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1 OBILIAA UH®OPMALIUA

1.1 Be3omnacHoOCTHb

Mpubopbl PQM-710 n PQM-711 npegHasHayeHbl 418 U3MEPEHMUA, PErNCTPALUN U aHaNM3a NapamMmeTpoB

afekTponutaHmsa. [Ona obecnevyeHns 6e3omacHOM 3KcnayaTauuMm U AOCTOBEPHOCTUM  MONYYEHHbIX

pes3ynbTaToB, HeobXxoANMMO cobntoaaTh caeayowmMe peKomeHaaumm:

A

1.2

MNepen paboToit ¢ npubopom HeobxoAMMO W3yuMTb AaHHOe PyKoBOACTBO, TWATE/bHO
cobntoaaTh NpaBuIa 3alLUTbI, a TaKKe pekomeHaaumn Nsrotosutens.

MpumeHeHne npubopa, HECOOTBETCTBYIOWEE YyKasaHuAM M3rotoBuTens, MOXKeT ObiTb
NPUYMHON NOAOMKM NpMbopa N NCTOYHUKOM CepPbE3HOM onacHOCTM ana Monb3osaTtens.

Mpnbopom MoryT NoNb30BaTLCA NNLA, UMEIOLLME COOTBETCTBYIOLLYIO KBaAMGUKaLMIO N A0MYCK K
OaHHbIM paboTam;

Bo Bpems wu3mepeHuit Monb3oBaTeNlb He MOMKET MMETb HernocpeaCcTBEHHOINO KOHTaKTa ¢
OTKPbITbIMM YacTAMMW, OOCTYNHbIMW A/1A 3a3emaeHus (Hanpumep, OTKPbITble MeTannnyeckue
TPy6bl LLEeHTPaIbHOrO OTOMNEHUA, NPOBOAHMKM 3a3eMIeHUa 1 T.M.); Ana obecneyeHma xopollen
M301AUMK  CaeflyeT UCNO/Mb30BaTb COOTBETCTBYIOWLYIO —Cheuodeskay, nepyatiu, o6ysb,
M30/UpPYIOLLME KOBPUKU U T. A.;

Henb3s KacaTbCA OTKPbITbIX TOKOBEAYLIUX YacTel, NOAKAOYEHHbBIX K 3/IeKTPOCETH;
Heponyctumo npumeHeHue:

O u3MepuTena, NOBPEXAEHHOIO NOJHOCTbIO UIN YaCTUYHO;
O MpOBOAOB C NOBPEXAEHHOW N30nAUMEN;
O n3mepuTenda, NPOLOJ/IKUTENIbHOE BPEeMA XPaHMBLUMWACA B HEMPABWJbHbIX YCNOBUAX
(Hanpumep, B CbipOM NOMeLLEHUN);
PemoHT npnbopa MOMKET BbINONHATLCA /1ML aBTOPM30BaHHbIM CepBUCHbIM LieHTpom.

He BbINO/HATL M3MepeHMs BO B3PbIBOOMACHOW cpefe (Hanpumep, B NPUCYTCTBUU FOPHOUMX
rasos, Mapos, MbIM U T.4.). UCNoNb30BaHME U3MEPUTENA B TaKUX YC/IOBUSAX MOMKET Bbi3BaTb
NCKPEHWe 1 B3pbIB.

Hactoswee wu3genne OTHOCWUTCA K YHMBEPCA/ibHbIM U3MepUTesbHbIM Npubopam ans
N3MEPEHUA U KOHTPOA SNEKTPUYECKUX BENNYMH (HAMPAMKEHUSA, CU/bl TOKA, CONPOTUBNAEHUA U
MOLLLHOCTH).

AHanusaTop OCHAalWLEH BHYTPEHHeN ANTUN-UMOHHON GaTapeeit, KoTopas Oblia nNpoBepeHa
He3aBMCUMMOM flabopaTtopuen U cepTMdULMpPOBaAHaA ANA NPOBEPKU COOTBETCTBUA MAPaMeTpoB
KayectBa ctaHpapty OOH 38.3 — «PekomeHgauym OOH no nepeBo3Ke OMacCHbIX rpy30B.
CnpaBOYHMK  uMcCnegoBaHMA U KpuTepues», 5-e  wmspaHme. OnybamkosaHo OOH
(ST/SG/AC.10/11/Rev.5). Takum obpa3om, aHanM3aTop paspeLlléH Ana BO3AYLIHbIX, MOPCKUX U

aBTOMOOW/IbHbIX nepeso30K.

0O61asa XapaKTepuCTHKA

AHanunsaTop nNapameTpoB KayecTBa 3/1eKTpuUYeckoit sHeprum Tmna PQM-710 n PQM-711 (puc.1) — aTo

nepeanosble BbICOKOTEXHONIOTMYHbIE MPOAYKTbI, NO3BOAAOWME NPOBOAUTL BCECTOPOHHUE U3MEPEHUA,

aHanun3 n permcTpaumio napametpos cety 50/60 My, 1 KayecTBa 3N1E€KTPUYECKON SHEPTUK B COOTBETCTBUM

c gencteytowmmm FOCT 32144-2013 «InekTpuyeckan sHeprma. COBMECTMMOCTb TEXHUYECKMX CPeacTB
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3NEKTPOMarHUTHaA. Hopmbl KauyecTBa 3N1EKTPUUECKON SHEPTUMN B CUCTEMAX 3N1EKTPOCHAbKeHUA obuero
Ha3HayeHua», FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «3dnekTpryeckasn aHeprmua. COBMECTUMOCTb
TEXHUYECKUX CPEACTB 3/1EKTPOMArHUTHaA. MeToapl U3MEPEHUI NOKasaTenel KavyecTBa 3/1eKTPUYECKON
sHeprum», u TOCT 30804.4.7-2013 (IEC 61000-4-7:2009) «CoBMECTUMOCTb TEXHWYECKUX CPeacTB
aNeKTpoMarHuTHaa. Obuiee PyKOBOACTBO NO CPeACTBAaM WM3MEPEHWUI U M3MEPEHMAM TFapMOHUK U
WHTEPrapMOHUK A1 CUCTEM SNEKTPOCHAOMKEHMA WM MOAKAOYAEMBIX K HUM TEXHWYECKUX CPEeacTBY.
AHanmsaTopbl NOAHOCTbIO cooTBeTcTBYET cTaHAapTy NOCT 30804.4.30-2013 Knacca A.

