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HAUWOHA/NNTbHBIA CTAHOLAPT POCCUMWCKOWM OGEAEPALUMN

NMEPEOAYA SNNIEKTPO3HEPTUN MOCTOAHHBLIM TOKOM BbICOKOIO HATMPAXEHNA

PyKoBOACTBO N0 crneyudrKkauny u NPpoeKTMPoOBaHU0 (PUILTPOB rapMOHUK
Ha CTOpOHe NepeMeHHOro Toka

YacTtb 2

Mi3mepeHna n NnpoBepKN Ha MecTe aKkcnayaraumm

High-voltage direct current power transmission. Guidance to the specification and design evaluation of AC filters.
Part 2. Measuring and testing on site

Jata BBegeHuns — 2021—01—01

1 O6nacTb NPUMEHEeHUs

11 HacTosAwumii cTaHAapT ycTaHaBMBaeT o6Lme pekomeHjauumn no metogam npoBepku pabounx xa-
pakTepucTUK NILTPOB rAPMOHUK HA CTOPOHE MEepPeMEHHOro Toka A/ CUCTEM MOCTOSAHHOIO TOKa BbICOKOro
HanpsHxeHus.

1.2 HacTtosAwumii cTaHgapT pacnpocTpaHaeTcs Ha anekTpuyeckne uibTPbl rAPMOHKK Ha CTOPOHE nepe-
MEHHOrO TOKa [/15 CUCTEM MOCTOSAHHOIO TOKa BbICOKOro HanpshkeHus (Aanee — NTBH) c npeobpasosatensmu
C NNHEeNHOol KoMMyTaLue.

1.3 MNpuMeHeHne HacTosALWEero cTaHaapTa orpaHnyeHo uabTpaMm rapMOHUK Ha CTOPOHE NepemMeHHoro
TOKa B MHTEpecyLeM gnana3oHe YacToT C TOYKU 3pPEHUSI FTAPMOHUYECKUX UCKaXEHUIA 1 NOMeX B fuana3oHe
aKyCcTMYecKnx 4acToT. HacTosAwmin cTaHAapT He pacrnpocTpaHsaeTca Ha (unbTpbl, paspaboTaHHble Ana ad-
(heKTUBHOTO NoJaB/ieHns MOMEX B CMCTEMAax BbICOKOYACTOTHOM CBSA3U MO NPOBOJAM NIMHWIA 3neKTponepeaayn
1 Nomex B CMeKTpe paano4vacTtorT.

HacTosAwwmii ctaHAapT cnefyeT NCNob30BaTh UCKIOYNTENBHO B KAYECTBE PYKOBOAALLMX YKasaHuii npu
npoBefeHNV UCnbITaHWii huabTPOB HA CTOPOHE nepemMeHHoro Toka cuctem MTBH. K ucnonb3osaHuio peko-
MEeHAALUMWA, N3N0XEHHbIX B HACTOSLLEM CTaHZapTe, cfegyeT NoAXOAUTb C yYeTOM UHAMBUAYANbHbLIX 0COOEH-
HocTel npoekTa MNTBH.

2 HopmaTuBHbIE CCbIJIKU

B HacTosleM cTaHAapTe UCNOo/b30BaHbl HOPMAaTVBHbIE CChIIKM Ha CriefyoLie CTaHAapTbl:

FOCT 30804.4.7 (IEC 61000-4-7:2009) COBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IeKTpOMarHuTHas.
O6Lee pykoBOACTBO NO CpPefcTBamMm M3MEPEHWU U N3MEPEHUAM FapMOHWMK W MHTEPrapMoHWK A5 CUCTEM
3/1eKTPOCHAGXKEHNA N NOAKN0YAEMbIX K HUM TEXHUYECKUX CPeACcTB

FOCT IEC.TR 61000-3-6—2020 3nekTpoMarHutHas coBmectumocTb (OMC). YacTb 3-6. Hopmbl. OueH-
Ka HOPM 3NEKTPOMArHUTHON aMuccun Ans NOAKYEHNS YCTaHOBOK, CO34atoLLMX MOMeXU, K CucTemMaM anek-
TPOCHabXeHWs CpefHero, BbICOKOrO 1 CBEPXBbLICOKOTO HaNpsXeHUs

FOCT P 59030 (IEC 61975:2016) CucTeMbl NOCTOSAHHOTO TOKa BbICOKOrO HanpshkeHus. Bufbl n meTopl
ucnbITaHWi

FOCT P 59032.1 [Mepepava 3N1eKTPO3IHEPTUN NOCTOAHHLIM TOKOM BbICOKOTO HanpsixeHus. PyKkoBOACTBO
no cneunduKaLmmm n NPoeKTMPoBaHNio (UILTPOB rAPMOHKK HA CTOPOHE NepemMeHHOro Toka. Yactb 1. O6wuii
0630p

FOCT P 59032.4 TMepepava 3N1eKTPO3IHEPTUN NOCTOAHHLIM TOKOM BbICOKOTO HanpsixeHus. PykoBOACTBO
no cneundukaLmn n NPoeKTMpoBaHuio MUIbLTPOB rAPMOHMK HA CTOPOHE nepemMeHHoro Toka. Yactb 4. O60-
pyfoBaHue

M3paHue oduymansHoe
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MpumeyaHue — MNp1 NONb30BAHUM HACTOSALMM CTAHAAPTOM Lie/1eCO06pa3HO NPOBEPUTh AEliCTBINE CCbI/TOUHbIX
CTaH4apToB B MH(OPMALMOHHON cucTeMe O6LLero nonb3oBaHWs — Ha odimumanbHOM caiiTe ®efepanbHOro areHTcTBa
N0 TEXHUYECKOMY PEry/IMpoBaHMio 1 METPOIOTUN B CETW VIHTEPHET WM MO eXErogHOMY MH(OPMALMOHHOMY yKa3aTe o
«HaumoHanbHble CTaHAapTbi», KOTOPbIA ONy6/IMKOBAH MO COCTOSIHWIO Ha 1 siHBaps Tekylwero roga, W no Bbinyckam
€XEMECSYHOr0 MH(POPMALMOHHOIO ykasaTtess «HauuoHasbHble CTaH4apThl» 3a TEKYLUi rog. Ec/iv 3aMeHeH CCbIfIoYHbIN
CTaHAapT, Ha KOTOPbIA faHa HeJaTUPOBaHHAsA CCbifKa, TO PEKOMEHAYETCS WCMOMb30BaTh AEWCTBYIOLLYI0 BEPCUIO 3TOMO
CTaHAapTa C yueTOM BCEX BHECEHHbIX B JaHHYI0 BEPCUI0 M3MEHEHWIA. ECIM 3aMEHEH CCbIIOYHbIN CTaHAapT, Ha KOTOPbIN
[laHa [aTupoBaHHash CCbliKa, TO PeKOMEeHAYeTCsi UCMO/b30BaTh BEPCUIO 3TOr0 CTaHAapTa C yKasaHHbIM Bbille 040M
yTBEPXAEHUS (MPUHATUS). ECn nocne yTBepXAeHUs HACTOSILLEero CTaH4apTa B CChI/IOYHbINA CTaHAAPT, HAa KOTOPbIA gaHa
[LaTypoBaHHas CChlika, BHECEHO U3MEHEHWe, 3aTparmBaioLLee NnofoXeHne, Ha KOTOPOe JaHa CCbifKa, TO 3TO NOJIOXeHue
peKkoMeHAyeTCsi MPUMEHsTb 6e3 yuyeTa AAHHOTO W3MeHeHUsl. EC/IM CCbINIOYHbIN CTaH4apT OTMEHEH 6e3 3aMeHbl, TO
NosfiIoXeHue, B KOTOPOM AiaHa CCblika Ha Hero, peKOMeHAYeTCsi MPUMEHSAThL B YACTW, HE 3aTparMBaloLLeil 3Ty CCbinky.

3 V3smepeHunsa n npoBepKn Ha MecTe 3Kcnyartaunm

3.1 O6wue ceegeHuns

B gaHHOM pasgene onucaHbl WCNbITaHWs, NPOBOAVMbIE A0 M NOCMAe BBOAA B 3KCMyaTauuto C Lenbio
npoBepkn Haanexallero hyHKLMOHMPOBaHNSA 060pYA0BaHNS 1 CUCTEM PUIbTPOB NEPEMEHHOIO TOKA.

McnbiTaHna Ha mecTe aKcnayatauuy MoryT 6biTb pasfesfieHbl Ha cnefyowmue kateropmm:

- MCnbITaHWA 060pyfOBaHUS U NOACUCTEM, NPOBOAUMbIE A0 MOAAYU MOMHOTO HANPSKEHUS;

- CUCTEeMHbIe UCMbITaHUs, B COCTaB KOTOPbIX BXOAAT NMPOBEPKU, BbIMOMHAEMbIE MOC/Ae NOAAYN NOSTHOMO
HanpsKeHus.

Elle ogHMM MCnbITaHWEM, NPeACcTaBAALWMM UHTEPEC B KOHTEKCTe (DUILTPOB NepeMEeHHOro Toka, AB-
nAeTcsa n3MepeHne ypoBHeR yxe CyLLecTBYIOWMX rapMOHMK B LeNsX NPpOeKTMPOBaHUS 1 nocneayoleli npo-
BEPKN paboumx xapakTepucTuk.

3.2 NcnbiTaHuA 060py,ﬂ,OBaHI/Iﬂ n noacucTtem 6e3 noga4yn BbICOKOIro HanpsaxeHua

3.2.1 O6uime NosaoxeHns

KOMNOHeHTbI hnnbTPOB NPOBEPSIOT Ha LLeNIOCTHOCTb: U3MEPSIOT 3HAYEHNSA eMKOCTU, UHAYKTUBHOCTW U
COMPOTUB/IEHUNS, CPABHMBAIOT pe3y/bTaTbl U3MEPEHWI C NACNOPTHLIMW 3HAYeHMAMUW. oc/ie OKoHYaTeIbHOro
COeAVHEeHVs KOMMOHEHTOB OLeHMBatOT 0bLlee noBefeHne COGPaHHON CXeMbl MOA HU3KMM HaMnpshKeHNeM.

3.2.2 N3mepeHne umnegaHca Ha OCHOBHOWN yacToTe n HebanaHca

Ha kaxgywo chasy ¢unbTpoB NepeMeHHOro Toka nooyepenHo nofjaeTcs oAHogasHOe HU3KOEe Hanpsi-
xeHve (MeHee 1 kB). MiamepeHUs HanpskeHusi U Toka OCHOBHOW YacTOTbl NO3BO/IAIOT OLEHUTb UMNEAAHC Ha
OCHOBHOIi YacToTe ceTu. KpoMe Toro, Npw yCroBvU, Y4TO Ha NOLLaAKy ¢ (oUbTPOM He BAUSIIOT HUKaKWe Apyrue
MCTOYHWKN HaNpshKeHWs, cregyeT N3MepUTb TOK HeGanaHca BnioTb 0 MUKPOAMMNEePHOTro YPoBHSI. Pe3ynbTarbl
MOTyT 6bITb 3KCTPANO/IMPOBaHbI O HOMUHANILHOTO HANPSXKEHUsT PUNLTPA 1 CPaBHEHbI C pacueTamu.

