNbITaHWIA WU CrlyYaiiHOro xapaktepa npoueccoB YP.
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Ecnu n3ameHenust UP BENMKU MW OTAENbHblE NOKa3aHUS UMEKT CUJIbHbIA BbIGPOC OTHOCUTE/IBHO aHa-
NIOTUYHBIX B TOW )Xe 06MOTKE UIn BUTKe, AaHHble aHanm3a YP fo/mkHbI 6bITb NPOAHA/IM3MPOBaHbl Ha NpeaMeT
npuYnHbl akTuem3auun YP. B atom cnydvae gna ngeHTudrkaumm NcToyHnka YP nonesHo npoaHanvsnposatb
nonyyeHHble gnarpammbl paccesHns YP (pucyHok 4) B cooTseTcTBum ¢ n. 10.3.

10.2.3 CpaBHeHMe 06MOTOK U UX 3/IEMEHTOB

[Jpyrium cnocob6om onpefeneHns oTamuna o6MOTOK UM UX 31eMEHTOB APYT OT Apyra ABAAETCS CpaBHe-
HVMe U3MEePEHHbIX B HUX napameTpoB YP. BO3MOXHbI cnefytolme Brbl UCMbITAHWIA.

a) 3aBofCKMe UCMNblTaHNsa 06MOTOUYHbIX 3/IEMEHT OB

MpsiMoe cpaBHEHNE MOXET ObITb BbINOSIHEHO N0 3HaveHusM PDIV. PDEV n Qm, ecnv namepeHus cae-
NaHbl B COOTBETCTBUM C npoueaypamu, onvcaHHbiMn B IEC 60270. He3aBUCUMO OT KOHCTPYKL MKW 3f1eMeHTa U
N3MepuTenbHOro 060pyaoBaHnsa. PesynbTaTbl TakMX UCMbITAHWA MOTYT GbiTb UCMO/b30BaHbI 415 BbISCHEHUS,
MUMEIOTCA /TN U3MEHEHUSA B TEXHOMOTUN U U30NALMOHHLIX MaTepuasiax, UCnosib3yemMblX B JaHHOM 3/1eMEHTE.
O6bI4HO McnbITaHUAM Ha UP noasepraetca manas fons 06MOTOUHbIX 3/1IEMEHTOB.

b) 3aBojcKue UCnblTaHUs 06MOTOK.

Mpu cpaBHEHUN NOAOGHbLIX MALUUH MO UTOraM ucnbiTaHuii Ha YP Hanbonee HafexHble pesynbTaTbl Mno-
nyyaloTcsa Npu cpaBHEHUW NOAO6HbLIX MaLWH C O4MHAKOBbIMU U30MALUMOHHBIMY CUCTEMAMMU NPU O4NHAKOBbIX
HanpsHkeHUax, 6M3KNX TemnepaTtype 1 BNaXHOCTV B COOTBETCTBUM C M. 10.2.2. VicnbITaHUs, K TOMY Xe. [0J1X-
Hbl NPOBOANTBLCA TEMM Xe CPeAcTBamMy N3MePEHUI YHaCTUYHOTO pa3paia, paboTarLWwyMm B TOM Xe YaCTOTHOM
AvnanasoHe 1 B Takoli Xe cxeme usMepeHuii. Yto kacaeTcs aHanmsa usmeHexHust YP Bo Bpemenu (10.2.2), To
n3MeHeHne Qm Ha HEeCcKOJIbKO NPOLEHTOB, Hanpumep Ha 25 %, He fABAAEeTCA CyLecTBEHHbIM. Lienblo Takmx
CpaBHUTE/bHbIX UCMbITAHUA Ha NPOM3BOACTBE SAB/AETCSA CPaBHEHME KayecTBa MaTtepuasioB U TEXHOIOruW,
Mcnosb3yembiX Npu M3roToBneHNM 06MOTOK. Mokynatennm MoryT notpe6oBaTb OT NPOWU3BOAWTENS rapaHTuid,
4YTO HOBasA OOMOTKa BbIMOJIHEHA CTOJIb XE KAaYeCTBEHHO, YTO U MpexHsAsA. DTO 03HaYaeT, K npumepy, 4To Qm
06MOTKM Npu onpefeneHHOM UCNbITaTe/TlbHOM HanpshkeHun cocTaenseT MeHee 95 % OT 3HaYeHVs amnanTyapl
Qm, OCTUTHYTOrO NMPOM3BOAMTENEM B TaKOI e 06MOTKE, BbINyLEHHON B NPOLL/IOM.

B HeKoTOpbIX Cnyyasx Npou3BOAUTENb MOXET CPaBHUTb XapakTepucTukn YP HOBOW 06MOTKM C Xapak-
TepucTukamy 06MOTOK, BbIMYLLEHHbIX paHee. B aTom cryyae npousBoauTenb MOXeT y6eanTbCs, YTo rpynna
pas3nnyHbIX KOHCTPYKLUMIA UMeeT oAnHakoBoe pacnpegeneHvie n napameTpbl YP. O6bIYHO NOAO6HbIE MaLUVHBbI
VMEIT CXOHYH KOHCTPYKLMIO, OAWH W TOT Xe TUN (aBuratenun, Typ6oreHepaTopbl 1 T. /1.) U aHaorMYHbIi ana-
NasoH HanpsHKeHWi.

W3-3a pasnuuus B TeXHONOrMM NPoOM3BOACTBA M MaTepuanax, a Takke B MeTofdax UchbiTaHuii Ha YP.
cpaBHeHue napameTpoB YP Ha KOMNIEKTHbIX 06MOTKaX pasfnyHbIX N30MALMOHHBIX CUCTEM, U3TOTOB/IEHHbIX
pasfnyHbLIMU NPOU3BOAUTENAMU, HE NPEACTaBAAETCA BO3MOXHbLIM.

c) WcnbiTaHusa Ha mocTe aKcnayaTaumm

CpaBHeHune, uvetoLlee Lesblo BbISCHUTb, kakas U3 06MOTOK ByAeT umeTb 60/bLUNI CPOK AKCMyaTaLmu,
MOXeT 6bITb cAenaHo AN 06MOTOK, UMEKLLUX OAHY KOHCTPYKLMIO, HOMUHAsIbHbIE NapaMeTpbl U BbIMOJIHEH-
HbIX 0AHMM npoussoauTenem. O6MOTkM ¢ 60nee BbICOKUM O,,,, NPV TOM Xe UCMNbITATENIbHOM HanpsXeHun unn
6onee H13kum PDIV n PDEV, B 06wem criydyae 6yayT 60nee nsHoweHbl. MNpu Takux UCMbITaHUAX cregyeT uc-
nosb30BaTb OAHO W TO Xe UCMbiTaTeNlbHOe 060pyAoBaHNe 1 Ananas3oH YacToT

10.3 PaspaboTka mogenei YP

10.3.1 O6wue cBepeHus

Mpy MCNbITAHNAX OTKIOYEHHBIX OT CETU 3/IEKTPUYECKMNX MALLUWH, eCNv AaHHble A1a Kaxaoro YP B nepu-
0f, U3MEPEHUNS 3anucaHbl B COOTBETCTBMMN C yKkasaHusaMU M. 6.3. MOXeT ObiTb NCNO/Ib30BaH anbTePHATUBHBI
MeToA nHTepnpetauum YP. Mpu aToM MCNONb3YOTCA P - (- N Agnarpammbl paccesHns UMNynbCoB, npeacTas-
NeHHble Ha pUCyHKe 4. Tak Kak cTeneHb 1U3HOCa, a 3HauYUT ¥ PUCK paspyLLUEeHNs N30MALMN CYLLEeCTBEHHO 3aBU-
CAT OT KOHKPETHOro TMna YaCTUYHOTO paspsfa, BaXHO UMETb HafeXHyl HopmaLuunio 06 CTOUHKKe Nto6oi
YP aKTUBHOCTM, T. €. 0 €r0 TUMNe N MECTOMOJIOKEHUN B CTATOPHOV 06MOTKE WM ee 3n1eMeHTe.

Mcnonb3ya - g - N guarpamMmmbl pacCcestHUs UMMYNbCOB, MOXHO OTAENNTb pas/iMyHble UCTOYHUKKN YP
MMNYNbCOB OAWMH OT APYroro, YTo6bl OLEHUTb MO OTAE/IbHOCTU PUCKW U TeHAEHLMN X pa3Butusa. Ecnu 3Hatb
hunsmyeckne NpPoLLecchbl NN MECTOMNOOXEHNE OTAE/bHbIX UCTOYHMKOB YP. Takke BO3MOXHO OLLEHUTb UX PUCK
no OTAENbHOCTW. TO A0/HKHO 6bITb CAEMAHO, MOCKO/IbKY CBA3b Mexay napameTpamu YP v npoueccom ctape-
HUS, MHAVLMPYEMBIM Anarpammamu paccesHus UP. He3HaunTenbHa.

