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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 /IMLLA, UMEIOLLME COOTBETCTBYIOLLYIO KBaandUKaLmio U A0NYCK K
OaHHbIM paboTam;

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

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

e HegonycTtMmo npumeHeHue:

O U3MepuTens, NOBPEeXKAEHHOTO NOJIHOCTbIO UKW YaCTUYHO;
O MNPOBOAOB C NOBPEKAEHHON U30NAUMEN;
O W3MepuTensa, MNPOAOKUTENbHOE BPEMS XPaHMBLIWUIACA B HEMNPaBWIbHbLIX YCNOBUAX
(Hanpumep, B CbipoM NOMeLLEHUN);
e PeMOHT Npnbopa MOKET BbINOMHATLCA N aBTOPU30BaHHbIM CepBUCHbIM LieHTpom.

NPEAYNPEXOEHUE:

He BbINONHATL M3MepeHUA BO B3PbIBOONACHON cpege (Hanpumep, B NPUCYTCTBMU rOPHOYUX Fasos,
napos, NbiM U T.4.). Ucnonb3oBaHME U3MEPUTENA B TAaKMX YC/IOBUAX MOKET 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, MO3BOJAIOLINE MPOBOAUTL
BCECTOPOHHME W3MEPEHMUs, aHaAM3 W perucTpauuio napametrpos cetn 50/60 Ty M KayecTBa
3/IEKTPUYECKOMN IHEPTUMN B COOTBETCTBUM C gencTayowmmm FOCT 32144-2013 «DneKTpuyeckan sHeprus.
COBMECTUMOCTb TEXHUYECKUX CPEACTB 3/IEKTPOMArHMTHaA. Hopmbl KauecTBa 3N1E€KTPUYECKOM SHEPTUN B
cucTemax 3/1eKTpocHabxeHua obllero HasHadyeHua», TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
«InekTpuyeckaa sHeprua. COBMECTMMOCTb TEXHUYECKUX CPeacTB 3SNEeKTPOMArHMTHaa. MeTtoapbl
M3MepeHUI MOoKasaTesell KauyecTBa 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 TAPMOHUK W WHTEPrapMOHUK AJA CUCTEM 3SNEKTPOCHAGXKeHUs U
NOAKNOYAEMbIX K HUM TEXHUYECKMX cpeacTB». AHANN3aTopbl NMOAHOCTbIO COOTBETCTBYET CTaHAAPTY
FOCT 30804.4.30-2013 knacca A.

AHanusaTopbl OCHalWeHbl NATbIO WU3MepUTeNbHbIMMU BXOAaMM MO HaNPAMEHWIO, C NpoBOAAMM
3aKaHUYMBAOLWMMNCA pa3bEMamm TUNA «baHaH» M 0bo3HauYeHHbiMM L1, L2, L3, N u PE. MaKkcumasnbHoe
3HaYeHMEe HaNpPsAXKEeHUSA Ha AaHHbIX BXOAAX He O0J/IKHO npesbiwaTh + 1500B (NnMKoBOe HanpsAMKeHue).
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 agnanasoHom Ao 3000A (oTamyatoTca
TONbKO AMamMeTpom o06xBaTa), KécTkme Knewwn C-4 (gmanasoH Ao 1000A nepemeHHoro Toka), C-5
(ananasoH go 1000A nepemeHHOro M NOCTOAHHOrO ToKa), C-6 (AnanasoH Ao 10A nepeMeHHOro 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, aHa/An3aTop 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 YCTPOWCTBO BMECTE C aHTEHHOW. JTo AaéT
NpPaKTUYECKMU HeorpaHUYeHHbI A0CTYN K aHanM3aTopy us ntoboi TOUKM MUpa, rae ecTb NoKpbiTue GSM.
Ha neBoit cTopoHe Kopnyca Haxoautca cioT Ansa SIM-KapTbl, He06xoaMMo Ana nepeaaqmn AaHHbIX.

AHanM3aTopPbl MMEKT BCTPOEHHbIA GPS-NpUEMHMK BMecTe ¢ aHTeHHoM, bnarogaps sTomy 6e3 KaKkux-
NM60 AONONHUTENbHbBIX aKCeCCyapoB OHM MOJHOCTbIO COOTBETCTBYET TpeboBaHMAam FOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) «2dnekTpuyeckas 3sHeprua. COBMECTUMOCTb TEXHWYECKUX Cpeacts
3NeKTPOMarHuTHaa. MeToabl M3MepPeHUiA NoKa3aTeNen KavyecTBa 3/1EKTPUUYECKON SHEPrMK.» 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 pernctpaunn, 4To no3BONAET PaunNOHA/IbHO MUCMNOJ/Ib30BATb MECTO Ha KapTe NamMATuU.

He peructpupyemble mapameTpbl HE 3aHMMAlOT MeCTa, TEM CaMbiM MOXHO 3HAUUTE/IbHO MPOA/IUTb

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 ¢ npuémHmnkom 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 NOAAEPXKMUBAETCA Ha AUCTaHUUKU 40 10Mm);

o [logkntoueHne GSM yepes MHTepHeET.

m m m Y106bl MMETL BO3MOMKHOCTb MCMO/Ab30BaTb pexmm 6ecnpoBogHON C€BA3K C
KOMMNbIOTEPOM, HEOBXOAMMO MOAKNIOUUTL NPUEMHUK paganocurHana OR-1 K nopty USB KomnbloTepa.
CKopoCTb Nepefayn AaHHbIX B 3TOM peXume measieHHee, MO3TOMY OH peKOMeHAyeTca ANA NPOCMOTPa
TEKYLMX AaHHbIX CETU, U3MEPEHHbIX aHAIM3ATOPOM U A/1A HACTPOMKM U yNpaBieHUs aHaansaTopom. B
CBA3M C MeA/IeHHON nepepayert AaHHbIX, HE PEKOMEHAYETCA CUYMUTbIBaHME MO PaAMocBA3N H0bLINX
06BEMOB [ aHHbIX, 3aMMCAHHbIX Ha KapTe NAMATU.

(POM-710 | POM-THH) AHanu3aTop NOCTaBAAETCA CO CheLMasibHbIM MAAHLETOM, KOTOpblA npeaBapuTenbHO
HacTpoeH gns paboTtbl ¢ npubopom. [pu BKAKOYEHUM MAAHLWETa 3anyckaetca npunoxeHue «SONEL
ANALYSIS», KOTOpOoe aBTOMaTUYeCKU BbIMNOAHAET MOUCK MPOrPammHO MPOMUCAHHOIO aHanuM3aTopa.
MnaHwWweT BbICTYNaeT B KayecTBe TOYKM AOCTyna (aHrn. Access Point), kK KoTopoi, no 6ecnposogHomy
coeanHenunto Wi-Fi, nogkntovaetca aHanmsatop. JononHutenoHaa nHpopmauma, o Hactpoike Wi-Fi n
BO3MOMXHbIX peXummax nepefaun AaHHbIX, HAaXOAUTCA B MNPUIONKEHUU K PYKOBOACTBY MNONb30OBaTeNs
nporpammbl «SONEL ANALYSIS» v B saHHOM PykosogacTse.

Mepeaaya gaHHbIX No ceTn GSM noTpebyeT ycTaHOBKM B THE34,0 aHanM3aTopa AelcTeytowei SIM- KapTbl
NnoNb30BaTeNA, C NOAK/OUYEHHON YCAYroi nepegaym AaHHbIX U cTaTuyeckoro IP-agpeca. KomnbioTep,
KOTOpbI ByZeT NoAKA4aTbCA K aHaN3aTopy, A0/KEH UMETb 40CTYN K MHTepHeTy.

MECTO MPMERYUME SHIMA KRENNEHME
XOMYTOE ANA YCTAHOEKW Ha cTONG
W ukcatopoe Ha DIN-peiky

F_ L _/
o
FJ_J | Ce
| e -
® — -

T TTTT  MECTO NPMERYYHESHKA
38 WEnKK 1na DIk-pebiki

Puc.2. 3agHAa naHenb aHanmM3aTtopa.
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(POM-703] IEED Mo cpaBHeHUo ¢ moaensmmu 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 aguana3oHe HanpsaxXeHnin go +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 NOBPEXKAEHWUM NMPU MOMbITKE €ro NOAKAUYEHUA K HANPAMKEHUIO HUXKEYKa3aHHOro
[AManasoHa, OH BbIK/AOYaeTCcA NpM BXOAHOM HanpsaxeHun meHee 80B nepemeHHoro Toka mam 110B
NMOCTOSIHHOIO 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 nUTaHMA 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 NuTaHua (bonee 3 mecAues),
aKKymynaTopHas b6aTapea MNOMHOCTbIO Pa3pAAMTCA U HEKOTOpble AaHHble MOryT ObiTb NOTEpsiHbI:
TeKyllee BpeMsa, HAacTPOWMKKU namepuTenbHbix nporpamm, PIN-koa, naponb 610kuposku u 1.4. lNocne
BO306OHOBNEHNST PabOT C aHa/AM3aTOPOM, PEKOMEHAYEeTCA BOCCTAaHOBWUTb HACTPOMKM, mcnonb3ya O
«SONEL ANALYSIS».

BHumaHue /L\

3amMmeHa aKKyMyIATOpa A0/KHa NPOU3BOAUTLCA TO/IbKO B aBTOpU3MpoBaHHoM CepBucHom WeHTpe.

1.4 CreneHb 3alLMTHI U YCJIOBUA IKCIVIyaTal MU

AHanusaTtop npegHasHadeH 1A paboTbl B CIOXKHbLIX MOFOAHbIX YCIOBUAX - 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 pemHelt OCyLLLeCTBAAETCA COFNAcHO PUCYHKY.
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Puc. 3. KpenneHus n pemHu Ans yCTaHOBKKM aHaM3aTopa Ha cTonb.

AHanunszaTop obecneymBaeT repMeTMYHOCTb Kacca IP65, a aAnanasoH pabounx temnepatyp -20...+55°C.

BHUMaHue &

Ona Toro, utob6bl 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 Aaa pa3béma BHelWHeW aHTeHHbl GPS (MaM NNoTHO 3aKpyueH
pa3bém npu ycTaHOBKe BHelHel aHTeHHbl GPS).

Mpu TemnepaType OKpyxatolein cpeabl Huke otmetTku 0°C, BKAtoyaetcA 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 BCTPOEHHOIO JIMTUIN-MOHHOMO aKKymynaTopa ero 3apsagKka 3absokupyetca, Koraa
TEMNepaTypa akKKyMy/sTopa HaxoAuTcA BHe auanasoHa -10°C..60°C (ctaTyc 3apsagKku 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

HeaKTUBHasA MOLWHOCTb N = ,/SZ — P2 (cm. 0bCcyKaeHMe No peakTMBHOM MOLHOCTY B r1ase 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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CraHfapTbl, KacaloLwyeca U3MepeHraAM 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 INEKTPOCHAOKEHMS
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)
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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 HabnogaTth 3a xogom onepauum. O6HOBAEHME MOXKHO MPONYCTUTb, 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 NPOU3BOAMUTCA YyAEpPKaHUEM KNaBuLLK €@ 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 HU3KOM
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/IIOYEHME aHAAM3aTopa BO3HMKAET TaKXKe B C/lyd4ae MNOAHOro paspaga
aKKymynAtopa. Takoe aBapuitHOe OTKAOYEHME NPOU3BOAUTCA HE3aBMCMMO OT PEXMMA, B KOTOPOM OH
HaxoauTcA. B cnyyae aKTMBHOW pernctpaumu, oHa npepbiBaeTtca. [locne BO3BpaALLEHUA HAMNPAMKEHUs
MUTaAHWUA perucTpauna BO306HOBNAETCA. ABApUMHOE OTKOYEHME CUrHaANU3Mpyetca cooblueHrem
«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 aHannsaTopbl PQM-710 1 PQM-711 — 10 3KkpaHoOB.

Ha puvc. 5 nokasaH nepsblii U3 3KPaHOB, OTOBPaXKaeMbIX aHa/sM3aTOPOM 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):
e 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
3aperncTpupoBaHHbBIMM  AAHHBIMU WAW KOTAQ AAA [AAHHOM TOYKM M3MepeHuAa He 6bino
Ha3Ha4YeHO HMKAKOro mecrta (HyneBas KBOTa). B TaKMX yCNOBUAX 3aMyCTUTb PErNCTPALMIO Heb3A.
BO3MOKeH TOIbKO NPOCMOTP TEKYLLMX 3HAYEHUA.

CMMBO/ 03HAYaeT OXMZAHME 3aMnycKka perucTpauumn no nepsomy obHapyKeHHOMY COBbITUIO
(3anyck oT npeBbIWeHUs nopora).

B cvmeon necounbix yacos osHauaer OXMAaHWe Hayana pPerucTpauumn B pexkume pacnmucaHus
(TaKKe B nepepbiBax MeXKAy MHTepBasiaMu perncTpauunn).

e (CBobogHOE MecTo Ha KapTe NamMaTU AN aKTUBHOWN TOYKKU namepeHus 8 Mb unu 'b;

e Tekywme gata u Bpemsa B ¢popmate: OOA.MM.ITIT Y4:MM:CC. faTta u Bpemsa oTobparkatorca
3e/1éHbIM LBETOM, €C/NU BpemA aHa/mn3aTtopa CUHXPOHU3MPOBAHO cO BpemeHem no GPS wu
COOTBETCTBYET TpeboBaHMAM K TOYHOCTM ONpPeAesieHUs BpPemeHMu, ycrtaHosneHHoro [OCT
30804.4.30 — 2013 (IEC 61000-4-30:2008), npMmeHUTENbHO K aHanu3aTopam Knacca A. Ecau
BPEMS He OTBEYAET 3TUM TpeboBaHMAM, TO OTOBparXKaeTcAa OpaHKEBbIM LIBETOM;

e WNHAanKaTop NUTAHUA OT CETU UKW YPOBEHb 3apAAa aKKYMynATopa;

e WNHamkaTop ypoBHA curHana cetm GSM (npu Hanuumm B cnoTe SIM-KapTbl U MOAKNIOYEHUA €e K
cetn GSM).

Homep aKkpaHa oTobparkaeTca B NPaBOM HUMKHEM YAy Aucnien.

3KpaH 1/9 No ymonyaHMIO BbIBOAUTCA Ha AWUCMIEN NPU BKAOYEHMM aHANM3ATOPaA M MNOCAE U3MEHEHUA
TOYKM M3mepeHuA. Ha HEM npepncTaB/ieHa BEKTOPHAA AuMarpamma M3MepsaemMon ceTm U UHAMKATop
NPaBUIIbHOCTM MOAKAIOYEHUA K uccaegyemon cetn. B cnydyae npaBuMAbHOrO  NOAKNIOYEHUA
oTobparkaeTca 3enéHblii cumBos «OK», a Koraa obHapy»KeHa noTeHuManbHan oWwmbKa - KPAaCHbIN 3HAYOK
«X» c Hagnucbio «OLUUBKA». KpacHbih 3Hauyok «X» c Hagnuceto «OLUMUBKA» He 6n0Kupyet
PerucTpaLmio n 03Ha4yaeT TOJIbKO TO, YTO aHA/IM3ATOP OOHAPYKMUA BO3MOXKHYIO OLLIMOKY B MOAKAOYEHUN.

KpMTepMM, ncnonbsyemble aHa/IN3aTOPOM O1A BblAB/IEHUNA OLINBKM noAaKN4YeHua, cneayouime:

o  OTKNOHEHWE AENCTBYIOWLEro 3HayeHWs HanpsKeHua 6osee yem Ha +15% OT HOMWMHANBHOIO
3HAYeHus;

e OTKNOHeHMe yrna casura ¢as OCHOBHOM rapMOHMKKM HanpsaxKeHua 6onee yem Ha +30° ot
TEOPETUYECKOrO 3HAYeHUs NPU  PEe3UCTUBHOM Harpyske W CUMMETPUYHOM ceTn (cm.
npumedaHue);

o OTKNOHeHMe yraa casura gpas 0OCHOBHOM rapMOHMKM TOKa 6os1iee Yem Ha £55° oT TeopeTnyeckoro
3HaAYeHMA NP PE3UCTUBHOWN HArpysKe N CUMMETPUYHOM CeTU (CMOTPU NPUMEYAHNE HUXKE);

o  OTKNOHEHMe YacToTbl ceT 6onee Yem Ha £10% OT HOMUHA/ILHOIO 3HAYEHWSA YaCTOTbI.

MpumeyaHue:

[Ons obHapyKeHusa owmnbkn casura ¢asbl TpebyeTcs, yTo6bl OCHOBHAsA COCTaBAANOLWAA npouecca bblaia
60/1ble UM paBHa 5% OT HOMUWHAIbHOTO 3HAYEHMS HANPSAXeHUs AN 1% OT HOMWHAIbHOTO AManasoHa
TOKa. Ecnu 370 ycnoBue He BbINOMHAETCA, TO NPaBUAbHOCTb YI10B caBura $has He nposepseTca.

Takaa ¢YHKUMOHANLHOCTb MO3BOMAET NPOBECTM ObICTPYIO BU3YaNbHYIO OLEHKY TOrO, HACKOJIbKO
napameTpbl CETU COOTBETCTBYIOT KOHUIypaL MM aHaamnsaTopa.
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3KpaH 2/9 (puc. 6). Ha HEM NpeacTaBneHbl U3MEPEHHbIe ASWCTBYIOLWME 3HAYEHMA HAMNPAXKEHMI U TOKOB

B LLENMN N 4YaCTOoTa CETU.

m Mpu nogKkntoveHnn TemnepaTypHoOro 3oH4a ST-2, NoKasaTean TemnepaTypbl BbICBEYMBALOTCA HA

JAaHHOM 3KpaHe.

P3| 1.80 GB | 20.12.12 11:30:10 [ [f..

U1 =2245V 11=2227 A
Uz =2216V 12=28.39 A
U3 =2280V 13=23.37 A
Unee = 0.028 V In=10.95 A
F =35000H:

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

3KpaH 3/9 (puc.7). MNokasbiBaeT aKTUBHbIE M PeaKTMBHble MOLLHOCTM. MOLLHOCTM OTAe/bHbIX ¢a3
nocneagoBatenbHO 0603HayeHbl Homepamu oT 1 go 3. WToroBbie MOLWHOCTM OTODOparkatoTcs B
nocnefHemn ctpoke (ob6o3sHayeHne P n Q).

P3[1.80 6B [ 20.12.12 11:30.08 [»]

P1= 4.325 kW 01= 9293 var
P2= 6.301 kW 02= 1.087 kvar
P3=4.981 kW 03= 1.289 kvar
P =16.11 kW 0 =3.307 kvar

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

IKpaH 4/9 (puc.8). OTobparxkaeT NONHYI MOLLHOCTb UCKaXKeHUI (0603HavyeHne SN) 1 NoAHY MOLLHOCTb
(S). Korpa BbIbpaHO M3MepeHMe MOLHOCTM No MeToAy Budeanu, BMECTO NONHOW MOLHOCTU UCKAXKEHWI
oTobparkaeTca MOLHOCTb MCKaXKeHuH D.

P3 | 1.80 GB | 20.12.12 11:30:08 | [T,

SN1= 984.6 var  S1= 7.617 kVA
SN2= 7783 var  SZ=10.04 kVA
SN3= 1.100 kvar  S3= 8.081 kVA
SN =4831kvar 3 =26.28 kVA

Puc. 8. 9KpaH 4/9 ¢ MOLLHOCTAMM NUCKaKEHUA U NOSIHOW MOLLHOCTbHO.

dKpaH 5/9 (puc.9) otobparkaeT KoaddULUMEHTbI raPMOHMYECKUX UCKakeHUIt THD ansa HanpsxeHua u
ToKa. KoaddpuumeHTbl, NOKasaHHble Ha 3TOM M306paXkeHWW, PaccUUTaHbl OTHOCUTE/IbHO OCHOBHOW
COCTaBAAIOLLEN.

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

THOUM = 3013 % THOI= 17.69 %
THOUZ =2.802 % THDIZ= 1147 %
THOU3 =2.895 % THDI3= 19.49 %
THOUNee = 18.32 % THDI= 184.0 %

Puc. 9. 3kpaH 5/9 ¢ KoapdpuuMeHTammn rapmMoHUYECKUX UCKaxKeH it THD.
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JKpaH 6/9 (prc.10). NMoKaszaHbl KoadduLMeHTbl MowHOCTU 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 MocaeAHUIt 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) npeacrtasaseT 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 Havana nocnegHer 3anyweHHOM perncTpaumn wamM Bpemsa Hayasla Ccnefylowero
3an/laHMPOBaAHHOIO MHTEPBAJIA PErUCTPALMN B PEXMME PETrUCTPALMM NO PACNUCAHWUIO;
Bpems OKOHYaHWMA MOC/AefHEelr 3anyweHHON pernctpauum (ecam perucrpaums yxe MAET, To
0OTOOPAKAKTCA YEPTOUKU) UM BPEMS OKOHYAHUSA CleAyHoLEero 3amnjaHnpoBaHHOIO MHTEPBaa
pPEerucTpauum B peXMme perucTpaumm no pacnmcaHmio;
MPoAOMKUTENbHOCTD  TEKYLEN WUAM  y)Ke  3aBepLEHHOM  perucTpaumm,  BO3MOXKHaA
NPOAOJIKUTENIBHOCTb MHTEPBAJIA PErUCTPALLMKN B PEXKMME PaCnUCaHns;
Yumcno cobbITMin, 3aperncTpmpoBaHHbIX aHAZIM3AaTOPOM C MOMEHTA 3aMyCKa perncTpaumu;
CocrtosHme cetn GSM. B aToli cTpoke oTobpakaloTcs COObOLWEHUs, KOTOpble OTHOCATCA K
TeKyLLemy COCTOAHUIO BCTPOEHHOro mogema GSM:

o «BKAOUYEeHMe ...»: MOAEeM BKAOYAETCS;

o «MpET noaKNloueHUe K CeTu»: Mogem permctpmpyertca B cetu GSM;

o «WNaét nogknoueHne K UHTEepHeTy»: MOLEM aKTUBMPYET YCAYry MakeTHOW nepenayu

OaHHbIX U perucTpupyeTtca B cetm MHTepHeT;



o «lForoB, UMTS»: mogem ycnewHo 3apernctpmposanca B cetm GSM 1 oXXuaaet CBA3N C
KnmeHTom. UMTS - 370 Ha3BaHMe cTaHAapTa nepefayn AaHHbIX B CETU, BO3MOMHOCTb
€ro UcrnoJib30BaHUA 3aBUCUT OT AOCTYMHOCTM YCAYT B BalleM PETrMOHE.

AHaNM3aTOP MOXKET 0TOBParKaTb HA STOM MecTe U Apyrve coobLLEeHMA, HanpuMmep, MHPopmupytoLne 06
obHapyXeHHbIx owmnbKax: «Het SIM-KapTbi» - eciv B CNOT He ycTaHoBneHa SIM-kapTa; «HeBepHbii PIN-
Kog» - ecAn WChnosb3yemblin aHanmsatopom PIN-kog 6bin oTKAOHEH SIM-KapToin, u T1.4. bonee
noapobHoe onncaHne MOXKHO HalTh B pasgene o GSM coeguHeHUu.

e [locneaHas CTpoKa 3KpaHa 8/9 mokasbiBaeT cocToAHue NpuUémHMKa GPS: ecan B HacToAwwmiA
MOMEHT NMPUHUMAETCA NPABUAbHBIN CUFHAN CO CNyTHWKOB GPS (C BHYTPEHHEN WAW BHeLHeM
aHTEHHbI), TO oTobpakaeTcsa cnoso «[AA». Eciv curHan He NpuHUMaeTcs, To oTobparkaeTcsa «Her
CUrHana»;

o TeKywMmii ypoBeHb curHana GPS;

e  WNHPopmauuio 06 ycTaHoBKe nonoxkeuua GPS (Hagnucb «2D») n/unn npuéme MCTUHHOTO
BpemeHun GPS (cumBon yacos).

3KpaH 9/9 (puc.13) nossonset 6bICTPO NPOBEPUTb OCHOBHbIE MapameTpPbl KOHPUIypaLMm TOUKU
M3mMepeHma:

e Tuncetu;
o Tun TOKOBbIX KNeLe;
o HOMWHaNbHble 3HAYEHUSA: HANPSAXKEHNA, ANaNa30HA USMEPAEMOTO TOKA U YacToTbI.

P1|7.16 GB | 17.01.13 17:.00:21 |»[F.

Typ sieci: 3-fazowy gwiazda z N

Cagi  :Fx

fn : 50 Hz
Un :2300 ¢
In : 3.000 kA

Puc. 13. 3kpaH 9/9 c mHbopmaLment o napameTpax TOUKM U3MEpPeHUA.

mm dKpaH 10/10 oTobparkaeT Tekyllee cocToAHne b6ecnposogHoro coeamHeHmsa Wi-Fi. C
MOMOLLbIO 3TOTO 3KPaHa NoJIb30BaTe/Ib MOMKET NPOYUTATD:

e YpoBeHb PaMOCUTHANa — CUTHAJU3MPYeT 3HAYOK =, rAe KOAMYECTBO 3eNEHbIX MOMOCOK
03Ha4aeT ypoBeHb curHana: ot 0 — oTcyTCTBYET, 40 4 — BbICOKUIA,

o CocrosiHue coeguHeHusn (FoTos, MonyueHue agpeca IP, Mouck cetn);

o  MAC-agpec gns Wi-Fi uHtepdeiica aHanmsartopa;

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

o  UNaeHTndukatop SSID cetn Wi-Fi, K KOTopoit NogKAOYEH aHann3aTop.
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P1[1.78 GB | 16.04.14 16:11.49 o

Wi-Fi % : Gotowy

MAC  :00.23.A7.38.2D.08
P : 192.168.100.141 {DHCP)
SSID :WBK

Puc. 14. 9kpaH 10/10 c uHpopmaumelt o TeKyLem coCcToAHUN noagkntodeHmsa Wi-Fi.

2.5 Ilporpamma «SONEL ANALYSIS»

Mporpamma «SONEL ANALYSIS» — 3To npunoxeHune, Heobxoanmoe ans paboTbl C aHaAM3aTOpPaMU CepUm

PQM. OHa no3BoAAET BbINOJIHUTL:

Kondwurypaumto aHanmsaTopa;

YTeHue faHHbIX U3 perucTpaTopa;

MOHUTOPUHT CETU B pEXMME PeasibHOrO BpeEMEHMH;

YpaneHue faHHbIX U3 aHanM3aTopa;

MpeacTaBneHne faHHbIX B BUAE Tabauu;

MpeacTaBneHne gaHHbIX B BUAE rpaduKos (guarpamm);

AHann3 paHHbIX € ToYkM 3peHua [OCT 32144-2013, cuCTEMHOro peryampoBaHuA U Apyrux
YC/IOBUIA, onpeaensaemblx No/ib30BaTenem;

Hezasncrmyto noaaepKy HECKONbKUX YCTPOMCTB;

O6HoB/IEHME [0 CamMoOW noc/ieAHeN BepCMM BCTPOEHHOIO MPOrPaMMHOro obecneyeHusn
(NpoLWKMBKKM) aHANM3ATOPOB M CAMOTO NPUNONKEHUA.

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

AOKymeHTe (Tak)Ke MOXHO BecniaTHo 3arpysuTb € caiiTa npoussoauTens http://www.sonel.ru/).

2.6 Coepunenwue c IIK u nepeaaya JaHHBIX

AHanusatop npegocTasnfeT Tpu cnocoba obmeHa AaHHbIMU C KOMMNMbOTEPOM:

MNposoaHoe coeanHeHue no USB;

m m m Pagnocsasb B gmManasoHe 433MrM L, ¢c nomowsio npnémHmka OR-1;
BecnpoBoaHan cBA3b Yepes BCTPOEHHbIM mogem GSM;

mm PaamocsAsb ¢ nomoLlbto 6ecnpoBoHOM nNepeaadn AaHHbix Wi-Fi — KomnbloTep
W aHaNM3aTop AO0/MKHbI OblTb NOAKMOYEHDBI K TON e ceTu LAN uan MmeTb BOSMOXHOCTb CBS3U
yepe3 WAN (cooTBeTcTBYIOLLAA KOHOUTYpaLMa MapLipyT1u3aTopa).

CoeauHeHue c KomnbloTepom (pexxkum MK) nossonseT:
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MNepenasaTb AaHHbIe, COXPAHEHHbIE B NAMATM perncTpartopa:
O BO3MOXHOCTb CYNTbIBAHMA AAHHbIX BCEX TOYEK U3MEPEHUA;
MpocmaTtpmBaTb NapameTpbl CETU Ha KOMMblOTepe:
O MFHOBEHHble 3HayeHWA TOKa, HaNPAXEHWA, MOLLHOCTM U 3SHEeprun, CymmapHble
3HaYeHUA ANa BCEM CUCTEMDI;
rapMOHWKN, UHTEPrapMOHUKU, MOLLHOCTM FapMOHUK, THD, TID;
ACMMMETPUIO;


http://www.sonel.ru/ru/biblio/software/

O BEKTOPHble AMarpaMmbl A/18 HANPAXKEHWUN;
O OCLMANOrPaMmbl TOKA U HanNpaXKeHun, oTobpaxkaemble B PEXMME PeasibHOro BpeMeH!;
O BCe OCTa/ibHble U3Mepaemble NapameTpbl, He NepPeYncIeHHbIe 34eCh.

o KoHduUrypaumto aHann3aTopa, AUCTaHUMOHHDBIN 3aNycK U NpeKpalleHne perucTpaumu.

MNocne noakntoveHUA K KOMMblOTepy Ha aucnnee noasasetca Hagnucb «MoaknioveHue MK» un tmn
NOAKNOYEHUA.

Bo Bpemsa coeauHenua c MK, KnaBuwm 3ab610KMPOBaHbI, KPOME KIaBULLIN ©D. o aHanusaTtop
paboTaeT ¢ BK/AOUYEHHbIM PEXUMOM BNOKMPOBKM KNaBMaTypbl (Hanpumep, BO BPEMS pernctpaumm), To
BCE KNaBULLM 3aB/IOKMPOBaHbI.

[na Toro, 4tobbl COEANHUTLCA C aHANM3ATOPOM Heobxogumo BeecTu ero PIN-koa. Koga no ymonyanuto
310 000. PIN-KOA MOYKHO M3MEHUTL € MomoLLbto nporpammbl « SONEL ANALYSIS».

Tpw nonbiTKM BBOAA HenpaBuabHOro PIN-koaa 610KMpyloT nepegady AaHHbIX Ha 10 muHyT. TosbKo
nocne aToro BpemeHun byaet BO3MOXKHa NOBTOPHas MNomnbITKa BBECTU KOA,

Ecan B TeyeHne 30 cekyHA nocne nogkntoyeHusa K MK He NpoucxoauT HUKAKOro obmeHa AaHHbIMM
MeXAy aHanM3aTopoOM M KOMMNbIOTEPOM, aHaAM3aTop BbIXOAUT M3 pexuma nepegaun AaHHbIX M
3aBepLUaeT NoAK/oUeHMe.

BHMMaHue /L\

YpeprkaHue B Te4eHMe 5 ceKyHpA, KnasuLl | 7] © Bo3Bpauw,aeT PIN-Kog no ymonuaHuio (000).
Ecan BKAloYeHa 6/10KMPOBKa KNaBMaTypbl BO Bpemsa peructpaumm, To oHa umeeT 6onee BbICOKUMA
npuopuTeT (CHauyana HyXXHO pa3610KMpoBaTb KNaBuLwK, YTo6bl 06HYAUTL PIN-Koa). OnAa aBapuitHoOM

Pa36a0KMPOBKM KNaBUATYpbl yAEPKUBaTe B TeUEHUE 5 CeKYHA, KNaBuLLn D,

ECM ecTb aKTMBHOE MNOAK/AYeHWe NtobbiMm M3 cnocoboB KOMMYHUKALMW, TO HEBO3MOMHa CBA3b C
aHaAM3aToOpPoOM ApPyrMm cnocobom, Hanpumep, ecin YCTaHOBAEHO coeiuHeHue no USB, HeBO3MOXKHO
NOAKUMTLCA K aHaAu3aTopy no pagmo yepes OR-1 naun no GSM. B Takom ciyyae nporpamma BbIBOAUT
coobLLeHNE, YTO Y¥Ke aKTMBHO ApYyroe coeguHeHure.

2.6.1 CBaspmno USB

USB — saBnsetcA MOCTOAHHO AEWCTBYIOWMM MWHTEPPEeNcom M He UMeeT BO3MOMKHOCTM CBOEro
OTKAoYeHuA. [na Toro, YyTobbl COEANHUTLCA C aHaIM3aTOPOM, HEOHBXOAMMO CoeanHUTL ero Kabenem
USB ¢ KomnbioTepom (pasbém USB HaxoauTca Ha NeBOM CTEHKe aHanM3aTopa M 3alMLLEH
YNNOTHUTENbHOM  3arfylwkoi). Ha KomnbloTepe HeobxoAMMO  NpeABapuTENIbHO  YCTAaHOBUTb
nporpammHoe obecneyeHne « SONEL ANALYSIS» BmecTe ¢ gpaiiBepamu.

CKopoCTb nepeAayn AaHHbIX coctasnaer 921,6k6ut/c. Kpome TOro, BCTPOEHHbIN CUUTbIBaTENb C KapTbl
NamATM NO3BO/AET 3arpy)KaTb JaHHble pPerncTtpaummM Cco CKOPOCTblO ropasgo 6osblein, yem
CTaHAapTHas. B aTom pexunme aHanmsatop obecrneymBaeT NPSMON AOCTYN K CBOEN KapTe MamsATH, YTo
NO3BOMIAET CUMTbLIBaTb AAaHHbIE CO CKOPOCTbIO B HECKONbKO M6uT/c. BOo Bpems TaKoro 4yTeHus He
BO3MOXHA HOPManbHaa CBA3b C aHA/NM33aTOPOM, HanNpumep, NPOCMOTP AaHHbIX B peXXMme peasibHoro
BpemeHu. [locne cuYMTbiBaHMA [AaHHbIX C  KapTbl namatv, npunoxkeHne «SONEL ANALYSIS»
aBTOMAaTMYECKM NepekItoYaeT aHaIM3aToP U3 PeXUMA YTEHWNA B PEXUM CTaHAAPTHOM CBA3M.

25




BHMMaHue &

B pexkume uteHMsa BCE coaeprKumoe KapTbl NamATu oTobparkaetca Ha MK KaK AUCK B onepauMOHHOIA
cucTeme, 4YTO MO3BOJIAET MOJIYYUTb HEOrPaHMUEHHbIU AO0CTYN K ero cogepXumomy. Yrtobbl He
nospeautb GpanNoBylO0 CUCTEMY HA KapTe NamMATU U He NOTEePATb XPaHALLMECA Ha Held AaHHble, Heb3A
camocTofTeNbHO BMmewwuBatbcs B (PainoBylo cuctemy (Hanpumep, €O3[aBaTb WU COXPaHATbL
cobctBeHHble daiinbl uan yganatb ¢painbl, 3anucaHHble aHanusatopom). He ucnonbsyitte agna artoii
uenun gpyrux nporpamm, kpome nporpammbl «SONEL ANALYSIS».

2.6.2 PaauocBsa3b ¢ nomoubio OR-1 m IEEEEH m

MoaknoumMB K KomnbloTepy pagmoagantep OR-1, MOXHO YCTaHOBUTb C aHa/iM3aTopom becnpoBogHoe
coegMHeHue, ucnonb3ya amanasoH 433Mrlu. Paguyc nencrena B sTOM pexume orpaHUYeH nNpumepHo
5Mm, a MaKCMManbHas CKOpoCTb Nepesayn AaHHbIX cocTaBnseT 57,6K6ut/c.

BHumaHue &

Mepes coeauHeHMeM C aHaAU3aTOpPOM MO PagMo HYXHO [06aBuTb Baw aHanusatop K 6ase
aHanusatopos (MapameTpbl = Bba3a aHanusartopos). Mpu noucke cpegu aHanNM3aTopoB B CMUCKE
BOCTYMHbIX YCTPOMUCTB NOKa3bIBalOTCA TO/ILKO Te, KOTOPble BHECeHb! B 6a3y.

NHTepdelic pagmnocesasm, NOAKNOUYEHHbIA K NPUEMHMKY OR-1, moeT BbiTb OTK/AOYEH B aHa/M3aTope.
[na Toro, 4To6bl BKAOUYWUTL €r0 3aHOBO, HYKHO BOCMO/1b30BATbCA ABYMA APYTMMM TUNAMKU nepenayn
AaHHbIX: USB nan GSM.

2.6.3 CBa3pb no cetu GSM

BcTpoeHHbIi GSM mogem obecneumBaeT AOCTyn K aHanusatopy u3 awoboro mecta Ha 3emne, rae
pocTtynHa cetb GSM. Mogem nogaeprkmsaeTt cTaHAapT nepegaym gaHHbix UMTS HSPA ¢ makcMmanbHoM
CKOPOCTbIO Mepefayn AaHHbix 5,76/7,2M6ut/c (oTnpaska/nonyyeHune). Ytobbl MCNONb30BaTb 3Ty
BO3MOHOCTb, HEOOXOAMMO YCTAaHOBUTb B COT Ha BOKOBOM NaHenn aHanAusaTopa Aeincreytowyto SIM-
KapTy.

SIM-KapTa f0/KHa ObITb NOAKAOYEHA K CeAYIOLMM BUAAM YCAYT:

e [lakeTHana nepegava gaHHbix (GPRS);
e 3aperucTpupoBaHHbIN cTaTuyeckmin IP-aapec;
o ®yHKUMA SMS ans oTNpaBKM yBEAOMAEHWUIA CUTHANU3ALMN.

Ons  Hactpoitkm SIM-kapTbl M  Mogema B aHanuMsaTope HeobXoAMMbl chneaylowme LaHHbIe,
npeaocTaBaaemMble NOCTaBLLMKOM YCAYT nepeayn SaHHbIX:

e PIN-Kkog gna SIM-KapTbl;

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

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

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

®  mA nosib3oBaTeNn U Napob (ONUMOHANBHO, KaK NpaBuo, He TpebyeTcs).

Mocne nepBoit yctaHoBKM SIM-KapTbl, aHanm3atop byaeT NbiTaTbCA BBECTU Noc/ieAHUIM BBeAEHHbIN PIN-

Ko4 unn Kog, MCI'IO}'Ib3yeMbIl7I no ymMmoJ4aHUIO. O6bIYHO TaKasi MOMbITKA 3aKaH4MBaeTcs Hey,u,aqeﬁ n
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aHanm3aTop BblAACT coobueHne 06 owmnbke PIN-koge. Ana Toro, 4Tobbl BBECTU MpPaBU/IbHbIE AAHHbIE,
HeobXxoaAMMO MNOAKAUMTBCA K aHanmsaTopy no USB (nam OR-1) n HacTpouTb coeamHeHne GSM.
Mpoueaypa onucaHa B rnase 2.11.2. EcanM aHanmMsaTop HACTPOEH MpaBubHO, TO OH MOMNbITaeTcA
coeanHUTbCA ¢ ceTbto GSM, a 3aTem ¢ ceTbto MHTepHeT. AHanmnsaTop byaet Tenepb BUAeH B VIHTepHeTe,
noa npegoctasfieHHbIiM [IP-agpecom, wucnonb3ys nopTt 4001 ana BXoAAWMX COeAMHEHWI. 3ITo
coegMHeHME MOXKET BObITb ycTaHOBMEeHOo npunoxeHnem «SONEL ANALYSIS». Echm GSM mogem He byaet
NCNO/b30BaTbCA, €70 MOMKHO OTKAYMTL C NOMOLLbIO nporpammbl. MNMogpobHee o KOHUrypauuu
aHanusatopa gna ceasm no GSM B rnase 2.11.

2.6.4 becnpoBojHas cBaA3b 10 Wi-Fi (Pou-T10 | Pom-711

AHanusaTtopbl PQM-710/711 ocHaweHbl moaynem Wi-Fi, paboTatowem B ctaHgapte |IEEE 802.11 «b/g» u
«N» C OAHOMOTOYHOW Nepeaayen gaHHbIX (TOYKM AOCTYNa C OAHOW aHTEHHOM). 3TO NO3BOASET NOMYUYUTb
YOANEHHbIM JOCTYN K aHAaNM3aTopy € nAaHweTa (ManM KomnbtoTepa). BO3MOXKHO NpAmoe NoAKAtoYeHne
«MNAAHLWeT <> aHanM3aTop», paboTa B NOKANbHOM CETU UK Yepe3 UHTepHeT.

Bo3moxHa paboTa B OTKPbITOM ceTn UK 3almLLéHHOM no ctaHaapty WPA/WPA2-PSK.

Mpy NpAMoOM NoAKAYEHUN, TOUKoN gocTyna Wi-Fi (mapwpyTusaTopom) ABAAeTca NaaHweT. Jnsa Takon
paboTbl, aHaM3aTOP U NAAHLIET HAaCTPOEHbI Ha 3aBOAE-U3roToBUTENE.

MnaHweTt moxeT paboTaTb BMeCTe C HECKONbKMMW aHanm3atopamu. Tpebyerca Tosbko A06aBUTb UX B
6a3y aHanM3aTopos.

Mocne MoOAKNOUYEHMA K TOYKE AOCTyNna aHanM3aTop 3anycKaeT Cay»Kby cepsepa nogkawoueHus TCP/IP
nog cratudyeckmm IP-agpecom wmnm npucBoeHHbiMm cepsepom DHCP Ttoukm pgoctyna. [Mopt TCP,
NCNoIb3yeMbll KaK B JIOKAJIbHOM CETU, TaK U NPU NPAMOM NoakAto4eHnn — 37o 4002.

MN3-3a BO3MOXHOCTU MCMO/b30BaHUA AMHAMMUYECKoro aapeca npu paboTe B JOKaNbHOW CeTU WM
npaMom coeguHeHun, npunoxkeHne «SONEL ANALYSIS» ckaHupyeT BCIHO NOACeTb, 4YTOObl HalTK
aHanmszatop ¢ MAC-agpecom, COOTBETCTBYHOLIMM TOMY, KakKoW Obln HasHayeH Aas aHanausatopa C
OAHHbIM CEPUNHBIM HOMEPOM.

CoeauHeHWe € aHaM3aTOPOM Yepes MHTepHeT TpebyeT COOTBETCTBYIOLLEN HAaCTPOMKM MapLLpyTU3aTopa
Wi-Fi aaMUHUCTPATOPOM CETHU.

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

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

MNoapobHasa nHbopmaumsa o KoHourypauum ceasm no Wi-Fi n cnocobax coegmHeHMA ¢ aHaNM3aTOPOM,
HaxoauTcA B rnase 2.12.
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2.7 IIpoBeaeHue U3MepeHHUM
2.7.1 To4kKu u3MepeHHI

AHann3aTop NO3BONSAET COXPAHWUTL YETbIPE MOJIHOCTBIO HE3ABUCUMbIE U3MEpPUTEbHbIE KOHOUTYpaLuu,
KOTOpble Ha3BaHbl KTOYKAMMN U3MepPeHMIN». HOMep aKTUBHOM TOUKM M3MepeHMs oTobparkaeTca B 1€BOM
BEPXHEM YAy Ancnes.

Mpn ogHOBpeMeHHOM yaepXuBaHUM B TeyeHWe lceK. Knasuiu DO oTobparkaeTca 3KpaH
Bbl6Opa TOUKM namepeHus (puc. 15).

P1]1.80 GB | 12.11.12 16:57:30 |»-[F..
Wybdr punktu pomiarowego

P P2 P} P4

A A A A
Puc. 15. Bbibop TOUYKM U3MepEHUA.

YT06bl BbIGpaTh OA4HY M3 YETbIPEX TOYEK CleAyeT HaXaTb COOTBETCTBYIOLLYIO KnaBuuly, 0603HaYeHHYo
CMMBO/IOM TPEYro/ibHMKa Ha Aucnnee:

e /115 BbIBOPa TOUKM U3MepeHns 1 HY>KHO BbI6paTb KNaBuLLy «©
o [1nA BbIbOpa TOUKM M3MepPeEHUA 2 HYXKHO BbIBpaTb KnasuLly | =
e [1nA BblbOpa TOUKM U3MepPeHUA 3 HYXKHO BbIBpaTb Knasuuly o
e [1na BbIOOpPa TOUKN M3MeEPEHUNA 4 HYXKHO BblIbpaTb KnasuLly G20

Mocne BbIGOpa TOYKM U3MEPEHUA aHaNM3aTop NepexoauT K oTobparKeHWIo BEKTOPHOM AmMarpammbl
(3kpaH 1/9) ¥ ocywecTBafeT NPOBEPKY MNPaBUAbHOCTU MOAKAOYEHWUA K ucciaegyemoit cetu. Ecawm
0b6Hapy:KeHa oLWMBKa, TO BblAAETCA ANNHHbIN 3BYKOBOM CUTHa.

EcnM nonb3oBaTesib OTKAXKETCA OT BbI6OPa TOUYKM U3MEPEHUA U HE HAXKMET HUKAKOWM KAaBWLLM, Yepes
HECKO/IbKO CEKYHA, aHan3aTop BO3BPALLAETCA K NpeablayWwemy SKpaHy.

B onpeaeneHHbIX CUTYaUUAX U3MEHUTb TOYKY M3MEpPEeHWA HEeBO3MOXKHO. [0 KpaWHel mepe, B ABYX
cnenyroLmx cayyanx:

e AHanuM3aTop HaxoAMTCA B MPOLECCe perncrtpaummn; B 3ToM cayyae oTobparkaetca coobuieHue
«UNpét perncrtpauman»;
e BbinosHAeTcA obmeH AaHHbIMK ¢ KomnbloTepom (no USB, OR-1, Wi-Fi unn GSM). B atom cnydyae

Knasun :) n Q HEaKTUBHbI.

Monb3oBaTelb MOXKET 334aTb N060E NPOLLEHTHOE COOTHOLIEHME NAMATK AJ1A KaXKA0M TOUKK (Hanpumep,
100% ona nepBoM M OTCYTCTBME APYIMX TOYEK, MAM No 25% Aaa Kawgon Todku). Ecam ana Kakon-to
TOYKM U3MEpPEHMA OTBEAEHA BCA NaMATb, NPU BbIBOpe oCTasibHbIX HA AWCN/iee BbIBOAUTCA NONepeMeHHo
HOMep TOYKM C CMMBOJIOM CWMHYCOMAbl, O3HAYaoLEee, YTO BO3SMOMEH TOJIbKO NMPOCMOTP NapameTpoB
CETU B pPEXMME PeanbHOro BPeEMEHMU.
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2.7.2 3anyckK 4 OCTAaHOBKA perucrpanuu

Echn Ha KapTte namAatn B TEKyLLI,Eﬁ TOYKE U3MeEPEHUNA ecCTb CBO6OAHO€ MeCTO, TO MOXHO Ha4yaTb

perncTpauunio, HaxXxmMmana Knasuy @ W Ha YpPOBHE NPUIOXKEHNA, eChn YCTaHOB/IEHO coeanHeEHNE C
MK.

