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1 OBIIAA UH®OPMALIUA

1.1 Be3omnacHOCTH

Mpubopbl PQM-702(T), PQM-703, PQM-710 n PQM-711 npeaHa3Ha4eHbl 415 U3MEPEHUS, perncTpauum
M aHa/M3a napameTpoB 3neKTponuTaHuA. [nsa obecneyeHns 6Ges3onacHOM 3KcnayatTauum U
[0CTOBEPHOCTM NOJIYYEHHbIX Pe3ynbTaToB, HeobxoaMMO cobatoaaTh CaeayoWwmne PpeKOMEH4ALMN:

BHumaHue /l\.

MNepep pabotoit ¢ npubopom Heobxogumo M3yunTb JaHHOe PYyKOBOACTBO, TWiaTeNnbHO 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/ab30BaTbCA /LA, UMEIOLLME COOTBETCTBYIOLLYIO KBaanduUKaLmio 1 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 3/1eKTpOCeTH;

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);
e PeMOHT Npnbopa MOKET BbINONHATLCA NNLIb aBTOPU30BAHHbIM CEPBUCHBIM NpeanpuUATUEM.

NPEAYNPEXOEHUE:

He BbINONHATL M3MepeHUA BO B3PbIBOONACHON cpege (Hanpumep, B NPUCYTCTBMU rOPHOYUX Fasos,
napos, NbiM U T.4.). Ucnonb3oBaHMEe U3MEPUTENA B TAaKMX YC/IOBUAX MOMKET Bbi3BaTb UCKpeHUe U
B3pbIB.

BHMMaHue &

HacTosuwee usgenve OTHOCUTCA K YHMBEPCA/IbHbIM U3MepUTeNbHbIM Npubopam AnA M3MepeHUs M
KOHTPONA 3/1IeKTPUYECKUX BE/IMUMH (HaNpAXKeHUA, CUbl TOKA, CONPOTUB/IEHUA U MOLLLHOCTH).

BHUMaHMue &

CMmBO/IAaMM C HasBaHMEM TUMAa aHanuMsatopa o0603HayeHbl YacTU TeKCTa, Kacaiowumecs
cneuynduUeckux 0cobeHHOCTEe AAHHOrO TUMA aHa/AM3aTopa, B YACTHOCTH, AOCTYMHOCTU WM
He[OCTYNHOCTU AaHHOi GyHKuMM nporpammbl. Jliobble apyrue ¢pparmeHTbl TEKCTa OTHOCATCA K O
BCEM TUMAM aHaIN3aTOPOB.




1.2 OO6was xapaKTepUuCTHKa

AHanM3aTop NapameTpPoB KayecTBa 3/EeKTpUYEecKon aHeprun tmna PQM-702(T), PQM-703, PQM-710 u
PQM-711 (Puc.1) — 3TO nepeaoBble BbICOKOTEXHOJ/IOTMYHbIE MPOAYKTbI, NO3BOJAIOLINE 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.

AHanusaTopbl OCHalWeHbl NATbIO WU3MepUTeNbHbIMMU BXOAaMM MO HaNPAMEHWIO, C NpoBOAAMM
3aKaHUYMBAOLWMMUCA pa3bEMamm TUNA «baHaH» M 0bo3HaYeHHbiMKM L1, L2, L3, N u PE. MaKkcumasnbHoe
3HaYeHMEe HanpsAXKEeHUS Ha OaHHbIX BXOAaX He A0/KHO npesbiwaTh + 1500B (NnMKoBOe HanpsAsKeHue).
Mpn 3TOM AaHHOE 3HaYeHWe MOXKET BbITb YBEMYEHO, MPU YCNOBUM UCNOb30BAHUA TPAHCHOPMATOPOB
HaNPAXKeHUA.

OnAa un3amepeHUA TOKA WCNONL3YHOTCA YeTblpe TOKOBbIX BXOAQ C KOPOTKMMW U3MEPUTENbHbIMMU
NpoBoAamM, 3aKaHYMBAOWMMUCA Pa3bEMaMM ONA NOAKAOYEHUA TOKOU3IMEpPUTEbHbIX Knewer. K Hum
MOXHO NOAKNOUYUTL: TMBKKMe Knewm F-1, F-2, F-3, c HOMWHaNbHbIM agnanaszoHom Ao 3000A (oTamyatoTca
TONbKO AMamMeTpom o06xBaTa), KécTkme Knewwn C-4 (gmanasoH Ao 1000A nepemeHHoro Toka), C-5
(ananasoH go 1000A nepemeHHOro 1 NOCTOAHHOrO ToKa), C-6 (AnanasoH Ao 10A nepemMeHHOro Toka) u
C-7 (awanasoH pgo 100A nepemeHHOro TOKa). TaKMKe, KaK W MpU UIMEPEHUWU HaNPSKEHUs,
HOMWHANbHbIN AMana3oH MOXKeT 6blTb USMEHEH C NOMOLLbIO AOMOIHUTE/bHbIX TPAHCPOPMATOPOB TOKA,
Hanpumep, NpyU NPUMeHeHUn TpaHchopmaTopa ToKa ¢ KoapduumeHtom 100/1 ¢ knewamm C-6 MOMKHO
n3mepatb Tokn 4o 1000A.

Mpubop ocHaWEH BCTPOEHHOM KapToh namATM émKocTblo 8IB. [na obecneyeHWsa BO3MONKHOCTU
ObICTPOrO CYUTLIBAHMA 3aMMCaHHbIX [aHHbIX, aHaAu3aTop OCHAWEH BCTPOEHHbLIM CYUTbIBAIOLMM
YCTPOMCTBOM, YTO NO3BOJIET YTEHME AAHHbIX CO CKOPOCTbIO MOpAAKAa HECKONbKMX M6uT/c. [daHHble
MOryT 6bITb CUMTaHbl C WCMNO/Jb30BaHMEM WMelWMXCcA KaHanoB cBasu: USB, paamocesasn C
ncnosb3oBaHuem npuémHuka OR-1 (gna aHanusatopos Tuna PQM-702(T) n PQM-703), no pagnocesasu
Wi-Fi (gns aHanusatopos Tvna PQM-710 u PQM-711) n GSM.

Mogaem GSM (c nopaep»kkon ctaHaapta UMTS) BCTpoeH B YCTPOMCTBO BMECTE C aHTEHHOW. ITo AaéT
NpPaKTUYECKMU HeorpaHUYeHHbI A0CTYN K aHanM3aTopy us ntoboli TOUKM MUpa, rae ecTb NoKpbiTue GSM.
Ha neBoit cTopoHe Kopnyca Haxoautca cioT Ansa SIM-KapTbl, He06xoaMMo Ana nepeaaqmn AaHHbIX.

AHanM3aTopPbl MMEKT BCTPOEHHbI GPS-NpUEMHMK BMecTe ¢ aHTeHHoM, Bnarogaps aTomy 6e3 KaKux-
NM60 AONONHUTENbHbBIX aKCeCCyapoB OHM MOJHOCTbIO COOTBETCTBYET TpeboBaHMAam FOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) «2dnekTpuyeckas 3sHeprua. COBMECTUMOCTb TEXHWYECKUX Cpeacts
3NeKTpOMarHuTHaa. MeToabl N3MepeHuid NoKasaTesie KavyecTBa 3/EKTPUUYECKOM SHEepPrMu.» Knacca A.
MpueMHUK GPS obecneunmBaeT CUMHXPOHM3ALMIO C BCEMUPHbBIM KOOPAMHMPOBAHHbIM BpemeHem UTC u
No3BOAAET AOCTUYb TOYHOCTU U3MEPEHUA BPEeMEeHU A0 HECKOIbKUX AEeCATKOB HaHocekyHA. Ona GPS
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I'IpMéMHVIKOB nonyyeHne CnyTHMKOBOIro CUrHasna BO3MOXHO Ha OTKprTOl‘;I MeCTHOCTHU,

nosaTomy

CUHXPOHM3aUMA C NOMOLWbIO BCTpOEHHOﬁ dHTEHHbI NMPOUCXOAUT TOJIbKO CHApPYXKn 3,El,aHVIl71. B cnyuae

MCNONb30BaHNA aHaNN3aTOpPa BHYTPU 340aHUA HGO6XOAVIMO NOAKNHOYNTL K aHA/IN3aTOPY BHELWHIOKO GPS

dHTEHHY U BbIBECTU €€ Ha BHELLHIO CTOPOHY 34aHMA. BHeWHAA aHTeHHA ABAAETCA AOMOAHUTE/IbHbIM

aKceccyapom.

Pernctpupyembie napameTpbl pa3geneHbl Ha rpynnbl, KOTOPbIE MOMHO HE3aBMCMMO OT APYrMX BKAOUYATb

NN UCKNKOYaTb U3 perncTtpaunn, 4To no3BONAET PaunNOHA/IbHO UCMNOJ/Ib30BATb MECTO Ha KapTe NamMATuU.

He peructpupyemble mapameTpbl HE 3aHMMAlOT MecCTa, TEM CaMbiM MOMHO 3HAUYMTENIbHO MPOANUTbL

BpPEMA 3anMcKn Apyrmx napameTpos.

Tabnnua 1. OCHOBHbIE Pa3INuMNA MeXAY aHaM3aTOpPaMM.

PQM-702

PQM-702T

PQM-703

PQM-710

PQM-711

Moaynb TpaH3VEeHTOB

Pagnomoaynb 433 Ml
(BmecTe ¢ npuémumnkom OR-1)

Moaynb Wi-Fi

CneunanbHble NAaHLIET B KOMMNAEKTE

DYHKUMA N3MepeHMsa TeMepaTypbl

PQM-703

(P
) { CECe e ooy
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Puc. 1. AHannsaTop KayecTBa 3neKTpuyeckom sHeprumn. O6wuii Bua,

m — 3TO pasHOBMAHOCTb aHanuszatopa PQM-702, KOTopbl, NOMUMO CTaHAAPTHbLIX GYHKUMIA
No3BO/IAET U3MEPATb TEMMNEPATYPY BHELUHUX 0OBEKTOB C MOMOLLbIO BbIHOCHOFO 30HAA ST-2.

BHumaHue &

PoM-7021 He ponyckaeTca KpenneHue TtemnepaTypHoro 3oHga ST-2 Ha 06beKTbl U3MepeHui,
Haxo4AWMXCA nog, HanpaeHuem Bbiwe 50B. PekomeHayeTcA nepes Hauyaiom M3MepeHUi
Npou3BecTU 3a3emneHne usmepaemoro obbeKkra.

AHann3aTop COAEPKUT BCTPOEHHbIN OJ0K NUTAHMA C LUMPOKMM AMANA30HOM BXOLHOTO HamnpsAXKeHus
90...760B nepemeHHoro wmnu 127..760B noCTOSHHOro TOKAa, KOTOPbIM MMeeT OTAeNbHble MPoBOAA
(Bxoaa) ¢ pazbémamm TMNa «H6aHaAH» HA KOHLAX.

BaKHO OCOBGEHHOCTbIO ABASETCA NPUCNOCOBAEHHOCTb K paboTe B CNOMHbLIX MOroAHbIX YCAOBUAX —
aHanM3aTop MOXKeT ObITb YCTAHOB/AEH HENoCPeACTBEHHO HA OMOpax JIMHUM 3/eKTponepesayn.
AHanusaTtop obecneuymBaeT repMeTUYHOCTb Knacca IP65, a ananasoH paboumx Temnepatyp -20°C...+55°C.

becnepeboliHyto paboTy, B yCnoBMAX OTCYTCTBUSA CETEBOrO HanpaxeHwus, obecneymBaeT BCTPOEHHbIN
JINTUIA-MOHHBIN aKKYMynAaTop.

Monb3oBaTenbCKMM UHTepdelic BKAOYAET B cebA LBETHOW MUAKOKPUCTANIMYECKUA pucnien ¢
pa3spewweHmem 320x240 nukcenei u pasmepom 3,5 aloma, a TakKe 4-KHONOYHYO KAaBuaTypy.

dnemeHTOM, MO3BONAIOWMM MNPOABUTL BECb MOTEHLMAN YCTPOWCTBA, ABAAETCA CneuunasnsnpoBaHHoe
nporpammHoe obecneyeHne ana nepcoHasbHoro komnbtotepa «SONEL ANALYSIS».




CBA3b C KOMMNbBIOTEPOM BO3MOXKHA NMYTEM:
e [loaknoyeHne no USB, obecneuuBalollee CKOPOCTb mepeaayn AaHHbix Ao 921,6k6ut/c, B
peXnMme CHMTbIBAHUA AaHHbIX C KapTbl MAaMATH - CKOPOCTb MOPAAKa HECKObKO M6uUT/c;
o m IEEE m CoeanHeHue no paguocsasn 433Mluy, npy MCNONb30BaHUN NPUEMHUKA
OR-1, co cKOpOCTbIO Nepeaayn AaHHbIX A0 57,6k6UT/c (AanbHOCTb OrpaHUYeHa NPUMEPHO 5m);

° mm CoeanHenne no pagno Wi-Fi c addeKTMBHON CKOPOCTbIO Nepenayn AaHHbIX A0
300K6uT/c (MaKcMmanbHasa CKOPOCTb MOAAEPHKMBAETCA HA AUCTaHUUK A0 10Mm);
o [logkntoueHne GSM yepes MHTepHeT.

m m m YT06bl MMETb BO3MOXHOCTb WCMO/Ib30BaTb PeXKMM 6HecnpoBoAgHOW CBA3U C
KOMMbOTEPOM, HEODBXOAMMO MOAKAOUYUTE MPUEMHMK paamnocurHana OR-1 K nopty USB KomnbioTepa.
CKOpOCTb Nnepegayn AaHHbIX B 3TOM peXXume megsieHHee, MOITOMY OH peKOMeHAYeTCA 41A NPOCMOoTpa
TEKYLMX AaHHbIX CETU, U3MEPEHHbIX aHA/IN3aTOPOM U AN HACTPOMKM U yNpaBaeHUs aHannsaTopom. B
CBA3M C MeA/IeHHON nepefayein AaHHbIX, HE PEKOMEHAYeTCA CYUTbIBaHWE MO PaAnoCBA3N BObLUNX
06BbEMOB AaHHbIX, 3aMNCAHHbIX HA KapTe NamMATH.

(Pom-710 | Pom-T11 AHanunsaTop MOCTaBAAETCA CO CheunanbHbiM MIaHWeTOM, KOTOPbIM NpeasapuTenbHo
HacTpoeH gns paboTbl ¢ npubopom. [pu BKAKOYEHUM MAAHLWETa 3anyckaetca npunoxeHue «SONEL
ANALYSIS», KOTOpoe aBTOMATUYECKU BbIMNOJIHAET MOWMCK MPOrpaMMHO MPOMMCAHHOINO aHasM3aTopa.
MnaHwWeT BbICTyNaeT B KayecTBe TOYKWU gocTyna (aHrn. Access Point), K KoTopon, no 6ecnpoBogHoOMy
coeanHeHunto Wi-Fi, nogkntovaetca aHanmsatop. JononHutenoHaa nHpopmauua, o Hactpoike Wi-Fi n
BO3MOMHbIX peXkMmax nepefaym AaHHbIX, HAXOAUTCA B MPUIOMNKEHUU K PYKOBOACTBY MNOJb30BaTeNA
nporpammbl «SONEL ANALYSIS» v B saHHOM PykosogacTse.

MNepepaya gaHHbIX No ceTn GSM noTpebyeT ycTaHOBKU B THE340 aHa/iM3aTopa AencTeytolleit SIM- KapTbl
NnoJsib30BaTesA, C NOAK/AOYEHHOW YCAYron nepefayn AaHHbIX M ctaTudeckoro IP-agpeca. KomnbloTep,
KOTOpbIA ByAeT NoAKNHYaTLCA K aHaNU3aTopy, AO/IKEH MMEeTb A0CTyN K MHTepHeTy.

MECTO MPIKDY Y B aHIA KPENneHMEA
XOMYTOE 4NA ¥CTSHOEKK Ha cTond
WA PrKcaTopoE Ha DIN-peiky

F' - == e - e

TTTT TITT"  MECTO MEMERYHME SHWA
sawgenkm 1na DIM-pekia

Puc.2. 3agHAaa naHenb aHanM3aTtopa.
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(POM-703] IEED Mo cpaBHeHUo ¢ mogensmm PQM-702(T) u PQM-710, aHanusatopbl PQM-703 n PQM-
711 poONONHWUTENBbHO MO3BO/AKOT U3MEPEHWE TPaAH3UMEHTOB (KOPOTKMX BCM/IECKOB MPU NEepexogHbIxX
npoueccax oT aHr. transient voltage) B aguanasoHe HanpsxXeHuin ao +6KB c YacToTol AMCKpeTusaummn ot
100kMy po 10MrMy. Llenn wm3amepeHMA nepexofHbiX MPOLECCOB HE3aBUCUMMbI OT ApPYrux Lenemn
HanNpAXKeHWA U NOAKNYEHbI K BXOo4am Mo HanpaxeHuto L1, L2, L3, N, PE. AHann3atop umeeT veTbipe
M3mMepuTenbHbIX KaHana: L1-PE, L2-PE, L3-PE wn N-PE. Perucrtpauma CUrHanos BbINOAHAETCA,
onpeaensemoe Mo/sb3oBaTesieM, nNpeaBapuUTeNbHbIM 3anyckom (aHrn. pretrigger) u  noporom
06HapyXeHUs, a KOANYECTBO 3anmncaHHbIX OTCYETOB cocTasasfeT Ao 20000 Ha KaHan (2mc Ans 4YacToTbl
auckpetmnsaumm 10Mru).

1.3 IIuTaHue aHa/IU3aTOpaA

AHann3aTop COAEPKUT BCTPOEHHbIN 610K NMUTaHWUA C ANAaNa30HOM HOMUHA/IbHbIX BXOAHbIX HanpaXeHun
90...760B nepemeHHoro u 127..760B nocCToAHHOro TOKa. BAOK nuUTaHMA mMmeeT oTAeNbHble BXOAa
(npoBoaa KpacHoro ugeta), obo3HayeHHble 6ykBamu P (OT aHrn. power - nuTaHue). Ona 3awuThbl
WUCTOYHMKA NUTAHUA OT NOBPEXKAEHUM NMPU MOMbITKE €ro NOAKAUYEHUA K HANPAMKEHNIO HUXKEYKa3aHHOro
[AManasoHa, OH BbIK/AOYaeTCcA NpM BXOAHOM HanpsaxeHun meHee 80B nepemeHHoro Toka mam 110B
NMOCTOSIHHOTO TOKa.

Ona noagepaHua NUTaHUA, BO Bpems nepeboeB 3/IEKTPUYECKON SHEPTUN, CIYIKUT BCTPOEHHbIN IUTUIN-
WMOHHbIN akkymynaTop. OH 3apsarkaeTca, Koraa Ha pasbémax 6/10Ka NUTaHUA NMPUCYTCTBYET HaMNPSAKeHUe.

OH noagep’kmMBaeT aBTOHOMHOE NMUTaHue Ao 2 4acos npu Temnepatype -20°C...+55°C. MNMocne nonHoro
pa3paga akKymynaTopa aHanAu3aTop MpepbiBaeT TeKywyk paboty (Hanpumep, perncrtpauuio) u
aBapuiMHO BbIKAtoYaeTcs. Mpu nocnegyowem NOAKAOYEHUMM MUTAHUA, €C/IM paHee NPOoAOJKanacb
perncTpauus, aHaansatop ee BO306HOBMUT.

BHMMaHue ‘/L\.

Mpu noaaye nUTaHUA K 3apagHOMY YCTPOMCTBY Npubopa OT 3neKTpuueckoh cetu, Heobxogumo
pa3smewaTb 060pyaoBaHMe Takum o6pa3om, UTo6bl He BO3HMKANO TPYAHOCTEN C €ro OTKAIOUEHUEM.

B cnyyae pauTenbHOro xpaHeHusi, 6e3 MOAKAYEHMA K WUCTOYHMKY NuUTaHua (bonee 3 mecAues),
aKKyMynATOpHaa 6atapes NOSHOCTbIO PaspAaAUTCA M HEKOTopble AaHHble MOryT ObiTb MNOTEPAHbI:
TeKyllee BpeMsa, HAacTPOWMKKU namepuTenbHbix nporpamm, PIN-koa, naponb 610kuposku u 1.4. lNocne
BO306OHOBNEHNST PabOT C aHa/AM3aTOPOM, PEKOMEHAYETCA BOCCTaHOBWUTb HACTPOMKM, mchnonb3ya [0
«SONEL ANALYSIS».

BHumaHue /L\

3ameHa aKKyMyIiTopa A,0/13KHa NPOU3BOAUTLCA TOJIbKO B aBTOPU3NMPOBAHHOM CEPBUCHOM LeHTpe.

1.4 CreneHb 3alLMTHI U YCJIOBUA IKCIVIyaTal MU

AHanusaTtop npegHasHayeH A4aA paboTbl B CIOXKHbLIX MOFOAHbIX YCAOBUAX - OH MOKET BbITb YCTaHOBAEH
HenocpeacTBEHHO HA OMOPax JMHWM 3NeKTponepesayn. [Ns MOHTaXKa MCMOAb3YIOTCA ABa PEMHA C
3aCTEKKaMM M ABa NAACTUKOBbIX KpenaeHusa. KpenaeHus nNpuMBMHYMBAKOTCA K 3aAHEl CTEHKe Kopnyca.
YCTaHOBKa pemHeit OCYLLLeCTBAAETCA COMNAacHO PUCYHKY.
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Puc. 3. KpenneHus n pemHu Ans yCTaHOBKKM aHaM3aTopa Ha cTonb.

AHanuszaTop obecneymBaeT repMeTMYHOCTb Kiacca IP65, a aAnanasoH pabounx temnepatyp -20...+55°C.

BHUMaHue &

Ona Toro, utobbl 06ecneunTb AEKNAPUPOBAHHYIO repMeTUUYHOCTb Kaacca IP65, Heobxoaumo crporo
cobnogatb cnegylowme npasuna:

e [lo/mKHbl 6bITb NIOTHO 3aKpPbITbl KPbILWKKU pa3bémos USB u SIM-KapTbl;

e Heucnonbdyemble pasbémbl TOKOBbIX Kjeweid A[AO/MKHbl 6ObiTb 3aKpbITbl CUAUMKOHOBbIMM
3arnywKamu;

e [NlonKHa 6bITb 3aKpyyeHa 3araylKa 418 pa3béma BHelWHeW aHTeHHbl GPS (MaM NNoTHO 3aKpyueH
pa3bém npu ycTaHOBKe BHelHel aHTeHHbl GPS).

Mpu TemnepaType OKpyXxatolein cpeabl Huke otmeTku 0°C, BKAoyaetcA oborpes ycTpoiicTBa
BHYTPEHHMM HarpesaTesiemM, 3a[a4ell KOTOPOoro ABAAETCA NOAAEP!KaHME MOJIOKUTENIbHON TeMnepaTypbl
aHa/M3aTopa Npu oTpMLaTENbHON TEMNEPATYPE OKpYXKatoLen cpeabl.

HarpeBaTesnb MUTaeTCA OT BCTPOEHHOr0 WCTOYHWMKA MUTAHMA MNEpPEeMEHHOro TOKa, a ero MOLLHOCTb
orpaHuyeHa, npumepHo, 10BT.

MN3-3a ocobeHHOCTEN BCTPOEHHOrO JIMTUIM-MOHHONO aKKymynaTopa ero 3apsagKka 3absokupyeTtca, Koraa
TemnepaTtypa akKKyMynsTopa HaxoauTca BHe AuanasoHa -10°C..60°C (cTtaTyc 3apAgKkv B nporpamme
«SONEL ANALYSIS» n3meHUTCA Ha «3apsKa NPUOCTaHOB/IEHAY).

1.5 MoHTax Ha DIN-peiky

B KOMM/ieKTe NOCTaBAAETCA KpensieHuWe ANs YCTaHOBKWM aHanuM3atopa Ha craHgapTHyto DIN-peliky.
3aWéNnKy HY)KHO NPUKPEnuUTb K 3aAHel CTeHKe aHa/n3atopa C NOMOLLbIO MpuaaraembiX BUHTOB. s
HaAEKHOCTU MOHTAXKa B KOMMNEKT TaKKe BXOAAT ChneumanbHble Kprouku, KoTopble ¢ukcupytot DIN-
pemnky.
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Puc. 4. 3aaHAA cTeHKa aHaM3aTopa C 3IeMeHTaMM AN1A MOHTaxa Ha DIN-peliky.

1.6 IlapamMeTpsbl U3MepeHUM

AHanmsaTop obecneuunBaet n3mepeHne n perncTpaumnto cneayrowmnx napameTpos:

Oencreytowme 3HayeHUa $HasHOro M NMHEMHOrO HanpsXeHus B AnanasoHe go 760B (+1500B
NMUKOBOTO 3HaAYeHun);

m IEEU CKaukM HanpsaxeHua Npu nNepexogHblx npoueccax (nepeHanps»KeHus) B
Anana3oHe Ao 16 KB;

[Jencreyoulee 3HayeHMe Toka Ao 3000A (nmukosoro Ao 10 KA) c nomolubto rMbKkux knewem (F-1,
F-2, F-3), no 1000A (nukoBoro go +3600A) ¢ Mcnonb3oBaHMEM KECTKMX Knewweln C-4 nnu C-5, o
10A (nukosoro ao +36A) c knewamm C-6, unun ao 100A (nukosoro Ao +360A) ¢ Knewamu C-7;
KoadPpnumeHT NMKOoBbIX 3HAYEHWUI CU/bI TOKA U HanpAXKeHuA;

YactoTa cetn B gnanasoHe 40...700y;

AKTMBHasA, peakTMBHaA, NOHAA MOLLHOCTb W SHEPruA, MOLHOCTb HEJIMHEMHBIX UCKaXKEeHWUI;
FapMOHMYECKME COCTaBAAIOLLME HANPSAXKEHNI U TOKOB (g0 50-i4);

KoadpduumneHTbl rapmoHmnyeckmx nckaxkeHnin THDE u THDR AN TOKa M HanpsaXKeHus;
KoadpdpuumeHT notepsb K, BbI3BaHHbIX BbICLUMMM rapMoHuKamm (K-dakTop);

AKTMBHYIO U PEaKTUBHYIO MOLLHOCTM FAPMOHUYECKUX COCTaBAAIOLLNX;

Yron ¢$a3oBoro casura mexay HanpaxeHnem u TOKOM;

KoaddpnumeHT mowHoctH, cosy, tgep;

KoadppuumeHTtbl HecummeTpum TpExPasHOM CeTU U CUMMETPUYHBIX COCTABAAIOLLNX;

BennunHa go3bl dpnmkepos Pst u Pit;

NHTeprapMoHMKKN HanpaxeHui n Tokos (8o 50-i);

KoadodumumneHTbl MHTEPrapMoHUYecKnx nckaxkeHuit TIDF u TIDR 4na TOKa U HanpsaXKeHus;

CurHanbl ynpasaeHUA No HanpAaxKeHuto B AnanasoHe yacrtot 5...3000My,

BbibpaHHble MapameTpbl ABAAIOTCA 0OOOLWEHHbIMKU (YCpeaHEHHbIMU) MO BPEMeHM, onpeaensembie

nonb3oBaTtenem M MOryT 6bITb COXpaHEeHbl Ha KapTe namMATun. Kpome cpegHero 3Ha4yeHuAa MOXHO

3anncbiBaTb MUHMMaAJ/IbHbIE U MaKCMMa/ibHblE 3HA4YeHUA Ha NPOTAXEHUUN UHTEPBAa yCpPeaHEHWA, a

TaKXe MIFHOBEHHbIE 3Ha4YEeHUA.
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PacwupeH TaKKe 670K OBHapy:KeHua caydalHblix cobbituii. B TOCT 32144-2013 «IneKTpuyecKas
aHeprma. COBMECTUMOCTb TEXHUYECKUX CPeACTB 3/eKTPOMArHMTHaa. Hopmbl KayecTBa 3/1€KTPUYECKOM
SHEPrun B CUCTEMAX INEKTPOCHAOKEHMA OBLLEro HasHaAYeHUA» ANA HaNPAMXKEHUNA — 3TO MNpepbiBaHMeE
(cuTyaums, nNpyM KOTOPOWM HaMps)KeHWe B TOYKE MNepefayn 3NeKTPUYECKOW 3SHeprMm meHblwe 5%
OMOPHOTO HanpaAXeHMa BO Bcex TPEX daszax), nepeHanpsaxKeHue (BpemMeHHoe BO3pacTaHWe HanpsAXKeHUs
B KOHKPETHOM TOYKE 3/1EKTPUYECKOW CUCTEMbI Bbllle YCTAaHOB/IEHHOIO NMOPOrOBOr0 3HAYEHUSA), @ TaKKe U
npoBasbl (BpeMeHHOe YMEeHbLUEHME HaNPsXKeHUA B KOHKPETHOM TOYKE 3/IEKTPUYECKOWN CUCTEMbBI HUMXKE
YCTaHOBJIEHHOTO MOPOroBOro 3HadyeHusa B npegenax 85%-90% Bbl6paHHOrO OMOPHOrO HanpaXeHwus).
Monb3oBaTenb He [OJIKEH CaMOCTOATE/IbHO BBOAWTb MapameTpbl, nporpamma nossosAeT
aBTOMATMYECKM HACTPOUTb MPUOOP B PEXMM M3MEpPEeHMs KayecTBa 3/IEKTPO3Heprum cornacHo FOCT
32144-2013. B pacnopsaxeHUW Nonb3oBaTesid OCTAETCA pPeXMM cBOeil coBCTBEHHON KOHUrypaumu -
nporpamma npegnaraet B 3TOM OTHOLIEHWW MOAHY cBoboay. HanpsaxeHne — 3TO TO/NbKO OAWMH U3
MHOTMX MapamMeTpoB, AJ1A KOTOPOrO MOXHO OMpeaenvTb noporn obHapy*KeHuAa cobbiTmii. U Tak, ana
npumMepa, MOXKHO HACTPOUTb AHANM3ATOP AN1A OOHAPYKEHUA CHUKEHMA KO3DPUUMEHTA MOLLHOCTU
HUXKe onpenenéHHoro nopora, npesbiweHna KM (THD) Bbilwe Apyroro nopora U TakK Ke, NpesblleHne
9-1 rapMOHMKOM 3HaAYeHMA HaNPsAXKEeHMUA, YCTAaHOBAEHHOro noJsib3oBaTesiem B npoueHTax. CobbiTne
3anMncbIBaeTCA BMeCTe CO BpeMEHEM ero BO3HUKHOBEHMA. B ciyyae cobbITUiM, KacaloLmMXca npeBbIeHns
NMoporoB NpepbiBaHWA, NPOBANOB N CKAYKOB AJ1A HaNpAXKEeHMA, a TaKKe NPeBbIleHNA MUHUMAbHbIX U
MaKCMMasibHbIX 3HAYeHUM ANA TOKOB, MOMHO AOMOAHWUTb MHPOPMAUMIO O HACTynJaeHWn cobbiTua
ocumanorpammamm Gopmbl CUTHANOB HAMPAXKEHUS U TOKA. MoxeT BbITb 3anMcaHo OT 5 nepnoLos cetu
00 1 cekyHAbl, perynampyemoe no BpeMeHM, npeaBapuTesibHbIM 3anyckom (aHra. pretrigger). Bmecte ¢
ocuMAIOrpaMMaMM TaKxKe 3anucbiBatoTcs RMS 3HauyeHua nonynepuogos (RMSi2) ¢ perynvpyemoit

ONNTENbHOCTBIO OT 1ceK. Ao 5cek.

OyYyeHb LMPOKME BO3MOMHOCTM KOHPUIypaLumn, BMECTE C MHOMECTBOM M3MEPAEMbIX NapameTpos,
OenalT U3 aHanu3aTopa Ype3BblYaiHO MONE3HbIN WU MOLLHbIA UHCTPYMEHT ANA U3MEPEeHUsa M aHaausa
BCEX BWAOB NapamMeTpoB CETU 3/EKTPOCHabXKeHMA M BO3HMKaWWMX B Heill nomex. HekoTopble
YHUKanbHble ocobeHHOCTM 3Toro npubopa BblAENAT ero cpeau APYrux aHaan3aTopoB 3TOro TwMa,
OOCTYMHbIX Ha PbIHKE.

Tabnnua 2. Usmepsemble napameTpbl ANA PA3IUYHbIX KOHOUTYPaLUUi ceTu.

«TPEYroNbHUK»
Tun cetn 1-¢dasHas 2-x ¢asHasA «3Be3ga» c N
«3Be3aa» 6es N
MapameTp
L1 N L1 |L2| N L1 | L2 L3 | N | X |L12 | L23 |131]| X
Jencreytoee
U ° ° ° ° . ° ° . . .
HanpaXeHue
MNocToAaHHanA
Upc cocTaBAaaoLLan ) ° ° o | o o | o | o ° °
HanpAXeHUs
Jeincreytowee
| ° ° ° ° ° ° ° ° ° °
3HaYeHMe ToKa
MNocToAHHaA
Inc CcoCTaBAAoLWLLanN ° ° ° o | o o | o | o ° °
TOKa
f YacrtoTa ° .
CFU KoadpoumumneHt . ° ° o | o o | o | o ° °
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NMUKOBbIX
3HaYeHunn
HanpAXeHus

CF 1

Koaddunument
NMUKOBbIX
3HaYeHu ToKa

AKTMBHaA
MOLHOCTb

Qy, Qs

PeaKktuBHas
MOLLLHOCTb

ol

D, Sn

MowHocTb
NCKaXKeHunA

MonHaA
MOLLIHOCTb

PF

Koaddnumnent
MOLLHOCTM

cos @

KocunHyc yrna
casura ¢as

tgo

TaHreHc yrna
casura ¢as

oll)

THD u

KoadpoumumneHt
rapMOHMUYECKUX
WNCKaXKeHN
HanpsaXeHun

THD |

Koaddnumnent
rapMOHUYECKMUX
MUCKa*KeHUI ToKa

KoadpdpnumneHt
notepb

EP+, Ep_

AKTUBHaA
sHeprua
(noTpebnsemas u
oTaaBaemas)

Eai+, Eas-
E QB+, EQB_

PeakTneHaA
3Heprua
(noTpebnaemasn u
oTaaBaemas)

o)

Es

NMonHana sHeprua

Uhn1... Unso

AMNANTyabl
rapMOHMUK
HanpAXKeHus

Ih1... Inso

AmMmnanTygbl
rapMOHMK TOKa

Qui...
Puiso

Yron mexay
rapMOHUYECKMMMU

COCTaBaAOWNMHU
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TOKa
HanpAaxeHua

Phi... Phso

FapmoHu4yeckmne
cocTaBastoLmne
AKTUBHOW
MOLLHOCTH

Qn1... Qnso

FapmoHunyeckune
cocTaBasmoLne
pEeaKTUBHOM
MOLLHOCTH

Acnm-
meTtpua U,

CummeTpuyHble
COCT.
KoappuumeHT
HECUMMETPUU

n

PSt; P|t

Jo3a dnvKkepa

TIDu

KoadpoumumneHt
WMHTEPrapMoOHMK
HanpsaXeHun

TIDI

KoadpoumumneHt
WMHTEPrapMoOHMK
TOKa

Uiho...Uinso

AMNAnTyabl
WNHTEPrapMoHMK
HanpaXeHua

liho.-.lihso

AMNAnTyabl
WUHTEPrapMOHWK
TOKa

UR1, UR2

CurHanbli

ynpasieHusa no

HanpAaxeHuo

PUM-103
POM-T11

Ut

MNepexoaHble
CKauKM
(TpaH3uneHTbI)
HanpskeHua @

MpumeyaHue:
e L1,L2,1L3(L12,L23,L31) - obo3HayeHue dasbi;
e N -— mamepeHue no KaHany HanpaxeHuna N-PE naun Toka Iy B 3aBMCMMOCTM OT TMNA NapameTpa;

o > —

O3Ha4aeT CymmapHoe 3Ha4YyeHne Ana CUCTeMbil,;

(1) — B 3-X NPOBOAHbIX CETAX, B Ka4ectBe CyMMapHOVI peaKTVIBHOﬁ MOLWHOCTN pacCCYUTbIBaETCA

HeaKTMBHasA MoWwHocTb N = /SZ — PZ (cM. 0bCyKaeHMe No peakTUBHOMN MOLLHOCTHM B rnase 5.3)

(2) —NepexogHble CKaYKM HAaNPAXEHUA N3MepAtoTca B KaHanax L1-PE, L2-PE, L3-PE u N-PE.

1.7 CooTBeTcTBME CTaHAAPTAM

AHanuszatop paspaboTaH Takum ob6pasom,
CTaHZApPTaX, YKa3aHHbIX HUXKeE.
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CraHapTbl, Kacalowueca U3MepeHramM NapameTpoB CeTu:

FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) — 2nekTpuyeckasa sHeprusa. COBMeECTUMOCTb
TEXHUYECKUX CPEeACTB 3NeKTPOMarHMTHaA. MeToabl W3MepeHWA MNoKasaTenen KadecTsa
3/IEKTPUYECKON IHEPruu;

FOCT 30804.4.7 — 2013 (IEC 61000-4-7:2009) — CoBMECTMMOCTb TEXHWYECKUX CPeacTB
3NeKTpoMarHuTHan. ObLee pyKOBOACTBO MO CPEACTBAM U3MEPEHUIN U N3MEPEHUAM FAPMOHUK U
WMHTEPrapMOHMK 418 CUCTEM 3/IEKTPOCHABKEHNA N NOAKNOYAEMbIX K HUM TEXHUYECKUX CPEACTB;
FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010) — COBMECTMMOCTb TEXHUYECKMX CPencTs
aNeKTpoMarHuTHasa. PamkepmeTtp. PYHKLMOHANbHbBIE N KOHCTPYKTMBHbIE TPebOBaHMA;

FOCT 32144-2013 - DSnektpuyeckaa 3sHeprma. COBMECTMMOCTb TEXHUMYECKUX CpeacTs
3NeKTPOMarHMTHaA. Hopmbl KayecTBa 3N1eKTPUUYECKON SHEPTUM B CUCTEMAX INEKTPOCHAOKEHMA
obLuero HasHayeHus.

CraHaapTbl 6€30NacHOCTU:

FOCT IEC 61010-1-2014 - bBe30nNacHOCTb 3S/EKTPUYECKUX KOHTPOJSIbHO-U3MEPUTESIbHbIX
npubopos n nabopaTtopHoro obopyaosaHus. Yactb 1. O6wue TpeboBaHuA.

CraHAapThbl, KacaloLmMeca 31EKTPOMArHUTHOM COBMECTUMOCTMU:

FOCT P M3K 61326-1-2014 — ObopyaoBaHUE 3/1EKTPUYECKOE AN U3MEPEHUSA, YNpPaBAEHUS U
nabopatopHoro npumeHeHuA. TpeboBaHUSA 3NEKTPOMArHUTHOW coBmecTUMocTU. Yactb 1.
Obume TpeboBaHuA.

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

Tabnuua 3. CootBeTcTBME BbIOPAHHbIX NAaPaMeTPOB, AEWCTBYIOWMM CTaHA4APTaM.

FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) Knacc A:
e OcCHOBHOE Bpems W3MEepeHMA 3HaAYeHWI napameTpoB (HanpsMKeHue, TOK,
rapMoOHMKK, acummeTpus) — 3To 10-nepuodHblii MHTepBan AN ceTel

O6veauHenne aneKTponuTaHua 50, 1 12-nepuoaHsblit g ceteit 607L;

NU3MepEeHUi no
WHTEpPBa/siaM BPEMEHMU

e WHTepBan 3 cekyHabl (150 nepuonoB AN HOMMHaNbHOW YacToTbl 500y ©
180 nepuogos ana 60ly);

o WNHTtepsan 10 muHyT;

e [HTepBan 2 yaca (Ha ocHoBe 12 nHTepBanos nNo 10 MUHYT);

e PecuHXpoHU3auma 1 HanoxeHne 10/12- nepnoaHbIX MHTEPBA/OB.

MorpewHoctb  xo4a
BPEMEHMW YacoB

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

e BcTpoeHHble 4Yacbl peasibHOrO BPEMEHW HaCTPauBalOTCA Ha YpPOBHe
nporpammbl  «SONEL ANALYSIS», cMHXpOHM3auum BpemeHn no GPS c
NOMOLLbIO BCTPOEHHOW WU/IM BHELUHEWN aHTEHHbI;

e TO4YHOCTb X043 4acoB B OTCyTCTBME curHana GPS nyduwe, yem + 0,3¢c/aeHsb.

BbinonHeHbl TpeboBaHua FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)

YacToTa
Knacc A ans metoaa v NOrpewwHoCcTM U3MEpPEHUS.
3HayeHue BbinonHeHbl TpeboBaHus FTOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Hanps»KeHna nuTanua | Knacc A ans metoza v NorpewwHoCcTM U3MepeHms.
KonebaHus
MeToa, M3MepeHUs M MOrpelHoCTb CooTBeTCTByeT TpeboBaHMAM cTaHAapTa
HanpsKeHus
FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010).
(dnukep)
MpoBansl, BbinonHeHbl TpeboBaHua FTOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)

17




npepbiBaHMA n | Knacc A ansa metoga 1 NOrpeLwwHoOCTM U3MEPEHUS.

nepeHanpaxXxeHuAa
NMNTaHUA

AcummeTpus BbinonHeHbl TpebosaHua FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
HanpsaXeHua NuTaHua | Knacc A gna metoda v NOrpewHoCTY USMepeHns.

FapMOHUKKM MeTtoa v norpewHocTb namepeHua B coorsetctammn ¢ NTOCT 30804.4.7 — 2013

HaNpAXEeHWA U TOKa (IEC 61000-4-7:2009) Knacc I.

MNHTeprapmoHuKu
HanpAMKeHUa 1 ToKa

BbinonHeHbl TpebosaHus FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gns metoga v norpewHoctn nsmepenus (FTOCT 30804.4.7 — 2013 (IEC
61000-4-7:2009)) knacc ).

CurHanbl ynpaeaeHus

B

HanpAXxXeHun

BbinonHeHbl TpeboBaHua FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)

nuTatoLLEM
Knacc A gna metoga v NOrpewHoCTU U3MepeHms.

2 IJKCIJYATAIHUA AHAJIN3ATOPA

2.1 Kiasuatypa

KnasuaTypa aHanusaTopa coctouT u3 yetbipéx knasuw: BK/BbiKN @B sneso &), snraso 9,
CTAPT/CTON @D . yr06b1 BRANOUMTL aHanM3aTop HeobxoAMMO HaKaTb KHOMKY €@ . Khonku

Hal'lpaBHEHMﬁ :) n Q rnNaBHbIM o6pa30M CnyXat AnAa CMeHbI MHd)OpMaLI,MM Ha Agucnnee.

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

3KpaHe NPOMCXOAMUT MEPEXOA K Nepsomy KpaHy. Knasnwa &=P meHseT nsobpaweHus Ha aucniee B

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

COOTBETCTBMM C YCTAHOBJ/IEHHON KOHPUTYPaLIMEN TEKYLLEN TOYKN U3MEPEHUA.

2.2 BkJ/IloUeHHe U BbIKJIIOYEHHe

18

AHanu3aTop BK/KOYAETCA HaXaTUMemM KIaBuLLn @D nosensercs 9KpaH C NpuBeTCTBMEM, Ha
KOTOpPOM OTOOpaXKaeTcs HazBaHMe Npubopa, BepcMA BCTPOEHHOIO NPOrpaMmmMHOro obecneyeHms
(aHrn. firmware), Bepcus obopyaoBaHUA U CEPUMHBIN HOMep. 3aTeM aHa/NM3aTop BbINOHAET
CamoTecTMpoBaHMe W B c/Aydae o0bOHapyXeHua oOwKOOK, Ha Aucnaee NOABAAETCA
COOTBETCTBYHOLLEE COODLLEHME, CONPOBOXKAAEMOE A/IMHHbIM 3BYKOBbIM CUrHasom. B cnyyae
OWMOKN MHULMANM3ALMM KapTbl NAamMATM HA AMchniee MNoABUTCA Haanucb «OwubKa KapTbl
namatu». Eciv ¢dainosas cuctema Ha KapTe MOBpeXKAeHa (Hanpumep, Korga nosib3oBaTteslb
BPY4HYI0 nepedpopmaTMpoBan KapTy B PEXKMME YTEHWUA NaMATU, B KOTOPOM MO/Sb30BaTe/lb UMeeT
MOMHBIN AOCTYN K COAEPKMMOMY KapTbl) aHaAM3aTop NpessioxKuMT oTGopMaTMpOBaTb MAMATb
(Hagnuce  «®dopmaTMpoBaTb KapTy NaMATU?»), KaasBuLlLen 7 3anyckaeTca npouecc
dopmaTtnpoBaHMa (3 KOPOTKMX 3BYKOBbIX CWrHana). Mocne npouecca ¢opmaTMpPOBAHMSA
aHaNN3aTop 3aHOBO MHULMAAN3IMUPYET KapTy NaMATU.

Ecan Bo BpemsA MHULMANAM3aUMKU KapTbl aHanM3aTop OOHapyXUT B KOPHEBOM KaTasnore dain
FIRMWARE.PQF, KoTopblh coaep»uT MHPopmauuMio O MPOLIMBKE aHanM3atopa (BHyTpeHHee
nporpammHoe obecrneyeHne) U Bepcua MPOWMBKM OyaeT HOBee TeEKylWen Bepcun
nporpammHoro obecneyeHne camoro aHanusatopa, OyaeT nNpeanoXeHo MPOBECTUM npouecc
06HOBNEHNA NporpammHoro obecneyeHmsa — Hagnuco «O6HOBUTL NPOLLIMBKY?». Knasuwa L S
3anycKaeT JaHHbIN npouecc (3 KOPOTKMX 3BYKOBbLIX CUTHasa), B TEYEHME KOTOPOro Ha Aucnjiee




MOXHO Habnogatb 3a xogom onepaummn. OBHOBAEHWE MOMKHO MPOMYCTUTb KPAaTKOBPEMEHHO
HaXXaB KHOMKY €D tcan o6HoBREHNE NPOLLO YCNeLwHo, TO NosBUTCA Haagnucb «O6HOBNAEHO
ycnewHo!», B NpoTMBHOM cydyae «O6BHOBUTb He yAanocb!». 3aTem aHanM3aTop aBTOMaTUYECKM
OTK/IIO4aEeTCA.

e  AHaA/NM3aTOP HACTPaMBAETCA Ha MNOCNEAHIOK UCMOb30BAHHYIO TOYKY M3MEPEHUA U NEPEXOOUT K
oTobpakeHUto Ha gucnnee sKkpaHa 1/9 c usobpakeHmem BEeKTOPHOM AMarpammoi.

e  BbiK/AlOYeHUE aHanM3aTopa NPOU3BOAMTCA yAEpKaHUEM KNaBuLLn €@ 5 revenme 2 CEeKyHA,
€C/IN He BKJItoYeHa 6N0KMPOBKa KNaBuaTypbl UM perncTpaums.

e HarkaTve Ha aKTUBHYIO KNaBWULLY BbI3biBAET MOAB/NEHME KOPOTKOrO 3BYKOBOrO CUrHaNa BbICOKOM
TOHa/NIbHOCTWU; AN HEaKTUBHOM KNaBMLWIKM 3TOT 3BYK NPOAONKUTENbHee C 6osiee HWU3KOM
TOHa/IbHOCTbIO.

e YaepuBaHMEe B HaXaTOM COCTOsiHUM bosiee yem Ha 1,5 ceKyHAbl KnaBuwu O ©
BbI3bIBaeT NPUHYAUTENbHOE 0OHOBIEHWE N306paXKeHNA Ha gucnaee.

2.3 dDyHKOMA aBTOMATHYECKOr'0 BBIK/IIYEeHUs

Ecnn aHanusatop 6onee 30 MUHYT paboTaeT OT aKKyMyNATOPHOW 6aTapeun (Npu OTCYTCTBMM BHELIHEro
WCTOYHMKA MUTaHUA) M HEe HaxoOMTCA B PEXMMEe PerucTpaumm UM HeT aKTUBHOro COeAMHEHUA C
KOMMbIOTEPOM, OH aBTOMAaTUYECKM OTK/IOYaeTCs 410 NpeaoTBpalleHna pa3paga akkymyaatopa.

ABTOMAaTUYECKOE BbIK/IIOYEHUE aHAM3aTopa BO3HWKAET TaKXKe B C/lydae MNOMHOro paspaga
aKKymynAtopa. Takoe aBapuitHOe OTKAOYEHME NPOU3BOAUTCA HE3aBMCMMO OT PEXMMA, B KOTOPOM OH
HaxoauTcA. B cnyyae aKTMBHOW pernctpaumu, oHa npepbiBaeTtca. [locne BO3BpaALLEHUA HAMNPAMKEHUs
MUTAHWMA perucTpauma BO306HOBNAETCA. ABApUMHOE OTK/OYEHME CUrHaAnAU3Mpyetca cooblieHrem
«AKKYMYNIATOP pa3psizKeH!».,

2.4 H306paxxeHUsd Ha AMcCIIee (3KPaHBbI)

MpumeyaHue:
KonnyectBo sKpaHOB ABAAETCA NPEMEHHON BENIMYMHOM U 3aBUCUT OT TMNA aHanm3atopa. AHann3aTopsl
PQM-702(T), PQM-703 umetoT 9 BMAOB 3KpaHOB, a aHanusaTopbl PQM-710 1 PQM-711 — 10 3KkpaHoOB.

Ha puc. 5 nokasaH nepsblii U3 3KPaHOB, OTOBPaXKaeMbIX aHa/sIM3aTOPOM Ha aucnnee. MaHesb MeHIo B
BEPXHEN YacTU ABAAETCA MNOCTOAHHBIM 3/1EMEHTOM, MOKa3blBAEMbIM HE33aBUCMMO OT BbIGPaHHOro
3KpaHa.

P3| 1.80 GB | 20.12.12 11:30:12 |

Puc. 5. 9kpaH 1/9 c BeKTopHOW Anarpammoin.
Ha naHennM MoKHO BblAENUTb (HauMHas cnesa):
o Homep aKTMBHOM TOYKU uamepeHua: P1, P2, P3 nnm P4. B HEKOTOpPbIX penMmax Homep TOUKU

OT06pa)KaETCF| noo4vyepegHo ¢ 4ONONTHUTENbHbIM Fpad)M‘-leCKMM CMMBOJIOM:
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CumBON CUHYcoMAbl OTOBpaXKaeTca, Korga NaMaTb TOUYKU M3MEPEHMA NOJTHOCTbIO 3aMoJIHEHA
3aperncTpUpPoBaHHbBIMW  AAHHBIMU WAW KOTAA AN AAHHOM TOYKM M3MepeHus He 6bino
Ha3Ha4YeHO HMKAKOro mecrta (HyneBas KBOTa). B TaKMX yCNOBUAX 3aMyCTUTb PErNCTPaLMIO Heb3A.
BO3MOKeH TOIbKO NPOCMOTP TEKYLLMX 3HAYEHUA.

CMMBOAN 03HAYaeT OXKuaaHue 3anycka permcrtpaumm no nepsomy obHapy»<eHHOMY cobbITUIo
(3anycK oT npesblleHNa nopora).

B ciimson necounbix yacos osnauaer OXWAaHWe Hayana pPerucTpauun B pexkume pacnmucaHus
(Tak:Ke B NnepepbliBax MeXAy MHTEPBaNaMMU peructTpauun).

CBob60aHOE MECTO Ha KapTe NamaATU ANA aKTUBHOM TOUKM namepeHmsa B Mb nnu I'6;

o Tekywme gata n Bpema B dopmate: AO.MM.ITIT Y4:MM:CC. faTta n Bpema oTobpakatoTca
3e/1éHbIM LBETOM, €C/NM BpemA aHa/mn3aTtopa CUHXPOHU3MPOBAHO cO BpemeHem no GPS wu
cooTBeTCTBYeT TpeboBaHMAM K TOYHOCTM ONpeaeseHus BpemeHMu, yctaHoBneHHoro [OCT
30804.4.30 — 2013 (IEC 61000-4-30:2008), npMmeHUTENbHO K aHanu3aTopam Knacca A. Ecau
BPEMS He OTBEYAET 3TUM TpeboBaHMAM, TO OTOBparXKaeTcAa OpaHKEBbLIM LIBETOM;

MHAMKATOP NUTAHUA OT CETU UIM YPOBEHDb 3apAafa aKKYMYAATOPa;

e MHAWKaTOp ypoBHA curHana cetu GSM (npu Hannumm B cnoTe SIM-KapTbl M NOAKNHOYEHUA ee K

cetn GSM).

Homep 3KkpaHa oTobpaKaerca B NPaBoOM HUKHEM YIy AMUCTNES.

3KpaH 1/9 No ymonuyaHMIO BbIBOAUTCA Ha AWUCTIEN NPU BKAOYEHMM aHANM3ATOPaA M MOCAE U3MEHEHUA
TOYKM M3MepeHuA. Ha HEM npepncTaBfeHa BEKTOPHas AuMarpamma M3MepsieMoin CeTM U WMHAMKATOP
NPaBUALHOCTU MOAK/AOYEHMA K uUccnegyemod cetu. B cnayyae npaBuAbHOrO  NOAKAOYEHUA
oTobparkaeTca 3enéHblii cumBos «OK», a Koraa obHapy»KeHa noTeHuManbHan oWwnbKa - KPACHbIN 3HAYOK
«X» c Hagnucbto «OLUUBKA». KpacHbih 3Havyok «X» ¢ Hagnucoto «OLUUBKA» He 6n0Kupyet
PErUCTPaLMIO M O3HAYaET TOJIbKO TO, YTO aHA/IM3ATOP OOHAPYKMA BO3MOXKHYIO OLIMOKY B MOAKAOYEHUN.

Kputepumn, ncnonbsyemble aHaAU3aTOPOM A/1A BblABAEHUA OLINBKM noAaKnt4yeHnA, cneayrowme:

o OTK/NIOHEHME [OEWCTBYIOWLEro 3HaYeHUs HanpsaxeHua 6onee Yyem Ha 215% OT HOMWHANbHOrO
3HayeHus;

o OTKNOHEeHMe yrna casura $a3 OCHOBHOW rapMOHMKWM HanpsxeHus 6onee yem Ha +30° or
TEOPETMYECKOTo 3HAYEHMA NPU PE3UCTUBHOW HarpysKe U CUMMETPUYHOM CeTU (CM. NpuMeYaHue);

e OTKNOHEHMe yrna caBura a3 oCHOBHOM rapMOHMKN TOoKa 6onee yem Ha +55° OoT TeopeTnyeckoro
3HAYeHMA NPU PE3UCTUBHOMN HArpy3Ke U CUMMETPUYHOM CETU (CMOTPU NPUMEYaHUE HUKE);

e OTKAOHEHME YacToTbl ceTn bonee yem Ha +10% OT HOMUHAILHOTO 3HAYEHMA YaCTOTbI.

MpumeyaHue:

[Ons obHapyKeHuMa owmnbku casura ¢asbl TpebyeTtcs, YToObl OCHOBHAs COCTaBAAlOWAA npouecca bbinia
60/1ble uan paBHa 5% OT HOMUWHAIbHOTO 3HAYEHMWS HANPSXeHUs AN 1% OT HOMWHAIbHOTO AManasoHa
TOKa. Ecnu 370 ycnoBue He BbINOMHAETCA, TO NPaBUAbHOCTb YI10B cagura ¢as He nposBepaeTcs.

Takaa ¢YHKUMOHANLHOCTb MO3BO/MAET MNPOBECTM ObICTPYIO BU3YaNbHYIO OLEHKY TOrO, HACKOJIbKO
napameTpbl CETU COOTBETCTBYIOT KOHUIypaL MM aHaamnsaTopa.

3KpaH 2/9 (puc. 6). Ha HEm npeacTaBneHbl USMEPEHHbIE AEWUCTBYIOLME 3HAYEHMA HaMPAXEHMIN U TOKOB
B Lenun 1 4acToTa ceTu.
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PaM-7021 Mpu NoaxkAOYEeHNN TeMmnepaTypHoro 3oHAa ST-2, NoKasaTenu TemnepaTypbl BbICBEYMBAOTCA Ha
JaHHOM 3KpaHe.

P3| 1.30 GB | 20.12.12 11:30:10 [-[f..

I =2245V 1= 2227 4
Uz =2276V 12= 2839 A
U3 =2280V 13=23.37 A
Unee = 0.028 V In=10.95 A
[ =50.00He

Puc. 6. 3KpaH 2/9 ¢ AeACTBYIOLMMMN 3HAYEHNAMM HaMNPAMKEHUIA U TOKOB.

3KpaH 3/9 (puc.7). MNoKasblBaeT aKTUBHbIE W PeaKTUBHble MOLLHOCTU. MOLWHOCTM OTAeNbHbIX ¢a3s
nocneposatenbHo 0603HayeHbl Homepamun oT 1 po 3. WTtoroeble MOLWHOCTM OTOOpakaloTca B
nocneaHemn ctTpoke (ob6osHaueHne P n Q).

P3| 1.80 GB | 20.12.12 11:30:09 |»-[f..

P1= 4.825 kW 01= 9283 var
P2= 6.301 kW 02= 1.087 kvar
Pd= 4.981 kW 03= 1.289 kvar
P =16.11kW 0 = 3.307 kvar

Puc. 7. 9KpaH 3/9 c aKTUBHbIMM N PEAKTUBHbLIMMN MOLLHOCTAMM.

KpaH 4/9 (punc.8). OTobparxkaeT NONHYI MOLLHOCTb UCKaXKeHUI (0603HauyeHne SN) 1 NoAHY MOLLLHOCTb
(S). Koraa BbibpaHO M3mepeHne MoLHOCTM No meToay Budeanu, BMecTo NOIHOM MOLLHOCTU UCKaXKEHWUM
0TOB6PaXKaEeTCA MOLLHOCTb UCKaXKeHuM D.

P3| 1.80 GB | 20.12.12 11:30:08 |»-[f.

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. 9KpaH 4/9 ¢ MOLLHOCTAMM NUCKaXKEHUA U MNOSIHOW MOLLHOCTb!HO.

3KpaH 5/9 (pnc.9) otobpakaeT KOIPPULMEHTbI raPMOHNYECKMX MCKaxeHuit THD ansa Hanps»eHusa u
ToKa. KoaddpuumeHTbl, NOKasaHHble Ha 3TOM M306paXKeHWW, PaccUUTaHbl OTHOCUTE/IbHO OCHOBHOW
COCTaBAAOLWEN.

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

THOU1 =3.013 % THOI= 17.69 %
THOUZ =2.902 % THOIZ= 1147 %
THOU3 =2.895 % THODI3= 19.49 %
THOUNee = 18.32 % THOW= 184.0 %

Puc. 9. 3kpaH 5/9 ¢ KoapPpuuMeHTammn rapmMoHUYECKUX UCKasKeH i THD.

21



JKpaH 6/9 (puc.10). NMoKaszaHbl KoadduLMeHTbl Mo HOCTU PF 1 tgo.

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

PF1= 0.965 tanp1= 0.191
PF2=0.978 tanp2= 0.169
PF3= 0.948 tanp3= 0.255
PF = 0.926 tanp = 0.202

Puc. 10. 3kpaH 6/9 c KoapdULUMEHTaMM MOLLHOCTU U tEO.

3KpaH 7/9 (puc.11). — 3To nocaeaHUIt U3 3KPAHOB U3MEPEHUI U NpeacTaBAAeT KPaTKOBPEMEHHbIE U

anutenbHble go3bl pankepa Ps U Py. Mokasatenb Pi obHoBAsieTcA Kaxkaple 10 MUHYT, a Py Karkaple 2

Yaca.

P3 | 1.80 GB | 20.12.12 11:30:03 | [T,

Pst1= 4.337 Pit1=- - -
PstZ= 3.269 P2=- - -
Pst3= 2710 Pit3=- - -

Puc. 11. 9kpaH 7/9 c noKkasatenamu mepuaHuA ceeTa.

IKpaH 8/9 (puc.12) npeacrasaset cneayoLyo MHGOpMaLUIO:
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P1]1.78 GB [ 25.02.14 10:45:10 |+ [t
Start  : 25.02.2014 10:44:44

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

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

Puc. 12. kpaH 8/9

Bpema Hauyana nocnegHeilt 3anyweHHOM perucTpauum WAM BpPeMA Hadvana Ccieaylollero
3aMN/71aHNPOBAHHOIO MHTEPBaNa PerncTpaLmm B PeXKMME PErMCTPaLLMM NO PacNUCaHUIO;

Bpema OKOHYaHWA nociedHel 3anyLLeHHOW peructpaummn (ecim perncrpauma yxe UOET, To
0TO6PAXKAKTCA YEPTOUKM) MM BPEMS OKOHYAHUA CleayloLero 3aniaHnpoBaHHOIO MHTepBana
perucTpauumn B pexnme perucTpaLmm no pacnnucaHuio;

MPOAOMKMTENbHOCTD  TEKYWEN WAM  yXKe 3aBepWwéHHON  perucTpaumv, BO3MOMKHAA
NPOAOMNKNUTENbHOCTL MHTEPBANA PEFMCTPALLIMM B PEXMME PacnncaHms;

Yuncno cobbITUiA, 3aperncTpMpoBaHHbIX aHaIM3aTOPOM C MOMEHTA 3anycKa perncTpaumy;
CoctoaHne cetm GSM. B 3Tol CTpoKe oTobBparkaloTcA COOBLLEHUA, KOTopble OTHOCATCA K
TEKyLWeMy COCTOAHMIO BCTPOEHHOro mogema GSM:

o «BKAlouYeHue ...»: MoaeMm BK/IOYAETCA;

o «MaéT nogKnoueHue K ceTu»: moaem permcrtpmpyertca B cetu GSM;

o «WNaét nogknoueHne K UHTEepHeTy»: MOLEM aKTUBMPYET YCAYyry MakeTHOW nepenayu
OaHHbIX U pernctpupyetca B cetn NHTepHerT;

o «lForoB, UMTS»: mogem ycnewHo 3apernctpmposanca B cetm GSM 1 0Xuaaet CBA3N C
KnneHtom. UMTS - 370 Ha3BaHWe CTaHAapTa nepefavm AaHHbIX B CETU, BO3MOXKHOCTb
€ro UCno/ib30BaHWA 3aBUCUT OT AOCTYNHOCTU YCAYT B BalleM pernoHe.



AHaNM3aTOpP MOXKET 0TOBParKaTb HA STOM MecTe U Apyrve coobLLEeHMA, HanpUMep, MHPopmupytoLne 06
0bHapyXeHHbIX owmnbKax: «Het SIM-KapTbl» - ec/iv B CNOT He ycTaHoBneHa SIM-kapTa; «HeBepHbii PIN-
Koa» - ecAn Wchnosib3yemblt aHanmsatopom PIN-kog 6bin oTKAOHEH SIM-KapTon, M T1.4. Bonee
noapobHoe onncaHne MOXKHO HaTK B pa3aenie o GSM coeanHeHUu.

e [locneaHas CTpOKa 3KpaHa 8/9 nokasbiBaeT cOCToAHMEe MpPUEMHMKA GPS: ecan B HacToAwwMiA
MOMEHT NPUHUMAETCA NPABUAbHBIN CUFHAN CO CNyTHWKOB GPS (C BHYTPEHHEN WAW BHeLHeM
aHTEHHbI), TO oTobparkaeTcsa cnoso «[AA». Eciv curHan He NpuHUMaeTcs, To oTobpakaeTcsa «Her
CUrHana»;

o TeKywMmii ypoBeHb curHana GPS;

e  WHpopmaumnio 06 ycTaHoBKe nosnoxeHua GPS (Hagnucb «2D») u/uan npuéme MCTUHHOTO
BpemeHu GPS (cumBon Yacos).

3KpaH 9/9 (puc.13) nossonseT 6bICTPO NPOBEPUTL OCHOBHbIE MapameTpbl KOHPUrypaLmmM TOUKU
M3mMepeHma:

e TunceTu;

e TN TOKOBbIX KNewe;

L] HomunHanbHblE 3HaYEHUA: HanpAaxeHua, Anana3oHa nsmepAaemMoro Toka 1 4actoTbl.

7.16 6B [ 17.01.13 17.00:21 [»[F.

Typ sieci: 3-fazowy gwiazda z N

Cagi :Fx

fn : 30 Hz
Un : 2300V
In : 3.000 kA

Puc. 13. 9kpaH 9/9 c mHbopmaL et 0 NnapameTpax TOUKM U3MEpPeHUA.

mm OKpaH 10/10 oTobparkaeT Tekyllee cocToAHWe b6ecnposogHoro coeamHeHmsa Wi-Fi. C
MOMOLLbIO 3TOTO 3KPaHa NoJIb30BaTE/Ib MOXKET NPOYUTATD:

e YpoBeHb PaAMOCUTHANA — CUTHAAN3UPyeT 3HAYOoK %, rge KoJMYecTBO 3eéHbIX MOOCOK
0O3HayYaeT ypoBeHb cUrHana: ot 0 — oTCyTCTBYET, 0 4 — BbICOKMIA,

e CocrosiHue coegmHeHua (Fotos, MonyueHune agpeca IP, Mouck cetu);

o  MAC-agpec ans Wi-Fi nntepdeica aHanmsartopa;

e |P-agpec, KoTopblit UMeeT aHanusaTop B ceTn Wi-Fi. Ecam agpec 6bin NnpucBoeH aBTOMaTUYECKM,
To oTobpaxkaeTtca Hagnuco «(DHCP)»;

o UpeHTudunkartop SSID cetn Wi-Fi, K KOTOpOI NOAKNIOYEH aHanM3aTop.

P1]1.78 GB | 16.04.14 16:11:48 [Cun?

Wi-Fi < : Gotowy

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

Puc. 14. 3kpaH 10/10 c nudpopmaLmein o TEKYLEM COCTOAHUM noakntoveHna Wi-Fi.
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2.5

IIporpamma «SONEL ANALYSIS»

Mporpamma «SONEL ANALYSIS» — 3To npunoxeHune, Heobxoanumoe s paboTbl C aHaM3aTOpamMmM cepum

PQM.

OHa no3BO/IET BbINOJIHUTD:

KoHdwrypaumio aHannsaTopa;

YTeHne gaHHbIX U3 perncTpaTopa;

MOHUTOPUHT CETU B peXXMME peasbHOro BpeMeHu;

YaaneHue aaHHbIX U3 aHaM3aTopa;

MpepcTraBneHme gaHHbIX B BUAeE Tabauy;

MpeacTaBneHne gaHHbIX B BUAE rpadumKos (amarpamm);

AHanu3 pgaHHbIX ¢ Touku 3peHua TOCT 32144-2013, cucTeMHOro peryimpoBaHWA W Opyrux
YCNOBUIA, onpeaenaemblix No/ib3oBaTenem;

HezaBncnmyo noaaepKKy HECKONbKUX YCTPOICTB;

O6HoBNEHME [0 CcaMoW nocneaHel BeEPCUMM BCTPOEHHOrO MPOrpamMmHoro obecneveHus
(NpoLlwKMBKKM) aHANIM3ATOPOB M CAMOTO NPUIOKEHUS.

MoapobHasa MHCTpyKuMa no pabote c nporpammoirt «SONEL ANALYSIS» npuBeseHa B OTAE/NbHOM

JOKyMeHTe (Take MoXKHO 6ecniiaTHO 3arpysuTb C caiiTa npomssoautens http://www.sonel.ru/).

2.6

Coeaunenue c I[IK 1 nepeaaya JaHHBIX

AHanunsaTtop npeaoctaBaseT Tpu cnocoba obMeHa AaHHbIMM C KOMMbIOTEPOM:

MNposogHoe coegnHeHne no USB;

m m IEEB Pagunocsasb B gmManasoHe 433MrM L, ¢ nomowbio npnémHmka OR-1;
BecnpoBoaHan cBA3b Yepes BCTPOEHHbI mogem GSM;

mm PagunocBaAsb ¢ nomolblo becnposoaHoi nepegaun gaHHbix Wi-Fi — komnbloTep
W aHa/nM3aTop AOJ/IKHbI ObITb NOAKAIOYEHDbI K TOM Ke ceTn LAN MnmM MmeTb BO3MOXKHOCTb CBSI3M
yepe3 WAN (cooTseTcTBytoLLLaA KOHPUIypaLMsa mapLipyTM3aTopa).

CoeauHeHue c KomnbloTepom (pexxkum MK) nossonseT:

MNepenasaTb AaHHbIe, COXPAHEHHbIE B NAMATK perncTpartopa:
O BO3MOXHOCTb CYNTbIBAHMA AAHHbIX BCEX TOYEK N3MEPEHMUA;
MpocmaTtpmBaTb NapameTpbl CETU Ha KOMMblOTepe:
O MFHOBEHHble 3Ha4YeHMA TOKa, HANPAXEHWA, MOLLHOCTM U 3SHEpPruMn, CymMMmapHble
3HaYeHUsA 415 BCEW CUCTEMDI;
rapMOHWKN, UHTEPrapMOHUKU, MOLLHOCTU FAapMOHUK, THD, TID;
ACMMMETPUIO;
BEKTOPHbIE ANarpaMmbl 415 HANPAXKEHWUN;

O O O O

OCUMANOrPaMMbl TOKa M HanpsaXKeHus, oTobparkaemble B peKMME peasibHOro BpeMeHu;
O BCe OCTa/ibHble U3MepAemble NapameTpbl, He NepeYncaeHHble 340eCh.
KoHdurypauuio aHanmM3aTopa, ANCTaHLMOHHbIN 3aNyCcK U NpeKpalleHne perucTpauun.

Mocne NoOAKAKOYEHMA K KOMMNbIOTEPY Ha gucnnee noasndeTca Haanucb «lMopkntouyeHue MK» v tmn

NOAKNKOYEHNA.