Hanpumep, MOXeT CnyunTbCs, YTO [iBE YaCTHble Anarpammbl paccesHus, CHATbIE ANA O4HOro npouecca
YP. nokasbiBaloT 61u3kme 3HauyeHuss napameTpoB YP. ogHa M3 HMX. K MpuMMepy, 06yc/ioBfieHa paccroeHu-
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€M BHYTPV OCHOBHOW M301ALMKM Na3a, a Apyras — MOBEPXHOCTHbIMK adhdhekTamu rae-To B T060BbIX HACTAX
06MOTOK. XOTsA 06e MpUYnHbLI NPUBOAAT K OAMHAKOBbIM 3HAYeHUsM amnauntyabl YP. paccnoeHue nsonaumm
ABnseTca 6onee CyLeCcTBEHHOW NPUYMHOINA, T. K. ABNSETCA CeACTBMEM Neperpesa Wiy TePMOLMKIMPOBaHUS,
a MOBEPXHOCTHBIN pa3psag Ha 1060BbIX YacTAX MOXET ObiTb Bbi3BaH 3arpsA3HeHWEM WAV MOBbILWEHHON BRaX-
HOCTbIO.

10.3.2 basoBas uHTepnpeTayus

OcHoBHas npouegypa, peanusyemas Ans ngeHTudnkauumn n onpegeneHns MecTonooXeHns TUMNYHbIX
MCTOYHMKOB YP B 06MOTKax C UCNo/ib3oBaHneM <- ¢ - N guarpaMmM paccestHus UMMNynbCcoB, NpefcTaB/ieHa Ha
pucyHke 9. Kaxpgasa yacTHas guarpamma, BblgeneHHas u3 obuieli kapTuHbl pacnpegenenus YP. moxeT ObiTb
npejcTaB/ieHa Tak. Kak NokasaHo Ha faHHOM PUCYHKe.

Llenb nHTepnpetaunn gnarpamm YP cocTouT B pacrnosHasaHun YP. nonyyaemblx OT pasfiMUHbIX UCTOY-
HMKOB B UCMbITyeEMOM 06bekTe. OLHOBPEMEHHO C MOJlyYeHNeM 3Tol MHopMaLMU BO3MOXHO CriefytoLuee.

- OLleHKa TeHAEHUMI NOBEAEeHUs KaXa0ro nctouHmka Yp.

- nokanusauusa pasnunuHbix addektos YP:

- NoslyyeHve NpUBIMKEHHON NHhopMaLn 0 MECTOHAXOXAEHUN 1 TOYHOTO €ro onpeaeneHus:

- OLleHKa COCTOSAHMA U301ALMK B 3aBUCUMOCTN OT UCTOYHUKA U pacnonioxeHuns YpP.

PucyHok 9 — OnpepeneHne UCTOUYHMKA PacnosioXeHnsa NCToYHMKa YP

Kpome Toro, npu aHanuse hasoBbIxX AgnarpamM UP Hambonee npefctaBuTeNlbHasi MHKDOPMaLUA MOXeT
6bITb MOMyYeHa CreayoLyM 06pa3oMm:

- OUeHKa M3MeHeHuli auarpaMm YP Ha OAHOM M TOM Xe CTaTope uyepes3 OonpefesneHHble MPOMEXYTKU
BPEeMEeHU C UCNo/Ib30BaHWEM OAHOTO U TOrO Xe MeTofa 1 060pYyA0BaHNS C OAHUMU U TEMU Xe XapakTepucTu-
Kamu;

- cpaBHeHVe guarpaMm YP Ha HECKOJIbKUX CcTaTopax OAHOM U TOM e KOHCTPYKLMU C UCMOSIb30BaHNEM
O/IHOTO 1 TOTO XXe MeToAa M 06opyL0oBaHUs C OAHUMU U TEMU XE XapaKTepuUCcTUKamm;

- cpaBHeHue anarpammM UP Ha pa3nuyHbIX pasax OfHOro ¥ TOTO e CTatopa C MCMo/b30BaHWEM OJHOT0
1 TOTO e MeToAa U 060pPYyA0BaHUS C OAHUMU U TEMU Xe XapaKTepucTrkamm.
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UT06bl 06N1EerynTb CpaBHEHWe pesynbTartoB, ANS UX 3anucy cnegyeTt UCMoNb3oBaTb COOTBETCTBYHOLLYIO
6a3y gaHHbIX. B ngeane oHa go/mkHa cofepxaTb NOJHYI0 UCTOpUIo noBedeHusa YP. a Takxe ycnosus paboTbl
U XapaKTepuCTVKN NOBeAEeHNS KaXKAO0M MalUuWHbl NPU UCMbITaHUAX.

PekomeHAayeTcs, KpOMe TOro, B 6a3y fAaHHbIX BKIOUYUTL pe3yfbTaTbl UCMbITAHUIA Ha YP. BU3yanim3npo-
BaHHble B COOTBETCTBUM C pa3fesnioMm 6. YTo6bl MOXHO 6bI/1I0 HANPSAMYIO CPaBHUTL TUNUYHbIE YP gnarpammbl ¢
MOJTyYEHHbIMU MPU HOBbIX N3MepeHusx. B Taknx 6asax gaHHbIX pe3ynbTaTbl UCnbiTaHuii Ha YP. cuctemartumsu-
poBaHHble B COOTBETCTBMM C pa3fesiom 6. MOryT COOTHOCUTLCA C XapakTepHbIMU UCTOYHMKaMK YP

XapakTepHas B3aVMOCBA3b MeXAy WUCTOYHMKOM UP, TMNWYHbIM noBegeHveM YP 1 ero BAUSHMEM Ha
0MacHOCTb NOBPEXAEHNS N30/1ALMKN, KaK MpaBuio, OCHOBaHa Ha MPOBEPEHHOM MPaKTUKON NpeablayLem onbl-
Te. Basbl AaHHbIX TakKe MOryT 6bITb UCMOMb30BaHbI A1 NPSIMOr0 CPABHEHWA PE3Y/bTATOB UCMbITaHUii Ha UP
MallUUH CXOAHOW KOHCTPYKL MM N UMEKLLUX NMOA0OHBbIE CUCTEMbBI U30MALMUN.

11 OtyeT 06 UcNbITAHUAX

OT4eT 06 MCNbITAHUSAX AO/MKEH COAEPXaTb Kak BCe HE06X0AMMble AaHHble 4R Aa/bHeWwero aHaimsa
TEHAEHLUWIA, TaK 1 ACHYI0 MH(OPMAaLMI0 O COCTOSHUM MalUWHbl 4715 ee Nofb3oBaTtens.
OTueT 06 UCNbITAHWAX AO/KEH COAEPXaTb crefyloLne no3uumm.
» flaHHble gsuratens
- MpoussoauTesns
- Tvn 1 3aBOACKON HOMEp
- [op BbINycka
- NcxogHaa o6moTka/gata nepemoTku
- HomuHanbHoe HanpseHue
- HoMuHanbHbI TOK
- HomunHanbHas nonHas MoLHOCTb
- HoMuHanbHbIl KO3 hULNEHT MOLLHOCTW
- HomunHanbHas yactoTa
- Knacc n3onauun / makcumasibHas gonyctumas temneparypa 06mMoTkm
- Cuctema nsonaumu
- Cuctema / cpefia oxnaxgeHus cratopa
0 KocBeHHOe oxnaxaeHue/Bogopoal/yrnekmcnolii ras
o lMpsamoe oxnaxaeHue/so3ayx/sogopoa/soa
* ViHchopmaums o Bnagenble
- Bnageneuy
- MecTononoxexue
- YCcTaHoBKa
¢ Ycnosus paboTbil)
- Pexuvm paboTbl (MOCTOAHHBIA / MOBTOPHO-KPATKOBPEMEHHbIIA)
- MpuBoAHONA MHBEPTOP
- O6uee / v aKBMBaNEHTHOE YMC/O YaAcoB paboTbl Ha AaTy MCNblITaHUs
- O6LLee Yncno Nyckos, ecny BO3MOXHO, N0 OTAE/IbHOCTU ropsaYmnX, TensbiX, XON04HbIX
- ObLiee 4nCNo aBTOMATUYECKMNX BbIK/TIOYEHUI Ha faTy UchbiTaHns
- MakcumanbHas Temnepatypa 06MOTKM 1 COMYyTCTBYOLME YC0BUSA
- CpepHasa TemnepaTtypa 06MOTKM
- BaxHble co6bITVA Ha AaTy UCMbITaHNA
* Cxema vcnbiTaHus 1 obopygosaHune
- OnucaHune cxembl UCTbITAHUSA
- VicnbiTaTenbHoe o6opyaoBaHvie
¢ MNpowussoauTtens
o Tun
0 3aBogcKoit Homep
0 [lata kannbpoBKN 1 HOMep aTTecTara
0 EMKOCTb coeguHUTENBHOTO KOHAEHcaTopa (ecnu uveetcs)
- Monoca nponyckaHua cuctembl nsmepeHuma YP

