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1 BE3OIIACHOCTDb

PQM-700 — pa3paboTaH gns MNpoBeAeHUs aHa/M3a OCHOBHbLIX MAapPaMeTPOB KauyecTBa 3/1eKTPUYECKOM
sHeprun. [Ons obecneyeHns NPaABUALHOIMO OOCAYKMBaHMA nNpubopa U  AOCTOBEPHOCTU MNOJYYEHHbIX
pe3ynbTaToB U3MepPeHUit, HeobXxoaAMMO NPUAEPHKNBATLCA CeAYIOWMX PEKOMEHAALMN:

BHumaHue /L\.

MNepeg pabotoir ¢ npubopom Heobxogmmo M3yuUTb AaHHOe PyKoBOACTBO, TwaTenbHo cobnloaatb
npaBuW/a 3aLWUTbI, a TaKXKe peKomeHgauum Usrotosutens.

MpumeHeHne npubopa, HeCOOTBETCTBYlOWEE YKasaHUAM MWM3rotoButensi, moxkeT ObiTb NPUYMUHOMK
NosIOMKM Npubopa M UCTOYHMKOM cepbE3HON onacHocTu ana Monb3osartens.

e [lpnbopom MOryT nosb3oBaTbCA /NLA, MMEKLME COOTBETCTBYIOWLYIO KBa/MPUKALMIO U AONYCK K
AaHHbIM paboTam;

e Bo Bpemsa nsmepeHuii Mosb3oBaTeNb HE MOXKET UMETb HEMOCPEACTBEHHOIO KOHTAKTa C OTKPbITbIMU
YyacTAMKW, AOCTYMHbIMW AN 3a3eMieHua (Hanpumep, OTKPbITble MeTanauyeckue Tpybbl
LLeHTPaIbHOro OTOMNNEHUA, NPOBOAHMKN 3a3eM/IeHMA U T.M.); ANA obecneyeHnsa XopoLlein U3onaumnm
cnenyeT UCMNO/Mb30BaTb COOTBETCTBYIOLLYIO CNELoAeXKay, NepyaTku, 06yBb, U30NMPYIOLLME KOBPUKM
nT. 4.

e Henb3s KacaTbCA OTKPbITbIX TOKOBEAYLUUX YAaCTEN, NOAKNIOYEHHbIX K 3/1eKTPOCETY;

e Heponyctumo npumeHeHUe:

O  U3MepUTeNs, NOBPEXKAEHHOTO NMONHOCTbIO UM YACTUYHO;

O MNpPOBOAOB C NOBPEKAEHHON U30/IALMEN;

O V3MepuTens, MPOAC/KUTENBHOE BPEMSA XPAHWBLIMIACA B HEMNPaBWIbHbBIX YCI0BUAX
(Hanpumep, B CbIPOM NOMELLEHUMN);

PeMoHT Nnpnbopa MOKeT BbINOMHATLCA NLWb aBTOPU30BaHHbIM CepBUCHbIM LieHTpoMm.

NPEAYNPEXOEHUE:
He BbINO/IHATL M3MepeHUA BO B3PbIBOONACHOI cpeae (Hanpumep, B NPUCYTCTBUM FOPIOYMX ra3os, Napos,
nbiAn u 1.4.). Ucnonb3osaHne namepuTena B TaKUX YCAOBUAX MOXKET BbI3BaTb UCKPEHUE U B3PbIB.

BHumaHue &

HacroAuwee usgenuMe OTHOCUTCA K YHUBEpPCa/ibHbIM M3MEpPUTE/NbHbIM Npubopam ANnA M3MepeHua U
KOHTPO/IA 3N1eKTPUYECKUX BeIMUMH (HanpAXKeHUA, CUNbl TOKA, CONPOTUB/IEHUA U MOLLHOCTH).

CumBonbl, oTo6paXkKéHHble Ha npubope:

@ Knasuwa gna BKAKYEHMA U BbIKIIOYEHUA NUTAHUA U3IMEPUTENA.

O

N3mepuTtenb 3alUMLLEH A4BONHOM U YCUAEHHON n3onaumen.




& Mepen paboToit ¢ Npubopom HeobxoaAMMO U3yunTb AaHHOe PyKoBoACTBO, TWaTesnbHO cobatoaaTb
npaBuWNa 3aluThl, a TaKKe pekomeHgauum MN3rotosutens.

MAX 760 V~ - BHMMaHMeE, MAKCMManbHOE HanpsyKeHMe Ha M3MepuTenbHbiX Bxogax He 6onee 760B
nepemeHHOro Toka.

c € CepTuduKaT 6esonacHocTM EBponeiickoro ctaHaapTa.

= N3mepuTenb, npeaHasHavyeHHbIN AN yTUAM3aUMK, cieayeTt nepeaatb MNpoussoanutento. B cnyyae

CaMOCTOATE/NIbHOW YTUAM3aUUKU ee cnefyeT NPOBOAWTb B COOTBETCTBUM C AENCTBYIOWMMM NPaBOBbIMM
HOpMaMMu.

CAT IV 300V - Mapku1poBKa Ha 060pya0BaHNN O3HAYAET, YTO OHO MCMO/Ib3YETCA B CETAX HAMNPSKEHUEM [0
1000 B, otHocuTcs K IV KaTeropmm MoHTa*ka U MaKCMMalbHOE UMMYJ/IbCHOE HanpsMKeHue, K BO34eNCTBUIO
KOTOPOro A0MKHO bbIThb ycToMumnso — 8000 B.

2 MMOAIOTOBKA UBMEPHUTEJIA K PABOTE

lMocne NoKynkn nameputena cnegyeT NPoBepUTb KOMMNIEKTHOCTb COLEPHKMMOrO YNaKOBKM.
Mepen Tem Kak NPUCTYNUTb K USMEPEHNAM, HEO6XOAMMOI

O y6eﬂ,MTbCﬂ, YTO COCTOAHMNE INEMEHTOB NNTAHNA MNO3BONIAET BbIMOJ/IHATbD U3SMEPEHWNA;
O NpoBepUTb LLESIOCTHOCTb KOPMNyCa Uameputena n nsonaunmm nsmeputenbHbIX Nposogos.

NPEAYNPEXAEHUE:
MoaKknoueHne HECOOTBETCTBYIOWIMX MU NOBPEXAEHHbLIX NPOBOAOB MOXKET NPUBECTU K NOpaKeHuio
OnacHbIM TOKOM.

3 $YHKIHWOHAJIbHBIE BO3MOXHOCTH

Pa3BuTME NPOMBILLAIEHHOCTU BO BTOPOM NoJIoBUHE XX BEKA NPMBENO K NOTpebaeHnIo 601bLINX MOLLHOCTEN,
YTO B CBOIO OYepesb NPUBENO K YXYALIEHUIO KAYeCTBa 3/1IEKTPUYECKON IHEPTMUM. B CBA3KM € 3TUM Obln NPUHAT
FOCT 13109-67 «Hopmbl KauecTBa 3/1EKTPUYECKOM IHEPTMNY, KOTOPbIA B NOCneayloLlme roga npetepnesan
psg nsmeHeHuit u B FOCT 13109-97 BKAtoyan B cebs yrKe 11 napameTtpos. C BHegpeHMEM COBPEMEHHOro
BbICOKOTEXHONOIMMYHOIrO obopydoBaHMA noTpebutenelr Habaoganocb HECOOTBETCTBME  OTAE/bHbIX
nokasaTenen Kadects, yto B nocneactsuum 2013 roay 6bin npuHAT TOCT 54149-2010 «InekTpuyeckas
sHeprua. CoBMeCTUMOCTb TEXHUYECKUX CPeACTB 3/IeKTPOMarHMTHas. Hopmbl KayecTBa 3/1eKTpUYEcKom
SHEPrumn B CUCTEMAX INEKTPOCHAOKeHUs obLlero HasHavyeHus.» O4HAKO He COOTBETCTBME TpeboBaHMAM
HaUMOHaNbHbIM CTaHAapTam, Takum Kak |IEC 61000-4-30:2008 (FTOCT 30804.4.30-2013), IEC 61000-4-7:2009




(FOCT 30804.4.7-2013), IEC 61000-4-15:2010 (FOCT P 51317.4.15-2012) u eBponeiickomy cTaHaapTty EN
50160:2010 npmBeno K co3gaHuto rocygapcreeHHoro ctaHgapta NOCT 32144-2013 (BeeaéH 01.07.2014r.).

AHanusaTop napamMeTpoB KayecTBa 3NeKTpuyeckoit 3sHeprum PQM-700 (Puc.l) — 370 nepenoBol
BbICOKOTEXHO/IOTMYHbIN MPOAYKT, MNO3BOMAKOLWMIA MNPOBOAUTb BCECTOPOHHWE M3MEPEHMUA, aHaiM3 MU
perucTpaumio napameTpPoB KayecTBa 3/eKTpuyeckoh asHeprum B cootsBetctBum ¢ [OCT 32144-2013
«InekTpnyeckana sHeprua. COBMECTUMOCTb TEXHUYECKUX CPEACTB 3NeKTPOMArHUTHasA. Hopmbl KadecTBa
3/IEKTPUYECKOM 3HEPIMM B CUCTEMAX 3N1EKTPOCHAOKeHUs obLWero HasHavyeHus». AHaNM3aTop MOJHOCTbIO
cooTBetcTByer TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «dneKkTpuyeckasa sHeprus. COBMECTUMOCTb
TEXHUYECKUX CPEACTB 3/1EKTPOMArHUTHasA. MeToabl M3MepeHMi NoKasaTenei KayecTBa 3/1eKTPUYECKOM
3Heprun.» KnaccaS.
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Enaemrwem

CEpHAHEIN HOMERD
OBosHaYEHMA W
s NapaMeTobl BEXOL0E

. Pastemel gna
CETEEOM MHMTaHA

Cnat gna il : |
SD-KEpTER = vl g |
Pasben USH { ' - .

Pasbemel 4na TOKOEBL
knewgd L1, L2, L3, M MamepHTenEHBIE EXO4El N0
HanpasxeH L1, L2, L3, N

Puc.1 AHanumsaTtop KayecTsa 3/1eKTpuyeckoi sHeprum PQM-700. O6wmin Bua.

AHanusaTtop nmeeT 4 (4eTbipe) BXxoAa No HanpaxeHuo, 0603HaveHHbIx L1/A, L2/B, L3/C, N. MaKkcumanbHoe
3HaYeHMe HanpAXKEeHUs Ha AaHHbIX BXO4aX He A0/KHO npesbiwaTth $1150 B (nMKoBoe 3HauveHue). Mpu aTom
[AHHOE 3HaYEeHMNE MOXKET ObITb U3MEHEHO, NP YC/I0BMU UCMOb30BAHUA TpaHChOpPMaTOPa HanpsaXKeHus.

Ona mnamepeHns TOKA WCMNONb3YHOTCA YeTbipe TOKOBbIX BX0Aad, 3aKAHYMBAKOLWMXCA pasbémMamu Ans
NOAK/NOYEHUA TOKOM3IMEPUTESbHbIX Knewen. K HUM MOXKHO NoAKNoUnNTb: TMbKne Knewm F-1, F-2A, F-3A, c
HOMWHaNbHbIM aAnanaszoHom o 3000 A (oT/iMyaloTcs TONMbKO AMamMeTpom 0b6xBaTa), EcTkue Knewmn C-4
(ananason go 1000 A nepemeHHoro Toka), C-5 (avanasoH o 1000 A nepemeHHOro M NocTOAHHOIO TOKa),
C-6A (amanasoH go 10 A nepemeHHoro ToKa) un C-7 (auanasoH o 100 A nepemeHHOro Toka). TakKe, KaKk U
NpU M3MEPEHUN HaNPAXKEHWUS, AMANa3oH MO TOKY MOMKET ObiTb M3MEHEH C NMOMOLLbIO AOMOHUTENbHbIX
TpaHCcHOPMaTOPOB TOKa, HanNpMmep, NPV NPUMEHEHUN TpaHchopmaTopa Toka ¢ KoadpduumeHtom 100/1 ¢
Knewamm C-4 MOXKXHO namepaTb Tokm o 100 KA.

Mpnbop MMeeT CbEMHYIO KapTy NaMATM CTaHAAPTHON éMKocTu 2 I'b. [daHHble ¢ KapTbl NamATU MOTyT 6bITb
nepeaaHsl Ha MK ¢ nomoubio USB-coeanHEHNA MAM BHELLHERO CYMTbIBAIOLLErO ycTpolicTBa (card reader).

NPEAYNPEXXOEHUE:
M3BneyeHue KapTbl namATM microSD npousBoAMTCA NpU BbIKAIOYEHHOM aHanu3aTope.




MECTO MPHERYHME SHK A KPEnnEHmi
XOMYTOE ANA YCTAHOEKK Ha cTonb
WK hHKECATOROE Ha DIM-pekiky
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MECTO NPHERYHMESHMA
sAWENK Ana DIM-peliki

Puc.2 3agHaa naHenb aHanmsatopa PQM-700.

Pernctprpyemble napameTpbl pasgesieHbl Ha rPynnbl, KOTOPbIE MOMHO HE3aBMCMMO OT APYrMX BK/OYATb
WM UCKAOYATb U3 PErMCTPaLLMK, YTO NO3BONAET PALMOHANLHO MCNONb30BaTb MECTO Ha KapTe namaTu. He
peructpupyemble napameTpbl He 3aHMMalOT MEcTa, TEM CaMblM MOMKHO 3HAUMTE/IbHO MPOA/NTL BPEMmS
3anucK Apyrux NnapameTpos.

AHanuzatop PQM-700 copepKUT BHYTPEHHWA 6NOK MWUTaHMA C LWWPOKUM [MAMNA30HOM BXOLHOMO
HanpsaxeHus 100...415 B nepemeHHoro (140...415 B nocToaHHOrO), KOTOPbIM MMEEeT oTAe/bHble NPOBOAA C
pasbémamu Tuna «baHaH» Ha KOHLaX.

becnepeboliHyto paboTy Npu yCcNnoBUM NPOMALAHUA HANpAXKeHWA NuTaHus obecneymBaeT BCTPOEHHbIM
NNTUN-NOHHBIN aKKYyMyAAToP.

MNonb3oBaTeNbCKUM MHTepd)eﬁC BK/IlOYaEeT B cebsa 5 CBETOAMOA0B, a TaKXKe 2 KNaBULLM.

PycuoumumposaHHoe 6ecnnatHoe nporpammHoe obecnedeHme «SONEL ANALYSIS» no3BonseT Mcnosib3osaTtb
BCE BO3MOMKHOCTU M3MepUTeNa (HacTpoliKa 1 aHaNn3 NoyYeHHbIX 3HAYEHUN).

MHTepdeic ¢ KoOMNbIOTEPOM ocyuiecTeidetca yepe3s USB c onTuMyeckoi passsa3koi, obecneqymsatowimii
BbICOKYHO CKOPOCTb Nepeaayn AaHHbIx (40 921,6 k6ut/c).

3.1 IIuTraHue aHa/IU3aTOpPA

AHanunsaTop MMeeT BCTPOEHHbIA 610K MUTAaHMA C AMANa3soHOM HOMMUHAAbHbIX BXOAHbIX HanpsXKeHWUM
100...415 B nepemeHHoro maun 140..415 nocCToAHHOro TOKa. BAOK nuTaHMA uMmeeT OTAeNbHble BXOAbl
(KpacHoro uBeTa), 0603HayeHHble bykBamu P (OT aHrn. power - nuTaHue). AN 3aWuUTbl UCTOYHMKA NUTAHMA
OT NOBPEXAEHWN NPU MNOMNbITKE €ro MNOAKNYEHUA K HaNPAXEHUI0 HUMKeyKasaHHOro AuanasoHa, OH
BbIKNOYaAETCA NPU BXOAHOM HanpaxkeHun meHee 80 B nepemeHHOro Toka nam 110 B nocToAHHOro TOKa.
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MpY OTKAOYEHUWN HaNpsKeHWUA NUTaHuAa paboTa aHa/iv3aTopa NOALEPKMBAETCA 3a CYET BHYTPEHHEro
akkymynatopa. OH 3apAMKaeTcs, Koraa Ha pasbeémax 6/10Ka NUTaHUA NPUCYTCTBYET HaMpaXKeHue.

OH nogaep’knBaeT aBTOHOMHOE NuUTaHMe A0 6 4yacoB npu Temnepatype -20..55 °C. B cayyae 6onee
O/MTENIbHOTO OTCYTCTBUA HaNpAXeHMA Ha BXOAE NMUTAHUA, aHanM3aTop BblkAtodaeTca. MNpu nocnegytowem
NOAKIOYEHMN NNTAHMA, EC/IN PaHee NPOoAOJIKaaCh perucTpaumsa, aHanmsaTop eé BoO30O6HOBUT.

BHUMaHMe &

Mpu nogavye nuUTaHMA K 3apAgHOMY YCTPOMCTBY npubopa OT 3NeKTpUuecKoi cetu, Heobxoaumo
pasmelLaTb o6opyaoBaHue Takum obpasom, YTo6bl He BO3SHUKA/O TPYAHOCTEN C €r0 OTK/IOYEHUEM.

B cnyyae AnuTenbHoro xpaHeHus, 6e3 MNOAKAIOYEHMA K WUCTOYHWKY nuTaHusa (6onee 3 mecsues),
aKKymynaTopHas batapea No/HOCTbIO Pa3psaaUTCA U HEKOTOPbIe AaHHble MOTYT ObITb MOTEPSHbI: TEKylee
BPEeMSs, HaCTPOMKN U3MepUTENbHbIX Nporpamm, PIN-koa, naponb 610KMpoBKK U T.4. Mocne Bo306HOBAEHUSA
paboT c aHa/IM3aTOPOM, PEKOMEHAYETCA BOCCTaHOBUTb HAaCTPOMKK, ncnosb3ys MO «SONEL ANALYSIS».

BHMMaHue &

3ameHa AKKYMYNIATOPA AO0/1XKHA NPOMN3BoAUTbCA TOJ/IbKO B aBTOPU3UPOBAHHOM CepBMCHOM U,EHTpe.

3.2 CreneHb 3alIMTHI U YCJI0BUA 3KCILIyaTalluu

AHanusatop PQM-700 npeaHasHayeH gnsa pPaboTbl B CAOMKHbLIX MOrOAHbLIX YCAOBUAX - OH MOXKET ObITb
YCTAaHOBNEH HENnOCPeACTBEHHO Ha OMOpax JIMHMM 3nekTponepenayvn. JnAa MOHTaXa WMCNONb3yHOTCA ABa
peMHA C 3aCTéXKamMu W ABa MNAACTUKOBBLIX KpenneHuAa. KpenneHua NPUBMHYMBAIOTCA K 3aJHEWN CTeHKe
Kopnyca. YCTaHOBKa peMHel ocyLecTBASeTCA corlacHo Puc.3.

Puc.3 KpenneHuna n pemHun gna MmoHTaxKa aHaamsartopa.

AHanusaTtop obecneumBaeT repMeTUYHOCTb Knacca IP65, a guanasoH paboumnx Temnepatyp -20...55 °C.

11




BHumaHue &

Dna Toro, utobbl ObecneunTb AEKNAPUPOBAHHYIO FrepMeTUYHOCTb Knacca IP65, Heob6xogumo cTporo
cobatoaathb cnegytowme npasuna:

e [1o/1KHbl 6bITb NJIOTHO 3aKPbITbI KPbILWKK pa3bémos USB u KapTbl NnamaATy;

¢ Hencnonb3ayemble pazbEmbl TOKOBbIX K/eLei A0MKHbI 6bITb 3aKPbITbl CUIMKOHOBbIMM 3aryLLUKaMMU.

Mpu TemnepaType OKpy:Katolen cpeabl HUKe oTMeTKM 0 °C BKtoyaeTcs o0borpes yCTPOMCTBA BCTPOEHHbIM
HarpeBaTenem, 3ajadyeil KOTOPOro ABAAETCA MoAAeprkaHue MOJIOMKMTENbHOW TemnepaTypbl aHasaM3aTopa
npu oTpULATENbHOM TEMMepaType OKpYHKatoLLel cpeabl B gvanasoHe -20...0 °C.

HarpeBaTenb nuTaetcA OT BCTPOEHHOrO MCTOYHUKA MWUTAHMA MNEpPemMeHHOro TOKa, a ero MOLLHOCTb
orpaHuyeHa, npumepHo, B 5 BT.

MN3-3a ocobeHHOCTeN BCTPOEHHOrO JINTUN-UOHHOIO aKKyMy/sTopa ero 3apsgKka 3absiokupyeTtcsa, Koraa
TemnepaTtypa aKKyMynaTopa HaxoamuTcA BHe AuanasoHa -10...60 °C (ctatyc 3apsagku B nporpamme «SONEL
ANALYSIS» nsmeHuTCA Ha «3apsaKa NPMOCTaHOBAEHa»).

3.3 MoHTax Ha DIN-peiiky

B Habope nocTaBnseTca KpenieHue A8 YCTaHOBKM aHanu3aTopa Ha cTaHZapTHyto DIN-peliky. 3alénky
HYXXHO MPUKPENnUTb K 3afHel CTEHKe aHa/nM3aTopa C MOMOLLbIO Mpuiaraemblx BUHTOB. A HagEXHOCTU
MOHTaXKa B KOMMAEKT TaKXKe BXOAAT CreLmanbHble KPIoYKK, KoTopble GuKcupytoT DIN-peitKy.
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Puc.4 3agHAs cTeHKa aHa/M3aTopa C 3/1IeMeHTaMK a1 MoHTaxKa Ha DIN-peiiky.
3.3.1 HopwmaJsbHble YCJI0BHS OKpPYKalolei cpebl

e Pabouasa Temnepatypa oT -20 go 55 °C;
e Temnepatypa xpaHeHua ot -30 go 60 °C;
e Ha BbicoTax go 2000 m;

e BnaxHocTb ot 10 go 90 %.
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3.4 H3mMmepsieMble mapaMmeTphbl
M3mepaemble napameTpbl:

e HanpsaxeHune RMS dasza-Heltpanb (L-N), dasa-dasa (L-L) B guanasoHe go 760 B (+1150 B nuKosoro
3HayeHus);

e Tok RMS B ananasoHe go 3000 A (10 KA nMKOBOro 3HayeHuA) NP UCNONb30BaHUN TMOKUX KneLlei
(F-1, F-2A, F-3A), no 1000 A (3600 A nMKoBOro 3Ha4YeHus) Npyu Ucnonb3oBaHuKM Knelen C-4 nan C-5,
0o 10 A (36 A nnKoBOro 3HayeHua) Npu ncnosb3osaHnu Kneulen C-6A, ao 100 A (360 A nukosoro
3HaYeHMA) NepeMeHHOro ToKa Npu UCNonb30BaHUK Knewein C-7;

o  Ko3dPUUMEHT NUKOBbIX 3HAYEHMIN CU/bl TOKA W HANPSXKEHUS;

e YacrtoTta cetn B gnanasoHe 40...70 lNy;

e  AKTMBHAA, peaKkTMBHaA, NOIHAA MOLLHOCTb WU SHEPTUA, MOLLHOCTb HENIMHEMHbIX UCKAXKEHWI;

e [apMOHMYECKME COCTaBAOLWME HAaNPAXKeHU n Tokos (a0 40-i);

o  Ko3adpdPpuumeHT rapmoHmnvecknx nckaxeHmmn THDe u THDg TOKA M HanpaXKeHus;

e  AKTMBHAA U PeaKTMBHAA MOLLHOCTb FAPMOHNYECKMX COCTABAAIOLMX;

e Yron $a3oBOro caBura Mexay HanpsaKeHMem n TOKOM;

e  Ko3adPpUuMeHT MOLLHOCTU cose, tgy;

e [lnnTenbHas M KpaTKoBpeMeHHan Ao3a pankepa Ps u Py;

e [lyckoBol Tok g0 60 c.

BbibpaHHble napameTpbl ABAAOTCA 0606WEHHLIMK (YyCpeAHEHHBLIMK) MO BPEMEHM, oOnpeaenfaemble
no/ib3oBaTesiem U MoryT 6bITb COXpaHeHbl Ha KapTe NamATu. Kpome cpeaHero 3HauyeHNa MOXHO 3anucbiBaTh
MWHUMaJIbHbIE U MaKCMMasibHble 3HAYEHMA Ha NPOTAXEHUN MHTEepPBaia YCPeaHEHUSA, a TaKKe MIHOBEHHbIE
3HaYeHus.

Bo3mokHocTM MO no3BOAAIOT HAaCTPOUTbL aHA/M3aToOpP B COOTBETCTBMM C geicTeytowmm FOCT 32144-2013
«IneKkTpnyeckaa sHeprnsa. COBMeCTUMOCTb TEXHUYECKMX CPEACTB 3NEeKTPOMArHMTHasA. Hopmbl KadecTBa
3/IEKTPUYECKOM 3HEePrMM B CUCTEMAX INEKTPOCHAOKEHUA 06LWLEero HasHaYeHUA», a TaK¥Ke aBTOMATUYECKM
chopmmpoBaTb MPOTOKON (OTYET) HA OCHOBAHWWM 3aPErUCTPUPOBAHHbLIX MapameTpoB. HacTpoitka
napameTpoB PErMCTPaLMM MOMKHO TaKXKe OCYLLeCTBUTb B PYYHOM pPeEXKUME, CaMOCTOATENbHO YKa3aB BCe
HeobxoaMmble NapameTpbl, 4OMYCKN, HOMUHaNbI.

KTPEYro/IbHUK»
Tun cetn 1-¢dasHas 2-x ¢pasHasA «3Be3ga» c N
«3Be3na» 6e3 N
MapameTp
L1 N |L1|L2|N|X([L1L|L2|L3|N/|X|L12|L23 31| X
[Jencreyiollee
U ° ° ° . ° ° ° ° ° . ° °
HanNpAXKeHue
lNocTtoAaHHaA
Upc COCTaBAAOLLAA ° ° o | o | o ° ° ° ° ° ° °
HaNpPAXKeHus
[Jencreytollee
| ° ° ° . ° . ° . ° ° ° °
3Ha4yeHWe ToKa
Inc [MocToAHHaA ° ° ° . ° . ° . ° ° ° °
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COCTaB/1AOWaA TOKa

f YacrtoTa
KoaddnumneHt
CFU MUKOBbIX 3HAYEHW
HanpAXeHnA
KoaddnumneHt
CFI MUKOBbIX 3HAYEHW
TOKa
P AKTMBHAA MOLLHOCTb L
PeaktneHa“ "
Qs, Qs .
MOLLHOCTb
MowHocTb
D, Sn
NCKaXKeHns
S MonHaa MmoLwHOCTb .
KoaddnumneHt
PF .
MOLLIHOCTH
KocuHyc yrna casura
cos @
¢das
TaHreHc yrna casura
tgo o1
¢das
KoadpounumeHt
rapMOHMYECKNX
THDu .
NCKaXKeHUN
HanpAXeHnA
KoadpounumeHt
THDI rapMOHUYECKNX
WCKaXXeHUWN TOKa
AKTUBHaA aHeprmna
Ep:, Ep- | (nOTpebnsemasn u .
oTAaBaemas)
PeakTnBHaAa aHeprua
Eai+, Ea1- @
(noTpebnsemas u °
Eas+, Eas-
oTAaBaemas)
Es MonHaa sHeprua °
Uni... AMNANUTYAbl FAPMOHUK
Uhao HanpAXeHuA
AMNANTyabl
Ih1..Ihao
rapMOHMK TOKa
CummeTpuryHbIe
Acnm-
COCTaBAAIOLWME U
MeTpuA °
U KO3pOULMEHT
’ HeCUMMeTPUM
Ps, Pt | [Jo3a dnvkepa
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MpumeyaHums:

e L1,L2,13(L12,L23,L31) - 0bo3HauyeHue Ppasbl;
e N - 03HayaeT u3MepeHMe Mo KaHaay ToKa Iy B 3aBUCMMOCTM OT TUNA NapameTpa;

e X — 03HaYyaer 3HauyeHue aas uenon CUCTEMbI;

(- g 3-x NPOBOAHbIX CETAX, B KAYECTBE CYMMapHOW PeaKTUBHOM MOLLIHOCTM PacCUMTbIBAETCA HeaKTUBHaA

mouHocTs N = +/§Z — P2

ObbeanHeHne
NU3MepeHui no
WHTEpBaslaM BPeEMEHMU

rOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «IneKTpUYeCKas sHeprus.

CoBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IEKTPOMArHMTHaa. Metoabl U3MmepeHui

nokasaTenen KauecTBa 3/1eKTpUYeckom sHeprum.» Knacc S:

e OCHOBHOE BpemMs U3MePEHNA 3HAaYEHNN NapamMeTPoB (HanpsaKeHue, TOK,
rapMOHWKK, acummeTpua) — 310 10-nepmoaHbIN MHTEpPBan AnA ceTel
anekTponutaHma 50y n 12-nepuogHbii ans ceter 60 Ny,

e WHTepan 3 cekyHapl (150 neprnoaos Ana HOMUHaAbHOM YacToTbl 50 My 1
180 nepuoaos ana 60 lu);

e WHTtepsan 10 muHyT.

HOFDELLIHOCTb Xo4da
BpeMeHU 4YacoB

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «dneKTpuUyeckas sHeprus.

CoBMEeCTMMOCTb TEXHUYECKUX CPEACTB 3/IeKTPOMarHMTHaa. Metoabl usmepeHui

noKasartesiei KayecTBa a/1eKTpuyeckoim aHeprmun.» Knacc S:

e BcTpoeHHble Yacbl peanbHOro BpeMeHM HacTPamMBaloTCA NPOrpammor
«SONEL ANALYSIS», oTcyTcTBYET CMHXpOHM3auma spemeHn no GPS n paauo;

e TouHOCTb u4acos - He bonee 0,3 c/aeHb.

YacTtoTa

BbinonHeHbl TpeboBaHua FOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
«IneKTpuyeckas sHeprmsa. COBMECTUMOCTb TEXHUUYECKUX CPeacTB
3/IeKTPOMarHuTHasa. MeTtoabl M3mepeHuit NokasaTesiell KauecTBa 3/1eKTPUYecKom
SHeprun.» Knacc S, ons metoza M NorpeLlHoCcTM U3MepeHus.

3HayeHMe HanparKeHua
nuTaHuA

BbinosiHeHbl TpeboBaHusa FOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
«IneKkTpnyecKkasa aHeprua. CoBMecTMMOCTb TEXHUYECKUX CpeacTs
3aNeKTpoMarHuTHaa. MeTtoapl U3MepeHWii NoKasaTeie KayecTsa 31€KTPUYECKON
9Heprun.» Knacc S, ona metoga v NOrpeLHoOCTU N3MepeHUa.

KonebaHua HanpaxeHusa
(dnukep)

MeTopa n3mepeHus 1 NorpeLHoOCTb cooTBeTCTBYEeT TpebosaHmuam FOCT P
51317.4.15-2012 (M3K 61000-4-15:2010) "CoBMeCTUMOCTb TEXHUUYECKUX
CPeACTB 3/IeKTPOMarHmuTHasA. dankepmertp. PyHKLUMOHANbHbIE U
KOHCTPYKTUBHbIE TpeboBaHKA."

MpoBanbl, NpepbiBaHUA
W NnepeHanparKeHuns

BbinonHeHbl TpeboBaHua FOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
«IneKTpnyecKas sHeprusa. COBMeCTUMOCTb TEXHUYECKUX CpeacTB
3/IeKTpoMarHnTHasa. MeTtoabl U3MepeHUi NOKa3aTe el KauecTBa 3N1eKTPUYecKom

nUTaHWUA
3HEpruun.» KnaccS, g meTosa v NorpeLHoCcTy U3MepeHUs.
BbinosHeHbl TpeboBaHusa FTOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
AcummeTpus «DNeKTpuyeckan sHeprusa. COBMECTUMOCTb TEXHUYECKUNX CPpeacTB

HanpAaxeHuAa NnnTaHuAa

INNEKTPOMArHnTHaA. MeTtoabl M3Mep9HMﬁ nokasaTenen KayecTsa 3/16KTpM‘-IECKOﬁ
9HEpPrnn.» Knacc S, onAa metoga u norpewHoOCTn N3IMepeHnA.
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FapMOHUKKM
HaNpAXEeHWA U TOKa

MeToa 1 norpeLHocTb U3mepeHua B cootseTcTemun ¢ FTOCT 30804.4.7-2013 (IEC
61000-4-7:2009) «COBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IeKTPOMarHMTHas.
Obuwee pyKoBOACTBO NO CPEACTBAM U3MEPEHUM U USMEPEHUAM FAPMOHMK U
WHTEPrapMOHUK N8 CUCTEM 3/IEKTPOCHABKEHMA N NOAKNIOYAEMBIX K HUM

TeXHUYECKUX cpeacTB.»

4 JKCIVIYATADUA IPUBOPA

4.1 CBeTOAMOABI CHUTHAJIU3ALUU

AHanmsaTop OCHALLLEH NATbIO CBETOANO4AMM, CUTHaN3NPYHOLWNMMU pa3indyHble COCTOAHNA pa6OTbII

ON (3enéHblit) — cBeToAaMOfL FOpPUT, KOrAa aHanAM3aTop BKAOYeH. Bo Bpema perucrpauum ¢
AKTUBHbIM CMALLUM PEXUMOM CBETOAMOA NOralleH.

LOG (KEénTbld) — CMrHanM3MpyeT O TEKYLLeW perucrpaunun. B oxugaHum 3anycka perucrpauuu,
CBeToamon ropuT HenpepbiBHO. Bo Bpema perncrpaunm oH muraet. [pu peructpaumm ¢ akTMBHbIM
CNALLMM peXxxMMOM — CBETOAMOA, NOralleH W BKAOYAeTCA Ha KOPOTKOe BpemMA € MHTepsasom B 10
CEKYHA.

ERROR (KpacHblii) — MWraHue 3TOro CBETOAMOAA CUTHANM3UPYET MNOTEeHUMaNbHYyto npobaemy
NOAKNIOYEHUA aHaNM3aToOpa K TECTUPYEMOWN CETU WM HEeCOOTBETCTBME YCTAaHOBAEHHOW aKTUBHOM
KOHUrypauum napametpam cetu. Kputepuu KoHTpoas npuseneHbl B rnase 4.5. HenpepbiBHOe
CBEYEHMe O3Ha4yaeT OAHY M3 BO3MOMHbIX BHYTPEHHMX OWMOOK aHanu3atopa (CMOTPM TaKkKe
onucaHue A0MOJIHUTE/IbHbIX COCTOAHWUI HUMKe).

MEM (KpacHblil) — cBEYEHME CUTHA/IM3UPYET OTCYTCTBME BO3MOMKHOCTM 3aMMCU AaHHbIX Ha KapTy
namaTtn. Ceetoamon MEM 6yaeT ropeTb HemnpepbiBHO MOC/AE 3aMo/IHEHUA BCErO MeCTa Ha KapTe
namatu. CMOTpM TaKKe OnMcaHne AOMNOJAHUTENbHbIX COCTOSHUA HUKE.

BATT (KpacHbli) — COCTOSIHME aKKyMynsaTopa. MuraHue 03HayaeT, YTO aKKymMynatop 6/M30K K
COCTOsIHMIO pa3psaga (EMKocTb 20% nam meHble). Koraa akkymynaTop 6yaeT NoSHOCTbIO PA3pAMKEH,
TO CBETOAMOJ, 3aKWUraeTca Ha 5 ceKyHA (BMecTe CO 3BYKOBbIM CMIHa/JIOM), 3aTEM aHa/M3aTop
BbIKJHOUUNTCA.

JononHuTenbHble COCTOAHUA, nHangmupyemble ceetognogamm:

16

HenpepobisHoe cBeyeHne MEM v ERROR o03HayaeT, 4TO OTCYTCTBYyeT, MNOBpe)KAEHa WAuU He
oTPopMaTMpoBaHa KapTa NamATu. Ecam nocne ycTaHOBKM B CNOT KapTbl MAMATM 3TU CBETOAMOAbI
ropAT, TO BO3MOXHbI ABa CLeHapua:
O KapTa noBpexaeHa WAM HecoBMecTMMa C aHanu3aTopom. B atom cnyuvae panbHeliwan
paboTa c aHaNM3aTOPOM HEBO3MOKHa. Knasuwwa ST HeaKTUBHa.
O KapTa He oTdopmatupoBaHa (OTcyTCTBYtOT dainbl, HEOOXOAMMbIE aHANU3aTopy WAWU 3TU
dalinbl  nNoBpeXAeHbl) — B 3TOM C/ly4ae MOXKHO HaXKaTb KNaBuLly & (oHa akTMBHa), uTO
HayHeT dopmMaTUpPOBaHME KapTbl MamATM. Ecam 3TOT npouecc 3aBeplinTCcA YChewHo, TO
csetoamoabl MEM 1 ERROR noracHyT, a aHanusaTtop 6yaeT rotos K AanbHelwen paborTe.
Mwuratowmii ceetognos ON 03HayaeT, YTo Ha KapTe namaTn obHapykeH ¢aiin FIRMWARE.PQF ¢
npaBubHbIM ¢aitiom 06HOBNEHUS NPOLIMBKKU aHanmsaTopa. YTobbl HayaTb nNpouecc 06HoBAEHMUSA




BHYTPEHHEero nporpaMmmHoro obecrneyeHus, Noib3oBaTeNb AO/MKEH HarKaTb Ha Knasuuy €D po
Bpemsi obHOB/EeHMs ogHOBpPeMeHHO muratoT ceetoamoabl ON n MEM. MNocne OKoH4YaHMA 3TOro
npouecca aHaansaTtop nepesanyckaetca. O6HOBAEHWE NPOLUNBKM MOMKHO NMPONYCTUTb, EC/IN HaXKaTb

Ha Knasuwy «© unn noaoXaatb 10 cekyHA.
4.2 Bxiw4YeHHe U3MepUTeIA

e AHaNM3aTOpP BK/IOYAETCA HaXKaTMemM KNasuLu «©. 3aropaetca 3enéHbin ceetogmoq ON. 3aTem
aHanM3aTop BbINOMHAET CAaMOTECTMPOBAHME M B Cayyae OOHApY)KEHUA BHYTPEHHUX OLWNBOK
3aropaetcsa ceetoanon ERROR, uemy conyTcTByeT AAUTENbHbIA 3BYKOBOM CUrHan (3 cekyHapl) —
dYHKUMA n3mepeHua 6nokupyetca. Mocne camoTecTUPOBAHUA aHa/M3aTOpP HauyMHAEeT NPOBEPKY
NPaBUAbHOCTU MNOAKAOYEHMA W €CAN aHanus3atop OOHapyKMT oWwnbKy, TOo Kaxkgple 0,5 cek.
HauymMHaeT muratb ceetoamnos ERROR, 4To He BN0KMpPYEeT BO3MOMKHOCTU BbIMNOJAHEHUA Aa/IbHENLLINX
N3MepeHuin, a TONbKO CUTHANMU3UPYET O HE COOTBETCTBUN KOHOUTYpaLMM aHanM3aTopa napameTpam
NOAKNOYEHHOMN CETH.

e Ecnu BO Bpema TecTa aHaM3aTop OOHAPYKUT CAULLKOM BbICOKOE HanpaXKeHWe Ha U3MepPUTENbHbIX
pasbEémax MAM CAUWKOM 60nbloi TOK, To Kaxkable 0,5 cek. 6yaet muratb ceetogmon ERROR u
CNblLIEH ABYXTOHA/IbHbIN 3BYKOBOM CUTHA.

e Ecnm nocne BKAOYEHMA aHaNM3aTOp OOHAPYMKWUT 3aNONHEHHYID MaMATb, 3aropaeTcA CBETOAMOA,
MEM - nsmepeHns 610KMpYLoTCs, paboTaeT TONIbKO PEKMUM YTEHUA TEKYLLUX AAHHbIX.

e EcnM nocne BKAOYEHMA aAHANM3ATOP He OOHApPY)KMUT KapTy MNamAaTM WAM  OBOHapyKuT ee
nospexaeHue, 3aropatotcsa ceetoguoabl ERROR 1 MEM, nsmepeHua 610KMpyLoTCS.

BHumaHue &

AHanoru4yHo muratot ceeroguopabl ERROR 1 MEM nocne ycTaHOBKM B aHa/IM3aTop HOBOI KapTbl NamaATH
microSD. Yto6bl oTpopmaTUpoBaThb 3Ty KapTy ANA UCNO/b30BAaHMA B NPoOLECCe PerucTpauuu AaHHbIX,
Heo6Xo4MMO HaXKaTb KNaBULLYy G0,

AHanusaTtop noATBepAMUT 3anyck GOpMaTUPOBAHUA TPONHbBIM 3BYKOBbIM CUTHA/IOM.

dopmatupoBaHue ypanaer BCé coaep)aHuMe Kaptbl namatn. Ecam oHO 3aBepwmnocb ycnewHo, To
AaHHble CBeToAMOAbI NOracHyT, a aHanu3aTop byaer rotos K pabore.

e Ecan TecT MOAKAOYEeHWA NPOWEN ycrnewHo, To nocae Haxatus €D aHanuMs3aTop 3anyckaeTt
perncrTpaumio B COOTBETCTBMM C 3aNporpammmMpPoBaHHbIM PexXnmom Ha MK,

e Bblk/iloyeHMe aHanM3aTopa NPOU3BOAMTCA YAEPKAHUEM KAABULLK @D 5 revenme 2 cek., ecan He
BKAtOYEHa 6/I0KMPOBKa KAaBMaTypbl AN NPOLLECC PETUCTPALNN.

4.3 dDyHKUMA aBTOMAaTHYeCKOr'0 BHIK/IIOYEHUS

Ecan aHanusaTtop He meHee 30 MUMHYT paboTaeT C MUTAaHMEM OT aKKymynaTopa (OTCyTcTByeT ceTeBoe
NUTaHWE) U HEe HAXOAWUTCA B PEXMME PEerucTpauun UM He aKTMBHO COeAMHEHME C KOMMbHTEPOM, OH
aBTOMAaTUYECKM BbIKOYAETCA ANA NPeAOoTBPALLEHNA pa3paga akKymyaaTopa.

ABTOMaTUYeCKOe BbIK/JKOYEHUE aHAAN3aToOpPa NPOUCXOANT TaKXKe B CAyyae MOAHOro paspana aKKymynatopa.
Takomy aBapuUMHOMY OTK/IOYEHUIO NpeaLlecTBYeT cBeveHMe ceetogmona BATT B TeueHue 5 cekKyHA U OHO

NPOUCXOoANT HE3AaBUCUMO OT peXnma, B KOTOPOM HaxoanTCA aHa/INM3aTop. B CcQiy4dae aKTUBHOM perncrpauun,
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OHa npepbiBaeTcs. [locne BOCCTAHOBAEHWS MNUTAIOLLErO aHaNAM3aToOpP HAMPAXKEHWs  perncrpauus
BO306HOBNAETCA.

4.4 Cunxponusanui c I[IK

Mpwu BrtoueHn aHannsatopa knasniwein @D nopt USB 6yaeT NOCTOAHHO aKTUBEH.

B pexume 4YTeHMA TeKywmx AaHHbix, B nporpamme «SONEL ANALYSIS» Ha K obHoBneHMe pAaHHbIX
NPOUCXOAMT Yallle, Yem Kaxkable 1 ceK.

Bo BpemMA perncTtpaunmn BO3MOXKHa nepegayvya aHHbIX, yXKe COXPaHEHHbIX B MNaMATb. [aHHble cumTbIBatOTCA
A0 MOMEHTA UX Ha4a/la nepegadn Ha MnK.

Bo Bpema permcrpaunm BO3mMoXKeH NpocmoTp napameTpos ceth Ha MK:
¢ MrHOBEHHbIE 3HAYEHMA TOKA, HAaNPAXKEHMA, BCEX MOLLHOCTEN, CyMMapHble 3HaYeHus gna 3-x ¢as;
e [apmoHuku n THD;
o  AcCUMMETPMUIO;
e BeKTOpHble AMarpamMmbl 41A HANPAXKEHUN U TOKOB;
e OcumnnorpaMmbl TOKa U HanpsKeHMA oTobparkaembl B pexXMme pPeasibHOro BpeMeHM!.

Bo Bpemsa coeamHenms ¢ MK knasuwa €D 6nokupyetca, Ho ecan aHanMsaTop paboTaeT ¢ BKAKOYEHHBIM
peskMMoMm BNOKMPOBKM KnaBuaTypbl (Hanpumep, BO BpPemMsa perucrpaumu), To 3abNOKMpOBaHa TaKKe U

KNnaBulla @

[na Toro ytobbl COEAMHUTLCA C aHAIM3ATOPOM Heobxoammo eeectn ero PIN-koa. Kog no ymonyaHuio ato
000. PIN-Ko4 MOXHO M3MeHUTb ¢ nomoLbio MO «SONEL ANALYSIS».

Tpu nonbITKM BBOAA HenpasuabHoro PIN-koaa 610KMpytoT nepegady AaHHbix Ha 10 MMHYT. TobKO nocne
3TOro BpeMeHu 6yaeT BO3MOXKHa NOBTOPHAA NOMbITKa BBECTU KOA,

Ecnm B TeyeHune 30 cek nocne nogknoueHua K MK He NpomMcxoamT HMKaAKoro obmeHa AaHHbIMKM MeXKay
aHaNM3aTOPOM WM KOMMbIOTEPOM, aHa/NM3aTOp BbIXOAUT M3 pexuma nepedadn AaHHbiX UM 3aBepliaeT
noaKaoyeHue.

BHMMaHue /i\

YaepKaHue B Te4eHUe 5 ceKyHA, KnasuLl G © Bo3BpawaeT PIN-Kog no ymonuanuio (000).
Ecnn BKAoYeHa 6N0OKMPOBKA KAaBMATypbl BO BpemMs pernctpauuu, To OHa umeer 6onee BbICOKUMA
npuopuTeT (CHauyana HyXXHO pa3baoKUpoBaTb Knasulum, 4Tobbl 06HYyNUTL PIN-KOA).

USB — aBnfeTcA NOCTOAHHO AEMCTBYHOWMM UHTEPdENCOM M HE MMeeT BO3MOXKHOCTM CBOEro OTK/OYEHMS.
[na Toro 4Tobbl COEANHUTLCA C aHAM3ATOPOM, HEOBXOAMMO coeaMHUTL ero Kabenem USB ¢ KomnbloTepom
(pasbém USB HaxoguTcAa Ha /IeBOM CTEHKe aHa/M3aTopa M 3alMLLEH YNJIOTHUTENbHOW 3arnywkoi). Ha
KOMNbloTepe HEOHX0AMMO NpeaBapUTENbHO YCTAaHOBUTL NporpammHoe obecneyeHne «SONEL ANALYSIS»
BMeCTe C ApanBepamu.