3.2.3 AMNANUTYAHO-YaCcTOTHaA xapakrepuctuka

Lienblo AaHHOTO UCMbITAHWUA SIBASIETCS MOMTlyYeHUe UMnedaHca huabTpa B AManasoHe yacToT, HauuHast
C OCHOBHOI# YacTOTbl 40 YACTOTbI, 06bIYHO HE NPEBLILLIALLEN YACTOTbI NATUAECATOW rapMOHUKM. Takke OHO
No3BOJISIET ONPeAeNTLCS C OKOHYATe IbHbIM BbIGOPOM CTyneHu (oTnaliku, 0TBoJa) peakTopoB B 3aBUCHMOCTH
OT TPeGyeMbIX YaCTOT HACTPOIKM C MOMPaBKOW Ha YCMOBUSI NPOBEAEHUS TECTA, @ MMEHHO — Ha OKPYXXatoLLyto
Temneparypy.

YacToTHas XapakTeprUCTMKa MOXET BbITb MOJTydeHa NyTem noAaduy BbIXOAHOTO CUTHasIa reHepaTopa cur-
HasI0B Ha (hUSIbTP Yepes yCcunuTesb. V3MepeHnst HanpskeHUst U Toka (ubTpa, NosyyeHHble Ha BCEM fua-
nasoHe 4acToOT, MO3BOJIAOT NOCTPOUTL XapakTepUCTUKy uMnegaHca. CneayeT yuuTbiBaTb, UTO HanpsKeHue,
nofaBaemoe Ha (ubTP, HEO6XOAMMO KOHTPOIMPOBATb /1A TOT0, YTOObI 06ECNEUNTb OTCYTCTBUE NCKAXEHWI
HanpsKeHs.

JaHHas oLeHKa MOXeT 6bITb NPOBefieHa C MOMOLLbI0 CMIeKTpoaHann3aTopa: ero BbIXOAHOM cUrHan noaa-
eTcs Ha UbTP Yepes ycunuTesb, U NpMGOpP BbINOHSET (DYHKLMI0 U3MEPEHNUS NMMNeJaHca HENOCPEACTBEHHO
Mo U3MEPEHNUAM HaMpPsHKEHUs 1 ToKa. MpUBGOpP JO/MKEH YUNTbIBATL KOFEPEHTHOCTh, KOTOPY MOXHO CuuMTaTb
KpUTEpUEM JOCTOBEPHOCTM MOJyYeHHOW hyHKLUN nepesaun.
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3.3 CuctemHble UcnbliTaHWa (MCNbITAHUSA MPU MOSTHOM HanpPsXeHun)

CucTeMHble uCnblTaHWsA 3aBepluatoT BBOA 06bekTa MTBH B akcnayaTauuio 1 COCTOAT U3 UCMbITAHWUNA,
NPOBOAMMbIX NPV NOTHOM HanpskeHun. MNMpeamMeT CUCTeMHbIX UCMbITaHniA nsnoxeH B FOCT P 59030, koTopblii
ycTaHaB/MBaeT Lesin, OCHOBHbIE YC/I0BUSA, NOPAAOK MPOBEAEHUS U KpUTEPUU MPUEMSIEMOCTU pe3ysibTaToB
KaXx[,oro ucrnbiTaHus.

3.4 i3amepuTensHoe ob6opyaoBaHue

3.4.1 O6wunin 0630p

3.4.1.1 O6wme nonoxeHus

CucTeMHble UCMbITaHUSA NPOBOAATCA B 06/71aCTAX BPEMEHW N YACTOTbI. I3MepeHns BpeMeHHbIX Xxapak-
TepPUCTUK NPOBOAAT C NOMOLLbIO perncrparopa aBapuiiHbix cobbiTuii (nepexodHbix npoueccos) (PAC) u npo-
TOKOMa co6bITWA. I3MepeHns B YaCTOTHOM 061acTu NoslyyatoT C MOMOLLbI aHanM3aropa rapMOHNK.

3.4.1.2 Pervctpartop aBapuiiHbIX COGbITWIA U NPOTOKON COObITHI

B HacToswee Bpema PAC ocHOBaH Ha LMMPOBLIX TEXHOOMMAX U UCMOMb3YeTCA A1 aHanm3a nepexopn-
HbIX NPOLECCOB, B CBA3M C YeM N36paHHble BXOAHbIE Ananas3oHbl 06bIYHO HAMHOTO MPEBbILLAIT HOMUHASIbHbIE
3HayeHusa. MoxeT notpe6oBaTbCA U3MeHeHWe KoHdurypauumn nogknoveHns PAC B 3aBMCUMMOCTM OT MpPoOBO-
OVMBIX HaNnag04YHbIX UCNbITAHWIA.

MpoTOKON COBLITUIA CO3aEeT TOUHbIE METKM BPEMEHW U MO3TOMY YA06EH A8 NPOBEPKM 3aLUTHbIX aro-
pYTMOB 1 COracoBaHWs pe3y/bTaToB U3MepeHuii ¢ KoHhurypauvein o6opyoBaHNS UK CUCTEMBI.

3.4.1.3 AHanunsatop rapMoHUK

PAC no3BosifieT BbINOMHATL aHa/IM3 rapMOHUK, HO €ro, Kak NpaBu/o, Hesb3s UCMO0/b30BaTh A1 OLLEHKU
pabounx xapakTepucTuk punbTpa: OH HeJOCTATOYHO YYBCTBUTENEH K BbICOKMM YacToTam.

[na oueHKM rapMOHMYECKMX XapakTepucTuk npeobpasosarteneii MNTBH TpebyeTca npubop, OCHALLEH-
Hbli BbICOKOKAQYECTBEHHbIMU (HOPMUPOBATENAMN CUrHana, aHasoro-uugpoBbiMM nNpeobpasosateniamm 1
hunbTpamun gNa NpefoTepaLleHns CMeLlnBaHnsa CUrHanos. VismeputenbHas Lenb fo/mHkHa UMeTb AoCTaTOYHO
BbICOKOE COOTHOLWeHne curHan-wym (SNR) aons obecneyeHnss He06X0AMMON TOYHOCTU U3MEPEHUS.

BxogHble curHansl aHanusaTopa AO/KHbl onpalumnBaTbCa CUHXPOHHO A5 o6ecneyeHns BO3MOXHOCTU
OLEHKN CUMMETPUYHBIX COCTaBAALWMX. MOMUMO LENOUYNCNEHHbIX FTapMOHUK, NPUBGOp Takke AO/MKEH OblTb
crnoco6eH aHanM3npoBaTb NPOMEXYTOUYHbIE TAPMOHVKN (He KpaTHble OCHOBHOW 4acToTe), KOTOpble M03BOAAT
YCTaHOBUTb, YTO aHanNn3aTop PyHKUMOHNPYET NPaBWIbHO, U YTO N3MEPEHNS NPOBOAATCS B YCTAHOBUBLLEMCS
COCTOAHUN.

O6wue TpeboBaHWs K aHanM3aTopaM FapMOHWK B 3aBUCMMOCTM OT MPUMEHEHUS YCTAHOB/IEHbI B
FOCT 30804.4.7. FapMOHUKM, reHepupyeMble npeobpasoBatensamu MNTBH. kak npaBuio, He N3MEHSATCS B
yCTaHOBMBLUEMCS pexnmMe, 0CO6EHHO ecnn 06beANHEHHbIE CUCTEMbI NEPEMEHHOTO TOKA ABMAIOTCA CUHXPOH-
HbIMU, WM €CNV JINHWSA NMOCTOSTHHOTO TOKa MMEET 04YeHb 60/bLUYI0 ANnHY. Takum 06pas3om, cnegyeT obpaliatb
BHMMaHVe Ha TpeboBaHus, KacalLlmnecs N3MepeHnii KBasuyCcTaHOBMBLLUXCS FapMOHUK.

3.4.1.4 TpaHctopmaTopbl TOKa Y HaNPSXKeHUs

TpaanumnoHHble (MHAYKTUBHbIE) TpaHCOPMATOPbl TOKa M HanpsKeHUs NoAxXoAAaT ANS U3MEepeHuidi BO
BPeMeHHoli o6nactu. TpaguLuMoHHble TpaHchopmaTopbl ToKa Takke NoAXOAAT A/1A OLEHKM rapMOHUYECKMX
XapakTepucTuK, Tak Kak Ux nepBasi pe3oHaHCHas YactoTa 0OblYHO SIEXUT BbilLe paccMaTpuBaemoro guanaso-
Ha. EMKOCTHble TpaHchopMaTopbl HaNpsHXKEHUS € 3TON Lie/blo MPUMEHATLCSA HEe MOTYT MO MPUYUHE UX Hen-
HEeHOCTM Ha rapMOHMYecknx yactotax. VIHAyKTMBHbIE TpaHCOpMaTOpbl HANpPsXKEHWS, Kak NpaBwuio, nydlle,
HO nepep “cnonb3oBaHneM crefyeT NPoBEePUTb UX YACTOTHYH XapakTepUCTUKY U NPU HEOBXOAMMOCTU BHECTH
COOTBETCTBYIOLLME KOpPPEKTUBLI. CrieAyeT yunTbiBaTb BEPOSATHOCTb OLIMGOK MPU U3MEPEHUSX U3-3a MarHuT-
HOli CBA3M 6/IM3KO PaCcnoIOKEHHbIX KOMMOHEHTOB C MHAYKTUBHbIMW TPaHcdopMaTopamMmn HanpshkKeHus.

Ecnu wTaTtHo ycTaHOBMEHHbIE TPaHCOPMAaTOPbl HAMPSHXXEHUS OKa3blBATCA HEMNPUrOAHLIMU ANA U3-
MEepEeHUsI TapMOHUK, MOTYT 6bITb PACCMOTPEHbI CrieayloLlme aslbTepHaTBbI:

- YCTaHOBMTb CreLlmanbHble eMKOCTHbIE AeNIUTEeNN HanpsXXeHns (4enTenun ¢ NA0CKON amnanTygHo-va-
CTOTHOI XapakTepuCTUKOM ANA LWMPOKOW Nonockl YactoT). C NOMOLLbI0 TakMX YCTPOWCTB, Kak npasBuo, Ao-
cTUraeTcs TOYHOCTbL nopsagka 1 %;

- BbIUMCNATL rapMOHUYECKME HAaMPSHKEHUS MO U3MEePEHUAM CW/bl TOKa, NPOXOAALLEro Yepes Lenb co
CTabuNbHbIM MMMEeAAHCOM. XOPOLLIMM NMPUMEPOM SIBASAETCS BbICOKOYACTOTHbIV hunbTp. Mepes Havyanom ws-
MEepEeHUsI rapMOHVK AO/HDKHO ObiTb MPOBEAEHO MOBEPOYHOE UchbiTaHue. Ecnyv B TEXHWYECKOM 3ajaHuv He
yKa3aHO UHoe, TOYHOCTb 0T 5 % A0 10 % B nosioce yactoT oT 0 A0 3 Kl cumTaeTcst [OCTATOUHON.
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3.4.2 Mopaya HanpsaxeHUsa Ha MUNbTPbl NEPEMEHHOIO ToKa

[JaHHble UCnbITaHUst BXOAAT B NPOrpaMMy MCMbITaHWii npeo6pasoBaTens. ®ubTpbl NepemMeHHOro Toka
CTaBAT Nof HanpshkeHue No OAHOMY U BbIAEPXMBAIOT (OCTABAAIOT NOA HaNPsHKeHUueM) okoso 2 Y. Mpu BKio-
YeHU hrnbTPOB C NomoLlbio PAC perucTpupytoT hopMbl KpMBBLIX TPEX(A3HOTO TOKA 1 HANPsHKeHUs!, KOTopble
aHaIM3NPYOT A8 OLEeHKU 3OPEKTUBHOCTU CPELCTB KOHTPO/S NMepexoHbIX MpoLeccoB. TOKM Ha unbTpax
B YCTAHOBMBLUEMCS pexumMe LO/KHbl GbiTh C6aNaHCUPOBaHbl. VI3MEeHEHEe HanpsXeHUsi B YCTAHOBUBLLIEMCS
pexuMe pekoMeHZyeTCs UCMO0/Ib30BaThb A/ OLEHKU YPOBHSI COMPOTUB/IEHUS KOPOTKOTO 3aMblKaHWSI.