PekomeHayeMble Ans o6ecneyeHuns ya0BNeTBOPUTENLHOW MHTEPNPEeTaLMM pe3ybTaToB UCNbITaHuii Ha YP.
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* YCNoBuA UCMbITAHUA
- VcnbiTaTtens
- llaTa ucnbiTaHusa
- BHelwHAs Temnepartypa npv ucnbiTaHum
- TemnepaTypa 06MOTKM cTaTopa
- OTHOCUTE IbHAsA BNAXHOCTb
- BHewHee aTmocepHoe aaBneHne
- COCTOAiHME MaLUWHbI / CTATOPHON 06MOTKM (CUCTeMa OXNaXAeHns, xnajareHT, gaBneHue)
* PesynbTartbl UCNbITAHNA
- ConpoTtuBneHune n3onaumm
- Pexumbl namepuTesibHbIX Npréopos
- YpoBeHb UCnbITaTe/IbHOro HanpshkeHns / Temn HapacTaHus
- Mpouecc JoBoAKN
- KoadhcpmumeHT nprBeseHns / KaIMGPOBKN COeUHEHUS, eCIM HE06X0ANMO
- YpoBeHb LWyma
- ICTOYHWKM BHELLUHUX BO3MYLLEHWUIA, €CNn N3BECTHbI
» PDIV. PDEV. Qm= f(U)
- Noporosoe 3HavyeHne PDIV n PDEV
- NMoBTOpAOLLEECA 3HAYEeHNEe Qm. ecnin U3BECTHO
- PacnpegeneHue uncna paspagos B 3aBUCUMOCTM OT (hasbl, €C/iv U3BECTHO
- Pacnpepgenenne amnnnTyabl pa3psgos B 3aBUCMMOCTU OT pasbl, €Cv U3BECTHO
- OcumnnorpaMmbl UMNY/ILCOB, €C/U UMEKTCA
- ®a3oBble gnarpammbl pacnpegeneHus YP, ecnu umerotcs
* BbiBOABI U peKkoMeHAaumm
- OCHOBbIBaKOTCA Ha
0 pesynbTaTax UsmepeHuii
0 CpaBHEHUU C npeablayLLnMy U3MepeHnAMN, ecim Te JOCTYMHbI
0 HabnaeHNsX B NpoLecce M3MepeHuii
0 1Ccnosnb3oBaHuK basbl faHHbIX 4718 onpefeneHns Npupoabl N3MepPeHHbIX YaCTUYHbIX paspanos

MpumeyaHne — Pe3ynbTatbl USMEPEHNIA PEKOMEHAYETCSH COXPaHATL B UCXOAHOM chopmarte Ans ygo6ecrea
1Mcnonb3oBaHus B ByayLiem.
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MpunoxeHne A
(cnpaBoyHoe)

M3MepeHusa YyaCTUYHbIX pa3pAaLoB Ha BKNHOYEHHbIX B CETb BpalwalLWnXca 3/IeKTPUYEeCKUX MallnHax

McnbiTaHWa Ha BK/IOYEHHbIX B CETb 3/IEKTPUYECKMX MallMHax BbIMOMHAITCA nNpu paboTe reHepartopa win gsura-
TeNnsa B HOPMasibHbIX YC/I0BUSIX. Takne UCMbITAHUS MOTYT NPOBOAWUTLCS C BK/IHOYEHHbIMW BPEMEHHO WM MOCTOSHHO CO-
eAVHUTENbHbIMK yCTpolicTBaMu. Takue ycTpoiicTBa paspaboTaHbl PasfIMyHbIMU OpraHusaunamMu 1 pag ns HUX umeetcs
B KOMMepueckoM fgocTyne. [letann BCex MeTOAOB, BaXHbIX ANA MPOMbILJIEHHOTO UCMOMb30BaHNSA, NPefyCMOTPeHbl B
IEEE 1434-2000 [1]. laHHbIli OKYMEHT COAEPXMUT LUMPOKOE O6GCYXAEHME U ONUCaHWE NPOUCXOXAEHUS, NOCNeACTBUIA 1
cnoco60B onpeAesieHnst YacTUYHbIX Pa3psAA0B C UCMNO/Ib30BAHNEM TEXHWUKM UCMbITAHWA NPY BKIOYEHHbIX U OTK/THOUEHHbIX
OT CeTU 3MIEKTPUYECKNX MaLLUUH.

naBHOE NperMyLLeCTBO U3MEPEHUIT Ha BK/TIOYEHHbIX B CETb 3/1IEKTPUYECKUX MallMHax COCTOMT B TOM. YTO MaluuHa
npu 3TOM HaxoAWTCA NoJ BO3AeiiCTBMEM TeMnepaTypHbIX, INEKTPUUECKUX, MEXaHNYeCKNX U BHeWHuX dakTopos. CooT-
BETCTBEHHO. €C/IN U3MEPEHNS NPOBefeHbl MPaBUIbHO, AaHHbI MeTo faeT Hanbosee HafdeXHblli NPOrHO3 0 fanbHewel
HaJeXHoW paboTe MalUuHbI.

McnbiTaHna Ha BKIIOYEHHbIX B CETb 3/IEKTPUYECKUX MaLlHaxX UMeoT crefylolne npeuMyLecrsa:

- NpaBU/ibHOE pacnpefeneHne HanpsHXKeHns B 06MOTKax;

- U3MepeHnsa NpoBoaATcA Npu paboyell Temneparype;

- NPUCYTCTBYIOT paboune MexaHnyeckme Harpysku.

MepBoe NpenmMyL,ecTBo yMeHbLIaeT PUCK NOSTYYEHUA U3/TMLLIHE NECCUMUCTUYHBIX Pe3y/ibTaToB n3MepeHus YP Ha ma-
LMHe, TaK KaK OHO AenaeT U3MepPeHUst YyBCTBUTE/IbHbIMU K Hanboiee 3/IeKTPUYECKN Harpy>XXeHHbIM 4acTsam 06MOTOK. BTo-
poe nNpenmyLecTBO Takke BeCbMa BaXHO, BBMAY 3aBMCMMOCTU YP oT TemnepaTypbl B 06MOTKax Bpallalowmnxcs anekrpuye-
CKMX MaLUVH, PaBHO KaK 1 B MHbIX N30MALMOHHBIX cucTeMax. MoOMUMO BUSIHUSA TemMnepaTtypbl Ha XapakTepucTkn NonocTe,
M3BECTHO CU/IbHOE BNSHWE U3MEHEeHNs TeMmnepaTtypbl Ha noBefeHne YP, peannsyemoe yepes Takne MexaHu3Mbl, Kak

- pasnimyne Mexpy OCeBbIM pacLIMpPeHneM MeHOro NPoBOAHMUKA U U30NALUN.

- pagnanbHoe paclimpeHne n30a8uMnM B TEPMONAACTUUHBIX U30/IALNOHHbIX CUCTEMAX.

COo0TBEeTCTBEHHO, BaXHO 06ecneynTb yBEPeHHOCTb, YTO YC/I0BUA paboThl MallWHbl OCTAOTCA TEMU Xe. 4TO U Npun
ucnbiTaHusax. OfHaKko B psfe cnyvyaes A1 aHanunsa pesynbTaTtoB n3mepeHus YP 6biBaeT Nosie3HO NpoBeCTU WUCMbITaHMA
npu pasnnyHbIX Harpy3kax n TemnepaTypax, YTo6bl pasgenutb BAUSHWE TeMnepaTypbl U BUbpaunmn oT a/1eKTPOMarHuTHbIX
CUA. feicTBYIOLWMUX Ha 06MOTKMN. OCHOBHbLIMW 3HAYMMbIMK NapameTpamMu paboTbl ABNAIOTCS:

- HanpshkeHne Ha Knemmax;

- aKTUBHAaA 1 peakTUBHAaA MOLLHOCTb;

- flaBfieHne BOAOPOAA, €CAIN NPUCYTCTBYET;

- TemnepaTtypa craTopa;

- TOK cTaTopa.

PyKoBOACTBO B OTHOLIEHUWN OTK/IOHEHWI A 3TUX NapameTpoB AaHo B IEC 1434-2000. BO3MOXHOCTb BbIMOMHUTL UC-
nbiTaHust Ha YP npu pa6oumx Harpyskax siBISieTCA OCHOBHbIM NPEUMYLLEeCTBOM WUCMbITAHWU Ha BKOYEHHbIX B CETb 3/1eK-
TPUYECKUX MalnHax nepeq UCMbITAHUAMMN Ha OTK/IOUYEHHbIX OT CETU MalmnHax. MNpu fOo/MKHBIM 06pa3oM NPOBefEeHHbIX,
npoaHasn3npoBaHHbIX U UHTEPNPETUPOBAHHbIX UCMbITAHUAX HA OTK/IOYEHHbIX OT CETU MallMHaxX BO3MOXHO 06CTOATENBHO
OLLEHUTb COCTOSIHWE W30M5LMUN, OHAKO OCTAHeTCs HeonpefeneHHOCTb, 06yCNoBAEHHaa TeMnepaTypoli U OTCyTCTBUMEM
3/1eKTPOMAarHUTHbIX cu. Mo 3TOl NPUYMHE B TakMxX UCMbITAHUAX He yAaeTca onpefenunTb HEMNIOTHYI0 ynakoBKy 06MOTKM,
noka uctupaHve noslynpoBOAHUKOBOI ONMETKN M3-3a OTHOCUTE/IbHOTO NepemMeLLeHNst 0GMOTKU WU CTEPXHS W XKeNe3oMm
cepAeyHunKa He CTaHeT 3HaUYUTEeIbHbIM.

