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1 OBILIAA UH®OPMALIUA

1.1 Be3omnacHoOCTHb

Mpubopbl PQM-702, PQM-703, PQM-710 n PQM-711 npegHasHayeHbl AN U3MEPEHUS, PErUCTPALLUN U
aHanM3a NapameTpoB aneKkTponuTaHua. [lna obecnevyeHma 6e3onacHoOM sKcnyaTaumMm 1 4OCTOBEPHOCTH
NoJlydeHHbIX pe3ynbTaToB, Heobxoanumo cobntoaatb cneaytolwme pekoMmeHaauuu:

BHumaHue /l\.

MNepep pabotoit c npubopom Heobxogumo U3yunTb JaHHOe PyKOBOACTBO, TWiaTenbHO cobnopatb
npaBuW/a 3aLWUTbI, a TaKXKe peKomeHgauum Usrotosutens.

MpumeHeHne npubopa, HecooTBeTCTBYOWEEe yKasaHMAM W3rotoButensa, MoKeT 6biTb NPUYUHOMN
NosIOMKM nNpubopa M UCTOYHMKOM cepbE3HON onacHocTu AnA Monb3osartens.

e [lpMbopom MOryT No/ab3oBaTbCA /IMLLA, UMEIoLLMEe COOTBETCTBYIOLLYIO KBaandUKaLmio U A0NYCK K
OaHHbIM paboTam;

e Bo Bpema u3mepeHuin [lonb3oBaTeNb He MOMET MMEeTb HEenoCpeACcTBEHHOro KOHTaKTa C
OTKPbITbIMM YacTAMMW, OOCTYNHbIMU A/1A 3a3emaeHus (Hanpumep, OTKPbITble MeTafnnyeckue
Tpy6bl LEHTPaNbHOro OTONAEHWS, MPOBOAHUKN 3a3eMIeHMA U T.M.); ANnA obecrnevyeHMa xopollen
M301AUMK  CaeflyeT UCNO/Mb30BaTb COOTBETCTBYIOWLYIO —Cheuodeskay, nepyaTtiu, o6ysb,
M30/UpPYIOLLME KOBPUKU U T. A.;

e Hesb3s KacaTbCA OTKPbLITbIX TOKOBEAYLLMX YacTel, NOAKAOUEHHDIX K 3/1IeKTpOCeTH;

e HegonycTtMmo npumeHeHue:

O U3MepuTens, NOBPEeXKAEHHOTO NOJIHOCTbIO UKW YaCTUYHO;

O MNPOBOAOB C NOBPEKAEHHON U30NAUMEN;

O W3MepuTensa, MNPOAOKUTENbHOE BPEMS XPaHMBLIWUIACA B HEMNPaBWIbHbLIX YCNOBUAX
(Hanpumep, B CbipOM NOMeLLEHUN);

PeMOHT nprbopa MOKeT BbINOJHATLCA ANLWb aBTOPU30BaHHbIM CepBUCHbIM LieHTpoMm.

NPEAYNPEXOEHUE:

He BbINONHATL U3MeEpPeHUA BO B3PbIBOOMACHOW cpege (Hanpumep, B NPUCYTCTBUU FOPIOUMX rasos,
napos, Nbiav U 1.4.). Ucnonb3oBaHne U3MEpUTENa B TaKUX YCNOBUAX MOKET BbI3BaTb UCKpeHUe U
B3pbIB.

BHMMaHue ‘/L\.

Hactosiliee nspenme OTHOCUTCA K YHUBEPCA/IbHbIM M3MepUTe/IbHbIM Npubopam pna usmepeHus u
KOHTPONA 3/1IeKTPUUECKUX BEIMUUH (HanpsaXeHUsA, CUNbl TOKA, CONPOTUBIEHUA U MOLLHOCTH).

BHUMaHMue /L\.

CMumBOoNaMM C HasBaHMEM TUNa aHanuMsatopa o603HauyeHbl YacTUM TeKCTa, Kacaiowuecs
cneuynduUeckux 0cobeHHOCTEe AAHHOrO TUMA aHa/AM3aTopa, B YACTHOCTH, AOCTYMHOCTU WM
HeAOCTYNHOCTU AaHHOI PyHKUMM nporpammbl. Jliobble apyrme ¢parmeHTbl TEKCTA OTHOCATCA K O
BCEM TUNaM aHaN3aToOPOB.




1.2 O6mas xapakKTepuCTHUKa

AHannsaTop MapameTpPOB KayecTBa 3/IEKTPUYECKOM 3Heprum Tuna PQM-702, PQM-703, PQM-710 wu
PQM-711 (puc.1) — 3TO nepeaoBble BbICOKOTEXHOJ/IOTMYHbIE MPOAYKTbI, MO3BOJAIOLINE MPOBOAUTL
BCECTOPOHHME W3MEPEHMUs, aHaAM3 W perucTpauuio napametrpos cetn 50/60 Ty M KayecTBa
3/IEKTPUYECKOMN IHEPTUMN B COOTBETCTBUM C gencTayowmmm FOCT 32144-2013 «DneKTpuyeckan sHeprus.
CoBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IEKTPOMArHMTHaA. Hopmbl KauecTBa 3/1€KTPUYECKOM SHEPTUM B
cucTemax 3/1eKTpocHabxeHua obllero HasHadyeHua», TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
«InekTpuyeckaa sHeprua. COBMECTMMOCTb TEXHUYECKUX CPeacTB 3SNEeKTPOMaArHMTHaa. MeTtoapbl
M3MepeHUI MOoKasaTesell KayecTBa 3/1eKTpuyeckoi aHeprum», u FOCT 30804.4.7-2013 (IEC 61000-4-
7:2009) «CoBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IeKTPOMarHMTHan. Obuee pykoBoACTBO MO CpeacTBam
M3MEPEHUA U  U3MEPEHUAM TAPMOHWUK W  WHTEPrapMOHUK [A1A CUCTEM 3N1EKTPOCHAbXKeHUa W
NOAKNOYAEMbIX K HUM TEXHUYECKMX cpeacTB». AHANU3aTopbl NMOAHOCTbIO COOTBETCTBYET CTaHAAPTY
FOCT 30804.4.30-2013 knacca A.

AHanM3aTopbl OCHAalWEHbl MATbIO M3MEPUTE/IbHBIMA BXOAaMM MO HANPAMKEHWI0, C MPoBOAAMMU
3aKaHUYMBAOLWMMUCA pasbéMamm Tuna «baHaH» u obo3HavyeHHbimM L1, L2, L3, N u PE. [duana3soH
HaNPAXEHNIN, N3MEPEHHbIX NO YeTblIPpéM KaHanam — 31o 760 B (RMS) uam 1000 B (RMS) oTHocuTenbHO
3emMn (3aBUCUT OT BapuaHTa ncnosiHeHua). Mpu 3TOM AaHHOE 3HauyeHWe MOKeT 6biTb yBeNMYeHo, npu
YCN0BUMN UCMONb30BaHMA TPAHCHOPMATOPOB HaNpPAXKEHUS.

OnAa un3amepeHUA TOKA WCNONL3YHOTCA YeTblpe TOKOBbIX BXOAQ C KOPOTKMMW U3MEPUTENbHbIMMU
NPOBOAAMM, 3aKaHYMBAOLMMMUCA PasbEMaMMN ANA NOAKNOYEHUA TOKOM3IMEPUTENBHbIX Kaewwen. K Hum
MOXHO NOAKNIOUUTL: TMBbKMe Knewwn F-1, F-2A, F-3A, ¢ HOMMHaAbHbIM Anana3oHom Ao 3000 A
(oTAnuaroTcA ToNbKO AMameTpom 06xBaTa), écTkme knewm C-4 (amanasoH ao 1000 A nepemeHHoOro
ToKa), C-5 (amanasoH go 1000 A nepemMeHHOro W MNOCTOAHHOro ToKa), C-6A (gmanasoH go 10 A
nepemeHHoro Toka) u C-7 (amanasoH Ao 100 A nepemeHHOro Toka). TaKKe, Kak 1 Npu M3MepeHum ToKa,
HOMWHANbHbIN AMana3oH MOXKeT 6blTb USMEHEH C NOMOLLbIO AOMOIHUTE/bHbIX TPAHCPOPMATOPOB TOKA,
Hanpumep, Npu NpUMeHeHnn TpaHchopmaTopa ToKa ¢ KoapduumeHtom 1000/5 ¢ knewamm C-6 MOXKHO
n3mepaTtb Tokn go 1000 A.

Mpnbop OCHALLEH BCTPOEHHOM KapToh namsaTn émKocTbto 8 6. Ona obecnevyeHns BO3MOMKHOCTM
ObICTPOro CUYMTbIBAHMA 3aMWUCAHHbIX AAaHHbIX, AHANM3aTOP OCHALWEH BCTPOEHHbIM CYMTbIBAOLLUM
YCTPOMCTBOM, YTO NO3BOJIET YTEHME AAHHbIX CO CKOPOCTbIO MOpAAKAa HECKONbKMX M6uT/c. [daHHble
MOryT ObITb CYMTaHbl C WCMNONb30BAHWEM WMEILWMXCS KaHanos cBasu: USB, paguocsasu c
ncnonb3oBaHuem npuémumnka OR-1 (gns aHanmsatopos TMna PQM-702 u PQM-703), no paanocsasun Wi-
Fi (ans aHanmsatopos TMna PQM-710 u PQM-711) n GSM.

Mogem GSM (c nogaep:Kon ctaHgapta UMTS) BCTpoOeH B YCTPOMCTBO BMeCTe C aHTEHHOW. ITo AaéT
NPaKTUYECKM HeorpPaHUYEHHbIW A0CTYN K aHa/M3aTopy U3 060l TOUKM MUpPa, rae ecTb NoKpbiThe GSM.
Ha neBoii ctopoHe Kopnyca Haxoautca cnoT ana SIM-KkapTbl, Heo6x0AMMON ANA nepesfayn AAHHbIX.

AHanM3aTopbl MMEKT BCTPOEHHbI GPS-npuémMHMK BMecTe ¢ aHTeHHoM, Bnarogapa sTtomy 6e3 Kakux-
60 AONONHUTENbHbBIX aKCeCcCyapoB OHM MOJHOCTbIO COOTBETCTBYET TpeboBaHMAam FOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) «3nekTpuyeckaa 3sHeprusa. COBMECTUMOCTb TEXHUYECKUX CpescTs
3NeKTpoOMarHuTHaa. MeToabl U3MepeHUiA NoKasaTeslell KayecTBa 31EKTPUYECKON SHepruun.» Knacca A.
MpuemHuK GPS obecneumBaeT CUHXPOHM3ALMIO C BCEMUPHbIM KOOPAMHUPOBaHHbIM BpemeHem UTC u
No3BOAAET AOCTUYb TOYHOCTU U3MEPEHUA BPEeMEeHU OO0 HECKOIbKUX OeCATKOB HaHocekyHA. Ona GPS
NPUEMHUKOB MOJIyYEHME CMNYTHMKOBOIO CUIHaNa BO3MOMKHO Ha OTKPbITOA MECTHOCTWU, MO3TOMY
8



CUHXPOHM3aUumnA C NOMOLbIO BCTpOEHHOﬁ dHTEHHbI MPOUCXOAUT TOJIbKO CHAPYXKU 3,£l,aHMl7I. B Caiydae
MCNON1b30BaHNA aHaNN3aTOpPa BHYTPU 34aHUA HGO6XO,CI,MMO NOAKNHOYNTb K aHA/IM3aTOPYy BHELWHIOO GPS
dHTEHHY U BbIBECTU €€ Ha BHEeLWH CTOPOHY 34aHUA. BHelwHAA aHTEeHHa ABAAETCA OAONOJAHUTENbHbIM
aKceccyapom.

Pernctpupyembie napameTpbl pasgeneHbl Ha rpynnbl, KOTOPbIE MOMHO HE3aBMCMMO OT APYrMX BKAOUYATb
WIN UCKAOYATb U3 PEerncTpaumm, YTo nossosifeT PaumoHaNbHO MCMO/Ib30BaTb MECTO HA KapTe NamsATU.
He perucrpupyembie mapameTpbl He 3aHMMAlOT MecTa, TeEM CaMbiM MOMHO 3HAYMTENbHO MPOAJ/IMTb
BpPEMSA 3anncKn Apyrmx napameTpos.

OCHOBHbIE Pas3NnNuuna MexKay aHaM3aTopamu.

PQM-702 PQM-703 PQM-710 PQM-711

Moaynb nepexoaHbIX NPOLLECccoB [ °

Pagnomoayns 433 Mly,

[ [ )
(BmecTe c npuémHmnkom OR-1)

Moaynb Wi-Fi ° °

ranros | [
) { ol e oot
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Puc.l. AHann3aTop KayecTsa 31eKTpUYEeCcKon sHeprum. Obwmii sug,.

AHannsaTop COAEPKUT BCTPOEHHbIN B/0K NUTAaHMA C WUMPOKMM AMANa3OHOM BXOAHOTO HamnpsaMKeHus
100...690 B nepemeHHoro wam 140...690 B NOCTOAHHOIO TOKa, KOTOPbIM MMeEET oTAe/ibHbie NpoBoAa
(Bxopa) c pasbémamm TMNa «baHaH» Ha KOHLaX.

BaKHO OCOBGEHHOCTbIO ABASETCA NPUCNOCOBAEHHOCTb K paboTe B CNOMHbLIX MOroAHbIX YCAOBUAX —
aHanM3aTop MOXKeT ObiTb YCTAHOB/AEH HEMNOCPEeACTBEHHO HA OMNOPax JIMHUM 3EKTPoMepesayn.
AHanusaTtop obecneumBaeT repMeTUYHOCTb Knacca IP65, a ananasoH paboumx Temnepatyp -20...55 °C.

becnepeboliHyto paboTy, B yCnoBMAX OTCYTCTBUSA CETEBOrO HanpaxeHus, obecneymBaeT BCTPOEHHbIN
NNTUN-NOHHBIN aKKYyMyAaTop.

Monb3oBaTeNbCKUIM UHTEpdEC BKAOYAET B cebA UBETHOW MUAKOKPUCTANIMYECKUA Aucnien c
pa3speweHuem 320 x 240 nuKkcenein n pasamepom 3,5 atoima, a TakkKe 4-KHOMOYHYHO KnaBuaTtypy.

dnemeHTOM, NO3BONIAIOWMM NPOABUTL BeCb MOTEHLMAN YCTPOWCTBA, ABAAETCA Cheuuanm3nmpoBaHHoe
nporpammHoe obecneyeHne aaa nepcoHanabHoro komnbtotepa «SONEL ANALYSIS».

CBA3b C KOMMbIOTEPOM BO3MOMKHA MYTEM:

e [loaknoyeHne no USB, obecneumBatolllee CKOPOCTb Nepedaynm gaHHbIX Ao 921,6 kbut/c, B
peXXMMe CUMTbIBAHMA AaHHbIX C KapTbl NAMATH - CKOPOCTb NOPAAKa HECKObKO M6UT/Cc;

° mm CoeanHeHune no pagmocsasm 433 Mly npu ncnoas3osaHnu npuémuunka OR-1, co
CKOPOCTbIO NepeAayn AaHHbIX 40 57,6 K6UT/C (AanbHOCTb OrpaHnyeHa NPMMepPHO 5 m);

° Coe,u,MHeHme no paauno Wi-Fi ¢ addeKTMBHOM CKOPOCTbIO Nepesayn AaHHbIX 40
300 KbuT/c (MaKcMmanbHasa CKOPOCTb NOAAEPKMBAETCA Ha ANCTaHUMK 4o 10 m);

o [logkntoyeHune no GSM yepes ceTb NIHTepHeT.
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m m Y1066l MMETb BO3MOXHOCTb MCMNONb30BaTb pexum 6ecnpoBogHOM CBA3M C
KOMMNbIOTEPOM, HEOBXOAMMO MOAKNIOUUTD NPUEMHUK pagnocurHana OR-1 K nopty USB KomnbloTepa.
CKopoCTb Nepefayun AaHHbIX B 3TOM peXume measieHHee, MO3TOMY OH peKOMeHAyeTca ANA NPOCMOTPa
TEKYLMX AaHHbIX CETU, U3MEPEHHbIX aHANN3ATOPOM U ANA HACTPOMKM U yNpaBAeHUs aHaansaTopom. B
CBA3M C MeA/IeHHON nepepayert AaHHbIX, HE PEKOMEHAYETCA CUYMUTbIBaHME MO PaAMoCcBA3N H0/bLINX
06BHEMOB [ @aHHbIX, 3aNMCAHHbIX Ha KapTe NAMATK.

Mepepaya gaHHbIX No cetn GSM noTpebyeT ycTaHOBKU B rHE340 aHa/iM3aTopa Aencteytollei SIM- KapTbl
nosib30BaTenNsi, C NOAKAOUYEHHON YC/YroM Mepegayn AaHHbIX M cTaTuyeckoro IP-agpeca. KomnbioTep,
KOTOpbIM ByAeT noAKNtouaTbCs K aHaM3aTopy, AOMKEH UMETb AOCTYN K MHTepHeTy.

MECTO MPEKDYYM B aHIMA KPEMNEHMEA
XOMYTOE 4NA ¥CTSHOEKK Ha cTond
MK hKCAETOR0E Ha DIM-peliy

—— —
]

er— r

I .

F@:I

TTTT T MECTO NPDMER Y KB EHMA
sawgenk 1na DIN-pebike

Puc.2. 3agHAa naHenb aHanmMsaTopa.

mm Mo cpasHeHuto ¢ mogenamu PQM-702 n PQM-710, aHanunsatopbl PQM-703 1 PQM-711
OONONHUTENIbHO MO3BONAIOT WU3MEPEHME TPAH3MEHTOB (KOPOTKMX BCMJIECKOB MpPU  MepexodHblx
npoueccax oT aHrA. transient voltage) B AnanasoHe HanpaxeHWi go + 8 KB ¢ YacToTol AUCKpeTU3auum
oT 100 Kly go 10 Mrlu. Llenn namepeHua nepexogHbiX NPOLLECCOB HE3aBMCMMbI OT APYrMX Lenewn
HaNpAXXeHWA M NOAKNOYEHbI K BXOZam Mo HanpaxeHuto L1, L2, L3, N, PE. AHann3atop umeeT 4veTbipe
M3mMepuTenbHbIX KaHana: L1-PE, L2-PE, L3-PE wn N-PE. Perucrtpauma curHanos BbINOAHAETCA,
onpeaensemoe nosib3oBaTeNemM, BpeMeHEM AUCKPETM3aLUMM U NOPOromMm OBHApY»KEHUA, a KONNYECTBO
3anmncaHHbIX OTCYETOB cocTaBnaeT Ao 20 000 Ha KaHan (2 mc Ana YyacToTbl AnCKpeTMsauum 10 Mly).

1.3 IIuTtaHue aHa/IM3aTOpa

AHaNM3aTOP COAEPKUT BCTPOEHHDBIN 60K NUTaHUA C AMANA30HOM HOMUHA/bHbBIX BXOAHbIX HANPAXKEHWN
100...690 B nepemeHHoro u 140...690 B noctoAaHHOro Toka (nepemeHHoe HanpsaxeHue 90..760 B mau
NOCTOAHHOIO HanpsaxkeHue 127..760 B ¢ y4ETOM OTKNOHEHWUI). BAIOK NUTAaHMA MUMeET oTAe/IbHble BXOAa
(npoBoga KpacHoro useTa), ob6o3HayeHHble GykBamu P (OT aHrn. power - nutaHue). [Ona 3awwumTbl
WCTOYHWKA NMUTAHWA OT NOBPEXAEHUI NPU NOMbITKE €ro NOAKAOYEHUA K HAMPAXKEHUIO HUXKEYKA3aHHOro
AMana3oHa, OH BbIK/JOYAETCA NPU BXOAHOM HanpsxkeHun meHee 80 B nepemeHHoro Ttoka wam 110 B
NMOCTOAHHOTO TOKa.
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Ana noaaep:KaHua NUTaHWA, BO Bpems nepeboes 3/1eKTpUYECKOW IHEPrnn, NCMNOoJIb3yeTcs BCTPOEHHbIN
NIMTUA-MOHHBIN akkymynatop. OH 3apaKaeTcs, Korga Ha pasbémax 6/10Ka NuTaHusa NpucyTcTeyeT
Hanps»KeHwue.

OH noaaep*kMBaeT aBTOHOMHoOe NuTaHue Ao 2 yacos (PQM-702 n PQM-710) npu Temnepatype -20...55
°C. Nocne nosnHoro paspaga akKyMynaTopa aHaAu3aTop MpepbiBaeT Tekylyto paboTy (Hanpumep,
pervcTpaumio) n aBapuitHO BblKoYaeTca. Mpy nocneaylowem MNoAKAIOYEHUN NMUTAHUA, ecin paHee
NpoAoAKaNacb perncTpaLma, aHaaM3aTop ee BO30OHOBUT.

BHumaHue &

3ameHa aKKymynaTopa A0MKHa NPOU3BOAUTLCA TONbKO B aBTOpU3MpoBaHHOM CepBucHom LieHTpe.

1.4 CremneHb 3alUTHI U YCJI0BUS IKCIJIyaTalUH

AHanusaTtop npegHasHayeH 41a paboTbl B CIOXKHBIX MOFOAHbIX YC/IOBUAX - OH MOKET BbITb YCTaHOBNEH
HenocpeacTBEHHO Ha OMopax /JMHWUM 3neKTponepedayn. [Ns MOHTaXa MCMONb3YIOTCA ABa PEMHA C
3aCTEKKAMM M ABa NAACTUKOBLIX KpenaeHusa. KpenaeHus NpuMBMHYMBAIOTCA K 3agHeElN CTEHKe Kopnyca.
YCTaHOBKa pemMHell OCYLLLECTBAAETCA COMAaCHO PUCYHKY.
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Puc.3. KpenneHus n pemHu gna ycTaHOBKM aHann3aTopa Ha cTonb.

AHanunszatop obecneuynBaeT repMeTUYHOCTb Knacca IP65, a aManasoH paboumx Temnepatyp -20...55 °C.

BHUMaHue &

Ana Toro, uto6bl 06ECNeuUnTb AEKNAPUPOBAHHYIO repMeTUUYHOCTb Kaacca IP65, HeobxoauMmo cTporo
cobatoaatb cnegytowme npasuna:

e JloMXHbl 6bITb NIOTHO 3aKpPbITbl KPbILWKK pa3bémoB USB u SIM-kapTbl;

¢ Heucnonbsyemble pa3sbéMbl TOKOBbIX KJjewei [OMKHbI 6biTb 3aKpbiTbl  CUJIMKOHOBbIMU
3arnywKkamm;

e [NlonHa 6bITb 3aKpyyeHa 3arayliKka ANa pa3béma BHelWHeW aHTeHHbl GPS (MaM NNoTHO 3aKpyueH
pa3bEém Npu yCTAaHOBKE BHELLHEN aHTeHHbI GPS).

Mpu TemnepaType OKpy:Katlowen cpedpl Huxe otmeTku 0 °C, BKaoyaeTca oborpes ycTpoiCTBa
BHYTPEHHMM HarpesaTesieM, 3aJa4elt KOTOPOro ABAAETCA NOAAEPKAHME MOJIOKUTENIbHOM TeMNepaTypbl
aHa/IM3aTopa Npu OTpMLATENIbHON TEMMNEPAType OKpyKatoLLen cpeabl.
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HarpesaTenb nuTaeTcA OT BCTPOEHHOr0 WCTOYHWMKA MUTAHMA MEepemMeHHOro TOKa, a ero MOLHOCTb
orpaHuyeHa, npumepHo, 5 BT.

M3-3a 0cOBEeHHOCTEN BCTPOEHHOTO /IMTUA-UOHHOTO aKKYMy/AATOpPa ero 3apsafka 3ab/oKupyeTca, Koraa
TemnepaTypa akKyMy/aaTopa HaxoauTcs BHe auanasoHa -10..60 °C (ctaTyc 3apsgKku B nporpamme
«SONEL ANALYSIS» M3MeHUTCA Ha «3apAgKa NPUOCTAHOBAEHA» U MKOHKa Ha HKK-aucnnee otobpasutca
KpaCHbIM LBETOM.).

1.5 MoHTax Kpenexa

MomecTuTe BTY/JKU NPOKNALAKMN 3 MM M3 NAaCTMKA HA HUMKHIOK 4YacTb Kopnyca, B OTMe4YeHHbIX Ha d)OTO
mecTax:

13



YcTaHOBUTE KpeneKHble 3N1eMeHTbl A1 ONOPHbIX CTAMKEK HA HUMKHEN YacTu Kopnyca, B 0603HaYeHHbIX
Ha poTo mecTax:

MpUKpYTUTE KpenéxkHble getann K Kopnycy ¢ nomouwpbto 10 wr. BUHTBI M3x10. Mcnonb3yinte TONbKO
BMHTbI C pa3mepamu, yKa3aHHbIMW B AaHHOM PyKoBoacTse.
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1.6 MoHTax Ha DIN-peuky

B KOMM/eKTe NOCTaBAAETCA KpenneHue ANAA YCTaHOBKM aHanmsaTopa Ha ctaHaapTHyto DIN-peitky.
3alWéNKy HYXXHO MPUKPENUTb K 3aJHEN CTEHKEe aHanM3aTopa C MOMOLbIO Npuaaraembix BUHTOB. [nA
HaAEKHOCTU MOHTaXa B KOMIM/IEKT TaKXKe BXOAAT CreuuanbHble KPHYKK, KoTopble dukcmpytoT DIN-
pemnky.

U [

i ==

Puc.4. 3agHAs cTeHKa aHAM3aTopa C a/1IeMeHTaMM 18 MOHTa)Ka Ha DIN-peiky.

1.7 IlapamMeTpsbl U3MepEeHUM

AHanmsaTop obecneuunBaet n3mepeHne n perncTtpaumnto cneayrowmnx napameTpos:

e [leicTByloLlime 3Ha4YeHnsA $Ga3HOro U JIMHENMHOIO HanpaXeHua B AnanasoHe go 760 B uav 1000 B,
B 3aBMCMMOCTM OT Bepcuu (x 1500 B nuKoBOro 3HauyeHua), MaKCMMasbHO AOMNYyCTUMbIe
HanpAXeHWA OTHOCUTENIbHO 3eM/IN YKA3aHbl Ha IMLLEBOM HAKNENKe;

. m m CKaukuM HanpaxeHua nNpu nepexogHbIx npoueccax (nepeHanpaxeHusa) B
Anana3oHe Ao * 8 KB;

e [leicTBylouee 3HayeHMe Toka Ao 3000 A (nnkosoro Ao +10 KA) c nomoulbio rmbkux Knewe (F-
1, F-2A, F-3A), oo 1000 A (nukoBoro Ao + 3600 A) ¢ ucnonb3oBaHMEM XECTKUX Kneuwen C-4 nau
C-5, no 10 A (nukosoro o + 36 A) c kneuwamm C-6A, nam ao 100 A (nukosoro Ao + 360 A) ¢
knewamm C-7;

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

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

e  AKTMBHAaA, peakTMBHasA, NOJHAA MOLLHOCTb M SHEPIUS, MOLLHOCTb HEJIMHEMHbIX UCKAXKEHUI;

e [apMOHMYECKME COCTaBAAOWME HAaNPAXKEHMI U TOKOB (80 50-i1);

o  KoaddpuumeHTbl rapMmoHUYecKnx nckaxkeHmnin THDF n THDR 4na TOKa U HanpsaXKeHus;

o KoadduumeHT nckaxeHuma TDD ToKa;

o KoadduumeHT noteps K, BbI3BaHHbIX BbICLUIMMM rapMoHunKamu (K-dbaktop);

e  AKTMBHYIO M PEAKTUBHYIO MOLLHOCTU FAPMOHNYECKMX COCTaBAAIOLWMX;

e Yron $a3oBOro caBura Mexay HanpaKeHMem n TOKOM;

o  Ko3adPUUMEHT MOLHOCTH, Cos, tgep;

o KoadpdmumneHTbl HecMmmMeTpUM TPEXDAZHOM CETU U CUMMETPUYHBIX COCTABAAIOLLMX;

e BennumHa gosbl Gankepos Pst 1 Piy;
15



e  UNHTeprapMoHUKN HanpsxKeHui 1 ToKoB (ao 50-1);
o Ko3adPpUuMeHTbl MHTEPrapMoHMYECKUX UCKaxkeHnn TIDE 1 TIDR AnA TOKa M HaNpsXKeHUs;

e CurHanbl ynpasaeHMA No HanpaxKeHuo B gmManasoHe yactoT 5...3000 Iy,
e bBbicTpble uameHeHuMA HanpskeHua (RVC)

BbibpaHHble MNapameTpbl ABAAKOTCA 0OO0OLWEHHbIMKU (YCpeaHEHHbIMU) MO BPEMEeHM, onpeaensembie
nosib30BaTesIeM M MOTYT ObITb COXpaHeHbl Ha KapTe namsaTU. Kpome cpeaHero 3HayeHWs MOMKHO
3anuCbiBaTb MMHMMAaJIbHbIE M MAKCMMasibHble 3HAYEHWA Ha NPOTAMKEHUW WHTEPBAfa ycpeaHeHus, a
TaKXKe MrHOBEHHbIE 3HaYeHus.

PacwupeH TaKKe 610K OBHapy:KeHua caydanmHblix cobbituii. B TOCT 32144-2013 «3neKTpuyecKas
sHeprusa. COBMeCTUMOCTb TEXHUYECKUX CPeacTB 3/IeKTPOMArHMTHasA. Hopmbl KayecTBa 3/1eKTpUYEeCcKo
SHEPrMMU B CUCTEMAX 3/IEKTPOCHAbKeHMA 0bLWero HasHayYeHus» ANA HanpsKeHU — 3To npepbiBaHuMe
(cMTyaums, Npu KOTOpOM HanpsXKeHWe B TOUYKE Nepenayn 3SMeKTPUYECKOM 3Heprun meHbwe 5%
OMOPHOTO HanpaXeHUa BO Bcex TPEX daszax), nepeHanpsaxKeHue (BpemMeHHoe BO3pacTaHWe HanpsaXKeHUs
B KOHKPETHOM TOYKE 3N1EKTPUYECKON CUCTEMbI Bbille YCTAaHOBJIEHHOrO MOPOroBOro 3HayeHuUa bGonee
110%), a TakKe 1 NpoBasbl (BpeMEeHHOEe YMEHbLUEHNE HaMNPAXKEHUA B KOHKPETHOMN TOUKE 3N1eKTPUYECKOM
CUCTEMbI HUMKE YCTAHOBJIEHHOIO MOPOroBOro 3HayeHus B npegenax 85..90 % BbIOpaHHOro ONMOPHOrO
HanpsaxeHus). [Monb3oBaTeNb He [AOMKEH CAMOCTOATE/NIbHO BBOAWUTbL MapameTpbl, - Mporpamma
No3BOISIET aBTOMaTUUYECKN HAaCTPOUTb NPUBOP B peXXNUM U3MEPEHMS KAYeCcTBa 3/IEKTPOIHEPrUmM COrnacHo
FOCT 32144-2013. B pacnopaxeHUn nosb30BaTeNs OCTAETCA PeXUM CBOe cOBCTBEHHOM KOHPUrypaumu
- nporpamma npeanaraeT B 3TOM OTHOWEHUW NONHYO cBoboay. HanpsakeHne — 3TO TONbKO OAUH U3
MHOTMX MapamMeTpoB, A/ KOTOPOro MOXHO OnpeaenvTb Noporn obHapyrKeHuAa cobbiTvii. U TakK, gns
npMmMepa, MOXHO HACTPOUTb aHaNN3aTOpP AN OOHAPYXKEHUS CHUMKEHUA KoaddUUMEeHTa MOLLHOCTM
HUXe onpeaenéHHoro nopora, npesbiweHna KM (THD) Bbiwe apyroro nopora u Tak e, NpeBbllleHne
9-1 rapMOHWMKOM MNPOLEHTHOFO 3HAYEHUA HaNpPAKEHMUA, YCTAaHOBAEHHOro noJsb3oBaTenem. CobbiTne
3anuncbIiBaeTCcA BMeCTe CO BpeMeHEM ero BO3HUMKHOBEHMA. B ciiyyae cobbITuiA, Kacatowmxca NpesbllLeHmns
NoporoB npepbiBaHNUsA, NPOBANOB N CKAUKOB A/1A HAaNpPSAMKEHMA, a TaKKe NpeBbllleHMA MUHUMabHbIX U
MaKCUMMasibHbIX 3HAYeHUM A TOKOB, MOXHO AOMOJHUTL MHOOPMAUMIO O HaCTynaeHun cobbiTuA
ocumnnorpammamm Gopmbl CUFHANOB HAMNPAXKEHUA U TOKa. MoeT bbITb 3anMcaHo oT 5 nepnosos cetu
00 1 ceKyHApl C peryanpyembiMm BpeEMeHEM onepexkeHns cobbiTns. BmecTe ¢ ocumniorpammamm TakKe
3anucbiBatotca RMS 3HaueHus nonynepmnonos (RMSy,) ¢ perynupyemoit anmtenbHoctbio oT 1 go 30 cek.

Kpome TOro, aHanusatop cnocobeH O6Hapy»KMBaTb COObLITUA, BbI3BAHHblIE W3MeHeHWeM ¢opMmbl
ormbalowenn HanpsXeHna M cKadykom ¢asoBOro yrnia, NyTém cpaBHEHWA APYr C APYrom odepenHbixX
nep1MoaoB CeTu.

OuyeHb LMPOKME BO3MOXKHOCTM KOHOUrypauum, BMECTE C MHOMKECTBOM M3MepAeMblX MapamMeTpos,
AeNnaloT M3 aHaNM3aTopa YPEe3BbIYANHO NONE3HbIN U MOLWHBIN UHCTPYMEHT A8 U3MEPEHUA U aHaAM3a
BCEX BMAOB MAapPaMeTPOB CETM 3INEKTPOCHABKeHUA W BO3HMKAOWMX B Helk nomex. HekoTopble
YHUKaNbHble 0co6eHHOCTM 3Toro npubopa BblAENAOT ero cpeau ApPYrMx aHaAu3aTopoB 3TOrO TUMa,
AOCTYMHbIX HA PbIHKE.

M3mepsemble NapameTpbl ANs PA3INYHbIX KOHOUTYPaLUA ceTn.

[ulcery 1- 2-dpazHan “Y”cN “D"n “Y” 6e3 N
¢asHan
Napametp L1 N|L1|L2| N|Z |[L1|L2|L3|N | Z |[L12|L23|L31| X
U ddPeKTMBHOE HanpsAXKeHMe I EREREK o oo e o | oo
Ubc [MocToAHHaAA cocTaBasAOWanA o | o | o | e | e o | o | oo R
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HanpAaXeHnaA

9 PEKTUBHBIN TOK

Inc

lMocToAHHaA cocTaBaAOLWaA TOKa

f

YacroTta

CFU

MuKoBbIM KO3DOULMEHT HanNpPAXKEHUS

CF I

MnKoBbIA KOIPPULMEHT TOKA

P

AKTMBHAA MOLLHOCTb

Qi, Qs

PeaKTneHaa mowHOCTb

o)

D, Sn

MOLLHOCTb UCKaXKeHUA

S

MonHaa moLwHOCTL

PF

KoapunumeHT moLiHoCTH

cosd

KoadduueHT yrns ¢pasoBoro casura

tgdc, tgdu+
tgdL., tgde+

TaHreHc ¢
(4x KBagpPaHTHbIN)

oll)

THD U

KoapdrUMEHT rapMOHUYECKUX
WCKaXKEHUIM HanNpsAKeHUs

THD |

KoapdruMEHT rapMoHUYECKNX
WCKaXKeHWUI TOKa

TDD |

KoadpduumeHT nckaxkeHuns Toka

K

KoaddpuumeHt K

EP+, Ep-

AKTMBHasA aHeprua
(noTpebnaemasn n otaaBaemas)

Eac,, Eau+
Ear, Eac+

PeakTuBHasa saHeprua
(4-x KBagpaHTHaA)

oll)

Es

lNonHan sHeprua

Uhz1..Unso

AMNANTYAbl FAPMOHMUK HaNpAXeHUA

Ih1..lhso

AMNANTYAbl TapPMOHMK TOKa

duiz.. duiso

Yrbl MeXay rapmMmoHUKamu
HanpAXeHUa 1 ToKa

du

A6CONIOTHbIE Yr/1bl FAPMOHMK
HanpaxeHua

(o]

A6CONOTHBIE YI/bl FAPMOHMK TOKA

Ph1..Phso

AKTUBHbIE MOLLLHOCTM FAPMOHUK

Qnh1..Qhso

PeaKkTWBHbIE MOLLHOCTM FAPMOHUK

AcnmmeTpua
U, I

CMMMETPUYHbIE COCTaBAAIOLWME U
KO3 DULIMEHTBI HECUMMETPUU

Pst, Pic

[o3bl dankepa

TID U

KoabdUUMEHT MHTEPrapMOHUYECKMX
WCKaXKEHUIM HanpsKeHUs

TID |

KoadpduUMEHT MHTEPrapMOHUYECKUX
WCKaXKeHWUI TOoKa

Uino..Uinso

AMNAUTY bl UHTEPTaPMOHMK
HanpsXeHus

liho..lihso

AMNANTY bl UHTEPraPMOHMK TOKa

UR1, UR2

CuWrHanbl ynpaBAeHUs B HANPAXKeHUn

[Pam-103]
PO

Ut

MepexoaHble NPOLLECChl HANPAXKEHUSA
(2)

MpumeyaHume:

e L1,L2,13(L12,L23,L31)— obo3HaueHue pasbl;

e N -— m3amepeHue no KaHany HanpaxeHna N-PE nnauv Toka Iy B 3aBUCMMOCTU OT TUMA NapameTpa;

o > —

O3Ha4aeT CyMmMapHOeE 3Ha4YeHne ana CUCtembl;

(1) — B 3-X NPOBOAHbIX CETAX, B Ka4yectsBe CyMMapHOﬁ peaKTMBHOVI MOLWHOCTN pPacCCYUTbIBaAETCA

HeaKTMBHasA MOLWHOCTb N = ,/SZ — P2 (cm. 0bCcyKaeHMe No peakTMBHOM MOLHOCTY B r1ase 5.3)

(2) — NepexogHble CKaYKM HanNpAXeHUA namepAatotTca B KaHanax L1-PE, L2-PE, L3-PE n N-PE.
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1.8 CooTBeTcTBHE CTaHJApTaM

AHanuszaTop paspabotaH Takum o6pa3om, 4TOObI BbINOAHUTL TpeboBaHMA, coaeprkalmecs B

CTaHAapTaX, YKa3aHHbIX HUXKe.

CraHgapTbl, Kacalowmeca nU3sMmepeHnaAmM NapameTpoB CeTu:

FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) — dnekTpuyeckaa sHeprusa. COBMeCTUMOCTb
TEXHUYECKUX CPEeACTB 3NeKTPOMarHMTHaA. MeToabl W3MepeHWA MNoKasaTenel KadecTsa
3NEKTPUYECKON SHEpPruum;

FOCT 30804.4.7 — 2013 (IEC 61000-4-7:2009) — COBMECTMMOCTb TEXHUYECKUX CpenacTs
3NeKTpoMarHuTHan. ObLee pyKOBOACTBO MO CPEACTBAM U3MEPEHUIN U N3MEPEHUAM FAPMOHUK U
WHTEPrapMOHUK ANA CUCTEM /IEKTPOCHABKEHMA N NOAKAIOYAEMBIX K HUM TEXHUYECKUX CPELCTB;
FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010) — COBMECTMMOCTb TEXHUYECKUX CPEACTB
aNeKTpoMarHuTHasa. PamkepmeTp. PYHKLMOHANbHbBIE U KOHCTPYKTMBHbIE TPebOBaHMA;

FOCT 32144-2013 - D2Snektpuyeckaa 3Heprua. COBMECTMMOCTb TEeXHUYECKUX CpeacTs
3NEKTPOMArHUTHaA. Hopmbl KayecTBa 3N1EKTPUUECKON IHEPTMM B CUCTEMAX 3/TEKTPOCHABXKEHMA
obLero HasHayeHus.

CraHAapTbl 6€30MaCHOCTU:

TOCT IEC 61010-1-2014 - bBe30NacHOCTb 3NEKTPUYECKUX KOHTPOJIbHO-U3MEPUTENbHbIX
npubopos n nabopatopHoro obopyaosaHus. Yactb 1. O6wue TpeboBaHuA.

CtaHAapTbl, KacaroLMecs 3N1EKTPOMArHUTHOM COBMECTUMOCTMU:

FOCT P M3K 61326-1-2014 — ObopyaoBaHMe 31EKTPUYECKOe A8 U3MEPEHUs, YNPaBAeHUsa U
nabopatopHoro npumeHeHuA. TpeboBaHWS 3NEKTPOMArHUTHOW coBmecTMMocTU. Yactb 1.
Obume TpeboBaHuA.

YCTPOMCTBO NOJIHOCTLIO COOTBETCTBYET TpeboBaHMAM Knacca A, cornacHo FOCT 30804.4.30 — 2013.

CooTBeTcTBMe BbIGPaHHbIX MAPAMETPOB, AEUCTBYIOWMM CTaHAAPTaM.

O6begnHeHne U3mepeHuin

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

e OcCHOBHOE Bpems W3MepeHMA 3HaAYeHWI napameTpoB (HanpsMKeHue, TOK,
rapMoHMKKN, acummeTpua) — 3To 10-nepuofHblit UHTepBan Ans ceTel
anektTponutanms 50 'y, n 12-nepuogHbii ans cetert 60 Ny,

MO MHTEPBaNam BPEMEHM e WHTepBan 3 cekyHabl (150 nepuoaoB AnA HOMWHANbHOM YacTtoTbl 50 Ty K

180 nepuopos gna 60 u);
o WNHTtepsan 10 muHyT;
e UHTepBan 2 yaca (Ha ocHoBe 12 MHTepBanos no 10 MUHYT);
e PecuHxpoHM3auma n HanoxeHune 10/12- nepmuoaHbIX UHTEPBAOB.

nOFpeLLIHOCTb Xo4a
BpemeHun Yacos

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

e BCTpoOeHHble 4Yacbl peanbHOrO0 BPEMEHW HACTPaMBalOTCA Ha YpPOBHe
nporpammbl  «SONEL ANALYSIS», cuMHXpOHM3auum BpemeHun no GPS c
NMOMOLLbHO BCTPOEHHOM U/IN BHELLUHEN aHTEHHbI;

e TOYHOCTb X013 YacoB B OTCyTCTBME curHana GPS niyywe, yuem + 0,3 c/aeHb.

YacrtoTa

BbinonHeHbl TpeboBaHua FTOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A ans metoaa v NOrpewwHoCcTM U3MepPEHUS.

3HaueHue HanpsKeHWs BbinonHeHbl TpeboBaHus FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)

NUTAaHUA

Knacc A gna metoaa v NOrpewHoOCTU U3MepPeHUA.
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KonebaHus HanpsxeHun
(pnwkep)

MeToa, M3MepeHUa M MOrpelHoCcTb cooTBeTcTByeT TpeboBaHMAM cTaHAapTa
FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010).

MpoBanbl, NpepbIBaHUA U
nepeHanpsKeHms
nuTaHuA

BbinonHeHbl TpeboBaHua FTOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A ans metoa v NorpewHocTM U3sMepeHms.

AcmmeTpuA HanpAXeHna
NUTaHUA

BbinonHeHbl TpebosaHus FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gna metoga v NOrpewHoCTU U3MepeHus.

rapMOHMKM HanpaxeHua un
TOKa

MeTtoa u norpewHocTb namepeHua B coorsetctammn ¢ NOCT 30804.4.7 — 2013
(IEC 61000-4-7:2009) Knacc |.

MHTeprapmoHuKu
HanpsXeHWs U ToKa

BbinonHeHbl TpebosaHua FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gnsa meTtoga v norpewHoctn uamepeHua (FTOCT 30804.4.7 — 2013 (IEC
61000-4-7:2009)) knacc I).

CurHasibl ynpasieHus B
NUTAOLWEM HanpPAXKEHUN

BbinonHeHbl TpeboBaHua FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A ans metoAa v NorpewHocTM U3sMepeHms.

2 IJKCIJYATAIHUA AHAJIN3ATOPA

2.1 Kiasuatypa

KnaBuaTypa aHanusatopa COCTOUT U3 YeTblpéx Knasuw: BKJ1/BbIKN @, BnEBOQ, BMPABO (:,
CTAPT/CTON €D . Yr06b1 BRAKOUMTL aHaNM3aTop HeobxoAMMO HaKaTb KHOMKY @D . Kuonku

HanpasaeHui & v © rashoim obpasom cayxaT A1A CMeHbl MHPOpMaUMKM Ha Aaucniee.

VI306pa)+<eHm=| Ha Aucnnee MeHAKTCA Mo Kpyry, T.e. NPU HaXaTUKU Ha Kasuly c Ha nocnegHem

3KpaHe NPOMCXOAMT Nepexos K nepBomy akpaHy. Knasuuwa & venser n306paxkeHns Ha aucnnaee B

obpaTHOI nocnegosaTenbHOCTU. Knasuiua @cnymm [OJ1A 3anycka M OCTaHOBKM perncrpauuu, B

COOTBETCTBUM C YCTAHOBNEHHOM KOHOUIypaLumeit TEKYLLEN TOYKN U3MEPEHUS.

2.2 BkJ/IloueHHe U BBIKJIIOUEeHHue

e AHanM3aTOp BK/IOYAETCA HaXKaTUem K/aBuLIK @ MNoAasnaeTcAa sKpaH C NpuUBETCTBMEM, Ha

KOTOpOM OTO6pa)-KaETCﬂ Ha3BaHue an6opa, BepcCcunA BCTPOEHHOIO NporpaMmmHoro obecneyeHus

(aHrn. firmware), Bepcus obopyaoBaHUA U CEPUIHBIM HOMep. 3aTeM aHaNM3aTop BbIMOJHAET

camoTecthpoBaHne wn B

Ccnyyae O6H8py>KEHVIFI OLIJM6OK, Ha Agucnnee noABAAETCA

COOTBETCTBYlOLLEE COO6LLI,€HME‘, CONpPOBOXAaemoe AJIMHHbIM 3BYKOBbIM CUTHanom. B cayyae

owmnbKu MHUUUANIN3ALUN KapPTbl NaMATU Ha gucnaee noAsuUTCA HagnncCb «OwmnbKa KapTbl

namartu». Ecan ¢a17mosaﬂ CUCTEMa Ha KapTe nospexjeHa (Hanpmmep, KOorga nonb3oBaTesib

BPY4YHYtO NepedopmaTUPOBaN KapTy B PEKMME YTEHWUA NAMATM, B KOTOPOM N0/1b30BaTe b UMEET

NOJHbIA LOCTYN K COAEPKMMOMY KapTbl) aHaNM3aTop NPeasioXuT oTGopMaTMpoBaTb NamMATb

(Hagnuce «dopmatupoBaTb KapTy NamMATU?»), Knasuwiein L P 3anyckaeTca npouecc

dopmaTtnpoBaHMA (3 KOPOTKMX 3BYKOBbLIX CWUrHAnNa).

Mocne npouecca ¢opmaTUPOBAHMUSA

dHaN3aTop 3aHOBO MHULIMANTUSUPYET KaPTy NaMATH.

e ECAv BO Bpems MHUUMANM3ALMM KapTbl aHanM3aTop O6HapYKMT B KOPHEBOM KaTanore daiin

FIRMWARE.PQF, KoTopblh coaep»KuT MHPopmaumio O MPOLIMBKE aHanM3atopa (BHyTpeHHee

nporpammHoe obecneyeHune) u

BEPCMA MpPOWMWBKM OyaeT HoBee TeKylleld Bepcuu

nporpamMmmHoro obecneuyeHne camoro dHa/nM3aTopa, 6y,EI,ET npeanoXxeHo npoBectn npouecc

06HOB/IEHUA NpPOrpaMmHOro obecneyeHns — Haanucb «O6HOBUTL NpOLWMBKY?». Knasuwa G

3anycCKaeT AaHHbIVI npouecc (3 KOPOTKMUX 3BYKOBbIX cmrHana), B TeyeHune KOToporo Ha gucnnee
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MOXXHO Habntoaatb 3a xofom onepaumm. O6HOBNEHWE MOXKHO MPONYCTUTb, KPAaTKOBPEMEHHO
Ha*KaB KHOMKY @D. 06HoBneHME TakkKe nponyckaeTca, ecnm B TedeHne 10 cek. OTCyTCBYIOT C
AHaANM3aTPOM Kakux-nnbo pencteuiti. Ecnm obHOBNEHME NPOWAO YCNEewWwHo, TO MOABUTCA
Haanucb «OBHOBNEHO ycnewHo!», B nNpoTuBHOM ciydyae «O6HOBUTb He yaanocb!». 3atem
aHaNM3aTop aBTOMATUYECKM OTK/IOYAETCA.

e AHa/sM3aTop HacTpamBaeTCcA Ha NOC/AEAHIO UCMO/b30BAHHYIO TOUKY U3MEPEHUA N NEPexoanT K
oTO6paKeHWIo Ha gucnaee 3KpaHa 1/9 c nsobparkeHnem BEKTOPHOM Anarpammel.

e BbikntoyeHre aHanmMsaTopa NPOU3BOANUTCA YAEPKAHWMEM K/IaBULLIK @D : revenme 2 CeKyHa,
€C/IN He BKtoYeHa 6N10KMPOBKa KNaBUaTypbl UM perncTpayms.

e HarkaTve Ha aKTUBHYIO KNABULLY BbI3bIBAET NOABAEHNE KOPOTKOIO 3BYKOBOIO CUIrHaNa BbICOKOM
TOHANbHOCTU; ANA HEaKTUBHOM KNaBMLWKM 3TOT 3BYK MNPOJOAKUTenbHee c 6onee HWU3KOM
TOHA/IbHOCTbIO.

e YaepuBaHMEe B HaXaTOM COCTOsiHUM bosiee yem Ha 1,5 ceKyHApl KnasBuwu & v &
BbI3blBaeT NPUHYAUTENbHOE OOHOBAEHUE M306paXKeHMA Ha Ancnnee.

2.3 (bYHKI.H/IH dBTOMATH4Y€CKOT0 BBIK/IOYE€HHUA

Ecnu aHanmsatop 6onee 30 MUHYT paboTaeT OT aKKYMyNATOPHOM 6atapeun (Npu OTCYTCTBUWN BHELLHEro
MCTOYHWMKaA I'IVITaHMﬂ) M He HaXoauTca B peXunume pernctpaumm nam Het aKTUBHOro coeaMHeHuA C
KOMMbIOTEPOM, OH aBTOMATMUYECKM OTKAOYaEeTCA A4 NPeAoTBpalleHNs pa3paga akkyMynaTopa.

ABTOMaTMYeCKOe BbIKNOYEHME aHANM3aTopa BO3HWMKAET TaKKe B CAyYyae TMOAHOMO paspsaga
aKKymynaTopa. Takoe aBapuinHOe OTK/IlOUYEHWE MPOM3BOAUTCA HE3aBUCUMO OT PEXKMMA, B KOTOPOM OH
HaxoauTcA. B cnyyae aKTUMBHOW perucrTpaumm, oHa npepbiBaeTcA. Mocne BO3BpaWEHUA HaMpPAMKeHUs
NMUTAHWMA perucTpaums BO30O6HOBNAETCA. ABApPUMHOE OTKOYEHME CUFHANU3MPYETCA CcoobLieHnem
CAKKYMYNATOp paspaxKeH!».

2.4 H306paxxeHUsd Ha AMcCIIee (IKPaHBbI)

MpumeyaHue:
KonnuyecTtBo akpaHOB ABAAETCA NPEMEHHON BE/IMYMHOWN U 3aBUCUT OT TUMA aHanM3aTopa. AHaM3aTopbl
PQM-702, PQM-703 umetoT 9 BMAOB 3KpaHOB, a aHanusaTopbl PQM-710 n PQM-711 — 10 aKpaHoB.

Ha puc.5 nokasaH nepsbiii U3 3KpaHOB, oTobOpaxKaemblx aHaM3aTOPOM Ha gucnnee. MNaHenb MeHIo B
BEpPXHEN 4YacTu ABAAETCS MOCTOAHHbIM 3/1€MEHTOM, MOKa3blBaEMbIM HE3aBUCMMO OT BblbpaHHOro
3KpaHa.

T

P3| 1.80 GB | 20.12.12 11:30:12 |»

U3 uz t

Puc.5. DkpaH 1/9 ¢ BEKTOpHOW AMarpammoin.

Ha naHesM MOXXHO BblAENTL (HauMHasA CeBa):
o Homep aKkTMBHOM TOYKKM M3mepeHua: P1, P2, P3 uan P4. B HEKOTOpPbIX pexnumax Homep TOYKM
oTobparkaeTca noovyepesHoO C AOMNONHUTENbHBIM FPAadUUECKUM CUMBOJIOM:
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CumBON CUHYcoMAbl OTOBpaXKaeTca, Korga NaMaTb TOUYKU M3MEPEHMA NOJTHOCTbIO 3aMoJIHEHA
3aperncTpupoBaHHbBIMM  AAHHBIMU WAW KOTAQ AAA [AAHHOM TOYKM M3MepeHuAa He 6bino
Ha3Ha4YeHO HMKAKOro mecrta (HyneBas KBOTa). B TaKMX yC0BUAX 3aNyCTUTb PErMCTPaLMIO Heb3A.
BO3MOKeH TOIbKO NPOCMOTP TEKYLLMX 3HAYEHUA.

CMMBO/ 03HAYaeT OXMZAHME 3aMnycKa PerucTpauumn no nepsomy obHapyKeHHOMY COBbITUIO
(3anyck oT npesbilweHNa nopora).

B cvmeon necounbix yacos osHauaer OXWAaHWe Hayana pPerucTpauumn B pexkume pacnmucaHus
(Tak:Ke B nepepbliBax MexXAy MHTEPBaNaMMU peructTpauun).

e (CB0bOAHOE MEeCTO Ha KapTe NamATU AN aKTUBHOM TOUKKN namepeHunsa 8 Mb nnu I'b;

o Tekywme gata u sBpemsa B ¢popmate: OO4.MM.ITIT Y4:MM:CC. [daTta u Bpema oTobparkatoTca
3e/1éHbIM LBETOM, €C/NM BpemA aHa/n3aTtopa CUHXPOHU3MPOBAHO CO BpemeHem no GPS wu
cooTBeTcTBYeT TpeboBaHMAM K TOYHOCTM OnpefeseHUA BpPemeHW, ycTaHoBneHHoro [OCT
30804.4.30 — 2013 (IEC 61000-4-30:2008), npMmeHUTENbHO K aHanausaTopam Knacca A. Ecau
BPEMS He OTBEYAET 3TUM TpeboBaHMAM, TO OTOBparXKaeTCcA OpaHKEBbLIM LIBETOM;

o  NHamKaTop NUTaHMA OT CeTU UM YPOBEHDb 3apAaa aKKyYMYAATOPa;

e MHAMKaATOp YpoBHA cUrHana cet GSM (npu Hanuuum B cnote SIM-KapTbl M NOAKAOYEHUA ee K
cetn GSM).

Homep 3KkpaHa oTobpaKaeTca B NPaBoOM HUKHEM YIy AMUCTNES.

Ha nepBom 3KpaHe psagomM C BEKTOPHOW AuarpaMmoli, B peasibHOM BpPeMeHW oTobparkatoTcs
WMHAMKATOPbl MPaBUAbHOCTU MNOAKAOYEeHUA (puc.5), KoTopble [AaloT BaXHyl MHboOpMauuio o
NOAKNIOYEHUN aHanM3aTopa K TecTupyemol cetTu. dTa UHopmauma nomoraeT Moab3oBaTento
NpPoBEpPUTbL COOTBETCTBME TEKYLLEN KOHOUTYPaLMKM aHaIM3aTopa NapameTpam U3Mepsaemon ceTu.

MpeacTaBneHHble MHAWKATOPbI, 0603HaYeHble nocnenoBaTenbHo: Urws, lrms, Qu, @, f.

o Ugms: AEMCTBYIOLWME 3HAYEHMA HANPAXKEHUN — 4,Ba BO3MOXKHbIX 3HAYKa:
0 ¥ — npaBu/ibHble AENCTBYIOLME 3HAYEHWNS HAaNpPAXKEHUI, yKNagblBatowmeca B onyck £15%
OT HOMWHANIbHOTO 3HAYEHMA HANPAKEHUS,
o X- OeNCTBYOLWME 3HAYEHUS HAaXoaaTca BHe AnanasoHa Unom £15%.
o lrms: AENCTBYIOLLME 3HAYEHWNS TOKOB — YETbIPE BO3MOMKHOCTHU:
o ¥'— peicTBylowme 3HayeHMA ToKkoB HaxogaTcs B gnanasoHe 0,3%lhom...115% lnom,
o 2- AencTByoLmMe 3Ha4YeHMA TOKoB MeHbLue, Yem 0,3% lnom,
o X- AeNcTBytoLmMe 3HaYeHUs ToKoB boblie, Yem 115% lnom,
O --- TMpe oTobparkaloTcs, Koraa U3MepPeHME TOKOB BbIKIHOYEHO B KOHGUTYpaL UK.
Bo Bcex cucTemax, rge 3TO BO3MOXHO, aHa/M3aToOp TaKXKe pacCyYUTbIBAaeT CYMMYy BCEX TOKOB
(MrHoBeHHbIe 3HaYeHUA) U NPOBEPSAET Ha PaABEHCTBO Hy/t0. ITO NOMOraeT onpenennTb NPaBUIbHOCTb
NOAK/MOYEHUS TOKOBbLIX Kelllel (T.e. CTPE/IKM Ha Knellax HanpaB/ieHbl K Harpyske). Ecam BbluncneHHoe
gencreyloulee 3HayeHue cymmbl bonbwe, yem 0,3% lhom, 3TO paccmaTpuBaEeTCs, Kak owubka wm
oTobparkaeTcs 3HaK .
® (u: BEKTOpPbl HaMpAXeHW — aHaAns3aTop npoBepsAeT MPaBUIbHOCTb YII0B  OCHOBHbIX
KOMMNOHEHTOB 1 0TOOParKaeT COOTBETCTBYIOLWMIA 3HAYOK:
o ¥ — BEKTOpbl MMelT NpaBuabHbIE Yrbl B AnanasoHe +30° OoT TeOpeTUYEeCcKOoro 3HayeHun
ONA PE3NCTUBHOM Harpyskn u CUMMeTpUYHOM uenu (B 3-dasHbix cuctemax),
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O? — HEeBO3MOXHO NpoBEPUTb MNPaBUIbHOCTb Yri10B WU3-3a CAUWKOM MaJiIeHbKOro

OEeNCTBYIOLLLEro 3HaYeHus HanpsxeHus (meHbwe 1% Unom),
o X- HenpaBWU/bHblE YIbl BEKTOPOB. B TpéxdasHbiXx cMcTeMax 3TOT 3HAYOK OTOOparkaeTcs B
T.4. B C/lydae obpaTHOM nocnenoBaTelbHOCTU YepeaoBaHuns ¢as HanpaKeHus.
® (: BEKTOPbI TOKOB — NPOBEPAETCA NPABUALHOCTb YI/10B OCHOBHbIX COCTAB/AOLLMX BEKTOPOB TOKOB
Mo OTHOLIEHUIO K BEKTOPaM HanpaxeHusa. OTobparkatoTca 3HaYKu:
o ¥ — BeKTOpbl HaxoaATcA B npegenax +55° OTHOCUTENbHO YIN0OB, COOTBETCTBYHOLLNX
BEKTOPaM HanpAXKeHus,
o 2 — HeBO3MOMHO NPoBepuUTb NPaBUNbHOCTb YI/I0B BEKTOPOB TOKOB M3-33 C/IULLIKOM
Ma/IeHbKOTO AENCTBYIOLLLEro 3HaYeHUs TOKoB (meHbLie 0,3% lnom),
o X- BEKTOPbI HAaxoAATCA 3a NpeaeiaMmn A0NYCTUMOro AMana3oHa yrios ( £55°),
O --- TMpe oTobparkaloTcs, Koraa U3MepeHME TOKOB BbIKIHOUYEHO B KOHPUIypauuu.
e f:yacroTa:
o ¥ —uy3mepeHHada YacToTa CETM HaxoamnTca B AnanasoHe from+10%,
o 2- OeNCTBylolLLee 3HaYeHMe HanpsKeHna onopHoi dasbl meHblue, Yem 10 B (aHanusatop
paboTaeT Ha BHYTPEHHEM reHepaTope) UAu HeT cUHXPoHUu3aumumn GAMY (aHra. PLL),

o X- M3MepEeHHas YacToTa HaxoAMUTCA BHE AManasoHa fnom+10%.

Mpumep Ha puc.5 n3obparkaeT cUTyaLMIO HEMPABUALHOTO NOAKAIOYEHMA TOKOBbIX Kaewel (3ameHeHbl
MeCcTamu KaHanbl |, 1 |3) — 3Ha4YOK @) yKa3biBaeT Ha owmnbKy $ha3 ToKoB.

KpaH 2/9 (puc.6). Ha HEm npeacTaBAeHbl U3MEPEHHble AeNCTBYIoLME 3HAUYEHUA HanpAXKeHUIA N TOKOB
B LLeNM, a TaK¥Ke 4acToTa ceTU. 3Ha4YeHMe YacToTbl OTOOPaXKAETCA OPAHIKEBLIM LLBETOM, NPU OTCYTCTBUU
CUHXpOHM3auumn DAMNY (aHrn.PLL) mnm ecam aHanusaTop paboTaeT OT BHYTPEHHEro reHepaTopa
(Hanpumep, Npm oTCyTCTBMM HanpsxeHna Up)

..

P3| 1.80 GB | 20.12.12 11:30:10 |

U1 =2245V N=22274
Uz =2276V 12= 28.39 &
U3 =2280V 13= 23.37 &
Unee = 0.028 V In= 1085 A
[ =5000H:

Puc.6. KkpaH 2/9 ¢ AeNCTBYIOWUMMN 3HAYEHUAMM HaNPAXKEHWUIA U TOKOB.

3KpaH 3/9 (puc.7). MoKasblBaeT aKTUBHbIE W PEAKTUBHbIE MOLLHOCTU. MOLWIHOCTM OTAENbHbIX ¢a3s
nocnefoBatesibHo 0603HayeHbl Homepamm oT 1 go 3. WUTtoroBble MolHOCTM oOTobparkatoTca B
nocnegHemn ctpoke (ob6osHayeHne P 1 Q).

P3| 1.80 GB | 20.12.12 11:30:09 |»-[f.
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P1= 4.825 kW 01= 9293 var
P2= 6.301 kW 02= 1.087 kvar
Pd= 4.981 kW 03= 1.289 kvar
P =16.11 kW 0 = 3.307 kvar

Puc.7. 9kpaH 3/9 C aKTUBHBIMWN M PEAKTUBHBIMM MOLLLHOCTAMMU.



3KpaH 4/9 (puc.8). OTobparkaeT NosHble MOLWHOCTU UCKaxkeHUa (o6o3HaueHne SN) 1 NoHblIE MOLLHOCTU
(S). Koraa BbibpaHO M3mepeHne MOLWHOCTM No meToay Budeanu, BMecTo NOIHOM MOLLHOCTU UCKaXKeHW
oTobparkaeTcAa MOLLHOCTb UCKaXKeHWit D.

P3 ] 1.80 GB | 20.12.12 11:30:08 |- .

SN1= 984.6 var  S1= 7.617 kVA
SN2= 7783 var  S2=10.04 kVA
SN3= 1.100 kvar  S3= 8.081 kVA
SN =4.831kvar S =26.28 kVA

Puc.8. kpaH 4/9 ¢ MOLWHOCTAMM UCKaXKEHUIA U MONHON MOLLHOCTbIO.

dKpaH 5/9 (puc.9) otobparkaeT KoadpdULUMEHTbI rAPMOHMYECKUX UCKaxkeHUIt THD ana HanpsxeHua u
ToKa. KoadduumeHTbl, NOKasaHHble Ha 3TOM M300paxKeHWW, PacCUMTaHbl OTHOCUTENIBHO OCHOBHOW
COCTaBASAIOLLEN.

P3 | 1.80 GB | 20.12.12 11:30:07 | [f.

THOU1 =3.013 % THOI= 17.69 %
THOUZ =2.802 % THDIZ= 1147 %
THOU3 =2.895 % THOI3= 19.49 %
THOUNee = 18.32 % THOW= 184.0 %

Puc.9. 3kpaH 5/9 c KoaddurumeHTamm rapMmoHNYECKUX UCKarkeHnn THD.
3KpaH 6/9 (prc.10). NMoKaszaHbl KoaddPuLMeHTbI MowHOCTU PF 1 tgo.

P3| 1.80 GB | 20.12.12 11:30:06 |- [f.

PF1= 0.965 tanp1= 0.191
PF2=0.978 tanpZ= 0.169
PF3= 0.948 tanp3= 0.255
PF = 0.926 tanp = 0.202

Puc.10. 3KpaH 6/9 c KoadbdULMEeHTaMU MOLLLHOCTU U (.

dKpaH 7/9 (puc.11). — 370 NocAeAHUN N3 IKPaHOB M3IMEPEHUN U NpeacTaBAfeT KpaTKoBPeMeHHble U
anuntenobHble fo3bl pankepa Pst U Py. Mokasatenb Pi obHoBasieTcA Kaxkaple 10 MUHYT, a Py Kaxkaple 2

Yyaca.

P3| 1.80 GB | 20.12.12 11:30:03 |»-[f.

Pst1= 4.337 Pit1=- - -
PstZ= 3.269 P2=- - -
Pstd= 2.710 Pit3=- - -

Puc.11. 3kpaH 7/9 c noKasatenamu mepLaHna ceerta.
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3KpaH 8/9 (puc.12) npeacTaBAseT caeaytoLLyo MHGOPMaLNIo:

[t

P1]1.78 GB | 25.02.14 10:45:10 |»
Start  : 20.02.2014 10:44:44

Stop :---
Czas  : 00d ODh ODm 26s
Idarzenia: 7

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

Puc.12. 3kpaH 8/9

Bpema Hauvana nocnegHel 3anylWeHHOM pernctpaumm WaM BPemsa Hayana Ccaepyowero
3aNN1aHNUPOBAHHOIO MHTEPBA/Ia PEMMCTPALLUN B PEXMME PETUCTPALLUM NO PACINCAHUIO;
Bpemsi OKOHYaHMA MocnefHelr 3anyweHHOW pernctpauuu (ecnm perucTpaums yxke ugét, To
O0TObOparKalTCA YEPTOUKM) UM BPEMS OKOHYAHUSA C/edyOLLEero 3an/aHMPOBaHHOIO MHTepPBana
perucTpauum B peKmme perucTpaymm no pacnmcaHmio;
MpoAoNKMTENBHOCTD  TEKYLWEN WAN  yXKe  3aBeplEHHON  perncrpaunu, BO3MOXKHasA
NPOAO/IKUTENBHOCTb MHTEPBAJIa PETUCTPALLIUM B PEXMME PACTINCAHUA;
Ymcno cobbITniA, 3aperncTpMpoBaHHbIX aHANM3AaTOPOM C MOMEHTA 3anyCKa perucTpaumm;
CocTtosHmMe cetm GSM. B aToli cTpoke oTobpakaloTcs COOBOLWEHUS, KOTOpble OTHOCATCA K
TeKyLWemMy COCTOAHUIO BCTPOEHHOro mogema GSM:
o «BKAlo4YeHMe ...»: MOgEeM BKAOYAETCA;
o «MAaET nogKnoueHue K CeTu»: Mogem pernctpmpyetca B cetn GSM;
o «MaET nogknioueHne K UHTepHeTY»: MoaeM aKTUBUPYET YCAyry NMakeTHOW nepenayu
OAHHbIX U pernctpupyetca B cetn NHTepHerT;
o «lotoB, UMTS»: mogem ycnewHo 3apeructpuposanca B cetn GSM u oxungaet cBsA3un ¢
KnneHTtom. UMTS - 3TO HasBaHMe CTaHAapTa nepefaym AaHHbIX B CETU, BO3SMOMKHOCTb
€ro UCno/ib30BaHWUA 3aBUCUT OT AOCTYNHOCTU YCAYT B BalleM PernoHe.

AHann3aTop MOXKeT 0TobParkaTb Ha 3TOM MeCTe U Apyrue cooblueHns, Hanpumep, MHGopMmupyoLme ob

0bHapyXeHHbIXx owmnbKax: «Het SIM-KapTbl» - ec/i1 B CNOT He ycTaHoBneHa SIM-kapTa; «HeBepHbi PIN-

Koa» - ecin ucnonb3yemblt aHanusatopom PIN-koa 6bin oTKNOHEH SIM-kapToi, n T1.4. bonee

noapobHoe onncaHne MOXKHO HalTK B pa3aene o GSM coegmHeHUu.

MocneaHsAa CTpoOKa 3KpaHa 8/9 moKasbiBaeT cocTosiHMe MpuémHuka GPS: ecim B HacToAwmin
MOMEHT NPUHUMAETCA NPaBUbHbIN CUTHaN CO CMYTHUKOB GPS (C BHYTPEHHEN WAWU BHELHeM
aHTEHHbI), TO oTobparkaeTcs cnoso «[AA». Eciv curHan He NpuHUMAaeTcs, To oTobpakaeTcsa «Her
CUrHana»;

TeKywwuit ypoBeHb curHana GPS;

MHopmaumio 06 ycTaHOBKe nosioxeHus GPS (Hagnuce «2D») n/mam npuéme WCTUHHOIO
BpemeHun GPS (cumBon yacos).

3KkpaH 9/9 (puc.13) nossonset 6bICTPO MNPOBEPUTb OCHOBHbIE MapPameTPbl KOHOUrypauuu TOUKM

n3amepeHna:
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Twn cetn;
TwWN TOKOBbIX KNeLle;
HomunHanbHble 3HaUYeHUA: HanpAaXKeHuA, AnanasoHa U3MepAeMOro ToKa 1 4YacToTbl.



P1]7.16 6B | 17.01.13 17.00:21 |- fr

Typ sieci: 3-fazowy gwiazda z N

Cagi :Fx

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

Puc.13. 3KpaH 9/9 c uHpopmaumelt o napameTpax TOUKN U3MEPEHUS.

mm dKpaH 10/10 oTobparkaeT TeKyuiee coctoAHne BecnposogHoro coeamHeHusa Wi-Fi. C
NOMOLLLbIO 3TOrO 3KPaHa NONb30BaTe/Ib MOXET NPOYUTaATb:

e VYpoBeHb PaAMOCUrHaNa — CUFHANM3MPYeT 3HAYOK =, rAe KOJMYECTBO 3e/EHbIX MONOCOK
O3HayaeT ypoBeHb curHana: ot 0 — oTCyTCTBYET, A0 4 — BbICOKUIA,

e CocrosHue coegmHeHua (Fotos, MonyuyeHune agpeca IP, NMouck cetu);

o  MAC-agpec ansa Wi-Fi nntepdeica aHanmsartopa;

e |P-agpec, KOTOpbIN UMeeT aHanum3aTop B cetn Wi-Fi. Ecan agpec 6bin nprcBoeH aBTOMATUYECKH,
To oTobpakaerca Haanucb «(DHCP)»;

o UpeHtudunkartop SSID cetn Wi-Fi, K KOTOpOI NOAKNOYEH aHanM3aTop.

P1[1.78 6B |16.04.14 16:11:48 jom?

Wi-Fi < : Gotowy

MAC  :00.23A7.38.20.08
P : 192.168.100.141 (DHCP)
SSD - WEK

Puc.14. 9kpaH 10/10 c MHPopmaLmeit 0 TEKYLLLEM COCTOAHUN NoaxaAtodeHns Wi-Fi.

2.5 Iporpamma «SONEL ANALYSIS»

Mporpamma «SONEL ANALYSIS» — 3To npunoxeHune, Heobxoanmoe ans paboTbl C aHaAM3aTOpaMn cepum
PQM. OHa no3BosAeT BbIMOAHUTb:

e KoHdurypauuio aHannsaTopa;

o YTeHue AaHHbIX U3 perncTpaTopa;

o MOHWUTOPWHTF CETU B peXXMUMe peanbHOro BpemeHu;

e YpaneHue JaHHbIX U3 aHaNM3aTopa;

o [lpeacraBneHue AaHHbIX B BUAE TabauL,;

o [lpeacraBneHue AaHHbIX B BUAE rpadunKoB (anarpamm);

e AHanu3 paHHbIX € ToYkM 3peHna [OCT 32144-2013, cuCTEMHOro peryampoBaHuA U Apyrux
YCNoBUWIA, onpeaensemblx Nosb3oBaTenem;

e HesaBuCMMYIO NOAAEPKKY HECKOJIbKUX YCTPOMCTB;

e (O6HOBNEHME [0 Camoi nocnegHen BEPCUMM BCTPOEHHOIO MPOrpamMmmHoro obecnevyeHus
(NpowwnBKKM) aHaNN3aTOPOB U CAMOTO MPUJIOKEHWUA.

MoapobHaa MHCTpyKumMa no pabote c nporpammoirt «SONEL ANALYSIS» npuBeseHa B OTAE/NbHOM
AOKyMmeHTe (TaK»Ke MOXKHO 6ecniaTHo 3arpysuTb € caiiTa npoussoautena http://www.sonel.ru/).
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http://www.sonel.ru/ru/biblio/software/

2.6 Coeaunenue c IIK 1 nepegaya JaHHBIX

AHafnM3aTop NpeaocTaBaseT HECKO/IbKO CNoco60B 06MeHa AaHHbIMU C KOMMbIOTEPOM:

e [IpoBogHoe coeanHeHue no USB;

o mm Pagnocsasb B gnanasoHe 433 Mly, ¢ nomoubto npnémHuka OR-1;

e becnpoBoAHas CBA3b Yepes BCTPOEHHbIN mogem GSM;

o mm Paamocesasb ¢ nomolbio 6ecnpoBogHoli nepegaun aaHHbix Wi-Fi — KomnbloTep
M aHaNN3aTop AOJIXKHbI ObITb NOAK/OYEHbI K TOM »Ke ceTu LAN nam mumetb BO3MOXKHOCTb CBSi3U
yepe3s WAN (cooTBeTcTBYtOLaA KOHPUIypaLms mapLipyTmsaTopa).

CoeaunHeHue ¢ KomnbioTepom (pexum MK) nossonsert:

e [lepenaBaTb AaHHblE, COXPaHEHHbIE B MAMATU perncrTpaTtopa:
O BO3MOXHOCTb CYUTbIBAHWA AAHHbIX BCEX TOYEK U3MEPEHUSA;
e [lpocmaTpuBaTb NapameTpbl CETU Ha KOMMblOTEpe:
O MrHOBEHHble 3HaYyeHWA TOKa, HanpAMeHusA, MOLHOCTU W 3Hepruu, CymmapHble
3HaYeHUA 414 BCeW CUCTEMBI;
rapMOHUKU, UHTEPrapMOHUKU, MOLLHOCTN rapmoHuK, THD, TID;
acUMMeTpUIO;
BEKTOPHbIE AMarpaMmbl A8 HANPAXKEHWUN;

O O O O

OCUMANOrPaMMbl TOKa M HanpsaXeHus, oTobparkaemble B peXKMmMe peasibHOro BpemeHu;
O BCe OCTa/ibHble U3MepseMble NapamMeTpbl, He nepeyncaeHHble 34ech.
e KoHdurypaumio aHann3atopa, AUCTaHUMOHHbIN 3anycK U NpeKkpalleHme perncTpauuu.

Mocne NOAKNIOYEHUA K KOMMbIOTEPY Ha Aucnsiee nossaserca Haanuch «MogknioueHne MK» u tun
NoAKNOUEHUA.

Bo Bpemsa coeamHeHus c MK, knasuwm 3abNOKMPOBAHbLI, KPOME KaBULIK @ o aHanusaTtop
paboTaeT ¢ BKAOYEHHBIM PEXMMOM BJIOKMPOBKM KAaBuaTypbl (Hanpumep, BO BPeMsA pPerucrtpauum), 1o
BCE KNaBM1LLW 3a6/I0KMPOBaHbI.

[na Toro, 4Tobbl COEAUHUTLCA C aHAaNU3aTOpom Heobxoammo BeecTu ero PIN-koa. Kopa no ymonuyaHuio
310 000. PIN-KOA, MOXKHO M3MEHUTb ¢ MomoLlbto nporpammbl « SONEL ANALYSIS».

Tpu nonbITKM BBOAa HenpaswuabHoro PIN-Koga 6/0KMpYOT nepenady AaHHbiXx Ha 10 MUHYT. TosbKO
nocse 3Toro BpemeHun 6yaeT BO3MOXKHa NOBTOPHAs NoOMbITKa BBECTU KOA,

Echn B TeyeHme 30 CeKyHA, nocne noakntoyeHua K MK He npomcxoanT HUKAKOro obmeHa AaHHbIMUA
mexay aHa/n3atopom U KOMMNbKOTEPOM, aHANN3ATOP BbLIXOAUT U3 pexXnma nepenayvym AOaHHbIX U
3aBeplaeT noaKknro4yeHue.

BHumaHue &

YaepKaHue B Te4eHUe 5 ceKyHA, KnasuLl | 7] «© so3spawaet PIN-kog no ymonuaHuio (000).
Ecan BKAloueHa 6N10KMPOBKa KNaBuaTypbl BO BpemaA peructpaumm, To oHa umeeT 6onee BbICOKUMA
npuopuTeT (CHauana Hy)XXHO pa3610KMpoBaTb KNaBuwmn, UTobbl 06HYAUTL PIN-KOA). OnAa aBapuitHoOM

Pa3ba0KMPOBKM KNaBUATYpbl yaepKUBaiiTe B TeUEHME 5 CEKYHA, KNaBuLLIn D,

Echn ectb akTMBHOE NOAKAKOYEHME nobbim 13 cnocobos KOMMYHWUKaUnn, TO HEBO3MOXHA CBA3b C

dHa/IN3aTopom AOpyrum CFIOCO6OM, Hanpumep, ecin yCTaHOB/NEHO coeaunHeHue no USB, HEeBO3MOXHO
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NOAKAKUYMTLCA K aHaAn3aTopy no paano yepes OR-1 naun no GSM. B Takom ciyvae nporpamma BbIBOAMUT
Co0bLLEHME, YTO YIKE aKTUBHO Apyroe coeguHeHMe.

2.6.1 Csa3bmno USB

USB — saBnsetcA NOCTOAHHO [AEUCTBYIOWMM MHTEPPENCOM M HEe WMMeeT BO3MOMKHOCTU CBOEro
OTKAoYeHMA. [nAa Toro, 4Tobbl COEANHUTLCA C aHANN3aTOPOM, HEOBXOAMMO COeAMHUTL ero Kabenem
USB c kKomnbioTepom (pasbém USB HaxoauTca Ha NeBOi CTeHKe aHaamMsatopa M 3alMuléH
YNIOTHUTENbHOW  3arnywkoi). Ha KomnbloTepe HeobxoguMmo  npeaBapUTebHO  YCTaHOBMUTb
nporpammHoe obecneuveHne « SONEL ANALYSIS» BmecTe ¢ gpanBepamum.

