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1 BE3OIIACHOCTDb

PQM-700 — pa3paboTaH gns NpoBeAeHUs aHa/M3a OCHOBHbLIX MAapPaMeTPOB KauyecTBa 3/1eKTPUYECKOM

Heprmn. Ona obecneueHus npaBuibHOIo O6C!'IY)KMBaHMF| an6opa N OO0CTOBEPHOCTN NONYYEHHbIX

pe3ynbTaToB U3MepPEHU HEOBX0ANMMO NPUAEPIKNBATLCA C/IeAYIOLWMX PEKOMEHAALMN:

A

MNepen paboToit ¢ npubopom HeobxoAMMO WU3yuUTb pAaHHOe PyKoBOACTBO, TWATENbHO
cobntoaaTh NpaBua 3alLUTbI, a TaKKe pekomeHaaumn Nsrotosutens.

MpumeHeHne npubopa, HECOOTBETCTBYIOWEEe YyKasaHuAM WM3rotoBuTens, MOXKeT ObiTb
NPUYMHON NOAOMKM NpMbopa N NCTOYHUKOM CePbE3HOM onacHOCTM Ana Monb3osaTtens.

Mpnbopom moryT Nonb3oBaThCA NMLA, UMEoLMe COOTBETCTBYIOLLYIO KBanMdUKaLMIo U OONYCK K
OaHHbIM paboTam;

Bo Bpema namepeHuii NMonb3osaTtenb He MOXKET UMETb HEMOCPEACTBEHHOTO KOHTAKTa C OTKPbITbIMM
YyacTAMKW, AOCTYMHbIMW AN 3a3eMieHua (Hanpumep, OTKPbITble MeTanauyeckue Tpybbl
LEHTPaNbHOro OTOMNAEHMA, MPOBOAHNKMN 3a3eMeHMA U T.MN.); AN obecnedeHna xopolleit U3onaumm
cneflyeT UCNOb30BaTb COOTBETCTBYIOLLYIO CieloAeskay, nepyaTku, 0byBb, N30AMPYIOLLNE KOBPUKU
UT. 4.;

Henb3s KacaTbCA OTKPbITbIX TOKOBEAYLINX YaCTeN, NOAKAOUEHHbIX K 3/1eKTPOCETY;

Heponyctumo npumeHeHue:

O  U3MepUTeNs, NOBPEXKAEHHOTO NMONHOCTBIO UM YACTUYHO;
© NpOBOZAOB C NOBPEXAEHHON M30NALMEN;
O U3MepuTensa, MNPOJO/IKUTENbHOE BPEMA XPaHUBLUMIMCA B HEMpPaBWbHbIX YCAOBUAX
(Hanpumep, B CbIPOM NOMELLEHUK);
PeMoHT Nnpnbopa MOKeT BbINOHATLCA UL aBTOPU30BaHHbIM CepBUCHBIM LieHTpom.

He BbINO/HATL M3MepeHMs BO B3PbIBOOMACHOW cpefe (Hanpumep, B NMPUCYTCTBUU FOPHOUMX
rasos, Mapos, MblIM U T.4.). UCNONb30BaHME U3MEPUTENA B TaKUX YC/IOBUSAX MOMKET Bbi3BaTb
NCKPEHWe 1 B3pbIB.

Hactoswee wu3genne OTHOCWUTCA K YHMBEPCA/IbHbIM UW3MepUTesbHbIM Npubopam ans
N3MEPEHUA U KOHTPONA SNEKTPUYECKUX BENNYMH (HAMPAMKEHUSA, CU/bl TOKA, CONPOTUBNAEHUA U
MOLLLHOCTH).

AHanusaTop OCHAalWLEH BHYTPEHHeN NTUN-UMOHHON GaTapeeit, KoTopas Oblia nNpoBepeHa
He3aBuMcUMMOM nabopaTtopuen U cepTMdULMpoBaHa ANA NPOBEPKU COOTBETCTBUA NApPaMETPOB
KayectBa ctaHpapty OOH 38.3 — «PekomeHgauym OOH no nepeBo3Ke OMacCHbIX rpy30B.
CnpaBOYHMK  uMcCcnegoBaHUA U KpuTepuesB», 5-e  wmspaHme. OnybamkosaHo OOH
(ST/SG/AC.10/11/Rev.5). Takum obpa3om, aHanM3aTop paspeLléH Ana Bo3AYLIHbIX, MOPCKUX U

aBTOMOOW/IbHbIX nepeso30K.



CumBonbl, oTobparkéHHble Ha npubope:

N3mepuTens 3aWMILEH ABOMNHOM U YCUAEHHOM U30aALUNEN.

@ Knasuwa gna BKAKYEHMA U BbIKAOYEHNA NUTAHUA nameputena.

MNepen paboToit ¢ npubopom HeobXoANMMO U3yYUTb AaHHOe PyKOBOACTBO, TLlAaTe/bHO cobatoaaTh
npasBuAa 3allnThbl, @ TaKXKe pekomeHaauun M3rotosutens.

MAX 760 V~ - BHMMaHME, MaKCMMa/IbHOE HaMnpsaKeHue Ha U3MepuTenbHbiX Bxogax He 6osnee 760 B
nepemeHHOro ToKa.

c € CepTuduKaT 6e3onacHocTi EBponeiickoro ctaHaapTa.

N3mepuTenb, npedHasHadeHHbI 4na yTMAn3aummn, cneayert nepeaats NpounssoauTento. B ciyyae
CaMOCTOATENIbHON YyTUAM3aUMW ee c/edyeT NPOBOAWUTb B COOTBETCTBUM C AEWCTBYHOLLMMU NPaBOBbIMU
HOpMamM.

CAT IV 300V - Mapku1poBKa Ha 060pyg0BaHNM 03HAYAET, YTO OHO UCMO/IL3YETCA B CETAX HAMPAXKEHNEM A0
1000 B, otHocuTcs K IV KaTeropmm MoHTa*ka U MaKCMMalbHOE UMMYJ/IbCHOE Hanps)KeHue, K BO34eNCTBUIO
KOTOPOro A0MKHO bbIThb ycToMumnso — 8000 B.

2 MNMOATIOTOBKA UBMEPHUTEJIA K PABOTE

lMocne NoOKynkn nameputena cnegyeT NpoBepuUTb KOMMNIEKTHOCTb COL4EPHKMMOr0O YNaKOBKM.
Mepen Tem Kak NPUCTYNUTb K USMEPEHUAM, H606XOAMMOI

O y6eﬂ,MTbCﬂ, YTO COCTOAHMNE INEMEHTOB NUTAHNA NO3BONAET BbIMO/IHATb U3SMEPEHUA;
O NpoBepPUTb LLESIOCTHOCTb KOpMNyCa Uameputena n nsonaunmm nsmeputenbHbIX Nposogos.

C MoAKNoYeHNe HEeCcOOTBETCTBYIOWMX WAM MOBPEKAEHHbIX NPOBOAOB MOMET NpMBECTU K
NOpParKEHMIO OMACHbBIM TOKOM.

3 $®YHKIHWOHAJIbHBIE BO3MOXHOCTH

Pa3BuTMe NPOMBILLNEHHOCTM BO BTOPOM NONOBMHE XX BEKa NpMBENO K NoTpebneHno 601blnx MOLLHOCTEN,
YTO B CBOIO OYepesb MPUBENO K YXYALIEHUIO KAYeCTBa 3/IEKTPUYECKOM SHEPTUK. B cBA3K € 3TUM Obl NPUHAT
FOCT 13109-67 «HopMbl KayecTBa 3/1€KTPUYECKOM IHEPrMN», KOTOPLIM B Nocaeaytowme roga npetepnesan
psg nsmeHeHuit u B FOCT 13109-97 BKAtoyan B cebs yrKe 11 napameTtpos. C BHegpeHMEM COBPEMEHHOro
BbICOKOTEXHONOIMMYHOTO obopysnoBaHMA noTpebuteneir HabnoAanocb HECOOTBETCTBME  OTAE/bHbIX
8



rnokasaTenen Kadects, yto B nocneacteum 2013 rogy 6bin npuHAT TOCT 54149-2010 «InekTpuyeckas
aHeprma. COBMECTUMOCTb TEXHMYECKUX CPEACTB 3/IEKTPOMArHUTHaA. Hopmbl KayecTBa 3/71EKTpUYECKOM
SHEPrun B cUCTEMax 3NEKTPOCHAbOKeHUs obLliero HasHavyeHus.» O4HAKO He COOTBETCTBME TpeboBaHMAM
HaLMOHaNbHbIM CTaHAApTam, Takum Kak IEC 61000-4-30:2008 (FTOCT 30804.4.30-2013), IEC 61000-4-7:2009
(TOCT 30804.4.7-2013), IEC 61000-4-15:2010 (FTOCT P 51317.4.15-2012) u eBponelickomy ctaHaapTy EN
50160:2010 npu1Beno K co3a4aHUI0 rocygapctBeHHoro ctaHgapta NOCT 32144-2013 (BBegéH 01.07.2014r.).

AHanusaTop napamMeTpPoB KayecTBa 3/eKTpuyeckoi 3sHeprum PQM-700 (Puc.l) — 3710 nepenoBoi
BbICOKOTEXHOJ/IOTMYHbIN  MPOAYKT, NO3BOMAIOWMIA MNPOBOAUTb BCECTOPOHHWE M3MEPEHMA, aHAIM3 MU
perncTpaumio napameTpPoB KayecTBa 3/eKTpuyeckoh asHeprum B cootsBetctBum ¢ [OCT 32144-2013
«IneKkTpnyeckaa sHeprna. COBMeCTUMOCTb TEXHMUYECKUX CPEeACTB 31eKTPOMArHMTHaa. Hopmbl KadecTBa
3NEKTPUYECKON IHEPTrUM B CUCTEMAX INEKTPOCHAOKEHMA 0bLero HasHayeHua». AHasM3aTop MOJIHOCTbIO
cooTBetcTByer TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «dnekTpuyeckasa sHeprus. COBMeCTUMOCTb
TEXHUYECKUX CPEACTB 3/IeKTPOMarHuTHas. MeTtogbl U3MepeHU MoKasaTesiell KayecTBa 31eKTpUYecKown
3HeprmMn.» Knacca S.




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 KayecTBa 3/1eKTpuyeckoi sHeprum PQM-700. O6wwmin Bua.

AHanusaTtop nmeeT 4 (4eTbipe) BXxoAa No HanpaxeHuo, 0603HaveHHbIx L1/A, L2/B, L3/C, N. MaKkcumanbHoe
3HaYeHMe HanpsXeHWs Ha AaHHbIX BXO4ax He AO0/KHO npesblwatb +1150 B (NnnMKoBoe 3HayeHue). Mpwu
COBMECTHOM MCMONb30BaHUM C TPaHCHOPMATOPAMMN HAMPAMKEHUS, aHA/IM3ATOP MOMKHO NMPUMEHATb B CETAX C
60nee BbICOKMM HanpsaXeHnem.

Ona mnamepeHWsa TOKa WCMNONb3YIOTCA YeTblpe TOKOBbIX BXOAa, 3aKaHYMBAKOLWMXCA pasbeéMamu AnA
NOAKNOYEHNA TOKOU3IMEPUTEbHBIX Knellen. K HUM MOMKHO MOAKAUUTL: rMbKune Knewwn F-1A, F-2A/F-
2AHD, F-3A/F-3AHD, ¢ HOMUHaNbHbIM AManasoHom Ao 3000 A (OTAMYaloTCA TOMIbKO AMameTpom obxsara),
EcTKue Knewm C-4 (gmanasoH go 1000 A nepemeHHoro Toka), C-5 (ananasoH ao 1000 A nepeMeHHOoro u
NMOCTOSIHHOIO TOKa), C-6A (gmanasoH go 10 A nepemeHHoro Toka) um C-7A (amanasoH go 100 A
nepemMeHHOoro Toka). TaKkXe, Kak Y NPU U3MEePEHMM HaNpPSAXKEHUSA, AManNa30H Mo TOKY MOXKET BbITb U3MEHEH C
NOMOLLbIO AOMNONHUTENbHBIX TPAHCPOPMATOPOB TOKA, HANPUMEP, NPU NPUMEHEHUM TpaHCPopMaTopa ToKa
¢ KoadpdpuumeHtom 1000/5 ¢ knewamm C-6 MOXKHO M3MepATb TOKK Ao 1000 A.

Mpnbop MMeeT CbEMHYIO KapTy NAamATU CTaHZAPTHOM émKocTu 4 Tb. [laHHble ¢ KapTbl NaMATM MOryT ObiTb
nepegaHbl Ha MK ¢ nomouwpto USB-coeAMHEHUA UK BHELLHETO CYMTbIBatOLLLEro ycTporicTea (card reader).

& ‘ N3BneueHme KapTbl Namatin microSD npon3BoaMTCA NPU BbIK/IFOYEHHOM aHAN3aTope.
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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.

Pernctprpyemblie napameTpbl pasgesieHbl Ha rPynnbl, KOTOPblIE MOMKHO HE33aBMCMMO OT APYrMX BK/OYATb
WM UCKAOYATb U3 PErMCTPaLLMK, YTO NO3BOAAET PALMOHANLHO MCNONb30BaTb MECTO Ha KapTe namaTu. He
peructpupyemble napameTpbl He 3aHMMalOT MEcTa, TEM CaMbiM 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 MMeEEeT oTAe /bHble NPOBOAA C
pasbémamu Tuna «baHaH» Ha KOHLaX.

becnepeboliHyto paboTy Npu yCNnoBUM NPOMALAHUA HANpAXKeHUA NuTaHua obecneymBaeT BCTPOEHHbIM
NNTUN-NOHHBIN aKKYyMyAaTop.

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

PycuoumumposaHHoe 6ecnnatHoe nporpammHoe obecneveHme «SONEL ANALYSIS» no3BonseT ncnosib3osaTtb
BCE BO3MOMKHOCTM M3MepuTensa (HacTpoliKa M aHaNN3 NOJIYYEHHbIX 3HAYEHWI).

NHTepdelic ¢ KomnbioTepom ocyliecTBaseTca Yepe3s USB c onTuYeckol pa3BA3KoM, obecneumBatolimii
BbICOKYHO CKOPOCTb Nepeaayn aaHHbix (40 921,6 k6ut/c).

3.1 IIuTraHue aHa/IU3aTOpPA

AHanunsaTop MMeeT BCTPOEHHbIA 610K MUTAHMA C AMANa3soOHOM HOMMHANAbHbIX BXOAHbIX HanpsXKeHWuM
100...415 B nepemeHHoro maun 140..415 nocCTtoAHHOro TOKa. BAOK nuTaHMA mMmeeT oOTAeNbHble BXOAbl
(KpacHoro uBeTa), 0603HayeHHble bykBamu P (OT aHrn. power - nuTaHue). AN 3aWmMTbl UCTOYHMKA NUTAHUA
OT NOBpPEXAEHW MNpPU NOMbITKE €ero MNOAKNOYEHMA K HaNPAXEHUI0 HUMKEeyKasaHHOro AuanasoHa OH
BbIKNOYaAETCA NPU BXOAHOM HanpsaxkeHun meHee 80 B nepemeHHOro Toka nam 110 B nocToAHHOro TOKa.
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MpU OTKAOYEHUW HaNpPSAKEHMA NUTaHMA paboTa aHanMs3aTopa MNOAAEPKMBAETCA 33 CYET BHYTPEHHEro
akkymynatopa. OH 3apsarkaeTca, Koraa Ha pasbémax 6/10Kka NUTaHUA NPUCYTCTBYET HaMNpsrKeHMe.

OH nogaep’knBaeT aBTOHOMHOE NuUTaHMe A0 6 4yacoB npu Temnepatype -20..55 °C. B cayyae 6onee
O/MTENIbHOTO OTCYTCTBUA HANPAXKEHUA Ha BXOAe MUTAaHWA aHA/M3aTop BbIKAOYaeTcA. [pu nocneaytowem
NOAKIOYEHMN NNTAHMA, EC/IN PaHee NPOoAOJIXKaAIaCh perucTpaumsa, aHanmsaTop eé BoO30O6HOBUT.

B cnyyae AnuTenbHOro xpaHeHus, 6e3 MOAKAIOYEHMA K WUCTOYHUKY nuTaHusa (bonee 3 mecsues),
aKKyMynaTopHaa 6atapes MOo/IHOCTbIO Pa3paAnTCA U HEKOTopble AaHHble MOTYT ObiTb NOTEPAHbI: TEKyllee
BPeMSs, HaCTPOMKMN U3MepUTENbHbIX Nporpamm, PIN-koa, naponb 610KMpoBKK U T.4. Mocne Bo306HOBAEHUS
paboT c aHa/IM3aTOPOM PEKOMEHAYETCA BOCCTaHOBUTb HAaCTPOMKK, ncnonb3ys MO «SONEL ANALYSIS».

C 3aMeHa aKKyMynaTtopa AO/I)KHA MPOM3BOAMTbLCA TONbKO B aBTOPM3MpoBaHHOM CepBUCHOM
LleHTpe.

3.2 CreneHb 3alUMTHI U YCJI0BUA IKCIIyaTal U

AHanuzatop PQM-700 npepHasHayeH Ans paboTbl B CAOMHbLIX MOTOAHbLIX YCAOBUAX - OH MOMKET 6biTb
YCTaHOB/IEH HEMOCPeACTBEHHO Ha OMopax /AMHUK 3neKTponepedaun. [1a MOHTa)Ka MCMONb3yloTCA ABa
PeMHA C 3aCTéKamu M ABa MAACTUKOBbLIX KpenaeHusa. KpemnneHua NpUBUMHUMBAIOTCA K 3aAHEiN CTeHKe
Kopnyca. YCTaHOBKa pemMHel ocyLLecTBAseTcA cornacHo Puc.3.

Puc.3 KpenneHnua n pemHun gna MOHTaxa aHanusartopa.
AHannszatop obecneunBaeT repMeTMUYHOCTb Knacca IP65, a guanasoH pabouunx Temnepatyp -20...55 °C.

Ona Toro, 4tobbl 0bECNEeUNTb AEKNAPUPOBAHHYIO repMeTMYHOCTb Kaacca IP65, Heobxoanmo

CTporo cob6at0aaThb cneaytolime npasuna:

& e [lonXKHbl ObITb NJIOTHO 3aKPbITbl KPbILWKK pazbémos USB n SIM-KkapTbl;

e Heucnosb3yemble pasbembl TOKOBbIX Kellein A0KHbl 6biTb 3aKPbITbl CUIMKOHOBBIMM
3arnywKamm.

12



Mpu TemnepaType OKpyKatowen cpeapl HUKe oTmeTkM 0 °C BKItoYaeTcAa 060rpeB yCTPOMCTBA BCTPOEHHbIM
HarpesaTenem, 3aZa4eil KOTOPOro ABAAETCA MOALEP)KaHME MOJIOKMTENbHON TemnepaTypbl aHanM3aTopa
npu oTpuLaTeNbHON TEMMEpaType OKpyKatoLwen cpeabl B AnanasoHe -20...0 °C.

HarpesaTenb nuTaetca OT BCTPOEHHOTO MCTOYHWKA MWUTAHMA MEPEMEHHOro TOKa, a ero MOLLHOCTb
orpaHumyeHa npmmepHo B 5 BT.

MN3-3a ocobeHHOCTEN BCTPOEHHOro NUTUIA-MOHHOIO aKKyMy/naTopa ero 3apsgKa 3abnokupyetca, Korga
TemnepaTtypa aKKyMynaTopa HaxoauTca BHe AuanasoHa -10...60 °C (ctatyc 3apsaku B nporpamme «SONEL
ANALYSIS» n3meHMUTCA Ha «3apsgKa NPMOCTaHOB/IEHAY).

3.3 MomnTax Ha DIN-peiiky

B Habope nocraBaseTca KpenjieHue A/A YCTaHOBKW aHafnm3atopa Ha ctaHaapTHyto DIN-peiky. 3awénky
HY)KHO MPUKPENUTb K 3afiHEN CTEHKe aHa/aM3aTopa C NMOMOLLbIO Mpu/araembiX BUHTOB. [ HagéXHOCTU
MOHTA)Ka B KOMMJIEKT TaK¥Ke BXOAAT CNeumnanbHble KProUuKn, KoTopble dukcmpytoT DIN-peitKy.

(I [V

Puc.4 3agHAA cCTEHKa aHanM3aTopa C 3/1eMeHTaMm ana MoHTaxKa Ha DIN-peiiky.

3.4 H3MepsaeMble napaMeTphbl

Ananusatop PQM-700 no3soaseT usmepaTb U permcTpmMpoBaTh caeaytolme napameTpbl:

e HanpsaxeHne RMS dasza-Helitpanb (L-N), dasa-dasa (L-L) B guanasoHe go 760 B (+1150 B nuKosoro
3HauyeHus);

e Tok RMS B ananasoHe a0 3000 A (10 KA nMKOBOro 3HayeHuA) Npu UCNONb30BaHUN TMOKNUX Knellei
(F-1A, F-2A/F-2AHD, F-3A/F-3AHD), oo 1000 A (3600 A NMKOBOro 3HaYyeHWA) NPV UCNOb30BaHMUM
Knewei C-4 unu C-5, o 10 A (36 A NMKOBOro 3HayeHua) Npu Ucnonb3oBaHUK Knelel C-6A, no 100
A (360 A NMKOBOrO 3Ha4YeHUs1) NepeMeHHOro ToKa NpM UCNoNb30BaHMKM Knellel C-7A,;

o KoadPpuumeHT NUKOBbIX 3HAYEHWUI CU/bI TOKA U HaNpAXKeHUSA;

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

e  AKTMBHaA, peaKTMBHAsA, NOJHAA MOLLHOCTb U SHEPIUA, MOLLHOCTb HEJIMHENHbIX UCKaXKeHWI;

e [apMOHMYECKME COCTaBAAOLWME HaNPAXKEHMM U TOKoB (4o 40-i);
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o  KoaddpuumeHT rapmoHuYeckunx nckaxkeHnin THDg 1 THDr TOKa 1 HanpaxeHus;

o  KoaddpuumeHT mowHOCTHN cosp, tgyp;

o KoaddnumeHTbl HecMMMeTpUM TPEXDA3HOM CETU N CUMMETPUYHbIX COCTABAAIOLMX;
e [lnnTenbHas M KpaTKOBpeMeHHan A03a pankepa Ps 1 Py;

e [lycKoBoii ToK o 60 c.

BbibpaHHble napameTpbl ABAAOTCA 0606WEHHLIMK  (YyCpeAHEHHBLIMK) MO BPEMEHM, Onpeaensemble
No/1b30BaTe/NIEM W MOTYT BbITb COXPaHEHb! Ha KapTe NamATU. Kpome cpegHero 3HaueHMs MOXKHO 3anuMCbiBaTb
MWUHMUMa/IbHbIE U MAaKCMMa/ibHble 3HaYeHUA Ha NPOTAXEHUM MHTEPBaNa yCPeaHEHMS, a TaKKe MIHOBEHHble
3HayeHus.

PacwupeH TakKe 6710k 0BHapyKeHMA caydaliHbix cobbituit. B TOCT 32144-2013 «IneKTpuyeckas sHeprus.
COBMECTUMOCTb TEXHUYECKUX CPeAcTB 3/1eKTPOMArHUTHaA. HopmMbl KauyecTBa 3/1E€KTPUYECKON SHeprum B
CUCTEMAX SNEKTPOCHAbXKeHMA 0bLWEero HasHauyeHUna» NS HaMNpPAMKeHU — 3To npepbiBaHUe (CUTyaums, npu
KOTOPOW HanpsAXeHWe B TOYKe nepefayun 3N1eKTPUYECKON 3HEepPrun meHblle 5% OMOPHOro HanpsAXKeHua BO
BCcex TPEx d¢asax), nepeHanpsa)keHMe (BpemeHHOe BO3PACTAaHUE HaMPAXKEHUA B KOHKPETHOW TOuKe
3N1eKTPUYECKOIN CUCTEMBI Bbille YCTAaHOB/IEHHOTO MOPOroBOro 3HavyeHus 6onee 110%), a TakKe M NpoBanbl
(BpemeHHOe YMEHbLUEHWE HAMNPAKEHUs B KOHKPETHOM TOYKE 3SNEKTPUUECKON CUCTEMBI  HUKE
YCTaHOB/IEHHOTO MOPOroBoro 3HayeHua B npegenax 85..90% BbIGPAHHOTO OMOPHOTO HaMPAXKEHMUSA).
Monb3oBaTenb He AO/MKEH CaMOCTOATE/IbHO BBOAMUTL MapamMeTpbl, - NPOrpaMma no3BosiAeT aBTOMaTUYEeCKH
HacTpouTb NpUBOP B PEKMM UIMEPEHMA KauyecTBa 3/7EKTposHeprum cornacHo FOCT 32144-2013. B
pacnopsaXeHMM nosib30BaTeNss OCTAETCA PEXMM CBOEN COOCTBEHHON KOHUrypauumu - nporpamma
npegnaraeT B 3TOM OTHOLWEHWM NOAHYK cBobogy. HanpaxeHuMe — 3TO TOAbKO OAWMH W3 MHOIUX
napameTpoB, 415 KOTOPOro MOXKHO ONpPeAennTb NoporM obHapysKeHus cobbltin. U Tak, ana npumepa,
MOXHO HACTPOUTb aHanM3aTop A1Aa OOHAPYKEHUA CHUMEHUA KodpPULMEHTA MOLLHOCTM HUXKe
onpeaenéHHoro nopora, npesbiweHna KM (THD) Bbiwe Apyroro nopora M TaK Ke, NpeBbilieHne 9-i
rapMOHWMKON  MPOLEHTHOrO  3HAYeHWA  HaMNPAXMEHMUsA, YCTAHOBAEHHOro nonb3osatesnem. CobbiTne
3aMnMncbiBAaeTCA BMeECTe CO BpeMeHEeM ero BO3HMKHOBEHMA. B ciyyae cobbiTUI, Kacatowmxca npesblilieHus
NMoporoB MpepbiBaHMA, NPOBA/IOB M CKAYKOB A/1A HaAMPSKEeHMA, a TaKXKe MNPeBbleHUs MUHUMANbHbIX U
MaKCMMa/IbHbIX 3HAYeHW ANA TOKOB, MOMHO AOMNONHUTb MHOOPMALMIO O HACTyNJeHUM cobbiTUA
ocumnnorpammamm Gopmbl CUrHANOB HaNPAXKEHUA U ToKa. MorKeT bbITb 3anncaHo 2 nepmMoaa 4o cobbiTma n
4 nocne Hero.

«TPEYronbHUK»/
Tun cetn 1-dpasHan 2-¢pasHana «3Be3ga» cN
«3Be3pa» 6es N
Mapametp
L1 N L1 | L2 | N | L1 |L2]|L3|N > [L12 | L23 | L31 %
JewncTaytowee
U ° ° . ° . ° ° ° ° ° ° °
Hanps»eHue
MocTtoAaHHaA
Unc cocTaBaaoLLan ° ° ° ° ° ° ° ° ° ° ° °
HanpsXeHus
[eincTaytouiee
| ° ° ° ° ° ° ° ° ° ° ° °
3HayeHuWe ToKa
MocTtoAaHHaA
Ipc ° ° ° ° ° ° ° ° ° ° ° °
COCTaB/AOLLAA TOKA
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f YacToTa ° . ° °

KoadpduuneHnt
CFU NMUKOBbIX 3HAYEHWI ° ° ° ° ° ° ° ° ° °
HanpAXKeHuA

KoadpdurumMEeHT NMKOBbIX
CFI . ° ° o | o | o o | o | o | o °
3HaYeHUI TOKa

P AKTMBHAA MOLLHOCTb ° ° ° ° ° ° ° ° °
Qi, Qe PeakTMBHaA MOLWHOCTL | o o | o o | o | o | @ o o1
D, Sn MOLLHOCTb UCKAXKEHUA | © . ° ° ° ° ° °
S MNMonHasa mowwHOCTb ° ° ° . ° . . ° °
KoapdumumeHT
PF ° ° ° ° ° ° . ° °
MOLLHOCTH
KocuHyc yrna cagura
Cos @ ° ° ° [ ° ° ° °
a3
tgdc,
tgdr+ TaHreHc ¢ W
o [ ) [ [ [ ] [ ) [ ] [ ] [ ) [}
tgoL., (4-x KBaAPAHTHbINM)
tgde+
KoadppuumeHt
rapMOHMUYECKUX
THDU . ° ° ° ° ° ° ° ° ° °
NCKaXKeHUM
HanpaAXeHus
KoadppunumeHt
THDI rapMOHNYECKUX . . ° ° ° . ° ° ° °
WCKaXKeHWI ToKa
AKTMBHas aHeprus
Ep+, Ep- (noTpebnsemasn u ° e | o o | o | o | o ° .
oTaaBaemas)
PeakTnBHaA sHeprua
Ea1+, Ea1- 1)
(noTpebnsemas u ° o | o ° o | o | o ° °
Eag+, Eas-
oTAaBaemas)
Es MonHaa sHeprua ° ° ° ° ° ° ° ° °
AMNANTYAbI FAPMOHUK
Uh1...Unhao ° ° ° ° ° ° ° ° ° °
Hanpa)eHus
AMNANTYAbI FAPMOHUK
In1..lhso ° ° ° ° ° ° ° ° ° °
TOKa
CuMMeTpUYHbIe
AcMMMET | cocTaBAastoLLme U
[ ] [ ]
pua U, | K03 dUUMEHT
aCMMMETPUN
Pst, Pit Jo3a pavkepa ° ° ° ° . . .
MpumeyaHums:

e L1,L2,L3(L12,L23,L31)— 0603HaueHue dasbi;
e N — 03HayaeT n3mepeHune No KaHany ToKa Iy B 3aBUCMMOCTM OT TUMNa napameTpa;
e Y —03HayaeT 3HayeHue ANA LUeNo CUCTEMDI;
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). g 3-x NPOBOAHbIX CETAX, B KayecTBe cymmapHoﬁ peaKTMBHOIZ MOLHOCTH PaCCHNTbIBAETCA HEAQKTUBHAA

mouHocTs N = +/§Z — P2

3.5 CooTBeTCTBHE CTaHAAPTaM

ObbeanHeHne
NU3MepeHui no
WHTEpBaNam
BPEMEHMU

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «dneKkTpruyeckasn aHeprus.
COBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IEKTPOMArHMTHasn. Metoabl U3MepeHnit
nokasaTenen KauecTBa 3/1eKTPUYeCcKom sHeprum.» Knacc S:

e OCHOBHOE BpPeMA U3MEPEHUA 3HAUYEHUI NapaMeTpoB (HanpsaXeHue, TOK,
rapMOHUKK, acummeTpua) — 3T1o 10-neproaHbIi MHTEpPBan Ana ceTel
anekTponutaHma 50y n 12-nepuoaHsbiii ans ceter 60 Ny,

o WHTepBan 3 cekyHapl (150 neprMooB 419 HOMUHaAbHOM YacToTbl 50 Iy 1 180
nepuonos ana 60 lu);

o WNHTepsan 10 mUHYT.

nOFpeuJHOCTb Xo4da
BpemeHun Yacos

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «3neKTpuyeckasn sHeprus.

CoBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IEKTPOMArHMTHaa. Metoabl U3MepeHui

noKasartesnen KayecTBa 3/1ekKTpudeckoi aHeprmun.» Knacc S:

e BcTpoeHHble Yacbl peasibHOro BpemMeHu HacTpamsatoTcsa nporpammont « SONEL
ANALYSIS», oTcyTCTBYET CMHXPOHM3aUNA BpemeHun no GPS n paguo;

e TouyHOCTb Yacos - He 6osiee +0,3 c/aeHb.

BbinonHeHbl TpeboBaHma TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
«IneKTpnyeckas sHeprmua. COBMeCTUMOCTb TEXHUYECKUX CpeacTs

YacToTa
3/IeKTPOMarHuTHasa. MeTtoabl M3mepeHuii NokasaTesiell KauecTBa 31eKTPUYeckom
3Heprun.» Knacc S, s MeToza M NorpeLlHoCcTM U3MepeHus.
S BbinonHeHbl TpebosaHua FOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
HayeHu
«IneKTpuyeckas sHeprma. COBMECTUMOCTb TEXHUYECKUX CPEACTB
HanpsaxKeHus . . .
3NeKTPOMarHuTHan. MeTtoapl U3MepeHUii NOKa3aTeiel KayecTsa 31EKTPUYECKON
nNUTaHUA
3HEepPruMn.» Knacc S, gns Metoga v NorpeLHoCTU N3MepeHus.
Kone6anus MeToa U3MepeHma 1 NorpeLHOCTb cooTBeTcTBYeT TpebosaHmam MOCT P 51317.4.15-
Hanpamerin 2012 (M3K 61000-4-15:2010) "CoBMECTUMOCTb TEXHNUYECKMX CPeacTB
3NIeKTPOMarHuTHana. PamkepmeTp. PyHKUMOHAIbHbIE U KOHCTPYKTUBHbIE
(dnukep) "
TpeboBaHMA.
MpoBansl, BbinonHeHbl TpebosaHma TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)

npepbIBaHMA U

«3!'IEKTpM‘-IeCKaF| HepruAa. CoBMEeCTUMOCTb TEXHUYECKUX cpeacts

nepeHanpaxkeHua 3NeKTpoMarHuTHaa. MeTtoapl U3MepeHUii NOKa3aTeeil KayecTsa 31EKTPUYECKON
nuTaHuA 3Heprun.» Knacc S, gna metoga v NOrpeLHoCTN N3MEPEHUS.

BbinonHeHbl TpebosaHma TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
AcummeTpua

«InekTpmyeckan sHeprma. COBMeCTUMOCTb TEXHUYECKUX CPeacTB
HanpAXeHnA . . .

3NeKTPOMarHuUTHaA. Metoabl U3MepeHuii NoKa3aTeNnen KauecTBa 3/IEKTPUYECKOM
nuTaHuA

3Heprun.» Knacc S, gna metoza v NOrpeLHoCTU N3MEPEHUS.

MeTog 1 norpewHocTb M3mepeHua B cootseTctamm ¢ FTOCT 30804.4.7-2013 (IEC
FapMOHUKKM 61000-4-7:2009) «COBMECTMMOCTb TEXHNUYECKMX CPeACTB 3/1eKTpomarHuTHaaA. Obuiee

HanpAa*xeHnAa U TokKa

PYKOBOACTBO NO Ccpeacream M3Mep6HVllz N U3aMepPEHNAM rapMOHUK U MHTEPIapPMOHUK
Aana cncrem 3I'IeKTp0CH36)KEHVIFI N NOOKNKOYaAEMbIX K HUM TEXHNYECKUX CpeacTB.»
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4 JKCIVIYATADUA IPUBOPA

4.1 CBeTOoAMOAbI CUTHAJIU3ALUU

AHanmsaTop OCHALLLEH NATbIO CBETOANO4AMMU, CUTHaN3NPYHOLWMMN pa3indyHble COCTOAHNA pa6OTbII

ON (3enéHblii) — cBeToAMOA FOpPWUT, KOrda aHaAu3aTop BK/AlOYeH. Bo Bpems perucrtpauumn c
aKTMBHbIM CMALLMM PEXMMOM CBETOAMNOZ, MOraLleH.

(*KEnTbI) — cUrHANM3MpPYET O TeKyluelh perucTpaummn. B oxKuaaHuMM 3anycka perncrpauuu
CBETOAMOZ FOpUT HenpepbiBHO. Bo Bpems perncrpaumm oH muraet. Mpu peructpauum ¢ akTUBHbLIM
CNALMM PEXMMOM — CBETOAMOL MOTalleH U BK/IOYAETCA Ha KOPOTKOoe Bpemsa C MHTepBasom B 10
CEKYHA,

ERROR (KpacHbli) — muraHve 3TOro CBETOAMOAA CUTHANAM3MpyeT MoTeHUmasbHylo npobnaemy
NOAK/IOYEHUA aHA/M3ATOPaA K TECTUPYEMOW CETU WM HECOOTBETCTBME YCTAaHOB/IEHHOW aKTMBHOM
KOHOUIypaummn napameTpam cetu. Kputepum KoHTponsa npusegeHbl B rnase 4.5. HenpepbiBHOe
CBEYEHME O03HaA4yaeT OAHY M3 BO3MOMKHbIX BHYTPEHHMX OWMOGOK aHanM3aTopa (CMOTPU TaKkKe
onucaHue A0MOJ/IHUTE/IbHbIX COCTOAHWUI HUMKe).

MEM (KpacHblil) — cBEYEHME CUTHANIM3UPYET OTCYTCTBME BO3MOMKHOCTM 3aMMCU OaHHbIX Ha KapTy
namatn. Ceetognon MEM 6yaer ropeTb HenpepbiBHO MOC/E 3aMo/IHEHMA BCEro mMecTa Ha KapTe
namaTh. CMOTpPM TaKKe onuncaHue AonoJHUTENbHbIX COCTOAHWUIN HUXKeE.

BATT (KpacCHbIi) — COCTOSIHME aKKyMynaTopa. MuraHue O3HayaeT, YTO aKKymMynaaTtop 6/M30K K
COCTOsIHMIO pa3paaa (EMKocTb 20% nam meHble). Koraa akkymynaTop 6yaeT NoSHOCTbIO PA3pAMKEH,
TO CBETOAMOJ, 3aKWUraeTca Ha 5 ceKyHA (BMecTe CO 3BYKOBbIM CMIHA/JIOM), 3aTEM aHa/M3aTop
BbIK/TOUMTCA.

JononHuTenbHble COCTOAHUA, nHaugupyemble ceetognogamm:

HenpepobisHoe cBeyeHne MEM v ERROR o03HayaeT, 4TO OTCYTCTBYyeT, MNOBPe)KAEHa WAU He
oTdpopMaTMpoBaHa KapTa NamaATu. Ecam nocne ycTaHOBKM B CNOT KapTbl MAMATM 3TU CBETOAMOAbI
rOpAT, TO BO3MOXHbI ABa CLLeHapuA:

O KapTa noBpe)KAeHa WAM HEeCOBMECTMMA C aHaNM3aTopom. B sTom cnyyae panbHenwas
paboTa ¢ aHaNn3aTopPOM HEBO3MOXKHA. Knasuwwa [ ST HEeaKTMBHa.

O KapTa He oTdopmatuposaHa (OTcyTCTBYtOT dainbl, HEOOXOAMMbIE aHaNU3aTopy WAWU 3TU
dainbl  NoBpeXKAEHbI) — B 3TOM C/y4ae MOXHO HaXKaTb KNaBuLy €D (oHa akTuBHa), uTO
HayHeT dopmaTUpOBaHME KapTbl NamATM. Ecam 3TOT npouecc 3aBeplinTCcA YCMewWHo, TO
csetoamoabl MEM 1 ERROR noracHyT, a aHanusaTtop 6yaeT rotos K AanbHelwen paboTe.

Mwuratowmii ceetognos ON 03HayaeT, YTo Ha KapTe namaTn obHapyxkeH ¢aiin FIRMWARE.PQF ¢
npaBubHbIM ¢aitiom 06HOBNEHUS NPOLIMBKKU aHanmsaTopa. YTobbl HayaTb Npouecc 06HoBAEHMUSA
BHYTPEHHEro nporpammHoro obecneyeHus, NOAb30BATENb AO/KEH HAXKATb HA KAaBULLY @. Bo
Bpems obHOB/EeHMA oAHOBPeMeHHO muratoT ceetoamoabl ON n MEM. lMNocne oKoH4YaHMA 3TOro
npouecca aHanM3atop nepesanyckaetca. O6HOBAEHME NPOLUMBKM MOXKHO MPONYCTUTb, €C/IN HAXKaTb

Ha Knasuiy @ 5y noaoaatb 10 cekyHA.
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4.2 Bxiw4YeHUe U3MepUTeIAa

e AHANM3aTOpP BK/IOYAETCA HaXKaTMemM KNasuLu «©. 3aropaetca 3enéHbin ceetogmog ON. 3aTem
aHanM3aTop BbINOMHAET CAaMOTECTUPOBAHME M B Cayyae OOHApPY)KEHMA BHYTPEHHUX OLWNBOK
3aropaetcsa ceetoanon ERROR, uemy conyTcTByeT AAUTENbHbIA 3BYKOBOM CUrHan (3 cekyHapl) —
dYHKUMA n3mepeHua 6aokupyeTca. Mocne camoTecTUPOBAHUA aHANM3ATOP HAYMHAET MPOBEPKY
NPaBUAbHOCTU MNOAKAIOYEHMA W €CAN aHanus3atop OOHapyKMT oWwKbKy, To Kaxkgple 0,5 cek.
HauymMHaeT muratb ceetoamnos ERROR, 4To He 610KMpPYeT BO3MOMKHOCTU BbINOJAHEHUA Aa/IbHENLLINX
N3MEPEHMUI, a TONIbKO CUTHA/IM3UPYET O HECOOTBETCTBMM KOHOUIypaLMmM aHanM3aTopa napameTpam
NoAKNOYEHHOM ceTu.

e Ecnu BO Bpema TecTa aHaM3aTop OOHAPYKUT CAULLKOM BbICOKOE HaMNpsAXKeHWe Ha U3MepPUTENbHbIX
pasbEémax MAM CAUWKOM 60nblOM TOK, To Kaxable 0,5 cek. 6yaer muratb ceetogmon ERROR u
CNblLWEH ABYXTOHA/IbHbIN 3BYKOBOM CUTHA.

e Ecnm nocne BKAOYEHMA aHaANAM3aTOP OOHAPYMKWUT 3aNONHEHHYK NaMATb, 3aropaeTcs CBETOAMOf,
MEM - nsamepeHua 610KMpytoTcs, paboTaeT TONbKO PEKMM YTEHUA TEKYLLUX SAHHbIX.

e EcnmM nocne BKAOYEHMA aAHANM3ATOP He OOHApYy)KMUT KapTy MamAaTM WAM  OBHapyKuT ee
nospexaeHue, 3aropatotcsa ceetoguoabl ERROR 1 MEM, namepeHua 610KMpyLoTCS.