OfIHaKO UCMbITAHUA Ha BK/IIOYEHHbIX B CETb 3/1€KTPUYECKUX MALUMHAX UMEIOT U paj HeJ0CTaTKOB:

- 3N1eKTPUYECKNe Nomexu:

- 06bEeM flaHHbIX

- UHTepnpeTauus.

MepBblii N3 3TUX HefocTaTKOB — npo6nema 3N1eKTPMYecKoro WwyMa — LWMPOKo o6cyxancs paHee. O6bem AaH-
HbIX MOXeT cTaTb Npo6aemoli Ana Npou3BoAuTENein 1 nonb3osarenei, Tpebys ncnbiTaHWs 60bLLIOT0 KOsIMYecTBa MaLluH,
ocobeHHO B cuTyauusx, Korga UHTepBasbl UCMbITAHWA COCTaBNAT HECKO/IbKO MecsueB. OTa npobnema ycyrybnsercs
npy MCNo/sb30BaHNN MOCTOSHHO BK/IIOYEHHOrO 060pYyAOBaHMA A1 UCMbITAHWUA BK/IIOYEHHbIX B CETb 3/IEKTPUYECKUX Ma-
WKuH. OYeBMAHLIM peLleHneM Npu 3TOM ABSIETCA UCMO/b30BaHME Pas3/IMYHbIX CNOCO60B CXaTuA faHHbIX U 06paboTkn
CUTHaNOoB, KOTOPble COOTBETCTBYIOT XapakTepHbiM npoueaypam o6paboTku AaHHbIX UCMbITaHWi Ha YP 1 usbupartenbHo
aHann3npyT OTKIOHEHWUS faHHbIX OT HOpM, Tpebylowme fanbHelwero BHUMaHus. 4as peweHnsa Takux 3agay B NpuH-
uune MoryT UCNosb30BaTbCA METOAbl HEPOHHbIX CeTel 1 IKCNepTHbIX cUCTeM. K CoxaneHuto, cerogHsallHee noHNMaHme
NPUYMH, MeXaHN3MOB W IBMIEHNI YaCTUYHOTO paspsaja He A3eT A0CTAaTOUYHbIX OCHOBaHWI AN NPUHATUS BCEOOBEMTIOLLINX
pelueHWit No aBTomMaTusaunm faHHbiX npoueccos. OyeBnaHa Heo6X0ANMOCTb fanbHelileil paboTbl B faHHOW o6nacTtu.
AHanornyHble KOMMEHTapMnM MOXHO OTHECTW K UHTepnpeTauun gaHHbIX. B To Bpems Kak OCHOBHble npasuia npeacras-
NeHnA AaHHbIX cofepxarca B ntepartype, cornacosaHbl ycunusmun CIGRE n hopmanunsoBaHbl B TEXHUYECKON bGpolutope
226 CIGRE [2]. nonHOe NoOHMMaHWe CMbIC/a U 3HaYeHUss permctTpupyemoro nosegexHus YP ewe He OCTUrHYTO. Bonpeku
npuTA3aHWAM Ha ycnex B cTaTUcTUYeckoii o6paboTke fgaHHbIX YP. nx aBToMaTn3MpoBaHHO pacwndpoBke 1 npeacrasne-
HUIO, AOBEPUB K HAM eLle He AO0CTUIO0 TOro YPOBHS, KOTOPOTo JOCTOMH UCKYCHBI 1 ONbITHBIV 3KCnepT.
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Mpunoxexne B
(cnpaBo4HOE)

HBanekTpuysckue metoAbl nsmepeHnsa YP 1 meToAbl onpeneneHna ux MectonosioXeHus

Hwxe nprBefeHbl MeTobl, KOTOPbIe He ABMAIOTCA CONOCTaBUMbIMU 1 KOSTMYECTBEHHBIMU.

a) BusyanbHoe onpegenexue. VcnbiTaHne B 3aTEMHEHHOM NOMELLEHUN NPU NEPEMEHHOM HanpshxeHun: onpegene-
He HaNn4ynsa 1 MeCcToMOsI0XKEHNSA NOBEPXHOCTHbIX PaspsfoB.

b) OnTuyeckoe onpegeneHune. VicnoiTaHne ¢ ynbTpadmoneToBbiM 060pyA0BaHMEM [CM. NepeyncneHne a)).

c) AKycTuuyeckoe ornpegesieHve. VcnbiTaHve Npyu NepemMeHHOM Hanps>KeHUM B 3aTyLIEHHOM MOMELLEeHMN: onpe-
fleneHne MecToMno0XKeHN HEBOOPYXEHHbIM YXOM WM C NOMOLLbIO 3BykOBOAa (C 3/1EKTPUYECKOIA 3awuToit), Hanpumep
N30/IMPOBaHHbLIM cTeTockonom. CregyeT OTMEeTUTb, YTO 06bIYHO TakMM CNocoboM B ABUraTensx ¢ KOpnycHol usonsauuen
HEeBO3MOXHO onpeAenuTb HeOCTAaTOUYHO akTUBHble YP.

d) YnbTpa3sykoBoe onpegesneHune. MicnbiTaHne c ynbTpas3BykoBbIM 060pyaoBaHneM [CM. nepeuncneHue c)l.

e) OnpefenexHne No Hannuuio 030Ha. MpPUCYTCTBME MOBEPXHOCTHLIX PaspsifjoB Bbi3blBAET XMMUYECKUE peakuum.
OAHWUM 13 COMYTCTBYIOLMNX NPOAYKTOB NpU peakuun SBAAETCS 030H, KOTOPbIA 061agaeT xapakTepHbIM 3anaxoM.
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MpunoxeHne C
(cnpaBoyHoe)

BHeLwwHui wym, noMmexnm n 4yBCTBUTEJIbHOCTb

C.1 Ob6wue cBefeHus

Lym n nomexn MoryT 6bITb OnpedesnieHbl Kak HexenatefnbHas cocTaBnsiolas aHaM3NpyeMoro 3/1eKTpuyeckoro
curHana. OcCo6eHHOCTN namepeHnuii YP TpebytoT, 4Tobbl LWyM 6bla KNacCcM@ULUMPOBaH Kak Bbi3BaHHbI/ BHELHUMY NOMe-
Xamu atpubyT, npucywmnii cpegcteaM n3MepeHuii. BHelwHne noMexu oT NOCTOSIHHLIX BOMIHOBbLIX WM NyNbCUPYIOLLUX UC-
TOYHMKOB CYyLLECTBYIOT B BUAE KOHAYKTUBHbIX 1 apMpHbIX. CyllecTByeT TeCcHas CBA3b MeXAy YyBCTBUTE/IbHOCTbIO, LWYMOM
1 nomexamu. MoaToMy HEBO3MOXHO 06CYXAaTb MO OTAENbHOCTM 3TU TpKU napameTpa. [MOCKONbKY UCAbITAHWUA C OTK/O-
YEeHHbIMMN OT CeTn ABUraTenamMmn Ui UCNbITaHNSA Ha NPOU3BOACTBE 0ObIYHO yXe npegnonaralT onpefesieHHble cpeacTea
N3MepeHwuii, B cneaytolnx pasgenax cogepxarca Nnwb oCHoBononarawwme npobaemMbl 1 cnocobbl Ux peLueHuns.

C.2 YyBCTBUTE/ILHOCTb

YyBCTBUTENIBHOCTb YCTPOCTBA 4/15 onpegeneHust YP MOXeT 6biTb NPUGIMKEHHO OnpesesnieHa Kak OTHoLEeHe dak-
TUyeckoii aHeprum YP B MecTe ero BOSHUKHOBEHUSI K 3HEPrumn, ocTureli gaTinka B MecTe ero ycTaHoBKU. B MOMEHT BO3-
HWKHOBEHMSt YP Bce U3MepuTenbHOe 060pyfoBaHNe, YCN0BHO NpefcTaBneHHoe Ha pucyHke C.1. cofepxallee eMKoCTH,
TpaHccopmatop (/of), npoBoAgHuKM (/of), coeAnHMTENbHOE YCTPONCTBO (/0f.) U COBCTBEHHO MCMbITYeMbli 06bekT (/oa,,),
yyacTByeT B npouecce YP. O4eBUgHO, CyMMa BCeX COCTaB/ISIOLLMX TOKOB, C YHETOM He NokasaHHbIX Ha PUCYHKE napasnT-
HbIX. paBHa TOKy B MecTe paspsga: /og = /of +/op +iPDc + iPOs. COOTBETCTBEHHO, OTHOWeHWe /og”/og * /op + ipos).
T. €. OTHOCUTENIbHOE CMeLLEHMe 3apsfa Ha COeAVHWUTEeNIbHOM KOHAeHcaTope, OTpaxaeT YyBCTBUTE/IbHOCTb U3MEPEHUS
W. TakuM o06pas3om, YeM 6osiblue eMKOCTb COeUHUTENbHOK YCTPOICTBA, @ NPpU 3TOM — U OTHOLIEHUE COeAVHUTENIbHON
€MKOCTW K EMKOCTW UCMbITYEMOrO 06beKTa, TeM Bbllle YYBCTBUTENIbHOCTb U3MEPEHNS.