AHanusaTopbl OCHalleHbl MNATbIO M3MEPUTENbHBIMW BXOZaMW MO HAMPAMEHWIO, C NPOBOAAMM
3aKaHYMBAOWMMUCA pasbéMamm Tuna «baHaH» u obo3HavyeHHbimM L1, L2, L3, N u PE. [uanasoH
HaNpPAXeHUN, N3MepPEeHHbIX NO YeTbIPpéM KaHanam — 31o 760 B (RMS) nan 1000 B (RMS) oTHocuTenbHO
3eMn (3aBUCUT OT BapuaHTa UCNOAHeHus). MpU COBMECTHOM MCMO/Ib30BaHUK C TpaHchopmaTopamm
HaNpAXeHUs, aHaN3aToPbl MOXKHO MPUMEHSATb B CETAX C 60/1ee BbICOKMM HanpsaXKeHeMm.

Ons M3MepeHMAa TOKa UCNONb3YIOTCA YeTbipe TOKOBbIX BXOZa C KOPOTKUMU U3MEPUTENbHbLIMU
NpoBOAaMM, 3aKaHYMBAOWMMUCA pasbEMamMmM AN NOAKMOYEHUA TOKOU3IMEPUTESbHbIX Knewel. K Hum
MO>KHO MOAKMIOUMTL: TMbKue knewm F-1, F-2A/F-2AHD, F-3A/F-3AHD ¢ HOMMWHaNbHbLIM AMana3oHOM A0
3000 A (oTaunuatoTca TobKO AnameTpom obxsaTa), rmbkue knewm F-1A6, F-2A6, F-3A6 ¢ HOMUHaAbHbIM
AuanasoHom ao 6000 A, rmbkme knewm F-1A1, F-2A1, F-3A1 ¢ HOMMHaNbHbIM Anana3oHom go 1500 A, a
Take Xéctkme Knewm C-4 (gmanasoH go 1000 A nepemeHHoro Toka), C-5 (amanasoH go 1000 A
nepemeHHoOro 1 NocTosiHHoro Toka), C-6A (ananasoH ao 10 A nepemeHHoro Toka) n C-7 (amMana3oH Ao
100 A nepemeHHoOro Toka). Tak¥e, Kak U Npu U3MepPeHNM TOKa, HOMUHANbHbIM ANANA30H MOXKET bbITb
M3MEHEH C MOMOLLbIO [AOMNOJIHUTE/IbHBIX TPaHCPOPMATOPOB TOKAa, Hanpumep, MNpU MNPUMEHEHUMU
TpaHchopmaTopa ToKa ¢ KoadpdpuumeHtom 1000/5 ¢ knewamm C-6 MOXKHO U3MeEpPATb TOKM A0 1000 A.

Mpubop OCHAWEH BCTPOEHHOM KapToW namAtTM émKocTbio 8 Ib. [na obecneyeHMA BO3MOMKHOCTU
ObICTPOro CYMTHIBAHWUA 3aMMCAHHbIX [AaHHbIX aHa/NM3aTop OCHALWEH BCTPOEHHbIM CYUTLIBAIOLWLMM
YCTPOMCTBOM, YTO NO3BOJIIET YTEHME AaHHbIX CO CKOPOCTbIO MOPAAKA HECKO/NbKUX M6ut/c. [daHHble
MOTYT 6bITb CYNTAHbI C UCMOJIb30BAHNEM UMEIOLLMXCA KaHanoB cBAsn: USB, no Wi-Fi u GSM.

Mogem GSM (c nogaep:Kon ctaHgapta UMTS) BCTpoeH B YyCTPOWCTBO BMECTe C aHTEeHHOM. ITo AaéT
NPaKTUYECKM HeorpPaHUYEHHbIM A0CTYN K aHa/M3aTopy U3 060l TOUKM MUpPa, Fae ecTb NoKpbiTue GSM.
Ha neBoli cTopoHe Kopnyca HaxoauTca cnoT aaa SIM-KapTbl, Heo6xXxo4MMOM oA Nepesadn AaHHbIX.

AHanunsaTopbl UMET BCTPOEHHbIN GPS-NpUEMHUK BMecTe C aHTEeHHON, Bnarogaps aTomy 6e3 KaKux-
60 AONONHUTENbHbBIX aKCECCYapoOB OHM MOJHOCTbIO COOTBETCTBYET TpeboBaHMAam FOCT 30804.4.30-
2013 (IEC 61000-4-30:2008) «3nekTpuyeckaa sHeprus. COBMECTUMOCTb TEXHUYECKUX CpPesacTB
3NeKTpoMarHuTHaa. MeToapbl U3MepeHuiA NoKasaTesiell KayecTBa 3/1EKTPUYECKON SHeprnn.» Knacca A.
MpunémHuK GPS obecneumBaeT CUHXPOHMU3ALMIO C BCEMUPHbIM KOOPAMHMPOBaHHbIM BpemeHem UTC u
No3BONAET AOCTUYL TOYHOCTU U3MEPEHUA BPEMEHU A0 HECKONbKUX AEeCATKOB HaHocekyHA. Ona GPS
NPUEMHMKOB MOJIlyYEHUE CNYTHUKOBOIO CWUrHana BO3MOMHO HA OTKPbITOM MECTHOCTM, MNO3TOMY
CUHXPOHM3ALMA C NOMOLLBIO BCTPOEHHOM aHTEHHbl MPOUCXOAMUT TOIbKO CHApyXW 34aHui. B cayuyae
MCNO/Ib30BaHMA aHaNM3aTopPa BHYTPM 34aHUA HEOBXOAMMO MOAKNIOUYNTL K aHaNN3aTopy BHeLWwHo GPS
aHTEHHY M BbIBECTM €€ Ha BHELUHIO CTOPOHY 34aHMA. BHewWwHAA aHTeHHa ABAAETCA AOMNOJHUTEIbHBIM
aKceccyapom.

Perncrpmnpyembie napameTpbl pasgeneHbl Ha rpynmbl, KOTOPble MOXHO HE3aBUCUMMO OT APYTrMX BKAKOYATb
NN UCKNKOYaTb U3 pernctpaunmn, 4To No3BONAET PaunOHa/IbHO UCMNOJ/Ib30BATb MeCTO Ha KapTe NaMATU.