PexXunm 3anycka perncTpaumm 3aBUCUT OT TOTO, KaK OH HAaCTPOEH B KOHOUIYpaLMM TOYKM M3MEPEHMS.
BO3MOMKHbI TPU perKMMa:

° HeMe,ﬂ,ﬂeHHbIVI 3aNyCK — perncTpauma Ha4ymHaeTCcAa Cpa3y XKe nocae Ha*aTnAa KnaBuLln.

e 3anyck no obHapy*KeHMIo NepBoro cobbiTMA — aHAM3aTOP OXKUAAET HaYaNa PerucTpaLmm 4o Tex
nop, NOKa OAMH W3 MNapameTpPoB KOHOUIypauum TOYKM M3MEPEHUs, MPEBLICUT MOPOroBoe
3HauYeHue, MHUUMMpylolee cobbiTe. Bo BpemAa OMWUAAHWUS COObLITUA B CTPOKE COCTOSHWS
aHanu3atopa oTobparkaeTca HOMep TOUYKM U3MEpPEHUs, NonepemMeHHO C CMMBOJIOM CK/IOHa cO
CTPENKoMN.

e 3anyck B COOTBETCTBMM C 3aJaHHbIM BpemeHem peructpaumm (no rpaduky). Ha skpaHe 8/9
MOYHO NPOBEPUTb, KOrAa 3amnjaHUPOBAHO Hayano M OKOHYaAHME C/eAyIoWeN perucTpaumu.
OaHOBPEMEHHO B CTPOKE COCTOSHWUA OTODpaXkaeTcs HOMEepP TOYKU U3MEePEHUS, MONEPEMEHHO C
CMMBOJIOM MEeCOYHbIX 4YacoB. Ecnm Bpemsa ana Bcero 3anlaHMPOBAHHOMO MO PACMMUCAHMUIO YKe
NpOLWIo, TO PEerucTpauma He HayHETCA U B CTPOKE COCTOSIHMA OTODOparkaeTcs HOMep TOYUKM
M3MEPEHMUA, MOMEPEMEHHO C CMMBOJIOM CUHYycOMAbl (4TO O3HAYaeT, UTO BO3MOMKEH TOJIbKO
NMPOCMOTP TEKYLLMX 3HAYEHN CETH).

B pesxkume pervctpaummn, otobpaskaemblii B BEPXHEM JIEBOM YIy AUCMAEA HOMEP TOYKM U3MEPEHMUS,
MWraeT OAMH pas B CEKYHAY.

OKOHYaHUue perncrpaumm:

e Peructpauma 3aKaHUYMBaAETCA aBTOMATUYECKU B PeXMME pacnucaHua (ecm ycTaHOBEHO Bpems
OKOHYAHMSA), B OCTAJIbHbIX C/y4asx OHA MNPOAO/KAETCA [0 OCTaHOBKM MO/b30BaTe/IeM
(knaBuwen €D v ha YPOBHE NPUIONKEHUA).

e Peructpauma 3akaH4YMBaeTCA aBTOMATMYECKM NPWU 3aMOAHEHUU BCEro OTBEAEHHOro MecTa Ha
KapTe NamATU A8 OAHHOM TOYKM M3MepeHus. B aTom c/iiyyae Ha gucniee HOMep TOYKM
n3mepeHus byaet oTobpaxkaTbCsA NooYEPesHO CO 3HAYKOM CUHYCOUAbI.

e [ucnneii ocTaéTcA B MOralleHHOM COCTOSHMM MOC/e 3aBepLIEHUs PernucTpauun, ecam B
KOHOUrypaLMM akKTUBMPOBAH CNALWMI pexxum. HaxkaTve ntoboli KnaBuLM BbI3bIBAET BKAOYEHUE
WHOMKALMK 1M OTOOpaxeHWe nocnegHero skpaHa (eciv He 6bi10 BNOKMPOBKM KNaBuL) UK
TpeboBaHWA BBECTU KOZ A/17 Pa36/IOKMPOBKM KAaBuaTypbl (eciun BKAOYEHA 61OKMPOBKA).

2.7.3 IIpu6IU3UTE/IbHOE BpeMs PerucTpanuu

MaKcuMManbHoe Bpems perncrTpalmm 3aBUCUMT OT MHOMMX GaKTOPOB, TAaKUX KaK: pasmep BblAeseHHOro
MeCTa Ha KapTe NamATW, BpemA yCpeaHEHMUA, TUMN CeTW, KOAMYECTBO PErNCTPUPYEMbIX NMapaMeTpos,
3anMcb ocumManorpamm m obHapy:KeHue COObITUIM, a TaKKe OT caMWx Noporos cobbiTuii. HekoTopble
BblbpaHHbIe KOHPUIypauumn npuseaeHbl B Tabanue. B nocneaHel KONOHKe yKa3aHO NpUMBAN3UTENbHOE
BpEMA perncTpaumm, Koraa Ha TouKy uamepeHus BbiaeneHo 2I'b cBob6oagHOro MecTa Ha KapTe NamaTy.
MpuBeaéHHbIe NpUMepbl KOHOUIYpaLMii NpeanonaratoT nsmepeHune HanpskeHusa N-PE 1 Toka IN.
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MpubnansnTenbHoe Bpems perucTpaLmmn 418 HeCKObKUX NPpUMepoB KOHOUTypauum

Tun
Tun cetn MpubnansutensHoe
KoHOuUrypauum/ Ocuunnorpammsi
Mepuog (akTMBHOE Ocumnnorpammsl BpemMsa perncrpaumm
perucTpupyemoie CobbiTuA . no nepuogy N
ycpeaHeHua nsmepeHue cobbITHI CoeaHeHS npv oTBEAEHHOM
napameTpbl TOKOB) ycpea mecte 2I'b
Mo FOCT 3-¢asHan ® (1000 o
10 1000 cob 60
30804.4.30-2013 MURYT 3ge3na cobuimmii) | (1000 cobermwii) ner
n
o npodunto 3-pasHan }
«HanpsaxeHua n 1 cekyHpa 270 pHen
3Be3ga
TOKU»
Mo npodunio 3-pasHan
«HanpsakeHua un 1 cekyHAa U 4 pHA
3Be3a
TOKU»
n
o npodunto 3-pasHan
«MolLwwHoCTH 1 1 cekyHAa 23 pgHA
3Be3ga
rapMOHMKN»
Mo npogunio 3-dasnan * (1000
«MouHocTK 1 1 cekyHaa ~. | ® (1000 cobbiTnit) 22,5 pHa
3Be3ga cobbiTunin)
rapMOHMKN»
BkntoueHbl Bce
3-¢asHan
BO3MOMKHble 10 MuHyT 4 ropa
3Be3ga
napametpbl
BkntoueHbl Bce
3-¢asHas .
BO3MOXHble 10 cekyHp, 25 pHen
3Be3ga
napametpbl
BkntoueHbl Bce
BO3MOMHbIe 10 cekyHp, 1-¢pasHasn 64 gHA
napametpbl
B:Q;O;s::j;e 10 ceKkyH 1-dpasHan * (1000 © (1000 cobbiTnit) . 14,5 pHn
YHA cobbITHiN) » A
napametpbl

2.8 H3MepuTesIbHbIE CUCTEMBI

AHaNN3aTop MOXKHO HENOCPEACTBEHHO MOAKNOUUTb K CAEAYIOLMM TUNam CETH:

e OpHodasHas (puc.16);

e C pacwennéHHon dason (aByxdasHan) (c pasgenéHHoi obmoTKom TpaHchopmaTtopa, aHrA. split
phase) (pnc.17);

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

o TpéxdasHan («3Be3ga» C U30NMPOBAHHOW HeilTpanbio) (puc.19);

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

B cetax cpeaHero HanpAaXxeHuAa BO3MOXHbl U3MepeHMA C UCNO0JIb3OBaHUEM UIMEPUTENIbHbIX

TpaHcdpopmaTtopos (puc.24):

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

B TpéXI’IpOBO,CI,HbIX CNCTtemax BO3MOKEH 3amep TOKOB MeTO40M ApOHa, C NCnosib30BaHMEM TOJIbKO OBYX

KﬂGLLI,EVI, namepAarLwmnx NINHelHble TOKM |11 M li3. 3HauyeHMe e ToKa |l BbIYMCNAETCS COrNacHo

3aBUCUMOCTHN:

Iy = =111 — I13

3Ty METOAUNKY MOXHO MUCNOJIb30BaATb B C/Zly4ae CUCTEMDbBI TUNA «TPEYrosibHUK» U «3Be3da» 6es
HeﬁTpaanoro nposoaHWKa.
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BHumaHue &

Ona paboTbl B cCUCTEMAX 3/1eKTPOCHAb}KeHMA C WM30/MPOBAHHOM HelTpanbio, Heobxogumo
nogknwountb Bxog N no Hanpsa)KeHUIo K Knemme/wnHe L3 nccnepgyemoit cetu. B Takux cucremax He
TpebyeTca noakaouatb BXxoa L3 aHanusatopa K aneKTpuyecKon cetu. Mpu MsmepeHun napamerpos
nepexoaHbIX npoueccos noakntoueHum exopa L3 OGA3ATE/IbHO.

B ceTax c HeMTpanbHbIM NMPOBOAOM MOMKHO AOMOJAHUTENLHO MPOU3BECTUM M3MEPEHME TOKa B 3TOM
npoBode Mocae NOAKAUYEHUA AONOMHUTENbHbBIX Kaewen K Bxody In. ITO M3mepeHue BbINoHAETCA
nocse BKAOYEHUS B KOHOUTYPALMIO TOUYKM M3MEPEHMA onuun «M3mepeHne ToKa B HEUTpanm».

ANbTEPHATUBON ANA U3MEPEeHMA TOoKa Iy C NOMOLLbID Khewen ABAAETCA BblYUCAEHME TOKa B
HeNTPaNbHOM NPOBOAE AHANUTMYECKMM MeTOZOM. AHanusaTtop AaéT TaKyld BO3MOXKHOCTb nocne
Bbl6Opa onumMmn «PacyéT ToKa B HelnTpanu». TOK B HEUTPasN paccunTbiBaeTcs no Gpopmynam:

o [y = —I;4, 8 1-PpasHolt ceTy;
o [y =-—I;1 — I, B2-x ba3HOM ceTy;
o [y=—I;4—1I;5,—1I;3, 83-xda3HoM ceTn TMNa «3Be3a4a» ¢ HenTpanbio N.

YKaszaHHble 3aBUCMMOCTU ABNAOTCA UCTUHHBLIMU NPU YCIOBUU HYNIEBOTO TOKAa B 3alMTHOM nposoae PE.
B TUNWYHbBIX CUTYaLUAX STOT TOK, AENCTBUTENbHO, NPEeHEebpeXnTeNbHO Mas, OAHAKO cneayeT NOMHUTD,
yTO B aBapPUIHbIX CUTyaumMaAxX (Hanpumep, NPU KOPOTKOM 3aMblKaHUM B LEeNN A0 MOMEHTa cpabaTbiBaHUsA
3aWmMTbl) TOK B npoBoge PE MOXKeT A0CTUraTb 3HAUYMTENIbHOW BENMUMHbLI; TEM CaMbIM pPacciMTaHHoOe
3HayeHue ToKa Iy byaeT oTamyaTbea oT GaKTUYECKoro.

BHumaHue &

[Ona npaBuUNbHOro BbIMUC/IEHUA MOJHOM MOLLHOCTU S., a TaKXKe KoadpduumeHta mouwHoctn PF B
TpéxdasHoit 4-x NpoBOAHOI ceTn 06s3aTenbHO U3MepeHue TOKa B HEUTpasibHOM NpPOBOAHUKe. B
TAaKOM C/lyyae HeobXxoAMMO Bceraa BK/OUYaTb onuuio «MamepeHue TOKa B HEUTPaANU» U NOAKIIOUUTD
4 uamepuTenbHbIX Knewen. [lpyras BOSMOXHOCTb — 3TO BK/IlOYEHUE ONUUM aHa/IMTUUYECKOro pacuéTa
TOKa In.

B cnyyae ceteit ¢ Hanmumem nposogoB PE v N (3a3emMnalolmnii U HENTPabHbIM) BO3MOXKHO TaKKe
nsmepeHue Hanps:keHua N-PE. C aTon uenbto HeobxogMmo MOAKNOUUTL NPOBOAHWK PE K Bxoay
HanpsaxeHus PE aHanusaTopa. [JONoNHUTENbHO B KOHOUIYpaLUUM TOUKM U3MEPEHUS HYMKHO BblbpaTb
onuuto «HanpaxeHune N-PE».

HeobxoamMmo 06patuTb BHMMaHWE Ha Gpa3mMpoBKY Kaellel (rMbKux n obbluHbIX). Knewm HeobxoamMmo Tak
YCTaHOBMUTb, YTOObI CTPEe/iKa, HAXOAAWAACA Ha KAelax, coBMnagana Cc HanpasiaeHWemM ToKa. MpoBepuTb
NPaBMUIbHOCTb YCTAaHOBKM K/ELLed MOXKHO MyTEM MU3MEPEHUs aKTUMBHON MOLLHOCTM — B BO/bLUMHCTBE
TUNOB MAaCCUMBHbIX MPUEMHMKOB, aKTMBHAA MOLWHOCTb WMMEET TMOJIONKUTE/NbHbIN 3HAK. M3MeHUTb
NONIAPHOCTE MOXHO KaK HEenocpeacTBEHHO NEepenogK/IlouMB TOKOBblE KAEWM, TaK M C MOMOLLbIO
nporpammHoro obecrneveHma « SONEL ANALYSIS».

mm Korga TpebyeTca nsamepeHve NepexofHbiX XapaKTePUCTUK, cieayeT obpaTUTb BHUMaHUe
Ha ¢aKT, YTo aHanuM3aTop M3MepsAeT WX OTHOCUTENbHO npoBoga PE. Mo3ToMy B TaKux CAyvasx
Heobxoanmo Bceraa obecneuntb coeamHeHune Bxoaa PE aHannsatopa C MeCTHbIM 3a3emsieHnem. 3To

3amMmedaHne KacCaetCA BCeX TUMNOB CXeM. an OTK/ZIIOYEHHOM nNpoBoOAe PE HeBO3MOXHO npon3secTtun
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nsmepeHus. B TpéxdasHbIX CUCTEMAX C M30/IMPOBAHHON HENTPanblo, ANA OBHaPYKEHUA MepexoaHbIX
XapaKTepPUCTUK, HeOBX0AMMO NOAKNHUUTL BXO4 L3 K nccnegyemoit cetu.

HuxkenpuBeaEHHbIE PUCYHKU CXEMATUYECKU WINIOCTPUPYIOT Cnocobbl MOAK/IOYEHMA aHanusatopa K
nccnenyemon cetm B 3aBUCMMOCTU OT eé Tuna.

3Ha4KM, UCNOb3yeMble Ha PUCYHKAX 1A AONONHUTENbHbIX COEAUHEHUIA, UMEIOT CleAyIoLLEE 3HAYEHME:

ecnn TpebyeTca n3meputb HanpaxkeHne Un.pg, TO HEOBXOAMMO BbINONHUTL COEAMHEHMNE Ha
cxeme, 0603HaYeHHOEe 3TUM 3HaYKoM (nogKntounTb Bxog PE K 3awmTHOMY npoBoay);

] ecnn Tpebyetca M3MepuTb TOK |y, TO HEOBXOAMMO BbINOAHUTL COEAMHEHME Ha CXEME,
0603HaYEHHOE 3TUM 3HAYKOM (MOAKNIOUMTb KNelmM B KaHane Iy);

ONA VM3MEepPEeHUs NepexogHblX XapaKTEPUCTUK HeobXoAMMO BbINOJIHUTL COeAMHEHWe Ha
cxeme, 0603HaYeHHOEe 3TMM 3HAYKOM (NogKNUUTL BXOg, PE K MecTHOMY 3a3eMIEHUI0 UK
3aLLMTHOMY NPOBOAY M BXOA HanpaKeHus L3 B 3aBUCMMOCTM OT TUMA CXEMbI).

L L1 /’_“3{
5 i I\ -
: Ny
Y
.PE y
TpaHChOpMaT R '
s Uneg .
R i)
o000 ’
7y VWEeW

Bxoael No Hanp AxeHWD Bxogel no Toky

Puc. 16. Cxema nogkntoyeHna — ogHodasHan ceTb.
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Puc. 17. Cxema NnoaKNOYEeHUs — CeTb C pacllennéHHol ¢asol (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:

e CpeaHue 3HayeHuA HanpsxKeHua, KW (THD) u rapmoHuKu;

e YacTtoTa ceTu;

e OnpegeneHune cobbiTUA NO HaNPSAKEHUIO AO0/KHO OblTb BKAOYEHO UM YCTAHOB/IEHO Ha YPOBHE,
cootBeTcTBeHHO: 105%Unom Ana npesbiweHusa, 95%Unom ana nposana, 10%Upom ANA
npepbiBaHUA. B MOMeHT obHapy»KeHMA cobbiTMs A0/MKHA ObiTb 3anMcaHa ocuuaorpamma U
curHan RMSay,;

e XapaKTepuUCTUKM NepexofHbiX MNPOLECCOB AO0NXKHbl ObiTb BKAOYEHbI HAa MWHMMAJIbHO
BO3MOXHOM npegene HanpaxeHua 50B (HacTpolika c Haubonbluei YyBCTBUTENbHOCTbIO) U
yacTtoTe aAnckpetmsaunun 10Mrlu. JonxKHa 6biTb BKAOYEHA perncTpaums rpaduKoB nepexoaHbIx
nNpoLeccos.
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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:

LWar 1: MogKkntoueHne aHanMsatopa K uccaegyemon cetu Heobxoaumo BbIMOJIHUTbL B COOTBETCTBUMN C
puc.16. Heobxoaumo npucoeamHntb Bxoapl L1, N n PE (NOCKONbKY M3MepAoTCA TpaH3ueHTbl) Kneum
NOAKNOUYaTb He HYXHO, eciin He TpebyeTca u3mepeHue TOKOoB. [MUTaHWe aHanMs3atopa (KpacHble
NpoBOAa) TaKXKe MOMKHO MOAKNOUNTb K UCCNeayeMon CeTu ana Toro, Ytobbl aHanmsatop He paboTan Ha
NMUTAHUM OT aKKYMYJIATOPaA U HEe BbIKIOYNACA U3-3a pa3psaa batapeu.

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): Ecnn 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 coobuieHue «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 4acCTU OKHa oTobparkaeTca oAHa M3 Tpéx BKNagok (Tun aHanusatopa, PacnpegeneHue
namatn, CuHxpoHusauma GPS). Ha Bknaake «PacnpegeneHne namsatu» HyXHO ybeguTbCs B TOM, YTO
ONA TOUYKM MU3MepeHus Homep 1 XBaTUT BblAaeNeHHoro mecta (Mo ymonyaHwuio 25%). Ecan 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 NaHenun «JlokanbHo: TouKa usmepeHuna 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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Ha naHenn «JlokanbHO»

WENKHYTb OAMH pa3 Ha No3uLUuM «TOYKa usmepeHua 1». JKpaH JoMKeH MMeTb BUA, Kak Ha Puc. 255.

YcTaHOBUTE NocneaoBaTe/IbHO 3HaYeHUA:

e OpHodasHbIl TUN ceTn (3nemeHT Bl Ha Puc. 255);

o HommHanbHOe HanparKeHue cetTn 230/4008;

e Yacroty cetn ¥ 50 INy;
o T[lepuog ycpegHeHua BB Ha lcek.;
e  MrHoBeHHbIl 3anyck EN;

e [uctepesnc obHapyKeHUs cobbITU Ha 1,5%;

e Tun ToKOBbIX Knewei EN ycTaHOBUTE Ha NO3ULUNIO « OTCYTCTBYIOTY;

o TpaHchopmatopbl HanpskeHus EB u «HanpaxeHue N-PE» (B pasgene «[lonosHUTeNbHbie

nimepeHuna» ) OCTaBUTb HE OTMEYEHHbIMU.

B BEpXHEM 4acTM OKHa MOXXHO BbIBPaTb APYryto BKAaAKY «[LONOAHUTENbHBIE», Ha KOTOPOM NON3YHKaMM

MOXHO YCTaHOBUTb Tpebyemoe Bpems 3anucu ocumaorpamm u RMSi, pgna cobbituii M Bpems

pernctpauum rpadrKoB NepexoaHbIX MPOLECCOB. TN NepuoLbl BPEMEHU A0MKHbI ObITb YCTaHOB/IEHbI B

COOTBETCTBUUN C UHAMUBUNAYANbHbIMU NpeaAnOvYTEHNAMMN.

3atem cneayeT BbibpaTb B AepeBe HAaCTPOEK TOYKM M3MepeHun nosmumio «CTtaHaapT» n y6eamtbes, 4to

nose «Perucrpauus no cTaHAapPTy» He OTMEYEHO.

B cTpoke «HanpsxeHue» 1 BKknagKe « OCHOBHbIE» YCTaHOBUTE 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
OoTMpaBKa 3TOW KoHOUrypaumm B aHanusatop. Kapta namatu 6ygeT oTpopmatupoBaHa. [aa 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 3aNOJIHEHMA 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 COXPAaHUTbL 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 oTObpasmMBLUEMCA OKHE, HYXHO LWENKHYTb KOMMbIOTEPHOM MbIllbl0 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) 1 rapmoHuKK (4acToTa Bcerga namepsetca 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 COBLITUA MO HaNpPSAXEHUIO: NepeHanpaXKeHne, 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, ocumnnorpammbl M amarpammbl RMSi;), 4TO MNpeaycMOTPEHO 3TUM CueHapuem, TO
nocieaHAs KOJMIOHKA COAEPMKUT MWHUATIOPY 3anmucaHHbIX rpadukos. llocne ee Ha)aTuAa MOXHO
NPOCMOTPETL rpadurKM, CONPOBOXKAAIOLLIME COOTBETCTBYOWEE COBbITHE.

War 13: OvobpaxkeHwe auarpamm curHanos 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 «Auarpammbi» 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 oTobpasuTb ABa BMAA rPadUKOB ANA FaPMOHMUK.
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 e, 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,
HeobXx04MMO MOAKOYNTD BHELIHIOK aHTEHHY C AJMHOWN 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. [NA AOCTUMKEHUA HAWUYULLIMUX 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
(anna atoro TpebyeTtca BUAMMOCTb, MO KpaHel mepe, 4 CNyTHUKOB — KOOPAMHATbLI MECTa U BbICOTbl HaA,
ypoBHEM Mops). Mocne onpeaeneHns MecTonoNOMKEHMA U CUHXPOHM3AUMN BPEMEHW aHanmM3aTopa co
BpemeHem (UTC), NpUEMHMK MEpPexoauT B PEXUM crexeHua. YTobbl B aToM pexume obecneyntb
CMHXPOHM3ALUMIO BPEMEHMU HY}KHA BUANMMOCTb TO/IbKO 04HOro cnyTHMKA GPS. OgHako, onAa onpegeneHuna
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 aHanmsatop 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, HECKO/NIbKO MWHYT wuauM 6osble) 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/M3aTopa O4YeHb MeAJIEHHO 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 3anucbiBaTbcA 6e3 ¢nara, yKasbiBalOWErO Ha OTCYTCTBME CUHXPOHM3ALUN 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 M3MEPEeHWI, Korga Bpemsa MOWAET BCMATb WAW BO3HMKHET BPEMEHHOW paspbiB B
AaHHbIX, ecnmn Bpems UTC oneperkaeT Bpema aHanusaTopa. Ytobbl nsbexatb 3T0ro, BBEAEH MEXAHU3M
Mea/IeHHON NOACTPOMKN BHYTPEHHErO BPEMEHWM Ha CNYTHUKOBOEe Bpems. Peanusaums 3akntodaerca B
3aMea/IEHUMN 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 BO3MOXHOCTb HACTPOMKM ABYX MapamMeTpoB KOHOMrypauum, KoTopble
ONpPeaensitoT PeMM PEeCMHXPOHM3aUMKM BpemMeHn npu pernctpauun. OguH M3 HUx (KosdoduumeHT
PECUMHXPOHU3ALMM) OnpeaenseT CKOPOCTb NPOLECCAa CUHXPOHWU3AUMM BpeMeHW. Yem MmeHblle ero
3HayeHue, Tem Jonblle O6yAeT 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 perncrpauuun. 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 usmeHeHUe BpeMeHU B NpoLuecce perucTpauum MoXKeT NpMBecT K HeobpaTtumoii
nortepe 4acTM 3aperecTPUPOBAHHbIX [AaHHbIX, MO3TOMY PEKOMEHAYETCA WCMNONb30BaTb PEXUM
MeA/IeHHOW pecUMHXPOHM3auuu BpemeHun (yctaHoBUTb «[Mopor nepexopa BpemeHM» Ha HyneBoe
3HauyeHue).

Ona Toro 4ytobbl nsbexkatb NPobsiem, CBA3AHHbLIX C USMEPEHNEM BPEMEHU MPU Perncrpaunmn, cneayet
NOMHMUTb O HEKOTOPbIX BOMPOCaXx:

e B aHanusatope A0J/IKeH OblTb NPAaBUIbHO YCTAHOB/IEH YAaCOBOM NOAC U Bpems, oTobparkaemoe
Ha Aucniee aHanM3aTopa, AOMKHO MAKCMMANbHO COBMaZaTb C MECTHbIM BpeMeHeMm (ecnm HeT
curHana GPS oo Havana peructpauun);

e  Bkaounte measieHHy0 PECUHXPOHM3AUMIO BPeMeHW, YCTaHOBUB napameTp «lopor nepexopa
BpPeMeHu» Ha Hy/neBoe 3HayeHMe U KO3IODUUMEHT PECUMHXPOHM3ALMU HA Masioe 3HayeHue
(Hanpumep, HUXKe 25%);

e EC/v 3T0 BO3MOXHO, TO eLLé A0 Hayvana perncTpaummn HeobxoamMmo nony4mTe curHan GPS, 4ytobbl
CUHXPOHU3MPOBATb Yacbl aHa/M3aToOpPa C BCEMMPHbIM KOOPAMHUPOBaHHbIM BpemeHem (UTC).
3TO NO3BO/IUT 06ECNeUYNTb HAMMEHbLUYID BO3MOMKHYIO NOrpeLHOCTb U3MEPEHUA BPEMEHMU MpU
pernctpauum n 6biCTpyro NOACTPOMKY YAcoB B C/ly4ae BpeMeHHOW noTepu curHana GPS.

e [lnAa Toro 4tobbl M3mMepeHWe MNOJIHOCTbIO COOTBETCTBOBaNO TpeboBaHMAm cTaHgapta [OCT
30804.4.30-2013 (IEC 61000-4-30:2008) B acnekTe TOYHOCTM BPEMEHM A/1A YCTPOMCTBA Knacca A,
HeobxoAMMO nepes 3aMyCKOM PerMcTpaumm CUHXPOHM3MPOBATb Yacbl aHanuMsatTopa C
BCEMMWPHbIM KOOPAMHUPOBAHHbIM BpemeHem UTC n obecneuntb npuém curHana GPS B TeyeHune
BCEro BPEMEHW perncrpaumu.
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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);
o CTaTMYeCKWUit 3aperncTpmpoBaHHbIi Homep IP;
e BO3MOXKHOCTb OTNPaBKM SMS yBeAOMNEHUIA CUTHAAN3ALNN.

BHumaHue

O6bluHaa SIM-KkapTa, usBneyéHHaa M3 TenedoHa, He MOXKeT 6biTb MCNoNb3oBaHa B aHa/iu3aTope.
MakeTHas nepepgaya AaHHbIX TpebyeTr ycnyrm npepoctaBneHUs  cratudeckoro  IP-apgpeca,
3ape3epBMPOBAHHOrO TONbKO ANA AaHHOW SIM-KapTbl. ITOT NOCTOAHHbIA Homep [P nossonser
COXPAHUTb NOCTOAHHDIM aapec aHanusaTopa B cetu MHTepHeT. ITOT TUN yCayrn 06bI4HO UcnoNb3yeTcA
Ana nepegaum tmna «machine-to-machine» (m2m, «ycTpoMUCTBO K YCTPOMCTBY»), NpumeHAeMoOl, B
YacTHOCTU, B MNPOMbBILIEHHOCTU ANA MOHUTOPUHra M obmeHa AaHHbIMU U3MEpPeHUn MexKay
ycTpoicTBamm.

KomMyHMKaumA OCyLLeCTBAAETCA Caeayolmm o6pasom:

e Mogem nogkntovaetca K cet GSM, a 3aTem peructpupyetca B cetu MHTepHerT,

e Mogem 3anyckaeTt ciy>by cepsepa nogkntoueHnin TCP/IP nof npucBOEHHbLIM MOCTaBLLMKOM
ycayrm IP-agpecom. CTaHApPTHO MCMO/Ib3yeMblil aHaNM3aTopoM Homep nopTta — 370 4001. MNog,
aTum IP-agpecom n Homepom NopTa, aHann3aTop suaeH B UHTepHeTe.

e KomnbloTep, € KOTOPOro BbIMNOAHAETCA MOMbITKA NOAKAOYEHUA K aHanuM3aTopy yepes moaem
GSM, ponxkeH nmeTtb A0CTyn K NHTepHeTy.

o [Iporpamma «SONEL ANALYSIS» BO BpeMsA CKaHMPOBAHMA MbITAaETCA YCTAHOBUTb CcoeanHEHUe ¢
aHa/M3aTopamu, KoTopble MMetoT B 6ase aHa/M3aTopoB 3afaHHbI Homep IP (Kpome Toro, B
HacTpPoMKax Mporpammbl HYXHO BKAUUTL onuuio «TCP/IP no GSM»). Mo ymonuyaHuio
nposepsaetca TobKo nopT 4001 yaanéHHoro xocTa.

e Ecnun nog atum appecom HanaeH aHann3aTop U, KPOMe TOro, ero CEPUNHbLIA HOMepP COBMAZAET C
Homepom B 6ase aHaIM3aTOPOB, TO OH ByAET NOKasaH B CNUCKE HalAEeHHbIX YCTPOMCTB.

o O6meH MHOpMaLMeN Nocne NOAKAOYEHNA NPOUCXOANT Yepe3 MHTepHeT. MNocne 3aBeplleHms,
NPOrpamMmma 3aKpblBaeT COeAMHEeHMEe C aHa/M3aTOPOM, KOTOPbIA NepexoguT B COCTOAHME
NPOCAYLWMBAHUA N OXKNAAHNA HOBOTO COEANHEHUA C KIMEHTOM.

2.11.2 HacTtpoiika moaeMa

Ona Hactpoikn SIM-KapTbl M MoAema B aHa/iM3aTope HeobxoAuMmbl chedylolive AaHHble,
npefocTaBasemMble NOCTaBLMKOM YCAYr nepeaayn AaHHbIX:

e PIN-Kog gna SIM-KapTbl;
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PUK-kog ana SIM-kapTbl, B ciiydae 610KMpoBKK SIM-KapTbl NOC/e HECKO/IbKMX MOMbITOK BBOAA
HenpasuabHoro PIN-Koaa;

Agpec IP, npucBoeHHbI SIM-KapTe (3To AoNKeH bbITb CTaTUYECKUI agpec);

Mmsa Toukm goctyna APN (aHrn. Access point name);

HasBaHue nosib3oBaTens n naponb (Heobsa3aTesIbHO, 06bIMHO He TpebyeTcs).

HacTpoliky aHanusatopa a8 nogxatodeHus no GSM, cregyeTt npousBoAUTh Cedyowmm obpasom:
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MoakntounTbCA K aHanusaTopy no kabento USB. Ecnm aHanusatopa eue HeT B 6a3e AaHHbIX, ero
HY}KHO A06aBUTb K HeW;
Heobxogmumo ybeamutbca, 4To MOAEM BKAOYEH. [Jnsa 3TOro cnegyer U3 MeHIO MpPOrpammbl
Bbl6paTbh NYHKT AHanusatop = TeKyluMe HaCTPOMKM M MepeinTu Ha BKNaaky «becnposogHoe
coeguHeHue». [poBepbTe yCTaHOBKY napameTtpa «lMepepavya no cetm GSM» un B caydae
HEOHXO4AMMOCTU BKAOUYUTE €ro;
OtkntoumTe USB-coeanHeHne 1 BbibepuTe KaaBuwamm 3kpaH 8/9. Eciv moaem BKAKOYEH, HO He
ycTaHoBneHa SIM-KapTa, To B cTpoke «GSM» aonxHo 6biTb coobuieHne «OtcytcTByeT SIM-
KapTta»;
BctaBbTe SIM-KapTy B cnoT Ha 6oKoBOW NaHenn. 3To rHe3ao Tmna «push-push» (ans ussneyeHun
aKKYpaTHO Ha*KMMUTE Ha KapTy A0 yrnopa — OHa BbICKOUYUT Hapy»Ky). AHanM3aTop 06HapyXUT, 4TO
KapTa yCTaHOB/IEHA W NOMbITAETCA MOAKNAIOUNTLCA K CETH;
Echn gna SIM-kaptbl paHee He 6bin HacTtpoeH PIN-koa, aHanv3aTop BbiAAcT coobuleHue
«HesepHbIi PIN-Kog SIM-KapTbi». 3To cooblueHue TakKe byaeT oTobpaxkaTbca Ha aKkpaHe 8/9.
3710 03HauvaerT, Yto SIM-KapTa oTBepraa PIN, c nomoLbio KOTOPOro aHanMsaTop npoboBan c Hel
CBA3aTbCA. ITO HOPMaAbHAA CUTYaUMA NPU YCTAaHOBKE B aHANM3aTOP HOBOW KapTbl;
Y106b!I HAaCTPOUTbL HEAOCTAlOWME NapaMeTpPbl, HeobxoauMble ANA 3anycKa nepegadm AaHHbIX No
GSM, HeobxoAMMO 3aHOBO MOAKAOYUTBCA K aHanmsatopy no USB u BbibpaTb B MeHIO
nporpammbl MNapameTpbl = ba3a aHanusatopoB. B 6a3e aHanM3aTOpPOB BOMTM B PEXUM
penaKkTMPOBAHUA HACTPOEK TOJIbKO UYTO MOAK/IOYEHHOro aHasM3aTopa (LeNKHyTb Ha CTPOoKe ¢
HOMEPOM aHa/In3aTopa M HaxKaTb «PegaKTMPOBaTb»). HadKmMuTe KHOMKY « U3MEHUTb HAacTPOIKK
GSM»;
B aTOM OKHe nocnenoBaTenbHO BBeauTe: B none «IPvd» agpec IP (gonkeH 6bITb NpeaocTaBeH
NOCTaBLUMKOM YCAYr), UMSA TOYKM goctyna «APN», HasBaHWe noab3oBaTens M naposb (ecnau
nposavgep TpebyeT 3Toro U nepegan 3TM AaHHble). MoATBepaMTe HOBble AaHHbIE KHOMKOM
«OK»;
3atem nosABuTCA OKHO C 3anpocom BBoga PIN-koga ana SIM-KapTol. HyXXHO BBeCTM Kog,
npunaraembii K SIM-kapTte n nogTeepauTb KHONKoM «OK»;
Ecnu BBEeAeHbl NpaBubHblE JAHHbIE, TO aHAAN3aTOP MCMOJb3YET MX, YTOObI yCNEewHo BONTK B
ceTb GSM. Jlydwe Bcero nposepATb CTaTyC coeAMHEHUA Ha 3KpaHe 8/9 aHanusaTtopa
(Heobxogumo 3aBepwutb ceaHc no USB). TMpaBunbHOe NOAKAOYEHME CUTHANU3MPYETCA
ctatycom GSM: «l0oTOBO, <TUM MNOAKAKYEHUA>» (<TUM MOAKAOYEHUSA> 3aBUCUT OT
MECTONONOXKEHWNS U TUNA YCAYIM MO Nepeadye AaHHbIX B KOHKPETHOM PErMoHe);
MpaBuabHas MoOCAeA0BaTe/IbHOCTb MOABAEHUA COOBLIEHNI Ha 3KpaHe 8/9 B cayvae
noakAtYeHua K cetn GSM:

o BkawuyeHwue ...

o lMopKkniouyeHue K cetu ...

o MNopknioueHue K UHTepHeTy ...

o [loToBO, <TUN NoAKNOUYEHUA>
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Puc.27. Beog napametpos GSM B 6a3y aHann3aTopoB..

B cnyyae wu3BneyeHuma SIM-kapTbl M3 rHesga aHanus3atop oTobpaykaeT coobuieHve o6 owunbke
«OTcytctByeT SIM-Kapta». 370 coobueHWe He nNOBTOPAETCA MpPW NOCAEAYHOWMX BKAKOYEHMUAX
aHanuszatopa. WMseneueHne SIM-KapTbl BO Bpems paboTbl aHanM3aTopa AOMNYCTUMO, HO He
pekomeHAyeTCsA, TaK Kak B 3TOM C/ly4ae MOAEeM He KOPPEKTHO BbIXOAMUT U3 cetn GSM.

BHMMaHue &

Mpu Kaxxaom nsmeHeHnu KoHduUrypaummn GSM npoucxoauT aBTOMaTUUECKMiIA Nepe3anycK.

2.11.3 IIposepka coeguHeHus GSM

Ecnn Ha 3KkpaHe 8/9 cocToaHMe mogema GSM npeactas/ieHo Kak «FOTOBO, <TUM NOAKAIOUEHUA>Y, 3TO
O3Ha4aeT roTOBHOCTb NPUHMMATb COeANHEHMA OT YAANEHHOIO KOMMbloTepa Yepe3 NHTepHeT. MOXKHO
BbINOJIHUTbL TECTOBOE COeAMHEHMNe ANA NPOBepPKU cBA3KN ¢ npunoxkeHnem «SONEL ANALYSIS»:

o HeobxoaMMo NpoBEPUTL B HACTPOIMKAX NPOrpamMmbl, BKAOYEH I NMOUCK aHA/IM3ATOPOB MO CETH
GSM: B MeHI0 Mmporpammbl HYXHO BblibpaTb MapameTpbl = KoHdurypaums nporpammbsl —>
HacTtpoliku megmna = AkTuBHble megua. Mone «TCP/IP no GSM» A0/13KHO 6bITb OTMEYEHO.

e AHanu3aTop, K KOTOpPOMYy HeobXxogMmo NOAKAYUTLCA, A0/KeH OblTb BBegéH B 6asy
aHa/N3aTopoB (ec/iM paHee MPOM3BOAMIACL HACTPOMKa Modema Mno NyHKTy 2.11.2 — 3To yxe
6yaeT BbINOAHEHO).

o Cnepyert OTKAOUUTb Ntobble coeguHeHUs ¢ aHanmnsatopom (no USB, Wi-Fi uamn OR-1).

e BbIiNo/sHWMTE MOWCK aHanusatopa /obbiM MeToAaoM (Hanpumep, Haxkumaa Ha «TeKywwme
noKasaHua»). B cnucke noucka [OMKEH MNOABUTLCA aHAAM3aTOpP C  MNPUMEYaHUEM
«MopgkntoueHune no cetn GSM». Bbibepute 3TOT aHannsaTop U Haxkmute «OK».

e Yepes HEKOTOpPOEe BpeMs, Ha 3KpaHe A0/IKHO 0TobpasnTbea Tpebyemoe OKHO (Hanpumep, OKHO
«TeKywme NOKasaHUA»), a CTAaTyC B CTPOKE COCTOAHUA NPUIONKEHUA LO/IKEH U3SMEHUTHLCA Ha
«MopgkntoueHo». TakKe Ha aucniee aHaansaTopa otobpasuTca coobuweHne «MoaknueHue K
NK (GSM)». Takum o6pa3om, NonbITKa coeAMHEHMA NpoLIaa yCneLwHo.
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2.11.4 Bo3MoxHbIe Ipo6yieMbl ¢ KOHpUrypanueit GSM U peKoMeHAyeMble AelCTBUA

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

Bo3MOKHaA NpUYMUHA: 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 € APYIUM KAMEHTOM WAM BPeMeHHble npobaembl
cetu.

PeweHus:

1) Echmn aHanu3aTtop AoCTyneH, To NposepbTe cocTosHne GSM moaema 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
coegMHeEHMEe «NaHLWeT <> 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, CMOTPM 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 (CMOTpK 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 cratudyeckmm IP-agpecom wmnm npucBoeHHbim cepsepom DHCP Toukn 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 CKaHUPOBaHUA gmana3oHa Wi-Fi 2.41Tw.

YpanéHHoe noAknoyeHme nporpammHoro npunoxeHnsa «SONEL ANALYSIS» nocpeactBom 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 ABTOMmaTMyecKoe npucsoeHune agpecos IP (DHCP): BKNtoueHo;
o UWwndposaHne WPA2-PSK BkntoueHO, Ktod Takom Kak SSID.
e [lapameTpbl aHanM3aTopa:
o SSID cetu: AP_cepuliHblli_Homep_aHanuzamopa (Hanpumep, AP_BR0001);
o IP npucBamBaloTCa aBTOMaTMYeCKM TOYKOW AdocTyna: 192.168.173.X (rae X HaxoauTtcs B
AnanasoHe 2...254), wno3 192.168.173.1;
o WwndposaHne WPA2-PSK BrkntoueHO, KtoY Takom Kak SSID.
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MpunoxkeHne «SONEL ANALYSIS» (Bepcus ona nnaHweTa), yCTaHOBAEHa Ha NaHLIeTe M 3anyckaerca
ABTOMATUUYECKM MOC/IEe ero BKAOYEHUA.

_ Konfiguracja programu | =5 EOR 5| .
5 & W S A B Wy g on &
smiee e gmn umms gm o vmee v | ol ow e X

Ustawienia portu szeregow... s

LB wE

Puc. 32. Bbibop akTMBHOTrO cnocoba nepeaaumn.

2.12.3 BxiwodeHue/oTK/II0YeHUe/HacTpoiiKa ToukH Aoctyna Wi-Fi B m1aHnmere.

e [lpy NpAMOW CBA3M KMNAAHLET <& aHAN3ATOP», NAAHLLET BbINOAHAET QYHKLMIO TOYKM A0CTyna
Wi-Fi.

e TouyKa [OCTyNa HacTpamBaeTCA Ha 3Tane NPOM3BOACTBA M aKTUBUPYETCA aBTOMATUYECKU Mpu
3anycke nporpammbl « SONEL ANALYSIS».

e [lonb3oBateNlb MMeEET BO3MOXKHOCTb WM3MEHWTb KOHOUIypauumio TOYKM [OCTyna W Jaxe
OTK/HOUUTL €6,

YT06bl M3MEHUTb HACTPOMKM TOYKM [0CTyna HeobxoaMmo BbibpaTb B MeHo «KoHdurypaumsa
nporpammbi» napametp «HacTpolku mepgma», a 3aTem B CMIMCKe HAa NeBOM cTopoHe BbibpaTb « Wi-Fi».
MoaBuTCA OKHO, NpeacTaBneHHoe Ha Puc. .
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Puc. 33. KoHourypauma Toukm goctyna Wi-Fi.

B 3TOM OKHe JOCTYMHbI CieaytoLmMe napameTpbl:

e BKAloUYeHMe/oTKAoYEHME TOUKM AoCTyna (KHOMKK «3anycK» 1 «OCTaHOBUTBY).

BHMMaHue A

BbIK/AOUYEHME TOUKM A0CTYNA NPUBEAET K TOMY, UTO NpAMOe coeAMHEHUE «MJIAHLIET <& aHanu3aTop»
no Wi-Fi 6yget HeBO3MOXHbIM.

e /3ameHeHWe noBeaeHUs nporpammbl npu 3anycke «SONEL ANALYSIS» morKeT paboTaTb B 0gHOM

Cnepyowme asa nona «SSID» u «Knwou» no3BOAAIOT U3IMEHEHUTb MNapameTpbl TOYKM A0CTyna B

M3 ABYX PEXMMOB. 3aBOACKasA YCTaHOBKA — 3TO peum «COnpsXKeHUa».

MNocne 3anycka

nporpammbl OH NMPUBOAUT K aBTOMATUYECKOMY NOAKNHOYEHUIO NJIaHWETa K COI'Ip‘r'I)KéHHOMy Ha

3aBoge aHanusatopy. lMone «ConpaAxXKéHHOe YCTPOWUCTBO» MNOKa3biBaeT CEPUMHbIA HOMeEp

COMpPSXKEHHOIo aHam3aTopa. YTobbl 3TO 6bIN10 BOSMOXKHO, TOYKA AOCTyNa AO/IKHA HAXOAMUTLCA B

COCTOAHUM «3anycKk». Bbibop pexxnma «HopmanbHbI» BBOAUT NPOrpammy B 06bIYHbIN pexnm

pa6OTbI. B aTomM cnydae aBTOMaTMyeCcKoe coeguHeHue C COI'Ipﬂ)KéHHbIM dHan3aTopom npu

3anycke nNporpammsbl OyeT OTKAYEHO.

nnaHwere:

o [one SSID cnyXuT Ana BBOAA UMEHWN TOYKM BecnpoBogHOro [OCTYNa,

o [lone Knioy Mncnonb3yeTca AnAa 3anTbl COeEAMHEHNA NAPONEM.

YT106bI NPaBMIbLHO HAaCTPOUTb TOUKY gocTyna Wi-Fi Heobxogmmo:

OTK/OYUTB NPEXKHIO TOYKa A0CTyNa (KHoMKa « OCTaHOBUTbY);

BBecTV HasBaHMe TOUYKM gocTyna (none «SSID»);

BeecTtu naposb (nose «Knaour);

Ha)kaTb KHONKY «3anycK».
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BHumaHue &

Ana Toro, YTObbI dHA/ZIN3aTOP MOr NOAKNYUTLBCA K TOYKe A0CTyna, B NJaHWeTe AO0J1XKHbI 6bITb

3anucaHbl Takue e Ha3BaHuA «SSID» u «Knou» (cm. ra. 2.12.4).

2.12.4 Hacrpoiika noakawodeHusa Wi-Fi c nomomnibio coeguHenusa no USB

[na npaBuabHOM HAaCTPOMKK COegUHEHMA HEOBXOANMMO 3HaTb:

Nms Toukm goctyna («SSID») (ana npamoro noaxkntoueHma cmoTpwm rnasy 2.12.3);

Maponb («Knwou») B cnyyvae 3aWMWEHHOW ceTu (419 NPAMOro MOAKNKYEHUA CMOTPWU T1aBy
2.12.3);

«BHewHui IP-agpec» n «BHewHuii nopt». MapameTpbl, Heobxoaumble Ana paboTbl B ApYroi
noacetv, 4yem nnaHweTt (KomnbioTep), 0cobeHHO HeobxoAuMbl ANA coeAMHEHUA 4depe3
UHTepHerT.