CKOpOCTb Nepegayn AaHHbIX cocTasaseT 921,6 K6UT/c. Kpome Toro, BCTPOEHHbIW CUMTbIBATENb C KapTbl
MamATM NO3BO/AET 3arpy)KaTb JaHHble perncTtpauuMmM Cco CKOPOCTblO ropasgo 6bonbwel, yem
CTaHAapTHasA. B aTom pexunme aHanmsatop obecneymsaeT NPSAMON AOCTYN K CBOEW KapTe NMamaTu, 4To
No3BONAET CYWUTLIBATb AAaHHbIe CO CKOPOCTbIO B HecKo/lbko M6uT/c. Bo Bpems TaKoro uyTeHus He
BO3MOXHa HOPMa/ibHaA CBA3b C aHA/IM3aTOPOM, HaNpumep, MPOCMOTP AaHHbIX B pPeXKMMEe peasibHOro
BpemeHu. [locne cuMTbiBaHMA [OaHHbIX C  KapTbl namatv, npunoxkeHne «SONEL ANALYSIS»
aBTOMATMYECKM MEepPEeKIoYaeT aHaIM3aTop U3 peXXnuma YTEHUA B PEKUM CTaHLAPTHOM CBA3M.

BHMMaHue &

B pexXume uTeHMsA BCE coaeprKMmoe KapTbl NamATH oTobparkaetca Ha MK KaK gUCK B onepauOHHOIA
cucTeme, 4YTO MNO3BO/IAET MOJIYYUTb HEOrPaHUYEHHbIM AOCTYN K ero cogepXumomy. Yrtobbl He
nospeauTb $aiiNoBYIO CUCTEMY HA KapTe NAaMATU U He NOTEPATb XpaHALLMECcA Ha Hell faHHble, HeNb3A
camocTofTeNbHO BMmewMBaTbc B ¢aiinoBylo cuctemy (Hanpumep, €o03[aBaTb WU COXPaHATbL
cobctBeHHble daiinbl uau yganatbe ¢ainbl, 3anucaHHble aHanusatopom). He ucnonbsyitte ana artoii
uenu apyrux nporpamm, kpome nporpammbl «SONEL ANALYSIS».

Ucnonb3yite ceptuduumMpoBaHHble Kabean USB 2.0 xopoluero KauecTtBa u ganHoi He 6onee 5 m. 310
umeeT ocoboe 3HaueHMe B peMMe NPAMOro AoCTyna K namatu. PeKomeHAyeTca MCMNO/Nb30BaTb
Kabenb USB, noctaBnaemblii BMecTe ¢ aHa/IM3aTOPOM.

2.6.2 Paauocssass c nomoinbio OR-1 m m

BHumaHue /L\

dyHKUUA He noaaepKusertca npubopamu PQM-702 n PQM-703 ¢ cepuitHbiMM HOMepamM ¢
npepuKcamu:

- PQM-702 LI

-PQM-703 LJ

MoaknoumMB K KomnbloTepy paaunoagantep OR-1, MOXHO YCTaHOBUTL C aHanu3aTtopom becnposogHoe
coeamHeHWe, UCNob3ysa AvanasoH 433 MIu. Paanyc AeicTBuA B 3TOM PeXMMe orpaHuyeH, NPUMepPHO,
5 M, @ MaKCMMa/ibHan CKOPOCTb Nepesaym AaHHbIX cocTaaAeTt 57,6 K6ut/c.

BHumaHue &

Mepes coeauHeHMemM C aHanAU3aTOpOM MO PagMo HYXHO [06aBuTb Baw aHanusatop K 6ase
aHanusatopos (Mapametpbl = ba3a aHanusatopos). Mpu Noucke cpegu aHaNU3aTOPOB B CMUCKe
AOCTYMHbIX YCTPOMUCTB NOKa3blBalOTCA TO/IbKO T, KOTOPble BHECeHbl B 6a3y.
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NHTepdelic pagmocsasn, NOAKNOYEHHBIN K NPUEMHUKY OR-1, MoxKeT ObiTb OTKAOYEH B aHanM3aTope.
[na Toro, 4tobbl BKAOYMTDL €ro 3aHOBO, HYXXHO BOCMO/1b30BATbCA ABYMA APYIMMMU TUMAMKU Mepesayn
AaHHbIX: USB nan GSM.

2.6.3 CBa3sb no cetu GSM

BctpoeHHbit GSM moaem obecrneumBaeT AOCTyN K aHanusatopy u3 nwoboro mecra Ha 3emne, rae
pocTtynHa cetb GSM. Moaem nogaeprknsaeTt cTaHaapT nepedaym gaHHbix UMTS HSPA ¢ makcMmanbHoM
CKOPOCTbIO nepegayn paHHbIX 5,76/7,2 M6ut/c (otnpaska/nonyyeHue). Ytobbl ucnonb3osatb 3Ty
BO3MOKHOCTb, HE06X0AMMO YCTaHOBMTb B C/I0T Ha BOKOBOW NaHeNn aHanusatopa Aeicrsytoutyto SIM-
KapTy.

SIM-KapTa AonHa 6bITb NOAK/IOYEHA K CAeAYOWMM BUAAM YCAYT:

e [lakeTHana nepegava gaHHbIx (GPRS);
e 3aperucTpmMpoBaHHbIN cTaTudeckuit IP-agpec;
o OyHKuMa SMS gns oTNPaBKM yBEAOMAEHWUIN CUTHANM3ALNK.

Ona Hactpoliku SIM-KapTbl M mogema B aHaaM3aTope HeobxoAumbl cregylouwme AaHHble,
npeaocTaBaaemble NOCTABLMKOM YCAYT nepenadn gaHHbIX:

e PIN-Kkog gna SIM-KapTbl;

e PUK-kog ana SIM-KapTbl, B ciiyyae 610KMPOBKM SIM-KapTbl NOC/Ne HECKOJIbKMX NOMbITOK BBOAA
HenpasuabHoro PIN-Koaa;

e |P-aapec, npeaoctaBneHHbi SIM-KapTe (3To fonKeH ObITb CTaTUYECKMI afapec);

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

® /ma nonb3oBaTens v Naponb (ONUMOHANbHO, KaK NpaBuo, He TpebyeTcs).

Mocne nepsoit ycTaHOBKKU SIM-KapTbl, aHan3aTop OyAeT nbiTaTbCA BBECTU NocieaHuin BBeAEHHbIN PIN-
KOA WAM KOog, MCMNOb3yemMblii Mo ymonyaHuto. OBbIMHO TaKkas NOMbITKa 3aKaHYMBAETCS Heydayven u
aHanm3aTtop BblgacT coobuieHne 06 owmnbre PIN-Koge. [ns Toro, 4tobbl BBECTM MPaBU/IbHbIE AaHHble,
HeobxoAMMO MOAKMUUTLCA K aHanusaTopy no USB (uam OR-1) u HacTpouTb coeauHeHne GSM.
Mpoueaypa onucaHa B rnase 2.11.2. Ecam aHanm3aTop HACcTpOeH MNpPaBW/bHO, TO OH MOMbITAeTcA
coegmHUTbCA ¢ ceTbto GSM, a 3aTem ¢ ceTbto MIHTepHeT. AHanusatop byaeT Tenepb BUAEH B MIHTEpHETE,
nog npepoctaBneHHbiM IP-agpecom, wcnonb3ya nopt 4001 anAa BXogAawmx coeguHeHun. ITo
coegMHEHME MOXKET bbITb ycTaHOBMeHOo npunoxeHnem «SONEL ANALYSIS». Echu GSM mogem He byaet
MCNO/Ib30BaTbCA, €0 MOMHO OTK/AUYMTb C NOMOLLbIO nporpammbl. MNMogpobHee o KoHdUrypauuu
aHanusaTtopa Ana ceasmn no GSM s rnase 2.11.

2.6.4 BecnpoBoaHas cBA3b o Wi-Fi IEEEI IEEU

AHanunsatopbl PQM-710/711 ocHaueHbl mogynem Wi-Fi, paboTatowiem B ctaHgapte IEEE 802.11 «b/g» u
«N» C OAHOMOTOYHOW Nepesayei gaHHbIX (TOYKM AOCTYNaA C OAHOW aHTEHHOM). 3TO NO3BOASET NONYUYUTD
YOANEHHbIM JOCTYN K aHaNM3aTopy € NAaHWweTa (ManM KomnbtoTepa). BO3MOXKHO npsamoe NoaKatoyeHue
«nnaHwert <> aHanuMsatop», paboTa B NOKANbHOM CETU UK Yepe3 NHTepHeT.

Bo3morKHa paboTa B OTKPbITOM CeTM MK 3aluLLéHHOM no ctaHgapty WPA/WPA2-PSK.
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BHMMaHue &

B aHanusatopax ¢ Bepcueii npowunsku 1.25 nam crapwe, moaynb Wi-Fi moxKeT pabotaTb TO/NbKO B
pexume KaueHTa. AHanU3aTopbl, HauuMHaa ¢ Bepcun npowmsBku 1.30 moryt pabortatb B ABYX
peXxXumax: Kn1MeHTa U Touku gocryna (AP).

Pexxnm KnmnenTa

B pexume KaveHTa aHaNM3aTop NOAKNOYAETCA K BHELWHEN TouKe gocTtyna. Mocne NoAKAOUYEHMA K TOUKe
AO0CTyna, aHanu3aTop 3anycKaer ciy»by cepsepa coeamnHeHuit TCP/IP noa ctatuyeckum IP-agpecom nnu
agpecom, BblaesneHHbIM cepsepom DHCP Touku goctyna. MopTt TCP, ncnonb3yemsbil B IOKASIbHOWN CETH,
TAKOM Ke KaK 1 Npu npAMom nogkatoudeHum - 4002,

CoeanHeHne C  aHanM3aTopom 4epe3  MHTepHeT TpebyeT COOTBETCTBYIOWEN  HACTPOMKM
AAMUHUCTPATOPOM ceTn mapipyTtmsaTtopa Wi-Fi.

AHanusaTop, B Npeaenax A0CAraemMocTi KOTOPOro He obHapyXeHa Tpebyemana ToYKa J0CTyna, ocTaeTcA
B peXXMme CKaHMpoBaHuA gManasoHa Wi-Fi 2.4 Twu,

Pexnm Toukmn gocryna (aHrn. Access Point, AP)

B 3TOoM pexMme aHanu3aTop ABAAETCA TOYKOW AocTyna ANs NOKanbHOW ceTnm ¢ umeHem (SSID) u
napo/siem, yKasaHHbIM nosib3oBatenem. K aToi TouyKe A0CTyna MOXHO MOAKHYaTb TaKMe YCTPOMCTBa,
KaK KOMNbloTepbl, NAaHwWweTbl, TenedoHbl. Mo ymonyaHuto, To4Ka A0CTyna paboTaeT Ha KaHane Homep
10. NMpn HEOHXOAMMOCTU MOXKHO U3MEHUTbL 3TOT KaHa/ Ha APYro.

MNoapobHaa nHpopmauma o KoHburypaumm ceasm no Wi-Fi n cnocobax coeagnHeHUs ¢ aHa/IM3aTOPOM,
HaxoauTcA B rnase 2.12.

2.7 TlpoBejeHMe U3MepeHUH

2.7.1 KouHdurypanuu usMmepeHU

AHann3aTop No3BONAET COXPAHWUTL YETbIPE MOJHOCTbIO HE3AaBUCUMMbIE U3MEPUTE/bHbIE KOHPUTYpaLLMK,
KOTOpble Ha3BaHbl KTOYKAMM U3MepPeHMIN». HoMep aKTUBHOM TOUYKM M3MepeHMs oTobparkaeTca B 1I€BOM
BEPXHEM yray aucnies.

Mpn oAHOBPEMEHHOM yAEpP*KMBaHMM B TedeHne 1cek. Knasuwu SO oTobparkaeTca 3KpaH
BblIbOpa TOUKM U3mepeHusa (puc.15).

P1|1.80 GB | 12.11.12 16:57:30 |»[T..

Wyhdr punktu pomiarowego

Pl P2 P} P4

A A A A
Puc.15. Bbibop TOUKM M3mepeHus.

YT06bI BbIOPATL O4HY M3 YETbIPEX TOUEK CleAyeT HaxKaTb COOTBETCTBYIOLLYIO KNaBuLly, 0603HaYEHHYO
CMMBOJIOM TPEYToJibHMKA Ha Aucniee:

e [1nAa BbibOpa TOUKM M3mepeHua 1 HyKHO BbIBpaTb Knasuwy «
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o [1nA BbIbOPa TOYKM M3MepPeEHUA 2 HYXKHO Bbl6PaTb KnasuLly |
o [1nqa BbIbOPa TOYKM M3MepeHUA 3 HYXKHO Bbl6paTb KnasuLly o
o [1na BbI6OPa TOYKMU U3MePEHUSA 4 HYKHO BbIOpaTb KNaBuLy L S )

Mocne BbIGOpPA TOYKU MIMEPEHUA aHANM3ATOP MEPEXOAMUT K OTOBpaKeHUI0 BEKTOPHOM Auarpammbl
(3kpaH 1/9) n ocyuiecTBnAeT NPOBEPKY MNPaBUAbHOCTM MOAKAOYEHUA K uccnegyemoin cetu. Ecam
obHapyKeHa owmnbKa, To BblAAETCS A/IMHHbIA 3BYKOBOW CUTHa.

Ecnn nonb3oBaTeNb OTKAXETcA OT Bbl6OpPa TOYKM U3MEPEHUA U He HaXKMET HUKaKOM KNasullM, yepes
HECKO/IbKO CEKYHA, aHaM3aTop BO3BPALLAETCA K NpeablayLemy SKpaHy.

B onpefeneHHbIX CUTyauMAX U3MEHUTb TOYKY U3MEPEHMA HEeBO3MOXKHO. Mo KpalHen mepe, B ABYX
cneayowmx cayyanx:

e AHanuM3aTop HaxoAWUTCA B MpoLEcce perncrtpaumun; B 3Tom cayyae otobparkaetcs coobuieHue
«UNpét peructpauua»;
e BbinonHAeTcs 0bmeH gaHHbIMK ¢ KomnbloTepom (no USB, OR-1, Wi-Fi unn GSM). B aTom cnyyae

Knasuin :) n D HEAKTUBHbI.

MNMonb3oBaTenb MOXKET 3a4aTb /1l060€e NPOLEHTHOE COOTHOLWEHWE NAMATK AN1A KaXKA0M TOUKM (Hanpumep,
100 % Ana nepBOi U OTCYTCTBME APYrUX TOYEK, UAn No 25 % ANa Kaxaolh Touku). Ecnm ana Kakol-to
TOYKN M3MEpPEHMA OTBELEHA BCSA NAaMATb, NpyY BbiBOpe OCTaNbHbIX Ha gUCNaee BbIBOAMUTCA NONepemMeHHO
HOMEpP TOYKU C CMMBOJIOM CUMHYCOMAbI, O3HAYAIOLLIEE, YTO BO3MOMKEH TOJIbKO MPOCMOTP NapameTpoB
CETU B pEXUME PeanbHOro BPEMEHMU.

2.7.2 3anyck 4 OCTAaHOBKA perucrpauuu

Eciv Ha KapTe MamATM B TEKyllel TOUYKe M3MepeHusa ecTb cBob60oaHOE MEeCTO, TO MOMKHO HauaTb

PErncTpaLmio, HaXXMmas Kiasuuly €D v na YPOBHE MPUNONKEHNA, eC/IN YCTaHOBIEHO CoeAnHEHMe C
MK.

Pexkum 3anycKa perMcTpauymn 3aBUCUT OT TOTO, KaK OH HaCTpOeH B KOHOUIypaLmMmM TOYKU N3MEPEHUS.
BO3MOXHbI TPU pexmuma:

L] HEMe,ﬂ,ﬂeHHblﬁ 3aNyCK — perncrTpatma Ha4nMHaeTcAa Cpa3y Ke nocse HaXaTtua Kaasuiun.

e 3anyck no obHapyKeHWIo NepBOoro CobbITUS — aHAIM3aTOP OXMAAET HayYala PErncTpaLLMm o Tex
nop, NMoka OAMH W3 MNapameTpoB KOHOUrypauuu TOUYKM WM3MEPEHUs, MPEBbICUT MOPOroBoe
3HauyeHue, MHUUMKMpylowee cobbiTue. Bo Bpems oOXuAaHMA COBbITUA B CTPOKE COCTOAHUA
aHanv3aTopa oTobparkaeTcd HOMEpP TOYKU M3MEPEHUA, NONEPEMEHHO C CMMBOJIOM CKNOHA CO
CTPENKOW.

e 3anycK B COOTBETCTBMM C 3aZaHHbIM BpemeHem peructpaumu (no rpadmky). Ha akpaHe 8/9
MOJXHO MPOBEPUTb, KOr4a 3amnjaHMPOBAHO HAyalo M OKOHYaHWE Ccleaylowen perncTpauum.
OAHOBPEMEHHO B CTPOKE COCTOSHMA OTOBparkaeTca HOMep TOYKM M3MEPEHMA, MONEPEMEHHO C
CMMBOJIOM MECOYHbIX YacoB. Eciv Bpems AN BCEro 3anjaHMpPOBAHHOIO MO PACMMCAHUIO YiKe
NPOLWO, TO PErucTpaLyms He HAYHETCA U B CTPOKE COCTOAHWMA OTOOpayKaeTcs HOMEpP TOYKM
M3MepeHnsa, NONepeMeHHO C CMMBOJIOM CUMHYCOMAbl (Y4TO O3HAYaeT, YTO BO3MOMKEH TO/IbKO
NPOCMOTP TEKYLUMX 3HAYEHUI ceTH).

B pexkume perucrpaumm, oTobparkaemblit B BEPXHEM JIEBOM Yy AWCTIes HOMEp TOYKM M3MepeHus,
MUraeT OAMH Pa3s B CEKyHAY.
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OKoHuaHue perncTtpauyunn:

e PyyHas OCTQHOBKA perncrpaumyv NpouUCXoamT NpU HAXKATUM HA CEKYHAY KNaBULLK @D vnn va
ypoBHe npunoxenna [K.

e Perunctpaumsa 3aKaHYMBAETCA aBTOMATUYECKM B PEXMME pacnmcaHma (ecan yCTaHOBAEHO Bpems
OKOHYaHWSA), B OCTaNbHbIX CAy4asaX OHA MNPOAO/IKAETCA A0 OCTAHOBKM NOJb30BaTeNEM
(knaBuweit €D v na YPOBHE NPUNIONKEHUSA).

e Peructpaumsa 3aKaHYMBAETCA aBTOMATMYECKM NMPWU 3anosHEHUM BCEro OTBeAEHHOro MecTa Ha
KapTe MamMATM A4 [AHHOW TOYKM M3MepeHuA. B aTom cnydae Ha gucniee HOMepP TOYKM
n3mepeHua byaet otobpaxkaTbCa NooYepesHO CO 3HAUKOM CMHYCOMAbI.

e [lucnnen ocTaércA B MoraweHHOM COCTOAHMM NOC/Ae 3aBEepLIeHUs pPerucrpauuu, ecam B
KOHOUIypauum akTMBMPOBAH cnsawmMin pexxmm. Haxkatne o060l KnaBuiLM Bbi3biBAaeT BKAKOYEHNE
WHAMKauMKM M oTobpaxeHue nocnefHero sKkpaHa (ecam He 6bIn0 GNOKMPOBKM KAaBuLW) WMAK
TpeboBaHMA BBECTU KO ANA pa3b10KMPOBKM KnaBmnaTypbl (ecamn BrkaroYeHa 610KMPOBKA).

2.7.3 KouHdurypanus perucrpanguu

Mpexae 4yem nNoAb30BaTe/b 3aMyCTUT PerucTpaumio, HeobxoaMMO npeaBapUTENbHO HACTPOUTb
BbIOPaHHYIO TOYKY M3MEPEHUA TakK, yTobbl perucTpauma npolwaa B COOTBETCTBUMU C TpeboBaHUAMMU
nonb3osatens. KoHoMrypmpoBaHue ocyLLeCcTBASETCA C MOMOLLbIO NporpammHoro obecnevyeHmns «SONEL
ANALYSIS». AHanusatop nocTasBaseTcs Cc 3aBoga C obpasuamum KOHUrypauuii, Kotopble noapobHo
OonucaHbl B pyKoBoacTee nosib3osatena nporpammbl « SONEL ANALYSIS».

B Lenom, MOXKHO BblAE/IUTb TPM PA3HbIX TUMA PErucTpaLmm:

e Peructpauma no KoHPUrypauum noab3oBaTens.

e Perucrtpaumsa Ha cooTBeTcTBUE cTaHAapTy (TOCT 32144-2013 unu apyromy).

e [lyanbHaa perncrpauusa, nNo3soNAIOWAA BeCTU Mapajsie/lbHOe u3mepeHue no KoHdurypaumm
nonb3oBaTeNA U, HE3aBUCMMO OT 3TOTO, Ha COOTBETCTBME CTaHAAPTY.

Pernctpauma no KoHoUrypaumm nonb3oBatens AaéT cBoboagy Bbibopa NapameTpoB, KOTOPbIE AO/MKHbI
ObITb 3aperucTpupoBaHbl. lonb3oBaTeslb YKasbliBAeT TUM CETW, HOMWHAJ/IbHbIE MapaMeTpbl, Bpems
ycpeaHeHun, 3a4aéT napameTpbl, KOTOpble A0/MKHbI  6biTb  3aperncTpuMpoBaHbl, aKTUBUPYET
obHapyXeHune cobbITU, U T.A4.

Pernctpauma Ha COOTBETCTBME YKa3zaHHOMY CTaHAApPTy NO3BO/IAET CPOPMMPOBATL OTYET COOTBETCTBUSA,
KOTOPbIA MCMOAb3yeTcA AR OLEHKM KayecTBa 3/1eKTPONUTaHUA B UcCnedyemoi Todke ceTu. B 6onee
PaHHMX BepcuAX NPOLMBKM aHann3aTopos (Bepcusa 1.16 maum ctaplue), N0aAb30BaTE/b B 3TOM pexnme
MOr YyKas3aTb pPerucTpauuio AONONHUTENbHbIX NapaMeTpoB (Kpome Tex, KoTopble TpebyloTca no
BbIBPaHHOMY CTaHAAPTY M BK/IOYaEMbIX aBTOMATUYECKM), OAHAKO BPemMa yCpeaHeHUn BCex NapameTpoBs
Morno 6biTb paBHO TONbKO 10 MUHYT (Kak OCHOBHOEe Bpemsa ycpedHeHus no ctaHgapTy). C Bepcum
npowmsku 1.17, anA nonb3osaTenei cTtan AOCTyNeH HOBbIM cnocob perucrTpauuun, KOTopbli OTMEHAET
OrPaHWYeHMEe Ha BPemMA YyCpegHEeHMA. ITO O3HAYaeT, 4YTO MNOJ/Ib30BaTe/lb MOMKET aKTUBMPOBATb
perncTpaumio Ha CoOTBETCTBME CTaHAAPTY U OAHOBPEMEHHO Apyrne napameTpbl C APYrMM BpemeHem
yCpeaHeHUn — TO eCTb TaK e, KaK 414 PerncTpaumm nonb3osaTensa. ITO OTKPbIBAeT COBEPLIEHHO HOBble
AMarHOCTMYECKMe BO3MOMKHOCTU. B yasibHOM perkMme perncrpaumsa no cTaH4apTy NPOBOAUTCA Kak bbl B
$OHOBOM peXkMme, COBEPLUEHHO HE3aBUCUMMO.
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EAMHCTBEHHOE WCKAlOYeHMEe (orpaHuMyeHWe) No OTHOWEHWI K PerucTpauum no KoHourypauum
nonb3oBaTena — 3TO G/OKMPOBKA M3MEHEHMS NOPOroB OBHaPYMKEeHWA COBLITUIA MO HaMPAMKEHWIO
(npoBan, Bo3pacTaHue, NpepbiBaHME), U3-3a CTPOrMX TPEBOBAHWUI K TaKMM COBBLITUAM, COAEPKALLMXCA B
cTaHAapTax. 9TM cobbITUA BCeraa BKAOYEHb! He MOTyT BbiTb A4eaKTUBUPOBaHbI.

[pyroe BO3MOXKHOE UCKAOYEHME NOABAAETCA Npu Bbibope cTaHAapToB, TPebyowmx pernctpaummn RVC
(Hanpumep, TOCT 32144-2013). B Takom cnyyae nopor obHapykeHus RVC 3agaH B npodune ctaHaapTa
W ero Heib3A U3MEHUTb B KOHPUIypauum noab3oBaTens.

B cny4yae, ecnv Nonb30BaATENO HYXKHA TO/IbKO PErMCTPALLMA HA COOTBETCTBME CTAaHOAPTY M OH HE XOYeT,
yTOObI aHa/NM3aTOP AOMOJHUTE/NIbHO PEerncTPUpoBan Apyrue napameTpbl (TEm cambiM yBeaNYMBas
06beM HEHY}KHOM 3anuUCK AaHHbIX), cneayeT BbIKAUYUTL (B KOHGUIypaLmu) BCce Apyrve napameTpsbl U,
BO3MOHO, BblbpaTb Hanbonbluee Bpems yCpeaHeHUA M3 ChUCcKa (parke ecan napametpol byayt
PerucTpmMpoBaThCs, TO 3aliMYT OTHOCUTE/IBHO Masio MECTa); O4HAKO 3TO He YYUTbIBAET COObITUA, MO3TOMY
JIYYLWKUM pelleHreM byaeT BbIKAOYEHNE PErMCTPaLLMM HEHYKHbIX MapaMeTpoB.

2.7.4 Tlpu6su3uTEIbHOE BpEeMA perucTpangum

MaKcMmanbHoe BpemA perncrpauumn 3aBUCUT OT MHOTMX GaKTOPOB, TAaKUX KaK: pasmep BblAEeNEeHHOro
MecTa Ha KapTe namATW, Bpema ycpedHeHWA, TUM CeTW, KOJNMYEeCTBO PerucTpupyembix napameTpos,
3anucb ocumanorpamm m obHapy:keHue cob6bITUI, a TaKKe OT caMux noporos cobbiTuii. HekoTopble
BblOpaHHble KOHPUIypauum npuseaeHbl B Tabanue. B nocneaHel KOMOHKE YKa3aHO NpuMban3nUTeNbHOE
BpEMA PErUCTPaALMM, KOTAa Ha TOUKY U3MepeHus BblaeneHo 2 b cBoboaHOro mecta Ha KapTe NamaTu.
MpuBeaéHHbIe NpPUMepbl KOHOUIYpaLMii NpegnonaratoT nsmepeHune HanpseHna N-PE v Toka IN.

MpubnnsnTenbHoe Bpema perncTpaumm 4aa HeCKOIbKUMX NPUMeEPOB KOHGUTrypaumm

Tun
Tun cetn MNpunbnunsntensHoe
KoHbUrypauun/ Ocuunnorpammsi
Mepuog (akTMBHOE Ocuunnorpammsi BpemMa perncrpaumm
perucTpupyembie CobbiTua . no nepuoay N
ycpeaHeHua n3mepeHue cobbiTui CoeaHEHS npv oTBeAEHHOM
napamerpel TOKOB) ycpea mecte 2 b
Mo 3-¢asHan ® (1000 N
10 -, | ® (1000 cob 60
rOCT 32144-2013 MURYT 3Be3ga cobbiTunin) ( cobuirui) ner
Mo
npoguIo 3-¢asHas .
«HanpskeHua u 1 cekyHaa 270 pHen
3Be3a
TOKU»
n
o npodunto 3-pasHan
«Hanpsa»keHua un 1 cekyHpa [ 4 aHA
3Be3ga
TOKU»
Mo
npoguIo 3-¢asHas
«MoLHOCTN 1 1 cekyHAa 23 pgHA
3Be3ga
rapMOHMKN»
Mo npoguaio 3-¢asHan ® (1000
«MolHoCcTU 1 1 cekyHAa ~. | (1000 cobbiTnit) 22,5 gHA
3Be3aa cobbITHiN)
rapMOHMUKN»
BkatoueHbl Bce
3-¢asHas
BO3MOMHble 10 MmuHyT 4 ropa
3Be3a
napametpbl
BkntoueHbl Bce
3-¢asHas o
BO3MOMKHble 10 cekyHp, 25 aHen
3Be3ga
napametpbl
BkntoueHbl Bce
BO3MOMHble 10 cekyHp, 1-¢pazHan 64 gHA
napametpbl
BkntoueHbl Bce « (1000
1 1- 1 7 1
BO3MOMHbIe 0 cekyHp, dasHas CoBbITHI) © (1000 cobbiTuit) . 4,5 pHAa
napametpbl
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2.8 H3MepuTesIbHbIE CUCTEMBI

AHanM3aTop MOXKHO HENOCPEACTBEHHO NOAK/IOUYUTD K CNeAyHoWMM TUNam CeTu:

e OpHodasHas (puc.16);

e C pacuennéHHon ¢ason (asyxdasHas) (c pasgenéHHon obmoTKo TpaHchopmatopa, aHrA. split
phase) (puc.17);

o TpéxdasHan («3Be3ga» c HelTpanbio) (puc.18);

o TpéxcdasHan («3Be3ga» C U30AMPOBAHHOM HelTpanbto) (puc.19);

o TpéxdasHana («TpeyronbHUK») (puc.20).

B ceTAx cpeaHero HanpaMKeHUA BO3MOXHbI M3MEPEHUA C WCMONb30BaHUEM W3MEPUTENbHbIX
TpaHchopMaToOpOB:

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

B TPEXNPOBOAHbBIX CMCTEMAX BO3MOXEH 3amMep TOKOB MeTog0M ApPOHa, C UCNOJIb30BaHMEM TOJIbKO ABYX
KNnewein, M3Mepsaowmx ANHENHble TOKM lii M li3. 3HayeHWe e TOKa |2 BbIMMCASAETCA COrnacHoO
3aBUCUMOCTHU:

Iy = -1 — 113

3TOT MEeTO/, MOXHO MCMNO/b30BaTb B C/ly4ae CUCTEMbI TUMa KTPeYyronbHUK» (puc.21 un puc.24) n «3sesga»
6e3 HelTpanbHOro npoeoaa (puc.22).

BHumaHue ‘/L\.

Ona pabotbl B cUCTEeMaAx 3/IEKTPOCHAOXeHMA C UM30/IMPOBAaHHOW HeWUTpaiblo, Heobxoaumo
noaxkatountb Bxoa N K Knemme L3 uccnegyemoi cetn. B Takux cuctemax He Tpebyerca nogkntouvatb
Bxoa L3 aHanusaTtopa K anekTpuyeckoi cetu. NMpu nsmepeHnn napameTpoB nepexoHbiX NpoLeccos
noakntoyeHuu exoga L3 OGA3ATE/IbHO.

B ceTAx C HelTpanbHbIM MPOBOAOM MOXHO AOMNONHWUTENbHO MPOWU3BECTM M3MepeHWe TOKa B ITOM
npoBoZe MNocae NOAKAOYEHUA AONOMHUTENbHbLIX Kaewen K Bxody In. ITO M3mepeHue BbINoHAETCA
noc/ie BKAOUYEHUA B KOHOUTYPaLMIO TOUKM M3MEPEHUA onuun «M3mepeHne Toka B HelTpanm».

ANbTepHaTMBOM ANA UM3MEepPeHUa ToKa In C MOMOLLbIO K/ewel SBNAETCA BblMCIAEHMEe ToKa B
HeMTpasbHOM MNPOBOAE aHA/NUTUYECKUM MEeTOAOM. AHANM3aTop AaET TaKyld BO3MOXHOCTb nocne
Bbl6Opa onuun «PacuéT Toka B HelTpanu». TOK B HEIMTPasn paccunTbiBaeTcA no Gopmynam:

e [y =—I;4,81-dasHol ceTy;
o Iy=—I1— I, 82-xdasHon ceTy;
o [y=—I;4—1I;5,— 13 83-xda3HoM ceTn TMNa «3Be3a4a» C HeinTpanbio N.

YKasaHHble 3aBUCMMOCTUN ABJIAIOTCA MCTUHHBbIMU MPU YCAOBUU HYNEBOro TOKA B 3awmTHOM nposoge PE.
B TMNWN4YHbIX CUTYaUUnAX 3TOT TOK, AEVICTBMTEHbHO, npeHe6pe>+<V|Teano Man, OgHaKo cneayet NOMHUTD,
4yTO B aBapw?lelx CUTYyaLmnAax (HaanN\ep, NP KOPOTKOM 3aMblKaHUU B UeNn 0 MOMEHTA Cpa6aTbIBaHMﬂ
3a|J.I,MTbI) TOK B nposoge PE moxeT gocturatb 3HAUUTE/IbHOM BENMUYMHBI; TEM CaMbIM pacc4nTaHHOE
3HayeHue ToKa Iy 6YLI,ET OT/INYaTbCA OT ¢aKTM‘-IECKOI'O.

33




BHumaHue &

[Ona npaBuAbHOro BbIMUC/IEHUA MOJHOM MOLLHOCTU S., a TaKXKe KoadpduumeHta mouwHoctu PF B
TpéxdasHoii 4-x NpoBOAHOI ceT 06s3aTenbHO U3MepeHue TOKa B HeUTpaZlbHOM NpPoBOAHUKe. B
TaKoM cnyyae Heob6Xxo4MMO Bcerga BKAOUYATL onuuio «M3amepeHue TOKa B HEMTpanAn» U NOAKNOUYUTD
4 namepuTenbHbIX Knewein (prc.18). Aipyras BO3MOMKHOCTb — 3TO BKJ/IOYUEHME ONLMU aHAIMTUYECKOTO
pacuyéTa ToKa In.

B cnyvae ceteit ¢ Hannumem npoBogoB PE u N (3a3emnstolmini U HEMTPasbHbIN) BO3MOXKHO TaK¥Ke
nsmepeHme Hanps:keHua N-PE. C aTon uenbto HeobxogMmo MOAKNHUUTL NPoBOAHUK PE K Bxoay
HanpsaxeHus PE aHanusaTtopa. [JonoNHUTENIbHO B KOHOUIYpaLUUM TOUKM U3MEPEHUS HYMKHO BblOpaTb
onuuto «HanpaxkeHune N-PE».

Heobxoanmo obpaTuTb BHUMaHKWE Ha $asmMpoBKy Kiewen (TMbKux n obbl4HbIX). Knewm Heobxoaumo Tak
YCTaHOBUWTb, YTODbI CTPesiKa, HAXOAAWAACA Ha KNelwax, coBrnagana ¢ HanpasJaeHWem TOKa. MposepuTb
NPaBWU/IbHOCTb YCTAaHOBKM K/ELLEN MOXKHO MyTEM M3MEPEHWUs aKTUMBHOM MOLLHOCTM — B BO/bLUMHCTBE
TMMNOB MACCUBHbIX MPUEMHMKOB, AKTMBHAA MOLUHOCTb MMEET MOJIOXKUTE/bHbIN 3HaK. M3MeHUTb
NONAPHOCTb MOMKHO KaK HenocpencTBEHHO MEepPenofKNtoYMB TOKOBble K/elW, TakK U C MOMOLLbHO
nporpammHoro obecrneyeHma « SONEL ANALYSIS».

mm Koraa TpebyeTtca nsmepeHune nepexoaHbiX XapaKTepuCcTUK, cieayet 06paTuTb BHUMaHUeE
Ha $aKT, YTo aHaNU3aTop M3MepseT UX OTHOCUTeNbHO BXxoaa PE. Mo3aTomMy B Takux ciydasx Heobxoanmo
Bceraa obecneuntb coeguHeHme Bxofda PE aHanusatopa ¢ mMecCTHbiM 3a3emneHvem. ITO 3amedaHue
KacaeTcA Bcex TMMNOB ceTu. Mpu OTKAOYEHHOM nposode PE HEBO3MOMHO MPOM3BECTUM U3MEpPEeHUs
nepexodHbix npoueccos. B TpéxdasHbiXx cucTemax C M30AMPOBAHHOW HENTpanbio, ANA 0B6Hapy»KeHus
nepexoAHblX XapaKTePMCTUK, He06X0AMMO MOAKNOUMTL BXo4 L3 K nccieayemoit cetu.

HuskenpueeaEHHbIE PUCYHKU CXEMATUYECKU WANOCTPUPYIOT Crocobbl NOAKAOYEHMA aHanmsatopa K
nuccneayemoli cetm B 3aBUCMMOCTU OT eé Tuna.

3HauKwm, MCnosibdyemble Ha PUCYHKaX ANA JOMNO/THUTENIbHbIX COGLI,MHeHMI‘;L MMEIOT cneayrouee 3Ha4YeHne:

ecnn TpebyeTca U3MepuTb HanpaxkeHne Un.pe, TO HEOBXOAMMO BbINONHUTL COEAMHEHMNE Ha
cxeme, 0603HaYEHHOE 3TUM 3HAYKOM (MOAKNOUMTL BX04, PE K 3aWmUTHOMY NpoBoay);

] ecnn TpebyeTca M3MepwuTb TOK Iy, TO HEOBXOAMMO BbLIMOJHUTL COEAMHEHME Ha CXEMe,
0603HaYEeHHOE 3TUM 3HAYKOM (MOAKNIOUMTb KNelmM B KaHane Iy);

ONA M3MEPEeHUs MepexodHblX XapaKTepUCTMK HeobXOAMMO BbINO/HMTbL COeAMHEHWe Ha
cxeme, 0603HaYEHHOE 3TUM 3HAYKOM (NOAKNYUTL BXOg, PE K MECTHOMY 33a3eM/IEHUIO UM
3aLMTHOMY NPOBOAY M BXOA HanpaXKeHus L3 B 3aBUCMMOCTM OT TUMA CXEMbI).
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Puc.16. Cxema noggntoyeHma — ogHodasHan ceTb.
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Puc.17. Cxema NoAKNIOYEHMA — CETb C paclennéHHon ¢pason (apyxdasHasn).
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Puc.18. Cxema noakntoueHua — TpéxdasHana ceTb "'38e34a" ¢ HEWTPabHbIM MPOBOAOM.
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Puc.19. Cxema noakntoveHma — TpéxdasHasn ceTb "38e343" € M301MPOBAHHON HETPASbIO.
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Punc.20. Cxema noggntoueHnn — TpéxdasHasna ceTb "TpeyronbHuk".
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Puc.21. Cxema nogxntoueHns — TpéxdasHasn ceTb "TpeyrobHUK" (M3mepeHmne Toka metTogom ApoHa).
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Puc.22. Cxema noggntoueHmn — TpéxdasHasna ceTb "38e34a" ¢ M30/IMPOBAHHON HENUTPA/bIO
(M3mepeHue Toka meToaom ApoHa)
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Puc.24. Cxema noaKAoHeHMs — KocBeHHoe uamepeHue SN B TpéxdasHoi ceTn "TpeyronbHuK"



BHumaHue &

YacToTHblii pManasoH nepeaaun TpaHchopmaTopoB 06bIMHO oOuveHb Heb6oabwoW, no3Tomy
BbICOKOYACTOTHbIE CeTeBble NOMEXU, TaKMUe KaK, Hanpumep, NepeHanpaKeHUsa oT pa3pAL0B MOHUM,
B 3HAaUMUTE/IbHOI CTeneHU NOAaBAAIOTCA U UCKAXKAKOTCA Ha BTOPUUYHOM CTOpPOHe TpaHcopmaTopa. 10
HeobXxo4MMo yuuTbiBaTb MPU UCNOAb30BAHMU (YHKUUM U3MepeHUs nepexogHblX MNpoueccoB B
KOHUrypaumax c TpaHcpopmaTtopamu.

2.9 IIpumep UCNOJIb30BAaHUA

Mpoueaypa, npeacTaBAeHHanA HUXKe, NOKa3blBaeT, Kak C MOMOLLbIO aHaNM3aTopa MOMXKHO BbINOAHUTb
NpPUMepHOe M3MepPEHMe, LWAr 3a LWArom: oT NoAKAoYEHUA A0 GOPMUPOBAHUA OTYETA U3MEPEHUI. ITO
no3gosfeT BbICTPO NO3HAKOMWUTBLCA C OCHOBHbIMMU (YHKLMAMW aHanmsaTopa u nporpammbl «SONEL
ANALYSIS». Mpeanonaraetca, 4to nporpammHoe obecneveHne «SONEL ANALYSIS» yxe ycTaHOBAEHO.
[aHHbI Npumep npeanonaraeT MCMNo/sb3oBaHWe aHanmsatopa PQM-703. B cnyyae mcnonb3oBaHWA
aHA/IM3aToOpPOB, KOTOPble HE NO3BONAIOT U3MEPATb NepexoaHble NPOLLECChl, MPONYCTUTE 3TU NapameTpbl.

CueHapuii: 1-¢pasHoe nsmepeHue B COOTBETCTBUM C KOHPUrypaumeil nonb3osartens.

CueHapuit M3MepeHuAa, CnefyloLWnit: Nonb3oBaTe/lb XOYET U3IMepPUTb NapameTpbl Hanpa)KeHua B 1-
¢dasHolt cetn Ha 230 B, 50 Mu. M3amepeHne AO0NKHO ObITb BbINOAHEHO C 1-CEKYHAHbIM yCcpeaHEHUEM.
[onKHbl 6bITb 3aperncTpMpoOBaHbl Caeayowme napameTpbl:

e CpegHue 3HayeHUA HanpsxKeHua, KW (THD) n rapmoHuKu;

e YacTtoTa ceTu;

e OnpeaeneHne cobbITUN NO HAMPAXKEHMIO A0/KHO ObiTb BKJIIOYEHO WM YCTAHOBJIEHO HAa YPOBHeE,
cootBeTcTBEHHO: 105 % Unom AnAa npesbiwenna, 95 % Unom 418 nposana, 10 % Unom 4NA
npepbiBaHMA. B MoMeHT oBHapy»KeHMAa cobblTMa A0MXKHA ObiTb 3aMMcaHa ocumaorpamma U
curHan RMSyz;

e  BkatoyeHo obHapy!KeHMe cobbITMIA MO M3MeHeHUto Gopmbl ormbatoLLeit, a Nopnor ycTaHoBAEH
Ha pasHuuy 10%, Bpema NPUOCTAaHOBKW perncrTpaumm aaa nocneayowmx cobbiTuii yCTaHOBAEHO
Ha 5 cek.;

e  BkntoyeHo obHapyKeHue cobbITUit NpU U3MeHeHUn Gpa3oBoro yraa c noporom 10°%;

o  XapaKTepUCTUKM NepPexofHbliXx MNPOLEeCCOB AO0/KHbl  OblTb BKAOYEHbI HA MWHMMAbHO
BO3MOXHOM npeaene HanpsxeHua 50 B (HacTpoMka ¢ Hanmbonbluen YyBCTBUTENbHOCTbLIO) U C
yactotoit amckpetmsaumm 10 MIu. [JoskHa OblTb BKAKOYEHa pernctpaumsa rpadukos
nepexoaHbIX NPoL,Eeccos.

Mocne namepeHusa cneayer co3gaTb BpemeHHble rpaduKy (AMarpammbl) M3MepAEMbIX NapameTpoB U
chopmMmnpoBaTb NPUMEPHbIA OTYET M3MepeHus. [aHHble HeobXoAMMO COXPaHWUTb ANA AajibHenwero
aHanu3a.

MeToa npoBeaeHUa UsmepeHui:

War 1: NogkntoueHne aHanM3aTopa K ucciesyemoin ceT HeobxoAMMO BbINOJHWUTb B COOTBETCTBUM C
puc.16. Heobxoammo npucoeanHuTb Bxoabl L1, N M PE (NOCKO/NbKY M3MepAlTcA NepexoaHble
XapaKTepucTukM). Knewm noaKkntouaTb He HYXKHO, ecnu He Tpebyetca mM3mepeHue TOKoB. MuTaHue
aHa/M3aTopa (KpacHble NMPOBOAA) TaKKe MOMKHO MOAKAYUTL K UCC/eAyeMoln CeTu g/sa Toro, Ytobbl
aHanM3aTop He pPaboTan Ha NUTAHMUM OT AaKKYMYIATOPA U He BbIKNOYMICS U3-3a pa3paaa batapeu.
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LLar 2: BKAtounTe aHann3aTop KaaBuLiei ©D s AMcnnee Ao/KEH NoABUTbCA 3KpaH 1/9 (puc.5).

War 3: 3anyctute nporpammy «SONEL ANALYSIS». MNMoacoeamHute USB Kabenb oT aHanusatopa K
KomnbtoTepy. Ecnn 3To nepBoe nogKntoueHue, TO HEOOXOAMMO AOXAATbCA YCTAaHOBKWM ApaliBepos
aHanusaropa.

War 4a: Ecam nocne 3anycka nporpammbl «SONEL ANALYSIS» oTobparkaetca CrapToBOe OKHO, TO
HeobxoaMmo BblbpaTb nNyHKT «KoHdurypauma w Peructpaumsa», a 3atem «PacwimMpeHHas
KOHUrypauua aHanmMsatopa» 1 nepeinTu K wary 4c (Huxe).

War 4b: Echn CraproBoe OKHO He MosiBUAOCb, HEOBXoAMMO HaxKaTb KHOMKy «KoHdurypauusa
aHanu3aTopa» Ha naHenn UHCTpymeHToB «SONEL ANALYSIS» nau Bbibpath B MeHI0 «AHanusatop» >
«KoHurypaumua». B oTo6pasMBwemMcA OKHe cneayeT BblbpaTb «PaclwumpeHHasa KoHdurypauus
aHanusaropa».

War 4c: OTo6pasmuTca OKHO C AeTaNbHbIMM HACTPOWKaMK aHasnM3aTopa. B HEM Heo6xoAMMO HaKaTb
KHONKY «Monyuyntb HacTPOMKM». DTO BbIZOBET CYMTbIBAHUE TEKYLLEN KOHOUTypaLMM U3MepPUTEbHbIX
TOYEK, COXPaHEHHbIX B aHanM3aTope.

War 5 (Heobs3aTenbHbil): Ecnn aHanusatop He 6Obin paHee cBA3aH C MNPUIOXKEHWEM (cTaTyc
COTKAYEH» Ha HUXKHeN naHenn okHa «SONEL ANALYSIS» n306paxkéH KpacCHbIM LBETOM), LWENYOK
MbILWbIO 3aKNagku «OTBEeTUTb» NPMBEAET K BbI3OBY OKHA MOAKAKOYEHMA K aHAnmM3aTopy. B aTom OKHe
OOJ/IKEeH MOoABMTLCA OAMH HaMAEHHbIW aHanusaTop (ecan 3TO He Tak, MOnpobyiTe HaxaTb KHOMKY
«HoBbI NOUCK»). Bbibepute HalAeHbIli aHaNM3aTop, ABaxAbl WENKHYB Ha HEM KHOMKOW MblwK. Ecnn
aHanm3aTop eweé He Obin gobasneH B 6a3y aHa/M3aTOPOB MPOrpammbl, TO OTOOPA3UTCA OKHO C
3anpocom o BBoge PIN-koga aHanusatopa. 3aBOACKOM Kog, No ymondanuto «000». YcnewHoe
coegMHEHME NOATBEPXKAAeTCcs OKHOM C Hagnucbto «CoeguHeHMe YCTAHOBAEHO» (Ha Aucnnee
aHanmsartopa otobparkaerca coobuweHne «MogkntoueHme K MK (USB)».

LWar 6: 3atem nossuTca cooblieHne ¢ Npocbboit NoATBEPANUTL CYMTbIBAHWME MapameTpoB. Haxmute
KHOMKY «OK» M TaK »Ke B NoATBEpPKAAIOLWEM CYUTbIBAHUE OKHe - «OK». Tem cambiM HacCTpOWMKM BCex
YeTbIpEX TOYEK U3MepeHUsa OblIM MPOYUTAHbl MPUIONKEHUEM UX MOXKHO MPOCMOTPETb U U3IMEHUTb B
OKHe «KoHdurypauua».

War 7: MMposepKka pacnpegeneHva namatn. B nesoi BepxHel 4YacTm OKHa «KoHdurypauuma»
pacnonoxeHa naHenb «JloKanbHO». MepBblii NYHKT B NaHenu — 370 «lapameTpbl aHanAusatopa». B
OCHOBHOI 4YacTWU OKHa oTobparkaeTcs oAHa M3 Tpéx BKNagok (Tun aHanusatopa, PacnpepeneHue
namaTtn, CuHxpoHusauua GPS). Ha Bknaake «PacnpegeneHne namaTu» Hy»HO ybeamuTbcs B TOM, YTO
AN TOYKU M3MepeHus Homep 1 XBaTWUT BblAesieHHoro mecta (no ymonuyaHuto 25 %). Ecam mecta
BblAENEHO MAJI0 UAW YCTaHOBAEHO 3HadyeHne 0%, TO GeryHKamm HeobXxoaMMO, COOTBETCTBYHOLLMM
06pasom, U3MeHUTb pacnpeseneHne NnamaTu.

War 8: M3ameHeHMe KOHOUrypauum ToukM uamepeHua Homep 1. KoHourypauumio TOUKM M3MepeHua
Homep 1 cnesyeT U3MEHWUTb B COOTBETCTBMM C BbllEyKasaHHbIM CLeHapuem. Heobxoaumo LWenKHyTb
MbILbIO HA MYHKT B naHenu «JlokanbHo: KoHdurypauma 1», 4ytoObl M3MEHWUTb HACTPOMKM TOUKM U
pasBepHyTb [epeBO MapaMeTpoB 3TOM TOYKM (4BOWHOM wWwenyok cTpoku «KoHdurypaums 1»
aBTOMAaTMYECKM PACKPbIBAET APEBOBUAHOE MeHI0). Mocne packpbITUA A0KHbI ObITb BUAHDLI CAeaytowme
nosnunu: Cranpapt, HanpaxkeHue, Tok, MowHocTb U aHeprua, FApmoHuKn, UHTeprapmoHuKu.
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Puc.25. OcHoBHble HacTpoiKkn KoHdurypaumm 1.

Y106bI M3MEHWUTb OCHOBHbIE HACTPOMKM TOYKU M3IMEpPEHUA HeobxogMmo Ha naHenn «JloKanbHO»
WENKHYTb OAUH pa3 Ha no3uuumn «KoHeurypauma 1». dkpaH fO/IKEH UMETb BUA, KaK Ha puc.25.

YcTaHOBUTE NocneaoBaTe/IbHO 3HaYeHUA:

e OpHodasHbIl TUN ceTh (3nemeHT BB Ha puc.25);

e HomunHanbHOe HanpaXKeHue cetTn 230/400 B;

e YacToTy cetn 50 ly;

o [lepwopg ycpegHeHua EB Ha 1 cek.;

e MrHoBeHHbIM 3anyck El;

o [uctepesnc obHapyKeHUs cobbITUM Ha 1,5 %;

e  Tun TOKOBbIX Knewen YyCTaHOBUTE Ha no3uuuto «Het»;

o TpaHchopmaTtopbl HanpskeHus EB u «HanpaxeHue N-PE» (B pasgene «/[ onosiHUTEeNbHble
nmsmepeHua» Ell) ocTaBUTb HE OTMEYEHHbIMMU.

B BepxHel 4acTM OKHa MOKHO BblIBpaTb APYryto BKAaAKY «[LoNOAHUTENbHbIE», Ha KOTOPOM NOA3YHKamMM
MOXHO YCTaHOBUTb Tpebyemoe BpemA 3anucu ocumaorpamm u RMSi;, gna cobbituii M Bpemsa
pernctpaunm rpadrKoB NepexoaHbiX NPOLECCOB. TN Nepuoabl BPEMEHU A0MKHbI 6bITh YCTAHOB/EHbI B
COOTBETCTBMM C UHAMUBUAYAbHBIMWU NPeAnoYTEHUAMMU.
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3atem cnegyeT BbIbpaTb B AepeBe HAaCTPOEK TOUKM M3MepeHUn nosmumio «CTaHaapT» n ybeamTbes, 4to
none «Perucrpauusa No CTaHAAPTY» HE OTMEYEHO, €C/IM HHe TpebyeTcA napajsienbHasa perncrpauums
napameTpoB A/1f OTYETA Ha COOTBETCTBME CTAaHZAPTY.

B cTpoke «Hanps»eHue» 1 Bknagke « OCHOBHbIE» YCTaHOBUTE NapameTpbl B COOTBETCTBUM C puC.26.
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Punc.26. Hactpoitku cTpokn «HanpskeHue no cueHapumio 1».

Bo BKnagke «lononHUTeNbHbIE» HYXHO OTMETUTb TOJIbKO CcpegHue 3HavyeHuMA ANA 4acToThl, a
OCTa/ibHble NONA OCTaBUTb HE OTMEYEHHbIMU.

Ha BKknagkax «FapmoHUKU» 1 «HanpayKeHUa» Hy>KHO OTMETUTb NoAA ANA cpegHux 3HadeHunin KM (THD)
MO HANPAXKEHUKD U aMMINTYL, TAPMOHMK HANPAMKEHUA, @ OCTa/IbHble MOAA OCTaBUTb HE OTMEYEHHbIMMU.
Bbi6op mn3 cnucka «THD pacyéT c» MOXKHO cenatb No cob6CTBEHHOMY YCMOTPEHMUIO.

B cTpoke «WUHTeprapmoHMKM» M BKnagkax «Hanpsa)keHue» u «CurHanbl ynpasaeHua» yaanvre

OTMETKM BCEX MOeM.

Lar 9: HacTpoiKkM ana TOUYKM M3MepeHus 6blan NoaroToBaeHbl NpaBuabHO. Chegyowmii war — 3To
OTNpaBKa 3TOW KOHOMUrypauum B aHanusatop. Kaprta namatu bypetr oTdopmaTupoBaHa. Oas 3Toro
WENKHUTE KHOMKY «OTnpaBuTb». B noasBuBLUEMCA OKHE HeobXoAMMO MNOATBEPAUTL YAaNeHWe Bcex
AaHHbIX Ha KapTe NamATWM aHaAu3aTopa WM OTMNPaBKy HOBOWM KOHoUrypaumu. B cnyyae ycnexa nossutca
OKHO, M3 KOTOPOro MOXHO Cpa3y nepeinTu K 3anycky perncrpaumu. Heobxogmmo BblbpaTb «[a», yto
aBTOMATMYECKN OTKPOET OKHO «KOHTpONbY.
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LWar 10: Ecin okHO «KOHTPOAb» He 6bII0 OTKPLITO (BbIOpaH NYHKT «HeT»), To Ha NaHeAn UHCTPYMEHTOB
HEeoBXOAMMO KAMKHYTb MYHKT «KOHTPOAb» nnu BbibpaTbh ero B MeHo «AHanausatop» = «KOHTponb».
AHanunsaTop roToB K Haya/ly perncTpauum B COOTBETCTBUM C YKa3aHHbIMM HAacTpoMKaMu. YTobbl HayaTb
peructpaumto no Konourypauum 1, B noasmsliemca okHe «KOHTponb» Heobxoaumo BblbpaTb nepsyto
nosunumio B cnucke «Tekywaa KoHurypaumua», To ectb KoHourypaumio Homep 1 (3To nose coaepsKut
nepeyeHb Ha3BaHWW, MPUCBOEHHbIX OTAENbHbIM KOHPUrypauusam) W 3anycTUTb perncrTpaupmio ¢
nomoLbto 3eNEHON KHOMKKU «IMyck». CTapT perucrpaumm CUrHaAM3MpyeTca aHaM3aToOpPoOM TPOMHbLIM
3BYKOBbIM CUTFHA/IOM, @ NPOLECC perucrTpaumm — Murarowmm cumesosiom «P1» B nesom BepxHem yray
aucnnen. Pernctpauus MOMKET nNpoAosiKatbcA noboe Bpema; MNOAKAIOYEHME MPUNONKEHUA K
aHanum3atopy He TpebyeTca. Bo BpemaA perncrpaumm MoXKHO KPaTKOBPEMEHHO OTCoeaMHUTL npoBog, L1
OT TECTUPYEMOW CETU, YTOObI MMUTMPOBATL NPONAAAHME HAMPAKEHUS.

LWar 11: MNpeKkpaleHne perncTpaumm u cCYnTbiBaHME AaHHbIX Aas aHanmnsa. HeobxogmMmo BbI3BaTb OKHO
«KoHTponb» (ecnn oHo ewé He OTKPbITO) BbibpaB B MeHi0 «AHanusatop» > «KoHTponb». Haxmute
KpacHyto KHoMKy «Cton». LLlenKHUTe no 3HauyKy «AHanNM3» Ha NaHeM UHCTPYMEHTOB (1au BbibepuTe B
MeHI0 «AHanM3aTop» = «AHaNU3»), YTOObI OTKPbITL OKHO, NO3BOIAIOLLEE CYMTATL 3aNMUCaHHbIE AaHHble
ONA aHanusa.

B oKHe oTobparkatoTcs YeTbIpe NONOCKU, MOKa3blBAOWME NCMO/Ib30BaHNE MAaMATU AN KaXKaA0W U3 ToUeK
nsmepeHun. YcrtaHosute $iaxKok B nosie pagom c nosiockoir KoHdurypauma 1. C npaBoit CTOPOHbI
MOJIOCKM 3aNONHEeHUA NamMATM OTobparkaeTca pasmep 3anmMcaHHbIX AaHHbIX. [locne OTMETKM nons
aKTUBMpPYETCA KHOMKa «3arpy3Ka AaHHbIX», KOTOPYIO cneayeTt HaxaTb. [oABUTCS OKHO, oTobpakatouee
X0, 3arpy3kn AaHHbIX. Mocne nonHoro CYNTbIBAHNA, NOABUTCA OKHO A1 COXPaHEHWUA 3arpy*eHHbIX
OAHHbIX Ha AMCK. PeKomeHayeTca COXpaHUTb AaHHble B BbIBPAaHHOM MeCTe Ha MKECTKOM AMUCKe, Y4TOoObI
MMEeTb BO3MOXKHOCTb BEPHYTbCA K aHanM3y JAaHHbIX B Apyroe Bpems. Heobxogumo yKasaTb
pacnonoxeHne Ha agucke n uma ¢Ganna n HaxKaTb KHOMKY « COXPaHUTbY.

B 0TO6pasuBLIEMCA OKHE, HYXHO LWENKHYTb KOMMbIOTEPHOW MbILWbIO Ha FOPU3OHTA/IbHOW MOOCKE,
npeacTaBAAIoOLLEN MHTePBAN BpeMeHU peructpaumm ¢ Haanucoto «KoHopurypauma 1. (Monbsosatenn)»
(nocne wWeényka LBET USMEHUTCA Ha OPAHXKEBbIN) U 3aTEM HaXKaTb KHOMKY « AHa/IU3 AAHHDIXY.

War 12: AHann3 gaHHbIX. B r1aBHOM OKHe aHanM3a HaxoA4AaTCA YeTbipe OCHOBHble KHOMKKU: «O6wume»
(BMA, No ymonyaHWio npu 3arpyske gaHHbix), «U3mepeHua», «Cobbitua», «KoHudurypauma». Ha
nsobpaxeHun «O6wMe» C NpaBol CTOPOHbI OTOBparkaloTcA rpaduyeckMm Ccnocobom 3HauKM,
CMMBOAM3MpPYIOLLME MOCAeaylollee M3MepeHue, cobbiTMe M 3anucaHHble OCLMAOrpaMmbl MO OCK
BpemeHM. MOXKHO cBOHOAHO yBeNMYUTb rpaduK, NpM HaAMuMM 60bLIOMO KONMYECTBA AaHHbIX, YTObbI
nony4nTb 60s1€e NoAPO6HYI0 MHPOPMaLMIO.

Mocne Ha)KaTMA KHOMKM «U3mepeHua» nossBuTCa Tabnuua CO 3HAYEHMAMM BCEX WM3MEPEHHbIX
napameTpoB B COOTBETCTBMWM C BbIOPaAHHbLIM BpPEMEHEM YycpegHeHua. B 3Tom cueHapum Bpemsa
ycpegHeHna BblIbpaHO paBHbIM 1 ceKkyHAe, TaK UTO KarKAyt CEeKyHAy 3anucbiBasiocb 3HayeHue
HanpsaxeHus, KT (THD) 1 rapmoHMKK (4acToTa Bcerga uamepsetca yepes 10 cekyHa). Kaxaasa cTpoka
COAEPXUT [AaHHble, COXPaHEHHble B NOCNEAYIOLLYID CEKyHAY, a KaxKAaa U3 KOJIOHOK COOEepUT
OTAeNbHble NnapameTpbl.

Mocne HaxaTuA Ha KHOMKy «CoBbITUA» MOXHO MPOCMOTPETb BCE 3aperncTpupoBaHHble cobbiTuA. B
3TOM CLeHapWM PErnMcTPUPOBaIUCL COBLITUA NO HAMPAXKEHMIO: MepeHanpaKeHne, NpepbiBaHMe, NPoBar,
a TaKXKe cobblTMA M3 OBHApyKeHHbIX MNepexoAHblX XapaKTepUCTMK. Kaxaas CcTpoka B Tabauue
COOTBETCTBYET OAHOMY OBHapy»KeHHOMY cobbiTuio. Ecnn ans gaHHOro cobbiTms AOCTYNHbI rpaduku

(Hanpumep, ocumnnorpammbl M Amarpammbl RMSi), 4TO NpeaycMOTPEHO 3TUM CueHapuem, To
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nocnefHAs KOJMIOHKA COAEPXKUT MWHMATIOPY 3amnucaHHbIX rpadukoB. locne ee HaxKaTuA MOMKHO
NpocMoTpeTb rpadurKM, CONPOBOXKAAIOLLME COOTBETCTBYOLLEE COBbITHE.

War 13: OTobpakeHMe BPEMEHHbIX AMarpaMm CuUrHanos Hanps)keHuAa u THD. Y1o6bbl co3patb
AMarpammy Hy>KHO NepenTn K oTobpakeHnto «U3mepeHna» (HaxKaTb KHOMKY «U3mepeHua»), BblaeNUTb
3aro/IoBKM cToN6LU0B BpemeHu (NepBbiM BCeraa A0/XKeH bbiTb BbibpaH cToN6el, BpemMeHu), HanpsasKeHua
L1, THD L1 (ctonbupbl 6yayT BblaefneHbl LBETOM), a 3aTeM LWENKHYTb Ha KHOMKe «[Marpammbi» U
BblbpaTbh «BpemeHHOoI rpadpuk». MoaBUTCA OKHO, B KOTOPOM OTOBparkaeTca rpaduK, coaepalimin ase
Kpu1Bble CUrHAN0B BO BpemeHU: HanpsxeHusa L1 n THD L1. M'padmk MOKHO NpON3BOAbHO YBENNYMBATD, A
C NOMOLLBID TPEX MAPKEpPOB BblAENATb HA rpaduKe XapaKTepHble TOYKM M CYMTbIBATb NApamMeTpbl
YyKa3aHHbIX ToyeK. MpadnK MOXKHO 3anucaTtb (B BblbpaHHOM rpaduyeckom dopmate), LWENKHYB 3HAYOK
«COXpaHUTb» Ha BEPXHel NaHeNn MHCTPYMEHTOB.

War 14: OtobparkeHne gmMarpamm rapmoHuK. MoXKHO oTobpasuTb ABa BMAA rpadMKOB ANA FaPMOHMUK.
MepBbln N3 HUX — 3TO FPAadUK U3MEHEHMA TaAPMOHNYECKUX COCTaBAAIOWMX BO Bpemsa pernctpaumn. Ons
oTobparkeHUss TaKoro rpaduKa credyeT cHayana BblAeNUTb cTonbel, BpeMeHW, a 3aTem CTonbupl
BbIBPaHHbIX FAPMOHMK (Hanpumep, TPETbEro M MATOro MOPAAKA) U HasKaTb KHOMKY «Auarpammbl» >
«BpemeHHOU rpadpuKk».

Opyroii TMn rpaduKka — 3To rucTtorpamma rapMoHuK. OHa MOKa3blBaeT BCE FaPMOHUKM B AaHHOM 1-
CEeKYHAHOM MHTepBane (T.e. B 04HON CTpoKe). [Ns ee co3aaHuMA cnefyeT cHayana BblAeNUTb Bbl6paHHYIO
AYerky M3 ctonbua BpemeHW, a 3aTtem BblbpaTb cTosbel, Nob60M FAaPMOHUKKU, HaKUMas KHOMKY
«Aunarpammbi» 1 BbIGMpasa 13 cnvcka «FapMoHUKNY». TaKUM METOZ0M MOXKHO BbIBpaTh TaKXKe MHTepBa
BpeMeHU, MnepeTackmeBas MbIlbIO AWanasoH A4Yeek B cTonbue BpemeHW. Toraa 6yaeT noKasaHa
Anarpamma cpeaHux 3HayeHUin rapMOHUK U3 YKa3aHHOTO MHTEepPBana BPeMeHH.

War 15: Co3gaHue oT4éTa M3MepeHus. [na co3gaHusa OTYETa, CoAep’Kallero 3HayeHus BbibpaHHbIX
napameTpoB, cneayeT BblgenuTb cTonbubl Tpebyembix napameTpos (nepBbiM Bcerga Ao/MKeH 6biTb
BblbpaH cTONGEeu, BpemMeHM), a 3aTeM LWENKHYTb Ha KHonKe «OTYéTbI» M BbIOpaTb «OTYéT
nonb3oBatena». EciM HaxaTb KHOMKy «MpegBapuUTeNbHbIA NPOCMOTP» B OTOOPA3MBLUEMCA OKHE, TO
MOHO MPOCMOTPETb COXPaHEHHble AaHHble. KHOMKa «COXpaHUTb» 3anuLleT AaHHble B YKa3aHHOM
nonb3osBatenem ¢opmarte (PDF, html, txt, CSV).

LWar 16: MNposepka cobbiTuii. ECIM aHann3aTop Npu perucTpaumnmn obHapyKun Kakme-to cobbiTus, OHM
6yayT oTobpakeHbl B BuAe Tabauubl «CobbiTMA». B CTpOKe, ONMCbIBaloWen KOHKPeTHoe cobbiTue,
MOXHO YBWAETb BpemsA MoABAeHWA (Hayaslo W KOHeu), 3KCTpemasbHble 3HayeHua (Hanpumep,
MWHUMaA/NIbHOE 3HA4YeHMe NPW MPOBane HaNpPAXKeHWA), ocumnnorpammbsl U rpadukm RMSi,, ecnu
CObbITME OTHOCUTCA K HAMpPAXKEHUIO UK TOKY. B 3TOM cLeHapumn anarpammbl cOBbITUIA BblN BKAOYEHDI
B KOHQUIrypaumum, Tak 4YTo, €C/iM aHanusaTop OOHAPYKWUA Kakue-To cobbiTus, B nociaeaHem cronbue
Tabnunubl ¢ 3arofioBKomM «OCLMUAOTPAMMBbI» A0/KHA ObITb MKOHKA Anarpammbl. Heobxoaumo WENKHYTb
Ha Hel, 4yTobbl OTO6Pas3uUTL AMarpammy (MAM HaxKaTb KHOMKY «[iMarpammbi» M BblOpaTb MyHKT
«Ocumnorpammbi»).

2.10 CuHXpOoHHM3aL M BpeMeHHU
2.10.1 Tpe6oBanusa I'OCT 30804.4.30-2013 (IEC 61000-4-30:2008)

AHanmsatop umeert BCTpoeHHbIl\;I I'IpVIéMHVIK GPS, ocHOBHbIm npeaHasHa4YeHNem KOTOpPOro ABNAETCA
CUMHXPOHM3aALMA HYaCOB aHa/In3aTopa MO CUrNHa/laM aTOMHbIX 4aCoB, NOCbl/lTaeMbIMU CNYTHUKaMU GPS.
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CMHXPOHU3aLMA BPEMEHW aHafAM3aTopa C yHMBepcasbHbiM BpemeHem UTC TpebyeTca no cTtaHaapTty
FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «3nekTpuyeckas sHeprus. COBMECTUMOCTb TEXHUYECKUX
CPeACTB 3/1EKTPOMArHUTHaA. MeToabl M3MEPEeHW MoKasaTesell KayecTBa 3/1EeKTPUYECKON IHEeprum»
YCTpOICTBAM Kfacca A 418 MapKUPOBKM AaHHbIX M3mepeHnit. MakcmanbHaa owmnbka onpegeneHns He
MOXeT 6bITb 6onblie, yem 20 mc ana cetn 50 'y m 16,7 mc ana cetn 60 l'y. Takme mepbl HEOOXOAUMDI,
YTOObI Pa3/IMYHbIE aHAM3ATOPbI, MOAKAOYEHHbIE K TOMY e CUrHay, AaBasin OAMHAKOBbIE NOKA3aHMA.
CMHXPOHM3aLMA C YHMBEPCAbHbIM BPEMEHEM TaKKe HeobxoAnMa, Koraa aHanm3aTopbl 06begMHEHbI B
ceTb. Korga WCTOYHMK CUrHana BpeMEHM CTAHOBUTCA HEeAOCTYMeH, BHYTPEHHME 4acbl pPeanbHOro
BPEMEHWN AO0NXHbl 0becneymBaTb TOYHOCTb M3MeEpeHUA BpeMeHu nyuywe, Yyem * 1 cek. 3a 24 vaca,
OLiHaKO A5 COOTBETCTBMA Knaccy A, Aaxe B TaKUX YCNOBUAX, TOYHOCTb M3MEPEHUA AOMKHA ObiTb TaKoM
e, KaK 1 paHblle (To ecTb Makcumym 1 nepuog, cetu).

2.10.2 MIpuémuuk GPS

BHyTpM aHanuszatopa Haxoamtca aHTeHHa GPS, KoTopaa no3sosAeT NpuHMMaTb curHanol GPS Ha
OTKPbITOM BO3ayxe 6e3 KaKux-mbo AOMONHUTENbHbIX aKceccyapoB. AHTEHHa Pacrno/ioXeHa B IeBOM
HUXKHEM YTI/ly Kopryca nog, BepXHel KpbILWKOW (B TOM MecTe, rae Ha 3TUKeTKe 0603HayeH pa3bém GPS).
Y1066l 0BECneynTb CUHXPOHU3AUMIO BPEMEHW MPU WUCMNONb30BAHUWM aHanu3aTopa BHYTPM 343HMUA,
HeobX04MMO MOAKAOUYNTD BHELLHIOK aHTEHHY C A/IMHOM Kabena 10 M M yCTaHOBUTb aHTEHHY CHApPYKM
34aHuA. AHanusaTop OOHapy)KWUT MNOAKAIOYEHWE BHELIHEM AHTEHHbl U MEePEeKAYUT MNPUEMHMK Ha
NCNosib30BaHMe JONONHUTE/IbHON aHTEHHbI BMECTO BHYTPEHHEN.

Bpemsa [OCTUIKEHWMA CUHXPOHM3auMuM GPS 3aBMCUT OT MOroAHbIX YCNOBMIM (cTeneHM o61a4yHOCTH,
0CaZKOB) M OT pasMeLLeHNa MPUEMHOM aHTEeHHbl. JN1A AOCTUNKEHUA HaUAYYWKX Pe3ynbTaToB, aHTEHHa
OOMKHA obecneuntb 0630p Hosblielt yact Heba. YTobbl MNONYYNTL CUrHaAN BpemeHu c Tpebyemoi
TOYHOCTbIO, NPUEMHMK GPS A0/KEH CHayana onpegenunTb CBOE TeKyllee reorpapuyeckoe NoioxKeHue
(ans atoro TpebyeTca BUAMMOCTb, MO KpaiiHeil mepe, 4 CNYTHUKOB — KOOPAMHATbI MEeCTa U BbICOTbl Hag,
yposHem mops). Mocne onpeneneHns MecTONoIOKEHUA U CUHXPOHU3aLUMKN BPEMEHM aHAM3aToOpa €O
BpemeHem (UTC), NPUEMHUK MEpexoamuT B PEXUM cCaekeHua. YTobbl B 3TOM pexunme obecneuymTb
CUHXPOHMU3ALMIO BPEMEHW HY}KHA BUAMMOCTb TO/IbKO O4HOr0 CNyTHWKA GPS. OgHaKo, ana onpeaeneHun
HOBOW MO3WUMM B C/ly4ae NepemelleHus aHanus3aTopa, notpebyeTcs BUAMMOCTb 4-X CMYTHUKOB (3-X
CMYTHWKOB, ecnu NpUEMHUK GPS He OBHOBASAET BbICOTY Hag YPOBHEM MOpPA). ITO MMeeT 3HauyeHwue,
HaNpuMmep, B pPeMMe 3aluMTbl OT KparkM, Korga HeobxogMma NOCTOAHHAA WHbopmaums o
MEeCTOMOJIOKEHWUMN.

2.10.3 MapkupoOBKa JaHHBIX U3MepPeHU

AHann3aTop COXpaHAeT 3anmcu M3MepeHuin emecte ¢ GAarom OTCYTCTBMA CUHXPOHM3ALMU BPEMEHW.
EC/M Ha NPOTAXKEHUWN BCEro MHTEpBana ycpeaHeHUA aHaAn3aTop 6bl1 CUHXPOHU3MPOBAH C BCEMMUPHbLIM
KoOpauHUpoBaHHbIM BpemeHem UTC, Torga ¢nar He ycTaHaB/AMBaeTCA M NpU aHanv3e AaHHbIX He

OT06pa)KaeTCFi 3HAYOK OTCYyTCTBUA CUHXPOHU3aALUUNUN G OTCYTCTBME 3TOM WMKOHKM O3Ha4aeT MNoJjiHoe
COOTBETCTBME CBOAHbIX AAHHbIX C K/Aaccom A, B acrnekTte N3MepeHna BpPEMEHMN. CVIHXpOHVI3aLI,I/I‘r'I C
BpeEMEHEM UTC obo3HauyaeTcs TakXke 3elEHbIM uBeTom AnAa AaTtbl U BPEMEHU Ha BerHeﬁ naHenn
ancnnea aHaamsaTtopa.

B cuTyaumm, Korga cHadvana aHanmsatop 6bin CUHXPOHU3UpoBaH ¢ BpemeHem UTC (coctosiHMe GPS Ha
Avcniee aHannsatopa otobparkaetca, Kak «[A»), a 3aTem curHan nponan (coctoaHne «HeT curHanan»),
He O3HayYaeT, YTO aHa/IM3aTop HEMeA/IEHHO NOTEPAN CUHXPOHM3AUMIO BpeMeHU. B aeincTeutensHoctn, B

Te4YyeHune OI'IpGLI,EI'IéHHOI'O BpemMeHun (MO)‘KeT 6bITb, HECKOJZIbKO MUHYT WU 60]'IbI.IJE) TOYHOCTb
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BHYTPEHHEro M3MepeHus BpPeMeHM AOCTaTouvHa Ans yaosneTBopeHus TpebosaHuii TOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) B 4acTu, Kacalowlencs TOYHOCTU OnpefiesieHUsa AaHHbIX Mo BpeMeHu. ITo
NpPOMCXOAMUT NOTOMY, UTO BHYTPEHHME Yacbl aHa/AM3aTopa OYeHb MeAsIeHHO yxoaAaT oT BpemeHu UTC
(nockonbKy HeT curHana GPS), Ho owmnbKa He NpeBbIWAET HECKOJIbKMX MWIIMCEKYHA, 33 OJUTE/bHbIN
nepuog, spemeHu. Tak 4To, HECMOTPSA Ha CTaTyC, MHGOpMUPpYLoLWMii 06 OTCYTCTBUM curHana GPS, gaHHble
6yayT U panee 3anucbiBatbcA 6e3 ¢nara, yKasbiBAOWErO Ha OTCYTCTBME CUHXPOHM3ALUN CO BPEMEHEM
UTC. TonbKo Toraa, Korga owmnbka AOCTUIHET NpeaeibHOoro 3HadeHus, daar byaeTt ycTaHOB/IEH.

2.10.4 PecuHxXpoHHU3aI U BpeMeHU

MOCKONbKY He rapaHTMpyeTca MNOCTOsSIHHOe Hanauume curHana GPS, Heobxoammo npasuibHoe
ynpaBneHne BHYTPEHHUM BpemMeHeM B CUTyauuu, Korga noAasnAetcAa curHan spemeHn GPS m oHo
OT/IMYAETCA OT BPEMEHMU, OTCYUTLIBAEMOrO aHaIN3aTOPOM.

Mpwn OTCyTCTBMM perncrpauumn, cUTyauma camaa npoctad — nociae npuéma CnyTHUKOBOro BpeMeHMU Yachl
aHanM3aTopa aBTOMATUYECKMN NepexoaAT Ha Hero 6e3 Kaknx-1Mbo A0MNONAHUTENbHbIX YCIOBUIA.

B cnyyae akTMBHOM perucrtpauuu, BHe3anHoe U3MeHeHWe BHYTPEHHEro BPEMEHW MOXKET MPUBECTM K
notepe [AaHHbIX U3MEPEHWN, Korga Bpema MNOMAET BCMATb WAWM BO3HMKHET BPEeMEHHOM pa3pbiB B
AaHHbIX, ecnn Bpemsa UTC onepexkaeT Bpema aHanusatopa. Ytobbl n3bexartb 3Toro, BBEAEH MexaHM3M
Mea/IeHHON MOACTPOMKN BHYTPEHHEro BPeMeHW Ha CNyTHUKOBOe Bpems. Peanusauma 3akntodaerca B
3amMeA/IEHMU UM YCKOPEHUN BCTPOEHHOMO Tamepa TakMm obpasom, YTobbl Yepes HeKOTopoe Bpems
ABO€e 4YacoB — BHYTpeHHMe U GPS — cpaBHAAUCL U JOCTUIIN CUHXPOHM3AUMK. [TpenmyLLecTBOM TaKoro
peweHusa asndetca ToT GaKT, YTO He MNPOUCXOOUT MNOTEPb WAW yTPaTbl HEMNPepbIBHOCTU AaHHbIX
N3MepHUN.

Monb3oBaTenb WMMEET BO3MOXKHOCTb HACTPOMKM ABYX MapamMeTpoB KOHQUrypaumu, KoTopble
ONpeaensoT PeMM PEeCcMHXPOHM3aLUMM BpemeHn npu pernctpauun. OguH M3 HUx (KosdduumeHT
PECUHXPOHU3AUMN) onpesenseT CKOPOCTb MPOLEecca CUHXPOHM3aUMM BpemeHu. Yem meHblle ero
3HayeHWe, TemM Ao/blie 6yaeT NPOAOAKATLCA CUHXPOHM3AUMA, HO AAUTENIbHOCTb U3MEPUTENbHbIX
WHTepBanos byaet 6o1ee NpnbaAnKeHa K 3a4aHHOMY BpeEMEHU YCpeLHeHMUA.

HecmoTps Ha ynoMsAHyTble HEA0CTaTKM CKAYKOOOPa3HOro U3MEHEHUA BPEMEHM, OCTAETCA BO3MOMKHOCTb
€€ NpoBeAeHUs AaxKe B C/lyYae aKTUBHOM pernctpaumm. YCTaHaBAIMBaETCA NOPOr B CEKYHAAX (NapameTp
«Mopor nepexoaa BpemMeHU»), KOTOPbIA ABAAETCA MUHMMANbHOW pPasHMLEN MeXay BHYTPEHHUM
BpemeHem n UTC, npu KoTopon ByaeT BbINOJIHEHO CKaYKOOOpPa3HOe U3MEHEHME BPEMEHMN.