AHanornyHo muratot ceetoamoabl ERROR 1 MEM nocne ycTaHOBKW B aHA/IM3aTOp HOBOM KapTbl
namatM microSD. YT1obbl oTdopmaTMpoBaTb 3Ty KApPTy ANA WCMNONb30BaHWA B Mpolecce
& PerucTpaumumn AaHHbIX, HEO6XO4MMO HaXKaTb KAaBULY L 7= )

AHanunsaTop NOATBEPAUT 3anycK GOPMaATMPOBAHMA TPOMHbLIM 3BYKOBbIM CUTHA/IOM.
dopmaTtnpoBaHuMe yaansaeT BCE cogepKaHue KapTbl namaTu. Ecan oHo 3aBeplumioch ycnewHo,
TO AaHHble CBETOAMOAbI NOraCHYT, @ aHanusaTop byaeT rotos K paborTe.

e [ECAM TeCcT MOAKAYEeHUA NPOWEN yCrewHo, To nocne Haxatns €D aHanuMsaTop 3anyckaeT
perncTpaumio B COOTBETCTBUM C 3aNPOrpaMmmMMpPOBaHHbIM PeXKMMOM Ha [K.

e BblkiloueHMe aHanM3aTopa NPOU3BOAMTCA YAepKaHWeM KNaBuLLK @D 5 revenme 2 cek., ecan He
BKAtOUYEHa 6/I0KMPOBKa KAaBMaTypbl AN NPOLLECC PETUCTPALNN.

4.3 (I)YHKHI/IH dBTOMATHUY€CKOT O BbIKJ/IDYE€HUA

Ecnn aHanusatop He meHee 30 MUHYT paboTaeT C NUTaHWEM OT aKKyMynaTopa (OTcyTcTByeT ceTeBoe
MUTaHWE) U HEe HaxOAMUTCA B PEXMME PEerucTpauum WanM He akTUBHO COeAMHEHME C KOMMbIOTEPOM, OH
aBTOMATUYECKM BbIKOYAETCA ANA NPeAO0TBPALLEHNA pa3paLa aKKymyaaTopa.

ABTOMaTMUYECKOE BbIK/IOYEHME aHaIM3aTopa NPOUCXOANT TaKKe B C/lyyae MOHOMO paspaaa akKymynsTopa.
Takomy aBapuMHOMY OTK/IIOUYEHUMIO NpeaLecTByeT cBevyeHne ceetogmona BATT B TeueHue 5 ceKyHa, U OHO
NPOMCXOAUT HE3aBMCUMO OT PEXKMMA, B KOTOPOM HaxoAMTCA aHann3aTop. B ciyyae aKTUBHOWM perncrpaumm
OHa npepbiBaeTcA. [locie BOCCTAHOB/AEHMA MNUTAIOWLErO aHaAM3aTOP HaMPAMKEeHWA perucrpauus
BO306HOBAAETCA.

4.4 CunxpoHusanui c I[IK

Mpu BKNOYEHMM aHANN3aTOPa KNaBuLen «© nopt USB 6yaeT NOCTOAHHO aKTUBEH.
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B peruMme uTeHMs TeKywMx AaHHblX, B nporpamme «SONEL ANALYSIS» Ha MK obHoBAeHWE p[aHHbIX
NPOMCXOAMT Hallle, Yem Kaxable 1 cek.

Bo Bpema perncrpaumm BO3MOXKHA nepegayva AaHHbIX, YXKe COXPaHEeHHbIX B NamaATb. JaHHble cYMTbIBAKOTCA
[0 MOMEHTa Ux Hayana nepegauu Ha MMK.

Bo Bpema perncrpaumm BO3MOXKEH NPOCMOTP NapameTpoB ceTu Ha MK:
e MrHoBeHHble 3HaYeHUA TOKa, HaMNPSKEHUS, BCEX MOLLHOCTEN, CyMMapHbIe 3HaYeHua ana 3-x ¢as;
e [apmoHuKu 1 THD;
o AcummeTpuio;
e BeKTOpHble Anarpammbl 41A HANPAXKEHUN U TOKOB;
e Ocumnnorpammbl TOKa U HanpaXeHMa oTobparkaeMbl B PeKUME PeasibHOro BPEMEHMU.

Bo Bpemsa coeanHeHua c MK knasuwa { FE) 6710KMpyeTCA, HO ecn aHanM3aTop pPaboTaeT C BKAOYEHHbIM
pexXnmom 6/0KMPOBKM KNaBmaTypbl (Hanpumep, BO BPEMA PErvcTpauuu), To 3ab/J0KMpOBaHA TaKkKe M

KNnasulla @

[na Toro ytobbl COEaMHUTLCA C aHAIM3aTOPOM Heobxoammo eBeectn ero PIN-koa. Kog no ymonyaHuio ato
000. PIN-Ko4 MOXHO M3MeHUTb ¢ nomoubio MO «SONEL ANALYSIS».

Tpw NonbITKK BBOAa HenpasuabHoro PIN-Koga 6/10KMpyloT nepegadvy AaHHbIX Ha 10 mMHYT. ToNbKO nocne
3TOro BpemMeHu byaeT BO3MOXKHa NOBTOPHAA MNOMbITKa BBECTU KOA.

Ecnm B TeyeHne 30 cek nocne nogkatoyeHusa K MK He NpoucxoanT HMKAKOro obmeHa AaHHbIMU MeXay
aHaNM3aToOpoOM W KOMMbIOTEPOM, aHaNM3aToOpP BbLIXOAMUT W3 peXMma nepefayy [AaHHbIX W 3aBepliaet
NoAKoYeHMe.

YpeprKaHne B Ted4eHue 5 ceKyHA Knasuul @ @ go3sBpawaeT PIN-Ko4 no ymonyaHuio
& (000).

Ecan BkatoveHa ONOKMPOBKa KAaBuaTypbl BO BPeMsA perucTpauumn, To oHa umeeT bonee

BbICOKMI NPUOPUTET (CHAYaNa HYKHO Pa3bIOKMPOBATL KAaBuLWK, 4TOObl 06HYNMTb PIN-KOA).

USB — aBnseTcAa NOCTOAHHO AENCTBYOWMM UHTEPdENCOM M HE MMEET BO3MOMKHOCTM CBOErO OTK/HOYEHMUS.
[na Toro 4yTo6bl COEANHUTLCA C AaHAM3ATOPOM, HEOBXOAMMO coeaMHUTL ero Kabenem USB ¢ KomnbloTepom
(pasbém USB HaxoguTcA Ha /IeBOW CTEHKe aHa/M3aTopa M 3alMULIEH YNJIOTHUTENbHOW 3arnywkoi). Ha
KOMNbloTEPE HEOBXOAMMO MPeABaPUTENbHO YCTAaHOBUTL NporpammHoe obecnedeHne «SONEL ANALYSIS»
BMeCTe C ApanBepamu.

CKOpOCTb Nepeaayn AaHHbIX coctasnaer 921,6 Kbut/cek.

4.5 Cur"HajJusanys OIMUOKH MOAK/II0YEeHUs

Bo Bpemsa paboTbl aHanM3aTOp HEMPEPLIBHO KOHTPOAMPYET M3MepsemMble NapameTpbl Ha COOTBETCTBME
TeKywen KoHourypaumm. Ha OCHOBaHWM HECKONbKUX KPUTEPUEB, MEPEYUCAEHHbIX HWXKe, aHanu3aTop
ynpasnset uHamkaumen csetogmona ERROR. Ecnu aHanusatop He OOHApy)KWM/A HECOOTBETCTBUM, 3TOT
csetoamopn He roput. Korga no KpaWHel mepe OAMH W3 KpUTEPUEB YKA3biBAeT Ha MOTEHUMAbHYHO
npobnemy, ceetoanos ERROR HaunHaeT murares.
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KpMTepMM, ncnoab3yemble aHa/IN3aTOPOM ONA O6HaPY)KEHMﬂ OLINBKM noaxKNw4YeHunaA, cnegyrowme:

e OTK/NIOHEHWE [OENCTBYIOWLEr0 3HauyeHMA HanpsxeHua 6onee yem Ha 115% OT HOMWHaANbHOrO
3HayeHus;

e OTknoHeHue ¢a30BOro yrna OCHOBHOM COCTaBAAlOLWLIEN HanpsskeHua 6onee yem Ha +30° ot
TEOPETUYECKOro 3HaYEHMA NPU PE3UCTUBHOMN HarpysKe U CUMMETPUYHON CeTU (CMOTPU NpUMeYaHue
HUXKe);

e OTKNOHeHWe $a30BOro yria 0CHOBHOM cOoCTaBAAOLLEN TOKa 6onee Yem Ha £55° OT TeopeTUYECKOro
3HAYEeHMA NPU PE3UCTUBHOM HarpysKe U CUMMETPUYHON CeTU (CMOTPU NPUMEYAHUNE HUXKE);

e OTK/NIOHEHMe 3Ha4YeHMA YacToTbl ceTn 6onee Yem £10% OT HOMWUHANBHOIO 3HAYEHMA YACTOTbI,

¢ B 3-¢asHol 3-x 1 4-X NPOBOAHON CUCTEMAX CETWU, aHANIM3ATOP TAKXKE BbIYUCAAET CYMMY BCEX TOKOB
(MrHoBeHHble 3HaYeHUA) U NPOBEPAET, PaBHA /I OHA HYJO. ITO MOMOraeT onpeaennTb, NPaBUIbHO
/M NOAKNIOYEHbI BCE TOKOBbIE KeLM (T. e. CTPEeIKM Ha rybKax KaeLLel Hanpas/ieHbl K Harpyske).

Ecnn paccunTaHHOe aelcTeylollee 3HaYeHue cymmbl b6onblue, yem 0,3% Inov, 3TO paccmaTpuBaeTca Kak
owunbka n muraet ceetoanos ERROR.

O6Hapy:keHne ¢a3oBOM OWUBKKU TpebyeT, YTobbl OCHOBHAsA COCTaBAAKOLWAA CUrHana 6bina

& bosibwe uAM paBHa 5% HOMWHaANBbHOIO 3HayeHWA HanpsKeHua waum 1% pauanasoHa
HOMMWHaNbHOTO TOKa. Eciv 3TO ycnosue He BbIMOMHAETCA, TO NPaBUIbHOCTL $a30BbIX Yr/10B He
nposepnaeTcs.

4.6 IlpeaynpexjeHHUe 0 BBICOKOM HaNPS»KEHUU UJIH TOKe

Bo Bpemsa paboTbl aHaAM3aTOP HEMPEPbIBHO KOHTPO/IMPYET 3HAYeHWA HanpsaXeHMt W TOKOB,
NOAK/IIOYEHHBIX K U3MePUTE/IbHbIM BXoAaM. Eciv HanpsaxkeHWe B Nt1060W M3 akTUBHbIX ¢a3 Ha 20% NpeBbicuT
3aZlaHHOrO0 B U3MeEpPMUTENbHOW KOHOUIypauum 3HayeHUsa HOMMHANLHOrO HanpsaeHua (>120% Unowm), TO
BK/IHOYAETCA HEMpPepbIBHbIN ABYXTOHA/IbHbIN 3BYKOBOM CUrHaA. AHa/OMMYHO AN TOKOB — CMIHaa TPEBOru
BK/IKOYAETCA, €C/IN U3MEPEHHbIN TOK B 1060M M3 aKTUBHbIX KaHanoB Ha 20% NpeBbICUT HOMUHANbHbIN TOK
(amanasoH kneweir; >120% Inom). B 3TOM ciyyae npoBepbTe, HAXO4MTCA AU HAMPAXKEHME UM TOK B
M3MepseMoin CeTM B AManasoHe AONYCTUMbIX A/ aHanu3aTopa HanpaKeHW U TOKOB, WAM NpoBepbTe
NPaBUAbHOCTb KOHPUIypaLMM aHaAN3aTopa U U3MEHUTE eé.

4.7 H3mMepeHHe
4.7.1 Haya/io M OCTaHOBKa perucrpauuu
Bo3morKHbI Tpu crocoba 3anycka perncrpaumm:

e HenocpencTBEHHbIN 3aMycK — BPYYHYIO MOC/AE HaxKaTusA knasnwn @D nocne npesBapuTebHOM
HaCTpOWKM aHanusaTopa c nomouibto MK, muraet ceetoamnos LOGG;

e CornacHo pacnucaHulo, yctaHoBaeHHOMy B nporpamme MK, B 3tom caydae naatne &P e
HauMHaeT perncTpaumio (aHanmsatop oOXuaaeT b6AMMKalwero BPEMEHW W3  YCTAaHOB/IEHHOro
pacnucaHua u cam crtapTyeTt) — ceetognon LOGG ropuT B perKMMe OXWAaHusA, a noc/ie 3anycka
MUWraer;
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MoporoBoe 3HayeHMe - MPU COBEPLUEHMM KaKoro-nmbo cobbiTna, 3a4aHHOTO B KOHOUrypauuu,
naatne ED MepeKNoYaeT aHaM3aTOP B HOPMasbHbIA PEXUM U3MEPEHUI, TEM HEe MeHee,
3anucb ¢alinos (CoOH6CTBEHHO perncTpaumsa) HauMHAeTCA TOJNbKO Mociae OobHapyXKeHuAa nepBoro
cobbiTuA. Ceetoamon LOGG ropuT B peXMMe 0XXUAaHWUSA, @ NOC/e 3aMnycka MUraer.

PEI'MCTpaLI,VIFl aHann3atTopa MOXKeET 6bITb 3anylweHa cobbiTvem no TOKY WAN HaNpAXeHWU, KOTOopble

3agatotca B nporpamme «SONEL ANALYSIS».

OKoHYaHue perncrTpaumm:

4.7.2

OcTaHOBKa perncrpaummM BPYYHYIO NPOUCXOAUT MNOCNE YAEPNKaHUA HAXKATOW KAaBULLM @ ;
TeYyeHue ceKyHAabl Unu u3 nporpammol MK;

Perncrtpauma 3akaH4YMBaAEeTCA aBTOMATUYECKU B PEXMME pPaCnUcaHuA (ecin yCTaHOBAEHO Bpems
OKOHYaHWA), B OCTa/IbHbIX C/Iy4asix OHA MPOAO/IKAETCA A0 OCTAaHOBKWM Mo/sb30BaTesiemM (KaasuLlen
@D vanva YPOBHE NpUIoKeHUA);

Perncrpauna 3akaHYMBaeTCA aBTOMaTUYECKM NPU 3aN0JIHEHUM BCEMN KapTbl NAaMATH;

Mocne OKOHYaHMA PErucTpaLmn, eciv NpMbop He HAXOAMUTCS B CNALLEM PEXUME, FaCHET CBETOAMNOA,
LOGG 1 aHanM3aTtop *KAET KOMaHAbl onepaTopa;

Ecnmn B npouecce permcrpaumm u nocse eé 3aBepLleHUs CBETOAMOAbI He ropAT, a HaxaTue nboin
KNaBMLWW BbI3bIBAaET NHAMKaLMIO cBeToanona ON.

OpI/IeHTPIpOBO'-lHOB BpeEMsA perucrpanmuu

MaKcumanbHoe BpemMs perucTpauum 3aBUCUT OT MHOTUX GaKTOPOB, TaKMUX KaK: 0OBEM KapTbl NamaATH, Bpems

yCpeaHeHus, TUM CEeTH, KOIMYECTBO PErMCTPUPYEMbIX NapameTpoB, 3anucb OCLMAIOrpaMm U 0BHapyKeHue

cobbITUI, U camn AONYyCKU cobbITUIA. HeKkoTopble BbibpaHHble KOHOUIypauun npueeseHbl B Tabauue. B

nocnefHen KOJMIOHKE YKaszaHO NpubaAn3UTeNbHOE BpPemsA perncTpaupmm gns Kaptel namsatm ob6bvémom 2 Ib.

MoKa3aHHble NpMMepbl KOHOUIypaL il NpeanonaratoT BKAOYEHHOE N3MepeHue ToKa Iy.

MpnbansnTtensHoe Bpema perncTpaumm Ans HECKObKMX NPUMEPOB KOHOUrypaLmm

Tun MpunbnunsntensHoe
Tun cetn Ocumnnorpammbl
KoHOUrypaumm/ Mepuogp, Ocumnnorpammol BpPEMA perncrpaumm
(v3mepeHne CobbliTnA . no nepuogy .
peructpupyemble ycpeaHeHua cobbITHI npv oTBEAEHHOM
TOKOB) ycpeaHeHus
napamertpbl mecte 2 I'b
Mo rOCT 3-¢pasHan ¢ (1000 .
10 MUHYT . ¢ (1000 cobbiTuit) 60 net
30804.4.30-2013 3Be3ga cobbiTnin)
Mo npodunio
3-¢asHas .
«TOKM 1 1 cekyHAa 270 gHen
3Be3ga
HanpPAMXeHUa»
Mo npodunio
3-¢asHas
«MoLwHoCTN K 1 cekyHAa 23 gHA
3Be3ga
rapMOHUKN»
Mo npodunto
pod 3-¢pasHan ¢ (1000 .
«MouwHocTtu n 1 cekyHaa . ¢ (1000 cobbiTuin) 22,5 pHa
3Be3ga cobbITuin)
rapMOHUKN»
BkntoueHbl Bce
3-¢asHas
BO3MOMHble 10 MmuHyT 4 ropa
3Be3ga

napametpsl
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BkntoueHbl Bce

3-¢asHan .

BO3MOMHbIe 10 cekyHp, 25 pHen
3Be3a

napametpbl

BkntoueHbl Bce
BO3MOMKHble 10 cekyHA, 1-¢asHan 64 aHA
napametpbl

BkntoueHbl Bce (1000
[ ]

BO3MOMHble 10 ceKyHp, 1-¢asHan . * (1000 cobbiTunit) o 22 aHA
cobbiTunin)

napameTpsl

4.8 H3MepeHHe IYCKOBOI'O TOKA

PyHKUMA NO3BONAET PErucTPMPOBaTh NOAYyNepuoaHble 3HAYEHUS HaMNPAXKEHUS W TOKa B TedyeHue 60 cek.
Mocne 3TOro BpeMeHu peructpaums byaet aBTomaTUYecKM 3aseplueHa. Mepea MamepeHnem Heobxoammo
BblbpaTb Bpemsa ycpeaHeHus — loaosuHa nepuoda. OcTanbHble HACTPOMKU U CUCTEMA U3MEPEHUI MOryT
6bI1Tb NtobbIE.

4.9 BJIOKHUPOBKA KJIaBMIU

B npunoxkeHnm «SONEL ANALYSIS» ecTb BO3MOKHOCTb HaCTPOMKKN NapameTpoB 6/I0KMPOBKU KiaBuL nocne
Hayana perucrpaumm. 1o Aenaetca ANA 3aWMTbl aHAIM3aToOpPa OT OCTAHOBKU PerncTpaumm noCTOPOHHUMMU
nnuamu. Y1obbl pa3bnoknposaTtb KAaBmLwK, HEOBX0AMMO BbINOAHUTL Caeaytowme 4eNcTBuA:

e Tpu pasa noapsag HaxkaTb Knasmmy@ ¢ uHTepsanom ot 0,5 oo 1 cek.;
e 3aTeMm HakaTb Knasmmy@ B TeyeHune 0,5...1 cek.;

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

4.10 Pexxum 0kuaHus («CHSLUIA» PexKUM)

Mporpamma «SONEL ANALYSIS» AaéT BO3MOMXKHOCTb BKAKOUYUTL pexXnm oxunaaHua. Yepes 10 ceKyHa nocne
Hayana pernucTpaumm aHanM3aTop racuT ceetogmoabl. C 3TOro MOMEHTa BO3MOKHbI BAPUAHTbI:

e HenocpeAcTBEHHbIM 3anMycK — NOCAE AKTUBALUM peMMA, Kaxable 10 ceKyHA, mUraeT CBETOAMOZ,
LOGG, cMrHanusmpyowmii o permctpauuu;

e 3anyck no cobbITMO — Noc/ie akTUBaUMK pexuma, ceetogmos LOGG muraet Kaxgble 30 cekyHA B
pexnme OXUOAHMA, B MOMEHT Hadana peructpaumm csetogmos LOGG HauuHaeT muratb yepes
Kaxable 10 cekyHa;

e 3anyckK no pacnucaHuio — Nocse akTnueaumm pexmma, ceetoanog LOGG muraet Kaxkgble 30 cekyHA, B
peXxume OXuaaHuA, B MOMEHT Hayana peructpauum ceetoamon LOGG HaumHaeT muratb 4vepes
Kaxgble 10 cekyHA.

B pononHeHue K YKa3aHHbIM Bbllle Cy4Yaam:

L Ecnun MNonb3oBatenb cam NpepbiBaeT perncTpaumio Haxkatnem @, B AaHHOM Cny4ae cBeToamnoabl
BK/IKOYAKOTCA, €C/I TO/IbKO PErnNcTpaLmna He Ha4yHETCA 3aHOBO;
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L Echan aHanusatop camoCToATENbHO 3aKOHYMA perncTpaumio, NOTOMYy YTO 3aKOHUYMIOCH MECTO Ha
KapTe NnamAaTtn Uam 3aBeplieHo pacnmcaHmne, To CBeToanoabl OCTAaOTCA NMoralieHsbl.

HarkaTme noboi Knasmwm (KpaTKoBpeMeHHO) Bbi3biBaeT cBeyeHne ceetoanoga ON (M, BO3MOXKHO, ApYyrux,
Hanpumep, MEM B 3aBUCMMOCTM OT COCTOSIHWUSA) U aKTMBALIMK AaHHOMN GYHKLIMK, €CIN OHa AOCTYMHa.

4.11 O6HoBJsieHue 110

BHyTpeHHee nporpammHoe obecneyeHne aHanmsatopa (aHrn. firmware) HeobxoaMmo perynspHo
06HOB/IATb, MOTOMY YTO 0BHOBNIEHUS UCMIPABASAIOT BbISIBIEHHbIE OLIMBKN UAK BBOAAT HOBble GYHKUMK. Ecu
obHOBNSAETCA MPOLUMBKA aHa/n3aTopa, TO c/eayeT NPoBepwTb, AOCTYMHA XM HOBas Bepcusa MPOorpammbl
«SONEL ANALYSIS» (1 Ha060pOT) M eCcnu 3TO TaK, TO TaKKe HeobXxoaAMMO 06HOBUTL MPOrpaMmy.

4.11.1 ABTOMaTHYecKoe O6GHOBJIEHHE

ABTOMaTUYECKNIN MeTof, (pekomeHayeTcsl) BbINOMHAETCA C MOMOLLbIO NporpammHoro obecnedeHma « SONEL
ANALYSIS». Ecam B KOHOUIypaumm nporpammbl Nnosib3oBaTesb BKAYAT onuuio NposepaTb 06HOBAEHUA, TO
NPUWIOXKEHWe NpW 3anycke NogkaoyaeTca K cepsepy. Ecin Tam ecTb AOCTynHble O6HOBAEHWA, TO OHMU
oTObparkaloTca Ha 3KpaHe (BMecTe CO CMWCKOM WM3MeHeHWIA) M NoAb3oBaTeNb MOXeT MoATBepAMTb WX
3arpysKy. Takxe MOXHO 3anyCcTUTb NPOBEPKY 0OHOB/IEHWI BPYYHYIO, BbIOPaB B MeHI0 nporpammbl CnpaBka
-> O6HoBneHue on-line. Ecan ecTb gocTynHoe o6HOB/IEHME MPOLIMBKM M OHO YCMELWHO 3arpysKeHo, To
MOHO 0B6HOBUTb BHYTpPeHHee nporpammHoe obecnedyeHne aHanamnsatopa. 4na 3Toro HeobxoANMO:

e T[epen OGHOBNEHWEM CKOMMpPYWTe BCe [AaHHble W3 aHa/M3aTopa Ha KoMMbloTep (3arpysute
3anunCcaHHble AaHHbIE U COXPAHWUTE UX HA OUCKE);

e [oaKntounTe Lenb NMTaHUA aHaIM3aTopa K 3N1EKTPUYECKON ceTu;

e TlogKntounTe aHanAn3aTop K KoMnbloTepy Kabenem USB M ycTaHOBUTE COegUHEHUE NMPUIOKEHUS C
aHanusatopom. Cpasy nocne nogrntodeHma nporpamma «SONEL ANALYSIS» noKaxkeT coobuieHune o
BO3MOXHOCTM OOHOB/MIEHWA MNPOLWMBKKA (4N 3TOro Heobxoaumo, 4TO6bl B  KOHQUrypaLmu
nporpammbl  6blia  BKAoYeHa onuua «lMpoBepATb BepcUio MNPOLIMBKUA aHanM3atopa npu
NOAKNIOUEHUN»);

e [locne noATBepXAEHWA CBOEro HamepeHUAs OOHOBWUTL NPOLUMBKY, [AOXKAWUTECH 3aBepLUEHUA
npovecca.

f Mocne ycnewHoro 06HOBAEHUA HEOHXOAMMO 3aHOBO NepenporpaMmMmpoBaTb aHaAU3aTopP
nepes 3anyckom pernmcrpaumm, 4tobol M3bexaTb NPOTUBOPEUMIA B 3aMMCbIBaEMbIX AAHHbIX.

4.11.2 Py4yHoe OGHOBJIEHUE

[na obHoOBNEHWA BPYYHYIO HEOBXOAMMO COXPAaHWUTb COOTBETCTBYHOLLMIM dalin NPOLIMBKM Ha KapTy NamaTh u
3anycTUTb OOHOB/AIEHME KNaBULLEN.
e [lepen obOHOBAEHMEM CKOMUpPYMTE BCE JaHHble W3 aHanM3aTopa Ha KOMMblOTep (3arpysuTe
3aNmnCaHHble JaHHbIe U COXPAHWUTE UX HA OUCKE);
e [logKntouuTe Uenb NUTAHUA aHANN3ATOPA K SNEKTPUYECKON CeTy;
e C Beb-canta http://www.sonel.ru 3arpysute ¢aitn ¢ HoBoli npowuskoi. Ecan ¢ain ynakosaH,
n3BAeKnTe U3 apxmea ¢ain c umeHem FIRMWARE.PQF;
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A

dainn FIRMWARE.PQF HeobxogMmo 3anucaTb B KOPHEBOW KaTanor KapTbl NamATM microSD c
NOMOLLbIO BHellHero card reader;

BctaBbTe KapTy namAatM B aHanu3atop. [oskeH mwuratb csetoamog ON, uyto curHanmsupyet
pacno3HaBaHue ¢aiiiia NPOLWMBKU U TOTOBHOCTb K 3aMyCKy 0OHOBEHUSA;

YT106bI HaYaTb OOHOBAEHME, HAXMUTE KNABULLY €D e KnaBuLly €D 1e HaxaTb B Teuerme 10
CekyHa, obHoBneHuMe wurHopupyetca. [lpouecc OOGHOBAEHWA  CUTHAZIMBUPYETCA  MUFAHUEM
ceetoanonos ON n MEM.

Mocne ycnewHoro o6HOBNEHMA HeobXOAMMO 3aHOBO MEpenporpaMmmMmMpoBaTb aHanM3atop
nepeg, 3anycKOM PerncTpaLmm, 4tobbl n3bexarb NPOTUBOPEUMIA B 3aMMUCbIBAEMbIX JaHHbIX.

5 I1I0 «SONEL ANALYSIS»

MO «SONEL ANALYSIS» sBnsetcs HeobxoAMMbIM MpPUAOKeHUeM ana paboTtbl ¢ aHannsaTtopom PQM-700.

OHa no3BonseT:

Mpon3BoAUTb HAaCTPOMKY KOHUTypaL MM aHaNM3aTopa;

CunTbIBaTb AQHHbIE C PErNCTPATOPA;

MpocmaTpmBaTb NapameTpbl CETU B pealbHOM BPEMEHMU;

Ypanatb AaHHble U3 aHA/IN3aTopa;

MpeacTaBnaTb AaHHble B BUAE Tabany,;

MpeAactaBnATb AaHHbIE B BUAE AMArPaMM;

AHanunsmpoBaTb AaHHble no ctaHgapty FOCT 30804.4.30-2013, pernameHTy 3HEProcuctembl W
OPYrMM yCN0BUAM, onpeaensieMbiM Nosb30BaTeNIeM;

HeszaBncmo paboTaTb C HECKO/IbKMMU YCTPOUCTBAMU;

O6HOBAATL A0 HOBbIX BEPCUIA MPOLUMBKY aHA/M3aTOPa M Camy Nporpammy.

MopopobHoe pyKkoBOACTBO nNonb3oBaTena nporpammbl «SONEL ANALYSIS» pocTynHO B OTAE/IbHOM

AOKYMeHTe (TaKKe ANA CKaumBaHus ¢ cata http://www.sonel.ru).

6 IOAKJ/IIOYEHUE AHAJIN3ATOPA

AHaJ'IVI3aTOp MOXXHO NOAKNKYNUTb K CeAyHWUM TUNnam CeTun:

OaHodasHas asyxnposogHas (Puc.5);

ApyxdasHan (c pasaenéHHoli 06MOTKOM TpaHchopmaTopa, aHrA. split phase) (Puc.6);
TpéxdasHasn yeTbipéxnpoBogHan («3sesna») (Puc.7 n Puc.12);

TpéxdasHas TpéxnpoBoaHan («3Be3aa» ¢ U30IMPOBaHHOM HeilTpanbto) (Puc.8);
TpéxdasHan TpéxnpoBoaHas («TpeyronbHuK») (Pruc.9 u Puc.13);

B TpéXI'IpOBO,CI,HbIX CNCTtemax BO3MOKEH 3amep TOKOB METOL0M ApOHa, C ncnonb3oBaHMeEmM TOJIbKO ABYX

KﬂGLLI,EVI, naImepAarnLwmnx NINHelHble TOKM li1 U li3. 3HaYeHMe e ToKa |12 BbIMMCAAETCA COr1lacHO 3aBUCUMOCTU:

24

I = =111 — 113



3Ty MeTOAMKY MOXHO MCMO/b30BaTb B C/y4ae CUCTEMbI TUNA «TpeyronbHuK» (Puc.10) u «3Be3ga» c
N30/IMPOBaHHON HelTpanbio (Puc.11).

Onsa paboTtbl B cucTemax 3/M1eKTPOCHABXKeHMA C U30/IMPOBAHHOM HEenTpasbld Heobxoammo

& nogxkntouMTh Bxod N Mo HanpaxeHuio K Knemme/WwuHe L3 uccnegyemoit cetu. B TaKux
cucTeMax He TpebyeTca moaknwoudaTb BXxog L3 aHanmsatopa K 3/1eKTpuyeckon cetu. Cxembl
NOAKOYEHUA NOKasaHbl Ha Puc.8, Puc.9, Pnc.10, Puc.11 n Pnc.13.

B ceTAX C HeMTpanbHbIM MPOBOAHMKOM MOMKHO BK/OUMTb M3MEPEHMe TOKa B 3TOM MPOBOAHMKE Moc/e
NOAK/OUEHNA SONONHUTENbHLIX KNeweh no Bxody In. 9To namepeHue BbINONHAETCA NOCNE BKAOYEHUA B
KOHdUrypaumm mecrta usmepeHuns onuun «TOK B npoBogHUKe N».

Ona NpaBUAbHOTO BbIYMCAEHMA MOJIHOM MOLWLHOCTU Se, @ TaKKe KoaddpuumeHtTa mowHoctu PF B

& TpéxdasHon 4-x NPOBOAHOM ceTh 06s3aTe/IbHO U3SMEPEHME TOKA B HENTPAJ/IbHOM NMPOBOAHMUKE.
B Takom cniyyae HeobxoaAMMO Bcerga BKAKUYaTb onuumio «TOK B NpoBoAHUKE N» U NOAKNHOYNTD
4 U3MepuUTENbHbIX KNelllen.

Heobxoammo obpaTnTb BHMMaHME Ha GasMpPoOBKYy Kneuler (rMBKux u obbiuHbix). Knewm Heobxoaumo Tak
YCTaHOBUTb, YTODbI CTPE/IKA, HaX04AWAACA HA Kaewax, bblia HanpaBaeHa B CTOPOHY Harpysku. MNpoeepuTb
NPaBWUIbHOCTb YCTAHOBKM KNeLWen MOXKHO NYTEM U3MEPEHMA aKTUBHOM MOLLHOCTM — B 6O/IbLUIMHCTBE TUMOB
MacCMBHbIX MPUEMHMKOB, aKTMBHAsA MOLLHOCTb MMEEeT TMOJIOKUTENbHBbIN 3HaK. B cnayyae obpaTHoOro
NOAK/IOYEHMA KNeLen NX NOAAPHOCTb MOMKHO M3MeHUTb ¢ momollbto MO «Sonel Analysis».

Cxembl NOAKNOYEHUA aHaAM3aTopa K VICCI'IE,D,VEMOVI CeTn B 3aBUCUMOCTU OT ee Tuna.

T )
H ] ) :

) ‘M -

‘| PE ‘PE E
TpaHCopmaTop : MpemIHIME
+ JononHKTEEHD

B0kl N0 HENRAKEHMD Bxogel o Toky

Puc.5 Cxema nogkntodeHus — ogHodasHas ceTb.
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Bxofbl N0 HANPAKEHMD Bxogbl 0o Toky

Puc.6 Cxema nogkntoyeHus — apyxdasHana cuctema.
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Bixogbl No HaNpAKeHMo Bxogel no Toky

Puc.7 Cxema nogxntoyeHma — TpéxdpasHan ceTb «3Be3/a» C HeMTPaibHbIM MPOBOAOM.
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JonoAHUTENEHD

Bxofbl N0 HENRAKEHMD  Bxofbl 0o Toky
Puc.8 Cxema nogxntodeHns — TpéxdasHan ceTb «3Be34a» C M30/IMPOBAHHOW HENTPaAbIO.



TpaHchopmaTop MRrEnHuK

JonoAHKUTENEHD

Bxofbl N0 HANPAKEHMIO  Bxogel No Toky

Punc.9 Cxema nogkntoueHuns — TpéxdasHana ceTb «KTPEYroIbHUKY.

(L1
‘L2
‘L3
TpaHchopmaTop
JononHKUTENEHD

Bxogbl N0 HANpAxeHKn  Bxoge no Toky

Punc.10 Cxema noaxntodeHnn — TpéxdasHan ceTb «TPEYrosibHUK» (M3mepeHne Toka MeTogom ApoHa).
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Bxogbl 00 HANPAKEHMD  Bxopel No ToKy

Puc.11 Cxema nogkntoueHus — TpéxdasHan ceTb «38e34a» C M30/IMPOBAHHOMN HENTPabio (M3MepeHMe ToKa
MeToa0m ApoHa)
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Puc.12 Cxema noAK t04EHMA — KOCBEHHbIE M3MepeHUa B 3-pa3Hoi cxeme «3Be3aa» CETU CPeaHero
HaMNPSAMKEeHUs C U3MepUTENbHbIMM TPAaHCPOPMaATOPaMU.

.....................................

TpaHcdopmatop L1 — < L1 MpremHKK
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Bxoapl no Hanps»KeHUo  Bxoabl no Toky
Puc.13 Cxema nogKntoMeHNA — KOCBEHHbIE U3MepeHUA B 3-$pasHOM CXeMe «TPeyrosibHUK» CeTU CpenHero
HaNpPAXEeHUA C U3MEPUTENbHBIMU TPAaHCPOpPMaTOpPaMM.

7 KOHCTPYKLHUA U METO/AbI UBMEPEHHUA

7.1 Bxojpbl 10 HANPSIXKEHU IO

yCTpOﬁCTBO 6210Ka BXO40B NO HAaNPAXEeHUD CXeEMATUYECKUN NOKAa3aHO Ha PUCYHKe.
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Puc.14 Bxoabl No HanpsixKeHUto U 610K NUTaHUSA

g
Yvy

Tpu Bxoaa ¢a3 L1, L2, L3 u 3awmTHbIM npoBod PE MmeroT obuiyto AMHUIO, KOTopon ABnseTca nposoa N
(HenTpanb). Takaa KoHdUrypaumsa BXOA0B NO3BOAAET YMEHbLWTb KOJNMYECTBO NPOBOAOB, HEOOXOAMMbIX
ONA NOAKNIOYEHMA aHanM3aTopa B Haubosee paclIMPeHHOM BapuaHTe [0 4eTbipéx. PucyHOK Takke
MOKa3bIBaeT, YTO LeNb NUTAHMA aHaIN3aTOpPa ABNAETCA HE3ABUCMMOM OT U3MEPUTENBHOM LienMu.

BNOK NMUTaHMA C HOMMHaNAbHBLIM AMANA30HOM BXOAHOrO nepemeHHoro Hanps»keHus 100..415 B umeet
oTAeNbHble Pa3sbéMbl.

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

AHanmnsaTop UMeET YeTblpe HEe3aBUCUMbIX TOKOBbIX BXO4A C MAEHTUYHBIMK NapameTpamu. K Kaxkgomy us
HUX MOXHO MOAK/IIOUYMTL KECTKME TOKOBbIE K/ELWM C BbIXOAOM MO HANpAXKeHWto cTaHgapta 1 Brus WM
rMbKme TOKoBble Knewwm Tmna F.

TUNMYHOM CUTyaumen SBAAETCA WCMOJIb30BAHWE TMOKMX K/ewen BMecTe C BCTPOEHHbLIM 31EKTPOHHbLIM
nHterpatopom. OgHako, PQM-700 oTanyaeTca BO3IMOXHOCTbIO MPAMOro NOAKAIOYEHUA K BXOAY TOKOBOrO
KaHafia KaTyWwKKn POroBCKOro, a MHTErpaLma CMrHana ocyLwecTsaseTcs npu umdposon obpaboTKe.

7.2.1 ILudpoBoii uHTErpaTOPp

B aHanusatope PQM-700 ucnonb3yeTtcAa peweHve C LMOPOBbIM WMHTErPUPOBAHWEM CUTHaNA, WAYLWErO
HemnocpeacTBEHHO C KaTywku Poroeckoro. Takol noaxog no3sonun usbexkaTb nNpobiem aHanoroebix
MHTErpaTopoB, CBA3aHHbIX C HeobXxoAMMOCTblo obecrneyeHus 3aABAEHHOW TOYHOCTM B A0JrOCPOYHOMN
NepCcneKkTMBE U B CIAOMHbIX YCAOBUAX U3MeEPEeHUA. AHANIOrOBbIM MHTErpaTop TaKMKe AO/IKEH COAepKaTb
CXeMy, NMPeaoXpPaHSAIoLLYO OT MeperpysKu BbIXO4a B C/ly4ae HaIMYMA Ha BXOAE NOCTOAHHOIO HaNpPsXKeHus.

NaeanbHbIt MHTErpaTop MMeeT BeCKOHEeYHOe yCcuieHMe A1A MOCTOAHHbIX CUTHANoB, KOTopoe ybbiBaeT co
ckopoctbio 20 ab/aekagy 4actoTtbl. CAsur ¢asbl ABAAETCA NOCTOAHHbIM BO BCEM AManas3oHe 4acToT U
coctasnset —90°.

TeopeTnyeckn GecKOHeyHoe ycuaeHue AN NOCTOAHHOrO HanpAMKeHWA, ecnu OHO MNOABWUTCA Ha BXode
MHTErpaTopa, BbI3bIBAET HACbILLEHME €ro BbIXO4A A0 3HAYEeHUA O/IM3KOTO K HaNPAXKEHWIO MUTaHUA U
6710KMpYyeT AanbHenlwytlo paboTy. B MpakTMUYecKMX cxemax MPUMEHAIOTCA PELUeHMA, OorpaHuuyMBalolme
YyCUAEHME NOCTOSHHOIO HaMpPAMEeHWA [0 HEeKOTOPOro YCTaHOBAEHHOrO 3HayYeHusA, W AOMNONHUTENbHO
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nepuoamyeckm O6HynAT Bbixod. CyLLecTBYIOT TaKXKe MeToAbl AKTUBHOIMO YAANeHUs MNOCTOSHHOIO
HanpsXXeHus, 3aKkalovaloWwmnecs B ero M3sMepeHnn 1 nogade obpaTHO Ha BXOA, HO C MPOTUBOMOJIOMKHbBIM
3HaKoMm, 3ddeKTUBHO 06HynAs ero. OnpepeneHve B aHIIMICKOW TepmuHonoruu ,leaky integrator”,
O3HayaeT TOJIbKO TO, YTO AaHHbIM UHTErpaTop C yTeykoi. AHanoroBbiit ,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 O4YEHb HU3KOWM YacTOTOM NPONYCKaHMA.