HacTpolika KoHOUrypaunm aHannMsaTopa A0NKHa OCYLWECTBAATLCA Cleayowmm ob6pasom:
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CoegMHUTb NAaHWeT (KomnbloTep) ¢ aHannsaTopom USB Kabenem;

BbINOAHUTbL NOUCK aHann3aTopa, NyTéM BbIbOpa M3 MEHIO NPorpammbl NapameTpa AHanM3aTop
- Tekyuime napametpbl (F4) 1 ycTaHOBUTb COeAMHEHME C aHaM3aTOPOM;

MepelitTn Ha BKAagKky «becnpoBogHoe coeguHeHue» (Puc. 2) M NpoBepuUTb aAKTUBHOCTb
napametpa «Mepepaya no Wi-Fi». ECin 370 He TaK, BKIOUYUTDL €rO0.

y Ustawienia biezace E’@
% & - # * =)

Ceas i Faza Potaczenie Uskawieria

bezpieczerstwa cegom bezpreewodowe dodatkowe Zamknij

- Modulybezprzewodowe —  Ostrzezenia SMS

"
\Q,J Wiyl

Puc. 2. 3|<paH TEKYLWNX NapaMeTpoB aHaIn3aTopa, AOCTYyNHble CpeacTBa ANA nepenayvyn AaHHbIX.

BbibpaTb B MeHIO nporpammbl MyHKT MapameTpbl —> basa aHanusatopos (F3). B 6ase
aHa/IM3aTOPOB NEpPerTU K PefaKTMPOBAHWIO HACTPOeK aHaaus3aTopa (BblbpaTb CTPOKY C
CEPUMHBIM HOMEPOM aHanM3aTopa M WenKHYTb «PeaaKTupoBaTb»). B noseuBLIEMCA MEHIO,
Ha*KaTb KHOMKY «A3MeHUTb HacTpoiikn Wi-Fi»;

HeobxoamMmo BBECTM MO o4vepegm: MMs TOYKM focTyna (none «SSID»), a Takke B C/ayyae
3aLUMLLEHHON CETM NOCTaBUTb rasioyky B nosie «M3meHUTb» M BBeCcTU Naposb (none «Knwour).




[na HesawuuleHHON ceTu, nose «Kawu» MOMKHO OCTaBUTb MYCTbIM, HO none «U3MmeHuUTb»
[O/KHO BblTb OTMEYEHO FasIoUKOM.
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Puc. 35. 9kpaH ¢ KoHourypauymeit Wi-Fi gns npamoro coeanHeHus unm paboTbl B IOKaNbHOW CETU.

BbibpaTtb cnocob npuceoeHus IP-agpeca. B cnyyae pyyHOro pexkMma BBECTM COOTBETCTBYOLME
3HauyeHusa B nona «Appec IP», «Macka» n «lno3». B aBToMaTnyeckom pexnume BblI6paTb
«DHCP»;

MNone «Agpec MAC» npu nogxnodeHnn no USB 3anonHAeTca aBTOMATUYECKU (CYMTAHO U3
aHanusaropa);

MNone «MopT» He nognexKaT peaakTMPOBAHMIO, 3TO BCerga Homep 4002;

Ona pabotbl B Apyrnx noacetax (cetb WHTepHeT) 3anonHuTe nons «BHewHwuit IP-agpec» u
«BHewHu nopt. [1na NnpAMoro coeamMHeHus (NNaHLWeT <> aHaNM3aTop), a TakKe gns paboTbl B
JNIoKanbHOM ceTu (NnaHweT <& mapwpytmsatop Wi-Fi <& aHanmsaTtop) sTm nonsa AoAKHbI ObITb B
HEaKTMBHOM COCTOAHMMU;

Ecnu aHanu3aTop MmeeT cTaTMdecknin IP-agpec, To MOXHO COKPaTUTbL Bpemsa ero nomcka. C atoit
uenbto B nose «BHewHwuit IP-agpec» Hy*HO BBecTn IP-aapec npubopa, a B nose «BHewHwMi
nopT» - Homep 4002;

MoaTBepanTE BbINOJIHEHHbIE WU3MEHEHWA HACTPOMKM HarKaTMem KHonku «OK». Tem cambim
HOBble AaHHble, BBeAEHHbIe B nonax: «SSID», «Kntou», «KoHdurypauusa IP», 6yayT oTnpasaeHsbl
B aHanM3aTop;

Ecnn BBeaeHbl NpaBwu/bHbIe AaHHble, TO aHanM3aTop byAeT NbiTaTbCA NOAKMHOUUTBLCA K TOUKe
noctyna Wi-Fi. Mocne oTKAoYeHMA, CTaTyC CoeAMHEHNA MOMKHO OTC/IeXnBaTb Ha aKkpaHe 10/10.
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Puc. 36. MpumepHasa KOHUrypaLmsa aHannsaTopa 418 cCoeguHEHMA No ceT NHTepHer.

MpaBuibHan NOC/eA0BaTENbHOCTb MOABAEHUSA COOBLLEHNI HA SKPaHe:

«lMowuck cetu...»;

«lMopKknoueHne K ceTn...»;

«MonyuyeHue agpeca IP...» (B cnyyae DHCP);
«lotoB».

2.12.5 U3meHeHnue HacTpoek Wi-Fi B 6a3e aHa/iM3aTOpPOB NpPU OTCYTCTBUM COeAMHEHUA MO

USB

HueonucaHHasa npoueaypa OTHOCUTCA K C/ly4alo, KOr4a aHaimM3aTtop paHee 6bli1 CKOHGUIYPUPOBaH, HO

cywecteyeT HeobxogumocTb pobaBneHus ero B 6asy WAM peaakTMpoBaHua napameTtpoB Wi-Fi,

naeHTMoMUMpyrowmnx npnbop.

[ns npaBUAbHOW HAacTPOIMKN coeanHEHNA HEOHXO4MMO 3HATb:

dusnyecknin agpec aHanusatopa («Agpec MAC»), 3TOT napameTp HeobXoAMMO CuYMTaTb C
3KpaHa 10/10.

«BHewHum IP-agpec» n «BHewHu nopt». NapameTpbl, HeobXoAnMbIe ANA PaboTbl B APYroi
noAcetTH, 4Yem nNAaHWeT (KOMMbloTep), OCOBEHHO HeobXoouMbl O/ COefUHEHUsA 4Yepes
UHTepHerT.

HacTpoiika KoHOUrypauum aHanmMsaTopa A0AKHa OCYLWEeCTBAATLCA CAeay oMM 06pasom:
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BbibpaTb COOTBETCTBYIOWMIA aHanusaTop B 6ase M HaxKaTb KHOMKy «PegaKTtupoBaTb» uau
Ha)KaTb KHONKY «[lo6aButb» ans gobasneHua ero B 6asy.

Ncnonb3ysa KHomnku «U3meHnTb HacTpoiikn Wi-Fi» 3anonHuTe none «Aapec MAC».

Ona paboTbl B Apyrnx noacetax (ceTb MHTepHeT) 3anonHuTe nons «BHewHwuit IP-agpec» u
«BHewHu nopT». J1a NpAMOro coeauHeHus (NaaHWeT <> aHa/n3aTop), a TakKe A1 paboTbl B
JIOKanbHOM ceTu (nnaHwet <& mapwpytnsatop Wi-Fi < aHanusaTtop) 3t nons HeobxoamMmo
OCTaBUTb B HEAKTMBHOM COCTOAHUMU.

MpumeyaHue: ecn aHaAN3aTop UMEEeT CTaTUYecKuit IP-agpec, To MOXKHO COKPATUTb BPeMs ero
noucka. C aToli Lenbto B none «BHewHuii IP-apgpec» Hy>KHo BBecTu IP-aapec npmbopa, a B nose
«BHewwHUM nopT» - Homep 4002.



e [loaTteepanTe BbINOJHEHHbIE N3MEHEHUA HaCTpOﬁKVI HaXXaTuem KHonku «OK».,
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Puc. 37. MpumepHas KoHUrypaLma gnsa CBA3U NO MHTEPHETY A5 OTKAOYEHHOIo aHaAn3aTopa.
2.12.6 IlpoBepka coeaunenusa Wi-Fi

Ecnn Ha akpaHe cTaTtyca 10/10 coctoaHune Wi-Fi oTobparkaeTca Kak «[OTOB» — 3TO 0O3Ha4aeT roTOBHOCTb
YCTaHOBWUTbL COEAMHEHME C MNIAHLWETOM OT YAA/NEHHOro KomnbtoTepa (nnaHweta). MOXKHO BbIMOHUTD
TECTOBOE NOAKAKYEeHMNE gNA NPoBEPKKM €BA3K ¢ npuaoxeHnem «SONEL ANALYSIS»:

o HeobxogMmo npoBepuTb B HACTPOMKax NporpamMmmbl, BKAOYEH 1M NOUCK aHanusaTopos no Wi-Fi:
B MEHI0 NPOrpaMmmbl HyXHO BbibpaTb MapameTtpbl =2 KoHdurypaums nporpammbl = HacTpoiiku
Mmeama = AKkTUBHble meama. Mone « Wi-Fi» 00n%HO 6bITb OTMEYeHo;

e  AHanusaTop, C KOTOPbIM Mbl XOTUM COEAMHUTLCSA, AOMKEH OblTb BHECEH B 6a3y aHaNM3aTopoB
(310 byner obecneyeHo, ecnn paHee bblia BbINOJIHEHA HACTPOMKA B COOTBECTBUM C MYHKTOM
2.12.4);

o HeobxoauMo OTKNOYUTL Nobble coeanHeHUA ¢ aHanusaTopom (USB, GSM);

e BbINOMHWUTL MOWUCK aHanM3aTopa, Bblbpas ntoboli meTon (Hanpumep, LWENKHYB MO KHOMKe
«TeKywme NOKasaHUA»). B cnucke pesy/nbTaToB MOWMCKA AO/KEH MOABUTLCA aHA/IM3aTop C
npumedaHnem «CoeguHeHne no Wi-Fi». BbibepuTe 3TOT aHaN3aTOP M HaXKMUTE KHOMKY « OK»;

e Yepes HeKOTOpOE BPEMS Ha 3KPaHe AO0/IKHO MOABUTLCA HYXKHOE OKHO (Hampumep, «TeKywme
NOKa3aHMA»), a CTaTyC B CTPOKE COCTOAHWUA MPUNONKEHUA [O/MKEH W3MEHWUTbCA Ha
«MoakntoueH». TakKe Ha gucnaee aHanmMsatopa otobpasutca cooblueHne «lMoaknoueHune K
MK (Wi-Fi)». Tem cambiM NonbITKa YCTaHOBUTb COeAMHEHNE 3aBEPLLMNACL YCMEXOM.

2.12.7 Bo3MoxkHbIe Npo6yeMbl ¢ HacTpoiikoid Wi-Fi u pekoMeHayeMble AeiicTBUA

Mpobnema: MHAMKATOP BbINOAHEHWA NPU MOWUCKE aHAAN3aTOPOB B TEYEHUE HECKOJIbKUX CeKyHA,
poxoaunt po 100%, He Haxo4A aHa/mM3aTopa.

B0o3MOKHaA NpUYMHA: ITO MOXKET CBMAETENbCTBOBATL O BbIKNOYEHHOM MOUCKe aHanunsatopos no Wi-Fi
B HACTPOMKax NPUIOHKeHMA nan base aHaAM3aToOPOB.

PeweHne: B MeHIO MPoOrpamMmmbl HY»HO Bbl6paTb [MapameTtpbl = KoHourypauusa nporpammbl —>
Hactpoiiku megna = AKTBHbIE Meaua. Mone « Wi-Fi» go/1HO 6bITb OTMeYeHo.
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I'Ipo6nema: MH,D,MKaTOp BbIMNO/IHEHMNA NPU NOUCKE aHA/IM3aTOPOB B Te4YeHMEe HECKOJ/IbKMX CeKyHA

poxoaunt no 100%, He Haxo4A aHa/M3aTopa.

Bo3moOXKHble NPUYUHDI:

1) AHanAM3aTOpP BbIK/AOYEH MAN C HEAKTUBHbIM/HEHACTPOEHHbIM coeanHeHnem Wi-Fi.

2) Hecootsetctene MAC-agpeca aHannsaTopa v 3anucu B 6ase aHaIM3aToOPOB.

3) HecooTBeTcTBME BHeLWHero IP-agpeca aHanM3aTopa M 3anucu B 6ase aHaAN3aToOpPoOB (CoeanHeHue
yepes NHTepHeT).

4) AkTMBHble nona «BHewHuit IP-agpec» 1 «BHewHu nopt» B H6ase aHa/NM3aTOpPOB B Cayvae
NPAMOr0 COeAMHEHUA «NAAHLWET <> aHaIM3ATOP» AN NpU paboTe B STOM XKe CeTu.

5) AkTtnBHoe Wi-Fi coeguHeHne aHamM3aTopa ¢ 4PpYrMmM KAMEHTOM MW BPEMEHHbIE NPOHaEMbI CETH.

PeweHue:

1) Mpu AOCTYyNnHOCTM aHanu3aTopa, MOXKHO NpoBepuTb coctosHuA Wi-Fi Ha akpaHe 10/10. Ecam
COCTOAHWE «BbIKAOYEHO», TO HEOBXOAMMO B MEHIO NpOorpaMmbl BbibpaTb NnapameTp AHannsaTtop
- TeKyliMe HaCcTPOMKK, NepenTn Ha BKNaaKy «becnpoBogHoe coeauHEHUEe» 1 NpPoBepUTb, YTO
onumua «Mepeaaya no Wi-Fi» akTMBHa MAM BKAOUUTL €€, ecnun 3TO He TaK. [IpoBepuTb HAaCTPOMKY
Wi-Fi.

2) Yb6eautbes, uTo B 6ase aHaAM3aTopoB BBeAEH npaBuabHbIi MAC aapec aHanunsatopa. Aapec MAC
oTobparkaeTca Ha aKpaHe 10/10.

3) Yb6eautbes, uyTo B Ha3e aHaNM3aTOPOB BBEAEH NPaBUbHbIA BHEWHUI IP-agpec 1 BHEWHWIA nopT
CKOHUrypuposaH B mappytmsatope Wi-Fi.

4) CHaTb dnaxKok B nosie «BHewHuit IP-agpec» B 6aze aHaNM3aToOPOB.

5) MoBTOPUTb NOMbITKY NOAKAOYEHMA.

Mpo6nema: HecMoTps Ha NpaBuAbHbIN cTaTyc «FOTOB» Ha 3KpaHe aHa/aM3aTopa M NOWUCK aHa/IM3aToOPOB.,

OH He noaswunca B cnucke. OnuuA «lMepepava no Wi-Fi» BKAtouyeHa u dHa/N3aTop npaBuIbHO

ckoHoUrypupoBsaH B 6a3e aHanmsatopos (BmecTe ¢ IP-agpecom).

Bo3moyKHaa npuumHa: bnokuposka nopta TCP 4002, KOTOpbIA MCNOAbL3YEeTCA ONA CBA3M, CETEBbIM

6paHaMay3poM KoMnbloTepa (NaaHLWweTa) Mamn NpoBaigepom MHTepHeTa I0KaibHOM ceTu.

PeweHune: MNpoBepuTb B KOHPUrypauum KomnbtoTepa, 4yto nopTt TCP 4002 He 3abnokuposaH. B

NPOTUBHOM CNly4ae O6paTVITECb K aAMUHUCTPATOPY NIOKaNIbHOM ceTu.

Mpob6nema: Mpu NPAMOM NOAKNIOHEHUN «MAAHLIET <> aHaNM3aTOP» CKOPOCTb NepeAayn najaeT HUKe
200k6uT/C.
B03MOXHble NPUUUHDI:

1)
2)

3)

CnvwKom 60/bLIOE PACCTOAHME MEXAY NIAHLETOM M aHaIM3aTOPOM.

MnaHwet paboTtaeT B pexume Touku goctyna Wi-Fi 1 ogHOBpeMEHHO COeAMHEH C BHELIHUM
mapupytmnsatopom Wi-Fi, Hanpumep, ana gocryna B IHTepHeT.

CAnwKom BbICOKMIN ypOBEHb MOMEX B KaHasle, N0 KOTOPOMY BeAETCA nepegaya.

PeweHue:
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1)
2)

3)

MoAoWTM K aHaNN3aTopy C NAaHWETOM Ha PacCTOfHME MeHblue, Yem 10m.

Ecv aHanM3aTop NOAKAIOYEH K TOYKe AOCTYMA Ha MNAHLLETE, HY)KHO OTKIOUYMTb NAaHWeT oT
BHewWwHero mapwpyTusatopa Wi-Fi, BbIKNHOUMTb TOUKY AOCTYNA HA NAaHLIETE, @ 3aTEM BKJIIOYUTL eé
cHoBa (Puc. ). 3To obecneunt paboTy TOUKM AOCTYNa NAaHWeTa Ha cBoboaHOM KaHane.

Ecn e cBA3b C aHa/M3aTOPOM OCYLLECTBAAETCA Yepe3 BHEWHUI mapupyTtmsaTop Wi-Fi, To
HeobxoaAnMmo ybeanTbea, YTO TOUKA AOCTYNa HAa NJIaHLWeTe BbiKAtoYeHa (Puc. ).

B cnyyae, Korga Toukoi goctyna Wi-Fi ABnAeTcA nnaHLWeT, B OKHe KoHOUrypauumn nporpammbl
(Puc. ) ero cnegyet BbIKAHOYMTL M CHOBA BKAKOUMTL. DTO 3aCTAaBUT TOYKY AOCTyna paboTtaTb Ha



Apyrom cBobogHOM KaHane. Ecav »Ke TOUKOM J0CTyna ABASETCA BHEWHWA mapwpyTusaTtop Wi-Fi,
TO CleayeT ero 3acTaBuTb paboTaTb Ha APYrom KaHasne.

Mpo6nema: MoTepn CBA3M C aHAIM3ATOPOM.

Bo3MOXHble NPUYUHDI:

1)
2)
3)
4)

5)

B okHe 6ecnpoBoaHbIx coeanHeHnn (Puc. 2) BbikatoveHa cBasb no Wi-Fi.

OTKntoveHa TouKa goctyna Wi-Fi.

Chvwkom 6onblioe paccToAHME MeXAy aHaM3aTOPOM WM MJAHLWETOM B C/ayvyae MpPAMOro
coenHeHusA.

Chvwkom 6osblioe paccToAHME MeXAy aHanM3aTopom W Toukok goctyna Wi-Fi unm mexay
KOMMbIOTEPOM (NAaHLWEeToOM) 1 TouKol goctyna Wi-Fi.

CnuMLWwKOM BbICOKMI ypOBEHb MOMEX B KaHasle, MO KOTOPOMY BeAETCA nepegaya.

PeweHue:

1)

2)

3)

4)

5)

MoAaKNoUYMTbCA K aHaM3aTopy nNpu nomolum kabens USB nnum cetn GSM un BkatounTb €Basb no Wi-
Fi B aHanunzatope (Puc. 2)

BKkntountb Touky goctyna Wi-Fi n nogo»Kpatb, MOKa aHaNAM3aTop K Hel nogknatoumTtca. Ha skpaHe
10/10 otobpaskaetca coctoaHne Wi-Fi «FoToB».

Moot ¢ NnaHweTom 6anKe K aHa/IM3aTopy M NOBTOPUTL NOMbITKY NOAK/OYEHUA. Jlydlle Bcero,
Koraa aHanMsaTop HaxoAuTcA B None 3peHua, Toraa Ha skpaHe 10/10 sugHo coctoaHne Wi-Fi u
ypoBeHb curHana. TosbKo coctofHue «lFoToB» rapaHTUPYyeT BO3MOXHOCTb MOAK/IOYEHUS.
enaTtenbHO YTOObLI OTOOPAXKAaEMbIM YPOBEHb CUIHAJIA COCTABAAN KaK MUHMMYM [BE NMOJIOCKM.
Ecnn 3TO BO3MOXHO, pa3smecTuTe aHaansaTop/KomnbloTep (NaaHweT) u/muam Touky goctyna Wi-Fi
B TAaKOM MecTe, 4Tobbl ypoBeHb curHana Wi-Fi coctaBnan Kak MUHUMYM gBe MOIOCKKU, PAaBHO KaK
ONA aHan3aTopa, Tak U 4NA KoMnbloTepa.

B cnyuyae, koraa Toukon goctyna Wi-Fi ABnAaetcAa nnaHweT, B OKHe KOHUrypaummu nporpammsl
(P1c. ) HEOBXOAMMO €ro BbIK/IOYNUTL U CHOBA BK/IOUYUTL. ITO 3aCTaBUT TOUKY AOCTyna paboTtaTb Ha
Apyrom ceoboagHOM KaHane. Ecm e TOUYKOM AOCTyNa ABASETCA BHEWHNI mapLlpyTtnsatop Wi-Fi,
TO c/ieflyeT ero 3acTaBuTb paboTaTb Ha APYrom KaHane.

2.12.8 IlepeHOC JaHHBIX C IJIAHIIETA HA CTALMUOHAPHBIA KOMIIBIOTEP

[aHHble, aHanM3npyemble Ha NaaHLWeTe, MOXKHO CBOBOAHO NMepeHecT Ha CTaLMOHapHbIA KoMMbloTep.

3To MOXKeT 6bITb caenaHo, No KpaHel mepe, ABymMA cnocobamu:

CKonupoBaTb AaHHble M3 MJaHWeTa Ha KapTy namatM Mukpo-SD mam no USB, a 3atem
nepemecTuTb UX Ha 1toboI KomnbloTep;
Mcnonb3osatb coeanHeHne no Wi-Fi. [1na 3TOro Hy»KHoO:

o ybegutbca, yto paboTtaeT Toyka goctyna Wi-Fi Ha nnaHweTte n nNpoBepuUTb UMA CETU
(SSID) (Pwuc. );

O NOAKNIOYMUTL KOMMbIOTEP K TOYKE A0CTyna Ha nnaHwerte (Puc. ). Mcnonb3yiiTe naponb
(kntoy), KoTOpbIi BBEAEH B KOHPUrypaumio TOYKM AOCTyrna Ha naaHweTte (MOXKHO
nposepuTb B nporpamme «SONEL ANALYSIS», napametp KoHdurypauusa nporpammbl —>
HacTtpolikn megpna = Wi-Fi, none «Katou», (cm. Puc. );

O  OTKpbITb «[pPOBOAHMK» ana paboTbl ¢ dainamm (Puc.) n BeecTn IP-agpec nnaHweTta
\\192.168.173.1;

O Ha NMaHLWeTe A0/MKeH O0TObpasnTbcA 0OWMIA KaTanor (manka ¢ obwum 4ocTynom), us
KOTOPOro MOXHO CKONUPOBaTb daliibl HA KECTKNIN ANCK KOMMbIOTEPa.
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Obecnie potgczono z: *»

AP_B50003
bl_/ Brak dostepu do Internetu

WBK
th/ Dostep do Internetu

Polgczenie sieci bezprzewodowej tad

NetworkProfile Polaczono
Nazwa: NetworkProfile
Sita sygnatu: Znakomita ﬁ
Typ zabezpieczern: WPA2-PSK
Typ radia: 802.11n

SSID: AP_BS0003

WBK

Otwarz Centrum sieci i udostepniania

Puc. 38. MpocmoTp goctynHbix ceteir Wi-Fi.

= LJ\192.168.173. v | 43 N Przeszukai: 1921681731 o)

Plik Edyca Widok Narzedzia Pomoc

Organizuj v Centrum sieci i udostgpniania > g ~ 1 e

Ulubione Users
< Ostatie miejsca - Udziat
¢ Pobrane
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- Biblioteki
“, Dokumenty
4 Muzyka
Nowa biblioteka
=, Obrazy
& wideo

1 element
f
A

Puc.39. NpocmoTp 06wwmx katanoros (Nanok) Ha nnaHLeTe.
2.13 YBegoMJieHHe O IepeMeleHUH aHa/In3aTopa

AHanusaTtop, B KoTopom paboTaer GSM-mozem B 30He pgenctBua GPS, moxeT yBegomaaTb
nosib3oBaTesIn O CBOEM nepemelleHMU. YTobbl BOCNOIb30BATLCSA 3TOW BO3MOMKHOCTbIO, HEOBXOAMMO
YCTaHOBUTbL NapameTp «@PyHKUUA NPOTUB KpPaxKU» C NOMOLLbIO MPUIOMNKEHMA U BBECTM B CMUCOK
3KCTPEHHbIX TesiepOHOB COOTBETCTBYIOLMIN HOMEP, HA KOTOPbI HEOOBXO0AMMO OTNPaBUTb coobLieHue
SMS. B 3TOM perKMme aHaM3aTop 3aNOMMHAET CBOE NOJIOXKEHWE, KOTOPOe BblI0 onpeaeneHo Bnepsble
nocsie BK/OYEHUS PErUCTPaALLUKN M 3aTem oTnpaBaseT SMS-coobuieHne Ha yKasaHHbI HoMep TenedoHa
(nnn TenedoHoB), ecnn byaer obHapy)KeHO NepemellleHMe aHasnM3atopa 6osnee yem Ha 100m. SMS
CcoobLlIeHNE COAEPKUT TEKYLLME KOoOpAMHATbl aHanusaTopa. Takxe B nporpamme «SONEL ANALYSIS»
MOXHO CBA3aTbCA C aHaAn3aTopom nNo GSM n NnpoBepuTb B OKHE CTaTyCa ero TeKyLee MeCcToMoJIOKeHUe
(maxke Korga aHanMsaTop OTKAOYEH). Ecnv aHanusaTop A0Nroe Bpems HaxoAMTCA Ha PacCTOAHUU
panbwe 100Mm OT MCXOAHOrO MO/OXEHUA, TO Kaxable 10 MMHYT oTnpasaatoTca SMS ¢ ero Tekyuwen
nosunumuei (He 6onee, yem 10 SMS).

B Heb6/1aronpuATHLIX YCNOBUAX NpMéma curHana GPS (cnabblit curHan, oTpaKeHUs curHana) BO3MOXKHa
OTNpaBKa aHa/IM3aTOPOM JIOKHOTO COOBLLEHMA O NepemelLeHnN. Mob30BaTeNb TaKKe YBEAOMIAETCS O
noTepe WAM NosB/JEHUN BHOBb CMTHana GPS, no3BosiAloWwero onpesennTb NoJ0XKeHWe aHaAnsaTopa C
NOMOLLBIO AOMNOAHUTENbHbIX SMS coobLWeHMA.

58



Mocne akTMBaLMM GYHKLMM 3aLUMUTbI OT KPAXKM aHaNM3aTop BeAET cebA no-Apyromy B OTKAHOYEHHOM
pexXnme: NOCTOAHHO aKTMBHblI mogem GSM u GPS-npuMEMHMK. ITO NPUBOAMT K TOMY, YTO B C/y4dae
OTCYTCTBMA CETEBOr0 MUTAHUA aKKYMYNATOP Pa3psaKaeTca oOyeHb ObICTPO, MPUMEPHO, Kak npu
HOpManbHON paboTe aHanM3aTopa C MUTAHMEM OT aKkymynsaTopa. o ucTedyeHUM onpeaenéHHoro
BPEMEHMW, aHA/IM3aTOP NMOSIHOCTbIO OTK/OYAETCA, cnefoBaTeNibHO, ByAeT yKe HEBO3MOXKHO OTMPaBAATbL
SMS coobuieHuA.

BHUMaHMe &

[Ona npaBunbHo paboTbl GyHKLUM 3aLUTbI OT KPaXKu Tpebyerca:

- BKntoueHHbIt GSM moaem ¢ npaBuibHO HacTpoeHHou SIM-KapToii;

- YcTaHOBAEHHbIN TenedoHHbI Homep 418 SKCTPeHHoW oTnpaBKku SMS-coobueHus.

AKTMBaUMA GYHKLUM 3aluUTbl OT KPaXKM [O0/I)KHA CONPOBOXKAATbCA NPOBEPKON 060MX 3TUX
3/1eMEHTOB.

2.14 B/IOKMpPOBKA KJIaBUATYPbI

B npunoskeHuun MK ecTb BO3MOXKHOCTb HACTPOMKM MapameTpoB 6IOKMPOBKM KNaBWLW MNocsie Havana
peructpauun. 3To Aenaetca A4 3alyTbl aHaAM3aTopa OT OCTAHOBKM PEerucTpaumu MOCTOPOHHUM
yenosekom. Ytobbl pa3bAoOKMpPOBaTb KNaBULIKM, MONb30BaTe/b AOKEH BBECTU KOA, COCTOALMA 3 3

undp:

e Haxatue ntoboi KnaBuLLM BbI3OBET NOsIB/IEHME Hagnucu «Beeaure Kog»;

o [lonb3oBaTesib MOXET BBECTM MpPaBW/IbHbIA KOA Pa3b/OKMPOBKM C MOMOLLBbIO KNaBUW Ha
KnasuaType: KaaBuwa | nocnegosatenbHo mameHsieT umopbl 0, 1, 2..9; 0 B nepsoi
no3snumMmn, KnasmLa L BTOPOW, a KnaBuLa [ ST TpeTbel;

o  TpéxcekyHAHoe 6be3aencTBue KnaBmuaTypbl 3aMycKaeT NPoBEPKY BBEAEHHOIO KOAa;

e [lpaBUNbHO BBEAEHHLIN Naposb 0603HauyaeTca Haanucbio «OK» M npoucxoamuT CcHATUe
610KMPOBKM, @ HEBEPHO BBEAEHHbIN KO NPUBOANT K MNOABNEHMIO HaaNncn « HeBepHbIii Koa» U
BO3BpAaT B MpeXKHee CoCTosHMeE (Hanpumep, ralleHne aucnes, eciv oH 6bla BbIKNOYEH).

Mocne pa3bnokMpPoBKK, KNaBMaTypa aBTOMaTUYECKN BNOKMpPyeTCA CHOBA, eC/Iv NOoJIb30BaTe b B TeYeHne
30 ceKyHA, He HaXXMET Ha Ntobyto KnasuLuy.

BHMMaHue ‘/L\.

Yaep)KaHue B TeueHMe 5 ceKyHA, Knasuw €D , @ guizbisaer aBapuitHoe OTKAlouYeHue
610KMPOBKM KNaBULL M OTMeHAET 610KUPOBKY KnasuaTypbl B aHanusaTope.

2.15 Cnammii pexxum

Mporpamma MK £aéT BO3MOMXKHOCTb BKAKOYUTL CMALMI perrum. B aTom perkmme yepes 10 cekyHa oT
Hayana perucTpauMm aHaamsaTop racut aucnneit. C 3TOro MOMeHTa, Kaxgable 10 cCeKyHa B NeBOM
BEPXHEM YrAy AMCMNeA KPaTKOBPEMEHHO MOABAAETCA HOMEpP TOYKM WM3MEpPEeHUs, CUrHanausupya ob
aKTUBHOW perucTpaumun. Mocne 3aBeplieHnsa perucTpaumm (Hanpumep, ecam namaTb 6biia 3amnosiHeHa)
3KpaH byaeT noralleH Ao Tex Nop, NoKa He byAeT HaxkaTa KnasuLwa.
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3 KOHCTPYKDMA U METOJAbl U3MEPEHUA

3.1 Bxoabl 10 HANIPAKEHUIO

KoHCTpyKLMA 610Ka BXOAHbIX HaMpPAMEHUMA CXeMaTUYHO MOKasaHa Ha puc. 40. MNpeactaBneHbl ABa
n3MepuTeNbHbIX 6/10Ka: cnpaBa OT pa3bEéMma NOKa3aHa OCHOBHAA CXema, UCMob3yemMas 15 U3MepeHns
60/IbLIMHCTBA MAapaMeTPOB HanpsxKeHus. YacToTa AMCKpeTM3aummu B 3ToM uenu coctasnseT 10,24Klu,.
Tpu Bxoga ¢as L1, L2, L3 v 3awuTHbIM npoBod PE umeloT obuLyt0 NNHUIO, OTHOCUTENBHO KOTOPOW
npoucxoaaT nsamepeHus — ato npoeog N (HelTpanb).

mm CneBa NoKasaHo, KaK NOAKAUYMTb MOAYAb TPAH3UEHTOB K BXOAHbIM pasbémam (TONbKO
PQM-703 1 PQM-711). MoHO yBMAETb, UTO BCE YeTbipe KaHafa M3MepsatoT oTHocuTenbHo Bxoaa PE.
3TN UEeNM UMEIOT LUMPOKYIO MOJIoCYy NPOMYCKaHWA (4acToTa Aguckpetusaumm o 10Mlu) n 6onblumii
[AManasoH U3mepsaembliX HanPsKEHWN.

Puc. TaKxe WANIOCTPUPYET, YTO LENb NUTAHUA aHanu3aTopa ABAAETCA He3aBMCMMOM OT LuUenu
nsmepeHma. UCTOYHUK NMUTAHUA MMEET HOMUHA/IbHBIN AMaNa30H BXOAHOIO NepemMeHHOro HanpsKeHus
90...760B u©  ocCHaweéH oTaenbHbIMU

B oy y Ne oNpegeneHKa .7 CeTes oM
pasbemamu. _ TREHIMEHTOE _ . MCTOYHKEK
: MMTEHKA

B OCHOBHOW LleNM aHa/nM3aTop MMeeT ABa

noaanana3oHa HanpAaXeHna:

e HW3KOBONbLTHbIN  AManasoH, ¢ : ®
NMUKOBbIM HanpaxeHvem = 450B @ 5

(6e3 Harpysku), BKAO4aeTcA npu

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

KOHbUrypaumax o

@ @

Yy

N3MepuTesibHbiMn

TpaHchoOpMaTopamMmn HanpAXKEHUA.

Take 3TOT  AuanasoH  Bceraa Puc. 40. Bxoapl HanpseHUs (c moaynem

BbibupaeTca ans kaHana Un-pe; TPAH3MEHTOB) U UCTOYHMK NUTAHMA.
e BbICOKOBOJIbTHBIA  AManasoH, ¢

NMUKOBbIM HanpsaxKeHnem + 1500B (6e3 HarpysKu), BKAKOYAETCA NPU HOMUHAMbHbIX HAMNpPSAXKEHUAX
cetn ot 220B v Bbiwwe (6e3 TpaHCHOPMaTOPOB HaNpPSAKEHUA).
Mcnonb3oBaHMe ABYyX [AMana3oHOB HaMNpAMeHUMA Mo3BosAeT obecneynTb 3aAB/IEHHYHD TOYHOCTb
M3MEpPEHMA B COOTBETCTBUM C Knaccom A ctaHaapTa OCT 30804.4.30-2013 (IEC 61000-4-30:2008) ans
BCEX HOMUHaNbHbIX HAMPAXKEHUN CETU.

3.2 BxoApbl 110 TOKY

AHann3aTop MMeeT YeTbipe HE3aBMCMMBbIX TOKOBbIX BXOAA C UAEHTUUYHbIMM NapameTpamu. K Kaxkgomy 13
HMUX MOXHO MOAKAOYNUTb KECTKME TOKOBbIE KNELWM C BbIXOAOM MO HaNpsAXKeHuto B cTaHaapTe 1B, uau
rmbkue TokoBsble Knewwm F-1, F-2 u F-3.

TunuyHom cmyau,meﬁ ABNSETCA UCNO/b30BaHME TMBKNX KJ'IeUJ,eﬁ BMeCTe C BCTPOEHHbIM 3N1EKTPOHHbLIM
UHTErpaTopom. OpHako, oTAMyMe OMnUCbiBAaemMoro dHa/N3aTopa B TOM, 4YTO OH MO3BONIAET MNpAMmOe
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NOAKNIOYEHNE K BXOAY TOKOBOFO KaHafa KaTylKu Porosckoro (rMbKMx Knewtein), a MHTerpauma curHana
ocylecTBaAeTca Npu nocaeayouwen undposon obpaboTke.

3.3 LuppoBoi UHTErpaTOP

B aHanusatope wucnosb3yeTcs peweHne C  UMPPOBbIM  MHTETPUPOBAHMEM CUTHafNa, MWAyLWero
HenocpeacTBEHHO C KaTylwKu Poroeckoro. Takoi noaxond no3sonun msberkatb npobsiem aHanorosbix
WMHTErpaTopoB, CBA3aHHbIX C HEOBXoAMMOCTbIO obecneyeHMn 3asaB€HHOW TOYHOCTM B A0ATOCPOYHOM
NepcrnekTUBE N B TAXKE/bIX YCIOBUSAX M3MEpPEHUs. AHAaNOroBblie MHTErpaTopbl A0NXKHbI BKAOYATb B cebn
TAKXE CXeMbl, npefoxpaHsalolwmMe OT NeperpyskM Mo BbIXody B C/Ayd4ae MPUCYTCTBMA Ha BXode
NOCTOSIHHOTO HANPAMKEHUA.

MpoeanbHbI MHTErpaTop MmeeT HeckoHeYyHoe ycuaeHne Aas NOCTOAHHbIX CUTHAoB, KoTopoe ybbiBaeT
co ckopocTblo 2046/ aekaay yactoTbl. Casur ¢asbl ABAAETCA NOCTOAHHbIM BO BCEM AManasoHe YyacToT U
cocTtasnser 90°.

TeopeTnyeckn 6eckoHeYHOe ycuneHwe ANA MOCTOAHHOTO CWUrHana, ecNM OH MOABUTCA Ha BXo4e
WHTErpaTopa, Bbi3blBaeT HACbILLEHME €ro BbIXO4a A0 3HauYeHUAa BIM3KOro K HanpaXKeHWUto MUTaHUA U
6n0KMpYyeT panbHenwyto ero paboty. B MNpaKTUUEeCKMX cxemMax MNPUMEHSAIOTCA  pelueHus,
OrpaHMYMBAIOLLME YCUAEHUE ANA MOCTOAHHOIO TOKA [0 HEKOTOPOro 3aZaHHOro 3HayeHus, a TaKxke
nepuoamyeckm obHynstoT Bbixod. CyLLeCTBYIOT TaK¥Ke MeTOoAbl aKTUBHOM KOMMEHCAUMWU MOCTOAHHOrO
HanpsaXKeHWA, 3aKN0YAIOLLMECA B er0 U3MEePEeHUN 1 nogadve obpaTHO Ha BXOZ, HO C MPOTUBOMO/IOKHbIM
3HaKoM, 3PPeKTMBHO yaansaa ero. B aHrauiickon TepmuMHOMOIMK NPUHATO onpegeneHue «leaky
integrator», o3Hayalollee, YTO MHTErpaTop C yTeudykoW. AHanorosbliit «leaky integrator» — 3To npocto
WHTErpaTop ¢ KOHAEHCATOPOM, COEAMHEHHbIM OLHWM KOHLOM C Pe3ncTopom OO0NbLION BeNYMHBI.
Takaa cxema B 3TOM C/ay4yae COBMaZaeT C HM3KOYACTOTHbIM GUABTPOM C OYEHb HU3KOM YacTOTOM
NPOMNyCKaHUA.

Undposan peannsauma MHTerpatopa obecneymBaeT OTAMYHbIE AONATOBPEMEHHble MapameTpbl — BCA
npoueaypa BbINOJHAETCA NYTEM BbIYUCAEHUSA, HE MOXKET BbITb U PEUYM O CTAPEHUN S1EMEHTOB, Apeidax
n 1.n. OZHAKO, TaK e, KaK M B aHA/IOTOBOW BEPCUM, 34ECb TOXKE MONKET BO3HWKHYTb Mpobiema
HacblleHna © 6e3  [0/KHOTO NPOTUBOAEWCTBMA UMPOBOE WHTErPUPOBAHWE MOXKET CTaTb
6ecnonesHbim. Cneayer MMeTb B BWAY, 4YTO BXOAHble YCUAUTENM, KaK W aHanoro-uMdposoit
npeobpasoBaTenb, UMEKT HEKOTOPOE KOHEYHOE U HexenaTeslbHOe CMeLLeHMe, KOTopoe AOJ/IKHO BbiTb
yAaneHo A0 npouecca uHTerpaumn. MNporpammHoe obecrneyeHne aHanM3aTopa COAEPKUT UMPPOBON
dUNbTP, 3a4adveit KOTOPOro ABAAETCA NOJHOE YyAa/NeHWE MNOCTOAHHOM COCTaBAAIOLWEN HaNPAMKeHMs.
OTdunAbTpOBaHHbIM cUrHan noggepraeTca uMdpoBok MHTerpaumm. UTorosasa ¢asosBas XapaKTepuCTUKA
MMEET OT/INYHbIE CBOWCTBA U MUHMMAbHBIN cABUT pa3bl Ans Hanbonee KpUTUYECKUX YactoT 50 u 60ru,

ObecneyeHne Kak MOXHO MeHbLIEro cagura ¢as MexKay CUrHasaMy TOKa M HanpaKkeHua ABAseTca
Ype3BbIYAMHO BAMKHbLIM AN AOCTUMKEHUA HWU3KOM MOrpewHoCTM WM3MEPEeHUs MOLHOCTU. MOXKHO
NOKa3aTb, YTO OWKNBKa M3MEPEHMA MOLLHOCTU NPUBANIUTENBHO BblPaXKaeTcs 3aBUCMMOCTbIO':

oWUBKa usmepeHUa MouHocmu = owubKa asel (8 paduaHax) x tg(ep) x 100 %,

roe tg((p) — 3TO TAHreHC yrna mexay ToKom n HanpAaxeHnem, oCHOBHbIMU NUX COCTAaBNAOLWLMMMN.
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M3 npuBenEHHON Bblile GOPMY/ibl MOXKHO CAeNaTb BbIBOA, YTO OWMOKM M3MEPEHUs pacTyT BMecTe C
ybbiBaHMem KoadduumeHTa $as3oBoro casura; Hanpumep, npu owmnbre ¢asbl Tonbko 0,1° n ¢ = 0,5
owunbKa coctasnset 0,3%. Tak WAM MHaye, 4YTOObl WM3MEPEHMA MOLLHOCTM OblIM  TOYHBIMY,
COrnacoBaHHOCTb $a3 Ha NYTU HANPAMKEHMA M TOKA A0/KHA OblTb KAK MOXHO AyuLUe.

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

3.4 /[IMcKperu3auMs CUrHaJia

CurHan auckpetusmpyeTca o4HOBPEMEHHO BO BCEX BOCbMM KaHanax C YacTOTOM, CUHXPOHU3UPOBAHHOM C
4acTOTOM NUTAKOLLErO HANPAMKEHUA ONOPHOTO KaHana. 9Ta YyacTtoTa coctasaseT 10, 24Kly, ana yactot 500y,
m 60rru.

Kaxapih nepuog, coaepxut 204,8 BbibopoK ansa yactotbl 50y u 170,67 ana 60ly,. Mcnonb3yetca 16-
paspagHbIt - aHanoro-umdpposon  npeobpasoBatenb,  KOTOpbid  obecneunBaeT  64-KpaTHyH
ONCKpeTUsaumio.

3-pb aHanoroBas cxema MoJaB/feHWs HACTPOeHa Ha 4YacToTy okKosio 20kl U, B TO Bpemsa Kak olwubKa
aMnAUTYyabl AN MaKCMMAa/ibHOM Mose3HOM 4YacToTbl paBHoM 3Ky, (T.e. YacToTbl 50-M rapMoOHUKKM ans
cetn 60l'y) cocrtasnseT okono 0,1a6. Casur dasbl 4NA TOM *Ke YacToTbl MeHblue 15°. 3aTyxaHue B nonoce
HenponycKaHuaA cocTasnAeT bonee 75456.

Cnepyetr o06paTuTb BHMMaHMeE, 4YTO [ANA MPABUIbHOTO W3MepeHMA $a3oBOro cABura Mexay
rapMOHMKaMKM HanpsaXeHUa OTHOCUTENIbHO TAPMOHWMK TOKA M MOLLHOCTM, He BaKeH abCONOTHBbIN
$as30BbIf CABUM 3TUX FAPMOHMK MO OTHOLIEHMIO K OCHOBHOM 4acToTe, a TOJIbKO coBnafeHue ¢a3osbix
XapPaKTEPUCTUK LLenelt HanpaXeHUs 1 Toka. Hanbonblasn ownbKa pasHuLbl a3 coctasaseT gaa f = 3kly,
MaKcMmanbHo 15°. 3Ta owunbKa ymeHbLIaeTca OAHOBPEMEHHO C YMEHbLUEHMEM MHTEpecytowen Hac
4yacToTbl.

Mpu oueHKe OWMBKM M3MepeHMs MOLLHOCTM FapPMOHUK CleAyeT TaKXe y4yecTb [AOMOJHUTE/IbHYIO
NOrpeLwHoCTb, BBOAMMYIO NP UCMNO/Ib30BaHWNM TOKOBbIX KeLLei U TpaHchopMaTopos.

3.5 Cunxponusanus ®PAIMY

CMHXPOHU3aLMA YaCTOTbl AMCKPETM3ALMM peann3oBaHa annapaTHbiM cnocobom. CUrHan HanpaxeHus,
nponaa Yyepes BXoAHble LLeNM, HaNnpPaBAseTCcA B NOJIOCOBON NponycKatowmii GunbTp, 3a8a4en KoToporo
ABNAETCA CHUMKEHME YPOBHA FAPMOHMK M MPOMYCK TO/IbKO OCHOBHOM FAPMOHUKM HanpaXKeHUs. 3aTtem
3TOT CUrHan HanpasnseTca AnA obpaboTkM B $Ha30Byt0 NETAD, KaK ONOPHbIN curHan. Cxema ¢$a3oBoi
aBTONOACTPOMKM YacTtoTbl uam OAMNY (aHrn. Phase Locked Loop unm PLL) BbipabaTbiBaeT 4acToTy,
KOTOpas MHOFOKPATHO Bbille OMOPHOW YacTOTbl M CAYKMUT TAaKTOBOM 4acTOTOM aHa/soro-umMdposoro
npeobpasosartens.

HeobxoanmocTb NnpuMeHeHuUa cnuctembl $Ga3oBOM NETAM HANPAMYHO BbiTeKaeT 13 TpeboBaHuWiA cTaHaapTa
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009), onucbiBalolWero MeToAUKY U AO0MNYyCTUMble OWWBKU Npu
M3MEepPEHMUAX FAaPMOHMK. ITOT CTaHAApT TpebyeT, 4ToObl OKHO (B 3HayeHUM - BecoBas OyHKUMA)
U3MepeHusa, KOTopoe ABNAETCA OCHOBOW A/ OAHOKPATHOrO M3MEPEHUA U OLLEHKU COoAep)KaHusA
rapMoHmK, 66110 paBHO Mo NpoAo/XKUTENbHOCTM 10 Nepnogam 3neKTpUYeckomn ceTm ¢ yactoTon 50ly, a
Takxke 12 nepuvogam gns cetn 60ly. B oboux cnyyasax, 3TO COOTBETCTBYET BPemMeHM okosno 200mc.
MoCKoNbKY 4YacToTa nNuTaloWen CceTM MOXKeT MNoABepraTbCA MEepPUOSUYECKUM U3MEHEHUAM U
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bAYKTyaUMAM, AINTENbHOCTb OKHA HE MOMKET ObITb paBHa TO4YHO 200Mc, U, HAaNpUMep, ANA YacTOTbl CETU
51Ty, oHa y»Ke cocTaBasaeT okoo 196mc.