3.4.3 MpoBepka perynstopa peakTUBHOW MOLLHOCTH

Perynatop peakTUBHON MOLLHOCTU AO/IKEH GbiTh MPOBEPEH BO BCEX PAGOUMX PEXUMAX, MOSTOMY Npo-
BEpPKY CfeayeT BbIMOHATL HA PasHbiX CTAAMAX HaNafouHbIX UCMbITaHMiA. MpoBEpKY NPOBOAAT Npeumylue-
CTBEHHO C NMOMOLLbI0 ONEPATOPCKOro UHTepdeiica. PAC u npoTokona.

3.4.4 MNpoBepka 06MeHa peakTUBHOW MOLWHOCTbLI0 B 3afaHHbIX npegenax

[JaHHyl0 NpoBEpPKY MPOBOAAT A5 paboumx YC/NOBUIA, yKa3aHHbIX B TEXHUYECKOM 3aAaHun, HanpumMep:
ypoBeHb NepeAaBaeMoii MOLWHOCTY, PEXUM pa6oTbl (BbINPAMUTENb UMW UHBEPTOP), YPOBHU HANPSHKeHUs ne-
PEMEHHOIO M MOCTOSIHHOTO TOKA, MaKCMMaJsibHble Yr/bl BK/IlOUYeHUs. [pu 3ToM criefyeT ucnosib3oBath Han6o-
Nlee TOYHble TpaHCOpPMAaTOPbl TOKA U HANPSXXEHNUA (06bIYHO T, KOTOPbIE MPUMEHSIIOTCS A1 KOMMEPYECKOTO
yueTa). Jlydwium npm6opom Ans AaHHOTo UCMbITaHUA GYAEeT aHaNU3aTop MOLLHOCTU.

3.4.5 TlpoBepKa rapMOHNYECKUX XapaKkTepucTumk

3.4.5.1 O6wume nonoxeHus

[laHHble ncnbITaHWs BXOAAT B NporpaMMy NpoBepkyn paboumx XapakTepucTuK B YCTAHOBUMBLLUEMCSA pe-
XVMe N UCMbITaHUIA Ha YPOBHM reHepaummn rapmoHuk. Llenbio aBnseTcs onpegeneHve pasnnyHbiX YpoBHel
rapMOHUK N5 pas/INyHbIX pabounx yCrnoBuid, yKkasaHHbIX B TEXHUYECKOM 3afaHuu, ANS NOATBEPXKAEHUS He-
NPEBbLILWBHNA YKa3aHHbIX YPOBHEN Npu Taknux yCMOBUAX U NPMEMIEMOCTY NokasaTeneli B HeluTaTHbIX Pexu-
max. CnegyeT yunTbiBaTh, YTO YCI0BUSA U3MEPEHNS, BEPOSTHEe BCero, He ByayT COOTBETCTBOBATb HANXYALIMM
YCNOBUWSAM, Ha KOTOPblE KOHCTPYKTUBHO paccuutaH quabTp.

3.4.5.2 AHanunsnpyemble curHasbl

[lns npoBepkn rapMOHNYECKMX XapaKTeEPUCTHK HA CTOPOHE NMEepPEMEHHOT0 TOKa B aHa/im3aTtop rapMOHUK
3aBOAAT CUrHasIbl, NOKa3aHHble Ha pUCYHke 1:

- Tpu hasbl HaNPsXXeHUS WYHbI OTHOCUTENbHO 3eMAU;

- Tpy dasbl TOKa CMCTEMbI MEPEMEHHOrO TOKa (MM TOKU B OTAE/bHbIX IMHUAX NEPEMEHHOro Toka, ecnu
3T0 Heob6xoAMMO ANA oueHku IT);

- Tpu hasbl Toka Nnpeobpasosarens;

Tpu chasbl Toka hunbTpa;
- Yron BK/OYEHUs1 NpeobpasoBaTens;
- CUTrHasIbl HaNPSHXKEHNA 1 TOKa Ha CTOPOHE MOCTOSIHHOMO TOKa.

8. Jr- “oC
for
roT r r «NNN»
Yw(lva - HanpsXeHue WUHbl OTHOCUTENIbHO 3eMAU; LT — TOK CUCTEMbl NepeMeHHOro Toka; /M0CccnkeaTcT. * 'Ol npeo6pasoBaTtens,
/hunbTp — TOK PUNBTPA; @ - Yron BKAKUYeHWA npeo6pasosaTens. ]l — yron noracaHusa (yron oTkn4eHns) npeo6pasoBartens;
Uoc-/0¢ ~~ HanpsXeHne n TOK Ha CTOPOHe NOCTOAHHOTO TOKa

PucyHok 1 — MapameTpbl Npeo6pasoBatess 451 NPOBEPKU XapakTEPUCTUK FapMOHUK

XapakTepuCTUKM rapMOHUK Ha CTOPOHE MOCTOSHHOTO TOKa 06bIYHO OLEeHMBAKOT OHOBPEMEHHO C rapMo-
HVMKaMMN Ha CTOPOHE NMepeMeHHOro ToKa.

Ha Bcex curHanax, 3aBO4UMbIX B aHaim3aTop, NPOBOAAT aHa/n3 rapMoHUK. [JaHHbIi aHann3 Heobxo-
OVM ANSA CUTHasI0B MEPEMEHHON0 TOKa C TeM. YTobbl OueHUTb koaddmuneHTbl rapmonuk (TIF. Knu gp.). a
TaKke 415 aHa/m3a HewwTaTHbIX COCTOAHUIA. AHaNN3 rapMOHUK HanpPsXXeHWs 1 Toka Ha CTOPOHe MOCTOSHHOIO
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TOKa HeobxoauM AN1A UccnefoBaHnsa B3aMMOAENCTBUIA rapMOHMK NEPEMEHHOr0 M NOCTOSAHHOTO Toka. VIHTepec
npeacTaB/isieT 3aBUCMMOCTb reHepaLmm rapMOHUK OT yIia BKIHYeHUs npeobpasoBartens.

CnepyeT 3amMeTuTb, YTO MPY HA/IMYMN M3MOPEHHbIX BEKTOPOB TPexdhasHOoro HanpshKeHus 1 Toka rapmo-
HVK LienecoobpasHo BblAeNNTb Harnpas/ieHne rapMOHUYECKOro ToKa.

MpsiMas perucTpayms 4acToTbl B CUCTEME NPU 3TOM Heobsi3aTenbHa, Tak Kak OHa MOXET ObITb NonyYeHa
13 06paboTKM HANpPSHXKEHWI Ha WNHE NEePEeMEHHOrO TOKa.

3.4.5.3 YcTtaHOBKa aHa/u3artopa

Mpubop crnepyeT HACTPOUTHL Ha HEMPEPbLIBHOE B3SiITUE BbIOGOPOK C PEry/IAPHbIMY UHTEpBanamu (Hanpu-
mep. kaxgple 30 c). Takum o6pas3om, cnegyeT nosyyatb rpaddukm rapMOHUYECKMX MoKasaTenein u aHanusu-
poBaTb UX exenHeBHO. OTKNOHEHWS YPOBHEN rapMOHUK LO/DKHbI [OKYMEHTMPOBATLCS Hapsady C PeXxvmom
paboTbl NpeobpasoBaTens U CUCTEMbI MEPEMEHHOTNO TOKA.

MpevmMyLecTBaMn 3ab61aroBpeMeHHOW HACTPOIiKM N3MeEPUTE/bHON annapaTypbl SBASIOTCS:

- BbICOKOTOYHAs OLeHKa CyLLeCTBYHLIUX LWYMOB (hoHa rapMOHUK), Tak Kak npeocbpasoBaTenn He 6yayT
HenpepbIBHO HaXo0AWTbLCA B paboTe B TeYEHWe nepuosa Hanagku;

- OLeHKa ypOBHeli rapMOHUK AN 60/bLWOro ymcsia pexvmMoB npeobpasoBaTens U CUCTEMbl NepeMeH-
HOrO TOKa,;

- coKpalleHune A/IMTeNBHOCTU Nepmoja UcnbiTaHuii, HE06X0ANMOr0 415 MPOBEPKM TEX UM UHBIX TapMO-
HUYECKNX XapaKTepPUCTUK;

- BO3MOXHOCTb BEZleHWS CTATUCTUKN NO NokasaTesiiM rapMOHMUK.

3.4.5.4 YcnoBusa npoBefeHUs UCNbITaHWi

XapakTepuCTUK/ rapMOHMK 3aBUCAT OT 60JbLIOI0 KonnyecTBa (DakTopoB. VchbiTaHWa A1 NpPOBEpKU
XapakTepucTuK rapMOHUK LO/DKHbI 0XBaTblBaTb MakCUMaslbHO BO3MOXHOE YMCN0 KOHdUrypauuii. K Hum oT-
HocATcS.

- NOnHbIV gnana3oH paboTbl NpeobpasoBartenell, BKIOYAsA PEXUM Meperpy3ku n paboTy npy NMOHMWKEH-
HOM HanpsixeHuun MTBH;

- pas/inyHble Harpy3kuM CUCTEMbl NEPEMEHHOr0 TOKa, KOTOPbIe AO/MKHbI MPUBOAUTL K Pa3/INMYHbIM YPOB-
HSIM KOPOTKMUX 3aMblKaHWii U MMMNe[aHCoB CUCTEeMbl MEPEMEHHOTO TOKa:

- pa6oTa c HopmasibHOl (hubTpaumein NepeMEHHOIO TOKa, CO CHUXEHHON hunbTpaumeid, a Takke co
BCEM Anana3oHoM (OUIbTPOB (UM KOMOUHALMIA pa3nnyHbIX TPynn UIbLTPOB), KOTOPbIE MOTYT NOAKIYATLCS
npv 4aHHOM YpOBHE MOLLHOCTY;

- BCe KOHhurypaumm CTOpPOHbl NOCTOSAHHOTO TOKa (Tak Kak pe3oHaHC Ha CTOPOHE NOCTOSHHOMO TOKa MO-
XET BNNATb Ha UCKaXKEHWE Ha CTOPOHE NEPEMEHHOr0 TOKa).