He peructpupyemble mapameTpbl He 3aHMMAlOT MeCTa, TEM CamMbiM MOXHO 3HAUYUTENbHO MPOAIUTbL
BpPEMA 3anMcKu Apyrmx napameTpos.
OCHOBHble pas3Muma Mexay aHaImM3aTopamu.

PQM-710 PQM-711

Moaynb nepexoaHbIX NPOLLEeCccoB L]

KHOMKM KRS EMATYEI

CEpHAHEIN HOMERD
X . O003HSYEHMA W
-‘__
=
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ChoT gna f‘:
ZIM-kEpTE * H\« Pasbemel gna
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Pazvem USB ™
i d ::'\' 5
G G
L R
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)
Pazbemel BNA TOKDOEbBIX

knewesid L1, L2, L3, M
14 3mepnTENBHEIE BXOgE

o Hanp s eH !
L1,L2,L3, N, PE

Puc.1. AHannsaTop KauecTBa aNeKTpUYeckom aHeprum. O6wmii Bug,

AHannsaTop COAEPKUT BCTPOEHHBIN OAOK MUTaHMA C LUMPOKMM AMANa30HOM BXOLHOMO HamnpaKeHus
100...690 B nepemeHHoro unu 140..690 B NOCTOAHHOro TOKa, KOTOPbIM MMeEET OTAe/ibHble NPOoBOAA
(Bxoaa) ¢ pasbémamm TMna «b6aHaH» Ha KOHLAX.

BarkHoON ocobeHHOCTblO ABAAETCA NPUCNOCOBNAEHHOCTb K paboTe B CNOMHbIX NOroAHbLIX YCNOBUAX —
aHanM3aTop MOXKeT ObiTb YCTAHOB/AEH HENOCPeACTBEHHO HA OMNOpPax JIMHWUM 3/EKTpoNepesayn.
AHanusaTtop obecneumBaeT repMeTUYHOCTb Knacca IP65, a ananasoH paboumx Temnepatyp -20...55 °C.

bBecnepeboliHyto paboTy, B yCnoBMAX OTCYTCTBUSA CETEBOrO HanpaxeHus, obecneymBaeT BCTPOEHHbIN
JNIUTUIN-UOHHDBIN aKKYMYNATOP.

MNMonb3oBaTenbCKUn UHTepdelic BKAOYAET B cebA LBETHOW MUAKOKPUCTANIMYECKUA pucnien ¢
pa3peweHnem 320 x 240 nukcenen u pasamepom 3,5 gtonMma, a Takke 4-KHOMOYHYO KnaBuaTtypy.

3nemeHTOM, NO3BONAIOWMM MPOABUTb BECb MOTEHLMAN YCTPOWMCTBA, ABNAETCA CNeuvann3npoBaHHoOe
nporpammHoe obecneyeHne ana nepcoHanbHoro komnbtotepa «SONEL ANALYSIS».

CeAasb C KOMMbHOTEPOM BO3MOXKHA FIYTéMI

e [logknoyeHne no USB, obecneumsatolllee CKOPOCTb Nepeaaynm gaHHbIX Ao 921,6 kbut/c, B
PEeXMME CHUTLIBAHMNA AAHHbIX C KapTbl NAMATU - CKOPOCTb NOPAAKa HECKONbKO M6BUT/c;




e CoeauHeHue no pagano Wi-Fi ¢ adppeKkTMBHOM CKOpOCTbio nepedaun gaHHbix Ao 300 k6ut/c
(MaKcMmanbHan CKOPOCTb NOAAEPKUBAETCA HA AUCTAHUMN Ao 10 m);
o [logkntoueHne no GSM yepes ceTb NIHTepHeT.

Mepeaaya gaHHbIX No cet GSM noTpebyeT yCTaHOBKM B FHE340 aHa/M3aTopa Aencteytolel SIM- KapTbl
Nnosib30BaTeNA, C NOAKAOYEHHOW YCAYron nepefayn AaHHbIX M cTatnudeckoro IP-agpeca. KomnbloTep,
KOTOpbIM ByaeT NoAKN0YATLCA K aHaIM3aTopy, AOKEH UMETb A0CTYN K MIHTEpHEeTY.

MECTO MPHKEY Y ESHMA KRENNEHMEA
XOMYTOE ANA YCTEHOEKK Ha cTonb
WK hECATOR0E Ha DIM-peliky

— ;
i)

-’.'"'_J i

o2

T ST MecTo MEHER M B EHMA
F8WERKK 1na DIk-pebi

Puc.2. 3agHAa naHenb aHanmMsaTopa.

m Mo cpaBHeHuto ¢ mogenbto PQM-710, aHanuzatop PQM-711 AONOAHUTENbHO NO3BONAET
n3mepeHue TPaH3NEHTOB (KOPOTKUX BCNJIECKOB MPY NepexoAHbix Npoueccax oT aHr. transient voltage)
B AManasoHe HanpsykeHui go +* 8 KB c vactoTon amckpetusaumm ot 100 Kly go 10 Mrlu. Uenu
M3MepeHMa MNepexodHblX NPOLECCOB HE3aBMCUMbl OT APYrMX Lenen HanpaxeHua U MNoAKAHYEeHbl K
BXo4am no HanpsaxeHuto L1, L2, L3, N, PE. AHannsatop nmeeT yeTbipe nsmeputesbHbIX KaHana: L1-PE,
L2-PE, L3-PE u N-PE. Pernctpauuna curHanoB BbINOJIHAETCA, onpegenaemoe nosib3oBatesiem, BpeMeHem
OUCKPEeTU3aLMM U NOPOrom OBHapYXKEHUs, a KOIMYECTBO 3aMMCcaHHbIX OTCYETOB cocTasnneT go 20 000
Ha KaHan (2 Mc ana YactoTbl AnckpeTtmnsaummn 10 Mru).

