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1 OBIIAA UH®OPMAILUA

1.1 Be3onacHOCTH

Mpubopbl PQM-710 n PQM-711 npeaHasHayeHbl 4NA U3MEPEHUA, PerMcTpaumm U aHaan3a napameTpoB

anekTponutauua. [na obecneyeHus 6e3onmacHoOW 3KcnayaTauuMuM W OCTOBEPHOCTU MOJIYYEHHbIX

pesynbTaTtos, Heo6xoaMmo cobnoaaTh cieayolme peKOMeHAALMM:

A

1.2

Mepen paboTtot ¢ npubopom HeobXOAMMO M3y4UTb AaHHOe PyKOBOACTBO, TLLATENbHO
cobntoaaTh Npasuaa 3alMThl, a TaKXKe pekomeHaaunn M3rotosutens.

MpumeHeHne npubopa, HECOOTBETCTBYIOLUIEE YKa3aHuMAM WM3rotoBuTens, moKeT 6biTb
NPUYNHON NONOMKM NPUBOPa N UCTOYHUKOM CepbE3HOMN onacHocTK ana Monb3oBaTens.

Mpnbopom MoryT NoNb30BaTLCA ANLA, UMELOLLIME COOTBETCTBYIOLLYIO KBanUbMKaLmio U AoNYCK K
OaHHbIM paboTam;

Bo Bpema wusmepeHuit lonb3oBaTeNb HE MOMKET UMeTb HemnocpeaCcTBEHHOro KOHTaKTa ¢
OTKPbITBIMU YacTAMU, AOCTYMHbIMKU ANA 3a3eMaeHuns (Hanpumep, OTKPbITbie MeTananyeckue
TPYbbl LLEHTPaIbHOrO OTOMAEHUA, NPOBOAHMKM 3a3eM/IeHNA 1 T.M.); Ana obecneyeHma XxopoLiei
M30M1AUMN  CAeyeT WCMNOMb30BaTb COOTBETCTBYIOLLYIO Creuodeskay, nepyatku, o6ysb,
N30MPYIOLIME KOBPUKU U T. A.;

Henb3s KacaTbCA OTKPbITbIX TOKOBEAYLLMX YacTen, NOAKNOUYEHHbBIX K 3/1EKTPOCETH;

Heponyctumo npumeHeHue:

O  W3MepUTEesNs, NOBPEKAEHHOTO MOJHOCTbIO MW YAaCTUYHO;

O MpPOBOAOB C NOBPEKAEHHOW U30NALMEN;

O UM3MepuTensa, MNPOLO/MKUTENIbHOE BPEMS XPaHUBLUMACA B HEMPaBU/bHbIX YCIOBUAX
(Hanpumep, B CbIPOM NOMeELLEHUU);

PeMoHT npnbopa MOKeT BbINO/IHATLCA /IULWb aBTOPM30BaHHbIM CepBUCHbIM LieHTpom.

He BbINOAHATbL M3MepeHUs BO B3PbIBOOMNACHOW cpede (Hanpumep, B MPUCYTCTBUM FOPHOUMX
rasos, Mapos, MblM U T.A4.). Ucnonb3oBaHWEe U3MEPUTENSA B TaKMX YC/IOBUAX MOMKET Bbi3BaTb
WCKPEHWE 1 B3PbIB.

Hactoawee wusgennMe OTHOCUTCA K YHMBEPCa/NbHbIM M3MepUTENbHbIM npubopam Aanaa
U3MEpPEHMA U KOHTPOA 3N1EKTPUYECKUX BENNUYUH (HAaNpsAXKeHUs, CUNbl TOKA, COMPOTUBNAEHMUA U
MOLLLHOCTH).

AHaNM3aTop OCHALLEH BHYTPEHHEW AUTUIA-MOHHOWN bGaTapeei, KoTopasa Oblna nNpoBepeHa
He3aBucumol nabopatopuen n cepTUdUUMpPOBaHa ANA NPOBEPKU COOTBETCTBMA NAapameTpoB
KayectBa ctaHgapty OOH 38.3 — «PekomeHgaumm OOH no nepeBO3Ke OMacCHbIX FPy30B.
CnpaBoOYHWK MCCNegoBaHUA UM KpuTepueB», 5-e  usgaHue. OnybamkoBaHo OOH
(ST/SG/AC.10/11/Rev.5). Takum obpasom, aHaNM3aTop paspewéH Aaa BO3AYLHbIX, MOPCKUX U
ABTOMOOW/IbHbIX NePeBO3OK.

O6mas xapaKTepUCTUKA

AHanunsaTop NapaMeTpoB KayecTBa 3NeKTpUYeckor aHeprum Tmna PQM-710 n PQM-711 (puc.1) — ato

nepenosBblie BbICOKOTEXHO/IOTUYHbIE MPOAYKTbI, NO3BONAKOWME NPOBOANTbL BCECTOPOHHUNE U3MEPEHUA,

aHanu3 v perucrTpaumio napamerpos cetv 50/60 My M KayecTBa 3N1EKTPUUYECKON 3HEePrMM B COOTBETCTBUM

c aevicteytowmmm TOCT 32144-2013 «InekTpuyeckasa sHeprus. COBMECTUMOCTb TEXHUYECKUX CPeacTB
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3NeKTPOMarHMTHaA. Hopmbl KayecTBa 31EKTPUYECKON IHEPTUN B CUCTEMAX 3NEKTPOCHabKeHMA obuwero
Ha3HauyeHuaA», FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «3neKTpuyeckan sHeprmua. CoBMecTMMOCTb
TEXHUYECKUX CPenCTB 3/1eKTPOMArHUTHaA. MeToabl M3MEPEHUI NMOKA3aTeNen KayecTBa 3/1eKTPUYECKON
sHeprum», n FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) «COBMECTMMOCTb TEXHUYECKMX CpencTB
3NeKTpomMarHuTHaa. Obliee PyKOBOACTBO MO CPEACTBAM WM3MEPEHWI U U3MEPEHUAM TFapMOHUK U
WHTEPrapMOHUK A1 CUCTEM 3/EKTPOCHAOMKEHMA WM MOAKIOYAEMBIX K HUM TEXHUYECKUX CpencTBy.
AHanusaTopbl NONHOCTbIO cooTBeTcTBYET cTaHaapTy NOCT 30804.4.30-2013 knacca A.

AHanM3aTopbl OCHALWEHbl MATbIO WM3MEPUTESIbHbIMM  BXOAAMW MO  HAMPSAKEHWIO, C MNPOBOAAMM
3aKaHYMBAOWMMKNCS pasbeMamMm TUNa «baHaH» U 0603HauyeHHbIMM L1, L2, L3, N u PE. [wmanasoH
HaNpPAXeHUN, U3MePEHHbIX NO YeTblpém KaHanam — ato 760 B (RMS) nan 1000 B (RMS) oTHOCKTENbHO
3eMn (3aBUCUT OT BapuaHTa UcnonHeHus). Mpn COBMECTHOM MCMNOAb30BaHUW C TpaHchopmaTopamm
HaNpPAXeHWA, aHANIN3aTOPbl MOMKHO NMPUMEHSTb B CETSAX C 60/1ee BbICOKMM HaNpPAXKEHUEM.

Ona mn3mepeHUA TOKa MCMNOb3YIOTCA YeTblpe TOKOBbIX BXOAA C KOPOTKMMWU U3MeEPUTESIbHbIMU
NpPOBOAAaMM, 3aKaHYMBAOLLMMMCA PAa3bEMAMU ANA NOAKNOYEHUA TOKOU3IMEPUTENBbHBIX Knelen. K Hum
MOKHO MOAKMOUYNTL: rMbkue knewm F-1, F-2A/F-2AHD, F-3A/F-3AHD ¢ HOMWHa/IbHbIM AManasoHOM A0
3000 A (oTanyatoTca TONIbKO AnameTpom obxBaTa), rmbkme Knewm F-1A6, F-2A6, F-3A6 ¢ HOMUHA/IbHbIM
AnanasoHom a0 6000 A, rubkue knewm F-1A1, F-2A1, F-3A1 ¢ HOMUHaNbHbIM Anana3oHom Ao 1500 A, a
TaKe KécTkme knewm C-4 (amanasoH ao 1000 A nepemeHHoro Toka), C-5 (amanasoH go 1000 A
nepemeHHOro 1 NocTosaHHoro Toka), C-6A (ananasoH o 10 A nepemeHHoro Toka) u C-7 (AnanasoH go
100 A nepeMeHHOro Toka). TaK»Ke, Kak U Npu U3MEePEHUN TOKA, HOMUHA/bHbIN ANanasoH MOXKeT bbiTb
M3MEHEH C MOMOLLBbID AONONHUTENbHLIX TPAHCHOPMATOPOB TOKA, Hanpumep, MNpU NPUMEHEHUU
TpaHchopmaTopa ToKa ¢ KoapduumeHtom 1000/5 ¢ knewamm C-6 MOXKHO M3MepATb TOKK Ao 1000 A.

Mpubop oOcCHaWEH BCTPOEHHOM KapToW namATM émKoctbto 8 b. [na obecneyeHMA BO3MOMKHOCTU
ObICTPOrO CUYMTLIBAHMA 3AMMCAHHbBIX [AAHHbIX AHANAM3ATOP OCHAWEH BCTPOEHHbLIM CYMUTHIBAKOLLMUM
YCTPOMCTBOM, YTO MO3BO/IAIET YTEHWE AaHHbIX CO CKOPOCTbIO MOpsfAKa HecKolbkux M6éwut/c. [aHHble
MOTYT BbITb CYMTaHbI C UCMONb30BAHMEM MMEIOLIUXCA KaHanoB cBA3u: USB, no Wi-Fi u GSM.

Mogem GSM (c nogaepKon ctaHgapta UMTS) BCTpoeH B YCTPOWMCTBO BMECTE C aHTEHHOM. ITo 4aéT
NPaKTUYECKM HEeOrpaHMYEHHbIM AOCTYN K aHannsaTopy U3 N10boi TOYKM MUpa, rae ecTb NoKpbiTve GSM.
Ha neBoit ctopoHe Kopnyca HaxoauTtca coT ana SIM-KkapTbl, HeobxoaAnmMo Ana nepenaym AaHHbIX.

AHann3aTopbl UMET BCTPOEHHbIN GPS-NpMEMHUK BMeECTe C aHTEHHOM, 6nharogapsa sTomy 6e3 Kakux-
Mbo OONONHUTENbHBIX aKCeCcCyapoB OHM MOJIHOCTbIO cooTBeTcTBYeT TpeboBaHuam FOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) «3nekTpuyeckaa sHeprus. COBMECTUMOCTb TEeXHUYECKUX CpescTs
3NEKTPOMarHUTHaA. MeToabl U3MepeHUiA NOoKasaTeslell KayecTBa 3/1EKTPUYECKON SHeprnn.» Knacca A.
MpuémHnk GPS obecneuymBaeT CUHXPOHM3ALMIO C BCEMUPHbBIM KOOPAMHUPOBAHHbIM BpemeHem UTC u
NO3BONAET AO0CTUYb TOYHOCTU U3MEPEHUA BPEMEHU A0 HECKOJIbKUX OeCATKOB HaHoceKyHa. Ona GPS
NPUEMHMKOB MONYYEHME CMYTHUKOBOFO CMrHajsa BO3MOXHO Ha OTKPbITOM MECTHOCTM, MOo3ToMy
CUHXPOHM3ALUMA C NOMOLLbIO BCTPOEHHOW aHTEHHbl MPOMCXOAMT TONbKO CHapyXu 34aHui. B cnyvae
NCMNONb30BaHUA aHaNM3aTopa BHYTPU 34aHMA HEOBXOAMMO NOAKAOYUTL K aHAM3aTOpy BHewWwHo GPS
AHTEHHY M BbIBECTU €€ Ha BHELLHIOK CTOPOHY 34aHMA. BHeWHAA aHTEeHHA ABAAETCA AONOJIHUTE/IbHbIM
aKkceccyapom.

Pernctpmvpyemblie napameTpbl pasgeneHbl Ha rPynnbl, KOTOPble MOXHO HE3aBUCUMO OT APYIMX BKAKOYATb
NN UCKNKOYaTb U3 perncTpaunmn, 4To NO3BOSIAET PaUMNOHA/IbHO UCNO/1Ib30BaTb MECTO Ha KapTe NaMATH.



He peructpupyemble napameTpbl He 3aHMMAOT MeCTa, TeM CaMbiM MOXHO 3HAYWUTE/IbHO MPOA/UTL
BpemMs 3anucu gpyrux napameTpos.

OcCHOBHble pPa3nnunAa mexagy aHaan3atopamu.

PQM-710 PQM-711
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Puc.1. AHanM3aTop KayecTBa 3N1eKTPUYECKOMN aHeprumn. Obwmii BMA.

AHANM3aTOpP COAEPMKUT BCTPOEHHDBIM OJ0K MUTAHMA C LUMPOKMM LMAMNA30HOM BXOAHOIO HanpsKeHwus
100...690 B nepemeHHoro mamn 140..690 B NocTOAHHOrO TOKa, KOTOPbIM MMeeT oTAe/ibHbie NpoBoAa
(Bxoma) c pasbémamm TMNa «baHaH» Ha KOHLAX.

BaKHON 0OCOGEHHOCTbIO ABAAETCA MPUCNOCOBNEHHOCTb K paboTe B CAOMKHbLIX MOroAHbIX YCAOBUAX —
aHaNM3aTop MOXKeT ObiTb YCTAHOB/AEH HENOCPeACTBEHHO HA OMOpPax JIMHUM 3/EKTponepesayu.
AHanuzatop obecneymBaeT repMeTUUYHOCTb Knacca IP65, a guanasoH pabounx tTemnepatyp -20...55 °C.

BecnepeboitHyto paboTy, B yCI0BUAX OTCYTCTBUA CETEBOrO HAMpsKeHus, obecneynmBaeT BCTPOEHHbIV
JIUTUA-NOHHbI aKKyMYNsaTop.

Monb3oBaTeNbCKUN UHTEpdENC BKAOYAET B cebs LBETHOM KUAKOKPUCTA/ZIMYECKUA Aucnnen ¢
pa3peweHmem 320 x 240 nukcenen n pasmepom 3,5 aroMima, a TakKe 4-KHOMOYHYIO KNaBmnaTypy.

dNemMeHTOM, MO3BO/MIAKWMM MNPOABUTb BECb MOTEHLMAN YCTPOMNCTBA, ABAAETCA CNeuManm3npoBaHHoOe
nporpaMmHoe obecneyeHne ans nepcoHanbHoro komnbototepa «SONEL ANALYSIS».

CBA3b C KOMMNbIOTEPOM BO3MOKHA NYTEM:

e [logknoyeHme no USB, obecneuunBaiollee CKOPOCTb MNepegayn AaHHbIX Ao 921,6 kbut/c, B
PEXMME CUMTLIBAHUA AAHHbIX C KapTbl NAMATU - CKOPOCTb NOPAAKA HECKONbKO M6uT/c;




e CoeauHeHune no paguo Wi-Fi ¢ appeKkTMBHOM CKOpOCTblo mepedaun gaHHbIX 4o 300 k6ut/c
(makcumanbHas cCKOpOCTb NoAAepXKMBaeTCa Ha AnCTaHumMm ao 10 m);
o [logkntoyeHune no GSM yepes ceTb MIHTEpHET.

Mepenaya gaHHbIX No ceT GSM noTpebyeT yCTaHOBKKU B rHE340 aHa/M3aTopa gencteytolei SIM- KapTbl
nosnb3oBaTens, C NOAKAYEHHOW YC/AYron nepenayn AaHHbIX U cTaTudeckoro IP-agpeca. KomnbioTep,
KOTOpbI ByAeT NoAKAKYATLCA K aHaNU3aTopy, AO/IKEH MMETb A0CTYN K UHTepHeTy.

MECTO MPMKEYYMEaHK A KRPEMNEHMEA
XOMYTOE ANA YCTSHOEKK Ha cTonb
WK hECATOR0E Ha DIM-peliky

— ;
L]

-’.'"'_J i

.
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T ST MecTo MEMERY B SHIA
FRWERKK 1na DIk-peki

Puc.2. 3agHAA naHenb aHanmMsaTtopa.

m Mo cpaBHeHuto ¢ mogenbto PQM-710, aHanusatop PQM-711 pononHUTenbHO no3BoaseT
n3mepeHune TPaH3MEHTOB (KOPOTKUX BCMJIECKOB MPU NepexoAHbIX NpoLeccax oT aHra. transient voltage)
B AManasoHe HanpsxeHuh go = 8 KB c¢ uactoton guckpetmsaumm ot 100 KMy go 10 Mru. Lenwu
M3MepeHUa MNepexodHblX MPOLLECCOB HE3aBUCMMbl OT APYruMX Lenen HanpaxXeHua U NoAKAoYeHbl K
BXo4am no HanpsxeHuto L1, L2, L3, N, PE. AHannsatop umeer 4yeTblpe namepuTenbHblX KaHana: L1-PE,
L2-PE, L3-PE n N-PE. Peructpauma cMrHanoBs BbINOAHAETCA, onpeAensaemoe nosib3osatenem, BpemeHem
OVCKPEeTM3aLMn U NOPOroM Ob6HapyKeHUsA, @ KONMYECTBO 3anMCcaHHbIX OTCYETOB cocTasadeT go 20 000
Ha KaHan (2 mc Ana YyactoTbl AuckpeTmsaumm 10 Mlu).

1.3 IIuTranue aHa/M3aTopa

AHanmnsaTop COAEpPKUT BCTPOEHHbIN 610K MUTAHWUA C AMANa30HOM HOMMHAJIbHbIX BXOAHbIX HAMPAXKEHUN
100...690 B nepemeHHoro u 140...690 B noctosiHHOro Toka (nepemeHHoe HanpsxeHue 90..760 B uau
NOCTOSAAHHOrO Hanps)eHue 127...760 B ¢ yuéTom oTKAOHEHU). BAOK NUTaHUA MMeeT oTAe/IbHble BXOAa
(npoBopa KpacHoro ugeta), o6o3HauyeHHble 6ykBamu P (OT aHrn. power - nutaHue). [na 3awmThbl
WUCTOYHMKA NUTAHUS OT NOBPEXKAEHMUN NPU MOMbITKE €ro NOAK/IOYEHMA K HAMNPAXKEHUIO HUXKEeYKa3aHHOro
AMana3oHa OH BbIKAKYAETCA NpU BXOAHOM HanpsaxeHum meHee 80 B nepemeHHOro Toka uam 110 B
NOCTOAHHOIO TOKa.

[na nognepkaHua NUTaHUSA, BO BPeMs nepeboeB 3/1eKTPUYECKOWM SHEPTUU, UCMONb3YETC BCTPOEHHDIN
JNIMTUA-UOHHBIN akKymynaTop. OH 3apsarKaeTcA, Korga Ha pasbémax 6710Ka NUTaHUA NpUcyTcTByeT
HanpsaKeHue.
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OH noaaepuBaeT aBTOHOMHOe NuTaHue Ao 2 vacosB (PQM-710) npu Temnepatype -20..55 °C. MNocne
MOJIHOTO paspAAa aKKyMy/ATOpa aHa/IM3aTop NpepbiBaeT TeKyLLyo paboTy (Hanpumep, pernctpaumio) u
aBapuHO BblKkAtoYaeTca. Mpu nocnepylowem MNOAKAOYEHUM MUTAHUA, eCNM paHee NPOAOJIKanacb
pernctpauus, aHaansaTop ee BO30H6HOBMT.

C 3ameHa aKKymynatopa [AOJI)KHa NpOM3BOAMTBLCA TONbKO B aBTOpM3MpoBaHHOM CepBUCHOM
LeHTpe.

1.4 CreneHb 3alIMTHI U YCJI0BUA IKCILIyaTall U

AHanusaTtop npeaHasHayeH Ana paboTbl B CNOMKHbIX MOrOAHbLIX YCAOBUAX - OH MOKET BbITb YCTaHOBAEH
HenocpeacTBEHHO Ha OMopax /IMHMM dNeKTponepedayn. [aa MOHTa)Ka MCMOAb3YIOTCA ABa PEMHA C
3aCTEKKAMM M ABaA NNACTMKOBBIX KpenaeHus. KpenieHusa NpuBMHYMBAIOTCA K 3aHEN CTeHKe Kopnyca.
YCTaHOBKa peMHel OCyLLEeCTBAAETCA COMNACHO PUCYHKY.

Puc.3. Kpennenua n pemHun gna yCTaHOBKM aHan3aTopa Ha ctonb.

AHanunsaTop obecneunBaeT repMeTUYHOCTb Knacca IP65, a guana3oH paboumnx Temnepatyp -20...55 °C.

Ona Toro, ytobbl 0b6ECNEeUnTb AEKNAPUPOBAHHYIO repMeTMYHOCTb Kaacca IP65, Heobxoanmo
cTporo cobatofaTh cneaytoume npasuna:

e [lonHbl BbITb MNIOTHO 3aKPbITbl KPbIWKK pasbémos USB u SIM-kapTbl;
& e Heucnonb3yemble pasbémbl TOKOBbIX Kelein A0NXHbl 6blTb 3aKPbITbl CUAMKOHOBbIMM
3arnywkamu;

e [lo/KHa 6bITb 3aKpy4YeHa 3araywWwKa AN pasbéma BHeWHel aHTeHHbl GPS (Man nnoTHo

3aKpYy4YeH pa3bEém Nnpwu yCTaHOBKE BHELLHEN aHTeHHbI GPS).

Mpu TemnepaType OKpy)Katouien cpeabl Huxe otmetkn 0 °C, BKatouvaerca oborpes ycTpoiCTBa
BHYTPEHHMM HarpeBaTesieM, 3a434elt KOTOPOro ABAAETCA NoAAepPKaHUE NONOKUTENBHON TemnepaTypbl
aHa/nM3aTopa Npu OTpULATENbHON TeMMepaType OKpYrKatoLLen cpeabl.

HarpeBatenb nuTaeTca OT BCTPOEHHOrO MCTOYHMKA MUTAHMUA MepemMeHHOro TOKa, a ero MOLWHOCTb

orpaHuyeHa npumepHo 5 BT.

MN3-3a 0cOBEHHOCTEN BCTPOEHHOTO /IMTUIA-MOHHOIO aKKyYMy/ATOpa ero 3apaaka 3abiokupyeTcs, Koraa

TemnepaTtypa aKKymynatTopa HaxoAuTcA BHe gumanasoHa -10..60 °C (ctaTyc 3apagKku B nporpamme
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«SONEL ANALYSIS» nsmeHUTCA Ha «3apAgKa NpMoCcTaHOBAEHa» N MKOHKA Ha MK-ancnnee otobpasutcs
KpacCHbIM LIBETOM.).

1.5 MoHTax Kpenexa

MomecTuTe BTYJKN NPOKNALKM 3 MM M3 NAaCTMKA HA HMXKHIOK YacTb Kopnyca, B OTMEeY€eHHbIX Ha d)OTO
mecTax:

YcTaHOBUTE KpeneXKHble 31eMeHTbl AN OMOPHbIX CTAMKEK Ha HUMKHEN YacTn Kopnyca, B 0603HaYeHHbIX
Ha $OTO MecTax:
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MpUKpyTUTE KpenéxHble getanan K Kopnycy ¢ nomouwpto 10 wT. BUHTBI M3x10. Wcnonb3yitTe TONbKO
BMHTbI C pa3mepamMu, yKasaHHbIMM B JaHHOM PykoBoacTse.

1.6 MoHTax Ha DIN-peiiky

B KomnneKkTe MNocTaBAsAeTCA KpenneHue ANA YCTaHOBKM aHanu3atopa Ha cTaHgapTHyto DIN-peiky.
3aléNKy HY)KHO MPUKPENUTb K 3aAHEN CTEHKE aHanM3aTopa C MOMOLLbI NpuaaraemblX BUHTOB. JnA
HaZEKHOCTU MOHTaXKa B KOMMMEKT TaKKe BXOAAT ChelMasibHble KPHYKKM, KoTopble ¢ukcmpytoT DIN-

Lx ° L

penKy.
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Puc.4. 3agHAA CTeHKA aHaM3aTopa C 3/IeMeHTamMM A1 MOHTaxKa Ha DIN-peiky.
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1.7 IlapamMeTpbl U3MEepPEHUM

AHanusatop obecneunBaet UsMepeHme 1 perncTpaumio creayowmx napameTpos:

e [lencTBylowme 3Ha4yeHNsA $Ga3HOro U IMHENHOIO HanpaXeHua B AnanasoHe go 760 B uam 1000 B,
B 3aBMCMMOCTM OT Bepcumn (+ 1500 B nMKoOBOro 3HauyeHWA), MaKCMManbHO AOMYCTUMbIe
HanpsAXeHUA OTHOCMTEIbHO 3eMJIN YKa3aHbl Ha INLLEBOMN HaKNenKe;

. m CKauyKK HanpsAXXeHna Npu nepexoHbix npoleccax (mepeHanpaXXeHns) B AMana3oHe A0 +
8 KB;

e [lecTBylollee 3HaYEHME TOKa:

o p0 6000 A (nuKkosoro Ao +20 KA) c nomoulbio TmbKkux Kneuen F-1A6, F-2A6, F-3A6,

o Ao 3000 A (nukosoro ao +10 KA) ¢ nomouwbto rMbKkux Knewei F-1, F-2A/F-2AHD, F-3A/F-
3AHD,

o po 1500 A (nukoBsoro Ao =5 KA) c nomoulbio rmbkunx Knewen F-1A1, F-2A1, F-3A1,

o po 1000 A (nukosoro Ao = 3600 A) ¢ Ucnosib3oBaHUEM XKECTKMX Kaewer C-4 nan C-5,

o 00 100 A (nukosoro ao + 360 A) c knewamu C-7,

o po 10 A (nukosoro ao + 36 A) c knewamum C-6A,

e  KoapdnUMEHT NMKOBbIX 3HAYEHUIN CU/Ibl TOKA U HaNpAXKeHus;

e YacroTa cetn B gmanasoHe 40...70 lNy;

e AKTMBHAA, peakTMBHaA, NOJIHAA MOLWHOCTb M 3HEPIUA, MOLLHOCTb HE/IMHENHDbIX UCKAXKEHUN;

e [apMOHMYECKME COCTABASIOWME HANPAXKEHNN U TOKOB (g0 50-1);

e  KoadpodunumeHTbl rapmoHnYecknx nckaxkeHmn THDE n THDR 4nA TOKA M HanpaXKeHus;

o  KoadpodunumeHT nckaxkenma TDD ToKa;

e KoadpduumeHT noteps K, BbI3BaHHbIX BbICLUMMU rapMmoHMKamu (K-paktop);

e  AKTUBHYIO U PEaKTUBHYI MOLLHOCTM rAPMOHUYECKMX COCTABNAIOLMX;

e Yron ¢a30BOro casura Mexay HanpsKeHNeEM U TOKOM;

e  Ko3apdUUMEHT MOLLHOCTHU, COSP, tgp;

o  KoadpoduumeHTbl HecuMMeTpUn TPEXDA3HOM CETU U CUMMETPUYHbBIX COCTaBAAIOLWMX;

e BesnunuumHa go3bl ¢pMkepos Pst u Py;

e  UHTeprapmoHUKM HanpsKeHnn 1 Tokos (ao 50-11);

o KoadpdmumeHTbl MHTEPrapmMmoHMYeckux nckaxkeHui TIDE n TIDR oA TOKA U HaNpAXKeHUA;

e  CurHanbl ynpaBneHUA NO HANPAXKEHUIO B gManasoHe vyactoT 5...3000 Iy,

e bBbicTpble M3MeHeHUus HanpsxeHua (RVC)

BbibpaHHble MmapameTpbl ABAAOTCA 0606WEHHbIMKU (YCpegHEHHbIMM) MO BPeMeHW, onpeaensemble
nonb3oBaTesieM U MOryT 6biTb cCOXpaHeHbl Ha KapTe namaTh. Kpome cpefHero 3HauyeHMs MOXHO
3anucbiBaTb MUHUMA/bHBIE U MaKCMMaJsibHble 3HAYEHUA Ha MPOTAMEHMM WHTEpBana ycpeaHeHus, a
TaK»Ke MIHOBEHHbIE 3HaYeHUA.

PacwnpeH Takxke 610K OOHapy»KeHuAa caydaliHbix cobbituii. B TOCT 32144-2013 «3neKTpuyeckas
sHeprua. COBMECTUMOCTb TEXHUYECKUX CPEACTB 3/1EKTPOMArHMTHasa. Hopmbl KayecTBa 3/ieKTpUYecKomn
3HEepPrMM B CMCTEMAX INEKTPOCHAOXKEHUA O6LLEro HasHauyeHUA» OAA HANPAMXKEHWN — 3TO NpepbiBaHWe
(cuTyauusa, nNpyM KOTOPOM HaMps)KeHWe B TOYKe Nepefayn SNeKTPUYECKOn sHeprum meHbwe 5%
OMNOPHOTO HanpAXeHMA BO Bcex TPEX daszax), nepeHanpseHne (BpeMeHHOe BO3pacTaHMe HaNPAXKeHUs
B KOHKPETHOW TOYKE 3/IeKTPUYECKOW CUCTEMBbI Bbille YCTAaHOBJIEHHOrO MOPOroBOro 3HauyeHuwa 6onee
110%), a Tak:Ke 1 NpoBasbl (BpeMeHHOe YMeHbLUEHWNE HaNPAXKEHNA B KOHKPETHOM TOUKE 3/1EKTPUYECKON

CNCTEMDbI HUXKE YCTAaHOBJIEHHOINO MOPOroBoro 3Ha4yeHuMA B npeaenax 85...90% Bbl6paHHOI'O OnNnopHOro
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HanpsxeHus). Monb3oBaTeslb He [OO/KEH CaMOCTOATE/IbHO BBOAMTbL NapameTpbl, - MNPOrpamma
NO3BOJIAET aBTOMATUUYECKM HACTPOUTb NPUOOP B PEXKMM U3MEPEHUA KAUeCcTBa 3/1EKTPOIHEPTUM COrNACHO
FOCT 32144-2013. B pacnopsaxXeHun Noab30BaTeNs OCTAETCA peXMM CBOEN COBCTBEHHOMN KOHDUIypauum
- Nporpamma npeasaraeT B 3TOM OTHOLWEHMW MOAHYO cBoboay. HanpsarkeHne — 3TO TONbKO OAMH U3
MHOMMX MapameTpoB, A7 KOTOPOro MOXKHO onpeaennTb Noporn obHapyxeHusa cobbiTuin. U Tak, ans
npumepa, MOXHO HACTPOUTb aHANM3ATOP A1A OOHAPYKEHWUA CHWXKEHUA KoadpduumeHTa MOLLHOCTM
HUXKe onpeaenéHHoro nopora, npesbliieHma KM (THD) Bbiwe Apyroro nopora v TaK e, npesbllleHne
9-ii rapPMOHMKOW MPOLLEHTHOrO 3HAYEeHUA HaANPAXKEHWA, YCTAHOBJEHHOro nosb3osatenem. CobbiTne
3anuMCbIBaeTCs BMECTE CO BPEMEHEM ero BO3HMKHOBEHMA. B ciyyae cobbITUIM, KacatoLWmxca NpeBblweHns
NMoporos NpepbiBaHWA, NPOBANIOB U CKAUYKOB A/ HAaNPAXKEHUA, a TaKKe NpeBbleHNA MUHUMANbHbIX U
MaKCUMa/IbHbIX 3HAYEHWUN A/A TOKOB, MOXHO AONOJHUTL WUHPOPMALMIO O HACTYMNEHUW COObLITUA
ocumnnorpammamm Gopmbl CUrHANIOB HAMPAXKEHUA U TOKA. MoXeT ObITb 3anMcaHo oT 5 neproaos ceTu
00 1 ceKyHAbl C peryiMpyembiM BpeMeHeM onepexeHns cobblTna. Bmecte ¢ ocumanorpammamn Takxe
3anucbiBatoTcs RMS 3HaueHua noaynepmogos (RMSy;) ¢ perynmpyemois gnmtenbHoctbio oT 1 go 30 cek.

Kpome Toro, aHanusatop crnocobeH o6HapyKMBaTb CO6LITUA, Bbi3BaHHble W3MeHeHWeM GOpPMbI
ornbatowelit HanpAXeHMA M CKadykom $asoBOro yrnia, NyTEM CpPaBHEHWA APYr C APYrOM o4YepeaHblx
nepuoaos ceTu.

OyeHb LWNPOKME BO3MOXKHOCTM KOHPUIypauuu, BMECTE C MHOMKECTBOM M3MEpPAEMbIX NapameTpos,
OEenatT U3 aHaNM3aTopa YpesBbluyaliHO MOJE3HbIN U MOLWHbIN MHCTPYMEHT AN U3MEPEHUs U aHaM3a
BCEX BMAOB MapameTpOB CETU 3NEKTPOCHAOXKEHUs UM BO3HMKalOWMUX B Hel nomex. HekoTopsblie
YHUWKa/ibHble 0COHOEHHOCTM 3TOro Npubopa BbIAENAIOT €ro cpeau APYrnx aHanM3aTopoB 3TOFO TUMA,
OOCTYMHbIX Ha PbIHKE.

M3mepsiemble NapameTpbl AN Pa3NIMYHbIX KOHOUTYpaL M ceTu.

1-
LELICE ) 2-dpasHan “Y”cN “D” n “Y” 6e3 N
¢asHan
MNapametp L1 N|L1|L2|N|Z |L1|L2|L3|N | Z |L12(L23|L31] £
U 3¢ PeKTUBHOE HanpAKeHME oo | e oo oo | o0 o | oo
MNocToAHHaA cocTaBaAoLLAA
Ubc EEEEEEREE EEEEREE o | o | e
HanpsXeHua
| 3ddEKTUBHBIN TOK e | e | e e e o | o | e e oo o
Ioc lNocToAHHaA cocTaBnAoLLLaA TOKA e[ oo |eo e o | o |0 | o | o | o
f YactoTa . . . °
CFU MnKoBbIM KO3DOUUMEHT HANPAXKEHUA| @ | o | o | o | @ oo | o |e o | oo
CF 1 MuKoBbIN KO3PPUUMEHT TOKa oo | e e e oo | o e o | oo
P AKTMBHAA MOLLHOCTb ) o | o o | o | oo ° °
Qi, Qs PeakTnBHasA MOLHOCTb ° o | o M EEEREE ° o(l)
D, S MOLHOCTb UCKaXKeHUA . o | o o | o | o |0 °
S MonHaa mowHOCTb ) o | o oo | o] e ° °
PF KoapumumeHT moLuHocTH ) o | o oo | o] e ° °
cosd KoapouueHT yrns ¢pasosoro casura | e o | o o| o | e e °
tgdc., tgdis TaHreHc ¢ N
o [ ] [ [ ) [ ) [ ) [ ] [ ) [ ] [ ]
tgdL, tgdes (4-x KBaAPAHTHBIA)
THD U Koad)d)mu,meH;r rapMOHUYECKUX elolal ol elolols ool
WCKaXKeHMUM HanpaKeHus
KoadduumeHT rapmoHnYecKkux
THD | o EEEEEERE EEEEREE o | o | o
WCKaXKeHMUI ToKa
TDD | KoaddMLUMEHT NCKaKeHMA TOKA e e | o oo oo | o0 o | oo
K KoadduumeHt K o | o[ o || o o | o |0 | o | o | o
AKTMBHas aHeprus
Ep+, Ep- ° o | o o | o | 0| o ° °
(noTpebnaemas n otaaBaemas)
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Eqc., Eau+ PeakTnBHan aHeprua B
[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ) [ ]
Eai-, Eact (4-x KBaApaHTHaA)
MonHaa saHeprua ° o | o oo | o] e ° °
Uh1..Unso  |AMNANTYAbI FTAPMOHUK HAaNpPAXeHnA| o | e [ o | o | o 3 T T Y o oo
Ih1--lhso AMNANTYAbI FTAPMOHMK TOKa o oo e o o oo o e e | e
Yrabl mexay rapmoHUKamum
¢UI1-- ¢UI50 ° ° ] ° ] °
HanpAXeHuA 1 ToKa
A6CoNOTHbIE YI/1bl FAPMOHUK
du EEEEREERE o | o | o |0
HanpAXeHuA
ABCONIOTHbIE YI/1bl TAPMOHUKTOKA | e | o [ o | o | @ oo | o0
Phi1..Phso AKTUBHbIE MOLLHOCTN FAPMOHUK . e | o oo | o
Qh1..Qnso PeaKkTMBHble MOLLHOCTU FAPMOHUK | o e | o o | o | o
AcummeTpual CummeTpUYHbIE COCTaBAAOLWME U
[ ] [ ]
Ul K03 PULMEHTBI HECUMMETPUM
Pst, Pit L[.03bl avKepa ° o | o o | o | o o | o | o
KoaddunumeHT nHTEprapmoHnYecKmx
TlD U o L] L] L] o [ ] L] [ ] [ ) [ ] [ ) [ ) [ ]
NCKAXKEHWI HanpaXXeHua
KoaddnumeHT MHTEprapmMoHUYECKUX
TID | N EEEEEERE EEEEREE o | o | e
WCKa*KEeHUI TOKa
AMNANTYAbl UHTEPTaPMOHUK
Uiho--Uinso o | o | o | e | e o | o | o | e o | o | e
HanpAXeHuA
lino..lihso AMNAUTYAbl UHTEPrapMOHUK TOKA e | o[ e |0 e e | o |0 | e o | o |0
UR1, UR2 |CurHanbl ynpaBAeHWUA B HANPAXKEHUN | o e | o o | o | o o | o | e
m MepexoaHble NpoLLecChbl HANPAXKEHMUA
(2) ] ] [ ] [ ] [ ] [ ] [ ] [ ] ] [ ] [ ] [ ]

MpumeyaHue:

L1, L2, L3 (L12, L23, L31) — o603HayeHUe Ppa3sbi;
N — namepeHune no KaHany HanpaxeHua N-PE nam Toka Iy B 3aBUCMMOCTHM OT TMNA NapameTpa;

2 — O03HauaeT CYMMapHOe 3Ha4yeHne anAa CUctemsl,

(1) — B 3-X NPOBOAHbLIX CeTAX, B KayecTse CyMMapHOVI peaKTVIBHOﬁ MOLWHOCTN paccyUTbiBaeTCA

HeaKTMBHasA molHocTb N = /SZ — P2 (cm. obcyKaeHMe No PeakTMBHOM MOLLHOCTH B riase 5.3)

(2) —nepexoaHble CKAaYKM HanNpAXeHnAa nsmeparoTca B KaHanax L1-PE, L2-PE, L3-PE n N-PE.

1.8 CooTBeTcTBHE CTaHAApPTAM

AHanuszatop paspaboTaH TakMm o6pasom, uTobbl BbINOAHUTL TpeboBaHMA, coaeprKalimeca B

CTaHAapPTaX, YKa3aHHbIX HMNXKe.

CraHgapTbl, Kacarouwmeca N3sMepeHnAmM NapameTpoB CETU:
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FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) — dneKtpuuyeckas sHeprus. COBMECTUMMOCTb
TEXHUYECKUX CPeAcTB 3/eKTpPOMarHuMTHaAa. MeToabl WM3MepeHUs MNoKasaTesiel KayecTsa
3NEKTPUYECKON SHeprum;

FOCT 30804.4.7 — 2013 (IEC 61000-4-7:2009) — COBMECTMMOCTb TEXHMYECKUX CpeacTs
aNeKTpomMarHuTHas. Obwee pyKOBOACTBO MO CPEACTBAM U3MEPEHUIN N U3MEPEHUAM FAPMOHMK U
WMHTEPrapMOHMUK A1 CUCTEM 3/1IEKTPOCHAbKEHMA U NOAKAOYAEMbIX K HAM TEXHUYECKUX CPEACTB;
FOCT P 51317.4.15 — 2012 (M3K 61000-4-15:2010) — CoBMeCTUMOCTb TEXHUYECKUX CpenacTs
3aNeKTpomarHuTHasa. Pankepmetp. PYHKLMOHANbHbBIE U KOHCTPYKTMBHbIE TpeboBaHuUs;

FOCT 32144-2013 - DJnekTpuyeckaa 3sHepruAa. COBMECTMMOCTb TEXHUYECKUX CPeacTB
3NEeKTPOMaArH1UTHasA. Hopmbl KauecTBa 31eKTPUYECKON SHEPrUM B CUCTEMAX 3/1EKTPOCHAGKeHUS
o6LLero HasHaveHus.




CraHaapTbl 6e3onacHoOCTU:

e [OCT IEC 61010-1 — 2014 — Be30NacHOCTb 3/IEKTPUYECKUX KOHTPONbHO-U3IMEPUTENbHbIX

npubopos 1 nabopatopHoro obopyaosaHusa. Yactb 1. O6wwme TpeboBaHuA.

CTaHAapThl, KacaloLmeca 31eKTPOMarHMTHON COBMECTUMOCTU:

e T[OCT P M3K 61326-1 — 2014 — ObopyaoBaHue 3/1IEKTPUUYECKOE A7 USMEPEHUS, YNPaBAEHUA U

nabopatopHoro npumeHeHus. TpeboBaHWA 3/M1EKTPOMArHUTHOM coBmecTUMoOCTU. Yactb 1.

Obuye TpeboBaHuA.

YCTPOMCTBO NONHOCTBLIO COOTBETCTBYET TpeboBaHUAM Knacca A, cornacHo FTOCT 30804.4.30 — 2013.

CooTBeTcTBUE BbIGPaHHbIX MapameTpoB, AeUCTBYIOWMM CTaHAAPTaM.

O6begnHeHMe U3MepeHuin
Nno UHTEpPBasiamM BPeEMEHMU

rOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) Knacc A:

e OCHOBHOE Bpems W3MEPEHMA 3HAYEHWI MapameTpoB (HanpsAXKeHWe, TOK,
rapMOHUKN, acummeTpusa) — 3To 10-nepuogHbiA MHTEpPBan Ana ceTei
anektTponutaHuma 50 'y n 12-nepuoaHbiit ana ceten 60 'y,

e WHTepBan 3 cekyHabl (150 nepnoaoB AnA HOMWHaANbHOM YacToTbl 50 Iy, U
180 nepuoaos ana 60 u);

o WNHtepsan 10 muHyr;

e WHTepBan 2 yaca (Ha ocHoBe 12 MHTepBanoB nNo 10 MUHYT);

e PecuHxpoHM3auma n HanoxeHne 10/12- nepMoaHbIX MHTEPBAOB.

MorpelwHocTb X04a
BpeMeHM YacoB

rOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) Knacc A:
e BCTpOeHHble 4Yacbl peanbHOrO0 BPEeMEHW HacCTPauBalOTCA Ha YpOBHe
nporpammbl «SONEL ANALYSIS», cuHXxpoHu3auum BpemeHn no GPS ¢
NMOMOLLbIO BCTPOEHHOM UM BHELIHEN aHTEHHDbI;

e TO4YHOCTb X043 YacoB B OTCyTCTBME curHana GPS nyuuwe, yem * 0,3 c/aeHb.

YacroTa

BbinonHeHbl TpeboBaHusa FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A pna meTtoga v NOrpeLwHoOCcTU U3MmepeHus.

3HaYeHne HanpaxxeHua
nNUTaHUA

BbinonHeHbl TpeboBaHusa MOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gnsa metoaa v NorpeLHocTM N3mepeHus.

KonebaHua HanpsaxeHua
(dnmrep)

MeToa, M3MepeHus M MOorpelHocTb cooTBeTcTByeT TpeboBaHMAM CcTaHaapTa
rOCT P 51317.4.15-2012 (M3K 61000-4-15:2010).

MpoBanbl, NnpepbiBaHUA U
nepeHanpsxeHus
NUTaHUA

BbinonHeHbl TpeboBaHusa MOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A pna meTtoga v NOrpeLwHoCcTU U3mepeHus.

ACMMMeTpMH HanpaxeHua
NUTaHUA

BbinonHeHbl TpebosaHua TOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A ana metoga v NorpewwHoCcTn nsmepeHus.

rapMOHMKM HanpAaxeHnAa n
TOKa

MeTtoa U norpewHocTb namepeHna B8 coorsetctemm ¢ FOCT 30804.4.7 — 2013
(IEC 61000-4-7:2009) knacc I.

MHTeprapMoHuKu
HanpsXXeHWs 1 ToKa

BbinonHeHbl TpebosaHma [OCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gnsa meTtoga 1 norpewHoctM usmepenma (TOCT 30804.4.7 — 2013 (IEC
61000-4-7:2009)) knacc |).

CUrHanbl ynpasieHus B
NMUTAOLLLEM HaNPAXKEHUN

BbinonHeHbl TpeboBaHusa MOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A pna meTtoga v NOrpeLwwHoOCcTU U3mepeHus.
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2 IJKCIIJIYATALUA AHAJIM3ATOPA

2.1 Kiaasuatypa

KnaBsuaTtypa aHa/nM3atopa COCTOMT M3 YyeTblpéx Knasuw: BK/1/BbIK/ @, BJIEBO GD, BMPABO D,
CTAPT/CTON @D . yr06b1 BrANOUMTL aHanM3atop HeobxoAUMMO Ha)KaTb KHOMKY @ . Kuonku

HaﬂpaBﬂeHMVI Q n Q rNaBHbIM o6pa30N\ CNyXat AanAa CMeHbl MH(I)OpMaLI,MM Ha gucnnee.

N306parkeHnss Ha AUCNiee MEHSIOTCA MO KPyry, T.e. NPM Ha)KaTUK Ha KAaBully O na nocnegHem

3KpaHe NpomucXoamT nepexog K nepBomMy akpaHy. Knasuwa & venser n3obparkeHus Ha gucnsee B

06paTHOI‘;1 nocnegosaTenbHOCTU. Knasuwa @CHVH(MT AnAa 3anyCcka U OCTaHOBKWM perncrtpauuun, B

COOTBETCTBUM C YCTAHOBNEHHOM KOHUTypaLmeit TeKyLwen TOUKM N3MEPEHUS.

2.2 BK/Il0YeHHE U BbBIK/JIIOYEHHE

18

AHaNM3aToOp BK/IOYAETCA HAXKATUEM KaBULIK @D nossnsercs 3KpaH C NpuWBETCTBMEM, Ha
KoTopom oTobpaskaeTca HazBaHWe Npubopa, BepCUsA BCTPOEHHOIO NPOrpammHoro obecrneyeHms
(aHrn. firmware), Bepcua obopyaosaHUAa U cepuiiHbIA HOMep. 3aTem aHa/n3aTop BbINOHAET
camoTecTMpoBaHMe W B ciayyae obOHapykeHua owubOK, Ha Auchnnee nNoABAAETCA
COOTBETCTBYHOLLEE COODLLEHME, CONPOBOXAAEMOE OJ/IMHHBIM 3BYKOBbIM CUTrHasom. B cayyae
OWNOBKM MHMLMANM3AUUKM KapTbl NaMATU Ha AUcnaee NOABMTCA Haanucb «OwubKa KapTbl
namatn». Eciv ¢dainosas cuctema Ha KapTe nospexzeHa (Hanpumep, Korga noJsib3oBaTesb
BPYYHYlO nepedopmaTvpoBas KapTy B pexXmMme YTeHMA NaMATHU, B KOTOPOM MoJ/1b30BaTelb UMeeT
MOJIHbIN AOCTYN K COAEPKMMOMY KapTbl) aHaA/IM3aTOP MPeasioXUT oTPOopmMaTUpOBaTb NamsaTb
(Hagnuce  «®dopmaTMpoBaTb KapTy NaMATU?»), KAasBuLlLen {7 3anyckaeTca npouecc
dopmaTtmpoBaHma (3 KOPOTKUX 3BYKOBbIX curHana). Ecnn B TeyeHne 15 cek. He coBepLlatoTcs
Kakune-nnbo penctsmA, aHanuM3aTop nepesarpyxaerca. [locne npouecca dopmaTUpoBaHuUA
aHaNM3aToOpP 3aHOBO MHULMAIM3UPYET KApTy NaMATH.

Ecan Bo BpemA MHMLMANM3aUUKM KapTbl aHanM3aTop OBHApPYXWUT B KOPHEBOM KaTtanore dann
FIRMWARE.PQF, KoTopblih coaep*uT MHGopmauMio O MPOLIMBKE aHanM3atopa (BHyTpeHHee
nporpammHoe obecrneyeHne) W Bepcus MNPOWMBKMA OyaeT HOBee TeKywelh Bepcun
nporpammHoro obecnevyeHne camoro aHanuMsaTopa, byaeT NpensioKeHo MNPOBECTU npoLecc
obHoBNEHUA NporpaMmmHoro obecrneyeHma — Hagnuce «O6HOBUTL NpoWKUBKY?». Knasuwa [E=y
3anycKaeT AaHHbIM npouecc (3 KOPOTKMX 3BYKOBbIX CUTHANA), B TEYEHME KOTOPOro Ha Aucnnee
MOXHO HabnoaaTb 3a xogom onepaunn. O6HOBAEHNE MOXKHO MPOMNYCTUTb, KPAaTKOBPEMEHHO
HarKkaB KHOMKY @D. 06HoBneHME TakkKe nponyckaeTca, ecnm B TedeHne 10 cek. OTCYTCBYIOT C
aHaNM3aTPOM Kakux-nmbo aenctema. Ecnm obHoBAEHME NPOLLNO YCNEeLWHO, TO NOABUTCA HA4NMUCb
«O6HOBNEHO ycnewHo!», B NPOTUBHOM c/iyyae «O6HOBUTb He yaanocb!». 3atem aHanusaTop
ABTOMATUYECKU OTK/IHOHaeTcA.

AHanunsaTop HacTpaMBaeTcA Ha NOC/NeAHIOK UCMOJIb30BAHHYIO TOUYKY M3MEPEHUA U NEePeXoanT K
oTO6paKeHUIo Ha gucnnee aKkpaHa 1/9 c nsobparkeHMem BEKTOPHOM Anarpammsl.

BbikntovyeHMe aHanmn3aTopa NPOU3BOANTCA YAEPrKaHMEM KJIaBuLIK ©D & revenne 2 CeKyHa,
€C/IN He BK/ItoYeHa BN0KMPOBKA KNaBMaTypbl UAK PETNCTPALLUA.

HarkaTve Ha aKTUBHYHO KJaBWULLY Bbi3blBaeT NOABAEHNE KOPOTKOrO 3BYKOBOFO CUIHa/ia BbICOKOWM
TOHANbHOCTW; ANA HEAKTUBHOW KNaBMUWKM 3TOT 3BYK NpofonkutenbHee ¢ 6Hosnee HU3KOM
TOHaJIbHOCTbIO.



e YaepKuMBaHME B Ha)KaTOM COCTOAHUMU bonee yem Ha 1,5 cekyHAbl Knasuwimn OMJ'IVI ‘:
Bbi3biBaeT NPUHYANTENBHOE obHoBNEHUE M306pa)KeHMFI Ha gucnnee.

2.3 dDyHKUMA aBTOMATHYECKOT0 BbIK/IIOYEeHUs

Ecnn aHanusatop 6onee 30 MUHYT paboTaeT OT akKymynAaTOpHOW BGaTapen (Npu OTCYTCTBMM BHELIHEro
MCTOYHMKA MUTAHMA) U He HaxXxo4uTCA B pexume perncrpauum MAM HeT aKTUBHOIMO COeAuMHEHUs C
KOMMbIOTEPOM, OH aBTOMaTMYECKM OTKOYaeTCa ANA NpeaoTBpalleHMA pa3paaa akkymynatopa.

ABTOMATMYECKOE BbIKIIOYEHME aHaAM3aTOpa BO3HWMKAET TaKKe B C/y4ae TMOMHOrO paspsga
aKkkymynatopa. Takoe aBapuiiHOe OTK/OYEHWE NPOU3BOAMTCA HE3ABUCMMO OT PeXMMa, B KOTOPOM OH
HaxoguTcA. B cnyyae akKTMBHOM perucTpaumm oHa npepbiBaeTcA. [ocie BO3BPALLEHMA HAMPAXKEHWUS
NUTaHWUA perucTpauma BO30OHOBNAETCA. ABapuHOE OTKIOYEHME CUTHANU3MPYeTCs COoOobLeHnem
CAKKYMyNaTop paspsaxeH!»,

2.4 H306paxxeHus Ha JucIiee (3IKPaHBbI)

AHanusatopsbl umetoT 10 BMA0B 3KPAHOB.

Ha puc.5 nokasaH I'IepBbIVI N3 3KPaHOB, OTO6pa)KHEMbIX aHa/n3aTopom Ha gucnnee. [MaHesib MeHIO B
BerHEVI 4YaCTn ABNAETCA NOCTOAHHbIM 3/1eMeHTOM, MOKa3biBaeMbiM He3aBUCMMO OT Bbl6paHHOFO

3KpaHa.

P2 |1.84 GB| 28.09.22 11:17:22 ||

U1 Ups «

lrus

I :l &

Py &

U3 U2 q;l :
<1H10>

Puc.5. 3kpaH 1/10 c BeKTOPHOI Anarpammon.

Ha naHenn mMoKHoO BblaennTb (HayMHasa cneea):
e Homep akTMBHOM TOYKKM u3mepeHua: P1, P2, P3 nan P4. B HEKOTOPbIX peMMax HOMEP TOYKM
oTobparkaeTcAa nooYepesHO C AONOAHUTENbHBIM FPadUUECKUM CUMBOIOM:

CMMBO/’I CMHYycounabl 0T06pa)KaeTCﬂ, Korga namaTtb TOYKMN UamepeHmnAa NOTHOCTbIO 3aN0O/IHEHA
3aperncTtpupoBaHHbiMM  AOaHHbIMKM  UW  KOrga AnAa p,aHHOl‘/JI TOYKMN wnamMmepeHma He 6b110
Ha3Ha4Y€HO HMKAKOro mecta (HyneBaﬂ KBOTa). B TaKmnx ycnoBmAX 3anyCcTUTb PErncTpauuio Heab3s.
B0O3MOXeH TO/IbKO NMPOCMOTP TEKYLLLUX 3HaAYeHU.

CMMBOAN O3HaYaeT OXKnaaHue 3anycka pernctTpauum no nepsomy obHapyeHHOMY coBbITUIO
(3anyck oT npeBbIWeHUsA nopora).

CMMBon NEeCOYHbIX YacOB O3HAYaeT OXKMAAHME Hayasa PerucTpaumm B pexxmme pacnucaHms
(Take B nepepbiBax MeXKay MHTEPBalaMU perncTpaumnm).

e (CBoboaHOE MeCTO Ha KapTe NamATU A1A aKTUBHOW TOUYKU namepenus 8 Mb wnu I'b;

o Tekywme gata u sBpems B dopmate: AO0.MM.ITIT Y4:MM:CC. [ata n Bpems oTobparkaroTcA
3e/1éHbIM LBETOM, eCN Bpems aHanmMsaTopa CUMHXPOHU3UPOBaAHO €O BpemeHem no GPS u
cooTBeTCcTBYeT TpeboBaHMAM K TOYHOCTU oONpefeneHUA BpemeHu, ycTaHoBaeHHoro [OCT
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30804.4.30 — 2013 (IEC 61000-4-30:2008), npuMeHUTENbHO K aHaaM3aTopam Knacca A. Ecau
Bpems He oTBeYaeT 3Tum TpeboBaHMAM, TO oTobpakaeTca LBETOM;

e  WNHAMKATOP NUTAHWUA OT CETM UK YPOBEHb 3apALa aKKYMYAATOPa;

e MHAMKATOP ypPOBHA cUrHana cetm GSM (npu Hannumm B cnote SIM-KapTbl U NOAKAOYEHMUA €€ K
cetn GSM).

Homep 3KkpaHa oTobpakaeTcsa B MPaBOM HUMHEM Yy AMCnaes.

Ha sKkpaHe 1/10 pAagom c BEKTOPHOMN AMarpammol, B peasbHOM BpemeHU oTOBparkaloTca UHAMKATOpPbI
NPaBUIbHOCTM MNOAKAOYeHUa (puc.5), KoTopble A[alT BaXKHYlD MHOOPMALMIO O MNOAKIOYEHUU
aHanM3aTopa K Tectupyemoi cetn. 3Ta nHbopmaLmMa NOMOraeT No/b30BaTe 0 NPOBEPUTL COOTBETCTBUE
TeKyLei KoHPUrypauumn aHanmsaTopa napameTpam U3mepaemoli ceTu.

MpeacTaBneHHble MHAMKATOPbI, 0603HaveHble NocnenosaTenbHo: Urwms, lrws, Qu, @i, f.

o Ugms: AeNCTBYIOWME 3HAYEHNS HANPAMXKEHNI — ABa BO3MOXKHbIX 3HaUKa:
o ¥'— nNpaBunbHble AeiCTBYIOWME 3HAYEHUA HANPAXKEHWUI, YKNablBatoLWmMeca B Aonyck +15%
OT HOMWHANbHOTO 3HAYEHMA HANPAXKEHNUS,
o X-— AencTBytoLmMe 3HaYeHMA HaxoaaTca BHe guanasoHa Unom £15%.
® Igms: AENCTBYIOLLME 3HAYEHNA TOKOB — YETbIPe BO3MOXKHOCTU:
o ¥- OencTByloLLIME 3HaYeHNA TOKOB HaxogAaTtca B guanasoHe 0,3%lnom...115% lnom,
o 2- AencTBylolmMe 3HaYeHUA ToKoB meHbLue, Yem 0,3% lnom,
o X-— Aencreytolme 3HaYeHna Tokos 6osblue, Yem 115% lnom,
O --- TUpe oTobparKaloTcs, KOraa U3MepeHMe TOKOB BbIKIHOYEHO B KOHPUTypaLuu.
Bo Bcex cucTemax, rge 3TO BO3MOXHO, aHa/NM3aToOp TaKXe pPacCYUTbIBAaeT CYMMYy BCEX TOKOB
(MrHoBeHHble 3HaYeHUs) 1 NPOBEPSET Ha PAaBEHCTBO HY/O. 3TO MOMOraeT onpeaeanTb NPaBUAbHOCTb
NOAK/MOUYEHNA TOKOBbLIX Knellel (T.e. CTPENKM Ha Knelwax HanpaB/ieHbl K Harpyske). Eciv BbluMcneHHoe
Jencteytollee 3HavyeHue cymmbl Bonbwe, yem 0,3% lnom, 3TO paccmaTpuBaeTcs, Kak owubka wm
oTobparkaeTcs 3HaK .
e 3Il: AHanusaTop NpoBepsieT NPaBUAbHOCTb NOAK/IIOYEHMA KNellel Ha OCHOBE MIHOBEHHOM CyMMbl
BCEX TOKOB. B 3aMKHyTOM cucteme apdeKTMBHAA cymMa MIHOBEHHOIO TOKa A0/1XKHa bbITb 6/11M3Ka
K Hynto. lNpoBepKa NpoBOAWUTCA TOJIbKO B TOM Cayyae, ec/n CpefHeKBaZApaTUYHOE 3HayeHue
OAHOro uamepeHHoro Toka npesblwaeT 0,3% lnom. B MU3MepUTENbHbBIX CUCTEMAX C AHAIUTUHECKUM
BK/IIOYEHNEM TOKA lnom M B CUCTEMAX Arona 3Ta NpoBepKa OTK/IOYEHa:
o ¥ —Kneww NoAKNOYEHbI NPAaBUILHO — MTHOBEHHAA CyMMa TOKOB 61M3Ka K HYI0,
o 2 - HeBO3MOXHO NPOBEPUTb MPaBUIbHOCTb CYMMMPOBAHMA TOKOB M3-33 CMLLIKOM MaJibiX
3Ha4YeHM TOKOB,
o X- pacyéTHoe 3¢pdEeKTUBHOE 3HAYE€HMEe MIHOBEHHOW CyMMbl TOKOB npesbliwaeT 0,3% u
npesbiwaeT 25% OT MaKCMMasibHOrO 3HAaYEeHUA BCEX U3MEpPEHHbIX TOKOB. TaKaA cuTyaums
MOXKET BO3HMKHYTb, Hanpumep, Npu obpatHOM NoakAo4eHUn Knewein Ha nposoge N.
® (u: BEKTOPbl HamMpAeHWM — aHaAM3aTop npoBepAeT MNPaBUAbHOCTb YI/IOB  OCHOBHbIX
KOMMOHEHTOB 1 0TOHparkaeT COOTBETCTBYIOLWMIA 3HAYOK:
o ¥ — BEKTOPbl MMeIOT NpaBW/bHbIE YIbl B AnanasoHe +30° OT TEOPETUYECKOTO 3HaYeHUs
ONs PE3UCTUBHOMN HArpy3kM U CUMMETPUYHOM Lenu (B 3-pasHbix cuctemax),
o 2 - HeBo3MOMHO npoBepUTb MNPABWIbHOCTb YINOB W3-32 C/UWKOM MaJIEHbKOTO
[EeNCTBYIOLLEro 3HaYeHUs HanpaxeHus (meHbwe 1% Unom),
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o ¥ - HenpasuAbHble yr/ibl BEKTOPOB. B TPEXPA3HbIX CUCTEMAX 3TOT 3HAYOK OTOBPAXKAETCA B
T.4. B c/lydae o6paTHOM NocneaoBaTeNbHOCTM YepenoBaHMaA a3 HaNpaXKeHUs.
® (: BEKTOPbI TOKOB — NPOBEPAETCA NPABUAbHOCTb YI/10B OCHOBHbIX COCTAB/AIOLLNX BEKTOPOB TOKOB
Mo OTHOLLUEHUIO K BEKTOPaM HanpsxkeHua. OTobparkatoTca 3HaUKu:
o ¥ — BeKTOpbl HaxoaaTca B npegenax +55° OTHOCUMTENbHO YI/I0B, COOTBETCTBYHOLLMUX
BEKTOpaM HanpsxKeHus,
o 2 — HeBO3MOXHO NpoBEpPUTb MPaBUIbHOCTb YI/IOB BEKTOPOB TOKOB M3-33 C/IMLUKOM
ManeHbKOro AeicTBytowero 3HayeHus Tokos (MeHblue 0,3% lnom),
o K — BeKTOpbI HAXOAATCA 3a Npeenamm 4OMNYCTUMOrO AnanasoHa yrios ( +55°),
O --- TMpe oTobpaKaloTcA, Koraa U3MepeHne TOKOB BbIKNHOYEHO B KOHOUIypauuu.
e f:yacrtoTa:
o ¥ —u3mepeHHas YacToTa ceTh HaxoamTcs B guanasoHe from £10%,
o 2- AelcTByloLLee 3HAYEeHMEe HaNPAXKeHMA onopHoW ¢a3bl MeHble, Yem 10 B (aHanusatop
paboTaeT Ha BHYTPEHHEM reHepaTope) UAKn HeT cuHXpoHusaumn GANY (aHrn. PLL),

o - N3MepeHHas YacToTa HaxoauTCA BHe AMana3oHa fnom£10%.

Mpumep Ha puc.5 nsobparkaeT cUTyaLMI0 HENPaBUIbHOTO MOAKNHOYEHUS TOKOBbLIX Knewen (3aMmeHeHbl

MeCTamu KaHanbl I; 1 I3) — 3HAYOK @ YKa3bIBaeT Ha OWMBKY da3 TOKOB.

KkpaH 2/10 (punc.6). Ha HEM npeacTaBieHbl U3MepPEHHbIE AEMCTBYIOLLME 3HAYEHUA HAaNPAXKEHUA U TOKOB
B LENu, a Tak»Ke 4acToTa ceTh. 3HayeHMe 4acToTbl OTOBPAXKAETCA OPaHKEBbIM LLBETOM, MPM OTCYTCTBUM
cuHXpoHusauun DANY (aHrn.PLL) wam ecnm aHanusatop paboTaeT OT BHYTPEHHEro reHepartopa
(Hanpumep, Npu OTCYTCTBUM HanpaKeHus U)

1.80 6B | 20.12.12 11:30:10 | [%..

U1 =2245Y N=22274
uz =2276Y 2= 2839 A
U3 =2280V 13=23374

Unee = 0D.028 V In= 1095 #
I =5000H:
<Z2/9>

Puc.6. 3KkpaH 2/10 ¢ AeACTBYIOWLMMM 3HAYEHUAMWN HAMNPAMKEHWUI 1 TOKOB.

3KpaH 3/10 (puc.7). MoKasbiBaeT aKTUBHblE M PeaKTUBHbIE MOLLHOCTU. MoOLWHOCTU OoTAeNbHbIX ¢a3
nocnegoBatenbHO 0603HaYeHbl Homepamu oT 1 go 3. WToroBble MOLHOCTM OTOOpakawTcs B
nocnegHen ctpoke (ob6osHayeHne P n Q).

1.80 GB | 20.12.12 11:30:09 |»

P1= 4.825 kW 01=929.3 var
P2= 6.301 kW 02= 1.087 kvar
P3= 4981 kW 03= 1.289 kvar
P = 1611 kW 0 =3.307 kvar

Puc.7. 3KkpaH 3/10 ¢ aKTUBHbIMU N PEAKTUBHbIMM MOLLHOCTAMM.
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3KkpaH 4/10 (puc.8). OTobparkaeT nNo/Hble MOLLHOCTM MCKaxeHus (ob6o3HadeHue SN) M MOAHble
MoLLHOCTK (S). Korza BbibpaHO U3mepeHne MOLLHOCTU Mo meToay Budeanu, BMECTO NOSIHOM MOLLHOCTU
MCKaXKeHWIM 0TOBPaXKaeTCs MOLLHOCTb UCKaXKeHul D.

1.80 6B | 20.12.12 11:30:08 |- [%..

SH1= 9846 var  S1= 7617 kVA
SH2= 7783 var  S2=10.04 kVA
SH3= 1.100 kvar  S3= 83.081 kVA
SH =483 kvar S =26.28 kVA

Puc.8. 3KkpaH 4/10 ¢ MOLLHOCTAMM UCKAXKEHWUI U NOMHOW MOLLHOCTbIO.

3KpaH 5/10 (puc.9) oTobparkaeT KO3IPpPUUMEHTbI rAPMOHUYECKUX NCKaxKeHUiA THD ans HanpaskeHusa u
ToKa. KoadpduumeHTbl, NokasaHHble Ha 3TOM M300pa*keHuu, paccyuMTaHbl OTHOCUTE/IbHO OCHOBHOM

COCTaBAsAOLWEN.

1.80 GB | 20.12.12 11:30:07 | [%..

THOUT =3013 % THOI= 17.69 %
THOUZ =2802 % THDIZ= 1147 %
THDU3 =2.885 % THDI3= 1948 %
THOUNee = 18.32 % THIOIN= 184.0 %

Puc.9. 9kpaH 5/10 c KoadpdurumeHTaMU rapMOHUYECKMX UCKaXKeHuit THD.

dKpaH 6/10 (puc.10). NokasaHbl Ko3bdULMeEHTb MoLHOCTM PF 1 tgo.

1.80 GB | 20.12.12 11:30:06 [ [T.
PF1= 0965 tanp1= 0.191
PF2=0.978 tanpZ= 0.169
PF3= 0948 tanp3= 0.255
PF = 0926 tanp = 0.202

<6/9>

Puc.10. 3kpaH 6/10 ¢ KoapduuMeHTaMm MOLLHOCTU U tg.

3KpaH 7/10 (pnc.11). — 370 nNocneaHnin N3 3KPaHOB M3IMEPEHWNI U NPeaCTaBAAeT KPaTKOBPEMEHHbIe U
anutenbHble 0o3bl pankepa Ps U P, Mokasatenb Ps obHoBAsieTcA Karkable 10 MUHYT, a Py Karkaple 2

Yaca.

1.80 GB | 20.12.12 11:30:03 | [%..

Pst1= 4.337 Pit1=- - -
Pst2= 3.269 Pi2= - - -
Pst3= 2.710 Pit3=- - -

Puc.11. 3kpaH 7/10 c nokasatenamm mepuaHua ceeTa.
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3KpaH 8/10 (puc.12) npeacrasaneT caeayoLLyo MHGOPMaLMIO:

(P1[1.78 68| 26.02.14 10:45:10 [» 1.

Start  : 25022014 10:44:44

Stop  :---
Czas : 00d 00h DOm 26s
Zdarzenia: 7

GSM : Gotowy, HSUPA
GPS = :TAK (2D + B)

Puc.12. 3kpaH 8/10

e Bpema Havana nocnegHel 3anylwWeHHOM pPerucTpaumm WaAM BPemsA Hayana cnepylowero
3aN1aHNPOBAHHOIO MHTEPBA/A PETUCTPALMN B PEXMME PETUCTPALLUM MO PAaCNUCAHNIO;

e Bpemsa OKOHYaHMA nocnegHen 3anyLeHHOM perncTpaunmn (ecam perucTpauma yxe MAET, TO
OTOBparKaloTCA YEPTOUKU) UM BPEMS OKOHYAHUA CNeaylollero 3aniaHMpoBaHHOIO MHTepBana
perucTpaunm B pexmme pernctpaummn no pacnmcaHuio;

o [lpoOo/MKUTENbHOCTb  TEKYWEA WAM  y)Ke  3aBepLEHHOM  peructpauum, BO3MOMKHasA
NPOAO/IKUTENbHOCTb MHTEPBANa PErncTpaLmn B perKMme pacnmcaHus;

e  Yucno cobbITMiM, 3aperMcTpMpoBaHHbIX aHAIN3aTOPOM C MOMEHTA 3aMnyCcKa perncrpaumnm;

e CoctosHne cetm GSM. B 3Toil cTpoKe oTobparkalTcA cooblieHMA, KoTopble OTHOCATCA K
TEeKYLLEeMY COCTOAHUIO BCTPOEHHOro mogema GSM:

«BKAOYEHMUE ...»: MOAEM BKOYAETCS;
«MpET nogKAloueHMe K CeTU»: MoAeM pernctpmpyetca B cetn GSM;
«UpET nopgKnoueHne K UHTepHeETY»: MOAEeM aKTMBUPYET YyCayry MakeTHOW nepenaymu
OAHHBIX N PerucTpupyeTca B cetn MIHTepHeT;

o «lortoB, UMTS»: mogem ycnewHo 3apernctpmposanca B cetn GSM n oXXupaet cBA3mM C
KnneHtom. UMTS - 3TO Ha3BaHWe CTaH4ApTa nepefadun AaHHbIX B CETU, BO3SMOXHOCTb
€ro MCNO/Ib30BAHMA 3aBUCUT OT JOCTYMNHOCTM YCAYT B BalleM pPernoHe.

AHANM3aTOP MOXKET 0TOBpParKaTb HAa 3TOM MeCTe U gpyrue coobLeHns, Hanpumep, MHPopmupytoLme 06
0bHapyXeHHbIX olwnbKax: «HeT SIM-KapTbI» - ec/in B /10T He ycTaHoBeHa SIM-kapTa; «HeBepHbiii PIN-
KoAa» - ec/n ucnosb3yembln aHanusatopom PIN-kog 6bin OTKAOHEH SIM-KapTtoii, u T1.4. Bonee
noapobHoe onMcaHne MOXKHO HalTK B pasgene 0 GSM coeanHeHUMN.

e [locneaHAs cTpoka 3kpaHa 8/10 nokasbiBaeT cocToAHWe NpuémHmMKa GPS: ecnn B HacToAWMIA
MOMEHT MPUHUMAETCA MPABUAbHbBIN CUFHAA CO CNyTHUKOB GPS (C BHYTpPeHHeN nau BHelHei
aHTeHHbI), To oTobparkaeTcs cnoso «AA». Ecn curHan He NpUMHMMAeTCs, To oTobparkaeTtcs «Her
CUrHana»;

e TeKywui ypoBeHb curHana GPS;

e WHdopmaumio 06 ycTaHOBKe nosnoxeHus GPS (Haanuce «2D») n/mam npuéme WCTUHHOIO
BpemeHn GPS (cumBon yacos).
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3KpaH 9/10 (puc.13) nossosAeT 6bICTPO MPOBEPUTL OCHOBHbIE MapameTpbl KOHOUIypaumm TOUKM
n3mepeHus:

P1]7.16 6B | 17.01.13 17.00:21 ||t

Typ sieci: 3-fazowy gwiazda z N

Cegi :F=x

fn : 90 Hz
Ln :2300V
In : 3.000 kA

Puc.13. 3kpaH 9/10 c mHdopmaLmen o napameTpax TOHKU U3MEPEHMA.

e Tuncetu;

e Tun TOKOBbIX Kneulei (Ana KoHPUrypaumm c aBTOMaTUHECKUM onpeaesieHMeM TUna TOeoBbIX
Kneuien otobparkaetca AUTO m B ckobKax pacnosHaérca mogdenb Kaewen uam 2.8 cnyyae,
ecnn Bbl He NOAKNYUAN KNELM AN NOAKAYNAN UX HENPABUILHO;

e HommHanbHble 3HAYEeHUA: HanpAaxeHunAa, Anana3doHa U3IMepAemMoro ToOka 1 4actoTbl.

JKpaH 10/10 oTobparkaeT Tekyllee cocToAHWe BecnposogHoro coeamHeHusa Wi-Fi. C nomoulbto 3Toro
3KpaHa No/b30BaTe/ib MOXKET NPoYMTaTh:

P1|1.78 GB | 16.04.14 16:11:49 jomft .

Wi-Fi = : Gotowy

MAC  :00.23.A7.38.2D.08

P : 192.168.100.141 (DHCP)
SSID - WBK

<10/10>

Puc.14. 3kpaH 10/10 c uHbopMaumeit 0 TeKYLLEM COCTOAHUMU noakaodeHna Wi-Fi.

e VYpoBeHb pagumocurHana — CUTHAAU3UPYET 3HAYOK @, rae Konmyectso 3e/IEHbIX MONOCOK

03HayaeT ypoBeHb curHana: ot 0 — oTcyTcTByeT, A0 4 — BbICOKUI (B perKMMe TOYKM A0CTyna
oTobparkatoTcsa 6yksbl AP);

e CocrosiHue coeguHeHun (Fotos, MonyueHue agpeca IP, Mouck cetu);
e MAC-agpec nHtepdeiica Wi-Fi aHanunsartopa;

e |P-agpec, KOTOpbIN MMeeT aHanusaTop B cetn Wi-Fi. Ecnu agpec 6bin NpUcBOEH aBTOMATUYECKM,
TO oTO6paxkaeTcsa Hagnucb «(DHCP)»;

o  WNpeHTndukatop SSID cetn Wi-Fi, K KOTOpOIt NOAKAOYEH aHAM3aATOP.
2.5 Iporpamma «SONEL ANALYSIS»

Mporpamma «SONEL ANALYSIS» — 370 npunoxeHune, Heobxoanmoe ansa paboTbl C aHanM3aTopamm cepun
PQM. OHa no3BosaeT BbINOAHUTD:

e  KoHouUrypaumio aHann3aTopa;
e YTeHWe AaHHbIX U3 perncTpaTopa;
e MOHUTOPUHT CETU B PEXMME PEASIBHOFO BPEMEHU;
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e YpaneHue JaHHbIX U3 aHAAN3aTopa;

e [IpeactaBneHune AaHHbIX B BUAE TabauL,;

e [lpeacraBneHue AaHHbIX B BUAE rPaduKoB (anarpamm);

e AHanu3 fJaHHbIX € ToYKM 3peHua TOCT 32144-2013, cMCTEMHOrO peryampoBaHuMAa U ApYyrux
YCNOBWIA, onpeaensaemblix N0b30BaTENEM;

e Hesasucumyto noanepKKy HECKONIbKUX YCTPOMCTB;

e OO6HOBNEHME [0 CaMOW nocneAHel BepcUMM BCTPOEHHOrO MPOrpammHoro obecneyeHus
(NpownBKKN) aHaNM3aTOPOB M CAMOTr0 NPUNONKEHUS.

MoapobHaa MHCTpYKUMs no paboTe ¢ nporpammol «SONEL ANALYSIS» npuBeseHa B OTAE/IbHOM
AOKyMeHTe (Tak»Ke MOXHO becnnatHo 3arpy3uTb ¢ caiTa npounssogutens http://www.sonel.ru/).

2.6 Coeaunenue c IIK 1 nepegaya JaHHBIX
AHanusaTop NpeaocTaBAseT HECKO/IbKO CNOCob0B 06MeHa AaHHBIMU C KOMMbIOTEPOM:

e [IlpoBogHoe coegmHeHune no USB;

e becnpoBoAHas CBA3b Yepes BCTPOEHHbIN mogem GSM;

e PaauoceAsb ¢ nomollbio 6ecnpoBogHon nepegavm gaHHbix Wi-Fi — KomnbloTep M aHanusaTop
OO/KHbI BbITb NMOAKAOYEHDbI K TOM e ceTn LAN uamM umeTb BO3MOXKHOCTb €BA3KN yepes WAN
(cooTBeTcTBYIOWAn KOHOUIYpaLMA MapLLIPyTU3aTOpa).

CoeanHeHMe ¢ KomnbloTepom (pexkum MK) nozsonser:

e [lepegasaTtb AaHHble, COXPAHEHHbIE B MAaMATK permcTpaTopa:
O BO3MOMXHOCTb CYMUTbIBAHUA JAHHbIX BCEX TOYEK U3MEpPeHUs;
e [IpocmaTpuBaTb NapameTpbl CETU Ha KoOMMbloTepe:
O MrHOBEHHble 3HAaYeHWA TOKa, HaNPAMeHWA, MOLHOCTU U 3HEeprun, CyMmapHble
3HauYeHus ANs BCel CUCTEMDI;
rapMOHWUKKN, UHTEPrapMOHWKN, MOLLHOCTU rapmoHuK, THD, TID;
ACUMMETPUIO;
BEKTOPHbIE AMarpammbl A1A HaNPAXKEHUN;

O O O O

OCLMNIOrPaMMbl TOKA M HaNpPsXKeHUs, 0Tobparkaemble B peXKMMe peasibHOro BpeMeHH;
O BCe OCTa/ibHble U3MepAeMble NapaMeTpbl, He NepeYncieHHble 34€ech.
e KoHdurypaumio aHaM3aTopa, AMCTAHLMOHHDIN 3aMyCcK U NPEKPALLEHUE PErucTpaumun.

MNocne noakntouveHUa K KOMMNbHOTEPY Ha Aucnsiee noAaBnAeTca Haanucb «Nogkntouenmne MNK» n 1N
noAKNHOYEHNA.

Bo Bpems coeamHeHus ¢ MK knasuwm 3a6nokuposatbl, kpome knasuwn & Ecan ananmsatop
paboTaeT C BKAYEHHbIM PEXMMOM BJOKMPOBKM KAaBMaTypbl (Hanpumep, BO BPeMA peructpauuu), To
BCE K/AaBuULWN 3a6710KMPOBaHbI.

[na Toro, 4Tobbl COEANHUTBLCA C aHanM3aTopom Heobxoammo BeecTu ero PIN-kog. Kog no ymonyaHuio
970 000. PIN-KO4 MOXKHO U3MEHUTb C NomolLLbio nporpammbl « SONEL ANALYSIS».

Tpu nonbITkKM BBOAa HenpaBuabHOro PIN-koga 6/10KMpylOT nepegadvy AaHHbIX HAa 10 MuHYT. Tonbko
nocsie aToro BpemeHu byget BO3MOXKHa NOBTOPHAA NOMbITKA BBECTU KOA.
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Ecnn B TedyeHne 30 cekyHA nocne noaxatodeHua K MK He npoucxoguT HUKAKOro obmeHa AaHHbIMuU
MEeXAY aHaNM3aTOPOM W KOMMbIOTEPOM, aHA/AM3aATOP BbLIXOAMT M3 peXuMma nepegavym OaHHbIX WU
3aBepLliaeT NoOAKAIYEHMeE.

YaepskaHue B TedyeHuMe 5 cek Knasul @ Bo3BpauaeT PIN-koa no ymonyaHuio (000).
Ecnv BKAoYEHA 610KMPOBKA K/AaBMATypbl BO Bpems perncrpaumm, To oHa umeeT bonee
& BbICOKMI NMpUOpPUTET (CHayana HyKHO Pa3b/ioKMPOBaTh KNaBuLwM, 4Tobbl 06HYAUTL PIN-KoA4).