Bo Bpema coeamHeHuna c MK, Knasuwm 3a6N0OKMPOBaHbI, KPOME KAaBMLLM © ccm aHanusartop

paboTaeT C BK/AOYEHHbIM PEXMMOM BOKMPOBKM KNaBmaTypbl (Hanpumep, BO Bpems pernctpauuun), To

BCe Knasunun 3a6l'IOKI/IpOBaHbI.
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http://www.sonel.ru/ru/biblio/software/

[na Toro, 4tobbl COEANHUTLCA C aHANM3aTOPOM Heobxoaumo BeecTu ero PIN-koa. Kopa no ymonyanuto
570 000. PIN-KO4 MOMHO M3MEHUTb C NomMmoLbto nporpammbl «SONEL ANALYSIS».

Tpu nonbiTKM BBOAA HenpaBunbHoro PIN-koaa 610KMpyloT nepefady AaHHbIX Ha 10 muHyT. TosbKo
nocse aToro BpemeHun 6yaet BO3MOXKHa NOBTOPHas MomnbITKa BBECTU KOA,

Echn B TeyeHne 30 cekyHA nocne nogkntoyeHus K MK He NpoucxoauT HUKAKOro obmeHa AaHHbIMM
MEXAy aHa/M3aTopoOM M KOMMbIOTEPOM, aHaAM3aToOp BbIXOAUT M3 peXkMma nepenayn AaHHbIX U
3aBepuiaeT NoAKaYeHue.

BHumaHue /i\

Yaep)KaHue B Te4eHUe 5 CeKyHA, KnasuLl |~ 7] «© Bo3BpawaeT PIN-Kog no ymonuyaHuio (000).
Ecnan BKAoueHa 6/10KMpPOBKA KnaBUATypbl BO Bpemsa perucrpauum, To oHa umeert 6onee BbICOKMIA
npuopuTeT (CHauana HYXXHO pa3610KMpoBaTb Knasuwmn, utobbl 06HYAUTL PIN-KoA). OnAa aBapuitHoOM

Pa3ba0KMPOBKM KNaBUATYpPbl YAEPKUBaATE B TeUEHUE 5 CeKYHA, KNaBuLum D,

Ecnm ecTb aKTMBHOE MOAKAOYEHME N0ObIM M3 CNOCOBOB KOMMYHWMKAUWKM, TO HEBO3MOMKHA CBfA3b C
aHa/IN3aToOpPOM APYrMm crnocobom, Hanpumep, ecim yCTaHOBAEHO coeanHeHue no USB, HEBO3MOMKHO
NOAKNOUUTBLCA K aHaM3aTopy no paauno vyepes OR-1 unm no GSM. B Takom cnydyae nporpamma BbiBOAUT
COO06LLEHME, YTO YIKE aKTUBHO Apyroe coeguHeHMe.

2.6.1 CBaspmno USB

USB — saBnsetcA NOCTOAHHO [AEUCTBYIOWMM UHTEPPENCOM M He UMEeeT BO3MOXKHOCTM CBOEro
OTKAoYeHMA. [na Toro, YyTobbl COEANHUTLCA C aHaIM3aTOPOM, HEOHBXOAMMO CoeanHUTL ero Kabenem
USB c kKomnbioTepom (pasbém USB HaxoguTca Ha /NeBOM CTeHKe aHaauMsatopa M 3alMuéH
YNNOTHUTENBHOM  3arfylwkoi). Ha KomnbioTepe HeobxoguMMO  NpefBapuTesbHO  YCTaHOBMUTb
nporpammHoe obecneuveHne « SONEL ANALYSIS» BmecTe ¢ gpaBepamum.

CKopoCTb nepeaayn gaHHbIX coctasnsfet 921,6k6ut/c. Kpome TOro, BCTPOEHHbIN CUUTbIBaTENb C KapTbl
NnamsaTXU NO3BOMIAET 3arpyaTb [JaHHble PEerucTpaumMm Cco CKOPOCTbiO ropasgo bonblwen, vyem
CTaHAapTHasA. B aTom perkume aHanusatop obecneuymBaeT NPSAMOM AOCTYN K CBOEW KapTe NamMaTH, 4To
Mo3BOMAET CYUTHIBATb AaHHbIE CO CKOPOCTbIO B HECKo/NbKo M6uT/c. Bo Bpemsa TaKoro uyteHus He
BO3MOKHA HOPMaNbHAA CBA3b C aHA/NM3aTOPOM, HaNpUMmep, NPOCMOTP AaHHbIX B PeXMMe peasbHoro
BpemeHu. [locne CcuYMTbiBaHMA [OaHHbIX C  KapTbl namatv, npunoxkeHme «SONEL ANALYSIS»
aBTOMATMYECKMN MEPEKOYaET aHaA/IM3aTOP U3 peXKnMMa YTEHUA B PEKUM CTAaHLAPTHOM CBA3M.

BHMMaHuMe &

B pexxume uTeHMsa BCE copeprKumoe KapTbl NamATU oTobparkaetca Ha MK KaK AUCK B onepauMOHHOIA
cucTeme, UYTO MO3BOJIAET MOJIYYUTb HEOrPaHMUEHHbIN AOCTYN K ero cogepxXumomy. Ytobbl He
nospeAunTb $aiiNnoBylO CUCTEMY HA KapTe NAMATU U He NOTEPATb XPaHALLMeCcA Ha Hell faHHble, HeNb3A
camocTofTeNbHO BMmewmBaTbca B ¢ainoByo cuctemy (Hanpumep, €o3[aBaTb WU COXPaHATbL
cobcTBeHHble dalinbl uan yaanatb ¢aitibl, 3anucaHHble aHanu3aTtopom). He ucnonb3yiite gna atoi
uenun gpyrux nporpamm, kpome nporpammbl «SONEL ANALYSIS».
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2.6.2 PaauocBs3b c nomombio OR-1 m m m

MoaknoumMB K KomnbloTepy paguoagantep OR-1, MOXHO YCTaHOBUTb C aHa/iM3aTopom becnpoBoaHoe
coegMHeHue, Ucnonb3ya amanasoH 433Mrlu. Paguyc gencrena B sTOM pexume orpaHuMyeH nNpumepHo
5Mm, a MaKcMManbHas CKOpoCTb Nepesayn AaHHbIX cocTaBaseT 57,6K6ut/c.

BHumaHue &

Mepes coeauHeHMemM C aHaAU3aTOpPOM MO PagMo HYXHO [06aBuTb Baw aHanusatop K 6ase
aHanusatopos (Mapametpbl = ba3a aHanusatopos). Mpu noucke cpegu aHaAU3aTopoB B CMUCKE
BOCTYMHbIX YCTPOMUCTB NOKa3bIBalOTCA TO/LKO Te, KOTOPble BHECeHb! B 6a3y.

NHTepdelic paamnocessm, NOAKNOUYEHHbIA K NPUEMHMKY OR-1, moxeT ObiTb OTK/AIOYEH B aHa/M3aTope.
[ns Toro, 4tobbl BKAOYMTL €ro 3aHOBO, HYXXHO BOCMNO/1b30BATbCA ABYMA APYIMMM TUMAMKU Nepesayn
AaHHbIX: USB nan GSM.

2.6.3 CBa3pb no cetu GSM

BcTpoeHHbih GSM mogem obecneumBaeT AOCTyn K aHanausaTopy M3 noboro mecta Ha 3emne, rae
pocTtynHa cetb GSM. Moaem nogaeprkmeaeTt cTaHAapT nepegaym gaHHbix UMTS HSPA ¢ makcMmanbHoM
CKOPOCTbIO nepegayn paHHbIX 5,76/7,2M6ut/c (oTnpasKka/nonyyerHue). Ytobbl ucnonb3osatb 3Ty
BO3MOXHOCTb, HEOBXOAMMO YCTAaHOBUTbL B C/IOT Ha BOKOBOWM NMaHenu aHanusatopa AencTseytolyto SIM-
KapTy.

SIM-KapTa AonHa 6bITb NOAKAOYEHA K CeAyOWUM BUAAM YCAYT:

e [lakeTHana nepegava gaHHbix (GPRS);
e 3aperncTpuMpoBaHHbIN cTaTuyeckuit IP-agpec;
e ®yHKuMA SMS ans oTNpaBKM yBEAOMAEHUIA CUTHANN3ALMN.

Ons  Hactpoitkm SIM-kapTbl M  Mogema B aHa/nuMsaTope HeobXoAMMbl Cchneaylowme LaHHble,
npeaocTaBafaemMble NOCTaBLLMKOM YCAYT nepeayn AaHHbIX:

e PIN-Kog gna SIM-KapTbl;

e PUK-kog ana SIM-KapTbl, B ciiydae 610KMPOBKM SIM-KapTbl NOC/Ne HECKOJIbKMX NOMNbITOK BBOAA
HenpasunbHoro PIN-koaa;

e |P- aapec, npeaocTtaBnieHHbil SIM-KapTe (3To AonKeH 6biTb CTaTUYECKMI afpec);

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

e /ms nonb3oBaTens v Napoab (ONUMOHaNbHO, KaK NpaBuo, He TpebyeTcs).

Mocne nepBoit yctaHoBKM SIM-KapTbl, aHanM3aTop OyaeT NbiTaTbCA BBECTM NocieAHUM BBeAEHHbIN PIN-
KOA, WAM KOog, MCMNOb3yemMblii Mo ymonyaHuto. OBbIMHO TaKkas NOMbITKa 3aKaHYMBAETCSA Heydayven u
aHanM3aTop BblAACT coobuweHne 06 owmnbke PIN-koge. s Toro, 4Tobbl BBECTU MpaBU/bHbIE AAHHbIE,
HeobXxoaAMMO MNOAKMUUTBCA K aHanmsaTopy no USB (nam OR-1) n HacTpouTb coeamHeHne GSM.
Mpoueaypa onucaHa B rnase 2.11.2. Ecnn aHanu3atop HACTPOeH MNpPaBUIbHO, TO OH MOMbITaeTca
coeamHnTbeA ¢ ceTbto GSM, a 3atem ¢ ceTbio MHTepHeT. AHanm3aTtop byaeT Tenepb BUAEH B MHTepHeTe,
nog npepoctaBneHHbiM IP-agpecom, wcnonb3sys nopt 4001 panAa BXogAawmx CcoeguHeHU. ITo
coeaMHeHME MOXKET bbITb ycTaHOBMeHOo npunoxeHnem «SONEL ANALYSIS». Echu GSM moaem He byaet
MCNONb30BaTbCA, €0 MOXHO OTKAKYMUTL C MOMOLLbIO nporpammbl. MoapobHee o KoHdUrypaumu
aHanu3saTtopa Ana ceasmn no GSM s rnase 2.11.
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2.6.4 becnpoBojHas cBaA3b 10 Wi-Fi (Pou-T10 | Pom-711

AHanuszatopbl PQM-710/711 ocHaueHbl mogynem Wi-Fi, paboTatowem B ctaHgapte IEEE 802.11 «b/g» n
«N» C 04HOMOTOYHOW Nepegayen AaHHbIX (TOYKM AOCTyNa C OAHON aHTEHHOM). 9TO NO3BOAAET NOAYYUTb
YOANEHHbIA AOCTYN K aHanM3aTopy C naaHweta (Mam KomnbloTepa). BosamorXKHO npamoe noakaoyeHue
«nnaHWeT < aHa/nM3aTop», paboTa B I0KaNbHOM ceTn nan yepes MHTepHer.

Bo3moxHa paboTa B OTKPbITOM ceTn UK 3almLLEHHOM no cTaHaapTy WPA/WPA2-PSK.

Mpu npamom nogKatodeHnn, Toukon goctyna Wi-Fi (mapwpyTtmnsatopom) senserca naaHweT. s Takol
paboTbl, aHaIN3aTOP M NNAHLIET HACTPOEHbI HA 3aBOAE-U3rOTOBUTENE.

MnaHweT moxeT paboTaTb BMeCTe C HECKONbKMMMK aHanm3aTopamu. Tpebyetcs Tonbko A06aBUTL UX B
6a3y aHa/IM3aTopPOB.

Mocne MoOAKNOUYEHUA K TOYKE AOCTyNna aHanM3aTop 3anycKaeT cay»Kby cepsepa nogkawoueHus TCP/IP
nog cratuyeckmm IP-agpecom wmnm npucBoeHHbim cepsepom DHCP Ttoukm pgoctyna. [Mopt TCP,
NCNo/Ib3yeMbll KaK B JIOKAJIbHOM CETU, TaK U NPU NPAMOM NoakAto4eHnn — 37o 4002.

M3-3a BO3MOXHOCTM MCMOIb30BaHUA AMHAMMYEcKoro agpeca npu paboTte B JOKAaNbHOW CeTU WM
npsmom coeamHeHuun, npunoxeHne «SONEL ANALYSIS» ckaHupyeT BCO NOACETb, YTOObI HAWTK
aHanmzatop ¢ MAC-agpecom, COOTBETCTBYHOLMM TOMY, KakKoW Obln HasHayeH Aasa aHanausatopa C
OAHHbBIM CEPUNHBIM HOMEPOM.

CoeaMHEHME C aHAIM3aTOPOM Yepes UHTEPHET TpebyeT COOTBETCTBYIOLWEN HACTPOMKM MapLLpyTU3aTopa
Wi-Fi agMUHKUCTPATOPOM CETHU.

AHanusaTop, B npeaenax [OCAraeMoCTM KOTOpPOro He oOOHapy)XeHa Heobxoaumasa Touka AOCTyna,
OCTaETCA B peXXMME CKAaHMPOBaHUA amanasoHa Wi-Fi 2.41Twu,

MpumeyaHue:
CoeauHeHWe C aHaNM3aToOpM Yepes MHTepHeT TpebyeT COOTBETCTBYIOLLEN HACTPOMKM MapLLpyTM3aTopa
Wi-Fi agMUHUCTPATOPOM CETHU.

MoapobHaa nHbopmaumsa o KoHourypauum ceasm no Wi-Fi n cnocobax coegmHeHMA ¢ aHANN3aTOPOM,
HaxoauTcAa B rnase 2.12.

2.7 TlpoBejeHMe U3MepeHUH
2.7.1 To4yku U3MepeHUM

AHann3aTop NoO3BONSAET COXPAHWUTL YETbIPE MOJIHOCTBIO HE3ABUCUMbIE U3MEpPUTE/IbHbIE KOHOUTYpaLuu,
KOTOpble Ha3BaHbl KTOYKAMM U3MEPEHUNI». HOMEp aKTMBHOM TOUKN M3MepeHnsa oTobparkaeTca B IeBOM
BEPXHEM YAy Aucnies.

Mpn OAHOBPEMEHHOM yaepkuBaHun B Tedermne lcek. knasnwn @D u & orobpaxaerca sxkpaH
BblbOpa TOUYKM n3mepeHus (puc. 15).
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P1[1.80 6B [ 12.11.12 16:57:30 [»]

Wyhdr punktu pomiarowego

M P2 P2 P4

A A A A
Puc. 15. BbibOp TOUYKM U3MEPEHMUA.

YT106bI BbIOPATL OAHY M3 YETbIPEX TOYEK CAEAYET HaXKaTb COOTBETCTBYIOLLYIO KAaBuLy, 0603HaAYEHHYO
CMMBOJ/IOM TPEYro/ibHMKa Ha Aucnnee:

e [1nA BblbOpa TOUKM M3MepeHMA 1 HYKHO BbIOpaTb KnasuLLy «

e [1nA BbI6Opa TOUYKN N3MepPEHUA 2 HYXKHO BbIOpaTb KNaBuLy &

e [1nA BbIbOpa TOUYKN N3MmepeHns 3 HY»KHO BbIOpaTb KNasuLy o

e [1nA BblbOpa TOUYKN N3MepeHUs 4 Hy»KHO BbIbpaTb KNaBuLy L S )

Mocne BbibOpa TOYKU MIMEPEHUA aHaNM3aTop MNepexoamuT K oToBpakeHUI0 BEKTOPHOM Auarpammbl
(3kpaH 1/9) » ocyuwiectBAseT NPOBEPKY MNPaBUALHOCTU MOAK/AIOYEHMA K uccneayemoin cetu. Ecam
obHapy»eHa owmnbKa, To BblAAETCA AJIMHHbBIN 3BYKOBOM CUTHa.

EC/iv Nonb30BaTeNb OTKAMKETCA OT Bbl6Opa TOUKM M3MEPEHMA M HEe HAaXKMET HUKAKOM Knasuwu, yepes
HECKO/IbKO CEKYHA, aHaM3aTop BO3BPALLAETCA K NpeablayLemy SKpaHy.

B onpefeneHHbIX CUTyauMAaX U3MEHUTb TOUKY U3MEPEHMA HEeBO3MOXKHO. o KpalHen mepe, B ABYX
cneayowmx cayyanx:

e AHANM3aTOp HAXOAUTCA B MPOLLECCE PEruMcTpaumMu; B 3TOM cCaydyae oTobpakaetca coobuieHue
«MNpéTt pernctpauun»;
e BbinonHsetcs obmeH AaHHbIMK ¢ KomnbtoTepom (no USB, OR-1, Wi-Fi unu GSM). B aTom cnyyae

Knasuu :’ 7] c HeaKTUBHbI.

Monb3oBaTe/Ib MOXKET 334aTb l0O0E NPOLLEHTHOE COOTHOLLEHME NAMATK AJ1A KaXKL0M TOUKK (Hanpumep,
100% ona nepBoM M OTCYTCTBME APYIUX TOYEK, UAM Mo 25% Ona Kaxwngon Touku). Ecam ana Kakon-to
TOYKM U3MEpPEHMA OTBEAEHA BCA NaMATb, NPU BbIBOpEe OCTasibHbIX HA AWCN/Iee BbIBOAUTCA NONEPEeMeEHHO
HOMEp TOYKM C CUMBOJIOM CUMHYCOWMAbI, O3HAYaloLLee, YTO BO3MOXKEH TOJIbKO MPOCMOTP NapameTpoB
CeTU B pPeXMMe peanbHOro BpeMeHM!.

2.7.2 3anyck 4 OCTAaHOBKA perucrpauuu

Echn Ha KapTe namaAtn B TEKyU.I,Eﬁ TOYKE U3MeEPEHUNA ecCTb CBO60,CI,HO€ MeCTO, TO MOXHO Ha4yaTb
perncTpauunio, HaxXmMmaa Kiasuly @ W Ha YPOBHE NPUIOXKeEHNA, eCnan YCTaHOB/IEHO coeanHEHNE C
MK.

PexXunm 3anycka perncrpaLmMm 3aBUCUT OT TOTO, KaK OH HAaCTPOEH B KOHOUTYPaLLMM TOYKM U3MEPEHMS.
BO3MOKHbI TPU perKMMa:

L HEMEAﬂeHHbIﬁ 3aNyCK — perncTpauma Ha4ynHaeTCA Cpa3y e nocsie Ha*XaTna KnasBuLln.
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e 3anyck no o6Hapy}KeHWIo NepBoro cobbITUA — aHANN3aToOP OXMAAET Hayana pPerucTpaumm 4o Tex
nop, Noka OAMH W3 MapPamMeTPOB KOHOWUIypauuu TOYKM WM3MepeHMUs, MPEeBbICUT MOpPOoroBoe
3HauyeHue, MHUUMMpylolwee cobbiTe. Bo Bpema oOXuAaHUA cOObITUA B CTPOKE COCTOAHUA
aHa/M3aTopa OTobpaKaeTcd HOMepP TOYKM U3MEPEHUs, NMonepeMeHHO C CUMBOJIOM CK/IOHa CO
CTPENKOMN.

e 3anycKk B COOTBETCTBMM C 334aHHbIM BpPeMeHem peructpauumn (no rpaduky). Ha skpaHe 8/9
MOXHO NPOBEPWUTb, KOr4a 3aMn/jaHMPOBAHO HayaNo M OKOHYAHWE Cleaylolleir perucrTpauumu.
OOHOBPEMEHHO B CTPOKE COCTOAHMA OTOOpPaXKaeTcs HoMep TOYKM U3MEPEHUs, MoNepeMeHHO C
CMMBOJIOM NECOYHbIX YacoB. EcivM Bpemsa ans BCero 3annaHMPOBAHHOIO MO PACMMUCAHUIO YiKe
NPOLNO, TO PEerucTpauus He HAYHETCA U B CTPOKE COCTOAHMA OTOBparkaeTca HOMep TOYKM
N3MepeHUs, MONepeMeHHO C CMMBOJIOM CUHycouApbl (4TO O3HayaeT, YTO BO3MOXKEH TOJIbKO
NPOCMOTP TEKYLLMX 3HAYEHWI ceTH).

B pexkume perucrpaumm, oTobparkaemblit B BEPXHEM JIEBOM Yy AWCTIEA HOMEpP TOYKU M3MepeHus,
MWUFaeT OAMH Pa3s B CEKYHAY.

OKoHYaHWe perncTpaumm:

e Peructpaums 3aKaHYMBaEeTCA aBTOMATUUYECKU B PEXKMME pacnucaHua (eciv ycTaHOBAEHO Bpems
OKOHYaHMA), B OCTa/IbHbIX CAy4asx OHa MPOAO/IKAETCA A0 OCTaHOBKM MO/b30BaTesiem
(knaBuwen @D vnvna YPOBHE NPUNONKEHUA).

e Peructpaums 3akaHYMBaeTCA aBTOMAaTMYECKM NPWU 3anojIHEHUM BCero oTBeA&HHOro mecTa Ha
KapTe NamATU ONA OaHHOM TOYKM M3MepeHua. B 3Tom ciyyae Ha guchniee HOMep TOYKM
nsmepeHua byaet oTobpakaTbcs NooYepegHO CO 3HAYKOM CUHYCOUAbI.

e [Mcnnei ocTaéTcA B MOralleHHOM COCTOSIHMM MOoC/e 3aBeplleHus perncrpaumu, ecnu B
KOH}UrypaLumm akTMBMPOBaAH CRALWMIA pexxnm. Haxkatne ntoboi KAaBuLLKM Bbi3biBAaeT BKAKOHYEHME
MHAMKALMM U OTOBpaXkeHWe nocnedHero skpaHa (ecnv He 6bl10 6NOKMPOBKKM KAaBuLL) UK
TpeboBaHMA BBECTU KOZ 1A Pa3bI0KMPOBKM KNaBMaTypbl (eCaun BKAOYEHA BIOKMPOBKA).

2.7.3 Ilpu6aM3uTe/IbHOE BpeMs perucTpanuu

MaKcMmanbHoe BpemA perncTpauumn 3aBUCUT OT MHOTMX GaKTOPOB, TAaKUX KaK: pa3mep BblAENEHHOTO
MeCTa Ha KapTe NamATv, BpeMA ycpeaHeHuA, TUN ceTWn, KOJIMYeCTBO perucTtpupyemblix napameTpos,
3aMMcb OCUMANOIPAMM U OBHApy)KeHWe COObITUI, a TaKXKe OT caMMX Noporos cobbiTui. HekoTopble
BblOpaHHbIe KOHPUrypauum npuseaeHbl B Tabanue. B nocneaHel KOMOHKE YKa3aHO NpUMban3nUTeNbHOE
BPEMS perncrTpauum, Koraa Ha TOYKy uamepeHus BbigeneHo 2I'b cBobogHOro mecta Ha KapTe NamATu.
MpuBeaéHHbIE NPUMepPbI KOHOUIYpaLMI NpeanonaratoT namepeHune HanpaxeHna N-PE v Toka IN.

MpnbansnTenbHoe BpemMa perucTpaLumn Ans HeCKObKUX NPUMEPOB KOHOUTypaumum

Tun
Tun cetn MpubansutensHoe
KoHOUrypaumm/ Ocuunnorpammsi
Mepuog (akTMBHOE Ocumnnorpammsi BpeMA perncrpaumm
perucTpupyembie CobbiTuA . no nepuogy N
ycpeaHeHus n3MepeHune cobbITHI coeaHeHS npv oTBeAEHHOM
napameTpel TOKOB) ycpea mecTe 2I'b
Mo rOCT 3-¢pasHan ® (1000 N
10 -, | ® (1000 co6 60
30804.4.30-2013 MURYT 3Be3ga cobbITHiN) ( cobbiTui) ner
n
o npodunio 3-dasHan }
«HanpsaxkeHua un 1 cekyHaa 270 gHen
3Be3a
TOKM»
n
o npodunto 3-pasHan
«HanpsaxkeHua un 1 cekyHpa . 4 pHA
3Be3aa
TOKU»
Mo npodunio 1 cekyHaa 3-¢daszHan 23 pHA
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«MoLHOCTN N 3Be3ga
rapMOHUKN»
Mo npogwio 3-¢asHan ® (1000
«MouwHocTH m 1 cekyHaa - | ® (1000 cobbiTnit) 22,5 pHn
3Be3ga cobbiTunin)
rapMOHMKN»
BkntoueHbl Bce
3-¢asHan
BO3MOMHbIe 10 MmuHyT 4 ropa
3Be3a
napametpbl
BkntoyeHbl Bce
3-¢asHan o
BO3MOMHble 10 cekyHA, 25 aHen
3Be3a
napametpbl
BkntoueHbl Bce
BO3MOMHble 10 ceKkyHp, 1-¢pasHan 64 nHA
napametpbl
BkntoyeHbl Bce « (1000
BO3MOMKHble 10 cekyHza, 1-dpasHan COBbITHI) © (1000 cobbiTnit) . 14,5 aHn
napametpbl

2.8 H3MepuTesIbHbIE CUCTEMBI

AHanM3aToOp MOXKHO HEMOCPEACTBEHHO NMOAK/IOUYUTD K CeAYIOWMM TUNam CEeTHU:

e OpaHodasHas (puc.16);

e C pacuwennéHHon dason (asyxdasHan) (c pasgenéHHon obMoTKoMN TpaHchopmaTopa, aHrA. split
phase) (puc.17);

e TpéxdasHan («3Be3ma» c HelTpanbio) (puc.18);

e TpéxdasHana («3Be34a» C U30/IMPOBAHHOMN HeNTpanbio) (puc.19);

e TpéxdasHan («TpeyronbHUK») (puc.20).

B ceTAX cpeAHEro HanpssKeHua BO3MOXHbl M3MEPEHUA C MWCMONb30BAaHUEM U3MEPUTENbHbIX
TpaHcpopmaTtopos (puc.24):

e (Cxema "3Be3ga";
e Cxema "TpeyronbHuk".

B TPEXNPOBOAHbBIX CUCTEMAX BO3MOXEH 3amMep TOKOB MeTOoA0M APOHa, C UCMOb30BaHNEM TO/IbKO ABYX
Knewein, M3mepstowmx ANHEWHble TOKM lii M li3. 3HayeHWe e TOKa |2 BblMMCASETCA COrnacHoO

3aBUCUMOCTH:

Iy = =111 — I3

3Ty MEeTOAMKY MOMKHO WCMO/Ib30BaTb B C/ly4ae CUCTEMbI TUMA «TPEYroJIbHWK» U «3Be3ga» bes
HeNTPaNbHOTO NPOBOAHMKA.

BHumaHue

Dna pabotbl B cCUCTEMAX 3/1eKTPOCHAb}KeHMA C WM30/MPOBAHHOM HelTpanbio, Heobxogumo
nogknountb Bxoa N no HanpaMKeHUIo K Knemme/wuHe L3 uccnegyemoii cetu. B Takux cuctemax He
TpebyeTca noakaouatb Bxoa L3 aHanusatopa K aneKTpuyeckon cetu. Mpu MsmepeHnn napamerpos
nepexoaHbIX npoueccos noakntoueHum exopga L3 OGA3ATE/IbHO.

B ceTax C HeMTpanbHbIM NPOBOAOM MOMKHO AOMOJAHUTENLHO MPOU3BECTM M3MEPEHME TOKa B 3TOM
nposoZe Mnocae NOAKAYEHUA AONONHUTENbHbIX Kaewen K Bxody In. ITO M3mepeHue BbINoJHAETCA
nocsie BKAOYEHUS B KOHOUTYPALMIO TOUKM M3MEPEHUs onuun «M3mepeHne ToKa B HEWTpanu».
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ANbTepHATUBON A/ M3MepeHMa ToKa Iy C MomoLbio Knewen SBAAETCA BblYMCAEHWE TOKa B
HEeWTPaNbHOM NPOBOAE aHAMTUYECKMM METOAOM. AHanM3aTop AaET TaKytd BO3MOMHOCTb Moc/e
BblbOpa onumm «PacyéT ToKa B HelTpann». TOK B HEMTPaAIM pPaccymUTbIiBaeTcA No popmysiam:

o [y = —I;4, 8 1-pasHol ceTy;
o [y =—I;4 —1I;,, B 2-x pa3Hol ceTu;
o [y=—I;—1;,— 13, 83-xda3HoI ceT TMNa «3Be34a» ¢ HeiTpanbio N.

YKaszaHHble 3aBUCMMOCTU ABNAOTCA UCTUHHBIMU NPU YCIOBUM HYNIEBOTO TOKA B 3alMTHOM nposoae PE.
B TUNWYHbBIX CUTyaUUAX 3TOT TOK, AENCTBUTENbHO, NPEeHEebpeXnUTeNbHO Mas, OAHAKO cneayeT NOMHUTD,
YTO B aBaPUIHbIX CUTyaumMaAxX (Hanpumep, NPU KOPOTKOM 3aMblKaHMUM B LENN A0 MOMEHTa cpabaTbiBaHUsA
3aWmMTbl) TOK B npoBoge PE MOXKeT AoCTUraTb 3HAYMTENIbHOW BENMUMHbBI; TEM CaMbIM pPacciuMTaHHoe
3HayeHue ToKa Iy byaeT oTamMyaTbea oT hpaKTUYECcKoro.

BHumaHue &

[Ona npaBuUNbHOro BbIMUC/IEHUA MOJHOW MOLLHOCTU S., a TakKXKe KoadpduumeHta mouwHoctn PF B
TpéxdasHoit 4-x NpoBOAHOI ceTn 06s3aTenbHO U3MepeHUe TOKa B HEUTpaZibHOM NpPOBOAHUKe. B
TaKoOM c/lydae HeobxoaMmo Bcerga BKAOYaTb onuuio «M3mepeHue TOKa B HEUTPAIN» U NOAKNIOUUTD
4 uamepuTenbHbIX Knewen. [lpyras BOSMOXHOCTb — 3TO BK/IlOYEHUE ONUUM aHA/IMTUUYECKOro pacyéTa
TOKa In.

B cnyyae ceteit ¢ Hanmumem nposogoB PE M N (3a3emMnawolmnii U HENTPasbHbIN) BO3MOXKHO TaK»Ke
nsmepeHme HanpsxkeHnss N-PE. C aTOM uesbio HEOO6X0AMMO MNOAKAUYMTL NPOBOAHWK PE K Bxoay
HanpsaxeHus PE aHanusaTopa. [loNoNHUTENbHO B KOHOUIYpaLMM TOUYKM U3MEPEHUS HYMKHO BblIOpaATb
onumio «HanpsakeHne N-PE».

Heobxoanmo obpaTuTb BHUMaHKWE Ha $pa3mMpoBKy Kaewen (TMbKux n obbluHbIX). Knewm Heobxoaumo Tak
YCTaHOBMWTb, YTOObI CTpPesiKa, HAXOAAWAACA Ha KAelax, coBrnagana ¢ HanpasiaeHWemM ToKa. MpoBepuTb
NPaBUABbHOCTb YCTAHOBKM KNELLEN MOXKHO MyTemM M3MepPEHMUs aKTUBHOM MOLLHOCTU — B BO/bLUMHCTBE
TUNOB MAaCCUMBHbIX MPUEMHMKOB, AKTUBHAA MOLLHOCTb MMEET MNOJIOKUTENbHbIA 3HAK. WM3meHuTb
NONIAPHOCTE MOXHO KaK HenocpeacTBEHHO NEepenogK/IlouMB TOKOBblE KAEWM, TaK U C MOMOLLbIO
nporpammuoro obecneveHns « SONEL ANALYSIS».

mm Koraa Tpebyetca nsmepeHue nepexoaHbiX XapakTepUCTUK, ciedyeT ob6paTUTb BHUMaHNE
Ha ¢aKT, yTo aHanM3aTop M3MepsAeT WX OTHOCUTeNbHO npoBoga PE. MosToMy B TaKuMx CAyvanx
Heobxoanmo Bcerga obecneuntb coeamHeHune Bxoaa PE aHanMsatopa C MeCTHbIM 3a3emsieHnem. ITo
3aMeyaHue KacaeTcA Bcex TUMOB cxem. [pu OTKAYeHHOm npoBoge PE HEBO3MOMKHO MPOM3BECTM
nsmepeHua. B TpéxdasHbIX cUCTEMAxX C U30MPOBAHHON HENTPanblo, ANA OBHapyKeHUA nepexoaHbIX
XapaKTePUCTUK, HEOBX0AMMO NOAKNIOUUTL BXO4 L3 K nccnegyemoit ceTu.

HM)KEI'IpVIBeAéHHbIe PUCYHKN CXeMaTU4eCKn UNNICTPUPYIOT cnocobbl NOoAKNHOYEHNA aHa/IN3aTopa K
MCCI’IEAVGMOVI CeTW B 3aBUCMMOCTM OT eé TMna.
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3HauKwm, ncnosibdyemble Ha PUCYHKaX AnAa JOMNO/THUTENbHbIX COG,CI,VIHeHMﬁ, MMEIOT cheayrouee sHa4yeHne:

ecnu TpebyeTtca Uameputb HanpaxeHue Un.pe, TO HEOBXOAMMO BbINONAHUTL COEANHEHWE Ha
cxeme, 0603HaYeHHOE 3TUM 3HaYKOM (NOAKAUYMTL BXOA, PE K 3aMTHOMY NpoBoay);

v ] ecnn Tpebyetca M3mMepuTb TOK Iy, TO HEOBXOAMMO BbINOJAHWUTL COEAMHEHWE Ha CXEME,
0603HaYeHHoe 3TUM 3HaYKOM (MOAKAUUTb KNelwu B KaHane |y);

ONA U3MepPeHUA MepexofHblX XapaKTepUCTUK HeobXoAMMO BbIMOAHUTb cOoeAUHEHWe Ha
cxeme, 0603HaYeHHOEe 3TUM 3HAYKOM (NOAKNHYUTL BXOZ PE K MECTHOMY 33a3eMJIEHUIO MK
3aWMUTHOMY NPOBOAY M BXOA, HanpsaxeHuna L3 B 3aBUCMMOCTM OT TUNA CXEMbI).
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Puc. 16. Cxema nogkntouyeHna — ogHodasHan ceTb.
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Puc. 17. Cxema noaKNo4eHUs — CeTb C pacllennéHHol dasol (gByxdasHasn).
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Puc. 18. Cxema noakntoyeHus — TpéxdasHas ceTb "38e34a" ¢ HEMTPaNbHbIM NPOBOAOM.
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Puc. 19. Cxema nogknatoueHus — TpéxdasHan ceTb "38e3aa" ¢ M301MPOBAHHOM HENTPAbIO.
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Puc. 20. Cxema nogkntoyeHusa — TpéxdasHas ceTb "TpeyrosbHuK".
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Bxogbl N0 HAMPpAKEHMD  Bxogel no Toky

Puc. 21. Cxema nogkntoueHns — TpéxdasHan ceTb "TpeyrobHUK" (M3MmepeHme ToKa meTogom ApoHa).
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Puc. 22. Cxema nogkntoyeHus — TpéxdasHas ceTb "38e34a" ¢ U30/IMPOBAHHOM HENTPANbIO
(M3mepeHune Toka metTogom ApoHa)
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Puc. 23. Cxema noaKknto4eHUA — CeTb C TpaHChopMaTopamu.
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Puc. 24. Cxema nogKatoueHns — KocBeHHoe namepeHune SN B TpéxdasHol cetn "TpeyroabHuK"

BHMMaHue &

YacToTHblii pManasoH nepegaun TpaHcopmaTopoB 06bIMHO oO4veHb Heb6oAbWOW, no3TOMYy
BbICOKOUYACTOTHbIE CeTeBble NOMEXU, TaKUE KaK, Hanpumep, nepeHanpaXXeHua oT paspAaLsoB MOJTHUM,
B 3HAYUTE/NIbHOI CTeneHu NOAABAAIOTCA U UCKAXKAIOTCA Ha BTOPUYHOI CTOpOHe TpaHcpopmaTtopa. 3To
Heo6Xo4MMO YYUTbIBATb NPU UCNOIb30BaHUN GYHKLUM U3MepeHUsa TPAH3UEHTOB B KOHGUrypaumsax c
TpaHchopmaTopamm.

2.9 IIpumep UCNOJIb30BAaHUA

Mpoueaypa, NpeacTaBNeHHAA HUMKe, NMOKa3biBaeT, KaK C MOMOLLbI0 aHann3aTopa MOXHO BbIMOMHUTL
npMMepHoe M3MepeHue, LWar 3a LWarom: oT NoAKAYeHNA A0 GOPMUPOBAHUA OTYETA U3MepeHUi. ITo
no3BosAeT 6bICTPO NO3HAKOMWUTLCA C OCHOBHbIMW OYHKUMAMM aHanmsatopa M nporpammbl «SONEL
ANALYSIS». MNpeanonaraetca, 4to nporpammHoe obecneveHne «SONEL ANALYSIS» yke ycTaHOBAEHO.
[aHHbI Npumep npeanonaraeT MCMNOJb30BaHWe aHanmsaTopa PQM-703. B cnyyae mcnonb3oBaHWA
aHaNM3aToOPOB, KOTOPbIE HE NO3BOJIAIOT U3MEPATb NepexoaHble MPOoLLecchbl, NPONyCTUTE 3TK NapameTpbl.

CueHapuii: 1-¢pa3Hoe nsmepeHue B COOTBETCTBUM C KOHPUrypaumeil nonb3osartens.

CueHapuii U3MepeHua, creaylolWmMii: NONb30BaTe/lb XO4YeT M3MepWUTb MapameTpbl HanpsXeHusa B 1-
¢dasHolt cetn Ha 230B, 50My. M3mepeHne [0MKHO OblTb BbINOJHEHO C 1-CEKYHAHbLIM YyCpeaHEHMEM.
[onxHbl ObITb 3apErncTPUMPOBaHbI C/ieayoLwme napameTpbi:

o CpepgHue 3HauYeHUA HanpsKeHus, KN (THD) 1 rapMmoHUKy;

e YacrtoTa ceTu;

e OnpegeneHune cobbiTUA NO HaNPSAKEHUIO AO0/KHO OblTb BKAOYEHO WM YCTAHOB/IEHO Ha YPOBHE,
cootBeTcTBeHHO: 105%Unom Ana npesbiweHusa, 95%Unom ana nposana, 10%Upom ANA
npepbiBaHUA. B MomMeHT obOHapy»KeHuAa cobblTMs A0/KHA ObiTb 3aMMcaHa ocuMaorpamma U
curHan RMSay,;

e XapaKTepuUCTUKM NepexofHbiX MNPOLECCOB AO0NXKHbl ObiTb BKAOYEHbI HAa MWHMMAJIbHO
BO3MOXHOM npegene HanpaxeHua 50B (HacTpolika c Haubonbluei YyBCTBUTENbHOCTbIO) U
yactoTe auckpetmsaunm 10Mrlu. JonxKHa ObiTb BKAOYEHA perncTpaums rpaduKoB nepexogHbix
NpoLLeccos.
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Mocne namepeHus cneayer co3faTb BpemeHHble rpaduKy (aMarpammbl) M3MepsiemMbiX MapameTpoB U
chopMmnpoBaTb NPUMEPHbIA OTYET M3mepeHua. [aHHble HeobXxoAMMO COXPaHWUTb ANA AafbHenwero
aHanusa.

MeTog npoBeaeHUs USMepeHuit:

War 1: NogKkntoueHne aHanM3aTopa K McciesyemMon ceT HeobxoAMMO BbINOJHWUTb B COOTBETCTBUM C
puc.16. Heobxoammo npucoeamHuTb Bxoabl L1, N n PE (NOCKO/MIbKY M3MepstoTcA TpaH3MeHTbl) Knewwm
NOAKNIOYATb HE HYXHO, ecin He TpebyeTca u3mepeHWe TOKoB. MWTaHMe aHanusaTopa (KpacHble
NpPoBOAA) TaKKe MOMKHO NOAKNOUUTD K UCCAeLyeMON CeTU A TOro, 4Tobbl aHanM3aTop He paboTan Ha
NMUTaHMM OT AaKKYMYJIATOPA M HE BbIKAOYMCA U3-3a pa3paga baTapewn.

LLar 2: BKAtounTe aHann3aTop KaaBuLLei @ 1 Ancnnee AoMKeH NoABUTbCA 3KpaH 1/9 (Puc.5).

War 3: 3anyctute nporpammy «SONEL ANALYSIS». MogcoeamHute USB Kabenb OT aHanusaTopa K
KomnbtoTepy. Ecnn 3To nepBoe nogKntoueHue, TO HEOBXOAMMO AOXAATbCA YCTAaHOBKWM ApaliBepos
aHanusaropa.

War 4: WénkHnTe Mmbiwbio Ha KHOMKY «KoH$urypaumua» Ha naHenu nHctpymeHToB « SONEL ANALYSIS»
unn Bblbepute B MeHio AHanusatop > KoHowurypaums. 3aTem B 0TO6Pa3mMBLIEMCA OKHE HasKmuTe
KHOMKY «OTBETUTbY». ITO MO3BO/INT CHMUTATb TEKYLLYHO KOHOUIYpaLMIO TOYEK U3MEPEHUA, 3aNUCAHHbIX B
aHanusarope.

War 5 (Heobs3aTenbHbill): Ecnv aHanusatop He 6bin paHee cBA3aH C MNpUAOXKeHWem (cTaTyc
COTKAYEH» Ha HUKHeWN naHenn okHa «SONEL ANALYSIS» m306paxkéH KpacHbIM LBETOM), LWENYOK
MbILbO 3aKNAAKM «OTBETUTb» NPUBEAET K BbI30BY OKHA MOAKNOYEHUSA K aHanM3atopy. B aTom okHe
JO/MKEH MOABUTLCA OAMH HalZleHHbIA aHanu3aTop (ecnM 3To He Tak, NonpobyiiTe HaxaTb KHOMKY
«HoBbI NOUCK»). BbibepuTe HalAeHbI aHaAN3aToOpP, ABAXKAb! WENKHYB Ha HEM KHOMNKOM MblwK. Ecan
aHanmsatop eweé He 6bin aobaBneH B 6asy aHa/AM3aTOPOB MPOrpamMmmbl, TO OTOOPA3UTCA OKHO C
3anpocom o BBoge PIN-Koga aHanus3aTopa. 3aBOACKOW Koh Mo ymondaHuto «000». YcnewHoe
coegMHEHME MNOATBEpPXKAAeTcs OKHOM C Hagnucbto «CoeguHeHMe YCTAHOBAEHO» (Ha Aucnnee
aHanu3artopa oTobparkaetca coobuieHme «MoakntoueHue K MK (USB)».

War 6: 3atem nossuTcA cooblieHne ¢ npocbbolt NoATBEpPAUTL CYMUTbIBAHME MapameTpos. Haxmurte
KHONKY «OK» 1 TaK e B NOATBEPrKAAIOLLEM CUMTbIBaHME OKHe - «OK». Tem cambim HACTPOWMKKM BCeX
YeTbIPEX TOYEK M3MepPeHUA BblIM NPOUUTAHbI MPUNONKEHNEM UX MOXKHO MPOCMOTPETb U M3MEHUTb B
OKHe «KoHurypauua».

War 7: MMposepKka pacnpegeneHva namatn. B nesoi BepxHel 4YacTm OKHa «KoHdurypauuma»
pacnonoxeHa naHenb «JlokanbHoO». MepBbl NYHKT B NaHenu — 310 «MapameTpbl aHanusaropa». B
OCHOBHOWM 4YacCTU OKHa oTobparkaeTca oAHa M3 Tpéx BKNagok (Tun aHanusatopa, PacnpegeneHue
namatn, CuHxpoHusauma GPS). Ha Bknaake «PacnpegeneHne namsatu» HyXHO ybeguTbCs B TOM, YTO
ONA TOUYKM U3MepeHus Homep 1 XBaTUT BblgefieHHOro mecta (Mo ymonuyaHuioo 25%). Ecnm mecta
BblA€NEHO Masio UMW YyCTaHOBAEHO 3HadyeHne 0%, TO GeryHKamm HeobxoaMmO, COOTBETCTBYIOLLMM
06pasom, U3MEHUTb pacnpeseneHne NnamaTu.

War 8: M3ameHeHWe KoHOUrypaumm Touku usamepeHus Homep 1. KoHdurypaumio TOUKM u3mepeHus
Homep 1 cnepyeT U3MEHUTb B COOTBETCTBMM C BbILUEYKA3aHHbIM CLieHapuem. Heobxoaumo LLeNKHYTb
MbILWbIO Ha MYHKT B NaHenn «JlokanbHo: TouKa uamepeHuna 1», 4ytobbl M3MEHUTb HACTPOMKM TOUKM U
pasBepHyTb [epeBO MapaMeTpPoB 3TOM TOYKM (4BOMHON LWENYOK CTPOKM «TouyKa usmepeHusa 1»
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adBTOMATUYECKHN paCKpbIBaET ApeBOBNOgHOE MeHFO). MNocne PaCKpbITUA OO01XKHbI 6bITb BUAHbI chegyrouwme

nosnunun: CraHpapt, HanpsaxxeHue, Tok, MowHOCTb U aHeprua, FApMoHUKN, UHTEPrapMmoHUKMU.
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Puc. 25. OcHOBHbIe HaCTPOMKM TOUYKN U3mepeHuna 1.
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[4 ] maks.= 1.00[ka]

+ H ograniczenie pradu
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loos  [2]

Ha naHenn «JlokanbHO»

LWENKHYTb OAMH pa3 Ha No3uuum «TouKa usmepeHua 1». JKpaH foMKeH MMeTb BUA, Kak Ha Puc. 255.

YcTaHOBUTE NocneaoBaTe/IbHO 3HaYeHUA:

YacTtoty cetn 8 50 lNy;
Mepuopa ycpeaHerna B Ha 1cek.;
MrHoBeHHbI 3anyck El;

OaHodaszHbIn TUN cetu (anemeHT Ell Ha Puc. 255);
HomunHanbHOe HanpsaXKeHue cetn 230/4008B;

IMcTepesnc obHapyKeHUs cobbITUM Ha 1,5%;
Trn TOKOBbIX KNewen YyCTaHOBMTE Ha No3uumio « OTCYTCTBYIOTY;
TpaHchopmaTopbl HanpsxeHusa Bl n «HanpsaxeHue N-PE» (B pasgene «[LononHUTeNbHble
nsamepeHus» Ell) ocTaBUTb HE OTMEUYEHHbIMM.

B BepxHel YacTM oKHa MOKHO BbIbpaTb Apyryto BKNAAKY «[LoNOAHUTENbHbIE», Ha KOTOPOW MNOMI3YHKaMM

MOHO YCTaHOBUTb Tpebyemoe BpemAa 3anucu ocumnorpamm u RMSi, gna cobbituii M Bpems

perncrtpaunmn Fpad)MKOB nepexoaHbiX Npoueccos. otn nepunoabl BpemeHun AO0/1KHbI 6bITb YCTaHOB/1EHbI B

COOTBETCTBUU C UHAMBUAYA/IbHBIMU NpeanOovYTEHNUAMMN.

3atem cnegyeT BbIbpaTh B AepeBe HAaCTPOEK TOUKM M3MepeHUs nosmumio «CTaHaapT» 1 ybeautbes, 4to

nosne «Perncrtpauymsa nNo CTaHAAPTY» He OTMEeYeHO.

B cTpoKke «HanpsaxeHue» n Bknagke «OCHOBHbIe» YyCTaHOBUTE NapameTpbl B COOTBETCTBUM C Puc. .
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Puc. 26. HacTpoliku cTpoku «HanpsaxeHue no cueHapuio 1».

B CTpoOKe «p,ononumenwme» HYXHO OTMETUTb TOJIbKO CpeaHNEe 3Ha4YeHUNA ONA YaCTOTbl, @ OCTa/ibHble
nonAa oCtaBUTb HE OTMEYEHHbIMMU.

B cTpoke «FapMOHMKM» U BKNaaKe « HanpaXKeHUA» HyXKHO OTMETUTb NONA ANA CPpefHUX 3HauYeHun KM
(THD) no HanpaxeHWO M aMNAUTYL TAPMOHWK HANps)KEeHWs, a OCTajibHble MNOAA OCTaBWUTb He
oTMeYeHHbIMU. Bblbop 13 cnncka «THD pacyér c» MoXKHO caenaTb No cOB6CTBEHHOMY YCMOTPEHMIO.

B cTpoke «WUHTeprapmoHuKM» U1 BKAagKax «Hanpsa)keHue» n «CurHanbl ynpasBaeHUA» yAanure
OTMETKM BCEX NOJIEN.

LWar 9: HacTpoikn Ana TOUKM M3mepeHua 6bliv NoAroToB/eHbl NpaBuabHO. Credylowmii war — 310
OoTNpaBKa 3TOW KoHOUrypaumm B aHanusatop. Kapta namatu 6ygeT oTdopmatupoBaHa. [asa 3Toro
WENKHMTE KHOMKY «OTnpaBuTb». B nosBuMBLUEMCA OKHE HEOHXOAMMO MOATBEPAWUTL YAa/ieHWe BCex
[AaHHbIX Ha KapTe NamMATM aHaaMn3aTopa M OTNPaBKY HOBOM KOHGUTYpaLuu.

LWar 10: AHaAM3aTop FOTOB K Hayany pernctpalmm B COOTBETCTBMM C YKa3aHHbIMK NapameTpamu. Ytobbl
HayaTb PerncTpauuio B TOYKe M3mepeHus Homep 1 Bbibepute B meHo AHanusatop > KoHTponb. B
NosABUBLLEMCA OKHe BblbepuTe M3 cnucKka «TeKylas TOYKA U3MepeHUs» nepsyto nosuuuio (31o nosne
COAEPKUT MepedyeHb Ha3BaHMM, MNPUCBOEHHbIX OTAENbHbIM TOYKAM W3MEPEHUA) U HaAYHUTE
pPerncTpaumnto, Haxmmaa 3enEéHyto KHonky «[llyck». Xog perucrpaumm CUrHaAMsupyeT MUratoLwmi
cumBos «P1» B IeBOM BepxHem yray gucniaena aHanusatopa. MoXHO NpoAo/iKWUTb Perncrpaumio Ha
ntoboe Bpemsa; NOAKAOYEHWE NPOTrPAaMMHOIO MPUIOKEHUA K aHanusaTopy He Tpebyetca. Bo Bpems
perucTpauum MOXKHO HEHaJOAro OTcoeAuMHWTb npoBoa L1 oT nposepsemoi ceTw, A8 MMUTaALMUK
nponagaHuA HanpsaXeHua.

LWar 11: MNpekpalieHne perncTpaumm u cYnTbiBaHMe AaHHbIX a5 aHanusa. HeobxogMmo BbI3BaTb OKHO
«KoHTponb» (ecnun oHo elwé He OTKPbITO) BbiIGpas B MeHI0 AHann3atop = KOHTpoib. HaxmuTe KpacHyto
KHONKy «Cton». LLlenKkHUTe no 3HauyKy «AHanU3» Ha NaHeNu UHCTPYMEHTOB (MK BbibepuTe B MeHo
AHanusatop > AHanus), 4Tobbl OTKPbITb OKHO, MO3BO/IAIOWEE CYMTATb 3anMcaHHble AaHHble A7

dHaun3a.
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B oKkHe 0TODOparkatoTcA YeTbipe NOIOCKK, MOKA3bIBAKOLWME UCNONb30BaHUE NAMATU AR KAXKAOW U3 TOYEK
namepeHus. YctaHoBuTe GpaXKoK B Nosie pALOM C NONOCKON ANA TOYKM namepeHus Homep 1. C npasoit
CTOPOHbI NOJIOCKM 3aNO/IHEHMA NAMATU OToBpaykaeTca pasmep 3anMCaHHbIX AaHHbIX. Mocne oTMeTKu
Nnons aKTUBUPYETCA KHOMKa «3arpyska fAaHHbIX», KOTOpYl caedyeT HaKaTb. [10ABMTCA OKHO,
oTobparkatoliee xon 3arpy3ku AaHHbIX. [locne NOAHOrO CYMTLIBAHWMA, NOABUTCA OKHO A5 COXPAHEHUA
3arpyKeHHbIX AAHHbIX Ha OUCK. PEKOMEHAYETCA COXPAaHWUTbL AaHHbIe B BbIDPAHHOM MECTe Ha YKECTKOM
AncKe, 4Tobbl UMEeTb BO3MOXKHOCTb BEPHYTLCA K aHaIM3Yy AaHHbIX B Apyroe Bpems. HeobxoamMmo yKasaTb
pacnonoxeHne Ha gucKe n uma ¢Ganna n HaxKaTb KHOMKY « COXpPaHUTbY.

B oTO6pasmMBLUEMCA OKHE, HYXHO LWENKHYTb KOMMbIOTEPHOM MbIllblO Ha FOPM3OHTA/IbHOM MOJIOCKE,
npeAcTaBAAOWEd WHTEpPBan BPeMeHW perucTpaumm ¢ Haanucbio «Touka wu3amepeHua 1.
(Monb3oBatenb)» (Nocne LWENYKA LUBET USMEHUTCS Ha OPaHXKEBbIN) N 3aTeM Ha)KaTb KHOMKY «AHanus
BAHHDbIX».

LWar 12: AHanu3 AaHHbIX. B rnaBHOM OKHe aHa/M3a HaxoAATCA YeTblpe OCHOBHbIE KHOMKMU: «Obuue»
(B Mo ymonyaHUIO NpuW 3arpyske AaHHbiX), «U3mepeHua», «Cobbitua», «KoHdurypauua». Ha
nsobpaxkeHnn «O6WMeE» C NpaBoOi CTOPOHblI OTODOpaxKarTcs rpaPuUUeckMm Crocobom 3HaYKK,
CUMBOJIM3MPYIOLLME NOCAeAylolee M3MepeHue, cobblTMe M 3anucaHHble OCUMAOrPaMMbl MO OCU
BpemeHn. Mo»KHO cBOBOAHO yBeNMYUTb rpaduK, NPU HaAMuMM 6OAbLIOrO KOAMYECTBa AaHHbIX, YTOObI
nosy4YuTb 60s1€e€ NoAPobHYI MHGOPMaLUIO.

Mocne HaskaTMA KHOMKKU «MU3mepeHua» MoABUTCA Tabauua CO 3HAYEHUAMM BCEX W3MEPEHHbIX
napameTpoB B COOTBETCTBUM C BbIOPaHHbIM BpeMeHeM ycpegHeHua. B sTom cueHapum Bpems
ycpeaHeHus BblbpaHO paBHbIM 1 ceKkyHAe, TaK UYTO KaKayl CeKyHAy 3anucbiBasiocb 3HadyeHue
HanpsaxeHus, KT (THD) u rapmoHuKK (4acToTa Bcerga uamepsetca yepes 10 cekyHa). Kaxaasa cTpoKa
COOEPUT [aHHble, COXPaHEHHble B MNOC/AeAylOLLYI0 CEeKyHAY, a Kaxgasa M3 KOJIOHOK COAEPMUT
oTAeNbHble NapameTpbl.

Mocne HaxaTvA Ha KHOMNKy «CoBbITUA» MOXHO MPOCMOTPETb BCE 3aperncTpuMpoBaHHble cobbiTnaA. B
3TOM CLLEHaPUN PErMCTPUPOBAIUCL COBBLITUA MO HaNpPSAXEHUIO: NepeHanpaXKeHue, NpepbiBaHUe, NPoBan,
a TaKKe cobblTMA M3 OBHapyKeHHbIX MepexodHblX XapaKTepucCTMK. Kaxaas cTpoka B Tabauue
COOTBETCTBYET OAHOMY O6Hapy»KeHHOMYy cobbiTMio. Ecnn ans gaHHoro cobbiTma AOCTYNHbI rpaduKu
(Hanpumep, ocuunnorpammbl M amarpammbl RMSi), 4TO MNpeaycMOTPEHO 3TUM CueHapuvem, TO
nocieaHAs KOJMIOHKA COAEPMKUT MWHUATIOPY 3anmucaHHbIX rpadukos. llocne ee Ha)aTuAa MOXHO
NPOCMOTPETL rpadurKM, CONPOBOXKAAIOLLIME COOTBETCTBYOWEE COBbITHE.

War 13: OvobpaxkeHwe auarpamm CcuUrHanoB HanpsxkeHua u THD Bo BpemeHu. YTob6bl Co34aThb
AMarpammy Hy>KHO NepenTu K oTobpaxkeHno «U3mepeHna» (HaxaTb KHOMKY «U3mepeHua»), BbioenUTb
3aro/IoBKM cTonbU0B BpemeHu (NepBbiM BCEraa A0/XKeH bbiTb BbibpaH cToN6eL, BpeMeHM), HanpsaKeHun
L1, THD L1 (cTtonbupl 6yayT BbiAeneHbl LBETOM), a 3aTemM LWENKHYTb Ha KHoMNKe «Auarpammbli» U
BblOpaTb «BpemeHHOI rpaduk». MoAaBMTCA OKHO, B KOTOPOM OTobparkaeTca rpaduK, cogepKalmnin ase
KpMBble CUrHaNoB BO BpeMeHU: HanpaxeHua L1 n THD L1. 'paduK MOKHO NpOM3BOJIbHO YBEINUNBATD, A
C MOMOLLBIO TPEX MAPKEPOB BbIAENATb HA rpaduKe XapaKTepHble TOYKM W CYMTbIBATL NApPaMETpbl
YKa3aHHbIX TouYeK. Mpaduk MOXKHO 3anucatb (B BbiIbpaHHOM rpaduyeckom ¢opmaTe), LWENKHYB 3HAYOK
«COXpPaHUTb» Ha BEPXHEN MaHeNM UHCTPYMEHTOB.

War 14: OtobpaskeHne gnarpamm rapmoHuK. MoXHO oTobpasvTb ABa BMAA rPadUKOB ANA FapPMOHMUK.
MepBblii U3 HUX — 3TO TPAadPUK U3MEHEHUA FAPMOHMUYECKUX COCTaBAAIOWMX BO Bpemsa pernctpauun. Ona
oTObpa)KeHUn Takoro rpaduka cneayeT CHavyasna BbIAEAUTb CTONbeL, BPEMEHM, a 3aTem CTONbUbI
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BbIBPaHHbIX TAPMOHUK (Hanpumep, TPETbero M NATOrO NOPAAKa) M HaXKaTb KHOMKY «[uarpammbl» —>
«BpemeHHo rpadpuKk».

Opyroii TMn rpaduka — 3To rucTtorpamma rapMoHuK. OHa MOKa3blBAeT BCE FAPMOHMKM B AaHHOM 1-
CEKYHOHOM MHTepBase (T.e. B 04HOM CTpoKe). lNnA ee co3aaHuMA cnedyeT CHayana BblAeNUTb BblOpaHHYIo
AYenKy m3 ctonbua BpemMeHW, a 3aTteM BblbpaTb cTonbel, Nt060M FaPMOHWUKM, HaXKMMaAaA KHOMKY
«Aunarpammbi» 1 BbI6GUPan 13 cnmcka «FapMoHUKK». TaKUM METOA0M MOXHO BblBpaTh TaKKe UHTepBan
BPEMEHU, MepeTackMBas MbIWbIO AManasoH AdYeek B crtonbue BpemeHwn. Torga O6yaeT noKasaHa
Amnarpamma cpegHux 3Ha4eHU rapMOHUK M3 YKa3aHHOTO MHTEPBA/Ia BPEMEHM.

LWar 15: Co3gaHue oT4éTa MamepeHusa. Ons co3gaHuAa OTYETA, coAeprKallero 3HayeHus BblOPaHHbIX
napameTpoB, cneayeT BblAeNUTb CTONDOLblI TpebyemMbix napameTpoB (NepsBbiM Bceraa A0NXeH 6biTb
BblbpaH cTONGEU, BpPeMeHM), a 3aTeM LWENKHYTb Ha KHonke «OTYéTbI» M BblObpaTh «OTUYéT
nonb3osBartensa». Ecim HaxkaTb KHONKy «lMpeaBapuUTenbHblii NPOCMOTP» B OTOOPA3MBLUEMCA OKHe, TO
MOXHO MPOCMOTPETb COXPaHEHHble AaHHble. KHOMKa «COXpaHUTb» 3anuweTr AaHHble B YKa3aHHOM
nonb3osatenem ¢opmarte (PDF, html, txt, CSV).

LWar 16: MNpoBepKa cobbiTnit. Ecan aHanu3aTop Npu pernctTpaumm obHapy»Kun Kakne-to cobbitnaA, oHU
6yayTt oTobpakeHbl B Buae Tabamubl «CobbiTuA». B CTpoKe, onucbiBalolWlel KOHKpeTHoe cobbiTue,
MOHO YBUAETb BpemsA MoABAeHWA (Hayaslo W KOHel), 3KCTpemasibHble 3HayeHus (Hanpumep,
MUHMMANbHOE 3HAYeHWe NPW NpoBane HaMpAMKeHusa), ocuunnorpammbl U rpadmku RMSi,, ecam
CObBbITME OTHOCUTCA K HaMNPAXKEHWUIO MU TOKY. B 3TOM cueHapum gnarpammbl COBbITUIN BbIIN BKIKOUYEHbI
B KOHUIrypaumu, Tak YTO, €C/IM aHaAM3aTop OOHapyKMA KaKkuMe-To cobbiTuA, B nocnegHem cronbue
Tabaunubl ¢ 3aronoBkom «OcumMaorpammbi» A0J13KHA ObITb MKOHKa gMarpammbl. HeobxoamMmo WENKHYTb
Ha Hel, 4ToObl 0TO6PA3UTL AMarpammy (MAM HaxKaTb KHOMKY «Junarpammbl» M BblOpaTb MNYHKT
«Ocumnnorpammbi»).

2.10 CuHXpOHHU3aALUA BpeMEHU
2.10.1 Tpe6oBanusa I'OCT 30804.4.30-2013 (IEC 61000-4-30:2008)

AHanusaTop MmeeT BCTPOEHHbIA MPUEMHMK GPS, OCHOBHbIM NpegHasHayYeHWeM KOTOPOro ABNAETCA
CUHXPOHM3ALMA YacoB aHa/AM3aToOpa NO CUrHa/laM aTOMHbIX 4YacoB, NOCblnaembiMM CAyTHUKamu GPS.
CUMHXPOHM3aLMA BPEMEHM aHa/M3aTopa C yHMBepcanbHbiMm BpemeHem UTC TpebyetcAa no craHZapTy
FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «3neKkTpuyeckas sHeprus. CoOBMECTUMOCTb TEXHUYECKMX
CPencTB 3/1eKTPOMArHUTHaa. MeToabl M3MepPeHUn MOKA3aTeNnen KayecTBa 3I/1EKTPUYECKON 3HEprum»
YCTpOMCTBAM Kfiacca A 418 MapKUPOBKM AaHHbIX M3mepeHnit. MakcmanbHaa owmnbka onpegeneHns He
MoXKeT 6bITb 6osble, yem 20mc gns cetm 50y m 16,7mc ana cetn 60ly,. Takne mepbl HeobxogMmbl,
YTOObI Pa3/IMYHbIE aHAIM3ATOPbI, NOAKAIOYEHHbIE K TOMY e CUrHay, AaBasin OAMHAKOBbIE NOKA3aHMA.
CMHXPOHM3aLMA C YHMBEPCAIbHBIM BPEMEHEM TaKKe Heobxo4MMa, Koraa aHannsaTopbl o6begMHEHbI B
ceTb. Korga WCTOYHWMK CUrHana BPeMeHW CTAaHOBWUTCA HeAOoCTyNeH, BHYTPEHHME 4acbl peasibHoro
BPEMEHU J0/IKHbI 06ecneynBaTb TOYHOCTb U3MEPEHUS BPEMEHM NyuLLe, YeM t1ceK. 3a 24 Yaca, 0gHaAKO
ONA COOTBETCTBUA Knaccy A, flaXke B TaKUX YCNOBUAX, TOYHOCTb U3MEPEHMA A0KHA ObITb TAKOM XKe, Kak
M paHbLe (To ecTb Makcumym 1 nepuog, cetn).

2.10.2 IIpuémuuk GPS

BHYTpW aHanM3aTopa HaxoAmuTca aHTeHHa GPS, KoTopas no3BoAseT NpMHMMaTb curHanbl GPS Ha
OTKPbITOM BO34yXe 6e3 Kaknx-1nMbo AO0MNONAHUTENbHbIX aKCeccyapoB. AHTEHHa Pacro/ioXKeHa B N1eBOM
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HUMKHEM YI/y KOpryca noj, BepXHel KpbILLKOM (B TOM MecTe, rae Ha STUKeTKe 0H603HaveH pasbém GPS).
Y106bI 0BECneYnTb CUHXPOHU3AUMIO BPEMEHM MPWU WUCMONb30BAHUWM aHanu3aTopa BHYTPM 34aHMUA,
HeobX0AMMO MOAKNOYNTD BHELIHIOK aHTEHHY C AJMHON Kabena 10M M yCTaHOBUTb aHTEHHY CHAPYXMU
34aHuA. AHanusaTop OOHapy)KWUT MNOAKAIOYEHWE BHELIHEM AHTEHHbl U MEPEKAYUT MPUEMHMK Ha
NCNo/Ib30BaHME AONONHUTENbHON aHTEHHbI BMECTO BHYTPEHHEN.

Bpema [OOCTUMEHUSA CUHXPOHM3auuM GPS 3aBUCUT OT MOroAHbIX YCNOBMIA (cTeneHM o06nayHOCTH,
0CafKOB) M OT PasMELLEHNA NPUEMHOIN aHTEHHbI. A AOCTUMKEHUA HAWUYULLMUX PEe3yNbTaToB, aHTEHHA
[O0/IKHa obecneuntb 0630p 6onbliert Yactm Heba. YToObI MOAYYNTH CUTHAA BpPeMeHu c Tpebyemol
TOYHOCTbO, NPUEMHMK GPS A0/1KeH CHavyana onpeaenTb CBOE TeKyllee reorpaduyeckoe nonoxKeHue
(ana atoro TpebyeTtca BUAMMOCTb, MO KpaHen mepe, 4 CNyTHUKOB — KOOPAMHATbLI MECTa U BbICOTbl HaZ,
ypoBHEM Mops). Mocne onpeaeneHns MecTonoNOMKEHMA U CUHXPOHM3AUMN BPEMEHW aHanmM3aTopa co
BpemeHem (UTC), NpUEMHMK MEpPexoauT B PeXUM crexeHua. YTobbl B aTom pexume obecneuyntb
CMHXPOHM3ALUMIO BPEMEHU HYKHA BUANMMOCTb TO/IbKO 04HOro cnyTHMKa GPS. OgHako, onAa onpegeneHua
HOBOM NO3UUMKM B C/y4ae MepemMelLeHUs aHanusaTtopa, noTpebyerca BUAMMOCTb 4-X CMYTHWUKOB (3-X
CNYTHUKOB, ecnn NpuémHMK GPS He 0BHOBASET BLICOTY Haj YPOBHEM MOpA). OTO MMeeT 3HayeHue,
HanpuMep, B pPeXMMEe 3aliMTbl OT KparkM, Koraa HeobxogMma MOCTOAHHAA WHbopmaums o
MECTOMOJIOKEHUN.

2.10.3 MapxkupoBKa JaHHBIX U3MepeHUA

AHanM3aTop COXPaHAET 3anucu U3MepeHuin BmecTe ¢ Gpaarom OTCYTCTBMA CUHXPOHM3ALUN BPEMEHM.
Ecnu Ha NpoTAMKEHUU BCEro MHTEepBana ycpeaHeHUs aHann3aTop 6bln CMHXPOHU3NPOBAH C BCEMUPHbIM
KOOpAMHUpPOBaHHbIM BpemeHem UTC, Toraa ¢nar He yCTaHAaBAMBAETCA M MPU aHanM3e AaHHbIX He
o0TOBpakaeTca 3HaYOK OTCYTCTBMA cUHXpOHM3aumm ©. OTCyTCTBME 3TOM WMKOHKM O3HayaeT MosiHoe
COOTBETCTBME CBOAHbLIX AaHHbIX C K/Aaccom A, B acnekTe M3amepeHua BpemeHW. CUHXPOHM3aUMA C
BpemeHem UTC obo3HayaeTcs TaKKe 3e/EHbIM LBEeTOM A/A AaTbl U BPEMEHM Ha BEPXHEN MaHesnu
aucnnesa aHanausartopa.

B cuTyaumm, Korga cHavana aHanamsatop 6bla CUHXPOHM3MpPoBaH ¢ BpemeHem UTC (coctosHue GPS Ha
aucnnee aHanusaTopa oTobpaxkaertcs, Kak «[AA»), a 3aTem curHan nponan (coctoaHne «Het curHanar),
He O3HayaeT, YTo aHa/IM3aTopP HEMeA/IEHHO NOTEPAN CUHXPOHM3AUMIO BpeMeHU. B aencTButensHocTH, B
TeyeHMe OnpeaenéHHoro BpemeHM (MOoXKeT ObiTb, HECKONbKO MWHYT uauM 6osblie) TOYHOCTb
BHYTPEHHEro M3MepeHUsa BpPeMeHM AOCTaTouvHa Aans yaosneTtBopeHus TpebosaHuii TOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) B 4acTu, KacaloLWENCA TOYHOCTM OMpenesieHUs AaHHbIX Mo BpeMeHUu. 3To
NPOUCXOAMUT MOTOMY, YTO BHYTPEHHME Yacbl aHa/nM3aTopa O4YeHb MeAIEHHO yxogAT oT BpemeHn UTC
(nockonbKy HeT curHana GPS), HO owmnbKa He NpeBbIWAET HECKOJIbKMX MWUIIMCEKYHA, 33 OJUTE/bHbIN
nepuog, BpemeHu. Tak 4To, HECMOTPSA Ha CTaTyc, MHGoOpMUPpYLOLWMIA 06 OTCYTCTBUM curHana GPS, gaHHble
6yayT U panee 3anucbiBatbeA 6e3 ¢nara, yKasbiBAlOWErO Ha OTCYTCTBME CUMHXPOHM3ALMUN CO BPEMEHEM
UTC. TonbKo Torga, Koraa owmnbKa 4OCTUIHET NpeaesibHOro 3HavyeHusa, daar byaeT yCcTaHOB/EH.