1.3 IIuTraHue aHa/IM3aTOpPA

AHann3aTop COAEPKMUT BCTPOEHHbI 60K NUTaHMA C AMAaNa30HOM HOMMHA/IbHbIX BXOAHbIX HAMNPAXKEHUN
100...690 B nepemeHHoro u 140...690 B noctoAaHHOro Toka (nepemeHHoe HanpsaxeHue 90..760 B mau
NOCTOAHHOrO HanpsAKeHue 127..760 B ¢ y4ETOM OTKNOHEHWUI). BAOK NUTaHMA MMeeT oTAe bHble BXO4a
(npoBoaa KpacHoro ugeta), obo3HaueHHble 6ykBamu P (OT aHrn. power - nuTaHue). Ons 3awuThbl
WUCTOYHMKA NUTAHUA OT NOBPEXKAEHWUIN NPU NOMNbITKE €ro NOAKAUYEHUA K HANPAXKEHUIO HUXKEYKa3aHHOro
AMana3oHa OH BbIKAKYAeTCA Npu BXOAHOM HanpaxkeHun meHee 80 B nepemeHHoro toka uam 110 B
NOCTOSAHHOIO TOKa.

[na noaaep:KaHna NuUTaHMA, Bo Bpemsa nepeboes 31eKTpMUYECKo SHepPrnn, MCNoib3yeTca BCTPOEHHbIN
JNINTUIA-UOHHBIW akKymynaTop. OH 3apsKaeTcs, Korga Ha pasbémax 6/10Ka NMUTaHMsA NpucyTCTBYET
Hanps»KeHwue.
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OH nogaeprkMBaeT aBTOHOMHOe nNuTaHue Ao 2 YacoB (PQM-710) npu TemnepaType -20...55 °C. Mocne
NOJIHOTO pPa3psafa aKKyMyATOpa aHaM3aTop NpepbiBaeT TEKYLLYIO paboTy (Hanpumep, perucTpaumio) 1
aBapuiHO BbIKAOYaeTca. Mpu nocneayowem MNOAKAYEHUM MUTAHUA, €CN paHee NPOAO/XKANAch
perucTpauusa, aHaansaTop ee BO30OHOBMT.

C 3ameHa aKKymynAaTopa AOJI)KHA MNPOM3BOAWUTLCA TOJIbKO B aBTOpU3MpoBaHHOM CepBUCHOM
LleHTpe.

1.4 CreneHb 3alLMTHI M YCJIOBUA IKCIUIyaTaL MU

AHanunsaTtop npegHasHayeH A1A paboTbl B COXKHbIX MOFOAHbIX YC/IOBUAX - OH MOKET BbITb YCTaHOBNEH
HenocpeacTBEHHO HA OMopax JIMHUKM 3neKTponepegadn. s MOHTa)Ka MCMo/b3yloTca ABa PEMHSA C
3aCTEXKKAMM U [Ba MNIACTUKOBbIX KpenneHua. KpenneHua NpuUBMHUMBAIOTCA K 3a4HEN CTEHKe Kopnyca.
YCTaHOBKa pemMHel OCyLLLeCTBAAETCA COMIAaCHO PUCYHKY.

N

1®@®

o® o o
o9

)

N —
(L1 [_L § _ﬂ LL_

® :

1T
JN JN

Puc.3. KpenneHus n pemHu gna ycTaHOBKM aHann3aTopa Ha cTonb.

AHanuszatop obecneunBaeT repMeTUYHOCTb Knacca IP65, a aManasoH paboumx Temnepatyp -20...55 °C.

Ona Toro, ytobbl 0b6eCcneUnTb AEKNAPUPOBAHHYIO FrepMETMYHOCTb Kaacca IP65, Heobxoanmo
CTporo cobatoaaTh cneayrolime npasuna:

e  [10/1XHbl BbITb MNJIOTHO 3aKPbITbl KPbILWKK pazbémoB USB n SIM-kapTbl;
& e Heucnosnb3yemble pasbembl TOKOBbIX Kellein A0/XHbl 6biTb 3aKPbITbl CUAMKOHOBBIMM
3araywkamu;

e [lonKHa BbITb 3aKpydyeHa 3arnyLKka 4158 pasbéma BHelHel aHTeHHbl GPS (Maum naoTHO

3aKpy4eH pasbem Npwu YCTaHOBKE BHELUHEN aHTeHHbl GPS).

Mpu TemnepaType OKpy:Kalowen cpedpl Huxe otmeTku 0 °C, BKaoyaeTca oborpes ycTpoWCTBa
BHYTPEHHMM HarpesaTesieM, 3aJa4ell KOTOPOoro ABAAETCA NOAAEPKAHME MOJIOKUTENbHOM TeMnepaTypbl
aHa/nM3aTopa Npu oTpMLaTENbHON TEMNEPaType OKpyXKatoLen cpeabl.

HarpesaTenb nuTaeTcA OT BCTPOEHHOFO WMCTOYHWMKA MUTAHMA MNEPEMEHHOro TOKa, a ero MOLLHOCTb
orpaHumyeHa npymepHo 5 BT.

M3-3a 0cOBEeHHOCTEN BCTPOEHHOTO JIMTUIA-MOHHOTO aKKYMy/AATOPa ero 3apsafKa 3absoKupyeTca, Korga
TEMNepaTypa aKKyMy/aaTopa HaxoAuTcA BHe AguanasoHa -10..60 °C (cTtaTyc 3apagKku B nporpamme
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«SONEL ANALYSIS» M3MeHUTCA Ha «3apAgKa NPUOCTAHOBAEHA» U MKOHKa Ha HKK-aucnnee otobpasutca
KpaCHbIM LBETOM.).

1.5 MoHTaXx Kpenexa

Momectute BTY/IKU NMPOKAaAKU 3 MM M3 NAACTMKA HA HUMKHIOK 4YacTb KopnycCa, B OTMEYEHHbIX Ha ¢OTO
mecTax:

YcTaHOBUTE KpenexkHble 3/IeMEHTbI A1 OMOPHbIX CTAXKEK Ha HUXKHEN YacTu Kopnyca, B 0603HaYeHHbIX
Ha $OTO mecTax:

12



MpUKpyTUTE KpenéxKHble getann K kopnycy ¢ nomouwpto 10 wr. BUHTBI M3x10. Mcnonb3yinte TONbKO
BWHTbI C pa3amepamu, yKasaHHbIMKU B JaHHOM PyKkoBoAcCTBe.