UndpoBan peanusaums uHTerpaTopa obecrneymBaeT OT/IMYHbIE [AO/rOBPEeMEHHble MNapameTpbl — BCA
npoueaypa BbIMOJIHAETCA NYTEM BbIYMUC/IEHUA, HE MOMKET ObITb U PeUYM O CTapeHUU 31eMeEHTOB, Apeindax u
T.n. OA4HAKO, TaK }Ke, Kak U B aHa/I0OroBOM BepPCUM, 34eCb TOXKE MOXKET BO3HUKHYTb Npobiema HacbIWeHNA U
6e3 [O0MKHOro NpoTUBOAENCTBUA UMGPOBOE MHTErpMpoOBaHME MOMKeT cTaTb becnonesHbim. Cnepgyet
MOMHUTb, YTO BXOAHbIE YCUAUTENW, KaK W aHanoro-uudpoBoit npeobpasosaTesib, UMEHT HEKOoTopoe
KOHEYHOE W HeXKesnaTes/lbHoe CMelLeHWe, KOTOpOoe AOJIKHO ObiTb YCTPaHEHO A0 Mpouecca WHTerpauuu.
MporpammHoe obecneyeHne aHanusaTopa PQM-700 cogeput umdbpoBoin ¢GUNbLTP, 3adayeit KOTOporo
ABNAETCA MOJIHOE YyAaseHue TMOCTOAHHON cocTaBaAwwen Hanps>KeHus. OTOUNALTPOBAHHLIN  CUTHAN
noagepraetca uudpoBoi MHTerpaumm. Ntorosana ¢asoBas XapaKTepUCTUKa MMEET OT/IMYHbIE CBOMCTBA W
MWUHUMaNbHbIN caBur dasbl AN Hanbonee KpuTUYecKkmx Yactot 50 1 60 Iy,

ObecneyeHne KakK MOMHO MeHbLIEro casura ¢a3 mexay CUrHanaMym TOKa W HanpsXKeHua ABAsSeTCs
YypesBbl4aMHO BaXKHbIM O/1A AOCTUMKEHUA HWU3KON MOrpeLlHOCTM U3MepeHUa MOLLHOCTU. MOXHO MoKasaThb,
4TO OWMBKa M3MEPEHNA MOLLLHOCTM NPUBAN3UTENBHO BbIPaXKaeTCcA 3aBUCMMOCTbIO':

owubKa usmepeHua MouHocmu = owubka ¢asel (8 paduaHax) x tan(gp) x 100 %,
rae tan() — 3To TaHreHc yraa Mexay 0CHOBHbIMM COCTaBAAIOWMMM TOKA U HaMNPAMXKEHUS.

M3 npuseaeHHOlM Bbile GOPMY/abl MOXHO CAENATb BbIBOA, UYTO OLWMOKM M3IMEpPEHWUA pacTyT BMecTe C
yMeHblleHnemM KoadpouumeHTa $as3oBoro casura; Hanpumep, npu owmnbke ¢asbl Tonbko 0,1° n ¢ = 0,5,
owmnbka coctasnset 0,3%. Tak WAM WMHaye, 4TOObl M3MEPEHMA MOLLHOCTU OblIM OYEHb TOYHbIMU,
COrNIacoBaHHOCTb $a3 KaHA/MOB HAMPAXKEHUS U TOKA A0/KHA ObITb KAaK MOXKHO yyLLe.

Npumeyanue’: Current sensing for energy metering, William Koon, Analog Devices, Inc.

7.3 JMcKpeTHU3auMs CUTHaJIa

CurHan gucKpeTmsnpyeTca o4HOBPEMEHHO MO BCEM 8 KaHa/laM C YacTOTOM, CMHXPOHM3MPOBAHHOM C YacTOTOM
NUTALOLLLEro HANPAXEHMA ONOPHOro KaHana. 3Ta YyacTtoTa pasHa 10,24 kl'y gna cetn 50 'y n 60 Iy,

OTtaenbHbili nepuos coaeput 204,8 Bbibopok ana yactotbl 50 'y n 170,67 ana 60 ly. Mcnonb3yetca 16-
pa3pagHbIiM aHanoro-umMdposoi npeobpasoBaTesib, KOTOPbIN obecneumBaeT 64-KpaTHYHO AUCKPETU3aLMIO.

3-0b aHanoroBas cxema NOLABAEHWS HACTPOEHA Ha 4acToTy okoso 12 Kfu, B TO Bpems KaK OLMbKa
aMMANUTYabl ANA MaKCUMa/IbHOM UCNO/Ib3yeMOoM YacToTbl paBHOM 2,4 KI'y, (T.e. YyacToTbl 40-1 rapMOHUKMK AnA
cetn 60 lu) coctasnsaet okoso 0,3 ab. Casur dasbl Ansa 3TOM YacToTbl MeHblie 15°. 3aTyxaHue B nonoce
HenponycKkaHus coctasnset bonee 75 ab.
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CnepyeT o6paTUTb BHUMaHME, YTO A1A NPABUIbHOIO M3MmepeHua $Has3oBOro CABMra MeXKay rapMoHWKamu
HaMNPAeHUA OTHOCUTE/IbHO FAPMOHMK TOKa M MOLLHOCTW, He BaKeH abcontoTHbIM $pa3oBbIM CABUM ITUX
rapMOHMK NO OTHOLWIEHMIO K OCHOBHOWM 4acTOTe, a TO/IbKO COBMageHue a3oBbiX XapaKTEPUCTUK KaHasloB
HanpaXKeHusa 1 Toka. Hanbonblian ownbKka pasHuupbl pas coctasndaet ana f = 2,4 Kl'uy, makcumanbHo 15°. 3T1a
ownbKa ymeHblUaeTca 04HOBPEMEHHO C YMEHbLUEHMEM UHTepeCcytoLWelt Hac 4acToTbl.

7.4 CunxpoHusanusa PAIIY

CMHXPOHM3aALMA 4YacTOTbl AMCKPETM3auMM peannsoBaHa annapaTHbiIM cnocobom. CuUrHan HanpsKeHus,
npomnaa yepes BXOAHbIE LENW, HaNpasAAeTCA B MOOCOBOM MPOMNyCKaloWmMim GUAbLTP, 3a4aden KOToporo
ABNAETCA CHUXKEHME YPOBHA FapPMOHMK M MPOMYCK TOJIbKO OCHOBHOWM COCTaBASIOWEN HanpsaxXeHuda. 3atem
3TOT CMrHan HanpasaseTca ans o6paboTKM B pa3oByrO NETNIO, KaK ONopHbI curHan. Cxema PANY (basosas
aBTOMNOACTPONKaA YacToTbl, aHr. PLL - Phase Locked Loop) reHepupyeT 4acToTy, KOTopaa MHOFOKPAaTHO Bbllle
OMOPHOM YaCTOTbl U CAYXKUT TAKTOBOM YaCcTOTOM aHasioro-undposBoro npeobpasosartesns.

HeobxoamMmocTb MpUMEHeHUA cuctembl $asoBOM METAM HanpsMyl BbiTekaeT U3 TpebosaHut FOCT
30804.4.7-2013, onucbiBalOWEr0o METOAMKY WM A0NYCTUMble OWKMOKM NpU U3MEPEHUAX FapMOHMK. ITOT
CTaHaapT TpebyeT, uTobbl OKHO (B 3HAYeHUW - BecoBaA PpYHKLMA) U3MEPEHUS, KOTOPOE ABAAETCA OCHOBOM
AN OAHOKPATHOIo U3MEPEHMA N OLEHKM COLEPHKAHUA TAPMOHUK, Obl1I0 paBHO aanTenbHocTn 10 nepnosos
anekTpuyeckon cetn 50 My n 12 nepuopam ana cetn 60 y. B obomx cnyyasx, 3TO COOTBETCTBYET BPEMEHM
0KoJ10 200 mc. MOCKOAbKY YacToTa NUTAIOLLEN CETU MOXKET MOABEPraTbCA NEPUOANYECKMM U3SMEHEHUAM U
bNYKTYaLumaAM, 4ANTENbHOCTb OKHA HEe MOMKET BbiTb paBHa To4HO 200 Mc, M Hanpumep, Aaa YacToTbl ceTn 51
'L, OHa y»Ke cocTaBnAeT 0Kono 196 mc.

CTaHOapT TaKKe peKoMeHAyeT, 4Tobbl AaHHble nepefn BbiNOJHEHMEM npeobpasoBaHua dypbe (gns
M3BJIEYEHUSA CMEKTPA/IbHbIX KOMMOHEHTOB) HE NPOXOAMAW onepauuto BecoBor ¢yHKumU. OTCyTCTBME
CUHXPOHM3ALMM YaCTOTbl M AOMYCTUMOCTb CUTYALLUK, NPU KOTOPOM BbicTpomy NpeobpasosaHuto dypbe (FFT)
noagsepramcb 6bl BbIDOPKM HELEenoro Ymcaa NnepmosoB, MOXKET NPUBECTU K ABNEHUIO YTEYKM CNEKTpa. ITO
AIB/IeHNe BbI3blBaeT pa3masblBaHME MONOCKU CMEKTPa raPMOHUK TaK¥Ke Ha HeCKOJIbKO CcoCefHUX MONOCOK
WHTEPrapMOHMK, 4YTO MOXKEeT NpMBECTM K noTtepe WMHPOPMAUMM O peasibHOM YPOBHE M  MOLLHOCTM
nccnefyemom NoNOCKM cnekTpa. JonyckaeTca BO3MOMKHOCTb MCNO/Ib30BaHMA QYHKLMU OKHa BECOM XaHHa,
KOTOpas yMeHbLlaeT HebnaronpuATHble NOCNeACTBUA YTEYKM CNEKTPA, HO 3TO OFrPaHMYMBAETCA TOJIbKO TOM
cuTyaumei, B koTopoun netna GAMNY (PLL) noTepana cMHXpOHM3aUMIO.

FOCT 30804.4.7-2013 TaK»Ke yTO4YHAET HeobXoAMMYI0 TOUYHOCTb 6/10Ka CUMHXPOHM3ALUMK. ITO BblparkaeTcs
cnefytowmm obpasom: Bpemsa mexay HapacTarowmm GPoOHTOM NepBOro MMMyibca cTpobuposanma n (M+1)
- 3TOro Mmnysnbca (rae M-4Mcio OTCUETOB B OKHE M3MEPEHUA) AO0NKHO ObiTb PaBHbIM NPOAOC/IKUTENBHOCTH
YKa3aHHOro Y1caa nepuogos B MameputenbHom okHe (10 mam 12) ¢ makcMmanbHO A0NYyCTUMOMN ownbKon
1 0,03%. YT06bl 06BACHUTL 3TO H0s1Iee NPOCTbIM CNOCOBOM, PAacCMOTPUM Cieaytowmi npumep. MpuHMMas
yactoty cetm 50 TIu, ANUTENbHOCTb OKHA W3MepeHuAa cocTaBuT poBHO 200 mc. Ecnm nepsbin
OVNCKPETU3UPYIOLINIA UMNYALC NPUAET TOYHO B MOMEHT t = 0, TO NepBbIN AUCKPETUSUPYIOLLNIA UMMNYNbC
CneayroLWero okHa U3MepeHua AOJ/IKeH NPUATU B MOMeHT BpemeHn t = 200 = 0,06 mc. 3T £ 60 MmKc -
JONycTUMOe  OTKNOHeHWe  GpoHTAa  uMmnyabca Auckpetusaumu. CTaHOapT  TakkKe  onpeaenset
pekoMeHAyeMblA MWUHUMAJIbHBbIA AMAana3oH 4YacToT, NMPU KOTOPOM YKa3aHHaA Bbille TOYHOCTb CUCTEMBI

31



CUHXPOHM3ALUMM AO/IXKHA COXPAHATLCA U YyCTaHAB/MBAET ee B npegenax + 5% oT HOMMHaNbHOWM YacToTbl, TO
ectb47,5...52,5 Ty n 57...63 'y cootsetcTtBeHHO Aana cetn 50 Ny n 60 Ny,

OTaenbHbIM BONPOCOM ABAAETCA AMANa3oH 3Ha4YeHUM BXOAHOIo HanpsaxKeHus, npu Kotopom cuctema GAMY
(PLL) 6yneT npaBuabHo paboTaTb. FOCT 30804.4.7-2013 He ycTaHaBAMBAET 34€Cb KaKUX-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 gns nsmepeHuma 10-ceKyHAHOro 3HaYeHUA YacToTbl CETU BepETca U3 KaHana HanpaxeHus L1. 1o ToT
K€ CaMblli CMTHa/, KOTOpbI mMcnonb3yeTca AnA cMHXpoHusaumm netam GAMNY (PLL). CurHan kaHana L1
NogaéTtca Ha NosocoBoi GUNLTP 2-T0 NOpAZKa, NO0CA NPOMYCKaHMA KOTOPOro HaxoAUTCA B AManasoHe
40...70 Ty, 3T0T GMNbTP NpefHa3HayeH ANA CHUKEHUA YPOBHA rAPMOHMK. 3aTem, OTPUABTPOBAHHbLIA TaKUM
obpasom curHan ¢opmupyeT MNPSAMOYroibHbIM CUrHaA. Bo Bpema 10-CEKYHAHOrO UMKAA WM3MEPeHUus
NOACYMTBIBAETCA YNCAO0 NEPUOAOB CUTHANG, A TaKXKe UX ONTENIbHOCTb. 10-CeKyHAHbIE MHTEPBAbl BPEMEHMU
onpeaensoTcAa MO 4YacaM peanbHOro BpemeHW (Kak obuwee Bpema KpaTHoe 10 cekyHpam). YacToTa
PaCcCUYMTbIBAETCA KaK OTHOLIEHME KOIMYECTBA NOACUYMTAHHbIX MEPUOLOB BPEMEHU K UX OJIUTENIbHOCTH.

7.5.1 Mertoz HU3MEPEHUA TAPMOHHYECKHUX COCTABJIAKIINX

MN3mepeHne rapMoHMK OCYLLLECTB/IAETCA B COOTBETCTBUM C TpeboBaHuAMM cTaHgapTa FOCT 30804.4.7-2013.
OH faéTt cnocob pacuyéta oTAe/IbHbIX FAPMOHMUK.

Becb npouecc coCToUT U3 HECKONIbKUX 3TaroB:

e CuHxpoHHas BbibopKa (10/12 nepunopos);
*  AHanus no 6bicTpomy npeobpasosaHuio Pypbe (FFT);
e [pynnupoBaHue.

AHanunsy no 6bicTpomy npeobpasosaHuio Pypbe (FFT) noasepraetca okHo usmepeHua 10/12 nepuoga
(npumepHo 200 mc). B pesynbTate nosyyaetca Habop cnekTpasbHbIX AMHUIA OT YacToTbl O My (NOCTOAHHbIN
TOK) Ao 40-¢1 rapmoHuKkn (okono 2,0 kl'y, ans cetn 50 My nam 2,4 Ky, ana cetn 60 I'u). PaccTosiHne mekay
COCEAHMMM IMHUAMM HaANPAMYIO CieyeT U3 NPUHATOM AINTENbHOCTU U3MEPUTEIbHOrO OKHA U COCTaBAsEeT
npuéamsunTenbHo 5 'y,

MocKkonbky aHanusatop PQM-700 cobupaeT 2048 oTCYETOB Ha OKHO M3mepeHus (ans yactoT 50 My u 60 ly),
TEM CaMbiM BbINoHAeTcA TpeboBaHMe BbicTporo npeobpasoBaHma Dypbe, UTOObI KOAMYECTBO OTCYETOB,
npoweawmnx npeobpasosaHue 6b110 paBHO CTENEHWU Yncaa 2.

OueHb Ba)KHO MoOALEpP’KaHWE MOCTOSHHOM CUMHXPOHM3ALMM  YacTOTbl  AMCKPETU3aLMM C  4YacToTOM
aneKkTpuyeckoi cetn. BbicTpoe npeobpasosaHue Pypbe (FFT) moKeT 6biTb BbIMOJAHEHO TO/IbKO Haj
JaHHbIMK, cogeprKalymmn obliee KpaTHoe nepuoaa cet. BbinosHeHMe 3TOro ycioBua Heobxoaumo ans
TOro, YTobbl CBECTM K MMHMMYMY TaK Ha3blBaeMylo YTEUKYy CNEeKTpa, KOTOpas MPUBOAMT K MCKAXKEHUHO
NMHPopMaummn o GaKTUUYECKMX YPOBHAX CNEKTPasbHbIX AUHUIA. AHannzatop PQM-700 cooTBeTCTBYET 3TUM
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TpeboBaHMAM, TaK KaK 4acToTa AWMCKPEeTM3auuu crtabunmsmpoBaHa cxemol ¢a3oBolM aBTONOACTPOMKM
yactoTbl (PLL).

MoCKO/IbKY YacToTa CETU MOXKET ObITb MOABEPKEHA BPEMEHHbIM GYKTYyauusam, cTaH4apT npeaycmaTpuBaeT
rpynnMpoBaHMe BMeCTe C JIMHUAMM OCHOBHbIX TAPMOHMK TAKMKe JIMHWWA, PaACMoONOXKEHHbIX B
HenocpeacTBeHHON 6sM30cTM OT HuX. OTCloga cneayeT, YTO 3HEPrva COCTABAAIOLLMX MOMKET YacTUYHO
nepexoamTb Ha cocegHMe COCTABNAIOLLME NHTEPTaPMOHUK.

MpeaycmoTpeHo ABa cnocoba rpynnupoBKM:

e [apMoHMYecKas rpynna (crpynnmMpoBaHbl OCHOBHAsA NOAOCKA M NO NATb UM LIECTb coceaHUX
KOMMOHEHTOB MHTEPrapMOHUK);
e [apMoHMYecKas noarpynna (crpynnupoBaHbl OCHOBHAA MOJIOCKa U MO OHOW U3 COCEAHUX INHUIA).

& Nog 3y nna Mo iy nna Mo, My Ana
rapmMoHKE pagal  rapMoHdE paga? raproHeE pagas
‘ Bieixog,
FFT
0 50 100 150 YacToTa [My]
0 1 2 3 Pag rapmoHekM

Puc.15 OnpeaeneHune noarpynn rapMoHuK (cetb 50 Mu)

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

Mpumep:
[na BblumcneHmna 3-n rapmoHunkm B cetn 50 Iy, cnegyeT yunTbiBaTb OCHOBHYHO nosocky 150 Iy u cocegHue
145 'y 1 155 Ty, Pe3ynbTupytow,asa amnantyaa paccuntoiBaetca metogom RMS.

7.6 OOGHapykeHHUe COObITHH

AHanusatop PQM-700 npegnaraeTt WMPOKME BO3IMOMKHOCTM OOHAPYKEHUA COBbITUIN B M3MEPAEMON CeTu.
CobbiTEM Mbl HasblBAaeM CUTYaUMiO, B KOTOPOM 3HayeHWe BblGpPaHHOro napameTpa CeTUM MpesbllaeT
NoporoBoe 3HaYeHue, onpeseieHHoe Nob3oBaTeNeM.

®aKT HacTynieHna cobbITA PErMcTPUPYETCA Ha KapTy NamATU B BUAE 3aNNCK, COAEPKaLLEN:

e Twun napameTpa;

¢ KaHan, B KOTOPOM NMPOU30LLI0 CODLITUE;

¢ Bpemsa Hayana U OKOHYaHMA cobbITUA;

e [loporoBoe 3HayeHWe, 3a4aHHOE NO/b30BaTeNIEM;

®  JKCTpemMasibHOE 3HaYeHUe U3MePSAEMOro NapameTpa Bo Bpems cobbiTus;
¢ CpeaHee 3Ha4YeHMe NapamMeTpa, MU3MepeHHOe 3a Bpems cobbITUS.
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B 3aBMcumocTn oT TMnNa napameTpa MOXHO YyCTaHOBUTb O4MH, ABa WU TPU NOPOroBbiX 3Ha4Y€HNA, KOTOPbIE

byayTt npoBepATbCA aHanAu3aTopom. B Tabauue cobpaHbl
06HapyKMBaTb COBLITUA C PaA3/IUUMEM MO TUNAM MOPOroB.

BCE napameTpbl,

ANnAa  KOTOPbIX MOXHO

Mapamertp

MpepbiBaHue

Mposan

Mepe-
HanpsaXeHue

MuHnmym

Makcumym

dppeKTUBHOE 3HaYeHme
HanpAXeHUs

[MocTtoAaHHaA cocTaBaAlOLWAA
HanpAaXeHnaA

YactoTa

MK-paKkTOp HanpAXKeHUA

u2

KoadpuumneHT HecummeTtpum
HanpAXeHWA No o6paTHOM
nocnesfoBaTeibHOCTU

Pst

KpaTkoBpemeHHas go3a daunkepa

Plt

OnntenbHas gosa gpankepa

3¢ PeKTUBHOE 3HaUYEeHMe TOKa

CFI

Munk-dbakTop ToKa

KoadduuneHT HecummeTtpum
TOKa No obpaTHOM
nocnesfoBaTeibHOCTU

AKTMBHAA MOLLHOCTb

Qi1,Q8

PeakTnBHaa mMoLLHOCTb

[MonHaa MmowWwHOCTb

D, Sn

MOLWHOCTb UCKAXKeHUA

PF

KoadduumeHT mowHoCTH

cos @

KoadduumeHT capura dpas

tq ¢

KoapduuneHT TaHreHe @

EP+,EP-

AKTMBHas aHeprus
(noTpebnseman n otaaBaemasn)

Ea+,Ea-

PeakTnBHasA aHeprus
(noTpebnsemasn n oTaaBaemas)

Es

[MonHaa sHeprua

THDr U

KoaddpuumeHt THDF no
HanpAXeHUo

Un2...Uhao

AMNANTYAbI FAPMOHMK
HanpsxeHus (pag n=2...40)

THDk |

KoadduumeHT THDF no Toky

Ih2...Iha0

AMNANTYAbl FAPMOHUK 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.

MocKkonbKy nopor O6H3py>K€HVIH COBbITUA MOMKET O6biTb TO/IbKO NoONOXMTeNbHbIM, 4TObbI 0becneunTb

npasubHOE BblAB/IEHUE cobbITui AnAa  BblILUEYNOMAHYTbIX NapaMeTpOoB aHa/IM3aToOp CpaBHUBAET C

YCTaHOB/IEHHbIM MOPOrom abCcoNtoTHbIE 3HAYEHMUA ITUX napamMmeTpos.
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MNpumep:
Mopor cobbiT1sA NO aKTMBHOWM MOLLHOCTM YCTAHOBMEH Ha 3HayeHue 10 KBT. EcAn HarpysKka MMeeT xapaktep

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 NpeBbILEHUA 3HAYEHUA 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/M3aToOp B MOMEHT Hayana u
OKOHYaHUA cobbiTuA. B 0bomnx cnyyasax perucrpupyeTtcs WwecTb Nepuoaos: ABa nepes MOMEHTOM Havana
(OKOHYaHKA) cobbITMA M YeTblpe Mocse Havyana (OKoH4YaHus). OCLUMANOrpaMMbl COXPaHAOTCA B 8-6UTOBOM
dopmarte c yactoTon auckpetmnsaumm 10,24 Kkl

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 TaKyKe COXPaHAETCs, OAHAKO, CO Caeayloumm
N3MEHEHUAMM:

e OTcyTCTBYET BpeMs OKOHYaHUS cobbITuS;

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

e CpegHee 3Ha4YeHMe He yKasbiBaeTcs;

e [1na cobbITUiA, CBA3AHHbIX C AEWCTBYHOLLMMM 3HAYEHUAMU HAMPSAXKEHUA WU TOKA, AOCTYMNHA TO/IbKO
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 [ina cobbiTUiA OT [AeNCTBYIOWEro 3HayeHMA HanpsXKeHua — 3TO MPOUEHT OT AuanasoHa
HOMWHabHOTO HanpsAXKeHus (Hanp. 2% ot 230 B, T.e. 4,6 B);

e [1na cobbIiTnit OT AEeNCTBYIOLLErO 3HAYEHUA TOKA — 3TO NMPOLLEHT OT AMANa3oHa HOMWHANBbHOIO TOKa
(Hanpumep, gns kneuwen C-4(A) n OTCYTCTBUSA U3MEPUTENbHbLIX TpaHCHOPMaTOpPOB, rnctepesmnc 2%
paBeH 0,02 x 1000 A = 20 A);

e [1nAa ocTanbHbIX NapamMeTpoB rmcTepesnc onpesensaeTca B NPOLEeHTax OT MAaKCMMAbHOIO 3HaYeHUA
nopora (Hanpumep, ecan MakCUManbHbIM NOPOrom AnA KosdpduumeHTa NMKOBOro 3HaYeHMA 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

OpaHodaszHan ceTb

MNapameTp .
MeTtog, pacyéTta
Ha3BaHue Ob6o3HayeHne | EanHuubl
[Jevictytolee 3Ha4YeHNe
HanpsXKeHuA Ua B
(True RMS) roe Ui ouepeaHol oTcudT HanpsaweHua Uan;
M=2048 gns cetn 50 n 60 l'y,
M
1
MocroaHHan Uspc = Mz U;
cocTaBaaowan Uapc B i=1
HanpsXeHus roe Ui ouepesHon oTcHéT HanpaxeHus Ua;
M=2048 pna cetn 50 n 60 Iy,
4YNCIO UeNbix NeprmoaoB HanpsaxKeHusa Uan, NOACYNTAHHbIX
YacrtoTa f My 3a 10 ceKkyHAHbI MHTEPBAa NO BPEMEHM YacoB,
pasgeneHHoOMy Ha obLee Bpems NOHbLIX Nepnoaos.
[JevicTaylolee 3Ha4YeHne
TOKa Ia A
(True RMS) raoe |li ouepeaHON OTCUHET TOKa la;
M=2048 pns cetn 50 n 60 Iy,
M
e = — >
NoctoAaHHasA AP M ¢
lapc A i=1
COCTaBNAOLLAA TOKa rae li ouepeHoit OTCUET TOKa |a;
M=2048 ans cetn 50 n 60 Iy,
M
1
=g
i=1
AKTWBHaA MOLHOCTb P BT rae Ui ouepenHoii oTcuéT Hanpaxenusa Uan , i ouepesHoit
OTCYET TOKa la;
M=2048 ana cetn 50 1 60 I'u,
50
Qp = Z Uply sin @y
PeakTnBHaA MOLWHOCTb Q h=1
Ba
Budeanu B P rae Un - h-a rapmoHuka HanpsaxeHua Uan, In- h-a
rapMOHUKA TOKa la, @ ¢n - h-i1 yron mexay rapmoHMKamm
Un # |h.
Q1 =Us1 1 sins
PeaKkTneHaA moLHOCTb
. . rae Ui - OCHOBHas cocTasaoLwan (nepsas rapMoHuKa)
OCHOBHOW COCTaBAAoLWekn Q: Bap
. HanpaxeHna Ua.n , l1- OCHOBHaA COCTaBAAIOLLAA TOKA la, a
(nepBoit rapmoHuMKHK)
(1 - YTON MeXA4y OCHOBHbIMM cocTasaatowmmm Uin li.
MonHana MowWHOCTb S BA S = Uarwms larms
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MonHaa mowHOCTb
UCKaXeHunAa

Sn

BA

Sy = \/52 = (U11;)?

MOLLHOCTb UCKaXKeHnsA
Budeanu

Ds

Bap

Dy = |$? — P2 — Q3

KoaddpuumeHT mouHoCcTH

PF

PF—P
~S

ecnu PF>0, Harpy3Ka ABnAeTcA reHepaTopom;
ecnn PF<0, Harpy3Ka ABnaeTcAa NpUMEeMHUKOM.

KoadpoumumeHT casura das

cos ¢
DPF

cos ¢ = DPF = cos(pu1 — @i1)
roe @ui - abCcontoTHbIM Yron OCHOBHOWM COCTaBAAOLLEN
HanpaxeHua Uan
i1 - aBCONIOTHBIV YrON OCHOBHOW COCTaBAAIOLLLEN TOKa la.

TaHreHc ¢

tg @+

AEg+)

tgou+ = AE,,

roe AEqq+) - NnpupaleHne peakTMBHOM sHeprun Eqq+)
(Budeanu/IEEE-1459) B AaHHOM WHTepBane ycpeaHeHusa, a
AEp. - NpupalLeHne akTMBHOM NoTpebneHHol sHeprum Ep,
B JaHHOM MHTepBane ycpeaHeHus.

tg @(c)

AEg(c—y

tgPec— = — AE,,

roe AEq(c) - npupaLeHne peakTMBHOM aHeprum Eqc)
(Budeanu/IEEE-1459) B AaHHOM WHTepBane ycpeaHeHusa, a
AEp. - NpupalLeHne akTMBHOM NoTpebneHHol sHeprum Ep,
B JAHHOM WHTEpBasie ycpeaHEHUA.

tg @)

AE,
_ 2R
tgeu-) = TAE,,

roe AEqq-) - npupalLeHme peakTMBHOM aHeprum Eq)
(Budeanu/IEEE-1459) B saHHOM MHTEpPBase ycpeaHeHus, a
AEp: - NpUpalLeHne akTMBHOM NoTpebneHHoM aHeprum Ep:
B J@HHOM WHTepBasie ycpeaHeHus.

tg @y

AEgc+

tgoc+H = — AE,,

rae AEq(c+) - NpUpaLLleHne peakTUBHOM aHeprum Eqqcy)
(Budeanu/IEEE-1459) B ;aHHOM UHTepBane ycpeaHeHus, a
AEp: - npupaleHne akTMBHOMN NoTpebieHHOM aHeprun Ep-
B A@HHOM WHTEepBasie ycpeaHeHus.

[apMOHMKM TOKa n
HanpAaXeHnA

Unx

Inx

BA

MeTog, rapMoHUYeCKMUX NnoArpynm, no
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009),
X - (pag rapmoHmk) = 1...40.

Koadppuument
rapMOHMYECKMX
MCKaXKEHUIM HanpsaKeHUs

THDUF

¥ 2
% x 100%, roe

1

THDU, =

Uh - h-a rapmoHuKa HanpsakeHuna Uan, a U1 - ocHoBHas

37




OTHOCUTE/IbHO OCHOBHOW
rapMOHUKN

cocTaBaaowan HanpaxeHna Uan.

KoaddpuumeHt
rapMOHUYECKMX

/5740 2
h=2 Uh

(noTpebnaemasn n

WCKaKeHNI HanpsaXKeHUn THDU, = ~=2== " %« 1009
THDUr - R \RMS %
OTHOCUTENIbHO
roe Un - h-a rapmoHuKa HanpsaxkeHua Uan.
CpefHEeKBaAPaTUYHOIO
3HaYeHuA
KoaddpuumeHt \/T[z
rapMOHMYECKNX THDI, = Y2221+ 100%
o I
WCKa*KeHWUI ToKa THDIe - 1
. roe In - h-a rapmoHuKa ToKa la, l1- ocHOBHas cocTaenstowan
OTHOCUTE/IbHO OCHOBHOM
TOKa la.
rapMOHMUKMU
KoaddumumeHt
rapMOHUYECKUX ]2
MCKaXKeHM ToKa THDI = Y&h=2"h + 100%
THDIr - \RMS
OTHOCUTENbHO
rae In - h-a rapmoHuKa ToKa la.
CpeAHeKBaApPaTUYHOrO
3HayeHun
JIL
=2
TDD = ———x 100%
I
Koadpdpuument TDD TDD rae | n - h-a rapMmoHuKa ToKa la,
IL BOCcTpeboBaHHbIV TOK (B aBTOMAaTUYECKOM peXKmme I
MaKCUManbHoe cpesHee 3HaYeHWe OCHOBHOM
COCTaBAAOLLEN TOKA MO BCEM KaHaNam U3MepeHUA TOKa 13
BCEro UHTepBana perucrpauumu).
» max|U|
KoaddpuumeHT nnukosom CFU = ——
Uarms
aMNANUTYAbl HAaNPAXKEHUA
CFU - roe senmumnHa max | Ui BbipaxaeT Hanbonbliee U3
(nuk-dakTOp o .
abCoNOTHBIX 3HAYEHWUI OTCYETOB HanpsxkeHusa Uan
HanpsxeHus) .
i =2048 ana cetn 50 n 60 lu.
max|I;|
. CFl = ——
KoaddurumeHT nukosomn Iprms
aMNAUTYAbl TOKA (NUK- CFI - rae BeanumMHa max|li| Boipakaet Hanbonbliee u3
dakTop TOKa) abCoOTHBIX 3HAYEHWNI OTCHETOB TOKA la;
i=2048 pna cetn 50 1 60 .
KpaTkoBpemeHHasn fo3a p paccynTbIiBaeTCA B COOTBETCTBUM C
st -
bnukepa FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010).
OnntenbHaa gosa
Pt -
dnukepa
roe Psi — ouepeaHasn i-af KpaTKOBpeMeHHasa f03a
dnvKepa.
m
AKTMBHas aHeprua o
Ep., Ep- BTy Ep, = Z P.(D)T (D)
i=1
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oTpaBaemas)

.~ _(P@) mnaP(i) >0
k@ = { 0 mmaP(i) <0

Ep = ; P_()T()

P.(i) = {lP(i)l AJisl P(f.) <0
0 mmaP@)=0

roe i-a3To oyepeHO HoMep OKHa usmepeHuns 10/12
nepvozaos,
P(i) npeacTaBnseT 3HaYeHUe aKTUBHOM MOLWHOCTM P,
paccyMTaHHOM B i-M MHTEPBasie U3MEPEHUA,
T(i) npeacraBnaeT ANUTENbHOCTb i-ro MHTEpPBana
U3MepeHus B Yacax.

EQ(L+) = Z QL+(DT ()
i=1

Q.+ (0) =Q(i) ecnn Q(i)>0 n P(i)>0
Q.+ (i) = 0 B oCTanbHbIX CNyYaAX

Eoey = ) Q- (OT()

Q- (1) = Qi) ecnn Q(i)>0 n P(i)<0
Q.- (i) = 0 B oCTasbHbIX Cy4anx

m
EQ(L—) = Q-(OT®
Eay) i=1
Q,_(i) =1Q()| ecnn Q (i)<0 u P(i)<0
PeaKTMBHas aHeprva Earc) Q,_(i) = 0 B ocTanbHbIX CAyHanx
Bap-y m
Fat Egen = ) Qs (OT()
i=1
Fac Qe+ () = 1Q(D)] ecan Q(i)<0 n P(i)>0
Q¢+ (i) = 0 B ocTanbHbIX CAyyanx
rae i-57o oyepenHoO HOMep OKHa usmepeHnsa 10/12
nepuoaos,
Q(i) npeacTaBnseT 3HaYeHME PeaKTUBHOWM MOLLLHOCTU
(Budeanu/IEEE-1459), paccuMTaHHOM B i-M OKHE U3MepeHus,
P(i) npeacTaBnseT 3HaYeHMe aKTUBHOM MOLLHOCTMH,
pacCYyMTaHHOM B i-M OKHe U3MepeHus,
T(i) npepcTaBnaeT ANNTENBHOCTb i-r0 OKHA U3MepPeHUs B
Yyacax.
m
Es = ZS(i)T(i)
i=1
roe i-3To oyepesHoM Homep nepuoaa usmepenuns 10/12
MonHas aHeprus Es BA-Y nepuoaos,

S(i) npeacTaBaseT 3HaYeHME NOAHOM MOLLHOCTU S,
paccuMTaHHOM B i-M Nepuoae UsmepeHus,
T(i) npeacTasnaeT AANTENLHOCTb i-ro Nepuoaa UsmepeHusa
B Yacax.
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AsyxdasHasa ceTb

(He nepeyucneHHble napamempsl PaccYumMbI8arOMCcs Kak 0718 oOHoga3Hol cemu)

MapameTp .
MeTtog, pacyéTta
Ha3BaHue Ob603HayeHue EanHuubl
Ob6Laa aKTUBHaA
Ptot BT Ptot = Pa + PB
MOLLHOCTb
O6Lan peakTuBHasn
Qstot Bap Qstot = Qsa + Qss
MolLLHOCTb Budeanu
O6wan peakTuBHasnA
MOLLHOCTb OCHOBHOM Qutot Bap Qutot = Q1a + Qus
cocTasasolen
O6uwan nosHasA
Stot BA Stot = Sa + SB
MOLLHOCTb
Ob6uian nosiHasA
Sntot BA Sntot = Sna + Sna
MOLLHOCTb UCKaXKeHuA
O6wan MoLHOCTb
Dstot Bap Dstot = Dga + Dgs
ncKaxkeHus Budeanu
06wt KoadoduumeHT P,
Ui ko PFor - PFryy = 2%
MOLLHOCTH Stor
06wmit KoaddnumneHT COS Qtot DPF 1
casura ¢as DPFiot €08 Prot = tot =3 (cos @4 + cospp)
tgp _AEgeors
tot(L ~ A
DT ABprors
tgrotiis) _ rae: AEgior(1+) - NPUpaLLeHne obLuei peakTuBHOM
aHepruu Eqroti+) (Budeanu/ IEEE-1459) B saHHOM
WHTepBane ycpeaHeHus, a AEpior+ - NpUpaLleHne obuiein
aKTMBHOM NoTpebaeHHON sHeprum Eptot+ B LAHHOM
WHTepBane ycpeaHeHMs.
tg0 _ AEgorco)
tot(C-) — " A
oHe) AEPtot+
Ob6LWunit TaHreHc . o o
w ¢ tgQrotcy _ rae: AEgor(c-) - TPUpaleHme obLueii peakTMBHoM
3Heprum Eqrot(c) (Budeanu/ IEEE-1459) B AaHHOM
WHTepBase ycpegHeHusa, a AEpiot+ - NpUpaLLeHue obuei
AKTMBHOM NoTpebaAeHHON aHepruun Eptot+ B LAHHOM
WHTepBane ycpeLHeHus.
AE,
Qtot(L—)
t9Peot(t-) = o
DT AEptors
tgProt(L-) - rae: AEgio(1— - NPUPaLLeHe obLueit peakTUBHOIA
aHeprum Eqrot(i-) (Budeanu/ IEEE-1459) B gaHHOM
MHTepBane ycpeaHeHus, a AEpior+ - NpupalLeHme obuein
aKTUBHOM NoTpebieHHOM 3Heprnn Eptot- B JAHHOM

40




nHTEpPBaAne ycpeaHeHuA.

tgtot(c+)

AEoiotcc)

tgPtotcr) = AEproys

rae: AEgior(c+) - NPUPaLLeHne obueid peakTMBHOM
sHepruu Eqrotic+) (Budeanu/ IEEE-1459) B gaHHOM
WHTepBane ycpeaHeHus, a AEpiot+ - NpUpaLleHne obuiei
aKTMBHOM noTpebaeHHoMN sHeprum Eptot+ B LAHHOM
WHTepBase ycpeaHEeHUA.

06Lwan aKTUBHaA sHeprua
(noTpebnaemas n
oTgaBaemas)

E Ptot+

Ebptot-

BTy

m
Eptors = Z Prots (i)T(i)

i=1

Py (i) = {Ptot(i) ans Py (i) >0
tot+ 0 anaP,(i)<0

m
Eptor— = Z Proe- (DT (D)
i=1

p (i) = {lptot(i)l A Py (D) <0
tot= 0 as Py (i) =0

rae i-3To ouepesHOW HoMep OKHa uamepeHusa 10/12
nepuoaos,

Piot(i) NpeacTaBnseT 3HaueHne obLielt akTMBHOM
MOLHOCTU Piot, paccumMTaHHOM B

i-M OKHe namepeHms,

T(i) npeacTaBnAeT AANTENbHOCTb i-TO OKHA U3MEpPeHUs B
yacax.

O6wan peakTMBHaA
3Heprua

Eatot (1+)
Eaqtot (¢
Eatot (1)
Eatot (c+)

Bap-y

Egtorciry = ) Que (OT()
i=1

Q.+ (i) = Qi) ecam Q(i)>0 n P(i)>0
Q.+ (i) = 0 B oCTasNbHbIX CyYanX

Eotot(c-) = Z Qc-(T®)
i=1

Qc- (1) = Qi) ecnn Q(i)>0 m P(i)<0
Qc_ (i) = 0 B oCTanbHbIX CAYYANX

Eotot—y = Z Q,-(DT(®)
i=1

Q,_(1) =1Q(i)| ecnn Q (i)<0 n P(i)<0

Q,._(i) = 0 B oCTasIbHbIX CAYYaANAX

Egtorccsy = ) Qes (OT(D)

i=1
Qc+ (@) =1Q (@) ecnn Q (i)<0 n P(i)>0
Q¢+ (i) = 0 B oCTaNbHbIX CAYYANX
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rae i-3To oyepeaHoit Homep OKHa M3mepeHus 10/12
nep1oaos,

Q(i) npeacTaBnfeT 3HaYeHME PEaKTUBHON MOLLHOCTH
(Budeanu/IEEE-1459), paccumMTaHHO

B i-M OKHe n3mepeHus,

P(i) npeacTaBnseT 3HaYeHMe aKTUBHOM MOLLHOCTH,
PaccYnTaHHOM B i-M OKHE U3MepPeHUs,

T(i) npeacTaBnaeT oANTENbHOCTb i-TO OKHA U3MEpPeHUs B
Yacax.

O6wwan nonHas sHeprus

Estot

BA-y

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

rae i-oTo oyepenHoit HOMep OKHa usmepeHusa 10/12
nepuosos,

Stot(i) NpeacTaBnaeT 3HaueHne 0bLLeit NOAHOW MOLHOCTH
Stot, PACCYUTAHHOMN B i-M OKHe U3mepeHus,

T(i) npeacTaBnaeT 4ANTENbHOCTb i-TO OKHA U3MEpPEeHUs B
yacax.