2.10.4 PecuHXxpoHHU3aL M BpeMeHU

nOCKOIIbe HE TrapaHTUpyeTcaA nNnoCToOAHHOE Haan4yune CurHana GPS, HeO6XO,CI,MMO npaBuibHOE
ynpassieHne BHYTPEHHMM BpemMeHemMm B CUTYyauuWn, Koraa nNoABAAETCA CUTHaAN BpeMeHU GPS u oHo
OT/INYAETCA OT BPEMEHU, OTCHNTbIBAEMOTIO aHA/ZIN3aTOPOM.

Mpwn oTCcyTCTBUM perncTpaumm, CUTyauma camaa npocTtas — nocne anéN\a CNYTHMKOBOIo BpemeHU 4Yacbl

dHa/IN3aTOPa aBTOMATUYECKN NepexoaAT Ha HEro 6e3 Kakux-nnmbo AONONMHUTENDbHbIX ycnosmﬁ.
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B cnyyae aKTMBHOW perncrpauuun, BHE3aNHOEe U3MEHEHME BHYTPEHHEro BPEMEHW MOXKET MPUBECTU K
notepe [AaHHbIX M3MEpPEeHWI, Korga Bpems MOWAET BCMATb WAW BO3HMKHET BPEMEHHOW paspbiB B
AaHHbIX, ecnn Bpemsa UTC oneperkaeT Bpema aHanusaTopa. Ytobbl nsbexatb 3T0ro, BBEAEH MEXAHU3M
Mea/IeHHON NOACTPOMKN BHYTPEHHErO BPEMEHWM Ha CNYTHUKOBOEe Bpems. Peanusaums 3akntodaerca B
3aMea/IEHUN UKW YCKOPEHMWU BCTPOEHHOTO Talimepa TakMm obpasom, YTobbl Yepes HEKOTOPOE Bpems
ABOE 4acoB — BHYTPeHHWe U GPS — cpaBHANUCL U JOCTUIAN CUHXPOHM3aLMK. MpenmyL,ecTBOM TaKoro
peweHns agnAetca ToT aKT, YTO He MNPOUCXOLUT MOTEPb WAW YTPaTbl HEMNPEepPbIBHOCTUM AaHHbIX
N3MepPHUN.

MNMonb3oBaTenb WMeeT BO3MOMHOCTb HACTPOMKM [ABYX MapamMeTpoB KOHOUIypaumm, KoTopble
ONpPeaensitoT PeMM PEeCMHXPOHM3aUMKM BpemMeHn npu pernctpauun. OguH M3 HUx (KosdoduumeHT
PECUMHXPOHU3ALMM) OnpeaenseT CKOPOCTb NPOLECCAa CUHXPOHWU3AUMM BpeMeHW. Yem MmeHblle ero
3HayeHue, Tem Jonblle 6yaeT NPOAO/IKATbCA CUHXPOHM3AUMA, HO OAUTENbHOCTb M3MEPUTENbHbIX
WHTepBanos byaeT 6o1ee NpnbanKeHa K 3a4aHHOMY BpEMEHU YCPEeLHEHMA.

HecmoTps Ha ynomsaHyTble He40CTaTKW CKaYKoobpa3HOro M3SMEHEHUS BPEMEHM, OCTAETCA BO3MOKHOCTb
eé npoBeAeHUs JaxKe B C/lydae aKTUBHOM perncrpauum. YcTaHaB/AMBaeTCca Nopor B CEKyHAax (napameTp
«Mopor nepexoaa BpemMeHU»), KOTOPbIA ABAAETCA MUHUMANbHOW pasHMLUENn MeXay BHYTPEHHUM
BpemeHem u UTC, npu KoTopon byaeT BbINOJIHEHO CKAYKOOOpPaA3HOE N3MEHEHME BPEMEHMN.

BHumaHue
CKaukoobpasHoe u3meHeHUe BpeMeHU B npouecce perucTpauum MoxKeT NpuBectM K HeobpaTtumon
nortepe 4acTM 3aperecTPUPOBAHHbIX [AaHHbIX, MO3TOMY PEKOMEHAYETCA WCMNONb30BaTb PEXUM
MeA/IeHHOW pecUMHXPOHM3auuu BpemeHun (yctaHoBUTb «[Mopor nepexopa BpemeHM» Ha HyneBoe
3HauyeHue).

Ona Toro 4ytobbl ns3bexxatb NPobsiem, CBA3aHHbIX C USMEPEHNEM BPEMEHU NMPU pPerncTpaunu, cieayet
NOMHMUTb O HEKOTOPbIX BOMPOCaXx:

B aHanm3aTope fo/sixKeH 6biTb NPAaBUAbHO YCTAHOB/IEH YacOBOM MOAC M Bpems, oTobpaxkaemoe Ha
AMcnniee aHanM3aTopa, OO/IKHO MAKCMMAa/bHO COBMagaTb C MECTHbIM BpemeHem (ecan Het
curHana GPS fo Havyana perucrpauum);

e BK/AOUMTE MeA/IEHHYIO PECMHXPOHU3aLMI0O BpeMeHMU, yCcTaHOBMB napameTp «lMopor nepexopa
BpeMeHM» Ha HyJ/ieBOoe 3HayeHue U KO3IPPULMEHT PEeCUMHXPOHM3ALMW HA Manoe 3HayeHue
(Hanpumep, HUXKe 25%);

e EC/I1 3TO BO3MOXHO, TO eLé A0 Hayasa perncTpaunmn Heobxogumo nonyyuntb curHan GPS, ytobbl
CUHXPOHM3MPOBATb Yacbl aHA/IM3aTOPa C BCEMUPHbIM KOOPANHUPOBAHHbIM BpemeHem (UTC). 3o
Nno3BosUT obecneyntb HAMMEHbLUYIO BO3MOXHYI MNOMPELHOCTb W3MEPEHUSA BPEMEHW MpuU
perucTpauumn 1 6bICTpyo NOACTPOMKY YAacoB B C/1ly4ae BPEMEHHOM NoTepu curHana GPS.

e [ina TOoro 4ytobbl M3MepeHWe MOJIHOCTbIO COOTBETCTBOBA/IO TpeboBaHuam cTaHgapta [OCT

30804.4.30-2013 (IEC 61000-4-30:2008) B acnekTe TOYHOCTU BpEeMeHU AN YCTPOMCTBA Kaacca A,

Heobxo4MMO nepes, 3anyCKOM PerucTpaLmMmn CUMHXPOHU3NPOBATL Yacbkl aHaN3aToOpPa C BCEMUPHbIM

KoopAnHMpoBaHHbIM BpemeHem UTC u obecneuntb npuém curHana GPS B TeyeHue Bcero

BPEeMeHM perucTpaumm.
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2.11 Pa6ora B pexxume cBsi3u 1o GSM

2.11.1 O6masa uHpopmanud o noAK/II0YeHUu GSM

BcTpoeHHbI mogem GSM no3BonsieT ocywecTBuUTb 6ecnpoBOAHYIO CBA3b C aHA/IN3aTOPOM MPAKTUUYECKMU
13 noboro mecta, rae ectb AoCTyn K MHTepHeTy. TaK e, Kak npu nogkatodeHum no USB 1 OR-1, B aTom
pernme Nosib30BaTe/lb MUMEET NOJIHbIN KOHTPOb Haj, aHA/IM3aTOPOM, MOXKET NPOCMaTPMUBATb TEKYLLME
JAHHble, 3anycKkaTb M OCTaHaB/AUBATb PErucTpaumio, CYUTbIBATb AaHHble ANnA aHanv3a u 1.4. Ona
MCNONb30BaHUA 3TOFO PEXMMA, B aHANM3ATOpP HeobXxoauMo ycTaHOBUTL SIM-KapTy Co cneayroLlmmu
napameTpamm yCiyru ceasu:

e [lakeTHana nepegava gaHHbix (GPRS);
e CTaTMYeCcKuit 3aperncTpmpoBaHHbI Homep IP;
e  BO3MOXKHOCTb OTNPaBKM SMS yBeOMNEHUIA CUTHAAN3ALNN.

BHumaHue &

O6blyHaA SIM-KapTa, u3BneuyéHHaa u3 TenedoHa, He MOXKeT ObiTb MCNO/Nb30BaHA B aHa/M3aTope.
MakeTHaa nepefavya JAaHHbIX TpebyeT ycAyrM npeaocTaBneHus cratudeckoro IP-agpeca,
3ape3epBMPOBAHHOrO TONbKO ANA AaHHOW SIM-KapTbl. ITOT NOCTOAHHbIA Homep [P nossonser
COXPaHUTb NOCTOAHHDIN agpec aHanusaTopa B ceT UHTepHeT. ITOT TUN ycayrn 06bIYHO UCMO/b3yeTcA
Ana nepegaum tmna «machine-to-machine» (m2m, «ycTpoiAcTBO K YyCTPOICTBY»), NpUMeHAeMoii, B
YaCTHOCTU, B MPOMbBILJIEHHOCTU A8 MOHUTOPUMHrA M Oo6MeHa AaHHbIMU U3MEpPEHUNn MeKay
ycTpoicTBamm.

KOMMyHMKaLI,VI‘r'I ocywiecrBnAaeTca chnegyrowmm 06p830M2

o Moagem nogkntoyaetca K cet GSM, a 3aTtem perncTpupyetca B cetn MHTepHeT,

e Mogem 3anyckaeT cnyxby cepsepa nogxatodeHuit TCP/IP nof NpUCBOEHHLIM MOCTABLMKOM
ycayrm IP-agpecom. CTaHApPTHO MCMNO/Ib3yeMblil aHaNM3aTopom Homep nopTta — 370 4001. MNog,
3Tum IP-agpecom n Homepom NopTa, aHaAn3aTop BUAEH B MHTepHeTe.

e KomnbloTep, C KOTOPOro BbINOAHAETCA MOMbITKA MOAKAOYMEHWUA K aHaNM3aTopy Yepe3 MOLEM
GSM, ponxKeH nmetb A0CTyN K MHTepHeTy.

e [lporpamma «SONEL ANALYSIS» BO BpemA CKaHMPOBAHUA MbITaeTCA YCTaHOBUTb COeAUHEHUE C
aHa/M3aTopamu, KoTopble MMetoT B 6ase aHa/M3aTopoB 3afaHHbIM Homep IP (Kpome Toro, B
HaCTpPOMKax Mporpammbl HYXHO BKAuMUTb onuuio «TCP/IP no GSM»). Mo ymonuyaHuio
nposepsaeTcA To/bko nopT 4001 yaanéHHoro xocra.

e Ecnu nop atum appecom HavgeH aHann3aTop U, KPOMe TOro, ero CEPUMHbLIA HOMepP COBMAZAET C
Homepom B 6ase aHaIM3aTOPOB, TO OH ByAET NOKasaH B CNUCKe HalAEeHHbIX YCTPOMCTB.

o O6meH MHOpPMaLMeN Nocne NOAKAOYEHNA NPOUCXOANT Yepe3 MHTepHeT. MNocne 3aBepLlleHms,
npPoOrpamma 3aKpblBaeT COeAMHEHME C aHa/M3aTOPOM, KOTOPbIA NepexoguT B COCTOAHME
NPOCNYLWMBAHNA N OXKUOAHUA HOBOTO COEAMHEHMUA C KIMEHTOM.

2.11.2 HacTtpoiika moaeMa

Ona Hactpoikn SIM-KapTbl M MoAema B aHa/iM3aTope HeobxoAuMmbl chedyloline AaHHble,
npefocTaBasemMble NOCTaBLMKOM YCAYT nepeaaym AaHHbIX:

o PIN-Kog gna SIM-KapTbl;

e PUK-kopa ana SIM-kapTbl, B cnydyae 610KMpoBKK SIM-KapTbl Nocie HECKONbKUX MOMbITOK BBOAA
HenpasuabHoro PIN-Koaa;

e Anpec IP, npucBoeHHbIl SIM-KapTe (3To ZonKeH bbITb CTaTUYECKMIA aapec);
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e UmsaA Toukn aoctyna APN (aHrn. Access point name);
e HasBaHwue nonb3oBaTens M Naposib (Heobs3aTeNbHO, 06bIYHO He TpebyeTca).

HacTpoliky aHanusatopa 4aa nogxatodeHus no GSM, cnegyet npousBoauTh Caedylowmm obpasom:
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MoaxnounMTbCA K aHannsaTopy no kabento USB. Ecnn aHanunsaTopa ewle HeT B 6ase faHHbIX, ero
HYXHO A06aBUTb K Hei;
HeobxoamMmo ybeamutbcA, 4TO MoZeM BKAOYEH. A 3TOro cnefsyeT U3 MEHIO NPOrpamMmbl
BbI6GpaTb NyHKT AHanmsatop —> Tekylwme HACTPOMKM M nepenTn Ha BKAaaky «becnposogHoe
coeauHeHue». [posepbTe yCTaHOBKY napametpa «Mepepada no cetm GSM» u B ciaydae
HEODOX0AMMOCTM BKKOUUTE ETO;
OtkntoumTe USB-coeanHeHne 1 BbibepuTe Knasuwamm 3kpaH 8/9. Eciv moaem BKAKOYEH, HO He
yctaHoBneHa SIM-KapTa, TO B cTpoke «GSM» aosKHO ObiTb coobuieHne «OTtcytcrByer SIM-
KapTta»;
BctaBbTe SIM-KapTy B c/10T Ha 60KOBOW NaHenu. 3To rHe3go Tmna «push-push» (gns nssneyeHus
aKKypaTHO HaXKMWUTE Ha KapTy A0 Yrnopa — OHA BbICKOYMUT HAPYXKy). AHanM3aTop 06HAPYHKUT, 4TO
KapTa yCTaHOB/IEHA W NOMbITAETCA MOAKAOUNTLCA K CETH;
Echm pgna SIM-kapTbl paHee He 6bln HacTpoeH PIN-Koa, aHanM3aTop BblAacT cooblueHue
«HeBepHbIN PIN-koa SIM-KapTbi». 3T0 cooblieHue TakKe byaer oTobpakaTbca Ha aKpaHe 8/9.
370 o3HauvaeT, yto SIM-KapTa oTBeprna PIN, ¢ noMmoLplo KOTOPOro aHanM3aTop NPoboBan c Heit
CBA3aTbCA. ITO HOPMaNbHAA CUTyaUMA NPU YCTAHOBKE B aHANM3aTOP HOBOW KapThbl;
YT106bI HACTPOUTL HEAOCTAIOWME NapaMETPbl, HEOOX0AMMbIE ANs 3anyCKa Nepesayn AaHHbIX MO
GSM, HeobxoAMMO 3aHOBO MOAKAYUTLCA K aHanmsatopy no USB u BblibpaTb B MeHO
nporpammbl MapameTpbl > basa aHanusatopos. B 6ase aHa/nM3aTopoB BOWTU B PEXUM
pefaKTMPOBAHMA HACTPOEK TOJIbKO YTO MOAK/IIOYEHHOrO aHanM3aTopa (LWeNKHYTb Ha CTpoKe C
HOMEpPOM aHa/IN3aToPa M HaXKaTb «PegaKTMPOBaTb»). Harkmute KHOMKy « I3MEHUTb HACcTPOIKK
GSM»;
B 3TOoM OKHe nocnesoBaTenbHO BBeauTe: B nose «IPvd» agpec IP (nonKeH 6biTb NpeaocTasieH
NOCTaBLUMKOM YCAYr), UMSA TOYKM poctyna «APN», HasBaHWe nosb3oBaTens M naposb (ecnau
nposavgep TpebyeT 3TOoro U nepegan 3TM AaHHble). MoaTsepaMTe HOBble AaHHbIE KHOMKOM
«OK»;
3atem nosaBuTCA OKHO C 3anpocom BBoga PIN-kopga ana SIM-KapTol. HyXXHO BBeCTU Kog,
npunaraemblii K SIM-KapTe n noaTBepaUTb KHONMKOM «OK»;
Ecnn BBeAeHbl NpaBwu/bHbIE AaHHbIE, TO aHA/M3ATOP UCMO/Ib3yeT UX, YTOObI yCcrnewHo BOUTH B
ceTb GSM. Jlyywe Bcero npoBepATb CTaTyC COeAMHEHWA Ha 3KpaHe 8/9 aHanusatopa
(Heobxogumo 3aBepwnTb ceaHc no USB). MMpaBuibHOE MNOAKAOYEHME CUTHA/M3UPYETCA
ctatycom GSM: «l0TOBO, <TUM MOAKAIOUYEHUA>» (<TUM MNOAKJOYEHUA> 3aBUCUT OT
MECTOMONOMKEHMA U TUNA YCIYTY NO Nepeaye AaHHbIX B KOHKPETHOM pervoHe);
MpaBuabHaA nNoCNeAOBaTE/NbHOCTbL MNOABAEHMA CcoobWeHUt Ha 3KpaHe 8/9 B caydae
noakatYeHua K cetn GSM:

o BKknwoueHue ...

o [lopknioueHue K cetu ...

o MopknioueHue K UHTepHeTy ...

o TotoBO, <TUN NnogKAtlOYeHUnsa>
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Puc.27. Beog napametpos GSM B 6a3y aHann3aTopoB..

B cnyyae wusBneveHua SIM-KapTbl M3 rHesga aHanausaTop oTobpaxkaeT coobuweHue 06 olwmnbKe

«OTcytctByeT SIM-Kapta». 370 coobueHWe He nOBTOPAETCA MpPW NOCAEAYHOWMX BKAKOYEHMAX

aHanusatopa. MW3BneueHune SIM-KapTbl BO Bpemsa paboTbl aHanusatopa AONYCTUMO,
peKkoMeHAayeTcs, TaK KaK B 3TOM C/ly4ae MOAEM HE KOPPEKTHO BbIXOAUT M3 ceTn GSM.,

HO He

BHMMaHue &

Mpun Kaxxaom nameHeHum KoHdpurypaumm GSM npomucxoaut aBTomaTUuecKuii nepesanyck.

2.11.3 IIpoBepka coeguHeHusa GSM

Ecnn Ha 3KkpaHe 8/9 cocToaHMe mogema GSM npeactas/ieHo Kak «FO0TOBO, <TUM NOAKAIOUEHUA>Y, 3TO
O3Ha4aeT roTOBHOCTb MPUHMMATb COEANHEHMA OT YAANEHHOIO KOMMbloTepa Yepe3 NHTepHeT. MOXKHO

BbINOJIHUTbL TECTOBOE COegMHEHMNe ANA NPOBepPKU cBA3N ¢ npunoxkeHnem «SONEL ANALYSIS»:

HeobxoaMmo npoBepuTb B HAaCTPOMKax NPOrpaMmbl, BKAKOYEH 1M MOUCK aHAIM3aTOPOB MO CeTU
GSM: B MeHI0 nporpammbl HyHO Bbl6paTb MapameTtpbl = KoHdurypaums nporpammbsl —>
HacTtpoliku megmna = AkTuBHble megua. Mone «TCP/IP no GSM» A0/13KHO 6bITb OTMEYEHO.
AHanusaTop, K KOTOPOMY HeOo6XO04MMO MOAKAUMTbCA, Ao/KeH ObiTb BBEeAEH B 6asy
aHa/IN3aTopOoB (ecinM paHee NPOM3BOAMIACL HAaCTPOMKA MoAema Mo NyHKTy 2.11.2 — 370 yxe
6yaeT BbINOAHEHO).

CnepyeT OTKNOUYUTB Nt0Bble coeguHeHUn ¢ aHanmsaTopom (no USB, Wi-Fi nnm OR-1).

BbINosHMTE MOMCK aHanu3aTopa AbbiIM MeToZoM (Hanpumep, HaxuMmasa Ha «TeKywume
NOKasaHua»). B cNucKe NOMCKa [O/MKEH MOABUTBCA aAHA/M3aTop € MpUMeYaHuem
«MopgkntoueHune no cetn GSM». Bbibepute 3TOT aHannsaTop U Haxkmute «OK».

Yepes HeKOoTOpoe Bpems, Ha 3KpaHe A0JIKHO 0TObpasnTbea Tpebyemoe OKHO (Hanpumep, OKHO
«TeKylwMe NOKasaHUA»), a CTaTyC B CTPOKE COCTOAHWA MPUNONKEHUA AOMKEH U3MEHUTbCA Ha
«MoaknoueHo». TaKKe Ha gucnsiee aHannsaTopa otobpasmTca coobuweHne «MoakntoueHue K
MK (GSM)». Taknm ob6pasom, NOMbITKA COEANHEHMA MPOLLA YCMNELLHO.
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2.11.4 Bo3MoxHbIe Ipo6yieMbl ¢ KOHpUrypanueit GSM U peKkoMeHAyeMble AelCTBUA

Mpo6nema: MHAMKATOP BbINOJHEHWUA NOMCKa aHaAU3aTopa oYeHb bbicTpo aoxoaut Ao 100%, He Haxoas
aHanmsaTtopa.

B0o3MOKHaA NpUYMHA: ITO MOXKET CBMAETENBCTBOBATL O BbIK/AOYEHHOM MOUCKEe aHaan3aTopos No GSM
B HACTPOMKax NPUAOHKEHMA nan 6ase aHaNNM3aToOpPOB.

PeweHune: B meHIO nporpammbl HYXHO BbliGpaTb NyHKT MapameTtpbl = KoHourypauma nporpammsl =
Hactpoliku meana = AkTusHble meana. Mone «TCP/IP no GSM» A0/1KHO 6bITb OTMEYEHO.

Mpo6nema: MHAMKATOP BbLIMNOJNHEHWA NPW TMOWUCKE aHaA/M3aTOPOB B TEYEHME HECKOJIbKUX CEeKYHA
poxoaunt oo 100%, He Haxo4A aHa/M3aTopa.
BO3MOXHble NPUYUHDI:

1) AHanM3aTop BbIKAOYEH UM C HEAKTUBHbBIM/HEHACTPOEHHbIM Mogemom GSM.

2) HecooTBeTcTtBMe IP-agpeca aHannsaTopa 1 3anucu B 6ase aHaM3aToOpPOB..

3) AkTMBHOe GSM coegMHeHWe aHaAn3aTopa € APYIMM KAMEHTOM WAM BPeMeEHHble Npobaembl
cetu.

PeweHus:

1) Echmn aHanu3aTtop AoCTyneH, To NposepbTe cocTosHMe GSM mogema Ha aKkpaHe 8/9. Ecaum ero
cTtaTyc «BbiKnloueH», TO HEO6XOAMMO B MEHIO Mporpammbl BbibpaTb AHanmsatop > Tekyuine
HaCTPOMKK, NeperdTU Ha BKNagKy «becnpoBogHoe coeauHEHWEe» W NPOBEPUTb, aKTUBEH /n
napametp «Mepepaya no GSM» U1 BKAOYUTb €ro, ecanM 3TO He TaK. [lpoBepbTe HACTPOMKM
moaema.

2) Y6eautechb, 4to B 6ase aHaM3aTOPOB 3anmncaH NpaBuabHbIM IP-aapec aHanusaTopa.

3) NoBTOpPMTE NOMbITKY Yepe3 HECKOIbKO MUHYT.

Mpo6nema: HecmoTpA Ha NpaBubHbIN cTaTyc «[0TOBO, <TUN NOAK/IIOYEHUA>» HA IKPaHE aHaM3aTopa
M NpoBeAEHHbIM MOWUCK aHAN3aTOPOB, OH TaK M He NoABMACA B cnncke. MNapameTp «Mepegayva no
GSM» BK/IIOYEH M aHa/IM3aTOP NPaBUIbHO CKOHOUIYpMUpPOBaH B 6a3e aHaM3aTopos (BmecTe c IP-
aapecom).

Bo3amoKHaA npuumnHa: bnokuposka nopta TCP 4001, KoTopblit MCNoAb3yeTca ANA nepenayn yepes

MEMKCETEBOM 3KPAH KOMMNbOTEPa MAKM BpaHamayap npoBaligepa NHTepHeTa B IOKa/IbHOM CEeTU.
PeweHue: MpoBepuTb B KOHOUrYypaLumMm KomnbloTepa, 4to nopT TCP 4001 He 3a6n0KnpoBaH. Ecau aTo He
TaK, obpaTmuTech K aMMHUCTPATOPY OKANIbHOM CEeTU.

Mpobnema: MNocne yctaHOBKM B aHanmzatop SIM-kapTbl BO3HMKaeT owunbka «HenpaBunabHbIA IP-
aapec».

Bo3morkHaA npuuunHa: NpuceoeHHbIN ceTblo IP-agpec apyroi, 4em B KOHPUrypauumn aHaaunsaTopa.

PeweHune: [MpoBeputb, 4To B 6ase aHa/M3aTopoB BBeAEH MpPaBW/bHbIN |IP-HOMep MO AaHHbIM
nposaigepa. B 6a3e aHanusaTopoB BOWAMTE B PeAaKTMPOBAHWE HACTPOEK aHanu3atopa W
Bblbepute «U3MmeHUTb HAcTpoukun GSM». Beegute U noatTeBepauTe npasBuibHbIA IP-agpec.
OTkntounTeCh OT aHaM3aTopa U nNposepbTe coeguHeHne GSM No 3KpaHy cTaTyca, MPaBUAbHO N
aHanusaTtop noaxnountca K MHTepHeTy. Ecnm 3To He npuHeceT pesynbTaTta, NpPoBepbTe, NOAXOANT
v ycTaHoBsneHaa SIM-Kapra.

MNpobnema: AHanusaTtop BbIAAET OWNOKY «HeBepHbIi PIN-kog SIM-KapTbi».

Bo3moKHaA npuumnHa: HesepHbiit PIN-Koa, ucnonb3yembli aHaM3aTopom ansa pasbaokuposku SIM-
KapTbl. MorKeT ObITb, 3TO CBA3aHO € 3ameHol SIM-KapTbl Ha apyryto, unum PIN-Ko4 KapTbl UISMEHEH
BHELIHWUM YCTPONCTBOM.
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PeweHune: Mocne nogxntoyeHns K aHanmsatopy no USB Heobxogumo BoiiTn B 6a3y aHanM3aTopoB U
BblbpaTbh napameTp «M3meHUTb HAcTpokn GSM», a 3aTem «M3meHutb PIN-koa SIM-KapTbi».
Beeaute ntobblie yeTbipe undppbl B nose «Crapbid Kog PIN» (3170 nosie B TakoW cuTyaumu
WUrHOPUpPYETCA), a 3aTeM ABaXKAbl B ABYX MOAX HWUXKe BBeAUTe NpPaBWAbHbIA Kog SIM-KapTbl.
CoxpaHuTe HacTpoiKku. OTKAOYMTECH OT aHaNM3aTopa M Ha ero aKkpaHe 8/9 nposepbTe cTatyc GSM
(nponsongéT nn coegnHEHUE C CETbIO).

Mpobnema: AHanusaTtop BblAAET oWNOKY GSM «Tpebyetca PUK».

Bo3mo}KHaA npuumHa: YcTaHOB/AEeHas B aHa/M3aTop KapTa 3ab/s0KMpoBaHa B pesy/bTaTe BBOAA
HecKosIbKo pas owmnboyHoro PIN-koza. Heobxoanmo pasbnokuposaTe SIM-KapTy, BBega PUK-koa.

PeweHune: Mocne nogxntoyeHns K aHanmsatopy no USB Heobxogumo BoiiTn B 6a3y aHanM3aTopoB U
BbibpaTb NapameTp «M3meHUTb HacTpoikn GSM». Bbibpatb «U3meHutb PIN-Kog SIM-KapTbi».
JONKHO OTKpbITbCA OKHO ana Beoga PUK-koma m Hosoro PIN-Koga. Beegute u noarsepaute
KoAabl. OTKAOYMTECH OT aHaM3aTopa U Ha ero akpaHe 8/9 nposepbTe cTatyc GSM (npousonagéTt nu
CoeaMHEHME C CeTbIo).
KapTy TakXe Mo»KHO pa3b/10KMpoBaTb, BCTaBMB B 110601 MobUIbHbIN TenedoH n Beega PUK-koa u
HoBbIM PIN-Koa.

BHumaHue /L\

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

Mpobnema: AHannszatop coobuiaeT 06 owmnbrax GSM: «OwmnbKa ceTn», «OwmnbKa SMS», «HeT cetTn» u
ap.

Bo3moKHaA npuumHa: Mpousowna ogHa 3 owmnbok cetm GSM. 3To moxKeT ObiTb BbI3BAHO 3aMMUCbLO
HenpaBuabHOro Homepa TenedoHa ansa SMS coobLEHNN NN BpEMEHHOM NoTepen ceTu.

PeweHue: B cnyyae owmnbkn SMS npoBepbTe NpaBUIbHOCTb BBEAEHHOIO HoMepa TenedoHa. B gpyrmx
CAyYanX He HYXXHO NpeanpUHUMATL AOMNOJHUTENbHbIX AENCTBMA. AHAAM3aTOpP CHOBa nonpobyer
NoBTOPUTb OMepauuto Nocae onpeaenéHHOro MHTepBasa BpeMeHu (Hanpumep, Yyepes 1 MUHYTY).

2.12 Pa6oTa no 6ecnipoBoaHoMy coeauHenuio Wi-Fi EIED QXD
2.12.1 O6masa uHdopmManmsa

AHanusaTtopbl PQM-710/711 ocHauleHbl mogynem Wi-Fi, paboTatowem no ctaHaapty IEEE 802.11 «b/g»
M «n» C OAHOMOTOYHOW Mepedayeirt AaHHbIX (TOYKM [OCTyna C OAHOW aHTeHHoW). 3To no3BoaseT
NoMyYnTb YAANEHHbIM [OCTYN K aHaNM3aTopy C NAaHweTa (MAM KomnbioTepa). Bo3morKHO npamoe
coegMHeHMe «nNaHLWeT < aHanusatop» (Puc. , Puc. ), pabota B nokanbHon cetn (Puc. ) unm uepes
NHTepHeT (Puc. ).

Puc. 28. 3aBoackas KoHdUrypauma. MpsMoe coeamHeHne NAAHLWET <& aHanAnsaTop.
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Mpu npamom nogkaYeHMn Toukon goctyna Wi-Fi (mapwpyTmMsaTopom) seaserca naaHweT. Oas Takoi
paboTbl aHaNM3aTOP U NIAHLWET HAaCTPOEHbI MO YMONYaHMIO (3aBOACKas KOHOUrypaumsa). B stom pexume
paboTbl WndpoBaHMe BCerga BKAOYEHO, U €0 HE/b3A OTKAKYUTD.

MnaHweT moxeT paboTaTb COBMECTHO C HECKOZIbKMMMW aHannsaTopamu. TpebyeTtca ToNbKO f06aBUTL MX
B 6a3y aHa/IM3aTOPOB, CMOTPU NYHKT 2.12.4 1 nyHKT 2.12.5.

T

H

Puc. 30. KocBeHHOe noakatoyeHMe yepes mappytnsatop Wi-Fi, nokanbHas cetb.

B KOHUrypaumsax C BHEWHMM MapLIPyTM3aTOPOM BO3MOXKHA paboTa B OTKPbLITON CETM WU CeTH,
3aWmMWEHHON no craHgapty WPA/WPA2-PSK. B He3aWMWEHHbIX CETAX AO/IKHO ObiTb MYCTbIM Mose
«Knwou» napameTtpa «basa aHanu3aTopoB» B KOHOUIypaL MM aHaIM3aTopa (CMOTpU Takke Puc. 2).
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Puc. 31. NoakntoyeHme yepes ceTb NHTepeHT.

Mocne NoaKNYeHMA K TOYKe AO0CTyna aHanu3aTop 3anyckaeT caykby cepsepa nogkntovyeHus TCP/IP
nog cratnyeckmm IP-agpecom wmnm npucBoeHHbim cepsepom DHCP Toukm pgoctyna. [Mopt TCP,
NCNo/Ib3yeMbll KaK B JIOKAJIbHOM CETU, TaK U NPU NPAMOM Noakato4eHnn — 37o 4002.

M3-3a BO3MOXKHOCTM MCMO/Ib30BaHUA AMHAMMYecKoro agpeca npu paboTe B JOKAaNbHOW CeTU WM
npsmom coeamHeHuun, npunoxeHne «SONEL ANALYSIS» ckaHupyeT BCO NOACETb, YTOObI HAWUTK
aHanmzatop ¢ MAC-agpecom, COOTBETCTBYHOLIMM TOMY, KakKoM Obln HasHayeH Aasa aHanausatopa C
OAHHbBIM CEPUNHBIM HOMEPOM.

CoeaunHeHWe ¢ aHanM3aTopom Yepes NHTepHeT TpebyeT COOTBETCTBYIOLLEN HACTPOMKM MapLLpyTU3aTopa
Wi-Fi agMUHKUCTpPATOPOM CETHU.

AHanusaTtop, B npegenax AOCArAaeMOCTM KOTOPOro He obHapyeHa HeobxoaMmas TouKa [0CTyna,
OCTAETCA B PeXMME CKaHUPOBaHMNA gmana3oHa Wi-Fi 2.41Tw.

YpanéHHoe nogknoyeHue nporpammHoro npunoxeHnsa «SONEL ANALYSIS» nocpeactsom Wi-Fi byaet
BO3MOXHO, €C/IM BKNKOYEH 3TOT Cnocob CBA3M B HacTpoiKax nporpammbl (KoHdurypaumsa nporpammbl =
AKTMBHble Meana, Puc. ).

2.12.2 3aBoackas KOHpUrypauus
3aBogcKan KoHdurypauma Wi-Fi nnaHweTa 1 aHanM3aTopa BbIrIA4MT cnegyowmm obpasom:

o [lnaHLWeT HAaCTPOEH, KaK TOYKa A0CTyna:
o SSID cetu: AP_cepuliHblli_Homep_aHanuzamopa (Hanpumep, AP_BR0001);
o Appec IP Toukun poctyna: 192.168.173.1;
o Macka nogcetun 255.255.255.0;
o AsTomaTMyecKoe npucsoeHune agpecos IP (DHCP): BKAtoueHo;
o WwndposaHne WPA2-PSK BrkntoueHO, Katod Takom Kak SSID.
o [lapameTpbl aHanM3aTopa:
o SSID cetu: AP_cepuliHblli_Homep_aHanuzamopa (Hanpumep, AP_BR0001);
o IP npucBanBaloTCa aBTOMaTMYECKM TOYKOM AdocTyna: 192.168.173.X (rae X Haxoautcs B
AnanasoHe 2...254), wnwo3 192.168.173.1;
o UWwndposaHne WPA2-PSK BkntoueHO, KoY Takom KakK SSID.

MpunoxkeHne «SONEL ANALYSIS» (Bepcus ons nnaHweTa), yCTaHOBAEHa Ha NJaHLIeTe M 3anyckaeTca
aBTOMATMYECKM MOC/E ero BK/IOYEHUA.
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Puc. 32. Bbibop akTMBHOTIo cnocoba nepegaumn.

2.12.3 BxiovyeHue/oTK/II0YeHUe /HacTpoiiKa ToukH Aoctyna Wi-Fi B nanmere.

e [1p1 NPAMON CBA3M «NNAHLIET <> aHaNM3aToP», NNAHLLET BbINOAHAET GPYHKLMIO TOUKKM gocTyna Wi-
Fi.

e ToYKa AOCTyna HacTpamBaeTcA Ha 3Tane MPOM3BOACTBA M aKTUBUPYETCA aBTOMATUYECKM Mpu
3anycKke nporpammbl «SONEL ANALYSIS».

o [lonb3oBaTesib UMEET BO3MOXKHOCTb M3MEHUTb KOHOUIYPALMIO TOYKN AOCTYNA U AAXKe OTKAHOUYNUTD
eé.

YT06bl M3MEHWUTb HACTPOMKM TOYKM AJocTyna Heobxogumo BbibpaTb B MeHio «Kondurypaumsa

nporpammbli» napametp «HacTpolkn megma», a 3aTem B CMUCKE Ha NeBOM cTopoHe BblbpaTh «Wi-Fi».
MoaBuTCA OKHO, NpeacTaBneHHoe Ha Puc. .

T Konfiguracja programu
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" Ustawienia polaczen

Programowy bezprzewodowy punkt dostepowsy —47—0— 9 — 7

ool AP_BS0001
[(=4 AP_BS0001

=

Aktywne media

Ustawienia portu szeregow...

Wylaczony

Puc. 33. KoHdurypauus Toukm goctyna Wi-Fi.
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B 3TOM OKHe ZOCTyNHbI ciegytolme napamerpbl:
e BkatoueHMe/oTKIIOYEHWE TOYKM A0CTYNa (KHOMKM «3anycKk» 1 « OCTAaHOBUTbY).

BHUMaHMe &

BbiK/IlOUEHUE TOUYKM [0CTYNa NPUBEAET K TOMY, UTO NPSAAMOE CoeauHeHne «NAaHWeT <~ aHaausaTop»
no Wi-Fi byaet HeBO3MOKHbIM.

e /3ameHeHWe noBeaeHUs nporpammbl npu 3anycke «SONEL ANALYSIS» morkeT paboTaTb B ogHOM
M3 ABYX pexumoB. 3aBOACKaA YCTaHOBKA — 3TO pexum «ConpsxeHua». [locne 3anycka
Nporpammbl OH MPUBOAUT K aBTOMATUYECKOMY MOAKAIOYEHMUIO MJIAHLIETa K CONPAXEHHOMY Ha
3aBoge aHanusatopy. [lone «ConpsA)KEHHOe YCTPOMCTBO» MOKA3bIBAET CEPUMHBIA HOMEp
COMPAXXEHHOIO aHann3aTopa. YTobbl 3TO 6bI10 BO3MOXKHO, TOUKA AOCTYNA AO/KHA HAaXoaAUTbCA B
COCTOAHMM «3anyck». Bbibop pexxknma «HopmanbHbIii» BBOAWT NPOrpaMmy B OObIYHbIA pPexuUmM
paboTbl. B 3TOM cnyyae aBTOMATUUYECKOE COEAMHEHME C COMPSXEHHbIM aHANM3ATOPOM MpU
3anycKe nporpammbl 6yaeT OTKAOUEHO.

Cnepytowme gsa nona «SSID» n «Knwou» no3BoAAOT M3MEHEHWUTb MNapamMeTpbl TOYKM A0CTyna B
nnaHwere:

o [one SSID cnyxuT Ana BBoAa UMeHN TOYKM BecnpoBogHOro [OCTYNa,
e [lone Knwu ncnonbyerca ANA 3anTbl COEAUHEHMNA NAPOAEM.

Y106bI NPaBMIbLHO HAacTPOUTb TOUKY gocTyna Wi-Fi Heobxogmmo:

o OTKNOUUTb NPEMKHIOK TOYKA J0CTYNA (KHOMKa «OCTAaHOBUTDLY);
e BBecTu Ha3BaHWe ToYKM goctyna (none «SSID»);

e BBecTtu naponb (none «Knoun»);

e HaxaTb KHOMKY «3anycK».

BHumaHue &

Ona Toro, urobbl aHanM3aToOp MOr MOAKAIOYUTLCA K TOYKe AOCTYNa, B M/aHLWIETe AO0/KHbl 6biTb
3anucaHbl Takue Ke Ha3BaHuA «SSID» u «Kntou» (cm. ra. 2.12.4).

2.12.4 Hacrpoiika nogkawdeHusa Wi-Fi c nomonisio coeguHenus no USB
[na npaBuabHOM HAaCTPOMKKU coegMHEHUA HEOBX0AMMO 3HaTb:

e /mA Toukn goctyna («SSID») (ans npamoro NnoAKAUYeHUA cMoTpu rnasy 2.12.3);
e Maponb («Knwou») B cnyyae 3aWMWEHHONW ceTu (4N NPSAMOro MNOAKAOYEHUA CMOTPU riaBy
2.12.3);
o «BHewHuit IP-appec» 1 «BHewHuidi nopt». MNapameTpbl, Heobxoanmble aaa paboTbl B Apyron
noAceTH, YemM MNaaHLwWeT (KoMnbloTep), 0cobeHHO HeobxoaAnMbI ANA coeaAnHeHUA Yepes UHTepHeT.

HacTpolika KoHOUrypaunm aHanmsaTopa A0KHa OCYLLEeCTBAATLCA cieayrowmm obpasom:

o CoeanHUTb NNaHLWeT (KoMmnbtoTep) ¢ aHanmM3aTopom USB Kabenem;

o BbINO/IHUTL MOMCK aHaNM3aTopa, NyTém BbIGOPA M3 MEHI0 NPorpammbl napameTpa AHanusartop =
Terywwue napameTpsl (F4) M yCTaHOBUTL COEANHEHWNE C aHANN3ATOPOM;

e MepeliTu Ha BKNagKky «becnpoBogHoe coeauHeHue» (Puc. 2) M NPOBEPUTb aKTUBHOCTb
napametTpa «Mepegaya no Wi-Fi»n. Ecan 37O He TaK, BKAKOUYUTDb €ro.
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Puc. 2. 3KpaH TEKYLWNX NapamMeTpoB aHan3aTopa, AOCTYyNHble CpeacTBa ANA nepenayvyn AaHHbIX.

e BblibpaTb B MeHIO nporpammbl MyHKT [MapameTtpbl > basa aHanusatopos (F3). B 6ase
aHaNM3aTOpPOB MepenTM K PeaakTMPOBaHWUIO HACTPOeK aHanusaTopa (Bbl6paTb CTPOKY C
CepUiiHbIM HOMEPOM aHanu3aTopa M LWenKHyTb «PegakTupoBaTtb»). B noseBuBlLIEMCA MEHHO,
Ha*KaTb KHOMKY «A3MeHUTb HacTpoiikn Wi-Fi».

e HeobxoaMmo BBeCcTU Mo ovyepeau: MMA ToYKM pgoctyna (none «SSID»), a TakKe B caydyae
3aLUMLLEHHON CETM MOCTaBUTb rasioyky B nose «U3meHUTb» M BBECTU Maposb (none «Kntoum).
Onsa HesawumueHHoN ceTn, nose «Knwu» MOMHO OCTaBWUTb NYCTbiM, HO nose «U3meHUTb»
[0JI}KHO BbITb OTMEYEHO Ta/IoYKOM.
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Puc. 35. 9kpaH c KoHdurypaumei Wi-Fi ans npamoro coegmHeHns nan paboTbl B IOKabHON ceTu.

e BblbpaTb cnocob npucsoeHus IP-agpeca. B cayvae py4yHOro pexkmma BBECTU COOTBETCTBYHOLLME
3HavyeHus B nona «Agpec IP», «Macka» n «lnwo3». B aBToMaTU4eckom pexknme BblibpaTb
«DHCP»;

e [lone «Agpec MAC» npu nogknaodeHmm no USB 3anonHsetcs aBTOMaTMYecku (CYMTaHO M3

aHanmsaTtopa);



Mone «MopT» He nognexKaT peaakTMPOBAHMIO, 3TO Bcerga Homep 4002;

Ona pabotbl B apyrnx noacetax (cetb UHTepHeT) 3anonHuTe nons «BHewHwuin IP-agpec» u
«BHewHu nopt™. [1na NnpaAMoro coeamMHeHus (NNaHWeT <> aHaNM3aTop), a TakKe gns paboTbl B
NIoKanbHOM cetu (NnaHweT & mapwpytmsatop Wi-Fi & aHanusatop) sTm nonsa foaKHbl 6biTb B
HEAKTUBHOM COCTOAHMUM;

Ecnn aHanmsaTop umeeT ctatudeckuii IP-agpec, To MOXHO COKpPaTUTb Bpemsa ero noucka. C atol
uenbto B nosne «BHewHuii IP-agpec» Hy»HO BBecTu |IP-aapec npubopa, a B nose «BHewHMi
nopt» - Homep 4002;

MoaTtBepanTe BbINOJIHEHHbIE WU3MEHEHMA HACTPOMKM HaKaTMem KHomnku «OK». Tem cambim
HOBble AaHHble, BBeAEHHbIe B nonax: «SSID», «Kntou», «KoHdurypauusa IP», 6yayT oTnpasaeHsbl
B aHa/an3aTop;

Ecnn BBeaeHbl NpaBuabHblE AaHHble, TO aHanM3aTop OyAeT NbITaTbCA NOAKAOYMUTLCA K TOYKE
noctyna Wi-Fi. Nocne oTkAoYeHMA, CTaTyC COeANHEHNA MOXHO OTCAEXKMBaTb Ha 3KpaHe 10/10.
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Puc. 36. MpumepHas KoHUrypaLma aHannsaTopa 4S8 coegMHeHNA No ceTu MHTepHeT.

MpaBWabHasA NnocneaoBaTeNbHOCTb NOABAEHUA COODLEHMIA HA SKpaHe:
o «loucK ceTn...»;
o «logKnoyeHue K ceTu...»;
o «MonyueHme agpeca IP...» (8 cnyyae DHCP);

e «lotoB».

2.12.5 U3meHeHue HacTpoek Wi-Fi B 6a3e aHa/iM3aTOpPOB NPU OTCYTCTBUM COeAHMHEHHUSA MO

USB

HuKeonucaHHas npoueaypa OTHOCUTCA K C/yYato, KOr4a aHa/M3aTop paHee bbll CKOHPUIYPUPOBaAH, HO
cywecteyeT HeobxogumocTb pobaBneHus ero B 6asy WAM peaakTMpoBaHua napameTtpos Wi-Fi,

naeHTMbMUMpyrowmnx npmnbop.

[ns npaBUNABbHOW HAacTPOMKN coeaMHEHNA HEOHOXOAMMO 3HATb:

o dusumyeckuin agpec aHanumsatopa («Agpec MAC»), 3ToT napameTp HeobXoaAMMO CUMTATb C IKpaHa

10/10.

e «BHewHuit IP-agpec» 1 «BHewHMit nopt». MapameTpbl, Heob6X0AMMbIE ANA PaboTbl B ApYyrom

noAaceTH, Yem naaHweT (KoMnbioTep), 0cobeHHO HeobxoaAnMbI ANA coeaAnHeHuA Yepes UHTepHeT.



HacTpolika KoHOUrypaunm aHanmMsaTopa A40/1KHa OCYLWEeCTBAATLCA Ceay oMM 06pasom:

BbibpaTb COOTBETCTBYIOWMIA aHanM3aTop B 6ase M HaxaTb KHOMKY «PepaKtupoBaTtb» MU
HaXKaTb KHONKY «[lo6aButb» ans gobasneHua ero B 6asy.

Ncnonbaysa KHonku «U3meHnTb HacTpoiikn Wi-Fi» 3anonHuTe none «Aapec MAC».

Ona pabotbl B Apyrnx noacetax (cetb MHTepHeT) 3anonHuTe nons «BHewHwuii IP-agpec» u
«BHewHu nopt. [1na NnpAMoro coeamMHeHus (NNaHLWeT <> aHaNM3aTop), a TakKe gns paboTbl B
NIoKanbHOM cetn (nnaHweT < mapwpyTtnsatop Wi-Fi <& aHanusatop) st nona Heob6xoAUMO
OCTaBUTb B HEAKTMBHOM COCTOSIHUMU.

MpumeyaHue: ecin aHaAN3aTop UMeeT CTaTUYeckuit IP-agpec, To MOXKHO COKPATUTb BpemMs ero
noucka. C aToli uenbto B none «BHewHuii IP-agpec» Hy>KHo BBecTu IP-aapec npmbopa, a B none
«BHewHUM nopT» - Homep 4002.

MoaTtBepauTe BbINONHEHHbIE U3SMEHEHWUS HAaCTPOMKM HaxKaTnem KHonMKn « OK».
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Puc. 37. MpumepHas KoHUrypaLma gns CBA3U NO MHTEPHETY A5 OTK/OYEHHOro aHamn3aTopa.

2.12.6 IlpoBepka coeaunenus Wi-Fi

Ecnm Ha akpaHe cTatyca 10/10 coctoaHne Wi-Fi oTobparkaeTca Kak «FOTOB» — 3TO 03HAYaeT roTOBHOCTb

YCTaHOBUTb coeanHeHune C NAaHLWETOM OT y,D,aI'IéHHOI'O KOMMNblOTEPQA (I'II'IaHLLIETa). MOXHO BbINONHUTL

TeCToBOE NOAKAKYEHMNE ANA NPOBEPKM €BA3K ¢ npuaoxeHnem «SONEL ANALYSIS»:
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HeobxoamMmo npoBepuTb B HACTPOMKax NporpamMmmbl, BKAOYEH M NOUCK aHanmn3aTopos no Wi-Fi: B
MEHIO MPOrpammbl HY»KHO Bbl6paTb MapameTpbl = KoHdurypauma nporpammbl = HacTpoinKkm
meana = AKTuBHble meana. Mone «Wi-Fi» 01KHO 6bITb OTMEUYEHO;

AHaNM3aTop, C KOTOPLIM Mbl XOTUM COEANHUTBLCSA, [OIKEH OblTb BHECEH B 633y aHaIM3aTOPOB (3T0
byaet obecneyeHo, ecnm paHee bblna BbINOJHEHA HAaCTPOMKa B COOTBECTBUM C NMyHKTOM 2.12.4);
Heobxoanmo oTKAUUTb Ntobble coegmHeHus ¢ aHanmnsatopom (USB, GSM);

BbIMONHUTL MOWMCK aHanuW3aTopa, BblOpaB ntobol meTos (Hanpumep, WENKHYB MO KHOMKe
«TeKywme noKasaHuaA»). B crnvcke pesynbTaToB MOWUCKA AO/KEH MNOABUTLCA aHaAM3aTop C
npumeyaHnem «CoeguHerme no Wi-Fi». BbibepuTe sTOT aHaAM3aTOP M HaXKMUTE KHOMKY «OK»;
Yepes HEKOTOpPOE BpemMs Ha 3KpaHe LOJ/IKHO MOABUTLCA HYKHOE OKHO (Hanpumep, «Tekyuime
MOKa3aHUAY), a CTaTyC B CTPOKE COCTOAHUA MPUIOKEHUA AONKEH U3MEHUTLCA HA «MOAKAIOUEHY.
TakKe Ha gucnnee aHanusaTopa oTobpasuTtca coobuleHne «MogknoueHune K NK (Wi-Fi)». Tem
CaMbIM MOMbITKa YCTaHOBUTb COeIHEHME 3aBepLUNIAch YCNEXOM.



2.12.7 Bo3MoxHbIe Npo6JieMbl ¢ HacTpoiikoit Wi-Fi u pekoMeHayeMble AelCTBUA

Mpobnema: WMHAMKATOP BbLINONHEHMA NPU MOWUCKE aHa/IM3aTOPOB B TEYEHME HECKOJIbKUX CEKYHA,
poxoaunt oo 100%, He Haxo4A aHa/mM3aTopa.

BO3MOHaa NpUYMHA: ITO MOKET CBMAETENbCTBOBATb O BbIK/JKOYEHHOM NOUCKe aHannsatopos no Wi-Fi
B HACTPOMKax NPUIOKeHMA nan base aHaNM3aTopPOB..

PelweHne: B MeHI0O MPOrpPammbl HYKHO BblbpaTb [MapameTpbl = KoHourypauma nporpammbl —>
Hactpoliiku meama = AktusHble meaua. NMone «Wi-Fi» g013KHO BbITb OTMEYEHO.

Mpo6bnema: MHAMKATOP BbLINOAHEHWA NPWU MOWUCKE aHAAM3aTOPOB B TEYEHME HECKONbKUX CEKYHA,
poxoaunt oo 100%, He Haxo4A aHanmM3aTopa.
Bo3MOXKHble NPUUYUHDI:
1) AHanu3aTop BbIKAOYEH UK C HEAKTUBHbIM/HEHacTpoeHHbIM coeanHeHnem Wi-Fi.
2) HecootsetctBne MAC-agpeca aHannsaTopa v 3anucu B 6ase aHaIM3aToOpPoOB..
3) HecooTseTcTBMe BHeluHero |IP-aapeca aHannsaTopa v 3anucu B 6ase aHannsaTopoB (coeauHeHue
yepes UHTepHeT).
4) AkTMBHble nona «BHewHwuit IP-agpec» 1 «BHewHun nopt» B 6ase aHa/NM3aTOpPOB B Caydyae
NPAMOro CoeAMHEHUA «MaHLWeT <& aHa/n3aTop» UK NpU paboTe B 3TOM }Ke CeTu.
5) AkTtnBHoe Wi-Fi coeagnHeHMe aHanm3aTopa ¢ APpYrumM KAMEHTOM MK BPEMEHHbIE NPobaembl CETU.
PeweHue:
1) MNpwu JocTynHOCTM aHanM3aTopa, MOXHO npoBeputb coctosaHua Wi-Fi Ha skpaHe 10/10. Ecau
COCTOAAHME «BbIKAKYEHO», TO HEOOXOAMMO B MEHIO NPOrpaMmmbl BblI6paTb NapameTp AHanM3aTop
- TeKylimMe HacTPOMKK, NepenTn Ha BKNaAKy «becnpoBogHoe coeauHeHue» 1 nNpoBepuTb, YTo
onuua «Mepegaya no Wi-Fi» aKTUBHA W/IM BKAKOUYUTb €€, €C/IM 3TO He TaK. [poBepUTb HaCTPOMNKY
Wi-Fi.
2) Yb6epgutbes, uyTo B 6ase aHanM3aTopoB BBeAEH npaBuabHbI MAC agpec aHanunsatopa. Aapec MAC
oTtobparkaerca Ha aKkpaHe 10/10.
3) Yb6eautbea, YtTo B Hase aHaNM3aTOPOB BBEAEH NPABWUIbHbLINA BHELWHMI IP-aapec U BHEWHMI nopT
cKOHUrypupoBaH B mapupytmsatope Wi-Fi.
4) CHaTb dnaxkok B nose «BHewHui IP-agpec» B 6a3e aHaM3aTOPOB.
5) MoBTOPUTb NOMbLITKY NOAKAOYEHMA.

Mpo6nema: HecmoTpsa Ha NpaBUAbHbIN cTaTyCc «FOTOB» HA 3KpaHe aHaAn3aTopa M MOUCK aHA/IN3aToOPOB.,
OH He nosAswuaca B cnucke. Onuma «Mepeaaya no Wi-Fi» BKAouyeHa M aHanuM3aTop MpPaBUAbHO
CKOHOUrypupoBaH B 6ase aHannsaTopos (BmecTe ¢ IP-agpecom).

Bo3moKHaA npuuuHa: Bnokuposka nopta TCP 4002, KoTopblit MUCNoab3yeTca AAA CBA3WU, CETEBbIM
b6paHaMayapom KoMMbtoTepa (NaHLWeTa) an nposangepom UHTepHeTa JI0KaibHOM ceTu.

PeweHune: MNpoBepuTb B KOHPUrypauum KomnbioTepa, 4yto nopT TCP 4002 He 3abnokuposaH. B
NPOTUBHOM Cay4Yae obpaTUTeCh K aAMUHUCTPATOPY JIOKANIbHOM CEeTW.

Mpo6nema: Mpy NPAMOM NOAKNOYEHUN «NAAHLIET <& aHaAM3aToOP» CKOPOCTb Nepesayn NafaeT HUXe
200k6uT/C.
BO3MOKHble NPUYUHDI:
1) CnavwKom 60/1blLIOe PACCTOAHNE MEXKAY NJAHLWETOM U aHA/IM3aTOPOM.
2) MnaHweT paboTaeT B pexunme Toukn goctyna Wi-Fi 1 oAHOBpEMEHHO COeAUHEH C BHELIHUM
mapuwpytmsatopom Wi-Fi, Hanpumep, ana goctyna B IHTepHeT.
3) C/AVWKOM BbICOKWIA YPOBEHb NMOMEX B KaHasie, N0 KOTOPOMY BeZETcs nepegaya.
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PeweHue:

1) MoaoiTK K aHaNM3aTopy C NIaHLIETOM Ha PacCTosiHUE MeHbLe, yem 10m.

2) Ecnn aHanusaTop MOAKAOYEH K TOYKE AO0CTYMa Ha NAaHLWETe, HYXXHO OTKAOUYMTb MAaHWeT oT
BHelwHero mapuwpytmsaTtopa Wi-Fi, BbIKNIOYNTb TOUYKY A0CTYMNa Ha NAaHLLETe, a 3aTEM BKAOUYUTL eé
cHoBa (Puc. ). 9To obecneunt paboTy TOUKM AOCTYNa NAaHLIeTa Ha cBOBoAHOM KaHare.

Ecnm e cBfA3b C aHA/IM3aTOPOM OCYLLECTBASIETCA Yepe3 BHewHui mapuwpytmsatop Wi-Fi, 1o
HeobxoaMMmo ybeaMTbCA, YTO TOUKa AOCTYMa Ha NaaHLIeTe BbikalovyeHa (Puc. ).

3) B cnyvae, Korga Toykoi poctyna Wi-Fi sBnseTca nnaHweT, B OKHe KOHUrypauum nporpammel
(Puc. ) ero cneayeT BbIKAYUTL U CHOBA BK/OYWUTL. ITO 3aCTAaBUT TOUKY AOCTyna paboTaTtb Ha
Apyrom ceobogHOM KaHane. Ecam e TOUKOM J0CTyna ABAAETCA BHEWHWIA Mappytnusatop Wi-Fi,
TO c/ieyeT ero 3acTaBuTb paboTaTb Ha APYrom KaHane.

Mpo6nema: MoTepa cBA3M C aHA/IN3ATOPOM.
Bo3MOXKHble NPUUYMUHDI:

1) B okHe becnpoBoAHbIx coeanHeHui (Puc. 2) BbikatodyeHa ceAsb no Wi-Fi.

2) OTkatoyeHa Touka gocTtyna Wi-Fi.

3) CnvMwKom 60/blIOE PACcCTOSIHME MEKAY aHaAM3aToOpoOM M MJIaHWEeTOM B C/y4ae MpsAmMOoro
coeAnHeHus.

4) Cnuvwkom 6osbluoe PaccTOAHME MeXKAy aHanM3aTtopom W Touykon goctyna Wi-Fi unm mexay
KOMMbIOTEPOM (NNaHLWeToM) 1 TouKol goctyna Wi-Fi.

5) CnuvwKom BbICOKMIA YPOBEHb NMOMEX B KaHasle, Mo KOTOpoMy BeAETcs nepeaaya.

PeweHue:

1) MoAaKNUUTLCA K aHaM3aTopy Npu nomowm Kabena USB namn cetu GSM 1 BKkAounTb cBA3b no Wi-
Fi B aHanuzaTope (Puc. 2)

2) Brkatountb TouKy goctyna Wi-Fi u nogoxpaTtb, NOKa aHaNAM3aTop K Hell noakntoumtca. Ha akpaHe
10/10 otobpaskaetca coctoaHne Wi-Fi «FoToB».

3) MomoWTt c NhaHweToM BAMnKe K aHAM3ATOPY M NOBTOPUTL NOMbITKY NOAKAOYEHUA. Jlydlle BCero,
Koraa aHanmM3aTop HaxoAuTcA B nosne 3peHua, Toraa Ha skpaHe 10/10 sugHo coctoaHne Wi-Fi u
ypoBeHb curHana. Tonbko cocToaHMe «lFoToB» rapaHTUpPYyeT BO3MOMKHOCTb MNOAK/IOYEHUS.
HenatenbHo 4TO6bI OTOOPAKAEMbIN YPOBEHD CUTHANA COCTAB/IA KaK MMHUMYM ABE MNOJOCKM.

4) Ecnu 3TO BO3MOXKHO, pasMecTute aHanamnsatop/KomnbtoTep (nnaHweT) u/vmam Touky goctyna Wi-Fi
B TAaKOM MecTe, 4Tobbl ypoBeHb curHana Wi-Fi coctaBnan Kak MUHUMYM ABe NOJIOCKKU, PAaBHO KaK
ONA aHann3aTopa, Tak U 418 KOMNboTepa.

5) B cay4yae, Korga Toukon goctyna Wi-Fi aBnseTca naaHWeT, B OKHe KOHOUIrypauum nporpammbl
(P1c. ) HEOBXOAMMO €ro BbIK/IOYNTL U CHOBA BK/IOUYUTb. ITO 3aCTaBUT TOUKY AOCTyna paboTaTb Ha
Apyrom cBoboAHOM KaHane. Ecam e TOUKOM A0CTyna ABAAETCA BHELWHWI mappyTtnsatop Wi-Fi,
TO cneayeT ero 3acTaBuTb paboTaTb Ha APYrom KaHane.

2.12.8 IlepeHOC JaHHBIX C IVIAHIIETA HA CTALMOHAPHBIA KOMIILIOTEP

[aHHble, aHaNM3NpyemMble Ha NaHWeTe MOXHO CBOOOAHO MEepeHecTU Ha CTALMOHApPHbLIA KOMMbOTEP.
3To MOXKeT bbITb caenaHo, No KpaHel mepe, ABymMa cnocobamu:

e CKonupoBaTb AaHHble M3 MJaHWeTa Ha KapTy namaTM MUKpo-SD mam no USB, a 3atem
nepemecTuTb UX Ha 1t0b60oI KoMnbloTep;
e WNcnonb3osatb coegnHeHune no Wi-Fi. [11a 3TOro Hy»KHO:
o ybegutbea, yto paboTtaeT Toyka goctyna Wi-Fi Ha nnaHweTe n nNpoBepuUTb UMA CETU
(SSID) (Pwuc. );
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O NOAKNIOYMTL KOMMbIOTEP K TOYKe A0CTyna Ha naaHwete (Puc. ). Mcnonb3yiiTe naponb
(kntoy), KoTOpbIA BBEAEH B KOHOMUIypaumto TOYKM AOCTYyNa Ha nnaHwete (MOXKHO
nposeputb B nporpamme «SONEL ANALYSIS», napameTp KoHdurypaumsa nporpammbl =
Hactpoitku meama = Wi-Fi, none «Katou», (cm. Puc. );

O OTKpbITb «[MpoBOAHUK» gns paboTbl ¢ darinamm (Puc.) n Beectn IP-agpec nnaHwera
\\192.168.173.1;

O Ha N/aHWeTe A0/KEeH 0TobpasuTbcA obWMIA KaTanor (manka ¢ obwum 4ocTynom), us
KOTOPOro MOXXHO CKONMMPOBaTb $anbl Ha XKECTKMI ANCK KOMMblOTEpPa.

Obecnie potgczono z: *

AP_BS0003
L"l/ Brak dostepu do Internetu

WBK
bl/ Dostep do Internetu

Polgczenie sieci bezprzewodowej tad

NetworkProfile Polaczono

Nazwa: NetworkProfile
Sita sygnatu: Znakomita h
Typ zabezpieczer: WPA2-PSK
Typ radia: 802.11n

SSID: AP_BS0003

WBK

Otwérz Centrum sieci i udostepniania

Puc. 38. MpocmoTp goctynHbix cetent Wi-Fi.

2 Ehu2ie 3] ~| 43 N Przeszukai 1921681731 P

Plik Edycja Widok Narzedzia Pomoc

Organizuj ~ Centrum sieci i udostgpniania > 3 i @

Ulubione Users
< Ostatie miejsca o~ Udzial
¢ Pobrane

B Pulpit

.| Biblioteki
Dokumenty
4 Muzyka
Nowa biblioteka
=, Obrazy
B wideo

1 element
f .
¥

Pwnc.39. NpocMoTp 06wmx kaTanoros (Manok) Ha nnaHwere.
2.13 YBegoMJieHHe O IlepeMeleHUM aHa/Iu3aTopa

AHanusaTop, B KoTopom paboTaer GSM-mozem B 30He pgenctBua GPS, moxeT yBegomnaTb
Nno/sib30BaTesIn O CBOEM nepemelleHMU. YTobbl BOCMNOIb30BATLCSA 3TOM BO3MOMXKHOCTbIO, HEODBXOAMMO
YCTAaHOBUTb NapameTp «PyHKUUA NPOTUB KPaXKU» C MOMOLLBbIO MPUIOKEHMA U BBECTU B CMMCOK
SKCTPEHHbIX TenedoHOB COOTBETCTBYHOLLMIA HOMEP, HAa KOTOPbIN HEeobXxoaMMO OTNpPaBuTb cooblieHue
SMS. B 3TOM peXKMme aHaM3aTop 3aNOMUHAET CBOE NOJIOXKEHWE, KOTOPOe bblIo onpeaesneHo BnepBble
nocne BK/OYEHUA PErucTpaumnmn u 3atem otnpasnset SMS-coobuieHme Ha yKa3aHHbIN Homep TenedoHa
(vnn TenedoHoB), ecnn byaer obHapysKeHO nepemellleHUe aHanM3atopa 6onee yem Ha 100m. SMS
cooblleHne CoAepXKUT TeKylMe KoopauHaTbl aHannsaTopa. Takxke B nporpamme «SONEL ANALYSIS»
MOXHO CBA3aTbCA C aHann3aTopom no GSM n NposepuTb B OKHE CTaTyCa ero TeKylliee MecTono/IoKeHne
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(maxe Koroa aHanM3aTop OTKAOYEH). Ecnn aHanusaTop AO0/Iroe BPems HAaxoAMTCA Ha PacCTOAHWUM
panbwe 100M OT UCXOAHOro MO/OXEeHUA, TO Kaxable 10 MMHYT oTnpaBasatoTca SMS ¢ ero Tekyuwen
nosuuuei (He bonee, yem 10 SMS).

B HebnaronpuATHbIX ycnoBUaAX Npuéma curHana GPS (cnabbili curHan, oTpaskeHus CUrHana) BO3MOXKHa
OTMNpaBKa aHa/IM3aTOPOM JIOXKHOIo CoobLLEeHNA O NepemelleHnn. Nonb3oBaTeNb TaKKe YBeJOMIAETCA O
notepe WUanM NoABAEHUWN BHOBb CMrHana GPS, nossonatowero onpeaenntb NosoXKeHMe aHaausaTopa ¢
NOMOLLLbIO A0MNO/HUTENbHbIX SMS coobLeHui.

Mocne akTMBauMm GYHKUMWM 3alMTbl OT KpPakM aHanmn3atop BeAéT ceba no-gpyromy B OTK/HOYEHHOM
perkume: NOCTOAHHO akTMBHbI mogem GSM u GPS-npuMémHMK. ITO NpUBOAUT K TOMY, YTO B C/y4dae
OTCYTCTBMSA CETEBOr0 MNWUTAHUA aAKKYMYNATOP Pas3psrKaeTcsd O4yeHb ObICTpo, MPUMEPHO, Kak Mnpu
HOpMmanbHOM paboTe aHanM3aTopa C MUTAaHMEM OT aKKymynAatopa. o ucTteyeHMU onpenenéHHoro
BPEMEHW, aHa/IM3aTOP MOJIHOCTbIO OTK/IOYAETCA, C/1Ie0BaTe/IbHO, DYAEeT Y)Ke HEBO3MOXKHO OTNpPaB/ATb
SMS coobuieHus.

BHumaHue &

Ona npaBunbHOM paboTbl GyHKLMM 3aLUTbI OT KpaXKu Tpebyerca:

- BKntoueHHbIt GSM moaem ¢ npaBuibHO HacTpoeHHou SIM-KapToii;

- YcTaHOBNEHHbIN TenedOoHHbI Homep 418 SKCTPeHHOW oTnpaBku SMS-coobueHus.

AKTMBauMA GYHKUMM 3aWUTbl OT KPaXKM [A0J/KHA CONPOBOXKAATbCA NpPOBepKoi o0boux 3Tux
3/1eMeHTOB.

2.14 byiOKHMpPOBKa K/IaBUATyPHI

B npunoxkeHuun MK ecTb BO3MOXKHOCTb HACTPOMKM NapameTpoB OJIOKMPOBKU KnasBull nocje Ha4vana
pernctpauum. 310 AenaetcA ANAA 3alMTbl aHaM3aTopa OT OCTAHOBKU perncrpaumm MnOCTOPOHHUM
yenosekomM. YTobbl pa3bioOKMPOBaTb KNaBWULLK, MOJIb30OBATENb AOMXKEH BBECTU KOA, COCTOALWMM U3 3

Lmop:

e Haxkatue noboit KnaBULLIM BbI3OBET NOABJIEHME HaANUCK «BBeguTte Koay;

o [lonb3oBaTenb MOKET BBECTU MNPaBUAbHbIA Kog pPa3sb/OKMPOBKM C MOMOLLBbI KAaBWULWI Ha
KNaBuaType: Knasuwa | ) nocnefoBatenbHO mameHsaeT uudpbl 0, 1, 2..9; 0 B nepsol
no3nuum, KNasuwa O so BTOPOW, a KNaBuLLa g TpeTbei;

e TpéxcekyHAHoe be3aencTBne KnaBmaTypbl 3aMycKaeT NPOBEPKY BBEAEHHOIO KOAa;

o [lpaBUnbHO BBEAEHHbIN Naponb o06o03HavaeTca Hagnucbto «OK» KM nNpoucxoauT CcHATUe
61O0KMPOBKM, @ HEBEPHO BBEAEHHbIN KO NPUBOANT K MOABNEHMIO HaaNUcn « HeBepHbIii Koa» U
BO3BpaT B MpeXKHee COCTosHMeE (Hanpumep, ralleHne aucnses, ecv oH 6bia BbIKNOYEH).

Mocne pa3biOKMPOBKK, KNaBMaTypa aBTOMATUYECKM BNOKMpPYeTCA CHOBA, €C/IM NOJIb30BaTe b B TeYeHMe
30 ceKyHA, He HAXKMET Ha Ntobyto KnasuLy.

BHumaHue ‘/L\.