CTaHZapT TaKKe peKomMeHAyeT, 4Tobbl gaHHble nepeg, BbiNnoJHeHMeM npeobpasoBaHua dypbe (ans
M3BJIEYEHMA CMEKTPaAsIbHbIX KOMMOHEHTOB) He MPOXOAMAU OMnepauunio BecoBon ¢yHKLMU. OTcyTCTBUE
CUHXPOHM3ALMKN YaCTOTbl M JONYCTUMOCTb CUTyaL MK, NPU KOTOPOI BbicTpomMy npeobpasoBaHuio dypbe
(FFT) nopseprancb 6bl BbIODOPKM HELENOro 4YMcia nepuoaoB, MOMKET MPUBECTU K ABAEHUIO YTEUKM
cneKkTpa. 3T0 ABNEeHWe MPUBOAUT K TOMY, YTO MOJIOCKA CMEKTPa rapMOHUK pPa3masbiBaeTCA TaKXKe Ha
HECKOJ/IbKO COCEeAHMX MOJIOCOK MHTEPrapMOHMK, YTO MOKET NpPUBECTM K noTepe MHPopmauum o
peanbHOM YpPOBHE M MOLWHOCTU WCCAeAyeMOl MOMOCKM chneKTpa. [lonycKaeTcA BO3MOMKHOCTb
MCNoab30BaHMA PYHKLMM OKHA BecoOm XaHHa, KOTOpas yMeHbluaeT HebnaronpuAaTHble NociaeacTeuA
YTEUYKW CMEKTPA, HO 3TO OrPaHUYMBAETCA TONIbKO TOM cuTyaumein, B Kotopoi netna ®AMY (PLL) noTepana
CUHXPOHM3ALMIO.

CraHpapT FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) TakKe yTOUYHSAET HeobXxoAMMYy0 TOYHOCTb 6/10Ka
CUHXPOHM3aUMK. ITO BbIPaXKAETCA caeaylolwmm obpasom: BpemMa Mexay HapacTaowmm ¢GpoHTOM
nepBoro umnynbca crtpobuposaHus n (M+1) - storo mmnynbca (rae M-4Mcno OTCYETOB B OKHe
M3MEPEHMA) [O/KHO ObiTb paBHbIM  MNPOAO/IKUTENbHOCTM  YKa3aHHOrMo 4ucna nepuoaos B
nsmeputenbHom okHe (10 uam 12) ¢ MakcMmanbHO AONYCTUMON owmnbKoli £0,03%. YTobbl 06BACHUTL
3To 6osiee nmpocTbiMm cnocobom, paccmoTpum creayrowmin npumep. MpuHMmaa dactoty cetn 500y,
ONNTENIbHOCTb OKHa M3MepeHUA cocTaBuT poBHO 200mc. Ecnm nepBblt AUCKPETUSUPYIOWNIA MMMYAbC
NPUAET TOYHO B MOMEHT t = 0, TO NepBbIi AUCKPETUSUPYIOLWMNI MMNYIbC CEAYIOLLEr0 OKHa U3MepPeHUs
OONIKEH NpMATN B MOMEHT BpemeHn t = 200 +£0,06mc. 3Tn £ 60MKC - 4O0NYCTUMOE OTK/IOHEHWE PPOHTA
MMNyNbca AMcKpeTM3aumn. CTaHZapT TaKXKe onpeaennaer pPekoMeHAyeMbI MUHMMAbHbIN Anana3oH
YacToT, NPU KOTOPOM YKA3aHHAA Bbile TOYHOCTb CUCTEMbI CMHXPOHM3ALMWU LOJI)KHA COXPAHATLCA W
yCTaHaBAMBaeT ee B npegenax 5% OT HOMMHANbHOM 4acToTbl, TO ecTb 47,5..52,5Ty n 57...63Iy
cooTBeTCTBEHHO ansa cetm 50y, m 60Mu.

OTaenbHbIM BONPOCOM ABAAETCA AMAana3oH 3HAYeHWN BXOAHOIFO HanpsAXeHWA, NpM KOTOPOM cUCTeEMaA
®ANY (PLL) 6yameTt npaBunbHo paboTaTtb. CraHgapt FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) He
YCTaHaBAMBAET 34eChb KAaKUX-TMOO KOHKPETHbIX YKa3aHui u TpebosaHuin. B To ke Bpems, ctaHgapt FOCT
30804.4.30-2013 (IEC 61000-4-30:2008) onpeaensaeT AManasoH 3HAYEHWUA HAMNPAXKEHWUS NUTaHWA, B
KOTOPOM METPONOTrMYECKME XapPaKTEPUCTUKM HE MOTYT YXYALWMNTHCA U ANA Knacca A ycTaHaBAMBaET eé Ha
10%...150%Udin. AHanu3atop COOTBETCTBYET BblleyKa3aHHbIM TpeboBaHMAM, CBA3AHHbIX C
dyHKUMOHUpOoBaHMem cxembl DAMY (PLL), Takke A4nA camoro HM3KOro noaAeprKMBaemoro
HOMWHaNbHOro HanpAaxeHna Unom = 64B, TO eCcTb NpMmepHO 40 6B.

3.6 H3mMepeHHe 4aCTOThI

CurHan gns nsmepeHma 10-ceKyHAHOro 3HaYeHMsA YacToTbl ceT 6epéTca U3 KaHana HanpsaxKeHua L1. 3T1o
TOT e CaMblii CUrHa/, KOTOPbIA UCNONb3YyeTca ANa cMHXpoHusaummn netanm GANY (PLL). CurHan KaHana
L1 nopaétca Ha nonocoBon 2-pafaHbii GWMAbTP, MNOJ0Ca MNPOMYCKAHWA KOTOPOro YCTaHOBAEHa B
ananasoHe 40..70Mu. 3ToT ¢GuUAbLTP npegHasHayeH A48 CHUMKEHMA YPOBHS TFAapPMOHMK. 3aTem,
OTOUNbTPOBAHHbIN TakMm o06pasom curHan ¢GopmMUpyeT MNPAMOYrobHbINM curHan. Bo Bpems 10-
CEeKYHAHOro UWKNa U3MepeHnAa NOACUYUTbIBAETCA YMCAO NepuofoB  CUFHanNa, a TaKXKe Wux
NPOAOAKUTENbHOCTb. 10-CeKyHAHble WHTepBanbl BPeMeHU OonpeaenAalTcA MNO Yacam peasibHoro
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BpemeHu (Kak obuwee Bpems KpaTHoe 10 ceKyHZam). YactoTa paccuMTbiBaeTcAd KaK OTHOLIEHMWe
KO/IMYECTBA CUMTAHHbIX MEPUOLOB BPEMEHM K MX MNPOAOAKUTENBHOCTU.

3.7 MeTopz, HU3MEPEHHUA TrapMOHHUYECCKUX COCTABJIAKIINX

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

OH paét cnocob pacyéTa oTAe/IbHbIX TAPMOHMUK.
Becb NpoLecc COCTOUT U3 HECKO/IbKUX 3Tamnos:

e CuHxpoHHan BblbopKa (10/12 nepnopaos);
e AHanus no bbictpomy npeobpasosanunio Pypbe (FFT);
e [pynnupoBsKa.

AHanusy no 6bictpomy npeobpasosaHunio dypbe (FFT) noasepraerca okHo uameperua 10/12 nepuoaa
(okono 200mc). B pesynbtaTe nosnydaetca Habop CNEKTpasbHbIX AMHMKA OT YacToTbl O (MOCTOAHHbIM
TOK) Ao 50-oi rapmoHuKK (oKono 2,5k, ana 50Ty, uam 3k, ana 60Mu). PacctoaHmMe mexkay coceaHMmu
JIMHUAMM HENOCPeACTBEHHO CaeayeT M3 NPUHATON SAUTENbHOCTU U3MEPUTENbHOIO OKHA U COCTaBAAeT
npuéansuTenbHo 5ruy,.

MocKo/ibKy aHanu3aTop cobupaeT 2048 OTCYETOB HAa OKHO M3MepeHus (aaa yactoT 500y m 60ly), Tem
caMblm BbINosiHAeTcA TpeboBaHWe bbicTporo npeobpasoBaHua Pypbe, YTOObI KOMYECTBO OTCYETOB,
npouweawnx npeobpasoBaHue, ObII0 paBHO cTeNeHn Yncna 2.

OyeHb BAXKHO NoOAAEpP)KAaHME MOCTOAHHOM CUHXPOHM3ALMKM YacTOTbl AMCKPETM3auMM C 4acToToW
3NeKTpUYecKoi cetu. bbicTpoe npeobpasoBaHue Pypbe (FFT) MoxKeT 6biTb BbINOAHEHO TOMbKO Haf,
OaHHbIMM, coaepawmmm obliee KpaTHoe nepuoaa ceTu. BbiNosHEHWE 3TOro yc/ioBUA HeobXoaMmMo
ONA TOro, 4Tobbl CBECTU K MUHMMYMY TaK Ha3blBAaeMYylO yTeYKY CMEKTPa, YTO MPUBOAUT K UCKAXKEHWUIO
MHboOpMaUMM O aKTUUYECKUX YPOBHAX CMEKTPAAbHbIX JAMHWUA. AHA/AM3aTOp COOTBETCTBYET 3TUM
TpeboBaHMAM, MOCKObKY YacTOTa AMCKPETM3aLMK CTabnansmpoBaHa cxemoi $pa3oBoit aBTONOACTPONKM
yacToThbl (PLL).

MOCKONbKY YacTOTa CETU MOXKET bbITb NOABEPIKEHA KonebaHnam Bo BpemeHu (GAyKTyaumam), ctaHaapT
npeaycmaTpuBaeT rpynnMpoBaHMe BMECTE C IMHUAMM OCHOBHbIX FAPMOHUK TaK¥Ke NIMHUMI, NeKalmx B
HenocpeacTBeHHOW 61M30CTM OT HKX. OTCloAa caedyeT, YTO SHEepPrus COCTABAAIOWMX MOXKET YacTUYHO
nepexoguTb Ha CoceaHMe COCTaBAAIOWMNE UHTEPTAPMOHMUK.

MpeaycmoTpeHo ABa cnocoba rpynnupoBKu:

e [apmoHMYecKaa rpynna (crpynnMpoBaHbl OCHOBHAA MOJIOCKA W MO MNATb WAM WWECTb COCeAHMX
KOMMOHEHTOB MHTEPTapPMOHMUK);
e [apmoHMYecKana noarpynna (CrpynnupoBaHbl OCHOBHAA MOOCKA U 04HA U3 COCEAHUX NHUIA).
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Nog, ynna Nog mynna nag, Eynna
rapMDHMK pagal  rapraoHME pnp,a? rapMDHMK pagas

Beixan,
FFT

150 YaoToTa [My]
0 1 2 3 Pag rapmoHuKK

Puc. 41. OnpegeneHve noAarpynn rapMoHuK (cetb 50w).

Mpumep: YT06bI BLIYNCANTL COCTABAAIOLLYIO 3-1 rAPMOHUKKU B ceTh 500y, cneayeT NpuHATL BO BHUMaHUe
OCHOBHYIO nonocky 150Ny n cocegHune 145Ny n 155TMu. PesynbTupylowaa amnanTtyaa paccymTblaeTca
metogom RMS.

3.8 MeToa u3MepeHUsA UHTEPrapMOHUK

M3mepeHne WHTEePrapMOHWK OCYLLECTB/AAETCA B COOTBETCTBUM C TpeboBaHuamu ctaHgaptoB [OCT
30804.4.7-2013 (IEC 61000-4-7:2009) n FTOCT 30804.4.30-2013 (IEC 61000-4-30:2008). OHM aatoT cnocob
pacyéTa oTAeNbHbIX KOMMNOHEHTOB MHTEPrAapPMOHMK B aHa/IN3aTOpPax Ka4ecTBa 3/IEKTPOIHEPTUM.

Becb npouecc TaK e, Kak /19 rapMOHUK, COCTOUT U3 HECKOJIbKMX 3TaNOB:

e CuHXpOHHaA BblbopKa (10/12 nepuoaos);
e AHanus FFT (6bbicTpoe npeobpasoBaHue Pypbe);
e [pynnuposka.

AHanusy no 6bicTpomy npeobpasosaHuio Pypoe (FFT) noasepraetca okHo nameperua 10/12 nepuoos
(okono 200mc). B pesynbTaTe nosiydaetcs Habop CNEKTPasibHbIX NUHWUM, HadMHaa ¢ vacTtoTbl OlL
(nocTosHHBIN TOK). PaccTosaHWe mexay ABYMA JIMHUAMMU CaeayeT M3 MPUHATON NPOAO/IKUTENbHOCTM
OKHa M3MepeHUA 1 cocTaBaAeT NpubansnTenbHo 5w,

NOATEYNNE  NOGMEYNNS  NogEynns
MHTEPMAPM . MHTERMSPMOHME WHTER FEPROHME

paga 0 paga i paga 2
Brixog,
FFT
0 50 100 150 MacToTa [y
0 1 2 3 Pan vHTeprapmoHiy

Puc. 42. OnpeaeneHune noarpynn MHTEprapmoHuk (cetb 50 ).

Kaxkgan noarpynna MHTEPrapmoHUuK asasetca cymmoint RMS 7-mu (ansa cetn 50Tu) unam 9-tu (ana cetu
60lU) cnekTpanbHbIX JNIMHWIK, MOJAYYeHHbIX npeobpasosaHnem Oypbe. WcknoueHnem sBaaeTcs
nogrpynna HyfneBoro pAga, TO ecTb nogpynna cybrapMoHUK, KOTopas BK/lO4YaeT B cebsa elle ogHy
AnHuo — 5ly,. 970 noKasbiBaeT Puc. 42, Ha npumepe cetn 500y, MNoarpynna nHTeprapMmoHuK paga 0, nam
CybrapMoHWKM, COCTOUT M3 BOCbMM MONOCOK C 4YacToTamm oT 5Mu ao 40Mu. Kaxpas cneayollas
noarpynna WHTEPrapMoHMK COCTOMT M3 CeMM MOJIOCOK, pPacChONOMKEHHbIX MeXay nogpynnamu
rapMOHMUK, Hanpumep, NOArpynna NepBoro paaa CoAEpPXKUT CNeKTpasbHble IMHUKU C YacToTamum oT 600,
0o 90lu. B cnyyae cybrapmoHmMyeckol noapynnbl, AMana3oH Nosoc pacluMpeH Ha AuHuio 5, notomy
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YTO B NPOTUBHOM CJ/ly4yae 3HEePrns B 3STOM CAMOM HU3KOM AManasoHe YacToT He yuuTbiBanack 6bl 1 6bina
notepsaHa. Bce nocneaywowme AMHUKM yuuTbiBatoTca MbBO B noAarpynne rapmoHWK Wau B noarpynne
WNHTEPrapMOoHMUK.

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

3.9 H3MepeHMe CUTHAJIOB yIpaBJIEHUS

AHanusaTop NO3BOJIAET OTC/IEKMBATL ABe 33JaHHble NMONb30BATE/IEM YACTOTbl B AManasoHe Ao 3kIwu.
Mocne npesbiWeHNA FPAHUYHOrO YPOBHA, OnNpeaeNnEHHOro Moab3oBaTesnem, aHa/AM3aTop 3anucbiBaet
YPOBEHb YMpPaBAAIOLLEro CUrHana B TeyeHMe yKasaHHoro BpemeHn (ao 120 cekyHa). CTaHAapTHO
aHanM3aTop M3MepAeT cpefHMe 3HAYeHWA CUTHAAoB, ANA BblIbBpaHHOrO B KOHMrypaumm oTpeska
BpemeHun (OCHOBHOW 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 4acTtoT, KOTOpble MPW COCTaBNEHMM OTYETA CPABHUBAKTCA C JMMUTAMMW, COAEPKALLMMUCA B
CTaHaapTe.

3.10 U3smepeHHe TPaH3MEHTOB

mm JononHutenbHaa GyHKUMA U3MEPEHUN TPAH3UEHTOB AOCTYMHa To/bKo ana PQM-703 u
PQM-711.

M3-3a KpPaTKOBPEMEHHOrO XapaKTepa TaKMX MOMEX M WX LUMPOKOro YacTOTHOrO CMeKTpa, O6bl4HO
ncnosibayemble B aHasiM3aTopax KayecTBa 3/1EKTPONMTaHMA aHanoro-undposbie npeobpasosBaTenn c uUx
[OBOJIbHO HM3KOM YacTOTOM AUCKPETM3auMM, ABAAIOTCA HeAOCTaTOMHbIMKM ANA PErncTpaulmnmn 3TUx
CUIHANOB C AOCTATOYHOM TOYHOCTbIO. MO 3TOM Ke npuumHe B aHanusatopax PQM-703 n PQM-711
NCNOb3yeTcsa OTAEe/bHbIN 4-X KaHa/ibHbI NpeobpasoBaTenb C MaKCMManbHOM YacTOTOM ANCKPETM3aLUnK
10MTl4. 9TO COOTBETCTBYET BPpEMEHU MeXAY oTAeNbHbIMU AncKpeTamu 100HC. B aTom pexmme MOXKHO
3aperncTpupoBaTb camble BbiCTpble NepexoHble NPoLecchl (TpaH3NEeHTbI), @ Bpema 3anmMcK cocTaBaseT
[0 2mc.

Tabnunua 4. NepeyeHb pPeXMMOB U3MEPEHMA TPaH3MeHToB B PQM-703 1 PQM-711.

[nana3oH BpeMeHU peructpaumm
YacToTa AMcKpeTM3aummn | Bpema HapactaHua npu metoge dV/dt .
(2000...20000 oTcuéToB)

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

5Mrly, 100B/10mKc 0,4...4mc

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

500k, 100B/100mKc 4..40mc

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

[na HacTpoOWKM MapamMeTpOB TPAH3MEHTOB B aHa/M3aTope AOCTYMHblI HECKO/IbKO OMuMi Mo Bblbopy
no/sb3oBaTens:

e (OcHOBHaA YacTtoTa anckpetmsauymmn ALM 8 ananasoHe ot 100Ky, 4o 10MIw;
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o MeTog OGHApy)EeHWA: HA OCHOBAHUM 33a4aHHON MWHMMANBHOW amMnauTyAbl TPaH3MeHTa (B
AnanasoHe ot 50B go 5000B) 1AM N0 MUHMMAIbHOM CKOPOCTU HapacTaHWUA CUTHaNA BO BPEMEHM
(meTopg dV/dt);

e BKAoyeHWM nam BbIKAKOYEHME 3aNUCK OCLUAOTPAMM TPAH3UEHTOB;

e Bpema 3anucum ocumnorpammbl B uHTepsane ot 2000 o 20000 oTcueTosB;

e Bpema onepe)xeHua Hayana 3anmcu ocuunorpamm B gmanasoHe ot 10% go 90% spemeHu
perncrpauuu.

AHanusaTtop peructpupyetr ¢GOpmMy CUrHaNa TpaH3MeHTa TOMbKO B TeX KaHajax, rae npousoLwno
BbINOJIHEHWE KPUTEPWEB, YCTAHOBNEHHbIX MoJb30oBaTeneMm. [locne o6HapyKeHUA TPaH3UEHT],
aHanN3aTop B TeYEHME 3-X CEKYH/, HE YYUTbIBAET Caeaytolme TPaH3MeHTbI (Tak HasbiBaemoe, «MEPTBOE»
Bpemsa). OcobbiMm cayvaem ABAAETCA CUTyaLMA, KOT4a Nocae 0bHapyXKeHWA TPaH3MEHTA B O4HOM KaHane,
B NEpuoa mMexay ero obHapy)KeHMem W OKOHYAHWMEM 3arlucK CUrHafa B COOTBETCTBUM C 33JaHHbIM
Nnosib30BaTeNEM BPEMEHEM PEerucTpaLMmM OCUUAOIPaMMbl, MNOABAAIOTCA CleAylolWmne TPaH3UEHTbl B
OCTa/IbHbIX KaHanax. B 3Ton MCKAOYMTENbHON CUTyaLUMmM aHann3aTop 3anuLeT OCLMAIOrPaMMbl BO BCEX
KaHanax, B KOTOPbIX 0OHapyXeHbl TPaH3MEHTbl. [TOCKONbKY TPAH3MEHTbI OOHapPYKEHbl HEMHOFO NO3MKe
OTHOCWUTE/IbHO MEePBOro KaHa/fa, OHM He ByayT MMeTb TOYHO COXPAaHEHHOIO BPEMEHM TaK Ha3biBaeMoro,
onepeKeHusa (perncTpaums 3TUX KaHA/NoB 3aBEPLUUTCA B TO }Ke BPEMA, YTO W PerucTpaumus nepsoro
KaHana, KoTopblli NepBoOHavyasbHO 3anyctun cobbitue), B npunoxeHnn «SONEL ANALYSIS» cobbitns B
3TUX KaHanax byayT cneuuwanbHO NomeyeHbl, Kak «TpaH3neHT *». MpadunKn cobbiTns KaHana, KoTopbin
BbI3Ban nepBoe cobbiTve, Bcerga OyayT oTobparkaTbCA C APYrMMWM KaHa/lamu, KOTopble 3anyCcTuaun
cobbITME YyTb NO3¥Ke. AHANOMMYHO, OTKPbITUE rpadmKa nocneayowero cobbiTMa (BTOPUUYHOTO) TaKxkKe
byaetr otobparkaTb rpaduKM APYrMx KaHaioB, B KOTOPbIX B TOT }Ke Mepuod BPEMEHM NpoM3oLLna
nomexa. Takmm o06pa3om, MOXKHO NErko NPOaHANM3MPOBATb BPEMEHHbIE 33aBUCUMOCTU MeEXAY
OTAEeNbHbIMM KaHanamu.

B Tabmue cobbITUiIM B CyYae TPaH3MEHTOB NPUBOAATCA NapameTpbl:

e B cT0n16U€E IKCTPEMYM HAXOAMUTCA MaKCMMasibHaA M3MEePEeHHan aMNANTyaa TpaH3MeHTa (Mexay
nuKamm),

e B cronbue MpoaonKUtenbHOCTb HaxoauTcsA NPUBAN3UTEIbHOE BPeMA AeNCTBUA MOMEXM.

N3meputenbHble Lenn GYHKUMOHUPYIOT TaKXKe OTHOCUTeNbHO Bxoda PE (cm. Takke Puc. ). Moaynb
TPAH3UEHTOB KOHTPOAMPYET HaMNPAXKEHUA MEXAY BXOLaMMU:

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

BHMMaHue &

OnAa KOpPEeKTHOro M3MepeHUA XapaKTepUCTUK MepexoaHbiX NpoLeccoB TpebyeTcA nogKaoueHue
Bxoaa PE aHanu3atopa K MeCTHOW cucteme 3asemsieHuA. ITO HeobXoAuMMO caenatb M B CETAX C
M30/IMPOBAHHOI HelTpanblo.

3.10.1 MeToa NOpPOroBbIX 3HAYEHUM

MeTog, NOPOroBbIX 3HAYEeHWN AeicTByeT nNpu Bblbope nyHKTa «Mopor» (Ha BKAagKe YCTaHOBOK
HanNPAKeHNA MPUKOCHOBEHUA B KOHOMUIypauumM TOYKM M3MEPEHUA) M 3a[4aHMA 3HAYEeHMA NOPOroBOro
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HanpaxeHus B gnanasoHe oT 50B go 5000B. Mo satomy meToay, aHanM3aTop OOHapyKMBAET TPAH3UEHT
nocsie NpeBbIWEHNA UM 3343aHHOMO 3HAYEHUA aMNANTYAbl B BOAbTaX. TPaH3UEHTbl, aMMAAUTYAa KOTOPbIX
He npeBbiCMAA YCTAHOBAEHHOrO npepena, He ByayT obHapyeHbl aHanu3aTopom. B sTom pexume
BPEMSA HAPACTAaHUA CUTHafa He NPUHMMAETCA BO BHMMaHMe. KaK MeasieHHble, TaK M ObicTpble
TpaH3MeHTbl ByayT 06HapyXKeHbl NPU YCI0BUW BbINOJHEHMUA aMIANTYAHOTO KPUTEPUA.

MpumeyaHue:

BBeaéHHOE 3HaueHWe nopora ABAAETCA aMMAMTYAO0N TPaH3MEHTa, a He abCoJIIOTHLIM HampPAXKeEHMEM,
n3mepeHHbIM OTHOCUTeNbHO Bxoaa PE.

3.10.2 Meroz dV/dt

Metopa, HapacTaHusa dV/dt BbibupaeTcs Npu BblaeneHUU NyHKTa «CKOPOCTb HapacTaHUA» U YKa3aHWU
COOTBETCTBYIOWEM YacToTbl [AWUCKPETM3aUUKM, KoTopada KOCBEHHO 3a4aéT CKOpPOCTb HapacTaHus
Hanpsa)eHna U3 HECKONIbKMX BO3MOMHbIX 3HadeHun (cm. Tabauua). B metoge dV/dt npubop
aHaNAM3MPYeT CUTHaN HanpAMKeHUs B TeyeHWe onpeaefieHHOro BPEeMEHHOro OKHa M obHapyKusaet
TPaH3UEHT, eCIM CKOPOCTb HapacTaHWUA KPUBOM HaNpsAXeHWA B OKHE MpPeBbICUT 3HayeHue, 3agaHHoe
nosib3oBaTesieM B KOHUrypauuu. ABCONOTHAA aMNAnTyAa TPaH3MEHTa He MMeeT 34eCb 3HayeHua —
TPaH3UEeHTbl C Masioi, Tak Xe, Kak U ¢ bonbwoi amnautygoi 6yayt obHapy»KeHbl NPU YCAOBUU, YTO
BbINO/IHEHO TpeboBaHNe MUHUMAbHOW CKOPOCTU HapacTaHuA.

3.11 dyHKnMA OrpaHUYEeHUs TOKa

B cutyaumsx, Korga usmepsiemblii TOK UMEET O4YEeHb Ma/ieHbKUEe 3HaYeHUsI UK, U3MEepPUTE/IbHbIE KaeLlm
6blIN OTKNIOYEHbI OT aHa/M3aTopa, MOMKET OKa3aTbCA NONE3HON (YHKUMA OBHYNeHWs napameTpos,
CBA3aHHbIX C A@aHHbIM KaHa/iOM M3MEPEHUA TOKA. ITO OCOBEHHO Ba*KHO A8 MapaMeTpoB, TaKUX Kak
THD, KoTOpble NpM HAaAM4YMKM LLYMA NOKA3bIBAOT BbICOKUE, @ MHOr4a 3anyTaHHble 3Ha4YeHuA. B caydae ¢
obHapyXeHnem cobbITUI, OTK/IIOYEHUE TOKOBbIX KAelen MOMKEeT MpPaKTUYeCKM MrHOBEHHO Bbi3BaTb
OobHapyXeHUss MpeBbillEHMA MNOPOra, YTO MOXKET BBECTW Mo/b30BaTens B 3abnyxaeHue. YTobbl
nsbexKaTb TaKUX CUTyauuii, BBedeHa GyHKUMA OOHYNEeHUA TOKOBbIX NAapaMeTpPoB, Korga Aencreyroliee
3HauyeHWe M3MepAEeMOro TOKa HWXKe mnopora, onpeaenéHHOro nosb3osatenem. OnA BKAKOYEHUA 3TOM
dYHKLUMM ncnonb3yite nose «OrpaHUYeHne TOKa», PacnosioXKEHHOEe Ha OCHOBHOW BK/IaZKe HACTPOeK
TOYKW U3MEpPEHMA, Mo, CMMCKOM Bblibopa TMMNOB Kellel. Mocnie BKAOYEHUS 3TOM ONUMK, MOXKHO 334aTb
nopor obHyNeHUs, yKasaHHbIN B NPOLLEHTaX OT HOMWUHANbHOTO AMana3oHa BblibpaHHbIX Kneuwel ot 0,0
00 0,5%lnom.

MpoBepKa, HE HAXOAMTCA NN 3HAYEHME TOKa HWMMKEe 3a4aHHOro nopora, NPoUCXoamT Kaxable 10/12-
nepuoga (nNpumepHo, Kaxgble 200mc). Ecnm peictBylowee 3HayeHMe M3MEPEHHOro TOKa B KaHane
MeHbLLUe, YeM YCTaHOB/IEHHbI NOPOr, TO 06HYNAKOTCA caeayolme NnapameTpbl:

o [lelicTBylolLee (CpegHEKBAAPATUYHOE) 3HAYEHME TOKa;
e [loCTOAHHAA COCTaBAAOLWAA TOKa;

o [nK-daKTo TOKa;

o AMNAUTYAbI FTAPMOHUK U MHTEPrapMOHUK TOKa;

o  KoaddunuymeHTtbl THD m TID no Toky;

e Bce MOLLHOCTM B S@HHOM KaHane;

e  Ko3dd1LUMEHT MOLLHOCTU U COSP;
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o Yrbl MeXA4y rapMOHMKaMM TOKa U HaNpPsAXKeHUs;
o  AKTMBHasA M pPeaKTUBHAs MOLLHOCTU FrAPMOHMUK;
e KoadoduumeHTsl tgo u K.

UTorosble 3HayeHuAa cucTembl (CymapHble) OBHYNAOTCA TOMbKO TOrAa, KOrda BCe COCTaBaAloLMe
CUCTEMY TOKOBbIE KaHa bl HAXOAATCA HUMKEe Noproa obHyneHus. Torga Takxke obHynatoTcA:

o K03ODUUMEHTbI HECUMMETPUN TOKA U UX CUMMETPUYHbIE COCTaBAAIOLME.

YacTb napameTpoB COBLITUIA YuYUTbLIBAOT OOHY/NEeHWe. 3HauyeHWe napameTpa Y4YuTbIBaeTca Mpu
O6HApYKEHNN HaYyana M KOHLA CObbITUA U MPUHMMAETCS BO BHMUMaHME B CTaTUCTUKe (IKCTpemasibHoe U
cpegHee 3HauyeHWsA), TONbKO Torga, Korga 3HayeHuMe TOKa Bbllwe nopora obHyneHue. lMapameTpsl,
paboTatoLme TakMm obpasom:

®  NUK-PaAKTOP TOKa;

o Ko3apodnumeHTbl THD 1 TID no Toky;
e K03OOMUMEHT MOLLHOCTHU U COSY;

e tgo n KoadpduumeHT noteps K;

Ko3pPULMEHTbI HECUMETPUUN TOKA.

O6HyneHMe MapKUPYETCA B PEXKMME NPOCMOTPA TEKYLUMX 3HAYEHWU U Npu aHanmnse. YTobbl OTANUNUTL
baKTUYECKM M3MEepeHHOe HYJ/IEBOE 3HAYEeHWEe [AaHHOT0 MapameTpa OT OOHY/JIEHHOro 3HAyYeHus c
NOMOLLbIO 3TOM PYHKUMMK, BblAM BBEAEHbI CAeaytoLiMe NPaBuna:
® B peXMME YTEHMA TEKYLUMX MapameTpoB — OBOHy/eHHble 3HAYeHMUA OTMEeYEHbl CUMBOIOM «*»
(3Be3pouKka) pagom ¢ umbpoBbim 3HaYeHMeM (Hanpumep, 0,000%);
® NPV aHa/NM3e AaHHbIX — 3aro/IoBOK, OMMCLIBAOWMIA MapameTp, KOTOPbIA MOMKHO OBHYAUTD,
oTMeuaetcs gobasneHvem cumBona «*», Hanpumep «I*L1[A]» (He oTmeuvaeTcs oTAe/bHasn
AYelika, a TOJIbKO MOMEYaeTCAa 3aro/IoBOK, YTODOblI MOKas3aTb, YTO MCMNOAb3yeTca ¢yHKUUA
06HyIeHNA),
® Ha Aucnjee aHa/M3aTopa — OOHyIEHHbIE 3HAYEeHWUA NPeLCTaB/IeHbl CEPbIM LBETOM.

3.12 Oo6Hapy>KeHHue COObITUM

AHanusaTop npeanaraeT LWWPOKME BO3MOMKHOCTM OOHapyKeHUA cobbITUA B WM3MEPAEMON CeTu.
CobbITMEeM Mbl Ha3blBaemM CUMTYaUMIO, B KOTOPOWN 3HayeHMe BblIBpaHHOro napameTpa CeTU NpeBblllaeT
NoporoBoe 3HaueHue, 3aJaHHOe No/Ib30BaTENEM.

daKT HacTynieHna cobbITA PerncTpUPYETCA Ha KapTy NamaTV B BUAE 3anncu, cogepraluei:

e Tun napameTpa;

e KaHan, B KOTOPOM MPOM30LLIO COObITUE;

e Bpemsa Hayana M OKOHYaHUA CobbITUSA;

e [loporoBoe 3HayeHue, 33,aHHOE NOJib30BaTeNeMm;

®  JKCTpeManbHOE 3HAYEHME U3MEPAEMOrO NapameTpa BO Bpems cobbiTus;
e CpepHee 3HayeHWe NapameTpa, U3MepeHHoe 3a Bpemsa cobbiTuA.
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B 3asucMmocTn oT TMNa napameTpa MOXHO YyCTaHOBUTb OAWH, OBa WUAMN TPU MOPOTroBbIX 3HA4YEHUA,

KoTopble 6yayT NpoBepaTbCA aHaNM3aTopom. B Tabanue cobpaHbl BCe NapameTpbl, A4/1A KOTOPbIX MOXHO

06HapymMBaTb cobbITnA c pas3anumnem no Tmnnam NOporos.

Tabanua 5. Tunbl NOPOros cobbITUI A8 OTAE/NbHbIX NAaPaMeTPOB.

Mapametp MNpepbiBaHue | MNpoBan |[epeHanpaxkeHne MuHumym |Makcumym

U JencTtBytollee 3HayeHne . R . o0
HanpaAXeHUs

U MNocTtoAaHHAa cocTasaAtoLLan .

DC

HanpAXeHua

f YacroTa ) )

CFU MuK-dakTop HanpAXKeHUA . .
KoadpduuneHnt HECMMMETPUM

uz HanpaxeHnMa no  obpaTHoM .
nocnesoBaTeIbHOCTU

Pst KpaTkoBpemeHHas go3a daunkepa .

Pit OnutenbHana nosa gavkepa o

| [JelicTBytolee 3HaYeHMe TOKa . .

loc MocToAHHanA cocTaBaAloLLaA TOKA @

CF1 MunK-dakTop ToKa . .
KoadduuneHnt HECMMMETPUM

iz TOKa no obpaTHOM .
nocnesoBaTeslbHOCTU

P AKTMBHAA MOLLHOCTb . °

Qi, Qs PeakTMBHaA MOLLHOCTb ° .

S MNosHaa MoLHOCTb ° .

D, Sn MOLWHOCTb UCKAXKEHUSA . .

PF KoadduumeHT moLHOCTH o o

cos @ KoaddpumuneHT casura dpas . .

tq @ KoadpduuneHT TaHreHc @ L L
AKTUBHaA 3Heprua

EP+, EP. L]
(noTpebnsemasn 1 oTaaBaemas)
PeaktusHas 3Heprua

Ea+ Ea- .
(noTpebnsemasn 1 oTaaBaemas)

Es MNMonHasA sHeprus o
KoadouuneHt THD no

THD: U dbuu F .
HanpAXeHUo
AMNAnUTYAbI rapMoHUK

Uhz...Unhso _ i
HanpaxeHusa (paa n=2...50)

THDk | KoadpdpuumeHt THDE nO ToKyY o
AMNANTYAbl FAPMOHMK TOKa

Ih2...Inso _ .
(paa n=2...50)
KoadouumeHt TID no

TID:U St F .
HanNpAMXeHUo
AMNANUTYAbI WMHTEPrapMOHMK

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

TIDe | Koadduument TIDr N0 ToRy .
AMNANUTYAbI WMHTEPrapMOHMK

liho...lihso ~ .
ToKa (psa n=0...50)

K KoadpuuneHt noTtepb B .
TpaHcpopmaTope

UR1, UR2 CurHanbl ynpaBneHumsa o

POM-703

POM-TH TpaH3WeHTbl HaNPAXKeHUA o

70




Ut | |

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

HeKoTopble M3 NapameTpoB MOFYT MPUHMMATb KaK MONOXMUTE/IbHbIe, Tak U OTpMLATE/IbHbIE 3HAYEHUA.
MpUMEPOM MOMKET CNYKUTb aKTUBHAA MOLLHOCTb, PeakKTUBHAsA MOLWHOCTb U KO3IGOULNEHT MOLLHOCTHU.
MocKonbKy Nopor obHapyXKeHua cobbITUA MOXKeT ObiTb TO/MIbKO MONOXMUTENbHbIM, YTObbI 0becneunTb
npaBu/ibHOE BblsiBN€HME COObITUA ANA BblWEYNnOMAHYTbIX MNapameTpoB aHa/M3aTop CpPaBHMBAET C
YCTaQHOB/IEHHbIM NOPOrom abCcoNtOTHbIE 3HAYEHMA 3TUX NAPAMETPOB.

Mpumep: MNopor cobbITMA MO aKTUBHOM MOLLHOCTW YCTAHOB/EH Ha 3HadyeHue 10 KBT. Ecam Harpyska
MMeeT XapaKTep reHepaTopa, aKTMBHAA MOLLHOCTb MPY NPABUAbHOM MOAK/IOYEHUN TOKOBbIX Knellei
byaeTr umeTb OTpuUaTe/bHbIA 3HAK. Ecnm uamepeHHoe abcontoTHoe 3HayeHWe aKTUBHOM MOLLHOCTU
npesbicuT nopor, T.e. 10kBT (Hanpumep, -11KBT), TO ByAeT 3aperucTpupoBaHoO cobbiTME NPEBbIWEHUA
3HAYeHMA MAKCUMaNbHOWM aKTUBHOM MOLLHOCTM.

[lBa TMNa napameTpoB: AEWCTBYIOLLEE 3HAYEHME HaANPAMKEHUA U AENCTBYlOULee 3HaYeHue TOKa MOoryT
NopoXAaTb COBbITUA, KOTOPblE NO/b30BaTe/lb CMOMKET AOMNOJHUTbL 3aNUCAMMU MIHOBEHHbIX CMIHaI0B
(ocumnnorpammamm).

CUrHanbl aKTUBHbIX KaHaN0B (HanpaXKeHMA U TOKa) 3anMCbiBalOTCA B aHA/AM3aToOpP B MOMEHT Hayana u
OKOHYaHUA cobbITMA. Monb3oBaTelb MOXKET 334aTb B KOHOUTYpauun Bpems 3anmcu ocumanorpamm (ot
100mc o 1ceK.) n Bpems onepexkeHus 3anycka (o1 40mc o 960mc). Ocumnnorpammsl COXpaHSOTCA B 8-
6uToBOM opmaTe C YacToTol AMcKpeTusaumm 10,24kru,.

NHbopmauua o cobbiTUM 3anUCbIBAeTCA B MOMEHT €ro OKOHYaHWA. B HEKOTOpbIX CayyYasx MOKeT
C/YYUTbCA TaK, YTO B MOMEHT OKOHYAHMUA PErnMCTPaLLMM KaKoe-To cobbiTue BblNo aKTUBHbIM (Hanpumep,
ANMACA NpoBan HanpsxeHus). MHbopmauma O Takom cobbITUM TaKkKe COXpaHAeTcd, OAHaKo, Co
CnesyowmmMm N3MeHeHUAMM:

e  OTCYTCTBYET BpEMSA OKOHYaHMA CObbITUR;

e DJKCTpeMasbHOE 3HauyeHWe PacCUYMUTLIBAETCA TONbKO 3a Nepuoj, A0 MOMEHTa NpPeKpaLiLeHus
perucrpauuu;

e (CpepHee 3HaYEeHME He yKa3blBaeTCs;

e [1na cobbITUI, CBA3AHHbLIX C AENCTBYHOWMMK 3HAYEHUAMWU HAMNPANKEHUA UAW TOKA, AOCTYMNHa
TOJ/IbKO OCLLM/IJIOrPaMma Havana.

YT06bl YCTPAaHUTL MHOTOKPATHOE BbIIBJIEHWE OAHOMO U TOTO e CobbITUA, Koraa 3HayeHWe napameTpa
Konebaetca BOKpPyr NOPOroBoro 3HayeHus, BBeAEH ructepesnc obHapy»KeHus cobbiTui, onpeaensemblii
nonb3oBaTesem. OH onpesenseTca B NpoLeHTax caeayowmm obpasom:

o [lnAa cobbITM OT LEACTBYIOLLErO 3HAYEHWUA HANpPAXKEHWA — 3TO NPOLEHT OT AManasoHa
HOMWHa/IbHOTO HaNpsAXKeHus (Hanp. 2% ot 230B, T.e. 4,6B);

o [1nA cobbITMiA OT AENCTBYIOWEro 3HAYEHMUA TOKa — 3TO MPOUEHT OT AMana3oHa HOMWHAJIbHOIO
TOKa (Hanpumep, ana Knewwel C-4 n OTCYTCTBUA U3MEPUTENbHBIX TPAHCHOPMATOPOB, TMCTEPE3UC
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 AN 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 ycpegHeHusa

[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 CPeAHEro 3Ha4eHUA MOLLHOCTM

THD U, |

pPaccyMTbIBAOT, KakK OTHOWEHME cpegHero 3HavyeHmna RMS Bbicwimx
rapMOHMK K cpegHemy 3HavyeHuto RMS 0CHOBHOM cocTaBAastoLwen
(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
FapPMOHWKN 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 rapmoHuKka HanpsxxeHus Uan, a
OCHOBHOW rapMOHUKH
U1- OCHOBHas COCTaB/IAOWANA HANPAXKEHNUA
Ua-n.
Koad)d)mu,meHI rapMOHMYECKMUX w502
MCKaXeHWIM Hanpa*keHuA h=2"h
. THDUR THDUg = x 100%
OTHOCUTENbHO AEeNCTBYIOLLEero - \RMS
(cpeaHeKkBagpaTUYHOrO) 3HaYEHUS roe Un- h-a rapmoHmka HanpsaxeHua 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 MHTeprapmoHuKa 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 nHTeprapmoHmka HanpsaxxeHusa Uan
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50 12

KoadpdumumneHT MHTeprapmoHnYecKnx ih=0"ih
o TIDI, = X 100%
WCKa*KEHNN TOKa OTHOCUTE/IbHO TIDIg - i
OCHOBHOW rapMOHUKM rae lin- ih-a MHTEeprapmoHuMKa ToKa la,
a l1- ocHOBHas cocTaBAAoLLan TOKA la.
KoaddnumneHT nHTeprapMmoHU4ecKmx 2 12
WCKa*KeHWNN TOKa OTHOCUTE/NIbHO TIDIr - TIDIR = 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
HanpsxeHus (NUK-pakTop HanpsaXKeHus) o
B Haunbonbluee U3 abCONOTHBIX 3HAYEHUIA
oTcyeToB HanpsaxeHna Uan
i =2048 pna cetn 50y n 60My,
max|I;|
CFI = ]
KoadpdumumneHT NnnKoBoM amnantyabl ARMS
CFI - roe sennunHa max/li| Bbipaskaet
TOKa (MMK-$aKTOp TOKa) .
Hanbonbluee N3 abCONOTHBIX 3HAYEHUI
OTCYETOB TOKa Ia
i =2048 gna cetn 50y, n 60l
2, 15H2
KoadpodumumeHT notepb B K-bakTop KFactor = ?
TpaHcpopmaTtope K rae | h - h-a rapmoHuKa ToKa la,
I1- OCHOBHaA COCTaBAAOLLAA TOKaA la.
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
MeXay rapmoHukamu Unu |h.
Qn = Unl n singn
Qn raoe Un- h-a rapmoHnka HanpsaxeHus Ua,
PeakTBHaA MOLLHOCTb rAPMOHUK Bap .
h=1..50 I h - h-A rapmoHWKa ToKa la, @ @n - h-i yron
mexay rapmoHnkamm Unu n
paccyMTbiBaeTCs B COOTBETCTBUM C
KpaTkoBpemeHHas no3a ¢pavkepa Pst - rOCT P 51317.4.15-2012
(M3K 61000-4-15:2010).
OnnTenbHana fosa gpankepa Pit -
roe Psti-ouepepHas i-an
KpaTKoBpemeHHan f103a GpaunKepa.
m
Epy = ) PLDT()
i=1
. P@i) pnsa P(i) >0
P (D)= { .
0 maP(@i)<0
m
Ep_ = Z P_(DT (i)
i=1
AKTUBHaA sHeprus Ep+, Ep- BTy [P(D| pna P(i) <0

(noTpebnseman n otaaBaemas)

P = { 0 g P()) =0
rae i-aTo oyepeaHoO HOMepP OKHa
namepeHuns 10/12 nepmoaos,
P(i) npeactaBnseT 3Ha4YeHUE aKTUBHOM
MOLLHOCTM P, pacCYMTaHHOM B i-M OKHe
MU3MeEpeHUs,
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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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KoadpdumumneHT HecummeTpum ToKa

. Iy
o lo % lo = " 100%

Hy/1eBOM NocC/Nef0BaTe/IbHOCTU I
KoadppumumneHT HecummeTpum ToKa i % i L 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
du3nyeckomy npuHUMNY, Yem TpaHchopmaTop ToKa. Mx Hambonee BaXKHOW 4acTblo ABAAETCA TaK
Ha3blBaeMas KaTyluKa PoroBckoro, HasBaHaa No MMeHW HemeLKoro ¢usmKka BanbTepa Porosckoro. 31o
BO3AYyLWHan (6e3 cepaeyHMKa) KaTywkKa, 06BMTaA BOKPYr NpoBoAa C Tokom. CneumanbHaa KOHCTPYKUMA
KaTyLWKM NO3BONAET BbIBECTU 06a ee KOHLA C OAHOMN CTOPOHbI, YTO NO3BOAET /IETKO 3aMKHYTb rMbKuKe
K/Jelm BOKpYr NpoBoaa (0bpaTHbIN KoHew, pasmeLLéH BHYTPU KaTyLLKK Mo BCel ee AanHe). TOK, npoxoas
no M3Mepaemomy NPoBoAy, CO34aET KOHLEHTPUYECKNE NNHUM MAarHUTHOTO NOAA U UCNONb3yA ABAEHUE
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CaMOUHAOYKUWNN, HaBOAUT SNEKTPOABUNKYLWLYIO CUY Ha KOHUAX KaTyLKWU. OpaHako, ato HanpAaxeHmne
nponopunoHaibHO CKOPOCTU U3MEHEHNA TOKa B NPOBOAHUNKE, @ HE CaAMOMY TOKY.

Puc. 44. KaTtywka Porosckoro.

KaTywKka POroBckoro MMeeT HECKO/IbKO HEOCMNOopMMbIX MNPEUMMYLLeCTB MO  CPaBHEHUIO C
TpaHchopmaTopamn TOKa. Tak Kak OHa He MMeeT cepAeyHuKa, TO He OKasblBaeT BAWUAHUA ero
HacblILLEeHNA, C1e0BaTeNbHO, OHa MMEET OT/INYHbIE BO3MOXHOCTU A4 U3MepeHus 60/blINX TOKOB. ITa
KaTyllKa TaK»Ke MMeeT NPeBOCXOAHYIO IMHENHOCTb U LUMPOKYIO MOJI0CY MPOonycKaHua, ropasao 6oblue,
YyeM Yy TOKOBbIX TPaHCHOPMAaTOPOB, a B CPaBHEHUM C HUMU TaK}Ke MMeeT ropasao MeHblLLMiA Bec.