TpéxdasHan cetb «3Be3ga» c N

(He nepeyucneHHble napamempsl PaccHUmMbl8arOMCcA Kak 0418 oOHoga3Hol cemu)

Mapametp .
MeToa pacyéTta
Ha3sgaHue Ob603HayeHune EanHuubl
Ob6uwan aKTUBHas
Ptot BT Ptot = Pa+ P+ Pc
MOLLHOCTb
O6wan peakTMBHasA
Qatot Bap Qstot = Qsa + Qs + Qsc
MolLHocTb Budeanu
Qi*=3U1" I1*sin ¢,
O6wwan peakTMBHas rae Ui npaman cummMeTpuyHan cocTaBaaoLWwan
Hanps»eHus (OCHOBHOW cocTasastowei),
MOLLHOCTb cornacHo IEEE Q:t Bap N
1459 l1* NpAMas CMMMETPUYHAA COCTaBAAIOWAA TOKa
(ocHOBHOWM cocTaBastowen),
1" yron mexay coctasnstowmmm Uitum 11",
Se=3Uele, roe
2
. 3(U + Ug® + Uc?) + Upg™ + Ugc? + Ugy?
Jencreytowan nonHaa U, =
Se BA 18
MOLLHOCTb
AR R R
€ 3
Sen = /532 + S,17%, rae Se1= 3Ueiler
2
[JencTeytollasa nonHasn 3(UA12 + Ugy® + UClz) + Upps + Ugcr? + Upaq
Sen BA Uer =
MOLLHOCTb UCKaXKeHus 18
[ = L + Ipi + 1ot + Iny
el 3
O6uiasa MoWHOCTb Dstot Bap Dstot = Dga + Dss + Dsc
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NCKakeHus Budeanu

06wumit KoaddnumneHT
MOLLHOCTH

PFiot

06wmit KoaddnumneHT

€OS Prot DPFiot

1
COS Qior = DPFp = §(cos @4 +cospg + cose.)

casura ¢as
tgPtot(L+)
- tgProt(c- -
Ob6wwnit TaHreHc @ EPror(c) - dopmynbl, Kak ana 2-pasHol cetn
tgptot(L-)
tgptot(c+)
O6wwan akTMBHaA sHeprua
Eptot+ .
(noTpebnseman u £ ° BT bopmynbl, Kak ans 2-pasHoi ceTu
Ptot-
oTAaBaemas)
EQtot(L+)
O6wan peakTuBHasn Eqtot (c) o
Bap- dopmynbl, Kak ans 2-pasHoi ceTu
9Heprua Eatot (1-)
Eaqtot (c+)
m
Estor = z Se(DT (D)
i=1
rae i-aTo oyepeaHot HoOMep OKHa usmepeHus 10/12
O6uwan nonHan aHeprua Estot BA-y nepruoaos,
Se(i) npeacrasnsaet sHayeHne 3pPeKTUBHOM NONHOM
MOLLLHOCTU Se, pacCYMTaHHOM B i-M OKHE U3MepeHus,
T(i) npeacTaBaseT 4AUTENBHOCTD i-F0 OKHAa M3MepeHUn B
yacax.
1
[eiicTeyloLee 3HaueHne Uy = 3 (Ua1 + Up1 + Uey)
HY/1€BON CUMMETPUYHOM y 8 Uo = mag (Uo)
cocTasafALLen 0 rae Unai, U1, Uci BEKTOPbI OCHOBHBIX COCTAB/AHOLLMX
Hanps<eHua basHbIx HanpsaxeHuit Ua, Us, Uc, a onepatop mag (Uo)
0603HaYaeT MoZy/ib BEKTOPA.
1 2
U =§(QA1 +aUp, +a QCl)
[JeicTBytoLlee 3HaYeHNe U1 = mag (Ui)
NPAMOA CUMMETPUYHOM U B rae Uai, Usi, Uci BEKTOPbI OCHOBHbIX COCTaBAAOLWMX Ha3HbIX
COCTaBAAIOL el ! HanpsykeHuit Ua, Us, Uc, a onepatop mag (U1) o6o3HavaeT
P o 1 \/§ .
HanpAXeHus Moaynb Bektopa, a = 1e/120° = -+ a? =
15400 1 V3,
1e]24-0 =—-—j
2 2
1 2
U, =§(QA1 +a°Up +agc‘1)
. Uz =mag (U2)
[LeicTeytouee sHaueHne
rae Uai, Usi, Uc1 BEKTOPbI OCHOBHbIX COCTaBAAOLLMX
0bpaTHOI CUMMETPUYHOI U, B dasHbIx HanpsakeHuin Ua, Us, Uc, a onepatop mag (U>)
cocTaBafoLwen 0603Ha4YaeT MoayNb BEKTOPA,
HanpAXeHNA a=1e/120° = _ 14 ﬁj
2 27
2 i240° 1 \/§ :
a® =1e/**" = —=——j
2 2
Koadppuument U
0
acummeTpumn Uo % Uy = . 100%

HanpsAXeHUs Hy1eso

1
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nocnenoBaTe/IbHOCTU

Koadppuument
acMMmeTpum
HanpAaxeHua obpaTHon
nocnefoBaTeNbHOCTH

u2

%

U
U, =U—2-100%
1

Hynesasa cummeTpuyHan

1
lo = 5 (L + I + Lcr)
lo=mag (lo)

I A
COCTaBAAKOLWAA TOKA ° roe lai, Isi, Ic1 BEKTOPbI OCHOBHbIX COCTaBAOLLNX TOKOB
das Ia, Is, Ic, onepaTop mag (/o) 0603HavaeT moayNb
BEKTOpa.
1 2
. ng(lA1+alBl+alc1)
[JevicTeylowee 3Ha4YeHne
. . I1=mag (1)
NPAMON CUMMETPUYHOM Iy A
N rae lai, Isi, Ic1 BEKTOPbI OCHOBHbIX COCTaBAAKOLMNX TOKOB
COCTaBAAIOLLEN TOKA bas g, Is, Ic, onepaTop mag (/1) obo3HayaeT moay b
BEKTOpA.
1 2
. !2=§(!A1+a131+a161)
[JevcTeylowee 3HaYeHne
. . I2=mag (I2)
06paTHOM CUMMETPUYHOM I2 A

rae las, Isi, lc1 BEKTOPbI OCHOBHbIX COCTaBAAIOLLMX TOKOB

cocrasnAtoLen das Ia, Is, Ic, onepaTop mag (/2) o603HavaeT moay b
BEKTOpA.
Koadppuument
aCMMMETPUM TOKa ) , Iy
. io % ip =—-100%
Hy/NeBoM L
nocnefoBaTeNbHOCTU
KoaddpuumeHr
aCMMMETPUM TOKa ) I,
. i2 % i, =—-100%
obpatHol I
nocnefoBaTeNlbHOCTU

TpéxdaszHana ceTb «3Be34a» C U30NPOBAHHOWU HEUTPaNbIO

(napamempeoi: delicmeyrowjue 3Ha4eHUA HANPAXCEHUA U MOKA, MOCMOSAHHbIE COCMasAAWUe HanpaxeHul u

mokKos, koaggpuyueHmeol THD u K, cummempu4Hblie cocmasnaouue u KoagguyueHmeol acummempuu, 003b!

huKepa paccyumobl8arOMcsa MaKxce, KAk U 0758 00HO(A3HOU cemu, mosbKo BMeCcmMo (ha3HbIX HanpsaxeHul

ucrnosne3yemcs aAuHeliHble HAaNpPAMXeHus)

MapameTp .
MeTtop, pacyéTta
Ha3BaHue Ob6o03HayeHUe EanHuubl
JNInHeliHoe HanpsaXKeHne
Uca B Uca=—(Uas+ Usc)
Uca
Tok |2 (M3mepuTenbHble
I2 A I2=—(l1#+13)
cxembl ApoHa)
M M
1
Prot = i Z Uiaclia + Z Uisclip
O6Lwan akTUBHas . =1 i=1
Piot BT Uiac ouepegHon oTcHeT HanpaKeHna Ua-c Uisc;
MOLLHOCTL oyepeaHoM OTCHET HanpsaxkeHma Us-c
linouepenHolM OTCUET TOKa la;
lisouepeaHOMN OTCYET TOKaA lg;
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M=2048 pna cetn 50 1 60 I,

Se=3Uele, roe

Uap® + Upc? + Ucs®

O6wana nonHan U, =
Se BA ¢ 9
MOLLHOCTb
S P
¢ 3
Q = N = sign/S2 — P?
O6uLan peakTnBHas
MowHocTb (Budeanu Qstor Bap rae sign paseH 1 unu -1. 3Hak onepaTopa onpeaenaeTca
IEEE 1459) no yrny ¢pasoBoro cAsura mexay HopMmnpyembiMu
NPAMbIMU CUMMETPUYHbBIMM COCTABAAIOLLMMM
HanpAXeHUM 1 TOKOB.
O6wan MoLHOCTb
Dstot Bap Dstot=0
NcKaxkeHus Budeanu
Sen = ’Sez + So1?, roie Se1= 3Ue1 les
2 2 2
[elicTBytoLLan NoaHan _ |Uap1” + Upc1”™ + Ucas
Sen BA Uer = 9
MOLLHOCTb UCKaXKeHUA
I = IA12 + 1312 + Ic12
el 3
06wt KosdoduumeHT P,
PFtot - PF,,; = _fot
MOLLHOCTH Se
m
Epitor = Z Pitoe (DT (D)
i=1
o _ (Pror (D) nna Pro (i) >0
Piioc (D) = :
0 st Py (1) <0
m
AKTVUBHaA 3Heprus Ep-tor = Z Potoe (DT (D)
Eptot i=1
(noTpebnaemas n EP:o:» BT Py(i) = {|Ptot(i)| st Py (i) < 0
oTaaBaemas) “tet Lo st Py (i) =0
rae i-3To oyepeaHoit Homep oKHa MamepeHus 10/12
nep1ozos,
Ptot (i) npeacTaBnseT 3HauyeHUe obLet aKTUBHOM
MOLLHOCTM Ptot, paccYMTaHHOM B i-M OKHE U3MepPEHUs,
T(i) npeacTaBaAeT AANTENLHOCTb i-TO OKHA U3MepPeHUs B
yacax.
m
Esioe = ) Se(DT (D)
i=1
rae i-a3To oyepeaHoit Homep OKHa M3mepeHus 10/12
O6wwan nonHas aHeprus Es tot BA-Y nep1osos,

Se(i) npeacraenseT 3HaueHMe 0bLLEei NONHOW MOLLHOCTH
Se, paccYMTaHHOM B i-M OKHE U3MepeHus,

T(i) npepcTaBnaeT oANTENBHOCTD i-FTO OKHA U3MEepPeHUs B
yacax.
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8.2 MeToabl ycpejHeHHUA TIApaMeTPOB

MeToabl ycpeaHeHVsa napameTpos

MapameTp

MeTopa ycpeaHeHus

[elicTBylolLiee HanpsKeHne U ToK

RMS (cpegHekBaapaTnyHoe)

lNocToAHHOE HanpAXKeHue U ToK

cpeaHee apudmeTnyeckoe

YacTtoTa

cpepHee apudmeTnyecKoe

KoaddumumeHT nnKkoBoro 3HavyeHus

(nuk-dakTop) U, |

cpeaHee apudmeTnyeckoe

CummeTpunyHble coctasnsatowme U, |

RMS (cpeaHekBaapaTnyHoe)

KoadpodumumneHT acummetpum U, |

PaCCYNTbIBAOTCA U3 CpeaHUX 3HaYeHUM CUMMETPUYHbIX
cocCTasaAaroWwnx

[Jencreytlollee 3HaYeHMe TOKa

RMS (cpeaHekBaapaTnyHoe)

AKTUBHaA, PeaKTUBHAA, NO/IHAA MOLWHOCTb U

MOLWHOCTb UCKaXKeHUNA

cpepHee apudmeTUYeECKoe

KoaddpuumeHT mowHoctn PF

paccymTbIBAETCA U3 CPeAHEro 3HaveHMs MOLLHOCTU

cosQ cpeaHee apudmeTUyeckoe

tgo pPaccUMTbIBAETCA U3 CPeAHEro 3Ha4eHMA MOLLHOCTHU
pPaccuUMTbIBAlOT, KaK OTHOLWEHWe cpeaHero 3HadeHua RMS
BbICLUMX FAPMOHUK K cpeaHemy 3HadeHuto RMS ocHoBHoM

THD U, | coctasnsowern (ana THDg) wmam oTHOWweHWe cpeaHero

3HayeHna RMS BbICLUMX FAPMOHMK K CpedHemMy 3HauyeHuio
addekTMBHOrO HanpsaxeHua (ana THDg)

Amnantygbl rapmoHuk U, |

RMS (cpegHekBaapaTuyHoe)

Yrabl MmexAay rapmMoHWKaMU HanpsKeHui n

TOKOB

cpepHee apudmeTUyeECcKoe

AKTMBHaA n PeaKTUBHAA
rapMOHUK

MOLHOCTb

cpepHee apudmeTUYECKoe

MpumeyaHume:

CpegHee 3HayeHMe RMS paccumTbiBaeTca no ¢opmyne:

CpegHee apudmetmyeckoe (AVG) paccuntbiBaeTcs no popmye:

N

1
AVG =N2xi

i=1

roe: Xj—oTo ovyepeHoe 3HayeHUe napameTpa, nognexalwero ycpeaHeHuo,
N — 3TO KO/INYECTBO 3HAYEHUNA, nognexawnx ycpegHeHuto.
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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 3N1EKTPUYECKOM IHEPIMNY», KOTOPLIM B NOCAeaytoLWmMe roga npetepnesan
psa nsmeHeHui n B FOCT 13109-97 BKAtoyan B cebs yxKe 11 napametpos. C BHegpeHMEM COBPEMEHHOIo
BbICOKOTEXHONOIMMYHOTO obopyaoBaHMA noTpebuteneit Habnoganocb HECOOTBETCTBME  OTAE/bHbIX
nokasaTtenen 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 3NEKTPOCHabXKeHUA obwero HasHavyeHWA.» OfHAKoO He cooTBeTcTBME TpeboBaHMAM
HaLMOHaNbHbIM 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). 3TOoT cTaHAApT, BBEN CTPOro onpeaenéHHble anropuUTMbl
M3MEPEHMUI, YMNOpPAZOYMA PbIHOK aHanM3aTopoB, obneryas WX CpaBHEHME, a TaKXKe COOTBETCTBUE
pes3ynbTaToOB W3MEPEHUN MEXKAY aHanM3aTopamu pPasinyHbIX npoussBoauTenei. PaHee 3TM npubopobl
NCNOIb30BaN PA3/INYHbIE ANrOPUTMbI, NOSTOMY pe3y/bTaTbl U3MEPEHUN OAHOTO M TOro e 0b6beKkTa
pPa3HbIMW YCTPONCTBAMM HYACTO AaBav AMAMETPANIbHO NPOTMBOMNOJIOXKHbIE 3HAUYEHUA.

daKTOpamu, KoTopble MPUBEAN K AOBOJIbHO 3HAYMTENbHOMY POCTY MHTEpeca K BOMPOCaM, CBA3AHHbLIM C
KauecTBOM 3/1eKTPO3HEprun, bblIM B TOM YKUCIe, PACcNpPOCTPaHEHWE 31EKTPOHHbIX PEryisaTopoB MOLHOCTH,
npeobpasosarteneit NOCTOAHHOIO TOKa U MMMY/IbCHbIX UCTOYHUKOB MUTaHWA, 3Heprocbeperaowmx namn u
T.4., TO €CTb, B LULMPOKOM CMbIC/Ie 3TOro MOHATMA, 061acTM Npeobpa3oBaHMA NEKTPUUECKON 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 HeXKenaTesibHbli No6oYHbIA 3hOEKT. 3apaaKM CraakMBalLWMX KOHAEHCATOPOoB
NPOMCXOAAT KOPOTKMMM WMMMyAbCaMM TOKA B MOMEHTbI, KOrAa CeTeBOe HanpsaKeHwe 64M3KO K
MaKCMMaZbHOMY 3HayeHuto. M3 6HanaHca MOLLHOCTM C/liefyeT, YyTo eciM TOK NoTpebnseTcs 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
(cpepHeKkBaZpPAaTUYHOMY) 3HAYEHUIO (TaK Ha3biBaeMblii NMUK-GAKTOP), @ TaKKe yMmeHblueHne KoadpduLmeHTa
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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COCTaBNAIOWME TOKA MWUTAHUA, ABAAIOTCA MNPUYMHOW  OONONHUTENbHbIX nNpobnem. B pesynbrarte
npousBoAuTENIN Havyanu Hanaratb GUHAHCOBbIE CaHKUMM Ha noTpebuTtenei, Kotopble He obecneuymsanu
[0CTaTOYHO BbICOKOIO KO3pdULMEHTA MOLLHOCTH.

MoTeHUuManbHO 3aMHTEPECOBAHHbIMW B aHa/M3aTopax KauyecTBa 3/1EKTPO3IHEPrMU MOryT ObiTb, C OAHOM
CTOPOHbI, 3HEepreTMYecKkMe npeanpuaTUA, KOTOpble CMOMYT C WX MOMOLLbIO KOHTPO/IMPOBATb CBOMX
notpebutenei, c Apyro CTOPOHbI NOTPEOUTENN IHEPTUMN, KOTOPbLIM TaKoM NPMBOP MOXKET 0OHapPYKUTb, a B
OanbHeNLWeM UCNPaBUTb CUTYaLMIO CHUMKEHMA KO3PPULMEHTA MOLLHOCTU U Apyrve npobsiembl, CBA3aHHbIE
C NMOHATMEM KayecTBa 3N1EKTPOSHEPTUN B LUIMPOKOM CMbICAE.

KayecTBeHHble MapameTpbl UCTOMHMKA MWUTAHWUA, A TaKXKe 3HepreTMdeckne CBOMCTBaA Yy noTpebutenei
OMMUCbIBAIOTCA Pa3/IMYHbIMU 3HAYEHMAMM U MOKA3aTeENAMU. ITO MCCNef0BaHME MOXKET MPOUTb 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 NUCMOJIb30BAHMUWN Pa3INYHbIX 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
33aBMCMMOCTU U Tpebyemasa TOYHOCTb M3MEPEHWUI aHaNM3aTOPOB 3/eKTpMYecKon aHepruun. 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 Xeécrkue ke (CT) ansa usmepeHus nepemMeHHoro Toka (AC)

HKéctkne TokoBble Kaewm Trna CT (aHrn. Current Transformer Clamps) — 3To npocTo TpaHchopmatop,
npeobpasytowmii 60/1bLLION TOK NEPBUYHON OOMOTKM B MEHbLUWNI TOK BTOPUYHOM 0OMOTKU. YBKM TUNUYHBIX
TOKOBbIX K/elel BbIMNOAHEHbI M3 MaTepuana ¢ peppoMarHUTHbIMKM CBOMCTBAMM (Hanpumep, Keneso) c
HaMOTaHHOW BOKPYr HWUX BTOPUYHOM OOMOTKOW. [MepBMYHOM OOMOTKON CTAHOBWUTCA MPOBOA, BOKPYr
KOTOPOro 3a)KaTbl FyOKW Khelen Wan, Kak npaBuio, OAUH eAMHCTBEHHbIA BWUTOK. Ecaun celiyac yepes
nccneayemblit kabenb Tevet Tok 1000 A, B o6moTKe 13 1000 BUTKOB noteyeT TOK 1 A (ecin TONIbKO KOHTYpP
3aMKHYT). B Knewax ¢ BbIXOAOM NO HANPAXKEHUIO, LYHTUPYIOLWMIN PE3UCTOP HAXOAUTCA B CAMMUX K/eLLax.

Punc.16 KEcTtkme Knewm ¢ BbIXOLOM MO HANPAXKEHUIO.

3TOT TMN TpaHcpopmaTopa TOKA MMEET HECKONIbKO XapaKTepHbIX ocobeHHoCcTer. MMM MOXKHO M3MepATb
oyeHb 6onbluMe TOKKM, OLHOBPEMEHHO NOoTPebnss Manyl MOLHOCTb. TOK HaMarHWMYMBAHMWA ABAAETCA
NPUYMHOM HEKOoToporo cmeuleHns ¢asbl (oecATble JOAM rpagyca), YToO MOMKET NPUBECTUM K HeboJbLIol
MOrpewHoCTM M3MepeHna MOLWHOCTM (ocobeHHO nNpu Manom KoadpduumeHTe mollHOCTM). HeaocTaTkom
3TOr0 TMNA KNeLel TaKKe fABAAETCA HACbILeHWe CepAeYHMKA MPU U3MEPEHUAX OYeHb BO/IbLUIMX TOKOB
(Bbllue HOMMHaANbHOTO AManasoHa). HacblweHve cepaeyHMKA B pesysibTaTe ABAEHMSA MarHUTHOro
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rmcrepesnca BeAET K NOSBAEHUIO BONbLINX OWMOOK M3MEpPEHUIA, KoTopble MOryT BbiTb YCTPaHEHbl TONbKO
NyTéM ero pasmarHumumBaHuA. TakxKe B CUTyauuu, Korga WM3Mepsemblit TOK COAEPXMUT 3HAUYMTEeNbHYO
NocTosiHHyto cocTtasastowyto (DC), cepaeyHUK noaBepraeTca HacblweHUto. HecCOMHEeHHbIM HeaoCTaTKoM
YKECTKMX KNeLel ABNAETCA TaKKe 3HaUNTe IbHbIN Bec.

HecmoTps Ha nepeyncneHHble HegoCTaTKM, TOKoBble Knewm tvna CT B HacTosAwee Bpems SBAAKOTCS,
Hambonee pacnpoCTpaHEHHbIM HEMHBA3UBHbIM METOAOM U3MePEHMA NepeMeHHoro Toka (AC).

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

e (C-4, c HoMMHanbHbIM granaszoHom 1000 A nepemeHHoro ToKa (AC);
e C-6A, c HOMMHaNbHBIM AnanasoHom 10 A nepemeHHoro ToKa (AC);
e C-7A, c HOMMHaNbHbIM gMana3oHom 100 A nepemeHHoro Toka (AC).

9.1.2 TokoBble K€Uy A/ U3MepPEeHU NepeMEeHHOro0 U MOoCTOAHHOT0 TOKOB (AC/DC)

B HEKOTOpbIX CUTyauuax TpebyeTca n3MmepeHme NOCTOAHHOM COCTaBAAOLWEN TOKa. s 3TOro A0/XKHbI 6bITb
MCMOJIb30BaHbl KAeWmM ¢ APYrMm MpUHLUNOM paboTbl, Yem TpaauLMOHHbLIA TpaHchopmaTop Toka. Takue
TOKOBbIE K/ELWM UCMONb3YIOT PpU3nYecKoe ABAeHNe, HasbiBaemoe 3dpdeKkTom Xonna, n cofepart B CBOEM
KOHCTPYKUMWU AaTunmK Xonna (Tak HasbiBaemblit XOANOTPOH). ITOT apdeKT 3aKayaeTca B MOABAEHMU
3/IEKTPUYECKOTO HaMpPAXKEHMA Ha CTeHKax MPoBOAHMKA, HaXxOAALErocs B MarHUTHOM MOJIe U KPOMe TOro
yepes KOTOpbI, TEYET INEKTPUUYECKUI TOK B HanpaBAeHUN, MOMNEPEYHOM K BEKTOPY MHAYKUMKU 3TOrO Nons.

ToKOBble KNeLWu, UCNOAb3YIoWMe 3TO ABIEHUE, MOTYT U3MEPATb KaK NepemMeHHbI’, TaK U NOCTOAHHbIM TOK.
MPOBOAHMK C TOKOM, NOMELLEHHDbIN BHYTPU KNellein, co38aeT MarHUTHOE MNoJie, KOTOPOoe COCPeOTOYEHO 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, 3aNMTaHHOM 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 tuna, KoTopble ceryac 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 MMeHM HemeLKoro ¢usmka BanbTepa Porosckoro. 3To Bo3gywHas (6e3
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 AnvHe). TOK, mpoxoga Mo 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
CKOpPOCTHN U3MeHeHNA TOKa B MPOBOAHUKE, @ 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 HacblWEeHWs, CNeaoBaTe/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 M3 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 ¢ aHanusatopom PQM-700) coctasnset 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
BbIXOAE MHTErpaTopa yXe NoABAAETCA CUTHAN HAaNPAXKEHUA, NPOMOPLMOHANBHBIA U3MepPAEMON Cuie TOKa W,
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 naowaabto KaTywkn U coBeplleHHO NoaaB/iATb BHEWHNE MaArHUTHbIE 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 HU3KUM nmneaaHCcoM.
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MMEHHO BbICOKAA TOYHOCTb M3rOTOB/IEHMA KaTyleyHOM 0OMOTKM HECET OTBETCTBEHHOCTb 3@ OTHOCUTE/IbHO
BbICOKYO CTOMMOCTb TaKUX TMOKUX KneLlen.

9.2 Mepuanue ceeta (piukep)

AHrnuiickoe cnoso flicker osHauaet mepuaHue. B oTHOWweHMH BOMPOCOB, CBA3aHHbIX C KA4eCTBOM 3HeEpPrun,
O3Ha4aeT ABaeHune nepunogn4yeckoro wmimeHeHMA HUHTEHCUMBHOCTM CBe€Ta, B CBA3M C WU3IMeEHeHUem
HanpAXeHnA NUTaHUA 1aMNOYKKN OCBeLLeHNA.

DYyHKUMA M3MepeHMa 3TOro MepuaHuMa MOosBMAACh B aHa/M3aTope KadecTBa 3/1eKTPOIHEPrun, Koraa
BbISSCHW/IOCb, YTO 3TO SIBEHME MPUBOAUT K YXYALEHUIO CaMOYyBCTBUS, Pa3aparKeHU0, MHOTAa FOJIOBHOM
6oan n 1.4. KonebaHna MHTEHCUMBHOCTU CBEeTa, AOJIKHbl MMETb BMOJIHE ONPeAesiEHHYI0 YacToTy, OHMU He
MOTYT ObITb CIMWKOM MeA/IeHHbIMKW, NOTOMY YTO TOrAa Ye/0BEYECKUI 3PaYOK CMOMKET adanTupoBaTbCa K
N3MEHEHMAM OCBELLEHHOCTU; HE MOTYT ObiTb CAULWIKOM BbICTPbIMKW, MOTOMY YTO MHEPLMA HUTU NAMMOYKK
HaKa/ZIMBaHMA NMOYTU MOJSIHOCTbIO CINAXKNBAET 3TU U3MEHEHUS.

MccnenoBaHnA NoKasanm, YTo MakKCMMyM Heya06CTB BO3HMKAET Ha YacToTe OKOJ/I0 9 M3MEHEHMIA B CEKYHAY.
Haunbosee 4yBCTBMTE/IbHBIMM UCTOYHUKaMM OCBELLEHMUA OKa3ainCb TPAAULIMOHHbIE NaMMbl HaKaMBaHUA C
BO/IbPPaAMOBOI crvpanblo. MasoreHHble NamMnbl, CIMPANM KOTOPbIX MMeoT H6osiee BbICOKYIO TemnepaTypy,
MMEIOT TaKXe HaMHOro 60AblLUYI0 MHEPLMIO, KOTOPasA CHUMKAeT BOCMPUMMUMBOCTb YEN10BEKOM M3MEHEHUI
APKOCTU. Jlydlued «COMPOTUBAAEMOCTbIO» K MEPLaHUIO XapaKTepU3YHTCA JIIOMUHECLEHTHbIE /lamnbl,
HeKoTopble cneundUUeckne CBOMCTBA KOTOPbLIX CTaBUAM3MPYIOT TOK, MpOTEKalowWMi 4yepes famny npu
N3MEHEHWNW HaNPAXKEHNA U, TEM CaMbIM, YMEHbLLIAIOT KonebaHuna cuibl cBeTa.

dnKkep 3MepsaeTcs B TaK HasbiBaeMbIX YCNOBHbIX eAUHULAX BOCNPUATUA U BbIAENAIOT ABa UX TUNA:
KpaTKoBpemeHHbIN P (aHra. short term), 3HayeHMe KoToporo onpegenserca oauvH pas B 10 MUHYT, U

AnvTenbHblit Py (aHra. long term), 3HaueHWe KOTOPOro onpeaenseTca Ha OCHoBe cneayowmx 12 3HavyeHun
Pst, TO ecTb Kaxaple 2 vaca. [lnutenbHOe Bpemsi U3MEPEHWA BbiTeKaeT HemnocpeacTBEHHO M3 MeANeHHO
MEHSAIOLLLEroCs XapaKTepa ABAeHUA — YTobbl cobpaTb AOCTOBEPHYIO BbIBOPKY AaHHbIX, U3MEPEHUE O0HKHO
6bITb AUTENbHBIM. Pst paBHOe 1 CUMTAeTCsa 3HaYeHMEM, KOTOPOE NIEXKUT Ha rPaHMLLE BOCNPUATUA - KOHEYHO
YYBCTBUTE/IbHOCTb K MEPLAHMIO OT/IMYAETCA Yy PasHbIX /l04ei; NPUHATME 3TOro nopora cieayet U3 TecTos,
NpoBeAEHHbIX Ha HEKOTOPOW penpe3eHTaTUBHON rpynne N4eN.

A 4TO ABNAETCA NPUYMHOW BO3HUKHOBEHUA ABJAEHUA MepLaHuA cBeTa? Yalle BCero MCTOYHMKOM ABAAIOTCA
NPOBasfbl HANPAXEHUA B pes3ynbTaTe MOAK/AIYEHUA U OTKAKOYEHMA Harpysku 60/bLIOA MOLLHOCTU U
HEKOTOPbIV YPOBEHb MEPLAHUA MPUCYTCTBYET B OO/IBLUMHCTBE CETU NMUTaHMA. MOMMMO BbILLIEONUCAHHOTO,
HebnaronpuaTHOE BO3AENCTBME HA NloAel He OO0MXKHO 6biTb (M, 06bIMHO, He ABAAETCA) CMMMTOMOM
HenosiaAokK Hawero obopyaoBaHua. Ho ecin B ceTn HabaoaaeTca AOBO/IbHO BHe3anHoe U HeobbACHMMOE
NOBbILLIEHME YPOBHA MepLaHna ceeTa (pocT 3HaueHus KoadpduumeHToB Pst  Py) HU B KOem ciyyae He Hazo
3TOro0 UFHOPMPOBATb. ITO MOXKET OKa3aTbCA, YTO MepLaHMe BO3HMKAET 13-3a NJI0XMX COeANHEHNI B cUcTeme
— NOBbIWEHHOE MaAeHMEe HaMPAXEHWMA Ha COeAMHEHUAX B pacnpeaenvTenbHOM WUTKe (Hanpumep),
BbI30BYT 60/1blIME KO/lebaHUA HanpsAXKeHUA Ha NOTPeObUTENsAX, TAKMX KaK NaMMOYKM HaKanMBaHuA. MageHue
HaMNPAXKEeHNA Ha CoeANHEHNAX OAHOBPEMEHHO CNOCOBCTBYIOT UX HArpeBy, 3aKaHUMBAIOLLEMYCA UCKpEeHMEM
M BO3MOMHO MoXKapom. leproauyeckre MNPOBEPKU CETU M OMUCAHHbIE CMMMTOMbI MOMOFYT NpPUBAEYb
BHUMaHWE U HANTU UCTOYHMK Yrpo3bl.
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9.3 H3MepeHHEe MOLIHOCTH

MOLWHOCTb ABAAETCA OAHUM U3 Hanbosiee BaKHbIX MapameTpoB, ONpeaenAloWmMxX CBOMCTBA 3/1€KTPUYECKMX
uenei. OCHOBHOM BENMUYMHOWN, Jfie)Kallen B OCHOBe (GMHAHCOBbLIX PACYETOB MeXKAy MNOCTaBLIMKOM WU
nosiyyatesnem, ABAAETCA 3/IEKTPMUUECKAs SHEPrUs, paBHAn NPON3BEAEHMIO MOLLHOCTU Ha BpeMS.

B 31EKTPOTEXHUKE BCTPEYaeTCA HECKOJIbKO Pa3/IM4YHbIMUN BUAAMU MOLLHOCTU!

e  AKTMBHas MOLWHOCTb (aHrn. Active Power) o6o3HauyeHa byksoit P u nsmepsemas B Batrax;
e PeakTnBHas MolHOCTb (aHrN. Reactive Power) o6o3HauyeHa Q, eauHMLA Bap;
e [lonHaa mowHocTb (aHrn. Apparent Power) S, eguHuua BA.

TpM BbilenepeyncneHHbIX Bnga MOLWHOCTU ABAAKOTCA Hanbonee M3BECTHbIMKU, HO 3TO HE O3HAYaEeT, 4TO
CNNCOK MOLLI,HOCTel‘/JI Ha 3TOM 3aKaH4YMnBaeTCA.

B WKO/e yyaT, YTO 3TU BbilleyKa3aHHble MOLHOCTM 06pa3ytoT TPEYro/IbHUK MOLLHOCTEN, CBOMCTBA KOTOPOro
BbIpayKaeT ypaBHEHUe:

P2+ QZ=52
OaHaKo, 3TO ypaBHeHMe cnpaBea/MBO TONAbKO ANA CUCTEM C CVIHyCOMp,a!'IbHOﬁ (bOpMOﬁ TOKOB M
HaI'IpFI)KEHMﬁ. MNepen Tem, Kak nepeﬁTM K bonee I'IO,EI,pOﬁHOMy O6CY)-KLI,€HMIO BOMNpPOCOB, CBA3aHHbLIX C
namepeHnamm MoLHOCTH, HGOGXO,EI,VIMO CHa4dana onpenenntb pasinyHble MOLLHOCTU.

9.3.1 AKTHMBHaf MOLIHOCTh

AKTMBHaA MOLLHOCTb P B CTpOrom ¢u3nyeckom cmbicne ABAAETCA BEANUYMHON, Bbipaykaloliein cnocobHOCTb
CUCTEMBI ONS BbINOJAHEHWA onpeaenéHHon paboTbl. ITa MOWHOCTL Haubosee »KenaTenbHas Aas
notpebuteneil sHepPrMM M MMEHHO 3a MOCTABAAEMYIO aKTMBHYIO MOLIHOCTb B PacyéTHOM nepuoae
noayyatenb NAATUT MOCTaBLUMKY 3/1EKTPO3Heprnm (oTaenbHo obcykaaerca npobiema AONOAHUTENbHOM
ONNaTbl 33 PEAKTUBHYIO MOLLHOCTb). IMEHHO aKTMBHAA MOLLHOCTb (M, CieaoBaTenbHO, aKTMBHAA 3Heprus)
N3MePAETCA CYETYMKAMM INEKTPUYECKOM SHEPTUN B KaXKA0M AOMALUHEM XO3AACTBE.

OcHoBHas popmyna Ana pacyeta akTUBHOW MOLLHOCTU CaeaytoLan:

t+T

p= %f w(®)i(e)dt

t

roe: u (t) - MrHoBeHHOe 3HayeHue HanpsaxeHus, i(t) - MrHoBeHHOe 3HayeHWe Toka, T - nepuoa, 3a
KOTOPbIA PacCcyMTbIBAETCA MOLLHOCTb.

B cmHyconpanbHbIX cMCTEMaAX aKTUBHYHO MOLLHOCTb MOXHO PaccuYnTaTh, KaK:

P=U-I-cos ¢
roe: U — peicteylollee (cpeAHeKBagpaTMUHOE) 3HayeHWe HanpaxeHus, | — pencteylollee

(CpEﬂ,HEKBaApaTM‘-IHOG) 3Ha4YeHne TOKa, a (p —yron casura ¢a3b| MeXay HanpAaXeHnem M TOKoOMm.
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AHaﬂM3aT0p BbIHUCNAET aKTUBHYHO MOLLHOCTb HENOCPEACTBEHHO NO d)opmyne C MHTEerpasiom, ncnosnb3ya

M
1
P = MZ Ul'Il'
i=1

roe M — yncno otcyetoB B OKHe MamepeHua 10/12-nepuopos mn coctasnset 2048, Ui u li asnaiorca

OTCYETbl CUTHANN0B HanNpAXeHNA N TOKa:

nocnefoBaTe/IbHbIMW OTCHETAMM BbIOOPKU HANPAXKEHMA U TOKA.

9.3.2 PeaKTHBHasi MOIIHOCTb

Hanbonee nssectHas popmyna g peakTMBHOM MOLLHOCTU AEUCTBUTE/IbHA TO/IbKO A5 04HOdA3HbIX Lenein
C CMHyconaanbHoM GOPMOIt HaNPAXKEHUA U TOKa:

Q=U-Isin @
MHTepnpeTaumsa 3TOM MOLWLHOCTM B TaKMX CUCTEMAX 3aK/aloyaerca B CAedylolWem: 3TO amniautyga
I'IEDEMEHHOﬁ COCTaBnFHOLLI,el\/'I MFHOBEHHOM1 MOLWHOCTU Ha 3aXXKMMaX UCTOYHUKaA. CyLI.I,ECTBOBaHVIe HEKOTOpOro
HEHY/IEBOTO 3HAYEHWUA 3TOM MOLLHOCTM CBUAETENbCTBYET O [ABYXCTOPOHHEM W KoJiebaTe/ilbHOM MepeToke
SHEPrMn mexay UCTOYHMKOM U MPUEMHUKOM.

Mpeacrasum cebe 0aHOGA3HYIO CETb C CUHYCOUAAIbHBIM MCTOYHUKOM HaMpPAXeHUs, Harpy3sKol KOToporo
aAsnsetca RC-uenb. Tak Kak B TakUX YCAOBUAX 3TWM 3N1eMeHTbl BedyT ceba NMHerHOo, npoTeKaHue ToKa
MCTOYHMKa ByaeT MMeTb CMHYCOMAa/bHbIN XapaKTep, HO M3-3a CBOWCTB KOHAEHCATOpa, TOK CMeLlaeTcs
OTHOCUTE/NIbHO HaNPAMKeHUA UCTOYHUKA. B 3TOM cxeme peakTUBHaA MOLLHOCTb Q OTAMYHA OT HYAA U MOXKeT
6bITb MHTEPNPETUPOBaAHA Kak aMnAuTyaa KonebaHuii sHeprumn, KoTopas nonepemeHHO HakaniausaeTcA B
KOHAEeHcaTope M OTAAETCA UCTOYHMKY. AKTUBHAA MOLLLHOCTb KOHAEHCaTopa paBHa Hy/to.

Ho, KakK BblIACHAETCA, ABNEeHNE KonebaHUsA sHeprnmn ToNbKo KaxeTca apPpeKkTom, ga U TO NPOUCXOAALLMM B
0cobbIX cnyyaax uener € CMHYcoMAanbHoi GOPMOI TOKOB M HaMpsKeHWM, a He NpuUYMHa NOABAEHMSA
peakTUMBHOW MoLHOCTU. poBeaéHHble B 3TOW 06/1acT MCCAeA0BaHWA, MOKa3biBalOT, YTO PeaKTWBHan
MOLLHOCTb NOABAAETCA TaKKe W B CXeMaX, B KOTOPbIX HE BO3HUKAET HUKaKMX KonebaHuit sHepruu. 3710
YTBEPKAEHME, KOTOPOE MOKET YAMBUTb MHOTUX MHMKEHEPOB. B HOBbLIX My6AMKaLMAX, KAaCcatOLLMXCA TEOPUN
MOLLHOCTM, E€AMHCTBEHHbIM OU3MYECKMM ABJEHMEM, KOTOPOE BCerga COMPOBOXKAAETCA HaAMuMem
PEeaKTUBHOW MOLLIHOCTU, ABAAETCA CABUT $a3 MeXK Ay TOKOM U HanpsaXKeHneMm.

YKa3saHHaa Bbiwe ¢GopmMyna ANA pacyéTa peakTMBHOM MOLLHOCTU ABAAETCA NPaBWIbHOW TONbKO ANA
CUHYCOMAANbHbIX 0aHOGMA3HbIX Lenen. Bo3HMKaeT BONPOC: KaK pacCUMTbIBAETCA pPeakTMBHAA MOLLHOCTb B
HECUHYCOMAANbHbIX CUCTEMAX? IDTOT BOMPOC OTKPbIBAaeT NPecnoByTbiM «AWMK [MaHgopbl» B chepe
3N1EeKTPOTEXHNKN. OKasbIBaeTcs, YTO OnpefeseHne peakTMBHOM MOLLHOCTM B peasbHbIX cuctemax (a He
TOMIbKO B WUAEa/IM3UPOBaHHbIX), ABAAETCA NpegMeToM CNOpoB M B HacTosuwee Bpems (Ha 2009 roa) He
CYLLEeCTBYET eAMHOro M O6Wenpu3HAHHOrO oOnpegeneHns pPeakTUBHOM MOLHOCTM B CUCTEMAX C
HecuMHyconaanbHOM GOPMOI HAMPAXKEHUA U TOKa, Aaxe He roBopa yxke 34ecb 0 HecbanaHCMPOBAHHbIX
TpéxdasHbix uenax. B craHgapte |IEEE (MexayHapoAHOW accouMaunn UHXKEHEPOB MO 3/IEKTPOTEXHUKE U
3/1IeKTPOHUKe) nog Homepom 1459-2000 (c 2000 roga) ans HecMHycomnaanbHoM TpexdasHoM Lenu mbl He
Hallgém dopmynbl ANA MONHON PEaKTUBHON MOLLHOCTM — KaK TPWM OCHOBHble MOLLHOCTM MepeyYncieHbi:
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dKTMBHAA MOWHOCTb, NO/ZIHAA N, BHUMaHWE, HEAKTUBHaAA, ob03HayeHHas 6yKBOﬁ N. PeaKTMBHy}O MOLHOCTb

orpaHuYeHa ToNIbKO OCHOBHOW rapPMOHNKOM TOKa U HanpaXKeHns n ob6osHadyeHa Q1.

YNoMAHYTbIN CTaHAAPT ABAAETCA MOC/AeAHMM [AOKYMEHTOM TaKoro poAa, BbiMyLEeHHbIM MPU3HaHHOM
opraHu3aumen, KOTOpbIi AoMKeH 6blN YNOPAA0UNTb TEMATUKY, Kacalolyocs onpeaeneHns MowHocTu. 3T1o
6b110 TeM bonee HeobX0AMMO, YTO B Hay4YHOW Cpejie yKe MHOro JIeT pasaaloTca ronoca, YTo UCNoib3yemMble
00 CUX Mop onpegefieHMs MOTyT AaBaTb OWWMOOYHble pe3ynbTatbl. CNopbl Kacasucb, NpexKae Bcero,
onpeaeneHna peakTMBHON MOLLHOCTM M NOMHOM (a TaK»Ke MOLLHOCTU MCKaXKeHWI, 0 Yem MO3¥Ke) B OAHO- U
TpéxdasHbIX Lenax ¢ HecMHyconaanbHo GOpPMON HaNPAMKEHUA U TOKa.