Ypep)KaHMe B TeuyeHMe 5 CceKyHp Knasuw @ n @ Bbi3blBaeT aBapMﬁHOE OTK/Il04YeHue
5!10KMPOBKM KNaBULW U OTMEHAEeT 6110KMPOBKV K/1aBUaTypbl B aHaan3artope.
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2.15 ConAmMn pexum

Mporpamma MK 4aéT BO3MOMXKHOCTb BKAKOYUTL CALLMI perrum. B aTom perkmme yepes 10 cekyHz oT
Hayana peructpauMm aHanusaTop racut aucnnei. C 3Toro MOMeHTa, Kaxkgple 10 CeKyHa B neBOM
BEpPXHEM Yray Auchnes KpaTKOBPEMEHHO MOSIBAAETCS HOMEpP TOUYKM U3MEPEHUs, CUrHaausmpys ob
aKTUBHOWM pernctpaumu. MNocne 3aBeplieHns perucTpaumm (Hanpumep, ecam nNamaATb bblia 3anosHeHa)
3KpaH byaeT noraweH Ao Tex Nop, NoKa He byaeT HaxKaTa KnasuLa.

3 KOHCTPYKIMA U METO/Jbl U3MEPEHUA

3.1 Bxoabl 10 HANIPAKEHUIO

KOHCTpyKUMA 6/10Ka BXOAHbLIX HAMPs*KEHWM CXemMaTMYHO nokasaHa Ha Puc. 40. MpeactaBneHbl aBa
N3MepuTeNbHbIX 6/710Ka: cnpaBa OT pa3bEéma MoKasaHa OCHOBHAA CXema, UCMNo/ib3yemas A5 U3mepeHus
60/IbLUIMHCTBA MAapaMeTPOB HanpsxKeHus. YacToTa AMcKpeTMsaumu B 3ToM uenu coctasnseT 10,24klu,.
Tpu Bxoga ¢a3 L1, L2, L3 u 3awmTHbIA npoBod PE mMmeloT obLiyo /IMHUIO, OTHOCUTENIbHO KOTOPOW
npoucxoaaT nsmepeHua — ato nposod N (HenTpansb).

mm CneBa NoKasaHO, KaK MOAKAIOYUTb MOAYNb TPAH3MEHTOB K BXOAHbIM pa3bémam (TONbKO
PQM-703 1 PQM-711). MoHO yBMAETb, YTO BCE YeTbipe KaHafa M3MepsaloT oTHocUTenbHO Bxoaa PE.
3TN uenu UMEIOT LUIMPOKYID MOSOCY NPONyCKaHuA (4actoTa guckpetusaumm go 10Mrlu) u 6onblunii
AManasoH usmepAaembIX HanpPaKeHUN.

Puc. TaKxe WANIOCTPUPYET, YTO LEMb NUTAHUA aHa/u3aTopa ABJAETCA He3aBUCMMOM OT uenu
namepeHuma. UCTOYHUK NUTAHUA MMEET HOMUHANbHbBIN AManNa3oH BXOAHOIO NepPeMeHHOro HanpsaKeHus
90...760B u©  ocCHaweéH oTaenbHbiMU

; hogy Ne oNpegeneHKa .7 CeTEE oM
pasbemamm. . TREHIWEHTOE ) . MCTOYHIE
; MMTEHKA

B OCHOBHOI Lenu aHa/nM3aTop MmeeT ABa

noaamnanasoHa HanpaxeHus:

e HM3KOBO/IBTHbLIW  AManasoH, ¢
NWKOBbIM HanpaxeHnem + 450B 4; : m

(6e3 HarpysKku), BKAlOuaeTcA npu

HOMMHANbHbIX HaMpAXeHUAX CeTu
B [Auana3oHe 64B..127B un B

KOHUrypaumax c

Yy

@ O

namepuTebHbiMn

TpaHchopMaTopamMm HanpAXKeHUs.

Take 3TOT  AuanasoH  Bcersa Puc. 40. Bxoabl HanpsxeHus (c moaynem

BblbUpaetca ana KaHana Un-pe; TPaH3UEHTOB) N UCTOYHUK MUTAHUSA.
e BbICOKOBO/IbTHbLIM ~ AManasoH, ¢
NMUKOBbIM HanpsAkeHuem + 1500B (6e3 HarpysKku), BKAKOYAETCA NPU HOMUHAAbHbIX HaMNpPAXEHUAX
cetv oT 220B u Bbliwwe (6e3 TpaHcHOPMaTOPOB HaNpPAXKeHUA).
Mcnonb3oBaHMe [ABYX AMana30oHOB HanpsKeHus Mo3BonseT obecneuynTb 3aABAEHHYHD TOYHOCTb
M3mepeHusa B COOTBETCTBMM C Kiaccom A cTaHpapta FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) gns
BCEX HOMWHA/IbHbIX HANPAKEHWUM CETU.
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3.2 BxoApblI 10 TOKY

AHaNN3aTOpP MMEET YETbIPE HE3ABUCMMBbIX TOKOBbIX BXOAA C MAEHTUYHBbIMKM NapameTpamu. K Kaxkgomy us
HMX MOXHO MOAK/IIOUYNTDL KECTKME TOKOBbIE KNELWM C BbIXOAOM MO HaMNpPAXKeHUto B cTaHgapTte 1B, naun
rmbkue TokoBble Knewwm F-1, F-2 u F-3.

TunNnyHOM cuTyaumen ABNAETCA UCMNOJIb30BaHWE TMOKUX Knelen BMecTe C BCTPOEHHbIM 31eKTPOHHbIM
nHTerpatopom. OgHaKo, OT/MYME OMUCbIBAEMOro aHasnM3aTopa B TOM, YTO OH MO3BOJIAET MPAMOE
NoAK/NoYeHUe K BXOly TOKOBOrO KaHana KaTylwKu Porosckoro (rMbkux Kneuien), a MHTerpauma curHana
ocylecTBaAeTca npu nocaeaytouwen undposon obpaboTke.

3.3 LuppoBoi UHTErpaTOP

B aHanuMsaTope WcNonb3yeTca pelleHne ¢ UMPPOBLIM UHTErpupoBaHMEM CWUrHana, MWAaywero
HenocpeacTBEHHO C KaTywkKu Porosckoro. Takoi moaxon no3Bonana msbexkatb npobsem aHanorosbix
WMHTErpaTopoB, CBA3aHHbIX C HEOOXOAMMOCTbIO obecneyeHus 3asiBIEHHOW TOYHOCTU B [0JTOCPOYHOM
NepCcneKkTUBe M B TAXKENbIX YCNOBUAX U3MepeHUA. AHaN0roBble MHTErpaTopbl A0MXHbI BKAOYaTb B cebn
TaK)Ke CXeMbl, MpegoxpaHslowme OT MeperpyskyM Mo BbIXOAy B C/Ayyae NPUCYTCTBUA Ha BXode
NOCTOAHHOIO HanpAXeHuA.

MpaeanbHbI MHTErpaTop MmeeT HeCcKOHEeYHOoe ycuaeHne A1s MOCTOAHHbIX CUTHAIoB, KOTopoe ybbiBaeT
co ckopocTblo 2046/aekaay YactoTbl. Casur dbasbl ABAAETCA NOCTOAHHbIM BO BCEM AMana3oHe YyacToT U
coctasnset 90°.

TeopeTnyeckn OeCKOHEYHOe YyCUNeHWe ANA MOCTOAHHOTO CWUrHana, €CNM OH MOABUTCA Ha BXoe
WHTErpaTopa, Bbi3blBAaeT HACbILLEHME €ro BbIXOAa A0 3HauYeHUAa BIM3KOro K HanpaXKeHWUto MUTaHUA U
6n0KMpYyeT panbHenwyto ero paboty. B nNpaKTUUeCKMX cxemax MNPUMEHSAIOTCA  pelueHus,
OrpaHMYMBAlOLLIME YCUAEHUE ANA MOCTOAHHOIO TOKA A0 HEKOTOPOro 3afaHHOro 3HauyeHus, a TaKXke
nepuoamyeckm obHynstoT BbixoAd. CyLLeCTBYIOT TaK¥Ke MeTOoAbl aKTMBHOM KOMMEHCALUMWU MOCTOAHHOIrO
HanpsAXXeHWA, 3aKN0YAIOLLMECA B €r0 U3MEPEHUN M Nojadve ob6paTHO Ha BXOA, HO C MPOTUBOMNO/IOKHbIM
3HaKoM, 3PPeKTMBHO yaansaa ero. B aHrauiickon TepmuHOMIOIMK NPUHATO onpegeneHue «leaky
integrator», o3Hauvatolee, YTO MHTErpaTop C yTeykol. AHanorosbl «leaky integrator» — 3to npocto
WHTErpaTop C KOHAEHCATOPOM, COEAUHEHHbIM OAHWMM KOHLOM C Pe3ncTOpomM 6GO/bLION BEUYUHDI.
Takas cxema B 3TOM C/ly4ae COBMaZaeT C HW3KOYACTOTHbIM GUABTPOM C OYEHb HWU3KOW YacTOTOW
NPOMyCKaHus.

Undposan peannsauma MHTerpatopa obecneymBaeT OTAMYHbIE AONATOBPEMEHHble MapameTpbl — BCA
npoueaypa BbINOJHAETCA NYTEM BbIYUCAEHUSA, HE MOXKET BbITb U PEUYM O CTAPEHUN I1EMEHTOB, Apeidax
n 1.n. OAHaKo, TaKk e, Kak M B aHa/NoroBoW Bepcuu, 34EeCb TOMXKE MOMKET BO3HWKHYTb npobiema
HacblleHna u 6e3  [0/KHOTO NPOTUBOAEWCTBMA UMPOBOE WHTErPUPOBAHWE MOXKET CTaTb
6ecnonesHbim. Cneayer MMeTb B BUAY, 4YTO BXOAHble YCUMAUTENM, KaK W aHanoro-umdposoit
npeobpasoBaTenb, MMEKOT HEKOTOPOE KOHEYHOE U HexenaTeslbHoe CMeLLeHre, KOTopoe AOJIKHO BbiTb
yAaneHo A0 npouecca uHTerpaumn. MNporpammHoe obecrneyeHne aHanM3aTopa COAEPKUT UMPPOBON
bUNbTP, 3a4aveit KOTOPOro ABAAETCA MOJSHOE YyAa/feHWe MOCTOAHHOM COCTaBAAIOWEN HaMpAKeHUs.
OTPUNLTPOBAHHDBIN CUrHAN noasepraetca UMPpPOBOW MHTerpauun. Utorosas ¢asoBas xapaKTepucTuKa
MMEET OT/INYHbIE CBOWMCTBA U MUHMMAbHbIN cABUT pa3bl Ans Hanbonee KpUTUYECKMX YacToT 50 u 60w,
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ObecneyeHre KaK MOMKHO MEHbLUEro casura q>a3 Mmexagy CuUurHanamum TOKa U HaNpAXeHUNA ABNAAETCA
LIF)G3BI:I'—IEBI7IHO Ba*XHbIM ANnAa AO0CTUXEeHUA HU3KOM NOrpeLwHoOCTM Mn3MepeHna MOLLHOCTU. MOXHO

NoKa3aTb, YTO OWMNBKa M3MEPEHMA MOLLHOCTU NPUBANNTENIbHO BbIPaXKaeTCA 3aBUCMMOCTbIO':
owWUbKa usmepeHuUa MouHocmu = owubka ¢asel (8 paduaHax) x tg(¢p) x 100 %,
rae tg(g) — 370 TaHreHc yraa mexay TOKOM U HanpsaXeHnem, OCHOBHbIMW UX COCTaBAAIOLLMMMU.

M3 npuBes HHOW Bbllwe GOPMY/bl MOXHO CAeNaTb BblBOA, YTO OWMOKM M3MepeHUA pPacTyT BMecCTe C
ybbiBaHMemM KoadpduumeHTa ¢$asoBoro casura; Hanpumep, npu owmnbke ¢dasbl Tonbko 0,1° 1 ¢ = 0,5
owunbka coctasasaetr 0,3%. Tak WAM WHaAye, 4YTOObl M3MEPEHUA MOLLHOCTU OblM  TOYHBbIMWU,
COrNacoBaHHOCTb $a3 Ha NYTU HaNPAXKEHMA U TOKA A0MKHA ObITb KaK MOXKHO NyyLue.

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

3.4 JlucKkpeTu3anus CUrHajia

CurHan AMCKpeTnsnpyeTcs 04HOBPEMEHHO BO BCEX BOCbMM KaHa/axX C YacTOTOM, CUHXPOHU3MPOBAHHOM C
4YacTOTOM NUTAIOLLErO HANPAMXKEHUA ONOPHOTO KaHana. dTa YyacTtoTa coctasnseT 10, 24Ky, ana yactot 500y,
n 60rlu,

Kaxapin nepuog coaepxut 204,8 BbiIbOpoK ansa 4YactoTbl 50y u 170,67 ana 60ly,. Mcnonb3yetca 16-
paspsaaHbit  aHanoro-uMdpoBoit  npeobpasoBaTesb,  KOTOpbIA  obecneymMBaeT  64-KpaTHyto
OVCKpeTn3aLumto.

3-pb aHanoroBasa cxema MoAaB/fEHUSA HAcTpOeHa Ha 4YacToTy okosio 20kl U, B TO Bpemsa Kak owunbka
amMNAUTYAbl AN MaKCUMa/bHOM MONEe3HOM YacToTbl paBHOM 3KIL (T.e. yacToTbl 50-1 rapMoHMKKU ans
cetn 60lu) coctasnsaeT okono 0,146. Casur ¢hasbl ANa TOM Ke YacToTbl MeHblle 15°. 3aTyxaHue B noJsioce
HenponyckaHuA coctaBnaeT 6onee 754b.

CnepyetT o06paTuTb BHMMAHME, 4YTO ANA NPaBUAbHOrO M3MepeHua ¢asoBOro cABuUra Mexay
rapMOHUKAMM HAMNpPAXKEHUA OTHOCMTE/NIbHO TAPMOHMK TOKa M MOLWHOCTM, He BarKeH abCo/OTHBbIN
$as3oBbIN CABUM 3TUX FAPMOHMK MO OTHOLUEHMIO K OCHOBHOW 4acToTe, a TO/IbKO coBnageHue $asoBbIxX
XapaKTEPUCTUK Lienel HanpaKeHna 1 ToKa. Hanbonblian owmbKa pasHuubl ¢a3 coctasnaeT gaa f = 3Kkry,
MaKcMmanbHO 15°. ITa ownbKa yMeHblUaeTcA OAHOBPEMEHHO C YMEHbLUEHWEM MHTepecyowel Hac
YacToThl.

Mpn oueHke OLINBKM N3mMepeHna MOLWHOCTU TFapMOHUK cneayetr TakKxKe ydeCTb AONO/IHUTENIbHYIO
norpewHoCTb, BBOAMMYIO NPU NCNOJ1Ib30BaHUN TOKOBbIX KI'IE'U.I,EVI n Tpchd)oleaTopOB.

3.5 Cunxponusanus PAIMY

CUMHXPOHU3aLMA YacTOTbl AMCKPETM3aLMM peann3oBaHa annapaTHbIM cnocobom. CUrHan HanpaxeHwus,
nponaa Yyepes BXoAHblE LLENM, HaNPaBAAETCA B MOJIOCOBON NPONyCKatowmii GunbTp, 3a8a4en KOTOPOro
ABNAETCA CHUMKEHWE YPOBHA FAPMOHUK M NPOMYCK TO/IbKO OCHOBHOW FAPMOHMKWM HAMpsaXKeHua. 3atem
3TOT CUrHan Hanpasnsetca Ana obpaboTkM B $Ha3oByl0 NETAD, KaK ONOPHbIN curHan. Cxema ¢asosoit
aBTONOACTPOMKK 4yacTtoTbl uam ®AMY (aHrn. Phase Locked Loop wnm PLL) BbipabaTbiBaeT 4acToty,
KOTOpaA MHOFOKPATHO Bbille OMOPHOM YacTOTbl M C/AYKWUT TAKTOBOW 4acCTOTOM aHanoro-umMdpoBoro
npeobpasosaTtens.
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HeobxoanmocTb NpuMeHeHUA cnuctembl $Ga30BOM NETAM HANPAMYHO BblTeKaeT U3 TpeboBaHMiA cTaHaapTa
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009), onucbiBaloWero MeToAMKy M AO0MyCTUMble OWNBKM npu
U3MEepPEeHUAX FAPMOHMK. ITOT CTaHAApT TpebyeT, 4TobObl OKHO (B 3HayeHUM - BecoBas OyHKUMA)
M3MEpPEHUA, KOTOPOe SABAAETCA OCHOBOW ANA OAHOKPATHOrO WM3MEPEHUA W OLLEHKU CoAeprKaHus
rapMoHMK, 6bl10 PAaBHO MO NpoAo AXKMTEeNbHOCTM 10 nepuogam aneKTpuYeckoi cetn ¢ yactotor 500y, a
Takxke 12 nepuogam gns cetm 60ly. B oboux cnyyasax, 3TO COOTBETCTBYET BPeMeHM oKosno 200mc.
MOCKONbKY 4acToTa MWTAOWEN CETM MOMKET MOABEPraTtbCA NEPUOANYECKUM WM3MEHEHUAM U
bNYKTYaumaAM, 4ANTENbHOCTb OKHA He MOMKET BbITb paBHa TOYHO 200Mc, U HaNpUMep, ANA YAaCTOTbl CETU
51Ty, oHa y»Ke cocTasaaeT okoao 196mc.

CTaHOapT TaKXe pekomeHAayeT, 4yTobbl AaHHble nepes BbiNnoAHeHMeM npeobpasosaHua dypbe (ans
N3B/IEYEHMA CMEKTPAJIbHbIX KOMMOHEHTOB) HE NMPOXOAWAWN onepauuio BecoBol ¢yHKummn. OTcyTcTBME
CUHXPOHM3AaLMKM YaCcTOTbl U AONYCTUMOCTb CUTyaUuMmM, NpU KOTopo BbicTpomy npeobpasoBaHuio Pypbe
(FFT) noaseprnvcb 6bl BbIBOPKM HELENIOFO YMCia NEePUOAO0B, MOXKET MPUBECTU K ABAEHUIO YTEUKM
CnekTpa. 3To fABNEHWe NPMBOAMUT K TOMY, YTO MOJIOCKA CMEKTPa rapMOHMK pa3masblBaeTca TaKXKe Ha
HECKOJIbKO COCeAHMX MOJIOCOK WMHTEePrapMOHMK, YTO MOMKET MPUBECTM K noTepe MHPopmauum o
peanbHOM YpPOBHE M MOLHOCTU WCCAeAyeMOl MOMOCKM chneKkTpa. JlonycKaeTca BO3MOMKHOCTb
NCNOoNb30BaHMA PYHKUMM OKHA Becom XaHHa, KOTOpas yMeHbluaeT HebiaronpusaTHble NocneacTsus
YTEUKWN CMEKTPa, HO 3TO OrPaHNYMBAETCA TONIbKO TOW cuTyaumeit, B Kotopoi netna ®AMY (PLL) noTepana
CUHXPOHM3ALMIO.

CtaHpapT FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) Take YyTOUYHAET HeobxoAuMMylo TOYHOCTb 6/10Ka
CUHXPOHM3aUMK. ITO BbIPAXKaeTcA caeaylowmm obpasom: Bpems Mexay HapacTalowmm ¢GpoHTOM
nepBoro umnynbca ctpobuposanua u (M+1) - storo mmnynbca (rae M-4ncno OTCYETOB B OKHe
M3MepeHusa) [O/KHO ObiTb  pPaBHbIM  MNPOAOJ/IKUTE/IbHOCTM  YKa3aHHOroO 4Yucia MepuogoB B
nsmeputenbHom okHe (10 uam 12) ¢ makcMmanbHO AoNycTMmon owmnbkoi £0,03%. YTobbl 06BACHUTD
3To 6onee NpocTbiM CNOCOHOM, pPacCMOTPUM cregylowmn npumep. MpuHMMaa YactoTy cetm 500y,
OJ/IMTENbHOCTb OKHa M3MepeHUs cocTaBuT poBHO 200mc. Ecan nepebin AUCKPETUSMPYIOLLMI MMMYbC
NPUAET TOYHO B MOMEHT t = 0, TO NepBbI AUCKPETUSNPYIOLNI MMNY/IBC CIEAYIOLLErO OKHa U3MepPEeHNA
OONKEH NpMATN B MOMEHT BpemeHn t = 200 +0,06mc. 3Tn £ 60MKC - 4ONYCTUMOE OTK/IOHEHWE PpPOHTA
UMMNyNbCa aucKpeTMsaumu. CTaHOApT TaKKe onpefensieT PeKoMeHAYyemblit MUHMMAbHbIN Mana3oH
YacToOT, NPV KOTOPOM YKasaHHadA Bbllle TOYHOCTb CUCTEMbI CMHXPOHM3AUUM LOMXKHA COXPAHATHCA U
yCTaHaBAMBaeT ee B npegenax 5% OT HOMMHANbHOM 4acToTbl, TO ecTb 47,5..52,5My n 57...63ly
cooTBeTcTBeHHO ana cetn 50Ny n 60My,

OTaenbHbIM BONPOCOM ABAAETCA AMAaNa3oH 3HAYEHWN BXOAHOIFO HanpsAXeHWA, NpM KOTOPOM cUCTeEMaA
®AMY (PLL) 6yget npaBunbHo pabotaTtb. CraHaapt FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) He
YCTaHaB/AMBAET 34eCb KaKUX-TMBO KOHKPETHbIX YKa3aHWi 1 TpeboBaHWUit. B To ke Bpems, ctaHaapT FOCT
30804.4.30-2013 (IEC 61000-4-30:2008) onpeaensaetr AManasoH 3HAYEHWUA HAMPAXKEHWS NUTaHWA, B
KOTOPOM METPO0OTMYECKME XapaKTEPUCTUKM HE MOTYT yXYALWMNTLCA U ANA Kiacca A ycTaHaBAMBaeT eé Ha
10%...150%Udin. AHanu3aTop COOTBETCTBYET BbllleyKa3aHHbIM TpeboBaHMAM, CBA3AHHbLIX C
dyHKUMOHUpPOBaHMeMm cxembl DAMY (PLL), Takke AnA camoro HM3KOro noAAepXKMBaemoro
HOMWHaNbHOro HanpAaxeHna Unom = 64B, To ecTb NnpumepHO A0 6B.
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3.6 HU3MepeHHEe 4ACTOThI

CurHan gns namepeHus 10-ceKyHAHOro 3Ha4YeHUA YacToTbl ceTn 6epEéTtca 13 KaHasna HanpsaKeHus L1. 3T1o
TOT }Ke CaMblil CUTHAJ, KOTOPbIM MUCMONb3yeTcs Ana CMHXpoHu3aumm netam ®AMY (PLL). CurHan KaHana
L1 nopaétca Ha nonocoBoi 2-pAgHbIA GUALTP, MOAOCa MNPOMYCKAHWA KOTOPOrO YCTAHOB/AEHA B
AnanasoHe 40..70Mu. 371oT ¢WAbTP nNpeaHasHayeH [AAA CHUKEHMA YPOBHA TAPMOHMK. 3aTem,
OTPUNBLTPOBAHHLIN TakMM 06pasom curHan ¢opmumpyeT MNPAMOYronbHbIA curHan. Bo Bpema 10-
CeKYHAHOro UWKNa MU3MepeHnAa MNOACUYUTbIBAETCA UMCAO NepuoaoB CUFHanNa, a TaKXKe WUx
NpoAO/IKUTENbHOCTb. 10-CeKyHAHblEe WHTEpBanbl BpemMeHW OonpeaenaAlTca NO Yacam peasibHoro
BpemeHn (Kak obuwee Bpemsa KpaTHoe 10 cekyHAam). YacToTa paccumTbiBaeTCs KaK OTHOLIeHMe
KOJINYeCTBa CYUTAHHbIX MEPUOAOB BPEMEHU K X MPOLOIHKUTENBHOCTH.

3.7 MeToa u3MepeHUs1 rapMOHUYECKUX COCTABJIAIOLIUX

MN3mepeHne rapMOHMK OCYLLECTBAAETCA B COOTBETCTBUM C TpebosaHmamKM cTaHgapTa FOCT 30804.4.7-
2013 (IEC 61000-4-7:2009).

OH paet cnocob pacyeTta OTAe/bHbIX FAPMOHUK.
Becb NpoLEecc COCTOUT U3 HECKONbKMX 3Tarnos:

e  CuHXpoHHan BblbopKa (10/12 nepnopnos);
e AHanus no 6bicTpomy npeobpasosaHuio Pypbe (FFT);
e [pynnupoBsKa.

AHanusy no 6bicTpomy npeobpaszosaHunio dypbe (FFT) noasepraercs okHO uamepeHua 10/12 nepuoaa
(okono 200mc). B pesynbtaTe noaydvaetca Habop CNEKTpasibHbIX ANMHMIA OT YacToTbl O, (MOCTOAHHbIN
TOK) go 50-oi rapmoHuMKK (oKoso 2,5kl ana 50y, unm 3kly, ana 60My). PacctoaHMe mexay coceaHumu
NMHMAMM HEMOCPEACTBEHHO CneayeT U3 NPUHATON ANIUTENbHOCTU M3MEPUTENIbHOTO OKHA U COCTaBAAEeT
npnbansmtensHo 5ru.

MocKonbKy aHanusatop cobupaet 2048 OTCYETOB HAa OKHO M3mepeHua (gns yactoT 50y, u 60My), Tem
cambiM BbINosHAeTcA TpeboBaHMe bbicTporo npeobpasoBaHmna Dypbe, YTOObI KOAMYECTBO OTCYETOB,
npoweawmnx npeobpasoBaHue, 6bl10 paBHO CTENEHWN Yncaa 2.

OueHb BaXKHO MoAJepskaHWe MOCTOAHHOW CUHXPOHM3aUMKM 4acTOTbl AMCKPETM3auMuM C 4acToToM
3NeKTpUYeckon cetn. BbicTpoe npeobpasosaHne dypbe (FFT) mMosKeT 6biTb BbIMNOJHEHO TOJIbKO Hag,
[JaHHbIMK, cofepskawmmm obliee KpaTHoe nepuoaa cetu. BbinonHeHue 3TOro yciosua Heobxoammo
ANA TOro, 4Tobbl CBECTU K MMHMMYMY TaK Ha3blBaeMYIO YTEUKY CMeEKTPa, YTO MPMBOAMT K UCKaXKEHUIO
MHPopMaumm o aKTUUYECKMX YPOBHAX CMNEKTPasbHbIX JWHWUIA. AHanM3aTOp COOTBETCTBYET 3TUM
TpeboBaHMAM, NOCKO/IbKY YacToTa ANCKPETM3aLUmMmn cTabunmsnposaHa cxemoi $pa3oBoil aBTONOACTPONKM
yacToTbl (PLL).

MOCKONbKY YacTOTa CETU MOXKET bbiTh NoABep!KeHa KonebaHuam Bo BpemeHu (GayKTyaumam), ctaHaapT
npeaycmaTpyBaeT rpynnMpoBaHME BMECTE C JIMHUAMM OCHOBHbIX FAPMOHUK TaKKe JIMHUM, eKalmx B
HenocpeacTBEHHOM 6M30CTU OT HMX. OTCloAa cneayer, YTO SHEpPrus COCTaBAAIOLLMX MOXKET YacTUUYHO
nepexoguTb Ha CoCeAHME COCTaBAAOWMNE UHTEPTAPMOHMUK.
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MpegycmoTpeHo ABa cnocoba rpynnuMpoBKu:

° rapMOHM‘-IECKaﬂ rpynna (Cl'pyrII'IMpOBaHbI OCHOBHaA NMOJIOCKa M NO NATb UAKU WECTb CoOCeaHUX
KOMMOHEHTOB MHTepI'apMOHVIK);
° rapMOHM‘-IECKaﬂ noarpynna (Cl'pyrII'IMpOBaHbI OCHOBHaA NMNOJIOCKa 1 O4Ha U3 cocegHuUx IIMHVII\/‘i).

" Nog rEynna nog eynna Nog Eynns
FApMOHKE pagal  rapMoHME pASaZ  rEapMOoHKE panas

Beixon,

FFT

0 g0 100 150 YacToTa [My
[i] 1 2 3 Pap rapmoHuKK

Puc. 41. OnpeaenexHue noArpynn rapMoHuK (cetb 50u).

Mpumep: YT06bI BHIYNCAUTL COCTABAAIOLLYIO 3-1 rapMOHMKK B ceTu 500y, cneayeT NPUHATbL BO BHUMaHME
OCHOBHYIO nonocky 150Ny n cocegHune 145y n 155TMu. PesynbTupylowaa amnanTtyaa paccymTblaeTca
metogom RMS.

3.8 MeToa u3MepeHUsA UHTEPTrapMOHUK

MN3mepeHWe WMHTEPrapMOHWMK OCYLLECTBAAETCA B COOTBETCTBUM C TpeboBaHMsMWM cTaHaaptoB FOCT
30804.4.7-2013 (IEC 61000-4-7:2009) n FOCT 30804.4.30-2013 (IEC 61000-4-30:2008). OHM aatoT cnocob
pacyéTta oTAEeNbHbIX KOMMNOHEHTOB MHTEPrapMOHUK B aHa/IM3aTOPax KauyecTBa 3/1EKTPOIHEPrmm.

Becb npouecc TaK e, Kak 41 rapMOHUK, COCTOUT U3 HECKOJIbKMX 3TANOB:

e CuHXpoHHas Bbl6opka (10/12 nepnoaos);
e AHanus FFT (6bicTpoe npeobpasoBaHue Pypbe);
e [pynnupoBKa.

AHanunsy no 6bicTpomy npeobpasosaHnio Pypbe (FFT) noasepraetca okHO namepenuns 10/12 nepunoaos
(okono 200mc). B pesynbTaTe nonydaetrca Habop CNEKTpasbHbIX /AIMHMI, HauyMHaa C 4yacToTbl Oly,
(NocToAHHBIN TOK). PaccTosHMe mexay ABYMA AVHUAMM cneayeT M3 NPUHATON NPOAO/KUTENbHOCTU
OKHa M3MepeHUA 1 cocTaBaAeT NpubansnTenbHo 5w,

NOAMEYNNa  NOLMEYNna Nogynns
MHTERMARM. MHTERMEPMOHKME MHTERTEPMOHME

pagal LELER! pana 2
Breixog,
FFT
0 50 100 150 MacToTa [uy]
0 1 2 3 Pan, MHTepraproHiy

Puc. 42. OnpeaeneHuve noarpynn MHTeprapmMmoHumk (cetb 50 ).

Kaxkgaa nogrpynna MHTEpPrapmoHuK aBasetcs cymmon RMS 7-mum (ans cetu 50Mu) mam 9-tm (ana cetu
60ML) CcnekTpanbHbIX JIMHWUK, NOAy4YeHHbIX npeobpasoBaHMem Pypbe. UCKAOUEHMEM ABNSAETCS
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noarpynna Hyneesoro psfa, TO ecTb nogpynna cybrapmoHMK, KOTOpas BKAlOYaeT B cebAa euwe oaHy
AnHuto — 5l 970 NoKasbiBaeT Puc. 42, Ha npumepe cetn 500y, Moarpynna nHTeprapmoHuK paga 0, nam
CybrapMoHWMKM, COCTOMT M3 BOCbMM MOMOCOK C 4yactoTamm oT 5My ao 40Mu. Kaxpas cneayowas
NoArpynna MWHTEPrapmMoHUK COCTOUT W3 CEeMU MOJIOCOK, PACMOIONKEHHbIX MeXay noapynnamm
rapMOHUK, Hanpumep, NOArpynna nepBoro paga CoAepKUT CneKTpasibHbie IMHUK € YacToTamu OT 600,
00 90lu. B cnyyae cybrapmoHuWyecKkoi noapynnbl, AMana3oH Nosoc pacliMpeH Ha AnHuio 5, notomy
YTO B MPOTUBHOM C/ly4ae SHEPrnsa B 3STOM CAaMOM HU3KOM AMANa30He YacToT He y4ynTbiBanacb bbl 1 H6bina
notepsHa. Bce nocnepyowme NAMHUN yunTbiBatOTCA MO0 B NOArpynne rapmMoHMK WMAM B noarpynne
WHTEPrapMoOHMK.

Kak 1 B cnyyae rapmoHMK, MHTEPrapMOHMKM PacCYnTbIBAtOTCA, NO KpaiHei mepe, u3 50-ro paga; ana
yacToTbl ceTn 50y 31O AaéT AnanasoH yyTb 6onblue, yem 2,5klu, a ana 60y, HemHoro 6onblue, Yyem
3Klu,.

3.9 H3MepeHMe CUTHAJIOB yIpaBJIEHUS

AHanu3aTop MO3BOJIAET OTC/IEKMBATL ABE 33ZaHHble MONb30BATE/IEM YACTOTbl B AManasoHe Ao 3klu.
Mocne npeBbIWEHUA TPAHMYHOIO YPOBHA, ONpeaenéHHOro MnoJib3oBaTeNem, aHanM3aTop 3anucbiBaeT
YPOBEHb YMpPaBAAIOLLEro CUrHana B TeyeHMe yKasaHHoro BpemeHn (Ao 120 cekyHa). CTaHAapTHO
aHanM3aTop M3MepaeT cpedHMe 3HAYeHUA CUrHaAoB, ANA BblIOpaHHOrO B KOHOUrypaumm oTpesKa
BpemeHun (OCHOBHOWM MHTepBan ycpeaHeHus). Ecnum BbibpaHa pernctpayma no FOCT 30804.4.30 — 2013
(IEC 61000-4-30:2008), TO AONONHUTENBHO 3aNUCbIBAOTCA BCE 3-X CEKYHAHbIe cpeaHMe 3HaYeHus ans
obeunx 4acToT, KOTOopble MPW COCTaB/NEHUM OTYETA CPABHUBAOTCA C AUMUTAMK, COAEPMKALIMMUCA B
CTaHAapTe.

3.10 U3smepeHMe TPaH3MEHTOB

mm JononHutenbHaa GyHKUMA M3MEpPEHUN TPAH3UEHTOB AOCTYMHa To/bKo Ana PQM-703 u
PQM-711.

M3-3a KPaTKOBPEMEHHOTO XapaKTepa TaKMX MOMEX M WX LUMPOKOFO YaCTOTHOIO CMeKTpa, obblyHO
MCNoNib3yeMble B aHaANM3aToOpPax KAuyecTBa 3/IEKTPONUTaHUA aHanoro-undposble NpeobpasosaTenm ¢ Ux
[OBOJIbHO HM3KOM YacTOTOM AUCKPETM3aumM, ABAAIOTCA HeAOCTaTOMHbIMKM ANA PErncTpaummnm 3Tux
CMUFHANOB C AOCTAaTOYHOW TOYHOCTbIO. [0 3TOM Ke npuyMHe B aHanmsatopax PQM-703 n PQM-711
NCNONb3YeTCs OTAE/bHbIN 4-X KaHaNbHbI Npeobpa3oBaTesib C MAaKCMMaAbHOM YacTOTON AUCKPETU3AL MM
10MTl4. 9TO COOTBETCTBYET BPpEMEHU MeXAy oTAeNbHbIMU AncKpeTamu 100HC. B aTom pexmme MOXKHO
3aperncTpupoBaTb camble ObICTpble NepexoaHble NpoLecch! (TPaH3MEeHTbI), a BpemMs 3anucu coctaBaseT
[0 2mc.

Tabnunua 4. NepeyeHb PeXMMOB U3MEPEHUA TPaH3MeHToB B PQM-703 1 PQM-711.

[unanasoH BpeMeHU peructpaumm
YacTtoTta anMcKkpetusaumm | Bpema HapactaHua npu metoge dV/dt (2000...20000 oTcuéTos)
10MTy, 100B/5mKc 0,2...2mc
S5MrIy, 100B/10mkKc 0,4...4mc
1Ml 100B/50mKc 2...20mc
500k, 100B/100mKc 4..40mc
100Ky, 100B/500mKc 20...200mc
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[na HacTpoOWKM NapamMeTpoB TPAH3MEHTOB B aHa/jM3aTope AOCTYMHblI HECKO/IbKO OMuMi Mo Bblibopy
nonb3osaTens:

o OcHOBHaA YacTtoTa anckpetmsaummn AL B ananasoHe ot 100KMy ao 10MTy;

o MeToa, ObOHapyKeHMA: Ha OCHOBAHWW 33aZaHHOW MMHMMANbHOW aMNAUTYAbl TpPaH3MeHTa (B
AnanasoHe oT 50B go 5000B) nan no MMHUMaNbHOW CKOPOCTU HapacTaHMA CUrHana BO BpeMeHu
(meTtogp, dV/dt);

® BK/IIOYEHWM UK BBIKIOYEHME 3aMUCK OCLMIONPAaMM TPAH3UEHTOB;

e Bpema 3anucu ocumnorpammbl B uHTepsane ot 2000 go 20000 oTcyeTosB;

e Bpema onepe)XeHUA Havana 3anucu ocuunorpamm B auanasoHe ot 10% po 90% BpemeHu
perncrpauum.

AHanusaTtop peructpupyetr ¢GOpmMy CUrHaNa TpPaH3MEeHTa TOMbKO B TeX KaHajax, rae npousoLwno
BbINOJIHEHWE KPUTEPWEB, YCTAHOBNEHHbIX Mosb30oBaTenieM. [locne oOHapyXeHUA TPaH3UEHT],
aHaNN3aToOp B TEYEHME 3-X CEKYH/, HE YUMTbIBAET CAeAytolme TPAH3MEHTbI (Tak Ha3blBaemMoe, «MEPTBOEY
Bpemsa). OcobbiMm cydaem ABAAETCA CUTyaLMA, KOrda nocie obHapyXKeHWs TpaH3MeHTa B O4HOM KaHane,
B NEpuoa mMexay ero obHapy»KeHMem W OKOHYAHWEM 3arucK CUrHafa B COOTBETCTBUM C 334aHHbIM
nosib3oBaTesieM BpPeMEHEeM pPerucTpauum OCUUAOIPaMMbl, MOABAAIOTCA CleAylolune TPaH3MeHTbl B
OCTa/IbHbIX KaHasax. B 3TON UCKAOYMTENbHON CUTYaLLMM aHANU3ATOP 3anNULLET OCLMANOIPAaMMbl BO BCEX
KaHanax, B KOTOPbIX 0OHapyXeHbl TPaH3MEHTbl. [TOCKONbKY TPAH3MEHTbI OOHapPYKEHbl HEMHOFO NO3MKe
OTHOCWUTE/IbHO MEePBOrO KaHa/a, OHM He ByayT MMeTb TOYHO COXPAaHEHHOIO BPEMEHM TaK Ha3biBaeMoro,
onepeKeHusa (perncTpaums 3TUX KaHa/IoB 3aBepLUMUTCA B TO Ke BpPems, YTO U perucrpaumus nepeoro
KaHana, KoTopblli NepBoOHavyasbHO 3anycTun cobbitue), B npunoxeHnn «SONEL ANALYSIS» cobbitns B
3TUX KaHanax byayT cneuuwanbHO NomeyeHbl, Kak «TpaH3neHT *». MpadumKn cobbiTns KaHana, KoTopbin
Bbi3Ba/ nepBoe cobbiTe, Bcerga byayT oTobparkaTbCA C APYrMMM KaHa/iamMu, KOTopble 3amnycTuau
cobbITMe YyTb NO3¥Ke. AHANOMMYHO, OTKPbITUE rpadmKa nocneayowero cobbiTua (BTOPUUYHOTO) TaKxke
6ynet otobpaxaTb rpaduKM [pyrvx KaHasoB, B KOTOPbIX B TOT e Mepuos BpemMeHM MpousoLLna
nomexa. Takum o06pa3om, MOMKHO JIErKO NPOAHA/NN3UPOBATb BPEMEHHblE 33aBUCUMMOCTU MeXay
OTAENbHbIMW KaHaNamu.

B Tabamue cobbITUiIM B CyYae TPaH3MEHTOB NPUBOAATCA NapameTpbl:

e B cT016L€e IKCTPEMYM HAXOAMTCA MaKCMMasibHaAa M3MEPEHHAn aMNAnTyaa TpaH3MeHTa (MexKay
nuKamm),

e B cronbue NMpoaonKUTenbHOCTb HaxXo4MTCA NPMBAU3UTEIbHOE BpeMs AeUCTBUA NOMEXN.

N3meputenbHble Lenn GYHKLUMOHUPYIOT TaKXKe OTHOCUTeNbHO Bxoda PE (cm. Takke Puc. ). Moaynb
TPAH3MEHTOB KOHTPOMPYET HANPAXKEHUA MEXKAY BXOAAMMU:

e L1-PE;

e |2-PE;

e |3-PE;

e N-PE.

BHMMaHue &

[ONna KOPPEeKTHOro M3MepeHUs XapaKTepUCTUK MepexofHbiX NPOLLeccoB TpebyeTcA nogKauyeHue
Bxoaa PE aHanu3atopa K MeCTHOW cucteme 3asemsieHuA. ITO HeobXoAMMO caenatb M B CETAX C
MU30/IMPOBAHHOI HelTpanblo.
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3.10.1 MeToa NOpOroBbIX 3HAYEHUN

MeToa MnoporoBbiX 3HaYyeHU AeUcTByeT Npu Bblbope nyHKTa «fMopor» (Ha BKNagKe YCTAHOBOK
HanpPsXXeHUs MNPUKOCHOBEHMA B KOHOUIypaLMM TOYKM U3MEPEHMS) U 3agaHUA 3HAYeHUs MOpPOroBoro
Hanpsa»eHus B AnanasoHe oT 50B go 5000B. Mo atomy metoay, aHanM3aTop obHapyKMBaeT TPAH3UEHT
nocne nNpesblWEeHNA UM 3a4aHHOI0 3HAYEHUA aMNANTYAbl B BONbTAX. TPaH3WEHTbl, aMNANUTYAa KOTOPbIX
He npeBbiCMAAa YCTAHOB/IEHHOrO npegesa, He b6yayT obHapy)KeHbl aHanAu3aTopom. B atom perkume
BpemAa HapaCTaHunA CUrHala He NpuUHUMaeTCcA BO BHWMMaHUeE. Kak measieHHble, TakK U 6bICprIe
TPaH3MeHTbl ByayT o6HapyKeHbl NPU YCI0BUW BbIMOJHEHMUA aMNINTYAHOTO KpUTEpUA.

MpumeyaHue:

BBeaéHHOE 3HauyeHWe nopora ABASEeTCA aMNAUTYAON TpaH3UEeHTa, a He abCoNTHLIM HanpAXKeHUemMm,
M3MepeHHbIM OTHOCUTeNbHO BXxoaa PE.

3.10.2 MeToa dV/dt

Mertog, HapacTaHua dV/dt sbibupaerca npu BblaeneHUn nyHKTa «CKOPOCTb HapacTaHUA» U YKa3aHuK
COOTBETCTBYIOLLEN YACTOTbl AMCKPETM3aUMM, KOTOpPAs KOCBEHHO 3343€T CKOPOCTb HapacTaHus
HanpAXXeHWA U3 HECKONbKMX BO3MOXHbIX 3HadyeHuinr (cm. Tabnuua). B metoge dV/dt npubop
aHaNM3MPYET CUTHA/ HaNPAMKEeHUs B TeYeHue onpenesieHHOro BPEeMEHHOro OKHa M obHapyKusaert
TPaH3UEHT, eC/IM CKOPOCTb HapacTaHWA KPWUBOM HaNpsKeHWa B OKHE MPeBbICUT 3HayeHue, 3agaHHoe
nosib3oBaTenem B KOHoUrypaumm. A6CoNtoTHas amnauMTyaa TpaH3MEeHTa HEe UMEET 34eCb 3HaYyeHusa —
TPaH3MEHTbl C MaJION, TaK e, Kak M ¢ bosblolr amnantygon byayt obHapy»KeHbl Npu yCa0BUMK, YTO
BbINOJIHEHO TpeboBaHNE MUHUMA/IbHOWM CKOPOCTU HapacTaHus.

3.11 ®yHKUMA OrpaHUYEHUS TOKA

B cuTyaumsx, Korga usmepsaemblit TOK UMeeT OYEHb MasleHbK1E 3HaYEHUNA NN, U3MEPUTENbHbIE KaeLm
6blIN OTKAOYEHbI OT aHa/M3aTopPa, MOMKET OKa3aTbCA NONAE3HON (YHKLUMA OOHyNeHWs napameTpos,
CBA3AHHbIX C AaHHbIM KaHa/iOM M3MePEHUA TOKA. ITO OCOBEHHO BA*KHO A/1A MapaMeTpPoB, TAKMX Kak
THD, KOoTOpbie NpU HaAN4YMK LWYyMa MOKa3blBalOT BbICOKME, a MHOMAa 3anyTaHHble 3HayeHuA. B caydyae ¢
obHapyXeHnem cobbITUI, OTK/IIOYEHME TOKOBbIX K/Aelein MOMKeT MPaKTUYeCKM MrHOBEHHO BbI3BaTb
obHapyXeHUs MNpeBblEeHMA MNOPOra, YTO MOXKET BBECTU Mo/b3oBaTens B 3abnyxaeHue. YT1obbl
n3bexkaTb TaKUX CUTyauuii, BBeaeHa GYHKUMA 0BHY/NeHUA TOKOBbIX NapaMeTpoB, Korga Aeincreytollee
3HaYeHMe U3IMepPAEMOro TOKa HUXe Mnopora, onpeaenéHHoro nosnb3oBatenem. [as BKAKOYEHUA 3TOM
dYHKLUMM Ucnonb3yiTe nose «OrpaHUYEHUE TOKa», Pacro/oKeHHOe Ha OCHOBHOM BKAafKe HaCTpoeK
TOYKN U3MEPEHMA, NoA, CMMCKOM Bbibopa TUMNOB Kellel. Mocne BKAYEHUS 3TOM ONuMn, MOXKHO 3a4aTb
nopor obHyNeHUs, yKa3aHHbIN B NPOLLEHTaX OT HOMWHaNbHOIO AMana3oHa BblbpaHHbIX Knewel ot 0,0
00 0,5%lnom.

MpoBepKa, HE HAaXOAMTCA /N 3HAYEHME TOKa HWMKEe 3a[aHHOro nopora, NPOUCXoamT Kaxable 10/12-
nepuoga (nNpumepHo, Kaxable 200mc). Ecan peicteylollee 3HayeHMe U3MEPEHHOro TOKa B KaHasne

MeHblle, 4Yem yCTaHOBﬂeHHbIl\;I nopor, To O6Hy}1FIIOTCﬂ cneayrouime napameTpbl:

o [leicTBylowee (cpeaHeKBagpaTUYHOE) 3HaYEHMNE TOKa;

lMocToAHHAA COCTaBAAIOLLAA TOKQ;

MuK-dpaKTo TOKa;

AMI'II'IMTYFI,bI raPMOHUK N UHTEPIrapPMOHUK TOKAa;
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KoadpoumumeHTol THD 1 TID no ToKy;

e Bce MOWHOCTA B laHHOM KaHane;

KoadpduumeHT MoLLHOCTM 1 COS®;

Yraol mexay rapMmoHNKamMn TOKa U HaNpPAXeHUA,;

AKTUBHaA n PeaKTUBHAA MOLWHOCTU TaPMOHMUK;

KoadpduumeHTol tgo n K.

MTorosble 3HauyeHuUa cucTeMbl (CymapHble) OOHYNAKTCA TOIbKO TOr4a, Koraa BCe cocTaBastolime
CUCTEMY TOKOBbIE KaHa bl HAXOAATCA HUMKe Noproa obHyeHus. Toraa Takke o0bHynstoTCA:

® K03)OULMEHTbI HECUMMETPUM TOKA U UX CUMMETPUYHBIE COCTABAAIOLLME.
YacTb napameTpoB COOLITUIA Y4UTLIBAOT OOHyNeHMe. 3HadeHWe napamMeTpa Y4MTbIBAeTCA Mpu
O0OHAPYKEHNN HAYaNa M KOHLA COObITUA M MPUHMMAETCA BO BHUMAHME B CTaTUCTUKeE (IKCTpeMasibHoe 1
cpefiHee 3HayeHus), TONbKO TOrAa, Koraa 3HayeHuMe TOKa Bbilwe nopora obHyneHue. MapameTpbl,

paboTatowme Takum obpasom:

® MUK-PaKTOP TOKA;

kKoadpdpuumenTol THD 1 TID no ToKy;

KO3pOULMEHT MOLLIHOCTU M COS®;

tgp n koapdpuuneHT noteps K;

KO3pPMUMEHTbI HECUMETPUM TOKA.

O6HyNEeHNe MapKUPYETCA B PEXKUME MPOCMOTPA TEKYLIMX 3HAYEHUIN U NpU aHanmse. YTobbl OTANYNTL
daKTUYEeCKM M3MEPEHHOE Hy/NeBOe 3HayeHMEe [JaHHOro napameTpa OT OOHYNEeHHOro 3HayeHua C
NMOMOLLbO 3TOM dYHKUMM, BblM BBEAEHbI Cheaytolwme npaBuia:
® B PEXMME UYTEeHMUS TEeKYLWMX MapameTpoB — OOHYy/NEHHble 3HAYEHUS OTMEeYeHbl CUMBOJIOM «*»
(3Be3gouKa) pagom ¢ unmdposbim 3HaveHnem (Hanpumep, 0,000*);
® MNpM aHanu3e AaHHbIX — 3aro/I0BOK, OMMUCbIBAaOWMI NapameTp, KOTOPbIA MOXKHO OBHYNUTH,
oTmeyvaeTcs gobasneHnem cumBona «*», Hanpumep «I*L1[A]» (He oTmevaeTcs oTaeNbHas
AYelika, a TO/IbKO MOMEYaeTca 3aroN0BOK, 4TOOblI MOKasaTb, YTO Wcnonb3yetca yHKUMA
0bHyneHusn),
® Ha AmMcniee aHanmMsaTopa — 06Hy/IeHHble 3HAYeHUs NpeacTaB/eHbl CePbIM LBETOM.

3.12 Oo6Hapy>xeHHue COObITUM

AHanusaTop npegnaraetT LWUPOKME BO3MOMKHOCTM OOHApy)KeHMAa CcobbITUM B U3MepAemon CceTwu.
Cob6bITEM Mbl Ha3biBaeM CUTyaUMto, B KOTOPOM 3HayeHWe BbIOpaHHOro mapameTpa CeTU MpeBblllaeT
NMoporoBoe 3Ha4YeHue, 3a43aHHOE NO/Ib30BATE/IEM.

®aKT HacTynieHna cobbITUA PerncTpUpyeTca Ha KapTy NamAaATv B BUAE 3aNnCK, cogeprKalleit:

e Tun napameTpa;

e KaHan, B KOTOPOM NPOM30LL/IO COOLITUE;

e Bpemsa Hayana M OKOHYaHMA CobbITUSR;

e [loporosoe 3HayeHue, 3aaHHOE NOJib30BaTeNEeM;

®  JKCTpPeManbHOE 3HAYEHME U3MEPAEMOrO NapameTpa BO Bpems cobbiTus;
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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

06HapymMBaTb cobbiTnA ¢ pas3anymem no Tmnnam NOporos.

Tabnuua 5. Tunbl noporos cobbiTUIA ANa OTAENbHbIX NApPaMeTpPOB.

MapameTp MNpepbiBaHue | lpoBan |lMepeHanpa)keHne MuHumym |[Makcumym

U [JelicTBytolee 3HaYeHme . . . e
HanpaAXeHUs

U MNocTtoAaHHAa cocTasaAtoLLan .

DC

HanpAXeHua

f YacroTa ) )

CFU MuK-dakTop HanpAXKeHUA . .
KoadpduuneHnt HECMMMETPUM

uz HanpaxeHMa no  obpaTHoM

[ ]

nocsenoBaTelbHOCTH

Pst KpaTKoBpemeHHas go3a daunkepa o

Pit OnutenbHana nosa gavkepa o

| [JelicTBytolee 3HaYeHMe TOKa . .

loc MocToAHHanA cocTaBaAloLLaA TOKA @

CF1 MunK-dakTop ToKa . .
KoadduuneHnt HECMMMETPUM

i2 TOKa no obpatHo

[ ]

nocnesoBaTeslbHOCTU

P AKTMBHAA MOLLHOCTb . °

Qi, Qs PeakTnBHaA MOLLHOCTb o o

S MNMosHaa MoLHOCTb . .

D, Sn MOLLHOCTb UCKaXKeHUA . .

PF KoaddumumeHT mouHocTH . .

cos @ KoaddumumeHT casura ¢as . .

tq @ KoadpduuneHT TaHreHe @ ° °
AKTUBHaA 3Heprua

EP+, EP. L]
(noTpebnseman n otaaBaemasn)
PeaktusHas 3Heprua

Ea+ Ea- .
(noTpebnseman 1 otaaBaemasn)

Es MonHasA sHepruA o
KoadouuneHt THD no

THD: U dbuu F .
HanpAXeHUo
AMNAnUTYAbI rapMoHUK

Unz...Unso _ .
HanpsakeHua (pag n=2...50)

THDk | Koadpdpmument THDE NO TOKyY o
AMNANTYAbl FAPMOHMK TOKa

Ihz...Ihso _ b4
(paa n=2...50)
KoaddunumeHt TID no

TID:U S F .
HanpAXeHUo
AMNANUTYAbI WMHTEPrapMOHMK

Uiho...Uinso _ .
HanpsakeHua (pag n=0...50)

TIDe | Koadduument TIDr N0 ToRy .
AMNANUTYAbI WMHTEPrapMOHMK

lino...linso ~ .
ToKa (psa n=0...50)

K KoadpuuneHt noTtepb B .
TpaHcpopmaTope

URy, UR2 CurHanbl ynpasneHua o
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POM-703
POM-T11 TpaH3MeHTbl HanpAXKeHUA ®

Ut

(1) OTHOCWTCA K HanpaXeHno Un.pe
2 TonbKo Npu Ucnonb3oBaHMK Knelel C-5

HeKkoTopble 13 NMapameTpoB MOTYT MPUHMMATb KaK MONOXKUTE/bHbIE, TaK U OTPULLATE/IbHbIE 3HAYEHUS.
MpYMepoM MOMKET C/YKUTb aKTUBHAA MOLLHOCTb, PEAKTMBHAA MOLLHOCTb U KO3IPOULMEHT MOLLHOCTHU.
MocKONbKY Nopor obHapy*KeHMA cobbITUA MOXKET ObITb TOMIbKO MOJOXUTENbHbIM, YTObbI 0becneynTb
NnpaBWU/IbHOE BbIABNEHNE COOLITU A8 BbILEYNOMAHYTbIX MapaMeTPOB aHaAM3aToOp CPaBHWMBAET C
YCTAHOB/IEHHbIM NOPOrom abCcoNtOTHbIE 3HAYEHMA STUX MapPaMETPOB.

Mpumep: MNopor cobbITMA MO aKTUBHOM MOLLHOCTU YCTAHOB/EH Ha 3HadeHue 10 KBT. Ecam Harpyska
MMeET XapaKTep reHepaTopa, aKTMBHas MOLLHOCTb MPU MPABUAbHOM MOAKAHOYEHUN TOKOBbIX KAeLlei
byaeTr umeTb OTpuUATENbHbIA 3HAK. EcnmM namepeHHoe abcostoTHOe 3HayeHWe aKTUBHOM MOLLHOCTMU
npesbicuT nopor, T.e. 10KkBT (Hanpumep, -11KBT), TO ByAeT 3aperncTPUpPoBaHO cobbITUE MPEBbILEHUA
3HaAYeHMA MAKCUMaNbHOW aKTUBHOM MOLLHOCTM.

[Ba TMNa napameTpoB: AENCTBYIOLLEE 3HAYEHME HAMNPAMKEHUA U AENCTBYIOLLEE 3HAYEHME TOKA MOTYT
nopoXaaTb CobbITUA, KOTOPble NOJIb30BaTe/lb CMOMET AOMONHWUTb 3anNUCAMM MIHOBEHHbIX CUTHai0B
(ocumnnorpammamm).

CUrHaNbl aKTUBHbIX KaHaNoB (HanpaXKeHMA U TOKa) 3anMCbiBAlOTCA B aHA/AM3aTOpP B MOMEHT Havana u
OKOHYaHWA cobbITUA. MoNb30BaTENb MOXKET 334aTb B KOHPUIypauumn Bpems 3anmcu ocumanorpamm (ot
100mc o 1ceK.) n Bpems onepeskeHns 3anycka (o1 40mc ao 960mc). Ocumnnorpammbl COXPaHAOTCA B 8-
6uToBOM popMmaTe C YacToTolM AMcKpeTusaumm 10,24kru,.

MHbopmauma o cobbiTUM 3anMCbiBAETCA B MOMEHT €ro OKOHYaHWMA. B HEeKOTOpbIX Cayyasx MOMKeT
CNYUYUTbCA TaK, YTO B MOMEHT OKOHYaHMA PErMCTpaLmmn Kakoe-To cobbiTue 6bl10 aKTUBHbBIM (Hanpumep,
ANnAca npoBan HanpaxeHua). MHopmaums O TaKOM COOLITUM TaKMKe COXPAHAETCA, O4HAKO, CO
cneayowmmm M3SMeHeHUAMN:

e  OTCyTCTBYET BPEMSA OKOHUYAHMA CObbITUA;

e DJKCTpeMasbHOE 3HauyeHWe PacCUYUTHIBAETCA TONbKO 3a Nepuoj, A0 MOMEHTa NpPeKpaLieHus
peructpauuu;

e (CpeaHee 3HaYEeHWE He yKa3blBaeTCs;

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

YT06bl YCTPAHUTL MHOTOKPATHOE BbiABNEHME OAHOrO M TOrO e CObbITUA, KOorga 3HayeHne napamertpa
KonebeTca BOKPYr NOPOroBOro 3HauyeHus, BBeAEH rmctepesnc obHapyKeHus cobbiTuil, onpeaensemsiit
nonb3oBaTtesieM. OH onpeaenAeTcs B MPOLEHTaxX cleaytowmm obpasom:

e [inA cobbITU OT LOEWCTBYIOLLEr0 3HAYEHWUA HanNpsXKeHWA — 3TO NPOUEHT OT AManasoHa
HOMWHa/IbHOTO HaNpsAXKeHus (Hanp. 2% ot 230B, T.e. 4,6B);

e [1nA cobbITMiA OT AENCTBYIOWEro 3HAYEHMUA TOKA — 3TO MPOLEHT OT AMana3oHa HOMWHAIbHOIO
TOKa (Hanpumep, ana Kneuwel C-4 n OTCYTCTBUA U3MEPUTENbHBIX TPAHCHOPMATOPOB, TMCTEPE3NC
2% paseH 0,02 x 1000A = 20A);
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e [1nAa cobbITUI OT NOCTOAHHOM COCTaBAAIOLWEN HAMPAXEHUA U HanpsaxKeHua Unpe rMcTepesunc

PacCcynTbiBAETCA, KAaK MNPOLEHT OT MNOPOroBoro 3HadYeHwuA, HO HE MEHEee, 4em 50mB (683

TpaHcpopmaTopoB);

e [1nAa ocTanbHbIX napamMmeTpoB TUCTEPE3UC onpeaendaeTca B NpoueHTax OT MaAKCUMMa/iIbHOToO

3HaYyeHMA nopora (Hanpumep, eciv MaKCMMasibHbIM NMOPOrom AnA KoappuumeHTa NMK-pakTopa

TOKa ycTaHoBMeHO 3HayeHue 4,0, To ructepesunc coctasnset 0,02 x 4,0 = 0,08).

3.13 MeToAbI yCpeAHEHUS NapaMeTpoB

Tabnnua 6. MeToapl ycpegHeHMA napameTpos.

MapameTtp

MeTtog ycpegHeHua

[Jencreytollee HanpsaxXeHne

RMS (cpeaHekBaapaTuyHoe)

lNocToAHHOE HanpAXKeHue, TOK

cpeaHee apudmeTnyeckoe

YactoTa

cpeaHee apudmeTnyeckoe

KoaddnumneHT nukosoro
3HayeHua (nuk-dakTop) U, |

cpeaHee apudmeTUyeckoe

CummeTpuryHble cocTasaaowme U,
I

RMS (cpeaHekBagpaTnyHoe)

KoaddpnumneHnt Hecummetpun U, |

accyMTbIBAOTCA U3 CPEAHUX 3HAUYEHWNIA CUMMETPUUHbIX
COCTaBAAOLLMX

[Jencreytoliee 3HaYeHMe TOKa

RMS (cpeaHekBagpaTnyHoe)

AKTMBHAA, peaKkTMBHanA, NoaHanA
MOLLHOCTb M MOLLHOCTb
MCKaXeHunA

cpeaHee apudmeTUyeckoe

KoaddpuumneHT mowHoctn PF

paccyMTbIBAETCA U3 CPpeAHEero 3Ha4eHMUsa MOLLHOCTU

CoSQ

cpepHee apudmeTUYeCcKoe

tge

paccyMTbIBAETCA U3 CPeAHEero 3Ha4eHMUsa MOLLHOCTU

THD U, |

pPaccyMTbIBAOT, KakK OTHOWEHME cpegHero 3HavyeHmna RMS Bbicwimx
rapMOHMK K cpegHemy 3HavyeHMto RMS 0CHOBHOM cocTaBAastoLwei
(ana THDg) unm oTHoweHMe cpeaHero 3HadyeHns RMS Bbiclumnx
rapMOHMK K CpeaHeMy 3HaYeHUIo 3GDEKTUBHOrO HanpsXeHus (ans
THDR)

TID U, |

paccynTbIBAIOT, Kak OTHOLWeEHMe cpeaHero 3HadeHna RMS
WHTEPrapMOHUK K cpeaHemy 3HayeHnto RMS ocHoBHOM
coctasnatowein (gna TIDg) MAK oTHOWEHME cpeaHero 3HavyeHus RMS
WHTEPrapMOHUK K cpeaHemy 3HaYeHNIo 3PEeKTUBHOIO HaNpPAXKeHNA
(mna TIDR)

Amnantyabl rapmoHuk U, |

RMS (cpegHekBagpaTuyHoe)

AMNANTYAbl HTEPrapmoHuk U, |

RMS (cpegHekBaapaTUUHOE)

Koaddpuument K

RMS (cpegHekBaapaTUUHOE)

Yrabl mexay rapmoHuKamu
HanpsaXXeHWN U TOKOB

cpepHee apupmeTuyeckoe

AKTUBHaA n PEeaKTUBHAA
MOLWWHOCTb raPpMOHUK

cpepHee apudmeTnyeckoe

MpumeyaHue:

CpeaHee 3Ha4YeHne RMS paccumTbiBaetca no popmyne:
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CpegHee apudmetmyeckoe (AVG) paccuntbiBaeTcsi no dopmye:

N
1
i=1
roe: X;—3To oyepeaHoOe 3Ha4YeHWe NnapameTpa, NoA/IeXKallero ycpeaHeHuo,
N — 3TO KOAIMYECTBO 3HAYEHU, NOANEKALUMX YCPEAHEHMIO.
4 PACYETHBIE ®OPMYJIbI
Tabnunua 8.
OpgHodasHasn ceTb.
MapameTp MeTtopa pacyéTa
HassaHue 0O603HauyeHne | EgnMHMLbI dopmyna
[JelicTBylollee 3HaYeHne HanpaxeHne U B
(True RMS) A
roe UiovepeaHoi oTcHéT HanpaxKeHua Uan
M=2048 gns cetn 50y n 60Iy,
1 M
MNocToAHHaA cocTaBAAOLLAA Usapc = —Z U;
Uabc B M
HanpAaXeHuA i=1
roe UioyepeaHoi oTcHéT HanpakeHusa Uan
M=2048 ana cetn 50y n 600,
YUCNI0 UENbIX MepuoaoB HanpsxKeHnsa Uan,
noAcYMTaHHbIX 33 10 cekyHAHbIM UHTepBan
YacTtoTa f My, A yra P
Nno BPeMeHM 4acoB, pa3feNeHHOMY Ha
oblLee Bpems NOJHbIX NEPUOSOB.
Jeincreylolee 3HayeHMe TOKa | A
(True RMS) A
roe lioyepeHoOM OTCYET TOKA la
M=2048 gna cetn 50y n 60Iy,
M
1
Lipc = MZ I;
lMocToAHHAA COCTaBNAIOLWLAA TOKA lapc A i=1
rae lioyepeaHol oTCHET TOKa |a
M=2048 gns cetn 50y n 60Iy,
M
1
Xy
i=1
AKTWBHaA MOLIHOCTb P BT roe UioyepeaHoi oTcHéT HanpakeHusa Uan,
liouepeaHOM OTCYET TOKa la,
M=2048 gnsa cetn 50y n 60Iy,
50
Qp = Z Uply sin gy
h=1
PeakTugHas mowyHocTs Budeanu Qs Bap roe Un- h-a rapmoHnka HanpsaxeHua Ua,
I h - h-a rapmoHuKa ToKa la, a ¢n - h-i1 yron
mexay rapmoHukamm Unu |,
Qs =U111sing:
PeakTnBHasA MOLLHOCTb OCHOBHOWM Q Rap roe Ui - ocHoBHaA cocTaBasAowas (nepsas
1

cocTaBsiAoLen (NnepBoii rapMOHUKK)

rapmoHuKa) Hanps»keHus Uan, l1- ocHOBHas
COCTaB/IAOLLAA TOKA la, @ @1 - yron mexay
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OCHOBHbIMM cocTasasaowmmm Uin |

MonHaa mowHOCTL S BA S = Unrwms larms
— [c2 _ 2
MonHasA MOLWHOCTb MCKaXKeHUS Sn BA Sn 5% = (Ush)
MouHOCTb UCKaxeHus Budeanu Ds Bap Dp = /52 — P2 —Q3
P
PF = E
Koad)dwlu,meHT MOLiHOCTH PF N ecnm PF>0, Harpy3Ka ABnAeTcA reHepaTopom;
ecnn PF<0, Harpy3sKka ABNAETCA MPUEMHUKOM,
cos ¢ = DPF = cos(pui— @ 11)
Cos @ rae (ui - abcontoTHDLIN Yron OCHOBHOWM
KoadpodumumneHT casura das - cocrasastowen Hanpsxerus Uan,
DPF @ 11 - abCONOTHbIN YroN OCHOBHOM
cocTaB/fAtoLWel ToKa la,
0,
tgp = N
TaHreHc ¢ g o - rae: Q = Qs, ecau BbibpaH meTog Budeanu,
Q =Qu, ecnm BbIbpaH meTog no IEEE 1459.
u B METOA rapMmoHUYeCKUX nogrpynn, no
FAapPMOHWKN TOKA U HanpaXKeHua | hx A FOCT 30804.4.7-2013 (IEC 61000-4-7:2009),
hx X - (paa rapmoHumk) = 1...50.
XL, Up
KoaddnumneHT rapmoHmyeckmnx THDUg = X 100%
NCKAXXEHWUIN HanpsaXKeHUA OTHOCUTEIbHO THDUE - 1
o Un - h-A rapmoHuKa HanpsaxeHus Uan, a
OCHOBHOW rapMOHUKH
U1- OCHOBHas COCTaB/IAOWANA HANPAXKEHNUA
Ua-n.
Koad)d)mu,meHI rapMOHMYECKMUX w502
MCKaXeHWIM Hanpa*keHuA h=2"h
o THDUg = X 100%
OTHOCUTENbHO AEeNCTBYIOLLEero THDUR - \RMS
(cpeaHeKkBagpaTUYHOrO) 3HaYEHUS roe Un- h-a rapmoHuka HanpsaxeHnns Uan
250 12
KoadpdumumneHT rapmoHnYecKnx h=2"h
. THDI; = ~——— X 100%
NCKaXXeHN TOKa OTHOCUTE/IbHO THDIe - L
OCHOBHOW rapMOHUKM rae | n - h-a rapMoHKWKa ToKa la,
l1- OCHOBHas COCTaB/AOLLAA TOKA la.
KoapduumeHT rapmoH1MYecKmx w50 12
NCKaYXEeHNN TOKA OTHOCUTENBbHO h=2"h
. THDIr - THDIp = — x 100%
JencTaytoLLero \RMS
(cpegHeKBaApPaTUYHOTO) 3HAYEHUA rae | n - h-1 rapmoHmKa ToKa |a.
METO,EI, UHTEPrapmoHun4YecKkux noarpynn, no
Uinx B FOCT 30804.4.7-2013 (IEC 61000-4-7:2009),
MNHTeprapmoHMKM TOKa N HanpaxeHun
linx A X - (pAag, nHTeprapmoHumk) = 0...50,
(B cybrapmoHmKax yunTtbiBaeTca TakxKe 5My)
50 2
in=0 Uin
KoappuumeHT nHTEprapmoHuYecKnx TIDU, = x 100%
NCKaXXEHUIN HanpsaKeHUsa OTHOCUTE IbHO TIDUe — . 1
. rae Uin- ih-1 MHTeprapmoHmKa HanpsxKeHus
OCHOBHOW rapMOHUKH U
a-N, @ U1- OCHOBHas cocTaBnAoLwan
HanpsaxkeHma Uan.
KoadpdnumneHT MHTeprapMoHUYeCcKmX 20 L UZ
NCKaXKeHMIN HanpaXKeHMA OTHOCUTEIbHO TIDUR - TIDU, = X 100%
ARMS

cCpegHeKBaApaTUYHOIO 3Ha4YeHUA

Uin - ih-a nHTeprapmoHumka HanpsaxxeHua Uan
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50 12

KoadpdumumneHT MHTeprapmoHnYecKnx ih=0"ih
y TIDIz = ~—x 100%
WCKa*KEHNN TOKa OTHOCUTE/IbHO TIDIg - L
OCHOBHOW rapMOHUKM rae lin- ih-a MHTEeprapmoHuMKa ToKa la,
a l1- ocHOBHaA COCTaBAOWaA TOKa Ia.
KoaddnumneHT nHTeprapMmoHU4ecKmx N
WCKa*KeHWNN TOKa OTHOCUTE/NIbHO TIDIr - TIDIg = —— x 100%

ARMS

CPEAHEKBAAPATYHOTO 3HaYEHWA rae lin- ih-a MHTeprapMoHm1Ka ToKa la.

max|U;|
CFU = T
KoadpnumeHT nMKosoit amnanTygbl ARMS
CFU rae seanymHa max|Ui| BbipaxkaeT

HanpAxeHnA (NNKk-GakTop HanpaxeHNs) Hanbonbluee N3 abCoONOTHbIX 3HAYEHU I

oTcyeToB HanpaxKeHna Uan
i =2048 pna cetn 50y n 60My,

max|I;|
CFI = i
KoadpdumumneHT NnnKoBoM amnantyabl ARMS
CFI - roe sennunHa max/li| Bbipaskaet

TOKa (NMK-paKTop TOKa .
( ¢ P ) Hanbonbluee U3 abCoNOTHbIX 3HaUYEHUN

OTCYETOB TOKaA la
i =2048 pna cetn 50y, m 60y,

50 12p2
Yh=1lnh
KoadpodumumeHT notepb B K-bakTop ?
TpaHcpopmaTtope K rae | h - h-a rapmoHuKa ToKa la,
l1- OCHOBHaA cocTaBAOLWAn TOKa |a.