BHumaHue
CKaukoobpasHoe usmeHeHUe BpeMeHU B npoLlecce PerucTpauum MoXKeT NpMBecTU K Heobpatumoii
nortepe 4acTM 3aperecTPUPOBAHHbIX [aHHbIX, MO3TOMY PEKOMEHAOYETCA WCMNONb30BaTb PEXUM
MeA/IeHHOW pecUMHXpoHM3auunu BpemeHu (yctaHoBuTb «lMopor nepexoga BpemeHU» Ha HyneBoe
3HauyeHue).

Ona Toro yTob6bI U3bEXKATb I'IpOﬁJ'IEM, CBA3aHHbIX C UBMEPEHNEM BpPeEMEHU NpU perncrtpauunn, cheagyert
NOMHUTb O HEKOTOPbLIX BOMNPOCax:

e B aHanu3atope AOJ/IKEH ObITb NPaBMALHO YCTAHOB/IEH YAaCOBOM MOAC U Bpems, oTobpaykaemoe
Ha gucniee aHanM3aToPa, AO/IKHO MaKCMMAAbHO COBMaZaTb C MECTHbIM BPEMEHEM (ecnun HeT
curHana GPS fo Hadana peructpaumm);
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e BkaouuTe meaNieHHYI0 PeCUHXPOHMU3ALMI0O BpeMeHU, yCcTaHOBMB napametp «lopor nepexoaa
BPEMEHMU» Ha Hy/eBOe 3HayeHMe U KO3IPOULMEHT PEeCUHXPOHM3ALMWM Ha Masoe 3HayeHue
(Hanpumep, HUXke 25%);

e EC/M 3TO BO3MOXHO, TO eLLé A0 Havana perncTpaumm HeobxogmMmo noay4mTb curHan GPS, 4ytobbl
CUHXPOHU3MPOBATb Yacbl aHa/IM3aTOpPa C BCEMMPHbIM KOOPAMHUPOBaHHbIM BpemeHem (UTC).
3T0 No3BONUT 0b6ecneynTb HAMMEHbLLYHD BO3MOMHYIO MOrPELHOCTb U3MEPEHUS BPEMEHU MPU
perucTpaumn n bbicTpyto NOACTPOMKY YacoB B C/ly4ae BPpeMEHHOW noTepu curHana GPS.

e [lnAa TOro 4tobbl M3MepeHWe MNOJIHOCTbIO COOTBETCTBOBaNO TpeboBaHMAM cTaHaapta OCT
30804.4.30-2013 (IEC 61000-4-30:2008) B acnekTe TOUHOCTM BPEMEHM A/1A YCTPOMCTBA Knacca A,
HeobxoAMMO nepes 3anyCKOM perucTpaumMm CUHXPOHM3MPOBATb Yacbl aHaausaTopa C
BCEMUPHbIM KOOPAMHUPOBAHHbIM BpemeHem UTC n obecneuntb npuém curHana GPS B TeyeHue
BCEro BpeMeHU perncTpauunm.

2.11 Pa6oTa B pexkume cBsA3M no GSM

2.11.1 Oo6masa uHpopmanus o noAK/I0YeHuu GSM

BcTpoeHHbIt mogem GSM No3BOAIAET OCYLLECTBUTL HECNPOBOAHYIO CBA3b C AaHA/IM3aTOPOM MPAKTUYECKM
n3 noboro mecra, rae ectb A0CTyn K MHTepHeTy. TaK »Ke, Kak npu nogkatoveHuun no USB u OR-1, B aTom
pernme nosib3oBaTe/lb UMEET MOJIHbIA KOHTPO/Ib Haj, aHa/IM3aTOPOM, MOXKET NPOCMATPMBaTb TEKyLLME
JaHHble, 3anycKaTb W OCTaHaB/AMBATb PErMCTPAUMIO, CUMTbIBATb AaHHble A1A aHaav3a u T1.4. OnA
MCNO/Ib30BaHMA 3TOFO pPeXMMa, B aHaNM3aTop HeobxoAMmo ycTaHoBMTb SIM-KapTy co cnepylowmmu
napameTpamu ycayru cBasu:

e [lakeTHana nepegava gaHHbix (GPRS);
e  CTaTMYecCKuit 3aperncTpmupoBaHHbIn Homep IP;
e BO3MOMHOCTb OTNpaBKM SMS yBeloMAEHUIA CUTHaNN3aL UK.

BHumaHue ‘/L\

O6bluHaa SIM-kapTa, u3BneuyéHHaa u3s tenedpoHa, He MoKeT 6biTb MCNO/Ib30BAHA B aHa/Au3artope.
MakeTHaa nepefaya JAaHHbIX TpebyeT ycAyrM npeaocTaBneHus cratudeckoro IP-agpeca,
3ape3epBUPOBAHHOrO TONbKO ANA AaHHOW SIM-KapTbl. ITOT NOCTOAHHbIM Homep IP nossonser
COXPAHUTb NOCTOAHHDINM agpec aHanu3aTopa B ceTu MHTepHeT. ITOT TUN ycayrn o6bI4HO UCNONb3yeTcA
Ana nepegaum tMna «machine-to-machine» (m2m, «ycTpoiAcTBO K YyCTPOICTBY»), NpUMeHAeMoii, B
YacTHOCTM, B NPOMbBILWIEHHOCTU AN MOHMUTOPUHra U O06MeHa M[AHHBIMU U3MEPEHUt MexKay
yCcTpocTBaMMU.

KOMMYyHWKaLMA OCyLLecTBAAETCA CAeayoWwmnm 06pasom:

e Mogem nogkntovaetca K cetn GSM, a 3aTem peructpupyetca B cetu MHTepHeT,

e Moaem 3anyckaeT cay»by cepsepa nogkntoueHuit TCP/IP noA npuCBOEHHbIM MOCTaBLLMKOM
ycayrm IP-agpecom. CTaHZApPTHO MCMO/Ib3yeMblit aHanM3aTopom Homep nopTta — 370 4001. MNog
aTum IP-agpecom n Homepom nopTa, aHaAn3aTop suaeH B UHTepHeTe.

e KomnbloTep, € KOTOPOro BbIMOAHAETCA MOMbITKA NOAKAOYEHUA K aHanuM3aTopy yepes mogem
GSM, ponxKeH umetb A0CTyn K MHTepHeTy.

o [Iporpamma «SONEL ANALYSIS» BO BpeMA CKaHMPOBAHMA NbITaeTCA YCTaHOBUTbL coeanHeEHUue ¢
aHa/M3aTopamu, KoTopble MmetoT B H6ase aHa/NM3aTOPOB 334aHHbIN Homep IP (Kpome Toro, B
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HacTPOMKax Mporpammbl HYXHO BKAUUTb onuuio «TCP/IP no GSM»). Mo ymonuyaHuio
nposepsetca To/bKo nopt 4001 yaanéHHoro xocTa.

Ecnm nog aTMm afpecom HangeH aHaM3aTop U, KPOMe TOFO, Ero CEPUMHbIN HOMEpP COBMALAET C
HoMepoMm B 6a3e aHanM3aTopoB., TO OH ByaeT NoKasaH B CNMUCKe HalAEeHHbIX YCTPOMCTB.

ObmeH nHbopmaumen nocne NOAKAIOYEHMA NPOUCXOANT Yepe3 MHTepHeT. Mocne 3aBepLueHus,
NpPoOrpaMma 3aKpblBaeT COeAMHEHMEe C aHa/NM3ATOPOM, KOTOPbIA MEpPexoamuT B COCTOSHME
NPOCNYLWMBAHNA N OXKULAHUA HOBOTO COEAMHEHMUA C KIMEHTOM.

2.11.2 Hacrtpoika moaema

ana

HacTpolikn SIM-KapTbl M Mogema B aHaausaTope HeobxoAumbl cheaylowme AaHHble,

npeaocrtasadaemble NOCTaBLWMKOM yCAyr nepenavyn AaHHbIX:

PIN-kog, gna SIM-KapTbl;

PUK-kog ana SIM-kapTbl, B c/iydae 610KkMpoBKK SIM-KapTbl NOC/e HECKO/IbKMX MOMbITOK BBOAA
HenpasunbHoro PIN-Koaa;

Aapec IP, npucsoeHHbI SIM-KapTe (3TO AoNKeH BbITb CTaTUYECKUIA agpec);

Mms Toukmn goctyna APN (aHrn. Access point name);

HassaHue nonb3oBatens u naposnb (Heobsa3aTenbHO, 06bIYHO He TpebyeTcs).

HacTpoliky aHanusaTopa 41 nogkatodeHuns no GSM, cnegyeTt npousBoAUTL CAeayoWmMM 06pasom:

MoakntounTbCA K aHanusaTopy no kabento USB. Ecnm aHanusatopa eue HeT B 6ase AaHHbIX, ero
HYHO [063aBUTb K HEW;
HeobxoamMmo ybeamutbcA, YTO MoZemM BKAOYEH. [aa 3TOro cnefsyeT U3 MEHIO NPOrpamMmbl
Bbi6paTb NYHKT «AHanusatop» —> «TeKywme HaCTPOUKU» U NepenTM Ha BKNAAKY
«becnpoBogHoe coeanHeHue». [poBepbTe YCTAaHOBKY Napametpa «lMepeaava no cetu GSM» un
B C/ly4ae HeobXo0AMMOCTHM BKIKOUUTE €rO;
Otknounte USB-coeamnHeHune v Bbibepute Kaasuwamm 3kpaH 8/9. ECim mofem BK/IKOYEH, HO He
ycTaHoBneHa SIM-KapTa, To B cTpoke «GSM» aonxHo 6biTb coobuieHne «OtcyTcTByeT SIM-
KapTta»;
BctasbTe SIM-KapTy B ¢/10T Ha 60KOBOM NaHenun. 3To rHe3ao TMna «push-push» (gns nssneyeHus
aKKypaTHO HaXMWUTE Ha KapTy A0 YNnopa — OHa BbICKOYMUT HApyXKy). AHanu3saTop 06HapPYKUT, 4TO
KapTa yCTaHOB/IEHA U MOMbITAETCA MOAKAIOUNTLCA K CETH;
Echm pna SIM-KapTbl paHee He 6bin HacTpoeH PIN-Koa, aHanmMsaTop BblgacT coobuieHune
«HeBepHbIN PIN-koa SIM-KapTbi». 3T0 coobliieHue TakKe byaeT oTobpakaTbca Ha aKpaHe 8/9.
3710 03HauvaerT, uto SIM-KapTa oTBepraa PIN, c noMmoLbio KOTOPOro aHanu3aTop npoboBan c Hel
CBA3AaTbCA. ITO HOPMabHAA CUTYaLUMA NPU YCTAaHOBKE B aHANM3aTOpP HOBOW KapTbl;
Y106bl HAaCTPOUTbL HeAOCTalOWME NapaMeTpbl, HeobxoanMble 4N1A 3anycKa nepeaaym SaHHbIX Mo
GSM, Heobxo4MMO 3aHOBO MOAKNOUUTLCA K aHanusatopy no USB u BbiGpaTb B MeHtO
nporpammbl «MapameTpbl» = «ba3a aHanAusaTtopoB». B 6a3e aHanM3aTOPOB BOWTU B PEXUM
pefaKTMPOBAHUA HACTPOEK TOJIbKO YTO MOAK/IKOYEHHOrO aHanM3aTopa (LWeNKHYTb Ha CTpoKe C
HOMEPOM aHa/IM3aTopa M HaxaTb «PepgaKTMpoBaTb»). Haxkmute KHONKy « ASMEHUTb HaCTPOIKK
GSM»;
B sTom OKHe nocnenoBaTtenbHO BBeauTe: B nose «IPvd» agpec IP (nonkeH 6biTb NpeaocTaBneH
NOCTaBLUMKOM YCAYr), UMSA TOYKM aoctyna «APN», HasBaHWe nosab3oBaTens M Naposb (ecnau
npoBaigep TpebyeT 3Toro M nepegan 3TM AaHHble). NoaTBepauTe HOBblE AaHHbIE KHOMKOM
«OK»;
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e 3atem noABUTCA OKHO C 3anpocom BBoga PIN-koga ana SIM-KapTbl. HyXHO BBeCTM Kog,
npunaraemblii K SIM-KapTe un noaTBepauTb KHOMKoOM «OK»;

e Ecnu BBeAeHbl NpaBu/ibHble AaHHble, TO AaHA/IN3aTOP UCNONb3YeT MX, YTOObl yCNeLWwHO BOUTU B
ceTb GSM. Jlyywe Bcero npoBepATb CTaTyC COeAMHEHUA Ha 3KpaHe 8/9 aHanmsatopa
(Heobxogumo 3aBepwunTb ceaHc no USB). MMpaBuibHOe MNOAK/IIOYEHME CUTHA/M3MPYETCA
ctatycom GSM: «lOoTOBO, <TUM MNOAKAIOYEHUA>» (<TUM MOAKAOYEHMA> 33aBUCUT OT
MECTOMONOMXKEHMA U TUNA YCAYIM NO Nepesave AaHHbIX B KOHKPETHOM pervoHe);

e [lpaBu/ibHaA MOCNEAOBATE/IbHOCTb MOABAEHUA cooblieHUA Ha 3KpaHe 8/9 B cayyae
nogkntoyeHmns K cetn GSM:

o BknawuyeHwue ...

o MMopkniouyeHue K cetu ...

o MopknitouyeHue K UHTepHeTy ...
o [otoBO, <TUN NnogKAlOYeHnsa>

y Baza analizatorow E’
L ) Ya =

Edytuj Usui  Polace 2 wybranym urzadzeniem  Zamknij

. Swiadectwo wzorcowania
12 miesiacy v

¢ Zarejestrowane urzadzenia

Typ analizatora Numer seryjny Data wzorcowania Auto PIN? SIM Aktywny? Adres IP omnienie o y

POM-702 AZOO13 2013.01.10 @ 188.125.41,236:4001 @

POM-70Z AZO00S 03011z

POM-702 AZ0008 2013.01.12

POM-702 AZ0002 2013.01.12

@
@
@
@

POM-702 AZ0023 2013.01.12

\ ¢ Ustawienia GSM

4001

m2m plusgsm pl
10-01-2013 hd

Auto PIN
\Qf Zmier PIM karty GSM
J7 znieikod P 7 zvief ustsuienia G5H
Q s

Puc.27. Beog napametpos GSM B 6a3y aHann3aTopoB..

B cnyyae wu3BneyveHuma SIM-kapTbl M3 rHesga aHaaus3atop oTobpaykaeT coobuieHMe o6 owunbKke
«OtcytctByer SIM-Kkapta». 370 cooblieHMe He MoBTOpPAETCA MNPU  MNOCAeAYIOWMX  BKAOYEHUAX
aHanusatopa. MW3eneyeHne SIM-kapTbl BO Bpemsa paboTbl aHa/AM3aTopa AONYCTUMO, HO He
pekoMeHAyeTCsA, TaK Kak B 3TOM C/ly4ae MOAEM He KOPPEKTHO BbIXOAMUT U3 ceTn GSM.

BHUMaHMe &

Mpun Kaxxpaom nameHeHuu KoHpurypaumm GSM npomucxoaut aBToMmaTUYEeCKUii nepesanyck.

2.11.3 IlpoBepka coeauHeHus GSM

Ecnn Ha 3KpaHe 8/9 coctoaHMe moaema GSM npeactasfieHo Kak «FO0TOBO, <TUM NOAKAIOYEHUA>Y, 3TO
O3HayaeT roTOBHOCTb MPUHMMATb COeANHEHMA OT YAANEHHOro KOMMbloTepa Yepe3 NHTepHeT. MOXKHO
BbIMNO/IHUTb TECTOBOE COeAMHEHME ANA NPOBEepPKM CBA3M € NnpunoxeHnem « SONEL ANALYSIS»:

e Heobxoanmo NpoBepuTb B HAaCTPOMKAX NMPOrpaMMbl, BKAKOYEH /I MOUCK aHAM3aTOPOB MO CEeTU
GSM: B MeHI0 Nporpammsl Hy>KHO BblbpaTb «MapameTpbi» > «KoHdpUrypauma nporpammbi» >
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«HacTtpoiiku megua» > «AKTUBHble megma». lMone «TCP/IP no GSM» [0MKHO 6bITb
OTMeYeHo.

e AHanu3aTop, K KOTOPOMYy HeobXogMMO NOAKAIOYUTLCA, A0/KeH ObiTb BBEeAEH B 6asy
aHanM3aTopos (ecnvM paHee NPoOM3BOAMAACL HACTPOMKa MoAema Mo NyHKTy 2.11.2 — 370 yxe
6yaeT BbINOJIHEHO).

o Cneayet OTKAOUYUTbL /itobble coeanHeHUs ¢ aHanmnsaTopom (no USB, Wi-Fi nnm OR-1).

e BbINosHWTE NOMCK aHanM3aTopa Ab6bIM MeTogom (Hanpumep, Haxkumas Ha «Tekywme
noKasaHua»). B cnucKke noucKa A[O0MKEH MOABUTbCA aHaAM3aTop C  NpUMEYaHMEM
«MopgkntoueHune no cetn GSM». Boibepute 3TOT aHanmn3aTop u Haxkmute «OK».

e Yepes HEKOTOPOE BPems, Ha 3KpaHe AOMKHO 0TObpasnTbcA Tpebyemoe OKHO (Hanmpumep, OKHO
«TeKylwMe NOKasaHUA»), a CTaTyC B CTPOKE COCTOAHWA MPUNONKEHUA AOMKEH U3MEHUTLCA Ha
«MogknioueHo». TakKe Ha Aucnaee aHanansaTopa otobpasuTca coobueHne «MoaKknueHue K
MK (GSM)». Takum o6pa3om, NonbITKa COeAMHEHMA NPOLIAA YCNELWHO.

2.11.4 Bo3MokHbIe Ipo6JieMbl ¢ KOHGUrypanuen GSM U peKoMeHAyeMble JelCTBUSA

Mpo6nema: NHAMKaTOP BbINONHEHWA MOMCKA aHaAM3aToOpPa OYeHb bbIcTpo goxoamnT Ao 100 %, He Haxoas
aHanusaTopa.

B0o3MOXHaA NPUUYMUHA: DTO MOKET CBUAETE/IbCTBOBATbL O BbIK/IIOYEHHOM MOUCKe aHanAn3aTtopos no GSM
B HAaCTPOMKax NPUAOKeHNA AN 6ase aHaNN3aTopoB.

PeweHne: B MeHIO nNporpammbl HyKHO BbIBpaTb NyHKT «MapameTpbi» > «KoHdurypauua
nporpammbi» > «HacTpoMKu cBasu» > «AKTUBHble cBA3n». Mone «TCP/IP no GSM» f0/1XHO
6bITb OTMEYEHO.

Mpo6bnema: MHAMKATOP BbLINOAHEHWA MNPWU MOWUCKE aHANM3ATOPOB B TEYEHME HECKOJIbKUX CEKYHA,
poxoaunt go 100 %, He Haxo4s aHanu3aTopa.
Bo3MOKHble NPUUYUHDI:

1) AHanM3aTop BbIKAOYEH UM C HEAKTUBHbIM/HEHACTPOEHHbIM MogeMmom GSM.

2) HecootBetcTBue IP-agpeca aHanunsatopa 1 3anmcu B 6ase aHaM3aTopPOB..

3) AkTMBHOe GSM coeguHeHWe aHann3aTopa C APYTUM KIMEHTOM WM BPEMEHHbIE Npobaembl
ceTu.

PeweHus:

1) Ecnv aHanm3aTop 4OCTYMeH, To NpoBepbTe coctoAaHne GSM moaema Ha sKpaHe 8/9. Eciv ero
cTaTyc «BbIKAOUEH», TO HeO6X0AMMO B MEHIO Nporpammbl Bbi6paTh « AHanusatop» > «TeKylwme
HACTPOMKU», MepeirTn Ha BKAaaKy «becnpoBopHoe coeguHeHUE» U MPOBEPUTb, aKTUBEH AU
napameTtp «Mepepgaya no GSM» M BKAOYUTb €ro, €CcAM 3TO He TakK. [lpoBepbTe HACTPOMKM
mogema.

2) Y6eautechb, uTo B 6a3e aHaM3aTOPOB 3anncaH NpaBuabHbIl IP-agpec aHanusaTopa.

3) NoBTOpPUTE NOMbITKY Yepe3 HECKOIbKO MUHYT.

Mpo6nema: HecmoTps Ha NpaBubHbIN cTaTyc «[OTOBO, <TUN NOAKAOYEHUA>» Ha KpPaHe aHaM3aTopa
N NpoBeAEHHbIN NOWUCK aHA/IM3aTOPOB, OH TaK U He NoABWUCA B cnucke. MNapameTp «Mepeaaua no
GSM» BK/IIOYEH M aHA/IM3ATOP MPaBUIbHO CKOHOUIYpMpOoBaH B Hase aHanM3aTopos (BmecTe ¢ IP-
agpecom).

Bo3amoKHaA npuumnHa: bnokuposka noprta TCP 4001, KoTopbiit Mcnonb3yeTca ANA nepenayn yepes
MeXKCeTeBOW 3KpaH KomnbloTepa uam bpaHamaysp nposangepa VIHTepHeTa B TOKA/IbHOM CETH.

PeweHue: MpoBeputb B KOHOUrypaLumMm KomnbloTepa, 4to nopT TCP 4001 He 3a6n10KnpoBaH. Ecam aTo He
TaK, 0b6paTUTeCh K aAMUHUCTPATOPY OKA/IbHOM CETW.
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Mpobnema: MNocne ycTtaHOBKM B aHanmsatop SIM-kapTbl BO3HMKaeT owubka «HenpaBuabHbIA IP-

aapec».

Bo3morKHasA npuumnHa: NprcBoeHHbIN ceTbio IP-aapec apyroi, Yem B KOHPUIypaL MM aHaan3aTopa.

PeweHune: [llpoBepuTb, 4YTO B 0ase aHanM3aTopoB BBEAEH MPaBW/bHLIA |IP-HOMEp MO AaHHbIM

nposaigepa. B 6a3e aHanusaTopoB BOWAMTE B PeAaKTMPOBAHWE HACTPOEK aHanM3atopa W
Bblbepute «U3MmeHUTb HAcTpokun GSM». BeBegute M noateBepauTe npasBuibHbIN IP-agpec.
OTKAouMTECH OT aHaU3aTopa M NpoBepbTe coeanHeHne GSM no sKpaHy cTaTyca, NPaBUAbHO U
aHanusaTtop noaknuntca K UHTepHeTty. Ecam 3TO He NpuHeceT pe3ynbTaTa, NpoBepbTe, NOAX0AUT
m ycTaHosneHaa SIM-Kapra.

Mpobnema: AHanusaTtop BblAAET oWNOKY «HeBepHbit PIN-kog SIM-KapTbi».

Bo3amorKHaA npuumnHa: HesepHbiii PIN-Koa, ncnonb3yembii aHanu3atopom ansa pasbsiokuposku SIM-

KapTbl. MoeT 6bITb, 3TO cBA3aHO C 3ameHoln SIM-KapTbl Ha apyryto, unm PIN-Koa KapTbl UISMEHEH
BHELUHWUM YCTPONCTBOM.

PeweHune: Mocne nogkatoveHns K aHanmsatopy no USB Heobxoammo BoMTM B H6asy aHanM3aTopoB U

BbibpaTb napameTtp «U3meHUTb HacTpoukn GSM», a 3atem «U3meHutb PIN-Kog SIM-KapTbi».
Beeaute ntobble yeTbipe uMdpbl B nose «Crapbii Kog PIN» (370 nosie B TakoW cuTyaumu
UTHOPUpPYeTCA), a 3aTeM [Ba)kAbl B ABYX MOJAX HUMKe BBeAUTE MNpPaBUAbHbIM Kogd SIM-KapTbl.
CoxpaHuTe HacTpoiKkn. OTKAOUMTECH OT aHaM3aTopa M Ha ero aKkpaHe 8/9 nposepbTe cTatyc GSM
(npon3ongéT Nn coegnHEHUE C CETbIO).

MNpobnema: AHanusaTtop BblAAET oWNOKY GSM «Tpebyetca PUK».

Bo3moOKHasA npuuuHa: YcTaHoB/NeHas B aHa/nM3atop Kapta 3ab/0KupoBaHa B pesy/bTate BBOAA

HEeCKoJIbKo pa3 owmnboyHoro PIN-koga. Heobxoanmo pasbnokmposath SIM-kapTy, BBeasa PUK-Koa.

PeweHue: MNocne noakNloYeHUs K aHanusatopy no USB HeobxoamMmo BoMTM B 6asy aHanM3aToOpoB U

BbIbpaTb NapameTp «U3meHUTb HacTpoihkn GSM». Bbibpatb «U3meHutb PIN-Kog SIM-KapTbi».
LJoMmKHO OTKpbITbCcA OKHO gnAa BBoga PUK-koga u Hosoro PIN-Kkoga. Beeaute u noartsepante
KoAabl. OTKAOUMTECH OT aHaM3aTopa 1 Ha ero akpaHe 8/9 nposepbTe cTatyc GSM (npousonaéT nm
coeAMHEHUE C CeTbIO).

KapTy TaKXe MOXKHO pa3b/ioKMpoBaTb, BCTaBMB B 110601 MOBUNbHBIN TenedoH u BBeaa PUK-kog u
HoBbI PIN-Koa.

BHumaHue /i\.

HecKonbKo nonbiToK BBoAa HeBepHoro PUK-Koaa npuBogut K Heobpatumoir 6nokuposke SIM-kapTbl.

Mpobnema: AHannszatop coobuiaeT 06 owmnbrax GSM: «OwmnbKa ceTu», «OwmnbKa SMS», «HeT ceTn» u

ap.

Bo3moxkHaA npuumHa: Mpousowna oaHa M3 ownbok cetn GSM. I3To mMoKeT HbITb BbI3BAaHO 3anuUCbio

HenpasBWAbHOro Homepa TenedoHa ana SMS coobLeHnit NI BpeMeHHOM NoTepei ceTy.

PeweHune: B cnyyae owmnbkn SMS npoBepbTe NpaBUAIbHOCTb BBEAEHHOIO HoMepa TenedoHa. B gpyrux

C/IYYanX He HYXKHO NpeanpuvHMMaTb LONOJHUTENbHbIX AeUCTBMIA. AHANM3aToOp CHOBA nonpobyeT
NOBTOPWTL ONEpPaLLMIO NOC/e OnpeaeEHHOrO MHTEPBaANa BpemeHM (Hanpumep, yepes 1 MUHyTY).

2.12 Pa6oTa no 6ecnpoBogHOMYy coearHeHHI0 Wi-Fi Pon-710 ] pom-711

2.12.1 O6masa uHpopManusa

AHanusaTtopbl PQM-710/711 ocHalueHbl mogynem Wi-Fi, paboTatouiem no craHgapTy |IEEE 802.11 (b/g) u

(n) c ogHONOTOYHOM Nepenayen AaHHbIX.
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Moaynb Wi-Fi B aHanusatope moxeT paboTaTb B ABYX peKuMax:

e Touku pgocryna (aHrn. Access Point) — aHannsaTop TpaHCAMpPYeET B cBoel cobcTBeHHOM ceTn Wi-Fi.
YcTpoiicTBa, MoAKAOYaloOWMeca K aHanusatopy, paboTaloT B pexXuMme KAMEHTa. ITOT PeXuMm
[OCTYNeH B aHann3aTopax ¢ sepcmert npowmskm 1.30 unm Hosee.

o KnueHTta — aHaM3aTop NOAKNOYAETCA K CYLLECTBYIOLLEN BHELLHEN TOYKe A0CTyna.

2.12.2 3aBoackasi KOHpUrypanus
3aBoackana KoHdurypauma Wi-Fi nnaHweTa 1 aHannsaTopa BbIraauT caeayowmm obpasom:

o PexXum paboTbl: aHaNN3aTOP B Ka4ecTBe TOYKM AOCTYNa.
e HacTpoliku aHanmsaTopa:
o SSID cetn: modensb_cepuliHbili_Homep_aHanuzamopa (Hanpumep, PQM-710_BR0001);
Kanan: 10;
Appec IP Toukun goctyna: 10.0.71.1;
Macka noacetn 255.255.255.0;
ABTOMaTUYecKoe npuceoeHne agpecos IP (DHCP): BkntoyeHo;

O O O O

o LlWudposaHne WPA2-PSK BKtOYEHO, K/HOY MO yMONYaHUIo «12345678».
o KoHdurypaums nnaHweTa (KANEHT):
o IP npuceauBaeTcA aBTOMaTM4yecKM Toukoi poctyna: 10.0.71.X (rge X HaxoguTca B
AnanasoHe 2...254), w3 10.0.71.1;
o LWudposaHne WPA2-PSK BKAtOUEHO, KNHOY MO yMONYaHMIo «12345678».

MpunoxeHne «<SONEL ANALYSIS» (Bepcua Ana nnaHwWweTa), yCTaHOB/IEHA Ha NJIaHLLEeTe U 3anycKaeTca
aBTOMATMYECKM MOCNE €ro BK/IOYEHMUSA.

2.12.3 Pe:xuM TOYKM JOCTyna

B pexume Touku goctyna (AP) aHanusatop TpaHcaupyeT B cobctBeHHolM noacetn Wi-Fi ¢ 3agaHHbImM
nmeHem cetun (SSID). HacTpoiku aHanM3aTtopa Mo yMOAN4YaHUIO NpuBedeHbl B rnase 2.12.2. BHewHee
YCTPOMCTBO (Hampumep, KOMMbIOTEP), MOMKET MOAKMOUMTLCA K aHa/NM3aTopy, €C/M  OCHALLEHO
coBmecTmbIM MHTepdericom Wi-Fi, paboTatowem B peXxnume KamMeHTa.

K aHanusaTopy, B 4aHHbIN MOMEHT BPeMEHU, MOXKET ObITb NOAKAOYEH TO/IbKO OAMH KANEHT.

- =

Punc.28. 3aBoackasa KoHpUrypauus. Mpsamoe coeanHeHve NAaHLWeET <> aHann3aTtop.

Pexxum paboTbl aHanM3aTopa B KayecTBe TOYKM goctyna Wi-Fi curHanmsmpyetca Ha akpaHe <10> B
nepBoi cTpoke — pagom ¢ Hagnucbto Wi-Fi gononHntenbHo otobparkatotca 6ykebl AP. Ha aTom aKpaHe
oTobparkaercs cneayowas nHdopmauma:

o CTaTyc coeauHeHua ¢ KAneHTom (Hanpumep, FoToB, KnueHT noakatoueH);

Appec MAC moayna Wi-Fi aHanunsartopa;

Apnpec IP Touku goctyna;
o TeKylllee UmMa TpaHcaupyoulel cetu (SSID).
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KaHan Wi-Fi Ha KoTopom no ymonuyaHuio paboTaeT aHanusaTop (KaHan 10) MOXHO M3MeHUTb B
CUTyauuKM, Korga Ha 3TOM KaHane paboTaeT MHOro YCTPOWCTB, YTO MOXET MPUBECTU K CHUMKEHUIO
NPOMYCKHOM CMOCOBHOCTM M B3aUMHbIM Nomexam. YTobbl M3MeHUTb KaHan B pguanasoHe 1..13,
HeobxoaMmo 3afaTb HoBoe uma SSID, 3aKkaHuMBatoweeca cumBosiamu «_chX» (3HaK nogyepKMBaHus,
CTpoUHble byKkBbl «ch» 1 Homep KaHana), rae X — 3To UMCI0, onpesenstoLlee KaHan B auanasoHe ot 1 go
13. NMpumep nmeHu SSID, M3MEHAIOLWEro KaHan Mo yMOAYaHUIo Ha 5- —aTto «PQM-711_BS0001_ch5».

Korpa aHann3aTop ycTaHOBNEH B PEXUM TOUYKM JOCTYNa M roToB K paboTe, MOXHO MNOAKAOUUTLCA K CETU
ero TpaHcaaumun. B cuctemax Windows HeobxogMmo Bbi3BaTb OKHO MOAK/OYEHMA K CETU, B CMIUCKe
OOCTYMNHbIX 6ecnpoBoaHbiXx ceTelr HaiTM wumsa SSID aHanmsatopa M BbibpaTb MoakatouuTb. Mpumep
TAKOro OKHa NoKasaH 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-710_DJ000S l

DKO015_chs Al

gosc !ﬂﬂ

Otwérz Centrum sieci | udostepniania

Punc.29. OKkHo noaxntoyeHun K becnpoBogHol cetn B cucteme Windows.

Mpu nonbiTke MNOAKNIOYEHUA NOTpebyeTcs BBECTM CeTeBOM Maposib. PekomeHayetca, 4TOObI
No/ib30BaTe/lb U3MEHW MapoJib MO YMOYaHUIO Ha ApYroi. Maponb JOMKEH UMETb MO KpalHen mepe 8
3HakoB. Ecnv yganocb NOgKNOUMTCA K CETU aHanau3aTopa, TO caeaylowmm warom b6yaeTt 3anyck
nporpammbl « SONEL ANALYSIS» n nposepKa cBA3K.

2.12.3.1 Hacrpoiika noakawdeHusa Wi-Fi c nomoigsio coeguHenus no USB

Monb3oBaTenb MOXKET M3MEHUTb 3aBOACKME HACTPOMKM TOYKM [OCTYNa aHanM3atopa C MOMOLLbIO
nporpammbl «SONEL ANALYSIS». O6s3aTenbHbIM ABAAETCA NOAK/AIOYEHME aHa/NM3aTopa C MOMOLLbHO
kabena USB.

| % Ustawienia analizatora o= =]
% £ @ £ K g

Czasi Faza Polaczenie  Polaczenie  Ustawiena 5.y
bezpieczeristwo  cggdw  bezprzewodowe  szeregowe  dodatkowe

. Moduly bezprzewodowe — Ostrzezenia SMS

E B aktywny

Puc.30. 3KpaH HacTpoek aHanM3aTopa C AOCTYMHbIMW 6ecnpoBOAHbIMU CPeACTBaMU Nepeaayn AaHHbIX.
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HaCTpOVIKy dHaN3aTopa H606XO,D,MMO BbIMO/IHUTb C/ie4YOWNUM cnocobom:

o CoeanHUTbCA C aHanu3aTopom Kabenem USB.

® BbINONHUTL MOWUCK aHanM3aTopa, Hanpumep, NyTém Bblbopa B MEHI NPOrpammbl MyHKTa
AHanusatop = Hacrpoiika aHanusatopa (F4) 1 coegnHUTBLCA C aHaIM3aTOPOM.

e [epeiTn Ha BKNaaKy becnpoBoaHoe coeauHeHue (prc.30) U NPOBEPUTb, YTO aKTMBEH NapameTp
DoctynHa nepegaya no Wi-Fi. Eciun HeT, TO BK/OYMTDb €ro.

e BbibpaTb B MeHIO nporpammbl NyHKT [MapameTtpbl —> basa aHanusatopos (F3). B 6ase
aHa/IN3aTOPOB BOMTU B pPefaKTMPOBaHME HACTPOEK aHanu3aTopa (BbI6paTb CTPOKY C CEPUMHBIM
HOMEpPOM aHanu3aTopa W HaxaTb MU3mMeHUTb). B nosABMBLIEMCS MEHIO, Ha)KaTb KHOMKY
M3meHuTb HacTpoiku Wi-Fi.

o [lepekntoyatenb PeXXum ycTaHOBWUTb B NonoKeHWe ToUuKa aocTtyna.

o HeobxoaMmo BBeCTM MoodyepegHO: MMs TOYKM aocTyna (none Uma cetu (SSID)) u aBaxabl
ceTeBolt naposnb (none Hoeblii naponb 1 MNoaTBepAUTb Naposb). Maposb JOMKEH UMETb MO
KpaiHein mepe 8 3HAKOB.

o KHonka BoccTaHOBUTb HAacTPOIKM MO YMONYAHUIO 3aMOHAET NOAA 3HAYEHUAMMU MO YMOYAHUIO,
YKa3aHHbIMK B rnase 2.12.2.

e [locne noATBEPKAEHUA HACTPoeK KHonkoi OK, aHanusaTop nepesanyckaet moaynb Wi-Fi n yepes
HEKOTOpPOe Bpems AO/KeH OblTb FOTOB K COEAMHEHUIO C KAMEHTOM C HOBbIMM HACTPOMKaMM.
FoToBHOCTL K paboTe u umaA SSID MOXKHO MpoBepwuTb Ha 3KpaHe 10/10 aHanusatopa nocne
3aBeplleHna coeanHeHma no USB.

 Baza analizatoréw [E=N ECR >
B ER Y ]
Dodaj  Edytuj Usufi Potacz z wybranym Zamknij

~ M Swiadectwo wzorcowania

‘ ey
- Zarejestrowane urzadzenia

Typanalizatora  Numerseryiny  Opis ania | AutoPIN? Aktywns kartaSIM?  AdresTP GSM Adres MACWE-Fi | Adres IP Wi-Fi Przypomnienie o wygasnieciu

1 PQM-703 BO0105

2 PQM-TI1 BS0075

3 PQM-702 AZ0017

2018-01-03

F7 amief ko P @7 2mief ustawienia GsM <7 zmiers ustawieria WiFi < prayws camyine

Puc.31. 3KpaH KoHoUrypaumm Toukm goctyna Wi-Fi.

2.12.4 PeXXuM KJIMEHTa

B perkmMme KaneHTa BO3MOXKHA paboTa B sIoKanbHOM ceTu (puc.32), a Takke Yepes NHTepHeT (puc.33). B
c/ly4yae ecnu nnaHWeT uMmeeT cobCcTBEHHOE NporpammHoe obecneyeHne A1a aKTMBaLMM NPOrPamMMHON
TOYKM AOCTYNa, MOXKHO YCTAaHOBWUTb AOMOMHUTE/IbHOE NPAMOE COeAMHEHWEe MNaHWeT <> aHaAn3aTop
(pnc.34 u puc.35).
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Puc.34. Npamoe nogkntoveHue naaHwert (AP) <> aHanusaTop (KAMeHT).

Heobxoamm nnaHweT ¢ AelicTByOWen GyHKUMENR NPOrPAaMMHOI TOYKM J0CTyNa
(He BxoguT B cocTaB NporpaMmHoro obecneyeHus, noctasasemoro Sonel S.A.).



Puc.351. NMpamoe noakntoyeHme naaHweT (AP) — HECKONIbKO aHanM3aTopoB (KANEHTbI).
Heobxogum nnaHweT ¢ gencreyrouien GyHKLMEN NPOrpamMmMHOM TOYKM J0CTyNa
(He BXxoAUT B cocTas nporpammHoro obecneyeHus, nocrasnsemoro Sonel S.A.).

B KOHpUrypauuax C BHEWHMM MapLIPYyTM3aTOPOM BO3MOXHA paboTa B OTKPbLITOM CETU WK
3aWmLLéHHOM no ctaHgapTy WPA/WPA2-PSK. B He3aWMLWEHHbIX CeTAX B KOHPUrypauum aHannsaTtopa
none «Knwou» B «base aHaAM3aTOPOB» A0/IKHO ObITb NMYCTbIM.

Mpu NOAKAOYEHMU K TOYKe A0CTyna, aHaaM3aTop 3anyckaeT cay»kby cepsepa coeauHernin TCP/IP nog,
ctatmyeckum IP nnmn agpecom, sbigeneHHbiMm cepsepom DHCP Touku goctyna. MopT, ucnonbsyemblii Kak
B JIOKa/IbHOM CETU, TaK 1 NP NPAMOM coeanHeHnn — aT1o 4002.

CoeavHeHWe C aHanM3aTopom uepe3 WHTepHeT TpebyeT OT agMUHMCTpPATOpPa CeTU MpPaBUAbHOWN
KoHdUrypaumm mapuwpytmsatopa Wi-Fi (nepeHanpaBneHve TpaduKa U3 JIOKaNbHOW CeTM B
06LWenoCTynHYIo CeTb).

AHanuszatop, B [A0CATaeMOCTM KOTOPOro HeT HeobXxoAMMOW TOYKM [O0CTyMa, OCTAéTCA B pexume
CKaHWpoBaHUA gmanasoHa Wi-Fi 2.4 Ty,

YpanévHoe noggntodeHne npunoxerns «SONEL ANALYSIS» nocpeacteom Wi-Fi 6yaeT BO3MOXKHO ecnm
3TOT cnocob nepegauyM aKkTMBEH B KOHoUrypaumm nporpammbl («HacTpoiikm nporpammbi» -
«AKTUBHbDbIEY).

2.12.4.1 Hacrpoiika noakawdeHusa Wi-Fi c nomoigsio coeguHenus no USB

[nsa npaBUAbHOW HAaCTPOMKKN coeaANHEHUR ByaeT Heobxoanmo:

e MmsaA Toukm goctyna (SSID).

e NMaponb (Knwou) ans sawmuéHHom ceTu.

e BHewHwmi1 IP-agpec 1 BHewHM nopt. 3T1 napameTpbl TpebytoTca ana paboTbl B ApYron NoaceTH,
Yyem nnaHwWeT (KomnbtoTep), 0cOb6eHHO OHM HEOBXOAMMbI ANA NOAKNIOYEHUS Yepes VHTepHET.

HacTpoliky aHannsatopa Heo6Xx04MMO BbINOAHUTL CAeAyloLMm obpasom:

o [MogKNIOUMTb K aHaAn3aTopy NaaHWeT (KoMMbioTep) ¢ NomoLLbio Kabensa USB.

e BbIMONHUTL MOMUCK aHanM3aTopa, Hanpumep, nNyTem Bblbopa B MEHIO MNPOrpamMmbl MyHKTa
«AHanusatop» = «HacTpoiika aHanu3aTopa» 1 COeANHUTLCA C aHaIM3aTOPOM.

e [lepeiiTM Ha BKNaaKy «becnpoBogHoe coeguHeHue» (puc.30) MU NPoOBepUTb, UYTO aKTMBEH

napameTp «JoctynHa nepepayva no Wi-Fi». Eciv HeT, TO BKAIOYMTb €ro.
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7 Baza analizatoréw =5 EoR =5

Dodsj Edytuj Usufi  Polacz zwybranym  Zamknij

- B Swiadectwo wzorcowania. — 0 00O O O O O O O O O O O O O

‘ 12 miesiecy

- Zarejestrowane wrzadzeta —

Typanalizatora  Numer seryiny is Datawzorcowania | Auto PIN?  Akiywna kartaSIM?  AdresIP GSM AdresIPWi-Fi | Przypomnienie o wygasnisciu

PQM-T01 960016 2017-03-23

PQM-T01Zr 990013 2016-07-20

PQM-702 Azo1s1 Test analyzer 2017-07-06

Ustawienia Wi-Fi

EE I = t=rnal AP iame|

20130103

F mierikod PN 27 Ziers ustowienia GSM #7 Ziers ustowieria Wi

Puc.36. IKpaH KoHourypaumm Wi-Fi B pexkume KnmeHTa ¢ BHeWHUM IP-agpecom.

BbibpaTh B MeHi0 nporpammbl «Mapametpbi» - «basa aHanusatopoB». B 6ase aHanM3aTopos
BOWTU B pefaKTMpPOBaHME HACTPOEeK aHanusatopa (BblOpaTb CTPOKY C CEpPUIHBIM HOMEPOM
aHanM3aTopa M HaxaTb «U3meHuTb»). B NOsABMBLUEMCA MEHIO HaXKaTb KHOMKY «U3mMeHuUTb
HacTpoukun Wi-Fi».

Mepekntoyatenb «PexMm» yCTaHOBUTL B NONOXKEHNE «KANEHT».

HeobxoamMmo BBeCTM MoovyepedHo: MMA Touyku pgoctyna (none SSID), a Takke B caydae
3aMLLEHHON CeTM OTMETUTb nosie «U3meHUTb» M BBeCTM naposb (nosne «Knwour). B chyvae
He3aWMLWEHHOM ceTn nose «KAu» MOXKHO OCTaBUTb MYCTbIM, HO noJsie «MA3MEeHUTb» [0/KHO
6bITb OTMEYEHO.

BbibpaTtb cnocob npuceoeHus IP-agpeca Toukon goctyna. Mpu HasHauYeHUU BPYYHYHO, BBECTU
cooTBeTCcTBYIOWME 3HaveHMAa B nona «Apapec IP», «Macka» n «Wno3». B agTomatmyeckom
pexkmume BblbpaTb «DHCP».

MNone MopT He NoANEeXUT U3MEHEHMUI0 — 3TO Bcerga Homep 4002.

B cnyyae paboTbl B Apyrux noacetax (cetb MUHTepHET) 3anonHnTb nons «BHewHwuit IP-agpec» m
«BHewHwuit nopt». Oaa npamoro coeavHeHusa (nAaHWeT <> aHanusatop) v Aaa paboTtbl B
JIoKanbHOM ceTu (nnaHwert < mapwpyTtusatop Wi-Fi < aHanusatop) cnegyeTt octaBuTb 3TU
Nnonf B HEAKTUBHOM coCTOAHUU. Mpu ckaHupoBaHum cetn «SONEL ANALYSIS» aBTOomaTuyeckm
aKTMBUPYET AaHHble NOAA, eCn 06HAPYKMT NPUCYTCTBME aHaM3aTopa.

MoAaTBEPAUTL HAaCTPOMKKM KHOMKON «OK». HoBble gaHHble 6yayT OTNpPaBaeHbl B aHan3aTop.
Ecnn 6b1a1M BBEAEHDbI NPaBU/bHblE AAHHbIE, TO aHANM3ATOP NOMbITAETCA NMOAKAOYMUTLCA K TOUKE
poctyna Wi-Fi. Nocne otkntoueHua USB, cTaTyCc coegMHEHUA MOMKHO OTC/IEXKMBATb Ha 3KpaHe
10/10.

MpaBunbHasa Nocneao0BaTe/IbHOCTb OTOOPaXKeHUs CoObLLEHMIA Ha SKpaHE:
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2.12.4.2 lo6aB/ieHue B 6a3y paHee CKOHpUrypupoBaHHOro aHaausaropa (offline)

Mpoueaypa, onncaHHas HUMKe, NpeAHa3HayeHa ANa cayyas, Korga aHanusatop 6bin nNpeasapuTenbHO
CKOHOUIypMpoBaH, HO ero HeobxoauMmo pAo6aBuTb B 6a3y MAM M3MeHUTb napameTtpbl Wi-Fi,
naeHTUGMLUMpYOLINE YCTPOMCTBO.

[na npaBuAbHOM HAaCTPOMKKU NoakAtoveHnn Tpebyetcs «BHewHuii IP-agpec» 1 «BHewwHMA nopT».
HacTpoliky KOHPUrypaLMM aHann3aTopa HEOBXOAUMO BbINOIHUTL CieayoWwum obpasom:

e BblbpaTb COOTBETCTBYIOWMI aHanu3aTop B 6a3e M Ha)KaTb KHOMKY «U3MeHUTb» wau
«[0o06aButb», UTObbLI 4O6ABUTL €ro B 6asy;

e Mcnonb3oBaTb KHOMKY «M3meHUTb HacTpoiiku Wi-Fi».

BHUMAHUE: He noagxntoyaidiTecb K aHANM3aTopy — B OKHE HaXmMuTe KHOMKy «OTtmeHa». B
KOHdUrypaumm ato bygeTt oTmedeHo Hagnucbto «Hacrpoiika Wi-Fi (offline)».

e  OTmeTuTb None Bbibopa «BHewHui IP-agpec».

e 3anosHuTb noJsie «BHewHwuit IP-agpec», BBeaa agpec IP, KoTopblii ecTb y aHanusatopa (uau
NPWUCBOEHHbIN aAMUHUCTPATOPOM ceTu |IP-agpec, nojg KOTOpbIM A[OCTyNeH aHanusaTop) U
«BHewHu nopt» (No ymonyaHuio 4002).

e [loaTBEpPAMTb HAaCTPOMKM KHOMKOMN «OK».

e e g (=R ol ==
B @ E @ i/a @

Dodaj Edytj Usui  Polacz zwybranym  Zamknij
- B Swiadectwo wzorcowamia — OO0
12 miesigey
+ Zarejestrowane urzadzenia
Typanalizators  Numer saryjny i Datawzorcowsnia | Auts PIN? | Aldywna karta STM 2 i Praypomnisniz o wygasnigeiu

PQM-701 960016 2017-03-23

PQM-T01Zr 990013 2016-07-20

PQM-T02 Azo191 Test analyzer 2017-07-06

Ustawienawirt —
@ Punkt dostspu
tawienia Wi-Fi (offline)

D
2018-01-03

J9 amerikod PN 24 Zmiers ustowienia GSM @4 Zmiers ustawieria Wi

Puc.37. lobaBneHue B 6a3y aHanM3aTopa B pexume kameHTa (offline).
2.12.5 IIpoBepka coeguHenusi Wi-Fi

Ecnm Ha akpaHe cTatyca 10/10 coctoaHne Wi-Fi oTobparkaeTca Kak «FOTOB» — 3TO 03HAYaeT roTOBHOCTb
YCTaHOBUTb COEAMHEHWE C MIAHLWETOM OT YAANEHHOro KomnbtoTepa (nnaHwerta). MOXHO BbINOJHUTD
TecToBoe NogKAtyeHne gna nposepku ceasu ¢ npuaoxeHnem «SONEL ANALYSIS»:

e HeobxoaMmo NnpoBepuUTb B HACTPOMKax NporpamMmmbl, BKAKOYEH M NOUCK aHanusaTopos no Wi-Fi:
B MEHIO NporpamMmbl HysKHO Bbl6paTb «[lMapameTpbi» —> «HacTpoMKku nporpammbl» —>
«HacTpoiiku cBasn» = «AKTuBHbIe». Mone «Wi-Fi» 10/13kHO 6bITb OTMEYEHO;

e Ecnu aHanusaTop, C KOTOPbIM Mbl XOTUM COEAMHUTLCA, PaboTaeT B peXKMMe KANeHTa, Toraa oH
DOMKeH bbITb NpenBapuTeNbHO BBeAeH B 6a3y AaHHbIX aHanM3aToOpPOB (ec/iu paHblue 6bina
BbINO/IHEHA HACTPOMKa No NyHKTy 2.12.4, To 3TO y}Ke caenaHo);
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e Ec/iv aHanM3aTop, C KOTOPbIM Mbl XOTUM COEANHUTLCA, PabOTaeT B peXmme TOYKM [0CTyna, To
HEODXOAMMO C YPOBHA OMNEPALMOHHOM CUCTEMbI MNPeABapUTENbHO  MOAKAUUTLCA K
TpaHcanpyemomn um cetoto Wi-F;

e HeobxoaMmo oTKAUMTL tobble coeanHeHUs ¢ aHanmsaTopom (USB, GSM);

e BbINOAHWUTL MOWUCK aHanM3aTopa, Bblbpas ntobol meton (Hanpumep, LWENKHYB MO KHOMKe
«TeKylwMe MOKasaHUA»). B cnucke pesy/nbTaToOB MOWMCKA AO/MKEH MOSABUTbCA aHaAu3aTop ¢
npumeyaHnem «CoeguHeHme no Wi-Fi». BoibepuTe 3TOT aHaAM3aTOP M HAaXKMUTE KHOMKY «OK»;

e Yepes HeKOTOpOe Bpems Ha 3KpaHe JOJ/IKHO MOSABUTLCA HY)KHOE OKHO (Hanpumep, «Tekywme
NOKa3aHMA»), a CTaTyC B CTPOKE COCTOAHWUA MPUIONKEHUA [O/MKEH W3MEHUTbCA Ha
«MoaknoueH». TakKe Ha gucnaee aHanmsatopa otobpasutca coobueHve «lMopknoueHue K
MK (Wi-Fi)». Tem cambiMm NonbITKa YCTaHOBUTb COeAMHEHNE 3aBEPLUMIACL YCMEXOM.

2.12.6 Bo3MoxkHbIe Ipo6yeMbl ¢ HacTpoiikoi Wi-Fi u pekoMeHayeMble AeiicTBUA

MNpo6nema: MHAMKATOP BbIMNOJAHEHMA MNPW MOWUCKE aHa/NM3aTOPOB B TEYEHME HECKOJIbKUX CEKYHZ,
poxoaunt po 100%, He Haxo4A aHanmn3aTopa.

Bo3MO’KHaA NpUUYMHA: ITO MOXKET CBMAETENbCTBOBATb O BbIK/IOYEHHOM MOWUCKe aHannsatopos no Wi-Fi
B HACTPOMKax NPUAOKEHMA nan 6ase aHaNNM3aToOPOB..

PeweHune: B MeHIO Mporpammbl HY»HO BblibpaTb «lMapameTpbl» —> «HacTpoiiku nporpammbi» —>
«HacTpoiiku casu» 2> «AKTMBHbIe». Mone «Wi-Fi» 40/1KHO 6bITb OTMEYEHO.

MNpobnema: WNHAMKATOP BbINONHEHMA NPU MOWUCKE aHA/M3aTOPOB B TEYEHWE HECKOJIbKUX CEKYHA
poxoaunt oo 100%, He Haxo4A aHa/mM3aTopa.
BO3MOKHbl€ NPUYUHbI:

1) AHanM3aTop BbIK/AOYEH UAN C HEAKTUBHbIM/HEHACTPOEHHbIM coeamnHeHnem Wi-Fi.

2) HecootseTcTBMe BHelHero IP-agpeca aHanusaTopa 1 3anucu B 6ase aHaIM3aToOPOB.

3) AkTtnBHoe Wi-Fi coeanHeHMe aHanmM3aTopa ¢ APYrumM KAMEHTOM UKW BPEMeEHHblIe NPobaemMbl ceTu.

PeweHue:

1) Mpu AOCTYyNHOCTM aHa/nM3aTopa, MOMKHO nposepuTb coctosHusa Wi-Fi Ha akpane 10/10. Ecau
coCTOAHUE «BbIKNOYUEHO», TO HeobXoAMMO B MEHIO MPOrpamMmbl BblIBpaTb NapameTp
«AHanusatop» —> «HacTpoikuM aHanusatopa», nepentm Ha BKAagKy «becnposogHoe
coepguHeHue» 1 nNposeputb, 4YTo onuna «Mepegava no Wi-Fi» akTMBHA naKM BKAOUUTDL €€, ecu
3TO He Tak. [poBepuTb HacTpoiKy Wi-Fi.

2) Y6eautbea, uto B H6ase aHaNM3aTOPOB BBEAEH NpaBuU/bHbIN IP-agpec aHanM3aTopa NopT (ToNbKo
ana pexknma «KnmeHt»).

3) MNoBTOPWUTbL NOMbITKY NOAK/OYEHUA.

Mpob6nema: Kacaetca perkmMma TOUYKM AonycKa. TpaHCAMpyemas aHa/M3aTopomM CeTb BMAHA B CMMCKe
OOCTYMHbIX CETEN, HO NPW NONbITKE NOAKAOYEHMA NoABAAeTcA cooblieHme o6 owmnbke.
B03MOXHble NPUUYUHDI:

1) AHanusaTop yKe NOAKNOYEH K APYromy KaveHTy (Ha skpaHe 10/10, Toraa oTobparkaeTca craTyc
«KnneHT nopgKnwueH») WAM ecTb aKTUBHoe coeauHeHue «SONEL ANALYSIS» ¢  pgpyrum
KOMNbIOTEPOM (Ha 3KpaHe oTobparkaeTca coobuieHre MoakntoueH K MK (WI-Fi)).

2) OwwnbKa cetn nam moayna Wi-Fi aHanmsartopa.

PeweHue:

1) OTKAYUTb COegMHEHWNE APYTOro KAMEHTA C TOYKOM JOCTYNa B aHa/IM3aTope.

Mepesanyctute moaynb Wi-Fi B aHanusatope, yaeprKMBas HaxKaTbiMM He meHee 1,5 ceKyHAbl KHOMKK co
cTpenkamm & van C:, NoKa He MUTHET 3KpaH. MNonpobyliTe NOAKNHOYUTLCA CHOBA.
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BHUMAHME: MNepe3anycK BO3MOKEH TONIbKO TOrAa, Koraa He aktuaHo coeanHeHne «SONEL ANALYSIS»

Mpo6nema: HecmoTps Ha NpaBubHbIY cTaTyc «FOTOB» Ha 3KpaHe aHa/aM3aTopa M NOWUCK aHaM3aTopPOoB.,

OH He nosAswuaca B cnucke. Onuma «Mepepaaya no Wi-Fi» BKAoueHa WM aHanuMsaTop MpPaBUAbHO

CKOHUrypupoBaH B 6ase aHannsatopos (BMecTe ¢ IP-agpecom).

Bo3morKHaA npuumnHa: bnokunposka nopta TCP 4002, KOTOpbIA WMCNOAb3YeTCA ANA CBA3W, CETEBbIM

H6paHAMay3pOM KoMMbioTepa (naaHLieTa) uam nposaiiaepom NHTepHeTa NOKabHOM ceTu.

PeweHune: MNpoBepuTb B KOHPUrypauum KomnbitoTepa, 4yto nopT TCP 4002 He 3abnokuposaH. B

NPOTUBHOM C/ly4ae ob6paTUTECh K aAMUHUCTPATOPY IOKa/IbHOM CeTu.

Mpo6nema: Mpu NPAMOM MOAKNOUEHUN «MAAHLWIET &> aHaNM3aToOP» CKOPOCTb Nepeaayn nagaer HUKe
200 kbut/c.
BO3MO>KHbI€ MPUUYUNHDI:

1)
2)

Cnvuwkom 60/blLOEe PaccTOHUE MeXKAY NAaHLWEeTOM U aHaIM3aTOPOM.
CNMLIKOM BbICOKWI YyPOBEHb MOMEX B KaHase, Mo KOTOpoMy BeAETcA nepeaadya.

PeweHune:

1)
2)

MoaoiTK K aHaIM3aTopy C NAaHLLIETOM Ha PAacCTossHME MeHblle, yem 10 m.

Heobxoanmo nameHUTb HOMep KaHana, Ha KOTopom paboTaeT Touka AocTyna (ecan aHanusaTop
ABNAETCA TOYKOW AO0CTyMa, 3TOr0 MOXHO AOCTUTHYTb NEePeMMEHOBAHWEM TPAHCAUPYEMOWN CETU
(SSID), kak onucaHo B rnase 2.11.3).

Mpobnema: MoTeps cBA3M C aHA/IN3AaTOPOM.

Bo3MOXXHble NPUYUHBI:

1) B okHe becnpoBoAHbIx coeanHeHui (puc.30) BbikAtoYeHa cBA3b no Wi-Fi.

2) OrtkntoyeHa Todka goctyna Wi-Fi (Tonbko ana pexxkuma «KnmeHT»).

3) CnvMwKom 60/blIOE PACCTOSHUE MENKAY aHaAM3aTOPOM M MIAHWETOM B C/AyyYae MNpsamoro
coeAnHeHus.

4) Cnuvwkom 6onbluoe PaccToAHME MeXAy aHanM3aTopom KM Toukoi goctyna Wi-Fi unm mexay
KOMMNbIOTEPOM (NAaHLWeToOM) 1 TouKoM goctyna Wi-Fi.

5) CnuvwKom BbICOKMIA YpOBEHb NMOMEX B KaHasle, Mo KOTOpoMy BeAETcsA nepeaaya.

PeweHue:

1) MoaKnwouuTbCa K aHanM3aTtopy npu nomowm Kabens USB u BkaouuTb cBA3b no Wi-Fi B
aHanmsartope (puc.30)

2) B pexume «KnueHta» BKAOUUTL TOuKy goctyna Wi-Fi m nogoaatb, NoKa aHanuM3atop K Helt
noaxnoumTca. Ha skpaHe 10/10 oTobpaskaeTca coctosHme Wi-Fi «FoToB».

3) B pexume «KnueHTa» noAonTM Cc naaHweTom B6AMMKEe K aHanM3aTopy M MOBTOPUTb MOMbITKY
noAakntoyeHua. Jlyywe Bcero, Koraa aHanM3aTop HaxoAuTCA B NoOJie 3peHus, Torga Ha 3KpaHe
10/10 BuaHo coctoAHne Wi-Fi 1 ypoBeHb curHana. TONbKo cocToAHue «FOoTOB» rapaHTUpyeT
BO3MOXHOCTb NogKkntoveHus. HKenatenbHo 4tobbl OTOHpPaXKaemblil ypoOBEHb CUTHANA COCTaBAAN
KaK MUHUMYM fBe NOJIOCKM.

4) Ecnu 3TO BO3MOXKHO, pasMecTute aHanmsatop/Komnbtotep (nnaHweT) u/vmam Touky goctyna Wi-Fi
B TaKOM MecTe, 4Tobbl ypoBeHb curHana Wi-Fi cocTaBnan Kak MMHUMYM ABe NMOJIOCKM, PAaBHO Kak
ONA aHaNU3aTopa, Tak U ANA KoMnbloTepa.

5) HeobxoauMo M3MeHUTb HOMep KaHasa, Ha KOTopom paboTaeT Toyka A0ocCTyna (ecau aHanmsaTop

ABNAETCA TOYKOM AOCTYNa, 3TOTO MOMHO [AOCTUTHYTb NMEePeMMeHOBAHMEM TPAHC/IMPYEMOW CeTu
(SSID), kak onucaHo B rnase 2.11.3).
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2.13 YBeaomiieHHe O IepeMeleHU aHa/In3aTopa

AHanuszaTtop, B KoTopom pabotaer GSM-momem B 30He geictBua GPS, MOXKeT yBeaoOMAATb
Nnosib30BaTeNss O CBOEM nepemelleHnn. YTobbl BOCMO/b30BATLCA 3TOM BO3MOMKHOCTbIO, HEOBXOAMMO
YCTAHOBUTbL MNapameTp «PyHKLUUA NPOTUB KPaXKU» C NOMOLLLIO MPUIONKEHMA U BBECTM B CMUCOK
3KCTPEHHbIX TesiepOHOB COOTBETCTBYIOLWMIN HOMEP, HA KOTOPbI HEOBXOAMMO OTNPaBUTb coobLieHue
SMS. B 3TOM peXkume aHaM3aTop 3anoMMHAET CBOE NOJI0XKEeHMe, KOoTopoe bbl1o onpeaeneHo Bnepsble
nocne BK/OYEHUS PEFUCTPALLUN M 3aTem OoTnpaBaseT SMS-coobueHne Ha yKasaHHbI HoMmep TenedoHa
(nnn TenedoHoB), ecnm byaeT obHapyKeHO nepemelLeHWe aHanausatopa 6onee yem Ha 100 m. SMS
CcoobLLEHNE COLAEPKMUT TEKYLLME KOOPAMHATbl aHanunsaTopa. Takxke B nporpamme «SONEL ANALYSIS»
MOHO CBA3aTbCA C aHa/M3aTopom No GSM 1 NpoBepuTb B OKHE CTaTyCa ero TeKylLee MecToMnosI0KeHne
(maxke Korga aHanMsaTop OTKAOYEH). EcnvM aHanusaTop A0Nroe Bpems HaxoAMTCS Ha PacCTOAHUM
Aanbwe 100 M OT MCXOAHOMO MONOXEHUA, TO Kaxable 10 mMHYT oTnpaaatoTca SMS ¢ ero Tekyulen
nosuuuei (He bonee, yem 10 SMS).

B HebnaronpuATHbIX ycnoBumAx npuéma curHana GPS (cnabbiii curHan, oTpaxKeHus cuMrHana) BO3MOXKHa
OTMNPaBKa aHA/IM3aTOPOM JIOXKHOIO COObLLEHNA O NepemeLLeHMN. Nonb30BaTeNb TaKKe YBESOMIAETCA O
notepe WUan NoABAEHUU BHOBb CMrHana GPS, no3sonAaowero onpeaenntb NosoXKeHMe aHaausatopa ¢
NMOMOLLbIO AONONHUTENbHbIX SMS coobLLeHuN.

Mocne akTMBaUMKM GYHKUMKM 3alUMTbl OT KpaXKM aHanmMsaTtop BeAéT cebsa no-gpyromy B OTKAKOYEHHOM
perkume: NOCTOAHHO akTMBHbI mogem GSM u GPS-npuMémHMK. ITO NpUBOAUT K TOMY, YTO B C/ay4dae
OTCYTCTBMSA CETEBOr0 MNWUTAHUSA aKKYMYNATOP Pa3psarKaeTcsd O4yeHb ObICTpo, MPUMEpPHO, Kak mnpu
HOpMa/sibHOW paboTe aHanM3aTopa C NUTAHMEM OT akkymynsaTopa. o ucTeyeHUU onpeaenéHHoro
BPEMEHMW, aHA/IM3aTOP MOJIHOCTbIO OTK/OYAETCA, cnefoBaTenibHO, ByAeT yKe HEBO3MOXKHO OTMPaBATbL
SMS coobuieHuA.

BHumaHue

DOna npaBunbHOI paboTbl GyHKLUM 3aLUTbI OT KPaXku Tpebyetca:

- BKntoueHHbIt GSM moaem ¢ npaBuibHO HacTpoeHHou SIM-KapToii;

- YcTaHOBNEHHbIN TenedOoHHbI Homep 418 SKCTPeHHOW oTnpaBku SMS-coobueHus.

AKTMBaUMA OGYHKUMM 3aWUTbl OT KpPaXKM [ONXKHA COMPOBOXKAATLCA MNPOBepKoi 06omux 3TuX
3/1eMeHTOB.

2.14 byiOKMpPOBKa KJIaBHATYPhl

B npunoxeHmun MK ecTb BO3MOMKHOCTb HACTPOMKM MapameTpoB O/JOKMPOBKM KAaBWULW MocC/Ae Hayana
perucTpauuun. 3To Aenaetca ANA 3alWMTbl aHaNM3aTopa OT OCTAaHOBKU peructpaumm noCTOPOHHUM
Yyenosekom. Y1obbl pa3bIOKMPOBATL KNABULIKM, NONb30BATENb AO/KEH BBECTM KOA, COCTOAWMK M3 3

Lmop:

e HarkaTue ntoboit KNaBMLWM BbI3OBET NOABAEHME Haanucn «Beeaute Kog»;

e [lonb3oBaTeNlb MOXET BBECTM MPaBW/bHbIA KoA Pa3b/OKMPOBKM C MOMOLLBHO KNABWULW Ha
KnaBuaType: Knasuwa | nocnefoBatenbHo wmameHsaeT uudpbl 0, 1, 2..9; 0 B nepsol
no3unumMmn, KNasgmLa O s0 BTOPOW, a KnaBuLa ST IS TpeTben;

o TpéxceKkyHaHoe be3aencTBue KnaBnaTypbl 3anycKaeT NPOBEPKY BBEAEHHOIO KOAa;
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e [lpaBunbHO BBeAEHHbIM Maposb o06bo3Hayaetca Hagnucblo «OK» M NpoucxoauT CHATUE
6/10KMPOBKM, a HEBEPHO BBEAEHHbIM KoA NPUBOAUT K NOABAEHMIO Hagnucn « HeBepHbIli Kog» U
BO3BPAT B MpeXKHee COCToAHME (Hanpumep, ralieHne aucnnes, eciv oH 6bin BbIKAOYEH).

Mocne pa3baOKMPOBKM, KNaBMaTypa aBTOMATMYECKN BAOKMPYETCA CHOBA, €C/IN NOIb30BATE/Nb B TEYEHME
30 ceKyHA, He HAXKMET Ha NtobyIo KnasuLy.

BHUMaHMe ‘/L\.

YaeprKaHue B TeuyeHUMe 5 CeKyHA, KNaBuLll €D , €@ suizbisaer aBapuitHYI0 Pa3bNOKMPOBKY
K/IaBMATYypbl U OTMeHsAeT 6/I0KUPOBKY K/aBMATYypbl B aHaU3aTope.

2.15 CoAmMn pexum

Mporpamma MK £aéT BO3MOMXKHOCTb BKAKOYUTL CALLMI perrum. B aTom perkmme yepes 10 cekyHz oT
Hayana perucTpaumMm aHanusatTop racut gucnneit. C 3Toro MomeHTa, Kaxkable 10 ceKkyHZ B J1eBOM
BEPXHEM YrAy AMChnes KPaTKOBPEMEHHO MNOSBAAETCA HOMEpP TOYKM WM3MEPEHWA, CUrHanusupya ob
aKTUBHOW perucTpaumu. Mocie 3aBepLlIeHns perncTpaumm (Hanpumep, ecam nNamsaTb 6blia 3anosiHeHa)
3KpaH byaeT noralleH Ao Tex Nop, NOKa He byAeT HaxkaTa KnasuLwa.

2.16 TemnepaTtypHada 3a1yTa

AHanM3aTop MMeeT NPorpammHyto 3aWwmTy OT neperpesa. Korga BHYTpPEHHAA TemnepaTtypa npesbiwaeT
YCTaHOB/MIEHHbIN nopor (npeaenbHaa paboyas TemnepaTypa 3/1EKTPOHHbIX 610KOB), aHanu3aTop
npepbiBaeT TeKylwyto paboTy (Hanpumep, perucTpaumio) u oTtobpaskaeT cooblieHue: «lpeBbiweHa
MaKc. pabouasa Temnepartypal», nocne Yero aBTOMaTMYECKM BblKAOYaeTca Ha 10 MUHYT ans
oxnaxkaeHus. AHannsaTop Bo306HOBAAET PaboTy, eciM BHYTPEHHAA TemnepaTtypa ynana Kak MUHUMYM
Ha 5 °C, B NPOTUBHOM C/ly4ae OH CHOBA BbIKNOYAETCA M LMK NOBTOPAETCA.

2.17 ABapuiiHas yCTAaHOBKA BpeMeHH

AHanunsaTop COLEPKUT BHYTPEHHIO 6OaTapeilky Tuna «TabneTku», KOTopasa NoALeprKMBAET uYachl
peanbHoro BpemeHu (RTC), He3aBUCMMO OT coctosHuA Li-lon akkymynatopa. B cnyvae paspagku
aKKyMy/iATOpa Moc/e 3anycka aHannsaTopa Bpemsa 6yaet obHyneHo. YTobbl NPOA0 KNUTL AaNbHENLYIO
paboTy npu OTCYTCTBMM [0CTyNa K KomnbtoTepy C npunoxeHnem «SONEL ANALYSIS» wmnau Koraa
HEBO3MOXHO CUHXPOHM3MPOBATL BpemAa C BpemeHem GPS, aHanuszatop nocne BKAOYEHUA
OOHapyKMBaeT HemnpaBWIbHOE BPEMS M MO3BOASET YCTAaHOBWUTb €ro BpPy4yHyto. Ha akpaHe nossutcs
coobuieHne «ObHapy)XeHa HeBepHasa paTtaln», a 3aTem 0TO6PA3UTCA 3KPaH YCTaHOBKM AaTbl U BPEMEHMW.
B cnepgytowmnx nonsax nokasaxbl gata n spemsa B popmate A4.MM.ITTT yy.mm.cc.

YT106bl YCTAHOBUTL BpEMS:

- KHOMKamu Q n c MOXHO U3MEHUTb 3HaYeHNE BbIOE/IEHHOIO NapaMeTpa (y,u,epmmaaHme KHOMKN
dBTOMATUYECKN YBENTMYNBAET 3Ha‘-|eHVIE),

- KHOMKa @ CAYXUT ANA nepexoga mexay caegyrowuwmmum napameTpamu; AKTUBHbIN napameTp
noacsevymBaeTcA,

- ANnA noarBepXaeHnA HaCTPoOeK, HaXXMUTe U y,u,epmMBaﬁTe B TeyeHue 2 CeKyHA KHOMKY @,
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- YyTO6bl MPONYCTUTL HACTPOMKY BPEMEHW, MOMKHO Ha)KaTb @ noaoaaTtb 30 CeKyHA, He HaXKumas
HUKaKOM KHOMKMU.

3 KOHCTPYKLHUA U METO/JbI UBMEPEHHUA

3.1 Bxoabl 10 HANIPSAXKEHUIO

KoHCTpyKLMA 610Ka BXOAHbLIX HAMPAXEHMIM CXeMaTMYHO MoKasaHa Ha pwuc.38. lMpeacTtaBneHbl ABa
n3MepuTenbHbIX 6710Ka: cnpaBa OT pa3bEéMma NOKa3aHa OCHOBHAA CXema, UCMob3yeMas A5 U3MepeHns
60/1bLUIMHCTBA NAapamMeTPoB Hanps»KeHus. YactoTa guckpeTmsaumm B 3Toi uenun coctasnset 10,24 Kru,.
Tpu Bxoga ¢a3 L1, L2, L3 n 3awuTHbIN npoBod PE umetoT obulyto ONOPHYH NMHWUIO, OTHOCUTENIbHO
KOTOPOI NpoucxoaaT nsmepeHus — ato npoeog, N (HelTpanb).

m m CneBa MNOKa3aHO, KaK MOAKAOYUTb MOAY/b MNEPexoaHblX MPOLECCOB K BXOAHbIM
pasbémam (Tonbko PQM-703 u PQM-711). MOXHO yBMAETb, UTO BCe YeTbipe KaHana W3MepAloT
OTHOCUTENbHO BXoAa PE. 3TK LenM MMeloT LIMPOKYIO NOA0CY NPONyCKaHUA (4acToTa AMCKpeTusaumMm Ao
10 Mrlu) 1 6onbwNit AMaNa3oH N3MEPSAEMbIX HaNPSKEHUN.

Puc.38 Puc.takxe UNNIOCTPUPYET, YTO ULEeNnb NMUTAaHMUA aHA/IN3aTOPa ABANAETCA He3aBMCMMOM OT uenun
namepenHma. UCTOYHUK NUTaHmMa nmeet HOMMHaJ/IbHbIN Anana3oH BXOAHOrNro nepemeHHOro HanpaxeHuma

100...690 B wn ocHawéH oTaenbHbIMU
.. Mogyne onpegensHKa "
pasbEmMamu. By PEn .7 CeTesaM

TRAHIWMEHTOE . HMCTOYHME
: MATEHN A

B ocHoBHOM uenn aHaanm3atop MMeeT ABa

noaamanasoHa Hanpax<eHus:

e HW3KOBONbLTHbLIN ANanasoH, C : ——@—
MUKOBLIM HanpsaskeHuem * 450 B f f

(be3 Harpysku), BKIOYaeTCA nNpu

HOMMWHANbHbIX HanpAXeHUAX CeTu
B [AuanasoHe 64..127 B wun B

KOHbUrypaumax o

VYVY

@ 6

N3MepUTENbHBIMM

TpaHchopMaTopaMmn HaNpPAXKEHUA.

Takke 3TOT AManasoH Bcerga Puc.38. Bxoabl HanpsaXKeHUs (¢ moaynem

BbIBUpaeTca ans KaHana Un.pe; nepexoaHbIX NPOLLECCOB) M UCTOUYHUK NUTAHUS.
e  BbICOKOBO/IbTHbIN AMANa30H, C MMKOBbIM HanpsaxeHuem + 1500 B (6e3 Harpysku), BKAoYaeTcs

NPV HOMUHaNbHbIX HaNPAXeHUAX ceTh oT 220 B u Bbilwe (6e3 TpaHCPOPMATOPOB HAMNPAKEHMSA).

Mcnonb3oBaHMe [AOBYX AMana3oHOB HanpsiXKeHus no3BoAAeT o0b6ecneuynTb 3afBAEHHYHD TOYHOCTb
M3mepeHua B COOTBETCTBMM C Knaccom A cTaHpapta FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) gns
BCEX HOMUHaNbHbIX HAMPAXKEHWUN CETU.

3.2 Bxojpbl 10 TOKY

AHannM3aTop MMeeT YeTblipe HE3aBMCUMbIX TOKOBbIX BXOAA C MAEHTUYHbIMM NapameTpamu. K Kaxkgomy 13
HUX MOMHO MOAKNOUYUTD XKECTKME TOKOBbIE K/AeLWM C BbIXOAOM MO HanpAXeHuto B cTaHaapte 1 B, uaum
rmbkue TokoBsble Knewm F-1, F-2A n F-3A.
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TUNUYHOM CUTyaumen ABNAETCA MCNOb30BAHWE TMBOKMX KAelleit BMecTe C BCTPOEHHbIM 31EKTPOHHbLIM
nHTerpatopom. OZHAKO, OTAMYME OMWUCLIBAEMOrO aHa/iM3aTopa B TOM, YTO OH MNO3BO/AET NPAMOE
NOAKNIOYEHNE K BXOAY TOKOBOIFO KaHafa KaTylWKu PoroBckoro (rMbKMx Knewten), a MHTerpauma curHana
BbINO/HAETCA LMPPOBLIM METOAOM.

3.3 LudppoBoM UHTErpaTOP

B aHanmMsaTope MUCnonb3yetca peweHne ¢ UMPPOBbIM  UHTEFPUPOBAHNEM CUTHAMA, WAYLLEro
HEenocpeACcTBEHHO C KaTywku PorosBckoro. TakoW noaxod No3BosIMA M3bexaTb Npobiem aHanorosbix
WMHTErpaTopoB, CBA3aHHbIX C HEOBXoAMMOCTbIO obecneyeHMn 3asiBAEHHOM TOYHOCTU B AOATOCPOYHOM
nepcneKkTUBe U B TAXKEbIX YC/IOBMAX U3MEPEHUA. AHAIOTOBbIe MHTErPaTopPbl AO/IXKHbI BKAOYATb B cebs
TaKXKe CxeMbl, NpegoxpaHsiowme OT MeperpyskM Mo BbIXxoAy B CAyyae MPUCYTCTBMA HaA BXxoae
NOCTOSIHHOIO HANPAMKEHUA.

NaeanbHbI MHTerpaTop nmeet BeCKOHEYHOE yCUaeHWe AAA NOCTOAHHbIX CUIHANO0B, KOTopoe ybbiBaeT
co ckopocTbio 20 ab/aekaay vactotbl. Casur ¢pasbl ABAAETCA NOCTOAHHLIM BO BCEM AMana3oHe 4acToT U
cocTtasnset -90°.

TeopeTnyeckn OeCKOHEYHOe YyCUMNeHWe ANA MOCTOAHHOIO CWUrHana, €CNM OH MOABUTCA Ha Bxoae
WHTErpaTopa, BbI3blBaeT HACbILEHWE €ro BbIXO4A A0 3HAYEHUA GM3KOro K HAMPSKEHUI MUTAHWUA U
6n0KMpYyeT panbHenwyto ero paboty. B nNpaKTUUeCKMX cxemax MNPUMEHSAIOTCA  pelueHus,
OrpaHMYMBAlOWLME YCUAEHUE ANA MOCTOAHHOIO TOKA A0 HEKOTOPOro 3afaHHOM0 3HaYyeHWs, a TaKXke
nepuogmyeckn obHynAlT Bbixod. CyLLecTBYHOT TaKKe MeToAbl aKTMBHOW KOMMEHCAUMM MOCTOAHHOrO
HanpPsAXXeHUA, 3aKNOYAIOLWLMECA B €r0 U3MEPEHUN M Nofade 0H6paTHO Ha BXOZ, HO C MPOTUBOMNOIOMKHbIM
3HaKoOM, 3PPeKTUBHO yaansaa ero. B aHrauiickon TepmMMHOMIOIMK NPUHATO onpegeneHue «leaky
integrator», o3Havatlowee, YTO UHTErpaTop € yTedykoi. AHanorosbin «leaky integrator» — 3To mpocto
WHTErpaTop C KOHAEHCATOPOM, COEAUHEHHBLIM OAHWM KOHLOM C Pe3nCTOpoM 6O0/bLUIOK BENYUHDI.
Takas cxema B 3TOM C/ly4ae COBMAZAAEeT C HW3KOYACTOTHbIM GUABTPOM C OYEHb HM3KOM 4YacToTOM
NPOMNYCKaHUA.