B 1987 roay npodeccop L. Czarnecki goKkasan olwMBOYHOCTb LWMPOKO PacnpoCcTpaHEHHOro onpeaeneHus
peakTMBHOW MOLLHOCTM No Budeanu, To ecTb onpeaeneHuna, KOTOpoe Mo cei AeHb NPenofaéTca BO MHOMMX
TEXHUYECKMX WKoNax. ITo onpeaesieHne 6bi10 BnepBble nNpeactasneHo npodeccopom Budeanu B 1927 roay
W UMeeT cneayowmi Bua;

Qp = 2 Unly sin @y,
n=0

rae Un n ln ABNAOTCA BbICLUMMMU rapMOHUKaMM HaNpPAXeHMA U TOKa nopAadKa n, a @n yrnamm mexay

3TUMUN KOMMNMOHEHTaMMW.

TaK Kak BBeAeHWe 3TOM BeIMUYMHbBI 03HAYa/10, YTO U3BECTHOE YPaBHEHUA «TPEYrosibHUKa MOLLHOCTU» He
BbINO/IHAETCA A/1A Lenei ¢ HecuHyconaanbHbiMu popmamm curHanos, Budeanu BBEN HOBYIO BEANUYNHY,
Ha3blBaeMY0 MOLLLHOCTbIO UCKaXKEeHUA:

Dy = \/52 — (P2 +Q5%)

MOLLHOCTb MCKaXKeHMs O0/KHa 6blna NpeacTaBaaTb B CUCTEME MOLLHOCTb, BO3HWMKAOLLYHO BCAeACTBME
NCKaXKeHN GopMbl HaNpAKEHUA U TOKa.

PeaKTnBHas MOLWHOCTb 6bl1a B TEYUEHNE MHOIMX NIET CBA3aHA C KOe6aHNAMU IHEPTUM MEKAY UCTOUHUKOM
M Harpyskoi. Kak BuaHO 13 Gopmynbl, PeakTMBHAA MOLLHOCTb Mo onpeaeneHuto Budeanu, asnsertca
CYMMOW OTAENbHbIX TAPMOHWUK PEaKTUBHOM MOLHOCTU. M3-3a daKTopa Sin ¢ 3T KOMMOHEHTbI MOTYT 6bITb
NONOMKUTENbHBIM WM OTPULLATENbHBIM B 3aBUCMMOCTM OT YrAa MeXAy HanpsKeHMem U TOKOM FapMOHUKW.
Takum 06pa3om, BO3MONKHA CUTyaLMsa, Korga obuian peakTveBHaa moluHocTb QB byaeT paBHa Hyalo npwu
HEHYNEBbIX KOMMNOHEHTAX rapMoOHWK. HabnlogeHuwe, 4yTo MNpM HEHYNEeBbIX COCTaBAAIOWMX CyMMapHas
PEeaKTUBHaA MOLWHOCTb MO 3TOMY OMpeAeseHUI0 MOXKET BbiTb paBHa HY/IO, ABAAETCA KAoYom ans bonee
rnyboKoro aHanMsa, KOTopblit B KOHEYHOM CYETe, MO3BO/IMA [0KA3aTb, YTO BeanunHa QB moKeT fasatb B
HEKOTOPbIX CUTYyaUUAX COBEPLUEHHO HEOXWUAaHHble pe3ynbTatbl. MpoBeaéHHbIe NCCe0BaHUA CTABAT NOL
COMHEHME LIMPOKO pacnpocTpaHEéHHoe ybeskaeHne, YTo ecTb KaKaa-To CBA3b MeXay KonebaHnAMM sHeprum
M peakTUBHOW MowHOCTbio Budeanu QB. MoXKHO MpMBECTM MpPUMeEpbl Lenei, B KOTOPbIX, HECMOTPS Ha
CYLW,EecTBOBaHNE KonebaTeNbHOro XapaKkTepa MIHOBEHHOM MOLLHOCTM, PEeaKTUBHAA MOLLHOCTb MO
onpeaeneHuio Budeanu paBHa Hynto. Ha NPOTAXEHMU MHOTUX NET y4EHbIE He MOFAN CBA3aTb C PEaKTUBHOM
MOLLHOCTbIO B COOTBETCTBMM C 3TUM ONpeaeNeHMem, HUKAKoro GM3NYecKoro ABAeHus.
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MepeyncneHHble Bbille COMHEHMUA, B MPaBWU/IbHOCTM 3TOro OnpeaeneHus MOLLHOCTM, KOHeyHo, BpocatoT
TEHb, Ha CBA3AHHYIO C HEli MOLWHOCTb UCKaxeHna DB.  Hauyann uckatb oTBeT Ha Bonpoc, byaer au
MOLLHOCTb UCKaxeHuss DB Ha camom pgene ABAATbCA MEPOMN UCKAXKEHWUN NPOLLECCOB B HECUHYCOUAANbHbIX
uenax. MckaxeHnem mbl HasbiBaem cUTyaumto, Korga Gopmy cMrHana HanpaxKeHUs He yAaeTCa KHaNO0MUTb»
Ha GopMy NPOTEKAIOLLEro TOKAa C NOMOLLbIO ABYX ONepauunin: USMeHeHWe aMnanTyabl U CABUT NO BPEMEHM.
ApyrMmu cnoBamm, ec/iv BbIMOJIHEHbI CeAyHoLLIMe YCNO0BUA:

ult)=Ai(t-1)
TO HanpsXeHWe He NUCKaXKeHOo NO OTHOLLIEHUIO K TOKY. B clyyae cMHYcoMaanbHOIo HanpaxeHua U Harpysku,
asnsaowenca nwbolt KombuHaumen snemeHToB RLC, 310 ycnoBme Bcerga BbINoAHAeTcA  (ana
CUHYCOMAANbHOIO Npolecca 3TU 31eMEHTbl COXPaHAKT NNHENHOCTb). OQHaKo, Koraa dopma HanpsasKeHua
y}Ke 1cKaxeHa, Harpy3ka RLC He obecneunBaeT HEUCKaXKEHHOTO TOKa, OTHOCUTE/IbHO HaMNPAXKeHUA U yXKe He
ABNAETCA /JMHEWHOW Harpyskoh - HeobXoAMMO BbIMNOAHEHWE HEKOTOPbIX AO0MNOJAHUTENbHbIX YCA0BUI
(cOOTBETCTBEHHO C YacTOTOM MeHsAoTCA Moay b U has3a MmneaaHca Harpysku).

N nostomy, AeNCTBUTENbHO AN MOLWHOCTb DB ABnAeTca mepoit uckaxkeHMn? K coxaneHuto, B AaHHOM
CNy4ae TaKMKe OKas3asioCb, YTO Teopus MOLWHOCTM no Budeanu pasovaposbiBaeT. bblno goKasaHo, 4yTo
MOLLHOCTb MCKaXeHMA MOKET ObITb PaBHa HYH0 B CUTYALLMK, KOTAQ HANPAXKEHWE UCKAXKEHO OTHOCUTENIbHO
NMPOTEKAIOLLEFO TOKA, U HAOOOPOT, MOLLHOCTb UCKAXKEHUNA MOMKET OblTb HEHY/IEBOWM NPU NOSHOM OTCYTCTBUM
NCKaXKeHWN.

MpPaKTUYECKMIA acneKT TeOPMM MOLLHOCTM, Kacalowminca nosbliweHna KoadduumeHTa MOLHOCTU Lenen ¢
PEAKTUBHOW MOLLHOCTbIO, 0/IKEH BbITb TeM GaKTOPOM, KOTOpPbIN BoAblle BCEro BbIMIPaET OT NPaBUAbHOMO
onpeaeneHna peakTMBHON MOLHOCTU. MOMbITKM KOMMNEHCcaUMn, Ha OCHOBE PeakTUBHOM MolHOCTM Budeanu
M CBA3AHHOM C HEel MOLLHOCTbIO MCKaXKEHWUI He yAaNUCb. ITU BEMYMHBI HEe MO3BOAIOT AaXKe NPaBUIbHO
paccuMTaTb KOMMEHCUPYIOLWYO EMKOCTb, AAOLYI0 MaKCMManbHbIM Ko3ddUUMEHT molHocTU. [oxoauno
[ae [0 TOro, YTO TaKMe MOMbITKM 3aKaHYMBAINCb AOMOTHUTE/IbHbIM YXYALLEHNEM 3TOro NoKasaTenA.

MOXHO 3a4aTb BOMPOC: KaK CTasio BO3MOMHbIM, YTO Teopusa mollHocTM Budeanu ctana Tak nonynspHa?
MpUYMH MOKeT BbiTb HECKONbKO. Bo-mepBbiX, MPWBbIYKA WMHMKEHEPOB K CTapoOMy ONpPeAeseHno U He
M3MeHsieMasa MHOro NeT nporpamma obyyeHua B LWKoAe. ITO GaKTOP 4YacTo HEeA0OLEHMBAETCA, HO, KaK
onpasgaHMe MOXHO OTMETUTb, YTO 3Ta TEOPUA Ha NPOTAXKEHUM 60 NeT He A0XKAanacb onposepKeHus. Bo-
BTOpbIX, B 20-Xx rojax npoW/oro BeKa He O6bl10 M3MepUTeNnbHbiIX NPUBOPOB, KOTOpble AaBanu
npeacrasneHue 06 OTAENbHbIX FAPMOHUYECKMX COCTABAAIOWMX HAaNPAXKEHUA M TOKa, NO3TOMY 6bI10 TPYAHO
NpoBepATb HOBble TEOPWUWU. B-TPETbMX, MCKaKeHUA GOPMbl TOKOB WM HanpssKeHWn (M, cnegosaTesibHO,
BbICOKOE COZEep*KaHMe rapMOHMK), 3TO 3GDEKT PeBOIOLMM B 3NEKTPOIHEPreTUKE, KOTOPAn Hayanacb TONbKO
BO BTOPOW NO/JIOBMHE MPOLU/IOrO BeKa. Hayanu KpynHomacwTabHO MCNONb30BaTb TMPUCTOPLI, yNpaBaaemble
BbiNpsMuUTeNn, npeobpasosBatenn u T.4. Bce 3T [eiicTBMA COMPOBOMKAANUCL O4YeHb 6oMbWKMMM
MCKaXeHMAMM TOKOB B CeTAX MNWTaHMA, a CNeAoBaTe/ibHO, MOBbIWEHWEM YPOBHA FapMOHUYECKUX
MCKayKeHWn. TONbKO Torga Hayanu owywaTb HeaoCTaTKM B Teopuu MoluHocTu Budeanu. HakoHeu, B-
YeTBEPTbIX, B CBA3AHHOW C 3HEPreTMKOW HayyHoOW cpede Obll 0CO3HAH TOT GaKT, YTO NPOMbILIEHHbIE
npegnpuATMA  MHBECTUPOBAAM  LeNble  COCTOAHMA B WHQPACTPYKTYpy M3MepeHusa  (CYETYMKM
3N1eKTpoaHeprun). Jltobble WM3MEHEHWA B 3TOM OTHOLIEHMM MOTYT WMMETb OrpomHble (UHAHCOBbIE
nocneacTBus.
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Tem He meHee, MeaJIeHHble U3MEHEHWA B CO3HAHWUM UHMKEHEPOB-3/1EKTPUKOB CTaNN BUAHbI. C TeueHuem net
BCE Yalle BO3HMKANM HeNMHENHble Harpy3Kn U NPOLLECChl C 0YeHb 6O/bLUINMMMU UCKAXKEHUAMM, HEBO3MOMKHO
6bIN10 fanblie TePNeTb OrpaHUYEHUN B NPUMEHAEMbIX Gopmynax.

OueHb 3HaYMMBbIM cobbiTem cTana nybankauma B 2000 rogy opraHmsaumeit IEEE ctangapTta 1459, HasBaHue
KOTOPOro 3By4uT TakK: «OnpeaeneHma gns MU3aMepeHnn BeIMYMH, CBA3AHHbIX C 3/1EKTPUYECKON MOLLHOCTbLIO B
CUHYCOMAANbHbIX, HECUHYCOMAANbHbIX, CUMMETPUYHbLIX U HECMMMETPUYHbIX YCnoBuAx». Bnepsble
peakTMBHaA MOLLHOCTb MO onpegeneHuto Budeanu oKasanacb B rpynne pekoMeHAyeMblX OnpeseneHui,
KOTOpble He A0JIKHbl UCNOb30BaTbCA B HOBbIX CHETYMKAX MOLLHOCTU U PEAKTUBHOM 3HeprmMu. TakKe BUAHO
6b1710 pasaeneHme MHOMMX BEJIMYMH Ha Te, YTO CBA3aHbl C OCHOBHOWM COCTaB/AOLWLEN TOKA WU HaNpPsAKeHUs
(nepBasa rapmMoHWKa) U APYrMMKM BbICLUMMWU FAapMOHMKaMKW. B GONbLUMHCTBE C/Ay4yaeB CUYMTAETCA, 4TO
noJie3Has 4acCTb SHEPruM nepenaércsa TONbKO C NOMOLbIO cocTasastowmx 50/60MU, npu ropasgo meHbluem
W 4acTo BPeAHOM YHYACTUN BbICLLIMX FAPMOHMUK.

B cTaHpapTe TakKXe NoABMAACb HOBAA Be/IMYMHA — HeaKTMBHaA MolwHocTb N, KoTopaa npeacraBnseTt Bce
HEaKTUBHbIE KOMMOHEHTbI MOLLHOCTH:

N = /52 — p2

PeakTnBHasA MOLLHOCTb ABNAETCA O4HOM U3 COCTABAAOWMX HEAKTUBHOM MoLHOCTM N. B ogHOda3HbIX Lenax
C CMHYCOMAANbHBIM HanpsaKeHnem M ToKkom, N paBHO Q, NO3TOMY B HEAKTUBHOMN MOLLHOCTU HET APYrux
cocTaBAAWMX. B TpéxdasHbix Lenax Takoe CBOMCTBO MMEIOT TO/IbKO CUMMETPUYHbIE CUHYCOMAA/IbHbIE CeTU
co cbanaHCcMpPOBAHHOM YMUCTO PE3UCTUBHOM HArpPy3KOM.

Cneayiolime COCTaBAAOWME HEAKTUBHOMW MOLLHOCTM CBA3aHbl C KOHKPETHbIMU GU3NYECKMMU ABAEHUAMM.
Mo Teopumn npodeccopa Czarneckiego, ogHOMY U3 NyULWNX 06 BACHEHWUI GUINYECKUX ABNEHWNI B TPEXPA3HbIX
Lensx, ypaBHeHNe MOLLLHOCTU B TaKUX CUCTEMAX MOXKHO 3anmcaTtb cieayoumm obpasom:

52:P2+D52+Q2+Du2

Ds — aT0 MOLLHOCTb pacceAaHUA, KOTOpaAa NOABAAETCA B CUCTeMeE, B pe3yibTaTe USMEHEHUA AKTUBHOM
npoBOAUMOCTU HArpyskn Bmecrte C UameHeHnem 4acToTbl. Takum 06paaoM, Hannyne B Harpyske
PEAKTUBHbIX 3/1EMEHTOB MOXKET NPUBECTU K NOABNEHNIO MOLLHOCTH pacCeAaHUA.

PeaktnBHaa mowHoCTb Q B 3TOM YPaBHEHUN NOABNAETCA NPU HAINYUNU ¢a3osoro casura mexay
rapMOHUKaMUN HaNpAXeHNA N TOKa.

Du — o6o3HayaeT MouHOCTbL AucbanaHca, KoTopas ABAseTcA Mepor HecbanaHCMPOBAHHOCTU
TpéxpasHOW  HarpyskM. ITa  COCTaBAAOWAA  OObACHAET  CUTyauuio, NpU  KOTOPOW
HecbanaHcMpoBaHHaA TpExdasHas Harpyska C YMCTO PE3UCTMBHLIM XAaPAKTEPOM, NPUBOIMT K
KO3pPULMEHTY MOLLHOCTM MeHblue eaMHMUbl. Takon notpebuTenb He MMeeT pPeaKTUBHOM
MOLLHOCTM Q M, HECMOTPA Ha 3TO, M3 TPeyrosbHUKa MowHoct S, P, Q cnepyeT 4YTO-TO COBCEM
Apyroe (Teopua molHocTH Budeanu co cBOEeM MOLHOCTbIO MCKAXKEHUI TaKKe He MOXKET 0O BACHUTL
3TY CUTYaUMIO — ANS YNCTO PE3UCTUBHOM HArpy3KM MOLLLHOCTb UCKaxkeHna D 8 paBHa Hynio).

MonbiTkKa coeanHeHnsa IEEE 1459-2000 c¢ Teopuen mowHoctn Czarneckiego npuBoAMT K BbIBOAY, YTO
HeaKTMBHaA MOLLHOCTb CKpbIBaeT B cebe, No KpaliHen mepe, TpU OTAENbHbIX GUINYECKUX ABNEHUA, KOTOPble
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B/IMAIOT Ha CHUXKeHME 3G DEeKTUBHOCTU Nepeaaym SHEPTMU OT UCTOYHMKA K NPUEMHUKY, TO €CTb YMEHbLUEHNE
Ko3pdMUMeHTa MOLLHOCTH:
P P
PF =— =
Se 2 2 2 2
P+ D"+ Q=+ D,

B craHpapte IEEE 1459-2000 um3BecTHas nog 6ykBoM Q — peakTMBHAA MOLWLHOCTb Oblna orpaHu4yeHa
OCHOBHOW rapMOHMKOW M 3TO KacaeTca Kak 0gHOGa3HbIX CUCTEM, TaK U TPEXPaA3HbIX.

B oaHOda3HbIX Lensx:
Q 1= Uz-l1-sin 1

B TpéxdasHbIXx CUCTEMAX Y4YMTLIBAKOTCA TOAbKO COCTaBAAlOWME MNPAMOM NOCAef0BaTENbHOCTUM 3TOM
MOLLHOCTM:

Q1% =3U1*I1%sin 1*

Ona npaBWAbHOrO M3MeEPEHWs 3TOW MOLLHOCTM TpebyeTcAa COOTBETCTBYHOWAA MNOCNEA0BATENBHOCTb
yepenoBaHusa ¢as (3ageprkka ¢asbl L2 Ha 120 ° no oTHoweHuto K L1, 3agepxKa ¢asbl L3 Ha 240 ° no
OoTHOWeHUIo K L1).

KoHuenuma cocTaBasaloWMX NPAMOM Moc/ienoBaTe/ibHOCTU byaeT 6onee nNoApobHO paccmMoTpeHa npwu
ob6CyKAEHUN aCUMMETPUN.

3HayeHMe OCHOBHOW COCTaBAAIOWEN PEeaKTUBHOW MOLLHOCTM SBNASETCA OCHOBHOM BE/IMYMHOM, KoTopas
No3BoAAET OUEHUTb BEIMUYMHY KOHAEHCATOpa, KoppeKkTupytowero koadouumeHt DPF nam cagur oCHOBHOM
FAPMOHMKMN HaNPAMKEHUA OTHOCMTENbHO 3TOM }Ke COCTaBAAOLLEN TOKa (TO eCTb KOMNEeHcaTopa PeakTUBHOW
MOLLHOCTM OCHOBHOW rapMOHUKM).

9.3.3 PeakTuBHas MOIHOCTH B 3-X NPOBOAHBbIX CXeMax

MpaBW/IbHOE W3MEPEHME PEaKTUBHOW MOLWHOCTM HEBO3MOMHO B HECUMMETPUYHbIX NPUEMHUKAX,
NOAK/IOYEHHbBIX MO 3-X NPOBOAHOM CXemMe (TMNa KTPEYroNibHUK» U «3Be34a» C U30/IMPOBAHHOM HENTPaNbIO).
370 yTBEPKAEHUE MOMKET MHOTUX YAUBUTD.

MPUEMHMK MOKHO PACCMATPMBATb KaK KYEPHbIA ALMK» C AOCTYMHbIMW TOJIbKO 3 3axkMmamu. Mbl He B
COCTOSIHAM OMpeaennTb BHYTPEHHEN CTPYKTypbl TAKOro MPUEMHMKA. YTOObl BbIMMCAUTL PEAKTUBHYIO
MOLLHOCTb HEO6X0AMMO 3HaATb Yron casura $Gas Mexay TOKOM M HanpaKeHNMeMm, BO3HUKAIOWMX B KaxKaoWn
BETBM TaAKOro MPUEMHMKA. K cOXKaneHuto, Mbl He 3Haem 3Toro yria. B npuMémHuKke no cxeme TMna
«TPEYTrONIbHUK» Mbl 3HAaeM HarnpsyKeHWe, NPUCYTCTBYIOLLME HA OTAE/IbHbIX COMPOTUB/IEHUSX, HO HEe 3Haem
TOK; B TaKMX CUCTEMAX M3MEPAIOTCA /IMHEWHbIE HANPAMKEHUA U NIMHENHble TOKW. KarKablil U3 AMHENHbIX
TOKOB SIB/IAETCA CYMMOW ABYX TOKOB ¢a3. B npuémHMKax TMna «3Be3fa» ¢ U30/IMPOBAHHOW HEUTPAJbIO Mbl
3Haem TOKM, MPOXOASALLME MO COMPOTUB/EHWUIO, OAHAKO He 3HAeM HarmpsKeHWW (Karkpoe W3 JIMHENHbIX

HaNpPAXeHU ABNAETCA CYMMOW ABYXdasHbIX HaNpsaXKeHn).
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Hy}KHO 0CO3HaTb TOT $aKT, YTO NPWM 3aZaHHbLIX HAMNPANKEHUAX HA 3aXKMMAX M TOKaX, BXOAALWMX B TaKOM
CYEPHBIN AWMK» cylecTByeT OECKOHEYHO MHOMO BApPWMAHTOB BHYTPEHHEN KOHCTPYKUMM NPUEMHMKA,
KOTOpble AaAyT HAM OANHAKOBbIE Pe3y/bTaTbl USMEPEHNIN TOKOB U HANPAXKEHUN, BUAMMbIX CHaPYKM TaKoro
«YEPHOro ALLMKa».

Kak e 37O BO3MOXHO, YTO CYLLECTBYIOT CYETYMKM PEAKTMBHOM MOLLHOCTM, MNpeaHa3HavyeHHble ans
M3MepeHUi B 3-x MPOBOAHbIX CETAX, M AHANM3ATOPbI INEKTPUYECKUX CETEN, KOTOPble B TaKMX YC/NOBUAX
ob6ecneynBaloT U3MepeHne PeakTUBHOM MOLLHOCTU?

B 060oux cnyyasx NpomsBoanTeNn NpuberatoT K XUTPOCTU, KOTOpan 3aK/1o4YaeTcs B UCKYCCTBEHHOM CO34aHUM
OMNMOPHOM TOYKM (BMPTYanbHbIM 3axKMM HeliTpann N). TaKylo TOUKY OY€Hb JIETKO MOMKHO C034aTb, MOAKto4as
K 3a)KMMaM Hallero «4YEpHOro AWMKA» CXeMy W3 TPEX Pe3sUcTOpOB OAHOW WU TOM Ke BENUYUHbI U
coeMHeHHbIX 3Be340M. MoTeHUMan LeHTPasbHOM TOYKM CXeMbl PEe3UCTOPOB MCMO/b3yeTcA ANA pacyéTta
«@asHbIX HanpaxKeHu». KOHEeYHO, KaBblYKM 34eCb COBEPLIEHHO Ha MecTe — TaKol BUPTYasibHbIM HOMb OAET
npu M3MepeHun NpaBuibHble pesynbTaTbl, TONbKO NPU MUHUMAbHOM acCMMMETPUM NPUEMHMKA. B ntobom
OPYrom c/iydae K NOKasaHWAM pPeakTUBHOM MOLLHOCTM Takoro npubopa ciaedyeT OTHOCUTbCA C 60/bLION
[onei Hepgosepus.

M3mepuTesibHbIN NPUBOP HWU B KOEM C/ydYae He AO0/IXKeH BBOAMTb NoJib3oBaTena B 3ab/y»KaeHWe, a Takoro
poda npubAVIKEHWE MOMKHO AOMYCTUTb /ML NPWU YCI0BUW, YTO OTOBpa)Kaemoe 3HayeHue He ABAAeTCA
pe3ynbTaTtom GaKTUUYECKOro M3MepeHns, a MnLb NPUBAN3UTENbHBIM 3HAYEHUEM.

9.3.4 PeakTHUBHas MOIIHOCTb U CYETUYMKM PeaKTUBHOM JHEPTUuu

CUYETUMK peaKTMBHOM 3HeprMmM — 3To CKopee BCero, NPpUbop HEM3BECTHbIM AOMALLHMM MO/b30BaATENAM, T.K.
LUMPOKO MCMOL3YIOTCA M ABAAKOTCA OCHOBOW ANA PACYETOB C MOCTABLIMKOM, CUETYMKM aKTUBHOMW SHEPruu,
nsmepsemort B BT*y uam KBT*u. [lomawHWiA Nosb3oBaTeNb, TakMM 06pa3om, HaxoguTca B yA06HOM
NONIOKEHUN — NAATUT TOJIbKO 3@ MOJIE3HYI0 SHEPTUI0 U He AO0/IKEH MHTEePEecoBaTbCA KaKoW KoadpduumeHTt
MOLLHOCTM B €ro CeTu.

MpoMmbllWAeHHble noTpebuTenn — B OTAMYME OT TOW NepBoOM rpynnbl — 06A3aHbl, Ha OCHOBAHMM
NoAMMCaHHbIX LOrOBOPOB M YAacTo NoA Yrpo3on ¢GMHAHCOBbLIX WTpadoB, noanepmBatb KosadPuuMeHT
MOLLHOCTM Ha AOKHOM YPOBHE.

Hanpumep, B T[lonblue, pacnops)eHne MWUHUCTPA SKOHOMMKM, Kacaloweecs KOHKPETHbIX YCA0BMIA
OYHKUMOHNPOBAHUA SHEPreTUUYECKOM CUCTEMbI, ONpeaenaeT KayecTBeHHbIe NapameTpbl, KOTOPble AO/MKHbI
6bITb BbINOJ/IHEHbI MOCTABLLMKOM SHEPIUU O/1A Pa3/IMYHbIX, TaK Ha3biBaeMblIX, rpynn nogxaoudeHuns. Cpean
3TUX NapameTpoB HaxoAATCA, Hanpumep, 4actoTa CeTW, AeNCTBylollee 3HaYeHWe HanpsaXKeHus,
KO3)OULMEHT rapMOHMYECKMX UCKa)keHuit (THD) w©  gonycTumble YpPOBHM OTAEMbHbLIX FAPMOHUK
HanpsxeHusa. OQHaKo NOCTaBWWUK He 06sA3aH BbINOMHATbL 3T TpeboBaHUA, ecan noaydaTeNb SHEpPrum He
obecneunBaeT 3HauYeHMA KoapoduumeHTa tg @ HuKe 0,4 (3HauyeHMe No J0roBOPEHHOCTU, KOTOPOE MOMKEeT
6bITb MI3MEHEHO B A0OrOBOPE MEXAY MOCTaBLMKOM M noTpebuTenem 3neKTposHeprumn) u/uam npesbiwaeT
COrnacoBaHHbIM ypoBeHb NOTPEBAAEMON aKTUBHOM MOLLHOCTHU.

KoadduumeHT tg ¢ rnyboKo YKOPEHWICA B 3HEpPreTMYecKOM 3aKOHOAATe/IbCTBE M €ro onpegensaloT Kak
pe3ynbTaT OTHOLWEHUA HAaYNCNEHHON PEAKTUBHOM MOLWHOCTU K aKTUBHON MOLLHOCTM B AaHHbIA PacYETHbIN
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nepuog. Ecnn BepHyTbCA Ha HEKOTOPOE BPEMS K KTPEYro/IbHUKY MOLLHOCTU» B CUHYCOMAA/bHbIX CUCTEMAX,
TO Mbl 3aMeTMM, YTO TaHreHc yrna casura ¢as mexgy TOKOM W HanpsKeHMeM paBeH OTHOLLEHWUIO
PEeaKTMBHON MOLWHOCTU Q K aKTMBHOM MOLLHOCTM P. Takum obpasom, Kputepuii yaepanus tg ¢ Huxe 0,4
He O3HA4yaeT HMYEero APYyroro, Kak TO/IbKO OnpefefieHne, YTO MaKCMMAJbHbIA YPOBEHb MOACYMUTAHHOWM
pPeaKTUBHOMN 3HEPTUM HE MOXKET ObITb Bblle, Yem 0,4 OT 3HAYEHUA NOAYYEHHOM aKTUBHOW 3Hepruun. Jlioboe
notpebneHne peakTUBHOMN SHEPIUM Bbille AOFOBOPEHHOCTM NOA/EKUT A0NOJHUTENBHOW OnaaTe.

Ho paét nn 3HaHMe paccyMTbiBAaeMOro TakuMm obpasom KosadduumeHTa tg ¢ obemm 3amHTEepecoBaHHbIM
CTOpPOHaM peasibHY0 KapTUHY 3pPEeKTUBHOCTU nepenaydn sHeprumn? Passe He Obl1I0 YNOMSIHYTO Bbille, YTO
peakTMBHaA MOLLHOCTb AB/IAETCA TO/IbKO OAHOW M3 COCTaB/IAIOWMX HEAKTUBHOMW MOLLHOCTU, KOTOPbIE TOXEe
B/INAIOT Ha CHUXKEHME KO3PPMUMEHTA MOLLHOCTU?

[JencTButTenpHO, Kaxketcs, 4To BmecTo tg ¢ cnegoBano 6bl MCNoAb30BaTb Ko3ddpuumeHT mowHocTn PF,
KOTOPbIM TaKKe yunTbIBaEeT U apyrne GpakTopsbl.

HblHelWwHWe nNpaBuNa, K COXKaseHUto, He AaloT apyroro Bbibopa, NOSTOMY TOYHOE M3MEPEHUE PEaKTUBHOM
MOLLHOCTU ABAAETCS KAOYEBbIM MOMEHTOM. Tenepb CTOUT NOCTAaBMUTb BOMPOC: C Y4ETOM OMMCAHHbIX Bbille
CNOpOB NO ONpPeAeNeHU0 PEaKTUBHON MOLLHOCTM, 06eCneuynBaoT I CYETYMKN STON SHEPTUMN NpPaBU/IbHbIE
NMoKasaHuA? U 4To Ke B AENCTBUTE/IbHOCTU M3MEPAIT 0ObIMHO MCMOJ/Ib3yeMble CYEETYUKM PEAKTUBHOM
MOLLHOCTK?

OTBeTbl Ha 3TW BONPOCbI MOXKHO NonpoboBaTb NOAYYMTb B CTaHAAPTE, NPeACTaBAEHHOM A1 3TUX CHETYMKOB
— FOCT 31819.23-2012 (IEC 62053—23:2003) «Annapatypa AN M3MEPEHUA 3SJIEKTPUYECKOW 3Heprum
nepemeHHoOro Toka. YactHble TpeboBaHMA. YacTb 23. CTaTUYeCKME CYETYMKM pPeakTUBHOM 3sHeprum». K
COXKaJIEHUIO, M HalleMy pPa304yapOBaHWUIO, B HEM He HaMAETCA KAKUX-IMBO CCbIIOK ANA U3MEpPEHUn B
YCNOBUAX HE CUHYCOMAANIbHOCTM — PAcYyéTHble GOPMYJibl OTHOCATCA K CMHYCOMAANbHbIM CUTyaumam (B
CTaHZAPTE MOXKHO MPOYUTaTb, YTO M3 «MNPAKTUYECKMX» COOBPAKEHUA OFPAHUYUAUCL MCKAOYUTENIbHO
CUHYCOMAANbHBIMKU Npoueccammn). B HEM He yKasaHbl Kakue-anmbo KpuTepum UCNbITaHUK, KOTopble Obl
NO3BO/IN/IM NPOBEPUTL XaPAKTEPUCTUKM CHETUMKA MPU UCKAXKEHHDbIX GOPMax HaNpPAXKEHUI U TOKOB.

HblHewWwHAA cnTyaumna octasnaet pa3pa60TqMKaN\ CYETUMKOB CBO6OAHbIﬁ Bbl60p MEeTo4a U3MepPEHUA, YTO, K
COXaneHunto, nNpuBoauUT K 3HAYUTE/IbHbIM Pa3/INYUAM NnoKasaHui peaKTMBHOVI 3Heprmn npu Haanymum
60/bLWOro YPOBHA rAapMOHUYECKUX NCKaXKeHUN.

CYETUMKM CTApOro TMMa, TO eCTb, 3/IEKTPOMEXAHUYECKME, MMEIOT XapaKTepPUCTUKN, aHaNorMYHble GUNLTPY
HUKHMX 4acTOT — BbICWIME FAPMOHMKM B HEM NOAaB/AEHbl, TaKUM 06Pa3OM MU3MEpPeHWe pPeaKTUBHOM
MOLLHOCTM B NPUCYTCTBME FAPMOHUK OYeHb 6/IM3KO K 3HAYEHWIO OCHOBHOM COCTaB/ANOLWLEN PEaKTUBHOWM
MOLLHOCTH.

bonee pacnpocTpaHEHHble 3/1EKTPOHHbIE CHETYMKM MOTYT NPOBOAUTDL U3MEPEHME PA3/IUYHBIMU METOLAMMU.
Hanpvmep, OHM MOryT U3MepPATb aKTUBHYK MOLLHOCTb M MOJIHYID MOLLHOCTb U BbIYUCAUTb PEAKTUBHYIO
MOLLHOCTb W3 «TPeyrosibHUKA MOLLHOCTUY» (KBagpaTHbI KOpPeHb W3 CyMMbl KBaZpaToB [ABYX 3TWX
MollHocTen). Tak aelcTBUTeNbHO, B cBeTe cTaHgapta IEEE 1459-2000, oHM W3MepAIOT HEaKTUBHYIO
MOLLHOCTb, @ He peaKTMBHY. [lpyroi NponssoanTelb MOXKET UCMO/Ib30BaTb METO, CO CmelLeHnem ¢dasbl
HanpseHua Ha 90°, uTo JAET pe3ynbTaT, NPUBAMKEHHbIN K OCHOBHOM rapMOHMKE PEaKTUBHOMN MOLLLHOCTM.
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Yem 6onblue coaepXaHuMe rapmMoHUK, Tem bonblue byaeT pasHULA B NOKa3aHUAX, U KOHEYHO B pe3y/abTaTte
byaer Apyrasa niaaTa 38 HAYNC/IEHHYIO SHEPTUIO.

Kak y»Ke yKasblBa/oCb paHee, MU3MepeHMUE PeakKTUBHON MOLLHOCTM B 3-X NPOBOAHbIX HecbanaHCUPOBAHHbIX
cucTemMax C MNOMOLLbIO OObIYHbIX CYETYMKOB OOpeMeHeHO [AOMNOAHUTENbHOW OLWKWOKON, BbI3BAHHOM
CO34aHNeM BHYTPU CYETUMKA BUPTYANbHOTO HY/IA, MMEIOLLLETO Masio OBLLLEro C peasibHbIM HY/1IeM HarpysKMu.

Yto ewé xyxe, npomsBoaAuTENIN OObIYHO He AaloT HUKAKOM MHbOoOpMauMM O MPUMEHAEeMOM MeToae
n3mepeHus.

OCTaéTca TO/IbKO C HETepreHMem XAaTb CAeaylollell BepCuM CTaHdapTa, Kotopas - 6yaem HadeaTbea -
NPeaNosKUT ropasao 6onee TOUHbI MeTO, U3MEPEHUNA U TaKKe METO, UCCNeJ0BaHNA B HECUHYCOUAANbHbIX
YCNOBUAX.

9.3.5 4-kBaJpaHTHbIe CYETYNKHU PEaKTUBHOMN JHEPruu

B asHepreTMke BO MHOIMX CUTyauMAX MNPUMEHAETCA pas3fefieHMe pPeaKTUBHOM 3HEeprMn Ha 4YeTbipe
HE3aBUCMMbIE COCTAaBAIOWNX, KaXAaAa W3 KOTOPbIX pPaccyMTbiBaeTcA OTAeNbHO. PasgeneHne Ha Tak
Ha3blBaemMble KBaZpPaHTbl OCHOBAHO Ha 3HAKax aKTMBHOM WM PeaKTUMBHOM MOLLHOCTM, KaK MOKa3aHO Ha
pucyHKke 18:

P<0 P>0

Puc.18 KesagpaHToe geneHne noToKa MOLHOCTU U SHEPTUN.

KBagpaHT | (obo3HaueHMe «L+»): aKTMBHash MOLLHOCTb MNONOXWUTENbHa (noTpebneHne aKTUBHOWM
SHeprun), peakTMBHAsA MOLLHOCTb MOJIOXKUTeNbHa (NOTpebneHne pPeakTUBHOW 3Hepruu). B Takux
YCNOBUAX XapaKTep Harpyskn MHAYKTUBHBIN.

KBagpaHT Il (0603HaueHne «C-» aKTMBHaA MOLLHOCTb OTpuLaTeNbHa (OTAaya akTUBHOW 3Heprumu),
peakTUBHaA MOLLHOCTb MOJIOKUTeNbHA (NOoTpebneHne peakTUBHOW 3Heprun). XapakTep Harpysku
EMKOCTHbIN.

KBagpaHT Il (06o3HaueHMe «L-«): aKTMBHas MOLLHOCTb OTpULATE/NbHA (OTAa4Ya aKTUBHOM 3Hepruu),
PEaKTUBHAA MOLLHOCTb TaK¥Ke OTpuuaTesbHa (OTgaya peakTUBHOM 3Hepruu). B Takux ycnosuax
XapaKTep HarpysKu MHAYKTUBHbIN.

KBagpaHT IV (0bo3HauyeHMe «C+»): aKTMBHAA MOLLHOCTb NOMOMKUTENbHA (NoTpebneHWe aKTUBHOM
3Hepruu), peakTMBHas MOLLHOCTb OTpULATeNbHA (OTAaYa peakTUBHOM 3HepPrnn). XapaKkrep Harpysku
EMKOCTHbIN.
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3HaKu natC u MUHYC B o603HauyeHmaAx KBa4pPaHTOB YKa3biBatOT Ha 3HAK aKTMBHOM MOLHOCTH.

YKa3zaHHOe pa3feneHue no3Bo/IAeT KOHCTPYMPOBaTb CHETUUKN PEAKTUBHOMN SHEPTUM, KOTOPbIE YBENNYMUBAIOT
CBOM NOKa3aHWA TONIbKO TOrAa, KOraa noToK 3Heprum HaxoamuTcsa B JaHHOM KBaZpaHTe. 3TO 03Ha4aerT, yto B
Nto060 MOMEHT BpeMeHU TO/IbKO OAMH U3 TaKMUX CYETYMKOB MOMKET YBENUYNTb CBOE COCTOAHME.

B TUNWYHOM C/y4yae NOCTAaBKMU 3HEPrMM K NoTpebutento paboTa ocywecTBAAETCA B ABYX KBagpaHTax: | (L+) 1
IV (C+). B 3TMX AByX KBafpaHTax TaK’Ke KOHTPO/MPYETCA TaHreHC ¢ (B MOJIbCKUX YC/OBUAX) B C/ydvae
noTpebutenei, NOAKAOYEHHbIX K CETU CPeLHEro M BbICOKOro HanpaxKeHun. KBagpaHTHble KO3pPULMEHTbI
tg( onpeaensAoTCs Ha OCHOBE 3apPErucTPMPOBAHHOTO NOTPE6IEHNA COOTBETCTBYIOLLLEN SHEPTUM:

AE
_ 2ot
9o+ = TAE,,
AE
_ 2=eeH)
t9PcH) = Epe

ECAn npMMeHUTb CornalleHne, YTo BCe CYETYMKM SHEPTUN MMEIOT NOJIONKUTE/NbHBIN 3HAK, TO pacCcymUTaHHble
3HauYeHMA TaHreHca AOMONHATCA 3HAKOM, BbITEKAIOLWMM M3 3HAKOB PEaKTUBHOM U aKTUBHOMN MOLLHOCTU B
JaHHOM KBagpaHTe. Takum obpasom, 3HaK tgQ+) Bcerga byaeT noioKuUTeIbHbIM, a B C/yvae tg@c) Bceraa
oTpuLaTENbHbIM.

PaccuMTaHHble 3HaYEHUA TAHTEHCOB MOTYT ObiTb OCHOBaHMEM A1 HAUYMCNEHUA BO3MOXKHbIX WTpadoB 3a
ypesmepHoe notpebaeHne peakTUBHOW 3Heprun. Ons KBagpaHTa | (L+) TMNMYHOE NpeaenbHOe 3HavyeHue,
Bblllie KOTOPOro B3nmaeTcs nnaTta — a7o 0,4. AnAa keagpaHTa IV (C+) yacto ntoboe notpebaeHne peakTUBHOM
3HEpPrun ABNAETCA OCHOBaAHWEM AN HauncneHus wrpados. M3 aToro Takxke cneayeTt NpakTUYECKUI BbIBOA,
yTo Hambosee BbIrOAHO (C TOYKKM 3peHUn Mony4datena) paboTaTb B NepBOM KBagpaHTe (L+) B AmanasoHe
tgow+) mexay O n 0,4.

9.3.6 Ilo/siHass MOIHOCTDb

MonHasa mowWwHOCTL S BblpaXXaeTCA Kak nponssegeHune p,el‘;iCTByPOLLI,MX 3HaYeHUM HanpAXeHnA N ToKa:
S=Ul

Kak TakoBad MoOLWHOCTb He wumeeT GUM3NMYECKON WHTepnpeTaumu; OAHAKO, WCMONb3yeTcA Mpu
NPOEKTUPOBaHUN 06OPYAOBaHUA pacnpeaenuTesnbHbix ceTeld. OHa paBHa MO Be/NMYMHE MAKCUMMasIbHOM
aKTMBHOW MOLLHOCTW, KOTOpaA MOXKeT ObiTb NoJaHa B Harpysky Npu AaHHbIX AEMCTBYIOLWLMX 3HAYEHMAX
HanpaXeHNa W TOKa. TakMm 06pa3om, MOSHAA MOLLHOCTb OnpeAenfeT MAaKCMMa/JbHO BO3MOMHYHO
CNOCOBHOCTb UCTOUHMKA ANA AOCTAaBKM NONE3HOM IHEPTUM K MPUEMHUKY.