1.6 MoHTax Ha DIN-peiiky

B Komn/ieKTe MNOCTaBAAETCA KpensieHue ANsA YCTaHOBKW aHanus3atopa Ha crtaHaapTHyto DIN-peiiky.
3alléNKy HYKHO MPUKPENUTb K 3aZlHEeN CTeHKe aHa/sn3aTopa C NOMOLbK Npuiaraembix BUHTOB. A
HAaZEKHOCTM MOHTaXa B KOMMJEKT TaKXe BXOAAT CheuuanbHble KPHYKK, KoTopble ¢ukcmpytoT DIN-

®; ° ®

pemnky.

) (cemx]
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Puc.4. 3apgHAA cTeHKa aHaM3aTopa C a/1IeMeHTaMM a1Aa MOHTaXKa Ha DIN-peiky.
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1.7 IlapamMeTpsbl U3MepEeHUM
AHanusaTtop obecneymBaeT U3MepeHne n PermcTpaLmio caeayowmx napameTpos:

o [leicTBytowme 3HauyeHMA GasHOro 1 IMHEMHOTO HanpsaXKeHua B gnanasoHe ao 760 B nan 1000 B,
B 3aBMCMMOCTM OT Bepcum (t 1500 B nMKoBOro 3HayeHus), MaKCMManabHO AOMYCTUMbIE
HanNpsAXXeHUA OTHOCUTE/IbHO 3eMJ/1M YKa3aHbl Ha /IMLEBOWN HAKNENKe;

. IEEU CKauKM HaNpsXKeHWA NpU NepexoaHbIX Npoueccax (nepeHanpaxeHua) B AManasoHe o +
8 KB;
e [leicTBylOLLEE 3HAYEHME TOKA:
o 00 6000 A (nukosoro Ao +20 KA) c nomoliblo rMbKux Kneuient F-1A6, F-2A6, F-3A6,
o go 3000 A (nukosoro go +10 KA) ¢ nomouibto rMBKKxX Knewen F-1, F-2A/F-2AHD, F-3A/F-
3AHD,
00 1500 A (nMKosoro Ao +5 KA) c nomolublo rubkux Kneuen F-1A1, F-2A1, F-3A1,
A0 1000 A (nukosoro ao + 3600 A) ¢ ncnonb3oBaHMeM KECTKUX Knelen C-4 unun C-5,

o O O

00 100 A (nmukosoro ao + 360 A) ¢ kneuiamm C-7,
o no 10 A (nukosoro Ao * 36 A) ¢ Knewamn C-6A,
e Ko3dPUUMEHT NUKOBBIX 3HAYEHUIN CU/Ibl TOKA W HANPSXKEHUS;
e YactoTta cetn B gnanasoHe 40...70 lNy;
e  AKTMBHan, peakTUBHas, NoJIHas MOLLHOCTb U SHEPIUsi, MOLWHOCTb HEJIMHEMHbIX UCKaXKEHUI;
e [apMOHMYECKME COCTaBAIOLLME HANPAXKEHNI U TOKOB (a0 50-i);
e  KoaddpuumeHTbl rapMoHNYecKnx ncKkaxeHuin THDF n THDR 419 TOKa U HanpssKeHus;
o  KoadduumeHT nckakenmna TDD ToKa;
o KoadduumeHT noteps K, BbI3BaHHbIX BbiCLUMMMK rapMmoHmnKkamu (K-daktop);
e  AKTMBHYIO U PEAKTUBHYIO MOLLHOCTU FAPMOHNYECKMX COCTaBAAIOWMX;
e Yron $a3oBOro caBura Mexay HanpsKeHMem n TOKOM;
o  KoaddpuumeHT moLwHocTH, cosy, tgep;
o KoadpdnumneHTbl HecMmMmMeTpUM TPEXDA3HOMN CETU U CUMMETPUYHBIX COCTABAAOLLUMX;

e BesnnumHa go3sbl GanKepos Pst u Piy;
e /IHTeprapMOHMKM HaNpsAXKeHW 1 Tokos (8o 50-i);
o  Ko3adPpUuMeHTbl HTEPrapMoHUYECKUX UCKaxkeHn TIDF n TIDR oA TOKa M HaNpaXKeHUs;

e  CurHanbl ynpaBaeHMa No HanpaXKeHuo B gmanasoHe YacToT 5...3000 My,
e  BbICTpble M3MeHeHus HanpsxkeHus (RVC)

BblbpaHHble MapameTpbl ABNAOTCA OBOBWEHHBIMU (YCPeAHEHHBIMM) NO BpemeHu, onpeaensemble
NoNb3oBaTe/IeM UM MOTYT ObiTb COXpaHeHbl Ha KapTe NamaATU. Kpome cpesHEero 3HauyeHWs MOMKHO
3anuCbiBaTb MMHMMAaJbHbIE MU MAKCMMasibHble 3HAUYEHWA Ha NPOTAMKEHUW WHTEPBafia ycpeaHeHus, a
TaKXe MrHOBEHHbIE 3HaYeHuA.

PacwupeH Takke 670K OGHapyrKeHuA caydailHbix cobbituii. B TOCT 32144-2013 «3neKTpuyeckas
aHeprua. COBMECTMMOCTb TEXHUYECKUX CPEACTB 3/1eKTPOMarHUTHaA. Hopmbl KayecTBa 3/1eKTPUYECKOM
SHEpPrun B CUCTEMAX INEKTPOCHAOXKEeHMA O6LLEero HasHauYeHUA» ANA HaNpPAMXKEeHUA — 3TO NpepbiBaHMe
(cuTyaums, npu KOTOPOW HaMpsKeHVWe B TOYKE Nepesayu 3SNeKTPUYECKoW 3Heprnu meHbwe 5%
OMOPHOrO HanpsXKeHUA BO BCex TPEX ¢asax), nepeHanpaKeHue (BpemeHHOe BO3pacTaHMe HaMnpAKeHun
B KOHKPETHOW TOYKE 3/IEKTPUYECKON CUCTEMbI Bbile YCTAHOBNEHHOTO MOPOroBOro 3HauyeHws 6bosee
110%), a Tak»Ke 1 NpoBasibl (BPEMEHHOE YMEHbLUEHWE HANPAXKEHNA B KOHKPETHOW TOYKE 3N1EeKTPUYECKOW

CNCTEMDbI HUXKEe YCTaHOBJIEHHOIO MOPOrosBoro 3Ha4eHmA B npeaenax 85...90% Bbl6paHHOFO OnopHoro
14