Moatomy, BbiGMpas KOHAEHCATOP COeAUHUTENILHOTO YCTPOWCTBA, CnedyeT OXuAaTb C POCTOM €ro eMKOCTY yBenu-
YEHUA YyBCTBUTENbHOCTU. [laHHbIli KOHAEHCATOp, NO KpaliHel Mepe, JO/KEH COOTBETCTBOBATbL NOIOCE NPOMYCKaHUS N3-
MEepUTENbLHOro YCTPOICTBa 1 ero umnegaHcy Zm.

s y DK y ry sm .y = ®y -y . - o« Y y *

1 2 3 4 6

1-- TpaHcdopmarTop v BCrioMoraTesibHble Lienu; 2. 4 —/WNHAK; 3 — WUCTIbITyeMblil 06BeKT; 5 - coeAnHUTE/IbHOE YCTPOIACTBO, U{l) — unc-

nbiTate/lbHoe HanpsbxeHe (BTOpUYHOE HanpsbkeHve TpaHcdopmaropa); Up _ MepBUMYHOE HanpsbkeHve TpaHcgopmaropa; CL — napa-

3UTHasA eMKOCTb SIMHWK; CS —eMKOCTb 06bekTa McrbiTaHus; Cy —napasuTHas eMKOCTb TpaHchopMaTopa; ippjl) - nepexoaHbiin UP Tok
yepes TpaHchopmaTop; —nepexoHblii YP ToK Yepes coeAyHUTE IbHOE YCTPOICTBO

PucyHok C.1 — CocTaBnsiolyue Toka paspsija UcnbiTyeMoro o6bekra

C.3 WWyM 1 OTHOWEHNE CUTHAN—LIYM

CyMMapHblii WYM B 3/1EKTPOHHbLIX CUCTEMAaX OnNpefensetcs ABYMS pas/IMyHbIMW COCTaBAAIOLWMMN: OCHOBHON
[06aBoYHOI. OCHOBHAs COCTaBMALWAA WyMa BO3pacTaeT U3-3a NepeMeLleHns ANCKPETHLIX 3apsiA0B B 3/1IEKTPUYECKUX
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Lenax n He MOXeT 6biTb NOMHOCTLIO ycTpaHeHa. [l06aBOUYHYI0 COCTABAAILLYIO YBEMUMBAET HekaueCTBEHHOe M3Mepu-
TefnbHOe 060pyAoBaHNe n HenfeanbHas paboTa 3/IeMeHTOB CXeMbl; aHHAas cCoCTaBAAWas MOXeT 6bITb yMeHbLUeHa [0
He3HauuTeNbHOro ypoBHa. O6e cocTaBnsowme, B NPUHLMUNE, UMEIOT aMNIUTYAy, HE CBA3aHHYI C 4acTOTON. MocKonbKy
fo6aBoyHas cocTaBnAlLLasn LWyMa 3aBUCUT B OCHOBHOM OT KOHCTPYKLUKN U3MepUTeNbHbIX NPMG0POB, OHa NWLb B Masnol
CTeneHn 3aBUCUT OT AeNCTBUIA NnepcoHana npv npoeeseHnn YP nsMepeHuii, noaTomy BaasbHellleM He paccmaTpusaeTcs.

OcHOBHasl cocTaBfsiowWan WyMa onpeAenseTca rnaBHbIM 06pa3oM TemnepaTypHbIM WyMOM (Wym [)XOHCOHA) U
Bbl3BaHa TEPMMUYECKUM MepemMeLleHneM AUCKPeTHbIX 3apsfoB. [poxoAs yepes cONpOTUMBAEHUE, ABUXYLLMeCa 3apabl
BbI3bIBAIOT MNafleHne HanpsXXeHUs, KoTopoe BOCMPUHUMAETCA Kak WyM Ha 3fieMeHTax cxeMbl. O4eBUAHO, YPOBEHDL Lyma
pacTeT C noBbileHneM TeMnepaTypbl (6onee 6bICTPOE TEPMUUECKOE ABMKEHNE) 1 C NOBbILLEHNEM CONPOTUBEHNSA (60/b-
e nageHne HanpsXXeHWs Ha Hem).

Mockonbky Bce YUP nameputenbHble cuctemMsl, cooTBeTcTByowme IEC 60270. paboTaloT B NPUHLKNE C KBa3N-UHTe-
rpanbHbIMy hnabTpaMu, nosoca NpPonyckaHna n3mepuTenbHbIX NPU60POB onpeaensieT ofMHaKoBOe NMPOXOXAeHNe curHa-
na n wyma: yem 6osblue nonoca NpPonyckaHus, Tem 60/blIas aHeprus curHana mMoxet 6biTb 3adukcuposaHa. Moatomy
BbIXOAHOI CMTHaN Takoro HTerpaTopa pacTeT C yBe/IMYeHnem nosiocbl NPonyckaHWs, YTO BbipaXaeTca B POCTe Kak cur-
Hana usmepsiemoro YP. Tak un wyma. OfHako, B OTNYMB OT aMNNTYAHO-4AaCTOTHOrO cCnekTpa namepsiemoro YP. KoTopblii
He MeHseTCA BNAO0Tb 40 BECbMa BbICOKMX YACTOT, CNEKTP TEPMUYECKOTO LyMa YMeHbLIaeTCa C yBe/IMYeHNeM YacToTbl.

MockobKy BbIXOAHOW CUrHan NosI0COBOro huabTpa NPONOPLMOHAEH WMPUHE NOM0CHI NponyckaHusa ana YP um-
nynbca 1 NPonopLVOoHasIEH KOPHIO KBaApaTHOMY MOJIOCkI NPONYCKaHNA TEPMUYECKOTO WyMa, COOTHOLLIEHNE CUTHaI—ILLYM
SNR pacTeT npMmMepHO NPONOPLNOHANBHO KBAAPATHOMY KOPHIO LUMPWHbBI NOIOCHI NPONYCKaHWA — YeM 60/blue WnpuHa
nonocel nponyckaHus, Tem 6onbe SNR.

OnucaHHble B fJaHHOM pa3sfjesie COOTHOLEHUSI MPUroAHbl ANA COeAMHUTENIbHOTO YCTpoiicTBa € (PMKCUPOBAHHbLIM
3HauYeHWeM COnpoTUBAEHUS U3MEPUTENbHOrO pesncTopa. Takoe YyCTPONCTBO MMeeT (DUKCUPOBAHHYIO HUXHIOKW 4acToTy
cpesa 1 NO3TOMY NOAXOAWUT ANS OAHOTO KOHKPETHOro NpMMeHeHus. YTo6bl CHM3UTL 4acToTy cpe3a, Heo6Xo04MMO yBenu-
YNTb COEAUHUTENbHYI0 eMKOCTb. Bonbline coegnHUTeNbHbIE 3BEHbA OnpeAensloT 60Mblne TOKM Yyepes AaTuuk u. cne-
foBaTenibHO. 60/blUNE BbIXOAHbIE CUrHAbI. [T03TOMY yCTpoiicTBa, paboTaloLme B HKHUX AnanasoHax YacToT ¢ Masoi
LUIMPUHOIA NOMOCHI MPOMyCKaHusl, MOTYT UMeTb TO Xe 3HadeHne SNR. 4TO M BbICOKOYACTOTHble YCTPOICTBA C LUMPOKOW
NnosIocoi nponyckaHus.

C.4 Momexu

B gaHHOM pasfefnie NpoBOAMTCS pasninume Mexagy nomexamu M LWyMOM B KOHTEKCTe WX npupogbl. [omexu BO3-
HUKAKT CMOHTAHHO UM NEPUOANYECKN OT BHELIHMX UCTOYHUKOB, Hanpumep npeobpasoBaTteneii, npocajok HanpsXXeHus,
6/71M3K0 pacnosioXeHHbIX KOPOHHbIX pa3paaoB. Mpy ycTaHOBke 060pyf0BaHUS A1 UCMbITaHUA Ha YP OTKIOYEHHbIX OT
CeTU 3NeKTPUYECKMNX MaLLUH AOKHbI ObITb NPUHSATHI MEPbI N0 YCTPAHEHWUIO HEraTUBHOIO BAUSIHUS NoMex. B Takux ucnbita-
HUSIX HEKOTOpPble BHELUHUE WCTOYHUKN MOMEX He CTOJIb KOUTUYHbI, K&K B UCMbITAHUSAX BK/TIOUYEHHbIX B CETb 3MIEKTPUYECKUX
MaLlunH. Psig o6wWwmx npaBui No yMeHbLUEHUO BAUSIHUSE MOMeX NpuBeaeH B pasgene 9.1.6.2.
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MpunoxexHne D
(cnpaBoyHoe)

MeToAbl YyMEHbLUEHNA NOMEX

D.1 OrpaHuyYeHue 4acTOTHOrO gnanasoHa

Npes faHHOro Metofa COCTOMT B TOM. YTO YACTOTHbI CNEKTP BHELUHUX MOMEX He MMeeT MOCTOSIHHOro xapakrepa,
nofo6HOro npefcTaBfeHHOMY Ha pucyHke 1cnekTpy UP nmnynbcos.