[pyrne napameTpbl (4acToTa CUCTEMbI, YPOBEHb HaMNPSXKEHWS NEPEeMEeHHOro Toka, HebanaHc Hampshxe-
HWIA 1 gp.) NPUHMMAIOTCA NO hakTy.

Ecnn usmeputenbHas annapaTtypa yCTaHOB/IEHa B Hayasie HanafoYHbIX UCMbITaHWli, rapMOHUYecKue
XapaKTepucTuki 6yayT M3BECTHbl A8 MHOTMX KOH(Urypauuii 4O Hayana ucnblTaHuii. MNepuog vcnbiTaHwuii
0XBaTbIBAET TOJIbKO Te YC/I0BUSA, KOTOPbIE He Gbl/IN UCNbITaHbl, UK A58 NPOBEPKU COCTOSHUIA, KOTOPbIE MOF/IN
6bl NPUBOAUTL K NpobaemMam paHee, 1 TpebyloT 601ee NOAPOOGHOro OKYMEHTUPOBAHUS.

B3aTe BbIGOPOK C perynsipHbiM MHTepBanoM (Hanpumep, kaxabie 30 €) Npy MeANeHHOM U3MeHeHUn
MOLLHOCTV npeobpasoBaTeneit (okosfo 1 o0.e. 3a 2 4) siBnseTca 6osiee 3hPEKTUBHLIM METOAOM OLLEHKM Fap-
MOHUYECKNX XapaKTEPUCTUK, YEM MPOBEAEHNE U3MEPEHWUI TO/IbKO Ha (PUKCMPOBAHHbLIX YPOBHSIX MOLLHOCTH.
JlvHeliHoe n3MeHeHne NO3BONSET NPONTY BECb AMana3oH npeobpasoBaTtesis 3a MeHbLUee Bpems U NosyynTb
60/bllee KONNYECTBO MHpopMaLmmn. Tpn 3TOM OCTaeTCst BO3MOXHOCTb BEPHYTHLCS K TOW MAN MHOI paboueit
TOUKe, MPU KOTOPOW BO3HMKAKT HEHOPMasIbHbIE YPOBHU rapMOHUK. Mpu MeAeHHOM SIMHEAHOM U3MEHEHMU
napameTpoB MOXHO CUMTaTb, YTO U3MEPEHNs MPOBOAAT B YCTAHOBMBLLUEMCS COCTOSHMM. Ha pucyHke 2 npu-
BeeH NpuMep N3MepeHUid, BbINOTHEHHbIX NPU IMHENHOM U3MEHEeHUN NapameTpoB.

XoTs ykasaHHble npefesbl rapMOHUK, CKOpPee BCEro, He 6yAyT MMETb OTHOLLEHNS K paboTe C MEeHbLUUM
YMCNOM MOAKTHYEHHbIX (PUNBTPOB NEPEMEHHOrO TOKa, YeM NpefycMOTpeHo npoekTom MTBH. 3HaHune ypos-
Hell rapMOHMWK Npy TakMx YCMOBUAX NOME3HO A/19 ONepaTUBHOIO NepcoHasna B c/lyyae Bbixoda 13 CTPOS 04HOro
13 UIbLTPOB.

3.4.6 TlpoBepKa aKyCcTM4eCcKOro wyma

AKYCTUYECKUIA LYyM. reHepupyeMblii noacTaHumell B LesoM ((hUnbTpbl NEPEMEHHOT0 TOKa AB/IATCA
NVWb OJHUM M3 MHOXECTBa MCTOYHWKOB aKyCTUYECKOro Llyma), U3MepsitoT B COOTBETCTBUM C TEXHUYECKUM

3afiaHnem, B KOTOPOM A0/IKHbI OblTb YKa3aHbl MakCMMasibHO AONYCTUMbIE YPOBHU LUyMa, a Takke npoueaypsbl
N3MepeHMsI.
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3.5 N3mepeHusa B npouecce akcnayartaumm

3.5.1 O6uwumre nonoxeHus

JkcnayatupyoLwas opraHusaums Ao/MkKHa onpefenuTb, Kakve n3MepeHus Ha unbTpax oHa cuutaeT
HEeo6X0AVMMbIM BbIMOMHUTL BO BpeMsl 3KcniyaTaumm cTaHumu MTBH B WwTaTHOM pexume. TeXHUYeckMM 3a-
JaHuem foshkHa 6bITb NpefycMoTpeHa nocrtaBka 060pyAo0BaHUs, UHCTPYKUWIA N KOHCYNbTaUMOHHBIX YCYT B
CBA3M C TaKUMWN U3MEHEHUAMMU.

Ecnu nccnefoBaHns rapMOHVK NPOBOAAT MOC/e 3aBEPLUEHUS CUCTEMHbIX UCTbITAHUA, A8 HUX 0ObIYHO
MCMNO/b3YIOT Creunann3vpoBaHHoe 060pyAoBaHNe 1 NepcoHan, NpefocTaB/IeHHbIR 3aKa3unkoM.

B HekoTopbix npoekTtax MTBH paccmaTtpuBaloTca UM NPUMEHAIOTCA Crefylolne kaTteropum nimepe-
HWIA, N 3aKa34MK LO/HKEH PACCMOTPETb UX C Y4ETOM COOCTBEHHbIX MPUHLMMNOB.

3.5.2 lpoBepKa HaCTpPOEK B Npouecce akcnayartaymu

Kak npaBuio, nocne CUCTeMHbIX UCTbITaHW NPOBOAAT TONLKO LUTATHYH NPOBEPKY (DUNLTPOB ANS MO-
“cka HeucrnpaBHbIX eMKOCTEel U MPOBEPKY UCMPABHOCTU APYTMX KOMMOHEHTOB. V3MepeHne pe3oHaHCHol Ya-
CTOTbl (PUSIbTPOB MOXET BbINOMHATLCS BO BPEMSI PEMOHTOB C MOMOLLbI0 TOTO Xe 060pyA0BaHNA U METOAUK,
KOTOpble NPUMEHSIIOTCA BO BPEMSI HafafouHbIX UCMbITAHWIA.

3.5.3 KOHTpO/sib HACTpOeK B Npouecce akcnayartaymu

B peakux cnydasx B cxemax MNTBH ycTaHaBnuBaloT ob6opyaoBaHue 415 onepaTUBHOrO KOHTPONSA Ha-
CTpoeK hnIbTPOB NEPEMEHHOTO TOKa C NMOMOLLbI M3MEPEHW ha3HOro yriia Mexay ToKaMmy U HanpshXeHnsamu
Nnpu YyactoTax rapMOHUK.

3.5.4 KOHTpPO/Ib rapMOHMK TOKa B OTXOAALUX NTUHUAX

Ecnv rapMOHVKN TOKa B OTXOAALWMX IMHMAX NPeACTaBAsA0T Cepbe3Hyo 3KCMIyaTaLuoHHy0 npobnemy,
MOXET NPOBOAUTLCHA KOHTPOJIb NcohomeTpmyeckoro Toka v napametpa IT (cm. FOCT P 59032.1) Ha pery-
NSIPHOW UM NOCTOSIHHOM OCHOBE MYTEM U3MEPEHUsI TapMOHUYECKOTO TOKa B JIMHWUAX C MOMOLLbI TpaHcdop-
MaTOpPOB TOKa, MPUCOEANHEHHbIX K aHanIM3aTopy rapMOHUK.

3.5.5 M3aMepeHne ypoBHEl CyLeCTBYOLUX FAPMOHUK A5 KOHCTPYKTOPCKUX pacyeToB

CornacHo NOCT P 59032.1 n FOCT P 59032.4. B TEXHUYECKOM 3aaHUN JO/MKHbI ObITb YKa3aHbl YPOBHU
CYLLEeCTBYIOLUUX FAPMOHUK NS MPOEKTUPOBaHMA (hWIbTPOB NMEpPeMEHHOro Toka. Heobxoaumble n3mepeHus
AN onpefeneHns aTUX ypoBHel A0/MKHbI NPOBOAUTLCA Ha paHHel ctaaumn npoekTa MTBH. V3smepeHus fonx-
Hbl OXBaTbIBaTb NEPNOL, BPEMEHUN KaK MUHUMYM B HECKOJIbKO HeAe b 4718 NOSyYeHNss CTaTUCTUYECKNX 3Have-
HWlA. XXenateneH AnUTeNbHbIV Nepuoa, B Uaeasne pasHblli OAHOMY rogy, A5 TOro YTo6bl MPUHATL B pacyeT
Ce30HHble Ko/lebaHnsa reHepaLuy 1 TOMOAOTUN CeTK.

Cob6paHHble AaHHble XapaKTepusyloT TOMbKO aMNANTYAY rapMOHMK HanpsHKeHWs Ha LUMHE, MOCKOJIbKY
M3MepUTb COOTBETCTBEHHbIN MMMNeAaHC rapMOHUK CNOXHO. KOHeuHble 3Ha4YeHWUS CyLeCTBYIOLNX FapMOHNK,
yKasblBaeMble B TEXHUYECKOM 3afaHuu, AO/KHbI YUUTbIBATb U3MEPEHHbIE YPOBHU CYLLECTBYIOLWMX FApMOHUK
C Nonpaskoii Ha byAyLlee pa3BuUTHE CUCTEMbl NEPEMEHHOTO TOKa.
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Mpunoxexne A
(cnpaBouHoe)

VickaxeHne HanpaxeHna n Toka. TeI'IECbOHHbIe nomMmexu
A.1 Mpepaenbl UCKAXEHUA HANPSXEHUA A4nsa ceTeli BbICOKOTO 1 CBEPXBbICOKOIO HanpsaxeHuns

A.1.1 O6uwme NonoxeHus

OHepreTuyeckme npeanpuaTAS KOHTPOIUPYIOT YPOBHU FapMOHNYECKOr0 HanpskXeHns B CEeTAX BbICOKOro Hanpsxe-
Hus (BH) n ceepxsbicokoro HanpshxeHns (CBH) gna noaaepxaHns ypoBHe BO3MYLLEHWUIA HKe npeaenibHO [0NyCTUMbIX
YypOBHeli COBMECTUMOCTN (OnpeaeneHHbIX HUXe) AN Bcex noTpebuTteneid, B TOM YACNE B HU3KOBO/IbTHLIX CUCTEMAX.

Kaxaplii KOMNOHEHT 060pyA0BaHNA AO0/HKEH UMETb YPOBEHb 3MUCCUMN HUXKE, a YPOBEHb MOMEXOYCTONYMBOCTN —
BblllIe YKa3aHHOro ypOBHSA COBMECTUMOCTH.