HanpsxeHua). lNonb3oBaTeslb He [O/KEH CAaMOCTOATENbHO BBOAWTb NApameTpbl, - MNpPOrpamma
No3BOAAET aBTOMATUUYECKN HAaCTPOUTb NPMBOP B peXMUM U3MEPEHMNA KAUECTBA 3/IEKTPOIHEPIUM COTNACHO
FOCT 32144-2013. B pacnopsaxeHnu nosab3oBaTeNss OCTAaETCA pPeXXnum cBoen cobCcTBEHHOM KOHpUrypaumm
- Nporpamma npeanaaraeT B 3TOM OTHOLWEHUW NOAHYLO cBoboay. HanpsaxkeHne — 3TO TONbKO OAWH U3
MHOTMX MapamMeTpoB, A8 KOTOPOrOo MOXHO OnpeaenvTb nNoporn obHapyrKeHuAa cobbiTvii. U Tak, gns
npumepa, MOXHO HACTPOUTb AHANM3ATOP A1A OOHAPYXKEHWUA CHUMKEHMA KoadpduumeHTa MOLLHOCTU
HUXKe onpegenéHHoro nopora, npesbiweHua KMN (THD) Bbilwe Apyroro nopora u TaK ke, NpesblleHue
9-M rapMOHWKON MPOLEHTHOrO 3HAYEHWUS HaAMPSAMKEHWUs, YCTaHOB/EHHOro noJsib3oBatenem. CobbiThe
3aMNMCbIBAETCA BMECTE CO BPEMEHEM €ro BO3HMKHOBEHMA. B ciydae cobbITUM, KacaroLmxca NpeBblWeHns
NoOpOroB NpepbiBaHWA, NPOBANIOB M CKAYKOB AA HANpPAXEHMA, a TaKKe NPeBbIEeHNA MUHUMAJIbHbIX U
MaKCMMasibHbIX 3HAYeHUM ANA TOKOB, MOXHO AOMOMHWUTb MHOOPMAUMIO O HacTynaeHun cobblTma
ocumnnorpammamm Gopmbl CUTHANOB HAMPAMXKEHUA U TOKA. MoXeT bbITb 3aNMcaHo OT 5 NepnoaoB ceTu
00 1 ceKyHApl C peryanmpyembiMm BpeMeHeM onepexeHns cobbiTna. Bmecte ¢ ocumanorpammamm TakxKe
3anucbiBatotcs RMS 3HaueHua nonynepmoaos (RMSy2) ¢ perynnpyemoit anmtenbHocTbio oT 1 a0 30 cek.

Kpome TOro, aHanmMsaTop crnocobeH oOHapy»KmMBaTb COObLITUA, BbI3BaHHbIE M3MeEHeHuem ¢opPMbl
ornbalowein HanpsaxeHna M ckadykom ¢asoBoro yrna, NyTém cpaBHEHWA APYr C APYrom ovepeaHblX
nep1MoaoB ceTu.

OueHb LIMPOKNE BO3MOXHOCTM KOHOUIypauum, BMECTE C MHOMECTBOM M3MepAEMbIX MapamMeTpos,
AenaloT U3 aHann3aTopa Ypes3Bbl4aliHO MOAE3HbIA U MOLLHbIA UHCTPYMEHT AN U3MEPEHUA U aHaM3a
BCEX BWAOB MNapamMeTpoB CETU 3/EKTPOCHabMKeHUs M BO3HMKaWWMX B Heill nomex. Hekotopble
YHUKanbHble ocobeHHOCTM 3Toro npubopa BblAENAOT ero cpeau APYrux aHaAn3aTopoB 3TOro TwMa,
AOCTYMHbIX Ha PbIHKe.

M3mepsemble NapameTpbl ANS Pa3NNYHbIX KOHOUTYpaLU ceTn.

1-
Tun ceT“ 2'¢a3Haﬂ llY” c N IIAII " IIYII 6e3 N
¢asHan
Mapametp L1 N|(L1|L2|{ N| 2 |L1|L2[L3|N | Z |L12]L23|L31] 2
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UDC L] L) L] [ ] L] L] L] L] L] L) ° °
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| 3¢ dEKTUBHBIN TOK N ERERE EREEK o | oo
Inc [MocTOAHHAA COCTABAAIOLLAA TOKA o | o | o | o | e o | o | o |0 o | o | o
f YacToTa . . . .
CFU MUKOBbIN KOIPDUUMNEHT HANPANKEHNA| o | o [ o [ o | @ e oo o0 oo | e
CF I M1KoBbIM KOIPDULMEHT TOKA o oo e e e oo o0 oo | e
P AKTUBHAA MOLLHOCTb ° o | o N EEEEE ° °
Q1, Qs PeakTMBHaA MOLLHOCTb . o | o o | o | o | e ° oll)
D, Sn MOLLHOCTb UCKaXKeHUA . o | o o | o | oo °
S [MonHaa mowWwHOCTb . o | o o | o | oo ° °
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Eac, Eau+ PeakTnBHas sHeprua 1)
[ ] ] [ ] [ ] [ ] [ ] ] [ ) [ ]
Eav-, Eac+ (4-x KBagpaHTHaA)
lNonHan sHeprua ° o | o oo | o | e ° °
Uhi..Unso  |AMNANTYAbI TAPMOHWMK HaNpPAXXeHUs| o | o | o | o | ® e | e[ eo e o | o | o
Ih1..Ihso AMNANTYAbI FAPMOHMK TOKa o | o | e |0 |0 e | e[ eo e o | o | o
Yribl mexXay rapMoHUKamm
duiz.. duiso . o | o o | o | o
HanpAXKeHWA 1 ToKa
ABCONIOTHbIE Yr/1bl FAPMOHMUK
du o | o | o | 0| @ o | o | 0| @
HanpsaXKeHua
ABCONIOTHBIE YI/Ibl TAPMOHUKTOKA | @ | @ | @ | o | @ o | o | o | e
Ph1..Phso AKTUBHbIE MOLLLHOCTM FAPMOHUK ° o | o o | o | o
Qnh1..Qhso PeakTMBHble MOLLHOCTM TAPMOHUK | e o | e o | o | e
AcummeTtpua CUMMETPUYHbBIE COCTaBAAIOLWNE U
[ ] [ ]
U, I K03 DULMEHTBI HECUMMETPUU
Pst, Pit [o3bl dpankepa . o | e o | o | e o | o e
KoadpPpunumneHT MHTeprapmMoHNYECKUX
TID U - EEIEEREEREK o | o | o | @ KR
WCKa*KEHUI HanpAXKeHuA
KoadpdpnumneHT nHTeprapmoHnYecKmx
TlD I o L] L) L] L] L] [ ) [ ) [ ] [ ] [ [ ] [ ]
NCKaXKeHNN TOKa
AMNAUTYAbl MHTEPrapPMOHUK
Uino..Uinso o | o | o | o | e e | o | 0|0 o | o | e
HanpsAKeHusA
liho..lihso AMNANTYAbl UHTEPrapMOHUK TOKa N ENERK L T T Y oo |0
UR1, UR2 |CurHanbl ynpaBaeHWsA B HaNpsaxXeHuu | e o | o e | o | o oo |0
m lNepexoaHble NpoLeccbl HanpAXKeHns
(2) [ ) [ ] [ ] [ ) [ ) [ ) [ ) [ ] [ ] [ [ ] [ ]