OfHaKo A0 HeAaBHEro BpeMeHM rmbKune TOKOBbIe Kaelm nmenmn npobaembl C pacliMpeHmem sKcnaHcum
B 06/1aCTVM M3MepeHna Toka. MOToMY UYTO CYLLECTBYIOT onpeaenéHHble GakTopbl, KOTOPble 3aTPYAHAOT
MPaKTUYECKYIO0 pPeanunsaLmio MU3MepUTeIbHON CUCTEMBI C KaTyLwKoM Porosckoro. OgHUM M3 HUX ABASAETCA
OYeHb HU3KUI YpPOBEHb HaMPAXKEHUA, KOTOPOEe WHAYLUMPYeTcs Ha Kaemmax (OHO 3aBUCUT OT
reoMeTpuyYeckmMx pasmepoBs KaTyluKu). Hanpumep, BbIxoAHOe Hanps»keHWe Ha yactoTe 500y, ana rubkux
Knewen cepumn F (Npu MCnonb30BaHMM C aHaNM3aTOPOM) cCOCTaBnsfeT OKono 45mMKB/A. Takne HU3Kue
YPOBHU HanpaxeHui TpebyroT NpPUMEHEHMA MPEUU3NOHHBIX W MANOLWYMALLUX YCUAUTENENr, uTo,
KOHEYHO, NPUBOAMT K YBE/IMYEHWNIO PAaCXO/0B.

MOCKObKY BbIXOAHOE HAMpPAXKeHWe NPONOPLMOHANLHO NPOU3BOAHON TOKA, HEOBXOAUMO MPUMEHEHUe
WHTerpupylowein uenu; ob6bIMHO NPOAAIDTCA TMOKME TOKOBblE K/ElM, COCTOAWME M3  KaTyLKK
PoroBckoro, coeguMHEHHOW CO CXeMOW aHa/fioroBOro WMHTerpatopa (TMNUYHBLIM MoAyNb NUTaeTca oT
6aTapeikun). Ha BbixoAe WHTErpaTopa y)Ke MOABAAETCA CUTHAA HaNpPAXKeHWs, MPonopLUOHabHbIN
N3MepsemMoi cune TOKa M, Kpome TOro, COOTBETCTBYHOLWMM 06pa3som OTKaAMBPOBaHHbIN (Hanpumep,
1mB/A).

Eweé ogHa npo6nelv\a, KOTOpaa CONpoBOXAaeT KaTyLlWKy POroBCKoOro, aTo 4yBCTBMUTE/IbHOCTb K BHELIHEMY
MarHMTHoOmy nosto. MaeanbHasn KaTyLWwKa A0J/1KHa 6bITb 4yBCTBUTE/IbHA TOJIbKO K NOJIO, OrpaHN4YeHHOMY
3aMKHyTOﬁ naowaablo KaTywKKUM U coBeplleHHO NOAaBAATb BHeEWHWME MarHUTHble NOAA. Oka3biBaeTcs,
YTO 3TO OYeHb CNOXHaA 3ajadva. EAMHCTBEHHbIM cnocobom nony4yeHnAa Taknx CBOWCTB AB/AAETCA OYEHb
TOYHOE M3roToB/IEHUNE KATYLIKU, C MAeaﬂbHOVI OAHOPOAHOCTbHO HAMOTKN N KaK MOXHO 6onee HU3KUM
MmMmnegaHcom. MMMeHHO BbICOKAA TOYHOCTb M3rOoTOBAEHUA KaTyLLIe‘-IHOﬁ 0BMOTKM HECET OTBETCTBEHHOCTb
3a OTHOCUTE/IbHO BbICOKYIO CTOMMOCTb TaKUX rMBKNX K}'IeLLI,El\;l.
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BmecTe c dHaMN3aToOpOM MOXKHO MCNO/Ib30BATbL Cieaylouime rmbkmne Knewu, npeanaraembie Sonel S.A:

e F-1, c ANMHOW OKpPYXKHOCTM paBHoOM 120cm;
e F-2, c AnvHOM oKpyXKHOCTU 80CM;
o F-3, c AMHON OKpYXKHOCTU 45CcMm.

Bce nepeuncneHHble Kaewu WMeloT OAMHAKOBble 3/eKTpuyeckMe napameTtpbl. MaKcMmanbHo
BO3MOXHbIN M3MepAEMbIA TOK NPWU NOAKAOHYEHUN K aHanM3aTopy cocTtasnseT 10KA (3To orpaHuyeHue
n3-3a 0c06EeHHOCTN BXOZAHOW TOKOBOW LIeNn, a He cCaMmx Kaellen).

5.2 Mepuanue cBeta (¢ iukep)

AHrnuitckoe cnoeo flicker osHauvaer mepuaHune. B oTHoweHunun BOMPOCOB, CBA3aHHbIX C Ka4eCTBOM
9HEPrmn, O3Ha4aeT ABieHne nepnogmn4eckoro usmeHeHna MHTeEHCMBHOCTU CBETA, B CBA3U C UISMEHEHNEM
HanpAXeHUA NUTaHUA 1aMNOYKKN OoCBeLLeHNA.

®yHKUMA U3MepeHUa 3TOro MepuaHus MoABMNAcb B aHa/M3aToOpe KayecTBa 3/1eKTPOIHEepruu, Korga
BbIACHW/IOCb, 4YTO 3TO ABAEHME NPUBOAMT K YXYAWEHUIO CaMOYYBCTBMA, PasaparkeHWto, MHoraa
rofoBHon 60iM u T.4. KonebaHWs MHTEHCUMBHOCTM CBETa, AO/IKHbI MMETb BMOJIHE onpenefiéHHyo
4acToTy, OHU He MOTYT 6bITb C/IMWKOM MeAeHHbIMW, MOTOMY YTO TOrA4a Ye/N0BEYECKUA 3PAaYOK CMOXKET
afanTMpPoBaThCA K M3MEHEHMAM OCBElLEHHOCTM; He MOTYT 6biTb CAULLIKOM 6bICTPbIMUM, MOTOMY YTO
MHEepLMA HATU TAMNOYKM HaKaZIMBAHMUA MOYTU MNOJHOCTbIO CM/1a*KMBAET 3TN U3MEHEHMUS.

MccnenoBaHUs MOKasasn, YTO MaKCMMyM HeyZo6CTB BO3HMKAEeT Ha 4YacToTe OKO/0 9 M3MeHeHuit B
cekyHay. Hambonee 4yBCTBUTE/IbHbIMM WMCTOYHMKAMMU OCBELLEHMSA OKa3a/IMCb TPAAWUUMOHHbIE Namnbl
HaKa/nBaHMA C BO/MbPPaMOBOI cnupanbio. [anoreHHble famnbl, CNUPann KOTopbIX MmetloT 6onee
BbICOKYIO TEMMEpPaTypy, MMET TaK¥e HamHoro 60nbluylo  WMHepuMio, KOTopas  CHUMKaeT
BOCMPUMMUMBOCTb YE€/IOBEKOM M3IMEHEHMIN APKOCTU. Jlydlleh «COMPOTUBAAEMOCTbIO» K MepLaHWUio
XapaKTepusyloTCaA /NIIOMUHECLLEHTHbIE Namnbl, HeKoTopble crneuuduyeckme CBOMCTBA  KOTOPbIX
CTabMAN3MPYIOT TOK, MPOTEKaloWMIA 4Yepe3 nammy MNpu WM3MEHEHUM HaNpPsXeHus M, TeM CaMbim,
YMEHbLUAT KoniebaHuA Cubl CBETa.

dMKep M3MepAeTCa B TaK Ha3blBaeMbIX YCNOBHbIX €A4MHULAX BOCNPUATUA U BbIAENAIOT ABa UX TUMa:
KpaTKoBpemeHHbIN P (aHrn. short term), 3HaueHne KoToporo onpegenserca oAuH pas B 10 MUHYT, U

anvtenbHbld P (aHrn. long term), 3HayeHMe KOTOPOro onpegenseTca Ha OCHOBe cheaylowmx 12
3HauyeHunA Py, TO ecTb Kaxkable 2 yaca. [AivTenbHoe BpemMa U3MepeHUsa BbITEKAeT HEeNnoCpeaCcTBEHHO U3
MeZJIEHHO MEHAIOLLEroca XapaKTepa fAB/AeHMA — 4YToObl CobpaTb AOCTOBEPHYIO BbIOOPKY AAHHbIX,
n3mepeHue A0MKHO ObITb ANnTeNbHbIM. Pyt paBHoe 1 cuMTaeTca 3HaYeHMEM, KOTOPOE NIEXKUT Ha rpaHuLLe
BOCNPUATHNA - KOHEYHO YYBCTBUTE/IbHOCTb K MePLLaHUIO OT/IMYAETCA Y Pa3HbIX mo,u,eﬁ; NMPUHATUE 3TOTO
nopora caeayeT U3 TecToB, NPOBeAEHHbIX HA HEKOTOPOW penpe3eHTaTUBHOM rpynne Ataen.

A 4TO ABANAeTcA I'IpVI‘-WIHOﬁ BO3HUKHOBEHUA ABNEHNA MepUaHUA cBeTa? Yauwie Bcero MCTOYHMKOM
ABNIAOTCA MNpPOBa/Jibl HaMpAXeHWA B pe3ysbTaTe NOAKNHYEHUNA U OTKAKYEHUA HaArpysku 60/bLLIOM
MOLWHOCTHN U HeKOToprVI YPOBEHb MepUaHMNA NPUCYTCTBYET B 60NbLWINHCTBE CETU NUTaHMA. Nomumo
BbllLeONnCaHHOrOo, HE6}'IaI'OI'IpMHTHoe BO3,CI,€I‘;ICTBMG Ha IHOLI,GVI He AO/IXKHO 6bITb (VI, 06bl4HO, He
HBﬂﬂETCH) CMMNTOMOM HenosagoK Halwero o6opyp,OBava. Ho ecan B cetun Ha6}'ll0ﬂ,aETCF| AO0BOJIbHO
BHE3anHoe U HeoH6BACHNMMOE MOBbILEHUE YPOBHA MepuaHnA CBETa (pOCT 3Ha4yeHuA KOBd)d)I/ILI,MEHTOB Pst
n P|t) HW B KOeéM Cny4yae He Hado 3TOro UrHopmposaTb. DTO MOXKeT OKa3aTbCA, 4YTO mepuaHne BO3HUKaeT

M3-3a NAOXUX COGAMHGHMVI B Ccucreme — nosBblilleHHOE nNageHune HanpAaXeHmA Ha CcoeaAUnHEHUAX B
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pacnpeaenuTeNbHOM LWMTKe (Hanpumep), BbI30BYT bosiblune KosiebaHua HanpsKeHWsA Ha NnoTpebutens,
TAaKMX KaK NaMMo4YkM HaKanusaHuA. [lageHue Hanpa)KkeHMs Ha CoeAMHEHUAX OAHOBPEMEHHO
CNoOCcobCTBYIOT WX Harpesy, 3aKaHYMBAIOLLEMYCS MCKPEHMEM W BO3MOMKHO MNoxKapom. lMepuogunyeckue
NPOBEPKMN CETU U ONUCAHHbIE CUMMTOMbI MOMOTYT NPUB/AEYb BHUMAHNE U HANTU UCTOUHUK YrpOo3bl.

5.3 H3MepeHHe MOILIHOCTH

MolWHOCTb ABAAEGTCA OAHMM U3 Haubosiee BaXKHbIX MapaMeTpoB, OMnpeaensloWmMX CBOMCTBA
aHepreTuyeckmx ueneii. OCHOBHOM BE/NMYMHON, NexKalleil B OCHOBE (UHAHCOBBLIX PACYETOB MeEKIy
MOCTaBLMKOM W MoaydaTesieM, ABASETCA NEKTPUYECKAsA SHEPrua, paBHas NpPoM3BeAEeHMI0 MOLLHOCTU Ha
Bpems.

B 3/1EKTPOTEXHUKE BCTPevaeTCA HECKOJIbKO pa3/IMYHbIMUN BUAAMUN MOLLHOCTU:

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

Tpu BblenepeyncieHHbIX BUAa MOLLHOCTU ABNIAKOTCA Hanbonee M3BECTHbIMU, HO 3TO HE O3HAYAET, 4YTO
CNNCOK MOLLI,HOCTel‘/JI Ha 3TOM 3aKaH4YMnBaeTCA.

B wkone y4yaT, 4YTO 3TN BblleyKa3aHHbleé MOLWHOCTU 06pa3yr0T TPeyrosibHMUK MOLLI,HOCTGVI, cBoWcTBa
KOTOPOTroO Bblpa*KaeT ypaBHeEHUE:
PZ + QZ = 52

OaHaKo, 3TO ypaBHEHME CMpaBed/iMBO TOJIbKO AN CUCTEM C CUHycouMaasbHON ¢GOPMOM TOKOB U
Hanps»eHui. Mepen Tem, Kak nepentn kK 6onee nogpobHomy 06CYKAEHWUIO BOMPOCOB, CBA3AHHbLIX C
N3MEPEHMAMM MOLLHOCTM, HEOHXOAMMO CHayana onpeaennTb PasanNyHble MOLLHOCTHU.

5.3.1 AKTHBHag MOIIHOCTb

AKTMBHaA MOLWLHOCTL P B CTporom ¢U3MYECKOM CMbICAe ABAAETCA BEAMYMHOM, BblparkatoLei
CNOCOBHOCTL  CUCTEMbI AAA  BbINOAHEHMA oOnNpeaenéHHol paboTbl. ITa MOWHOCTb Haumbonee
}enatenbHaa gna notpebuTenei SHEPTMM U MUMEHHO 3a MOCTAaBAAEMYI aKTMBHYH MOLLHOCTb B
pacyéTHOM nepuoge noayyaTenb MNATMT MOCTABLLMKY 3/EKTPO3Heprnu (oTaenbHo obcyKpaeTcs
npobaema AOMNONHWUTENbHOW OMNAATbl 338 PEAKTUBHYIO MOLLHOCTb). MIMEHHO aKTMBHAas MOLLHOCTb (M,
cnefoBaTesibHO, aKTUBHAA 3HEPrus) M3MepAeTcA CYETUMKAMU SIEKTPUUECKOW 3SHEPrUM B KaKAoMm
AOMaLLHeM X03ai1cTBe.

OcHoBHas ¢popmyna ANa pacyeTa akTUBHOW MOLLHOCTU CaeaytoLan:

t+T

1 .
P = ?f u(t)i(t)dt
t

roe: u (t) - MrHoBeHHoe 3HaYeHue HanpAMKeHus, i(t) - MrHoBeHHoe 3HauyeHue Toka, T - nepuoga, 3a
KOTOPbIA PacCcyMTbIBAETCA MOLLHOCTb.
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B CMHYCOMNOaNbHbIX CUCTEMAX aKTUBHYIO MOLWHOCTb MOXXHO PaCCYNTaTb, KakK:
P=U-I-cos ¢
roe: U — pencrBylowee (cpegHeKBaapaTUYHOE) 3HAuyeHWe Hanpsa)keHusa, | — aeictsytollee
(cpep,HeKBap,paquHoe) 3Ha4YeHue TOKa, a (p —yron casura ¢a3b| MmeXxXagy HanpAaXeHnem M TOKOM.

AHaNM3aToOP BbIYNCAAET aKTUBHYIO MOLLHOCTb HEMOCPEACTBEHHO MO GOpMY/Ie C UHTErpas oM, UCMO/b3YA
oTcyeThbl CUTHanNoB HanpsaXeHus n TOKa:

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 n3BectHana dopmyna ons PeakTUBHOM MOLLHOCTM AENCTBUTENbHA TOMbKO A8 04HOGA3HbIX
Lenew c CMHyconganbHoOM Gopmon HanpAXKEHMA U TOKa:

Q=U-Isin @

MHTepnpeTaumsa 3TOM MOLHOCTM B TaKMX CUCTEMax 3aK/YaeTcs B C/edylollem: 3TO aMnauTyaa
nepemMeHHON COCTaBAAOWEA MIHOBEHHOW MOLLHOCTM Ha 3a)XMMaxX MCToYHMKa. CyuiecTBoBaHWe
HEKOTOPOro HEHYNeBOro 3HayeHWs 3TOWM MOLWIHOCTU CBUAETENbCTBYET O ABYXCTOPOHHEM MU
KonebatesibHOM NepeToKe SHEePrnun MexKay UCTOYHUKOM U MPUEMHUKOM.

Mpeactasum cebe oaHodasHytO CeTb C CMHYCOMOANbHBIM MCTOYHMKOM HAMPAXKEHMA, HarpysKoM
KoToporo AsnfeTca RC-uenb. Tak KaK B TAKMX YCOBUAX 3TN 3/1eMeHTbl BeAyT ceba NMHeHO, NpoTeKkaHume
TOKa MCTOYHMKA OyaeT MMeTb CUMHYCOMAanbHbIA XapakTep, HO M3-3a CBOMCTB KOHAEHCATopa, TOK
CMeLLAeTCA OTHOCUTENbHO HanNpPsXKeHUA UCTOYHMKA. B 3TOM cxeme peakTMBHas MOLLHOCTb Q OT/IMYHaA OT
HYNA U MOXKET ObITb MHTEPNPETUPOBAHA KaK amMnantyga KonebaHuin aHeprumn, KoTopasa nonepemeHHo
HaKan/aMBaeTcs B KOHAEHCATOPe WM OTAAETCA MCTOYHMKY. AKTMBHas MOLLHOCTb KOHZEHcaTopa paBHa
HYAtO.

Ho, KaK BblACHAETCA, ABAEHUE KoebaHNA SHEPINM TOIbKO KaxKeTca sdpPeKTom, 4a M TO NPOUCXOAALLUM
B 0CO6bIX C/yYanx Lenein ¢ CMHycoMaanbHo GopMOI TOKOB M HAaNPAXKEHWUI, @ HE NPUYMHA NOABNEHMUA
peakTMBHOW MoLHOCTU. MNpoBeaéHHble B 3TOM 06/1aCTU UCCef0BaHNUA, NOKA3bIBAOT, YTO PeaKTUBHanN
MOLLHOCTb NOABAAETCA TAKKE U B CXEMaX, B KOTOPbIX HE BO3HMKAET HUKaKUX KonebaHuit aHeprum. 1o
YyTBEPXAEHME, KOTOPOE MOXET YAMUBUTb MHOMMX MHMKEHepoB. B HOBbIX NyB/AMKaUMAX, KacaloLimMxca
TEOPUU MOLLHOCTU, €AMHCTBEHHbIM (U3NYECKMM SBJIEHUMEM, KOTOpPOe BCEerga COMpOBOXKAAETCA
HaZIMYMEM PEAKTUBHOM MOLLHOCTM, ABAAETCA CABUT $ha3 MeXKAY TOKOM U HanpaXKeHNeM.

YKasaHHaa Bblwe ¢opmyna AaA pacyéTa pPeakTMBHOW MOLLHOCTU ABAAETCA MPaBWIbHOM TOMbKO A5
CMHYCOMAANbHbIX 0A4HOGA3HbIX Lenei. BOo3HMKAeT BONPOC: KaK pacCYMTbIBAETCA PEaKTUBHAA MOLLHOCTb
B HECMHYCOMZANbHbIX cMCTeMax? ITOT BOMPOC OTKPbIBAET NPEC/NOBYTbIM «AWMK MaHZopbl» B chepe
3N1eKTPOTEXHWNKN. OKasbiBaeTCA, YTO onpesesieHne PeakTUBHOW MOLLHOCTM B peasibHbIX cucTemMax (a He
TO/IbKO B UAE€aNU3MPOBaHHbIX), ABNAETCA NPeaAMETOM CNOpoB M B HacToslwee Bpemsa (Ha 2009 roa) He
CYW,eCcTByeT eAMHOTo M OOLLenpu3HAHHOIO ONpeaeneHus PEeaKTUBHOW MOLLHOCTM B CUCTEMAX C

HeCMHyCOMAaﬂbHOl‘/JI ¢OpN\OI‘/JI HanpAxXeHunAa U TOKa, AaXe He roBopAa yxe 34€ecCb O HeC63fIaHCI/IPOBaHHbIX
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TpéxdasHbix uenax. B craHgapte IEEE (MeXKayHapogHOM accoumaumm UHKEHEPOB NO 3NEKTPOTEXHUKE U
3/1eKTPOHUKe) noa Homepom 1459-2000 (c 2000 roaa) Ans HeCUHycouaanbHoOM TpexdasHol Lenu Mol He
Haaém bopmMybl ANA NONHOW PEAKTUBHOM MOLLHOCTM — KaK TP OCHOBHbIE MOLLHOCTU NepeyncieHbi:
aKTMBHAA MOLLHOCTb, MO/HAaA M, BHMMaHWe, HeakTMBHan, o0b6o3HauvyeHHas OykBoi N. PeaKTuBHYytO

MOLWHOCTb OrpaHN4YnNAN TONbKO ANA OCHOBHOW FAaPMOHUKUN TOKa N HaNpAXeHNA n 0603HaunIn Ql.

YNOMSAHYTbIN CTaHOAPT ABNAETCA MOCAEAHWM AOKYMEHTOM TaKOro poAa, BbINyWEHHbIM NPU3HAHHOM
OopraHusaumein, KOTopbli JoXKeH Bbln YyIOpAA0UNTb TEMATUKY, KacatoLyoca onpeaeneHna MOLHOCTY.
3710 6bINO0 Tem 6onee HeobBXOAMMO, YTO B HAYYHOW Cpefe Yy»Ke MHOro JIeT pas3fatoTcsa ronoca, 4vto
MCNONIb3yeMble A0 CUX MOP OonpeaeneHua MOryT faBaTb OWWMOOYHble pesynbTaTbl. CNOpbl KAacaauchb,
npexae BCero, onpefenieHna PeakTUBHON MOLLLHOCTU M MOJIHOW (a TaKKe MOLHOCTU UCKaXKeHU, 0 Yem
no3e) B 04HO- 1 TPEXDA3HbIX LEenAX C HECUHYCONAANbHOM GOPMOI HANPAXKEHNUA N TOKa.

B 1987 roay npodeccop L. Czarnecki gokasan owWMBOYHOCTb LUMPOKOPACNPOCTPAHEHHOTO onpeaeneHus
peakTMBHOM MoOLLHOCTM No Budeanu, To ecTb onpeaeneHusa, KOTopoe MO Ceil AeHb Npenoaaérca BO
MHOTUX TEXHUYECKMX LWKONAX. ITO onpeaeneHune 66i10 Bnepsble NpeactaBneHo npodeccopom Budeanu
B 1927 roay, " nmeet cnepyrowmm BUA.:

Qp = Z Unly sin @,
n=0

roe Un u |, ABASIOTCA BbICLIMMM rapMOHUKaMMN HanpAXeHUA M TOKa nopAdKa n, a @Pn yrnamum

mexagy asTMuMmM KOMMOHEHTaMM.

TaK KaK BBedeHue 3TOl BeAUYMHbI 03HaYas10, YTO U3BECTHOE YPaBHEHUA «TPEYrosibHUKa MOLLHOCTUY He
BbINO/IHAETCA AN1A Llenei ¢ HecMHycomaanbHbiMmm Gopmamn curHanos, Budeanu BBen HOBYIO BEMUMHY,
Ha3blBaeMyto MOLLHOCTbO NCKaXKeHWN:

Dy = \/52 — (P%2+Qz%)

MOLLHOCTb UCKaXKeHUA JONKHA Oblia NPeAcTaBAATb B CMCTEME MOLLHOCTb, BO3HMKAIOLLYIO BCAeACTBUE
NCKaXKeHN GopMbl HaNpAKEHNUA M TOKa.

PeakTMBHas MOLLHOCTb Oblna B TEYEHME MHOIMMX JiIeT CBA3aHa C KoJIebaHMAMM 3SHEPTUU MeXKay
MCTOYHMKOM WM HarpysKoi. Kak BUAHO M3 GpopMy/ibl, peakTUBHaA MOLLHOCTb No onpeaeneHuto Budeanu,
ABNAGTCA CYMMOW OTAE/IbHbIX FAPMOHUK PEaKTUBHOW MOLLLHOCTU. M3-3a daKTopa Sin ¢ 3TV KOMMOHEHT!
MOTYT BbITb MNOMIOXUTENbHBIM UAN OTPULLATENbHLIM B 3aBUCMMOCTM OT Yri1a MeXAy HanpsxeHuem u
TOKOM TapMOHUKKM. Takmm 06pasom, BO3MOXKHA CUTyauums, Korga obuan peaktuBHas molwHocTb Qs
6yaeT paBHa HyAO NPW HEHYNEBbIX KOMMOHEHTaX rapMoOHMK. HabnalogeHwe, YTo NpM HEHyNeBbiX
COCTaB/AIOWMX CYMMapHas peakTMBHAsA MOLLHOCTb MO 3TOMY ONpenesieHNI0 MOXKET ObiTb paBHa HyJto,
ABNAETCA KNoUYom ana 6onee rnyboKoro aHanmsa, KOTOPbI B KOHEYHOM CYETE, MO3BOIUA AOKA3aTb, YTO
BenmumHa QB MOMKeT [faBaTb B HEKOTOPbIX CUTyaUMAX COBEPLIEHHO HeoXWAaHHble pesyabTaTbl.
MpoBeaéHHble UCCNef0BaHWA CTABAT NOA4 COMHEHME WMPOKOPACNPOCTPAaHEHHOe ybexaeHWe, YTo ecTb
KaKan-TO CBA3b MeXAy KONebaHMAMM 3HEeprum U PeakTUBHOW MolHOCTbio Budeanu QB. MorKHO
NpMBECTM MPUMEpPbI Lenei, B KOTOPbIX, HECMOTPSA Ha CyliecTBOBaHMe KosebaTeNbHOro xapakrepa
MFHOBEHHOM MOLLHOCTU, PEeaKTUBHAA MOLLHOCTb MO onpegeneHuio Budeanu paBHa Hynt. Ha
NPOTAXKEHUU MHOTUX JIeT YYEHbIe HE MOI/IN CBA3aTb C PEAKTUBHOW MOLLHOCTbIO B COOTBETCTBUM C 3TUM
onpeaeneHnem, HUKakoro GuU3nMYecKoro ABAEeHNA.
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MepeyncneHHble Bbile COMHEHMUA, B NPABUIbHOCTA 3TOrO ONpeaeneHna MOLHOCTH, KOHEYHO, 6pocatoT
TeHb, HA CBA3AHHYIO C HEl MOLLHOCTb UCcKaxeHua DB.  Hayanu uckaTb oTBeT Ha Bomnpoc, byaer am
MOLWHOCTb MCKaxkeHWss DB Ha camom pJene ABAATbCA MEPOM  WCKaXKEHUW NpoLEeccoB B
HeCMHYCOMAaNbHbIX Lenax. MCKarkeHnem Mbl HasblBaem CUTYaumio, Koraa Gopmy CUrHana HanpsaxKeHua
He yOaeTcA «HaNoXWUTb» Ha GOpMYy MpPOTEKaloWeEero ToKa C NMOMOLLbIO ABYX ONepauuin: U3MeHeHue
aMAAUTYAbl U CABUI NO BPpEMEHU. [JpyrMMn CN0OBaMM, €CN BbINOIHEHbI CieAytoLLMe YCNOBUA:
u(t)=Ai(t-t)

TO HanpAXeHMe He WCKaXXeHO MO OTHOLWEHWIO K TOKYy. B cayyae CMHYcOMAANbHOTO HaMpPAXKeEHUA U
Harpysku, asasawollelrica noboit kKombuHaumen anementos RLC, 3To ycnosue Bcerga BbinonHAeTca (ans
CUHYCOMAANbHOTO MpoLecca 3TU  3/eMEHTbl COXPAHAT JIMHEWHOCTb). OpHako, Korga dopma
HanNpPsXXeHUA Yy¥Ke WUCKaxeHa, Harpyska RLC He obecneymBaeT HeUCKaXKEHHOrO TOKa, OTHOCUTENbHO
HaNPAXEHUA W yXKe He ABAAETCA JIMHEMHON Harpyskoh - HeobxoAuMO BbINONHEHME HEKOTOPbIX
OOMNOJIHUTENbHBIX YCNOBUIM (COOTBETCTBEHHO C YacTOTOM MEHAKTCA MoAayib M ¢asa umnenaHca
Harpysku).

" nostTomy, AEVICTBMTEHbHO M MOLWHOCTb De saBnnaetca N\epoﬁ NCKaxeHnn? K coxkaneHuio, B AaHHOM
CQlydae TaKXXe OKa3asoCb, 4YTO Teopna MOLWHOCTK NOo Budeanu pa3oyvapoBsbiBaeT. bblI0 A0OKa3aHO, YTo
MOLWHOCTb WCKaXXeHUA mMoXKeT 6bITb PaBHa HyAlO B CUTYyauuK, Korga HanpaxXeHme WUCKa*XeHo
OTHOCUTE/IbHO MPOTEKAKOWEro TOKa, U HaO60pOT, MOLWHOCTb UCKaXXeHUA MOXKET 6bITb HEHy!'IEBOﬁ npu
NOJIHOM OTCYTCTBUU MNCKaXKeHUN.

MpaKTUYECKNA acneKT TEOPMM MOLLLHOCTM, KacatoLWMIACA NOBbIWEHNA KO3GPULMEHTa MOLLLHOCTM Lenei ¢
PeaKTUBHOW MOLLHOCTbIO, A0AXeH 6biTb Tem ¢$aKTopoM, KOTopbiit 6osblue Bcero BbiMrpaeT oOT
NpPaBuibHOroO onpeaeneHna PeakTMBHON MOLLHOCTU. MONbITKM KOMMEHCaLUun, Ha OCHOBE PeaKkTUBHOM
MolHOCTM Budeanu u cBA3aHHOW C HEN MOLUHOCTbIO WCKaXKEHWM He yAanucb. ITU BeAUYUHbI He
No3BO/IAIOT Aa)ke MNPaBUAbHO pPaccyMTaTb KOMMEHCUPYIOLLYID EMKOCTb, [AaloLly0 MaKCUMMasbHbINA
KoadpduumeHT mouHocTH. Jloxoauno Jaske A0 TOro, UTO TaKMe MOMbITKM  3aKaH4YMBaNUCh
OOMNOIHUTENbHbIM YXYAlLIEeHNUEeM 3TOro NoKasaTtens.

MO3KHO 3aZaTb BOMPOC: KaK CTafo BO3MOXHbIM, YTO TEOpPMA MOLLHOCTM Budeanu cTana Tak nonynspHa?
MpUYMH MOXKeT bbiTb HECKONbKO. Bo-nepBbix, MPUBbIYKA MHKEHEPOB K CTapOMy ONpeneneHuio U He
M3mMeHsieMas MHOro et Nporpamma obydyeHus B WKone. ITo GaKTop 4acTo HeAOOLLEHMBAETCA, HO, KaK
ONnpaBAaHMe MOMKHO OTMETUTb, YTO 3Ta TEOPMA HA MPOTANKEHUM 60 NeT He A0XKAANACb ONPOBEPKEHMA.
Bo-BTOpbIX, B 20-X rogax NpoOLWIOro BeKa He 6biN0 M3MepUTeNbHbIX NPMBOPOB, KOTOpble AaBanu
npeacrasneHve o6 OTAENbHbIX FAPMOHUYECKMX COCTABAAIOWMX HAMNPAMKEHUA W TOKa, No3Tomy 6bino
TPYAHO MNPOBEpPATb HOBble TEOPWUWU. B-TpeTbuX, WCKaXKeHua GOoOpPMbl TOKOB WM HanpsikeHuin (u,
cnepoBaTesibHO, BbICOKOE CoAepraHWe FapMOHMK), 3TO 3GPEKT PEBOIIOLMU B INEKTPOIHEPTETUKE,
KOTOpas Hayasacb TONbKO BO BTOPOW MOMOBMHE MNPOLWOro Beka. Hayanu KpynHomacwTabHo
MCMO/Ib30BaTb TUPUCTOPbI, YNpaBAseMble BbiNpsMUTENN, NpeobpasosaTtenv U T1.4. Bce atn gelicteusa
COMPOBOXAANNCL O4YeHb OONbIIMMKU UCKAXKEHUAMM TOKOB B CETAX MMTaHWA, a CAeAoBaTeNbHo,
NOBbILIEHWEM YPOBHS FAPMOHUYECKUX WCKaXKeHWW. TONbKO TOr4a Haya/ M OLWyLlaTb HEAOCTaTKM B
Teopuun molHocTM Budeanu. HakoHew, B-4eTBEPTbIX, B CBA3AHHOM C 3HEPreTUKOW Hay4yHoU cpeae bbin
0CO3HaH TOT GaKT, 4YTO MPOMbILWEHHbIE NPEeANpPUATUMA WHBECTUPOBAAM Le/ible COCTOAHUA B
MHPPACTPYKTYPY U3mepeHus (CYETYNKM INEeKTposHeprun). Sllobbie UISMeHeHMs B 3STOM OTHOLIEHUW MOTYT
MMeTb OrpoMHble GMHAHCOBbLIE NOC/NEACTBUSA.
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Tem He meHee, meaneHHble U3MEHEeHMA B CO3HaHUMU UHXEHEPOB-2/1IEKTPUKOB CTa/I BUOHDbI. C TeyeHnem
N1eT, BCeé 4Yalle BO3HUKanu He/IMHelHble Harpyskm n npoueccbl C O4eHb 60/blWMMMK NCKaXXeHNAMM,
HEBO3MOXHO bbINI0 Aanblle TepneTb OorpaHNYeHnAa B NpuMeHAEMbIX d)opmynax.

OueHb 3HauYMMbIM cobbliTem ctana nybamkauma B 2000 roay opraHmsaumeirt IEEE ctaHgapTa 1459,
Ha3BaHWMe KOTOPOro 3By4uT TaK: «OnpeaeneHuns ana UsMmepeHunin BeIMYNH, CBA3aHHbIX C SN1EeKTPUYECKOoM
MOLLHOCTbIO B CUHYCOMAANbHbIX, HECUHYCOUAANbHbIX, CAMMETPUYHbIX U1 HECUMMETPUYHbBIX YCAOBUAXY.
Bnepsble peakTMBHAA MOLWHOCTb MO onpegeneHunto Budeanu okasanacb B rpynne pekoOMeHZyemblxX
onpeaeneHnin, KoTopble He AO0MXHblI UCNONBb30BATbCA B HOBbIX CYETYMKAX MOLLHOCTU M PEAKTUBHOM
3Heprun. Takxe BUAHO ObINO pasgeneHMe MHOMMX BEJIMYMH Ha Te, 4YTO CBA3aHbl C OCHOBHOM
COCTaB/AIIOLLEN TOKa W Hanps)eHus (nepsad rapmoHWKa) U APYrMMKM BbICLUMMKW FapMOHUKamu. B
6ONbLWNHCTBE C/lyYaeB CYMTAETCA, YTO NOJIe3HasA 4YacCTb ISHEpPrum nepesaétcs TONIbKO C MOMOLbLO
cocrasnaowmx 50/600 L, Npy ropasfo MeHbLIEM U YacTo BPeAHOM YYaCTMM BbICLUINX TaPMOHMK.

B cTaHpapTe TakKe nosBMIacb HOBasA Be/IMYMHA — HeaKTUBHAsA molwHocTb N, KoTopaa npeacTasafeT Bce
HEeaKTUBHbIE KOMMNOHEHTbI MOLLLHOCTH:

N = /52 — p2

PeakTnBHas MOLWHOCTb ABNSAETCA OAHON M3 COCTABAAOWMX HeaKTMBHOM moliHocTu N. B ogHodasHbIX
Lenax c CMHycouaanbHbIM HanpsaxXeHnem n Tokom, N paBHO Q, NO3TOMY B HEAKTUBHOW MOLLHOCTU HeT
APYrMX COCTaBAsAoWMX. B TpéxdasHbix LEnAX Takoe CBOWCTBO MMEIT TO/IbKO CUMMETPUYHbIE
CUHYycoMAaNbHble CETU cO cbaNaHCMPOBAHHOM YNCTO PE3UCTUBHOWM HarpysKoi.

Cnepylolwime COCTaB/AlOWME HEAKTUBHOMW MOLWHOCTM CBA3AHbl C  KOHKPETHbIMWU  PU3MYECKUMHU
asneHnamu. o Teopum npodeccopa Czarneckiego, ogHOMY M3 AyYLWIMX OBBACHEHUI PU3MYECKUX
ABNEHNIN B TPEXPasHbIX LEenax, ypaBHEHME MOLLHOCTU B TaKUX CUCTEMAX MOMKHO 3anucaTtb CAeAyoWMUMm
obpasom:

S?2=P2+D*+ Q% +D,*

Ds — 3T0 MOLWHOCTb paccesHWs, KOTOpas MOABASETCS B CUCTEeMe, B pe3ynbTaTe U3MEeHeHMus
aKTMBHOW NPOBOAMMOCTM HarpysKkn BMecCTe C U3SMeHeHMEM YacToTbl. Takum 06pasom, Hasnuune B
HarpysKe PeakTUBHbIX 3/IEMEHTOB MOXKET MPUBECTM K NOSABAEHUIO MOLLHOCTM pPacCcesHus.

PeakTnBHas mMowHOCTb Q B 3TOM YypaBHEHWMW NOABASETCA NPU Hannuymm ¢GasoBOro CcCABUra MeXay
rapMOHMKaMK HaNpPAXKEHUA M TOKa.

Du — ob603HauyaeT MowHOCTb AucbanaHca, Kotopaa ABAseTcA Mepol HecbanaHCMPOBAHHOCTU
TpexdasHoM  HarpyskM. ITa  COCTaBAAOWAA O0ObBACHAET CUTyauuio, TNpuM  KOTOPO
HecbanaHcMpoBaHHan TpéxdasHasa Harpyska C YNCTO PE3UCTUBHLIM XapaKTepom, MPMBOAUT K
KO3OOULMEHTY MOLLHOCTM MeHblle eauHuubl. TakoW noTtpebutenb He MMeeT PeaKkTUBHOM
mouwHoctM Q 1, HeCMOTpA Ha 3TO, U3 TpeyrosbHUKa mowHoctn S, P, Q cneayeT 4To-TO COBCEM
apyroe (Teopua molwHOCTM Budeanu co cBoei MOLWIHOCTbIO WMCKaXKEHWUA TaKKe He MOXKeT
06DBACHUTB 3TY CUTYaLMIO — A1 YUCTO PE3UCTUBHOM Harpy3KM MOLLHOCTb UCKaxkeHUsa D B paBHa
HY10).

MonbiTKa coegmHeHna IEEE 1459-2000 c Teopueit mouwHoctn Czarneckiego npuBoAUT K BbiBOAY, YTO
HeaKTMBHaA MOLLHOCTb CKpbiBaeT B cebe, No KpalHeil mepe, TPU OTAE/bHbIX GU3NYECKMX ABAEHUS,
KOTOpble BAMAIOT Ha CHUKeHME 3PEKTUBHOCTU Nepeaayn sHepPrum oT UCTOUYHUKA K MPUEMHUKY, TO eCTb
YMeHbLUeHWe KO3apPULMEHTA MOLLLHOCTH:
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P P

\/PZ + D2+ Q2+ D,?

B ctraHgapTe IEEE 1459-2000 m3BecTHaa noa 6ykBon Q — peaKTMBHas MOLLHOCTb Oblna orpaHuyeHa
OCHOBHOW FrapMOHMKOM M 3TO KacaeTcA Kak 0A4HOPA3HbIX CUCTEM, TaK U TPEXPA3HbIX.

B ogHOda3HbIX Lensx:
Q 1= Uz-l1-sin 1

B TpéxdasHbiXx cuCTeMax YYMTbIBAIOTCA TONbKO COCTaB/AlOWME NPAMON MOCAeA0BaTe/NIbHOCTU 3TOM
MOLLHOCTM:
Q17 =3U1*11%sin p1*

Ons npaBUNbHOTO WM3MEPEHUSA 3TOM MOLLHOCTU TpebyeTca COOTBETCTBYOWAA MNOC/AeA0BaTe/IbHOCTb
yepenoBaHua das (3agepskka dasbl L2 Ha 120 ° no oTHoweHUo K L1, 3agepKa ¢a3bl L3 Ha 240 ° no
OTHOLLEHUIo K L1).

KoHuenuma cocTtaBasiowWmMx NpAMON nocaenoBatesibHOCTM byaeT 6onee nogpobHO paccmoTpeHa npu
obCyKaAeHUN aCUMMETPUN.

3HayeHMe OCHOBHOM COCTaBAAIOLWEN PEaKTUBHOM MOLWHOCTM ABAAETCA OCHOBHOW BENYMHOM, KOTopas
Nno3so/iAeT OLUEHUTb BenuYMHy KoHAeHcaTopa, KoppekTupytowero KoadoduumeHt DPF wmam casur
OCHOBHOW rapMOHUKKN HanpAXKeHUA OTHOCUTENbHO 3TOM Xe COCTaBAAoLLEeN TOKa (To ecTb KomneHcaTopa
PEeaKTMBHOWM MOLLHOCTM OCHOBHOM rapMOHUKM).

5.3.3 PeakTHBHass MOLHOCTH B 3-X NPOBOJHBIX CXeMax

MpaBW/bHOE M3MEPEHUE PEaKTUBHOW MOLLHOCTM HEBO3MOXKHO B HECMMMETPUYHBIX MNPUEMHMKAX,
MOAK/IOYEHHbIX MO 3-X NPoBOAHOW cxeme (TMNa «TPEYro/IbHUK» U «3Be34a» C M30/1MPOBaHHOMN
HeWTPanblo). ITO yTBEPKAEHNE MOMKET MHOTUX YANBUTD.

MPUEMHMK MOXKHO PacCMaTPMBATL KaK «YEPHbLIN ALLMK» C AOCTYMNHbIMU TONbKO 3 3aKMMamu. Mbl He B
COCTOAAHMM OMpPeneNnUTb BHYTPEHHEW CTPYKTYPbl TaKOro NMpPUEMHMKA. YTOObI BbIMMCAUTL PEAKTUBHYIO
MOLLHOCTb HeobxoAMMO 3HaTb yron casura ¢a3 mexay TOKOM M HanpAKeHWem, BO3HWUKAILWMX B
Ka)KgoM BETBU TaKOro NpmémHuka. K coxkaneHuto, mbl He 3Haem 3TOro yrna. B npuémHuke no cxeme
TUNA «TPEYrosibHUK» Mbl 3HaeM HanpaxeHue, NPUCYTCTBYIOWME HA OTAENbHbIX CONPOTUBAEHUAX, HO He
3HaeM TOK; B TaKMUX CUCTEMAX M3MEPAIOTCA JIMHEMHblE HANPAXEHUS U ANHENHble TOKWU. KaxKaplh us
JIMHEMHbIX TOKOB ABAAETCA CYMMOM ABYyX TOKOB ¢a3. B npMémHMKax TMNa «3Be3ga» C M30/MPOBaHHOM
HEeMWTPaNblo Mbl 3HaEM TOKU, NPOXOAALLIME MO CONPOTUBAEHMIO, OAHAKO HE 3HAaEM HAMpPAKEHWUI (Kaxagoe
N3 IMHEWHbIX HANPAXKEHUIN ABAAETCS CYMMOWM ABYX GasHbIX HaNpPAXKEHUN).

Hy»KHO 0CO3HaTb TOT GaKT, YTO MPU 3a4aHHbIX HANPAXKEHUAX Ha 3a)KMMaX M TOKaX, BXOAALLMX B TaKOM
YEPHbIA AWMK» CyWecTByeT HECKOHEYHO MHOIO BapWaHTOB BHYTPEHHEW KOHCTPYKLMMU MPUEMHMKA,
KoTopble AaAyT HaM OAMHAKOBble Pe3y/ibTaTbl USMEPEHU TOKOB M HaMpPSKEeHUN, BUAUMbIX CHapYKu
TaKOro «4€PHOro ALMKay.
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KaK e 3TO BO3MOXHO, 4TO Cyuw,eCTByroT CYETUMKM peaKTMBHOVI MOLWHOCTH, nNpegHa3Ha4vYeHHble ONA
M3M€peHMl\/’1 B 3-X NPOBOAHbLIX CETAX, N aHA/IN3aTOPbI INEKTPUYHECKNX CeTEVI, KOTOpble B TaKUX YCNOBUAX
obecneunsatoT namepeHume peaKTMBHOVI MOLLI,HOCTM?

B oboux cnyyasx npouvsBoamuTenn nNpuberatoT K XUTPOCTM, KOTOPas 3aK/IOYaeTcs B UCKYCCTBEHHOM
CO3ZaHMM OMOPHOMN TOYKM (BMPTYaNbHbIM 3axKMM HelTpanu N). Takyl TOYKY OYEHb JIETKO MOMKHO
€034aTb, MOAK/IOYAA K 3aXKMMaM HaLLIero «4EPHOro ALLMKa» CXeMy U3 TPEX PE3UCTOPOB OAHOM U TOW e
BE/IMUYNHDBI U COeAMHEHHbIX 3Be340M1. [oTeHUMan LeHTPaIbHOW TOYKMU CXeMbl PE3UCTOPOB UCMOJb3YyeTcs
ANA pacyéTa «¢asHbiX HaNpsAXKeHui». KOHeYyHo, KaBbluKM 3[4eCb COBEPLIEHHO Ha MecTe — TaKoW
BMPTYasIbHbI HOMb AAET MNPW U3MEpPEHWUU MpPaBU/bHblE Pe3y/bTaTbl, TOJbKO MPU MUHUMAALHOM
acMMMeETpUM NpUEMHMKa. B nobom Apyrom ciyyae K MOKa3aHUAM PEaKTUBHOW MOLLHOCTM TaKoro
npubopa cnegyer oTHOCUTLCA ¢ 60/bLLIOW A0NEN HeaoBepUs.

MN3mepuTenbHblit Npubop HU B KOeM C/ydae He AO/KEeH BBOAWTb MO/b30BaTena B 3abayxaeHue, a
TaKoro poda NpubAMMKEHME MOXKHO AOMYCTUTb /ML MPU YCAOBUW, YTO OTOBparkaemoe 3HayeHue He
ABNACTCA pe3y/ibTaToM aKTUUYECKOro M3MepPEHMS, a NNLLb NPUBAN3UTEIbHBIM 3HaYEHMEM.

5.3.4 PeakTHBHasi MOLIHOCTb M C4ETYUKHU PEAKTUBHOMN IHEPIruu

CYETUMK peaKTUBHOM 3HEprMM — 3TO CKopee BCero, NpMbop HEM3BECTHLIN AOMALLHUM NOAb30BaTENAM,
T.K. LWUMPOKO WMCMOJIb3YIOTCA M ABJIAKOTCA OCHOBOM A/ PACYETOB C MOCTABLUIMKOM, CYETYMKM aKTUBHOM
3Heprun, nsmepsiemor B BT*4 mam kBT*4. [lomalwHuii nonb3oBaTenb, TakMm 0b6pasom, HaxoauUTCH B
YOOOHOM MONOXKEHUN — NNATUT TOJIbKO 33 NONE3HYIO SHEPIUIO U HEe [0/IKEH UHTEPecoBaTbCA KaKoW
KO3pPMUMEHT MOLLLHOCTHU B €ro CeTu.