Onsa aBapuinHOM pa3b/IOKMPOBKM KNaBMaTypbl YAEPKUBANTE B TEYEHNE 5 CEKYHA KNaBULIn [ STAIT

n @@

EcM ecTb aKTMBHOE MoAK/IoYeHne NtobbiMm M3 cnocob60B KOMMYHUKaLMW, TO HEBO3MOXHa CBA3b C
aHaNM3aTopoMm ApYyrMm cnocobom, Hanpumep, ecan ycTaHoBAEHO coeguHeHue no USB, HEBO3MOMKHO
NOAKMNIOYMTLCA K aHanusatopy no GSM. B Takom c/yyae nporpamma BbIBOAWUT COOBLLEHME, UYTO YyiKe
aKTUBHO Apyroe coeuHeHue.

2.6.1 Ceasspno USB

USB — saBnAetcA NOCTOAHHO AeNCTBYOWMM UHTepbencom M He WMeeT BO3MOXHOCTU CBOEro
OTKAtoYeHUA. [na Toro, 4Tobbl COEAMHUTBLCA C aHANM3aTOPOM, HEOBXOAMMO COeAMHUTL ero Kabenem
USB c kKomnbioTepom (pasbém USB HaxoauTca Ha NneBoit CTeHKe aHanausaTopa M 3allULLEH
YNJOTHUTENbHOM  3arnylwkoi). Ha  KomnbloTepe HeobxoguMMo  NpefBapuTeNbHO  YCTaHOBUTH
nporpammHoe obecneuyeHne «SONEL ANALYSIS» BmecTe ¢ apaliBepamu.

CKopoOCTb Nepeaayun AaHHbIX coctasnseT 921,6 K6UT/c. Kpome TOro, BCTPOEHHbIM CYMTbIBATENb C KapTbl
NamAaTU MO3BONAET 3arpyKaTb JaHHble pPerucTpauMm Cco CKOPOCTblO ropasgo bonblel, 4vem
CTaHAapTHaA. B aTom pexmme aHanmsatop obecnedymBaeT NpAMOM AOCTYN K CBOEM KapTe namaTu, YTo
No3BONAET CUYMTbIBATb AAHHbIE CO CKOPOCTbIO B HECcKoNbko M6uT/c. Bo Bpemsa TaKoro u4teHus
HEBO3MOXXHa HOPMa/ibHAA CBA3b C aHA/IM3ATOPOM, HANPUMEP, NPOCMOTP AAHHbIX B PEXKUME PEASIbHOTO
BpemeHu. [locne CcUUTbIBAaHUA [aHHbIX C  KapTbl NamaTtu, npunoxeHne «SONEL ANALYSIS»
ABTOMATMYECKU NEePEeKIoYaeT aHaAN3aTop U3 pexnuma YTEHWUA B PEKUM CTaHL4APTHOW CBA3M.

B pexume 4TeHMa BCE coAepKMMOe KapTbl NamaTM oTobpaxkaercs Ha MK Kak auck B
ONepaumoHHON cucTeme, YTO MO3BOJIAET MONYYUTb HEOrPaHMYEHHbIW [OCTYyNn K €ero
cogepmumomy. Ytobbl He noBpeanTb GaliNoOBYO CUCTEMY HA KapTe MamMATU M He MOTepATb
XpaHAWMeca Ha Hell gaHHble, HeMb3A CaMOCTOATENbHO BMeLMBaTbCA B GaloBYlO cucTeMy
& (Hanpumep, co3pgaBaTb U COXpPaHATb COBCTBEHHbIE dalinbl UAKU yaanATb Gainbl, 3anncaHHbIe
aHanuszatopom). He ucnonb3yihte gns 3TOM UeAU APYrUX MPOrpPamm, Kpome Mporpammbl
«SONEL ANALYSIS».
Ucnonb3yiTte ceptndmumnpoBaHHble Kabenn USB 2.0 xopollero Kayectsa U A/IMHOM He 6onee 5
M. 3TO MMeeT 0coboe 3HauyeHMe B pexume MNPAMOro AO0CTyna K namatn. PekomeHayetca

ncnonb3oBaTb Kabenb USB, nocTaBnsemblit BMECTe C aHa/IN3aTOPOM.
2.6.2 CBsa3ssb no cetu GSM

BcTpoeHHbIt GSM mogem obecneumBaeT AOCTyn K aHanusatopy w3 awoboro mecta Ha 3emne, rae
aocTynHa cetb GSM. Moaem noaaepknBaeT cTaHAapT nepegaym gaHHbix UMTS HSPA ¢ makcMmanbHoOM
CKOPOCTbO Nepegayn paHHbix 5,76/7,2 M6éut/c (oTnpaska/nosyyeHue). YTobbl Mcnonb3osBaTb 3Ty
BO3MOHOCTb, HEOBXOAMMO YCTAaHOBUTb B C/IOT Ha ODOKOBOM NaHenun aHanusaTopa gencraytouyto SIM-
KapTy.
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SIM-KapTa Ao/mKHa ObITb NOAK/IIOYEHA K C/leAyOWMM BUAAM YCAYT:

e [lakeTHana nepepava AaHHbIX (GPRS);
e 3aperucTpMpoBaHHbIN cTaTUYeckui IP-agpec;

o  dyHKUMA SMS ana oTNpaBKU YBEAOMAEHUI CUTHAIN3ALNMN.

Ona  HacTpoliku SIM-KapTbl M MoAema B aHanu3aTtope Heobxoaumbl chegylowme AaHHble,
npegocrasnAemble NOCTaBLLMKOM YCAYr nepefayn AaHHbIX:

e PIN-Kog ana SIM-KapTbl;

e PUK-kog gns SIM-kapTbl, B cnydae 610KMpoBKM SIM-KapTbl NOC/e HECKOIbKMX MOMbITOK BBOAA
HenpasuabHoro PIN-koaa;

e |P-agpec, npegocTtaBneHHbI SIM-KkapTe (370 gonKeH OblTb CTaTUYECKMIA agpec);

e Nma Touku goctyna APN (aHra. Access point name);

¢ /msA nosib3oBaTens v Naposb (ONUMOHANbHO, KaK NpaBuo, He TpebyeTcs).

Mocne nepsoit ycTaHoBKM SIM-KapTbl aHan3aTop 6yaeT NbiTaTbCs BBECTU NOCAeAHUN BBeAEHHbIN PIN-
KOZ4 WKW KoZ, UCMNOJib3yemblit Mo ymonyaHuto. OBbIYHO TaKas MOMbITKa 3aKaHYMBAeTCA Heyaayeh U
aHanusaTop BblaacT coobuieHne 06 owmnbke B PIN-Koge. [1na Toro, yTobbl BBECTM NPaBU/IbHbIE AAHHbIE,
HeobxoAMMO MNOAK/UYMTLCA K aHanm3aTopy no USB u HacTpouTb coeguHeHue GSM. Mpoueaypa
onucaHa B rnase 2.11.2. Ecnm aHanusaTop HACTPOEH NPaBWUAbHO, TO OH MOMbITAaeTCA COeAUHUTBLCA C
cetbto GSM, a 3atem c ceTbio WMHTepHeT. AHanusaTop 6ypeT Tenepb BuaeH B WHTepHeTe, noA
npeaoctaBneHHblM IP-agpecom, ncnonbsysa nopt 4001 gns BXOAAWMX COEAMHEHWUIN. ITO COeAUHEHUe
MOXeT ObITb YycTaHOBAeHO npunoxeHnem «SONEL ANALYSIS». Ecnm GSM mogem He 6yger
MCMNO/Ib30BaTbCA, €0 MOHO OTKAOUYMTb C MOMOLLbIO Nporpammbl. MNMoapobHee o KoHoUrypauum
aHanunsaTtopa gna ceasm no GSM B rnase 2.11.

2.6.3 BecnpoBojHas cBsA3b 10 Wi-Fi

AHanusaTtopbl PQM-710/711 ocHaleHbl mogynem Wi-Fi, paboTatouiem B ctaHgapte IEEE 802.11 «b/g» u
«N» C O4HOMNOTOYHOM Nepesavent AaHHbIX (TOYKU JOCTyNa C O4HOM aHTEHHOM). 9TO NO3BOAIAET NONYYUTD
YOANEHHDbIN JOCTYN K aHaAu3aTopy C NaaHWweTa (MAn KomnbioTepa). Bo3MOXKHO npsamoe nogKatoyeHue
«NNAHLWeT & aHanusaTop», paboTa B NOKANbHOM CETU UK Yepe3 UHTepHeT.

Bo3moskHa paboTa B OTKPbITON CeTV uam 3awmiéHHomn no ctaHaapty WPA/WPA2-PSK.

B aHanusaTopax c Bepcuei npowmnskn 1.25 nam ctape, moaynb Wi-Fi MoXKeT paboTaTb TONIbKO
& B peXume KaneHTa. AHa/IM3aTopbl, HaYMHas ¢ Bepcun npownskn 1.30 moryT paboTaTtb B ABYX
perKMmax: KNMeHTa 1M ToYKKM goctyna (AP).

Pexxum KaneHTa

B perkMme KAMeHTa aHa/IM3aTop NOAKAOYAETCA K BHELWHEN ToUKe AocTyna. Mocne NogKAoYeHUA K TOUKeE
[0CTyna aHaM3aTop 3anycKaeT cny:Kby cepsepa coeanHeHunit TCP/IP nog ctatuueckum IP-agpecom nam
agpecom, BblaesneHHbIm cepsepom DHCP Touku goctyna. Mopt TCP, ncnonb3yemblii B N10Ka/IbHOW CeTH,
TAKOWM }Ke, KaK 1 Npu NpPsMom nogxatodeHnm - 4002.

CoeanHeHve Cc  aHanauM3atopom 4epe3z  MHTepHeT TpebyeT COOTBETCTBYIOLLEN  HACTPOMKM
AAMUHUCTPATOPOM ceTn mappyTtusatopa Wi-Fi.
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AHanunsaTop, B Npeaenax AOCAraemMoCcTU KOTOPOro He obHapy»KeHa Tpebyemas ToYKa A0OCTyna, ocTaeTcA
B perknume cKaHupoBaHua guanasoHa Wi-Fi 2.4 Tw,.

Pexxnm Toukm gocryna (aHrn. Access Point, AP)

B 3ToM pexuMme aHanM3aTop ABASAETCA TOYKOM AocTyna ANA NIOKanbHOW cetu ¢ umeHem (SSID) u
naposiem, yKasaHHbIM nosb3oBaTesiem. K 3ToM TOYKe AO0CTyNa MOXKHO MOAKAtOYaTb TakMe YCTPOMCTBa,
KaK KOMMblOTEpPbI, NAaHwWeTbl, TenedpoHbl. 1o ymonyaHuio, To4Ka AocTyna paboTaeT Ha KaHane Homep
10. MNpu HeEOHXOAMMOCTU MOKHO M3MEHUTL 3TOT KaHaa Ha APYroi.

MoapobHas nHbopmauma o KoHpurypauum ceasm no Wi-Fi n cnocobax coeguHeHUA ¢ aHaNN3aTOPOM,
HaxoauTcAa B rnase 2.12.

2.7 IIpoBeaeHue U3MepeHUN
2.7.1 Koudwurypanuu usMepeHu

AHanuM3aTop NO3BO/IAET COXPAHUTL YETbIPe MOJIHOCTbIO HE3aBUCUMMbIe U3MepPUTEbHbIE KOHdUTypauuu,
KOTOpble Ha3BaHbl KTOYKAMMU U3MEPEHUNI». HOMEp aKTUBHOM TOUYKN M3MepeHUa oTobparXKaeTcs B 1€BOM
BEPXHEM Yray 3KpaHa B Buae byksbl P v undpbl 1...4.

MpyM 0AHOBPEMEHHOM YAEPKMBAHUWU B TedeHue 1cek. Knasuwu SO oTobpakaeTca aKpaH
BbibOpa TOUYKM n3mepeHus (puc.15).

P1]1.80 6B | 12.11.12 16:57:30 ||t

Wyhor punktu pomiarowego

M P2 P P

A A A A
Puc.15. Bbibop TOUKM U3MepeHUs.

YT106bl BbIGPATh OA4HY M3 YETbIPEX TOUEK CeAyeT HaXKaTb COOTBETCTBYIOLLYHO KNasuily, 0603HaUYeHHYIo
CMMBOJIOM TPEYro/sibHMKa Ha aucnnee:

e [1ns BbI6bOpa TOYKM U3MepeHUs 1 HYKHO BbIBpaTb KNaBuLwy «
e [1nqa BbIOOpPa TOUKM M3MEPEHMA 2 HYXKHO BbIOPaTb KNaBuLLy |
e [1nA BbI6Opa TOUKM M3MEPEHMA 3 HYXKHO BblIOPaTb KNaBuLLy o
e [1nA BbI6Opa TOUKM M3MEPEHMA 4 HY>KHO BbIOPaTb KNaBuLLy L I )

Mocne BblbOpa TOYKM M3IMEPEHUA aHaNU3aToOp MNepexoamuT K OToBpaXkeHMIo BEKTOPHOM Auarpammbl
(3kpaH 1/10) u ocyliecTBaAeT MPOBEPKY MNPaBUAbHOCTU MOAKAOYEHUA K ucciaeayemon cetu. Ecam
obHapy»KeHa ownbKa, To BblAaETCA AJIMHHbIN 3BYKOBOM CUTHa.

Ec/M no/sb30BaTeNb OTKA)KeTCA OT BbI6Opa TOUKM M3MEPEHMA U HE HAXKMET HUKAKOMN Knasulum, Yepes
HECKONbKO CEeKYHA aHaNn3aTop BO3BPaLLAeTCa K npeablayliemMy SKpaHy.

B onpeaeneHHbIX CUTyauMsaX M3MEHWUTb TOYKY M3MEPEHUs HEeBO3MOMKHO. Mo KpaiiHeil mepe, B ABYX
cneayowmx caydanx:
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e AHanu3aTop HaxoAMTCA B MpoOLLecce perucTpauuu; B 3ToM C/aydae otobpakaerca coobuieHue
«NpéT pernctpauuna;

e BbinosnHaeTcs obmeH gaHHbIMKM € KomnbioTepom (no USB, Wi-Fi mam GSM). B atom cayyae

Knasuwn Q n ‘: HEAKTUBHbI.

Monb3oBaTenb MOXeET 334aTb 1060 NPOLEHTHOE COOTHOLLEHUE NAMATU ANA KaXKA0W TOUYKM (Hanpumep,
100% pns nepBoW W OTCYTCTBME APYrMX TOYeK, Man no 25% ana Karkaow Touku). Ecnm gns Kakoi-to
TOYKM U3MEpPEHMA OTBELEHA BCA NAMATb, NPM BblBOPE OCTaIbHbIX Ha AMCNAEE BbIBOAMTCA NONEepeMeHHO
HOMep TOYKM C CMMBOJIOM CMHYCOMAbI, O3HAYalowee, YTO BO3MOXKEH TO/bKO MPOCMOTP MapameTpoB
CeTU B peXUMe peanbHOro BpeMeHHU.

2.7.2 3anyckK 4 OCTaHOBKA perucrpauuu

Echn Ha KapTe namatM B TEKyU.I,El\;I TOYKE U3MeEPEHUNA ecCTb CBO60AHO€ MeCTO, TO MOXHO Ha4daTb
perncrpayunio, HaxXmmaa Knasuily @ W Ha YPOBHE NPUAOKEHNA, eCnn YCTaHOBNIEHO coeanHeHne C
MnK.

Pexknm 3anycKa perMcTpaumnmn 3aBUCKUT OT TOTO, KaK OH HaCTPOEH B KOHOUIYpPaLMM TOYKU M3MEPEHUS.
BO3MOMKHbI TPU peXxnma:

e HemepgneHHblit 3aNycK — perncTpaLma HaUMHAETCA CPA3Y Ke NOoCNe HAXKATUA KNaBULLK.

e 3anyck no obHapyXKeHWo NepBoro cobbITUA — aHAIN3ATOP OXKMUAAET HauaNa perncTpaLmm Ao Tex
nop, Moka OAWH W3 MapameTpPoB KOHOUIypaLMM TOUYKM M3MEPEHUs, MPEBbICUT MOpPOrosoe
3HayYeHne, MHUUMMpytowee cobbiTe. Bo Bpemsa oOXuAaHMA cobbITUA B CTPOKE COCTOSIHMA
aHanun3aTopa oTobparkaeTca HOMepP TOUYKM U3MEPEHUS, NONMePeMeHHO C CUMBOJIOM CK/I0Ha CO
CTPeNKon.

e 3anyck B COOTBETCTBMM C 334aHHbIM BpPeMeHem peructpaumm (no rpaduky). Ha skpaHe 8/9
MOHO MPOBEPUTb, KOr4a 3amnjaHUMpPOBAHO HAYyalo M OKOHYaHWE Cleaylowel perncrpauumu.
OAHOBPEMEHHO B CTPOKE COCTOAHMA OTOBpPArKaeTcd HOMEP TOYKM U3MEPEHUA, NonepemMeHHo ¢
CMMBOJIOM MEeCcOYHbIX YacoB. Eciv Bpema Ans BCEro 3amn/jaHUMPOBAHHONO MO PACMMCAHUIO YyiKe
NpowJ/io, TO PerncTpauma He HAYHETCA M B CTPOKE COCTOSHMA OTOBparkaeTca HOMep TOYKM
NU3MEepPEeHUA, NONEPEMEHHO C CMMBOJIOM CUHycOMAbl (4TO O3HAYaEeT, YTO BO3MOMKEH TOJ/IbKO
NPOCMOTP TEKYLLMX 3HAYEHWIA CETH).

B pexume pernctpaumm, otobparkaemblii B BEPXHEM NEBOM YIAy AUChAEA HOMEP TOUYKU U3MEpPEHUs,
MWraeT OAMH pa3s B CeKyHAy.

OKOH4YaHMe perncTpauunm:

e PyyHaA ocTaHOBKa perncrpaumm npomucxoauT Npu HaXKaTUK Ha CEKYHAY KNaBuLLK @D v na
ypoBHe npunoxenusa lMK.

e Perncrpaums 3aKaHYMBAETCA aBTOMATUYECKM B PEXMME pacnucaHuaA (ecnm ycTaHOBAEHO Bpems
OKOHYaHMSA), B OCTa/JIbHbIX CAy4asaX OHa NPOLOJ/IKAETCA [0 OCTAaHOBKM M0Jib30BaTe/IeEM
(knasuwen €D vanva YPOBHe NpuaoKeHus).

e Peructpauunsa 3akaHYMBaeTCA aBTOMATMYECKM MNPU 3anoJIHEHUM BCero oTBefEéHHOro MecTa Ha
KapTe NamATM ANA OAHHOM TOYKM M3MepeHusa. B 3Tom ciayvae Ha gucniee HOMepP TOYUKM
nsmepeHua byaet oTobparkaTbCa NooYepesHO CO 3HAYKOM CUHYCOUAbI.

e [lucnnen ocCTaércA B MOralleHHOM COCTOAHWM MOC/Ae 3aBeplleHuA perncrpauuu, ecim B
KOHOUIypaLmMm akTUBMPOBAH CRAWMI pexnm. HaxkaTtme ntoboi KnaBuLWK BbI3bIBAET BKAOYEHME
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MHOUKAUMKM M oToBparkeHue nocsegHero 3KpaHa (ecnm He 6bl10 6JIOKMPOBKM KNasww) wuau
TpeboBaHWA BBECTU KOZ A7 Pa3b/OKMPOBKM KAaBUaTypbl (eCin BKAOYEHA BIOKMPOBKA).

2.7.3 KoHdurypauusa perucrpaguu

Mpexae 4Yem noAb30BaTeNb 3aMyCTUT PEruCTPaLMIo, HeobxoaMMO npeaBapUTENbHO HACTPOUTL
BbIOPaAHHYIO TOYKY M3MeEpPEeHMUs TaK, 4Tobbl perncrpaums MNpowna B COOTBETCTBMM C TpPeboBaHMAMM
nonb3osartend. KoOHPUIypupoBaHME OCYLLLECTBIAETCA C MOMOLLbIO NporpammHoro obecneyeHuns «SONEL
ANALYSIS». AHanusaTop nocTaBaseTca € 3aBoga C 0bpasuamu KoHoUrypauuii, Kotopble NofpobHo
OnucaHbl B PyKOBOACTBE NoJib3oBatena nporpammbl « SONEL ANALYSIS».

B uenom, MOXKHO BblAeNINTb TPU Pa3HbIX TUNA perncrpaunmn:

e PerucTtpauma no KoOHPUrypauum nosb3oBaTens.

e PerucTtpauua Ha cooTBeTcTBUe cTaHaapTy (TOCT 32144-2013 unun gpyromy).

e [lyanbHaa perncrpauma, No3BONAIOLWAA BECTU MapasjnesibHoe UsMepeHue no KoHburypaumm
nonb3oBaTena U, He3aBUCUMO OT 3TOro, Ha COOTBETCTBME CTaHAAPTY.

Peructpauma no KoHpurypaumm nonb3osatena Aaét ceoboay Bbibopa NMapamMeTpoB, KOTOPbIE AONXKHbI
6bITb 3aperncTpupoBaHbl. Monb3oBaTeNb YKasbiBaeT TUM CETW, HOMUHANbHble MapamMeTpbl, Bpems
ycpeaHeHus, 3agaéT  napameTtpbl, KOTOpble [A0AXHbl 6biTb  3aperncTpMpoBaHbl, aKTUBUPYET
obHapyXeHue cobbITuii, u T.4.

Perncrpaums Ha cOOTBETCTBME YKa3zaHHOMY CTaHAAapTy No3BoJiAeT cpopmMMpPoBaTh OTYET COOTBETCTBUSA,
KOTOPbIA MCNONb3yeTcA A/A OLEHKM KayecTBa 3/IEKTPOMUTaAHMA B McCaenyemon Touke ceTu. B Gonee
paHHUX BepcuAX NPOLIMBKU aHanu3aTopoB (Bepcua 1.16 MM cTaplie) Nonb3oBaTeslb B 3TOM permme
MOl YyKasaTb perucrtpauuio AONONAHUTENbHbIX MapameTpoB (Kpome Tex, KoTopble TpebyoTca no
BbIOPaHHOMY CTaHAAPTY M BKAKOYAEMbIX aBTOMATUYECKN), O4HAKO Bpema ycpeagHeHUs BCcex NapameTpos
MOrno 6biTb paBHO ToNbKO 10 MUHYT (KaK OCHOBHOe Bpemsa ycpedHeHusa no cTaHaapTy). C Bepcum
npowwusku 1.17, gna nonb3osaTesiell cTana AOCTYNEH HOBbIM CNOCOb perucTpaumm, KOTOpblA OTMEHAET
OrpaHWYeHMe Ha BpPemMs YycpedgHeHMA. ITO O3HayaeT, 4YTO MOJib30BaTe/lb MOMKET aKTUBMPOBATb
perncTpaumio Ha COOTBETCTBME CTaHAAPTYy M OAHOBPEMEHHO Apyrve napameTpbl C APYrMM BpeMeHeM
ycpeaHeHUsa — TO eCTb TaK XKe, KaK AN perncrpaummn nosib3osaTesia. 3TO OTKPbIBAET COBEPLUEHHO HOBbIE
OVNarHOCTUYECKME BO3MOXKHOCTU. B AyanbHOM pernme pernctpaums no ctaHa4apTy NpoBOANUTCA KakK Obl B
$OHOBOM pexMme, COBEPLUEHHO HE3aBUCUMO.

EAMHCTBEHHOE WCKAOYeHWe (OorpaHMyeHMe) NO OTHOWEHUID K pernctpauum no KoHdurypauuu
nosb3oBatens — 3T0 ONOKUPOBKA M3MEHEHWA MOPOroB OOHapy)KeHUA COObITUIA MO HANPAXKEHWUIO
(npoBan, Bo3pacTaHue, NpepbIBaHUE), N3-3a CTPOIrMX TPEOOBAHUIN K TaKUM COOLITUAM, COAEPKALLUXCA B
CTaHpapTax. 3TM cobbITUA BCErAa BKAOYEHbI HE MOTYT ObITb AE€aKTUBMPOBAHDI.

[pyroe BO3MOXKHOE UCKIOUYEHUE MOABAAETCA NPU Bblbope CTaHAapToB, Tpebyowmx pernctpaumm RVC
(Hanpumep, TOCT 32144-2013). B Takom cnyyae nopor obHapy»eHua RVC 3aaaH B npodune ctaHaapTa
W ero Hesb3A U3MEHUTb B KOHPUrypauum noab3oBaTens.

B cnyyae, ecam nNonb3oBaTeNto HY)KHA TOIbKO PerMcTpaLmsa Ha COOTBETCTBME CTAHAAPTY U OH He XOYeT,
yTobbl aHanM3aToOp AONOJHWTENbHO PErnMcCTPMPOBaAA ApyrMe napameTpbl (TEM cambiM yBenMuYMBan
06beM HEHY)KHOM 3aNUCKU AaHHbIX), cneayeT BbIKAUYNTL (B KOHGUrypaLmm) Bce apyrue napamerpbl U,
BO3MOKHO, Bbl6bpaTb Haubosbluee Bpems ycpeaHEHUs U3 CNUcKa (Jarke ecnu napameTpbl byayT
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PerucTpmMpoBaTbhCs, TO 3alMMYT OTHOCUTE/IBHO MaJlo MecTa); O4HAKO 3TO HE YYUTbIBAET COOLITUA, MO3TOMY

NydYWwnm pelleHmnem 6YLI,ET BbIK/TlOYEHNE PETNCTPAUNUN HEHYXKHbIX MapaMeTpoB.

2.7.4 Ilpu6au3uTe/IbHOE BpeMs perucTpanumn

MakcmmanbHoe Bpema perncrpaumnm 3aBnNCUT OT MHOTUX d)aKTOpOB, TAaKUX KaK: pa3mep BblaeneHHOro

MeCTa Ha KapTe namATh, BpemAa ycpeagHeHWUA, TUN CeTU, KOJIMYECTBO PEerncTtpupyemsbix napameTpos,

3anucb OCUMANOTPamM U OBHapyKeHWe CoBbITUA, a TaKkKe OT CaMuMX MOopPoros cobbiTWt. HekoTopble

BblOpaHHble KOHOUIypaunn npueeseHsbl B Tabavue. B nocnegHel KOMIOHKe yKa3aHo NpubamMsutenbHoe

Bpema perncrtpauunm, Korga Ha TO4Ky nUamepeHumAa eblaeneHo 2Tb CBO6OAHOFO MeCTa Ha KapTe NamAaTu.

MpuBeaéHHbIE NPUMepPbl KOHOUIYpPaLMii NpeanonaratoT nsmepeHune HanpskeHma N-PE v Toka IN.

MpubansnTenbHOE BPEMS PErMCTPaLNmM ANA HECKONbKUX MPUMEPOB KOHPUTypauum

Tun
Tun cetn MpubansntenbHoe
KOHOUrypaumm/ Ocumnnorpammbl
MNepuog, (akTnBHOE Ocumnnorpammbl Bpemsa permcrpaumm
pernctpmpyemoie CobbITnA . no nepuoay .
ycpeaHeHus n3mepeHue cobbITuI coenHenms npu oTBeAEHHOM
napametpel TOKOB) ycpea mecTe 2 b
Mo 3-¢pasHan ® (1000 .
1 1
rOCT 32144-2013 | 10MHYT 38e34a cobrmui) | * (1000 cobermvii) 60 ner
n
o npodunto 3-dasHan 5
«Hanps»eHua un 1 cekyHaa 270 gHen
3Be3ga
TOKU»
n
o npodunto 3-pasHan
«HanpskeHua un 1 cekyHAa U 4 pHA
3Be3ga
TOKU»
n
o npodunto 3-¢asHan
«MowHoCTUN n 1 cekyHaa 23 gHA
3Be3ga
rapMOHMKN»
fo npogunio 3-dasnan * (1000
«MouwHoct n 1 cekyHpaa ~. | ® (1000 cobbiTuit) 22,5 pHa
3Be3ga cobbITunin)
rapMOHMKN»
BkatoueHbl Bce
3-¢asHasn
BO3MOXHble 10 MuUHyT 4 ropa
3Be3ga
napametpbl
BkntoyeHbl Bce
3-¢asHan o
BO3MOXHble 10 cekyHp, 25 gHen
3Be3ga
napametpbl
BkntoueHbl Bce
BO3MOXHble 10 cekyHp, 1-¢pasHan 64 pHA
napametpbl
B:Q;o;c?:(l:b?ze 10 cekyH 1-dpasHan * (1000 © (1000 cobbiTnin) . 14,5 gHAa
YhA cobbITHIA) A
napametpbl

2.8 H3MepuTesIbHbIE CUCTEMBI

AHaﬂM3aTOp MOXHO HenocpeaCcrBeHHO NOAKNKYNTDL K Chegyrowmm TUnam CeTu:

e OpaHoodaszHas (puc.16);

e C pacwennéHHon dason (aByxdasHan) (c pasgenéHHon obMoTKoMn TpaHchopmaTopa, aHrA. split
phase) (puc.17);

e TpéxdasHan («3Be3ga» c HeilTpanbio) (puc.18);
e TpéxdasHan («3Be34a» C U30/IMPOBAHHOM HelTpasnblo) (puc.19);

o TpéxdasHasa («TpeyronbHUK») (puc.20).
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B ceTtAx cpeaHEro HanpaMKeHWMA BO3MOMHbI M3MEpeHUA C  WCMNO/b30BaHUEM WU3MEPUTENbHbIX
TpaHchopMaTopoOB:

e (Cxema "3Be3ga" (puc.23);
e Cxema "TpeyronbHuk" (puc.24).

B TPEXNPOBOAHbIX CUCTEMAX BO3MOMEH 3aMep TOKOB MeToA0M ApPOHa, C MCNO/Ib30BaHNEM TOJIbKO ABYX
KNewen, M3MepalwWwmx AuHenHble TOKM |1 M li3. 3HauyeHWe e TOoKa I BbIUMCAAETCA COrnacHo
3aBUCMMOCTMU:

Iy = —111 — 113

3TOT MeTOoA, MOXKHO MCNO/Ib30BaTh B C/Iy4ae CUCTEMbI TUMNA «TPEYroJibHUK» (puc.21 un puc.24) n «3sesga»
6e3 HelTpanbHOro nposoaa (puc.22).

Onsa paboTbl B cUCTEMaX 3/IEKTPOCHABMKEHMA C W30/IMPOBAHHOM HenTpasblo HeobxogMmo

& noakntountb Bxod N K Knemme L3 uccneayemon cetn. B Takux cuctemax He Tpebyetca
nogKnoyatb BXo4 L3 aHanusatopa K afekTpuyeckon cetu. Mpu M3MepeHWM napameTpos
nepexogHbIx npoueccos noakatoveHnm exoaa L3 OBA3ATE/ILHO.

B ceTax c HeWTpanbHbIM MPOBOAOM MOMKHO AOMNONAHUTENBHO MPOU3BECTM M3MEPEHME TOKA B 3TOM
npoBoZie MNoc/jie MOAKAYEHUA AOMNONHUTENbHbIX KAelleh K Bxoay In. ITO M3mepeHue BbiNnoHAeTCA
noc/sie BKAOYEHUA B KOHPUIYpaLMIO TOUKM M3MepeHma onummn «U3mepeHune ToKa B HEUTPaAuU».

ANbTepHaTMBON [ANA UM3MepeHMA TOoKa Iy € nomoLbl Kaelel ABNAETCA BblYMCAEHME TOKa B
HeWTPasibHOM MPOBOAE aAHANMTUYECKMM METOLOM. AHanM3aTop LAET TaKyld BO3MOXKHOCTb Noc/e
Bblbopa onunun «PacyéT Toka B HEUTpanu». TOK B HETPaAKM paccunTbiBaeTca No Gopmynam:

e [y =—I;41,81-bazHoin cetn;
o [y=—I4—1I,,82-ba3Holi ceTu;
o [y=-I}1 — 15 — I3, 83-pasHoli ceTn TMNa «3Be3ga» ¢ HeilTpanbio N.

YKa3zaHHble 3aBUCUMOCTU ABASIOTCA UCTUHHbBIMM NPU YCNOBUKN HYNEBOrO TOKa B 3alMTHOM nposoae PE.
B TMNMWYHbBIX CUTYaLMAX STOT TOK, AENCTBUTENbHO, NPeHEbPEeXNTENbHO MaJl, O4HAKO c/iesyeT NOMHUTD,
YTO B aBaAPUIMHbIX CUTyaUUAX (Hanpumep, NPU KOPOTKOM 3aMblKaHMM B LLeNU A0 MOMEHTa cpabaTbiBaHMA
3aWmThl) TOK B npoBoae PE MOMeT AoCTUraTb 3HAUMTENbHOW BENYMHbLI; TEM CaMbiM PacCYUTaHHOE
3HayYeHue ToKa Iy bygeTt oTiMyaTbes OT GaKTUYECKOTO.

[OnsA NpaBUIbHOTO BbIYMCAEHMUA NMOJIHOM MOLLHOCTU Se, a TaKXKe KoadduumeHta mowHoctn PF B
TpéxdasHol 4-x NPOBOAHOM ceTn 0653aTeNIbHO U3MEPEHNE TOKa B HEMTPAIbHOM NPOBOAHMKE.
& B Takom cnyyae HeobxoaAMmMo Bcerga BKAOYATb onuuio «M3mepeHne TOKa B HeUTpanu» wm
nogKAunTb 4 uamepuTenbHbix Knewen (puc.18). [dpyras BO3MOMKHOCTb — 3TO BKJ/OYEHUE
OMUMMN aHA/IUTUYECKOrO pacyéTa ToKa .

B cnyyae ceteit ¢ Hannumem nposogoB PE M N (3a3emnsaloWMin M HEUTPasibHbIM) BO3MOMXKHO TaKKe
nsmepeHue HanpaxeHma N-PE. C aTo uenbio HeobxoaAMMO MNOAKAYMTL NpoBoAHUMK PE K Bxoay
HanpsaxkeHua PE aHanusaTopa. [ono/HUTENbHO B KOHOUIypaLMM TOUYKU M3IMEPEHUA HYKHO BbibpaTb
onuuto «HanpsaxeHune N-PE».

Heobxoammo o6paTuTb BHMMaHWE Ha Gpa3nMpoBKy Knellen (rMbKkux n obbiuHbIX). Knewm HeobxoaMmo Tak
YCTaHOBMUTb, 4TOBbI CTpesiKa, HaXxo4ALWanACA Ha Knellax, coBnaaana C HanpasiaeHuem Toka. Mposeputb
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NPaBWUAbHOCTb YCTAHOBKM K/ELLEeH MOXKHO NMyTeM M3MEPEHUA aKTUBHOM MOLLHOCTM — B HOJ/IbLUMHCTBE
TUNOB MACCMBHbIX MPUEMHMKOB, aAKTMBHAA MOLLHOCTb MMEET MOJIOKUTENbHbIN 3HaK. M3meHuUTb
NONIAPHOCTb MOMKHO KaK HenocpefCTBEHHO NEPEnoOAKAOYMB TOKOBbIE K/ELWM, TaK U C MOMOLLBIO
nporpammuoro obecrneyeHna «SONEL ANALYSIS».

mmrga TpebyeTca M3MepeHWe NepexofHblX XapaKTePUCTUK, cnepyeT obpaTUTb BHUMAHWE Ha
baKT, YTO aHaNM3aToOpP U3MepAEeT UX OTHOCMTENbHO Bxoga PE. Mo3Tomy B Takux ciydasx Heobxogumo
Bcerga obecneuntb coegmHeHue Bxoga PE aHanv3atopa ¢ MecCTHbIM 3a3emsieHMem. 3TO 3ameyaHue
KacaeTca Bcex TMMOB ceTu. lNpu OTKAYeHHOM nposoge PE HEBO3MOXHO MPOM3BECTM M3MEpPEHUA
nepexoaHblX npoueccoB. B TpéxdasHbIX cUCTEMAX C U30/IMPOBAHHOM HEWUTpanblo, ANA 0OHapyKeHUs
nepexoLHbiX XapaKTePUCTUK, HEOHXO4MMO NOAKNOUYNTL BXOA L3 K nccnegyemom cetu.

HuskenpuseEHHbIE PUCYHKM CXEMATUYECKU WJIIOCTPUPYIOT Crocobbl NOAKNIOYEHUA aHanusatopa K
nccneayemoli cetm B 3aBUCMMOCTU OT eé Tuna.

3HaukwM, ncnonb3dyemble Ha PUCYHKaX ANA JONO/THUTENIbHbIX COG,D,MHEHVII\;L MMEKT chegyruee sHa4yeHne:

ecnu Tpebyetca uameputb HanpaxeHue Un.pe, TO HEOBXOAMMO BbINOAHUTL COEAUHEHME Ha
cxeme, 0603Ha4YeHHOe 3TUM 3HaYKoM (noakatounTb Bxoa PE K 3awimuTHOMy nposoay);

v ] ecnn Tpebyetca u3MepUTb TOK Iy, TO HEOBXOAMMO BbIMOMHUTL COEAUHEHUE Ha CXEME,
0603HaYeHHoe 3TUM 3HAYKOM (MOAKNOUUTL KNnelm B KaHane ly);

O U3MEPEHMA NepexoaHblX XapaKTepUCTMK HeobXOAMMO BbINOJHUTL COEAMHEHME Ha
cxeme, 0603HaYeHHOE 3TUM 3HAUYKOM (NOAKNHYMUTL BXOA PE K MECTHOMY 3a3eM/IeHUI0 UK
3alMTHOMY NPOBOAY M BXOA, HanpaxeHua L3 B 3aBUCUMMOCTM OT TUMNA CXEMb).
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Puc.16. Cxema nogkntoyeHua — ogHodasHas ceTb.
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Puc.18. Cxema noakntoueHmn — TpéxcdasHasna ceTb "38e34a" ¢ HelTpanbHbIM MPOBOLOM.
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Puc.19. Cxema noakntoveHma — TpéxdasHan ceTb "38e34a" € MU30IMPOBAHHOM HENTPaANbIO.
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Puc.20. Cxema nogkntoyeHua — TpéxdasHas ceTb "TpeyronbHuK".
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Puc.21. Cxema noakntoueHma — TpéxdasHas ceTb "TpeyronbHUK" (M3mepeHne Toka metToaom ApoHa).

Bxonel N0 HanpAxkeHWo  Bxogel No Toky

Puc.22. Cxema nogkntoveHma — TpéxdasHas ceTb "38e343" ¢ MU30NIMPOBAHHOW HENTPANbIO
(n3mepeHne Toka metToaom ApoHa)
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Puc.23. Cxema noakntoveHMa — ceTb € TPaHCPopmaTopamm.
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Puc.24. Cxema noaknoyeHma — KocBeHHoe namepeHume SN B TpéxdasHon ceTn "TpeyronbHuK"

YacToTHbIV AMana3oH nepefaydn TPaHcHOPMATOpPOB O6bIYHO O4YeHb HebOo/bLIOW, NOo3TOMYy
BbICOKOYACTOTHbIE CETEBbIE MOMEXWM, TaKMe KaK, Hanpumep, NepeHanpsxKeHusa OT paspsaLos
& MOJIHUWN, B 3HAYUTE/IbHOW CTEMEHW MOAABAAKOTCA UM WMCKaMKaloTCA Ha BTOPUYHOMN CTOPOHE
TpaHcopmaTtopa. ITO HEobXOAMMO YYWUTLIBATb MPU MCMONbL30BAHUU GYHKUUKU M3MEpPEeHUs

nepexoAHbIX NPOLLECCOB B KOHOUIypaumax ¢ TpaHchopmaTopamu.

2.9 IlyckoBou TOK

dyHKUMA NO3BO/IAET M0/1b30BATE/IIO 3aMMCbIBaTb NoAynepuoandeckme sHadedmsa (RMS %) HanpsaxeHusa u
TOKa [0 Tex nop, Noka NamaTb U3mepeHuii He ByaeT 3anonHeHa (npuba. Ase Heaenu 3anucu Ha 2 b
namaTtu). Monb30BaTe/lb MOXET OCTaHOBUTbL 3anuch B at0boe Bpems. MNepes M3MepeHUem ycTaHoBuUTe
BPEMA arpernpoBaHnaA Ha % nepuoga. pyrve HacTPOMKM U MEXaHU3Mbl U3SMEPEHMA HE OrPaHMUYEHbI.

BTopoii cnocob namepeHus NMyCKOBOTO TOKA - YCTAaHOBUTL A/l TEKYLLEro cobbITUs BbibpaHHOE TeKyLlee
3HaueHue (B Sonel Analysis Bbi6epute TOK = OCHOBHbLIE - PETMCTPUPOBATb COBbITUA). Mocne
NPeBbIlWeHNA YCTaHOBNEHHOrO 3HaYyeHWA TOKa aHanusaTop 3anuweTt dopmy curHana (4o 1 cek.) wu
rpaduk nonynepmognyecknx sHayeHmin RMSY% (oo 30 cek.)
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2.10 [IpuMep UCNOJIb30BAHUA

Mpoueaypa, npeactaBieHHana HUXKe, MOKa3biBaeT, Kak C NOMOLLbIO aHa/IN3aTOpPa MOKHO BbIMOJHUTL
NPUMeEPHOE M3MEPEHME, LAl 3a LWArom: OT NOAKAOYEHUs 40 POPMMPOBAHUA OTYETA M3MEPEHUI. ITO
No3BoJIAET ObICTPO MO3HAKOMWUTLCA C OCHOBHbIMM GYHKLMAMM aHanmsatopa M nporpammbl «SONEL
ANALYSIS». Mpeanonaraetca, 4to nporpammHoe obecnedeHne «SONEL ANALYSIS» yrKe ycTaHOBAEHO.
[aHHbIA Npumep npeanosaraeT UCNONb30BaHWE aHanusaTopa PQM-711. B cnyyae vcnonb3oBaHuA
aHaNN3aTopOB, KOTOPble He NO3BOAIOT U3MEPATb NepexoiHble NpoLecchl, NPONyCcTUTE 3T NapameTpbl.

CueHapuii: 1-¢pasHoe U3MepeHne B COOTBETCTBUU C KOHUrypaumeii nonb3osatens.

CueHapuil U3MepeHua, CAeayloWmnin: Noab30BaTelb XOYET U3MEPUTb NapaMeTpbl HanpsKeHuAa B 1-
¢dasHoi cetn Ha 230 B, 50 ly. MsmepeHue AOMKHO ObiTb BbINOJAHEHO C 1-CEKYHAHbIM yCpeaHEeHUEeM.
[oMXKHbI 6bITb 3aPErMCTPMPOBaHbI CiegytoLlmne napameTpbl:

e CpeaHue 3HayeHuMA HanpsaKeHuaA, KTW (THD) 1 rapmoHUKK;

e YacToTa ceTu;

e OnpepgeneHune cobbITUI NO HANPAXKEHUIO AOIKHO ObiTb BK/IKOYEHO M YCTAHOB/NIEHO Ha YpPOBHE,
cootBeTcTBEHHO: 105% Unhom AnA npesbiweHna, 95% Unom AnA npoBana, 10% Unom ANA
npepbiBaHMA. B MomeHT obHapyXeHus cobbiTa Ao/KHa ObiTb 3anMcaHa ocuuiorpamma u
curHan RMS %;

e BkntoyeHo obHapyrKeHMe cobbITMIA MO n3meHeHuto Gopmbl ormbatoLLeit, a Nopnor ycTaHoB/EeH
Ha pasHuuy 10%, Bpema NPUOCTaHOBKU perncTpaumnm gna nocaenyowmx cobbituii ycTaHoOBAEHO
Ha 5 cek.;

e BkntoyeHo obHapyXKeHue cobbITUit Npu M3meHeHUn Gpa3oBoro yraa c noporom 10°%;

e XapaKTepUCTUKM MNepexofHbiXx MNPOLECcCOB AO0NXKHbl OblTb BKAOYEHbI HA MWHUMAJbHO
BO3MOXXHOM Npegene HanpsxeHua 50 B (HacTpolika ¢ Hanmbo/blUen YyBCTBUTENLHOCTbIO) U C
yactoton Auckpetmsaumm 10 My, [HdonKHa ObiTb BK/AOYEHA pernctpaumns rpadumkos
nepexoaHbIX NPOLLECCOB.

Mocne usmepeHua cneayeT Co3AaTb BpPeMeHHble rpaduKkM (Anarpammbl) U3mepseMbiX NapameTpoB U
chopmmpoBaTb NPUMEPHbIA OTYET M3mepeHus. [aHHble HeobXoAMMO COXPaHUTb ANA AanbHeilwero
aHanusa.

MerTog npoBeAeHUA U3SMmepeHuin:

War 1: MNoaknoueHne aHanM3aTopa K Uccaeayemon CeTM HeobXxogMmo BbIMOSHUTL B COOTBETCTBUM C
puc.16. Heobxoammo npucoeanHuts Bxoabl L1, N u PE (NOCKONbKY W3MepATCA nNepexoiHbie
XapaKTEPUCTMKKN). Knewm nopgKaloyaTb He HYXKHO, ecin He TpebyeTcs mM3mepeHWe TOKOB. MuTaHue
aHanuM3aTopa (KpacHble NPoBOAA) TAKXKE MOXKHO MOAKAUYUTL K UCCAeAyeMON CeTu ANA TOro, YTobbl
aHanM3aTop He paboTan Ha MUTAHUKU OT aKKYMyATOpPa U He BbIKIIOYMACA U3-3a paspasa baTapeu.

LLar 2: BkAounTe aHaAn3aTop KnasuLien @ s Ancnnee goMKeH noABMTbCA 3KpaH 1/9 (puc.5).

War 3: 3anyctute nporpammy «SONEL ANALYSIS». MoacoeauHute USB Kabenb OT aHanusatopa K
KomnbtoTepy. Ecnm aTo nepsoe noAkNOvYeHME, TO HeEOOXO4MMO [A0XKAATbCA YCTAHOBKU ApaiBepos

aHann3aTopa.
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War 4a: Ecan nocne 3anycka nporpammbl «SONEL ANALYSIS» oTobpakaeTca CTapToBOe OKHO, TO
HeobxogmMmo BblIbpaTb NyHKT «KoHpurypauma wu Peructpaumua», a 3atem «PacwumpeHHasn
KOHdUrypaumsa aHanmsaTopa» 1 nepenTu K wary 4c (Huxe).

War 4b: Ecnv CraptoBoe OKHO He MOABMAOCHb, HEobXoAMMO HaxaTb KHOMKY «KoH¢urypauusa
aHanM3aTopa» Ha naHenn UHCTpymeHTos «SONEL ANALYSIS» nnu BbibpaTh B MeHIi0 «AHanusaTtop» >
«KoHourypauua». B oTobpasuBwemcs OKHe cneayeT BblbpaTbh «PaclumpeHHas KoHurypauus
aHanusaropa».

War 4c: OTto6pasnTca OKHO C AeTaNbHbIMW HAacTPOMKaMKM aHanusaTopa. B HEM Heob6x0AMMO HaxKaTb
KHOMKY «MoAyunTb HACTPOMKM». ITO BbI3OBET CYMTbIBAHME TEKyLLEW KOHPUrypaumm n3MepuTeNbHbIX
TOYEK, COXPAHEHHbIX B aHaM3aTope.

War 5 (HeobssatenbHbii): Ecnv aHanusaTop He Obln paHee cBfA3aH C MpUAOXKeHMem (cTaTtyc
«OTKNIOUEH» HA HUXKHeN naHenn okHa «SONEL ANALYSIS» n306pa*kéH KpacHbIM LBETOM), WENYOoK
MbILLbIO 3aKMadKkM «OTBETUTbY NPMBEAET K BbI30BY OKHA MOAKAOYEHUS K aHaAnM3aTopy. B aTom OKHe
[O/IKEH MOABUTBCA OAWH HaMAEHHbIA aHanAu3aTop (ecniM 3To He Tak, NonpobyiTe HaxaTb KHOMKY
«HoBbIi NOUCK»). BblbepuTe HaliAeHbI aHaAN3aTop, ABAXKAbI WENKHYB HA HEM KHOMKOM MblwK. Ecan
aHanusatop ewé He b6bin gobasneH B 6a3y aHa/M3aTOPOB MNPOrpammbl, TO OTOOPA3UTCA OKHO C
3anpocom o BBoge PIN-koga aHanusatopa. 3aBOACKOM Kog No ymondaHutio «000». YcnewHoe
coegMHEHME MNOATBEPXKAAETCHS OKHOM C Hagnucbio «CoeguHeHMe YCTAHOBAEHO» (Ha Aucnnee
aHanun3aTopa oTobparkaercsa coobuweHne «MogkntoueHme K NK (USB)».

War 6: 3atem nosasutca cooblieHne ¢ npocbboit NoATBEpPAMTb CYMTbIBAHME NapameTpoB. Haxmwute
KHOMKY «OK» 1 Tak e B NoATBEpP:KAaloWEM CYMUTbIBAHUE OKHe - «OK». Tem cambiM HAcTPOMKKM Bcex
YeTbIPEX TOYEK U3MEPEHUA BblaM NPOYMTaHbl NPUIOKEHMEM UX MOXKHO NPOCMOTPETb U U3MEHWUTb B
OKHe «KoHurypauua».

War 7: MMposepka pacnpefeneHna namatn. B nesol BepxHel 4acTm OKHa «KoHdurypauma»
pacnonoeHa naHenb «JlokanbHO». MepBblit NYHKT B naHenn — 370 «lapameTpbl aHanusatopa». B
OCHOBHOM 4YacTW OKHa oTobpakaeTcs ofHa M3 Tpéx BKNafok (Tun aHanusatopa, PacnpepeneHue
namaty, CuHxpoHusaumua GPS). Ha Bknagke «PacnpegeneHne namaTm» Hy»KHO yb6eamuTbca B TOM, UTO
ONA TOYKN M3MepeHuss Homep 1 xBaTUT BblgeneHHoro mecta (nNo ymonyanuto 25%). Ecam mecra
Bblge/1eHO Mano WAM YCTaHOBAEHO 3HavyeHue 0%, To b6eryHkamm HeobxoAMMO, COOTBETCTBYHOLLUM
06pasom, U3MEHUTb pacnpeseneHne NnamaTu.

War 8: M3ameHeHWe KOHOUrypauum ToukM mamepeHma Homep 1. KoHuUrypauuio TOUKM M3MepeHuA
Homep 1 cnesyeT U3MEHUTb B COOTBETCTBMM C BblllEeYKa3aHHbIM CueHapuem. HeobxoanMMo WenKHYTb
MbIWbI HA MNYHKT B naHenn «JlokanbHo: KoHpurypauma 1», 4ytobbl M3MEHUTb HACTPOMKM TOYUKWU U
pa3BepHyTb [JAEepeBO NapameTpoB 3TOM TOYKMU (ABOWMHOWM wWeNYoKk cTpokn «KoHdurypauma 1»
aBTOMaTMYECKM PACKPbIBAET APEBOBUAHOE MeHIO). Mocne packpbITUA A0AXKHbI 6bITb BUAHbI Cieayolme
nosnumun: CraHgapt, HanpaxxeHue, Tok, MowHoOCTb U aHeprua, FapmoHukn, UHTeprapmoHuKM.
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Puc.25. OcHoBHble HacTponKkn KoHourypaumum 1.

Y106bl M3MEHWUTb OCHOBHbIE HAaCTPOMKM TOYKU M3IMepeHua HeobxoaMmo Ha naHenn «JloKanbHO»
WENKHYTb 0A4MH pa3 Ha no3nuumn «KoHdurypauma 1». dKkpaH A0/KEH UMETb BUA, KaK Ha puc.25.

YcTaHOBUTE NocnefoBaTebHO 3HAaYEHUA:

e OpgHodasHbIV TUN ceTu (anemeHT EB Ha puc.25);

o HommnHanbHOe HanpsaxKeHue ceTu 230/400 B;

e Yactoty cetn EH 50 'y,

e [epuopg ycpeaHeHus BB Ha 1 cek.;

e MrHoBeHHbIN 3anyck EX;

e [uctepesnc o6HapyKeHns cobblTni Ha 1,5%;

e  TuN TOKOBbIX KNeLen YCTaHOBUTE Ha nosuumio «Her»;

e TpaHcdopmaTopbl Hanps:keHuna EB u «HanpaxeHue N-PE» (B pasgene «[ononHuTenbHble
nsmepeHua» Ell) ocTaBUTb HE OTMEYEHHbIMMU.

B BepxHei YacTM OKHa MOXKHO BblbpaTb APYryto BKNAAKY «[0NONHUTENbHbIE», Ha KOTOPOK MON3YHKaMMU
MOXHO YCTaHOBWUTb Tpebyemoe Bpems 3anucu ocuunorpamm u RMSY% pna cobbituii 1 Bpems
pervcTpaumnmn rpadMKoB nepexoaHbix NPOLEeccoB. TN Nepuoabl BPEMEHN AOKHbI ObiTb YCTAHOBAEHbI B
COOTBETCTBUUN C UHANBUNAYA/NbHBIMU NMPeanOYTEHUAMMU.
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3atem cneayet BbibpaTb B AepeBe HAaCTPOEK TOUYKM U3mMepeHna nosnumio «CTaHaapT» 1 ybeamutbea, UTo
none «Perucrpauma no CTaHAAPTY» He OTMEYEHO, ec/iM HHe TpebyeTca napannenbHas pervcrpaums
napameTpoB A/ OTYETA Ha COOTBETCTBME CTaHAAPTY.

B ctpoke «HanpsaxkeHune» v BknaaKke « OCHOBHbIE» YCTAHOBUTE NapaMeTpbl B COOTBETCTBUM C puC.26.
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Puc.26. HacTpoiku cTpokun «HanpskeHue no cueHapmio 1».

Bo BKnagke «lonosHUTENbHbIE» HYXHO OTMETUTb TOJIbKO CpefHue 3HayeHuA AN1A 4acToTbl, a
OCTa/ibHble NONA OCTaBUTb HE OTMEYEeHHbIMW.

Ha Bknaakax «FapmoHUKU» 1 « HanpsaXeHUaA» HY»KHO OTMETUTb NoAA AN cpeaHux 3HadeHun KM (THD)
MO HaNPAMEHU0 N aMNAUTY rapMOHUK HaNPAXKEHWUA, a OCTasibHble NOAA OCTaBUTb HE OTMEYEHHbIMU.
Bbibop 13 cnncka « THD pacyér c» MOXKHO cAenaTb No CO6CTBEHHOMY YCMOTPEHMUIO.

B cTpoke «WHTeprapmoHUKM» M BKnagKkax «Hanpsa)eHue» u «CUrHanbl ynpaBaeHua» yganute
OTMETKMU BCEX NoJien.

LWar 9: HacTpoikn ansa TOYKM M3mepeHus Bblain NoAroTOB/EHbl NpaBuabHO. Chepylowmii war — 3710
OTMpaBKa 3TON KOHUrypauum B aHanusatop. Kapta namatm 6yget otdopmaTvpoBaHa. [na 3atoro
WENKHUTE KHOMKY «OTnpaBuTb». B nossusliemMcA OKHe HeobXxoAMMO MOATBEPAUTL YAadNeHWe BCex
OAHHbIX Ha KapTe NamATM aHanM3aTopa U OTNPaBKy HOBOM KoHUrypauum. B cnyyae ycnexa nosButcs
OKHO, M3 KOTOPOro MOXHO Cpa3y NepeinTu K 3anycky peructpaumu. Heobxogmmo BbibpaTbh «fa», yto
ABTOMATMYECKU OTKPOET OKHO «KOHTpObY.
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LWar 10: Echv okHO «KOHTPOAb» He BblN0 OTKPbITO (BbiGpaH NyHKT « HeT»), To Ha NaHeNn NHCTPYMEHTOB
HEoBXOAMMO KAMKHYTb MYHKT «KOHTPOAb» 1an BbibpaTh ero B MeHio «AHannsatop» > «KOHTposb».
AHanuM3aTop roToB K Hayany PerncTpauumn B COOTBETCTBMM C YKa3aHHbIMM HacTpoiKamm. YTobbl HavaTb
pernctpaunto no KoHdurypaummn 1, B nosismeliemca okHe «KOHTPOAb» HeobxoaMmo BbiOpaTh Nepsyto
nosuumio B cnucke «TeKywaa KoHdurypauma», To ectb KoHpurypaumio Homep 1 (3To nosie comepRut
nepeyeHb Ha3BaHWUW, MNPUCBOEHHbIX OTAENbHbIM KOHOUIypaumam) W 3anyCcTUTb PErucTpaumio ¢
nomoLbto 3eNEHOM KHOMKKU «Ilyck». CTapT perucrpaumm CUrHaAM3MpPyeTcs aHaM3aToOpoOM TPOMHbLIM
3BYKOBbIM CUIHA/NIOM, @ NpoUecc perucTpauum — Mmuralowmm cumeonom «P1l» B neBom BepxHem yray
amcnnen. Peructpaums  MOXKeT npogosikaTbca N0boe Bpems; MOAKAOYEHME MNPUIONKEHUA K
aHanusaTtopy He TpebyeTca. Bo Bpema perucrpaumm MoXHO KPaTKOBPEMEHHO OTCOeaMHUTL npoBog, L1
OT TECTUPYEMOU CeTU, YTOBbl MUMUTUPOBATL NPONaLaHNE HAMPAKEHUS.

War 11: MpeKpaleHne perucTpaumm n cUnTbiBaHMe AaHHbIX ANA aHanausa. Heobxoanmo BbI3BaTb OKHO
«KOHTpoAnb» (ecnn oHO elg He OTKPbITO) BbiBpaB B MeHlo «AHanusatop» > «KoHTponb». Haxmute
KpacHyto KHoMNKy «Cton». LLlenkH1Te no 3HauyKy «AHaANM3» Ha NaHeM UHCTPYMEHTOB (Mau Bbibepute B
MeHI0 «AHanu3aTop» > «AHanU3»), YTo6bl OTKPbITL OKHO, MO3BOAAIOLWEE CHMTATb 3aMMCaHHble AaHHbIe
ONA aHanusa.

B oKHe oTob6parkatloTcs YeTblpe NONOCKM, NOKa3bIBaOLWME UCNONb30BaHNE NAMATU ANA KaXKA0M U3 ToYeK
nsmepeHua. YctaHosute $aaxkok B nosie pagom c nosiockor KoHdurypauma 1. C npaBoit CTOPOHbDI
MOJIOCKM 3aNONHEHUs NamATM OTobparkaeTcs pasmep 3anmMcaHHbIX AaHHbIX. [locne OTMETKM nons
aKTUBMPYETCA KHOMKa «3arpysKa BAaHHbIX», KOTOPYHO cneayeTt HaxaTb. [10ABMTCA OKHO, oTobpakatowee
XOZ, 3arpysku AaHHbIX. Mocne NOAHOro CYUTbIBAHMA MOABUTCA OKHO AJ1IA COXPAHEHWA 3arpyKeHHbIX
OAHHbIX Ha AMCK. PeKOMeHAyeTcA COXPaHUTb AaHHble B BbIOPAHHOM MecTe Ha KECTKOM AWCKe, YTobbI
MMEeTb BO3MOMKHOCTb BEPHYTbCA K aHanu3y JaHHbIX B Apyroe Bpems. HeobxoauMmo yKasaTb
pacnonoxeHne Ha ancke n nma ¢anna n HaxKaTb KHOMKY «COXpaHUTbY.

B 0TO6pasmBLUEMCA OKHE HYXHO LWENKHYTb KOMMbIOTEPHOM MbIWbIO Ha FOPWU3OHTANbHOM MOJIOCKE,
npeAcTaBAAOWEN UHTepBaa BpeMeHn peructpaumm ¢ Hagnucoto «Kondurypauua 1. (Monb3osatenn)»
(nocne wénuka UBET N3IMEHUTCA Ha OPaHIKEBbIN) U 3aTem HaXKaTb KHOMKY «AHaAU3 AaHHbIXY.

War 12: AHanu3 gaHHbIX. B rNaBHOM OKHe aHa/M3a HaXxoAATCA YeTbipe OCHOBHble KHOMKMK: «O6wue»
(Bng, No ymonuyaHuio npu 3arpyske gaHHbxX), «U3mepeHusa», «Cobbitna», «KoHdurypauua». Ha
nsobpaxkeHun «O6wme» C nNpaBoM CTOPOHbI OTobpaxkaloTca rpaduyeckum Cnocobom 3HaYKM,
CMMBOAM3MpPYIOLWME NOCAeaylollee M3MepeHue, cobbiTMe M 3anucaHHble OCLMIOrPaMmbl MO OCK
BpemeHu. MoxKHO cBO6OAHO yBeNnYUTb rpaduK, NpPU HaMuMM 60NbLIOTO KOMYECTBA AaHHbIX, YTOObI
noay4mTb 6onee NogpobHy MHbOPMaLUIO.

Mocne Ha)KatMa KHoNKM «U3mepeHuA» noABMTCA TabaMua CO 3HAYEHUAMM BCEX M3MePEHHbIX
napameTpoB B COOTBETCTBMM C BblOpPaHHbIM BpemMeHeM YycpeaHeHus. B 3Tom cueHapumn Bpems
ycpeaHeHus BbIOpaHO paBHbIM 1 ceKkyHAe, TaK 4YTO KakAyl CEKyHAY 3anucbiBasiocb 3HA4YeHue
Hanps»eHus, KI'M (THD) n rapmoHuKK (YacToTa Bceraa mamepsetcsa yepes 10 cekyHa). Kaxkaan cTpoka
COAEPXUT AaHHble, COXPaHEHHbIe B MOC/AEAYIOLWLYIO CEKYHAY, a KaxAas W3 KOJIOHOK COAepXKuT
oTAeNbHble NapameTpbl.

Mocne HaxaTWA Ha KHOMKy «Co6bITMA» MOXKHO MPOCMOTPETb BCE 3apernmcTpuMpoBaHHble cobbITMA. B
STOM CLLeHapun PEerncTpPUpPOBaNnCb CODbITUA MO HaNPAXKEHWIO: NepeHanpAXKeHMe, NpepbiBaHWe, NPoBan,
a TaKXe cobbITMA M3 OOHapyXKeHHbIX MepPexoAHblX XapaKTepucTWK. Kaxpasa cTpoka B Tabauue
COOTBETCTBYET OAHOMY OOHapy*KeHHOMYy cobbiTnio. Ecan ana paHHoro cobbitia AOCTYMNHbl rpaduKu

(Hanpumep, ocumanorpammbl U guarpammel RMSY%), 4TO NpeaycMOTPEHO 3TUM CUEHapuem, TO
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NOCNeAHASA KOJNIOHKA COAEPXMT MUHMATIOPY 3anucaHHbiX rpaduios. locne ee Ha)KaTtMs MOXKHO
NpPOCMOTPETb rPaduKM, CONPOBOXKAAOLWME COOTBETCTBYOLLEE COBLITUE.

War 13: Ovobpa)keHue BpPeMEHHbIX Auarpamm CUrHanos HanpaxeHus M THD. YT1obbl co3gaTb
AMarpammy Hy>KHO nepenTn K oTobpakeHuto «M3mepeHna» (HaxKaTb KHOMKY «U3mepeHua»), BblAENUTb
3aro/iIoBKM CT0N16L0B BpemeHu (MepBbim Bceraa AonKeH bbiTb BbibpaH cTonbel, BpemMeHu), HanpaxeHns
L1, THD L1 (ctonbubl 6yayT BblgeneHbl LBETOM), a 3aTeM LWENKHYTb Ha KHOMKe «[uarpammbi» U
BblIOpaTb «BpemeHHOM rpadmk». MoABUTCA OKHO, B KOTOPOM OTObparkaeTcs rpaduk, copeprKawmi gse
KpMBble CUTHANOB BO BpeMeHU: HanpsaxeHua L1 n THD L1. NpadmK MOXKHO NPOM3BO/IbHO YBEANYMNBATD, A
C NOMOLLbIO TPEX MapKepoB BblAeNATb Ha rpaduvKe XapaKTepHble TOYKM M CUUTbIBATb MapameTpbl
YKasaHHbIX ToyekK. MpaduK MOXKHO 3anucaTb (B BbIbpaHHOM rpaduyeckom dopmate), WENKHYB 3HAYOK
«COXpaHUTb» Ha BEPXHEW NAHENN MHCTPYMEHTOB.

War 14: OtobparkeHne guarpamm rapmMoHUK. MOKHO 0To6pasuTb ABa BMAA FPadUKOB AR FAPMOHMUK.
MepBblit U3 HUX — 3TO rPadUK UIMEHEHMA FAPMOHUYECKUX COCTaBAAIOLWMX BO BPeEMA perncrtpaumu. Jns
oTODOparkeHUsA Takoro rpaduKa cneayeT CHayana BblAENUTb CTos6el, BPeMeHW, a 3aTeM CTonbUubl
BbIGpPaHHbIX FAPMOHUK (Hanpumep, TPETbEro M NATOrO NOPAAKA) M HaXKaTb KHOMKY «[Auarpammbl» —>
«BpemeHHOU rpadpuk».

Opyroi Tun rpaduKa — 3TO rMcTorpamma rapmoHuK. OHa MOKasbiBaeT BCe FapMOHMKM B gaHHOM 1-
CEKYHAHOM MHTepBane (T.e. B 0AHOW CTpOKe). [Ns ee co3aaHUA cieayeT cHavyana BblAeAnTb BblbpaHHYIO
AYelrky M3 crtonbua BpPemMeHu, a 3aTem BbibpaTb cTonbel, NOOON FapPMOHMKM, HaxKMMas KHOMKY
«marpammbi» 1 BbIGMpPan U3 cnmcka «FapMoHUKU». TaKUM METOZ0M MOXKHO BbI6PaTb TaKKe MHTepBan
BpEeMEeHW, MnepeTackMBaa MbIlbIO AManasoH AdYeek B cTonbue BpemeHW. Toraa 6yaeT nokasaHa
Anarpamma cpeagHux 3HaYeHun rapPMOHUK N3 YKa3aHHOIoO MHTepBa/la BpeMeHMu.

War 15: Co3gaHune oT4é€Ta MamepeHus. Ona co3gaHus OTYETA, COAEpPrKallero 3HavyeHuUs BblOpPaHHbIX
napameTpoB, cineayeT BblAeAUTb CTONOLbl Tpebyemblx NapameTpoB (NepBbIM Bcerga AOMKeH ObiTb
BblOpaH cTONbGeL, BpemMeHM), a 3aTemM WENKHYTb Ha KHoMKke «OTYéTbl» W BblbpaTh «OTYET
nonb3oBatena». Ecniv HaxaTb KHOMKYy «MpepBapuTenbHblii NPOCMOTP» B OTOOpasmMBLUEMCA OKHe, TO
MOHO MPOCMOTPETb COXPaHEHHble AaHHble. KHOMKa «COXpaHUTb» 3anuweT AaHHble B YKa3aHHOM
nonb3osatenem popmate (PDF, html, txt, CSV).

LWar 16: MpoeepKa cobbiTuiA. Eciv aHannsaTop nNpu perucTpaumm obHapyKua Kakme-To cobbiTUs, OHU
6yayT otobpaxeHbl B Buae Tabnuupl «CobbiTMA». B CTPOKe, ONUCbIBAIOLLEN KOHKpPeTHoe cobbiTue,
MOXHO YBUAETb BpemMa MOoABAEHUSA (Hayano M KOHeL), 3KCTpemasbHble 3HayeHua (Hanpumep,
MWHUMAIbHOE 3HAYeHMe NPW NPOBaJe HaNpPAXKeEHUA), ocLuMANOrPaMMbl U rpadukn RMSY:, ecnm cobbiTne
OTHOCUTCA K HanpsXeHuto WaM TOKy. B aTom cueHapuu auvarpammbl cOBbITUIA ObliM BKAKOYEHbI B
KOoHOUIrypaummn, TaK 4YTO, €CAM aHanus3atop OOHapyKMn Kakume-To cobbiTusi, B nocnegHem cronbue
TabAnLbl C 3aro/IOBKOM «OCLMAOrpaMMBbI» 0/KHA ObITb MKOHKA Anarpammbl. HE06X04MMO LLENKHYTb
Ha Hel, 4yTobbl OTO6Pa3UTL Amarpammy (MAM HaXKaTb KHOMKY «[iMarpammbl» W BblI6PaTb MYHKT
«Ocymnorpammbi»).

2.11 CuHXpOHHU3aLUA BpeMEeHU
2.11.1 Tpe6oBanua I'OCT 30804.4.30-2013 (IEC 61000-4-30:2008)

AHanusatop umeet BCTpOGHHbIﬁ I'IpMéMHVIK GPS, ocHOBHbIm npegHasHa4YyeHNeEM KOTOPOro ABNAETCA
CUMHXPOHM3ALMA 4YacoB aHa/AM3aToOpa MO CUrHaslam aTOMHbIX YAacoB, NOCbINAEMbIMM CNyTHMKamm GPS.
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C/HXpOHM3aUMA BPEMEHW aHaNM3aTopa C yHuBepcasbHbiM BpemeHem UTC TpebyeTtcs no craHaapTty
FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «dneKTpuyeckasa sHeprna. COBMECTUMOCTb TEXHUYECKUX
CPeACTB 3NeKTPOMArHMTHas. MeToabl M3MeEPEHWUI MOKasaTesfel KavyecTBa 3NEKTPUUYECKOW 3Heprum»
YCTPOMCTBAM Knacca A Ana MapKUMpPOBKU AAHHbIX M3mepeHUn. MaKkcumanbHas olwmnbKa onpeaeneHns He
MOXeET 6bITb 6onblie, yem 20 mc gna cetn 50 Ty m 16,7 mc ana cetn 60 'y, Takmue mepbl HEOBXOAUMBI,
yTOBObI Pa3/IMYHbIE aHA/IM3aTOPbI, NOAKAOYEHHbIE K TOMY KE CUrHay, AaBasn OAMHAKOBbIE NOKa3aHUA.
CUHXpOHM3aUMA C YHUBEpPCA/IbHbIM BpeMeHeM TaKyKe Heobxoamma, Koraa aHannsatopbl 06beanHEHbI B
ceTb. Korga MWCTOYHWMK CUrHana BpemeHM CTaHOBMUTCA HeaoCTyneH, BHYTPEHHMEe 4Yacbl peanbHoro
BpeMeHW [0JIKHbl obecneymBaTb TOYHOCTb M3MEPEHUSA BPeMeHW nydwe, yem + 1 cek. 3a 24 yaca,
OAHAKO A/18 COOTBETCTBUA KNaccy A, AaXKe B TaKMX YC0BUAX, TOYHOCTb U3MEPEHUA A0/1XKHA ObiTb TaKoM
K€, KaK 1 paHbLue (To ecTb Makcumym 1 nepuog cetu).

2.11.2 MIpuémuuk GPS

BHyTpM aHanus3atopa HaxogutcAa aHTeHHa GPS, KoTopasa no3BosAeT NpuHMMaTb curHanbl GPS Ha
OTKpbITOM BO3ayxe 6e3 Kakux-AMbo AONONHUTENbHbIX aKceccyapoB. AHTEHHA PACMO/IOXKEHA B /IEBOM
HUXHEM Yray Kopnyca Noj BepXHen KPbILKOW (B TOM mecTe, rae Ha 3TUKeTKe obo3HauveH pasbém GPS).
Y10bbl 0bBecneunTb CUHXPOHU3ALMIO BPEMEHM MpPU MCMNOAb30OBaHWMM aHANM3ATOPaA BHYTPU 34aHUS,
HeobX04MMO NOAKAUYUTD BHELHIOW aHTEHHY C ANMHOW Kabensa 10 m 1 yCTaHOBUTb aHTEHHY CHapyXMu
34aHuMA. AHanmzaTop OOHapy)KUT MNOAKAOYEHWE BHELIHEN aHTEHHbl M MNEePEeKAYUT NPUEMHUK Ha
NCNoNb30BaHWE AONOAHUTENBbHOW aHTEHHbI BMECTO BHYTPEHHEN.

BpemMsa [OCTMMKEHUA CUMHXPOHM3auMu GPS 3aBMCUT OT MNOrOAHbIX YCIOBWUMA (cTeneHu obnavyHoCTH,
0CagKoB) U OT pasMelleHna MPUEMHON aHTeHHbl. [NA AOCTUMKEHUA HAUAYULWNX PE3YNbTaTOB aHTEeHHa
OO/MKHa obecneuntb 0630p Bosblieirt YacTn Heba. YTobbl NONYYUTbL CUTHAA BpPemeHu ¢ Tpebyemown
TOYHOCTbIO, NPUEMHUK GPS AONKEH CHayana onpeaennTb CBOE TeKyliee reorpaduyeckoe NnofoKeHne
(ans atoro Tpebyerca BUAMMOCTb, NO KpaiHelt mepe, 4 CNYTHUKOB — KOOPAMHATLI MEeCTa U BbICOTbl Hag,
ypoBHeM mMops). Nocne onpeaeneHna MecTonosIOKEHUA U CUHXPOHM3ALMU BPEMEHW aHanM3aTopa Cco
BpemeHem (UTC), NPUMEMHUK NEpPexoamT B PeUM ciexkeHua. YTobbl B 3TOmM pexkume obecneunTtb
CUHXPOHM3ALMIO BPEMEHUW HYXKHa BUAMMOCTb TO/IbKO OA4HOrO cnyTHWKa GPS. OgHaKo, 4na onpeaenexHus
HOBOW MO3ULUMM B C/Ay4ae MepemeLlleHns aHanus3atopa, notpebyercs BUAMMOCTb 4-X CMYTHUKOB (3-X
CNYTHWKOB, ecNu NPUEMHUK GPS He OBHOBASET BbICOTY Hag YpoBHEM mMopsA). ITO MMeeT 3HauyeHwue,
HanpuMMep, B pPEeXMME 3aluTbl OT Kpaku, Koraa HeobxoAuma MOCTOAHHaA uHboOpmauMA o
MEeCTONONOXKEHUMN.

2.11.3 MapkupoBKa JaHHBIX U3MepeHUus

AHanu3aTop COXpaHseT 3anMcu UM3MepeHnn Bmecte ¢ GNarom OTCYTCTBMSA CUHXPOHM3ALUKU BPEMEHMU.
Ecnn Ha NpoTAXKEHUW BCErO MHTEPBANA YCPEeAHEHUS aHAaNM3aTop Obln CUHXPOHU3NPOBAH C BCEMUPHbLIM
KoopauHupoBaHHbIM BpemeHem UTC, Torga ¢énar He ycTaHaBAMBaeTCa M NPU aHanu3e AaHHbIX He

oTobparkaeTcA 3HAYOK OTCYTCTBUA CUHXPOHM3ALMUK 0. OTCcyTCTBME 3TOW WMKOHKM O3HayaeT noJsiHoe
COOTBETCTBME CBOAHbIX AaHHbIX C Knaccom A, B acnekte mMamepeHusa spemeHn. CUHXPOHM3AUUA C
BpemeHem UTC obo3HayaeTca TaKke 3e/1EHbIM LBEeTOM A4 AaTbl U BPEMEHW Ha BepxHel naHenu
Aucnnen aHanusaTopa.

B cuTyaumm, Korga cHayana aHanmMsatop 6bin cMHXpoHU3MpoBaH ¢ BpemeHem UTC (cocTosHue GPS Ha
AMcnnee aHanusaTopa otobpaxkaercs, Kak «A»), a 3aTem curHan nponan (coctosHue «Het curHana»),
He O3Ha4yaeT, YTO aHa/IM3aTop HEMEANIEHHO NOTePAS CUHXPOHU3ALUIO BpeMeHU. B AecTBUTENBHOCTH, B

TeyeHMe OnpeaenéHHoOro BpemeHW (MOXKeT ObiTb, HECKOJIbKO MWHYT wuauM 6osblie) TOYHOCTb
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BHYTPEHHEro M3MepPEeHUs BPEeMEHW AO0CTaToYyHa ang yaosnetBopeHua TpebosaHuin TOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) B 4yacTu, Kacalollencs TOYHOCTU onpefeneHus AaHHbIX No BPemMeHu. ITo
NPOUCXOAUT MOTOMY, YTO BHYTPEHHME YacCbl AaHANM3ATOPA OYEeHb MeasIeHHO yXoaAT oT BpemeHn UTC
(nockonbKy HeT curHana GPS), HO owKBKa He NpeBbIAET HECKONbKNUX MUIIMCEKYHA 33 AJNTENbHbIN
nepuog spemeHun. Tak 4To, HECMOTPSA Ha CTaTyc, MHPpopMMpyroLWKii 06 oTcyTCTBUKM curHana GPS, aaHHble
6yayT 1 ganee 3anucbiBaTbcA 6e3 dnara, yKasbiBalOWEro Ha OTCYTCTBME CUHXPOHU3ALMKN CO BPEMEHEM
UTC. TonbKo Toraa, Korga owmnbka A0CTUTHET NpeaesibHOro 3HavyeHus, GbnaxKoK byaeT ycTaHOB/EH.

2.11.4 PecuHXpOHHU3aLUs BpeMeHHA

lMoCcKONbKY He rapaHTUpyeTcA MOCTOSSHHOE HanuumMe curHana GPS, HeobxoguMmo npasuabHoe
ynpaB/ieHMe BHYTPEHHWUM BpeMeHeM B CUTyauuu, Korga noABAAeTcA curHan spemeHn GPS n oHO
OT/INYAETCA OT BPEMEHU, OTCYUTLIBAEMOIO aHa/IM3aTOPOM.

Mpn OTCYTCTBMU permcTpauum cuTyauma camasa NpocTas — nocsie npuéma CnyTHUKOBOIrO BPEMEHM Yachl
aHaNM3aTopa aBTOMATUYECKU NepexoaAT Ha Hero 6e3 Kaknx-nMbo AoNoAHUTENbHbIX YCIOBUIA.

B cnyyae aKTMBHOW pernctpaumm BHe3arnHoe M3MeHeHMe BHYTPEeHHero BPEMEHW MOMKET MPUBECTU K
notepe AaHHbIX WU3MEpPeHUNn, Koraa Bpemsa MOMAET BCNATb MM BO3HMKHET BPEMEHHO! paspbiB B
AaHHbIX, ecnn Bpems UTC onepexkaeT Bpemsa aHanusatopa. Ytobbl n3bexartb 3TOro, BBEAEH MEXaHMU3M
Mea/IEHHON MOACTPOMKN BHYTPEHHEro BPeMEHM Ha CNyTHUKOBOe Bpems. Peanusauuma 3akao4vaeTtcs B
3aMegNeHUN UM YCKOPEHUN BCTPOEHHOTO TaMMepa TakMm obpasom, 4Tobbl Yepes HEKoTopoe Bpems
ABOe 4acoB — BHyTpeHHUe n GPS — cpaBHAAUCL U AOCTUIAM CUHXPOHU3AUMK. TpenmyL,ecTBom Takoro
peweHuns ABnseTcAa TOT GaKT, YTO He MPOUCXOAMT MOTEPb MM YTPaTbl HEMNPEPbLIBHOCTU AaHHbIX
N3MEPHUIN.

Monb3oBaTeslb MMEET BO3MOMXKHOCTb HACTPOWMKW ABYX MapaMeTpoB KOHOMrypaumm, KoTopble
onpeaensoT PeMM PECUHXPOHM3aUMKU BpemeHu npu pernctpaumu. OguH r3 HUX (KoadpoduumeHT
PECUHXPOHMU3AUMKN) ONpeaenseT CKOPOCTb MPOLLECCa CUHXPOHM3ALUKM BPEMEHW. Yem MeHblue ero
3HayeHWe, TeM fonblue OyAeT NPOJO/KATLCA CUHXPOHM3AUMA, HO AJUTENbHOCTb M3MEPUTENbHbIX
WHTepBanos byaet 6osee NnpnbanKeHa K 33aHHOMY BpEMEHU YCpeaHEHUA.