MpumeyaHue:

L1, L2, L3 (L12, L23, L31) — obo3HaueHue dpa3sbi;
N — namepeHue no kKaHany HanpakeHua N-PE nnm Toka In B 3aBMCMMOCTHM OT TUNA NapameTpa;
2 — O03Ha4yaeT CcyMMapHoe 3Ha4yeHue oA CUCTEMBI;

(1) — B 3-X MPOBOAHbIX CETAX, B KayecTBe CYMMapHON PeaKkTUBHON MOLLHOCTM PacCUYUTbIBAETCA

HeaKTMBHasA MowHocTb N = /SZ — PZ (cM. 0bCyKaeHMe NOo peakTUBHOMN MOLLHOCTM B rase 5.3)

(2) — nepexofHble CKa4YKM HanNpAaXKeHUAa nsmepatotca B KaHanax L1-PE, L2-PE, L3-PE n N-PE.

1.8 CooTBeTcTBHE CTaHJApPTaAM

AHanuszaTtop paspaboTtaH TakMm o06pasom, uTO6bl BbINOAHWUTL TpeboBaHWA, coaep’kalmecs B

CTaHZapTax, YKasaHHbIX HUKe.

CraHaapTbl, KacalLyeca n3mepeHram napameTpos CeTu:
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FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) — dnekTpuyeckaa sHeprusa. COBMeCTUMOCTb
TEXHUYECKUX CPEeacTB 3NeKTPOMarHMTHaAa. MeToabl WM3MepeHUs MNoKasaTeneil KayecTsa
3NEeKTPUYECKOM 3HEepPruum;

FOCT 30804.4.7 — 2013 (IEC 61000-4-7:2009) — CoBMECTMMOCTb TEXHWYECKUX CpPeacTB
aNeKTpoMarHuTHas. ObLiee pyKOBOACTBO MO CPEACTBAM U3MEPEHUIN U N3MEPEHUAM FAPMOHUK U
WHTEPrapMOHMK 418 CUCTEM 3/IEKTPOCHABKEHNA N NOAKNOYAEMbIX K HUM TEXHUYECKUX CPEACTB;
FOCT P 51317.4.15 — 2012 (M3K 61000-4-15:2010) — CoBMeCTMMOCTb TEXHUUYECKUX CpeacTs
3NeKTpoMarHuTHasa. Pankepmetp. PyHKLMOHANbHbBIE U KOHCTPYKTUBHbIE TpeboBaHUA;

FOCT 32144-2013 - DSnektpuyeckaa 3sHeprma. COBMECTMMOCTb TEeXHUYECKUX CpeacTs
3NEKTPOMArHUTHaA. Hopmbl KauecTBa 3N1EKTPUUECKON IHEPTMM B CUCTEMAX 3/1EKTPOCHAbKeHMA
obLero HasHayeHus.




CraHAapTbl 6€30MaCHOCTU:

e [OCT IEC 61010-1 — 2014 — Be30nNacHOCTb 3/IEKTPUYECKUX KOHTPONbHO-U3IMEPUTENbHbIX

npubopos n nabopaTtopHoro obopyaosaHus. Yactb 1. O6wue TpeboBaHuUA.

CraHaapTbl, KacatoLMecs SNeKTPOMArHMTHOM COBMECTUMOCTMU:

e [OCT P M3K 61326-1 — 2014 — O6opyaoBaHWe aNeKTpUYECKoe A8 U3MEPEHUS, YNpPaBAEHUs U

nabopatopHoro npumeHeHus. TpeboBaHWA 3/EKTPOMArHUTHOM coBmMecTUmocTU. Yactb 1.

Obume TpeboBaHus.

YCTPOMCTBO NO/HOCTLIO COOTBETCTBYET TpeboBaHMAM Knacca A, cornacHo FOCT 30804.4.30 — 2013.

CootBseTcTBMe BblbpaHHbIX MapaMeTpoB, AeNCTBYIOWMUM CTaHAapTaM.

O6begnHeHMe U3mepeHuin
no MHTepBanam BpemeHu

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

e OCHOBHOE Bpems W3MEepeHMA 3HaAYEeHWI NapameTpoB (HaMpsAMKeHWe, TOK,
rapMoOHMKKN, acummeTpua) — 3To 10-nepuofHblt WHTepBan Ans ceTel
anekTponutaHms 50 'y n 12-nepuogHbiit ans ceteit 60 Ny,

e WHTepBan 3 cekyHabl (150 nepuoaoB ANnA HOMWHANbHOM YacToTbl 50 Ty K
180 nepuoaos ana 60 u);

o UHTepBan 10 mMUHyT;

e WHTepBan 2 yaca (Ha ocHoBe 12 MHTepBanoB no 10 MUHYT);

e PecuHxpoHM3auma n HanoxeHune 10/12- nepuoaHbIX UHTEPBANOB.

MorpewHocTb X043
BpemeHun 4Yacos

FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008) Knacc A:
e BcTpoeHHble 4acbl peasibHOr0O BPEMEHM HACTPaMBAOTCA Ha YpPOBHE
nporpammbl «SONEL ANALYSIS», cUMHXpOHM3auum BpemeHn no GPS c
NMOMOLLbIO BCTPOEHHOW U/IN BHELLHEN aHTEHHbI;

e TO4YHOCTb XOZ,a 4acoB B OTCyTCTBME curHana GPS nyywe, yem * 0,3 ¢/aeHb.