MpomblwneHHble notpebutenM — B OTAMYME OT TOW MNepBoM rpynnbl — 06A3aHbl, HA OCHOBAHUMU
NOAMMUCAHHbIX AOrOBOPOB M YacTo MoA Yrpo30oi ¢puHaAHCOBLIX WTPadoB, NoAAEPKUBATb KOIPOULMEHT
MOLLLHOCTM Ha A0/I}KHOM YPOBHe.

Hanpumep, B MMonblie, pacnopaxeHne MUHUCTPA SKOHOMMKM, Kacatoweeca KOHKPETHbIX YC/I0BWUI
YHKUMOHNPOBAHMA 3HEPreTUYecKol CUCTEMbl, OnpedenseT KayecTBEeHHble NapameTpbl, KoTopble
OOMKHbl  ObITb  BbIMNOJIHEHbI MOCTaBWMKOM 3HEPrMU ANA  Pa3NU4YHbIX, TaK Has3blBaeMbIX, Tpynn
nogxtoyeHus. Cpegm sTUX NapaMeTpPOB HaXOAATCA, HaNnpPUMep, YacToTa CeTH, AeiCcTBytolee 3HaYeHne
HanpAXeHUs, Ko3pOUUMEHT rapMOHUYECKMX WcKaxkeHu (THD) m gonycTumbie YPOBHM OTAENbHbIX
rapmMoHMK Hanps:keHua. OQHaKO NOCTaBLIMK He 06A3aH BbINONHATb 3TU TPeboBaHUA, eciv nonyyatenb
SHeprum He obecneymBaeT 3HayeHUs KoapouumeHTa tg ¢ HuKe 0,4 (3HaYyeHMe Mo A0roBOPEHHOCTH,
KOTOpoe MOXKeT bbiTb K3BMEHEHO B IOrOBOpPE MeXAy NMOCTaBLIMKOM U NoTpebutenem sneKkTposHeprum)
n/Mnn NpeBbIAaeT COrNacoBaHHbIN YpPOoBeHb NOTPE6AAEMOI aKTUBHON MOLLHOCTY.

KoadodumumeHT tg ¢ rnyboKo yKOpeHWUACA B SHEPreTMYeCKOM 3aKOHOAaTeNbCTBE M ero onpeaenatoT Kak
pe3y/nbTaT OTHOWEHWA HAYUC/IEHHOM PEaKTUBHOW MOLLHOCTM K aKTMBHOW MOLLHOCTM B AaHHbIN
pacyéTHbIM nepuod. Ecnn BepHyTbCA Ha HEKOTOpPOe Bpems K «TPEeyrosibHUMKY MOLLHOCTMY» B
CMHYCOMAANbHbIX CUCTEMAax, TO Mbl 3aMeTMM, 4YTO TaHreHC yrna casura ¢as Mexay TOKOM MU
Hanps»KeHMeM paBeH OTHOLIEHUIO PEAKTUBHOW MOLIHOCTM Q K aKTMBHOM MOLLHOCTU P. Takum obpasom,
KpUTepuii yaep:aHua tg ¢ Huke 0,4 He O03HaYaeT HMYEro APYroro, KaK TOJIbKO onpeneseHune, yYto
MaKCMMa/bHbI YPOBEHb NOACYMTAHHON PEaKTUBHOW 3HEPrMM He MOXKeT b6biTb Bbiwe, yem 0,4 oT
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3HaYyeHWa MOJIyYeHHOM QaKTMBHOW 3Heprnn. Jlloboe noTpebneHMe peakTUBHOW 3SHEpruu Bbile
[OroBOPEHHOCTU NOA/NEXKUT AONOAHUTEIbHOW onAaTe.

Ho [aéT v 3HaHMe PaccymnTbiBaeMoro Takmum obpasom KoadduumeHTa tg ¢ 06emm 3amHTepecoBaHHbIM
CTOpPOHaM peanbHyl KapTuHY 3pPEeKTUBHOCTU Nepenaydm sHeprun? Passe He 6bl10 YNOMAHYTO Bbllle,
YTO peaKTUBHasA MOLLHOCTb ABASETCA TO/IbKO OA4HOM M3 COCTABAAOLWMX HEAKTUBHOM MOLLLHOCTU, KOTOpbIe
TOXKe BAMUAIOT Ha CHMMXKeHNe KoapPpuumMeHTa MOLWHOCTH?

[eicTBUTENbHO, KasKeTcA, YTo BMecCTo tg ¢ cnesnoBano bbl CNONb30BaTb KOIGPULMEHT MOLHOCTH PF,
KOTOPbIM TaKKe y4uTbIBAET M Apyrne GakTopbl.

HblHewWwHMe npaBuaa, K COXajleHUO, He [JaloT Apyroro BblboOpa, MO3TOMYy TOYHOE UW3MepeHue
pPEeaKTUBHON MOLLHOCTM ABASAETCA KAOYEBbIM MOMEHTOM. Tenepb CTOMT MOCTaBWUTb BOMPOC: C Y4ETOM
OMMCAHHbIX Bbille CMOPOB MO ONPeAeNeHN0 PEAKTUBHON MOLLHOCTM, 06eCNedYnBaloT AN CHETYMKKN STOM
SHEepPrumn npaBu/bHble NOKasaHWA? M 4yTo ke B AEUCTBUTENIbHOCTU U3MEPAIOT 0BbIYHO MCNO/b3yeMble
CYEETUYMKM PEAKTUBHON MOLLHOCTU?

OTBeTbl Ha 3TM BOMPOCbI MOXKHO MOMNPo60BaTb MOJYYUTb B CTaHAapTe, NPeAcTaBAEHHOM AAs 3TUX
cyétunkos — TOCT 31819.23-2012 (IEC 62053—23:2003) «AnnapaTtypa A1 U3MEPEHMUA S/TEeKTPUYECKOM
3HEepPrumM nepemeHHoro Toka. YactHole TpeboBaHuA. Yactb 23. CTaTMYECKME CUYETYMKU PeaKTUBHOM
aHeprum». K colKaneHuto, M Hallemy pa3oyapoBaHUIO, B HEM He HaMAETCA Kakux-nnbo ccbinok and
M3MEPEHUI B YCIOBUAX HE CUHYCOMZANbHOCTU — pacyéTHble GOPMY/ibl OTHOCATCA K CMHYCOMAANbHBIM
cuUTyaumam (B cTaHOaApTe MOXHO MPOYUTATb, UYTO M3 KMPAKTUUYECKUX» COOBpaKeHUI orpaHnYmMInCh
WUCKNIOYNTENBHO CUHYCOMAANbHbIMM npoueccamun). B HEM He yKasaHbl Kakue-nbo Kputepuu
NCMbITaHWUIM, KOTOpble Obl NO3BOINIM NPOBEPUTL XapPaAKTEPUCTUKM CHETYMKA NPU UCKAXKEHHbIX Ppopmax
HaMNPAKeHU U TOKOB.

HblHeWwHAA cnuTyauma ocTaBnaAeT pas3paboTynmKam CYETYMKOB CBOOOAHLIM BbIOOpP MeToAa M3mepeHus,
UTO, K COMKaNIeHWIO, MPUBOAUT K 3HAUYMTENbHLIM PA3MYMAM MOKa3aHWIA PEaKTUBHOM SHEpPrMn npu
HaMYMM 60/bLIOTO YPOBHA rAPMOHNYECKUX UCKAXKEHUNA,

CYETYUMKM CTApOro TMMa, TO €CTb, 3/IEKTPOMEXAHWYECKME, MMEIOT XapaKTEPUCTMKM, aHaNOTMYHble
OUNBLTPY HMMKHMUX YacTOT — BbICLUME TAPMOHWMKM B HEM MNOAABAEHbI, TaKUM 06pasoM M3MepeHue
pPeakTUBHON MOLLHOCTM B MPUCYTCTBME FAPMOHMK OYeHb B6AN3KO K 3HAYE€HUO OCHOBHOWM COCTaBAAOLWEM
PEaKTUBHOW MOLLHOCTH.

bonee pacnpocTpaHéHHble 3/EKTPOHHbIE CYETYMKM MOryT NPOBOAUTL M3MepeHue pPas/IndyHbIMU
meToZamMn. Hanpumep, oHM MOTyT U3MEpPATb aKTUBHYIO MOLLHOCTb M MOJIHYIO MOLWHOCTb U BbIYUCAUTD
pPeaKTUBHYIO MOLLHOCTb U3 «TPEYro/bHUKA MOLLHOCTMY» (KBaZpaTHbIM KOPeHb U3 CyMMbl KBaApaToB ABYX
3TUX MOLLHOCTel). Tak aencTBuTeNbHO, B cBeTe cTaHAgapTa |IEEE 1459-2000, oHWM N3MepAtoT HEaKTUBHYIO
MOLLHOCTb, @ He peaKkTUBHY. [pyroi Npou3BOAUTENb MOXKET WUCMO/b30BaTb METOL CO CMELLEHNEM
¢dasbl HanpsaxkeHMa Ha 90°, ytTo JaéT pesynbTaT, NPUBAUNKEHHDBIN K OCHOBHOM rapMOHWUKE PeakTUBHOWM
MOLLHOCTH.

Yem 6Oonblue cofeprkaHuMe TapMoOHUK, TemM bosblie byaeT pasHUULA B MOKa3aHWAX, U KOHEYHO B
pesynbTaTe byaeT Apyraa naarta 3a HAYUCAEHHYIO SHEpPrUIo.
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Kak Y€ YKa3blBa/iloOCb paHee, namepeHme peaKTMBHOIZ MOLLHOCTU B 3-x NPOBOAHbIX
HeC6aﬂaHCMpOBaHHbIX Ccncremax € nomoubro 06bIYHbIX CYETYMKOB o6pemeHeHo AOI‘IOI’IHVITGI'IbHOVI
OLLIM6KOI71, BbI3BaHHOM CO34aHNEM BHYTPU CYETUMKA BUPTYaZIbHOTO HyNA, Mmerwero mano O6LLI,€F0 C
peanbHbIM HYy/1IeM Harpys3Ku.

Y7o ewé xyxe, npomsBoauTeNn OBbIMHO He AAlOT HUMKaKoW MHGOpPMaUMKM O NMPUMEHAEMOM MeToae
N3MepeHus.

OcTaéTca TONbKO C HeTeprneHMeM XAaTb Cneayiolleit Bepcum cTaHaapTa, Kotopas - byaem Hageatbes -
NPeanoXuT ropasao 6osiee TOYHbIM  METOA, M3MEPEHMA U TaKKe MeTo[, MWCCieaoBaHuAa B
HECMHYCONAaNbHbIX YCNOBUAX.

5.3.5 IlosiHast MOIIIHOCTDb

Mo/siHaA MOLWHOCTL S BbiparkaeTca Kak npousseaeHne 3PpPeKTUBHbIX 3HAYEHU HaNpAXKEHMA N TOKa:
S=Ul

Kak TakoBad MOLWHOCTb He uMeeT GUSUYECKOM WHTepnpeTaumm; OLHAKO, WCMONb3yeTca Mpu

NPOEKTUPOBAHUN 06OPYyAOBaHNA pacnpenennTenbHbix ceteil. OHA paBHA NO BENYMHE MAKCMMA/bHOM

aKTMBHOM MOLLHOCTM, KOTOpPasA MOXKeT ObiTb NoAaHa B Harpysky npu AaHHbIX 3QPEKTUBHbIX 3HAYEHUAX

HanpsXeHWa M ToKa. Takum o6pa3om, NOJSHas MOLLHOCTb onpegenseT MaKCMMalbHO BO3MOXKHYHO

CNOCOBHOCTb UCTOYHMKA AN AOCTABKM NONE3HOM SHEPTUU K NPUEMHUKY.

Mepoit 3PpPeKTMBHOCTU MCMONb30BAHUA NOAABAEMON B MPUEMHUK MOLLHOCTU ABAAETCA KO3PPUUMEHT
MOLLHOCTU, APYTMMM C/I0OBAMM, OTHOLLEHWE MNOIHOM MOLLHOCTU K aKTUBHOM MOLLHOCTU.

B cMHycomaanbHbIX cucTemax:
PF P Ulcosp
ST Ul ¢
B HecuHycoMpanbHbIX CUCTEMax TaKoe YNpoWeHUe HegonycTMmo W KoaddULMEHT MOLLHOCTH

paccynTbiBaETCA Ha OCHOBe pea/ibHOro COOTHOLWEHUA aKTUBHOM n NosIHOM MOLHOCTH:

PF—P
S

B ogHOda3sHbIX ceTAX NoJHaA MOLWHOCTb PacCYMTbIBAETCA, TaK 3TO KaK MOKa3aHO B NPMUBEAEHHON Bbille
dopmyne, 1 30eCb HET HUKAKKUX ctopnpu3oB. OKasblBaeTcA, 04HAKO, YTO B TPEX(DA3HbIX CETAX PACYET ITOM
MOLLHOCTM TaKKe BbI3blBAET CepbE3Hble NPob6aeMbl, Kak U Te, YTO CBA3aHbl C PEAKTUBHON MOLLHOCTbIO.
PasymeeTca, 3TO OTHOCUTCA K peasibHbiM CETAM C HECUHYCOMAANAbHbIMWU CUTHANAMM, KOTOPblE TaKKe
MOTYT 6bITb HECUMMETPUYHBIMMU.

MccnepoBaHMA nNoKasanu, 4to d)opmynbl, ncnonb3lyemble OO0 CUX NOP, MOryT AaBaTb ownboYHbIe
pe3ynbTaTtbl, €CAn CeTb He ABNAETCA C6a}'IaHCMpOBaHHOl71. TaK Kak nojsiHaa MOLWHOCTb — 3TO YC/J0BHaA
BéM4MHa W He UMeeT d)I/I3VI‘-IeCKOI7I nHTEPpNpEeTaunn, BbIACHEHUE, KaKoe U3 npegnaraembix
OI'IpeAEHEHMﬁ nonaHom MOLWHOCTU, ABAAETCA NOAXOAALWMM, MOXKeT BbI3blBaTb 3aTpyaHeHuA. Tem He
meHee, 6bin npegnpuHATblI NONbITKU, ONUPAACb Ha Ha6}1IO,EI,eHMFI, AOKa3aTb, YTO NOJZIHAA MOLHOCTb
TECHO CBA3aHa C nNoTepAMU nNpu nepegadvde n K03¢¢MLI,I/IGHTOM MOLLHOCTHK. 3HaA noTepn nepegayun mn
KOZ—)d)d)MLI,MeHT MOLWHOCTN MOXXHO KOCBEHHO OMpeaeInTb NpaBuibHOE onpegeneHne NoAHOWN MOLHOCTH.
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[Jo cuMx nop WCNosb3ylTCA ONpedeneHus, cpeau npounx, apudmeTMyecKom NOAHAA MOLLHOCTU U
reomMeTpuyeckoit NoaHon mouHocTU. MpoBeagHHbIe UCCNeA0BaHUA NOKa3au, YTO HX apudmeTUUecKoe,
HU FeoMeTpUYECKOe OMnpeaeneHMa He AaloT B pesy/bTaTe MPaBWMIbHOTMO 3HauveHua KoadduumeHTa
MOLLHOCTU. EAMHCTBEHHDBIM, YTO YA0BAETBOPANO TaKOM CMTyauMM, OKasanacb onpepeneHune, KOTopoe
y*Ke B 1922 roay npegnoxun Hemeukuin pusmk @. byxronby, (F. Buchholz):
Se = 3Ue-le

OHO OCHOBaHO Ha 3PGEKTUBHbLIX 3HAYEHUAX HAMPAXKEHWS W TOKA, a CaMa MOLLHOCTb Ha3blBaeTCs
3dPEeKTUBHOM MOMHON MOLLHOCTbIO (MO 3TOW nNpuYMHe, AnsA TpéxdasHbix Lenei B o0b6o3HauyeHue
006aBneH MHAEKC «e»). ITU 3PPEKTMBHbIE 3HAYEHUA HAMPSKEHUA U TOKA — 3TO TakMe TeopeTuyeckme
3HaAYeHMs, KoTopble MPEeACTaBAAIOT HaMNpPsXeHUs W TOKM B cHanaHCUPOBAHHOM 3SHepPreTUyYecku

CUMMETPUYHOM TpéxdasHoi cucteme. MNosTomy Kato4eBbIMU ABAAIOTCA onpeaeneHns BeandmH Ue U le.

CraHgapt IEEE 1459 paét cneaytowme popmynbl. B TPEXNPOBOAHDLIX CETAX:

[ = I*+1p%+1* U. = Ugp?+Upc*+Ucq®
€ 3 € 9

B YeTbIPEXNPOBOAHbIX ceTax:

2
L*+ L2+ 12412 3(U 2+ Up® + UP) + Uy + Up® + Uy
[e - Ue =
3 18
rae la, Ib, lc, cooTBETCTBEHHO 3¢pdEeKTUBHbIE 3HaYeHUA TOKOB OTAenbHbiXx $as (AnMHelHble U
¢dasHble), In — adpdeKTMBHOE 3HaYeHWe TOoKa HyneBoro npoBogHuKa, Ua, Ub, Uc — 3To
appeKTUBHblE 3HAYeHMA ¢a3Hbix HanpaxeHuin, a Uab, Ubc, Uca aBnatotca 3PpPeKTUBHbIMMU

3HAYEHUAMMU JINHENHbIX HAMPAXKEHWA.

Takum o6pa3om, pacyéTHana BeNMUYMHA Se YYUTbIBAET KaK NOTEPU MOLLHOCTM B Hy/leBOM npoBoae (B
YeTbIPEXMNPOBOAHBIX CETAX), TaK U BAUAHNE HecbalaHCUPOBAHHOCTMU.

5.3.6 MomHoOCTb HCKaKeHus DB ¥ 3pPeKkTUBHAA NOTHASA MOLHOCTb UCKAKEHUS SeN

Mpn 0B6CyKAEHUN PEAKTUBHOM MOLLHOCTM BblI0 NOKA3aHO, YTO MOLLHOCTb MCKaXKEeHUA NO onpeaeneHunto
Budeanu He MoXeT OblTb NPUMEHMMA NpPU BONbLUMX WUCKAXKEHMAX HAMPAMKEHWN W TOKOB, a TaKkKe
acMMMeTpUK TPExdasHbIX Lenei (MapagoKe MOLWHOCTU UCKAXKEHWUIM, KOTOPAA He ABNAETCA NOKasaTeem
peanbHOro MckaxeHusa). O[HAKO, HECMOTPs Ha 3TO, TaKas MOLLHOCTb YacTo MUCMOJb3yeTcs
CNeunanncTamm, 3aHMMaKLMMMNCA aHANM30M KayecTBa 3/IEKTPOIHEPrUM U MNPOU3BOAUTENAMU CXEM
KOMMNEHCaLMn PeakTUBHON MOLLLHOCTM.

3pecb HeobXxoAMMO YETKO yKasaTb, YTO OMOPa Ha AaHHbIM NapameTp AaBasa Npuemaemble pesyabTaThl
TOJ/IbKO B YCA0BUAX HEGONBLIOIO UCKaXKeHNA GOpPMbl NPOLLECCOB U Maioi aCUMMETPUMN.

CraHpapt IEEE 1459-2000 ynomuHaeT 37O onpeaesieHne MOLLHOCTM, OAHAKO, TaK Ke, Kak U B cayyae
peakTMBHOM MoOLWHOCTM Budeanu, OHa HeceT HeYCTPaHMMbI HeAOCTaTOK W peKoMeHayeTcA
OKOHYaTE/NIbHO OTKA3aTbCA OT €€ MCMOb30BaHWUA.

B mecto mowHoOCTH Ds npegnoxeHa Agpyraa BeJ/IM4MHAQ, KOTOPaA HAMHOINo yydywum cnocobom
XapaKTepunsyert o6u.|,y|o MOLLHOCTb MCKAXXEHUA B CUCTEME — MOJIHAA MOLLHOCTb MCKaXKeHMA SeN.
MoLwHoCcTb SeN no3Bonsaet 6bICTp0 onpenennTtb, 4YTO Harpyska pa6OT38T B YyCnoBUAX ManblX UIN
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601bLINX rapMoOHUNYECKUX WUCKaXKEHUN U ABNAAETCS TaKXKe OCHOBOM Aana onpegeneHna napametTpos
NAaCCUBHbIX UTN aKTUBHbIX d)M!'IprOB M KOMMNEHCATOPOB.

CornacHo onpeaeneHunto (ana TpéxdasHbix cuctem):
— f 2 2
SeN = Se _Sel

Se1 = 3le1Ueq

roe:

3ddeKTMBHbLIN TOK U 3DPEKTUBHOE HaMpPAMKEHWEe OCHOBHOM rapmMoHMKKM (cooTsBeTcTBeHHO lein Uei)
paccumnTbiBAtOTCA TaK e, Kak le n Ue, ¢ TOM AnWb pasHUUEN, YTO BMECTO 3GPEKTUBHbBIX 3HAYEHW
$asHbIX UAWM IMHENHbBIX HanpsKeHun n 3PPeKTUBHbLIX 3HAYEHWN NUMHENHbIX TOKOB MOACTaBAAKTCA
3 PeKTUBHbIE 3HAYEHUA NX OCHOBHbIX COCTaBAAOLLMX.

B ogHO®a3HbIX cucTemax AN pacyéTa NOSHOM MOLLHOCTM WMCKaXKeHU MOXKHO MCnonb3oBaTb bonee
NpocTyto dopmyny:
Sy =S~ WL
rae U u |1 asnawotca 3dPeKTUBHbIMM 3HAYEHUAMM OCHOBHOW cocTasAasowelr ¢$a3oBoro

Hanps»KeHUs 1 ToKa.

5.3.7 Ko3dpPpuuyeHT MOLHOCTHU

MCTUHHBIN KO3)PULUMEHT MOLLHOCTU, TO €CTb TOT, KOTOPbIM NPUHMMAET BO BHMMAHME TaKKe Hanunume
BbICLLIMX FAPMOHUK, Ha3blBaeTcA NPocTo KoadduumeHTom mouHoctu (aHra. True Power Factor, TPF nan
PF). Ons cMHycomaanbHbIX LENEN OH paBHAETCA TaK Ha3biBaeMOMY KoadpduumeHTy $hasoBoro casura, To
ecTb nonynspHomy cos ¢ (aHrn. Displacement Power Factor, DPF).

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

ppF = P = Valicosouan
S1 Uilq

= C0SPy1n PF =§

B cnyyae uMcTO pPe3UCTUBHOM Harpy3ku (B ofHOda3HOW ceTu) MO/HAA MOLLHOCTb PaBHA 3HAYEHUIO
aKTMBHOWM MOLLHOCTM, @ PEaKTMBHAA MOLLHOCTb PaBHa Hy/lO, Takum obpa3om, 3Ta Harpyska B MOJIHOM
Mepe MCMo/b3yeT 3HEPreTMYEcKUin NOTeHUMan MWCTOYHMKA U Ko3bOUUMEHT molHoCcTM paseH 1.
MosBNEHME PEeaKTUBHOW COCTaBAAOLLEN HEU3BEKHO BELET K CHUMXKEHUIO 3OPEeKTUBHOCTM nepenayu
3HEPrMmn — aKTMBHAA MOLLHOCTb TOTAa MeHbLUE MOJIHOW MOLLHOCTM, @ PEAKTUBHAA MOLLLHOCTb PacTéT.

B  TpéxdasHbix CXemax Ha  YMeHblleHWe  Ko3poMUMEHTA  MOLLHOCTM  TaKXe  BAMUSET
HecbaNlaHCMPOBAHHOCTb NMPUEMHMKA (CMOTPKU 0BCYXKAEHWE PEaKTUBHOW MOLWLHOCTU). B aTux cuctemax
npaBuibHOEe 3HayeHue Ko3pPUUMEHTA MOLLHOCTM MNOAYYaeTcs MNpPU WUCNONb30BaHUU 3PPeKTUBHOM
NMO/IHOM MOLLHOCTU Se, TO eCcTb BE/INYMHBI, ONpeaenéHHON, B YaCcTHOCTH, B cTaHaapTe IEEE 1459-2000.

5.4 T'apmoHuKH

PasnoskeHne Nepnoamnyecknx CUrHai0B Ha rapMOHMYECKME COCTaBAAOLWME ABNSETCA OYEHb NONYASPHOW
MaTemaTMYecKoi onepaumeit, oCHOBaHHOM Ha Teopeme dypbe, B KOTOPOW FOBOPUTCA, YTO KaXKablit
NepUoANYECKMIt CUTHAA MOMKHO TMPeACTaBUTb KaK CYMMY CMHYCOMAANbHbIX COCTaBaAlowmx 6onee
BbICOKMX 4aCTOT, KOTOpble ABAOTCA KPaTHbIMM OCHOBHOM 4acTOTe TaKOro curHasa. HenpepbiBHble
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CUTHA/Ibl MOXKHO NOABEPTHYTL onepauun bbicTporo NnpeobpasoBaHua Pypbe (cokpaweHHOo FFT), koTopas
OAET B pe3ynbTaTe amnanuTyabl v $asbl FaPMOHUUYECKMX COCTABAAIOLWMX CNEKTPA YacToT.

B npgeanbHon cMTyaummn HanpsarkeHue BblipabaTbiBaeTcs B reHepaTope, KOTOPbIN A4aéT HA CBOEM BbIXO4e
HEMCKaXeHHbIA cMHycomnaanbHbii curHan 50/600L, (oTcyTcTBME KaKMX-1MBO BbICWIMX FapMOHMK). Ecam
NPUEMHUK ABAAETCA JIMHEWHOW CUCTEMOM, TO B TAKUX MAEANbHbIX YCNOBUAX TOK TaKke byaer
HEUNCKaXXEHHbIM CUHYCOMAANIbHbIM CUTHANOM. B peanbHbIX CUCTEMAX, CUFHA/Ibl, KaK HanpaAXeHua, Tak 1
TOKa WMCKAXKaloTCA, NOSTOMY AOJ/IKHbI COAEPKaTb KPOME OCHOBHOM COCTaBAAOLWEN TaKKe rapMOHMKK
BbICLUMX NOPAAKOB.

Moyemy NPUCYTCTBUE BbICLLINX FAPMOHWK B CETU, ABNSAETCA HEXenaTebHbIM?

OpQHOM U3 NPUUYKNH ABAAETCA CKUH-IPDEKT, KOTOPbIA OCHOBAH Ha BbITA/IKUBAHUM 3/IEKTPOHOB M3 LLEHTPaA
NpoBogHMKa (NpoBoAa) HapyKy C yBe/JMYEHMEM YacToTbl TOKa. B pesy/nbraTte, 4yem Bbille YacTOTa, TEM
MeHblle 3OPEKTUBHOIO CeYEHUs MPOBOAHMKA WMMEHT B CBOEM PACMOPSAMKEHUM 3DAEKTPOHbI, YTO
3KBMBAJIEHTHO YBE/IMYEHUIO €ro CONPOTUBAEHUA. B pesynbTaTe 3TOro sIBEHMA, YEM Bbille MOPALOK
rapMOHMKKN TOKa, Tem 6oJiblie 3¢ PeKTUBHOE CONPOTUB/IEHME NMPOBOAKN A8 3TOM raPMOHUKM, a 3TO, B
CBOIO 0Yepeb, Hen3bexkHO NPUBOAUT K YBEIMYEHMIO NOTEPb MOLLHOCTU U Harpesy NPOBOAOB.

Knaccmyecknin npumep, cBA3aHHbIN € 3TUM 3PPeKToM, KacaeTca HelMTPanbHOro NpoBoaa B TPEXdasHbIX
ceTax. B ceTax ¢ HU3KMM YPOBHEM UCKaXKEHWUI, MasibiM AUCOANAHCOM U CUMMETPUYHOM Harpyskol (unu
HebOoNbLIOW acMMMETPUEN) TOK B HEMTPAZIbHOM NPOBOAHMKE CTPEMUTCA K HYAO (OH HAMHOIO MeHbLe
3 PEeKTUBHbIX 3HaYEHUN Pa3HbIX TOKOB). ITO HabAOAEHUE CNPOBOLIMPOBAN0 MHOTUX KOHCTPYKTOPOB Ha
3KOHOMMWIO, OCHOBAHHYIO HA YCTaHOBKE B TaKMX cuCTeMax Kabenel ¢ Hy/neBbIM NPOBOLOM C MEHbBLIMM
ceyeHneMm, yem dasHble npoBoaa. M Bce oueHb xopowo paboTano A0 TOro MOMEHTA, KOrga B CeTu
NOABWU/IUCb TAPMOHUKN HEYETHBIX PAAOB, ABNAIOLLMECA KPpaTHbIMKM 3 BbiCLUEro nopAaKa (TpeTbs, AesATas,
n T.4.). Bopyr HelTpanbHbIM NPOBOA, HauYMHAA MeperpeBaTbCs, a U3MEPEHME TOKA YKA3blBAaNO Ha ero
O4YeHb BbICOKOEe 3¢ PeKTMBHOE 3HaUYeHne. OH6bACHEHME 3TOTO ABNEHUA, JOBOLHO NpocToe. KOHCTPYKTOp
He y4yén B NPUBEAEHHOM BbIle NpUMepe LBYX OOCTOATENbLCTB: B CETAX C WMCKAXKEHUAMW BbiCLLIME
rapMOHMKN MOTYT He KOMMNEHCMPOBATLCS B HEWTPAsIbHOM MPOBOAE, @ HAOOOPOT — CYMMMPOBATLCA, U,
BO-BTOPbIX, CKUH-3DEKT U BbICOKME 3HAYEHMA TOKOB BbICLUMX FAPMOHMK AOMOJNHUTENBbHO YBEAUYUIM
ero Harpes.

MonbiTaemca Tenepb OTBETUTb Ha [4Ba OCHOBHbIX BONpOCa:

e YT0 ABNAETCA NPUUNHON NOABAEHUA TAPMOHMK B HAaNPAXKEHUM?

e Y10 ABnaetcA I'IpM‘-IMHOﬁ noABNEHNA TAPMOHUK B TOKe?

Kaszanocb 6bl, 3TW ABa BOMpPOCa, BbIrNAOAT NOYTN MOEHTUYHO, OAHAKO pa3aeneHne HanpAaxeHna n Toka
ABnAeTCA HpeBBbIHaﬁHO Ba*XHbIM AN1A NOHMMaAHWA CYyTU BOMNPOCa.

OTBeT Ha nepBblit BOMpoC 6yaeT cCledylOWMM: FAPMOHUKM B HaMPAXEHUU ABAAIOTCA CAeACTBMEM
HEHY/IEBOrO MMMeAaHca pacnpeaenmnTeNbHOM CeTH, MeXAay reHepatopom (NpuHMMaem, 4YTO OH
reHepupyeT YUCTYHO CUHYCOUAY) U MPUEMHUKOM.

OAHaKO rapMOHMKM TOKa ABAAIOTCA Pe3y/NbTaTOM HEeAUMHEWHOro XxapaKkTepa MMneaaHca MpPUEMHMKaA.
KoHeuHo, cneayer OTMETUTb, YTO €C/IU JIMHEWHbIN NMPUEMHMUK MUTAETCA HAMPSXKEHUEM MWCKAXKEHHOM
dopmbl, To GopMa TOKa TaKKe UCKaKaeTcA.
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B nnTepaType 4acTo MCMO/b3YIOTCA YTBEPKAEHMUA, YTO «NPUEMHUK reHepupyeT rapmoHukn». Cneayet
NOMHUTb, YTO B 3TOM C/Ay4yae MPUEMHUK He ABAAeTCA (GU3UYECKMM MUCTOYHUKOM 3Heprum (Kak 3To
npegnonaraer CAOBO «reHepupyeT»). EAMHCTBEHHbIM WMCTOYHMKOM 3HEPrMn B CUCTEME ABAAETCA
pacnpegenntenbHaa cetb. ECAM NPUEMHMK ABAAETCA NACCUBHLIM  YCTPOMCTBOM, TO 3Heprusa,
nepegaBaemas oOT MPUMEMHMKA B pacnpedenuUTeNnbHyl0 CcUCTeMy, MPOUCXOAUT U3  3TON  XKe
pacnpeaenntenbHoin cuctembl. Mbl 34ecb MMeem Aeno C BpedHbiM M 6ecnosiesHbiM ABYCTOPOHHUM
MOTOKOM 3Hepruun. Kak yxe obcyaanocb paHee B cydae ¢ KoadPULMEHTOM MOLLLHOCTU, TaKOe ABAEHME
NMPMBOAUT K HEHY)KHbIM MOTEPAM 3SHEPrMM, a TOK «reHepupyemblii» B MNPUEMHMKE BbI3blBaeT
AOMONHUTE/NbHYIO HAarpy3Ky Ha pacrnpeaennTeNbHyto cuctemy.

PaccmoTpum cneaytowmii npumep. TUNUYHBIN HENMHEMHbIN NPUEMHMK, TAKOW KaK, Hanpumep, LWMPOKO
NCMNOJIb3yeMble UMMYIbCHbIE UCTOYHUKM NMUTAHUA (Hanpumep, KOMMbIOTEPHbIE), 3aNUTaH OT UAeaNbHOro
reHepaTopa CWMHYCOMZANIbHOTO HanpsaxeHua. Tenepb NpPeanosioXUM, YTO MMMEeAaHC COeaMHEHWU
MeXAay reHepaTopoM U NPUEMHUKOM UMEeT Hy/neBoe 3HayeHue. HanpaskeHue, M3mMepeHHoe Ha
Knemmax npuémMHMKa, byaeT MmeTb CMHycouaanbHylo Gopmy (OTCYTCTBME BbICLUMX FAPMOHMK) — 3TO
NPOCTO Hanps»keHue reHepatopa. OgHako, ¢opma ToKa B MPUEMHUKE, YKe OyaeT copeprkaTtb
rapMoOHMYECKME COCTaBAAOWME — HeAUHEWHbI MNPUEMHUMK 4YacTo noTpebnseT TOK TO/MbKO B
onpeaenéHHble MOMEHTbI BPEMEHM BCEro Nepuoaa CMHycouabl (Hanpumep, MakCUMAasbHbIN TOK MOXKET
nonagatb Ha MUKU CUHYCOMAbI HANPAMXKEHMUS).

Ho NpMEMHMK He co3aaeT 3TUX rapMOHUYECKUX COCTaB/AIOLWMX TOKa, OH MPOCTO NoTpebifaeT TOK He
NOCTOAHHO UM NPEPbIBUCTO. BClo 3HEPrvio NocTaBAAeT TONbKO reHepaTop.

Ha cneaylowem sTane MOMHO WM3MEHWUTb CXEMy, BCTaBAAA MEXAY reHepatopom U MNPUEMHUKOM
onpeaeneHHbIn MMNeAaHC, KOTopbld NpeacTaBnseT coboit aKTMBHOE COMPOTMB/EHWE MPOBOAOSB,
06MOTOK TpaHchopmaTopa 1 T.4,.

M3mepeHna TapMOHUK HanNpsaXKeHUs M ToKa NPUEMHMKA AadyT HEMHOro Apyrue pesynbTatbl. YTO
nsmeHuTCA? MoaBATcA HeboblUME COCTaBAAIOWME FAPMOHUKM HaNpPsAXKeHUsA, U, KpOMe TOro, HEMHOTO
M3MEHMTCA CMEKTP YacToT TOKa.

Mpu aHanuse GOPMbl  HAMNPAXKEHUA B MPUEMHMKE MOMHO 3aMeTUTb, 4YTO MepBOHaYaAbHO
CUHYCOMAANbHBIN CUFHAN cnerka uckasmaca. Ecam npuémHuk notpebnseTt TOK B OCHOBHOM B MOMEHTbI
NUKOB HaNpsAKeHUa — 3To byAeT BbIrNAAETb, KaK YCeYEHHble BeplUMHbl. Boablloi NnoTpebasemblit TOK B
3TU MOMEHTbI NPUBOAUT K BoMbLEMY NALEHWUIO HANPAKEHUA Ha MmnedaHce ceTu. YacTb MaeanbHoOro
CMHYCOMAANbHOMO CUIHaNa HaKaniMBaeTca celyac Ha 3TOM umnegaHce. HekoTopoe M3meHeHue B
CMEeKTpe TOKa cieayeT U3 HECKOIbKO MHOM GOpPMbl HaNPAKEHNA NUTAHUA.

I'Ipmmep OnNnCaHHbLIX 34€ecCb "naocknx BepI.IJl/IHII CMHYCOMAQNbHOINO HanpAXeHuAa — 3TO O4YeHb 4acTo
Ha6}1|0LI,aEMaF| KapTUHKa B TUMUYHbLIX CeTAX, K KOTOPbIM NOAKNHOYEHbI UJVIpOKOpaCI'IpOCTpaHéHHbIe
KOHCTPYKUUUN MMNYNbCHbIX 6/10KOB NUTAHKSA.

5.4.1 AKTHBHas MOLHOCTb FapMOHHUK

PasnoxeHne HanpAXKeHWA U TOKa B NPUEMHMKE Ha rapMoOHUYecKue COoCTaBiAoWwmMe no3sonsaet 6onee
I'J'IY6OKO BbIACHUTb AE€Ta/In NEPETOKA 3HEPIUN MeXKAY NOCTAaBLWMKOM U NosiydaTeniem.
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MpeAnonoXmMm, YTO aHaNM3aTOpP KayecTBa MUTAHUA MNOAKAOYEH MeXKAY WMCTOMHMKOM HanpaxeHua u
NpUéMHMKOM. KaK HanpsKeHue, Tak M NUTAOWMIA TOK MOABEPratoTCA CrNeKkTpasbHOMY aHanusy c
nomolbio 6bicTporo npeobpasosBaHus dypbe (FFT), B pe3ynbTate KOTOPOro nonayyaem amnautyabl
rapMoOHMK BMecTe C X Gpa3oBbIMU CABUTAMM.

OKas3blBaeTcs, YTO 3HaHME FAPMOHUK HANPAXKEeHUA U ToKa U cagura gpa3 mexkay 3TMMM rapMOHMKaMK,
NO3BO/ISIET PACCYUTATb aKTUBHYIO MOLLIHOCTb AEMCTBYIOLMX KaXKA0N rapMOHUKN B OTAE/IbHOCTU:

Ph = Un-In-cos @Pn
roe:
Pn— akTuBHas MOLWHOCTb rAPMOHUKHA h-ro nopAaanka,;
Un- ,D,EVICTBVPOLLI,EE 3Ha4YeHME NAPMOHUKN HaNpAXKeHUA h-ro nopAaaKa;

In — pencTeylolLLEE 3HAYEHME TAPMOHMKN TOKa h -ro nopsaaKa;

(Pr—yron $asoBoro cABUra Mexay rapMoOHWKaMU HaNPsXKEHUA U TOKa h -ro nopsaaKa.
Ecan mowHOCTb Ph MMEET MONOMKUTE/NbHbIA 3HAK — 3TO O3HAYaeT, YTO AOMMUHUPYIOLMIN UCTOYHUK
SHEepPrumn 3Tol rapMOHUKM HaxoOMTCA Ha CTOPOHE MOCTaBLUMKa sHeprun. Ecam oHa oTpuuaTesnbHas, To
AOMUHUPYIOWMM UCTOYHMKOM ABAAETCA MNPUEMHMK. CneayeT OTMETUTb, YTO Henb3sA CKasaTb Ha
OCHOBAHWUW M3MEPEHHOW TaKMM 06Pa3soM aKTUBHOW MOLLHOCTM FaPMOHMK, YTO TOJIbKO OAHA M3 CTOPOH
ABNSAETCA E€OUHCTBEHHbIM MWCTOYHMKOM TAapPMOHMK, TaK KaK W3MepeHHas MOLWHOCTb fBAseTcA
pe3yNbTUPYIOLLEN 414 NOCTaBLLMKA M NoayYaTens.

Mpumep: Ecan NoCTaBLIMK reHepupyeT aKkTMBHYH MOLLHOCTb rapmoHUK Pho = 1kBT, a nonydatenb
«reHepupyeT» MOLLHOCTb 3TOM FrapMOHUK BenuumnHoit Pho = 100BT, TO pe3ynbTUpyloWas MOLLHOCTb,
M3MEepPEeHHas Ha KJIemMmMax Mexay nosyyatenem v nocraslimkom, byaet coctaBnsatb Ph = Phbo — Pho = 0,9

KBT.

B cnyyae c npuBeAEHHbIM Bbllle NPUMEPOM, Mbl UMeeM AefI0 C ABYMA OTAEeNbHbIMU UCTOYHUKAMMU
NMOTOKa 3Heprun. K cOXKaNeHuto, Ha OCHOBE 3TOr0 M3MEpPEHMA He yAacTca NpAMO YKasaTb Ha
daKTUYecKoe pacnpegeneHme.

B peanbHbiX cucTemMax, 4acto 6blBaeT [OCTAaTOMHO ONPeAenUTb AOMUHUPYHOWMA  UCTOYHMK.
CrpynnupoBaB rapMOHMYECKME COCTABAAIOLWME NONOKMUTENbHBIX 3HAKOB, NONYYMM BbIBOPKY MOLLLHOCTH,
OTBETCTBEHHYIO 3@ MOTOK 3HEPrMM OT UCTOYHWMKA K NPUEMHMKY, TO €CTb MOJE3HYI0 3Hepruio. B cBoto
oyepesb COBOKYMHOCTb FAPMOHUK C OTPULLATE/IbHBIM 3HAKOM XapaKTepuayeT Ty YacTb SHepPrum, KoTopas
He BbINOJ/IHAET NONE3HOW POSIM M KBO3BPALLAETCA» 06PaTHO B pacnpeaeUTeNbHYI0 CUCTEMY.

CyMmunpya BCE KOMMOHEHTbl FapMOHMYECKOW aKTUBHOM MOLLHOCTM, MOJYYMM aKTUBHYH MOLLHOCTb
NPMEMHMKA. Mbl BUAMM TakMM 06pa3om, YTO CYLLECTBYIOT, MO KpalHel mepe, ABa a/bTePHATUBHBbIX
MEeToAa N3MEPEHNA aKTUBHOM MOLLHOCTM.

nepBblﬁ MeTOo/  3aKN1io4YaeTCA B paculéTe cpegHunx 3HAYEHWU MITHOBEHHOW aKTUBHOM MOLHOCTH, KOTOPAaA
paccynTbiBaETCA Ha OCHOBEe cneayrouwmnx OTCYETOB HanpAaXxeHuA n TOKa:

M
1
-y
i=1
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rae Ui Aasnaetca oyepeaHbIM OTCYETOM HanpAaxeHwuAa, lingnaetcs oyepeaHbIM OTCHETOM TOKa, a M-

YMCNO OTCYETOB B OKHE M3MepeHMVI.

BTopolt meToa — 3TO CYMMMUPOBaHME OTAE/bHbIX aKTUBHbIX MOLLHOCTEM rapMOHUK, KOTOpble Nnosiyyaem
pa3noxeHnem no boicTpomy npeobpasosaHuio dypoe (FFT):

P = Z Uyl cos oy
h

5.4.2 PeakTHBHasi MOLHOCTb FTApPMOHUK

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

Qnh = Un-In-sin¢pn

3HaHMe pPeaKTUBHON MOLLHOCTM TAapMOHUK ABAAETCA LEHHOM MWHbOopMmauMenr, UCNoNb3yemon npu
pa3paboTKe KOMNEHCATOPOB PEAKTUBHOM MOLLHOCTM Ha MapannefbHblX PEAKTUBHbLIX COMPOTUBAEHUSAX.
TaKue KomneHcaTopbl COCcTOAT M3 LC-Lenoyek, HaCTPOEHHbIX Ha KOHKPETHbIE YaCTOTbl FaPMOHMUK.

3HaK OTAENbHbIX COCTABAIOLMX MOLLHOCTM FOBOPUT O XapaKTepe Harpysku AN 3TON COCTaBAAIOLWEN.
EC/Y 3HaK NONOMKUTENbHbIN, 3TO CBUAETENLCTBYET 06 UHAYKTUBHOM XapaKTepe, a eCc/iv OTpMLAaTe IbHbIN,
TO 0 EMKOCTHOM XapakTtepe.

PeakTMBHbIA TOK MCTOYHMKA MOMKHO YMEHDLLUMTb A0 HYASA MPU BbINOJHEHUW YCNOBUA ANA KaXKOOM
rapMOHMKM 2:
Bh+Bkh=0
roe:
Bh — peaKTnBHasA NpoBOAMMOCTb MPUEMHMKA AN h-OM rapMOHUKK,

Bkn— peakTUBHAA NPOBOAMMOCTb NapanaesbHOro KomneHcaTopa gna h-oit rapMoOHUKN.

MOCKONbKY C/IOXHOCTb KOMMEHCaTopa pPacTéT NPOMNOPLMOHANLHO YMCAY TAapPMOHMK, MNOAMENHKALLMX
KOMMNEHCALMK, KaKk NPaBuUI0, KOMMNEHCMPYETCA TO/IbKO OCHOBHAA COCTaBAAOWANA U He 6osee HECKONbKUX
BbICLLIMX rAPMOHNK MaKCMMaibHOM BenUnHbl. OQHAKO AarKe cama KOMMeHCaumua OCHOBHOM rapMOHUKM
MOXKET Yy¥Ke A4aTb 3HaUUTENbHOE yaydlleHne Ko3pPULIMEHTA MOLLHOCTH.

MpumeyaHue %

N.C. YapHeukuiti: , MOLWHOCTM B 3NEKTPUYECKUX ULENAX C HEeCMHYCOUOANbHbIMW TOKaMn MU
HanpsxeHuamn”, U3patenbCTBo BapluaBcKOro nosMTEXHUMYECKOro yHuMBepcuTeTa, Baplasa, 2005,
cTp.109.

L.S. Czarnecki: ,Moce w obwodach elektrycznych z niesinusoidalnymi przebiegami prgdéw i napiec¢”,
Oficyna Wydawnicza Politechniki Warszawskiej, Warszawa
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5.4.3 XapakTepHuCTHKA rapMOHUK B TPEéxda3HbIX CUCTEeMaX

FapMOHUKM onpeaeneHHOro pafga B 3-x ¢asHbIX cMCTeMax WMMEOT HeKoTopble cneunduyeckmne
0co6eHHOCTU, KOTopble NoKa3sbiBaeT Tabanua 12:

Tabnnua 12.
Pan 1 2 3 4 5 6 7 8 9
YacTota (M) 50 100 150 200 250 300 350 400 450
NocnepoBaTenbHOCTb
(+) npamas, + + +
(-) obpaTHas, B 0 B 0 h 0
(0) HyneBas

Ctpoka «locnenoBaTeNlbHOCTb» OTHOCUTCA K METoAYy CUMMETPUYUHbBIX COCTaBAAIOLWNX, KOTOPbI
NO3BOAAET Pa3NoKUTb 1060 U3 3-X BEKTOPOB HA TPU Habopa BEKTOPOB: NPsAMOI, 06paTHOM N HyeBOM
nocneposatesbHOCTM (NoapobHee B pasaene, NOCBAWEHHOMY Npobieme aCUMMETPUN).