KFactor =

Pn = Unln cosen

Pn raoe Un- h-a rapmoHunka HanpsaxeHus Uan,

AKTUBHAA MOLLHOCTb FAPMOHUK BT .
h=1..50 | h - h-A rapmoHuKa ToKa la, @ @n - h-i yron

MeKay rapmoHuKkamm Unu .

Qn = Unl n singn

Qn Bap raoe Un- h-a rapmoHnka HanpsaxeHus Ua,
h=1..50 I h - h-A rapmoHWKa ToKa la, @ @n - h-i yron
mexay rapmoHnkamm Unu n

PeaKkTnBHaa MOLWHOCTb FAPMOHUK

paccynTbiBaE€TCA B COOTBETCTBUU C
KpaTkoBpemeHHas no3a ¢pavkepa Pst - rOCT P 51317.4.15-2012
(M3K 61000-4-15:2010).

OnnTenbHana fosa gpankepa Pit -
roe Psti-ouepegHan i-as
KpaTKoBpemeHHas Ao3a ¢amkepa.

Epy = ) PLDT()

i=1
~ (P mnaP@)>0
P (@) _{ 0 pmaP@()<o0

Ep_ = Z P_(DT()
i=1

AKTUBHaA sHeprus Eps, Ep. Bty ) [P(D| pna P(i) <0
(noTpebnseman n otaaBaemas) b= { 0 gmaP@)=0
rae i-oTo ouepegHo HOMep OKHa
namepeHuns 10/12 nepmoaos,
P(i) npeactaBnseT 3Ha4YeHUE aKTUBHOM
MOLLHOCTW P, paccuMTaHHOW B i-M OKHe
n3mMepeHus,
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T(i) npeacTaBnsfeT ANUTENbHOCTD i-F0 OKHa
M3MEpPEeHUA B Yacax.

PeakTnBHas sHeprus Budeanu
(noTpebnaemas n otaaBaemas)

EQ+, EQ»

Bap-y

Egps = ) Qs (OT()

i=1
o (Qg(i) pnaQp(i) >0
Qs+(D) = { (1)3 Jim e Qg(i) <0

Egs- = ) Q5-(OT()

i=1
050 = B OI A GO <0
0 a1 Qg(i) =0
rae i-3To ovyepesHOM HOMep OKHA
nsmepenuns 10/12 nepmoaos,

Qg (i) npeacTaBnseT 3HaYeHUE PEaKTUBHOM
motuHocT Budeanu Qg, paccuntaHHoOM B i-
M OKHE U3MepeHus,

T(i) npeacTaBnseT 4NNTENbHOCTb i-r0 OKHa
M3MEepeHus B Yacax.

PeaKTMBHasA aHeprua OCHOBHOM
cocTaBnsaoLwemn
(noTpebnsemas u otaaBaemas)

E Ql+, E Q1-

Bap-y

Egre = ) 01T ()

i=1
N (Q:() pna () >0
Qe (D) = { 01 Jime: Qi(i) <0

Egi- = ) Q-7 ()

i=1
0 () = 10 01Am 00 <0
0 aaa Q(i) =0
rae i-3To oyepeaHoit Homep OKHa
nsmepenuns 10/12 nepmoaos,

Qi (i) npeacTaBnaeT 3Ha4YeHNE OCHOBHOM
COCTaBAAIOLWEN peakTUBHON mowHocTn Qa,
paccynTaHHOM B i-M OKHE M3MepeHus,
T(i) npeacTaBnseT ANNTENbHOCTb i-r0 OKHa
MU3MEepEeHUs B Yacax.

MonHana aHeprua

Es

BA-y

Es = Z SOTQ)

rae i-aTo oyepeaHoOM HOMep OKHa
nsmepeHusn 10/12 nepnoaos,

S(i) npeacTaBnseT 3HaYeHMe NOAHOM
MOLLHOCTU S, PaCCYUTAHHOM B i-M OKHe
M3MepeHus,

T(i) npeacraBnAeT ANUTENbHOCTb i-r0 OKHa
M3MepEeHUs B Yacax.

[ByxdasHas ceTb

(He nepeyucsaeHHble Napamempsl PAccYUMbIBAOMCA KAk 048 00HOga3Hol cemu)

MNapameTp ..
MeTopa pacyéTta
HassaHue O6o03HayeHne| EgmMHULbI
O6w,an aKTMBHasA MOLLHOCTb Ptot Bt Ptot = Pa + Ps
O6wwan peakTMBHAA MOLLHOCTb Q 5a Q Q Q
= +
Budeanu Btot p Btot = QBA BB
O6wwan peakTMBHAA MOLLHOCTb Q 5a Q Q Q
o o = +
OCHOBHOM COCTaBAALLel Lot P Ttot =LA T K18
O6wan nonHaaA MOLWHOCTb Stot BA Stot =Sa + Ss
O6Las NosIHaA MOLLHOCTb MCKaXKeHUs SNtot BA SNtot =SNA + SNB
0O6wWwan MoLWHOCTb UCKaxKeHna Budeanu DBtot Bap DBtot = Dga + DBB
v Pt t
0O6Wmin KoadOUUMEHT MOLLHOCTH PFiot - PF,, = S—o
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o cos 1
O6wuin koapduumneHT casura das ng)m COS Qiot = DPFipr = 3 (cos @, + cospg)
tot -
Qltot
tgp = I
06wt TaHreHe @ tgptot - tot

roe: Q = Qs, ecau BbibpaH meTog Budeanu,
Q = Qu, ecnv BbIbpaH meToa no IEEE 1459

O6uwan akTMBHas sHeprus
(noTpebnsemas u otaaBaemas)

Ep+tot, EP-tot

BT-u

m
Epseor = ) Protr DT ()

i=1
Prors (i) = {Ptot(i) AN Pyoe (1) > 0
tot+ 0 g4 P () <0
m

Eptor = ) Proe- DT ()

i=1
Pror_ (i) = {|Ptot(i)| A1 Pt.ot(i) <0
0 st Proe (i) =0
roe: i — 3To ovepenHON HOMepP OKHa
nsmepeHusn 10/12 nepnoaos,

Prot(i) NnpeAcTaBNsAEeT 3HaYeHNEe aKTUBHOM
MOLLHOCTUPtot, PACCHUTAHHOE B i-M OKHE
n3mepeHus,

T{(i) npeacTaBnseT ANUTENBHOCTb i-T0 OKHa
M3MepeHUn B Yacax.

Ob6uas peakTMBHana aHeprma Budeanu
(noTpebnaemas u otaaBaemas)

EQB+ tot, EQB- tot

Bap-y

EQB+(:0L' = Z Qptor+ (DT ()

i=1
Qprot (D) AnAQpeo: (1) > 0
%ﬂﬂﬂ Qpeor(D <0

EQB—tot = Z Qptor- (DT ()

i=1
o _ (1Qeor (D] AN Qpror () <0
Qptot- (i) = { 0 a1 Q =0
Btot =
rae: i- 3To o4epeaHoNn HoMep OKHa
namepeHusn 10/12 nepnoaos,
Qstot(i) NpepcTaBNAET 3HaYEHNE
PeaKTUBHOMN MOLLHOCTU Qstor PaCCUUTaAHHOE
B i- M OKHE U3MepeHus,
T(i) npeacrasnaeT ANUTENbHOCTb /-0 OKHa
M3MEepeHUs B Yacax.

Qptot+ (D) = {

O6buLan peaKTUBHasA 3HEPrsA OCHOBHOM
cocTtasnAowen (notpebn. n otaaBaemas

Eai+tot, Eqi-tot

Bap-y

EQ1+t0t = Z Q1tor+ (DT (D)

i=1
Q1tot+ (@) s Q1o (V) >0
9nIUIH Q1t0t()) <0

Eo1-tor = Z Q1tot- (T ()

=1
Orror (i) = {lQltot—(i)l ZUTHQ1'tot(l') <0
0 171 Q1r0¢ (1) = 0
rJe: i - 3To o4epesHON HOMep OKHa
namepeHus 10/12 nepmoaos,

Qutot(i) NpeacTaBnAeT 3HaYEHME

peakTUBHOM MOLHOCTU Qutor PACCUMUTAHHOE
B i- M OKHE U3MepeHus,
T(i) npeacTaBnaeT ANUTENBHOCTb i-r0 OKHA
M3MEepeHUs B Yacax.

Qutor+ (D) = {

O61wan nosHan aHeprus

ES tot

BA-y

m
Estor = Z Stor (DT (D)
i=1

rae: i- 3To oyepeHON HoMep OKHa
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namepeHus 10/12 nepnoaos,
Stot(i) NpeacTaBnseT 3HaYeHne obLen
NOSIHOM MOLLHOCTU Stot PACCYUTAHHOE B i- M
OKHe n3mepeHus,
T{(i) npeacTaBnseT ANUTENBHOCTb i-F0 OKHa
M3MEpPEHMA B Yacax.
TpéxdasHaa ceTb «3Be3ga» ¢ N
(He nepeyucneHHble NapaMmempbl PaccYUMBbIBAOMCA KaK 0458 00Hoga3Hol cemu)
MNapameTt .
P P MeTtog, pacyéTta
HassaHue O603HaueHne| EanHuULb
O6uasn akTMBHAA MOLLHOCTb Ptot BT Ptot = Pa + Pg+ Pc
Ob6uLan peakTMBHaA MoLLHOCTb Budeanu QBtot Bap QBtot =QBA + QBB + QBC
Q1+= 3U1+ /f‘sin (01+ , rae
Ui'npamas cummeTpuuHas cocTasstoLLas
O6uLan peakTMBHaA MOLLHOCTb art Bap HanpaXeHus (OCHOBHOW CocTaBAAOLLElN),
cornacHo IEEE 1459 1 I1* npAmas cummeTpuyHasa cocTaBaAoLWan
TOKa (OCHOBHOVW cocTaBastoLLel),
@1* yron mexxpay cocrasasiowmmu Ui'n 117
Se = 3Ue /e, roe
B(UR + U+ U?) + Ung” + Upc? + Ugy?
3¢ PeKTMBHAA NONAHAA MOLLHOCTb Se BA Ue = 18
|- L+ 2+ 12+ 1y°
€ 3
2 2
Sen = "Se + Se1”, roe Se1 = 3Ue1 le1
dddeKTMBHaA NONHAA MOLLHOCTb Sen BA v o jg(uAlz +Upi? + Upt®) + Upgs” + Upea® + Ugar?
UCKaXKeHUSA € “ 18
[ I ® 4 1”4 et + Iy
el 3
O6wasn MOLLHOCTb UCKaXKeHMA Budeanu DBtot Bap DBtot = Dga + Des + Dac
v Ptot
O6wWmin KoadOUUMEHT MOLLHOCTH PFtot - PF,, = <
e
o COS (Ptot
O6wmit KoadpdpuumeHT casura das - 1
U bduy A ¢ DPFiot COS Yot = DPFpor = 3 (cos @4 + cos@p + cos@.
_ Qutot
LgPror = 45—
O6LWuii TaHTEHC @ tgotot - Prot
8fto rae: Q = Qs, ecau BbibpaH meTog Budeanu,
Q = Qi, ecnv BblbpaH meTog no IEEE 1459.
Ob6wwan akTMBHas aHeprua
E Ep- BT dopmyna, KaK ansa 2-x pasHoM ceTu.
(noTpebnaemas n otgaBaemas) P+tot, tP-tot pMyna, ¢
O6uan peakTuBHadA aHeprua Budeanu .
than p P Eqs+ tot, Eqs-tot Bap-4 dopmyna, Kak gna 2-x ¢asHom ceTu.
(noTpebnsemas u otnaBaemas)
O6uLasn peakTMBHaA SHEPrMA OCHOBHOM
cocTasnsouein ®opmyna, Kak ans 2-x pasHol ceTu.
Eai+tot, Eai-tot | Bap-u
(noTpebnaemas u otnaBaemas)
m
Esioe = ) Se(DT (D)
i=1
rae i-aTo ouepenHoii HOMep OKHa
O6wwas nosHan aHeprua Es tot BA-y usmepenns 10/12 nep1oaos,
Se(i) npeacTaenseT 3HayeHue 3pPeKTUBHON
NOJIHOM MOLLHOCTM Se, PACCYMTAHHOWM B i-m
OKHe n3mepeHus,
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T(i) npeacTaBnsfeT ANUTENbHOCTD i-F0 OKHa
M3MEpPEeHUA B Yacax.

Jencreytollee 3HaYeHMUE HyNeBOM

1
Uy =§(QA1 + Up: +Qc1)
Uo = mag (Uo)

CMMMETPUYHOWN COCTaBAAIOLLEN Uo B rae Uai, Ugi, Uci BEKTOPbI OCHOBHBbIX
HanpaXeHua COCTaBAAWMX Ga3HbIX HANPAXKEHU
Ua, Us, Uc, a onepatop mag (Uo)
0603HayaeT moay/b BEKTOpa.
1 2
U zg(gAl + aUp, + a*Uc,)
Ui =mag (Ui)
JencTeytoliee 3HaYeHME NPAMOIA rae Uat, Upi, Uc1 BEKTOPbI OCHOBHBbIX
CUMMMETPUYHOWN COCTaBAAIOLLEN U, B cocrasnsaoWwmx GpasHbix HanpskeHnin  Ua,
HaNpPAXKeHUs Us, Uc, a onepatop mag (Uz) obo3Hauaet
i120° 1, V3,
Moaynb BekTopa, a = 1e/12%° = -+
i ° 1 3.
a? = 1eJ240° = .
2 2
1 2
U, =§(QA1 +a*Up, + alcy)
Uz =mag (Uz)
rae Uai, Us1, Uci BEKTOPbI OCHOBHbIX
AeicTaylolee 3HaveHne 0bpaTHON COCTaBAALMX Ba3HbIX HANPAKEHUI
CMMMETPUYHOM COCTaBAAIOLWEN U, B Ua, Us, Uc, a onepatop mag (Us)
HanpAXeHuA 0603HavYaeT MoAyNb BEKTOPA,
i120° 1,3,
a=1e/1" = —-4+ =j
2 2
a? = 1eJ240° = _l_ﬁ i
2 2
KoadppumumneHT HecummeTpum U
o 0
HanpAXeHuna Hynesoun Uo % Uy = - 100%
nocnef0BaTeNIbHOCTH !
KoadpdumumneHT HecummeTpum U
v 2
Hanps»KeHus obpaTHOM uz % U, = o 100%
nocneno0BaTeNIbHOCTH !
1
— 2
L _g(!Al +alp, + a’lp,)
lo =mag (lo)
Hynesaa cummeTpuyHas
lo A rae lai, Is1, Ica BEKTOPbBI OCHOBHbIX
COCTaBAAOLWAA TOKa
COCTaBANAWMX TOKOB a3 Ia, Ig, Ic,
onepaTtop mag (/o) 0603Ha4vaeT moaynb
BEKTOpa.
1
— 2
L _g(lAl +alg, +a’l;)
y . I =mag (1)
encTeytoLee 3Ha4YeHne NPAMon
A yiot, 8 P . Iy A roe laz, Is1, Ic1 BEKTOPbLI OCHOBHBbIX
CMMMETPUYHOM COCTaBAAIOLLLEN TOKA
COCTaBAAOLWMX TOKOB da3s Ia, 15, I,
onepatop mag (/1) obo3HavyaeT moaynb
BEKTOpa.
1
— 2
L —g(bu +a’ly +alg)
. 6 y I2=mag (I2)
JencreyoLee 3HavyeHne obpaTHOU L A rpie fas, los, Ic1 BEKTOPbI OCHOBHBIX

CUMMETPUYHOM COCTaBAAOLLEN

COCTaBAAOWUX TOKOB a3 Ia, Ig, Ic,
onepaTtop mag (/2) o6o3HavaeT moaynb
BEKTOpa.
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KoaddpuumneHT HecummeTpum Toka . )
ddmuy P io % iy =2 100%

Hy/1eBOW NOCNea0BaTeIbHOCTU I
KoadppumumneHT HecummeTpum ToKa i % ; I, 100%
4 2 (o] = - ()

06paTHOI NocnesoBaTeNbHOCTH A

TpéxdasHan ceTb «TPEYroNbHUK» U «3Be3/4a» C M30/IMPOBAHHOWN HENTPaIbIO

(napameTpbl: AeMCTBYIOWME 3HAYEHNA HANPAXKEHUA U TOKA, MOCTOAHHbIE COCTABAAIOWME HAMPAXKEHWUA U TOKOB,
KoadduumneHTol THD 1 K,cummeTpuyHble cocTaBastowme n KoapPpuumeHTbl acuMMeTpum, ,03bl GANKEPA PacUUTbIBaAOTCA
TaKXKe Kak ana ogHodasHoW CeTU, TONbKO BMECTO GasHbIX HanpAaXeHUA UCNONb3YEeTCA INHENHbIE HAaNPAXKEHUSA)

MNapametp ..
MeTog pacyéTta
HasBaHue O6o03HayeHne| EgMHULbI
NnHenHoe HanpskeHue Uca Uca B Uca=— (Uas+ Usc)
Tok |; (M3mepuTenbHble cxembl ApoHa) 3 A lr=—(l1+13)
M M
1
Pror = M(Z Uiaclia + Z UiBCIiB>
i=1 i=1
Uiac ouepeaHoi otcuét HanpsxkeHna Uac
Obuian aKTUBHAA MOLLHOCTb Ptot BT Uisc ouepegHoit otcuér Hanpsxenus Up.c
lia ouepenHoO OTCYET TOKA Ia
lis ouepeaHol oTcUET TOKa g
M=2048 gna cetn 50y n 60Iy,
Se = 3Ue /e, roe
U = Usg® + Upc” + Uca®
0O6uwan nonHas MOLWHOCTb Se BA e 9
AR
e 3
Ob6uan peakTMBHaA MOLLHOCTb
Ba = — 2 2
(Budeanu u IEEE 1459) Qatot P Q=N=ysSe—-P
O6Lasn MoOLLHOCTb UCKaXkeHMa Budeanu DBtot Bap DBtot=0
Sen = /582 +S,.%, roe Se1 = 3Ue1 le1
2 2 2
dddeKTMBHAA NOAHAA MOLLHOCTb U = Uap1” + Upc1” + Ucas
SeN BA el — 9
NCKaXKeHus
_ IA12 + 1312 + 1c12
el 3
v Ptot
O6wWmin KoadOUUMEHT MOLLHOCTH PFtot - PF,, = <
e
AKTWBHaA aHeprua
R BT dopmyna, Kak gna 2-x ¢pasHom cetn
(noTpebnsemasn u oTAaBaemas) Ep+tot, EP-tot Py A ¢
m
Esioe = ) Se(DT (D)
i=1
rae i-3To ouepesHo HoMep OKHa
namepeHuns 10/12 nepmoaos,
O6was nonHas sHeprus Es tot BA-4 Se(i) npeacTasnaeT 3HaueHme obuwel
NONHOM MOLLHOCTU Se, pacCYMTaHHOM B i-m
OKHe U3mepeHus,
T(i) npeacTaBnaeT ANUTENBbHOCTD i-r0 OKHa
M3MepeHus B Yacax.
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5 PYKOBOJACTBO I10 IAPAMETPAM KAYECTBA 3JIEKTPOIIMTAHUA

5.1 Oo6wmasa uapopmanus

PasBMTME NpPOMBILWNEHHOCTM BO BTOPOW MOMOBMHE XX BeKa MNpuBENO K nNoTpebneHwuto 60/bLumx
MOLLLHOCTEN, YTO B CBOIO OYepesb NPUBENO K YXYALEHUIO KAYecTBa 3/1IEKTPUYECKOM 3Heprun. B ceasm ¢
aTum 6bin npuHAT TOCT 13109-67 «Hopmbl KayecTBa 3N1EKTPUYECKON 3SHEPrMM», KOTOPbIM B
nocneaywouwme roga npetepnesan pag nsmeHeHmn u B FOCT 13109-97 Bknwouyan B ceba yxe 11
napameTtpos. C BHeApPeEHWEM COBPEMEHHOrO BbICOKOTEXHONOMMYHOIO 060pPYAOBaHMA noTpebuteneit
HabnoOaN0Chb HECOOTBETCTBME OTAE/bHbIX MOKasaTesnen Kayects, YTo B nocaeactsmm 2013 roay 6bin
npuHAtT TOCT 54149-2010 «2dneKTpuyeckaa 3HeprnAa. COBMECTMMOCTb TeXHUYECKUX CpeacTs
3NIeKTPOMArHMTHaA. Hopmbl KayecTBa 3N1EKTPUYECKON SHEPTUN B CUCTEMAX 3/IEKTPOCHabKeHUA obuiero
Ha3HayeHua.» OAHaKO He COOTBETCTBME TPeboBaHMAM HAUMOHA/IbHbIM CTaHAapTam, TakMm 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 eBponeickomy ctaHaapty EN 50160:2010 npuBeno K co3gaHuto
rocyaapcreeHHoro ctaHgapta FOCT 32144-2013 (BBeaén 01.07.2014r.).

MeToanKa BbINOJHEHUA U3MEPEHUIA B aHANM3aTOPaxX KauyecTBa 3/IEKTPONUTAHUA yKasaHa B CTaHZapTe
FOCT 30804.4.30-2013 (IEC 61000-4-30:2008). 3TOT cTaHAAPT, BBEN CTPOro onpeAeNéHHble aNropUTMbI
NU3MepeHUi, ynopaaouna pPbIHOK aHanu3aTopoB, 0b6/seryas UxX CpaBHEHWE, a TaKKe COOTBETCTBUE
pe3ynbTaToB M3MEPEHUN MeXAy aHaAM3aTopamu pas/inyHbIX npoussoauTeneil. PaHee 3TM npubopsl
MCNONb30BaNN Pas/INYHble aArOPUTMbl, NOITOMY Pe3y/bTaTbl U3IMEPEHUIN OAHOMO M TOro e 0bbeKTa
pa3HbIMW YCTPOMCTBAMM YACTO AaBaAN ANaMeETPasIbHO MPOTUBOMOJIOKHbBIE 3HAYEHWUA.

daKkTopamn, KOTopble NPUBENN K A0BOIbHO 3HAUNTEIbHOMY POCTY MHTEpPeca K BONpocam, CBA3aHHbIM C
KauyecTBOM 3/1IEKTPO3HEpPruun, OblAM B TOM UMCAE, PacnpoCTPaHEHWe 3/1eKTPOHHbIX PeryaaTopos
MoOLLHOCTK, npeobpasoBaTeneil MNOCTOAHHOTO TOKAa U MMMYAbCHbIX  UCTOYHUKOB  MUTaHUS,
sHeprocbeperawowmx namn M T.4., TO €CTb, B LIMPOKOM CMbICNe 3TOro MoHATUA, obnaactu
npeobpasoBaHMA 31EKTPUYECKON SHEPrMn. Bce 3TM yCTpoMCTBa MMEIOT TEHAEHUMIO K 3HAYMTE/bHOMY
n3meHeHuo GopMbl MPOTEKaIOLLLEro TOKa.

MMI'IyﬂbCHbIe NCTOYHUKN NUTaHUA (LIJVIpOKO npunmeHaemble B 6bITy n I'IpOMbILUﬂeHHOCTVI) 4acTto
YCTPOEHbl Taknm 06pasom, YTO CeTeBOE NepemMeHHOe HanpaKeHWe BbINPAMAAETCA M CTaXKMBaeTCA C
MOMOLLbIO KOHAEHCAaTopoB, TO ecTb, npeobpasyeTcA B MOCTOAHHOe HanpsxeHue (DC), a 3atem
npeobpasosbiBaeTcad ¢ 60nbWON 3OPEKTUBHOCTbIO HA BbLICOKOM 4acToTe B BbIXOLHOE HaMnpsrKeHue
Tpebyemoi BennunHbl. O4HAKO, TaKoe pelleHne UMEET HeXKenaTeNbHblii No6oYHbIN 3ddeKT. 3apaaku
CrNa*KMBAOWMX KOHAEHCAaTOPOB NPOUCXOAAT KOPOTKMMM MMMYAbCaMM TOKa B MOMEHTbI, KOraa ceTesoe
Hanpsi>keHne 6/IM3KO K MAKCMMasbHOMY 3HauyeHuto. M3 6anaHca MOLLHOCTM ClefyeT, UTo ec/in TOK
noTpebaAeTcs TONbKO B KOPOTKME MOMEHTbI BPEMEHU, TO U MUKOBOE 3HaYeHue ByaeT HaMHOrO Bbile,
yemM A4/1A NOCTOAHHOrO notpebneHus. bonbluas BeAMUYMHA OTHOLIEHMS MUKOBOTO 3HAYEHMA TOKa K ero
aencreylolleMy (cpefHeKBaApPaTUYHOMY) 3HauyeHWto (TaK HasbiBaeMblt NUK-PaKTOp), a TaKkKe
ymeHblleHne KoapduumeHta mowHocTu (aHrn. Power Factor, PF) npuMBOAAT K TOMY, YTO A1A NOAyYeHUA
onpeaeneHHoOM aKTMBHOM MOLLHOCTM B Harpyske (B BatT), NMpou3BOAMTENb 3SHEPTUKU BbIHYKAEH
NOCTaBNATb GOMbLIYI0 MOLLHOCTb, YEeM aKTMBHAs MOLLHOCTb HarpysKu (Tak Has3blBaeMylo MOJHYIO
MOLLHOCTb, BbIpa*KeHHYIO B BO/IbT-amnepax, BA). Manbiii KoapdULMEHT MOLLHOCTM BEAET K YBEANYEHMIO
Harpysku Kabenel anektponepegaun M 6OAbWIKMM pacxodamM Ha TPAHCNOPTUPOBKY 3NEKTPUYECKOW
3Hepruun. BosHMKaowme npu 3TOM rapMOHMYECKME COCTaBAAIOLWME TOKA NUTAHWUSA, ABAAIOTCA NPUYUHOM
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AOMNONIHUTENbHBIX Npobaem. B pesynbTaTe NpomM3BoAUTENN HAYaNM HanaraTb GMHAHCOBbLIE CAHKLMKM Ha
notpebutenei, Kotopble He obecnevymBany A4OCTAaTOYHO BbICOKOTrO KO3pdMUMEHTa MOLLHOCTH.

MoTeHUNanbHO 3aMHTEPECOBAHHbIMM B aHAIM3aTOPAX KauyecTBa 3/1IEKTPOIHEPTUM MOTYT BbiTb, C OLHOM
CTOPOHbI, 3HepreTMYeckne npeanpuaTUa, KOTopble CMOTYT C WX MOMOLLBbIO KOHTPOJIMPOBaTb CBOWX
nortpebuTenei, c Apyron CTOPOHbI NOTPEBUTENN SHEPTUN, KOTOPLIM TAKON NPUBOP MOMKET OOHaPYKUTD,
a B [Aa/ibHeMWeM MCMPaBUTb CUTYALMIO CHUMKEHUA KodpdUUMEeHTa MOLLHOCTU U apyrve npobsembl,
CBA3aHHbIE C MOHATUEM KayeCTBa 3/IEKTPOIHEPTUM B LUMPOKOM CMbIC/IE.

KayecTBeHHble MapameTpbl UCTOYHMKA MUTAHMA, a TaKXKe dHepreTMYeckMe CBOMCTBA y noTpebuteneit
OMMCbIBAIOTCA Pa3/IMYHbIMMN 3HAYEHUAMM U NMOKA3ATENAMMU. ITO UCCAELOBAHNE MOXKET NPOAUTb HEMHOFO
cBeTa Ha AaHHy obnacTb.

KaKk y)e ynomMMHanocb paHee, OTCYTCTBME CTaHOAPTM3auMM B METO4aX W3MEpPEHWA, BbI3BaJIO
3HAUYMTENIbHbIE OT/NYMA B PACYETHbLIX 3HAYEHMAX OTAENbHbLIX MapamMeTpPoOB CETU MNPU MUCMNONb30BaAHUMU
pa3inYHbIX NpubopoB. Co3aaHHbINA CTapaHUAMU MHOTUX UHXKeHepoB, ctaHaapT MOCT 30804.4.30-2013
(IEC 61000-4-30:2008) 6bi1 NepBbiM TaKUM AOKYMEHTOM, B KOTOPOM MpeAcTaBieHbl OYeHb TOYHbIe
MeToAbl, MaTeMaTUyeckue 3aBMCMMOCTU U Tpebyemasa TOYHOCTb W3MEPEHUI aHan3aTopoB
aNeKTpuyeckoi sHeprun. COoTBETCTBME CTaHAAPTY (B YacTHOCTK, Knaccy A) Mmesnio Lenb AaTb rapaHTuio
MOBTOPUMBIX W MNPAKTUYECKM OAMNHAKOBBLIX PE3y/IbTaTOB M3MEPEHUN OAHUX U TEX e BEJUUYUH,
n3Mepaembix Npnbopamm pasMyHbIX Npom3BoguTeNEN.

5.1.1 Kécrkue kiaemu (CT) ana usamepeHusi nepeMeHHoro Toka (AC)

HécTtkune ToKosble Kaewm Tmna CT (aHrn. Current Transformer Clamps) — 3to npocto TpaHchopmaTop,
npeobpasyowmini 60abWON TOK NEPBUYHON OOMOTKM B MEHbLLUMIA TOK BTOPUYHOM OBMOTKU. [yOKM
TUMWYHbIX TOKOBbIX KAELLEN BbINOSHEHbI M3 MaTepuana ¢ GpeppoMarHUTHbBIMKU CBOMCTBAMU (Hanpumep,
¥KeNe30) ¢ HAMOTAHHOW BOKPYT HUX BTOPMYHOW O0OMOTKON. MepBUYHON 0BMOTKOM CTaHOBUTCA NPOBOA,
BOKPYr KOTOPOro 3arKaTbl ryOKM Knewen uam, Kak npaBuao, oguMH eaANHCTBEHHbIM BUMTOK. Ecam ceitvac
yepes nccneayembiii Kabenb TeyeT Tok 1000A, B o6moTKe 13 1000 BUTKOB noTeyeT ToK 1A (ecam TonbKo
KOHTYP 3aMKHYT). B KaeLax ¢ BbIXOAOM MO HaNpPSAMKEHWI0, WYHTUPYIOWMIA Pe3ncTop HaxoaMTca B CamMmX

Puc.43. XKEcTKkMe Knewm ¢ BbIXO4O0M MO HANPAXKEHULO.

K/eLax.

SEC

3TOT TMN TpaHchOPMaTOpPa TOKA MMEET HECKO/IbKO XapaKTepHbIX 0CoObeHHOoCTeln. MMM MOXKHO U3MepATb
oyeHb HOJblUME TOKM, OGHOBPEMEHHO MOTPE6aAs Manylo MOLHOCTb. TOK HamarHWYMBaHUA SBNSETCA
NPUYMHOIN HEKOTOPOro cmelleHus ¢asbl (aecATble AOAM IPafyca), YTO MOKET MPUBECTU K HeboNbLUOW
NOrpewHoCTM U3MEPEHNA MOLLHOCTM (0cOBEHHO NpK Manom KoadouumeHTe molHocTH). HegoctaTkom
3TOro TUMA KNeLLel TaKkKe ABAAETCA HacbiWeHWe CepAeYHUKA NPU U3MEPEHUAX oYeHb BO/IbLINX TOKOB
(Bbllue HOMMHANbLHOrO AManasoHa). HacblweHue cepAedvyHUKa B pesynbTaTe fABAEHWA MarHUTHOroO
rmctepesmnca BeA€T K NOABAEHUIO 6OMbWMX OWKMOBOK U3MEPEHUIA, KOTOPble MOFYT BbiTb YCTPaHEHbI
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TO/NIbKO NYTEM €ero pasmMarHMuMBaHuA. TaKKe B CUTyauuMu, KOrga W3Mepsemblii TOK COAEepKuT
3HauMTe/NIbHY0  MNOCTOAHHYI  cocTasasaowyo (DC), cepaeyHMK  noaBepraeTtcs  HacblLEHWIO.
HecomMHeHHbIM He0CTaTKOM ¥KECTKUX KNeLlel ABAAETCA TaK:Ke 3HauMTe IbHbIN Bec.

HecmoTps Ha mepeuymnciieHHble HeaoCTaTKu, TOKoBble Knewm tuna CT B HacTosAwee Bpemsa ABAAIOTCS,
Hambonee pacnpocTpaHeHHbIM HEMHBA3UBHbIM METOAOM U3MepPeHMA NepemeHHoro Toka (AC).

BmecTte C aHanM3aTOPOM MOXHO MCMO/b30BaTh craeayowme Kiaewy tuna CT gna m3mepeHua
nepemMeHHoro ToKa:

e (-4, c HOMUHanbHbIM ananasoHom 1000A nepemeHHoro Toka (AC);
e (-6, c HOMUHanbHbIM aAnanaszoHom 10A nepemeHHoro Toka (AC);
e C-7, c HOMMHanbHbIM granaszoHom 100A nepemeHHoro Toka (AC).

5.1.2 TokoBble KJellu [ U3MepeHus IepeMeHHOro 1 NocTosiHHOTro TokoB (AC/DC)

B HEKOTOpbIX CUTYaUuax TpebyeTca M3mepeHne NOCTOAHHOM COCTaBAAoLEN ToKa. [N 3TOro AONMKHbI
6bITb MCMONB30BaHbI KAeWM C APYrMM NPUHLMNOM paboTbl, YeM TPaaULMOHHbIA TpaHchopMaTop TOKa.
TaKue TOKOBbIE K/IeWM NCNOb3YIOT PU3MUYECKOE ABNEHME, Ha3biBaemoe adpdeKkTom Xona n cogeprkat B
CBOEN KOHCTPYKUMM AaTYMK Xonna (TaK HasbiBaeMblid XONNOTPOH). ITOT 3ddeKT 3akaovaetca B
NOABNEHUN 21EKTPUUYECKOTO HanpaXeHUA Ha CTeHKax NPOBOAHMKA, HaxoAALWErocs B MarHUTHOM Nose U
KpOMe TOro 4epes KOTOPbIA, TEUET 3/NEeKTPUYECKMIA TOK B Hanpas/eHUM, MOMNEepPeyYHOM K BeKTopy
WMHAYKLUUW 3TOrO NoAA.

TOKoBble KAeLy, UCNOo/b3yoWwmMe 3TO ABIEHME, MOTYT U3MEPATb KaK NepemMeHHbIN, TaK U NOCTOAHHbIN
TOK. [pPOBOAHMK C TOKOM, MOMELLEHHbIN BHYTPU Khelwen, co3gaeT MarHUTHoe Moae, KoTopoe
COCPeslOTOYEHO B KeNe3HOM cepaeyHMKe. B paspbiBe 3TOro cepaeyHuKa, B MecTe, rae obe yactu rybok
COeaMHATCA, HAXOAMUTCS NOAYNPOBOAHMKOBBIN AAaTYMK X0A/1a, @ BbIXOLHOE HanpAXKeHWe 3TOro faTymKa
YCUIMBAETCA 3/IEKTPOHHOM CXEMOW, 3aNUTaHHOM OT BaTapeliku.

Knew 3Toro TvMna, Kak MpaBu/Io, MMEIOT PYYKY PEryiMpoBKM HyAA TOKa. YTobbl €€ BbIMOAHWUTD,
HeobXxoAMMO COMKHYTb rybku (6e3 npoBoaa BHYTPK) M MOBOPAUYMBATL PYUKY PEryaaTopa A0 AOCTUKEHUA
HY/IeBOrO NoKasaTe/s NOCTOAHHOrO TOKa.

Knewamu Takoro tmna, Kotopble ceiiyac npegnaraet Sonel S.A., asnstotca kKnewm C-5 ¢ HOMUHANbHbIM
AnanasoHom 1000A nepemeHHoro Toka (AC) n 1400A noctoaHHoro Toka (DC). Knewm nmetoT Bbixog, no
HaMPAKEHNIO U A1 HOMUHaAbHOTO Toka 1000A BblAaloOT Ha HEM HanpsaxeHue 1B (1mB/A).

5.1.3 T'm6kue kiaemu Poroeckoro

fMbKkue TOKoBble Khewm (aHrn. Flexible Current Probes) paboTaloT coBeplueHHO MO  Apyromy
dusnyeckoMy npuHUMNY, Yem TpaHcdopmaTop ToKa. Mx Hambosee BaAXKHOW YacTblo ABAAETCA TaK
Ha3blBaeMas KaTyluKa PoroBckoro, HasBaHaa No MMeHW HemeLKoro ¢usmKka BanbTepa Porosckoro. 31o
BO3AYyLWHan (6e3 cepaeyHuMKa) KaTywkKa, 06BMTas BOKPYr NpoBoAa ¢ TOKOM. CnewumanbHas KOHCTPYKUUA
KaTyLWKM NO3BONSET BbIBECTU 06a €e KOHLA C OA4HOMN CTOPOHbI, YTO NMO3BOJIAET JIErKO 3aMKHYTb rMbKue
K/Jelm BOKpYr NpoBoaa (0bpaTHbIN KoHew, pasmeLLéH BHYTPU KaTyLLKK Mo BCel ee AAnHe). TOK, npoxoas
no U3Mepsaemomy NpPoBoAY, CO3LAET KOHLEHTPUYECKNE NMHUM MArHUTHOTO MO U UCMO/b3YA ABJEHUE
CaMOVHAYKLMM, HAaBOOMT 3/IEKTPOABUNKYLLYIO CMJly HA KOHUAX KaTywKku. OfHaAKo, 3TO HanpsKeHue

nponopumnoHasibHO CKOPOCTU UBMEHEHNA TOKaA B NPOBOAHUKE, @ HE CaMOMY TOKRY.
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Puc. 44. KaTtywka Porosckoro.

KaTyLLIKa PoroBckoro mMmeeT HECKO/IbKO HeOoCNOopUMbIX MPEeMMyLLecTB MO  CPaBHEHUO C
Tpchd)opN\aTopaMM TOKa. Tak KaK OHa He nmeeT cepheyHWKa, TO He OKasblBaeT B/UAHUA ero
HacblWeHNA, cnenosaTtesibHO, OHa MMEET OT/IMYHbIE BO3MOXKHOCTU ANA U3IMeEPEHNA 60NbLNX TOKOB. ITa
KaTyLWKa TaKXe MMmeeT NnpeBoCXoaHYH JIMHENHOCTb U LUNPOKYHO NMNOSIOCY nponyCckaHuA, ropasao 60}'IbLLle,
YeM Yy TOKOBbIX TpaHCd)OpMaTOpOB, a B CpaBHEHUUN C HUMU TaKKe MMeeT ropasgo MEHbLUMM BeC.

OfHaKo A0 HefaBHEro BpeMeHM rmbKMe TOKOBbIE Kaewm MMmenn npobiembl C pacluMpeHnemM 3KCnaHcMm
B 061aCTM M3MepeHna ToKa. MOToMy YTO CyLLEeCTBYHOT onpeaenéHHble GaKTopbl, KOTOPble 3aTPyAHAIOT
NPaKTUYECKYIO peann3aLmio N3MepuUTe/ibHOM CUCTEMBI C KaTywKol Porosckoro. OgHUM U3 HUX ABNAETCA
OYEeHb HWM3KUI YPOBEHb HAMPAXKEHMA, KOTOPOE WHAYLMPYeTCs Ha Kaemmax (OHO 3aBUCUT OT
reomMeTpUYECKUX Pa3mepoB KaTylKu). Hanpumep, BbiIxogHOe HanpsaxKeHue Ha YactoTe 500 ana rubkmx
Knewein cepum F (Npu ncnonb3oBaHWKM C aHa/M3aTOPOM) cocTasiseT oKkono 45mkB/A. Takue HusKue
YPOBHW HanpsKeHun TpebyloT MNPUMEHEHUA MPELM3UOHHbIX M MANoWYMALWNX YCUAUTENEN, 4TO,
KOHEYHO, NPMUBOOMT K YBE/IMYEHMUIO PACXO40B.

MOCKO/bKY BbIXOAHOE HAMpPAXKEHWEe NPONOPLIMOHANLHO NPOU3BOLHOM TOKA, HEOBXOAUMO NMPUMEHEHUe
WMHTerpupytowen uenu; obblMHO NpoaatoTcs TMOKMe TOKOBble KAelwM, COCTOAWME M3  KaTyLKM
PoOroBckoro, coegMHEHHOW CO CXeMOW aHa/fioroBOro WMHTerpatopa (TMNUYHBLIM MoAy/Nb NUTaeTca oT
batapeiku). Ha Bbixoge MHTerpatopa y»Ke MOABAAETCA CUIHaAN HanpaxeHus, NpPornopumMoHanbHbIi
N3MepsAemMoli CUie TOKa WU, KPOMe TOro, COOTBETCTBYIOLWMM 06pa3om OTKaNMBpOBaHHbIN (Hanpumep,
1mB/A).

Eweé ogHa np06neN\a, KOTOpaa CONpoBOXAAeT KaTyLWwKy POroBCKOro, aTo YyBCTBUTE/IbHOCTb K BHELIHEMY
MarHMTHoOMy nost. MaeanbHana KaTywkKa JOMXKHA 6bITb 4YyBCTBUTE/IbHA TOJIbKO K MO0, OrpaHN4YeHHOMY
3aMKHyTOﬁ naowaabto KaTywKUM U coBeplleHHO NOAaBAATb BHEWHUME MaArHUTHble NOAA. Oka3sbiBaeTcs,
YTO 3TO OYeHb CNOXHaA 3ajadva. EAMHCTBEHHbIM cnocobom nony4yeHnAa Taknx CBOWCTB ABAAETCA OYEHb
TOYHOE M3roToB/sIEHNE KaTyLWKHU, C Mp,eaanoﬁ OAHOPOAHOCTbIO HAMOTKMN N KaK MOXXHO 6onee HU3KUM
MmMmnegaHcom. MMIMeHHO BbICOKAAa TOYHOCTb M3roTOBAEHUA KaTyUJeLIHOVI 0BMOTKM HECET OTBETCTBEHHOCTb
33 OTHOCUTE/IbHO BbICOKYIO CTOMMOCTb TaKUX rMBKNX KﬂELLI,EVI.

BmecTe c dHaMN3aTOpPOM MOXKHO NCNOIb30BATbL Cieayouimne rmbkme Knewu, npeanaraembie Sonel S.A:

e F-1, c AIMHOM OKPYKHOCTM paBHOM 120cm;
e F-2, Cc AIMHOM OKpYKHOCTM 80CMm;
e F-3, c ANMHOM OKpyXKHOCTU 45CcMm.
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Bce nepeuncneHHble Kaewu WMeloT OAMHAKOBble 3/eKTpuyeckMe napameTpbl. MaKcMmanbHo
BO3MOXHbI M3MepAEMbI TOK NPWU NOAKAOYEHUN K aHanM3aTopy cocTtaBnseT 10KA (3To orpaHuyeHue
n3-3a 0COBEHHOCTMN BXOAHOM TOKOBOM LIEeMU, a He CaMUX Kaellen).

5.2 MepuaHue cBeta (piukep)

AHrnuitckoe cnoso flicker osHavaer mepuaHune. B oTHoweHunun BOMPOCOB, CBA3aHHbIX C Ka4eCTBOM
9Heprmn, o3Ha4v4aeT ABseHne nepmnogmn4eckoro nsmeHeHnAa MHTeHCMBHOCTU CBETa, B CBA3U C USMEHEHUNEM
HanpAXeHnAa NUMTaHUA 1aMNOYKKN OCBELLEHNA.

®PyHKUMA M3MepeHMA 3TOro MepuaHMa MNosABUAACb B aHANM3aTOpPe KayecTBa 3/1EKTPOIHEeprun, Koraa
BbIACHW/IOCb, 4YTO 3TO SBJ/IEHWE MNPUBOAMT K YXYALWEHUIO CaMOYYBCTBMA, PasgparkeHuto, uHoraa
ronoBHo 6o0snm u T.4. KonebaHMs MHTEHCUMBHOCTU CBETA, AOJ/IKHbI MMETb BMOJIHE ONpeaesiEHHYI0
YacToTy, OHWU He MOTYT ObITb CIULIKOM MeA/IeHHbIMW, MOTOMY YTO TOTAa Ye/NI0BEYECKUIM 3PaYOK CMOMKET
aganTUpoBaTbCs K M3MEHEHUSAM OCBELLEHHOCTU; HEe MOryT ObiTb CAMIWIKOM ObICTPbIMKW, MOTOMY 4TO
MHEPUMA HATU TAMMNOYKM HaKaIMBAHUA MOYTU NOJHOCTbIO CI1aXKMBAET 3TU U3MEHEHMUS.

MccnenoBaHUs MOKasasn, YTO MaKCMMyM HeyZo6CTB BO3HMKAEeT Ha 4YacToTe OKO/0 9 M3MeHeHWin B
cekyHay. Hambonee 4yBCTBUTENbHbIMM MCTOYHUKAMU OCBELLLEHMA OKa3a/MUCb TPAAWULUMOHHbIE Namnbl
HaKaAnBaHMA C BO/MbGPaMOBOI cnupanbio. [anoreHHble fAammbl, CNUPann KOTOpbIX MmetloT 6onee
BbICOKYIO Temnepatypy, WMeT TaK¥e HaMHOro 60/bluyl0 MHepuMmio, KoTopas  CHUXKaeT
BOCMPUNUMUYNBOCTb Y€/0BEKOM U3MEHEHUI APKOCTU. Jlyylleihd «COMpPOTUBAAEMOCTbIO» K MepLaHuio
XapaKTepusylTCa NIOMUHECLEHTHbIE Namnbl, HeKoTopble crneunduyeckme CBOMCTBA KOTOPbIX
CTabuNM3MPYIOT TOK, NpOTEKaloWUi Yepe3 namny npu M3MEHEHUW HanpPsXKeHUA U, TeM CambiM,
YMeHbLUAT KonebaHuA CUbl CBETa.

dnnkep namepseTca B TakK Ha3blBaeMbIX YC/IOBHbIX eAMHULLAX BOCAPUATMA U BbIAENAIOT ABA UX TUNa:
KpaTKoBpemMeHHbll Py (aHrn. short term), 3HauyeHMe KOToOporo onpeaenaetca oAnH pas B8 10 MUHYT, U

anvtenbHbld P (aHrn. long term), 3HayeHMe KOTOPOro onpegenseTca Ha OCHOBe caeaylowmx 12
3HayeHuA Py, TO ecTb KaxKable 2 yaca. [AnMtenbHoe BpemMa U3MepeHUA BbITEKAET HENOCPEACTBEHHO M3
MeZ/IEHHO MEHAILLErocA XapaKTepa fABAeHMA — 4ToObl cobpaTb AOCTOBEPHYH BbIGOPKY AAHHbIX,
n3mepeHue A0MKHO ObITb ANnTEeNbHbIM. Py paBHoe 1 cumMTaeTca 3HaYeHUEM, KOTOPOE NIEXKUT Ha rpaHuLLe
BOCMPUATUA - KOHEYHO YYBCTBUTE/IbHOCTb K MEPL@HUIO OT/IMYAETCA Y PasHbIX A0AeN; NPUHATUE 3TOro
nopora caegyeT U3 TeCTOB, NPOBEAEHHbIX HAa HEKOTOPOM penpe3eHTaTUBHOWM rpynne Aaei.

A 4TO ABNAETCA NPUYMHON BO3HUKHOBEHMA fABAEHUA MepuaHua ceeTa? Yalle BCero MCTOYHUKOM
ABNAIOTCA MPOBas/ibl HaNPAXEHWUA B pe3y/nbTaTe MOAKAYEHMA M OTKKOYEHMS Harpysku 60AblUOM
MOLLHOCTM M HEKOTOpPbI YPOBEHb MepLAHUs MPUCYTCTBYeT B OONbLUMHCTBE CETU NUTaHMA. Nomumo
BbllleonMcaHHoOro, HebnaronpuaTHOe BO3AENCTBME Ha NoAed He A0/MKHO 6biTb (M, 0BblYHO, He
ABNAETCA) CMMNTOMOM HENosafoK Hawero obopygoBaHua. Ho ecnn B ceTu HabnogaeTca A0BObHO
BHE3aMnHoe N HeobbACHMMOE NOBbILWEHWE YPOBHA MepLaHuaA cBeTa (PocT 3HauyeHUsA Ko3apPUUNEHTOB Ps:
M Pi) HM B KOEM caydyae He HafAo 3TOro0 UrHOPUPOBaATb. ITO MOMKET OKa3aThCA, YTO MepLLaHMe BO3HUKaeT
M3-3a MJIOXMX COEOUHEHWA B cCUCTEMEe — MOBbILWEHHOE MafeHWe HanpaXKeHua Ha COoeAMHEHMUAX B
pacnpefenntenbHOM LWUTKe (Hanpumep), BbI3OBYT bosiblune KonebaHusA HanpsXKeHUs Ha notpebutensx,
TaKUX KaK /NamMnoyvkM HakanusaHua. [lageHWe HanpsKeHUs Ha CoeAMHEHUAX OAHOBPEMEHHO
CNocoBCTBYIOT UX HarpeBy, 3aKaH4YMBaKOLWEMYCA UCKPEHUEM M BO3MOXKHO NOXKapom. lNepuoanyeckune
NPOBEPKN CETU U ONUCAHHbIE CUMNTOMbI MOMOTYT NPUBAEYb BHUMaHUE U HAUTU UCTOYHUK YrPO3bl.
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5.3 H3MepeHHe MOILHOCTH

MolwHoCTb ABAAETCA OoAHMM U3  Haubosiee BaKHbIX MapameTpoB, OMNpeaenalowmx CBOWUCTBA
3HepreTnyeckmx uenen. OCHOBHOM BE/IMUYMHOWN, NerKalllei B OCHOBE (PUHAHCOBbLIX PACYETOB MeXKay
MOCTaBLUMKOM W NoJlyyaTesniem, ABASETCA 3/IEKTPUYECKAn SHeprus, paBHas NpousBeaeHNIo MOLWHOCTA Ha
Bpems.

B 3/1EKTPOTEXHUKE BCTPEYaeTCA HECKOJZIbKO pa3/IMYHbIMK BUAAMUN MOLLHOCTU!

e  AKTMBHas MOLWHOCTb (aHrn. Active Power) o603HauyeHa byksoit P u nsmepsemas B Batrax;
e PeakTnBHas MolHOCTb (aHrN. Reactive Power) o6o3HauyeHa Q, eauHMULA Bap;
e [lonHaa mowHocTb (aHrn. Apparent Power) S, eguHuua BA.

TpM Bbilenepe4dyncneHHbIX Buga MOWHOCTU ABNAKOTCA Hanbonee M3BECTHbIMU, HO 3TO HE O3HAYAET, 4YTO
CMUCOK MOLI.I,HOCTEVI Ha 3TOM 3aKaH4YMBaAETCA.

B wkone y4yaT, 4YTO 3TN BblleyKa3aHHbleé MOLWHOCTU 06pa3yr0T TPeyrosibHnK MOLLI,HOCTeVI, cBoWcTBa
KOTOPOTO Bblpa*XaeT ypaBHEHUE!
PZ + QZ = 52

OfHaKo, 3TO ypaBHEHWE CnpaBea/MBO TOMbKO A1 CUCTEM C CUHYCOMAanbHOM (GOPMOI TOKOB M
Hanps:keHW. MNepen Tem, Kak nepentn K 6osee nNoapobHOMY 06CYKAEHUIO BONPOCOB, CBA3AHHbIX C
N3MepPEeHUAMM MOLLHOCTU, HEOBXOAMMO CHayaNa ONPeAeNUTb Pa3INYHbIE MOLHOCTY.

5.3.1 AKTHBHaf MOIIIHOCTh

AKTMBHAs MOLLHOCTb P B cTporom ¢u3MYecKoMm CMmbicae ABASETCA BE/UYMHOM, BblparkatoLLei
CNOCOBOHOCTb CUCTEMbI ANA BbINONHEHUS OMNpeAenéHHOM paboTbl. ITa MOLLHOCTb Hambosee
}enaTenbHas Ana notpebutenein sHEPrMM M MMEHHO 33 MOCTAaBASEMYIO AKTUBHYIO MOLLHOCTb B
pacyéTHOM nepuoge nojydyaTenb NAATUT MOCTaBLUMKY 3/EKTPOIHEPTMM (OTAENbHO 0bCyKaaeTcs
npobsema AOMNOJIHUTENLHOW ONAaThl 33 PEAKTUBHYID MOLLHOCTb). MIMEHHO aKTMBHas MOLLHOCTb (M,
cnepoBaTeNlbHO, aKTUBHAA 3HEPrUn) U3MepAeTCAs CYETYMKAMU INEKTPUUECKOW ISHEPTUM B KaKAOM
AOMaLUHeM X03alicTBe.

OcHoBHasA popmyna Ana pacyeTa aKTMBHOW MOLLHOCTM CeAyoLan:

t+T

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

t

roe: u (t) - MrHoBeHHoe 3HaYeHWe HanpaKeHus, i(t) - MrHoBeHHOE 3HaYeHWe ToKa, T - nepuog, 3a
KOTOPbIN PacCUMTbIBAETCA MOLLHOCTb.

B CMHYCOMNAaNbHbIX CUCTEMAX aKTUBHYIO MOLWHOCTb MOXXHO PaCcCYnNTaTb, KaK:
P=U:-l-cos @
roe: U — peictBylouwlee (cpegHeKkBafpaTUYHOE) 3HAuyeHMe Hanps)KeHusa, | — aeictsylollee
(cpegHeKkBaApaTUUHOE) 3HAaUYEHME TOKa, a ( — yron casura ¢gasbl Mexay HanpaKeHUeM U TOKOM.

AHanmaaTop BbIHUCNAET aKTUBHYHO MOLLHOCTb HEMOCPEeACTBEHHO MO d)opmyne C UHTErpanom, ncnosb3ya
OTCYETbI CUrHanos HanpAaxXeHnAa n TOKa:
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M
1
P = MZ Uili
i=1

roe M — uncno otcyeToB B OKHe UamepeHus 10/12-nepuoaos u coctasnset 2048, Ui u |i asnaotca
nocnenoBaTe/IbHbIMU OTCYETAMM BbIOOPKU HAMpPAXKEHMA U TOKA.

5.3.2 PeakTHBHas MOIIHOCTHb

Hanbonee msBecTHana popmyna gaa PeakTUBHOW MOLLHOCTU AeNCTBUTENbHA TONbKO AN 04HOMA3HbIX
uenemn ¢ cMHyconganbHo GopmMoi HanpPAXKEHUA M TOKa:

Q=U-Isin @

MHTepnpeTauma 3TOM MOLLHOCTM B TaKMX CUCTEMAx 3aK/lo4vaeTca B C/Aeaylowem: 3TO0 amnautyaa
nepemMeHHOM CcoCTaBAAloWEl MIHOBEHHOM MOLWHOCTM Ha 3a)XMMaxX WCTOYHMKA. CyuiectBoBaHWe
HEKOTOPOro HEHyNeBOro 3HayeHMAa 3STOM MOLLHOCTM CBUAETENbCTBYET O [ABYXCTOPOHHEM M
KoJsiebaTe/IbHOM NepeToKe SHEPTUM MEXKIY NCTOYHUKOM U MPUEMHUKOM.

MpeacraBum cebe ogHOGdA3HYO CeTb C CUHYCOMAANbHbIM WMCTOYHMKOM HAMpPAXKEHWUs, Harpysko
KoToporo AsafeTca RC-uenb. Tak KaK B TAKMX YCIOBUAX 3TU 3/1eMeEHTbl BeayT ceba NMHeHO, NpoTeKkaHume
TOKa WCTOYHWKA OyaeT MMeTb CUHyCcOMZanbHbIM XapaKTep, HO W3-3a CBOWCTB KOHAEHcaTopa, TOK
CMeLaeTca OTHOCUTE/IbHO HaMnpsiXKeHMA UCTOUYHKUKA. B 3TON cxeme peakTUBHaA MOLWHOCTb Q OTANYHa OT
HY/IA 1 MOXKeT BbITb MHTEPNPETUPOBAHA KaK aMNIUTyaa KonebaHui sHeprum, Kotopaa NornepemeHHo
HaKan/aMBaeTcA B KOHAEHCAaTOPe W OTAAETCH WCTOUYHWMKY. AKTMBHAA MOLLHOCTb KOHAEHcaTopa paBHa
HyA10.

Ho, KaK BblACHAETCA, ABAEHUE KoebaHNA SHEPIUM TOIbKO KaxKeTca sdpPeKToMm, 4a M TO NPOUCXOAALLUM
B 0CO6bIX C/yYanx Lenein ¢ CMHycoMaanbHo GopMOI TOKOB M HAaNPAXKEHWUI, @ HE NPUYMHA NOABNEHMUA
peakTMBHOW molHocTU. MpoBedgéHHbIe B 3TOM 06/1acTU 1CCIeA0BaHMA, NOKa3biBaloT, YTO peaKkTUBHasA
MOLLHOCTb NOABAAETCA TAKKE U B CXEMaX, B KOTOPbIX HE BO3HMKAET HUKaKUX KonebaHuit aHeprum. 1o
YTBEPKAEHME, KOTOPOE MOMXET YAMBWUTb MHOMMX MHMKEHEepOoB. B HOBbIX Ny6/AMKauMAX, KacaloLimMxca
TEOPUM MOLLHOCTWN, EAMHCTBEHHbIM (GU3MYECKMM SABAEHMEM, KOTOpOe Bcerga COMpoBOMKAaeTcs
HaZMYMEM PEAKTUBHOMN MOLLHOCTM, ABAAETCA CABUT ha3 MeXKAY TOKOM U HanpaKeHUeM.

YKasaHHaa Bbiwe popmMyna A1A pacyéTa pPeakKTUBHOM MOLLHOCTU ABAAETCA MNPaBWU/IbHOM TOMBbKO ANA
CUHYCcOMAaNnbHbIX ogHOda3HbIX Lenein. Bo3HMKaeT BONPOC: KaK pacCYMTbIBAETCA PeaKTMBHAA MOLLHOCTb
B HECMHYCOMZANbHbIX cucTemax? ITOT BOMPOC OTKPbIBAaeT MPecnoByTbiM «AWMK MaHoopbl» B chepe
3NEeKTPOTEXHUKM. OKa3bIBaeTCA, YTO onpeaesieHne PeakTUBHOW MOLHOCTU B peasibHbIX cucTemax (a He
TO/IbKO B WAE3NU3NPOBAHHbIX), ABAAETCA NPegMeTOM CMOPOB M B HacToslee Bpemsa (Ha 2009 roa) He
CYLLECTBYET €AMHOI0 M OOLLEeNPU3HAHHOTO ONpeaeNeHna PEeaKTUBHOM MOLWHOCTM B CUCTEMAX C
HecuMHyconaanbHOM GOPMOI HaNPAXKEHUA U TOKA, AAXKe He roBOPSA Y¥Ke 34ecb 0 HecbaNaHCMPOBaAHHbIX
TpéxdasHbix Uenax. B craHaapte IEEE (MeKayHapoaHOM accoumaLmm UHKEHEPOB NO 3N1EeKTPOTEXHUKE U
3NEeKTPOHUKe) nog Homepom 1459-2000 (c 2000 roaa) Ans HeCUHycouaanbHoi TpexdasHoW Lenun mbl He
Halaém bopmMybl ANA NONHOW PEAKTUBHOM MOLLHOCTM — KaK TP OCHOBHbIE MOLLHOCTU MepedncieHbi:
aKTMBHAs MOLLHOCTb, MOJIHAA W, BHMMaHWe, HeaKTUBHas, 0603HayeHHas OykBol N. PeakTuBHytO

MOLWWHOCTb OrpaHN4YnAn TONbKO ONA OCHOBHO/A FaPMOHUKUN TOKA N HAMPAXKEHNA U 0603Haumaun Q1.
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YNomaHYTbIA CTaHAAPT ABASETCA MOCAeAHUM AOKYMEHTOM TaKOro pona, BbIMyLWEHHbIM NMPU3HAHHOM
opraHuM3aumnen, KOTopbIN AONKEH Dbl YNOPAA0YNTL TEMATUKY, KacaroLlytocs onpeaeseHNa MOLLHOCTY.
310 6blnO0 Tem 6onee HeobxoAMMO, YTO B HayyHOW Cpede Y*Ke MHOro JieT pasgarTca ronoca, 4To
ncnosibdyemble A0 CUX MOp onpefeneHuna MoryT [aBaTb OWKMOO4YHbIe pe3yabTaTbl. CNopbl Kacanuce,
npexae BCero, onpefenieHna PeakTUBHON MOLLLHOCTU M MOJIHOWM (a TaKKe MOLLHOCTU UCKaXKeHUI, 0 Yem
Nno3Ke) B 04HO- M TPEXdasHbIX Lensx C HeCUHycoMaanbHON GopMoin HanpsaKEHMA U TOKa.

B 1987 rogy npodeccop L. Czarnecki fokasan owMBOUYHOCTb LWIMPOKOPACNPOCTPAHEHHOTO onpeaeneHus
peakTMBHOM MoOLLHOCTM No Budeanu, To ecTb onpeaeneHmsa, KOTopoe MO Ceit AeHb Npenoaaérca BO
MHOTUMX TEXHUYECKUX LWKoMaxX. ITo onpegeneHune 6bino Bnepsble npeactaBneHo npodeccopom Budeanu
B 1927 roay, " nmeert cneayowmm BUA:

Q5= ) Unlnsing,
n=0

roe Un 1 |, ABAAIOTCA BbICLUMMKM FAaPMOHMKaMM HanpaxeHus M TOKa Mopsadka n, a @, yriamu

mexagy sTMuMnM KOMMOHEHTaMM.

TaK Kak BBeAeHME 3TOM BeIMUYMHbI 03HAYa0, YTO U3BECTHOE YPAaBHEHUA KTPEYro/ibHUKa MOLLHOCTUY He
BbINO/IHAETCA AN1A Lenei ¢ HecMHycomaanbHbiMmm Gopmamn curHanos, Budeanu BBen HOBYIO BEMUMHY,
Ha3blBaeMyto MOLLHOCTbO NCKaXKEeHNN:

Dy = \/52 — (P2 +Q5%)

MOLLLHOCTb MCKaXKeHUA A0/IKHA Bblia NpeacTaBaATb B CUCTEME MOLLHOCTb, BO3HUKAIOLLYIO BC/eACTBME
UCKaXKeHNn GOpPMbl HaNPAXKEHMA U TOKa.

PeaktBHas MoWHOCTb 6blia B TeYeHME MHOTMMX NeT CBA3aHa C KO/ebaHMAMU 3SHEpPrum Mexay
MCTOYHMKOM WM HarpysKoi. Kak BUAHO M3 popMy/ibl, peakTUBHaA MOLLHOCTb No onpegenexHuto Budeanu,
ABNACTCA CYMMOW OTAE/IbHbIX FAPMOHUK PEaKTUBHOW MOLLLHOCTU. M3-3a daKTopa Sin ¢ 3TV KOMMOHEHTb!
MOTYT BbITb MNOMIOXUTENbHBIM UAN OTPULLATENbHLIM B 3aBUCMMOCTM OT Yri1a MeXAy HanpsxeHuem u
TOKOM TapMOHMKKM. Takmm 06pasom, BO3MOXKHa CUTyauums, Korga obuias peakTMBHas molHocTb Qs
6yaeT paBHa Hy/M0 NPW HEHYNEBbIX KOMMOHEHTax rapMoHuK. HabilogeHwe, 4To Npu HEHyNeBbiX
COCTaBAAOWMX CYMMapHan peakTUBHaA MOLLHOCTb MO 3TOMY OMpeaesieHNI0 MOXET BbiTb paBHa Hy/Io,
ABNAETCA KNoUYoM ana 6onee rnyboKoro aHanMsa, KOTOPbI B KOHEYHOM CUYETE, MO3BOUA AOKaA3aTb, YTO
BefimumHa QB MOKeT fAaBaTb B HEKOTOPbIX CUTYaLMAX COBEPLUEHHO HEOMWAAHHble pe3sy/bTaTbl.
MpoBeaéHHble UcCAeA0BaHNA CTaBAT No4 COMHEHME LWMPOKOPACNPOCTPaHEHHOE ybexaeHue, YTo ecTb
KaKana-To CBA3b MeXA4y KonebaHMAMM 3SHeprum M pPeakTUBHOW MoliHOCTbio Budeanu Qs. MorKHO
NPMBECTM MPUMEpPLI LLeNei, B KOTOPbIX, HECMOTPSA Ha CyllecTBOBaHME KosiebaTeNbHOro Xapakrepa
MFHOBEHHOW MOLLHOCTK, PeakTMBHaA MOLLHOCTL Mo onpegeneHnio Budeanu pasHa Hyno. Ha
NPOTAMKEHUU MHOTUX /IeT YYEHbIE HE MOI/IN CBA3aTb C PEAKTUBHOW MOLLLHOCTbIO B COOTBETCTBUM C 3TUM
onpeaeneHnem, HUKaKoro GuU3nMYecKoro ABAEeHNA.

I'IepeqmcneHHble Bbllle COMHEHWNA, B NPaBU/IbHOCTU 3TOIoO onpeaesneHna MmouwHOCTU, KOHEYHO, 6p0C3IOT
T€Hb, Ha CBA3aHHYIO C HeM MOLWHOCTb UCKaXKeHUNA De. Hayanu wuckaTb OTBeT Ha BOMpOC, 6y,EI,ET nn
MOLWHOCTb UCKaXXeHunA Ds Ha camom aene  ABNATbLCA Mepoﬁ NCKaXKeHUM npoueccos B
HeCnHyconaa/ibHbIX LeNAX. NcKaxkeHMem mbl HasblBaem CUTyauuto, Koraa d)opmy CUTrHana HanpAaxXeHuA
He yAaeTCcA «HaNOoXWUTb» Ha d)opmy NpoTeKaWeEro Toka C NoMoubo ABYX onepau,mﬁ: n3meHeHume
AaMNAUTYAbl U CABUT N0 BpeMeHU. Jpyrnmn cnoBamm, ec/iv BbINOAHEHbI cCheayoLLmne yCcnoBua:
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u(t)=Ai(t-t)

TO HanpAXeHWe He WCKaXKeHO MO OTHOLWIEHUIO K TOKY. B cnyyae CMHYCOMAANbHOrO HanpsaXKeHus u
Harpysku, asasawLelnca noboin kKombuHauuen anemenToB RLC, aTo ycnosue Bcerga BbinonHAeTca (ana
CUHYCOMAOANbHOIO Mpouecca 3TM 3/IEMEHTbl COXPaHAT AuHelHocTb). OpgHako, Koraa ¢opma
HaNpPAXEHUA YyXKe WMCKarKeHa, Harpy3ka RLC He obecneuymBaeT HEWUCKaXKEHHOrO TOKA, OTHOCUTENbHO
HaNpPAXEHUs U yXKe He ABAAeTCA /NIMHEMHOM HarpysKolh - HeobXxoAuMo BbINONHEHUE HEeKOTOoPbIX
OONONHUTENbHbIX YCNOBUM (COOTBETCTBEHHO C 4YacTOTOM MeHAlTca moaylb M ¢dasa uMmnegaHca
Harpysku).

M nostomy, AeACTBMTENbHO AN MolHOCTb DB aBnseTca mepoin ucKaskeHnin? K coxkaneHuio, B AaHHOM
C/lyyae TaK¥Ke OKa3anocb, YTO Teopus MolHOCTM no Budeanu pasouyapoBbiBaeT. bb1o A0Ka3aHO, YToO
MOLWHOCTb WCKa*XeHna MoXKeT 6bITb pPaBHa HyAlO B CUTYyauuK, KoOrga HanpaxXeHme UnCKaxXeHo
OTHOCUTENIbHO NPOTEKAILWEro ToKa, U Ha0BOPOT, MOLLHOCTb UCKAXKEHNA MOKET 6biTb HEHYNEeBOMN npu
NOJIHOM OTCYTCTBUU MCKa)KEHMVI.

MpaKTUYECKNIA acneKT TEOPMM MOLLLHOCTM, KacatoLWMIACA NOBbIWEHNA KO3GPULMEHTa MOLLLHOCTM Lenei ¢
PEeaKTUBHOM MOLLHOCTbIO, AOJ/IKEH ObiTb Tem ¢GaKTOpOM, KOTOpbiit OoJiblue BCEro BbIUrpPaeT oOT
NpPaBUALHOrO onpeaeneHna PeakTUBHOW MOLLHOCTU. MMOMbITKM KOMMEHCaLUUM, Ha OCHOBE PEaKTUBHOM
MolHOCTM Budeanu u cBA3aHHOW C HEN MOLUHOCTbIO WCKaXKEHWM He yAanucb. ITU BeAUYUHbI He
NO3BOJIAIOT JaKe MPaBWUIbHO pPaccyMTaTb KOMMEHCUPYIOWY EMKOCTb, ALy MaKCMMasbHbINA
KO3)OULMEHT MOLHOCTM. [lOXOAMNO [ae [0 TOro, UYTO TaKuMe MOMbITKM  3aKaHYMBaiUCh
OONOMIHUTENbHBIM YXYALLIEeHNUEeM 3TOro NoKasartens.