HecmoTpa Ha ynomsaHyTble HeAOCTAaTKM CKaYKOOOPa3HOro N3MEHEHMA BPEMEHMW, OCTAETCA BO3MOXKHOCTb
€€ NpoBeAeHUs AaKe B C/lydae aKTUBHOM pernctpaumm. YCTaHaBAMBaETCA NOPOr B CEKYHAAX (NapameTp
«Mopor nepexoaa BpemeHM»), KOTOPbIM SBAAETCA MWUHUMAJIbHOM PasHULEN MeNKAY BHYTPEHHUM
BpemeHem n UTC, npu KoTopon byaeT BbINOJHEHO CKAYKOOHPA3HOE N3IMEHEHME BPEMEHMU.

CKauyKkoobpasHoe W3MeHeHVMe BpPeMeHW B MPOLECCe PEerucTpauunm MOMKET TMNpPUBECTU K

& HeobpaTMMOlM nNoTepe 4YacTM 3apPerecTPMPOBAHHbIX AaHHbIX, MNO3TOMY pPeKoMeHAayeTcA
MCNO/Ib30BaTb PEXMUM MeANEHHON PecUHXPOHM3aLmMmM BpemeHn (yctaHoBuTb «lMopor nepexoaa
BPeMeHMU» Ha Hy/ieBoe 3HauyeHue).

Ana Toro yTOObI M36EeXKaTb ﬂpOﬁﬂEM, CBA3aHHbLIX C U3SMepeHNeM BpeEMEHU NpPUN perncTpaunun, cneagyet
NOMHWUTb O HEKOTOPbIX BOMNpPOCax:

e B aHanusatope A0NXKeH 6biTb NPaBM/AbHO YCTaHOBAEH YacoBOM MOAC U BpemA, oTobpaykaemoe
Ha Aucniee aHanM3aTopa, AOMKHO MaKCMMaslbHO COBMNagaTb C MECTHbIM BpeMeHem (ecn HeT
curHana GPS fo Hadana pernctpaumm);

e  BK/OUNTE MEAJ/IEHHYI0 PECUHXPOHM3ALMIO BPEMEHM, ycTaHOBMB napameTp «lMopor nepexoaa
BPEeMEHM» Ha Hy/JeBOoe 3HauyeHue M KO3GGUUMEHT PECUHXPOHMU3ALUMM Ha Manoe 3HadyeHue

(Hanpumep, 25% nnn HUxKe);
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e Ecnu 31O BO3MOXKHO, TO eLé A0 Hayana perncrpaumm HeobxoamMmo nonyunTb curHan GPS, ytobbl
CUHXPOHM3MPOBaTb Yacbl aHa/IM3aTOpPa C BCEMMUPHbIM KOOPAMHUPOBaHHbIM BpemeHem (UTC).
3TO NO3BONUT 06€CNeYnTb HAMMEHbLUYIO BO3SMOMKHYIO NOTPELIHOCTb MU3MEPEHMA BPEMEHU NpPU
pernucTpaumm u boICTpyo NOACTPOMKY YAacoB B C/ly4ae BpeMeHHOM notepu curHana GPS.

e [lna TOro 4ytobbl M3MepeHMe MNOJIHOCTbIO COOTBETCTBOBAsNO TpeboBaHuMam cTaHgapta [OCT
30804.4.30-2013 (IEC 61000-4-30:2008) B acneKTe TOYHOCTU BPEMEHW ON5 YCTPOMCTBA Knacca A,
HeobxogMMO nepes, 3aMyckOM pPerucTpaummM  CUHXPOHM3MPOBATb Yacbl aHanM3atopa C
BCEMUPHbIM KOOPAUHNPOBaHHbIM BpemeHem UTC n obecneuntb npuém curHana GPS B TeyeHue
BCEro BpemeHu perncrpaumu.

2.12 Pa6oTa B pexxumMe CBsi3u no GSM

2.12.1 O6wmasa nuHpopManua o nogxkawdeHuu GSM

BcTpoeHHbI mogem GSM no3BoAseT ocyLLecTBMTb 6ecnpoBOAHYIO CBA3b C aHA/M3aTOPOM NPaAKTUYECKU
n3 nboro mecra, rae ectb Zoctyn K MHTepHeTy. TaK e, Kak npu nogkntouyeHun no USB, B aTOM
pexunme nonb3oBaTe/lb UMeeT MOJHbIA KOHTPOAb Haj aHa/M3aToOPOM, MOXKET NPOCMaTPUBaTh TeKylme
[JaHHble, 3anyckaTb M OCTaHaBAMBATbL PErMCTPALMIO, CUMTLIBATb AaHHble AAA aHaAusa u T.4. Ans
MCNONb30BaHMA 3TOrO PEXMMa, B aHaNM3aTop HeobXoAMMo yCcTaHOBWUTL SIM-KapTy co cieadyrowmmu
napameTpamu ycayru cessu:

e [lakeTHana nepepava AaHHbix (GPRS);
e  CTaTMYeCKuUi 3aperncTpmpoBaHHbIi Homep IP;
e B03MOXKHOCTb OTNPaBKkK SMS yBegoOMAEHUIN CUTHaNM3aUUMK.

Ob6blyHaa SIM-kapTa, wu3B/le4YEHHaa U3 TesnedoHa, He MOXKeT ObiTb WMCNOAb30BaHa B
aHanuzatope. MNakeTHaa nepefava AaHHbIX TPeOyeT ycayrn npefoctaBneHUs ctatuyeckoro IP-
afpeca, 3ape3epBMPOBAHHONO TObKO A/1A AAaHHOW SIM-KapTbl. ITOT NOCTOAHHbIM HOomep |P
& Mo3BO/IAET COXPAHWUTL MOCTOAHHBIA agpec aHanusatopa B ceTr MHTepHeT. ITOT TMN ycayru
06bl4HO Mcnonb3yeTcA ANA nepegaunm Tuna «machine-to-machine» (m2m, «ycTpoicTBo K
YCTPOWCTBY»), NPUMEHAEMOM, B YaCTHOCTU, B NMPOMbILJIEHHOCTU AN MOHUTOPUHIa U 0bmeHa
OAHHbIMU U3MEPEHUI MeXAY YCTPONCTBAMM.

KomMmMyHMKaumA OCyLwecTBAAETCA CaeaytolmMm obpasom:

e Mogaem nogknouaetca K cetn GSM, a 3atem pernctpupyerca B cetn IHTepHer,

e Mogem 3anyckaeT cnyxby cepsepa nogkatoveHuin TCP/IP nof nMpuUCBOEHHbLIM MOCTaBLLMKOM
ycnyru IP-agpecom. CTaHAApPTHO MCNOAb3YEMBIN aHAIN3aTOpOM Homep nopta — 370 4001. Mog,
aTum IP-agpecom 1 Homepom NopTa, aHaN3aTop BUAEH B MIHTepHeTe.

e KomnbloTep, € KOTOPOro BbIMNOMIHAETCA NOMbITKA NOAKNOYEHMA K aHanu3aTopy vyepes moaem
GSM, gonxKeH nmeTb goctyn K UHTepHeTy.

o [Iporpamma «SONEL ANALYSIS» BO Bpemsa CKAaHMPOBAHMA MNbITAETCA YCTAHOBUTb COeAMHEHUE C
aHanM3aTopamu, KoTopble MmetoT B 6ase aHasM3aTopoB 3afaHHbI Homep IP (Kpome Toro, B
HaCTPOMKax MpOrpammbl HYXHO BKAOUMTL onuuio «TCP/IP no GSM»). o ymonyaHuio
nposepaetca TonbKo nopT 4001 yaanéHHOro xocta.

e Ecnaum nog sTm appecom HalieH aHanIM3aTop U, KPOME TOFO, ero CepUMHbLIA HOMEpP COBMAZaeT C
HoMepom B 6ase aHaM3aToOPOB, TO OH ByAeT NoKasaH B CNUCKe HallAEHHbIX YCTPOWMCTB.
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O6bmeH MHpopmaumMeln nocsie NoAKAYEHUs nponucxoant Yyepes NHTepHeT. Mocse 3aBeplieHun
nporpamma 3aKpblBaeT COeAMHEHMEe C aHaM3aTOPOM, KOTOPbIA NepexoauT B COCTOAHUE
NPOCAYLIMBAHUA N OXKMUAAHUA HOBOFO COEAMHEHMUA C KNUEHTOM.

2.12.2 HacTtpoiika MmoaemMa

ana

HacTpoiikm SIM-kapTbl M MoAema B aHaiausaTope HeobxoAumbl creaylowme AaHHble,

npefocTasasemble NOCTaBLMKOM YCAYr Nepesaymn AaHHbIX:

PIN-kog gna SIM-KapTbl;

PUK-kog gnsa SIM-kapTbl, B cnydae 610KMpoBKM SIM-KapTbl NOC/ie HECKObKMX MOMbITOK BBOAA
HenpaswuabHoro PIN-koaa;

Agpec IP, npucsoeHHbI SIM-KapTe (3To A0MKEH BbITb CTaTUYECKUI aapec);

Nmsa Touku goctyna APN (aHrn. Access point name);

HasBaHuWe nonb3osaTens u naponb (HeobssaTenbHo, 06bIYHO He TpebyeTca).

HacTpoliky aHanusatopa Ans noAkatoveHuna no GSM, chegyer npovsBoaunTb ciedyowmm obpasom:

46

MoaxnoUunTbCA K aHanmn3aTopy no kabento USB. Ecamn aHanmsaTtopa ewe HeT B 6ase AaHHbIX, ero
HYXXHO 0,06aBUTb K HeW;

HeobxogmMmo ybeamutbcs, UTO MoAeMm BKAOYEH. [nAa 3TOro cnefyer M3 MEHI0 MPOrpammbl
BbibpaTh MNYHKT «AHanusatop» —> «TeKywme HACTPOMKM» U NepenTM Ha BKAALKY
«becnpoBogHoe coeanHeHue». [IposepbTe yCTaHOBKY NnapameTpa «Mepepaya no cetn GSM» n
B C/ly4yae HEODBXOAMMOCTM BK/KOUUTE €rO;

OtkntoumTe USB-coepmHeHme un Bbibepute Knasuwamm 3kpaH 8/10. Ecim modem BKIKOYEH, HO
He ycTaHoBneHa SIM-KapTa, To B cTpoke «GSM» f0/1KHO 6bITb coobuieHne «OTcyTcTByeT SIM-
KapTa»;

BctasbTe SIM-KapTy B /10T Ha 60KOBOW NaHenn. 3To rHe3ao Tmna «push-push» (gns nssneveHus
AKKYpPaTHO Ha*KMUTE Ha KapTy 40 ynopa — OHA BbICKOUYUT HapYyKy). AHaAN3aTop 06HAPYKUT, YTO
KapTa yCTaHOB/MEHA M NONbITAeTCA NOAKNOUUTLCA K CETU;

Echm gna SIM-KapTbl paHee He 6bin HacTpoeH PIN-Koa, aHanuMsaTop BblgacT coobuieHue
«HeBepHbIl PIN-Kog, SIM-KapTbi». 310 cooblieHne TakKe byaeT oTobpaxkaTbca Ha akpaHe 8/10.
3T0 o3HauvaeT, yto SIM-kapTa otBeprsa PIN, c nomolbio KOTOPOro aHanmsaTop npobosan ¢ Hew
CBA3aTbCA. ITO HOPMAJIbHAs CUTYaLLMA NPU YCTAaHOBKE B aHA/IM3aTOP HOBOW KapTbl;

Y106bI HAaCTPOUTb HeZOCTalOWMeE NapaMeTpbl, HE0bXxoANMbIe ANA 3aMnycKa nepesaym AaHHbIX No
GSM, HeobxoAMMO 3aHOBO MOAKAYUTLCA K aHanusatopy no USB u BbibpaTb B MeHIO
nporpammsbl «Mapametpbi» = «ba3a aHanusatopoB». B 6ase aHanM3aToOpoOB BONTU B PeXKUM
pPefaKTMPOBaHMA HACTPOEK TONIbKO YTO MOAK/IIOYEHHOrO aHa/smn3aTopa (LEeNKHYTb Ha CTPOKe C
HOMEPOM aHa/IN3aTopPa M HaXKaTb «PegaKTMPOBaTb»). HaxkmuTe KHOMNKY «M3MeHUTb HACTPOIKK
GSM»;

B aTom OKHe nocnegoBaTtenbHO BBeguTe: B nose «IPvd» agpec IP (gonxeH 6biTb NpeaocTaBneH
MOCTaBLUMKOM YCAYT), UMA TOYKM gocTyna «APN», HasBaHMe No/ib30BaTeNs M naposb (ecau
nposaiiaep TpebyeT 3TOro M nepenan 3TM AaHHble). MNoaTBepAnTe HOBble AaHHble KHOMKOW
«OK»;

3atem nosABUTCA OKHO € 3anpocom BBoga PIN-kKoga ana SIM-Kaptbl. Hy)XHO BBeCTM Kog,
npunaraemblii K SIM-KapTe 1 noaTBepAnTb KHOMKOM «OK»;

Ecnv BBeAeHbl NpaBU/bHbIE AAHHbIE, TO aHANM3ATOP MUCNO/b3YeT UX, YTOObI YCNEWHO BOMTU B
cetb GSM. Jlyywe Bcero npoBepATb CTaTyC coeAuHeHuMA Ha 3KpaHe 8/10 aHanusartopa



(Heobxoaumo 3aBepwnTb ceaHc no USB). [MpaBunbHOE NOAKAKOYEHME CUTHANU3UPYeTCS
ctatycom GSM: «l0TOBO, <TUN MNOAKAIOYEHUA>» (<TUN MOAKAYEHMA> 3aBUCUT  OT
MECTOMNOJIOKEHWUS U TUNA YCNYTM NO Nepefaye AaHHbIX B KOHKPETHOM PErMoHe);
e [lpaBuibHaa nocnenoBaTe/IbHOCTb MOABAEHUA CcoobWeHMit Ha 3KpaHe 8/10 B caydae

noakatoyeHua K cetn GSM:

o BknwuyeHue ...

o MMopknioueHue K cetu ...

o MopknioueHue K UHTepHeTy ...

o TloToBO, <TUN NOAKANIOYEHUA>
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Puc.27. Beog napametpos GSM B 6a3y aHa/IM3aTopoB..

B cnyyae wusBneyeHuma SIM-kapTbl M3 rHe3ga aHanmMsaTop oTobparkaeT cooblieHne 06 owwnbke
«OtcytrctByeT SIM-Kapta». 370 coobUIEHME He MOBTOPAETCA NpPW  NOCNedyloWMX BKAOYEHUAX
aHanusatopa. MW3BneuyeHne SIM-KapTbl BO Bpema paboTbl aHanusatopa AOMNYCTUMO, HO He
peKoOMeHAyeTCA, TaK KaK B 3TOM C/ly4ae MOAEM He KOPPEKTHO BbIXOAMUT U3 ceTn GSM.

& ‘ Mpu Kaxka0m nsmeHeHun KoHduUrypaumm GSM nponcxoout aBTOMaTUYECKUiA nepesanyck.

2.12.3 IlpoBepka coeauHeHusa GSM

Ecnn Ha aKpaHe 8/10 cocToaHne mogema GSM npeacraBneHo Kak «FOTOBO, <TUN NOAKAIOYEHUA>Y, 3TO
O3HayaeT roTOBHOCTb MPUHMMATb COeAMHEeHUA OT YAANEHHOro KomnbloTepa Yepe3 NHTepHeT. MOXKHO
BbIMONHUTL TECTOBOE COeAMHEHME ONA NPOBEPKU CBA3M C npuaoxeHnem «SONEL ANALYSIS»:

e HeobxogMmo NpoBepuUTb B HACTPOMKAX NPOrpammbl, BKAOYEH /M MOUCK aHA/IM3aTOPOB MO CETU
GSM: B MeHI0 Nporpammbl Hy3KHO Bbi6paTb «MapameTpbi» 2 «KoHduUrypauma nporpammbi» >
«HacTpoiiku megua» > «AKTMBHble megua». Mone «TCP/IP no GSM» pomkHO 6biTb
OTMeYeHo.

e AHanusaTop, K KOTOPOMY HeobXOoAMMO MNOAKAUUTLCA, LO/MKEH OblTb BBEAEH B Hasy
aHa/N3aTopoB (ecnn paHee NPOM3BOAMIACH HACTPOMKa MoAema Mo MyHKTy 2.11.2 — 370 yKe
6yaeT BbINOJIHEHO).
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e Cnepyet OTKAOUYUTL Ntobble coeanHeHUA ¢ aHaamnsaTopom (no USB nan Wi-Fi).

e BbINo/sHWTE MOMUCK aHanuMsatopa NbbIM MeToaoM (Hanpumep, Haxumana Ha «Tekywue
NoKasaHuaA»). B cnucke noucka [OMKEH TMNOABUTLCA aHANAM3aTOp C  NPUMEYaHUeEm
«MoaknoueHune no cetn GSM». BbibepuTe 3TOT aHann3aTop M HaxkmuTe «OK».

e Yepes HeKOTOpPOe BPeMsA, Ha 3KpaHe A0KHO 0TobpasnTbes Tpebyemoe OKHO (Hanpumep, OKHO
«TeKylwMe MOKa3aHUA»), a CTaTyC B CTPOKE COCTOSHUA MPUIONKEHUSA LO/KEH U3MEHUTLCA Ha
«MoakntoueHo». TakKe Ha aucnaee aHanmsatopa otobpasntca coobuieHne «MogknoueHne K
MK (GSM)». Taknm o6pasom, NONbITKA COEANHEHMA NPOLLIA YCMELHO.

2.12.4 Bo3Mmo:xHbIe Npo6ieMbl ¢ KOHpuUrypanueit GSM u pekoMeHAyeMble JelCTBUA

Mpo6nema: MHAMKATOP BbINOJIHEHWUA NMOMCKA aHA/IM3aTopa o4YeHb b6bICTpo AoxoauT ao 100%, He Haxoas
aHanusartopa.

B03MOXXHaA NPUYUHA: DTO MOMKET CBUAETENLCTBOBATbL O BbIK/IOYEHHOM MOWUCKE aHan3aTopos no GSM
B HAaCTPOMKax NpUNOKeHNa uan 6ase aHaIM3aToOPOB.

PeweHue: B MeHI0O nNporpammbl HYKXHO Bbl6paTb MyHKT «Mapametpbi» —> «KoHourypauusa
nporpammbi» > «HacTpoWKu cBA3nu» > «AKTUBHbIe cBa3u». None «TCP/IP no GSM» [0/1XHO
6bITb OTMEYEHO.

Mpobnema: WMHOMKaTOp BbINOAHEHUSA MPW MOMCKE aHA/NN3aTOPOB B TEUYEHWE HECKOJIbKUX CEKYHZ,
poxoaunt no 100%, He Haxo4A aHanmMsaTopa.
Bo3MOXHble NPUYUHDIL:

1) AHanu3aTop BbIKAOYEH UK C HEAKTUBHbIM/HEHACTpoeHHbIM Mogemom GSM.

2) HecooTseTtctBuMe IP-agpeca aHannsaTopa 1 3anucu B 6ase aHaAn3aToOpPOB..

3) AkTnBHoe GSM coeaMHeHMe aHanu3aTopa C APYrMM KANEHTOM WKW BPeMeHHble npobaemsl
ceTu.

PeweHus:

1) Ecnv aHann3aTop A0CTyneH, To npoBepbTe cocToaHne GSM moaema Ha sKkpaHe 8/10. Ecam ero
cTaTyc «BbIKAlOYEH», TO HEOBXOAMMO B MEHIO NPOrpammbl BbibpaTh « AHanusatop» = «Tekywme
HAaCTPOMKUY», NMepenTn Ha BKNaaKy «becnpoBogHoe coeguMHeHMEe» W MPOBEPUTb, aKTUBEH Nn
napametp «Mepegaya no GSM» M BKIOYMTL €ro, ec/iM 3TO He Tak. [lpoBepbTe HACTPONKU
mogema.

2) Y6eauTech, uto B 6a3e aHaIM3aTOPOB 3anuncaH NpaBuAbHbIN IP-agpec aHanmsaTopa.

3) MoBTOpUTE NOMbITKY YEPE3 HECKO/IbKO MUHYT.

Mpo6nema: HecmoTps Ha NpaBuAbHbIN cTaTyc «[OTOBO, <TUN NOAKAIOYEHUA>» Ha dKPaHe aHaIM3aTopa
M NpoBeAEHHbIN NOMCK aHA/IN3aTOPOB, OH Tak U He NoABUACA B cnucke. MNapameTp «lMepegaya no
GSM» BK/IIOYEH M aHA/M3aTOp NPaBUIbHO CKOHGUIYpMPOBaH B 6ase aHanM3aTtopos (BmecTe c IP-
agpecom).

Bo3amorkHaA npuumHa: baokuposka nopta TCP 4001, KOTopbli MCNONb3YeTCA ANs Mnepefadn 4vepes
MEXKCEeTEeBOM 3KpaH KOMNbloTepa namn bpaHamaysp nposaiaepa MHTepHeTa B IOKa/IbHOM ceTu.

PeweHue: MpoBepuntb B KOHOUrYpaLMmn KomnbioTepa, 4to nopt TCP 4001 He 3abnoKknpoBaH. Ecam aTo He
TaK, 06paTUTECh K aAMUHUCTPATOPY /IOKA/IbHOM CEeTH.

Mpo6nema: MNocne ycTaHOBKM B aHanu3atop SIM-kapTbl BO3HMKaeT owunbKa «HenpaBunbHblii IP-
agpec».
Bo3morkHaA npuumHa: NMpucsoeHHbIN ceTbio IP-agpec apyron, yem B KOHGUIypaunmn aHanamnsaTopa.
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PeweHune: [poseputb, 4YTO B 6ase aHanM3aToOpoB BBEAEH MpPaBWbHLIN IP-HOMEp NO AaHHbIM

nposaiigepa. B 6a3e aHann3aTopoB BOWAUTE B pefaKTMPOBAHWE HACTPOEK aHa/auM3aTopa U
Bblbepute «U3MmeHUTb HacTpokm GSM». BeeguTe M noATBepAWTe nNpaBuAbHbIA IP-agpec.
OTKAOYMTECH OT aHaNM3aTopa M nNposepbTe coegnHeHmne GSM no aKpaHy cTaTyca, NPaBUAbHO N
aHanmsaTtop noaxntountca K MHTepHety. Ecnum aTo He npuHeceT pesynbTaTta, NpPoBepbTe, NOAXOAUT
M ycTaHoBneHaa SIM-KaprTa.

MNpobnema: AHanu3aTop BblAAET oWNOKY «HeBepHbi PIN-Koa SIM-KapTbi».

Bo3morkHaA npuumnHa: HesepHbiit PIN-Koa, ucnonb3yembiii aHanM3aTopom gnsa pasbiokuposku SIM-

KapTbl. MoKeT bbITb, 3TO CBA3aHO € 3ameHol SIM-KkapTbl Ha gpyryto, uan PIN-Kog KapTbl MU3MEHEH
BHELIHWM YCTPOWCTBOM.

PeweHune: Mocne nogkatoveHns K aHanmsatopy no USB Heobxoammo BoMTM B 6a3y aHanM3aTopos M

BblOpaTb napameTp «M3meHUTb HacTpoiiku GSM», a 3aTtem «U3meHutb PIN-Kog SIM-KapTbi».
Beeaute ntobble yeTbipe umdpbl B nose «Crapblii Kog PIN» (3To none B TakoW cuTyauumu
WUrHOpUpYeTCcA), a 3aTeM fBaxkAbl B ABYX NOJAX HUXKEe BBeAWUTE MPaBWU/bHbIN Kog SIM-KapTol.
CoxpaHuTe HacTpolKkK. OTKAYMTECH OT aHa/AM3aTopa U Ha ero akpaHe 8/10 nposepbTe CTaTyC
GSM (npou3onaéT nn coeAnHEHUE C CETbIO).

Npobnema: AHanusaTop BblAAET owMbKY GSM «Tpebyetca PUK».

Bo3MO)KHaA MpuuMHa: YCTaHOB/EHas B aHa/M3aTop KapTa 3ab/soKMpoBaHa B pe3y/ibTaTe BBOAA

HEeCKo/IbKO pas owmnboyHoro PIN-koga. Heobxoanmo pasbnokuposatb SIM-kapTy, BBeas PUK-kog,.

PeweHue: MNocne nNoakalo4YeHUs K aHanusatopy no USB HeobxoamMmo BoMTM B 6asy aHanM3aTopoB U

A

BbibpaTb NapameTp «M3meHUTb HacTpoiiku GSM». BbibpaTb «U3meHuTb PIN-Kog SIM-KapTbi».
[oNKHO OTKpbITbCA OKHO AnsA BBofa PUK-koga v Hosoro PIN-koga. BeeguTe v noatsepaute
KoAabl. OTKAOUYMTECh OT aHanM3aTopa M Ha ero skpaHe 8/10 nposepbTe ctaTyc GSM (Npon3onaér
NN COeAVHEHMUE C CETbIO).

KapTy Tak»Ke MOXKHO pa3b/0KkMpoBaTh, BCTaBMB B 10601 MobUAbHbIN TenedoH u Beeas PUK-koa u
HoBbIM PIN-Koa.

HeckonbKo nonbIToK BBoAa HeBepHoro PUK-Koaa npnBoanT K Heobpatumoit 6aoknposke SIM-
KapTbl.

Mpobnema: AHannzatop coobujaet 06 ownbkax GSM: «Owmnbka cetn», «Owmnbka SMS», «Het ceTn» u

Aap.

Bo3morkHaA npuumHa: Mpowusowna ogHa 3 owmnbok cetn GSM. 3T0 MoxKeT bbiTb BbI3BaHO 3anuCbio

Henpasu/bHOro Homepa TenedoHa ana SMS coobuieHnn Man BpeMeHHOoI noTepei ceTu.

PeweHue: B cnyyae owmnbkn SMS npoBepbTe NpaBUIbHOCTbL BBEAEHHOrO Homepa TenedoHa. B apyrux

CNyYasax He HYXKHO npegnpuHUMaTb AONOJIHUTENbHbIX AEWCTBUIM. AHANM3aTOp CHOBa nonpobyer
NOBTOPUTL OMEpPaLMIO NOC/e onpeaeiEHHOro MHTepPBaia BpeEMEHU (Hanpumep, yepes 1 MUHYTY).

2.13 Pa6oTta no 6ecnipoBogHOMY coeguHeHUI0 Wi-Fi

2.13.1 O6mwasa uHPopManusa

AHanusaTtopbl PQM-710/711 ocHalueHbl moaynem Wi-Fi, paboTatowem no ctaHaapTy |IEEE 802.11 (b/g) u

(n) c oAHONOTOYHOM Nepeaayeit AaHHbIX.

Mogaynb Wi-Fi B aHannsatope moeT paboTaTb B ABYX PEXMMAX:
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e TouKu pgoctyna (aHrn. Access Point) — aHannsaTop TpaHCAUPYeT B cBoel cobcTBeHHoM ceTn Wi-Fi.
YcTpoicTBa, MOAK/AOYatoWMEcs K aHanv3aTopy, paboTaloT B perKMMe K/AMEHTA. ITOT Pexum
[OCTyneH B aHaM3aTopax ¢ Bepcuei npowmrsku 1.30 uam Hosee.

o KnmeHTa — aHanM3aToOp NOAKNHOYAETCA K CYLLECTBYIOLLEN BHELLHE TOYKe 4OCTyna.

2.13.2 3aBojackast KOHpUrypanus
3aBoackan KoHdurypauma Wi-Fi nnaHweTa u aHannsaTopa BbIrAAUT ciesyowmum obpasom:

e PexXnm paboTbl: aHaIM3aTOP B KAaYecTBe TOYKM A0CTyna.
e HacTpolikn aHanmsaTopa:
o SSID cetn: modenb_cepuliHbili_Homep_aHanuzamopa (Hanpumep, PQM-710_BR0001);
Kanan: 10;
Appec IP Toukn goctyna: 10.0.71.1;
Macka nogcetun 255.255.255.0;
ABTOMaTUYecKoe npucesoeHune agpecos IP (DHCP): BkntouyeHo;

o O O O

o WwndposaHne WPA2-PSK BKAOYEHO, KNHOY NO yMOAYaHUIO «12345678».
e KoHdurypaums nnaHweTta (KAUEHT):
o IP npucBamBaeTcA aBTOMaTU4YeCcKM Touykon pgoctyna: 10.0.71.X (rge X Haxoautca B
AnanasoHe 2...254), wno3 10.0.71.1;
o LlWudposaHmne WPA2-PSK BKAOYEHO, KtOY MO yMONYaHUo «12345678».

MpunoxeHne «SONEL ANALYSIS» (Bepcus ans nnaHweTa), ycTaHOBAEHa Ha NAaHLIeTe U 3anycKkaeTcs

aBTOMATUYECKM NOC/IEe ero BKAOYEHUA.
2.13.3 PexxuM TOYKM AOCTyNa

B pexume Toukm goctyna (AP) aHanusatop TpaHcaupyeT B cobctBeHHolM nogcetv Wi-Fi ¢ 3agaHHbIM
nmeHem cetu (SSID). HacTpoiKuM aHanusatopa No ymoa4YaHWio npuBefeHbl B rnase 2.12.2. BHelwHee
YCTPOWCTBO (Hanpumep, KOMMbIOTEP), MOMKET MOAKMIOUUTLCA K aHa/M3aTopy, €C/IM  OCHALLEHO
coBmecTUmbIM MHTepdencom Wi-Fi, paboTatowwem B pexkume KAMeHTa.

K aHann3aTtopy, B lD,aHHbIl‘;‘I MOMEHT BpeEMEHUN, MOXKET 6bITb NOAKNHOYEH TONIbKO O4UNH KNTINMEHT.

- =

Puc.28. 3aBoacKas KoHdurypaums. MpsiMoe coeamHeHne NAAHLWET <> aHaansaTop.

Pexkum paboTbl aHanmM3aTopa B KadecTse To4uKu goctyna Wi-Fi curHanmsmpyetca Ha 3akpaHe 10/10 B
nepBoi CTpoke — psaom ¢ Hagnucobto Wi-Fi gononHuTtenbHo oTobparkatotca 6ykebl AP. Ha aTom 3KkpaHe
oTobpaxkaeTca cneayowan nHdopmauusa:

e CTaTyc coeanHeHUA ¢ KnneHTom (Hanpumep, FoTos, KAMeHT nogKatoueH);
o Appec MAC moayna Wi-Fi aHannsatopa;

o Appec IP Touku goctyna;

o TeKyllee nma TpaHcaupytoulel cetu (SSID).
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Kanan Wi-Fi Ha KoTopom no ymonvaHuio paboTtaeT aHanus3atop (KaHan 10), MOXHO WM3MEHUTb B
CMTyaUMK, KOrga Ha 3TOM KaHase paboTaeT MHOro YCTPOMCTB, YTO MOMKET MPUBECTUM K CHUMKEHUIO
NPOMNYCKHOMW CMocoBHOCTM M B3aMMHbIM nomexam. YTobbl M3MEHUTb KaHan B AuanasoHe 1...13,
HeobxoaMmo 3aAaTb HoBoe MmA SSID, 3aKaHuMBalolleeca cumBonammn «_chX» (3Hak noavepkmBaHus,
CTpouHble 6yKkBbl «ch» 1 HOMep KaHana), rae X — 3To YMC/o, onpeaenntolLee KaHan B AnanasoHe oT 1 ao
13. Mpumep nmenu SSID, N3MEHAIOLWLEr0 KaHaa No YyMOAYaHWUIO Ha 5-11 — 3To «PQM-711_BS0001_ch5».

Korga aHannM3aTop yCTaHOB/IEH B PEXMM TOUYKM JOCTYNA M roToB K paboTe, MOXKHO NOAKAOUUTLCA K CETH
ero TpaHcaauuun. B cuctemax Windows HeobxogMmo BbI3BaTb OKHO MOZAK/OYEHMA K CETU, B CNUCKe
OOCTYMHbIX H6ecnpoBoAHbIX ceTei HalTu mma SSID aHanusaTopa U BbibpaTb MogKknuuTb. Mpumep
TaKOro OKHa MokasaH Ha puc.29.

Obecnie polaczono z +

Bo 3
4 Dostep do Internetu

E PQM-711_BS0009
Brak dostepu do Internetu

Potaczenie sieci bezprzewodowej 2 ~

PQM-711_BS0009 Potaczono ]

PQM-T710_DJ0005

DKO0O015_ch5

gosc

Otwérz Centrum sieci | udostepniania

Punc.29. OKHo noakntoyeHun K becnposogHoi cetn B cucteme Windows.

Mpy nonbiTKe noAaxaloyYeHns notpebyetrca BBeCTM CeTeBOM nNaposb. PexkomeHayercs, 4To6bl
Nonb30BaTe/lb U3MEHW Napo/ib MO YMOAYAHUIO Ha APYroi. [aposib A0NKEH MMETb MO KpaHein mepe 8
3HaKoB. Ecnu ydanocb MOAKNOYMMTCA K CETU aHanusatopa, TO ciaedylowmm warom 6yaer 3anyck

nporpammbl «SONEL ANALYSIS» 1 nposepKa cBA3un.
2.13.3.1 Hacrpoiika noakawdenusa Wi-Fi c nomomibio coeauHenus no USB

Monb3oBaTe/lb MOXET M3MEHUTb 3aBOACKME HACTPOMKM TOYKM AOCTyMNa aHa/amM3aTopa C MOMOLLbHO
nporpammbl «SONEL ANALYSIS». Ob6A3aTenbHbIM SBASETCS NOAK/IOYEHME aHa/nM3aTopa C MOMOLLbHO
Kabens USB.

4 Ustawienia analizatora

& § @ &
Czasi Faza Polaczenie  Polaczenie
bezpieczeristwo  cggdw  bezprzewodowe  szeregowe

- Moduly bezprzewodowe

S8 Transmisja OR-1 dostepna

& Transmisja GSM destspna

e Transmisja WiFi dostepna

Puc.30. 3KpaH HacTpoeK aHaaM3aTopa ¢ A4OCTyNHbIMM 6ecnpoBOAHbIMMY CPEACTBAMM Nepesayn AaHHbIX.
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Ustawienia
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- Ostrzezenia SMS
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HacTpoiiky aHanM3aTopa HEOBXOAMMO BbIMOIHUTL CAEAYHOLUM CNoCO6oM:
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CoeamHUTbCA C aHann3aTopom Kabenem USB.

BbINONMHUTE MOWCK aHanus3aTopa, Hanpumep, NyTEM BbIGOpa B MEHI MPOrpaMmbl MNYHKTA
AHanusartop = Hacrpoiika aHanusaTtopa (F4) n coeAnHUTBCA C aHaIU3aTOPOM.

MepeitTn Ha BKNagKy becnpoBogHoe coeguHeHue (puc.30) M NPOBEPUTL, YTO aKTUBEH NapameTp
JoctynHa nepegaya no Wi-Fi. Ecin HeT, TO BK/OUYMUTDb €ro.

BbibpaTb B MeHIO nporpammbl NyHKT Mapametpbl > bBasa aHanusatopos (F3). B 6ase
aHa/IN3aToOpPOB BOMTU B pPefaKTMPOBaHME HACTPOEK aHasM3aTopa (BbIOpaTb CTPOKY C CEPUMHBIM
HOMEPOM aHaM3aTopa U HaXKaTb M3MeHUTb). B NosBMBLUEMCA MEHIO HaXKaTb KHOMKY U3meHuUTb
HacTpoku Wi-Fi.

MepekntouaTtenb Pexxum ycTaHOBUTL B NonoXeHUe TouKa gocryna.

HeobxoamMmo BBeCcTM noouyepegHO: MMA TOYKM goctyna (none Uma cetu (SSID)) u apaxkapl
ceTeBoi naposb (none Hosblit naponb v MoptBepantb Naponb). Maponb A0AKEH UMETb NO
KpaliHen mepe 8 3HaKOB.

KHonka BoccTaHOBUTb HAaCTPOIAKM MO YMONYAHUIO 3aMNO/IHAET NOA 3HAYEHUAMM NO YMONYAHUIO,
YKa3zaHHbIMK B rnase 2.12.2.

Mocne noateepXKAeHMA HacTpoeK KHonkoli OK, aHannsaTop nepesanyckaet mogynb Wi-Fi n uepes
HEKOTOpOe BpemMs AO0JIKeH OblTb FOTOB K COEAMHEHUIO C KAMEHTOM C HOBbIMW HACTPOMKamMMU.
lfoToBHOCTL K paboTe u uma SSID MOMKHO MpoBepwuTb Ha 3KpaHe 10/10 aHanm3aTopa nocne
3aBeplieHma coeguHeHma no USB.

e
B ER v  E
Dods) Edytyj Usufi  Pofaczzwybranym  Zamknij

» M Swiadectwo wzorcowania

‘ 12 miesiecy

- Zarejestrowane wrzadeenma ———

Typanalizatora  Mumerseryiny  Opis nia  AutoPIN? Aktywns kartaSIM?  AdresTP GSM Adres MACWi-Fi | Adres IP Wi-Fi

1 PQM-703 BO0105

2 PQM-TI1 BS0075

3 PQM-702 AZ0017

@ Kient
- Konfiguracja:

Nazw PQM-711 BS0009|

7 amierod e @/ 2mief ustawienia GsM @7 amie ustweria Wi < praywst camyine

Puc.31. 3kpaH KoHbUrypaumm Toukmn goctyna Wi-Fi.



2.13.4 Pe:XuM KJIMEHTa

B pexknme KAneHTa BO3MOXKHa paboTa B IoKaNbHOM ceTh (puc.32), a Tak:Ke yepes UHTepHeT (puc.33). B
C/lydae eciv NaaHWeT umeeT cO6CTBEHHOE NpPorpaMmHoe obecneyeHne AnsA aKTUBALMM NPOTrPaMMHOM
TOYKM [0CTYNa, MOMHO YCTaHOBUTb OOMOJIHUTE/IbHOE MPAMOE CoefMHEeHMEe NaaHweT < aHaansaTop
(pnc.34 v puc.35).

-

=
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1

|

1
=
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Puc.34. Mpamoe noakatoveHue naaHwet (AP) <> aHanusaTop (KNMeHT).
Heobxo4um nnaHWeT ¢ AencTByowen GyHKUMEN NPOrpaMMHOM TOYKM A0CTyNa
(He BXogMT B cocTaB NporpamMmHoro obecneyeHus, nocrasasemoro Sonel S.A.).
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Puc.351. Mpamoe nogkatodeHne nnaHweT (AP) — HECKOIbKO aHaNN3aToOPOB (KNMEHTbI).
Heobxoamm nnaHweT ¢ gencTBytowein GyHKUMEN NporpaMmMmHON TOYKK AOCTyna
(He BxoauT B cocTaB nporpammHoro obecneyeHus, noctasnsemoro Sonel S.A.).

B KOHPUrypaumsax C BHEWHMM MapLIPyTM3aTOPOM BO3MOXHA paboTa B OTKPbLITOM CETU UK
3aWnLEHHON no ctaHaapty WPA/WPA2-PSK. B He3aWMLIEHHbIX ceTAX B KOHPUrypauumn aHanusatopa
none «Knou» B «base aHaNM3aTOpPOB» A0MKHO ObITb MYCTbIM.

Mpy NOAKAYEHUN K TOYKE A0CTyna aHaan3aTop 3anyckaert cay»kby cepsepa coeamHeHuin TCP/IP nop,
cTatuyeckum IP nnmn agpecom, BbigeneHHbim cepsepom DHCP Toukn goctyna. MopT, Mcnosib3yemblii Kak
B JIOKANIbHOM CETU, TaK U NP NPAMOM coeanHeHnn — 3710 4002.

CoeanHeHne c aHanusatopom 4epe3 WHTepHeT TpebyeT OT agMMHUCTPATOpPa CETU MNPaBUAbHOM
KoHburypaumm mapuwpytmsatopa Wi-Fi (nepeHanpasneHne TpaduKa M3 JIOKaAbHOW CeTU B

061e0CTYMHYIO CeTb).

AHanusaTop, B AOCATAaemMOCTM KOTOPOro HeT HeobXoAMMOM TOYKWM [O0CTyna, OCTaércA B perkume
CKaHWpoOBaHUA gmanasoHa Wi-Fi 2.4 Tu,

YpnanéHHoe noakntoueHne npunoxkeHna «SONEL ANALYSIS» nocpeactsom Wi-Fi 6yaeT BO3MOXKHO ecnu
3TOT cnocob nepefaynm aKkTMBEH B KOHPUrypaumm nporpammbl («HacTpoMku nporpammbi» —>
«AKTUBHDbIE®).

2.13.4.1 Hacrpoiika noakawodenusa Wi-Fi c nomonibio coeguHenus no USB

[Ona npaBUAbHOM HAacTPOMKM coenHeHns byaeT HeobxoamMmo:

e Mmsa Toukn goctyna (SSID).

e [laposb (Knwou) gns 3alwmiéHHom ceTu.

e BHewHwii IP-agpec 1 BHewHMit nopT. 3TM NapameTpbl TpebytoTca ana paboTol B gpyroi noaceTy,
4yemM naaHwWeT (KomnbloTep), 0cob6eHHO OHM HEOBXOAMMbI ANs NOAKNIOYEHUA Yepe3 UHTepHET.

HacTpoliky aHannsatopa Heobxo4MMO BbINOHUTL CeayroWwmm 06pasom:

o [logKNIOYUTb K aHAIM3aTOPY NAAHWeET (KOMMbOTEP) ¢ NomoLLbtio Kabens USB.
e BbINOAHUTL MNOMCK aHanM3atopa, Hanpumep, nNyTem BbibOpa B MeEHK NPOrpaMmbl MYHKTa
«AHanusatop» = «HacTpoiika aHanusatopa» 1 COeAUHUTLCA C aHaIM3aTOPOM.
e [lepeilTM Ha BKNagKy «becnpoBoaHoe coeauHeHue» (puc.30) M nNpoBepwTb, YTO aAKTUBEH
napametp «[ocrtynHa nepeaaya no Wi-Fi». Eciun HeT, TO BK/IOUMTDb €ro.
54



— = e

Dodaj Edytuj Usufi  Polacz zwybranym  Zamknij

- B Swiadectwo wzorcowania —— 00000000

‘ [Zmesesy | |

- Zarejestrowane wrzadzeia ——

Typanalizatora  Numer seryiny : Datawaorcowania | Auto PIN?  Aldywna kartaSIM?  AdresIP GSM AdresIPWi-Fi | Praypomnienie o wygasnisciu

PQM-T0L 960016 2017-03-23

PQM-7017r 990013 2016-07-20

PQM-702 Azo1s1 Test analyzer 2017-07-06

Ustawienia

@ Punkt dost

Externalapiame]

W zmiery

® Automatyczrie (DHCP) © Recanie Adres TP

[ = | g

- i
J7 avies od P @7 2mief ustawienia GSM &7 zmicti ustawieria Wi i

Puc.36. dkpaH KoHpUrypaumnm Wi-Fi B pexxume KnmeHTa ¢ BHeWHMM IP-agpecom.

e BbibpaTb B MeH0 nporpammbl «Mapametpbi» = «ba3za aHanusatopos». B 6ase aHanM3aTopos
BOWTW B peflaKTUpPOBaHME HACTPOEeK aHanusaTopa (BblbpaTb CTPOKY C CEPUMAHBIM HOMEPOM
aHanM3atopa W Ha)kaTb «M3MeHUTb»). B MOABMBLUEMCA MEHIO Ha)KaTb KHOMKY «U3MeHUTb
HacTpoiku Wi-Fi».

o [lepeKkntoyaTtenb «PeXXMm» yCTaHOBUTL B NOJIOXKeHUEe «KnneHT».

e Heobxoammo BBECTM MooyepenHo: MMA TOYKM goctyna (none SSID), a Takke B cayyae
3alMLIEHHON CeTU OTMETUTb nosie «M3meHuTb» U BBECTU Naponb (none «Knwu»). B caydae
He3aWMUILEHHOM ceTh nose «Kau» MOXKHO OCTaBUTb MYCTbIM, HO NoJsie «U3MEeHUTb» JONKHO
6bITb OTMEYEHO.

e BbibpaTtb cnocob npuceoeHus IP-agpeca Toukol goctyna. Mpu HasHauYeHUU BPYYHYHO, BBECTU
cooTBeTCTBYIOWMe 3HavyeHMA B nona «Agpec IP», «Macka» n «llnwo3». B aBTomatnyeckom
pexkmume BbibpaTh «DHCP».

e T[lone MopT He NognexuT nsmeHeHuto — 3To Bcerga Homep 4002.

e B cnyyae paboTbl B gpyrux nopcetax (ceTb MHTepHeT) 3anonHUTL nons «BHewHui IP-agpec» 1
«BHewHut nopt». [na npaAmMoro coeguHeHua (nnaHwer <> aHanuMsatop) U Ans paboTbl B
NOKaNbHOW ceTn (nnaHweT < mapuwpyrtusatop Wi-Fi <& aHanusatop) cneayer ocTaBUTb 3TU
nonA B HEaKTUBHOM cocToAaHUU. Mpu ckaHmposaHum cetn «SONEL ANALYSIS» aBTomaTtunyecku
aKTUBWPYET AaHHble NOAA, eCM O6HAPYKMT NPUCYTCTBME aHaM3aTopa.

e [loaTBEepAMTb HACTPOMKK KHoMKoM «OK». HoBble AaHHble ByayT OoTNpaBaeHbl B aHannsaTop.

e Ecnu 6binn BBEAEHbI NPaBU/bHbIE AaHHbIE, TO AHA/IM3ATOP MOMNbITAETCA NOAKAOYUTLCA K TOUKE
poctyna Wi-Fi. Mocne oTtkatodyeHma USB, cTaTyc coeanHEHUA MOXKHO OTCAEXMBATb Ha 3KpaHe
10/10.

I'IpanmbHaﬂ nocnenoBaTesibHOCTb OTO6pa)KEHMFI COO6LI.I,€HVIﬁ Ha 3KpaHe:

MOWUCK CETM...

MOAKNIOYEHME K CETM...

NONYYEHUE IP-AQPECA... (B cnyyae DHCP)
roroso

O O O O
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2.13.4.2 lo6aBJieHMe B 6a3y paHee CKOHpUrypupoBaHHOro aHam3saropa (offline)

Mpoueaypa, onMcaHHas HUXKe, NpeaHasHayeHa Ana Clyyas, Korga aHanusatop 6bin npegBapuUTenbHO
CKOHUrypmpoBaH, HO ero Heobxoammo pf[ob6asuTb B 6asy MAM M3MeHUTb napameTpbl Wi-Fi,
NAEHTUPULMPYIOLLME YCTPOMNCTBO.

[N npaBUAbHOW HAaCTPOMKKU NogKAtoYeHUs TpebyeTca «BHewHui IP-agpec» n «BHewWwHUA nopTy.
HacTpoliky KoHduUrypaLmm aHann3aTopa HeobXxoAMMO BbINONHUTL Cieayowmm obpasom:

e BblbpaTb COOTBETCTBYIOWMI aHanu3aTop B 6ase W HaKaTb KHOMKY «U3MeHUTb» WK
«[l06aBuTb», 4TOOLI £,06aBUTL €ro B 6asy;
e lcnonb3oBaTtb KHOMKY «U3MeHUTb HacTpoitku Wi-Fin.

f He nogkntoyaiTech K aHann3aTopy — B OKHE HaXKMUTE KHOMKY «OTMeHa». B KoHpUrypaumm sto
6yaet oTmeyeHo Hagnucbto «Hactpoiika Wi-Fi (offline)».

e OTmeTuTb Nosne Bbibopa «BHewHuM IP-agpec».

e 3anonHuTb none «BHewHwuit IP-appec», BBega agpec IP, KoTopbli ecTb y aHanusaTopa (uam
NMPUCBOEHHbIN aAMMHUCTPATOPOM ceTu IP-agpec, noa KOTOpbIM AOCTYyMeH aHanuM3aTop) wu
«BHewWwHu nopT» (No ymonyaxuio 4002).

e [loaTBEpAMTb HAaCTPOMKM KHOMKON « OK».

i i =)

Dodaj | Edytuj | Usuni | Polacz zwybranym  Zamknij

- B Swiadectwo wzorcowania

‘ 12 miesiecy

A ——

Typanalizatora | Numer serviny i Data wzorcowania | Avto PIN? | Aktywna kartaSIM?  Adres IP GSM AdresIPWiFi  Praypomnienis o wygadnisciu

PQM-701 960016 2017-03-23

PQM-701Zr 990013 2016-07-20

PQM-702 Azo181 Test analyzer 2017-07-06

@ Punkt dos O Kient
Ustawienia Wi-Fi (offfine)

J miedikod Py 27 Zriers ustawienia GSM 27 Znief ustawieria Wik

Puc.37. JobasneHune B 6asy aHanmnsaTopa B pexkmme kamneHta (offline).
2.13.5 IIpoBepka coeauHeHust Wi-Fi

Ecnv Ha aKkpaHe ctaTyca 10/10 cocToaHue Wi-Fi oTobparkaeTca Kak «[OTOB» — 3TO 03Ha4YaeT roTOBHOCTb
YCTaHOBUTb COEAMHEHME C MJIAHWETOM OT YAaNEHHOro KomnbloTepa (nnaHweta). MoKHO BbIMNONHUTb
TeCToBOE NoAKAYEeHMe AnA NpoBepKn cBasn ¢ npunoxeHmem « SONEL ANALYSIS»:

e HeobxogMmo npoBepuTb B HACTPOMKax NporpaMmmsbl, BKAOYEH I MOUCK aHanmnsaTopos no Wi-Fi:
B MEHI0 Nporpammbl HyXHO Bblbpatb «[MapameTpbl» > «HacTpoilku nporpammbl» —>
«Hactpoiiku cBasu» = «AKTuBHbIe». Mone «Wi-Fi» 40/13KHO 6bITb OTMEYEHO;
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e Ecnu aHanusaTop, € KOTOPbIM Mbl XOTUM COEAMHUTLCA, paboTaeT B pexMme KAWEHTa, TOr4a OH
AO/IKeH bOblTb nNpeaBapuTenbHO BBegeH B 6a3y AaHHbIX aHanM3aTopoB (ecan paHblle 6blna
BbINO/IHEHA HACTPOMKa MO NyHKTY 2.12.4, TO 3TO yKe cAeNaHo);

e Ec/nv aHanM3aTtop, € KOTOPbIM Mbl XOTUM COEANHUTLCA, PAaBOTAET B peXXMme TOYKM [0CTyNa, TO
HeobXogMMO C YpPOBHA OMEPALMOHHOW CUCTEMbl NpenBapuUTeNlbHO MOAKAHYUTLCA K
TpaHcanpyemom um cetbto Wi-F;

e HeobxoaMmo oTKAUUTL Ntobble coeanHeHus ¢ aHanmnsatopom (USB, GSM);

e BbimoAHWUTL NOUCK aHanu3atopa, BbibpaB nobon meton (Hanpumep, WENKHYB MO KHOMKe
«TeKywMe NOKa3aHUA»). B cnucKe pe3ynbTaToB MOWMCKA AO/MKEH MNOSABUTbCA aHanu3aTop ¢
npumeyaHmem «CoeguHeHue no Wi-Fi». Bbibepute 3TOT aHaIM3aTOP U HaXKMUTE KHOMKY «OK»;

e Yepes HeKOTOpPOe Bpems Ha 3KpaHe AO0/IKHO NOABUTLCA HYXKHOE OKHO (Hanpumep, «Tekywue
NOKa3aHUA»), a CTaTyC B CTPOKE COCTOSHWUA TMPUIONKEHUA [LO/IKEH W3MEHUTbCS Ha
«MoakntoueH». Takke Ha gucniee aHanmsatopa otobpasutca cooblieHne «loaknoueHue K
NK (Wi-Fi)». Tem cambiM NOMbITKa YCTAaHOBUTb COEAMHEHME 3aBEPLUNAACH YCNIEXOM.

2.13.6 Bo3mo:xHbIe Npo6GJieMbl ¢ HACTpPoiiKoi Wi-Fi 1 pekoMeHyeMble JeiiCTBUSA

Mpobnema: WMHAMKATOp BbINOAHEHUSA MPW MOMCKE aHa/NN3aTOPOB B TEUYEHUE HECKOJIbKUX CEKYHA,
poxoant oo 100%, He HaxoaA aHanM3aTopa.

BO3MOXHaA NpUYMHA: OTO MOXKET CBUAETE/IbCTBOBATL O BbIK/IHOYEHHOM NOMUCKe aHannsatopos no Wi-Fi
B HACTPOMKaxX NPUIOKeHUA nnm base aHaIM3aToOPOB.

PeweHune: B MeHIO nporpammbl HY>KHO BblbpaTtb «lMapamertpbi» = «HacTpoiiku nporpammbl» —>
«HacTpoiiku ceasu» = «AKTusHbIe». Mone «Wi-Fi» 40/13KHO 6bITb OTMEYEHO.

MNpobnema: MHAMKATOP BbLINONHEHWA NPU MOUCKE aHANM3aTOPOB B TEYEHUE HECKONbKUX CEKyHA,
poxoant oo 100%, He HaxoaA aHanmMsaTopa.
BO3MOXHble NPUUYMUHDI:

1) AHanM3aTop BbIKAOYEH WU C HEAKTUBHbIM/HEHACTPOEHHbIM coeguHeHnem Wi-Fi.

2) HecooTBeTcTBME BHelwHero IP-aapeca aHanmsaTopa v 3anucu B 6ase aHann3aTopoB.

3) AktuBHOoe Wi-Fi coeagmHeHne aHannsaTopa Cc APYrum KANEHTOM U BPEMEHHbIe NPO6aeMbl ceTu.

PeweHue:

1) Mpu AOCTYNHOCTM aHanM3aTopa MOMKHO NposepuTb coctoaHua Wi-Fi Ha skpaHe 10/10. Ecau
COCTOAHME «BbIKNOYEHO», TO Heob6XOAMMO B MEHIO MporpamMmmbl  BblGpaTb nNapameTp
«AHanusatop» —> «Hactpoilkm aHanusatopa», nepentm Ha BKAagKy «bBecnposogHoe
coeguHeHune» 1 NpoBepuTb, 4To onums «Mepeaava no Wi-Fi» akTMBHa MAN BKAOUYUTL €€, ecnun
3TO He Tak. MposepuTb HacTpoiky Wi-Fi.

2) Yb6eputbea, 4To B Hase aHanM3aToOpoOB BBEAEH NpaBUAbHbIN IP-aapec aHannsaTopa NopT (To/bKO
ana pexmma «KnmeHT»).

3) MoBTOPWUTb NOMbITKY NOAK/IOYEHMA.

Mpobnema: Kacaetcs pexmMma TOUKM AonycKa. TpaHCAMpyemasa aHa/iM3aToOpoM CeTb BMAHA B CMUCKe
AOCTYMHbIX CETEN, HO NPM NOMbITKE NOAKAOYEHNA NoABAAETCA coobuieHme 06 ownbKe.
Bo3mOKHble NPUUYUHDI:

1) AHanM3aTop y:Ke NOAK/AOYEH K APYromy KameHTy (Ha skpaHe 10/10, Toraa oTobpaaerca craTyc
«KnueHT nopgKnwueH») WAM ecTb aKkTMBHOe coeauHeHue «SONEL ANALYSIS» ¢ apyrum
KOMMNbIOTEPOM (Ha 3KpaHe oTobparkaeTca coobuieHne MoakntoueH K MK (Wi-Fi)).

2) OwwubKa cetn nam moayna Wi-Fi aHanmsatopa.

PeweHue:
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1) OTKAUYMTb COeANHEHUE APYroro KANeHTa C TOYKOM A0CTyNa B aHaAn3aTope.
2) Mepesanyctutb moaynb Wi-Fi B aHanusatope, yaepx»uBas Ha)KaTbiIMi He MeHee 1,5 ceKyHAbl

KHOMKM CO CTpesikamu & vnn Q, NMoKa He MUTHET 3KpaH. [MonpobyiTe NOAKIOUYMTLCA CHOBA.

& ‘ Mepe3anycKk BO3MOXEH TO/IbKO TOr4a, Korga He aktueBHO coegmnHeHmne « SONEL ANALYSIS».

Mpob6nema: HecmoTpa Ha NpaBubHbLIN cTaTyc «[OTOB» Ha 3KpaHe aHaM3aTopa M NOMCK aHaAIM3aToOPOB.,
OH He noAsuaca B cnucke. Onuyua «lMepepgaya no Wi-Fi» BKAlOYEeHA M aHanM3aTop NpPaBUIbBHO
CKOHOUIypupoBaH B 6ase aHannsaTopos (BmecTe ¢ IP-agpecom).

Bo3moKHaA npuumnHa: bnokuposka nopta TCP 4002, KoTopblit UCNoab3yeTcA A1A CBA3WU, CETeBbIM
6paHgMayspomM KomNbloTepa (nnaHweTa) uan nposangepom VIHTEepHETa 10KaAbHOW CETU.

PeweHue: MpoBepuTb B KOHPUrypauuu KomnbitoTepa, 4To nopt TCP 4002 He 3abnokupoBaH. B
NPOTUBHOM Cnydae obpaTUTeCh K aflMUHUCTPATOPY JIOKAIbHOM CeTu.

Mpo6nema: Mpu NPAMOM NOAKNOYEHMUM «NAGHWIET <> aHaNM3aTOP» CKOPOCTb Nepeaayn najgaer HuKe
200 kbuTt/c.
B03MOXHble NPUUYUHDI:
1) Canwkom 60/bllOEe PACCTOAHNE MEXAY NAaHLWETOM U aHaIM3aTOPOM.
2) ChuwWwKoM BbICOKMI ypOBEHb MOMEX B KaHasle, N0 KOTOpOMY BeAETcA nepegaya.
PeweHue:
1) MNomoiTh K aHaM3aTopy C NAaHLWETOM Ha PaccToAHUE MeHblue, yem 10 m.
2) HeobxoAuMMO M3MeHUTb HOMep KaHasa, Ha KOTopom paboTaeT Touka gocTyna (ecnv aHanmMsaTtop
ABNAETCA TOYKOW AOCTYyNa, 3TOFO0 MOMKHO AOCTUFHYTb NepemMeHOBaHWeM TpaHCAMPYEMON ceTu
(SSID), kak onucaHo B rnase 2.12.3).

Mpo6nema: MoTepa cBA3M C aHAN3ATOPOM.
Bo3MOXKHble NPUUYMUHDI:

1) B okHe 6ecnpoBoaHbIx coeanHeHuii (prc.30) BbikatoYyeHa cBA3b no Wi-Fi.

2) OtkatoyeHa Touka goctyna Wi-Fi (Tonbko gns pexxnma «KnmeHT»).

3) CnuwKkom 60sblIOe pPaccTOsHME MENKAY aHA/M3aTOPOM M TMIAHWETOM B C/y4ae MpPAMOro
coeiHeHMA.

4) Cnmwkom 60/sbllOe PaCCTOAHME MeXKAy aHanM3atopom M Touykoin pgoctyna Wi-Fi uan mexay
KOMMbOTEPOM (M1aHWeToM) U TouKkol aoctyna Wi-Fi.

5) ChauwwKom BbICOKUI YpOBEHb MOMEX B KaHasle, M0 KOTOpoMy BeAETCA Nnepeaaya.

PeweHue:

1) MopgKnwouuTbCa K aHanuMsatopy npu nomowm Kabens USB u BKAouutb cBAsb no Wi-Fi B
aHanusatope (puc.30)

2) B pexume «KnueHta» BKAOUMTb TOYKy goctyna Wi-Fi n nogoxpatb, NOKa aHanus3atop K HeM
noaxntoumntca. Ha skpaHe 10/10 otobparkaetcs coctoaHue Wi-Fi «FoTos».

3) B pexume «KnueHTa» noAoWTU C NIaHWETOM OAMMKe K aHaAn3aTopy W MOBTOPWUTb MOMbITKY
NoAKNYEHUA. Jlyyllue BCEro, Korga aHaAu3aTtop HAXOAUTCA B NOJE 3PEHUsA, TOTAa Ha 3KpaHe
10/10 sugHo coctosiHne Wi-Fi u yposeHb curHana. Tonbko coctosaHue «FoToB» rapaHTMpyet
BO3MOXHOCTb MoakatoueHua. HKenatenbHo 4YToObl OTOOpaXKaemMblii YpOBEHb CUFHANA COCTaBAAN
KaK MUHUMYM [,Be NOJIOCKMU.

4) Ecnv 3TO BO3MOKHO, pa3mecTute aHanusatop/Kkomnbiotep (naaHwer) u/vam Touky gocryna Wi-Fi
B TAKOM MecTe, 4Tobbl ypoBeHb curHana Wi-Fi cocTaBaan Kak MMHUMYM ABe MOJMIOCKKU, PAaBHO Kak
ONA aHaNn3aTopa, Tak U ANA KoMnbioTepa.
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5) HeobxoAMMO M3MEHUTb HOMEpP KaHasa, Ha KoTopom paboTaer Touka gocTyna (ecnv aHannsatop
ABNAETCA TOYKOW AOCTyNa, 3TOFO0 MOMKHO AOCTUrHYTb MeperMMeHOBaHWEM TPaHCAUPYEMOK ceTu
(SSID), kak onucaHo B rnase 2.12.3).

2.14 YBegoMJieHHUe O IepeMeleHUM aHa/Iu3aTopa

AHanuzatop, B KoTopom pabotaer GSM-mogem B 30He pgeictBus GPS, MoXeT yBeaoOMIATb
nosib3oBaTeNa O CBOEM nepemelleHMn. YTobbl BOCNOb30BATLCA 3TOM BO3MOMKHOCTBIO, HEOBXOAMMO
YCTaHOBMTb NapameTp «PyHKUMA NPOTUB KPaXKU» C MOMOLLbIO MPUIOXKEHMA M BBECTU B CMMUCOK
3KCTPEHHbIX TenedpoHOB COOTBETCTBYIOWMNIM HOMEpP, Ha KOTOPbIA HEob6XoAMMO OTMNPaBUTb COOLLLEHME
SMS. B 3TOM perKMme aHann3aTop 3aNOMUHAET CBOE MOJIOXKEHWNE, KOTOpoe 6blN0 onpeaeneHo Brepsble
nocne BKOYEHUA PErUCTPALMMN M 3aTem OoTnpasaseT SMS-coobluieHme Ha yKa3aHHbIM Homep TenedoHa
(nnn TenedoHoB), ecnm byaet obHapy:KeHO nepemellleHMe aHanusatopa 6onee yem Ha 100 m. SMS
COObLLIEHNE COAEPHKUT TEKYLLME KOOPAMHATLI aHanm3aTopa. Takxke B nporpamme «SONEL ANALYSIS»
MOHO CBA3aTbCA C aHa/M3aTopom No GSM 1 NPoBepPUTL B OKHE CTaTyca ero TeKyLLee MeCTOMNO/I0KeHNE
(maxe Korga aHanus3aTop OTKAOYEH). Ecnv aHanusaTop A4ONroe BPeMs HaXxoAMTCS Ha PacCTOAHUM
ganbwe 100 M OT UCXOAHOrO MOJIOXKEHMUA, TO KaxKable 10 MMHYT oTnpasastotca SMS c ero Tekyuwen
nosuunei (He 6onee, yem 10 SMS).

B HebnaronpuATHbIX YCNOBUAX NpUéma curHana GPS (cnabblit curHan, oTpaKeHWs curHana) BO3MOKHa
OTNpaBKa aHa/M3aTOPOM JIOKHOMO coobLLeHUA o0 nepemelleHnn. Nob3oBaTeNb TakKe YBEAOMIAETCA O
notepe MAU NOAB/IEHUU BHOBb curHana GPS, no3sosAowWero onpeaennTb NONOMKEHME aHanM3aTopa C
NOMOLLLbIO AOMNONHUTENbHbIX SMS coobLLeHWA.

Mocne akTMBauMm GYHKLMWM 3alLMTbl OT KPaxKM aHanusatop BeAET cebs no-apyromy B OTK/IOYEHHOM
perkume: NOCTOAHHO akTMBHbI mogem GSM n GPS-npuémHMK. ITO NPUBOAUT K TOMY, UYTO B C/y4dae
OTCYTCTBMS CETEBOr0 MUTAaHUA aKKYMYAATOP PaspsrKaeTcs o4veHb ObICTPO NPUMEPHO, KaKk npu
HopManbHOW paboTe aHanM3aTopa C MUTAHMEM OT akkymynsTopa. Mo ucTeyeHUM onpeaenéHHoro
BPEMEHW, aHANM3ATOP MOJIHOCTbIO OTK/OYAETCA, C1e40BaTe/IbHO, DYAET YKe HEBO3MOXKHO OTNPaBAATb
SMS coobuieHuA.

[na npaBunbHOM paboTbl GyHKLMM 3aLLUTLI OT Kpaxu TpebyeTcs:

- BKntoueHHbIn GSM moaem ¢ npaBUAbHO HacTpoeHHoM SIM-KapToi;

& - YcTaHOBAEHHbIM TenepoHHbIN HOMepP A8 SKCTPEHHOM oTnpaBkn SMS-coobLieHus.
AKTMBALMA YHKUMKM 3aWMTbl OT KPakM [OJKHA COMPOBOXKAATLCA NPOBEPKON 060MX 3TUX

3/1eMEHTOB.

2.15 By1I0KMpOBKa KJIAaBUATYPbI

B npunoxeHun MK ecTb BO3MOMKHOCTb HACTPOMKM MapameTpoB OJOKMPOBKM KAaBULW Moc/e Hadvana
peructpaumn. 3To Aenaetca ANA 3alMTbl aHanM3aTopa OT OCTAaHOBKM PErucTpaumm MOCTOPOHHMM
yesioBeKom. YTobObl pa3baoKMpOBaTb KAaBULIKM, NOJIb30BaTe/lb AO/KEH BBECTU KOA, COCToAlMNA mn3 3

unop:

e Haxkatue nob6oit KNaBULWIK BbI3OBET NOAB/IEHME HaaNUCK «BBeguTe Koay;

e [lonb3oBaTenb MOMET BBECTM MPaBW/bHbIA Kog pPasb/OKMPOBKM C MOMOLLBIO KAaBULW Ha
KJaBuaTtype: KnasBuwa () nocnegoBatenbHO M3MeHaeT uudpbl 0, 1, 2..9; 0 B nepsoi
no3nuuu, KnasuLla O 0 BTOPOW, a KNaBuLLa NN TpeTbei;

o TpéxceKkyHaHoe 6e3aeicTBue KaAaBMaTypbl 3anycKkaeT NPpoBepKy BBEAEHHOO Koaa;
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e [lpaBunbHO BBeAEHHbIM MNaposb 0b603HayaeTcA Hagnucblo «OK» U npoucxoguT cHATUE
6/10KMPOBKM, a HEBEPHO BBEAEHHDI KOA NPMBOAUT K NOABAEHUIO Haanncu «HeBepHbIA Koa» U
BO3BpaT B Npe)KHee CoCcToAHue (Hanpumep, ralieHme Ancnnes, eciv oH 6bi BbIKAOYEH).

Mocne pa3baOKMPOBKM KNaBMaTypa aBTOMATUYECKN BIOKMPYETCA CHOBA, €C/IM N0JIb30BaTe/lb B TeYEHUE
30 ceKkyHA He Ha*KMET Ha Ntobyto KnasuLly.

C YaeprKaHue B TeYeHMe 5 CeKyHA, Knasuuw €D, @ ;505007 aBapUiHyI0 pas3bNoKMPOBKY
KN1aBMaTypbl M OTMeHAET 6/I0KMPOBKY KNaBnaTypbl B aHasn3aTope.

2.16 Coammi pexxum

Mporpamma MK gaéT BO3MOMKHOCTb BKAOYUTL CNALWMA pexkum. B atom pexume yepes 10 cekyHg oT
Hayana perucTpauMm aHanmsatop racut amcnaen. C 3Toro MomMeHTa Kaxable 10 ceKyHa B /seBOM
BEPXHEM Yry AuMcnaena KpaTKOBPEMEHHO MOSBAAETCA HOMEpP TOYKM WM3MEpPEHWUs, CUrHanusupya ob
aKTMBHOW pernctpaumu. MNocne 3ageplieHna perncTpaumm (Hanpumep, ecan Namatb bblia 3anosHeHa)
3KpaH byaeT noraweH Ao Tex Nop, NoKa He ByaeT HaXKaTa KnaBuLwa.

2.17 TemnepaTypHad 3aljuTa

AHann3aTop MMeeT NMPorpaMMHyI0 3allMTy OT neperpesa. Koraa BHYTPeHHAR TemnepaTtypa npesbliluaert
YCTaHOBMEHHbIN nopor (npeaenbHas pabouyas TemnepaTypa 3/1EKTPOHHbLIX 6/10KOB), aHanuMsaTop
npepbiBaeT Tekyuyto paboTty (Hanpumep, pernctpaumio) n otobpaxaet coobuieHue: «lMpesblweHa
MaKc. pabouasa Temnepatypal!», nocie 4ero aBTOMATUYECKM BblKAOYaeTcs Ha 10 MuHYT Ana
oxnaxkaeHua. AHanusatop Bo306HOBASET PaboTy, eCAN BHYTPEHHAA TeMnepaTypa ynana Kak MUHUMYM
Ha 5 °C, B NPOTUBHOM C/ly4ae OH CHOBA BbIKNHOUYAETCA U LMK NOBTOPAETCS.

2.18 ABapuiiHasi yCTAHOBKA BpeMeHU

AHann3aToOp COAEPKUT BHYTPEHHIOK bGaTapenky Tuna «TabneTkn», KoTopas MNoAAepKMBaeT 4vachbl
peanbHoro BpemeHun (RTC), He3aBMCMMO OT cocTosHMA Li-lon akkymynatopa. B cnyyae paspagku
aKKyMynsaTopa nocsie 3anycKka aHanunsatopa spems 6yget obHyneHo. YTobbl Npoao/ I KUTb Aa/ibHelLWyto
paboTy npu OTCYTCTBMM AOCTyna K KomnbitoTepy ¢ npunoxkeHnmem «SONEL ANALYSIS» wmnum Koraa
HEBO3MOXHO CUHXPOHU3MPOBATb BpemAa C BpemeHem GPS, aHanuszatop nocne BKAOYEHUA
0o6HapyXunBaeT HenpaBW/IbHOE BpPemMA WM MO3BOAAET YCTAaHOBWUTb ero Bpy4yHyto. Ha sKpaHe nosasutcA
coobuweHne «O6Hapy:KeHa HeBepHaA gaTtal», a 3aTem 0TO6pPaA3nTCA IKPaH YCTAHOBKM AaTbl U BPEMEHMU.
B cneaytowmx nonsx nokasaHbl gata n spemsa 8 popmate A4.MM.ITTT yy.mm.cc.

YT106bl YCTAaHOBUTL BPEMSA:

- KHOMNKamu Q n ‘: MOXHO U3MEHUTb 3Ha4YeHMe BblAE/NEHHOIo NapameTpa (y,u,ep)KMBaHme KHOMKU
dBTOMATUYECKUN YBENTMYUBAET 3Ha‘-IEHVIE),

- KHOMKa @ CAYXKUT ANnAa nepexona mexay cnegyrnwunmm napametTpamu; AKTUBHbIN napameTp
noacee4ynBaeTca,

- ANA NoOATBEPKAEHNA HACTPOEK, HAXKMUTE U yp,epmMBaﬁTe B TeyeHue 2 CeKyHA KHOMKY @,

- YTOBbI NPOMYCTUTL HACTPOMKY BPEMEHM, MOXHO HaXaTb ©» noaoxaatb 30 cekyHA, He HaXnumas
HUKaKOMN KHOMKM.
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3 KOHCTPYKDHMA U METOJbl U3MEPEHUA

3.1 Bxoabl 10 HANIPSAKEHUIO

KOHCTpYKLMA 6710Ka BXOAHbIX HANPsAXKEHMIM CXeMaTMYyHO MOKasaHa Ha puc.38. lMpeactasneHbl ABa
n3MepuTeNbHbIX 6/10Ka: cnpaBa OT pa3béMa NoKa3aHa OCHOBHAA CXema, UCNOb3yemMas Aaa U3MePEHUA
60/IbLIMHCTBA NAapaMeTpPoB HanpseHus. YacTtoTa AMCKpeTM3aummn B 3ToM uenun coctasnsaeT 10,24 klu.
Tpu Bxoga da3s L1, L2, L3 u 3awuTHbIA npoBod PE umetoT 06LLyl0 OMOPHYH NMHUIO, OTHOCUTE/NIbHO
KOTOPOW NPOUCXOAAT U3mepeHus — 31o nposoa N (HelTpans).

MCneBa NOKA3aHO, KaK MOAKNOYUTb MOAY/Ab NepexodHbiX MPOLEcCoB K BXOAHbIM pasbémam
(Tonbko PQM-711). MOKHO yBMAETb, YTO BCE YeTblpe KaHana M3MepAoT OTHOCUMTENIbHO Bxoaa PE. ITu
Lenn MMeIoT LMPOKYID MOJI0CY MPOnyckaHuAa (4YacToTa Auckpetmsauum o 10 Mlu) u 60nblinii
OManasoH N3MepPSEMbIX HaMNPAXKEHUN.

Pnc.38 TaKkKe MWAAOCTPUPYET, 4YTO LUeMb MNUTAHUA aHaAu3aTopa ABNAETCA HEe3aBUCMMOM OT Lenu
n3ImepeHunAa. MCTOYHMK NUTAHUA UMeeT HOMUHaNbHbIN Anana3oH BXOAHOINo nepemMeHHOro HanpaXeHuAa
100...690 B u ocHawéH oTAenbHbIMU

) Moy ne onpegeneHKa .7 CeTEE oM
paszbemamun. TRAHIMEHTOE ) . MCTOHHKE
; MMTEHKA

B ocHoBHOM uenn aHaanmsatTop MmeeT OBa

noaauManasoHa HanpsKeHna: : ®

e HW3KOBOALTHbLIK  AManasoH, C

(6e3 Harpysku), BKAtOYaeTcs npu ]

NMKOBbIM HanpaxeHnem * 450 B

Yy

HOMMHA/IbHbIX HaNpPAXeHUAX ceTn @ )
B [AuanasoHe 64..127 B wn B -
N
KOHUMrypaumax C : }ié
M3MepuTeNbHbIMMU : ;
TpaHchOpMaTOpPaMM  HAMPAMKEHUA.
TaKk)Ke 3TOT [AManasoH Bceraa Puc.38. Bxoabl HanpsaxKeHus (¢ mogynem
BblBUpaeTca Ana KaHana Un.pg; nepexoHbIX NPOLLECCOB) U UCTOYHMK MUTAHUS.

e BbICOKOBO/IbTHbIN AMana3oH, C NUKOBbIM HanpaxeHuem * 1500 B (6e3 Harpysku), BKAoUaeTca
NPV HOMUHaNbHbIX HANPAXKeHUaX ceTu oT 220 B 1 Bbiwe (6€3 TpaHcHOPMaATOPOB HAMPAKEHUSA).

Mcnonb3oBaHMe [ABYX [AMaNa3oHOB HaMpaXeHWs no3BosseTr obecneynTb 3asBJEHHYHD TOYHOCTb
M3MepeHUsa B COOTBETCTBUM C Kaaccom A cTaHaapTa FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) ans
BCEX HOMMHaJ/IbHbIX HAaMPSXXEHUIN CeTHU.

3.2 Bx0oAblI 10 TOKY

AHaNM3aToOp MMeET YeTblpe HE3aBUCHMMbIX TOKOBbIX BXOAA C MAEHTUYHBIMKM NapameTpamu. K Kaxxgomy 13
HUX MOXKHO MOAK/IOUYUTL YKECTKME TOKOBbIE K/IEeLM C BbIXOLOM MO HANps»KeHWto B cTaHgapTte 1 B, nau
rMbKme TOKoBble Kaewwm tmna F.

TunNnYHOM cUTyaumnen ABNAETCA UCMOJIb30BaHNE TMOKUX KNellen BMeCTe C BCTPOEHHbIM 31EKTPOHHbIM
nHTerpatopom. OAHaKo, OT/IMYME OMUCbIBAEMOrO aHanM3aTopa B TOM, YTO OH MNO3BOAAET NpAmoe
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NoAK/OYEHNE K BXOZY TOKOBOTrO KaHasa KaTylwKM PoroBckoro (rmbKux Knewein), a MHTerpauma curHana
BbINOJIHAETCA LUPPOBLIM METOLOM.

3.3 Lludposoii uHTErpaToOp

B aHanuszatope wcnonb3yetca peweHne ¢ UMOPOBLBIM MHTErPUPOBAHMEM CUTHAMA, WAYLLEro
HenocpeacTBEHHO C KaTywKu Porosckoro. Takol noaxon no3Bonun msberkatb npobsiem aHanorosbix
WHTErpaTopoBs, CBA3AHHbIX C HEOOXOAMMOCTbIO obecneyeHua 3asBAEHHON TOYHOCTM B A0/JFOCPOYHOM
NepcrnekTUBe M B TAXKENbIX YCNOBUAX U3MEPEHMA. AHANIOrOBbIe MHTErPaToOPbl AO/IXKHbI BKAOYATb B cebs
TaKKe CXembl, MpeaoxpaHsaloWwme OT NeperpyskuM Mo BbIXOAY B Caydyae MNPUCYTCTBUA Ha BXoAe

NOCTOAHHOIO HaNpPAXeHnA.

NaoeanbHbI MHTErpaTop MmeeT HECKOHEeYHOE yCuieHMe ANA NOCTOSHHbIX CUTHAN0B, KoTopoe ybbiBaeT
co ckopocTbio 20 ab/aeKkaay Yactotbl. Casur ¢pasbl ABNAETCA NOCTOAHHLIM BO BCEM AMana3oHe YacToT U
cocTtaBnseT -90°.

TeopeTnyeckn OecKOHEYHOe ycuneHuwe A/A MOCTOAHHOTO CWUrHasa, eCAuM OH MOSABWUTCA Ha BXOAE
WHTErpaTopa, Bbi3blBAaeT HACblLEHME €ro BbIXOAa A0 3HAYeHWA B/M3KOro K HanpsXKeHWo MUTaHUA U
6710KMpYyeT JanbHeWwWwyro ero paboTy. B MpaKTUYECKMX CXeMax MPUMEHAIOTCS  pPeLleHus,
orpaHMuMBalOWME YCUAEHUE ANA MOCTOAHHOIO TOKA A0 HEKOTOPOro 3afaHHOMO 3HayeHus, a TaKxke
nepuoamyeckm o6HyNAOT BbixoA,. CylecTBYIOT TaKKe MeTOAbl aKTMBHON KOMMEHCaLMM NMOCTOAHHOIO
HanpsXeHua, 3aKN0YaoLWmMeca B ero UsMepeHnn n nogadve obpaTHO Ha BXOA, HO C MPOTMUBOMOJIOKHbLIM
3HakoMm, 3PeKTUBHO yaanaa ero. B aHrAMIACKOM TepMUHONOIMM NPUHATO onpegeneHue «leaky
integrator», o3Havatolee, YTO MHTErpaTop C yTeuykoih. AHanorosbli «leaky integrator» — 310 npocto
WHTErpaTop C KOHAEHCAaTOPOM, COEAUHEHHBIM OAHWM KOHLOM C Pe3ncTopom 60/blUO BEAUYUHDI.
Takas cxema B 3TOM C/y4ae COBMaZaeT C HWU3KOYACTOTHbIM GUABTPOM C OYeHb HWU3KOM YacToToM
NponycKaHms.