Mepoit 3¢pdeKTUBHOCTM WMCNO/SIb30BaHMA MNOAABaeMOM B MPUEMHMK MOLLHOCTM ABAsieTcA KoadPUUMEHT
MOLLHOCTU, APYTMMM CIOBAaMU, OTHOLLEHWE NMOSHOM MOLLHOCTU K aKTUBHOW MOLLHOCTY.
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B CMHYCOMNOaNbHbIX CUCTEMAX!

F P Ulcosy
=—=——"= (0S¢
S Ul

B HecuHycoMaanbHbIX CUCTEMAxX TaKoe YMpolleHWe HeaonycTMMO U KO3GOUUMEHT  MOLLHOCTM

paccuMTbiBaeTCd Ha  OCHOBE  PEasibHOr0  COOTHOWEHMA  aKTMBHOW WM MONHOM  MOLLHOCTM:
P
PF = S
B ogHOdasHbIX CETAX MOJIHAA MOLLHOCTb PACCYMTLIBAETCH, TaK 3TO KaK NOKAasaHo B NpMBeAEHHON Bbile
dopmyne, n 34ecb HET HUKAKKUX cloprpm3os. OKasbIiBaeTCA, 04HAKO, YTO B TPExdasHbIX CETAX PacyéT 3Ton
MOLLHOCTM TaKKe BblI3blBAaeT Cepbé3Hble NPobiembl, Kak U Te, YTO CBA3aHbl C PEAKTUBHON MOLLHOCTbHO.
PasymeeTca, 3TO OTHOCKTCA K peasibHbIM CETAM C HECMHYCOMAANbHbIMU CUTHANAMM, KOTOPbIE TaKMKe MOTyT
6bITb HECUMMETPUYHbBIMMU.

WccnepoBaHuA noKasann, 4to $opmynbl, WUCNOAb3yemble A0 CWUX MOp, MOTYT fAaBaTb OLIMGOYHble
pe3ynbTaTbl, €CU CeTb He ABNSAeTCs CHanaHCMpPOBAHHOW. TaK KaK MOJIHAA MOLLHOCTb — 3TO YC/IOBHas
BE/IMYMHA U He UMmeeT GU3NYECKO MHTepnpeTauunm, BbIACHEHWE, KaKoe M3 MpeasiaraemMblx onpeaeneHui
MOSIHOM MOLLHOCTM, ABAAETCA MNOAXOAALWMM, MOXKET BbI3blBaTb 3aTPyAHEHUA. Tem He MeHee, Oblau
NpPeAnpUHATLI MNONbITKM, ONUPaAcb Ha HabAlOAeHUA, AOKas3aTb, YTO MOJIHAA MOLLHOCTb TECHO CBfi3aHa C
noTtepsamM Npu nepegave n KOaGGUUNMEHTOM MOLLHOCTW. 3HaA NoTepu nepesayn n KoapeuULMeHT MOLLHOCTH
MOKHO KOCBEHHO ONpeaennTb NPaBuUIbHOE onpeseneHne NoHON MOLHOCTM.

[o c1x nop wucnonb3yloTca OnpeaeneHus, Cpeay Npounx, apuPMeTMYecKor MNoJHAA MOLLHOCTU U
reoMeTpuYeckoi NoaHOW MoWHOCTU. MNpoBeaEHHbIE UCCNEeA0BaHUA NOKA3a/M, YTO HU apudMETUYECKOE, HU
reomeTpuyeckoe onpeneneHns He AatoT B pesy/ibTaTe NPaBUIbHOTO 3HAYEHUA KoabdULMEHTA MOLLHOCTY.
EAMHCTBEHHbIM, YTO YAOBNETBOPAIO TaKOM CUTyaLMM, OKasanacb onpeaeneHune, Kotopoe yxke B 1922 roay
npeanoxun Hemeugmi omsuk d. byxronbl, (F. Buchholz):

Se = 3Ue:le

OHO OCHOBAaHO Ha AENCTBYIOLWMX 3HAYEHMAX HaANPAMEHMA WM TOKa, a Ccama MOLLHOCTb HasblBaeTcs
3$dEKTUBHOMN NOJIHOM MOLLHOCTbIO (MO 3TOW NpuuMHe, gna TpéxdasHbix Leneit B 0603HauyeHne gobasneH
MHAEKC «e»). DTN AeWCTBYHOLME 3HAYEHMS HaMPAXKEHMA U TOKA — 3TO TaKMe TEOPETUYECKUE 3HaYeHMus,
KOTopble NPeACTaBAAlOT HaMNPsKeHWA M TOKM B CHANaHCMPOBAHHOM SHEPreTUYeCKM CUMMETPUYHOM

TpéxdasHom cucteme. MosToMy KAtoUeBbIMU ABAAIOTCA onpeaeneHns BeandmH Ue U le.

CtaHgapT IEEE 1459 paét cneaytowme dopmysbl. B TPEXNPOBOAHbIX CETAX:

[ = I2+1p2+1° U. = Ugb’+Upc°+Ucq”
€ 3 e 9

B 4eTbIPEXNPOBOAHbIX CETAX:

AR S  BULA U2+ U2) 4 Uny” + Upe? + Upg?
I 3 Ue 18
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rae la, lb, lc, COOTBETCTBEHHO AEMCTBYIOWME 3HAYEHNA TOKOB OTAE/bHbIX Pa3 (NMHelHbIe U dasHble),
In — gelcTBylowee 3Ha4YeHne ToKa HyaeBoro npoBoaHuKa, Ua, Ub, Uc — 3TO AeicTByOWME 3HAYEHUA
¢dasHbIx HanpsaxeHun, a Uab, Ubc, Uca ABNAIOTCA AEUCTBYIOWMMWU 3HAYEHUSMU  SIMHEMHBIX
HaNPAXEHWUNA.

Takum obpasom, pacyéTHas BeNUUMHA Se YUYMTbIBAET Kak MOTEpM MOLLHOCTU B HyneBOM nposoae (B
YeTbIPEXNPOBOAHbIX CETAX), TaK U BAUSAHWE HecbaNaHCUPOBaHHOCTY.

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

Mpu obcyXKAEHUM PeaKTUBHON MOLLHOCTM Obl/I0 MOKAa3aHO, YTO MOLLHOCTb MCKa*KeHWUs Mo onpeaesieHuto
Budeanu He moMKeT ObiTb NMpPMMEHMMa MNpPU OONbLIMX WMCKAKEHUAX HAMPAKEHUM U TOKOB, a TaKXKe
acMmMmmeTpun TpéxdasHbiX Lenen (MapagoKC MOLLHOCTU MCKaXKEHWUM, KOTopas He ABAAEeTCS MoKasaTesiem
peanbHOro uckaxeHus). OgHaKo, HECMOTPSA Ha 3TO, TaKas MOLLHOCTb YacTo MCMO/b3yeTcsa cneumannctamm,
3aHMMAIOWMMNCS  aHaA/IM30M  KayecTBa 3/1eKTPOSHEPTUM U  MPOU3BOAUTENAMM CXEM KOMMEHCaALUn
peakTUBHON MOLLHOCTU.

3aecb Heo6X0AMMO YETKO yKasaTb, YTO OMopa Ha AaHHbIM NapameTp AaBana npuvemiaemble pesyabTaThl
TONbKO B YCN0BUAX HEBONbLWIOIO UCKaXKeHMsA GOPMbl MPOLLECCOB M Masioit aCUMMETPUN.

Cranpapt |EEE 1459-2000 ynomuHaeT 3TO onpejesieHMe MOLLHOCTM, OAHAKO, TaK e, Kak WU B cayyae
pPeaKkTMBHOW MOLLHOCTM Budeanu, oHa HeceT HeycTpPaHUMbIA HEAOCTAaTOK U PEKOMEHAYETCS OKOHYaTe/IbHO
OTKa3aTbCA OT eé UCMONb30BaHUA.

B mecto mowHoctv DB npegnoxkeHa Apyras BeAuUMHA, KOTOpPasA HaMHOrO JydwMm crnocobom
XapaKkTepusyeT oOLLy0 MOLLHOCTb UCKAXKEHUA B CUCTEME — MOJIHAA MOLLHOCTb UCKaxKeHUA SeN. MowHoCTb
SeNn no3gonseT 6bICTPO onpeAennTb, YTO Harpyska paboTaeT B yCnA0BMAX Manbix WA BonbluMX
raPMOHUYECKMX UCKAXKEHUIM U ABNAETCA TaKXKe OCHOBOM ANA onpejeneHuA napameTpoB MACCUBHbIX UAU
aKTUBHbIX GUNBTPOB M KOMMEHCATOPOB.

CornacHo onpegaeneHuio (gna TpéxdasHbiX CUCTEM):

Sen = ’532 —531

Sel = 31€1U€1

roe:

[eACTBYIOWNIA TOK U HanpaXeHne OCHOBHOMN rapmoHuKkK (cootsetcteeHHO lein Uei) paccuutbiBatotca Tak
e, Kak le n Ue, ¢ TON Anwb pasHULEN, YTO BMECTO LENCTBYHOLMX 3HAYEHUN (asHbIX UAU IMHENHbIX
HaNpPAXeHUN U AeUCTBYIOWMX 3HAYEeHUN JIMHEMHbIX TOKOB MoAcTaBnstoTcAd 3QPeKTMBHble 3HAYEHMA WX
OCHOBHbIX COCTaBAOLLMX.

B OLI,HOCI)aBHbIX cncremax gna pacqéTa NnonHom MOLHOCTU WCKaXKeHUN MOXHO UCNonb3oBaTb 6onee

npocTyto popmyny:
Sy = /8% = (U111)?
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rae Ui v 1 sanstoTcs apdeKTUBHBbIMM 3HAYEHUSAMM OCHOBHOM cocTaBAsowel $asoBoro HanpsKeHus

1 TOKa.

9.3.8 Koa¢pPuumeHT MOLIHOCTH

UCTUHHBLIN KO3DOUUMEHT MOLLHOCTU, TO €CTb TOT, KOTOPbIN MPUHMMAET BO BHMMaHME TaKXKe Hanuuue
BbICLLIMX FAPMOHMK, Ha3biBaeTcsA NPOCTO KoadduLmeHTom MmolHocTU (aHrn. True Power Factor, TPF nnn PF).
Ons cMHycomaanbHbIX LENei OH PaBHAETCA TaK HasbiBaemomy KoadduumeHTy ¢$pa3oBoro casura, To ecTb
nonynspHomy cos ¢ (aHrn. Displacement Power Factor, DPF).

I'IoaTomy DPF aBnqaetca Mepoﬁ caBura ¢a3 mexay OCHOBHbIMU COCTaBAAWMMU HANPAXKEHNA U TOKA:

DPF = P1 _ Uil1€0SQuan

= cos
s, Uil Puin

PF =12
S

B cny4ae yncto pesncTUBHOMN Harpysku (B oaHodasHOM ceTn) NoAHas MOLLHOCTb PaBHA 3HaYeHUI0 aKTUBHOM
MOLLHOCTM, @ peaKTMBHAA MOLUHOCTb PaBHa HYy/lO, TakMM o6pas3om, 3Ta Harpyska B MOJHOW mepe
MCNONb3yeT 3HepreTUYecKMin NoTeHUMan WUCTOYHMKA M KoadduumeHT mouwHocTn paseH 1. lNoasneHue
peakTUBHOM cocTaBaatoWwen HensbekHO BeAET K CHUXKEHMIO 9PDEKTUBHOCTU Nepesaym SHEPTMM — aKTUBHas
MOLLHOCTb TOT4a MeHbLUe NMOSHOW MOLHOCTU, a peakTUBHAA MOLLHOCTb PacTET.

B TpéxdasHbIx cxemax Ha ymeHbleHne Ko3dPUUMeHTa MOLLHOCTU TaKKe BAMAET HecbanaHCMPOBAHHOCTb
NPUEMHMKA (CMOTPM OBCYKAEHME PEAKTUBHOW MOLLHOCTM). B 3TUX cucTemax npaBubHOE 3HAYeHue
Ko3dPULMEHTa MOLLHOCTU NOAYYaETCA MPU UCNOAb30BaHUM 3PPEKTUBHOM NOSHOM MOLLHOCTM Se, TO ecTb
BE/IMYMHBI, ONpeaenéHHON, B YaCTHOCTK, B cTaHaapTe IEEE 1459-2000.

9.4 TapMOHUKH

Pa3noxeHne nepuoanyvecKMx CUrHas0B Ha FAPMOHWYECKME COCTABAAOLWME ABMAETCA OYEHb MOMY/NAPHOM
MaTeMaTM4YeCKon onepaumei, OCHOBAHHON Ha Teopeme Dypbe, B KOTOPOM FOBOPMUTCA, YTO KaKAabli
NepuoaMYECcKUA CUTHAN MOXKHO NPEeAcTaBUTb Kak CYMMY CMHYCOMAAJbHbBIX COCTAaBAAIOWMX Bonee BbICOKMX
YacTOT, KOTOpble ABNAIOTCA KPaTHbIMM OCHOBHOM YacTOTe TAaKOro cUrHana. HenpepbiBHblE CUFHANbI MOXHO
noaBeprHyTb onepaumm boicTporo npeobpasosaHma Pypbe (coKpaleHHo FFT), KoTopas [aéT B pesysbTaTte
amMmnAnTyAbl M Gasbl rAPMOHMYECKMX COCTABAAOLWMX CMEKTPA YacToT.

B naeanbHoM cuMTyaumm HanpsxeHue BbipabaTbliBaeTcA B reHepatope, KOTOpblA AaéT Ha CBOEM BbIXOA4e
HEMCKaXEHHbIA CUHYcOMAanbHbIA curHan 50/60 T (OoTCyTcTBME KaKMX-AMBO BbICWIMX FapMOHMK). Ecam
NPUEMHUK SBAAETCA JIMHEMHOW CUCTEMOW, TO B TaKMX WAEaNbHbIX YCAOBUAX TOK Takxe 6yaer
HEMCKaXKEHHbIM CUHYCOMAANbHbIM CUTHANOM. B peasibHbIX CUCTEMAX, CUTHA/bI, KaK HaNPAXKEHMUSA, TaK U TOKa
MCKaXKaloTcA, NO3TOMY AO/KHbI COAepXaTb KPOME OCHOBHOM COCTaBAAIOWEN TaKKe FapMOHUKMW BbICLUMX
NopsAAKOB.

Moyemy NPUCYTCTBME BbICLUMX TAPMOHMK B CETU, ABNAETCA HEXENATe/IbHbIM?
OAHOM U3 NPUYUH ABAAETCA CKMH-3GPEKT, KOTOPbLIA OCHOBAaH Ha BbITaNIKUBAHWUM 3N1EKTPOHOB U3 LEHTPa
NpoBoAHMKa (NpoBoOAa) HapyXKy C yBeAMYEeHWEeM 4YacToTbl TOKa. B pesynbTaTe, Yem Bbllle 4acToTa, Tem

64



MeHblle 3PPEKTUBHOrO CeYEHUs MPOBOAHMKA WMEKT B CBOEM PaCMOPAXKEHUM 3SNEKTPOHbI, YTO
3KBMBA/JIEHTHO YBEAMYEHUIO €ro CONpPOTUB/EHUA. B pesynbTaTe 3TOro ABAEHMA, YEM Bbllle NOPAAOK
rapMOHMKM TOKa, Tem 6osblie 3pdeKTMBHOE CONPOTMBAEHME NPOBOAKM A1 3TOM FapMOHUKM, a 3TO, B CBOIO
ouyepenpb, Hen3beKHO NPUBOAUT K YBEJIMYEHMIO MOTEPb MOLLHOCTM M HarpeBsy NPOBOAOB.

Knaccuyeckunii npumep, cBszaHHbIA C 3TUM 3PdEKTOM, KacaeTca HelTpanbHOro npoBoaa B TPéxdasHbIX
cetax. B ceTax ¢ HU3KMM YPOBHEM WMCKaXKeHUN, MasbiM AMCOANAaHCOM U CUMMETPUYHOM Harpyskon (uam
HebO/blION acMMMeETpUel) TOK B HEWTPA/SIbHOM MPOBOAHUKE CTPEMUTCA K Hynto (OH HAaMHOro MeHblue
3 DEKTUBHbBIX 3HAYEeHUI ¢dasHbIX TOKOB). ITO HabaogeHWe CNpPoBOLMPOBAZO MHOTMMX KOHCTPYKTOPOB Ha
3KOHOMWIO, OCHOBAHHYIO Ha YCTAHOBKE B TaKWX cucTemax Kabenein ¢ HyneBbiM MPOBOAOM C MEHbLIMM
ceyeHuem, yem ¢asHble npoBoda. M Bce ouyeHb xopolwo paboTaso A0 TOro MOMEHTA, Korga B Cetu
NOABMU/IUCb FAPMOHMKN HEYETHbIX PALOB, ABASIOWMECA KPAaTHbIMKM 3 BbICLLEro nopagkKka (TpeTbs, gesatas, v
T.4.). BApyr HelTpasbHbIA NPOBOA HAauMHaN MeperpeBaTbCs, a U3MepeHne TOKa YKasblBaso Ha ero o4YeHb
BblCOKOE 3¢ddeKTUBHOE 3HayeHne. OBbACHEHUE 3TOro ABNEHUSA, A0BONbHO NpocToe. KOHCTPYKTOpP He y4én B
npuBeAEHHOM BbilLe NPUMeEpPE ABYX OOCTOATENbCTB: B CETAX C MCKAKEHUAMM BbICLUME TAPMOHMKN MOTYT He
KOMMNEHCMPOBATLCA B HEMTPA/SIbHOM NPOBOAE, @ HAOOOPOT — CYMMMUPOBATLCSA, U, BO-BTOPbIX, CKUH-3PPEKT 1
BbICOKME 3HAaUYEHMA TOKOB BbICLUMX FAPMOHUK AO0MOJIHUTENBHO YBEAUYNAN €0 Harpes.

MonbiTaemca Tenepb OTBETUTb Ha [4Ba OCHOBHbIX BONpOCa:

e Y70 ABNSETCA NPUYMHOM NOABAEHNA TAPMOHMK B HANPSKEHUMU?

e Y70 ABNSETCA NPUYMHOM NOABNEHNA TAPMOHMUK B TOKE?

Kasanocb 6bl, 3TM ABa BONPOCa, BbIMAAAT NOYTU UAEHTUYHO, OAHAKO pasgesieHMe HanpaXKeHuAa U TOoKa
ABNAETCA Ype3Bbl4aNHO BaXKHbIM A1 MOHMMAaHWA CyTM BOMpoOCa.

OTBeT Ha nepBblii BOMpPOC b6yAeT CAeayloWwMM: TapMOHWMKM B HaMpPAXeHWWM ABAAIOTCA CAeACTBUEM
HEeHY/IEBOrO MMMeAaHca pacnpeaenmnTeNbHO CeTU, MeXAy reHepaTopom (MPUHMUMAEM, YTO OH FreHepupyeT
YUCTYIO CUHYCOMAY) Y NPUEMHMKOM.

OfHaKo TapMOHWMKM TOKA ABAAIOTCA pPe3ynbTaTOM HE/MHEWHOro XapakTepa umneAaHca MNPUEMHMKA.
KoHeuHo, cneflyeT 0OTMETUTb, YTO €CAN INHEAHBIN MPUEMHMK NUTAETCA HAMPAXKEHNEM UCKAXKEHHON GopMmbl,
TO hOpMa TOKa TaKkKe UCKarKaeTca.

B nMTepaType 4acTo MCMONb3YIOTCA YTBEPMKAEHWNA, UYTO «MNPUEMHWMK reHepupyeT rapmoHuKu». Cneayet
MOMHWUTb, YTO B 3TOM C/y4ae MNPUEMHUK He ABNAETCA (GU3MYECKUM WUCTOYHUKOM 3SHeprnm (Kak 310
npeanosiaraetT CNOBO «reHepupyeT»). EAMHCTBEHHbIM WCTOYHWKOM 3HEPrMM B CUCTemMe ABAAeTCA
pacnpeaenntenbHana cetTb. ECAK NPUEMHMK ABAAETCA NACCUMBHLIM YCTPOWCTBOM, TO 3HEprua, nepesaBaemas
OT MPUEMHUKA B pacnpeseIMTeNbHYIO CUCTEMY, MTPOUCXOLUT U3 ITOM e pacnpesenuTenbHol cuctembl. Mbl
34€eCb UMeeM [ef10 C BPpeAHbIM M 6ecnonesHbimM ABYCTOPOHHUM MOTOKOM 3Heprun. Kak yxKe obcyKaanocb
paHee B cny4yae ¢ KO3GOUUMEHTOM MOLLHOCTU, TaKOE ABEHMNE NPUBOANUT K HEHY}KHbIM NOTEPAM SHEPrUH, a
TOK «reHepupyembiii» B MPUEMHMKE BbI3bIBAaET AOMOJNHUTENIbHYIO HArpysky Ha pacnpenennTenbHyro
cucTemy.

PaccmoTpum cneayiowmin npumep. TUNUYHBIA HEIMHEWHbIN NMPUEMHUK, TAKOM Kak, Hanpumep, LMPOKO
MCMNoNb3yeMble MMMNYAbCHblE UCTOYHWUKM NUTaHMA (HanpuMMmep, KOMMbIOTEPHbIE), 3anuTaH OT MAEeaNbHOro
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reHepatopa CMHYCOMAANbHOTO HanpsaxKeHua. Tenepb NPegnofioKMM, YTO UMNEAAHC COegUHEHUI MeXay
reHepaTopomMm W NPUEMHMKOM MMEET HyJseBoe 3HadyeHue. HanpaxeHue, M3MepeHHOe Ha Kaemmax
NPMEMHMKA, 6yaeT MMeTb CUMHycoMAanbHylo ¢opmy (OTCYTCTBME BbLICWUMX TAPMOHMK) — 3TO MPOCTO
Hanps)eHue reHepatopa. OaHako, popma TOKa B MPUEMHMKE, yKe byaeT comepykaTb rapMOHUYEcKue
COCTaB/AlOWME — HENMHEWMHbIA MPUEMHMK 4YacTo NOTPebAAeT TOK TO/MIbKO B OnpeaenéHHble MOMEHTbI
BPEMEHM BCETO NEepMoaa CUHycouapbl (Hanpmep, MaKCMMasbHbIM TOK MOXKET NonaaaTb Ha MUKW CUHYcoMApbI
Hanps»KeHus).

Ho nNpMEMHMK He co3gaeT 3TUX FAaPMOHUYECKMX COCTaBAAIOWMX TOKAa, OH NpOCTO noTpebnseT TOK He
NOCTOSIHHO WM NPEpPbIBUCTO. BClo aHEeprmo NocTaBAseT TO/bKO reHepaTop.

Ha cnegylowem 3Tane MOMHO W3MEHWUTb CXEMy, BCTaB/AS MEXKAY TeHepaTopoM U MPUEMHUKOM
onpeaenéHHoe CONPOTUB/EHWE, KOTOPOE NpeacTaB/AeT coboii aKTMBHOE COMPOTMB/IEHWE NPOBOAOB,
0b6moTOK TpaHchopmaTopa u 1.4,

M3mepeHMAa TAapMOHWMK HaNpPs)KeHUA M TOKa NPUEMHMKA [adyT HEMHOro Apyrue pesynabtatbl. Y7o
nameHnTca? lMNosasatca HebONbLIME COCTABAAKOWME FAPMOHWUKM HaNpPsKeHUA, U, KpOme TOro, HeMHOro
N3MEHWUTCS CMEKTP YacToT TOKa.

Mpu aHannse GoOpMbl HaNPsKEHUA B NPUEMHMKE MOMKHO 3aMETUTb, YTO MEPBOHaAYaIbHO CUHYCOUAA/bHbIV
CUTHaAN cnerka uckasunaca. Ecam npuémHuk notpebnaet TOok B OCHOBHOM B MOMEHTbI MUKOB HaMNpPsXeHUsa —
3TO OYAEeT BbINAAETb, Kak yCeYEHHbIE BepLUNHbI. BosblION NoTpebasgembii TOK B 3T MOMEHTbI MPUBOAMUT K
6onblleMy MaZEHUIO HaMpsMKeHMA Ha MmnedaHce ceTU. YacTb MAeanbHOro CUMHYCOMAANbHOIO CUrHana
HaKan/MBaeTcA ceilyac Ha aTOM nmnegaHce. Hekotopoe M3MeHeHWe B CNEKTPe TOKA cieyeT M3 HECKONbKO
NHOM GOPMbI HANPAXKEHUA NUTAHUA.

Mpumep onucaHHbIX 34ecb "MNAOCKMX BepLMH" CUHYCOMAANBHOMO HaMpPAMEHUA — 3TO OYeHb 4acTo
Habnlofaemas KapTUHKA B TUMMUYHBIX CETAX, K KOTOPbIM MOAK/AIOYEHbI LWWPOKO pPacnpoCTpaHEHHble
KOHCTPYKLMM UMNY/IbCHbIX 6/10KOB NMUTAHWMA.

9.4.1 XapakTepHCTHKA FApMOHMK B TPE€x¢a3HbIX CETAX

[apMOHUKK onpefenieHHOro paaa B 3-¢a3HbIX Cncremax MMerT HEKOTOpPbIE CI'IELJ,M(I)W-IGCKVIG OCO6€HHOCTM,
KOTOpPbl€ NOKa3blBaeT Ta6m/|u,a:

Pag, 1 2 3 4 5 6 7 8 9

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

Ctpoka «[ocnegoBaTelbHOCTb» OTHOCUTCA K METOAY CMMMETPUYHbIX COCTaBAAIOLLMX, KOTOPbIM No3BoaAeT
pa3noXuTb Nt060M M3 3-x BEKTOPOB Ha TpuM Habopa BEKTOPOB: MPSAMON, 0OpaTHOM M HynesBoW
nocneaosatenbHoct (noapobHee B pasaene, NOCBAWEHHOMY Npobaeme aCUMMETPUM).
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Bocnonbsyemca npumepom. Mpeanonoxum, 4to TpéxdasHbli gBuraTenb 3anuTaH oT CUMMETPUYHON 4-X
NpoBoAHOM ceTu (To ecTb 3dPEeKTUBHbIE 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 HOPMaibHOMY HanpaB/AeHUIO BPaLLEHMA ABUIaTeNA, YTO MOXKET
NMPUBECTU K HArpeBaHWIO, HEHYXXHOW MNoTepe 3HEepPrmu M CHUMKEHMUIO npousBoamuTesnbHocTW. MNocnegHen
rpynnon ABAAKTCA FAPMOHUKM HY/IEBOIM MOC/AeA0BaTe/IbHOCTU, TakMe KaK, Hanpumep, TPeTbA, LWecTad 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»
MOBTOPAETCA A/ BCEX NOCNEAYIOWMX PALOB rapMOHUK. DopMyAy, CBA3bIBAKOLLYHO TUM 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 CUTYALUN U3MEPEHHDbIE YPOBHM FAPMOHMK YETHbIX PALOB MMET MMHUMA/bHbIE 3HAYeHUA. Ecam
YUYECTb 3TO CBOMCTBO, TO OKa)ETCA, YTO rPynmnbl FAPMOHUK C CAMbIMU HEXENATE/IbHbIMM KauecTBamm — 310 3-
1, 9-9, 15-a (HyneBas nocnenoBaTe/IbHOCTL), a TakKe 5-a, 11-1, 17-a (06paTHan nocnesoBaTebHOCTD).

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 MrHOBEHHbIX
$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 CeYeHme
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 HacCToAllee BpemA
pekomeHayeTcs, YTobbl cedeHme HelTpanbHOro Nposoaa 66110 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 MOLLHOCTH.

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 ACUMMETPUN ABNAKOTCA
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TaK HasblBaemble KO3PPULMEHTbI HECUMMETPUN. M| UMEHHO M3-3a 3TOM aCMMMETPUMN OCHOBHOM FapMOHUKMY,
W, KPOME TOro, PasHMLbl B aMNIMTy4ax U Gpasax BbICLLUMX FAPMOHUK B KaXK40M U3 ¢as - 3T rapMOHUKN TaKKe
6yayT MMeTb KOMMOHEHTbI NPSMOI, 06paTHOM M HyNeBoM NocneaoBaTebHOCTU. 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
pacnpoCTpaHEHHbIM MOKa3aTe/IeM UCKAXKeHMA CUrHaNoB. Ha NpaKTUKe UCMonb3yloTcA 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 onpeseneHus:

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 3Ha4YeHUe OCHOBHOW 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 yumTbiBatoTcA rapmoHUKM 50-ro uam 40-ro
nopagka.

CneayeT MmeTb B BUAY, YTO A,Ba YNOMAHYTbIX onpeaeneHus byayT AaBaTb 3HAYUTENbHO OTAMYAtOWMeECA Apyr
OT Apyra 3Ha4YeHUA NPU CUABbHO UCKaXeHHbIX curHanax. THDR He moxeT npesbiwaTtb 100%, a THDF Takoro
npegena He MMeeT U MOXKET MNPUHMMATb 3HayeHus, paxke 200% u 6Gonee. TakoW cayyail MOXKeT
HabnAATbCA NPU U3MEPEHUM 3HAUUTENBHO UCKAXKEHHOTO TOKA. MAPMOHMYECKME UCKAXKEHWNA HANPAXKEHUS,
KaK NpaBuo, He NPEeBbILWAOT HECKO/IbKMX 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 3HAYEHWU  BbICLUIMX TFAPMOHWMK  TOKOB, OTHOCUTENbHO  MaKCMMalbHOro
BocTpeboBaHHOro ToKka (aHrn. Demand Current). OH BbiBOAUTCA U3 KO3ddULMeHTa THD 1 ero 3HaueHue
BblparkaeTcs bopmynoi:
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JZheaIf

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 0bbAcHeHUA pasHULbl mexay THD n TDD Bocnosbayemca npumepom. MNMpesnonoxum. 4To OCHOBHasA
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 Ko3pdmumeHTy THD: npumepHo 50%. Ecnmn co3patb rpaduk nameHeHmns koaddpuumenta THD
BO BPeMeHM, TO MoaydYutca b6onee-meHee NOCTOAHHOE 3HavyeHWe 50% BO BCEM WHTepBasie BPEMEHM.
ObpaTute BHMMAHWE, 4YTO HECMOTPS Ha TO, YTO B WCCAELYEMOM MWHTEpPBasie BPEMEHUM OCHOBHas
cocTasnfAoLwwan namensaetca B 100 pas, Ha ocHoBe rpadumka THD Henb3A caenaTb BbIBOA O MOTEPAX SHEPTUMU
B LEenu B pesyabTaTe BO3HMKHOBEHMA rAPMOHUK. Ecamn co3paTb Takon e rpaduk ana koadpduumenta TDD,
TO OH bygeT umeTb BUA, aHa/IOTMYHbIN rPadUKy OCHOBHOM COCTABAAIOLLEN TOKA — MAaKCMMa/ibHOE 3HaYeHue
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
npubamsmntca K THD, HO ecnun 3HAYEHWE TOKA B LLENM YMEHbLUAETCA, TO TaKKe YMeHbLlaeTca U KoadduumnenHT
TDD.

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

e ABTOMAaTMYECKUI — TOK | onpeaenseTca NPUAOKEHMEM, KaK MaKCMMabHOE 3apernucTpupoBaHHoe
cpeaHee 3HadeHMe OCHOBHOW COCTaBAAIOLLEN TOKa (M3 BCero MHTepBana perucrpaumm, no BCEMm
KaHanam Toka). Mocne BKAloYeHUA peructpaumm TDD, aHanusaTop aBTOMAaTMYECKM 3anucbiBaeT
napameTpbl 41A pacyeTa ero 3HaYeHus;

e Bpy4yHylo — TOK I, BBOAMTCA NONb30BaTeNEM (B MPUIOKEHMM, NPU aHaNM3e AaHHbIX). 3HayeHne TDD
paccynTbIBAETCA Ha OCHOBE BBEAEHHOMO 3HAYEHMUS.

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 NMPUEMHMKA BO3HMKAET TOrAa, KOrga COMPOTMB/IEHUSA B OTAENbHbIX BETBAX MPUEMHMKA He
paBHbl MeXay coboir.

3Tn aBneHna ocobeHHO BpeaHbl ANA TpéxdasHbiX ABUraTenei, B KOTOPbIX Aarke HebOo/blUaa acMMMETpUA
HANPAXKEHNA MOXKET NPMBECTM K MHOTOKPATHO 60ablUe aCUMMETPUN TOKOB. B TaKMX YCNOBUAX KPYTALLMIA
MOMEHT ABUraTeNa YyMeHbLLAETCA, U NOABNAIOTCA YBEANMYEHHbIE NOTEPU TEMNIa B 0OMOTKaX U MeXaHUYECKUN
M3HOC. ACUMMETPUA TaK¥Ke HEraTUBHO OTPAXKAETCA HA CUIOBbIX TPAaHCHOpPMATOpPaX.

Hanbonee pacnpoCTpaHEHHbIM WUCTOYHMKOM aACUMMETPUM  SABASIETCA HEPABHOMEPHOCTb  Harpysku
OTAeNbHbIX $a3. Xopownm MPUMEPOM SIBASIETCA MOAKAOUYEHUE K ceTu TpPEéxda3HOro nepemMeHHOro ToKa
0AHOGbA3HbIX HAarpy30K, TaKMX, KaK XKee3HOA0POKHbIe TAroBble ABUraTesn.

AHafIVI3aT0p no3BosAeT WU3MepATb acuMmmeTpumn HaHpHH(eHMVI M TOKOB MeToaOM CUMMETPUYHbDIX
COCTaBAAOWMX. ITOT METOZ, OCHOBAH Ha MPEeAroIoKEHUN, UYTO Kaxabli Habop B cocTaBe Tpeéx
HeypaBHOBELUEHHbIX BEKTOPOB, MOXHO Pa3/iIoXKUTb HA CYMMY TPEX rpynn BEKTOPOB: NPAMOM, 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 pobaBuTtb K BekTopy Uia. 3atem BekTOop Uic Hy»KHO noBepHyTb Ha yron 240° u
[06aBUTb K Npeablaylien cymme BeKTOpoOB. B pesynbtate nonyumtca Bektop 3U*. Bektop U* ssnsetcs
NCKOMOM CUMMETPUYHOM COCTaBAAIOLLEN NPAMON NocnenoBaTelbHOCTU. OTMETUM, YTO B C/lyYae MAeaNbHOM
CUMMETPUU (paBHble HAMNPAXKEHUA W YINbl), COCTABAAIOLWME NPSAMOIN NocnenoBaTelbHOCTH, ByayT paBHbI No
Be/IMUMHE GAa3HbIM HaNPAXKEHUAM.

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 HyIo.

LLIMPOKO MCNO/Ib3yeMol B SHEPreTUKe BeIMYUMHAMMU, XapaKTepPU3YIOWMMN aCUMMETPUIO CETU, ABAAIOTCA
K03 PULMEHTbI HECUMMETPUM MO 06PaTHOM 1 HYNEBOI Noc/ieAoBaTeNbHOCTU (GOPMY bl ANA HaNPAXKEHUA):

u0=5—:-100% u2=g—i-100%
roe: Uo — KO3 dUULMEHT HECUMMETPUM NO HYNEeBOM NoCAeA0BaTENbHOCTH;
U; — KO3bdMUMEHT HeCMMMETPUM No 06paTHOMN Nocaea0BaTeIbHOCTY;
Uo — Hy/leBas cMMMETPUYHasA COCTaBAAIOWasNA;
U; — npamas cuMMeTpuyHan cocTaBaatoLWasn;

U, — obpaTHaa cMMMETPUYHAsA COCTaBAAOLASA.

Haunbonee yoobHbI meTod A5 PacyéTa CUMMETPUYECKUX COCTAaBAAIOLWMNX U KOIGDULMEHTOB HECUMMETPUU
— 3TO MCNONb30BaHWE B PacUYETax KOMMIEKCHbIX yucen. [apameTpamn BeKTOPOB ABAAIOTCA aMNAWUTyAa
OCHOBHOM FapMOHMKW Hanps»KeHUs (Toka) U ee abcooTHbIN yron ¢asoBoro casura. Oba 3TM 3HaYeHus
noJsiyyatoTcs U3 bbicTporo npeobpasosaHusa Pypbe (FFT).

9.6 IIpoBajbl, nepeHANPAKEHUA U IIPEePbIBaHUS HANIPSKEHUS

MpoBanbl, NepeHanpaKeHUA M NPepPbIBAaHUA HAMNPAXKEHMA ABAAIOTCA HAPYLUEHWMAMM B CETU, B TeYeHue
KOTOPbIX AeﬁCTByPOU.Lee 3Ha4YeHune HanpAaxXeHuna 3Ha4YuTeNbHO OT/IM4aeTCA OT HOMWUHA/IbHOINO 3Ha4dyeHwuA.
Karkgoe 13 aTUX TPEX COCTOAHUIM MOXKET BbiTb 0OHAPY!KEHO aHA/IM3ATOPOM MNOC/Ie BKAOYEHUSA 0BHapyKeHUs
cobbITUI M oNpeaeneHns NoNb3oBaTeIeM 3HaYeHMA NOPOToB.

lMpoBan HanpAXeHMA — 3TO COCTOAHUE, B KOTOPOM AGVICTBWOIJ.I,GG 3Ha4YeHne HanpAxXeHnAa HNxe 3aaHHOro
nopora nposana. OcHoBol1 n3amepeHna nposasa ABNAAETCA 3HAYeHUe URMS(1/2) , TO eCTb AEVICTBVIOU.LGE
3Ha4YeHune, nepnogndeckmn obHoBNsiemoe KaX4yr nonoBUHY nepunoaa.

OnpepgeneHune nposana (FTOCT 30804.4.30-2013): npoBan Hanpa)eHWUA HauyMHaAeTCs B TOT MOMEHT, Korga
HanpaxeHne URMS(1/2), YMEHbBLUNTCA HUXKE NOPOroBOro 3Ha4YeHMA MPOBasa, U 3aKaHYMBAETCA B TOT MOMEHT,
Korga 3HayeHue HanpsaxkeHuAa URMS(1/2) CTaHET paBHbIM WU MPEBbICMT NMOPOr MpPoBasa C rMcTepesncom
HanpAXeHuA.
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Kak npaswno, nopor nposana ycTaHaBaAuBaloT, Ha yposHe 90% Unom. Bo BpemAa nposana aHanusaTtop
3aMMcbiBaeT MUHMMAJIbHOE 3apPerncTPUMpoBaHHOE 3HAYEeHME 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) HUXKE 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)keHmAa URMS(1/2) CTaHeT
PaBHbIM MU NPEBbLICUT NOPOT NpPepPbIBAHUA C TUCTEPE3SUCOM HaNPAXKEHUA.

Bo Bpemsa npepbiBaHMA aHAIN3ATOP COXPAHAET MUMHUMAJIbHOE 3aPerncTpupoBaHHOE 3HAYEHME HanpPAXeHUA
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 COCTOAHWE MOBbLIWEHHOrOo 3HAYeHWA HanpsaKeHuA. lopor HanpAXeHWs, Kak
npaBwWno, ycTaHaB/MBaeTCcA Ha ypoBHe, 61n3kom K 110 % Unom.

I'IpeBblmeHme HaNpAXeHnA Ha4YnHaeTCA B TOT MOMEHT, KOrga HanpaxXeHue URMS(1/2) npeBbICUT 3HaYeEHUE
nopora nepeHanpAXeHua, a 3aKaH4YMBAETCA B TOT MOMEHT, KOrga 3HadeHune HanpaxkeHnAa 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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3HauyeHMe rucTepesnca ANA 3TUX TPEX COCTOSHMIM TO Ke CaMoe M BblpaxkaeTcs, KaK YCTaHOBJ/IEHHOe
Nno/ib30BaTe/IeEM 3HayeHWe B MPOLEHTaX OT HOMMWHANbHOIO HanpaxeHua (napametp Tucrepesmc
obHapyKeHuA cobbiTuiA).

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

MWHMManbHasa NPOAOIKUTENbHOCTb COBbLITUA MpPOBana, NPepbiBaHUA W MNepeHanpsXeHWa cocTasnser
Nnos0BMHY Nepmoaa.
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Puc.21 Onpegenerue 3HavyeHma UrRMs(1/2).
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3HaveHusa URrMS(1/2) onpeaenatoTca B TedyeHMe 1 nepuosa B MOMEHT nepexofa 4epes HOJMb OCHOBHOW
rapMOHMKN HanpaXeHus M OOHOBAAIOTCA KaxAable MNoAnepuoAa He3aBUCMMO AN KaxKAoro KaHana
HanpsXeHUa. 3To 03HAYAET, YTO 3TN 3HAYEHMA BblIM NOYYEHbI B Pa3HOE BPEMA 417 Pa3HbIX KaHANoB.
PucyHoK 21 unnioctpupyet meTog onpegeneHuna 3HadeHnss RMS1/2 Ha npumepe ayx ¢as HanpsrKeHus.
NHbopmauma o nepexone Yepes HoJib OCHOBHOM rapMOHMKKN NoslydeHa nyTém GbicTporo 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 obopysoBaHMA K
BE/IMYMHE U NPOAOIKUTENIbHOCTM HAPYLWEHUI B 3NEKTPUYECKOW ceTU. B bonee nosgHuin nepuos Kpusyto
MCNONb30Ba N MPU MPOEKTUPOBAHUM 0O6OPYAO0BaAHUSA, YYBCTBUTE/IbHOTO K KosebaHMAM HanpsxKeHusa, Kak
3Ta/IOHHbIM AMANa30oH, B KOTOPOM 060pyA0BaHWE OOMKHO 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 YKasaHo B NPOLLEHTAaX OT HOMWHAJIbHOrO 3HayeHus, 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
Bbllle KPMBOM YyKa3blBaeT HA COCTOSIHME MOBbLILWEHHOTO HanpsAXKeHUs, KOTopoe MOXKeT MpPMBEeCTU 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 HanpskeHusa nutaHuna ANSI (ITIC) u CBEMA.