YT06bl YMEHbLUTL BAUAHME TakMX NOMEX HA WU3MEPMUTESNbHbIE LEenu, MOryT 6biTb MCMOMNb30BaHbl Y3KOMNOMOCHbIE
(5.4) cuctembl € nonocoi nponyckanus ot 9 kly go 30 kly. MNMepemelwas LeHTpasibHY0 YacToTy Mexay noMexamu Hau-
60NblUell aMNAUTyabl, BANSAHWE NOMEX MOXHO 3HAauyMTesIbHO 0CNabuTb. VI3MeputenbHOe YCTPOMNCTBO MOXeT 6biTb Nojo-
6paHo K yC/I0BMAM UCMbITAHUSA.

D.2 MackupoBka ha3oBbIX gnarpamm

CTabusibHble ()a3Hbie MOMEXN MOTYT 6biTb YCTPAHEHbI MYTEM UCK/TIOUEHNS UX. YTO WIJIIOCTPUPYeTCs pucyHkamu D.1
1 D.2. 3T0 MOXeT 6bITb JOCTUTHYTO 3M1IEKTPOHHLIMW CPeACcTBaMU NyTeM G/I0KMPOBKU U3MEPUTENLHOTO KaHana Ha npejsa-
pUTENBLHO ONpefeieHHbIX (Da30BbIX OKHax. HE06X0AMMO NOHMMATb, YTO TakUM 06Pa30M MACKUPYETCS Kak CUTHasT MOMEXM,
Tak 1 nosesHblii curHan YP. a Uck/loUeHHble faHHble 6e3B03BPaTHO TepstoTCs.

8.50

L.Lifol §.L
PT

-8.50
180 Fpagycebl 360

PucyHok D.1 — [lnarpamma 6e3 MackvpoBKu

0.3 MaCKI/IpOBKa nyTemMm nepeknrwyeHns Ha curHan wyma

Mpu faHHOM cnoco6e u3mMepuTesibHas Cxema Ao/MKHA 6blTb YKOMMNIEKTOBAHA MO KpaiiHell Mepe ABYMS BXOAHbIMU
KaHanamu: KpomMme N3MepUTENLHOTO HEOGXOAMM BTOPOI, paboTatownii B pexume cTpobupoBaHus. Mpu nponyckaHum cur-
Hana BTOPbIM KaHA/IOM, HACTPOEHHbLIM TOYHO HA MCTOYHUKM MOMEX, NEPBbIii KAHAN B TEUEHWE 3TOTO NEpPUOA He paboTaeT.

D.4 OnpepeneHue WwWyma U3MepeHUeM BpeMeHN pacnpocTpaHeHus curHana

MMnynbc YacTUYHOTO paspsiia pacnpocTpaHseTcsi, Kak BOSHA, Yepe3 WCMbITyeMblli 06bekT u kabenu. Moatomy
[laHHbI UMNY/IbC OKa3biBAETCS B Pa3/IMYHbIX MecTax B pasnunuHoe Bpems. [1pu ycTaHOBKe ABYX COeAUHUTENbHbIX YP
YCTPOMCTB B Pa3/IMUHbIX MECTaX MOXET 6biTb 3aMKCMPOBAHO HAaNpPaB/EHWE PACNpPOCTPaHEHUs MNybca. BHewHue YP
CUTHasbl, PaBHO KaK W BHeLUHWe NMoMexu, TakuM 06pa3oM MOryT 6biTb OTAesIeHbl OT UP CUrHaNoB UCMbITYyeMOro o6bekTa.
EC/n BHELLIHME NOMeXV MHTETPUPYIOTCS B UCTIbITYEMBbIi 0GbEKT. OHM 1 paclunpoBbIBAlOTCA kak UP 1CMbITyeMOro o6bekTa.

0.5 [ByXKkaHanbHbI auddepeHunanbHblii MeTos

Ecnu BHelwHVe curHansl n curdan YP B n30n8L4un NPOXoasaT Yepes NCMbITYeMblil 06beKT 1 CoeUHUTEIbHOE YCTPOiA-
CTBO. OHM MOTYT ObITb U3MEpPEHbI B ABYX MecTax.

OyeBNAHO, NafeHne HanpsHXKeHNa Ha 060MX N3MePUTENbHbIX COMPOTUBNEHNAX UMEIOT OAHY U Ty Xe NMONSPHOCTb OT
BHELLUHWX UCTOYHMKOB M NPOTMUBOMNOJIOXHY — OT YP B ncnbiTyeMoM 06bEKTE, Kak NokasaHo Ha pucyHke D.3.

Bo3mMOXHbl ABa BapuaHTa NPUCOEAUHEHUA W3MEPUTENIbHOTO YCTPONCTBA K HW3KOBOJSIbTHBIM COEAWHUTENbHbIM
ycTpoiicTBam.

MepBblii NpegnonaraeT M3MepuTesibHOE YCTPOWCTBO C ABYMS BXOAAMW, KaXAblil ANS CBOEro COefUHUTENIbHOro
yCTPOiiCTBa, M3MEPSIOLLEro COOTBETCTBYOLEEe NajeHne HanpskeHusi. C yyeTom MONAPHOCTW, BHELLUHWe CUrHabl MOryT
CO BPEMEHEM McYe3aTb.
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Cs — eMKOCTb 06bekTa UcnbiTaHnsa. CA— COefJMHUTENbHbI KoHAeHcaTop: ZmJ. ZA — W3MepUTe/bHble CONPOTUBEHNSA COEAUHNTENb-
HbIX 3aCHbeo. ipD/t) - YP Tok. Bbi3BaHHbIi YP B ncnbiTyemMom o6bekTe: 'soBATC, '* nyTb ,0ka O coegMHUTENbHOM yCTpoiicTBe OT
BHELWHUX NCTOYHUKOB YP;ipD"$(1) — UP ToK uYepe3 McnbiTyeMblil 06bEKT OT BHEWHNX NCTOYHNKOB YP

PucyHok D.3 — VIMNybCHbIE TOKW MO N3MEPUTENbHBIM Liensim

BTopoii cnoco6 cocTouT B NprcoeanHeHnn n3mepuTeibHOro yCTpoiicTBa K BEPXHUM BbIBOAAM COEAUHUTE bHbIX CO-
NpoOTUBNEHWIA. ECIM NPUHATL OANHAKOBBIMW N3MEPUTE/IbHbIE CONMPOTUB/IEHNS M OTCYTCTBME (DA30BOrO CABUra TOKOB Yepes
[iBe Lenun, n3mepeHHas pasHOCTb HaMPsHXKEHUI 4N N3MEepPEHHbIX BHELIHWUX CUTHANO0B U MOMEX paBHa Hynto, a Ana YP ans
MCMNbITYEMOro 06bekTa paBHa fBONHOMN.

D.6 MopaBneHue He3aTyxalowWmnX CUTHANOB UMD POBLIMU (UIBTPAMYU

HesaTtyxatLuiue CurHanbl Wyma B aHHOM KOHTeXCTe nMpeAcTaBnsoT co60i y3KONO/IOCHbIe CUTHabl CUHYCcOoMAarb-
HOIl chopMbl, HaNpumep Hecylre 4acToTbl pagumocTaHuuii. MOLWHBIM METOAOM NOAABMEHNUA Takux CUrHanoB ABASiETCS
yCTaHOBKa LNPOBbIX (PUNbTPOB BbICOKOTO MOPSAKa, HACTPOEHHbIX HA Te NO0Chl YacToT, B KOTOPbIX 3aMeYeHbl CUTHasbI
nomex. Takne hunbTpbl NPUMEHADTCA C LU POBLIMU U3MEPUTENbHBIMW YCTPOCTBaMK B BUAE BCTPOEHHbIX B HUX anropuT-
MOB. 10 CpaBHEHMIO C Y3KOMOMOCHbIMY U3MEPUTENIbHBIMI CUCTEMaMK, ONUCaHHbIMU B Mpunoxernun D.1. npeumyLecTBo
cUCTeM € LnchpoBbIMU (UNbTPAMU COCTOUT B GOJbLUEA MOLLHOCTY n3MepsieMoro B 06mMoTke YP curHana, a cnefoBaTesibHO
B 60/1€€ BbICOKOM COOTHOLLEHWM cUrHan—iuym. Kpome Toro, coxpaHseTcs nHhopmauuns 0 NoASPHOCTU UMMNYbCOB.

UYTo6bl HMBENNPOBATL HEXenaTeslbHble CUTHasIbl, HEOO6XOAMMO 3HATb UX YACTOTy. [03TOMY AaHHbI MeTof TpebyeT
4acTOTHOrO aHanusa curHanos. OnpegeneHne KoadhUUMEHTOB (UIbTPa OCHOBAHO Ha aHanuse ob6nacTu wyma B Ya-
CTOTHOM AnanasoHe, NO3BONSAOWEM 3aPUKCMPOBaTb U OLLEHUTb KOJIMYECTBEHHO 3TV YaCcTOTbl U B NOCNEAYIOWEM CHU3NTL
Wwym. Takum 06pa3om, onTuMasbHble napaMeTpbl PUIbTPa 3aBUCAT OT 060pyAOBaHMUSA, C KOTOPbIM MPOBOAATCS UCMbITAHNA
Ha YP.

Vi3mepeHHble B MCMbITaHNAX curHanbl YP Bnocnefctesnm obpabaTtbiBaloTCA C y4eTOM COOTBETCTBYIOLMX XapakTe-
pPUCTUK unbTpa.