CKOpOCTb Nepeaayn AaHHbIX coctasnaer 921,6 Kbut/cek.
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4.5 CurHaausanusi ONMOKHU NOAK/JII0OYEHUS

Bo Bpema paboTbl aHa/M3aToOp HEMPEpPbLbIBHO KOHTPOMPYET M3MEPSEMble MapameTpbl Ha COOTBETCTBME
TeKkywen KoHourypaumm. Ha OCHOBAHWMM HECKONbKUX KpUTEPUEB, MEPEYUYUCIEHHBbIX HUXKE, aHANM3aTop
ynpasnset uHaukaumen csetogmona ERROR. Ecnv aHanusaTop He OOGHapy»KWM/A HECOOTBETCTBUM, 3TOT
cseTogmon He ropuT. Korga no KpaviHel mepe OAMH W3 KPUTEPUEB YKasblBaeT Ha MNOTEHUMANbHYHO
npobnemy, ceetoanon ERROR HaumHaeT muratb.

KpuTtepuun, ncnonb3yemble aHannM3aTopom aaa 0bHapyKeHMA OWNBKN NOAKNIOYEHMA, Cneaytowme:

e OTK/NIOHEHWE [OENCTBYIOWLErO 3HauyeHMA HanpsxeHua 6onee yem Ha 115% OT HOMMHaANbHOrO
3Ha4YeHus;

e OTK/JIOHEeHMe ¢a30BOro yria OCHOBHOM COCTaBAAOWEN HanpseHusa 6onee uvem Ha +30° ot
TEOPETUYECKOro 3HaYEHMA NPU PE3UCTUBHOMN HarpysKe U CUMMETPUYHOM CeTU (CMOTPU NpUMeYaHue
HUXKe);

e OTK/JIOHEeHMe $a30BOro yrna OCHOBHOM COCTaBAasAloLlLEl TOKa 6onee yem Ha £55° oT TeopeTnyYecKkoro
3HAYEeHMA NPU PE3UCTUBHOM HarpysKe U CUMMETPUYHON CeTU (CMOTPU NPUMEYAHUNE HUXKE);

e OTK/IOHEHME 3HAYEHUs YacToTbl ceTn bosee Yem £10% OT HOMUHANBHOIO 3HAaYEHMA YacTOThI,

e B 3-¢dasHolt 3-x 1 4-x NPOBOAHOM CUCTEMAX CETU, aHANM3ATOP TaKMKe BbIYNCASET CYMMY BCEX TOKOB
(MrHoBeHHble 3HaYeHUsn) U NPoBepPAET, PaBHa /I OHA HY/0. 3TO MOMOraeT onpeaennTb, NPaBUAbHO
NV NOAK/IOYEHbI BCE TOKOBbIE KAelMm (T. e. CTPENKM Ha rybKax Knewein HanpasBaeHbl K Harpyske).

Ecan paccumtaHHoe aeictytowee 3HadYeHMe cymmbl 6onblue, Yem 0,3% lnom, 3TO paccmaTpuBaeTca Kak
owmnbKa n muraet ceetogmos ERROR.

BHumaHue

O6Hapy»xeHue ¢asoBoit owM6KK TpebyeT, UTO6bI OCHOBHAA COCTaBAAIOLWAA CMrHana 6bina 6onblie nam
paBHAa 5% HOMMHaANbLHOrO 3HauyeHUA HanpsaXeHua manm 1% amvanasoHa HOMMHaANbHOro ToKa. Ecam 3to
yc/noBMe He BbINOJIHAETCA, TO NPaBU/IbHOCTb (Ga30BbIX Yr/I0B He NpoBepAeTcs.

4.6 IlpeaynpexjeHHe 0 BBICOKOM HaNpPs>KeHUHU UM TOKe

Bo Bpemsa paboTbl aHanM3aTOpP HEMPEepbiBHO KOHTPOAMPYET 3HAYEHWs HaMpsKeHUWn U TOKOB,
NOAK/MIOYEHHbIX K U3MepUTENbHbIM BXogam. Ecnv HanpaxeHue B 1060 N3 akTMBHbIX ¢a3 Ha 20% npesbicUT
3aZlaHHOrO0 B U3MeEpPMUTENbHOW KOHOUIypauum 3HayeHMsa HOMMHANLHOTO HanpsaxeHua (>120% Unowm), TO
BK/IIOYAETCA HEMPEPbIBHbINA ABYXTOHA/bHbIN 3BYKOBOW CUrHaA. AHa/OrTMYHO A1 TOKOB — CMTHaa TPEBOTM
BK/IHOYAETCA, €C/IN USMEPEHHDbIN TOK B IIO6OM M3 aKTUBHbIX KaHanoB Ha 20% NpeBbICUT HOMMUHA/bHbIV TOK
(amanasoH kneweh; >120% Inom). B 3TOM cnyyae nposepbTe, HAXOOUTCA /M HAMNPAMKEHME W TOK B
M3MepsemMoin CeTM B AManasoHe AOMYyCTUMbIX AN aHa/nM3aTopa Hanps)KeHWW M TOKOB, WM NpoBepbTe
NPaBUABbHOCTb KOHPUIYpaLMM aHaM3aToPa U U3MEHUTE ee.

4.7 HN3mepeHue
4.7.1 Haya/io M OCTaHOBKa perucrpauuy

BO3MOKHbI TpK crnocoba 3anycKka perncrpaumnm:
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HenocpeAcTBEHHbIM 3anyck — BPYYHYHO MOC/AEe Ha)KatuA knaswn &P nocne npeaBapuTesibHOM
HACTPOMKM aHanm3aTopa ¢ nomoupbto MK, muraet ceetogmosn LOGG;

CornacHo pacnucaHuio, yCTaHOB/AEHHOMY B nporpamme [K, B 3Tom caydae nakatne &P e
HauMHaeT peructpaumto (aHanusatop oXuaaetr OAMKaMLIero BPEMEHU M3  YCTAHOBAEHHOro
pacnucaHus U cam crtaptyeT) — ceetoamod LOGG ropuT B pesknme OXUAaHMA, a Nocie 3anycka
MUraeT;

MoporoBoe 3HayYeHMEe - NMpU COBEPLUEHMU KaKoro-mbo cobbiThA, 3a4aHHOrO B KoHdUrypaumm,
naatne D MepeKNoYaeT aHaM3aTOpP B HOPMasbHbIA PEXUM U3MEPEHUI, TEM HE MeHee,
3anucb ¢alinoB (COHBCTBEHHO perncTpauusa) HauMHaeTcs TOJIbKO Mociae ObHapyKeHus nepBoro
cobbiTuA. Ceetoamon LOGG ropuT B peXMMe 0XKUAaHWUSA, a NOC/e 3anycka MUraer.

PEI'MCTpaLI,VIFl aHann3atopa MOXKeET 6bITb 3anylweHa cobbiTvem no TOKY WAN HaNpAXeHWU, KOTOopble

3agatotca B nporpamme «SONEL ANALYSIS».

OKOHYaHMue perncrpaumm:

4.7.2

OcTaHOBKa perucTpaumm BPy4YHYHO MNPOUCXOAMUT MOCNE YyAEepXaHWA HaxKaToM KAaBuLK @ ;
TeYeHue CeKyHabl Unu n3 nporpammol MK;

Perncrtpauma 3akaHUYMBaAETCA aBTOMATUYECKM B PEXMME PaACnUcaHusA (ecinM yCTaHOBAEHO Bpems
OKOHYaHUA), B OCTa/IbHbIX C/ly4asix OHA MPOAO/IKAETCA A0 OCTAaHOBKWM Mo/sb3oBaTesiemM (KaasuLlen
@D vanva YPOBHE NpUIoKeEHUA);

Perncrpauna 3akaHYMBaeTCA aBTOMATUYECKM NPU 3aNONHEHUM BCEN KapTbl NAMATH;

Mocne oKOHYaHMA perncTpaumm, eciv Npubop He HaXoOAUTCA B CNALLEM PeXUME, FaCHET CBETOAMOS,
LOGG 1 aHanM3aTtop *KAET KOMaHAbl onepaTopa;

Ecnmn B npouecce permctTpaumm u nocse eé 3aBepLleHUs CBETOAMOAbI He rOpAT, a HaxaTue nboin
KNaBMLIM BbI3bIBAaET NHAMKaLMIO cBeToanona ON.

H3MepeHMe IyCKOBOI'O TOKa

CDyHI-(LI,Mﬂ NO3BONIAET PEerncTpmnpoBaTb noaynepmnoaHble 3Ha4eHUA HanpAaXeHUA U TOKa B TeYeHwue 60 cek.

Mocne 3TOro BpemeHu pernctpauus byaer aBTOMaTUYECKM 3aBeplueHa. MNepes usmepeHnem Heobxoanmo

BblbpaTh Bpems ycpeaHeHua — los08uHa nepuoda. OCTanbHble HACTPOMKU U CUCTEMA U3MEPEHMUIN MOTYT

ObITb NtobbIE.

4.7.3

OpHEeHTHPOBOYHOE BpeMsI perucTpanumn

MakcumanbHoe BpemMa perncTpaLmm 3aBUCUT OT MHOTMX GAaKTOPOB, TAKMX KaK: 06 bEM KapTbl MaMATU, BpeMA

ycpegHeHuUA, Tmun CETU, KONNYECTBO PErMCTPUPYEMbIX MapameTpoB, 3anncCb oCcUMUANOrpamMmm “ 06Hapy>KeHme

cobbITUI, U camn AONYCKM cobbITUIA. HeKkoTopble BbiGpaHHble KOHOUrypauuu npusedeHbl B Tabauue. B

nocieaHen KOJIOHKe yKa3aHo NpubansuTesibHOe BPeMs peructTpauuun Ans KapTbl namatn obbémom 2 Tb.

MoKa3aHHble NpMMepbl KOHOUTYpaLMii NPeanonaratoT BKAOYEHHOE U3MepeHMe TOKa Iy.
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MpnbansnTenbHOe BpeMsa PErucTpaLmmn 418 HECKOIbKUX MPUMEPOB KOHOUTYpauum

Tun MpubansutensHoe
Tun cetn Ocumnnorpammel
KoHOuUrypauum/ Mepuog, Ocuunnorpammbl BPEMSA perucrpauuu
(u3mepeHne | CobbiTua . no nepuoay .
peructpuypyemble | ycpeaHeHuA cobbITUI npv oTBEAEHHOM
TOKOB) ycpeaHeHus
napametpbl mecte 2 6
Mo rOCT 3-x dasHas ¢ (1000 .
10 MUHYT . * (1000 cobbiTHiA) 60 net
30804.4.30-2013 3Be3ga cobbiTunin)
Mo npodunio
3-x pasHas .
«TOKM 1 1 cekyHAa 270 gHen
3Be3ga
HanNpAXeHUa»
Mo npodunio
3-x pasHas
«MowHoCTN K 1 cekyHaa 23 gHA
3Be3ga

FApPMOHUKN»

Mo npodunio
3-x pasHas ¢ (1000

«MouHocTu n 1 cekyHaa . ¢ (1000 cobbiTuin) 22,5 pHa
3Be3ga cobbiTunin)
rapMOHUKM»
BkntoveHbl Bce
3-x pasHas
BO3MOXHble 10 muHyT 4ropa
3Be3ga
napametpbl
BkntoyeHbl Bce
3-x pasHas .
BO3MOXHble 10 cekyHp, 25 pHen
3Be3ga
napametpbl
BkntoyeHbl Bce
BO3MOMHbIe 10 cekyHp, 1-¢pasHan 64 gHA
napametpbl
BkntoyeHbl Bce
¢ (1000 .
BO3MOXHble 10 cekyHA, 1-dpasHan . ¢ (1000 cobbITIiA) o 22 pHA
cobbiTnin)

napametpsl

4.8 BJIOKHMPOBKA KJIaBMIU

B npunoxkeHnm «SONEL ANALYSIS» ecTb BO3MOKHOCTb HacCTPOMKK NapameTpoB 6I0KMPOBKU KiaBuLl nocne
Hayana perucrpauuu. 3To Aenaetca ANA 3alWUTbl aHanM3aTopa OT OCTAaHOBKU perncTpaumm noCTOPOHHUMMU
nmuamu. Y1obbl pa3bnoknposaTth KAaBmLwK, HEOBX0AMMO BbINOAHUTL Caeaytowme 4encTBuA:

e Tpu pasa noapsg HaxkaTb Knasmuy@ ¢ uHTepBanom ot 0,5 oo 1 cek.;
e 3aTem HakaTb Knasmmy@ B TedyeHune 0,5...1 cek.;

HarkaTve KnasBuL COMPOBOXKAAETCA 3BYKOBbIM CUTHAJ/IOM, AaXKe ANA HEAKTMBHbIX KAaBWL, a nocje BCeW
nocnefoBaTeNbHOCTU AeUCTBUI NpUbop M3aaeT ABONHOM 3BYKOBOM CUTHa.

4.9 Pexum OxugaHus («COALMA» PEeKUM)

Mporpamma «SONEL ANALYSIS» AaéT BO3MOMKHOCTb BKAKOUYUTL peXum oxunaaHua. Yepes 10 ceKyHa nocne
Hayana perncTpaumm aHanmM3aTop racuT ceeTtoamoabl. C 3TOro MOMEHTa BO3MOKHbI BAPUAHTbI:

e HenocpeAacTBEHHbIN 3aMyCcK — MOC/AE aKTUBALMM pexnma, Kaxaple 10 cekyHa, muraeT cBeToauon,
LOGG, cMrHanusmpyowmii o permctpauuu;

21




e 3anyck no cobbITMO — Nocne akTMBauMn pexuma, ceetogmos LOGG muraet Kaxkaple 30 cekyHA, B
pexXume OXMaaHuMA, B MOMEHT Haudana peructpauum csetoamos LOGG HauMHaeT muratb 4vepes
Kaxkable 10 cekyHg;

e 3anyckK no pacnucaHuio — nocsae akTneaumm pexmma, ceetoanog LOGG muraet Kaxkgble 30 ceKyHA, B
pexXnme OXUOAHMA, B MOMEHT Hayana peructpaumm csetogmos LOGG HaumMHaeT muratb yepes
Kaxkgble 10 cekyHA.

B pononHeHue K YKa3aHHbIM Bbllle Cy4aam:

e Ecau MNonb3oBaTesib cam NPepbIBaeT PerncTpaLmio Haxatmem €D, 5 ganrom c/ly4ae cBeToamoabl
BK/1104AIOTCSA, €C/IN TO/IbKO pernctpaumsa He Ha4yHETCA 3aHOBO;

e Ecin aHanu3aTop CamMOCTOATENbHO 3aKOHUW/ Pernctpaulmio, NOTOMY 4YTO 3aKOHUYMIOCb MECTO Ha
KapTe NaMATM UK 3aBepLIEHO pacnucaHne, TO CBeTOAMOAbl OCTAOTCA NOralleHbl.

HakaTue noboi KnaBuiimM (KpaTKOBPEMEHHO) Bbi3biBaeT cBeveHMe ceetoamnoaa ON (M, BOSMOXKHO, APpYruX,
Hanpumep, MEM B 3aBUCMMOCTM OT COCTOAHMSA) M aKTMBALMWN AaHHOM GYHKLMM, €CIM OHa AOCTYNHa.

4.10 O6HOoBJIeHue I10

BHyTpeHHee nporpammHoe obecneyeHne aHanmsatopa (aHrn. firmware) HeobxoaMmo perynspHo
06HOBNATb, NOTOMY YTO OOHOBNEHUA UCNPABAAIOT BbIB/EHHbIE OWMOKM UM BBOAAT HOBble PyHKUMK. Ecnm
obHoOBNsETCA MPOLIMBKA aHanu3aTopa, TO CAeAyeT NpPOBEpUTb, AOCTYMHa AM HOBAa BeEpPCMA NPOrpammbl
«SONEL ANALYSIS» (1 Ha060OpPOT) U eCnK 3TO TaK, TO TaKKe HeobXxoaAMMO 06HOBUTL MPOrpPaMmy.

4.10.1 ABTOMaTH4YecKoe OGHOBJIEHHE

ABTOMaTUYECKNII MeTos, (pekoMeHayeTcs) BbINOHAETCA C MOMOLLbIO NporpammHoro obecnedyeHma « SONEL
ANALYSIS». Ecnun B KOHOMIypaumm nporpammbl NoAb30BaTeb BKAOUYMT onuuto NMpoBepaTb 06HOBAEHUA, TO
NPUNOXKEHNE NpPU 3anycKke MNOAKAOYaeTcA K cepBepy. Eciv Tam ecTb A0CTynHble OOHOBNEHWS, TO OHMU
oTobparkaloTcs Ha 3KpaHe (BMecTe CO CMWCKOM WM3MEeHEeHW) U NOoAb30BaTe/lb MOXET MOoATBEPAUTb WX
3arpysKy. TakXe MOXKHO 3anyCTUTb NPOBEPKY 0OHOBNEHWIA BPYYHYIO, BbIOPAB B MeHI0 NporpamMmbl CnpaBKa
-> O06HoBneHue on-line. Ecnn ecTb foctynHoe oH6HOB/IEHME MPOLIMBKM M OHO YCMELWHO 3arpy)KeHo, To
MOXHO 0O6HOBUTbL BHYTPEHHee nporpammHoe obecrnevyeHne aHaansaTopa. Jas aToro Heob6XxoAMMO:

e T[lepes OBGHOBNEHWEM CKOMMUPYWTE BCe [JaHHble W3 aHa/M3aTopa Ha KomnbloTep (3arpysute
3anuMcaHHble AaHHbIE M COXPAHUTE MX Ha AUCKe);

e [logKntounTe Uenb NUTAHUA aHANN3ATOPA K SNEKTPUYECKON CETH;

e [logKnounTe aHaAn3aTop K KoMmnbloTepy Kabenem USB u ycTaHOBUTE COeaUHEHME MPUIOKEHUA C
aHanusatopom. Cpasy nocne nogxntouyeHma nporpamma «SONEL ANALYSIS» nokaxeT coobuieHune o
BO3MOXHOCTM OOHOB/MIEHWA NPOLWMBKKA (4ns 3TOro Heobxoaumo, 4TObbl B  KOHQUrypaumm
nporpammbl  6bina BKAtoYeHa onuuAa «MpoBepATb BepcU0 MNPOLUMBKU aHanuMsatopa npwm
NOAKAIOUEHUNY);

e [locne noATBEpXAEHWA CBOEro HamepeHUs OOHOBWUTL NPOLIMBKY, [AOXKAWUTECH 3aBeEpLUEHUA
npouecca.
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BHumaHue
MNocne ycnewHoro o06HOBAEHMA HeO6XO0AMMO 3aHOBO NepenporpammMpoBaTb aHaaU3aTop nepep,

3aMyCcKOM Perucrpauum, 4ytobbl 3berkaTb NPOTMBOPEUUiA B 3aNMnCbiBaeMbiX SaHHbIX.

4.10.2 Py4yHoe OGHOBJIEHUE

[Ons obHOBNEHUA BPYYHYHO HEOBXOAMMO COXPaHUTb COOTBETCTBYIOWMI Gain NPOLWMBKM Ha KApTy NaMATU U

3anycTUTb 06HOB/IEHME KNaBULLEN.

Mepen o6HOBAEHMEM CKONMUPYMTE BCe [aHHble M3 aHa/aM3aTopa Ha KOMMbloTep (3arpysuTe
3anuMcaHHble AaHHbIE M COXPaHUTE MX Ha AUCKE);

Moaxno4uMTe Lenb NUTAHUA aHANN3ATOPa K S/IEKTPUYECKON CETY;

C Beb-caita http://www.sonel.ru 3arpysute ¢daiin c HoBoW npowmuBKoi. Ecam dain ynakosaH,
n3BAeKknTe U3 apxmea ¢ann c umeHem FIRMWARE.PQF;

dann FIRMWARE.PQF HeobxogMmo 3anucaTb B KOPHEBOW KaTanor KapTbl NamATM microSD c
NMOMOLLLbIO BHELLHEro Kap4-puaepa;

BctaBbTe KapTy namaTu B aHanamsaTtop. [JomkeH muratb csetoguog ON, 4yto curHanmsupyet
pacno3HaBaHue palina NPOLWNBKM U TOTOBHOCTb K 3aMycKy OOHOBAEHUS;

YT106bI HaYaTb OOHOBAEHME, HAXKMUTE KAABULLY €D e KnaBuLly €D e naxats B Teuenve 10
CeKyHA, o6HoBneHMe wurHopupyetca. [lpouecc OOGHOBAEHMA  CUFHANM3MPYETCA  MWUFaHUEM
ceetogmnonos ON nu MEM.

BHMMaHue /l\

Mocne ycnewHoro obHOBNEHUA HEOGXOAMMO 3aHOBO nepenporpaMmmunpoBatb dHAIU3ATOP nepea

3anycKOM peructpauum, utobbl n3bexxaTb NPOTUBOPEUMiA B 3aNUCbIBaEMbIX faHHbIX.

5 II0 «<SONEL ANALYSIS»

MO «SONEL ANALYSIS» siBnsetcs HeobXxoaMMbIM NPUAOKeHUeM ana paboTtbl ¢ aHanansaTtopom PQM-700.

OHa no3BoAAeT:

Mpown3BOAUTb HAaCTPOMKY KOHPUIypaLUKn aHann3aTopa;

CunTbiBaTb AaHHbIE C PEFUCTPATOPA;

MpocmaTpmBaTb NapameTpbl CETU B PeaslbHOM BPEMEHMU;

Ypanatb AaHHbIE U3 aHANM3aTopa;

MpeacTaBnATb AaHHble B BUAE Tabauu,

MNpeacTaBnATb AaHHble B BUAE ANArpamm;

AHanusmpoBaTtb AaHHble no cTtaHgapty FOCT 30804.4.30-2013, pernameHTy 3HEProcucTtembl U
APYTrMMm yClI0BMAM, onpegenisemMbliM No/b30BaTeiem;

HesaBucnmo paboTaTb C HECKO/IbKMMM YCTPONCTBAMMU;

O6HOBNATb 4,0 HOBbIX BEPCUIA MPOLLMBKY aHaAN3aToOpa M camy Nporpammy.

MoapobHoe pykoBOACTBO nNoAnb3oBaTena nporpammbl «SONEL ANALYSIS» aocTynHO B OTAE/IbHOM

AOKymeHTe (Tak»Ke ANs CKaumsaHms ¢ canta http://www.sonel.ru).
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http://www.sonel.ru/ru/biblio/firmware/
http://www.sonel.ru/ru/biblio/software/

6 INIOAKJIDYEHUE AHAJIMU3ATOPA

AHANM3ATOP MOMKHO NOAKAOUYMTL K CeAYIOWMM TUNaM CeTu:
e OpHodasHas asyxnposoaHas (Puc.5);
e [1ByxdasHas (c pasaenéHHolt 0bmoTKo TpaHchopmaTtopa, aHrA. split phase) (Puc.6);
e TpéxdasHasa yeTbipéxnpoBoaHan («3se3ga») (Puc.7 n Puc.12);
e TpéxdasHaa TpéxnpoBoaHas («3Be34a» C U30/IMPOBaAHHON HeilTpanbio) (Puc.8);
o TpéxdasHaa TpéxnpoBoaHas («TpeyronbHUK») (Pnc.9 n Puc.13);

B TpéXI'IpOBO,D,HbIX CNCTeMax BO3MOKEH 3amep TOKOB METo40M ApOHa, C ncnonb3oBaHMeEM TOJIbKO ABYX
KI'IELLI,Eﬁ, namepAarnLwmnx JINHEWHbIE TOKM |11 U |i3. 3HaYEHMe e ToKa |, BbluMCNAETCA COrIacHO 3aBUCMMOCTU:

Iy =—11— 13

3Ty MeTOAMKY MOXHO WCMO/Ib30BaTb B CAyyae CUCTEMbl TUMa «TpeyronbHuk» (Puc.10) u «3Be3ga» c
N30/IMPOBaHHOM HelTpanbio (Puc.11).

BHMMaHue &

Ona pabotbl B cuctemax 3/1eKTPOCHA6XKeHUA ¢ M30/IMPOBaHHOW HEUTpPa/ibio, HE06X0AMMO NOAKAUUTD
sxog N no HanpsxeHuwo K Knemme/wwuHe L3 uccnepgyemoit cetn. B Takux cuctemax He Ttpebyertca
noaKntouatb Bxog, L3 aHanusatopa K aneKTpuyeckon cetn. Cxembl NOAKAIOYEHUA NMOKasaHbl Ha Puc.8,
Puc.9, Puc.10, Puc.11 v Puc.13.

B ceTAx C HeWTpasbHbIM NPOBOAHMKOM MOXHO BK/OYMTb U3MepeHMe TOKa B 3TOM NPOBOAHMKE nocse
NOAKNIOYEHNA AOMONHUTENbHbIX Kielen no Bxody In. 3TO M3MepeHue BbINOJHAETCA NOC/e BKAOYEHUA B
KOHOUrypaLmm mecta usmepeHna onumm «ToK B npoBogHuKe N».

BHMMaHue /i\

[OnAa npaBUAbHOrO BbIUUCAEHUA MNONHOM MOLLHOCTU S., a TaKXe KoadpoduuueHta mouwHoctM PF B
TpéxdasHoii 4-x NnpoBOAHOU ceTu 06A3aTeNIbHO U3MepeHne ToKa B HEMTPAZIbHOM NpPoBogHUKe. B Takom
cnyyae Heobxoaumo Bcerga BKAKOYaTb onuuio «TOK B NpoBogHUKe N» U NoAKNIOUNTD 4 M3MepUTENbHbIX
Knewyein.

Heobxoanmo o6paTnTb BHUMaHUE Ha $HasuMpOoBKYy Knewen (rMbKMx u obbiuHbIX). Knewm Heobxoanmmo Tak
YCTAHOBMUTb, YTOObI CTPe/iKa, HaxoaALLancA Ha Kaewax, bblia HanpaBaeHa B CTOPOHY Harpysku. Mposeputb
NPaBUAbHOCTb YCTAHOBKM K/eLWen MOXHO NyTEM M3MEPEHUA aKTUBHON MOLLHOCTM — B BONbLINMHCTBE TUMOB
MacCMBHbIX MPUEMHMKOB, aKTMBHAA MOLLHOCTb MMEET MOJIOKUTENbHbIM 3HaK. B cayyae obpaTHoro
NOAKNOYEHMA KNeLLen, UX NOAAPHOCTb MOXKHO M3MeHUTb ¢ nomoLbio MO «Sonel Analysis».

Cxembl NOAKNOYEHUA dHa/nM3aTopa K MCCHEAVEMOVI CETU B 3aBNCUMOCTHN OT ee Tuna.
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L1 HE
. ‘L2 L2
‘L3 L
. TpatchopmaTop . Mpvenarit
,[I,n:nnn:nnHMTéann:-

Bxogel No HaNpakeHn  Bxogel no Toky

Puc.8 Cxema noakntoueHma — TpéxdasHan ceTb «3Be34a» C U30/IMPOBAaHHON HENTPA/IbIO.
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Puc.9 Cxema nogkntodeHUA — TpéxdaszHan ceTb «TPEYrONbHUKY.

TpaHchopmaTop

JonoNHKUTENEHD

Bxofel No HaNpA#xeHMD  Bxogel no Toky

Puc.10 Cxema noakatoueHna — TpéxdasHan ceTb «TPEYrosibHUKY (M3MepeHne Toka metoaom ApoHa).
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Puc.12 Cxema NOAKNOYEHNA — KOCBEHHbIE M3MepeHUs B 3-X Gpa3HOM cxeme «3Be3aa» CeTU CpegHero
HaMNPAKEHUA C U3SMEPUTENbHbIMKU TPaHchopMaTopamu.
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Bxogbl no HanpsxeHuwo Bxoapl no Toky
Puc.13 Cxema noaKntoueHUsA — KOCBEHHbIe n3MepeHUa B 3-x pa3HOM Cxeme KTPeyrosibHUK» CeTU cpeaHero
HanpsAXXeHUA C U3MepUTeNbHbIMU TPaHCHOPMaTOPaMM.
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7 KOHCTPYKIMA N METOJbl U3MEPEHUA

7.1 Bxojpbl IO HANPSIXKEHUIO

yCTpOﬁCTBO 6n10Ka BXO40B NO HANPAXEHUNIO CXEMATUYECKU NOKA3aHO Ha PUCYHKeE.

B ——[Enok nuTaHra
.— oT CETH

=te
=D

Puc.14 Bxogbl No HanNps»KeHWto 1 610K NUTaHMA

Tpu Bxoga ¢as L1, L2, L3 u 3awmTHbIM npoBod PE MmeroT obuiyto NMHUIO, KOTopon ABnseTca nposoa N
(HeliTpanb). Takas KoOHUrypauma BXOA0B MO3BOAAET YMEHbLIUTb KO/MIMYECTBO NPOBOAOB, HEOHXOAMMbIX
AN NOAKNIOYEHMA aHanmM3aTopa B Hambonee paclMpPeHHOM BapuaHTe [0 YeTblpéx. PUCYHOK TaKke
MOKa3bIBaeT, YTO LeNb NUTAaHMA aHaIM3aTopa ABNAETCA HE3AaBUCMMOM OT U3MEPUTENBHOW LEenu.

BNOK NUTAaHWA C HOMMHANbHbIM AMANA30HOM BXOAHOrO nepemeHHoro HanpaxeHua 100..415 B umeer
oTAesNbHble Pa3sbéMbl.

Y aHann3aTopa o4MH AMANa3oH HanpsXeHUa ¢ NMKoBbIM HanpaxeHrem 1150 B (6e3 Harpysku).
7.2 BXxojpbI 110 TOKY

AHanM3aTop MMEET YeTbipe He3aBMCUMbIX TOKOBbIX BXO4a C MAEHTUYHbIMM NapameTpamu. K Kaxgomy u3
HUX MOHO MOAK/IOUYNTL KECTKME TOKOBbIE KNEeWM C BbIXOAOM NO HanpAMKeHuto cTaHgapTta 1B rvs MM
rmbKue Tokosble Knelm F-1, F-2(A) n F-3(A).

TUNMYHOM CUTyaumnen SBAAETCA WCMOJIb30BAHWE TMOKMX Kewen BMecTe C BCTPOEHHbLIM 31EKTPOHHbLIM
nHterpatopom. OgHako, PQM-700 oTanyaeTca BO3IMOXHOCTbIO MPAMOro NOAKAOYEHUA K BXOAY TOKOBOrO
KaHana KaTyWwKn POroBCKOro , a MHTErpauma cMrHana ocywectsnserca npu umdposon obpaboTke.

7.2.1 ILundpoBoii uHTErpaTOPp

B aHanusatope PQM-700 ucnonb3yetcAa pewleHve C LMOPOBbIM MHTErPUPOBAHWEM CUTHaNA, WAYLWEro
HenocpeacTBEHHO C KaTylKM PoroBckoro. Takol noaxof no3Boaua m3bexkaTb npobnem aHanorosbiX
MHTErpaTopoB, CBA3aHHbLIX C HeobxoAMMOCTblo obecrnedyeHua 3aABAEHHOW TOYHOCTM B A0/JFOCPOYHOMN
MepcneKkTMBE U B CAOMHbIX YCAOBUAX M3MeEpPeHUA. AHANIOrOBbIM MHTErpaTop TaKMKe AO0/IKEH COAepKaTb
CXeMy, NMPeaoXpPaHsAIoLLYO OT MeperpysKu BbIXO4a B C/ly4ae HaIMYMA Ha BXOAE NOCTOAHHOIO HaNpPsXKeHUs.
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NaeanbHbI MHTErpaTop UMeeT 6eCKOHeYHOe YCUIeHME A1A MOCTOAHHbIX CUrHaNoB, KoTopoe ybbiBaeT co
ckopoctblo 20 ab/aekaay 4actotbl. CAsur ¢asbl ABAAETCA MNOCTOAHHbIM BO BCEM AManas3oHe 4acToT U
coctasnset —90°.

TeopeTnyeckn bGeckoHeYHoe ycuaeHue ANA MOCTOAHHONO HAMpPAMKEHWA, eCIM OHO MNOSBWUTCA Ha BXoAe
WHTErpaTopa, Bbi3blBAaeT HaCbILLEHME €ro BbIXOAa A0 3HauyeHua 6/IM3KOro K  HaMnpPAXKEeHUIO NMUTAHUA U
610KMpYyeT fdanbHelwylo paboTy. B NpaKTUYeCKMX cXxemax MPUMEHSIOTCA pelleHusn, orpaHuYMBalolme
yCUeHWEe MNOCTOAHHOMO HaNpPsAXEeHUA [0 HEKOTOPOro YCTAaHOBAEHHOrO 3HAYeHWA M AONOJHWUTENbHO
nepuvoamMyeckm o6HynAloT Bbixod. CyLLeCTBYIOT TaKKe MeToAbl aKTUBHOIMO YAa/feHUs MOCTOSHHOIO
HanpsXXeHusn, 3aKkalovalowmnecs B ero M3sMepeHnn 1 nogade obpaTHO Ha BXOA, HO C MPOTUBOMOJIOMKHbLIM
3HaKoMm, 3pdeKkTMBHO 06Hynsa ero. OnpepeneHve B  aHIAMICKOW TepmuHonorun ,leaky integrator”,
O3HayaeT TONbKO TO, YTO AaHHbIN MHTErpaTop C yTeykon. AHasnorosblii ,leaky integrator” — 310 npocTo
WHTErpaTop C KOHAEHCATOPOM, COeAMHEHHbIM OAHMM KOHLLOM C pe3ncTopom 60/bwon BeMYUHbI. TaKas
CXeMa B 3TOM C/ly4ae COBMAAAET C HU3KOYACTOTHbIM PUABTPOM C O4EHb HU3KOWM YaCTOTOM NPONYCKaHUA.

UndpoBana peanusaums uHTerpaTopa obecrneynmBaeT OT/IMYHbIE [AO/rOBPEMEHHble MNapameTpbl — BCA
npoueaypa BbINOJIHAETCA NYTEM BbIYMUC/IEHUSA, HE MOKET ObITb U PeUYM O CTapeHUU S1EeMEHTOB, Apendax u
T.n. O4HAKO, TaK e, KaK U B aHaN0oroBoM BEPCUM, 34ECb TOXKE MOXKET BO3HUKHYTb Npobsiema HacbIWweHUsA v
6e3 [O0MKHOIo NpPoTUBOAENCTBUA UMGPOBOE MHTErpMpoBaHME MOMKeT cTaTb becnonesHbim. Cnepyet
MOMHUTb, YTO BXOAHbIE YCUAUTENWN, KaK W aHanoro-uudpoBoit npeobpasoBaTesib, UMEHT HEKOTOpoe
KOHEYHOE W HeKenaTes/lbHoe CMelleHWe, KOTOpOoe AO0J/IKHO ObiTb yCTPaHeHO A0 npouecca MHTerpauuu.
MporpammHoe obecneyeHne aHanusaTopa PQM-700 cogeput umdbpoBoin GUNbTP, 3adayeit KOToporo
ABNAETCA MOJIHOE YyAaseHue TMOCTOAHHON cocTaBasAlwen Hanps>KeHus. OTOUNAbTPOBAHHbLIN  CUTHAN
noagepraetca umMdppoBoi MHTEerpaumm. Utorosana ¢asoBad XapaKTEPUCTMKA MMEET OT/INYHbIE CBOMCTBA U
MWUHUMaNbHbIN caBur dasbl AN Hanbonee KpuTUYeckmx Yactot 50 1 60 Iy,

ObecneyeHne KaK MOMKHO MeHbLIero casura ¢a3 mexay CUrHanamMym TOKa W HanpsXKeHua ABASeTCS
ype3Bbl4aMHO BaXKHbIM A1 LOCTUMKEHUA HU3KOW MOrPELHOCTU U3MEPEHUA MOLLHOCTM. MOXHO NOKasaTb,

4TO OWMBKa M3MEPEHNA MOLLIHOCTU NPUBAN3UTENBHO BblpaXKaeTca 3aBUCMMOCTbIO :
owubKa usmepeHua MouHocmu = owubka ¢asel (8 paduarax) x tan(gp) x 100 %,
rae tan() — 3To TaHreHc yrna Mexay 0CHOBHbIMM COCTaBAAIOWMMM TOKA U HaMNPAMXKEHUA.

M3 npuseaeHHOM Bbilwe GOPMY/abl MOXHO CAENATb BbIBOA, UYTO OLWMOKM M3IMEpPEHWUA pacTyT BMecTe C
yMeHblUeHneM KoadpouumeHTa $as3oBoro casura; Hanpumep, npu owmnbke ¢asbl Tonbko 0,1° n ¢ = 0,5,
owunbka coctasnnetr 0,3%. Tak WAM MHAye, 4TODObI M3MEPEHUSA MOLLHOCTU OblIM OYEHb TOYHbIMMU,
COrNacoBaHHOCTb $¢a3 KaHanoB HAaNPSXKEHWUA M TOKA A0JIXKHA ObITb KAK MOXKHO /lydLue.

Mpumeuanue': Current sensing for energy metering, William Koon, Analog Devices, Inc.

7.3 JMcKpeTU3auMsa CUrHaJIa

CurHan gucKkpeTmsnpyeTca o4HOBPEMEHHO MO BCeM 8 KaHa/laM C YacTOTOM, CUHXPOHM3MPOBAHHOM C YacTOTOM
NUTAlOLLLEro HanNpAXeHMA ONOPHOro KaHana. 3Ta Yyactota pasHa 10,24 kl'y, gnAa cetn 50 'y, n 60 Iy,
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OtaenbHbi nepuog coaepxut 204,8 Bbibopok ana yactotbl 50 'y n 170,67 gna 60 My, Ucnonb3lyetca 16-
pa3paaHbIi aHanoro-undposoi NnpeobpasoBaTesnb, KOTOPbIN obecnedmBaeT 64-KpaTHYIO AUCKPETM3ALMUIO.

3-pb aHanoroBasa cxema MOAAB/IEHUA HACTPOEHa Ha 4YacToTy oKono 12 klu, B TO Bpemsa Kak OLWKMOKa
aMMAUTYAbl NS MaKCMMa/IbHOM UCNO/Ib3yeMon YacToTbl paBHoW 2,4 Kl (T.e. yacToTbl 40-41 rapMOHUKK Ana
cetn 60 lu) coctasnsaet okoso 0,3 ab. Casur dasbl AnA 3TOM YacToTbl MeHblue 15°. 3aTyxaHue B nonoce
HenponyckaHua coctasnaet 6bonee 75 ab.

Cnenyet 0bpatuUTb BHMMaAHME, YTO A5 MPaBUAbHOTO M3mepeHua $a3oBOro CABMra MeXay rapMoHUMKamm
HaNpPAXeHUs OTHOCUTENIbHO FAaPMOHMK TOKa M MOLLHOCTU, He BaxeH abcontoTHbIM $asoBbIA CABUT 3TUX
rapMOHMK MO OTHOLUEHWIO K OCHOBHOM 4acToTe, a TO/IbKO coBnageHue ¢a3oBbiX XapPaKTepPUCTUK KaHanoB
HanpA*KeHUsa 1 ToKka. Hanbosnbluasa owmnbka pasHuubl dpas coctasndaet ana f = 2,4 kKl'y makcumanbHo 15°. I1a
OLMBKA YMEHbLUaeTcs 0AHOBPEMEHHO C YMEHbLUEHMEM MHTEPECYIOLLEN HAC YacTOoTbl.

7.4 CunxpoHusanusa ®AIY

CMHXPOHM3ALMA 4acToTbl AWCKPETM3auUuM peanns3oBaHa annapaTHbiIM cnocobom. CurHan Hanps)KeHus,
npomnasa 4yepes BXOAHbIE LENW, HaMNpas/AETCA B MOJIOCOBOM MponycKawwmii ¢puabTp, 3agadyen KoToporo
ABNAETCA CHUMKEHME YPOBHA FapMOHMK M MPOMYCK TO/IbKO OCHOBHOW COCTaBAAOWEN HanpsrKeHusa. 3aTem
3TOT CMrHan HanpasaseTca ans 06paboTKM B Gpa30ByHo NETNIO, KaK ONOpHbIN curHan. Cxema PANY (pasosas
aBTOMOACTPONMKA YacToTbl, aHra. PLL - Phase Locked Loop) reHepupyeT yactoTy, KOTOpas MHOFOKPaTHO
BbllLEe OMOPHOWM YacCTOTbl U C/IYKUT TAKTOBOM YacTOTOM aHanoro-umdposoro npeobpasosarens.

HeobxoaMmocTb npumeHeHMa cuctembl $Ga3oBOM METAM HaNpsAMyo BbiTeKaeT M3 TpebosaHuit [OCT
30804.4.7-2013, onuCbIBalOWEr0 METOAMKY WM [ONYCTUMble OWMOKM NpU U3MEPEHUAX FAPMOHWMK. ITOT
CTaHAApT TpebyeT, 4ToObl OKHO (B 3HAYeHUW - BecoBas QYHKLMA) U3MepPeHUsA, KOTOPOE SBAAETCA OCHOBOM
ONA OAHOKPATHOro N3MEPEHMUA M OLEHKM COAEPMKAHUA FAPMOHUK, 6b110 paBHO aauTtenbHoctn 10 nepnonos
anekTpuyeckoi cetn 50 Ny n 12 nepmrogam gnsa cetn 60 ly. B 06omx cayyasnx, 3TO COOTBETCTBYET BpeMeEHU
oKoJ10 200 mc. MOCKONbKY YacToTa NUTAIOLLEN CETU MOXKET NOABEPraTbCA NEPUOANYECKMM U3MEHEHUAM U
bNYKTyaUmaM, 4ANTENbHOCTb OKHA He MOMKeT 6biTb paBHa TouHO 200 mc, M Hanpumep, A8 YacToTbl ceTn 51
'L, OHa y»Ke cocTaBnAeT 0Kono 196 mc.

CTaHOapT TaKKe peKomeHAyeT, 4yTobbl AaHHble nepej BbINONHEHMEM nNpeobpasoBaHua dypbe (ons
U3BJIEYEHMA CMEKTPA/bHbIX KOMMOHEHTOB) He MNPOXOAWIM onepauuto BecoBoh ¢yHKuuun. OTcyTCcTBME
CUHXPOHM3ALMM YACTOTbl M AOMNYCTUMOCTb CUTYALLUK, NPU KOTOPOM BbicTpomy NpeobpasosaHuto dypbe (FFT)
noagepravcb 6bl BbIGOPKM HeLenoro umcaa NepmosoB, MOXKET NPUBECTU K ABNEHUIO YTEYKM CNEKTpa. ITO
AIBNIeHNe BbI3blBaeT pa3masblBaHME NONOCKWU CMEKTPa FAPMOHUK TaKXKe Ha HEeCKOJIbKO CcOoCeAHUX MONOCOK
WHTEPrapMOHMK, YTO MOMKET MNpMBECTM K noTepe WMHPOPMAUMM O peasibHOM YPOBHE M MOLLHOCTM
uccneayemoit NofocKK cnekTpa. [onyckaeTca BO3MOXKHOCTb UCMO/Ib30BaHUA GYHKLMM OKHA BECOM XaHHa,
KOTOpas yMmeHblUaeT HebaronpuATHbIE NOCAEACTBUA YTEYKU CMEKTPA, HO 3TO OrPaHMUYMBAETCSA TOJIbKO TOM
cuTyaumei, B KoTopou netna GANY (PLL) noTepana cCMHXpOHM3aUMIO.

FOCT 30804.4.7-2013 TaK»Ke yTO4YHAET HeobXoAUMYIO TOUYHOCTb 6/10Ka CMHXPOHM3ALMK. DTO BbiparkaeTcs
ciegyrowmm 06pasom: BpeMA MeXKy HapacTaowmm GppoHTOM NepBoro MMnyibca cTpobuposBanma n (M+1)
- 3TOro Mmnynbca (rae M-4ncno OTCHETOB B OKHE M3MEPEHMUA) AO0NKHO ObiTb PABHbIM NPOAOIKUTENBHOCTU
YKa3aHHOro Y1caa nepuogos B MamepuTtenbHom okHe (10 mam 12) ¢ makcMmanbHO A0NYCTUMOMN ownbKon
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+ 0,03%. YT06bI 06BACHUTL 3TO HONEE NPOCTLIM CMNOCOBOM, PAaCCMOTPUM Craeayowmnin npumep. MNpruHMman
yactoty cetvm 50 [u, AAMTEeNbHOCTb OKHa W3MepeHua coctaBuT poBHO 200 mc. Ecan  nepsbii
ONCKPETUSUPYIOLWMIA UMMYNbC NPUAET TOYHO B MOMeEHT t = 0, TO NepBbii AUCKPETUIMPYIOLLMN MMNYbC
CNeayloWwero OKHa U3MepPeHUA AO/MKEH MPUATM B MOMeHT BpemeHn t = 200 £ 0,06 mc. 3Tn £ 60 MKc -
JONYyCTMUMOE  OTKNOHEeHWe ¢GpoHTa MMMyAbca  AuckpeTusauuun. CTaHZapT TakXke onpegenset
PEKOMEHAYEMbIA MWUHUMA/bHbLIA AManasoH 4acToT, NMPWM KOTOPOM YKa3aHHAA Bbile TOYHOCTb CUCTEMbI
CUHXPOHM3ALMM JONKHA COXPAHATLCA W YCTaHABAMBAET ee B nNpeaenax £ 5% OT HOMWHANbHOM YacTOTbl, TO
ectb47,5...52,5Tun 57...63 'y cooteetcTtBeHHO ana cetn 50 Ny n 60 Ny,

OTaenbHbIM BONPOCOM ABAAETCA AMANa3oH 3Ha4YeHUM BXOAHOIo HanpsaxKeHus, npu Kotopom cuctema GAMY
(PLL) 6yneT npaBuabHo pabotaTtb. FOCT 30804.4.7-2013 He ycTaHaBAMBAET 34€Cb KAaKUX-TMBO KOHKPETHbIX
yKasaHui u TpeboBaHuit. Ansa npaBuabHol paboTtbl cuctembl PAMY (PLL) aHanmsatopa PQM-700 Ha Bxoze
L1-N TpebyeTca HanpsarkeHue Bbiwe 10 B.