C aToli uenblo npeanpusaThe ykasbiBaeT B TEXHWYECKOM 3afaHuv Ana Hanpskenuid BH n CBH cuctembl gony-
CTMMblE YPOBHM 3MUCCMMN TAPMOHNYECKUX NCKaXKEHWIA, KOTOpble MOTyT cYMTaTbCA HopMamu KavecTBa. Ha npeanpustusx
Takxe cyliecTByeT NpaBu/Io rapaHTMpoBaTb OnpefesieHHblli YpoBeHb KayecTBa aHeprun Ans notpebuteneit Ha no6om
Knacce HanpsbKeHus, u AonyCTUMble YPOBHN 3MUCCUUN TAPMOHUYECKMNX COCTaBALWMX MOTYT UCMO/b30BaTLCA B KAYECTBe
KpUTEepueB KauecTBa aHeprum ana BH n CBH HanpskeHwid.

FapMoHMyeckne HanpsHKeHUs B cucteme obpasyloTcs BCieAcTBMe CyMMapHoOro adhdekrta BCcex MCTOUYHUKOB rapmo-
HUK Ha YPOBHE HM3KOro HanpsXeHus, a Takke Ha YPOBHAX CPeAHEero 1 BbICOKOro HanpsxeHus. Kak npasuio, Hanbonbwuni
BK/1a[, B UCKaXEHWE HanpsXXeHUss BHOCAT NoTpebuTenn Ha HU3KOM K/lacce HanpsXXeHus, TakK Kak MOLHOCTb KOPOTKOro
3aMblKaHWA Ha HU3KOM Knacce HanpsKeHWs CyL|eCTBEHHO HUXe, YeM Ha BbICOKOM. [0 3TO Xe NpuunHe rapmoHuveckme
MCKaXEHUS Ha CpefHMX Knaccax HanpsKeHust TpaHcOopMUpPYOTCS B CETU 60Jiee HU3KOTo k1acca Hanpshkenus. Ha pu-
CcyHke A.1 noka3saH poCT rapMOHMYECKOro HanpsKeHUs B NPOCTON cucteme (C y4eTOM TO/IbKO UHAYKTUBHOTO peakTUBHOrO
conpoTusneHnsa cetun). [laHHbIi PUCYHOK NokasbiBaeT HEOOXOAMMOCTb KOOPAMHALMN MEXAY Pa3HbIMU YPOBHAMMW Hanps-
XeHus.

M3 pucyHka BUAHO, YTO rapMOHWYecKoe HanpshkeHue, HabnojaeMoe Ha YPOBHE HU3KOTO HanpshkeHus, ABnseTtcs
CYMMOI rapMOHMYECKNX HanpskeHuii Bo Bceil cucteme. MO3TOMY rapMOHUYecKkne HanpsxeHus, co3gaBaeMble Ha ypoBHe
BH vnn CBH. f0/KHbI YaCTUYHO OTPaHNYMBaTLCA 10 YPOBHA COBMECTUMOCTU, OnpefenieHHoro Ha yposHax HH n CH.

irhHV. AnMV uhlV ®' rapMOHUKM HANPsXEHWUs B CETU BbICOKOK, CPEAHEID, HU3KOI0 HANPsXEHUN:
W 1 tav — rapMoOHUKM TOKa B C€TU BbICOKOro, CpegHero, HN3KOK HanpsaxeHunsa

PucyHoK A. 1 — [,0N1 rapMOHUYECKMX HAMPSXKEHWI HA Pa3HbIX YPOBHSIX HANPSHXKEHWUSI B NPOCTON CETM

BaXXHO OTMETUTb, UTO TapMOHUYECKME HanpPsXXeHUs Ha YpoBHAX BH n CBH npousBogAaTcs MCTOUHMKAMW TapMOHUK C
KaXXO0ro YPOBHSI HaNpsXeHuii B cUCTEME.

BbllweykasaHHbIll NpuMep cnegyeT cunTatb NPUGAMKEHUEM, TaK Kak peasibHble CUCTEMbl HE SIBNSIIOTCS YMCTO WH-
OYKTUBHBIMUW. Ha pasnnuHbiX YPOBHSAX HaNPsHKeHUs CyLeCTBYOT eMKOCTHbIE TOKWU Ha 3eM/t0, U MOTYT BO3HUKAaTb YC/I0BUSA
pe3oHaHca, KOoTopble NPUBOAAT K YCUIEHWIO TAPMOHWYECKUX HANPshKeHWii. Kpome Toro, CTpyKTypa cetu 6onee CnoxHa,
4eM nokasaHo Ha PUCYHKe, U 06bIYHO BKIOYAET B Ce6S1 HECKO/IbKO NoAceTell CpeAHEro UM HU3KOTO HanpsKeHUs.
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A.1.2 PekomeHayeMble npegens ans ceteit BH nnn CBH

[Be rnaBHble opraHusaumm no ctaHgaptusauum — MexayHapoaHas anekTpoTexHuyeckas komuccnsa (M3IK) n UH-
CTUTYT VHXEHEepOB 3/1eKTPOTEXHUKN 1 anekTpoHukn — IEEE (The Institute of Electrical and Electronics Engineers) —
[aloT pekoMeHAaLnn KacaTe/lbHO UCKaXeHNs HanpshKeHWn ANa 3N1eKTPO3HepreTMyecknx cuctem. [laHHble opraHusanum
pekoMeHAylT pasHble npejesibl UCKaXKeHW Ana cucTem pacnpefenieHns n nepejayn 3Hepruu, yuutbiBas yBennyeHue
B/IMAAHNA TAPMOHUK MO Mepe MNOBbILLIEHNS HaMNPsKEHUs B cucTeMe nepejaqu.

B kauecTse o6Lliero 3ameuaHus, npegensl, pekomeHgyemsie |IEEE. HUXe, uem Te. KoTopble pekomeHayeT M3K.
MO3K npepgnaraeT pasHble 3HAUYEHUS B 3@BUCMMOCTM OT TWMNa rapMOHMK 1 4acTOTbl, OTpaxatowme pesynbTaTbl U3MEPEHUI
B 3HeprocmucTemMax u fonyckawouime pasnyHble BO3AeiCTBNA Ha YyBCTBUTENbHOE 060pyA0BaHMe.

Mpefensl UCKaxXeHUn HanpaxeHus, pekomenayemsle [1]. npusefeHsl B Tabnuue A. 1.

Ta6nunya Al — lMpeaenbl NckaxeHUs HanpsxxeHms (cMm. (1))

HanpsxeHue Ha WKWHe B TO4ke o6l ero MckaxeHne oTAeNbHO rapMOHUKM CyMMapHbIil KO3I(P PULUNEHT rapMOHUYECKUX
npucoeguHeHus HanpsXxeHuna. % COoCTaB/IAWMNX HANpsXeHnsa Xy, %
69 KB 1 Huxe 3.0 5.0
OT 69 kB o 161 kB 1,5 2.5
161 kB v Bblwe 1.0 15
MpnMmeyaHne — BbICOKOBO/MbTHbIE CUCTEMbI MOFYT MMEeTb CYMMAapHblii KO3 (ULUMEHT TapMOHUYECKUX

cocTasnawwmx HanpsxeHnsa Kn go 2.0 % npu Hanuyumn noactaHumm NTBH.

OueHka npefenoB U3NyYeHUid ONa UCKaxaloLWmMX Harpy3ok B CUCTEMax CPefHEero U BbICOKOrO HanpshxeHus npu-
BegeHa B TOCT IEC/TR 61000-3-6. B TOCT IEC/TR 61000-3-6 yka3aHbl NpUHLMMNbI, NPefHa3HAaYeHHbIe A8 UCNO/b30Ba-
HMA B KaYeCTBe OCHOBbI /19 onpefeneHns TpeboBaHni K NPUCOefMHEHNIO GOMbLUNX NCKaXKaOLWNX HAarpy3oK kK cuctemam
3/1EKTPOCHABXEHUSA.

B cooTtBetcTBUM ¢ TOCT IEOTR 61000-3-6 kOHLeNuus ypoBHeli COBMECTUMOCTU B3ATa 3a OCHOBY A/1 OLEHKU
3/1eKTPOMArHuTHol comecTumoctn (AMC)I) cuctemsl.

3KcnepuMeHTasbHble 3Ha4YeHWsI TapMOHNYECKOro HanpshxeHus, 06bluHO Monyvaemble B6AM3M OT o6opyfoBaHus,
co3jaloLLero noMexu, ncnosab3oBaHsl B MOK aons onpegeneHns ypoBHei COBMECTUMOCTU2) AN CUCTEM HU3KOTO U cpefa-
Hero HanpshkeHus. YpoBHW COBMECTUMOCTU A1 TapMOHUYECKUX HaMpshKeHUd B cucTeMax HU3Koro Hanpshkenus (HH) n
cpegHero HanpshkeHus (CH) npuBegeHbl B Tabnuue A.2. YPOBHM COBMECTMMOCTM MPeAcTaBAsOT CO60 KOHTPOJIbHbIE
3HaYeHUA 4151 COrlacoBaHUs U3NyvYeHnit 1 NoMexo3alluLeHHOCTN 060pyAOBaHNSA, KOTOPOe ABNSETCA YacTbio CeTH dnek-
TpoONUTaHMsA AW 3anuTaHo oT Hee. ANa obecneyveHns 3MC BoO Bceil cucteme (BkaoYas ceTb U NPUCOEAVHEHHOE K Hell
o6opyzoBaHue).

B FOCT IEC/TR 61000-3-6 npuBoAATCcSA nokasaTesibHble 3HaYeHUA NIaHOBbIX YPOBHEN rapMOHUYECKOr0o Hanpsxe-
Hus B cuctemax BH n CBH. kak nokasaHo B Tabnuie A.3, KoTopas oTpaxaeT Hannyvue rapmMoHUK Mo NToram n3mepeHuii B
Heckonbkux ceTsix CH-BH (cm. npuMeyaHue 1 k Tabnuue A.3). Ee MOXHO cunTatb TUNUYHON ANs ceTeli NepeMeHHOro Toka,
pacnonoXeHHbIX B 30HaX C HOPMasibHOW Harpyskoil. OHaKko nnaHoBble YPOBHW ByAyT pasHbIMU B KaXKAOM KOHKPETHOM
C/ly4yaB B 3aBMCMMOCTM OT CTPYKTYpPbl CETW W CYLLECTBYHOLMX 06CTOATENLCTB. 3TN YPOBHM JO/MKHbI OblTb M3MEHEHbI N0
Heo6X0AMMOCTN ANS OTPAXEHUS XapakTepuCTUK KOHKPETHOI paccmaTprBaemoli ceTu.

CnepfyeT OTMETUTb, YTO OpUTMHaNbHaa Tabnuua He yunTbiBaeT ceT CBH HenocpecTBEHHbIM 06pa3oMm, HO B 06 e-
NPUHATON NpakTUKe He NPOBOAST pasnnuuii mexay BH n CBH. MpuHUMas BO BHUMaHWE CMbIC/ «M/IaHOBbIX YPOBHEW»,
Takas pasHuua npeAcTasasieTcs Mano3HauMmoit. bblo NnpeanoxeHo He MeHATb Tabnuly, a paccmaTpuBaTh 3HavyeHus BH
Kak 3HavyeHns BH-CBH. Pe3ynbTatoB n3mepeHuii noka HeAoCTaToOYHO ANA TOro, 4Tobbl NOATBEPAUTL 3TV 3HaYeHns BH-
CBH. 0c06€eHHO /191 3HEProCUCTEM CBEPXBbLICOKOIO HanpsXeHs.