Undposana peannsauma uHTerpatopa obecneymBaeT OT/IMYHblIE AOJATOBPEMEHHbIE MapameTpbl — BCA
npoueaypa BbINONHAETCA NYTEM BbIYMCIEHUS, HE MOXKET ObITb M PEYM O CTAPEHUMU SEMEHTOB, Apendax
n 1.n. O4HAKO, TaK e, Kak WM B aHa/OroBOM BepCUMU, 34€eCb TOXKE MOMKET BO3HMKHYTb Npobsiema
HacbllWeHna U 6e3  [OMKHOMO MNPOTUBOAENCTBMA UMPPOBOE WHTErpMpoBaHWE MOMKET CTaTb
6ecrnonesHbim. CneayeT wMmeTb B BUAY, YTO BXOAHble YCUAUTENN, KaK W aHanoro-uudposBoi
npeobpasoBaTtesib, UMEKOT HEKOTOPOE KOHEYHOE M HexeNlaTe/lbHOoe CMeLLeHUe, KOTopoe AO/KHO ObiTb
yOaneHo Ao npouecca MHTerpauuu. MporpammHoe obecneyeHne aHanmnsaTopa COLAEPHUT undposoin
dUNbTP, 334a4elt KOTOPOro ABAAETCA MOJMHOE YAa/feHWe MNOCTOAHHOW COCTaBAAOLWEN HanpaXKeHus.
OTdUNbTPOBaHHbLIA CUrHaN noagepraeTca LMOPOBON MHTerpaumn. Utorosaa ¢pa3oBas xapaKTepuUCTUKA
MMeeT OT/INYHbIE CBOMCTBA M MUHUMAabHbIM caBur ¢asbl g4na Hanbonee Kputnuyeckmx yactot 50 n 60 Iy,
ObecneyeHne Kak MOXKHO MeHbLero casura $Gas MexKay CUrHasamm TOKA W HaMpAMKeHUs ABAsSeTCs
ypesBblMAaMHO BaXHbIM A1A AOCTMXKEHUA HU3KOM MOrpelHoCTM M3MepeHUs MOLHOCTU. MOXKHO

NOKa3aTb, YTO OWMNBKa M3MEPEHMA MOLLHOCTU NPUBAN3NUTENIbHO BbIPaXKaeTCA 3aBUCMMOCTbIO':
oWUBKa usmepeHua MmouHocmu = owubKa ¢asel (8 paduaHax) x tg(ep) x 100 %,

rae tg((p) — 3TO TAHTeHC yrna mexagy TOKoOm n HanpaxeHnem, OCHOBHbIMU UX COCTAaBIAOLWLMMMN.
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M3 npuBenEHHON Bblile GOPMY/ibl MOXKHO CAeNaTb BbIBOA, YTO OWMOKM M3MEPEHUs pacTyT BMecTe C
ybbiBaHMem KoadduumeHTa $as3oBoro casura; Hanpumep, npu owmnbre ¢asbl Tonbko 0,1° n ¢ = 0,5
owunbKa coctasnser 0,3 %. Tak WAW WHadve, 4YTOOblI M3MEPEHUS MOLLHOCTM OblIM  TOUHBIMW,
COrnacoBaHHOCTb $a3 Ha NYTU HANPAMKEHMA M TOKA A0/IXKHA OblTb KaK MOXHO AyuLUeE.

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

3.4 /[IMcKperu3aums CUrHaJa

CurHan AUCKpeTUsnpyeTcs o4HOBPEMEHHO BO BCEX BOCbMM KaHa/iaxX C YacTOTOM, CUHXPOHU3MPOBAHHOM C
YacTOTOM NUTAlOWEro HanpAXKeHUs ONOPHOro KaHana. 3Ta yactoTa cocTtasndeT 10,24 KMy gns yactot 50 U
60 Iy,

Kaxabi nepuog cogepxut 204,8 BbibopoK ana yactotbl 50 My n 170,67 gns 60 My, Ucnonb3yetca 16-
paspsaAHbit  aHanoro-umdpoBoit  npeobpasoBaTenb,  KOTOpbIA  obecneymBaeT  64-KpaTHylo
OVCKpeTn3aLuto.

3-pb aHanorosas cxema MOAaBNEHWMA HAcTpoeHa Ha 4YacToTy okoso 20 Klu, B TO BpemMa Kak owubKa
aMNANUTYAbl AN MAKCMMANbHOM NOAE3HOM YacToTbl paBHOW 3 Kl (T.e. YacToTbl 50-i rapmoHUKK ans
cetn 60 Tu) coctasnser okono 0,1 ab. Casur ¢asbl ANA TOW Ke 4acToTbl MeHblue 15°. 3aTyxaHue B
noJsioce HenponycKkaHus coctasnset bonee 75 apb.

Cnegyer o06paTuUTb BHWMMaHME, 4YTO ANA MNPaBUALHOIO WM3MepeHua Ga3oBoOro CABUra Mexay
rapMOHMKAMM HaMNPSAXKEHUS OTHOCUTE/IbHO TAaPMOHMK TOKa M MOLWLHOCTM, HE BaXeH abCo/oTHbIN
$a308BbIli CABUTM 3TUX FAPMOHUK MO OTHOLLEHWIO K OCHOBHOM 4acToTe, a TO/IbKO coBnageHne ¢asoBbIX
XapaKTEPUCTMK Lenen HanpsKeHua U Toka. Hambonblwana owmnbka pasHuUubl ¢a3 coctasnser ana f = 3
KU, MakcumanbHO 15°. 9Ta ownbKa yMmeHbLIaeTcs O4HOBPEMEHHO C YMEHbLUEHMEM UHTEPECYIOLLLEN HaC
YacCTOTbl.

Mpy oueHKe OWMBKM M3MepeHMs MOLLHOCTM FapPMOHUK CleAyeT TaKXe y4yecTb [AOMOSHUTE/IbHYIO
NOrpewHoCTb, BBOAVUMYIO NMPU MCNOb30BaHUM TOKOBbLIX Kaelei 1 TpaHchopMaToposB.

3.5 Cunxponusauusa ®AIY

CMHXPOHM3aLMA YacTOTbl ANCKPETM3aLMM Peann3oBaHa annapaTHbiM cnocobom. CUrHaA HanpsKeHus,
nponaa Yyepes BXoAHble LLeNM, HaNpPaBAsEeTCcA B NOJIOCOBON NponycKatowmii GunbTp, 3a8a4en KoToporo
ABNAETCA CHU)KEHME YPOBHA FAPMOHWMK M MPOMYCK TO/IbKO OCHOBHOM FAPMOHWKM HanpAXeHUA. 3aTtem
3TOT CUrHan HanpasaseTca aas 06paboTku B $Ha3oBytO NETA, KaK ONOpPHbIM curHan. Cxema ¢asosou
aBTONOACTPOIKY YacToTbl nan ®AMY (aHrn. Phase Locked Loop unm PLL) reHepupyeT YacToTy, KoTopas
MHOTOKPaTHO Bbille OMOPHOM 4YacTOTbl M CAYXWUT TaKTOBOM 4acCTOTOM aHanoro-umdppoBoro
npeobpasoBaTens.

HeobxoanmocTb NnpuMeHeHna cnuctembl $Ga3oBOM NETAM HANPAMYLHO BbiTeKaeT U3 TpeboBaHuMiA cTaHaapTa
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009), onucbiBaloEero MeToAMKy M AOMyCTUMbIe OWNGKM npu
M3MepPEeHUAX TapMOHMK. ITOT CTaHAApT TpebyeT, uTobbl OKHO (B 3HauyeHWM - BecoBasd OYHKLMSA)
NU3MepeHusa, KOTOpoe ABNAETCA OCHOBOW A1 OAHOKPATHOrO M3MEPEHUA U OLLEHKU COoAep)KaHusA
rapMoHMK, OblJI0 paBHO Mo NpoAo/XKuTeNbHOCTH 10 NneprMoaam aNeKTpMYecKon ceTn ¢ yactoton 50 Iy, a
Takxe 12 nepuogam ans cetm 60 My, B oboux cnyyasax, sTo COOTBETCTBYeT BpemeHn okoso 200 mc.
MOCKONbKY 4acToTa MWTAlOWeEN CeTM MOMKET noABepraTtbCA NEePUOAUYECKUM  WU3MEHEHUAM WU
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bAYKTyaUmAM, AUTENbHOCTb OKHA He MOXKeT ObITb paBHa TovyHo 200 mMc, M, Hanpumep, 41A 4acToTbl
cetn 51 'y, OHa y»Ke cocTaBnAeT 0koso 196 mc.

CTaHOapT TaKXe pekomeHAayeT, 4yTobbl AaHHble nepes BbiNnoAHeHMeM npeobpasosaHuna dypbe (ans
N3B/IEYEHMA CMEKTPAJIbHbIX KOMMOHEHTOB) HE NMPOXOAWAWN onepauuio BecoBol ¢yHKumu. OTcyTcTBME
CUHXPOHM3aLMKM YaCTOTbl U AONYCTUMOCTb CUTyaUuMmM, NpU KOTopo BbicTpomy npeobpasoBaHuio Pypbe
(FFT) noaseprnvcb 6bl BbIBOPKW HELLENIOrO YMc/ia NEePUoAO0B, MOXKET NMPUBECTU K SABAEHUIO YTEYKU
CnekTpa. 3To fABNAEHWEe NMPMBOAUT K TOMY, YTO MOJIOCKA CMEKTPA FAaPMOHWK Pa3masblBaeTcs TaKKe Ha
HECKO/IbKO COCEeZIHUX MOJIOCOK MHTEPrapMOHMK, UYTO MOMKET NPUBECTU K noTepe MHPopmauum o
peasibHOM YPOBHE M MOLWHOCTM WUCCAeayemol TMOJIOCKM cneKkTpa. [onyckaetcs BO3MOXHOCTb
NCNoNb30BaHMA PYHKLMM OKHA Becom XaHHa, KOTopas yMeHbluaeT HebiaronpuaTHble NocCaeacTBus
YTEUKWN CMEKTPa, HO 3TO OrPaHUYMBAETCA TONIbKO TOW cuTyaumei, B Kotopoi netna ®AMY (PLL) noTepana
CUHXPOHM3ALMIO.

CraHpapT FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) TakKe yTOUYHSAET HeobxoauMyto TOYHOCTL 6/10Ka
CUHXPOHM3aUMKU. ITO BbIpPaXKaeTca cneaylolwmm obpasom: BpemMs MexKAy HapacTalowmm ¢GpoHTOM
nepBoro AuMckpetusmpyowero mmnynsca U (M+1) — ro mmnynbca (rae M-4Mcno OTCYETOB B OKHe
M3MepeHusa) [O/MKHO OblTb  pPaBHbIM  MPOAOJ/IKUTE/IbHOCTM  YKA3aHHOroO 4Yucia MepuogoB B
nsmeputenbHoM okHe (10 uam 12) ¢ makcMmanbHO JonycTMMon owmnbkol + 0,03 %. YTobbl 06BACHUTD
3T0 60/1€e MPOCTbIM CNOCOb6OM, paccMoTpuUm craedylowmin npumep. MpuHMmaa yactoty cetm 50 Tu,
O/IMTENIbHOCTb OKHA M3MepeHusa cocTaBuT poBHO 200 mc. Ecam nepBbiit AUCKPETUIMPYIOWMA MMMYIbC
NPUAET TOYHO B MOMeEHT t = 0, TO NepBbI ANCKPETUINPYIOLLMIA UMMNYIbC CAEAYIOLLETO OKHA M3MepPEeHUSA
OO/KEH NpUATN B MOMEHT BpemeHu t = 200 + 0,06 mc. 3Tn = 60 MKc - ONYCTUMOE OTKNOHEeHUe $poHTa
UMMNYNbCa AUcKpeTM3aumu. CTaHOApT TaKKe onpenensieT PeKoMeHAYyeMblit MUHMMANbHbIN Mana3oH
4acToT, NPW KOTOPOM YKa3aHHaA Bbllle TOYHOCTb CUCTEMbI CMHXPOHM3ALMW OOJIXKHA COXPaAHATbCA W
yCTaHaBAMBaeT ee B npegenax + 5 % OoT HOMMHa/NIbHOM YacToTbl, TO ecTb 47,5...52,5 'y, n 57...63 Ty,
cooTBeTCcTBEHHO ansa cetn 50 1 60 lu,.

OTaenbHbIM BONPOCOM ABAAETCA AMana3oH 3HAYeHWN BXOAHOIFO HanpsAXeHWA, NpM KOTOPOM cUCTEMA
®ANY (PLL) 6yameTt npasunbHo paboTaTtb. CraHgapt FTOCT 30804.4.7-2013 (IEC 61000-4-7:2009) He
YCTaHaBAMBAET 34eChb KAaKUX-TMOO KOHKPETHbIX YKa3aHui u TpebosaHmin. B To e Bpemsa, ctaHgapt FOCT
30804.4.30-2013 (IEC 61000-4-30:2008) onpeaensaeT AManasoH 3HAYEHWUA HAMPAXKEHWUS NUTaHWUA, B
KOTOPOM METPOSOTrMYECKME XapPaKTEPUCTUKM HE MOTYT yXYALWMNTHCA U ANA Knacca A ycTaHaBAMBaET eé Ha
10%...150%Udin. AHanu3atop COOTBETCTBYET BbllWEYKa3aHHbIM TpeboBaHMAM, CBA3AHHbIX C
dyHKUMOHUpPOoBaHMem cxembl DAMY (PLL), Takke AnA camoro HM3KOro noAAeprKMBaemoro
HOMWHaNbHOro HanpaxeHna Unom = 64 B, To ectb npumepHo 40 6 B.

3.6 H3mMepeHHe 4aCTOThI

CurHan ana nsmepeHua 10-ceKyHOHOro 3HayeHWa 4acToTbl ceTu 6epéTcs M3 ONopPHOro KaHvana (3T1o
MOMeT 6bITb L1, L2 uam L3). ITO TOT »Ke camMblit CUTHAA, KOTOPbIN MCNOb3YeTCa A8 CUHXPOHU3aUMK
netan ®AMY (PLL). CurHan onopHOro KaHana noAaétcs Ha MNojocoBoi 2-pagHbii GUAbTP, nosoca
NPOMNYCKaHWA KOTOPOro HacTpoeHa B AnanasoHe 40...70 T'y. 3ToT dMnbTP NpegHasHayeH g CHUKeHUA
YPOBHSI TapMOHMK. 3aTem, OTPWUIbTPOBAHHbIN TaKMM 06pPa3oM CUrHan GopmupyeT MPAMOYrO/bHbIN
curHan. Bo spema 10-CeKyHAHOrO LUWKAA U3MEpPEeHUA MNOACYMTLIBAETCA YMCI0 NEepuoaoB CUTHaNa, a
TaKXe UX NPoAOKUTENbHOCTb. 10-CeKyHAHble WHTepBanbl BpPemMeHW onpeaenaArTcaA MO Yacam
peanbHOro BpemMeHM (Kak obuwee Bpema KpaTHoe 10 cekyHAam). YacTtoTa paccyMTbiBaeTcA Kak
OTHOLUEHWE KONMYEeCTBa OTCYUTAHHbIX NepUof0oB K UX MPOAOIKUTENIbHOCTH.
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3.7 MeTtoa u3MepeHUs rapMOHUYECKHX COCTABJISIOIMX

M3mepeHne rapMoHUK OCYLLLECTBAAETCA B COOTBETCTBMKU C TpeboBaHmMamM ctaHgapTta FOCT 30804.4.7-
2013 (IEC 61000-4-7:2009).

OH faéT cnocob pacuyéta oTAe/IbHbIX FAPMOHMUK.
Becb npouecc coCTOMT U3 HECKO/IbKUX 3Tanos:

e CuHXpOHHaA anckpeTtmnsauma (10/12 neproaos);
e AHanus no 6bicTpomy npeobpasosaHuio Pypbe (FFT);
e [pynnuposka.

AHanusy no 6bictpomy npeobpasosaHunio dypbe (FFT) noasepraerca okHo uamepeHua 10/12 nepuoaa
(okono 200 mc). B pesynbTaTe nonydaetca Habop cnekTpasibHbIX AMHMIA OT YacToTbl O U, (MOCTOSAHHbIN
TOK) Ao 50-oi rapmoHuKu (okono 2,5 Ky ana 50 My wam 3 Ky gna 60 lu). PacctosHne mexay
COCEAHMMM NNHUSAMU HEMNOCPEACTBEHHO CAeAyeT U3 NPUHATON ANIUTENbHOCTU U3MEPUTENIbHOTO OKHa U
coctasasfeT npubamsmtenoHo 5 Iy,

MocKo/ibKy aHanusaTop cobupaeTt 2048 OTCYETOB Ha OKHO M3mepeHua (ana yactoT 50 u 60 ), Tem
caMbIM BbINOHAETCA TpeboBaHWe bbicTporo npeobpasosaHma Pypbe, UTOObI KOAMYECTBO OTCYETOB,
npouweawnx npeobpasoBaHne, ObII0 paBHO cTeNeHu Yncna 2.

OyeHb Ba)KHO noAJepaHWe MNOCTOSAHHON CUMHXPOHM3ALMKU YacToTbl AWCKPETM3aLUUM C 4YacToToW
3N1eKTpUYecKoi cetu. bbicTpoe npeobpasoBaHue Pypbe (FFT) MoxKeT 6biTb BbINOAHEHO TOMbKO Haf,
OaHHbIMMK, codepXawmumm obliee KpaTHoe nepuoda ceTu. BbiNosiHeHWe 3TOro ycioBuA HeobxoamMmo
ANA TOro, ytobbl CBECTU K MUHMMYMY TaK Ha3blBAaeMYIO YTEUKY CMEeKTpPa, YTO NMPUBOAUT K UCKAXKEHUIO
MHOOPMaLMN O GaKTUYECKUX YPOBHAX CMEKTPaibHbIX AMHWUIA. AHanM3aTop COOTBETCTBYET 3TUM
TpeboBaHMAM, MOCKONbKY YacToTa AMCKPeTM3aLumMm cTabnamsmpoBaHa cxemoi $pa3oBoit aBTONOACTPONKM
yacToTbl (PLL).

MOCKO/IbKY YacTOTa CETU MOMKET bbITb MoABeEpPKeHa KonebaHuam Bo BpemeHu (bayKTyaumsam), ctaHaapT
npeaycmaTpuBaeT rpynnMpoBaHMe BMECTE C IMHUAMM OCHOBHbIX FAPMOHUK TaK¥Ke NIMHUMI, NeKalmx B
HenocpeacTBEHHOM 64AM30CTM OT HuX. OTcloda ciedyeT, YTO SHEPruA FapMOHUK MOXKET YacTUYHO
nepexoamTb Ha cocegHue MHTEPrapMOHUKM.

MpeaycMmoTpeHo ABa cnocoba rpynnupoBKu:

e [apmoHMyecKkaa rpynna (crpynnmMpoBaHbl OCHOBHAA MOJIOCKA W MO MNATb WU LIECTb COCeAHMUX
KOMMOHEHTOB UHTEPTaPMOHMUK);

e [apmoHMYecKasa noarpynna (CrpynnupoBaHbl OCHOBHAA MOJOCKA U 04HA U3 COCEAHUX NHUIA).

" 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 noarpynn rapmoHuk (cetb 50 ).
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Mpumep: YToO6bLI BLIYMCANTL COCTaBAAOLWYO 3-W rapMoHMKM B cetu 50 T cnegyeT NpPUHATL BO
BHMMaHME OCHOBHYIO noaocky 150 Ty u cocegHue 145 wn 155 lu. PesynbTupyowas amnantyga
paccunTblaetca metogom RMS.

3.8 MeToa u3MepeHUsA UHTEPrapMOHUK

M3mepeHne WMHTEPrapMOHMK OCYLLECTBAAETCA B COOTBETCTBUM C TpeboBaHuamMKM cTaHaaptoB [OCT
30804.4.7-2013 (IEC 61000-4-7:2009) n FOCT 30804.4.30-2013 (IEC 61000-4-30:2008). OHM aatoT cnocob
pacyéTa oTAeIbHbIX KOMNOHEHTOB MHTEPrapMOHUK B aHA/IM3aTOPaAX KauyeCcTBa INEKTPOIHEPTUMN.

Becb NpoLecc TakK ke, KaKk 418 rapMOHUK, COCTOUT N3 HECKOJIbKUX 3Tanos:

e CuHXpOHHaAa anckpeTtmnsauma (10/12 neproaos);
e AHanus FFT (6bicTpoe npeobpasosaHue Pypbe);
e [pynnuposka.

AHanusy no 6bicTpomy npeobpasosaHuio Pypoe (FFT) noasepraetca okHo nameperua 10/12 nepuoos
(okono 200 mc). B pesynbraTte nosydaeTcA Habop cnekTpasbHbIX AWHWIK, HauyMHaa ¢ 4dactoTbl O I,
(nocTosHHBIN TOK). PaccToAHWe meskay ABYMA NIMHUAMM caedyeT U3 MPUHATON NPOAOIKUTENbHOCTH
OKHa U3MEpPEHUs U COCTaBAsET NPUbAM3NTENbHO 5 L.

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. OnpegeneHune NnoAarpynn MHTEPrapMoHuK (ceTb 50 u).

Kaxkgan noarpynna UHTeprapMoHuK Aeasetca cymmoin RMS 7-mu (ansa cetm 50 Tu) nam 9-tm (gna cetu
60 Iu) cnekTpanbHbIX JAWHWI, NOAYYeHHbIX npeobpasoBaHMem Oypbe. WckalodeHnem sBaseTcs
noarpynna Hynesoro psafa, TO eCcTb nogpynna cybrapmoHMWK, KOTOopaa BKAlOYaeT B cebAa eue oaHy
AvHuio — 5 Ty, 310 nokasbiBaeT puc.40, Ha npumepe cetn 50 Mu. Moarpynna MHTeprapmoHuK paaa o,
UM cybrapmMoHMKK, COCTOMT M3 BOCbMM MOJIOCOK C YactoTamu oT 5 go 40 lu. Kaxaas cnegyrowan
noArpynna WHTEPrapMOHUK COCTOUT W3 CEMM [MOJIOCOK, PACMOJIONKEHHbIX MeX4y nogpynnamm
rapMOHUK, HanNnpumep, NoArpynna NepsBoro paga cCoAepXKUT CreKTpaabHble IMHUK € YacToTamu oT 60 Iy,
80 90 l'u. B cnyyae cybrapMmoHMYeCcKoM NoAapynnbl, AManasoH NoJ0C pacwmpeH Ha AMHuto 5 ', notTomy
YTO B MPOTUBHOM C/ly4ae SHeprua B STOM CAaMOM HM3KOM AMaMNa3oHe YacToT He yunTbiBanacb b6bl 1 bbina
notepsHa. Bce nocneayrowme AMHUKM yunTbiBatoTcAa AMBO B noarpynrne rapmMoHUMK WAuM B NoAarpynne
WHTEePrapmMoHMUK.

Kak 1 B c/iy4ae rapmMOHUK, MHTEPrapMOHUKN pPaccUYMTbIBAKOTCS, NO KpaiHel mepe, n3 50-ro paga; ans
yacToTbl cetn 50 'y, 3To JAéT AManasoH 4yTb bosblue, Yem 2,5 Kly, a ana 60 'y HemHoro 6onblue, Yem 3
Kly,.
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3.9 H3MepeHHe CUTHAJIOB ylIpaBJe€HUS

AHanu3aTop NO3BOAAET OTC/AEXKUBATb ABe 3aJaHHble NMOAb30BATE/NEM YacCTOTbl B Anana3oHe a0 3 KIwu.
Mocne npesbIWEHNA TPAHUYHOIO YPOBHA, ONpeaenéHHOro noJib3oBaTenem, aHaAM3aTop 3anucbiBaeT
YPOBEHb YMpPaBAAOLWEro CUrHana B TeyeHWe yKasaHHoro BpemeHn (go 120 cekyHa). CTaHgapTHO
aHanM3aTop M3MepAeT cpefHMe 3HAYeHWA CUTHAAoB, ANA BblIbpaHHOrO B KOHMrypaumm oTpesKa
BpemeHUn (OCHOBHOM MHTepBan ycpeaHeHus). Ecam BbibpaHa pernctpaumsa no FOCT 30804.4.30 — 2013
(IEC 61000-4-30:2008), To AONONHUTENBHO 3aNUCbIBAOTCA BCE 3-X CEKYHAHbIE CpeAHMe 3HAYeHusa ann
obeunx 4acTtoT, KOTOpble MPW COCTABAEHMM OTYETA CPABHWUBAKTCA C JMMUTAMW, COAEPMKALLMMUCA B
CTaHAapre.

3.10 M3MepeHUe nepexoJHbIX IPOLECCOB

mm JononHutenbHasa GyHKUMA U3MEPEHUA NEPEXOAHbIX MPOLLECCOB AOCTYMHA TO/bKO AN
mopaenen PQM-703 n PQM-711.

M3-3a KPaTKOBPEMEHHOTO XapaKTepa TaKMX MOMEX M WX LUMPOKOFO YaCTOTHOIO CMeKTpa, obblyHO
MCNoNb3yeMble B aHANM3aToOPax KauyecTBa 3/1IeKTPONUTaHUA aHanoro-undposble NpeobpasoBatenm ¢ Ux
[OBOJIbHO HM3KOM YacTOTOM AUCKPETM3auUMM, ABAAIOTCA HeAOCTaTOMHbIMKM ANA PErncTpaulmmn 3TUX
CMUFHaNOB C AOCTAaTOYHOW TOYHOCTbIO. [0 3TOM Ke npuyMHe B aHanmsatopax PQM-703 un PQM-711
NCMNONb3YyeTCs OTAE/bHbIN 4-X KaHa/bHbIV NpeobpasoBaTesib C MaKCMMasibHOM YacTOTON ANCKPETU3aLMM
10 MTu. 3TO cooTBETCTBYET BPpEMEHU MeXAY OTAeNbHbIMU anckpeTamu 100 HC. B aTOM perkume MOXKHO
3aperncTpupoBaTb camble ObICTPble NepexosHble MPOLEcchl, a BpemMsa 3anmcu coctasnaseT go 2 mc (20
TbIC. OTCYETOB).

MNepeyeHb peXxxMmoB namepeHna nepexogHbix npoueccos 8 PQM-703 nu PQM-711.

JnanasoH BpemeHn peructpaumm
YacToTa AMcKpeTM3aummn | Bpema HapactaHua npu metoge dV/dt .
(2000...20000 oTcuéToB)

10 Mrly, 100 B/ 5 mKc 0,2...2 Mmc

5 My 100 B/ 10 mkc 0,4..4 mc

1 Mrly, 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

[Nna HAcTpPOMKM nNapameTpoB TPaH3MEHTOB B aHa/AM3aTope AOCTYMHbl HECKO/bKO onuuii no Bblbopy
nonb3oBaTens:

e (OcHoBHasa YacTtoTa gmckpeTtnsauymmn ALLM B ananasoHe ot 100 Kl'y, go 10 Mrly;

o MeTog OGHApyEHWA: HA OCHOBAHUM 33a4aHHON MWHMMANBHOW amMnauTyAbl TPaH3MeHTa (B
AnanasoHe ot 50 go 5000 B) navM No MMHMMaNbHOW CKOPOCTU HapacTaHWA CUrHanaa BO BPEMEHU
(meTog dV/dt);

e BKAIOYEHUU UIN BbIKOYEHME 3aNnCK OCLMAOrPaMM NepexoaHbiX NPOLLEeCcCOoB;

e Bpemsa 3anucu ocumnorpammbl B uHTepsane ot 2000 po 20000 oTcueTosB;

e Bpema onepexeHWA Hayana 3anucu ocumaorpamm B amanasoHe oT 10 % o 90 % BpemeHun
perucrpauum.

AHanuszatop peructpupyer ¢opmy CUrHana npouecca TO/IbKO B TeX KaHanax, rge MpousoLusio
BbINO/IHEHNE KPUTEPUEB, YCTAHOB/IEHHbIX MOMb3oBaTenemM. [locne MX OBHapy)KeHWs, aHanM3aTop B
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TeYeHMe 3-X CeKyH[, He yuyuTbiBaeT c/eaytlolme BCMAecKM (Tak HasbiBaeMoe, «MEPTBOE» Bpems).
Ocobbim cnyvyaem sBAsSIETCA CUTyauma, Korga nocie obHapy»eHua npouecca B 04HOM KaHase, B nepunoa,
MeXay ero obHapyXeHMemM W OKOHYaHMEeM 3arnucu CuUrHana B COOTBETCTBMM C  33aZaHHbIM
Nnosib30BaTeNEM BPEMEHEM PErucTpaLmum OCUMAOrPaMMbl, MOABAAIOTCA MNOCAeAylolWne BCNAECKN B
OCTa/IbHbIX KaHasax. B 3TON MCKAOUMTENBbHON CUTYaLLMM aHANN3aTOP 3anNULLET OCLMANOrPAaMMbl BO BCEX
KaHanax, B KOTopbix 06Hapy*KeHbl npouecchl. MocKobKy nepexoaHble NpoLeccbl 06HapyKeHbl HEMHOTo
Nno3)e OTHOCWUTE/NIbHO MepBOro KaHana, OHM He OyayT MMETb TOYHO COXPAHEHHOTO BPEMEHM TaK
Ha3blBaeMOro, onepeXKeHnn (perncTpaumns sTMX KaHa 0B 3aBEPLUUTCS B TO Ke BPeMs, YTO U permcTpaums
nepBoro KaHana, KOTOPbI NepBOHayasbHO 3anycTun cobbitve), B npunoxeHnn «SONEL ANALYSIS»
cobbITMA B 3TUX KaHanax byayT cneumnanbHO NnoMedeHbl, Kak «TpaH3neHT *». Mpadukm cobbiTna KaHana,
KOTOpbIA Bbi3Ban nepBoe cobbiTe, Bceraa byayT oTobpa)kaTbCA C APYTMMM KaHanamu, KoTopble
3anycTunmM cobbiTMe 4YyTb Mo3Xe. AHANorM4YHO, OTKpbITUE rpaduKka nocneayroLlero cobbiTus
(BTOPUYHOrO) TaKKe byaeT oTobparkaTb rpaduKM APYrMx KaHaMoB, B KOTOPbIX B TOT XKe Nepuos BpeMeHM
npousowwna nomexa. TakMm 06pPa3OM, MONKHO JIerKO MPOaHa/IM3NPOBaTb BPEMEHHbIE 3aBUCUMMOCTM
MeXAay OTAEeNbHbIMU KaHaNamu.

B Tabmue cobbITUiI B Cy4Yae NepexogHbiX MPOLECCOB NPUBOAATCA NapameTpbl:

e B cronbue «IKCTpeMym» HaXxoAMUTCA MAKCMMA/NIbHAA M3MEPEeHHas amnauTyga nepexogHbixX
CKaYKoB (Meay NnKamm),
o B cronbue «MpoaonKutTenbHOCTb» HaXO4UTCA NPUBAN3UTENBHOE BPEMSA AEUCTBUA MOMEXM.

N3meputenbHble Lenu GpyHKUMOHUPYIOT TaKKe OTHocuTenbHO Bxoda PE (cm. Takxke puc.38). Moaynb
NPexoAHbIX MPOLLECCOB KOHTPOAUPYET HAaNPAXKEHUA MeXKAY BXO4aMMU:

o L1-PE;
e |2-PE;
e |3-PE;
e N-PE.

BHumaHue &

ONnA KOpPEKTHOro M3MepeHUsa XapaKTEPUCTUK NepexogHbiX npoueccoB TpebyeTcA NOAKAIOUYEHUe
Bxoaa PE aHanu3atopa K MeCTHOW cucteme 3asemsieHuA. ITO HeobXoAMMO caenatb M B CETAX C
M30/IMPOBAHHOI HelTpanblo.

3.10.1 MeToa NOpPOroBbIX 3HAYEHU

MeTon, MOPOroBbIX 3HAYeHW JeincTByeT Mpu Bblbope nyHKTa «Mopor» (Ha BKAaZAKe HACTPOEK
HanpPsXeHUM B KOHPUrypauum TOYKM M3MEPEHMUS) U 3afaHUs 3HAYEHMA MOPOroBOro HanpaXKeHWa B
AnanasoHe ot 50 po 5000 B. Mo stomy meTtogy, aHanmsaTop OOHapyKuBaeT BCNAECKM Mocne
npesbilleHNA UM 3a4aHHOIo0 3Ha4YeHUA amMnanTydbl B BOJIbTaX. BCI‘IﬂeCKM, aMmnanTyaa KOTOPbIX He
npeBbICKIA YCTAHOB/IEHHOTO Npegena, He byayT obHapy»KeHbl aHann3aTopom. B aTom perrnme Bpems
HapacTaHWA CUrHana He NPUHMMAETCA BO BHUMaHWe. Kak meaneHHble, Tak 1 BbiCcTpble BCcniecku byayt
06HapyKeHbl NPU YCI0BUUN BbIMOSHEHUA aMMIIUTYAHOTO KpUTEPUA.

MpumeyaHue:
BBenEHHOE 3HayeHMe nopora fABAAETCA aMMAUTYAOW MNepexofHOro npouecca, a He abCONOTHbIM
HanpAXeHnem, 3MepeHHbIM OTHOoCUTeIbHO Bxoaa PE.
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Ha puc.41 noKasaHbl ABa Npumepa nepexonHbiX npoueccos Bmecte ¢ ux amnamtygamm Urp m Ur. B
MeToe NOProBbiX 3HAYEHUN aHanM3aTop 06HapYKUT cobbiTne, ecnn Ut am Ut ByaeT 6onblue nopora,
YCTAHOB/IEHHOrO NO/Ib30BaTE/NIEM.

Puc.41. Cnocob onpeaeneHns amnantya nepexoHbix NpoLeccos
3.10.2 MeTop dV/dt

Mertog, HapacTaHua dV/dt sbibupaerca npu BblaeneHUn nyHKTa «CKOPOCTb HapacTaHUA» U YKa3aHuK
COOTBETCTBYIOLWEN YacToTbl AWCKPETM3aUMKM, KOTopad KOCBEHHO 33a4aéT CKOPOCTb HapacTaHus
HanNpPAXeHNA U3 HECKONIbKMX BO3MOMHbIX 3HauyeHui (cm. Tabauuy rn.3.10). B metoge dV/dt npubop
aHa/NM3UPYET CUrHAN HaMpPAXEeHUs B TeYEeHWe onpeneNeHHOro BPEMEHHOrO OKHa W ob6HapyKuBaeTt
TPaH3UEHT, eC/IM CKOPOCTb HapacTaHWA KPWBOM HanpsKeHWa B OKHEe MpPeBbiCUT 3HayeHue, 3agaHHoe
nonb3oBaTesieM B KOHOUrypaumn. A6CoNoTHas amMnauTyda NepexodHoro npouecca He MMeeT 34echb
3HaYyeHMa — MNPOLLeCCbl C Masol, TaK *Ke, KaK U ¢ 6onbloW amnauTygolh 6yayT obHapy)KeHbl npu
YC/IOBUM, YTO BbINOJIHEHO TPebOoBaHNE MUHUMANbHON CKOPOCTU HapacTaHUs.

3.11 dyHKUMA OrpaHUYEHUS TOKA

B cuTyaumsx, Korga usmepsaemblit TOK UMeeT OYEHb MasieHbKMe 3HaYEHUNA NN, U3MEPUTENbHbIE KaeLm
6blIN OTKNIOYEHbI OT aHa/M3aTopa, MOMKET OKa3aTbCA NONAE3HON (YHKUMA OBHYNeHUs napameTpos,
CBA3AHHbIX C AaHHbIM KaHa/ioOM M3MEePEHUA TOKA. ITO OCOBEHHO BA)KHO A/1A MapaMeTpPoB, TAaKUX Kak
THD, KOoTOpbie NPV HaAN4YMK LWYyMa MOKa3blBalOT BbICOKME, a MHOrAA 3anyTaHHble 3HayeHuA. B caydyae ¢
obHapyXeHnem cobbITUI, OTK/AIOYEHME TOKOBbIX K/elwein MOMKeT MPaKTUYeCKM MrHOBEHHO BbI3BaTb
obHapyXeHUs MNpeBblEeHMA MNOPOra, YTO MOXKET BBECTU Mo/b3oBaTens B 3abnyxaeHue. YT1obol
n3bexKaTb TaKUX CUTyauuii, BBedeHa GYHKUMA 0BHY/NeHUA TOKOBbIX NapaMeTpoB, Korga Aeincreytollee
3HaYeHMe U3IMepAEeMOro TOKa HUXe Mnopora, onpeaenéHHoro nosab3oBatenem. [as BKAKOYEHUA 3TOM
dYHKUMKM ucnonb3yiite none «OrpaHMYEHUE TOKa», PacrosioKeHHOe Ha OCHOBHOW BKaAKe HacTpoek
TOYKN U3MEPEHMA, NoA, CMMCKOM Bbibopa TMMNOB Kellel. Mocne BKAYEHUS 3TOM ONuMK, MOXKHO 3a4aTb
nopor 06Hy/eHMA, YKa3aHHbIA B NPOLEHTAaX OT HOMWHA/IbHOIO AManasoHa BblbpaHHbIX Kaewel ot 0 go
0,5 %lnom.

MpoBepKa, He Haxo4MTCA M 3HAYEHMEe TOKa HUXKe 334aHHOro Mopora, NPoMcXoauT B Kaxaom 10/12-
nepuoaHom oKHe (npumepHo, Kaxable 200 mc). Ecnm gelicteylollee 3HayeHMe U3MEPEHHOro TOKa B
KaHa/ie MeHblUe, YeM YCTAaHOB/IEHHbIV NOPOT, TO OBHYNAOTCA CAeaylolme NapameTpbl:

e [leiicTBytowee (cpeaHEKBaAPATUYHOE) 3HAYEHME TOKa;
e [locToAHHAA COCTaBAAIOLLAA TOKa;
o [lnK-daKToOp TOKa;
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o AMNAUTYAbI FTAPMOHUK U UHTEPrapMOHUK TOKa;
o  KoadduuymeHTtbl THD m TID no Toky;

e Bce MoOWHOCTK B J@HHOM KaHane;

e KoadduumMeHT MOoLHOCTUN U CoSP;

®  Yrbl MeXAy rapMOHMKaMM TOKa U HaMNPAXKEeHUs;
e  AKTMBHAA M PEAKTMBHAA MOLLHOCTM FapPMOHMUK;

e KoadoduumeHTsl tgo u K.

NTorosble 3HayYeHUAa cucTembl (cymapHble) OBHYNAIOTCA TOMbKO TOrAa, Koraa BCe cocTasastioline
CUCTEMY TOKOBbIE KaHa bl HaXxoAATCcA HUXKe nopora o6HyneHus. Toraa Takxe obHynatoTca:

o Ko3ddULUMEHTbI HECUMMETPUM TOKA U UX CUMMETPUYHbIE COCTaBASIOLLNE.

CUETUMKM 3SHEPrMM  «3aMOPaXKMBAIOTCA», KOrga COOTBETCTBYIOWAA MOLWHOCTb  HaxoAuTcA B
«OBHYNEHHOMY» COCTOSIHUM.

YacTb napameTpoB COOLITUMA YYUTLIBAOT OOHyNeHMe. 3HadeHWe napameTpa Y4uTbIBAeTCA Mpu
06HapyKeHNM Havana U KoHUa CobbITUA M MPUHMMAETCA BO BHMMaHWE B CTaTUCTUKE (IKCTpeMasibHoe U
cpefiHee 3HayeHus), TONbKO TOrga, Koraa 3HayeHue TOKa Bbilwe nopora obHyneHus. MapameTpbl,
paboTatowme Takum obpasom:

o [lnK-paKTOp TOKa;

o  KoadpodnumeHTtbl THD m TID no Toky;
e  KoadduUMEeHT MOLLHOCTU U COSP;

e tgo n kKoadpduumeHT noteps K;

o KoadpdnumneHTbl HECMMETPUM TOKA.

O6HyneHMe MapKUPYETCA B PEKMME NPOCMOTPA TEKYLUMX 3HAYEHWU U Npu aHanmnse. YTobbl OTANUNUTL
baKTUYECKM M3MepeHHOe Hy/eBoe 3HayeHMe [OaHHOro napameTpa OT O6HYJAEHHOro 3HayeHusa c
NOMOLLbIO 3TOM GYHKUMMK, BblAN BBEAEHbI CAeaytoLiMe NPaBuna:

e B pexume UYTEHUS TEKYLMX MapaMeTpoB — OBHY/NEHHble 3HaYeHUA OTMEeYeHbl CUMBOJIOM «*»
(3Be3gouKa) pagom ¢ undposbim 3HaveHnem (Hanpumep, 0,000*);

e [lpy aHanM3e AaHHbIX — 3aro/I0BOK, OMWCHIBAIOWLMI MapameTp, KOTOPbIA MOXHO OBHYAUTD,
oTMeuaetca agobasneHvem cumsona «*», Hanpumep «I*L1[A]» (He oTmeuvaeTcA oTAe/nbHas
A4YeiKa, a TO/MbKO MOMEYaeTcA 3aroNoBOK, 4YTObbl MOKasaTb, 4YTO WMCMONb3yeTCAa CYHKLUMSA
06HyIeHNA),

e Ha ancnnee aHanmsatopa — 06HyIEeHHbIE 3HaUYeHNA NPeACTaB/IeHbl CEPbIM LIBETOM.

3.12 OGHapy»keHHUe COObITUI

AHanusatop npeanaraeT LMPOKME BO3MOXKHOCTM OBHapy:KeHUa cobbITMi B U3MepseMol CeTw.
CobbITMeM Mbl Ha3blBaem CUTyaUMIO, B KOTOPOW 3HayeHMe BblIBpaHHOrO nmapameTpa CeTU NpesbllaeT
NOpOoroBoe 3Ha4YeHne, 3a4aHHOE NO/Ib30BaTENIEM.

®daKT HacTynieHnsa cobbITUS PerncTpUpyeTca Ha KapTy MamsAT B BUAE 3aMNNUCK, CogeprKalLeit:

e Tun napameTpa;
e KaHan, B KOTOPOM MPOM30LLIO COObITUE;

° BDEMFI Ha4da/la " OKOHYaHUA CO6bITVIFi,'
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e [loporoBoe 3HayeHWe, 3a4aHHOE NOJ/Ib30BaTeIeM;

e DJKCTpemasibHOe 3HayeHune U3MepPAeMoro napameTpa Bo Bpems cobbitTus;

e (CpeaHee 3HaYeHWe NapameTpa, M3MepeHHoe 3a Bpems cobbITuA.

B 3aBMCMMOCTM OT TUMa MNapameTpa MOMKHO YCTaHOBUTb OAMH, ABa WM TPU MOPOroBbIX 3HAYEHMUS,

KoTopble ByayT NpoBepATbCA aHaAM3aTopom. B Tabnmue cobpaHbl Bce napameTpbl, A1 KOTOPbIX MOXHO

06HapyKMBaTb COBbLITUA C pasgeneHnem no TMnam noporos. B ctonbue «Ocumnnorpamma m RMSy ,»

OTMEYEKHbI TUMbl COBLITUIM, A1 KOTOPbIX MOMKHO BKAKOYMUTb 3aMMUCb OCLMANOrPaMM U rpadmKkoB RMSy ..

Tunol noporos cobbITHI AnAa oTAeNnbHbIX NapaMeTpoB.
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HAIpPsDKEHUS 110
obpaTHOMI
MIOCIIE/I0BATEIb-
HOCTH

Pst

KpaTtkoBpemeHHast
no3a damkepa Pst

PLr

JnurenpHas 1032
¢dumkepa Py

D¢ddexrrBHOE
3HAYCHHUE TOKA

Ioc

IlocTostHHAS
COCTaBIISIFOIIAs
TOKa

o)

CF I

[Muk-dpakTop
TOKa

Koaddunment
HECHMMETPHUH
TOKa [0 00paTHOM
MOCIIe/IOBATEIb-
HOCTH

AKTHUBHAs
MOIIIHOCTH

Q1, Qs

PeaktuBHas
MOIITHOCTh

Tlonnas
MOIITHOCTh

D, Sy

MomiHoCTE
HCKaKEHUS

PF

Koaddpunment
MOIIHOCTH
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Kosdpunment
(e 0) Gdmmn . .
(a3oBOro crBUTA

Tanrenc ¢

9o (4-xBaIpaHTHBIIA)

AxTHBHas
SHEPrHs
Ep-+, Ep. o
(moTpebnsiemas u

oTJaBaeMasi)

PeaxtuBnas
Eo SHeprus .
(4-xBampaHTHAs)

Es [omHas sHEprHS °

Koaddunment
THDr U THDr .
HaIPSDKCHUST

AMIUTATY BT
TapMOHUK
Una..Unso .
HaIPsHKCHUS

(psnn=2...50)

KoadhpummenT
THDE THDE Toka *

AMIUTUTY IBI

Ih2..Ihso TapMOHHUK TOKa .
(psinn=2...50)

TID: U Koapdunument R
TI1Dr HanpsikeHUS

AMILTUTY IBI
HHTEPTapMOHUK
Uiho..Uinso prap .
HATIPSKESHHUS

(psnn=0...50)

Koapdunument
TIDe 1 TIDk Toka °

AMIUTUTY IBI
MHTEPrapMOHUK
lino..linso .

TOKa

(paan=0...50)

Koadpdpumment K
K MOTEPh B °
Tpancopmarope

URy, UR; Vpasistomue .

CHUT'HAJIbI

| |
m ITepexonnbie . e,

IIPOLCCChI
Us pon

(1) OTHOCKTCA K HanpsxeHuo Uy.pe
@ tonbko Npu ncnonbaosaHMK Knewein C-5
@) 3anuck rpaduka NepexoAHbIX NPOLLECCOB M OCLMANOrPaMM, OTCYTCTBYeT rpaduk RMS:

HekoTopble U3 napameTpoB MOTYT NPUHMUMATb KaK NONOXKUTE/IbHble, TaK U OTpULaTe/ibHble 3HAYeHuUA.
Mpyumepom MOXKeT CNYXUTb aKTUBHAA MOLLHOCTb, PEeaKTUBHAA MOLLHOCTb U KOBd)d)MLI,MEHT MOLWHOCTH.
nOCKOJ'Ibe nopor O6Hapy)'KEHVIFi cobbITUA MOXKET ObITb TONbKO NONNOXKUTEJIbHbIM, yTobbI 06EcneunTb
npaBuibHOE BblABNAEHUNE cobbITui ANA BblWEeYyNOMAHYTbIX MapamMeTpoB aHa/INM3aTop CpPaBHUBAET C
YCTaHOB/IEHHbIM MOPOrom abCcoNtoTHbIE 3HAYEHMUA ITUX napamMeTpos.

Mpumep: Mopor cobbiTA N0 aKTMBHOW MOLLHOCTM YCTaHOB/AEH Ha 3HayeHwe 10 KBT. Ecau Harpyska
MMeeT XapaKTep reHepaTopa, aKTMBHAA MOLLHOCTb MPU MPaBUIbHOM MOAKNHOYEHMM TOKOBbLIX Kiellein
6yaeT MMeTb OTpULATENbHbIN 3HaK. EciM M3mepeHHoe abCconlOTHOE 3HAaYeHWEe aKTUBHOM MOLLHOCTU
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npesbicut nopor, T.e. 10 KBT (Hanpumep, - 11 KBT), TO ByaeT 3apercTpnupoBaHoO cobbiThe NPeBbIWEHNS
3HaAYeHMA MAKCUMaNbHOW aKTUBHOM MOLLHOCTH.

[Ba TMMNa napameTpoB: AeNCTBYlOWEee 3HAYeHWEe HaNpaXeHus U AencTBylolee 3HaYeHne TOKa MOoryT
nopoXaaTb CobbITMUA, KOTOpble NOJ/Ib30BaTE/lb CMOMKET AOMONHWUTb 3aNUCAMM MIHOBEHHbIX CUTHa/oB
(ocumnnorpammamm) u 3HadeHnammn RMS;;

CurHanbl akTUBHbIX KaHaNoB (Hanps»KeHMA M TOKa) 3anuMcbiBalOTCA B aHa/IM3aTop B MOMEHT Havana u
OKOHYaHuA cobbiTuA. MNonb3oBaTeNb MOMKET 3a4aTb B KOHGUrypaLmm Bpemsa 3anmcu ocumanorpamm (ot
100 mc go 1 cek.) n RMSy; (o1 1 go 30 cek.), a TaKKe Bpems onepexeHus 3anycKka (gnasocumanorpamm
oT 40 ao 960 mc, ana RMSy, ot 0,1 g0 4,9 cek.). Ocumnnorpammbl COXpaHAOTCA B 8-6buToBom popmaTe C
yactoToM amckpetmnsaumnm 10,24 k.

NHbopMaumsa o coOBbITUM 3anMCbiBaeTC B MOMEHT €ro OKOHYaHWA. B HEKOTOpbIX C/AyYasx MOMKeT
CNY4YUTbCA TaK, YTO B MOMEHT OKOHYaHMA PerucTpaumnmn Kakoe-To cobbiTve 6b110 aKTUBHbIM (Hanpumep,
ONNACA MpoBan HanpaxeHua). MHbopmaums O TaKOM COOLITUM TaKMKe COXPaHAEeTCs, O4HAKo, CO
cneayowmuMmn U3SMEHEHUAMM:

e  OTCyTCTBYET BPEMA OKOHYAHMA CObbITUA;

® DJKCTpeMasbHOE 3HauyeHWe PaCCUYMUTLIBAETCA TONbKO 3a Nepuoj, A0 MOMEHTa NpPEeKpaLLeHus
peructpauuu;

e (CpepHee 3HaYeHWE He YKa3blBaeTCA;

e [1na cobbITUi, CBA3AHHbLIX C AENCTBYHOWMMM 3HAYEHUAMWU HAMNPANKEHUA UAW TOKA, AOCTYMNHa
TO/IbKO OCLMAIOrPaMma Hadyana.

YT106b! YCTPAaHUTb MHOFOKPATHOE BbliiBIeHWE OHOr0 M TOro e cobbiTuA, Koraa 3HavyeHue napamertpa
KoJ1eb1eTcs BOKPYr NOPOroBOro 3Ha4YeHus, BBeAEH rmcTepesnc obHapyKeHms cobbiTuiA, onpeaensaembii
nonb3osatenem. OH onpeaenseTca B NpoLeHTax caeayowmm obpasom:

e [Ina cobblTUI OT AEUCTBYIOLWLErO 3HAYEHUS HaNPAKeHUA — 3TO MNPOLLeHT OT /AManasoHa
HOMMWHANbLHOTO HanpsxKeHua (Hanpumep, 2 % ot 230 B uau 4,6 B);

e [1na cobbITMiM OT AENCTBYIOWEro 3HAaYEHUA TOKa — 3TO MPOLEHT OT AManasoHa HOMWHabHOTO
TOKa (Hanpumep, ana Kneweit C-4 n OTCYTCTBUSA U3MEPUTE/bHBIX TPaHCHOPMATOPOB, rMcTepesnc
2 % paBeH 0,02 x 1000 A =20 A);

e [1nA cobblTMiA OT MOCTOAHHOWM COCTaBAANOLWEN HanpAXeHMA U HanpaxeHua Unpe ructepesuc
paccymMTbiBaeTCs, Kak MPOLEHT OT MOPOroBOro 3HayeHus, HO He MeHee, yem 50 mB (6e3
TpaHcpopmaTopoB);

e [lna ocTanbHbIX NApPamMeTPOB rMUCTEpPe3nC onpeaenseTcd B MNPOUEHTAX OT MaKCUMA/IbHOro
3HauyeHWA nopora (Hanpumep, ec/iv MakCUMasibHbIM NOPOromM A48 KoadduumeHTa Nuk-dpakTopa
TOKa yCTaHOB/EHO 3HauyeHue 4,0, To ructepesuc coctasnnet 0,02 x 4,0 = 0,08).

Ona cobbiTnii, BbI3BaHHbLIX M3MeHeHMemM ¢opmbl ornbatoweli, cylecTByeT napameTp 33a4ePiKKM,
BblpaKeHHbIN B cekyHaax (oT 1 go 600 cek.). OH onpegenseT, Kak AOAr0O aHanus3aTop He b6yaer
perncTpupoBaTh nocsieaytowme cobbiTUs, Bbi3BaHHbIE M3MeHeHMeM GopmMbl ormbatoLein. ITo nossonseT
OrpaHNYnUTbL cpabaTbiBaHWA B C/ly4ae OYeHb HECTabU/IbHBIX ceTei.
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3.12.1 Co6biTHE OT U3MeHEeHH s POPMBI OruGaKiel CHrHa/1a

C sepcuu npowusKku 1.25 docmyneH HO8bIlI MemoO 0b6Hapyx#eHUs HapyweHul hopmbl HANPAXEHUSA:
cobbimus om usmeHeHuUs ¢hopmel o2ubaroujeli.

B 3TOM meToZe cpaBHMBAlOTCA C APYr C APYromM ABa COCEAHUX Mepuoaa CuUrHana HanpsaxeHua —
BbIUMCIAGTCA Pa3HULA MEXAY HUMW W MNPOBEpAEeTCA MaKCMMa/ibHasaA amMnauTyda, KoTopas 3aTem
CpaBHMBAETCA C MOPOrom, YCTaHOBAEHHbIM MoAb3oBaTesnemM. [IPOLEHTHbIM MNOPOr OTHOCUTCA K
HOMUHa/IbHOMY 3Ha4YeHUIo HanpaxeHua. Ecan BbluMCIEHHOE M3MeHeHMe aMmauTyAbl Mnpesblllaer
nopor, To duKcupyeTca cobbiTe OT U3MeHeHUs orubatowein. ITo cobbiTMe CUMTAEeTCA OKOHYEHHbIM,
€CcNn npesbllleHMe AOMNYyCTUMOrO Mopora He o6HapyKMBaeTcA B Te4YeHWe, Kak MUHUMYM TpPEx
nocneaylolmx Nepmuoaos curHana.

MpUHLMN 0eNcTBUA anroputma MOXKHO OBBACHMTbL, Ucnonb3ya puc.42. Ha Kaxapl nepuog curHana
HanpsXeHWA HaKNaAblBAaeTCA MHTEPBaa AOMNYCTUMbIX U3MEHEHWUIN (ApKO-KpacHaa 061acTb Ha pUCyHKe),
WKnpKHoi (B BonbTax) 2Ury, KOTOPbIA CO343aH HAa OCHOBE HOMWHANBLHOTO HaNpPsXeHua B npeablaywem
nepnoge. Umy — 3T0 nopor ob6Hapy)XeHMAa cobblTMA, KOTOPbIM YCTAaHOBMA MO/b30BaTeNb B
NU3MepuTeNbHON KOoHOUrypaumm. EcaM MrHOBEHHOe 3HauyeHWe HanpPAXKeHUsA MPEeBbICUT Npeaensl,
0603HayeHHble 3ToM 0baacTblo, To byaeT obHapyKeHo cobbiTe. AU npeactaBaseT pasHULY 3HaYeHUM
OTCYETOB HAMPAMKEHWUA ABYX COCEAHUX NEPUOAOB.

Puc.42. O6bHapyxeHue cobbiTnin OT M3MeHeHna Gopmbl ornbaroLLei.

3Ta ¢GYHKUMA O4YeHb NoJsie3Ha Npu OBHAPYKEHMU NIOOLIX HECTAaUMOHAPHbLIX MOMEX B CETU MUTaHUA.
CnefyeT NOMHWTb, YTO MPU HU3KMX 3HAYEHMAX NOPOra OOHAPYKEHWUA, aHANMU3ATOP MOMKET OOHAPYKUTb
OoYyeHb 60/blIOE KOMMYECTBO COOLITUI 3@ KOPOTKMIA MNPOMENKYTOK BpemeHu. o 3Tol npuymHe
Nno/ib30BaTe/lb MMEET B CBOEM pacnopsKeHuu napameTp «Bpemsa naysbi», BbipaXKEHHOE B CEKYHAaX.
MNMocne ob6Hapy:KeHua cobbiTa aHanusaTop O610KMpyeT ob6Hapy:KeHue nocneaylowmx cobbiTnin (B
[aHHOM KaHase) Ha Bpems, 3aiaHHOe 3TUM NnapameTpom. Ero MoXHO yCcTaHOBUTL B AnanasoHe oT 1 fo
600 cek.

BHUMaHMe &

B aHanu3atopax, MMelLWMX BepCcUio NponBKK cTapuwe, yem HWg, cobbiTua oT usmeHeHua ¢Gpopmbl
ornbaroweir u ckadyka ¢asbl MMEKT BCTPOEHHOE MMHMMAJ/IbHOE Bpems naysbl Npu o6Hapy)KeHum
cobbiTnA, coctaBasiowee 2 cCeKyHAbl (ANA BCeX KaHA/NOB HamnpsXeHusa) U ero Heab3s U3MEHWUTb.
Bpems naysbl MOXXHO YBE/IMUUTb B USMEPUTENbHOU KOHPUIypaLmm , ecam 3To Heobxoaumo.
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3.12.2 Co6bITHe CKauyKa ¢a3ssbl

AHanusaTop nNoO3BOASET OOHAPYXMBaTb M3MeHeHMA ¢Gasbl OCHOBHOM COCTaBAIOWEN HanpAXKeHus.
JlaHHas pyHKYyuA docmynHa, HAYUHAs ¢ sepcuu npowusku 1.25.

ANnroputm OBOHApY)KeHMA CPaBHMBAET YI/Ibl OCHOBHOW COCTAaBAAKOLWEN HaNpPsKeHUA ABYX WUAM TPEX
cocegHux nepuogoB. Ecnm pasHuua yrios 6onblle, Yem YCTAaHOB/IEHHbIA NOAb30BaTeNeM MOpor,
BbIPaYKEHHbIN B YINOBbIX rPagycax, To 3anuncbiBaeTcAa MHPopmauna 06 obHapyKeHUn cobbiTna BMmecTe ¢

M3MEepEeHHbIM 3HayeHMem cKayka ¢as3oBoro yrna. CKayku ¢asbl Yauwe Bcero AsaaoTca apdekTom
CONYTCTBYIOWMM MPOBasiaM HanpaXKeHus

M3MEHEHWe COMPOTUB/IEHUS HarpyskM OTHOCUTEbHO
COMPOTUBNEHMA CETU NMUTAHMA Bbi3blBA€T M3MeEHEeHWe Hab/lo4aeMoro yrna OCHOBHbIX COCTaBAAOLMX
HanpAMKeHNA (CMeLLeHNe ToYeK Nnepexoaa Yepes Hosb).

Mpumep ckayKka ¢asbl NOKasaH Ha puc.43. UHbopmaumna 06 obHapyKeHHOM COBbITUM COLEPKUT BpEMS
BO3HWKHOBEHWUA W YCTAaHOBNEHHOE 3HAYEHME CKayKa, BblPaXKeHHOe B YI/OBbIX rpagycax (yron ¢ Ha

pUcyHKe). Tak:Ke MOXKHO COXPaHUTb ocuuiorpammy u rpadpmk sHadeHnin RMS, .. HaumeHbluee 3HaveHue
06HapyKMBaeMbIx cKaukos ¢asbl —3TO 1 yraoBoM rpaayc.

Puc.43. Cka4oK ¢asbl.

3.12.3 Co6bITHE OBICTPBIX M3MeHeHMI HanpsKeHUd (RVC)

BbicTpble M3MeHeHua HanpsaxeHus (RVC) 6onee nogpobHo onucaHbl B rnase 5.9. AHanusartop
no3Bo/siAeT 06HapyKMBATb U PETMCTPUPOBATL COOLITUA 3TOFO TUMA NOC/E BKIOYEHUA COOTBETCTBYHOLLEN
ONuUUKN B U3MEPUTENBbHOM KOHOUTYypaLmun. Nonb3oBaTenb BBOAUT Caeaytolime napameTpbl:

e [opor Bblpa)KeHHblﬁ B npoueHtTax OT HOMWHANbHOIO

HanpAaXeHunAa, onpeaenaer
4yBCTBUTE/NIbHOCTb 06Hapy>KeHm=|; 4yemM MeHblle 3Ha4yeHue nopora, Tem Bbllle YyBCTBUTE/IbHOCTb

n Tem bonblwe cobbiTUit gaHHOro TMna ByayT obHapyKeHbl. TUNMYHOe 3HayeHwe nopora 5%
Unom. BBegEHHOE 3HayeHuMe nopora oTHOCUTCA K 3HavyeHuto AUmax cobbitnin RVC;

FucTepesunc, Tak:Ke BbIPaXKEH B MPOLEHTaX OT HOMMHANBLHOTO HanpsxKeHuA. OH fo/KeH bbiTb
MeHblUe, YeM Be/IMYMHA nopora. Yem ructepesuc bamke K nopory, Tem 6osblie AManasoH
M3MEHEHUA HaNpPsAXXeHWA, KOTOPbIA Heobxoaum AN NPM3HAHMA TOrO, YTO HaMPAMKEeHWe CHOBa

MMeeT CTabunbHoe 3HayeHWe (cpaBHMUTE TakKe C puc.53). O6bIYHO 3HaueHue ructepesuca
COCTaB/AET NOJIOBMHY OT YCTAHOBAEHHOTO 3HaYeHMWA Nopora;

e Ecanm nonb3osBatenb xouer, 4yTOObI

BMecTe c cobbituamm RVC Takxe 6blan 3anmcaHbl
OCLMANIOrPaMMbl CUTHAOB U rpaduKkm RMS1/; HanpaXKeHU 1 TOKOB, TO MOXHO BbiOpaTb onuuto
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3anucb ocunanorpamm M 3HadyeHuin RMS; ;. CoxpaHEHHble CUTHa/Ibl OTHOCATCA TO/IbKO K Havany
cobbiTna RVC.

B MHOrogasHbix cuctemax obHapyXKMBaOTCA Kak cobblTMA B OTAeNbHbIX $asax, Tak U MHoro¢pasHble
cobbiTMa (B noHATMAX cTaHgapta FOCT 30804.4.30-2013 (IEC 61000-4-30)). B nporpamme «SONEL
ANALYSIS» mHorodasHble cobbiTUA M CoObITUSA OTAENbHbIX ¢as, BXoAAWME B COCTaB MHOrodasHbIx
cobbiTUiA, nomevatoTca KentbiMm ¢oHom. [lpu 3TOM creayeT OTMETUTb, YTO B COOTBETCTBUM C
aNroputMomM, YykasaHHbim B [OCT 30804.4.30-2013 (IEC 61000-4-30) 3a mHorodasHoe cobbiThe
NPUHMMAIOT TaK¥Ke Takue cobbiTMA, KOTopble MPOM3OLAN TOIbKO B OAHOW ¢dase («MHorodpasHoOCTb»
HeoHXOAMMO TPaKTOBATb 34eCb KAaK «CUCTEMHOE» fBJEHWE, a He KaK TpeboBaHWe OfHOBPEMEHHOro
NosiBIEHNA B HECKO/IbKUX daszax).

B cnyyae perucTpaumm Ha COOTBETCTBME BblOpPaHHOMY CTAHAAPTY, KOTOPbLIM TaKXKe BK/AOYaeT B cebs
nsmepeHume RVC, ero napameTtpbl 6epyTcsa U3 HACTPOEK MO YMOYAHUIO 3TOrO CTaHAapTa.

3.13 MeToAbI yCpeAHEHUSs NAapaMeTpPOB

MNapameTp MeToa ycpeaHeHuA
JencTBytolee HanpaxXeHue RMS (cpegHekBagpaTuyHoe)
MNocToAHHOEe HanpAXKeHWne 1 TOK cpepHee apupmeTnmyeckoe
YacToTa cpepHee apupmeTnyeckoe

KoadpdumumeHT NMKoBoro 3HavyeHms

(ruk-dakTop) U, | cpepHee apudmeTUYeCcKoe

CummeTpuuHble coctasnatowme U, || RMS (cpegHekBagpaTuyHoe)

paccynTbiBalOTCA U3 CpeaHUX 3HaUYEeHUM CUMMETPUYHbIX

KoaddmnumeHt HecummeTpum U, |
bouy P ! COCTaBAAOLMX

[JelicTByloliee 3HaYeHMe ToKa RMS (cpegHeKkBagpaTUyHOE)

AKTUBHaA, peaKTnBHaA, N0NHaA

cpepHee apudmeTUYeECKoe
MOLLHOCTb M MOLLHOCTb UCKaXKeHUA

KoadduumeHT mowHocTu PF paccyMTbIBAETCA U3 CPeAHEro 3Ha4eHMUsa MOLLLHOCTU
(o130} cpepHee apndmeTnyeCcKoe

PaccUnTLIBAETCA KaK OTHOLWEHWE NPUPALLEHNA PEAKTUBHOM
tgop 3Hepruu (B COOTBETCTBYIOLLEM KBaAPAHTE) K MPUPOCTY

Nosly4eHHOM aKTUBHOM 3HEepPrumn

paccYnTbIBAIOT, Kak OTHOLWeEHMe cpeaHero 3Ha4eHnAa RMS BbicLmx
rapMOHMK K cpegHemy 3HavyeHMto RMS 0CHOBHOM cocTaBAastoLwei
THD U, | (ana THDe) unn oTHoweHMe cpeaHero 3HavyeHus RMS BbiCLLmMX
rapMoHUK K cpegHeMmy 3HavyeHuo 3GpPeKTUBHOIro HanpaKeHmaA
(mns THDgR)

pPaccyMTbIBALOT, Kak OTHOLLEHue cpefHero 3HayeHna RMS
WHTEPrapMOHUK K cpeaHemy 3HaYeHnto RMS ocHoBHOM

TIDU, I cocrasastouel (ana TIDg) nan oTHOLWIEHME CPeAHEro 3HaYeHUs
RMS nHTEprapmoHuK K cpegHemy 3HauyeHuo 3GPeKTUBHOIo
HanpaxeHus (ana TIDg)

AMNANTYAbI FAPMOHUK U, | RMS (cpeaHekBagpaTuyHoe)
AMNANTYAbI MHTEPrapMOHUMK U, | RMS (cpeaHekBagpaTuyHoe)
KoadpoumumeHT K RMS (cpeaHekBagpaTuyHoe)

Yrabl mexay rapMmOHMKamMum

o cpeaHee apmcbmemuecr(oe
HanpAXeHUn n ToKkoB

AKTMBHAA N peakTUBHAA MOLHOCTb

cpeaHee apnpmeTnyeckoe
rapMOHUK PeA P Cb
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MpumeyaHue:

CpeaHee 3HayeHue RMS paccumtbiBaetca no popmyne:

CpeaHee apudmetmyeckoe (AVG) paccuntbiBaetcs no popmyne:

N

1

i=1

roe:

Xi—3T10 o4yepeaHoe 3Ha4YeHMe napaMeTpa, noanexawero ycpeaHeHutio,

N — 3TO KONMYecTBo 3HaHEHMﬁ, nognexawmnx ycpeagHeHuto.