7.5 H3MepeHHe 4aCTOThI

CurHan ans nsmepeHua 10-ceKyHAHOro 3Ha4YeHUs YacToTbl ceTM BepETca U3 KaHana HanpsxeHus L1. 3to ToT
K€ CaMblli CMTHa/, KOTOpbI ucnonb3yetca AnA cuHXpoHusaumm netam HGAMNY (PLL). CurHan kaHana L1
NnogaéTtca Ha nosocoBoi GUNLTP 2-ro NOpAAKa, NOJI0CA NPONYCKaHMA KOTOPOro HaxoAuTCA B AManasoHe
40...70 Ty, 3T0T GMAbTP NpefHa3HayYeH ANA CHUKEHUA YPOBHA rAPMOHMK. 3aTem, OTPUAbTPOBAHHbLIA TaKUM
obpasom curHan ¢opmupyeT MNPSAMOYrosibHbIM CUrHaa. Bo Bpema 10-CEKYHAHOrO UMKAA WM3MEPeHus
NOACYMTBIBAETCA YNCAO0 NEPUOAOB CUTHANG, A TAKXKe UX ONTENIbHOCTb. 10-CeKyHAHbIE MHTEPBA/bl BPEMEHMU
onpeaensoTcAa MO 4YacaM peanbHOro BpemeHW (Kak obuwee Bpema KpaTHoe 10 cekyHpam). YacToTa
PaCcCUYMTbIBAETCA KaK OTHOLIEHME KOIMYECTBA NOACUYMTAHHbIX MEPUOLOB BPEMEHM K UX OJUTESIbHOCTH.

7.5.1 Mertoz HU3MEPEHUA TapMOHHUYECKHUX COCTABJIAIINX

N3mepeHne rapMOHUMK OCYLLECTBAAETCA B COOTBETCTBUM € TpeboBaHuAMM cTaHgapTa FOCT 30804.4.7-2013.
OH naéTt cnocob pacyéta oTAebHbIX FAPMOHMUK.

Becb npouecc coCToOUT U3 HECKONbKUX 3TaMoB:

¢ CuHXpOHHasA BbibopKa (10/12 neproaos);
e AHanus no beicTpomy npeobpasosaHuio Pypbe (FFT);
e [pynnupoBaHue.

AHanunsy no 6bicTpomy npeobpasosaHunio Pypbe (FFT) noasepraetca okHo nsmeperua 10/12 nepuoga
(npumepHo 200 mc). B pesynbTate nosyyaetca Habop cnekTpasbHbIX AMHUIA OT YacToTbl O My (NOCTOAHHbIN
TOK) A0 40-oi rapmoHukm (okono 2,0 Ky, ansa cetn 50 Ty nam 2,4 Ky, ana cetn 60 Ty). PacctoaHue mexay
COCeAHMMU NMNHUAMM HANPAMYIO cneayeT U3 NPUHATON ANUTENbHOCTU U3MEPUTENIbHOTO OKHA WM COCTaBaseT
npuéamsuTenbHo 5 Iy,

Mockonbky aHannsatop PQM-700 cobupaeT 2048 oTCYETOB Ha OKHO M3mepeHus (ans yactoT 50 My u 60 ly),
TEM caMbiM BbINo/HAeTcA TpeboBaHMe BbicTporo npeobpasoBaHma Dypbe, UTOObI KOAMYECTBO OTCYETOB,
npoweawmnx npeobpasosaHune 6b110 paBHO CTENEHU Yncaa 2.
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OyeHb Ba)KHO MNoAAepXKaHME MNOCTOAHHOM CUHXPOHWM3AUMM 4YacToTbl AMCKPETU3aLMM C  4acToTOM
aNneKTpuyeckon cetu. BbicTpoe npeobpasosBaHne dypbe (FFT) MoKeT ObiTb BbINOJHEHO TO/IbKO Haf
OaHHbIMM, cofepKalwmmmn obliee KpaTHoe nepuoga ceTu. BbinosHeHWe 3ToOro ycnosus Heobxoaumo ana
TOro, 4tobbl CBECTM K MMHMMYMY TaK Ha3blBaeMylo YTEYKY CNEKTPa, KOTOpas MPUBOAMT K UCKAXKEHWUIO
nHbopMaummM 0 GaKTUUECKUX YPOBHAX CNEKTPAsbHbIX MHUA. AHanusaTop PQM-700 cooTBeTCTBYET 3TUM
TpeboBaHMAM, TaK KaK 4acToTa OMCKpeTU3auuu cTabuamsmpoBaHa cxemol ¢$Ha3oBOW aBTOMOACTPOMKM
yactoTbl (PLL).

MOCKONbKY YacToTa CETU MOMKET ObITb NOABEPIKEHA BPEMEHHBIM GAYKTYaUMAM, CTaHAAPT NpeaycmaTpmBaeT
rpynnuMpoBaHMe BMeCTe C JIMHUSMM  OCHOBHbIX TAPMOHMK TaKXKe JIMHWIW, pPacrnoNiOXEHHbIX B
HernocpeacTBeHHOW 6amsocT oT Hux. OTcloga cneayeT, UTO SHEPrus COCTaBAAKOWMX MOMKET YaCTMYHO
nepexoamTb Ha coceaiHNE COCTaBAIOLME NHTEPTAPMOHMK.

MpeaycmoTpeHo ABa cnocoba rpynnupoBKM:

e [apmoHuYecKas rpynna (CrpynnunpoBaHbl OCHOBHAsA MOAOCKa M MO MATb UM LWECTb COCeAHMX
KOMMOHEHTOB UHTEPrapMOHMUK);
e [apmoHuyecKkasa noarpynna (crpynnMpoBaHbl OCHOBHAA NOJOCKA U NO OAHOM U3 COCeAHUX NNHWUIA).

" nog ey nnaE Mo My nnE Moy NN
MERMOHKE pagal  rapmMoHeK pana2  rapMoHKE pagas

Berxon,

FFT
o 30 100 1500 MacToTa [My]
4] 1 2 3 Pag rapmoHHkK

Puc.15 OnpegeneHune noarpynn rapMoHuK (cetb 50 Mu)

FOCT 61000-4-30-2017 pekomeHAayeT, yTobbl B aHanM3aTopax CeTM WCMO/Ib30BasicA MeToh, noarpynn
rapMoOHMUK.

MNpnmep:
[ns BblumMcneHunsa 3- rapMoHunkm B cetn 50 Iy, cnegyeT yunTbiBaTb OCHOBHYHO nonocky 150 Iy, n cocepHume
145 'y 1 155 Ty, Pe3ynbTupytow,asa amnantyaa paccuntoiBaeTca metogom RMS.

7.6 OOGHapykeHHUe COObITHH

AHanusatop PQM-700 npegnaraeTt WNPOKME BO3IMOMKHOCTM OOHAPYKEHUA COObITUI B M3MEPSAEMON CEeTU.
CobbiTEM Mbl HasblBaeM CUTYaLMIO, B KOTOPOW 3HayeHWe BblOpaHHOro MmapameTpa CeTW MnpeBblllaeT
NMoOpOroBoOe 3Ha4YeHMe onpeaeieHHOE No/b30BaTENEM.

daKT HacTynieHna cobbITUA PErMcTPUPYETCA Ha KapTy NamATU B BUAE 3aNnCK, CoOAepKalLeit:

e Twun napameTpa;
¢ KaHan, B KOTOPOM NMPOU30LLI0 CODLITUE;
¢ Bpems Hayana u OKOHYaHUA cobbITus;

32



b |_|Op0I'OBOE 3Ha4YeHune, 3ajaHHOE NO0J/1b30BaTE/IEM,;

b 3KCTpemaanoe 3Ha4YeHNE N3MePAEMOTro NapamMeTpa BO BpemMmAa CO6bITMFI,'
b Cpe,u,Hee 3Ha4YeHue napameTpa, USMepeHHOE 3a BpeMA cobbITuA.

B 3aBmcumocTn oT TMNa napameTpa MOXHO YyCTaHOBUTb O4WH, ABa WX TPU NOPOroBbiX 3HAa4Ye€HUA, KOTOpPbIE

byayt npoBepATbCA aHanAu3aTtopom. B Tabauue cobpaHbl
06Hapy»KMBaTb COBLITUA C PaA3IUUMEM MO TUNAM MOPOTroB.

BCE napameTpbl,

ANnAa  KOTOPbIX MOXHO

MNapamertp

MpepbiBaHue

Mposan

MNepeHanpsa)keHue

MuHUMmym

Makcumym

dpPeKTUBHOE 3HaUYeHNEe
HanpAMXeHus

lNocToAHHaA cocTaBaAloLWwAA
HanpAaxXeHuna

YacroTta

MuK-paKkTop HanpAXKeHUs

u2

KoaddpuumeHT HecummeTpum
HanpAXeHWs no obpaTHOM
nocnefoBaTeIbHOCTU

Pst

KpaTkoBpemeHHas go3a dankepa

Plt

OnntenbHaa nosa gpavkepa

3ddeKTMBHOE 3HaYEeHMe TOKa

CFI

Muk-bakTop ToKa

KoadoduumeHT HecummeTpum
TOKa no obpaTHOM
nocnefoBaTeIbHOCTU

AKTMBHAA MOLHOCTb

Q1,Q8

PeaKkTtnsHaa mowHOCTb

S

[MonHaa MoOLWHOCTb

D, Sn

MOLWWHOCTb UCKaXKeHMA

PF

KoadduumeHT mowHoCTH

cos @

Koadduument casura das

tq ¢

KosdpduumeHT TaHreHe @

Ep+,Ep-

AKTWBHas aHeprua
(noTpebnaemasn n otaaBaemas)

Ea+ Ea-

PeaKTuBHas aHeprus
(noTpebnaeman n oTaaBaemas)

Es

MonHana aHeprua

THDr U

KoaddpuumeHt THDF no
HanpAXeHuto

Un2...Uhao

AMNANTYAbI TAPMOHUK
HanpskeHus (pag n=2...40)

THDk |

KoadodumumeHT THDF no ToRy

Ih2...lhso

AMMAUTY bl FAPMOHMK TOKa
(pag n=2...40)

HEKOTOpre M3 MapamMeTpoB MOryT NPUHUMATb KaK MOJIOXKUTEJIbHbIE, TaK U OTPULLATE/IbHbIE 3HAYEHUA.

Mpumepom MOKeT CAYXKWUTb AKTUBHAA MOLLHOCTb, PeaKTMBHAA MOLHOCTb M KO3¢¢MLI,VIEHT MOLHOCTH.

lMocKkonbKy nopor O6HapY)KEHVIF| COBbITUA MOMKET ObiTb TO/IbKO NONOXKUTEJIbHbIM, yTobbl ObBecneunTb

npasubHOE BblAB/IEHUE cobbITui AnAa  BblIWEYNOMAHYTbIX NapaMeTpoB aHa/IM3aToOp CpaBHUBAET C

YCTaHOB/IEHHbIM MOPOrom abCcoNtoTHbIE 3HAYEHMUA ITUX napamMmeTpos.
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Mpumep:
Mopor cobbITMA MO aKTUBHOM MOLLHOCTM YCTaHOB/IEH HA 3HadyeHWe 10 KBT. Ecan Harpyska MMeeT XapaKktep

reHepaTopa, aKTMBHAaA MOLLHOCTb MpPU MPABUIbHOM MOAK/AOYEHMM TOKOBbLIX Khewen 6yaeT UMeTb
OTPULATENBHbIN 3HaK. Ecin nsmepeHHoe abcontoTHOE 3HAYEHUE aKTUBHOM MOLLHOCTU NPEBbLICUT MOPOT, T.€.
10 kBT (Hanpumep, -11KBT), To ByaeT 3aperncTpupoBaHo cobbiTve NpeBbIEHNUA 3HAYEHMUA MaKCUMabHOM
aKTUBHOM MOLLHOCTH.

[Ba tMna napamMeTpoB: ,D,EI\;ICTBVIOIJ.I,VIE 3Ha4YeHUA HaNPAXEHNA U TOKa MOTYT NOPOXKAaTb CO6bITVIF|, KOTOpble
No21b30BaTe/lb CMOXeT AONO/IHUTb 3aNMCAMUN MITHOBEHHbIX CUTHa10B (ocu,mnnorpa:v\malvm).

CurHanbl aKTUBHbIX KaHanoB (HanmpAMeHWA W TOKa) 3anucbiBalOTCA B aHa/M3aTOp B MOMEHT Havana wu
OKOHYaHuA cobbiTnA. B oboux cnyyasx pernctpupyerca LIecTb NepuosioB: ABa nepes MOMEHTOM Hadana
(OKOHYaHKA) cobbITMA M YeTblpe Mocse Havyana (OKoH4YaHus). OCLUMANOrpaMMbl COXPaHAOTCA B 8-6UTOBOM
dopmarte cyacTtoToh anckpetusaumm 10,24 klu.

NHbopmauma o cobbITUM 3anNnCbiBAETCA B MOMEHT €ro OKOHYaHMUA. B HEKOTOPbLIX C/lYYasaX MOKET CAYy4UTbCA
TakK, UTO B MOMEHT OKOHYaHMWA PerncTpaLmm Kakoe-to cobbiTre bbi1o akTUBHbLIM (Hanpumep, NpoaoKaeTca
nposan HanpaxeHua). MHpopmauma o TaKoM COBLITUM TaKMKe CoXpaHAeTcA, OA4HaKo, CO CaeayloLMmMM
N3MEHEHUAMM:

e OTcyTCTBYET BpeMs OKOHYaHUS cobbITuS;

* JKCTpemasibHOe 3HauyeHWe pPaccYMTbIBAeTCA TOJIbKO 3a Nepuos A0 MOMEHTa MpeKpalieHus
pervcTpauuu;

e CpegHee 3Ha4YeHMe He yKasbiBaeTcs;

e [1na cobbITUi4, CBA3AHHbIX C AEWCTBYHOLLMMM 3HAYEHUAMM HAMPSAIKEHUNA UM TOKA, AOCTYMNHA TO/NbKO
ocuuanorpamma Hadana.

YT106bl YCTPaHWUTL MHOTOKPATHOE BbISBNEHWE OAHOTO M TOrO e Cob6bITUA, Korda 3HayeHue napameTtpa
Konebnerca BOKPYr MOPOroBOro 3HayeHus, BBeAEH oOnNpeAensemblid  Mo/b3oBaTeNemM TUCTepesuc
0b6Hapy:KeHna cobbiTnit. OH 3a43aETcA B NPOLEHTax caeaylolmm obpasom:

e [na cobbitnii OT 3OGPEKTUBHOrO 3HAYEHWSA HAMPSAKEHUA — 3TO MNPOULEHT OT AManasoHa
HOMWHabHOTO HanpsAXKeHus (Hanp. 2% ot 230 B, T.e. 4,6 B);

e [1nAa cobbiTnit oT 3¢ HEKTUBHOTO 3HAYEHMA TOKA — 3TO MPOLLEHT OT AMana3oHa HOMMUHANbHOTO TOKa
(Hanpumep, ana knewert C-4(A) n oTcyTCTBUA U3MEPUTENbHBIX TpaHchOpPMaTopoB, ructepesmnc 2%
paseH 0,02 x 1000A = 20A);

e [1nAa ocTanbHbIX NapamMeTpoB rmcTepesnc onpesensaeTca B NPOLEeHTax OT MAaKCMMAbHOIO 3HaYeHUA
nopora (Hanpumep, ecM MakCUMabHbIM NMOPOrom AnsA KodpPpuuMeHTa NMKOBOro 3HAYEHUA TOKa
3aaaHa BennumHa 4,0, To ructepesuc coctasnset 0,02 x 4,0 = 0,08).
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8 PACYETHBIE ®OPMY.JIbI

8.1 PacuyétHbie ¢popMyJibl AJiA pa3/IMYHBIX BUJO0B CETH

OpHodasHadA ceTb

MapameTtp .
MeTtog, pacyéTta
Ha3BaHue Ob6o3HayeHne | EanHuubl
[Oevictytouee U, =
3HaYeHue HanpaxeHun Ua B
(True RMS) roe Ui ouepeHol oTcHéT HanpsaxeHna Uay;
M=2048 pna cetn 50 n 60 lu.
M
1
MocToAHHaA Uspc = MZ U;
cocTaBasoWwasn Uapc B i=1
HanpaXeHna roe U; ouepeaHol OTCYET HanpaKeHua Uan;
M=2048 ana cetn 50 n 60 'y,
4YMCAO LenbIx nepruoaoB HanpsaxKeHns Uan,
NoACYMTaHHbIX 33 10 cekKyHAHbIV MHTEepPBan No
YacTtoTa f My,
BPEMEHW YacoB, pasae/ieHHOMY Ha obuiee Bpems
NOJIHbIX NePUOAO0B.
JencTBytolee Iy =
3Ha4yeHme ToKa Ia A
(True RMS) rae |li ouepeaHOM OTCUHET TOKa |a;
M=2048 ona cetn 50 n 60 Iy,
M
Iaoe = — X
MocTosHHanA ADC ™y ‘
lapc A i=1
COCTaB/IAKOLLAA TOKA rae |y ouepesHO OTCYET TOKA la;
M=2048 ona cetn 50 n 60 Iy,
M
1
=g
i=1
AKTWBHAA MOLLHOCTb P BT rae U ouepeHoi OTCY&T Hanpsxerus Uan, |;
oyepeslHOM OTCUET TOKa la;
M=2048 ona cetn 50 n 60 Iy,
50
Qp = Z Uply sin gy
PeaKkTnBHas MOLLIHOCTb h=1
Budeanu Qs Bap roe Un - h-a rapmoHuka HanpsaxeHus Uan, Ih- h-a
rapMoHMKa TOKa la, @ @n - h-i1 yron mexxagy
rapmoHukamm Uy u |,
PeaKkTnBHasA MOLLHOCTb Q: Bap Qi =U1 11 sing;
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OCHOBHOW
cocTasnswouemn
(nepBoW rapMoHUKN)

roe Us - OCHOBHas cocTasastowas (nepeas
rapmoHuKka) Hanps»keHua Uan , |- ocHoBHas
COCTaBANAOLWLAA TOKA la, @ (1 - Yron mexay
OCHOBHbIMK cocTasaatowmmm Uin |1.

MonHasa MOLWHOCTb

BA

S = Unarms larms

MonHaa MOLWHOCTb
NUCKaXXeHnAa

Sn

BA

Sy = \/52 - (U111)2

MOLLHOCTb UCKaXKeHUA
Budeanu

Ds

Bap

Dy = |52 - P2 -0}

Koaddnument
MOLLHOCTU

PF

PF—P
S

ecaun PF>0, Harpyska ABAAeTCA reHepaTopom;
ecnu PF<0, Harpyska aBaseTca NpUeMHUKOM.

KoadpounumeHT casura

das

cos ¢
DPF

cos ¢ = DPF = cos(@ui — @11)
rae @ui - abconNtoTHbIN YroN OCHOBHOM
cocTasasAowen HanpsaxReHnsa Uan
@11 - aBCOJIIOTHbBIN YrON OCHOBHOWM COCTaBAAIOLLLEN
TOKaA la.

TaHreHc ¢

tg @u+)

AEq(1+)

tgPu+) = AEp,

roe AEqq.) - NPUpaLeHne peakTUBHOMN aHeprum Eq+)
(Budeanu/IEEE-1459) B saHHOM MHTEpBae
ycpeaHenusn, a AEp, - NpUpaLLEHUE aKTUBHOM
noTpebneHHol saHepruu Ep, B lAHHOM UHTEpBane
ycpeaHeHus.

tg @(c)

AEgc-y

tgPc— = — AEp,

roe AEq(c.) - npupaLleHne peakTMBHOW sHeprum Eqrc,
(Budeanu/IEEE-1459) B AgaHHOM MHTepBane
ycpeaHenus, a AEp. - npupaLeHme akTMBHOM
notpebaeHHon sHeprnn Ep, B AAHHOM UHTEpBane
ycpeaHeHus.

tg @)

AEq—y

tgou-) = AE,.,

roe AEq-) - NnpypaLLeHne peakTMBHOM aHeprum Eqq-)
(Budeanu/IEEE-1459) B AaHHOM MHTepBane
ycpegHeHwusa, a AEp, - npupalleHne akTMBHOM
notpebaeHHoM sHeprum Ep, B LAHHOM UHTEPBane
ycpegHeHus.
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AEg(c+)

t =—
9P c+) AE,,
tg @iy _ roe AEq(c:) - NpUpaLLeHne peakTUBHOM 3HePrnn Equcy)
.
(Budeanu/IEEE-1459) B AaHHOM MHTepBane
ycpepHeHusn, a AEp, - npypalLeHne akTMBHOM
notpebneHHoM sHeprun Ep. B AAHHOM MHTEpBane
ycpeaHeHus.
MeToz rapMoHMYECKMX NoArpynm, no
FapMOHWKN TOKa U Unx
BA rOCT 30804.4.7-2013 (IEC 61000-4-7:2009),
HanpAaXxeHua Inx
X - (pag rapmonumk) = 1...40.
KoadpounumeHT
rapMOHMYECKNX 40 y2
MCKasKEeHMt THDUp = X 100%, rpe
THDUE - 1
HanpsaXkeHuA Un - h-a rapmoHuka HanpsaxeHua Uan, a Uz -
OTHOCUTENBHO OCHOBHa#A coCTaBAAOWaA HanpaXeHnsa Uan.
OCHOBHOW rapMOHMUKHM
KoadpounumeHt
rapMOHMYECKNX
Y 40 172
UCKaXKeHWUI 20, U2
Hanpsa»KeHus THDUR - THDUR = X 100%
ARMS
OTHOCUTENBHO
rae Uy - h-a rapmoHuKa HanpaxeHua Uan.
CpeaHeKBaApPaTUYHOIO
3HaYeHus
KoapopuumeHt Zﬁo I,f
rapMOHNYECKMX =2
P € THDI, = x 100%
MCKAXXeHUM ToKa THDI¢ - 1
OTHOCUTENbHO rae |y - h-a rapmoHuKa ToKa la, l1- ocHoBHasA
OCHOBHOW rapMOHUKHN COCTaBAAIOWAA TOKaA la.
KoapoduumneHt
rapMOHMYECKNX
22,1}
NCKaYKeHN ToKa =2
THDIg - THDI, = X 100%
OTHOCUTENbHO ARMS
cpeaHeKkBaapaTUYHOro rge |y - h-a rapmoHUMKa ToKa la.
3HaYeHus
40 712
Yn=2In
TDD = — X 100%
I,
Koaddnumnent TDD TDD

rge | n - h-a rapMoHMKa TOKa la,

I, BOCTpe6boBaHHbIM TOK (B aBTOMaTUYECKOM pexkume

ILMaKcMmanbHoe cpeHee 3HaYeHune OCHOBHOW

COCTaBI'IFHOI.I.I,el‘;i TOKa Mo BCEM KaHa1lam UamepeHuna
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TOKa W13 BCEro MHTepBana perucrTpauuu).

KoadppuumeHT nmkosoi max|U
by CFU = U
amnanTyapl Uarms
HanpsaKeHus CFU - roe senmumHa max| Ui BbipaykaeT Hambosblee U3
(nnk-dpakTop abCcoNtOTHBIX 3HAYEHMI OTCYETOB HaNpsAKeHUs Uan
HanpaXeHus) i =2048 pgna cetn 50 1 60 lu.
max|I;|
. CFl =—
KoaddpurumeHT nnkosoit Larms
aMNANUTYyAbl TOKa (NUK- CFl - roe sennumHa max|li sbipaskaet Hanbonbliee n3
¢dakTOp TOKA) abCoNOTHBIX 3HAYEHMUI OTCYETOB TOKA a;
i =2048 pna cetmn 50 n 60 Iy,
KpaTkoBpemeHHas p paccYnTbiBaeTCA B COOTBETCTBUM C
no3a ¢pankepa 8 FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010).
OnuntenbHas gosa p
dnnkepa "
roe Psi — odepegHasn i-an KpaTKoBpeMeHHas [03a
dnukepa.
m
Epe = ) Py(TQ)
i=1
~ _(P@) mnaP(i) >0
P () = .
0 mmaP(i)<o0
m
Ep_ = Z P_(O)T(@)
AKTWMBHaA sHeprusa =
(notpebnsemas u Ep., Ep. BTy P_(i) = {IP(i)I A P(i) <0
oTaasaemas) - 0 gmaP(i)=0
rae i-3To ovyepeaHon Homep OKHa usmepenmns 10/12
neprvoaos,
P(i) npepcTaBnneT 3HaYeHMEe aKTUBHON MOLLHOCTM P,
pPacCYMTaHHOM B i-M MHTEPBA/E USMEPEHUA,
T(i) npeacTaBAfeT ANNTENBHOCTD i-F0 MHTEpBasa
N3MepeHua B Yacax.
m
Foun = ). Qe (OT()
i=1
Equs Q1+ () = Q(0) ecn Q (i)>0 u P(i)>0
Q.4+ (i) =0 B OCTanbHbIX CAyYaax
PeaKTMBHas aHeprus Eare) “ o
Bap Egery = . Qe-(DT ()
EQ(L—) i=1
Qc-() = Q@) ecnn Q(i)>0 n P(i)<0
Eq(c) Qc¢-(i) =0 B OCTaJIbHbIX C/Ty4anx

Fouy = ) Q- (T (D)
i=1
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Q.-() =19 | ecnn Q(i)<0 un P(i)<0
Q. (i) =0 B OCTaNbHbIX Cy4YaaAx

Bon = ). Qe (DT
i=1

Qc+() =1Q@)| ecnn Q(i)<0 u P(i)>0
Q¢ (i) =0 B OCTa/IbHbIX CNyYaax

roe i-oTo oyepeiHOM HOMep OKHa M3amepeHua 10/12
nepvoaos,

Q(i) npeacraBnfeT 3HayeHUe peakTUBHOM
mMmouHocTu(Budeanu/IEEE-1459), paccunTaHHOM B i-m
OKHE U3MepeHus,

P(i) npencraBnseT 3HaYeHME aKTUBHOMN MOLLHOCTMH,
PaccYUTaHHOM B i-M OKHE U3MepeHMs,

T(i) npeacTaBAfeT ANUTENbHOCTb i-r0 OKHA
M3MepeHus B Yacax.

MonHana aHeprua

Es

BA-y

Es = Z ST
i=1

rae i-aTo oyepenHoOM HoMep nNepuosa UsmepeHus
10/12 nepwoaos,
S(i) npeacraBnseT 3Ha4Ye€HUE NOJTHOM MOLLHOCTK S,
pPaccYMTaAHHOM B i-M Nepuoae smepeHus,
T(i) npeacTaBnseT 4ANTENbHOCTD i-ro NepmMoaa
N3MepeHmnA B Yacax.

[Byxda3Has ceTb

(He nepeyucsaeHHsble Napamempsl PpaccYuUMbI8AOMCcs KAk 0418 00Hoga3Hol cemu)

MapameTp .
MeTopa pacyéTta
Ha3BaHue Ob6o3HayeHue EanHuubl
O6uias akTMBHaA
Prot Bt Piot = Pa+ Ps
MOLLHOCTb
O6uLan peakTUBHas
Qstot Bap Qatot = Qpa + Qgs
MOLLHOCTb Budeanu
O6uLan peakTUBHas
MOLLIHOCTb OCHOBHOIA Qitot Bap Qutot = Qua + Qus
COCTaBAAOLLEN
0O6uwan nonHas
Stot BA Stot = Sa + Ss
MOLLHOCTb
0O6uwan nonHas
Snitot BA Snitot = Sna + Sna
MOLLIHOCTb UCKaXKeHus
O6uan MOLLHOCTb
Dgtot Bap Dstot = Dga + Dgs

MCKarkeHns Budeanu
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O6wuit KoadduuymeHT
MOLLHOCTH

PFiot

O6wmn KoapdrumneHT
casura ¢as

COS QProt
DPFio¢

1
COS QPtor = DPFypr = > (cos @y + cos@p)

Ob6wwii TaHreHc @

tg®iot(i+)

AE
_ Qtot(L+)
LG Ptot(L+) = AEprars

rae: AEotoe(+) - MPVpaLLEHWe obLLen peakTMBHOM
aHeprun Equti+) (Budeanu/ IEEE-1459) B gaHHOM
UHTepBane ycpeaHeHus, a AEpior - NPUpPaLLEHME
obuwei akTMBHOM NoTpebeHHOM sHeprumn Epiors B
[AHHOM MHTepBane ycpeaHeHus.

tg@rot(c)

AEotot(c-)

rae: AEotoe(c—) - NPUpaLLerve obuiei peakTusHOM
aHeprun Equtc) (Budeanu/ IEEE-1459) B saHHOM
UHTEepBane ycpegHeHusa, a AEpior - NPUpaLLEHNE
obuwei akTMBHOM NoTpebeHHOM aHepruun Epiors B
OAHHOM MHTepBase ycpeaHeHus.

tg®rot-)

AEotot(L-)

rae: AEotoe(L—) - NPVpaLLeHne obLen peakTMBHoOM
3Heprum Equori-) (Budeanu/ IEEE-1459) B gaHHOM
uHTepBane ycpegHeHusa, a AEpior: - NpUpaLLeHue
obuiei akTMBHOM NoTpebieHHOM aHepruun Epiorr B
[AHHOM MHTepBane ycpeaHeHus.

tg®rot(c+)

AE
Qtot(C+)
tgPtot(c+) = m

rae: AEotoe(c+) - MPUpaLLeHve obuieit peakTnBHOM
aHeprun Equtic+) (Budeanu/ IEEE-1459) B gaHHOM
MHTepBane ycpeaHeHus, a AEpior - NPUpPaLLEHME
obuiei akTMBHOM NoTpebeHHOM aHepruun Epiorr B
[aHHOM MHTepBase ycpeaHeHus.

O6uwas akTMBHaA
aHeprua
(noTpebnsemas u
oTaaBaemas)

E Ptot+

E Ptot-

BTy

m
Eptors = Z Prors (DT ()
i=1

P (l) — {Ptot(i) AJiA Ptot(i) >0
tot+ 0 e P(i) <0
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m
Eptor- = Z Ptot—(i)T(i)
i=1

N |Ptot(i)| AJIA Ptot(i) <0
Proe— (D) = .
0 st Poe (i) = 0

roe i-aTo ouepenHol HOMep OKHa M3MepeHus
10/12 nepuonos,

Pwt(i) NpeacTaBnser 3HayeHne obLWwen akTUBHOM
MOLLHOCTH Piot, paccunTaHHoOM B

i-M OKHe nsmepeHus,

T(i) npeacTaBnAeT 4ANTENLHOCTb i-rO OKHa
N3MepeHua B Yacax.

O6uan peakTMBHas
3Heprus

Eatot (14)
Eatot (c)
Eqtot (1-)
Eaqtot (c+)

Bap-y

EQtot(L+) = Z QL+ (DT (@)
i=1

Q.+ (D) =0() ecnrn Q(i)>0 n P(i)>0
Q.+ (i) =0 B OCTa/IbHbIX C/Iy4aAX

Egtorcry = Y Qe-(OT()
i=1

Qc—(1) =Q(i) ecnn Q(i)>0 u P(i)<0
Q¢_(i) =0 B OCTa/IbHbIX CNy4aax

Egtoriy = ). Qu- (T (D)
i=1

Q,-() =10@)| ecnn Q(i)<0 un P(i)<0
Q. (i) =0 B OCTaNbHbIX C/1y4YaAx

Eototc+) = Z Qc+(DT(@)
=1

Qc+(D) =1Q()| ecnn Q(i)<0 un P(i)>0
Q¢+ (i) =0 B OCTa/IbHbIX CAy4aax

rae i-aTo ovyepeaHo HOMepP OKHA U3MepeHun
10/12 nepunoaos,

Q(i) npeacTaBnAeT 3HaUYeHMe peakTUBHOM
motHocTM(Budeanu/IEEE-1459), paccunTaHHOM

B i-M OKHE M3mepeHus,

P(i) npeacraBnseT 3Ha4YeHUE aKTUBHOM MOLLHOCTMH,
PaCcCYMTAHHOM B i-M OKHE U3MEpPEHMUS,

T(i) npeacTaBnAeT ANANTENBHOCTb i-r0 OKHa
N3MepeHua B Yacax.

O6uwasn nonHas
sHeprua

ES tot

BA-y

m
Estor = Z Stot(i)T(i)
i=1

rae i-3To ovepenHo Homep OKHa usmepeHus 10/12
nepvonos,
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Stot(i) NpeacTaBnseT 3HaueHWe obLein NoAHON
MOLLHOCTM Stot, PACCYUTAHHOW B i-M OKHe
N3mepeHus,

T(i) npeacTaBnseT 4ANTENBHOCTb i-r0 OKHa
M3MepeHMA B Yacax.

TpéxdasHaa ceTb «3B8e3ga» ¢ N

(He nepeyucsaeHHsbIe napamempsl paccYumeol8arOMcs Kak 018 oOHoga3Hol cemu)

MapameTp ..
MeTtog, pacyéTta
HasBaHue O603HaueHne EanHMLbI
O6uias akTMBHaA
Ptot BT Ptot = PA + PB+ PC
MOLLIHOCTb
Ob6uan peakTUBHas
Qstot Bap Qstot = Qa + Qs + Qsc
MOLLHOCTb Budeanu
Q:*=3U1" I17sin g,
061an peakTUBHasA roe Ui npamas cuMmeTpuyHan coctasastowan
. HanpAXeHns (0OCHOBHOI cocTasAsatoLlen),
MOLLHOCTb COrnacHo Qi Bap +
[1* npAMan CMMMETPUYHAsA COCTaBAAIOLLAs TOKa
IEEE 1459 o« .
(ocHoOBHOI cocTaBnstoLleit),
@17 yron mexay coctasaaowmmm Ui n |17,
Se=3Uele, roe
Ue
2
,ﬂ,eﬁCTBleU.Laﬂ No/IHaA S BA _ B(UAZ + UBZ + UCZ) + UAB + UBCZ + UCAZ
MOLLHOCTb ¢ 18
L2+ Ig% + 1.2 + Iy?
¢ 3
S@N = ,ISEZ + Selzl roe Sel = 3Uel Iel
Ue1
encTByroLWan NoaHas 2 2 2 2 2
A Vot Sen BA _ 3(Ua1® + Up1® + Ugt®) + Usps” + Uper” + Ugy
MOLLIHOCTb UCKaXKeHUs = 18
_ I + I 4 Ici” + Iyi®
Iel - 3
O61an MOLLHOCTb
Datot Bap Dgtot = Dga + Dgs+ Dpc
UCKaxkeHns Budeanu
O6wuit koadpdpuumneHT P
PFtot - PFtOt = ﬂ
MOLLIHOCTU S

e

O6wmin KoapdrumneHT
casura ¢as

COS Prot DPFtot

1
COS P¢or = DPFiyy = 3 (cos @4 + cosgp + cosgc)

O6LwWwmii TaHreHc @

t8Prot(L+)
t8Prot(c)
18 Prot(L)

dopmynbl, Kak ans 2-x GpasHom ceTu
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tgcptot(u)

O6uan akTUBHas

aHeprua Eptots .
BT dopmynbl, Kak ansa 2-x GasHoOM ceTu
(noTpebnsemas u Eptot-
oTaaBaemas)
EQtot(L+)
O6wan peakTnBHasA Eatot (c) .
Bap-y dopmynbl, Kak ana 2-x ¢basHom cetn
aHeprua Eaqtot 1)
Eqtot (c+)
m
Esior = ) S.(T()
i=1
roe i-aTo oyepenHOM HOMepP OKHa U3MepeHusa
Obuwasn nonHas 10/12 nepuonos,

SHeprus Es tot BA- Se(i) npeacTaBnser 3HaueHUe appeKTUBHOM
NOJIHOM MOLLHOCTM Se, paCcCYUTAHHOM B i-M OKHe
n3MepeHus,

T(i) npeacTaBnaeT oANTENbHOCTD i-FO OKHA
N3MepeHunA B Yacax.
[eiicTayioLee 1
y QO‘§(QA1+Q31+QL'1)
3HaYeHue HyneBoM
. Uo = mag (Uo)
CUMMETPUYHOWN Uo B
. rae Uai, Us1, Uci BEKTOPbI OCHOBHbIX COCTaBAOLLNX
cocrasnstolen ¢dasHbix HanpaxeHuit Ua, Us, Uc, @ onepatop mag
HanpaxeHna (Uo) o603HauaeT moaynb BeKTopa.
U =1(U + aUp; + a®Upy)
Oencreylouiee =t T3\ =51 =1
3HayeHne NPAMOii U1 =mag (U)
CAMMETPUUHOI U B rae Uai, Us1, Uci BEKTOPbl OCHOBHbIX COCTABAAOLWMX
. ! dasHbIx HanpaxeHnit Uy, U, Uc, a onepatop mag (Us)
COCTaBNAOLLEN 1120° 1
o60o3Ha4YaeT moay b BeKkTopa, a = lel =-3 +
HanpAXeHUs
V3. 2 j240° 1_V3.
AL = 1e/ = _1_Y
> ) a e > 3/
1 2
U, =§(l_/A1 +a?Up; +alcy)
[evicteytoliee U2 =mag (Uz)
3HaueHne 0bpaTHOI raoe Uai, Usi, Uci BEKTOPbI OCHOBHbIX COCTaBAAIOLLNX
CUMMETPUYHOIA U, B ¢dasHbix HanpaxeHuit Ua, Us, Uc, @ onepatop mag
o (U2) obo3HauaeT moaynb BEKTOPA,
COCTaBNAOLLEN = _ L
HanpaxxeHua a=1e/?" = ——+—j,
2 2
az — 1ej24'0° — _l_ﬁ 1
2 2
KoadpounumeHt
HECUMMETPUN 0
Uo % Uy =—-100%

HanpsXeHnn HyneBow
nocnaefoBaTeNbHOCTU
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KoadpounumeHt

HEeCUMMETPUK U,
. u; % u, =—-100%
HanpaXeHns obpaTHo U,
nocnef0BaTe/IbHOCTH
1
Ip =§(!A1 + Iy +!Cl)
Hynesas
lo =mag (lo)
CUMMETPUYHAA lo A
rae lai, Igi, Ic1 BEKTOPbI OCHOBHbIX COCTaBAAKOLLMX
cocCTasnAtowWan Toka TOKOB a3 Iy, Is, Ic, onepaTop mag (lp) o603HauaeT
MOAYNb BEKTOPA.
1 2
[elcTsytowee L= 3 (L1 + algy + a®lcy)
3HauyeHue NpAMOiA I A I =mag (1)
CUMMETPUYHOM ! rae lai, Igi1, Ic1 BEKTOPbI OCHOBHbIX COCTaBAAKOLLMX
cocTasnAtoLLeil ToKa TOKOB a3 Ia, Is, Ic, onepatop mag (/;) o6o3Havaer
MOAYNb BEKTOPA.
1 2
JecTsytowee L= g(lm +a?lg, + algy)
3HayeHue obpaTHo I A I =mag (1)
CUMMETPUYHOM 2 rae lai, Igi, Ic1 BEKTOPbI OCHOBHbIX COCTaBAAOLLMNX
cocTaBnsiowLeit TOKOB a3 Ia, Is, Ic, onepaTtop mag (/2) o6o3Havaer
MOZY/b BEKTOpPA.
KoaddnumeHt
HECMMMETPUM TOKA ) ] Iy
. i % ip =—-100%
HyneBou L
nocnefo0BaTe/IbHOCTH
KoadpounumeHt
HECMMMETPUM TOKa ] I,
. i2 % i, =—-100%
obpaTHOW I
nocnenoBaTeIbHOCTH

TpéxdasHas ceTb «3Be34a» C NU30MPOBAHHON HENTPANbIO

(napamempbl: deljcmeyfouwe 3HA4YeHUA HarpAaxeHUA U moka, rnoCmoAHHble cocmassaruwue HGI'IpFIJKEHUU u

mokos, KoaghgpuyueHmsl THD u K, cummempuyHbie cocmasnasroujue U KoagguyueHmsl acummempuu, 003b!

hr1uKepa paccyumoel8aromMca Makice, Kak u 018 00HOga3Hol cemu, mosabKo 8Mecmo ha3HbIX HanpaxeHul

ucnosne3yemca AuHeliHble HANPAXeHUs)

MNapameTp ..
MeTopa pacyéTta
Ha3BaHue Ob6o03HayeHune EanHuubl
NnHelHoe
Uca B Uca=—(Uas+ Usc)
HanpaxkeHue Uca
Tok I,
(n3meputenbHble > A ly=—(l1+13)
cxembl ApoHa)
O6uas akTMBHasn 1 u u
wousocTs = Br Proe =2\ D Uiachia+ ) Ussclis
i=1 i=1
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Uiac ouepegHomn oTcHeT HanpaxeHma Ua.c Uisc;
oyepeaHoMn oTCYET HanpaxkeHns Us.c
lin04YEpPEAHON OTCYET TOKA la;

lisouepenHoM OTCYET TOKa lg;

M=2048 pna cetn 50 m 60 'y,

Se=3U. I, roe

Ung® + Upc® + Uca®

O6uwasn nonHas U, =
Se BA ¢ 9
MOLLHOCTb
S S
e 3
Q = N = sign fSez—P2
Obuwan peakTnBHas
MoLHocTb (Budeanu Qgiot Bap rae sign paseH 1 nau -1. 3HaK onepartopa
n |EEE 1459) onpeaensaeTca no yrny $asoBoro caBura mexay
HOPMUPYEMbBIMM NPAMbBIMU CUMMETPUYHbBIMM
COCTaBAAOLWMMM HANPAKEHU U TOKOB.
O6wwan MoLLHOCTb
Dot Bap Daiot=0
MCKarkeHna Budeanu
Sen = 1’592 + 5912, rae Sez= 3Uei les
encrayoLwasn
a yIoth _ Usp1” + Upc1” + Ucar®
No/siHas MOLLHOCTb Sen BA Uey = 9
NCKaXKeHnA
2 2 2
_ Mar” +1p" t ey
lex = :
O6wuit kKoadpdpnumneHT P
PFtot - PFtOt = ﬂ
MOLLHOCTH S,
m
Epstor = ) Prrot ()
i=1
. Prot () ansi Pro(8) >0
Pieor (D) = ;
0 s Peoe (1) < 0
m
Ep_tor = Z P_toe (DT (@)
AKTVBHaA 3Heprua i=1
(noTpebnsemasn u Eptots BT Py, (i) = {lptot(i)l puis Peo (i) < 0
Eptor- ot 0 Anst Pyoe (1) = 0

oTaaBaemas)

roe i-aTo oyepenHoO HOMep OKHa U3MepeHus
10/12 nepuoaos,

Ptot (i) npeacTaBnaeT 3HayeHMe obLiei aKTUBHOM
MOLLHOCTK Ptot, paccunTaHHOM B i-M OKHe
n3MepeHus,

T(i) npeacTaBnseT 4ANTENbHOCTD i-r0 OKHa
N3MepPEeHMA B Yacax.
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O6uwasn nonHas

EStot
Heprma

Estor = ) So(T(D)
i=1

rae i-aTo oyepeHoM HOMEepP OKHa U3MmepeHun
10/12 nepuonos,

Se(i) npeacTaBnaeT 3HauYeHMe 06LLEl NONHOM
MOLLHOCTMK Se, pacCYMTaHHOM B i-M OKHe
N3MepeHus,

T(i) npeacTaBnseT gANTENbHOCTD i-ro OKHa
M3MepeHMA B Yacax.

BA-y

8.2 MeToabl ycpegHeHUA IapaMeTpPOB

MeToabl ycpeaHeHWsa napameTpos

MapameTtp

MeTopa ycpeaHeHus

Jencreytloliee HanpsAXeHWe 1 TOK

RMS (cpeaHekBaapaTnyHoe)

[NocToAHHOE HanpAXKeHne 1 TOK

cpepHee apndmeTnyecKoe

YacTtoTa

cpepHee apudmeTUYeECKoe

KoadpdumumeHT nMKoBoro sHavyeHus
(nuk-dakTop) U, |

cpepHee apudmeTUYECKoe

CummeTpunyHble cocTasnatowme U, |

RMS (cpeaHekBaapaTnyHoe)

KoadpoumumneHT HecummeTpum U, |

PacCcynTbIBaAOTCA U3 CpeaHUX 3HaYeHUN CUMMETPUYHbIX
cocCTasaAaroWwnx

[Jencreytoliee 3HaYeHMe TOKa

RMS (cpeaHekBaapaTnyHoe)

AKTUBHaA, PeaKTUBHAA, NO/IHAA MOLWHOCTb U
MOLHOCTb UCKaXXeHUNA

cpepHee apudmeTUYeCcKoe

KoadpoumumneHT mowHoctm PF

paccynTbiBaETCA U3 CpeaHENO 3HAa4YEHNA MOLWHOCTHU

cos@ cpefHee apudmeTmyeckoe

tgop paccymTbIBAETCA U3 CpeaHero 3Ha4YeHna MOLHOCTH
paccunTbIBAlOT, KaK OTHOLIEHWe cpegHero 3HaveHua RMS
BbICLUMX FAPMOHMK K cpefiHeMy 3HayeHuto RMS ocHoBHoOW

THD U, | coctapnsaowen (gna THDg) uanm oOTHOWeEHME cpeaHero

3HayeHna RMS BbICLUMX FAPMOHMK K CpeaHeMy 3HAYeHWIo
addeKTUBHOro HanpsakeHus (ana THDg)

Amnantyabl rapmoHuk U, |

RMS (cpeaHekBaapaTnyHoe)

Yrabl MmexAay rapmMoHWKaMU HanpsKeHui u
TOKOB

cpepHee apupmeTuyeckoe

AKTUBHaA n PEeaKTUBHAA MOLWHOCTb

rapMOHUK

cpeaHee apudmeTnyecKoe
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9 PYKOBOACTBO I10 IAPAMETPAM KAYECTBA 3JIEKTPOIIUTAHUA

9.1 Oowasa unpopmanusa

Pa3BMTME NPOMBILNIEHHOCTM BO BTOPOMN NONOBMHE XX BEKa NPMBENO K NOTPeBNeHUIO 6OMbLINMX MOLLHOCTEN,
YTO B CBOKO o4Yepenb NPUBENO K YXYALEHUIO KaYecTBa 3N1EKTPUYECKOM 3HepPrMuK. B cBA3K € 3TUM Bbla NPUHAT
FOCT 13109-67 «HopMbl KayecTBa 3/1EKTPUYECKOM SHEPIMNY», KOTOPLIA B NOCAeayoLWmMe roga npetTepnesan
psa nsmeHeHui n B FOCT 13109-97 BKAtoyan B cebs yxKe 11 napametpos. C BHegpeHMEM COBPEMEHHOIo
BbICOKOTEXHONOIMMYHOTO obopyaoBaHMA noTpebuteneit Habnoganocb HECOOTBETCTBME  OTAE/bHbIX
nokasaTenen Kayects, 4to B nocneacteum 2013 rogy 6bin npuHAT TOCT 54149-2010 «InekTpuyeckas
sHeprua. CoBMeCTUMOCTb TEXHUYECKMX CPeACTB 3/1IeKTPOMArHMTHas. Hopmbl KayecTBa 3/1EKTPUYECKOM
3HEPrMM B CUCTEMAX 3NEKTPOCHaOXKeHUs obwero HasHayeHusa.» OpgHAKo He cooTBeTcTBME TpeboBaHUAM
HaLMOHabHbIM CTaHAapTam, Takmm Kak |IEC 61000-4-30:2008 (FTOCT 30804.4.30-2013), IEC 61000-4-7:2009
(FOCT 30804.4.7-2013), IEC 61000-4-15:2010 (FOCT P 51317.4.15-2012) u eBponeickomy ctaHgapty EN
50160:2010 npu1Beno K co3aaHuio rocygapcteeHHoro ctaHaapta FOCT 32144-2013 (seeaéH 01.07.2014r.).