UndpoBan peanusauma uHTerpatopa obecneymBaeT OTAUYHblE O0JTOBPEMEHHbIe MapameTpbl — BCS
npoueaypa BbIMNOAHAETCA NYTEM BbIYMCNEHMA, HE MOXKET ObITb U PEYN O CTAPEHUM 31IEMEHTOB, Apeldax
n 1.n. OQHaKo, TaK e, KaK M B aHa/IoroBOW BEPCUM, 34eCb TOXKE MOXKET BO3HWKHYTb npobnema
HacbilweHMa UM 6e3  [O/MKHOMO NpOTUBOAENCTBMA LUPPOBOE WHTErpupoBaHME MOMXKET CTaTb
6ecnonesHbim. Cneayer uMeTb B BMAY, UTO BXOAHble YCUAUTENW, KaK M aHanoro-umdposoi
npeobpasoBaTesib, UMEIOT HEKOTOPOE KOHEYHOE U HeXKenaTeslbHoe CMeLLeHUe, KOTopoe A0/MKHO BbiTb
yOaNeHo Ao npouecca MHTerpauuun. MNMporpammHoe obecrneyeHne aHaAM3aTopa COLEPHUT UndpoBomn
dunbTp, 3agavelt KOTOPOro ABAAETCA MONHOE yAaneHMe MOCTOAHHOM COCTaBAAIOLWLEN HaNpAXeHuA.
OToMNbTPOBaHHbIN cMrHan noasepraerca UMdpoBon MHTerpaunmn. Mtorosaa ¢asoBas xapaKTepUCTMKa
MMEET OT/INYHbIE CBOMCTBA U MUHUMAJIbHbIM caBUT ¢asbl Ans Hanbosiee KpUTUUYEcKMx YacToT 50 n 60 I'u.
ObecnevyeHre KaK MOXKHO MeHblUuero casura a3 mexKay CUrHanamm TOKa M HANpPAMKeHWA ABNAeTCA
ypes3BblYalMHO Ba*KHbIM ANA AOCTUMKEHWA HU3KOM MOrpelHoCcTM W3MepPeHMa MOLWHOCTU. MOXKHO

NOKa3aTb, YTO OWNBKa M3MEPEHMA MOLLHOCTU NPUBAN3UTENILHO BbIPAXKAETCA 3aBUCMMOCTbIO':
OWUBKa usmepeHUs MouHoCMuU = owubKa ¢passi (8 paduaHax) x tg(p) x 100 %,
rae tg(g) —aTo TaHreHC yrna mexay TOKOM U HanpsyKeHNnem, OCHOBHbIMM UX COCTaBAIOLLMMM.

M3 npuBen&HHOM Bbilwe GOpPMY/bl MOXKHO CAEeNaTb BbIBOA, YTO OWMBKM M3MEPEHUS PacTyT BMeCTe C
ybblBaHMeM KoadduumeHTa $pa3oBoro cAsura; Hanpumep, nNpu owmnbke ¢asbl Tonbko 0,1° n cose = 0,5
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owmnbka cocrasnser 0,3%. Tak WAM MHAye, 4YTOObl M3MEPEHUA MOLLHOCTU OblAM  TOYHbIMW,
COr/TaCcoBaHHOCTb Pa3 Ha NyTU HAMPAXKEHUA U TOKA A0/KHA ObITb KaK MOXHO JiyyLle.

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

3.4 Juckperusanus CUrHaja

CurHan guckpetusmpyerca og4HOBPEMEHHO BO BCEX BOCbMM KaHanax C YacTOTOM, CUHXPOHU3UPOBAHHOM C
YacTOTOM NMUTAKOLWEro HanNpAXeHMA ONOPHOro KaHana. 3Ta YactoTa coctasnnet 10,24 kly ans yactot 50 n
60 lu.

Kaxkabii nepuog cogepunt 204,8 Bbibopok ansa yactoTbl 50 My n 170,67 ana 60 I'u. Mcnonb3yetcs 16-
pa3psgHblin - aHanoro-umdpoBol  npeobpasoBatenb,  KOTOpbid  obecneunBaeT  64-KpaTHyio
ANCKpeTU3aumio.

3-gb aHanoroBaa cxema NoAaB/ieHUs HACTPOEHa Ha 4acTtoTy oKoso 20 Klu, B TO Bpems KaK owunbka
aMNAUTYabl ANA MaKCMMaIbHOW MOAEe3HOM YacToTbl paBHOW 3 Kl (T.e. yacToTbl 50-i1 rapmMoHUKK ans
cetn 60 u) coctaBnseT okono 0,1 ab. Casur ¢asbl ANA TON Ke 4YacToTbl MeHble 15°. 3aTyxaHue B
nonoce HenponyckaHua coctaBnset 6onee 75 ab.

Cneayetr o06paTuTb BHMMaHME, 4YTO ANA MPABUABHOTO WM3mMepeHus ¢as3oBOro CcABUra Mexay
rapMOHMKaMM HaNpAXKEHUs OTHOCUTENbHO FAPMOHMK TOKA M MOLWLHOCTU, He BaKeH abCO/OTHbIN
$a30BbIl CABUM 3TUX FAPMOHUK MO OTHOLIEHMIO K OCHOBHOM 4acToTe, a TOJIbKO coBMnageHue ¢pasoBbIX
XapaKTEPUCTUK Lenen HanpaKeHna u Toka. Hambonbliaa owmnbKa pasHuubl ¢as coctasnasetr gna f = 3
KL MaKcMmasibHO 15°. 3Ta oWwmnbKa YMeHbLLIAeTca 0AHOBPEMEHHO C YMEHbLUEHMEM UHTEPECYoLWEen Hac
4acToTbl.

MpM OuEHKe OLWMNBKM M3MEPEHMSA MOLLHOCTM TFAaPMOHWMK CAeAyeT TaKXKe y4yecTb AOMNOJHUTENbHYIO
MOrpeLwHoCTb, BBOANUMYIO MPU UCMO/b30BaHMM TOKOBbIX KNnewein n TpaHchopmaTopos..

3.5 Cunxponusanusa PAIY

CUMHXPOHM3aLMA YacTOTbl OUCKPETU3ALMM peasin3oBaHa anmnapaTHbiM cnocobom. CUrHan HanpsAXKeHus,
nponasa yepes BXxogHble LENu, HanpasBaAeTCA B NONOCOBOW NPONyCKatlowunii GpunbTp, 3agadent KOToporo
ABNAETCA CHUMKEHME YPOBHA FAPMOHMK M NPOMNYCK TO/NbKO OCHOBHOM FAPMOHUKWM HanpAXeHUA. 3aTem
STOT CUrHaN HanpasaseTcA ana 06paboTku B $Ha30ByHO NETAD, KaK OMNOPHbLIA curHan. Cxema ¢pasoBou
aBTONOACTPOIKM YacToTbl amM ®ANY (aHrn. Phase Locked Loop nnu PLL) reHepupyeT 4acToTy, KoTopas
MHOFOKPATHO Bblle OMOPHOM YacTOTbl W CAYXWUT TAKTOBOM 4acToTOM aHasoro-undposoro
npeobpasosartens.

HeobxoamMmocTb NpUMeHeHUn cnuctembl Ga3oBOM NETNM HANPAMYIO BbiTeKaeT U3 TpeboBaHMI CTaHZapTa
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009), onucbiBaloLLEro METOAUKY M OO0MNYCTUMbIE OLWMBKM Mpu
MU3MEPEHUAX FAPMOHMK. ITOT CTaHAApT TpebyeT, 4TOObl OKHO (B 3HaYeHUM - BecoBasa OyHKLMA)
U3MepeHuna, KOTOpoe ABNAETCA OCHOBOW ANA OAHOKPATHOTNO M3MEpPeHUA W OLEHKU CcoAepyKaHuA
rapMoOHMUK, b6b110 PaBHO MO NpoAo/KUTENbHOCTM 10 Neproaam 3neKTpUYeckor cetn ¢ yactotom 50 'y, a
TakxKe 12 nepuogam ana cetm 60 lu. B oboux cnyyasx, aTo COOTBETCTBYET BpemMeHU okosno 200 mc.
MocKkoNbKy 4YacToTa nNUTalOWen CceTu MOXKeT noasepraTbCA NEepPUoAUYECKUM  U3MEHEHUAM U
bNYKTYauUmMaMm, AANTENbHOCTb OKHA He MOXKeT BbiTb paBHa TouyHo 200 mc, U, Hanpumep, 444 4acTOTbl
cetn 51 'y, OHa yxe cocTasnaeT okoso 196 mc.

63



CTaHZapT TaKKe pekoMeHAyeT, 4Tobbl gaHHble nepeg, BbiNoJHEHWEM MnpeobpasoBaHus dypbe (gnn
M3B/IEYEHUS CMEKTPAJIbHbIX KOMMOHEHTOB) HEe MPOXOAUAW Onepauuio BecoBoi ¢GyHKuuu. OTcyTcTBuEe
CUHXPOHMU3aLMM YaCTOTbl M AOMYCTUMOCTb CUTYyaLLMK, NPU KOTOPOK BbicTpomy npeobpasosaHuio Pypbe
(FFT) nopeprnnce 6bl BbIGOPKM HELENOro 4Mcia NepuoaoB, MOMKET MPUBECTU K ABNEHUIO YTEYKM
CreKkTpa. JTo ABNEHMe MPUBOAMT K TOMY, YTO MONOCKA CNEKTPa rapMOHMK pPa3masbiBaeTCA TaKXKe Ha
HECKO/IbKO COCeAHUX MOJIOCOK MHTEPrapMOHMK, UYTO MOMKET MNpMBECTM K noTepe uHPopmaumm o
peasibHOM YpPOBHE W MOLWHOCTU WUCCAesyeMO MOMOCKM CheKTpa. JlonycKaeTcA BO3MOMKHOCTb
MCMONb30BaHUA YHKUMM OKHa BeCOM XaHHa, KoTopad ymeHbluaeT HebnaronpusaTHble NOCAeAcTBUA
YTEUYKM CMEKTPa, HO 3TO OrPaHUYMBAETCA TONbKO TOM CUTyaumen, B Kotopoi netna ®ANY (PLL) notepsana
CUHXPOHM3ALUIO.

CraHgapT FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) Tak:Ke yTOUHseT Heobxoaumylo TOYHOCTb 6/10Ka
CMHXPOHM3aALMWN. ITO BbIPAXKaeTCs creaylowum obpasom: Bpemss MexKay HapacTaowmm ¢GpoHTOM
nepBoro Auckpetusupyowero umnynbca n (M+1) — ro umnynbca (rae M-uucno OTCYETOB B OKHe
M3MepeHusa) [AOMKHO O6biTb  pPaBHbIM  MNPOAOMKUTENBHOCTU  YKa3aHHOrO 4Yucna nepuoaos B
nameputesibHom okHe (10 nam 12) ¢ makcMmanbHO gonycTMmon ownbKkom = 0,03%. YTobbl 06BACHUTL
3To 6onee NPOCTbIM CNocobom, paccMoTpum credylowmin npumep. MpuHUMana vactoTy cetu 50 Iu,
ONUTENbHOCTb OKHAa M3MepPeHUsa coCTaBUT poBHO 200 mc. Eciv nepsbit ANCKPETUIUPYIOLWMUIA UMMYJIbC
NPUAET TOYHO B MOMEHT t = 0, TO NepBbI ANCKPETU3UPYIOLLMI MMNYNbC CNeayIOWero OKHa U3MepeHuns
OONKEH NpuaT B MOMEHT BpemeHu t = 200 + 0,06 mc. 31 £ 60 MKC - ONYCTUMOE OTK/IOHEHME GPOHTA
uMnyabca AnckpetTmsaumun. CTaHAapT TaKKe onpefenseT pekoMeHAYyemblit MUHMMAbHbIA AMana3oH
4YacToT, NPU KOTOPOM YKa3aHHAA Bbllle TOYHOCTb CUCTEMbI CMHXPOHM3ALUMKU AOXKHA COXPAHATLCA WU
yCTaHaB/MBaAeT ee B npeaenax * 5% oT HOMWHaNbHOWM 4acToTbl, TO ecTb 47,5..52,5 Ty n 57...63 Iy,
cooTBeTcTBEHHO anA cetn 50 n 60 Ny,

OTAenbHbIM BOMPOCOM SIBAAETCSA AMana3oH 3HAaYeHM BXOAHOIO HanpsaAXKeHuA, Npu KOTOPOM cucTema
®ANY (PLL) 6ymet npaBunbHo paboTaTb. CraHgapt FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) He
YCTaHaBAMBAET 34,eCb KaKMUX-TMBO KOHKPETHbIX YKa3aHui 1 TpeboBaHuit. B To e Bpems, ctaHaapT FOCT
30804.4.30-2013 (IEC 61000-4-30:2008) onpeaensieT AvMana3oH 3HaAYeHMIA HaNpsMKeHUA NUTaHuA, B
KOTOPOM METPOIOTMYECKUE XapPaKTEPUCTUKN HE MOTYT YXYALIUTLCA U ANA Knacca A yCTaHaB/IMBAET €€ Ha
10%...150%Udin. AHanu3atop COOTBETCTBYET BbllWeyKa3aHHbIM TpeboBaHMAM, CBA3AHHbIX C
dyHKUMOHMpoBaHMeM cxembl DAMY  (PLL), Takke A4ns camoro HW3KOro NoAAepXUMBaemoro
HOMWHANbHOrO HanpAaxeHna Unom = 64 B, To ectb npumepHo 40 6 B.

3.6 H3mMmepeHHe 4YaCTOTHI

CurHan ana usmepeHua 10-ceKyHAHOro 3HayeHusa 4acToTbl ceTn 6epéTca M3 oMnopHOro KaHana (3ato
MOeT 6bITb L1, L2 uam L3). OTO TOT e camblit CUTHAA, KOTOPbIN MUCNOIb3YeTca AN CUHXPOHU3aLUK
netam ®AMY (PLL). CurHan onopHoOro KaHana NoAaétcs Ha MosocoBoi 2-pagHbii GMAbTP, nosoca
NPOMNyCcKaHWA KOTOPOro HacTpoeHa B guanasoHe 40...70 l'y. 3ToT dunbTp NpegHasHa4vYeH ANa CHUKEHUS
YPOBHS FapMOHMK. 3aTeM, OTPUALTPOBAHHbLIM TakMM 06pa3om cuUrHaa GOopPMUPYET MPAMOYTOJIbHbIN
curHan. Bo Bpema 10-CeKyHAHOro UWKAA U3MepeHMA MNOoACYUTbIBAETCA YUCNO MepuoaoB CUrHana, a
TaKXKe UX NPOAOMIKUTENbHOCTb. 10-CeKyHAHble WHTEepBanbl BPEMEHW ONpefenAlTca Mo Yacam
peanbHOro BpemeHM (Kak obulee Bpemsa KpaTHoe 10 cekyHaam). YactoTa paccyMTbiBaeTca Kak
OTHOLUEHWE KOIMYecTBa OTCUUTAHHbIX Nepruoa0oB K MX NPOAOIKUTENIbHOCTH.
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3.7 MeToa U3MepeHUs FapMOHUYECKHUX COCTABJISIIOIINX

MN3mepeHre rapMoOHUK OCYLLECTBNAETCA B COOTBETCTBMU C TpeboBaHuamM cTaHaapTta FOCT 30804.4.7-
2013 (IEC 61000-4-7:2009).

OH f1aéT cnocob pacyéTta oTaeNbHbIX FAPMOHMUK.
Becb NpoLecc cCoOCTOUT U3 HECKO/IbKMX 3Tanos:

e  CuMHXpOHHaA auckpeTnsauma (10/12 nepuonos);
e AHanus no 6bicTpomy npeobpasosaHuto Pypoe (FFT);
e [pynnupoBsKa.

AHanusy no 6bicTpomy npeobpasosaHuio Pypbe (FFT) nogsepraetcs okHo namepenusa 10/12 nepuoga
(okono 200 mc). B pesynbTaTe nonydaetcs Habop cneKTpanbHbIX MHUIA OT YacToTbl O Iy, (MOCTOAHHDIM
TOK) A0 50-1 rapmoHuKu (okono 2,5 Ky, ansa 50 My uaum 3 klfy, gns 60 Mu). PaccTosiHWe mexKay coceaHnMm
JIMHUAMM HEMNOCPEeACTBEHHO CaeayeT U3 NPUHATON SANTENbHOCTM U3MEPUTENBHOINO OKHA M COCTaBnAeT
npnéansuTenbHo 5 .

MockonbKy aHanmsatop cobupaeT 2048 OTCYETOB Ha OKHO M3mepeHus (anas yactoT 50 m 60 lu), Tem
caMbIiM BbINosHAeTcA TpeboBaHWe bbicTporo npeobpasosaHua Pypbe, Y4TOObI KOMYECTBO OTCYETOB,
npoweawmnx npeobpasosaHme, b0 paBHO CTENEHW YMcaa 2.

OueHb Ba)KHO MoAJeprKaHWe MOCTOAHHOM CUHXPOHM3AUMWU 4YacCTOTbl AMCKPETMU3aLUUM C YacToTOM
3/IeKTpuYeckoi cetu. bbicTpoe npeobpasoBaHue dypbe (FFT) moxKeT 6biTb BbIMOJHEHO TO/bKO Hap,
JaHHbIMUK, cogeprKaWwmmmn obliee KpaTHOe nepuoga ceTu. BbinonHeHue 3Toro ycnosua Heob6xoamMmo
ONA Toro, 4tTobbl CBECTM K MUHMMYMY TaK Ha3blBAEMYIO YTEYKY CMNEKTpa, YTO MPUBOAMUT K UCKAMKEHUIO
UHPopMaunm o aKTUUYECKMX YPOBHAX CMNEKTPasbHbIX JWHWA. AHanM3aTOpP COOTBETCTBYET 3TUM
TpeboBaHMAM, NOCKO/bKY YacToTa AUCKPETM3aLMKN CTabnanMsnpoBaHa cxemoi $pa3oBoi aBTONOACTPOMKM
yactotbl (PLL).

MOCKONbKY YacToTa CeTM MOXeT bbiTb NoABepPsKeHa KoebaHuam Bo BpeMeHu (GayKTyaumam), ctaHaapT
npeaycmaTpuBaeT rpynnupoBaHMe BMecTe C IMHUAMMU OCHOBHbIX FAaPMOHWK TaKKe JIMHUIA, Nexalux B
HenocpeacTseHHOW 6aM3ocT oT Hux. OTcloAa cnedyet, YTO SHEPruA FapMOHMK MOMKET YaCTUYHO
nepexoAnTb Ha coceAHUE UHTEPrapMOHUKMU.

MpeaycmoTpeHo ABa cnocoba rpynnupoBKK:

e [apmoHMYecKasa rpynna (CcrpynnupoBaHbl OCHOBHAA MOJIOCKA U MO NATb MAW LIECTb COCeAHMUX
KOMMNOHEHTOB UHTEPrapMOHMUK);

° rapMOHM‘-IECKaﬂ noarpynna (Cl'pyrII'IMpOBaHbI OCHOBHaA NOJIOCKa 1 0gHa U3 cocegHnX ﬂMHMﬁ).

" Mo My Moy ey nnE MO ErY N
rapMoHKE pagal  rapmMoHME pAgaZ  rapoHKE panas
‘ ‘ Bieixop,
FFT
o 0 100 150 MacToTa [My]
i 2 3 Pag raproHugm

Puc.39. OnpeaeneHune noAarpynn rapMoHuK (cetb 50 u).
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Mpumep: YT06bLI BLIMMCAUTL COCTaBAAIOLWLYIO 3-ii FapMOHMKM B ceTn 50 T, cnepyeT NpUHATL BO
BHMMaHME OCHOBHYI nonocky 150 ly m cocegHme 145 wn 155 Tu. Pe3synbTupyowasa amnautyaa
paccyntblaeTca metoaom RMS.

3.8 MeToa u3MepeHUA MHTEPrapMOHUK

M3mepeHne WHTEPrapMOHWMK OCYLLECTBAAETCA B COOTBETCTBUM C TpeboBaHusmu craHgapTos [OCT
30804.4.7-2013 (IEC 61000-4-7:2009) n TOCT 30804.4.30-2013 (IEC 61000-4-30:2008). OHuM gatoT cnocob
pacyéTa oTAe/IbHbIX KOMMNOHEHTOB MHTEPrapMOHMK B aHa/IM3aToOpax KauyecTsa 3/1eKTPO3HEpPrmu.

Becb npouecc Tak e, KakK 4n1a rapMoHUK, COCTOUT U3 HECKOJIbKNUX 3TaNOB:

e  CuHXpoHHas anckpetusauma (10/12 nepnoaos);
e AHanus FFT (bbicTpoe npeobpasosaHue Oypbe);
e [pynnuposkKa.

AHanusy no 6oicTpomy npeobpasosaHuio Pypoe (FFT) noasepraetca okHo usamepeHua 10/12 nepuoaos
(okono 200 mc). B pesynbraTte nosnydaetca Habop CNeKTpasbHbIX AWHWUK, HaumHaa ¢ 4vactoTbl 0 I
(nocToAHHBIN TOK). PaccToaHWe mexay OBYMSA NMHUAMMK CefyeT U3 NMPUHATON NPOAO/IKUTENbHOCTH
OKHa U3MepPEeHUs 1 coCTaBaseT NpnbanM3nTenbHO 5 .

NOATEYNNE  NOLMEYNNS  Nogynns
MHTEPMAPM . MHTERMSPMOHME WHTER FEPROHME

pagal MELER pana 2
Brizog,
FFT
1] 50 100 150 MacToTa [uy]
0 1 2 3 Pan vHTeprapmoHiy

Puc.40. OnpegeneHue noarpynn UHTEPrapMoHuK (ceTb 50 u).

Karkaaa noarpynna MHTEpPrapmMoHuK asasetca cymmon RMS 7-mu (ana cetm 50 Ty) mam 9 (gns cetn 60
l4) cneKkTpanbHbIX MHUI, NONYYEHHbIX NpeobpasoBaHnem Pypbe. UckatoueHMem siBAAeTCA noagrpynna
HyNneBoro paga, To ecTb NoApynna cybrapmoHuK, KOTopasa BKAOYaeT B cebAa ewe ogHy nmHuio — 5 T,
310 nokasbiBaeT pwuc.40, Ha npumepe cetn 50 lu. MNoarpynna wHTeprapmoHuk pAga 0, wau
cybrapMoHMKK, COCTOUT M3 BOCbMM NOJIOCOK € YacToTamu oT 5 g0 40 lu. Kaxkgas cnegytowas noarpynna
WHTEPrapMOHMK COCTOMT W3 CEeMWU TMOJIOCOK, PACMONOXKEHHbIX MeXAY MNOAPYyNMnaMu TrapMOHMUK,
Hanpumep, Noarpynna Nepsoro paaa CoAepKUT CneKTpaibHble AMHUKU ¢ YacToTamm oT 60 Iy, 4o 90 Mu. B
cnyy4ae cybrapmoHMYecKoi nmoApynnbl AMAnNasoH MoJoC paclMpeH Ha AuHUio 5 Ty, nmotomy 4yTo B
NMPOTUBHOM CJ/ly4ae 3HEepPrva B 3TOM CaMOM HM3KOM [AMAMNA30He YacToT He y4yuTbiBanacb 6bl M Gbina
notepsHa. Bce nocnegyowme AMHUKM yuuTbiBatoTCA MO0 B noAarpynne rapmoHWK MAM B noarpynne
MHTEPrapMOHMUK.

Kak 1 B cnyyae rapMOHMK, MHTEPrapMOHUKN PacCYMTbIBAIOTCA, MO KpaiHel mepe, n3 50-ro paga; ans
yacTtoTbl cetn 50 'y 3To AaéT AnanasoH 4yTb 6onblie, yem 2,5 Ky, a ana 60 My, HemHoro 6onblie, yem 3
Ky,
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3.9 H3MepeHHe CUTHAJIOB yIpaBJIEHUA

AHanu3aTop NO3BONAET OTC/AEKMBATbL ABE 3afaHHble MO/b30BaTe/IeM YacTOTbl B AManasoHe Ao 3 Klu.
Mocne npeBblWEHNA TPAHUYHOTO YPOBHA, ONpeaenéHHOro no/sb3oBaTesieM, aHaAM3aTop 3anucbiBaet
YPOBEHb YNpaBAAOWEro cCUrHana B TeYeHMe YyKasaHHoro BpemeHun (Ao 120 cekyHa). CTaHAApTHO
aHann3aTop M3MepseT cpedHuMe 3HaAYeHWA CUrHaAoB, ANA BbIOPaHHOIO B KOHUrypauumm OTpesKa
BpemeHn (OCHOBHOW MHTepBan ycpeaHeHus). Ecan BbibpaHa pernctpaumsa no NOCT 30804.4.30 — 2013
(IEC 61000-4-30:2008), TO A4ONONHUTENBHO 3aNMUCbIBAOTCA BCe 3-X CEKYH/AHble CpeAHMe 3HaYeHusa ans
obenx 4acToT, KOTopble MPW COCTaBAEHMW OTYETA CPABHUBAOTCA C AMMUTAMK, COAEPKAMMMUCA B
CTaHpapTe.

3.10 M3MmepeHue nepexoJHbIX MPOLECCOB POM-T11]

M3-3a KPaTKOBPEMEHHOro XapaKTepa TaKMX MOMEX M MX LMPOKOro YacTOTHOFO CnekTpa, 0b6bl4HO
ncrnosibayemble B aHa/M3aTopax KauyecTBa 3/1EKTPONMTaHMA aHanoro-umMdposble npeobpasoBaTenn ¢ uUx
[O0BO/IbHO HW3KOWM 4YaCTOTOM AOUCKPEeTM3auMW, ABMAKOTCA HeAOCTAaTOYHbIMWM ANA pPerucTpauum 3Tmx
CUTHANOB C AO0CTaTOYHOM TOYHOCTblO. Mo 3TOM Ke npuuMHe B aHanusatope PQM-711 mcnonb3yetcs
oTAEeNbHbIN 4-KaHanbHbIM NpeobpasoBaTeslb C MaKCMMAaNbHOM YacToToW Auckpetusaumm 10 Mlu. ITo
COOTBETCTBYET BpemMeHW MexXay oTaenbHbiMn auckpetamm 100 Hc. B 3Tom pexmme MOXKHO
3aperncTpmpoBaTtb camble BbICTPble NepexoaHble MPoLecchl, a Bpemsa 3anucu coctasnseTt go 2 mc (20
TbIC. OTCYETOB).

nepe‘-IEHb PEXMMOB U3IMeEpPEHNA NEPEXOOHbLIX MPOLLECCOB.

[nanasoH BpeMeHu perncrpaLmm
YacrtoTta anckpetusaumm | Bpemsa HapactaHua npu metoge dV/dt .
(2000...20000 oTcuéToB)

10 Mry, 100 B/ 5 mKc 0,2...2 mc

5Mry 100 B / 10 MKc 0,4..4 mc

1My 100 B / 50 mKc 2...20 mc

500 Kly, 100 B / 100 mkc 4...40 mc

100 Ky, 100 B / 500 mKc 20...200 mc

Ona HacTpoOMKM MapameTpoB TPAH3MEHTOB B aHa/M3aTope AOCTYMHbl HECKOJIbKO onuuit no Bblbopy
nosib3oBaTens:

e OcHoBHa“A YactoTa anckpetmsaumm AU B ananasoHe ot 100 Ky, go 10 MTy;

e MeTog O6HApyXeHWA: Ha OCHOBAHUM 334aHHON MWHWMMANIbHOW aMMAuTyAbl TpaH3ueHTa (B
AunanasoHe ot 50 go 5000 B) navM no MMHUMaNbLHOM CKOPOCTM HapacTaHWUA CUTHana BO BpeMeHU
(meTopg dV/dt);

e  BKAHOYEHWUM MU BbIKAOYEHME 3aMUCK OCLMAOTPaMM NepexoaHbIX NPOLEeccos;

e Bpemsa 3anucum ocumnorpammsbl B uHTepsane ot 2000 go 20000 oTcyéTOB;

e Bpemsa oneperkeHua Hayana 3anucu ocuunorpamm B AuanasoHe oT 10% po 90% BpemeHwU
perucTpauum.

AHanusatop peructpupyer ¢GOpmMy CUrHana npouecca TONbKO B TeX KaHanax, rae npousoLsio
BbINO/NHEHWE KPUTEPWUEB, YCTaHOBNEHHbLIX MOAb3oBaTesem. [locie UX OBHapy)KeHMs aHanusaTop B
TeYeHWe 3-X CeKyHA, He Y4YuTbiBaeT C/leaylolme BCMIECKM (Tak HasbiBaeMoe, «MEPTBOE» Bpems).
OcobbiM Ciydaem aBAseTCA CUTyaumsa, Koraa nocae obHapy»KeHua npouecca B 04HOM KaHase, B nepmos,
MeXay ero Ob6HapyeHWem W OKOHYaHMEeM 3anucuM CUrHana B COOTBETCTBUM C  33AaHHbIM
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nonb3oBaTe/eM BpemMeHeM perncrTpaummn OoCLMAOrpaMMbl, MOABAAIOTCA NOCNeAylolme BCNAECKU B
OCTafIbHbIX KaHanax. B 3TOM UCKNOUUTENBHOW CUTYyaLMM aHaNn3aTop 3anuLeT OCLMAN0INPaMMbl BO BCEX
KaHanax, B KOTOpbIX 0OHapy»KeHbl npoueccol. [OCKObKY NepexoaHble Npoueccbl 06HAPYKEeHbI HEMHOTO
Mo3)Ke OTHOCUTE/NIbHO MEepPBOro KaHana, OHM He byayT MMeTb TOYHO COXPAHEHHOFO BPEMEHM TakK
Ha3blBaEMOr0, onepexKeHnn (perncTpaums aTMX KaHa 0B 3aBEPLUUTCA B TO Ke BPeMs, YTO U permcrpaums
NepBoro KaHasna, KOTOpbI/ NepBOHa4asbHO 3anyctun cobbitue), B npunoxkeHnn «SONEL ANALYSIS»
cob6bITUA B 3TUX KaHanax byayT cneunanbHO NnoMedeHbl, Kak «TpaHaueHT *». Mpaduku cobbiTMA KaHana,
KOTOpbIA BbI3BaN nepBoe cobbiTMe, Bceraa OyayT oTOOparKaTbCA C APYrMMM KaHaNamu, KoTopble
3anycTunm cobbiTMe YyTb MNO3)Ke. AHANOrMYHO, OTKpbITMe rpaduMKa nocieayowero cobbiTus
(BTOpPUUYHOrO) TaKKe byaeT oTobpaXKaTb rPadUKK 4PYIMX KaHAOB, B KOTOPbIX B TOT Ke Nepuos BpeMeH!
npousolna nomexa. TakMm o06pasom, MOXKHO JIerKO MPOaHa/M3MPOBaTb BPEMEHHbIE 3aBUCMMOCTU
MeXay OTAeNbHbIMU KaHanamu.

B Tabnmue cobbiTUi B ciyyae nepexoaHbix NPOLLECCOB NPMBOAATCA NapaMeTpbl:

e B cronbue «IKCTPEMYM» HaxXOAUTCA MaKCMMaibHas M3MepeHHas amnauTyda nepexomHbixX
CKAYKOB (MeXKay NnKamm),
e B cronbue «MpoaonKUTeNbHOCTb» HaxoaUTCA NPUBAU3UTENbHOE BPEMA AEUCTBUSA MOMEXM.

N3mepuTenbHble Uenn GpYHKLUMOHUPYIOT TaKKe OTHOcUTeNbHO Bxoaa PE (cm. Takske puc.38). Moaynb
NPexoAHbIX NPOLECCOB KOHTPOIMPYET HANPAXKEHUA MeXKAY BXO4AMMU:

e L1-PE;
e L2-PE;
e |3-PE;
e N-PE.

[NA  KOPPEeKTHOro M3MepeHWs  XapaKTepUCTUK MepexogHbix npoleccoB  TpebyeTcs
A noAKkntoyeHne Bxoga PE aHanMsatopa K MeCTHOM cucTeme 3asemseHua. ITo Heobxoammo
caenath M B CETAX C U30/1MPOBAHHON HENTPaAbIO.

3.10.1 MeToA NOpPOroBbIX 3HAYEHUH

MeToa, NOpPOroBbIX 3HaAYeHWW AelcTByeT nNpu Bbibope NyHKTa «Mopor» (Ha BK/AagKe HACTPOEK
HanpsXeHuin B KOHOUIypauumn TOUYKM M3MepeHUs) U 3afaHWUA 3HAYEHUSA MOPOroBOrO0 HAMPAMKEHWUS B
AvanasoHe ot 50 go 5000 B. Mo atomy meToay, aHanus3atop OOHapy)KMBaeT BCNAECKM nocse
npeBbllWeHnA MM 334aHHOM0 3HaYeHWA aMnAuUTyAbl B BOAbTaxX. Bcnnecku, amnauTyga KOTOpPbIX He
npeBbICU/Ia YCTAHOBNIEHHOTO npeaena, He byayT obHapy!KeHbl aHaAnM3aTopom. B aTom perkmme Bpems
HapacTaHWA CUTHANA He NPUHUMAETCA BO BHUMMaHWe. Kak mepgneHHble, Tak U BbicTpble BCnaecku byayT
o6HapyKeHbl NPU YCI0BUM BbINOJHEHMA aMMIUTYLHOIO KpUTEPUS.

MpumeuvaHue:
BeegéHHOe 3HauyeHWe nopora ABAAETCA AMNAWUTYAOW NepexogHOro npouecca, a He abCcoMOTHLIM
HanpAXeHuem, U3mepeHHbIM OTHOCUTENbHO BXxoaa PE.

Ha puc.41l nokasaHbl gBa npumepa nepexogHbiX npoueccos smecte ¢ ux amnamtygamum Ump m Up. B
MeTO/e NOProBbIX 3HAYEHWUIN aHaIM3aTOpP 0OHaPYXKUT cobbiThe, ecnn Ury uam Ur, 6yaet 6onblue nopora,
YCTaHOBNEHHOrO Noab30BaTenem.
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Puc.41. Cnocob onpeaeneHns amnanTya nepexoaHbix NpoLeccos

3.10.2 Meroz dV/dt

MeTopa, HapacTanma dV/dt BbibupaeTca nNpu BblaeneHnn nyHKTa «CKOPOCTb HapacTaHUA» M YKasaHWUu
COOTBETCTBYIOWLEN YACTOTbl AWCKPETU3ALMWM, KOTOpas KOCBEHHO 334aéT CKOPOCTb HapacTaHuA
Hanpa)eHna U3 HEeCKONbKUX BO3MOXHbIX 3HayeHui (cm. Tabauuy rn.3.10). B metoge dV/dt npubop
aHaNN3MPYeT CUTHA/ HaNpsKeHUs B TeyeHue OonpenesieHHOro BPEMEHHOro OKHa M ob6HapyKusaeT
TPaH3WEHT, €C/IM CKOPOCTb HapacTaHMA KPWUBOKM HanpsxeHWa B OKHE MPEeBbICUT 3HayeHue, 3agaHHoe
nosib3oBaTesieM B KOHOUrypaumn. ABCONOTHaA amnanTyaa nepexogHoro npolecca He MMeeT 34ecb
3HAYeHUsA — MPOLLeCCbl C MaJion, TaK e, Kak U C O6O0NblWOoW amMnauTyaon 6yayT obHapy*KeHbl npwu
YC/I0BUM, YTO BbINOJIHEHO TPEOOBAHWE MUHMMAIbHOM CKOPOCTM HapacTaHus.

3.11 ®yHKIMA OrpaHUYEHH TOKA

B cuTyaumax, Korga Usmepaemblil TOK MMeeT OYeHb MasieHbKME 3HAYEHUA UK, USMEPUTE/IbHbIE KNeLm
OblNM OTK/OYEHbl OT aHa/AM3aTopa, MOMKET OKasaTbCA Mone3HoM GyHKUMA ObOHy/eHUs napameTpos,
CBA3AHHbIX C AAHHbIM KaHaNOM M3MepeHMA TOKa. ITO OCOBEHHO BaKHO ANA MapameTpoB, TaKMUX Kak
THD, KoTopble NPV HAMYMK LWYMA NOKa3blBalOT BbICOKME, @ MHOTAA 3anyTaHHble 3Ha4YeHus. B cnyyae ¢
ObOHapyXeHMeM COObITUI OTKAOYEHWE TOKOBbLIX KAelwel MOXKeT MNPaKTUYeCKM MIHOBEHHO BbI3BaTb
O6Hapy)KeHUA MpeBbILEHUA MOpPOra, YTO MOXET BBECTUM Mo/sb30oBaTena B 3abnyxaeHue. YTobbl
nsbexaTb TakKUX CUTyaLuin, BBegeHa QYHKUMA OOHYyNEHMA TOKOBbIX MapameTpoB, KOr4a AencTeytoliee
3HaYeHMe U3MepAEeMOro TOKa HWXKe Mopora, onpenenéHHoro nonb3osatesnemM. A BKAKOYEHUS 3TOW
dYHKUMM ncnonb3yiTe nose «OrpaHUueHUe TOKa», PacrnosioXKeHHOe Ha OCHOBHOWM BKAaZlke HaCTpoeK
TOUYKM U3MEpPEHUS, NoJ, CMTMCKOM BblbOpa TUMOB KAellel. Nocne BKAOYEHMA 3TOM ONUMU MOMKHO 334aTb
nopor o6Hy/NeHUA, YKa3aHHbI B NPOLLEHTAX OT HOMWHANbHOIO Anana3oHa BblbpaHHbIX Knewen ot 0 Ao
0,5 %lnom.

MpoBepKa, He Haxo4MTCA NN 3HaYeHWe TOKA HUMKe 3afaHHOro nopora, NpoucxoauT B Kaxaom 10/12-
nepuoaHOM OKHe (npumepHo, Kaxaple 200 mc). Ecnn geicteylollee 3HaYeHUe U3MEPEHHOro TOKa B
KaHa/ie MeHbllie, YeM YCTaHOB/IEHHbIN NOPOT, TO OBHYNAIOTCA CeaylowWwmne napameTpbl:

e [leicTByiollee (cpeaHeKBaapaTUYHOER) 3HaYEeHUE TOKa;
e [loCcTOAHHAs COCTaBAAOLWLANA TOKa;

o [lnk-paKTOp TOKa;

e AMNAUTYAbI FAPMOHUK U UHTEPrapMOHMK TOKa;

e  KoapounumeHTtol THD 1 TID no ToKy;

e Bce mowHoOCTM B AaHHOM KaHane;
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o Ko3adduuMeHT MOoLHOCTU U COS;

e YI/bl MeXA4y rapMOHMKaMM TOKa U HaNpPsKeHus;
e  AKTMBHas M peaKTUBHAs MOLLHOCTU FapMOHMK;

e KoadbduumeHnTsl tgp u K.

MTorosble 3HaYeHMA cUCTEMDbI (cymaprle) 06Hy1'IF|lOTCFI TONbKO TOrga, Korga BCe CocCTasriAlouwune
CUCTEMY TOKOBbIE KaHa/ibl HaXo4ATCA HUXKe nopora OﬁHy]‘IeHMﬂ. Torpga Takxe O6HyJ'IFIIOTCFIZ

L KOZ—)(I)(I)MLI,MGHTbI HECMMMETPUN TOKA U UX CUMMETPUNYHbIE COCTaBAAIOLWNE.

CUETUMKM  3SHEPrMM  «3aMOPAKMBAKOTCA», KOrAa COOTBETCTBYIOLWLAA MOLWHOCTb HAaxoauTcA B
«OBHYNEHHOMY» COCTOAHUM.

YacTb napameTpoB COObITUIA yunTbiBalOT OOHyneHMe. 3HayeHue napameTpa y4yuTbiBaeTcs npu
06HapYKEHUN Havyana M KOHLA COBbITUA U MPUHMMAETCA BO BHMUMAHME B CTaTUCTUKe (IKCTpemanbHoe 1
cpefiHee 3HauyeHMs), TONbKO TOrga, Korga 3HayeHuMe TOoKa Bbilwe nopora obHyneHwus. MapameTpbl,
paboTatowme Takum obpasom:

e [uK-paKTop TOKa;

e KoadpounumeHTtol THD 1 TID no ToKy;
e  KoaddunumMeHT MOLWHOCTH 1 COSP;

e tgop n KoabbdumumeHT noTteps K;

e  KoapdumumeHTbl HeCMMETPUM TOKa.

O6HyneHMe MapKUMPYeTCA B peXKMMeE NPOCMOTPA TEKYLUMX 3HAYEHU M Npu aHanmnse. YTobbl OTANYUTL
baKTMYECKM M3MepeHHOe Hy/neBOoe 3HayeHWe [aHHOro napameTpa OT OBHY/NEHHOro 3HayeHua C
NOMOLLbO 3TOM GYHKUMM, Bbln BBEAEHDbI Cheaytowme npasuaa:

e B pexume YTeHUA TeKyLMX NapaMeTpoB — OOHY/IeHHble 3HAYEHUS OTMeYEeHbl CUMBOJIOM «*»
(3B&3m04Ka) paaom c undposbim 3HayeHnem (Hanpumep, 0,000%);

e [lpyM aHanu3e AaHHbIX — 3aro/I0BOK, OMWCLIBAIOWMIA MapameTp, KOTOPbIM MOMKHO OBHYyAUTb,
oTmeyvaeTcs gobaBneHnem cumBona «*», Hanpumep «I*L1[A]» (He oTmevaeTcs oTaeNbHasn
AYelika, a TONbKO MNOMEYAaeTcs 3aro/IoBOK, YTOObl MOKasaTb, YTO MCMONb3yeTcs OYHKLUMA
06HyNeHusa),

e Ha aucnnee aHanu3aTopa — 06Hy/IEeHHblE 3HaYeHWA NPeACTaBeHbl CEPbIM LLBETOM.

3.12 OOHapyXeHHue COOBITUU

AHanuszaTtop npegnaraer LWMPOKUE BO3MOXMHOCTM OOHapy)KeHWa CcobbiTUA B M3MepAemMon CceTu.
CobbITEM Mbl Ha3blBaeM CUTyaLMtO, B KOTOPOM 3HayeHue BbIOpPaHHOro nmapameTpa ceTu npesblllaeT
Nnoporosoe 3Ha4YeHue, 3a4aHHOE N0b30BATENIEM.

®aKT HacTynneHua cobbITUA PErMCTPUPYETCA HA KapTy NamATU B BUAE 3aNnCK, COAEPIKaLLEN:

e Twun napameTpa;

e KaHan, B KOTOPOM NPOMU30LLIO COObITUE;

e Bpemsa Hayana U OKOHYaHUA cobbiTHA;

e [loporosoe 3HayeHue, 33aHHOE MOJIb30BaTeNEM;

e JKCTpemasibHOE 3Ha4YeHMe U3MepPAEMOro napameTpa Bo Bpems cobbliTus;

e CpeaHee 3HaYeHWe NapameTpa, U3MepeHHoe 3a Bpems cobbITus.
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B 3aBucMmoctn oT Tuna napameTpa MOXHO YCTaHOBWUTb OAWH, ABa WUIN TPWU NOPOroBbiX 3HAYEHWUA,

KOTOpble 6yp,yT NpPoOBepPATLCA aHanM3aTopom. B Ta6]WILI,e C06paHbI BCe NapameTpbl, ANA KOTOPbIX MOXHO

o6Hapy»KMBaTb cobbITMA C pa3geneHmMem no Tunam noporos. B ctonbue «Ocuymanorpamma u RMS;/;,»

OTMEYEKHbI TUMbI COBbLITUM, A1 KOTOPbIX MOXHO BK/IKOYMTb 3aMMUCb OCLMANOrPaMM U rpadukoB RMS; ;.

Tunbl nOoporos cobbiTUIA ANA OTAENbHbIX NAPaMETPOB.

IMapamertp

IIpepriBanue

TIposai

Ilepenanps:xenne

MIN

MAX

Ocuuwuiorpamma
u RMS 1/2

O¢ddexruBHOE
3HAYCHHE
HAIPSHKEHUS

Uom6a}0meﬁ

H3menenne

(hopMmbI
oruoaroniei

cha'-lox haser

Ckavox azbl

RVC

Brictprie
HM3MEHEHHE
HalpsHKeHUs

Upc

ITocTosanas
COCTaBJISAIOIIAs
HATPSKCHUS

Yacrora

CFU

[MTuk-dakxrtop
HaINpsDKEHUs

U2

Koaddunuent
HECUMMETPUH
HAIpPsHKEHHUS 110
o0OpaTHOM
MOCIIeIOBATEIIb-
HOCTH

Pst

KparkoBpemennast
no3a ¢umkepa Pst

Prr

JlnmuTenpHas n103a
dhamkepa Pry

DddexrrBHOE
3HAYCHHE TOKA

Inc

ITocTrossHHAs
COCTAaBJIAIOIIAs
TOKa

e

CFI

[MTuk-dakxrtop
TOKa

i

Koaddunuent
HECHUMMETPUHU
TOKA IO 0OpaTHOM
IOCIIEI0BATEIb-
HOCTH

AXTHBHas
MOIIHOCTH

Q1, Qs

PeaktuBnas
MOIIIHOCTh

TTonnas
MOIIIHOCTh

D, Sx

MomntHoCTh
HCKAKEHUS

PF

Koaddurment
MOIITHOCTH

cosQ

Koaddunuent
(azoBoro cipura

tge

Tanrenc ¢
(4-xBaipaHTHBIN)

Eps, Ep.

AKTHBHas
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DHEPIHUs
(moTpebisiemas u
oTaaBaeMasi)

PeaktuBHas
SHEPTHs
(4-xBagpanTHast)

Es

[TonHas sHEprus

THDr U

Koaddunuent
THDk
HaIPsDKESHHUS

Unz..Unso

AMIUTATY TBI
TapMOHHK
HAIPSKECHUS
(pann=2...50)

THDr I

Koaddurment
THDr TOKa

Iiz..Inso

AMIUTATY TBI
TapMOHHK TOKa
(psan=2...50)

TIDg U

Koaddunuent
TIDr HanpsiKeHUs!

Uino.-Uinso

AMIUTATY TBI
HHTEPTapMOHHUK
HATIPSKCHUS
(psan =0...50)

TIDr I

Koaddunuent
TIDr TOKa

Tino. . Iinso

AMIUTATY TBI
HMHTEPrapMOHHUK
TOKa
(paxn=0...50)

K

Koaddumment K
MOTEPH B
TpaHchopmarope

UR,, UR,

VYupasinstonue
CHUTHAJIBI

 POM-711
U

Ilepexoansie
IPOLECCHI

o3

(1) OTHOCUTCA K Hanps»KeHuto Un.pe
) TonbKo Npu Mcnonb3osaHWK Kneuweii C-5
¥ 3anuck rpaduka nepexoaHbIX NPOLLECCOB U OCLIMANOTPaMM, OTCYTCTBYET rpaduk RMSY

HeKoTopble M3 NapaMeTpoB MOTYT MPUHMMATb KaK MONOXKUTENbHbIE, TaK U OTPULLATE/IbHbIE 3HAYEHUS.
MpUMepoM MOMKET CNYKUTb aKTUBHAA MOLLHOCTb, PEaKTUBHAA MOLWHOCTb U KO3IOOUUMEHT MOLLHOCTM.
MocKonbKy mopor obHapyKeHUA cobbITUA MOXKET OblTb TO/IbKO MONOXKMUTEbHbIM, YTObBbl 0becneunTb
npasuabHOE BblABAEHWE COObLITUIA ANA BbIWEYNOMAHYTbIX MapaMeTPOB aHa/NM3aTop CPaBHMBAET C
YCTaHOB/IEHHbIM NOPOrom abCoNOTHbIE 3HAYEHMA STUX NAPaAMETPOB.

Mpumep: MNopor cobbITUS MO aKTUBHOWM MOLLHOCTU YCTaHOBJIEH Ha 3HadyeHue 10 KBT. Ecam Harpyska
MMeeT XapaKTep reHepaTopa, akKTUBHAA MOLLHOCTb NMpPU NPaBUbHOM MOAK/IOYEHUN TOKOBbIX Knellen
6yaer umeTb OTpuUaTeNbHbIA 3HAK. EcanM namepeHHoe abcoslOTHOE 3HAYeHMe aKTUBHOM MOLLHOCTU
npesbicUT nopor, T.e. 10 kBT (Hanpumep, - 11 KBT), To ByaeT 3aperncTpnpoBaHo cobbiThe NpeBbileHNs
3HAYeHUA MaKCMMaibHOWM aKTUBHOM MOLLHOCTH.

[lBa TMna napameTpoB: AENCTBYIOLLEE 3HAYEHUE HANPANKEHUA U OENCTBYIOLLEE 3HAaYeHMEe TOKa MOryT
NopoKaaTb COBbLITUA, KOTOPble MONb30BaTe/lb CMOMKET AOMNOMIHWUTL 3aMUCAMU MIHOBEHHbIX CUIHaNOoB
(ocumnnorpammamm) u 3HayeHuaMn RMS%.
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CurHanbl aKTUBHbIX KaHanoB (Hanps»eHUsA U TOKa) 3anucbiBaloTCA B aHaM3aToOp B MOMEHT Havana u
OKOHYaHKA cobblTnA. MNonb3oBaTeNb MOXKET 334aTb B KOHOUIypaLMmM Bpems 3anmcu ocumnnorpamm (ot
100 mc go 1 cek.) 1 RMSY (ot 1 go 30 ceK.), a TakKe Bpema onepexeHuns 3anycka ocuunnorpamm (ot 40
no 960 mc, ana RMSY% ot 0,1 no 4,9 cek.). OcumnnorpaMmmbl coxpaHawTcAa B 8-6utosom dopmate c
yactoTon guckpetmnsaumm 10,24 klu,

NHpopmauma o cobbiTUM 3anUCbIBAETCA B MOMEHT €ro OKOHYaHMA. B HEKOTOPbIX C/y4asx MOMKeT
CNYYNUTBCA TaK, YTO B MOMEHT OKOHYAHWMA PerMcTpaLmm Kakoe-To cobbiTve 6bI10 aKTUBHBIM (Hanpumep,
ANMACA NpoBan HanpsxeHua). MHGopmauma O Takom COBbITUM TaKKe COXPaHAeTca, OA4HaKo, CO
cnegyroWmMMmn U3MeHEHUAMU:

e  OTCyTCTBYET BPEMA OKOHYAHMA CObbITUR;

e JKCTpemasbHOe 3HaYeHMe PaCCYMTLIBAETCA TOJbKO 3a MNepuog, A0 MOMEHTa NpeKpalleHus
pernctpaunu;

e CpepHee 3HayeHWe He yKasblBaeTCs;

e [1na cobbiTUil, CBA3aHHbLIX C AEUCTBYIOWMMM 3HAYEHUAMM HaNPsXKEHUA WAM ToKa, AOCTynHa
TO/IbKO ocumaiorpamma u rpapuk RMSY Havana KoopamHar.

YT106bl YCTPAaHUTL MHOTOKpPATHOE BbISIBIEHWE OAHOr0O W TOTO e CobbITMA, Koraa 3HayeHue napameTpa
Konebnerca BOKPYr NOPOroBoro 3HayeHus, BBeAEH ructepesnc obHapyKeHns cobbiTuid, onpeaensiemblit
nonb3osatenem. OH onpeaenseTca B NpoLeHTax caeayowmm obpasom:

e [Ina cobbITUIA OT AeNCTBYIOWEro 3HAYeHMA HaMpAMKeHMA — 3TO NPOLEHT OT AuanasoHa
HOMMHANbHOTO Hanpsi»eHus (Hanpumep, 2% ot 230 B unn 4,6 B);

e [1na cobbIiTMN OT AENCTBYIOLLEro 3HAYeHMA TOKa — 3TO MPOLLEHT OT AMana3oHa HOMMHAJIbHOro
TOKa (Hanpumep, ana knewen C-4 1 OTCYTCTBUA U3MEPUTENbHBIX TPAaHCHOPMATOPOB, TMCTEPE3NC
2% paBeH 0,02 x 1000 A = 20 A);

e [1na cobbiTUiA OT MOCTOAHHOWM COCTaBAAIOLWLENA HanpsKeHUs M HanpsxeHusa Unpe rUcTepesuc
paccYMTbIBAETCA, KaK MPOLEHT OT MOPOroBOro 3HayeHWs, HO He MmeHee, Yem 50 mB (6es
TpaHcpopmaTopoB);

e [lna ocTanbHbIX NApPamMeTpPOB TUCTEPE3NC Onpenensetcs B MNPOUEHTAX OT MaKCMMaJsibHOro
3Ha4YeHus nopora (Hanpumep, ecin MakCMMaabHbIM Noporom Ana KoadpduumeHTa nuk-pakTopa
TOKa yCcTaHOB/IEHO 3HavyeHue 4,0, To ructepesuc coctasnset 0,02 x 4,0 = 0,08).

Ona cobbiTWii, BbI3BaHHbIX W3MeHeHWeM GopMbl Ornbatollels, cywecTByeT napameTp 3a4epiKKM,
BblparKeHHbI B ceKyHaax (ot 1 go 600 cek.). OH onpeaenseT, Kak [0/ro aHaausatop He byaet
perncTpmpoBaTth nocseaytomne cobbiTnA, Bbl3BaHHbIE M3MeHeHMeM GopMbl ormbatoLei. 3To No3BonseT
OrpaHMYNTbL CpabaTbiBaHWUSA B C/ly4ae o4eHb HECTAabW/IbHbIX CEeTEN.

3.12.1 Co6bITHE OT U3MeHEeHUs PpopMBbI, Oorudawileil cCuraaaa

C sepcuu npowusKku 1.25 docmyneH Hosbili memoOd obHapyx#ceHUA HapyuweHuli (popmbl HAMNPAXCEHUA:
cobbimus om usmeHeHuUs hopmel oeubaroujel.

B aTom meTode CpaBHMBAOTCA C APYr C APYrOM [Ba COCEAHMX MEPUOoAa CUrHaNa HanpsxKeHusa —
BbIYUCAAETCA PasHUMLA MeXAy HUMM U TMPOBEPSeTca MAKCMMasbHaa amnauTyga, KoTopas 3aTem
CPaBHMBAETCA C MOPOroM, YCTaHOBAEHHbIM MOAb30BaTesieM. [1POUEHTHbIM NOPOr OTHOCUTCA K
HOMWHA/IbHOMY 3Ha4YeHUIo HanpsKeHua. EcAn BblUMCAEHHOE M3MEHeHMe ammnauTyabl npesbiwaer
nopor, To ¢UKCUpyeTca cobbiTUe OT U3MeHEeHUsA orubatollei. ITo cobbITUE CUMTAETCA OKOHUYEHHbIM,
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€C/NN NpeBblleHWe AO0MNYyCTUMOrO nopora He OOHapyXMBAeTCA B Te4YeHWe, KaK MUHUMYM TPEXx
nocneayroLmx NepmoaoB CUrHana.

MpuUHUMN AEeNCTBUA anropuUTMa MOXHO O6BACHMTb, MCNONb3yAa puc.42. Ha Kaablii nepuos curHana
Hanpa)eHua HaknaablBaeTcA MHTepBaa A0MNYCTUMbIX M3MEHEHWUI (ApKo-KpacHaa 061acTb Ha pUCYHKe),
lWMpUHoON (B8 BonbTax) 2Ury, KOTOPbINA CO3AaH Ha OCHOBE HOMUHA/IbHOTO HaMnpPsAXeHua B NpeablayLiem
nepuoge. Uy — 3TO nopor o6HapyKeHus cobbiTUA, KOTOPbIM YCTaHOBMA MNO/b30BaTeNb B
NU3MEePUTENbHON KOHPUrypaumm. EcAM MrHOBEHHOE 3HayeHuWe HanpaAMKeHUs MPeBbiCUT npeaens,
0603Ha4YeHHble 3TON 06nacTbio, TO byaeT obHapy»KeHo cobbiTne. AU npeacTaBasieT pasHULY 3HAYEHUN
OTCYETOB HaMpPAMKEHUA ABYX COCeAHMX Nepruoaos.

Puc.42. ObHapyKeHue cobbITUit OT UsmeHeHUa Gopmbl ornbatoLLei.

3Ta OYHKUMA OYeHb Mosfe3Ha NpU OOHAPYKEHUU NHOObIX HECTAUMOHAPHbIX MOMEX B CETU MUTaHUA.
CnefyeT NOMHWTb, YTO MPU HU3KUX 3HAYEHMAX NMOPOra 0BHAPYKEHUSA, aHAM3aTOP MOXKET OOHaPYKUTb
oyeHb 60NblLIOE KOAMYECTBO COOLITUI 33 KOPOTKUIM NPOMENKYTOK BpemeHu. [lo 3Tol npuynHe
no/sib3oBaTe/lb MMEeT B CBOEM pacnopaxeHuu napameTtp «Bpemsa naysbi», BbipaXKeHHOe B CEKyHAax.
Mocne obHapysKeHuAa cobbiTUA aHanu3aTop 670KMpyeT obBHapyKeHwe nocneayrolimnx cobbitin (B
[aHHOM KaHa/se) Ha Bpems, 3a,aHHOe 3TUM NapameTpom. Ero MoXKHO ycTaHOBUTL B AnanasoHe oT 1 fo
600 cek.

B aHanusaTopax, MMeoWwmnx BEPCUIO NPOLWKNBKK cTapwe, Yyem HWg, cobbiTva OT M3MeHeHus
dopmbl ornbatolen m ckadka ¢asbl MMEOT BCTPOEHHOE MUMHMMAJIbHOE BPemaA naysbl npu
& 0bHapy»KeHUn cobbITuA, cocTaBasollee 2 CeKyHAb! (4N BCEX KaHa/0B HaMpsKeHus) U ero
HeNb3s U3MEHUTb. Bpems naysbl MOXHO YBEAUYUTb B U3IMEPUTEIbHON KOHPUrypaumun, ecam

3TO Heobxoanmo.
3.12.2 Co6nbITHe cKayKa ¢a3bl

AHanusatop no3eonsfeT 0o6HapyKuBaTb M3MeHeHUA ¢asbl OCHOBHOM COCTaBAAIOWEN HanpAXKeHus.
JaHHaA pyHKYUA 0ocmynHa, HAYUHASA ¢ eepcuu npowiusku 1.25.

ANroput™m OB6HapyKeHUs CPaBHMBAET YI/Ibl OCHOBHOM COCTaBAAIOWENA HaMNPSXKEeHUs ABYX WAM TPEX
cocegHux nepuogos. Ecan pasHuua yrnos 60sblie, YeM YCTAHOBAEHHbIA MNOAb30BaTesleM MNOpPOT,
BbIPAXKEHHbIV B YI/IOBbIX FpaZlycax, To 3anucbiBaetca MHGopmauna o6 obHapyKeHUU cobbiTus BMecTe C
M3MepeHHbIM 3HayeHWeM cKauyka ¢asoBoro yrna. CKauyku ¢asbl yawe Bcero ABAAOTCA 3dpdeKrTom
COMYTCTBYIOWMM MNPOBasaM HaNPAXEHUA — M3MEHEeHMEe COMPOTMBAEHMA Harpy3km OTHOCUTENbHO
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COMPOTUBNEHNA CETU MUTAHMA Bbi3blBaeT M3MeHeHWe Habnloaaemoro yria OCHOBHbIX COCTaBAAOLLNX
HanpaxeHua (CMeLLeHne TOYEK Nepexoaa Yepes Hob).

Mpumep ckauka dasbl NoKasaH Ha puc.43. MHPopmaunsa 06 obHapyKEHHOM COBbITUM COLAEPKUT BPEMSA
BO3HMKHOBEHWUA W YCTAHOB/JIEHHOE 3HAYEHME CKAuyKa, Bblpa)KEHHOe B YI/A0BbIX rpagycax (yron ¢ Ha
pUCYHKe). TaKKe MOXKHO COXPaHUTb OCLMAOTPAaMMy U rpaduK 3HayeHuit RMSy/,. HaMmeHbluee 3HaYeHue
06HapyKMBaeMbIX CKauyKoB ¢asbl — 3To 1 yraoBsoi rpagyc.

Puc.43. Ckauok ¢a3sbl.
3.12.3 Co6bITHE GBLICTPbIX U3MeHeHu HanpsikeHUs1 (RVC)

BbicTpble u3meHeHua HanpsaxeHua (RVC) 6onee nogpobHo onucaHbl B rnase 5.9. AHanusatop
No3BoNsAET OOHAPYKMBATb U PETUCTPUPOBATL COBLITUA 3TOr0 TUNA MOC/AE BKAOYEHUSA COOTBETCTBYIOLLEMN
OonuMK B U3MepUTENbHOM KoHbUIypaumun. Nonb3osaTenb BBOAUT CieaytoLline napameTpbi:

e T[lopor — BbIPa)KEHHbIK B MNPOLEHTAX OT HOMWHANbHOIO HanpsXeHwa, onpegenset
YyBCTBUTE/IbHOCTb OOHAPYKEHMA; YEM MEHbLLE 3HaYeHMe Nopora, TEM Bblle YyBCTBUTENbHOCTb
n Tem 6osble cobbiTit gaHHOro Tvna byayT obHapy!KeHbl. TUNMYHOE 3HayeHue nopora 5%
Unowm. BBeaéHHOE 3HauyeHne nopora oTHOCUTCA K 3HadeHuto AUpax cobbitnin RVC;

e [uUcTepe3nc, TaKKe BbipaXKeH B NMPOLEHTaX OT HOMMHANbHOrO HanpsxeHua. OH A0/KeH ObiTb
MeHblUe, YemM BenYMHa nopora. Yem rucrtepesuc bauke K nopory, Tem 6osblie AManasoH
M3MEHEHUI HaNPAXKEHUA, KOTOPbIA HeobXoauM A1A NPU3HAHUA TOro, YTO HanpsXKeHWe CHOBA
MMmeeT cTabuibHOe 3HayeHue (cpaBHUTE TakKe € puc.53). OB6bIYHO 3HayeHue rucTepesuca
COCTaB/IAET NOJIOBMHY OT YCTaHOB/IEHHOrO 3HAaYE€HWUsA NOPOra;

e Ecnnm nonb3osBatenb xoyeT, 4Tobbl BmecTe ¢ cobbituamu RVC Takske 6blin  3anumcaHbl
OCUMANOrPaMMBbl CUTHaNoB 1 rpadukn RMS;:/; HanpaKeHU U TOKOB, TO MOXKHO BblGpPaTh OMNLMIO
3anncb ocuuanorpamm u 3HavyeHnn RMS;/;. CoxpaHEHHbIe CUTHaMbl OTHOCATCS TOJIbKO K Havany
cobbiTma RVC.

B mHorogasHbix cuctemax ob6Hapy*KMBAlOTCA KaK cobblTMA B OTAEeNbHbIX ¢da3ax, Tak U MHorodasHble
cobbiTna (B noHAaTMAX cTaHgapta FOCT 30804.4.30-2013 (IEC 61000-4-30)). B nporpamme «SONEL
ANALYSIS» mHorodasHblie cobblTuA U cobbITUS OTAENbHbIX a3, BXOoAsAWMe B COCTaB MHOrodasHbIx
cobbITUiA, nomeyatoTca Kentbim ¢oHom. [pu 3TOmM cnedyeTr OTMETUTb, YTO B COOTBETCTBUU C
anropuTtMoMm, YyKasaHHbim B [OCT 30804.4.30-2013 (IEC 61000-4-30) 3a MHorodasHoe cobbiTue
NPUHMMAIOT TaKMKe Takue cobbiTUA, KOTOopble NMPOM3OLWAMN TONbKO B OAHOW ¢dase («MHOrogpasHoOCTb»
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HEeobX0AMMO TPAKTOBaTbh 3[EeCb KaK «CUCTEMHOE» SB/IeHWE, a He Kak TpeboBaHMEe O4HOBPEMEHHOro
NoAB/MIEHNA B HECKONIbKUX da3ax).

B cnyyae perucrpaumm Ha COOTBETCTBME BblI6paHHOMY CTaHAAPTY, KOTOPbIA Tak»Ke BK/loYaeT B cebsa
nsmepeHune RVC, ero napameTtpbl 6epyTca U3 HaCTPOEeK Mo YMOAYaHMIO 3TOro cTaHAapTa.

3.13 MeToAbI yCpeAHEHUS NapaMeTpPOB

MapameTp MeToz ycpeaHeHuUs
[lecTBylolllee HanpsKeHne RMS (cpeaHekBaapaTnyHoe)
MocToAHHOE Hanpsi»KeHWe U TOK cpepHee apudmeTnyeckoe
YacroTa cpepHee apudmeTnyeckoe

KoadppurumneHT NMKOBOro 3Ha4YeHusn

(nuk-dbaktop) U, | cpeaHee apudmeTnyeckoe

CummeTpuuHble coctasnatowme U, || RMS (cpeaHekBagpatMyHoe)

PaCCHNTHLIBAKOTCA U3 CpeaHUX 3HaYeHUM CUMMMETPUYHDbIX

KoadpdpunumeHTt HecummeTpumn U, |
dbuu P ! COCTaB/IAOLLMX

[JencTytolee 3Ha4YeHMe TOKa RMS (cpegHekBagpaTUUYHOE)

AKTMBHaA, PeaKTnBHaA, Nos1HaA

cpeaHee apudmeTnyeckoe
MOLLHOCTb M MOLLIHOCTb MCKaXKeHUA

KoadpdpuumneHTt mowHocTm PF PaccUUTbIBAETCA U3 CpeaHero 3Ha4eHna MOLLHOCTH
cosQ® cpepHee apudmeTnyeckoe

PaCCYMTLIBAETCA KaK OTHOLLEHME NPUPALLEHNA PEAKTUBHOM
tgoe 3Hepruu (B COOTBETCTBYIOLLEM KBAaZApPaHTE) K MPUMPOCTY

Noay4YeHHOM aKTUBHOM SHEPrnu

paccunTbIBAOT, KaK OTHOLWEHME cpegHero 3HavyeHns RMS BbicLumx
rapMOHMUK K cpegHeMy 3HayeHMto RMS oCHOBHOWM cocTaBasatoLen
THD U, | (ans THDe) unu oTHoweHMe cpegHero 3HavyeHMa RMS Bbiclimx
rapMOHMUK K cpeaHeMy 3HaYeHU0 3PPEKTMBHOIO HanpAXKeHUA
(ans THDR)

paccyUnTbIBAIOT, KaK OTHOLWeEHMe cpeaHero 3HadeHna RMS
WHTEPrapMOHUK K cpegHeMy 3HauyeHUto RMS ocHoBHOM

TIDU, | cocrasnstowel (ana TIDg) nan oTHOLEHME CpeAHEero 3HaYeHns
RMS MHTeprapmoHuK K cpeaHemy 3HauYeHuto 3pPeKTUBHOro
HanpsaxxeHua (ana TIDg)

AmMnNAnTyAbl rapMoHuK U, | RMS (cpegHekBagpaTUUYHOE)
AMNAUTYAbl UHTEPrapMmoHuK U, | RMS (cpegHekBagpaTUUYHOE)
KoadppuumeHT K RMS (cpegHekBagpaTnyHoe)

Yraol mexay rapmoHUKamum

o cpeaoHee aqu)MeTM‘-IECKOG
HanpAaxeHun n TOKoB

AKTUBHAA 1 peakTuBHaA MOLWHOCTb

cpegHee apupmeTndeckoe
rapMOHUK PEA P d)

MpumeyvaHue:
CpegHee 3HayeHne RMS paccunTbiBaetca no popmyne:
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CpeaHee apudmeTtmyeckoe (AVG) paccuntbiBaeTca no dopmyne:

N

1
AVG = Nz X;

i=1

roe:  X;—3To oyepeaHoe 3HaYeHMe napameTpa, NoA/1exalllero ycpeaHeHmio,
N — 3TO KONMYECTBO 3HAYEHUI, NOANENKALLMX YCPEAHEHMIO.

4 PACYETHBIE ®OPMY.IbI

4.1 OpHodasHas ceTb

IMapameTtp
Cnocob pacuera
HaszBanmue Oo0o3nayenne | Exuanna
JelicTByrolee 3HaYeHHE Uy =
Uy B
HarpspkeHus (True RMS) ,
rae U; ouepenHoii otcyeT Hanpsbkenus Uan
M = 2048 ans cetn 50 Ny n 60 Ny
— 1 S
IMocTosTHHAS COCTaBIISAIOMIAS U B Uapc = MZ Ui
ADC i=1
HapsKCHUAA rae Ui ouepenHoi otcyeT Hanpspkenust Uan
M =2048 gnsicetn 50 My mn 60 Ny,
YMCIO LienbIX NepuoaoB HanpshkeHnst Ua.n NOACYATaHHBIX 32
Yacrorta f Fu 10 cekyHAHbIV MHTEpBas NO BPEMEHW YacoB, pa3aeneHHoe Ha
obLuee BpeMsi MoMnHbIX NeproaoB
JelicTByroniee 3HaUeHUE / A
A
toka (True RMS) .
rae i ouepenHol oTcyeT Toka la
M =2048 gnsicetn 50 My n 60 Ny,
M
1
IMocTosHHAS COCTABIIAIONIAs I A Lapc = MZ I
ADC i=1
TOKa roe /i ouepeaHoii oTcHeT Toka /a
M = 2048 ons cetn 50 My mn 60 Ny,
1 M
P= MZ ul;
=
AKTHBHas MOIIHOCTh P Br rae Ui oyepepnHoin otcyeT HanpshkeHns Uan
I ouepeHo oTCYET ToKa /a
M =2048 gnsicetn 50 My mn 60 'y,
50
Q=) Uplnsing,
h=1
Peakrunas momnocts Budeanu QB Bap rae Un a0 h-A rapmoHuka HanpsbkeHns Ua.n
In 3TO h-2 rapmMoHuKa Toka /a
¢n 9TO h- yron mexay rapmoHukamu Unu In
Q1 = Uslysing,
roe Ui ocHOBHasi cocTaBnsiiowas
PeaxkTusHas MOIIHOCTb HanpsxeHnsa Uan
OCHOBHOM COCTaBJISIOIIEN Qf Bap |1 OCHOBHas cocTaBnsioLas Toka /a
@1 Yron Mexgy OCHOBHbIMM
coctasnsowmmm Us n 14
[Tonnas MmontHOCTH S BA S = Usrmslarus
TloHAast MOIITHOCTH MCKAXKEHUS SN BA Sy = /52 — (U, 1,)?
MomHocTh nckaxenus Budeanu Dp Bap Dp = /52 - P2—Q2
P
PF =<
K03(1)(1)HHH6HT MOIITHOCTH PF - npu PF < 0 Harpy3ka nmeeT xapakTep reHeparopa
npu PF > 0 Harpyska nMeeT xapakrep npueMHvka
cos@ = DPF = cos(gou1 - (p,l)
CcoS - v Y v
KO3(1)(1)I/IIII/IGHT CcIBHTA (1)33 DP? _ rae ¢ur - abCOMNTHBIN yron OCH?J?—:\/OM COCTaBrAoLLEH HaNPsHKEHNs

11 - aBCONIOTHBIV Yron OCHOBHOW COCTaBrisitoLLEn ToKa /a
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AEgun
tgou+) = AEp,

roe: AEqu+) NpUMpOCT peakTuBHOM aHeprum Equ+ (Budeanu/IEEE-

tg¢(1,+) - 1459) B faHHOM MHTepBane ycpeaHeHus,
AEp+ NpUpPOCT aKTUBHOW NOTpebneHHom aHeprumn Ep.+ B 4aHHOM
MHTepBasne ycpeaHeHus
AE,
__AEgcH
tgoc- = Y
P _ roe: AEq(c.) NpypocCT peakTuBHoW aHeprun Eqc.) (Budeanu/IEEE-
gPic 1459) B faHHOM MHTEpBane ycpeaHeHus,
AEp+ NpMpoCT aKkTUBHOW NOTPe6rneHHoh aHeprun Ep+ B AaHHOM
Taunrenc ¢ MHTepBase ycpeaHeHus
_ o AEq-
(4-kBasipaHTHBIN) tgPu_y = Cw]
AEp,
¢ _ rae: AEqu) NpypocCT peakTnBHOM aHeprum Eqq.) (Budeanu/IEEE-
g 1459) B JaHHOM MHTEpBAse YCPEaHeHNs!,
AEp+ NpUpOCT akTUBHOW NOTPe6nNeHHOM aHeprun Ep+ B faHHOM
MHTepBasne ycpeaHeHus
AEg(c
t =——
9Pc+) AEp,
¢ _ roe: AEqc+) NPUPOCT peakTUBHOW aHeprumn Eqocc+) (Budeanu/IEEE-
gPic+) 1459) B JaHHOM MHTEpBAse YCPEAHEHNs!,
AEp+ NpUpOCT aKTUBHOW NOTpebrneHHo aHeprumn Ep+ B 4aHHOM
MHTepBarne ycpeaHeHus
r Upx B MeToq rapMOHMYECcKMX noarpynn no |EC 61000-4-7
APMOHHUKH HAIPSDKCHUS U TOKa I A X (PS4 rapMoHMKM) = 1..50
Koadpuunenr rapmoHnueckux o0 g2
. h=2"h
HUCKAXCHUHU HAIIPAKCHUA THDUp = ———— x 1009
p . THDUy % A %
OTHOCHUTCIIBHO OCHOBHOU rae Un 970 h-5 rapmoHuka Hanpsbkenust Uan
COCTaBHSIIOHleI?'I U7 ocHoBHasi cocTaBnsiiowas HanpsbkeHnst Ua.n
Koaddumuent rapmoHnIecKux
v 50 U2
HNCKAXXCHHUHU HaAIIPSAXKCHUA X2, Ui
P THDUg % THDUg = ~——— x 100%
OTHOCHTEIEHO (P PEKTHBHOTO arMS
rae Un 970 h-a rapmoHuka HanpsbkeHus Ua-n
3HAYCHUA
Koaddrmment rapmoHnIecKux s50 12
o h=2"'h
HNCKAXXCHUU TOKA THDI, = ~——— x 1009
, THDI % A
OTHOCHTCJIbHO OCHOBHOH rae In 3T0 h-51 rapMOHMKa Toka /a
COCTAaBJISAIOIIEN /1 OCHOBHas cocTaBnsioLLas Toka /a
KoadduimeHt rapMoHHYECKUX
o 5(1 12
HCKaAXCHUHU TOKaA h=2'n
THDIR % THDIz = ~——— X 100%
OTHOCHTEJILHO 3 (HEKTHBHOTO arms
rae In 370 h-A rapmoHuKa Toka /a
3HAUYCHUA
DI
TDD = ~———x 100%
L
Koadpunment TDD TDD % rae I 370 h-51 rapmoHmka Toka fa
1. TpebyeMbiit TOK (B aBTOMaTUYECKOM pexumMe I — MakcumansHoe
cpeaHee 3Ha4YeHUe OCHOBHOW COCTaBAOLLEN TOKa 13 BCEX
M3MEPEHUI TOKOBbIX KaHAIOB CO BCErO MHTEPBAaNa perncrpaumm)
I/IHTepFapMOHI/IKI/I HaIIPSDKEHUS Uine B MeTOA, HTeprapMoHuyeckux nogrpynn no |IEC 61000-4-7
X (psig nHTeprapmonuku) = 0..50
1 TOKa Linx A (cyBrapMOHMKV TaKKe y4nTbIBaIOT NMHMI0 5 Mu)
Koaddrmment
UHTEPrapMOHHYECKHUX th=o Ul
v - 0,
HCKOKEHUHN HANPSHKCHUS TIDUF % TIDU g, <o
OTHOCHTEILHO OCHOBHOLI rae Ui 370 ih-a nHTeprapmoHvka Hanpskenust Uan
- U1 ocHoBHas cocTaensitoLas HanpsikeHnst Uan
COCTaBJIOLIICHU
Koadpunpmenr
UHTEPrapMOHUYCCKUX s0_ U2,
th= L
HCKaXEHUH HaIpsAKEHUs TIDUpg % TIDUR = ~——— x 100%
ARMS
OTHOCHUTCIIBHO 3(1)(1)CKTI/IBHOFO rae Ui 370 ih-2 nHTeprapmoHmka Hanpsxkenuns Uan
3HAUYCHUA
Koadpunment
HHTEPrapMOHUYECKHX Zino i
v S EE— 0,
HCKa’KCHHIT TOKa TIDI % TIDI o X100%
OTHOCHTEILHO OCHOBHOI rae lin 370 ih-A MHTeprapMoHuka Toka /a
o |1 OCHOBHas cocTaBnaAwLLAsA TOKa /a
COCTABJIAIOIICH
Koaddrmment
50 j2
HUHTCPTapMOHHYCCKUX ih=0"ih
prap TIDIr % TIDI = >——— x 100%

HCKa)KEHUH TOKa
OTHOCHTEJIBHO 3P HEKTHBHOTO

'ARMS
rae lin 370 jh-s1 HTeprapMoHuka Toka /a
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3HAYCHUA

KoaddunmeHT mukoBeIx
3Ha4YCHUH (ITHUK-(PaKTOp)
HAIpPSDKEHUS

CFU

Usrms
roe onepatop max|U;| BelpaxaeT Hanbonbluee 13 abContoTHbIX
3HaYeHW oTcyeToB HanpsxkeHnst Uan
i=2048 onsa cetn 50 My 1 60Ny,

KoaddunmeHT mukoBeIx
3Ha4YCHUH (ITUK-(PaKTOp) TOKA

CFI

IARMS
roe onepatop max|I;| BblpaxaeT Hanbornbluee U3 abContoTHbIX
3HAYEHWI OTCYETOB TOoKa /a
i=2048 pnacetm 50 My mn 60 I

Koaddunuent moreps B
tpancdopmarope K

K-Factor

ZS(i 12h2
KFactor = %
Il
roe In 3To rapmoHuka h-ro psiga Toka /a
/1 - OCHOBHasi cocTaBnsitoLLasi Toka /a

AxTHBHas MOLIHOCTb rApMOHUK

Py
h=1..50

Py = Uylp cos @,
rae Un 310 h-A rapmoHuka HanpsbkeHns Ua.n
In 3TO h-2 rapmMoHuKa Toka /a
¢n - yron mexay rapmoHvkamm Un v In

PeakTuBHass MOIIHOCTH
TFapMOHUK

O
h=1..50

Bap

Qn = Uplpsing,
rae Un a0 h-A rapmoHuka HanpsbkeHns Ua.n
In 37Ot h-A rapMoHuKa Toka /a
on - yron mexay rapmonukamu Unu In

KpaTtkoBpemeHHas 1o3a
drkepa

th

paccuMTbIBaeTCA Mo cTaHaapTy
IEC 61000-4-15

JnurenbHas no3a daukepa

Plt

Pr==
LT 3

roe Psti— 370 ouyepefHast i-s1 KpaTKOBpeMeHHast
[o3a dnvkepa

AKTHBHAas 3HEPTHs
(moTpebiisiemMast 1 oTAaBacMast)

Ep+
Ep.