D.7 MopasnexHne wyma metogamu o6paboTkn CUrHanos

MMNynbCHbIM WYM Ha NPOU3BOACTBE MOXET GblTb 06YC/IOBNEH PAAOM hakTOPOB, HANpMMep KOPOHHbLIM pa3psafom
(4P BHe ucnbITyemMoro o6bekTa) UM UMNybCamMu oT 3NEeKTPOHHbIX YCTPOICTB, Takux kak Bo3oyauTenu.

YMeHbLUEHNE UMMYNbCHOTO WyMa roXeT 6biTb AOCTUTHYTO Ha OCHOBE aHanu3a (hopMbl UMMYIbLCOB. B geictBu-
TeNbHOCTU hopma UMNynbCOB UP 1 noMex pas3fimyHa, COOTBETCTBEHHO OT/INYAETCH W YAaCTOTHbIV CNEKTP B 3aBUCUMOCTU
OT NPUPOALl UCTOYHUKA MMMYNLCOB W NepefaToYHON XapaKTePUCTUKN 3BeHA NEPESaUn CUrHana oT UCTOUHMKA K YyBCTBU-
Te/IbHOMY 3/71eMeHTy. Hanpumep, uMnynbCbl 0T BO3GYANUTENA cofepxaT 6osee HU3KNe HacToTbl, YeM UMNYNbCbl YP n30-
NAUMOHHOW CUCTEMBI.
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Takoii noaxop TpebyeT o6opyf0BaHUs, CNOCOGHOTO 3admkcnpoBatb hopmMy no6oro oguHouHoro YP {o6ecneuexmne
nogxogsiieii Nonockl NponyckaHus, 6eicTpoeincTerne 1 NnamaTb, CNOCOBHOCTL PUKCHPOBATL UMNYNLChI B YC/IOBUSAX Nepe-
KMIOYEHUI ¢ ManbiM BpeMeHeM 3afepXxkn}, a Takke afekBaTHOro NporpammHoro obecneyeHus. s yMeHblUeHUA BAUS-
HWA NOCTOSIHHOTO JOMNOIHUTEBHOTO LyMa aMNNTYAHO-4aCTOTHasA XxapakTepucTuka fgeTekropa fo/hkHa COOTBeTCTBOBaTb
noaxoAawmnm unbTpam.

Knaccuduuympys kaxgablii UsmepeHHblii UMNynbC B COOTBETCTBUM C HEKOTOPLIMU €70 XapaKkTepHbIMK napamMeTpamu,
Hanpvmep LWWPUHOW, (hOPMOIi, XxapakTepucTukamu 3atyxaHus v T. N, BO3MOXHO oTAennTb YP umnynbcbl B UCMLITYyEeMOM
06beKkTe OT MOCTOPOHHMUX N OTHECTU KaXAbli MMNY/bC K ONpefesieHHO PacnosioKeHHOMY UCTOYHUKY YP Takas knaccu-
drkauma MoxeT B ganbHeliwem obecneuntb apheKTUBHbIA aHann3 kaxgoro NCTodHnka YP. Hanpumep ANs BblSBIEHUS
TEeHAEHLMA ero passnTms.

B o6wwem cnyyae npoueaypa otaenenns YP nMnynbcoB OT LWymMa MOXeT COCTOAThb B Cefylolem:

- 3aMnCb AOCTATOYHO 60/bLIOrO YMCca UMNY/bCOB:

- BbISIBJIEHWE A/151 K&X0r0 3anMCaHHOro MMnyibca XapakTepHbIX YepT, MO3BOSAIOWMX 3aMeTUTb pasHuLy mexgy YUP
N BHELHUMMN UMNybcamu:

- pasfeneHvie nofo6HbIX UMMYNLCOB MO rpynnam;

- nonlydeHne ans Kaxgow rpynnsl pazoBoit UP guarpammbl;

- oT6bpacbiBaHWe UMMYbLCOB, KOTOPbIE NO3BOMAIOT OAHO3HAYHO accoLuMnposaTthb a3oBble grarpammsl YP ¢ Lwymom;
AaHHasA npouegypa MOXeT NPOBOAMTLCA aBTOMATUYECKN UK YyCUNAMK ONbITHOTO cneyuanncra.

Ha pucyHkax D.4 n D.5 npeacTaBnieHo ABa npuMepa knaccudukawmm nMnybCcoB B COOTBETCTBUN C X 3KBUBASIEHT-
HbIM BpemeHeMm T W WWUPKUHOI nonockl W. OnpegeneHne AaHHbIX NapaMeTpoB COAEPXUTCSA B CTaHAApTHOW nnTepatype
no TeNIeKOMMYHUKaL M.

\ W, Ml'y

0B
10.0

9.0
6.0
7.0
6.0
5.0
4.0

30
2.0

465.9 6000 800,0 1000.012C0.0 14C0O.0 1625,4

daza rpag 7. HC
a) MonHas gHarpamma b) Bpems-yactoTHoe pacnpefeneHve
c) YacTtuke s gnarpamma 1 d) YactnuHasa guarpamma 2
BHyTpeHHve paspsgpbl PaBHOMepHO pacnpeeneHHbIi Wwym
PucyHok D.4 — Tlpumep wymonogasnieHns
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dasza, rpag,
3) MonHasa gnarpamma b) Bpemsi-uactcTmoe pacnpegeneHve
umnynbca
0,04
el e e ey e I
45 90 135 180 225 270 315 350
®da3sa, rpag, ®a3sa, rpag,
¢) MactnuHasa gnarpammva 1 Buytpe»*«us < YacTtnuHas guarpamma 2
paspsabl o NOMOCTAX MepekpecTHble nomexu

PucyHok D.5— TlpumMep BblgeneHus nepekpecTHbIX nomex
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Mpunoxexne E
(cnpaBoyHoe)

MHTepnpeTauunsa gaHHbIX no amnautyge YP n cpasoBbiM gnarpammam YP

E.1 PykoBogcTBO no uHtepnpetauun YP anarpamm

E.1.1 Mpumepsbl YP gnarpamm

B npaBn/ibHO OpraHn3oBaHHbIX N1abopaTopHbIX YC10BuAX [5] 6b1/1M NpoBeAeHbl N3MEPEHNS, NO3BO/IMBLLVIE XOPOLIO
3adhmkcmpoBaTth npouecc YP. ®a3oBble - g - /1 AnarpaMmMbl NPeACTaBAAT KapTUHY U3MEepPEeHHbIX YP ¢ nomoLbio cooT-
BETCTBYIOLLMX CPEACTB. BO3MOXHO conocTaBieHne gnarpamm, oLeHka oTanunii B nx popme, yactoTbl UP v Apyrux xapak-
TepucTuk. MokasaHHble HXe gnarpamMmmbl MOTYT NpeAcTaBAsATb NPOLECChl NPU Pa3/IMYHbIX NCTOYHMKaX YP.

MpuBeseHHble HA pucyHke E.1 gnarpammbl UP 6b1M NOYyYeHbl NPy NMOMOLLM HU3KOBOSIbTHOTO COEAUHUTENBHOTO
YCTpOIicTBa, BK/IOYEHHOTO MO CXeMe Ha pPUCYHKe 5a.

103

Paspsaabl B 1060BbIX Y4aCTsAX 06MOTOK
0 MoBePXHOCTHbIE paspsifpbl B TOGOBbLIX
yacTsX B pesy/ibTare 3arpsisHeHust
NOBEPXHOCTN U30/ISALMA-BO3AYX

-103
o - 180 360
pagycol
51.6
Paspsagbl B N1060BbIX YacTax 06MOTOK
Pa3psgpl B coeuHEHUsAX NpoBoaAaLLEero
Na3oBOro NOKPbITUA U KpUTUYecKoe
COCTOSIHME NOKPbLITUA N3-3a HapyLUeHns
€ro NOBEPXHOCTHbIX CBOWCTB
-51.6 |
o 180 B0
pagycol

PucyHok E.1 — Mpumepsbl gnarpamm YP
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E.1.2 OueHKa OCHOBHbIX ONacHOCTeW
Tabnuuya E.1 oTHocKTCA K pasgeny 4 (Npupofa YacTUYHbIX Pa3psA0B BO BPaLLAKOLWMUXCA 3N1EKTPUUYECKUX MallnHax)
1 COAEPXNT 6a30Bble COOBPAXEHNS, OTHOCSLLMECS K ONACHOCTSIM, CBSI3aHHLIM C OCHOBHBIMMW UCTOYHMKamMn YP.