MeToauKa BbINO/IHEHUA U3MEPEHUI B aHA/IM3aTOPaX KayecTBa 3/1eKTPONUTaHNA yKa3aHa B ctaHgapTte FOCT
30804.4.30-2013 (IEC 61000-4-30:2008). 3ToT cTaHAApT, BBEN CTPOro onpeaenéHHble anropuUTMbl
M3MEPEHMUI, YMNOpPAZOYMA PbIHOK aHanM3aTopoB, obneryas WX CpaBHEHME, a TaKXKe COOTBETCTBUE
pes3ynbTaToOB W3MEPEHUN MEXKAY aHaNM3aTopamu pPasinyHbIX MpoussBoauTenei. PaHee 3TM npubopobl
NCNOMb30BaN Pa3/INYHbIE AaNrOPUTMbl, MNOSTOMY pe3y/bTaTbl U3MEPEHUN OOHOTO M TOro *Ke 0b6beKTa
pPa3HbIMW YCTPONCTBAMM HYACTO AaBav AMAMETPANIbHO NPOTMBOMNOJIOXKHbIE 3HAUYEHUA.

daKTOpamu, KoTopble MPUBEAN K AOBOJIbHO 3HAYMTENbHOMY POCTY MHTEpeca K BOMPOCaM, CBA3AHHbLIM C
KauecTBOM 3/1eKTpo3Heprum, 6bliM B TOM YMC/e, PacnpoCTPAaHEHME 3IEKTPOHHbIX PEryaaTOPOB MOLLHOCTMH,
npeobpasosarteneit NOCTOAHHOIO TOKa U MMMY/IbCHbIX UCTOYHUKOB MUTaHWA, 3Heprocbeperaowmx namn u
T.4., TO €CTb, B LUMPOKOM CMbIC/Ie 3TOro MOHATMA, 061acTM NpeobpasoBaHMA NEKTPUUECKO 3Heprun. Bece
3TW YCTPOMCTBA MMEIOT TEHAEHLUMIO K 3HAYNTENbHOMY M3MEHEHUIO GOPMbI MPOTEKAIOLLLETO TOKA.

MMNyNbCHbIE UCTOYHUKM MUTAHUA (LMPOKO MPUMEHAEMbIe B BbITy U NPOMbILIEHHOCTM) YacTO YCTPOEHbI
TakMM 06pa3som, UYTO CETEBOE MEPEMEHHOE HaMNpAKeHWe BbIMNPAMAAETCA W CrAaXKMBAETCA C MOMOLLbIO
KOHAEHCATOPOB, TO ecTb, NpeobpasyeTcA B NocTosHHOe HanpsaxeHue (DC), a 3aTem npeobpasoBbIBAETCA C
60nbLwoM 30 PEKTUBHOCTLIO HA BbICOKOM YacTOTe B BbIXOAHOE HanpsAxKeHue Tpebyemoi BennymHbl. OgHaKo,
TaKoe pelleHMe MMEeeT HeXKenaTesbHbli No6oYHbIA 3ddEeKT. 3apaaKM CraakMBaloWMX KOHAEHCATOpPOoB
NPOMCXOAAT KOPOTKMMM WMMMyAbCaMM TOKA B MOMEHTbI, KOrAa CeTeBOe HanpsaKeHwe 64M3KO K
MaKCMMaZbHOMY 3HayeHuto. M3 6HanaHca MOLLHOCTM C/llefyeT, 4yTo eciM TOK NoTpebaseTcs TOMbKO B
KOPOTKME MOMEHTbI BPEMEHW, TO M MWKOBOE 3HayeHWe 6yAeT HaMHOro Bbille, YeM A/A MNOCTOAHHOro
notpebieHnna. bonblwas BeAMYMHA OTHOLIEHWA TMWKOBOrO 3HAYeHMSA TOKa K ero Aeincrsylollemy
(cpepHeKkBaZpPaTUYHOMY) 3HAYEHUIO (TaK Ha3biBaeMbli NUK-GAKTOP), @ TaKKe yMeHblleHne KoadpduLmMeHTa
MoOLHOCTM (aHrn. Power Factor, PF) npuBOAAT K TOMY, YTO AO/14 MOJIyYEHUA ONpeaeseHHOW aKTUBHOW
MOLLHOCTM B Harpyske (B BaTT), npon3BoguTeib SHEPrUU BbIHYKAEH NOCTABAATL 6ObLWYIO MOLLHOCTb, Yem
aKTMBHAsA MOLLHOCTb HArpysKku (Tak Ha3blBaeMYyIO MOJIHYHO MOLLHOCTb, BbipaXKEHHYIO B BO/IbT-amnepax, BA).
Manblii KO3PUUMEHT MOLLHOCTM BeAET K YBEAMYEHMIO Harpysku Kabenei anektponepesayn n 60ablUUM
pacxogam Ha TPaHCMNOPTUPOBKY 3/1EKTPUUYECKOM 3Heprun. BosHMKalowme npu 3TOM rapMOHMYECKue
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coctagiAawowme TOKa NUTaHnA, ABAAKOTCA I'IpM‘-IVIHOﬁ AONO/THUTENIbHbIX I'IpO6ﬂEM. B pe3ynbTaTte
npounssoaunTenn Ha4dyaanm Hanaratb d)VIHaHCOBbIe CaHKUMN Ha HOTpE6MTe}1€l‘;I, KOTOopble He obecneuunBanu
AO0CTAaTO4YHO BbICOKOIo K03¢¢MLI,VIEHTa MOLHOCTH.

MoTeHUuManbHO 3aMHTEPECOBAHHbIMW B aHa/M3aTopax KayecTBa 3/1EKTPO3IHEPrUM MOryT ObiTb, C O4HOM
CTOPOHbI, 3HEepreTMyecKkMe npeanpuaTUA, KOTOpble CMOMYT C WX MOMOLLbI KOHTPO/IMPOBATb CBOMX
notpebutenei, c Apyrom CTOPOHbI NOTPEOUTENN SHEPTUN, KOTOPbIM TaKoM NPUBOP MoKeT 0OHapYXUTb, a B
AanbHeNLWeM UCNPaBUTb CUTYaLMIO CHUMKEHUA KOIPIULMEHTA MOLLHOCTU U Apyrve npobsiembl, CBA3aHHbIE
C MOHATMEM Ka4yecTBa 3/IEKTPOIHEPIUM B LUMPOKOM CMbIC/IE.

KayecTBeHHble MapameTpbl UCTOMHMKA MWUTAHWUA, A TaKXKe 3HepreTMdeckne CBOMCTBaA Yy noTpebutenei
OMMUCbIBAIOTCA Pa3/IMYHbIMU 3HAYEHMAMM U MOKA3aTeNAMMU. ITO MCCNef0BaHME MOXKET MPOIUTb HEMHOTO
cBeTa Ha AaHHy obnacTb.

KaK y»Ke ynomMHanocb paHee, OTCYyTCTBME CTaHAAPTM3aALMN B METOAAX M3MEPEHMUSA, BbI3BA/I0 3HAYUTENbHbIE
OT/INYMNA B PACYETHBIX 3HAYEHUAX OTAENbHbIX MAPAMETPOB CETU NMPU UCMOJIb30BAHUWN Pa3/INYHbIX NPMOOPOB.
Co3/aHHbIN CTapaHUAMMU MHOTUX UHXXeHepoB, cTaHaapT FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) 6bin
nepBbiM TaKMM [OOKYMEHTOM, B KOTOPOM MpeAcCTaBAeHbl O4YeHb TO4YHble MEeTOoAbl, MaTemaTuyeckue
3aBMCMMOCTU N Tpebyemaa TOUYHOCTb M3MEPEHWUI aHANM3ATOPOB 3/EKTpMYecKon aHeprun. CooTBeTCTBME
CTaHAapTy (B YacTHOCTM, Knaccy A) MMeNo uenb AaTb rapaHTUIO NOBTOPUMMbIX U MPaKTUYECKU O4MHAKOBbIX
pe3yNbTaToB U3MEPEHWNIN OAHUX U TEX e BE/INYUH, U3MEPAEMbIX NPUBOPaMM Pa3IUYHbIX NPOM3BOAMTENEN.

9.1.1 Xécrkue ke (CT) aia uamepeHusi nepeMeHHOro Toka (AC)

HKéctkne TokoBble Kaewm Trna CT (aHrn. Current Transformer Clamps) — 3To npocTo TpaHchopmatop,
npeobpasyowmit 60/bLLION TOK NEPBUYHON OOMOTKM B MEHbLUMI TOK BTOPUYHOMU OOMOTKU. 'YOKM TUMUYHbIX
TOKOBbIX K/elel BbIMNOAHEHbI M3 MaTepuana ¢ peppoMarHUTHbIMKM CBOMCTBAMM (Hanpumep, Keneso) c
HaMOTaHHOW BOKPYr HMUX BTOPUYHOM OOMOTKOM. [MepBMYHOWM OOMOTKOW CTAHOBWUTCA NPOBOA, BOKPYr
KOTOPOro 3aaTbl FyOKW Knewiel Wuau, Kak NpaBuIo, OAMH eOUHCTBEHHbIM BMTOK. Ecam celyac 4yepes
nccneayemblit kabenb Teyet Tok 1000 A, B o6moTKe 13 1000 BUTKOB noteyeT TOK 1 A (ec/in TO/IbKO KOHTYpP
3aMKHYT). B Knewax ¢ BbIXOAOM NO HANPAXKEHUIO, LWYHTUPYIOLWMIN PE3UCTOP HAXOANUTCA B CAMUX KeLax.

Punc.16 KEcTtkme Knewm ¢ BbIXOLOM MO HANPAXKEHUIO.

3TOT TMN TpaHcPopmaTopa TOKA MMEET HECKONIbKO XapaKTepHbIX ocobeHHocTer. MMM MOXKHO M3MepPATb
oyeHb 6onbluMe TOKKM, OLHOBPEMEHHO NOoTPebnss Manyl MOLHOCTb. TOK HaMarHWMYMBAHMWA ABAAETCA
NPUYMHOM HEKOTOporo cmeueHns ¢asbl (LecATble JONM Tpagyca), YTo MOMKET NMPUBECTM K Hebosblioi
MOrpewHoCTM M3MepeHna MOLWHOCTM (ocobeHHO nNpu Manom KoadpduumeHTe mollHOCTM). HeaocTaTkom
3TOro0 TMNA KNeLel TaKKe fABAAETCA HACbILeHWe CepAeYHMKA MPU U3MEPEHUAX OYeHb BO/IbLIMX TOKOB
(Bbllue HOMMHaANbHOTO AManasoHa). HacblweHve cepAevyHMKA B pesysibTaTe ABJAEHUS MarHUTHOroO
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rmcrepesnca BeAET K NOSBAEHUIO BONbLINX OWMOOK M3MEpPEHUIA, KoTopble MOryT BbiTb YCTPaHEHbl TONbKO
NyTEM ero pasmarHuumBaHuA. TaKKe B CUTyalMW, KOrda M3MepsemMblii TOK COAEPMKUT 3HaAYUTESIbHYIO
NocTosiHHyto cocTtasastowyto (DC), cepaeyHUK noaBepraeTca HacblweHUto. HecCOMHEeHHbIM HeaoCTaTKoM
YKECTKMX KNeLel ABNAETCA TaKKe 3HaUNTe IbHbIN Bec.

HecmoTps Ha nepeyncneHHble HegoCTaTKM, TOKoBble Knewy Tuna CT B HacTosAwee Bpems SABAAKOTCS,
Hambonee pacnpoCTpaHEHHbIM HEMHBA3UBHbIM METOAOM U3MePEHMA NepeMeHHoro Toka (AC).

BmecTte ¢ aHa/IM3aTOPOM MOXHO MCMO/b30BaTh cieaytoume Kneuwm tuna CT ana MsmepeHns nepemeHHoro
TOKa:

o C-4, c HoMMHanbHbIM granaszoHom 1000 A nepemeHHoro ToKa (AC);
e C-6A, c HOMMHaNbHBIM AnanasoHom 10 A nepemeHHoro ToKa (AC);
e (-7, c HOMUHanbHbIM ananaszoHom 100 A nepemeHHoro Toka (AC).

9.1.2 TokoBble K€Uy A/ U3MepPEeHU NepeMEeHHOro U MoCcTOAHHOTo TOKOB (AC/DC)

B HEKOTOpbIX CUTyauuax TpebyeTca nsmepeHme NOCTOAHHOW COCTaBAAoWEeN ToKka. s 3Toro A0/XKHbI 6bITb
MCMOJIb30BaHbl KAeWmM ¢ APYrMm MpUHLUNOM paboTbl, Yem TPaaULMOHHbLIA TpaHchopmaTop ToKa. Takue
TOKOBbIE KNewM UCNonb3yoT dusmnyeckoe ABaeHUe, HasbiBaeMoe 3ddeKTom Xonna u coaeprkaT B CBOeM
KOHCTPYKUMWU AaTunmK Xonna (Tak HasbiBaemblit XOANOTPOH). ITOT apdeKT 3aKayaeTca B MOABAEHMU
3/IEKTPUYECKOTO HaMpPAXKEHMA Ha CTeHKax NMpPoBOAHMKA, HaxOAALErocs B MarHUTHOM MOJie U KPOMe TOro
yepes KOTOpbI, TEYET INEKTPUUYECKUI TOK B HanpaBAeHUN, MOMNEPEYHOM K BEKTOPY MHAYKUMKU 3TOrO Nons.

ToKOBble KNeLWM, UCNOAb3YIoWMe 3TO ABIEHUE, MOTYT U3MEPATb KaK NepemMeHHbI, TaK U NOCTOAHHbIN TOK.
MpPOBOAHMK C TOKOM, NOMELLEHHDbIN BHYTPU KNewlen, co3faeT MarHUTHOE MnoJie, KOTOpoe COCPesOTOYEHO B
KenesHom cepaedvHuKe. B paspbiBe 3TOro cepaevyHuKa, B mecte, rge obe uactn rybok coepuHstoTca,
HaxoAMTCA NOMYNPOBOAHUKOBBIN AaTyMK X013, @ BbIXOLHOE HAMpPAMKEHME 3TOro AaTyMKa ycuauBaeTcs
3/IEKTPOHHOM CXEMOM, 3aNUTaHHOM OT baTapenku.

Knewm aToro TMNa, Kak NpaBuio, UMEIOT PYYKY PETYMPOBKM HYNA TOKA. YTO6bI €€ BbINOAHUTL, He06X04MMO
COMKHYTb rybKku (6e3 mpoBoAa BHYTPWU) M MOBOPAYMBATb PYYKY PEryasaTopa A0 LOCTUMKEHWUA HY/NEBOro
NoKasaTtens NoCTOAHHOrO TOKa.

Knewamn Takoro tvna, KoTopble celyac npegnaraet Sonel S.A., ssasaioTca knewy C-5 ¢ HOMMHANbHbIM
AnanasoHom 1000 A nepemeHHoro Toka (AC) u 1400 A noctosiHHoro Toka (DC). Knewm nmetoT Bbixoa no
HaMNPAKEHNIO U A1 HOMUHaAbHOro Toka 1000 A BblAaloT Ha HEM HanpsaskeHune 1 B (1 mB/A).

9.1.3 T'm6kue Kaemu Porosckoro

MbKue ToKoBble Knelwwm (aHrn. Flexible Current Probes) paboTatoT coBeplueHHO No Apyromy ¢pusnmyeckomy
NpMHLMNY, Yem TpaHCchopmaTop ToKa. X Hambosee BaXKHOM YacTbio ABNAETCA TaK HasblBaeMas KaTyllKa
PoroBckoro, HasBaHas NoO WMMeHM HemeLKoro ¢usuka BanbTepa Porosckoro. 3To Bo3agywHas (6es
cepaeyHuKa) KaTylwKa, 06BUTas BOKPYr NpoBoAa ¢ TOKOM. CneumanbHas KOHCTPYKUMA KaTyLKK NO3BOAAET
BbIBeCTM 06a ee KOHLA C O4HOWN CTOPOHbI, YTO NO3BOAAET NErKO 3aMKHYTb rTMBKME Knewm BOKpYr NpoBoaa
(obpaTHbI KoHel, pasmelléH BHYTPM KaTylWKM NO Bcel ee AnuHe). ToK, mpoxogsa MNno M3mMepsemomy

nposoay, CO3[02€6T KOHLUEeHTpU4YeCkne JMHUN MarHnMTtHOro nona M ncnonb3ya ABieHNne CaMOUHAYKLUMN,
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HAaBOOUT 3SNEKTPOABUKYLLUYIO CUNY HA KOHUAX KaTyWwKwu. OpHako, ato HanpAaxeHne nponopunoHaibHO
CKOPOCTHN U3MeHEHWNA TOKa B NPOBOAHUNKE, @ HE CaMOMY TOKY.

Puc.17 Katywka Porosckoro.

KaTyliKa POroBCKOro MMeeT HecKo/IbKo HEOCMNOPUMbIX NPEVMMYLLECTB MO CPaBHEHMIO C TpaHchopmaTopamm
TOKa. TaK KaKk oHa He MMeeT cepAeyHuKa, TO HE OKa3blBaeT BAUAHMA €ro HacblWeHWs, CNeA0BaTe/IbHO, OHa
MMEET OT/INYHbIE BO3MOXHOCTU AN U3MepeHna 60bLIMX TOKOB. JTa KaTyLIKa TaKKe MMeeT NPeBOCXOAHYI0
JIMHEMHOCTb M LIMPOKYIO NOJIOCY MPOMyCKaHuA, ropasao 60/bliue, Yem Yy TOKOBbIX TpaHchopmaTopos, a B
CPaBHEHMM C HUMMU TaK¥Ke MMEET ropasgo MeHbLIMI BeC.

OfHaKo A0 HefaBHero BpemeHU rMbKue TOKOBble Kaelm umenu npobaembl ¢ pacliMpeHnem 3KCnaHCcuun B
06nacTM n3mepeHua ToKa. [OTOMy UTO CyllecTBYIOT onpenenéHHble (GaKTopbl, KOTOpble 3aTpyaHAIT
NPaKTUYECKYIO pPeann3aumio U3MepPUTENbHOM CUCTEMbI C KaTylKoW Porosckoro. OAHUM U3 HUX ABAAETCA
04Y€eHb HU3KUI YPOBEHb HANPAXKEHUA, KOTOPOE UHAYLMPYETCA Ha BbIBOAAX (OHO 3aBUCUT OT FeOMETPUYECKUX
pa3smepoB KaTylwKu). Hanpumep, BbixogHOE Hanps:keHWe Ha yactote 50 My ana rubkux Knewen cepun F
(npn ucnonbsosaHuM c aHanusatopom PQM-700) coctasnsetr okono 45 mkB/A. Takue HU3KME YPOBHMU
HanpAXXeHU TpebyoT NPUMEHEHUA NPELMU3NOHHBIX U MANOLYMALLUX YCUAUTENEN, YTO, KOHEYHO, NPUBOAUT
K YBE/IMYEHWIO PacXxoa0B.

MOCKONbKY BbIXOAHOE HaMpAXKeHWe MNPONnopPLMOHANbHO MPOM3BOAHOM TOKa, HEOBXOAMMO MNpUMEHEHWe
WHTerpupytoLen uenu; obbl4HO NpoaatoTca rMbKne TOKOBbIE KNeLu, CoCToAlMe U3 KaTywku Porosckoro,
COeAMHEHHON CO CXeMOl aHafNoroBOro MHTerpatopa (TUNWYHbLIA MoAynb nutaetca oT baTtaperiku). Ha
BbIXOJe MHTerpaTopa y*Ke NOoABAAETCA CUTHA HANPAXKEHUA, NPONOPLMOHANBHBIA U3MEPAEMOl CUIe TOKA U,
KpOMe TOro, COOTBETCTBYIOLMM 06pa3om oTKannbpoBaHHbIN (Hanpumep, 1 mB/A).

Ewé oaHa npo6nelv\a, KOTOpaa CONPOBOMKAAeT KaTywKy POroBCKOro, 3To YyBCTBUTE/NIbHOCTb K BHeLIHEeMy
MarHMTHOMy nosnt. UpgeanbHaa KaTylwKa AOAXKHA 6bITb 4yBCTBUTE/IbHA TOJIbKO K MNOJ1tO, OrpaHM4YeHHOMY
3aMKHYTOﬁ naowaablo KaTywkn n coBeplleHHO NoaaB/iATb BHEWHNE MArHUTHbIE NoAA. OkasbiBaeTca, 4To
3TO OYeHb CNOXHaA 3ajadva. EAMHCTBEHHbIM cnocobom nony4yeHnA Taknx CBOICTB ABAAETCA OYEHb TOYHOE
M3rotToseHMe KaTyLwKH, C Mp,eaanoﬁ OAHOPOAHOCTbO HAMOTKN U KaK MOXXHO 6onee HNU3KUM mmnegaHCcom.

50



MMeHHO BbICOKAA TOYHOCTb M3roTOBAEHUA KaTYLUE‘-IHOﬁ 0BMOTKM HECET OTBETCTBEHHOCTb 3@ OTHOCUTE/IbHO
BbICOKYHO CTOMMOCTb TaKUX rMBOKKUX KﬂeLLl,el‘;l.

BmecTe ¢ aHanM3aTopoOM MOKHO MCNONb30BaTh ceaytowme rubkme Knewum, npegnaraemole Sonel S.A:
o F-1, c AAnHOM OKpYXKHOCTM paBHoW 120 cv;
e F-2A, c gnnHom oKpyKHocTh 80 cm;
e F-3A, c AnMHOM OKpYKHOCTK 45 cm.

9.2 Mepuanue cBeTta (¢ imkep)

AHrnuiickoe cnoso flicker o3HavaeT mepuaHme. B oTHOLWEHUM BONPOCOB, CBA3AHHbIX C KAYECTBOM SHEPTUM,
O3HA4YaeT ABNEHWE MEPUOANYECKOTO WM3MEHEHMA WHTEHCMBHOCTM CBETA, B CBA3NM C WU3MEHEHMEM
HanpPsXeHUA NUTaHMA NaMMNOYKMN OCBELLLEHUA.

dDyHKUMA M3MepeHUA 3TOT0 MepLaHuA NOoABWAACh B aHanM3aToOpe KayecTBa 3/1eKTPO3HEepruu, Koraa
BbIACHM/I0Cb, YTO 3TO ABJIEHME MPMBOAMT K YXYALIEHNIO CaMOYYBCTBUA, PasAparKeHWo, NHOTAA ro0BHOM
6011 1 T.4. KonebaHnA MHTEHCMBHOCTM CBETa, AO/IXHblI MMETb BMOJIHE OnpeaesiEHHYIO YacToTy, OHU He
MOTYT BbITb CAIMWKOM MeANeHHbIMKU, MOTOMY YTO TOrAa YeoBeYECKUA 3payvoK CMOXKET aaanTUpoBaThCa K
M3MEHEHMAM OCBELLEHHOCTU; HE MOTYT BbITb CAUWKOM BbICTPIMM, NOTOMY YTO MHEPLMA HUTU NaMMOYKM
HaKaNMBaHMA NMOYTU NOSHOCTbIO CrIAXKMUBAET 3TU U3MEHEHWA.

MccnenoBaHnA NoKasanm, YTo MakKCMMYM Heya06CTB BO3HMKAET Ha YacToTe OKOJ/I0 9 M3MEHEHMI B CEKYHAY.
Hanbonee 4yBCTBUTENbHBIMU UCTOYHUKAMM OCBELLEHUA OKa3a/IMCb TPAAULMOHHbIE NaMMbl HaKaMBaHUA C
BO/IbGPamMOBOI criMpanblo. MasoreHHbIe AamMnbl, CNMPaNM KOTOPbIX MMET 6o/iee BbICOKYIO TemnepaTypy,
MMEIOT TaKXe HaMHOro 60AblLUYI0 MHEPLMIO, KOTOPasA CHUMKAeT BOCMPUMMUMBOCTb YEN10BEKOM M3MEHEHUI
APKOCTU. Jlydllell «COMPOTUBAAEMOCTbIO» K MEPLAHUIO XapaKTepusyloTCa NIOMUHECLEHTHbIE AaMnbl,
HeKoTopble cneuMdUUeckne CBOMCTBA KOTOPbIX CTaBUAIMU3MPYIOT TOK, MPOTEKaloWMi Yyepes famny npu
N3MEHEHUN HaNPAMKEHUA N, TEM CaMbIM, YMEHbLLAIOT KosiebaHua cubl cBeTa.

®nrKep M3MepAeTCA B TaK Ha3blBaeMbIX YCNOBHbIX €4MHULAX BOCNPUATUA U BbIAENAIOT ABa UX TUNa:
KpaTKoBpemeHHbIN P (aHra. short term), 3HayeHMe KoToporo onpegenserca oauvH pas B 10 MUHYT, U

AnvTenbHblit P (aHra. long term), 3HauyeHWe KOTOPOro onpeaenseTca Ha ocHose cneayowmx 12 3HavyeHun
Pst, TO ecTb Kaxgple 2 yaca. [lnuTenbHOe BpemMs M3MEpPEeHUA BbITEKAeT HEemnocpeacTBEHHO M3 MeaSIeHHO
MEHSAIOLLLEroCs XapaKkTepa ABAeHUA — YTobbl cobpaTb AOCTOBEPHYIO BbIBOPKY AaHHbIX, U3MEPEHUE O0HKHO
6bITb AUTENbHBIM. Pt paBHoe 1 cHMTaeTCs 3HaYeHUEeM, KOTOPOE /IEXKUT Ha rpaHuLLe BOCMPUATUA - KOHEYHO
YYBCTBUTE/IbHOCTb K MEPLAHMIO OT/IMYAETCA Y PasHbIX /0AEN; NPUHATME 3TOro Nopora caeayeT U3 TecTos,
NpoBeAEHHbIX Ha HEKOTOPOW penpe3eHTaTUBHON rpynne N4en.

A 4TO ABNAETCA NPUYMHON BO3HMKHOBEHMA ABNEHMA MepLaHua cBeTa? Yalle BCero MCTOYHMKOM ABAAIOTCA
NPOBa/ibl HAMPAXEHUS B pe3ynbTaTe MOAK/JUYEHUA U OTKAIOYEHMS HarpyskM 6GOMbLIONA MOLLHOCTU U
HEKOTOPbIM YpOBEHb MepLaHMA MPUCYTCTBYET B BOMbLIMHCTBE CETU NUTaHMA. MTOMMMO BbILEOMMUCAHHOTO,
HebnaronpuaTHOE BO3AENCTBME Ha Nlodel He AO0MXHO 6biTb (M, 06bIMHO, He ABNAETCA) CMMMATOMOM
HenosaAokK Hawero obopyaoBaHusa. Ho eciv B ceTn HabaogaeTcs LOBO/IbHO BHE3aNHOe U HeobbACHMMOe
NoBblLLEHME YPOBHA MepLaHuna ceeTa (pocT 3HaveHua KoadduumeHToB Py 1 Pi) HUM B KOem caydae He Hago
3TOro UFHOPMPOBATb. ITO MOXKET OKa3aTbCA, YTO MepLaHMe BO3HMKAET 13-3a NJI0OXMX COeANHEHNI B cucTeme

— noBblWEHHOE MNageHune HanpAaxXeHunAa Ha COoeAUMHEHUAX B pacnpenenntesibHOM LWUTKe (Hanpmmep),
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BbI30OBYT 6onbwne konebaHun HanpAXeHnA Ha ﬂOTpE6MTel'IFIX, TaKUX KaK NaMNOYKKN HaKkanueaHua. MageHune
HanpAxXeHnAa Ha coeanHeHnAX oaHOBpeMeHHO CI'IOCO6CTByI-OT MUX Harpesy, 3aKaH4YnBakOWeMYCA UCKpeHNnEM
M BO3MOXHO MNOXapom. I'Iepmo,qmquKme NPOBEPKN CETU U ONUCAaHHbIE CMMNTOMbI NMOMOTYT NpPUBJIEYDL
BHUMAHME N HANTU UCTOYHUK Yrpo3bl.

9.3 H3mepeHHe MOLIHOCTH

MoLLHOCTb ABAAETCA OAHUM M3 Hanbosiee BayKHbIX MapameTpoB, onpeaenatolmx CBOMCTBA SNEKTPUYECKUX
ueneit. OCHOBHOW BENVUYMHOWN, Nexalleld B OCHOBe GUHAHCOBbLIX PACYETOB MeKAYy MOCTaBLIMKOM M
nonydyatenem, ABAAETCA 3/1eKTPMUECKan IHeprua, paBHas NpPoM3BeAEeHMI0 MOLWHOCTM Ha BpeMs.

B 3/1EeKTPOTEXHUNKE BCTPpeYvYaeTCA HECKOJIbKO pPa3/IMYHbIMU BUAAMUN MOLLHOCTU:

e  AKTMBHas MOLWHOCTb (aHrn. Active Power) o6o3Ha4yeHa bykBoit P u nsmepsemas B Batrax;
e PeakTnBHasa MolHOCTb (aHrn. Reactive Power) o6o3HauyeHa Q, eauHMLA Bap;
e [lonHaa mouwHocTb (aHrn. Apparent Power) S, eauHunua BA.

Tpu BbllenepeyYncneHHbIX BUAA MOLLHOCTU ABAAOTCA Hanbonee M3BeCTHbIMU, HO 3TO HE O3Ha4aeT, 4YTo
CNNCOK MOLI.I,HOCTel‘/JI Ha 3TOM 3aKaH4YMBAETCA.

B WKoO/e yyaT, YTO 3TU BbilleyKa3aHHble MOLWHOCTM 06pa3ytoT TPEYro/IbHUK MOLLHOCTEN, CBOMCTBA KOTOPOro
Bblpa)KaeT ypaBHeHUe:

P2+ 02:52
OaHaKo, 3TO ypaBHEHWE CNPaBeA/IMBO TONbKO ANA CUCTEM C CUHycOMAanbHOM ¢OpmMoi TOKOB U
Hanps»eHui. MNepen Tem, Kak nepenTtn K bosiee nNoapobHOMY OOCYKAEHMIO BOMPOCOB, CBA3AHHbLIX C
N3MEPEHMAMM MOLLHOCTM, HEOHXOAMMO CHayana onpeaennTb PasanNyHble MOLLHOCTHU.

9.3.1 AKTHMBHAas MOIIIHOCThb

AKTMBHaA MOLLHOCTb P B CTporom ¢u3nyeckom cmbicne ABAAETCA BEANUYMHOW, BbipaykaloLwen cnocobHoCTb
cUCTeMbl AONA  BbIMNOAHEHUA onpeaenéHHon paboTbl. ITa MOWHOCTb Haubonee KenaTenbHasa oA
notpebuteneit sHePrMM M WMMEHHO 33 MOCTaBAAEMYID aKTMBHYIO MOLLHOCTb B pPacYETHOM nepuoge
noayyatenb NAATUT MOCTAaBLUMKY 3/1EKTPO3Heprnu (oTaenbHo obcykaaerca npobiema AONOAHUTENbHOM
onnaThl 33 PEAKTUBHYIO MOLLHOCTb). MMEHHO aKTMBHas MOLLHOCTb (M, CnefoBaTeNbHO, aKTMBHAA 3Heprus)
N3MEPAETCA CYETUMKAMM SNEKTPUYECKOMN SHEPTUN B KaXKA0M AOMaLUHEM X0O3AACTBE.

OcHoBHasA popmyna Ana pacyeTa akTMBHOW MOLLHOCTM CAeayoLLan:

t+T

P= %f u(t)i(t)dt
t

roe: u (t) - MrHoBeHHOe 3HauyeHWe HanpsaxeHus, i(t) - MrHoBeHHOe 3HayeHWe ToKa, T - nepuog, 3a
KOTOPbIN PacCUMTbIBAETCA MOLLHOCTb.

B CMHYCOMNOabHbIX CUCTEMAX aKTUBHYIO MOLWWHOCTb MOXHO PacCCYnNTaTb, KakK:
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P=U:-Il-cos @
roe: U — peicteylollee (cpeAHeKBagpaTMUHOE) 3HayeHWe HanpaxeHus, | — pencteylollee

(Cpe,ﬂ,HEKBa,ﬂ,paTM‘-IHOE) 3Ha4YeHue TOKa, a (p —yron casura ¢a3b| MmexXagy HanpAaXeHnem M TOKOM.

AHaNM3aTOP BbIYMCAAET aKTUBHYIO MOLLIHOCTb HEMOCPeACTBEHHO MO GOPMYE C UHTErPasiom, UCNOIb3yA

M
1
P = MZ UiIi
i=1

rae M — yMcno oTcyeToB B OKHe uamepeHua 10/12-nepuogos u coctasnset 2048, Ui u i asnatotcea

OTCHYETbI CUTHANNOB HANPAXEHNA N TOKa:

nocnenoBate/sibHbIMU OTCYETAMMU Bbl60pKVI HanpAaXxXeHnA n ToKa.
9.3.2 PeaKTHBHasi MOIIHOCTb

Haunbonee nssectHas ¢opmyna ana peakTMBHON MOLLLHOCTU AENCTBUTE/IbHA TOJIbKO A5 0AHODA3HbIX Lenen
C CMHYcoMaanbHOM GOPMON HANPAKEHNA U TOKa:

Q=U-Isin @
MHTepI'IDETaLI,MFI aTomn MOLWHOCT B TaKUX CUCTEMAX 3aK/o4YaeTcA B caeayrowem: 3TO amMmnantyaa
nepemMeHHOW COCTaB/AOWEN MITHOBEHHON MOLLHOCTM Ha 3aXKMMax UCTOYHMKA. CyL,ecTBOBaHME HEKOTOPOTO
HEeHyNneBoro 3Ha4vyeHuA aTon MOLWHOCTN CBMNAOETENBCTBYET O ABYXCTOPOHHEM U KosiebaTenbHOM nepetoke
IHEPIrnn mexgy NCTO4HUKOM U I'IpVIéMHMKOM.

MpeactaBum cebe oaHOGA3HYO CeTb C CUHYCOMAANIbHBIM UCTOYHUKOM HaMpPAXKEHUA, Harpy3Kol KOToporo
ABnsaetca RC-uenb. Tak Kak B TAaKWUX YCAOBUAX 3T 3NeMeHTbl BeayT cebAa NMHeNHo, npoTekaHue ToKa
MCTOYHMKa ByaeT MMeTb CMHYCOMAANbHbIN XapaKTep, HO M3-3a CBOWCTB KOHAEHCATOpa, TOK CMeLLaeTcs
OTHOCUTE/IbHO HaMNPAXEHUA UCTOYHMKA. B 3TOM cxeme peakTMBHaA MOLWHOCTb Q OT/IMYHA OT HYAA U MOXKET
6bITb MHTEPNPETUPOBAHA KaK aMNAuTyaa KonebaHWi SHeprum, KoTopas nonepemeHHO HakanausaeTcA B
KOHAEeHcaTope U OTAAETCA UCTOYHMKY. AKTUBHAA MOLLHOCTb KOHZEHCaTopa paBHa Hy/o.

Ho, KaK BblACHAETCA, ABAeHNEe KonebaHMA SHEPTUKM TONIbKO KaxKeTca adpPeKTom, 4a U TO NPOUCXOAALMM B
0cobbIX cnyyaax uenei C CMHYcoMAanbHoOM GOPMOIM TOKOB M HaNpsKeHWUW, a He NpUYMHA NOABAEHMSA
peakTMBHOW MmolHOCTU. MNpoBeaéHHble B 3TOW 06/71acTM MCCAeA0BaHWA, MOKa3biBaloOT, YTO PeaKTUBHan
MOLLHOCTb MOABAAETCA TaKKe M B CXeMaX, B KOTOPbIX HE BO3HWKAET HWKaKUX KonebaHuii sHepruu. 1o
YyTBEPKAEHME, KOTOPOE MOKET YAMBUTb MHOTUX MHMKEHEPOB. B HOBbLIX My6AMKaALMAX, KACatOLLMXCA TEOPUN
MOLLHOCTM, E€AUHCTBEHHbIM OU3NYECKMM ABJAEHMEM, KOTOPOE BCerga COMPOBOMXKAAETCA HaAnynem
PEeaKTUBHOWM MOLLHOCTU, ABAAETCA CABUT $a3 MeXKay TOKOM U HanpsaKeHMeM.

YKasaHHaa Bblle ¢opmyna Ana pacyérta pPeakTUBHOM MOLLHOCTM SABAAETCA MNPaBWAbHOW TOMbKO ANA
CMHYCOMAANbHbIX 0AHOMA3HbIX Uenei. BosHMKaeT BONPOC: Kak paccuMTbiBAeTCA PeakTMBHAA MOLLHOCTb B
HECUHYCOMAANbHbIX CUCTEMax? 3TOT BOMPOC OTKPbIBAaET MPEeCc/oByThiM «AWMK MaHZopbi» B cdepe
3N1EeKTPOTEXHNKN. OKasbiBaeTcs, YTO onpefesneHne peakTUBHOW MOLLHOCTU B peanbHbiX cuctemax (a He
TO/IbKO B WAEA/NM3NPOBAHHbBIX), ABAAETCA MPeAMETOM CMOpPOoB M B HacTosuwee Bpemsa (Ha 2009 roa) He

cywecrtsyer e€guHoro wu O6LLI,EI'IpVI3HaHHOFO onpepeneHnAa peaKTI/IBHOl‘/JI MOLWWHOCTM B CUCTemMax C
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HEeCUHycouaanbHOM GOPMON HAMpPAXKEHUS M TOKA, Oa*Ke He roBops ye 34ecb 0 HecbanaHCMPOBAHHbIX
TpéxdasHbix uenax. B cranpapte |IEEE (MexayHapoaHOM accouvauym UHXKEHEpPOB MO 3/1EKTPOTEXHMKE U
3/1IeKTPOHUKe) nog, Homepom 1459-2000 (c 2000 roga) ans HecMHycompaanbHoM TpexdasHoM Lenu mbl He
Hangém Gopmysbl AN NOMAHOM PEaKTUBHOM MOLLHOCTM — KaK TPU OCHOBHbIE MOLLHOCTM MepedYucineHbl:
aKTMBHAA MOLLHOCTb, NMOJIHAA M, BHUMAHWE, HeaKTUBHas, 06o3HauYeHHasa 6ykBoi N. PeakTMBHYO MOLLHOCTb

orpaHun4yeHa To/21bKO OCHOBHO/A I'apMOHVII-(Oﬁ TOKa U HanpAaxeHua n o603HauyeHa Q1.

YNomMaAHYTbIA CTaHOAPT ABASETCA NOCAeAHMM [OOKYMEHTOM TaKOro poAa, BbiMyLWEHHbIM MNPU3HAHHOM
OpraHusaumei, KOTopblii A0MKEH Bbln yNnopaaoYnTb TEMATMKY, Kacatowyoca onpeaeneHma MOLWHOCTU. ITo
6b1n10 Tem 6onee HeO6X0AMMO, YTO B HAayUYHOM Cpeae y»Ke MHOro JIeT pa3aatoTca ro/oca, YTo UCNoib3yemble
00 CcUX nop onpegeneHns MOryT gasBaTb OWKMOOYHble pesynbTaTbl. Cropbl Kacanucb, NpeXKae BCero,
onpeaeneHns peakTMBHOM MOLLLHOCTU M NOJIHOM (3 TaK¥Ke MOLLHOCTU UCKaXKEHWUI, 0 YeM NOo3¥Ke) B O4HO- U
TpéxdasHbIxX Lensax ¢ HeCMHycomaaabHOM GopPMON HanpaAXKeHUA 1 TOKa.

B 1987 roay npodeccop L. Czarnecki AoKa3an oWMOBOYHOCTb LLMPOKOPACHPOCTPAaHEHHOIO onpeaeneHus
peakTUBHON MOLHOCTM No Budeanu, To ecTb onpeaeneHuns, KOTopoe No cen AeHb NPenoaaéTcsa BO MHOIMMX
TEXHUYECKMX WKoNax. ITo onpeaesieHne 6bia10 Bnepsble nNpeactasaeHo npodeccopom Budeanu B 1927 roay
N UMeeT cneayowmi Bua;

Qp = Z Uply sin @y,
n=0

roe Un u |, ABNAIOTCA BbICLULMMM rapMOHMKAMKU HaMpPAXKEHUA U TOKa nopsagKa n, a (o, yraaMmm mexkay

3TUMUN KOMMNOHEHTaMWU.

TaK KaK BBeAeHMe 3TON BE/IMYMHbBI 03HAYa/10, YTO U3BECTHOE YPaBHEHMA KTPEYro/ibHMKa MOLHOCTU» He
BbINOJIHAETCA ANA Lenei ¢ HecMHyconaanbHbiMu GopMmamm cUrHanos, Budeanu BBEN HOBYIO BEUUNHY,
Ha3blBaEMY0 MOLLLHOCTbIO UCKaXKEHUA:

Dy = JSZ — (P2 +Q5%)

MOLLHOCTb MUCKaXKeHUA A0/KHa Oblna nNpeacTaBnATb B CUCTEME MOLLHOCTb, BO3HWKAlOLWYO BCAeacTBUE
UCKaXKeHU GOpMbl HaNPAXKEHUA U TOKA.

PeakTnBHas MoLWHOCTb Bbl1a B TEYEHWME MHOTUX JIET CBA3AHA C KONEOAHUAMM SHEPTUN MEKAY UCTOYHUKOM
M Harpyskoi. Kak BMAHO M3 GOpPMY/bl, pPeakTMBHas MOLLHOCTb MO onpegeneHnto Budeanu, asnsetcs
CYMMOW OTAE/NbHbIX FAPMOHUK PEAKTUBHOMN MOLLHOCTM. M3-3a daKTopa sin ¢ 3T KOMMNOHEHTbl MOTryT BbITb
NOIOKUTENbHBIM UAU OTPULLATENIbHBIM B 3aBUCMMOCTM OT YI/1la MeXKAY HanpsKeHMemM U TOKOM FrapMOHUKM.
Takum 06pasom, BO3MOXKHA CUTyaums, Korga obuwan peaktmeHas molHocTb QB byaeT paBHa Hy/l0 nNpu
HEHY/IEBbIX KOMMOHEHTAaX rapMOHMK. HabntogeHue, YTO NpU HEHYNEBLIX COCTaBASIOWMX CyMMapHas
peakTMBHaA MOLLHOCTb MO 3TOMY OMnpefeneHU0 MOXeT OblTb paBHa Hy/tO, ABAAETCA Katouyom ana 6onee
rnyboKoro aHannsa, KOTOpbIA B KOHEYHOM CYETEe, MO3BOIMA A0KA3aTb, YTO BesMunHa QB MoXKeT faBaTb B
HEKOTOPbIX CUTYaLMAX COBEPLUEHHO HEOXWUZAHHble pe3ynbTaTbl. MpoBesEéHHbIE UCCEL0BAHNA CTABAT NOJ,
COMHEHME LWNPOKOPACNPOCTPaHEHHOE ybeXxKaeHMe, YTO eCTb KaKaA-To CBA3b Mexay KonebaHuamM sHeprum
M peaKTUBHOW MowHOCTblo Budeanu QB. MoXKHO MpMBECTU MpUMepbl Lenei, B KOTOPbIX, HECMOTPS Ha
CylLecTBOBaHME KonebaTeNbHOrO XapakTepa MrHOBEHHOW MOLWLHOCTM, pPeaKTMBHAA MOLLHOCTb MO
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onpegeneHuo Budeanu PaBHa HyAHO. Ha NPOTAXEHUN MHOTUX NeT y‘-IéHbIe HE MOT/1n CBA3aTb C peaKTMBHOVI
MOLHOCTbIO B COOTBETCTBUU C 3TUM onpeaeneHnem, HUKakoro d)VIBVILIECKOFO ABNeHnA.

MepeuncneHHble Bbille COMHEHMUA, B MPaBWUJIbHOCTM 3TOrO onpeaeneHus MOLIHOCTM, KOHe4dyHo, BpocaioT
TeHb, Ha CBA3AHHYIO C Heli MOWHOCTb UCKakeHna De.  Hayann uckatb oTBeT Ha Bonpoc, byaer au
MOLLHOCTb MUcKaxkeHUs DB Ha camom aene ABNATbCA MepPOi UCKaXKEHWI NPOLLeccoB B HECUHYCOUAANbHbIX
Lenax. MckaxeHnem mbl HasblBaem cUTyaLMIo, Koraa Gopmy CMrHana HanpaXKeHUs He yAaeTCa KHaNOMUTb»
Ha popMy NPOTEKAIOLLErO TOKA C MOMOLLbIO ABYX OnepaLuin: USMeHeHUe aMnanTyabl U CABUT NO BPEMEHMU.
[pyrMmun cnoBamm, ecnm BbIMOHEHbI Cleaytoline ycnoBua:

u(t)=Ai(t-rt)
TO HaNpPsAXEHWe He UCKAXKEHO NO OTHOLLIEHWUIO K TOKY. B ciiydae cMHycoMAanbHOMo HanpaxXeHUa U Harpysku,
asnawollenca nwbolr KombuHaumen snemeHToB RLC, 3To ycnosBme Bcerga BbiNoaHAeTcA (ans
CUHYCOMAANBHOIO NPOLLECCa 3T 3/IEMEHTbl COXPAHAIOT AMHENHOCTb). OfHAKo, Koraa ¢dopma HanpaKeHus
Y*Ke UCKaxeHa, Harpyska RLC He obecneynBaeT HEMCKAXKEHHOIO TOKA, OTHOCUTE/IbHO HaMPAXKEHMUA U YiKe He
ABNAETCA JIMHENHOM HarpysKoh - HeobXxoAMMO BbINOJHEHWE HEKOTOPbIX LOMNOAHUTENbHbIX YCAOBWUIA
(cOOTBETCTBEHHO C YacTOTON MEHATCA MoAyAb U Gasa MMNeAaHCa Harpysku).