Btu

Epe = ) PLOT()

=1
~ _ (P pnaP(@)>0
P @ = { 0anaP() <0

Ep_ = Z P.()T@)

i=1
P() = {lP(i)I st P'(i) <0
0psaP(i)=0
roe:
i - ovuepepHoO HoOMep okHa namepenns 10/12 nepmogos
P(i) npeacTaBnsieT 3HaYeHe akTMBHOW MOLLHOCTU P, paccuymTaHHow
B [-M OKHE U3MepeHus

T(i) - ANUTENbHOCTb /-r0 OKHa N3MepeHUsi B Yacax

PeaxTuBHas sHEpTUs
(4-xBagpaHTHAsN)

Eou+)
Eoc,
Eou
Eocv)

Bap4

Equn = ), s (OT®

i=1
Qu(i) = Q(i) ecnn Q()>0 u P()>0
Qc+(i) = 0 B oCTanbHbIX Cry4asx

Boery = ). Qe-(OT()

Qe(i) = Q(i) ecnm Q()>0 u P()<0
Qc-(i) = 0 B ocTanbHbIX cny4yasx

Eou—y = Z Q.-(OT®)

Qu(i) = |Q(0)] ecnm Q()<0 u P(i)<0
QL-(i) = 0 B ocTanbHbIX cry4asx

Eqoeery = Z Qc+(DT()

Qe+(i) = 1Q()] ecnn Q(i)<0 n P()>0
Qc+(i) = 0 B ocTanbHbIX Criy4asx

roe:

i - o4epeqHoOn HoMep okHa namepenus 10/12

nepuoaos,

Q(i) npeacTaBnseT 3Ha4eHNe peakTMBHOW MoLHocTu (Budeanu unmn
IEEE1459), paccuntaHHON B j-M OKHE N3MEpPEHMS,

P(i) npeactaBnsieT 3Ha4YeHNe akTMBHON MOLLHOCTU P, paccunTaHHON
B i-M OKHE 13MepeHVs,

T(i) - ANUTENbHOCTb /-r0 OKHa N3MepeHUsi B Yacax
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[lonnas sHeprus Eg BAu

Es= Z SOTG)
i=1

roe:

i - o4epegHoI Homep okHa n3mepenust 10/12 neproaos,

S(i) npeacTaBnAEeT 3Ha4YeHVEe NOMHOM MOLLHOCTU S, pacCYMTaHHON B
i-M OKHe n3mepeHws,

T(i) - ANUTENBHOCTb i-ro OKHa M3MEPEHUs B Yacax

4.2 [IByx¢da3Hada ceThb

(He nepeyncneHHble NapaMeTpbl PacCyYUTLIBAKTCA Kak A ogHOasHoM ceTn)

ITapameTtp
Cnoco6 pacyera
Ha3zBanmne O0o3nauenue | Exnmanna
OO0murast akTHBHAsI MOIITHOCTh Py Br Pior = Py + Pg
OO1as peakTHBHAS
Ba Qptot = Qpa +Q
MoutHocTh Budeanu Osor P prot A e
OO1as peakTHBHAS
MOIIHOCTh OCHOBHOM Oltor Bap Qitor = Qua + Q1p
COCTAaBJISIOIICH
OO0111ast moJIHAsI MOIIIHOCTh Stot BA Stor = Sa + Sp
OO6mmas moJyiHast MOITHOCTD
SNtot BA Sntot = Sna + Sne
HCKAXKCHUA
OO6111ast MOIITHOCTh UCKAYKEHHUS
D BA] Dptot = Dpa + D,
Budeanu Btot P Btot BA BB
OO6muit KO3 GUIHEHT Peo
PFtot - PFioe = 5
MOIIHOCTH tot
O0mmit K03 GUIHEHT caBUTA COS Prot 1
- = DPF,p = =
(1)213 DPFmt COS Prot tor =5 (cos ¢4 + cosgp)
AE,
Qtot(L+)
t =—
9Ptot(L+) AEprors
P _ rae: AEatoti+) NPUPOCT 06LLEN peakTUBHOM 3HEprun Eqot+)
8 Prot(L+) (Budeanu/IEEE-1459) B gaHHOM MHTepBarne ycpeaHeHus),
AEptot+ NIPUPOCT 06LLEN akTMBHOW NOTpebneHHo aHeprun Epor+ B
[AHHOM MHTepBane ycpegHeHus
AE,
Qtot(C-)
t = ——
9Prot(c-) AEprors
¢ _ rae: AEowtc) NPUPOCT 0BLLENn peakTUBHON aHeprnn Equotc.)
8 Pror(C) (Budeanu/IEEE-1459) B JaHHOM MHTEPBANE YCPEOHEHNS,
. AEptot+ NPUpOCT 06LLel akTMBHOW NoTpebneHHom aHeprum Epor+ B
OOl TaHTe€HC (0] [aHHOM WHTEepBarne ycpegHeHust
o AE, .
(4-kBapaHTHBI) tGProtpny = 22D
AEptot+
¢ _ rae: AEatt-) NPUPOCT O6LLE peakTUBHOWM 3Heprumn Eoot-)
8 Prot(L-) (Budeanu/IEEE-1459) B JaHHOM MHTEPBANE YCPEAHEHNS,
AEptot+ NPUPOCT 06LLEN akTUBHOW NoTpebneHHon aHeprun Epuor B
A3aHHOM UHTepBalne ycpegHeHusa
AEgtot(c+)
t =
9Ptot(c+) DEprocs
P _ roe: AEatotc+) NPUPOCT 06LLEN peakTUBHOW 3HEprun Equwtc+)
& Pror(C+) (Budeanu/IEEE-1459) B gaHHOM MHTepBarne ycpeaHeHus,
AEptot+ NPUPOCT 0OLLieN akTMBHOW NoTpebneHHon aHeprun Eprot+ B
[aHHOM MHTepBane ycpegHeHus
m
Eptor+ = Z Proe+ (DT (@)
i=1
Proes () = {Ptot(i) st Pyot (1) > 0
tot+ Omﬁlﬂﬂ Proe(i) <0
OO1ast akTHBHAs YHEPTHS E Eptor- = Z Peor-(DT())
Ptot+ i=1
(nmotpebnsiemas u Ep Bty P () {| Proe ()] 1151 Py (D) < 0
tot- - = N
oTHaBaemas) ° tot 0 p1st Proe (i) = 0
roe:
i - o4epeaHon HoMmep okHa namepenus 10/12 nepnogos,
Prot(i) NnpeacTaBnsieT 3HaYeHne obLLen akTUBHOM MOLLHOCTY Prot,
paccYMTaHHOM B i-M OKHe
n3mepeHus,
T(i) - BNMTENbHOCTb /-r0 OKHa M3MEpPEHMS B Yacax
m
OO0mas peakTHBHAS YHEPTHUS Eouwir+) Bapu Eqtots) = Z QL (DT ()
4-xkBagpaHTHAS E 2 ) Lo =L )
( AP ) Qrol(C-) Qu.(i) = Q(i) ecrn Q(I)>0 u P()>0
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EQtot(L-) Qc+(i) = 0 B ocTasnbHbIX Cryyasx
EQtot(C+) Uil
Equortcry = . Qe- (DT ()
i=1
Qc-(i) = Q(i) ecnn Q(i)>0 v P(i)<0
Qc-(i) = 0 B ocTanbHbIX Cry4asx
m
Bgeortiy = . Q- (T()
i=1
Qc-(i) = |Q(i)] ecnn Q(i)<0 w P(i)<0
Qc-(i) = 0 B oCTanbHbIX cry4asx
m
Egtot(ce) = Z Qc+(DT()
=1
Qc-+(i) = |Q(i)] ecnn Q(i)<0 v P(i)>0
Qc+(i) = 0 B OCTanbHbIX Cry4asx
roe:
i - oyepenHoi Homep okHa uamepeHus 10/12
nepuoaos,
Q(i) npeacTaBnsieT 3HayeHne o6LLelt peakTUBHOWM MOLLHOCTH
(Budeanu vnu IEEE1459), paccunTaHHO B i-M OKHE U3MEepeHWs,
P(i) npeacTaBnsieT 3HaYeHWe akTUBHOW MOLLHOCTW, PaCCYUTaHHOW B i-
M OKHE U3MepeHust
T(i) - BNMTENbHOCTb /-r0 OKHA M3MEpPEHMS B Yacax
m
Estor = ) Seor ()
i=1
roe:
O6m1as mmoaHas SHEPTHUs Esior BAy i - o4epeHoi HoOMep OkHa namepeHus 10/12
nepuoaos,

Stot(i) NnpeacTaBnseT 3Ha4eHne obLLen NonHomn
MOLLHOCTU Stot, PACCYMTAHHON B i-M OKHE U3MepeHuUs,
T(i) - BNMTENbHOCTb /-r0 OKHA U3MEPEHMS B Yacax

4.3 TpéxdasHnasa ceTb «Y-n»

(He nepeyncneHHble NapaMeTpbl PacCYUTLIBAIOTCS Kak Ans ogHodasHom ceTtn)

IMapametp
Cnioco6 pacuera
Hu3Banme O6o3navenne | Exuanna
OO1as akTUBHAs
MOIIHOCTh Pror Br Prot =Py + Py + P
OO0m1as peakTUBHAs
p QBtut Bap Qptot = Qpa + Qpp + Usc
MouHocTh Budeanu
Qi = 3U{ I singf
roe:
O6mas peaKkTUBHAS . Us* npsimasi cUMMeTpUYHas COCTaBMsioLLas HanpPshkeHUs (OCHOBHOM
IEEE 1459 QI Bap cocTaBnstoLLEN)
MOIIHOCTD 110 I1* Nnpsimasi cUMMeTpUYHas CoCcTaBnsoLLas Toka (OCHOBHOMN
cocTaBnsioLLen)
@1+ yron mexay coctasnsowmmum Us* v 11+
S, = 3U,I,
roe:
3(Up2 + Up? + Ug?) + Upp + Ugc? + Ugs?
DddexTrBHAs MOTHAS g BA u, = j (Ua+ U+ V) 5 48 T BC T Cca
MOILHOCTb ¢
L2+ 1% + 12+ Iy?
le= [F———"
Sen = A Sez + 5512
roe:
Se1 = 3Ue1leq
OddexTuBHas s MOTHAS
S. BA 3(Upa? + Uga? + Ues®) + Ugr” + Uper? + Uor?
MOII[HOCTb HCKa)KCHHS N U, = (Uar” + Ui + Uca )18 ap1 ¥ Ypc1r ¥ Yom
I _ IAl2 +IBIZ +[C12 +1N12
el — 3
O0611ast MOIIHOCTH
Dg Ba| Dgtot = Dpa + Dpp + Dpc
uckakenns: Budeanu ot P °
O6muit ko3 PUIHEeHT Prot
PFtot = PFior = 5
MOILIHOCTH e
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OO6muit ko3 hUIHEeHT COS Qror 1
- €OS QPror = DPFypr = = (cOS @4 + cOS@p + cOs@)
cipura ¢as DPF ot S 4 i ¢
1 Grot(L+)
O6mmit TaHrech(p 18 Prorcy - chopmyna, Kak Ans 2-pasHom ceTu
(4-xBagpaHTHBIN) 18 ProrL-)
12 Gror(c+)
OO01mast akTUBHAS E
P+ .
3Heprus (moTpedseMas u I fot Bru chopmyna, Kak Ans 2-chasHoit ceTn
P-
OTaaBaeMas) fot
E L+
OO6mas peakTHBHAS EQM( )
SHEpPrus Qror(C) Bap4 dopmyna, kak ans 2-chasHon cetn
Eoiont-)
(4-xBagpaHTHAs)
EQtut(C+)
m
Estor = Z Se(DT()
i=1
06 E BA e
1asl [MOJIHAsA SHEPrusd Stot 4 i - oMepepHoO HoOMep okHa namepenns 10/12 neprogos
Se(i) NnpeacTaBnsieT 3HaueHe obLLe MOMHON MOLLHOCTU Se, pacCcUMTaHHO
B /-M OKHE U3MepeHus
T(i) ANMUTENbHOCTb i-rO0 OKHa U3MEePEHUs B Yacax
1
Uy =3 (Ui + Ups + Uer)
JelicTByromiee 3HaueHUE
o Uy = mag(Uo)
HaIpsLKEHUS HYJIEBOI Uy B
OCJIENOBATEIILHOCTHA rae Uas, Us1, Uct BEKTOPbI OCHOBHbIX COCTaBNSIOMX (hasHbIX HAMPsHKeHUN
Ua, Us, Uc
Onepatop mag() o3Ha4aeT MoAynb BeKTopa
1 2
Uy =3 (Un + alp: + a*Uy)
Uy = mag(Uy)
JelicTByroiee 3HaueHUE ,
. rae Uas, Us1, Uct BEKTOPbI OCHOBHBIX COCTaBNSIOLMX (hasHbIX HAMPsHKeHUN
HaIpsHKEHUA NIPSAMOU U, B Ua, Us, Uc
[MOCJEN0BATEILHOCTH Onepatop mag() o3Ha4aeT MoAyNb BeKTopa
2 2
a? = 1ej240° _l_\/_§ ;
2
1 2
Uy =3 (Uns + @*Upy + aly)
U, = mag(Uy)
elCTBYIOIIIeEe 3HAUCHUE
H YOI o rae Ua1, Us1, Ucr BEKTOPbI OCHOBHbIX COCTaBMALLMX (Da3HbIX HANPsHXKeHUn
HaTpsDKCHUS 00paTHOM U; B Un, Us, Uc
[MOCJIEN0BATEILHOCTH Onepatop mag() o3Ha4aeT MoAynb BekTopa
a=1e/12" = —1+ﬁj
1
. 3
2 _1p240° — _— _ Y7
a le 273 j
Koaddumument
HECUMMETPUU U
p . U % uy = —2-100%
HAIpPsDKEHUS HYJICBO# Uy
I10CJICA0BATCIIbHOCTH
Koaddunment
HECUMMETPUU U
P . U % u, = —=-100%
HarpspKeHUs: 00paTHOM Uy
I0CJICA0BATCIIbHOCTH
o 1
JleiicTBytolee 3HaUEHIE L=3 (L +1n + 1)
TOKa HyJIEBOM Iy A Iy =mag(ly)
rae la1, Is1, Ic1 BEKTOPbI OCHOBHbIX COCTaBNSIIOLLMNX ha3HbIX TOKOB /a, I, Ic
HOCIIEI0BATCIEHOCTH Onepatop mag() o3Ha4aeT MoAyNb BekTopa
v 1 2
JlelicTBYIOIEE 3HAYEHHE L=3(La + alsn + @*Ly)
TOKa IPSIMOMH I; A I =mag(L)

MOCJICA0BATCIIPHOCTH

rae la1, Is1, Ic1 BEKTOPbI OCHOBHbIX COCTaBNSIIOLNX dha3HbIX TOKOB /a, I, Ic
Onepatop mag() o3Ha4aeT MoAynb BekTopa
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JelicTByroliee 3HaUeHUE

1
L=3(ln+ s +aly)

TOKa 0OpaTHOM I A I = mag(L)
rae a1, Is1, Ic1 BEKTOPbI OCHOBHbIX COCTaBNALMX (ha3HbIX TOKOB /a, Is, Ic
HOCJIEI0BATCIEHOCTH Onepatop mag() o3Ha4aeT Moaynb BEKTOpa
Koaddpumnment
HECUMMETPUU TOKA . I
CCUMMETPHH TO io % i ==+ 100%
HYJICBOU L
IOCJICAOBATCIIBHOCTHU
Koadpdpumment
HECUMMETPUU TOKA . o
PHt I2 % i ==-100%
obOpatHO L
IIOCJICA0OBATCIIBHOCTH

4.4 TpéxdasHada ceTb «A» U «Y»

(NapameTpbl: AENCTBYIOLNE 3HAYEHUSA HANPSXKEHUIA N TOKOB, MOCTOSIHHbIE COCTaBNAOLLME HANPSHKEHNIA 1 TOKOB, koadduumeHTsl THD u K, cummeTpuryHbie cocTaBnsowme n
KO3 PULIMEHTLI HECUMMETPUU, [03bI DNINKEPA PACCUUTHIBAIOTCS TakkKe, Kak Ans OAHO(A3HOM CeTU, TONbKO BMECTO (ha3HbIX UCMONb3YTCS NUHENHbIE HAMPSHKEHNST)

IMapamerp
Cnoco6 pacuera
HazBanue O6o3nauenne | Exununa
JInHeliHOe HanpsHKEHUE
P Uca B Uca = —(Uap + Ugc)
Uca
Tok I,
L A L == +13)
(cxeMa uaMepeHusi ApoHa)
M M
1
Prot = i Z Uiaclia + Z Uisclis
i=1 i=1
rpe:
Obmas akTuBHAs Pio: Bt Uiac ouepenHoi otcueT HanpsbkeHust Uac
MOIITHOCTH Uisc odepeaHoi otcyeT HanpsbkeHns Us.c
lia 04epenHon oTcueT TokKa /a
lis 04epenHoON oTCHeT ToKa Ip
M =2048 pns cetn 50 My n 60 Ny,
S, = 3U,l, , gdzie:
U = Upp® + Ugc” + Uca®
OOmias moiHas e 9
H S, BA
MOILIHOCTh
L L+ 15 +1°
€ 3
Q = N = sign,/S% — P?
O6H_[a}I peaKTUBHAA roe sign paBseH 1 unu -1. 3Hak onpegensieTcs Ha OCHoBe yrna a3oBoro
MOIIIHOCTh OBsror Bap caBuvra Mexay HopManu3oBaHHbIMU CUMMETPUYHBIMU COCTaBMAKLLMMM
(Budeanu u IEEE 1459) MpsIMOoN y
nocnegoBaTtenlbHOCTM HanpsXXeHU 1 TOKOB.
OO011as MOITHOCTh
Dg Ba Dpror =0
uckaxenus Budeanu ‘ot P ot
Sen = A Sez +5312 , rAe
Se1 = 3Ue1ler
OddexTuBHaAs TIOTHAS Son BA . Unpa? + Uper® + Upar?
MOILIHOCTb UCKAKEHUS et 9
_ Li® +Ip” +1er”
lon= |=———
OO6muit ko3P GUIHEHT Py
PFmt - PFior = S
MOILIHOCTH e
AKTHBHAas 3HEPTHUs E
Ptot+ ,
(nmotpebnsemas u E ‘ot Bru dopmyna, kak ans 2-hasHoi ceTi
Ptot-
oT/aBaeMas) tot
m
Esear = ) Se(DT(D)
i=1
06 E BA e
11as MoJIHasA SHCPIUs Stot ! i - ouepeaHoit Homep okHa uamepeHns 10/12 nepromos

Se(i) NnpeacTaBnsieT 3HaveHne obLueit NONHON MOLLHOCTM Se,
paccYnTaHHON B j- M OKHE U3MepeHus
T(i) ANMVUTENbHOCTb j-T0 OKHA U3MEPEHUS B Yacax

83




5 PYKOBOJACTBO I10 IAPAMETPAM KAYECTBA 3JIEKTPOIIUTAHUA

5.1 Oo6wasa unpopmanus

Pa3BuTME NPOMbBIWNEHHOCTM BO BTOPOM MOMOBMHE XX BeKa nNpueeno K notpebneHuio 60/blumx
MOLLHOCTEMN, YTO B CBOIO OYepesb MPMBENO K yXYALEHUIO KaYecTBa 3/IEKTPUYECKOM 3Hepruun. B ceasm ¢
3Tum 6bin npuHaT [FOCT 13109-67 «Hopmbl KayecTBa 3/1IEKTPUUYECKOW SHEPrUU», KOTOPbIN B
nocieaywolwme roga npetepnesan pag usameHeHuih u B FOCT 13109-97 Bkawouan B ceba yxe 11
napameTpos. C BHeApeHWEM COBPEMEHHOrO BbICOKOTEXHONOMMYHOIO 060pPYAOBaHUA MNoTpebuTenei
Habn[aN0Cb HECOOTBETCTBME OTAE/bHbIX MOKasaTenen Kadvects, 4to B nocnenctemmn 2013 rogy 6bin
npmHAT TOCT 54149-2010 «2dneKtpuyeckaa 3HeprnAa. COBMECTMMOCTb TEeXHUYECKMX CpeacTs
3NeKTpPOMarHMTHaA. Hopmbl KayecTBa 31EKTPUYECKON SHEPTUN B CUCTEMAX 3NEKTPOCHabXKeHMA obuero
HasHayeHuA.» O4HAKO He cOoOTBeTCTBME TPebOOBAHUAM HALMOHANbHbIM CTaHAapTam, Takum Kak IEC
61000-4-30:2008 (FOCT 30804.4.30-2013), IEC 61000-4-7:2009 (FOCT 30804.4.7-2013), IEC 61000-4-
15:2010 (FOCT P 51317.4.15-2012) u eBponeiickomy ctaHgapty EN 50160:2010 npuBeno K cosgaHuio
rocygapctseHHoro ctaHgapta FOCT 32144-2013 (BBegéH 01.07.2014r.).

MeToanKa BbINONHEHUA U3MEPEHUI B aHA/M3aTOPaX KAyecTBa 3/1EKTPONUTAHUA YKasaHa B CTaHAapTe
FOCT 30804.4.30-2013 (IEC 61000-4-30:2008). I3TOT cTaHAaApPT, BBEN CTPOro onpeaenéHHble anropuTmsl
U3MepEeHUi, YynopALoYna PbIHOK aHanM3aTopoB, obneryaa WX CpaBHEHWE, a TaKXKe COOTBETCTBME
pe3ynbTaTOB M3MEPEHUIN MexAay aHaM3aTopamu pas/InyHbIX NpoussoauTenein. PaHee 3TM npubopsl
MCMONb30BaAN Pa3/INYHbIE aArOPUTMbl, NO3TOMY Pe3y/bTaTbl U3MEPEHUI OAHOTO U TOrO e obbeKTa
pa3HbIMM YCTPOICTBAMM YacTO 4aBaAN ANAMETPANbHO NPOTUBOMNONOMKHbIE 3HAYEHUS.

dakTopamu, KOTopble NPUBEN K A0BObLHO 3HaYUTENbHOMY POCTY UHTEpPECca K BOMPOCaM, CBA3aHHbIM C
KauyecTBOM 3/1eKTPO3HEprnn, 6blAM B TOM YMCAe, PacnpoCTpaHeHUEe 3NEKTPOHHbIX PeryiaTopos
MolwHoCcTK, npeobpasoBaTeneil  MOCTOAHHOTO TOKAa WM UMMYAbCHbIX  UCTOYHUKOB  MUTaHUS,
sHeprocbeperalowux namn M T.A., TO €CTb, B LIMPOKOM CMbICNEe 3TOr0 MNOHATMA, obnactu
npeobpa3oBaHNA SNEKTPUYECKON sHeprnn. Bce 3TW yCTpoiCTBa MMEIT TEHAEHLUMIO K 3HaYUTE/IbHOMY
n3meHeHuo GopMbl MPOTEKaOLLEro ToKa.

MMMyNbCHblE MUCTOYHWMKU MUTaHMA (WMPOKO NpUMeHsiemble B ObITy M MPOMbIWAEHHOCTM) 4YacTo
YCTPOEHbl TaKMM 06Pa3oMm, YTO CeTeBOE NepemeHHOe HanpsKeHUe BbINPAMIAETCA U CrIAXKMBAETCA C
MOMOLLbIO KOHAEHCATOPOB, TO €ecCTb, Npeobpasyetca B NOCTOAHHOe Hanps:keHue (DC), a 3aTem
npeobpasosbiBaeTca ¢ 6onbwoi 3PPEeKTUBHOCTbIO Ha BbICOKOM YAcTOTe B BbIXOAHOE HampaXKeHue
Tpebyemon BesinumHbl. OQHAKO, TaKOoe pelleHne MMeeT HeKenaTeNbHbld Nob6OoYHbIN 3dpdeKT. 3apaaku
Cra*kKMBaoLWMX KOHAEHCAaTOPOB NPOUCXOAAT KOPOTKMMM MMMY/IbCAMU TOKA B MOMEHTbI, KOraa cetesoe
HanpsaxeHne 6/M3KO K MaKCMManbHOMY 3HayeHuto. M3 6anaHca MOLLHOCTU cinedyeT, Y4TO ecin TOK
notpebnseTcA TONbKO B KOPOTKME MOMEHTbI BPEMEHM, TO U MUKOBOE 3HAYeHUe ByaeT HAMHOrO BbiLe,
yem A/1A NOCTOAHHOro notpebaeHns. bonbliana BeMYMHA OTHOLLIEHUA MUKOBOTO 3HAYEHUA TOKa K ero
AelncTeyolemMy (cpefHeKBaZpaTMYHOMY) 3HayeHMo (Tak HasbiBaeMblt NWMK-GAKTOpP), a TaKkKe
yMeHblleHne KoadduumneHTa molHocTu (aHrn. Power Factor, PF) npuBoasT K TOMy, UTO A/1A NoAyYeHus
onpeaeneHHON aKTUBHOW MOLIHOCTM B Harpyske (B BaTT), npou3BoauTeNb 3HEPrUU BbIHYXKAEH
NoCTaBAATb OO/bLWYI MOLWHOCTb, YeM aKTMBHAasA MOLLHOCTb Harpysku (Tak HasbiBaemylo MOJIHYIO
MOLLIHOCTb, BblpasKeHHY0 B BO/IbT-amnepax, BA). Manbit KoabdUUMEHT MOLLLHOCTU BEAET K YBENNYEHUIO
Harpysku Kabenen snektponepegaunm v 60AbIMM pacxogam Ha TPAHCMOPTUPOBKY 3S/EKTPUYECKOMN
3Hepruu. BosHuMKatlowue npm sTOM rapMoHUYECKME COCTABAAIOLWME TOKA NMUTAHWUA, ABNAIOTCA NPUYNHOMN
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A0noHUTeNbHbIX Npobaem. B pesyabTate NpousBoAUTENN HaYann Hanaratb GUHAHCOBbIE CaHKLUMM Ha
noTpebutenei, KoTopble He obecneynBaan JOCTaTOYHO BbICOKOTO KO3ddULMEHTA MOLLHOCTY.

MoTeHUManbHO 3aMHTEPECOBAHHbIMU B aHAIM3aTOPax KayecTBa 3/1€KTPOIHepPrum MmoryT 6biTb, C 04HOM
CTOPOHbI, 3HEPreTUYecKkne npesnpuUsaTUA, KOTOpble CMOTYT C MX MOMOLLBI KOHTPOJIMPOBaTb CBOMX
notpebutenei, c 4pyro CTOPOHbI NOTPEOUTENIN SHEPTUN, KOTOPbIM TaKol NPUBOP MoXKeT 0O6HAPYKUTD,
a B Ja/ibHEMLeM MCMpaBuUTb CUTYAUMIO CHMMKEHUA Ko3ddUUMEHTA MOLLHOCTM U gpyrve npobnemsl,
CBA3aHHbIE C MOHATMEM KAaUYecTBa 3/IEKTPOSHEPIUN B LUIMPOKOM CMbICAE.

KauecTBeHHble nMapameTpbl UCTOYHMKA MUTAHWUA, @ TaKXKe 3HepreTMyeckMe CBOWCTBA Y noTpebuteneit
OMUCLIBAIOTCA PA3NINYHBIMU 3HAYEHMAMM U NOKA3aTENAMMN. ITO UCCNEA0BAHNE MOKET NPOJSIUTb HEMHOTO
CBeTa Ha AaHHyl 061acTb.

Kak y»e ynomuHanocb paHee, OTCYTCTBME CTaHAApPTU3aUMM B METOAaX MU3MEpPEeHUs, BbI3BANO
3HauYUTENbHbIE OT/INYMA B PACUYETHbLIX 3HAYEHUAX OTAE/IbHbIX MapamMeTpoB CeTU MPU UCNONb30BaAHUMU
pa3nunuyHbIX NprMbopos. Co3gaHHbIN CTapaHUAMMU MHOTUX UHXKeHepoB, cTaHaapT NOCT 30804.4.30-2013
(IEC 61000-4-30:2008) 6bln NepBbIM TaKMM AOKYMEHTOM, B KOTOPOM MNpeAcTaBiAeHbl OYeHb TOYHbIE
MeToAbl, MATeMATUYECKMEe 3aBUCMMOCTM U Tpebyemas TOYHOCTb W3MEPEHUI aHaNU3aTopoB
3NeKTpuYeckon sHeprum. CooTBETCTBME CTAaHAAPTY (B YaCTHOCTK, Knaccy A) UMeNo Lenb AaTb rapaHTUIo
NOBTOPUMBIX M MNPAKTUYECKM OLMHAKOBLIX PE3yNbTaTOB M3MEPEHUN OOHUX U TEX Ke BeSINYUH,
nsmepaemblx Npnbopamm pasnnyHbIX NPOU3BOAUTENEN.

5.1.1 Kécrkue kiemu (CT) asa u3amMepeHus nepeMeHHOro Toka (AC)

écTtkmne TokoBble Knewm Tvna CT (aHra. Current Transformer Clamps) — 3To npocto TpaHcdopmaTop,
npeobpasyowmin 60ablION TOK NEPBUYHON OOMOTKM B MEHbLLUMIA TOK BTOPUYHON OBMOTKWU. [ybBKM
TUNUYHBIX TOKOBbIX KAeLen BbINOJHEHbI M3 MaTepuana ¢ GpeppoMarHMTHbBIMKU CBOMCTBAMM (Hanpumep,
¥Keneso) ¢ HAMOTAHHOW BOKPYF HUX BTOPUYHOM 0OMOTKON. MepBMUYHOM OOMOTKOM CTaHOBUTCA NPOBOA,
BOKPYr KOTOPOro 3aaTbl rybKM Kaewen uam, Kak nNpasuio, OAuH eAMHCTBEHHbIM BUTOK. Ecam ceituac
yepes nccneayembln Kabenb TeyéT Tok 1000 A, B o6moTKe 13 1000 BUTKOB NoTe4YéT ToK 1 A (ecnm TonbKo
KOHTYpP 3aMKHYT). B K/ielax ¢ BbIXOAOM MO HaNpAXKeHMUIO, WYHTUPYIOLNN PE3UCTOP HAaXoaMUTCA B CAMMUX

IF‘Q I:':-I' 1

Puc.44. JKécTKkme Knewm ¢ BbIXOAOM MO HANPAXKEHWUIO.

Kneuiax.

3T10T TMN TpaHcHOpPMaATOPa TOKA MMEET HECKOJIbKO XapaKTepHbIX 0CoObeHHocTen. MMM MOXKHO M3MepATb
O4YyeHb bo/sblIME TOKM, OAHOBPEMEHHO NOTPEbAAS Manyld MOLLHOCTb. TOK HaMarHUYMBAHUA SBNAETCA
NPUYNHOIN HEKOTOPOTO cMelleHMA ¢a3bl (aecaTble A0AM rpadyca), YTO MOMKET MNPUBECTU K HebOoNbLIO
NOrpeLwHoOCTM U3MEPEHUA MOLLHOCTM (0COBEHHO Npu Manom KoadouumeHTe molHocTH). HegoctaTkom
3TOro TUNA K/ELLeN TaKKe ABNSETCA HacblWeHUe cepaeyHnKa Npu n3smepeHunsax oyeHb 60bLLIMX TOKOB
(Bbllue HOMWHANbHOrO AmanasoHa). HacbluleHMe cepaevyHMKa B pesyabTaTe ABMEHMA MarHUTHOro
rmcrepesnca BefET K MOSBAEHUIO 6O/bLUMX OWKMOOK M3MEepPeHWUi, KOTopble MOryT 6biTb YCTpPaHeHbI
TONbKO NYTEM €ero pasmarHuMumBaHuA. TaKxe B CUTyauuW, KOraa W3MEpseEMbI TOK COLEPHKMUT
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3HAUMTENbHYIO  MOCTOAHHYI  cocTasasAlowyo (DC), cepaeyHUK noAapepraetca  HacblWEHMIO.
HecomMHEHHbIM HEAOCTaTKOM KECTKUX KNELLEeN ABNACTCA TaKKe 3HaUnTEIbHbIN Bec.

HecmoTps Ha nepeuyncneHHble HeaoCTaTKM, TOKOBble Kaelwm Tuna CT B HacToAwee Bpemsa ABAAIOTCH,
Hanbosee pacnpocTpaHeHHbIM HEMHBA3MBHbIM METOA0M U3MEPEHMUA NEePEMEHHOrO ToKa (AC).

Bmecte C aHanmM3aTopomM MOXHO WCMONb30BaTb caeaylolmne Kaewm Tuna CT pna namepeHunA
nepemeHHOro Toka:

e (-4, c HOMUHaNbHbIM ananasoHom 1000 A nepemeHHoro ToKa (AC);
e C-6A, c HOMWUHaNbHbIM AMana3oHom 10 A nepemeHHoro ToKa (AC);

e (-7, c HOMUHaNbHbIM AnanaszoHom 100 A nepemeHHoro Toka (AC).
5.1.2 TokoBble K€l AJis1 U3MePEeHHs IepeMeHHOTr0 U NOCTOSTHHOTO0 TOKOB (AC/DC)

B HEKOTOpbIX CUTyauUUsaxX TpebyeTca namepeHue NoCTOAHHOM COCTaBAAOLLENA TOKa. [NA 3TOro A0MKHbI
6bITb MCNOb30BaHbI KNeWm C 4PYrMM NPUHLUMNOM paboTbl, YeM TPaANLMOHHLIA TpaHchopMaTop TOKa.
TaKue TOKOBbIE KaellyM UCNob3yioT dusmyecKkoe ABaeHue, HasbiBaemoe addeKkTom Xonna, u cogepart B
CBOEW KOHCTPYKUMM AaTumK Xonna (Tak HasbiBaemblit XONNOTPOH). ITOT 3pdeKT 3aKavaerca B
NoABAEHUN 31EKTPMUYECKOTO HanpaXKeHUa Ha CTeHKax NPOBOAHMKA, HaXo4ALWEerocs B MarHUTHOM NoJse U
KPOMEe TOro 4epes KOTOPblA, TEUYET INEKTPUYECKMI TOK B HamnpasiAeHWWU, MOMEPeYHOM K BEKTOpYy
WHAYKLUWM 3TOro NonA.

ToKOoBble KNelM, UCNO/b3YIoWwue 3TO ABNEHNE, MOTYT U3MEPATb KaK NepeMeHHbIN, Tak U NOCTOSHHbIN
TOK. [POBOAHWK C TOKOM, MNOMELLEHHbIA BHYTPU KJ/ellei, co3ZaeT MarHUTHoe noJsie, KoTopoe
COCPEeAOTOUYEHO B XKene3HOM cepaeyHuKe. B paspbliBe 3TOro cepaedHuKa, B Mmecte, rae obe yactu rybok
COeAMHAIOTCA, HAXOANUTCA NONYNPOBOAHUKOBbIN AaTYMK X013, @ BbIXOAHOE HanpsiXKeHue 3Toro AaTunka
YCUNBAETCA 3/IEKTPOHHOM CXEMOW, 3aNUTAHHOM OT HaTapeiku.

Knewm aTtoro Tvna, Kak nNpaBuio, MMEIOT PYYKYy PEryivpoBKU HyAs ToKa. YTobbl €€ BbIMOSHMWT,
HeobX0AMMO COMKHYTb rybku (6e3 NnpoBoaa BHYTPW) M MOBOPAYMNBaTb PYUKY pPerynatopa 4o A0CTUMHKEHMA
HY/IEBOrO MOKa3aTes NOCTOAHHOro TOKa.

Kneuwiamm Takoro Tuna, Kotopble cenyac npegnaraet Sonel S.A., apnatoTcs Knewm C-5 ¢ HOMUHaNbHbIM
AunanasoHom 1000 A nepemeHHoro Toka (AC) un 1400 A nocTtosaHHoro Toka (DC). Knewm nmetoT Bbixog, no
HanpAXeHWo 1 A8 HOMMHaNbHOro Toka 1000 A BbiAatloT Ha HEM HanpsaxeHue 1 B (1 mB/A).

5.1.3 T'u6kue Kjemu PoroBckoro

MbKkmMe TOKoBble Knewwm (aHrn. Flexible Current Probes) paboTaloT coBeplueHHO Mo  Apyromy
du3nyeckomy npuHUMNY, Yem TpaHchopmaTop Toka. Mx Hambonee BaxKHOWM 4YacTblo ABNAETCA TaK
Ha3blBaeman KaTywka Porosckoro, HazgaHaa No MMeHW HemeLKoro ¢u3unka BanbTepa Porosckoro. 3to
BO3A4ylWHan (6e3 cepgeyHUKa) KaTywkKa, 06BUTas BOKPYr NpoBoAa ¢ ToKOM. CneumanbHas KOHCTPYKUMA
KaTyLIKM NO3BO/AET BbIBECTM 006 €e KOHLA C OAHOMN CTOPOHbI, YTO MO3BOJIAET JIerKO 3aMKHYTb rMbKne
KNeLm BOKPYr NpoBoaa (06paTHbIt KOHeL, pasMeLLLEH BHYTPW KaTyLIKW NO BCel ee g/nHe). Tok, npoxoas
no M3MepAeMoMy NPOBOAY, CO3LAET KOHUEHTPUYECKNE MHUM MArHUTHOIO NOASA U UCMONb3YA ABNEHUE
CaMOMHAYKUNMN, HABOAUT 3SNEKTPOABMNKYLLYIO CUAY Ha KOHUAX KaTywKu. O4HaKo, 3TO HanpsxeHue
NPONOPLMOHANbHO CKOPOCTU U3MEHEHUSA TOKA B NPOBOAHMKE, @ HE CAMOMY TOKY.
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Puc.45. Katywka Porosckoro.

KaTywka POroBcKkoro MMeeT HECKO/IbKO HEeOCNOPUMbIX TMPEMMYLLECTB MO  CPaBHEHWUIO C
TpaHCcpopmaTopamMn TOKa. Tak Kak OHa He WMMeeT cepAeyHMKa, TO He OKasblBaeT BAWUAHUA ero
HacCblLWEHWA, CNe0BATENbHO, OHA MMEET OT/IMYHbIE BO3MOXKHOCTU A/1A U3mepeHusa 60/1blnX TOKOB. ITa
KaTyLUKA TaKKe MMeeT NPEeBOCXOAHYI0 IMHEMHOCTb M WNPOKYHO NOJI0CY NPONyCKaHusA, ropasao 6osblle,
YyeM y TOKOBbIX TPAaHCPOPMATOPOB, @ B CPABHEHMM C HUMM TaKKe MMEET ropasfo MeHbLUNI BeC.

OfHaKo 40 HeJaBHEro BPeMeEHU rMbKMe TOKOBbIE Kewwmn nmenm npobaemsl C pacluiMpeHmem aKCnaHCcum
B 06/1aCTV M3mMepeHna Toka. MoToOMY YTO CYLLEeCTBYHOT onpeaenéHHble GpaKkTopbl, KOTOpble 3aTPyAHAIOT
MPaKTUYECKYIO Peannsaumio M3MepuUTeNbHON CUCTEMBI C KaTyLIKoM Porosckoro. OQHUM U3 HUX ABAAETCA
OYeHb HU3KUI YypOBEHb HANPAXKEHWS, KOTopoe WHAYUMPYETCA Ha Kaemmax (OHO 3aBWCUT OT
reoMeTpUYEeCKMX pasMepoB KaTywKu). Hanpumep, BbIXoA4HOE HanpsaXeHue Ha YyacToTe 50 Iy ans rubkmx
Knewteit cepumn F-x (A) (Npyu ncnonb3oBaHUKM C aHanAM3aTOpPoM) cocTasnfeT okosno 40 mKB/A. Takue
HW3KME YPOBHM HANpPAXKEHUI TPebyOT NPUMEHEHUS NPELM3NOHHBIX U MaNOWYMALLMX YCUAUTENEN, YTo,
KOHEYHO, NPUBOAUT K YBE/IMYEHWNIO PACXOA0B.

MOCKO/IbKY BbIXOA4HOE HAMpPsAKEeHUEe NPOMNOPLMOHANIbHO NPOU3BOAHOM TOKA, HEOOXOAMMO NPUMEHEHME
WHTEerpupytowen uenu; obbIYHO NpoAalOTCA TMOKME TOKOBbIE K/elwM, COCTOAWME U3  KATyLKK
Porosckoro, coeAMHEHHOW CO CXEMOM aHaNoroBOro MHTerpaTopa (TUNWYHBLIA MOAY/Ab MUTAeTCA OT
b6aTapeiikn). Ha BbIxoAe WHTerpaTopa y)e MOABAAETCA CUFHaA HAMPAMXKEHWs, NPOMOPLMOHANbHbIN
NU3MepsaemMol cuie ToKa U, KpoMe TOro, COOTBETCTBYOWMM 0bpa3om oTKaMbpoBaHHbI (Hanpumep, 1
MB/A).

Eweé oaHa r|p06neN\a, KOTOpaA conpoBOXAaEeT KAaTyLWKy Porosckoro, ato 4yBCTBUTE/IbHOCTb K BHEWWHEMY
MarHMTHOMY NoJito. MaeanbHaa KaTywKa AONXKHA 6bITb 4YyBCTBUTE/IbHA TOJIbKO K MO0, OrpaHU4YEHHOMY
BaMKHyTOVI NAOWAAbI0 KAaTYWKM M COBEPLUEHHO NOAABAATb BHEWHME MmarHuTHble nonA. OKasbiBaeTcA,
YTO 3TO OYeHb CNOXKHAA 3ajayva. EANHCTBEHHbIM cnocobom nonyyeHnAa Taknx CBOWCTB AB/IAETCA OYEHb
TOYHOE M3roToB/sieHNE KaTyLWKHU, C Mp,eaanoﬁ OAHOPOAHOCTbIO HAMOTKMN N KaK MOXHO b6osee HU3KMM
nmnegaHcom. MMeHHO BbICOKaa TOYHOCTb M3roTOBAEHUA KaTYLIJeLIHOi/JI 0OMOTKMN HECET OTBETCTBEHHOCTb
3a OTHOCUTE/IbHO BbICOKYHO CTOMMOCTb TaKMUX TMBKNX Kl'leLIJ,ElZ.
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5.2 Mepuanue cBeta (pukep)

AHrnniickoe cnoso flicker osHauyaeT mepuaHue. B OTHOWEHMM BOMPOCOB, CBSI3@aHHbIX C Ka4yecTBOM
3HEeprvu, 03Ha4aeT ABAEHUE NEPUOANYECKOTrO U3MEHEHMNA NHTEHCMBHOCTM CBETA, B CBA3M C U3MEHEHMEM
HanpsXeHna NUTaHUA 1aMMNOYKMN OCBELLLEHMA.

CDYHKLI,MFI NU3MepeHna 3Toro mepuaHmAa noABuIaCb B aHA/IM3aTOpPE KadeCTBa 3/IEKTPO3HEPIUU, Koraa
BbIACHW/10Cb, 4YTO 3TO ABJAEHMEe NnpunBoaAUT K YyXyAdlWeHUK CaMO4yBCTBUA, pPa3gpaKeHwuko, UHOrAa
ronosHon 6oam u T.4. KonebaHua MHTEHCUBHOCTH CBeTa, OO0/IXXHbl MUMETb BMNOJIHE onpe,u,enéHHyro
4acCToTy, OHU HE MOTYT 6bITb CAULLIKOM meaneHHbIMK, NOTOMY YTO TOrAa yenoBeyeckui 3Pa4vYoOK CMOXeT
a4anTUPOBATbCA K M3MEHEHUAM OCBELW,EHHOCTU; HE MOryT ObITb CAMLIKOM 6bICprIMVI, NOTOMY 4TO
MHEPUMA HUTU NaMMOYKN HaKa/IMBAHUA NOYTU NONTHOCTbIO Cr1a*KUBaeT 3T USMEHEHUA.

NccnenoBaHWA MOKasanu, YTO MAKCMMYM Heyao06CTB BO3HMKAET Ha 4YacTOTe OKOJI0 9 M3MEHEHUI B
CceKkyHay. Hambonee 4yyBCTBUTENBHBIMM UCTOYHMKAMM OCBELLEHMA OKa3a/NCb TPAAULMOHHbIE IAaMIMbl
HaKannBaHMA C BOJibGPamoBOI cnupanbto. asoreHHble namnbl, CAMPAAU KOTOPbIX MMetoT bonee
BbICOKYIO TemnepaTtypy, WMelT TaKXKe HaMHOro OO/blyl0 MWHEepUMio, KOoTopas  CHUXKaeT
BOCMPUUMUYNBOCTb YE/IOBEKOM W3MEHEHWI APKOCTU. Jlyywel «CONpOTUBAAEMOCTbIO» K MepLaHuio
XapaKTepU3ylTCA JIIOMUHECLLEHTHbIe Namnbl, HeKoTopble crneuuMduyeckme CBOWCTBA  KOTOPbIX
CTabUNM3MpPYIOT TOK, NPOTEKAKWMN yYepe3 nNamny MNpu M3MEHEHUU HAMNPANKEHMA W, TEM CaMbIM,
YMEHbLUAOT KosiebaHmA CuAbl CBETA.

dnrKep naMepAeTcs B TaK Ha3blBaEMbIX YC/IOBHbIX e4MHULAX BOCMPUATUA U BblAENAIOT ABa UX TUNa:
KpaTKoBpeMeHHbIN Py (aHrn. short term), 3HayeHMe KOTOpoOro onpeaenserca oauH pa3 B 10 MUHYT, 1

AnvtenbHblt P (aHrn. long term), 3HayeHMe KOTOpOro onpegenseTcA Ha OCHOBe cieaylolwmx 12

3HayeHuA P, TO ecTb Kaaple 2 Yaca. JanMTensHoe Bpems M3mMepeHusa BbiTeKaeT HenocpeacTBeHHO U3
MeZ/IEHHO MEHSAIOWEroca XxapakTepa fAB/IeHUA — 4yTobbl cobpaTb AOCTOBEPHYI BbIOOPKY AaHHbIX,
n3mepeHme A0MKHO bbITb ANUTENbHbIM. Ps paBHOe 1 cuMTaeTcA 3HaYeHMeM, KOTOPOE NeXKMUT Ha rpaHuLe
BOCMPUATUA - KOHEYHO YYBCTBUTE/NIbHOCTb K MEPLAHUIO OT/INYAETCA Y Pa3sHbIX A0AeN; NPUHATUE 3TOro
nopora cneayeT U3 TecToB, NPoBeAEHHbIX Ha HEKOTOPOU penpeseHTaTUBHOW rpynne foaei.

A 4yTO ABNAETCA MPUYMHOW BO3HMKHOBEHMA ABJEHMA MepuaHusa cBeTa? Yalle BCEro UCTOYHMKOM
ABNAIOTCA NPOBasfbl HaNpPAXeHWUA B pesynbTaTe MOAKAYEHMA U OTKAYEHUA Harpyskn 6onblioi
MOLLHOCTU U HEKOTOPbIA YPOBEHb MepLaHMA MPUCYTCTBYET B 6ONbLWIMHCTBE CETM NuTaHuA. Nomumo
BbILLEONMCAaHHOro, HebnaronpuATHoe BO3AENCTBME HA /IOAEW He AO/MKHO 6biTb (M, 06bIYHO, He
ABNAETCA) CUMNTOMOM HenonagoK Hawero obopyaosBaHua. Ho ecnm B ceTu HabawogaeTca A0BOAbHO
BHe3anHoe 1 HeobbACHMMOE MOBbILIEHWE YPOBHA MepLaHma ceeTa (pocT 3HavyeHUs KoadpduumeHTos P
M Pi) HM B KOEM C/lydae He HaZo 3TOro UTHOPMPOBATb. ITO MOMKET OKa3aTbCA, YTO MepLaHue BO3HUKaeT
M3-3a MNOXMX COEAMHEHWUA B cCUCTeMe — MOBbIWEHHOE NafeHMe HanpPAMeHUs Ha CoeAMHEHUAX B
pacnpeaenuntenbHOM LWMTKe (Hanpumep), BbI30BYT 6o/blune KonebaHua HanpsaXKeHns Ha notpebutensx,
TaKUX KaK JNlaMNOYKM HaKanueaHuua. [lageHWe HanpsXKeHWa Ha CoegMHEHUAX OOHOBPEMEHHO
CNoCcoBCTBYIOT UX Harpesy, 3aKaHYMBAlOLLIEMYCA UCKPEHMEM U BO3MOXHO Moxapom. Mepuoguueckune
MPOBEPKU CETU U OMUCAHHbIE CUMMTOMbI MOMOTYT NMPUBJEYb BHUMaHNE U HANTU UCTOYHUK Yrpo3bl.

5.3 H3mepeHHe MOLIHOCTU M JHEPTUM

MoLWHOCTb  fBNAETCA OAHMUM U3 Haubosiee BaXKHbIX MapaMeTpoB, OMNpeaensAlolmx CBOWCTBA
aNeKTpMUecknx ueneir. OCHOBHOW BENMYMHON, NeXKalelh B OCHOBE (GUHAHCOBbLIX PACYETOB MeXAY
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MOCTaBLIMKOM U NoJjydaTenem, ABAAETCA 3N1eKTpUYecKasn sHeprus, pasHas npousseseH1Io0 MOLLHOCTU Ha
BpeMms.

B 31IEKTPOTEXHUKE BCTPEYaEeTCA HECKOJIbKO Pa3/IMdHbIMU BUOAMU MOLWHOCTU!

e  AKTMBHaA MoLWHOCTb (aHrn. Active Power) o603Ha4yeHa 6yKkBoli P n nsmepsemas B Batrax;
e PeaKTMBHaA MOLWHOCTb (aHrA. Reactive Power) o6o3HayeHa Q, eguHuLa Bap;
e [lonHasa mowHocTb (aHrn. Apparent Power) S, eanHuua BA.

Tpu BblWenepevncseHHbIX BUAA MOLLHOCTU ABAAOTCA Hanbonee M3BECTHbIMU, HO 3TO HE O3Ha4aeT, YTo
CMUCOK MOLLI,HOCTeﬁ Ha 3TOM 3aKaH4YMBaAETCA.

B WKone y4aT, YTO 3TV BblleyKasaHHble MOLLHOCTU 06pasyloT TPeyroNbHUK MOLLHOCTEM, CBOMCTBA
KOTOPOrO BblpaKaeT ypaBHEHWe:

P2 + QZ = 52
O,Cl,HaKO, 3TO ypaBHEHWME cCnpaseannBO TOJIbKO 414 CUCTEM C CMHyCOMAaﬂbHOﬁ d)OpMOl’ll TOKOB M
Haﬂpﬂ)‘KeHMVI. I'Iepe,u, TEéM, KaK I'Iepel)'ITM K bonee no,u,po6Homy O6CY)K,D,€HVHO BOMPOCOB, CBA3AHHbIX C
namepeHnaAMmn MOoLHOCTH, HEO6XOLI,VIMO CHa4ana onpenennTb passindHble MOLWHOCTH.

5.3.1 AKTHBHas MOIIHOCTh

AKTUBHaA MoWHOCTb P B cTporom ¢ u3MYECKOM CMbICe ABAAETCA BE/IMUMHOM, Bbiparkatowen
CnocobHOCTb CUCTEMbl A/1A  BbINOJIHEHUA onpeAenéHHoM paboTbl. ITa MOLWHOCTb Haubosnee
enaTenbHaa gna notpebuteneit 3HePrMm U MMEHHO 3a MNOCTAaBAAEMYH AKTMBHYKD MOLWHOCTb B
pacyéTHOM nepuoge MoJsyyaTeNb NNATUT MOCTaBLIMKY 3NEKTPO3HEpPrMM (oTaenbHO obcyxkaaercs
npob6aema AONONAHUTENLHOW ONaTbl 32 PEaKTUBHYH MOLLHOCTb). MMEHHO aKTMBHaa MOLWLHOCTb (M,
CcnefoBaTesibHO, aKTUBHAs 3HEPrva) M3MepsieTca CYETYMKAMM 3S/IEKTPUYECKOW 3SHEpPrMm B KaxKaom
OOMaLIHEM X03AMiCTBE.

OcHoBHas popmyna gaa pacyeta akTMBHOM MOLLHOCTU C/ieayoLan:

t+T

p= H w(@®)i(O)de

t

roe: u (t) - MrHoBeHHOe 3HauYeHue HanpsXeHus, i(t) - MrHoBeHHoe 3HadYeHue ToKa, T - nepuoa, 3a
KOTOPbI PacCHUTbIBAETCA MOLLHOCTb.

B cmHyconpanbHbIX cUMCTEMAX aKTUBHYIO MOLLHOCTb MOXHO paccumnTaTth, Kak:

P=U-I-cos ¢
roe: U — peicteyloulee (cpeaHeKkBazpaTUUYHOE) 3HauyeHMe Hanps)KeHua, | — aelicTeyloulee

(cpeaHeKBafpaTMUHOE) 3HaUYEHME TOKa, a P — yron casura Gpasbl MexXay HanpsaXKeHMem U TOKOM.

AHaNN3aTop BbIYMUCAAET aKTUBHYIO MOLLHOCTb HENOCPEACTBEHHO NO d)opmyne C MHTEerpasaom, ncnosib3yA

M
1
P =37, Uil
i=1

OTCYETbI CUTHANNOB HANPAXEHUNA N TOKA:

89



raoe M — 4ucno otcyeToB B OKHe MamepeHuns 10/12-nepuoaos un coctasnset 2048, Ui u li asnatotca

nocnefoBaTeNbHbIMU OTCHETAMM BbIBOPKM HaMPAMKEHUA U TOKa.

5.3.2 PeaKTHMBHas MOLIHOCTh

Hanbonee mnssectHana dopmyna Ansa peakTMBHON MOLLHOCTM AENCTBUTENbHA TOJIbKO A/1a oAHOoda3HbIX
uenem ¢ cMHyconganbHo GOpPMOI HaNPAKEHUS U TOKa:

Q=U-Isin @
MHTepﬂpETaLl,Mﬂ 3TOM MOLWHOCTN B TaKUX CUCTEMAX 3aKNKOYAETCA B cCaedgyruwem: 3TO aMmnantyga
nepefv\eHHoﬁ COCTaBI'IFHOLLI,Eﬁ MrHOBEHHOM’ MOWHOCTN Ha 3a*XMMmax WUCTOYHUKa. CyLLI,ECTBOBaHMe
HEKOTOPOro HeHyneBoro 3Ha4veHwuA 3TOM MOWHOCTKN cBuaetTenbCrByetr O AOBYXCTOPOHHEM MU
KonebaTtenbHOM nepeToke sHeprmm mexay MCTOYHHUMKOM " ﬂpMéMHMKOM.

MpeactaBum cebe oAHOdaA3HYHO CeTb C CUHYCOMAANbHbIM MCTOYHMKOM HaMpAMKeHUs, HarpysKol
KoToporo asnsetca RC-uenb. Tak Kak B TaKUX YCA0BUAX 3TU 31eMeHTbl BeayT ceba NMHeinHo, npoTeKkaHue
TOKa MCTOYHMKA OyaeT MMeTb CUMHYCOMZANbHbIA XapakTep, HO M3-3a CBOWMCTB KOHZAEHcaTopa, TOK
CMelLLlaeTca OTHOCUTENbHO HaNpAXeHUA UCTOYHMKA. B 3TOM cxeme peakTMBHasA MOLHOCTb Q OT/IMYHaA OT
HY/IA U MOKET BbITb MHTEPNPETMPOBaHa Kak amnantyaa KonebaHuin sHeprum, KotTopas nornepemeHHo
HaKan/iMBaeTCsa B KOHAEHCAaTope M OTAAETCA MCTOYHMKY. AKTMBHAs MOLLHOCTb KOHZEeHcaTopa paBHa
HY /0.

Ho, KaK BblAcHAETCA, ABNEHNE KoslebaHMA SHEPTUM TONIbKO KaxKeTca 3GPEKTOM, Aa U TO NPOUCXOAALLMM
B 0CODObIX CAyyanx Lenem ¢ CMHycoMaaabHOM GOPMOI TOKOB U HaMpPAXKEHUN, a He NPUYMHA NOABAEHUA
peakTMBHOM MolLHOCTU. MpoBeaéHHbIe B 3TOM 06/1acTM UCCIef0BaHMUS, MOKAa3biBAOT, YTO PeaKkTUBHaAN
MOLLHOCTb NOABNAETCA TAKXKE U B CXEMAX, B KOTOPbIX HE BO3HMKAET HUKaKUX KonebaHui sHeprun. 3To
YTBEPKAEHME, KOTOPOE MOMKET YAMBUTb MHOTMX MHXKEHepoB. B HOBbIX NMybauKaumax, Kacarowmxca
TEOPUM MOLLHOCTM, €AMHCTBEHHbIM (U3MYECKMM SBJEHWEM, KOTOpPOE BCErga COMNPOBOXKAAETCA
HaMYMemM PeakTUBHOM MOLLLHOCTU, ABNAETCA CABUI (a3 MeXKAY TOKOM U HaMNPAXKEHUEM.

YKasaHHaa Bblwe ¢opMyna ANA pacyéTa peakTMBHOM MOLLHOCTU AeWCTBMTE/NIbHA TOJIbKO  AnA
CMHYCcOMAAaNbHbIX ogHOdasHbIxX Lenein. Bo3HMKAaeT BONPOC: KaK pacCYMTbIBAETCA PEAKTMBHAA MOLLHOCTb
B HECMHYCOMOAMbHbIX CcUCTeMax? ITOT BOMPOC OTKPbIBAaeT MPecnoByTbi «AwMK MaHgopbl» B chepe
3NEKTPOTEXHUKMN. OKa3bIBAETCA, YTO onpeaesieHMe PeakTUBHOM MOLLHOCTU B peasibHbIX cUCTEMAXx (a He
TO/NIbKO B MAEaNN3NPOBAHHbIX), ABNAETCA NPeAMETOM CMOPOB M B HacToAalee Bpems (Ha 2018 rog) He
CylecTByeT eAMHOro M obLWenpuM3HAHHOIO OnpeaeneHna PeakTUBHOM MOLWHOCTM B CUCTEMAX C
HecMHyconaanbHo GopMOoN HanpAXKEHUA U TOKA, AAXKe HE rOBOPSA YKe 34ecb 0 HecbanaHCMPOBAHHbIX
TpéxdasHbix uenax. B craHgapte IEEE (MexayHapoaHOM accoumaumm MHKEHEPOB MO 3NEKTPOTEXHUKE U
3N1eKTPOHMKe) noa Homepom 1459-2010 (ot 2010 roaa) Ans HecUHyconaanbHOW TpexdasHoM Lenu Mbl
He Hangém dopmynabl ONA NONHOM PEAKTUBHOM MOLWLHOCTM — KaK TPU OCHOBHblE MOLLHOCTH
NepeyncsieHbl: aKTMBHAA MOLLHOCTb, MOAHAA W, BHMMaHMWe, HeaKTMBHas, o0bo3HauyeHHas Oyksoi N.
PeaKTMBHYIO MOLLHOCTb OFpaHMYeHa TO/IbKO OCHOBHOW FrapMOHMKOM TOKa M Hanps»KeHua n ob6o3HayeHa

Q.

YNOMAHYTbINA CTaHAApPT ABAAETCA NOCAeAHWM [AOKYMEHTOM TaKoro poAa, BbiNyLEeHHbIM NPU3HaHHOM
opraHu3aumeit, KoTopbli AOMKEH Bbl YNOPAAOHUTL TEMATUKY, KacaloLlyocs onpeae/ieHnsa MOLLHOCTY.
370 6bIN10 Tem 6onee HeobXoAMMO, UTO B HayyHOW Cpede YyXe MHOro JieT pasgaloTca rosoca, 4Yto
ncnonb3yemble A0 CUX NOp onpeaeneHuUa MOryT AaBaTb OWWBOYHbIe pe3ynbTaTbl. CNoOpbl Kacaauch,
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npexae BCero, onpefeneHus peakTMBHOM MOLLHOCTU W NOIHOM (a TaKXKe MOLLIHOCTU UCKaXKeHWi, o yem
No3’Ke) B 0HO- M TPEXPasHbIX LEenax C HeCUHYCcOMAanbHON GOPMOIN HanNpPsXKEHUA U TOKa.

B 1987 roay npodeccop L. Czarnecki gokasan olMHGOUYHOCTb LLIMPOKOPACMPOCTPAHEHHOIO onpeaeneHmn
peakTMBHOM MOLLLHOCTM No Budeanu, To ecTb onpeaeneHns, KOTOPOe No ceil AeHb Npenogaérca Bo
MHOIMX TEXHMYECKMX LWKO1aX. ITO onpendeneHue 6b110 BnepBble NpeactassieHo npodeccopom Budeanu
B 1927 rogy u UMeeT caeayrowmii Bua;

Qp = Z Unly sin @,
n=0

raoe U, 1 |, ABAAIOTCA BbICLUMMK FAapMOHMKaMM HaMNpsyKeHMs M TOKa Nopsgka n, a @n yrnamu

mexagy sTuMmM KOMMNOHEHTaAMMW.

TaK Kak BBegeHue 3TOW BENYMHbI O3Ha4ano, 4TO n3BeCTHOE YPaBHEHUNA «TPEYrosibHUMKA MOWHOCTU» HE
BbINONHAETCA ONA u,er|e171 C HECMHYCOMNOaTbHbIMU (bOpMaMM curHanos, Budeanu BBén HOBYIO BE/IUYUNHY,
Ha3blBaeMyo MOLWHOCTbIO NUCKaXXeHUA:

Dy = JSZ — (P2 +Qp?%)

MOLLHOCTb UCKaXKeHMA A0/KHA Bbla NPeAcTaBAATb B CUCTEME MOLLHOCTb, BO3HMKalOLLYO BCAeAcTBMe
NCKa*KeHU GopMbl HAaNPSAMXKEHMA U TOKa.

PeaKTBHas MOLWLHOCTb 6blna B TeYeHME MHOMMX JeT CBA3aHa C KonebaHuAMM 3HEeprun mexKay
MCTOYHMKOM M HarpysKkoi. Kak BUAHO M3 GpopmMyibl, peakTMBHAA MOLLHOCTb No onpeaeneHuio Budeanu,
ABIAETCA CYMMOW OTAE/IbHbIX FAPMOHMK PEaKTUBHOW MOLLHOCTM. M3-3a dpaKTopa Sin (9 3TM KOMMOHEHTbI
MOTYT 6bITb NOJMIOKUTENBHLIM WM OTPULATENbHLIM B 3aBUCMMOCTM OT YI/1a MeXA4y HanpsKeHuem u
TOKOM TapMOHMKK. Takum 06pa3som, BO3MOKHaA CUTyauMsA, Korga oblan peaktmBHas mouwHocTs Qs
6yaeT paBHa Hy/A0 NPW HEHYNEBbIX KOMMOHEHTax rapMoHuK. HabniogeHuwe, yto Npu HEHyNeBbix
COCTaB/IAOLWMX CYMMapHas peakTUBHAA MOLLHOCTb MO 3TOMY OMpeaeNeHno MOXKeT BbiTb paBHa Hy/Io,
ABNAETCA KAtoYoMm ana 6onee rnyboKoro aHanu3a, KOTOpbli B KOHEYHOM CYETE, NO3BOIUA A0Ka3aTb, YTO
BennMumHa QB MOXeT faBaTb B HEKOTOPbIX CUTYyauMAX COBEPLUEHHO HEOXWAAHHble pPe3ynbTaTbl.
MpoBeaéHHbIE MCCNeA0BaHUA CTaBAT NOL COMHEHME WMPOKOPaCcnpoCcTpaHéHHoe ybexaeHne, YTo ecTb
KaKasa-TO CBA3b MeKAy KoJiebaHMAMM 3HEeprMM U peakTUBHOW MouwHocTbio Budeanu Qs. MoxHo
NPMBECTU MPMMEPbLI Lenei, B KOTOPbIX, HECMOTPA Ha CyllecTBOBaHMEe KosebaTeNbHOro xapakrepa
MFHOBEHHOM MOLLHOCTA, PeaKTUBHAasA MOLLHOCTb MO onpeaeneHunto Budeanu pasHa Hyn. Ha
NPOTAKEHUM MHOTUX /IeT YYEHbIE HE MOT/IN CBA3aTb C PEAKTUBHOW MOLLHOCTbLIO B COOTBETCTBUM C 3TUM
onpegeneHnem, HUKaKoro GU3nYecKoro ABAEHUA.

MepeyncaeHHble Bbile COMHEHUSA, B MPAaBUAbLHOCTU 3TOTO ONpPeAeeHNA MOLLHOCTM, KOHeYHO, BpocatoT
TEHb, Ha CBA3AHHYIO C He MOLWHOCTb UCKaxkeHua DeB.  Havyanu uckaTb oTBeT Ha Bonpoc, 6yaetr au
MOLIHOCTb  MCKaskeHna DB Ha camom pgene ABAATbCA MEPON  MCKaXKEHMI MpOLEeccoB B
HECUHYCOMAANbHbIX Lenax. MckaxkeHMem Mbl Ha3biBaem CUTyaUmio, Koraa Gopmy CUrHana HanpsxKeHus
He y4aeTcA «HaNoXWUTb» Ha GopMy MNPOTEKAIOWLEro TOKa C MOMOLLbIO ABYX OMepauuit: U3MeHeHue
aMMNANTYAbl M CABUT MO BpemeHU. [lpyrumu cnoBamu, €CAN BbIMONHEHbI CieAyoLL e YC0BUA:

u(t)=Ai(t-t)
TO HanpAaxeHme He MUCKaXeHO NOo OTHOWEHWUK K TOKY. B cnydyae CUMHYCOMAaQ/IbHOToO HanpAXeHunAa U
Harpysku, asnawoueica nobol kombuHaumeit anemeHTos RLC, 3TO ycnoBsue Bceraa BbinoaHaeTca (a8

CUHYCOMZANbHOIO MpOLecca 3TU 3/eMEHTbl COXPAHAKT JIMHEeWHOCTb). OaHako, Korda d¢opma
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HaMNPSA)KEHUs Y)Ke WCKaKeHa, Harpyska RLC He obecneuyMBaeT HEUCKaXKEHHOro TOKAa, OTHOCUTE/SIbHO
HaNpPAXEHUA U yKe He ABAAETCA JIMHEeMHOM Harpyskol - HeobxoAMMO BbINOJIHEHWE HEKOTOPbIX
OONONHUTENbHbIX YCI0BUI (COOTBETCTBEHHO C 4acTOTOM MEHATCA MOoAy/lb M dasa umnedaHca
Harpysku).

N nostomy, AeNCTBUTENBHO M MOWHOCTb DB siBNseTca mepoit uckaxeHuin? K coxaneHuio, B JaHHOM
C/ly4ae TaKXkKe OKa3aNocCb, YTO Teopusa MOLLHOCTM no Budeanu pasovyapoBbiBaeT. bblno A0OKa3aHO, YTo
MOLLHOCTb MCKaXeHUA MOXKeT OblTb pPaBHA HYAHO B CUTyaLuu, Korga HanpaxXeHue WCKaXKeHo
OTHOCUTE/IbHO MPOTEKAIOLLEro TOKA, U HA0OOPOT, MOLLHOCTb UCKAXKEHUA MOMKET 6biTb HEHY/NIEBOW MpK
NMOJIHOM OTCYTCTBUM UCKAXKEHUN.

MpPaKTUYECKNIN acneKT TeoOPUM MOLLIHOCTM, KacatoWwmMiAca NoBbllleHUA KO3dPULIMEHTa MOLLHOCTHU Liene ¢
PEeaKTMBHOM MOLLHOCTbIO, A0/MKeH O6biTb TemM ¢GaKTopoM, KOTOpbl 6onblue BCEro BbiMrpaeT oT
NpPaBuAbHOIO OnpeaesieHNs PeakTUBHOMW MOLHOCTU. TOMbITKM KOMMEHCcaumMn, Ha OCHOBE PeaKTUBHOM
MolHOCcTM Budeanu M cBA3aHHOM C HEM MOLLHOCTbIO MCKA)KEHWI He yaannucb. ITU BEIMUUHBbI He
NO3BOMIAIOT Aaske MPaBUIbHO pPaccyMTaTb KOMMNEHCUPYIOWY EMKOCTb, [AaloLyt0 MaKCUMasbHbIN
KO3pPUUMEHT MOLWHOCTM. [loXOAMNO Jaske [0 TOro, YTO Takue MOMbITKM  3aKaHuyMBaNUCh
AONONHUTENbHbBIM YXYALIEHUEM 3TOro NoKasaTens.

MO3HO 334aTb BOMPOC: KaK CTaNo BO3MOMHbIM, YTO TEOpUA MOLLHOCTM Budeanu ctana Tak nonynspHa?
MprunH MOXKeT 6biTb HECKONbKO. Bo-MepBbiX, NPUBbIYKA MHKEHEPOB K CTapOMYy OMpeaeneHUto U He
M3MeHsieMan MHOro NeT Nporpamma obydyeHus B WKone. ITo GaKTop 4acTo HeAg0OLEeHUBAETCA, HO, KaK
onpasgaHMe MOXHO OTMETUTb, YTO 3Ta TEOPMA Ha NPOTAXEHMM 60 fIeT He A0XAaNacb ONPOBEPIKEHUA.
Bo-BTopbiX, B 20-X rogax MpoLW/oro Beka He 6bl10 M3MepPUTENbHbIX NPUBOPOB, KOTOopble AaBaau
npeacrasneHve o6 OTAENbHbIX FAPMOHUYECKMX COCTaBAAIOWMX HaMPAKEHUA W TOKa, MO3TOMy 6blio
TPYAHO MPOBEpPATb HOBble TeOpWUWU. B-TPeTbMX, WCKaXKeHMs GOPMbl TOKOB W HanpsKeHun (u,
cnepoBaTeslbHO, BbICOKOE COAepyKaHMEe TFapMOHMK), 3TO 3QPEKT PEBOMIOLUU B INEKTPOIHEPreTUKE,
KOTOpasa Hayanacb TONbKO BO BTOPOM MOMOBMHE MPOLWIOrO BeKa. Hayanu KpynHomacwTabHo
MCMNO/NIb30BaTb TUPUCTOPbLI, YNpaBasemble BbINpAMUTENN, NpeobpasoBaTenv U T.4. Bce atn gelicTeusA
COMPOBOXKAANNCL OYeHb OONbLIMMKU UCKAXKEHUAMM TOKOB B CETAX MUTaHWA, a CAefoBaTeNbHoO,
MOBbIWEHWEM YPOBHA FAPMOHMYECKUX WCKarKeHWA. TONbKO TOr4a Havanu oOwylaTb HEAOCTaTKU B
TEeopun MmolwHocTM Budeanu. HakoHeL, B-4eTBEPTbIX, B CBA3AHHOM C 3HEPreTMKOl HayyHoM cpeae 6bin
OCO3HaH TOT AaKT, 4YTO MPOMbIWIEHHbIE NPEeANPUATUA WHBECTMPOBAAM Le/ible COCTOSHMA B
NHPPACTPYKTYPY U3MepeHUa (CUETUMKM 3N1EeKTPO3HePrnmn). Jltobble M3MEHEHUA B 3TOM OTHOLIEHUN MOTYT
MMETb OrpoOMHble GMHAHCOBbIE NOC/NEACTBUS.

Tem He meHee, MeJ/IeHHble U3MEHEHUSI B CO3HAHUMN UHKEHEPOB-3/IEKTPUKOB CTaNMN BUAHLI. C TeueHnem
NeT BCE Yalle BO3HMKANM HeNWMHEMHble HArpyskM M npoueccbl C oYeHb BONbLIMMU UCKAXKEHUAMM,
HEBO3MOXHO ObIJI0 Aanblue TeprneTb OrpaHUYEeHNA B NPUMeEHAEMbIX Gopmynax.

OueHb 3HauMMbIM cobbiTvem cTasna nybsamkauma B 2000 roay opraHusauuelt IEEE crtangapTta 1459,
Ha3BaHME KOTOPOro 3BYYUT TaK: «OnpeaeneHua Aas N3MepeHnii BeIMYUH, CBA3aHHbIX C 3/1eKTPUYECKOM
MOLLHOCTbIO B CMHYCOMAANbHbIX, HECMHYCOUAANbHbIX, CUMMETPUYHbIX N HECUMMETPUYHbIX YC/TIOBUSAXY.
Bnepsble peaKTUBHaA MOLIHOCTb No onpeaeneHuto Budeanu okasanacb B rpynne pekomeHayembix
onpegeneHnin, KOTopble He [O0/MKHbl UCNO/b30BaTbCA B HOBbIX CYETYMKAX MOLLHOCTU U PEAKTUBHOM
sHepruun. TaKKe BMAHO ObIIO pasgefieHUe MHOTMX BeIMYMH Ha Te, 4YTO CBA3aHbl C OCHOBHOM
COCTaBAAIOLLEN TOKa W Hanps)eHus (nepsad rapmMoHWKa) M APYrMMM BbICLUMMW FapMOHUKamMu. B
6ONbLINMHCTBE CAyYaeB CYMTAETCA, YTO NONE3HaA 4YacTb SHEpPrMm nepenaértcs TOIbKO C MOMOLLbHO

cocTasasatowmx 50/600 L, Npu ropasgo MeHbLIEM M YaCTO BPEAHOM YY4acTUM BbICLLUMX FTAPMOHMUK.
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B CTaHAapTe TaKXe noasuaacCb HoBaAa Be/IMYNHA — HEAKTUBHAA MOLWHOCTb N, KOTOpaA npeactaBiAaeT Bce

HeaKTUBHbl€ KOMMNOHEHTbl MOWHOCTU:

N = /52 — p2

PeakTMBHasA MOLWLHOCTb SBASIETCA OAHON M3 COCTaBAAOLWMX HEAKTUBHOW mMowHocTn N. B oaHodasHbIx
LenaAxX C CUHYCOMAANbHbIM HanpsasKeHuem n Tokom, N paBHO Q, NO3TOMY B HEAKTUBHOW MOLLIHOCTU HeT
APYrnx cocTaBasowWmx. B TpéxdasHbix UEnAX TaKoe CBOMCTBO MMEIOT TO/IbKO CUMMETPUYHbIE
CMHYycoMaanbHble CETU cO cbaNlaHCMPOBAHHOM YNCTO PE3UCTUBHOM Harpy3KOW.

Cnegytowme COCTaBAAOWME HEaKTUBHOM MOLLHOCTM CBf3aHbl C KOHKPETHbIMWU  GU3NYECKMMU
asneHnamu. o Teopum npodeccopa Czarneckiego, ogHOMY M3 NyULWIMX OOBACHEHUN OUBUYECKUX
ABNEHWNI B TPEXPasHbIX LenaX, ypaBHEHNE MOLLHOCTU B TAKMX CUCTEMAX MOXKHO 3aMnuncaTb CAeAYHOLUM
obpasom:

$2 = P2 + D% 4+ Q% + D,*

Ds — 310 MOLWHOCTb pacceAaHnA, KOTOpaA NoABAAETCA B CUCTEME, B pe3y/ibTaTe U3IMEHEHUA
AKTUBHOM NPOBOAMMOCTU HArpy3Kn BmecTe C USMeHeHMeM 4acToTbl. Takum o6pa30M, Han4yune B
Harpy3ske peakTUBHbIX 31EMEHTOB MOXKET NPUBECTU K NOABIEHNO MOLWHOCTU pacCceAHnA.

PeakTnBHas MoOLWHOCTb Q B 3TOM YypaBHEHWW NOABAAETCA NPM HanuMumm ¢Ga3oBOro cABUra MeXay
rapMOHMKaMM HaNPAXKEHUA U TOKA.

Du — ob603Ha4aeT mowHocTb AucbanaHca, KoTopaa ABNAETCA Mepol HecbanaHCMpPOBAHHOCTU
TpéxdasHoM  Harpysku. ITa  cocTaBaawowWan 0ObObACHAET CUTyauuio, NpU  KOTOPOW
HecbanaHcMpoBaHHaA TPExdasHaa Harpyska C YMCTO PE3UCTUBHbIM XapaKTepoMm, MPUBOAMUT K
KO3QPUUMEHTY MOLLHOCTM MeHblle eauHULbl. Takol noTpebutenb He MMeeT pPeaKTUBHOWM
MOLLHOCTM Q M, HECMOTPA Ha 3TO, U3 TPEYrosbHUKA MolHOCTM S, P, Q cnefyeT 4To-TO coBCEM
apyroe (Teopus mollHocTM Budeanu co cBoeli MOLLHOCTbIO UCKa)KEHUN TaKKe He MOXKeT
06BACHUTL 3TY CUTYaLMIO — AS1A YUCTO PE3UCTUBHOM Harpy3KM MOLLHOCTb UCKaxeHusa D B paBHa

HY0).

MonbiTKa coeanHeHuns |EEE 1459-2000 c Teopuelt molHoctu Czarneckiego npmBoAnUT K BbIBOAY, YTO
HeaKTMBHaA MOLLHOCTb CKpbiBaeT B cebe, Mo KpaliHeN mepe, TPU OTAE/bHbIX GUINYECKUX ABAEHUSA,
KOTOpbIe BAMAIOT Ha CHUMXKEHMEe 3DEeKTUBHOCTU Nepesadn sHePrum oT CTOYHUKA K NPUEMHUKY, TO eCTb
yMeHbLUeHUe KoapPULMEHTa MOLLHOCTH:

P P

S
¢ \/PZ + D%+ Q% + D2

B crtaHpapte IEEE 1459-2000 u3BecTHaaA nog 6ykBo Q — peakTMBHAsA MOLLHOCTb bBblna orpaHuMyeHa
OCHOBHOW rapMOHWKOW 1 3TO KacaeTcA Kak ogHOoda3HbIX CUCTEM, TaK U TPEXDA3HbIX.

B oaHoda3sHbIX Lensx:

Q 1= Uzl1-sin @1

93



B TpéxdasHbix cMCTEMAX YUYMTbIBAIOTCA TOJIbKO COCTaBAANOLWME MPAMON MOCAeA0BaTEIbHOCTU 3TOM
MOLLHOCTH:

Q17 = 3U1*11%sin @1*

[nA npaBUAbHOTO M3MeEpPEeHUs 3TOM MOLLHOCTU TpebyeTcA COOTBETCTBYHOLLAA MNOCNEA0BATENbHOCTb
yepepoBaHus ¢a3 (3ageprkka ¢pasbl L2 Ha 120° no oTHoweHMto K L1, 3agepkKa ¢dasbl L3 Ha 240° no
OTHOLLEHUIO K L1).

KoHuenuma coctaBasowmMx nNpsamon nociegosatesbHocTu byaet 6onee nogpobHO paccmoTpeHa npu
0bCy»KAEHUN aCUMMETPUN.

3HayeHMe OCHOBHOW COCTaBAAIOLWEN PEAKTUBHON MOLLHOCTU ABAAETCA OCHOBHOWM BE/JIMYMHOM, KoTopas
No3BONAET OUEHUTb BENWYMHY KOHAEHCATOPa, KOppeKTupylowero KoadpduumeHt DPF wam caswur
OCHOBHOI FaPMOHUKMN HaNpsAXKeHMUA OTHOCUTENbHO 3TOM e COCTaBAAIoLLEl TOKa (TO eCTb KoMneHcaTopa
PEeaKTMBHOWM MOLLHOCTM OCHOBHOW rapMOHUKM).

5.3.3 PeakTHBHas1s MOLIHOCTH B 3-X NPOBOJHBIX CXeMax

MpaBuibHOE M3MEPEHWEe PEaKTUBHOW MOLLHOCTM HEBO3MOXHO B HECMMMETPUYHbIX MPUEMHMKAX,
NOAKMOUYEHHbIX MO 3-X NPOBOAHOW cxeme (TMMa «TPEYroNibHUK» W «3Be3da» C W30/IMPOBAHHOM
HeNTPasnbio). ITO yTBEPKAEHNE MOXKET MHOTUX YAUBUTD.

MPUEMHMK MOXKHO PaccCMaTpMBaTb KaK «YEPHbIN AWMK» C JOCTYMHbIMU TONbKO 3 3akMMamu. Mbl He B
COCTOSIHMM OnpeaeninuTb BHYTPEHHEMN CTPYKTYpbl TAKOro MPUEMHMKA. YTOBbI BbIMMCAUTL PEAKTUBHYIO
MOLLHOCTb HEeobXoAMMO 3HaTb Yron casura ¢as mexagy TOKOM W Hanps:KeHWem, BO3HUKAIWUX B
KaXXOoW BETBM TaKoro NpMEMHMKa. K coXaneHUto, Mbl He 3Haem 3TOro yrna. B npuémHuKe no cxeme
TUMNA «TPEYroIbHUK» Mbl 3HAaEM HaMpAMKeHWe, NPUCYTCTBYIOWME HA OTAE/bHbIX COMPOTUBAEHMUSAX, HO He
3Haem TOK; B TaKMX CUCTEMAX M3MEPAIOTCA JIMHEWHbIE HaNpPsKeHUA U NuHelHble TOKWU. Karkabld 13
NIMHEHbIX TOKOB ABNAETCA CYMMOM ABYX TOKOB ¢as3. B NpMEMHMKAX TMNa «3Be34a» C M30MPOBAHHOM
HEeMNTPanblo Mbl 3HaEM TOKM, MPOXOAALLME NO CONPOTUB/EHMNIO, OAHAKO HEe 3HaeM HanpsaXeHui (Kaxkaoe
N3 IMHENHbIX HANPAXKEHUIN ABAAETCA CYyMMOW ABYX(da3HbIX HANPAKEHNI).