Kak nokasaHo Ha rpaduKe, cylLecTByeT B3aMMO3aBUCUMOCTb MEXKAY 3HAYEHNEM HAMPSKEHUSA 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 TUMWYHOMW CUTyaLMK, MPOUCXOASALLME B I/IEKTPUYECKON CeTU cOobbITUA, ecnn pedb UAET O
BEJIMUMHE CETEBOTO HANPAXKEHWUA, AOJIKHbI 3aK/1t04aTbCA B CPeHEeNn YacTu rpaduka (Mexay KpusbiIMKU) U He
AONIXKHbI TOr4a npueBecTy K cbosm B paboTe MAN NOBPEXAEHMIO NOAKAIOUYEHHbIX YCTPOMICTB. MponssoguTenm
YCTPOMCTB (B 4acCTHOCTM, ceTeBbiX O/JIOKOB NUTAHMSA) YacTO PYKOBOACTBYIOTCA 3TUM rpaduKkom npu
NPOEKTUPOBAHUKN A5 TOro, YTObbI B 3TOM 06M1acTM obecneunTb Ux BesaBapuiiHyto paboTy M nogaepKaHue
HY»KHOTO BbIXOZAHOIO HanpaxKeHun. CneayeT, 04HAKO, MOMHUTb, YTO KpMBasA NPeACcTaBAsET TUMMYHbIE CAyYau
M He MOMKeT ObITb rapaHTMel 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 M306parKeHbl
Ha PUCYHKe 22.
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Mporpamma «SONEL ANALYSIS» npepoctasnaeT BO3MOMXKHOCTb M3MEHUTb XapaKTepHble TOYKU KPUBbLIX U
No3BOAAET 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
nepuog, TeCTUPOBAHNA CETU COCTaBNAET Heaento. Ecnm 3anommHaTth Bce 200-MUANCEKYHAHbIE AEeNCTBYOWME
3HayYeHMA HanpsaxeHua, noayuymm 3,024 mnH. uamepeHmin. O6paboTKka TaKoro KOAMYeCTBa AaHHbIX MOXKET
3aHATb MHOFO BPEMEHW U 3aTPyAHUTENbHA.

MosTomy BBELEHO MOHATME yCpeaHEHMA, 3aKNtoYatoweeca B COXPAHEHUN s Lenel aHaamsa no ogHomy
3HAUYeHUIO Ha onpeaenéHHbIN MHTepBan BpemeHu. Ona ctaHgapta FOCT 32144-2013 oH coctasnseT 10
MWHYT. B aTOM cnyyae aHanmsatop BblumcaAer cpegHee 10-muHYyTHOE 3HayeHue no npumepHo 3000
3HayeHuint 200-MUAUCEKYHAHbIX OTcYeTOoB (NPUBAM3UTENBbHO, Tak Kak ycnoBHoe 200-muancekyHaHoe
3HauyeHue, 3TO Ha camom aene 10/12-nepuoaHoe 3HauyeHWE, CUHXPOHU3MPOBAHHOE C 4YacToTon ceTw).
Kaxable 10 MUHYT 3anuMcbiBaeTCA c/ieaylollee cpeaHee 3HaYeHMe HanpsasKeHus, YTo npusoauT K coopy 1008
pe3ynbTaToB N3MEPEHUIA.

Ha pucyHKe 23 nokasaH cnocob onpegeneHus aHaanM3aTopoM CpefHUX 3HAYEeHWUI 3a BPeMS ycpeaHeHus
6onbwee wmnn pasHoe 10 cekyHAam, Ha npumepe UHTepBana ycpegHeHuAa 10 MUHYT. 3TOT MeTon
COOTBETCTBYET TpeboBaHUAM ANA Knacca S ctaHgapTta FOCT 30804.4.30-2013 (IEC 61000-4-30:2008).

CpeaHvie 3HaYeHUA CUHXPOHM3UPYHOTCA C YacaMM PeasibHOro BpemMeHU caeayowmm obpasom. Korga yacl
OTMEPAT ouYepeaHOl 06WuMiA KpaTHbIN Neproay MHTEPBan ycpeaHeHUa, NPOUCXOAAT ABa NpoLecca:

o Tekywmit 10/12-neprogHblit OTPE30K OTMEYAETCA KaK NOCNeAHMUI B MHTepBase ycpeaHeHns (x);
e OpHOBpeMeHHO 3anyckaeTca nepsblt 10/12-nepuofHblii  OTPE3OK CAeaylolwero WHTepBana
ycpegHeHus (x+1).

Takolt MeTog, PECUHXPOHM3ALMW MNPUBOAUT K noseaeHwuo HanoxuceHus 1. [aHHble uM3 3TOM obnacTy,
06pabaTbiBatoTCA ABaMAbl, MOTOMY U4TO Kaxgbli M3 10/12-nepuofHbiXx OTPE3KOB aHa/iM3unpyeTcs
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 pecMHXPOHM3aLMA MHTEpPBasioB
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.

75



RTC
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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 nepuoda cetTu. Hanpumep, BbibOp BpemeHW ycpegHeHWa 3 CeKyHApbl, O3HayaeT
ycpeaHeHue no spemeHun 150/180 nepuoaos cetu (15 usmepeHuin 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 OTMepSOT ovepeaHoe 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 oTpeskos 10/12-nepnoaos (Hanpumep, B caydae 3-CEKYHAHOro ycpeaHeHua Bceraa cobupaetcs
15 Takux oTpe3KoB). Pe3y/IbTaTOM PeCMHXPOHU3aLMM ABAAETCA NoaABAeHne HasnoxeHus 2, rae napannenbHo
ob6pabaTtbiBatoTcA AaHHblE ABYX MHTEPBA/IOB YCPeAHEHUA (MHTEPBaAA «X» 3aKaHUYMBAETCA, UHTepBan «x+1»
HauMHaeTca). Paamep HanoXeHMa 3aBUCUT OT KosiebaHMIA YacToTbl CETH.
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MeTKa BpemeHun COOTBETCTBYET OKOHYaHUIO MHTEPBA1a YCpeaAHEHUA.

YcpegHeHne pe3ynbTaToB M3MEPEHW NPUBOAMUT K MOTepe 3KCTPEeMAsbHbIX 3HayeHWi (crnakMBaHue
pe3synbTaTtoB). B ciyyasx, Korga BaxkHa MHPoOpMaLMa O nNpeaesibHbIX 3HAYEHUAX U3MEPAEMOro NapameTpa,
NoNb30BaTe/lb MOXET [MPUMEHUTb BO3MOXHOCTb WM3MEPEHUA MWHUMANbHOIO, MAKCUMAJbHOTO W
MFHOBEHHOro 3HadyeHuit B nepuoae ycpedHeHua. Ecav pgaHHbIM 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 oYyepeab, MFHOBEHHOE 3HaueHue ABAAeTcA nociegHMM 3HadyeHmem 10/12-nepuonoB B AaHHbIN
nepuog ycpeaHeHus.

B CQly4vae ,u,eﬁcmyrou.l,mx 3HaYeHU TOKOB U HanmeeHmZ MeTo4 NOUCKAa MUHUMAJZIbHOTO N MAaKCUMAZIbHOTO
3HaueHnin asnaetca 6onee rMBKUM M KOHTpoAMpyeTca napameTpom «lMepuog onpegeneHna muH./maKke».
B pacnopsaxeHuMn nosb3oBaTesia UMEIOTCA cedylollMe HAacTPOMKK: nonosuHa nepuoga, 200 mc, 1 cek., 3
cek. u 5 cek. Bbibop napameTpa - NonoBMHaA Nepruoaa - 3a43ET NOUCK MMHMMAABHOIO MU MaKCMMAIbHOTO
3HauYeHUA C HanBbICLLEN YYBCTBUTENBHOCTbIO, C TOYHOCTbIO A0 BeAMUUHbI URMS(1/2) . C pOCTOM 3TOro BpeEMEHU
BBOAUTCA OOMOJIHUTE/IbHOE Cr/IaXKMBAHUE, Hanpumep, Npu 5 cekyHaax cHayana BblUUCAAETCA cpeaHAs 5-
CEeKYHAHaA Be/IMYMHA, KOTOpasd 3aTeM WCMNONb3yeTCcA ANA MOUCKAa MWMHMMANbHOIO M MaKCMMANbHOTO
3HauYeHUA. ITO AAET MEHbLUYI0 YYBCTBUTENBHOCTb K MTHOBEHHbBIM U3MEHEHUAM U3MEPAEMOrO 3HaUYEHUA.

MpumeyaHume:

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

Bbl6Op NPaBUAbHOrO BPEMEHWU yCpegHEHMWA, He ABASAETCA NPOCTbIM AEeNOM. B 3HauMTeNbHOW CTeneHu OH
06ycnoBAEH TUMOM HapywWweHWid, MPUCYTCTBYIOWMX B CETU W  OXMAAHMAMM No/b30BaTeNs Mo
OKOHYaTe/IbHOMY aHa/M3y AaHHbIX. YacTo BO3HMKAeT CMTyaumsa, Koraa M3BecTeH eAMHCTBEHHO cam ¢aKT
NoAB/NEHNA HEKOTOPbIX HEMONALOK B CETU 3/1EKTPOMMUTAHUA U TONbKO M3MEpPEHUs aHanan3atopa MOMOryT
YKa3aTb TOYHYIO MPpUYKMHY. B Takoi cuTyaumm nydlie ucnonb3oBatb 60/see KOPOTKOe Bpema ycpegHeHus
(Hanpumep, 10 ceKkyHA), U BKAOUYUTb 3aMUCb MUHUMANLHOTO M MaKCMMa/ibHOTO 3HaYeHUI (4N HanpAXKeHUN’
M TOKOB B TaKOW CUTyaumm peKkomeHayeTcA BbibpaTb MepuoAOM OMpPeaeneHus MWUHWMANbHOTO U
MaKCMMaNbHOrO 3HAYeHMA CaMblil KOPOTKMIA BO3MOMKHbIM CPOK, TO €CTb, NONOBUHY nepuopa). KopoTtkoe
BPEMA YCpeaHEHUA MO3BOAUT MOCTPOUTb TOUYHble rPadUKM M3MEHEHUI MNapameTpoB BO BPEMEHW, a
MUHUMYMbl U MaKCUMyMbl ByayT OBHapyKeHbl M coXpaHeHbl. Kak npaBuio, perucrTpauus C KOPOTKUM
BPEMEHeM YyCPegHEeHUA BbINOHAETCA AO0BOJIbHO OrpaHWYeHHOe Bpems, Npeae BCero us-3a 6bicTporo
pOCTa yMcna AaHHbIX; MOCKO/IbKY LEeNblo TaKoW pernctpaumn, ABASETCA BbIABAEHWE BO3MOMKHbIX MPUYUH
aHOMa/InK1, a He JOATOCPOYUHbIN aHanus.

Pernctpaumm C KOPOTKMM BpemMeHeM ycpeaHEeHUs MOXKET 6biTb AOCTaTOYHO ANSA OUEHKM paboTbl cetn u
NPOUCXOAAWMX B HEW HapylweHusx. Tem He meHee, NoApPObHY0 MHPOPMaLUO, BEPOSTHO, MOXKHO byaeT
NoAyYMTb B TeYeHue AJUTENbHOTrO BpemMeHM (MopaaKka MUHYT), HO C BK/KOYEHHOW perncrpaument
MWHMMANbHOIO M MaKCMMaNbHOrO 3HAYeHWA W aKTUBHbLIM  BblABAEHMEM  CO6bITMIA.  BakHbIM
NPenMyLLLEeCTBOM TaKOM CUTyaL MK ABAAETCA ropa3fo MeHbLIMM 06bEM AaHHbIX PErUCTPALLMM, YTO O3HAYaeT
6bICTPOE CUNTBIBAHME U aHAAU3 AAHHbIX.
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B cBOlO oyepeab, UcciefoBaHWE KayecTBa NUTaHMA MPUHATO BbINOAHATL B COOTBETCTBUM C TPeboBaHUAMM
ctaHgapta NOCT 32144-2013. B 3TOom cnayyae aHa/iv3 NpPoOBOAMTCA B TedeHue 6osee npoaonKuTenbHOro
BpemeHu (Hanpumep, 7 AHel), No3ToMy BbibpaHHOE BpeMs ycpeaHeHUs TaKxKe aantenbHoe — 10 MUHYT.

MmeiTe B BUAY, UTO HE CYLLECTBYET OAHOMN HauyudLlen HaCTPOMKM, Kak BpEMEHM yCcpeaHEeHMUA, TaKk U Apyrux
napameTpoB MM Noporos cobbiTMin. Kaxkaan ceTb MHAMBMAYA/IbHA M 33434M UCC/IeA0BaHNSA ceTel
pas/inyHble. B cBA3M C 3TMM ONTUMAbHaA KOHOUTYypauma aHanM3aTopa MoXeT NoTpeboBaTb HECKObKUX
NnoaxoAo0B, M TaK:Ke byaeT 3aBMCETb OT OMNbITa onepaTopa.

10 TEXHUYECKHUE XAPAKTEPUCTHUKH

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

YKasaHHble 3HAYeHMs MOrpelwHocTelr NPUMEHUMbI TOAbKO K PQM-700 6e3 [0MNOAHUTENbHbIX
TpaHcHOPMaTOPOB U TOKOM3MEPUTE/NbHbIX KAeLLen.

CokpaleHua:

®  W.B.— M3MepeHHas Be/IMYNHA;

® e.M.p—eauHMUa MIagLero paspasa;

e Unom — HOMMHaNbHas BE/IMYMHA HANPAXKEHUSA;

e Inom — AManasoH HOMMHANBHOTO TOKa (Knelen);

e RMS — geicTteytoulee (cpeaHeKBaApPAaTUYHOE) 3HAYEHWE;

® N — pAL rapMOHUKY;

®  3.C. — 3HAYaLWMI CMMBOJ — KOAIMYECTBO Undp pesynbTaTa M3MepeHUsa, oTobpaxkaemoro Ha gucnnee,
Hanpumep, paspelleHne ansa HanpsxkeHua 230 B n 4 e.p. 6yaet pasHa 0,1 B (3anucb 230,0 B);
pa3spelueHue gnsa Toka 5 A n 4 e.p. 6yaet 0,001 A (3anuch 5,000 A);

o  Oph— AONONHUTENbHAA MNOrPELHOCTb M3MePEHUA dasbl MeXAY rapMOHUKaMM HAMPAMXKEHUA U TOKA.

10.1 Bxoab1

BxoA4bl MO HaNpAXKeHUo

Yucno Bxoaos 4 (L1, L2, L3, N — 3 nameputenbHbIX KaHana)
MaKcnMmanbHoe BXOAHOE HanpAXKeHue 760 B grvs 40...70 Ty, nnn HanpsaXKeHme NocCT. TOKa
N3mepuTtenbHada KaTeropus CAT IV 300 B/ CAT 11 600 B / CAT 11 760 B
NMnKoBoe 3Ha4YeHMe BXOO4HOro HanpaXKeHuA +1150B

AHanorosan nonoca nponyckaHua (— 3 ab) 12 Kkly,

TpaHchopmaTopb! Nno peLleHnto Nob30BaTeNA
ConpoTuBieHue n3mepuTe/IbHbIX BXOA0B 14 MOm

KoadduumneHt ocnabneHus cuHdasHoro curHana 570 45 (50 )

(aHrn. CMRR)
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ToKoBble BXoAbl

Yucno Bxogos

4 (3 dasbl + HelTpab) raibBaHNYECKM He U30/MPOBAHHbIE

HomMHanbHOE BXO4HOE HanpsasKeHue

1 B rvs

NMnKoBoe 3Ha4YeHMe BXOAHOIro HanpaXKeHuaA +3,6 B
HomunHanbHoe BxogHOe HanpsaxKeHue (ann

rMBKuX Kneweir, 6e3 Harpysku) 0.125B aws
MNMuKoBoe 3HaYeHMe BXOAHOro HanpsKeHus 1045 B
(mna rmbKMX Knewen, 6e3 Harpysku) -
MaKkcmanbHO gonycTtumoe BxogHoe 5B
HanpsaXeHne OTH. 3eM/n RS
AHanorosas nonoca nponyckanua (— 34B) 12 Kl

MonHoe BxogHoe conportmBneHune

KaHan XecTtkux Knewen: 100 KOm
KaHan rubkux kneweii: 12,4 kKOm

[Ounana3oH usmepeHusa (6es

Knewwm F-1A/F-2A/F-3A: 1..3000 A (+10 KA nuk. 50 l'u)
Kneww F-2AHD/F-3AHD: 1..3000 A (10 KA nuK. 50 'u)
Knewwu F-1A6/F-2A6/F-3A6: 1..6000 A (+20 KA nuK. 50 u)
Knewwu F-1A1/F-2A1/F-3A1: 1..1500 A (+5 KA nuk. 50 lu)

TPaHchopmaTopos) Kneww C-4, C-5:1..1000 A (+3600 A nuk.)
Knewm C-6A: 0,01..10 A (+36 A nuk.)
Knewwm C-7A: 0..100 A (360 A nuk.)

TpaHcdopmaTopsl No peLleHnto Nonb3oBaTeNs

KoaddnumneHT ocnabnenunsa cuHdasHoro
curHana (aHrn. CMRR)

60 a6 (50 lu)

10.2 luckpeTusanma 1 4acsel peajbHoro spemenu RTC

Anckpetnsauma m yacbl peanbHoro spemeHun RTC

ALM (aHanoroso-undposoit
npeobpasoBaTesb)

16-6UTHbIN

YacToTa amckpeTtmsaumm

10,24 kl'y, ana 50 n 60 Iy,
OpHoBpeMeHHan AMCKPeTM3aLmMa No BCEM KaHaNam

Konunyectso OTCYETOB 3a nepuoa

204,8 pna 50 Ty; 170,67 pna 60 Iy,

CuHxpoHusauma GAMY (PLL)

40...70 Ty

OnopHbIN KaHan ana cuctemol GAMY

L1

Yacbl peanbHOro BpemeHu

+ 3,5 ppm makc. (okono £ 9 cekyHa/mecau)
B gManasoHe Temnepatyp -20...55 °C

10.3 U3mepsaeMble mapaMeTphbl -

10.3.1 YcioBuA AJi NOBEPKH

TOYHOCTH, pa3pelicHUA U JHUATIa30HbI

HopmasibHble ycioBu1A A1 NOBEPKU

TemnepaTypa OKpyrKatoLLen cpeabl

23°C+t2°C

OTHOCUTENbHAA BNAXKHOCTb

40...60 %
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ACMMMETPUA HanpaKeHUs

<£0,1 % ana koadpdnuneHTa acuMmmeTpun No obpaTHoOM
nocnefoBaTeNlbHOCTU (OTHOCUTCA TONLKO K TPEXdasHbIM ceTaM)

BHelwHee marHuTHoe none

<40 A/m (nocTosHHOE)

<3 A/m (nepemeHHoe) ana yactotbl 50/60 'y,

MocTtoAaHHaA cocTaBaaoWwan

HanpAXeHnAa N ToKa

HynesaAa

dopma curHana

CMHYCOMAAaNbHbIN

YacTtoTa

50Mu£0,2% nmam 60Ty +£0,2%

10.3.2 HampsxxeHue

HanpsakeHune JvanasoH u ychosus PaspeleHune OcHOBHas NOrpeLHoCTb
Urms (NnepemeHHoe 1 20% Unom < Urms < 120% Unom 4sc £0.5% Unon
NoCTOSIHHOE) ana Unom 2 100 B
1..10
MuKk-dakTop (1...1,65 ana HanpsxkeHusa 690 B) 0,01 5%
Anﬂ URMS 2 10% Unom
10.3.3 Tok
Tok JunanasoH u ychosua Pa3pelueHue OcHOBHaA NOrpeLwHoCcTb

Irms (MepemeHHbIN K
NMOCTOSHHbIN)

BxoOHoli KaHan 6e3 kneweli

0...1 B (£3,6 Bp-p) —KaHan
ECTKMX KNewen
0...125 mMB (+450 MBy.p) —
KaHan rMbKuMX Knelen

4 3.c.

+0,2% lnom

Knewm rmubkne F-1A/F-2A/F-3A

JononHutenbHada norpewHocTb £1%

(()1038233 43.c. (£ 2% c yyeTOoM AONOAHUTENBHOM
MOrPeLHOCTM OT NOOXKEHMSA)
Knewwu rubkme F-2AHD/F-3AHD
JononHuTenbHasa norpewHocTb
0...3000 A d3c +0,5%
(10 KAL) h (£ 2% c yueTom AononHUTENbHOM
MOrPELIHOCTU OT NOJIOXKEHMSA)
Kneww rubkme F-1A6/F-2A6/F-3A6
0..6000 A JononHuTenbHaa NOrpeLwHoCTb J_r%%
(20 KA,.) 43.c. (+ 2% c yyeToM AONONHUTENBHOW
MOrpeLHOCTN OT NOJIOKEHUA)
Kneww rmbkme F-1A1/F-2A1/F-3A1
0..1500 A JononHuTenbHaa NOrpeLwHoCTb J_r%%
(5 KAo.o) 43.c. (+ 2% c yyeTOoM AONONHUTENBHOW
MOrpeLHOCTN OT NOJIOKEHUA)
Knewu »écmkue C-4
0...1000 A d3c JononHuTenbHasa NorpeLwHocTb
(3600 A;-p) s 0,1..10A: £ (3% + 0,1 A)
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10 A: £3%
50 A: £1,5%
200 A: £0,75%
1000...1200 A: + 0,5%

Knewu wécmkue C-5

[JononHutenbHas norpewwHocTb
0,5..100 A: < (1,5% +1 A)

(0363810 A) 43.c. 100...800 A: £2,5%
e 800...1000 A nepem.: < 4%
1000...1400 A nocT.: £ 5%
Knewu #écmkue C-6A
JononHnTeNbHasA NOrpeLwwHoCTb
0..10A 43c 0,01..0,1 A: £(3% + 1 mA)
(36 App) h 0,1..1A:+2,5%
1..12 A: £1%
Knewu #cécmkue C-7A
JononHutenbHaa NOrpeLwHoCcTb
. 0,
0..100 A 0...100 A: £(0,5% + 0,02 A)
43.c. (45...65 Tw)
(360 Ap-p)
0...100 A: +(1,0% + 0,04 A) (40...1000
Mu)
1...10
Muk-dakTop (1...3,6 anA lnhom) 0,01 +5%
LI,HFI IRMS 2 1% |nom
10.3.4 YacTtoTa
YacToTa [nanasoH u ycnosus Pa3pelieHune OcHOBHas NOrpeLHoCTb
40...70 Ty,
+
f 10% Upom < Ugws < 120% Unom 0,01Tu 0,05 Ty
10.3.5 T'apMOHUKH
FapMOHUKHK [wnanasoH 1 ycnosus PaspeleHune ‘ OCHOBHas NOrpeLHOCTb

FapMmoHuyeckuii pag (n)

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

10,15% Unom Npn 1.B.<3% Unom
+5% n.s. npn n.B.2 3% Unom

Amnautyga Urms 0...200% Unom 43.c.
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009))
B 3aBucumocTu ot 10,5% Unom Npn 1.8.<10% lnom
NCNONb30BAHHbIX +5% u.B. ecam 1.B.2 10% lnom
AmMmnantyaa lrms . 43.c.
Kneulen (cmotpu (cornacHo FOCT 30804.4.7-2013
XapaKTePUCTUKN lriis) (IEC 61000-4-7:2009))
Koaddnument
-~ 9
rapMOHMYECKMUX 0..100,0% 0,1% +5%

nckaxkenunit (THDR) no

AnA Ugnis 2 1% Unom
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HanpaxeHuto (n = 2...40)

KoaddnumeHt
rapMOHUYECKUX
nckaxkeHmit (THDR) no
ToKy (n = 2...40)

0...100,0%

0,
,u'ﬂﬂ |RMS 2 1% Inom 0,1/0

+5%

TDD (n=2...40)

B 3aBucumocTtun
B 3aBucumocTu ot I,

B 3aBucumocTtu ot I,

oT L
Yy
ron caBura a3 -180°...+180° 0,1° +(n x 1°)
(HanpskeHue)
Yron casura ¢as (Tok) -180°...+180° 0,1° +(n x 1°)

10.3.6 MOIIHOCTB M 3HEpPrua

Ycnosua (4nA MOLLHOCTM U SHEPTUN L
MOLLHOCTb U 3Heprua PaspeweHne | OcHoBHaa norpewHocTb™
80% Unom S URMS< 120% Unom)
2% Inom < |RMS< 5% Inom 2’52 + 65}100
cosp=1 \I
5% Inom < |RMS < Inom + 2’02 + 82h %
AKTMBHaA MOWHOCTb | cosp =1 A p
3.C.
AKTUBHaA sHeprmna 5% lnom < lrms < 10% lnom + 252+ 82h %
cosp =0,5 P
10% |nom < |RMS < Inom n 2’02 + 82h %
cosp =0,5 P
2.% Inom < |RMS< 5% Inom i 4’02 + Séh %
sinp=1
Sty In m S | < In m
7 mom = RS o + (3,02 + 82, %
sinp=1
P 5% lnom < lrms < 10% lnom
€aKTMBHaA MOLLHOCTb | 6 Inom < lrwis 6 Ino 43c + (4,02 + 82, %
PeakTugHas aHeprua | sing = 0,5 P
1.0% |nom < |RMS< Inom n 3’02 + 82h %
sing =0,5 \ P
1.0% |nom < |RMS< Inom n 4’02 + 82h %
sing = 0,25 P
MoaHaa MOLWHOCTb 2% lnom < lrms < 5% lnom 4 +2,5%
3.C.
MNonHasA aHeprus 5% lnom < Irms < lnom +2,0%
KoapoduumeHt 0.1
o Hocﬁm (oF) 50% Unom < Urwis < 150% Unom 0,01 +0,03
w 10% |nom < |RMS< Inom
KoadpoduumeHT casura 0.1
o (COS;‘) /DPF)A 50% Unom < Urwis < 150% Unom 0,01 +0,03
10% |nom < |RMS< Inom

10.3.6.1 OyeHKa nocpewHOCMU U3MepeHUs1 MOWHOCMU U 3Hep2uu

O6uwaa norpelwHoCTb U3MepeHUA aKTUBHOW W pPeakTUBHOM MOLLHOCTM (OCHOBHOM cocTaBAsAloleln) U
MOLLLHOCTM TFapMOHWK, OCHOBbIBAeTCA Ha Cheaylolleln 3aBUCMMOCTU (4NA 3Heprum  UrHopupyercs
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AOMNONHUTENbHASA NOTPELIHOCTb, CBA3aHHAA C U3MEPEeHNEM BPEMEHM, KaK MHOMO MeHbLLIas, YeM OCTasibHble
MOrpeLHoCTH):

Spg = Jagh + 8% + 62,

roe: O p,a — NOrpeLHoCcTb M3MepeHna akTUBHOMN MAN PEaKTUBHOIN MOLLHOCTY,
6 uh— cymmapHas NorpeLHoCTb U3MepeHnUsa aMnInNTYAbl FraPMOHUKM HaNPAMKEHWA
(ananusartop, TpaHchopmaTopsl, KNewm),
6 Ih— cymmapHas norpewwHocTb U3mepeHns amnanTyabl rapMOHUKU TOKa
(ananusatop, TpaHchopmaTopsbl, Knewim),
O ph— f0oNONHUTEIbHAA NOTrPELLHOCTb B Pe3yNbTaTe OWNBKN 3MepeHNa dasbl MeK Y BbICLIMMU
rapMoHMKaMM HaNpaXKeHUs U ToKa.
MorpelwHocTb & ph MOXHO OnpeaennTb, eciin M3BECTeH yros $Ga3oBoro cABura A/ UHTEPECYIOLEro Hac
[AManasoHa 4YacToT. B Tabsmue npuseaeHa ownbKa pasHOCTU Ga3 MexKay rapMOHUKaMM HaNpPAXKEHUA U TOKa
Ans aHanusatopa PQM-700 (6e3 TOKOBbIX Knellel U TpaHchopmaTopoBs).

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

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

Owwnbka <1° <2,5° <5° <10° <15°

OwnbKy dasbl, BHOCUMYIO NMPU UCNOIb30BAHUM TPAHCPOPMATOPOB U K/ELEN, KaK NMPaBU/IO, MOXKHO HalTK
X B TEXHUYECKOMN AOKYMEeHTaluuu. B aTom cnydyae, ciefyeT OLEHUTb ANSA MHTEpecylollel Hac 4acToThbl
pesynbTUpytolyo ownbKky ¢asbl Mexay Hanpa)xeHuem U TOKOM, BBOAMMYIO BCEMW 3AeMEeHTamMMu
NU3MepUTENbHOM Lenu: TpaHcPopMaTopPbl TOKA M HAaNPAXKEHUA, KNeLM, a TaKkXKe aHanumsaTtop.

MorpelwHOCTb U3MepeHus, BCneacTeme owmnbKn ¢asbl 418 aKTUBHOM MOLLLHOCTM rapMOHMK MOXKHO BbIpPasnTb
Ha OCHOBaHMM GOPMYbI:

Spn = 100 (1 — =222 947 cosp # 0

cosg

B cBOl ouyepenb, NOrPEWHOCTb M3MEPEHUA PEAKTUBHOW MOLLHOCTM FapMOHMK MOXHO Onpeaenutb no
dopmyne:

8y = 100 (1 — S0@L=A9)) o1 0

ph = — [%], sing #

sing
B 06eunx aTux dopmynax ¢ o3HaYaeT GaKTUYECKUI YroN CABUTa MEXKLY rapPMOHUKAaMM TOKA U HanpsXKeHus, a
A@ cymmapHyio oWwmnbKy ¢asbl 417 AAHHOM YacToTbl. M3 NpeAcTaB/AeHHbIX 3aBUCUMMOCTEN MOXKHO cAenaTb
BbIBOZ, YTO MOMPELIHOCTb M3MEPEHUSA MOLLLHOCTM A1 TAaKOM Ke ownbKu ¢$asbl, O4eHb CUIbHO 3aBUCUT OT
KoadpdumumeHTa $pa3oBoro casmra MexKay TOKOM W HanpaxKeHnem. ITo NOKasaHo Ha pUCyHKe 25.
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Puc.25 JonosiHUTEeIbHAs NOTPELIHOCTb OT OWNOKKU dasbl B 3aBUCUMOCTM OT yraa casura ¢as

Mpumep:
Pacuert NOrpeLHoCTH n3mepeHma aKTUBHOM MOLWHOCTUN OCHOBHOW CcoCTaBAsoWEN.

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

OCHOBHas NOrpewHoCTb COCTaBNAeT: + /1,02 + é‘gh %.

B amanasoHe uvactor 0..200 Iy, owunbKa ¢asbl PQM-700 coctaBnser meHee 1°. MNMocne noAcTtaHOBKU B
dopmyny:
cos(p+ 4 cos(61°
(Sph =100(1 —M =100 (1 - ¥> = 3,04%
cosQ cos(60°)

Taknm 06pasom, NOrpewwHoCTb USMEPEHNA PaBHa:

8§ =14/1,02 4+ 3,042 = +3,20%

B Tex e camMbIx yCNoBUAX, HO Npu casure ¢asbl ¢ = 10°, nonyunm:
cos(11°)
cos(10°)

§ =+4/1,024+ 0,322 = +1,05%

anIBeLI,eHHbIe Bbllle pacyeTbl He YYUTbIBAKOT AOMO/IHUTE/IbHbIE OLIJVI6KVI, BHOCMMbIE NPU NCNON1b30BaHUN

Spn = 100 (1 - ) = 0,32%

A norpewHoCcTb n3MmepeHua pasHa:

TOKOBbIX KNewen n TpaHchpopmaTopoB.

10.3.7 ®aukep

dnnkep [AnanasoH nycnosua | PaspelueHune OcHOBHas NorpeLHoCTb
+10% B npegenax TabANYHbIX
Ps: (10 muH.) 0,4..10 001 3HayeHui CTaHaapTa
Py (2 waca) A1A Urms = 80% Unom ! rOCT P51317.4.15-2012

(M3K 61000-4-15:2010)
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10.3.8 AcummeTpua

AcnmmeTpua
nanasoH 1 ycnosus PaspelueHne | OcHOBHas MOrpeLHoCcTb
( )
HanpseHue 1 Tok
KoapduumeHT acummeTtpun
npﬂ:\b;\i)ﬁuo6pamoﬁ " Hyiesoiﬁ 0...10,0% 0,1% +0,3% (abcontotran
nocne,u,c;BaTeanocm 1018 80% Unom < Urms < 150% Unom ’ NnorpeLHocTb)

10.4 Peructpanus COGbITHH - AeHCTBYIOLIME 3HAYEHHS HaNPSHKeHUs M TOKa

HanpakeHue Ugms
OcHoBHan
(npoBanbl, NpepbiBaHUA U JOwvanasoH PaspeleHune
NorpeLHoCcTb
nepeHanpsxeHus)
Urms(1/2) 0...120,0% Unom 4 3.c. +1% Unom

Moporu obHapyKeHun

YcTaHaBMBalOTCA NO/b30BaTeNeM B MPOLLEeHTax AMbo B abCoNOTHbIX
3HauyeHuax. O6HapyKeHne cobbITA OCHOBAHO Ha n3mepeHUn Urws(i/2)
(meticTeytollee 3HayeHWe 3a 1 nepmnoa, obHoBASEMOE Kaxable Y5 neproaa).

MpofonKnTenbHOCTb

4acbl: MUHYTbI: CEKYHADbI: MM/'IHMCEKpr,bI‘

% nepuoga

OAVH Nnepuoa,

3anucb ocumnnnorpaMmmsl

2 nepuopaa nepes cobbiTvem + 4 nepnoga nocne cobbiTma
(Bcero 6 nepmoaos) 256 oTcYETOB 3a Nepuoa,

ToK lrms OcHoBHas
JwnanasoH Pa3peleHune
(MUHUMYM, MaKcUMym) MorpeLwHoCcTb
lrms(1/2) 0...100,0% lnom 4 3.c. +0,5% lnhom

YCcTaHaBAMBAlOTCA NO/b30BaTENIEM B NPOLLEHTAX IM60 B aBCONOTHbIX
3HauyeHuAX. BbifaBneHMe CoBbITUA OCHOBAHO Ha M3MEPEHUM lrms(1/2)
(oencTeylolee 3HaYeHe 3a 1 neproa, 06HOBAAEMOE Kaxable ¥ nepnoaa).

Moporu obHapyKeHun

Mpoaon*KnUTenbHOCTb Yacbl: MUHYTbI: CEKYHAbI: MUAAUCEKYHADI Y2 nepnoga Oo4unH nepuno
pPoA

2 nepuopaa nepen cobbiTnem + 4 neproda nocne cobbitusa (Bcero 6 nepuoaos)

3anmuce ocumAnorpammb! 204,8/170,67 (50/60 I'1) OTCu&TOB 33 nepuog,

10.5 Perucrtpanusi COGbITHIH - AONOJIHUTE/IbHbIE IAPaMETPhbI

MNapameTp dnanasoH MeTtoaunka onpeaeneHus

Ob6Hapy:KeHne cobbITUA OCHOBAHO Ha
10 cek. usamepeHumn, cornacHo NOCT
30804.4.30-2013 (IEC 61000-4-30:2008)

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

YactoTa (MMH., MaKc.)
abCcoNoTHbIX BEINYMHAX)

MuK-baKTop HanpAKeHnn Ha ocHoBe 3HauyeHus

1,0..10,0
(MUH., maKc.) ’ ’ 10/12-nepuoaos
Ha ocHoBe 3HauyeHus
Muk- . . 1,0..10,0
MK-baKTOpP TOKa (MUH., MaKc.) , , 10/12-nepuoaos
K
oad)d)MLimeHT HECUMMETPUM MO Ha oCHOBE 3HAYEHWA
obpaTHOoW nocneaoBaTeNbHOCTU 0...20,0%
10/12-nepuoaos
HanpaxeHus (makc.)
KoapduumeHT HecummeTpun no 0..20,0% Ha ocHoBe 3HayeHus

06paTHOI NocneaoBaTeNIbHOCTM TOKa 10/12-nepunoaos
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(makc.)

KpaTkoBpemeHHas go3a ¢pinkepa P
(makc.)

0...20

Ha ocHoBe 10-MWMHYTHOIO 3Ha4YeHuA

InuTtenbHas go3sa pankepa P (Makc)

0...20

Ha ocHoBe 2-4acoBOro 3Ha4YeHuA

AKTMBHaA MOLIHOCTb P (MUH., makc.)

B 3aBucumocTtum ot
HACTPOMKM

Ha ocHoBe 3Ha4eHunA
10/12-nepuoaos
(ans noTpebnsemoit n oTaaBaemon)

PeaktneHaa mowHocTtb Q
(MWMH., maKc.)

B 3aBMCMMOCTM OT
HaCTPOMKM

Ha ocHoBe 3Ha4eHunA
10/12-nepuoaos
(ans noTpebnsemoit n oTaaBaemon)

MonHasa mowHocTb S (MUH., MaKc.)

B 3aBMCMMOCTM OT
HaCTPOMNKM

Ha ocHoBe 3HaueHus
10/12-nepuoaos

MouHocTb UcKkaxkeHua D/ MonHas
MOLLIHOCTb MCKaXeHUA Sy

B 3aBncumoctn ot

Ha ocHoBe 3HayeHuA

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

KoapdunumeHT mowHocTm PF Ha ocHoBe 3HaueHus
0..1

(MKMH, MmaKc) 10/12-nepuoaos

KoadpduumneHT casura dpas cos/DPF Ha ocHoBe 3Ha4yeHus
0..1

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

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

10/12-nepuoaos

AKTMBHasA aHeprua Ep (MaKc.)

B 3aBucumocTu ot
HACTPOMKM

MpoBepKa NpeBbIEeHNA Kaxapble
10/12-nepuogos
(ans noTpebnsemoit n oTaaBaemon)

PeakTnBHas sHeprusa Eq (MaKc.)

B 3aBucumoctu ot
HACTPOMKM

MpoBepKa NpeBbIWEHNsA KaxKable
10/12-nepuogos
(ans noTpebnsemoit n oTaaBaemon)

MonHan aHeprua Es (makc.)

B 3aBMcumocTtu ot

MpoBepKa NpeBbIWEHNA KaxKAable

HACTPOMKM 10/12-nepuoaos
KoaddpnumeHT rapmoHmnyeckmnx Ha ocHoBe 3Ha4eHus
o 0...100%
ncKkaxkeHnn THDe HanpsaxeHUs (Makc) 10/12-nepuoaos
KoadpnumeHT rapmoHmnyYeckmnx 0..200% Ha ocHoBe 3Ha4eHus

ncKkaxkeHnin THDg Toka (makc.)

10/12-nepuoaos

AMNANUTYAbI FAPMOHUK HaNpAKeHUA
(makc.)

0...100%, nnun
abCcoNtoTHbIE 3HaUYeHuA

Ha ocHoBe 3HaueHun
10/12-nepvoaos;
He3aBucnmble noporu ana scex
rapMoHWUK B gmanasoHe 2...40

AMNAUTYAbI TAPMOHMK TOKa (MaKc.)

0...200%, nnu
abcontoTHblE 3HAYEHUSA

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

10.6 'uctepe3uc perucTpaymu COObITUA

IMcTepesnc perncTpaummn cobbitus

JnanasoH

MeToguKka onpegenenusa

Mctepesnc

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

[nAa Kaxkaoro N3 napameTpoB PacCYMTbIBAETCA KaK
NPOUEHT OT MAaKCUMa/IbHOIo 3Ha4eHMA nopora.
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10.7 U3MmepeHHUe NyCKOBOT'0 TOKa

AunanasoH [A, %]

PaspelueHue [A, %] OcHoBHas NorpeLHocTb

0...100% I,

43.c. +0,5% I,

° M3mepeHme HanpAXeHnA U TOKa KaxAable % nepmnoga BO BCEX KaHanax (prEAHeHMe Kaxaple %2

nepuoaa);

e MakcmmanbHoe Bpemsa namepeHmsa 60 cek.

10.8 Peructpanusa

Perncrpatop

Bpema ycpegHenna Y

1 cek., 3 cekK., 10 cek., 30 ceK., 1 muH., 10 MunH., 15 muH., 30 MnH.
CneumManbHbIl peXum: % nepuoaa (ana perucrpaumm CUrHanos c
OorpaHWYeHHbIM BpeMeHeMm 3anucu go 60ceK., Hanpumep, NyCKOBOM
TOK)?

YcpegHeHne muH/makc ansa Urwvs

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

YcpegHeHne MuH/Makc ansa lrvs

% nepwoga, nepuog, 200 mc, 1 cek., 3 cek., 5 cek. ©®

3anucb ocunNNOrpaMmm

BO3MOXHOCTb 3an1cK 3-x NepnoaoBs OCLUUAIONPAaMM aKTUBHbIX
KaHaNoB NoC/e Kaxaoro nepnoaa ycpeaHeHuma

Pernmbl 3anycka perncrpaymm

PyuHom
Mocne nepsoro o6Hapy*KeHHoro cobbiTnA
Mo pacnucaHuto (YeTbipe 3aZaHHbIX MHTEPBANA BPEMEHM)

TouKn namepenHuna

1, He3aBUCKMMaAn KOH(bMI'ypaLI,M‘r'l nonb3oBaTenA.