4 PACYETHBIE ®OPMY.IbI

4.1 OpHoda3Hasa ceThb

ITapamertp
Cnoco6 pacueTa
Ha3Banmue Oo0o3nauenue | Exmanna
JelicTByrolee 3HaUeHHE Up=
Ua B
HanpspkeHus (True RMS) .
roe Ui ovepegHom oTcyeT HanpsikeHus Uan
M =2048 anscetn 50 My n 60 'y
[TocTostHHAs COCTaBIAIOMAs Uapc = MZ Ui
UADC B i=1
HaPsPKCHUA rae Ui ouepenHoi oTcyeT HanpsikeHust Uan
M = 2048 ansi cetn 50 'y n 60 My
YUCNO UernbiX NepnoaoB Hanps>XXeHus Uan noAcCyUTaHHbIX 3a
YacToTa f F]_[ 10 cekyHAHbIM MHTEpBan No BpeMeHu 4acoB, pasgeneHHoe Ha
obLee BpeMs NOMHbIX NEPUOAOB
JlelicTByr0II€E 3HAUECHUE | A la=
A
toka (True RMS) .
rae li o4epeHoN OTCYeT ToKa la
M = 2048 anst cetn 50 'y n 60 My
— 1 .
IToCTOSIHHAS COCTABIISIOLIAS lapc = MZ I;
lapc A =1
TOKa roe li ouepeqHon oTcyeT Toka la
M = 2048 anst cetn 50 'y n 60 My
1 M
pP= MZ U;I;
i=1
AxTHBHasA MOIIHOCTh P Br roe Ui ovepegHom oTcyeT HanpsikeHus Uan
li ouepefHoOM oTcyeT TokKa la
M = 2048 anst cetn 50 'y n 60 My
50
Qs = ). Unlysing
h=1
PeaKTHBHaﬂ MOH'[HOCTL Budeanu QB Bap roe Un aTo h-a rapMoHUKa HanpskeHnsa Uan
Ih 370 h-1 rapmoHvKa Toka |a
¢n 3T0 h-11 yron mexay rapmoHvkamu Un u |n
Q1 =Uslysing,
roe U1 ocHoBHas cocTaBnsawwasa
PeaktuBHas MOIIHOCTH HanpskeHna Uan
OCHOBHOIi COCTABIISIOIIEH Ql Bap |1 OCHOBHasA cocTaBnsoLLas ToKa la
@1 Yron mMexay OCHOBHbIMU
cocTtaBnsowmmm U n |y
IloHast MOIITHOCTH S BA S = Ugrmslarms
[loytHAst MOIITHOCTH MCKAXKEHUS Sn BA Sy = /52 — (U;1;)?
MormtHocTh nckaxeHns Budeanu Dg Bap Dp = /52 —P2—Q2
pr ="
Koaddunment monrHoCTH PF - s
npu PF < 0 Harpy3ka UMeeT xapakTep reHeparopa
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npu PF > 0 Harpy3ka nMeeT xapakTep npueMHuka

cos@ = DPF = cos((pu1 - go,l)

COs¢p rae ¢ui - abcontoTHBIN Yron OCHOBHOW COCTaBMAOLLEN HanpshKeHUs
Koaddumment ciapura das DPE Unn,
@1 - abConIOTHbBIN yron OCHOBHOW COCTaBNsoLLEN Toka la
AEqur
tgPw+) = AE,
+
t _ rae: AEq(+) NpUPOCT peakTuBHOW aHeprun Eqq+ (Budeanu/IEEE-
2] 1459) B faHHOM MHTEpBane ycpeaHeHus,
AEp+ NPUPOCT aKTUBHOW NOTpebneHHon aHeprum Ep. B AaHHOM
MHTEpBase ycpeaHeHust
AEq(c-
tgoc-) = — AE,
+
t _ rae: AEq(c-) NpMpOCT peakTuBHOM aHeprum Eqc.) (Budeanu/IEEE-
g(ﬂ(C-) 1459) B faHHOM MHTEpBane ycpeaHeHus,
AEp+ NPUPOCT aKTUBHOW NOTpebrneHHon aHeprm Ep+ B AaHHOM
Tanrenc 0] VHTepBane ycpegHeHus
& AE
- Qo)
(4-xBaIpaHTHBIIA) 990 = g5
+
t _ rae: AEq) NPMpPOCT peakTuBHOM aHeprum Eq(.) (Budeanu/IEEE-
g L) 1459) B faHHOM MHTEpBane ycpeaHeHus,
AEp+ NPUPOCT aKTUBHOW NoTpebrneHHon aHeprum Ep+ B AaHHOM
MHTepBase ycpeaHeHust
AE,
Q(cH)
tgpc+) = T TAE,,
+
t _ rae: AEq(c+) NPUPOCT peakTUBHOW aHeprun Eqc+) (Budeanu/IEEE-
gpe+ 1459) B faHHOM MHTEpBane ycpeaHeHus,
AEp+ NPUPOCT aKTMBHOW NOTpebneHHo aHeprumn Ep+ B AaHHOM
MHTEepBase ycpeaHeHust
r Unx B mMeTo rapMmoHuyeckux noarpynn no IEC 61000-4-7
APMOHHWKHU HAIIPSKCHUSA U TOKA Ihx A X (piA rapmMoHmkm) = 1..50
KoadduureHT rapMOHIIECKUX {250 P
v h=2%"h
HCKaXXCHUHN HANIPSYKCHUA THDUF % THDUp = T X 100%
v 1
OTHOCHUTCJIPHO OCHOBHOU rae Un aTo h-a rapMoHuka HanpskeHns Uan
COCTaBJIAIOIIEN U1 ocHOBHasi cocTaBnsioLas HanpshkeHust Uan
KoadduineHT rapMoHIUSCKUX
v S(i UZ
HCKAXXCHUU HAIIPAXKCHUSA h=2Yn
P THDUR % THDUg = ~——— x 100%
OTHOCHUTEIILHO Y(PPEKTHUBHOTO Uarwms
SHAYCHHUS rae Un a1o h-a rapMoHuka HanpskeHnsa Uan
Koa¢pduumeHt rapmoHHYecKuX s0 2
v h=2"h
HNCKaXE€HUU TOKa THD|F % THDI = — X 100%
v 1
OTHOCHUTEJIbHO OCHOBHOU roe | aTo h-a rapmoHunka Toka la
CQCTaBH;[}QH_[eﬁ |1 oCHOBHas cocTaensLas Toka la
KoaddummeHT rapmMOHIIECKUX
v 50 12
HCKaXCHHUH TOKa \ Zhta i
THDIr % THDIR = ~———x 100%
OTHOCHUTEIFHO 3(PPEKTHBHOTO Larms
SHAYCHHUS rae Ih 310 h-a1 rapmoHuka Toka la
ok
TDD = =———x100%
L
Koaddunuent TDD TDD % rae In 370 h- rapMoHMKka Toka la
IL TpeByembiit TOK (B aBTOMaTU4YECKOM peXuMe | — MakcumarnbsHoe
cpefHee 3Ha4YeHne OCHOBHOW COCTaBNSAOLLEN TOKa U3 BCEX
M3MepeHUIi TOKOBbIX KaHaNoB CO BCErO MHTepBana perucrpauum)
I/IHTeprapMOHI/IKI/I HaNPSKEHUS Uinx B MeTofA MHTeprapmoHudeckux nogrpynn no IEC 61000-4-7
X (psg nHTeprapmonukn) = 0..50
1 TOKa linx A (cyBrapmMoHUKM Takke YYUTbIBAKT MUHMI0 5 ML)
Koadpunuenr
UHTEPrapMOHUYECKHX [Zih=0 Ui
o TIDUp = ——— x 1009
HCKaKCHUH HATPSHKCHUS TIDUE % F U, %
OTHOCHTEIHLHO OCHOBHOM rae Uin 9T0 ih-a MHTeprapmoHunka HanpskeHus Uan
o U1 ocHoBHast cocTasnsiowas HanpsbkeHns Ua
COCTaBJIAOIICHU
Koappunnenr
HUHTCPTrapMOHNYCCKUX .5;[) 0 U%l
th= L
HCKaXXEHUI HaNpsKeHUs TIDUr % TIDUg = ~———— x 100%
ARMS
OTHOCUTECJIBHO 3(1)(1)CKTI/IBHOFO rae Uin 3T0 ih-a MHTeprapmMoHuka HanpsikeHust Uan
3HAYCHUA
Koaddrmment
MHTEPTAPMOHMYECKHX =0l
o 0 TIDIp = ~———— x 100%
HCKKEHUH TOKa TIDIg ) A

OTHOCHUTEIBHO OCHOBHOM
COCTaBJISTFOIIICH

rae lin 370 ih-9 HTEeprapMoHuKa Toka la
|1 OCHOBHas cocTaBnsLLasa Toka Ia
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Koaddpumment
HUHTEPrapMOHIMYCCKUX

HUCKaXEHUH TOKa TIDIr % TIDIg =~ x 100%
ARMS
OTHOCHUTEIIBHO 3(1)(1)CKTI/IBHOFO rae lin 370 ih-2 MHTeprapMoHuka Toka la
3HA4YCHMUA
max|U;|
Ko3(puIIHEHT MUKOBBIX CFU = ———
3HAYECHUN (HI/IK-(i)aKTOp) CFU - rae onepatop max|U;| BelpaxaeT Hanbonbluee 13 abcontoTHbIX
3HaYeHU oTcHeTOB HanpsxkeHns Uan
HaTpsOKEHHA i=2048 onsa cetn 50 My mn 60Ny
max|l;
e el
ARMS
KoadpupenT nukoBbIx CFI _ rae onepatop max|l;| BolpaxaeT HanbonbLiee U3 aBCoMOTHbIX
3HAUYCHUUN (HHK-(l)aKTOp) TOKa . 3HaYeHMIN OTCYETOB TOKA |a
i=2048 npns cetn 50 My 1 60 My,
_ IRl IRk?
Koaddurment noreps B K-Eactor KFactor ===
TpaHC(i)OpMaTope K rae |lh 3To rapmoHuka h-ro psga Toka la
l1 - OCHOBHas cocTaBnsaLas Toka la
Py = Uylp cos @y,
A Ph B rae Un 370 h-a rapmoHuka HanpsixkeHnst Uan
= h 3TO h-51 rapmMoHuka Toka la
KTHBHAsI MOIITHOCTh TAPMOHHUK h=1.50 T In 370 h-51 rap I
¢n - yron mexay rapmoHvukamu Un u |n
Qn = Uplysingy
PeakTuBHas MOIIHOCTBH Qh rae Un aTo h-a rapMoHuka HanpsbkeHns Uan
rapMOHHK h=1..50 Bap Ih a0t h-51 rapmoHmka Toka Ia
¢n - yron mexay rapmoHukamu Un u |n
KpaTKOBpeMeHHaiI J03a P _ paccuuTbiBaeTCcs No ctaHaapTy
(rmkepa st IEC 61000-4-15
12
1
Py = 3 Z(PSTi)3
JmarensHas no3a Giukepa Pt - =
rae Psti - 3T0 odepeaHast i-a kpaTkoBpeMeHHast
[osa dnvkepa
m
Epe = ) PLOT()
i=1
o _ (P@) nas P@) >0
P = { 0 a5 P(D) < 0
m
AKTHBHAasI SHEPTHS Ep+ Bry Ep-= Z EOTO
i=1
(moTpebmnsieMast M oTIaBacMast) Ep. [P pns P() <0

P = { 01 P(i) >0
roe:
i - oyepenHol Homep okHa namepenus 10/12 nepnogos
P(i) npeacraBnsieT 3HavyeHMe aKTMBHOM MOLLHOCTK P, paccymTaHHON
B i-M OKHE W3MepeHus
T(i) - ANUTENbHOCTb i-ro0 OKHa U3MepeHUsi B Yacax
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Eows
Eacy
Eowy
Eqch

PeakTuBHAasK SHEPTHSI
(4-xBampanTHAs)

Bap4

Boan = ). 0 OT@)

Qu+(i) = Q(i) eci:llla Q(i)>0 n P(i)>0
Qu+(i) = 0 B ocTanbHbIX criy4asx

Boe) = ) Qc-OT(®)
Qci) = Qi) ecn Q)>0 u P(i)<0

Qc-(i) = 0 B ocTanbHbIX cryyasx

Eoury = ), Q-7
Qu() = 1Q0)] o Q<0  P()<0

Q.-(i) = 0 B ocTanbHbIX cry4asx

EQ(C+) = Z Qc+(i)T(i)
Qc+(i) = [Q)] elc:r}m Q(i)<0 n P(i)>0

Qc+(i) = 0 B ocTanbHbIX criyvasx

roe:

i - oyepenHol Homep okHa n3mepeHus 10/12

nepuoaos,

Q(i) npeacTaBnseT 3Ha4YeHMe peakTBHOWM MoLHocTH (Budeanu unm
IEEE1459) , paccynTaHHON B i-M OKHE W3MepeHus,

P(i) npeactaBnsieT 3HavyeHne akTMBHOW MOLLHOCTU P, paccuntaHHomn
B i-M OKHE W3MepeHus,

T(i) - ANUTENBHOCTb i-ro OKHa U3MePEeHUs B Yacax

[omHast sHEpTHSA Es

BAu

B = Z ST
i=1

roe:
i - oyepenHol Homep okHa namepenusa 10/12 nepuogos,

S(i) npeacTaBnsieT 3Ha4YeHWe NOMHON MOLLHOCTU S, paccunTaHHON B
i-M OKHe u3mMepeHus,

T(i) - ANUTENbHOCTb I-ro0 OKHa U3MepeHust B Yacax

4.2 JiByx¢dasHasd ceThb

(He nepeyncneHHble NapameTpbl PaCCYNTLIBAKOTCS Kak Anst oaHO(a3HoM ceTu)

ITapamerp
Crnioco6 pacuera
Ha3Banmue Oo0o3nauenue | Exmauna
O01mas akTHBHAST MOIITHOCTH Prot Br Prot = Py + Pg
OO6mmas peakTUBHAs
P Qstot Bap Qptot = Qpa + Uss
MOIIHOCTh Budeanu
OO61mas peakTUBHAS
MOII[HOCTh OCHOBHOM Qutot Bap Qutor = Q1a + Q1
COCTaBJISIOIIEH
OO011ast MoJTHASI MOIITHOCTh Stot BA Stor = Sa + Sp
O01mas moaHast MOITHOCTh
Shtot BA Sntot = Sna + Snp
HNCKAXKCHUS
OO61mas MOIIHOCTD NCKAKEHUS
Dgtot Ba Dptot = Dpa + Dpp
Budeanu ? P °
OO0t ko3 duireHT Peot
PFtot = PFror = ——
MOIIIHOCTH Stot
OO6mmit koaddurreHT cusura COS (ot 1
- = DPFypy = =
(1)33 DPFtot COS Pot tot 2 (COS Pa + COS(pB)
AE,
_ BEqrot+)
LG Peot(L+) = 2Eprors
t _ roe: AEquti+) NPUPOCT 0bLLEen peakTUBHON aHeprnm Eototi+)
9 Prot(L+) (Budeanu/IEEE-1459) B naHHOM MHTepBarne ycpeaHeHus,
061111/1171 TaHIeHC ¢ AEptot+ NPUPOCT 06LLelt akTMBHOM NOTpebneHHon aHeprm Epot+ B
. [aHHOM MHTepBare ycpeaHeHus
(4-xBaspaHTHBIIA) . — g
gProt(c-) = 7AEP£0[+
tg Prot(C-) - roe: AEquotc-) NPMPOCT 06LLe peakTUBHOM 3HePrumn Equorc,)
(Budeanu/IEEE-1459) B faHHOM WMHTepBarne ycpeaHeHusi,
AEptot+ MPUPOCT 06LLeN aKTMBHOW NOTpebneHHon aHeprum Eptot+ B
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AaHHOM UHTEepBane ycpeaHeHua

9 Prot(L)

_ DEjtorn)

tgProt(L-) N

roe: AEqtotL-) NPUPOCT 06LLelt peakTuBHON aHeprun Eqtoyt)
(Budeanu/IEEE-1459) B faHHOM WHTepBane ycpeaHeHusl,

AEptot+ NPUPOCT 06LLEN aKTUBHON NOTPEGNEHHON 3Heprumn Eptot+ B
[aHHOM MHTepBarne ycpegHeHus

9 @rotc+)

AEgiotcch
AEptot+
rae: AEquotc+) NPUpOCT 0bLLen peakTUBHON aHeprun Equotc+)
(Budeanu/IEEE-1459) B naHHOM MHTepBarne ycpeaHeHus,
AEptot+ MPUPOCT 06LLel akTMBHOM NoTpebneHHon aHeprum Eptot+ B

tGProt(c+) = —

OO011ast aKTUBHAS SHEPTUS
(moTpebnsiemas u
oTIaBaeMas)

EPtot+
EPtot—

Btu

AaHHOM MHTepBasne ycpeaHeHua
m

Eptot+ = Z Proe+ (DT (D)

i=1
Prors (i) = {Ptat(i) st Proe () > 0
tot+ 0 151 Proe(i) < 0
m

Ertor- = ) Proe-(OT()

i=1
Pror_ (i) = {Iptat(i)l AJist Ptf)t(i) <0
0 ans Pror (D) > 0
roe:
i - oyepenHoi Homep okHa namepenus 10/12 nepuoaos,
Ptot(i) npeacTaBnsieT 3HauyeHve obLelt akTMBHOW MOLLHOCTU Prot,
paccyMTaHHOW B i-M OKHe
n3MepeHms,
T(i) - ANMTENBHOCTb i-r0 OKHa U3MepEHMS B Hacax

OO611ast peakTUBHAS HEPTUL
(4-xBampaHTHAs)

Eotot(L+)
Eotot(c)
Eotot(L)
Eotot(c+)

Bapu

Eqtot(r+) = z Q.+ (DT
Qu(i) = Qi) ecnn Q()>0 1 P()>0

Q+(i) = 0 B ocTanbHbIX cry4asx

Eqtot(c-) = z Qc-(T (@)
Qcdi) = Qi) ecrm Q()>0 1 P(i)<0

Qc-(i) = 0 B ocTanbHbIX cryvasx

Eqtot(t-) = z Q-(OT®)
Qu(i) = |Q)| eCll'lellQ(i)<0 u P(i)<0

Q.-(i) = 0 B ocTanbHbIX cry4asx

Eqtot(c+) = z Qc+ (DT (@)
Qex(i) = Q0] ecrm Q()<0 1 P(i)>0

Qc+(i) = 0 B ocTanbHbIX cryyasx

roe:

i - oyepenHomn Homep okHa namepenusa 10/12

nepvopaos,

Q(i) npeacTaBnsieT 3HaYeHWe OBLLEN PEaAKTUBHOW MOLLHOCTU
(Budeanu unu IEEE1459), paccuMTaHHO B i-M OKHE U3mMepeHus,

P(i) npeacraBnsieT 3Ha4YeHWe akTUBHOW MOLLHOCTMW, PacCYMTaHHON B i-
M OKHe U3MepeHus

T(i) - ANMMTENbHOCTb i-r0 OKHa U3MepeHusi B Yacax

OO1ias mosiHast SHeprus

EStot

BAu

m
Bsioe = . Seot (DT (D)
i=1

roe:

i - ovepepnHol HOMep OKkHa n3mepenus 10/12
nepvopos,

Stot(i) NpeacTaBnsieT 3HayeHne obLLeit NonHon
MOLLHOCTM Stot, PACCYUTAHHOW B i-M OKHE U3MEpeHus,
T(i) - ANMTENbHOCTb i-r0 OKHa U3MEepPEHNsi B Yacax

4.3 TpéxdasHada ceTb «Y-n»

(He nepeyncrneHHbIe MapaMeTpbl PACCUUTLIBAKOTCS Kak AnNs oAHOMAa3HoM ceTu)

IMapametp
Cmnioco0 pacuera
HuzBanmne Oo6o3nauenne | Ennnuna
OO1ast akTUBHAS
H Ptot Bt Prot = Py + Pg + P
MOI[HOCTh
OO1ast peakTUBHAS
mas p QBtOt Bap Qstot = Qpa + Qg + Unc

MOIITHOCTh Budeanu
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Qi = 3Uil{ singf

roe:
OOwas pEaKTUBHAs . U1" npsimasi CUMMeTpUYHasi cocTaBnsitolasi HanpspkeHnsl (OCHOBHOM
IEEE 1459 Ql Bap COCTaBMnsALLEN)
MOIIHOCTB 110 I1* NnpAMasn cumMMeTpuYHas cocTaensiowas Toka (OCHOBHOM
COCTaBnsoLLEen)
@1+ yron Mmexgy coctasnsowymm Us* v 11"
S, = 3U,I,
roe:
2
3(U2 + U + Ug?) + Unp” + Ugc® + Ugp®
] CKTHBHAs I10JIHAA U, = \/
(1)(1) Se BA € 18
MOIIIHOCTh
L%+ 1% + 12+ 1,*
le= |F———
Sen = Sez + Sel2
roe:
Se1 = 3Ue1ler
D¢ dexrnuBHas s moTHAS
Sen BA 3(Uns? + Ups® + Ucr?) + Unpy + Ugea? + Ugar?
MOIIHOCTb HCKAXKEHHUS ¢ Upy = (Uas” + Upi” + Uca )18 apy + Uper + Ueas
Lis® 4 Iga > + Iy + Iys®
Iy = 3
OO6111ast MOIIIHOCTh
Dot Bap Dptot = Dpa + Dpp + Dpc
nckaxxenus Budeanu
OO0t ko3P punmeHT Prot
PFot - PFee =~
MOIIIHOCTH e
OOoumwmii ko3 unueHT COS (ot 1
- cos = DPFo = = (cos @4 + cospp + cos
CIIBHTA (ba3 DPFtot Ptot tot 3( Pa Pp @c)
19 Prot(L+)
O6HH/H/I TaHreHCv(p tg Prot(C) - dopmyna, kak Ansa 2-a3Hon cetn
(4-xBaapaHTHBIA) 9 Prot(L)
tg Protic+)
OOmias akTUBHAs E
P-+tot o
sHeprus (morpediissemMasi u E o Bru chopmyna, kak ansi 2-pasHoii ceTn
P-tot
OTJaBaeMas) o
Eqtot+
OOm1ast peakTUBHAs EQ oL+
SHEprus EQtOt(C') Bap4 chopmynia, kak Ans 2-hasHol ceTu
tot(L-
(4-xBagpanTHas) Quot(L)
Eototc+)
m
Esioe = ) S:(OT()
i=1
06 E BA e
mast MoJIHast SHEPrust Stot ! i - ouepeHoi Homep okHa nsamepenusi 10/12 nepuogos
Se(i) npeacTaBnsieT 3HaveHve obLLeli MOMHOM MOLLHOCTU Se,
paccyYMTaHHOM B i-M OKHE U3MepeHUs
T(i) ANUTENBHOCTbL I-r0 OKHa U3MepeHUst B Yacax
1
Uy =§(QA1+QB1 +Up)
[elicTBytoliee 3HaUeHUE
o Uo = mag(Up)
HaIPSKEHUS HYJIEBOI Uo B
IIOCJICA0BATCIIBHOCTHU rae Uai, Uei, Uci BEKTOPbI OCHOBHbIX COCTaBMSIOLLMX ha3HbIX HANPsHKEHUI
Ua, Us, Uc
Onepatop mag() o3HayaeT Moaysb BEKTOpa
1 2
Uy =§(QA1+a251 +aUcy)
Uy = mag(Uy)
JelicTByolee 3HaUeHNE y
o rae Uai, Upi, Uci BEKTOPbI OCHOBHbIX COCTaBAAIOLLMX (PasHbIX HAaNPsHKEeHUA
HAIPSKEHUS IPSIMON U: B Un, Us, Uc
MOCJIEN0BAaTEILHOCTH Onepatop mag() o3Ha4aeT Moaysb BekTopa
a=1e/120 = ——+§j
G
. 1 3
2 _ j2a0e _ _— _ Y7
a le 573 j
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1 2
U, :§(QA1+‘1 Upy + aUcy)

U, = mag(U,)
[eiicTByroliee 3HaUeHNE 5
o rae Uai, Upi, Uci BEKTOPbI OCHOBHbIX COCTaBMSIOLLUMX ha3HbIX HANPsHKEHUIA
HaTIpsDKEHUS 00paTHOI U, B Un, Us, Uc
IIOCJIEIOBATEIILHOCTH Onepatop mag() o3HavaeT MoayIb BEKTOpa
000 1 V3
a=1e/12" = ——+7j
. 1 3
2 _ qpj240° — _ = _ V2
a le 273 j
Koapdpuument
HECUMMCTPUHN U
P . Uo % uy =2+ 100%
HaINpSDKEHUS HyJIEBOH Uy
IIOCJICA0OBATCIIBHOCTHU
Koapdpuument
HECUMMCTPUHN U
P . Uz % uy = —2+100%
HaTIpsDKEHUS 00paTHOI Uy
I10CJICA0BATCIIBHOCTH
o 1
JeiicTByolIee 3HAUEHHE =3 (L + I + 1cr)
TOKa HyJIEBOH lo A Io = mag(lo)
rae lai, Ig1, lc1 BEKTOPbI OCHOBHBIX COCTaBMALMX Da3HbIX TOKOB la, s, Ic
HOCICTOBATCIBHOCTH Onepatop mag() o3HayaeT MoayIb BEKTOpa
o 1 2
[JeiicTByroliee 3HaUeHe L=3 (Lig + alg; + a*lz)
TOKA MPSIMOT I1 A Iy = mag(L)
rae lai, Ig1, lc1 BEKTOPbI OCHOBHBIX COCTaBMALMX Da3HbIX TOKOB la, I, Ic
HOCICTOBATCIBHOCTH Onepatop mag() o3HayaeT MoayIb BEKTOpa
. 1 2
JlelicTByIOlIEE 3HAYECHUE L =3 (I + *Ls + aly)
TOKa 00OpaTHO P A I, =mag (L)
rae lai, Ig1, lc1 BEKTOPbI OCHOBHBIX COCTaBMSAOLMX Da3HbIX TOKOB la, s, Ic
HOCTIEIOBATCIEHOCTH Onepatop mag() o3HavaeT Moaysb BeKTopa
Koa¢ppuuunent
HECUMMETPHUHU TOKaA . I
P N lo % ip =—2-100%
HYJIEBOU Iy
I10CJIC0BATCIIBHOCTH
Koapdpuumenr
HECUMMETPHUHU TOKa . I
pHH i % i =2-100%
oOpatHoi L
IIO0CJIeA0BaTCIIbBHOCTH

4.4 TpéxdasHas ceTb «A» U «Y»

(napameTpsbl: AENCTBYIOLUME 3HAYEHUS HANPSXKEHUIN 1 TOKOB, NMOCTOSIHHbIE COCTaBNSAOLUME HANPSHKEHUIN 1 TOKOB, koaduumeHTbl THD 1 K, cMMMETpUYHBIE COCTaBNsoLLME 1
KOSd)dJMLLVIeHTbI HecnMmmeTpuun, 003bl (bnMKepa paccy1TbIBalOTCA Takke, Kak ans o,quochasuoﬁ CeTn, TONbKO BMECTO d)aaHbIX ncnonb3yTcs NNHENHbIe Haﬂpﬂ)KeHI/Iﬂ)

IMapametp
Cmnoco0 pacuera
HasBanme Oo6o3nauenue | Exmanma
JInHeitHOe HANPSKEHUE
U P Uca B Uca = —(Ua + Upc)
CA
Toxk 12
|2 A == +13)
(cxema n3MepeHusi ApoHa)
1 M M
Pror = u (Z Uiaclia + Z UiBCliB)
i=1 i=1
roe:
Obmas akTnBHAA P Bt Uiac o4epenHoi otcyeT HanpskeHns Uac
tot

MOIITHOCTH

Uisc ouyepepHow oTcyeT HanpsikeHus Us.c
lia O4epegHo oTcyeT Toka la
lis o4epegHomn oTcyeT Toka Is
M = 2048 ans cetn 50 My 1 60 My
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S. = 3U,I, , gdzie:
Upp® + Ugc” + Ugy?
O6mas nosHas Ue = 9
Se BA
MOIITHOCTH
L%+ 1% + 1.2
le= [F—5——
Q =N = signy/sz - P*
O6H‘[aﬂ pCaKTHBHASA roe sign paseH 1 unu -1. 3Hak onpefensieTcs Ha OCHOBeE yrna ¢a3oBoro
MOIHOCTh Qstot Bap caBvra Mexay Hopmanu3oBaHHbIMU CUMMETPUYHBIMU COCTaBIAOLLMMM
(Budeanu u IEEE 1459) rpsMou .
nocneaoBaTeNnbHOCTY HANPSXKEHWIA U TOKOB.
O06111ast MOIIHOCTD
Dgtot Bap Dpror =0
nckaxeHus: Budeanu
Sen = S + S TE
Se1 = 3Uerler
DddexTuBHAsT MONHASL Sun BA o Uss® + Upes? + Uops?
MOIIIHOCTDH MCKa)KEHUS et 9
Liy? + g, + i
lo = [FF——
OO0t ko3 duiueHT Piot
PFtot - PFor = S
MOIIHOCTH e
AKTHUBHasI SHEPIHs
EPtot+ o
(moTpebnsaemas u E Btu chopmyna, kak ansi 2-pasHoii ceTn
Ptot-
oT/aBaecMas)
m
Byor = ) S:(OT()
i=1
OOu1ast moJsiHast SHEPIUs E BAu he: "
it J1 p Stot i - o4epenHoN Homep okHa nameperusi 10/12 nepnonos
Se(i) NnpeacTaBnsieT 3HayeHne obLLei NOMHON MOLLHOCTH Se,
pPacCUYUTaHHOW B i- M OKHE N3MepeHust
T(i) ANMUTENbHOCTb i-ro OKHa M3MEpPEHUs B Yacax

5 PYKOBOJACTBO I10 IAPAMETPAM KAYECTBA 3JIEKTPOIIUTAHUA

5.1 O6masa uHpopmanua

Pa3guTMe NpPOMBILWNEHHOCTM BO BTOPOWM MOMIOBMHE XX BeKa nNpuBeno K notpebneHuto 60/blumx
MOLLIHOCTEN, YTO B CBOIO OYepesb MPUBE/O K YXYALWEHUIO KaYecTBa 3/IEKTPUYECKOM 3Heprun. B ceAsm ¢
aTum 6bin npuHAT TOCT 13109-67 «Hopmbl KayecTBa 3N1EKTPUYECKOM 3SHEPrMmM», KOTOpPbIM B
nocneaywowme roga npetepnesan pag usmeHeHmn u B FOCT 13109-97 skntoyan B ceba yxe 11
napameTtpoB. C BHeApeHMEM COBPEMEHHOIO BbICOKOTEXHONOMMYHOIO 060pPYyA0BaHUA noTpebutenei
Hab/o4aN0Cb HECOOTBETCTBME OTAENbHbIX NOKasaTenei Kayects, 4To B nocneactsumn 2013 rogy 6bin
npuHAT TOCT 54149-2010 «dneKTpnyeckaa 3HeprnAa. COBMECTMMOCTb TEXHUYECKUX CpeacTs
3NEKTPOMArHUTHanA. Hopmbl KauecTBa 3N1EKTPUUYECKON IHEPTUMN B CUCTEMAX ITIEKTPOCHAbKeHUA obLero
HasHayeHuA.» OfHaKo He coOoTBEeTCTBME TPebOoBaHMAM HALMOHA/bHBbIM CTAHZAPTAM, TakuMm 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 co3gaHuto
rocyaapcreeHHoro ctaHgapTa FOCT 32144-2013 (eBegéH 01.07.2014r.).

MeToanKa BbINOJIHEHUA U3MEPEHUIA B aHANM3aTOPaX KAuecTBa 3/IEKTPONUTAHUA yKa3aHa B CTaHZapTe
FOCT 30804.4.30-2013 (IEC 61000-4-30:2008). 3TOT cTaHAAPT, BBEN CTPOro onpefenéHHble aNropUTMbI
M3MEepPEeHUI, YNopaaoun/ PbIHOK aHanu3aTopoB, ob6jieryas MX CpPaBHEHWE, a TaK¥Ke COOTBETCTBUE
pe3ynbTaToOB U3MEPEHUN MeXAy aHaM3aTopamu pas/inyHbIX npoussoauTeneil. PaHee 3TM npubopsl
MCNONb30BaNN Pas/INYHble aArOPUTMbl, NO3TOMY Pe3y/bTaTbl U3MEPEHUI OAHOIO U TOro e 0bbeKTa
pa3HbIMW YCTPOCTBAMM YaCcTO 4ABANN ANAMETPAIbHO NPOTUBOMNONOMKHbBIE 3HAYEHUS.
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daKkTopamu, KoTopble NPUBENN K A0BOJIbHO 3HAUNTE/IbHOMY POCTY MHTEpeca K BONpocam, CBA3aHHbIM C
KayeCcTBOM 3/IeKTPO3HEpPrnn, BbinM B TOM YuCAe, PacnpPOCTPaHEHME 3NEKTPOHHbLIX Peryaatopos
MoOLWHOCTK, npeobpasoBaTeneil MNOCTOAHHOTO TOKAa WM MMMYAbCHbIX  UCTOYHWKOB  MUTaHWA,
sHeprocbeperalowmx namn M T.4., TO €CTb, B LIMPOKOM CMbIC/Ie 3TOro MoHATUA, obnactu
npeobpasoBaHMA 31EKTPUYECKON SHEprun. Bce 3TM yCTpoOMCTBA MMEIOT TEHAEHUMIO K 3HAYUTENIbHOMY
n3meHeHuo GopMbl MPOTEKaOLLEro ToKa.

MUMNynbCHblE WMCTOYHWKM MUTAHUA (LUMPOKO MPUMEHAEemMble B ObITy M MPOMbIWIEHHOCTU) YacTo
YCTPOEHbl TaKMM 06pa3om, YTO ceTeBOe NepeMeHHOEe HamnpsAKeHUe BbINPAMIAETCA M CrAaXKMBaeTca C
NOMOLLLbIO KOH/ZIEHCATOPOB, TO ecCTb, MNpeobpasyeTca B NOCTOAHHOe Hanps:keHue (DC), a 3atem
npeobpasoBbiBaeTcs ¢ 60nbwoON 3OPEKTUBHOCTLIO HA BbLICOKOMW 4acToTe B BbIXOAHOE HaMnpsKeHue
Tpebyemon BennumHbl. O4HAKO, TaKoe pelleHMe MMEET HexenatesibHbl NobouHbI 3ddeKT. 3apsaakm
CrIaXKMBAOLWMX KOHAEHCATOPOB MPOUCXOAAT KOPOTKMMM MMIMYIbCaMKU TOKA B MOMEHTbI, KOr4a ceTeBoe
HanpsaxeHne 6AUM3KO K MaKCMMaibHOMY 3HauyeHuto. M3 BanaHca MOLWLHOCTU cnegyeT, YTo ecnm TOK
noTpebnseTcs TO/NbKO B KOPOTKME MOMEHTbI BPEMEHU, TO U NMUKOBOE 3HaYeHue ByaeT HaMHOro Bbille,
yem ANs MOCTOAHHOro noTpebneHusn. bonbluas Be/MYMHA OTHOLIEHUA NMUKOBOrO 3HAYeHMA TOKa K ero
aencteyrolemy (cpegHeKkBagpaTUYHOMY) 3HaAyYeHUMIO (Tak HasbiBaemblli  MNUK-PaKTOp), a TaKxkKe
yMeHblUeHue KoadpdpuumneHTa mowHoctu (aHrn. Power Factor, PF) npuBogAT K TOMy, YTO ANS NOJyYeHUs
onpeaeneHHON aKTUBHOM MOLIHOCTM B Harpyske (B BaTT), npou3sBoauTeNb 3HEPTUU BbIHYXKAEH
NnocTaBnsATb OOMbLIYD MOLWHOCTb, YeM aKTUBHas MOLWLHOCTb Harpysku (Tak HasblBaeMylo MNOJIHYIO
MOLLIHOCTb, BbIpasKeHHYI0 B BOJIbT-amnepax, BA). Manbiit KoahPULMEHT MOLLIHOCTU BEAET K YBEANYEHUIO
Harpy3ku kKabenen snekTponepegayn M 60NbLUIMM pacxoJam Ha TPAHCMOPTUPOBKY 3/1IEKTPUUYECKOM
3Heprun. BosHuKalowme npyu 3ToM rapMoHUYECKME COCTaBAAIOWME TOKA NUTAHUA, ABASIOTCA NPUYMHOM
OONONHUTENbHbIX Npobnem. B pesynbTaTe NPoM3BOAUTENM HAYaAWN Hanaratb GUHAHCOBbIE CaHKUMM Ha
notpebuTenei, KotTopblie He obecneynBann AOCTAaTOYHO BbICOKOTO KO3PPULIMEHTA MOLLHOCTH.

MoTeHLManbHO 3aMHTEPECOBAHHbLIMM B aHAM3aTOPax KauyecTBa 3/1EKTPOIHEPTUN MOTYT 6bITb, C OAHOW
CTOPOHbI, 3HEpreTUYeckMe MNpeanpuATUA, KOTOpble CMOTYT C MX MOMOLLbIO KOHTPOAMPOBaTb CBOMX
notpebuTeneit, c Apyroi CTOPOHbI NOTPEBUTENN SHEPTUN, KOTOPBIM TAaKON NPUOOP MOMKET OOHaPYKUTD,
a B JanbHelleM WCNPaBUTb CUTYaUMIO CHUMKEHUA KO3PPUUMEHTA MOLLHOCTM U Apyrne npobnemsi,
CBA3aHHble C MOHATUEM KauyecTBa 3/1eKTPO3HEPTUN B LUMPOKOM CMbICAE.

KayecTBeHHble napameTpbl UCTOUYHMKA NUTAHWUA, a TaKMKe SHepreTMyeckue cBoWcTBa y noTpebuteneit
OMNUCbHIBAIOTCA Pa3INYHbIMK 3HAYEHUAMM U NOKa3aTeNAMKN. ITO UCCNeA0BaHNE MOXKET NPOJIUTb HEMHOTO
CBeTa Ha AaHHyo 061acThb.

Kak yXe ynomumHanocb paHee, OTCYTCTBME CTAHOAPTM3auMM B MeETOAAX W3MepeHuda, BbI3BaJIO
3HAYMTE/NIbHbIE OTIMYMA B PACYETHBIX 3HAYEHUAX OTAE/NbHbIX MAapPamMeTpoB CETM MPU MUCMONb30BaHUM
pa3nunuHbIx npubopos. Co3gaHHbIN CTapaHUAMW MHOTUX WHXKeHepoB, cTaHgapT TOCT 30804.4.30-2013
(IEC 61000-4-30:2008) 6bin NepBbiM TaKUM [AOKYMEHTOM, B KOTOPOM NpeAcTaB/eHbl OYEHb TOYHblEe
MeToAbl, MATEMATUYECKME 33aBUCMMOCTM W Tpebyemasa TOYHOCTb M3MEPEHWN aHaM3aTOPOB
3NeKTpMYecKon sHeprun. COOTBETCTBUE CTAaHAAPTY (B YAaCTHOCTK, Knaccy A) MMeno Lenb AaTb rapaHTuio
MOBTOPMMbIX W MPAKTUYECKM OOMHAKOBLIX PEe3ynbTaTOB M3MEPEHUN OAHWX U TeX e BeNUYMH,
n3mepsaembIx NPUBoPaMM PasanYHbIX NPOU3BOAUTENEN.

5.1.1 Kécrkue kaeu (CT) aAsia u3mMepeHus: nepeMeHHOro Toka (AC)
HKéctkmne ToKoBble Knewm TMna CT (aHra. Current Transformer Clamps) — 3To npocTto TpaHchopmatop,

npeobpasyowmii 601blWON TOK MNEPBUYHOM OOMOTKM B MEHbLUMIA TOK BTOPUYHOM OOMOTKU. TyOKM
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TUMUYHbIX TOKOBbIX K/AeLLel BbINMOAHEHbI M3 MaTepuana ¢ GpeppoMarHUTHbBIMKU CBOMCTBaMM (Hanpumep,
»Kenes3o) ¢ HaMOTaHHOW BOKPYr HUX BTOPMYHOM 06MOTKOW. MepBUYHON 0BMOTKOI CTaHOBUTCA NPOBOA,
BOKPYr KOTOPOFO 3aKaTbl r'y6KM KAaelei Uam, Kak npaBuno, oguH eauNHCTBEHHbIA BUMTOK. Ecam ceituac
yepes nccneasyemblit Kabenb Teuet Tok 1000 A, B o6MmoTKe 13 1000 BMTKOB noTedeT ToK 1 A (ecam TonbKo
KOHTYP 3aMKHYT). B Kaewax ¢ BbIXO4OM MO HANpPSKEHUI0, WYHTUPYIOWMI Pe3ncTop HaxoaMTca B Cammx

IPQ I:':-I' C

Puc.44. KEcTKkne Knewm ¢ BbIXO40M NO HANPAXKEHUIO.

Knewiax.

3T10T TMN TpaHchopMaTopa TOKa MMEET HECKOJIbKO XapaKTepHbIX 0cobeHHOocTel. MMM MOMKHO U3MepATb
oyeHb 60/blIME TOKM, OHOBPEMEHHO MOTPEbAAs Manylo MOLLHOCTb. TOK HamMarHUYMBAHUA ABNAETCA
NPUYNHON HEKOTOPOro cmellleHUs ¢asbl (aecAaTble 40AU rPpadyca), YTO MOXKET NPUBECTU K HeBONbLLOMN
NOrPeLHOCTU N3MEPEHUA MOLLHOCTU (0COBEHHO NpY Masiom KoadduLMeHTe MOLHOCTM). HegocTaTkom
3TOro TMMa Kellei Tak:Ke ABNSAETCA HacblleHWe cepaevyHuKa nNpu U3MmepeHuax odeHb BONbLINX TOKOB
(Bbllle HOMWHaNbHOrO AmanasoHa). HacbllleHWe cepAeyYHUKA B pesynbTaTe ABAEHUA MarHUTHOro
rmctepesnca BedeT K NOABMEHUIO OOAbIMX OWKMOOK U3MEPEHMUIA, KOTOpble MOTYT ObiTb YCTPaHEHbI
TONbKO NYTEM ero pasmarHMumBaHua. TakKe B CUTyaUuUW, Korga W3mepAemblii TOK COAepsKUT
3HAUMTENbHYIO  MOCTOAHHYIO  cocTasasawowyo (DC), cepaeYyHUK nNoABepraeTcss  HacbllEHWH.
HecomHeHHbIMm HeAOCTAaTKOM XKeCTKUX KﬂGLLI,GVI ABNAETCA TaKKe 3HaYnTeIbHbIN Bec.

HecmoTps Ha nepedyuncieHHble HeaoCTaTKW, TOKOBble Kneww Tvna CT B HacTosliee Bpems ABAAKOTCA,
Hanbosee pacnpocTpaHeHHbIM HEMHBA3MBHbIM METOAOM U3MEPEHUA NepeMeHHoro Toka (AC).

BmecTe € aHa/M3aTOpOM MOXHO WCMNOMb30BaTb caeylouwmne Kiewm Tuna CT pna n3mepeHuA
nepemeHHOro Toka:

e (C-4, c HoMMHanbHbIM granaszoHom 1000 A nepemeHHoro ToKa (AC);
e C-6A, c HOMMHaNbHbIM Anana3oHom 10 A nepemeHHoro Toka (AC);
e (-7, c HOMUHanbHbIM aAnanaszoHom 100 A nepemeHHoro Toka (AC).

5.1.2 TokoBble K€y AJI1 U3MepPeHH s IepeMEeHHOr0 U NOCTOSTHHOTO0 TOKOB (AC/DC)

B HeKoTopbIX cUTyaumax TpebyeTca nsmepeHue NOCTOSHHOW COCTaBAAloLLEeN TOKa. [N 3TOro A0NMHbI
6bITb MCMONb30BaHbI KAELWM C APYrMM MPUHUMNOM PaboTbl, YEM TPAAULMOHHbIN TpaHchopMaTop TOKa.
TaKue TOKOBble KNeLWwm NCNo/b3yoT GU3NYECKoe ABeHME, HasbiBaemMoe 3dpdeKTom Xonna n cogepkat B
CBOEM KOHCTPYKUMWM JaTuuMK Xonna (Tak HasbiBaemblt XONNOTPOH). IToT 3ddeKT 3aKkaovaeTca B
NOABNEHUN INEKTPUYECKOTO HAMPAXKEHUS HA CTEHKAX NPOBOAHMKA, HAaXOAALWErocs B MarHUTHOM MoJie U
KpOMe TOro 4epes KOTOPbIi, TEUYET 3/EKTPUYECKMI TOK B HaMpaB/ieHUW, MOMNEPEeYHOM K BEKTopy
WHAYKUMK 3TOTO NOJIA.

ToKoBble Knewu, ncnonb3ywuwme 3T1o ABNeHUE, MOTYT USMEPATb KakK HEDEMEHHbIﬁ, TaK W NOCTOAHHbIN
TOK. HDOBOAHMK C TOKOM, I'IOMGLIJ,éHHbII7I BHYTPMU Kneu.|,e|7|, CO34a€eT MardHutHoe nosae, KOTopoe
COCpeaoTO4EHO B XKene3HoM cepaedyHuKe. B paspbiBe aTOro cepaeyHunKka, B mecrte, rae obe yactn ry60|<
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COEAMHAIOTCA, HAXOAMUTCA NONYNPOBOAHMKOBbIM AAaTUMK XONNa, @ BbIXOAHOE HanpAXeHWe 3TOro AaTYMKA
YCUIMBAETCA 3/IEKTPOHHOM CXeMOM, 3aNUTaHHON OT BaTapeiiku.

Knewwy sToro Tuna, Kak MpaBw/io, UMEIT PYYKY PEryiMpoBKU Hyns TOKa. YToObl €€ BbIMOJHUTD,
HeobXxoAMMO COMKHYTb rybku (6e3 npoBoaa BHYTPM) 1 NMOBOPAYMBATL PYUKY PEryaaTOpa A0 SOCTUKEHUA
HY/J1IEBOTO MOKa3aTens NoCTOAHHOIO TOKa.

Kneuwammn Takoro tvna, KoTopble ceiyac npeanaraet Sonel S.A., asaatotca Knewm C-5 ¢ HOMUHANbHbIM
AunanasoHom 1000 A nepemeHHoro Toka (AC) un 1400 A noctosHHoro Toka (DC). Knewwm nmetoT Bbixoa, no
HanNpPAXeHUo U AN HoOMUHaNbHOro ToKa 1000 A BblAaloT Ha HEM HanpsxeHune 1 B (1 mB/A).

5.1.3 TI'm6kue Kiaemu Poropckoro

IMbKkmne ToKoBble Kaewwm (aHrn. Flexible Current Probes) paboTtatoT coBeplweHHO nNo gpyromy
dusnyeckomy MpuUHUMNY, Yem TpaHchopmaTop ToKa. Mx Hambonee BarKHOM 4acTbio ABAAETCA TaK
Ha3blBaeMas KaTywwKa PoroBckoro, HasBaHaa Mo UMeHM HemeuKoro ¢u3nKa BanbTepa Porosckoro. 31o
BO3A4yLWHan (6e3 cepaeyHMKa) KaTywwKa, 06BMTas BOKPYr NpoBoAa C TOKOM. CrneunanbHan KOHCTPYKUMS
KaTyLLKW NO3BO/SET BbIBECTU 06a €e KOHLA C OAHOMN CTOPOHbI, YTO MO3BOJIAET JIETKO 3aMKHYTb rMbKMe
KNeLm BOKpYyr NpoBoAa (06paTHbIN KOHeL, pasMeLLLEH BHYTPU KaTyLLKK NO BCel ee annHe). Tok, npoxoan
Nno U3mMepaemMomy NPOBOAY, CO3AAET KOHLEHTPUYECKNE IMHUM MArHUTHOTO NOAA U UCMONb3YS ABNEHUE
CaMOMHAYKUMUWN, HABOAMT SNEKTPOABUMNKYLLYIO CWAY Ha KOHUAX KaTywku. OAHaKO, 3TO HanpsKeHue
NPOMNOpPLMOHANBHO CKOPOCTU M3MEHEHMSA TOKA B MPOBOAHMKE, @ HE CAMOMY TOKY.

Puc.45. Katywka PoroscKoro.

KaTywka PoroBckoro mMmeeT HECKO/IbKO HeoCnopUMbIX MPEeMMyLLecT8 MO  CPaBHEHUID C
Tpchd)opN\aTopaMM TOKa. Tak KaK OHa He nmeeT cepAeyHWKa, TO He OKasblBaeT B/UAHUA ero
HacbllweHnAa, cnegosate/ibHO, OHa UMeeT OT/IMYHble BO3SMOXHOCTU ONA U3MepeHUA 601bLINX TOKOB. ITa
KaTyLWKa TaKXe nmeeT npeBoCXoaHYH JINHEMHOCTb U LUNPOKYHIO MOI0CY NponyCckaHuA, ropasao 60}1bLue,
YeM Yy TOKOBbIX Tpchd)opmaTopOB, a B CpaBHEHUUN C HUMU TaKKe NMeeT ropasgo MEeHbLLUMI BeC.

OAHaKo A0 HeAaBHEro BpeMeHMU rmbKmne TOKOBbIe Kaewm nmenmn npobaembl C pacliMpeHmem sKcnaHCcum
B 06/1aCTM M3MepeHUn Toka. MOTOMYy YTO CYLLECTBYIOT onpeze/iéHHble GaKTopbl, KOTOPbIe 3aTPYLHAOT
NPaKTUYECKYIO Peannsaumio U3MepUTeNbHON CUCTEMBI C KaTyLiKoi Porosckoro. OgHUM M3 HUX ABAAETCA
OYEHb HU3KUIA YpPOBEHb HaMPAXKEHWA, KOTOpOoe WHAYUMPYETCA Ha Knemmax (OHO 3aBWUCUT OT
reoMeTpuyYecKkmx pasmepoB KaTywku). Hanpumep, BbIxogHOe Hanps»KeHue Ha YactoTte 50 My, ana rubrux
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Knewen cepun F-x (A) (Mpu mcnonb3oBaHUMM C aHanM3aTtopom) coctasnseTt okoso 40 mkB/A. Takue
HU3KME YPOBHWN HaNpPsAXeHUn TpebyioT NPpUMEHEHUA NPELM3UOHHBIX N MafoWYMALLMX YCUAUTeNen, uTo,
KOHEYHO, NPUBOANT K YBEIMYEHUNIO PacXoa0B.

MOCKONbKY BbIXOA4HOE Hanps:KeHMe NponopuUnoHanbHO NPOU3BOAHON TOKA, HEOBXOAMMO NMPUMEHEeHue
MHTerpupylowen uenu; obbIYHO nNpoaaloTca TMOKME TOKOBblE KAelW, COCTOALIME M3  KaTyLlKu
PoroBckoro, coeAuMHEHHOM CO CXeMOl aHaNoroBOro WMHTerpatopa (TUMMYHBLIA MOAYy/b NUTAeTca OT
6aTtapeliku). Ha BbiIxoge WHTerpatopa y)Ke MOABASETCA CUIHAA HanpsXKeHus, NponopLUOHabHbIN
NU3MepPAEMON CMe TOKa U, KpOMe TOro, COOTBETCTBYIOLLMM 06pa3om OTKannmbpoBaHHbIN (Hanpumep, 1
MB/A).

Eweé ogHa npobnema, KOTOpas COMNPOBOXKAAET KATYLKY POroBcKoro, aTo 4yBCTBUTENIBHOCTb K BHELUHEMY
MarHuUTHoMmy nosto. NaeanbHaa KaTywwKa JOMKHA ObiTb YYBCTBUMTEbHA TOMIbKO K MO, OrPaHUYEHHOMY
BaMKHyTOVI naowaablo KaTywKUM U coBeplleHHO NoaaBnATb BHeWHUE MarHUTHble NoAA. OKa3bIBaETCH,
YTO 3TO OYEHb C/N0XKHaA 3aga4a. EAMHCTBEHHBIM CNOCOBOM NOAYYEHUA TaKMX CBOWCTB ABAAETCA OYEHb
TOYHOE M3roTOB/AEHME KATYLWKM, C NaeasbHON O4HOPOAHOCTBIO HAMOTKM M KaK MOXKHO 60siee HU3KMM
nmnegaHcom. MMeHHO BbICOKasi TOYHOCTb M3rOTOBAEHMA KaTyle4YHOM 0BOMOTKM HECET OTBETCTBEHHOCTb
33 OTHOCUTENbHO BbICOKYIO CTOMMOCTb TaKMUX TMBKNX KNeLLen.

BmecTte ¢ aHanM3aTopoM MOKHO MCMO/Ib30BaTh cieaytowme rnbkme Knewum, npegnaraemoie Sonel S.A:

e F-1, c AAnHOM OKpyKHOCTU paBHoM 120 cm;
o F-2A, c gnvHom oKpyKHocTK 80 cv;
e F-3A, c ANIHOM OKpPYXHOCTK 45 cm.

5.2 Mepuanue cBeta (piukep)

AHraniickoe cnoso flicker o3HayaeT mepuaHue. B OTHOLWEHMU BOMPOCOB, CBA3AHHbLIX C KAa4YeCTBOM
9Heprmun, o3Ha4vyaeT ABneHune nepnognyeckoro usmeHeHnA MHTEHCMBHOCTU CBETa, B CBA3U C USMEHEHNEM

HanpAXeHnA NUTaHUA N1aMNOYKKN OCBELLEHNA.

DYHKLMA U3MEpPEHUA 3TOr0 MepLLaHUs MOABMAACb B aHA/IM3aTOPEe KayecTBa 3NEKTPOIHEPruMM, Koraa
BbIACHW/IOCb, 4YTO 3TO fAB/NEHME NPUBOOMUT K YXYALIEHUIO CaMOYYBCTBMA, pPa3AparkeHWto, WMHoraa
ronosHon 6oauM un T.n. KonebaHWA MHTEHCUBHOCTM CBETa, AO/MKHbI MMETb BMOJHE onpenenéHHyto
4acToTy, OHWU He MOTYT ObITb CIUWKOM MegAeHHbIMU, MOTOMY YTO TOFAa Ye/I0BEYECKUIA 3PAYOK CMOKET
a[anTMpPOBaTbCA K M3MEHEHUAM OCBELLEHHOCTU; HEe MOryT OblTb CAMWIKOM ObICTPbIMKM, MOTOMY 4TO
WMHEPLMA HATU NAMNOYKM HAKaZIMBAHMA MOYTU MNONHOCTBIO CF1AXKMBAET 3TN U3MEHEHMUS.

MccnenoBaHWa MoKasanu, YTO MaKCMMyM Heyao6CTB BO3HMKAEeT Ha 4YacToTe OKOMOo 9 M3MeHeHul B
cekyHay. Hanbonee 4yBCTBUTENbHBLIMW WCTOYHMKAMM OCBELLEHMA OKas3a/nCb TPAAULMOHHbIE Namnbl
HaKanMBaHMA C BOAbGPAMOBOM cnMpanbio. [anoreHHble famnbl, CNUPANU KOTOpbIX MMmetloT Bonee
BbICOKYIO TEMMepaTypy, MMEeIT TaK¥e HamHoro 60nbluylo  WMHepuMio, KOTopasa  CHUMKaeT
BOCMPUMMUMBOCTb YE/IOBEKOM M3MEHEHMI APKOCTU. Jlydlleh «CONPOTUBAAEMOCTbIO» K MepLaHuio
XapaKTePU3YIOTCA  JIIOMUHECUEHTHbIE  /laMMbl, HeKoTopble crneuupuyeckme CBOWMCTBA  KOTOPbIX
CTabMAN3MPYIOT TOK, MPOTEKAlWMIA 4Yepes famny MNpu U3MEHEHUW HaMNPAXKEHMA M, TEM CaMbIMm,
yMeHbLaloT KonebaHua cunbl ceeTa.
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dvKep M3MepsAeTcs B TaK Ha3blBaeMbIX YCIOBHbIX €4MHULAX BOCNPUATUS U BbIAENAIOT 4Ba UX TUNaA:
KpaTKOBpeMeHHbIN Py (aHrn. short term), 3HayeHne KoToporo onpegenserca oAuH pas B8 10 MUHYT, U

AnutenbHbld Py (aHrn. long term), 3HadeHWe KOTOPOro onpeaenAaeTcA Ha OCHOBe cheaykolmx 12

3HayeHusa Py, TO ecTb Kaxable 2 yaca. [AantenbHoe Bpemsa U3MepeHusa BblITEKaeT HeNocpeacTBEHHO U3
MeA/IEHHO MEHSIOLLEroca XapakTepa siBAeHMA — 4YToObl cobpaTb [AOCTOBEPHYIO BbIOOPKY AaHHbIX,
N3MepeHMe JONKHO BbiTb ANUTENbHbIM. Pst paBHOe 1 cunTaeTca 3HaYEHMEM, KOTOPOE JIEXKUT Ha rpaHuLe
BOCNPUATUA - KOHEYHO 4YYyBCTBUTE/IbHOCTb K MepuUaHUIO OT/INYAETCA Y Pa3HbIX ﬂlO,EI,GVI; NPUHATUE 3TOTO
nopora caeayeT U3 TeCTOB, MPOBEAEHHbIX HA HEKOTOPOM penpe3eHTaTUBHOM rpynne soaei.

A 4TO ABAAETCA MNPUYMHON BO3HMKHOBEHMA SBAEHUMA MepuaHuA cBeTa? Yaule BcCero UCTOYHUKOM
ABNAIOTCA MPOBA/bl HAMpPAMEHUA B pe3ynbTaTe MOAKAKYEHMA W OTKAKOYEHUSA Harpysku 60/bLuol
MOLLHOCTM U HEKOTOPbIA YypOBEHb MepLUaHuMa MPUCyTcTBYeT B OO/bLUMHCTBE CETU NUTaHMA. Momumo
BbILLIEONMCAHHOrO, HebnaronpuMATHOE BO3AENCTBME Ha N0AeN He AONXHO b6biTb (M, 06bIYHO, He
ABNAETCA) CMMNTOMOM HenosfafoK Hawero obopyaoBaHuAa. Ho ecnn B ceTn Habntogaerca A0BOJIbHO
BHE3anHoe N HeOHBbACHMMOE MOBbILLEHNE YPOBHS MepLaHUA cBeTa (pocT 3HaYeHnsa KoaddULMEHTOB Py
M P) HM B KOEM cnyyae He Hafo 3TOro0 UFHOPMPOBaATb. ITO MOMKET OKa3aTbCA, YTO MepLLaHMe BO3HUKAET
M3-33 MNOXMX COEAWHEHUN B CUCTEME — MOBbIWEHHOE NageHue Hanps)KeHMA Ha COoeAMHEHUAX B
pacnpefenntesibHOM LWMTKe (Hanpumep), BbI3OBYT H6oibluMe KonebaHUA HanpsKeHUs Ha notpebutensx,
TAaKMX KaK NaMMoYKM HaKanuBaHuA. [lageHue Hanpa)eHuMa Ha COoeAMHEHMAX OAHOBPEMEHHO
CNOCOBCTBYIOT MX HarpeBy, 3aKaHUYMBAIOLLEMYCA MCKPEHMEM W BO3MOXKHO MoXKapom. Mepuoaunyeckme
NPOBEPKM CETU N OMUCAHHbIE CUMMATOMbI MOMOTYT NPUB/EYb BHUMAHMUE U HANTN UCTOYHUK YTrpo3bl.

5.3 H3MepeHHe MOLIHOCTU M IHEPTrUMA

MoLWHOCTb ABAAETCA OAHMM U3 Haubosiee BaKHbIX MapPaMeTpPoB, OMNpeaenslolWmx CBOMCTBA
aNeKTpuyecknx ueneini. OCHOBHOW BENIMYMHON, NieXKalel B OCHOBE (GUHAHCOBbLIX PACYETOB MeENKAY
MOCTaBLLMKOM M NoAyYaTeNem, ABNSETCA EKTPUUECKasa SHeprus, paBHas NpPom3BeLeHN0 MOLWHOCTM Ha
Bpems.

B saneKkTpoTexHMKe BCTpeyaeTca HeCKO/IbKO PasNyHbIMU BUAAMU MOLLHOCTU:

e  AKTMBHaa MoLWHOCTb (aHrn. Active Power) o603HauyeHa 6yKBoli P 1 nsmepsemas B Batrax;
e PeaKTMBHaA MOLWHOCTb (aHrn. Reactive Power) o6o3HauyeHa Q, eamHu1La Bap;
e [lonHaa mowHocTb (aHrn. Apparent Power) S, eauHuua BA.

Tpu BbllenepeyncaeHHbIX BUAa MOLLHOCTU ABNAAIOTCA Hanbonee M3BECTHbIMU, HO 3TO HE O3HAYaAET, 4YTO
CNMUCOK MOU.I,HOCTEVI Ha 3TOM 3aKaH4YMBaETCA.

B WKO/ME y4aT, YTO 3TV BbllleyKa3aHHble MOLLHOCTM 06pasyloT TPeyrosibHUK MOLLHOCTEN, CBOMCTBa
KOTOPOTO BblpakaeT ypaBHeHMe:

PZ + QZ = SZ
OpHaKo, 3TO ypaBHeHWe cnpasBeanvBO TONbBKO ANA CUCTEM C CMHyCOM,D,aﬂbHOVI d)OpMOl‘;I TOKOB WU
Hal'lpH)KEHMﬁ. MNepen Tem, Kak nepeﬁTM K 6onee nop,po6Homy o6cy>Kp,eHmo BONPOCOB, CBA3aHHbLIX C
namepeHnAMnM MOLHOCTH, HEO6XOAMMO CHa4dana onpeaenntb pasinyHble MOLLHOCTHU.

5.3.1 AKTHBHas MOIIIHOCThb
AKTMBHaA MOLWHOCTb P B CcTporom ¢M3MHeCKOM CMbICnie ABAAeTCcA Be}'IMLIMHOﬁ, Bblpamarom,eﬁ

CNOCOBHOCTb  CUCTEMDI Aana  BbINONHEHUA onpe,u,enéHHoﬁ pa6OTbI. 3Ta MOLHOCTb Hanbonee
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KenatenbHaa AnA notpebuTteneir sHeprMm M MMEHHO 3a MOCTaBAAEMYIO AKTUBHYIO MOLWMHOCTb B
pacyéTHOM nepuoae MnoJsiyyaTesnb NNATUT MOCTaBLINKY 3NEKTPOo3Heprun (oTaenbHo ob6cyXaaeTcs
npobnema AONONHUTENBHON OMNAATbl 33 PEaAKTUBHYIO MOLWLHOCTb). MMEHHO aKTMBHAaA MOLWHOCTb (M,
cnenoBaTeNlbHO, aKTUBHasA 3HEpPrua) M3MepseTcAa CYETUYMKAMU SNEKTPUUECKON SHEPruu B KarKAoMmM
JOMallHeM X0351CTBe.

OcHoBHas ¢opmyna 4na pacyeta akTMBHOM MOLLHOCTHM CaeayoLLan:
t4T
1 .
P = T u(t)i(t)dt

t

roe: u (t) - MrHoBeHHoe 3HayYeHue HanpAMKeHus, i(t) - MrHoBeHHOe 3HauyeHue Toka, T - nepuoga, 3a
KOTOPbIA PacCYMTbIBAETCA MOLLLHOCTb.

B CMHYCOMNAanbHbIX CUCTEeMaX aKTUBHYIO MOLLHOCTb MOXHO PaCcCYNTaTb, KaK:

P=U-l-cos ¢
roe: U — penctBylowee (cpegHeKBaapaTUYHOE) 3HAYeHWE HanpsaxkeHua, | — aeictsylollee
(cpeaHeKkBaApaTUUHOE) 3HAaUYEHME TOKa, a (P — yron casura asbl Mexay HanpaKeHUeM U TOKOM.

AHanmsaTop BbIHUCNAET aKTUBHYKO MOLLHOCTb HENOCPEACTBEHHO NO d)oplv\yne C MHTEerpasiom, ncnosnb3ya

M
1
P = MZ Uili
i=1

raoe M — uncno otcyeToB B OKHe namepeHuns 10/12-nepuoaos n coctasnset 2048, Ui u li asnaotca

OTCYeTbl CUTHANN0B HanpAXeHnA N TOKa:

nocnenoBate/ibHbIMU oTCcYéTamu Bbl60pKM HanpAXeHnAa n ToKa.
5.3.2 PeakTHBHas MOIIHOCTHb

Hanbonee n3BectHana dopmyna ons pPeakTUBHOM MOLLHOCTM AENCTBUTENbHA TOMbKO A8 04HOA3HbIX
uenemn ¢ cMHyconaanbHom GOpPMOI HaNPAXKEHUA M TOKa:

Q=UIsin @
MHTepnpeTauma 3TOM MOLLHOCTM B TaKMX CUCTEMAX 3aK/IOYaeTcA B C/leadylollem: 3T0 amnauTyaa
nepemMeHHON COCTaBAAIOWEN MIHOBEHHOW MOLLHOCTM Ha 3a)KMMax MCTodHMKa. CyllecTBoBaHue
HEKOTOPOro HeHy/NeBOro 3HaYyeHWMs 3TOM  MOLLHOCTM CBMAETENbCTBYET O ABYXCTOPOHHEM M
KonebateNlbHOM NepeToKe SHEPTUN MEKAY UCTOYHUKOM U MPUEMHUKOM.

MpeactaBum cebe oAHOGMA3HYHO CeTb C CUHYCOMAANbHBLIM MCTOYHMKOM HaMNpPAMKEHWs, Harpyskow
KoToporo asaseTca RC-uenb. Tak Kak B TaKMX YCNOBUAX 3TU 3N1eMeHTbl BeayT cebs IMHenHo, NpoTekaHue
TOKa WCTOYHMKA bByaeT MMeTb CMHYCOMAANbHbIA XapaKTep, HO W3-3a CBOWMCTB KOHAeHcaTopa, TOK
CMELL,AeTCA OTHOCUTE/IbHO HAMPSXEeHUs UCTOYHUKA. B 3TOM cxeme peaKTUBHasA MOLWHOCTb Q OT/IMYHA OT
HYNA U MOKeT BbITb MHTEPNPETMPOBAHA KaK amMnauTyda KonebaHuii aHeprum, Kotopas nonepemeHHo
HaKanAMBaeTca B KOHAEHCAaTope M OTAAETCA UCTOYHMKY. AKTMBHAA MOLLHOCTb KOHAEHcaTopa paBHa
HY /0.
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Ho, KaK BblAcCHAETCA, ABNEHNE KoebaHMA SHEPTrMM TObKO KarkeTcsa 3ddeKToM, A3 U TO NPOUCXOAALLNM
B 0CODbIX Cnyyanx uenen ¢ cMHycomaanbHOM GopmMoii TOKOB U HAMPAXKEHUN, @ He NPUYMHA NOABAEHUA
peakTMBHOW MoLHOCTU. NpoBeaéHHble B 3TOW 06/1acTU UCCNen0BaHUSA, NOKA3bIBAOT, YTO PeaKTMBHasA
MOLLHOCTb NOABAETCA TaKKE U B CXEMAX, B KOTOPbIX HE BO3HMKAET HUKAKMUX KONEebaHUN 3Heprumn. 3710
YTBEPKAEHNE, KOTOPOE MOXKET YAMBUTb MHOMMX MHMKEHepoB. B HOBbIX NybAMKauUMAX, Kacatomxcs
TEOPUM MOLLHOCTU, €AMHCTBEHHbIM (U3MUYECKMM SBEHMEM, KOTOpPOE BCErAa COMPOBOXKAAETCA
Ha/IMYMEM PEAKTUBHOMN MOLLHOCTHU, ABAAETCA CABUI a3 MeXKAY TOKOM U HanpsarKeHUeM.

YKa3aHHan Bblwe popmysa Aas pacyéTa PeakTUBHOM MOLLHOCTU ABAAETCA NPaBWUIbHOM TONbKO ANs
CUHYCOMAANbHbIX 0g4HOda3HbIX Lenein. Bo3HMKAeT BONPOC: KaK pacCYMTbIBAETCA PEAKTMBHAA MOLLHOCTb
B HECMHycoMZanbHbIX cMCTEeMax? ITOT BOMPOC OTKPbIBAET MPecnoByTbi «AWMK MaHgopbl» B chepe
3NEKTPOTEXHUKM. OKa3bIBAETCA, YTO OnpeaesieHne PeakTUBHOW MOLHOCTU B peasibHbIX cucTemax (a He
TONbKO B UAEaNN3NPOBaHHbIX), ABAAETCA NPeAMEeTOM CNopoB U B HacToslee Bpems (Ha 2009 roa) He
CyLLecTByeT eAMHOro M obLlenpMsHaHHOro onpeaesieHna PeakTUBHOM MOLHOCTM B CUCTEMAX C
HecuHycouaanbHo GOPMOI HaNPSXKEHUA N TOKA, AaXKe He roBopsA YXKe 34eCb 0 HecbanaHCUPOBAHHbIX
TpéxdasHbix Uenax. B craHpapTte IEEE (MexKayHapoaHOW accoumaLmm UHKEHEPOB NO 3NEeKTPOTEXHUKE U
3/1eKTPOHUKe) noa Homepom 1459-2000 (c 2000 roaa) Ans HeCUHycouaanbHoM TpexdasHoli Lenu Mol He
Hanaém dbopmybl 418 NOJHON PEAKTUBHOM MOLHOCTU — KaK TPU OCHOBHbIE MOLLHOCTM NEepeYncsieHbl:
aKTMBHAA MOLLHOCTb, MOJIHAA W, BHMMaHMeE, HeaKTMBHAA, 0b603HayeHHaa 6ykBok N. PeakTuBHylO

MOLWHOCTb OrpaHn4eHa To/IbKO OCHOBHOW I'apMOHMKOﬁ TOKa U HanpAaxeHuna n obo3HaueHa Q.

YNomaHyTbIA CTaHAAPT ABASETCA MOCNAeAHUM [AOKYMEHTOM TaKOro poAa, BbiMyLWEHHbIM MPU3HAHHOM
opraHu3aumen, KOTopblii A0XKEH Bbl YNIOPAA0UYUTb TEMATMKY, Kacalowyocs onpeaeieHns MOLLHOCTY.
310 6bI10 Tem bosiee HEObBX0AMMO, YTO B HAy4yHOM cpede y)Ke MHOro JieT pa3faloTca rosoca, YTo
ncnosibayembie [0 CUX Mop onpeaeneHunsa MoryT AaBaTb OWKMOO4YHble pe3ynbTaTbl. CNopbl Kacajuce,
npexae Bcero, onpeaeneHna peakTMBHON MOLLHOCTU U NMOJHOW (a TaKKe MOLLHOCTM UCKaXKEHUN, O YeM
Nnos»e) B 04HO- 1 TPEXDasHbIX LEenax C HeCUHYCOUAANbHOW GOPMOI HaNPSAXKEHNUA 1 TOKa.

B 1987 roay npodeccop L. Czarnecki gokasan owMBOYHOCTb LLMPOKOPACAPOCTPAaHEHHOFO onpeaeneHns
peakTMBHOW MoLLHOCTM No Budeanu, To ecTb onpegeneHus, KOTOpoe Mo ceil AeHb NpenoaaéTtca Bo
MHOTUX TEXHUYECKMX LKOaX. ITO onpeaesieHne 6b110 BRepBble NpeacTasaeHo npodeccopom Budeanu
B 1927 rogy v umeeT cneayowmii Bua;:

Qp = z Unly sin @y
n=0

roe Un 1 |, saBnsoTCA BbICLUMMMU rAaPMOHUKaMMN HanpAaXeHMA M TOKa nopAadKa N, a P, yrnamu

mexagy sTUMM KOMMNOHEHTaMMU.

TaK Kak BBeAEeHWe 3TOM BeIMYMHbI 03HAYas0, YTO U3BECTHOE YPABHEHMUS «TPEYrobHUKA MOLLHOCTUY He
BbINONHAETCA ANA Lenei ¢ HecuHyconaanbHbiMmM Gopmamu curHanos, Budeanu BBEN HOBYHO BEANUYMHY,
Ha3bIBaEMYIO0 MOLLHOCTbIO UCKAXKEHUA:

Dy = \/52 — (P2 +Q5%)

MOLLHOCTb MCKaXKeHUA LO/IKHA Oblaa NpeacTaBAATb B CUCTEME MOLLHOCTb, BO3HUMKAOLLYIO BC/eACTBME
NCKaXKeHNn GopMbl HanpsKeHUs U TOKa.

PeakTBHasi MOLLHOCTb Obla B TeYeHMe MHOTUX JIeT CBA3aHa C KOJebaHUAMU 3SHeprum Mexay
MCTOYHMKOM WM HarpysKoi. Kak BUAHO M3 popMy/bl, peakTUBHaA MOLLHOCTb No onpeaeneHuto Budeanu,
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ABNAETCA CYMMOW OTAE/IbHbIX FAPMOHUK PEaKTUBHOM MOLLHOCTU. M3-3a daKTopa Sin ¢ 3T KOMMNOHEHTbI
MOTYT BbITb MONOMKUTENbHbIM UAN OTPULATENbHBIM B 3aBUCMMOCTM OT Yria MeXAy HanpaxKeHuem U
TOKOM rapMOHUKWU. Takum 06pa3om, BO3MOMKHA CUTyauus, Koraa obuiana peakTuBHaa mMoliHocTb QB
byaeT paBHA HY/0 MPU HEHY/EBbIX KOMMOHEHTaxX rapmMoHuK. HabniogeHuwe, yto npu HeHyneBbIX
COCTaBAAOLWMNX CYMMaApPHan peakTMBHAA MOLWHOCTb MO 3TOMY OnpeaeneHMIo MOXKeT ObiTb paBHa HY/Ito,
ABNAETCA KAtOYOM A1s 6onee rnyboKoro aHannsa, KOTopbIM B KOHEYHOM CYETE, MO3BOAUA AOKa3aTb, YTO
BennunHa QB MoOXeT fOaBaTb B HEKOTOPbIX CUTYyaUMsAX COBEPLEHHO HeoXWAaHHble pe3ynbTaTbl.
MpoBeAEHHbIE UCCNeAOBAHNA CTAaBAT NOL COMHEHMWE LIMPOKOPACNPOCTPAHEHHOE YOEXKAEHUNE, UTO eCTb
KaKana-TO CBA3b MeXAy KO/ebGaHUAMM 3HEepPruM M peakTUBHOM MollHOCTblo Budeanu QB. MoxHo
NPUBECTU NPUMEPHI Lenei, B KOTOPbIX, HECMOTPA Ha CylecTBOBaHWE KonebaTeNbHOro XxapaKkrepa
MIHOBEHHOW MOLLHOCTM, pPeaKTMBHAA MOLWHOCTb MO onpegeneHuto Budeanu paBHa Hynw. Ha
NPOTSKEHUN MHOTUX NeT yYEHble He MOI/IN CBA3AaTb C PEAaKTUBHOM MOLLHOCTbIO B COOTBETCTBUM C 3TUM
onpeaeneHnem, HUKakoro pU3nN4ecKoro sBAeHUA.

MepeyncneHHble Bbille COMHEHMA, B NPaBUIbHOCTA 3TOrO onpeaeneHna MoLHOCTU, KOHe4YHo, 6pocatoT
TeHb, Ha CBA3AHHYIO C Hell MOLWHOCTbL UcKaxeHua DB.  Hayanu uckaTb oTBeT Ha Bonpoc, byaer au
MOLWHOCTb MCKarkeHuss DB Ha camom Jene ABAATbCA MEPON  WCKAXKEHMIA MpoLEeccoB B
HecuMHycouaanbHbiX Lenax. MCKarkeHnem Mbl HasbiBaem CUTyaumio, Koraa Gopmy CUrHasna HanpsxKeHus
He yAaeTcA «HaNoXUTb» Ha GOpPMy MPOTEKalolero ToKa C MOMOLLbIO ABYX onepauuii: U3meHeHue
aMNAUTYAbl U CABUI MO BPeMeHU. Jpyrmmu cI0oBaMu, eC/IM BbIMOJIHEHbI C/leAyHoLLIMe YCI0BUA:

u(t)=Ai(t-t)

TO HanpAaXeHue He WUCKa*XeHO MO OTHOWEHUIK K TOKY. B C/lydae CUHYCOMOaNbHOIo HanpAaXxeHuna u
Harpysku, asastowenca noboi kKombuHaumen snemeHToB RLC, 3TO ycnosue Bcerga BbinosHAeTcA (a1
CUHYCOMOANbHOIO MpoLecca 3TU  3/eMEHTbl COXPAHAT JIMHEWHOCTb). OpHako, Korga dopma
HaNpPAXEHUA YyXKe WMCKarkeHa, Harpy3ka RLC He obecneymBaeT HeEWUCKaXKEHHOrO TOKA, OTHOCUTE/IbHO
HanpPsXeHUA U yXe He ABAAETCA JIMHEMHOW Harpyskom - HeobXoAMMO BbINOJHEHWE HEKOTOPbIX
OOMNOJIHUTENbHBIX YCNOBUIM (COOTBETCTBEHHO C YacTOTOM MEHAKTCS Moayib M ¢dasa umnenaHca
Harpysku).

N nostomy, AeNCTBUTENbHO AM MOLHOCTb DB AaBnaeTca mepoit UcKaxkeHnin? K coxkaneHuto, B AaHHOM
C/lyyae TaK¥Ke OKAas3anoCb, YTO TEOpUs MOLLHOCTU no Budeanu pasouvapoBbiBaeT. bbino goKasaHo, yYTo
MOLLHOCTb WCKaXKeHWA MOXeT ObiTb paBHA HY/Al0 B CUTyaLMMW, KOT4A HanpAKeHWe WCKaXKeHOo
OTHOCWTE/IbHO MPOTEKAIOLWEr0 TOKA, 1 HA0HOPOT, MOLLHOCTb UCKAXKEHUS MOMKET ObiTb HEHYNEBOW Mpu
NO/IHOM OTCYTCTBUU UCKAXKEHWN.

MpaKTUYECKMIA acNeKT TEOPUM MOLLHOCTM, KacatoLWMIACA NOBbILWEHNA KO3dPULMEHTA MOLLHOCTM Lienei ¢
PEaKTUBHOW MOLLHOCTbIO, AO/MKEH 6biTb Tem ¢aKTOpPOM, KOTOpbld 6osblue BCEro BbIUFpaeT OT
NpPaBuIbHOro onpeaeneHna PeakTMBHON MOLLHOCTU. MOMNbITKM KOMMNEeHcaunn, Ha OCHOBE PeaKkTUBHOM
MOLLHOCTM Budeanu u cBA3aHHOM C HeM MOLLHOCTbIO WMCKaXKEHWA He yAanucCb. ITU BeMYMHbI He
NO3BONAIOT AaXe MNPaBMbHO PaCcCUMTaTb KOMMEHCUPYIOLWYIO EMKOCTb, A3yl MaKCMMasibHbIN
KoadpduuMeHT mowHocTU. [loxoguno Jaxke A0 TOro, YTO TaKuMe MOMbITKM  3aKaHYMBA/IUCh
AOMNONHUTENbHBIM YXyALIEHWEM 3TOr0 NoKasaTens.

MOXHO 3a4aTb BOMPOC: KaK CTa/sio BO3MOXKHbIM, YTO TEOPMA MOLLLHOCTH Budeanu ctana TaK nonynﬂpHa?
MpuynH moxket 6bITb HECKO/bKO. Bo-nepBbiX, NPUBbIYKA UHXKEHEPOB K CTapomy onpenesieHuU0 U He
n3meHAemaa MHOIo NeT nporpamma 06y‘-IEHMFi B WKoAe. 3To d)aKTOp 4acCTo HeaooueHmnBaeTCA, HO, KaK
onpasaaHMe MOXHO OTMETUTb, YTO 3Ta TeOpPUnA Ha NPOTAXKEHUN 60 net He pgoXKaanacob onposepxeHnAa.
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Bo-BTOpbIX, B 20-X rogax NpoLOro BeKa He 6bino M3MepuTesibHbIX NMPUMBOPOB, KOTOpble AaBaau
npeacrasneHve 06 OTAENbHbIX FAPMOHUYECKMX COCTABAAIOWMX HAMPAMKEHUA W TOKa, No3Tomy Oblao
TPYAHO TNPOBEPATb HOBble TEOPWUWU. B-TPeTbMX, WCKaKeHUs GOpPMbl TOKOB WM HANpsKeHuin (u,
cnenoBaTesibHO, BbICOKOE COAepXaHMe rapMOHMK), 3TO 3GdEeKT PeBOIOLMU B 3I/EKTPOIHEpPreTUKe,
KOTOpasa Ha4yanacb TO/IbKO BO BTOPOM MONOBMHE MPOLWIOFO BeKa. Havyanu KpynHomacwTtabHo
MCMONb30BaTb TUPUCTOPbLI, YNpaBAseMble BbiNpAsMUTENN, NpeobpasoBaTenv M T.4. Bce atu geiicteusa
COMPOBOXAANNCL O4YeHb 6ONbIIMMU UCKAXKEHUAMM TOKOB B CETAX MMTaHWA, a CAeAoBaTeNbHo,
MOBbILIEHMEM YPOBHSA FAPMOHUYECKMX WCKarKeHWA. TONbKO TOrda Hadanu oulyllaTb HeAOCTaTKM B
TEeopun molHocTM Budeanu. HakoHel, B-4eTBEPTbIX, B CBA3AHHOM C SHEPreTUKOW Hay4yHol cpeae 6bin
0CO3HaH TOT (aKT, 4YTO MPOMbIL/IEHHbIE MNPeANnpPUATUA WHBECTUPOBANM Le/ble COCTOAHMA B
NHPPACTPYKTYPY U3MepeHna (CYETUNKN N1eKTposHeprun). Sliobble U3MeHeHMsA B 3STOM OTHOLIEHUN MOTYT
MMeTb OrpoMHble GMHAHCOBbLIE NOCNEACTBUA.

Tem He meHee, MeA/IeHHble U3MEHEHMA B CO3HAHUN UHMKEHEPOB-31eKTPUKOB CTaNu BUAHbI. C TedeHnem
JIeT, BCe Yalle BO3HMKaAM HeMHEMNHble Harpyskum M NpoLeccbl C OYeHb BOBLIMMU UCKaXKEHUAMM,
HEBO3MOXHO 6bl/10 Aasiblie TepreTb orpaHMyYeHnsa B NpUMeHsaembix Gopmynax.

OueHb 3HauYMMbIM cobbliTem ctana nybnaumkauma B 2000 roay opraHusaumelr IEEE ctangapTta 1459,
Ha3BaHMe KOTOPOro 3By4YUT TaK: «OnpeaeneHma ons U3SMepeHuii BENIMUYUH, CBA3aHHbIX C 3N1EKTPUYECKOM
MOLLHOCTbIO B CMHYCOMAANbHbIX, HECUHYCONAANbHbIX, CAMMETPUYHbIX U1 HECUMMETPUYHbBIX YCIOBUAXY.
Bnepsble peakTMBHAA MOLLHOCTb MO onpegeneHunto Budeanu okasanacb B rpynne pekoMeHZyemblxX
onpeaeneHnin, KOTopble He AO0/XKHbl MUCMNO/Ib30BAaTbCA B HOBbIX CYETUMKAX MOLLHOCTM M PEAKTUBHOM
aHeprun. TaKxe BWUOHO ObIIO pasgeneHne MHOTMMX BEJIMMMH HA Te, YTO CBA3aHbl C OCHOBHOM
COCTaB/IAIOWEN TOKa M HanpsxeHua (nepBas rapmoHMKa) U APYrMMM BbICLUMMW TapMOHMKamu. B
OONbLWINHCTBE C/yYaeB CYMTAETCA, YTO NOJe3Has 4YacCTb SHEpPrum nepefaétcs TONIbKO C MOMOLbLO
cocrasnaowmx 50/600 L, Npyn ropasfo MeHbLEM M YacTO BPEAHOM YYaCTMM BbICLUIMX TAPMOHMK.

B cTaHOapTe TaKKe NoABMAACb HOBAA BEMYMHA — HEAKTUBHAA MOLWWLHOCTb N, KOTOpaA npeacTaBaAeT Bce
HEAKTMBHblE KOMMOHEHTbI MOLLHOCTW:

N = /52 — p2

PeakTnBHas MOLLHOCTb ABNAETCA OLHOMN M3 COCTABAAIOWMX HeakKTMBHOM molwHocTM N. B ogHodasHbIX
Lenax c CMHYCoMAanbHbIM HanpsaxXeHnem n Tokom, N paBHO Q, NO3TOMY B HEAKTUBHON MOLLHOCTM HeT
ApYyrMx cocTaBasfioWwmx. B TpéxdasHbix Uensx TaKoe CBOWCTBO MMEHT TO/NbKO CUMMETPUYHbIE
CUHYyCcOMAaNbHble CeTU co c6aNaHCMPOBAHHOM YNCTO PE3UCTUBHOM HArpysKoi.

Cnepylolwime COCTaBAAOWME HEAKTUBHOMW MOLWIHOCTM CBA3AHbl C KOHKPETHbIMWU  PU3MYECKUMHU
asneHnamu. o Teopum npodeccopa Czarneckiego, ogHOMY M3 AydLWIMX OBBACHEHMI GU3MYECKUX
ABNEHNI B TPEXPasHbIX LEenax, ypaBHEHME MOLLHOCTU B TaKUX CUCTEMAX MOMKHO 3anucaTb CAeAyoWmUm
obpasom:

52:P2+D52+Q2+Du2

Ds - ato MOLWHOCTb pacceAHnA, KOTOpaA noABAAETCA B CUCTEME, B pPeE3ynbrate U3IMEHEHUA
aKTUBHOM npoBOANMOCTUN Harpy3kmn emecrte C USMeHeHUeEM 4acCTOTbl. Takum o6pasoM, Haan4yune B
Harpyske peakTuBHbIX 3/1EMEHTOB MOXET NPMUBECTUN K NOAB/IEHNIO MOLWWHOCTU pacceAHNA.

PeaktnBHaa mowHoOCTb Q B 3TOM YPaBHEHNN NOABNAETCA NPU HaINYNU ¢a3OBOF0 casura mexay
rapMOHUKaMUN HANPAXEHNA N TOKa.
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Du — o603HavyaeT mowHocTb AncbanaHca, KOTOpasa fABAAETCA Mepoll HecbanaHCMPOBAHHOCTM
TpéxdasHoM Harpy3ku. 3ITa  cocTaBaawwan ob6bAcHAET cuTyaumto, Npu  KOTOpoM
HecbanaHcMpoBaHHaa TpéxdasHasa Harpyska C YNCTO PE3UCTUBHLIM XapaKTepom, MPUMBOAUT K
KO3OOULMEHTY MOLLHOCTM MeHblue eauHuubl. TakoW notpebutens He MMeeT pPeaKkTUBHOM
MOLHOCTM Q M, HECMOTPA Ha 3TO, U3 TPeyroJbHMKa mowHocTh S, P, Q cnegyeT 4TO-TO COBCEM
apyroe (Teopua mowHOCTM Budeanu co cBoel MOLWHOCTbIO WMCKAXKEHWUA TaKKe He MOXKeT
06DBACHUTD 3TY CUTYaLMIO — A/1A YUCTO PE3UCTUBHOM Harpy3KM MOLLHOCTb UCKaxkeHUA D B paBHa
HY/10).

MonbiTka coeanHenuns |IEEE 1459-2000 c Teopuelh mouwHoctu Czarneckiego npusoauT K BbIBOAY, YTO
HeaKTMBHaA MOLLHOCTb CKpbiBaeT B cebe, No KpalHel mepe, TpU OTAENbHbIX GU3MYECKUX ABAEHMUS,
KOTOpble BAMAIOT Ha CHUMKeHMe 3GdEeKTUBHOCTU Nepeaayn sHeprum OT UCTOUYHMUKA K MPUEMHUKY, TO eCTb
YMeHbLUeHMe Ko3dPULMEHTA MOLLHOCTU:

P P

\/PZ + Ds* + Q%+ D,

B ctraHgapTe IEEE 1459-2000 msBecTHaa noa 6ykBon Q — peaKTMBHas MOLLHOCTb Oblna orpaHuyeHa
OCHOBHOM rapMOHMKOW M 3TO KacaeTcs Kak 04HOoda3HbIX CUCTEM, TaK U TpéXdasHbIX.

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

B TpéxdasHbix CUCTEMAX Y4YUTLIBAIOTCA TO/bKO COCTaBAAOLWME MPAMOM NOCNeA0BaTeNbHOCTU 3TOW
MOLLHOCTM:

Q:1* = 3U1*11%sin p1*

[nAa NpaBUAbHOTO M3MEPEHUA 3TOM MOLWHOCTU TpebyeTcA COOTBETCTBYHOLWLAA MNOCAEA0BATENbHOCTb
yepenoBaHus ¢as (3ageprkka dasbl L2 Ha 120 ° no oTHoweHuUto K L1, 3agep:kKa ¢asbl L3 Ha 240 ° no
OoTHOLWeEHUIo K L1).

KoHuenuma coctaBastowmx nNpsamoit nocnenosatesibHOCTU byaetr 6onee noapobHO paccmoTpeHa npu
06CyKAEHUN aCUMMETPUN.

3HayeHne OCHOBHOW COCTAB/AIOWEN PEaKTUBHOW MOLLHOCTU ABAAETCA OCHOBHOW BENMYMHOM, KOoTopas
Nno3Bo/iAeT OLUEHUTb BenuYMHy KOoHAeHcaTopa, KoppekTupylowero KoadoduumeHnt DPF wmam casur
OCHOBHOW rapMOHMKKN HanpAXKeHMUA OTHOCUTE/IbHO 3TOM e COCTaB/AOLWEN TOKa (To ecTb KomneHcaTtopa
peaKkTUBHON MOLLHOCTM OCHOBHOM rapMOHMKH).