1>3n1eKTpoMarHMTHas COBMECTUMOCTb — 3TO CNOCOBGHOCTb YCTPOCTBA, 060PYA0BAHNS MW CUCTEMbI (DYHKLMOHU-
poBaTb YAOBNETBOPUTE/IbHO B CBOE 31eKTpoMarHUTHOM cpefe 6e3 BHeCEeHUs HeAoNyCTUMbIX 3/IEKTPOMAarHUTHbIX BO3-
MYLLEHWIA B 3N1EMEHTbI AAaHHOW cpefpbl.

2>YpOoBeHb 3/1EKTPOMArHUTHON COBMECTUMOCTU — 3TO HOPMUPYEMbI/i YPOBEHb BO3MYLLEHUI B CUCTEME, KOTOPbIN

MOXeT 6bITb NPeBbIleH TObKO C Masioil BEPOSITHOCTLIO U NpU KOTOPOM o6ecneynBaeTcs 3/1eKTPOMarHuTHas CoBMecTu-
MOCTb 60/bLLIMHCTBA 060PYA0BaHUS B CUCTEME.
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Ta6nuuya A.2— YPOBHV COBMECTUMOCTU [i/1A1 FAPMOHUYECKNX HAMPsHKEHWUIA (B NPOLEHTax HOMUHAIBHOTO HanpsXXeHNs)
B 3Heprocuctemax HH n CW (Ha ocHoBe Tabnuubl 1 FTOCT IEC/TR 61000-3-6—2020)

HeuyeTHble rapMoHUKN, He KpaTHble 3 HeueTHble rapmMoOHWKKN, KpaTHble 3 YeTHble rapMoHuKun
Mopagok h FapMOquecm: Ha- Mopsiaok FapmoHunyeckoe Ha- Mopagok N FapmoHuyeckoe
npsxenune. % npsxexue. % HanpaxeHue. %
5 6.3 3 5.0 2 2.0
7 5.0 9 15 4 1.0
n 3.5 15 0.3 6 0.5
13 3.0 21 0.2 8 0.5
17 2.0 Csbiwe 21 0.2 10 0.5
19 15 Ceblwe 21 0.2 12 0.2
23 15 Cablwe 21 0.2 Csbiwe 12 0.2
25 15 Ceblwe 21 0.2 Csbiwe 12 0.2
Csbiwe 25 o1 0.2 Cablwe 21 0.2 Csbiwe 12 0.2
no + 1.3(25/h)
MpumeyaHuns
1 CymmapHblit KO3 ULMEHT rapMOHUYECKNX COCTaBALWMNX HanpsxeHrns K : 8 %.
2 HH o3Hauaet s 1kB. CH o3HauaeT 1kB < I/NS 35 kB.
Ta6nunuya A3 — OUEHOYHbIe 3HAYEHUS AOMNYCTUMbIX YPOBHEW 3IMUCCUM TAPMOHUYECKUX WUCKAXKEHWI HanpshKeHUi
B 3Heprocuctemax BH n CBH (Ha ocHoBe Tabnuubl 2 TOCT IEC/TR 61000-3-6—2020)
HeuyeTHble rapmMoOHUKN, HEe KpaTHble 3 HeuyeTHble rapMoOHUTU. KpaTHble 3 YeTHble rapMoHukn

nOpR,CI,OK n rapMOquecme Ha- I'Iopﬂp,m(n rapMOHMHeCKOS I'Iopﬂ,q0|<n rapMOHM‘-IeCKOe Ha-
npsxeHue. % HanpsxeHue. % npsxeHue. %

5 2.0 3 21 2 15

7 2.0 9 1.0 4 1.0

1 15 15 0.3 6 0.5

13 15 21 02 8 0.4

17 1.0 Ceblwe 21 0.2 10 0.4

19 1.0 Csbiwe 21 02 12 0.2

23 0.7 Csbiwe 21 0.2 Csbllwe 12 0.2

25 0.7 Cablwe 21 0.2 Ceblwe 12 0.2
Csbiwe 25 o1 0.2 go 25/2h Csbiwe 21 0.2 Csbllwe 12 0.2

Mpun meyaHunsa
1 CyMMapHbIil KO3 (PULMEHT rapMOHMYECKUX COCTABNSAOLWMNX HanpshkeHus Ky: 3 %.
2 BH o3HavaeT 35 B < t/N S 230 kB. CBH o3HavaeT UN > 230 kB.
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A.2 TIpUYMHBI NOMeX TeNePOHHOI CBSA3U

FapMOHMYECKME TOKM, NPOXOAALLMNE B MPOBOAHUKE NIMHUN 3MIEKTPONEPESAUN, CO3AAI0T MArHUTHOE NOJe, MHAYLMPYS
rapMOHUYECKMe HanpsiKeHWs U TOKW B PACNOIOXEHHbIX PSAOM yCTaHOBKaxX. VIHAyLUMPOBaHHOE HanpsikeHue B TenedoH-
HbIX JIMHUSX CBSI3aHO C rapMOHWYECKMM TOKOM B MPOBOAAX JIMHWMW 3M1eKTponepeAayv 1 B3auMHbIM MNejaHcoM B3aumo-
CBA3W Zm. YneH Zn, 3aBUCUT [N1aBHbIM 0&Pa3oM OT 4acTOThbl, Ye/IbHOr0 CONPOTUBNEHUS 3EMMW, A/INHbI BO3AENCTBUS U
paccTosiHus Mexay NuHuell anekTponepefaun u npoBogamu TeneoHHo! NMHUKN. B3auMHbIi MMNeaaHc paccunTbiBaloT
C NOMOLLbIO KOMMbIOTEPHBIX MPOrPamMM BBUAY C/TIOXHOCTU peLleHus ypaBHeHuii KapcoHa, ogHako ypaBHeHus [o6aHroHa
[aloT YA0BNETBOPUTENbHbIE pe3ynbTaTthl B 60/bLIOM uana3oHe YacToT, PacCTOAHUIA U YAebHbIX CONPOTUBNEHNI 3eMAN.
MpogonbHoe MHAYLMPOBAHHOE HaNpshXeHWe Ha OAHOM MPOoBoe TenetOHHON NMMHUN 3aaeTcs ypaBHEHNeM:

I<V2/ (A1)

rae N — nopsifok rapMoHUKK;
j — HOMep NpOBOAHMKA NMHWUKN Nepefayn;
K — 4MC/I0 NPOBOAHWKOB B JIMHWUMN Nepefayn:
/j, — KOMNIEKCHbI TOK B NPOBOAHUKE | NPY rapMOHUKE 1;
Zmjn — B3aUMHbIA ©MNegaHC Mexay NPOBOAHMKOM | U TenedOHHOW NNHWER Mpu rapMoHMKe 1. ¢ y4yeToM addpekTa
3KpaHMPOBAHUS 3a3eMNNTeNel 1 ApYrux 6/IM3KO PACMNONOXEHHbIX 3a3€M/IEHHbIX MPOBOAHUKOB.

PaccTosiHne mexgy nposogamu NMHUKM nepejadn o6bIYHO Mano B CPABHEHUW C PACCTOSIHUEM A0 TeneOHHbIX
NINHWiA, cnepoBaTesibHO, B3aVMHbI/ UMMNeAaHC NpakTUYeckn OANHAKOB A KaXA0ro nposoAa. B Taknx ciayyasx MHAyLMpo-
BaHHOE HanpsiKeHue 13-3a c6anaHCcMpoBaHHbIX COCTaBSAIOLLMX TOKOB IMHIUM Nepeaayun (NpsiMoii u o6paTHoil nocnefosa-
Te/IbHOCTN) Masno, B CPaBHEHWNN C OCTATOYHOI cocTaBnsioLeit.

MpumeyaHune — 3gecb nganee TepMnH «cbanaHcMpoBaHHas COCTaBNAOLWAsA FTAPMOHNYECKUX TOKOB» OTHOCUT-
CSl KTAPMOHMYECKMM TOKaM NpsiMoli 1 06paTHO nocnefoBaTelbHOCTU, TEPMUH «OCTaTOUYHAsA» COCTaB/AOLWLAA OTHOCUTCSA
K rTapMOHNYECKUM TOKam HyHEBOﬁ nocneposaTtesibHOCTU.

B coBpeMeHHbIX TeNeOHHbIX IMHUSAX NO-NPEeXHEMY LIMPOKO NPUMEHSAI0TCA Kabenn ANA nepefayv 31eKTpu4eckoro
curHana oT KOMMYHMKaLMOHHOTO LeHTpa K aboHeHTaM. Takoii kabenb COCTOMT U3 MHOXeCTBa BUTbIX Nap MeTanInyecknx
NpoBOAOB, 3aluLLeHHbIX 3kpaHoM. O6bIYHO OAHa Napa npeAHasHavyeHa A9 o4HOro aboHeHTa. Kabenu Takke MOryT mc-
nosib30BaThbCA A1 nepefayn nHopmaumn Mexagy KOMMYHUKALMOHHBIMU LeHTpamu. FapMOHUYecKoe HanpsXeHue Ha-
BOAWTCA Ha KaXA0M MpoBofe napbl BAO/b CEKUUW, MOABEPXEHHON BO3AENCTBUIO, 1 MOITOMY Ha3blBAeTCS NPOAOSbHbLIM
HanpsxeHneM. [lna aTux nap pesynbTupyloliee HanpsxeHve nomex, kKOTopoe npunaraeTcs K TeneOHHOMY annapary,
npefcTaBnaeT coboii pasHuLy Mexay NpofosibHbIMU HaNPsHXXeHUAMN KaxA0ro NpoBoAa napbl U HasbiBaeTCsA NonepeyHbIM
HanpsHXeHneMm Uan MeTan/IMy4ecKnm HanpsXXeHneM HOMUHaNLHOTo pexnma. OTHOWEeHNe Mexay NMPoAOo/bHbIMU U Pe3y b-
TUPYIOLLMM MONEPEYHbIMY HANPSXEeHUAMUN Ha3blBaeTCsA 6aslaHCOM Lienu.

[BymMA rnaBHbIMW XapakTepucTukamu TenedOoHHO CUCTEMbI, CMOCOBCTBYIOLMMU CHXEHNIO TeNeOHHbIX NOMEX,
ABMSIOTCA 3KpaHWpoBaHWe 1 6anaHc. MexaHUMYeckuii akpaH Takke BbiCTynaeT B KauyecTBe 3/1eKTPOMAarHUTHOrO akpaHa u
ouyeHb ahheKTUBEH Ha BbICOKMX YacToTax. BanaHc 3aBucuT oT HebanaHca eMKOCTV kabeneii Ha 3eM/t0 1 OT HebanaHca
OKOHEeYHOro 060py0BaHMA 1 NO3ITOMY YXYZALIAETCA NP yBE/IMYEHNN YacToTbl. TenedOoHHbIe KOMNAaHMN OTBeYaloT 3a Noj-
fepxaHue cBoeli TenedoHHOR CUCTEMbI B XOPOLLEM COCTOSIHUM M 06bIYHO COOTBETCTBYIOT OnpefeieHHbIM MUHUMasIbHbIM
TpeboBaHNAM B OTHOLIEHMN GanaHca 1 aKpaHUPOBaHUS.