Bpemsa perucrpauum

3aBUCUT OT KOHPUTypaL MM

MamaTtb

BcTpoeHHadA KapTa namAtn 4 b

Mopgenb namaTtn

JNInHenHasn

be3onacHocTb

BNIOKMpOBKa KnaBuaTypbl OT HECAHKLMOHMPOBAHHOMO A0CTYNa

(1) Bpems ycpeaHeHuAa meHblle 10 cek. B AEUCTBUTENbHOCTM PAaBHO KPAaTHOMY OT OCHOBHOM 4acTOTbl CETU:
1 cek. —50/60 nepnoaos, 3 cek. — 150/180 neproaos.

(2) Urmsii/z) U lrmsi/z) ABNAKOTCA OEWCTBYIOWMMM 3HAYeHUAMM 3a 1 nepuod c OBHOB/EHMEM Kaxaple %
nepuoaa

(3) Nepuoabl ycpeaHeHUa mMuH./makc. 1 cek., 3 ceKk. B AeACTBUTENbHOCTU PaBHbl KPaTHOMY OT OCHOBHOM
yacTtoTbl ceTu: 1 cek. — 50/60 nepnogos, 3 cek. — 150/180 nepunoaos.

CpegHee | MuHumanbHoe |MaKkcumanbHoe| MrHoBeHHoe
Peructpupyemble napameTpbl

3HayeHue 3Ha4yeHue 3Ha4yeHue 3HayeHue
[JevicTBylollee 3HaYeHue
¢dasHoro/nnHeliHoro HanpsaxeHusa Ugws (B . . . .
33aBMCMMOCTM OT TMNA CXEMbI)
[Jencreytoliee 3HaYeHME IMHENHOTO
Hanps»KeHus (ToNbKo B 3-pasHoM cxeme °
«3Be3ga» ¢ N n 2-x pasHoit) Ugrms
[Jencreytoliee 3HaYeHMe TOKa lrvs ° . . .
YacroTa f ° ° ° .
Muk-dakTop HanpsxeHua CF U ° ° ° °
Muk-dpakTop ToKa CF | ° ° . °
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KoadodumumneHTbl acummeTpum no obpatHom m

NpPAMOI NOCNAeA0BaTENbHOCTY,

CUMMETPUYHbIE COCTaBAAOLWME: NPAMON, . .
obpaTHOI 1 HyNeBoM Noc/eA0BaTe/IbHOCTH

(HanpsaxeHue) Uo, Uz, Uy, ug, U2

KoapduumeHTbl acummeTpum no o6paTHOM K

NpPAMOI NOCNAeA0BaTENbHOCTY,

CUMMETPUYHbIE COCTaBAAOLME: NPAMOW, . .
obpaTHOWM M HyNeBOW NOCNeA0BaTENbHOCTU

(TOK) |o, |1, |2, |o, |2

[o3bl dnnkepa Py 1 Py . °
AKTMBHAsA MOLLHOCTb (MoTpebaseman u

oTpaasaemasn) P., P. ¢ ¢
PeakTMBHasA MoLWHOCTb (NoTpebasemas u

otaasaemasn) Qi+, Qi-/ Qe+, Qe- * *
MonHas MOLWHOCTL S . .
MoLHocTb nckaxeHua D. NMonHaa mowHOCTb

UCKaXKeHuA Sy ° y
KoaddpuumneHT mowHoctn PF . .
KoadduumeHT casura ¢pas cose/DPF . °
TaHreHc ¢ (4 KBagpPaHTHbIN):

t8P(+), 8P(c), 18O, T8P(cH) * *
AKTUBHAA 3Heprua (noTpebnasemas u

oTtaaBaemas) Ep., Ep.

PeakTuBHas aHeprusa (4 KBagpaHTHas):

Eaws), Earc), Ea), Eaier)

MNonHaa sHeprua Es

KoapdmumeHT rapmMoHNYECKUX UCKaXKEHUN

THDf HanpsaXkeHunA ° °
KoadpdmumeHT rapmMoHNYECKUX UCKaXKEHUN

THDr TOKa y y
KoadpduumeHT nckaxeHma Toka TDD °

AMNANTYAbI FTAPMOHMK HANPAXKEHUS

Uh1...Unao * *
AMNANTYAbI FAPMOHUK TOKA lhi...lhao ° .

10.9 [IuTanue, aKKyMyJISITOP U HarpeBaTeJjb

[lnTaHue ot cetun

[JnanasoH BXOAHbIX HanpaXKeHnM 100...415 B nepemeHHoe, 40...70 'y,
(HOMUHanNbHLIN) 140...415 B noctosiHHOE

[nanasoH BXOAHbIX HaNpsAXKeHui (c 90...460 B nepemeHHoe, 40...70 Ty,
bNyKTyaumMamm) 127...460 B nocTtoaHHOEe
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KaTeropua nutaHma no

BbicoTa o 4000 m: CAT IV 300 B/ CAT 111 415 B/ CAT 11460 B

nepeHanpsxeHuto (c daykTyaumamm) Bbicota Ao 5000 m: CAT 111 300 B / CAT 11415 B/ CAT 11 460 B

MNoTpebneHrne MOLHOCTH OT CETHU
(MaKkcumanbHoe)

30 BA

MNoTpebneHne MOLWHOCTH OT CETU B

HEeT 3apPAAKM aKKYMYNATOpa, HarpeBaTesb
BbIKNOYEH, NepeMeHHOoe HanpaxeHune 6 BA /3BT
nutanua 230 B

HEeT 3apPAOKM aKKYMYNATOpa, HarpeBaTesb
BK/IOYEH, NepemMmeHHoe HanpAaXeHue 11 BA/8BT
nutanua 230 B

3apAfika akKyMmyaaTopa, HarpesaTtesb

3aBMCMMOCTU OT KOHOUTYpaLUUK (TUNUYHOE) | BbIK/IOYEH, MepeMeHHOEe HanpAXKeHue 14 BA/ 11 Bt

nutaHma 230 B

3apAgKa akKyMynsaTopa, Harpesatesb
BK/IOYEH, NepeMeHHOoe HanpAaXeHue 22BA /16 Bt
nutanua 230 B

3apAgKa akKyMynsaTopa, HarpesaTesb
BK/IOYEH, NepemMeHHOoe HanpAaXeHue 27 BA/ 16 Bt
nutanua 400 B

AKKymynaTop
Tun Li-lon 4,4 Ay
Bpems paboTbl OT aKKYMYAATOPHOTO NUTAHUA >6y
Bpems 3apagKm akkymynAaTopa
(nonHocTbIO paspaKeHHOro) Ao 84
JonycTMmblii Anana3oH TemnepaTypbl 3apaaKu -10...60°C
MoTpebneHne ToKa OT aKKYMYyATOPaA B perKmnme
BbIK/IIOYEHHOr0 aHaiM3aTopa (OTCyTCTBYET NUTaHUe OT <1mA
CeTU; He KacaeTcs pPexkuma NPoTUB KpaXku)

HarpesaTenb

Mopor Temnepatypbl BKAOYEHUA HarpeBaTenn 5°C

MutaHune HarpesaTensa

BCTpOGHHbIVI MUCTOYHUK NUTAHNA NepeMeHHOro TOKa

MowHoCTb HarpesaTena

MaKcmmanbHaa 5 BT

10.10MoaaepkuBaeMblie CeTU

Tunbl Nogaep»KMBaeMbix ceTei (KOCBEHHO MW HaMPAMYIO)

1-dpa3Han

OpaHodasHas, ¢ HenTpanbHbIM NPoBOAOM (pasbémbl L1, N)

2-dpasHas
(c pacwennénHomn dhaszoit)

AByxdasHan, ¢ HelTpanbHbIM NPoBOAOM (pasbémbl L1, L2, N)

3-¢pas3Han «3Be34a» C HEUTPanbto

TpéxdasHas, TMna «3se3aa» c HelTpanbio (pasbémsbl L1, L2, L3, N)

3-dasHan «TpeyrosbHUK»

TpéxdasHan TMNa «TpeyrosbHMK» (pasbémsl L1, L2, N)

3-¢asHan «TPeyronbHUK», cxema

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

89




ApoOHa

TOKOBbIMU KNiewamun

3-¢asHan «3Be3ga» c
N30/IMPOBAHHOM HENTPaNbIO

L1, L2, N)

TpéxdasHan, TMNa «38e34a» C U30/IMPOBaAHHOMN HENTPabio (pasbEMbl

3-¢pasHan «3Be3ga» C
N30/IMPOBAHHOM HEeNTpPanblo,

cxema ApoHa

L1, L2, N), c 4BYMA TOKOBbIMM KNeLLamm

TpéxdasHan, TMNa «38e34a» C U30/MPOBaHHOMN HelNTPabio (pasbEMbl

10.11 MoaaepxKuBaeMbie TOKOBbIE KJIELHA

Tunbl NoAAep*KMBaeMbIX TOKOBbIX K/ellen

E1A Knewm rubkme (nosac PoroBckoro), MakcMmanbHbi gnameTp — 380 mm, AnanasoH nsmepenus 3000
Arwmis

E-2A Knewwm rubKkme (noac PoroBckoro), MakcMmanbHbl guameTp — 250 mm, AnanasoH nsmepenus 3000
Arwmis

E-3A Kneuwm rubKkne (noac POroBckoro), MakcMmanbHblit agnameTp — 140 mm, AvanasoH nsmepenus 3000
Arwms

F-2AHD Kneuwm rubKkne (noac POroBckoro), MakcMmanbHbli agnameTp — 290 mm, AvanasoH nsmepenus 3000
Arwms

F-3AHD Knewwm rubKkme (nosac POroBckoro), MakcMmanbHblt guameTp — 145 mm, agvanasoH nsmepenus 3000
Arwmis

E-1A6 Knewwm rubkne (nosac PoroBckoro), MakcMmanbHbi guameTp — 380 mm, AnanasoH nsmepenus 6000
Arwmis

F-2A6 Knewwm rubkme (nosac POroBckoro), MakcMmanbHbli guameTp — 250 mm, AnanasoH nsmepenus 6000
Arwms

E-3A6 Knewwm rubkume (nosac PoroBckoro), MakcumasnbHbIi anameTp — 140 mm, ananasoH nsmepeHus 6000
Arwms

1AL Knewwm rubkume (nosac PoroBckoro), MakcumasnbHbIi anameTp — 380 Mm, AnanasoH namepeHus 1500
Arwmis

F-2A1 Knewwm rubKkne (noac POroBckoro), MakcMmanbHbli guameTp — 250 mm, AnanasoH nsmepenus 1500
Arwmis

E-3A1 Knewwm rubKkne (noac PoroBckoro), MakcMmanbHbli guameTp — 140 mm, AvManasoH nsmepenus 1500
Arwms

C-4 Knewwm tmna CT, nepemMeHHOro Toka, AmManasoH namepenuns 1000 Agms, 1 MB/A

5 Knewwm tmna CT ¢ gaTuynkom Xonna, nepemeHHoro/MnocToaHHOro ToKa, AManasoH namepeHus 1000
Arms, 1 MB/A

C-6A Kneww Tnna CT, nepeMeHHOro ToKa, A4/19 Ma/ibiX TOKOB, Anana3oH namepeHuna 10 Arvs, 1 MB/10mA

C-7A Kneww Tnna CT, nepemMeHHOro Toka, AnanasoH usmepenumsa 100 Arus, 5 MB/A

NpumeyaHue:
Kneuwu c 6yksoli «A» 8 KOHYe 0bo3Ha4yeHuUA (Hanpumep, F-3A) — amo sapuaHm knewieli c aBMoMamu4YecKum

pacriosHaseaHuem ux muria 8 coemecmumesix ycmpoﬁcmsax. OcmansHebie napamempel UGeHMuYHsbl Kaewam

6e3 noddepiKu hyHKUUU pacrno3HasaHusA. PacrnosHasaHue muna kaeuweli docmynHo 8 aHanuzamope PQM-

700 c sepcuamu npowusku HWc u 6onee HosbiMu, a makxe ¢ npoepammoli eepcuu 1.30 unu 6onee

no30HUMU.
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10.11.1 Knemu C-4

ToKoBble Knewy C-4 npegHasHayeHbl ANA U3IMEPEHUs NMEPEMEHHOr0 TOKa B 3/IEKTPUYECKUX YCTAHOBKaX
Masoll U cpegHel MOLWHOCTU. BbIXOAHbIM CUTHANOM ABASETCA HaAMpPAMKeHWe, NPornopuuoHasbHoe cuie
M3MepsAemoro TOKa. BbixogHoi curHan nepepaétca no 2,2-meTpoBomMy Kabesto, 3akaH4YMBaroWMACA
COOTBETCTBYIOLMM PAa3bEMOM.

CTpenKa, pa3MELLI,éHHaF| Ha O,D,HOﬁ M3 CTOPOH, YKa3blBae€T HaMnpaB/ieHNE 3/1EKTPUYECKOIO TOKa. anIHHTO
CYMTaTb, YTO TOK TEYET B NONOKUTE/IbHOM HAMNPaBAEHUU, €C/IN OH ABMXKETCA OT UCTOYHUKA K MPUEMHUKY.
Takan OopHueHTaumAa KI'IeLI.I,eﬁ TpEGYETCﬂ ANnAa NpaBuibHOIo UsMmepeHnAa MOLHOCTH.

Puc. 26 TokoBble kKnewmn C-4

A

cornacHo cheayrowmm gaHHbIM:

Henb3a mnamepAtTb Toku Bbiwe 1200 A. CnegyeT orpaHMumMTb Bpema uamepeHua Toka o 1000 A,

[dnana3oH Toka 1 <1000 A 1000 A<1<1200 A
.1 15 MUHYT n3mepeHus,
Pexxum paboTbl HenpepbIBHbIN
cnepyowme 30 MUHYT Nepepbis.

U na yactotbl f < 1 KMu. OrpaHMYEHNA MaKCMManbHOTO 3HAYEHWA TOKa NpU HenpepbiBHON paboTe Ana
YacToThl Bbilwe 1 KM, B COOTBETCTBUM C 3aBUCUMOCTbIO Iyake = 1000 A/f [KIL].

C Henb3a ncnonb3oBathb KAewm Ha HEM30/MPOBAHHbIX NMPOBOAHMKAX C NOTeHUuansom Honblmm
600 B no oTHOLLEHMIO K 3EMJIE U B YCTAHOBKAX U3MepUTEIbHOM KaTeropmu Bbiwwe |11,

HopmasibHble yc1oBuA A1 NOBEPKU

Temnepartypa 20...26 °C

OTHOCUTEeNbHaA BNAXKHOCTb 20..75 %

Mo3nuua nposoga NnpoBOoJ B LLEHTPE, OTHOCUTE/IbHO 3aXKMMOB K/ellen
YacTtoTa CMHYCcoMaanbHOro ToKa 48...65 Ty,

KoadpPpUUMeHT rapmoHUYECKNX UCKAXKEH U <1%

MoCcTOAHHAA COCTaBAAOLLAA TOKA Hy/ieBan

[MocToAHHOE MarHMTHOE none <40 A/m (marHuTHOe nosie 3emnn)

MNepemeHHOe BHeLIHee MarHUTHoe noJsie Hy/ieBoe

MpoBoga B HeNocpeacTBeHHON 6A130CTU OTCYTCTBME MPOTEKAIOLLErO NO HAM TOKA
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[Jvana3oH Toka OcHoBsHasa norpetwHocTb!Y OwwnbKa 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°

) 5 % OT M3MepAEMOI BEIMUMHDI

TexHuyeckre napameTpbl

BbIXOAHOM CUIHAN 419 MAaKCUMMaA/IbHOTO TOKa 1 B nepemeHHOro ToKa
CooTHOWweHne 1 mB/ 1A ana nepemeHHOro Toka
YacToTHbIN AManasoH 30 ly...10 Kl'y,

ABOﬁHaﬂ, B COOTBETCTBUA C

Tun nsonaumm FOCT IEC 61010-2-032-2014

MsmepMTeanaﬂ KaTteropua no

rOCT IEC 61010-2-032-2014 Il 600 B

CreneHb 3aLKUTbI, COMNACHO

FOCT 14254-2015 (IEC 60529:2013) P40, c oTKpbITbIMM ryBKamm [P30

Pasmepbl 216 x 111 x 45 mm
Macca OKono 640 r
PackpbITne 3axxmmos 53 mm

OxBaT OTKPLITbIX 3a*KMMOB 139 mm
MaKcrMManbHbI AMameTp M3mepAaemoro nposoga | @ 52 mm

OnvHa Kabens Kneweh 1,5m

[dunana3oH pabounx Temnepatyp -10...55 °C
BnaxkHOCTb <85 %

BbicoTa Hag ypoBHEM MOpA <2000 m

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

NEKTPOMATHUTHARA COBMECTVIMOCTS rOCT 30804.6.2-2013 (IEC 61000-6-2:2005)

10.11.2 Knemu C-6A

Knewm C-6A npepgHasHayeHbl g8 U3MEpPeHUs NepemeHHOro Toka 4vactoton o 10 Kly B guanasoHe 10
MA...10 A.

BbIXOOHbIM  CUTHA/IOM ABAAETCA HaMNpAXKeHue, MNPONOpPUMOHaANbHOE CWUJile MU3MEepPAeMoro TOKa C
yyscTBUTENbHOCTBIO 100 MB/A. OHO nepepaétca no 2,2-meTpoBomMy Kabento, 3akaHuMBatoWminca
COOTBETCTBYHOLMUM PA3bEMOM.

CTpenKa, pa3MELLI,éHHaFI Ha 0,El,HOI7I M3 CTOPOH, YKa3blBae€T HaMpaB/ieHNE 3/IEKTPUYECKOIO TOKa. npl/IH‘r'ITO
CYMTATb, YTO TOK TEYET B MOJOXKUTE/IbHOM Hanpas/ieHnn, ecim OH ABUXKETCA OT UCTOYHUKA K I'lpVIéMHVIKy.
TakaA opmeHTauma KﬂEUJ,Eﬁ Tpe6yeTCF| ANnAa NpaBnUibHOTo U3MepeHNA MOLLHOCTH.
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Puc.27 Tokosble knewm C-6A

C Henb3Aa ncnonb3oBaTtb Kaewm Ha HEU3O0/IMPOBAHHbLIX NPOBOAHMKAX C NOTEHUMNANTOM 60bWKM

600 B no OTHOLIEHMIO K 3eMJIE U B YCTAHOBKaX M3MepUTeNbHON KaTeropmm Boiwe .

HOpMaI'IbeIe ycnosuAa gnAa noBepku

Temnepatypa

20...26 °C

OTHOCUTENbHAA BNIA*KHOCTb

20..75%

Mo3numa nposoaa

nposoy B LeHTPE, OTHOCUTE/NIbHO 3aXXKNMOB KI'IELLI,Eﬁ

YacTtoTa CMHYCOMAaNbHOIO TOKA 48...65 'y,

KoadpdmumeHT rapmoHNYECKUX UCKaXKEHUIN <1%

MocToAHHAA cocTaBAAOLWAA TOKA HyneBas

MocToAHHOE MarHUTHoe none <40 A/m (marHuTHoe none 3emnn)
MNepemeHHOe BHelHee MarHUTHOE nose HyneBoe

MpoBoaa B HenocpeacTBEHHOM 6AM30CTH

OTCYTCTBME NPOTEKAOWEIO NO HUM TOKa

AnanasoH ToKa OcHoBHas norpewwHocTb'Y OwwmbKa dasbl

0,01..0,1A <3%+1mA He onpeaeneHa
0,1.1A <2,5% <5°
1...12 A <1% <3°

() 5 % OT U3IMEPAEMOIN BEMUUHDI

TexHunyeckne napameTpsbl

CooTHOLWeHne

100 mB /1 A ansa nepemMeHHOro Toka

YacToTHbIN AManasoH

40 lMNu...10 Kl'y,

Tun nsonauum

[ABOWHaA, B COOTBETCTBUM C
FOCT IEC 61010-2-032-2014

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

111600 B

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

IP40, c oTKpbITbIMK ry6Kamu IP30

Pasmepbl 135 x50 x 30 mm
Macca oKono 240r
PackpbITne 3axxmmos 21 mm

OxBaT OTKPbITbIX 3a*KMMOB 69 Mmm
MaKcrmasbHbIi AnameTp usmepaemoro nposoga | @ 20 mm

OnunHa Kabens Knewen 1,5m

[dnana3oH paboumnx Temnepatyp -10...55 °C
BnaxkHOCTb < 8%
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BbicoTa Hag ypoBHEM MOpSA <2000 m

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

SN1EKTPOMArHUTHAA COBMECTUMOCTb OCT 30804.6.2-2013 (IEC 61000-6-2:2005)

10.11.3 Knemu C-7A

Knewwm C-7 npegHasHayeHbl 1A U3MepeHnA NepeMeHHOro TOKa B CETAX HU3KOIO N CPegHEero HanpsaXeHusa B
ananasoHe go 100 A.

BbIXOAHbIM  CUTHA/IOM  ABAAETCA HANpPAXeHWe, MpOoMnopLUOHAZIbHOE CUMe  WU3MEPAEMOro TOKa C
yyBCTBUTENbHOCTBIO 5 mMB/A. OHO nepepaétca no 3-meTpoBOMYy Kaben, 3akaHuMBatoWMitcAa
COOTBETCTBYHOLMUM PA3bEMOM.

CTpenKa, pa3MELLI,éHHaF| Ha 0,£|,H0171 M3 CTOPOH, YKa3blBa€T HaMpaB/eHNE 3/IEKTPUYECKOIO TOKa. anIHFITO
CYMTaTb, YTO TOK TEYET B NONOKUTE/IbHOM HAMPaBAEHUU, €C/IN OH ABUXKETCA OT UCTOYHUKA K MPUEMHUKY.
TakaA opmneHTauua KHELLI,EVI TpEGYETCﬂ AnAa NpasnibHOIo UsmepeHna MOLHOCTH.

Puc.28 Tokosble knewm C-7A

C Henb3a ncnonb3oBaTh K/ewm Ha HEM30MPOBAHHbIX NPOBOAHMKAX C NOTeHUManom HonblmMm
300 B no OTHOLLEHMIO K 3eMJIE U B YCTAHOBKAX U3MepUTEIbHOM KaTeropuu Bbiwwe |11,

Hopmaanble ycnosuAa gnAa noBepku

Temnepatypa 18...28 °C

OTHOCKTENIbHAA BNAXKHOCTb <85 % (6e3 KoHAeHcauun Bnaru)
YacTtoTa OCHOBHas MorpeLHocTb OwwnbKa dasbl

45...65 'y, 10,5% 10,1 mB <2°

40 lNu...1 Kly, +1,0% +0,2 mB He onpeaeneHa

TexHnyeckne napameTpbl

CooTHOWeHne 5mB /1A gna nepemeHHOro ToKa

MonHoe BbIXOAHOE CONPOTUBIEHUE 11 0m

,D,BOD'IHaﬂ, B COOTBETCTBUUN C

Tun nsonaumum FOCT IEC 61010-2-032-2014
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M3meputenbHas Kateropua no NOCT IEC 61010-2-032-2014 111300 B

Pasmepbl 100 x 60 x 26 mm

Macca okoso 160 r

MaKcumanbHbIN AMaMeTp U3MepAaemoro nposoaa D 24 mm

OnvHa Kabens knewen 1,5m

[dunanasoH pabounx TemnepaTyp 0..50°C

OTHOCKTENbHAA BNAXXHOCTb < 85% (6e3 KoHAeHcauum Bnaru)
DNeKTPOMarHMTHaA COBMeCTMMOCTb FOCT P M3K 61326-1-2014
10.11.4 Knemu F-1A, F-2A, F-3A

MMbKne Knewm (Katywka Porosckoro) F-1A, F-2A n F-3A npeaHasHayeHbl AN U3MEPEHUA NepeMeHHOro
TOKa c Yactotoi go 10 Kluy B AnanasoHe 1...3000 A. TokoBble rnbkue knewm F-1A, F-2A n F-3A oTamyatoTea
mexay coboii ToIbKO MaKCMMabHbIM AIMAMETPOM 06XBaTa. DNEKTPUYECKME NapaMeTPbl MAEHTUYHbI.

BbIXOAHbIM CMUIHAJ/IOM SIBASIETCA HanpsAXeHue, NponopunoHasbHOe NMPOU3BOAHON U3MEPAEMOro TOKa Mnpwu
yyscTBUTENbHOCTM 38,83 MB/1000 A ana 50 'y n 46,6 mB/1000 A ans 60 Iy,

Knewwm F-1A Knewu F-2A Knewwu F-3A

BbiIxogHOW curHan nepepaértca no 2,5-x meTpoBoMy Kabeso, 3aKaHUYMBAMOLLMIACA COOTBETCTBYHOLLUM
pa3béMoM AN NoAX04ALLEro rHe34a B Nnpubope.

CTpenka, NOMeLWLEHHANA Ha 3aCTEXKe K/ellel, YKasblBaeT HanpasieHMe 3NEKTPUYECKOro ToKa. lNpuHATo
CYMTATb, YTO TOK TEYET B MOJIOKUTE/IbHOM HAMNPaBAEHUU, €CN OH ABUMKETCA OT UCTOYHUKA K NPUEMHUKY.
Takaa opueHTaums Knewlei Tpebyetca A41a NPaBUAbHOIO U3MEPEHUA MOLLHOCTM.

C Henb3s MCNONb30BaThb KAELM Ha HEM30MPOBAHHbIX NPOBOAHMKAX C NOTEHUMANOM BONbLUINM
1000 B no oTHOLWEHMIO K 3eMJIE U B YCTaHOBKaxX M3MepuUTeNbHOW KaTeropuu soiwe 11,

HopmanbHble yca0BMA 41A NOBEPKU

TemnepaTtypa 18..22 °C

MNo3nuua nposoga NpoBOJ B LLEHTPE OTHOCUTENbHO NET/IM KneLel
[MocToAHHOE MarHMTHOE none <40 A/m (marHuTHOe nosie 3emnn)
MNepemeHHOe BHeLIHee MarHUTHOe noJsie OtcyTcTBYeT

BHellHee aneKkTpnyecKoe nosne OtcyTcTBYeET

TexHNnYecKkne XxapakKTepPUCTUKN

HoMWHaNbHbIN ANMANA30H U3MepeHus 1...3000 A (10000 A nukosoe ana 50 ')

KoadduumeHT Bxoa/sbixoq, 38,83 mB/1000 A (50 lu), 46,6 mB/1000 A (60 u)

95




OcHoBHasn norpeLwHoCTb

+1% B ananasoHe 1...3000 A

Knacc 3awmtol

[lBoliHaA n3onaumsa, B COOTBETCTBUN C
MOCT IEC 61010-2-032-2014

M3meputenbHasa kateropua no NOCT IEC 61010-2-032-

2014 (111000 B
CreneHb 3awmTbl, cornacHo NOCT 14254-2015 P67

(IEC 60529:2013)

OnameTp KaTyLwKu 8,4 mm
OnameTp 3acTekKkn (MakCMManbHbIA) 36 mm
OnvHa okpykHoctu F-1A 120 cm
OnvHa okpyHocTK F-2A 80 cm
OnvHa okpy»kHocTu F-3A 45 cm
BHyTpeHHWI1 gnameTp F-1A 380 mm
BHyTpeHHWUI1 gnameTp F-2A 250 mm
BHyTpeHHW1 gnameTp F-3A 140 mm
Macca F-1A okono 200 r
Macca F-2A okono 170 r
Macca F-3A okono 140 r
[OnnHa Kabena rmbkumx Knewen 2,5m
[dnanasoH paboumx Temnepatyp -30...80 °C

3J'IeKTpOMa FTHNTHaA COBMECTUMOCTb

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

10.11.5 Knewmu F-2AHD, F-3AHD

TmbKkune knewm F-2AHD u F-3AHD npegHasHayeHbl 418 U3MEPEHUSA NepeMeHHOro ToKa ¢ YactoTtoi o 20 Kly,

B gmanasoHe 1...3000 A 1 B cpaBHEHUM € TMOKUMM Knewamm F-2A 1 F-3A oTAnYar0TCA NOBbILWEHHOM

yCTOﬁqMBOCTbm K MeéXaHN4YeCKUM nospexxkgeHnAam.

TexHMYEeCcKMe XapaKTePUCTUKM

OcHoBHan NorpeLwHoCTb

+0,5% B gmnanasoHe 1...3000 A

CreneHb 3awmTbl, cornacHo NOCT 14254-2015

(IEC 60529:2013) P65
OnameTp KaTyLwKu 9,9 mm
OnameTp 3acTerKkn (MakCMManbHbIN) 23 Mm
OnnHa okpykHocTn F-2AHD 91,5cm
OnnHa okpykHoctn F-3AHD 45 cm
BHyTpeHHUI anameTp F-2AHD 290 mm
BHyTpeHHUI1 gnuameTp F-3AHD 145 mm
Macca F-2AHD oKono 220r
Macca F-3AHD okono 165 r

OcTanbHble MapameTpbl Takue e, Kak y Knewen F-1A / F-2A / F-3A.

10.11.6 Knemu F-1A6, F-2A6, F-3A6

Mbkue Knewm F-1A6, F-2A6 1 F-3A6 MMeoT MeHbLLYIO YyBCTBUTENbHOCTb NO cpaBHeHuto ¢ F-1A / F-2A / F-

3A, 4To NO3BOAIAET U3MEPATb TOK A0 6000 A (nnkosan 20 kA ana 50 ).
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BbIXOAHbIM CUTHA/IOM ABASETCA HanpsKeHue, NPonopLMoHaibHOe NPOU3BOAHON U3MEPAEMOro ToKa npu
yyscTeuTesibHocTn 19,415 mB/1000 A ana 50 'y v 23,3 mB/1000 A ans 60 I,

OcTanbHble MapameTpbl TakMe Ke, Kak y Knewei F-1A / F-2A / F-3A.
10.11.7 Knemmu F-1A1, F-2A1, F-3A1

bkne Knewm F-1A1, F-2A1 n F-3A1 nmetoT 60MbLIYIO YYBCTBUTENbHOCTL MO CpaBHeHuto ¢ F-1A / F-2A / F-
3A, uTo No3BoAET U3MepATb ToK A0 1500 A (nmKkosan 5 kA gns 50 l'y).

BbIXOAHbIM CUTHA/IOM ABASETCA HaMnpsKeHue, NPonopLMoHaibHOe NPOU3BOAHON U3MEPAEMOro ToKa npu
yyBcTBUTEIbHOCTU 77,66 MB/1000 A ana 50 My 1 93,19 mB/1000 A ans 60 I,

OcTanbHble MapameTpbl TakMe Ke, Kak y Knewei F-1A / F-2A / F-3A.

10.12 UnTepeiic

Tun coegnHeHUA

OnNTMYECKN M30/IMPOBAHHbINA, MaKCMMasibHaA CKOPOCTb nepedayn: 921,6 k6ut/c.

UsB CoBmectnmoctb ¢ USB2.0.

10.13 Yci10BuUsA OKpyKawlleu cpeAbl U Apyrue TeXHu4ecKue JaHHble

JononHuTe IbHbIE XapaKTepUCTUKU

[OnanasoH pabounx TemnepaTyp -20..55 °C
[JnanasoH TemnepaTtyp Npu XxpaHeHUu -30...60 °C
BnakHoCTb 10...90 % ¢ BO3MOKHOM KOHAEHcauuemn

CreneHb 3awmTbl, cornacHo NOCT 14254-2015

IP
(IEC 60529:2013) 65

TemnepaTtypa oKpyKatowen cpegbl: 23°C + 2°C

HopMmanbHble ycnoBuaA ANS NOBEPKU
P ¥ A P BnaxkHocTtb: 40...60 %

Pasmepbsl 200 x 180 x 77 mm (6e3 npoBoaoB.)
Macca OKo.0 1,6 Kr
Ouncnnein 5 cBeTOAMOA0B, CUTHAIM3UPYHIOLLMX PEKMM PaboTbl

CmeHHanA KapTta namatu 2 I'b (cTaHAapTHO), C
MamaTb ANA XPaHEeHUA AaHHbIX

BO3MOKHOCTbIO paclmpeHma 4o 32 I'b (onuMoHanbHo)

10.14 Be30naCHOCTH U 3JIEKTPOMAarHUTHasA COBMECTUMOCTh

besonacHocTb n 3/1EKTPOMArHMTHaA COBMeCTUMOCTb

CooTBeTcTBME OCT IEC 61010-2-032-2014

IV 600B — nameputenbHblie Bxoapl, IV 300 B — nuTaHue, no

KaTeropus anekTpobesonacHoctu FOCT IEC 61010-2-032-2014

[BoliHaa nsonsauma, cornacHo NOCT IEC 61010-1-2014

Rnacc sawme! FOCT IEC 61557-1-2005

FOCT P M3K 61326-1-2014

NEKTPOMATHUTHAA COBMECTUMOCTL [OCT P 51522.2.2-2011 (M3K 61326-2-2:2005)

YCTOMYMBOCTb K NOMEXAM Ha pagmodacToTax FOCT IEC 61000-4-3-2016
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CMHycouganbHaa mogynaumna 80% AM, 1 kl'y,
80...1000 Mry, 10 B/m

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

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

YCTONYMBOCTb K 3N1E€KTPOCTaTUYECKUM
paspsagam

rOCT 30804.4.2-2013 (IEC 61000-4-2:2008)
Paspsapg B Bo3gyxe: 8 KB
Pa3psg KOHTaKTHbIN: 4 KB

YcToMunBOCTb K HaBedEeHHbIM NOMeEXaMm,
MHOYUMPOBAHHbIM PaANO4aCTOTHbIM NO1EM

FOCT P 51317.4.6-99 (M3K 61000-4-6-96)
CuHyconpanbHasa mogynauma 80% AM, 1 Kly,
0,15..80 Mrly, 10B

YCTOMYNBOCTb K Cepum BbICTPbIX
3N1EKTPUYECKUX NEPEXOAHbLIX COCTOAHWNN

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

YCTOMYMBOCTD K YAAPHbBIM MMMNYIbCaM

rOCT P 51317.4.5-99 (M3K 61000-4-5-95)
Amnantyaa 2 KB (L-L)

dImucema n3ny4yaembiX NOMeEX Ha paano4v4acTtoTax

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

30...230 Mru, 30 a6 (MKB/m) Ha paccToaHuM 10 m
230...1000 Mrwu, 37 ab (MKB/m) Ha paccTosHMM 10 m

Imucema KOHAYKTUBHbIX MOMEX

FOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
YpOBHU ANA KBAa3MMNUKOBOIO AeTEKTopa:
0,15 Kklu...0,5 Mrl'u: 66...56 gbmKB

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

5...30 Mrl'y: 60 anbmkB

10.15 CtaHgapThl

CraHpapTbl

MeTozbl usmepeHuns rOCT 30804.4.30-2013 (IEC61000-4-30:2008) knacc S

TOYHOCTb M3MEPEHUN FOCT 30804.4.30-2013 (IEC61000-4-30:2008) Knacc S

KayecTBo sHeprum FOCT 32144-2013

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

FapMOHUKHK FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)

CraHaapT KayecTsa pa3paboTKa, NpPOeKTUpOBaHME N NPOU3BOACTBO coriacHo ISO 9001

11 KOMIVIEKTALIUA

11.1 CranaapTHAdA KOMIJIEKTalUA

HanmeHoBaHue Kon-Bo MUHAaekc
AHannsaTop NapameTpoB KavyecTBa a/1eKTpudeckom aHeprum PQM-700 1 wr. WMGBPQM700
Macnopt 1 wr. #

ApanTtep gns NnogKAoyYeHus K ogHodasHol cetn AZ-3 1 wr. WAADAAZ3
3axkum «Kpokoann» n3onmpoBaHHbIM ronyboi K02 1 wr. WAKROBU20K02
3axnm «KpoKoamn» n3oanpoBaHHbIN KpacHbI KO2 2 wWr. WAKRORE20K02
3axknum «KpoKkoama» U3oanpoBaHHbIN Y€pHbI KO1 3 wr. WAKROBL20K01
Kabenb nocnegosatenbHoro nHtepoeiica USB 1 wr. WAPRZUSB
KapTta namatu ¢opmata microSD 4 I'b 1 wr. #
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Knewm namepurtenoHble C-4 4 wr. WACEGC40KR
KomnnekT gna ¢ukcaumm pemHemn 1 wr. WAPOZUCH4
Mapkepbl KabesbHble 1 komn. | WAPOZOZN4
Habop ana moHTaxa Ha DIN-peiike 1 wr. WAPOZUCH3
PemHM ansa Kpenexa Ha ctonbe (2 wr.) 1 wr. WAPOZOPAKPL
CoeanHNTENb SNIEKTPUYECKMN — aganTep MarHUTHbIn AM-4 4 wr. WAADAUMAGKPL
®ytnap L18 1 wr. WAFUTL18

11.2 lono/IHUTE/IbHAA KOMILJIEKTAL s

HanmeHoBaHue UHpaeKc

Apantep AC-16 WAADAAC16
Knewwm rmbkune F-1A WACEGF1AOKR
Knewm rmbkue F-2A WACEGF2AOKR
Knewm rmbkue F-3A WACEGF3AOKR
Knewwu rmbkue F-2AHD WACEGF2AHDOKR
Knewwu rmbkue F-3AHD WACEGF3AHDOKR
Knewm rmbkue F1A1 WACEGF1A10KR
Knewm rmbkue F2A1 WACEGF2A10KR
Knewwm rmbkmne F3A1 WACEGF3A10KR
Knewwm rmbkmne F1A6 WACEGF1A60KR
Knewwm rmbkne F2A6 WACEGF2A60KR
Knewwm rmbkmne F3A6 WACEGF3A60KR
Knewm namepurenoHbie C-6A WACEGC6AO0KR
Knewm namepurtenoHbie C-7A WACEGC7AOKR
KomMnneKT nsmeputenbHbix pasbeémoB Aa GasHbIX U HyneBbix WWH AR-468 WAADAR468RU
CoeauHUTe b 3NEKTPUYECKUIA — aganTep ¢ pe3bboit M4/M6, mogenb AR-1 WAADAM4MG6
12 OBC/IY’)KUBAHHUE ITPUBOPA

& B cnyyae HapylweHusa npaBua aKcnayaTauumn obopyaoBaHWA, YCTaHOBAEHHbIX M3roToButenem,

MOMKET YXYALIMTbCA 33l MTa, NPUMEHEHHaA B JaHHOM npubope.

KOpI'IyC nameputena MOoxXHO YUCTUTb MATKOM BNaXKHOW d)l'IaHel'Ibl'O. Henb3a nmcnonb3oBaTtb pacTeBopuTenu,
abpasusHble yncTALWME CpeacTsa (MOPOLLKM, NAcTbl U Tak Aanee).

3ﬂeKTp0HHaF| cXema wusmeputena He HyXaaetca B 4YUCTKE, 33 MUCKIKYEHUEM I'Hé3ﬂ, noAaKNK4YeHnA
N3mMepuTesibHbIX NPoBOAOB.

M3mepuTenb, YNakoBaHHbIN B MOTPEBUTENbCKYIO M TPAHCMNOPTHYIO Tapy, MOXET TPaHCnopTUMPOBaTbLCA
nobbIm BUOOM TPaHCNOPTA Ha nobble paccToAHMA.

ﬂ,OI'IyCKaETCH YNUCTKa FHé3A NOAKNHOYEHNA U3MEPUTEZIbHbIX NPOBOAOB C UCNOJ/Ib30BaHNEM 6e3BOpCMCTbIX
TaMMNOHOB.

Bce octanbHble paboTbl N0 06CNYXMBAHMIO MPOBOAATCA TONLKO B aBTopusnposBaHHom CepsucHom LleHTpe
000 «COH3M».
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PeMoHT nprbopa ocyLLecTBAAETCS TO/IbKO B aBTOpM30BaHHOM CepBucHOM LieHTpe.

13 YTUJIN3ALUA

MN3meputenb, npeaHasHayeHHbI AnNa yTuauMsaumun, cneayet nepedaTtb [poussogutento. B caydae
CaMOCTOATE/IbHON YyTUAM3aUMK, TO eé credyeT NPoBOAUTL B COOTBETCTBUU C AEUCTBYIOLWMMMK MPaBoBbIMU
HOpMamM.

14 ITOBEPKA

AHanusaTtop PQM-700 B cootBeTcTBUM ¢ DPeaepanbHbiM 3akoHOM PP Nel102 «O6 obecneyeHMM eaAMHCTBA
namepeHun» ct.13, nognexxuT noBepkKe.

MeTogmMKa NoBepKM AOCTYNHA A1A 3arpy3KM Ha canTe www.poverka.ru

Mescnoeepo4Hsbiii uHmepean — 2 200a.

METPOJIOTMYECKAA CNYXKBA OO0 «COH3J/1» ocywecTBnseT MOBEePKY Kak COBCTBEHHOro mnapka
peannsyemoro ob6opyaoBaHusa, Tak U NpMbopoB OCTasibHbIX NpousBoauTenei, n obecneynsaeT sKcnpecc-
[O0CTaBKy CPeACTB USMEPEHUI YCAYraMm NOTUCTUYECKMX KOMMNaHUN.

15 CBEJEHUA Ob U3TOTOBUTEJIE

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
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17 CBEAEHHUA O CEPBUCHOM LHEHTPE

FapaHTUHbIN 1 nocnerapaHTUnHbIN pemoHT CU SONEL ocyulectsinseT aBTopu3oBaHHbIN CepBUCHbIN LieHTp
KomnaHunm COHIJT u obecneuymBaeT 3KCMPECC-AO0CTABKY CPEACTB M3MEPEHWUN YCayramu JIOFMCTUYECKMX
KOMMaHW.
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