N nostomy, AeNCTBUTENbHO NN MoOLWHOCTb DB aABnAaetcs mepolt UcKaxkeHMn? K corxaneHuto, B AaHHOM
C/lydyae TaKKe OKasa/siocb, YTO Teopua MOLLHOCTM No Budeanu pasoyapoBbiBaeT. Bblo A0KasaHO, 4yTo
MOLLHOCTb UCKaXEHMA MOKET ObITb paBHa Hy/l0 B CUTyaUMW, KOrga HanpaXeHUe UCKaXKeHO OTHOCUTENIbHO
NPOTEKAlOLLErO TOKA, U HA0BOPOT, MOLLHOCTb UCKAXKEHUA MOMKET ObITb HEHY/IEBOW NPU NOSIHOM OTCYTCTBUM
NCKaXKeHUN.

MpPaKTUYECKMIA acneKT TEeOPMM MOLLHOCTM, Kacalowminca nosbliweHna KoddduumeHTa MOLWHOCTU Lenen ¢
pPeaKkTUBHON MOLLHOCTbLO, A0XKEH BbiTb TEM GAKTOPOM, KOTOPbIN 6ObLUE BCEFO BbIMIPAET OT NPABUIbHOMO
onpeaeneHna peakTMBHON MOLHOCTU. MOMNbITKM KOMMNEHcauMn, Ha OCHOBE PEaKTMBHOM MOLWHOCTM Budeanu
M CBA3AHHOM C HEel MOLLHOCTbIO UCKaXKEHWUI He yAaNUCb. ITU BEIMYMHBI HEe MO3BOAIOT AaXKe NPaBUIbHO
paccyMTaTb KOMMEHCUMPYHIOLWY0 EMKOCTb, AAOLYI0 MaKCUManbHbIM Ko3ddUUMEHT mowHocTu. Joxoauno
[aXKe [0 TOro, YTO TaKMe NOMbITKM 3aKaHYMBANNCH AOMNOJHUTE/IbHLIM YXYAWEHNEM 3TOro NoKasaTens.

MOXHO 3a4aTb BOMPOC: KaK CTasio BO3MOMKHbIM, YTO TEOpUA MOLHOCTM Budeanu cTana Tak nonynspHa?
MpUYMH MOKeT BbiTb HECKONbKO. Bo-mepBbiX, MPWBbIYKA WMHMKEHEPOB K CTapoOMy ONpPeAeseHno U He
M3MeHsieMana MHOro NeT nporpamma obyyeHus B LWKoe. ITO $GaKTop 4acTo HeAOOLLEHMBAETCA, HO, KaK
onpasaaHMe MOXHO OTMETUTb, YTO 3Ta TeOpMA Ha NPOTAXKEHUM 60 NeT He O0XKAanacb onpoBepKeHus. Bo-
BTOpbIX, B 20-Xx rojax npoW/oOro BeKa He O6bl10 M3MepUTeNbHbiIX NPUBOPOB, KOTOpPble AaBanu
npeacrasneHve 06 OTAe/IbHbIX FaPMOHNYECKMX COCTaBSAOWMX HANPAXEHUA M TOKa, NO3TOMY Bbl/10 TPYAHO
NpoBepATb HOBble TEOPWUWU. B-TPeTbMX, UCKarKeHUA GOPMbl TOKOB W HaNpaKeHWn (M, cnegoBaTesibHO,
BbICOKOE COAEepKaHWe rapMOHMK), 3TO 3GDEKT PeBOIOLMM B INEKTPOIHEPrETUKE, KOTOPAA Hayanacb TONbKO
BO BTOPOW MOJIOBMHE MPOLL/IOro BeKa. Hayanu KpynHomMacwTabHoO MCNoNb30BaTb TMPUCTOPLI, yNpaBasemMble
BbinpaMuUTenn, npeobpasosBatenn M T.4. Bce 3T AeicTBMA COMPOBOMKAANUCL O4YeHb 60bWNMM
WCKaKEHUAMM TOKOB B CETAX MNWTAHMA, a CNefoBaTe/ibHO, MOBbIWEHWEM YPOBHA TFapPMOHUYECKUX
MCKayKeHWn. TONbKO Torga Hayanu owywaTb HeaoCTaTKM B Teopuu MoluHocTu Budeanu. HakoHeu, B-
YeTBEPTbIX, B CBA3AHHOW C 3HEPreTMKON HayyHoW cpede 6bla 0CO3HAH TOT aKT, YTO MPOMbILLNAEHHbIE
npegnpuaTMA  MHBECTUPOBA/AM  LEefible  COCTOAHMA B WHQPACTPYKTYpy  M3MepeHus  (CYETYMKM
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3J'IEKTp03HepI'MVI). Nllobble M3MEHeHWss B 3TOM OTHOLUEHUM MOryT WUMeETb OrpoMHble q)MHaHCOBbIe
nocneacrtsumAa.

Tem He meHee, MeA/IeHHble U3MEHEHUA B CO3HAHUM UHXKEHEPOB-3/EKTPUKOB CTanM BUAHbLI. C TeyeHnem
NleT, BCe Yalle BO3HWKANM HeNMHeNHble HarpyskM W Npoueccbl C OYeHb OONbLUIMMU UCKANKEHUAMM,
HEBO3MOXHO OblNI0 fanblue TepneTb OrPaHUYEHUA B NPUMEHAEMbIX GOPMYNax.

OueHb 3HaYMMbIM cobbITMEM cTana nybamkauma B 2000 roay opraHumsaument IEEE ctaHgapTta 1459, Ha3BaHue
KOTOPOro 3BYYMT TakK: «OnpeaeseHns ans USMepPEeHNn BeIMYMH, CBA3AHHbIX C 9/1IEKTPUYECKON MOLLHOCTbIO B
CMHYCOMAANbHbBIX, HECUHYCOMAANbHbIX, CUMMETPUYHLIX U HECMMMETPUYHLIX YyCnoBuax». Bnepsble
peakTUBHaA MOLLHOCTb No onpeaeneHuto Budeanu okasanacb B rpynne pekoMeHAyeMbiX onpeneneHun,
KOTOpPbI€ He A0/IKHbI UCMO0JIb30BaTbCA B HOBbIX CYETYMKAX MOLLLHOCTU U PEAKTUBHOM 3HepPrun. TaKKe BUAHO
6b1710 pasgeneHme MHOMMX BEJIMYMH Ha Te, YTO CBA3aHbl C OCHOBHOWM COCTaB/SAOWEN TOKA WU HanpsKeHUs
(nepBasi rapmoHMKa) M APYrMMM BbICLUIMMK FapMOHUKaMW. B 6HONbLIMHCTBE C/yYaeB cUYMTaeTcs, 4TO
noJie3Has 4acTb 3HEpPrum nepeaaérca TONbKO C NOMOLbIO cocTasastowmx 50/60My, npu ropasgo meHbluem
M 4acTo BpeAHOM Y4aCTUM BbICLUMX FAPMOHMUK.

B cTaHpapTe TaKkXKe MofABWMAACb HOBAA BE/MYMHA — HEeaKTMBHAA MOLWHOCTb N, KOTOpaa npeacraBndeT Bce
HEaKTMBHblE KOMMOHEHTbI MOLLHOCTH:

N = /52 — p2

PeaKTMBHasA MOLLHOCTb ABAAETCA OAHOMN U3 COCTaBAAIOLWNX HEaKTUBHOW molLHOCTM N. B ogHOoda3HbIX Lensax
C CMHYCOMAANbHbIM HanpaMeHMem M Tokom, N paBHO Q, MO3TOMY B HEAaKTMBHOW MOLLHOCTM HET APYrux
COCTaBAAOWMX. B TpEXPasHbIX LenAX TaKoe CBOMCTBO MMEIOT TO/IbKO CUMMETPUYHbIE CUHYCOMAA/bHbIE CETH
co cbanaHCcMpPOBaHHOMN YNCTO PE3UCTUBHOM Harpy3Koun.

Cneayiowme COCTaBAAOWME HEAKTUBHOMN MOLLHOCTM CBA3AHbI C KOHKPETHbIMW GUINYECKMMU ABAEHUAMM.
Mo Teopumn npodeccopa Czarneckiego, ogHOMY U3 NIYULLMX OO BACHEHUIN PUINYECKUX ABNEHWUI B TPEXPA3HbIX
LenaAx, ypaBHeHMEe MOLLHOCTM B TAaKMX CUCTEMAX MOKHO 3anuncaTtb cieayowmm obpasom:

52:P2+D52+Q2+Du2

Ds —3T0 MOLWWHOCTb pacceAHNA, KOTOPaA NOABAAETCA B CUCTeEMe, B pe3ybTaTe U3MEHEHUA aKTUBHOM
NPOBOAMMOCTU HaArpys3KM BMecTe C M3MEHEeHMEeM YacCTOTbl. Takum o6pa30M, Ha/inymne B Harpyske
PEAKTUBHbIX 3/1EMEHTOB MOXET NPUBECTU K NOABNEHNIO MOLLHOCTUN pacCeAHUA.

PeaktnBHaa mowHoCTb Q B 3TOM YpPaBHEHUN NOABNAETCA NPU HAINYUNU ¢a3osoro casura mexay
rapMOHUKaMUN HaNpPAXKeHNA U TOKa.

Du — obo3HayaeT MoOLHOCTbL AucbanaHca, KoTopas ABAAETCA Mepor HecbanaHCMPOBAHHOCTU
TpéxpasHOW  HarpyskM. ITa  COCTaBAAOWAA  OObBACHAET  CUTyauuio, NpU  KOTOPOW
HecbanaHcMpoBaHHanA TPExdpasHas Harpyska C 4YMCTO PE3UCTUBHLIM XapaKTEPOM, NPUBOAMUT K
KO3dPUUMEHTY MOLLHOCTM MeHblle eauHMUbl. TakoW noTpebutenb He UMeeT pPeakTUBHOWM
MOLLHOCTM Q M, HECMOTPSA Ha 3TO, U3 TPeyroabHUKa MowHoct S, P, Q cnepyeT 4YTO-TO COBCEM
Apyroe (Teopua molHocTM Budeanu co cBoei MOLWHOCTbIO UCKAXKEHUI TaKKe He MOKET 06 BbACHUTL

3Ty CUTYyaUuUto — onAa 4Yncrto pe3MCTMBHOﬁ Harpy3km mowHOCTb UCKAXKEeHUA Ds PaBHa HYI'I}O).
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MonbiTka coegmHeHua |EEE 1459-2000 c Teopueir mowHoctn Czarneckiego mpuMBOAWUT K BbIBOAY, YTO
HeaKTMBHaA MOLLHOCTb CKpbIBaeT B cebe, NoO KpalHen mepe, Tpu oTAeNbHbIX GU3MYECKUX ABNEHMA, KOTOPbIE
B/IMAIOT Ha CHUXKeHWe 3GDEeKTUBHOCTU Nepesaym SHEPTMU OT UCTOYHMKA K MPUEMHUKY, TO €CTb YMEHbLUEHNE
Ko3pdMUMeHTa MOLLHOCTH:
P P
PF =—=

e

\/PZ +Ds* + Q2 + D,

B craHpapte IEEE 1459-2000 u3BecTHas nog 6ykBoM Q — peakTMBHAA MOLWLHOCTb Oblna orpaHu4yeHa
OCHOBHOW FrapMOHMKOWM M 3TO KacaeTcA Kak 0A4HOPA3HbIX CUCTEM, TaK U TPEXPA3HbIX.

B ogHoda3HbIX Lensx:
Q 1= Uz-l1-sin 1

B TpéxdasHbIX cuUCTEMAX YUMUTHIBAIOTCA TOJIbKO COCTaBAAIOLWME MPAMOIN MNOCNEA0BaTE/IbHOCTU 3TOM
MOLLHOCTM:

Q1* = 3Uz1*I1*sin 1*

[nAa npaBWABHOrO M3MepeHWA SToW MOLLHOCTM TpebyeTcA COOTBETCTBYHOLWAA MNOCAeA0BaATENbHOCTb
yepenoBaHusa ¢as (3ageprkka ¢asbl L2 Ha 120 ° no oTHoweHuto K L1, 3agepxKa ¢asbl L3 Ha 240 ° no
OTHOLLEHUIo K L1).

KoHuenuua cocTaBnstowmx npsmol nocnefoBaTenbHOCTM byaeT 6onee noapobHO paccmoTpeHa npu
06CyKAEHUN aCUMMETPUN.

3HayeHVe OCHOBHOW COCTaBAAOLWEN PEAKTUBHOM MOLLHOCTU FABNAETCA OCHOBHOM BE/IMYMHOW, KOoTopas
NO3BOJINET OLEHUTb BEIMUMHY KOHAEHCATOPA, KOPPEKTUpYytollero KoaoduumeHT DPF uamn caBur ocHOBHOM
FApPMOHMUKMN HanNpPsKEHUA OTHOCUTENIbHO 3TOW »KE COCTaBAAIOLLEN TOKA (TO eCTb KOMMNEHCATOPa PeaKTUBHOWM
MOLLHOCTM OCHOBHOW FrapMOHUKM).

9.3.3 PeakTuBHas MOILHOCTD B 3-X NPOBOAHBbIX CXeMax

MpaBunbHOE UW3MEPEHWE PEAKTUBHOM MOLLHOCTM HEBO3MOXHO B HECMMMETPUYHbBIX NPUEMHMKAX,
NOAKAHOYEHHbIX MO 3-X MPOBOAHOM cxeme (TUMa «TPEeYrosibHUK» U «3Be34a» C U30/IMPOBAHHOMN HEWTPanblo).
37O yTBEPKAEHNE MOMKET MHOTUX YANBUTD.

MPUEMHMK MOXKHO PaccCMaTpMBaTb KaK «YEPHbIA AWMK» C AOCTYMHbIMW TOMbKO 3 3axknMmamu. Mbl He B
COCTOSIHMM OMpeaennTb BHYTPEHHEN CTPYKTYypbl TAKOro MPUEMHMKA. YTOObl BbIMMCAUTL PEAKTUBHYIO
MOLLHOCTb HEOBXOAMMO 3HATb Yron caBura $¢as MexKay TOKOM M HanpsyKeHUWem, BOSHUKAIOLWMX B KaXKA0W
BETBM TaKOro MPMEMHMKA. K coXaneHuto, Mbl He 3Haem 3Toro yria. B npuémHuKe no cxeme TMna
«TPEYTro/IbHUK» Mbl 3HAaeM HarmpsyKeHWe, NPUCYTCTBYIOLLME HA OTAE/IbHbIX COMPOTUB/IEHUAX, HO HEe 3Haem
TOK; B TaKMUX CUCTEMAX U3MEPAIOTCA JIMHEWHbIE HaMPAXKEHUA WU JIMHelHble TOKU. KaxKabli U3 JNHeNHbIX

TOKOB AIB/ISIETCA CYMMOW ABYX TOKOB ¢a3. B npuémHMKax TMna «3se3na» ¢ M30/IMPOBAHHON HENTPANbIO Mbl
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3HAeM TOKM, NMpoOXogAliMe MO CONPOTUBAEHUID, OAHAKO HE 3HAaeM HanpsXeHUM (KarKaoe M3 ANHEWMHbIX
HaNpAXeHU ABNAETCA CYMMOW ABYX $asHbIX HAMPAXKEHUNA).

Hy»XHO 0CO3HaTb TOT GaKT, YTO NpPM 33aZaHHbIX HAMPAXKEHMAX Ha 3a*KUMAX U TOKax, BXOAALWMX B TaKoW
YEPHbIM ALWMK» cywecTByeT OECKOHEYHO MHOTO BapWAHTOB BHYTPEHHEW KOHCTPYKUWMW NPUEMHMKA,
KOTOpble AagyT Ham O4MHAKOBbIE Pe3ybTaTbl USMEPEHUI TOKOB U HaNPAXKEHUN, BUOMMbIX CHapYKK TaKoro
«YEPHOro ALLMKa».

KaKk e 3TO0 BO3MOXHO, YTO CYLLECTBYIOT CYETYMKM PEaKTUBHOM MOLLHOCTM, NpefHasHayeHHble Ana
M3MepPEeHU B 3-X MPOBOAHbIX CETAX, M aHA/IM3ATOPbl INIEKTPUYECKUX CETEN, KOTOPblE B TaKMX YC/NOBUSX
obecneunBatloT U3MepeHMe peakTUBHOM MOLLLHOCTU?

B 060ux cyyanx NpomnsBoamMTeNn NpMberatoT K XMTPOCTU, KOTOPas 3aK/1oUYaeTcA B UCKYCCTBEHHOM CO3aHuMKU
OMNMOPHOM TOYKM (BMPTYanbHbIM 3axKMM HeliTpann N). Takylo TOUKY OY€Hb JIETKO MOYKHO C034aTb, MOAKto4as
K 3a))MMaM Hallero «4€pHoro fAWMKa» CXemy U3 TPEX pPes3nCcTOpOoB OAHOW W TON Ke BeNUYUHbl M
CoeaMHEHHbIX 3Be340M. MoTeHUMan LEeHTPasbHOM TOYKM CXEeMbl PE3UCTOPOB MCMOJb3yeTcA Aaa pacyérta
«@asHbIX HanpaKeHu». KOHEeYHO, KaBblYKM 34eCb COBEPLIEHHO Ha MecTe — TaKoM BUPTYasibHbIM HOMb OAET
npu M3MepeHNn NpaBubHble Pe3ynbTaTbl, TONbKO MNPU MUHUMAbHOW aCUMMETPUMU NPUEMHUKA. B ntobom
APYrOM CcJlydae K NMOKa3aHUAM PeakTMBHOW MOLLHOCTU TaKoro npubopa cneayet oTHOCUTbLCA ¢ 6o/bLIOW
[onei Hepgosepus.

N3meputenbHbli NPUBOP HM B KOEM C/lyyae He AOJIKEH BBOAMUTb MOJIb30BaTeNs B 3abayKaeHue, a Takoro
poAa NpUBAMMKEHME MOXHO AOMNYCTUTb MMLIb MPU YCAOBMM, YTO OTobBpa)kaemoe 3HayeHue He ABAAEeTCA
pe3ynbTaToM GaKTUUYECKOro U3MepPeHUA, a ULlb NPUBAU3UTENbHBIM 3HAYEHNEM.

9.3.4 PeakTHMBHasi MOLHOCTb U CY4ETYUKU PEAKTUBHOM IHEPTHUH

CYETUMK peaKTMBHOM 3HepPrMM — 3To CKopee Bcero, NPUbop HEM3BECTHbIN AOMALLUHUM MNOb30BATENAM, T.K.
LWMPOKO MCMO/b3YIOTCA U ABASIOTCA OCHOBOM ANA PAaCcYETOB C NOCTABLUMKOM, CYETUMKM aKTUBHOMN dHEpruu,
nsmepsemoint B BT*4 mam KBT*y. [JomawHuWit nonb3oBaTesb, TakKMm ob6pasom, HaxoauTtcAa B yAobHOM
NONIOKEHUN — NAATUT TO/IbKO 3@ MOJIE3HYI0 SHEPTUI0 U He AO0/IKEH WMHTEePEecoBaTbCA KaKoW KoadpduumeHTt
MOLLHOCTM B €ro ceTu.

MpomblllieHHble noTpebutenn — B OTAMYME OT TOW nNepBoi rpynnbl — 06s3aHbl, Ha OCHOBaHMM
NOAMMCAaHHbIX AOrOBOPOB M 4YacTo Nog yrpo3oi ¢uHaHCoBbIX WTPadoB, NoaaepKuneaTb KoaddUUMEHT
MOLLHOCTM Ha AOKHOM YPOBHE.

Hanpumep, B [Monblle, pacnopsaKeHWe MUHUCTPA 3IKOHOMMKM, Kacalolleecs KOHKPETHbIX YC/I0BUNA
bYHKLMOHNPOBAHNA SHEPTreTUYECKON CUCTEMBI, OMNPeaeNseT KayeCTBEHHbIe NapaMeTpbl, KOTOpble AO/KHbI
6bITb BbINOMIHEHbI MOCTABLMKOM 3HEPTUWN AN Pa3/UYHbIX, TaK HasblBaeMbIX, rpynn noakatoueHus. Cpeam
3TUX MapameTpOB HaXOAATCA, Hanpumep, 4acToTa CeTW, AeWCTBYIOWEe 3HAYeHMe HanpaXKeHus,
K03pPULMEHT TrapMOHUYECKMX WCKaxkeHU (THD) M JonycTMmMble YpPOBHW OTAE/NbHbIX TFAPMOHMK
HanpsakeHna. O4HaKo MOCTaBWMK He 06A3aH BbINOAHATL 3TU TPebOBaHMA, €CM NOoydaTe/lb SHEPTUN He
obecneumBaeT 3HayeHUs KoapouumeHTa tg @ Huke 0,4 (3HaYeHMe MO AOroBOPEHHOCTU, KOTOPOE MOMKET
6bITb MU3MEHEHO B AOrOBOPE MeXAy MOCTaBLMKOM WM NOTpebuTenem 3/1eKTposHeprum) u/mav npesbiwiaeTt
COrNacoBaHHbIN ypoBeHb NOTPEBAAEMOI aKTUBHON MOLLHOCTMY.
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KoapoduumneHT tg ¢ rnyboko yKOpeHUAcA B IHEPreTMYEeCKOM 3aKOHOAATeNbCTBE W ero onpenensatT Kak
pe3ynbTaT OTHOLEHUA HAaYMUCAEHHOW PEaKTUBHOM MOLLHOCTM K aKTUBHOW MOLLHOCTM B AAHHbIN PacYETHbIN
nepuog. Ecnn BepHyTbCA Ha HEKOTOPOE BPEMSA K KTPEYro/IbHUKY MOLLHOCTM» B CUHYCOMAA/bHbIX CUCTEMAX,
TO Mbl 3aMeTMM, YTO TaHreHC yrna casura ¢as mexgy TOKOM W HanpsaKeHMem paBeH OTHOLLEHWUIO
peakTUBHON MOLLHOCTM Q K aKTMBHOM MoOLLHOCTK P. Takum obpasom, Kputepuit yaepxaHma tg ¢ Huxke 0,4
He O3Ha4YaeT HWYEro APYroro, KaK TONbKO ONpefefieHne, YTO MAKCMMANbHbIN YpOBEHb MOACYMTAHHOM
pPeaKTUBHOMN 3HEPTUM HE MOXKET ObITb Bbllwe, Yem 0,4 OT 3HAYEHUA NOAYYEHHOM aKTUBHOW 3Hepruun. Jlioboe
notpebaeHne peakTMBHOM SHEPTUM BbILLE AOTOBOPEHHOCTU NOSNENKNUT AONONHUTENBHOM onaaTe.

Ho AaéT nn 3HaHWe paccuMTbiBaeMoro Takmm obpasom KoadduumeHTa tg @ obemm 3anmHTepecoBaHHbIM
CTOPOHaM peasibHyl0 KapTUHY 3GPEKTUBHOCTM nepenadn sHeprun? Pasee He 6blJ10 YNOMSIHYTO BblLUE, YTO
peaKTMBHasA MOLHOCTb ABNSETCA TO/bKO OA4HOW U3 COCTaBAAIOLWMX HEAKTUBHOM MOLLHOCTU, KOTOPblE TOXe
B/IMAIOT Ha CHUMKEHME KO3dPUUMEHTA MOLLHOCTM?

[JencTBUTeNbHO, KarKeTcs, YTo BMecTo tg ¢ cnenoBano 6bl MCNo/b30BaTbh KoadduumeHT mouwHoctu PF,
KOTOPbIN TaKXe y4uTbIBaEeT U Apyrue GakTopbl.

HblHewWwHMe NpaBmAa, K CoXaneHuto, He AatoT Apyroro Bbibopa, NO3TOMY TOYHOE U3MEPEHUE PEaKTUBHOM
MOLLHOCTN AIBAAETCS KAOYEBbIM MOMEHTOM. Tenepb CTOUT NOCTAaBMUTb BOMPOC: C YY4ETOM OMMCAHHbIX Bbille
CNOPOB MO OnpeAeNeHnIo PeakTUBHOM MOLLHOCTM, 06ecneynBatoT i CYETYMKM ITON SHEPTUU NPaBUJIbHbIE
nokasaHuA? UM 4To Ke B AENCTBUTENBHOCTU U3MEPAOT 0ObIYHO UCMOJSIb3yeMble CHEETUMKM PEAKTUBHOM
MOLLHOCTK?

OTBeTbl Ha 3TW BOMPOCbI MOXKHO NonpoboBaTb NOAYYMTb B CTaHAAPTE, NPeACTaBAEHHOM A1 3TUX CHETYMKOB
— TOCT 31819.23-2012 (IEC 62053—23:2003) «AnnapaTypa A4/1A M3MEPEHUN 3/IEKTPUYECKON SHEepruu
nepemeHHoro Toka. YactHble TpeboBaHuA. YacTb 23. CTaTUYecKMe CYETUMKM pPeakTUBHOM 3sHeprum». K
COXKaJIEHUIO, U HAlleMy pPa30yapoOBaHWIO, B HEM He HaMAETCA KAKUX-IMBO CCbIIOK ANA U3MEpPEHUIn B
YCNOBUAX HE CUHYCOMAANIbHOCTM — PAcYéTHble GOPMYJibl OTHOCATCA K CMHYCOMAANbHbIM CUTyaumam (B
CTaHAAPTE MOMHO MPOYUTATb, YTO M3 «MPAKTUYECKUX» COOOPAXKEHWUA OFPaHUYUANCE WCKAOUYUTENBHO
CUHYyCOMOANbHBIMU Mpoueccamu). B HEM He yKasaHbl Kakue-nnmbo KpuTepuu UCMbITaHUA, KoTopble 6bl
NO3BO/IN/IM NPOBEPUTL XaPAKTEPUCTUKM CHETUMKA NMPU UCKAXKEHHbIX GOPMax HaNpPAXKEHUI U TOKOB.

HblHewWHAA cUTyaumMsa ocTaBAAeT pa3paboTunkam CYETYMKOB CBOBOAHDBIN BbI6OP MeToda M3MEePEeHUs, uTo, K
COMKaNEeHWIO, MPUBOAMT K 3HAUUTENbHbIM PA3ANUYMAM MOKA3aHWN PEaAKTUBHOM 3HEPrMM nNpu Haanuum
60/1bLLIOr0 YPOBHA rAPMOHUYECKMX UCKAXKEHWIA.

CYETUMKM CTApOro TUMa, TO eCTb, 3/IEKTPOMEXaHUYECKME, UMEIOT XapaKTePUCTUKM, aHANOrMYHble PUALTPY
HUXKHUX 4acTOT — BbICLUME TAPMOHWMKM B HEM NOAaBAEHbI, TaKMM 0OpPa3OM M3MepPeHUe peakTUBHOWN
MOLLHOCTM B MPUCYTCTBME FAPMOHMK OYeHb 6/IM3KO K 3HAYEHWMIO OCHOBHOW COCTaBASIOLWLEN PEAKTUBHOM
MOLLLHOCTH.

bonee pacnpoCcTpaHEHHbIE 3NEKTPOHHbIE CYETYMKM MOTYT NPOBOANTb U3IMEPEHMNE PA3NYHBIMW METOZAMM.
Hanpumep, OHU MOryT M3MepPATb aKTUBHYIO MOLLHOCTb M MOJIHYIO MOLWLHOCTb W BbIMUC/AUTb PEAKTUBHYIO
MOLLHOCTb M3 «TPEYro/bHMKa MOLLHOCTUY» (KBaApaTHbIA KOPEeHb M3 CYMMbl KBagpaToB ABYX 3TUX
MolHocTen). TaK [AelcTBUTeNbHO, B cBeTe cTaHgapTa |EEE 1459-2000, OHWM WM3MepPAOT HEAKTUBHYIO
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MOLLHOCTb, @ He PeaKTUBHY0. [ pyroi NponsBoAMTE/lb MOMKET UCMO/Ib30BaTb METOZ, CO CMeLLeHrem ¢asbl
Hanps»KeHus Ha 90°, yTo JAET pe3ynbTaT, NPUBAVKEHHDBIN K OCHOBHOM rapMOHMKE PEaKTUBHOMN MOLLHOCTY.

Yem 6onblue coaepkaHuMe rapmMoHUK, Tem bonblue byaeT pasHULA B NOKa3aHMUAX, MU KOHEYHO B pe3y/bTaTte
byaer Apyrasa naaTa 38 HAYNC/IEHHYIO SHEPTUIO.

Kak y»Ke yKasblBanoCb paHee, M3MepeHMUE PeakKTUBHON MOLLHOCTM B 3-X NPOBOAHbIX HecbanaHCUPOBAHHbIX
cucTemMax C MNOMOLLbIO OObIYHbIX CYETYMKOB OOpPeMeHeHO [AOMNONAHUTENbHOW OLWKWOKON, BbI3BAHHOM
co34aHMeM BHYTPU CYETUYMKA BUPTYaNbHOTO HYAS, MMEIOLLLEro Mano obLero ¢ peanbHbIM HY/IeM HarpysKu.

YTo eweé xyxke, NpousBoauTenn OObIYHO He A[alT HUKAKoM MHOOpMauMM O MPUMEHAEMOM MEeTOoAe
N3MepeHus.

OCTaéTca TO/IbKO C HETepreHMem XAaTb CAeaylollell BepCuM CTaHdapTa, Kotopas - 6yaem HadeaTbea -
NpeaNosKUT ropasfo 6onee TOUHbI MeTO, U3MEPEHUNA U TaKKe METO/, UCCNe0BaHUA B HECUHYCOUAANbHbIX
YCNOBUAX.

9.3.5 4-kBaJpaHTHbIe CYETYNKHU PEaKTUBHOMN JHEPruu

B asHepreTMke BO MHOIMX CUTyauMAX MNPUMEHAETCA pas3fefieHMe pPeaKTUBHOM 3HEeprMnm Ha 4YeTbipe
HEe3aBUCMMbIEe COCTaB/AIOLWNX, KaxKAaAa W3 KOTOPbIX paccyMTbiBaeTcA OTAenbHo. PasgeneHve Ha Tak
Ha3blBaeMble KBaZpaHTbl OCHOBAaHO Ha 3HAKaX aKTUBHOW W PEaKTUBHOM MOLLHOCTM, KaK MOKa3aHO Ha
pucyHKke 18:

P<0_| P>0

[Cbo
l(ko

Puc.18 YeTbipéxkBagpaTHoe AeneHne NOTOKA MOLLHOCTU U SHepruu.

e KBaapaHT | (o603HaueHMe «L+»): aKTMBHAsA MOLLHOCTb NONOXUTENbHA (MOoTpebneHMe aKTUBHOM
3HEeprun), peakTMBHAsA MOLLHOCTb MOJIOXUTENbHa (NOTpPebneHWe pPeakTUBHOW 3Hepruu). B Takux
YCNOBUAX XapaKTep Harpy3Ku MHAYKTUBHbIN.

e KBagpaHT Il (0603HayeHMe «C-» aKTMBHAA MOLLHOCTb OTpuLATeNbHA (OTAavya aKTMBHOMU 3Hepruwu),
PEaKTUBHAA MOLLHOCTb MOJIOXKUTENbHA (NOTPebaeHMe pPeakTUBHOM 3Hepruu). XapaKTep Harpysku
EMKOCTHbI.

e KBagpaHT lll (0603HauyeHMe «L-«): akTMBHaA MOLLHOCTb OTpULaTe/lbHa (OTAa4a aKTUBHOM 3Heprumn),
peaKkTMBHAA MOLLHOCTb TaKMKe OoTpuuaTesibHa (OTAavya peakTMBHOM 3Hepruun). B Takmx ycnosuax
XapaKTep HarpysKkn MHAYKTUBHbINA.
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e KBagpaHT IV (0603HaueHue «C+»): aKTMBHAA MOLLHOCTb MOMOXMUTeNbHa (noTpebneHne akTUBHOM
3Hepruu), peakTMBHas MOLLLHOCTb OTpULATENbHA (OTAaYa peakKTUBHOM SHepPrnn). XapaKkrep Harpysku
EMKOCTHbIN.

3HaKM NJIOC U MMHYC B 0603HaYeHUAX KBAZPaHTOB YKa3blBAOT HA 3HAK aKTUBHOM MOLLHOCTY.

YKa3aHHOe pasfeneHue no3BoJIAeT KOHCTPYMPOBaTb CHETUMKIN PEAKTUBHOMN SHEPTUM, KOTOPbIE YBENNYMNBAIOT
CBOM NOKa3aHWA TONIbKO TOrAa, KOraa noToK 3Heprum HaxoamuTcsa B JaHHOM KBaZpaHTe. 3TO 03Ha4aerT, yto B
No060i MOMEHT BpeMeHU TO/IbKO OAMH U3 TaKUX CYETYMKOB MOMKET YBENUYNTb CBOE COCTOAHME.

B TUNMYHOM C/ly4ae NOCTaBKM 3HEPTnM K NoTpebutento, paboTa ocyliecTBaAeTcs B 4BYX KBagpaHTax: | (L+) 1
IV (C+). B 3TMX AByX KBafpaHTax TaK’Ke KOHTPO/JMPYETCA TaHreHc ¢ (B MOJIbCKUX YC/OBUAX) B C/ydvae
notpebutenei, NOAKMIOYEHHbIX K CETM CPeAHEero M BbICOKOTO HaMpsMKeHusa. YeTbipéxkBagpaTHble

Ko3boUUMEHTbI t8Q ONpesensAloTcA Ha OCHOBE 3apPerncTpupoBaHHOrO NOTPebAeHUA COOTBETCTBYIOLLEWH
3Hepruu:

AE

_ 2HQL4)

tgP+) = TAE,,
AE

Q(C+)

tgPcc+) = m

ECM NPUMEHUTbL COTNalEHME, YTO BCE CYETUYMKM IHEPTUMU UMEIOT NOJIOKUTENbHBIN 3HAK, TO pPacCcUMTaHHble
3HaYeHMA TaHreHca AONOJHAIOTCA 3HAKOM, BbITEKAIOLWMM M3 3HAKOB PEAKTUBHOM M aKTMBHOM MOLLHOCTU B
JaHHOM KBafpaHTe. Takum 06pasom, 3HaK tg(M.+) Bceraa byaeT NoNOKUTENbHBIM, @ B CyYae tg((c+) Bceraa
OTpULATE/IbHbIM.

PaccunTaHHble 3HAYEHMA TaHTEHCOB MOTYT ObiTb OCHOBAHWEM A1 HAUMC/IEHUSA BO3MOMKHbIX WTPadoB 3a
ypesmepHoe noTpebaeHre peakTMBHOM 3Hepruun. Ona KBagpaHTa | (L+) TMNUMYHOEe npeaenbHoe 3HayeHue,
BbllLE KOTOPOro B3MmMaeTca naata - 1o 0,4. [Ana kBagpaHTa IV (C+) yacTto ntoboe notpebaeHne peakTMBHOM
3HEPrumn ABASETCA OCHOBAHWEM A/1A HauMcieHus WTpadoB. U3 3TOro Takke caesyeT NPakTUYECKUn BbIBOA,
4YTO Hambosee BbIrOAHO (C TOYKM 3peHUA nony4vatensa) paboTaTb B NepBOM KBagpaHTe (L+) B AnanasoHe
g+ mexay 0 m 0,4.

9.3.6 Ilo/s1Hass MOILIIHOCTDb

MoNHasA MOLLHOCTb S BbIpasKaeTcs KaK Npou3seaeHne AeUCTBYOWMNX 3HAUYEHMIA HaNPAMKEHNA 1 TOKa:
S=Ul

Kak TakoBaa MOLLHOCTb He umeeT ¢M3M‘-I€CKOI‘;1 nHTEPNpEeTaunun, OAHAaKO, WUCMNONb3yeTcA npu
NPOeKTUpPoBaHNUU O60py,EI,OBaHVIFI pacnpenenntTenbHbIX cetet. OHa paBHa Mo Be/INYUHE MaKCUMaibHOM
aKTUBHOM MOLWHOCTHU, KOTOPaA MOXKeET 6bITb noAaHa B HaArpy3ky npu AaHHbIX ,D,eVICTBVIOU.LMX 3Ha4YeHunAX
HanpAXeHua M TOKa. Takum 06p330M, Nno/1IHaA MOLWHOCTb onpeaenaetr MaKCMMa/ZlbHO BO3MOXKHYHO
CNOCOBHOCTb UCTOYHMKA AnAa 0OCTaBKU nosnesHomn SHEPIrnn K I'IpVIéMHI/IKy.
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Mepoi 3¢bdeKTUBHOCTU MCNONb30BaHMA MOAABAaEMON B MPUEMHMK MOLLHOCTU ABAsieTcA Ko3dpUuMeHT
MOLLHOCTH, APYTMMM CNOBAMM, OTHOLLEHMWE MOSHON MOLWHOCTM K aKTUBHON MOLLHOCTM.

B CMHYCOMnAanbHbIX CUCTEMaX:

F P Ulcosp
ST Ul ¢
B HecMHycoMaanbHbIX CUCTEMAX TaKoe YMpolleHWe HeAonycTUMO W KO3GOULMEHT MOLLHOCTU

paccuMTbiBaeTCA Ha  OCHOBE  pPeasibHOr0  COOTHOLWEHWA  aKTUBHOW M MOJAHOW  MOLLHOCTH:
P
PF = 5
B oaHodasHbIX ceTAX MOJHaA MOLLHOCTb PacCYMTbIBAETCA, TaK 3TO KaK NOKas3aHo B NpuBeAE&HHON Bbllle
dopmyne, n 34ecb HET HUKaKMX clopnpu3os. OKasbiBaeTCcA, 04HAKO, YTO B TPEXPA3HbIX CETAX PACYET 3ToM
MOLLHOCTM TaK)Ke Bbli3blBaeT cepbé3Hble NPobiemMbl, Kak U Te, UTO CBA3aHbl C PEAKTUBHON MOLLHOCTbIO.
PasymeeTca, 3TO OTHOCUTCA K peasibHbIM CETAM C HECMHYCOMAANbHBIMU CUTHANAMM, KOTOPbIE TaKKe MOryT
6bITb HECUMMETPUYHBIMMU.

MccnepoBaHna noKasanu, 4to ¢GopmMynbl, MCNOAb3yeMble A0 CUMX MNOP, MOryT AaBaTb OLWW6GOYHblE
pesynbTaTbl, €CiM ceTb He ABnseTcA cbanaHcMpoBaHHOM. TakK KaK MOMHAA MOLLHOCTb — 3TO YC/0BHas
BE/IMYMHA U He MMeeT PU3MYECKOW MHTepnpeTaLmm, BbIACHEHWE, KaKoe M3 npeasiaraembix onpegeneHui
NO/MIHOW MOLLHOCTU, ABAAETCA NOAXOAALWMM, MOMKET BbI3blBaTb 3aTpyAHeHWA. Tem He MeHee, 6biiu
npeanpuHATLI MOMbITKW, ONUPaAcb Ha Habalo4eHWA, A0Ka3aTb, YTO MOJHAA MOLLHOCTb TECHO CBA3aHa C
noTepamu Npu nepeaade n KoaGPUUMEHTOM MOLLHOCTM. 3Han NoTepu nepesayn u KoapdULMeHT MOLHOCTH
MOXHO KOCBEHHO onpeaenTb NPaBUAbHOE onpeaeneHne NoJHON MOLLHOCTY.

[lo cux nop MWCNoNb3yrTcA ONpefAesneHns, Cpeau Npouux, apudpmeTMUecKon MoJSHAA MOLLHOCTU WU
reomMeTpUYecKou NOMHOM MOLLHOCTU. MpoBeAéHHbIe UCCNef0BaHMA NMOKA3aau, YTO HU apudmeTmyecKkoe, Hu
reomeTpUYecKoe onpeneneHun He AAtOT B pesy/bTaTe NPaBUIbHOMO 3HaYeHUA Ko3pdULMEHTA MOLLHOCTM.
EAMHCTBEHHbIM, YTO YA0B/NETBOPAIO TAaKOM CUTyaLMK, OKasanacb onpeaeneHune, Kotopoe yxxe B 1922 roay
npegnoxKun Hemeukuii usuk ®. Byxronsy, (F. Buchholz):

Se = 3Ue-le

OHO OCHOBAHO Ha [AENCTBYIOLMX 3HAYEHWAX HAMPsAXKEHUA WM TOKa, a CamMa MOLLHOCTb HasblBaeTcs
3$dEKTUBHOMN NOJIHOM MOLLHOCTbIO (MO 3TOW NpuuMHe, ana TpéxdasHbix Leneit B 0b603HauyeHne gobasneH
MHAOEKC «e»). DT AEWCTBYIOWME 3HAYEHMA HAMPAXKEHMA M TOKA — 3TO TaKMe TeopeTUYEeCKMe 3HauyeHus,
KOTopble MNPeACTaBAAOT HAMNPSKEHWA UM TOKM B CHANaHCMPOBAHHOM IHEPreTUYECKM CUMMETPUYHOM
TpéxdasHolt cucteme. MNoaTomy KatoueBbIMU ABAAIOTCA onpegeneHmsa BennumH Ue U le.

CraHgapT IEEE 1459 paét cneaytowme dopmysbl. B TPEXNPOBOAHbIX CETAX:

[ = I % +1p2+1° U. = Ugp+Upc*+Ucq”
€ 3 ¢ 9
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B 4eTbIpéXNpPoOBOAHbIX CETAX:

P S N (A VSR O R Usp” + Upc? + Upg?
€ 3 e 18

rae la, lb, lc, COOTBETCTBEHHO AENCTBYIOLME 3HAYEHNA TOKOB OTAEe/bHbIX ¢pa3 (NMHelHble U ¢pasHble),
In — gelcTBylowee 3Ha4YeHne ToKa HyaeBoro nNpoBoaHuKka, Ua, Ub, Uc — 3TO AeicTByOWME 3HAYEHUA
¢dasHbIx HanpsaxeHun, a Uab, Ubc, Uca ABNAIOTCA AOEUCTBYIOWMMWU 3HAYEHUSMU  SIMHENHBIX
HaNPAXEHUN.

Takum o06pasom, pacyéTHas BenUUMHA Se Y4YMTbIBAET Kak MOTEpM MOLLHOCTU B Hy/neBOM nposode (B
YeTbIPEXNPOBOAHbLIX CETAX), TaK U BAUSAHWE HecbaNaHCUPOBaHHOCTY.

9.3.7 MowmHOCTh UCKaKeHUA DB 1 3¢ PpeKTUBHASA NOTHAA MOILLHOCTb UCKAXKEHUA SeN

Mpn obCyKAEHMM PEAKTUBHON MOLLHOCTM OblJI0 MOKA3aHO, YTO MOLLHOCTb MCKaXKEeHUA Mo onpeaeneHuto
Budeanu He MoOeT OblTb NPUMEHMMa MNpPU BONbLUIMX MCKAXKEHUAX HAMPAXKEHUA W TOKOB, a TaK¥Ke
acMMMeTpun TpéxdasHbIx uenen (NapagoKc MOLLHOCTU WMCKaXKeHUW, KOTopas He ABAAETCA NoKasaTesnem
peanbHOro UcKaxkeHus). OfHAKO, HECMOTPSA HA 3TO, TaKasa MOLLHOCTb YacCTO UCMO/b3YETCs CNeLmanmucTamm,
3aHMMAOWMMNCA  aHA/IM30M  KayecTBa 3SNEKTPOIHEPIMM U NPOU3BOAMUTENAMM CXEM KOMMEHCAUmu
PEeaKTUBHOWM MOLLHOCTMU.

34ecb Heo6X0AMMO YETKO yKasaTb, YTO OMopa Ha AaHHbIM NapameTp AaBana Npuvemiaemble pesyabTaThl
TONbKO B YCI0BUAX HEBONbLIOTO UCKaXKeHMsA GOPMbl MPOLLECCOB M Masioit aCUMMETPUN.

Cranpapt |EEE 1459-2000 ynomuHaeT 3TO onpejesieHMe MOLHOCTM, OAHAKO, TaK e, Kak WU B cayyae
peakTMBHON MoLWHOCTM Budeanu, oHa HeceT HeyCTpaHMMbIN HELOCTAaTOK M PEKOMEHAYEeTCA OKOHYaTe/bHO
OTKa3aTbCA OT eé UCMONb30BaHUA.

B mecto mowHoctv DB npepgnoxeHa Apyras BeAuUMHA, KOTOpasA HaMHOrO Jydwum crnocobom
XapaKkTepusyeT oOLLyI0 MOLLHOCTb UCKAXKEeHUA B CUCTEME — MOJIHAA MOLLHOCTb UCKaxeHnA SeN. MoLHoCTb
SeN no3BonAeT 6bLICTPO ONpeaennTb, YTO Harpyska paboTaeT B yCn0BMAX ManblX WMAKM  BonbLUMX
raPMOHUYECKMX UCKAXKEHUIM U ABNAETCA TaKXKe OCHOBOM ANA onpejeneHuA napameTpoB MACCUBHbIX UAU
aKTUBHbIX GUNBTPOB M KOMMEHCATOPOB.

CornacHo onpegaeneHuio (gna TpéxdasHbiX CUCTEM):

Sen = fSeZ _Se21

Se1 = 3lp1Ueq

roe:

[JencTByoWNiA TOK U HanpaAXKeHUne OCHOBHOW rapMoHUKK (cooTBeTcTBeHHO lein Ue1) paccumTbiBaloTcs Tak
e, Kak le n Ue, ¢ TON nnwb pasHULEN, YTO BMECTO AENCTBYHOLUMX 3HAYEHWUN (asHbIX UAU IMHEMHbIX
HaMNPAXeHUM N AEeUCTBYIOWMX 3HAYEHUN ANHEMHbIX TOKOB MNOACTaBAATCA 3QPEKTUBHbIE 3HAYEHMA UX
OCHOBHbIX COCTaBASAOLLMX.
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B 0,D,H0¢a3HbIX cncremax gna paculéTa NosIHOM MOLLHOCTU WCKaXKeHUN MOXKHO UCNonb3oBaTb bonee

npoctyto dopmyny:
Sy = \/52 — (U111)?

raoe U: u |1 aBnstotca appekTUBHbBIMKU 3HAYEHUAMM OCHOBHOW cocTaBAasAoLLelr $a3oBOro HanpaAXKeHns
M TOKa.