Cuctembl CBA3M NO HEM30MPOBAHHLIM MPOBOAAM A0 CUX NOP LUMPOKO NPUMEHSAITCA. DTN CUCTEMbI OYEHb MOXOXU
Ha KabesibHble CUCTEMbI C TOl pasHuLel, YTO He UMEeLOT aKpaHa W. crefoBaTesibHO, NUleHbl 3chekTa aKpaHNpoBaHus, n
nx 6anaHc, Kak NpaBusIo, Xyxe.

YyBCTBUTE/IBHOCTb Y€/I0BEYECKOTO yXa MEHSAETCA NpU U3MEHEHUN YacToTbl, MO3TOMY pa3paboTaHbl CTaHfapTHble
B3BeLUMBAIOLLME KPVBbIE /15 OTPAXEHNS aHHON YaCTOTHOW 3aBUCUMOCTM yxa. peakuum TenetOoHHOro NpueMHmnKa u apy-
rmx hakTopos, a Takke ANA onpeAeneHns ad(eKTUBHOIO ypoBHSA LWyMa OTAe/IbHbIX rapMOHUK. B cTpaHax, nepeHumaro-
LMX eBponeiickylo npakTuKy, 06bIYHO Mcnonb3yeTcs icohomMeTpuyeckoe B3BelmBaHue (ncodomeTpuyeckoe 3HaveHune
TOoKa), Torga kak B3BellmBawolme kpuBble C-Tuna HaxogAT 6o/bliee NPUMEHEHVe B CTpaHax, peanunsylLwmnx npakTuky
CeBepHOIl AMepuKn, Npu TOM. YTO pasHuLa Mexay o6onmu nogxogamu Mana. O6e KpuBble NpUBEAEHbI HA PUCYHKe A.2.

C nomoLbI0 3TUX BECOBbIX KO3(h(MULMEHTOB NOMHbIV B3BELUEHHbI YPOBEHb META/I/IMYECKOro WyMa MOXHO onpe-
Aenutb no opmyne

o mcn-WC,r
n M (A-2)

u
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rae Um — B3BeLIEHHOE MeTasiIMyeckoe HanpshkeHre HOMUHANBHOTO pexumMa:
N — MakcumanbHblii NOPSAAOK y4NTbIBAEMO rapMOHUKN:
Um — nHAyLUMpOBaHHOE NPOAO/IbHOE HAanpsXKeHUe;
Cn— Ko3(h(pMLMEHT NCOPOMETPUUECKOTO B3BELUMBAHUSA WU B3BELIUBAKOLWMIA KO3 PULMEHT C-TUNa rapMOHUKM 1.

10
10
01
0.01

100 1000 10000

yacTota,
PucyHok A.2 — lMcothomeTpnyeckoe B3BelIMBaHne C-tuna ------------- 1 k03hpruneHTbl NcoPoMeTpUIEeCcKoro
B3BeLUNBaHNSA

Mo onpepenexHnio MexayHapo4HOro KOHCY/IbTaLlMOHHOIo KoMuTeTa no Tenedoxmn n tenerpadpun (CCITT), gony-
CTUMbIli yPOBEHb 3/1EKTPOMArHMTHOIO NOJIA WyMa Ha TepMuHanax MMH1M aboHeHTCKOro annaparta He Ao/KeH npeBbiwaTtb
1 MB.

CornacHo ANSI/1EEE, wym B InHWM onpegensoT oTHocUTeNbHO 1 NBT Ha 600 OM. T. €. OTHOCUTE/IbHO MPUOXEHHO-
ro HanpsbxeHust B 24.5 MkB. 1 BbipaxaloT B b cBepXx 3TOro ypoBHa. IHAYCTpuUA CBA3M onpejesninia Noporosble 3HauyeHus
Npon3BOAUTE/NILHOCTU /11 B3BELIEHHOr0 No NpuHUuny C-message MeTa/l/INYECKOro WymMa Ha 06bIYHbIX KOMMepPUYecKnx
VNN KBAPTUPHBIX IMHMAX. YpoBeHb Wwyma B 20 dBmC (0,245 mMB) cuntaeTcs NoMHOCTLIO AONYCTUMbIM, Toraa kak 30 dBrnC
(0.775 MB) cuntaetcs HenpuemaembiM B 60/bLLIMHCTBE Cc/ly4aeB. bosiee BbICOKME YPOBHM LLYMa, KaK NpaBu/io, A0NyCTUMbI
ANs cucTem ¢ nposoAamu 6e3 N3onaunn.

Bcsi cooTBeTcTBYOWAn MHopMauna o TenedoHHOW cucTeMe, BkIovas MapLlipyT TenetOoHHbIX NMHWIA, Ao/MKHA
3anpawmsaTbcs y TenedOoHHON KOMNaHWn Ha paHHei ctagumn npoekta MTBH. 3TW AOKYMEHTbI Take OnuCbIBaKOT KOHLen-
LU0 3KBMBA/IEHTHOrO Mellatuiero Toka 8 hopme ynpoLeHHoro Metoja pacyeTa nosIHOr0 YpOBHSA B3BELUEHHOro meTan-
NINYecKoro wyma B TeneOoHHbIX TMHUAX U YCTAHOBNEHUS NpeAenoB TenedoHHbIX NoMex. [laHHblli MeTos pekomeHayeTcs
ONSA yTBEepxAeHus npegenos TenedoHHbIX NoMex Ana cuctem MTBH. Moatomy ans nwob6oro npoekta NMTBH moxHO pac-
cunTaTh ypoBeHb TesleOHHbIX NoMeX ANs KaXAOW 30HbI BO3AENCTBUA C NpUEeMIeMOli TOYHOCTbIO U OLEHUTb CTeneHb
TenedOHHbIX NOMEX OTHOCUTENIbHO KOHKPETHO YTBEPXAEHHOrO npegena.

A.3 OnpepgenexHve napamMeTpoB nNoMex TefedOHHO cBA3N

Hwxe npuBeAeHbl onpeaeneHns ANsS Hanbosee 4acTo NCNONb3yeMbIX 3KCMyaTaluNOHHbIX NokasaTenei Ans nomMmex
TenedOHHOW CBA3M BMECTe C TUNOBbIMW BE/IMYMHAMW 3TUX 3KCMIyaTalMOHHbIX Nokasateneil. JkcnayartalMoHHbIe noka-
3aTenu npeacTaBfieHbl A9 ABYX OCHOBHbIX KaTeropuii: KpUTepUN, KOTOPbIE LIMPOKO MCNOJb3YTCSA B CTpaHax, KoTopble
cnefyloT eBponecKkoi NnpakTuke, N KpUTepun, KOTopble 06bIYHO NPYMEHSIIOTCA B CTpaHax, KoTopble cnefyoT ceBepoame-
PUKAHCKOW NpakTuke.

KpnTepuu cornacHo eBponeiickoli npakTuke:

a) KoadhduuymeHT dhopmbl TeNedoHHbIX rapMoHnK THFF BbluncnsaoT no hopmyne

THFF =
(A3)

roe N — MakcuMarnbHblii NopsgoK yUNTbIBAEMOli FapMOHUKY;
Un — rapMoHunueckas COCTaB/AoWas HanpsXXeHns nopsigka i
U — cymMMapHoe cpegHekBagpaTuiHoe pasHoe HanpshkeHue.

12
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CyMMapHoe cpefHekBagpaTnuHoe asHoe HanpsixeHve U paccunTbiBaioT no gopmyne

Fn paccuutbiBaloT no opmyne

rae pn— koapduumneHT ncohomeTpnyecKoro B3BeWNBaHNS;
fQ— ocHosHas uacTtoTa (50 I'y).
YcTaHoBNEeHHbIV Npefen Ans koaduuymenta THFF B cuctemax MMTBH, kak npasuo, coctasnseT Npu6aM3nTenbHO
1 %.
6) McodhomeTpuyecknii ToK /p. onpeneneHHolii no hopmyne

(A4)

rae h(— koadpmuneHT, KoTopbli ABNsieTcst PyHKLUUE YacTOTbl U KOTOPbIA yunTbiBAET TUN CBA3M MEXAY COOTBETCTBYHO-
WUMK IMHMAMU. T1o cornatieHnto =1
p, — KoaghhpnumneHT NcohomMeTpUYECKOro B3BELUMBAHNSA Ha YacToTe t
I<— cocTaBnsowwasn Toka, Bbl3biBalOLWEro BO3MyLLEHNe, Npu yacToTe /.
B npaktuuecknx cnyvasx ypaBHeHue (A.4) MoxXeT ObiTb BbipaXXeHO B BUAE ABYX KOMMNOHEHTOB — cbanaHCMpoBaH-
HOro (rapMOHMKM NPSIMOA U 06GpaTHOli NocnefoBaTeNlbHOCTM) U OCTATOUYHOTO (FApMOHWK Hy/NeBOl Noc/efoBaTeNbHOCTM)
3KBMBAJIEHTHbIX TOKOB MOMexXu 418 TpexdasHoi NHuy cnegytowum obpasom:
- OCTATCYHbI/i KOMMNOHEHT:

(A.5)
rae 1 — nopsifoK rapMOHMKK;
N — MakcvMasnbHbIl NOPAAOK yYNTbIBAEMOU rapMOHVIKH,
/N— cbanaHcnpoBaHHbI/i KOMMOHEHT ToKa B (pade ANA rapMOHUKN I
- OCTATOYHbIA KOMMNOHEHT:
(A.6)

rae Ir — ocTaTouHbIil TOK (CyMMa KOMNOHEHTOB Hy/1eBOi NocnefoBaTenbHOCTW) AN1A TAPMOHUKM 1.

OKBUBAIEHTHbI TOK MOMEXM 6blS1 NCMONb30BAH B HECKOMbKMX NpoekTax MTBH. oAHAKO HET [OKYMEHTa/bHO Noj-
TBEPXAEHHbIX faHHbIX OTHOCUTENILHO 3afaHHbIX Npesenos. MpUBeAeM HECKOSbKO CMpPaBOYHbIX 3HAYEeHWUA ANs TUNOBOM
JIMHUM Nepejayun 3NeKTPO3Hepri, NoMyUYEHHbIX HA OCHOBaHWUU PUHCKOTO ONbITa;

7A < 'pe 4 20A- 1A < [rpB<3A'’
KpuTepun cornacHo ceBepoamMepukaHckoli npakTuke;
a) KoadhduumeHT nomex TenedoHHoli cBasu TIF BbiuncnsaT no hopmyne

i (A7)
rae N — nopsifok rapMOHUKY;
N — MakcumasnbHblii NOPSLOK yYUTbIBAEMON rapMOHUKY;
Un— cpefHekBagpaTU4yHOe HanpshkeHue ANa OfHOV 4acToTbl A4NA FTaPMOHUKN 1;
Wn — B3BewwmBawowWwmnin koapcunumeHT TIF AnsS ofgHOW YacTOTbl ANA FTAPMOHUKMN 11;
1N n— hasHoe HanpskeHne Ha OCHOBHOI YacToTe (cpefHekBagpaTuyHoe).
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B3BelumnBatoLwunii koadphuuymeHT TIF BblUMCASIOT No hopmyne

Wn = Cn 5 - n «f0.
roe Cn— B3BewwuBalLWumii KoapduuymeHT C-tuna:
N — NopsAA0oK rapMOHMKN:
/0— ocHoBHas vYacToTa.