Bocnosnb3ayemcs npumepom. MNpeanonoxmm, 4yto TpéxdasHbii aBuraTesib 3annTaH OT CUMMETPUYHOM 4-X
npoBoAHoli cetTu (To ecTb 3pPeKTUBHble 3HaAYeHMA @asHbIX HAMPAXKEHWN pPaBHbl U YI/bl MeXay
OTAENbHbIMWU OCHOBHbIMW KOMMOHEHTaMU COCTaBAAtoT no 120°).

3HaK «+» B CTPOKe, onpenenAlLlen nocneaoBaTe/ibHOCTb AN 1-rapMOHUKKM, 03HaA4YaeT HOpPMaJsibHOe
HanpasaeHMe BPaALLEHMA Basla ABuUratensa. FAPMOHUKN HanpaXeHUa, A8 KOTOPbIX 3TOT 3HaK TaKXKe «+»
NPUBOAAT K BO3HWKHOBEHWIO KPYTALLEr0 MOMEHTa COBMAaloWero C HanpaB/ieHUEM OCHOBHOM
rapmoHuKKN. FapMOHKKM psaaoB 2, 5, 8, 11 ABnAOTCA rapmoHMKamuM obpaTHOM nocnenoBaTe/ibHOCTH, TO
€CTb NPOMU3BOAAT KPYTALWMA MOMEHT, KOTOPbIA NPEenATCTBYeT HOPMA/JbHOMY HaMnpaB/IEHWUIO BPALLEHUSA
ABUraTensa, 4YTo MOMET TMPUBECTM K HaArpeBaHWIO, HEHYXXHON MoTepe 3SHEePrMM W CHUKEHWUIO
npoussoauTenbHOCTU. [locneaHen rpynnon ABNAIOTCA FAPMOHUKKW HY/1EBOM NOC/eA0BaTe/IbHOCTU, TaKne
KaK, Hanpumep, TPETbA, WecTad U AeBATaA, KOTOpble He NPOU3BOAAT HUKAKOrO KPYTALLEr0 MOMEHTA, HO
npoTeKas Nno obMoTKe ABuraTens, Bbi3blBAlOT €r0 A0MNO/IHUTENbHbIN Harpes.

Ha ocHOBaHWKM AaHHbIX Tabaulpbl NErKO MOMHO YBUAETb, YTO MOCNEAO0BaTE/NbHOCTb «+», «-», «0»
nosTopsAeTca [ANA  BCeX NOCAedylowWwmx pAgos  rapmoHuk. @dopmyny, CBA3bIBAOWLYIO  TUM
nocnenoBaTeIbHOCTU C PAAOM OYeHb NPOCT U ANA K, KOTOPbIN ABAAETCA N06bIM LEbIM YUCOM:

Tabnnua 13.
MocnepoBaTeNbHOCTb [apMOHUYECKMI pAL,
npsamasn «+» 3k+1
obpaTHas «» 3k-1
Hynesas «0» 3k

FAPMOHMKM YETHbIX pPALOB OTCYTCTBYHOT, KOr4a [AaHHbIM npouecc ABASETCA CUMMMETPUYHbBIM
OTHOCUTE/IbHO JINHWUW ero CpefHero 3Ha4YeHWsi, a TaKoe CBOMCTBO MMEIOT CUrHasbl B HO/bLUMHCTBO
CUCTEM NUTAHUA. B TUNMYHOM CUTyauMM M3MeEpPEHHblE YPOBHM FAPMOHMK YETHLIX PALOB MMENT
MUHUMaA/IbHble 3HauYeHUA. Ecn yyecTb 3TO CBOMCTBO, TO OKAXKETCA, YTO FPynnbl FAPMOHUK C CaMbIMMU
He)kenaTeNbHbIMU KayecTBamu — 370 3-1, 9-1, 15-a (HyneBas nocnegoBaTeNbHOCTL), a TakkKe 5-a, 11-1,
17-a (obpaTHas nocnenoBaTeNbHOCTD).

rapMOHMKM TOKa, KOTOpble KpaTHbl 4Yucny 3 co3gatoT AOoNoAHUTeNbHble I'IpOﬁJ'IeMbl B HEKOTOPbIX
cuctemax. B 4-x NpoBOAHbIX CUCTEMAX OHU UMEIOT OYEHb HeXKenaTeslbHYH 0CObEeHHOCTb CYMMMPOBATbCA
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B Hys1eBOM npoBoge. OKasblBaeTca, YTO B OT/IMYME OT FapMOHUK APYIrUX PAAOB, r4e CYMMa 3HAYEeHWUN
MFHOBEHHbIX (a3HbIX TOKOB KOMMEHCUMPYETCs, MPOLECcChl 3TMX FapMOHWK coBnagaloT no ¢ase, 4To
NPMBOAMUT K f,06aBAEHMIO Pa3HbIX TOKOB 3TOW COCTaBAAIOLWEN B HYIEBOM NPOBOAE. ITO MOXKET NPUBECTU
K meperpesy 3TOro NpoBoAa (B YacCTHOCTU, B pacnpenenMTeNbHbIX CUCTEMAX, B KOTOPbIX MUCMO/b30BaHO
MeHblllee ceyeHMe 3TOro npoBofa, 4Yem asoBblX, a [0 HeLaBHEro BpPeMeHW 3To ewe 6buIo
pacnpocTpaHeHHOoM nNpakTMKon). Mo 3Tol NpuYMHe, B CETAX C HEAUHEMHbIMW Harpyskamun 1 6o1bwnmu
NCKaXKEHMAMM TOKa, B HacToOsALLLEe BPEMA PEKOMEHAYETCA, YTOObI ceyeHne HerTpaibHOro Nposoaa 6bi1o
6onblue cevyeHnn pasHbIX MPOBOAOB.

B cucTtemax TMNa «TPeyrosibHUK» rapMOHUKM 3TUX PALOB OTCYTCTBYIOT B JIMHEMHBIX TOKaxX (C OroBOPKOM,
YTO peyb UAET O CUMMETPUYHBIX CUCTEMAX), B TO BPEMSA KaK OHU LIMPKYIMPYIOT B BETBAX HArpy3Ku, TakKe
BbI3bIBAA HEHYXHbIe MOTEPU MOLLHOCTW.

TaKoW XxapaKTep OTAE/IbHbIX TAPMOHMK, KaK 3TO NOKa3aHo B TabanLe, CoOXpaHAeTca C NOJIHOM TOYHOCTbIO
TONbKO B TPEX(DA3HbIX CUMMETPUYUYHbIX cUCTEMAX. TO/IbKO B TAKMX CUCTEMaX OCHOBHasA rapMoHMKa MmeeT
XapaKTep WCKAIYMUTENBHO MPAMOI NOCAefOoBaTENbHOCTU. B peanbHbIX CUCTEMAX, B KOTOPbIX €cTb
onpeaeneHHas CTeneHb aCUMMMETPUU HaMPAXKEHUA NUTaHMA M aucbasaHC Harpysku, MOsBAAIOTCA He
HyneBble COCTaBAsAlOWME 0O6paTHOM M HyneBOW nocnegoBaTeNbHOCTU. Mepol 3Tol acMMMETpUn
ABNAIOTCA TaK HasblBaemble KO3IPOUUMEHTbI HecummeTpum. M MMEHHO Wu3-3a 3TOM acMMMETPUM
OCHOBHOW rapMOHUKU, N, KOOME TOro, PasHMLbl B aMMNINTyAax M ¢asax BbICLUMX FAPMOHUK B KaxKaon u3
$a3z - 3TM TrapMOHMKM Takke OyayT MMeTb KOMMOHEHTbl MpAMON, o06paTHOM W HyneBow
nocnefoBatesibHOCTU. Yem Oonblie acummeTpus, Tem b6onble 6yayT Takke [A0AW  OCTaNbHbIX
COCTaBAAOLLMUX.

CraHpapT TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) pekomeHAayeT, 4Tobbl B aHa/nmM3aTopax ceTu
NPMMEHANCA MeToA, NOArPYNN rapMOHUYECKMX COCTAaBAAIOLLUX.

5.4.4 KoadpopunueHT rapMoHHUYeCcKUX uckaxenuu (THD)

KoadduumeHT rapmoHmnyecknx nckaxkenuit THD (aHrn. Total Harmonic Distortion) asnseTca Hanbonee
PacnpoCTPaHEHHbIM MOKa3aTeNeM WCKaXeHUA CcurHanoB. Ha npakTMKe ucnonb3yloTca  Ase
Pa3HOBMAHOCTM 3TOr0 KoaboduumeHTa:

e  THDF - K03 dULMEHT rapMOHUYECKUX UCKAMKEHWUIN, OTHOCUTE/IBHO OCHOBHOM FAPMOHUKM CUTHANA
(ot aHra. fundamental),

e THDR - KO3OPUUMEHT FapPMOHMYECKMX WCKaXKEHWUA OTHOCUTENIbHO CpeAHEeKBaApPaTUYHOrO
3HavyeHus (RMS) curHana.

B o60oux cnyyaax THD nsmepsietca B npoueHTax. HuKe npuBeaeHbl onpeaeneHus:

/ h=2 AR / h=2Ah
S x 100% THDp = ~——

1 ARums
roe: Ah — aelicTBytolLLee 3HaYeHMe rapmoHuKmM h-ro paga;

THDy = X 100%

Al1- AGVICTBVIOLLI,GG 3HayeHne OCHOBHOM rapMOHUKU;
ARMS — AeﬁCTBy}OMEG 3Ha4YeHune CurHana.

OrpaHu4yeHne Yncna rapMOHMK, yunTbiBaemblX Npu pacyete THD, UMeeT YCIOBHbI XapaKTep U CBA3AHO,
npexae BCero, C OrPaHWYEHUSAMU U3MEPUTEIbHOTO YCTPOMCTBA. OCKOMbKY aHanuM3aTop no3BosseT
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M3MepATb rAPMOHUKK A0 50-ro nopaaka, npu pacyéte THD yuutbiBatoTca rapmoHukm 50-ro nam 40-ro
nopsaka.

CnepyeT umeTb B BUAY, YTO ABa YNOMAHYTbIX onpeseneHuns byayT AaBaTb 3HAYMTENIbHO OT/IMYatoWwMecs
Apyr OT apyra 3Ha4YeHUA NPU CUAbHO UCKaXKeHHbIX curHanax. THDR He moxkeT npesbiwatb 100%, a THDF
TAKOro npezesna He MMeeT U MOXKET NMPUHUMATbL 3HaveHus, aaxe 200% n 6onee. TakoW cayyvant MoxKeT
Habn[aTbcA NpUM  U3MEPEHUM 3HAYUTENBHO WCKAXKEHHOro TOKa. [apMOHMYECKME UCKaKeHuA
HanpsXXeHs, Kak NPaBMo, He MPEeBbIWAtOT HECKOJIbKUX NpoueHToB (Kak THDF, Tak n THDR).

5.4.5 KosdpPpuuuent K

KoadduumeHt K, TakkKe HasbiBaemblit KoadduumeHTom notepb B TpaHchopmaTope (K-dpaKktop) — ato
BE/IMYMHA, KOTOPAA WMCNoOAb3yeTca MNpu onpeaeneHnn TpeboBaHWit K TpaHchOpmaTopam MUTAHUA.
BbiClIME rapMOHUKN B TOKE NPUBOAUT K YBENIMYEHUIO TEMNOBbLIX NOTEPb B OBMOTKAX U METaN/IUYECKMX
anemeHTax TpaHchopmaTopa. [N1aBHOM NPUUMHON ABNAIOTCA BUXPEBblE TOKM, TeHepupyemble
COCTaB/IAOLWMMM TOKA Ha Hoslee BbICOKMX YAacTOTaX, @ TAKKe CKUH-IODEKT.

MoBbllueHWe TemnepaTypbl TpaHchopmatopa MPAMO  MNPOMOPLMOHANbHO  KBagpaTy 4acToTbl
COCTaB/AOLWMX TOKA, MO3TOMY Be/IMYMHA HasbiBaeTcss Ko3dPULMEHTOM NoTepb B TpaHchopmaTope nam
MHaye KoadoduumeHTOM K, yumTbiBas 3TOT (aAKT, OH paccyMTbIBAeTCa Mo craeaylowen dopmyne:

50 50 122

KFactor = E 13.h? = %
I
h=1 1

roe: lhr — oTHocUTeNbHOE 3HauYeHMe FapMOHMK ToKa h-ro psga (Mo OTHOWEHU K OCHOBHOM
rapMoHuKe);
Ih —amnauTyaa rapMmoHuKKM Toka h-ro paga;
[1 —amnauTyZa OCHOBHOM COCTaBAAIOLLEN TOKa;
h — rapmoHuueckuii paga,

3TOT napameTp NpPUAAET ropasao 60/bWWiA BeC BbICWIMM FapMOHMKAM, YeM HU3LWMM — Kaxkgan
rapMoHMKa YMHOXaeTca Ha KBaapaT ee paja.

KoadodumumeHT K noneseH npu onpeaeneHun TpebosBaHWIi K TpaHCPopmaTopam, KOTOpPble AOMMKHbI
paboTaTb B YCAOBMAX 3HAUMTENbHbIX WCKaXKeHW Toka. [peanonaraetca, 4to TpaHcdopmaTop,
paboTatowmii B yCAOBUAX, ONA KOTOpbIX KoadduumeHT K coctaBnseT x, byaeT reHepuposaTb B X pas
60/ble TeNa, Yem B CUTYaLLMM YUCTO CUHYCOMAANbHOTO ToKa (K = 1).

5.5 HHTeprapMoHUKH

MNHTEPrapmMoHMKM — 3TO TaKMe COCTaBMAIOLIME YACTOTHOrO CMEKTpa HaMnpsaKeHWa WaM TOoKa, YacToTa
KOTOpbIX He 6yaeT KpaTHOM OCHOBHOM 4YactoTe cetm (50 mam 60 Tu). MpUYMHON BO3HWMKHOBEHWA
WMHTEPrapMOHMK MOFYT 6bITb, B YAaCTHOCTU, HECUHXPOHHbIE M NepexoAHble NPOLLeCcChbl, CONyTCTBYOLWME
NOAK/OYEeHUAM, Npeobpa3oBaTeNnM YacToTbl, KOTOpble CO3ZAIOT BbIXOLHYIO YacTOTy OT/IMYHYIO OT
YyacToTbl NUTaloWei cety, AobaBaAa B CUCTEMY CMEKTpasibHble MHTePrapMoOHUYECKME COCTaBAAoLWME,
[AyroBble NeynM U MHAYKUMOHHbIE ABUraTeNn, a TakKe NPUBOAbl C NepemMeHHOl Harpyskoi. CurHanbl
yrpaB/ieHWs, TO eCTb CWUrHajbl CTPOrO ONpeAen&HHON YacToTbl, KOTOpble FeHepupyloTca B Lensax
ynpaB/ieHna M NonagaloT B 3/1EKTPOCETU, TaKXKe CledyeT paccmMaTpuBaTb KaK WMHTeprapmMoHWYecKue
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cocTaaaowme. MHTEPrapmoHMKM C 4acTOTOM, MeHblleld OCHOBHOM 4acTOTbl CEeTW, Ha3blBalOTCA
Cy6rapmMoHumKM.

3ddeKTbl NPUCYTCTBUA MHTEPrapMOHUK MOTYT ObITb Cheaytowme:

e POCT notepb B MeXaHUYECKUX ABUraTeniAx, MOBblEHWEe TemnepaTtypbl; B YaCTHOCTW, BpedHbl
CybrapMoHMKM, MOCKO/IbKY NOTEPU MOLLHOCTM BO3PACTAOT C yMEHbLUEHMEM YacTOTbl;

e MepuaHue cBeTa; B 3TOM C/lyyae TaKXe OCOBEHHO HenpuaTHbl cybrapmMoHuKW. Hanpumep,
cybrapmoHuKa c yactoToi 8,8l NPMBOANUT K MOAYNALMM HAMNPAMKEHUA CeTU B AManasoHe, B
KOTOPOM Ye/I0BEYECKUIA 1133 Hanboiee YyBCTBUTE/IEH K 3TOMY ABJIEHUIO;

e HW3KOYaCTOTHblE KOlebaHUA B MEXAHUYECKUX CUCTEMAX;

e [lomexu B paboTe cucTem ynpasneHusa n 6esonacHoCcTy;

o [lomexu B TEIEKOMMYHUKaAUMAX U aKyCTUYECKME;

e MarHuMTHOEe HacblleHMe cepaeyYHUKa oT cybrapmoHuK (TpaHcpopmaTopsbl, 31eKTpoABUraTeNnn u
T.A.).

B3amogencteme BbICWIMX FAPMOHUK M MHTEPrapMOHMK TAKXKe MOXKET NPUBECTU K HeXenaTesbHbIM
ABNEHUAM, TaKMM KaK BMeHMs Ha HU3KMX 4YacToTax. Hanpumep, 9-1 rapmoHuka (450Mu) Bmecte c
WHTEPrapMoHMKOM 4YactoTbl 460U NpuBOAUT K BO3HUKHOBEHUIO 3ddekTa bumeHuma dactoton 100y,
HECMOTPSA Ha TO, YTO B YaCTOTHOM CMEKTPEe HET COCTABAAIOLWEN 3TON YacToTbl. YesoBEYECKMI 1133 OYEHb
YyBCTBMTE/IEH B 3TOM [AManasoHe W TaKoe B3auMOAeNCTBME MNPUBOAUT K 3HAUMTENbHOMY 3PdeKTy
mepuaHua cseta. ®opma HanpsskeHua 230B/50ly, B 3TOM CUTyauuM NokasaHa Ha Puc. 45.0wwnbKal
MCTOUHMK CCbUIKU He HaliaeH. (ycTaHoBAEeH ropa3fo 60/bliuniA YPOBEHb NHTEPrapMOHUKKN Yem 06bIYHO,
yTOObI MOKa3aTb 3GDEKT Ha PUCYHKE).
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Puc. 45. 3¢ dekT B3aumoaenctama 9-i rapmoHukm (450lu, 10% Unom) 1 nHTeprapmoHukn 460rL,
(10% Unom). Buanmble nameHeHusa ¢bopmbl HanpsxkeHna ¢ YactoTon 100, KoTopble MOryT cO34aTb
addekT mepuanma ceeta (Unom = 230B RMS, 50Tw).

5.5.1 KoaddunueHT uHTEeprapMoHndecKux uckaxxeuui (TID)

Obwweit Mepolt NPUCYTCTBUS UHTEPrapMOHWMK B CUTHaNe ABAAETCA KO3OPUUMEHT coaepiKaHus
WHTEPrapMOHMK, KOTOPbIV ONpeaenseTca Kak:

no A2
ih=0“"ih
TIDp = =————x100%

1
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?h=0Alzh
TIDp = —x 100%
ARus
roe: TIDe — K03dPUUMEHT coaep’KaHMA MHTEPrapMOHMK MO OTHOLIEHUID K OCHOBHOM

COCTaBAAOLLLEN,
TIDg - KO3POULMEHT COAEPHKAHNA NHTEPrAPMOHMK MO OTHOLUEHMIO K AEMCTBYOLWEMY 3HAYEHUIO
RMS,
Ain — BeNCTBYIOLLEE 3HAYEHME MHTEPTAPMOHMKM ih-ro paga (noarpynnbl MHTEPrAPMOHMK),
A; — pelictBylollee 3Ha4YeHNe OCHOBHOM COCTaBAAIOLLEN,
Arvis — A€UCTBYIOLLEE 3HAYeHNe CUTHanNa,
n — B cnyyae ¢ PQM-702(T) u PQM-703 pagHo 50.

TID ABNAETCA OTHOLIEHUEM AENCTBYIOLLErO 3HAYEHUA BCEX MHTEPrapMOHUK K OCHOBHOW COCTaBASAIOLLEM
(anna TIDg) nnn k pencteytowemy 3HayeHuto RMS (gns TIDg).

Mpuemnembiii ypoBEHb MOMEX WMHTEPrapMOHWK B HANpPAXEHUMM — 3TO BOMPOC AUCKYCCUI B Kpyrax,
CBA3AHHbIX C KayecTBOM 3/IEKTPO3Heprnu. HeKoTopble WMCTOUYHWMKWM YTBEPMKAAKT, UYTO CyMMapHbIi
K03pPULUMEHT MHTEPrapMOHUUYECKNX UCKAXKEHUI MO HANPSAXKEHMIO HEe A0KeEH npeBbliwaTh 0,2%.

5.6 CurHasibl ynpaBjeHUs

Ynpasaawowmmmn curHanamm (aHrn. mains signalling) Ha3blBalOTCA CUrHaNbl, KOTOpble BBOAATCA B
3NIeKTPUYECKYI0 UeNb ANA  AUCTAaHUMOHHOTO YMNpPaBAEHMA M KOHTPOAA Hah YCTpoKcTBamMu,
NOAK/MIOYEHHBIMM K TOW Xe ceTu. Takum o6pas3om, pacnpesenuTtenbHasa CeTb Kpome nepesayu
3/IEKTPOIHEPTMN, B AAHHOM CJlyd4ae WMCNONb3YETCA B KayecTBe cpeabl nepesaun ANna CBA3M Mexay
ycTponcTeamu. PasnmyaroT Tpu TMNa CUrHanos:

e  CurHanbl HM3KOM YactoTbl oT 110 go 3000lu, Ha3biBaemble NO-aHIUNCKK ripple control signals
(mocnoBHO: NynbcUpytowme yNpaBasioLIMe CUTHasbI);

e CurHanbl, UCNONBL3YIOWNX HECYLLYIO YacToTy, aHrn. Power Line Carrier Communication, PLCC,
AManasoH 4actoT oT 3 o 148,5kMNy;

e MapKepHble curHanol (aHrn. marking signals), KOpPOTKME TPaH3WEHTbl, Ha/IOXEeHHble B
onpefenHHOM TOYKE Ha CUTHAN HaNpPAXKeHUs.

MocKoNbKy BBeAEHME TaKMX CUTHAJIOB B CETb 3/IEKTPOMUTAHUA MOXKET MMETb HeraTMsBHble NOCAeACcTBUA
015 HEKOTOPbIX YCTPOMCTB, NOA0OHO BAMAHUIO, KOTOPOE OKa3blBAOT FAPMOHMKN UAU UHTEPTaPMOHUKM,
To NOCT 32144-2013 ycTaHaBAMBAET AMMMUTbI Ha 3-X CEKYHAHbIE CpeaHue 3HAYEeHNA ANA TaKUX CUTHANOB,
KaK MOKasaHO Ha Puc. . 3a Bpems uamepeHus, 99% cpedHUX 3-X CEKYHAHbIX 3HAYEHWI CUrHaNoB
ynpaBaeHna JONKHbI 6bITb HUXKEYKa3aHHOMO IMMMITA.

CurHanbl HM3KOM YacToThl (80 3KIL) MCNONB3YIOTCA /1A BKAOYEHUA U BbIKJOYEHUA HArpy3Kku, GUNbLTPOB,
ycTpoiictB 6e3onacHocTM. OAHUM U3 MPUMEHEHMUI ABAAETCA YNpaBAeHMEe YAWYHbIM OCBELLEHMEM UAU
ANCTaHUMOHHOE YNnpaB/iieHNe OTOMMTE/IbHbIMM YCTPOMCTBAMM M KOHAWULMOHEPAMW, UCMONb3yemMoe B
HEKOTOPbIX CTpaHax. YacTo CUrHaibl 3TOro TMMA MUCMONbL3YIOTCA MPU 0BCYKMBAHUU KANEHTOB C ABYMSA
Tapudamu (Hanpumep, npu 6onee AeWEBOM HOYHOM Tapude MNOCTABLUIMK SHEPrMM aBTOMATMUYECKU
OTKAIOYaEeT onpegeneHHyo Harpysky). 3ToT TMN cBA3M 0ObIYHO OA4HOHAMNpPaB/EHHbIN. M3-3a xapaKTepa
3aTyxaHWA B pacnpenenuTesibHOM CeTH, KOTOpoe YBESMYMBAETCA C POCTOM YacTOTbl, CBA3b MO 3TOMY
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MeToAy No3BO/AET NOJYYUTb 60bLUIYIO Aa/IbHOCTM Nepesayun (aaxe Ha COTHU KnnomeTpos). B npouecce
nepefayn ynpasAsloOWMIA CUTHAA OTNPABAAETCA HECKO/NIbKMMM NakeTamMn M NOBTOPAETCA 4epes
onpepenéHHoe Bpemsa. Camo Bpems, B TeYEHME KOTOPOrO CUrHa/A aKTUBEH, MOXKET bObiTb O4YeHb
NPOAOIKUTENbHBIM, HANPUMEpP, 2 CEKYHAbl CUTHaN BK/OYEH, 2 CEKYHAObI — BbIK/IOYEH U HECKOJ/IbKO pas3
NoBTOPATLCA. M3BECTHbI CNyYyan, Korda Takoli TN nepesayy NpuBOAMA K MOSBAEHUIO HeXenaTe/lbHOro
addeKTa mepuaHua ceeTa. Npumep nepeaayun curHana Takoro TMna NokasaH na Puc. 46.

AApnnuTyLa
CHMHENE YNPSENeHKA
- = T2=2C
— i il L _ »
T1=1c Brensa
1 MHHYTE
1 wac

Puc. 46. Mpumep nepesaym ynpasastoLLErO CUTHAA HU3KOM YacToThbI.

Bonee BbICOKME 4acTOTbl Mepeauyn (cnefoBaTenbHO, TaKkKe 6oJsiee BbICOKME CKOPOCTM nepenayn)
asnAoTca obnactbto cBasn TmMna PLCC. 3TOT TMN CBA3M MCNO/b3yeT aMMAUTYAHYHO WAWM 4YacTOTHYIO
MOAYNALUMIO Hecywel (BO3MOXKHO, M ApyrMe MeToabl mMoaynsauuun). B coBpeMeHHbIX MeTogax
NMPUMEHAIOTCA  C/IOXKHbIE  afiropuTMbl  06paboTKM  curHanos, ANsA  NoOJiydeHuMsa  Haubosbluel
NOMEXOYyCTOMUYMBOCTM M CKOPOCTM Nepedaum faHHbix. Mepegaya curHana tvna PLCC Bce Bpems
npruobpeTaeT NonynsapHOCTb, yBeNMYMBanA 061acTb CBOEro npumeHeHus. CBA3b MeXKAy TOYKaMMU CeTU
MOXKeT b6bITb ABYCTOPOHHEN. KoHLenuma nHTennekTyanbHon cetu, T.H. smart grid, WMpoKo ncnonb3yet
PLCC, KoTopan ABASeTCA OOHUM M3 OCHOBHbIX METOAOB CBA3U MENKAY CYETUMKAMM INEKTPOIHEPTUN U
KOOPAMHAUMOHHBIM LEeHTPoM. OCHOBHble 06/1aCTU MPUMEHEHUSs — 3TO TeNemeTpus, ONTUMM3aLUN
notpebneHns  3N1EKTPOSHEPTUM,  OUCTAHUMOHHOE  ynpaB/ieHMe  HarpyskoW.  3aTyxaHue B
pacnpeaennTenbHOM CeTM OrpaHMYMBAET MAKCMMasbHYKO [anbHOCTb nNepedadn. MaKcumanbHas
OANbHOCTb MOXET COCTaB/ATb HECKO/bKO KWU/IOMETPOB, MPUYEM CyLLECTBYET CUAbHAA 3aBMCMMOCTb
MEXAY TUMOM MOALYNALMMU, CKOPOCTbIO Nepeayn AaHHbIX U 4OCTUrAaeMON AaNbHOCTbIO.

OaHoBpemMeHHO BeayTcA PaboTbl MO CTAaHAAPTM3AUMKM MCMONb30BaHWA Gosiee BbICOKMX AMana3oHOB
yactoT (cBblwe 148,5kMy M A0 HECKONbKUX aecaTkoB MIU) Ana nepefayn AaHHbIX Ha KOPOTKMe
ANCTaHLMW.

B ceTAX CO 3HAUYUTENbHbIM COAEPKAHMEM FAPMOHUK, TAe ONA CHUXKEHMA YPOBHA NMOMEX NMPUMEHALOTCA
[OonoNHUTeNbHble GUABLTPbLI, BCNEACTBUE MX WMCNO/b30BAaHMA MOMKET BO3HMKHYTb AO0MOJIHUTENIbHOE
3aTyxaHue B AManasoHe YacToT, UCMOIb3yeMbIX ANA HYXKA curHanmnsaumn. Kak Haanume GuUabTpoB, Tak U
BbICOKMI YPOBEHb FAPMOHUYECKUX N UHTEPrapMOHUYECKUX WUCKAXKEHUM, 3HAUYUTENIbHO OrpaHU4YMBatoT
BO3MOXHOCTb 3QDEKTUBHOrO MCNONb30BaHMA pPacnpesennTesibHoM CeTU ANA CBA3M HU3KOYACTOTHbIM
metogom maum PLCC.
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10 ¥ROEEHE HANPAKEHMA B NPOLEHTSX

1

0.1 1 10 YacTtoTa (kMu) 100

Puc. 47. lonycTmMble ypOBHU yNpaBAAOLWLMX CUTHANO0B.

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) paéTt cneaylowMii MeTol W3MEPEHMA CUTHanoB
ynpasieHua:

e Ecnm vactota curHana ynpassieHua KpaTHa 50, (TO ecTb, coBMagaeT C BbIXOAHOW MOOCKOM
YaCTOTHOro aHanu3a no bbicTporo nNpeobpasoBaHuA Pypbe), Toraa ciedyeT yuymuTbiBaTb TONbKO
OZHY 3Ty NOJIOCKY U ee AeNCTBYIOLLEE 3HAYEHME;

e EC/M yacToTa CMrHana ynpaBAeHUA He KpaTHa 5u, To paccunTbiBAOTCA AENCTBYHOWME 3HAYEHMA
YyeTbIpEX NOJI0COK Mo bbicTpoMy NpeobpasoBaHuto Pypbe, Hanbonee 6AN3KUX 3TOM YacToTe.

5.7 AcuMMeTpus

ACMMMETpMﬂ ABNIAETCA NOHATUEM, CBA3AHHbIM C Tpex¢a3HblMM CETAMU, N MOXKET OTHOCUTLCA K:

o ACMMMETPUM HaNPAKEHWU NUTaHUS;
o  ACMMMETPUM TOKOB Harpysku;

e AcummeTpuun NpuEmHMKa.

ACMMMETPUA HanpsKeHUn (TOKoB) npoucxoauT B TpPExdasHbIX CceTAX, Korga 3HayeHua TpEéx
COCTaBAOWMX HAMPAXKEHUN (TOKOB) pasnuualoTca mexkay coboi U/Mam yrabl Meay OTAe/NbHbIMU
¢dasamm oTamyatoTes ot 120°.

ACMMMETPUA NPUEMHMKa BO3HWKAEeT TOrAa, Korga MMMeAaHcbl B OTAE/bHbIX BETBAX MPUEMHMKA He
paBHbl Mexay coboir.

3T aBneHuMAa ocobeHHO BpeaHbl AAA TpEéxdasHbiX ABUraTeneil, B KOTOPbIX nfaxke Hebonblias
aCUMMETPUA HaMNPAKEHUA MOXKET MPMBECTM K MHOFOKpaTHO 6o0nblueil acMMMETPUM TOKOB. B TaKkmx
YCNOBUAX KPYTALWMMN MOMEHT ABUraTeNs YMEHbLUAETCA, U MOABAAIOTCA YBE/MYEHHblIE NOTEpU Tensaa B
0OMOTKax W MEexaHWYeCKMin U3HOC. ACMMMETpPUSA TaKXKe HeraTMBHO OTPArKaeTca Ha  CUJI0BbIX
TpaHcdhopmaTopax.

Hanbonee paCI'IpOCTpaHéHHbIM MCTOYHMKOM aCUMMETPUN ABNAETCA HEPABHOMEPHOCTb HaArpysku
OTAENbHbIX cbas. Xopowmrm Npumepom ABAAETCA NOAKNOYEHNE K CeTU TpéX¢a3HOFO nepemeHHOro ToKka

OLI,HO¢33HbIX HArpy3okK, Taknx, Kak Xene3Ho40pPOKHble TAroBble ABUTaTENN.
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AHanun3aTop MO3BOMAET U3MEPATb aCUMMETPUM HANPAXKEHUN M TOKOB METOAOM CUMMETPUYHbIX
COCTaBAAOWMX. ITOT METOA, OCHOBaH Ha NPeAno/IoXKEeHWMM, UYTO Kaxkabli Habop B cocTaBe TPEX
HeypaBHOBELLEHHbIX BEKTOPOB, MOXHO Pa3/IoKWUTb Ha CYMMY TpPeX rpynn BEKTOPOB: NPAMON, 06paTHOM
W HyNeBOM NocieA0BaTe/IbHOCTY.
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Puc. 48. Mpumep onpeaeneHns CMMMETPUYHOM COCTaBAAIOLLEN NPAMOI NOCAeA0BaTENbHOCTH.

B KayectBe npumepa npeacTaBAeH Cnocob pacyéTa HanpAXKeHUsA COCTaBAAloWEh npAMOW
nocnefoBaTeIbHOCTU. Mo onpeaeneHnio:

+ 1 2
u =§(Q1A+QQ13+61 Qw)
roe: U*— ABNAETCA BEKTOPOM NPAMOI NOCNeA0BaTeNbHOCTH,

Uia, U1s, U1ic sBnAoTCA BEKTOPamM OCHOBHbIX cocTaBastowmx ¢hasHbix HanpsakeHuit Ua, Us, Uc,
e 1 V3. o A()° 1 3.

a=1e/?" =—-+7j a? = 1e/2% = — - — =]
Ha puc. 48 npeacrasneH rpaduyeckuii cnocob onpeneneHus 3ToM cocTasastowein. Kak BuaHo u3
OAHHOTO onpefenieHnsa, BEKTOP COOTBETCTBYIOLLEN COCTaBAAIOWEN paBeH O[HOMW TPEeTU CyMMmbl
komnoHeHTos:_Uia, aUis, a2Uic. MapameTp a n a2 — 310 eAMHUYHbIE BEKTOPbI C yrnamu 120° n 240°.
Mpoueaypa, cneayrolwan: BeKTOp HanpsxeHua UiB HYy»XHO NOBepHYTb Ha yron 120° npoTuMB 4YacoBoi
CTPEeNKM (YMHOXKeHMe Ha «a») u fobasuTb K BekTopy Uia. 3aTem BekTop UiC HYKHO NOBEPHYTb Ha Yron
240° n pobaBuTb K Npeablaoylen cymme BeKTOpoB. B pesynbtate nonyumtca Bektop 3U*. Bektop U*
ABNAETCA MCKOMOW CMMMETPUYHOM COCTaBAAloLWEeA Npsmoli nocnegosaTenbHocTU. OTMETMM, YTO B
cny4yae wpeanbHOM  CUMMETPUM  (paBHble  HaNPAXeHWA W yrabl)  cocTaBisdlowMe MNpAMONA
nocnefoBaTe/IbHOCTU ByAyT paBHbl MO BeNMYMHE Pa3HbIM HANPAKEHUAM.

AHanorMyHo, obpaTHas COCTaBAAIOLLAA ABASETCA Mepol Nofobmus cummeTpuyHoro Habopa TpéxdasHbIx
BEKTOPOB 06paTHOM Nociea0BaTeNbHOCTH.

HyneBas nocnefoBaTe/ibHOCTb CYLLECTBYET B CUCTEMAX, B KOTOPbIX CyMMa TPEX HanpsKeHuih (Mam
TOKOB) He paBHa Hy/o.

LLIMPOKO MCMONb3yeMOl B SHEPreTMKe BEMYMHAMMU, XapaKTePU3YIOLLMMN aCUMMETPULIO CETU, ABNAIOTCA
K03dPULMEHTbI HeCMMMETPUM Mo 0b6paTHOM W HyneBoM nocnepoBaTesibHOCTU (popmynbl  gnn
HanpAXeHus):

U, U
u0=_0'100% u2=—2'100%
Uy Uy
roe: Uo — KO3¢¢MLI,M€HT HeCMMMeTpPUun no Hy/'IEBOI‘a nocnenoBaTe/IbHOCTH,
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U; — KO3 DUUMEHT HECUMMETPUM N0 06pPATHOM NOCNea0BaTENbHOCTY;
Uo — Hy/1leBas cMMMeTPUYHas CocTaBAsAoWwas;
U; — npAman cMMMeTpPUYHas cocTaBasAoWwas;

Us - 06paTHaF| CMMMETPUYHAA COCTaBaAlOLW,aA.

Hanbonee yaobHbIM meTod, ANsA pacyeTa CUMMETPUYECKUX COCTaBAAKWMX UM KoaddMuueHToB
HECMMMETPUM — 3TO WCMONb30BAHWE B PaACYETAX KOMMNEKCHbIX 4uucen. lapameTpamu BEKTOPOB
ABNAIOTCA aMNANTy4a OCHOBHOM FapMOHUKWU Hanpsa)KeHusa (Toka) U ee abCoONIOTHLINA yron ¢asosBoro
caBura. Oba aTn 3HaYeHMA Noy4atoTca U3 boicTporo npeobpasosanua dPypbe (FFT).

5.8 [IIpoBasibl, nepeHanpsKeHUs U IPePbIBAHUS HANIPSHKEHUS

MpoBanbl, NepeHanpAXeHNs 1 NpepbIBaHUA HaNpsXKeHUA ABNAIOTCA HapyLUEeHUAMW B CETU, B TeYeHue
KOTOPbIX AeicTBylolee 3Ha4YeHNe HaNPsAXKeHUA 3HaYUMTEeIbHO OTINYAETCA OT HOMMHA/IbHOMO 3HaYeHus.
Kaxagoe n3 3TUX TPEX COCTOAHMA MOXKeT OblTb OOHapyXeHO aHa/M3aToOPOM MOoCNe BKAKOYEHUS
0o6Hapy*KeHna cobbITUIA U onpeaeneHns Noib3oBaTesIeM 3HaYeHMA NOPOros.

MpoBan HanMpsAXeHMs — 3TO COCTOAHWME, B KOTOPOM AENCTBYIOLLEE 3HAYEHWME HaMPAMKEHUA HUXKe
3aflaHHOro nopora nposana. OCHOBOM M3MepeHUs NpoBasa ABAAETCA 3HayeHWe URMS(1/2) , TO ecTb
AelCTByloLLee 3HaYeHMe, Nepuoanyeckm obHoOBAAEMOE KaxKayio NOMOBMHY Nepuoaa.

OnpeaeneHune nposana (FTOCT 30804.4.30-2013): npoBan HanNps*KeHMA HaUMHAETCA B TOT MOMEHT, KOraa
HanpaxeHne URMS(1/2), yMEHBLIMTCA HU}KE MOPOroBOro 3Ha4yeHWMA NpoBana, M 3aKaH4MBaeTcA B TOT
MOMEHT, KOrga 3HavyeHue HanpaKeHuAa URMS(1/2) CTAHET pPaBHbIM WM MPEBbICUT MOPOr MNpoBana ¢
rMCTEPE3NCOM HaNPAXKEHNA.

Kak npaBuno, nopor nposana ycTaHaBAuBatoT, Ha ypoBHe 90% Unom. Bo BpemA npoBasia aHanAu3atop
3aMMCbiBaeT MUHUMaA/IbHOE 33aPErMCTPUMPOBAHHOE 3HAYEHME HaNpsAXKeHWa (3Ta Be/IMYMHA HasblBaeTcA
OCTaTOYHbIM HanpskeHnem Ures U ABNAETCA OAHMM W3 NApPaMETPOB, XapaKTepusylolmx Nposan) u
cpefiHee 3HavYeHne HanpaxeHus.

MpepbiBaHWE NUTAaHMA — 3TO COCTOAHME, B KOTOPOM HanpaxeHne URMS(1/2) HUXKe YyCTaHOBAEHHOro nopora
npepbiBaHMA. Kak NpaBuio, NOpor NpepbiBaHWA YCTaHAB/IMBAETCA 3HAUNTE/IbHO HUXKE Nopora NpoBana,
Ha ypoBHe 0Kono 1...10% Unom.

I'IpepblsaHMe Ha4YMHaeTCA B TOT MOMEHT, KOraa HanpaxeHue URMS(1/2) YMEHbBLUNTCA HUXKe Noporosoro
3Ha4YeHMA NpepbIBaHNA U 3aKaHUMBAETCA B TOT MOMEHT, KOraa 3HadyeHne HanpaxeHuna URMS(1/2) cTaHeT

PaBHbIM N NPEBLICUT NOPOT NpepbiBaHNA C TUCTEPE3INCOM HaNpAXKeHUA.

Bo Bpema npepbiBaHMA aHANM3ATOP COXPAHAET MMHUMAJSIbHOE 3aperncTpupoBaHHOE 3Ha4vyeHue
HanpAXxXeHunAa n cpegHee 3Ha4eHne HanpAaxeHua.
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OefCTEYHWEe SHAYEHME
HEMPAKEHMA 38 (RMS, )
nomyrneprog & ‘

MAKCHMSNEHDE IHSYEHME
MNepeHanpakeHKa

Nopor NepedHanpaseHna

mcTepesms

HOMMHSNEHOES JHAYEHWE HANPR AEHM A

npoEan

mcTepesme |
NOpar MRoEans

NREpk B aH1E

mcTepesic |

Nopor NPepelEEHMA

MWHWMSNEHDE ZHAYEHKWE
NPOE&NS W NPERBIESHK A

Puc. 49. MNepeHanpsaxKeHWs, NPOBasbl U NPepbiBaHUA HaNPAXKEHU .

MepeHanpAxeHne — 3TO COCTOAHWE MOBbLIWEHHOrO 3Ha4YeHWA HanparKeHuA. MNopor HanpAaXKeHua, Kak
npaBu/o, yCTaHaBMBAETCA Ha ypoBHe, 6in3kom K 110% Unom.

MpeBbllleHMe HaNPAXKEHUS HAYMHAETCA B TOT MOMEHT, KOrAa HanpaxeHne URMS(1/2) NpeBbICUT 3HaYeHne
nopora nepeHanpsyKeHus, a 3akaHYMBAETCA B TOT MOMEHT, Koraa 3HavyeHue HanpaxeHusa URMS(1/2)
CTaHEeT PaBHbIM U/ MEHbLLE Nopora NepeHanpaAXeHMa YMEHbLIEHHOTO Ha T’MCTepPes3nc HanpaXeHus.

Bo Bpems nepeHanpaxeHus aHanM3aTop COXpaHAEeT MaKCMManbHOE 3aperncTpupoBaHHoe

3HaAYeHMe HaNpAMKEeHUA, a TaKKe CpeaHee 3HAYEeHNE HaMNPAKEHUs.

3HauyeHMe rucTepesnca AAA 3TUX TPEX COCTOAHWUIM TO Ke CaMOe W BbIPaXkaeTcsa, KaK yCTaHOBJEHHOe
No/ib30BaTe/IeM 3HauyeHuWe B MPOLEHTAXx OT HOMWHA/JbHOrO Hanps:KeHua (napameTtp [ucrepesuc
obHapyKeHuA cobbiTuiA).

AHanusatop GpMKCUPYET BPEMA Hayana M OKOHYaHUA CoObbITUA (C TOYHOCTLIO A0 NOJIOBUHbI Neproaa).

MunHnMmanbHaa NPOAOIKUTENBHOCTb cobbITuA nposana, npepbiBaHNA U nNepeHanpAxXeHnAa COCTaBaAET
nonoBuHy nepnoga.
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Puc. 50. OnpegeneHne 3Ha4yeHnA URMS(1/2).

3HaueHuns URrRMS(1/2) onpeaensotca B TedeHue 1 nepuoga B MOMEHT nepexoaa yepes Ho/ib OCHOBHOW
rapMOHUKN HanpAXeHUs U OBHOBAAIOTCA KaKAable noanepuoaa He3aBUCUMO [/1A KaxKAoro KaHana
HanpsaXeHUs. 9To 03HAYaEeT, YTO 3TN 3HAYEHMA BblIM NOTYYEHbI B pa3HOe BPeMSA 418 Pa3HbIX KaHaNoB.
Puc. 50 mantoctpupyeT meTtos onpeaeneHua 3HadeHna RMS1/2 Ha npumepe AByx da3 HanpAMKeHus.
MHPopmauma o nepexode uYepe3 HOJMb OCHOBHOM TFapMOHMKM TMoJiydeHa NyTém  HbIicTporo
npeobpasoBaHuma dypbe (FFT).

5.9 TpaH3HEeHTbI U CKaYKHU HaNPsKEeHUs

TpaH3MeHTbl — 3TO HexKenaTesbHble BbICTPble U KPaTKOBPEMEHHbIE NOMEXM B 3/1IeKTpUYECKoi ceTu. Ux
COMPOBOXKAAET PE3KOE U3MEHEHME HAMPAXKEHUA U CU/bl TOKA. [NTENbHOCTL MOMEXW, KaK MpaBwuio,
COCTaBAAET OT HECKOJIbKMX HAHOCEKYHA, A0 HECKO/IbKUX MWANUCEKYHA. YacTo Ana HUX UCMONb3YT
TEPMUHbI, TaKMe KaK BCMNECKM, MUKM HanpAKeHua, BPOCKM, MMNyYabCbl, KonebaHna, ogHaKo BCe 3TO
ynpouwatoume onpegeneHvs. TpaH3UEHT XapaKTePU3YET UCKAXKEHME CUTHAMA BO BPEMEHHOM 061acTu 1
BKAIOYaeT B cebs CMbICA BCEX MEPEeYMUCNEHHbIX onpeaeneHnin. Mx MOXKHO KnaccuduuuposaTb Mo
ONMTENBbHOCTM M CKOPOCTM HapacTaHuAa, amnauTyAe, YacTOTHOMY CMEKTpY, nepeaaBaemon sHeprum,
WCTOYHWMKY NPOUCXOXKAeHWA U T.4. Hanbonee onacHble ANs 31EKTPUYECKUX YCTPOMCTB — 3TO TPAH3MEHTI,
BbI3bIBAOLME 3HAYMTENbHBIA POCT HAMPAMKEHUA B JIMHUU 3NEKTPONUTAHMA (CKauykM HanpsxeHud). Mo
NCTOUYHMKY NPOUCXOKAEHNA TPAH3MEHTbI YaCTO AeNAT Ha cleaytowme rpynnbi:

o [lepeHanpaKeHWUa OT MOHWUM, BO3HMKaIOLLME B pe3y/bTaTe aTMOChEPHbIX Pa3paaos;

o [lepeHanpsxeHuWa KonebaTenbHOro XxapakTepa, Yalle BCEro BbI3BaHHblE MEepekNtoYeHnem
6aTapen KOHAEHCATOPOB;

o [lpyrve KOMMyTaUMOHHbIe NepeHanpsaKeHus (B TOm uncne peppopesoHaHc).