60
Mpapgychl

Tpagycel
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Pas3psabl B N1060BbIX 4aCTAX 06MOTOK

Paspsagbl B 3a30pax Mexzy NpoBOAHMKaMM

N0BOBbLIX YaCTEN UMK MEXY CTEPXKHAMM
1 apmaTypoil cepaeyHmka

Paspsifbl BO BHYTPEHHUX NOMOCTAX
Paspsiabl BO BHYTPEHHMX MOIOCTSIX OCHOBHOM
n30n1suMn

Pa3psifbl B paccnoeHusix
Paspsfpbl U3-3a paccrioeHnii Mexay
OCHOBHOWA M30M15ILMEN 1 MefHbIM
MPOBOAHUKOM

Ma3oBble paspagbl
Ma3oBble paspsaapl B BO3AYLLUHOM 3a30pe
MeXay LUMXTOBaHHbIM CepAEYHUKOM cTaTopa
N ero CTEPXXHEM

PucyHok E.1. nuct 2
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Ta6nunya E.1 — CTeneHb onacHOCTW, CBA3aHHAsA C UCTOYHMKOM YP BO Bpaljalowmxca mawmnHax

McTouHmk YP

BHyTpeHHne nonoctu
4221

BHyTpeHHee paccnoeHune
4.22.2

PaccnoeHune mexay npo-
BOAHVKOM U n3onsauunei

4.2.2.3

Ma3oBble pa3paabl
4.2.3

Paspagbl B/1060BbIXYACT AX

N NOBEPXHOCTHbIE paspAaabl
4.2.4

MpoBogsLLMe YacTuLbl
4.2.5

CreneHb
ornacHocTn

Huskas

Bbicoxasn

Bbicokas

Bbicoxasn

CpepgHas

CpegHss

MpumeyaHua

BHYTPEHHME pa3psibl BO3HWKAIOT BHYTPM 06Pa30BaBLUMXCA B OCHOBHOW
M30/1514UN NonocTeld, HaNO/THEHHbLIX BO34YXOM WU ra3oM.

Monoctn 06pasyoTcs Npu NPOU3BOACTBE U HE ABNATCA MPU3HAKOM CTa-
peHusi. B HOpMasnbHbIX YC/IOBUAX BHYTPEHHWE pa3psifbl He NPUBOASAT K
YCKOPEHHOMY CTapeHuto.

[JaHHble paspsabl BO3HWKAIOT BHYTPM 06pa3oBaBLUNXCS B OCHOBHOW U30-
NAUMKN YAIMHEHHbIX B NPOAOSILHOM HanpaefeHun nonocrteil, HanosnHeH-
HbIX BO3J4yXOM W/W ra3om.

MonocTn YacTo BO3HMKAIOT B pe3y/ibTaTe neperpesa Uim Ype3mMepHbix Me-
XaHUYECKNX YCUNUIA, 4TO NMPUBOAUT K PACC/IOEHNIO N30ALMN HA GONbLUOI
nnowaam.

[JaHHble pa3psgbl BO3HUKAIOT BHYTPW HANO/THEHHbIX BO34YXOM W/IM Fa3oM
YO/WMHEHHbIX B NPOAO/ILHOM HanpaBfieHUM NonocTell, o6pa3oBaBLLIMXCS
MexX/y OCHOBHOIi U30/1sLMeli U BbipaBHUBAIOLLMM MOJE NPOBOAALMM Ma-
Tepmasnom.

MoNoCTM YacTo BO3HMKAIOT B pe3y/ibTaTte Neperpesa uam Ype3MepHbIX Me-
XaHWYECKUX YCUMUIA, YTO MPUBOAMUT K PACCMIOEHMIO U30/ILMN HA GOMbLUION
nnowagm.

Ma3oBble pa3psfbl 06pasyloTCcs 1U3-3a OTCYTCTBUSA WM NIOXOT0 KOHTaKTa
MeXAy BblpaBHMBAIOLMM C/I0EM U CTEHKOW flasa cratopa.

OO6bIYHO Takve paspsfbl BO3HMKAOT Npu paboTe maluunHbl. VickpeHue, pe-
rMcTpupyemoe Kak nasoBblil pas3psad, o6pasyeTcs nog BAUSAHUEM 3/1€KTPO-
MeXaHU4YeCckux ycunuii u subpauumn. rNpu n3mepeHnsax Ha oTKIIOYEHHO! oT
ceTu MallnHe Takne pa3psifibl MOTyT 6bITb 3aMeUYeHbl TONIbKO NPU CU/TLHOM
paspyLieHny BbipaBHUBAIOLLETO C/105 U ONUCaHbl Kak UCTOYHWK YP B COOT-
BeTCTBUU C pa3gesnom 4.2.3.

Paspsfbl B 1060BbIX YACTAX W NOBEPXHOCTHbIE BO3HUKAIOT rAe-1n6o Ha
NOBEPXHOCTMW U30/IALMUN 1 NO3TOMY 06bIYHO PACMOMOXEHBI B TOGOBbLIX Ya-
CTAX.

Kak npaBusio, oHU 06pasytTcs U3-3a NPOBOASLMX 3arpsisHeHui (caxa,
MacnsHasa nblib, abpasus U T.M.) UAW NOBPEXAEHHbIX BblPaBHUBALLUX
NOKPbITUA.

MockonbKy Takne paspsifbl NOSBAATCSA TONbKO HA NOBEPXHOCTU W30/S-
LMK, OHW He NPUBOAAT K ee 3aMeTHOMY cTapeHuto. OfHaKo Npu Hanuuum
MHbIX (DAaKTOPOB, Kak HanpuMep BbiCOKasi KOHLEHTpauus 030Ha UK 3a-
rPSABHEHNS, CTapeHne rIoKeT YyCKOPUTBLCS.

Paspsiibl OT NPOBOASLMX YACTUL, BO3HMKAKOT r4e-1M6o Ha NoBepxHOCTM
M30718L4UN U NO3TOMY 06bIYHO PACMO/IOKEHbI B I060BbLIX YACTSIX.

Kak npaBusio, oHW 06pasyloTcsi Ha NMPOBOAALLMX 3arps3HEHUAX GOMbLION
nnowagu (caxa, MacnsHas nbiib, abpasve v T. /1.) MW OTAENbHbLIX YacTsX
BbIPABHVBAIOLLETO MOKPbITUSI.

MocKo/ibKy Takme paspsigbl NOSBASAIOTCS TO/ILKO HA MOBEPXHOCTW WU30/1si-
LMW. OHW HEe MPUBOAAT K €B 3aMeTHOMY CTapeHuto. OfHaKo Npu Haanuum
MHBbIX (DAKTOPOB, Kak HaNpUMep BbICOKAas KOHLEHTpauusi 030Ha WU 3a-
IPSIBHEHNS. CTAPEHNE MOXET YCKOPUTLCS.

[laHHas oueHKa onacHoOCTel OCHoBaHa Ha onbiTe paboTbl C COBPEMEHHbIMU BbICOKOBObTHLIMW U30/ALMOHHBIMUN
cMcTeMaMy Ha OCHOBE MPONUTaHHON CMOJON CNIOASHON NneHkn. OTa OLeHka MOXeT 3aBMCeTb OT MaTepuana u3onaumm,
pacnonoXxeHns UCTOYHUKOB YP paspsifa, COCTOSIHUA NMOBEPXHOCTU U psija ApYrux aktopos.

E.1.3 OueHka amMnaunTyasbl

OueHka aMnAnTyAbl BO3MOXHAa 6€3 3HaHUA AelicTBUTeNbHOro pacnonoxenuns YP. Hanpumep, noBepxHoCTHble YP
MOTYT B A€CATKM M COTHW pa3 npesblliaTb BHYTPpeHHMe YP 1 pa3psagbl OT pacC/oeHUst Npu OTCYTCTBUM 3aMeTHbIX ABMEHN
cTapeHus, BeflyLnux K paspyLeHunio n3onsauum, Torga Kak. K npumepy, npoLecchbl pacc/ioeHns, He3aBUcrMOo OT amninTy bl
YP cBnAeTeNbCTBYIOT O ObICTPOM CTapeHun, 4To TpebyeT CPOYHOro peMOHTA.
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MpunoxeHue JA
(cnpaBoyHoeE)

CBefleHNA 0 COOTBETCTBUU CCbIJTOYHbLIX MEXAYHapoAHblX CTaHAapTOB
MeXrocyaapCTBeHHbIM CTaHA4apTam

Ta6bnunuya [OA1

O603Ha4YeHNe CCbIIOYHOTO

O603HauYeHWe U HaMMEeHOBaHWe COOTBETCTBYHO L Ero
CTeneHb COOTBETCTBUSA
MeXAYHapoAHOoro cTaHgapTa MeXrocyapcTBeHHOro cTaHgapTa
IEC 60060-1 _
IEC 60060-2

— *1)
IEC 60270:2000 — 2>
* COOTBETCTBYIOLWMI MEXTOCYapCTBEHHbIN CTaHAAPT OTCYTCTBYET. [0 €ro NPUHATUS PEKOMEHAYETCS UCMOSb-
30BaTb NepeBOj Ha PYCCKMii A3blK aHHOTO MEeXAyHapoAHOro ctaHaapTa. MepeBoj A4aHHOTO MeXAYHapoAHOro CTaH-

fapTa HaxoauTca B ®efepasibHOM WHDOPMALMOHHOM (hOHAEe TEXHMYECKUX pernaMeHToB W cTaHaapTos Poccuiickoit
depepayuu.

1> Ha Tepputopumn Poccuiickoii ®egepaunmn geiictByeT FOCT P 55193—2012 (M3K 60060-2—2010).
2>Ha TeppuTtopun Poccuiickoli ®epepaumm aeiicteyetr FTOCT P 55191—2012 (M3K 60270:2000).
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