MOKHO 3a4aTb BOMNPOC: KaK CTa/lo BO3MOXKHbIM, YTO TeEOpPMA MOLWHOCTM Budeanu cTana Tak nonynapHa?
MpUYnH MOXKeT bbiTb HECKONIbKO. Bo-nepBbix, MPUBbIYKA MHKEHEPOB K CTapOMy OnpeneneHuto U He
M3mMeHsieMan MHOro /1eT Nporpamma obydeHus B WKose. ITo GpaKTop YacTo HeA00LEHMBAETCSA, HO, KaK
onpasBaaHMe MOXHO OTMETUTb, YTO 3Ta TEOPMA Ha NPOTAXKeHUW 60 NeT He A0XKAaNaCb ONPOBEPHKEHMS.
Bo-BTOpbIX, B 20-X rogax NpoOLWAOro BeKa He 6bln0 U3MepUTeNbHbIX NPMBOPOB, KOTOpble AaBanu
npeacrasneHve o6 OTAENbHbIX FAPMOHUYECKMX COCTaBAIOLWLMX HAMPAMKEHUA W TOKa, NMo3Tomy 6blio
TPYAHO MNPOBEPATb HOBble TEOPWUWU. B-TPeTbMX, WCKaKeHUa GOpPMbl TOKOB WM HaNpsaXKeHuin (u,
cnepoBaTesibHO, BbICOKOE CoAepKaHWe FapMOHMK), 3TO 3GPEKT PEBOIIOLMU B INEKTPOIHEPTETUKE,
KOTOpas Hadyanacb TO/IbKO BO BTOPOM MONOBMHE MPOLIOFO BeKa. Hayanu KpynHomacwTtabHo
MCMNONb30BaTb TUPUCTOPbLI, YNpaBAseMble BbiNpAMUTENN, NpeobpasoBaTenn M T.4. Bce atn aeicTema
COMPOBOXAANNCb O4YeHb OONbLIMMKU WCKAXKEHUAMM TOKOB B CETAX MMTaHWA, a CAeAoBaTeNbHo,
MOBbILIEHWEM YPOBHS FAaPMOHUYECKMX WCKa)KeHWA. TONbKO TOrda Havanu OllyllaTb HEAOCTaTKM B
TEopUN molHocTM Budeanu. HakoHel, B-4eTBEPTbIX, B CBA3AHHOM C SHEPreTUKOW Hay4yHoM cpeae 6bin
0CO3HaH TOT (aKT, 4YTO MPOMbIWAEHHbIE NPEeANPUATUA WHBECTMPOBAAM Le/ible COCTOAHUA B
NHPPACTPYKTYPY U3MepeHna (CYETUNKN 31eKTposHeprun). Sliobble U3MeHeHMs B 3STOM OTHOLLEHUN MOTYT
MMeTb OrpoMHble GMHAHCOBbIE NOCNEACTBUA.

Tem He meHee, measieHHble U3MEeHEeHUA B CO3HaHUMU UHXEHEPOB-3/1IEKTPUKOB CTa/I BUOHDbI. C TeyeHnem
N1eT, BCeé 4Yaule BO3HUKaau He/IMHelHble Harpyskm mn npoueccbl C O4eHb 6onbWNMHK NCKaXXeHNAMM,
HEBO3MOXHO bblN10 Aanblle TepneTb OrpaHNYeHnAa B NpuMeHAEMbIX d)opmynax.

OuyeHb 3HauUMMbIM cobbITMeM cTana nybnaukauma B 2000 roay opraHusaumel |IEEE ctaHpapta 1459,
Ha3BaHWe KOTOPOro 3BYy4YMT TaK: «OnpeseneHna gna U3MepPeHUn BeIMUYUH, CBA3AHHDBIX C 3/1IEKTPUYECKO
MOLLIHOCTbIO B CMHYCOMAANbHbIX, HECUHYCOMAAbHbBIX, CUMMETPUYHBIX U HECUMMETPUYHbBIX YCIOBUAXY.
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Bnepsble peaKkTMBHAs MOLLHOCTb MO onpeaeneHnto Budeanu oKasasnacb B rpynne pekoMeHAyembix
onpeaeneHuii, KOTopble He AO0/KHbl MCNO/b30BaTbCA B HOBbIX CYETYMKAX MOLLHOCTM M PeaKkTUBHOWM
3Hepruun. TaKKe BUOHO ObINO pasgeneHve MHOMMX BEJMUYMH Ha Te, YTO CBfA3aHbl C OCHOBHOWM
COCTaBAAIOWENA TOKa M HanpsaXeHusa (nepBas rapmoHWKa) M APYrMMU BbICLUMMM FapMOHMKamu. B
60/IbLUMHCTBE CNYyY4aeB CYMTAETCA, YTO MOJIE3HAA YacTb SHEPrMM Nepenaérca TOJIbKO C MOMOLLbLHO
cocTasnsaowmx 50/60Mu, Npy ropasgo MeHbLIEM M YacTo BPEAHOM YYacTUM BbICLLUMX FAPMOHMUK.

B cTaHAapTe TaK»Ke NnosaBMAacb HOBas Be/IMYMHA — HEAKTUBHAA MoWHOCTb N, KOTopas npeacTaBAseT Bce
HEaKTMBHbIE KOMMNOHEHTbI MOLLLHOCTH:

N = /52 — p2

PeakTMBHaA MOLLHOCTb ABASIETCA OAHON U3 COCTABAAIOLWMX HEaKTUBHON mowHocTM N. B ogHodasHbIX
Lensax ¢ CMHycoMAaanbHbIM HanpaxeHnem u Tokom, N paBHo Q, NO3TOMY B HEAKTUBHOM MOLLHOCTM HET
ApYyrux coctasBastowmx. B TpéxdasHbix Uensx TaKoe CBOWCTBO MMEHT TO/bKO CUMMMETPUYHbIE
CUHYCcOMAaNbHble CeTU cO cbaNaHCMPOBAHHOM YNCTO PE3UCTUBHOM HarpPy3KOoM.

Cnepgyowme coctaBaslowpme HEaKTMBHOM MOLLHOCTM CBfA3aHbl C  KOHKPETHbIMU  PU3MYECKUMU
asneHnamn. Mo Teopum npodeccopa Czarneckiego, ogHOMY M3 AyYLWINX OOBACHEHMN GUBUYECKUX
ABNEHUN B TPEXdasHbIX LEenaxX, ypaBHEHNE MOLLHOCTU B TaKUX CUCTEMAX MOXKHO 3anucaTb CleayHoLnM
obpasom:

52:P2+DSZ+QZ+Du2

Ds — 3TO MOLLHOCTb paccesHus, KOTOpas MOAB/AAETCA B CUCTEMEe, B pe3ynbTaTe U3MEHeHus
aKTMBHOW NPOBOAMMOCTM Harpy3Ku BMeCTe C U3MeHeHWeM 4acToTbl. Takum obpasom, Hanuue B
HarpysKe peaKkTMBHbIX 3/1IEMEHTOB MOKET MPMBECTU K MOABIEHNIO MOLLHOCTM pacceaHus.

PeaKTMBHasA MOLLHOCTb Q B 3TOM YypaBHEHWUU MOABAAETCA NPU HannumMm $asoBOro CABUra mexkay
rapMOHMKAMU HaMNPAXKEHMS M TOKa.

Du — o6o3HauaeT MowHOCTb AnMcbanaHca, KoTopasa ABASETCA Mepoi HecbanaHCMPOBAHHOCTM
TpexdasHoOW Harpysku. ITa  cocTaBaswowas ob6bAcCHAeT  cuTyauuio, npuv  KoTopoW
HecbanaHcMpoBaHHaa TpéxdasHasa Harpyska C YNCTO PE3UCTUBHLIM XapaKTepom, MPMBOAUT K
KO3pPULMEHTY MOLIHOCTM MeHblle eauHMUbl. Takol noTpebutenb He MMeeT PeakTUBHOW
MOLHOCTM Q M, HECMOTPA Ha 3TO, U3 TPEYro/ibHMKa MolHocTK S, P, Q cneayeTt 4To-TO COBCEM
Apyroe (Teopus MoOLWHOCTM Budeanu co cBOel MOLLHOCTBIO WMCKAXKEHWA TaKKe He MOMKEeT
06BACHWUTL 3TY CUTYALMIO — /1A YMCTO PE3UCTUBHOW Harpy3KM MOLLHOCTb MCKaxKeHuna D B paBHa
HY/10).

MonbiTKa coeanHenuns |IEEE 1459-2000 c Teopuel mouwHoctu Czarneckiego npuBoguT K BbIBOAY, YTO
HeaKTMBHaA MOLLHOCTb CKpbiBaeT B cebe, No KpaliHel mepe, TPU OTAE/IbHbIX GUIMUYECKMX SAB/IEHUS,
KOTOpble BAMAIOT HA CHUMKeHMEe 3GEKTUBHOCTU Nepesaymn sHeprum oT UCTOMHUKA K MPUEMHUKY, TO eCTb

ymeHbleHue KoadpduLumeHTa MOLHOCTH:
P

PF =t =
=5 =

\/PZ + D2+ Q%+ D,?

B ctaHgapTe IEEE 1459-2000 m3BecTHaAa nog 6yksoi Q — peakTMBHas MOLLHOCTb b6bina orpaHuMyeHa
OCHOBHOM rAaPMOHMKOWM M 3TO KacaeTca Kak 04HOMA3HbIX CUCTEM, TaK U TPEXDA3HbIX.
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B oaHoda3sHbIX Lensax:
Q 1= Uz1l1-sin 1

B TpéxdasHbiXx cuCTeMax YYUTbIBAIOTCA TONbKO COCTaB/AlOWME NPAMOWM MOCAeA0BaTe/NIbHOCTU 3TOM
MOLLHOCTH:
Q1" =3U1*11%sin 1*

[Onsa npaBuMAbHOTO M3MEPEHMs 3TOM MOLLHOCTU TpebyeTcs COOTBETCTBYHOLWAA MOC/AEeA0BATENbHOCTb
yepenoBaHus ¢as (3ageprkka dasbl L2 Ha 120 ° no oTHoweHuMto K L1, 3agep:kKka ¢asbl L3 Ha 240 ° no
OoTHOWeHwUto K L1).

KoHuenuua cocTaBnatolmx Npamon nocneaosatenbHocTu byaet 6onee nogpobHO paccmoTpeHa npu
obcyXaAeHNN aCUMMETPUN.

3HaYyeHMe OCHOBHOM COCTaBAAIOLWEN PEaKTUBHOM MOLLHOCTM ABAAETCA OCHOBHOW BE/IMYMHOM, KOTopan
NO3BO/IIET OLUEHUTb BEJIMYMHY KOHZEHcaTopa, KoppeKkTupylouwero KoadduumeHt DPF wam casur
OCHOBHOM rapMOHMKKN HanpAXKeHMUA OTHOCUTE/IbHO 3TOM XKe COCTaB/AoLWEeN TOKa (To ecTb KomneHcaTopa
peakTUBHON MOLLHOCTU OCHOBHOM rapMOHMKN).

5.3.3 PeakTuBHasi MOLLHOCTH B 3-X MIPOBOJHbIX CXeMaXx

MpaBuabHOE U3MEpPEeHWEe PEeaKTUBHON MOLLHOCTM HEBO3MOMHO B HECMMMETPUYHBLIX MPUEMHUKAX,
MOAK/IOYEHHBbIX MO 3-X NPOBOAHOW cxeme (TMNa «TPEYrosibHUK» U «3Be34a» C M30/UPOBaHHON
HeNTPanblo). ITO YTBEPKAEHMNE MOXKET MHOMMX YAUBUTD.

MPUEMHUK MOXKHO PacCMaTPMBaTb KaK «YEPHbLIA ALLMK» C AOCTYMHbIMU TONBbKO 3 3akMMamu. Mbl He B
COCTOAHUM OMNPeaeNnUTb BHYTPEHHEN CTPYKTYpbl TaKOro NPUEMHMKA. YTOObI BbIYMCAUTL PEAKTUBHYHO
MOLLHOCTb HeobxoAMMO 3HaTb yron casura ¢as mexay TOKOM M HanpsKeHWMem, BO3HWKAWMX B
KarK4OW BETBM TAaKOro NpuMémHMKa. K coxaneHuto, Mbl He 3Haem 3Toro yrnia. B npuémHuke no cxeme
TMNA KTPEYroNbHUK» Mbl 3HAaeM HanpsXKeHWe, NPUCYTCTBYIOLWLME Ha OTAE/bHbIX CONPOTUBNEHUAX, HO He
3HAaeM TOK; B TAKMX CUCTEMAX M3IMEPSIOTCA SIMHENHbIE HANPAXKEHUA WU JIMHENHble TOKU. KarKabli 13
JIMHEMHbIX TOKOB ABAAETCA CYMMOM ABYyX TOKOB ¢a3. B npMEMHMKax TMNa «3Be34a» C M30/MPOBAHHOM
HEeWTPanblo Mbl 3HaeM TOKU, MPOXOAALLME MO CONPOTUBAEHMIO, OAHAKO HE 3HAaEM HaMpsKeHU (Kaxagoe
N3 IMHEWHbIX HAaNPAXKEHUIN ABNAETCA CYMMOW ABYX GasHbIX HaNPAXKeEHUN).

Hy»KHO 0CO3HaTb TOT GaKT, UTO NPW 3a4aHHbIX HAMPANKEHUAX HA 3aXKMMAX M TOKAX, BXOAALLMX B TaKOM
YEPHbLIA AWMKY» CyWwecTByeT HECKOHEYHO MHOFO BapWaHTOB BHYTPEHHEW KOHCTPYKLMU MPUEMHMKA,
KOTOpble AafyT HAaM OAMHAKOBble pe3y/ibTaTbl U3MEPEHUI TOKOB M HANPAMKEHWUN, BUAUMBIX CHAPYXKM
TaKOro «4épHOro AWMKa».

KaK e 3TO BO3MOXHO, 4TO CyLlwecCTByHT CYETUMKM peaKTMBHOVI MOLWHOCTH, nNpegHa3Ha4YeHHble ONA
M3MepeHMl7‘I B 3-X NPOBOAHbIX CETAX, N aHA/TIN3aTOPbI INNEKTPUHECKUX CETGI7I, KOTOpble B TaKUX YCNIOBUAX
obecneunsatoT namepeHume peaKTVIBHOﬁ MOLLI,HOCTVI?

B oboux cnyyasax npousBoauTenn MNpuberaroT K XUTPOCTU, KOTOPas 3aK/OYAeTCs B MCKYCCTBEHHOM
CO34aHWNM OMOPHOMN TOYKM (BUPTYaNbHbIN 3axKMM HelTpanu N). TaKylo TOUYKY OYEHb JIETKO MOMKHO
CO34aTb, MOAKNIOYAA K 3aXKMMAM HaLLEero «4EPHOro SLLMKa» CXeMy M3 TPEX PE3NCTOPOB OOHOW U TOM Ke

Be€INYNHbI N COeAUNHEHHDbIX 3Be3AOl7I. MNMoTeHumnan LI,EHTpaJ'IbHOVI TOYKMN CXembl PE3NCTOPOB UCMOIb3YETCA
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ANA pacyéTta «dasHbiX HanpaxeHuin». KoHEUYHO, KaBblYKM 3[4eCb COBEpPLIEHHO Ha MecTe — TaKoM
BMPTYa/ibHbIA HOMb AAET MPU U3MEPEHUU MPaBUAbHbIE Pe3yabTaTbl, TOAbKO MPU MUHUMAIbHOM
acMMMeTpuUM NpUémHMKa. B nobom Apyrom ciyyae K MOKa3aHUAM PeaKkTUBHOW MOLLHOCTM TaKoro
npubopa cneayet OTHOCUTLCA C BONbLLOW AoNel HeaoBepuUs.

MN3mepuTenbHbii Npubop HU B KOeM C/ydae He AOMKEeH BBOAWTb MO/Mb30BaTena B 3abayxaeHue, a
TaKoro poda NpubAMMKEHNE MOXKHO AOMYCTUTb /ML MPU YCI0BUW, YTO OTOBparkaemoe 3HayeHue He
ABNAETCA pPe3yibTaToM aKTUUYECKOro M3MePEHMS, a NLLb NPUBAN3UTEIbHBIM 3HaYEHMEM.

5.3.4 PeakTHBHasi MOLIHOCTb U CYETYUKHU PEAKTUBHOMN IHEPruu

CYETUMK peaKTUBHOM 3HEeprumM — 3TO CKopee Bcero, NpMbop HEM3BECTHbIV AOMALLHMM NOAb30BaTENAM,
T.K. LWUMPOKO WMCMOJIb3YIOTCS M ABNAKTCA OCHOBOM A/ PACYETOB C MOCTABLUIMKOM, CYETYMKMU aKTUBHOM
aHeprun, nsmepsiemor B BT*y mam kBT*4. [lomaluHuii nosib3oBaTenb, TakMm 06pasom, HaxoauUTCA B
YOOOHOM MONOXKEHUN — NNATUT TOJIbKO 3@ NONE3HYIO SHEPIUI0 U HEe [O/IKEH UHTEPecoBaTbCA KaKoW
KO3pPMUMEHT MOLLLHOCTHU B €ro CeTu.

MpomblwneHHble notTpebutenM — B OTAMYME OT TOW NepBoM rpynnbl — 06A3aHbl, HA OCHOBAHUMU
NOAMMUCAHHbIX AOrOBOPOB M YacToO MOA Yrpo30i ¢pMHaAHCOBLIX WTPadoB, NoAAEPKUBATb KOIPOULMEHT
MOLLLHOCTM Ha A0/I}KHOM YPOBHE.

Hanpumep, B losnblue, pacnopsKeHne MWHUCTPA IKOHOMMKM, KacCaloWeecsa KOHKPETHbIX YCA0BUM
OYHKUMOHUPOBAHMA 3HEPreTUYECKOM CUCTEMbI, OnpeaenseT KayecTBEHHble MapaMeTpbl, KoTopble
OOJ/KHbl  OblTb  BbIMNO/MHEHbI MNOCTABLMKOM 3HEPrMM ANA PasfiMYHbIX, TaK HasblBaeMblX, rpymnn
nogkntoyeHus. Cpegm aTMX NapameTpoB Haxo4ATCA, HANPUMEP, YacToTa CeTH, AeNCTBYIOLEee 3HaYeHNe
HanpsXeHUa, KO3POULMEHT rapMOHMYECKMX MUcKaxkeHnin (THD) uM ponycTMmble YPOBHW OTAENbHbIX
rapMoHMK HanpsyeHusa. O4HaKO NOCTaBLUMK He 06A3aH BbINOHATL 3TU TPebOoBaHWUA, ecan NoaydaTenb
SHeprum He obecneymBaeT 3HayeHUs KoapouumeHTa tg ¢ HuKe 0,4 (3HayeHMe Mo AO0roBOPEHHOCTH,
KOTOpPOE MOMKET OblTb UI3MEHEHO B AOTOBOPE MEXAY MOCTaBLUMKOM M NOTPebUTenem 31eKTpo3Heprum)
n/Mnn NpeBsbIWaeT COrNacoBaHHbIM YPOBEHb NOTPEBAAEMOI aKTUBHON MOLLHOCTH.

KoadodumumeHT tg ¢ rnyboKo YKOPeHWUACA B SHEPreTMYEeCKOM 3aKOHOAATENbCTBE M €ro onpeaenatoT Kak
pe3ynbTaT OTHOWEHWA HAYMCNEHHOM PEaKTUBHOW MOLLHOCTM K aKTMBHOW MOLLHOCTM B JAaHHbIN
pacuétHbll nepuoa. EcaM BepHyTbCA Ha HEKOTOpPOe BPEMA K  «TPEYroJbHWKY MOLLHOCTU» B
CMHYCOMAANbHbIX CUCTEMAx, TO Mbl 3aMETMM, 4YTO TaHreHC yrna casura ¢as Mexay TOKOM M
HanpsAKeHNeM PaBeH OTHOLEHUIO PEAKTUBHOWM MOLHOCTM Q K aKTMBHOM MOLLHOCTU P. Takum obpasom,
KpUTEpUIA yaepskaHua tg ¢ HuKe 0,4 He 03HayaeT HMYEro APYroro, KaKk TOJIbKO onpeaesneHune, 4Yto
MaKCMMa/lbHbI YPOBEHb NOACYMTAHHON PEaKTUBHOW 3SHEPrMM He MOXKeT b6biTb Bbiwe, yem 0,4 oT
3HaYeHWa MOJIyYEeHHOM QaKTMBHOW 3Heprnn. Jlloboe noTpebneHMe peakTUBHOW 3SHEepruu Bbile
[OroBOPEHHOCTU NOA/NEXUT AONOSHUTEIbHOW onnaTe.

Ho AaeT M 3HaHMe PaccunTbIBaEMOro TakuM 0bpasom KoapdpuumeHTa tg ¢ obenm 3aMHTepecoBaHHbIM
CTOPOHAM PeasibHYl0 KapTUHY 3GPEKTUBHOCTM Nepesayn sHeprun? Pasee He 6bIN0 YNOMAHYTO Bbile,
YTO PEaKTUBHAA MOLLHOCTb ABAAETCA TO/IbKO OAHOM M3 COCTABAAIOLLMX HEAKTUBHON MOLLHOCTM, KOTOpble
TOMeE B/IMAIOT Ha CHUXKeHUe KoaddrLMEHTa MOLLHOCTA?
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[elcTBUTENbHO, KaXKeTcs, YTO BMeCTO tg ¢ cnegoBano 6bl MCNoab30BaTb KO3ddMLMEHT mowHocTH PF,
KOTOPbIN TaK¥Ke yUnTbIBAET U Apyriue GpakTopsbl.

HblHelWwHWe npaBuia, K COMaNEeHMIO, He [alT Apyroro Bbibopa, NO3TOMy TOYHOE M3MepeHue
PEeaKTUBHON MOLLHOCTU ABASIETCA K/IOYEBbIM MOMEHTOM. Tenepb CTOMT MOCTaBUTb BOMPOC: C YY4ETOM
OMMCAHHBbIX BbillEe CMOPOB MO ONPeAeNeHN0 PEaKTUBHON MOLLHOCTM, 06eCneunBaloT AN CYETYNKKN ITOMU
3HEeprum npasu/bHble NMOKasaHUA? U 4To e B AEUCTBUTE/IbHOCTU U3MEPAOT 0ObIYHO UCNO/Ib3yeMble
CYETYMKM PEAKTUBHOM MOLLHOCTU?

OTBeTbl Ha 3TM BOMPOCbI MOXXHO MOMNpPo6oBaTb MOAYYMTb B CTaHAAPTE, NPeACTaBAEHHOM AR 3TUX
cyétumkoB — NOCT 31819.23-2012 (IEC 62053—23:2003) «AnnapaTypa 418 U3MEPEHUS INEKTPUYECKOM
SHEPrMM nepemeHHoro Toka. YacTHble TpeboBaHMA. YacTb 23. CTaTMYECKUE CYETYMKM PEaKTUBHOM
sHeprumn». K coxaneHuto, 1 Hawemy pa3ovyapoBaHUIO, B HEM He HaMAeTcA Kakux-nmbo cCbIOK anA
U3MEPEHUI B YCNIOBUAX HE CUHYCOMZANbHOCTU — pacyETHble GOPMY/bl OTHOCATCA K CUHYCOMAANbHBIM
cUTyaumam (B cTaHOa@pTe MOXHO MPOYUTATb, UYTO M3 KMPAKTUUYECKUX» COOBpaKeHU orpaHnYmMInCh
WCKIIOYUTENIBHO CUHYCOMAANbHBIMKM Npoueccamu). B HEM He yKasaHbl KaKue-ambo Kputepuu
NCNbITaHWUI, KOTopble Bbl NO3BOANAN NPOBEPUTL XaPAKTEPUCTUKN CYETYUMKA NPU UCKAXKEHHbIX dopmax
HanNpAXeHUN 1 TOKOB.

HblHeWHsA cuTyauma ocTasadeT pa3paboTyMKam CYETYMKOB CBODOOAHbLIN BbIOOP METOAA U3MEPEHMUS,
YTO, K COMKa/fieHUlo, NPUBOAUT K 3HAUUTENbHbIM Pa3ANUYMAM MOKa3aHWUA PeakTUBHOW 3Heprun npwu
Ha/IMYMM BONBLIOTO YPOBHSA rapPMOHUYECKUX UCKAXKEHUIA.

CYETUYMKM CTaApOro TMNA, TO €CTb, 3/EKTPOMEXAHUYECKME, MMEIOT XAPaKTEPUCTUKM, aHANOTUYHble
OUNBTPY HWMMKHUX YACTOT — BbICLUME TAPMOHWMKM B HEM MOAABAEHbI, TaKMUM 06pasom M3mepeHue
PEeaKTUBHOW MOLLHOCTU B NMPUCYTCTBME FAPMOHUK O4eHb BIM3KO K 3HAYEHUIO OCHOBHOM COCTaBAAIOLLEN
PEeaKTUBHOWN MOLLHOCTM.

bonee pacnpocTpaHeHHble 3/1EKTPOHHbIE CYETYMKM MOTYyT MPOBOAUTb M3MEpPEHUE pPasINYHbIMU
meTofamMn. Hanpumep, oHM MOTYT U3MEpPATb aKTUBHYIO MOLLHOCTb M MOJIHYIO MOLWHOCTb U BbIYUCAUTD
PEAKTMBHYIO MOLLHOCTb U3 KTPEYro/ibHUKA MOLLHOCTM» (KBaZpaTHbI KOpeHb U3 CYMMbl KBagpaToB ABYX
3TUX MoLLLHOCTen). Tak AencTBUTENbHO, B cBeTe cTaHAapTa IEEE 1459-2000, oHM M3MEPAIOT HEAKTUBHYIO
MOLLHOCTb, @ He peaKkTUBHY. [pyro NpousBOAUTENlb MOXKET WUCMNO/b30BaTb METOZ CO CMeLLeHUeMm
¢dasbl HanpsaKeHUs Ha 90°, yTo JAET pe3ynbTaT, NPUBAUMKEHHbIA K OCHOBHOM FAPMOHUKE peakTUBHOM
MOLLHOCTH.

Yem 6onblue cogeprkaHMe TapMoOHMK, TeM 6onblue 6yaeT pasHUULA B MOKa3aHWAX, U KOHEYHO B
pesynbTaTe byaeT Apyras naata 3a HauYMCNEHHYIO SHEPruio.

Kak yXe VyKasblBaloCb paHee, MW3MepPeHWe pPeakTUBHOM MOLWHOCTM B 3-X NPOBOAHBIX
HecHbaNaHCMPOBAHHbLIX CUCTEMAX C MOMOLLIO OObIYHBIX CYETYUMKOB OOPEMEHEHO [OMONHUTENbHOM
OLWNBKOW, BbI3BAHHOM CO34aHMEM BHYTPU CYETYMKA BUPTYAsSIbHOTO HY/S, MMEIOLLEro masno obuiero ¢
peanbHbIM HYNEM HarpysKu.

Yto ewé XyXe, npounssoauTtenu 0bbIYHO He AaT HUKaKoM I/IHd)OpMaLI,I/II/I O npumeHaemom metToae
n3mepeHuna.
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OcTaéTcAa ToNbKOo ¢ HeTepneHnem Xaatb CI'IGAYI-OIJ.I,EVI BepCuUKn CtaHgapTa, KOTOpaAa - 6y,CI,EM HaOeATbCA -
npeanoxut ropasgo bonee TOYHbIN mMeToa WUu3MepeHmA WU TaKXke MmeToa wuccneaosaHunAa B
HeCnHyconaaibHbIX yC/10BUAX.

5.3.5 IlosHas MOIIHOCTHh

MonHaa MOLWHOCTb S BbipaXKaeTca Kak npounsseseHne apPeKTUBHbIX 3HAYEHUN HANPAXKEHMA U TOKa:
S=U-1

Kak TakoBaa MOLWIHOCTb He umeeT OGU3MYECKOW WHTepnpeTauuu; OAHaKO, WCMNOAb3yeTca npu
NPOEKTUPOBAHNN 06OPYAOBaHNA pacnpeenuTesnbHbix ceTeir. OHa paBHA NO BeMYMHE MaKCUMa/bHOM
aKTMBHOM MOLLHOCTM, KOTOpPas MOXKeT ObITb NoAaHa B Harpysky npu AaHHbIX 3GPEKTUBHbBIX 3HAYEHUAX
HaNpAXeHUs U TOKa. Takmm o06pa3om, MOsHAA MOLLHOCTb onpeaenseT MakCUMMaJbHO BO3MOMKHYHO
CNOCOBHOCTb UCTOYHMKA ANS AOCTAaBKM NONE3HOM SHEPTUM K NMPUEMHUKY.

Mepoit 3¢pPEeKTUBHOCTU UCMOIb30BAHUA NOAABAEMON B MPUEMHUK MOLLHOCTU ABAAETCA KO3pPUUMEHT
MOLLLHOCTU, APYTMMM CIOBAMU, OTHOLLIEHUE NONHOM MOLLLHOCTU K aKTUBHOWN MOLLLHOCTM.

B cnHycompanbHbIX cMcTemax:
pF P Ulcosep
=—==——=2(0S
S~ Ul ¢
B HecMHycOMZanbHbIX CUCTEMax TaKoe YNpoLeHME HeaonycTMmMo W KO3GOUUMEHT MOLLHOCTM

paccynTbiBaETCA Ha OCHOBeé pea/ibHOro COOTHOWEeHUA AKTUBHOM n nonHomn MOLWHOCTH:

PF—P
S

B ogHOda3sHbIX ceTAX NosHaA MOLWHOCTb PacCYMTbIBAETCA, TaK 3TO KaK MOKasaHo B NpuBeAEHHON Bbllle
dopmyne, 1 30eCb HET HUKAKKUX cloprpu3oB. OKasblBaeTcA, 04HAKO, YTO B TPEX(DA3HbIX CETAX PACYET ITOM
MOLLHOCTM TaK}Ke BbI3bIBAET Cepbé3Hble NPobaeMbl, Kak U Te, YTO CBA3aHbl C PEaKTUBHOW MOLLHOCTbIO.
PasymeeTca, 3TO OTHOCUTCA K peasibHbiM CETAM C HECUHYCOWAAbHbIMU CUTHAMaMM, KOTOPblE TaKKe
MOTYT 6bITb HECUMMETPUYHBIMMU.

NccnepoBaHus nokasanu, yto Gopmynbl, UCMOAb3yemble A0 CUMX MOP, MOryT AaBaTb OLWMBOYHblE
pe3ynbTaTbl, €CAU ceTb He aBaAeTcA cbanaHCMpoBaHHOW. Tak Kak MOAHAA MOLWHOCTb — 3TO YC/I0BHas
Be/IMUMHA U He umeeT GM3MYECKON WHTepnpeTauuK, BbIACHEHWE, Kakoe M3 npeasiaraembix
onpeaeneHnin NONHOW MOLLHOCTK, ABAAETCA NOAXOAAWMM, MOMET Bbi3blBaTb 3aTpygHeHuA. Tem He
MeHee, 6blIM NpPeanpPUHATLI MNOMbITKM, ONUPascb Ha HabalAeHWA, AOKas3aTb, YTO MNOJHAA MOLLHOCTb
TECHO CBfA3aHa C MoTepAMM Npu nepedadye M Ko3GOULMEHTOM MOLLHOCTU. 3HasA NOTepn nepenauy u
KO3pOULMEHT MOLLLHOCTU MOMKHO KOCBEHHO OMNPeAEeNNTb NPaBUIbHOE onpeaeneHme NOAHON MOLLHOCTMY.

[o cvMx nop Mcnonb3yloTcA onpeaesneHns, cpeau Npounx, apudMeTMYEecKoW MOAHas MOLWHOCTU U
reoMeTpuyeckoit MOHOM MOLLLHOCTU. MpoBeAEHHbIE UCCIeA0BaHUA MOKA3a/In, YTO HU apndMeTUYECKOE,
HU reomeTpuyecKkoe OnpegesieHUs He AaloT B pesy/bTaTe MPaBWIbHOIMO 3HayeHusa KoadouumeHTa
MOLLHOCTM. EQNHCTBEHHbIM, YTO YA0BAETBOPANO TaKOM CUTyauMM, OKasanacb onpedeneHue, KoTopoe
ye B 1922 roay npegnoxun Hemeukunit pusmk ®. byxronsy, (F. Buchholz):
Se = 3Ue-le

OHO OCHOBaHO Ha 3PdEKTUBHbLIX 3HAUYEHMAX HANPANKEHMA M TOKa, a Cama MOLLHOCTb Ha3blBaerca
3¢ dEeKTUBHON NONHOW MOLLHOCTbIO (N0 3TOM nNpuuMHe, Ansa TpéxdasHbix uenerd B ob6o3HayeHue
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,D,06aB}'IEH NHOEKC «e»). otn 3¢¢EKTMBHbIe 3Ha4YeHMA HaNpAXeHUA U TOKa — 3TO TaKMUe TeopeTnyeckmne
3Ha4YeHunA, KOTopble MNpeacTtaBnAloT HanpAXeHnAa U TOKU B C6aﬂaHCMpOBaHHOVI JHepreTnyeckun

CUMMETPUYHOMN TpéxdasHoi cucTeme. MO3TOMY KAHOUYEBLIMU ABNAIOTCA onpeaeneHuns seanduH Ue U le.

CraHgapT IEEE 1459 naét cnepyrowme dopmynbl. B TpEXNPOBOAHbIX CETAX:

[ = 122 +1p% 412 U, = Uap?+Upc2+Ucq?
e 3 e 9

B YeTbIPEXMNPOBOAHbIX ceTax:

L2+ 1,2+ 1.2 +1,2 ” 3(Ug? + Up2 + U2) + Uy + Upe? + Uy

le = 3 e~ 18

rae la, Ib, lc, cooTBETCTBEHHO 3¢pdEKTUBHbIE 3HAYEeHUA TOKOB OTAeNbHbIX $a3 (AMHelHble U

¢dasHble), In — 3dPeKkTMBHOE 3HauYeHWe TOKa HyneBoro nposBogHuKa, Ua, Ub, Uc — 370
appeKkTUBHbIe 3HAuYeHMAa ¢asHbix HanpskeHui, a Uab, Ubc, Uca aABnatoTca 3PpPeKTUBHbIMMU
3HAYEHUAMMU JINHENHbIX HANPAXKEHW.

Takum ob6bpa3om, pacyéTHan BeSMUYMHA Se YYUTHIBAET KaK MOTEPU MOLLHOCTM B HyJ/ieBOM npoBoae (B
YeTbIPEXNPOBOAHbIX CETAX), TaK U BAUAHNE HecbaNaHCMPOBaHHOCTY.

5.3.6 MowHoCTb UCKaXXeHHs DB U 3P PpeKkTHBHAS MOTHASI MOLIHOCTb UCKAXKeHHUS SeN

Mpun 06CyKAEHUN PEAKTUBHOM MOLLHOCTM BbISI0 MOKA3aHO, YTO MOLLHOCTb MCKAXKeHUA MO ONpeaeneHuto
Budeanu He moXeT ObITb NPUMEHMMA NPU BOMBLUMX UCKANKEHUAX HAMPAKEHUM M TOKOB, a TaKXKe
acMMMeTpun TPExdasHbIX Lenen (MapagoKe MOLWHOCTU UCKAXKEHWUIM, KOTOPAA He ABNAETCA NOKasaTeNem
peanbHoro WcKarkeHnusa). OAHAKO, HECMOTPA Ha 3TO, TaKas MOLLHOCTb 4acTo  WCMOJib3yeTcs
cneuManncTamm, 3aHUMALWUMNCA aHANIM30M KayecTBa 3/1EKTPO3IHEPTUM U MPOU3BOAUTENAMMU CXEM
KOMMNEHCcaLMm PeakTUBHON MOLLLHOCTM.

3aeco HEO6XOAVIMO YETKO YKa3aTb, YTO ONOpa Ha AaHHbIﬁ napamMeTp gaBasia Npuemianemsblie pe3ynbraTtbl
TOJZIbKO B YC/NOBUAX He60/1bLLIOro UCKaXKEHUN d)OprI npoueccos “ manomn ACUMMETPUN.

CraHpapt IEEE 1459-2000 ynomuHaeT 37O onpeaesieHMe MOLLHOCTM, OOHAKO, TaK e, Kak U B Cayyae
peakTMBHOM MoOLWHOCTM Budeanu, OHa HeceT HeYCTPaHMMbI HeAOCTaTOK W peKomeHayeTcA
OKOHYaTEe/IbHO OTKA3aTbCA OT €€ MCMO/Ib30BaHKUA.

B mecto mowHoct DB npeanokeHa gpyras BeAMUYMHA, KOTopas HaMHOro ydwmnm crnocobom
XapaKTepusyeT O06LLYI0 MOLLHOCTb WCKaXeHUA B CUCTEME — MOJHAA MOLLHOCTb WMCKaXKeHUs SeN.
MolHOCTb SeN Mo3BOANAET ObICTPO OMNPeAEeNUTb, YTO Harpyska paboTaeT B YCNOBMAX MasbiX MK
60/bWNX FAPMOHMYECKUX WCKaXKEHUI M ABNAETCA TaKKe OCHOBOM ANA onpeaefieHna napameTpos
MaCCMBHbIX UM aKTUBHBIX GUIBTPOB M KOMMNEHCATOPOB.

CornacHo onpeaeneHunto (ans TpéxdasHbix cucrem):
— 2 2
SeN = ’Se _Sel

Se1 = 3le1Ugq

roe:
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3ddeKTUBHDBIN TOK U 3bDEKTUBHOE HAMpPsAKEHWEe OCHOBHOM rapMoHMKKM (cooTBeTcTBeHHO lein Uei)
paccumnTbIBAtOTCA TaK e, Kak le n Ue, ¢ TOM AnWb pasHUUEN, YTO BMECTO 3GPEKTUBHbBIX 3HAYEHW
$asHbIX WKW NIMHENHbIX HanpsXeHUM U 3OEPEKTUBHbBIX 3HAYEHMIM NIMHENHbIX TOKOB MNOACTABAAOTCA
3pPeKTUBHbIE 3HAYEHNA MX OCHOBHbIX COCTaB/AIOLLNX.

B ogHO®a3HbIX cucTemax AN pPacyéTa NOSHOWM MOLLHOCTM WMCKaXKeHU MOXKHO MCNonb3oBaTb bonee
NpocTyto dopmyny:
Sy =+/8% = (U111)?
roe Ui u |1 ssnaotca 30EeKTUBHbIMM  3HAYEHMAMM OCHOBHOWM cocTaBasAlowen ¢as3oBoro

HaNpPAXEeHWA 1 TOKa.

5.3.7 Ko3dpPpunueHT MOIEHOCTH

NCTUHHBIN KO3GOULMEHT MOLLHOCTU, TO €CTb TOT, KOTOPbLIA MNPUHMMAET BO BHUMaHWE TaKKe Hanuuue
BbICLLMX FAPMOHUK, Ha3blBaeTcA NPocTo KoadduumeHTom mouHoctu (aHra. True Power Factor, TPF uan
PF). Ansa cMHycomaanbHbIX Lenel OH paBHAETCA TaK HasblBaemomy KoapduumeHTy ¢pasoBoro casura, To
ecTb nonynspHomy cos ¢ (aHrn. Displacement Power Factor, DPF).

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

P

P. Ul cos
DPF = 2 = 222200 — 650,110 PF = -

S1 Uilh

B cnyyae 4MCTO pPe3UCTUMBHOM Harpysku (B ogHOA3HOM ceTM) NOJHaf MOLWHOCTb PaBHa 3HAYEHUIO
aKTMBHOM MOLLHOCTM, @ PEaKTUBHAA MOLLHOCTb paBHa Hy/l0, TaKMM 06pa3om, 3Ta Harpyska B NOJHOM
Mepe MCNONb3YeT 3HEPreTMYecKUin noTeHUMan WCTOYHMKA M Ko3pPULMEHT MOWHOCTM pasBeH 1.
MosBneHWe peakTUBHOM COCTaBAAIOWLEN HeU3bEeKHO BefET K CHUMKEHWU0 3DDEeKTUBHOCTU Mepesaum
3HEpPrMn — aKTUBHAA MOLLHOCTb TOF4a MEeHbLUE NOJIHOM MOLLHOCTHM, @ PEaKTUBHAA MOLLHOCTb PacTET.

B  TpéxdasHbix cxemax Ha  YMeHblueHWe  Ko3poMuMeHTa  MOLWHOCTM  TaKXe  BAUseT
HecbaNlaHCMPOBAHHOCTb NMPUEMHMKA (CMOTPKU 0BCYXKAEHWE PEaKTUBHOW MOLWLHOCTU). B aTux cuctemax
npaBuabHOe 3Ha4yeHMe Ko3pPUUMEHTA MOLLHOCTM MNOAYYaeTCs MNpPU WUCNONb30BaHUWN 3PPEeKTUBHOM
NONHOW MOLWHOCTHK Se, TO eCTb BE/IMUMHbBI, ONpeaeNEHHOM, B YaCTHOCTH, B cTaHAaapTe |IEEE 1459-2000.

5.4 TapMOHMKM

PasnokeHne nepMoanyecKMx CUrHaN0B Ha FAPMOHMYECKME COCTABAAIOLLME ABNAETCA O4E€Hb NOMYAAPHOM
MaTeMaTMYecKol onepaumen, OCHOBAaHHOM Ha Teopeme ®Pypbe, B KOTOPON FOBOPUTCA, UYTO KaxKabIn
NepuoaMYECcKUA CUTHAN MOMKHO NPEeACTaBUTb KaK CYMMYy CUHYCOMAANbHbIX COCTaBaawolwmx 6bonee
BbICOKMX 4acTOT, KOTOpble ABAAIOTCA KPATHbIMW OCHOBHOWM 4acToTe TaKOro curHana. HenpepbiBHble
CUrHaNbl MOYKHO NOABEPrHYTb OnepaLmm 6bicTporo npeobpasoBaHna Oypbe (cokpaweHHo FFT), KoTopas
OAET B pe3yabTate amnanTyabl U ¢asbl rAPMOHUYECKUX COCTABAIOLMX CEKTPA YacToT.

B naeanbHOM cUTyaumMm HanpsaXKeHne BbipabaTblBaeTca B reHepaTope, KOTOpbli AAET Ha CBOEM BbIXOoAe
HEMCKaXEHHbIA CMHycoMAanbHbIi curHan 50/600L, (oTcyTcTBME KaKMX-IMBO BbICWIMX FapMOHMK). Ecam
NPUEMHUK ABAAETCA JIMHEMHOW CUCTEMOM, TO B TaKMX WAEA/bHbIX YCNOBUAX TOK TaKke Oyaer
HEMCKAXKEHHbIM CMHYCOMAANbHBLIM CUTHANIOM. B peanibHbIX CUCTEMAX, CUTHabI, KaK HamnpAKeHs, Tak u
TOKa MCKAKaloTCA, MO3TOMY LOJIKHbI COAEPKaTb KPOME OCHOBHON COCTAB/IAIIOLLEN TaKXKe rapMOHUKU

BbICLUNX NOPALAKOB.
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Moyemy NPUCYTCTBUE BbICLLUMX FAPMOHUK B CETU, ABNAETCA HEXKenaTebHbiM?

Op[HOM U3 NPUUYKNH ABAAETCA CKUMH-3PDEKT, KOTOPbIA OCHOBAH Ha BbITA/IKUBAHUM 3/IEKTPOHOB M3 LLEHTPaA
NpoBOAHUKa (NpoBOAa) HaPYKY C yBEAMYEHMEM YacToTbl TOKA. B pesynbTaTe, yem Bbllle YacToTa, TeM
MeHblle 3OPEKTUBHOIO CeYEHUs MPOBOAHMKA WMMEHT B CBOEM PACMOPSAMKEHUM 3DAEKTPOHbI, YTO
3KBMBAJIEHTHO YBE/IMYEHUIO €ro CONPOTUBAEHUS. B pesynbraTe 3TOro sIBEHMA, YEM Bbille MOPALOK
rapMOHMKKN TOKa, Tem 6osiblie 3dPeKTUBHOE CONPOTMUB/IEHME NMPOBOAKN ANA 3TOM rAaPMOHUKK, a 3TO, B
CBOIO oyepeb, HeM3beXKHO NPUBOAMUT K YBEINYEHWNIO NOTEPb MOLLHOCTU W HarpeBy NPOBOAOB.

Knaccuyeckunii npumep, cBA3aHHbIN ¢ 3TUM 3dHEKTOM, KacaeTca HeNTPasibHOro NpoBoaa B TPEXdA3HbIX
ceTax. B ceTax ¢ HU3KMM YPOBHEM MCKAXKEHWUM, MasibiM SUCOANAHCOM U CUMMETPUYHOM HarpysKkol (unu
Hebo/blIOM aCMMMETPUEN) TOK B HEMTPaNbHOM MPOBOAHUKE CTPEMUTCA K HY/I0 (OH HAMHOTO MeHbLUe
3¢ddeKTUBHbIX 3HaYeHMI asHbIX TOKOB). ITO HabAtoAEHME CNPOBOLMPOBAIO MHOIMX KOHCTPYKTOPOB Ha
3KOHOMWIO, OCHOBAHHYIO Ha YCTaHOBKE B TaKMX CUCTeMax Kabenew c Hy/neBbiM NPOBOAOM C MEHbLUMM
ceyeHnem, yem ¢asHble nNpoBoda. M Bce oyeHb XOpolWO paboTano A0 TOro MOMEHTA, Korga B CETU
NOABU/IUCb TAPMOHUKN HEYETHBIX PAAOB, ABNAIOLLMECA KpaTHbIMKM 3 BbiCLUEro nopaaKa (TpeTbs, AesATas,
n T.0.). Bopyr HeiTpanbHbIM NPOBOA, HauMHaA/A MeperpeBaTbCs, a U3MEPEHME TOKa YKa3blBaio Ha ero
O4YeHb BbiCOKOE 3pdeKTUBHOE 3HaYeHne. ObbACHEHME 3TOrO ABIEHMA, A0BOJIbHO NpocToe. KoHCTpyKTOp
He y4yén B NPUBEAEHHOM BbIE NpUMepe OBYX ODOCTOATENbCTB: B CETAX C WMCKAXKEHUAMW BbiCLLIME
rapMOHMKN MOTYT HE KOMMNEHCMPOBATbCSA B HEMTPAsIbHOM NpPOBOAE, @ HA0OOPOT — CYMMMPOBATLCA, U,
BO-BTOPbIX, CKUH-3DGDEKT U BbICOKME 3HAYEHWMA TOKOB BbICLUMX FAPMOHMK AOMNOJAHUTENLHO YBEINYUAU
ero Harpes.

MonbiTaemca Tenepb OTBETUTb Ha [4Ba OCHOBHbIX BONpOCa:

e Y70 ABNAETCA NPUYMHOM NOABNEHWUS TAPMOHMK B HANPAXKEHUN?

e Y10 ABnaetca I'IpMLIMHOﬁ noABNAEHNA NAPMOHUK B TOKe?

Kasanocb 6bl, 3T ABa BONpPOCaA, BbIMAAAT NOYTU MAEHTUYHO, OAHAKO Pasde/ieHne HamnpPAXKeHUA 1 ToKa
ABNAETCA Ype3BblYaHO BaXKHbIM A1 NOHUMaHWA CyTU BoMNpoca.

OTBeT Ha nepBblt BOMPOC OyaeT ClenyloWMM: FAPMOHWKM B HAMPAXKEHUU ABAAIOTCA CNeACTBUEM
HEHY/IEBOrO MMMeAaHca pacnpeaenuTeNbHON CeTH, MeXAay reHepatopom (NpuUHMMaem, 4YTO OH
reHepupyeT YNCTYI0 CUMHYCcOMAY) U MPUEMHUKOM.

OfHaKo rapMOHMKM TOKa ABAAIOTCA Pe3y/ibTaTOM HEeAUHEMHOro XapaKkTepa uMmnegaHca MpUEMHMKa.
KoHeuHo, cneayer OTMETUTb, YTO €C/IM JIMHEWHbIN NMPUEMHUK MUTAETCA HAMPSAXKEHUEM MWCKAKEHHOM
dopmbl, To dopma TOKa TaKKe UCKaKaeTcA.

B nnTepaType 4acTo MCMO/b3YIOTCA YTBEPKAEHMWA, UTO «NPUEMHUK reHepupyeT rapmoHunkn». Cnegyet
MOMHWTb, YTO B 3TOM C/yYyae MPUEMHMK He ABAAETCA GU3MYECKUM WUCTOYHUMKOM 3HEprm (Kak 3To
npegnonaraer CAOBO «reHepupyeT»). EAMHCTBEHHbIM WMCTOYHMKOM 3SHEPrMM B CUCTEME ABAAETCA
pacnpegenutenbHaa cetb. ECAM  NPUEMHMK ABAAETCA NACCMBHLIM  YCTPOMCTBOM, TO 3HEprus,
nepesaBaemasa OT MNPUEMHMKA B pPacnpedeUTeNbHY0 CUCTeMY, MPOMCXOAMT W3  3TON  Ke
pacnpeaenntenbHoi cuctembl. Mbl 34ecb MMeem 4eno C BpegHbiM M 6ecnosiesHbiM ABYCTOPOHHUM
NMOTOKOM 3Heprun. Kak yxe obcyKaanocb paHee B cly4ae ¢ KoapPULMEHTOM MOLLLHOCTU, TaKOe ABNEHME
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MPMBOAUT K HEHY)KHbIM MOTEPAM 3SHEPrMM, a TOK «reHepupyemblii» B MNPUEMHMKE Bbi3blBaeT
AOMONHUTENbHYIO HAarpy3Ky Ha pacnpeaennTeNbHylo cuctemy.

PaccmoTpum cnegytowmin npumep. TUNUYHbIA HEIMHEWHbBIA NPUEMHMK, TAKOIM KaK, Hanpumep, LWNPOKO
NCMNOJIb3yeMble MMMY/IbCHbIE UCTOYHUKM NUTAHUA (Hanpumep, KOMMbIOTEPHbIE), 3aNUTaH OT UAeabHOro
reHepaTopa CUHYCOMZANbHOMO HanpaxeHua. Tenepb NPeanofoXUM, YTO MMMESAHC COeAMHEHWI
MEXAY TFeHepaTopoM M MNPUEMHMKOM WMeeT HysneBoe 3HayeHue. HanpsaxeHue, M3MepeHHOe Ha
Knemmax npuémMHUKa, byaeT MmeTb CMHycouaanbHylo Gopmy (OTCYTCTBME BbICLUMX FAPMOHMK) — 3TO
NPOCTO HanpsA)xXeHue reHepatopa. OaHako, ¢opma TOKAa B MPUEMHMKE, YKe OyaAeT copeprkaTtb
rapMOHMYECKME COCTaBAAIOWME — HEJUHENHbIN NPUEMHMK YacTo noTpebnser TOK TOAbKO B
onpeaenéHHble MOMEHTbI BDEMEHM BCEro Nepuoaa CMHycouabl (Hanpumep, MakCUMMAasbHbIN TOK MOXKET
nonagatb Ha MUKU CUHYCOMAbI HANPAXKEHUA).

Ho nNpMEMHKUK He co3daeT 3TUX rapMOHMYECKMX COCTaBAAIOWMX TOKA, OH MPOCTO NoTpebaser ToK He
NMOCTOSHHO MW NPEPbIBMCTO. BClo aHepruto NocTaBaseT TONbKO reHepaTtop.

Ha cnegylowem sTtane MOMHO M3MEHUTb CXeMy, BCTaB/AA MeKAYy FeHepaTopomM W MPUEMHUKOM
onpeaeneHHbIn MMNeAaHC, KOTopbld NpeacTaBnseT coboit aKTMBHOE COMPOTMB/EHWE MPOBOAOSB,
obmoToK TpaHchopmaTopa u T.4,.

M3mepeHna TapMOHUK HaNpsXKeHUs M ToKa NPUEMHMKA [adyT HEMHOro Apyrue pesynbTatbl. YTo
nameHmnTca? MossATcA Hebo/bluMe COCTaBAAIOLME FAPMOHUKU HaMPAMKEHWUA, U, KPOMe TOro, HEMHOro
M3MEHMTCA CMEKTP YacToT TOKa.

Mpn aHanuse QGOpmMbl HaMNPANKEHUA B MNPUEMHUKE MOMHO 3aMeTUTb, YTO MepPBOHaYasbHO
CUHYCOMAANbHbIN CUrHaN cnerka uckasmaca. Ecam npuémHuk notpebnset ToK B OCHOBHOM B MOMEHTbI
NMUKOB HanpAXeHUA — 3T0 ByAeT BbIrNAAeTb, KaK yCeY€HHble BepLiMHbl. bonbluol noTpebasemblit TOK B
3TU MOMEHTbI MPUBOAUT K BOJbLIEMY NAAEHWUIO HaNPsAXKeHUA Ha umnedaHce cetu. YacTb MaeanbHOro
CUHYCOMAANbHOrO CUrHanNa HaKanAuMBaeTcA ceiyac Ha 3TOmM umnedaHce. HekoTopoe M3MeHeHue B
CNEeKTpe TOKa caeayeT U3 HECKO/bKO MHOM GOPMbl HanNpAXKEHUA NUTaHKUA.

Mpumep onucaHHbIX 34€eCb "nnocknx BepLLIMH" CMHYyCOMAaQNbHOINO HanpA»XeHnAa — 3TO O4YeHb 4acCTo
Ha6l'll-0ﬂ,aEMaﬂ KapTUHKa B TUMUYHbLIX CeTAX, K KOTOPbIM NOAKNHOYEHbLI UJMpOKOpaCI'IpOCTpaHéHHbIe
KOHCTPYKLUU UMMNYNbCHbIX 6/10K0B NUTaHUA.

5.4.1 AKTHBHas MOLHOCTb FAPMOHMK

PasnoxeHune HanpAaXxeHnAa U TOKa B NpUemMHUKe Ha rapmoHun4vyeckmne cocCtasaAaroline no3sonaeT 6onee
FI'Iy6OKO BbIACHUTb AEeTa/I NePeTOKa saHepPrnn mexay noCtaBWMKOM 1 NosiyqyaTenem.

MpeanonoXmnm, YTO aHANM3aATOP KayecTBa MUTAHMA NOLKAIOYEH MEXAY WCTOYHWMKOM HarmpsKeHus u
NPMEMHMKOM. KaK HanpsyKeHWe, TaK WM NUTAOWMIK TOK MOABEPraloTCA CMNEeKTPasbHOMY aHanu3y c
nomouwpto 6bicTporo npeobpasosaHua dypbe (FFT), B pe3ynbTaTe KOTOPOro MNosiyyaem amnauTyabl
rapMOHUK BMeCTe C UX $pa3oBbIMU CABUTAMM.

OKa3bIBaeTca, YTO 3HaHUe rapMOHUK HanpAXXeHnAa U TOKa U caBura (1)33 mexagy 3sTUMn rapmoHuUKamu,
NO3BOJIAET PACCYNTATb aKTUBHYHO MOLWHOCTb AEﬁCTBYDMMX Ka)KADI?I rapMOHUKNU B OTAE/TbHOCTU!
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Ph = Un-In-cos Pn
roe:
Ph— aKkTBHaA MOLLHOCTb rapMOHMKM h -ro NopALKa;
Un— pencTBylollee 3HaYeHMe rapMOHUKN HaNpsAXKeHus h -ro nopaakKa;

In— ,D,EVICTBYIOLLI,ee 3Ha4YeHMe rAPMOHUKHN TOKa h -ro nopAagKa,;

Pr—yron Ga3oBoro cABura Mexay rapMoOHUKaMMU HaNPAXKEHUA U TOKa h -ro nopaaKa.
Ecnv mowHOCTb Ph MMeeT NonoXMUTENbHbIA 3HAaK — 3TO O3HA4aeT, YTO AOMWHUPYIOWMA UCTOYHUK
3HEpPrMn 3TOM rapMOHMKN HaAXoAMTCA Ha CTOPOHE MOCTaBlLIMKa 3Heprun. Ecnm oHa oTpuuatenbHas, To
AOMUHUPYIOLLMM UCTOYHMKOM ABAAEeTcA NPUEMHUMK. CneayeT OTMETUTb, YTO HeNb3sl CKasaTb Ha
OCHOBaHMM U3MEPEHHON TaKUM 06pPa3oM aKTUBHOWM MOLLHOCTM FrapMOHMK, YTO TOJIbKO OAHA M3 CTOPOH
ABNAETCA eAMHCTBEHHbIM WCTOYHMKOM TapPMOHWMK, TaK KaK M3MepeHHas MOLLHOCTb fABAsAeTcA
pe3ynbTUPYIOLLLEN A4 NOCTaBLIMKa U NoyyaTtens.

MNpumep: Ecan nocTaBLIMK FreHepUpyeT aKTMBHYIO MOLLHOCTb rapmMoHMK Phb = 1kBT, a nonydatenb
«FEHEePUPYeT» MOLLHOCTb 3TOM FAPMOHUK BenuumnHoh Pho = 100BT, TO pe3ynbTUpyloLas MOLLHOCTb,
M3MepeHHan Ha KAeMMax Mexay noaydatenem v noctaBwmukom, byaet coctaBnate Ph = Phb— Pho = 0,9
KBT.

B cnyuae c npuBeAEHHLIM Bbile NPUMEPOM, Mbl MMEEM [€/10 C ABYMA OTAE/IbHbIMU MCTOMHUKaMMU
MOTOKa 3Heprmu. K COMKaNeHMio, Ha OCHOBE 3TOr0 M3MEpPEHUs He yAacTca NPAMO YKas3aTb Ha
daKTuueckoe pacrnpegeneHue.

B peanbHbIX cUCTeMax, 4acTo OblBaeT [AOCTaTOMHO OMNPeAenuTb AOMUHUPYIOWMINA  UCTOUHMK.
CrpynnupoBaB rapMOHMYECKNE COCTaBAAIOLIME NOOKUTENbHBIX 3HAKOB, NONYYMM BbIBOPKY MOLLIHOCTH,
OTBETCTBEHHYIO 32 MOTOK 3HEPrMM OT MUCTOYHWMKA K NPUEMHMKY, TO ecTb MOJE3HYI0 3Hepruio. B ceoto
o4yepeb COBOKYMHOCTb FAPMOHUK C OTPMLATE/IbHBIM 3HAKOM XapaKTepM3yeT Ty YacTb SHEPrnn, KoTopas
He BbIMNOJIHAET NONE3HOM POAU N «BO3BpaLLAETCA» 06paTHO B pacnpeaennTe/IbHY0 CUCTEMY.

CyMMMpyH BCe€ KOMMOHEHTbI rapMOHM‘-IeCKOﬁ aKTUBHOM MOLWHOCTU, NOAYYUM aKTUBHYHO MOLUHOCTb

NPMEMHMKA. Mbl BMAMM TakMM 06pasom, UTO CYLLECTBYIOT, MO KpalHel mepe, ABa a/bTePHATUBHbIX
MeToAa U3MepPeHUA aKTUBHOW MOLLLHOCTH.

MepBblit MeTOL 3aK/O4aeTCA B pacyéTe cpefHUX 3HAYEHNI MTHOBEHHOM aKTMBHOM MOLLHOCTM, KOTOpas
paccynTbiBaeTCs Ha oCHOBe cneayowmx OTCYETOB HaNpPsAXKeHns n TOKa:

M
1
P = MZ UiIi
i=1

roe Ui Aasnaetca oyepeaHbIM OTCYETOM HanpAaxeHwuAa, lingnaetcs oyepeaHbIM OTCHETOM TOKa, a M-
4YMC/IO OTCYETOB B OKHE M3Mep6HMl‘;1.

BTopoit meTog, — 3TO0 CYMMUPOBAHWE OTAENbHbIX aKTUBHbIX MOLLHOCTEN FAaPMOHMK, KOTOPbIE NoJyYaem
pasnoxeHnem no 6bicTpomy npeobpasosaHuto Oypbe (FFT):

P = Z U1y, cos @y,
h
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5.4.2 PeakTHBHasi MOLHOCTb FTAPMOHUK

TaknM e 06pa3om KaK aKTUBHYIO, MOXHO PaccyMTaTb PEAKTUBHYIO MOLLHOCTM FAPMOHMUK:

Qn = Unln-sinn

3HaHWe pPeaKTUBHON MOLLHOCTM TAapMOHUK SBASETCA LEHHOM MWHbOopMmaLMen, UCNoNb3yemon npu
pa3paboTKe KOMMEHCATOPOB PEAKTMBHOW MOLLHOCTM Ha MapassiesibHblX PEaKTUBHbIX COMPOTUBAEHMUSX.
TaKne KomneHcaTopbl cocToAT M3 LC-Lienoyek, HaCTPOEHHbIX Ha KOHKPETHbIE YacTOTbl TaPMOHMK.

3HaK OTAENbHbIX COCTABAAKOLWMX MOLLHOCTM FTOBOPUT O XapaKTepe Harpysku ANA 3TOW COCTaBAAOLWEN.
Ecnu 3HaK NONOXKMUTENbHbIN, 3TO CBUAETENLCTBYET 06 MHAYKTUBHOM XapaKTepe, a eC/iv OTpULLATENbHbIN,
TO 0 EMKOCTHOM XapakKTtepe.

PeaKTVUBHbIN TOK MCTOYHMKA MOMHO YMEHbLUUTb [0 HY/AA NPU BLINOJAHEHWM YCNOBMA ONA KaxOoW
rapMOHMKM 2:
Bh+Bkhn=0
roe:
Bh — peakTMBHaA NPOBOAMMOCTb NPUEMHMKA ANA h-0if rapMOHUKM,

Bkn — peaKTUBHAA NPOBOAMMOCTb NapaniesibHOro KomneHcaTopa gna h-olt rapMoOHUKN.

[MOCKO/IbKY CNOXHOCTb KOMMeHcaTopa paCTéT nponopunoHanbHO 4Yncay rapmMoHUK, nognexawmnx
KOMMNeHCaUunn, Kak npasnio, KOMNEHCNpyeTcA TO/IbKO OCHOBHAA COCTaBAOWaA U He 6onee HeCKONbKNX
BbICLUMX TAPMOHUK MaKCUMaNbHOW BEINYUHDI. OAaHaKo garke cama KomneHcauma OCHOBHOW rapMoOHUKN
MOXET yXKe AaTb 3Ha4YUTENIbHOE yaydlWleHne KOSd)CbMLI,MEHTa MOLHOCTH.

MpumeyaHue %

N.C. YapHeuguiti: , MOWHOCTM B INEKTPUYECKUX LENAX C HECMHYCOMAANbHBIMW TOKAaMKU U
HanpsaxeHuamun”, WN3pgatenbcTBo BapluiaBcKoro nosMTEXHMYECKOrO YHMBepcuTeTa, Bapwasa, 2005,
cTp.109.

L.S. Czarnecki: ,Moce w obwodach elektrycznych z niesinusoidalnymi przebiegami pragdéw i napiec”,
Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa

5.4.3 XapakKTepHUCTHKa rapMOHUK B TPEéx¢a3HbIX CUCTEMAX

FApMOHUKKN onpefeneHHoro paga B 3-X @asHbIX CUCTEMAX WMMEIOT HEKoTopble cneuupuyeckme
0CO06EHHOCTH, KOTOopble NOKa3biBaeT Tabanua 12:

Tabanua 12.
Pan 1 2 3 4 5 6 7 8 9
YacTota ('y) 50 100 150 200 250 300 350 400 450
MocnepoBaTelbHOCTb
(+) npamas, + + +
(-) obpatHas, h 0 B 0 B 0
(0) HyneBas

Ctpoka «llocnenoBaTeNbHOCTb» OTHOCUTCA K METOAy CMMMETPUYHbIX COCTaBAAIOLWMX, KOTOPbIN
No3BOAAET Pa3NOKUTb N1060N U3 3-X BEKTOPOB Ha TpU Habopa BEKTOPOB: NPAMOM, 06paTHOM U Hy/eBoM
nocaenoBatenbHocTu (NoapobHee B pasaese, NOCBALWEHHOMY Npobieme acCUMMETPUM).
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Bocnonb3yemca npumepom. Mpeanonoxum, 4to TpéxdasHblt asuratenb 3anmMtaH oT CUMMETPUYHON 4-
X NpoBogHOW ceTn (To ecTb 3ddeKTUBHbIe 3HauYeHUA GasHbIX HanpPsXKeHUM paBHbl U YIAbl MeXay
OTAEeNbHbIMW OCHOBHbIMM KOMMOHEHTaMM cocTasaatoT no 120°).

3HaK «+» B CTPOKe, ONpefenstolelr nocnesoBaTenbHOCTb AAA 1-rapMOHMKM, 03HAYaeT HOpMasbHoe
HanpasneHuWe BpaleHMNAa Bana asuratenda. FapMOHUKM HaNpPAaXKeHUA, ANA KOTOPbIX 3TOT 3HAK TaKKe «+»
NPUBOAAT K BO3HWKHOBEHWIO KPYTALLEr0 MOMEHTa COBMAAAlOWEro C HanpaB/lieHUMEM OCHOBHOW
rapMoHUKKU. FapmoHUKK pagos 2, 5, 8, 11 aBaatoTca rapMmoHMKammn obpaTHOM nocieaoBaTelbHOCTH, TO
€CTb NPOU3BOAAT KPYTALLMIN MOMEHT, KOTOPbIA NPENATCTBYET HOPMasibHOMY HamnpaB/EHWUIO BPaLLeHUs
ABUraTensa, 4YTo MOMKET TMPUBECTM K HArpeBaHWIO, HEHYXXHON MOTepe SHEPrMM WU  CHUNKEHWUIO
npounssoauTenbHocTu. MNocneaHen rpynnon ABNAIOTCA FAPMOHUKN HYNEeBOM NOCAEeL0BATENBHOCTH, Takne
KaK, Hanpumep, TPeTbA, WecTaa 1 AeBATaA, KOTopble He NPOU3BOAAT HUKAKOro KPyTALLEro MOMEHTA, HO
npoTeKasa Nno obMoTKe ABuraTens, Bbi3blBAOT €r0 A0MNO/IHUTENbHbIN Harpes.

Ha ocHOBaHWW AaHHbIX TabAulpbl NErKO MOMHO YBUAETb, YTO MOCNEAO0BaTE/NbHOCTb «+», «-», «0»
nosTopAeTca [ANA  BCeX NOCAeAyloWwmux pAgos  rapmoHuk. @dopmyny, CBA3bIBAIOWLYIO  TUM
noc/eA0BaTeNbHOCTU C PAAOM OYeHb NPOCT U Ans k, KOTopbIl ABAAETCA N06bIM LLEe/IbIM YNCAOM:

Tabaunua 13.
MocnepoBaTeNbHOCTb FapMOHWYECKMI pAL,
npsamasn «+» 3k+1
obpaTHas «» 3k-1
Hynesas «0» 3k

FAapPMOHMKM YETHbIX PALOB OTCYTCTBYHOT, KOr4a [AaHHbIM npouecc ABAAETCA CUMMMETPUYHbIM
OTHOCUTE/NIbHO JINHWUW €ero CpefHero 3Ha4YeHWsi, a TaKOe CBOMCTBO MMEIOT CUrHasbl B HO/bLUMHCTBO
CUCTEM MNUTAHUA. B TUNMYHOM CUTyauMM WU3MEPEHHbIE YPOBHU TAPMOHUK YETHLIX PALOB MMEKT
MMWHUMaANbHble 3HauYeHUA. Ecn yyecTb 3TO CBOMCTBO, TO OKAXKETCA, YTO FPynnbl FAPMOHUK C CaMbiMU
HekenaTeNbHbIMU KayecTBamu — 370 3-9, 9-1, 15-a (HyneBas nocnegoBaTeNbHOCTL), a TakkKe 5-a, 11-1,
17-a (obpaTHas nocneaoBaTeNbHOCTD).

FapMOHMKM TOKa, KOTOpble KpaTHbl uucay 3 C€o34aloT AOMONAHUTE/bHble MPob6aembl B HEKOTOPbIX
cuctemax. B 4-x NpoBOAHbIX CUCTEMAX OHWM UMEIOT OYEHb HeXenaTe/IbHYt0 0CODBEHHOCTb CYMMMPOBATLCA
B HyneBom npoBoge. OKasblBaeTCs, YTO B OTIMYME OT FAPMOHUK APYrMX PAAOB, r4e CYMMa 3HauyeHui
MFHOBEHHbIX (a3HbIX TOKOB KOMMEHCUPYeTCA, MPOLEeccbl 3TUX FApMOHMK coBMagatoT no dase, 4yTo
npuBoauT K fobasneHnto GpasHbIX TOKOB 3TON COCTABAAOLWEN B HYJ1IeBOM NPOBOAE. ITO MOXKET NPUBECTU
K Meperpesy 3TOro NpoBoAa (B YaCTHOCTU, B pacnpenenmTeNbHbIX CUCTEMAX, B KOTOPbIX MCMO/1b30BaHO
MeHbLUee ceyeHMe 3TOro npoBoAa, 4Yem ¢a30BblX, a [0 HeAaBHeEro BpemeHM 3To ewe 6blio
pacnpocTpaHeHHOoW NpaKTUKoit). Mo 3Tol NpUYKHE, B CETAX C HENMHENWHbIMM Harpyskamu u 6onbmMmm
NCKaXKEHMAMM TOKa, B HacToOsLLLEE BPEMA PEKOMEHAYETCA, YTOObI ceYeHne HeNTPabHOro Nposoaa 6bi10
60nblue ceveHna GpasHbIX NPOBOAOB.

B cucTeMax TMNa «TPeyrofibHMK» rapMOHMKM 3TUX PAAOB OTCYTCTBYIOT B IMHENHbIX TOKaX (C OrOBOPKOM,
YTO peyb MAET O CUMMETPUYHBIX CUCTEMAX), B TO BPEMSA KaK OHW LIUPKY/IMPYIOT B BETBAX HArpysKu, Takxe
BbI3bIBas HEHY}KHble MOTePU MOLLHOCTH.