5.3.3 PeakTHBHass MOIIHOCTH B 3-X NPOBOJHBIX CXeMaXx

MpaBuabHOE U3MEpPEeHWe PEeaKTUBHON MOLLHOCTM HEBO3MOXHO B HECMMMETPUYHBIX MPUEMHUMKAX,
MOAK/IIOYEHHbIX MO 3-X NPOBOAHOW cxeme (TMNa «TPEYrosIbHUK» U «3Be34a» C M30/1MPOBaHHOMN
HeNTpanblo). ITo YTBEPKAEHMNE MOXKET MHOMUX YAUBUTD.
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MPUEMHUK MOXHO PacCMaTPMBATb KaK «YEPHbIN ALLMKY C AOCTYMHbIMWU TONbKO 3 3axKMmamu. Mol He B
COCTOSIHMM OMpenennUTb BHYTPEHHEW CTPYKTYpbl TaKOro MPUEMHMKA. YTOObI BbIMMCAUTL PEAKTUBHYIO
MOLLHOCTb HeobxoAMMO 3HaATb yron casura ¢as Mexay TOKOM M HanpsKeHUem, BO3HUKAWMX B
KaXK[aoiN BETBM TAKOro NpuMEmHMKA. K coXaneHuto, Mmbl He 3Haem 3TOro yrsia. B npuémHuke no cxeme
TUNA KTPEYrONbHUK» Mbl 3HAEM HaMNPAXKEHUe, NPUCYTCTBYIOLWLME HA OTAENbHbIX CONPOTUBNEHUAX, HO HE
3HAeM TOK; B TAKMX CUCTEMAX M3MEPAIOTCA SIMHEMHbIE HANPAXKEHUA WU IMHENHble TOKU. KarKabli 13
JINHENHbIX TOKOB ABAAETCA CYMMOWN ABYX TOKOB ¢a3. B npuémHmKax TMna «3ee3ga» C M30AMPOBAHHOM
HEeWTPanblo Mbl 3HaeM TOKU, MPOXOAALLME MO CONPOTUBIEHMIO, OAHAKO HE 3HAaEM HaMpPsAXKeHWUI (Kaxagoe
N3 IMHEWHbIX HAaNPAXKEHUIN ABNAETCS CYMMOW ABYX GasHbIX HaNpPAXKEHUN).

Hy}KHO 0CO3HaTb TOT GaKT, UTO MPW 334aHHbIX HAMPAXKEHMAX HA 3aXKMMAX M TOKAX, BXOAALLMX B TaKOM
CYEPHDbIN AWMK» cywecTByeT HECKOHEYHO MHOr0 BAapMaHTOB BHYTPEHHEN KOHCTPYKUMM MPUEMHMKA,
KOTOpble 4aAyT HAaM OAMHAKOBble Pe3y/bTaTbl MU3MEPEHUN TOKOB M HAMPAXKEHWUN, BUAMMbBIX CHapPYXKU
TAKOro «4EPHOro ALWMKa».

KaK e 3TO BO3MOXHO, YTO CYLLECTBYIOT CYETUYMKN PEaAKTUBHOM MOLLHOCTM, NMpefHasHayeHHble Ans
n3mepeHui B 3-X NPOBOLHbIX CETAX, U aHA/IM3ATOPbI INEKTPUUYECKMX CETEN, KOTOPbIE B TAKUX YCOBUAX
obecneynBatloT U3mepeHne PeakTMBHON MOLLHOCTA?

B oboux cnyyasx npousBoamuTenn NpuberatoT K XUTPOCTU, KOTOPas 3aK/oYaeTcd B MCKYCCTBEHHOM
CO34aHMM OMOPHOMN TOYKM (BUPTyanbHbIM 3axKMm HenTpanu N). TaKylo TOYKY OYEHb JIETKO MOXKHO
€034aTb, MOAKAOYAA K 3aXKMMaM HaLLero «4EpPHOro ALLMKa» cXeMy 13 TPEX Pe3UCTOPOB OAHOM M TOW e
BE/IMUYNHbBI U COeAMHEHHbIX 3Be340M1. [oTeHUMan LeHTPaibHOM TOYKMU CXEMbl PE3UCTOPOB UCMO/b3yeTcs
ANna pacyéTta «dasHbix HanpaxeHun». KoHEYHO, KaBblYKM 34eCb COBEPLIEHHO Ha MecTe — TaKoM
BMPTYa/lbHbIA HOAb AAET MNPU U3MEPeHUU MpPaBUAbHblE Pe3ynbTaTbl, TOAbKO MPU MUHUMANLHOM
acMMMeETpUU NpUEMHMKa. B nobom Apyrom ciyyae K MOKa3aHUAM PEaKTUBHOW MOLLHOCTM TaKoro
npubopa cnegyeT OTHOCUTLCA € 6ONbLION A0Nel HeaoBepus.

N3mepuTenbHbIi NpUBOP HU B KOEM Ciayd4ae He [OMKEeH BBOAWUTH MO/b30BaTens B 3abnyxaeHue, a
TaKoro pofa NpUBAMMKEHWE MOXKHO AOMYCTUTb NULWb MPU YCNOBUW, YTO OTOBparKaemoe 3HayYeHWe He
ABNAETCA Pe3y/IbTaTOM GpaKTUYECKOTO U3MEPEHUA, @ NLLb NPUBIN3UTENBHBIM 3HAYEHUEM.

5.3.4 PeakTHBHasi MOLIHOCTb M CY4ETYUKHU PEAKTUBHOMN IHEPTruu

CYETUMK peaKTMBHOM 3HEpPrumn — 3To cKopee Bcero, NPUBOP HEU3BECTHLIV AOMALIHUM MO/b30BaTENAM,
T.K. LUMPOKO MCMO/b3YIOTCA U ABAAIOTCA OCHOBON ONA PacYETOB C MOCTABLUMKOM, CYETYMKU aKTUBHOWM
3Hepruun, namepsaemon B BT*y mnn kBT*4. [JomaliHuit nonb3oBaTenb, TakMm obpa3om, HaxoauTCA B
YA0OHOM MONIOMKEHUN — NAATUT TONBKO 3a MOJIE3HYIO SHEPTUI0 U He AOKEH MHTEpPEecoBaTbCA KaKow
KO3pOULMEHT MOLLHOCTU B €50 CeTH.

MpomblllieHHble NoTpebuTenn — B OTAMYME OT TOW MepBOi rpynnbl — 06s3aHbl, HAa OCHOBAHWUK
NOAMMCaHHbIX AOTOBOPOB M YacTo Mof yrpo3oi ¢duHaHCOoBbIX WTpadoB, noaaepkneate KosapduumeHT
MOLLHOCTM Ha JO/IXKHOM YPOBHE.

Hanpumep, B Mosblue, pacnops:KeHMe MMHUCTPA 3KOHOMMKM, Kacatolweecs KOHKPETHbIX YCAOBUMA
OYHKLMOHNPOBAHNA 3SHEPreTUYeCcKoM CUCTEMbI, OnpenenseT KayeCTBEHHble MNapamMeTpbl, KOoTopble
OONKHbI  6bITb  BbIMOAHEHbI MNOCTABLLMKOM 3HEPrMM AAA PasNUYHbIX, TaK HasblBaemblX, rpynn
noAkatoueHus. Cpeam aTMX NapaMeTpPoB HAXOAATCA, HaNpMMep, YacToTa CeTu, AeNCTBYIOLLee 3HaYeHue
Hanps»KeHUs, Ko3GOUUMEHT rapMOHUYECKUX WCcKarkeHui (THD) u gonycTMmble YPOBHM OTAE/bHbIX
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rapMoHWK HanpsaxeHuA. O4HaKO NOCTaBLUMK He 0b6A3aH BbINOAHATL 3TU TPebOBaHUSA, ecan noayyaTtens
3Heprum He obecneymBaeT 3HauyeHUs KoapouumeHTa tg ¢ Huke 0,4 (3HaYeHMe Mo AO0roBOPEHHOCTH,
KOTOPOE MOMKET OblTb USMEHEHO B AOTOBOPE MEXAY MOCTaBLMKOM M NOTPebuUTenem snekTposHeprum)
n/Mnn npesbIWaeT COrNacoBaHHbIM ypPoBeHb NOTPEBASEMOI aKTUBHON MOLLHOCTM.

KoadodumumeHT tg ¢ rnyboKko yKOpeHUIcA B IHEPreTUYeCKOM 3aKOHOAaTe/IbCTBE U ero onpeaensatoT Kak
pe3ynbTaT OTHOLWEHUA HAYUC/IEHHOM pPEeaKTUBHOM MOLWHOCTM K aKTMBHOM MOLHOCTM B AaHHbIA
pacyéTHbin nepuod. Ecnv BepHYTbCA Ha HEKOTOpoe BpemA K  «TPEYroJibHUKY MOLWHOCTU» B
CUHYCOMAANbHBIX CUCTEMAX, TO Mbl 3aMETUM, 4YTO TaHFeHC yrna casura ¢as Mmexay TOKOM U
HaNpAXeHNWeM PaBeH OTHOLEHWUIO PEAKTUBHOM MOLLHOCTM Q K aKTUBHOM MOLWHOCTM P. Takum obpasom,
KpuTepuin yaepxaHua tg ¢@ Huxke 0,4 He 03HaYaeT HUMYEro APYroro, KaK TOMbKO onpegeneHune, 4To
MaKCMMasbHbI1 YPOBEHb MNOACYMTAHHOW PEAKTUBHOM 3HEPrnMM He MOXKeT OblTb Bblwe, Yem 0,4 ot
3HAYeHMA MNONYYEHHOW QaKTUBHOM 3Hepruun. Jlioboe noTpebneHMe peakTUBHOW 3HEpPruu Bblwe
O0roBOPEHHOCTM NOS/ENKMUT A0NONHUTENBHOW OnnaTe.

Ho paér nn 3HaHWe paccunTbiBaemMoro Takum obpasom KoadduumeHTa tg ¢ obenm 3aMHTEepecoBaHHbIM
CTOpPOHaM peanibHyl KapTuHY 3PPEeKTUBHOCTU nepenaym sHeprun? Passe He 6blI1I0 YNOMAHYTO Bbllle,
YTO PEaKTUBHAA MOLLHOCTb ABMSETCA TO/IbKO OAHOW M3 COCTaBASAIOWMNX HEAKTUBHOW MOLLHOCTU, KOTOPbIEe
TOXEe BAMUAIOT Ha CHMMXKeHMe KoadduumeHTa MOLLHOCTH?

[JeNcTBUTeNbHO, KaXKeTcs, YTo BMECTO tg ¢ cnenoBano 6bl MCNO/b30BaTh KO3GPULUMEHT molHocTm PF,
KOTOPbIM TaKKe yuuTbIBAET U Apyrne GpakTopsbl.

HblHewHMe npaBuaa, K COXajleHUo, He [JaloT apyroro Bbibopa, MO3TOMYy TOYHOE W3MepeHue
pPEeaKTUBHON MOLLHOCTM ABASETCA KAOYEBbIM MOMEHTOM. Tenepb CTOMT MOCTaBWUTb BOMPOC: C Y4ETOM
OMNWUCaHHbIX BblllEe CNOPOB NO OMNPEeAEEHNI0O PEAKTUBHOMW MOLLHOCTU, 06ECNeYnBaloT N CHETUMKN STOM
SHeprun npaBu/bHble NOKazaHWA? U yTo ke B AEUACTBUTENIbHOCTU M3MEPAIOT 06bIYHO MCNO/b3yemble
CYEETYMKM PEAKTUBHOMN MOLLLHOCTU?

OTBeTbl Ha 3TU BOMPOCbI MOXHO MONPo6OBaTb MONYYUTb B CTAHAAPTE, NPEACTABAEHHOM ANA 3TUX
cyéTtunkos — NOCT 31819.23-2012 (IEC 62053—23:2003) «AnnapaTtypa A8 U3MEPEHMUA EeKTPUYECKOM
SHEpPrMM nepemeHHoro Toka. YacTHble TpeboBaHMA. YacTb 23. CTaTMYECKME CYETYMKM pPEeaKTUBHOM
sHeprum». K coxaneHuto, 1 Halemy pasoyapoBaHMIO, B HEM He HaAMZETCA KAaKUX-IMBO CCbIIOK And
NU3MepPEHUN B YCNIOBUAX HE CUHYCOMAANBHOCTU — pacyETHble GOPMY/bl OTHOCATCA K CUHYCOMAA/bHbIM
cuTyaumsm (B CTaHOApPTE MOXHO MPOYUTATb, YTO U3 «MPAKTUYECKUX» COOBpaXKeHWn OrpaHUUYUINCh
UCKIIOYMTENIBHO CMHYCOMAANbHBIMKM Npoueccamun). B HEM He yKasaHbl KaKkue-nmbo Kputepuu
UCMbITAaHUI, KOTOpble Bbl MO3BOIMAM NPOBEPUTb XAPAKTEPUCTUKM CYHETUMKA NPU UCKaXKEHHbIX Ppopmax
HanpsAXXeHWN U TOKOB.

HblHeLWwHAA cnuTyauma ocTaBnAeT pa3paboTymKam CYETYMKOB CBOOOAHLIM BbIOOpP MeToda M3mepeHus,
UTO, K COMKaNeHWIO, MPUBOAUT K 3HAUYMTENbHLIM PA3/IMYMAM MOKa3aHWIA PEaKTUBHOM 3SHEpPrMn npu
HaMUYMM 6ONbLIOTO YPOBHA rAPMOHNYECKMX UCKAXKEHUN.

CYéTUMKM CTaporo Tuna, TO €eCTb, 3/IEKTPOMEXaHNYECKNe, UMEKT XapaKTepUCTUKK, aHaNOrn4yHble
d)MJ'Ipry HUXHUX YaCTOT — BbICWUME TAPMOHUKKN B HEM noJaBieHbl, TaKMM o6p330N\ namepeHune
peaKTMBHOl\;I MOLWHOCTH B NPUCYTCTBUE TAPMOHUK O4YeHb 6/1M3K0 K 3HAYEHMIO OCHOBHOWM COCTaBﬂHIOLLI,Eﬁ
peaKTMBHOl\;I MOLHOCTHW.

Bonee paCI'IpOCTpaHéHHbIe 9/1EKTPOHHbIE CYETUMKM MOryT nposoguTb WU3MepPeEHUNE pPas3/IN4HbIMUN
meTogamu. Hanpmmep, OHU MOTYT U3MEPATb aKTUBHYIO MOLUHOCTb U NMOJIHYHO MOLWHOCTb U BbIYUCIUTD
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pPeaKTUBHYH MOLLHOCTb U3 «TPEYroibHMKA MOLLHOCTMY» (KBaZpaTHbIN KOPeHb M3 CyMMbl KBaapaToB ABYX
3TUX MolLHOcTen). Tak aeicTBUTeNbHO, B cBeTe cTaHAaapTa IEEE 1459-2000, oHM M3MEPAIOT HEAKTUBHYIO
MOLLHOCTb, @ He peaKkTUBHYO. [pyro NpousBoOAUTENlb MOXKET UCNO/b30BaTb METOZ CO CMeLLeHUEM
dasbl HanpsaxkeHua Ha 90°, yTo AaéT pesynbTaT, NPUBANNKEHHbIA K OCHOBHOM rapMOHWUKE pPeakTUBHOWM
MOLLHOCTH.

Yem 6onblue cofeprkaHuMe TapMOHUK, TemM 6onblue 6yaeT pasHUULA B MOKa3aHWAX, M KOHEYHO B
pesynbTaTe byaeT Apyras naaTa 3a HAUYMCNEHHYIO SHEPTUIo.

Kak y»Ke yKasblBanocb paHee, W3MEpPeHMe peakTUBHOMN MOLHOCTM B  3-X  MPOBOAHbIX
HecbaNaHCMPOBaHHbIX CUCTEMax C MOMOLbIO OB6bIYHbIX CYETYMKOB OBpemMeHeHO A0MNOJ/IHUTENbHOM
OLWMBKOWM, BbI3BAHHOM CO34aHMEM BHYTPU CYETYMKA BUPTYaNbHOrO HyAs, Mmelowwero mano obuwero c
peasibHbIM HY/IeM HarpysKu.

Yto eweé xyxe, npomsBoauTenIn obbIMHO He AAl0T HMKAKOM MHPoOpMauuM O NMPUMEHAEeMOM MeToae
N3MepeHus.

OcTaéTcAa ToNbKOo C HeTepneHnem xaatb CJ'IG,D,WOLLI,EVI BepCuUKn CTaHdapTa, KOTOpaAa - 6yAEM HaOeATbCA -
npeanoxmt ropasgo 6onee TOYHbIN MeTo4 WU3MepeHnA WU  TaKxke MeTon wuccneaosaHna B
HeCUHyCoOnaaibHbIX YCNOBUAX.

5.3.5 4-KBaapaHTHbIE CYETYUKU PEAKTUBHOM IHEPTUH

B 3Hepretmke BO MHOMMX CUTyaLMAX MPUMEHSETCA pasfeneHue pPeakTUBHOM 3SHeprumM Ha 4eTblpe
He3aBMCMMble COCTaBAAIOWMX, KaKAaA M3 KOTOPbIX pacyuTbiBaeTcA OTAenbHO. PasgeneHve Ha TaK
Ha3blBaemMble KBafpaHTbl OCHOBAHO Ha 3HAKax aKTMBHOW W PEaKTUBHOM MOLLHOCTM, KaK NOKa3aHO Ha
puc.46.

P<0 P>0

Puc.46. YeTbipexkBagpaTHOe AesieHne NOTOKa MOLLHOCTU U SHEPTUN.

o KBaapaHT | (0603HayeHne «L+»): aKTMBHAA MOLLHOCTb MOAOXKUTENbHA (NnoTpebneHne akTUBHOM
3HEepruun), peakTMBHAA MOLLHOCTb NOIOXKUTENbHA (NOTpebeHne peakTUBHOM aHeprun). B Takmx
YCI0BUAX XapaKTep Harpyskn MHAYKTUBHBbIN.

e KBagpaHT Il (0603HaueHMe «C-» aKTMBHAA MOLLHOCTb OTpMLUaTebHA (0TAa4Ya aKTUBHOM 3Hepruu),
peakTMBHAA MOLLHOCTb MONOMMUTENbHA (NoTpebneHWe peaKTUBHOW 3Hepruu). XapakTep
Harpysku EMKOCTHbIN.

e KBagpaHT Il (0o6o3HauyeHMe «L-«): aKTMBHAA MOLLHOCTb OTpuuUaTeNbHa (OTAaYa aKTUBHOM
3HEepruun), peakTMBHas MOLLHOCTb TaKXKe OTpuLaTeNbHa (OTAayYa peakTUBHOM 3Heprum). B Takmx

YCNOBMAX XapaKTep Harpyskn MHAYKTUBHBIN.
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o KBagpaHT IV (0603HaueHUe «C+»): aKTUBHAs MOLLHOCTb MONOXKUTENbHA (NOTpebneHne aKTUBHOM
SHeprun), peakTMBHas MOLLHOCTb OTpMLUATENbHA (OTAAYa pPEeaKTUBHOM 3Hepruu). Xapaktep
HarpysKu éMKOCTHbIN.

3HaKM NJIOC U MMHYC B 0603HaYeHUAX KBAZPaHTOB YKa3blBAOT Ha 3HAK aKTUBHOM MOLLIHOCTW.

YKasaHHOe pasgeneHve Mo3BONAET KOHCTPYMPOBATb CHYETYMKM PEAKTUBHOM 3SHEpPruu, KoTopble
YBENNUYMBAIOT CBOM MOKa3aHMA TONbKO TOrAa, KOr4a NOTOK SHEPrMn HaxoAmuTcA B AaHHOM KBadpaHTe.
37O 03HAYaeT, YTo B /11060 MOMEHT BPEMEHM TONIbKO OAMH U3 TaKMX CYETYMKOB MOMKET YBE/UYNUTb CBOE
cocTosiHue.

B TMNUYHOM cny4Yae NOCTaBKWU IHEPTUU K NoTpebuTento, paboTta ocywecTBiseTcA B ABYX KBagpaHTax: |
(L+) n IV (C+). B aTMx ABYX KBaZpaHTax TaKKe KOHTPOJMPYETCA TaHIeHC @ (B MOJIbCKUX YC/I0BUAX) B
cnyyae notpebuTenei, NOAKNOUYEHHbIX K CETU CPpeaHEro U BbICOKOTro HanpsxeHusn. YeTbipExKBagpaTHble
KoadduLMeHTbI tgp onpeaenaoTca Ha OCHOBE 3apPerncTPUpPOBaHHOIO NOTpebieHnA COOTBETCTBYHOLLEN

3Hepruu:
AE
_ 2Rl
tgo+) = TAE,,
AE
_ 2R
tgPcc+) = TAE,,

Ecnv npuMmeHUTb corfalleHue, 4YTO BCE CYETYMKU DHEPTMM UMEIOT MNONOXKUTENbHbIA 3HaK, TO
PacCC4NTaHHble 3Ha4YeHMNA TaHreHCa AO0NOJIHAKTCA 3HAKOM, BblTeKaloWMM U3 3HAKOB peaKTVIBHOVI n
aKTUBHOM MOLLHOCTM B JaHHOM KBagpaHTe. TakMm o06pas3om, 3HakK tgow) Bcerma byaper
NOJIOXKUTE/IbHBIM, @ B C1yyae tgP(c+) BCeraa oTpuuaTesbHbIM.

PaccuMTaHHble 3HaYEHWA TAHTEHCOB MOTYT 6bITb OCHOBAaHWEM A1 HAYMCNEHMSA BOSMOXKHbIX WTPadoB 3a
ypesamepHoe notpebseHne peakTUBHOM 3Hepruu. Ons KBagpaHTa | (L+) TunMyHOe npeaenbHoe
3HauyeHue, Bbllle KOTOPOro B3Mmaetca nnata - ato 0,4. Ona keBagpaHTta IV (C+) vacto nwoboe
noTpebsieHne peakTUBHOW SHEPTUN ABAAETCA OCHOBAHMEM AO/1A HAauucaeHus WTpadpoB. M3 3Toro Takke
cfienyeT MpPaKTUYECKU BbIBOA, YTO Hambonee BbIrOAHO (C TOUKM 3peHus nonydyaTens) paboTtaTb B
nepBom KBaapaHTe (L+) B ananasoHe tgp.) mexay 0 v 0,4.

5.3.6 IloJsiHast MOIIHOCTDb

MonHasa mowHOCTb S BblpaXKaeTCA Kak nponssegeHune p,el‘;iCTByPOLLI,MX 3HaYeHUM" HanpAXeHnA N ToKa:
S=Ul

Kak TakoBaa MOLWHOCTb He wumeeT ¢M3VILIECKOI‘;I UHTEPNpETaunun, oaHaKO, WUCMNONIb3yeTca npw
NPOeKTUpPoBaHNUU 060pyp,OBaHVI‘iI pacnpeaennTenbHbIX cetei. OHa PaBHa No BeE/IMHNHE MaKCMMasibHOM
aKTUBHOM MOLWHOCTHN, KOTOPAA MOXKET 6bITb noAdaHa B HArpy3sky npu AaHHbIX AEVICTBYIOLLI,MX 3Ha4YeHUAX
HanpAXeHuAa U ToKa. Takum o6pa30M, No/2IHAA MOLWHOCTb onpeagenaer MaKCMMa/ZlbHO BO3MOXXHYHO
CNOCOBHOCTb UCTOYHMKA AnAa 0O0CTaBKU nosnesHomn SHEPrnn K I'IpMéMHI/IKy.

Mepoi 3dpdeKTUBHOCTU UCNOIb30BaHUA NOL4ABAEMON B NMPUEMHUK MOLLHOCTU ABAsSeTCA KoaddUuneHT
MOLLHOCTH, APYTMMU CIOBAMM, OTHOLLEHME NOJTHON MOLLHOCTU K aKTUBHOMN MOLLHOCTY.

99



B CMHYCOMNOaNbHbIX CUCTEMAX:

Ulcosp

T = COSQ

PF P
S
B HeCnHyCcomnaaabHbIX CUCTEMAX TaKoe ynpouweHune Heaonyctmmo wu K03¢¢MLI,MEHT MOLHOCTH

paccyMTbiBaeTCA Ha OCHOBE pPeasibHOr0 COOTHOWEHMA aKTMBHOM W MNOMIHOM  MOLLHOCTK:
P
PF = S
B ogHOda3sHbIX ceTAX N0/JHaA MOLWHOCTb PacCYMTbIBAETCA, TaK 3TO KaK MOKa3aHo B NpUBeAEHHOM Bbllle
dopmyne, 1 30eCb HET HUKaKUX ctoprpu3os. OKasblBaeTcA, 04HAKO, YTO B TPEX(DA3HbIX CETAX PacyYET 3TOM
MOLLLHOCTU TaK}Ke Bbli3bIBaeT cepbEé3Hble NpobiemMbl, Kak U Te, YTO CBA3aHbl C PEaKTUBHON MOLLHOCTbHO.
PasymeeTca, 3TO OTHOCUTCA K peasibHbiM CETAM C HECUHYCOWAANbHbIMU CUTHAMAMM, KOTOPblE TaKKe
MOTYT 6bITb HECUMMETPUYHBIMMU.

MccneposaHna nokasann, 4to GOpPMy/bl, MUCMOMb3yemble A0 CUMX NOP, MOMYT AaBaTb OLIMBOYHbIE
pe3ynbTaTbl, €CAU ceTb He aBaAeTcA cbanaHCMpoBaHHOW. Tak KaK MOAHAA MOLWHOCTb — 3TO YC/I0BHan
BE/IMUMHA M He umeeT O M3UMYECKON WHTepnpeTauuu, BbIACHEHWE, Kakoe W3 npeadsiaraembix
onpeaeneHNin NOAHOM MOLLHOCTKU, ABAAETCA NOAXOAALWMM, MOXET Bbi3blBaTb 3aTpyaHeHuA. Tem He
MeHee, 6blIM NpPeanpPUHATLI MNOMbITKM, ONUPascb Ha HabaAeHWA, AOKas3aTb, YTO MOJHAA MOLLHOCTb
TECHO CBA3aHa C NOTepAMM Npu nepegaye U KO3GPULMEHTOM MOLLHOCTM. 3Haa noTepu nepesadn u
KO3)OULMEHT MOLLIHOCTU MOYKHO KOCBEHHO ONpeaennTb NpasuibHOe onpeaesieHne NoaHON MOLLHOCTHU.

[o cux nop Mcnonb3yloTcA OnpeaeneHuns, cpeau Npounx, apudMeTMYEcKoW MOAHas MOLHOCTU W
reoMeTpuYecKoit MOAHOM MOLLHOCTU. MpoBeAEHHbIe UCCNeA0BaHNA MOKA3aau, YTO HU apudPMeTUYECKOE,
HU TeoOMeTpuyecKoe OMpefesieHUs He AaloT B pesysibTaTe MPaBWIbHOTMO 3HayYeHMsA KoadouuuneHTa
MOLLHOCTU. EQUHCTBEHHbIM, YTO YA0BAETBOPANO TaKOM CUTyauMM, OKasanacb onpeaeneHue, KoTopoe
ye B 1922 rogy npeanoxun Hemeukunn pusmk ®. byxronby, (F. Buchholz):

Se = 3Ue:le

OHO OCHOBaHO Ha AOEMCTBYIOLWLMX 3HAYEHUAX HAMPAXEHMA M TOKa, a CaMa MOLWHOCTb HasblBaeTcA
3¢ dEKTUBHON NONHOW MOLLHOCTbIO (N0 3TOM nNpuuMHe, gnsa TpéxdasHbix uenerd B ob6o3HayeHue
006aB/ieH MHAEKC «e»). ITU AeNCTBYOWME 3HAaYeHUA HaNPAXKEHMSA M TOKa — 3TO TaKuUe TeopeTnyecKkume
3HaueHun, KoTopble MNPEeACTaBAAIOT HaNpAKeHWA M TOKM B CcHaNaHCMPOBAHHOW 3SHEPreTUYecKM

CUMMETpPUYHOM TpéxdasHol cucteme. MosTomy KatoYeBbIMU ABAAIOTCA onpeaeneHnsa BeNmumH Ue U le.

CraHpgapt IEEE 1459 paét cnepytowme popmynbl. B TpéxnpoBogHbIX ceTax:

[ = I3 +1p%+1* U = Uap*+Upc*+Uca®
€ 3 € 9

B Y4eTbIPEXNPOBOAHbIX CETAX:

L2+ 1,2+ 1.2 +1,2 C BULH U HUE) 4 Uny + Upe? + U
L 3 Ue 18

rae la, Ib, lc, COOTBETCTBEHHO AEWCTBYIOLIME 3HAUYEHUA TOKOB OTAE/bHbIX $a3 (AMHelHble U
dasHble), In — aeicTByloWee 3HayeHWe ToKa HyneBoro nposoAHuKka, Ua, Ub, Uc — 37O
AencTBylolme 3HaveHus ¢asHbIX HanpseHui, a Uab, Ubc, Uca ABAAOTCA AeiCTBYOWMMMU

3HAYEHUAMU NINHENHbIX HaHpH)KeHMVI.
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Takum 06pa30M, paC‘-IéTHaFI Be/IMYNHA Se YYUTbIBAET KaK NOTEpPU MOLWHOCTM B Hy/1€BOM npoBoae (B
YETbIPEXNPOBOAHbIX CETHX), TaK U BIAHKNE HeC6aﬂaHCMpOBaHHOCTVI.

5.3.7 MowHocTb UCKaKeHHs DB U 3P PpeKkTHBHAS OTHASI MOLHOCTb UCKaXKeHUS SeN

Mpu 0bCyKAEHUM PEeaKTUBHOM MOLLHOCTM Bbl/10 MOKA3aHO, YTO MOLLHOCTb UCKaXKeHMs No onpeaeneHuto
Budeanu He MOMeT ObiTb NMPUMEHMMA MPU OONbLUMX WUCKAXKEHUAX HAMPAMKEHWUM UM TOKOB, a TaKXKe
acumMmeTpum TpéxdasHbixX Lenen (NapagoKc MOLLHOCTM UCKaXKEeHUI, KOTOpas He ABNSETCA NoKasaTenem
peanbHOro WckaxeHusa). OpHAKO, HECMOTPS Ha 3TO, TaKas MOLLHOCTb YacTo UCMOJIb3yeTcs
cneumanmctamm, 3aHUMAOLWMMUCA aHAIM30M KayecTBa 3/IEKTPOIHEPrMM U MNpou3BOAUTENIAMMU CXEM
KOMMNEHCALMN PEaKTUBHOM MOLLHOCTM.

3aecb HeObX0AMMO YETKO YKa3aTb, YTO ONOPa Ha AaHHbIA NapameTp AaBana Npuemaemble pesynbtaTbl
TONIbKO B YC/IOBUAX HEDONBLLIOFO MCKaXKeHUA GOPMbl NPOLLECCOB U MasIoN aCUMMETPUMN.

CraHgapt IEEE 1459-2000 ynomunHaeT 3TO onpegesieHne MOLLHOCTM, O4HAKO, TaK e, Kak U B cayyae
peakTMBHOM MoOLWHOCTM Budeanu, OHa HeceT HeyCcTPaHWMMbI HEeAOoCTaTOK U pPeKoMeHAayeTcs
OKOHYaTe/IbHO OTKa3aTbCA OT €€ UCMONb30BaHUA.

B mecto mouwHoct DB npeanoxeHa gpyras BenuumMHa, KOTopas HamMHOrMo /ydwiMm crnocobom
Xapaktepusyer O6LLYI0 MOLLHOCTb WMCKaXEeHUs B CMCTeMEe — MOJIHas MOLLHOCTb WCKa)KeHusA SeN.
MolHOCTb SeN Mo3BOAAET ObICTPO OMPeAennTb, YTO Harpyska paboTaeT B YCNOBMAX MasbiX MAK
60/bIUMX FAPMOHUYECKUX WUCKAXKEHW U ABAAETCA TaKXe OCHOBOW ANA onpeAeneHus MnapameTpos
MaCCUBHbIX UM aKTUBHbLIX GUIBTPOB N KOMMEHCATOPOB.

CornacHo onpeaeneHuio (ana TpéxdasHbiX CUCTEM):

Sen = /Sez _Sezl

531 = 3131Uel

roe:

[eicTByIOWMA TOK U HanpsXeHMe OCHOBHOWM rapMoHMKKM (cooTeeTcTBeHHO lein Uei1) paccumTtbiBatoTca
TaK Ke, Kak le n Ue, c TON AnULWb pasHULEN, YTO BMECTO AENCTBYOWMX 3HAYEHNIM GasHbIX UM IMHEMAHbIX
HaNPAXEHUN M AEUCTBYIOWMX 3HAYEHUN IMHENHDbIX TOKOB NOACTaBAATCA 3GPEKTUBHbIE 3HAYEHUA UX
OCHOBHbIX COCTaBAAOLWMX.

B OAHO¢a3HbIX cncremax gna pacqéTa nonHom MOLHOCTU WCKaXKeHUN MOXKHO UCNonb3oBaTb 6onee

npoctyto dopmyny:
Sy = \/52 — (U111)?

roe U n |1 ssnsaotcs 30EKTUBHbIMM  3HAYEHMAMM OCHOBHOW cocTaBaslowen ¢asoBoro
Hanps»KeHUs 1 ToKa.

5.3.8 Ko3dpPpuuueHT MOLIHOCTH

UCTUHHBIN KO3DPUUMEHT MOLLHOCTU, TO €CTb TOT, KOTOPbI MPUHUMAET BO BHMUMAHME TaKXKe Hanunuume
BbICLLUMX FAPMOHMK, Ha3blBaeTcA NPOCcTo KoadduumeHTom mowHoctu (aHra. True Power Factor, TPF uan
PF). nA cMHycomaanbHbIX Lienel OH paBHAETCA TaK Ha3dbiBaemomMy KoadouumneHTy $pasoBoro casura, To
ecTb nonynspHomy cos ¢ (aHrn. Displacement Power Factor, DPF).
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I'IoaTomy DPF aBndaetca Mepoff'l caBura ¢a3 mexay OCHOBHbIMU COCTaBAAWMMU HANPAXKEHNA N TOKA!

P. Uyl cos
DPF = =211 Puin

= cos
s, Uil Puin

PF==%

S
B c/nyyae 4MCTO PE3UCTUBHOM Harpysku (B oAHOpa3HOW CeTM) MOoJIHAA MOLLHOCTb paBHa 3Ha4YeHUo
aKTUBHOM MOLLHOCTM, @ PEaKTUBHAA MOLLHOCTb PaBHA HY/O, TaKMm 0b6pa3om, 3Ta Harpyska B NMOJIHOM
Mepe MCNONb3yeT 3HEepPreTMYecKMin noTeHuMan WCTOYHWMKA M KOo3pPUUMEHT MOLWHOCTM paBeH 1.
MoaBneHWe pPeaKTMBHOM cocTaBiAloWEelr HensberKHO BeAET K CHMKEeHU0 3PPeKTMBHOCTU nepenauu
3HEPrum — akTMBHaA MOLLHOCTb TOr4a MeHbLUE NOJIHON MOLLIHOCTU, @ PeaKTMBHAA MOLLHOCTb PACTET.

B  TpéxdasHbix CXemax Ha  YMeHblleHWe  Ko3pOMUMEHTA  MOLLHOCTM  TaKXe  BAMUAET
HecbanaHCMPOBAHHOCTb NMPUEMHMKA (CMOTpU 0bOCYXKAEHME PEaKTUBHOW MOLLHOCTM). B 3TUX cuctemax
npaBu/ibHOE 3HayeHue Ko3pPUUMEHTA MOLLHOCTM MNOAYYaeTCs MNpPU WUCNO/b30BaHUN 3PPEeKTUBHOM
NMOJIHOM MOLLHOCTHK Se, TO eCTb BE/IMUYMHbI, ONpPeaeiEHHOM, B YaCTHOCTH, B cTaHaapTe |IEEE 1459-2000.

5.4 TapMOHMKM

PasnoxeHne nepnoanyeckmx CUrHanoB Ha rAPMOHMYECKME COCTaBAAIOLWMNE ABNAETCA OYEHb NONYAAPHOM
MaTeMaTMYecKol ornepaumen, oCHOBaHHOW Ha Teopeme ®Pypbe, B KOTOPOM FOBOPUTCA, UYTO KaxKabin
nepmoamMyYeckmin CUrHan MOMKHO NPEACTaBUTb KaK CYMMY CMHYCOMAANbHbIX COCTaBAAOWMUX Gonee
BbICOKMX 4acCTOT, KOTOpble ABAAIOTCA KPaTHbIMM OCHOBHOM YacTOTe TaKoro CurHasa. HenpepbiBHble
CUTHa/bl MOXKHO NOABEPrHyTb onepauum 6bicTporo npeobpasosaHusa Pypbe (cokpalleHHo FFT), KoTopas
OAET B pe3ynbTaTe amnanTyabl N ¢pasbl rAPMOHUYECKMX COCTaBAAOLWMX CNEKTPa YacToT.

B MaeanbHOM cMTyaumm HanpsxkeHne BbipabaTblBaeTca B reHepaTope, KOTOpbli AaET Ha CBOEM BbIXOAe
HEMCKaXKEHHbIA CMHYCOMAANbHbIA curHan 50/60 Iy (oTcyTcTBME KaKMX-AMBO0 BbICWIMX FrapMOHUK). Ecam
NPUEMHUK ABAAETCA JIMHEWHOW CUCTEMOM, TO B TaKUX MAEaNbHbIX YCNOBUAX TOK TaKke byaer
HEMCKaXKEHHbIM CMHYCOMAANbHbIM CUTHANIOM. B peasibHbIX CUCTEMAX, CUTHabl, KaK HanpaKeHus, Tak u
TOKa MCKarKaloTcsA, NO3TOMY A0J/IXKHblI COAEPKaTb KPOME OCHOBHOM COCTAB/AAIOLLEN TaKXKe rapMOHUKK
BbICLUMX NOPALKOB.

Moyemy NPUCYTCTBUE BbICLLMX FAPMOHUK B CETU, ABNAETCA HEXeNaTeibHbIM?

OZHOM M3 NPUYKNH ABNAETCA CKMH-3PPEKT, KOTOPbIA OCHOBAH Ha BbITa/IKMBAHMMW 3/1EKTPOHOB M3 LeHTpa
NpoBoAHMKa (NpoBOAA) HAPYKY C YBE/JMYEHMEM YacTOTbl TOKA. B pesynbTaTte, Yem Bbille YacToTa, TEM
MeHblile 3GPEKTUBHOrO CeYeHMss MPOBOAHMKA MMEIOT B CBOEM PaCMOPSKEHUM 3SNEKTPOHbI, 4TO
3KBMBAJIEHTHO YBEJ/IMYEHWUIO €ro COMPOTUB/EHUA. B pesy/nbTaTe 3TOrO AB/IEHWUA, YEM Bbille MNOPAAOK
rapMOHMKKN TOKa, Tem 6onblue 3pPeKTUBHOE CONPOTUBAEHME NPOBOAKM AN 3TON FapMOHMKM, a 3TO, B
CBOIO ovepeab, Hen3besKHO NPUBOAUT K YBEIMYEHMIO MOTEPb MOLLHOCTM W HAarpesy NPOBOAOB.

Knaccmyecknin npumep, cBA3aHHbIM € 3TUM 3pPeKTom, KacaeTca HelTpanbHOro NpoBoaa B TPExdasHbIX
ceTAX. B CeTAX C HU3KMM YPOBHEM UCKAXKEHWUI, ManbiM AncbanaHCOM M CUMMETPUYHOM HarpysKoi (uam
Heb0/1bWOM aCUMMETPUEI) TOK B HEMTPAIbHOM MPOBOAHUKE CTPEMUTCA K HYNH0 (OH HAMHOTO MeHblue
3bPEKTUBHBIX 3HaYEHMUI dasHbIX TOKOB). ITO HabAOAEHME CMPOBOLMPOBAIO MHOTUX KOHCTPYKTOPOB Ha
3KOHOMMIO, OCHOBAHHYIO Ha YCTaHOBKE B TaKMX cMcTeMax Kabesnei C Hy/neBbiM MPOBOAOM C MEHbLIMM
ceyeHnem, yem ¢asHble nposoga. M Bce oyeHb xopowo paboTano A0 TOr0 MOMEHTa, Korga B Cetu
NOABUANCL TAPMOHUKN HEYETHBIX PALOB, ABNAIOLWMECA KPAaTHbIMM 3 BbICLLErO NOpALKa (TpeTbs, AeBsATas,
n T.4.). Bopyr HelTpanbHbIA NPOBOA HauyMHAN NeperpesBaTbCA, a U3MEPEHME TOKA YKasbiBaio Ha ero
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O4YeHb BbICOKOe 3¢ deKTMBHOE 3HayeHne. ObbACHEHMEe 3TOro ABNEHUSA, OBOAbHO NpocToe. KOHCTpYKTOp
He y4én B nMpuMBEAEHHOM Bbllle MpuUmepe ABYX OBCTOATENbCTB: B CETAX C UCKAaXKEHWAMW BbiCLINE
rapMOHMKN MOTYT He KOMMNEHCUMPOBaTbCA B HelTpasbHOM MpoBoAe, a Ha0boPOT — CYMMMPOBATHLCA, U,
BO-BTOPbIX, CKUH-3GDEKT U BbICOKME 3HAYEHMA TOKOB BbICIUMX FAPMOHMK [AOMNOJHUTENbHO YBEANYUM
ero Harpes.

MonbiTaemca Tenepb OTBETUTb Ha ABa OCHOBHbIX BOMpPOCa:

e Y10 ABnAeTcA I'IpM‘-IMHOﬁ noABNAEHNA TAPMOHUK B HaI'IpFI)KEHMM?
e Y10 ABnAeTcA FlpMLIMHOﬁ noABNEHNA TAPMOHUK B TOKe?

Kasanocb 6bl, 3TW ABa BOMPOCa, BbIrnA4AT NOYTN MOEHTUYHO, OAHAKO pasaeneHune HanpAaxeHna n Toka
ABNAETCA LIpe3BbILIal\;1HO Ba*XHbIM O4N1A NOHMMAHUA CYTU BOMNpOCa.

OTBeT Ha nepBblit BOMpoC byaeT credyloWMM: TAPMOHWKM B HaMPAXEHUM ABAAIOTCA CNeACTBUEM
HEHY/IeBOro MMMNeAaHca pacnpeaenmnTeNbHOM CeTu, Mexay reHepatopom (NpuHMMaem, 4YTO OH
reHepupyeT YUCTYIO CUHYCOUAY) U NPUEMHUKOM.

OfHAKO rapMOHMKM TOKa ABAAIOTCA PE3y/NbTaTOM HENUMHEWHOro XapaKkTepa MMMegaHca MpPUEMHMKa.
KoHeuyHo, cneayeTr OTMETUTb, YTO €C/U JIMHEWHbIN NPUEMHUK MUTAETCA HAMPAXKEHMEM MWCKaXKEHHOM
dopmbl, TO popMa TOKa TaKKe UCKAXKaeTCA.

B AnTepaType 4acTo UCMONb3YIOTCA YTBEPMKAEHUSA, YTO KMPUEMHUK reHepupyeT rapmoHukn». Cneayet
NOMHUTb, YTO B 3TOM C/Ay4Yae MPUEMHUK He ABAAETCA (GU3NYECKMM MUCTOYHUKOM 3Heprum (Kak 3To
npegnonaraer CA0OBO «reHepupyeT»). EAMHCTBEHHbIM WMCTOYHMKOM 3HEPrMn B CUCTEME ABAAETCA
pacnpegenntenbHaa cetb. ECAM NPUEMHMK ABAAETCA NACCUBHbLIM YCTPOMCTBOM, TO 3Heprus,
nepegasaemas oOT MPUMEMHMKA B pacnpeaenuTeNnbHylo CcUcTeMmy, MPOUCXOAMT U3  3TON  Ke
pacnpeaenntenbHon cuctembl. Mbl 34ecb MMeem Aeno C BpedHbiM M 6ecnosiesHbiM ABYCTOPOHHUM
MOTOKOM 3Hepruun. Kak yxe obcyxaanocb paHee B cydae ¢ KoahPULMEHTOM MOLLLHOCTU, TaKOe ABAEHME
NPUBOAUT K HEHY}KHbIM MOTEPAM 3HEPrMM, a TOK «reHepupyemblii» B MNPUEMHMKE Bbi3blBaeT
AOMOIHUTE/IbHYIO HAarpy3Ky Ha pacrnpeaenTeNbHyIo cucTemy.

PaccmoTpum cneaytowmii npumep. TUNUYHBIA HENMHENHBIN NPUEMHUK, TaKOW KaK, Hanpumep, LWMPOKO
MCMO/Ib3yeMble UMMY/IbCHbIE UCTOYHUKM NUTAHUSA (Hanpumep, KOMMbIOTEPHbIE), 3aNUTaH OT UAEANbHOIO
reHepatopa CWMHYCOMAANbHOTO HanpAXeHuA. Tenepb NPeAnoioNMM, YTO WMMNEJAHC COeAMHEHWUN
MeXAy reHepaTopoM M NPUEMHMKOM MMEET Hy/seBOe 3HayeHue. HanpsakeHue, U3MepeHHoe Ha
KAeMmax NpUEMHUKA, byaeT UMeTb CUHycouaanbHyto ¢opmy (OTCYTCTBME BbICLUMX FAPMOHMK) — 3TO
NPoCTO HanpsaXeHue reHepaTopa. OpHako, dopma TOKa B NPUEMHMKe, yxKe byaeT copepKaTb
rapMOHMYECKME COCTaBAAKOWME — HEJWHEWHbI NPUEMHMK 4YacTo MOTpebnAeT TOK TO/MbKO B
onpefenéHHble MOMEHTbI BpEMEHW BCErO Nepuoaa cMHycouabl (Hanpumep, MakCMMasbHbIN TOK MOKET
nonafaTtb Ha MUKW CUHYCOUbI HANPAXKEHUA).

Ho I'IpVIéMHMK Heé COo34aeT 3TUX NapPMOHUNYECKUX COCTaBAAKOLWNMX TOKaA, OH NPOCTO I'IOTpe6}'IF|eT TOK He
NOCTOAHHO U/IN NPEPbLIBUCTO. Bcto 9HEPIrnio NOCTaB/IAET TOJIbKO reHepaTop.

Ha cnegytowiem 3Tane MOMKHO WM3MEHUTb CXeMy, BCTaBAAA MeEXKAY FeHepaTopom U NPUEMHMKOM
onpeaeneHHbIn MMMNeAaHC, KOTOpblA npeAacTasnseT coboit aKTMBHOE COMPOTMBAEHME MPOBOAOSB,
06MOTOK TpaHcdhopmaTopa 1 T.4,.
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MN3mepeHns TapMOHUK HaNpPsKeHUs M TOoKa NPUEMHMKA [aAyT HEMHOro Apyrue pesynbTaTbl. YTo
n3meHmnTCA? MossATcA HebobluMe COCTaBAAIOWME FAPMOHUKM HaMNPAXKEHUA, U, KPOMe TOro, HEMHOrO

NU3MEHUTCA CMEKTP 4acCTOT TOKa.

Mpu aHanmse &opmbl HaNpPAXKEHUs B MNPUEMHUKE MOMKHO 3aMeTUTb, UYTO MNepBOHaYasIbHO
CUHYCOMAANbHBIA CUFHAN Cnerka Uckasunca. Ecam npuémHuk notpebnset TOK B OCHOBHOM B MOMEHTbI
MUKOB HaNpPAMKeHUA — 3TO byaeT BbIrNAAeTb, Kak YCeYEHHble BepluMHbl. boablwoi notpebasemoiit TOK B
3TU MOMEHTbI NPUBOAUT K 6oNblueMYy NAaAEHUIO HANPAXKEHUA Ha MmNedaHce ceTu. YacTb naeanbHoOro
CUHYCOMAANBbHOIO CUTHaNa HaKanAMBAEeTCA celvac Ha 3TOM MmnegaHce. HekoTopoe M3meHeHue B
CNEeKTPE TOKa cneayeT U3 HECKOIbKO MHOW GOPMbl HAaNPAXKEHMA NUTAHUA.

Mpumep OMNMCaHHbIX 34eCb "MAOCKUX BepPWUH" CUMHYCOMOANBHOIO HAMPAMEHUA — 3TO OYEeHb 4acTo
Habntogaemana KapTUHKA B TUMMYHBIX CETAX, K KOTOPbIM MOAKAIOYEHbI LUMPOKOPACNPOCTPAHEHHbIE
KOHCTPYKLMWN MMMY/IbCHbIX 6/10KOB NUTAHMA.

5.4.1 AKTHBHas MOLHOCTb FapMOHHUK

PasnoykeHWe HanpsaXKeHUs M TOKa B NPUEMHMKE HA rapMOHMYECKME COCTaBAasAloWwme No3eosseT bonee
rNy6OKO BbIACHUTL AETaM NMEePeToKa SHEPTUN MeXAY NOCTaBLIMKOM M NoaydYaTesiem.

MpeanonoXmnm, YTO aHaNM3aToOP KayecTBa MUTAHMA MOAK/AIOYEH MeXAY WCTOYHUKOM HamnpssKeHua u
NPMEMHMKOM. KaK HanpsyKeHue, TaK WM NWUTAlOWMIA TOK MNOABEPraloTCA CMNeKTpasbHOMY aHanusy C
nomouwpto 6bicTporo npeobpasoBaHus ®ypbe (FFT), B pesy/nbTaTe KOTOPOro MNoJsiyyaem amnauTyabl
rapMOHMK BMecCTe C UX pasoBbIMM CABUTAMMU.

OKas3blBaeTCs, YTO 3HAHWE FAPMOHMK HAMPAXKEHUA U TOKa U caBura gas mexagy 3sTUMU rapMOHUKaAMK,
NO3BO/IAET PACCUMTATb AKTUBHYIO MOLLHOCTb AENCTBYIOLLMX KaXKA0N FAPMOHUKM B OTAE/bHOCTHU:

Ph = Un-In-cos ®n
roe:
Ph— akTnBHas MOLWHOCTb rAPMOHUKHA h-ro nopAaaka,;
Un- AEVICTBVPOLLI,ee 3Ha4YeHne rApMOHUKN HaNpAXKeHNA h -ro nopAaaKa,;

In — pencTBytoLLEE 3HAYEHME FTAPMOHMKN TOKaA h -ro NOpAAKa;

h—yron $a3oBOro cABMUra Mexay rapMmoHMKaMM HanpAXKeHUA U ToKa h -ro nopaaka.

EcAM MOWHOCTb Ph MMEET MOMOMMTENbHbIM 3HAaK — 3TO O3HAYaeT, YTO AOMUHMPYIOWMIA UCTOUYHMK
3HEPrMmn 3TON FapMOHUKM HAaXOAMTCA Ha CTOPOHE MOCTaBLUMKA 3Hepruu. Ecam oHa oTpuuartenbHas, To
OAOMUHUPYIOWMM WUCTOYHMKOM ABAAETCA MNPUEMHMK. CneayeT OTMETUTb, YTO HENb3A CKasaTb Ha
OCHOBaHWWM U3MEPEHHOM TaKMm 06pa3omM aKTUBHOM MOLLHOCTM FaPMOHMK, YTO TO/IbKO O4Ha U3 CTOPOH
ABNAGTCA EAMHCTBEHHbIM WCTOYHMKOM TFAapMOHMK, TaK KakK W3MepeHHas MOLHOCTb fAB/AETCA
pe3ynbTUPYIOLLEN ANA NOCTaBLLMKA M NoayYaTens.

MNpumep: Ecnn NoCTaBUWMK reHepupyeT akKTUBHYIO MOLLHOCTb rapmoHuMK Php = 1 KBT, a nonyuyatens
«reHepupyeT» MOLLHOCTb 3TOM rapmMoHUK BenndmHon Pho = 100 BT, TO pe3ynbTUpYOLLAs MOLLHOCTb,
M3MEpPEHHas Ha KemMmMmax Mexay noJsiydatesiem v noctaBlmMKom, byaeT coctasnsatb Ph = Pho — Pho = 0,9
KBT.
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B cnyyae c nNpuBeAEHHbIM Bbile NMPUMEPOM, Mbl UMEEM Le/10 C ABYMSA OTAE/bHbIMU MCTOYHUKaMM
MOTOKa 3Heprun. K coXaseHuto, Ha OCHOBE 3TOr0 M3MEpPeHMAa He yAacTca NpPAMO YKasaTb Ha
daKTnuecKoe pacnpegeneHue.

B peanbHbIXx cuCTemMax, 4acTo 6biBaeT [OCTATOMHO OMNPeAenvUTb  AOMUHUPYIOWMIA  UCTOUYHUK.
CrpynnupoBaB rapMOHUYECKME COCTABAAIOWME NOMOKUTE/IbHbIX 3HAKOB, NMOJYYNMM BbIOOPKY MOLLHOCTH,
OTBETCTBEHHYIO 33 MOTOK 3HEPrMM OT UCTOYHMKA K NPUEMHMKY, TO eCTb MONEe3HY 3Hepruio. B cBoto
oyepesb COBOKYNHOCTb rAPMOHMK C OTPULATENIbHBIM 3HAKOM XapaKTepPU3yeT Ty YacTb IHEPIUM, KOTOpan
He BbIMOJIHAET NOJIE3HOM POIN N «BO3BpALLAETCA» 0OPaATHO B pacnpesenmTenbHyo CUCTEMY.

Cymmupya BCE KOMMNOHEHTbl FAPMOHUYECKOM aKTUBHOM MOLLHOCTM, MOAYYMM aAKTUBHYH MOLLHOCTb
NPUEMHMKA. Mbl BUAUM TaKMm 06pa3som, YTO CYLLECTBYHOT, MO KpaliHel mepe, ABa a/JbTEPHATMBHbIX
MeToAa U3MePEHMUA aKTUBHOM MOLLLHOCTH.

MepBblli MeTOA 3aKNtoYaeTca B pacyéTe cpeHUX 3Ha4YeHUN MrHOBEHHOWM aKTUBHOW MOLLLHOCTU, KOTopas
paccunTbIBaEeTCA Ha OCHOBE C/IeAYIOLWMX OTCHETOB HaMPAXKEHMA U TOKa:

M
1
P = MZ Uili
i=1

roe Ui Aasnaetca oyepeaHbIM OTCYETOM HanpAaXxeHwuAa, lingnaetca oyepeHbIM OTCHETOM TOKa, a M-
YMC/I0 OTCHETOB B OKHE M3MepEHMVI.

BTopolt meToa — 3TO CYMMMUPOBaHME OTAE/bHbIX aKTUBHbIX MOLLHOCTE rapMOHUK, KOTOpble nosyyaem
pa3noxeHnem no boictTpomy npeobpasosaHuio dypoe (FFT):

P = 2 U1y, cos oy,
h

5.4.2 PeakTHBHasi MOLHOCTb TApMOHUK

Takum xe o6pa30N\ KaK aKTUBHYO, MOXXHO PaCCYNTATb PE€aKTUBHYHO MOLWHOCTU NAPMOHUK!

Qn = Unln-sinn

3HaHMe pPeaKkTUBHON MOLLHOCTM TAaPMOHUK ABAAETCA LEeHHOM MHbOopMmauMenr, UCNoNb3yemon npu
pa3paboTKe KOMMEHCATOPOB PEAKTUBHOM MOLHOCTM Ha NapanfefbHbiX PeaKTUBHbLIX COMPOTUBAEHUAX.
TaKne KomneHcaTopbl CocTOAT M3 LC-Lenoyek, HaCTPOEHHbIX Ha KOHKPETHbIE YacTOTbl FTAPMOHMUK.

3HaK OTAENbHbIX COCTAaBAAKLWMX MOLLHOCTM FTOBOPUT O XapaKTepe Harpy3ku ANA 3TOW COCTaBAAOLWLEN.
Ecnu 3HaK NONOXKMUTENbHbIN, 3TO CBUAETENLCTBYET 06 MHAYKTUBHOM XapaKTepe, a eC/iv OTpULLATENbHbIN,
TO 0 EMKOCTHOM XapakKTtepe.

PeakTBHbIA TOK MCTOYHMKA MOMKHO YMEHbLWNTb A0 HYNA NpU BbINO/IHEHUW yCnoBUA AONA Ka)K,EI,OVI

rapMOHMKM 2:

Bh+Bkn=0
roe:
Bh — peaktmsHas NpoBOAMMOCTb NPUEMHMKA ANs h-0i rapMOHUKMY,

Bkn — PEeaKTUBHAA NPOBOAMMOCTb NapanaezibHOro KomneHcaTopa gn1Aa h-oit rapMOHUKN.
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MOCKONbKY C/IOKHOCTb KOMMEHcaTopa PacTéT NPOMNoOpLMOHANbHO YUCAY TFAapMOHMK, MOA/exalmx
KOMMNEHCcaLMK, KaK NPaBMI0, KOMNEHCUPYETCA TOJIbKO OCHOBHAs COCTaB/IAOLLAA U He 6osiee HECKOIbKMX
BbICLUMX FAPMOHUK MaKCUManbHOMN BeNnYMUHbI. OAHAKO Aarke cama KOMMNEeHcaLmMa OCHOBHOM rapMOHMKM
MOXKET YKe AaTb 3HAYMUTE/IbHOEe yay4lleHne Ko3apdmuneHTa MOLLHOCTH.

Mpumeyanue 2:
N.C. YapHeuguii: , MOWHOCTM B 3INEKTPUYECKMX LEMNAX C HecuHycomaasbHbIMWU TOKAaMKU U

HanpsaxeHusamun”, M3pgatenbcTBo BapluiaBcKOro nosmMTEXHMYECKOro YHMBepcuTeTa, Bapwasa, 2005,
cTp.109.

L.S. Czarnecki: ,,Moce w obwodach elektrycznych z niesinusoidalnymi przebiegami praddéw i napiec”,
Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa

5.4.3 XapakTepuCTHMKa rapMOHHUK B TpE€xda3HbIX CeTAX

FapMOHUKN onpeaeneHHOro pafga B 3-x ¢dasHbIX CcMCTEeMax WMMEOT HeKoTopble cneunduyeckmne
0co6eHHOCTH, KOTOpble NoKa3biBaeT Tabanua:

Pap, 1 2 3 4 5 6 7 8 9

Yacrora (l'y) 50 100 150 200 250 300 350 400 450

MocnepoBaTeNbHOCTb
(+) npamas, + + +
(-) obpatHas, B 0 0 0
(0) HyneBas

Ctpoka «locnenoBaTeNibHOCTb» OTHOCUTCA K MeToAYy CUMMETPUYUHbBIX COCTaBAAIOLWINX, KOTOPbIN
No3B0/IAET Pa3foXUTb 060N U3 3-X BEKTOPOB Ha TPU Habopa BEKTOPOB: NPAMOI, 06paTHOW U Hy1eBOM
nocneaoBatenbHOCTU (NnogpobHee B pa3aene, NOCBALLEHHOMY Npobaeme acCUMMETPUN).

Bocnonb3ayemcsa npumepom. MNpeanonoxmm, 4yto TpéxdasHbii aBuraTeNib 3annTaH OT CUMMETPUYHOM 4-X
npoBogHoi cetn (To ecTb 3dpdeKTUBHble 3HAYeHMA asHbIX HaMNPAXKEHWUA pPaBHbl M YIbl MeXAy
OTAEeNbHbIMU OCHOBHbIMM KOMMOHEHTaMM cocTasastoT no 120°).

3HaK «+» B CTPOKe, Onpefensioleir nocnesoBaTenbHOCTb A1a 1-rapMOHMKM, 03HAYaeT HopMmasbHoe
Hanpas/ieHMe BPaLLeHUs Basia ABuratens. FapMoOHUKM HaNPAXKEHUS, A1 KOTOPbIX 3TOT 3HAK TaKKe «+»
NPUBOAAT K BO3HWKHOBEHWMIO KPYTALLEr0 MOMEHTa COBMNAAaloWero C HanpaB/lieHUEM OCHOBHOM
rapmMoHMKKN. FAapMOHKKM pagoB 2, 5, 8, 11 ABnAOTCA rapMoHMKamu obpaTHOIM nocnefoBaTelbHOCTU, TO
€CTb MPOU3BOAAT KPYTALLMIA MOMEHT, KOTOPbIA NPEenATCTBYeT HOPMasibHOMY HamnpaB/AEHUIO BPaLLeHUA
ABUraTens, 4YTo MOMEeT TMPUBECTU K HarpeBaHWIO, HEHYKXHOW MoTepe 3HEepPrMM U CHUNKEHUIO
npoussoautTenbHoctu. MNocneaHen rpynnon ABNAIOTCA rAPMOHUKN HYIEBOM NOC/eL0BATENbHOCTH, Takne
KaK, Hanpumep, TPeTbA, WecTaa 1 AeBATas, KOTopble He NPOM3BOAAT HUKAKOTO KPYTALLErO MOMEHTA, HO
npoTteKas no o6MoTKe ABuraTens, Bbi3blBalOT €ro A0MNO/IHUTENbHbIN Harpes.

Ha oOCHOBaHMW AaHHbIX Ta6I'IMLI,bI NIerko  MOXXHO yBMAETb, YTO NOCNEeAO0BATENbHOCTb «+», «-», «0»
noBTopAeTca AanA BCex nocaegywuwmx pAaaos  rapMoHUK. <Dopmyny, CBA3bIBaOWYO  TUN
nocnenoBaTeNIbHOCTU C pAAOM O4YeHb NPOCT U ANA k, KOTOprVI ABnseTcA Nobbim LLeN1ibiIM YACNOM:

MNocnepoBaTenbHOCTb FapmoHuMYecknin pas,
npsamasn «+» 3k+1

obpaTHas «—» 3k-1

HyneBas «0» 3k
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FapMOHMKM YETHbIX PALOB OTCYTCTBYIOT, KOr4a [AaHHbI Npouecc SABASETCA CUMMETPUYUHBIM
OTHOCUTE/IbHO JIMHUW €ero CpedHero 3HayeHusa, a Takoe CBOMCTBO MMEKT CUrHaAbl B HONbLUMHCTBO
CUCTEM NMUTaHMA. B TUNWYHOW CUTyaUMM U3MEPEHHble YPOBHW TFAPMOHMK YETHbIX PALOB MMET
MUHUMaA/IbHble 3HayYeHUA. Ecn yyecTb 3TO CBOMCTBO, TO OKAXKETCsA, YTO FPynnbl FAPMOHUK C CaMbIMU
He)KenateNbHbIMU KayecTBamu — 310 3-1, 9-1, 15-a (HyneBas nocnenoBaTeNbHOCTb), a TaKXe 5-1, 11-1,
17-a (obpaTHas nocnenoBaTeNbHOCTD).

FapMOHMKN TOKa, KOTOpble KpaTHbl 4yucay 3 CO34atoT AOMNOJIHUTENIbHblIE NPO6AeMbl B HEKOTOPbIX
cuctemax. B 4-x npoBOAHbIX CUCTEMAX OHU MMEIOT OYEHb HEeXKe/laTe/IbHY 0COOEHHOCTb CYMMMPOBATHCA
B Hy/nieBOM npoBoge. OKa3bIBaeTCsa, YTO B OT/IMUYME OT FAaPMOHUK APYrUX pPAAO0B, rAe CyMma 3HayeHui
MrHOBEHHbIX (asHbIX TOKOB KOMMEHCUPYETCS, MPOLLECCbl 3TUX FAPMOHWMK COBMagaloT no ¢ase, 4To
npMBOAMT K A06aBaeHNto Ga3HbIX TOKOB 3TOM COCTaBAAIOLLEN B HY/IEBOM NPOBOAE. ITO MOXKET NPMUBECTHU
K neperpesy 3TOro nposoja (B YaCTHOCTU, B pacnpeae/IMTeNbHbIX CUCTEMaX, B KOTOPbIX UCMNO/b30BaHO
MeHblUee ceyeHWe 3Toro nposoga, 4Yem ¢as3oBblX, a A0 HeAaBHEro BPEMEHM 3To ewe 6bino
pacnpocTpaHeHHOoM NpakTMKoi). Mo 3Tol NpUYMHe, B CETAX C HEAUHEMNHbIMW Harpy3kamun 1 601blLnMMU
NCKAXXEHMAMM TOKa, B HaCToALLLEE BpeMA PEKOMeHAYeTCs, YToObl ceyeHne HelTpaibHOro nposoaa bbino
6onblle ceveHus dhasHbIX NPOBOAOB.

B cucTeMax TMNa «TPEYro/ibHUK» rapMOHMKM 3TUX PAAOB OTCYTCTBYIOT B /IMHEMHbIX TOKaX (C OrOBOPKOM,
YTO peyb UAET O CUMMETPUYHBIX CUCTEMAX), B TO BPEMSA KaK OHU LIUPKYIUPYIOT B BETBAX HArpy3Ku, TakxKe
BbI3blBas HEHYXHble MOTEPU MOLLHOCTH.

TaKolt xapaKTep OTAENbHbIX FAPMOHMK, KaK 3TO NOKa3aHo B Tab/mLe, COXPaHAETCA C NOAHON TOYHOCTbIO
TONbKO B TPEX(DA3HbIX CUMMETPUUYHbIX cUcTEMaX. TO/IbKO B TaKMX CUCTEMaxX OCHOBHasA rapMoHMKa umeeT
XapaKTep WCKAIYMUTENBHO MPAMOI NOCAefoBaTENbHOCTU. B peanbHbIX CUCTEMAxX, B KOTOPbIX €CTb
onpeaeseHHas cTeneHb aCMMMETPUMU HaMpPsAKeHUA NUTaHuMA U amcbanaHc Harpysku, nosBAArTCA He
HyneBble COCTaBAsAlOWME 0OpaTHOMW M HyneBoW nocnegoBaTeNbHOCTU. Mepol 3Tol acMMMETPUM
ABNAIOTCA TaK HasblBaemble KO3IPOUUMEHTbI HecummeTpun. UM MMEHHO Wu3-3a 3TOM acCUMMETPUU
OCHOBHOW rapMOHMKM, U, KPOME TOr0, PasHULbI B amnNanTyaax u ¢hasax BbICLLUMX FAPMOHUK B KaxKaon ns
da3 - 3TM TrapMOHMKM Tak¥ke OyayT MMeTb KOMMOHEHTbl MNpAMON, o06paTHOM W HyneBow
nocnefoBatenibHOCTU. Yem Oosblie acummeTpusi, Tem bonble 6yayT Takke [A0AW  OCTaNbHbIX
COCTaBAAIOLLMUX.

CraHgapT TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) pekomeHayeT, 4Tobbl B aHa/iM3aTopax CeTu
NPUMEHANCA MeTOA, NOArPYNN rapMOHUYECKUX COCTaBAIOLLNX.

5.4.4 KospdunyeHT rapMoHNYecKuX ucKkaxeuni (THD)

KoadduumeHT rapmoHmnyecknx nckaxkenuit THD (aHrn. Total Harmonic Distortion) asnseTca Hanbonee
PacnpoCTPaHEHHbLIM  MOKa3aTenemM WCKaKeHuAa curHanoB. Ha npaKkTMke ucnonb3yloTca  Age
Pa3HOBMAHOCTM 3TOr0 KoaboduumeHTa:

e  THDF - KO3)PUUMEHT raPMOHNYECKUX UCKAXKEHUI, OTHOCUTE/IbHO OCHOBHOW rapMOHMKM CUrHaNa
(ot aHra. fundamental),

e THDR - KO3QPUUMEHT TFapMOHUYECKMX WCKAXKEHUM OTHOCUTE/NIbHO CPeAHEKBaApPaTUYHOrOo
3HavyeHus (RMS) curHana.
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B o6oux cnyyaax THD nsmepsietca B npoueHTax. HuKe npuBeaeHbl onpeaeneHus:

n 2 n 2
,/ h=2 Ah ,’ h=2 Ah
THDp = ~————x 100% THDg = ~——— % 100%

1 RMS

roe: Ah — aelicTBylolLLee 3HaYeHMe rapmoHuKKM h-ro paga;
A1l — feicTByiolLee 3HaYeHMe OCHOBHOMN rapMOHUKN;
ARMS — AieicTBYIOLLEE 3HaYeHMe curHana.

OrpaHMYeHnEe YNCNA FAPMOHMUK, YINTbIBAaEMbIX NPU pacyeTe THD, MMeeT yCNOBHbIN XapaKTep M CBA3AHO,
npexae BCero, C OrPaHUYEHUAMU U3MEPUTENIbHOFO YCTPOMCTBa. MMOCKONbLKY aHanuM3aTop no3BoAseT
M3MepATb rapMoHUKK Ao 50-ro nopaaka, npu pacyéte THD yuutbiBatoTca rapmoHuku 50-ro nam 40-ro
nopsagka.

CnepyeT umeTb B BUAY, YTO ABa YNOMAHYTbIX onpeseneHus byayT AaBaTb 3HAYMTENIbHO OT/IMYatoWMecs
ApYyr OT Apyra 3Ha4YeHnA NpPU CUAbHO UCKaXKeHHbIX curHanax. THDR He moxeT npesbiwatb 100 %, a THDF
TaKOro npesesia He UMEeT U MOXKET NPUHUMaATL 3HauYeHun, aaxke 200 % u 6onee. Takol caydait MoXKeT
HabnaaTbCA MNPU  U3MEPEHUM 3HAUUTENIbHO WCKAKEHHOTO TOKa. [apMOHMYECKME UCKAXKeHUs
HanpsXXeHWA, Kak NPaBMo, He NPEBbIWAOT HECKO/IbKUX NpoueHTOB (Kak THDF, Tak n THDR).

5.4.5 KoadpdunueHT uckakenus Toka TDD

KoadduumeHt wuckaxkeHus Toka TDD (aHwrn. Total Demand Distortion) — 3To noKasaTens,
NnpeacTaBAloWMA  YyPoBEHb 3PPEKTUBHBIX 3HAYEHUMA BbICLUIMX TFAPMOHMK TOKOB, OTHOCUTENbHO
MaKcMmanbHoro BoctpeboBaHHOro Toka (aHrn. Demand Current). OH BbiBOAMTCA M3 Ko3adduumeHTa THD
W ero 3HayeHue BblpaykaeTcsa Gopmynoii:

n 12
h=2'h
TDD = — X 100%
IL
roe: Ih —3dPeKTMBHOE 3HAUEHME TOKA rAPMOHKK h-ro psaaa,

I, — BOCTpeboBaHHbIM TOK.

CpaBHuMBanA npuBeaeHHyto Bbiwe dopmyny ¢ THD aaa TOKOB, Bbl MOXKETe BUAETb, YTO OHWM pasfiMyatoTca
TOMIbKO 3HAYeHWeM 3HameHaTena. YucnuTtenb OCTaéTca HeuaMeHHbIM W npeacTasasetr coboit
adpPeKTMBHOE 3HAYEHME BbICLUMX FAPMOHMUK.

BocTpeboBaHHbIM TOK Ii — 3TO MaKcMMasnbHOe cpegHee 3HaYeHMEe OCHOBHOM COCTaBAANOLWEN TOKa,
3aperncTpupoBsaHoe B nepuog HabaogeHus. B kayectse neproga HabnoaeHUa 06bI4HO NPUHKMMaETCA
Hegens uan mecsau,

Ons obbsacHeHMA pasHuubl mexagy THD wm TDD Bocnonb3yemcs npumepom. [Npennonoxum. 4to
OCHOBHaA COCTaBAAIOLWAA TOKA B LEeNu M3MeHAeTcA mexay 3HadeHmamm 1000 A n 10 A. UcKarkeHue
$bopMbl TOKa NMPMMEPHO Ha OAHOM M TOM Ke YpOBHE BO BCEM MHTEpBaje WU3IMEHEHWA OCHOBHOW
cocTaBastowel u coorsetcTeyeT KoaddpuumeHTy THDe npumepHo 50%. Ecam co3gatb rpaduKk M3meHeHus
KoapopuumeHta THD Bo BpemeHM, TO noayuntcs Bonee-meHee MOCTOSHHOe 3HayeHue 50% BO Bcem
WHTepBane BpemeHU. O6paTUTe BHMMAHWE, YTO HECMOTPA Ha TO, YTO B WUCCAEAyEMOM MHTepBane
BPEMEHWN OCHOBHAA cocTasaAlowWwan nsmeHaetca B 100 pas, Ha ocHoBe rpadumka THD Henb3sa caenatb
BbIBOJ, O MOTEPAX 3SHEPrUM B LEMNU B pe3ysbTaTe BO3HUKHOBEHMA FrapMOHMK. Ecan co3patbh Takom ke
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rpaduk ana KoadpduumeHta TDD, To OH OyaeT MMmeTb BWA, aAHANOTMMYHbIA TrpadUKy OCHOBHOIM
COCTaBASAIOLWEN TOKA — MaKCMManbHoe 3HayeHue TDD gocturHet 50%, a MMHMManbHoe npumepHo 0,5%.
Takum obpasom, TDD nyywe oTparxkaeT usmeHeHUa 3GGEKTUBHOIO 3HAYEHWUA BbICLUMX FAPMOHUK — €CK
TOK AOCTUTHET MaKCUMa/ibHOro 3HayeHus, To TDD npnbamnsmutca kK THD, HO ecain 3HauYeHWe ToKa B Lenu
YMEHbLLAETCA, TO TAKXKe yMeHbLUaeTcs U KoadoduumeHT TDD.

Ona pacyeta KoapodumumeHta TDD HeobxoAMMO 3apaHee yKasaTb MM paccymTaTb TOK |.. AHanmsaTopsbl
PQM npepoctasnatoT Asa BO3MOMXKHbIX MeToAa:

® aBTOMATUYECKMIN — TOK | onpeaenaeTca NPUNoXKEHNEM, KaK MaKCUMaJ/ibHOE 3aPerncTpmpoBaHHoe
cpeaHee 3HaYEeHWE OCHOBHOWM COCTaB/IAIOLLEN TOKa (M3 BCEro MHTepBasa pPerucrpaumm, no BCeEm
KaHanam Toka). Mocne BKAtoYeHUs pernctpaumm TDD, aHannsaTop aBTOMaTUYECKU 3anucbiBaeT
napameTpbl ANA pacyeTa ero sHaYeHus.

e  BpPYYHYIO — TOK |. BBOAMTCA No/b3oBaTenem (B NPUIONKEHUN, NPU aHaNMU3e AaHHbIX). 3HaYyeHue
TDD paccuunTbiBaeTcA Ha OCHOBE BBEAEHHOro 3HayYeHuA

5.4.6 KoadpodpunuentK

Koadduument K, TakxKe HasbiBaemblit KoadpduumeHTom notepb B TpaHchopmaTope (K-dpaKktop) — aTo
BE/IMUMHA, KOTOpasa WCNo/b3yeTca MNpu onpeaeneHum TpeboBaHWi K TpaHchopmatopam MUTAHUS.
BbIClLUME FAPMOHMKM B TOKE NPUBOAUT K YBEJIMYEHMUIO TEMJIOBbIX NMOTEPL B OOMOTKAX U MeTaiIMyecKkux
afiemeHTax TpaHchopmaTopa. [/1aBHOMW MPUYMHON ABAAIOTCA BUXPEBbIE TOKKU, TEeHEpUpyemble
COCTaBAAOLWMMM TOKA Ha Boslee BbICOKMX YAaCTOTaxX, a TaKKe CKUH-3DPEKT.

MoBbiWeHMEe TemnepaTypbl TpaHcdopmaTopa NpSAMO  MNPOMNOPLMOHANABHO  KBaapaTy 4acToThbl
COCTaBAAOLWMX TOKA, MOITOMY BEMYMHA HA3blBaeTca KO3dPUUMEHTOM NoTepb B TpaHCOpmaTope nam
MHaye KoadoduumeHtom K, yumtbiBasd 3TOT ¢aKT, OH PaACCUUTbIBAETCA MO cheayolen dopmyne:

50
y50 [2p2
h=11n
KFactor = ) I3 .h?==—"—"—
T 12
h=1 1
roe: Ihr — OTHOCUTENbHOE 3HAYeHME FapMOHUK TOoKa h-ro psga (No OTHOLEHUIO K OCHOBHOW

rapMoHMUKe);
Ih —amnanTyaa rapmoHuKuM Toka h-ro paaa;
[1 —amnanTysa OCHOBHOM COCTaBAAIOLLEN TOKa;
h — rapmoHunyeckuit paa,.

3ToT napameTp NpuAaéT ropasgo 60/bWKMI BEC BbICLUMM FapMOHMKaM, YeM HU3LWKMM — Kakaas
rapMOHMKa YMHOKAETCs Ha KBagpaT ee psaja.

Koaddmumnent K noneseH npum onpepeneHnn tpeboBaHM K TpaHCchoOpmaTopam, KOTOpPble AOJIKHbI
paboTaTb B YC/NOBMAX 3HAUMTENbHbIX MWCKaXKeHMI Toka. [lpegnonaraerca, 4to TpaHchopmaTop,
paboTatowmii B yCA0BUAX, 1A KOTOpbIX KoadpduumeHT K coctaBnseT x, byaeT reHepuposaTb B X pas
60/blle Tensa, Yem B CUTYaLLMM YUCTO CUHYCOMAANbHOTO ToKa (K = 1).

5.5 HHTeprapMoHMKH

MHTEeprapmMoHMKM — 3TO TaKMe COCTaBAAIOLLIME YAaCTOTHOrO CMNEKTpa HanpsaKeHWa WAM TOKa, YacToTa
KOTOpbIX He 6yaeT KpaTHoi ocHoBHOM 4YactoTe cetn (50 mam 60 Tu). MpPUUMHON BO3HUMKHOBEHMUS
MHTEPrapMoOHMK MOFyT 6bITb, B YAaCTHOCTU, HECUHXPOHHbIE M NepexoAHble NPOLLeCcChbl, CONyTCTBYlOLWME
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NoAKNoYEeHUAM, npeobpa3oBaTe/iM 4acToTbl, KOTOpble CO343l0T BbIXOAHYH 4YacTOTy OT/AWUYHYHO OT
YyacToTbl MuTalolLlet ceTn, A06aBNAs B CUCTEMY CMEKTpasibHble MHTEPrapMoOHUYECKUE COCTaBAAoLLME,
AYrosble Nneyn U UHAYKLUMOHHble ABUraTeNn, a TaKKe MNpuMBOAbl C NepemeHHON Harpyskoi. CurHanbi
ynpaB/ieHUsi, TO €eCTb CUrHaibl CTPOro OnpeAesiéHHOM 4YacToTbl, KOTOpble FEeHEepPUPYIOTCA B Lensx
yrpaBaAeHUA MU NOMNafaloT B 3/1EKTPOCETU, TaKXKe c/edyeT pacCMaTpuBaTb KaK MHTEPrapmoHUYyeckue
coctasnAolmMe. MHTeprapmMoHMKM C 4YacTOTOM, MeHblleid OCHOBHOW 4acToTbl CeTW, Ha3blBakoTCA
cybrapmoHuKu.

3ddeKTbl NPUCYTCTBUA MHTEPrapMOHUK MOTYT ObITb Cheaylowme:

e POCT notepb B MeXaHWYECKUX ABWUraTensix, NoBbllleHWe TemMnepaTypbl; B YaCTHOCTWU, BpenHbl
CybrapmoHMKK, NOCKO/IbKY NOTEPU MOLLLHOCTU BO3PACTAlOT C YMEHbLUEHWEM YacTOoTbl;

e MepuaHue cBeTa; B 3TOM CAydyae TaKKe OCOBEHHO HenpuaTHbl CybrapmoHuKW. Hanpumep,
cybrapmoHuKa ¢ yactoToi 8,8 Iy NPMBOAUT K MOAYNAUMM HaNPsAKEHUA CeTM B AManasoHe, B
KOTOPOM YeN0BEYECKU INa3 Hanbosiee YyBCTBUTESIEH K STOMY ABAEHWUIO;

e Hu3KoyacToTHble KonebaHUsa B MexaHUYECKUX CUCTEMAX;

e [lomexu B paboTe cucTem ynpaBneHusa n 6esonacHoCTy;

o [lomexu B TENEKOMMYHUKALMAX U aKYCTUYECKUE;

e MarHuMTHOEe HacbllleHMe cepaeyHNKa oT cybrapmoHuK (TpaHcdopmaTopsbl, 31eKTpoABUraTeNn u
T.4.).