Hy»XHO 0CO3HaTb TOT GaKT, UTO NPU 334aHHbIX HANPAXKEHMAX HA 3aXKMMaX U TOKaX, BXOAALLMX B TaKOM
YEPHbIN AWMK» cyliecTByeT HECKOHEYHO MHOrO BapMAHTOB BHYTPEHHEW KOHCTPYKLMU MNPUEMHMKA,
KOTOpble AafAyT HaM OAMHAKOBble Pe3y/bTaTbl M3MEPEHUN TOKOB M HAMPAXKEHWUN, BUAMMBIX CHapPYXKU
TAKOro «4EpPHOro ALMKa».

Kak e 3TO BO3MOXHO, YTO CYLLUECTBYHOT CYETYMKN PEAKTUBHOM MOLLHOCTM, NMpefHasHayeHHble Ans
NM3MepeHuit B 3-x NPOBOAHbIX CETAX, N aHA/IN3ATOPbI IEKTPUYECKUX CETEN, KOTOPbIE B TaKMUX YCNOBUAX
obecneunBaloT M3MepPeEHNE PEAKTUBHON MOLLHOCTMH?

B oboux cnyyasx npoussoautenn npuberaroT K XUTPOCTU, KOTOPas 3aKNoYaeTca B WUCKYCCTBEHHOM
CO3A4aHNUU OMOPHOWM TOYKU (BUPTYyanbHbi 3axum Hentpann N). Takylo TOYKY O4YeHb JIerKO MOXKHO
€034aTb, NOAK/IOYAA K 3aXKMMaM HALEero «4EPHOTo ALLMKA» CXeMy U3 TPEX Pe3ncTOpPoB OAHOM U TOM Ke
BE/IMUYNHDBI U COeAMHEHHbIX 3Be3401. [loTeHUMan LeHTpanbHOW TOYKMU CXeMbl PE3UCTOPOB MCMOAb3YeTCA
AN pacyéTta «dasHbiX HanpaAXKeHWin». KOHEeYHO, KaBbl4KM 3[4eCb COBEPLIEHHO Ha MecTe — TaKoW
BMPTYa/lbHbIA HOMb AAET NPU U3MepPeHUW MpaBUSibHble Pe3yabTaTbl, TOJAbKO MPU MUHUMANbHOM
acMMMeETpMM NPUEMHUKa. B niobom Apyrom ciayyae K NOKasaHWAM PEaKTUBHOM MOLLHOCTM TaKoro
npubopa cneayet OTHOCUTLCA € 6OJIbLLION A0Nel HeJoBepus.
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N3mepuTenbHbIM Npubop HM B KOEM C/lydae He A0/KEeH BBOAUTb Monb3oBaTesa B 3abnyxaeHue, a
TaKoro pofa NpuBAUNKEHME MOXKHO O0MNYCTUTb NNLWb MPU YCAOBUKU, YTO OTOOpaxkaemMoe 3HayeHue He
ABNAETCA Pe3yNbTaTOM GaKTUYECKOrO U3MepPeEHUs, @ NLWb NPUBAN3UTENbHBIM 3HAaYEHUEM.

5.3.4 PeakTuBHasi MOLLHOCTb M CYETYUKHN PEAKTUBHOUN JHEPTrUHU

CYETUMK peaKTUBHOM 3HEPrMM — 3TO CKopee BCero, NpMbop HeU3BECTHbIM AOMALLUHUM MO/1b30BATENAM,
T.K. WUMPOKO MCMNONb3YIOTCA U SBAAIOTCS OCHOBOW AN PACYETOB C MOCTABLMKOM, CYETYMKM aKTUBHOWM
aHepruu, namepsemonn B Bt*u mam kBT*u. JomallHUI nonb3oBaTenb, TaKUM 06pasom, HaxoauTca B
YAOO6HOM MONOXKEHUWN — MNATUT TOMIbKO 33 MONE3HYI SHEPIUIO U HE AO0/IKEH UHTEPEeCOBATbCA KAKOWM
KO3pPMUMEHT MOLLHOCTM B €r0 CETU.

MpomblilwieHHble noTpebutenu — B OTAMYME OT TOM MnepBOW rpynnbl — 06sA3aHbl, Ha OCHOBaHWUU
MOAMMCaHHbIX AOrOBOPOB M YacTo MoA Yrpo3oi ¢uHaHCcoBbIX WTpadoBs, NoadepKnBaTb KO3bdOULMEHT
MOLLHOCTU Ha A0/IKHOM YpOBHe.

Hanpumep, B MNosble, pacnops:KeHMe MUHUCTPA SKOHOMMKM, Kacaloweeca KOHKPETHbIX YCA0BWIA
OYHKLUMOHMPOBAHNA 3SHEPreTUYeckon CcUCTEMbI, OnpeaenseT KayecTBEHHble MapameTpbl, KoTopble
OO/MKHbI  6bITb  BbIMOJIHEHbI MOCTABLMKOM 3SHEPrMM AA Pas/AndHbIX, TaK HasblBaemblx, rpynn
noZkntoveHus. Cpeam 3TUX NapamMeTPOB HAXOAATCA, HaNpUMMep, YacToTa CeTH, AENCTBYIOLLee 3HaYeHMe
HanpsAKeHUsA, Ko3GOUUMEHT rapMOHMUYECKUX MCKaxeHuit (THD) u aonycTMmble YPOBHM OTAE/bHbIX
rapMOHMK HanpsaxeHus. OQHAKO NOCTaBLIMK He 06A3aH BbIMOAHATL 3TW TpeboBaHUA, ecan nosayyatesnb
3Heprun He obecneuymBaeT 3HayeHUA KoapduumeHTa tg @ Huke 0,4 (3HAaYeHWe No [OroBOPEHHOCTH,
KOTOpOEe MOeT 6biTb U3MEHEHO B AOrOBOPE MeXAY MOCTaBLMKOM U NoTpebutenem 31eKTpoaHeprum)
N/WAn NpesbIWaeT COrNacoBaHHbIN YPOoBeHb NOTPE6AAEMOI aKTUBHON MOLLHOCTY.

KoadpdpuumeHT tg ¢ rnyboKo yKOpeHUNCA B SHEPreTUYECKOM 3aKOHOAATE/IbCTBE U €ro ONpesenatoT Kak
pe3ynbTaT OTHOLEHWA HAYUCNEHHOW pPEeaKTUBHOM MOLLHOCTM K aKTUBHOW MOLLHOCTM B JAaHHbIN
pacyéTHbli nepuog. EcnM BepHYTbCA HA HEKOTOPOE BPEMA K «TPEYrosbHUKY MOLLHOCTUY B
CMHYCOMAANbHbIX CUCTEMAX, TO Mbl 3aMeTUM, 4YTO TaAHreHC yraa casura ¢as Mexay TOKOM U
HanpaXeHWem paBeH OTHOLUEHWUIO PEAKTUBHON MOLLHOCTU Q K aKTUBHOM MOLLHOCTH P. Takum obpasom,
KpuTepuin yaepKaHua tg ¢ Huxke 0,4 He O03Ha4YaeT HUYEro APYroro, Kak TO/NbKO onpeaeneHue, Yto
MaKCMManbHbI YPOBEHb MOACYMTAHHOW PEAKTUBHOW 3SHEPrMM He MOXKeT OblTb Bblwe, Yyem 0,4 ot
3HAa4YeHMA MOJIYYEHHOM aKTUBHOM 3Heprun. Jlloboe noTpebaeHMe peakTUBHOM 3SHepruu Bblwwe
[OrOBOPEHHOCTM NOANEXKUT JOMONHUTENbHOM OnJiaTe.

Ho Aaét nm 3HaHWe paccymTbiBaeMoro Takmum obpasom KoadpoduumeHTa tg @ obenm 3anHTepecoBaHHbIM
CTOPOHaM peasnibHyl0 KapTuHy 3¢GEKTUBHOCTM nepenayn sHeprum? Passe He Obln0 YNOMAHYTO Bblille,
YTO pPeaKTUBHAA MOLLHOCTb ABNSETCSA TO/NbKO OA4HOM U3 COCTABAAIOLLMX HEAKTUBHOM MOLLLHOCTU, KOTOpble
TOXE B/IMAIOT HA CHUXKeHUe KoapdMumeHTa MOLLHOCTIN?

[elcTBUTENbHO, KaXeTca, YTo BMmecTo tg ¢ cneposasno 6bl MCNOb30BaTbh KO3dPpULUMEHT mowHocTh PF,
KOTOPbIM TaKXKe y4nTbiBaeT U gpyrue pakTopbl.

HblHewHWe npaBuna, K COXajfeHWto, He JakT Apyroro Bbibopa, MOSTOMY TOYHOE W3MepeHue
PEaKTUBHOM MOLLHOCTU ABNSETCS KAOYEBbIM MOMEHTOM. Tenepb CTOMT MOCTaBUTb BOMPOC: C YYETOM
OMNUCaHHbIX BbILE CNOPOB MO OMNpeAe/eHNI0 PEAaKTUBHOW MOLLHOCTK, 06eCcneYmBatoT N CHETYMKN ITOM
SHeprun npaBubHble NMOKa3aHMA? U 4TO Ke B AENCTBUTENbHOCTU M3MEPAT 00bIMHO UCMONb3yeMble
CYEETYMKM PEAKTUBHOM MOLLHOCTK?
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OTBeTbl Ha 3TM BOMPOCbI MOXKHO MonpoboBaTb MOAYYUTb B CTAHZAPTE, NPEACTaBAEHHOM ANA 3TUX
c4yéTtumkos — MOCT 31819.23-2012 (IEC 62053—23:2003) «AnnapaTtypa 418 U3MEPEHMUA 3/eKTPUYECKOM
SHeprMmn nepemMeHHoro ToKa. YacTHble TpeboBaHMA. YacTb 23. CTaTMYecKMe CYETYMKM PEaKTUBHOW
3Heprum». K coxaneHuto, N Hallemy pPa30o4apoBaHUIO, B HEM He HaWAETCcA KaKux-nbo cCblNoK AnA
N3MEpPEeHU B YCNOBUAX HE CMHYCOUOANbHOCTU — PacyéTHble GOopMy/bl OTHOCATCS K CUHYCOMAANbHbIM
cuTyaumam (B cTaHAApPTE MOXKHO MNPOYUTATb, YTO U3 «MPAKTUYECKUX» COOBpPaKEHWN OrpaHUYUIUCH
WCKNIOYMTENIBHO  CUHYCOMZANbHBIMKM npoueccamun). B HEM He yKasaHbl Kakue-anbo Kputepuu
UCMbITaHWN, KOTOpble 6bl MO3BOIMAN NPOBEPUTL XaPAKTEPUCTUKM CUETUMKA MPU UCKAXKEHHbIX Gopmax
HaNpPAXXeHWN N TOKOB.

HblHeWHsA cuTyauma ocTaBaseT pa3paboTyMkam CYETYMKOB cBOOOAHLIN BbIOOpP MeToAa M3MepeHwus,
YTO, K COKaJIEHUIO, MPUBOAUT K 3HAYUTENIbHbIM PA3/IMYMAM MOKa3aHUIA PEeaKTUBHOM 3Heprnn npwu
Hann4Mm 60NbLIOTO YPOBHA FAPMOHUYECKUX UCKAXKEHWIA.

CYéTUmMKM CTaporo Tuvna, TO €CTb, 3/IEKTPOMEXaHNYECKNE, UNMEKT XapPaKTeEPUCTUKKN, aAHANOINYHbIE
d)VIJ'Ipry HWXHUX Y4aCTOT — BbiClWUME TAPMOHUKN B HEM nNoOAaBAEHbl, TaKMM 06p330M namepeHume
peaKTMBHOVI MOLWHOCTKN B NPUCYTCTBMNE TAPMOHUK O4YEHb 6/1M3K0 K 3HaYeHUO OCHOBHOWM COCTEBﬂFIIOLLI,EIZ
peaKTMBHOVI MOLLHOCTH.

Bonee pacnpocTpaH&HHble 3/EKTPOHHblE CYETYMKM MOTYT NPOBOAUTL W3MEPEHME PasUYHbIMU
MeTogamu. Hanpumep, OHM MOTyT U3MEPSATb aKTUBHYIO MOLLHOCTb M MNOJIHYIO MOLLHOCTb U BbIYUCANUTD
PEaKTMBHYIO MOLLHOCTb M3 «TPEYroJibHMKa MOLHOCTU» (KBaApaTHbIA KOpeHb U3 CYMMbl KBaApaToB ABYX
3TUX MolLHocTen). Tak gencTBuTenbHoO, B cBeTe ctaHaapTa |IEEE 1459-2000, oHM M3MepAtoT HEAKTUBHYIO
MOLLHOCTb, @ He PeaKTMBHYt0. [pyro Npou3BOAUTENb MOMKET MCMNO/b30BAaTb METOL CO CMeLLeHUEM
¢dasbl HanpsaKeHua Ha 90°, yTo JAéT pe3ynbTaT, NPUBANKEHHBIA K OCHOBHOW FapMOHMKE PEaKTUBHOM
MOLLHOCTH.

Yem 6onblue cogepraHuMe rapMOHUK, Tem 6onblue 6ygeT pasHUUA B MOKAa3aHWMAX, M KOHEYHO B
pesynbTaTe byAeT Apyras naata 3a HAYUCAEHHYIO SHEpPruio.

Kak ye VyKasblBa/ioCb paHee, MW3MepeHWe pPeakTUBHOM MOLWHOCTM B  3-X MPOBOAHbIX
HecbaNaHCMPOBAHHbLIX CUCTEMAX C MOMOLLBI0O OBbIYHBIX CYETYMKOB OBpPEeMEHEeHO AOMOAHUTENbHOW
OLMBKON, BbI3BAHHOM CO34aHMEM BHYTPWU CYETUMKA BUPTYaSbHOTO HYASA, MMEIOLWEro mMano obuwero c
peanbHbIM Hy/1eM HarpysKu.

Yto ewgé xyxe, npomsBoauTenn obblMHO He AAlT HUKAKoM MHPopmMauum O MPUMEHSEMOM MeToae
N3MepeHUs.

OcTaéTca ToNnbKo C HeTepneHnem XaaTb CJ'Ie,D,YI'OLLI,El\;I BepCUnN CTaHdapTa, KOTOpAaA - 6y,D,EM HageATbCA -
npeanoxut ropasao 6osee TOYHbIN MeTon MU3MepeHnA WU  TaKXkKe MeToa wuccneaosaHuna B
HECUMHYCOMNa/IbHbIX YCN1OBUAX.

5.3.5 4-KkBaapaHTHbIE CY4ETYUKU PEAKTUBHOU IHEPTHUH

B sHepreTMke BO MHOMMX CUTyaUMAX MPUMEHSIETCA pasgesieHne pPeakTUBHOM 3HeprMn Ha 4eTbipe
He3aBMCMMble COCTaBAAIOLWMX, KaXK[aAa M3 KOTOPbIX pacyuTbiBaeTcA oTAenbHo. PasgeneHue Ha TakK
Ha3blBaemble KBafpaHTbl OCHOBAHO Ha 3HAaKaX aKTMBHOW M PeaKTMBHOM MOLLHOCTM, KaK MOKa3aHO Ha
puc.46.
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P<0 | P>0

Puc.46. KBagpaHToe AeneHne NoToka MOLWHOCTU U SHEPTUN.

KBagpaHT | (0603HauYeHne «L+»): aKTMBHaAA MOLLHOCTb MOJIOXKUTENbHA (NoTpebneHne akTUBHOM
3Heprumn), peakTMBHaA MOLLHOCTb MOJIOXUTENbHA (NOTpebieHMe peakTUBHOM aHeprun). B Takmx
YCNOBUAX XapaKTep Harpy3Kku MHAYKTUBHbIN.

KBagpaHT Il (0603HaueHne «C-» aKTMBHAA MOLLHOCTb OTpULaTeNbHa (OTAa4Ya aKTUBHOW 3HEpPrum),
PEeaKTMBHas MOLWHOCTb MNOAOXKMTeNbHA (NoTpebneHWe peakTUBHOM 3Heprum). Xapaktep
Harpy3Kun EMKOCTHbIN.

e KBagpaHT Il (ob6o3HaueHWe «L-«): aKTMBHAA MOLWLHOCTb OTpUUATENbHA (OTAaYa aAKTUBHOM

SHeprun), peakTMBHaA MOLLHOCTb TaK¥Ke oTpuuaTenbHa (oTgaya peakTUBHOM aHepruun). B Takmx

YCNOBUAX XapaKTep Harpy3KM MHAYKTUBHbIN.

KBagpaHT IV (0603HaueHne «C+»): akTMBHAA MOLLHOCTb NMOJIOXKUTE/IbHA (NoTpebaeHne akTMBHOM
3Hepruu), peakTUBHas MOLLHOCTb OTpuuUaTeNbHa (OTAa4ya pPeakTUBHOW 3Hepruu). XapakTtep
Harpy3Kmnm éMKOCTHbIN.

3HaKM NAC U MUHYC B 0603HaYeHUAX KBaAPaHTOB YKa3biBatOT HA 3HAK aKTUBHOM MOLLHOCTY.

YKasaHHOe pasgeneHue Mo3BOAAET KOHCTPYMPOBaTb CUYETUMKM PEAKTUBHOM 3SHEpruu, KoTopble
YBE/IMUYMBAIOT CBOM NOKa3aHWA TONbKO TOr4a, KOrga NOTOK SHEPrMM HaxoamuTca B AaHHOM KBaJpaHTe.
37O 03HayYaeT, YTo B 1060 MOMEHT BPEMEHU TONbKO OAMH U3 TaKMUX CYETUMKOB MOKET YBE/IMYUTL CBOE
cocTosHue.

B TMNMYHOM C/ly4ae MOCTaBKM 3HEPrUKM K notpebutento paboTta ocyllecTBASETCA B ABYX KBaApaHTax: |
(L+) n IV (C+). B aTux AByx KBafpaHTax TaK¥Ke KOHTPOJMPYETCA TaHTeHC @ (B MONbCKUX YCNOBUAX) B
cnyyae notpebuTtenen, NOAKMOYEHHbIX K CETU CPeAHEro M BbICOKOTO HaNpsXKeHUs. YeTblpéXKBagpaTHble

KoabduLMEHTbI tg(p onpesensoTcs Ha OCHOBE 3aperncTpPMpPOBaAHHONO NoTpebaeHUs COOTBETCTBYHOLWLEN

sHepruu:
AE
_ 2Fedt)
tgow+) = TAE,,
AE
_ 2recey)
tgoc+) AE,.,

EcA NpUMMEHWUTb COrNalleHMe, YTO BCE CYETYMKU ISHEPrUM MMEIOT MONOMUTENbHbIA 3HaK, TO
paccyMTaHHble 3Ha4YeHWs TaHreHCa [MAOMOJIHAIOTCA 3HAKOM, BbITEKAIOWMM U3 3HAKOB PeakTUBHOMN K
aKTUBHOW MOLLHOCTM B [JaHHOM KBagpaHTe. Takum o06pasom, 3HaK tgpu. Bcerga 6byaer

NONOXUTE/IbHbIM, a B CQiy4ae tg([)(c+) BCeraa oTpuuaTesibHbiM.
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PaccumTaHHble 3HaYeHUA TaHreHcoB MoryT ObITb OCHOBaHMEM ANA Ha4ncneHmAa BO3MOXKHbIX LLITpad)OB 3a
ypesmepHoe noTpebneHne peakTUBHON 3Hepruu. [Ana kBagpaHta | (L+) TMNMYHOe npeaenbHoe
3HayeHue, Bbllle KOTOpOro B3uMmaeTtca nnata — 310 0,4. Ona keagpaHta IV (C+) vacto nwoboe
notpebneHne peakTMBHOWN 3HEPINKN ABAAETCA OCHOBAHMEM ANA HauucieHus wrpados. M3 3Toro TakxKe
cnefyeT MPaKTUYECKUId BbiBOA, YTO Haubosnee BbLIFOAHO (C TOYKM 3peHMA nonydatensa) paboTaTb B
nepsom KBaZpaHTe (L+) B AnanasoHe tgo) mexay 0 n 0,4.

5.3.6 IlosiHasg MOLIHOCTh

MosHas MOLLHOCTb S BblpaKaeTcs Kak NPousBeaeHMe AENCTBYHOLLMX 3HAYEHUI HanNpaXKeHUA U TOKa:
S=Ul

Kak TakoBad MOLWHOCTb He uMeeT OU3MYECKONW WHTepnpeTaumn; OLHAKO, WCMONb3yeTca npu
npoeKkTMpoBaHMM obopyaoBaHUA pacnpenenmTenbHbix ceteih. OHa paBHa MO Be/IMYMHE MAKCUMaAbHOM
aKTMBHOM MOLLHOCTU, KOTOPas MOKeT OblTb NOAaHa B Harpysky nNpu AaHHbIX AEUCTBYIOLMX 3HAYEHUAX
HanpsXeHua W ToKa. TakMm o6pasom, MoHAA MOLWLHOCTb OnpeaenseT MAKCMMAJIbHO BO3MOXKHYIO
CNOCOBHOCTb UCTOYHMKA AN1A AOCTABKM MNONE3HON SHEPTUN K MPUEMHUKY.

Mepoit 3pPeKTUBHOCTN MUCMOJIb30BaHUA NOAaBAEMON B MPUEMHUK MOLLHOCTU ABASAETCS KOadPUUUEHT
MOLLHOCTW, APYrMMU CIOBAMM, OTHOLLEHWE NOAHOM MOLLHOCTU K aKTUBHOM MOLLHOCTM.

B cmHyconpganbHbIX cuctemax:

P Ulcosgo
F = ST - cosQ
B HecuHycoupanbHbiX CUCTEMax TaKoe YnpolweHue HegonycTMMo W KO3GOUUMEHT MOLLHOCTH
paccyMTbiBaeTCA Ha OCHOBE PEaNbHOTO0  COOTHOWEHMA aKTMBHOM W MOAHOW  MOLLHOCTM:
P
PF = S
B ogHOdasHbIX ceTAx N0/MHAaA MOLLHOCTb PAcCYMTLIBAETCA, TaK 3TO KaK MOKa3aHO B NPUBEAEHHOM Bbllle
dopmyne, 1 3aeCb HET HUKaKUX ctoprnpu3oB. OKasbiBaeTcA, OAHAKO, YTO B TPEXPA3HbIX CETAX PACUYET 3TOM
MOLLIHOCTM TaK¥e BbI3blBaeT cepbé3Hble Npobaemsbl, Kak M Te, YTO CBA3aHbl C PEAKTUBHOW MOLLHOCTbLIO.
PasymeeTca, 3TO OTHOCWUTCA K peasibHbIM CETAM C HECMHYCOMAANbHbIMU CUTHANAMU, KOTOpble TaKXkKe
MOTyT 6bITb HECUMMETPUYHBIMM.

UccnepgoBaHua noKasanun, yto GOopmMynbl, MUCMNO/b3yemble A0 CUMX MOp, MOTyT AaBaTb OWWMOBOYHbIE
pe3ynbTaTbl, ecAn ceTb He sABafeTcA cbanaHCMpoBaHHOW. Tak KaK Mo/HAaA MOLWHOCTb — 3TO YC/I0BHasA
BE/IMYMHA M He uMeeT OU3MYECKON WHTepnpeTauun, BbIACHEHME, KaKoe W3  npeanaraembix
onpeseneHuin NosIHOW MOLLHOCTU, ABAAETCA MOAXOOALIMM, MOXKET BbI3blBaTb 3aTpyaHeHMA. Tem He
MeHee, OblM NPeanpUHATLI NOMbITKM, ONUPaACb Ha HabaaeHWA, AOKa3aTb, YTO NOJHAA MOLLHOCTb
TECHO CBfi3aHa C MOTepAMM Mpu nepefayve U KO3OOULMEHTOM MOLLHOCTU. 3Has MoTepu nepegayn u
KO3pPUUMEHT MOLLLHOCTU MOMKHO KOCBEHHO OMNpesennTb NPaBubHOE onpeaeneHme NOAHON MOLLHOCTMH.

Lo cux nop Mcnonb3yloTcA onpeaeneHus, cpegu Npounx, apudMeTMYecKoW MOAHAs MOLHOCTU WU
reoMeTpUYecKoi NoHOM MoLLHOCTU. MNpoBeAEHHbIE UCCNeL0BaHMNA MOKA3an, YTO HU apudmeTmyeckoe,
HW FeoOMEeTPUYECKOE ONpeaesieHnna He JaloT B pesy/bTaTe MPaBWIbHOTO 3HAYeHUs KoappUUMEHTa
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MOLWHOCTU. EAMHCTBEHHBIM, YTO YA0B/IETBOPAIO TaKOM CUTyaLMM, OKasanacb onpeneneHue, Kotopoe
ye B 1922 roay npeanoxun Hemeuknin dusmk ®. byxronsy, (F. Buchholz):

Se = 3Ue-le

OHO OCHOBaHO Ha AENCTBYIOLLMX 3HAYEHUAX HAMPSXKEHMSA M TOKA, @ Cama MOLLHOCTb HasblBaeTcs
30 dEKTMBHOM MOMHOM MOLLHOCTbIO (MO 3TOM npuuMHe, ana TpéxdasHbix uenen B 0HO3HaYeHUe
[06aBeH MHAEKC «e»). ITN AeMNCTBYIOLME 3HAYEHNA HAMNPAXKEHMA N TOKa — 3TO TaKue TeopeTudeckune
3HaYeHMA, KOTopble MPeACcTaBAAOT HaMpPAMEHUAs M TOKM B cHanaHCMPOBAHHOW 3SHepreTUyecku

CUMMETPUYHOM TpéxdasHol cucteme. MNosTomy KaoYEBbIMU ABAAIOTCA onpeaeneHuns seandmH Ue U le.

CraHpapt IEEE 1459 naét cnepyrowme popmybl. B TPEXNPOBOAHbIX CETAX:

[ = I +1p% 412 U = Uap®+Upc*+Uca?
€ 3 e 9

B yeTbIpEXNPOBOAHLIX CETAX:

L2+ 1,2+ 1.2+ L2 ’ 3(U2 + Up® + U2) + Uy + Upe?® + Ugg?
e 3 e 18

roe la, lb, lc, COOTBETCTBEHHO AENCTBYIOWME 3HAYEHMA TOKOB OTAEeNbHbIX (a3 (NNHelHble U
¢dasHble), In — pOencTBylollee 3HAYeHWe ToKa Hynesoro nposogHuKa, Ua, Ub, Uc — 31O
Aencreyowme 3HayeHMa ¢asHbix Hanps»KeHuit, a Uab, Ubc, Uca sABAsOTCA A€MCTBYHOWMMMU
3HAYEHUAMM JINHENHDbIX HANPSAXKEHUN.

Takum 06pa3om, pacyéTHas BEIMYMHA Se YUMTbIBAET KaK MOTEPM MOLLHOCTM B Hy/leBOM nposoge (B
YeTbIPEXNPOBOAHbIX CETAX), TaK U BAUAHME HecbanaHCMPOBaHHOCTH.

5.3.7 MomHocTb HcKaxKeHUs DB ¥ 93¢ PpeKTHBHAS MOTHASAA MOLHOCTb UCKAKE€HU S SeN

Mpu 06CyKAEHUM PEAKTUBHON MOLLHOCTM BbII0 NOKA3aHO, YTO MOLLHOCTb MCKAaXeHUsA Mo onpeaeneHuto
Budeanu He moxeT 6biTb MPUMEHMMa NpU BONbLINX UCKAXKEHUAX HAMPAMEHUNA W TOKOB, a TaKkKe
acummeTpum TpéxdasHbIX Lenen (napafoKc MOLLHOCTU UCKaXKEeHWI, KOTopaa He ABAAETCA NMoKasatenem
peanbHOro ucKaxeHusa). OAHaKo, HecMOTpA Ha 3TO, Takaa MOLLHOCTb 4YacTo WCMoJb3yeTca
cneunanncTamm, 3aHMMalOWMMMUCA aHANIM30M KayecTBa 3/1EKTPOIHEPTUM U NPOU3BOAMTENAMU CXEM
KOMMNEHCALUMN PEAKTUBHOM MOLLLHOCTH.

3aecb HeobXxoAMMO YETKO YyKa3aTb, YTO OMopa Ha AAHHbIM NapamMeTp AaBasa Npuemaemble pesyabTaTbl
TO/IbKO B YCNOBUAX HEOOBLIOFO UCKaXKeHWUA GOPMbI MPOLLECCOB Y MaNoN aCUMMETPUN.

CraHpapt IEEE 1459-2000 ynomuHaeT 3TO onpeaeneHmMe MOLLHOCTU, OA4HAKO, TaK }Ke, Kak U B cay4vae
peakTMBHOM MoOLWHOCTM Budeanu, OHa HeceT HeyCTPaHMMbI HeAOCTaTOK W peKomeHayeTcA
OKOHYaTe/IbHO OTKa3aTbCA OT €€ MCNONb30BaHWUA.

B mecto mowHoctn DB npeanoxeHa apyras BeAMYMHA, KOTOpPask HAMHOTO JyywMm crnocobom
XapaKTepusyeT OOLLYI0 MOLLHOCTb WCKAXEHUA B CUCTEME — MO/IHAA MOLHOCTb WCKaXKeHuA SeN.
MouHocTb SeN no3sonseT ObICTPO ONpeaenuTb, YTO Harpyska paboTaeT B YCAOBMUAX ManblX WM
60/IbWINX FAPMOHUYECKUX WCKAXKEHWUI U ABASETCA TAKXKe OCHOBOM AnA onpeaeneHus napameTpos
MaCcCUBHbIX MW aKTUBHbIX GUNBTPOB M KOMMNEHCATOPOB.
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CornacHo onpeaeneHuto (ana TpéxdasHbIx cucTem):

Sen = ’Sez _Sezl

Se1 = 3le1Ugq

roe:

[encTByOWMN TOK M HanpsyKeHMe OCHOBHOM rapMoHMKK (cooTBeTcTBeHHO lein Uei1) paccumTtbiBatoTcA
TaK Xe, Kak le u Ue, ¢ TOM nvWb pasHULEN, YTO BMECTO AENCTBYHOLLNX 3HAYEeHMN dasHbIX UM JIMHENHbIX
HaNPSAXXEHUN U OeNCTBYIOWMX 3HAYEHUN IMHEMHbIX TOKOB NOoACTaBAATCA 3QPEKTUBHbIE 3HAYEHUA UX
OCHOBHbIX COCTaBASAIOLLMX.

B O,CI,HOd)a3HbIX cncremax gna pacqéTa nonHom MOLHOCTH WCKaXXeHUN MOXHO Ucnonb3oBaTh bonee

npoctyto dopmyny:
Sy = 8% — (Ui1;)?

rae U; u |y asnaotca apPeKTMBHbIMM 3HAYEHWAMM OCHOBHOW COCTaBaslolWen ¢a3oBoro
HanpAXKeHMA U TOKa.

5.3.8 Koa¢pPpunueHT MOLIHOCTH

UCTUHHBIA KO3I)PUUMEHT MOLLHOCTU, TO €CTb TOT, KOTOPbLIA NPUHMMAET BO BHUMaHMWE TaKKe Hanuuyue
BbICLLIMX FAPMOHUK, Ha3blBaeTcA NPOCTO KoadduumeHTom mouHocTu (aHrn. True Power Factor, TPF uau
PF). lna cMHyconaanbHbIX Lienei OH paBHAETCA TaK Ha3biBaemoMy KoaddpuumeHTy ¢pa3oBoro casura, To
ecTb nonynspHomy cos ¢ (aHrn. Displacement Power Factor, DPF).

Nostomy DPF asnAaetca N\epoﬁ casura ¢a3 meXxXay OCHOBHbIMWU COCTaBAAWNMMU HAaNPAXKEHNA U TOKA:

P. Uil cos
DPF =t =211 Puin

= cos
s, Uil Puin

PF=1%
S

B cnyyae 4MCTO pPesUCTUBHOM Harpysku (B ogHOda3HOM ceTu) MosHas MOLLHOCTb PaBHA 3HAYEHUIO
AKTUBHOM MOLLHOCTW, @ PeaKTMBHAs MOLWHOCTb paBHa HyAto, TaKMM 0bpa3om, 3Ta HarpysKa B NMoHOM
Mepe MCMoAb3yeT 3SHEpPreTMYecKMii MOoTEeHUMan MCTOYHMKA W KoadpduumeHT mowHOCTM paBeH 1.
MonaBneHWe PeaKkTUBHOW COCTABAAIOWEN HeU3beKHO BeAET K CHUMNKEHUIO 3GPEKTUBHOCTU nepenayu
SHeprnm — aKTMBHasA MOLLHOCTb TOT43 MEHbLUE MOJIHOM MOLLHOCTW, @ PEaKTMBHAsA MOLLHOCTb PacTET.

B  TpéxdasHbix cxemax Ha  ymeHblueHne  Ko3dPUUMEHTA  MOLWIHOCTM  TaKXKe  BauAeT
HecbanaHCMPOBAHHOCTb NPUEMHMKA (CMOTPU ObOCYKAEHME PEeaKTUBHOMW MOLLHOCTU). B 3TUX cuctemax
npaBu/ibHOE 3HayeHue Ko3dPUUMEHTA MOLLHOCTM MNOAYYaeTCs MNPU WUCNONb30BaHUW 3PPEKTUBHOM
MO/IHOM MOLLHOCTHK Se, TO eCTb Be/IMUYUHbI, ONpeaesiEHHOM, B YaCTHOCTH, B cTaHaapTe |IEEE 1459-2000.

5.4 TapMOHMKH

PasnoskeHne NepmoanYecknX CUrHa 0B Ha FAPMOHMUYECKME COCTABAAIOLLME ABNAETCA OYeHb NONYNSAPHOW
MaTemaTMYecKoW onepaumelt, ocCHOBaHHOM Ha Teopeme dypbe, B KOTOPOW FOBOPMUTCH, YTO KaxKabli
NepuoaMYEecKMin CUrHaA MOMKHO MPeACTaBUTb KaK CyMMY CMHYCOMAANbHbIX cocTasaaoowmx 6onee
BbICOKMX 4YaCTOT, KOTOpble ABAAIOTCA KPaTHbIMKM OCHOBHOM 4acToTe TaKOro curHana. HenpepbiBHble
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CUTHaNbl MOXKHO MOABEPrHYTb onepaumn bbicTporo npeobpasosaHus Oypbe (cokpaleHHo FFT), koTopas
[OaéT B pe3y/ibTaTe amninTyabl U ¢pasbl rapMOHUYECKUX COCTaBAAIOLMX CEKTPa YacToT.

B naeanbHoW cuTyaumm HanpsaxKeHWe BbipabaTbiBaeTcA B reHepaTope, KOTOPbIN AT Ha CBOEM BbixoAe
HeMCKaXKeHHbIN CMHYyconganbHbiii curHan 50/60 My (oTCyTCTBME KaKMX-TMBO BbICILIMX rapMOHMK). Ecan
NPUEMHUK ABNAETCA JIMHEMHON CUCTEMOM, TO B TaKUX WAEa/IbHbIX YCNOBUAX TOK TaKKe bOyper
HEWUCKAXKEHHbIM CMHYCOMAA/bHbIM CUTHANIOM. B peanbHbiX cUCTeMaX, CUrHasbl, KaK HanpsyKeHus, TaKk U
TOKA MCKaXKaloTcsA, NO3TOMY [OJIXKHbI COAEPKATb KPOME OCHOBHOM COCTaBAAOLWEN TaKKe rapMOHUKK
BbICLIMX NOPALKOB.

MoyemMy NPUCYTCTBME BbICLIMX FAPMOHUK B CETU, ABAAETCA HEXKenaTesibHbIM?

OZHOM M3 NPUYNH ABNSAETCA CKUH-3PPEKT, KOTOPbIA OCHOBAH Ha BbITAaJIKMBAHMMW 3/IEKTPOHOB M3 LeHTpa
NPoOBOAHMKA (MPOBOAA) HAPYKY C yBE/NMUYEHMEM YacTOTbl TOKa. B pesynbTaTte, Yem Bbllle YacToTa, TEM
MeHblle 3pPEeKTUBHOro ceyeHUs MPOBOAHMKA WMMEIOT B CBOEM PaCMOPAMKEHWWM 3/EKTPOHbI, 4YTO
3KBMBA/JIEHTHO YBE/IMYEHUIO €ro COMPOTUBAEHUA. B pesynbTaTe 3TOro ABNEHWA, YeM Bbllle MOPALOK
rapMOHMKN TOKa, Tem Bonblue 3pPeKTMBHOE CONPOTMBAEHME NPOBOAKN AN 3TON rapMOHMKM, a 3TO, B
CBOIO o4yepeab, Hen3beKHO NPUBOAMT K YBEMUYEHUIO NOTEPb MOLLHOCTM M Harpesy NPOBOAOB.

Knaccunuyecknit npumep, cBA3aHHbIN ¢ 3TUM 3pdeKToM, KacaeTca HEMTPaANbHOIo NpoBoaa B TPExdasHbIX
ceTaX. B ceTax ¢ HU3KUM YPOBHEM UCKAXKEHWUI, MasblM AUCHAaNaHCOM M CUMMETPUYHOM Harpyskon (nam
HebOoNbLIOW acCMMMETPUEN) TOK B HEMTPANbHOM MPOBOAHUKE CTPEMUTCA K HYNO (OH HAMHOFO MeHblLUe
OENCTBYIOLLNX 3HaYeHUIN Pa3HbIX TOKOB). ITO HabaAeHMe CNPOBOLMPOBANO MHOTUX KOHCTPYKTOPOB Ha
SKOHOMMWIO, OCHOBaHHYIO Ha YCTAaHOBKE B TaKUX cucTeMax Kabenel ¢ Hy/feBbIM NPOBOLOM C MEHbLUIMM
ceyeHveMm, yem ¢dasHble NpoBoaa. U Bce oueHb xOopowo paboTano A0 TOr0 MOMEHTA, KOraa B ceTu
NOABMAUCH FAPMOHMKN HEYETHbLIX PSALOB, ABNAIOLLMECS KPaTHbIMKM 3 BbiCLLEro NopAaKa (TpeTbs, AeBsATas,
“ T.4.). BApyr HeMTpanbHbIN NPOBOA HAYMHAN MeperpesBaTbCs, a U3MEPeHMe TOKa YKa3blBalo Ha ero
O4YeHb BbICOKOE aeicTaytolLee 3HaYeHne. O6bACHEHWE 3TOTO ABNEHMA, AOBOSbHO NPOCTOE. KOHCTPYKTOP
He y4yén B nNpuBeLEHHOM Bbllle MNpuUMepe ABYX OOCTOATENLCTB: B CETAX C MCKAXKEHUAMM BbiclIMe
FAaPMOHMKN MOTYT He KOMMEHCUPOBATLCA B HEWTPaslbHOM NpPoBOAe, a HA0BOPOT — CYMMMPOBATHLCA, U,
BO-BTOPbIX, CKMH-3OGEKT N BbICOKME 3HAYEHMA TOKOB BbICLUIMX FAPMOHUK AOMNOJHUTENBHO YBEANYUN
ero Harpes.

MonbiTaemca Tenepb OTBETUTb Ha ABa OCHOBHbIX BOMpPOCa:

e Y10 ABNAeTCA I'IpM‘-IVIHOljl noABNEHNA TAPMOHUK B HaI'IpFl)KEHMVI?

® Yto asnaetca I'IpM‘-IVIHOVI noABAEHNA TAaPMOHUK B TOKe?

Kasanocb 6bl, 3T1 ABa BONPOCaA, BbIMAAAT NOYTU UAEHTUYHO, OAHAKO pasaesieHne HanpsaXeHusa 1 ToKa
ABNAETCA YPe3BbI4aMHO BaXKHbIM ANA NMOHMMaHWA CYyTU BOoNpoca.

OTBeT Ha nepBbili BoOMpoc 6yaeT caeayloWMM: FAaPMOHUKM B HaNPAXKEHUW ABAAIOTCA CNeaCcTBUEM
HEHY/IEBOTO COMPOTMB/IEHUA pPacnNpenenuTesIbHON CeTU, MeXAy reHepaTopom (MPUHMMaeMm, YTO OH
reHepMpyeT YNCTYIO CMHYCOMNAY) U NPUEMHUKOM.

OpHaKo rapMOHMKM TOKA ABAAOTCA PE3Y/bTaTOM HE/IMHEMNHOro XapaKTepa CoONpoTUBIEHUA NPUEMHMKA.
KoHeuHo, cneayeT OTMETUTb, YTO €CN NUHEWHbIA MPUEMHUK NUTAETCA HAMPAXKEHUEM WCKAXKEHHOM
dopmbl, TO dopma TOKa TaKKe UCKAXKaeTcs.

B nnTepaType 4acTo MCMO/b3YHOTCA YTBEPKAEHUA, YTO «NPUEMHUK reHepupyeT rapMmoHuKkn». Cneayet
NOMHWTb, YTO B 3TOM C/y4Yae MNPUEMHUK He ABNAEeTCA (U3MYECKMM MCTOYHMKOM 3Heprum (Kak 3To
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npeanonaraer c/foBO «reHepupyeTt»). EQUHCTBEHHbIM WMCTOYHMKOM 3SHEPIrUM B CUCTEME ABASETCA
pacnpeaenutenbHas cetb. EciM NPUEMHWMK ABAAETCA MACCMBHbIM  YCTPOWCTBOM, TO 3HeEprus,
nepegaBaemans oOT TMPUEMHMKA B pPACNpeaeNUTeNbHY0 CUCTEMY, MPOUCXOAMT U3  3TOW  Ke
pacnpeaenutenbHon cuctembl. Mbl 34eCb MMeeM Oefio C BpedHbIM U 6ecnosesHbiM 4BYCTOPOHHUM
NOTOKOM 3Heprun. Kak y»e 0bcyKaanock paHee B c/iydae ¢ KoapPpUunMeHToM MOLHOCTU, TaKoe ABNEHUE
NPUBOAMT K HEHY)KHbIM MOTEPAM 3HEPrMM, a TOK «reHepupyembliit» B MPUEMHMKE Bbi3biBaeT
OOMNOJIHUTENbHYIO HAarpy3Ky Ha pacnpesennTe/ibHYI0 CUCTEMY.

PaccmoTpum cneayowmin npumep. TUNUYHBIA HENMHENHbIN NPUEMHMK, TAKOM KaK, Hanpumep, LWUPOKOo
NCMNOoNb3yemMble UMMYAbCHbIE UCTOMHUKMN NUTAHMA (HAaNnpUMep, KOMMbIOTEPHbIE), 3aNUTaH OT UAEA/IbHOIo
reHepaTopa CMHYCOMAANbHOIO HanpsXXeHuA. Tenepb NpegnooKMm, YTO CONPOTUBAEHUE COEAUHEHWI
MeXA4y reHepaTopoM W MPUEMHMKOM MMEET Hy/neBOe 3HayeHue. HanpsarKeHue, M3MepeHHoe Ha
Knemmax NpuémMHuKa, byneT MMeTb CMHycoupanbHyto ¢opmy (OTCYTCTBME BbICUMX FAPMOHMUK) — 3TO
NPOCTO HanpsA)keHWe reHepatopa. OAHako, dopma ToKa B NPUEMHUKe, yxKe OyaeT coaepaTb
rapMOHMYECKME COCTAB/AIOWME — HENMHENHbIM NPUEMHMK YacTo noTpebnseT TOK TO/MbKO B
onpesenéHHble MOMEHTbl BpEMEHW BCEro Nepnoaa CMHycouabl (Hanpumep, MakCMManbHbIN TOK MOXET
nonagaTtb Ha MUKKU CUHYCOUAbI HAMPAXKEHUS).

Ho I'IpVIéMHVIK HE CO34a€eT 3TUX rNPPMOHUNYECKUX COCTaBAOWMX TOKA, OH NPOCTO I'IOTpE6!'IF|€T TOK He
NOCTOAHHO MAW NPEepPbIBUCTO. BCo sHeprmnto NnoctaBnAeT TObKO reHepaTop.

Ha cnegylowem 3tane MOMHO WM3MEHUTb CXemy, BCTaBASA MeEXKAYy FeHepaTopoM M MPUEMHMKOM
onpefenéHHoe ConpoTMB/EHUE, KOTOpoe npeacTaBnseT coboi aKTUBHOE CONPOTUBAEHME MPOBOAOB,
0b6MOTOK TpaHchopmaTopa U T.4,.

M3mepeHna FapMOHMK HaNpsKeHWa M TOKa NPUEMHMKA [adyT HEMHOro Apyrue pesynbTatbl. YTO
n3meHuTca? MNossatca Hebo/blUMe COCTaBAAIOLME FAPMOHUKN HaMPAKEHUA, U, KPOMEe TOro, HEMHOTO
M3MEHUTCS CMEKTP YacTOT TOKA.

Mpn aHanuze ¢GOpMbl  HaNpAXKEHUs B  MNPUEMHMKE MOMHO 3aMeTUTb, YTO MepBOHAYa/IbHO
CMHYCOMOANbHbIN CUTHAN C/ierka Uckasuaca. Ecam npuémHuK notpebnser ToOK B OCHOBHOM B MOMEHTbI
MUKOB HaMNPs*KeHUsA — 3TO OyAeT BbIrAAEeTb, KaK yCceY€éHHble BeEPLIMHbI. bonblion noTpebasemblii TOK B
3T MOMEHTbI NPMBOAMT K BoNbLIeMy NAAEHUIO HANPAXKEHUA Ha CONPTMBAEHMNE ceTU. YacTb ngeanbHoOro
CMHYCOMAANbHOIO CUrHa/a HaKanaMBaeTca ceiyac Ha 3TOM COMpPOTUBAEHUU. HEKOoTopoe U3MeHeHue B
CNeKTpe TOKa cieayeT U3 HECKOIbKO MHOW GOPMbl HAaNPAXKEHMA NUTAHUS.

Mpumep onucaHHbIX 34ecb "MNOCKMX BEPLMH" CMHYCOMAANBbHOTO HaNps)KeHUA — 3TO OYEeHb YacTo
Habnlogaemasa KapTMHKA B TUMWYHBIX CETAX, K KOTOPbIM MOAK/AHOYEHbl LIMPOKOPACNPOCTPAHEHHbIE
KOHCTPYKLMMU UMMYIbCHbIX 6/10KOB NUTAHWUA.

5.4.1 AKTHBHas MOILHOCTb FApMOHHUK

PasnoxeHne HanpAXeHUA U TOKa B I'IpMéMHMKe Ha rapmoHun4YecKkme cocCtasadarolne no3BonAaeT bonee
Fﬂy6OKO BbIACHUTb AeTa/In NEPETOKA SHEPIrnMn mexay NnoCtaBWMKOM U nNosy4daTenem.

MpeanonoKmMm, YTO aHaNM3aToOpP KayecTBa MUTAHMA MNOAKAOUYEH MeXKAY WCTOUHMKOM HamnpsaKeHua u
NPUEMHUKOM. KaK HanpsKeHue, Tak M MUTAOWMIM TOK MOABEPraloTCA CMNEKTPa/SibHOMY aHanusy ¢
nomouwbio bbicTporo npeobpasosaHus Pypbe (FFT), B pesynbTaTe KOTOPOro Mnoay4aem amnanTyAbl
rapMOHMK BMmecTe € UX $pa30oBbIMM CABUTaMM.
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OKa3blBaeTCA, YTO 3HAHME FAPMOHMK HAMPSKEHUs U TOKa M caBura ¢as mMexay STUMM rapMOHUKaMMU,
NO3BOJIAET PACCUUTaTb aKTUBHYIO MOLHOCTb AENCTBYIOLWMX KaXK 40N rapMOHUKN B OTAE/bHOCTU:

Ph = Un-In-cos @n
roe:
Pr— akTuBHas MOLWHOCTb rAaPMOHUKHN h-ro nopAnka,
Uh—AeﬁCTBWOLLI,ee 3Ha4YeHMe rAapPMOHUKN HanpAaXXeHnA h-ro nopAagka,

In— /J,el‘ACTByrom,ee 3Ha4YeHne rAapMOHUKHN TOKa h-ro nopAaka,

(Pr—yron $a3oBoOro caAgura Mmexay rapMoHUKamMu HanpsaXKeHUsA U ToKa h -ro nopsaaka.

EcAan mMowHOCTb Ph MMeeT NOMOMUTENbHBIN 3HAaK — 3TO O3HaYaeT, YTO AOMWMHUPYIOWMIA UCTOYHUK
SHeprnm 3Tol rapMOHWKM HaxoAMTCS Ha CTOPOHE MOCTaBLUMKa 3Heprun. Ecnm oHa oTpuuaTtenbHas, To
OOMUHUPYIOWUM  UCTOYHUKOM fBAAeTCA MNpUEMHMK. CnesyeT OTMETUTb, YTO Heb3A CKasaTb Ha
OCHOBAHWMWN U3MEPEHHOWN TaKMM 0BPa3oM aKTUBHOM MOLLHOCTM FAPMOHMK, YTO TOJIbKO OZHAa U3 CTOPOH
ABNAETCA EeAMHCTBEHHbIM WCTOYHMKOM TAapMOHMK, TaK KaK W3MepeHHas MOLLHOCTb SABAAETCA
pe3ynbTUpyloWwen ANA NOCTaBLWMKA U NosydaTens.

MNpumep: EcAn NOCTaBWMK TEHEPUPYET aKTUBHYIO MOLLHOCTb rapMoHuk Php = 1 kBT, a nonyyatenb
«reHepupyeT» MOLWHOCTb 3TOM FrapMOHUK BeindnHOM Pho = 100 BT, TO pe3y/bTUpyloLLas MOLLHOCTb,
M3MEpPEHHan Ha KeMMax Mexay noJsiyyatesiem M NocTaBlMKoMm, byaeT coctaensTb Ph = Pho — Pho = 0,9
KBT.

B cnyyae c npuBeAE€HHbIM Bbille NPUMEPOM Mbl MMEeM Aef0 C ABYMA OTAE/NbHbIMU MUCTOYHUKAMMU
MOTOKa 3Hepruu. K COMKaNeHuio, Ha OCHOBE 3TOr0 WM3MEpPeHWs He yAacTca NpPAMO YKasaTb Ha
daKTnyeckoe pacnpegeneHue.

B peanbHblXx cuUcTeEMax Yacto 6OblBaeT [OCTAaTOMHO ONpeaenvUTo AOMUHUPYIOLMA  UCTOYHUK.
CrpynnupoBaB rapMOHMYECKME COCTaBAAIOWME NOOKUTENbHbBIX 3HAKOB, NOJYYNMM BbIBOPKY MOLLLHOCTMH,
OTBETCTBEHHYIO 33 MOTOK 3HEPrMM OT UCTOYHMKA K NPUEMHMKY, TO eCTb Noje3Hylo aHepruio. B cBoto
ouyepesb COBOKYMHOCTb FAPMOHUK C OTPMLATE/IbHBIM 3HAKOM XapaKTepusyeT Ty YacTb SHEPTUN, KOTOpas
He BbINOJIHAET NoJIE3HOW PON U «BO3BpPALLAETCA» 0OPATHO B pacnpeneMTeNbHyo CUCTEMY.

CyMMMUpyA BCE KOMMOHEHTbl FapMOHMYECKOW aKTUBHOM MOLLHOCTW, MOAYUYMM aAKTUBHYIO MOLLHOCTb
NPUMEMHMKA. Mbl BUAMM TakMm 06pasom, YTO CYLLECTBYIOT, MO KpalHel mepe, ABa aNbTePHATUBHbIX
MEeTo4a M3MEPEHNA aKTUBHOM MOLLHOCTH.

I'IepBbu‘/i MeTOo/[ 3aK/1I04aeTCA B pacqéTe cpegHunx 3HaYeHW MTHOBEHHOW aKTUBHOM MOLHOCTHN, KOTOpPaA
paccyMTbIBAETCA HA OCHOBE C/eAyoWMX OTCHETOB HANPAXKEHNA U TOKa:

M
1
P = ME UiIi
i=1

roe Ui asnaetca oyepeaHbIm OTCYETOM HanpAaxeHuA, linBnaetcs oyepeHbIM OTCYHETOM TOKa, a M-

UMC/I0 OTCUYETOB B OKHE U3MEPEHUA.

BTopoli meTog — 3TO CyMMMPOBAHUE OTAE/bHbIX aKTUBHbIX MOLLHOCTEN rapMOHMK, KOTOpble NoJsiydyaem
pasfiorkeHnem no bbicTpomy npeobpasoBaHuto Pypoe (FFT):

P = Z Uy, cos @y
h
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5.4.2 PeakTuBHasi MOLHOCTb FAPMOHHK

Takum xe o6pa30M KaK aKTUBHYIO, MOXHO PaCCYNTaTb PEAKTUBHYIO MOLWHOCTU TaPMOHUK!

Qnh = Un-In-singpn

3HaHWe pPeaKTUBHOWM MOLLHOCTM FAapPMOHUK SIBAAETCA UEHHOM WHbOopMaunen, UCNonb3yeMon npu
pa3paboTKe KOMMEHCATOPOB PEAKTMBHOW MOLLHOCTM Ha MapanieNbHbIX PEAKTUBHbIX COMPOTUBIEHUSAX.
Takne KomneHcaTopbl COCTOAT U3 LC-LienoYyek, HAaCTPOEHHbIX HA KOHKPETHbIE YacTOTbl FAPMOHMUK.

3HaK OTAENbHbIX COCTaBAAOLMX MOLLHOCTU FOBOPUT O XapaKTepe Harpysku A/a 3TON COCTaBAAOLLEN.
ECNK 3HAK NONOXKUTENbHDBIN, 3TO CBMAETENLCTBYET 06 MHAYKTUBHOM XapaKTepe, a eCAn OTPULLATENbHDIN,
TO 0 EMKOCTHOM XapakTepe.

PeaKTuBHbIA TOK MCTOYHMKA MOKHO YMEeHbWUTb A0 HyNA nNpu BbINO/IHEHUWU YyCNoBUA AONA Ka)KLI,Oﬁ

rapMOHMKM 2:

Bh+Bkn=0
roe:
Bh— peakTuBHasa NnpoBoAMMOCTb NPUEMHMKA AN h-0i rapMOHUKM,

Bkh — peakTMBHas NpoBOAUMMOCTb Napasi/ie/IbHOro KomneHcaTopa Aas h-oit rapMmoHUKN.

MOCKONBbKY CNOXHOCTb KOMMeEHcaTopa paCTéT nponopunoHanbHO 4YUCay TrapMoOHUK, nognexawmnx
KOMNeHCauunn, Kak npasnio, KOMNeEHCUPYETCA TO/IbKO OCHOBHAA COCTaBNAKOWaA U He 6onee HeCKONbKNX
BbICLUMX TAPMOHUK MaKCMMaIbHOM BE/IMYUNHDI. OpgHaKo Aa)ke cama KomneHcauma OCHOBHOWM rapMOHUKHN
MOXET yXKe 0aTb 3HaYUTEe/IbHOE ynyylleHne K03¢¢MLI,MEHT3 MOLHOCTH.

Npumeyanme 2:

N.C. YapHeukuii: ,, MOLWHOCTM B 3INEKTPUYECKUX ULEMNAX C HECUHYCOUOANbHbIMW TOKaMU W
Hanps»keHnsmn”, M3pgaTenbcTBo BapllaBCKOro MNOAMTEXHMYECKOro yHuBepcuTeTa, Bapwasa, 2005,
cTp.109.

L.S. Czarnecki: ,Moce w obwodach elektrycznych z niesinusoidalnymi przebiegami pragdéw i napiec”,
Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa

5.4.3 XapakTepHCTHKa rapMOHHK B TPE€X(Pa3HbIX CeTAX

FapMOHUKKM onpegeneHHoOro paga B 3-¢a3HbIX Cncrtemax HUMeKT HEKOoTOopble cneu,mcbmqecme
OC06EHHOCTVI, KOTOpbl€ NOKa3blBaeT Ta6I'IMLI,aZ

Pap, 1 2 3 4 5 6 7 8 9

YacTota (I'y) 50 100 150 200 250 300 350 400 450

MocnenoBaTenbHOCTb
(+) npaAmas, + + +
() obpaTHas, 0 0 0
(0) HyneBas

CrpoKka «[locnenoBaTenbHOCTbY OTHOCMTCA K METOAY CUMMMETPMUHbIX COCTaBAAIOWINX, KOTOPbIN
NMo3BOJISIET PA3/IOKNTb NH0OOI M3 3-X BEKTOPOB Ha TPM Habopa BEKTOPOB: NPAMOI, 06paTHOM 1 HY/IEBOM
nocneposatenbHoOCTU (NnoapobHee B pasgene, NocBAWEHHOMY Npobaeme acummeTpun).
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Bocnosbayemcs npumepom. MNpeanonoxum, 4to TpéxdasHbln ABMraTe b 3aNUTaH OT CUMMETPUYHOM 4-X
npoBogHoi cetn (To ecTb 3dpdeKTUBHble 3HaAYeHUsA GasHbIX HANPAMKEHUIM pPaBHbl U YIAbl MeXay
OTAENbHbIMWU OCHOBHbIMM KOMMNOHEHTAaMKU COCTaBAAtoT no 120°).

3HaK «+» B CTPOKe, onpeAenstowein nocnefoBaTeslbHOCTb ANA 1-rapMOHMKKU, O3HAYaeT HOpMaJibHoe
HanpasaeHWe BpalleHMA Bana ABuUratena. [ApMOHUKM HaNpAXKeHUA, ANA KOTOPbIX 3TOT 3HAK TaKKe «+»
NPUBOAAT K BO3HWKHOBEHWUIO KPYTALLErO MOMEHTa COBMAaaloWero C HanpaB/lieHMEM OCHOBHOM
rapMoHUKKU. MapmoHUKK pagos 2, 5, 8, 11 aBaaAtoTcA rapMoHMKamn 0bpaTHOM noc/ieaoBaTe/IbHOCTU, TO
€CTb NPOU3BOAAT KPYTALWMIA MOMEHT, KOTOPbIN NPEnATCTBYET HOPMabHOMY HanpaB/eHUIO BPaLLEeHUA
ABuraTens, 4YTo MOXeT MNPUBECTM K HarpeBaHWIO, HEHYXHOW MOTeEPe 3HEePrun U CHUNKEHWUIO
npounssoAnTensHocTU. MocneaHel rpynnom ABAAIOTCA APMOHWUKM HYNEeBOW NOCAef0BaTeNbHOCTU, TaKue
KaK, Hanpumep, TpeTbs, WecTasa u AeBATasA, KOTopble He NPOU3BOAAT HUKAKOro KPyTALWEro MOMEHTa, HO
NpoTeKas No 06MOTKe ABUraTess, Bbi3blBAOT €ro A0NOJHUTENbHbINA Harpes.

Ha ocHOBaHWMM [AaHHbIX Tabauubl NIETKO MOMXKHO YBWAETb, YTO MOC/AEA0BATENbHOCTb «+», «-», «0»
noBTOpAeTCA ANA BCeX NOCAeAylowWwmMx pPAgoB  rapMoHMK. ®dopmyay, CBA3bIBAOWY TN
nocnef0BaTeIbHOCTU C PALOM OYeHb NPOCT U Ana K, KOTOPbIN ABAAETCA NO6bIM Lie/IbIM YNCNOM:

MNocnepoBaTenbHOCTb FapMoHuMYecKkun pas,
nNpAMan «+» 3k+1

obpaTtHas «—» 3k-1

HyneBasa «0» 3k

FapMOHUMKM YETHbIX PAAOB OTCYTCTBYIOT, KOr4a [AaHHbIM npouecc ABAAETCA CUMMETPUYHbIM
OTHOCUTENbHO JIMHUW €ro CpeaHero 3HayeHus, a TaKoe CBOMCTBO MMENT CUrHa/sbl B OGONbLUMHCTBO
CUCTEM NUTAHMA. B TUNMYHOM CUTyaUMM U3MEPEHHblE YPOBHW FAPMOHUK YETHbIX pPALOB MMEIT
MUHUMa/IbHble 3HauyeHUs. Ecin y4ecTb 3TO CBOMCTBO, TO OKaXKETCA, YTO FPynnbl FAPMOHUK C CaMbIiMU
He)KenaTeNbHbIMU KayecTBamu — 310 3-8, 9-1, 15-a (HyneBas noc/ieAoBaTeNbHOCTbL), a TaKXe 5-1, 11-1,
17-a (obpaTHas nocnenoBaTelbHOCTb).

FaPMOHMKM TOKa, KOTOpble KpaTHbl 4ucay 3 CO34al0T LOMNOAHUTENbHbIE NPOGAEeMbl B HEKOTOPbIX
cucTemax. B 4-x NpoBOAHbIX CUCTEMAX OHWU UMEIOT OYEHb HeXKenaTeslbHYt0 0COHEHHOCTb CYMMMPOBATLCA
B HyneBom npoBoae. OKasblBaeTca, YTO B OT/IMYME OT FAPMOHUK APYrMX PAJOB, r4e CYMMa 3HauyeHui
MIHOBEHHbIX (a3HbIX TOKOB KOMMEHCUPYETCA, MPOLEcCbl 3TUX FAapMOHMK coBrnagatoT no ¢ase, 4yTo
NPUBOAUT K A06aBIeHNIO Ga3HbIX TOKOB 3TOM COCTaBAAIOLWLEN B HY/IEBOM NPOBOAE. ITO MOMKET NPUBECTU
K neperpesy 3TOro NpoBoAa (B YacTHOCTU, B pacnpeaennTeIbHbIX CUCTEMAX, B KOTOPbIX MCNO/Ib30BaHO
MeHblUee ceyeHMe 3TOro npoBoAa, 4Yem Gas30BblX, a [0 HEAABHEro BpPemMeHW 3To ewe 6biio
pacnpocTpaHeHHo’ NpaKkTuKoMn). Mo 3Tol NpUYMHE, B CETAX C HEAMHEMHbIMU Harpy3kamn 1 6o1bwnmu
NCKaXeHUAMM TOKa, B HACToALLLee BPeMA PeKoOMeHayeTcs, YTobbl cevyeHne HelTpanbHOro nposoaa 6110
6onbLe ceyeHMA HasHbIX NPOBOLOB.

B cucTemax TMna «TPeyroibHUK» rapMOHUKMN 3TUX PALOB OTCYTCTBYIOT B JIMHEMHbIX TOKaxX (C OroBOPKOW,
YTO peYb UAET O CUMMETPUYHBIX CUCTEMAX), B TO BPEMSA KaK OHW LIMPKYJIMPYIOT B BETBAX HArpy3Kku, Takxke
BbI3bIBasA HEHYKHble NOTePU MOLLHOCTHU.

TaKol xapaKTep OTAe/IbHbIX FAPMOHMK, KaK 3TO MOKa3aHo B TabsuLe, COXPAHAETCS C MOJHOW TOYHOCTbIO
TO/IbKO B TPEXPA3HbIX CUMMETPUYHBIX cMCTEMAX. TO/IbKO B TaKMX CUCTEMAX OCHOBHAA rapMOHMKa MMeeT
XapaKTep WCKAIOUYUTENbHO MPAMOM MOCAeA0BaTeNbHOCTU. B peasibHbIX CUCTEeMax, B KOTOPbIX ecCTb
onpegeneHHan cTeneHb aCUMMETPUM HANPANKEHUS NUTaHUA W aucbanaHc HarpysKku, NosBAAIOTCA He
Hy/neBble cocTaBaAwwWwme ob6paTHOW W HyneBOM nocnenoBaTeNbHOCTM. Mepoi 3ToM acMMMmeTpun
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ABNAIOTCA TaK HasbiBaemble KO3pdMUMEHTbl HecummeTpun. N MMeHHO Wu3-3a 3TOM acMMMeTpuUm
OCHOBHO FAPMOHMKM, U, KPOME TOr0, PasHMLLbI B aMNANTYAaxX U $asax BbICLLIMX FAPMOHUK B Kaxaoln ns
da3 - 3TM TrapmMOHMKM TakKe OyayT MMeTb KOMMOHEHTbl NPAMON, 06paTHOW UM HynesBoW
nocnegosatenbHocTu. Yem 6Gosbwe acummeTtpus, Tem b6onblue OyayT TaKke [0AM  OCTafbHbIX
COCTaBAAOLLMX.

CraHpapT TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) pekomeHayeT, 4Tobbl B aHa/aM3aToOpax CeTU
NPUMEHANCS MeToa, NoArpPynn rapMOHUYECKMX COCTaBAAIOLLNX.

5.4.4 KosdpdunueHT rapmoHNYecKHX McKaKeHU (THD)

KoaddurumneHT rapmoHmnyeckmx nckaxenuit THD (aHrn. Total Harmonic Distortion) sensetca Hanbonee
pacnpocTpaHEHHbIM MOKa3aTefieM MUCKaXXeHWA CUrHanoB. Ha npakTuKe KUCNONb3yloTcA  ABe
pa3HOBUAHOCTU 3TOro KoadduumeHTa:

e  THDF - K03GDULMEHT rapMOHNYECKUX UCKAXKEHWNIN, OTHOCUTENBHO OCHOBHOM rAPMOHUKM CUTHaNa
(ot anrn. fundamental),

e THDR - KO3GOUUMEHT TapMOHUYECKUX MUCKAXKEHUI OTHOCUTENbHO CpeaHEeKBaApaTUYHOro
3HavyeHus (RMS) curnana.

B 06oux cnyyasx THD nsmepseTca B npoLeHTax. Huxke npuseseHbl onpeaeneHus:

55,42 S

X 100%
Ay Arms

THDyp = X 100% THD, =
roe: Ah — geicTByloLee 3HaYeHWe rapmoHMKKU h-ro psaaa;
A1 — geicTByloLlee 3HaYEHNE OCHOBHOM rapMOHUKK;

ARMS — fieCTBYIOLLLEE 3HAYEeHMEe CUTHaNa.

OrpaHu4YyeHne Yncna rapMoHMUK, yuuTbiBaemMbix npun pacyete THD, umeeT yc/0BHbIM XapaKTep M CBA3aHO,
npexae BCero, ¢ OrPaHUYEHUAMMU MU3MEPUTENbHOro ycTponcTBa. OCKONbKY aHanu3aTop nossonset
M3MepATb rapMoHUKKN Ao 50-ro nopaaka, npu pacyéte THD yumtbiBatoTcA rapmoHukn 50-ro wam 40-ro
nopsagkKa.

CnepyeT meTb B BUAY, YTO ABa YNOMAHYTbIX onpeaeneHna byayT aasaTb 3HAUMTE/IbHO OT/IMYatoLIMeEcs
APYr OT Apyra 3Ha4YeHUA NPU CUAbHO UCKaXKeHHbIX curHanax. THDR He moxeT npeBbiwatb 100%, a THDF
TaKoro npefena He MMeeT U MOMKET NPUHUMATL 3HaveHuA, gaxe 200% n bonee. Takon cnyyaih MoOXKeT
HabnwaaTbca NPU  U3MEPEHUM 3HAYUTENIbHO WCKAXKEHHOro TOKa. [apMOHWYEeCKMe UWCKarKeHus
Hanpa)eHusa, Kak NPaBu/Io, He NPEBbLIWAOT HECKONbKUX NpoLueHToB (Kak THDF, Tak v THDR).

5.4.5 KoadpdunueHT uckaxkenus toka TDD

KoapdunumneHT wuckaxkennss Toka TDD (aHwrn. Total Demand Distortion) — 3To nokasaTens,
npeacTaBnsfloWmMi  ypoBeHb 3OPEKTUBHbLIX 3HAYEHMI BbICWUMX TFAPMOHMK TOKOB, OTHOCUTE/IbHO
MaKcMManbHOro BoctpebosaHHoro Toka (aHrn. Demand Current). OH BbiBOAUTCA U3 Ko3ddumumeHTa THD
W ero 3HayeHue BblparkaeTcs GopmMynoii:

n 12
h=2"'h

TDD = — x 100%
I
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roe: Ih — a¢pdeKTMBHOE 3HAYEHME TOKa rapMOHMK h-ro psaga,
I.— BOCTpeboBaHHbIM TOK.

CpaBHuBan npusBeaeHHyto Bbiwe dopmyny ¢ THD ans TOKOB, Bbl MOXKETe BUAETb, YTO OHM Pa3INYaloTCA
TONbKO 3HayYeHMeM 3HameHaTend. Yucautenb OCTaéTcA HeUM3MeHHbIM W npeacTaBaseT coboit
3¢ PeKTMBHOE 3HAYEHUNE BbICLUMX FAPMOHMK.

BocTpeboBaHHbIM TOK || — 3TO MaKcMMasnbHOe cpegHee 3HAaYeHMEe OCHOBHOM COCTaBAAIOWEN TOKa,
3aperucTpupoBaHoe B nepuog HabaloaeHua. B Kavectse nepuoga HabaogeHMA 06bIYHO NPUHMMAaETCA
Heaens UM mecsd,

Ona obbacHeHUs pasHuubl mexgy THD m TDD Bocnonb3yemcs npumepom. [pegnonoxkum. 4To
OCHOBHaA COCTaBAAKOLWAA TOKA B Lenu nameHAetrca mexay 3HadeHmamm 1000 A n 10 A. UckaxkeHune
dopMbl TOKa MPUMEPHO Ha OAHOM W TOM Ke YpPOBHE BO BCEM WHTEpPBase M3MEHEHUA OCHOBHOWM
cocTaBastoweln u cootsetcTeyeT KoapdpuumeHTy THD: npumepHo 50%. Ecnm co3gaTtb rpadmK M3smeHeHns
KoadduumneHta THD Bo BpemeHu, TOo nonyumtca bonee-meHee MOCTOsSHHOE 3HayeHue 50% Bo Bcem
UHTepBane BpemeHW. O6paTUTe BHMMAHME, YTO HECMOTPA Ha TO, YTO B UCC/eAyEeMOM MWHTepBase
BPeEMEHM OCHOBHaA cocTasaAowan nsmeHserca 8 100 pas, Ha ocHoBe rpadumka THD Henb3Aa caenatb
BbIBOZ O MOTEPAX 3HEPIrMW B LENU B pe3ynbTaTe BO3HUKHOBEHWMS FAPMOHMK. Ecnn co3gaTb TakoM Ke
rpapuk ana koaddpuumenta TDD, TOo OH OyaeT uMmeTb BWA, aHaANOTUYHbIA TpPadUKy OCHOBHOM
COCTaB/IAOLWLEN TOKA — MaKcMmanbHoe 3HayeHne TDD gocturHeTt 50%, a MMHUManbHoe npumepHo 0,5%.
Takum obpasom, TDD nydwe oTpakaeT nsmeHeHMA 3GGEKTUBHOIO 3HAYEHMUA BbICLUMX FAPMOHUK — eCn
TOK JOCTUIHET MAaKCMManbHOro 3HadyeHus, To TDD npubansntca K THD, HO ecam 3HaAYeHWe TOKa B Lenwu
YMEHbLUAETCA, TO TaKKe YMeHbluaeTca u KoadpduuneHt TDD.

[ns pacyeta KoapoumumeHta TDD HeobxoaMMO 3apaHee yKasaTb WMAM paccumTaTb TOK l.. AHanmsaTopbl
PQM npepnoctaBnAoT ABa BO3MOXKHbIX MeTOAa:

® 3aBTOMATMYECKUI — TOK I onpeaenaeTcs NpUNOKEHNEM, KaK MAaKCMMaNbHOE 3aperncTpMpoBaHHoe
cpefHee 3Ha4YeHMe OCHOBHOM COCTaBAAIOLLEN TOKa (M3 BCEro MHTEpPBaNa pPerncrTpaLmm, no Bcem
KaHanam ToKa). Mocne BkAtouyeHUa peructpaummn TDD, aHannsaTop aBTOMaTUYECKU 3anucbiBaeT
napameTpbl 41A pacyeTa ero sHa4eHus.

® BPYYHYlO — TOK | BBOAWUTCA No/sib30BaTesieM (B NPWUIOKEHUN, NPU aHANM3e AaHHbIX). 3HaYeHue
TDD paccunTbiBaeTCcA Ha OCHOBE BBEAEHHOMO 3HaYeHUA

5.4.6 Koadpdunuent K

KoapdumumneHT K, TakKe HasbiBaembll KoadpduunmeHTom notepb B TpaHcpopmaTope (K-dakTtop) — 3aTo
BE/IMYMHA, KOTOpaa MCno/sib3yetrca npu onpegesneHun TpeboBaHWM K TpaHchopmaTopam MUTAHUA.
BbicLUME FAPMOHUKM B TOKE NMPUBOAUT K YBEANYEHUIO TEMOBLIX NOTEPb B OOMOTKAX U MeTaNINYecKux
anemeHTax TpaHcoopmaTopa. [NaBHOM MPUUYMHON ABNAIOTCA BUXPEBbIE TOKM, FEeHepupyemble
COCTaB/AOLWMMM TOKA Ha Bonee BbICOKMUX YAacTOTax, a TakKe CKUH-3ddEKT.

MoBblleHWe TemnepaTypbl TpaHchopmaTopa NPAMO  MPOMOPLMOHANAbHO  KBaApaTy — 4acToTbl
COCTaBAAIOLLMX TOKA, NO3TOMY Be/MYMHA Ha3blBaeTcA KO3GOULMEHTOM NoTepb B TpaHCchOpMaTope MAam
MHaue KoadduuMeHTOM K, yumTbiBas 3TOT aKT, OH paccuMTbiBaeTcAa Mo cneaytoweit dopmyne:
50 50 122
=1
KFactor = ) IE.h* = =—"———
I
h=1 1
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roe: Ihr — OTHOCMTENIbHOE 3HaYeHMe rapMoHMK ToKa h-ro paga (No OTHOWEHUIO K OCHOBHOM
rapmoHuKe);
Ih— amnanTyaa rapmoHMKK ToKa h-ro paaa;
l1— amnanTyZa OCHOBHOM COCTaBAAIOLWEN TOKa;

h — rapmoHunyeckui paa.

3TOT MapameTp NpPUAAET ropasno 6onbluMii BeC BbICLUIMM TAPMOHMKAM, YemM HU3WKMM — Kaxkaas
rapMoHMKa YMHOXaeTcA Ha KBagpaT ee psaa.

KoadpdpunumeHt K noneseH npu onpeneneHnun TpeboBaHWi K TpaHCcHOpMaToOpam, KOTOPble AONKHbI
paboTaTb B YCNOBMAX 3HAUYUTENbHbLIX WCKaXKEHWM ToKa. [lpegnonaraetca, 4To TpaHchopmaTop,
paboTatowmin B ycnoBMAX, ANA KOTopbIX KoadpduumeHT K coctaBnseT x, byaeTt reHepupoBaTb B X pas
6oblUe TeNaa, YeM B CUTYaLMM YNCTO CMHYCOMAaNbHOrO ToKa (K = 1).

5.5 HHTeprapMoHMKH

NHTeprapMoHMKM — 3TO TaKMe COCTaBAAKOLWIME YACTOTHOFO CMEKTPa HAMpPAXKEeHWs MAM TOKa, 4acToTa
KOTOpbIX He 6yaeT KpaTHOW ocHoBHoM 4yactoTe cetu (50 uau 60 lu). MpUUYMHOA BO3HUKHOBEHUSA
WHTEPrapMoOHMK MOTYT ObiTb, B YaCTHOCTM, HECMHXPOHHbIE U MEepPexoaHble MPOLLEeCChbl, CONYTCTBYOWME
NOAKOYEHUAM, NpPeobpa3oBaTeNM 4YacTOTbl, KOTOPble CO34AOT BbIXOAHYHO 4YacTOTy OT/IMYHYIO OT
YacToTbl NMUTaloLen ceTu, fobaBNAs B CUCTEMY CMEKTPasibHble MHTEPrapMOHUYECKME COCTaBaAoWMe,
OyroBsble neyn U MHAYKUMOHHbIE ABMraTe/In, a TaKKe NpuBOAbl C NepemMeHHOW Harpyskon. CurHasbl
yrnpaBaeHusa, TO eCTb CWUrHajbl CTPOro OnpeaenéHHON 4acToTbl, KOTOPble FeHepupytoTcs B Lenax
yrnpaB/JeHMA M MONagaloT B /MEKTPOCETH, TaKkKe CledyeT PacCMaTpMBaTb KaK MHTeprapMoHMYecKue
coctasasAowme. MHTEPrapMmoHMKM C 4acTOTOM, MeHbLUe OCHOBHOM YacToTbl CETW, Ha3blBalOTCA
CybrapmMoHmKM.

IddeKTbl NPUCYTCTBMA MHTEPTAPMOHUK MOTYT BbIThb CaeaytoLLme:

L] Poct noTepb B MeXaHUYeCKUX ABUraTenAx, NosBbllleHUe TemnepaTtypbl, B YaCTHOCTU, BPEOHbI
CybrapMoHmKK, NOCKO/bKY NOTEPM MOLLHOCTU BO3PACTaloT C YMEHbLLUEHNEM YacTOoTbl;

e MepuaHue cBeTa; B 3TOM C/ly4yae TaKXKe OCOOEeHHO HenpuATHbl cybrapmoHuKkK. Hanpumep,
cybrapmoHuKka ¢ yactoton 8,8 ', NPUBOAMT K MOAYNALMUU HANPAXKEHUA CETU B AManasoHe, B
KOTOPOM YesioBeYEeCKUi rnas Hambosiee YyBCTBUTENEH K 3STOMY AB/IEHUIO;

e HuM3Ko4YacToTHble KonebaHmA B MeXaHUYECKUX CUCTEMAX;

e [lomexu B paboTe cucrem ynpassieHns u 6e3onacHocTy;

L Momexu B TeNeKOMMYHUKaUUNAX U aKYCTUYEeCKne,

e MarHuTHOe HacblllleHWe cepaeyHnKka oT cybrapmoHuk (TpaHchopmaTopbl, sneKTpoaBUraTenn u
T.4.).

B3aumopaeicTene BbICLUMX FAPMOHWMK U MHTEPFAaPMOHUK TAKMKe MOMKET MPMBECTU K HexKenaTesbHbIM
ABNEHUAM, TaKMM KaK BMeHMA Ha HU3KMX 4YacToTax. Hanpumep, 9-A rapmoHmka (450 lu) smecte ¢
MHTEPrapmMoHuKoi 4yactotbl 460 U NpuBOAUT K BO3HUKHOBEHWUIO 3ddekTa bueHnsa yactoton 10 Iy
HECMOTPSA Ha TO, YTO B YAaCTOTHOM CNEKTPE HET COCTABAAIOLLEN 3TOM YacTOTbl. YenoBEYECKUI 133 OYEHb
YyBCTBUTE/IEH B 3TOM AMana3oHe M TaKoe B3aMMOAEWCTBME MPUBOAMUT K 3HAUUTENbHOMY 3ddeKTy
mepuaHua ceeta. Popma HanpaskeHuna 230 B/50 My B 3TOM CMTyaumMmM noKasaHa Ha puc.47 (ycTaHoBneH
ropaszo 60/blWKniA ypoBEHb NHTEPrapMOHMKM YeM 06bIYHO, YTOObI NOKa3aTb 3GdEKT Ha PUCYHKe).
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Puc.47. 3dekT B3aumogaenicteuns 9-i rapmoHumkm (450 'y, 10% Unom) 1 uHTeprapmoHukn 460 'y,
(10% Unom). Buammbie nameHeHma ¢opmMbl HanpaxeHMa ¢ YyactoToi 10 U, KoTopble MOryT co34aTb
addeKkT mepuaHua ceeta (Unom =230 B RMS, 50 I'u).