9.3.8 Koa¢ppuumeHT MOLIHOCTH

UCTUHHBIN KO3bOUUMEHT MOLLHOCTU, TO €CTb TOT, KOTOPbIN MPUHMMAET BO BHMMaHME TaKXKe Hanuuue
BbICLLIMX FAPMOHMK, Ha3biBaeTcs NPOCTO KoaddULMeHTom MmolHocTU (aHrn. True Power Factor, TPF unu PF).
Ons cMHycoMAanbHbIX LENei OH PaBHAETCA TaK HasbiBaemomy KoadduumeHTy ¢$pa3oBoro casura, To ecTb
nonynspHomy cos ¢ (aHrn. Displacement Power Factor, DPF).

Moatomy DPF asnaeTtca Mepoﬁ caBura ¢a3 mexay OCHOBHbIMU COCTaBAAWMMU HANPAXKEHNA N TOKA:

DPF = P1 _ Uil1€oS@uan

= cos
s, Uil Puin

pr=2
S

B cny4ae yncto pesncTUBHOM Harpysku (B oagHodasHOM ceTn) NoAHas MOLLHOCTb PaBHa 3HaYeHUIO0 aKTUBHOM
MOLLHOCTM, @ peaKTMBHAA MOLUHOCTb PaBHa HylO, TakMM o6pa3om, 3Ta Harpyska B MOJHOW mepe
MCNONb3yeT 3HepreTUYecKMin NoTeHUMan WUCTOYHMKA U KodadduumeHT mowHocTn paseH 1. lNoasneHue
peakTUBHOM cocTaBaatoWwen HensbeKHO BeAET K CHUXKEHMIO 9PDEKTUBHOCTU Nepesaym SHePrMmM — akTUBHas
MOLLHOCTb TOT4a MeHbLUe NOSHOW MOLHOCTU, a peakTUBHAA MOLLHOCTb PacTET.

B TpéxdasHbix cxemax Ha ymeHblleHne KO3bOULMEHTA MOLLHOCTU TaKKe BAuAeT HecbaNaHCMPOBAHHOCTb
nNpMémHuKa (cmoTpu obcykaeHue peaKkTUBHOM MOLHOCTM). B 3TMX cucTemax npaBuIbHOE 3HayeHue
KO3pdULMEHTA MOLLHOCTM MOAYYaeTCcA NpU UCNONAb30BaHUU 3GPEKTUBHOM NOMHOW MOLLHOCTM Se, TO ecTb
BE/IMYMHBI, ONpeaenéHHOMN, B YaCTHOCTK, B cTaHaapTe IEEE 1459-2000.

9.4 TapMOHUKH

PasnoskeHne NepuoamyYeckux CUMrHasoB Ha rapMOHMYECKME COCTaBAAIOLWME ABAAETCA OYEHb MOMNYAAPHOMN
MaTeMaTM4YeCKon onepaumei, OCHOBAHHON Ha Teopeme Dypbe, B KOTOPOM FOBOPMUTCA, YTO KaKAabli
NepuoanYECcKMit CUTHAA MOXKHO NPEACTaBUTb KaK CYMMY CUHYCOMAAbHbIX COCTaBAAIOWMX 6onee BbICOKMUX
YacToT, KOTOPble ABAAIOTCA KPaTHbIMM OCHOBHOM YacTOTe TAaKoro curHana. HenpepbliBHbIE CUTHA/bl MOMKHO
noZBeprHyTb onepaumm bbicTporo npeobpasoBaHua Pypbe (CoKpaweHHo FFT), KoTopas AaéT B pe3yabTaTte
aMnAMTYabl M Gpasbl FAPMOHMYECKUX COCTABAAIOLWMX CIEKTPA YacToT.

B naeanbHoM cuMTyaumum HanpsxeHue BbipabaTbiBaeTcA B reHepatope, KOTOpblA A3éT Ha CBOEM BbIXOA4e
HEMCKaXEHHbIA CUHYcOMAanbHbIA curHan 50/60 T (oTcyTcTBME KaKMX-AMBO BbICWIMX rapMOHMK). Ecaum
NPUEMHUK SBAAETCA JIMHEMHOW CUCTEMOW, TO B TaKMX WAEaNbHbIX YCAOBUAX TOK Takxe 6yaer
HEMCKaXKEHHbIM CUHYCOMAANbHbIM CUrHANOM. B peanbHbIX CUCTEMAX, CUTHA/bI, KaK HaMPAXKEHUSA, TaK U TOKa
MCKaXKaloTcA, NO3TOMY AO/IKHbI CoAepaTb KPOME OCHOBHOM COCTaBAAIOWEN TaKKe FapMOHUKMU BbICLUIMX
NopsAAKOB.
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Mo4yemy NPUCYTCTBME BbICLLIMX FAPMOHMWK B CETU, ABNAGTCA HeXenaTeNbHbIM?

OAHOMN M3 NPUYUH ABNAETCA CKUH-IDDEKT, KOTOPbIA OCHOBAH Ha BbITAa/IKUBAaHUU 3/EKTPOHOB U3 LIEHTPa
NpoBoAHWKa (NpoBoAa) Hapy»Ky C yBeAMYeHMem 4acToTbl TOKa. B pesynbTaTe, yem Bbille YacToTa, TeM
MeHblle 3GPEeKTUBHOrO CeyeHUs MPOBOAHMKA WMEIOT B CBOEM PACMOPAMEHUM 3SNEKTPOHbI, 4TO
3KBMBA/JIEHTHO YBEAMYEHUIO €ro CONpPOTUB/AEHUA. B pesynbTaTe 3TOro ABAEHMA, YEM Bbllle NOPAAOK
rapMOHWKKN TOKa, Tem bonblue 3pdeKTUBHOE CONPOTUBNEHNE NPOBOAKN ANA 3TON raPMOHMKW, a 3TO, B CBOIO
ovyepenpb, Hen3beKHO NPUBOAUT K YBEJIMYEHMIO MOTEPb MOLLHOCTM M HarpeBsy NPoOBOAOB.

Knaccuyeckunii npumep, CBA3aHHbIA C 3TUM 3PPEKTOM, KacaeTca HelTpanbHOro nposBoaa B TPéxdasHbIX
cetax. B ceTax ¢ HU3KMM YPOBHEM WCKaXKeHUN, MasbiM AMCOANaHCOM U CUMMMETPUYHOM Harpyskon (uam
HebOo/blION acMMMeETpUel) TOK B HEWTPAsSIbHOM MPOBOAHUKE CTPEMUTCA K HyAto (OH HAaMHOro MeHblue
3 dEKTUBHbIX 3HAYeHUI ¢dasHbIX TOKOB). ITO HabaogeHWe CnpoBOLMPOBAZO MHOTMMX KOHCTPYKTOPOB Ha
3KOHOMWIO, OCHOBAHHYIO Ha YCTAHOBKE B TaKWX cucTemax Kabenein ¢ HyneBbiM MPOBOAOM C MEHbLIMM
ceyeHuem, yem ¢asHble npoBoga. M Bce ouyeHb Xopolwo paboTano A0 TOroO MOMEHTA, Korga B CeTu
NOABU/IUCb FAPMOHMKN HEUYETHbIX PALOB, ABASIOWMECA KPaTHbIMKU 3 BbICLLIEro nopagKka (TpeTtbs, gesatas, v
T.4.). BApyr HelTpasbHbIA NPOBOA HAauMHaN MeperpeBaTbCs, a U3MepeHne TOKa YKasbiBasio Ha ero o4YeHb
BblCOKOE 3¢ddeKTUBHOE 3HayeHne. OBbACHEHUE 3TOro ABNEHUSA, A0BONbHO NpocToe. KOHCTPYKTOpP He y4én B
npuBeAEHHOM BbilLe NPUMeEpPE ABYX OOCTOATENBbCTB: B CETAX C MCKAKEHUAMM BbICLUME TAPMOHMKN MOTYT He
KOMMNEHCUPOBATLCA B HEMTPASIbHOM NPOBOAE, @ HAOOOPOT — CYMMMUPOBATLCSA, U, BO-BTOPbIX, CKUH-3PPEKT U
BbICOKME 3HAaUYEHMA TOKOB BbICLUMX FAPMOHUK AOMOJIHUTENBHO YBEAUYNAN €0 Harpes.

MonbiTaemca Tenepb OTBETUTb Ha [4Ba OCHOBHbIX BONpOCa:

e Y70 ABNSETCA NPUYMHOM NOABAEHNA TAPMOHMK B HANPSKEHUMU?

e Y70 ABNSAETCA NPUYMHOM NOABNEHUA TAPMOHMUK B TOKE?

Kasanocb 6bl, 3TM ABa BOMpOCa, BbIMAAAT MOYTU UAEHTMYHO, OAHAKO pasdeneHue HanpsXeHusa U TokKa
ABNIACTCA Ype3BblYanHO BaXKHbIM AN MOHMMaHMUA CyTM BOMpoca.

OTBeT Ha nepBblii BOMPOC b6yAeT CAeayloWwMM: TapMOHWMKM B HaMpPAXEeHWU ABAAIOTCA CAeACTBUEM
HEeHY/IEBOrO MMMeAaHca pacnpeaenmnTenbHOn CeTU, MeXAay reHepaTopom (MPUHMUMAEM, YTO OH reHepupyeT
YUCTYIO CUHYCOMAY) Y NPUEMHMKOM.

OfHaKo TapMOHWMKM TOKA ABAAIOTCA pPe3ynbTaTOM HEJMHEWHOro XapakTepa umneAaHca MNPUEMHMKA.
KoHeuHo, cneflyeT 0OTMETUTb, YTO €CAN IMHEMAHBIN NPUEMHMK NUTAETCA HAMPAXKEHNEM UCKAKEHHON GopMmbl,
TO GOpMa TOKa TaKkKe UCKarKaeTca.

B nMTepaType 4acTo MCMONb3YIOTCA YTBEPMKAEHWNA, UYTO «MNPUEMHWMK reHepupyeT rapmoHuKu». Cneayet
MOMHWUTb, YTO B 3TOM C/y4ae MPUEMHWMK He sBNsSeTca GU3MYECKUM WUCTOYHMKOM 3Heprnu (Kak 3To
npeanonaraer CcAoBO «reHepupyeT»). EAMHCTBEHHbIM WCTOYHMKOM 3HEpPrMM B CUCTeMe SBAAETCA
pacnpeaenntenbHasa cetTb. ECAM NPUEMHMK ABNAETCA NACCUMBHLIM YCTPOWCTBOM, TO 3HEprua, nepesaBaemas
OT MPUEMHUKA B pacnpeseIMTeNbHYIO CUCTEMY, MTPOUCXOLUT U3 ITOM Ke pacnpesenuTenbHol cuctembl. Mbl
34€eCb UMeeM [e/10 C BPpeAHbIM M 6ecnoniesHbimM ABYCTOPOHHUM MOTOKOM 3Heprnu. Kak yxKe obcyKaanocb
paHee B cny4yae ¢ KO3GOUUMEHTOM MOLLHOCTU, TaKOE ABEHMNE NPUBOAUT K HEHY}KHbIM NOTEPAM SHEPrUH, a
TOK «reHepupyembiii» B MPUEMHMKE BbI3bIBAET LOMONHUTENIbHYIO HArpysky Ha pacnpenenutesibHyto
cuctemy.
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PaccmoTpum cneayiowmini npumep. TUNUYHBLIA HENIMHEWHbIN NMPUEMHUK, TAKOM Kak, Hanpumep, LMPOKO
MCMo/b3yemMble MMMNY/AbCHblE UCTOYHWMKM NUTaHMA (HanpuMmep, KOMMbIOTEPHbIE), 3anuTaH OT MAEeaNbHOro
reHepatopa CMHYCOMAANbHOIO HanpaxKeHua. Tenepb NPegnoNoKUM, YTO MMNEAAHC COeAMHEHUN MeXay
reHepaTopomMm W NPUEMHMKOM MMEET HyJsieBoe 3HadeHue. HanpaxeHue, M3MepeHHOe Ha Kaemmax
NPUEMHUKA, OyaeT MMeTb CcuMHycomaanbHyto ¢opmy (OTCYTCTBME BbICWUMX FAPMOHMK) — 3TO MPOCTO
Hanps»KeHWe reHepaTtopa. OgHaKo, ¢opma TOKa B NMPUEMHUKE, y:Ke ByAeT coaep)kaTb rapMOHMYECKue
COCTaB/IAOWME — HENMHEWMHbIA MPUEMHMK 4YacTo NOTPebAAeT TOK TO/NIbKO B OnpeaenéHHble MOMEHTbI
BPEMEHU BCEro nepuoaa CuHycouabl (Hanpumep, MakCMManbHbI TOK MOXKET NonagaaTb Ha NUKM CUHYCOMApbI
HanpaXeHus).

Ho I'IpMéMHMK HE CO34ad€T 3TUX FAaPMOHUYECKUX COCTaBAAOWUNX TOKa, OH NPOCTO I'IOTpe6ﬂF|eT TOK He
NOCTOAHHO MM NPEpPbLIBUCTO. BCIO aHeprnto noctasaseT TONbKO reHepaTop.

Ha cnepyloulem 3Tane MOMHO M3MEHUTb CXeMy, BCTaB/AA MeX/Jy reHepaTopomMm W MNPUEMHUKOM
onpeaeneHHbI MMNeaaHc, KOTopbI NpeacTaBaseT coboll akTMBHOE COMPOTMBAEHME NPOBOAOB, 0OMOTOK
TpaHchopmaTopa U T.4.

M3mepeHna rapMoOHWMK HaNpsKeHWA M TOKa MNPUMEMHMKA [adyT HEMHOro apyrve pesynbTtatbl. Y7o
nsmeHmnTca? MossATcA Hebo/bluMe COCTaBAAIOWME TAPMOHUKM HaMPAMKEHUA, U, KPOME TOro, HeMHOro
M3MEHMTCA CMEKTP YacToT TOKa.

Mpun aHanuse Gopmbl HaNPAKEHUA B MPUEMHMKE MOMKHO 3aMETUTb, YTO NEPBOHAYaIbHO CUHYCOUAA/bHbIN
CUTHaN cnerka uckaswmnaca. Ecnm npuémHuK noTpebnaeT TOK B OCHOBHOM B MOMEHTbI MUKOB HaMNpsiXKeHUs —
3TO OYAEeT BbIrNIAAETb, Kak YCeYEHHbIE BepLUNHbI. BosblION NOTpebasaemMbii TOK B 3T MOMEHTbI MPUBOAMUT K
6onbleMy MafEHMIO HaNpsAXKeHMA Ha MmnegaHce ceTW. YacTb MAEeasbHOro CUMHYCOMAANbHOIO CUrHana
HaKan/MBaeTcA celyac Ha aTOM MmnedaHce. HeKoTopoe M3MeHeHWe B CNEKTPE TOKa c/iedyeT M3 HECKONbKO
NMHOMN GOPMbI HANPAXKEHNA NUTAHUA.

Mpumep onucaHHbIX 34ecb "MNAOCKMX BepLMH" CUHYCOMAANBHOFO HaMpPAMEHMA — 3TO OYeHb 4acTo
Habnlofaeman KapTUHKA B TUMMUYHBIX CETAX, K KOTOPbIM MOAK/AIOYEHbI LWWPOKO pPacnpoCTpaHéHHble
KOHCTPYKLMM MMNYAbCHbIX 610KOB NUTaHUA.

9.4.1 XapakKTepHUCTHKA rapMOHHUK B Tpéxda3HbIX CETAX

[apMOHUKKM oOnpeaeneHHoro paga B 3-x d)a3HbIX Cncrtemax MUMeKT HeKoTopblie CI'IEL],VI(I)M‘-IECKVIE
OCO6eHHOCTM, KOTOpble NOKa3biBaeT Ta6nmu,a:

Pan 1 2 3 4 5 6 7 8 9

YacTota (M) 50 100 150 200 250 300 350 400 450
NMocnepoBaTenbHOCTb
(+) npamas, + + +
(-) obpatHas, 0 0
(0) HyneBas

Ctpoka «[locnenoBaTesIbHOCTb» OTHOCUTCA K METOAY CMMMETPUYHbLIX COCTAB/AOLLMX, KOTOPbIM No3BossAeT
pa3noXuTb Nt060M M3 3-Xx BEKTOPOB Ha TpM Habopa BEKTOPOB: MPSAMON, 0OpaTHOM M HyneBoW
nocaenoBatenbHocT (NoapobHee B pasaese, NOCBAWEHHOMY Npobieme aCUMMETPUM).
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Bocnonbsyemca npumepom. Mpeanonoxum, 4to TpéxdasHbli gBuraTenb 3anuTaH oT CUMMETPUYHON 4-X
NpoBoAHOM ceTu (To ecTb 3dPEKTUBHbIE 3HAUEHUA a3HbIX HANPAXKEHUI PaBHbI U YIbl MeXAy OTAEe/IbHbIMU
OCHOBHbIMM KOMMNOHEHTamMM cocTasasAloT no 120°).

3HaK «+» B CTPOKe, onpeensiolwen nocnenoBaTebHOCTb AAA 1-rapmMOHWKM, O3HA4YaeT HOpPMaJsibHoe
HanpaBneHWe BPALLEHMA Bana Asuratend. FapMOHUKM HANPAXKEHUA, ONA KOTOPbIX 3TOT 3HAK TaKXe «+»
NPUBOAAT K BOSHUKHOBEHMIO KPYTALLErO MOMEHTa COBMaZatoLWero ¢ HanpaBJeHUEM OCHOBHOM FrapMOHUKN.
FapMoHUKK paaos. 2, 5, 8, 11 aBnA0TCA rapMoHMKamMmn obpaTHOM Nociea0BaTe/IbHOCTU, TO eCTb NPOU3BOAAT
KPYTALLMIA MOMEHT, KOTOPbIA NPEnATCTBYET HOPMa/ibHOMY HanpaB/ieHUIO BPaLLEHMA ABUraTeNn, YTO MOXKeT
NMPUBECTU K HArpeBaHWIO, HEHYXXHOW MNoTepe 3HEepPrmu M CHUMKEHUIO npousBoanTesnbHocTW. MNocnegHen
rpynnon ABAAKTCA FAPMOHUKM HY/IEBOIM MOC/AeA0BaTe/IbHOCTU, TakMe KaK, Hanpumep, TPeTbA, LWecTaa U
AeBATan, KoTopble He NMPOM3BOAAT HMKAKOIO KPYTALLEro MOMEHTa, HO NMpoTeKas no obmoTKe aguraTens,
BbI3bIBAIOT €r0 A0MNO/IHUTE/IbHbIN Harpes.

Ha ocHOoBaHMM JaHHbIX Tabauubl NErKO MOXHO YBUAETb, YTO MOCNEeA0BaTeNbHOCTb «+», «-», «0»
NOBTOPAETCA A/ BCEX NOCNEAYIOWMX PAAOB rapMoHMK. DopmMyy, CBA3bLIBAIOLLYIO TMM NOC/IeA0BaTe/IbHOCTH
C PAAOM OYeHb MPOCT U 4414 K, KOTOPbIN ABAAETCA NOObIM LLE/bIM YUC/TOM:

MocnepoBaTeNbHOCTb FapMOHUYECKMI pAL,
npsamasn «+» 3k+1

obpaTHas «—» 3k-1

Hynesas «0» 3k

[apMOHMKKN YETHBIX PALOB OTCYTCTBYIOT, KOr4a AaHHbIA NPOLECC ABAAETCA CUMMETPUYHBIM OTHOCUTENIbHO
JIMHUN ero cpefHero 3HayeHusa, a Takoe CBOWCTBO MMEKT CUrHaibl B 6O/bLIMHCTBO CMCTEM NUTaHMA. B
TUMWUYHON CUTYALUKN U3MEPEHHDbIE YPOBHM FAPMOHMK YETHbIX PALOB MMET MUHUMA/bHbIE 3HaYeHUA. Ecam
YUYECTb 3TO CBOMCTBO, TO OKa)ETCA, UTO rPynmnbl FAPMOHMUK C CAMbIMU HEXENATEeIbHbIMM KauecTBamm — 310 3-
A, 9-9, 15-a (HyneBas nocnenoBaTe/IbHOCTL), a TakKe 5-1, 11-1, 17-a (06paTHan nocnesoBaTeIbHOCTb).

FapMOHMKN TOKa, KOTOpble KpaTHbl YACAy 3 CO34at0T AOMNOAHUTE/IbHbIE NPO6AEMbI B HEKOTOPbIX CUCTEMAX.
B 4-x NPOBOAHbIX CUCTEMAX OHW MMEIOT OYEHb HeXKenaTeslbHyl0 0COBEHHOCTb CYMMMPOBATLCA B HYJ1EBOM
nposoge. OKasblBAeTCA, YTO B OTAMYME OT FAPMOHMK OPYrUX PAZOB, FAe CYMMA 3HAYeHWUA MFHOBEHHbIX
$asHbIX TOKOB KOMMEHCUPYETCA, MNPOLEecCbl 3TUX FAapMOHWMK COBMagalT Mo ¢ase, 4YTo NPUBOAUT K
[06aBneHnto $asHbIX TOKOB 3TOW COCTABAAIOWEN B HYJIEBOM NPOBOAE. ITO MOXKET NPUBECTU K Neperpesy
3TOro NPoBoAa (B YaCTHOCTW, B pacnpesennTebHbIX CUCTEMAX, B KOTOPbIX MCNO/b30BAHO MEHbLLEE CeYeHne
aToro nposoAa, 4em $asoBbiX, a 40 HEAABHErO BPEMEHMU 3TO elle HbIN10 pacnpoCTpaHEHHOM NpaKkTukoi). Mo
3TOMN npuynHe, B CceTaAxX C HeIMHEeMHbIMMU Harpyskamum v 60/1bLLMMU UCKaXKEHNAMMU TOKa, B HacToAllee BpemA
pekomeHayeTcs, YTobbl cedeHme HelTpanbHOro NpoBoaa 6110 6oblie ceyeHns GpasHbIX NPOBOAOB.

B cucTemax TMNa «TPEYroNbHUK» FapPMOHMKN 3TUX PAAOB OTCYTCTBYIOT B JIMHEMHbIX TOKaXx (C OroBOpKOW, 4To
peyb MOET O CMMMETPUYHBIX CUCTEMAX), B TO BPEMSA KaK OHW LUPKYIMPYIOT B BETBAX HarpysKu, TaKkKe
BbI3bIBasi HEHYXKHbIE MOTEPU MOLLHOCTHU.

Takoi XapaKTep OTAE/IbHbIX TAPMOHUK, KaK 3TO NOKAa3aHO B Ta6m4u,e, COXpaHAETCA C NOJIHOM TOYHOCTbIO
TOJZIbKO B TpéX¢a3HbIX CUMMETPUYHBIX cMcTeMax. TONbKO B TaKUX CUCTEMaxX OCHOBHAA rapmMoHWKa nmeet
XapaKTep WCKNKYUTENIbHO I'IpFlMOﬁ nocneposatenbHocTn. B peanbHbIX CUCTEMaxXx, B KOTOPbIX €CTb
onpegeneHHaa CrteneHb aCMMMETPUUN HaNpAXKeHUA NMUTaHUA U p,mc6anch Harpysku, noABAAKOTCA He
HyneBble COCTaBaAOWMNE 06paTHOﬁ n Hy}'IEBOﬁ nocnenoBatesIbHOCTU. Mepoiz'l 3ToM ACMMMETPUN ABNAKOTCA
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TaK HasblBaemble KO3PPULMEHTbI HECUMMETPUN. M| UMEHHO M3-3a 3TOM aCMMMETPUMN OCHOBHOM FapMOHUKMY,
W, KpOME TOro, PasHULLbl B amnanTyaax M ¢pasax BbICLIMX FAPMOHUK B Kaxa0M M3 $as - 3T rapMOHUKM TaKxkKe
6yayT MMeTb KOMMOHEHTbI NPSIMOI, 06paTHOM M HyNeBoM NocneaoBaTeNbHOCTU. Yem 6oblue acuMmeTpus,
Tem 6onblue ByayT TaKKe 40N OCTa/lbHbIX COCTaBAAIOLLINX.

CraHpapt TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) pekomeHAayeT, 4YTObbl B aHanM3aTopax CeTu
npuUMeHANCA MmeTod noArpynn rapMoHNU4YeCKmMX COCTaBNAOLWLUX.

9.4.2 Ko3pdumyeHT rapMOHUIeCKUX UcCKakeHuil (THD)

KoaddnumeHT rapmoHuuyeckmx uckaxkeHuit THD (aHrn. Total Harmonic Distortion) asnaetca Hanbonee
pacnpoCcTpaHEHHbIM MOKa3aTe/IeM UCKAXKeHMA CUrHaNoB. Ha NpaKTUKe UCMoNb3yoTCcA ABe Pa3sHOBUAHOCTM
3Toro KoaddpuumeHTa:

e  THDF - Ko3pPULUMEHT rapMOHUYECKUX NCKaXKEHMIA, OTHOCUTEIbHO OCHOBHOW rapMOHUKM CUrHana (oT
aHrn. fundamental),

e THDR - K03pPULMEHT raPMOHUYECKMX UCKAXKEHUI OTHOCUTENIbHO CPEeAHEKBAAPATUYHOIO 3HAYEHUA
(RMS) curHana.

B o6oux cnyyaax THD nsmepsaetca B npoueHTax. HuKe npuseaeHbl onpeaeneHumsa:

n AZ n AZ
f h=241h ,/ h=2“'h
THDp = i X 100% THDp = ———

1 RMS

X 100%

roe: Ah — aelicTBylolLLee 3HAaYeHMe rapmoHuKK h-ro paaa;
A1 — geiicTBylollee 3Ha4YeHe OCHOBHOM rapMOHNKHK;
ARMS — AelicTBylolLIee 3HaYeHMe CUMrHana.

OrpaHuyeHne Yncna rapMoHUK, yunTbiBaembix npu pacdete THD, umeeT yCcnoBHbIA XapaKTep M CBA3AHO,
npexae BCEro, C OrpaHUYEHUAMWU W3MEpPUTENIbHOIO YCTpoKrcTBa. [lOCKONbKY aHanmns3aTop no3BoAseTt
M3mMepATb rapmoHuKkn Ao 50-ro nopagka, npu pacyéte THD yuuTbiBatoTcA rapmoHUKM 50-ro uam 40-ro
nopagka.

CneayeT MmeTb B BUAY, YTO A,Ba YNOMAHYTbIX onpeaeneHus byayT AaBaTb 3HAYUTENbHO OTAMYAtOWMeECA Apyr
OT Apyra 3HayYeHUA NPy CUAbHO UCKaXKeHHbIX curHanax. THDR He moxeT npesbiwatb 100 %, a THDF Takoro
npegena He MMeEET U MOXKeT NPUMHMMATb 3HayeHua, gaxe 200 % u 6osnee. TaKoW cay4yah MOXKeET
HabnAATbCA NPU U3MEPEHUM 3HAUUTENBHO UCKAXKEHHOTO TOKA. MAPMOHMYECKME UCKAXKEHWNA HANPAXKEHUS,
KaK NpaBu/o, He NPEBbILWAOT HECKOIbKMX NpoueHToB (Kak THDF, Tak n THDR).

9.4.3 KosdpdunyeHT ucKakeHus Toka TDD

KoapduumeHT nckaxkeHma Toka TDD (aHrn. Total Demand Distortion) — 3To noKasaTenb, NPeACTaBAAOLMIA
ypoBeHb 3GGEKTUMBHbIX 3HAYEHWUA  BbICLUIMX TAPMOHWMK  TOKOB, OTHOCUTE/NIbHO  MaKCMManabHOro
BocTpeboBaHHOro ToKka (aHrn. Demand Current). OH BbiBOAUTCA U3 KO3ddULMeHTa THD 1 ero 3HaueHue
BblparkaeTcs bopmynoi:
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JZheIf

L

TDD = X 100%

rae: Ih — aelcTBylolee 3HaYeHNe ToKa rapMoHuK h-ro paaa,
I, — BoCTpeb0oBaHHbIM TOK.

CpaBHuMBaa npueeneHHyto Bbiwe dopmyny ¢ THD gna TOKOB, Bbl MOXKeTe BUAETb, YTO OHWU PA3IMNYAOTCA
TONbKO 3HAYEHWEM 3HaMeHaTenA. YucnmTenb OCTaéTca HEM3IMEHHbIM M NpeacTaBafeT coboit apdeKkTnBHOE
3HaYeHMe BbICLINX FAPMOHMUK.

BocTpeboBaHHbIA TOK I — 3TO MaKcMmanbHoe cpefHee 3HaYeHWe OCHOBHOM COCTaB/slOWElN TOKa,
3aperucTpupoBaHHoe B nepuod HabaoaeHua. B Kayectse nepuoga HabaogeHMA 0ObIYHO NMPUHUMAETCA
Heaena nan mecau,

Ons 0bbAacHeHUs pasHULbl mexay THD n TDD Bocnosnbsyemca npumepom. Mpeanonoxmm. 4To OCHOBHas
COCTaBNAOWAA TOKA B Uenu M3MeHAeTcA mexay 3HadeHuamm 1000 A u 10 A. UcKaxeHne dopmMbl TOKa
NPUMEPHO Ha O4HOM W TOM Ke YPOBHE BO BCEM WHTEpBajse M3MEHEHWA OCHOBHOW COCTaBAANOLWLEN U
cootBeTcTBYeT KoapdumumeHTy THD: npumepHo 50%. Ecnmn co3patb rpaduk nameHeHmns koaddpuumenta THD
BO BPeMeHM, TO MoaydYutca b6onee-meHee NOCTOAHHOE 3HavyeHWe 50% BO BCEM WHTepBasie BPEMEHM.
Obpatute BHMMaHWE, YTO HECMOTPS Ha TO, YTO B  WUCC/AELYEMOM WHTEpPBajse BPEMEHM OCHOBHas
cocTasafAowwan nameHsaetca B 100 pas, Ha ocHoBe rpadmka THD Henb3a caenaTb BbIBOA O NOTEPAX SHEPTUU
B LEenu B pesyabTaTe BO3HMKHOBEHMA rAPMOHUK. Ecamn co3paTb Takon e rpaduk ana koadpduumenta TDD,
TO OH bygeT umeTb BUA, aHANOTMUYHbIN rPaduKy OCHOBHOM COCTAB/AIOLLEN TOKA — MAaKCMMA/IbHOE 3HaYeHune
TDD pocturHet 50%, a MMHMManbHoe npumepHo 0,5%. Takum obpasom, TDD nydlue oTparkaeT U3MeHeHUA
3G PEeKTUBHOIro 3HaAYEHMA BbICLIMX TAPMOHMK — €CAN TOK OOCTUIHET MaKCMMaJ/bHOro 3HaveHua, To TDD
npuéamsmnTca K THD, HO ecnun 3HaYeHWe TOKA B LieNU YMEHbLUIAETCS, TO TaKKe yMeHbLllaeTca U KoadpuumenHT
TDD.

Ons pacuéta koaddpuumeHTa TDD HeobxoaMMO 3apaHee yKasaTb UAM paccunTaTh TOK I AHanmsatopbl PQM
NpeaoCcTaBAAIOT ABa BO3MOMXHbIX MeToAa:

e ABTOMATMYeCKMI — TOK L onpeaenseTca NpuUaOKeHUEM, Kak MaKCMMasbHOe 3aperncTpupoBaHHoe
cpedHee 3HayYeHWe OCHOBHOWM COCTaB/AOLLIEN TOKA (M3 Bcero uHTepBasa perucTpauymu, no Bcem
KaHanam Toka). Mocne BkAtoveHUAa peructpaumm TDD, aHanusatop aBTOMAaTUYECKM 3anuCbiBaeT
napameTpbl A4/1A pacyeTa ero 3HayeHus;

e Bpy4yHylo — TOK |, BBOAMTCA NO/Ab30BaTENEM (B MPUIOKEHUM, NPU aHaN3e AaHHbIX). 3HaYeHue TDD
paccYmUTbIBAETCA HA OCHOBE BBEAEHHOMO 3HaYeHuA.

9.5 AcummMmeTpuA
ACVIMMETpMﬂ ABNAETCA NOHATUEM, CBA3AHHbIM C TpéX¢a3HbIMM CETAMU, N MOXKET OTHOCUTLCA K:

o ACMMMETPUN HANPAXKEHUI NUTAHWUA;
e ACMMMETPUM TOKOB HArpy3sKku;
o AcMmmeTpun NpUEMHMKA.
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ACUMMETPUA HanNpPsXKeHUN (TOKOB) NponcxoamuT B TPEXDA3HbIX CETAX, KOrAa 3Ha4YeHUs TPEX COCTaBAAOLLMX
HanpPAKeHU (TOKOB) pasnnyaloTca mexay coboi u/Man yrabl mexay oTaenbHbiMK Gasamu OTANYAOTCA OT
120°.

AcMMMeTPUA MPUEMHMKA BO3HMKAET TOrA4a, KOrga COMPOTMB/IEHUSA B OTAENbHbIX BETBAX MPUEMHMKA He
paBHbl MeXay coboir.

3Tn aBneHna ocobeHHO BpeaHbl ANA TpéxdasHbiX ABUraTenell, B KOTOPbIX Aarke Heb6ONbLIAA acMMMeTpuUA
HANPAXKEHNA MOXKET NPMUBECTM K MHOTOKPATHO 60ablUeN aCMMMETPUN TOKOB. B TaKMX YCNOBUAX KPYTALLMIA
MOMEHT ABUraTeNa YyMeHbLLAETCA, U NOABNAIOTCA YBEANMYEHHbIE NOTEPU TEMNIa B 0OMOTKaX U MeXaHUYECKUN
M3HOC. ACUMMETPUA TaK¥Ke HEraTUBHO OTPAXKAETCA HA CUOBbIX TPAHCHOPMATOpPaX.

Hanbonee pacnpoCTpaHEHHbIM WUCTOYHMKOM aACUMMETPUM  SABASIETCA HEPABHOMEPHOCTb  Harpysku
OTAeNbHbIX $a3. Xopownm MPUMEPOM SIBASIETCA MOAKAOUYEHUE K ceTu TpPEéxda3HOro nepemMeHHOro ToKa
o0AHOGbA3HbIX HAarpy30K, TAaKMX, KaK XKele3HO40POKHbIe TArOBble ABUraTeNN.

AHafIVI3aT0p no3BosAeT WU3MepATb acuMmmeTpumn HaHpHH(eHMVI M TOKOB MeToaoOM CUMMETPUYHbDIX
COCTaBAAOWMX. ITOT METOZ, OCHOBAH Ha MPEeAroIoKEHUN, UYTO Kaxabli Habop B cocTaBe Tpeéx
HeypaBHOBELUEHHbIX BEKTOPOB, MOXHO Pa3/iIoXKUTb HA CYMMY TPEX rpynn BEKTOPOB: NpsAMOM, obpaTHOMN U
HYJIEBOM NOC/1€A0BaTE/IbHOCTY.

U'l".;
alis Usa Usa allis alic
a’Usc - Uy +alyg + 2y = 3U°
Ui

Puc.19 Mpumep onpeaeneHna CUMMETPUYHOM COCTaBAAIOLLEN NPAMOI NOCNAeA0BaTENbHOCTH.

B KauecTBe Npumepa npeacTaBaeH cnocob pacyéta HanpaKeHUA COCTaBAAIOLWEN NPAMON
nocnenoBatesbHOCTU. Mo onpeaeneHunio:

1
Ut = §(Q1A +aUp + azgw)

roe: U*— aBnaeTca BEKTOPOM NPAMOI NoCie0BaTeIbHOCTH,
Uia, U1, Uic aBnAtOTCA BEKTOPAMM OCHOBHbIX COCTaBAAOLWMX $asHbIx HanpsaxkeHuin Ua, Us, Uc,
a:161120°:_1+‘/_§j a2=1ej240°=—1—‘/—§'
2 2 2 2

Ha pucyHke 19 npeacTtasneH rpaduueckuii cnocob onpegeneHva 3Toil cocTaBastolein. Kak BuAHO w3
JAHHOrO onpefeneHns, BEKTOpP COOTBETCTBYIOWEN COCTaBAAlOWENA paBeH OAHOW TPeTU CyMMbI

komnoHeHToB:_U1a, aUis, a?Uic. Mapametp a 1 a% — 3T0 eAMHUYHbIE BEKTOPbI C yrnamu 120° u 240°.
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Mpoueaypa, cneayowan: BeKTop HanpsaxKeHma U1B Hy»KHO NoBepHYTb Ha yron 120° NpoTMB YacoBOM CTPEKM
(ymHOKeHMe Ha «a») un pgobasutb K BekTopy Uia. 3atem BekTOop Uic Hy)KHO noBepHyTb Ha yron 240° u
[06aBUTb K Npeablaylien cymme BeKTOpoB. B pesynbtate nonyumtca Bektop 3U*. Bektop U* ssnsetcs
NCKOMOM CUMMETPUYHOM COCTaBAAIOLLEN NPAMON NocnenoBaTelbHOCTU. OTMETUM, YTO B C/ly4ae UaeanbHOM
CUMMETPUU (paBHble HaMPAXKEHMA U YI/bl) COCTABAAIOWME NPAMONM NocienoBaTelbHOCTU ByayT paBHbI MO
Be/IMUYMHE Ga3HbIM HaNpPAXKEHUAM.

AHanornyHo, obpaTHaA COCTaBAAIOWAA ABAAETCA Mepoi Nnofobus CMMMETPUYHOro Habopa TpéxdasHbIx
BEKTOPOB 06paTHOM Nocnen0BaTENbHOCTY.

HyneBas nocnefoBaTe/IbHOCTb CYLLECTBYET B CUCTEMAX, B KOTOPbIX CyMMa TPEX HanpsXKeHWi (M1n TOKoB) He
paBHa Hylo.

LLIMpOKO MCno/Ib3yemoit B SHEPreTUKe BeIMYUMHAMMU, XapaKTepUsyLWMMNU aCUMMETPUIO CEeTU, ABAAIOTCA
K03 PULMEHTbI HECUMMETPUM MO 06PaTHOM 1 HYNEBOI NOC/AeA0BaTENbHOCTU (GOPMY bl ANA HANPANKEHUA):

u0:5—2-100% u2=5—1-100%
roe: Uo — KO3 DUUMEHT HECUMMETPUN MO HYNEBOW NOCNEA0BATENBHOCTY;
U; — KO3GDULMEHT HECUMMETPUM NO 06PATHOM NOCNEeA0BaTEIbHOCTY;
Uo — HyNeBasa cMMMETPUYHaN COCTaBAAOWASA;
U; — npAman cMMMeTpUYHas COCTaBAAOWAsNA;

U, — obpaTHaA cMMMETPUYHAsA COCTaBAAOLWASA.

Haunbonee yoobHbI MeTod A5 PacyéTa CUMMETPUYECKUX COCTaBAAIOLWMNX U KOIGDULMEHTOB HECUMMETPUU
— 3TO WCNO/Ib30BaHWE B PacyéTax KOMIMIEKCHbIX 4Yucesn. MapameTpaMyn BEKTOPOB ABAAIOTCA aMMAUTYaa
OCHOBHOW rapMOHMKWN Hanpsa»KeHUsa (Toka) U ee abcontoTHbIA yron ¢asosoro casura. Oba 3TM 3HayYeHusA
noJsiyyatoTca U3 bbicTporo npeobpasoBaHusa Pypobe (FFT).

9.6 IIpoBaJibl, NepeHANPsKEHUA U NPpepPbIBAaHUA HANIPSAKEHUA

npOBaJ'IbI, nepeHanpaXeHna u npepbiBaHMA HanpAXeHunAa ABNAKOTCA HapyweHuAmMKU B CeTU, B TeyeHue
KOTOPbIX AeNCTBYIOLEE 3HAYEHUE HaANPAXKEHWA 3HAYUTEbHO OTIMYAETCA OT HOMMHANLHOrO 3HaYeHMs.
Karkgoe 13 aTUX TPEX COCTOAHUI MOXKET BbiTb OOHAPY!KEHO aHA/IM3ATOPOM MOC/Ie BKAOYEHUSA 0BHapyKeHUs
cobbITUI M oNpeaeneHns NoAb30BaTeIeM 3HaYEHMS NOPOTOB.

MpoBan HanpsXeHUa — 3TO COCTOAHME, B KOTOPOM AEMCTBYIOLLEE 3HAYEHME HANPAKEHUA HUXKE 3a[4aHHOro
nopora nposana. OCHOBOW M3MepeHWUA NpoBana AsaseTcA 3HaveHue URMS(1/2) , TO eCcTb AeulcTsylollee
3HayeHue, NepmoamMYeckn o6HOBASEMOE KaXKAyHo NMO0OBUHY Neproaa.

OnpepgeneHune nposana (FTOCT 30804.4.30-2013): npoBan Hanpa)eHWUA HauMHaAeTCs B TOT MOMEHT, Korga
HanpsaxeHne URMS(1/2), yMEHbBLUUTCA HUXKE NOPOroBOro 3Ha4YeHMA NpPoBasia, U 3aKaHYMBaETCA B TOT MOMEHT,
KOraa 3HayeHue HanpsxkeHuAa URMS(1/2) CTaHET paBHbIM WM MPEBbLICMT NMOPOr MPOBasa C FMCTEPE3NCOM
HanpAXeHuA.
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KaKk npaeuno, nopor npoBana ycraHaBamBatoT, Ha yposBHe 90 % Unom. Bo Bpema nposana aHanusatop
3aMMcbiBaeT MMHMMAJIbHOE 33pPEerncTPUpPOBAHHOE 3HAYEHME HanpsKeHus (3Ta BeAuyMHa HasbiBaeTcs
OCTATOYHbIM HanpsaxKeHnem Ures U ABNAETCA OAHUM M3 NAapaMEeTPOB, XapaKTepU3yoWmMX NpoBan) u cpeaHee
3HaYeHWe HanpAXKeHuA.

MpepbiBaHWE NUTAHUA — 3TO COCTOAHWE, B KOTOPOM HanpsaxkeHne URMS(1/2) HAXKE YCTAaHOBAEHHOro nopora
npepbiBaHMA. Kak npasunao, Nopor npepbiBaHUA YCTaHAaBNMBAETCA 3HAYMTE/IbHO HUXKEe NMopora NpoBasna, Ha
yposHe okono 1...10 % Unom.

I'Ipepb|BaHv1e Ha4YNHaAEeTCA B TOT MOMEHT, KOraa HanpaxXeHue URMS(1/2) YMEHbLWUNTCA HUXKEe NOoporosoro
3HAYeHMA npepbiBAaHUA N 3aKAHYMBAETCA B TOT MOMEHT, KOrga 3HayeHue Hanpa)keHuAa URMS(1/2) CTaHeT
PaBHbIM NN NPEBbLICUT NOPOT NPepPbIBAHUA C TUCTEPE3SUCOM HaNPAXKEHUA.

Bo Bpema npepbiBaHMA aHAIN3ATOP COXPAHAET MUHUMAJIbHOE 3aperncTpupoBaHHOE 3HAYEHME HanpAXeHUA
n cpeaHee 3Ha4eHne HanpAaXxeHuA.

JEACTEYIOWES SHEHEHME

HAMPAKEHMA 38 (RMS., )
Nonynepos, & “

MAKCHMANEHOE SHRYHEHWE
NepeHanpaxedH|a

NopROr NepeHanpaeHa

mcTepestc |

HOMKWHENEHOE SHRHEHWE HANPp AKEHMA

npoEan

mcTepesmc |
Nopor MPoEans

MRERbIE SHME

micTepess |

Nopar AREpbIEaHM A

MWMHHUMSNEHOE SHRYHEHME
MNPOESNS W NPeREESHKMA

Punc.20 MepeHanpaxkeHna, NpoBasibl U NPEPbIBAHNA HANPAXKEHUA.

MNepeHanpsa)keHMe — 3TO COCTOAHWME MOBbLIWEHHOrOo 3HAYeHWA HanpsaKeHuA. [opor HanpAXeHus, Kak
npaBwWno, ycTaHaB/MBaeTCcA Ha ypoBHe, 61n3kom K 110 % Unom.

I'IpeBblmeHme HaNpAXeHnA Ha4YnHaeTCA B TOT MOMEHT, KOrga HanpaxXeHue URMS(1/2) npeBbICUT 3Ha4YeHUe
nopora nepeHanpaXeHuA, a 3aKaHYMBAETCA B TOT MOMEHT, KOorga 3HavyeHue HanpaxeHua URMS(1/2) CTaHeT
PaBHbIM NN MEHbLLE NOopOora nepeHanpAXeHnAa YyMeHbLUIEHHOTO Ha TMCTEPE3NC HaNMpAXKeHUA.

Bo BpemA nepeHanpAxeHnAa aHain3aTtop COXpaHAET MaKCMMaJ/IbHOE 3apermctpmpoBaHHoOe

3Ha4yeHune HanpAaXeHuA, a TakXXe cpegHee 3Ha4YeHne HanpAaxXeHuAa.
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3HayeHMe ructepesnca ANA 3TUX TPEX COCTOSHUIM TO Ke CamMoe M BblpaxkaeTcs, KaK YCTaHOBJ/IEHHOe
Nno/ib30BaTe/IeM 3HayeHWe B MPOLLEHTaX OT HOMMWHA/NbHOIO HanpaxeHua (napametp Tucrepesuc
obHapyKeHuA cobbiTuiA).

AHanmsaTop (I)VIKCMpyeT BpemA Ha4daza U OKOHYaHUA cobbITuA (C TOYHOCTbIO A0 NONNIOBUHDI nepmo,u,a).