B3anmoaencrTeme BbICLUIMX FAPMOHUK M MHTEPrapMOHUK TaKXKe MOMKET MPUBECTU K HeXenaTenbHbim
ABNEHUAM, TaKUM KaK BMeHMA Ha HU3KMX 4YactoTax. Hanpumep, 9-A rapmonmka (450 lu) BmecTte c
WHTEePrapMoHuKoi 4Yactotbl 460 U NpuBOAMT K BO3HUKHOBEHWUIO 3ddekTa bueHua yactoTtoin 10 Iy,
HEeCMoTpPA Ha TO, YTO B YAaCTOTHOM CMNEKTPE HET COCTaBNAIOLWEN 3TOM YAacTOTbl. YeN0BEYECKMIA TNa3 OYEHD
YyBCTBMTE/IEH B 3TOM [AManasoHe W TaKoe B3auMOLENCTBME MPUBOAMUT K 3HAYMTENbHOMY 3PeKTy
mepuaHua ceeta. Popma HanpsakeHma 230 B/50 Iy, B 3TOM cuTyaumm nokasaHa Ha puc.47 (yctaHoBneH
ropasfo 60/blWKniA ypOBEHb MHTEPrapMOHMKKN YeM 06bIYHO, YTObObI NOKa3aTb 3PPEKT Ha pUCYHKe).
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Puc.47. 3ddekT B3aumogaenicteuns 9-i rapmoHukm (450 'y, 10 % Unom) n nHteprapmoHukm 460 Iy,
(10 % Unom). Bugumbie nameHeHus popmbl HanpsxKeHUs ¢ yactotol 10 'y, KoTopble MOFyT CO34aTb
addekT mepuaHma ceeta (Unom =230 B RMS, 50 lu).

5.5.1 KoaddunueHT nHTEprapMmoHndecKux uckaxxeuui (TID)

Obweit Mepolt NPUCYTCTBUS MHTEPrapMOHWMK B CUTHaNe ABAAETCA KO3OPUUMEHT coaepiKaHus
WHTEPrapMOHMK, KOTOPbIV ONpeaenseTcsa Kak:
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n 2
ih=0 Aih

TIDp = —Xx 100%
Ay
2
ih=0Ain
TIDp = —x 100%
Agrus
roe: TIDe — K03dPUUMEHT coaep’KaHMA MHTEPrapMOHMK MO OTHOLIEHUID K OCHOBHOM

COCTaBAAOLLLEN,

TIDg - KO3POULMNEHT COLEPHKAHNA NHTEPTAPMOHMK MO OTHOLUEHUIO K AEMCTBYOLWEMY 3HAYEHUIO
RMS,

Ain — BeNCTBYIOLLEE 3HAYEHME MHTEPTAPMOHMKM ih-ro paga (noarpynnbl MHTEPrAPMOHMK),

A; — peictBylollee 3Ha4YeHNe OCHOBHOM COCTaBAAIOLLEN,

Agms — AEMCTBYIOLLEE 3HAYEHWE CUTHANA,

n — 8 cny4vae c PQM-702 n PQM-703 pasHo 50.

TID aBnseTcA OTHOLWEHMEM AEeMCTBYIOWErO 3HAYEHNA BCEX MHTEPrapMOHMK K OCHOBHOM COCTaBAAloLLEel
(ana TIDg) nnum K genctaytowemy 3HadeHunto RMS (ans TIDg).

Mpuemnembiii ypoBeHb MOMEX WMHTEPrapMOHUK B HaMps)KeHWM — 3TO BOMPOC AWMCKYCCUI B Kpyrax,
CBA3AHHbIX C KayecTBOM 3/IeKTPO3Heprnu. HeKoTopble WMCTOUYHWMKKU YTBEPKAAIT, UYTO CYMMapHbIN
K03pOULMEHT MHTEPrapMOHUUYECKMX UCKAXKEHUI MO HANPAKEHMIO He A0/IKEH npeBbiwaTh 0,2 %.

5.6 CurHasibl ynpaBjeHUs

YnpaBaswowmMmmn curHanamu (aHrn. mains signalling) HasbiBalOTCA CUrHafbl, KOTOpble BBOAATCA B
3N1EKTPUYECKYI0 LUenb A8  AUCTaHUMOHHOTO  YNPaBAEHMA W KOHTPOAA Hah  YCTPOWMCTBaMMu,
MOAK/IOYEHHbIMM K TOM ke ceTu. Takum o6pasom, pacnpeaenuresibHas CeTb Kpome nepeaaqu
3/1eKTPO3HEPrMK, B AaHHOM C/yyae WMCNOJb3yeTca B KayecTBe cpedbl nepegauv gna CBA3M MeKay
yCTpoicTBamu. Pa3inyatoT Tpy TMNa CUrHaos:

e  CurHanbl HM3KoM YacToTbl oT 110 ao 3000 lu, Ha3biBaeMble NO-aHIUUCKK ripple control signals
(mocnoBHO: NynbcupytoLlMe ynpaBastowme CUrHanbl);

e  CurHanbl, UCNONb3YIOWMX HECYLLYHO 4acToTy, aHrn. Power Line Carrier Communication, PLCC,
AManasoH 4actoT oT 3 o 148,5 Kl'y;

e MapKepHble curHanbl (aHrn. marking signals), KOPOTKME BCMNAECKU NPU NepexoaHbiX Npoueccax,
Ha/IOXKEHHbIe B ONpeAeNEéHHOM TOUYKE Ha CUTHAN HAaNpPAXKeHUA.

MocKoNbKy BBeAEeHME TaKMX CUTHAJIOB B CE€Tb 3/IEKTPOMUTAHUA MOXET MMETb HeraTMsBHble NOCAeaCcTBUA
015 HEKOTOPbIX YCTPOMCTB, NOA0OHO BAMAHUIO, KOTOPOE OKa3blBAtOT FAPMOHMKN UAU UHTEPTaPMOHUKM,
To NOCT 32144-2013 ycTaHaBAMBAET AMMMUTbI Ha 3-X CEKYHAHbIE CpeaHue 3HAYEeHNA AN1A TaKUX CUTHANOB,
KaK MoKasaHo Ha puc.49Puc.. 3a Bpema nsmepeHus, 99 % cpefHnx 3-x CEKYHAHbIX 3HAYEHU CUTHANOB
yNpaBAeHNA A0/KHbI ObITb HUKEYKa3aHHOTO IMMMUTA.

CurHanbl HM3KOM YactoTbl (40 3 KIL) MCNONb3YOTCA O1A BK/AOYEHMA W BbIK/IOYEHUA Harpysku,
dunbTpOB, YyCTpoMCTB 6e3onacHoCTM. OAHMM M3 NPUMEHEHWA ABAAETCA YNpaBieHMEe YAUYHbIM
OCBELLEHMEM MAN AUCTAHUMOHHOE YrpaB/JieHNe OTOMUTENbHLIMU YCTPOMCTBAMMU U KOHAMLMOHEpPaMM,
MCMNONb3yeMoe B HEKOTOPbIX CTpaHax. YacTo curHanbl 3TOrO TMNa MCNO/b3YOTCA NpU 06CAYKMBAHUK
KAWEHTOB C ABYMA Tapudamu (Hanpumep, npu 6onee AeWEBOM HOYHOM Tapude NOCTABLIMK SHEPTUN
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aBTOMAaTMUYECKM OTK/IHOYAET ONpeaeneHHY0 HarpysKy). 3TOT TN cBA3M 0ObIYHO OgHOHANPaBAEHHbIN. U3-
3a XapaKTepa 3aTyxaHus B pacnpeaennTenbHoM CeTu, KoTopoe yBeIMYMBaeTca C POCTOM YacToTbl, CBA3b
Mo 3TOMy MeToZy NO3BOJISET NONYYNTb 6O/bLIYIO Aa/IbHOCTM Nepenayn (farke Ha COTHU KuaomeTpos). B
npoLecce nepegayn ynpasaaioLlWmMii CUTHAA OTNPABIAETCA HECKOIbKMMM NMaKeTamMmM U NOBTOPAETCA Yepes
onpegenéHHoe Bpems. Camo Bpems, B TeYEHWE KOTOPOro CUrHan aKTUBEH, MOXKeT ObiTb O4YeHb
NPOAO/IKUTENbHBIM, HANPUMEP, 2 CEKYHAbl CUTHAN BKAOYEH, 2 CEKYHAbI — BbIK/IIOYEH M HECKO/IbKO pa3
NoBTOPATHLCA. M3BECTHbI C/ly4am, KOraa Takon Tun nepeaadun npuBoAUA K NOABAEHUIO HeXenaTeslbHOro
adpdeKTa mepuaHuma ceeTa. [pumep nepesayun curHana Takoro TMna NokasaH Ha puc.48.

AL rANNATY RS
CHMMHENE YNPSENEHKA
—- -—T2_=2!3
| o T ;
T1=1c Bpema
1 MHHYTA
1 yac

Puc.48. NMpumep nepesayn ynpasastoLLEro CUTHANA HU3KOM YacToTbl.

Bonee BbiCOKMe 4acToTbl Nepefayn (cnepfoBaTenNbHO, TakKe b6osiee BbICOKME CKOPOCTM nepepayuu)
asnaTcA obnactblo cBasn Tmna PLCC. 3TOT TMN CBA3M MCNO/Ab3yeT aMMAUTYAHYIO WAWU 4YacTOTHYHO
MOZYNIALMIO Hecyllel (BO3MOXKHO, M ApyrMe MeToAbl MoZynsuuun). B coBpemMeHHbIX MeTonax
NPUMEHAIOTCA  C/IOXKHble  anroputmbl  06paboTKM  CUrHaNoB, [ANA  NOAyYeHUA  Hambonbluen
NMOMEXOYCTOMYMBOCTM WU CKOPOCTU nepefaun AaHHbiX. Mepepaya curHana Ttuna PLCC Bce Bpema
npuobpeTaeT NonNynApHOCTb, yBenM4MBaa obaacTb cBoero npumeHeHUa. CBA3b MeXAy TOYKaMU CeTU
MOXKeT BbITb ABYCTOPOHHEN. KOHUENUMA MHTeNNEKTYalbHOW ceTu, T.H. smart grid, LWMpOKO UCNoNb3yeT
PLCC, koTopaa ABnaeTcA OAHMM M3 OCHOBHbIX METOA0B CBA3UN MeXAy CYETYMKAMU SNEKTPOIHEPrnn u
KOOPAMHAUMOHHBIM LeHTPpOM. OCHOBHble 06/1acTU NPUMEHEHUA — 3TO TenemeTpusa, ONTUMM3aLUA
noTpebneHna  3neKTposHepruu,  AWUCTAHUMOHHOE  YMpaB/ieHWe  HarpyskoW.  3aTyxaHue B
pacnpefennTeNbHON CeTM OrpaHWYMBaEeT MAKCMMaJbHYKO [anbHOCTb nepefdayn. MakcumanbHas
OANbHOCTb MOXET COCTaBAATb HECKONbKO KWIOMETPOB, MPUYEM CyLLEeCTBYEeT CWMAbHAA 3aBUCMMOCTb
MeXAy TUNOM MOAYNALMU, CKOPOCTbIO Nepeayn AaHHbIX U 4OCTUrAaeMON AaNbHOCTbIO.

OpHoBpemMeHHO BeayTcA PaboTbl MO CTaHAAPTM3AUMM MCNONb30BaHMA Gonee BbICOKUX AMANa3oHOB
yactoT (cBbiwe 148,5 Kl M A0 HECKONbKMX AecaTkoB MIML) ana nepegaum AaHHbIX Ha KOPOTKMe
ANCTaHUMW.

B ceTAX CO 3HAaUUTENbHbIM COAEPKAHMEM FAPMOHUK, TAe ONA CHUXKEHMA YPOBHA NOMEX MPUMEHSAIOTCA
AOonoNHUTEeNbHble GUABLTPbLI, BCNEACTBUME MX WMCNO/b30BAaHMA MOMKET BO3HMKHYTb AO0MOJIHUTENIbHOE
3aTyxaHue B AManasoHe YacToT, UCMOIb3yeMbIX ANA HYXKA curHanmnsaumm. Kak Haanume GuabTpoB, Tak U
BbICOKMI YPOBEHb FAPMOHUYECKUX U UHTEPrapMOHUYECKUX WUCKAXKEHUM, 3HAUYUTENIbHO OrpaHUYMBatoT
BO3MOXHOCTb 3QHEKTUBHOrO MCNONb30BaHMA pPacnpesenTeslbHoM CeTU ANA CBA3M HU3KOYACTOTHbIM
metogom maum PLCC.
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10 ¥ROEEHE HANPAKEHMA B NPOLEHTSX
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Puc.49. JonycTumble YPOBHM YNPABAAIOLWMX CUTHANOB.

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) paéT chneaylolWMii MeTol, WU3MEPEHMA CUTHaNoB
ynpasneHus:

e Ecnum yactoTta curHana ynpasneHus KpaTHa 5 U (To ecTb, coBnafaeT C BbIXOAHOW MOMOCKOWA
YacTOTHOro aHa/sM3a no bbicTporo npeobpasoBaHnA Pypbe), TOraa cneayeT yYnTbiBaTb TOJIbKO
OJHY 3Ty NONOCKY 1 ee AeNCTBYIOLLEE 3HAUEHUE;

e EC/M YacToTa CUrHana ynpaBaeHUA He KpaTHa 5 ', TO paccymTbiBalOTCA AENCTBYIOWME 3HAYEHUA
yeTbIpEX NOJIOCOK Mo H6bicTpoMy NpeobpasoBaHuto Pypbe, Hanbonee 6AU3KNX 3TOM YacToTe.

5.7 AcuMMeTpus

ACMMMeTpMFI ABNAETCA NOHATUEM, CBA3AHHbIM C TpeXd)a3HbIMVI ceTAMU, U MOXKeT OTHOCUTLCA K:

o ACMMMETPUM HaNPAKEeHWU NUTaHUS;
®  ACMMMETPUM TOKOB Harpysku;

e AcummeTtpuun NnpuémHMKa.

ACMMMETPUA HanpsKeHUin (TOKoB) npoucxoauT B TpPExdasHbIX CceTAX, Korga 3HayeHua TpEéx
COCTaBAAOWMX HAMNPAXKEHUN (TOKOB) pasnuualoTca mexay cobol U/Mau yrabl mexKay OTAeNbHbIMU
$aszamu otamyaroTca ot 120°.

AcMMmeTpua NpMeMHMKa BO3HMKAeT TorAa, Korda MmnedaHcbl B OTAE/NbHbIX BETBAX NPUEMHMKA He
paBHbI MeXay coboii.

3T aBneHuMAa ocobeHHO BpeaHbl AnA TpEéxdasHbiX ABUraTeneil, B KOTOPbIX p[arke Hebosbluas
aCUMMETPUA HaMNPAKEeHUA MOXKET MPMBECTM K MHOFOKpaTHO 6onblueil acMMMETPUM TOKOB. B TaKkmx
YCNOBUAX KPYTAWMA MOMEHT ABUraTensa YMEHbLUAETCA, U NOABAAIOTCA YBE/MYEHHble NOTepu Tenaa B
0OMOTKax W MEeXaHWYeCKMin U3HOC. ACMMMETpPUSA TaKXKe HeraTMBHO OTPArKaeTca Ha  CUJI0BbIX
TpaHcdhopmaTopax.

Hanbonee paCI'IpOCTpaHéHHbIM MCTOYHMKOM aCUMMETPUN ABNAETCA HEPABHOMEPHOCTb HaArpysku
OTAENbHbIX cba3. Xopowmrm Npumepom ABAAETCA NOAKNOYEHNE K CeTU TpéXd)a3HOFO nepemeHHOro Toka
OAHO¢33HbIX HArpy3okK, Takunx, Kak }XenesHo40P0KHble TAroBble ABUTATE/IN.

AHanmaaTop NO3BONIAET U3MEPATb aACUMMETPUN Hal'lpFI)KeHMVI M TOKOB METOAOM CUMMETPUYHDbIX
COCTaBAAOWMX. ITOT METOZ OCHOBAH Ha npeanonoxeHunn, 4to Ka)KAbIﬁ Ha6op B COCTaBe TpéX
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HeypaBHOBELLEHHbIX BEKTOPOB, MOXHO Pa3/ioKWUTb Ha CYMMY TPEX rpynn BEKTOPOB: NPAMON, 06paTHOM
W HyNeBOM Nociea0BaTeIbHOCTY.
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Puc.50. Mpumep onpeaeneHns CUMMETPUYHOM COCTaBAAIOLLEN NPAMOI NOC/1eA0BaTe/IbHOCTH.

B KauecTse npumepa npeacrasieH crnocob pacyérta Hanps>KeHMA CoCTaBAAILLEN NPAMON
nocnenosartesibHOCTU. Mo onpeaeneHunio:

roe: U*— aBnsaeTtca BEKTOPOM MPAMOW NOCAeA0BaTeIbHOCTH,
Uia, U1s, U1ic sBnAOTCA BEKTOPamMM OCHOBHbIX cocTaBastowmx ¢hasHbix HanpsakeHuit Ua, Us, Uc,
e 1 3. i940° 1 3.
a = 1e/120 =—>+J a? = 1e/240 =--—-=

Ha puc.50 npeactasneH rpaduyeckuii cnocob onpeaeneHua 3Tol cocTasaalowein. Kak BugHo U3
[AHHOrO onpeaeneHns, BEKTOP COOTBETCTBYIOLLEN COCTaBAAOWEN paBeH OAHOM TPEeTU CyMMbl
komnoHeHToB:_U1a, aU1s, a2Uic. MapameTp a u a2 — 310 eAMHUYHbIE BEKTOPbI C yrnamu 120° n 240°.
Mpoueaypa, cneaylowan: BeKTop HanpsaxKeHua Ui HYyKHO noBepHyTb Ha yron 120° NpoTMB 4YacoBoW
CTPENKKN (YMHOKeHMe Ha «a») u aobasutb K BekTopy Uia. 3atem BekTOp U1C HYXKHO NOBEPHYTbL Ha yron
240° n pobaBuTb K Npeablaoylien cymme BeKTOpoB. B pesynbtate nonyumtca Bektop 3U*. Bektop U*
ABNAETCA MCKOMOW CUMMETPUYHOMN COCTaBAsloWElh npAmMoli nocnegosaTtesbHOCTU. OTMETMM, 4YTO B
cAydae  maeanbHoOM  CUMMETPUKM  (paBHble  HaNpPAXeHuAa W yrabl)  cocTasadlolwMe MNpPAMON
nocnenoBaTe/IbHOCTU ByAyT paBHbI NO BeNMYMHE Ppa3HbIM HAMPANKEHUAM.

AHanorMyHo, obpaTHas COCTaBAAIOLLAA ABAAETCA Mepol Nofobus cummeTpuyHoro Habopa TpéxdasHbIx
BEKTOPOB 06paTHOM Nociea0BaTeNbHOCTH.

Hyneeasa nocnenoBaTeNbHOCTb CYLLECTBYET B CMCTEMAX, B KOTOPbIX CyMMa TPEX HanpsxKeHun (uau
TOKOB) HE paBHa Hy/O.

LLIMPOKO MUCMONb3YEMON B SHEPreTUKe BEMYMHAMMU, XapaKTePU3YIOLLMMN aCUMMETPUIO CETH, ABNAIOTCA
K03dPULMEHTbI HeCMMMETPUM Mo 0b6paTHOM W HyneBoM nocneposaTesibHOCTU (popmynbl  gnn
Hanps»XeHus):

U U
u0:_0'100% u2=—2'100%
Uy Uy
roe: Uo — KO3ODULIMEHT HECUMMETPUM NO HYNEBOM NOCNEAOBATENBHOCTY;
U; — KO3 DULMEHT HECUMMETPUM NOo 06pPaTHOM NocNeA0BaTEIbHOCTY;

Uo — Hy/sieBad CUMMETPUYHAA COCTaBAAOWaA;

U — npAMaa CUMMETPUYHAA COCTaBNAOW aA;
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U; - 06paTHaFI CMMMETPUYHAA COCTaBaAKOLW,aA.

Hanbonee yaobHbIi MeTon ANs pacyéTa CUMMETPUYECKMX COCTaBAAOWMX WU KodadduumeHToB
HECMMMETPUM — 3TO WCMONb30BAHWE B PaACYETAX KOMMNEKCHbIX 4uucen. lapameTpamu BEKTOPOB
ABNAOTCA aMNIMTYAa OCHOBHOM FapMOHWKM HanpsKeHus (ToKa) u ee abCcoONOTHbIM yron ¢asoBoro
casura. Oba 3T 3HaYeHUs NosydarTca U3 bbicTporo npeobpasosBaHusa Pypbe (FFT).

5.8 [IIpoBasibl, nepeHanpsn>KeHUs U MPePbIBAHUS HANPSHKEHU S

MpoBanbl, NepeHanpaAXKeHNa U NPepbIBaHUA HaMNPAKEHUA ABAAIOTCA HApYLIEHUAMMU B CETU, B TeYeHue
KOTOPbIX AeNCTBYIOWEE 3HAYEHNE HaMNPAKEHUA 3HAYMTE/IbHO OT/IMYAETCA OT HOMMUHA/bHOIO 3HAYeHW .
Kaxpgoe w3 3TUX TPEX COCTOAHMI MOXKET ObiTb OBHapy)KEeHO aHaAM3aTOPOM MOoC/e BK/OYEeHUs
06HapyKeHna cobbITUiM 1 onpeaeneHna nosib3oBaTesieM 3Ha4YeHMUA NOPOros.

MpoBan HanpAXeHMA — 3TO COCTOAHME, B KOTOPOM p,eiz’lcmyrou.l,ee 3Ha4vyeHune HanpAaxeHna Huxe
3a4aHHOro nopora nposana. OcHoBolt N3IMepPEHNA npoBasa ABNAETCA 3HAYEHUE URMS(1/2) , TO eCTb
AeVICTBYEOU.Lee 3Ha4vyeHune, nepnoanveckm obHoBNsEMOE KaXX4yr nos10BUHY nepunoaa.

OnpeaeneHue nposana (FOCT 30804.4.30-2013): npoBan HanNps*KeHMA HaUMHAETCA B TOT MOMEHT, KOraa
Hanps»KeHne URMS(1/2), YMEHBLUUTCA HUMKE MOPOroBOro 3HayeHWA MNpoBasia, M 3aKaHYMBAETCA B TOT
MOMEHT, KOrAa 3HayeHue HanpaxeHuAa URMS(1/2) CTAaHET paBHbIM MAM MNPEBLICUT NOPOr npoBana c
rMCTEPE3NCOM HaNPAXKEHNA.

KaK npaBuno, nopor npoBana ycTaHaBAnBatloT, Ha ypoBHe 90 % Unom. Bo Bpema nposasa aHanmsatop
3aMuMcbiBaeT MUHUMa/IbHOE 3aPEerucTpMpoBaHHOE 3HAYEeHMEe HanpsKeHua (3Ta BesIMYMHa HasblBaeTcA
OCTaTOYHbIM HanpsxeHnem Ures U ABNSETCA OAHMM W3 MapamMeTpoB, XapaKTepusylowmx nposan) u
cpedHee 3HaYeHue HanpaXKeHusa.

MpepbiBaHWE NUTAHMA — 3TO COCTOAAHUE, B KOTOPOM HanpsaxKeHue URMS(1/2) HMKe YCTAaHOBJIEHHOIO Nopora
npepbiBaHMA. Kak NpaBuio, NOpor NpepbiBaHWA YCTaHAB/IMBAETCA 3HAUNTE/IbHO HUXKe Nopora NpoBana,
Ha ypoBHe 0k00 1...10 % Unom.

MNpepbiBaHME HayMHaeTcA B TOT MOMEHT, Korga HanpsaxeHue URMS(1/2) yMEHbLINTCA HUMXKe NOpOorosoro
3Ha4eHuA npepbiBaHNA U 3aKaHYMBaAETCA B TOT MOMEHT, KOrga 3HavyeHune HanpaXeHua URMS(1/2) CTaHeT
PaBHbIM N NPEBLICUT NOPOT NpepbiBaHNA C TUCTEPE3INCOM HaNpAXKeHUA.

Bo BpemAa npepbiBaHUA aHaNU3aTOP COXpPaHAET MWHUMaAJIbHOE 3apernctpnupoBaHHOe 3HadeHue
HanpAXeHUnAa n cpegHee 3Ha4eHNe HanpAaxeHuAa.
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OefCTEYHWEe SHAYEHME
HEMPAKEHMA 38 (RMS, )
nomyrneprog & ‘

MAKCHMSNEHDE IHSYEHME
MNepeHanpakeHKa

Nopor NepedHanpaseHna

mcTepesms

HOMMHSNEHOES JHAYEHWE HANPR AEHM A

npoEan

mcTepesme |
NOpar MRoEans

NREpk B aH1E

mcTepesic |

Nopor NPepelEEHMA

MWHWMSNEHDE ZHAYEHKWE
NPOE&NS W NPERBIESHK A

Puc.51. MepeHanpaskeHUn, NPoBasbl U NPEPbIBAHNUA HANPAKEHUS.

MepeHanpAxeHne — 3TO COCTOAHWE MOBbLIWEHHOrO 3Ha4YeHWUA HanparKeHuA. MNopor HanpAXKeHua, Kak
npaBu/o, YCTaHaB/IMBAETCA Ha ypoBHe, 6n3kom K 110 % Unom.

MpeBblleHNe HaNPAMKEHNA HAYMHAETCA B TOT MOMEHT, KOrda HanpaxeHue URMS(1/2) NPEBbLICUT 3HaYeHue
nopora nepeHanpayKeHWs, a 3aKaHYMBAETCA B TOT MOMEHT, KOrga 3HauyeHue HanpaxeHusa URMS(1/2)
CTaHET PaBHbIM MAN MEHbLLE NOPOra NepeHanPAXKEHUA YMEHbLIEHHOTO Ha FMCTEPE3NC HaNPAMKEHNA.

Bo Bpemsa nepeHanpsaxeHna aHaM3aTop CoXpaHaeT MaKCMMAaibHOE 3aperncTpupoBaHHoe

3HauYeHMe HaNpPAXKEeHWs, a TaKKe cpedHee 3HaYeHMe HanpaXKeHus.

3HauyeHMe rucTepesnca A1A 3TUX TPEX COCTOAHWUIM TO Ke CaMOe W BbIPaXKaeTcsa, KaK yCTaHOBJEHHOe
NoNb30BaTe/IeM 3HauyeHWe B MPOLEHTAX OT HOMWHANbHOrO Hanpsa)KeHua (napametp [uUcTepesuc
o6HapyKeHua cobbiTuid).

AHanusatop GpMKCUPYET BPEMA Hayana M OKOHYaHUA COBbITUA (C TOYHOCTbIO A0 NOJI0BMHbI Neproaa).

MUHMMaNbHaA NPOSONKUTENbHOCTL COBbLITUA NMPOBana, NPepbiBaHWA U MepeHanpaXKeHUa coctaBnseT
NoN0OBMHY NeproAa.
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Pnc.52. Onpegenerune 3HavyeHmnAa URMS(1/2).

3HayeHnsa URrRMS(1/2) onpegenstotcs B TedeHne 1 neprvopa B MOMEHT nepexoga Yepes HOJlb OCHOBHOM
rapMOHMKN HanpAXeHUs M OBHOBAAIOTCA KarKAable Noanepuoga Hes3aBUCMMO A/1A KaKLOoro KaHana
HanpsXeHWA. 9TO 03HAYAET, YTO 3TN 3HAYEHMA BblIM NOYYEHbI B Pa3HOE BPEMA 417 Pa3HbIX KaHANoB.
Punc.52 nantoctpupyer meTog onpeaeneHusa 3HaveHns RMSi1/2 Ha npumepe gByx ¢as HanpaxKeHus.
MHPopmauma o nepexode uYepe3 HOJMb OCHOBHOM TFapMOHMKM MoJiydeHa NyTém  HbIicTporo
npeobpasoBaHua dypbe (FFT).

5.9 BricTpble u3MeHeHusA HanpsukeHus (RVC)

OnpepeneHne BbICTPLIX U3MEHeHUI HanpaxeHnus (aHrn: Rapid Voltage Change, RVC) cnepyioulee: 310
BHeE3anHoe wu3MeHeHMe 3OGPEKTUBHOIO 3HAYEHUA HaANPAKEHMA MeXKAy [ABYMSA  YCTOMYMBbLIMM
COCTOAHMAMM, BO BPEMA KOTOPOro, 3GGPeKTUBHOE 3HAYEHME HAMpPsKEHWA He MNPEeBbILAeT MOporos
npoBasna u Bo3pacTaHus.

B ynpoweHHOM BMAE MOXKHO CKasaTb, YTo RVC - 3TO ABneHMe, umetlouiee HeKoTopoe CXOACTBO NO
XapaKTepy € NpoBajsaMn M BO3PACTAaHUAMM HAMPAKEHWUS, HO MeHbLUE amMNANTYAbl. ITU TUNbl COObITUI
Yyalle BCEro ABMAAKTCA pPe3y/sbTaTOM WM3MEHEHUMW B Harpy3Ke CeTU 31eKTPONUTAHWA BCAeacTBUe
nepekatoYeHNN UM aBapuit.

B o6oux TMnax cobbITU MCMONB3YIOT O4HU U TE Ke UCXOAHble AaHHble — 3ddeKTMBHOE 3HayeHue 1
nepuosa, obHOBNAEMOE Yepes Kaxable noaneprosa, 0603HayeHHoe cmMBOOM Ugwms(1/2).
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Puc.53. BbicTpble U3meHeHua HanpaxeHua (RVC) - npumep.

ANropuTM M3MepeHnsa BbICTPbIX U3MEHEHUI HANpPAXKeHUs cegytowmin (cm. pmc.53):

e PaccuntbiBaeTca cpegHee apudmeTuyeckoe npeablgywmx 100/120 3HaueHuit Urms(i/z) (0Kkono 1 c).
JTa Be/IMUYMHA 3aTeM OBHOBAAETCA C KaxAbliM nocneayrolwmm 3HadyeHnem Urwms(i/2). Ha pucyHKe
OHO MOKa3aHO HenpepbIBHON KPMBOM KPACHOTO LBeTa.

e Ecnn Bce npeaplaywme 100/120 3HaveHus Urmsi/2) PacnosioxeHbl B 06aactv, onpeaensiemon
CpeaHUM 3HaYeHUEM, PacLLIMPEHHOM ¢ 06enx CTOPOH Ha rucTepesunc (4Be KpacHble MyHKTUPHbIe
JIMHUKN Ha PUCYHKE), TO HanpsiXKeHMe B «CTabUNbHOMY» COCTOSHUM.

e B TOT MOMEHT, KOra yc/oBME «CTabUNbHOCTU» HEe BbIMOJIHAETCS, T.e. 04HO AN bonee 3HaAYEHUN
Urwms(1/2) NPEBLICMT pa3peLleHHbIN AnManasoH, HauymMHaeTca cobbitne RVC (Ha pucyHKe 3To 0bnactm
CUHero uBeTa). OgHOBPEMEHHO Ha MOpPOr HaKMaAblBaeTcs rucrepesmc (A4onycTMMbIA AManasoH
N3MEHEHWN YMEHbLUAETCA Ha FTMCTePEesunc), a KPOME TOro, USMEHEHUA CUTHaNa, ONPeaenAtoLLEro
«CTabMNbHOCTbY HanpaxeHMA 6aoKupytoTca Ha Bpema 100/120 nonynepuoaos ceTtu. Mo 3Toi
npuymHe, cobbitna RVC He 6yayT obHapyKeHbl Yallle, Yem NPUMEPHO OAMH pa3 B CEKYHAY.

e Koraa ycnosue «cTabunbHOCTU» HanpaxeHus byaeT BbINOJHEHO CHOBA, cobbiTue RVC OKOHYeHo.
Bpemsa oKkoHuYaHmMsA cobbiTua otctonT Ha 100/120 nonynepnoaos ceT OTHOCUTENIbHO U3MEHEHUA
CUrHasNa U3 «HecTabunbHOro» B «cTabuabHOE» COCTOAHME.

e Ecnmn Bo Bpemsa pgeincteua cobbita RVC BO3HWMKHET NpPOBas MAM BO3pacTaHME HanpaXKeHus, TO
Takne cobbitma RVC nponyckatotca. Ha pucyHKe MOKasaHO BO3pacTaHWe HanpsyKeHusa Bbllle

nopora — 370 cobbiTMe OTMeHAeT noTeHumanbHoe cobbitne RVC, ecan 6bl OHM OGblIO TOraa
obHapyrKeHo.

MapamMeTpbl, XapaKTepumsytowme BbICTPbIE M3MEHEHWNA HAMPAXKEHWA:

o AUss (aHrn. steady-state) — 370 pasHoOCTb mexay cpeaHumu (,cTabunbHbIMKU’) 3HAYEHMAMM
Hanpsa»eHus oo u nocne cobbitna RVC.

o AUmax — 3TO MaKcMManbHOe OTKAOHeHMe 3HayeHua Ugwsii/2) OT CPeAHero 3HayeHus BO Bpems
Aenctema cobbitna. AUpax 06biuHO 6onblie, yem AUss.

e [1nntenbHocTb (Ha Puc. obo3HauveHa «tryc»). Camoe KOpoTKoe BO3MOMHoe cobbitne RVC mnmeet
AIUTENbHOCTb OAHOro Nosynepuoaa ceTu.

Ha MOMEHT ny6/MKauum AaHHOrO PYKOBOACTBA HET MEXAYHapOAHbIX CTaHOapTOB ANS AONYCTUMbIX
3HayeHUn RVC B 3/1eKTPO3IHEPreTMYecKnx ceTsax. HekoTopble CTpaHbl BBE/M CBOM COBCTBEHHbIE
Kputepumn gna RVC, Hanpumep, obHapyKeHne cobbiTUA Nocsie NpeBblleHUA Nopora Ha yposHe 5% Unowm
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(To ecTb, obHapyKuBatoTcA cobbITMA, AnA KoTopbiX AUwmax > 5% Unom). MHOrAa Tak:Ke yKasbiBaloT
A0NYCTUMBIA IMMKUT Ymcna cobbiTnin RVC B CyTKu.

5.10 [lepexoaHble NPOLECCH] U CKAYKU HANIPSKEHUS

MepexoaHble NPOLECChl — 3TO HeXenaTesbHble BbICTPble N KPAaTKOBPEMEHHbIE MOMEXWN B 3NEKTPUYECKOM
cetTu. Mx conpoBOXKAaeT pe3Koe M3MEHEHWEe HaNpPsKeHUA U CUAbl TOKa. OAUTEeNbHOCTb MOMEXW, Kak
NnpaBWIO, COCTaBAAET OT HECKO/IbKMX HAHOCEKYHA [0 HECKO/IbKMX MUAINCEKYHA. YacTo ans Hux
NCMNOIb3YIOT TEPMMHbI, TAKME KaK BCMIECKU, MUKM HANPsXKeHUn, BPOCKM, UMNYbCbl, KonebaHus, ogHaKo
BCE 3TO ynpouiatowme onpeaeneHuma. Mpoueccbl XapaKTepU3yoT UCKAXKEHME CUTHaa BO BPEMEHHOM
0621acTU M BKAOYAET B cebsi CMbIC/T BCEX NMEPEUYNUCSIEHHBIX onpeaeneHnin. X MoxKHO KnaccudumumposaTtb
Nno AJIMTENbHOCTM U CKOPOCTU HapacTaHuA, aMNanTyae, YaCTOTHOMY CMeKTpy, nepenaBaemMoi 3Hepruum,
WUCTOYHUKY NpoMCXoXKaeHMA U T.4. Hanbonee onacHble A5 3N1E€KTPUYECKUX YCTPOMCTB — 3TO NPOLECCHI,
BbI3bIBAlOLWME 3HAUUTE/IbHbIN POCT HANPSAKEHMA B JIMHUKN 3/EKTPONUTAHMA (CKauYKM HanpsaxeHwus). Mo
NCTOYHMKY NPOUCXOXKAEHUA TPAH3MEHTbI YacCTo AeNAT Ha Caeaytowme rpynnbl:

e [lepeHanpsKeHWs OT MOJIHMM, BOZHUKAIOLLME B pe3y/bTaTe aTMOChEPHbIX Pa3psaaoB;
MepeHanpsaXeHUs KonebaTeNbHOro XapaKTepa, Yalle BCEro Bbi3BaHHble MepeKAYeHnEM
6aTapen KOHAEHCaTOPOB;

e [lpyrne KOMMyTaUMOHHbIE NepeHanpaKeHnn (B TOM Yncne peppopesoHaHc).

MepeHanpsa)KeHWa, Bbi3BaHHble aTMOCOEPHbIMM  paspadamM, MOFYyT MMeTb  paspyluMTenbHble
nocneacTemMa M3-3a O4vYeHb 6OONbLIOK 3Hepruu, BbICBODOXKAAEMON npu paspage. boabLIMHCTBO
HabAogaemMbIXx B CETAX MEepPeHanpsXeHWid Takoro TMna — 3TO NOCAeACTBUA, MHAYLMPOBAHHOIO B
NpPoBOAAX CETU 3SNEKTPOMUTAHMA CKauyKa HanpaXKeHuMs B pesynbTaTe 6AM3KOro, HO He MPAMOro
nonagaHua MOJHUKU. B OKpecTHOCTAX yAapa CO343eTCA OYeHb CUM/IbHOE 31EKTPOMArHUTHOE NoJsie U B
OJIMHHOM BO3AYLWHOW IMHUKX UKW NoA3eMHOM Kabesie HaBoaAaTcA 60/blUMe HaNPAXKEHUA, MPOHUKaoLLee
B pacnpesenunTenbHyto ceTb. ITU NepeHanpPAXKEHUA UMEOT MMNYAbCHbLIA XapaKTep, @ BPEMA HapacTaHUA
$poHTa uMmnynbca nopsaKka MUKpocekyHA. Ha puc.54 nokasaH npumep rpo30BOrO0 MMMy/sbca C
aMNAUTYAOM OKO0 6,6 KB, 3apernctpupoBaHHoro aHannsatopom PQM-703.
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Puc.54. Mpumep ckavyka HaNpAXeHUA OT MOJTHUW.
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B pamKax UCNbITaHUN TeNEeKOMMYHUKALMOHHBIX YCTPOMCTB, Mpexae Yem [OoNnycTUTb UX K MpoJake,
TpebyeTcAa npoBeaeHWEe TECTOB HAa YCTOMYMBOCTb K MMMYAbCaM, MMUTUPYIOWMM MNepeHanpsaXKeHue ot
MOMHUK. [lpucoeanHUTENN NUTAHUA NEepPeMeHHOro TOKa WCMbITbIBAlOT umMmnyabcamm = 2 KB,
NnogaBaemMbiMU MeXAY JMHUMEN nuTaHMA W 3asemieHnem M + 1 KB HemocpeAcTBEHHO mexay
NUTAWUMKN ANHUAMU. CTaHAAPTU3UPOBAHHbIA UMNYAbC UMEET BPEMA HApacTaHMA HanpsaxeHua 1,2
MKC 1 Bpema crnaga 50 mkc. na nsmeputenbHbIX NPUO60POB, KOTOPbIE MOXKHO MOAKAOYUTD HANPAMYHO K
3NIEKTPUYECKOM CeTU B pacnpenesiMTeslbHOM LMTE AW NOHUMKAKLWEM TpaHchopmaTope, onpeaenatoT
N3MepUTEIbHYIO KaTeropuio (No nepeHanpsxeHuo) npubopa, KoTopas roBOPUT O CTEMEHU 3aLLUTbI OT
nepeHanpskeHusa. Hanpumep, ana usmeputenbHoit Kateropum IV 600 B (Takoi, KaKylo wumeet
aHanusatop PQM-702), TpebyeTca ycTOMYMBOCTb K Mmnynbcam 1,2 MKc/50 MKC ¢ amnautyaoin 8 KB,
noAaBaemMbliM HEMOCPEACTBEHHO MEXKAY U3IMEPUTENbHBIMU 3aXKMMaMM, NPU CONPOTUBNEHUN UCTOYHMKA
2 OM. M1KOBbBIN TOK NPU KOPOTKOM 3aMbIKaHUM UCTOYHMKA, TaKUM 06Pa30M, MOXKET COCTaBUTb 4 KA.

OCHOBHbIM CPeACTBOM 3aLLMTbl OT TaKOTO POAA CKAYKOB HaMPAXKEHUA, ABNAETCA YCTAHOBKA 3/IEMEHTOB,
OrPaHMYMBAIOLMX MAKCMMalbHOE HanpsiXKeHMe, TaKUX KaK PaspagHUMKUA U BapuUCTOpPbI. X KOHCTPYKLMSA
OOJ/KHA BbIAEPXKaTb 3SHEPrMi0 MMMy/AbCa U OrpaHuYMTb A0 6e30MmacHOro YpOoBHA HaMpsiKeHwue,
nocTynatoLLee Ha fasbHelLWwne Lenm yCcTponcTea.

MepexogHble NPOLECChl, BbI3BaHHbIE NEPEK/IOYEHNEM KOMMEHCAUMOHHbIX KOHAEHCAaTOPOB, B OT/IMUME
OT MPOLECCOB BbI3BAHHbLIX YAAPOM MOJHUM, MUMEIOT CBOW WCTOYHWUK BHYTPWU pacnpenenntesibHomn
3N1eKTpUYeCcKo ceTu. KomneHcauus MpUMeHseTca A4 MOoBbllleHMss KoadouumeHTa MOLLHOCTU M
3bPEKTUBHOCTM Nepesaun sHeprum nosayyatento. B MOMEHT NOAKNOYEHNA KOHAEHCATOP 3KBMBA/IEHTEH
KOPOTKOMY 3aMblKaHWUIO OJ/1 3/IEKTPOCETM, MOSTOMY B MNepBOe MIHOBEHME MPOUCXOAMUT pesKoe
CHUMKEHME HaMpAXKeHUA NOoYTM A0 HyAA, MOC/Ae 4Yero cnedyer Tak HasbiBaeMbl CKAYOK HamnpaKeHus
3HauMTe/IbHO Bbile HOMWHAMLHOIO (KaK NpaBuio, He 6osiee Yem 2-X KpaTHOE MMKOBOE HanpaXKeHue B
HOPMasibHbIX YCNOBMAX), a 3aTem KosiebaTenbHoe 3aTyxaHue npouecca. KonebatenbHblli XapaKTep
ABNIEHNA BbI3BaH B3aMMOAENCTBMEM EMKOCTM KOHZEHcaTopa C MWHAOYKTUBHOCTbIO CETU MU
BO3HWKHOBEHWEM AB/NEHUA pe30HaHca. YacToTa KosebaHuit 06blYHO COCTaBAAET HECKOIbKO COTeH lepu,
B pesy/nbTaTe MMEIOLLEroca COMPOTMB/IEHUSA B LIENM, 3TU KonebaHusa nocTeneHHo 3aTyxakoT. Becb
nepexogHon npouecc 06blMHO AAUTCA He 60siee YeM HECKONbKO eAMHUL, MAN HECKOAbKO AECATKOB
MUNANCEKYHA, MprMep Takoro npouecca NoKasaH Ha puc.55.

HanpaseHe

Bpema (mc)

] 10 20 o 40 50 BO i

Puc.55. Mpumep nepexoaHOro npouecca noc/ie BKAYeHns 6atapen KOHAEHCAaTOPOB.

MOMMMO NEepPeynCeHHbIX MPUYNH, TPAH3WEHTbl BO3HMKAIOT B CETM B pe3ynbTaTe BK/IKOYEHMSA WU
BbIK/IIOYEHNA EMKOCTHOW MAM MHAYKTUBHOW HarpysKku, Npu cpabaTtbiBaHUM 3aLMUTbI (NpeaoxpaHuTeneit)
M KOPOTKOM 3aMblKaHMM B UENU. BKAOYEHMEe Harpyskm (NAMHUKM), NOAKNOYEHHOM K 06MOTKe
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TpaHcdopmMaTopa, 4YacTo NPUBOAMT K MNoABAEHMIO ¢deppopesoHaHca MAM Nepexo4Horo npolecca
KonebaTeNbHOro XapaKTepa, BbI3BAHHOTO PE30HAHCOM MeXKAy EMKOCTbIO B LEMnM U HeanHenHoW
WMHAOYKTMBHOCTbIO TpaHchopmaTopa C GpeppoMarHUTHbIM cepaeyHUKom. OTKAOYEHUIO WHAYKTUBHOM
HarpysKu 4acTo COMyTCTBYET AB/IEHNE UCKPEHUA KOHTAKTOB. HanpsaxeHue, NOABAAIOLLEECA HAa KOHTaKTax
nepeKkntoyaTtens, NpesblllaeT Npeae/ibHOe HanpAXKeHne AN3MEKTPUKA U BO3HUKAET UCKPEHUe, KoTopoe
MOXET NOBTOPATLCA A0 TEX NOP, MOKA 3a30p AOCTAaTOYHO BE/MK.

TakKe nepexogHble MPOLLECCbl MOTYT Pa3/IMYHbIMK cnocobammn pPacnpPOCTPaAHATLCA MeXKAY CermeHTamu
Ccetun, Hanpumep, yaap MOJIHUM B CETU CPEAHEro HanpsaKeHus MOXKET YaCTUYHO MPOHUKHYTb yepes
TpaHchopmaTop B NOACETb HU3KOTO HanpsaxKeHus. Jemndupyrowme ceoiictea TpaHcdopmaTopa 06bl4HO
3HAUMTE/NIbHO YMEHbLIAT aMMNAUTYAY MepeHanpsayKeHua, a TaKKe W3MEHAIT €ero BpeMeHHble
napameTpbl.

5.11 JIuanuu CBEMA u ANSI

KpuBas CBEMA 6binia BrniepBble npegnoxeHa B 70-x rogax NpoLwioro Beka opraHusaumnen, ot KoTopon
Nnpou3oLWN0 Ha3BaHue KpuBon - Computer and Business Equipment Manufacturers Association (ceroaHs
— 3710 opranusaumsa ITl, Information Technology Industry), KoTopaa obbeanHsAeT npoussoauTenei
KOMMNbIOTEPHON U OOUCHOM TexHUKU. KpuBaa [Jo/mKHa Oblla  CAYXKUTb  MNOACKA3KoM  npu
KOHCTPYMPOBAHUKM ceTeBbiX O/JIOKOB NWUTAHWA W MNepBOHaYaNbHO npeacTaBaana cobow rpaduk
YCTOMYMBOCTN 060OPYAOBAHUA K BEAUYMHE N NPOLOSIKUTENBHOCTM HapyLUEHWNA B SNEKTPUYECKOM ceTun. B
60onee No34HUIN Nepunog KPMBYHO MCNONBb30BaAM NPU NPOEKTUPOBAHUN 060PYA0BAHUA, YYBCTBUTENbHOTO
K KonebaHWAM HanpsAXKeHWA, KaK 3TaIOHHbIA AManasoH, B KOTOpoM o60pyaoBaHME AONKHO NPaBUIbHO
paboTatb. B KOHLE KOHLOB, KpMBAA CTaja LUMPOKO MCMO/Ib30BaTbCA MPWU aHA/M3€e KayecTBa MUTAHWA,
KacaloLwmuxca HenoaaoK B CETU TUNA NepeHanparKeHns, NpoBana U NpepbiBaHUA HanpAXKeHuA.

Ha rpaduKke no BepTUKaNnbHON OCU HaNpsAXKeHWe yKa3aHo B NPOLEHTax OT HOMMHA/IbHOMO 3HaYeHus, a Ha
ropmM3oHTabHOM OCU eauHULEN U3MEPeHUs aBaAeTcA Bpemsa (no norapudmmyeckolt wkane). CpeaHan
yacTb rpaduka (mexkay KpuebimM) npeactasnseT coboli obnacTb NpaBuAbHOM PaboTbl yCTPOKCTBaA.
O6nacTb Bbile KPMBOW YKa3blBaeT Ha COCTOAHME NOBbILIEHHOrO HaNPAXEHUA, KOTOPOE MOXET NPUBECTU
K MNOBpeXAeHUI0 WUAM cpabaTbiBaHMIO 3alUTbl OT MepeHanpsa)eHua, a o06aacTb MNoA KPWBbIMU
COOTBETCTBYET CUTyauun NOHUKEHHOro HanpAaXeHunAa B CeTU, YTO MOXKET MNpPMBECTU K BbIKIHOYEHUIO
NUTaHUA UM BPEMEHHOWN HexBaTKe SHeprnu, BbidbiBatoLLe HenpaBuabHy paboTy ycTponcTea.
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U_. HanpaxeHue

ANSI (ITIC)

CBEMA

T 00mke  imc - 10mc 100me e 10c  Bpema

Punc.56. /InHMM gonycTMmoro aguanasoHa HanpsxeHus nutaHma ANSI (ITIC) n CBEMA.

KaKk nokasaHo Ha rpaduKke, CywWecTByeT B3aMMO33aBMCMMOCTb MeXKAY 3HAYEHMEM HanpAKeHua W
BPEMEHEM, Ha KOTOPOE BO3HMKAET HapyLlieHne. Hanpumep, yBenndyeHme HanpaxeHnsa go yposHsa 200 %
Unom MPOOO/MIKUTENBHOCTLIO 1 MC B TUMMYHbIX C/y4anX He NPUBOAMT K aBapun UAM HenpaBUAbHOMY
OYHKLUMOHMPOBAHMIO  (TOYKA  MeXKAy KPWMBbIMW), HO HapyweHue C TakoW amnauTyaoMn,
NPOoAO/IKAOWErocs NoaANepnuoaa CetTn MOXKET MMETb KaTacTpoduuyeckue nocnencrTsma (TOYKa Bbilwe
06eunx KpuebIx). MPUHATO CYNTATb, YTO B TUMUYHOM CUTYaUUWU, NPOUCXOAALIME B INEKTPUYECKON CeTU
cobbITUA, ecnn pedb UAET O BEANYMHE CETEBOMO HaNPAMKEHWUA, A0/KHbI 3aKNH04YaTbCA B CpedHelN 4acTu
rpaduKka (mexay KpuBbIMW) M He AO/KHbI TOorga NpuMBecTM K cbosm B paboTe wau MNoBpexKaeHUto
NOAK/IIOYEHHbBIX YCTPOMCTB. MPOoM3BOAUTENM YCTPOWCTB (B YaCTHOCTM, CeTeBbIX 6/J0KOB NUTAHUA) YacTo
PYKOBOACTBYIOTCS 3TUM rpaduKOM Npu NPOEKTUPOBAHUN A5 TOro, YTobbl B 3TOM 06nacTn obecneynTb
nx 6esaBapuitHylo paboTy M Nopaep’kaHUe HYXKHOro BbIXOAHOIo Hanps»keHusa. Cneayert, ogHaKo,
MOMHWUTb, YTO KpMBaa MNpeacTaBAseT TUMMYHbIE CAy4au W He MOKeT 6biTb rapaHTMeil NpaBUAbHOMN
paboTbl Kaxa0ro yCTponcTBa, MOCKOJIbKY YCTOMUYMBOCTb K HAPYLLEHUAM Pa3MyHas.

Kpusaa ITIC asnsetca npeemHukom Kpuson CBEMA, paspabotaHHow ITI B 1994 rogy, a notom
YCOBEPLUEHCTBOBAHOM A0 HblHewHero BMaa B 2000 roay. 3Ta KpuBas MMeeT BUA ABYX NOMaHbIX IMHUI U
TaK)Ke M3BeCTHa Nog HaseaHWem Kpueok ANSI nocne Toro, Kak 6bl1a aganTUpPoOBaHa aMepPUKAHCKUM
MHCTUTYTOM cTaHgapTusaummn ANSI (aHrn. American National Standards Institute). O6e KpuBble
n3obpakeHbl Ha puc.56.

Mporpamma «SONEL ANALYSIS» npeaocTtaBnseT BOSMOXHOCTb U3MEHUTb XapaKTepHble TOYKU KPUBbLIX U
No3BONAET COOTBETCTBOBATb MHAMBUAYANbHBIM TPebOBaHMAM NO/b30BaTENS.

5.12 YcpeaHeHue pe3y/IbTaTOB U3MepPEeHUM

MOHMTOpI/IHI' CeTn B Te4eHne ONnUTeNbHOro nepmnoga BpemMeHun O3Ha4aer c6op OrpOMHOrIo Koan4yecrtea
OaHHbIX. [lna Toro, YTOObI nposeaeHne nocnegyrowero aHanam3a 3Tux AaHHbIX BOO6LLI,e 6b110 BO3MOXKHO,
HeO6XO/.'l,MMO BBeAeHNE MeXaHU3Ma, KOTOprﬁ YMEHbLLWUT pasmep AaHHbIX A0 BENYUHDI, HpMeMﬂeMOVI
KaK AnAa MalWuHbl, TaKk K 4e/10BEKa.
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MpumepomM NycTb MOCAYXKUT MPOBEPKA CETU HA COOTBETCTBME CTAaHAAPTY KAyecTBa 3/IEKTPOIHEeprum
FOCT 32144-2013 «dneKTpnyeckas sHeprma. COBMECTUMOCTb TEXHUYECKUX CPeacTB 3NEKTPOMArHMUTHaA.
HopMbl KauyecTBa 3/1€KTPUYECKOM 3SHEpPrMM B CUCTEMAX 3/1EKTPOCHAOMKEHUA OOLLEero HasHayeHua».
OCHOBHOW Nepuoa TeCTUPOBAHUSA CETU cocTaBaeT Heaento. Ecam 3anommnHaTth Bce 200-MUANCEKYHAHbIE
AeNCTBYIOLWME 3HAYEHMA HanpaKeHus, noaydynm 3,024 maH. usmepenunii. O6paboTka TaKOro KoAMYecTBa
[OAHHbIX MOXET 3aHATb MHOIO BPEMEHMW U 3aTPyAHUTENbHA.

MoaToMy BBEeLEHO MOHATUE YyCpeaHEHWA, 3aKatovaloweecqs B COXPaHEHWW ANA Lenel aHanusa no
OLHOMY 3HAYeHWID Ha onpeaenéHHoli MHTepBan BpemeHW. Ons ctaHgapta FOCT 32144-2013 oH
coctasnsaetr 10 muHyT. B aTOM cnyyae aHanmsatop BbluucaseT cpegHee 10-MUHYTHOE 3Ha4YeHWe no
npumepHo 3000 3HauyeHuit 200-MUANCEKYHAHbIX OTCcYeToB (MpMbaAM3UTEeNnbHO, Tak Kak ycnosHoe 200-
MWINCEKYHAHOE 3HayeHue, 3To Ha camom gdesne 10/12-nepuogHoe 3HaYeHUe, CUHXPOHU3UPOBAHHOE C
yactoTol cetun). Kaxkable 10 MUHYT 3anucbiBaeTca cieaylowee cpegHee 3HaYeHMe HanpsxKeHus, 4To
npueoauT K cbopy 1008 pe3ynbTaToB U3MEPEHUA.

Ha puc.57 nokasaH cnocob onpegeneHus aHanNM3aTOPOM CpPeAHUX 3HAYEHU 3a BPeMS YyCpPeaHeHUs
6osbluee nan pasHoe 10 ceKyHAam, Ha NMpuMMepe MHTepBasa ycpeaHeHua 10 MUHYT. ITOT MeTon,
COOTBETCTBYET TpeboBaHMAM Aa Knacca A ctaHaapta FOCT 30804.4.30-2013 (IEC 61000-4-30:2008).

CpeaHue 3HaYeHUA CUMHXPOHU3MPYIOTCA C YacaMK peasibHOro BpemeHu cieayroumm obpasom. Koraa
Yyacbl OTMEPAT oUYepeaHOM 06N KpaTHbIN Nepuoay MHTEPBAN yCpeaHeHUA, NPOUCXOOAT ABa NpoLecca:

e Tekywmit 10/12-neprogHbiit oTpe3ok (k-e nsmepeHne Ha puc.57) oTMedaeTca Kak nociegHuin 8
WUHTepBase ycpeaHeHus (x);

e OpaHoBpeMeHHO 3anyckaetca nepsbit 10/12-nepuofdHbiii OTPE3OK Cleayiolero MHTepsana
ycpeaHeHus (x+1).

Tako MeToa, PECUHXPOHM3ALUKN NPUBOAUT K noasnaeHuto HanoxceHua 1 (cm. puc.57). AaHHble u3 310
obnact, o0b6pabaTbiBalOTCA ABa)KAbl, MOTOMY YTO Kasablih u3 10/12-nepuogHbiX OTPeE3KOB
aHanu3mpyeTca HesaBUCUMMO. Llenb Takoro cnocoba pecuMHXpoHM3auuMu 3akatodaeTca B obecnevyeHuun
OZMHAKOBbIX Pe3y/bTaTOB M3MEPEHUIN ANA ABYX aHA/M3aTopa Knacca A, NOAKAOYEHHbBIX K OQHOM U TOM
e uenu n CMHXPOHM3UPOBAHHbIX C YHMBepCcaibHbiMm BpemeHem UTC. B aHannsatope pecMHXpoHU3aumna
WHTEpPBasIOB NO ONMCaHHOMY Bbllle cnocoby BbINOAHAETCA Ana BpemeHu ycpegHeHua: 10 cek., 15 cek.,
30cek., 1 m., 3m.,5m.,10m., 15 m., 30 m., 60 m., 120 m.

RTCIGPS
[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 .
IMHTEREEN YopeLHEHWA (x+1]
] —
i j Kl ! [ B
[ 1
[ |
2 3
10412 10012 10M2
NEPUoAoE | Neprog0E | NERKOROE
I 1
Hanomerue 1 K3
1 1
N1 E 102 vz
NEpMOROE | NEPMOJOE | NEpHOROE

Puc.57. OnpegeneHune nHTepBanos ycpeaHeHua 6onbwimnx (Mam paBHbix) 10 cekyHaam
(Ha npumepe ycpegHeHus no 10 MUHYT)

123



RTCIGPS
[Hachl PEaNEHOM BREmEHM]
ouepenHoN oBwMi MHTEpESN
10 paHY T, HaNpurep, 14:10:00 , MeTka BpemeHr x-ro 3-x
HanoxeHwe 2 | CEKYHAHOMD MHTEREEN: *
e

3-3 CEKYHIHEI MHTEREaN* (x) i

- - L

[3-3% cetpr,Hbﬁﬁ MHTEpEaN* (x+1]
l

-~ -
14 15

ry

W2 1012 2
NEpWoRoE | NEPMOROE | NEpHMOLOE

[¢) 3 112 1012
NEpMOROE | NepMogoE | NEPMOROE

[*1 B QERCTEMTENEHOCTK - 3TO MHTEpEaN 1501 30 NeprogoE

Pnc.58. Onpegenenune nHtepsanos ycpegHeHmna meHee 10 cekyHA,
(Ha npumepe 3-cekyHAHOro ycpeaHeHUn)

HecKkobKO MHaye BbIrAANT ycpeaHeEHWE NpU BpeMeHU meHblie 10 cekyHa. HecmoTps Ha To, 4TO BCe
WMHTEpPBabl BblpaxKeHbl eanHULammn BpemeHn (200 mc, 1 cek., 3 cekK., 5 cek.), Ha camom fene, OHU
OTMepeHbl B KPaTHOCTAX Nepuoaa cetn. Hanpumep, Bbibop BpeMeHW ycpeaHeHUsa 3 CeKYHAbl, O3HaYaeT
ycpeaHeHune no spemeHun 150/180 nepuoaos cetu (15 usmeperuin no 10/12 nepmnonaos).

Cnocob onpeaeneHns cpeaHeEro 3HayeHuA ANA 3TUX NepuoaoB UANOCTPUpyeT puc.58. 3aecb Takxke
BbINOJIHAGTCA PEeCUHXPOHU3auua WHTepsanos 10/12-nepuoaos, OHa BLINOAHAETCA BcCeraa 4epes
Kaxkgple 10 MMHYT no obwemy BpemeHW YacoB. Koraa yacbl OTMepAloT oyvepegHoe obuiee Bpems,
KpaTHoe nepuoay 10 MUHYT, PeCMHXPOHMU3UPYETCA OYepenHON WMHTEPBAN YCPEeAHEHMA U HauyMHaeTcs
cneaylowmii- UHTepBaa, NpuUYem WHTepBan ycpeaHeHUs («x») 3aBepluaeTcA HOPMAasbHO, MOKa He
HabepeTca onpeaeieHHoe MHOKecTBo oTpe3kos 10/12-nepuogos (Hanpumep, B cayvae 3-xX CEKYHAHOTO
ycpeaHeHus Bceraa cobupaetcs 15 Takux OTpe3KoB). Pe3ynbTaTOM pPecUHXpPOHM3auuKM fABnaeTcA
nosasneHne HasaoxceHusa 2 (cm. puc.58), rae napannenbHo obpabaTbiBaloTCa AaHHblE ABYX UHTEPBaNOB
ycpeaHeHus (MHTepBan «x» 3aKaHYMBaEeTCH, MHTepPBan «X+1» HauMmHaeTcs). Pasmep HaNoKeHUs 3aBUCUT
OT KosiebaHWUi 4acToTbl CETH.

MeTKa BpeMeHU COOTBETCTBYET OKOHYaHUIO MHTepBana ycpeaHeHuA.

YcpegHeHWe pesynbTaToB M3MEPEHUIA NMPUBOAMT K MOTEPE 3KCTPEeMasibHbIX 3HAYEHUW (CraarknsaHue
pesynbTaToB). B cnyyasx, Korga BaxkHa WHPoOpMaumMa O npefesibHbiX 3HAYEHUAX W3MEpPSEeMOro
napameTpa, MNoONb30BaTeNb MOXET [MPUMEHUTb  BO3MOMKHOCTb  WU3MEPEHUA  MUHUMAbHOrO,
MaKCMMasIbHOrO U MFHOBEHHOIO 3HAYeHWUI B nepuoae ycpeaHeHuA. Ecan gaHHbIM napameTp MamepeH
Bo Bpemsa 10/12 nepuoaos, TO MakKCMManbHOE U MUHMMA/IbHOE 3HAYeHWe ABMAETCA COOTBETCTBEHHO
HanBoONMbWMM WM HaMMEHbLUMM 3HavyeHnem oTpe3ka 10/12-nepuogos, M3IMEPEHHbIM B AaHHOM
WHTepBane ycpegHeHua. B csolo oyepenb, MrHOBEHHOE 3HayeHue ABNAETCA NOCNeAHUM 3HaYeHUem
10/12-nepunoaos B AaHHbIA Nepuoa ycpeaHeHus.

B cnyyae [eWCTBYHOWMX 3HAYEHUI TOKOB M HaNpPAXeHWW, MeToh MOWCKa MWHUMAJbHOTO U
MaKCMMaZbHOTO 3HayeHuin Asnsetca 6onee TMOKMM UM KOHTposaupyeTca napametpom «Mepuop,
onpegeneHna MuH./Makc». B pacrnopaKeHMM M0Nb30BaTeNd MMEIOTCA CAeaylolime HaCTPOMKM:
nosnosuHa nepunoga, 200 mc, 1 cek., 3 cek. u 5 cek. Bbibop napameTpa - NosoBMHA nNepuoga - 3a4a€T
NMOWCK MUHUMAIBHOFO M MaKCMMaIbHOTO 3HAaYeHWUA C HauBbICLIEl YyBCTBUTENbHOCTBIO, C TOYHOCTBIO A0
Benn4YmHbl URMS(1/2) . C pOCTOM 3TOro BpemMeHW BBOAMUTCA AOMOJHUTENIbHOE CFNAXKMBAHUE, HanpuUmep,
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npu 5-n CeKyHAaxX CHa4ana BblYUCNAETCA CpeaHAA 5-C€KYHAHaFI Be€/IMYNHA, KOTOpaA 3aTemM
ncnonblyetrcaA AnNAa NOUCKA MUHUMANIbHOIO M MaAKCUMMaAJZIbHOTo 3HayeHuA. JT0 paér MEHbLYO
4yBCTBUTENIbHOCTb K MTHOBEHHbBIM U3SMEHEHUAM U3MEPAEMOIO 3HA4YEHUA.

MpumeyaHue:

Kak u B chyvae ¢ nepmogamm ycpegHeHna meHble 10 cekyHa, nHTepsanbl 200 mc, 1 cek.,, 3 cek. n 5
CeK. B [eNCTBUTE/IbHOCTU BblpakeHbl B KPaTHOCTAX MepuoaoB cetu — cooTtsercTBeHHo 10/12, 50/60,
150/180 n 250/300 nepnoaos ceTu.

Bbi6bop NpaBUIbHOrO BpeMeHU ycpeaHeH s, He ABAAETCA NPOCTbIM AeN0M. B 3HaYMTeNbHOM cTeneHu oH
06YyCNOBNEH TUMOM HapPyLWeEHWN, NPUCYTCTBYIOWMX B CETU U OMUAAHUAMM MONb30BATENA MO
OKOHYaTe/IbHOMY aHaNN3y AaHHbIX. YacTo BO3HUKAET CUTYaums, KOraa U3BecTeH egUHCTBEHHO cam ¢aKT
NoABNEHNA HEKOTOPbIX HENOMaA0K B CETU 3NEKTPONUTAHNA U TOIbKO M3MepPeHMsa aHanu3aTopa NomoryT
yKa3aTb TOYHYIO MPUYUHY. B TaKoM cuUTyauumn nydile UCNosib3oBaTb H6osiee KOpOoTKoe Bpems ycpeaHeHus
(Hanpumep, 10 ceKyHA), U BKAOYMTb 3aNUCb MWUHWMMAIBHOIO WM MAKCMMANIbHOrO 3HayeHuli (gns
HanpsaXXeHWM U TOKOB B TaKOW CUTyauuMW peKkomeHayeTca BblbpaTb Nepuoaom onpegeneHus
MWHUMANIbHOTO U MaKCMMAaJIbHOFO 3HAYEHWUA CaMblit KOPOTKUIM BO3MOXKHbI CPOK, TO €CTb, MOJIOBUHY
nepuoga). KopoTkoe Bpems ycpeaHEHWMA MO3BOAUT MNOCTPOUTb TOYHble TPadUKU  U3MEHEHMUI
napameTpoB BO BpeMeHU, a MUHUMYMbl U MaKCUMyMbl 6yayT 06Hapy»KeHbl U coxpaHeHbl. Kak npasuno,
perucTpaumns c KOPOTKMM BpPEMEHEM YCPeAHEHUS BbINOMHAETCA AO0BOJIbHO OrpaHWYEHHOe Bpems,
npexae Bcero M3-3a BbICTPOro pocTa YMCia OAHHbIX; MOCKO/bKY LLe/Iblo TaKOW perucrpauunn, asasertcs
BbIABNEHNE BO3MOMHbIX NPUYMH aHOMAANK, a He A0/ITOCPOUHbIA aHanns.

Pernctpaumnmn ¢ KOPOTKMM BPEMEHEM YCPEAHEHUS MOXKET BbITb AOCTAaTOYHO ANA OUEHKM PaboTbl CETU U
NPOUCXOAALLNX B HEN HApPYLLUEHUAX. TemM He MeHee, NoAPO6HYI0 MHPOPMALMIO, BEPOATHO, MOXKHO byaeT
Nnosly4nTb B TEYEHWEe AJMTENbHOrOo BpemMeHu (NopsfaKka MMUHYT), HO C BK/IOYEHHOW perucTpaumen
MWUHMMANbHOTO W  MaKCMMa/IbHOTO 3HAYeHMA W  aKTUBHbIM BbIAB/IEHMEM COObITUN. BaXHbiM
NPEeMMyLLECTBOM TaKOW CUTyauuM ABAAETCA ropasAo MeHbLUA 0O6bEM AaHHbIX perucTpauuu, 4to
03Ha4aeT bbICTpoe CYMTbIBAHME U aHANN3 AaHHbIX.

B cBol ouepepb, uccnefoOBaHWE KavecTBa MWUTAHUA MNPUHATO BbINOJHATL B COOTBETCTBUM C
TpeboBaHMAMM cTaHgapTa TOCT 32144-2013. B atom cnyyae aHanus nposoauTca B TeyeHue Honee
NPOAO/IKUTENbHOTO BpemMeHn (Hanpumep, 7 AHel), NOsToMy BbibpaHHOE BPEMS yCpeAHEHMA TaKKe
anntenoHoe — 10 MUHYT.

MMmeiTe B BMAY, YTO He CyLECTBYET OAHOW HaWaydyllei HACTPOWMKWU, KaK BPeMEeHU yCpeaHeHUs, Tak U
APpYrvx napameTpoB WAM NOPOros cobbiTuit. Kaxpas ceTb MHAMBMAYyaNbHA M 3a4ayn UcCNefoBaHMA
ceTeil pasnnyHble. B cBA3M C 3TUM ONTMMaNbHAA KOHOUrypauma aHanauMsaTopa MoyKeT noTtpebosatb
HEeCKO/IbKMX NOAX0A0B, U TaK:Ke byAeT 3aBMCceTb OT OMbITa onepaTopa.

6 TEXHHUYECKHUE XAPAKTEPUCTUKHU

TexHnyeckne XapaKTepucTUKU MOTyT 6bITb M3MeHeHbl W3rotoButenem bes npeaBapunTesbHOro
yBeaoOMNeHUA.

OcHOBHas MOrpeLwHoOCTb ABMAETCA OCHOBHOMW MOrPELIHOCTbIO U3MepPUTENbLHOro Npubopa Ans ycaoBui,
npueeaeHHbIx B Tabauue 16.
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YKasaHHble 3HAYEeHWs MOrPeLlHOCTEM MPUMEHWMbI TO/IbKO K aHanu3aTopy 6e3 [0MNOo/NHUTENbHbIX
TpaHcHOPMaTOPOB U TOKOM3MEPUTENbHbIX KNeLLen.

CoKpaweHus:

®  W.B. — M3MEPEHHas BE/IMYUNHA;

® e.M.p—eguHMua Miaawero paspaaa;

e  Unom — HOMMHaNbHas BEINYMHA HaMNPAXKEHUS;

e |Inom — AMana3oH HOMMHANbHOIO TOKa (Knelen);

e RMS — geiicTBytowee (cpeaHEKBaAPATUYHOE) 3HAYEHME;

® N —pAag rapMoHUKY;

e  3.U. — 3Hayawme undpbl — NPUMEHUTENBHO K PaspeLlleHnto pesyibTata U3MepeHus - o3HayaeT
3aMUCb 3HAYEHWUs C YKasaHHbIM YMUC/NIOM 3Hayawux uudp, Hanpumep, paspelleHue ans
HanpaxeHus 230 B 1 4 3.u. byaeT pasHa 0,1 B (3anuck 230,0 B); paspelueHme ans Toka5 A n4
3.4. 6yaer 0,001 A (3anuck 5,000 A).

e §,n— AOMOAHUTENbHAA MOMPELIHOCTb U3MepPeHUs ¢Gasbl MeXAY rapMOHUKAMM HanpsaXKeHus U

TOKa

6.1 Bxoabl

Bxogpl HanpskeHus

KonuyectBo BXOA0B

5 (L1, L2, L3, N, PE - 4 nsmeputenbHbIx kKaHana)

MakcumanbHoe BxogHoe HanpsaxXeHne
OTHOCUTEJ1bHO 3eMITn

N3meputenbHas kaTeropums

(B 32BMCMMOCTM OT UCMOSNHEHNS —
MapK1pOBKa HAXOAMTCS Ha NULLEBON
3TUKETKE)

760 Brus
40...70 'y vnn
NoCTOsIHHOE
HanpspkeHue

CAT IV 600 B/ CAT 1l 760 B (go 2000 m Hag ypoBHEM MOpS1)
CAT IV 300 B/ CAT 111 600 B/ CAT 11 760 V (o1 2000 m go
4000 m Hag ypoBHEM MOPS)

1000 Brwus
40...70 'y vnn
NocTOsIHHOE
HanpsbkeHue

CAT IV 600 B/ CAT 11l 1000 B (8o 2000 m Hag ypoBHEM MOPS)
CAT IV 300 B/ CAT 111 600 B / CAT 11 1000 B (o1 2000 m go
4000 m Hag ypoBHEM MOPS)

MNMukoBOE BXOOHOE HaMpshKeHue
(6e3 oTceykn)

11500 B(BbICOKOBOMbLTHbLIV AMaNasoH)
1450 B (HM3KOBOMbTHbLIN AManasoH)

AHanorosas nonoca nponycKaHuA (-
346)

20 kly,

TpaHccopmaTops!

Nno peLlleHUIo nonb3oBaTend

MmnegaHc n3mMmepuTenbHbIX BXOO40B

10 MOwm (anddepeHumnanbHbIn)

KoadduumneHT ocnabnenuns
cnHgasHoro curHana (aHrn. CMRR)

>70 ob (50 y)
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TokoBble BXxoAbl

KonnyectBo Bxo40B

4 (3 chasbl + HenTpanb) ranbBaHNYECKN HE N30MNNPOBaHbIE

HomuHanbHoe BxogHoe HanpsaxexHune

(kaHan »XXeCTKUX KIeLlewn) 1 Brus
lMvKoBOe BXOOHOE HanpshkeHue (KaHar +36B
XKECTKUX Krellen; 6e3 oTcedku curHana) -
HomuHaneHoe BXOAHOE HanpsixeHue 0,125 Brus
(kaHan rmbkmx knewyen)

lMrkoBOE BXO4HOE HanpsbkeHue (KaHan +0.45 B
rmbKmx knewen; 6e3 oTceukm curHana) -
MakcmmanbHo AOMYCTUMOE HanpsikeHne | g

Ha BXoAe Krnellen OTHOCUTENbHO 3eMu

AHnanoroas nomnoca nponyckanus (-3ab) | 20 kl'y,

BxogHon nmnepaHc

Kanan xecTtknx knewen: 100 kOm
Kanan rmbkux kneuwen: 12,4 kOm

N3mepuTenbHbIi AnanasoH
(6e3 TpaHcdhopmaTopoB)

['mbkne knewm F-1/F-2A/F-3A: 1..3000 A

(10 kA nukoBoe, 50 Iu)

Knewwu C-4, C-5: 1..1000 A (3600 A nukoBoe)
Knewwu C-6A: 0,01..10 A (+36 A nukoBoe)
Knewwm C-7: 0..100 A (£360 A nunkoBoe)

TpaHchopmaTtopbl

Nno peLleHno nonb3oBaTend

KoadpduumeHT ocnabnexHms cuHdasHoro
curdana (aHrn. CMRR)

60 ob (50 I'y)

6.2

JAUcKpeTHU3anua M 4achbl peajibHOro sBpemeHu RTC

AncKkpeTnsauyma u Yacbl peanbHoro spemenun RTC

ALLN (aHanoroso-uudpoBoit
npeobpasosBaTesib)

16-6UTHbIN

YacToTa amcKkpeTmsaumm

10,24 kl'y, pna 50 n 60 Iy,
OpHoBpeMeHHana AMCKPeTM3aLmMa No BCEM KaHanam

KonnyectBo oTCYETOB 3a Nepmos,

204,8 pna 50 ly; 170,67 gna 60 Iy,

CuHxpoHusaumsa ®ANY (PLL)

40...70 Ty,

OnopHbIN KaHan ana cuctembl PANY

Mo ymonyaHuto L1
(BO3MOXKHOCTb NEPEKRIOYEHNA HA APYrve KaHabl)

Yacbl peanbHOro BpemeHu

+ 3,5 ppm maKc. (0Kono * 9 cekyHa/mecaAu)
B AMana3oHe TemnepaTyp -20...55 °C

6.3 Moayab nepexoaHbIX IPOLLECCOB (Paw-703] Pa-711

Moaynb 06HapyKeHUs nepexoaHbIX NPOLLECCOB

Konunyectso n3mepuTesibHbIX KaHa10B

4 (L1-PE, L2-PE, L3-PE, N-PE)
raibBaHN4YeCKn HeEN30/IMPOBaHHbIE

MakcnmmansHoe BxoaHoe HanpaxeHue

760 Bgrws / 1000 Bgyis (B 3aBUCMMOCTM OT UCMOSIHEHUA —
CMOTPY MapKUPOBKY Ha JINLEBOM ITUKETKE)

MKoBOE 3HaYEeHNe BXOAHOrO
HanpsxeHusn (6e3 cpesku)

+ 8000 B

AHanorosas nonoca nponyckaHusa (— 3
Ab)

2,5 Mrly,

AHanoroso-unpoBoit
npeobpasosaTtenb

4-X KaHanbHbIN, 12-6UTHbIA, 04HOBPEMEHHan ANCKPeTMU3aLUmA
Nno BCeM KaHanam

YacTtoTa ANCKpPEeTU3aunmn

10 Mly, 5 MTu, 1 My, 500 Ky, 100 KMy,
(BbIBUpaeT nonb3oBaTeNb)

BPEN\FI perncrpaunm CurHana

o1 2000 go 20000 oTcuéTos
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(oT 200 mKc a0 200 mc B 3aBMCMMOCTU OT KOHbUrypaLumm)

Bpemsa onepexeHus (pretrigger)

ot 10 £0 90 % BpemeHu perncrpaumm

MeTog ob6HapyeHus

—no amnautyge curHana (50...5000 B)
— M0 CKOPOCTU BO3pacTaHun
(dV/dt; ot 100 B / 500 mkc ao 100 B / 5 mKc)

«MEpTtBoe» Bpems

3 cek.

6.4 H3MepsieMble NapaMeTpPhl - TOYHOCTH, pa3pelieHus U AUuana3oHbl

6.4.1 YciaoBusa A NOBEPKU

YcnoBua ana noBepKu

TemnepaTypa OKpyrKatoLLel cpeabl

0..45°C

OTHOCUTENbHAA BNA*KHOCTb

40...60 %

ACMMMETpMﬂ HanpAaxeHuA

<£0,1 % ana koadpduuneHTa HeCMMMETPUM No obpaTHOM
nocnenoBaTelbHOCTU (OTHOCUTCA TOIbKO K TPEXdasHbIM
cetam)

BHewHee marHnTHOe none

<40 A/m (nocTosaHHOe)
< 3 A/m (nepemeHHoe) ana yactoTtbl 50/60 Iy,

[MocToAHHaA cocTaBnAOWan
HanpAXxXeHnAa N ToKa

HyneBaA

dopma curHana

CMHyCOMAaﬂbeIVI

YacTtoTa

50Ny £0,2% man 60Ty +£0,2 %

6.4.2 IlorpemiHOCTb U3MepPEHMS B 3aBUCUMOCTH OT TEMIIEPATYPbl OKPY>Kal0Lel cpeabl

OCHOBHaA NOrpeLlHOCTb, YKa3aHHAA B TEXHMYECKUX AaHHbIX, FapaHTMPOBaHa B AMana3oHe TemnepaTtyp
OoKpyKatowen cpegpl 0..45 °C. 3a npegenamu 3TOro pguanasoHa HeobxoAMMO WCMO/b30BaTb
OOMNOJIHUTENbHBIN MHOXUTENDb («M»), KOTOPbIN YBENMYMBAET YKA3aHHYIO OCHOBHYIO MOrpewHoOCTb 40
baKTMYecKon norpewHocTn wusmepeHua puc.59Puc. nokasbiBaeT rpaduKk mHOXUTENA «M» B
33aBUCMMOCTM OT TEMNEPATYPbI OKPYKAtOLWEN cpeabl, B AMana3oHe HOMUHAMbHbIX Pabounx TemnepaTyp.
MHoXuUTeNb NPUHMMAeET 3HayeHne 1,0 B amanasoHe TemnepaTyp 0..45 °C. Bbiwe 45°C n go 55°C
MHOUTE/b YBEIMUNBAETCA IMHEMHO A0 3HadyeHuA 2,0. Huxke Temnepatypbl 0°C (8o -20°C) mHOXUTENb
JIMHENHO yBeNMYMBAETCA 40 BeUYNHbI 1,8.