Takoi XapaKTep oTAE/bHbIX TAPMOHUK, KaK 3TO NOKAa3aHO B Ta6nmu,e, COXpaHAeTCA C NMO/IHON TOYHOCTbIO

TOJIbKO B TpéX¢a3HbIX CUMMETPUYHbIX CUCTeMaX. TONIbKO B TaKUX CMCTEMAX OCHOBHAA rAapMOHUKA nmeeT
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XapaKTep WCKAYUTENIbHO NPAMON NOCNefoBaTe/IbHOCTU. B peasbHbIX cUCTEMAX, B KOTOPbIX €cCTb
onpeaeneHHas CTeneHb aCMMMETPUN HaNpPsKEHUA NUTAHWUA U AMCOanaHC HarpysKu, NOSBAAIOTCA He
Hy/sieBble CoOCTaBAsAlWMe 06paTHOM M Hy/neBOW nocnefoBaTeNbHOCTU. MepoW 3TOM acMMMETpUK
ABNAIOTCA TaK HasblBaemble KO3IQPUUMEHTbI HecummeTpun. M MMEHHO M3-3a 3TOM acCUMMETPUn
OCHOBHOI FrapMOHMKM, U, KPOME TOTO, PasHMULbl B aMNANTyAax M Gpasax BbICLUMX FAPMOHMK B Kaxgon us
das - 3TM TrapMOHMKM Takke OyayT MMeTb KOMMOHEeHTbl MnpAMON, obpaTHOM W HyneBow
nocneagoBatenbHoOCTU. Yem 6Gonble acummeTpusa, Tem bosblue bOyayT TakXKe [0AW  OCTasbHbIX
COCTaB/IAOLWMX.

CraHpapT TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) pekomeHAayeT, 4Tobbl B aHa/aM3aToOpax CceTu
npuUMeHANCA MmeTod noAarpynn rapMoHMU4YeCKmMX COCTaBNAOLWLUX.

5.4.4 KospPpuuueHT rapMoHMYeCKHX UCKakeHUuH (THD)

KoapduumeHT rapmoHmnyecknx nckaxkenuii THD (aHrn. Total Harmonic Distortion) ssnsaeTtca Hamnbonee
pPacnpocTpaHEHHbIM  MOKasaTenem WCKaXKeHUA CUrHanoB. Ha npaKkTuke Ucnonb3yloTca  ABe
Pa3sHOBMAHOCTM 3TOr0 KO3pPUUMEHTA:

o  THDF - K03pPULMEHT rAPMOHUYECKUX UCKAKEHWNI, OTHOCUTESIBHO OCHOBHOM FrAPMOHMKM CUTHANA
(ot aHrn. fundamental),

o THDR - KO3OOUUMEHT TFAPMOHUYECKMX WCKAXKEHUI OTHOCMTENIbHO CpeaHEKBALPATUYHOTO
3HayeHusa (RMS) curHana.

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

/ he2 AR / h=2 AR
% 100% THDp = +——

1 RMS
roe: Ah — geiicTaylolllee 3HaYeHMe rapMoHUKK h-ro paaa;

THDy = X 100%

A1 — geiicTBytoLlee 3Ha4YeHe OCHOBHOM rapMOHNKHK;
ARMS — AeicTByOLLEE 3HAYEHNE CUrHana.

OrpaHMYeHne YNCNA FAPMOHMK, YYNTbIBaeMbIX NpU pacyeTe THD, nMeeT yCNOBHbIN XapaKTep M CBA3AHO,
npexae BCero, C OrPaHUYEHUAMU M3MEPUTENbHOFO YCTPOMCTBa. [MOCKONbKY aHanu3aTop no3Bonset
M3MepATb rapMOHUKK A0 50-ro nopaaka, npu pacyéte THD yuutbiBatoTca rapmoHmkm 50-ro nam 40-ro
nopsagka.

CneanyeT UMeTb B BUAY, YTO ABa YNOMAHYTbIX onpeseneHnsa byayT AaBaTb 3HAYUTENbHO OT/AMYatoLMecs
ApYr OT gpyra 3Ha4eHUA NPU CUAbHO UCKaXKEHHbIX curHanax. THDR He morkeT npesbiwatb 100%, a THDF
TAKoro npezesna He MMeeT U MOXKET NMPUHUMATbL 3HaveHus, aaxe 200% n 6onee. TakoW cay4alt MoXKeT
HabnoaaTbCA MNPU  U3MEPEHUM 3HAYUTENIbHO WCKAKEHHOTrO TOKa. [apMOHMYECKME UCKAXKeHUs
HanpAXeHUs, Kak NPaBMo, He NPEeBbIWAatOT HECKOIbKUX NpoLeHTOoB (Kak THDF, Tak n THDR).

5.4.5 KosdpPpunuent K

KoadduumeHTt K, TakkKe HasbiBaemblit KoadduumeHTom notepb B TpaHchopmaTope (K-dpaKktop) — ato
BE/IMYMHA, KOTOpasa WCMoNb3yeTca npu onpepeneHun TpeboBaHMii K TpaHchopmaTopam MUTaHUA.
BbiClUME rapMOHMKN B TOKE NPUBOAUT K YBEIMYEHMIO TEMOBbLIX NOTEPb B 0OMOTKAX U METaN/IUYECKMX
anemeHTax TpaHchopmaTopa. [NaBHOM NPUUMHON ABANAIOTCA BUXPEBblIE TOKM, FEeHepupyemble
COCTaB/IAOLWMMM TOKA Ha Hoslee BbICOKMX YAacTOTaXx, a TAKKe CKUH-3bdEKT.
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MoBbilleHMe TemnepaTypbl TpaHchopmaTopa NpPSAMO  MNPOMNOPLMOHANABHO  KBaapaTy 4acToThbl
COCTaBAAOLWMX TOKA, NO3TOMY BE/MYMHA Ha3biBaeTcs KoaddUUMEHTOM NoTepb B TpaHCchoOpmaTope Mau
MHaye KoadpoduumeHtom K, yuntbiBasa 3TOT ¢aKT, OH paccuUUTbiBAeTcs Mo cheaywolwen dopmyne:

Zhz1 [nh?

50
KFactor = Z 13.h? = 2
1

[Ih=/1
rae: lhr — OTHOCUTENbHOE 3HauyeHWe FapMOHMK Toka h-ro psaa (MO OTHOLIEHMIO K OCHOBHOW

rapMoHuKe);

Ih —amnauTyaa rapMmoHuKK Toka h-ro paga;

[1 —amnanTyga OCHOBHOM COCTaBAAIOLWEN TOKA;
h — rapmoHuyecknit paa.

3TOT nNapameTp NpMAaéT ropasgo 60MbWKMIA BeC BbICLUMM FapMOHMKaM, YeM HU3WKUM — Kakaas
rapMoHMKa YMHOXaeTca Ha KBagpaT ee paja.

KoadpodumumeHT K noneseH npu onpegeneHnn TpeboBaHUM K TpaHchopmaTopam, KOTOpble A0JIXKHbI
paboTaTb B YCNOBMAX 3HAUUTENIbHbIX WCKaXKeHW TokKa. [lpepgnosaraertcs, 4to TpaHchopmaTtop,
paboTaolmii B yCA0BUAX, ONA KOTopbiX KoadpduumeHT K cocTaBnser x, byaer reHepuposaTb B X pas
6o/blue Tenna, Yem B CUTyaL MM YUCTO CUHYCcOMAaAbHOTO ToKa (K = 1).

5.5 HHTeprapMoHUKH

MHTepFapMOHVIKVI — 3TO TaKue COoCTaBiAloWMeE YaCTOTHOINoO CneKTpa HanpAaXxXeHuna Uan TOKa, 4YacCTOoTa
KOTOpbIX He 6yAeT KpaTHOW OCHOBHOWM 4YactoTe cetu (50 wam 60 Tu). MpUYMHON BO3HWMKHOBEHWS
WHTEPrapMOHMK MOTYT 6bITb, B YaCTHOCTU, HECMHXPOHHbIE U MEPEXOoAHble NMPOLLECChI, COMYTCTBYIOWME
noaKatoYeHnAM, npeobpasoBaTenn 4acToTbl, KOTOPble CO3AQIOT BbIXOAHYIO 4acTOTy OT/MYHYIO OT
YacToTbl NUTatoLLein ceTn, fo6aBNAA B CUCTEMY CNEKTPAsibHblE MHTEPrapMOHWYECKME COCTABSAIOLLME,
OyroBble Neyn M MHAYKUMOHHblEe ABUraTe/In, a TaKKe NpUBOAbl C MepeMeHHOM Harpyskon. CurHanbl
ynpas/jieHna, TO €eCTb CUrHajbl CTPOro OnpeaesiéHHON 4YacToTbl, KOTOPble FeHepupyroTcA B LenAx
ynpasieHWsa U NonajaloT B 3NEKTPOCETU, TaKKe CaefyeT PacCMATPUBaTb Kak MHTEpPrapmoHMYecKue
cocTasnaowue. MHTeprapMoHUKM C 4acTOTOW, MeHbLUe OCHOBHOWM 4acToTbl CETW, Ha3blBalOTCA
Ccyb6rapmoHmKu.

3¢ddeKTbl NPUCYTCTBUA MHTEPFAPMOHUK MOTYT BbITb CAeaytowme:

PocT notepb B MeXaHMYeCKMX ABUraTeniAx, MoBbllleHWe TemnepaTypbl; B 4acTHOCTM, BpeaHbl
CybrapmoHMKK, NOCKO/IbKY NOTEPU MOLLLHOCTU BO3PACTAlOT C YMEHbLUEHWEM YacCTOTbl;

e MepuaHue cBeTa; B 3TOM CAy4yae TaKXKe 0CobeHHO HenpuATHbl cybrapmoHuKu. Hanpumep,

cybrapmoHuKa c yactoTtoi 8,8 NPMBOAUT K MOAYAALMM HANPAMKEHUA CeTU B AManasoHe, B

KOTOPOM YesI0BEYECKUIA T1a3 Hanboiee YyBCTBUTE/IEH K 3TOMY ABJIEHUIO;

HW3KoYaCTOTHbIe KoNebaHNsA B MexaHUYeCKnX cnucrTemax;

Momexu B paboTe cuctem ynpasaeHusa n 6e3onacHoOCTy;

o [omexu B TeIEKOMMYHWUKALMAX U aKyCTUYECKUE;

® MarHuMTHOe HacblleHe CcepAeYHUKA OT cybrapMoHuK (TpaHcdopmaTopsbl, 3/1eKTpoABUraTeNn U
T.4.).

102



B3anMmopencTeme BbICLUIMX TAPMOHUK U MHTEPrapMOHUK TaK¥Ke MOXKET MPUBECTU K HerKenaTesbHbIM
ABNEHUAM, TaKMM KaK BMeHMs Ha HU3KMX 4YacToTax. Hanpumep, 9-a rapmoHuka (450Mu) Bmecte c
WHTEPrapMoOHUKOM YacToTbl 460MU, NpUBOAUT K BO3HUKHOBEHWIO 3ddeKTa bueHus uactoTon 100w,
HECMOTPSA Ha TO, YTO B YaCTOTHOM CMEKTPEe HET COCTABAAOLWEN 3TON YacTOTbl. YenoBEeYECKMI 133 OYEHb
YyBCTBMTENIEH B 3TOM [AManasoHe W TaKoe B3aMMOAENCTBME MPUBOAMUT K 3HAYMTENbHOMY 3PeKTy
MmepuaHua cseta. ®opma HanpaxeHua 230B/50ML B 3TOW cUTyauuu nokasaHa Ha Puc. 45.0wwnbkal
MCTOUYHMK CCbINIKU He HalAeH. (YCTaHOBNAEH ropasao 60ablKiA YPOBEHb MHTEPFAPMOHMKM YEeM 06bIYHO,
yTOObI NOKa3aTb 3QDEKT HAa PUCYHKe).
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Puc. 45. 3ddeKT B3aumoaeinctema 9-i rapmoHukn (450, 10% Unom) 1 nHTeprapmoHmnkm 4600,

(10% Unom). Buanmble nameHeHusa ¢opmbl HanpsaxkeHua ¢ YactoTon 10, KoTopble MOryT co34aTb
addpeKkT mepuaHua ceeta (Unom = 230B RMS, 50T w).

5.5.1 KosdpdunueHT HHTEeprapMoHH4YeCKHUX UCKakeHu i (TID)

Obuwen mepon NPUCYTCTBUMA WHTEPrapMOHUK B CUTFHasne sABASETCA KO3QOMUMEHT coaepyKaHus
WMHTEPrapMOHMUK, KOTOPbIM onpeaenneTcs Kak:

n AZ
ih=0“'ih
TIDy = ~—— x 100%
Ay
2
?h=0Aih
TIDg = ~————— % 100%
ARMS
rae: TIDr — KOBd)d)MLI,MEHT cogepaHMA UHTEpPrapmMmoHUK NO OTHOWeEHU K OCHOBHOWM

cocTaBnstoLwen,

TIDg - KO3OPUUMEHT COAEPrKAHNA UHTEPrAPMOHUK MO OTHOLIEHMUIO K AEeMCTBYOLWEMY 3HAYEHUIO
RMS,

Ain — BeNCTBYIOLLEE 3HAYEHME MHTEPTAPMOHMKM ih-ro paga (noarpynnbl MHTEPraPMOHMK),

A; — felicTBytoLLee 3Ha4YeHNe OCHOBHOM COCTaBAAIOLWEN,

Agms — AEMCTBYIOLLLEE 3HAYEHUE CUTHANA,

n — B cnyyae ¢ PQM-702(T) u PQM-703 paBHo 50.

TID aBnseTcA OTHOLWEHMEM AENCTBYIOWLEr0 3HAYEHNA BCEX MHTEPrapMOHMK K OCHOBHOM COCTaBAAoLLEN
(mna TIDg) nnn Kk pencteytowemy 3HayeHuno RMS (ans TIDg).

Mpremnembiii ypOBEHb MOMEX WMHTEPrapMOHWMK B HAMpPAXEeHUMW — 3TO BOMPOC AUCKYCCUI B Kpyrax,
CBA3@HHbIX C KAyeCTBOM 3J/IeKTPO3Hepruu. HeKoTopble WMCTOYHWMKKM YTBEPKAAKT, UYTO CYMMapHbIN
K03pOUUMEHT MHTEPrapMOHUUYECKUX UCKAXKEHMI NO HAMNPAXKEHUIO He A0XKeH npeBblwaTh 0,2%.
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5.6 CurhHasibl ynpaBJeHUs

YnpaBaswowmMmmn curHanamu (aHrn. mains signalling) HasbiBalOTCA CUrHaAbl, KOTOpble BBOAATCA B
3/1eKTPUYECKYl0 Lenb ANs  AUCTAaHUMOHHOTO  YNPaBAEHMA W KOHTPOAA Hah  YCTPOWCTBaMM,
MOAK/IOYEHHbIMM K TOM ke ceTu. Takum o6pasom, pacnpegenuresibHas CeTb Kpome nepeaaqu
3/1eKTPO3HEPIrMK, B AAHHOM C/lyyae WCMoJib3yeTcsa B KayecTBe cpeabl nepegauv gaa CBA3M MeXay
yCTpoicTBamu. PasinyatoT Tpy TMNa CUrHaAoB:

e CurHanbl HM3KoM YactoTbl oT 110 go 3000lu, Ha3biBaemMble Mo-aHIUNCKK ripple control signals
(mocnoBHO: Nynbcupylowme ynpasasiowme CUrHanbl);

e CurHanbl, UCNO/Mb3YIOLWMX HeCyLyo 4acToTy, aHrn. Power Line Carrier Communication, PLCC,
Anana3oH YactoT ot 3 ao 148,5klu;

o MapkepHble curHanbl (aHrn. marking signals), KOpPOTKME TPaH3UEHTbl, Ha/IOXEeHHble B
onpeaesiHHOM TOUYKEe Ha CUTHaN HanpsaXKeHus.

MocKoNbKy BBEAEHME TaKMX CUTHAIOB B CETb INEKTPOMUTAHUA MOXKET UMETb HEeraTUBHbIE NOC/eACTBUA
ON1A HEKOTOPbIX YCTPOWCTB, NOZOOHO BAMAHMIO, KOTOPOE OKA3bIBAKOT FAPMOHUKN UAN UHTEPTAPMOHMKM,
To NOCT 32144-2013 ycTaHaBAMBAET AMMMUTbI Ha 3-X CEKYHAHbIE CpeaHue 3HAYEeHNA ANA TaKUX CUTHANOB,
KaK MoKasaHo Ha Puc. . 3a Bpema uamepeHus, 99% cpedHMx 3-X CEKYHAHbIX 3HAYEHU CUrHaNoB
ynpaBaeHna A0KHbI ObITb HUKEYKa3aHHOTO IMMMUTA.

CurHanbl HM3KOM YacToTbl (A0 3KML) MCNONb3YIOTCA ANA BKAKOYEHUS U BbIK/IIOYEHMA Harpy3Kku, GUAbTPOB,
ycTponcte 6e3onacHocTn. O4HMM M3 NPUMEHEHWUI ABAAETCA YNpaBAeHUE YIMYHBIM OCBELLEHMEM WU
OVCTAaHUMOHHOE ynpaB/eHne OTOMUTENbHbIMM YCTPOMCTBAMU U KOHOMLMOHEPAMM, WUCMOJIb3yemoe B
HEKOTOPbIX CTPaHax. YacTo cuMrHanbl 3TOro TMMNa MCMOAbL3YHTCA NPU 0O6CAYKMBAHUN KNMEHTOB C ABYMA
Tapubamum (Hanpumep, npu 6onee AEWEBOM HOYHOM Tapude MNOCTABLUMK SHEPTMM AaBTOMATUYECKM
OTK/IOYAET onpenefieHHY0 Harpysky). 3ToT TMN CBA3M 0ObIYHO OL4HOHAMpPaB/EHHbIN. M3-3a xapaKTepa
3aTyxaHuA B pacnpenenuTenbHOl CeTn, KOTOpoe yBeMUYMBAETCA C POCTOM YacToTbl, CBA3b MO 3TOMY
MeToAy NO3BOJIAET NOAYYNTb BONbLLYIO AaNbHOCTU Nepesayn (Aaxe Ha COTHM KuaomeTpos). B npouecce
nepegayn yﬂpaBﬂﬂ}OU.LMVI CUTHan OTnpaBaAeTcA HECKOJ/IbKUMU MaKeTaMn U1 NOBTOPAETCA 4epes
onpenenéHHoe BpemA. Camo Bpems, B TEYEHME KOTOPOr0 CUrHaN aKTUBEH, MOXeT ObiTb oyeHb
NPOAO/IKMTENIbHBIM, HAaNPUMeEp, 2 CEKYHAbI CUTHAN BKAKOYEH, 2 CeKYHAbl — BbIKIKOYEH M HECKObKO pa3
NoBTOPATLCA. M3BECTHbI CNyvan, Koraa Takoi TMN nepefayy NpUBOAMA K NOABAEHUIO HeXenaTelbHOro
addeKkTa mepuaHma ceeTa. Mpmumep nepesaym cUrHana Takoro TMNAa NoKasaH na Puc. 46.

AL rANNATY RS
CHIHENA YNREENEHKWA

-+ p= T2_=2!3

=1
1 MHHYTA

™

Bpema

1 yac

Puc. 46. Mpumep nepesaym ynpasstoLLErO CUrHAAA HU3KOM YacToThbl.
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Bonee BbICOKME 4acToTbl Nepenayun (cnenoBaTenbHO, TakKe 6onee BbICOKME CKOPOCTU nepeaayn)
aBnaoTcas obnactbto cBAsn Tmna PLCC. 3TOT TMN CBA3WM MCMNOb3yeT aMMIUTYAHYH MM YacTOTHYIO
MOAYNALMIO Hecylel (BO3MOXKHO, W ApyrMe MeToabl moaynsumm). B coBpemMeHHbIX MeToaax
NPUMEHAIOTCA  CNOXHble  ANrOpuUTMbl  06paboTKM  CUTHANoB, [AAA NOAYyYeHMA  Hambosblueit
NMOMEXOYCTOMYMBOCTM W CKOPOCTU nNepenayn AaHHbix. [epepgaya curHana tvna PLCC Bce Bpems
npuobpetaeT NoONyaAApHOCTb, yBeAn4MBaa o0baacTb CBOEro npumeHeHusA. CBA3b MeXKAy TOUYKaMMK CeTU
MOXET ObITb ABYCTOPOHHEM. KoHuenuua MHTenneKkTyanbHoMn ceTn, T.H. smart grid, WMpoKo ncnonbsyet
PLCC, KoTopasa ABAseTcs O4HUM M3 OCHOBHbIX METOAO0B CBA3M MEXAY CYETYMKAMU INEKTPOIHEPrUN U
KOOPANHAUMOHHBIM LLeHTPOM. OCHOBHble 061aCcTM NMPUMEHEHUA — 3TO TeNeMeTpuA, ONTUMM3ALUA
noTpebneHns  3NEeKTPOIHEepPruM,  OAUCTAHUMOHHOE  yrpaB/ieHWMe  Harpy3koW.  3aTyxaHue B
pacnpeaennTenbHOM CeTU OrpaHMUMBaET MaKCUMMaslbHY0 JasbHOCTb nepegayn. MaKkcumanbHas
JANbHOCTb MOMKET COCTaB/ATb HECKOJIbKO KWMAOMETPOB, MPUYEM CYLLECTBYET CUAbHAA 3aBUCMMOCTb
MeXKAY TUMOM MOAYNALMKN, CKOPOCTbIO Nepesayn AaHHbIX U 4OCTUTaeMON Aa/IbHOCTbIO.

OpHoBpemMeHHO BeayTcA PaboTbl MO CTAHZ4APTM3AUMM MCNONb30BaHMA Oonee BbICOKMX AMAMNA30HOB
yacToT (cBbilie 148,5kMU, M A0 HECKONbKUX AecATKkoB MMU) Ana nepeaaun AaHHbIX Ha KOPOTKUeE
OUCTaHUMN.

B ceTAx co 3HauMTeNbHbIM COAepXKaHMEM FAPMOHUK, rae ANA CHUXKEHUA YPOBHA NMOMEX MPUMEHAOTCA
OONONHUTEeNbHble GUABTPbI, BCNEACTBUE WX WCMNOJb30BAaHMA MOXKET BO3HMKHYTb [OMOJIHUTENbHOE
3aTyxaHue B AManasoHe YacToT, UCMOb3yeMbIX ANA HYXKA, curHanmnsaumn. Kak Haanume GunbTpos, TaKk U
BbICOKMM YPOBEHb FAPMOHUYECKUX U MHTEPrapMOHUYECKUX MCKAXKEHUM, 3HAYUTENIbHO OrpaHU4MBatoT
BO3MOXHOCTb 3ODEKTUBHOIO MCMNOJIb30BAHUA pacnpeneiMTenbHOM CeTU ANA CBA3M HU3KOYACTOTHbIM
meTtogom unm PLCC.

10 ¥POEEHE HANPAKEHMA B NPOUEHTSX

1

0.1 1 10 YacTtoTa (kfu) 100

Puc. 47. lonycTMble YPOBHU YNPaBAAOWMX CUTHANOB.

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) paéT cneayloWMii MeTod W3MEPEHMA CUTHanoB
ynpasieHua:

e Ecnv uacToTa curHana ynpasieHua KpaTHa 5Mu (To ecTb, coBnagaeT C BbIXOAHOM MOAOCKOM
YacToTHOro aHanusa no 6bicTporo npeobpasosaHua dypbe), Toraa cnesyer yUMTbIBaTb TObKO
OZHY 3Ty MOJIOCKY U ee AeWCTBYIoLLEe 3HAaYEHUE;
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e Ecnuv vyactoTa curHana ynpaeneHUa He KpaTHa 5, TO paccunTbiBalOTCA AEUCTBYIOWME 3HAYEeHNA
YeTbIpExX NoJIOCOK No bbicTpomy NpeobpasosaHuio Dypbe, Hanbosiee HM3KUX 3TOM YacToTe.

5.7 AcummeTtpus

ACMMMeTpVIﬂ ABNAETCA NOHATUEM, CBA3AHHbIM C TpeXd)a3HbIMVI ceTAMU U MOXKET OTHOCUTLCA K:

o ACMMMETPUWN HANPAXKEHUI NUTAHUSA;
o ACMMMETPUM TOKOB HArpy3sKu;

° ACMMMETPMVI npuemMHHuKa.

ACMMMETPUA HANPAXKEHUN (TOKOB) npoucxoamt B TPEX(DAsHbIX CeTAX, KOrga 3HayeHuAa TPEx
COCTaBAOWMX HAMPAXKEHUN (TOKOB) pas/nMualoTca mexay cobol U/Mav yrabl mexKay OTAeNbHbIMU
$azamu otamyaroTca ot 120°.

ACMMMGTpMH npunemMmHunKa BO3HWKaeT Toraa, Korga mmnendaHcbl B OTAE/IbHbIX BETBAX I'IpVIéMHVIKa He
paBHbl MeXxay coboii.

3Tn ABneHUs ocobeHHO BpeaHbl Ana TPExdasHbix ABuUratesen, B KOTOPbIX Aarke Hebosbluas
dCUMMETPUA HanpAXeHUnA MOXKeT NpuBeCctT K MHOIOKpPaTHO 6onblien dCMMMETPUN TOKOB. B Takux
YCNOBUAX KPYTALLMIA MOMEHT ABUratens yMeHbLUaeTca, U MNOABAAIOTCA yBeNUYeHHble NnoTepu Tenna B
0BMOTKax W MexaHW4YecKMii M3HOC. ACMMMETPUSA TaKKe HeraTMBHO OTpaskaeTcd Ha CUIO0BbIX
TpaHchopmaTopax.

Hanbonee pacnpocTpaHEHHbIM WCTOYHMKOM aCMMMETPUKN ABNSETCS HEepaBHOMEPHOCTb Harpysku
OTAENbHbIX $pa3. XOpowWwnm Npumepom ABAAETCA NOAKNIOYEHME K ceTU TPéxdasHOoro nepemeHHoOro Toka
oAHOdAa3HbIX HAarpy30K, TaKMX, KaK *KenesHo40POXKHbIe TATOBble ABUraTENN.

AHanus3aTop NO3BONAET U3MEPATb ACMMMETPUM HaMpPSKEHUM M TOKOB METOAOM CUMMETPUYUHBIX
COCTaBAAOWMX. ITOT METOA, OCHOBaH Ha MpPeano/oXKEHWM, 4YTO KaxKablh Habop B cocTaBe TPEX
HeypaBHOBELLEHHbIX BEKTOPOB, MOXHO Pa3/IoKWUTb Ha CYMMY TpPeX rpynn BEKTOPOB: NPSAMON, 06paTHOM
W HYNEeBOM NOCNeA0BaTEIbHOCTY.

U'IL;
ol Ui Uya alhs az|---|'|t;
P 1] y
) ~— >
a’lsc Ui +alg+a®l,.= 3
Usp

Puc. 48. Mpumep onpeseneHns CMMMETPUYHONM COCTABAIOLLEN NPSAMON NOCAeA0BaTENbHOCTY.

B KauectBe npumepa npeancraBineH cnocob pacdeTa HanpAaxeHwuA COCTaBﬂFHOLLI,eI‘/JI I'IpFIMOI‘/JI
nocnenoBaTeNIbHOCTH. Mo onpegeneHuto:
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1
U* =3 (Uia + alip +aUsc)

roe: U*— aBnAeTca BeKTOPOM NpsAMOIA NOC1ea0BaTeNbHOCTH,
Uia, U1s, Uic saBnsatoTca BEKTOPAamMM OCHOBHbIX coCTaBastowmx ¢pasHbix HanpsaxxeHuin Ua, Us, Uc,
120° 1 3. i40° 1 3.
a = 1e/120 ==+ a? = 1e/240 =—-=>J

Ha Puc. 98 npepcraBneH rpaduyeckuii cnocob onpepeneHus sTon cocTasastowen. Kak BugHo u3
[AHHOrO onpeaeneHns, BEKTOP COOTBETCTBYIOLWEN COCTaBASIOWEN PaBeH OAHOM TPeTu CyMMbI
komnoHeHToB:_U1a, aU1s, a2Uic. MapameTp a u a2 — 310 eAMHUYHbIE BEKTOPbI C yrnamu 120° n 240°.
Mpoueaypa, cneayrolan: BeKTop HanpsxeHua UiB HY)XHO NOBepHYTb Ha yron 120° npoTvMB 4YacoBoit
CTPENKM (YMHOMKeHMe Ha «a») n fobasuTb K BekTopy U1a. 3aTem BekTOp U1C HY)KHO NOBEPHYTbL Ha Yron
240° 1 pobaBuTb K Npeablaylwen cymme BeKTOpoB. B pesynbtate nonyumtca Bektop 3U*. Bektop U*
ABNAETCA MCKOMOM CUMMETPUYHON COCTaBAAIOWEN MPAMOM nocnegoBaTenbHocTU. OTMETUM, 4TO B
cnyvyae  wnpeanbHoOM  CUMMETPUKM  (paBHble  HanpAXeHWUA W yrabl)  cocTaBasAlowMe NpPAMONA
nocnenoBaTelbHOCTN ByAyT pPaBHbI NO BeAMYMHE Ga3HbIM HAMPAXKEHUAM.

AHanoruyHo, obpaTHas cocTaBaAlolLLaNA ABNAETCA Mepoi noaobua cummetpuyHoro Habopa TpéxdasHbix
BEKTOPOB 0bpaTHOM Noc/ieA0BaTe/IbHOCTH.

Hynesasa nocnenoBaTefNbHOCTb CYLIECTBYET B CUCTEMAX, B KOTOPbIX CymMa TPEX HanpsKeHui (nam
TOKOB) He paBHa Hy/0.

LLINpOKO MCNONb3yeMOol B SHEPreTUKe BeNMYMHAMM, XapaKTepM3YIOLMMM aCUMMETPUIO CETU, ABAAIOTCA
Ko3dPULMEHTbI HECMMMETPUM Mo 0b6paTHOMW W HyneBoW nocnenosBaTenbHOCTU (Ppopmynbl  Ans
HanpsXKeHus):

u0:5—2-100% uzzg—j-mO%
roe: Uo — KO3pPULMEHT HECUMMETPUM NO HYIEBOM NOC/IeA0BaTE/IbHOCTY;
U; — KoaddUUMEHT HecummeTpun No obpaTHOM Nocaea0BaTeIbHOCTH;
Uo — HyneBaa CMMMETPUNYHaA COCTaBNAOLWAA,;
U1 — npAmMmaa CMMMETPUNYHaA COCTaBAOLWAA,;

U, — 06paTHas cMMMeTpUYHasA COCTaBNAIOLASA.

Hanbonee yaobHbIM MeToa ANA pacyeTa CUMMETPUYECKMX COCTaBAAlOWMX W KoadpduumeHToB
HECMMMETPMM — 3TO WCMO/Ib30BaHME B PaACYETax KOMMIEKCHbIX u4ucen. lMapameTpamy BEKTOPOB
ABNAOTCA aMNANTy4a OCHOBHOM TAapMOHUKWU HanpsKeHus (Toka) U ee abCoOMIOTHbINA yron ¢asoBoro
casura. Oba 3T 3HaYeHUs NoaydarTca U3 bbicTporo npeobpasosaHusa Pypbe (FFT).

5.8 IIpoBasbl, nepeHanpsKeHus U NpepbIBaHUS HANPSLKEHUS

HDOBaﬂbI, nepeHanpaXXeHnAa M npepbiBaHNA HanNpAXeHUA ABAAKTCA HapyweHUuAMU B CETU, B TEYEHUE
KOTOPbIX AEIZCTBVPOMEE 3Ha4YeHMe HanpAXKeHUA 3Ha4YNUTE/IbHO OTZINYAETCA OT HOMWHA/IbHOIO 3HAa4Ye€HUA.
Kaxkgoe wn3 atumx TpéX COCTOAHUNA MOXKeT ObITb 06Hapy>1<eHo daHaAn3aTopomMm nocne BKAKOYEHUA
O6H3py>K€HWr'I cobbITU U onpegeneHnAa nonb3oBartenem 3Ha4eHMA NOPOoros.
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HDOBaﬂ HanpAXeHna — 3TO COCTOAHUE, B KOTOPOM ,CI,EI\;ICTBYI'OLLI,EE 3Ha4YeHUne HanpAaxXeHna Huxe
3a4aHHOro nopora nposana. OcHoBol1 M3MepeHua nposana ABAAeTcA 3HaveHume URMS(1/2) , TO eCTb
,D,EVICTBYI-OLLI,ee 3Ha4yeHune, nepnoandeckm obHoBNsEMOE KaXX4yr nos0BUHY nepunoaa.

OnpegeneHune nposana (FTOCT 30804.4.30-2013): npoBan HaNPsAKEHUA HAYMHAETCA B TOT MOMEHT, Koraa
HanpsaxXeHne URMS(1/2), YMEHbLUUTCA HUMXKe MOPOroBoro 3HayeHWsA NpoBasa, M 3aKaHYMBaeTcA B TOT
MOMEHT, KOorga 3HadeHue HanpaxeHua URMS(1/2) CTaHET paBHbIM MAW MNPEBLICUT MOPOr npoBasa C
rMCTEPE3NCOM HaMpAXKeHUs.

Kak npaBuno, nopor nposana ycTraHaBaAuBatoT, Ha ypoBHe 90% Unom. Bo Bpema npoBasia aHanusatop
3aMMcbiBaeT MUHUMa/IbHOE 3aPErucTPMpPOBaAHHOE 3HAYEeHMEe HaMnpsKeHua (3Ta BesIMYMHA HasblBaeTcA
OCTATOYHbIM HanpskeHnem Ures U ABNAETCA O4HMM W3 NapamMeTpoB, XapaKTepusyloLWmx Nposan) u
cpegHee 3HayYeHMe HanpAaXKeHua.

MpepblBaHWE NUTAHMA — 3TO COCTOSIHUE, B KOTOPOM HanpsaxKeHne URMS(1/2) HUXKe YCTAaHOB/IEHHOIO Nopora
npepbiBaHMA. Kak npaBuao, NOpor npepbiBaHUA YCTaHABAINBAETCA 3HAUYUTE/IbHO HUXKE NMopora Nposana,
Ha ypoBHe ok00 1...10% Unom.

MpepbiBaHWE HAYMHAETCA B TOT MOMEHT, Korga HanpaxeHue URMS(1/2) YMEHbLIUTCA HUMKE NMOpPOrosoro
3HaYeHUA NMpPepbIBaHUA N 3aKaHYMBAETCA B TOT MOMEHT, KOrAa 3HavyeHune HanpaxkeHua URMS(1/2) CTaHeT
paBHbIM UM NPEBbICUT NOPOT MNPEPbIBAHUA C TMCTEPE3UCOM HaMpPAXKEHUA.

Bo BpemAa npepbiBaHMA aHA/NN3aTOP COXPAHAET MMHUMAJIbHOE 3aperncTpupoBaHHOE 3Ha4vyeHue
HanpAXeHnAa n cpegHee 3Ha4eHNe HanpAaXXeHnA.

JefcTEyioWwes sHEYEHME

HEMAKEHMA 38 (RIS, )
nonynepnog & ‘

MIKCHMSNEHDE SHSYEHKWE
NEepeHanakeH A

nopor NepeHanpAaseHnAa

mcTepesic |

HOMMHSAEHOE 3HAYEHWE HANP A%EHM A

npoEan

mcTepesHs |
NOpor  MEOE A

NpepEl B aHWE

mcTepesc |

Nopor MPEepblEaHuE

MKWHWMSNEHDE JHAYEHKWE
APOESNA W NPepEIESHK A

Puc. 49. MepeHanpAaxeHUA, NPOBaabl N NPEepPbIBAHMA HANPAMXKEHUA.
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MNepeHanpsaXeHne — 3TO COCTOAHME MOBbIWEHHOro 3HayYeHUA HanpaxeHua. [opor HanpaMeHua, Kak
npaBwWio, ycTaHaBAMBaETCA Ha yposHe, 6an3kom K 110% Unom.

MpesblleHne HaNpAXKeHNA HAYMHAETCA B TOT MOMEHT, Koraa Hanpa*keHne URMS(1/2) IPEeBbICUT 3HaYeHme
nopora nepeHanpaXeHua, a 3aKaH4YMBaAEeTCA B TOT MOMEHT, KOrga 3HavyeHue HanpaxeHua URMS(1/2)
CTaHET PaBHbIM TN MEHbLLE NOPOra NnepeHanpA>XeHna yMmeHbLEHHOIo Ha rmcrepesnc HanpaXKeHuA.

Bo Bpema nepeHanpAXKeHUA aHaIN3aToOP COXPAHAET MaKCUMasibHOE 3apernMcTpupoBaHHoe

3Ha4dyeHune HanpAaxXeHuA, a TakXXe cpegHee 3Ha4yeHne HanpaxXeHuAa.

3HauyeHWe rucTepesnca Aaa 3TUX TPEX COCTOAHWUIA TO e Camoe M BblpPaxkaeTcs, KaK YCTaHOB/IeHHOoe
Nno/ib30BaTe/IeM 3HAYeHWe B MPOLEHTAaXx OT HOMWHANbHOIO HanpsxeHua (napametp luUcTepesuc
obHapyKeHuA cobbiTuiA).

AHanusaTtop GUKcMpyeT Bpems Hayasa M OKOHYaHWUS cobbiTMA (C TOYHOCTbIO 40 NOIOBUHBI Nepuoaa).

MuWHUMaNbHaA NPOAOC/XUTENLHOCTL COBLITUA NPOBaaa, NPepbIBaHUA U NepeHanpPAKeHna cocTaBaseT

NosoBUHY Neproaa.
RMS 2 RMS RMS;
LY N AN
Y ~ /'F T e ﬁ\

7\ F 2 7\ 7\

oa3s A o [\
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Puc. 50. OnpegeneHne 3Ha4eHnA URMS(1/2).

oa3s B

v —

3HavyeHunsa URrms(1/2) onpegensatotca B TedeHMe 1 nepvoga B MOMEHT nepexoga Yepes HoMb OCHOBHOM
rapMOHUKKN Hanps»KeHUA M OBHOBAAIOTCA KarKAble MOoAnepuoaa He3aBUCMMO O/1A KaKAoro KaHana
Hanps»KeHUs. ITO 03HAYAET, YTO 3TW 3HAYEHMSA BbIIM NOJIyYeHbl B pa3HOE BPeMs A1 Pa3HbIX KaHANoB.
Puc. 50 nantocTpupyeT meTod onpeaeneHua 3HadeHna RMSi/2 Ha npumepe Ayx $as HanpaxKeHus.
MHPopmauma o nepexoge 4Yepes HONb OCHOBHOM FapMOHMKM MoJlyyeHa nyTém bbicTporo
npeobpasoBaHus dypbe (FFT).

5.9 TpaH3ueHThI U CKAUKH HaNpsHLKeHUs

TpaH3MeHTbl — 3TO HeXenaTeslbHble BbICTPble U KPaTKOBPEMEHHbIE NOMEXM B 3/1eKTpUYecKoi cetn. Ux
COMPOBOXKAAET PE3KOE W3MEHEHME HaMPAXKEeHUA W CUAbl TOKa. JANTeNbHOCTb MOMEXW, KaK Mpasuio,
COCTaB/AET OT HECKOJIbKMX HAHOCEKYHA, A0 HECKOJIbKUX MWANUCEKYHA. YacTo A1a HUX MCMONb3YoT
TEPMUHbI, TaKMe KaK BCMAECKM, MUKW HanpaKeHua, BPOCKM, MMNYAbCbl, KonebaHna, ogHaKo BCe 3TO
ynpouwatoume onpegeneHns. TpaH3MEHT XapaKkTepU3yeT NCKaXKeHWe CUrHANa BO BPEMEHHOM ob1acTu u
BK/IOYaeT B CebA CMbIC BCEX MEPEeYUCTIEHHbIX onpeaesieHnint. Mx MOXKHO KnaccuduumpoBaTb Mo
ONMTENbHOCTM M CKOPOCTM HapacTaHuAa, amnauTyae, YacTOTHOMY CMeEKTpY, nepeaaBaemon 3Heprum,
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WCTOYHMKY NPOUCXOXKAEeHUA U T.4. Hanbonee onacHble AN SNEKTPUYECKUX YCTPOCTB — 3TO TPAH3UEHTI,
BbI3bIBAOLLME 3HAUYMTE/bHBIA POCT HANPSAMEHUA B IMHUM SNEKTPONUTaHMA (CKauku HanpaxeHusa). Mo
NCTOYHMKY NPOUCXOXKAEHUA TPAH3MEHTbI YacTo AeNAT Ha CaeaytoLlme rpynnbl:
o [lepeHanps»eHna oT MOJIHUK, BO3HMKalOLLMeE B pe3yibTaTe aTMOChepHbIX pa3paaos;
o [lepeHanpsaxeHun KonebaTeNbHOro xapakTepa, Yalle BCEro Bbi3BaHHble NepekaodeHnem batapem
KOHAEeHCaTopoB;

o [lpyrme KOMMyTaLMOHHbIE NepeHanpsXeHusn (B Tom yncne ¢peppopesoHaHc).

MepeHanpa)KeHWA, BbI3BaHHble aTMOChEPHbIMM  pPa3pAgaMK, MOTYT WMMETb  PaspyliMTeSibHble
nocneacTemMa M3-3a O4veHb 6ONbLIOK 3Hepruu, BbiCBOOOXKAAemMON npu paspage. boabIMHCTBO
HabnogaembIx B CETAX MEepPeHanpPAXeHWid Takoro TMna — 3TO NOCAeACTBUA, MHAYLMPOBAHHOIO B
NpoBOAax CETUM INEKTPOMUTAHUA CKaAyKa HaNpAXKeHuAa B pesynbTaTe 6/M3KOro, HO He NpPAMOro
nonagaHua MOSHUKU. B OKpeCcTHOCTAX yAapa CO343aeTCA OYeHb CUM/IbHOE 31EKTPOMArHUTHOE NoJje U B
OJIMHHOM BO3AYLWHOW IMHUX UK NoA3eMHOM Kabene HaBoaaTcA 60MbluMe HaNPAXKEHMA, MPOHUKaoLLLee
B pacnpesennTeNibHyo ceTb. 3TN NepeHanpPAXEeHUA MMEeIT MMNY/bCHbIM XapaKTep, a BpemMa HapacTaHmA
$poHTa MMNynbca nopsaKka MUKPOCeKyHA. Ha Puc. noKasaH npumep rpo3oBOro MMMNyabCa C
aMnNTYA0MN OKOJI0 6,6KB, 3aperucTpupoBaHHOro aHaansatopom PQM-703.
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Puc. 51. NMpumep ckayka Hanpa*KeHUa oT MOSHUMN.

B pamKax UCNbITAaHUI TENEKOMMYHMKALMOHHbIX YCTPOMCTB, MpeXKae Yem AOMNyCTUTb MX K NpoJake,
TpebyeTca npoBeAeHWEe TECTOB Ha YCTOMYMBOCTb K MMMNYAbCaM, MMUTUPYIOWMM MNepeHanpsKeHne ot
MOMHUK. [lpUcoeaMHUTENN NUTAHUA MNEPEeMEHHOr0 TOKa WCMbITbIBAOT  MMNyAbcamn  12KB,
NnoAaBaeMbIMN MEXAY IMHUEN NUTAHUA U 3a3emMNeHneM 1 £1KB HenocpeACTBEHHO MeXay MUTAOWMMU
NHUAMK. CTaHOAPTU3MPOBAHHbIA MMMYAbC MMEET BPEMA HapacTaHUA HanpsKeHusa 1,2MKC U Bpems
cnaga 50MKc. [Ana  m3MepuTenbHbIX NpPMOOPOB, KOTOpble MOMKHO MOAKAOYUTL HaNpAMylo K
3NIEeKTPUYECKOM CeTU B pacnpenesiMTeslbHOM LMTe UAW NOHUMKAKLWeM TpaHchopmaTope, onpenenatoT
N3MepUTE/IbHYIO KaTeropuio (o nepeHanpsaxKeHuo) npubopa, KOTopas rOBOPUT O CTEMEHM 3aLUUTbl OT
nepeHanpsxeHua. Hanpumep, ana wusmeputenbHon Kateropum [V 600B (TakoW, KaKylo umeroT
aHanunsatopbl PQM-702(T)), TpebyeTca ycToMUMBOCTb K umnyabcam 1,2mKc/50MKc ¢ amnantyaon 8KkB,
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NoAaBaeMblM HEMOCPEACTBEHHO MEXAY W3MEepPUTENbHbIMW 3a*KMMamM, MPUM UMMeaaHce WMCTOYHMKA
20M. MM1KOBBbIN TOK NPW KOPOTKOM 3aMbIKaHUM UCTOYHMKA, TaKUM 06pa30oM, MOMKET COCTaBUTb 4KA.

OCHOBHbIM CPeACTBOM 3alLMTbI OT TAKOTO PoJa CKAYKOB HAMNPAXKEHUS, ABNASETCA YCTaHOBKA 3/1IEMEHTOB,
OrPaHMYMBAIOLWNX MAKCUMAIbHOE HaNpAXKeHUe, TakuUX Kak paspAaHUKU U BapucTopbl. X KOHCTpYKUUA
OO/MKHA BblaepKaTb 3HEPrM0 MMNyAbCa W OrpaHMuMTb A0 6e30MacHOro YpOBHS HamnpsAKeHue,
nocTynatoliee Ha gasbHeNllme Lenm yCTPoMCTBa.

TpaH3ueHTbl, BbI3BAHHblEe MepeKJAYeHMEM KOMMNEHCALMOHHbIX KOHAEHCATOPOB, B OTAMYME OT
TPaH3MEHTOB BbI3BAHHbLIX YAAPOM MOJIHUW, MMEIOT CBOM WCTOMHMK BHYTPU pacnpenenntesibHoin
aNneKTpuyeckoi cetu. KomneHcaums nNpuUMeEHseTcs A8 NOBbiWeHUA Ko3pOUUMEHTA MOLLHOCTU W
3pPEeKTUBHOCTN Nepeaayn sHeprum noaydyatento. B MomeHT nogKao4eHns KOHAEHCATOP 9KBMBAJIEHTEH
KOPOTKOMY 3aMbIKaHUIO A4 3SN1eKTPoceTM, NOo3TOMy B MepBOe MIHOBEHME MPOUCXOOMT pe3Koe
CHUKEHMEe HaMpAXKeHWs NMo4YTW A0 HyAna, Noc/ie Yero cneayer Tak HasblBAEMbIM CKAYOK HanpsiKeHus
3HAUUTENIbHO BbilLe HOMUWHANbLHOIO (Kak MpaBu/o, He bonee Yem 2-X KpaTHOe MUKOBOE HarnpsKeHue B
HOPMasibHbIX YCNOBMAX), a 3aTem KoJsiebaTenbHoe 3aTyxaHue npouecca. KonebatenbHblli XapaKtep
ABNIEHNA BbI3BAH B3aMMOAENCTBMEM EMKOCTM KOHAEHcaTopa C WHAYKTUBHOCTbIO CeTU W
BO3HWKHOBEHMEM SIB/IEHWNA pe30HaHca. YacToTa KonebaHnin 06bIMHO COCTABNAAET HECKO/IbKO cOTeH epL.
B pe3synbTaTe MMEIOLWErocA COMPOTUB/AEHMA B LLENM, 3TM KosiebaHWA NOCTeneHHO 3aTyxatoT. Becb
TPaH3MEHT 06bIYHO ANNTCA He Bonee YeM HECKONbKO eAUMHUL, TN HECKOJIbKO AECATKOB MUIINCEKYHA.
Mprmep TakOro TpaH3MeHTa NOKa3aH Ha Puc. .

HanpaxeHue

Bpema (mc)

o 10 20 an 20 50 0 fi|

Puc. 52. Mpumep TpaH3MeHTa Noc/e BKAYeHUA 6aTapen KOHAEHCAaTOPOB.

MOMMMO NEepPeUYNCNeHHbIX MNPUYMH, TPAH3WEHTbl BO3HMKAIOT B CETUM B pe3y/ibTaTe BKAKOYEHUA W
BbIK/IIOYEHNA EMKOCTHOW MAM MHAYKTUBHOW HarpysKku, Npu cpabatbiBaHUM 3aLUTbI (NpesoxpaHuTenei)
M KOPOTKOM 3aMblKaHWM B LEenu. BKAlOYeHMe HarpyskuM (AMHUKM), NOAKAOYEHHOM K 0B6MOTKe
TpaHchopmaTopa, 4acTo MNPUBOAUT K MOABAEHUO deppopesoHaHca WAM MNepexoaHoro npolecca
KonebaTeNbHOrO XapaKTepa, Bbi3BaHHOTO PE30HAHCOM MeXKAy EMKOCTbl0 B LEMM U HeAUHENHOW
MHAYKTMBHOCTbIO TpaHchopmaTopa C GpeppoMarHUTHbIM cepaeyHUKom. OTKIIOYEHUIO WHAYKTUBHOM
HarpysKu 4acTo COMyTCTBYET AB/IEHNE UCKPEHUA KOHTAKTOB. HanpaxeHue, NOABAAIOLLEECA HA KOHTAKTax
nepeKkntoyaTensn, NpesbllaeT Npeae/bHOe HanpAXKeHNe AN3MEKTPUKA N BO3HUKAET UCKPEHUE, KOTopoe
MOXKET NOBTOPATLCA 40 TEX NOP, MOKA 3a30p AOCTAaTOYHO BE/UK.

TaKxe TpaH3MeHTbl MOTYT PasANYHbIMK Cnocobamy pPacnpOCTPaHATLCA MEXAY CEerMeHTaMmu CeTw,
Hanpumep, y4ap MOJIHUM B CETU CPeAHEero HanpsXKeHUs MOMKET YacTUYHO MPOHUKHYTb yepes
TpaHchopMaTop B NOACETb HU3KOrO HanpaxeHus. Jemndupytowme cBolicTBa TpaHchopmaTopa 06bIYHO
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3HAUMTE/NIbHO YMEHbLIAOT aMMAUTYAYy NepeHanpsKeHusa, a TaKkKe W3MEHAT €ero BpemeHHble
napameTpsbl.

5.10 JIunuu CBEMA u ANSI

Kpueaa CBEMA 6bina BnepBble npeanoxeHa B 70-x rogax NpoLusioro BeKa opraHmMsaumen, oT KOTopoi
Nnpou3olLLNo Ha3BaHue Kpueoi - Computer and Business Equipment Manufacturers Association (ceroans
— 3710 opranusaumsa ITl, Information Technology Industry), KoTopaa obbeAnHsAeT npoussoauTenei
KOMMNbIOTEPHOW U OPUCHOW  TeXHWKU. KpuBaa p[oKHa Oblia  CAYKMTb  NOACKA3KOM  Mpu
KOHCTPyMpOBaHMM ceTeBbix O/JI0KOB NWTaHMA WM NepBOHa4YyasbHO npeacTaBnana cobon rpaduk
YCTOMUYMBOCTN 060PYAOBAHUA K BEAUYNHE N NPOAO/IKUTENBHOCTM HapyLUEHUA B SNEKTPUYECKOM ceTun. B
601ee NO34HUI NEPUO KPMBYHO MCNOIb30BAN NPU NPOEKTUPOBAHMUM 060PYL0BAHNSA, YYBCTBUTEIbHOTO
K KofiebaHUAM HanpsarKeHMA, Kak 3TaJlOHHbIN AManasoH, B KOTOpom obopyaoBaHMe A0AKHO NPaBUIbHO
paboTatb. B KOHLE KOHLOB, KpMBAA CTaja LUMPOKO MCMO/Ib30BaTbCA MPWU aHA/M3€ KadecTBa MUTAHWA,
KacaloLwmuxca HenoaaoK B CETU TUNA NepeHanpaXKeHus, NpoBana U NpepbiBaHUA HanpAXKeHuA.

Ha rpaduKe no BepTMKaNIbHOM OCU HaNPSXKEHWE YKAa3aHO B NMPOLLEHTAX OT HOMMHA/IbHOTO 3HAaYEeHMA, a Ha
ropmM3oHTabHOM OCU eauHULEN U3MEPEHUs ABaAeTcA Bpemsa (no norapudmmyeckolt wkane). CpeaHan
yacTb rpaduka (mexkay KpusbiMK) NpeacTaBadeT coboit obnacTb npaBuabHOM paboTbl yCTpoWcTBa.
O6nacTb Bbile KPMBOW YKa3biBaeT Ha COCTOAHME MOBbILEHHOTO HaNpsAXeHWUs, KOTOPOEe MOXKET NPUBECTU
K MNOBpEeXAeHUI0 UAM cpabaTbiBaHMIO 3alUUTbl OT MepeHanpsa)eHua, a o061acTb MNoA KPWUBbIMU
cooTBeTCTBYEeT CUTYyaluuMnM NOHUXKEHHOro HanpAaxXeHunAa B CeTn, YTO MOXKeT NpuMBecCTU K BbIKJIHOYEHUIO
NUTaHUA UM BPEMEHHOWN HexBaTKe SHeprnm, BbidbiBatoLLel HenpaBuabHy paboTy ycTponcTea.

U_. HanpaxeHue

ANSI (ITIC)

CBEMA

T00mke  imc  10mc 100mMc “1c 10c  Bpema

Puc. 53. JlnuHnu gonyctmmoro aAmnanasoHa HanpsaxxeHus nutaHusa ANSI (ITIC) 1 CBEMA.

Kak nokasaHo Ha rpaduke, CywecTByeT B3aMMO3aBMCMMOCTb MeXKAY 3HAYeHMEM HanpAMKeHua W
BPEMEHEM, Ha KOTOpOe BO3HMKAeT HapyleHwe. Hanpumep, yBesMYeHUEe HanpsKeHWA L0 YPOBHA
200%Unom NPOSOIKUTENBHOCTLIO 1MC B TUMMYHBIX CIy4anx He NMPUBOAMT K aBapun UAN HEMNpPaBUIbHOMY
OYHKUMOHMPOBAHMIO  (TOUKA  MEKAY KPWMBbIMW), HO HapyweHue C TakoW amnauTyaoMn,
NPOLOJ/IKAOLLErocA NOJINEPUoAa CeTM MOMKET MMETb KaTacTpoduyeckue nocnencTsBvsa (TOYKa Bbile
06emnx KpuBbIx). [PUHATO CUNTATb, YTO B TUMUUYHOM CUTYaUMWU, NPOUCXOAALIME B INEKTPUYECKON CeTu

C06bITMﬂ, €C/In peyb MAOET O BE/NINYNHE CETEBOrO HanpAaXeHnA, A0N1XKHbl 3aK/1l04aTbCA B CpEAHEVI 4acTn
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rpaduka (mexay KpMBbIMM) M He AOJ/IKHbI TOr4a NpuBecTM K cboam B paboTe waM MOBPEKAEHWIo
NOAK/IOYEHHbIX YCTpoicTB. MpoM3BOANTENM YCTPOWMCTB (B YaCTHOCTM, CeTeBbIX 6/0KOB NUTaHMA) YacTo
PYKOBOACTBYHOTCA 3TUM rpadMKOM NpW NPOEKTUPOBAHMM OAA TOro, YTobbl B 3TOM 06/1acTn obecneynTb
nx 6esaBapuiiHylo paboTy M noagepraHUe HYKHOTO BbIXOAHOrO HanpaxeHua. CneayeTt, o4HaKo,
MOMHWTb, YTO KPMBaA MpPeACTaBAAET TUMUYHbIE CAy4auM WU He MOKeT 6biTb rapaHTUel npaBuIbHOM
paboTbl KaXKA0ro YyCTPOMCTBA, NOCKO/bKY YCTOMYMBOCTb K HApPYLLUEHUAM Pa3NNYHas.

Kpusasa ITIC sBnsetca npeeMHuKom Kpusoit CBEMA, paspabotanHon ITI 8 1994 rogy, a notom
YCOBEPLUEHCTBOBAHOM A0 HbiHewHero Buaa B 2000 roay. 3Ta KpuBas UMEET BUA ABYX NOMaHbIX IMHUI U
TaK)e M3BecTHa noj HasaHuem Kpmol ANSI nocne Toro, Kak bbina aganTMpoBaHa amMepUKaHCKUM
MHCTUTYTOM cTaHaaptusaumm ANSI (aHrn. American National Standards Institute). O6e KpuBble
n3obparkeHbl Ha Puc. 53.

Mporpamma «SONEL ANALYSIS» npeaoctaBiseT BO3MOXKHOCTb U3MEHUTb XapaKTepHble TOYKN KPUBbIX U
No3B0/IAET COOTBETCTBOBATL MHAMBUAYANbHBIM TpeboBaHMAM NO/Ib30BaTENS.

5.11 YcpeaHeHMe pe3y/IbTATOB U3MepPEeHUM

MOHUTOPUHT CeTU B TeYEHME A/IMTENbHOTO Nepuoaa BPemMeHW o3Ha4yaeT cbop OrpOMHOro Ko/uMyecTsa
AaHHbIX. 18 Toro, 4Tobbl NpoBeAeHME NOC/eAYIOWEro aHaAn3a 3TUX AaHHbIX BoobLLe Obl10 BO3MOXKHO,
HeobxoAMmOo BBeAeHWE MexaHU3Ma, KOTOPbIN YMEHbLUUT pasmep AaHHbIX A0 BeNMYUHbI, NPpUemMaemoi
KaK ANnAa MmalluHbl, TaKk U YenoBekKa.

Mpumepom NycTb NOCAYXMT MPOBEPKA CETM Ha COOTBETCTBME CTAHAAPTY KayecTBa 3/1eKTPO3HEepruu
FOCT 32144-2013 «3nekTpnyecKan sHeprna. CoBMeCTUMOCTb TEXHUYECKUX CPEeACTB 3/IEKTPOMArHUTHaA.
HopMbl KauyecTBa 3/1€KTPUYECKOM 3HEpPrMM B CUCTEMAX 3/IEKTPOCHABNKEHMA OOLLEero HasHayeHua».
OCHOBHOM NepuoA TECTUPOBAHMA CETU COCTaBAAeT Heaento. Ecam 3anomunHaTtb Bce 200-mMuUANCEKYHAHbIE
OeNCcTBylOLLME 3HaUYeHUA HanpsaxKeHua, nonyunm 3,024 maH. usmepeHuii. 06paboTka TaKoro KomM4ecTea
DAHHbIX MOXKET 3aHATb MHOIO BPEMEHU U 3aTPYAHUTENbHA.

MosTomy BBEAEHO MNOHATME YCPEAHEHMA, 3aKAloYatloLLeecs B COXPaHEHUM A1A Leneil aHaauMsa no
OAHOMY 3HAYeHWIO Ha onpeaenéHHbl MHTepBan BpemeHW. [na crtaHgapta FOCT 32144-2013 oH
coctaBnfaetr 10 muHyT. B 3TOM cnyyae aHanusatop BbluucnaeT cpegHee 10-mMUHYTHOe 3HayeHWe Mo
npumepHo 3000 3HauyeHnn 200-MUIMCEKYHOHbIX OTCYETOB (MPUBAU3UTENbHO, TaK KaK ycioBHoe 200-
MUIUCEKYHAHOE 3HauyeHWe, 3TO Ha camom gene 10/12-nepuogHoe 3HaYeHMe, CUHXPOHU3UPOBAHHOE C
yactoToh cetu). Kaxkable 10 MMHYT 3anucbiBaeTca cieaylowee cpefHee 3HAYeHMe HanpaXKeHus, YTo
npueoauT K c6opy 1008 pe3ynbTaToB U3MEPEHMUIA.

Ha Puc. 54. nokasaH cnocob onpegeneHns aHanM3aTOPOM CpPeaHUX 3HAYeHWI 33 Bpems ycpeaHeHus
6onbliee man pasHoe 10 ceKyHAam, Ha npumepe MHTepBana ycpeaHeHua 10 MUHYT. ITOT meTon
COOTBETCTBYET TpeboBaHMAM Ana Knacca A ctaHgaapta FOCT 30804.4.30-2013 (IEC 61000-4-30:2008).

CpefHuve 3HayeHWs CUHXPOHU3MPYIOTCA C YacaMM peasibHOro BpemMeHu ciegyrowum obpasom. Korga
Yyacbl OTMEPAT oYepeaHO 06N KpaTHbIN NeprMoay UHTEPBan ycpeaHeHun, NPOUCXOaAT ABa NpoLecca:

o Tekylwmin 10/12-nepuoaHblin oTpesok (k-e namepeHune Ha Puc. 54.) oTmedaetca Kak nocneaHuii 8
WHTepBasne ycpegHeHua (x),
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® 0HOBPEMEHHO 3anyckaetca nepsbit 10/12-nepuoaHbIii OTPE30K C/eaylollero WHTepsana
ycpeaHeHus (x+1).

Takol MeToA, pecUHXPOHM3aUUKM NPMBOAMUT K nossneHuto HasoxceHus 1 (cmotpu Puc. 54). JaHHble 13
a3To o6nactv, obpabaTbiBalOTCA ABaKAbl, MOTOMY YTO Kaxkabli 3 10/12-nepuogHbiXx OTpe3KoB
aHanu3mpyeTca HesaBUCUMMO. Llenb Takoro cnocoba pecuHXpoHM3auuMu 3akatodaetca B obecnevyeHum
OLMHAKOBbIX Pe3y/abTaTOB M3MEPEHWNIN ANA ABYX aHA/M3aTOpPa Knacca A, NOAKAOYEHHbBIX K O4HOM U TOWM
*Ke Uenu n CMHXPOHM3UPOBAHHbLIX C YHMBepPCanbHbiMm BpemeHem UTC. B aHanmsatope pecMHXpoOHM3aumna
WHTEPBANOB MO ONMCAHHOMY Bbille CNOCOOY BbINOAHAETCA ANA BpeMeHu ycpeaHeHus: 10cek., 15cek.,
30cek., Im., 3m., 5m., 10m., 15m., 30m., 60m., 120Mm.

RTCHIGPE
(UaCE PEANEHOM EREMEHK] OUepERHOMN
OFWHA MHTERE SN YCPERHEHKA
{ Hanpanep, 10-Ti My THEN 14:10:00]
o~
METES EREMEHIM X-T0
WHTEREaNa YCpeaHEHWA

I
I
I
MHTERE 2N YCREAHEHWA (3 ||

FY 'y Fy
MHTERE AN YopeaHeHnA (x+1]

1 & F -

1012 12 1012
NERMOA0E | NERWOAOE | NERHOL0E

T i
| ¥
HanoseHme 1 r‘::):

10412 1012 iz
MEWUONOE | NEPMOAOE | NEPWMOLOE

Puc. 54. OnpepeneHve MHTEPBANOB ycpeaHeHUa 6onblunx (Maun paBHbix) 10 cekyHaam
(Ha npumepe ycpegHeHus no 10 MUHYT)

RTCIGPS
[Yackl peanbHOM BpemeHN)
UEpELHON 0FWMi MHTEpBaN
10 MMHYT, Hanpumep, 14:10:00 , MeTEa BpEMEHIA X-10 3-X
HanoxeHwre 2 ' CEKYHAHOM MHTEpEBaN: *

ey

3-% CEKYHAHEIR MHTEREAN*® (X ‘
]

- - & t *‘
[3-x cekyHIHEIM MHTepEan® (x+1)

F 3 F ¥ ry

112 1012 o2
neprofoE | NEpHMOROE | NepHoRoE

o2 112 1012
NEPWOROE | NEpMoRoE | NEpMOR0E B

(*) B BERCTEMTENEHOCTK - 3TO MHTepEaN 150130 NeprofoE

Puc. 55. OnpegeneHne nHtepsanos ycpeaHeHUA meHee 10 cekyHA,
(Ha npumepe3-cekyHOHOro ycpeaHeHus)

HecKko/bKO MHaye BbIrIAANT ycpeaHeHWE Npu BpeMeHU meHblue 10 cekyHa. HecmoTps Ha To, 4TO BCe
MHTEepPBaNbl Bblpa)keHbl eauvHUUaMn BpemeHu (200mc, lcek., 3ceK., 5ceKk.), Ha camom pgene, OHMU
OTMepeHbl B KPaTHOCTAX nepuoaa ceTn. Hanpumep, BbiIbop BpeMeHW ycpeaHeHUs 3 CeKyHAbl, 03HavYaeT
ycpeaHeHue no spemeHn 150/180 neproaos cetu (15 nsmepernin no 10/12 nepmnoaos).
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Cnocob onpeaeneHua cpegHero 3HayeHusa Aas 3TUX Nepuoaos uanwctpupyet Puc. 55. 3aech Takxke
BbINO/IHAETCA PECUHXPOHU3auua WHTepsanos 10/12-nepuoaosB, OHa BLIMNOAHAETCA Bcerda uepes
Kaxable 10 MmMHYT no obuiemy BpemeHM 4acoB. Korga yacbl oTMepsAloT odyepeaHoe obliee Bpems,
KpaTHoe nepuody 10 MUHYT, PECUHXPOHM3UPYETCA oYepeaHON WMHTEePBaN YCPeAHEeHMA U HauymHaeTcs
cnepylowmii UHTepBaa, MNpUYeM WHTepBan ycpedHeHua («x») 3aBepluaeTca HOPMaAJIbHO, MOKa He
HabepeTca onpeaeneHHoe MHOKecTBO oTpeskos 10/12-nepuoaos (Hanpumep, B caydae 3-x CEKYHAHOTO
ycpeaHeHus Bceraa cobupaetcs 15 Takux OTpe3KoB). Pe3ynbTaTOM pPecUHXpPOHM3aUuKM ABnaeTcA
nossnenne HanoxceHus 2 (cm. Puc. 55.0umbKa! UCTOUHUK CCbINKM He HalpeH.), rae napannesnbHo
0bpabaTbiBalOTCA AaHHble ABYX WMHTEPBAJIOB ycpeAHeHUs (MHTepBas «X» 3aKaHuYMBaeTCA, MHTepBa
«X+1» HauMHaeTca). Pasamep HaNoXeHUs 3aBUCUT OT KONlebaHMit YacToTbl CeTu.

MeTka BpemeHUn COoTBETCTBYET OKOHYaHUIO MHTEpBaa ycpeaHeHUA.

YcpegHeHWe pesynbTaToB M3MEPEHUA MPUBOAMT K MOTEPE 3KCTPEMasibHbIX 3HAYEHUW (CraarknsaHue
pe3ynbTaTtoB). B c/Ayyasx, Korda BakHa MHOOPMauMsas O MNpenesibHbiX 3HAYeHUSAX M3MEepPAEemMoro
napameTpa, MOAb30BaTe€/lb MOXET MNPUMEHUTb BO3MOXHOCTb M3MepeHWA  MWHUMAMBLHOTO,
MaKCMMasIbHOrO U MFHOBEHHOIO 3HAYeHWUI B nepuoae ycpeaHeHuA. Ecan gaHHbIM napameTp MamepeH
Bo Bpemsa 10/12 nepuonos, TO MakCUManbHOE U MUHUMAJIbHOE 3HaYeHWe ABNAETCA COOTBETCTBEHHO
HanMbBoONbWMM WM HaMMEHbLUMM 3HavyeHnem oTpe3ka 10/12-nepuogos, M3MEPEHHbIM B AaHHOM
WHTepBane ycpegHeHua. B cBolo oyepenb, MrHOBEHHOE 3HayeHWe ABNAETCA NOCNefHUM 3HaYeHUem
10/12-nepunoaos B AaHHbIA Nepuoa ycpeaHeHus.

B cnyyae pencTByrOWMX 3HAYEHMM TOKOB UM HanpsAXeHWn, MeToh MNOMCKA MUHMMANAbHOMO MU
MaKCMMasibHOrO 3HayYeHWn nAsBnAetca 6osee TMOKMM WM KOHTpoaupyeTca napameTpom «lMepuogp,
onpegeneHna MUH./MaKc». B pacrnopaeHMM Monb30BaTeNd WMMEIOTCA Cnedylolme HaCTPOMKU:
nonosuHa nepmnoaa, 200mc, 1cek., 3cek. n 5cek. Bbibop napameTpa - NoN0BMHa Nepuoaa - 3a4aéT NOUCK
MWHUMANIBHOTO M MaKCMMaNbHOIO 3HAYeHUA C HaMBbICLIEN YYyBCTBUTENIbHOCTbIO, C TOYHOCTbIO A0
Benn4YmHbl URMsS(1/2) . C pOCTOM 3TOro BpemeHW BBOAMUTCA AOMOSHUTE/NIbHOE CrNaXXMBAHUE, Hanpumep,
npu 5-TM CceKyHAax CHavana BblMUCAAETCA CpefHAA 5-CEeKyHAHasA BesiMdMHA, KOoTopasa 3aTem
ncnosb3yetca AAA MOWUCKA MMHMMANBHOTO WM MAKCMMAJIbHOTO 3HayeHuA. ITO [AaéT MeHbLuyto
YYyBCTBUTE/IBHOCTb K MTHOBEHHbBIM M3MEHEHUAM U3MEPAEMOro 3Ha4YeHuA.

MpumeyaHue: Kak 1 B ciydae ¢ nepuogamm ycpeaHeHuna meHblle 10 cekyHa, nHTepsaabl 200mc, 1cek.,
3ceK. U 5ceK. B AeNCTBUTENbHOCTM BblpaKeHbl B KPaTHOCTAX NEepUOA0B ceTu — cooTBeTcTBeHHo 10/12,
50/60, 150/180 1 250/300 nepuoaos ceTu.