MWHMManbHasa NPOAOIKUTENbHOCTb COBbLITUA MpOBana, NPepbiBaHUA W MNepeHanpsXeHWa cocTasnser
Nnos0BMHY Nepmoaa.
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Puc.21 Onpegenenue 3HavyeHmna URMS(1/2).
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3HaueHusa URMS(1/2) onpenensAlTca B TedyeHue 1 nepuofa B MOMEHT nepexofa 4vepe3 HOMb OCHOBHOM
FrapMOHWMKKN HanpaxeHua W OBHOBAAIOTCA KarKable MOAMNepuMosa He3aBUCMMO 1A KaXKAOro KaHana
HanpsXeHUa. 3To 03HAYAET, YTO 3TN 3HAYEHMA BblIM NOYYEHbI B Pa3HOE BPEMA 417 Pa3HbIX KaHANoB.
PucyHok 21 unntoctpupyeTr meton onpegeneHua 3HadeHua RMSi1/2 Ha npumepe aByx ¢a3s HanpAKeHus.
NHbopmauma o nepexone Yepes HoJib OCHOBHOM rapMOHMKKM NoslydeHa nyTém HbicTporo npeobpasoBaHus
dypoe (FFT).

9.7 JIunuu CBEMA u ANSI

Kpueaa CBEMA 6bina Bnepsble npegnoxeHa B 70-x rogax NpoLsioro BeKa OpraHusaumein, oT KOTopou
Npou3oLWNo Ha3BaHWe Kpueon - Computer and Business Equipment Manufacturers Association (cerogHa —
aTo opraHusaums ITl, Information Technology Industry), KoTopas o6beguHAeT npousBoguTene
KOMMNbIOTEPHOM U OOUCHOW TeXHWKU. KpMBasa A0/KHA Oblna CAyXWTb MOACKA3KOW NPW KOHCTPYMPOBAHUM
ceTeBblX 6/I0KOB NUTAHMA U MepPBOHAYaNbHO NpeAcTaBasna cobon rpaduk ycTomumBocTn obopynoBaHMA K
BE/IMYMHE U NPOAOIKUTENIbHOCTM HAPYLWEHUI B 3NEKTPUYECKOW ceTU. B bonee nosgHuin nepuos Kpusyto
MCNONb30Ba N MPU MPOEKTUPOBAHUM 0OOPYAOBaAHUSA, YYBCTBUTEIbHOTO K KosiebaHMAM HanpsxKeHusa, Kak
3Ta/IOHHbIM AMANa30oH, B KOTOPOM 060pyA0BaHWE AOMKHO NPaBUIbHO paboTaTb. B KOHLE KOHL0B, KpuBas
CTafla WMPOKO MCMOAb30BATLCA MPU aHa/iM3e KayecTBa MWUTAHWA, KACaloWMXCA HENosafoK B CeTU Tuna
nepeHanpaxeHua, NpoBasa U NPepbIBaHUA HANPAXKEHUS.

Ha rpaduke no BepTMKaNbHOM OCK HaMpAMKeHWe YKa3aHo B NPOLLEHTAaX OT HOMWHAJIbHOrO 3HayYeHus, a Ha
rOPM30OHTaNIbHOW OCKM eauHULEN U3MepeHua ABaAeTca Bpema (No norapudmuyeckor wkane). CpegHan
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yacTb rpaduKa (mexay KpuBbiMU) NpeacTaBaseT coboi 0bnacTb NpaBuUbHOM pPaboTbl ycTpoicTea. Obnactb
BblllEe KPMBOM YyKa3blBaeT HA COCTOSIHME MOBbLILWEHHOTO HaMpsAXKeHUs, KOTopoe MOXKeT MpMBEeCTU K
NnoBpeXAEHUIO UM cpabaTbiBaHMIO 3aLMUTbI OT NepeHanpsaxKeHua, a 061acTb NOA KPMBbIMU COOTBETCTBYET
CUTYaUMN MOHMUMKEHHOrO HaMnpsXeHWa B CETU, YTO MOMKET MNPUBECTU K BbIKJAIOYEHWUIO MUTAHUS WUAU
BPEMEHHOI HEXBATKE 3HEPIUU, Bbi3blBAKOLLLEN HENPABUALHYIO PaboTy yCTPONCTBa.

u_. HanpaxeHue

CBEMA

T 00mke  Amc  10mc 100mMe e 10c  Bpema

Puc.22 InHum gonyctumoro guanasoHa HanpsskeHus nutaHuna ANSI (ITIC) u CBEMA.

Kak nokasaHo Ha rpaduKe, cylLecTByeT B3aMMO3aBUCUMOCTb MEXKAY 3HAYEHUEM HAMPSAKEHUSA U BPEMEHEM,
Ha KOTOpOe BO3HWKAeT HapyweHue. Hanpumep, yBenndyeHuve HanpseHua [0 ypoBHA 200 % Unom
NPOAO/KUTENBHOCTbIO 1 MC B TUMMYHBIX CAyYasx He NPUMBOAWUT K aBapuM MAM  HEenpaBWIbHOMY
OYHKUMOHNPOBAHUIO (TOUKA MeXKAY KPUBbIMK), HO HapyLleHMe C TaKoW amMnauTygoMi, NpogosKatoLerocs
nonnepuoaa CeTM MOXKET MMeTb KaTacTpoduuyeckre nocneacTeusa (Touka Bbile 06enx Kpusbix). MpUHATO
CYMTATb, YTO B TUMWUYHOMW CUTyaLMK, NMPOUCXOASALLME B I/IEKTPUYECKON CeTU cOobbITUA, ecnn pedb UAET O
BEJIMUMHE CETEBOIO HANPAXKEHWUA, AOJ/IKHbI 3aK/1t04aTbCA B CPeAHEeNn YacTu rpadmka (Mexay KpusbiMU) U He
AONIXKHbI TOr4a npueBecTy K cbosm B paboTe MAN NOBPEXAEHMIO NOAKAIOUYEHHbIX YCTPOMICTB. MponssoguTenm
YCTPOMCTB (B 4aCTHOCTM, ceTeBbiX O/JIOKOB NUTAHMSA) YacTO PYKOBOACTBYIOTCA 3TUM rpaduKkom npu
NPOEKTUPOBAHUKN A5 TOro, YTOBbI B 3TOM 06/M1acTM obecneynTb Ux BesaBapuiiHyto paboTy M nogaepKaHue
HY»KHOTO BbIXOZAHOIO HanpaxKeHun. CneayeT, 04HAKO, MOMHUTb, YTO KpMBasA NPeACcTaBAsET TUMMYHbIE CAyYau
M He MOMKeT ObITb rapaHTMei npaBuAbHOW pPaboTbl KaxKAoro YCTPOMCTBA, MOCKO/bKY YCTOMYMBOCTb K
HapyLeHWAM pasnyHas.

KpuBaa ITIC sBnaetca npeemHUMKom Kpusoit CBEMA, paspabotaHHoi ITI B 1994 rogy, a notom
YCOBEPLLEHCTBOBAHHOM A0 HblHewHero suga B 2000 roay. 3Ta KpMBaA MMeeT BUA ABYX JIOMAHbIX IMHUIA U
TaKKe M3BecTHa nofA HasBaHwem Kpueon ANSI nocne Toro, Kak 6blna afanTMpoBaHa aMepPUKAHCKUM
WMHCTUTYTOM cTaHaapTu3aumm ANSI (aHrn. American National Standards Institute). O6e KpuBble U306parKeHbl
Ha PUCYHKe 22.
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Mporpamma «SONEL ANALYSIS» npepoctasnaeT BO3MOMXKHOCTb M3MEHUTb XapaKTepHble TOYKU KPUBbLIX U
No3BO/IAET COOTBETCTBOBATb MHAMBUAYaNbHBIM TPEOOBAHUAM NOSb30BaTENSA.

9.8 YcpeaHeHHUe pe3yIbTaTOB U3MepPEeHHH

MOHUTOPUHT CETU B TEYEHME A/UTENbHOTO Nepuoaa BPEMEHW O3HayaeT cbop OrpoOMHOro Ko/aMyecTBa
AaHHbIX. Ona Toro, Ytobbl NpoBeAeHUe Noc/eayloLero aHaansa 3TMX aHHbIX BoobLLe Obl10 BO3MOXKHO,
Heobxo4MMO BBEAEHME MEXaHW3MA, KOTOPbIA YMEHbLUWUT pasMmep AaHHbIX A0 BE/IMYUHbBI, MPUEMIEMON KaK
ONA MALWWHBI, TaK U YeNnoBeKa.

Mpumepom NycTb NOCAYXKUT NPOBEPKA CETU Ha COOTBETCTBUE CTaHAAPTY KayecTBa 3/ieKTposHeprun  [OCT
32144-2013 «3nekTpnyeckaa sHeprna. COBMeCTUMOCTb TEXHUYECKUX CPeaCTB 3NeKTpoMarHUTHaa. Hopmbl
KayecTBa 3JIEKTPUYECKON 3SHEpPrmm B CUCTEMAX 3/1EKTPOCHAbKeHMAa obuiero HasHaveHua». OCHOBHOM
nepuos TECTUPOBAHUA CETU COCTaBAAET Hegento. Ecnn 3anommHaTtb Bce 200-MUNMCEKYHAHbIE AeNCTBYOWME
3HayYeHMA HanpsaxeHua, noayuymm 3,024 mnH. uamepeHmin. O6paboTKka TaKoro KOAMYeCTBa AaHHbIX MOXKET
3aHATb MHOFO BPEMEHW U 3aTPYyAHUTE N bHa.

MosTomy BBELEHO MOHATME yCpeaHEHMA, 3aKNtoYatoweeca B COXPAHEHUN s Lenel aHaamsa no ogHomy
3HAUYEeHUIO Ha onpeaenéHHbIN MHTepBaa BpemeHu. Ona ctaHgapta FOCT 32144-2013 oH coctasnseT 10
MWHYT. B aTOM cnyyae aHanmsaTtop BblumcnAetr cpegHee 10-muHYTHOE 3HayeHue no npumepHo 3000
3HayeHuint 200-MUAUCEKYHAHbIX OTcYeTOoB (NPUBAM3UTENBbHO, Tak Kak ycnoBHoe 200-muancekyHaHoe
3HauyeHue, 3TO Ha camom aene 10/12-nepuoaHoe 3HauyeHWE, CUHXPOHWU3UPOBAHHOE C 4YacToTon ceTw).
Kaxable 10 MUHYT 3anuMcbiBaeTCA c/ieaylollee cpeaHee 3HaYeHMe HanpsasKeHus, YTo npusoauT K coopy 1008
pe3ynbTaToB N3MEPEHUIA.

Ha pucyHKe 23 nokasaH cnocob onpefeneHus aHanuM3aTopom CpeaHUX 3HAYEeHWI 3a BPeEMS yCcpeaHEeHUs
6onbwee wmnn pasHoe 10 cekyHAam, Ha npumepe UHTepBana ycpegHeHua 10 MUHYT. ITOT MmeTon
COOTBETCTBYET TpeboBaHUAM ANA Knacca S ctaHgapTta FOCT 30804.4.30-2013 (IEC 61000-4-30:2008).

CpegHvie 3HaYeHUA CUHXPOHM3UPYIOTCA C YacaMu PeasibHOro BpeMeHu cieayowmnm obpasom. Korga yacl
OTMEPAT ouYepeaHOl 06WMiA KpaTHbIN Neproay MHTEPBan ycpeaHeHUa, NPOUCXOAAT ABa NpoLecca:

o Tekywmit 10/12-neprogHbIit OTPE30K OTMEYAETCA KaK NOCNeAHMUIM B MHTepBase ycpeaHeHus (x);
e OpHOBpeMeHHO 3anyckaeTca nepsblit 10/12-nepuofHblii  OTPE3OK CAeaylolwero WHTepBana
ycpegHeHus (x+1).

Takolt MeTog, PECUHXPOHM3ALMW MNPUBOAUT K noseaeHwuo HanoxuceHus 1. [aHHble uM3 3TOM obnacTy,
06pabaTbiBaloTCA ABaX4bl, MNOTOMY YTO Kakablih u3 10/12-nepuodHbiX OTPE3KOB aHaAM3MpyeTcs
HesaBuMcuMMo. Lenb Takoro cnocoba pecMHXPOHW3aLMM 3aK/toyaeTca B obecrneyeHMM OAMHAKOBbIX
pe3ynbTaToOB M3MEPEHUIM ANA ABYX aHaAAM3aToOpa Knacca A, NMOAKNOYEHHbLIX K OAHOW WM TOM e uenu u
CUHXPOHM3MPOBAHHbIX C yHUBepcanbHbiM BpemeHem UTC. B aHannsaTope pecuMHXpPOHM3aLMA MHTEpBasioB
Mo onucaHHOMY Bbile cnocoby BbINOMHAETCA A/1A BpeMeHu ycpeaHeHus: 10 cek., 15 cek., 30 cek., 1 m., 3
M., 5m., 10 m., 15 m., 30 m., 60 m., 120 m.
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[HaCcEl pESNEHOM BREMEHM]
OHEpELHON oS i
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MEepHoL0E NepHoL0E NEPHMOROE NEPMOA0E NepHoROE

Puc.23 OnpeaeneHune MHTEPBANOB ycpeaHeHUs paBHbIX (Man 6onblinx) 10 cekyHaam
(Ha npumepe ycpegHeHua no 10 MUHYT)

METES BREMEHK X-T0
3-CERYHAHOM MHTEpEana *

F-cekyHAHBIA MHTERESN (X)) 3-CeKYHAHEIR MHTERESN (x+1])
- A & & -
13 14 15 1 2
ionz2 12 1012 10012 1012
NERMOA0E MNepKogoE NeproaoE NEpMOL0E MNepKoL0E

{")E QeRCTEMTENEHOCTK - 3TO MHTepEaN 150M 80 neprogoE
Puc.24 OnpeaeneHune nHTepBanos ycpegHeHua meHee 10 cekyHA
(Ha npumepe 3-cekyHAHOTrO ycpeaHeHusn)

HecKkonbKO WHaye BbIrNAAUT ycpeAHeHWe Npu BpemeHu meHbwe 10 ceKyHa. HecmoTpA Ha TO, 4TO Bce
MHTEepPBasbl BblpaskeHbl eguMHuMuamu BpemeHu (200 mc, 1 cek., 3 ceKk., 5 cek.), Ha camom pgene, OHM
OTMEpPEHbl B KPaTHOCTAX nepuofa cetu. Hanpumep, BbibOp BpemeHW ycpegHeHWa 3 CeKyHApbl, O3HayaeT
ycpeaHeHue no spemeHn 150/180 neproaos cetu (15 usmeperunin no 10/12 nepmnoaos).

Cnocob onpefeneHusa cpefHero 3Ha4YeHus Aaa 3TUX NePUOLOB UANIOCTPUPYET PUCYHOK 24. 3aecb TaKxke
BbINOJIHAETCA PECUHXPOHM3aLUMA NHTepBanos 10/12-neprmoaos, oHa BbINOHAETCA BCeraa Yepes Kaxkable 10
MWHYT No obLieMy BpemeHM YacoB. Koraa 4acbl oTMepSAIOT ovepeHoe oblee Bpems, KpaTHoe nepuogy 10
MWHYT, PECUHXPOHU3UPYETCA OYepeaHON MHTEPBAN YCPEeAHEHWA M HAYMHAEeTCA Cneaylowui UHTepBan,
NpMYyeM MWHTEepBan ycpeaHeHus («x») 3aBepLIaeTcs HOPManbHO, MOKa He HabepeTcs onpegesneHHoe
MHOXecTBo oTpe3koB 10/12-nepuogos (Hampumep, B caydae 3-X CEKYHAHOro ycpeAHeHWa Bceraa
cobupaetca 15 Taknx oTpesKoB). PesynbTaTtom pecuHXpoHM3aLMK ABASETCA nosasiaeHue HanoxeHus 2, rae
napannenbHo obpabatbiBaloTCA fAaHHblE ABYX WHTEPBAJIOB yCpegHEHUs (MHTepBan «x» 3aKaH4MBaeTcH,
NHTepBan «x+1» HaunHaeTca). Paamep HaNoOKEHUS 3aBUCUT OT KOIEBAHMIA YacTOTbl CETU.

MeTKa BpeMeHU COOTBETCTBYET OKOHYAHUIO MHTepBana ycpeaHeHuA.
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YcpegHeHWe pe3ynbTaToB M3MEPEHWM NPUBOAMT K MNOTEpe 3KCTPEMAJIbHbIX 3HauyeHWit (crnakuBaHue
pe3synbTaToB). B ciyyasx, Korga BakHa MHPopmaLma O npeaesibHbIX 3HAYEHUAX U3MEPAEMOro NapameTpa,
NoNb30BaTe/lb MOXET MPUMEHUTb BO3MOXHOCTb WM3MEPEHUA MWHUMANBHOIO, MAKCUMAJbHOIO W
MFHOBEHHOro 3Ha4yeHuit B nepuoae ycpedHeHua. Ecav paHHbIM napameTp vM3mepeH Bo Bpema 10/12
nepuogoB, TO MAKCMMasbHOE WM MWHUMANbHOE 3HayeHWe ABAAETCA COOTBETCTBEHHO HamboNbWUM WU
HaMMeHbLUMM 3HayeHuem oTpeska 10/12-nepuogos, M3MEpPEHHbLIM B AAaHHOM MHTepBane ycpegHeHus. B
CBOIO ovepeab, MIHOBEHHOE 3HaueHue fABAAeTcA nociegHMM 3HadyeHmem 10/12-nepuogoB B AaHHbIN
nepuog ycpeaHeHus.

B cnyyae AenCTBYIOLWNX 3HAYEHNI TOKOB M HaNPSXKEHUN, MEeTOZ NOMCKa MUHMMAIbBHOTO M MaKCMMaIbHOTO
3HaueHnin asnaetca 6onee rMBKUM M KOHTpOAMpyeTca napametpom «lMepuog onpegeneHna MmuH./maKke».
B pacnopaxeHuMn nonb3oBaTesia MMEOTCA caeaylollme HAacTPOMKM: nonosuHa nepuoaa, 200 mc, 1 cek., 3
CceK. n 5 cek. Bblbop napameTpa - NO/0BUHA Nepuoaa - 3a43aET NOUCK MUHMMANBHOIO MU MAaKCMMaJibHOro
3HaUYeHUA C HanBbICLLEN YYBCTBUTENBHOCTbIO, C TOYHOCTbIO A0 BeAMUUHbI URMS(1/2) . C pOCTOM 3TOro BpeMeHMU
BBOAMUTCA AOMNONHUTENIbHOE CraXKMUBaHMe, Hanpumep, Npu 5-Tn ceKyHAax cHavana BbluUCAAETCA cpeaHAa 5-
CeKyHAHaA BeJINYMHA, KOTOpaAa 3aTemM MCNOoNb3yeTcA ANA MNOUCKAa MUHUMMANBbHOTMO UM MaKCMMANbHOrO
3HaYeHUA. ITO AAET MEHbLUYIO YYBCTBUTENbHOCTb K MTHOBEHHbIM U3MEHEHUAM U3MEPAEMOTrO 3HaYEeHUA.

MpumeyaHue:

Kak 1 B cnyyae ¢ nepuogamum ycpeaHeHuna meHblie 10 cekyHa, nHtepsansl 200 mc, 1 cek., 3 ceK. n 5 cek. B
OEeACTBUTE/IbHOCTU BblpaskeHbl B KPaTHOCTAX MEpMOLOB ceTu — cooTeeTcTseHHo 10/12, 50/60, 150/180 u
250/300 nepuoaos ceTu.

BblbOp NPaBUABbHOrO BPEMEHW yCpegHEHMWA, He ABASAETCA NPOCTbIM AEeNOM. B 3HauMTeNbHOW CTeneHu OH
06ycnoBAeH TWUMNOM HapylUEHWA, MNPUCYTCTBYIOWMX B CETU W  OMUAAHUAMMK MO/b30BaTens no
OKOHYaTe/IbHOMY aHa/M3y AaHHbIX. YacTo BO3HMKAeT cuMTyaumsa, Korga M3BecTeH eAMHCTBEHHO cam ¢akT
NoAB/NEHNA HEKOTOPbIX HEMONALOK B CETU 3/1EKTPOMMUTAHUA U TONbKO M3MEpPEHUs aHanan3atopa MOMOryT
yKasaTb TOYHYIO NPUYMHY. B Takoi cuTyaumu aydile Mcnosib3oBath 60see KOpoTKoe Bpems ycpeaHeHus
(Hanpumep, 10 ceKkyHA), U BKAOUYUTL 3aMUCb MUHUMANLHOTO M MAaKCMMa/ibHOTO 3HaYeHUI (4N HanpAXKeHUN’
M TOKOB B TaKOW CUTyaumm peKkomeHayeTcA BbibpaTb MepuoAOM ONpPeaeneHus MUHWMANbHOTO U
MaKCMMasIbHOTO 3Ha4YeHMs CaMblii KOPOTKMIN BO3MOXHbIA CPOK, TO eCTb, NOM0BMHY nepunoga). KopoTkoe
BPEMA YCpeaHEHUA MO3BOAUT MOCTPOUTb TOYHble rPadUKM M3MEHEHUI MapameTpoB BO BPEMEHW, a
MUHUMYMbl U MaKCUMyMbl 6yayT OBHapyKeHbl M cOXpaHeHbl. Kak MpaBuio, peructpauus C KOPOTKUM
BPEMEHeM YyCpegHEeHUA BbINOHAETCA AO0BOJIbHO OrpaHWYeHHOe Bpems, Npexae BCero us-3a 6bicTporo
pOCTa yMcna AaHHbIX; MNOCKOJIbKY LEeNblo TaKoW pernctpaumn, ABASETCA BbIABNEHWE BO3MOMKHbIX MPUYMH
aHOMa/nK, a He JOATOCPOYUHbIN aHanus.

Pernctpaumm C KOPOTKUM BpemMeHeM ycpeaHEeHUs MOXKET 6biTb AOCTaTOYHO ANA OUEHKM paboTbl cetn u
NPOUCXOAWMX B HEW HapyweHusx. Tem He meHee, NoApPO6HY0 MHPOPMaLUO, BEPOSTHO, MOXKHO byaeT
NoAyYMTb B TeYeHue AJUTENbHOTO BpemMeHM (MopaaKka MUHYT), HO C BK/KOYEHHOW perncrpaumen
MWHMMANbHOFO M MaKCMMaibHOrO 3HAYeHWA W aKTUBHbLIM  BblABAEHMEM CO6bITMIA.  BakKHbIM
NPenMyLLECTBOM TaKOM CUTyaL MK ABAAETCA ropa3fo MeHbLUM 06bEM AaHHbIX PErUCTpaLMm, YTO O3HaYaeT
6bICTPOE CUNTBIBAHME U aHAAU3 AAHHbIX.
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B csoto o4yepeab, nccnenoBaHMe Kadecrtsa NUTaHMA NPUHATO BbINOJIHATL B COOTBETCTBUU C Tp66OBaHWr'IMM

ctaHgapta NOCT 32144-2013. B 3Tom cnyyae aHa/AM3 NpoBOAUTCA B TedeHue 6onee NpoaonKuUTeNbHOro

BpemeHu (Hanpumep, 7 AHeit), NoaTOMy BbIBpaHHOE BPEMA YCPeAHEHUA TaKKe AnmTenbHoe — 10 MUHYT.

MmeitTe B BUAY, YTO HE CYLLLECTBYET OZ4HOM Hauyylein HacTPOMKK, KaK BpeMEeHU yCpeaHEeHMS, Tak U Apyrux

napameTpoB MM Noporos cobbiTMin. Kaxkaan ceTb MHAMBMAYA/IbHA M 33434M UCC/IeA0BaHNSA ceTel

pasnunuHble. B cBA3M C 3TMUM ONTUMAasbHaA KOHGUIypaLmMa aHaNM3aTopa MOXKeT noTpeboBaTb HECKOIbKMUX

noaxoaos, N TaKXKe 6y,£|,eT 3aBUCETb OT ONbiTa onepaTopa.

10 TEXHUYECKHUE XAPAKTEPUCTHUKH

TexHunyeckune XapPaKTeEPUCTUKN MOTYT 6bITb U3MEHEHbI U3roToBUTENEM bE3 AONO/THUTENIbHOIO YBEAOMNEHUA.

YKasaHHble 3HAYeHMs MOrpelwHocTelr NPUMEHUMbI TOAbKO K PQM-700 6e3 [0MNOAHUTENbHbIX

TPaHCPOPMAaTOPOB M TOKOU3MEPUTESIbHBIX K/ELLEi.

CokpaleHua:

10.

11.
12.
13.
14.
15.

16.

78

Urms — W3MeEpeHHOe 3Ha4YeHWe  HamnpsaAKeHUs  MOCTOSAHHOTO W MEepeMeHHOro  TOoKa
(cpepHeKkBagpaTUYHOE 3HaUYEHMe);

lrms - U3MEPEHHOEe 3HayeHMe CWJbl MOCTOSHHOTO W MepemMeHHOro ToKa (cpeaHeKkBaApaTUdHoe
3HauyeHue);

Unom — HOMMHa/NbHOE 3HA4YeHWe HanpsKeHua, YCTaHOBJEHHOe B aHanmM3aTope. BO3MOXKHbI
YCTaHOBKM HanpsaxeHuit n3 rpynnsli: 110/190 B, 115/200 B, 220/380 B, 230/400 B, 240/415 B,
400/690 B (pasHoe/nnHelHoe). Npun ncnonb3osaHUM TPaHCPOPMaTOPOB, B aHaIN3aTOPE BO3MOMKHA
YCTaHOBKA HOMMHA/IbHOTO HanpsXeHun (Hanps»KeHUs BTOPUYHOM 06MOTKM);

lhom — HOMWHaNbHOE 3Ha4yeHMe npefena [AManasoHa W3MEpPeHWA [ANA TOKOBbIX Pa3bEéMOB
aHanusartopa (Knewen);

K - KoapdumumneHT maclwTabHoro npeobpasoBaHMA BXOLHbIX 4/15 TOKOBbIX Pa3béMOB aHaN3aTopPa;

h — nopAAKoBbI HOMEP FAPMOHMKH;

Ui, h U3M — U3MepeHHOe 3HayeHue CpeaHEeKBaApPaTUYECKOro 3HauyeHUs TrapMOHUYECKUX
COCTaBAAOLWMX HANPAKEHUS;

ly, h M3M — W3MEpPeHHOe 3HauyeHWe CPeaHEeKBaAPaTUYECKOro 3HaAYeHMA FaPMOHMYECKUX
COCTaB/IAIOLWMX CU/bI TOKa;

THDy n3m — nsmepeHHoe 3HaYeHWe CyMMapHOro KoadduuMeHTa rapMOHUYECKMX COCTaBAAMOLLMX
HanpAXKeHus;

THD, uam - namepeHHoe 3HaYeHWEe CYMMAPHOro KoddpduuMeHTa rapMOHUYECKUX COCTaBAIOLLMX
CWUNbI TOKa;

P(Ep)v3m - M3MepeHHOe 3HaYeHME aKTUBHOM MOLLHOCTM (aKTUBHOM 3Heprum);

Q(Eq)u3m - U3MepeHHOoe 3HaYeHKe PeakTMBHOM MOLLHOCTY (PeaKTUBHOM aHepruu);

S(Es)n3m - M3mepeHHoe 3HaYeHMe NOIHOW MOLLLHOCTU (NONHOM 3HEepPrnn);

Pst M3M - U3MepeHHOE 3HaYeHne KpaTKoOBpeMeHHOoM A03bl GAnKepa;

Pt U3M - U3MepeHHOe 3HaYeHne gnTeNbHOW A03bl GANKepPa;

6U — OTHOCUTE/IbHAA NOrpeLwHOCTb U3MepPEeHNA HaNPAXKEHWNA;



17. 51 — OTHOCUTE/IbHAA NOTrpeLwHOCTb NU3amMmepeHnA CUbl TOKA;

18. 517 — A0No/IHNTENbHAA OTHOCUTE/IbHAA NOrpewHOCTb, CBA3aHHAA C USMepeHUEM yrna casura (baBbI

meXxay HanpaxeHnem m TOKom

Ans cos d =0, 6,

Ansasind =0, 6,

O

_ . _ cos(p+Ap)
=100- (1 ) ) [%]
_ . _ sin(p—Ap)
=100 (1 sin @ ) [%]

rae @ —yron casura d>a3 MmeXxXagy HanpAaXeHnem  TOKOM,;

o Ag - abcontoTHasA NOrPeLwHOCTb U3MEPEHUA YA cABUra a3 MeXKay HaNPAKEHUEM U TOKOM.

10.1 Bxoabl

Bxoapl no HanpAxXeHuno

Yucno exonos

4 (L1, L2, L3, N — 3 nsmeputenbHbIx KaHana)
rabBaHUYECKU He U30/IMPOBAHHbIE

MaKkcmanbHOe BXogHoe HanpaxeHue

760 B grvs 40...70 Ty, nam HanpaXKeHme NocCT. TOKa

MMKoBOE 3HaUYEeHNEe BXOAHOrO HanpsaXeHus

1150 B
(6e3 cpeskn)
JnanasoH namepeHma NOCTOAHHOIO

+1150B
HanpAXeHuA
AHanorosas nosnoca nponyckaHus (— 3 ab) >12 Kly,

TpaHcdopmaTopbl

no peweHnto Noab3oBaTenA

MNonHoe BxogHOE conpoTUBJIEHME
n3mepuTesibHbIX BXO408B

14 MOm

KoapoduumneHT ocnabnenna cuHdasHoro

curHana (aHrn. CMRR)

>70 ab (50 ly)

ToKoBble BXOAbl

Yumcno Bxoaos

4 (3 dasbl + HelTpab) rafibBaHNYECKM HE U30/IMPOBAHHbIE

HomuHanbHOE BXOAHOE HanpsKeHue

1 B rms

MNMuUKoBOoe 3HaYeHMe BXOAHOro HanpsKeHus +3,6 B
HomunHanbHOe BXxoA4HOe HanpsAKeHue (ana

rMBKMX Knelei, 6e3 HarpysKu) 0,125 B rws
MNMuKoBOe 3HaYeHMe BXOAHOrO HanpsKeHus 1045 B
(ana rmMbkmx Kneuei, 6e3 Harpysku) -
MaKcMmanbHO A0NyCcTUMOEe BXoAHOoe

HanpAXeHWe OTH. 3eM/n > B s
AHanorosas nonoca nponyckavua (— 34B) >12 Ky,

MonHoe Bxog4HOE conpoTuUB/IeHME

KaHan xeécTtkmx Kneuwei: 100 kOm
KaHan rubkux kneweii: 12,4 kKOm

[Ounana3oH usmepeHusa (6es

mbkue knewm F-1/F-2A/F-3A:1..3000 A
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TpaHcpopmaTopos)

(10 KA nuKoBoe, 50 u)

Knewwm C-4, C-5: 1..1000 A (+3600 A nukoBoe)
Knewwn C-6A: 0,01..10 A (+36 A nukosoe)
Kneuwm C-7: 0..100 A (+360 A nuKkoBoe)

TpaHcdopmaTopsl

Nno peweHno Nosib3oBaTenA

KoadduumneHt ocnabnenuns cuHdasHoro
curHana (aHrn. CMRR)

60 a6 (50 ')

10.2 JuckpeTusanua 1M 4achbl peajibHOro spemenu RTC

AncKkpeTnsauma n Yacbl peanbHoro spemeHu RTC

ALLN (aHanoroso-umdposoi
npeobpasoBaTesb)

16-6UTHbIN

YacroTa ANCKpeTn3aunn

12,8 kl'y ana 50 'y, v 15,36 Kl'y, ana 60 Iy,
OpHOBpeMeHHan AMCKPEeTM3aLMA NO BCEM KaHaNam

Konunyectso oTcyeToB 3a nepuon

256

CuHxpoHusauma GAMY (aHrn. PLL)

40...70 Ty,

OnopHbI KaHan gna cuctemol GPAMY

L1

Yacbl peanbHOro BpemeHu

+ 3,5 ppm/°C makc. (okosio £ 9 cek./mecau)
B Anana3oHe TemnepaTtyp -20...55 °C

10.3 U3MepsieMble MapaMeTpbl - TOYHOCTH, pa3pelleH|s U AUaNna30HbI

10.3.1 YcioBu4 A NOBEpPKH

HopmasibHble ycioBuA A1 NOBEPKU

TemnepaTypa OKpyKatoLen cpeapbl

23°C+t2°C

OTHOCUTENbHAA BNAXKHOCTb

40...60 %

ACMMETPUS HanpsKeHUs

<£0,1 % ona koadpdUuMeHTa HeCMMMeTPUM No obpaTHOM

nocnenoBaTeNIbHOCTH (OTHOCVITCFl TOJIbKO K Tpex¢a3HbIM CeTFIM)

BHelwHee marHuTHoe nonae

<40 A/m (nocToAHHOE)
< 3 A/m (nepemeHHoe) ans vactotbl 50/60 Iy,

[MocToAHHaA cocTaBnAOWan
HanpAXeHnAa U TOKa

HyneBaAa

dopma curHana

CMHYCOMAa}'IbeIﬁ

YactoTa

50Mu£0,2% manm 60Ty +£0,2 %

10.3.2 Hanpspxkenue

HanpaxeHune AnanasoH n ycnosua PaspeleHune OCHOBHasA NOrpeLwHoCcTb
Urws (nepemeHHoe 1 20% Unom < Ugms £ 120% Unom 0,01% Unor £0.5% Unon
NoCToAHHOE) ana Unom 2 100 B
1..10
Muk-dakTop (1...1,65 ana HanpsxkeHua 690 B) 0,01 +5%
Ana Ugws 2 10% Unom
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10.3.3 Tok

Tok

AnanasoH n ycnosua ‘ PaspelseHune |

OcHoBHasa NOrpeLwHoCTb

BxodHol kaHan 6e3 knewieli

0..1B(0..36B5p) | 0,01%lom |

il% Inom

Knewu 2ubkue F-1/F-2A/F-3A

JonosnHumensHas nozpewHocmso
+ 0,
0..3000 A 0,01% loom +1% )
(10 000 A;-,) (£2% c yyeTom gONONHUTENBHOM
NorpewwHoCTM OT NONOXKEHNS)
Knewu C-4
JononHumenvHasa nozpewHocms
0,1..10 A: £ (2% + 0,1 A)
10 A: 3%
0...1000 A 0
nom s 9
(3600 Ay.p) 0,01% | 50 A: £1,5%
200 A: +£0,75%
1000...1200 A: +0,5%
Irms (MepemMeHHbIN K
NOCTOSIHHbIN) Knewu C-5
JononHumenvHaa nozpewHocms
0,5...100 A: < (1,5% + 1A)
?36%)(())0/5\) A) 0,01% Inom 100...800 A: <2,5%
e 800...1000 A nepemeHHOro ToKa: < 4%
800...1400 A nocToAaHHOro ToKa: < 4%
Knewu C-6A
JononHumenvHaa nozpewHocms
1.0,1A: £(3% + 1mA
0..10A 0,01% lom 0,01...0, (3% + 1mA)
(36 Ap-p) 0,1..1A:4+2,5%
1..12 A: 1%
Knewu C-7
JononHumenvHasa no2pewHocmeo
0..100 A 0
(360 Ago) 0,01% lnom 0...100 A: £(0,5% + 0,02 A) (45...65 I'u)
i 0..100 A: + (1,0% + 0,04 A) (40..1000 ')
1...10 (1..3,6 An8 lhom
Muk-dakTop ( A ) 0,01 5%
[l,}'lﬂ |RN|S 2 1% Inom
10.3.4 Yacrorta
YacTtoTa [dunanasoH 1 ycnosus PaspelueHue OcHOBHas NOrpeLHoCTb
40...70 Ty,
+
f 10% Unom S URMS S 120% Unom 0101 ru‘ _0'05 I_L"
10.3.5 TapMoHUKH
FapMOHMKHK [dwnanasoH 1 ycnosus PaspelueHue ‘ OcHoBHas NorpeLHoCcTb

FapMmoHuyeckuii pag (n)

MocTosAHHbIN TOK, 1...40, rpynnmMpoBaHue:
noArpynnbl rapmoHuK no FOCT 30804.4.7-2013 (IEC 61000-4-7:2009).
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Amnautyga Urms

0...200% Unom

0,01% Unom

10,15% Unom Npn 1.B.<3% Unom
+5% un.B. npn n.8.2 3% Unom
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009))

AMnAnTyaa lrvs

B 3aBucumocTM OT
NCMONb30BaHHbIX
Knewen (cmoTpu
XapaKTePUCTUKN lris)

0,01% lnom

10,5% Unom Npn 1.8.<10% lnom
+5% n.s. ecnm n.s.2 10% lnom
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009))

KoaddnumeHt
rapMOHUYECKNX 0...100,0%
10 i 0,
nckaxkeHuit (THDR) no 81a Urms 2 1% Unom 0,1% >%
HanpsxeHuto (n = 2...40)
Koaddnument
rapMOHUYECKNX 0...100,0%
0,19 +59
nckaxkeHui (THDg) no AnA lrms 2 1% lnom A% >%
ToKy (n = 2...40)
y
ron casura a3 -180°...+180° 0,1° +(n x 1°)
(HanpskeHue)
Yron casura ¢as (Tok) -180°...+180° 0,1° +(n x 1°)
10.3.6 MoOLWHOCTb U HEPrus
Ycnosua (oA MOLLLHOCTM U SHEPTUN 1
MoLLHOCTb 1 SHeprua PaspeleHue OcHoBsHasa norpetwHocTb!
80% Unom S URMS< 120% Unom)
2% Inom < |RMS< 5% Inom 2’52 + 55’1%
cosp=1 \l
5% Inom < |RMS < Inom + 2’02 + 62h %
AKTMBHaA MowWHocTb | cosp =1 3aBMCUT OT P
AKTUBHAA sHeprua 5% lnom < lrms < 10% lnom Unom U lhom i 2524 52h %
cos =0,5 p
10% |nom < |RMS < Inom + 2’02 + 82h %
cosp=0,5 \’ p

2% Inom < IRMS< 5% Inom

sinp=1

5% Inom < IRMS< Inom

*+ 3,992 + 85, %

+ 3,02 + 83, %

sinp=1
PeaktnsHaa mowHocTb| 5% lhom < lrms < 10% lnom 3aBUCUT OT
. 7% rom RS = S5 o + 3,997 + 82, %
PeaktnsHasa sHeprua | sinp = 0,5 Unom U lnom P
1'0% Inom < |RMS< Inom ¥ 3’02 + 62h %
sinp=0,5 \ P
1'0% Inom < |RMS< Inom + 3’992 + 62h %
singp = 0,25 p
MonHaA MOLWHOCTb 2% lnom < lrms < 5% lnom 3aBUCUT OT +2,5%
MonHan aHeprua 5% lnom < lrms < Ihom Unom ¥ lnom +2,0%
Koadduument 0..1 0,01 40,03
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MOLLLHOCTM (PF) 50% Unom S URMS< 150% Unom
10% |nom < |RMS< Incm

0..1
50% Unom < Urms < 150% Unom 0,01 10,03
10% |nom < |RMS< Inom

KoadpounumeHT casura
¢da3 (cosdp/DPF)

10.3.6.1 OyeHKa nozpewHOCMU U3MepeHuss MOWHOCMU U 3Hepauu

Ob6las NorpewHocTb M3MEPEHUA aKTUBHOW M PEaKTUBHOM MOLIHOCTM (OCHOBHOWM cocTasasiowen) u
MOLLHOCTM TapMOHWK, OCHOBbLIBAETCA Ha C/leayloWen 3aBUCMMOCTM (4Ns 3SHEeprMm UrHopupyetcsa
OONONHUTENIbHAA NOrPELIHOCTb, CBA3aHHAA C U3MEPEHNEM BPEMEHMU, KAK MHOTO MEHbLUAA, YeM OCTa/IbHble
MOrpeLHoCTH):

Spg = Jagh + 8% + 62,

roe: O p,a — NOrpeLHoCcTb M3MepeHNa akTUBHOMN MAN PEaKTUBHOMN MOLLHOCTY,
6 uh— cymmapHas NorpeLHoCcTb U3sMepeHnUsa aMnanTYabl FrAPMOHUKM HaNPAMKeHWA
(ananusatop, TpaHchopmaTopsbl, Knewm),
6 Ih— cymmapHas norpewwHocTb U3mepeHns amnanTyabl rapMOHUKU TOKa
(ananusartop, TpaHchopmaTOopbl, KNeLim),
O ph— f0oNONHWUTENbHAA NOrPELLIHOCTb B Pe3yNbTaTe OWNBKN 3MepeHNa dpasbl MK Y BbICLIMMMU
rapMoHMKamMM HaNpAXKeHUs U TOKa.
MorpelHocTb & ph MOXHO OonpeaennTb, eCiin M3BeCTeH yros $GasoBoro cABura A8 UHTEPECYIOLLEro Hac
[AManasoHa 4YactoT. B Tabmue npueeaeHa ownbKa pasHOCTU Ga3 MexKay rapMOHUKAMU HaNpPAXKEHMA U TOKa
Ans aHanusatopa PQM-700 (6e3 TOKOBbIX Knellel U TpaHchopmaTopoBs).

OwwubKa ¢asbl aHanmnsatopa PQM-700 B 3aBUCMMOCTU OT YacTOThI.

Anana3oH yacTtoT 0...200 Iy, 200...500 Iy, 500 ly...1 KMy, 1..2 Kkly, 2...3 Kly,

Owwubka <1° <2,5° <5° <10° <15°

OwmnbKy dasbl, BHOCMMYIO NPU UCNONb30BaHMN TPAHCHOPMATOPOB M KNeLLel, Kak NPaBuio, MOXKHO HanTh
MX B TEXHWYECKON OOKYMEHTaLuuu. B 3Tom caydae, cnefyer OUEHWUTb A1 MHTEpPecyloweid Hac 4YacToTbl
pesynbTupylolyto ownbKy ¢asbl mMeKay HanpsKeHMemM M TOKOM, BBOAMMYIO BCEMW 31eMeHTaMM
N3MepuTeNbHOM Lenn: TpaHCPOopPMaTOPbl TOKA M HaNpAXKeEHWA, KNeLWu, a TaKkKe aHannsartop.

MorpelwHOCTb U3MepeHus, BCneacTeme owmnbKm ¢asbl 414 aKTUBHOM MOLLLHOCTM FapMOHUK MOYKHO BbIPasuTb
Ha OCHOBaHMM GOPMYbI:

Spn = 100 (1 — =222 947 cosp # 0

cos@

B cBOlO ouepesb, MOrPELIHOCTb M3MEPEHUS PEAKTUBHOW MOLLHOCTM FApPMOHUK MOXHO ONpPeaesiuTb Mo
dopmyne:

8, = 100 (1 — S0@=A9)) o1 0

ph = ———) [%], sing #

sing

B 06eunx aTux dopmynax ¢ o3HaYaeT GaKTUUYECKUI YroN CABUTa MEXKLY rapMOHUKaMM TOKA U HanpsXKeHus, a

A@ cymmapHyto oWwKbKy ¢asbl 414 AaHHOM 4acToTbl. M3 NpeacTaBAeHHbIX 3aBUCUMOCTEN MOXKHO caenaTb
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BbIBOZ, YTO MOMPELHOCTb U3MEPEHUSA MOLLHOCTM A1 TAKOM Ke ownbKM $asbl, O4eHb CUALHO 3aBUCUT OT
KoaddurumeHTa $pa3oBoro casmra Mexkay TOKOM W HanpaxKeHnem. ITO NOKasaHo Ha pUCyHKe 25.

100 3
&%)
807 p=60
a0 A
p=50°
70 1
G0 o
p=40:
50 1
p=30
40
=20
30 4 ¥
=102
20 A b
p=0"
10 4
= Ap[]
D = u r T T T ]
1] 5 10 15 20 25 an

Puc.25 [lononHWTeNbHasA NOrPeLHOCTb OT OWKNOBKK $asbl B 3aBUCMMOCTM OT yrna casura ¢as

MNpumep:
Pacuet NOrpeLHoCcTMm M3MepeHuns aKTUBHOM MOLWHOCTUN OCHOBHOWM COCTaBAAOLLEN.

Ycnosua: ¢ = 60°, Urms = Unom , lrms = 5% lnom.

OcHOBHaA NOrpeLHoCTb cocTaBaAeT: + /1,02 + 6§h %.

B pgmanasoHe uyactot 0..200 luy, owmnbka ¢asbl PQM-700 coctaBnser meHee 1°. Mocne noAacTtaHOBKM B
dopmyny:

cos(p+ A4 cos(61°
| _cos(y <o)>:10 (1- (61°)

—— | = 3,049
cosQ cos(60°)> &

Opn = 100(
Takum 06pas3om, NOrpeLwHOCTb MU3MEPEHUA PABHA:
6 = +4/1,0%2 + 3,042 = £3,20%
B Tex »Ke cambix yCI0BUAX, HO Npu casure dasebl @ = 10°, nonyumm:
cos(11°)

=100(1 - ——~
Opn 00( cos(10°)

) =0,32%

A norpeLHoCcTb MU3MepeHunn paBHa:

§ =+441,0240,322 = +1,05%

MpuBeAeHHble Bbllle PacyeTbl He YYMTbIBAOT AOMOAHUTE/bHbIE OWWUOKM, BHOCMMbIE MPU UCNO/b30BaHMUM
TOKOBbIX KNeLwel n TpaHchpOopmMaTopoB.
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10.3.7 daukep

®nukep [dwnanasoH n ycnosua | PaspeleHue OCHOBHas NOrpeLHOCTb
1+10% B npeaenax TabANYHbIX
P (10 muH.) 0,4..10 001 3HaYeHuI CcTaHaapTa
Pi: (2 vaca) AnA Urms 2 80% Unom ’ FOCT P 51317.4.15-2012

(M3K 61000-4-15:2010)

10.3.8 AcummeTpus

AcnmmeTtpus
[dunanasoH 1 ycnosus PaspelwweHne | OCHOBHaA NOrpeLwHoCTb
(HanpsAkeHWe 1 ToK)
KoadpoduumeHT HecmummeTtpum
bouu P 0...10,0% +0,3% (abcontoTHas

npsmoii, 06paTHOM U HyNeBoM
nocnenoBaTeibHOCTH

0,1%

01A 80% Unom < Urms < 150% Unom NnorpeLHoCTb)

10.4 PerucTpanusi COGbITUA - AEHCTBYIOLIME 3HAYEHUS HANIPSDKEHUS U TOKa

HanpsaxeHune Urus
OcHoBHas
(npoBanbl, NnpepbIBaHUA U [dnanasoH Pa3pelieHune
MOrpeLwHoCcTb
nepeHanpsxeHus)
Urms(1/2) 0...120,0% Unom 0,01% Unom +1% Unom
YcTaHaBAMBAOTCA NONb30BaTEIEM B MPOLLEHTAX MO0 B aBCONIOTHbIX
Moporun obHapy*KeHus 3HayeHuAx. ObHapy»KeHMe cobbITUA OCHOBAHO Ha M3mepeHnn Urus(i/2)
(menicTBytolLee 3HayeHMe 3a 1 nepmnoa, obHoBASEMOE Kaxable ¥ nepuosaa).
MpoaoNKUTEeNbHOCTb Yacbl: MUHYTbI: CEKYHAbI: MMﬂl‘IVICGKpr,bI‘ % nepuoga OoAuH nepuon,

2 nepuopa nepep, cobbiTvem + 4 nepnoga nocae cobbiTus

3anucbh ocuMANOrpPaMMbl ..
(Bcero 6 nepmoaos) 256 oTcYETOB 3a Nepuos,

TOK lgmis OcHoBHasn
Jwvana3oH PaspeleHue
(MUHMMYM, MaKCcUMyM) MOrpeLHocTb
Irms(1/2) 0%...100,0% lnom 0,01% Inom +1% lnom
YcTaHaB/MBAOTCA NONb30BaTeIEM B NPOLLEHTAX IGO0 B aBCONOTHbBIX
Moporu obHapyxkeHus 3HaYeHusX. BbisBneHne cobbITMA OCHOBAHO Ha U3MepPEeHUU lrms(1/2)
(melicTBytolLee 3HayeHMWe 3a 1 nepmnoa, obHoBASEMOE Kaxable ¥ nepuosa).
Hpop'on)m/rreanQCTb 4acCbl: MUHYTbI: CEKYHAbI: MUNNCEKYHAbI % nepuoga ‘ OAuH nepunoa

2 nepuoga nepeg cobbiTem + 4 nepnoga nocse cobbiTmA (Bcero 6 nepnoaos)

3anucbh ocuMANOrPaMMbl i
t P 256 oTCc4éTOB 3a Nepuos

10.5 Peructpanus co6bITUM - AOMOJIHUTE/IbHbIE IAPAMETPbI

MapameTtp dnanasoH MeTtoaunka onpeaeneHus

O6HapyKeHne cobbITUA OCHOBAHO Ha
10 cek. usmepeHumn, cornacHo NOCT
30804.4.30-2013 (IEC 61000-4-30:2008)

40...70 'y, (B NnpoueHTax nam

YactoTa (MMH., MaKc.)
abCoMOTHBIX BEIMYMHAX)

MuK-dakTop HanpaxKeHns 1,0..10,0 Ha ocHoBe 3HayeHuA
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(MMH., maKc.)