5.5.1 KoadpPuuueHT HHTEeprapMoHU4eCKUX uckaxeHuu (TID)

Obuen mepon NPUCYTCTBUA WUHTEPrapMOHWK B CUTHane ABAseTcA KO3pPUUMEHT coaep’KaHus
WMHTEPrapMOHMK, KOTOPbI ONpeaenaeTcs Kak:

no A2
ih=0“"ih
TIDp = —— X 100%
Ay
’ 2
ih=04in
TIDp = ——x 100%
RMS
roe: TIDF — KO3pPUUMEHT coAep’KaHUsA MUHTEPrapMoOHMK MO OTHOLWEHUID K OCHOBHOW

CoCTaBAstoLWeEN,

TIDg - KO3POUUMEHT COAEPHKAHNA UHTEPrapMOHMK MO OTHOLIEHUIO K AENCTBYIOWEMY 3HAYEHUIO
RMS,

Ain — DeNCTBYlOWEE 3HAYEHNE MHTEPTAaPMOHUKHM jh-ro paaa (noAarpynnbl MHTEPrapMOHMUK),

A; — peicTBytoLLee 3Ha4YeHNE OCHOBHOM COCTaBAAOLWEN,

Arvis — AMCTBYIOLLEE 3HAYEeHUe CUrHana,

N — KOIMYECTBO BKJIKOYAEMbIX MHTEPrapMOHMK (Hanpumep, 50).

TID sABnseTcA OTHOWEHWEM AEeiCTBYIOWEro 3HAUYEHNA BCEX MHTEPrapMOHUK K OCHOBHOW COCTaBAAOLLEN
(ans TIDg) nn Kk pencreytowemy 3HayeHunto RMS (gns TIDg).

Mpruemnemblit ypoOBEHb MOMEX MHTEPrapMOHWMK B HANpPAXeHUM — 3TO BOMPOC AWMCKYCCUIA B Kpyrax,
CBA3@HHbIX C KayeCTBOM 3/IEKTPO3Heprnn. HeKkoTopble WMCTOUYHUKM YTBEPKAAIOT, UYTO CyMMapHbIi
K03dPULMEHT MHTEPrapMOHUYECKMX UCKAXKEHWNI NO HAMPSAXKEHUIO He A0/KeH npesbiwaTb 0,2%.

5.6 CursHasibl ynpaBJeHUs

YnpasnawwmMmm curHanamu (aHrn. mains signalling) HasbiBalOTCA CUrHaAbl, KOTOpble BBOAATCA B
JNEKTPUYECKYIO Lenb A4A AUCTAHUMOHHOrMO YMNpaBAEHWA W KOHTPOAA Haf YCTPOWCTBamMM,
MOAK/OYEHHBIMW K TON e ceTn. Takum o6pas3om, pacrnpenenutensHas CeTb Kpome nepeaaqu
SNEKTPO3HeprMM, B AAaHHOM C/lyyae MCMoJIb3yeTcs B KayecTBe cpeabl Nepegayn ana CBA3U MeXKay
ycTpoicTBamu. PasnnyaoT TpM TMNA CUTHANOB:
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e  CurHanbl HM3KoM YacToTbl oT 110 ao 3000 u, HasbiBaemMble NO-aHIAUIACKU ripple control signals
(mocnoBHO: NnynbcupyloLmMe ynpasnstowme CUrHanbl);

e  CurHanbl, NCNONb3YIOWNX HeCyLWy 4vacTtoTy, aHrn. Power Line Carrier Communication, PLCC,
AnanasoH yactoTt oT 3 ao 148,5 Kl'u;

e MapKepHble curHanbl (aHrn. marking signals), KOPOTKME BCNIECKU NPU NepexonHbix npoueccax,
HaNOXEeHHble B onpeaenéHHON TOYKe Ha CUTHAA HanpsKeHUs.

MoCKoNbKY BBEAEHME TAKMX CUTHANOB B CETb 31EKTPONUTAHUA MOXKET MMETb HeraTuBHble NOCNeACTBUA
01 HEKOTOPbIX YCTPOMUCTB, NOA06HO BAMAHWUIO, KOTOPOE OKasblBAlOT FAPMOHUKU UAN UHTEPrapMOHUKM,
To FOCT 32144-2013 ycTaHaBAMBAET IMMUTbI Ha 3-X CEKYHAHbIE CpeAHMe 3HaYeHNA ONA TAaKNUX CUTHANOB,
KaK MOKas3aHO Ha puc.49. 3a Bpems mamepeHus, 99% cpeaHUxX 3-CEeKYHAHbIX 3HAYEHU CUTHANOB
ynpaBAeHUA A0KHbI ObITb HUMKEYKA3aHHOMO IMMUTA.

CurHanbl HWM3KOM 4acToTbl (B0 3 KIML) MCNonb3yloTcA A1A BK/AOYEHUA W BbIK/IOYEHUA Harpysku,
dunbTPOB, YyCTpOWCTB 6HesonacHocTM. OAHMM W3 NPUMEHEHUIA ABAAETCA YNpPaB/ieHUE YAMYHbIM
OCBELLEHMEM MAN AUCTAHUMOHHOE yMnpaBjeHWe OTOMUTENbHbIMW YCTPOMCTBAMMU M KOHAMLMOHEPAMMU,
Mcnosib3yemoe B HEKOTOPbIX CTpaHax. YacTo curHanbl 3TOrO TUMa WMCNOJb3YOTCA NpU 06CAYKMUBAHWUK
KAMEHTOB C AByMA Tapudamu (Hanpumep, npu 6onee AeWEBOM HOYHOM Tapude NOCTaBLUMK IHEPTUU
aBTOMAaTUYECKM OTK/IIOYaET onpeaeneHHYI0 HarpysKky). 3ToT TMn cBA3K 06bIYHO OAHOHANPaBAEHHbIN. U3-
3a XapaKTepa 3aTyXxaHus B pacnpeaenvTeslbHOM CeTU, KOTOPOe YBENNYMBAETCA C POCTOM YacToTbl, CBA3b
no 3TOMy MeToAy NO3BOASAET NOAYYUTb 6O/bLWYIO A4aNbHOCTU Nepeaayn (Aaxe Ha COTHU KunomeTpos). B
npouecce nepeaayn ynpasasatoLlmii CUrHaN OTNPaBAAETCA HECKO/IbKMMM NaKeTammn U NosTopaeTcs Yepes
onpegenéHHoe Bpemsa. Camo Bpems, B TeYEHME KOTOPOrO CUIHa/A aAKTUBEH, MOXKET ObiTb O4YeHb
NPOAOMKUTENbHBIM, HANPUMep, 2 CEKYHAbI CUrHAN BKAIOYEH, 2 CEKYHAbI — BbIK/OYEH U HECKO/IbKO pas
MoBTOPATLCA. M3BECTHbI C/lydYan, KOraa Takon TUM nepeaadv NpuUBOANA K NOABAEHMIO HEXKENaTebHOro
apdeKTa MmepuaHus ceeTa. MNpumep nepesayun cUrHana Takoro TMNa NokasaH Ha puc.48.

AL raNnaTY RS
CHMHENE YNPSENEHKA
—+ -—T2_=2!3
— | o T *
Ti=1c Bpema
1 MKHY TS
1 yac

Puc.48. Mpumep nepenaym ynpaBastolLLero CMrHasa HU3KOM 4acToTbl.

Bonee BbICOKME 4acToOTbl nepefayn (cnepoBaTesibHO, TakKe 6o0Jsiee BbICOKME CKOPOCTM Nepenayn)
ABAAtoTCA obnactbto cBA3n Tuna PLCC. 3TOT TMN CBSA3M WMCNOJIb3yeT aMMAUTYAHYIO WM YacCTOTHYHO
MOAYNALMIO Hecyllel (BO3MOXHO, W Apyrne MeToAbl Moaynsaumm). B coBpemeHHbIX meToaax
NPUMEHSAIOTCA  C/IOXKHbIE  aNropuTmbl  06pabOTKM  CUrHanNoB, Aaa  NojaydeHua  Hambonbliel
NOMEXOYCTOMUYMBOCTU M CKOPOCTM Nepedaynm AaHHbIX. [lepegaya curHana tmna PLCC Bce Bpems
npuobpeTaeT NONYyAAPHOCTb, yBEAMUYMBAA 0b6nacTb CBOero npumeHeHus. CBA3b MeXAy TOYKaMK CeTu
MOMeT ObITb ABYCTOPOHHEN. KOHUEeNUMA UHTENNEKTYalbHOM ceTu, T.H. smart grid, LWUWMPOKO MUCNob3yeT
PLCC, KoTopas ABnAeTcA OAHMM U3 OCHOBHbIX METOA0B CBA3N MeXAY CYETYMKAMM 3NEKTPOIHEPrun u
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KOOPAMHALUMOHHbIM LEeHTpoM. OCHOBHble 06/1aCTU MPUMEHEHUA — 3TO TeNemMeTpusa, ONTUMMU3aLMA
notpebneHns  3N1eKTPO3Hepruu,  AUCTAaHUMOHHOE  yMpaB/ieHMe  Harpyskoih.  3aTyxaHue B
pacnpeaennTenbHOM CeTM OrpaHMuYMBaeT MaKCUMMasbHYI0 AanbHOCTb nepedaun. MakcumanbHas
[ANbHOCTb MOMKET COCTaBAATb HECKO/IbKO KWU/IOMETPOB, MPUYEM CYLLECTBYeT CW/bHaA 3aBUMCMMOCTb
MeXK Ay TUMNOM MOAYNALMUN, CKOPOCTbIO Nepeaaumn AaHHbIX U AOCTUraeMON AaNbHOCTbIO.

OgHoBpemMeHHO BeayTcsA PaboTbl MO CTAHAAPTM3AUMM UCNONb30BaHMA Gosiee BbICOKMX AMAMNA30HOB
yactoT (cBbiwe 148,5 Ky, M A0 HECcKoNbKMX adecATkoB MIU) Ans nepenayn [AaHHbIX HAa KOPOTKUe
ANCTaHUUN.

B ceTax cO 3HaAYUTEeNbHbIM COAEpPXKAHMEM FAPMOHUK, T4e A5 CHUXKEHMA YPOBHA NOMEX NMPUMEHAIOTCA
OONONHUTEeNbHble GUABTPbLI, BCNEACTBME MX WMCNONb30BAHMA MOMKET BO3HMKHYTb LOMOJHUTENIbHOE
3aTyxaHuWe B AMana3oHe 4acToT, UCNOAb3YEMbIX AN HYXKA CUTHAaAn3auumn. Kak Haanume pUNbTPOB, TaKk U
BbICOKMIA YPOBEHb FAPMOHNYECKUX U MHTEPrapMOHMYECKUX WMCKAXKEHUN, 3HAYMTE/IbHO OrpaHMYMBaloT
BO3MOXKHOCTb 3pHEKTUBHOIO MCMNOJIb30BAHUA pacnpenenntTesbHoM CeTm gas CBSA3M HU3KOYACTOTHbIM
metoaom mnum PLCC.

q

0 ¥POB EHE HAMNPA#EHMA B NPOUEHTEX

1 ; .
0.1 1 10 YacToTa (kMu) 100

Puc.49. lonyctnmble ypOBHU YyNPaBAAOLLNX CUTHANOB.

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) paét cneaywowmii MeTod W3MEPEHUSs CUrHaIoB
ynpasneHua:

e Ecnu yactota curHana ynpasneHua KpaTtHa 5 Ty, (To ecTb, coBnazaeT C BbIXOLHOMN MOJIOCKOM
YacTOTHOro aHaniM3a no 6bicTporo npeobpasoBaHua Pypbe), Toraa ciegyer yunTbiBaTb TOSIbBKO
OZLHY 3TY MOJIOCKY U ee AeNCTBYOLEee 3HaYEHNe;

e Ec/K YacToTa cUrHana ynpas/ieHusa He KpaTHa 5 U, TO paccumTbiBatOTCA AENCTBYIOWME 3HAYEHMA
YeTbIpPEX NONIOCOK MO HbicTpoMy NpeobpasosaHuio Pypbe, Hanbonee 61M3KMX 3TOM YacToTe.

5.7 AcummMmeTpus

ACVIMMeTpVIFI ABNAETCA NOHATUEM, CBA3AHHbIM C TpéXd)aSHbIMVI ceTAMU, U MOXKeT OTHOCUTbLCA K:

o ACMMMETPUN HaNPAKEHUIN NUTAHUA;
o ACMMMETPUMN TOKOB HarpysKku;

o ACMMMETPUM NPUEMHMKA.
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ACUMMETPUA Hanps)eHui (TOKoB) npoucxoAuT B TPExdasHbIX CeTAX, Korga 3HauvyeHuAa Tpex
COCTaB/AOWMX HANPAMKEHUIN (TOKOB) pasamnyaloTcs mexay coboit U/Man yrabl mMeKay OTAeNbHbIMM
dasamu otamyatoTca ot 120°.

AcMMMETPUA NPUEMHMKA BO3HUKAET TOT4a, KOrAa CONPOTUB/EHMA B OTAE/IbHbIX BETBAX NPUEMHUKA He
paBHbl Mexay cobon.

3TM aABneHMs ocobeHHO BpeaHbl Ana TpéxdasHbix ABuUraTenei, B KOTOPbIX Jaxe Hebosblias
aCUMMETPUA HaNPSKEHUA MOXKET MPUBECTM K MHOTOKPATHO 6o/blueit acMMMETPUM TOKOB. B TaKumx
YC/IOBUAX KPYTAWMNA MOMEHT ABUraTenss yMeHbLIaeTcss, U NosBAAOTCA yBe/IMYEeHHble NoTepu Tenna B
06MOTKax W MexaHWYeCKMA M3HOC. ACMMMETPUA TaKKe HeraTMBHO OTpaKaeTcA Ha CUJIOBbIX
TpaHcpopmaTopax.

Hanbonee paCﬂpOCTpaHéHHbIM NCTOYHUKOM aCMMMETPUN ABNAETCA HEPABHOMEPHOCTb HArpysku
OTAENbHbIX d>a3. Xopowurm npMmepom ABAAETCA NOAK/OUYEeHNE K CeTH TpéX¢a3HOI'O nepemeHHOro Toka
OAHOd)a?:HbIX Harpys3okK, TaKunx, Kak Xene3Ho40pPOXKHble TAroBble ABUraTe/IN.

AHanu3aTop NO3BO/MAET M3MEPATb aCMMMETPUU HAMPANKEHUA M TOKOB METOAOM CUMMETPUYHbIX
COCTaB/AOWMX. ITOT METOJ, OCHOBAH HAa MPeAno/IOXKEeHWMM, UYTO KaKAbli Habop B cocTaBe TPEX
HeypaBHOBELIEHHbIX BEKTOPOB, MOXHO Pa3/0XKWUTb Ha CyMMY TPEX rpynn BEKTOPOB: NPAMOM, 06paTHoOW
W Hy/JIeBOM NOC/ef0BaTE/IbHOCTY.

II-"'ll'_:
allsa U Uik als a’Usc
a’lic h Uy +alyg + 28U, = 3U°
Uss

Puc.50. NMpumep onpegeneHma CUMMETPUYHON COCTaBAAIOLWEN NPAMOI NOCNeA0BaTE/IbHOCTH.

B KauecTBe npumepa npeacTaB/ieH cnocob pacyéta HanpAXKEeHMA COCTaBAAOLWEN NPAMO
nocnesosatesbHoOcTU. M0 onpegeneHunio:

1
ur= §(Q1A +aUyp + a?Usc)

roe: U*— aBnaeTcs BEKTOPOM NPAMOI NOCNeA0BaTENbHOCTH,
Uia, U1, Uic ABNAOTCA BEKTOPaMM OCHOBHbIX COCTaBAAOWMX dpa3HbIx Hanpsxernnn Ua, Us, Uc,
N 1 V3. i240° 1 3.
a = 1le/120 =_5+7] a2 = 1eJ240 =—-—2j

Ha puc.50 npeacrtasneH rpaduuecknit cnocob onpepeneHuna 3TOW cocTaBasatowen. Kak BMAHO U3
OAHHOTO oOnpefeneHus, BEKTOP COOTBETCTBYIOLWLEN COCTaBAAIOWENA paBeH O[HOW TPeTUn CymMMmbl
komnoHeHToB:_U1a, aU1s, a2Uic. MapameTtp @ n a2 — 370 eAnMHMYHbIE BEKTOPbI C yraamu 120° n 240°.
Mpoueaypa, cneayowan: BekTop HanpsxeHua UiB HYy)XHO NoBepHyTb Ha yron 120° npoTuB 4YacoBoOl
CTpenku (ymHoXKeHue Ha «a») n fobasutb K BekTopy U1a. 3aTem BekTOop Uic HYXKHO NOBEPHYTb Ha yron

240° n pobaBuTb K Npeablaylien cymme BeKTOpoB. B pesynbTaTe nonyumtcs Bektop 3U*. BekTtop U*
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ABNAETCA MCKOMOM CUMMMETPUYHOM COCTaBAAIOWEN NpAMOM nocnegoBatesibHOCTU. OTMETMM, 4YTO B
cayvyae waeanbHOM CUMMETPUM  (paBHble  HanpPsXeHUs W yrabl), COCTaBAsAOLWME NPAMOK
nocsefoBaTeNbHOCTU, ByAyT paBHbI N0 BeAUYMHE $ha3HbIM HaNpPAXKEHUAM.

AHaANOrMYyHoO, obpaTHasA COCTABAAIOLLAA ABAAETCA MEPOM NoA0OMA CUMMETPUYHOTO Habopa TPExdasHbIX
BEKTOPOB 0b6paTHOM NocneaoBaTe/IbHOCTH.

HyneBas nocnegoBaTe/ibHOCTb CyLW,ECTBYeT B CMCTEMAX, B KOTOPbIX CyMMa TPEX HAMPAMKEeHWn (Mnu
TOKOB) HE PaBHa Hy/tO.

LLIMpOKO MCNONb3YeMOl B 3HEpPreTUKe BEIMYMHAMM, XapaKTEPU3YIOWMMKU aCUMMETPUIO CETH, ABNAIOTCA
Ko3ddMLMEHTBI HECMMMETPMM No obpaTHOMW M HyneBol nocnegoBaTenbHocT (popmynbl  ana
HanpAXXeHus):

u0=Z—‘1’-100% u2=Z—i-100%
roge: Uo— KOBd)d)MLI,MEHT HECUMMETPUN No HYJ'IEBOﬁ nocnenoBaTesibHOCTH,
Uz — KoadpPUUMeHT HecummeTpun no obpaTHOM NnocneaoBaTeNbHOCTH;
Uo— HynesaAa CUMMETPUYHAA COCTaBNAOLWAA,
U;— npamas cuMmmeTpuYHan coCTaBAAIoLLan;

U,— obpaTHana cMMMeTpMYHaA COCTaBAAIOLLAA.

Hanbonee yaobHblit mMeTod ANsA pacyéTa CUMMMETPUYECKMX COCTaBaAlowWwMX M KoadpduumeHToB
HECUMMETPUU — 3TO WUCMNONb30BaHME B pacyéTax KOMMIEKCHbIX uucen. MMapameTpamu BEKTOPOB
ABNAIOTCA aMMAMTyAa OCHOBHOW TFapMOHUKM HanpsseHua (Toka) um ee abCcoNtoTHbIA yron ¢asoBoro
casura. Ob6a 3TV 3HaYeHUs NoaydarTca U3 bbicTporo npeobpasosaHua Pypbe (FFT).

5.8 IIpoBaJibl, NepeHaNpsLKEeHUs U NpepbIBaHUA HaNPsDKEeHUA

MpoBanbl, NepeHanpaAMKeHMsa 1 NpepbiBaHUA HaNPAXEHUA ABAAIOTCA HapyLIEHUAMWU B CETH, B TedeHue
KOTOPbIX AeNCTBYIOWEe 3Ha4YeHNE HanPAXeHNa 3HaYnTe/IbHO OT/INYAETCA OT HOMMHAJIbHOrO 3HaYeHMA.
Kaxaoe u3 3TUX TPEX COCTOAHUI MOKeT 6biTb O6HapyeHO aHanAM3aToOpoM Mocae BKAKYEHMUA
06Hapy»KeHns cobbITMiA U onpeaeneHns Nob3oBaTesIeM 3HaYeHUA NOPOros.

MpoBan HanpaXKeHUs — 3TO COCTOAHME, B KOTOPOM AEUCTBYIOLLEE 3HAYEHWME HAMPAMKEHUA HUXKe
3agaHHOro nopora nposasna. OCHOBOW M3MepeHWa MpoBana ABAAETCA 3HavyeHue URMS(1/2) , TO ecTb
AeicTaylolLee 3HaYeHUE, NePUOANYECKM 0BHOBAAEMOE KaKayto NOMOBMHY Nepunoaa.

Onpegaenenune nposana (FOCT 30804.4.30-2013): npoBan HanpsKeHMA HaYMHAETCA B TOT MOMEHT, Koraa
HanpsaxeHne URMS(1/2), YMEHBLINTCA HUXKE MOPOroBOr0 3Ha4yeHUA MpoBasa, M 3aKaHYMBaeTcA B TOT
MOMEHT, KOrfa 3HayeHue HanpaxeHua URMS(1/2) CTAHET paBHbIM WAW NPEBbICUT MOPOr nposana ¢
rMCTePEe3nCoOM HamMpAXKeHUA.

Kak npasuio, nopor nposasa ycTaHaBAMBAlOT, Ha ypoBHe 90% Unom. Bo Bpems npoBasa aHanusatop
3anuncbiBaeT MMHMMAbHOE 3apPerncTpMpoBaHHOE 3HAYeHWe HanpAKeHua (3Ta BenuMHa HasblBaeTcA
OCTaTOYHbIM HanpsaxeHnem Ures U ABASETCA OAHMM M3 MapameTpOB, XapaKTepusylolmMx Mnposan) u
cpegHee 3HayeHWe HanpsaXKeHus.

MNpepbiBaHWE MUTAHMNA — 3TO COCTOAHME, B KOTOPOM HanpaAxeHue URMS(1/2) HMXKe YCTaHOB/NIEHHOrIO nNopora
npepbiBaHMA. Kak npasuio, NOpor npepbiBaHMA YCTaHABAMBAETCA 3HAYUTE/IbHO HMXKE nopora Nposana,

Ha ypoBHe 0ko0/10 1...10% Unom.
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MpepbiBaHME HAYMHAETCS B TOT MOMEHT, KOrga HanpsaxeHue URMS(1/2) YMEHbLUMUTCA HUXKE MOpPOroBoro
3HAYEHUS NpepbIBAHUA U 3aKaHYMBAETCA B TOT MOMEHT, KOrAa 3HavyeHue HanpsaxKeHua URMS(1/2) CTaHeT
paBHbIM UM MPEBbICUT NOPOT NPEPbLIBAHUSA C TMCTEPE3NCOM HaNPSKEHUA.

Bo BpemAa npepbiBaHUA aHaNM3aATOP COXpPaHAET MUHMMANbHOE 3apPerncTpmMpoBaHHOE 3HayeHue
HanpAaXeHnAa n cpeagHee 3Ha4eHne HanpAaxXeHuAa.

OefCTEYHWEe SHAYEHME
HEMPAKEHMA 38 (RMS, )
nomyrneprog & ‘

MAKCHMSNEHDE IHSYEHME
MNepeHanpakeHKa

Nopor NepedHanpaseHna

mcTepesms

HOMKWHSNEHOE SHAYEHWE HANP ARKEHM A

npoEan

mcTepesme |
NOpOr MRoEans

NREpk B aH1E

mcTepesic |

Nopor MRepBlEaHu

MWHWMSNEHDE ZHAYEHKWE
NPOE&NS W NPERBIESHK A

Puc.51. MNMepeHanpAaxeHMa, NPOBasibl N NPepbiBAHNA HANPAXKEHUA.

MepeHanpaXeHne — 3TO COCTOAHWME MOBbLIWEHHOrO 3HaAauYeHMA HanpaXeHuA. Mopor HanpaXKeHuA, Kak
npaBwWJ/io, yCTaHAaBAMBAETCA Ha YPOBHe, 61n3kom K 110% Unom.

MpeBbleHNe HanpPAXKEHUA HAYMHAETCA B TOT MOMEHT, KOraa HanpaxeHne URMS(1/2) NPEBbICUT 3HaYeHME
nopora nepeHanpA)KeHWs, a 3aKaH4YMBAETCA B TOT MOMEHT, KOTAa 3HauyeHue HanpaxeHua UrMs(1/2)
CTaHEeT PaBHbIM UM MeHbLLE NOPOra NepeHanpsXKeHUa YMeHbLEHHOTO Ha rMCTepesnc HanpsxKeHus.

Bo Bpems nepeHanpAMXeHMA aHaIM3aTop COXpaHAET MaKCMMaibHOE 3aperncTprpoBaHHoe

3HAYEeHMe HANPAXKEHUSA, @ TAKXKe cpegHee 3HAaYEHNE HanpPsXKeHUA.

3HayeHMe ructepesnca ONA 3TUX TPEX COCTOAHWIM TO Ke CamMoe W BblpakaeTcsd, Kak yCTaHOB/JEHHOe
nonb3oBaTesiemM 3HaYeHMe B MNPOLEHTaXx OT HOMWHaNbHOrO HanpsxeHua (napametp lucTepesuc

obHapyXeHua cobbiTui).
AHanusaTop GUKCUPYET BPEMS Hayana MU OKOHYAHUA cObbITUA (C TOYHOCTbLIO 40 NOJIOBUHBLI Nepuoaa).

MuHMManbHaa NpPoLoOMKNTENBHOCTD cobbiTuA npoBasia, NpepbiBaHNUA U NepeHanpAXeHUA COoCTaBiAeT

NoN0OBUHY Nepuoaa.
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Puc.52. OnpegeneHune 3HavyeHmna URMS(1/2).

mazs B

yr

3HauyeHua URrms(1/2) onpeaenstoTca B TedeHue 1 nepuoaa B MOMEHT nepexoga Yepes HOo/b OCHOBHOM
rapMOHMKN HanpaxeHua U OBHOBAAIOTCA KaKAable MoAnepuosa He3aBUCMMO /1A KaXKAOro KaHana
HanpsxXeHua. 3TO 03HAYaET, YTO 3TN 3HAYEHMA OblIM NOJIYYEHBI B pa3HOE BPeMs A/11 PasHbIX KaHaNoB.
Puc.52 wnnioctpupyet meton onpegeneHua 3HavyeHuAa RMSY: Ha npumepe asyx ¢as HanpaxKeHus.
UHbopmaumua o nepexoge 4Yepes HOAb OCHOBHOM TAapMOHWMKM MosiydeHa NyTém  OBbicTporo
npeobpasosBaHua Pypbe (FFT).

5.9 bBbicTpble H3MeHeHUsA HanpsikeHus (RVC)

OnpeaeneHune 6bICTPbIX U3MEHEHUI HanpaxeHua (aHrn: Rapid Voltage Change, RVC) cneayolee: 3To
BHE3anHoe u3MeHeHWe 3OPEKTUBHOTO 3HAYEHMA HAMPAKEHUA Mexay [ABYMA YCTOMYMBLIMM
COCTOSIHUAMM, BO Bpems KoToporo, 3$pPeKTUBHOE 3HAYEHME HAMPAMKEHUS He NpeBbilaeT Moporos
npoBana 1 Bo3pacTaHuA.

B ynpolieHHOM BUAE MOXHO CKasaTb, 4To RVC — 3TO ABAEeHMe, MMelolllee HEKOTOPOEe CXOACTBO MO
XapaKTepy € NpoOBasaMM U BO3PACTAHUAMM HaNPAKEHUA, HO MeHbLUEH aMnAUTYyAbl. ITU TUNbl COBbITUIA
yalle BCEro fABAAIOTCA pPEe3y/bTaTOM M3MEHEHWM B Harpyske CeTuM 31eKTPOMNUTaHWA BCAeACTBUE
NnepeKaloYeHN Uan aBapui.

B o6oux TMnax cobbITU UCMONL3YIOT O4HU U Te e UCXOAHble AaHHble — 3¢deKTUBHOe 3HayYeHue 1
nepuoaa, obHoBNSIEMOE Yepes Kaxkable noanepmoaa, 0603HayeHHoe cMMBOAOM Ugms(1/2).
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NOROT NPOEBana HaNP AKeHW A

Bpemn.
Puc.53. BbicTpble nsmeHeHua HanpsxeHua (RVC) - npumep.

ANroOpUTM U3MepeHUa BbICTPbIX U3MEHEHUIA HAaNPAXEHUs, cneayrolwmii (cm. puc.53):

e PaccumntbiBaeTcs cpegHee apudmetudeckoe npedplayuwmx 100/120 3HaveHnin UrRms(1/2) (okono 1
C). dTa BenuMumMHa 3aTem OBHOBAAETCA C Ka)KAblm nocineaylouwmMm 3HadeHuem URrms(1/2). Ha
PUCYHKE OHO MOKa3aHO HenpepbIBHOM KPMBOM KPAaCcHOTO LLBETA.

e Ecam Bce npeabiaywmne 100/120 3HaveHuAa URMS(1/2) pacnosioxeHbl B 061acTv, onpeaensemoi
CpefHMM 3HaYeHMeM, paclUMPEHHOMN C 06enx CTOPOH Ha rucTepesuc (ABe KpacHble MyHKTUPHbIE
JIMHUWN Ha PUCYHKE), TO HaNpsXeHne B «CTabUNbHOM» COCTOSHUM.

e B TOT MOMEHT, KOrAia yc/ioBue «CTabuabHOCTU» He BbIMOIHAETCA, T.e. 0AHO AN bonee 3HaYeHUN
URMS(1/2) NpPEeBbICUT paspelleHHbld AnanasoH, HaumHaeTcAa cobbitTe RVC (Ha pucyHKe 3TO
obnactn cuHero uygeta). OgHOBPEMEHHO Ha MOPOr HAKAa4blBaeTCAs ructepesnc (4onyCcTMmbli
ONana3soH WM3MEHEHUM YMEHbLUAETCs Ha TUCTepesunc), a Kpome TOro, M3MEHEHUA CUrHana,
onpeenalolero  «ctabunbHOCTbY  HanmpsaseHusa, 6aokupyloTca  Ha Bpema  100/120
nonynepuonos cetn. Mo aTol npuumHe, cobbita RVC He 6yayT OOHapy»KeHbl yalle, 4yem
NPUMEPHO OAMH pPa3 B CEKyHAY.

e Korpga ycsoBue «CTabuibHOCTU» HanpaXeHus byaeT BbINoJIHEHO CHOBa, cobbiTue RVC OKOHYeHoO.
Bpems oKoHuYaHuA cobbiTna oTctonT Ha 100/120 nonyneprMoaos CeTM OTHOCUTENbHO U3MEHEHMSA
CUrHana n3 «HectabuabHOro» B «CTabunbHOE» CoCToAHME.

e Ecin BO Bpema aenctsma cobbitus RVC BO3HMKHET NpoBaf MM BO3pacTaHWe Hanps:KeHuda, To
Takue cobbiTva RVC nponycKatoTca. Ha puCyHKe MOKA3aHO BO3pacTaHMe HanpsxKeHWs Bbllie

nopora — 3To cobbiTe OTMEHSEeT noTeHuManbHoe cobbiTe RVC, ecam 6bl OHM BblNO Toraa
obHapyKeHo.

MapameTpbl, XapaKTepusytowme BbiCTpble U3MEHEHWUA HANPAXKEHUA:

e AUss (aHrn. steady-state) — 3To pasHoOCTb mexay cpeaHumu (,cTabunbHbiMK’) 3HAYEHUAMM
HanpsAeHua Ao n nocne cobbiTna RVC.

e AUpmax — 3TO MaKCMManbHOE OTK/IOHEeHMe 3HayeHuA URMS(1/2) OT cpegHero 3HaYeHua BO Bpems
nenicteua cobbitns. AUpmax 06bI4HO Bonblue, yem AUss.

e [lnutenbHocTb (Ha Puc. 53 o6o3HaueHa «tryc»). CaMoe KopoTKoe BO3MOXKHoe cobbiTne RVC umeet
ONNTeNbHOCTb OAHOrO Nonynepuoaa cetu.

Ha momeHT FIY6I'IMKaLI,MVI AaHHOTO PyKOBOACTBaA HET MeXAYHaAapPOAHbIX CTaHAAPTOB A4 OO0MNYCTUMbIX
3HayeHuit RVC B 9N1EeKTPO3HEepreTUYeCcKMx ceTAx. HeKoTopble CTpaHbl BBE/JINU CBOMU COBCTBEHHbIE

KpuTepun gnsa RVC, Hanpumep, obHapy»KeHne cobbiTna nocse npesblleHMA nopora Ha yposHe 5% Unowm
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(to ecTtb, obHapyskmBatoTca cobbiTvaA, ana Kotopbix AUwmax > 5% Unowm). MHOraa Takike yKasbiBatoT
A0NYCTUMbIN IMMKUT Yncna cobbituit RVC B cyTKuM.

5.10 IepexogHble MPOLECCHI M CKAYKHU HANPSDKEHUA

MepexoaHble NpoLLecchl — 3TO HeXenaTeslbHble BbICTPble U KPAaTKOBPEMEHHbIE NMOMEXW B 3/1IEKTPUYECKOM
ce™n. MIx conpoBoXaaeT peskoe U3IMEHEHWE HAMPAMKEHUs U CUAbl TOKA. [NUTeNbHOCTb MOMEXM, Kak
NPaBuNO, COCTABAAET OT HECKO/IbKMX HAHOCEKYHA, [0 HECKONbKUX MWANUCEKYHA,. YacTo gns HUx
NCMNONb3YHOT TEPMMUHbI, TAKME KaK BCMIECKU, MUK HanpsaKeHua, BpoCcKKn, MMnyibebl, KonebaHma, ogHaKo
BCE 3TO ynpowatowmne onpeaeneHnn. MpoLeccbl XxapaKTepusyoT UCKAXKEHUE CUTHaNa BO BPEMEHHOM
o6nactn 1 BKAOYaeT B ceba cMbICN BCeX NepPedmnc/ieHHbIX onpeaeneHnin. x moxHo KnaccuduumpoBaTtb
no A/MTENbHOCTU U CKOPOCTM HAapacTaHMA, aMMNIUTyAe, YaCTOTHOMY CNEeKTPy, NepesaBaemolt sHepruu,
WCTOYHUKY NPOUCXOXAEHUA U T.4. Hanbonee onacHble ANA 3NEKTPUYECKUX YCTPOMCTB — 3TO NPOLLECCHI,
BbI3bIBAOWME 3HAYUTE/bHBIN POCT HAaNPsXeHWUa B JIMHUMW 3/1EKTPONUTAHUA (CKauyKKM HanpsaxkeHus). Mo
NUCTOYHUKY NPOUCXOXKAEHUA TPAH3MEHTbI YacTo AENAT Ha cnepytowme rpynnbl:

e [lepeHanpAMKeHUs OT MOIHUM, BO3HMKAlOLLME B pe3y/ibTaTe aTMOChepHbIX pa3panoB;
e [lepeHanpsaxeHus KonebaTenbHOro XapaKTepa, Yalle BCEro Bbi3BaHHble Mepek/oYeHnem
6aTapen KOHAEHCATOPOB;

e [lpyrMne KOMMyTaUMOHHbIE NepeHanpsaKeHnsa (B Tom yncie GpeppopesoHaHc).

MNepeHanpsXeHus, BbI3BaHHble aTMOChEpPHbIMM  paspsgamu, MOrYyT MMeTb pPaspyLnTenbHble
nocneactsmMa M3-3a O4vyeHb 6OONbLLION 3Hepruu, BbICBOBOXKAaemolW npu paspAage. BoONbWKMHCTBO
HabnoAaembix B CETAX MNepeHanpPsKeHWM Takoro TMna — 3TO MOC/AEeACTBUA, UHAYLUMPOBAHHOIO B
NPoBOAAX CETM 3NEKTPOMUTAHUA CKayKa HanpaXKeHus B pesynbTaTe 6/M3KOro, HO He NpPsmMoro
nonagaHuMa MoJIHUU. B OKpecTHOCTAX yAapa co34aeTcs OYeHb CU/bHOE 3/IEKTPOMarHMTHoe nosie u B
ONVHHOM BO34YLWHOW IMHUWN UK NOA3EeMHOM Kabenie HaBoaATCcA 60NblUME HANPAXKEHUSA, MPOHMKaloLLLee
B pacnpefenuTesibHyt0 ceTb. ITU NepeHanpaXKeHUa MMerT MMNYJIbCHbINA XapaKTep, a Bpemsa HapacTaHus

dpoHTa uMnNynbca nopAgKka MUKpocekyHa. Ha puc.54 nokasaH npumep rpo3oBOro MMMysabca C
aMnAnTya0M OKoJio 6,6 KB.
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Puc.54. Mpumep cKauKa HanpAXKeHMA OT MOJTHUN.
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B pamKax UCNbITAaHUN TENEKOMMYHUKALMOHHbBIX YCTPOWCTB, MpeXAe YeM AONyCTUTb UX K MPOoJaKe,
TpebyeTcs npoBefeHWe TECTOB HA YCTOMYMBOCTb K MMMY/bCAM, UMUTUPYIOLLMM MepeHanpsaxXeHne ot
MONHUKU. TlpucoegmHUTENN NUTAHUA MNEepPeMeHHOro TOKa WCNbITbIBAlOT umnynbcamm + 2 KB,
NnogaBaemMbiMM MeXAY JAWHUEN nUTaHMA W 3a3emieHMem M t 1 KB HenocpeacTBEHHO MeXKay
NUTAOLWMMN ANHUAMMK. CTaHAAPTU3MPOBAHHbIN UMMY/AbC UMEET BPemMA HapacTaHWsa HanpsxeHusa 1,2
MKC 1 BpemMa crnaga 50 mkc. ns M3mepuTenbHbIX NPUO60POB, KOTOPbIE MOXKHO MOAKAOYUTD HAaNPAMYIO K
3NEKTPUYECKOM CeTM B pacnpesenntesibHOM LUTE UM MOHMXKaoWeM TpaHchopmaTope, onpesenatoT
N3MepUTENbHYIO KaTeroputo (no nepeHanpsaxeHuto) npubopa, KOTopas roBOPUT O CTEMEHU 3aLLMUTbI OT
nepeHanpsxeHua. Hanpumep, ana nsmeputenbHon kateropum IV 600 B, TpebyeTca ycToMuMBOCTb K
umnynbcam 1,2 mkc / 50 mKc ¢ amnautygor 8 KB, nogaBaembiM HEMOCPEACTBEHHO Mexay
N3MEPUTENbHBIMU 3aXKUMaMK, NMPU CONPOTUBAEHUN UCTOYHMKA 2 OM. MUKOBBIN TOK NPU KOPOTKOM
3aMblKaHUW UCTOYHWUKA, TAKMM 06Pa3OM, MOXKET COCTaBUTb 4 KA.

OCHOBHbIM CpeacTtBOM 3aWNTbl OT TAKOro poda CKAa4YKOB HanpAxXeHunAa, ABNAETCA YCTAaHOBKA 3/1IEMEHTOB,
OrpPaHUYMBAOLWMX MAKCMMANbHOE HAMNpPAXKeHUe, TaKMX KaK paspALHMKN U BApUCTOpPbI. X KOHCTPYKLUA
AOJ/IKHA BblAepXaTb 3SHEPrnto ummnyabCa WU OrpaHndynTb A0 6esonacHoro YPOBHA HanpAaxXeHue,
noctynatouiee Ha ,u,aaneﬁmme uenu yCTpOVICTBa.

MepexoaHble NPOLECChl, BbI3BaHHbIE NEPEKNOYEHUEM KOMMEHCALMOHHbIX KOHAEHCATOPOB, B OT/MYME
OT MPOLECCOB BbI3BAHHbIX YAAPOM MOJIHUWN, MMEKOT CBOW WCTOYHWK BHYTPM pacnpenenntesbHomn
aNeKTpuyeckoit cetn. KomneHcauma npumMeHAeTcs AAs MOBblWEeHMA KodpduumMeHTa MOLHOCTU U
3 EKTUBHOCTM Nepenaym sHepPrum nosaydatento. B MOMEHT NogKNOYEHNS KOHAEHCATOP SKBMUBAIEHTEH
KOPOTKOMY 3aMbIKQHUIO A1A 3N1EKTPOCETU, MO3TOMY B NEPBOE MIHOBEHME MPOUCXOAUT pe3Koe
CHUXKEHUWEe HaMpAXKeHWA NOoYTWU A0 HyAA, Nocse 4Yero cieayeT TaK Has3blBAEMblA CKAaYOK HaMpsaKeHus
3HAUYUTENbHO Bbille HOMWHANLHOIO (Kak NpaBu/o, He 6onee YemM 2-KpaTHOE MUKOBOE HanpaXKeHwe B
HOPMa/bHbIX YCNOBMAX), a 3aTeM Ko/sebaTenbHoe 3aTyxaHue npouecca. KonebatenbHblli xapaktep
AB/NEHUSA BbI3BaH B3aMMOZENCTBMEM EMKOCTM KOHAEHCATOpa C MHAYKTUBHOCTbIO CeTM W
BO3HWKHOBEHMEM fIB/IEHUA pe30oHaHca. YacToTa KonebaHnit 06bIMHO COCTABASET HECKOIbKO CcOoTeH epl,.
B pe3synbTaTe MMeEOLWEroca COMPOTMBAEHWA B LLENM 3TU KonebaHua nocTeneHHo 3aTyxatoT. Becb
nepexoaHoin npouecc obblYHO gAnTCcA He Bosiee YeM HECKONbKO efMHUL, MM HECKOJIbKO OEeCATKOB
MWUNANCEKYHA,. MNpumep Takoro npouecca NokKasaH Ha puc.55.

HanpaseHe

Bpema (mc)

] 10 20 o 40 50 BO i

Puc.55. Mpumep nepexo4HOro npoLecca Nocae BKAoYeHUsA baTapen KOHAEeHCaTOpPOoB.

MOMMMO nNepedynUCcneHHbIX MNPUUUH, TPAH3UEHTbl BO3HWUKAKOT B CETU B pe3ynbTaTe BKAKYEHUA W
BbIK/IOMEHUNSI EMKOCTHON MU MHAYKTUMBHOM HArpysku, npu cpabatbiBaHMM 3aLnThl (NpesoxpaHuTenen)
M KOPOTKOM 3aMblKaHUM B LEMW. BKAOYEHME Harpysku (AMHMM), NOAKNIOYEHHON K 06MOTKe
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TpaHchopmaTtopa, 4acTo NPUBOAUT K noasaeHUo ¢deppope3oHaHca MW Mepexoa4HOoro npouecca
KonebaTeNbHOrO XapaKTepa, BbI3BAHHOTO PE30HAHCOM MeXAy EMKOCTbIO B Lenu U HeNUHenHOoM
MHAYKTUBHOCTbIO TpaHchopmaTopa ¢ GeppoMarHUTHbIM CcepAeYHMKOM. OTKAOYEHMIO WMHAYKTUBHOWM
HarpysKu 4acTo COMyTCTBYET AB/MIEHNE UCKPEHNA KOHTAKTOB. HanpsaeHue, NoABAAIOLLEECA Ha KOHTaKTax
nepek/iloyaTens, NpPesbiWaeT NpeseNbHOe HanpaAKeHne AN3NEKTPUKA M BO3HUKAET UCKPeHUe, KoTopoe
MOXKET NOBTOPATLCA A0 TEX NOP, MOKAa 3a30p AOCTAaTOYHO BE/MK.

TaKke nepexogHble NPOLLECCbl MOFYT Pas/iMyHbIMM cnocobamm PacnpoCTPAHATLCA MEXAY CermeHTamm
cetn, Hanpumep yaap MOJHWUM B CETU CPedHEero HanpaXeHUA MOMKET YaCTUYHO MPOHUKHYTb Yepes
TpaHchopMaTop B NOACETb HU3KOTO HanpsKeHus. Jemndupytolwme cBoCTBa TpaHchopMaTopa 0bbIYHO
3HAUMTE/NIbHO YMEHbLLIAOT aMNAUTYAY TNepeHanpPsKeHusa, a TaKXKe MW3MEHAIOT ero BpemeHHble
napameTpsbl.

5.11 JIuauu CBEMA u ANSI

Kpusas CBEMA 6bina Bnepsble npegnoxeHa B 70-x rogax npowwioro BeKa opraHmMsaumen, ot KoTopoi
Npoun3oLWLN0 HasBaHWe Kpueon - Computer and Business Equipment Manufacturers Association (ceroaHs
— 3710 opranusauusa ITl, Information Technology Industry), KoTopaa obbeauHsAeT npoussoauTeNel
KOMMNbIOTEPHON U  ODMCHOW TexHUMKU. KpuBaa [0MKHA Oblna  CAYKUTL  NOACKA3KOW  Npu
KOHCTPYMPOBaHMM ceTeBbiX O/IOKOB NWTaHUA M MNepBOHa4Ya/lbHO MnpeacTaBnsna cobol rpaduk
YCTOMYMBOCTU 060PYA0BaHUSA K BEJIMYMHE U MPOAO/IKUTENbHOCTU HApYLUEHUI B 3/IEKTPUYECKON ceTn. B
6onee No3gHUIN Nepuoa KPUBYIO NCMOIb30BaIN NPU NPOEKTUPOBaHUN 060pYyA0BaHMSA, YYBCTBUTEIbHOTO
K KoJIebaHUAM HanpsxKeHUA, Kak 3Ta/IoHHbIN AMana3oH, B KOTOPOM 060pyAoBaHUE AONKHO NPaBU/IbHO
paboTaTb. B KOHLE KOHLO0B, KpMBAA CTajla LUMPOKO MCMO/b30BATbCA MPU aHA/M3e KayecTBa MUTAHMS,
KacaloLLMXCA HEMOJIAA0K B CETM TUMa NepeHanpsXKeHus, NpoBana 1 NpepbiBaHMA HaNPAKeHUs.

Ha rpaduke no BepTUKaNbHOW OCU HanpsaXeHWe YKa3aHo B NPOLEHTaxX OT HOMMHA/IbHOMO 3HaYeHus, a Ha
ropM3oHTaNbHOM OCK eaUHULEN U3MEPEeHUa ABAAeTcA Bpema (no norapudmmyeckoit wkane). CpeaHan
yacTb rpaduka (Mexkay KpusbimM) npeactaBaseT coboit obnacTb nNpasBuabHOM paboTbl ycTpolicTBa.
O6nacTb Bbille KPUBOM YKa3biBaeT Ha COCTOAHME MOBbILEHHOIO HaNPAMKEHUA, KOTOPOe MOXKET NPUBECTH
K MoBpeXaeHWio uAM cpabaTbiBaHMIO 3alMTbl OT MepeHanpa)eHua, a o061acTb MoA KPWBbIMM
COOTBETCTBYET CUTYaUUU MNOHUXKEHHOro HanpAxXeHunAa B CeTn, YTO MOXKeT NpPUBEeCTU K BbIKJIHOYEHUIO
NUTaHMA UNU BPeMEHHOW HexXBaTKe SHePruun, Bbi3biBaloLLei HenpaBuibHy paboTy ycTpoiicTBa.

119



%l HanpaskeHues

ANSI (ITIC)

100%

S 00MKE  TMc 10mc 100mE 1c 10c  Bpema

Punc.56. lInHum gonycTMMoro AmnanasoHa HanpaxeHus nutaHua ANSI (ITIC) u CBEMA.

Kak nokasaHO Ha rpaduKe, cyw,ecTByeT B3aMMO3aBUCMMOCTb MEXAY 3HAYEHMEM HAMPSAXKEHUA U
BpeMeHeM, Ha KOTOpOe BO3HWKaeT HapylweHue. Hanpumep, yBennyYeHWE HaMNpsKeHUA A0 YPOBHS
200%Unom NPOAOAKNTENBHOCTBIO 1 MC B TUNMYHbIX CIy4aaX He NPUBOAUT K aBapuKn UAN HENPaBUAbHOMY
OYHKUMOHMPOBaHUIO  (TOYKa  MeXay KPWUBbIMKM), HO HapylWleHWe C Takol amnauTyaon,
NPOAO/IKAOWErocs MNoinepnoaa CeTU MOMKET UMETb KaTacTpoduuyeckne nocneactsva (Toyka Bbiwe
06enx KpuBbIx). MPUHATO CYMTaTb, YTO B TUMUYHOMN CUTYaLMM, MPOUCXOAALLME B INEKTPUUYECKON CeTu
cobbITMA, ecnn pedb UOET O BENNYMHE CETEBONO HAMPAXKEHWUA, AO/XKHbI 3aKN04aTbCA B CpenHei Yyactu
rpapuka (mexkay KpuUBbIMW) U He [O/KHbI TOrAa MNpUMBECTM K cbosm B paboTe WMAM NOBpPEXAEHWUIO
NOAKIOYEHHBIX YCTPOMCTB. [PON3BOAUTENMN YCTPOICTB (B YaCTHOCTM, CETEBbIX HJOKOB NMUTAHMA) YacTo
PYKOBOACTBYIOTCA 3TUM rpadmMKOM NpU NPOEKTUPOBAHUM A1A TOro, YTobbl B 3TOM 0b6s1acTn obecneunTs
nux 6e3aBapuiiHylo pPaboTy M nogdeprkaHWe HYXKHOro BbIXOAHOro Hanps»keHuda. CnedyeT, ogHakKo,
NMOMHUTb, YTO KPWBAA NPEACTABAAET TUMUYHblE C/Y4aU U HE MOXKET ObiTb rapaHTMen MpPaBUAbHOM
paboTbl KaXKAoro yCTPOMCTBA, MOCKO/IbKY YCTOMYMBOCTb K HapyLLIEHUAM pasinyHas.

Kpusas ITIC aBnaetca npeemHuKom Kpuso CBEMA, paspabotaHHom ITI B 1994 roay, a notom
YCOBEPLUEHCTBOBAHOM A0 HblHeWHero Buaa B 2000 rogy. 3Ta KpMBasa MMeeT BUA ABYX TOMAHbIX IMHUIA U
TaK)Ke M3BeCcTHa nog HaseaHuem KpueoW ANSI mocne Toro, Kak 6bl1a aganTMpoOBaHa aMepPUKaHCKUM
MHCTUTYTOM cTaHaapTusaumm ANSI (aHrn. American National Standards Institute). O6e KpuBble
n3obpaeHbl Ha puc.56.

Mporpamma «SONEL ANALYSIS» npenoctaBnaetr BO3SMOMKHOCTb U3SMEHUTb XapaKTepHble TOYKM KPUBBIX U
NO3BOJIAET COOTBETCTBOBATL MHANBMAYAIbHbIM TPEOOBaHMAM NONb30BATENA.

5.12 YcpeaHeHHe pe3y/IbTAaTOB U3MepEeHUM

MOHUTOPUHT CETM B TeYeHne OINTEeNbHOro Nepnuoga BPpeMeHU O3Ha4vaer c60p OrpoOMHOI0 KoJ/in4ecTBa
JaHHbIX. Ona Toro, yTOObI nposeaeHne nocnegyowero aHanansa aTux gaHHbIX BOO6LLI,e 6b110 BO3MOXHO,
HeO6XOAMMO BBeAeHNne MmexaHn3ma, KOTOprVI YMEHbLWUT pa3mep AaHHbIX A0 BE/INYUHDI, I'IpMEMJ'IEMOﬁ
KaK A4 MallnHbl, TaK N YesioBEKa.
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Mpumepom MycTb MOCAYXKWUT NPOBEPKA CETM Ha COOTBETCTBME CTAHAAPTY KayecTBa 3/1EKTPO3Heprum
FOCT 32144-2013 «dnekTpnyecKana sHeprna. CoBMeCTUMOCTb TEXHUYECKUX CPEACTB 3/1EKTPOMArHMUTHasA.
Hopmbl KayecTBa 3N1EKTPUUECKON IHEPrMM B CUCTEMAX INEKTPOCHAOKEHMA OOLLEro HasHauyeHuaA».
OCHOBHOM Nepuoa TeECTUPOBAHMA CETU cocTaBaAeT Heaento. Ecnv 3anomuHaTe Bce 200-MUANCEKYHAHbIE
OENCTBYIOLLME 3HAYEHUA HanpsKeHus, noayynm 3,024 maH. nsmepeHunin. 06paboTka TaKoro KosimyecTsa
OAHHbIX MOXeT 3aHATb MHOT0 BpeMeHW 1 3aTpyAHUTe NbHa.

MosTomy BBeAEHO MOHATME YyCpPeAHEHMUA, 3aK/AloYaloleeca B COXPAaHEHWW ANA Lenein aHanusa no
OAHOMY 3HAYeHWI0 Ha onpeaesiéHHbIM WHTepBan BpemeHu. [Ana ctaHgapta FOCT 32144-2013 oH
coctasnaetr 10 muHyT. B 3TOM cnyyae aHanusatop Bblumcnaet cpegHee 10-mMMHYTHOe 3HayeHue Mo
npumepHo 3000 3HayeHuit 200-MUANCEKYHAHbIX OTCYEeTOB (NpMBAM3UTENBbHO, TaK KaK ycnoBHoe 200-
MWUINCEKYHAHOE 3Ha4YeHne, 3TO Ha camom aene 10/12-nepuoaHoe 3HauYeHUe, CUHXPOHU3NPOBaHHOE C
yactoToli cetn). Kaxable 10 MUHYT 3anucbiBaeTca creaylollee cpefHee 3HauyeHUe HanpAXKeHMUA, 4To
npuBoanT K cbopy 1008 pe3ynbTaToB U3MEPEHUN.

Ha puc.57 nokasaH cnocob onpeaeneHns aHanM3aToOpoOM CpeaHMX 3HAYeHWI 3a Bpemsa ycpeaHeHus
6onblwee man paBHoe 10 ceKyHAam, Ha nNpumepe MHTepBana ycpeaHeHua 10 MUHYT. ITOT MeToA
coOoTBeTCTBYeT TpeboBaHMAM A1a Knacca A ctaHgapta FOCT 30804.4.30-2013 (IEC 61000-4-30:2008).

CpeaHue 3HaYeHWA CMHXPOHU3MPYIOTCS C YacaMu PeasibHOro BpemeHwu creaylowum obpasom. Koraa
Yacbl OTMEPAT oYepeaHOl 0bLWNA KpaTHbIW Nepuoay MHTEPBan ycpeLHeHMs, NPOUCXOAAT ABa NpoLecca:

e  TeKkywuit 10/12-neproaHblit 0Tpe3oK (k-e nsamepeHme Ha puc.57) oTmeyaeTca Kak nocieaHuin B
WMHTepBase ycpeaHeHus (x);

e OpaHoBpemMeHHO 3anyckaetcs nepsbii 10/12-nepuofHblii OTPE30OK C/eAyloWero MHTepBsana
ycpeaHeHus (x+1).

TaKoW MeToa, pPeCUHXPOHM3ALUMN NPUBOAUT K nossaeHuto HaaoxeHus 1 (cm. puc.57). JaHHble M3 3TOM
obnactv, o6pabaTtbiBalOTCA ABaAdbl, MOTOMY 4TO Kaxablit u3 10/12-nepuodHblXx OTPe3KOB
aHanunsupyeTca HesaBUcMMO. Llenb Takoro cnocoba pecMHXpoHW3aLmMuK 3akatodaetca B obecneyeHum
OZMHAKOBbIX Pe3y/IbTaTOB U3MEPEHUN ANA ABYX aHa/M3aTopa Knacca A, NOAKAOYEHHbIX K OAHOMN U TOM
e Lenn N CUHXPOHU3MPOBaHHbIX C YyHMBepCcanbHbiM BpemeHem UTC. B aHanmM3aTope pecMHXPOHM3aLnA
WHTEPBaANOB MO OMNMCAaHHOMY Bbille cNOCcoby BbIMOAHAETCA ANA BpeMeHU ycpeaHeHus: 10 cek., 15 cek.,
30cek.,, 1m.,,3m.,5m,10m., 15m.,30m., 60m., 120 m.
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[H4ACE PESNEHOM BREMEHM] OUEREgHON
O WM MHTERBAN YCRELHEHWA
([ Hanpen, 10-Tid MY THEIE 14:10:00)
-
METKS BREMEH X-10
WHTERE AN YCRegHEHWA [X) WHTEREANG YCREAHEHNA

A F Y .
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i j Kl ! [ B
[ 1
[ |
2 3
10412 10012 10M2
NEPUoAoE | Neprog0E | NERKOROE
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1 1
N1 E 102 vz
NEpMOROE | NEPMOJOE | NEpHOROE

Puc.57. OnpeaeneHune MHTEPBaANOB ycpeaHeHUsa 6onblnx (MAKn paBHbix) 10 ceKyHaam
(Ha npumepe ycpeaHeHuA no 10 MUHYT)
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RTCIGPS
[Hachl pEanEHOM BRemeHM]
ouepenHoN oBwMi MHTEpESN
10 paHY T, HaNpurep, 14:10:00 , MeTka BpemeHr x-ro 3-x
HanoxeHwe 2 | CEKYHAHOMD MHTEpEEN: *
e
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12 112 1012
MNepMoLOE | NepMoLoE | NEPKUOLOE
[*1 B AERCTEMTENEHOCTK - 3TO MHTepEaN 1501 30 NeprogoE

Puc.58. OnpepeneHune nHtepsanos ycpegHeHUA meHee 10 cekyHA,
(Ha npumepe 3-cekyHOHOrO ycpeaHeHwMA)

HecKkonbKO MHaye BbIFAAUT ycpeaHeHne npu BpemeHn meHble 10 cekyHA. HecmoTpa Ha To, UTO BCe
WMHTEpBa/bl BbipaXeHbl eanHuLamun BpemeHn (200 mc, 1 cek., 3 cek., 5 ceK.), Ha caMoM fgefie, OHU
OTMepeHbl B KpaTHOCTAX nepuoaa cetn. Hanpumep, Bbibop BpeMeHU ycpeaHeHUsa 3 CeKyHAbl, O3HaYaeT
ycpegHeHue no spemenun 150/180 neproaos cetu (15 nsmepenuii no 10/12 neproaos).

Cnocob onpeaeneHns cpefHero 3HavyeHUs A48 3TUX NEPUOLOB WANOCTPUpPYET puc.58. 34echb TakKe
BbIMONHAGTCA PECUHXPOHM3aUmMa WHTepsanos 10/12-nepuofos, OHa BbINOJHAETCA BCerga 4epes
Kaxkgble 10 MMHYT no obwemy BpemeHM 4YacoB. Koraa yacbl OTMepAloT odvyepegHoe obuiee Bpems,
KpaTHoe nepuogy 10 MUHYT, PECMHXPOHU3MPYETCA OYepeaHOM MHTEpPBas yCpeAHEHMA U HauYMHaeTcA
cnefyowmii MHTEpBaa, MPUYEM WMHTEPBaAn ycpeaHeHMsa («x») 3aBepllaeTcs HOPMaJbHO, MOKa He
HabepeTca onpeaeneHHoe MHOXecTBo oTpe3kos 10/12-nepuoaos (Hanpumep, B c/iyyae 3-CEKYHAHOro
ycpegHeHua Bcerga cobupaetca 15 Takux OTpesKoB). Pe3ynbTaToM pPecMHXPOHW3aLuMu sBfaeTcA
nossneHue HanoxeHusa 2 (cm. puc.58), roe napannenbHo obpabaTbiBaloTcsa JaHHble ABYX MHTEPBaNoB
ycpeaHeHus (MHTepBan «X» 3aKaHYMBAETCA, MHTepPBa «x+1» HaunmHaeTca). Paamep HaNoXKeHUs 3aBUCUT
OT KonebaHW YacToTbl CETH.

MeTKa BpemeHN COOTBETCTBYET OKOHYaHUIO MHTepBana ycpeaHeHuA.

YcpeaHeHve pesynbTaToB M3MepPeHUn NPUBOAMT K MOTEPE IKCTPEeMasbHbIX 3HAYEHUM (CraarkmBaHue
pe3ynbTaTtoB). B cayyasx, Korga BarkHa WMHPopmauma O nNpeaesnbHbIX 3HAYEHUAX U3IMEpPSemoro
napameTpa, MNONb30BaTe/ib MOMET MNPUMEHUTb BO3MOXHOCTb  M3MEPEHWA  MUHUMAJIBHOTO,
MaKCMMasbHOrO U MFHOBEHHOIO 3HAYeHUI B Nepuoae ycpegHeHuA. Ecan gaHHbIM napameTp usmepeH
Bo Bpemsa 10/12 nepuoAoB, TO MaKCMMaNbHOE U MUHMMA/IbHOE 3HAYeHWe ABAAETCA COOTBETCTBEHHO
HanbosbWMM M HaMMeHbWMM 3HayeHMem oTpe3ka 10/12-nepuofos, M3MeEpPeHHbIM B AaHHOM
WHTepBane ycpegHeHuA. B cBolo oyepeab, MrHOBEHHOE 3HAYeHMe ABAAETCA MOC/AeLHWM 3HAYEHUEM
10/12-nepvoaos B AaHHbIN Nepuog ycpeaHeHus.

B cnyyae p[OencTBYIOWMX 3HAYEHWM TOKOB WM HANPsXKEHWM MeTod MOWUCKA MWHMMAJIbHOMO U
MaKCMMa/ZIbHOTO 3HauYeHun nABAsetca 6onee TMBKMM W KoHTposupyetca napametpom «Mepuopg
onpegeneHna MuH./makc». B pacrnops)eHuu no/ab30BaTens WMMEITCA cneayloume HacTPOMKM:
nonosuHa nepuoga, 200 mc, 1 cekK., 3 cek. n 5 cek. Bbibop napameTpa - N0O/N0OBMHA Nepuoaa - 3a4aéT
NMOUCK MMHMMA/IbHOFO M MaKCMMa/IbHOFO 3Ha4YeHMA C HaUBbICLLIEN YYBCTBUTE/IbHOCTbIO, C TOYHOCTbIO A0
Be/IYnHbI URMS(1/2) . C pOCTOM 3TOr0 BPEMEHW BBOAUTCA AOMOJHUTENIbHOE CrIa*kKMBaHWE, Hanpumep,
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npv 5 ceKyHAaax CHavana BblYMCNAETCA CPeAHAA 5-CeKyHAHanA BeNMYMHA, KOTopas 3aTeM MCMo/b3yeTca
AN MOWUCKAa MMHUMaNbHOMO M MaKCMMaibHOTO 3HadeHuA. OTO AAET MeHbLUY0 YyBCTBUTENbHOCTb K
MFHOBEHHbIM M3MEHEHUAM U3MEPAEMOrO 3HaYEHUS.

MpumeyaHue:

Kak u B cnyyae ¢ nepuogamm ycpegHeHna meHblle 10 cekyHa, nHTepsanbl 200 mc, 1 ceK., 3 cek. n 5
CeK. B [IeNCTBUTE/IbHOCTUN BblpakeHbl B KPaTHOCTAX MepuMoaoB cetu — coortsercTBeHHo 10/12, 50/60,
150/180 1 250/300 nepunoaos ceTu.

Bbl6Op NpaBMALHOTO BpEMEHU YCpeaHEHWA, He ABAAETCA NPOCTbIM Ae/N0M. B 3HaUMTENbHON CTeneHn oH
06ycnoBaeH TUMOM HapPyWeHW, MPUCYTCTBYIOWMX B CETU M  OXMWUAAHMAMM MO/Ab30BaTENs MO
OKOHYaTe/IbHOMY aHaNn3y AaHHbIX. YacTo BO3HWMKaET CUTyauus, KOr4a U3BECTEH eAMHCTBEHHO cam ¢aKT
NnosAB/IEHNA HEKOTOPbIX HENOMAA0K B CETU 3NEKTPONUTAHMA U TONbKO U3MEPEHNa aHaAn3atopa nomoryT
YKa3aTb TOYHYIO NPUUKNHY. B Takoi cuTyaumum nydlie Mcnonb3oBatb 60see KOPOTKoe Bpema ycpeaHeHun
(Hanpumep, 10 cekyHA), ¥ BKAOYUTL 3aNWCb MWMHMMANbHOTO M MaKCMMANbHOIO 3HauyeHwWn (gna
Hanps)KeHW M TOKOB B TaKOW CUTyauMuM peKkomeHayeTca Bbl6paTb Nepuoaom onpeaeneHus
MWHMMANbHOMO M MaKCMMa/fbHOrO 3HAYeHWUA CaMblii KOPOTKM BO3MOMKHbIN CPOK, TO €CTb, MOJIOBUHY
nepvoga). KopoTkoe Bpems ycpesHEHWUA MNO3BOJIMT TMOCTPOUTb TOYHbIEe TPAadUKM  U3MEHEHWUA
NapameTpoB BO BPEMEHU, 3 MMHUMYMbl U MaKCUMyMbl ByayT 06HapyKeHbl U coxpaHeHbl. Kak npasuno,
PEerucTpauma C KOPOTKMUM BpemMeHem YCPeAHEeHUs BbINOJIHAETCA [AO0BO/SIbHO OrpaHWYeHHoe Bpems,
npesKae BCero ms-3a HGbICTPOro pocTa YMCNA AaHHbIX; NOCKObKY LENbI0 TaKOW Perucrpauuun, AsaseTcs
BblfAB/IEHNE BO3MOMKHbIX MPUYMH aHOMANNK, @ HE A0TOCPOYHbIN aHaNU3.

Pervctpaumm ¢ KOPOTKUM BpEMEHEM YCpeaHEHMA MOXKET BbITb A0CTaTOYHO A1 OLEHKU PaboTbl ceTh u
NPOMCXOAALLNX B HEW HapyLLeHMAX. Tem He meHee, NoApPobHY MHPOPMALMIO, BEPOATHO, MOXKHO byaeT
Nofy4ynMTb B TeYEHWe AJUTE/IbHOrO BpemeHM (nopagKka MUHYT), HO C BK/OYEHHOMN perucrpauuen
MUHMMANBHOTO W MaKCMMa/IbHOTO 3HAYeHMA W  aKTUBHbIM BbIAB/NEHUMEM COBbITUN. BaXHbiM
NPEeMMyLLECTBOM TaKOM CUTyauuu ABAAETCA ropasfo MEeHbLWMA OObEM AaHHbIX pPerucTpauum, 4to
03Ha4aeT bbICTPOe CYNTbIBAHME U aHAN3 AAHHbIX.

B cBow ouepeab, uccnefoBaHWE KayvecTBa MWUTAaHMA NPUHATO BbINONHATbL B COOTBETCTBUMM C
TpeboBaHMaMKM cTaHaapTa FOCT 32144-2013. B aTom c/iy4vae aHanu3 npoBoauTca B TeyeHue bonee
NpPoAO/IKUTENbHOTO BpeMeHu (Hanpumep, 7 AHEeN), NO3TOMy BblbpaHHOE BpPems yCpegHEeHUA TaK¥Ke
anntenoHoe — 10 MUHYT.

MmeliTe B BMAY, YTO HE CYLLECTBYET OA4HOM HauAyylleh HAaCTPOMKW, KaK BPEMEHU yCpeaHeHMUA, TaK U
APYrMX MapamMeTpoB WM MOPOros cobbiTuiA. Karkaas ceTb MHAMBMAYasbHA M 334a4yv MccnenoBaHusA
ceTell passnyHble. B CBA3M C 3TMM OMNTMMasbHAsA KoHOUrypauus aHanusaTopa MOKeT noTpebosaTtb
HECKOJIbKMX NOAXOA0B, U TaKKe byaeT 3aBMceTb OT OMbITa onepaTopa.

6 TEXHUYECKHUE XAPAKTEPUCTHUKHU

TexHUYecKMe XapaKTepPUCTUKM MOFyT ObiTb M3MEHeHbl M3rotoButesnem 6e3 npeaBapUTEIbHOMO
yBeAOMNEHMUS.

OCHOBHaA MOrpPeLwHOCTb ABAAETCA OCHOBHOM MOrPELUHOCTbIO M3MepUTenbHOro npubopa s ycaoBuiA,
npuseseHHbIX B Tabaunue 16.
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YKasaHHble 3Ha4yeHuA I'IOFpEUJHOCTEVI NPUMEHUMDBI TOJIbKO K aHann3atopy 6e3 AONO/THUTENIbHbIX

TPaHcHOPMaTOPOB U TOKOM3IMEPUTE/bHbIX KeLen.

CokpaleHus:

® W.B.—UN3MEPEHHAA BEINYNHA,

® e.M.p—eaguHunla mnaglwiero paspaaa;

o Unom — HOMMHaNbHaA BEANYNHA HanpAaxeHusa;

e |Inom — AMana3oH HOMWHa/bHOIO TOKa (Kneluein);

e RMS — geiicTBytouiee (cpeaAHEKBaAPaATUYHOE) 3HAYEHUE;

L N —pAag rapmoHUKHK;

® 3.C. — 3HAYyalMi CMMBO/N — KOAMYECTBO UMbP pesynbTata U3mepeHus, oTobparkaemoro Ha

Avcnaee, Hanpumep, paspelleHme ans HanpsxeHua 230 B u 4 e.p. 6yaeT pasHa 0,1 B (3anucb

230,0 B); pa3pelweHune ana toka 5 A n 4 e.p. 6yaet 0,001 A (3anuce 5,000 A).

L 6ph— AONONTHUTENNIbHAA MOrpewHoOCTb U3aMepeHna d)a3b| Mmexgy rapMmoHMKamMmum HanpAaXeHuAa u

TOKa.

6.1 Bxoabl

Bxogpl HanpsaxeHunsa

KonnyectBo BxogoB

5 (L1, L2, L3, N, PE - 4 nameputenbHbIx kaHana)

MakcumanbsHoe BxogHoe HanpsxXeHune
OTHOCUTEJIbHO 3eMITN

NameputenbHas kateropums

(B 32BMCMMOCTM OT UCMIONTHEHUS —
MapKUpPOBKa HAXOAMTCS Ha NMLEBOW
3TUKETKE)

760 Brus
40...70 My vnn
NOCTOSIHHOE
HanpsikeHue

CAT IV 600 B / CAT 111 760 B (o 2000 m Hag ypoBHEM MOpPS)
CAT IV 300 B/ CAT 111 600 B/ CAT 11 760 V (ot 2000 M fo
4000 m Hag ypoBHEM MOpSI)

1000 Brus
40...70 My vnn
NOCTOSIHHOE %
HanpsikeHue

CAT IV 600 B/ CAT 11l 1000 B (go 2000 m Hag, ypOBHEM MOpS)
CAT IV 300 B/ CAT 111 600 B / CAT 11 1000 B (ot 2000 m go
4000 m Hag ypoBHEM MOpSI)

MukoBoe BXOAHOE HanpsikeHne
(6e3 oTceukn)

11500 B(BbICOKOBOMbTHBIN AnanasoH)
1450 B (HM3KOBOJSbTHbIA ANanNasoH)

AHarnorosas nonoca nponyckaHus (-
3aB6)

20 kl'y,

TpaHchopmaTopbl

no peLweHno nNorib3oBaTtend

MmnegaHc M3MepuTesibHbIX BXO40B

10 MOwm (anddepeHumnanbHbIn)

KoadhduumeHT ocnabneHus
cunHdasHoro curHana (aHrn. CMRR)

>70 gb (50 Mu)
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TokoBble BXxoabl

KonuyectBo BX00B

4 (3 hasbl + HenTpanb) ranbBaHUYECKN HE N30NNPOBaHbIE

HomuHaneHoe BxogHoe HanpsxeHne

(kaHan >XeCTKUX KreLlen) 1 Brus
lMKoBOE BXxOOHOE HaMnpsKeHWe (kaHan +3 6B
XECTKMX Knewien; 6e3 oTceykun curHana) -
HomuHanbHoe BXOAHO® HanpskeHue 0,125 Brus
(kaHan rmbkmx Knewemn)

lMrkoBOe BxogHOE HanpsKeHue (kaHan +0.45 B
rMBKNX Knewen; 6es3 oTceyvkn curHana) -
MakcumansHo AOMYCTUMOE Hanpsikerne | g g

Ha BX0Ae KrneLen 0THOCUTENbHO 3eEMIN

AHarnorosas nonoca nponyckanus (-3a0b) | 20 kl'y,

BxogHown nmnepaHc

Kanan »xectkux kneuwen: 100 kOm
Kanan rmbkux kneuwen: 12,4 kOm

M3amepuTenbHbI gnanasoH
(6e3 TpaHcdhopmaTopoB)

Knewwm F-1/F-2A/F-3A: 1..3000 A (10 kA nuk. 50 'y)
Kneww F-2AHD/F-3AHD: 1..3000 A (£10 kA nuk. 50 Mu)
Knewwm F-1A6/F-2A6/F-3A6: 1..6000 A (20 kA nuk. 50 ')
Knewwm F-1A1/F-2A1/F-3A1: 1..1500 A (x5 kA nuk. 50 My)
Knewwu C-4, C-5: 1..1000 A (£3600 A nuk.)

Knewwm C-6A: 0,01..10 A (36 A nuk.)

Knewwm C-7:0..100 A (£360 A nuk.)

TpaHcdhopmaTopsbl

Nno peLlleHUo nonb3oBaTend

KoadhduumneHT ocnabneHnsa cnHdasHoro
curdana (aHrn. CMRR)

60 b (50 ')

6.2

JAuckpeTrusanus U yacel peajbHOro spemeHy RTC

AncKpeTnsauma n yacbl peanbHoro spemeHun RTC

ALM (aHanoroso-uudposoi
npeobpasoBaTens)

16-6UTHbIN

YactoTa gmuckpeTtmsaumu

10,24 klu, ana 50 60 'y,
OnHoBpeMEHHAsA ANCKPETU3ALLMA NO BCEM KaHanam

KonnyecTtBo OTCYETOB 3a nepuoa

204,8 pna 50 'y; 170,67 pna 60 Iy,

CuHxpoHusauma GAMY (PLL)

40..70 Ty

OnopHbI KaHan gna cuctemol PAMY

L1

Yacbl peanbHOro BpemeHu

+ 3,5 ppm makKc. (oKono = 9 cekyHa/mecau)
B Anana3oHe TemnepaTtyp -20...55 °C

6.3 MopayJb nepexoaHbIX IPOLECCOB IEED

Mogynb 06Hapy*KeHUA NepexoaHbIX NPOLLEeCcCcoB

KonnyecTtBo nsmepuTesibHbIX KaHANoB

4 (L1-PE, L2-PE, L3-PE, N-PE)
ra/lbBaHN4eCKM HEN30INPOBAHHbIE

MaKcrumanbHOe BXO4HOe HanpaxKeHue

760 Bgrms / 1000 Bgms (B 3aBUCMMOCTM OT UCNOAHEHMUA —
CMOTPU MapPKUPOBKY Ha NNLEBON STUKETKE)

MMKoBOE 3HaYeHne BXOAHOro
HanpsaxeHun (6e3 cpesku)

+ 8000 B

AHanoroBasn nosioca nponyckanusa (— 3
Ab)

2,5 Mry,

AHanoroso-undposon
npeobpasosaTtesnb

4-KaHanbHbIN, 12-6UTHbIN, OAHOBPEMEHHAA AUCKPETU3aLMA
no Bcem KaHanam

YactoTa guckpeTtmsaumu

10 Ml'y, 5 Mrl'y, 1 Mrl'y, 500 Kl'y, 100 Kl'y,
(BbIBUpaeT nonb3oBaTeNDb)

125




Bpema perncrpauunm curHana

o1 2000 go 20000 oTcyéToB
(o1 200 mKc a0 200 mc B 3aBUCMMOCTU OT KOHUrypaumm)

Bpema onepexeHus (pretrigger)

ot 10 no 90% BpemeHu permcTpaumnm

MeTopa obHapyxKeHun

—no amnantyae curHana (50...5000 B)
— 110 CKOPOCTW BO3pacTaHuA
(dv/dt; oT 100 B / 500 mKkc a0 100 B / 5 mKc)

«MépTtsoe» Bpems

3 cek.

6.4 H3MepsieMble MapaMeTPbl - TOYHOCTH, pa3pelieHus U JUana3oHbl

6.4.1 YciaoBus AJisl NIOBEPKU

YcnoBua ana nosepku

TemnepaTtypa OKpy:KatoLen cpeabl

0..45°C

OTHOCUTENbHAA BNAXKHOCTb

40...60 %

AcummeTpua HanpAXKeHnA

<£0,1% pna koadpdpuumeHTa HecMmmeTpum No obpaTHOM
nocneaoBaTeNbHOCTU (OTHOCUTCA TO/IbKO K TPEXpasHbIM
ceTam)

BHewHee marHMTHOe none

<40 A/m (nocToAHHOE)
<3 A/m (nepemeHHoe) ana yactotbl 50/60 'y,

NocToAHHAA cocTasaAloWan
HanpAaXeHnAa N ToKa

HynesaAa

dopma curHana

CMHyCOMAa}'IbeIﬁ

YactoTa

50Ty +£0,2% nnn 60 'y + 0,2%

6.4.2 IlorpemrHOCTbh U3MEPEHHs B 3aBUCUMOCTH OT TeMIlepaTyphbl OKPYKalouiei cpeabl

OcCHOBHaA NOrpeLwwHoOCTb, YKa3daHHaA B TEXHUYECKMX AaHHbIX, FapaHTMpOBaHa B AMana3oHe TemnepaTtyp
oKpyKatowen cpegpl 0..45 °C. 3a npegenamm 3TOro guanasoHa HeobXoAMMO WCMOJIb30BaTb
OOMNONIHUTENbHBIN MHOXUTENDL («M»), KOTOPbLIA YBEAWYMBAET YKAa3aHHYIO OCHOBHYIO MOrPELIHOCTb A0
daKTUYeCKoM NOorpeLHoCcTN M3MepeHna puc.59 nokasbiBaeT rpadpuk MHoXUTeNA « M» B 3aBUCMMOCTU OT
TEMNeEPATypbl OKPYKaloLen cpeapbl, B AMana3oHe HOMMHa/bHbIX pabounx TemnepaTyp. MHOXUTENb
NpUHMMaeT 3HayveHue 1,0 B guanasoHe Temnepatyp 0..45 °C. Bbiwe 45°C u go 55°C mHoxuTeNb
yBe/MYMBaEeTCA IMHEeNHO o 3HadyeHnua 2,0. Huke Temnepatypbl 0°C (8o -20°C) MHOXUTENb NIUHENHO
yBennMunBaeTca A0 BeNnYnHbI 1,8.

Mpumep: OcHOBHAA NOrpeLwwHOCTb n3mepeHua HanpaxeHmna RMS cocrasndaet + 0,1 % Unom B AMaNasoHe
Temnepartyp 0...45 °C.

e [lpu -20 °C norpewHocTb M3mepeHnn coctaBuT £ 0,18 % Unom (MHOXUTENDL 1,8);
e [lpn -10 °C norpewHocTb u3mepeHua coctasut + 0,14 % Unom (MHOXKUTEND 1,4);
e [pn 0 °C norpelwwHocTb namepeHus coctasuT = 0,1 % Unom (MHOXMTENDL 1,0);

e [lpu 45 °C norpewwHocTb namepenua coctasuT = 0,1 % Unom (MHOXUTEND 1,0);

e [lpu 55 °C norpewHoctb namepenuna coctaBut = 0,2 % Unom (MHOXKUTEND 2,0).
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HomHaNEHEIN fManas0H
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Puc.59. MHOXU1TENb OCHOBHOM MOrPELIHOCTM B 3aBUCUMOCTM OT TEMMEPATYPbI Cpeabl.