MepeHanpseHWs, BbI3BaHHble aTMoOChEpPHbIMM  paspsdamMu, MOTYT WMeTb pPaspyluTesibHble
nocneacTsmMa M3-3a o4yeHb 60AbLIOW 3Hepruu, BbiCBOBOXKAaeMoW npu paspage. BoablIMHCTBO
HabNlo4aeMbIX B CETAX MepeHanpaXeHU Takoro TMna — 3TO NOCNeACTBMA, WHAYUMPOBAHHOTO B
NPOBOZAX CETM 3/IEKTPOMUTAHUA CKAuyKa HAMpsXKeHus B pesynbTaTe 6/M3KOro, HO He MNPAMOro
nonagaHuva MOJIHMU. B OKPeCcTHOCTAX yAapa CO34aeTcA OYeHb CU/IbHOE 3/1EKTPOMarHWTHoe nose u B
OIMHHOW BO34YLIHON IMHUKM AKX NOA3EMHOM Kabene HaBoaATcA 6o/bluMe HanpAXKEHUA, NPOHMKatoLwee
B pacnpeaeIMTeNbHYI0 CeTb. ITU NepeHanpPAXKeHNa NMEIOT UMMY/IbCHbIN XapaKTep, a Bpemsa HapacTaHus
$poHTa MmNynbca nopagKa MUKPOCeKyHA. Ha Puc. nokasaH npumep rpo3oBOro MMMyAbCa C

aMMUTYAOM OKOM0 6,6KB, 3aperncTtpMpoBaHHoro aHaamMsatopom PQM-703.
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Puc. 51. NMpumep ckayka Hanpa*KeHUa oT MOSHUMN.

B pamKax UCNbITAaHUN TENEKOMMYHMKALMOHHbBIX YCTPOWCTB, MpeXKae Yem AOMNyCTUTb UX K MPOSArKe,
TpebyeTca npoBeAeHWE TECTOB Ha YCTOMYMBOCTb K MMMNYAbCaM, MMUTUPYIOWMM MNepeHanpsxeHue ot
MOSHUKU.  [IpUcoeaMHUTENN  MUTAHUA MNEPEMEHHOr0 TOKA WCMbITbIBAOT  MMMyAbCamu  +2KB,
noAaBaemMbiMN MeXAY JIMHUEN NUTAHUA U 3a3emieHneM U £1KB HenocpeACTBEHHO MeXAy MUTAOLWMMM
AMHUAMU. CTaHAAPTUSUPOBAHHBIN UMMYAbC UMEET BPEMA HAPACTAHWA HanpsxeHua 1,2MKC U Bpems
cnaga 50mKc. Ona uv3mepuTesbHbIX MNPUOOPOB, KOTOPbIE MOXHO MOAK/IOYUTL HaMNpAMYy K
3NIEeKTPUYECKOM CeTU B pacnpenesiMTeslbHOM LUTe AW NOHUMKaKLWeMm TpaHchopmaTope, onpenenatoT
U3MepPUTE/IbHYIO KaTeropuio (Mo nepeHanpsKeHuio) npubopa, KOTopas rOBOPUT O CTEMEHM 3aLUUTbl OT
nepeHanpsxeHus. Hanpumep, ans usmepuTesbHoW Kateropumn IV 600B (Takoi, Kakyl wumetoT
aHanmnsatopbl PQM-702(T)), TpebyeTca ycToMUMBOCTb K umnyabcam 1,2mKc/50MKc ¢ amnantyaon 8KkB,
NnoAaBaemMbiM HEMOCPEACTBEHHO MEXKAY W3MEPUTE/IbHbIMU 3aXKUMaMM, NMPU UMMNEeAaHCE WCTOYHMKA
20m. MNMUKOBbLIN TOK NPU KOPOTKOM 3aMbIKaHNUM UCTOYHNKA, TaKUM 06Pa30M, MOMKET COCTaBUTb 4KA.

OCHOBHbIM CPeACTBOM 3aLUMTLI OT TAKOFO POAA CKAYKOB HANPAMKEHWUA, ABNAETCA YCTAHOBKA 3/1IEMEHTOB,
OrPaHMYMBAIOLLMX MAKCUMaNbHOE HaNPAXeEHMe, TaKMX KaK pa3pAgHUKM U BApUCTOPbI. X KOHCTPYKLMA

OOMIKHA BbIAEP)KaTb 3SHEPTUI0O MMMY/AbCa M OrPaHUYMTL A0 6e30MacHOro YpPOBHA Hanpsa)KeHue,
NnocTynalolLLee Ha gajibHeNWme Lenn ycTpoicTea.

TpaH3WeHTbl, BbI3BaHHbIE MEPEKJYEHUEM KOMMEHCALMOHHbIX KOHAEHCAaTOpoB, B OTAMYME OT
TPaH3MEHTOB BbI3BAHHbIX YAAPOM MOJHUKM, MMEIOT CBOW WCTOYHUK BHYTPU pacnpesenutenbHoi
3NeKTpuYeckoi ceTu. KomneHcauus MNpUMeHseTca A4 NOBblWeHMA KoadpdUUMEHTa MOLLHOCTM M
3bPEKTUBHOCTM Nepesaun sHeprum nosyyatento. B MOMEHT NOAKIOYEHNA KOHAEHCATOP 3KBMBAIEHTEH
KOPOTKOMY 3aMblKaHWIO ANA 3/7EeKTPOCEeTM, MO3TOMYy B MepBOE MrHOBEHWE MPOUCXOAUT pesKoe
CHU}KEHME HanpAXKeHWUA NOoYTM A0 HyAA, NOC/ae 4Yero cnedyeT Tak HasblBaeMbl CKAYOK HamnpAKeHun
3HaYMTe/IbHO Bbile HOMMHAMLHOTO (KaK MpaBuio, He 6osiee Yem 2-x KpaTHOE MMKOBOE HaMpsKeHue B
HOpPMasibHbIX YCNOBMAX), a 3aTem KosnebaTesbHOe 3aTyxaHue npouecca. KonebaTenbHbl XapaKTep
ABNIEHNA BbI3BaH B3aMMOAENCTBMEM EMKOCTM KOHAEHcaTopa C MWHAYKTUBHOCTbIO CETU MU
BO3HWKHOBEHWEM fAB/IEHUA pe30HaHca. YacToTa KosiebaHuii 06bI4HO COCTaBAAET HECKOJIbKO COTeH lepu,
B pesynbTaTe MMEIOLLErocs CONPOTUBAEHUA B LENW, 3TM KonebaHuAa nocTeneHHo 3aTyxatoT. Becb
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TPaH3MeHT 0bbluHO ANTCA He Boslee YeM HECKONbKO eANHUL, UM HECKOJIbKO AECATKOB MW/IUCEKYHA.
Mpumep TakoOro TpaH3MeHTa NOKasaH Ha Puc. .

HanpaxeHue

Bpema (mc)

o 10 20 an L] 50 BO i}
Puc. 52. Mpumep TpaH3MeHTa Noc/ie BKAYEHUA baTapen KOHAEHCaTOpPOoB.

MoMMMO MepeyYncNeHHbIX MPUYMH, TPAH3MEHTbl BO3HWMKAOT B CETU B pPe3y/bTaTe BK/KOYEHUA U
BbIK/OYEHNA EMKOCTHOW UAW MHAYKTUBHOW Harpysku, npu cpabatbiBaHMM 3aWmMTbl (NpesoxpaHuTenei)
M KOPOTKOM 3aMblKaHUMM B UEMNWU. BKAOYEHME Harpysku (NMHMMK), MNOAKMIOYEHHOM K 0OMOTKe
TpaHchopMaTopa, 4acTo MNPUBOAMT K NOABAEHUIO deppope3oHaHca MAM MNepexodHoro npouecca
KonebaTenbHOro XxapakTepa, BbI3BAHHOFO PE30HAHCOM MeXAy EMKOCTblO B LEenu U HeAMHeNRHOM
WHAYKTUBHOCTBIO TpaHchopmaTopa C GeppoMarHUTHbIM cepaeyHUKOM. OTKNOYEHUIO WHAYKTUBHOM
HarpysKmM 4acto COnyTCTBYET AB/IEHME UCKPEHMA KOHTAKTOB. HanpsarkeHWe, nosBAAtoweecs Ha KOHTAKTax
nepekntoyaTens, NpeBbllLaeT NpeaeabHOe HaMPAXKEHUE AUINEKTPUKA U BO3HUKAET UCKPEHME, KOTOPOe
MOKET NOBTOPATLCA A0 TeX NOp, MOKa 3a30p AOCTAaTOYHO BEJIUK.

TaK:Ke TPaH3MEeHTbl MOTYT PasNMYHbIMKM cnocobamu pPacnpoOCTPAHATLCA MENKAY CEerMmeHTamu CeTw,
Hanpumep, yAap MOJHUM B CeTU CPEeAHEero Hamnps)KeHUs MOMKET YaCTMYHO MPOHMKHYTb 4epes
TpaHcdopMaTop B NOACETb HU3KOTO HanpaxeHus. Jemndupytolme cBolicTBa TpaHchopmaTopa 06blYHO
3HAQUUTENbHO YMEHbLIAOT aMMAMTYAYy NepeHanpsKeHUs, a TaKKe MW3IMEHAIOT ero BpemeHHble
napameTpbl.

5.10 JIuauu CBEMA u ANSI

Kpusaa CBEMA 6bina BnepBble npeanoxeHa B 70-x roaax NpoLusioro BeKa opraHusalumen, oT KOTopoi
Npou30LW/0 Ha3BaHue Kpueoi - Computer and Business Equipment Manufacturers Association (cerogHs
— 310 opranusaums ITl, Information Technology Industry), KoTopasa ob6beguHAET npousBoauTenei
KOMMNbIOTEPHOW U OPUCHOW TexXHWKU. KpuBaa [OKHaA Oblia  CAYKMTb  NOACKA3KOW  Mpu
KOHCTPYMpOBaHMM ceTeBbix OJIOKOB NWTaHMA W NepBOHa4YasbHO npeacTaBnana cobon rpaduk
YCTOMUYMBOCTM 060PYA0BaHMA K BEIMYMHE U MPOAOKUTENbHOCTU HAPYLWEHUI B 3/IEKTPUYECKOM ceTu. B
60/1ee NO34HUI NEpUOA KPMBYHO MCNOJIb30BaN MPU NPOEKTUPOBAHMM 060PYA0BAHUS, YYBCTBUTE/IbHOTO
K KonebaHWAM HanPAXKEeHWA, KaK 3TaIOHHbIA AMana3oH, B KOTOpoM o6opyaoBaHME AONKHO NPaBUIbHO
paboTtatb. B KOHLE KOHLOB, KpMBAA CTajla LUMPOKO WMCMOAb30BaATbCA MPU aHanM3e KayecTBa MUTAHMA,
KacaloLwmMxca HenoaaLoK B CETU TUNA NepeHanpAXKeHUA, NPoBasa U NPepbiBaHUA HanpAXKeHUA.

Ha rpadumKe no BEPTMKaNbHOM OCU HaNpAMKEHWE YKa3aHO B NPOLEHTaX OT HOMMHAAbHOTO 3HaYeHWs, a Ha
rOPM30HTaIbHOM OCU eaMHULLEN U3MepPeHUA ABNAeTcA BpemaA (No sorapudmmyeckoit Wwkane). CpeaHan
yacTb rpaduka (mexkay KpuebimM) npeactasnseT coboll 0bnacTb NpaBuAbHOM PaboTbl yCTpoOKCTBa.
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O6nacTb Bblle KPUBOW YKA3blBAET HA COCTOAHMUE MNOBbILLIEHHOIO HAMPAXKEHWUS, KOTOPOE MOXKET NPUBECTU
K MOBPEXAEHWIO WAM cpabaTbiBaHUIO 3allMTbl OT MepeHanpaxeHusa, a o6nacTb Noa KPUBbIMU
COOTBETCTBYET CUTYaLMWU MOHUMKEHHOTO HANPSAMKEHMA B CETU, YTO MOMKET MPUBECTU K BbIKJHOYEHUIO
NUTAHUA MU BPEMEHHOW HEXBATKe 3HEeprum, Bbi3blBatoLLEN HEMPaBUIbHYO paboTy yCcTpoiicTaa.

U HanpaxeHue

ANSI (ITIC)

CBEMA®,

T100mke  Imc - 10mc 100mMc e 10c  Bpema

Puc. 53. JIHUM AoNycTUMOTO AnanasoHa HanpsaxeHua nutaHma ANSI (ITIC) u CBEMA.

Kak nokasaHo Ha rpaduKe, cywecTByeT B3aMMO3aBUCUMOCTb MeEXAY 3HAYEHUEM HaMpsAKeHUa U
BPpEMEHEM, Ha KOTOpOEe BO3HMKAET HapylweHue. Hanpumep, yBennuyeHWe HanpaxKeHua [0 YPOBHSA
200%Unom NPOAOANKUTENBHOCTBIO 1MC B TUNUYHbIX CY4aAX He NPUBOAUT K aBapuun UAN HENpaBUaIbHOMY
OYHKUMOHMPOBAHMIO  (TOYKA  MeXay KpUBbIMKM), HO HapylweHue C TakoW  aMnauMTygon,
NPOAOMKAOWErOCA NOAMNEPUOSA CETU MOXKET MMETb KaTacTpoduyeckme nocnencTema (TouKa Bbilwe
06enx KpuBbix). MPUHATO CYMUTaTb, YTO B TUMUYHOM CUTyaLMU, NPOUCXOAALLME B INEKTPUYECKON CeTU
cobbITnA, ecnn pedb UAET O BEIMUMHE CETEBOTO HaMPAMKEHUA, LOMKHbI 3aKNH04YATbCA B CPeAHEeN YacTu
rpaduKka (mexay KpuBbIMW) M He AO0/MKHbI TOrga NpuBecTn K cbosam B paboTe wau NoBpexAeHUIo
NOZK/IIOUYEHHBIX YCTpoicTB. Mpon3BOAUTENM YCTPOWCTB (B YaCTHOCTM, ceTeBbiX 6/I0KOB NMUTAHUSA) YacTo
PYKOBOACTBYIOTCS 3TUM rpadpuKOM Npu NPOEKTUPOBAHUN AAs TOro, YTobbl B 3TOM 06nacTn obecneynTb
nx 6e3aBapuitHyio pPaboTy M nopaep)KaHWe HYXKHOro BbIXOAHOro HanpsxeHusa. Cneayet, ofHaKo,
NMOMHWTb, YTO KPWUBAA NPeACTaBAAET TUMUYHbIE Cy4anm U He MOMKeT ObiTb rapaHTMel npaBuIbHOWN
paboTbl Kaxa0oro yCTponcTBa, MOCKOJIbKY YCTOMYMBOCTD K HAPYLLEHUAM Pa3MyHas.

Kpusaa ITIC asnsetca npeemHukom Kpuson CBEMA, paspabotaHHow ITI B 1994 rogy, a notom
YCOBEPLUEHCTBOBAHOM A0 HblHewHero Buaa B 2000 roay. 3Ta KpuBas MMeeT BUA ABYX NOMaHbIX IMHUI U
TaK)Ke M3BeCTHa Nog HasBaHWem KpuBok ANSI nocne Toro, Kak 6blla aganTUpPoOBaHa aMepPUKAHCKUM
MHCTUTYTOM cTaHgapTusaunm ANSI (aHrn. American National Standards Institute). O6e KpuBble
n306parkeHbl Ha puc. 53.

Mporpamma «SONEL ANALYSIS» npeaocTaBiseT BO3MOXKHOCTb MU3MEHUTb XapaKTepHble TOYKN KPUBbIX U
No3B0/IAET COOTBETCTBOBATL MHAMBUAYANbHBIM TpeboBaHMAM Nob30BaTeNS.
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5.11 YcpeaHeHuUe pe3y/bTaTOB U3MEPEHUM

MOHUTOPUHT CeTM B TEYEHME AJIMTE/IbHOTO Nepuoaa BpemeHn o3HadvaeT cbop OrPOMHOro Ko/anMyecTsa
AaHHbIX. [1na Toro, 4tobbl NpoBeaeHne NocaeayoLero aHaamnsa sTux AaHHbIX BoobLe 6b110 BO3MOKHO,
HeobxoAMmo BBeAeHWE MexaHUM3Ma, KOTOPbIN YMEHbLUUT pasmep AaHHbIX 40 BeNMYUHbI, NPUeMAemMoi
KaK A1 MallMHbI, TaK U YesoBeKa.

MpumepomMm NycTb MOCAYXKUT NPOBEPKA CETU HA COOTBETCTBME CTAaHAAPTY KA4yecTBa 3/IEKTPOIHEprum
FOCT 32144-2013 «2neKTpnyeckas sHeprmua. COBMECTUMOCTb TEXHUYECKUX CPeacTB 3NeKTPOMarHUTHas.
HopMbl KayecTBa 3/1EKTPUYECKOM 3HEPIMM B CUCTEMAX I/EKTPOCHADXKeHMA 0OLLero HasHayeHuA».
OcHOBHOW NepuoA TeECTUPOBaHMA CETU cocTaBaAeT Heaento. Ecnm 3anomnHaTh Bce 200-MUAUCEKYHOHbIE
AeNCTBYIoLWME 3HAYEHMA HanpaxKeHus, noaydynm 3,024 maH. nsmepeHunii. O6paboTka TaKOro KoaMYecTBa
OAHHbIX MOXET 3aHATb MHOFO BPEMEHMW W 3aTpyaHUTENbHA.

MosTomMy BBEAEHO MNOHATME YCPEAHEHMA, 3aKAlOYatloLLeecs B COXPaHEHUM AAA Lenei aHanmsa no
OAHOMY 3HAYeHWUIO Ha onpeaesiéHHbI MHTepBan BpemeHu. Ana craHgapta FOCT 32144-2013 oH
coctasnaetr 10 muHyT. B 3aTOM cnyyae aHanmsatop BbluucnaeT cpegHee 10-MMHYTHOE 3HA4YeHWEe no
npumepHo 3000 3HayeHUi 200-MUANCEKYHAHbBIX OTCYeToB (MpMbAn3UTEeNnbHO, Tak Kak ycnosHoe 200-
MWINCEKYHAHOE 3HayeHue, 3To Ha camom gdesne 10/12-nepuogHoe 3HaYeHMUE, CUHXPOHU3UPOBAHHOE C
yacTtoToli cetu). Kaxable 10 MUHYT 3anucbiBaeTca cneaylolee cpegHee 3HauyeHMe HanpaXKeHus, YTo
npmeBoanT K cbopy 1008 pe3yibTaToB U3MEPEHUN.

Ha puc. 54. nokasaH cnocob onpeaeneHns aHa/AM3aTOPOM CPEAHUX 3HAUYEHWUI 33 BPEMSA yCpeaHeHUn
b6osbluee man pasHoe 10 ceKyHAam, Ha NMpuMMepe MHTepBasa ycpeaHeHua 10 MUHYT. ITOT MeTon,
COOTBETCTBYET TpeboBaHMAM Ana Knacca A ctaHgapTa FOCT 30804.4.30-2013 (IEC 61000-4-30:2008).

CpegHvie 3HaAYeHUA CUMHXPOHM3MPYIOTCA C YacaMM PeasibHOro BPeMeHu ciegyrowmm obpasom. Korga
Yyacbl OTMEPAT oYepeaHOM 06N KpaTHbIN Nepuoay MHTEPBAN ycpeaHeHUn, NPOUCXO4AT ABa NpoLecca:

e Tekywmit 10/12-nepuoaHblii OTpe3oK (k-e nsmepeHue Ha Puc. 54.) oTmeyaeTcsa Kak nocneaHuii B
WHTepBase ycpeaHeHus (x);

e OpHOBpemeHHO 3anyckaetca nepsblt 10/12-nepuogHblii OTPE3OK CAeaylolero MHTepBana
ycpegHeHus (x+1).

Takol MeTo pecuHXpPoHM3auumM NpMBOAMUT K noseneHuto HasoxceHus 1 (cmotpu Puc. 54). [aHHble 13
31Ol obnacti, obpabaTbiBaloTCA ABaXAbl, NOTOMY YTO Kakablii u3 10/12-nepuofHbiXx OTPE3KOB
aHanuMsMpyeTca HesaBUcMMO. Lenb Takoro cnocoba pecMHXpOHMU3aLMM 3aKatoyaeTcs B obecneyeHumn
OZMHAKOBbIX Pe3y/bTaTOB M3MEPEHWIN ANA ABYX aHA/M3aTopa Knacca A, NOAKAOYEHHbBIX K OQHOM U TOM
e uenu n CMHXPOHM3UPOBAHHbLIX C YHMBepCcasibHbiMm BpemeHem UTC. B aHannsatope pecMHXpoHU3auua
WHTEPBA/IOB MO OMMCAHHOMY BbllLe CMOCoby BbINOMHAETCA N5 BpeMeHu ycpegHeHusa: 10cek., 15cek.,
30cek., Im., 3m., 5m., 10m., 15m., 30m., 60m., 120Mm.
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RTCIGPS
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Puc. 54. OnpepeneHne NHTepPBanoB ycpeaHeHUa 60ablmX (Man paBHbIx) 10 cekyHaam
(Ha npumepe ycpeaHeHma no 10 MUHYT)

RTCIGPS
[“ackl pEanbHOM BpereHN)
OHEPELHON OFWMA MHTEREBaN

10 ramHy T, Hanpumep, 14:10:00 , MeTka BRemeH xX-r 3-x
HanoxeHue 2 | CERKYHLHOTO MHTEpEanS *
- o
L

3-x CEKYHIHEIR MHTERESN® () ‘
]

- - -

13- u:etpr,HbTﬁ WMHTEpEBAN® (x+1))
l

F F 3 F Y

10012 10/12 10012
NepHogoE | NEPHOROE | NEpMofoE

o2 112 1012
NEPWOROE | NEpMOR0E | NEpMOR0E

(*) B BENCTEMTENEHOCTK - 3TO MHTepEaN 150180 NepronaE

Puc. 55. OnpegeneHne nHtepsanos ycpeaHeHUA meHee 10 cekyHA,
(Ha npumepe3-cekyHaHOro ycpeaHeHus)

HecKoNbKO MHayve BbIrAANT ycpegHeHne nNpu BpeMeHn meHblie 10 cekyHa. HecmoTps Ha To, 4TO BCe
MHTEepPBaNbl Bblpa)KeHbl eauMHUUaMmM BpemeHu (200mc, lcek., 3ceK., 5cek.), Ha camom gene, OHM
OTMepeHbl B KPaTHOCTAX nepuoaa ceTn. Hanpumep, BbiIbOp BpeMeHW ycpeaHeHUs 3 CEKYHAbl, 03HaYaeT
ycpeaHeHue no spemenn 150/180 nepuogaos cetu (15 nsmeperunii no 10/12 nepuonos).

Cnocob onpegeneHna cpeaHEro 3HaYeHus ANA 3TUX NepuoaoB UANKOCTPUPYET puc. 55. 3aechb Takxke
BbINO/IHAETCA PECMHXPOHM3auuMAa uHTepsBanos 10/12-nepuogos, OHa BLINOJHAETCA BCerga uepes
Kaxkgple 10 MMHYT no obwemy BpemeHM 4acoB. Koraa yacbl OTMepAIT oyvyepegHoe obliee Bpems,
KpaTHoe nepuoay 10 MUHYT, PECMHXPOHMU3UPYETCA OYepenHON WMHTEPBAN YCPEeAHEHMA U HauyMHaeTcs
cneayowWwmii MHTepBaa, NpUYEeM WHTEpPBan ycpeAHeHUs («x») 3aBepluaeTcs HOPMasbHO, MOKa He
HabepeTca onpeaesieHHOe MHOKecTBo oTpeskos 10/12-neproaos (Hanpumep, B ciyyae 3-X CEKYHAHOro
ycpeaHeHus Bceraa cobupaetcs 15 Takux OTpes3KoB). Pe3ynbTaTOM pecUHXpoHM3auuM ABnaeTcA
nosasneHne HasoxceHua 2 (cm. puc. 55.0mbKa! UCTOUHUK CCbINKM He HailgeH.), rae napannenbHo
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06pabaTbiBaloTCA OaHHble ABYX WMHTEPBAJIOB yCpeAHeHUs (MHTepBan «x» 3aKaHYMBaETCA, MHTepBan
«X+1» HauMHaeTcA). Paamep HaNoKeHUA 3aBUCUT OT KoaebaHMUIt YacToTbl CeTH.

MeTka BpemeHun COOoTBETCTBYET OKOHYaHUIO MHTEpBAJa ycpeaHeHUA.

YcpegHeHWe pesynbTaToB M3MEPEHWUA MPUBOAMT K MOTEPE SKCTPEMasbHbIX 3HAYEHUI (CraaXkmsaHue
pe3ynbTaTtoB). B c/Ayyasx, Korga BakHa MHOOPMaumMsa O MNpenesibHblX 3HAYeHUAX M3MepPAEemMoro
napameTpa, MOAb30BaTeNb MOXET MNPUMEHUTb BO3MOXHOCTb W3MepeHWA  MWHUMAbHOTO,
MaKCMMasIbHOTO U MFHOBEHHOFO 3HaYeHWt B Nepuoae ycpeaHeHus. Ecan aaHHbIM napameTp usmepeH
Bo Bpemsa 10/12 nepuoaos, TO MaKCMManbHOE U MUHMMA/IbHOE 3HAYeHWe ABAAETCA COOTBETCTBEHHO
HanbBoONbWMM WM HaMMEHbLUMM 3HayeHnem oTpe3ka 10/12-nepuogoB, M3MEpPeHHbIM B AaHHOM
WHTepBane ycpegHeHua. B cBolo oyepenb, MrHOBEHHOE 3HayeHue ABNAETCA NOCNefHUM 3HavYeHUem
10/12-nepvoaos B AaHHbIN Nepuoa ycpeaHeHua.

B cnyyae pencTBylOWMX 3HAYEHMM TOKOB W HANpPAMKEHWUW, METOZ MNOUCKA MUHMMAJBHOIO M
MaKCMMasibHOrO 3HayYeHWn nAsBnAetca 6osee TMOKMM WM KOHTpoaupyeTca napametpom «lMepuogp,
onpegeneHus MUH./MaKc». B pacrnopssKeHWMM Monb30BaTeNs WMMEOTCA cnefylolme HacTPOWMKK:
nosnosuHa nepmoaa, 200mc, 1cek., 3cek. n 5cek. Bbibop napameTpa - NoNo0BMHa Nepuoaa - 3a4aéT NOUCK
MWHUMANIBHOTO M MaKCMMaNbHOIO 3HAYeHUA C HaMBbICLIEN YYyBCTBUTE/IbHOCTbIO, C TOYHOCTbIO A0
BeAn4YmHbl URMsS(1/2) . C pOCTOM 3TOrO BpeMeHW BBOAMUTCA AOMOJHUTE/IbHOE CrIaXXMBAHWE, Hanpumep,
npu 5-TM CceKyHAax CHayana BblMUCAAETCA CpefHAA 5-CeKyHAHaA BesiMuMHA, KOoTopasa 3aTem
NCNOJIb3yeTCcA [AaA MOUCKA MMHUMANBHOTO M MAKCUMMA/NIbHOTO 3HAyeHWA. ITO [aET MeHbLUYH
YYyBCTBUTE/IBHOCTb K MTHOBEHHBIM M3MEHEHUAM U3MepAeMOro 3Ha4YeHus.

MpumeyvaHme: KaK 1 B cayvae ¢ nepuogdamu ycpegHeHmna menbwe 10 cekyHa, nHTepBanbl 200mc, lcek.,
3ceK. U 5ceK. B AeNCTBUTENbHOCTM BblpaKeHbl B KPaTHOCTAX NepuoaoB ceTu — cooTBeTcTBeHHo 10/12,
50/60, 150/180 1 250/300 nepuoaos ceTu.

Bbl6Op NPaBUALHOIO BPEMEHW YCPeAHEHUA, He ABAAETCA NPOCTbIM AeNOM. B 3HaUMTENbHOM CTeneHu oH
06ycnoBAeH TUMNOM HaPYLWEHWA, MPUCYTCTBYIOWMX B CETM W OMMAAHWAMM NONb30BaTeNs no
OKOHYaTe/IbHOMY aHann3y AaHHbIX. YacTo BO3HMKAET CUTyaLMA, KOr4a U3BECTeH eAUHCTBEHHO cam ¢aKT
NoABMEHNA HEKOTOPbIX HEMNONAAO0K B CETU INEKTPONUTAHMA U TOJIbKO M3MEPEHUA aHaNn3aTopa NomoryT
yKa3aTb TOYHYIO NPUYKMHY. B Takoi cuTyaumm nyywe ucnonb3oBatb 60see KOPOTKoe BPEMA yCpeaHeHMUs
(Hanpumep, 10 cekyHA), U BKAOYUTb 3aMUCb MWUHUMANbHOTO M MaKCUMasIbHOrO 3HaudeHui (ana
HanpsKeHWn W TOKOB B TaKOW CUTyauMM pPeKoMeHAyeTcs BblbpaTb Nepuogom onpeaeneHus
MWHMMANbHOFO M MaKCMMa/IbHOrO 3HAYeHWMA CaMblit KOPOTKMIA BO3MOMHbIA CPOK, TO €CTb, NMONOBUHY
nepuoga). KopoTkoe Bpemsa ycpeaHEHWUA MO3BOIMT MOCTPOMTb TOUHble TrPadUKM  M3MEHEHUN
napameTpPOB BO BPEMEHU, 3 MMHUMYMbI U MaKCMMyMbl ByayT obHapyXKeHbl U coxpaHeHbl. Kak npasuo,
perncTpauma c KOpPOTKMM BPEMEHEM YCPeAHEHWA BbINONHAETCA [AO0BOALHO OrpaHWYeHHOEe Bpems,
npexae BCero ns-3a ObICTPOro pocTa YMC/ia AaHHbIX; MOCKOJIbKY Lie/iblo TaKOW perucrpaumum, asasetcs
BbIAB/IEHNE BO3MOKHbIX NPUYMH aHOMA/IMK, @ He A0AFOCPOYHbIN aHaNM3.

Pernctpaunm c KOPOTKMM BpEMEHEM YCPEeLHEHWUA MOXKET ObiTb LOCTAaTOMHO A5 OLEHKM paboTbl ceTu u
NPOMCXOAALMX B HEW HapyLLeHUAX. Tem He MeHee, NoApo6Hyto nHGOpPMaLMIO, BEPOATHO, MOXKHO byaeT
NO/yYnTb B TEYEHUE A/NTE/IbHOTO BpemMeHW (MopagKa MUHYT), HO C BKJ/IIOYEHHON perucrpaumeit
MWHMMA/ZIBHOTO M MAKCMMaJIbHOTO 3HAYeHUs W  aKTMBHbIM BbisiBIeHUEM COObITUIA. BarKHbIm
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npenmywiecrtsom TaKol CUTyauun ABnAaeTca ropasgo MeHbLINA 06BEM AaHHbIX perncrpayunn, 4to
O3Ha4yaeT 6bICTpO€‘ CYUTbIBaAHUE N aHANN3 OaHHDbIX.

B cBow o4yepenp, uccnefoBaHUE KayecTBa MNUTAHUMA MPUHATO BbINOJIHATL B COOTBETCTBUM C
TpeboBaHMAMM cTaHgapTa TOCT 32144-2013. B aTOom cnyyae aHanu3 npoBoguTca B TeyeHue Honee
NPOAOMKUTENbHOIO BpeMeHW (Hanpumep, 7 AHel), No3TOMy BblbpaHHOE BPeMs yCpeAHEHMA TaKKe
anntenbHoe — 10 MUHYT.

MmeiTe B BMAY, YTO He CyL,ECTBYET OAHOW Hau/y4yllei HAaCTPOWMKWU, KaK BPeMeHU yCpeaHeHUs, Tak U
APpYrMx napameTpoB WAWM NOPOroB cobbiTvit. Kaxaas ceTb MHAMBMAYyaAbHA M 3a4ayn UccieoBaHMsA
ceTeit pasnnyHble. B cBA3M C 3TMM ONTMMasbHaa KOHOUrypauma aHanMsaTopa MokeT notpebosaTtb
HEeCKO/IbKMX NOAXOA0B, U TaKKe byAeT 3aBMceTb OT OMbITa onepartopa.

6 TEXHHUYECKHUE XAPAKTEPUCTHUKH

TexHnyeckne XapaKTepucTUKU MOTyT ObITb M3MeHeHbl W3rotoButenem bes npeaBapuUTesibHOro
yBegomneHusa. lNocnegHune BbINycKku TEXHUYECKON AOKYMEHTAU MM AOCTYNHbI Ha CTPaHULUE WWW.SOhE|.p|.

OCHOBHas MOrpelwHOCTb ABAAETCA OCHOBHOM MOrPELHOCTbI0 U3MEPUTENLHOIO Npubopa ANA YCAOBUNA,
npueeaeHHbIx B Tabauue 16.

YKa3aHHble 3HAYeHMA MOrpeLiHoCTeil MPMMEHMMbl TOJ/IbKO K aHanm3atopy 6e3 A0NONHUTEbHbIX
TPaHCPOPMAaTOPOB M TOKOU3MEPUTESIbHBIX K/IELLE.

CokpaleHus:
®  W.B.— M3MepeHHas BE/INYNHA;

® e.M.p—eauHWL, MaaaLero paspaaa;
L] Unom — HOMMHa/IbHaA BE/IMYMHA HanpAXeHua;

e Inom — AMana3oH HOMMHA/NbLHOTO TOKa (Knewen);

e RMS — geiicTytollee (cpegHeKBaapaTUYHOE) 3HAYEHME;

® N —pA4 rapMOHUKMK;

e  §,n— OOMOAHUTENbHAA MOMPELIHOCTb M3MepPeHUs ¢Gasbl MeXAY FaPMOHUKAMMU HaMpPaXKeHWs U

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)

[nanasoH 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 3HaYeHMe BXOL4HOro HanpaKeHus 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 nn1Kkosoe
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 ANCKpPEeTU3aunm

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...700y,

OnopHbIN KaHan ana cuctembl GPANY L1

Yacbl peasnibHOro BpemeHu

+ 3,5 nponpomunane 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 BceM KaHanam

YacroTa ANCKpPEeTU3aunm

10MTluy, 5MTlu, 1MTu, 500kl y, 100Ky,
(BbIBUpaeT nonb3oBaTeNb)

Bpemsa 3anucu ocunnorpamm

o1 2000 go 20000 oTcuéTos
(oT 200MKC A0 200MC B 3aBUCMMOCTM OT KOHPUTypauuu)

Bpemsa onepexkeHus (pretrigger)

0110% no 90% sBpemeHu 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 (noctosHHoe)
< 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 WCMo/b30BaThb

AOMONHUTENbHbIA MHOXUTENb («M»), KOTOpbIA yBEIMYMBAET YKa3aHHYID OCHOBHYH MOrPELHOCTb A0

($aKTUYECKON MOrpeLHOCTN MU3MepeHus Prc. 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 [pun +55°C norpewHocTtb uamepeHua 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'|.|,) )
(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 40...70 0,017 +0,01r
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...100,0%
10 i (o)
nckaxkeHnt (THDr) no | An8 Urms = 1% Unom 0,1% >%
HanpsaxeHuto (n = 2..50
Koaddnument
rapMOHUYECKNX 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 nogrpynnam 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
NCMONb30BaHHbIX 15% n.s. ecnm n.8.2 3% lnom
Amnauntyaa | N 0,01% Ilnom
YA TRws kneLwet (cMoTpy ’ (cornacHo FOCT 30804.4.7-2013
XapPaKTEPUCTUKM lrws) (IEC 61000-4-7:2009) knacc )
KoadpounumeHt
NUHTEPrapMOHUYECKMX
o 0...100,0% o
459
nckaxkeHun (TIDr) no 2718 Uss 2 1% Unom 0,1% +5%
HanpPsXeHuo
(n=0...50)
KoadpounumeHt
MHTEpPrapMoHUYEeCKMX 0...100,0% 0
+59
nckaxkeHunn (TIDg) no anA lrms 2 1% lnom 0,1% 5%
ToKy (n = 0...50)
6.4.8 MowHOCTb raApMOHHMK
Tabnunua 23.
MOLLHOCTMN rapMOHMK Ycnosus PaspeweHune | OcHoBHasa norpewHocTs Y

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 cmoTpu rnasy 6.4.10. OueHKa NOrPELLIHOCTM U3MEPEHMA 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 cmotpun rnasy 6.4.10. OueHKa NOrPELHOCTUM3MEPEHNA 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,Q — NOTPeLHOCTb M3MEPEHMA aKTUBHOW UM PEaKTUBHON MOLLHOCTY;

8 uh — cymmapHas NorpewwHoCTb U3MEPEHNA aMMIUTY bl FAPMOHMUKM HaMNPSAXeHWA
(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
o06nactu yactoT. B Tabn. 25 npusegeHa owmnbra pasHOCTU a3 mMexay rapMOHUKAMU HANpPsXKEHUA 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

[JnanasoH yactoT 40...70ly, 70...2000, 200...500MNy, |500Mu...1kMy| 1...2KMy, 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.

MorpewHoOCTb U3MepeHUA, BbiTeKatoWwan n3 OWNBKM ¢a3b| ana aKTUBHOM MOLWHOCTHN TaPMOHUK, MOXKHO
onpeagesnnTtb N0 COOTHOLWEHMUIO!:

Spn =100 (1 —M) [%], cosp # 0

cos@

B cBolo oyepedb, HeoONpeAeNnéHHOCTb W3MEpPeHUA pPeaKTUBHOM MOLWHOCTU FapPMOHMK  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
MOHO cAenaTb BblBOA, YTO MOrPELIHOCTb U3MePEeHMUA MOLLLHOCTM AR TOW e camoi owmnbku dasbl,
ABHO 3aBUCUT OT KoadpdpuumeHTa pa3oBoro caBmura mexay TOKOM U HanpaxeHuem (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 gmanasoHe 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 $assbl ¢ = 10°, nonyunm:
cos(11°)
cos(10°)

Spn = 100 (1 - ) = 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/1Ib30BaHUKN TOKOBbBIX Knewen 1 TpaHchopmaTopoB.
100 5
B[]
50 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[°]
D 4 . T r T T T i
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
(dnwnkep)
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%
HECMMMETPUN MPAMON, 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 NpumeHnmo

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%...150,0% Unom 0,01% Unom +0,2% Unom

Moporu obHapyKeHun

YcTaHaB/MBaAKOTCA NONb30BaTeNEM B

npoueHTax Mbo B abCoNOTHbIX

3HauyeHuAx. O6Hapy»KeHne cobbITA OCHOBAHO Ha n3mepeHur Urms(i/2)
(nencTeytowee 3HayYeHue 3a 1 nepmoa, o6HoBAAEMOE
Kaxaple ¥ nepnoaa).

MpofonxKnTenbHOCTb

Yacbl: MUHYTbI: CEKYHAbI,
MWUNNNCEKYHADbI

% nepvogna OauH nepuog,

3anucb ocumnnnorpaMmmsl

MaKcmumanbHo 1 cekyHaa 3anucu n 960mc oneperkeHuna cobbiTus,

anckpetmsauma 10,24kMy,

8-6uTHOE paspelleHne

ToK lrms OcHoBHasn
Awvana3oH PaspeweHune
(MUHUMYM, Makcmym) MorpeLHocCTb
lrms(1/2) 0%...100,0% lnom 0,01% lnom +0,2% lnhom

Moporu obHapyKeHun

YcTaHaB/IMBalOTCA NOb30BaTeNIEM B

npoueHTax Mbo B abCcoNtoTHbIX

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.

127




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...20,0%
10/12-nepuopos.
HanpsaxXeHus (makc.)
K
oad)d)mu,vmeHT HECUMMETPUN MO Ha ocHOBE 3HAYeHWs
obpaTHoW nocneaoBaTeNbHOCTU 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
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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
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[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.

131




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. 30A
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-T02T | 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
0,5Mry...5Mrlu: 56a6mKB

5Mrmu...30MTly: 6006mKB

MpumeuaHne K FOCT 30805.22-2013 (CISPR 22:2006) «CoBMeECTMMOCTb TeXHUYECKUX CpeacTB

3N1eKTPOMArHUTHas. O6opypoBaHue

MHPOPMALMOHHbIX

TEXHO/IOTUiA. Paguonomexm

MHAYCTpUanbHble. Hopmbl u meTtoabl usmepeHuii.» (EN55022:2010)

PQM-703 u PQM-711 - 310 npubopbl Knacca A. B 6biToBOM cpeae 3TO M3Ae/Nne MOXKEeT Bbi3BaTb

pagnonomexun, 4to n0Tpe6yeT OT nonb3osaTesia NPUHATUA COOTBETCTBYHOLWKUX Mep NO UCNPaBAEHUIO

NON0XeHUA.

6.14 CrangapThl

Tabnnua 42.

CtaHpapThl

MeToabl nsmepeHua

rOCT 30804.4.30-2013 (IEC61000-4-30:2008) knacc A

TOYHOCTb M3MEPEHUIA

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

KauecTtBo aHeprum

FOCT 32144-2013

®dnukep FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010)
FapMOHUKHK FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
be3sonacHocTb OCT IEC 61010-2-032-2014
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3MC FOCT P M3K 61326-1-2014

CraHga PT KayecTBa

pa3paboTKa, NpOeKTUpOoBaHME N NPOU3BOACTBO cornacHo ISO 9001

7 KOMIUIEKTAIHUA

7.1 Cra”HpapTHas KOMILUIEKTauus

HanmeHoBaHue UHpaeKc Konunyectso
':87\2_”73:;0'3 napameTpoB KauyecTBa IN1EKTPUYECKOM SHEPTUN WMRUPQM7xx 1w,
PykoBoAacTBO no akcnayaTtaumu/Macnopt 1/1wr.
3axnum «KpoKkoama» n3oanpoBaHHbIN YepHblii KO1 WAKROBL20K01 3wr.
3axum «Kpokoamn» n3onnpoBaHHbIi ronyboin K02 WAKROBU20K02 | 1wr.
3axkmum «KpoKkoana» n3onmpoBaHHbIN XKENTbIN KO2 WAKROYE20K02 lwrT.
3axknum «KpoKoamn» n3oAnpoBaHHbIN KpacHbi KO2 WAKRORE20K02 2uWr.
AganTtep gnAa nogKnoYeHns K ogHodasHom cetn AZ-1 WAADAAZ1 lwr.
CoeauHnTeNb anekTpmnyeckmi - agantep AC-16 WAADAAC16 1wrT.
CoefMHUTENb IN1IEKTPUYECKUN — afanTep MarHUTHbIM Moaenb

WAADAUMAGKPL | 1 komnnekT
AM-4
CoeauHUTENb 3NEKTPUYECKUIA — aganTep c pesbboirt M4/M6,

WAADAM4M6 1 KomnnekT
mopgenb AR-1
Kabenb nocnegosatenbHoro nHtepoerica USB WAPRZUSB lwrT.
BecnposoaHoit nHtepdeiic OR-1 (USB) D CIEA 0 | WAADAUSBORL | 1wr.
Habop ana moHTaxa Ha DIN-peiike WAPOZUCH3 lwr.
PeMHu ansa Kpenexa Ha ctonbe (2 wr) WAPOZOPAKPL lwr.
KomnneKkT gna pukcaumm pemHen WAPOZUCH4 lwr.
dyTNAp NAACTUKOBDIN XLZW WAWALXL2 lwr.

1w,

Yexon Ana nnaHwera Wm lwr.
ETITE:Y Pan-io] a1 WAFUTLS 1w,
AHTeHHa GPS WAPOZANT10GPS | 1wrT.
TemnepaTypHbiit 30HA, ST-2 Lakilzil WASONT2 lwrT.
7.2 JlonmosiIHUTE/IbHASA KOMIIJIEKTALMSI
HanmeHoBaHue UHaeKc
Knewwm rubkume F-1 WACEGF10KR
Knewwy rmbkume F-2 WACEGF20KR
Knewm rubkue F-3 WACEGF30KR
Knewm namepurtenoHble C-4 WACEGC40KR
Knewwn 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
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http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=496
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=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 NnoBEPXHOCTb

8 OBC/IYKUBAHHME IIPUBOPA

BHMMaHue A

B cnyyae HapyLlleHUA NpaBuA SKCNayaTaumMm o060pyaoBaHUA, yCTaHOB/EHHbIX M3rotoButenem, moxxer
YXYALWUTbCA 3alUTa, NPUMEHEHHaA B saHHOM npubope.

Kopnyc nsmeputensa MoxHO YNCTUTb MATKON BAaxHoOW dnaHenbto. Henb3a ncnonb3oBaTb pacTBOPUTENM,
abpasuBHble YnCTALLME CpeacTBa (MOPOLLKM, NACTbl U TaK Aasnee).

JNEeKTPOHHaA CXema W3MepPUTENA He HYXAAeTCA B UYMCTKE, 3a MUCKAOYEHUEM THe3f MNOAKNIoYeHUA
n3MepuTesIbHbIX MPOBOAOB.

N3mepuTenb, ynakoBaHHbIA B NOTPEOUTENbCKYIO M TPAHCMOPTHYHO Tapy, MOXET TPaHCMOPTMPOBaTbCA
Nto6bIM BUAOM TpaHcnopTa Ha Ntobble paccToAHMUA.

[lonyckaeTca YNCTKa rHE3A NOAKNIOYEHMSA U3MEPUTE/IbHbIX MPOBOAOB C UCNOJIb30BaHMEM HE3BOPCUCTBIX
TaMMOHOB.

Bce ocTanbHble paboTbl Mo 06CAYKMBaHUIO NPOBOAATCA TO/NBKO B aBTOpPU3MpoBaHHOM CepBUCHOM
LleHTpe OO0 «COH3/I».

PemoHT npnbopa ocyLecTBAAETCA TO/IbKO B aBTOpM3oBaHHOM 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 M36EXKaTb NMONHOMO PaspaAfa akKKyYMyNsTOPOB NpW AJIMHHOM XpPaHeHWU MX Heobxognmo
nepuoanYecKm 3apsKaTb.

N3mepuTtenb, NpedHasHayeHHbId AnA yTuansauuu, cneayet nepeaatb [poussoautento. B cnyyae
CamMOCTOATENbHOWN YTUAM3AUUMK, e€ cieslyeT NPoBOANTb B COOTBETCTBUM C AEMCTBYIOLWMMM NPaBOBLIMU
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-nmbo Yactm AaHHOro o6opyaoBaHUA.

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 NoBepPKM, cornacoBaHHomn ¢ PBY «POCTECT-MOCKBAY.

MeToanKa NoBepKM AOCTYMHa AN1A 3arpy3Ku Ha caiTe www.sonel.ru

Mescnoeepo4Hsbiii uHmepean — 2 200a.

METPOJIOTMYECKAA CNYXBA 00O «COHI/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 AHgponoBa, @4.22, bl «HaratuHckui», stax 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/
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