MNpumep: OCHOBHAA MOrpPeWHOCTb U3mepeHna HanpsaxeHna RMS cocrasaset + 0,1 % Unom B AMANA30He

Temnepatyp 0...45 °C.

e [lpun -20 °C norpelwHoCcTb M3mepeHus coctasuT * 0,18 % Unom (MHOXMTEND 1,8);

e [lpun -10 °C norpelwHocTb n3mepeHus coctasuT * 0,14 % Unom (MHOXMTEND 1,4);

e [lpu 0 °C norpewHocTb namepeHus coctasut 0,1 % Unom (MHOXUTEND 1,0);

e [pu 45 °C norpelwHocTb amepeHus coctaBuT £ 0,1 % Unom (MHOKMTEND 1,0);

e [lpu 55 °C norpelHocTb uamepeHua coctaBut + 0,2 % Unom (MHOXMTEND 2,0).
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Pnc.59. MHOUTe/Ib OCHOBHOM MOTPELUHOCTU B 3aBUCUMOCTU OT TemrepaTypbl cpespbl.

6.4.3 Hamnps:xeHue

HanpaxkeHue

JnanasoH n ycnosus

PaspelieHune OcHOBHas NorpeLLHoCcTb

Urms (NnepemeHHoe 1

10 % Unom S URMSS 150 % Unom

43.u. +0,1% Unom

NoCTosiHHOE) ana Unom 264 B
1...10
Muk-pakTop (1...1,65 ana HanpskeHua 690 B) 0,01 5%
p'ﬂﬂ URMS > 10 % Unom
6.44 Tok
Tok AnanasoH n ycnosusa ‘ PaspeweHune OcHOBHasA NorpeLHocTb

Irms (MepemeHHbIN K
NOCTOAHHbIN)

BxoOHoli KaHan 6e3 kneweli

0...1 B (£3,6 Byp) —
KaHan *KECTKUX Knewen
0...125 mB (£450 mBy.;)
— KaHa/ rmbKux Kneluuemn

43.u.

+0,1 % lnom

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

JononHuTtenbHaa NorpewHocTb

0...3000 A 4y +1%
(10 KApp) o (2 % c yyeTom A0NONHUTENBHON
NorpeLHoCTM OT NONOXKEHNSA)
Knewu #écmkue C-4
JononHnTeNbHasA NOrPeLHOCTb
0,1..10A: £(3%+0,1A)
0...1000 A 10A: 3%
4 3.4,
(3600 Ap.p) 50A:£1,5%
200 A: +£0,75 %
1000...1200 A: £ 0,5%
Knewu wcécmkue C-5
JononHnTeNbHasA NOrPeLHOCTb
0,5..100 A:<(1,5% + 1 A)
(%63812':‘) 4 3.1, 100..800 A:<2,5%
800...1000 A nepem.: <4 %
1000...1400 AnocT.: £5%
Knewu #cécmkue C-6A
JononHnTeNbHaA NOrPeLwwHOCTb
0..10A 43y 0,01..0,1A: £(3% + 1 mA)
(36 App) o 01.1A:+25%

1.,.12A:£1%

129




Knewu »écmkue C-7

JononHuTeNnbHas NorpeLHocTb
. 0,
0..100 A 0...100 A: £(0,5% + 0,02 A)
4 3.4, (45...65 Ty)
(360 Ap-p)
0..100 A: + (1,0 % + 0,04 A)
(40...1000 )
1...10
MuKk-dakTop (1...3,6 ans lnom) 0,01 +5%
ans lgms 2 1 % lnom
6.4.5 Yacrota
OcHOBHas
YactoTa AnanasoH n ycnosua PaspelweHune
NorpeLHocTb
40...70 T'y, 0,01Tmy
f +0,01 Ty
10 % Unom £ Urms <200 % Unom | (0,001 My, Ha 3KpaHe aHannsaTopa)

6.4.6 T'apMOHMKHU

FapMOHKUKHK

[dnanasoH n ycnosua ‘ PaspeweHune ’

OcHoBHaA NOorpeLwHoCTb

FapmoHuMYecknin pag,

(n)

MocTosAHHbIN TOK, 1...50, rpynnmMpoBaHue: noArpynnbl rapMOHUK Mo
rOCT 30804.4.7-2013 (IEC 61000-4-7:2009)

0..20% Unom (n 2 2)
0..150% Unom

+ 0,05 % Unom Np# 1.B.< 1 % Unom
+5 % un.B. npu n.B.2 1 % Unom

Amnantyga Urms 43.u.
(n=1, noctosHHOE (cornacHo OCT 30804.4.7-2013
Hanps»KeHue) (IEC 61000-4-7:2009) knacc )
0“20% Inom (n > 2) i 0,15 % Unom an n.B.< 3 % Inom
+5%u.e.ecrmn.e.23 %l
A al 0..150% Inom 4 3.u. nom
MRAMTYAS Trws -1 ’ 10 4 (cornacHo FOCT 30804.4.7-2013
=2, NOCTOAHHBIN TOK (IEC 61000-4-7:2009) knacc )
KoadpounumeHt
rapMOHUYECKUX
o 0..100,0 % o
+ (o)
nckaxkennin (THDg) no 217 Usws 2 1% Unom 0,1% +5%
Hanpax)eHuto (n =
2..50)
KoadpounumeHt
0,
rapMOHUYECKNX 0...100,0 % 0,1% 459

nckaxkennin (THDg) no
ToKy (n = 2...50)

Anﬂ IRMS 2 1 % Inom

B 3asucumocTm

TDD (n=2...50) B 3aBncumocTu ot |, or | B 3aBncumocTtum ot |,
L
1,0...50,0
K- ! ’ 0,1 +109
dakTop 271 lents > 1 % lnom B 10 %
Y
ron casura ¢as -180°...+180° 0,1° +(n x 1°)
(HanpskeHue)
Yron casura ¢as (Tok) -180°...+180° 0,1° + (nx1°)
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6.4.7 WHTEeprapMoHUKH

UHTepapMOHUKHK AnanasoH n ycnosua ‘ PaspelieHune | OCHOBHasA NOrpeLHoCTb
. 0...50, rpynnupoBaHue: No noAarpynnam MHTEPrapMoHUK no
MHTeprapmoHuyeckui
(n) FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
pag (n

(cybrapmoHMKM TaKKe ¢ y4eToM nonochbl 5 )

+ 0,05 % Unom Npy 1.B.<1 % Unom
+5 % u.B. npn n.8.2 1 % Unom

Amnantyaa Urms 0...20 % Unom 43.4.
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009) knacc 1)
+ 0,15 % Unom Np¥ 1.B.< 3 % lnom
+5 % un.B. ecimt n.B.2 3 % lnom
Amnantyaa | 0...20 % Unom 4 3.4,
yAa Taws ° 4 (cornacko FOCT 30804.4.7-2013
(IEC 61000-4-7:2009) knacc 1)
KoadpounumeHt
MHTEPrapMOHUYECKUX
. 0...100,0 % o
nckaxkeHunn (TIDg) no 2718 Usws 2 1% Unom 0,1% +5%
HaNPAXKEHNIo
(n=0...50)
KoaddnumeHt
i ! 9
WHTEPrapMoHUYECKMX 0...100,0 % 0,1% +59%

nckaxkeHnn (TIDg) no
TOKy (n =0...50)

anAa lrms 2 1 % lnom

6.4.8 MoOIIHOCTb FAPMOHHUK

MoLwHOCTN rapMOHUK

YcnoBus

PaspeweHune | OcHoBHasa norpewHocTb Y

AKTMBHAA N peaKkTUBHaA
MOLWHOCTb rapMOHUK

5 % Inom < |RMS < |nom

80% Unom S URMS< 150 % Unom

i\/S%h + 8f, + 82, %,
roe:

Oun — OCHOBHas
NorpeLHoCcTb M3MepeHna
amMNANTYabl FAPMOHMK
Hanpa)eHua,

Oih — OCHOBHaA
MOrpewHoCcTb N3MepeHus
aMNANTY bl FAPMOHMK TOKa
Oph — OCHOBHas
MOrpewHoCcTb N3MepeHus
$asbl MeXKay rapMoHUKaMu
HaMNPAMKEeHUA 1 TOKa.

4 3.4,

Npumeyanmne M cmoTpu rnasy 6.4.10 OueHKa NOrpeLHOCT U3MEPEHUA MOLLHOCTU U SHEpPrum.
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6.4.9 MOWIHOCTD ¥ 3Heprusa

YcnoBua
MowyHocTb u OCHOBHas NOrpeLHoCTb
3Heprus (ans mowHOCTU 1 3HEpPrUM PaspeweHue @
80 % Unom S URMS< 120 % Unom)
1 % Inom < |RMS< 5 % |nom 1’02 + 65}1%
cosp=1
5% lnom < lrms £ 1
0 Inom R_MS nom . 0’52 + 8%’}1%
AKTMBHaA MOLLHOCTb cosp=1 2
3.4,
AKTUBHaA sHeprua 2 % lnom < lams < 10 % lnom ; ) 5
oSO = + 1,0 + Sph %
¢»=0,5
10 % lhom £ lrws £ 1
(P =Y
2 % lhom < lrms< 5 % |
0 Ilnom ) RMi 0 Inom . 1’252 + Séh%
sinp=1 \l
5% lhom < lrms < |
nor.n iMS nom . 1102 + 812)}l %
sinp=1
PeaktnsHas
5 % Inom < IRMS< 10 % |nom 2
MOLLLHOCTb ) 4 3.1, + [1,25% + 82, %
sing =0,5 p
PeaKTtneHana sHeprua 0% =<l
(0] sr;c;]m —_ RMS nom . 1’02 + Slz)h ”
¢»=0,5
10 % lnom < lrms< |
(0] .nom ) RMS nom . 1’252 + Séh%
sing = 0,25
MonHaa mowHOCTb 2 % lnom < lrms< 5% lnom 4 +1%
3.4,
MonHaa sHeprmna 5 % lnom £ Irms < lhom . +0,5%
KoapduumneHt 1.1
o Hocﬁm (P 50 % Unom < Uruts < 150 % Unom 0,01 +0,03
LI.I, 10 % |nom < |RMS< Inom
KoadpounumeHt -1.1
casBura ¢das 50 % Unom < Urms < 150 % Unom 0,01 +0,03
(COS(I)/DPF) 10 % lnom < lrms < lnom

NMpumeyanmne M cmoTpw rnasy 6.4.10 OueHKa NOrpewHOCTUM3MEPEHNA MOLLHOCTM U SHEPTUN.
6.4.10 OeHKa NOrpemHOCTH U3MEePEeHUsI MOLIIHOCTH U SHEepPruu

O6wan norpewHoCcTb U3MEPEHUA AKTUBHOW M PEaAKTMBHOM MOLLHOCTM (OCHOBHOW TapMOHWKKM) W
MOLLHOCTM TapMOHMK, B LIEJIOM OCHOBbIBAaeTCA Ha C/leaylolWeid 3aBUCMMOCTM (4NA  3sHeprum
WUrHOPUPYETCA [AOMOJIHUTE/IbHAA MOMPEeLIHOCTb, CBA3aHHAA C M3MEpPEHMEM  BPEMEHW, Kak MHOro
MeHblLLasn, yem oCTa/ibHble norpeLwHocTH):

Spo = Jagh + 6% + 62,

roe: 6 P, — MOrPeLHOCTb M3MEPEHMUA aKTUBHOM UAN PEAKTUBHOMN MOLLHOCTH;
6 uh — cymmapHas NorpeLHoCcTb U3MEPEHUA aMMINTYAbl FaPMOHMKMN HaNpPAKEHUA
(aHanmsaTop, TpaHCchopMaTOpbI, KNewm);
8 Ih — cymmapHas NorpeLHoCcTb M3MepeHUs aMnInTyApbl rapPMOHUKK TOKa
(aHanusaTop, TpaHchopmaTopbl, Knewm);
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6 ph— OONO/IHUTE/IbHAA MOrpewHOCTb B pe3ynbraTte OLINBKM namepeHunA d)a3bl mexay

rapMOHUKaMMN HanpAaXeHna n ToKa.

MorpewHocTb & ph MOXKHO OMpeaennTb, eC/iM M3BECTeH yro $a3oBOro CABWra A4/1A MHTEPECYIOLWEn Hac
obnactn yactot. B Tabanue npmsepeHa owmbKa pasHOCTU $a3 Mexay FAapPMOHMKAMWU HaNpsaKeHUA U
TOKa 419 aHann3aTopoB (6e3 TOKOBbIX Kellel U TpaHCchopmMaTopoB).

Owwnbka ¢pasbl aHanmnsatopos PQM-702/703/710/711 B 3aBUCMMOCTU OT YacCTOThI.

OwwnbKa pasHoctu Ppas

[dwnana3oH yactoT 40...70Ty, | 70..200 Ty | 200...500 Ty [500 Mu...1 klMu| 1...2 KMy, | 2...3 Kly,

Owwnbka <0,5° <1° <2,5° <4° <7° <10°

OwmnbKy ¢asbl, BHOCMMYIO MPU UCNONb30BaHMM TPAHCPOPMATOPOB M KAeLLen, KakK MpaBUaO, MOXKHO
HaliTU WX B TEXHWYECKOM AOKYMEeHTauuu. B aTom cnyyae cnepyeT OUEHWUTb ANA MHTEpecylowen Hac
YacToTbl MNONYYEHHYIO OWMOKY asbl MeXKAY HaMNPAKEHUMEM U TOKOM, BBOAMMYIO BCEMM 3/1eMEHTaMM
Lenun nsmepenuns: TpaHchopmMaTopbl TOKA U HANPANKEHUA, KNELLM, a TaKKe aHaNM3aTop.

MorpelwHOCTb U3MePEHUA, BblTEKAOLWLAA U3 OWNOKK $asbl 414 aKTUBHOM MOLLHOCTU FAPMOHMK, MOXKHO
onpeaennTb N0 COOTHOLLIEHUIO:

(p+40)
Spn =100 (1 —%) [%], cosg # 0

B cBolo ouyepenb, HeonpeaenéHHOCTb W3MEpPEeHUA pPEeaKTUBHOM MOLLHOCTM FAapPMOHUK  MOXHO
onpeaennTb U3 COOTHOLLEHWUA:
sin(p—-A@) .
Spn = 100 (1 — TL=2D) [og], sing # 0
ph sing ) 1%0], sing #
B obeux 3tmx dopmynax ¢ o3HayaeT GAKTUYECKMIA YroN CcABUra MeXAy rapMOHMKaMu TOKa U
HanpsxeHua, a AQ cymmapHyto ownbKy dasbl o8 4aHHOM YacToTbl. M3 npeacTaBieHHbIX 3aBUCMMOCTEN

MOXHO cAenaTb BbiBOA, YTO NOrPeHOCTb U3MEPEHMA MOLLHOCTU A8 TOM e camoi owunbku ¢dassbl,
ABHO 3aBMCUT OT KoadpduLMeHTa $pa3oBOro caBmra Mexay TOKOM U HanpsaxKeHuem (puc.60)

Mpumep: PacyéT nNOrpewHoCcT UM3IMEpPEeHUs  aKTUBHOM  MOLLHOCTM  OCHOBHOM  FapMOHUKMW.
ndOBMH: (P = 600, URMS E Unom N IRMS = 5 % Inom.

OCHOBHas NOrpeLwHoCTb cocTaBaneT: + /1,02 + 5§h %.

B gmanasoHe yactoT 40...707y, owmbKa dasbl aHaM3aTopa cocTaBaaeT meHblue Yyem 0,5°.
MNocne NoACTaHOBKM B COOTHOLLEHME:

_cos(p + A(p)> _ 100 (1 _ cos(61°)

——2) =1,529
cosQ cos(60°)) oY%

Spn = 100 <1
Takum 06pa30M, norpewHoOCTb N3aMepeHnAa CoOCTaBuT:

§ =+41,024+ 1,522 = +£1,82%

B Tex e camblIx ycoBMsX, HO Npu casure ¢asbl ¢ = 10°, noayunm:

cos(11°)

o,n = 100 (1 -
ph cos(10°)

) =0,16%
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A NnOorpewHoOCTb N3aMepeHnA CoOCTaBuUT:

§ =141,02+0,162 = +1,01%

MpuBeaeHHble BbilWe PACYETbI HE Y4YMTbIBAOT AOMOJIHUTENbHble OWWOKM, BHOCMMbIE NpU
MCMNOIb30BaHUWN TOKOBbBIX Knelen 1 TpaHcdopmaTopoB.

100 5
B [%e]
50 1 p=60
a0 A
p=50°
70 4
&0 o
p=4g:
S0 1
=30
40
=20"
30 4 ¥
=107
20 4 b
p=0°
10 1
A [°]
0O 4 = i - T T : L 2
o 5 10 15 20 25 3o

Puc.60. [lonosHMTeNbHan NOTPELIHOCTb OT OWNBKK dasbl B 3aBUCMMOCTM OT yraa casura ¢as.

6.4.11 MepuaHue cBeTta (¢pmkep)

MepuaHue ceeTa
[dnanasoH u ycnosua | PaspelueHne OCHOBHas MorpeLHocTb
(dnukep)
Pst (10 MuH.) 0,2..10 001 15% B npeaenax TabinUHbIX
Pk (2 yaca) ana Urms 2 80 % Unom ’ 3HayeHui FOCT P 51317.4.15-2012
Knacc F1 noFOCT P 51317.4.15-2012
6.4.12 AcumMeTpus
AcummeTpua
[AnanasoH u ycnosus PaspeleHune | OCHOBHaa NOrpeLHOCTb
(HanpskeHue 1 ToK)
K
03bdULMEHT ) 10,15 %
HECUMMETPUU NPAMON, 0...20,0% 01% (abcontoTHas
o6paTHOW M HyneBoOW 819 80%Unom < Urms <150 % Unom e
NorpeLHocCTb)
nocnenoBaTe/IbHOCTH
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6.4.13 CurnaJisl ynpasJieHUs

MNapameTp [JuanasoH u ycnosua | PaspeleHune ‘ OCHOBHas NOrpeLHoCTb
MeTtoa nsmepeHma B cooTetcTBumM ¢ TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
YacTtoTa 5,00...3000,00 Iy, 0,01 Ty HEe NPUMEHNUMO
A <1 % Unom He yKa3aHo
MNANUTYOA CUrHana
1... 9 nom oL, i ) 9 nom
ynpasnenus URL, UR2 3%U 43 0,15%U
3...15 % Unom +5%
6.4.14 IlepexoaHble NPOLECCHI (PM-703] POM-T11
MNapameTp AnanasoH n ycnosua | PaspelueHune OCHOBHasA NOrpeLHoCTb
HanpseHune + 8000 B 4 3.4, + (5% + 25 B)

6.5 Perucrpanus coOGbITHII - MPOBAJIbI, IepeHANPSKEHHs, MPePbIBaHUAA,
ObICTpble U3MeHeHUA HanpsikeHus RVC, gelicTByolee 3HaYeHUE TOKa.

HanparkeHue Ugms

OcHoBHas
(npoBanbl, NpepbiBaHKS, JdnanasoH Pa3pelleHune
MorpeLwHoCcTb
nepeHanpsaxkeHusa)
Urms(1/2) 0...150,0% Unom 43.u. +0,2% Unom
MpPoAoAKUTENBHOCTb YY:MM:CC.MC MonosuHa nepuoaa | OanH nepuog,

Mopor o6HapyKeHus

YcTaHaB/MBAETCA NO/1Ib30BATENEM B MPOLEHTAX IM60 B abCONOTHbBIX
3HayeHusax. ObHapyKeHne cobbITUA OCHOBAHO HA U3MmepeHUn Urms(i/2)
(addekTnBHOE 3HaAUeHMe 3a 1 nepuoa, obHOBAAEMOE KaxKable Y5
okresu).

3anucb ocumnnorpamm

MaKcumanbHo1 ¢ pernctpaunm n 960 mc oneperkeHusa cpabaTbiBaHMA,
anckpetmsayma 10,24 Ky, 8-6utHoe paspelueHue.

3anuce 3HavyeHun RMS; ;

MakcmumanbHo 30 c peructpaumm 1 4,9 c onepexkeHus cpabaTtbiBaHUSA

BbICTpble U3MeHeHUA OcHoBHas
dnana3oH PaspeweHune
HanpaxeHus (RVC) MorpeLwHocTb
Urms(1/2) 0...150,0% Unom 43.u. +0,2% Unom
MpoAONKNUTENBHOCT Y4:MM:CC.MC MonosuHa nepuoga | OanH nepuog,

MeTopa nsmepeHua

CornacHo anropuTtmy, ykasaHHomy B IEC 61000-4-30

Mopor o6HapyKeHus

YcTaHaBAMBaeTcA Nosb3osaTesieM B npoueHTax Unom. OBHapyKeHue
co6bITMA OCHOBAHO Ha M3MepeHUU Urwms(i/2) (9DEKTUBHOE 3HaUYeHMe 3a
1 nepuoga, obHoBASEMOE Kaxable ¥ neproaa).

Mopor o6HapyKeHUa He MOKeT bbiTb 6o/bLLEe, YEM CymMa NOPOroB
npoBasia W BO3PaCTaHMA HaNPAXKEHUA.

'nctepesnc

YcTaHaBAMBaeTcA Nosb3osBaTesem B npoueHTax Unom.
FMcTepesnc He MosKeT 6biTb 6oAbLue, Yem nopor obHapyKeHua RVC.

3anucb ocumnnorpamm

MakcumanbHol ¢ pernctpaummn n 960 mc oneperkeHns cpabaTbiBaHUs,
anckpetmsauma 10,24 klu, 8-6utHoe paspelueHue.

3anucb 3HavyeHnt RMS;,;

MakcumanbHo 30 ¢ pernctpaumm n 4,9 ¢ onepeskeHuns cpabaTbiBaHMSA
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ToK Irws OcHoBHas
AnanasoH PaspeweHune
(MMH., makc.) MOrpeLHOCTb
|RMS(1/2) 0...100,0% lnom 43.u. 10,2% lnom
MpoJoNKUTENBHOCTb YY:MM:CC.MC MonosuHa nepuoga | OaAnH nepuog,

Mopor obHapyKeHus

YcTaHaBAMBaeTCA No/b30BaTeNeM B NPOLLEeHTaX MAM abCoNOTHbIX
BeAnymnHax. O6HapyKeHue cobbITUA OCHOBAHO Ha U3MepeHNU lrus(i/2)
(3ddekTnBHOE 3Ha4YeHUe 3a 1 neprog, obHoBAAEMOE Kaable ¥
nepuoza).

3anucb ocunNNOrpaMmm

MaKcMmanbHol ¢ peructpaumm n 960 mc oneperkeHns cpabaTtbiBaHuUs,
anckpetmsaums 10,24 kl'y, 8-6utHoe paspelueHue.

3anuce 3HavyeHnn RMS; ;

MakcmmanbHo 30 ¢ pernctpaummn u 4,9 c onepexxeHusa cpabaTbiBaHUA

6.6 Perucrpanus COGBITHIA — ZONOJTHUTEAbHbIE IApaMETPhI

Mapametp

dnanasoH

MeToa 06HapyKeHua

YacTtoTa
(MKMH., maKc.)

40...70 'y, (B npoueHTax

NN abCONOTHbIX

O6Hapy»eHne ocHoBaHo Ha 10 ¢
namepeHumn (no IEC 61000-4-30)

3HaYeHMusXx)
MuK-paKkTop HanpaxeHuA 10.100 Ha ocHoBe 3Ha4eHua 10/12-
(MWH, maKc) e nepvoaos
Muk-pakTop ToKa 10.100 Ha ocHoBe 3Ha4eHua 10/12-
(MUH., maKc.) e nepvoaos
KoaddpnumneHT HecummeTpmm
bo ul P 0 Ha ocHoBe 3HaueHua 10/12-
obpaTHoW nocnenoBaTeNbHOCTU 0...20,0%
nepuonos
HanpaxXeHus (makc)
KoaddpnumneHT HecummeTpmm
bo ul P 0 Ha ocHoBe 3HaueHua 10/12-
obpaTHoW nocnenoBaTeNbHOCTU 0...20,0%
nepvonos
TOKa (MmaKc)
KpaTkoBpemeHHas go3a damkepa Ps; 0..20 Ha ocHoBe 10-MWHYTHOTO
(makc) 3HayeHuA
nuTenbHaa aosa dpavkepa
A A ¢ P 0...20 Ha ocHoBe 2-4acoBOro 3Ha4YeHuA

Pi (MaKc)

AKTMBHaAA MoOLWHOCTb P
(MUMH., maKc)

B 3aBucmoctu ot
KOHUrypaunm

Ha ocHoBse 3HaueHua 10/12-
nepvosos

(mana noTpebnsemoit n oTaaBaemoi
MOLLHOCTH)

PeaktnsHaa mowHocTb Q
(MKH, maKc)

B 3aBmncmocTn ot
KOHUrypaLumm

Ha ocHoBse 3HaueHua 10/12-
nepuonos

(ana notpebnsemoit n oTaaBaemol
MOLLHOCTH)

MonHaa mowHOCTL S

B 3aBucmocTtu ot

Ha ocHoBe 3HaueHua 10/12-

(MUH., maKc.) KoHdUrypaumm nepuonos
MouHoCTb ncKakeHma D/ MonHas B 3aBMcmocTum ot Ha ocHoBe 3HayeHua 10/12-
MOLLIHOCTb MCKaXKeHuA Sy (MUH, MaKC)|KOHPUrypaLmm nepvoaos
KoappuumeHTt mowwHocTm PF 1.1 Ha ocHoBe 3HayeHus 10/12-
(MUH., maKc.) nepnoaos
KoadoduumeHT casura ¢pas cosdp/DPF 1.1 Ha ocHoBe 3HayeHus 10/12-
(MUH., maKc.) nepnoaos
tgd 4-kBagpaHTHbIN -10..10 Ha ocHoBe 3HayeHus 10/12-

(MMH., maKc.)

nepmnoaos

AKTMBHasA aHeprua Ep (MaKc.)

B 3aBucmoctu ot

MpoBepKa NpeBbllleHMA KaxKable

136




KOHUrypaumnm

10/12
nepvoaos (ans noTpebnaemon u
OTAaBaeMo 3Heprum)

PeaktnBHaAa aHeprna Eq
4-kBagpaHTHas (Makc.)

B 3aBMcmocTun oT
KOHUrypaunm

MpoBepKa NpeBbilIeHNA KaXKable
10/12

nepuvoaos (ana notpebnaemon u
OTAaBaeMO 3Heprum)

MonHana aHeprua Es (makc.)

B 3aBMcmocTun oT

MpoBepKa NpeBblleHUA KaxKable

KOHUrypaunm 10/12 nepvogos
KoadpdmumneHT rapmoHnYecKknx
o Ha ocHoBe 3Ha4veHuAa 10/12-
nckaxeHmin THD-F Hanpsa)keHuA 0...100% /
(Makc.) nepvonos
KoadpdmumneHT rapmoHnYecKknx 0..200% Ha ocHoBe 3Ha4eHua 10/12-
nckaxkeHnn THD-F Toka (makc.) ? nepvoaos
0..100% Ha ocHoBe 3Ha4eHua 10/12-
AMNANUTYAbI TAPMOHUK HanpaXKeHui ’ nep1oaos;
nnn abcontoTHble
(makc.) Hezasucmmble noporu anqa scex
3HayeHuA
rapMOHMK B AnanasoHe 2...50
Ha ocHoBe 3Ha4yeHuAa 10/12-
0...200% eDUOLOE: /
AMNAUTYAbI TAPMOHMK TOKa (MaKc.) | nam abcontoTHble PHOA0E;
Hezasncmmble noporu anqa scex
3HayeHuA
rapMOHMK B AnanasoHe 2...50
KoadpounumeHt
Ha ocHoBe 3Ha4yeHuAa 10/12-
MHTEPrapMOHMYECKMUX UCKAXKEHNI 0...100% EDUOOB /
TID-F HanpseHUa (Makc.) proA
Kosduument Ha ocHoBe 3HayeHun 10/12-
MHTEPrapMOHUYECKMUX UCKAKEHNN 0...100% EDUOOB
TID-F ToKa (makc.) proA
0..100% Ha ocHoBe 3HayeHua 10/12-
AMNANUTYLbI UHTEPTrapMOHUK VIIWI a6ZOJ1POTHbIe nep1voos;
HanpsXeHua (Makc.) HesaBucrumble noporu ana scex
3HayeHwuA
WHTeprapmoHuK B ananasoHe 0...50
0..100% Ha ocHoBe 3HayeHua 10/12-
AMNANTYAbl UHTEPTAPMOHUK TOKa 0 nepuoaos;
nnun abcontoTHble
(makc.) HesaBucumble Nnoporu ans Bcex
3HayeHuA
WHTeprapmoHuK B ananasoHe 0...50
Ha ocHoBe 3HaueHua 10/12-
KoaddunumeHT K (K-dbakTop) (makc. 1,0..50,0
dpuumenT K (K-paktop) (maxc.) epronos
H 10/12-
CurHanbl ynpasneHus (makc.) 0...Unom a ocHoBe 3HaueHma 10/
nepnuoaos

Pow-103] pam-1i1

MepexoaHble npoueccsl

50...5000 B unu dV/dt

HesaBucumblii Moaynb onpeaeneHus
TpaH3neHToB. MeToabl:
QAMMANUTYAHbBIA MM NO CKOPOCTU
HapacTaHuA

N3meHeHne dopmbl ormbatoLen
(TonbKo HanpsaxeHue)

1,0...100% Unom

CpaBHeHWe ABYX COCEAHMX
nepnoaos
HanpsaeHna. CMOTPU rNaBy Ownbka!

MCTOYHUK CCbINKN He HaWAEeH..

CKauku dasbl (TonbKo HanpsxKeHue)

1...359° (yrnoBble rpaaycobl)

CpaBHeHMe ABYX UK TPEX Yrios
IOCHOBHOW COCTaBAAIOLLLEN,
PaCYUTAHHbIX MO CMEXHbIM
nepuvoaam HanpaXKeHus.
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6.6.1 T'ucrepesnc 0OGHaApPYKeHUA COObITUN

cTepesnc obHapyKeHUs cobbITUM dunanasoH MeTopg o6HapyKeHun

Mctepesnc

[na Kaxkaoro n3 napameTpoB paccymTbiBaeTCs,
0..10 % KaK MPOLLEeHT OT MaKCMMaAJIbHOro 3Ha4YeHMA nopora
(nckntoueHmsa —cm. 11.3.12).

6.7 Perucrpauus

Perncrpatop

Bpema ycpegHenua Y

200 mc, 1 cek., 3 cek., 5 cek., 10 cek., 15 cek., 30 cek., 1 mUH., 3 MUH.,
5 muH., 10 muH., 15 muH., 30 muH., 60 munH., 120 muH.
CneumnanbHbiil pexum: ¥ neproaa (3anunch TonbKo Urwms(iz2) U lrvisayz)?

YcpegHeHne muH/makc ansa Urwms

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

YcpegHeHne MUH/MaKc Ans
Irms

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

3anucb ocunnnorpamm

BO3MOXHOCTb 3anucum 3 nepmnoaos oCUMNNOrpaMm aKTUBHbBIX KaHa/10B
nocne Kaxgoro nepunoda ycpeaHeHuA

PexXnmbl 3anycKa permcrpaumum

- PyyHowu,
- Mocne nepsoro obHapy»eHHoro cobbiTus,
- Mo pacnucaHuio (YeTbipe 3aJaHHbIX MHTEPBAIa BpeMeHM)

KoHpurypaunm

4 He3aBMCUMbIX KOHOUTYpaLMm NONb30BaTeNA, pacnpeaeneHne mecra
Ha KapTe NamATh, BO3MOMHOCTb BblAefieHUsa Bcero ob6béma namaTu
ONA BbIOPAHHOM TOYKM U3MEPEHMA.

Bpemsa perucrpauum

3aBUCUT OT KOHPUTrypaL MK

NamsiTs BcTpoeHHan KapTa namaTn 8 5) (ctaHpapTHO),
BO3MOXHOCTb paclumpenus ao 32 I'b (onuyoHanbHO)
Mopgenb namaTtum JlnHelHan

be3onacHocTb

BO3MOKHOCTb GNOKMPOBKM KNaBMATypbl OT HECAHKLMOHWPOBAHHOIO
A0cTyna, 6JIOKMPOBKa CYUTbIBAHUA AaHHbIX ¢ nomoubio PIN-koaa

(1) Bpemsa ycpeaHeHna meHblie 10 ceK. B 4eMCTBUTENIbHOCTM paBHO KpaTHOMY OT nepuoja CeTu:
200 mc — 10/12 nepuopos, 1 cek. — 50/60 nepmoaos, 3 cek. — 150/180 nepunogos, 5 cek. — 250/300

nepmnoaos.

(2) Urmsi/z) U lrms(i/2) ABNAIOTCA OEUACTBYIOWMMM 3HAYEHUAMM 33 1 nepuod C OBHOBNEHUEM KaxKable %

nepunoaa

(3) Mepuoabl ycpeaHeHUs muH./makc. 200 mc, 1 ceK., 3 ceK.,, 5 ceK. B AEWCTBUTENbHOCTU PaBHbI
KpaTHOMY OT Nepuoja 4acToTbl CETU:
200 mc — 10/12 nepuopaos, 1 cek. — 50/60 nepmoaos, 3 cek. — 150/180 nepunogos, 5 cek. — 250/300

nepvoaos.

! CpegHee | MuHumanbHoe MakcMmanbHoeMrHOBEHHOE

3HayeHue| 3HayeHue 3HayeHue 3HayeHue

[elictylollee HanpsaxeHne pasHoe/nnHenHoe
(8 3aBucmocTtm ot Tuna cetn) Urms ° ° * *
[Jencreyroliee NMHENHOe HanpsxKeHue (ToNbKo
3-¢asHan «Y-n» u 2-¢asHan cetb) Urms *
MocToAHHAA cocTaBAAOWAA HaNpsaKeHUA . . ° .
[encTeyrowmii ToK lrvs . . . .
MocToAHHaA cocTaBnatowasn Toka ! o o . .
YacroTa f ° ° ° °
Muk-dpakTop HanpaxeHua CF U ° ° ° °
Muk-dpakTop ToKa CF | ° ° ° °
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KoadodumumneHTol HecMMmMeTpuM No obpaTHOM U
npAMoK Nocien0BaTeIbHOCTU, CUMMETPUYHbIE
cocTasasowme: obpaTHan, NnpAmMas U Hynesas * ¢ ¢ y
(HanpskeHue) Ug, U1, Uy, ug, Uz
KoapduumeHTbl HeCUMMETPUM MO 06paTHOM U
npAMOW Nocien0BaTeNIbHOCTU, CUMMETPUYHbIE
cocTaBafAowme: obpaTHasa, NpAMas 1 Hynesas * * * °
(TOK) |0, |1, |2, io, iz
[03bl dnnkepa Ps 1 Py . . ° °
AKTMBHAA MOLLHOCTb
(noTpebnaemas n otaasaemas) P, P. * * * ¢
PeakTMBHas MOLLHOCTb
(noTpebnaeman v otaasaemas) Qi+, Qi-/ Qs+, Qp- * * * *
MonHaa mowHOCTb S ° ° ° °
MolwHocTb uckaxkeHua D/MonHaa MOLWHOCTb
NCKaXkeHuA Sy * * * °
KoaddpuumneHT mowHoctn PF ° ° ° .
KoadduumeHT dasosoro casura cosdp/DPF . . ° .
TaHreHc ¢ (4 KBagpaHTHbIN):

o [ ) [ ) [}
t8P(+), t8P(c), 18P, 1BP(cH)
AKTUBHAA 3Heprua
(noTpebnaemasn n otaaBaemas) Ep., Ep. y
PeakTnBHas aHeprusa (4 kKBagpaHTHas):
Eq(+), Ea(c), Ea), Eages) y
MonHana saHeprua Es °
KoadpdmumneHT rapmoHnyecknx nckaxeHmin THDg
HanpsaXKeHus * ¢ ¢ y
KoadpdumumneHT rapmoHnYecknx nckaxeHmin THDg
TOKa * ¢ ¢ y
KoadpoddnumeHT nckaxkenma popmbl Toka TDD °
AMMANTYAbI rapMOHMK HanpsaxKeHUA Uni...Unso . ° ° .
AMMANTYAbI FTAPMOHMK TOKA |h1...Ihso . ° ° .
KoadpdmuMeHT MHTeprapMOHUYECKUX UCKAXKEHUN
TIDr HanpAxXeHuA ¢ ¢ ¢ y
KoadpdmuneHT MHTeprapMOHUYECKUX UCKAXKEHUN
TIDf TOKa * ¢ ¢ *
AMMANTYAbl UHTEPIraPMOHMUK HAMNPAKEHUS
Uino...Uinso * * * *
AMNANTYAbl NHTEPrapMOHUK TOKA lino...linso ° . . °
Koaddunument K (K-dpakTop) ° ° ° °
AKTUBHbI€ MOLHOCTM rapMoHUK (1...50) Ph1...Phso . . . .
PeaKTMBHbIe MOLLHOCTM rapMoHuK (1...50) . . . .
Qh1...Qnso
Yrnbl Mexay rapMoOHMKaMM HanpAXKeHUA U TOKa
©1...050 ° ° ° °
CurHanol ynpasnenus UR1, UR2 o2) °
MpumeyaHusa:

M) Tonbko Npu MCNoNb3oBaHMM Kneleii C-5.
2 Mpu pernctpaumm B cOoTBETCTBUM O cTaHAapTom MOCT 32144-2013 Take 3anucbiBaloTcA cpeaHme 3-
X CEKYHAHbIE 3Ha4YeHuA.
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6.8 IluTaHue, aKKyMyJIATOP U HarpeBaTeJib

[MuTaHme ot cetn

[ManasoH BXOAHbIX HANPAXKEHN
(HOMWHanNbHbLIN)

100...690 B nepemeHHoe, 40...70 Iy,
140...690 B noctosaHHOE

[nanasoH BXOA4HbIX HANpPsAKeHWi (c
dNyKTyaumamm)

90...760 B nepemeHHoe, 40...70 Iy,
127...760 B nocTtosaHHOE

KaTteropma nutaHua no
nepeHanpaKeHuo

CATIV600B
CAT Il 690 B
CAT Il 760 B (c yyeTom payKTyauni)

MNoTpebneHne MOLHOCTH OT CETHU
(MaKkcumanbHoe)

50 BA /20 Bt

MoTpebaeHne MOLLHOCTU OT CEeTHU B
3aBMCMMOCTM OT KOHOUTypaLmm
(TnuyHoe)

PQM-702/PQM-710, HeT 3apaaKu
aKKYMYNATOpPaA, HarpeBaTe b BbIK/OYEH,
GSM BbIK/OYEH, NEepeMeHHoe
HanpAa*keHue nutaHma 230 B

9BA/6BT

PQM-702/PQM-710, 3apaaKa
AKKYMYNATOPA, HarpesaTe1b BbIK/IHOYEH,
GSM BbIK/OYEH, NEpPEMEHHOEe
HanpAaxkeHue nutaHma 100...300 B

13 BA/8BT

PQM-703/PQM-711, 3apaaxa
AKKYMYNIATOPA, HAarpeBaTe/lb BbIK/HOYEH,
GSM BbIK/IIOYEH, U3MEPEHUE TPAH3UEHTOB
BK/1IOYEHO, NEPEMEHHOE Hanpa*KeHne
nutanua 100...300 B

15BA /10 BT

PQM-703/PQM-711, 3apaaKa
aKKYMYNATOpPa, HarpeBaTe b BbIK/IOYEH,
GSM BKAtOYEH, U3MeEpeHMe
nepex.npoLLeccoB BKAKYEHO, NepeMeHHoe
HanpAa*keHue nutaHma 100...300 B

18 BA/12 Bt

PQM-703/PQM-711, 3apasKa
aKKyMyniATOpa, HarpesaTe/ib BbIK/IIOYEH,
GSM BK/ItOYEH, U3MepeHune
nepex.npoLeccos BKAOYEHO, MepemeHHoe
Hanps»xeHue nutaHua 500...690 B

38BA /13 Bt

PQM-703/PQM-711, 3apaaKa
aKKYMyNATOpa, HarpeBaTe b BK/IOYEH,
GSM BKItOYEH, U3MEpeHMe
nepex.npoLLeccoB BKAKOYEHO,
nepeMeHHoe HanpsKeHne NUTaHuA
500...690 B

48 BA / 18 Bt
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AKKymynatop

Tun

Li-lon 4,4 Ay

Bpema paboTbl OT aKKYMYAATOPHOIO NUTAHUA

PQM-702, PQM-710: npmepHO 2 4
PQM-703, PQM-711: npumepHo 1,54

Bpemsa 3apAnku akkymynatopa
(nonHOCTbIO paspAKeHHOro)

Ao 8y

JonycTMMbIN Anana3oH TemnepaTypbl 3apaaKu -10...60°C

MoTpebieHne TOKa OT aKKYMYAATOPaA B perKume
BbIK/IIOYEHHOro aHasM3aTopa (oTcyTcTByeT

nUTaHMe OT CETU; He KAaCaeTCa perknma npoTms <1mA
Kpaxu)
Harpesatenb
Mopor TemnepaTtypbl BKAOYEHMA HarpesBaTensa 5°C
MutaHne HarpesaTensa BCTPOEHHbIM UCTOYHWUK MUTAHUA NePeEMEHHOrO TOKa
MowHoCTb HarpesaTena MakcumanbHaa 5 BT

6.9 Iloagaep:xuBaeMble CETH

Tunbl noaaepKnBaemMbix ceTen (KOCBEHHO MW HaMpPAMYIO)

1-dasHan OpgHodasHan, c HenTpanbHbiM NPoBoAOM (pa3bémbl L1, N, PE)

2-x pa3Han
(c pacuwennénHol ¢pason)

[ByxdasHas, c HelTpanbHbIM NPoBoAOM (pasbémbl L1, L2, N, PE)

3-x pasHas «Y-n» TpéxdasHas, TMNa «3Be3aa» c HelTpanbto (pasbémsl L1, L2, L3, N, PE)

3-x pasHaa «A»

TpéxdasHas TMna «TpeyronbHUK» (pasbémsi L1, L2, L3, N, PE —
aononHutenbHo N coeamHéH c L3)

3-x pasHas «A» cxema ApoHa

TpéxdasHas TMna «TpeyronbHUK» (pasbémsi L1, L2, L3, N, PE —
aononHuTtensHo N coeanHéH c L3), ¢ ABYMSA TOKOBbIMM KNeLamMu.

3-x pa3Han «Y»

TpéxdasHas, TMNa «3Be3a4a» C U30/IMPOBAHHOM HENTPanbio (pasbEembl
L1, L2, L3, N, PE — pononHutensHo N coeguHéH c L3)

3-x dpasHasa «Y» cxema ApoHa L1, L2, L3, N, PE — pononHutensHo N coeguHéH c L3), c apyms

TpéxdasHan, TMna «38e34a» C U30MPOBAHHON HENTPaNbio (Pasbembl

TOKOBbIMU KNelwamu.

6.10 IlogaepxuBaeMble TOKOBbIE KJeld

Tunbl NoaAepPKMBAEMbIX TOKOBBIX KeLlen

Knewwm rubkume (nosac PoroBckoro), MakcumasnbHbii agnameTtp — 400 Mm, AManasoH U3amepeHus

F-1
3000 Arwms

F-9A Knewwm rubkume (nosac PoroBckoro), MakcMmasbHbIi gnameTp — 250 Mm, AManasoH N3amepeHus
3000 Agwms

E-3A Knewwm rubkume (noac PoroBckoro), MakcmasnbHblit agnameTp — 130 Mm, AManasoH UsamepeHus
3000 Arwms

C-4 Kneww Tnna CT, nepemeHHOro Toka, AnanasoH usamepenma 1000 Agyvs, 1 MB/A

5 Knewwm tmna CT ¢ gatunkom Xonna, nepemeHHoro/nocToaHHOro Toka, AManasoH nsmepenus 1000
Arms, 1 MB/A

C-6A | Knewwm tvna CT, nepeMeHHOro ToKa, A4 MaJjlbiX TOKOB, AMana3oH namepeHua 10 Agms, 1 MB/10MA

Cc-7 Knewwm tmna CT, nepeMeHHOro Toka, AuManasoH usmepenus 100 Arvs, 5 MB/A
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MpumeuaHue: Knewm c 6yksoit «A» B 0603HaueHumn (Hanpumep, F-3A) aBaatoTca BapMaHTOM Kaewen ¢
aBTOMaTUYECKMM pacrno3HaBaHWEM UX TMMa B COBMECTUMbIX yCTpoiicTBax. OCTanbHble NapameTpbl Takme
e, Kak B Kielwwax 6e3 nogaeprkKM Takoro pacrnosHaBaHuA. PyHKUMA pacno3HaBaHWA TUNa Kieluewn
AOCTynHa B aHanausatopax PQM-702/703/710/711 c sepcuamu npolmBku HWg un 6o0see HOBbIMM,
BMecTe ¢ npownskoi 1.40 nnm 6onee HOBbIMMU.

6.10.1 Knemu C-4

TokoBble Knewm C-4 npeagHasHavyeHbl A1A U3SMEPEHUA NepPeMeEHHOro TOKa B 3/1IEKTPUYECKUX YCTAaHOBKAX
Masiol 1 cpeaHein MOLWHOCTU. BbIXOAHbIM CUTHAaNOM ABNAETCS HAaMNpAXeHWe, NPONopLMOHanbHOe cuie
M3MepAemMoro ToKa. BbIxogHoOW curHan nepepaérca no 2,2-MeTpoBOMY Kabento, 3aKaHUMBalOLWLMICA
COOTBETCTBYIOLMUM PAa3bEMOM.

CTpenkKa, pasmelléHHas Ha O4HOW U3 CTOPOH, YKa3blBaeT HanpaB/ieHWE 3/IEKTPUYECKOro ToKa. [puHATO
CYMTATb, YTO TOK TEUYET B NONOKUTENbHOM HAMNPaABAEHUU, €C/IN OH ABUXKETCA OT UCTOYHMKA K MPUEMHUKY.
Takas opueHTaums Knelien TpebyeTtca Aas NpaBUAbHOIO U3MEPEHUSA MOLLHOCTH.

C-

by

ToKoBble KneLy,

BHuMaHue &

Henb3Aa namepatb Tokm Bbiwe 1200 A. ChegyeTt OrpaHMYmMTb Bpema namepeHma Toka Ao 1000 A, cornacHo
cneayowum AaHHbIM:

AnanasoH ToKa | <1000 A 1000 A<1<1200 A
o1 15 MUHYT n3mepeHus,
Pexkum paboTbl HenpepbIBHbIN
cnegywowme 30 MUHYT NnepepbIs.

Y Ana vactoTbl f < 1 KMy, OrpaHUYEHNA MaKCMMabHOTO 3Ha4YeHUA TOKa NpU HenpepbiBHOM paboTe Ana
YyacToTbl Bbiwe 1 Kl B COOTBETCTBUM C 3aBUCUMOCTBIO lyare = 1000 A/f [KIL).

BHumaHue &

Henb3a ucnonb3oBaTtb Knewy Ha HEM30/NIMPOBAHHbIX NPOBOAHUKAX € NoTeHuuansom 6onbwmm 600 B
Mo OTHOLUEHUIO K 3eMJie U B YCTAHOBKaX M3MmepuTtenbHoM Kateropum Bbiwe lil.

HopmanbHble ycaoBmA 41Aa NOBEPKU

Temnepatypa 20...26 °C

OTHOCUTENbHAA BNAXKHOCTb 20..75%

Mo3nuua nposoaa NpPoBOA B LLEHTPE, OTHOCUTE/IbHO 3a*KMMOB KAellen
YacToTa CMHycoMAaabHOro TOKa 48...65 'y,

KoadpodmumeHT rapmoHNYECKUX UCKaXKEHUN <1%
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MoCTOAHHAA COCTaBAAIOLLAA TOKA oTCyTCTBYET
MNocToAHHOE MarHMTHOe none <40 A/m (MarHuTHOE nose 3emnu)
NepemeHHOe BHelWHee MarHUTHoOe nose OTCYTCTBYET

MpoBoaa B HenocpeAcTBEHHON 611M30CTH

OTCYTCTBME MNPOTEKAIOLLEr0 MO HAM TOKa

[Anana3oH TokKa

OcHoBHas norpewwHocTb!?

OwmnbKa ¢asbl

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°

) 5 % OT M3MepAEMO BEIMUMHDI

TexHMyeckre napameTpbl

BbIXO,D,HOﬁ CUrHan gna MakCMmasibHOro Toka

1 B nepemeHHOro Toka

CooTHOWweHne

1 mB/ 1A ana nepemMeHHOro Toka

YacToTHbIN AManasoH

30 y...10 Kl'y,

Knacc 3awmthbl

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

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

11600 B

CreneHb 3aLMTbI, COTACHO
FOCT 14254-2015 (IEC 60529:2013)

IP40, c oTKpbITbIMK ryBKamu IP30

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

OxBaT OTKPLITbIX 3aXKMMOB 139 mm
MaKcMmanbHbIN AMameTp U3MepAaeMoro 52 mm

nposoaa

OnunHa Kabens Knewen 2,2 M

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

BbicoTa Hag ypoBHEM MOpA <2000 m

3J'IeKTpOMa FTHNWTHaA COBMeCTUMOCTb

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

6.10.2 Kneumiu C-6A

Knewwm C-6A npegHa3HayeHbl g8 U3MepeHMa NepemMeHHOro Toka Yactotoi go 10 Kl B guanasoHe 10
MA...10 A.

BbIXOOHBIM CUTHAaNOM ABAAETCA HanpAXeHWe, MPOMOPLMOHA/IIbHOE CUe WU3MEPAEMOro TOKa C
yyscTBUTENbHOCTBIO 100 mMB/A. OHO nepepaértca no 2,2-MeTpoBOMY Kabento, 3akaHumBaloLminca
COOTBETCTBYHOLMM PA3bEMOM.

CTpenKa, pa3MELLI,éHHaFI Ha OAHOﬁ M3 CTOPOH, YKa3blBa€T Hanpas/jeHNe 3N1EKTPUYECKOIO TOKa. anIH‘r'ITO
CYMTATb, YTO TOK TEYET B NOJOXKUTE/IBHOM HanpaB/1eHNN, eC/I1 OH ABUXKETCA OT UCTOYHUKA K I'IpVIéMHVIKy.
TakaAa opmneHTauma KﬂEUJ,Eﬁ Tpe6yeTc;1 AnAa NpaBnUIibHOTo U3MepeHNA MOLLHOCTH.
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Tokosble Knewm C-6A

BHMMaHue &

Henb3a ncnonb3oBaTb KAewm Ha HEU30/IMPOBAHHbIX NPOBOAHUKAX C NOTEHLUMANIOM 6onbwmm 600 B

Mo OTHOLLEHMIO K 3emJie U B YCTAHOBKAX U3mepuTeNibHOM KaTeropuu Bbiwe lil.

Hopmaanble ycnosua onAa noBepku

Temnepatypa

20...26 °C

OTHOCUTENbHAA BNAXKHOCTb

20..75%

Mo3numa nposoaa

nposoA B UEHTPE, OTHOCUTENIbHO 3aXXMMOB KHELLI,EI;’I

YacToTa CMHYCOMAaNbHOIO TOKA 48...65 'y,
KoadpdmumneHT rapmMoHNYECKUX UCKAXKEHUN <1%
MocToAHHAA cocTaBAAOLWAA TOKA oTCyTCTBYET

MocToAHHOE marHnTHOe none

<40 A/m (MarHuTHOE none 3emnu)

NepemeHHOe BHelWHee MarHUTHoe nose

OTCYTCTBYET

MpoBoaa B HenocpeacTBEHHOM 6AM30CTH

OTCYTCTBME NPOTEKAOLWEIO NO HAUM TOKa

AnanasoH ToKa OcHoBHas norpelwHocTb!? OwmnbKa dasbl

0,01..0,1A <3%+1MA He onpejeneHa
0,1..1A <2,5% <5°
1..12A <1% <3°

() g % OT U3IMEpPAEMOIN BENNUUHDI

TexHunyeckne napameTpsbl

CooTHOLWEeHuUe

100 MB /1 A ans nepemeHHOro Toka

YacToTHbIN AManasoH

40 Iu...10 Kkl'y,

Knacc 3awmTol

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

M3meputenbHaa Kateropua no NOCT IEC 61010-

2-032-2014

11 600 B

CreneHb 3awmThl, cornacHo NOCT 14254-2015

(IEC 60529:2013)

IP40, c oTKpbITbIMK ry6Kamm IP30

Pasmepbl 135 x50 x 30 mm
Macca oK0n0 2401
PackpbITne 3axxmmos 21 mm

OxBaT OTKPbITbIX 3aXKMMOB 69 mm
MaKcumanbHbIN AMAMETP U3MEePAEMOro @ 20 Mm
nposoAa

OnunHa Kabens Knewen 2,2 M

[dunana3oH pabounx Temnepatyp -10...55 °C
BnaxkHOCTb < 8%
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BbicoTa Hag ypoBHEM MOpA <2000 m

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

SNEKTPOMATHUTHAA COBMECTUMOCTL OCT 30804.6.2-2013 (IEC 61000-6-2:2005)

6.10.3 Kneuiu C-7

Knewun C-7 npegHasHayeHbl ANA U3MEPEHMA MNEpPeMEHHOro TOKAa B CETAX HWU3KOro WU cpegHero
HanpAXeHuA B AgnanasoHe go 100 A.

BbIXOAHbIM CUTHANOM ABNAETCA HanpaAXeHue, MPOMNopLUOHAJIbHOE CUNe U3MEpPAEMOro TOKa C
yyBCTBUTENbHOCTBIO 5 MB/A. OHO nepenaétca no 3-meTpoBOMYy Kaben, 3akaHuMBalOWMICA
COOTBETCTBYHOLMM PA3bEMOM.

CTpenKa, pa3MELLI,éHHaF| Ha OAHOﬁ M3 CTOPOH, YKa3blBa€T Hanpas/jeHNe 3N1EKTPUYECKOIO TOKa. anIHFITO
CUYMTATb, YTO TOK TEYET B NOJIOKUTE/IBHOM HAaNpPaB/EHUN, €C/IN OH ABUMKETCA OT UCTOYHMKA K MPUEMHUKY.
Takan OpHUeHTaumA KI'IELLI,eﬁ TpEGYETCﬂ AnAa npasnibHOro UamepeHmAa MOoLHOCTH.

ToKosble Knewm C-7

BHumaHue &

Henb3a ncnonb3oBatb KAewwm Ha HEM30IMPOBAHHbIX NPOBOAHMKAX C NoTeHuManom 6onbwmm 300 B
Mo OTHOLLEHMIO K 3emJ/ie U B YCTAHOBKAX U3mepuTeNbHOM Kateropuu Bbiwwe lil.

HopmasnbHble ycnoBus 415 NOBEPKU

Temnepatypa 18...28 °C

OTHOCKTEeNIbHAA BNAXKHOCTb <85 % (6e3 KoHgeHcauuun Bnaru)
Yacrtota OcHOBHas NOrpeLwHoCTb OwwnbKa dasbl

45...65 Ty, +0,5% +0,1 mB <2°

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

TexHnyeckne napameTpbl

CooTHOLeHne 5mB /1A ananepemeHHOro Toka

MonHoe BbIXOAHOE CONPOTUB/IEHME 11 0m

,EI,BOVIHBFI, B COOTBETCTBUUN C

Rnacc sawme! FOCT IEC 61010-2-032-2014

145




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

Pasmepbl 100 x 60 x 26 mm

Macca okoso 160 r

MaKcumanbHbIN AMaMETP U3MepAemoro nposoaa D 24 mm

OnvHa Kabens knewen 3m

[dunanasoH pabounx TemnepaTyp 0..50°C

OTHOCUTENbHAA BNAXXHOCTb < 85% (6e3 KoHAeHcauum Bnaru)
DNeKTPOMarHMTHaA COBMeCTMMOCTb FOCT P M3K 61326-1-2014

6.10.4 Knewmu F-1, F-2A, F-3A

MMbKne knewm (noac Porosckoro) F-1, F-2A u F-3A npeaHasHayeHbl 4N U3MepPeHUs NepeMeHHOro ToKa
¢ yactoton go 10 Kluy B gmanasoHe 1...3000 A. Tokosble rmbkune Knewm F-1, F-2A n F-3A otaunyatorea
mexay coboii ToIbKO MaKCMMabHbIM ANAMETPOM 06XBaTa. DNEKTPUYECKME NapaMeTPbl MAEHTUYHDI.

BbIXOAHbIM CUTHANOM ABMAETCA HaMNpPs*KeHWe, NPOnopUMOHasibHOEe NMPOU3BOAHON U3MEPAEMOro TOKa
npw yyscTeuTenbHocTM 38,83 mB/1000 A ana 50 'y n 46,6 mB/1000 A ans 60 u,.

Knewm F-1 Knewm F-2A Knewm F-3A

BbixogHOM curHan nepepaétca no 2,2-Xx MeTpoBOMY Kabesilo, 3aKaHYMBalOWMNCS COOTBETCTBYHOLLMM
pa3sbeéMoM Ana noaxoadllero rHesaa B npubope.

CTpenka, NomMelEHHan Ha 3aCTEXKE KNelWen, YKasblBaeT HanpaB/ieHWe 3/1eKTPUYECKOro TOKa. MNpUHaTo
CYMTaTb, YTO TOK TEYET B NOJIOKUTE/IbHOM HAMNPABJEHUM, ECZIN OH ABUMKETCA OT UCTOYHMKA K NPUEMHUKY.
Takaa opueHTaums Knewler Tpebyetca A41a NPaBUAbHOIO U3MEPEHUA MOLLHOCTM.

BHMMaHue &

Henb3s ncnonb3oBaTb KAewm Ha HeM30/IMPOBaHHbIX NPOBOAHMUKAX C NOoTeHuManom 6onbwmm 1000 B
MO OTHOLLEHMIO K 3eMJ/1e U B YCTAHOBKAX U3MepuUTeNbHOM KaTeropuu sbie lll.

HopmasnbHble ycnoBus 4J/1s NOBEPKU

Temnepatypa 18...22 °C

MNo3nuua nposoaa NPOBOA B LLEHTPE OTHOCUTE/IbHO NETAU KneLei
[MocToAHHOE MarHMTHOE none <40 A/m (MarHuTHOE nose 3emnn)
MNepemeHHOe BHeLIHee MarHUTHoe noJse oTCcyTCTBYET

BHellHee aneKkTpuyecKkoe nosne oTCcyTCTBYET

TexHUYecKme XxapaKkTepUCTMKHN

HoMWHaNbHbIN ANMANA30H U3MepeHus 1...3000 A (10000 A nukosoe ansa 50 u)
KoadduumeHT Bxoa/sbixoq, 38,83 mB/1000 A (50 l'y), 46,6 mB/1000 A (60 l'u)
OcHOBHaA NOrpeLwHoCcTb 1+1% B gnana3oHe 1...3000 A

JIMHeMHoCTb 10,2%
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[ononHuTenbHas NOrpeLHoCTb:

- OT NOJIOXKEeHUA NPOBOAA 1+1% maKkcMmanbHoO
- OT BHELWHero MarHuTHoro nonAa 10,5% makcMmanbHO
- OT TeEmMnepaTypsbl 10,07%
BbIxo4HOW CONpOTUBAEHUE 30 Om/400 mm
Knacc saum! [BOMHaA nsonauma, B COOTBETCTBMM C
FOCT IEC 61010-2-032-2014
M3meputenbHaa kateropua no NOCT IEC 61010-2-
032-2014 1111000 B
CreneHb 3awmTbl, cornacHo NOCT 14254-2015 P65
(IEC 60529:2013)
OnameTp KaTyLwKu 15,5 mm
OnameTp 3acTexKkn (MakCMManbHbIN) 30 mm
OnnHa okpyrkHocTu F-1 120 cm
OnnHa okpyKHocTK F-2A 80 cm
OnvHa okpykHocTu F-3A 45 cm
BHYTpeHHUI anameTp nocne 3acrternBanua F-1 360 mm
BHYTpeHHWI1 guameTp nocne 3acternsaHus F-2A 235 mm
BHYTpeHHUI AnameTp nocse 3acrernBaHma F-3A 120 mm
Macca F-1 okono 410 r
Macca F-2A okono 310 r
Macca F-3A oKosio 2201
[OnunHa Kabena rmbkumx Knewen 2m
[dnanasoH paboumx Temnepatyp -20...80 °C
3 NEKTPOMArHUTHAA COBMECTUMOCTb FOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
FOCT 30804.6.2-2013 (IEC 61000-6-2:2005)

6.11 CBa3b
CBs3b
lanbBaHUYECKU N30/IMPOBAHHbIN,
USB MaKcrumasibHas CKopocTb nepeaayn: 921,6 K6UT/c, peXKUM YTEHUA NamMATH CO

CKOPOCTbIO MopsAKa HECKONbKMX MbuT/c.
Cosmectumoctb ¢ USB 2.0

POM-702 POM-703

becnposoaHas
(cm. n.2.6.2)

BcTpoeHHbI pagnomogynb 433 Mry,

MNogkntoyeHne peann3oBaHo C NOMoOLLbIO paamaganTtepa OR-1,
MaKcumasibHas CKopocTb Nnepeaayn: 57,6 kbutt/c

JanbHoCTb A0 5 M.

POM-T10 POM-M1

becnposogHaa Wi-Fi

BcTpoeHHbIit mogynb Wi-Fi IEEE 802.11b/g/n,

Makc. apdekTMBHanA ckopocTb nepeaaum 300 K6ut/c (Ha pacctoaHUn Ao 10 m)
Cranpapt (b/g) v (n) Ans ogHOro NOTOKa AaHHbIX.

WndposaHue (TouKa goctyna): WPA2-PSK

LWndposaHme (BHelHAA TouKa goctyna): WPA/WPA2-PSK nau 6e3 wudposaHua

GSM

BcTpoeHHbI mogem GSM ¢ BHyTpPeHHel aHTeHHOM, A4OCTYNHbIA AN
nonb3osatens cnot SIM-kapTbi (mini SIM, 15 x 25 mm)

MakcnmanbHasa CKopocTb nepeaaun: 5,76/7,2 Méut/c

MNoaneprkMBaemMble AMaNa3oHbl YacToT:

GSM/GPRS/EDGE: 850/900/1800/1900 My,

UMTS/HSPA: 2100 MTu, (Bepcua ana eBponenckoro pbiHKa, npolmskn HWE 1
6onee paHHKe)

UMTS/HSPA: 850/1900/2100 Mru, (Bepcua Ans MMPOBOTO PbIHKA, MPOLINBKM
HWf 1 6onee paHHue)

UMTS/HSPA: 850/900/1900/2100 Mru (sepcusa npowmnskn HWg 1 6onee Hosble)
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6.12 Yci10BMA OKpYKawileu cpebl M Jpyrue TeXHu4ecKue JaHHble

YcnoBua oKpysKatoLei cpeapl

[nanasoH pabounx TemnepaTyp

-20...55°C

[nanasoH TemnepaTyp Npu XpaHeHUn

-30...60°C

BnaxKHoCTb

10...90 % c BO3MOKHOM KOHAeHcauuemn

FepmetnyHocTb (no IEC 60529)

IP 65 (CMOTpVI TpE6OBaHVIﬂ Pa3aela Owmbka! UCTOUHMK CCbINKKN He

Haﬁ.qeu.)

YCTOMYMBOCTb K CO/THEYHOMY U3/TYYEHUIO

He ncnonb3oBaTb B yCA0BMAX NPAMOrO BO34ENCTBUA
CONNHEYHbIX /IY4eN, UCMONb30BaATb COMHLE3ALLMUTHbIE
KO3blpbKW. PeKOMeHAayeTCca KO3bIpeK U3 MIacTUKa —
METAN/IUYECKUIN MOKET YMEHDBLUUTb YPOBEHD
npuHMMmaemoro curHana GPS.

Ycnosua noBepku

TemnepaTtypa okpyKatowei cpegpbl: 0...40°C
BnaxkHocTtb: 40...60 %

Pabouas BbicoTa

00 2000 m
(o 4000 m c ymeHbLUEHMEM N3MEPUTENbHOMN KaTeropuu;
cMoTpu pasgen OwnbKa! UCTOUHUK CCbIIKU He HaliaeH.)

Pa3mepbl 200 x 180 x 77 mm (6e3 npoBoaos.)
Macca npumepHo 1,6 Kr
Oucnnen LUsetHon XKW TFT, 320x240 nukcenb, guaroHasnb 3,5”

MamATb AaHHbIX

BcTpoeHHan kapTta namatu 8 6 (cTaHAApTHO),
BO3MOXHOCTb paclumpeHnua ao 32 6 (onuus)

6.13 be30nmacHOCTH M 3JIEKTPOMAarHMTHasA COBMECTUMOCTDb

be3onacHOCTb M an1eKTpOMarHMTHaa COBMeCTUMOCTb

CooTBeTcTBME

rOCT IEC 61010-2-032-2014

KaTteropua 3/'|el-(TpO6E3OI'IaCHOCTM

IV 600 B /111 760 B (Ill 1000 B B 3aBMCMMOCTHM OT BEpCUM)

Knacc 3awmTol

[BoliHaa nsonaums, cornacHo NOCT IEC 61010-1-2014
FOCT IEC 61557-1-2005

3J'IEKTpOMa FTHNTHaA COBMECTUMOCTb

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

YCTOMYMBOCTb K MOMEXaM Ha PaaMoYacToTax

rOCT IEC 61000-4-3-2016

CMHyconaanbHasa moaynaumna 80 % AM, 1 kl'y,
80...1000 MTwu, 10 B/m

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

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

YCTONYMBOCTb K 3/1€KTPOCTaTUYECKUM
paspagam

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

YCTONYMBOCTb K HaBeAEHHbIM MoMexXam,

MHOYUMPOBAHHbIM PaANO4aCTOTHbIM NOJ1EM

rOCT P 51317.4.6-99 (M3K 61000-4-6-96)
CuHycomnganbHaa mogynauma 80 % AM, 1 Kly,
0,15...80 Mrl'u, 10 B

YCTOMYMBOCTb K Cepum BbICTPbIX
3N1EKTPUYECKUX NEPEXOLHbBIX COCTOAHUI

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

YCTOMYMBOCTb K YAAPHbBIM MMMNYIbCAM

rOCT P 51317.4.5-99 (M3K 61000-4-5-95)
Amnnautyaa 2 KB (L-L), 4 KB (L-PE)

dmucema n3ny4yaembiX NOMeEX Ha
pPagnovactoTax

FOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
30...230 Mru, 40 a6 (MKB/m) Ha paccTosiHumn 10 m
230...1000 Mrlu, 47 ab (MkB/m) Ha paccTosHMM 10 m
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FOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
YpPOBHU A1 KBAa3MMMKOBOIO AeTeKTopa:
0,15 Kklu...0,5 Mrl'u: 66...56 gbmKB

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

5...30 Mrl'u: 60 abmkB

dmucema KOHAYKTUBHbIX MOMEX

MNpumeuaHne K FOCT 30805.22-2013 (CISPR 22:2006) «COBMECTMMOCTb TeXHUUECKUX CpeacTB
3NeKTPOMarHuTHas. O6opyaoBaHue MHPOPMALMOHHBIX TEeXHOoorniA. Paguonomexu
MHAycTpuanbHble. Hopmbl n meTtogbl smepeHuii.» (EN55022:2010)

PQM-702, PQM-703, PQM-710 n PQM-711 - 3to npmbopbl Knacca A. B 6bIToBOI cpene 31O M3genme
MOMET BbI3BaTb PagMONOMeEXM, YTO NOTPebyeT OT MONb30BaTENA MPUHATUA COOTBETCTBYIOWMX Mep MO
NCNPaBAEHMIO NOJIOKEHUSA.

6.14 CtangapThl

CraHaapTbl

MeToabl UsmepeHua

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

TOYHOCTb M3MEPEHUN

rFOCT 30804.4.30-2013 (IEC61000-4-30:2008) knacc A

Kauvectso IHEeprmmn

FOCT 32144-2013

®nukep FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010)
FapMOHMKHK rOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
besonacHocTb FOCT IEC 61010-2-032-2014

3MC FOCT P M3K 61326-1-2014

CraHga PT KayecTBa

pa3paboTKa, NPOeKTUpOoBaHME N NPOU3BOACTBO cornacHo ISO 9001

7 KOMIUVIEKTALIUA

7.1 Cra”HpapTHas KOMILIEKTauus

HaumeHoBaHue Kon-Bo NHAaeKe
AHanun3atop NapaMeTpPOoB Ka4YecTBa 3/IEKTPUYECKOMN sHeprm PQM-7xx 1 wr. WMRUPQM7xx
PykoBoacTBO no aKkcnayaTauun/Macnopt 1/1 wr.
ApanTtep gns NogKAoYeHus K ogHodasHol cetn AZ-1 1 wr. WAADAAZ1
BecnposoaHoit uHtepdeiic OR-1 (USB) Whadld WLELE (cm. n.2.6.2) lwr. | WAADAUSBOR1
3axkum «Kpokoann» n3onmpoBaHHbI ronyboii K02 1wr. | WAKROBU20K02
3axknum «Kpokoamn» N3oanpoBaHHbIN XKENTbI KO2 1 wr. WAKROYE20K02
3axnum «KpoKkoamn» N3oNnpoBaHHbIM KpacHbI KO2 2 Wr. WAKRORE20K02
3axnum «KpoKkoama» U3oanpoBaHHbIN YépHbI KO1 3 wr. WAKROBL20K01
Kabenb nocnegosatenbHoro nHtepoerica USB 1wr. | WAPRZUSB
KomnnekT gna dukcaumm pemHemn 1wr. | WAPOZUCH4
Habop ana moHTaxa Ha DIN-peiike 1 wr. WAPOZUCH3
PemHM gna Kpenexa Ha ctonibe (2 wr) 1 komn. | WAPOZOPAKPL
CoeanHUTENb INEKTPUYECKNI — aganTep AC-16 1wt. | WAADAAC16
CoeanHUTENb INEKTPUYECKUIN — afZanTep MarHUTHbIM mogens AM-4 1 komn. | WAADAUMAGKPL
ioRc_al,qMHMTenb 3NeKTpuYecknin — agantep c pesbboint M4/M6, moaenb 1 komn. | WAADAMAME
dyTap nnacTukoBbi XL2 1 wr. WAWALXL2
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http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=435
http://www.sonel.ru/ru/products/accessories/wires/detail.php?id4=426
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=496
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=518
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=519
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=519
http://www.sonel.ru/ru/products/accessories/cases/detail.php?id4=533

7.2 JlonoJIHUTEJIbHASA KOMIIJIEKTALMSI

HanmeHoBaHue UHaeKc
AHTeHHa GPS WAPOZANT10GPS
Knewm rubkue F-1 WACEGF10KR
Knewm rmbkue F-2A WACEGF2AOKR
Knewwm rmbkne F-3A WACEGF3AOKR
Knewm namepurenoHble C-4 WACEGC40KR
Knewwm nameputencHole C-6A WACEGC6AO0OKR
Knewwm nameputenoHole C-7 WACEGC70KR
KomnneKkT nsmeputesibHbix pasbeémoB 1A Gpa3HbiX U Hy1eBbIX WKH AR-468 WAADAR468RU

7.3 BHelmHSAq9 aKTUBHad aHTeHHa GPS

BHewHAA aHTeHHa GPS.

TexHUYECKMEe XapaKTEPUCTUKM

YacTtoTa 1575,42 Ty,
Monapusauna npaBan Kpyrosas nonspusauua (RHCP)
YcuneHue 26 ab (3 B)

KoadoumumneHT cTosuen
(VSWR)

BOJIHbI

no

HanpAXeHUo

<1,2:1

Pasmepsbl (6e3 kabens)

14,0 x 34,2 x 38,2 mm

Paboyasa Temnepatypa -40...85 °C
CreneHb 3aWmThl IP67
OnvHa Kabens 10m
MoTpebneHune ToKa 15...25 mA

Kpennenue

MarHuTHOE, Ha N1tobyt0 NOBEPXHOCTb

8 OBC/HY/KUBAHMUE IITPUBOPA

BHMMaHue &

B cnyyae HapyweHMA Npasua 3KcNayaTauum OGOPYAOBaHVIﬂ, yCTaHOB/NEHHbIX U3rotoBuUtenem, moxxer

YXYALWUTbCA 3alUTa, NPUMEHEHHaA B saHHOM npubope.

Kopnyc namepuTens MoXKHO YNCTUTb MATKOM BAaXKHOW daHenblo. Henb3s MCNob30BaTh PacTBOPUTENN,

abpasuBHble YncTALLME cpeacTBa (NOPOLLKKM, NacTbl U TaK ganee).

3ﬂeKTpOHHaF| cXema umsmeputena He HyXAaeTCA B 4YUCTKEe, 3a WUCKAKYEHUMEM THe3n MNOoAKNHYEHUA

N3MepUuTesibHbIX MPOBOAOB.

N3mepuTenb, yNnakoBaHHbIA B NOTPEOUTENIbCKYIO M TPAHCMOPTHYIO Tapy, MOMKET TPaHCMOPTMPOBATLCA

Nobbim BUOOM TPaHCNOPTA Ha nobble paccToAHMA.
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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=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
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=760

[onycKkaeTca YMCTKa FHE3A, NOAKNIOYEHUA U3MEPUTE/IbHBIX NMPOBOAOB C UCMO/Ib30BaHNEM HE3BOPCUCTbIX
TaMMOHOB.

Bce ocTanbHble paboTbl MO 0O6CAYKMBAHUIO MPOBOAATCA TOJIBKO B aBTOPU3NpPOBaHHOM CepBUCHOM
LeHTpe OO0 «COH3/JI».

PemoHT npnbopa ocyuiecTeaseTca ToNbKO B aBTopm3oBaHHOM CepBucHom LieHTpe.

9 XPAHEHHME U YTUJIN3ALIUA

Mpu xpaHeHnn npmbopa HeOBXOAMMO NPULEPIKNBATLCA CNEeAYIOLLMX PEKOMEHOALNIA:

e  OTK/OYMTb OT U3MEPUTENA BCE NPOBOAA;

e TuwaTeNbHO OYUCTUTL NPUBOP, M BCE aKCeccyapbl;

e YT106Obl M36EXKaTb MOJIHOTO pa3psfa aKKyMylATOPOB NMpU AJMHHOM XPaHEHUW X HeobxoaAMmo
nepuoanYecKm 3apsKaTb.

N3meputenb, npedHasHayeHHbIM ANA yTMAM3aUMKM, cheayeT nepedatbh [lpoussogutento. B caydae
CaMOCTOATE/IbHOM YTUAM3aLMK, eé cnelyeT NPoBOANTb B COOTBETCTBMU C AEWCTBYHOLLMMM NPaBOBbIMU
HOPMaMM. YTUAN3AUMIO 3/IEKTPUYECKOTO WM 3/1eKTPOHHOro 060pyA0BaHUA HeobxoaMmo MpPOBOAUTbL
OTAENbHO, He CMeLLMBas C 0TXoA4amMu apyroro poaa. MNepea AocTaBKkoii 060pyA0BaHUA B NYHKT cbopa He
NbiTaliTeCb CAMOCTOATE/IbHO Pa3bupaTb Kakne-1mbo YacTu AaHHOro obopyaoBaHUA.

10 ITOBEPKA

AHanuszaTtopbl cepun PQM B cootBeTcTBMM ¢ PegepanbHbim 3akoHOM PO Nel02 «0O6 obecneyeHuum
eANHCTBA U3MePEHNIM» CcT.13, NoANeKUT NoBepKe.

MeTogmMKa noBepKM A0CTYNHA A8 3arpy3KM Ha cante www.poverka.ru

MexnoeepoyHsbili uHmepean — 2 200a.

METPOJIOTMYECKAA CNYXBA 00O «COHI/1» ocyuiecTBAsfeT MNOBEpPKY Kak COBCTBEHHOro napka
peanusyemoro obopyaoBaHMA, Tak M NpubopoB OCTafNbHbIX NpousBoguTeneit, u obecneymsaer
6ecnnaTtHyto goctaBky C/ B NOBEPKY M U3 NOBEPKM IKCMPECC NOYTOM.

115533, r. MockBa, np-T AHgponoBa, @4.22, bl «HaratuHckui», 3sTtaxk 19, 0¢.1902.
Ten.: 8 (800) 550-27-57 n06.501 nnn +7 (495) 465-80-25

E-mail: standart@sonel.ru
Internet: www.poverka.ru

11 CBEAEHHUA Ob U3rOTOBUTEJIE

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
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12 CBEJAEHHUA O IOCTABIIHKE

000 «COH3/1», Poccua
142714, MockoBckas 06n., JlIeHUHCKMi p-H, A. Mucannoso, yna. [epBomaiickaa, A4.158A.
Ten.: 8 (800) 550-27-57

E-mail: info@sonel.ru
Internet: www.sonel.ru

13 CBEAEHHUA O CEPBUCHOM LHEHTPE

FapaHTUNHBLIA U nocnerapaHTUiHbIM pemoHT CUM SONEL ocyuwecTenfaeT aBTopu30BaHHbIA CepBUCHbIN
LUeHTp KomnaHun COH3JT n obecneunsaer becnnatHyto aoctasky CU B peMOHT/M3 pemMoHTa aKcrpecc
noyTomn.

CepBucHbIN LIeHTp pacnonoxeH no agpecy:
115533, r. MockBa, np-T AHgponoBa, @4.22, bl «HaratuHckui», staxk 19, 0¢.1902.
Ten.: 8 (800) 550-27-57 n06.501 nnan +7 (495) 465-80-25

E-mail: standart@sonel.ru
Internet: www.poverka.ru

14 CCbIJIKHU B UHTEPHET

Katanor npoaykunn SONEL

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

dnekTpoHHasA popma 3aKasa yCayr NOBEPKMU I1eKTPOU3IMEepPUTEbHbIX NPUBOPOB.
http://poverka.ru/main/request/poverka-request/

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

ApeHza obopynoBaHua n npnbopos

https://priborvarendu.ru/
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