B ctporom onpegenenun koadhduuymenta TIF B 3HameHaTene ncnonb3yeTcs cpegHeksagpatuuHoe asHoe Hanps-
XEeHune. 0HaKo NpuUBEeEHHOE Bbille onpejeneHune WUpPoko npuMmeHseTcsa B cchepe NMTBH gnsa 3agaHva akcnayaTaumoH-
HbIX Nokasarteneit Ana uAbTPOB NepeMeHHOro Toka. Bo3Hukwas BCneAcTBME UCMO/b30BaHWUSA HaNPsSXXeHUsS OCHOBHOW
rapMOHMKN B 3HaMeHaTesie MOrpelHOCTb OYeHb Mana ANA TUMOBbIX 3HAYEHUIA O6LLEro rapMOHNMYECKOr0 WCKaKeHUs B
3HeprocucTeMax BbICOKOrO U CBEPXBbICOKOIO HaNPsXeHUs.

TunoBble 3ajaHHble 3HavyeHns T1F HaxogaTcsa B AnanasoHe ot 15 go 50.

6) [MMpoussepgerue IT:

(A.8)

rae N — mMakcuManbHblil NOPSA0K yUnTbIBaeMOli rapMOHUKY;
/,, — cpeAHeKBafpaTUYHbI/i TOK FTAPMOHUKM IT.
Wn — B3BewwwvBawLWwmii koapcuureHT TIF rapMoHUKK N. onpegensemMblii no dopmyne

TunoBble 3afaHHble 3HaYeHUs IT B OTXOAAWMX NMHUAX NEPEMEHHOTO Toka npeobpasoBaTtefibHoli cTaHummn MNTBH
HaxogaTca B AnanasoHe ot 15 000 go 50 000.
B) JKBMBA/IEHTHbIV TOK MOMEXMU:

(A9)

rae N — mMakcumarsbHblii TOPSA0K yUUTbIBAEMOI rapMOHUKY;

Hn — B3BeLWMBaOLWMNIA KOIPDULNEHT, NPUBELEHHBIN K oNopHOI YacToTe {1 000 IL). KOTOPbIA YyUNTbIBAET 3aBUCUMOCTb

B3aVWMHOI CBA3M OT YacCTOTbl, BSIHNE IKpaHWPOBaHNA 1 6anaHc kaHana CBsA3W AN rapMOHUKH J:
Cn— B3BelmBawWuii koachduymeHTt C-Tuna;
1 — 3KBMBAsIEHTHbIN TOK MOMEXV rapMOHUKM N (Kak NpaBuio, COOTBETCTBYET TOKY Hy/neBoli nocneAoBaTeNbHOCTH).
B Tex cnyvasx, korga npegnonaraeTcsi, UTO rapMOHUYECKMe TOkM B c6anaHCMPOBAHHOM pexume 6yayT BHOCUTb

3HauMTeNbHbI BKNaf B HaBefeHHble NOMEXW, UX BKYalT B pacyeT | eq. SpdekTUBHbLI TOK NoMexu onpefenstot no
cnegytouieit oopmyne

(A10)

rae /fn— cymmapHbIii TOK B OCTATOYHOM pexume 418 TapMOHUKN N

Kjj — koadhduuneHT cBA3K TOKOB B COa1aHCMPOBAHHOM M B OCTATOYHOM pexnmmax Ha OCHOBHOI yacToTe:

bi1— TOK B c6asiaHCMPOBAHHOM pexumMe A8 rapMOHUKA .

OKBMBaNEHTHbIV TOK MOMEXW pPeAKo UCMonb3yeTcs ANA onpefeneHns TpeboBaHuii K YpoBHIO TenedOoHHbIX NoMex

ANS NNHUM NepeMeHHOro Toka, nuTatLein cuctemy NTBH. B 0AHOM 13 c/lydaeB ero npuMeHeHns 6bin ykasaHbl npefesnb-
Hble Be/IMUYUHLI B AnanasoHe oT 150 o 800 MA. KoHuenuus 3KBMBA/IEHTHOIO BO3MYLLAIOLLEr0 TOKa TakXe MUCNosib30Ba-
nacb B IMHUAX Nepefayv 3/IeKTPO3HEPrm NOCTOAHHOIO TOKa, /19 KOTOPbIX, COr/TACcHO OMbITY 3KCnyaTtauumn, Tpebyemblit
[AvanasoH TUNOBbIX 3HaYeHuii AN HopMasbHOW paboTsl fo/mkeH cocTaBnATb oT 0.1 Ao 1.0 A.

A.4 KommeHTapwuii

EBponelickne n ceBepoamepukaHckue onpeAeneHuns oYeHb CXOXWU Mexay coboii. B3aselwwnBatowuii koapduumneHt
C-Tuna n koadpuLUneHT NcohoMeTPMUECKOro B3BeLINBaHNA (CM. PUCYHOK A.2) NpakTUueckn WAEHTUYHbI. 3a uckiove-
HueMm 3Tux hakTopos, koadduuneHTbl TIF 1 THFF oTAmMyalTcs TONbKO Ha NOCTOsIHHOEe OTHoweHue 4000 (To ecTb 5n/0
BmecTo N f0/800).

Mopo6HbIM 06pa3oM, NpuHATaa B AMeprke MeToAanka 1M ABnseTcs Bapuaumei NpuHATOW B EBpone koHuenuymm /p.
npy 3TOM ONopHas YacToTa 1 B3BeLUMBatOLMA KO3 ULNEHT U3MEHSAIOTCS COrNacHo amepukaHckomy nogxoay. Koaddu-
uMeHT IT MOXeT paccMaTpmnBaTbCs B kKa4eCTBe YaCcTHOro cayyasn 17, s koToporo KoadpduuymeHT Hn nsMeHseTcst IMHENHO
C M3MEHEHMEM 4acToTbl 1 NpuBeAeH k yacToTe 1000 y. nAa atoro cnyyas oTHoweHue mexay IT v feq paBHo 5 000.
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MpuHATas nuHeliHaa 3aBUCUMOCTb OT YacToTbl ANA HN B Lenom cuyutaeTcs A0CTAaTOYHOl Ans cTaHAapTHOW Tene-
¢hOHHOII NPOBOAHOI CUCTEMBI U TUNOBbLIX XapaKTePUCTUK BO3AeicTBUA. MpUHATO, 4To MeToAmka [T ncnonb3yeTca Ans
pacyeTa TO/bKO C TapMOHUYECKMMU Tokamu B cbanaHCMpOBAHHOM pexume. MeTtoavka MmMeeT NpeumyLLecTBo, Tak
KaK yunTbiBaeT WHAYKUWIO B c6anaHCUPOBAHHOM U B OCTATOYHOM pexumax, W. Kpome TOro, aTa MeToAuka MOXeT 6biTb
nogobpaHa B COOTBETCTBMM C NOTPEBGHOCTAMU KOHKpPeTHOro npoekTa MNTBH nyTtem onpeaenexns koaduuneHta Hnana
OTpaXKeHUs xapakTepucTuK COOTBETCTBYIOLLE CUCTeMbI, B TO BPEMSA Kak NPUHSTas NMHeliHas 3aBUCUMOCTb OT 4acToTbl He
cumTaeTcs NPUMEHNMON (Hanpumep, BCNeACTBUE BbICOKOV MPOBOAUMOCTU IPYHTa).

KoadhdpmuymenTtol TIF n THFF npeacTtaBnaioT coboli 6e3pasMmepHble BENNUYNHBI, KOTOpble ONpeAenstoT NCkakeHne
¢hopMbl BOJHbI, & He a6COMIOTHYIO BETMUUHY aMMAUTYAbI.

MpuBeaeHHbIV Bbiwe pacyeT koadduuymnentoB TIF n THFF BbiNoMHAETCA C UCMO/Ib30BAHMEM B KayecTBe OMnop-
HOTo HanpshKeHWs CyMMapHOro HanpshkeHus, NoJly4eHHOro Kak cpefHekBaApaTuyHass cymMa HanpskeHWs Ha OCHOBHOM
4yacToTe U HanpsXeHWii Ha YacToTax BCeX rapMOHUK. TeM He MeHee, B 6O/IbLUIMHCTBE Cy4yaeB B TEXHUYECKUX YCNOBUAX
Ha cuctembl MTBH BMeCTO 3TOro Mcnosib3yeTcs HOMUHA/IbHOE HanpshXeHWe Ha OCHOBHOM YacToTe Uan dpakTuyeckoe Ha-
npshxeHne Ha OCHOBHOI YacToTe, OTHOCSILLLEeCs K yCNIOBUAM 3KCcnayaTaummn. 3aka3unk Ao/KeH OAHO3HAYHO yKa3aTb, kakoe
13 HanpshkeHuin 6yaeT NPUMeHATbCA.

MakcrManbHbli NOpPsSA0K rapMOHWK, UCMOMb3yeMblii NpW pacyeTax, fO/KeH 6biTb Gonblue, YeM NOPSAOK, KOTO-
pblii ncnonb3yeTca AN pacyeTa rapMOHUYECKUX UCKaXKEHWUI A HanpshkeHus, BCeACTBME OTHOCUTENIbHOTO Beca rapMoHWK
BbICLLIETO MOopsAka W XxapakTepucTuK B3aMMOCBA3N. TeopeTuuyecku, cnefgyeT paccMaTpuBarb rapMOHVKM C 4acToTON A0
5000 l'y. ofgHaKo Ha npakTuke B 60/bLINHCTBE TEXHUYECKUX YCIOBUIA yKa3blBAeTCA MakCHMasibHO COpPOK AeBsiTasi rapMo-
HUKa.
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A.5 MexaHu3Mm BO34elCTBUSA TOKa TMHUM INEKTPONEpPEAaUmn Ha Hanpsx)XeHne NnoMex B TeNeOHHOW NUHNK

OMI — anekrpamarmTHoe none

PucyHok A.3 — Bnok-cxema 6a30Boro mexaHvsma hopmumpoBaHmsa TeleOHHbIX NoMex
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1] |IEEE 519-2004 IEEE PekomeHgoBaHHaa npakTuka u TpeboBaHMA NO ynpaB/ieHUI0 rapMOHMKaMn B 3/ek-
TpoaHepreTnyeckmx cuctemax (IEEE Recommended Practice and Requirements for Har-
monic Control in Electric Power Systems)
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