10/12-nepvoaos

Ha ocHoBe 3Ha4eHunA

lMunk-PpaKkTop ToKa (MUH., MaKc. 1,0..10,0
¢ P ( ) 10/12-nepvoaos
Koa
d)d)VILEVIeHT HECUMMETPUN MO Ha 0CHOBE 3HAYEHUs
obpaTHOM nocnenoBaTeNbHOCTU 0...20,0%
10/12-nepuoaos
HanpaxeHus (makc.)
KoadpuumeHT HecmummeTpum no
o ul P Ha ocHoBe 3HayeHusn
obpaTHOWM nocneoBaTeNbHOCTU TOKA 0...20,0%
10/12-nepuoaos
(makc.)
KpaTtkoBpemeHHana gosa ¢aunkepa P
P P A ¢ pa Fs 0...20 Ha ocHoBe 10-MMHYTHOrO 3Ha4YeHMUA
(makc.)
OnutenbHas gosa pankepa P (Makc) 0...20 Ha ocHoBe 2-4acoBOro 3Ha4YeHms

AKTMBHaA MOLWHOCTb P (MMH., MmaKc.)

B 3aBMCMMOCTM OT
HaCTPOMKM

Ha ocHoBe 3HauYeHun
10/12-nepuoaos
(ans noTpebnsemoit n oTaaBaemon)

PeaKTnBHas moLHOCTb Q
(MKMH., maKc.)

B 3aBucumocTu ot
HACTPOMKM

Ha ocHoBe 3HaueHus
10/12-nepuoaos
(ans noTpebnsemoit n oTaaBaemon)

MonHaa MOWHOCTb S (MUH., MaKc.)

B 3aBucumoctu ot
HACTPOMKM

Ha ocHoBe 3HaueHuA
10/12-nepuoaos

MouHocTb UckaskeHua D/ MonHas
MOLLHOCTb UCKaXXeHUA Sy

B 3aBucumocTtu ot

Ha ocHoBe 3HaueHuA

(MUH., MaKc.) HACTPOMKM 10/12-nepuoaos

KoapdunumeHT mowHocTm PF Ha ocHoBe 3HaueHus
0..1

(MKMH, MmaKc) 10/12-nepuoaos

KoadpduumneHt casura dpas cose/DPF Ha ocHoBe 3Ha4yeHus
0..1

(MMH., maKc.) 10/12-nepuoaos

tge (MUH., MaKc.) 0..10 Ha ocHoBe 3HauyeHus

10/12-nepuoaos

AKTUBHas sHeprus Ep (Makc.)

B 3aBucumoctu ot
HACTPOMKM

MpoBepKa NpeBbIWEHNA KaxKable
10/12-nepuogos
(ons noTpebnsemoit n oTaaBaemon)

PeakTnBHas sHeprusa Eq (MaKc.)

B 3aBucumoctu ot
HaCTPOMKM

MpoBepKa NpeBbIleHNA KaXKable
10/12-nepuogos
(ona notpebnsemoit n oTaaBaemoit)

MonHas aHeprus Es (makc.)

B 3aBucumocTtum ot

MpoBepKa npesblleHUA Kaxable

HaCTPOWKM 10/12-nepuosos
KoapduumeHT rapmoHnYecKmx 0..100% Ha ocHoBe 3HayeHwus
nckaxkeHnn THDg HanpsaKeHus (MakKc) ? 10/12-nepunoaos
KoapduumeHT rapmoHnYecKmx 0..200% Ha ocHoBe 3HayeHwus

ncKaxkeHnn THD¢ Toka (makc.)

10/12-nepuoaos

AMNANTYAbl TAPMOHUK HaMpPAXKEHUA
(makc.)

0..100%, nnun
abCconoTHbIE 3HaYeHuA

Ha ocHoBe 3HayeHwuA
10/12-nepuoaos;
Hesasncmumble noporu ansa scex
rapMoHWUK B AnanasoHe 2...40

AMNAUTYAbI TAPMOHMK TOKa (MaKc.)

0...200%, nnun
abCconoTHbIE 3HaYeHuA

Ha ocHoBe 3HayeHwus
10/12-nepuoaos;
Heszasncmmble noporu ans scex
rapMoHUK B AnanasoHe 2...40
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10.6 'uctepe3uc perucTpayum COObITUA

I'McTepesnc perncTpaummn cobbitus

JnanasoH MeTtoaunka onpeaeneHus

Mnctepesnc

0...10%
c warom 0,1%

[na Kaxaoro U3 napameTpoB PacCUUTLIBAETCA KaK
MPOLLEHT OT MaKCMMa/IbHOTO 3HaYeHus nopora.

10.7 U3MepeHHUe NyCKOBOT'0 TOKa

OdunanasoH [A, %]

Paspeluenue [A, %] OcHOBHasA NOrpeLHocTb

0...100% I,

0,1% +0,5% In

e lI3mepeHune HanpAMKeHMA M TOKa KakAdble ¥ nepuoga BO BCex KaHanax (ycpeaHeHue Kaskaple %

nepuoaa);

e MakcmmanbHoe Bpemsa namepeHumsa 60 cek.

10.8 Peructpanusa

Peructpatop

Bpema ycpegHenua Y

1 cek., 3 cekK., 10 cekK., 30 ceK., 1 muH., 10 munH., 15 muH., 30 MmuH.
CneumanbHbI peXum: % nepuoaa (ana perucrpaumm CUrHanos c
OrpaHUYeHHbIM BpeMeHeM 3anucu o 60cek., Hanpumep, NYCKOBOMA
TOK)?

YcpegHeHne muH/makc ans Urwms

% nepnoga, nepuog, 200 mc, 1 cek., 3 cek., 5 cek. ©

YcpegHeHne muH/makc ansa lrws

% nepuoga, nepmog, 200 mc, 1 cek., 3 cek., 5 cek. &

3anucb ocumnnnorpamm

BO3MOXHOCTb 3anu1cu 3-x nepmnoaos ocUMUNNOrpaMm akKTUBHbIX
KaHa/10B Nocne KaxXaoro nepmnoaa ycpegHeHuA

PexXnmbl 3anycKa permcrpaumum

PyuHo
Mocne nepeoro obHapyXeHHOro cobbiTna
Mo pacnucaHuio (YeTbipe 3aaHHbIX MHTEPBANA BPEMEHMU)

Toukn namepeHma

1, He3aBMCUMaR KOHOUrypauua Nonb3osaTens.

Bpema perunctpauumm

3aBMCKT OT KOHOUTYpaLmm

MamsaTtb

BcTpoeHHasa kapTa namatn 2 b

Mogenb namatm

JInHenHasn

be3sonacHocTb

BNIOKMpPOBKa KNaBMaTypbl OT HECAHKLUMOHWPOBAHHOIO A40CTyNa

(1) Bpems ycpeaHeHus meHblie 10 ceK. B AeUCTBUTENIbHOCTU PaBHO KPAaTHOMY OT OCHOBHOM Y4acTOTbl CETU:
1 cek. —50/60 nepuogos, 3 cek.— 150/180 nepunoaos.
(2) Urmsii/z) U lrmsii/z) ABNAIOTCA AEUCTBYIOWMMM 3HAYEHUAMM 33 1 nepuon ¢ OBHOB/MEHMEM Kaxaple %

nepunoaa

(3) Mepuoabl ycpegHeHUa MuH./maKc. 1 cek., 3 ceK. B AeNCTBUTENIbHOCTU paBHbl KPaTHOMY OT OCHOBHOM
yacToTbl ceTu: 1 cek. — 50/60 nepuoaos, 3 cek. — 150/180 nepmnoaos.

CpegHee | MuHMmanoHoe |MaKkcumanbHoe| MrHoOBEeHHOE
Pernctpupyemolie napametpbl
3Ha4yeHune 3Ha4yeHune 3Ha4yeHune 3HayeHune
JericTBytolee 3Ha4yeHne
¢dasHoro/nuHenHoro HanpaskeHus Ugws (B . . . .

3aBUCMMOCTHM OT TUNA CXEMbI)

[JericTBylolee 3Ha4YeHNe IMHENHOTO
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HanpAXeHus (ToNbKo B 3-x pasHoOM cxeme
«3Be3ga» ¢ N n 2-x pasHoit) Urms

Jencreytollee 3HaYeHME TOKa lrms

YacToTa f

Muk-dpakTop HanpaxeHua CF U

Muk-dakTop ToKa CF |

KoaddurumeHTbl HecummeTpun no obpaTHOM U
NpPAMON NocnefoBaTe/IbHOCTH,
CUMMETPUYHbIE COCTaBAAOLWME: NPAMON,
obpaTHOWM M HyNeBOW NOCNeA0BaTENbHOCTU
(HanpskeHue) Ug, U1, Uy, ug, Uz

KoadpnumneHTbl HecMMMeTpUM N0 06PATHOM U
npAMOoK Nocnen0BaTeIbHOCTY,
CUMMETPUYHbIE COCTaBAAIOLLME: NPAMOWN,
obpaTHOI 1 Hy/NeBOM Noc/iIe0BaTe/IbHOCTH

(ToK) lo, 11, 12, lo, 12

[o3bl dnnkepa P u Py

AKTMBHaA MOLLHOCTb (NoTpebaseman u
oTpasaemas) P., P.

PeaKTMBHasA MoLWHOCTb (NoTpebiaemas 1
otaasaemasn) Qus, Qi-/ Qe+, Qs

MonHaa mowHOCTL S

MowHOCTb UcKaxKeHuna D. NonHaa mowHOCTb
NCKaXKeHmnAa Sy

KoappuumeHTt mowwHoctm PF

KoadpduumneHt casura dpas cose/DPF

tge

AKTUBHaA sHeprua (notTpebnsemasn u
oTpasaemasn) Ep., Ep.

PeakTuBHaA aHeprua
(noTpebnaemas n otaasaemas) Eqs, Eq-

MNonHaa sHeprua Es

KoadpdmumeHT rapmoHNYECKUX UCKaXKEHUN
THDr HanpAXKeHuA

KoadPpUumneHT rapmoHUYECKNX UCKAXKEH U
THDr TOKa

KoaddpnumneHT nckaxkeHmns toka TDD

AMNANTYAbl TAPMOHUK HaMpPAXKEHUA
Un1...Unao

AMNANUTYAbI TAPMOHUK TOKA lh1...Ihao
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10.9 [IuTaHue U HarpeBaTeJib

MutaHue

[ManasoH BXOAHbIX HANPAKEHN

100...415 B nepemeHHoro ToKa 40...70 Iy,

140...415 B nocTtossHHOTO TOKa

KaTteropus snektpobesonacHoctu CAT IV/300 B
MNoTtpebnsemas MOLHOCTb MakcumanbHas 30 BA
AKKymynatop Li-lon 4,4 Ay

Bpemsa paboTbl aHann3aTopa OT aKKyMynaTopa [0 64yacos

Bpemsa 3apsaaKkM akkymynsTopa (MoSHOCTbIO Pa3pAKEHHOrO) 8 yacos
MoTpebnsemblit OT aKKYMyNATOPa TOK B PEXKUME BbIK/TIOYEHHOTO

aHanmsartopa (Npw OTCYTCTBMM CETEBOrO NUTAHUA, HE OTHOCUTCA | < 1 MA

K PEXMMY 3aLUTbI OT KParku)

HarpesaTtenb

Mopor TemnepaTypbl BKAOYEHUA HAarpesaTena t<0°C

MuTaHne HarpesaTena

BCTPOEHHbIN UCTOYHMK NUTAHUSA
nepemMeHHOro ToKa

MowHoCTb HarpeBaTenA

MaKkcnmanbHaa 5 Bt

10.10MoaaepkuBaeMblie CeTU

Tunbl NoaaeprKMBaEMbIX CETEN (KOCBEHHO WM Hanpamyto)

1-dpasHan

OaHodasHasnA, ¢ HenTpanbHbIM NPOBOAOM (pasbémbl L1, N)

2-x pa3Han
(c pacwennéHHol dason)

AByxdasHas, c HelTpanbHbIM NpoBoaoMm (pasbémbl L1, L2, N)

3-x pa3Has «3Be3aa» C
HelTpanbto

TpéxdasHas, Tuna «3Be3aa» c HelTpanbto (pasbémsbl L1, L2, L3, N)

3-x pas3Has «TPeyroNbHUK»

TpéxdasHas TMna «TpeyroibHUK» (pasbémsbi L1, L2, N)

3-x pa3HanA «TPeyrosibHUK»,

cxema ApoHa TOKOBbIMU Knelwamun

TpéxdasHas, TMna «TpeyronbHUK» (pasbémsl L1, L2, N), c oBymsA

3-x pa3Has «3Be3ma» C

M30/IMPOBAHHON HENTPAbIO L1, L2, N)

TpéxdasHan, TMNa «3Be34a» C U30IMPOBAHHOM HENTPabIo (pasbEMbl

3-x pa3Has «3Be3ma» C
N30/IMPOBAHHON HEMTPabIo,

cxema ApoHa

TpéxdasHas, TMna «3Be34a» C U30/IMPOBAHHON HEUTPaA/bO (Pa3bEmbl
L1, L2, N), c 4ByMA TOKOBbIMM KNeLlamm

10.11 ToaaepxuBaeMble TOKOBbIE Kl

Tunbl NoaaepKMBaeMbIX TOKOBbIX KneLlein

-1 Kneuwm rubKkne (noac POroBckoro), MakcMmanbHbli guameTp — 360 mm, AnanasoH nsmepenus 3000
Arwvis

E-2A Knewwm rubkume (noac PoroBckoro), MakcumasnbHbIi gnameTp — 235 mm, AnanasoH namepenus 3000
Arms
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E-3A Kneuwm rubKkmne (noac POroBckoro), MakcMmanbHbl agvameTp — 120 mm, AvanasoH nsmeperus 3000
Arms

C4 Kneww tTnna CT, nepeMeHHOro Toka, AnanasoH namepenuma 1000 Agyvs, 1 MB/A

Kneww tTnna CT ¢ gaTynkom Xonna, nepemMeHHoro/nocTosHHOro Toka, AnanasoH nsmepexma 1000

C-5
Arms, 1 MB/A

C-6A | Knewwm tvna CT, nepeMeHHOro ToKa, A/19 MaJjibiX TOKOB, AMana3oH namepeHusa 10 Agms, 1 MB/10mA

Cc-7 Kneww tnna CT, nepemeHHOro Toka, AnanasoH nsmepenumsa 100 Arus, 5 MB/A

NpumeyaHue:
Knewu c 6ykeoli «A» 8 KoHUe 0bo3Ha4yeHuUA (Hanpumep, F-3A) —amo eapuaHm Kaew,eli c asmomamu4eckum

pacno3HasaHuUem ux mura 8 coemecmumeix ycmpolicmeax. OcmasbHble napamempsl UGeHMUYHbI KAewam
6e3 noddepxKu hyHKUUU pacrno3HasaHus. PacrnosHasaHue muna kneuweli docmynHo 8 aHanuzamope PQM-
700 c sepcuamu npowusku HWc u 6onee HosbimMu, a makxe ¢ npoepammoli eepcuu 1.30 unu 6onee
Mo30HUMU.

10.11.1 Knemu C-4

Tokosble knewmn C-4 npefHasHayeHbl AN1A U3MEPEHUA MEPEMEHHON0 TOKA B 3/1EKTPUYECKUX YCTAHOBKAX
Manon U cpegHel MOLWHOCTU. BbIXOAHbIM CUTHANOM ABAAETCA HAMNPAMXKEHWEe, MPOMNopLUOHaNbHOE cuie
M3Mepsemoro TOKa. BbixogHol curHan nepepaétca no 1,5-metposomy Kabesno, 3akaH4YMBarOWMIACA
COOTBETCTBYHOLMM PA3BEMOM.

CTpenka, pasmelléHHAn Ha OAHOW M3 CTOPOH, YKa3blBaeT HanpaBieHWEe 3/1EeKTPUYECKOro Toka. MpuHAaTo
CYMTaTb, YTO TOK TEYET B NONIOMNKUTENbHOM HanpaB/ieHUU, eClN OH ABUMKETCA OT UCTOYHMKA K NPUEMHUKY.
Takaa opueHTauus Knellei Tpebyetca ANA NPaBUIbHONO N3MEPEHMA MOLLIHOCTHU.

Puc. 26 TokoBblie Knewm C-4

BHuMaHue &

Henb3Aa namepatb Toku Bbiwe 1200 A. CnegyeT OrpaHMumMTb Bpema nsmepeHua Toka ao 1000 A, cornacHo
cneayowym AaHHbIM:

[JunanasoH Toka 1 <1000 A 1000 A<I1<1200A
Perknm paboTbl HenpepbIBHbIN? 15 muHyT namepeHus, cnegytowme 30 MUHYT Nepepbis.
U na yactotbl f < 1 KMu. OrpaHMYEHNA MaKCMManbHOrO 3HAYEHWA TOKa NpU HenpepbiBHOMN paboTe Ana

YyacToTbl Bbiwe 1 Kl B COOTBETCTBUM € 3aBUCUMOCTBIO lyare = 1000 A/f [KIL).
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BHMMaHue /i\

Henb3a Mcnonb3oBaTb K/ewmM Ha HEU30/IMPOBAHHbIX NPOBOAHMKAX C NoTeHuuanom 6onbwmm 600 B no

OTHOLWEHUIO K 3em/1ie U B YCTAHOBKax M3M9pMTeI'IbHOFI KaTteropwuu Bbiwwe lll.

HopmasbHble yCnoBuaA 418 NOBEPKM

Temnepatypa

20...26 °C

OTHOCUTENbHAA BNAXKHOCTb

20..75 %

Mosnyma nposoga

NpoBOJ, B LLIEHTPE, OTHOCUTE/IbHO 3aXKUMOB Knellein

YacToTa CMHYCcOMAanbHOro TOKa 48...65 Ty,
KoadpdmumeHT rapmMmoHNYECKUX UCKaXKeHUI <1%
MNMocTosHHAA cocTaBAAoLWLANA TOKa Hy/ieBan

[TocTossHHOE MAarHUTHoOE noae

<40 A/m (marHuTHoe none 3eman)

NepemeHHOe BHelWHee MarHUTHoe nose

Hynesoe

MpoBoaa B HenocpeAcTBEHHON 611M30CTH

OTCYTCTBME NPOTEKAOLWEro N0 HUM TOKa

AnanasoH ToKa OcHosHas norpewwHoctb'Y OwmnbKa dasbl
0,1..10A <2%+0,1A He onpeaeneHa
10...50 A <3% <3°
50...200 A <1,5% <1,5°

200...1000 A <0,75% <0,75°
1000...1200 A <0,5% <0,5°

) g % OT U3MepPAEMOi1 BEZIMUUHDI

TexHnyeckune napameTpbl

BbIXOAHOI‘;I CUrHan gna MakCMmasibHOro Toka

1 B nepemeHHOro ToKa

CooTHOLWeHne

1 mB/ 1A ana nepemeHHOro ToKa

YacToTHbIN AManasoH

30 y...10 Ky,

Tun usonaunm

[BOViHasA, B COOTBETCTBUM C
rOCT IEC 61010-2-032-2014

N3meputenbHada Kateropma no
FOCT IEC 61010-2-032-2014

[11 600 B

CreneHb 3aLMTbl, COTNACHO
FOCT 14254-2015 (IEC 60529:2013)

IP40, c oTKpbITbIMMK I'y6Kamu IP30

Pasmepbl 216 x 111 x 45 mm
Macca OoKono 640 r
PackpbITue 3axkKnmos 53 mm

OxBaT OTKPbLITbIX 32XKUMOB 139 mm
MaKcuMManbHbIi gMameTp nsmepaemoro nposoga | @ 52 mm

OnvHa Kabens kneuweh 1,5m

[nanasoH paboumx Temnepatyp -10..55 °C
BnarkHoCTb <85 %

BbicoTa Hag ypoBHEM MOpA <2000 m

3ﬂeKTpOMa FTHNTHaA COBMECTUMOCTb

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
rOCT 30804.6.2-2013 (IEC 61000-6-2:2005)
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10.11.2 Knemu C-6A

Knewm C-6A npepgHasHayeHbl AN U3MEPEHUs NepemMeHHOro Toka 4yactoton o 10 Kly B gmanasoHe 10
MA...10 A.

BbIXOAHbIM CUrHaNIOM ABNAETCA HanpAXkeHue, NponopuMoOHaNbHOE Cuae U3MepAemMoro TOoKa ¢
yysctBuTenbHocTbto 100 MB/A. OHo nepepaetca no 1,5-meTpoBomy Kabento, 3aKaHYMBaloOLMICA
COOTBETCTBYIOLWMM PA3bEMOM.

CTpenKa, pa3MELLI,éHHaF| Ha O,D,HOﬁ M3 CTOPOH, YKa3blBae€T HaMpaB/ieHNE 3/IEKTPUYECKOIO TOKa. anIHFlTO
CYMTaTb, YTO TOK TEYET B NONOKUTE/IbHOM HAMNPaBAEHUU, €C/IN OH ABMXKETCA OT UCTOYHMKA K MPUEMHUKY.
Takan OopHueHTaumAa KI'IeLI.I,eﬁ TpEGYETCﬂ AnAa NpasnibHOIo UsMmepeHnAa MOLHOCTH.

Puc.27 Tokosble kKnewm C-6A

BHMMaHue &

Henb3a ncnonb3oBaTb KAeLwm Ha HEU30/IMPOBAHHbIX NPOBOAHMKAX C NoTeHuManom 6onee 600 B CAT III.

Hopmaanble ycnosuAa gnAa noBepku

Temnepatypa 20...26 °C
OTHOCUTENbHAA BNA*KHOCTb 20..75%
Mo3nuua nposoga NPOBOA B LLEHTPE, OTHOCUTENBHO 3aXKMMOB Knellemn
YacToTa cMHycoMAaaibHOro TOKa 48...65 'y,
KoadpdmumeHT rapmMoHNYECKUX UCKaXKEHUN <1%
MocToAHHAA coCTaBAAOLLAA TOKA Hy/eBan
MocToAHHOE MarHUTHoe none <40 A/m (marHuTHOe nose 3emnn)
MNepemeHHOe BHellHee MarHUTHoe noJse Hy/ieBoe
MpoBoga B HeNocpeacTBEHHON 6AM30CTU OTCYTCTBME MPOTEKAIOLLErO NO HAM TOKA
[nana3oH Toka OcHoBHas norpewHocTb'Y Owmnbka dasbl
0,01..0,1A <3%+1mA He onpeaeneHa
01..1A <2,5% <5°
1..12A <1% <3°

() g % OT U3MEpPAEMOIN BENUUHDI
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TexHuyeckre napameTpbl

CooTHOLWeHue

100 mB /1 A ana nepemMeHHOro Toka

YacToTHbIN AManasoH

40 lNy...10 Kly,

Tun nsonauymm

[BOIHasA, B COOTBETCTBUM C
OCT IEC 61010-2-032-2014

M3meputenbHaa Kateropua no NOCT IEC 61010-2-
032-2014

[11 600 B

CTteneHb 3auwuThl, cornacHo FOCT 14254-2015 (IEC
60529:2013)

IP40, c oTKpbITbIMK TyBKamun IP30

Pasmepbl 135 x50 x 30 mm
Macca OKoso 240 r
PackpbITne 3axknmos 21 mm

OxBaT OTKPLITbIX 3a*KUMOB 69 mm
MaKcuManbHbIi gMameTp nsmepaemoro nposogda | @ 20 mm

OnvHa Kabens Kneweh 1,5m

[dunana3oH pabounx Temnepatyp -10...55 °C
BnaxHOCTb < 8%

BbicoTa Hag ypoBHEM MOpA <2000 m

DNeKTpoOMarHMTHaA COBMeCTUMOCTb

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
rOCT 30804.6.2-2013 (IEC 61000-6-2:2005)

10.11.3 Knemu C-7

Knewwm C-7 npegHasHayeHbl 419 U3MePEHUA NEPEMEHHOIO TOKa B CETAX HU3KOIO U CPeAHEro Hanps»KeHus B

ananasoHe go 100 A.

BbIXOAHbIM CUFHa/NIOM ABAAETCA HanpaXKeHue,
yyBCTBUTENbHOCTBIO 5 MB/A. OHO nepepaértca

COOTBETCTBYIOLLMM Pa3bEMOM.

NPOMNOPLMOHabHOE CWUAe M3MEPAEMOro TOKa

C

no 1,5-metpoBomy Kabeno, 3aKaH4YMBaKOLLMIACA

CTpesika, pasmelLléHHas Ha OAHOMN M3 CTOPOH, yKasblBaeT HamnpaB/ieHWe 3/1eKTPUYECKOro ToKa. [MpuHATO

CYMTATb, YTO TOK TEYET B NMOJNOKUTE/IbHOM Hanpas/aeHUn, eciin OH ABUXKETCA OT UCTOYHUKaA K I'IpVIéMHVIKy.

TakaA opmneHTauua KI'IEU.I,EVI TpE'6YE'TCFI AnAa npasnibHOro NamepeHmAa MOoLHOCTH.

Puc.28 TokoBble knewm C-7
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BHMMaHue &

Henb3a ncnonb3oBaTb Kaewm Ha HeM30/IMPOBaHHbIX NPOBOAHUKAX C noTeHuManom 6onee 300 B CAT III.

HopmasbHble yCNoBuUA 418 NOBEPKM

Temnepatypa

18...28 °C

OTHOCUTENbHAA BNAXKHOCTb

<85 % (6e3 KoHAeHcalmMK Biaru)

YactoTa OCHOBHaA NOrpeLHoCTb Owwnbka dasbl
45...65 'y, 1+0,5% +0,1 mB <2°
40 lNu...1 Ky, 11,0% 0,2 mB He onpeaeneHa

TexHnyeckune napameTpbl

CooTHOWweHne

5mB /1A ananepemeHHOro Toka

lNonHoe BbIXOAHOE CONPOTUBIEHUE

11 Om

Twun nsonaumm

[ABOMHas, B COOTBETCTBUN C
FOCT IEC 61010-2-032-2014

M3meputenbHaa kateropua no NOCT IEC 61010-2-032-2014 11300 B
Pasmepbl 100 x 60 x 26 mm
Macca okosno 160 r
MaKcumanbHbIN AMaMeTP U3MepsAemMOoro Nnposoaa @ 24 mm

OnvHa Kabens kneweh 1,5m

OnanasoH pabounx TemnepaTyp 0..50°C

OTHOCUTENbHAA BNAXKHOCTb

< 85% (b6e3 KoHaeHcaunun Bnaru)

3J'IeKTpOMa FTHNTHaA COBMECTUMOCTb

rOCT P M3K 61326-1-2014

10.11.4 Knemu F-1, F-2A, F-3A

MMbKne kKnewwm (KaTtywka Porosckoro) F-1, F-2A n F-3A npegHasHayeHbl 419 U3MEPEHUA NePEMEHHOro ToKa

c yactoTton o 10 kl'y, B AnanasoHe 1...3000 A. TokoBbie rnbKue Knewm F-1, F-2A un F-3A oTandatotca mexay

cob60# TO/IbKO MaKCMMabHbIM AMameTpom obxBaTa. DNeKTpUYecKmMe napameTpbl UAEHTUYHDI.

BbIXO4HbIM CUTHA/IOM ABASETCA HaMnpsXKeHWe, NPonopuMoHaibHOe NPOM3BOAHOM U3MEPAEMOro ToKa npu
yyscTeuTenbHocTM 38,83 mB/1000 A ana 50 'y n 46,6 mB/1000 A ans 60 I,

Puc.29 Knewwm F-1

Pnc.30 Knewwm F-2A

Puc.31 Knewm F-3A

BbixogHOW cuUrHan nepepaétca no 2,2-Xx MeTpoBOMY Kabesnlo, 3aKaHYMBalOWMIACA COOTBETCTBYHOLLUM

pa3bémom AN noaxoaallero rHesga B npubope.
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CTpenKa, NoOMeLLEHHAA Ha 3acTerKKe Kl'IeLI.I,e%, YKa3blBa€T HanpasB/ieHUE 3/1EKTPUYHECKOIO TOKa. |_|pVIH‘r'ITO

CUYMTaTb, YTO TOK TEYET B NONOMKUTE/IbHOM HAMpasBAeHUU, ec/in OH ABUXKETCA OT UCTOYHUKA K MPUEMHUKY.

Takan OopUueHTaumAa KI'IELI.I,Eﬁ TpEGYETCﬂ ANnAa NpasuibHOIo UsmepeHnAa MmOLHOCTH.

BHMMaHue &

Henb3a ucnonb3oBaThb Knelu Ha HeM30/1IMPOBaHHbIX NPOBOAHUKAX C NoTeHuManom 6onee 1000 B CAT il

nnmn 600 B CAT IV.

HOpMa}'IbeIe ycnosua gnAa noBepku

Temnepatypa

18..22 °C

Mosnyma nposoga

NpPOBO/A, B LLIEHTPE OTHOCUTENIbHO NETAN KNellemn

MocToAHHOE MarHUTHoe none

< 40 A/m (marHuTHOe none 3emnu)

HEPEMEHHOE BHELWIHEE MarHMTHoe none

Hynesoe

BHewHee aneKkTpnyeckoe none

Hynesoe

TexHUYECKMEe XapaKTEPUCTUKM

HoMWHaNbHbIN ANANA30H U3MEpPEHUS

1...3000 A (10000 A nukosoe ans 50 u)

KoadpduumeHT Bxoa/sbixo, 38,83 mB/1000 A (50 'u), 46,6 mB/1000 A (60 I'u)
OcHOBHasa norpeLwHocCTb 1+1% B ananasoHe 1...3000 A
JInHenHoCTb 10,2%

JononHutenbHaa NorpewHocTb:

- OT NO/ZI0XKEHNA NpoBoAa

+2% MaKcMmanbHO

- OT BHEWHEro marHMTHOro nona

10,5% makcMmanbHO

- OT TemnepaTypbl

+0,07%

BbixogHoe conpoTtusneHue

30 Om/400 mm

Tun usonaunm

ABOWMHas, B cootBeTcTBUM ¢ FOCT IEC 61010-2-
032-2014

M3mepuTtenbHas Kateropma no NOCT IEC 61010-2-032-

2014 [11 1000 B
CTteneHb 3awmThl, cornacHo FOCT 14254-2015 (IEC P65
60529:2013)

AnameTp KaTyLwKun 15,5 mm
OnameTp 3acTerKn (MakCMManbHbIN) 30 mm
OnnHa oKpyKHOCTU F-1 120 cm
ONnHa oKpyKHOCTU F-2A 80 cm
ONnHa oKpyKHOCTU F-3A 45 cm
BHYTpeHHUI aAnameTp nocne 3actermBanuna F-1 360 mm
BHYTpeHHUI AnameTp nocne 3acternsanma F-2A 235 mm
BHYTpeHHUI AnameTp nocne 3acternsaHma F-3A 120 mm
Macca F-1 okono 410r
Macca F-2A okono 310r
Macca F-3A OK0n0 2201
OnvHa Kabensa rubkux Knewen 2,2 m
[dnanas3oH paboumnx Temnepatyp -20...80 °C

3}'IeKTpOMa FTHNTHaA COBMECTUMOCTb

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
rOCT 30804.6.2-2013 (IEC 61000-6-2:2005)
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10.12 UnTepeiic

Twun coeauHeHuUA

usB

ONTUYECKN M30IMPOBAHHbIN, MaKCMManbHaa CKOPOCTb nepeaaun: 921,6 kéut/c.
CosmectmocTb ¢ USB2.0.

10.13 Yci10BuUs OKpyKawileH cpeabl M Apyrue TeXHu4ecKue JaHHble

JononHutenbHble xa PaAKTEPUCTUKN

[nanasoH pabounx TemnepaTyp

-20...55 °C

[Junana3oH TemnepaTyp Npu XpaHeHUU

-30...60 °C

BnaxKHoCTb

10...90 % c BO3MOKHOM KOHAeHcauuemn

CreneHb 3awmThl, cornacHo NOCT 14254-2015
(IEC 60529:2013)

IP65

Hopmaanble ycnosuAa gnAa noBepku

TemnepaTtypa oKpyatouen cpegbl: 23°C + 2°C
BnaxkHocTb: 40...60 %

Pasmepbsl 200 x 180 x 77 mm (6e3 npoBoaoB)
Macca OKo0n0 1,6 Kr
Oucnnen 5 cBETOAMOA0B, CUTHANUIUPYIOLMX PEXMM PabOoTbl

MamATb ANA XpaHEHWUs AaHHbIX

CmeHHan KapTa namat 2 6 (ctaHaapTHO), ¢
BO3MOXHOCTbIO paclumpenus go 8 b (onumoHanbHoO)

10.14 Be30naCHOCTH U 3JIEKTPOMArHUTHasA COBMECTUMOCThb

besonacHocTb n 3/1EKTPOMArHNTHAaA COBMeCTUMOCTb

CooTBeTcTBME

rOCT IEC 61010-2-032-2014

KaTteropusa anektpobesonacHocTu

IV 600B — nameputenbHble Bxoapl, IV 300 B — nutaHue, no
FOCT IEC 61010-2-032-2014

Knacc 3awmthbl

[BoliHasa nsonsaums, cornacHo NOCT IEC 61010-1-2014
FOCT IEC 61557-1-2005

3J'IeKTpOMa FTHNTHaA COBMeECTUMOCTb

FOCT P M3K 61326-1-2014
rOCT P 51522.2.2-2011 (M3K 61326-2-2:2005)

YCTOMYMBOCTb K MOMEXam Ha PaaAnMo4acToTax

IOCT IEC 61000-4-3-2016

CMHycouaanbHasa moaynaumna 80% AM, 1 kly,
80...1000 Mrwu, 10 B/m

1,4..2,0 Ty, 3 B/m

2,0..2,7 Tu, 1 B/m

YCTONYMBOCTb K 3/1€KTPOCTaTUYECKUM
paspagam

rOCT 30804.4.2-2013 (IEC 61000-4-2:2008)
Paspsapg B Bo3gyxe: 8 KB
Pa3paa KOHTaKTHbIM: 4 KB

YcTOM4mMBOCTDb K HaBedeHHbIM NOMeXam,
MHOYUMPOBAHHbIM PaANO4aCTOTHbIM NOJ1IEM

FOCT P 51317.4.6-99 (M3K 61000-4-6-96)
CuHyconpanbHasa mogynaumya 80% AM, 1 Kkly,
0,15..80 Ml'y, 10 B

YCTOMUYMBOCTb K Cepum BbICTPbIX
3NEKTPUYECKUX NEPEXOAHbIX COCTOAHNI

FOCT IEC 61000-4-4-2016
Amnauntyga 2 KB, 5 Kl'y,

YCTOMYMBOCTb K YAaPHbIM MMMNYAbCam

FOCT P 51317.4.5-99 (M3K 61000-4-5-95)
Amnantyaa 2 kB (L-L)

dmucema n3ny4aemMbiX NOMeEX Ha paano4v4acTtoTax

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
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30...230 Mru, 30 a6 (MKB/m) Ha paccTtoaHumn 10 m
230...1000 Mru, 37 ab (MkB/m) Ha paccToaHMM 10 m

dmucema KOHAYKTUBHbIX MOMEX

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
YpPOBHU A4/1A KBa3MNMKOBOIO AeTeKTopa:
0,15 Kklu...0,5 Mrl'u: 66...56 gbmKB

0,5..5 Mrl'u: 56 abmkB

5...30 Mrl'u: 60 abmkB

10.15 CrangapThl

CraHaapThl

MeToabl nsmepeHua

FOCT 30804.4.30-2013 (IEC61000-4-30:2008) knacc S

TOYHOCTb M3MEPEHUA

FOCT 30804.4.30-2013 (IEC61000-4-30:2008) Kknacc S

KauecTtBo aHeprum

NOCT 32144-2013

®dnukep

rOCT P 51317.4.15-2012 (M3K 61000-4-15:2010)

FapmoHUKKn

rOCT 30804.4.7-2013 (IEC 61000-4-7:2009)

CraHga PT KayecTBa

pa3paboTKa, NPOeKTUpOBaHME N NPOU3BOACTBO cornacHo ISO 9001

11 KOMIVIEKTALIUA

11.1 CraHaapTHAsA KOMIIEKTal A

HanmeHoBaHue Kon-Bo UHaeKc
AHannsaTop NapameTpoB KavyecTBa a/eKTpuleckom aHeprumn PQM-700 1 wr. WMRUPQM700
PykoBoacTBO no skcnayataumu/Macnopt 1/1 wr. |-

ApanTtep gns NogKAoyYeHus K ogHodasHol cetn AZ-1 1 wr. WAADAAZ1
3axkum «Kpokoann» n3onmpoBaHHbI ronyboit K02 1 wr. WAKROBU20K02
3axnum «KpoKoamn» n3oanpoBaHHbIN KpacHbI KO2 2 Wr. WAKRORE20K02
3axnum «KpoKoama» n3oanpoBaHHbIN Y€pHbii KO1 3 wr. WAKROBL20K01
Kabenb nocnegosatenbHoro nHtepoerica USB 1 wr. WAPRZUSB
KomnneKkT gna pukcaumm pemHen 1 wr. WAPOZUCH4
Habop ana moHTtaxka Ha DIN-peiike 1 wr. WAPQOZUCH3
PemHM ansa Kpenexa Ha ctonbe (2 wr.) 1 wr. WAPOZOPAKRU
CoefMHUTENb INEKTPUYECKUI — afZanTep MarHUTHbIM AM-4 4 . WAADAUMAGKRU
®yTthap L5 1 wr. WAFUTL5

11.2 lono/IHUTE/IbHASA KOMIIJIEKTAL s

HanmeHoBaHue UHaeKc

Knewwy rmbkume F-1 WACEGF10KR
Knewm rubkue F-2A WACEGF2AOKR
Knewm rmbkue F-3A WACEGF3AOKR
Knewm namepurtenoHble C-4 WACEGC40KR
Knewm nameputenbHbie C-6A WACEGC6AO0OKR
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http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=435
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=348
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=347
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=343
http://www.sonel.ru/ru/products/accessories/wires/detail.php?id4=408
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=535
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=534
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=536
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=518
http://www.sonel.ru/ru/products/accessories/cases/detail.php?id4=538
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=381
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=382
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=383
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=384
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=386

Knewm namepurenbHbie C-7 WACEGC70KR
KomnneKkT nsmeputenbHbix pasbeémoB A Gpa3HbiX U HyeBbix WKH AR-468 WAADAR468RU
CoeguHnTenb anekTpmnyeckmn — agantep AC-16 WAADAAC16
CoeMHUTENb INEKTPUYECKUIN — afanTep MarHUTHbIi AM-4 WAADAUMAGKRU
CoeavHUTENIb 3N1EKTPUYECKUIA — aganTtep ¢ pesbboit M4/M6, mogens AR-1 WAADAM4M6

12 OBC/IYKUBAHHUE IIPUBOPA

BHUMaHMe &

B cnyyae HapyweHuUs NpaBuAa 3KCNayaTauun obopyAoBaHUA, YCTAHOB/IEHHbIX U3rotoButenem, MorKeT
YXYALWNTbCA 3aWuMTa, NPUMEHEHHAnA B AaHHOM npubope.

Kopnyc nameputena mMOXHO YUCTUTb MAFKON BnaxKHOW ¢dnaHenbto. Henb3Aa MCnosib30BaTb PacTBOpPUTENM,
abpasuBHble YnUCTAWME cpeacTBa (NOPOLLKM, NACTbl U TaK Aanee).

JNEeKTPOHHaA CXeMa M3MepUTeNs He HYKAAEeTCA B UYMCTKE, 3a WCKAOYEeHMEeM THE3L, MOAKNoYeHUs
N3MepUTE/IbHbIX NMPOBOAOB.

M3mepuTenb, YNaKoBaHHbIM B MOTPEBUTENbCKYIO M TPAHCMNOPTHYIO Tapy, MOXeT TPaHCMopTUPOBaTbLCA
Nto6bIM BUAOM TpaHcnopTa Ha Ntobble paccToAHMA.

[onyckaeTca YMCTKa THE3A MOAKNOYEHUA U3MEPUTE/NbHBIX MPOBOAOB C MCMO/b30BaHUEM 6e3BOPCUCTbIX
TaMMOHOB.

Bce ocTanbHble paboTbl N0 06CAYKMBAHMIO NPOBOAATCA TONLKO B aBTOpm3MpoBaHHom CepBucHom LleHTpe
000 «COH3/».

PeMoHT npnbopa ocyLecTBAAETC TO/bKO B aBTOpM30BaHHOM CepBUCHOM LieHTpe.

13 YTUWIN3ALUA

N3mepuTenb, npeaHasHayeHHbI AAA yTUAM3aumu, cnepyeT nepepatb [MpoussoguTtento. B caydae
CaMOCTOATENbHOM yTWAM3aLmMK, TO eé cieayeT NPoBOAUTbL B COOTBETCTBUM C AEMCTBYHOLLMMW NPaBOBbIMU
HOpMamMMU.

14 IIOBEPKA

AHanusaTtop PQM-700 B cootBeTcTBUM ¢ DepepanbHbiM 3akoHOM PP Nel02 «O6 obecnevyeHuM eaAMHCTBA
n3mepeHuin» ct.13, nognexxuT noBepkKe.

MeToamMKa NoBepKM AOCTyNHA A4 3arpy3KM Ha canTe www.poverka.ru

Mescnoeepo4Hsiii uHmepean — 2 200a.

METPOJIOTMMECKAA CNYXBA OO0 «COH3J/1» ocywecTBaseT MNOBEPKY Kak COBCTBEHHOro mnapkKa
peannsyemoro obopyaoBaHuUs, Tak U NPUOOPOB OCTANIbHbIX MPOM3BOANUTENEN, U 0becneynBaeT GecniaTHyto
poctasky CU B moBepKy U U3 NOBEPKMU IKCNPECC NOYTON.
115533, r. Mockea, np-T AHgponoBa, 4.22, bBLU  «HaratuHckuit», 3tax 19, 0¢.1902.
Ten.: 8 (800) 550-27-57 006.501 nnu +7 (495) 465-80-25
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http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=532
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=760
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=496
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=518
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=519
http://www.poverka.ru/

standart@sonel.ru
www.poverka.ru

15 CBEJAEHUA Ob U3IOTOBUTEJIE

SONEL S.A., Poland, 58-100 Swidnica, ul. Wokulskiego 11
Tel: +48 74 85 83 800

Fax: +48 74 85 83 809
sonel@sonel.pl
www.sonel.pl

16 CBEAEHHUA O IIOCTABIIHMKE

000 «COH3/1», Poccma

142714, MockoBcKas 06n., JIeHUHCKM p-H, 4. Mwucalinoso, yn. [lepBomaiickas, 4.158A.
Ten.: 8 (800) 550-27-57

info@sonel.ru

www.sonel.ru

17 CBEJAEHHUA O CEPBUCHOM LHEHTPE

[apaHTUMMHbBIN N nocnerapaHTUnHbINM pemoHT CU SONEL ocyuwiectBnnaeT aBTopu3oBaHHbINM CepBUCHDbIN LieHTp
KomnaHuu COH3/1 n obecneunsaeT becnnatHyto AoctaBKky CU B peMOHT/M3 peMOoHTa 3KCNpecc NoYToun.

CepBUCHBbIM LieHTp pacnonosKeH no agpecy:

115533, r. Mockea, np-T AHgponoBa, A4.22, BLL «HaratuHckuit», 3atax 19, 0¢.1902.
Ten.: 8 (800) 550-27-57 n06.501 vnu +7 (495) 465-80-25

standart@sonel.ru

www.poverka.ru

18 CCbIJIKHU B UHTEPHET

Katanor npoaykunn SONEL

http://www.sonel.ru/ru/products/

INeKTpoHHasA popma 3aKasa yCayr MOBEPKMN 3NEKTPOU3MEPUTEbHbBIX NPUBOPOB.
http://poverka.ru/main/request/poverka-request/

dneKTpoHHan popma 3aKasa pemoHTa npubopos SONEL
http://poverka.ru/main/request/repair-request/

ApeHga obopyaoBaHus n npnbopos

https://priborvarendu.ru/
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