6.4.3 Hanpsxenue

Hanps»keHune JvanasoH n ychosus Pa3speweHune OcHOBHas NOrpeLwwHocTb
Urms (nepemeHHoe 1 10% Unom < Urms < 150% Unom
RMT‘I(OCTZHHHOG) ana Unom 2 64 B 43 £0,1% Unom
1...10
Muk-paxTop (1...1,65 ana HanpsxeHua 690 B) 0,01 +5%
Ana Urms = 10% Unom

6.4.4 Tok
Tok [nanasoH n ycnosusa | PaspeuweHune OcHoBHasA NorpeLwHocTb
BxodHol KaHan 6e3 kneweli
0...1 B (£3,6 Bp-p) —KaHan
KECTKMX KNeLen
0...125 MB (£450 MB,.,) — 43.c. £ 0,1% Inom
KaHan rmMbKux Knewen
Knewu rubkue F-1/F-2A/F-3A
[lononHuTenbHas NorpeLHocTb
0...3000 A Aac +1%
(10 KAp-p) h (£ 2% c yueToM AONOAHUTENBHOM
MOrPEeLHOCTH OT NOJIOKEHMS)
Knewm rubkne F-2AHD/F-3AHD
[lononHWTeNbHas NOrpeLHoCcTb
las (MEPEMEHHbITA 1 0...3000 A e +0,5%
(10 KrAp-p) (£ 2% c yyeTom AONONHUTENBHOM

NOCTOSIHHbIN)
MOrPELIHOCTUN OT NONOMKEHNSA)

Knewm rubkue F-1A6/F-2A6/F-3A6

JononHntenbHaa NorpeLwwHocTb

0...6000 A +1%
43.c. .
(20 KAL) (+ 2% c yyeTom AONOAHUTENBHOWN

NOrpewHoOCTN oT I'IO}'IO)‘KEHVIFI)

Knewu rubkme F-1A1/F-2A1/F-3A1

JononHutenbHaa norpeLwHoCcTb

0...1500 A +1%
43.c. .
(5 KAp-p) (+ 2% c y4yeTom goONOAHUTENBHOM

NOrPeLHOCTM OT NONOXKEHUSA)

Knewu »écmkue C-4

0...1000 A 001% | JononHutenbHaa norpewHoCcTb
(3600 Ap) 77 7R fnom 0,1..10 A: + (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 #écmkue C-5
JononHuTenbHas NOrpeLwHocTb
0,5...100 A: < (1,5% + 1 A)
(036;(())(,)’-\(:,3 43.c. 100...800 A: £2,5%
800...1000 A nepem.: £ 4%
1000...1400 A nocT.: £ 5%
Knewu #cécmkue C-6A
JononHuTeNnbHasa NOrpeLwHoCcTb
0..10A 4sc 0,01..0,1 A: £(3% + 1 MmA)
(36 App) - 0,1..1A:+2,5%
1..12 A: £1%
Knewu wécmkue C-7
JononHuTeNnbHasA NOrpeLwHoCcTb
0..100 A 0...100 A: £(0,5% + 0,02 A)
(360 Ap.p) 43.c. (45...65 Tw)
0...100 A: +£(1,0% + 0,04 A)
(40...1000 l'u)
1...10
Muk-dakTop (1...3,6 ons lhom) 0,01 +5%
AN lrms = 1% lnom
6.4.5 Yacrora
OcHoBHas
YacToTa AnanasoH n ycnosus PaspelweHune
NorpeLHocTb
; 40...70 'y, 0,01y, £0,011y
10% Unom < Urms < 200% Unom | (0,001 Iy Ha 3KpaHe aHanmM3aTopa)

6.4.6 TapMOHUKM

FapMoHUKHK

JnanasoH 1 ycnosus ‘ PaspeweHue ‘

OcHoBHaA NOrpeLwHoCTb

[apMOHUYECKU pas

(n)

MoCTOAHHbIN TOK, 1...50, rpynnmMpoBaHue: NoArpynnbl rapMoHKK No
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)

0..20% Upom (n 2 2) 1+ 0,05% Unom Npnt 1.B.< 1% Unom
0..150% Unom + 5% n.8. npn n.8.2 1% Unom
Amnantyaa Urms 43.c.
(n=1, nocTtosHHOE (cornacHo 'OCT 30804.4.7-2013
HanpAXeHune) (IEC 61000-4-7:2009) knacc l)
0..20% lnom (n > 2) 10,15 % Unom npu n.e.<3 % lhom
+5%u.B.ecimn.e.23 %I
A | 0..150% |n m 4 3.c. nom
MIAMTYAS Trwms o1 o 0w 3¢ (cornacHo FOCT 30804.4.7-2013
M= % NOCTORRHBIMTOK (IEC 61000-4-7:2009) knacc |)
KoadppumumneHnt
rapMOHMYECKUX
- 0...100,0% 0
+ 0,
ncKaxenui (THDR) no 218 Usws 2 1% Unom 0,1% +5%
HanpsaxXeHuto (n =
2..50)
KoadpopumumneHnt 0...100,0% 0,1% +5%
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rapMOHNYECKNX AnA lrms 2 1 % lnom
nckaxkeHuit (THDR) no
ToKy (n = 2...50)
B
TDD (n=2...50) B 3aBMcMMoOCTM OT I, 3aBV<I;V:MOCTM B 3aBucumocTym ot Iy
L
1,0...50,0
K- ’ ’ 0,1 + 109
dakTop 219 lewts > 1% loom , 10%
Yron casura ¢as -180°...+180° 0,1° + (n x 1°)
(HanpskeHue)
Yron casura ¢as (Tok) -180°...+180° 0,1° +(nx1°)
6.4.7 HHTeprapMoHHMKH
NHTepapMOHUKHK JnanasoH 1 ycnosua ‘ PaspeweHune OcHOBHasA NOrpeLHoCTb
. 0...50, rpynnupoBaHuMe: No noArpynnam UHTEPrapMoHMK No
MHTeprapmoHunyeckmnm
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
pag4 (n)
(cybrapMoHUKM TaKKe Cc yyeTomM nonocobl 5 u)
1+ 0,05% Unom Npu 1.B.<1% Unom
+5% un.s. B8.21%U
Amnantyaa Urms 0...20% Unom 43.c. o V8. npvy > nom
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009) Knacc |)
10,15% Unom Npu N.8.< 3% lnom
+5% n.s. ecnm U.B.2 3% lnom
Amnautyga | 0...20% U 43.c.
YA Trws o Hnom (cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009) knacc 1)
KoadpopumumneHnt
MNHTEePrapMoOHUYECKUX
o 0...100,0% o
+ o)
nckaxkeHun (TIDr) no 217 Usws 2 1% Unorn 0,1% +5%
HanpsaXeHuto
(n=0...50)
Koadpopumumnent
MHTEPrapMOHMNYECKMX 0...100,0%
0,19 + 59
nckaxeHui (TIDr) no AnA lgms 2 1% lnom A% >%
ToKy (n = 0...50)

6.4.8 MoIHOCTh TrApPMOHMK

MowHocTH rapMoOHUK

Ycnosus

PaspelieHune

OcHoBHas norpetHocTb !

AKTMBHAA N peaKkTUBHaA
MOLLHOCTb rapMOHUK

80% Unom S URMS< 150% Unom

5% Inom < IRMS < Inom

43.c.

+ Jagh 82, + 562, %,
roe:

Oun — OCHOBHan
NOrpeLHoCTb U3MepeHnn
aMNANTYAbl FAPMOHUK
HanpsaxeHusa,

On — OCHOBHas
NorpeLHoCcTb U3MepeHna
aMNANUTYAbl TAPMOHUK TOKa
Oph — OCHOBHaA
MorpeLHoCcTb U3MepeHna
dbasbl MmeXKay rapmMoHUKamm
HanNpAXeHUa 1 ToKa.
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Npumeyvanme Y cmotpu rnasy 6.4.10 OueHKa NOrpPeLHOCTU M3MEPEHNA MOLLHOCTU 1 SHEPrUMn.

6.4.9 MoOWHOCTb ¥ 3HEeprus

Ycnosua
MowHocTb 1 OcHoOBHaA NOrpeLwHoCTb
sHeprusa (8na mowHOCTU M 3HEeprum PaspeweHune 1)
80% Unom S URMS< 120% Unom)
1% lnom < lrms < 5% Inom 1’02 + Sghoo
cosp=1
5% Inom S |RMS S |nom + 0,52 + 52h%
AKTMBHAA MOLLHOCTb cosp =1 4 P
3.C.
AKTMBHanA aHeprus 2% lnom < Irms < 10% lnom N ,1,02 + 62, %
cosp =0,5 P
10% |nom < |RMS < |nom + 0,62 + 82h%
cosp=0,5 P
2% Inom S IRMS< 5% Inom N 1’252 + 82h%
sinp=1 P
5% |non’1 < IRMS< |nom + ;1’02 + 82h%
sinp=1 P
PeakTtnsHan 5% | < v < 10% |
MOLLHOCTb 2 nom = TN o 43.c. + ’1,252 + 82, %
sinp = 0,5 P
PeakTuBHaA aHepruna
10% |n.0m S IRMS< Inom + 1’02 + 82h%
sinp = 0,5 P
10% ||'1om < IRMS< Inom N 1’252 + 82}1%
singp = 0,25 N P
MonHasA MoLWHOCTb 2% lhom < lrms< 5% lnom 4 +1%
3.C.
MonHas aHeprua 5% lnom < lrms £ lnom +0,5%
KoadpopumumeHT 1
o HOCLT*M (PF] 50% Unom < Urwis < 150% Unom 0,01 10,03
H 10 % lnom < lrms < lnom
Koadpduument -1.1
C,CI,BVIFa ¢)33 50% Unom S URMS< 150% Unom 0,01 i0,03
(COSd)/DPF) 10 % lnom < lrms < Inom

Npumeyanme Y cmoTpu rnasy 6.4.10 OLeHKa NOrpPeLHOCTUM3MEPEHUA MOLLIHOCTU U SHEPTUN.

6.4.10 OneHKa NOTPEelIHOCTH U3MepPEeHUs MOLHOCTU U SJHEPTUHU

O6wan norpewHoCcTb U3MEPEHUA aKTUBHOW M PEAKTMBHOM MOLLHOCTM (OCHOBHOW TapMOHWMKKM) ¥
MOLLHOCTM TFapMOHMK, B LE/JOM OCHOBbIBA€TCA Ha cheayloweit 3aBUCMMOCTU (4N  aHepruu
UrHOPUPYeTCA [AONONHUTENbHAsA NOrpelwHoCcTb, CBA3AHHAA C WM3MEpPeHMemM  BPeMeHM, Kak MHOro
MeHbluas, yem ocCTasibHble norpewHocTH):

Bpg = JSSh + 62, + 82,

rae: 6 P,Q— NOrpewHOCTb U3MepPEHNA aKTUBHOM MK peaKTMBHOf/’I MOLHOCTH;

6uh— CYMMapHaAa NorpewHoOCTb U3MepeHna amnanTyabl rapMOHUKKN HanpAXXeHnAa
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(ananusatop, TpaHchopmaTOpbl, KNelu);
6 Ih— cymmapHas norpeuHocTb M3MepPEHUA aMMINTYAbl FAPMOHUKM TOKa
(aHanusaTop, TpaHchopMaTOpLI, KNewmu);
O ph— AONONHWUTENbHAA MOrPELHOCTb B pe3yabTaTe OWMBKM n3mepeHun dasbl Mexay

rapMOHUKaMUN HanpAXeHnAa N ToKa.

MorpewHocTb & ph MOXHO OnpeaennTb, eCNn M3BecTeH yron $asoBoro CAsura Ana MHTepecytoLlein Hac
o6nacTu yacTtoT. B Tabauue npuBeaeHa oWKMBKA pasHOCTUM a3 MexKAy FapMOHMKAMU HaMNpPAXKeHUA U
TOKa AN aHann3aTopoB. (6e3 TOKOBbIX Kaelei U TpaHcHOpPMaTOpOoB).

OwwnbKa ¢a3bl B 3aBUCMMOCTU OT H4aCTOThl.

OwwnbKa pasHocTu dpas

[Onana3oH yactoT 40...70 Ty, | 70...200 Ty, | 200...500 Ty (500 Mu...1KMy| 1...2 KMy, | 2..3 KMy

Owmbka <0,5° <1° <2,5° <4° <7° <10°

OwunbKy ¢asbl, BHOCUMYIO MPU MCMNOAb30BaHUM TPAHCHOPMATOPOB M Kielelh, Kak NpaBuao, MOXKHO
HaliTU WX B TEXHWYECKOM AOKYMEeHTauuu. B aTom cayyae cnefyer OLEHUTb ONA MHTEpecyrolein Hac
4acToTbl NOMYYEHHYI0 OWMOKY $asbl MeXKAY HAMPAKEHMEM U TOKOM, BBOAMMYIO BCEMMU 3/1eMEHTaMU
Lenun nsamepeHuns: TpaHCchoOpPMaTopbl TOKA M HAMPAKEHUS, KNeLM, a TaKKe aHamM3aTop.

nOFpELIJHOCTb N3mMepeHnA, BbiTeEKAKOLWaA U3 OWKNBKM d)a3b| AanAa aKTUBHOM MOLWHOCTUN TAPMOHUK, MOXKHO
onpeaennTb NoO COOTHOLWEHWUIO!

Spn =100 (1 —M) [%], cosp # 0

cosp

B cBolo ouepeab, HeoONpeaenEHHOCTb W3MEPEHUS PEaKTUBHOW MOLLHOCTM FapMOHUK MOXHO
onpeaennTb U3 COOTHOLLIEHUA:

_ sin(@p—-A@) 0 .
6ph =100 (1 —W [%], sing = 0
B ob6enx 3Tux ¢dopmynax (¢ o03HayaeT (AKTUUECKMIA Yron CcABUra Mexay rapMOHMKaMM TOKa M
HanpsaxXeHua, a AP cymmapHyo ownbKy dasbl AnA AaHHOM YacToTbl. M3 NpeacTaBAeHHbIX 3aBUCMMOCTEN
MOHO cAenaTb BblBOA, YTO MOFPELIHOCTb U3MEPEHMA MOLLHOCTM ANA TOW Ke caMoW oWwunbKu dasbl,
ABHO 33aBUCUT OT KoadduumeHTa $pa3oBoro casura mexay TOKOM U HanpsaxReHuem (purc.60)

Mpumep: PacyéT nNOrpewHocT U3IMepeHUA  aKTUBHOM  MOLLHOCTM  OCHOBHOM  FapMOHUKMW.
yCI'IOBMFIC (P = 600, URMS E Unom, IRMS = 5% |n0m.

OCHOBHas NOrpeLIHoCTb cocTaBnseT: + /1,02 + 6§h %.

B amnanasoHe yactot 40...70My, owmbKa ¢pasbl aHaM3aTopa COCTaBAAET MmeHblue yem 0,5°.
MNMocne NoACTaHOBKM B COOTHOLLEHME:

+4 61°
_cos(¢ +4¢) :1()0(1_005( )

=1 1
Opn = 100 cosQ cos(60°)

) =1,52%

Takum 06pa3som, NOrpewHOCTb U3MEPEHUA COCTABUT:

§ =+41,02+ 1,522 = +£1,82%
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B Tex e camblix yCN0BUAX, HO Npu casure ¢asbl @ = 10°, nonyynm:

cos(11°)

Opn = 100 (1 ~ cos(10°)

) =0,16%

A NorpewHoCcTb M3MEPEHNA COCTaBUT:

§ =+41,0240,16% = +£1,01%

NpuBeaeHHble Bbliwe paC‘-IéTbI HE Y4YUTbIBAKOT AO0NOJIHUTE/IbHbIE OLIJM6KVI, BHOCKMMbIE NpU
MCNOJ1Ib30BaHNN TOKOBbIX Kneu.l,eﬁ n Tpchd)opmaTopOB.

100 3
&[]
80 1 =60~
a0 A
p=50°
70 4
&0 A
p=40:
S0 1
=30
40
=20°
30 4 ¥
=107
20 4 b
p=0°
10 1
Ag[7]
0O - = 1 - T T : i,
o 5 10 15 20 25 3o

Punc.60. lononHnTeNbHaAA NOrpeLHOCTb OT OLWMOKK da3sbl B 3aBUCUMOCTHM OT yraa casura ¢as.

6.4.11 MepuaHnue cBeta (¢amkep)

MepuaHue ceeTa
[Ownanas3oH 1 ycnosua | PaspelueHue OcHoBHaAa NorpeLwHoCTb
(pnvkep)
Pst (10 MuH.) 0,2..10 0.01 +5% B npeaenax TabAnUHbIX
P (2 yaca) ana Urms 2 80 % Unom ’ 3HayeHuit FOCT P 51317.4.15-2012
Knacc F1noNOCT P51317.4.15-2012
6.4.12 AcummeTpuda
AcnmmeTpua
JunanasoH n ycnosus PaspeweHne | OCHOBHaA NOrpPeLHOCTb
(HanpskeHue 1 TOK)
K
03pPMuUmneHT ) £ 0,15%
HEeCUMMETPUN NPAMOMU, 0...20,0% 01% (a6 THas
0bpaTHO 1 HyneBow 818 80%Unom < Urms <150% Unom R abcosoTHa
MorpeLHoCTb)
nocnesoBaTeNbHOCTH
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6.4.13 CurnaJisl ynpasJjieHUA

MapameTp JduanasoH u ycnosua | PaspelueHue ‘ OcHOBHaA NOrpeLHoCTb
MeTtopa nsmepeHums B cooTtBetctBMm ¢ TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
YacrtoTta 5,00...3000,00 Ny, 0,01y, He NPUMEHNMO

< 1% Unom He yKa3aHo
AMNAMTYAQ CATHAN3 1...3% Unom 43.c. +0,15% Unom
ynpasnenma UR1, UR2
3...15% Unom +5%

6.4.14 llepexoaHble NpoLecchl m

MapameTp Anana3oH n ycnosua | PaspeleHne OcHOBHaA NOrpeLHocTb
HanpsaxeHune + 8000 B 43.c. + (5% + 25 B)

6.5 Perucrpanus cOGbITHI - MPOBaJIbI, IepeHANPSKEHH S, MPePbIBaHUA,
ObICTpble U3MEeHEeHUA HanpsikeHusa RVC, AelicTByolee 3Ha4YeHUE TOKA.

HanpsaxeHune Ugws

OcHoBHas
(npoBanbl, npepbiBaHKS, [wvana3oH PaspeweHune
NOrpeLHoCTb
nepeHanpaxeHus)
URMS(1/2) 0...150,0% Unom 43.c. +0,2% Unom
ﬂpOp,Oﬂ)KMTeanOCTb Y4:MM:.CC.MC MonoBuHa nepunoaa OAMH nepuoa

Mopor obHapyKeHun

YcTaHaB/MBaETCA NO/1b30BaTE/NIEM B NPOLEHTaxX IMb0 B abCOMOTHbIX
3HayeHusAx. ObHapyKeHne cobbITUA OCHOBAHO Ha M3MepeHUn URMS(1/2)
(apdekTrBHOE 3HAUeHMe 3a 1 nepuoa, obHOBAsSIEMOE Kaxkable %2
nepuoaa).

3anucb ocuuanorpamm

MakcumanbHol ¢ perncrpaumm n 960 mc onepeskeHusa cpabaTbiBaHUS,
auckpetmnsauma 10,24 kly, 8-6utHoe paspelueHue.

3anucb 3HadyeHnit RMSY

MakcumasnbHo 30 ¢ permuctpaumm n 4,9 c oneperkeHns cpabatbiBaHUSA

BbICTpble U3MeHeHuUs OcHoBHas
[Awvana3oH PaspeweHnune
HanpsaxxeHua (RVC) MorpeLHoCcTb
URMS(1/2) 0...150,0% Unom 43.c. +0,2% Unom
MpoAo KUTENBHOCTD Y4:MM:CC.MC MonosuHa nepuoga | OauH nepuog,

MeTopa nsmepeHuma

CornacHo anroputmy, ykasaHHomy B IEC 61000-4-30

MNMopor obHapyxKeHun

YcTaHaBimMBaeTca nosib3oBatesem B npoueHTax Unom. OOHapyKeHMe
cob6bITMA OCHOBAHO Ha namepeHnn UrRMs(1/2) (3ddeKTMBHOE 3HaYeHUne
3a 1 nepuog, obHoBAsieMOe Kaxapble ¥ nepnoaa).

Mopor o6HapyKeHMA He MOXKeT b6bITb 60/blLIE, YHEM CYMMa MOPOros
npoBasia U BO3PACTaHWNA HANPAXKEHUA.

crtepesunc

YcTaHaBAMBaeTcA Nosib3oBatenem B npoueHTax Unom.
F'McTepesnc He MosKeT BbiTb 60Ablue, Yem nopor obHapyKeHusa RVC.

3anucb ocumnnorpamm

MakcnmanbHol ¢ pernctpaumumn n 960 mc oneperkeHus cpabaTbiBaHMsA,
anckpetmnsauma 10,24 kly, 8-6uTHOe paspelueHue.

3anucb 3HadyeHnit RMS%

MaKcumanbHo 30 ¢ peructpaumm n 4,9 ¢ onepeskeHnn cpabaTbiBaHMA
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TOK lrms OcHoBHas
[OnanasoH PaspelieHue
(MUH., maKc.) MorpeLHOCTb
IRMS(1/2) 0...100,0% lnom 43.c. +0,2% lhom
MpogonxnTenbHOCTb YY:MM:CC.MC MonosnHa nepmnoga | OguH nepuog,

Mopor obHapyKeHun

YcTaHaB/IMBaETCA NO/1b30BaTE/IEM B NPOLEHTaX MK abCoNOTHBIX
Be/IYnHax. O6HapyKeHne cobbITUA OCHOBAHO Ha U3MepeHUU IRMS(1/2)
(apdeKkTrBHOE 3HAUeHMe 3a 1 nepuoa, obHOBAsSIEMOE Kaxkable %2
nepvoaa).

3anucb ocLMANOrpaMm

MakcumanbHol ¢ peructpauum 1 960 mc onepexeHun cpabaTbiBaHuA,
auckpetmnsauma 10,24 kly, 8-6utHoe paspelueHue.

3anucb 3HadyeHnit RMS%

MakcumanbHo 30 ¢ pernctpaummn n 4,9 c onepexkeHusa cpabaTbiBaHUSA

6.6 Perucrpanus COGbITHH — JONOJTHUTE/IbHbIE IAPAMETPhI

Mapametp

Awnana3oH

MeTon, 06Hapy:KeHns

YacroTa
(MuH., makc.)

40...70 Iy, (B npoueHTax
AN abCcoNtoTHbIX

O6HapyrKeHne ocHoBaHo Ha 10 ¢
namepenum (no IEC 61000-4-30)

3HaYyeHusXx)
MuK-paKkTop HanpaxKeHUA 10.100 Ha ocHoBe 3Ha4yeHuns 10/12-
(MKWH, makc) e nepnoaos
MuK-paKTop TOKa 10.100 Ha ocHoBe 3HauyeHuns 10/12-
(MuH., makc.) e nepnoaos
KoadppuumneHT HecummeTpum
b LE P o Ha ocHoBe 3HaueHuna 10/12-
obpaTHoM nocnenoBaTeNbHOCTU 0...20,0%
nepnoaos
HanpsaxXeHua (MakKc)
KoadppuumneHT HecummeTpum
o LE P o Ha ocHoBe 3HayeHua 10/12-
obpaTHOM NnocneaoBaTebHOCTH 0...20,0%
nepruoaos
TOKa (maKc)
KpaTkoBpemeHHan go3a pankepa Ps 0.20 Ha ocHoBe 10-mnHYTHOrO
(makc) 3HaYeHusA
AnTenbHaa fo3a pauvkepa
A A ¢ P 0...20 Ha ocHoBe 2-4acoBOro 3Ha4eHus

P (makc)

AKTMBHAA mowHoCTb P
(MKMH., maKc)

B 3aBmcmocTu ot
KoHdUrypaumm

Ha ocHoBe 3HaueHuns 10/12-
nepvoaos

(ons noTpebnaemoit n otagasaemom
MOLLHOCTH)

Ha ocHoBe 3HaueHuns 10/12-

PeaktneHaa mowHocTb Q B 3aBucmocTtn ot nepunonos
(MMH, makc) KoHduUrypaumm (ana notpebnsemoit n otnaBaemoi
MOLLIHOCTM)

[MonHaa mowHoOCTb S B 3aBucmoctun ot Ha ocHoBse 3HaueHuna 10/12-
(MUMH., maKc.) KoHduUrypaumm nepuoaos

MoLHOCTb nckaxkeHua D/ MonHaa B 3aBucmoctun ot Ha ocHoBe 3HaueHuna 10/12-
MOLLHOCTb UCKaXKeHMA Sy (MUH, MaKc)|KoOHGUrypaumm nepuoaos

KoadppumumneHT mowHoctm PF 1.1 Ha ocHoBe 3HaueHuns 10/12-
(MuH., makc.) nepuoaos

KoadpdpuumeHt casura dpas cosdp/DPF 1.1 Ha ocHoBe 3HaueHuns 10/12-
(MuH., makc.) nepuoaos

tgd 4-KBagpaHTHbIN -10...10 Ha ocHoBe 3HauyeHuns 10/12-
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(MUMH., maKc.)

nepnoaos

AKTUBHasnA aHeprua Ep (MaKc.)

B 3aBmcmocTu ot
KOHUrypaumnm

MpoBepKa NpeBbILLEHUA KaxKable
10/12

nepuoaos (onsa notpebnsemoii u
OTAaBaeMOl sHeprum)

PeaktneHana saHeprua Eq
4-kBagpaHTHas (makc.)

B 3aBmcmocTu ot
KOHUrypaumnm

MpoBepKa NpeBbllLEHNUA KaXKable
10/12

nepuoaos (ansa notpebnsemoii u
OTAaBaeMOM sHeprum)

MonHana sHeprua Es (makc.)

B 3aBucmocTtun ot

MpoBepKa NpeBbllleHMA Kaxable

KOHUrypaumm 10/12 nepuoaos
KoadppumumneHT rapmoHnYecKknx
Ha ocHoBe 3HayeHua 10/12-
nckaxkeHmt THD-F HanpsarkeHuA 0...100% ) Hatenu /
nepuonos
(makc.)
KoadppurumneHT rapmoHmnYecKmx Ha ocHoBe 3Ha4yeHuna 10/12-
o 0...200%
nckarkeHuit THD-F Toka (maKc.) nepuoaos
1 0..100% Ha ocHoBse 3HaueHua 10/12-
AMNANTYAbl TAPMOHUK HanpaXXeHuin nepuonos;
nnn abcontoTHble
(makc.) Heszasucmmble noporu ansa scex
3HaYeHus
rapMoHMK B ananasoHe 2...50
0..200% Ha ocHoBe 3HaueHua 10/12-
nepuonos;
AMNANTYAbI TAPMOHMK TOKa (MaKc.) | nam abcontoTHble
Heszasucumble noporu ansa scex
3HayeHus
rapMoHUK B gnanasoHe 2...50
K
O3bPuUMeHT . Ha ocHoBe 3Ha4yeHuns 10/12-
MHTEPrapMOHUYECKUX NCKAXKEHUN 0...100% eDUOLOB
TID-F HanpsKeHua (MaKc.) proA
KoadppumumneHnt
. Ha ocHoBe 3HaueHuna 10/12-
WHTEPrapMoOHMYECKMX UCKaXKEHNN 0...100% eDUOLOB
TID-F Toka (maKc.) proA
0..100% Ha ocHoBe 3HaueHuna 10/12-
AMNANTYAbl UHTEPTrapMOHMK nepvonos;
nnn abcontoTHble
HanpsaXeHus (makc.) HesaBucmmbie noporu ans Bcex
3HayeHus
WHTEpPrapmoHuK B gnanasoHe 0...50
0..100% Ha ocHoBe 3HayeHua 10/12-
AMNANTYAbl MHTEPTAaPMOHMK TOKA nepuoaos;
NN abCcoNtoTHbIE
(makc.) HesaBucrmbie noporu ans Bcex
3HayeHusA
WHTEpPrapmoHuK B gmnanasoHe 0...50
KoadpopumumeHnT K (K-paktop) (makc.) 1,0..50,0 Ha ocrose 3HauetmA 10/12-
. P ’ e nepnoaos
Ha ocHoBe 3HayeHua 10/12-
CurHanbl ynpasieHus (makc.) 0...Unom /
nepruoaos

MepexoaHble npouecchl

50...5000 B uau dVv/dt

HesaBucumbln mogynb onpeaeneHus
TpaH3ueHToB. MeToab!:
AMNAUTYAHbIN UM NO CKOPOCTU
HapacTaHus

N3meHeHne dopmbl ornbatoLen
(TonbKo HanpsaxeHue)

1,0...100% Unom

CpaBHeHMe aBYyX cOCeaHunxX
nepruoaos
HanpaxeHua. CmoTpu rnasy 3.12.1.

CKauku dasbl (TONbKO HanpsxeHue)

1...359° (yrnosble rpagychbl)

CpaBHeHMe ABYX WU TPEX Yyrnos
IOCHOBHOW COCTaBAAOLLEN,
PACUYUTAHHbBIX MO CMEXHbIM

nepnoaam HanpAaxeHua.
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6.6.1 TI'ucrepe3uc 0GHApPYKeHUA COOBITUI

McTepesnc obHapyXeHua cobbITUin [dnanasoH MeTopa ob6HapyKeHus
JnAa Kaxkaoro M3 napameTpoB PaccUMTbIBaEeTCA,
Mcrtepesmnc 0...10% KaK NPOLLEeHT OT MAaKCMMaIbHOTO 3HaYeHUA nopora
(uckntoueHuns — cm. rn.3.12).
6.7 Perucrpaunus
Peructpatop

Bpema ycpearenua U

200 mc, 1 cek., 3 cek., 5 cek., 10 cek., 15 cek., 30 cek., 1 MUH., 3 MUH.,
5 muH., 10 MmuH., 15 muH., 30 MuH., 60 muH., 120 MmuH.
CneumanbHbIi pexum: ¥% nepmoga (3anuce UrMS(1/2) 1 Irms(1/2))?

YcpeaHeHune muH/makc URms

% nepmoga, nepuog, 200 mc, 1 cek., 3 cek., 5 cek. ®

YcpeaHeHne muH/makc IRMs

% nepuoga, nepuog, 200 mc, 1 cek., 3 cek., 5 cek. ®

3anucb ocumnnorpamm

BO3MOXHOCTb 3anucum 3 nepnoaos ocUMNNNOrPpaMM aKTUBHbIX KaHa/10B
nocne Kaxgoro nepnoaa ycpeagHeHuA

PexXumbl 3anycKa permctpaumm

- PyuHom,
- Mocne nepBoro obHapyKeHHOoro cobbiTus,
- Mo pacnucaHuto (4eTbipe 3a4aHHbIX MHTEPBaNa BPEMEHMN)

KoHdurypaumm

4 He3aBUCUMMbIX KOHOUTYpaUMKM Noab30BaTe A, pacnpeseneHne MmecTa
Ha KapTe NamaTy, BO3MOMKHOCTb BblAe/eHNs BCEro ob6beéma namaTu
ON5 BbIBPaHHOMN TOYKM U3MEpPEeHUs.

Bpemsa perucrpauum

3aBUCUT OT KOHUTypaL MM

MamaTtb

BcTtpoeHHaa Kapta namatm 8 [b
pacwupeHnn go 32 I (onuMoHanbHO)

(cTaHA@pTHO), BO3MOMKHOCTb

Mopgenb namaTtum

NnHelHan

besonacHocTb

Bo3MOMHOCTb 6/OKMPOBKK KNaBUaTypbl OT HECaHKUMOHWPOBAHHOIO
AocTyna, 6N10KMPOBKa CYNTbIBAHMA AaHHbIX ¢ Nomolubio PIN-Koga

(1) Bpems ycpeaHeHus meHbuie 10 ceK. B eMCTBUTENbHOCTM PaBHO KpaTHOMY OT nepuojaa ceTu:
200 mc — 10/12 nepuogos, 1 cek. — 50/60 nepuoaos, 3 cek. — 150/180 nepuoaos, 5 cek. — 250/300

nepmnoaos.

2 URMS(I/Z) n |RMS(1/2) ABNIAIOTCA AEUCTBYIOWMMMN 3HaYEeHUAMM 3a 1 nepnoa ¢ O6HOBAEHMEM KaXKable %
A ytou, proa A

nepunoga

(3) Mepuoabl ycpeaHeHUs muH./makc. 200 mc, 1 ceK., 3 ceK. 5 cek.

B AEVICTBMTeﬂbHOCTM PaBHbI

KPaTHOMY OT NepMoja 4acToTbl CETU:
200 mc — 10/12 nepuopgos, 1 cek. — 50/60 nepuopaos, 3 cek. — 150/180 nepuopaos, 5 cek. — 250/300

nepuoaos.

T SN TEERETA CpeaHee | MuHumanbHoe MakcumanbHoeMrHOBEHHOE

3HayeHue| 3HayeHue 3HayeHue 3HayeHue

[elicTeytolee Hanpsa>keHne dpasHoe/AnHenHoe
(8 3aBMCMMOCTM OT TMNa ceTn) URMS ° ° ° °
[JencTaytoliee MHENHOe HanpaXeHne (ToNbKo
3-pasHana «Y-n» u 2-¢pasHaa cetb) URMS °
MocToAHHAA COCTaBAAOLWAA HANPAXKEHUSA . ° . .
[encTBytoWwmin ToK IRMs ° ° ° °
MocToAHHaA cocTasaaoLwas Toka Y . o . .
YacroTa f . ° ° °
Muk-dpakTop HanpaxeHua CF U ° ° ° °
Muk-dpakTop ToKa CF | ° . ° °
KoaddurumneHTbl HecMmmeTpurm No obpaTHOM U . . . °
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NpPAMOI NocneaoBaTe/IbHOCTU, CUMMETPUYHbIE
cocrtasnaloLmMe: obpatHasa, npamas u Hyesas
(HanpsikeHue) Ug, Uy, Uy, Ug, U

KoadpumumneHTbl HecummeTpum no obpaTHoOM u

NPAMOI NoCcNef0BaTENbHOCTU, CUMMETPUYHbIE
cocTasnAowme: obpatHan, Npamana U HyneBas

(TOK) lo, 11, 12, io, [P

[o3bl pankepa Pt 1 Py

AKTUBHAA MOLLHOCTb
(noTpebnaemasn u otnasaemas) P, P.

PeakTnBHasa moLWwHOCTb
(noTpebnseman n otaasaemasn) Qi+, Qi-/ Qs+, Qp-

[MonHaa mowHoOCTb S

MouwHocTb nckarkeHma D/MonHana MOLWHOCTb
MCKaXKeHunA Sy

KoadppumumneHT mowHoctm PF

KoadpdpuumeHT dpasosoro casura cosdp/DPF

TaHreHc ¢ (4 KBaZpPaHTHbIN):
t8Q(, t8P(c), 1BP(L), 18P(cH)

AKTVMBHaA sHeprua
(noTpebnaemas u otaaBaemas) Ep., Ep.

PeakTuBHaA sHeprua (4 KBagpaHTHaA):
Ea(+), Ea(c), Ea), Eares)

MonHana sHepruna Es

KoadppurumneHT rapmoHmnYecknx nckaxkeHunim THDe
HanpsxeHua

KoadppurumneHT rapmoHmnYecknx nckaxkeHunim THDe
TOKa

KoadppodunumeHT nckakenma popmol Toka TDD

AMNAnTyabl rapMOHUK HanpAaXeHUA Uni...Unso

AMNANTYAbl FAPMOHUK TOKA lh1...Ihs0

KoappruneHT MHTEeprapMoHUYECKNX UCKAKEHUI
TIDr HanpaXKeHUA

KoappruneHT MHTEPrapMOHUYECKNX NCKAKEHWUI
TIDe TOKa

AMNANTYAbI UHTEPTAPMOHUK HanpsaXeHus
Uiho...Uinso

AMNANTYObl MHTEPTFaPMOHUK TOKA lino...linso

KoadduumeHT K (K-dbakTop)

AKTUBHbIE MOLLHOCTU rapMOHMUK (1...50) Phi...Phso

PeaKTnBHble MOLHOCTM rapmoHuK (1...50)
Qn1...Qnso

Yrabl mexay rapmoHUKaMKn HanparKeHna U ToKa
Q1...Ps0

CurHanbl ynpasneHua UR1, UR2

o(2)

MpumeyaHumsa:
) TonbKo NpM Mcnonb3oBaHUM KneLel C-5.

@ Mpwn perncTpauum B cooTBETCTBUM CO cTaHAapTom FOCT 32144-2013 Take 3anucbiBaloTca cpeaHue 3-

X CEKYHOHble 3Ha4YeHuUA.
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6.8 IMuTaHHe, aKKyMyJIITOP U HarpeBaTeJIb

lMuTaHune ot cetn

[nanasoH BXOAHbIX HAaNpPAXKEHNN
(HOMUHaNbHbIN)

100...690 B nepemeHHoe, 40...70 Iy,
140...690 B nocTtosHHOEe

[nanasoH BXOLHbIX HaNpAXeHWN (c
bAyKTyaumamm)

90...760 B nepemeHHoe, 40...70 Ty,
127...760 B nocTtoaHHOEe

KaTeropus nutaHus no
nepeHanpaXKeHuo

CAT IV 600 B
CAT Il 690 B
CAT lll 760 B (c yueTom dbayKTyaumi)

MNoTpebneHne MOLHOCTW OT CeTH
(makcumanbHoe)

50 BA /20 Bt

MNoTpebaeHne MOLLHOCTH OT CeTU B
3aBUCMMOCTM OT KOHPUrypaumm
(TMnnyHoe)

PQM-710, HeT 3apAAKN aKKYMYAATOPA,
HarpesaTesb BblKAtoYeH, GSM BbIK/IOYEH,
nepemeHHoe Hanpa*keHue nutaHma 230 B

9BA/6BT

PQM-710, 3apagKa akkymynatopa,
HarpeBaTe/b BblK/oYeH, GSM BbIK/IlOYEH,
nepemeHHoe HanpAXeHne NUTaHuA
100...300 B

13 BA/8BT

PQM-711, 3apaaKa akKymyaaTopa,
HarpesaTe/b BblKAtoveH, GSM BbIK/IOYEH,
N3MepeHUe TPAH3MEHTOB BKJIIOYEHO,
nepemeHHoe HanpaXeHne NMTaHus
100...300 B

15BA /10 BT

PQM-711, 3apagKa akkymynatopa,
HarpesaTenb BblKAtoyeH, GSM BKAtOYEH,
n3mepeHue nepex.npoLLeccoB BKAOYEHO,
nepemeHHoe HanpaxeHue NUTaHuA
100...300 B

18 BA /12 Bt

PQM-711, 3apagKa akkymynatopa,
HarpeBaTenb BblKAOYeH, GSM BKAtoYeH,
n3mepeHune nepex.npoLeccoB BK/OYEHO,
nepemeHHoe HanpaXeHue NUTaHuA
500...690 B

38 BA /13 BT

PQM-711, 3apaaKa akKymyaatopa,
HarpesaTesb BKAOYeH, GSM BKAtOYEH,
N3MepeHne Nepex.npPoLeccoB BKAOYEHO,
nepemeHHoe HanpAXeHne NMTaHnA
500...690 B

48 BA /18 BT

AKKymynaTop

Tun

Li-lon 4,4 Ay

Bpemsa paboTbl OT aKKYMYNATOPHOIO NUTaHUA

PQM-710: npumepHOo 2 4
PQM-711: npumepHo 1,54

Bpems 3apagKu akkymynaTopa

(nonHoCTbIO paspAKeHHOro) Ao 84
JonycTMmblii Anana3oH TemnepaTypbl 3apAaKu -10...60°C
MoTpebneHne TOKa OT aKKYMYAATOPa B PeRUME

BbIK/JIIOYEHHOr0 aHaM3aTopa (OTCyTCTBYET NMUTaHUe <1mA

OT CE€TU, HE KaCaeTCA peXnma npoTms Kpamm)
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HarpeBarenb

Mopor TemnepaTtypbl BKAOYEHUA HarpeBaTens 5°C
MNutaHne HarpesaTensa BCTPOEHHbIN NCTOYHWMK NUTAHUA NEPEMEHHOrO TOKa
MolHoCTb HarpesaTena MakcmanbHana 5 BT

6.9 Iloagaep:xuBaeMsble CETH

Tunbl NoaAeprKMBaeMbIX CETEN (KOCBEHHO MW HAaNPAMYIO)

1-¢asHas

OpaHodasHan, c HenTpanbHbIM NpoBoAoM (pasbémbl L1, N, PE)

2-dpasHan
(c pacwennéxHom dason)

[ByxdasHas, c HelTpanbHbIM NpoBoaoMm (pasbémbl L1, L2, N, PE)

3-¢pasHas «Y-n» TpéxdasHas, TMNa «3Be3ga» c HenTpanbto (pasbémbl L1, L2, L3, N, PE)

3-dasHana «A»

TpéxdaszHan TMNa «TpeyronbHUK» (pasbémbl L1, L2, L3, N, PE —
aononHutensHo N coegmHéH c L3)

3-dasHana «A» cxema ApoHa

TpéxdaszHan TMNa «TpeyronbHUK» (pasbémbl L1, L2, L3, N, PE —
aononHutenbsHo N coegMHEH ¢ L3), ¢ ABYMSA TOKOBbIMW KAeLWwamu.

3-daszHana «Y»

TpéxdasHas, TMNa «3Be3ga» C U30/IMPOBAHHOM HeUTPanblo (pasbeMmbl
L1, L2, L3, N, PE — pononHutenbHo N coegmHéH c L3)

TpéxdasHan, TMNa «3Be34a» C M30/IMPOBAHHON HEWTPaNbIo (pasbémbl

3-dasHana «Y» cxema ApoHa L1, L2, L3, N, PE — gononHutensHo N coeaunHén c L3), c asyms

TOKOBbIMU KNeWwamu.

6.10 Iloaaep:xuBaeMble TOKOBbIE Kl

Tunbl NnogaepKMBaembiX TOKOBbIX Kneu.l,eﬁ

Knewm rubkme (noac PoroBckoro), MakcMmasnbHbi anametp — 380 mm, ANaNa3oH U3mepeHns

F-1
3000 Agrms

E-2A Kneuim rubkme (noAac POroBckoro), MakcMmasnbHbii anameTp — 250 mm, AnanasoH namepeHus
3000 Agrms

E-3A Knewm rubkume (nosc Porosckoro), MakcMmanbHblit agnameTp — 140 Mm, AnanasoH U3MepeHus
3000 Agrms

E-2AHD Knewm rubkme (noac Porosckoro), MakcMmanbHbI anameTp — 290 MM, Anana3oH U3mepeHus
3000 Agrms

E-3AHD Knewwm rubkmne (noAac PoroBckoro), makcMmanbHbl guameTp — 145 mm, AManasoH nsmepeHus
3000 Agrms

F-1A6 Kneuim rubKkme (noac PoroBckoro), MakcMmasnbHbii anametp — 380 MM, AnanasoH n3amepeHuns
6000 Agrms

206 Knewm rubkume (nosc Porosckoro), MakcMmanbHbIi gnameTp — 250 Mm, AnanasoH U3mepeHus
6000 Agrms

F-3A6 Knewm rubkume (noac PoroBckoro), MakcMmanbHbI anameTp — 140 Mm, Anana3oH U3mepeHus
6000 Agrms

1AL Knewm rubkmne (noAac PoroBckoro), makcMmanbHbli guameTp — 380 mm, AManasoH nsmepeHus
1500 Agwis

F.2A1 Kneuwim rubKkme (noac POroBckoro), MakcMmasnbHbii anametp — 250 mm, AnanasoH nsamepeHuns
1500 Agwis

F-3A1 Knewm rubkume (nosc Porosckoro), MakcMmanbHblit agnameTp — 140 Mm, AnanasoH U3MepeHus

1500 Arwms
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C-4 Kneww tuna CT, nepeMeHHOro Toka, AnanasoH nsmepenuma 1000 Agvs, 1 MB/A

s Knewwu tmna CT c gaTynkom Xonna, nepemMeHHoro/nocTosaHHOro TOKa, AManasoH n3MepeHus
1000 Agms, 1 MB/A

C-6A Knewwu tvna CT, nepemeHHOro Toka, 411 MaJiblX TOKOB, Anana3oH namepenma 10 Agus, 1
mB/10mA

Cc-7 Kneww tuna CT, nepeMeHHOro Toka, AnanasoH nsmepenuna 100 Agvs, 5 MB/A

Mpumeyanue: Knewu c 6ykeBoit «A» B 0603HaYeHUM (Hanpumep, F-3A) aBAAIOTCA BapMAHTOM KAELLEN C
aBTOMATMYECKMM pPacno3HaBaHMEM UX TUMA B COBMECTUMbIX YCTpoMcTBax. OcTasibHblie NapamMeTpbl Takmne
e, KaK B Kielwax 6e3 noadeprkKM TaKoro pacnosHaBaHus. PyHKLMA pPacrno3HaBaHWA TUMA Kiellewn
AOCTyNHa B aHanus3atopax PQM-710/711 c sepcuamu npowmnsku HWg u 6onee HOBbIMWU, BMecTe C
npowmskoi 1.40 unu 6onee HoBbIMM.

6.10.1 Knemnu C-4

Tokosble Knewm C-4 npeaHasHayeHbl 414 U3MEPEHUA NMePeMeHHOr0 TOKa B 3/1IEKTPUYECKMX YCTaHOBKaX
Masiol U cpefHel MOLLHOCTU. BbIXOAHBIM CUTHA/IOM AB/IAETCA HanpaXeHWe, NPonopLUnoHanbLHoe cune
M3MEPAEMOro TOKa. BbIxogHOW curHan nepefaérca no 2,2-meTpoBomMy Kabento, 3akaHuYMBaloWMCA
COOTBETCTBYIOLWMNM Pa3bEMOM.

CTpenka, pasmelléHHan Ha O4HOMN M3 CTOPOH, YKa3blBaeT HaMpaseHNe 3NEeKTPUUYECKOro ToKa. MpnHATO
CYMTATb, YTO TOK TEYET B MNOJIOXHKMUTENIbHOM HaNpPaBAEHMM, EC/IM OH ABUMKETCA OT UCTOUYHMKA K MPUEMHUKY.
TaKaa opueHTauua Knewen TpebyeTca ANa NPaBUAbHOIO U3MEPEHNA MOLLHOCTY.

ToKosble Knewm C-4

A

COrNacHo cieayoLU MM AaHHbIM:

Henb3a namepatb Tokm sbiwe 1200 A. CnegyeT orpaHnunTb Bpema nsmepeHua Toka o 1000 A,

[nana3oH Toka 1<1000 A 1000 A<1<1200 A
o1 15 MWUHYT n3mepeHus,
Pexxmum paboTbl HenpepbIBHbIN
cneaytowme 30 MUHYT NepepbIB.

Y ina yactoTbl f < 1 KM, OrpaHMYEHNA MaKCMMaZIbHOTO 3HaYeHWUA TOKa NpU HenpepbIBHOM paboTe AN
YyacToTbl Bbiwe 1 KM, B COOTBETCTBUM C 3aBUCUMOCTbIO lyake = 1000 A/f [KIL).

f Henb3sa Mcnonb3oBaTb KAELWM Ha HEU30AMPOBAHHBIX MPOBOAHMKAX C NOTEHUMANOM BONbLIMM
600 B no OTHOLLEHMIO K 3eMJ/1e U B YCTAHOBKAxX MU3MepPUTENbHOM KaTeropum sbiwe Il
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HopmanbHble ycaoBMA ANA NOBEPKU

Temnepatypa

20...26 °C

OTHOCUTENbHAA BNAXKHOCTb

20..75%

Mo3nyma nposoaa

NpoBoJ, B LIEHTPE, OTHOCUTE/IbHO 3aXKMMOB Knellein

YacTtoTa cMHyconganbHOro TOKa 48...65 Ty,
KoadpprumeHT rapmoHUYECKNX NCKAXKEHU <1%
MocToAHHAA cOoCTaBAAKOLLAA TOKA OTtcyTtcTBYeT

[TocTosiHHOE MarHUTHoOEe none

<40 A/m (marHuTtHOe nosie 3eman)

HEPEMEHHOE BHellHee MmarHnMTHoe none

OTtcyTtcTBYET

MpoBoaa B HenocpeacTBeHHOM 6a130CTH

OTCYTCTBME NPOTEKAKOLWEro no HUM TOKa

[nanasoH Toka OcHoBHas norpewwHocTb!? OwwubKa dasbl
0,1...10A <3%+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°

1) g % OT U3MepAEMOi BENUMHDI

TexHuyecKkne napameTpbl

BbIXO,CI,HOﬁ CUrHan gna MakCMmasZibHOro Toka

1 B nepemeHHOro TOKa

CooTHOLWeEHNe

1 MB/ 1 A ans nepemeHHOro Toka

YacToTHbIN AnanasoH

30Ty,...10 Kly,

Knacc 3awmrhbl

[BOWHanA, B COOTBETCTBUM C
IOCT IEC 61010-2-032-2014

MN3meputenbHada KaTeropma no
IOCT IEC 61010-2-032-2014

111 600 B

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

IP40, c oTKpbITbIMUK I'y6Kamu IP30

Pasmepbl 216 x 111 x 45 mm
Macca oKono 640 r
PacKkpbiTre 3aXKMmoB 53 mm

OxBaT OTKPbITbIX 3aXKMMOB 139 mm
MaKcumanbHbI AnameTp 3MepsiemMmoro nposoaa @ 52 mm

OnvHa Kabens Knewen 2,2 M

[dunanasoH pabounx Temnepatyp -10...55°C
BnaxKHOCTb <85%

BbicoTa Hag ypoBHEM MopA <2000 m

3HEKTpOMa FTHUTHaA COBMECTUMOCTb

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

6.10.2 Knemmu C-6A

Knewm C-6A npegHasHayeHbl g1 U3MEPEHMA NepeMeHHOoro Toka Yactotoi go 10 Kkl B gmanasoHe 10
MA...10 A.

BbIXOAHBIM CUTHAaNOM ABAAETCA HanpaXeHue, MPONopLUMOHANbHOE CUNe U3MepAeMOoro TOoKa C
yyscTBuTenbHocTbio 100 mB/A. OHo nepepaérca no 2,2-meTpoBomMy Kabento, 3aKaH4YMBaoLWMIACA
COOTBETCTBYIOLLMUM PA3bEMOM.
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CTpenka, pasmelléHHan Ha 04HOMN M3 CTOPOH, yKa3blBaeT HamnpaB/ieHNe 3NEKTPUYECKOro ToKa. MpuHATO
CUYMTaTb, YTO TOK TEUET B MOJIOKMTE/IbHOM HaNpPaBAEHMUM, €C/IM OH ABUMKETCA OT UCTOUYHMKA K MPUEMHUKY.
TaKaa opueHTauma Knewlei TpebyeTca ANa NPaBUAbHOIO U3MEPEHNA MOLLHOCTMY.

ToKosble Knewm C-6A

f Henb3a Mcnoib3oBaTh KAewm Ha HEM30/IMPOBAHHbIX NPOBOAHMKAX C MOTEHUMaNom 601blLMM
600 B N0 OTHOLWEHMIO K 3eM/1e U B YCTAHOBKAX M3MEPUTE/IbHOM KaTeropum Boiwwe ll.

Hopmaanble yCnoBua onAa NnoOBepKHU

Temnepatypa 20...26 °C
OTHOCUTEeNbHAA BNAXKHOCTb 20..75 %
Mo3nuua npoBoaa NpoBoJ B LLEHTPE, OTHOCUTE/IbHO 3aXKMMOB K/leLLeln
YacToTa CMHYCOMAANbHOrO TOKA 48...65 Ty,
KoadpdrUMEHT rapMOHMYECKUX UCKAKEHW <1%
MocToAHHAA cOoCTaBAAOWAA TOKA OTcyTcTBYET
MocToAHHOE MarHUTHOE nosne <40 A/m (marHuTHOe none 3emnn)
MNepemMeHHOe BHeLHee MarHMTHoe nosne OTcyTcTBYET
MpoBoaa B HenocpeacTBeHHOW 61M30CTH OTCYTCTBME MPOTEKAIOLLErO NO HAM TOKaA
[ana3oH ToKa OcHosHas norpewHocTb!? OwwubKa dasbl
0,01...0,1A <3%+1MA He onpegeneHa
0,1..1A <2,5% <5°
1..12A <1% <3°

1) g % OT M3MepAEMOl BEANUMHDI

TexHu4Yeckme napameTpbl

CooTHOLWeHue 100 MB / 1 A ansa nepemeHHOro ToKa

YacToTHbIV AnanasoH 40 y,...10 KlMy,

,CI,BOf;IHaFl, B COOTBETCTBUN C

Knace sawumre! FOCT IEC 61010-2-032-2014

N3mepuTenbHaa Kateropua no NOCT IEC 61010-2-032-

2014 111 600 B

CTteneHb 3awWwuThl, cornacHo FOCT 14254-2015 (IEC

60529:2013) IP40, c oTKpbITbIMUK Ty6Kamu IP30

Pasmepobl 135 x50 x 30 mm
Macca OK0s10 240 T
PacKkpbiTre 3aXKnMmoBs 21 mm

OxBaT OTKPbITbIX 3aXKMMOB 69 Mm
MaKcrManbHbIM UaMETP U3MePAEMOro NPoBoaa @ 20 mm

OnvHa Kabens Kneuiei 2,2 m

[dnanasoH paboumx Temnepatyp -10...55°C
BnaxkHoCTb < 8%
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BbicoTa Hag ypoBHEM mopA <2000 m

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

INEKTPOMATHUTHAA COBMECTUMOCTS FOCT 30804.6.2-2013 (IEC 61000-6-2:2005)

6.10.3 Knemu C-7

Knewu C-7 npegHasHayeHbl ANA W3MEPEHUA MepemMeHHOro TOKa B CeTAX HWU3KOro M cpepHero
HanpAaXeHuA B AnanasoHe o 100 A.

BbIXOAHbIM CUTHANOM ABAAETCA HanpaXeHue, MPonopLUMOHaNbHOE CUNe U3MEPAEMOro TOKa C
yyBCcTBUTENbHOCTBIO 5 MB/A. OHO nepepaétca no 3-meTpoBOMy Kabenw, 3aKaHuMBaloWMACA
COOTBETCTBYOLWMM PAa3bEMOM.

CTpenka, pasmelléHHan Ha 04HOMN M3 CTOPOH, yKa3blBaeT HamnpaB/ieHNe 3N1EKTPUUYECKOro ToKa. MpuHATO
CYMTaTb, YTO TOK TEUET B MOJIOKMTENIbHOM HaNpPaBAEHUM, €C/IM OH ABUMETCA OT UCTOUYHMKA K MPUEMHUKY.
TaKan opueHTauma Knewen TpebyeTcs Ana NPaBUAbHOIO U3MEPEHNA MOLLHOCTY.

ToKoBble Knewm C-7

f Henb3sa Mcnonb3oBaTb KAELWM Ha HEU30AMPOBAHHBIX MPOBOAHMKAX C NOTEHUMANOM BONbLIMM
300 B no OTHOLIEHMIO K 3eMJ/1e U B YCTAHOBKAxX MU3MepUTENbHOM KaTeropum sbiwwe Il

Hopmaanble yCnoBuAa onAa NnOBepPKHU

Temnepatypa 18...28 °C

OTHOCUTEeNbHAA BNAXKHOCTb <85 % (6e3 KoHAeHcauuu Bnaru)
YacToTa OcHOBHas NOrpeLwwHocTb OwwnbKa dasbl

45...65 'y, 1+0,5% +0,1 mB <2°

40 ly,..1 KMy, +1,0% +0,2 mB He onpegeneHa

TexHn4yeckne napameTpbl

CooTHOLWeHue 5mB /1A gns nepemeHHOro ToKa

MonHoe BbIXO4HOE CONPOTMBAEHMUE 11 0m

ABOD’IHBH, B cOOoTBETCTBUA C

Knacc sawuTei rOCT IEC 61010-2-032-2014

U3meputenbHaa Kateropua no NOCT IEC 61010-2-032-2014 11300 B
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Pasmepsl 100 x 60 x 26 mm

Macca okono 160 r

MaKcumanbHbI AnameTp U3MepsiemMoro nposoaa @ 24 mm

[OnnHa Kabensa knewen 3m

[dnanasoH paboumx Temnepatyp 0..50 °C

OTHOCUTEeNbHAA BNAXHOCTb < 85% (be3 KoHAeHcaLMuM Bnaru)
DNeKTPOMarHMTHaAA COBMECTMMOCTb FOCT P M3K 61326-1-2014

6.10.4 Knewu F-1, F-2A, F-3A

MbKne Knewm (Katywka Porosckoro) F-1, F-2A v F-3A npepgHasHayeHbl gas U3MEPEHUA NepPeEMEHHOTO
TOKa ¢ 4actotoi go 10 Kly B aumanasoHe 1..3000 A. Tokosble rmbkue Knewm F-1, F-2A u F-3A
OT/INYAOTCA MeXKAYy COOOM TONbKO MaKCMMA/ibHbIM AMaMeTpoM 06xBaTa. DNeKTpuyYeckne napameTpbl
NAEHTUYHbI.

BbIXOAHbIM CUTHa/NOM AB/AETCA HaMNPAMKEeHWe, NMPONopLUMOHaNbHOE MPOM3BOAHON U3MEPAEMOro TOKa
npwu yyscteuTensHoctn 38,83 mB/1000 A ana 50 'y n 46,6 mB/1000 A ans 60 I,

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

BbIXO4HOW curHan nepegaértca no 2,5-X MeTpoBOMy Kabenlo, 3aKaHUYMBAIOLWLMIACA COOTBETCTBYHOLLMM
pasbEémom Ana noaxoaallero rHesaa s npubope.

Ctpenka, NoMeLWEHHan Ha 3aCTEXXKe Kellel, yKa3blBaeT Hanpas/ieHMe 3N1eKTPMYEcKoro Toka. MpuHato
CYMTATb, YTO TOK TEUYET B NOJOKUTE/IbHOM HAaNpPaBAEHUN, €CAIN OH ABUMKETCA OT UCTOYHUKA K NPUEMHUKY.
TaKas opueHTauma Knewen TpebyeTca Ana NPaBUIbHOIO M3MEPEHNUA MOLLHOCTU.

f Henb3sa Mcnonb3oBaTb KAELWM Ha HEU30AMPOBAHHBIX NMPOBOAHMKAX C NOTEHUMANOM BONbLIMM
1000 B no OTHOLIEHUIO K 3eM/Ie U B YCTAaHOBKaX M3MepUTeIbHOM KaTeropuu Bbiwe lll.

HopmasibHble yca0oBMA ANA NOBEPKU

Temnepartypa 18..22 °C

Mo3uuma nposoaa NpoBOJ, B LLEHTPE OTHOCUTE/IbHO NETAU Knewei
MocToAHHOE MarHUTHOE nose <40 A/m (MarHuTHoe none 3emnau)
MepemeHHOe BHELWHEE MarHUTHOE nose OrtcyTcTyeT

BHelHee aneKTpuyeckoe nose OTcyTctyeT

TexHUYECKMEe XapaKTEPUCTUKM

HOMMHanbHbIN AMana3oH U3mepeHus 1...3000 A (10000 A nukosoe ana 50 u)
KoadpdpuumeHT Bxoa/sbixoq, 38,83 mB/1000 A (50 l'u), 46,6 mB/1000 A (60 I'u)
OcHOBHaA NOrpeLHoCTb +1% B ananasoHe 1...3000 A

ﬂ,BOﬁHaﬂ n3onAauunAa, B COOTBETCTBUN C

Rnace sawmre! FOCT IEC 61010-2-032-2014
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M3ameputenbHana Kateropuma no NOCT IEC 61010-2-

032-2014 (111000 B
CreneHb 3awuThl, cornacHo NOCT 14254-2015 P67

(IEC 60529:2013)

AnameTp KaTyLwKu 8,4 mm
[OunameTp 3acTexKKn (MaKcMmanbHbIn) 36 Mmm
OnnHa oKpyKHocTu F-1 120 cm
ONnHa oKpyKHOCTU F-2A 80 cm
OnnHa oKpyKHOCTU F-3A 45 cm
BHyTpeHHWUI guameTp F-1 380 mm
BHyTpeHHWUI guameTp F-2A 250 mm
BHyTpeHHWUI guameTp F-3A 140 mm
Macca F-1 oKono 200 r
Macca F-2A okono 170r
Macca F-3A oKkono 140 r
[OnnHa Kabena rmbkmx Knewein 2,5m
[dnanasoH paboumx Temnepatyp -30...80 °C

3ne|<Tpoma FTHNTHaA COBMECTUMOCTb

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

6.10.5 Knemu F-2AHD, F-3AHD

MbKue knewm F-2AHD u F-3AHD npeaHasHayeHbl AN U3MEpPEHUs NepeMeHHOro Toka ¢ yactoTtoi go 20

Ky B gManasoHe 1...3000 A 1 B cpaBHeEHUM € TMBKMMM Knewamn F-2A n F-3A oTAnMYatoTCA NOBbILWEHHOM

yCTOﬁHMBOCTbD K MeXaHU4YeCKUm nospexaeHnAam.

TexHunyeckune XapaKTePUCTUKU

OcHoBHasn NnorpeLwHoCTb

10,5% B gnanasoHe 1...3000 A

CreneHb 3awmThl, cornacHo NOCT 14254-2015

(IEC 60529:2013) P65
dnameTp KaTyLKu 9,9 mm
OnameTp 3acTerKkn (MakCMManbHbIl) 23 mm
OnnHa okpyxHocTn F-2AHD 91,5cm
OnvHa okpyxHocTtu F-3AHD 45 cm
BHyTpeHHUI anameTp F-2AHD 290 mm
BHyTpeHHUI anameTp F-3AHD 145 mm
Macca F-2AHD oKono 220r
Macca F-3AHD OKos0 165

OcTa/ibHble MapaMeTpbl TaKue e, Kak y Kneulen F-1 / F-2A / F-3A.

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

Mbkue knewm F-1A6, F-2A6 1 F-3A6 MMEIOT MEHbLLYIO YyYBCTBMTE/IbHOCTb MO cpasHeHuto ¢ F-1 / F-2A / F-

3A, yTo NO3BOAIAET U3MePATb TOK A0 6000 A (nnkosan 20 kA ana 50 l'y).

BbIXOAHbIM CUTHANOM SABAAETCA Hanpsi»KeHue, NPOonopLUUOHabHOE NMPOU3BOAHON U3MEPSEMOro TOKa
npwv yyscteuTenbsHocTn 19,415 mB/1000 A ans 50 'y, 1 23,3 mB/1000 A ans 60 lu.

OcTanbHble MapaMeTpbl TaKue e, KaK y Kneuen F-1 / F-2A / F-3A.
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6.10.7 Knemmu F-1A1, F-2A1, F-3A1

Mbkue Knewm F-1A1, F-2A1 u F-3A1 nmetoT 60/blUYIO YYBCTBUTENBHOCTb NO cpaBHeHuto ¢ F-1 / F-2A / F-
3A, yTo no3sonsAeT nsmepsTb Tok Ao 1500 A (nukosas 5 kA ansa 50 u).

BbIXOAHbIM CUTHANIOM SIBAAETCA HanpsiKeHue, NPonopLUUOHaibHOE NMPOU3BOAHON U3MEPSEMOro TOKa
npu YyBcTBUTENLHOCTM 77,66 MB/1000 A ana 50 'y 1 93,19 mB/1000 A ans 60 lu.

OcTanbHble NapaMeTpbl TaKMe e, KaK y Knewen F-1 / F-2A / F-3A.

6.11 CBa3b
CBa3b
lanbBaHWYECKU N30MPOBAHHbIN,
USB MakcurmanbHasa ckopocTb nepeaayn: 921,6 KEMT/C, PEXKUM YTEHUA NaMATU CO

CKOPOCTbIO NopAAKa HECKObKMX Méut/c.
Cosmectumoctb ¢ USB 2.0.

BctpoeHHbIn moaynb Wi-Fi IEEE 802.11b/g/n,

Makc. apdpeKkTmBHas ckopocTb nepeaaym 300 K6ut/c (Ha pacctoaHum go 10 m)
becnposoaHan Wi-Fi | CraHgapT (b/g) v (n) Ana oaHOro NOToKa AaHHbIX.

WndposaHme (Touka aoctyna): WPA2-PSK

LWndposaHue (BHelwHAA Touka goctyna): WPA/WPA2-PSK nnu 6e3 wmndpposaHms.

BcTpoeHHbIt mogem GSM ¢ BHYTpeHHel aHTeHHOM, A40CTYNHbIA ANs
nonb3osartens caoT SIM-KapTbl (mini SIM, 15 x 25 mm)

MakcunmanbHasa cCKopocTb nepeaauun: 5,76/7,2 Méut/c

MopaeprkMBaemble gMana3oHbl YacToT:

GSM/GPRS/EDGE: 850/900/1800/1900 Mry,

UMTS/HSPA: 2100 MTu, (Bepcus ana eBponeinckoro pbiHka, npolumskun HWf n
b6onee paHHue)

UMTS/HSPA: 850/1900/2100 Mryu, (BepcKa ANns MUPOBOTO pPbiHKa, MPOLLMBKK
HWf n 6onee paHHue)

UMTS/HSPA: 850/900/1900/2100 MTy, (Bepcua npolumeku HWg 1 6osee HoBble)

GSM

6.12 Yci10BUA OKpYyXKamllei cpeabl M Apyrue TeXHu4ecKue JaHHble

YcnoBus oKpyrKatoLLen cpeabl

[dunanasoH pabounx Temnepatyp -20...55°C

[JnanasoH TemnepaTtyp Npu XpaHeHUU -30...60°C

Bna*kHOCTb 10...90 % c BO3MOKHOM KOHAeHcaumemn
FepmetmyHocTb (no IEC 60529) IP 65 (cmoTpu TpeboBaHuA pasgena 1.4)

He ncnonb3oBaTb B yCA0OBMAX NPAMOrO BO34ENCTBUA
CONMHEYHbIX IY4EN, UCNONb30BATb COMHLE3ALLUTHbIE
YCTONYMBOCTb K CONHEYHOMY M3NYYEHUIO | KO3bIPbKU. PEKOMEHAYeTCA KO3blpeK U3 NNacTUKa —
METANIUYECKUI MOMKET YMEHDBLUNTL YPOBEHDb
NpMHMMaemoro curHana GPS.

Temnepatypa oKkpyKatouen cpeapl: 0...40°C

YcnoBua noBepku
P BnaxHocTb: 40...60 %

£0 2000 m

Pabouas BbicoTa (80 4000 m c yMeHbLUEHNMEM N3MEPUTESIBHOW KaTeropuu;
CMOTpU pasgen 6.1)

Pasmepbl 200 x 180 x 77 mm (6e3 npoBoA0B)
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Macca

npmumepHo 1,6 Kr

Oucnnei

UseTtHon KW TFT, 320x240 nukcenb, guaroHans 3,5”

MamATb faHHbIX

BcTpoeHHan kKapTa namsaTtn 8 6 (cTaHgapTHO),
BO3MOXHOCTb pacwmpenunsa go 32 6 (onums)

6.13 be3onacHOCTH M 3JIEKTPOMarHMTHasA COBMeCTUMOCThb

besonacHocTb 1 INNEKTPOMArHMTHaA COBMECTUMOCTb

CooTBeTtcTBUE

FOCT IEC 61010-2-032-2014

KaTeropus anexktpobesonacHoctu

IV 600 B /111 760 B (11l 1000 B B 3aBMCMMOCTV OT Bepcun)

Knacc 3awmrhbl

[BoiHasa nsonaums, cornacHo NOCT IEC 61010-1-2014
FOCT IEC 61557-1-2005

3}'IEKTpOMa FTHUTHaA COBMECTUMOCTb

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

YCTOMYMBOCTb K NOMEXaM Ha pagno4acTtoTax

FOCT IEC 61000-4-3-2016

cnHycomganoHaa mogynaumna 80 % AM, 1 Kl'y,
80...1000 MTu, 10 B/m

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

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

YCTOMUYMBOCTb K 3/1EKTPOCTAaTUYECKUM
paspsagam

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

YcTOM4YMBOCTDb K HaBeAEHHbIM NOMEXam,
MHOYUMPOBAHHBbIM Pagno4aCTOTHbIM MOJIEM

FOCT P 51317.4.6-99 (M3K 61000-4-6-96)
CunHycounpansHaa mogynaumna 80 % AM, 1 Ky,
0,15..80 Mrly, 10B

YCTOMYMBOCTb K Cepum BbICTPbIX
3N1EKTPUYECKUX NEPEXOLHbLIX COCTOAHMIA

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

YCTOMUYMBOCTb K YAAPHbIM MMMY/IbCaM

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

dmuncema n3ny4aemMbiX NnoOmMex Ha
pagno4acTtoTax

FOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
30...230 Mru, 40 ab (MKB/M) Ha paccToAaHUn 10 m
230...1000 Mrlu, 47 ab (MkB/m) Ha paccTosiHMM 10 m

dmuncema KOHAYKTUBHbIX NOMeEX

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
YPOBHU ANA KBa3UMUKOBOro AeTeKTopa:
0,15 kly...0,5 Mr'y: 66...56 sgEMKB

0,5...5 Mrl'y: 56 nbmkB

5...30 MT'u;: 60 oEMKB

Mpumeuanne Kk FOCT 30805.22-2013 (CISPR 22:2006) «COBMeECTMMOCTb TeXHUYECKUX CpPeacTB

3NEeKTPOMarHUTHas. O6opyaoBaHue

MHGOPMALMOHHDBIX

TEeXHONOrMiA. Paguonomexu

MHAycTpuanbHbie. Hopmbl 1 meTtoabl nsmepeHuii.» (EN55022:2010)

PQM-710 n PQM-711 - 310 npubopbl Knacca A. B 6biToBOM cpeae 3TO M3AeNne MOMKET Bbi3BaTb

paguonomexu, YTo noTpebyeT OT MO/b30BaTeNs MPUHATMA COOTBETCTBYIOLWMX MEP MO UCMpPaBAeHUIo

NONOXEHUA.

6.14 CtangapThl

CtaHaapThbl

MeToabl usmepeHusa

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

TOYHOCTb U3MEPEHMUA

rOCT 30804.4.30-2013 (IEC61000-4-30:2008) knacc A

KauvecTtBo aHeprum

FOCT 32144-2013
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dnukep rOCT P 51317.4.15-2012 (M3K 61000-4-15:2010)

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

be3onacHocTb FOCT IEC 61010-2-032-2014

3MC FOCT P M3K 61326-1-2014

CraHpapT KayecTsa pa3paboTKa, NPOEKTMPOBAHNE U MPOM3BOACTBO cornacHo 1ISO 9001

7 KOMIUVIEKTALUA

7.1 CraHpapTHas KOMILUIEKTanus

HanmeHoBaHne Kosn-8o UHaekc
AHanunsaTop NapameTPOB KayecTBa 3/1eKTpuYeckomn sHeprun PQM-7xx 1 wr. WMRUPQM7xx
PykoBoacTBo no akcnayaTtaumu/Macnopt 1/1wT. | #
Apantep AC-16 1wrt. | WAADAAC16
ApanTtep gnsa nogkaYeHuns K ogHodasHom cetn AZ-3 1 wr. WAADAAZ3
3axum «KpoKoann» M3onmpoBaHHbI ronyboii K02 1wr. | WAKROBU20KO02
3axknm «KpoKogma» U30anMPOBaHHbIN KeNTblin KO2 1wr. | WAKROYE20K02
3axknum «KpoKoama» M30MPOBaHHbIN KpacHbIn K02 2 wt. | WAKRORE20K02
3axknm «KpoKkogma» n30anpoBaHHbIN Y€pHbI KO1 3wr. | WAKROBL20KO1
Kabenb nocneposatensHoro nHtepderica USB 1wt. | WAPRZUSB
KomnneKkT gna pukcaumm pemHemn 1wrt. | WAPOZUCH4
Mapkepbl KabesibHble 1 komn. | WAPOZOZN4
Habop ana moHTaxKa Ha DIN-peiike 1 wr. WAPOZUCH3
PemHuM ana Kpenexa Ha ctonbe (2 wT) 1 komn. | WAPOZOPAKPL
CoeAnHUTENb 3/IEKTPUUYECKUN — adanTep MarHUTHbIN mogens AM-4 1 komn. | WAADAUMAGKPL
CoeANHUTENb 3NIEKTPUYECKUIA — afanTep ¢ pe3bboii M4/M6, moaenb 1 vomn. | WAADAMAME
AR-1
®dyThap naacTMkoBbIn XL2 1 wr. WAWALXL2
7.2 JlonoJIHUTe/IbHAasA KOMIUIEKTaluA

HanmeHoBaHune UHaeKc

AHTeHHa GPS WAPOZANT10GPS
Knewwm rmbkne F-1 WACEGF10KR
Knewm rmbkue F-2A WACEGF2AOKR
Knewm rmbkue F-3A WACEGF3AOKR
Knewwm rmubkune F-2AHD WACEGF2AHDOKR
Knewwm rubkune F-3AHD WACEGF3AHDOKR
Knewm rmbkue F-1A1 WACEGF1A10KR
Knewu rmbkue F-2A1 WACEGF2A10KR
Knewwm rmbkue F-3A1 WACEGF3A10KR
Knewwm rubkue F-1A6 WACEGF1A60KR
Knewm rubkue F-2A6 WACEGF2A60KR
Knewm rubkue F-3A6 WACEGF3A60KR
Knewwu namepwutenoHole C-4 WACEGC40KR
Knewm namepurtenoHbie C-6A WACEGC6AOKR
Knewm namepurtenoHbie C-7 WACEGC70KR
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http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=496
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=821
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=348
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=341
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=347
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=343
http://www.sonel.ru/ru/products/accessories/wires/detail.php?id4=408
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=535
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=534
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=536
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=518
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=519
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=519
http://www.sonel.ru/ru/products/accessories/cases/detail.php?id4=533
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=537
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=381
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=706
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=707
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=800
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=802
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=804
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=801
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=803
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=805
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=384
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=708
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=532

‘ KomnneKkT usmeputenbHbiXx pazbeémoB 41a ¢pasHbIX U HyneBbIX WKH AR-468 WAADAR468RU

7.3 BHelHAasa akTUBHafA aHTeHHA GPS

L)

BHewHAA aHTeHHa GPS.

TexHunyeckune XapaKTePUCTUKU

YacTtoTta 1575,42 Ty,

Monspusauus npasas Kpyrosas nonapusauus (RHCP)
Ycunenue 26 nb (3 B)

KoadppuumeHT cTosyern BOMHbI MO  HaMpPAXKEeHUIo <121

(VSWR) e

Pasmepbl (6e3 kabens) 14,0 x 34,2 x 38,2 mm

Pabouas TemnepaTtypa -40...85 °C

CreneHb 3aWmThl IP67

OnvHa Kabens 10m

MoTpebneHune ToKa 15...25 mA

KpenneHue MarHuTHoe, Ha Ny NOBEPXHOCTb

8 OBC/YKUBAHMUE IIPUBOPA

f B cnyyae HapylueHus npasua KCnayaTaumm obopyaoBaHus, YCTaHOBAEHHbIX M3rotosutenem,
MOMeT YXyALMTbCA 3aluTa, NPUMEHEHHas B 4aHHOM npubope.

Kopnyc M3amepuTens MoKHO YNCTUTb MATKOM BAaXKHOWN dnaHenblo. Henb3a MCNoab30BaTh PacTBOPUTENN,
abpasunBHble YMcTALLME CpeacTBa (MOPOLIKM, NacTbl U Tak Aanee).

JNEeKTPOHHAA CXema M3MEPUTENA He HYXOAEeTCA B YMUCTKE, 33 WMCKAKOYEHMEM THEe3n, MOAKNIYEHMA
N3MepUTEIbHbIX NPOBOAOB.

N3meputenb, yNnakoBaHHbIM B NOTPEOUTENbCKYIO M TPAHCMOPTHYIO Tapy, MOMKET TPaHCMOPTUPOBATLCS
N06bIM BUAOM TpaHCNopTa Ha Ntobble paccToAHUA.

[onycKkaeTca YnCcTKa rHE3L NOAKNOYEHNA U3MEPUTE/IbHBIX MPOBOAOB C UCNO/Ib30BaHMEM H6e3BOPCUCTbIX
TaMMNOHOB.

Bce ocTtanbHble paboTbl No 06CAyXKMBaHMIO NPOBOAATCA TONIbBKO B aBTOPM3MPOBAHHOM CepBUCHOM
LleHTpe OO0 «COH3/T».

PeMOHT nprbopa ocyLecTBAAETCA TONbKO B aBTOpU3oBaHHOM CepBUCHOM LieHTpe.

9 XPAHEHME U YTWIN3ALUA

Mpu xpaHeHUn npnbopa HEOHBXOANMO NPUAEPKNBATLCA CNEAYIOWMNX PEKOMEHAALMIA:

e  OTKNIOYMTb OT U3MEPUTENS BCE NPOBOAA;
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e TwaTtenbHO OYMCTUTL NPMBOP, 1 BCe aKceccyapbl;
e Yr10bbl M36€eXKaTb NOJIHOTrO paspsada aKKyMyATOPOB NPU AJIMHHOM XPaHEeHUM X Heobxoanmo
nepuoamYecKmn 3apaxaTb.

N3meputenb, npegHasHauYeHHbIM ANA yTUAM3auuMKM, chepyeT nepepatb lMpoussogutento. B cayyae
CaMOCTOSTENbHOM YyTUAU3aUuKN eé cnegyeT NPOBOAUTL B COOTBETCTBUU C AEWUCTBYIOLMMM NMPaBOBbIMU
HOpPMaMM. YTUAMU3AUUIO SNEKTPUYECKOTO M 3/J1eKTPOHHOro obopyaoBaHWa HeobXxoaMMoO NPOBOAUTL
OTAEeNbHO, HEe CMeLLMBas C OTX0A4aMu Apyroro poaa. Nepes focTaBKoW 060pyA0BaHUA B NYHKT cbopa He
MbITalTeCb CAaMOCTOATE/IbHO Pa3bupaTb Kakne-nMbo YyactTu AaHHOro obopyaoBaHuUA.

10 ITOBEPKA

AHanuzatopbl cepum PQM B cooTtBeTcTBMU ¢ PeaepanbHbiM 3akoHOM PP Nel02 «O6 obecneyeHuu
e4MHCTBA U3MepeHnin» cT.13, nognexxunT nosepkxe.

MeToanKa NoBepKM JOCTYMHA ANA 3arpy3KuM Ha canTe www.poverka.ru

MexcnoeepoyHsili uHmepean — 2 200a.

METPOJIOTMYECKAA C/NIYXBA OO0 «COH3J/I» ocywecTBndaeT MOBEPKY Kak COBCTBEHHOro napka
peanMsyemoro ob6opyaoBaHuA, Tak M NPUOOPOB OCTa/ibHbIX MpousBoanTesield, M obecrneymsaer
6ecnnatHyto gocTtaBky C/ B MoBepKy U 13 NOBEPKKN IKCNPECC NOYTOMN.

115533, r. MockBa, np-T AHgponosa, p4.22, bl «HaratuHckui», 3Ttaxk 19, 0¢§.1902.
Ten.: 8 (800) 550-27-57 n06.501 nnun +7 (495) 465-80-25

E-mail: standart@sonel.ru
Internet: www.poverka.ru

11 CBEAEHHA Ob U3TOTOBUTEJIE

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

Fax: +48 74 85 83 809
E-mail: sonel@sonel.pl
Internet: www.sonel.pl

12 CBEJAEHHA O IOCTABIIUKE

000 «COH3J1», Poccua
142721, MockoBcKas 06n., JIeHUHCKM p-H, 4. Mwucannoso, yn. [epBomalickasa, 4.158A.
Ten.: 8 (800) 550-27-57

E-mail: info@sonel.ru
Internet: www.sonel.ru
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13 CBEAEHHA O CEPBUCHOM LEHTPE

FapaHTUIHBIN M nocnerapaHTUMHbIN pemoHT CM SONEL ocyuwecTBnaeT aBTOPM30BaHHbIN CepBUCHbIN
LeHTp KomnaHun COHI/1 1 obecneunsaet becnnatHyto aoctasky CU B pemMOHT/M3 pemoHTa 3Kcnpecc
noyTomn.

CepBucHbIl LleHTp pacnonoxeH no agpecy:
115533, r. MockBa, np-T AHgponosa, p4.22, bl «HaratuHckuii», 3Ttaxk 19, 0¢§.1902.
Ten.: 8 (800) 550-27-57 n06.501 nnun +7 (495) 465-80-25

E-mail: standart@sonel.ru
Internet: www.poverka.ru

14 CCbIJIKH B UHTEPHET

Katanor npogykunm SONEL

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

JneKTpoHHasA popma 3aKasa yC/yr MOBEepPKMN 3NEKTPOM3MEPUTEbHbIX NMPUBOPOB.
http://poverka.ru/main/request/poverka-request/

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

ApeHpga obopyaoBaHua u npnbopos

https://priborvarendu.ru/
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