Bbl6Op NPaBUNLHOIO BPEMEHW YCPeAHEHUA, He ABAAETCA NPOCTbIM Ae/OM. B 3HaUMTeNbHOM CTeneHu oH
06ycnoBAeH TWUMNOM HaPYLWEHWA, MPUCYTCTBYIOWMX B CETM W OMMAAHWAMM NONb30BaTeNs no
OKOHYaTe/IbHOMY aHann3y AaHHbIX. YacTo BO3HWKaET CUTyaUuMs, KOT4a U3BECTEH eAMHCTBEHHO cam ¢aKT
NoAB/MEHNA HEKOTOPbIX HEMNOMAAO0K B CETU INEKTPONUTAHMA U TOJIbKO M3MEPEeHUA aHanM3aTopa NomoryT
yKa3aTb TOYHYIO NPUYKMHY. B Takoi cuTyaumm aydwe Mcnonb3oBaTb 60/ee KOPOTKoe BPEMA ycpeaHeHUs
(Hanpumep, 10 ceKyHA), W BKAOYUTL 3aMUCb MWHMMAJBHOTO M MaKCMMasbHOrO 3HauyeHul (ans
HanpAXeHWn W TOKOB B TaKOW CUTyauMM pPeKoMeHAyeTca BblbpaTb Nepuogom onpeaeneHus
MWHMMAZIbHOTO M MAKCMMaJ/IbHOTO 3HAYeHWA CaMblii KOPOTKMIA BO3MOMKHbIM CPOK, TO €CTb, MOJIOBUHY
nepuoga). KopoTKoe Bpemsa ycpeaHEHWA MO3BOJIMT TMOCTPOUTb TOYHble TpadUKM  U3MEHEeHUN
napameTpoB BO BPEMEHU, @ MMHUMYMbI U MaKCMMyMbl B6yayT obHapyXKeHbl U coxpaHeHbl. Kak npasuo,
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perncrtpaumna C KOPOTKMM BpemeHem ycCpegHeHUA BbINONHAETCA O0BOJ/IbHO OrpaHMYeHHOE Bpems,
npexage scero n3-3a 6bICTpOFO POCTa Yncna AaHHbIX; NOCKOJIbKY LLeNblo TakoM perncTtpaumnmn, ABnAaeTca
BblAB/IEHNE BO3MOXHbIX NTPUYUH aHOMA/IUU, a HE ,CI,OﬂFOCpO‘-IHbIﬁ aHanus.

Permcrpaummn c KOPOTKUM BPEMEHEM YCPEAHEHUA MOXKET ObITb LOCTAaTOYHO A/1A OLEHKMN PaboTbl ceTU U
NPOUCXOAALMX B HEW HapyweHuAxX. Tem He MmeHee, NoapobHy0 MHPOPMALLMIO, BEPOATHO, MOXHO byaeTt
NosiyYnTb B TeYeHUe AJIUTENIbHOrO BPemMeHM (nopagKa MUHYT), HO C BK/IHOYEHHOWM perucrpaumen
MWMHUMANbHOTO U  MAKCMMA/IbHOrO 3HA4YeHWA W aKTUBHbIM BbIABNEHUEM COObLITUI. BaXKHbIM
NPEMMYLLECTBOM TaKOM CUTyaUMW ABAAETCA FOPa3fo MEeHbWWA OO6BEM [AHHbIX perncrpaumu, 4To
O3HayaeT bbICTPOe CYNTbIBAHME M aHANN3 JaHHbIX.

B cBol ouepeab, uccnegoBaHWE KayecTBa MNUTAHMA MNPUHATO BbINOMHATL B COOTBETCTBUM C
TpeboBaHMaMKM cTaHgapTa FOCT 32144-2013. B sTomM c/nyyae aHanAu3 NpoBoAMTCA B TedeHue bonee
NPOAOIKUTENbHOTO BpeMeHn (Hanpumep, 7 AHel), NO3TOMy BblOpaHHOE Bpems ycpeaHeHUa TaKKe
anntenoHoe — 10 MUHYT.

MmeliTe B BUAY, YTO HE CYLLECTBYET OAHON Hauay4yllen HACTPOMKMU, KaK BPEMEHMU yCpeAHEeHUs, TaKk U
ApYyrMx napameTpoB MAM MoOporos cobbiTuin. Karkaaa ceTb MHAMBUAYanbHAa M 3aJayM UcCCledoBaHUA
ceTeil pasnnyHble. B cBA3KM C 3TMM ONTUMAJIbHAA KOHPUrypauusa aHanusatopa MoXKeT noTpeboBatb
HECKO/IbKMX NOAX040B, U TakKe byAeT 3aBUCETb OT OMbITa onepaTopa.

6 TEXHHUYECKHUE XAPAKTEPUCTHUKHA

TexHUYeckne XapaKTepPUCTUKU MOryT ObiTb U3MeHeHbl W3rotoButenem 6e3 npeaBapuUTeNbHOTO
yBegomneHus. MocneaHune BbiNyCKM TEXHUYECKON AOKYMEHTaUMKN AOCTYMHbI Ha cTpaHuue www.sonel.pl.

OCHOBHasA MOrpeLwwHOCTb ABAAETCA OCHOBHOM MOrPELIHOCTbIO M3MepUTEIbHOrO Npubopa Ana ycaoBui,
npueeaeHHbIX B Tabaunue 16.

YKasaHHble 3HAYEeHWs MOrpeLlHOCTEM MPUMEHWMbl TOJIbKO K aHanu3aTopy 6e3 [0MNO/HUTENbHbIX
TpaHcPOPMaTOPOB 1 TOKOM3IMEPUTENBbHbBIX KAeLLeN.

CokpaleHus:
® W.B.— M3MEPEHHasA BE/IMUYNHA;

® e.M.p— eAMHUL, MAaLWero paspaaa;

e Unom — HOMMHaNbHaA BEIMYMHA HANPANKEHNSA;

e Inom — gnanasoH HOMMHaAbHOTO TOKa (Kneluein);

e RMS — geiicTBytolee (cpeaHeKBagpPaTUYHOE) 3HAUEHMUE;
® N — pAA rapMOHUKMK;

L 6ph— AONO/IHUTENNIbHAA NOTPELHOCTb U3MEepPEHUA ¢a3b| MeXagy rapMoHUKaMn HanpAaXeHnAa 1 TOKa.
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6.1 Bxoasl

Tabnnua 14.

Bxogbl N0 HanpAaXXeHuto

Konunyectso Bxog08

5(L1, L2, L3, N, PE)
ra/ibBaHMYECKN HE N30/IMPOBaAHHbIE

MakcmmanbHoe BxogHoe HanpaxeHwue

760B rms

MKoBOE 3HaYeHUE BXOAHOr0o HanpsAXKeHus
(6e3 cpeskn)

15008 (BbICOKOBO/IbTHbINM AMana3oH)
450B (HM3KOBONbLTHbLIN ANAMNa30H)

[vnanasoH nsmepeHus NOCTOAHHOIO
HanpAKeHnn

+1500B (BbICOKOBO/IbTHbI AMana3oH)
+450B (HM3KOBONbTHbIM ANaNasoH)

AHanorosas nonoca nponyckanua (—34B)

20Ky,

TpaHcdopmaTopsl

no peweHnIo nNosib3oBaTtena

MonHoe BXoAHOE CONpoTUBEHNE
(MmnenaHc) usmepuTenbHbIX BXOL0B

10MOm (guddepeHumanbHo)

KoadduumneHt ocnabnenuns cuHdasHoro
curHana (aHrn. CMRR)

>70 ab (500u)

ToKoBble BXOAbl

Konunyectso Bxog08

4 (3 dasbl + HelTpanb)
rasibBaHWYECKU HE U30/IMPOBAHbIE

HomuHanbHOe BxogHoe HanpAaxeHue

(»ecTkne Knewum) 1Brws
MnKoBOE 3HaYEeHME BXOL4HOTO HanpsAXKeHWs 3 6B
(»kecTkne Knewn) !
AHanorosas nosnoca nponyckaHvua (— 34B) 20Ky,

MonHoe BXoAHOE CONPOTUBAEHNE

KaHan xecTkmx Kneweii: 100k0m
KaHan rmbkux knewei: 12,4k0m

[JunanasoH nsmepeHus
(6e3 TpaHcdopmaTopoB)

r'mbkune knewwm F-1/F-2/F-3: 1...3000A (10000A n1Kkosoe
3HauyeHue)

Kneuwm kéctkue C-4, C-5: 1...1000A (3600A nukosoe
3HauyeHue)

Kneuwy kéctkme C-6: 0,01...10A (36A nnKoBoe 3HavyeHue)
Kneuwu kéctkune C-7: 0...100A (360A nnKoBoe 3HauyeHue)

TpaHcpopmaTopsl

no peweHnto Nnonb3oBaTenAa

KoadpoduumneHT ocnabnenna cuHdasHoro
curHana (aHrn. CMRR)

6045 (50rw)

6.2 Jluckperusanus 4 yachl peasibHOro spemeny RTC

Tabnnua 15.

LAncKpeTnsauyma u Yacbl peanbHoro spemenun RTC

ALN (aHanoroso-umdposoi
npeobpasosarenb)

16-6UTHbIN

YacTtoTa ANCKpeTn3aunn

10,24kly, gna 50y n 600y,
OpHoBpeMeHHana AMCKPeTM3aLmMa No BCEM KaHaNam

KonunyecTtBo OTCYETOB 32 Nepuos,

204,8 pna 50ly; 170,67 gna 600y,

CuHxpoHusaumsa ®ANY (PLL)

40..70ly,

OnopHbIN KaHan ana cuctembl GPANY L1

Yacbl peasnibHOro BpemeHu

+ 3,5 nponpomunne makc. (0Kono =+ 9 cekyHa/mecau)
B AManasoHe Temnepatyp -20°C...+55°C
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6.3 Mozy.b TpaH3nenTon QLD I

Tabnunua 16.

Mogaynb 06HapyKeHWA TPaH3UEHTOB

Konunyecrso N3MepPUTENIbHbIX KaHaN0B

4 (L1-PE, L2-PE, L3-PE, N-PE)
ralbBaHN4eCKN HEe N30IMPOBaHHbIEe

MakcnmansHoe BxogHoe HanpaxkeHue | 760Brvs
MnKoBoe 3Ha4yeHne BXOAHOro 30008
HanpaxeHus (6e3 cpeskn)
ManasoH namepeHuns

A P ) £6000B
NMOCTOAHHbIX HANPAXEHNN
AHanorosas noJsioca nponyckaHma (—

pony ( >5Mry

346)

AHanoroso-umpposoit
npeobpasoBaTtenb

4-X KaHanbHbIA, 12-6UTHbIA, 0A4HOBPEMEHHanA ANCKpeTMU3aLmA
Nno BcemM KaHanam

YacroTa ANCKpPEeTU3aunm

10MTluy, 5MTlu, 1MTu, 500kl y, 100Ky,
(BbIBUpaeT nonb3oBaTeNb)

Bpemsa 3anucu ocunnorpamm

o1 2000 go 20000 oTcyeToB
(oT 200MKC A0 200MC B 3aBUCMMOCTM OT KOHPUTypauuu)

Bpemsa onepexkeHus (pretrigger)

0110% no 90% BpemeHu 3anucu

MeTopg, 06HapyKeHUn

—no amnauntyge curHana (50B...5000B)
— N0 CKOPOCTU BO3pacTaHus
(dVv/dt; ot 100B/500mKc Ao 100B/5mKc)

«MépTteoe» Bpems

3cek.

6.4 H3MepsieMble MapaMeTPbl - TOYHOCTH, pa3pelieHUsA U JUana3oHbl

6.4.1 YcioBusd AJd NOBEPKHA

Tabnvua 17.
Ycnosua Ana NnoBepKu
TemnepaTtypa oKpy:KatoLLei cpeapl 0°C...+45°C
OTHOCUTeNbHAA BAAXHOCTb 40...60%

AcummeTpua HanpaxKeHua

<0,1% pns KoadPULMEHTa HECUMMETPUM NO 0BpPaTHOM
nocnenoBaTelbHOCTU (OTHOCUTCA TOIbKO K TPEXdasHbIM
ceTam)

BHewHee marHnTHOe none

< 40A/m (noctosaHHoe)
< 3A/m (nepemeHHoe) gna yactoTbl 50/600y,

[MocToAHHaA cocTaBnAOWan
HanpAXxXeHnAa N ToOKa

HyneBaA

dopma curHana

CMHyCOMAafIbeIﬁ

YactoTa

50y £0,2% nnn 60 'y, £0,2%

6.4.2 IlorpemiHOCTb U3MepPeHMs B 3aBUCUMOCTH OT TEMIIEPATYPhbl OKPY>KaI0Lel cpeabl

OcHoBHasA NOrpewHoCTb, YKa3daHHaA B TEXHNYECKUX AaHHbIX, rAapaHTUpPOBaHa B AMAaNAa30He TemMnepaTyp

oKpyXatouwen cpeabl 0°C..+45°C. 3a npeaenamy 3TOro AuanasoHa HeobxoAMMO MCMo/b30BaThb

AOMONHUTENbHbIA MHOXUTENb («M»), KOTOpbIA yBEIMYMBAET YKa3aHHYID OCHOBHYHO MOrPELHOCTb A0

$aKTUYECKOMN MOrpeLHOCTN M3MepeHus Pyuc. nokasbiBaeT rpaduk MHOXKUTeNA «M» B 3aBUCMMOCTU OT

TeMnepaTypbl OKpy)Kalowei cpeabl, B AMana3soHe HOMUHaNbHbIX paboumx Temnepatyp. MHOXUTENb

npuHMmaeT 3HadyeHue 1,0 B gnanasoHe Temnepatyp 0°C...+45°C. Bbiwe +45°C un go +55°C mMHoOXUTENb
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yBennumBaeTca MHelHo Ao 3HadeHua 2,0. Huxke temnepatypbl 0°C (4o -20°C) MHOXUTENb IMHENHO
yBenuMumMBaeTca A0 BendnHbl 1,8.

Mpumep: OCHOBHaA NOrpeLHOCTb M3mepeHna HanpsaxeHua RMS cocrasnsaet £0,1% Unom B AMaNa3oHe
Temnepatyp 0°C...+45°C.

o [lpun -20°C norpelHocTb n3amepeHua coctaBut +0,18% Unom (MHOKMTEND 1,8);
o [lpun -10°C norpelHocTb namepeHua coctaBut +0,14% Unom (MHOXKMTEND 1,4);
e [pu 0°C norpewHocTb n3mepeHus coctaBut £0,1% Unom (MHOKMTEND 1,0);

e [lpun +45°C norpewwHocTb uamepeHua coctaBut +0,1% Unom (MHOXKUTENDL 1,0);
e [lpun +55°C norpewHocTtb amepeHua coctaBut £0,2% Unom (MHOXKUTEND 2,0).

X HomHaneHEIR jranssoH
x paboqux TemNepaTyp \
f \
A
M=18 M=1 =2
A /
r /
/" /
Y
o' w450

e +55°C

Puc. 56. MHOXWUTeNb OCHOBHOW NOrpewwHOCTM B 3aBUCMMOCTM OT TeMNePaTypbl Cpeabl.

6.4.3 HanpsxeHue

Tabaunua 18.
Hanpsa»keHue JAnanasoH n ycnosusa PaspeweHue OCHOBHasA NorpeLwwHocTb
Urwms (nepemenHoe v 10% Unom < Urms < 150% Unom 0,01% Usom 40,1% Usom
NoCTosAHHOE) AnA Upom = 64B
1...10
Muk-dakTop (1...1,65 ana HanpskeHuaA 690 B) 0,01 +5%
AnA Urms 2 10% Unom
6.44 Tok
Tabaunua 19.
Tok [OwnanasoH 1 ycnosus | PaspelieHue | OcHOBHas NoOrpeLHoCTb
BxoOHol kaHan 6e3 Kneuwjeli
0.1B(0..3,6Bpp) | 0,01%loom | +0,1% Inom
Knewm rubkme F-1/F-2/F-3
JononHuTenbHas NorpewwHocTb
0..3000A o +1%
lrms (MepemeHHbIv 1 (10kA,p) 0,01% lnorm (2% c yueTom AONOAHUTENbHOIA
NMOCTOAHHbIN) MOrpeLHOCTN OT NOJIOKEHUA)
Knewu xécmxue C-4
JononHuTenbHas NorpewwHocTb
0..1000A 0,1...10A: + (3% + 0,1A
(3600A,.,) 0,01% Inom 10A: E_r3% )
50A: +1,5%
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200A: £0,75%
1000...1200A: +0,5%

Knewu #»écmkue C-6

JononHutenbHas NOrpeLwHoOCTb

Muk-dpakTop

0..10A 0,01...0,1A: + (3% + 1mA)
(36Ap) 0,01% lnam 0,1...1A: +2,5%
1..12A: +1%
Knewu #»écmkue C-7
ﬂ,ononHMTeanaﬂ NOrpeLwHoCTb
0..100A: + (0,5% + 0,02A
0...100A 0,01% lnom (45.?.65I’u,) !
(36Ap.)
0...100A: £ (1,0% + 0,04A)
(40...1000r L)
1...10

(1...3,6 anA lhom)
LI,HFI IRMS 2 1% |nom

0,01

+5%

6.4.5 Yacrorta

Tabanua 20.
YacroTa AnanasoH n ycnosua PaspelweHue OCHOBHasA NOrpeLwwHoCcTb
f 10..70u 0,01r +0,017
10% Unom < Uswis € 200% Upor AR H Bt
6.4.6 T'apMOHMKHU
Tabnunua 21.
FapMOHUKM JAnanasoH n ycnosusa PaspelleHune ’ OcHOBHas NorpeLHocTb

FapmoHuMyecknin pag,

(n)

MocToAHHBbIN TOK, 1...50, rpynnMpoBaHue: noarpynnbl rapMOHKK MO
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)

Amnauntyga Urms

0.. 200% Unom

0,01% Unom

+0,05% Unom Npyt U.B.<1% Unom
+5% un.B. npn n.8.2 1% Unom

(cornacHo OCT 30804.4.7-2013
(IEC 61000-4-7:2009) knacc 1)

B 3aBucumocTtum ot
MCNO/Ib30BaHHbIX

10,15% Unom NpY 1.B.<3% lhom
+5% un.B. ecnm n.B.2 3% lnom

Amnauntyaa | N 0,01% lnom
¥Aa Trwis Knewen (cmotpm ? (cornacHo FOCT 30804.4.7-2013
XapaKTePUCTUKN lriis) (IEC 61000-4-7:2009) knacc )

KoapoduumeHt
rapMOHMYECKMX 0,0...100,0%

10 i (o)
nckaxkeHnt (THDr) no | An8 Urms = 1% Unom 0,1% >%
HanpsaxeHuto (n = 2..50
Koaddnument
rapMOHUYECKNX 0,0...100,0%

10 i (o)
ncKkakeHnn (THDR) no ANA lrms = 1% lnom 0,1% >%
TOKy (n = 2...50)

1,0..50,0
- ’ ’ 1 i 0,

K-daktop 209 s > 1% lhom 0, 10%
yron cagura a3 -180°...+180° 0,1° +(n x 1°)
(HanpsakeHue)
Yron casura ¢as (Tok) -180°...+180° 0,1° +(n x 1°)
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6.4.7 WHTEeprapMoHUKH

Tabnuua 22.
NHTEepapMOHUKHK [dunanasoH u ycnosus ‘ PaspelieHue ‘ OCHOBHas MorpeLHocTb
. 0..50, rpynnupoBsaHue: No noarpynnam MHTeprapMmoHmK no
NHTeprapMoHUYecKuii
() FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
paa (n

(cyBbrapMoHMKM TaKKe C y4eTOM NOAOCKM 5Mw)

+0,05% Unom Nput 1.B.<1% Unom
+5% wn.s. .B.2 1% Unom
AmnanTyaa Usws 0.. 200% Unom 0,01% Unom ®U-8. TP 1.B.2 14
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009) knacc )
B 3aBucumocTu ot 10,15% Unom Npu U.B.<3% lnom
MCNO/Ib30BaAHHbIX 15% n.s. ecnm n.8.2 3% lnom
Amnauntyaa | N 0,01% Ilnom
YA TRws KneLweit (cmMoTpH ’ (cornacHo FOCT 30804.4.7-2013
XapPaKTEPUCTUKM lrws) (IEC 61000-4-7:2009) knacc )
KoadpounumeHt
MHTEPrapMOHUYECKUX
. 0,0...100,0% o
+ 0,
nckaxkeHun (TIDr) no 2718 Uss > 1% Unor 0,1% +5%
HanNpAXeHUo
(n=0...50)
KoadpounumeHt
MHTEpPrapMoHUYEeCKMX 0,0...100,0% 0
+ 0,
nckaxkeHunn (TIDg) no anA lrms 2 1% lnom 0,1% 5%
ToKy (n = 0...50)
6.4.8 MowHOCTb raApMOHHMK
Tabnunua 23.
MoLLHOCTN FaPMOHUK Ycnosus PaspeleHne | OcHoBHasa norpewHoctb !

AKTMBHaA n peakTuBHaA
MOLWHOCTb rapMOHUK

80% Unom < Urms < 150% Unom

5% Inom < IRMS < |nom

3aBUCUT OT

Unom " Inom

i\/sﬁh + 8§, + 85, %,

roe:

Oun — OCHOBHas
MorpewHocTb N3MepeHus
aMMINTY bl FAPMOHUK
HanpAMKeHs,

On — OCHOBHas
NorpeLHoCcTb U3MepeHna
aMNANTY bl FAPMOHMK TOKa
Oph — OCHOBHas
NorpeLHoCcTb U3MepeHna
dasbl mexay rapmMmoHUKamm
HanNpsA»XeHUa 1 ToKa.

NMpumeyanmne M cmoTpw rnasy 6.4.10. OLeHKa NOrPELIHOCTM U3MEPEHNA MOLLHOCTM 1 SHEPTUMN.
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6.4.9 MoOWHOCTDb ¥ 3Heprusa

Tabnuua 24.
Ycnosus
MoLwHoCTb 1 OCHOBHasA NOrpeLHoCTb
sHepruA (ans mowHoOCTU U 3HEpPrUmM PaspelieHue 1)
80% Unom < URMS< 120% Unom)
1% lnom < lrms < 5% lnom 1’02 + Sgh%
cosp=1
5% lnom £ lrms < lhom .+ 10,52 + 52h%
AKTMBHaA MOLHOCTb cosp=1 3aBUCUT OT \J p
AKTUBHasA sHeprus 2% lnom < lrms < 10% lnom Unom M lnom . 1,02 + 82, %
cosp=0,5 P
10% Inom < IRMS < Inom N ’0,62 + 82}1%
cosp=0,5 P
2% |nom S |RMS< 5% Inom . ;1’252 + 82h%
sinp=1 P
5% |non:] S |RMS< Inom + 1’02 + Szh%
sinp=1 P
PeaktnsHan 5% | < leve < 10% | 3aBUCUT OT
= (o)
MOLLHOCTb o rom = TV o + ’1,252 + 82 %
sing = 0,5 Unom ¥ lhom P
PeaKTtneHana sHeprua
10% In.om S IRMS< |nom + 1)02 + 82h%
sing=0,5 P
10% It'.om < lrvs < lhom + 1,252 + 82h%
sing = 0,25 \ P
MonHasA MOLWHOCTb 2% lnom < lrms < 5% lnom 3aBUCUT OT +1,0%
MonHas aHeprua 5% lnom < Irms < Inom Unom 1 lnom £0,5%
KoaddnumeHnt 0--1
o HO;M (P 50% Unom < Urmis < 150% Unom 0,01 +0,03
LU' 10% |nom < IRMS< Inom
KoaddnumeHt 0..1
caBura ¢das 50% Unom < Urms < 150% Unom 0,01 40,03
(COS(I)/DPF) 10% lnom < lrms < hom

Npumeyanmne M cmoTpum rnasy 6.4.10. OLeHKa NOrPELIHOCTUM3MEPEHMA MOLLIHOCTU U SHEPTUN.
6.4.10 OueHKa NOrpeIHOCTH U3MepPEeHUs MOLHOCTHU U JHEPrum

O6wan norpewHoCcTb U3MEPEHUA AKTUBHOW M PEaAKTMBHOM MOLLHOCTM (OCHOBHOW TapMOHWKKM) W
MOLLHOCTM TFapMOHMK, B LEJAOM OCHOBbLIBAeTCA Ha chefyloleil 3aBUCMMOCTM (418 3Hepruu
WUrHOPUPYETCA [AONOJMIHWUTENbHAA MNOrpelwHoCcTb, CBA3aHHAA C M3MEPEeHWEM BPEMEHM, KaK MHOro

MeHbLLaA, yem oCTasibHble norpeLHoCcTH):
~ 2 2 2
Opo = \[5Uh + 6jp + Spn
roe: & P, — NOrPELIHOCTb U3MEPEHNA aKTUBHOI U PEaKTUBHOM MOLLHOCTY;

O uh — cyMmapHas NorpewHoCcTb U3MEPEHNU aMMANTYAbl FAPMOHUKIN HaNPAXKEHUA
(aHanmsaTop, TpaHCchoOpMaTOpbI, KNewm);

6 Ih — cymmapHas norpeLHoCcTb U3MepeHNa aMnanTyabl rapMOHUKM TOKa
(aHanusaTop, TpaHchopmaTopbl, KNewm);
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6 ph— OONO/IHUTE/IbHAA MOrpewHOCTb B pe3ynbTaTte OLINBKM namepeHunA d)a3bl mexay

rapMOHUKaMMN HanpAaXeHna n ToKa.

MorpewHoctb & ph MOXHO OnpeaennTb, eC/iM M3BECTeH yro/ $a3oBoro CABWra A1A MHTEPECYIoLWen Hac
o6nactu yactoT. B Tabn. 25 npusegeHa owmnbra pasHOCTU a3 mMexay rapMOHUKAMU HANPSXKEHUA U
TOKa AN15 aHaM3aTopoB (6e3 TOKOBbIX Kaellel 1 TpaHcpopmaTopos).

Tabnuua 25. Owmnbka dpasbl aHanusatopos PQM-702(T)/703/710/711 B8 3aBUCUMOCTM OT YaCTOTbI.

OwwnbKa pasHoctu Ppas

[wnana3oH vacrot 40..70My, | 70..2000y, 200..500My, |500Muy..1kMy, | 1..2KMMy, 2..3klMy,

Owwnbka <0,5° <1° <2,5° <4° <7° <10°

OwunbKy ¢asbl, BHOCMMYIO NMPU MCNOIb30BAHWUM TPAHCPOPMATOPOB M KAelel, Kak NpaBuao, MOXKHO
HalTM UX B TEXHMYECKOM AOKYMEeHTauuu. B 3Tom ciyyae cneayeT OUEHWUTb AN MHTepecylolein Hac
YacToTbl MONYYEHHYIO OWMOKY dasbl MeKAy HanpsKeHMem U TOKOM, BBOAMMYIO BCEMU 3/1IeMeHTaMM
Lenu U3MmepeHus: TPaHCHOPMaTOPbI TOKA M HaNPAXKEHUA, KNELLM, a TaKKe aHamM3aTop.

MorpewHoCTb N3MepeHna, BbiTeKatowasa us OLNBKM ¢a3b| ana aKTUBHOM MOLWHOCTN TAaPMOHUK MOXHO
onpeagesnnTtb N0 COOTHOLWEHMUIO!:

Spn =100 (1 —M) [%], cosp # 0

cos@

B cBolo oyepedb, HeonpeAenéHHOCTb W3MEpPeHUA pPeaKTUBHOM MOLWHOCTU FapPMOHUK  MOMKHO
onpeaennTb U3 COOTHOLLIEHUA:

in(p—A@) .
Spn =100 (1 —%) [%], sing # 0

B obeux atux ¢opmynax ¢ o03HayaeT GaKTUYECKMI Yron cABWUra MeXKay rapMOHMKamu TOKa W
HanpsKeHus, a AQ cymmapHyto ownbKy ¢asbl 414 4aHHOM YacToTbl. M3 npeacTaBAEHHbIX 3aBUCMMOCTE
MOXHO cAenaTb BblBOA, YTO NOrPeHOCTb U3MEPEHMA MOLLHOCTU A8 TOM e camoi oWunbKku ¢asbl,
ABHO 3aBUCUT OT KoadpdpuumneHTa $pa3oBoro casura mexkay TOKomM U HanpaxeHvem (Puc. 57.)

Mpumep:

Pacuér norpeLHocTH n3MepeHusn aKTUBHOM MOLLHOCTH OCHOBHOW rapMOHUKM.

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

OcHOBHaA NOrpeLHOCTb cocTaBaAeT: + /1,02 + 65,1 %.

B gmana3soHe yactoT 40..70ly, owmbKa dasbl aHaM3aTopa cocTaBaseT MeHblue Yyem 0,5°.
Mocne NoACTaHOBKM B COOTHOLLEHME:

cos(p+ A cos(61°
S = 100(1—M> - 100(1—¥

cosQ cos(60°)
Takvm 06pa3om, NOrPELHOCTb M3MEPEHUSA COCTABUT:
§ = +4/1,02+ 1,522 = +1,82%

) =1,52%

B Tex e cambix ycnosuax, Ho npu casure $passbl ¢ = 10°, nonyunm:
cos(11°)

o,n = 100 (1 -
ph cos(10°)

) =0,16%

A NOrpewHOCTb N3MepeHnA COCTaBuUT:

§ =+/1,024+0,16%2 = +1,01%
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MpuBeneHHble BblWe PaAcYéTbl HE YYUTbIBAIOT  AOMOJIHUTENbHble OLWMOKM, BHOCMMbIE MpK
NCMNO/Ib30BaHUKN TOKOBbBIX Knewen U TpaHchopmMaTopoB.
100 5
B[]
80 1 p=60
80
p=50°
70 4
B0
p=40:
50
=30
40
=20°
30 4 ¥
=10°
20 A b
p=0°
10 4
Ap[°]
0O - . ¥ r T T T =
o 5 10 15 20 25 an
Puc. 57. JlononHUTeNbHAA NOrPeWHOCTb OT OWMOKM $asbl B 3aBUCMMOCTM OT yraa casura ¢as.
6.4.11 MepuaHue cBeTa (Ppiukep)
Tabaunua 26.
MepuaHue ceeTa
[OwnanasoH u ycnosua | PaspelueHune OcCHOBHas MorpeLHocTb
(dnukep)
Pst (10MUH.) 0,2..10 15% B npeaenax TabnUHbIX
o 0,01 .
P (2uaca) a1 Urms 2 80% Unom 3HaAYEeHUM
6.4.12 AcumMeTpus
Tabnunua 27.
AcnmmeTpua
[AnanasoH u ycnosus PaspeweHne | OCHOBHaa NOrpeLHOCTb
(HanpsAKeHWe 1 TOK)
KoaddpuuueHT
ouu ) . . +0,15%
HECUMMETPUU NPAMON, 0,0%...20,0% o
o o o o 0,1% (abcontotHan
obpaTHOWM 1 HyneBoM Ana 80%Unom < Urms <150% Unom
NorpeLHoCTb)
nocnenoBaTeibHOCTH
6.4.13 CurnaJisl ynpasJjieHUA
Tabnunua 28.

MapameTp

dnanas3oH 1 ycnosua | PaspelwueHue ‘

OcCHOBHaA NorpeLHoCTb

MeTton nsmepeHuma

B cootBeTcTBMM ¢ TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)

YactoTa

5,00...3000,00ry,

0,01y,

He NpumeHnmMmo

AMNANTYAA cUrHana
ynpasnexHna UR1, UR2

<1% Unom

13% Unom

0,01% Unom

He YKa3aHOo

io,ls% Unom
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315% Unom

+5%

6.4.14 TpaH3HEeHTHI (Pat-103 ] POM-T11

Tabnunua 29.

MNapametp

AnanasoH un ycnosumAa

PaspelieHune

OcHoBHas NOrpeLwHoCTb

TpaH3MeHTbl HanpAXKeHUA

+8000B 5B

+(5% + 25B)

6.4.15 TemnepaTypa 06'b€KTOB U3MEPEHUM Pam-1021

MapameTp [OvnanasoH TemnepaTyp OcHOBHas NOrpeLHoCTb

-55°C<T<-10°C +2°C

TOYHOCTb M3MEPEHUN -10°C<T<85°C +0,5°C
85°C<T<125°C 1+2°C

PaspelweHune 0,1°C

KpenneHune MarHutHoe

OnnHa nsmeputenbHoOro 3oHa4a 22m.

ST-2

YacTtoTa usmepeHui 1/1cex.

6.5 Perucrpanus COObITUH - JeHCTBYIOLME 3HAUEeHUsI HAaNpsDKeHUs U TOKa

Tabnnua 30.
HanpsxeHne Urms
OcHoBHan
(npoBanbl, NponagaHua u AnanasoH PaspeweHue
MorpeLHoCcTb
nepeHanpsaxeHue)
Urms(1/2) 0,0%...150,0% Unom 0,01% Unom 10,2% Unom

Moporu obHapyKeHun

YcTaHaBAMBAlOTCA NO/b30BaTEIEM B NPOLEHTaX 60 B abCONMOTHBIX
3HauyeHuAx. O6Hapy»KeHne cobbITA OCHOBAHO Ha n3mepeHur Urms(i/2)
(nencTeytowee 3HayYeHue 3a 1 nepmoa, o6HoBAAEMOE
Kaxaple ¥ nepnoaa).

MpofonxKnTenbHOCTb

Yacbl: MUHYTbI: CEKYHAbI,

OaunH nepuop,
MUNANCEKYHADbI

% nepuopaa

3anucb ocumnnnorpaMmmsl

MaKcmumanbHo 1 cekyHaa 3anucu n 960mc oneperkeHuna cobbiTus,
anckpetmsauma 10,24klMu, 8-6uTHOe paspelueHme

ToK lrms OcHoBHasn
Awvana3oH PaspeweHune
(MUHUMYM, Makcmym) MorpeLHocCTb
Irms(1/2) 0,0%...100,0% lnom 0,01% lnom 10,2% lnom

Moporu obHapyKeHun

YcTaHaBAMBalOTCA M0/b30BaTeIeM B NPOLEeHTax 6o B abCOMOTHbIX
3HauYeHuAX. BbiaBneHne cobbiTUA OCHOBAHO Ha U3MepPEHUM lrwis(1/2)
(mercrBytowee 3HayeHue 3a 1 nepnoa, obHoBNsEMOE
Kaxable % nepuopa).

N POAO/IKUTENBHOCTDb

4acbl: MUHYTbI: CEKYHAbI,
MUNNNCEKYHAbI

% nepunoga OaunH nepuog,

3anucb ocumnnnorpaMmmsl

MaKcumanbHo 1 cekyHAa 3anucu n 960mc oneperkeHua cobbiTus,
anckpetmnsauma 10,24kMu, 8-6UTHOe paspeLueHme.
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6.6 Perucrpanus COGBITHIA - JONOJTHUTEAbHbIE TAPpAMETPhI

Tabnnua 31.

MapameTtp

dnanasoH

MeTog 06HapyKeHus

YacTtoTa (MMH., makc.)

40...70ly, (B npoueHTax
NN abCcontoTHbIX

O6HapyKeHue cobbITUS OCHOBAHO Ha
10 ceKyHAHOM M3MEepPEHUU, COTNACHO
FOCT 30804.4.30-2013

Be/HaX) (IEC 61000-4-30:2008)
MuK-bakTop HanpsXeHUs (MUH., Ha ocHoBe 3HayeHus
1,0..10,0
MaKc.) 10/12-nepuopos.
Ha ocHoBe 3HayeHus
MuK-baKkTop TOKa (MUH., MaKc.) 1,0..10,0 10/12-nepuoaos.
K
Oad)chLEVIEHT HECUMMETPUN MO Ha oCHOBE 3HAYeHWs
obpaTHOM nocnenoBaTeNbHOCTU 0,0...20,0%
10/12-nepuopos.
HanpsaxXeHus (makc.)
K
oad)d)mu,vmeHT HECUMMETPUN MO Ha ocHOBE 3HAYeHWs
obpaTHoW nocneaoBaTeNbHOCTU 0,0...20,0%
10/12-nepvonos.
TOKa (maKc.)
KpaTkospemeHHan 4033 pamkepa Ps 0...20 Ha ocHoBe 10-MMHYTHOrO 3HAYEeHMUA.
(makc.)
OnvtenpHaa nosa ¢ankepa Py
0...20 Ha ocHoBe 2-4acoBOro 3Ha4YeHUA.

(makc)

AKTMBHaA MOLHOCTb P (MUH., maKc.)

B 3aBucumoctu ot
HACTPOMKK

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

PeakTnBHasA mowHOCTb Q (MUH.,
MakKc.)

B 3aBucumoctu ot
HACTPOMKK

Ha ocHoBe 3Ha4eHunA
10/12-nepvoaos
(ans notpebnsemoit n oTaaBaemon).

MonHas MOLWHOCTb S (MMH., MaKc.)

B 3aBucumoctu ot
HACTPOMKM

Ha ocHoBe 3Ha4yeHuA
10/12-nepuoaos.

MouHocTb nckaxeHua D/ NonHas
MOLLIHOCTb UCKaKeHua Sy (MUH.,

B 3aBucumocTtum ot

Ha ocHoBe 3HaueHus

wakc.) HaCTPOWKM 10/12-nepuoaos.
KoadpdpunumneHTt mowHoctn PF (MuH, 0.1 Ha ocHoBe 3HayeHus
MaKc) 10/12-nepuoaos.
KoaddpuumeHT casura ¢pas cose/DPF 0.1 Ha ocHoBe 3HaueHus
(MWH., maKc.) 10/12-nepuoaos.
tg® (MUH., MaKc.) 0.10 Ha ocHoBe 3HayeHuA

10/12-nepuoaos.

AKTUBHaA sHeprua Ep (Makc.)

B 3aBucumoctu ot
HACTPOMKK

MpoBepKa npeBblleHUA Kaxable
10/12-nepvopnos
(ana notpebnaemoli n oTaaBaemoi).

PeakTuBHas aHeprua Eq (maKc.)

B 3aBucumoctn ot
HACTPOMKK

MpoBepKa npeBblleHUA Kaxable
10/12-nepvoaos
(ana notpebnaemoli n oTaaBaemoit).

MonHas sHeprus Es (makc.)

B 3aBucumoctn ot

MpoBepKa NpeBbIWeHNsA KaxKable

HACTPOMKK 10/12-nepuoaos.
KoadpduumeHT rapmoHMYecKmx Ha ocHoBe 3HauyeHuA
o 0...100%
ncKkaxkeHnn THDr HanpsxKeHus (Makc) 10/12-nepvonos.
KoapduumeHT rapmoHMYecKmx 0..200% Ha ocHoBe 3HayeHuA

ncKkaxkeHnin THDg Toka (makc.)

10/12-nepvoaos.

AMNANTYAbI TAPMOHUK HAMPAXKEHUS
(makc.)

0...100%, nnn
abCcoNoTHbIE 3HaYeHuA

Ha ocHoBe 3HaueHus
10/12-nepvoaos;
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He3zaBncnmble noporn ana scex
rapMoHUK B AnanasoHe 2...50

AMNANTYAbl FAPMOHMK TOKa (MaKc.)

0...200%, nan
abCcoNoTHbIE 3HaYeHuA

Ha ocHoBe 3HayeHuA
10/12-nepvonos;
HezaBncnmble noporu ana scex
rapMoHWUK B AnanasoHe 2...50

KoadpounumeHT

. Ha ocHoBe 3HayeHuA
MHTEPrapMOHMNYECKNX UCKAXKEHNU 0...100%

10/12-nepvonos.

TIDr HanpsKeHns (Makc)
Koaddnument

. Ha ocHoBe 3HayeHuA
MHTEPrapMOHMNYECKNX UCKAXKEHNU 0...100%

TIDr TOKa (MaKc.)

10/12-nepvogos.

AMNANUTYLbl MHTEPTapMOHUK
HanpsXeHua (Makc.)

0...100%, nan
abcontoTHble 3HaYeHus

Ha ocHoBe 3HayeHuA
10/12-nepvonos;
HesaBucmmeble noporun ana scex
MHTeprapmoHuK B gnanasoHe 0...50.

AMNANTYAbl UHTEPraPMOHUK TOKa
(makc.)

0...100%, nnn

abCco/OTHbIE 3HAYEeHMA.

Ha ocHoBe 3Ha4yeHuA
10/12-nepvoaos;
He3zaBuncnmble noporu ana scex
WHTEeprapmoHuK B gnanasoHe 0...50

KosadpduumeHT «K» (K-dparTop)
(makc.)

1,0...50,0

Ha ocHoBe 3Ha4yeHuA
10/12-nepuogos

CurHanbl ynpasneHusa (Makc.)

0...Unom

Ha ocHoBe 3Ha4yeHuA
10/12-nepuogos

Pow-103 ] Pon-11)

TpaH3neHTbl HanpaXKeHnA

50...5000B nnu dV/dt

HesaBucnmblin mogynb onpegeneHuns
TpaH3ueHTOB. MeToap!:
aMMAUTYAHbIA UKW MO CKOPOCTU

HapacTaHuA.
6.6.1 T'ucrepesuc OGHaApPYKeHUA COObITUN
Tabnnua 32.
cTepesnc obHapykeHus
N Awvana3oH MeToa 06HapyKeHus
cobbITnin
[na Kaxx[oro ns napameTpoB paccumTbiBaeTcs,
vctepesnc 0...10% KaK MPOLLeHT OT MAaKCMMANbHOTO 3HaYeHnA
nopora.

6.7 Perucrpanus

Tabnnua 33.

Peructpatop

Bpema ycpegHenna Y

200mc, 1cek., 3cek., 5cek., 10cekK., 15cek., 30ceK., 1MWH., 3MUH.,
5MuH., 10MUH., 15MuH., 30MuUH., 60MUH., 120MUH.
CneumnanbHbii pexum: ¥ neproaa (3anunch TonbKo Urwms(i/2) U lrvisayz)?

YcpeaHenune muH/make ana Urwd % nepuoga, nepmog, 200mc, 1cek., 3cek., 5cek. @)

YcpegHeHne MuWH/MaKkc Aans

Irms

% nepwoga, nepuog, 200mc, 1cek., 3cek., Scek. ¥

3anucb ocumnnnorpamm

BO3MOXHOCTb 3anucum 3 nepmnoaos oCUMNNOrPaMM aKTUBHbBIX KaHa/10B

127




nocne Kaxaoro nepnoaa ycpeaHeHuA

PyyHoi,
Pexknmbl 3anycka pernctpaumm | MNocne nepsoro o6HapyKeHHoro cobbiTua,
Mo pacnucaHuio (YeTblpe 3aZaHHbIX MHTEPBANA BPEMEHM)

4  He3aBUCMMBbIX KOHCI)MpraLI,MM nonb3oBaTenia, pacnpeageneHune

TouKM n3amepeHus NMPOCTPAHCTBA HA KapTe NaMATU, BO3MOXHOCTb BblAE/IEHUS BCEro
obbema namaATK AnA BbIOPaHHOM TOUKM U3MEPEHUS.

Bpems perunctpaumm 3aBMCUT OT KOHOUIYpauum

T BcTpoeHHan KapTa namaATn 8rb (ctaHpapTHO),
BO3MOXHOCTb pacumnpenuns go 326 (onumoHanbHO)

Moaenb namatm JInHenHasn

BO3MOXKHOCTb 6ﬂ0KMpOBI-(VI K/aBunaTtypbl OT HECAHKULMOHUPOBAHHOIO

be3onacHocTb
[0cTyna, 6IOKMPOBKa CYMTbIBAHUA AaHHbIX € momoubto PIN-Koaa

(1) Bpems ycpeaHeHUs meHble 10ceK. B 4ENCTBUTENBHOCTM PAaBHO KPAaTHOMY OT Nepuoa CeTu:
200mc — 10/12 nepuopos, 1cek. — 50/60 nepunogos, 3cek. — 150/180 nepuoaos, 5cek. — 250/300
nepvoaos.

(2)  Urms(i/2) W lrms(1/2) ABAAIOTCA LENCTBYIOWMMM 3HAYeHMAMM 3a 1 nepuos ¢ oOHOBAEHMEM KaxKable Y
nepvoaa

(3) Mepuoabl ycpeaHeHUs MUH./makc. 200mc, 1ceK., 3ceK., 5ceK. B AeNCTBUTENbHOCTU pPaBHbI
KpaTHOMY OT Nepmuoja 4acToTbl CETU:
200mc — 10/12 nepuopaos, 1cek. — 50/60 nepunoaos, 3cek. — 150/180 nepuoaos, 5cek. — 250/300

nep1voaos.
Tabnnua 34.
PerncTpupyemble napameTpbi CpegHee | MuHMmanbHoe |MaKkcumanbHoe| MrHoBeHHoe
3HaYeHue 3HaYeHue 3Ha4yeHue 3Ha4yeHue
[Jencreytoliee 3HayeHne
¢dasHoro/nuHenHoro HanpsaskeHus Urws ° ° ° °
(B 3aBMCMMOCTM OT TUMA CXEMbI CETK)
[Jencreytoliee 3HaYeHMe IMHENHOTO
HanpsXeHun (TonbKo B 3-¢pa3Hol cxeme °
«3Be3ga» ¢ N n B 2-x pasHol cetn) Urms
MocToAHHAA cocTaBAAOLWAA HaNPsAKeHWA . . ° °
JericTBylowee 3Ha4YeHNe ToKa lrus ° . . °
MocToAHHaA cocTasnatowas Toka'? o o . o
YacroTa f ° ° ° °
Muk-dpakTop HanpaxeHua CF U ° ° ° °
Muk-dakTop Toka CF | ° . . °
KoadpoumumneHTbl HecMMMeTpUM no
obpaTHOM M NPAMOI NoCAef0BaTe/IbHOCTY,
CUMMETPUYHbIE COCTaBAAIOLLME: MPAMOWN,
06paTHOWM M Hy/NeBOM NOC/ef0BaTENbHOCTH ¢ * * *
(HanpakeHue)
Uo, U1, Uz, Uo, U2
KoadpodumumneHTbl HecMMmeTpum no
obpaTHOM M NPAMOI NocAef0BaTe/IbHOCTH,
CUMMETPUYHbIE COCTaBAAIOLWME: NPAMON, . ° . .
06paTHOWM M HyNeBOWM NOC/ef0BaTENIbHOCTU
(TOK) |0, |1, |2, io, in

128



[o3bl dnrkepa Ps 1 Py

AKTMBHaA MOLLHOCTb
(noTpebnaemasn n otaasaemas) P, P.

PeakTMBHasA MoLWHOCTb (NoTpebisaemasn
otaaBaemasn) Qi+, Qi-/ Qg+, Qs

[MonHaa mowHoOCTb S

MolHocTb uckaskeHma D/
MonHaa MOWHOCTb NCKaXKeHUA Sy

KoaddpuumeHT mowHoctn PF

KoadpduumneHt casura dpas cos/DPF

tan @

AKTMBHan aHeprus
(noTpebnaemasn n otaaBaemas) Ep., Ep.

PeaktnBHasa aHeprua
(noTpebnaemas n otaaBaemas) Eqs, Eq-

MonHaa saHepruma Es

KoadpdmumeHT rapmMmoHNYECKUX UCKAXKEHUI
THDr HanpAXeHna

KoadpdmumeHT rapmMoHNYECKNX UCKAXKEHUI
THDe TOKa

AMNANTYAbl FTAPMOHUK HaMNpPAXKEHUA
Un1...Unso

AMNANUTYAbI TAPMOHMK TOKA lh1...Ihso

KoadPpUumeHT MHTEprapMoHUYECKNX
ncKaxkeHm TIDe no HanpAXeHUto

KoadduumeHT MHTeprapmoHnYecKux
nckaxkeHui TIDr no Toky

AN\rlflMTyAbl UHTEPTrapMOHUK HanpAXeHunAa
Uho...Unso

AMNANUTYAbl MHTEPrapMOHUK TOKaA lho...lhso

KoadduumeHnt K (K-paktop)

AKTUBHbIE MOLLHOCTU rapMoHUK (1...50)

Phl... Ph50

PeaKTMBHbIe MOLLHOCTM rapMoHuK (1...50)
Qn1...Qnso

Yribl mexay rapMOHMKaMM HANPAXEHUA U

TOKa @1...Pso

CurHanbl ynpasneHnua UR1, UR2

o(2)

MpumeyaHumsa:

) TonbKo NpY MCNoNb30BaHUM Knelueii C-5.

@ Mpu perncTpaumm B cooTBETCTBUM O cTaHAapTom MOCT 32144-2013 Take 3anucbiBatoTca cpegHue 3-

X CEKYHAHbIE 3Ha4YeHUA.
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6.8 IIluTraHue u HarpesareJ/b

Tabnunua 35.

MutaHue

[AnanasoH BXOAHbIX HaNPAXKeHN

90...760B nepemeHHOro TOKa,
127...760B nocToAHHOro ToKa

KaTteropus anektpobesonacHocTu CAT IV/600B
MoTpebnseman MOLHOCTb MakKc. 30 A
AKKymynatop Li-lon 4,5A-y
Bpems paboTbl ¢ NUTaHMEM OT aKKyMyATopa [0 2 yacos
Bpems 3apsafKun akKyMynaTopa (MONHOCTbIO pa3paAKEHHOr0) 8 vacos
MoTpebnaembli OT aKKYMyAATOPa TOK B peXunme
BbIK/ItOYEHHOrO aHaM3aTopa (NPW OTCYTCTBUM CETEBOTO <1mA
MUTAHWA, HE OTHOCUTCA K PEXKMMY 3aLMTbl OT KPaXku)

Tabnunua 36.
HarpesaTtenb
Mopor TemnepaTtypbl BKAOYEHMA HarpeBaTens t<0°C

MuTaHne HarpesaTena

BCTpOEHHbIﬁ UCTOYHUK NNUTAHUA
nepemeHHOro Toka

MowHOoCTb HarpeBaTensa

MaKcmnmmanbHas 10BT

6.9 IloaaepxuBaeMble CETH

Tabnnua 37.

Tunbl Nogaep:KMBaemMbix cetTei (KOCBEHHO UM HanpAMYIO)

1-dpa3Han

OpgHodasHas, ¢ HenTpanbHbIM NPoBoAOM (pasbémbl L1, N)

2-x ¢asHas (c pacuienneHHon
dasoit)

OByxdasHas, c HelTpanbHbIM NpoBoAoMm (pasbémbl L1, L2, N)

3-x ¢asHas «3Be3ga» C
HenTpanbto

TpéxdasHas, TMNa «3Be3ga» ¢ HelTpanbio (pasbémbl L1, L2, L3, N)

3-x pa3HanA «TPeyroNbHUK»

TpéxdasHas TMNa «TpeyroNbHUK» (pasbémsbl L1, L2, N)

3-x pas3Hasa «KTPEYrosibHUK»,

cxema ApoHa TOKOBbIMM KNelamu

TpéxdasHas, TMNa «TPeyronbHUK» (pasbémbl L1, L2, N), c aByms

3-x ¢asHas «3Be3ga» C

N30/IMPOBAHHOM HENTPaNbIO (pasbémbl L1, L2, N)

TpéxdasHas, TMna «3Be34a» C U30/IMPOBaHHOMN HENTPANbIO

3-x ¢asHas «3Be3ga» C
N30/IMPOBAHHON HENTPabIo,

cxema ApoHa

TpéxdasHas, TMna «3Be3aa» C U30/IMPOBaHHOMN HENUTPASbIO
(pasbémbli L1, L2, N), c ABYMA TOKOBbIMM KNeLwamm

6.10 IloaaepxuBaeMble TOKOBbIE KJ/Ield

Tabaunua 38.
Tunbl NogaepXrMBaeMbix TOKOBbIX KeLLen
Kneuwm rubkmne (noac PoroBckoro), MakcMmanbHbli guameTp — 400MMm, AMana3oH U3MepeHun
F1 3000 Agws
5 Knewwm rubkume (noac PoroBckoro), MakcMmasnbHbIit agnameTp — 250MM, AManasoH M3MmepeHnn
- 3000 Agws
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F.3 Knewwm rubkume (nosac Porosckoro), MakcMmasnbHblit gnameTtp — 130mMMm, AManasoH M3mepeHns
3000 Arwms

C-4 Kneww Tnna CT, nepeMeHHOro Toka, Anana3oH namepeHusa 1000Arus, 1IMB/A

5 Kneww tnna CT ¢ gaTunkom Xosia, nepemMeHHOro/nocTosHHOro ToKa, AManasoH n3mepeHms
1000Agms, 1MB/A

c6 Knewwu tvna CT, nepeMeHHOro ToKa, 41Aa MasibiX TOKOB, Anana3oH namepenma 10Agrwvs,
1mB/10mA

C-7 Kneww Tnna CT, nepeMeHHOro Toka, AnanasoH namepeHuma 100Agms, SMB/A

6.11 UuTepdeiic

Tabnnua 39.
Twun coeguHeHUA
ONTUYECKN N30NMPOBAHHbIN MHTEpEIAC;
MaKCMMa/ibHaA CKOpPOCTb nepeaaun: 921,6k6ut/c;
USB pPeXXUM YTeHUA OaHHbIX U3 MAMATU CO CKOPOCTbIO NOPAAKA HECKOJIbKO

M6éut/c;

coemecTtum ¢ USB 2.0.

POW-102] Pa-T02 | POM-103

BecnpoBoaHoM

BcTpoeHHbIlt pagmo moayab 433 Ml

CBA3b OCYLLLECTBAAETCA Npy NnomoLLm pagmo agantepa OR-1;
MaKCMMa/ibHaA CKOPOCTb nepeaaun: 57,6k6ut/c;

paguyc aencrema oo 5m.

POM-710 J POW-71

BcTpoeHHbIn moaynb Wi-Fi IEEE 802.11b/g/n;
MaKcMmanbHasa adpdeKTnBHaA cKopocTb nepeaaun 300 kbut/c
(Ha paccTtoaHumM go 10m.);

becnpoBoaHoO
Wi-Fi CraHaapTt «b/g» 1 «n» ANs 0AHOro NOTOKA AaHHbIX;
LUndpoBaHmMe (TouKa AocTyna Ha naaHwere): Tonbko WPA2-PSK;
LLndposaHue (BHelwHAsA TouKa goctyna): WPA/WPA2-PSK nnu otcytcrayert.
GSM BcTpoeHHbIn GSM mogem (ctaHgapt UMTS);

MaKCMMaibHaA CKOPOCTb 0bMeHa gaHHbIMK 5,76/7.2 Méut/c.

6.12 YcioBuUsI OKpYKawLIel cpeabl U APyrue TeXHU4YeCcKre JaHHbIe

Tabaunua 40.

YCN0BUA OKpY*KatoLwen cpeabl

[nanasoH pabounx TemnepaTyp

-20°C...+55°C

[nanas3oH TemnepaTtyp Npu XxpaHeHUU

-30°C...+60°C

Bna)kHOCTb

10...90% ¢ BO3MOXKHOI KOHAEHCcaumei

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

IP65

HopMmasbHble ycnoBMA ANa NOBEPKU

Temnepatypa oKkpyKatowen cpeagbl: 0°C ...+40°C
BnaxkHocTb: 40...60%

Pasmepbl 200 x 180 x 77mm (6e3 npoBoaoB)
Macca OKoso 1,6Kr
Oucnnen LUseTHon XKKWN TFT, 320x240 nukcenb, AnaroHans 3,5”

MamATb 4NA XPaHEHUA AAHHbIX

BcTpoeHHas KapTa namatu 816 (cTaHaapTHO), €
BO3MOXHOCTbIO paclumMpenuns go 326 (onumMoHanbHo)
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6.13 be30nacHOCTDb U 3JIEKTPOMAarHUMTHasA COBMEeCTUMOCTb

Tabnnua 41.

be3onacHOCTb 1 a1eKTPOMarHMTHaa COBMeCTUMOCTb

CooTBeTcTBME

rOCT IEC 61010-2-032-2014

M3MepMTEJ'I bHaA KaTeropua

[11 1000B/1V 600B, Knacc 3arpA3HeHus 2, no
FOCT IEC 61010-2-032-2014

M3onauma

[BoliHasa cornacHo MOCT IEC 61010-2-032-2014

3ﬂ6KTpOMa THNTHaA COBMECTUMOCTb

rOCT P M3K 61326-1-2014

YCTOMYMBOCTb K MOMEXaMm Ha pPagno4v4acTtoTax

FOCT IEC 61000-4-3-2016

CMHyconaanoHaa moaynauma 80% AM, 1kly,
80...1000MTu, 10B/m

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

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

YCTONYMBOCTb K 31E€KTPOCTaTUYECKUM
paspagam

rOCT 30804.4.2-2013 (IEC 61000-4-2:2008)
Pa3psapg B Bo3gyxe: 8kB
Pa3pag KOHTaKTHbIN: 4KB

YCTOM4MBOCTDL K HaBeAEHHbLIM NOMEXaM,
MHOYUMPOBAHHbIM PaANO4aCTOTHbIM NOJ1IEM

FOCT P 51317.4.6-99 (M3K 61000-4-6-96)
CunHycompanbHaa moaynauma 80% AM, 1kly,
0,15...80MTwu, 10B

YCTOMYMBOCTb K cepum BbICTPbIX
3N1EKTPUYECKUX NEPEXOAHbIX COCTOAHWNI

FOCT IEC 61000-4-4-2016
Amnantyaa 2KB, 5kly,

YCTOMYMBOCTb K YAAPHbBIM MMMNYAbCaMm

rOCT P 51317.4.5-99 (M3K 61000-4-5-95)
Amnnntyaa 2kB (L-L), 4kB (L-PE)

dMuccUA U3NyvyaemMbix Momex Ha
paguovacToTax

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
30...230MTlu, 3046 (MKB/M) Ha paccToaHUK 10m
230...1000MTu, 3746 (MKB/m) Ha paccTosiHMM 10m

Imumccma KOHAOYKTUBHbIX Nomex

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
YpPOBHU /1A KBAa3MMMKOBOIO AeTeKTopa:
0,15kMy,...0,5MTy;: 6646MmKB...564E5MKB
0,5MTly,...5Mly: 5656MmKB

5Mrly ...30Mrly: 60a6mKB

MpumeyaHume K EN55022:2010

PQM-703 n PQM-711 - 3to npubopbl Knacca A. B 6biToBOM cpeae 3TO M3genne MOMKET Bbl3BaTb

pagvonomexu, 4to noTpebyeT OT NONb30BaTENA MPUHATUA COOTBETCTBYIOLMX MEP MO WCNPaBAEHUIO

NONI0XKEHUA.

6.14 CrangapThl

Tabnnua 42.

CraHpapThbl

MeToapl namepeHunAa

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

TOYHOCTb M3MEPEHMUIA

rOCT 30804.4.30-2013 (IEC61000-4-30:2008) knacc A

Kayectso HEeprmum

FOCT 32144-2013

dnunkep FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010)
FapMOHUKHK FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
be3sonacHocTb FOCT IEC 61010-2-032-2014

3MC FOCT P M3K 61326-1-2014

CraHga PT KayecTBa

pa3paboTKa, NPOeKTUpOoBaHME U NPOU3BOACTBO cornacHo ISO 9001
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7 KOMIUVIEKTAIHUA

7.1 Cra”HpapTHas KOMILUIEKTauus

HanmeHoBaHue UHaeKc Konunyectso
ﬁgi;f:;op napameTpoB KauyecTBa 3N1EKTPUYECKOM SHEPTUN WMRUPQM7xx 1w,
PykoBoAcTBO no aKkcnayataumu/Macnopt 1/1wr.
3axnum «KpoKoama» n3oanpoBaHHbIN YepHbIii KO1 WAKROBL20K01 3wr.
3axum «Kpokoamn» n3onnpoBaHHbIn ronyboin K02 WAKROBU20K02 | 1wr.
3axknum «KpoKoamn» n3oanMpoBaHHbIN XENTbI KO2 WAKROYE20K02 lwrT.
3axknum «KpoKoamn» n30nnpoBaHHbIN KpacHbi KO2 WAKRORE20K02 2uwr.
ApanTtep gnAa nogKAoYeHns K ogHodasHom cetn AZ-1 WAADAAZ1 lwr.
CoeauHuTeNnb anekTpmnyeckmi - agantep AC-16 WAADAAC16 1wrT.
CoefMHUTENb SNIEKTPUYECKU — apanTep MarHUTHbIM MOZAenb

WAADAUMAGKPL | 1 komnnekT
AM-4
CoeauHUTENb 3NEKTPUYECKMIA — aganTep c pesbboirt M4/M6,

WAADAM4M6 1 KomnnekT
mogenb AR-1
Kabenb nocnegosatenbHoro nHtepoerica USB WAPRZUSB lwrT.
Becnposoanoii uktepdeiic OR-1 (Use) (D LWLElA) GIEE | WAADAUSBOR1 | lwr.
Habop ana moHTaxa Ha DIN-peiike WAPOZUCH3 lwr.
PeMHu ansa Kpenexa Ha ctonbe (2 wr) WAPOZOPAKPL lwr.
KomnnekT gnsa dukcaumm pemHemn WAPOZUCH4 lwr.
®PyTAAP NNAACTUKOBbIM XLZW WAWALXL2 lwrT.

1w,

Yexon Ana nnaHwerta lwr.
oyrnap L8 M)A WAFUTLS 1w,
AHTeHHa GPS WAPOZANT10GPS | 1wrT.
TemnepaTypHbiit 30HA, ST-2 Wizl WASONT2 lwrT.
7.2 JlonmosiIHUTE/IbHASA KOMIIJIEKTALMSI
HanmeHoBaHue UHaeKc
Knewm rmbkume F-1 WACEGF10KR
Knewm rubkme F-2 WACEGF20KR
Knewm rmbkme F-3 WACEGF30KR
Knewm namepurtenoHole C-4 WACEGC40KR
Knewm nameputenbHble C-6 WACEGC60KR
Knewm nameputenbHbie C-7 WACEGC70KR
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http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=343
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=348
http://www.sonel.ru/ru/products/accessories/gripes/detail.php?id4=341
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http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=435
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=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/wires/detail.php?id4=408
http://www.sonel.ru/ru/products/accessories/wires/detail.php?id4=426
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/other/detail.php?id4=535
http://www.sonel.ru/ru/products/accessories/cases/detail.php?id4=533
http://www.sonel.ru/ru/products/accessories/other/detail.php?id4=576
http://www.sonel.ru/ru/products/accessories/cases/detail.php?id4=578
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=382
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=383
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=384
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=386
http://www.sonel.ru/ru/products/accessories/clamps/detail.php?id4=532

7.3 BHelmHSAq9 aKTUBHad aHTeHHa GPS

Puc. 65. BHewHAa aHTeHHa GPS.

Tabnnua 59. TexHNYecKne XxapaKTePUCTUKKN BHELLHEN aHTeHHbI GPS.

TexHNnYecKne xapakKTepPUCTUKN

YacTtoTa 1575,421Ty,
MNonapwusauma npaBasn Kpyrosas nonspusauua (RHCP)
Ycunenue 2646 (3B)
KoadppuumneHT cToayer BOMHbI MO  HaAMPAXEHMUIO <121
(VSWR) T
Pasmepbl (6e3 kabens) 14,0 x 34,2 x 38,2mMMm
Pabouasa TemnepaTtypa -40°C...+85°C
CreneHb 3awmTbl, cornacHo PN-EN 60529 IP67
OnunHa Kabena 10m
MoTpebneHune ToKa 15...25mA

erI'IJ'IeHME MarHMTHoOe€, Ha }'II'O6YI'0 NOBEPXHOCTb

8 OBC/IYKUBAHHME IIPUBOPA

BHMMaHue A

B cnyyae HapyLlleHUA NpaBuA SKcnayaTauuMm o60pyao0BaHUA, ycTaHOBAEHHbIX M3rotoButenem, moxxer
YXYALWUTbCA 3alUTa, NPUMEHEHHaA B saHHOM npubope.

Kopnyc nsmeputena moxHO YNCTUTb MATKOMN BAaxHOW dnaHenbto. Henb3a ncnonb3oBaTb pacTBOPUTENM,
abpasuBHble YnCTALME cpeacTBa (MOPOLLKM, NACTbl U Tak Jasee).

JNEeKTPOHHaA CXema W3MepPUTENA He HYXAAeTCA B UYMCTKE, 3a MUCKAOYEHUEM THe3f MNOAKNIoYeHUA
N3MepUTE/IbHbIX MPOBOAHUKOB.

N3mepuTenb, ynakoBaHHbIA B NOTPEOUTENBbCKYIO M TPAHCMOPTHYIO Tapy, MOMET TPaHCMOPTMPOBaTLCA
Nto6bIM BUAOM TpaHcnopTa Ha Ntobble paccToAHMUA.

[onyckaeTca umMCTKa THE3L TMNOAKAIOYEHUA U3MEPUTENIbHBIX MPOBOAHUKOB C WCMNOJIb30BAHWEM
6e3BOPCUCTbIX TAMMOHOB.

Bce ocTtanbHble paboTbl MO 06CNYKMBaAHUIO MPOBOAATCA TO/NIbKO B aBTOPU3MPOBAHHOM CEPBUCHOM
ueHTpe 000 «COHI/».

PemoHT an6opa OCyLLecTBNAETCA TO/IbKO B aBTOPN30BaHHOM CEPBUCHOM LIEHTPE.
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9 XPAHEHHME U YTUWIN3ALIUA

Mpu xpaHeHUn nprubopa HeEobXoANMO NPUAEPKUBATLCA CNEAYIOWMX PEKOMEHAALMIA:

e OTKAOYMTb OT U3SMEPUTENA BCE NPOBOAA;

e TuwaTeNbHO OYUCTUTL NPUBOP, M BCE aKceccyapbl;

e  Y706bl M36€KaTb MONHOMO PaspAfa akKKyMyNsTOPOB NpW AJMHHOM XpPaHeHWUU MX Heobxogumo
nepuoanYecKm 3apsKaTb.

N3mepuTtenb, NpedHasHayeHHbId AnA yTuansauuu, cneayet nepeaatb [poussoautento. B cnyyae
CamMOCTOATENbHOWN YTUAM3ALUMUK, e€ cieslyeT NPOBOANTb B COOTBETCTBUM C AEMCTBYIOLMMM NPaBOBbLIMU
HOPMaMMK. YTUAN3AUMIO 3/1EKTPUUYECKOro WM 3NEKTPOHHOro o6opyaoBaHMA HeobxoAMMO MPOBOAUTbL
OTAENbHO, HE CMeLLMBan C 0OTXo4amMu apyroro poaa. Mepen, goctaBKkoi obopyaoBaHMA B MYHKT cbopa He
MbiTaliTeCb CAMOCTOATE/IbHO Pa3bupaTb Kakne-1mbo Yactm AaHHOro obopyaoBaHUA.

10 ITIOBEPKA

AHanuszaTtopbl cepum PQM B cootBeTcTBMM ¢ PegepanbHbim 3akoHOM PO Nel02 «0O6 obecneyeHuum
eaMHCTBa U3MmepeHun» cT.13, nogneut nosepke. MNoBepKa aHaAM3aTOPOB NPOBOAUTCA B COOTBETCTBUMU
C METOANKOWN NoBEPKM, cornacoBaHHom ¢ PBY «POCTECT-MOCKBA».

MeToanKa NoBepKM AOCTYMHa AN1A 3arpy3Ku Ha caiTe www.sonel.ru

Mescnoeepo4Hsbiii uHmepean — 2 200a.

METPOJIOTMYECKAA CNYXBA 00O «COHIJ/1» ocyuwecTBAseT MNOBEPKY Kak COBCTBEHHOro napka
peannsyemoro ob6opyaoBaHuA, Tak M NpPUBOPOB OCTasbHbIX MpoussBoauTenei, n obecneynsaer
6ecnnaTtHyto goctaBky CU B MOBepKy 1 N3 MOBEPKU IKCMPECC NMOYTOMN.

115533, r. MockBa, np-T AHaponoBa, @4.22, bl «HaratuHckui», 3sT1axk 19, 0¢.1902.
Ten.: +7 (495) 995-20-65

E-mail: standart@sonel.ru

Internet: www.poverka.ru

11 CBEAEHHUA Ob U3T'OTOBUTEJIE

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

Fax: +48 74 85 83 809
E-mail: sonel@sonel.pl
Internet: www.sonel.pl

12 CBEJAEHHUA O IIOCTABIIHUKE

000 «COH3N1», Poccusa

142714, MockoBckas 06n., JIeHUHCcKuin p-H, 4A. Mwucannoso, ya. [lepBomaiickaa, A4.158A.
Ten./dakc +7(495) 287-43-53

E-mail: info@sonel.ru

Internet: www.sonel.ru
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13 CBEJAEHHWA O CEPBUCHOM LHEHTPE

FapaHTUNHBLIA U nocnerapaHTUiiHbIM pemoHT CUM SONEL ocyuwectsnfaeTr aBTopu30BaHHbIA CepBUCHbIN
LUeHTp KomnaHun COHDJT n obecneunsaet becnnatHyto aoctaBky CU B pemMOHT/U3 peMoHTa 3Kcnpecc
noyTomn.

CepBucHbIN LLeHTp pacnonoKeH no agpecy:

115533, r. MockBa, np-t AHgponoBa, 4.22, bl «HaratuHckmit», 3tax 19, 0¢.1902.
Ten.: +7 (495) 995-20-65

E-mail: standart@sonel.ru

Internet: www.poverka.ru

14 CCbIVIKHU B UHTEPHET

Katanor npoaykunm SONEL

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

dnekTpoHHasa Gopma 3aKasza ycayr NOBEPKMU d1eKTPoU3IMepmUTebHbIX NPUbopos.
http://poverka.ru/main/request/poverka-request/

dneKTpoHHas ¢opma 3aKkasa pemoHTa npunbopos SONEL
http://poverka.ru/main/request/repair-request/

dneKTpousmepuTenbHas nabopaTtopus
http://www.sonel.ru/ru/electrical-type-laboratory/

®opym SONEL

http://forum.sonel.ru/

KN1YB SONEL
http://www.sonel.ru/ru/sonel-club/

136


mailto:standart@sonel.ru
http://www.poverka.ru/
http://www.sonel.ru/ru/products/
http://poverka.ru/main/request/poverka-request/
http://poverka.ru/main/request/repair-request/
http://www.sonel.ru/ru/electrical-type-laboratory/
http://forum.sonel.ru/
http://www.sonel.ru/ru/sonel-club/