YacrtoTa

BbinonHeHbl TpeboBaHua FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gna meToaa v NOrpewwHoCTM USMepeHUA.

3HayYeHue HanpaxeHus
NUTaHUA

BbinonHeHbl TpebosaHuna FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A ana meTtoga v NOrpeLHoCcTM U3MepeHuna.

KonebaHusa HanpsaxeHus
(dpnnkep)

MeToa v“3mepeHuUs U NOrpeLlHOCTb COOTBeTCTBYeT TpeboBaHMAM CTaHAapTa
FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010).

MpoBanbl, NpepbiBaHNUA U
nepeHanpaxKeHus
nUTaHNUA

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

ACMMMeTpMﬂ HanpAaxeHua
NUTaHNA

BbinonHeHbl TpebosaHus FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gna meToaa v NOrpewHoOCTM USMepeHUA.

FaPMOHWKM HaMpPAXKeHUA U
TOKa

MeTtoa v norpewHocTb namepeHua B coorsetctammn ¢ FOCT 30804.4.7 — 2013
(IEC 61000-4-7:2009) knacc I.

MHTEeprapmoHuKu
HanNpPAXeHUA 1 ToKa

BbinonHeHbl TpebosaHus FOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A gna meTtoga v norpelwiHoctn uamepenua (FTOCT 30804.4.7 — 2013 (IEC
61000-4-7:2009)) knacc 1).

CUrHanbl ynpasieHus B
MUTaOLLEM HaNPAXKEHUN

BbinonHeHbl TpeboBaHua FTOCT 30804.4.30 — 2013 (IEC 61000-4-30:2008)
Knacc A ans metoaa v NOrpewwHoCcTM U3MEpPEHUS.




2 IJKCIIVTYATAIIUA AHAJIM3ATOPA

2.1 Kiaasuatypa

KnaBuaTypa aHannsatopa COCTOUT U3 YeTblpéx Knasuw: BKJ1/BbIK/N @, BnEBOQ, BMPABO ‘:,
CTAPT/CTON @D . yr06b1 BRANOUMTL aHanu3atop HeobXOAMMO HaXKaTb KHOMKY €@ . Khonku

HaﬂpaB!’IeHMﬁ Q n Q rNaBHbIM o6pa30M CnyXat AnAa CMeHbl MH(I)OpMaLI,MM Ha Agucnnee.

M306pa)KEHMﬂ Ha Agucnnee MeHAKTCA Mo Kpyry, T.e. NPU HAaXaTUMU Ha KaBuly c Ha nocnegHem

3KpaHe MpoMUCXoamT nepexos K nepsomy sKkpaHy. Knasuiia & venser nsobpaskeHnsa Ha gucnsiee B

o6paTHoi nocnegosatensoctv. Knasmwa @D caywut ans sanycka M ocTaHoBKM pervcTpaumuu, B

COOTBETCTBUM C YCTAHOBAEHHON KOHOUIYpaLMei TEKYLLEN TOYKN N3MEPEHMUS.

2.2 BK/Il0YeHHeE U BBIKJIIOUYEHH e
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AHanM3aTop BK/IOYAETCA HAXKATMEM KAaBULLM @D nossnsercs 3KpaH C NpUBETCTBMEM, Ha
KOTOPOM OTOOparKaeTcs HazBaHMe Npubopa, BEPCMA BCTPOEHHONO NPOrpaMmmMHOro obecneyeHms
(aHrn. firmware), Bepcus obopyaoBaHUA U CEPUMHBIN HOMep. 3aTeM aHaNM3aTop BbINOJHAET
CamMOTecTMpoBaHME W B c/y4ae OOHapy)KeHMa owuBOK, Ha Aaucnaee noABAAeTCA
COOTBETCTBYHOLLEE COODLLEHME, CONPOBOXKAAEMOE AMHHbIM 3BYKOBbIM CUrHanom. B cnyyae
OWMOKN MHULMANM3ALMM KapTbl NAaMATM HA AMchaee MNOABMTCA Haanucb «OwubKa KapTbl
namaTtu». Ecan ¢alinoBasa cuctema Ha KapTe MoBpekAaeHa (Hanpumep, Koraa noJsib3oBaTesb
BPY4HYI0 nepedpopmaTMpoBan KapTy B PEXKMME YTEHUA NaMATU, B KOTOPOM MO/b30BaTe/lb UMeeT
MOMHbIN AOCTYN K COAEPKMMOMY KapTbl) aHaAM3aTop NpessioxKuMT oTGoOpMaTMpPOBaTb MAMATb
(Hagnuce  «dopmaTMpoBaTb KapTy NaMATU?»), Kaasuluein {7 3anyckaeTca npouecc
dopmaTmpoBaHma (3 KOPOTKUX 3BYKOBbIX cUrHana). Ecan B TedeHne 15 cek. He coBepluaoTca
Kakune-nmbo paenctsus, aHanmMsaTop nepesarpyxaetca. [locne npouecca dopmaTUpOBaHUA
aHaNM3aToOpP 3aHOBO MHULMANN3UPYET KAPTy NaMATH.

Ecan Bo Bpems MHMLMANAM3aUMKM KapTbl aHanM3aTop OOHapyKUT B KOPHEBOM KaTasnore dain
FIRMWARE.PQF, KoTopblh coaep*KuT MHPopmauMio O MPOLWMBKE aHanM3atopa (BHyTpeHHee
nporpammHoe obecneyeHne) W Bepcua MPOLWMBKM ByaeT HoOBee TeKylWen Bepcun
nporpaMmmHoro obecneyeHrMe camoro aHanusatopa, OyaeT npeanoXeHo MPOBEcCTUM npouecc
06HOBNEHNA NporpammHoro obecneyeHmsa — Hagnucb «O6HOBUTL NPOLLIMBKY?». Knasuiwwa G
3anycKaeT AaHHbIM npouecc (3 KOPOTKMX 3BYKOBbIX CUTHANa), B Te4EHME KOTOPOro Ha aucniee
MOXHO HabnoaaTtb 3a xogom onepauun. OBHOBAEHME MOXHO MPONYCTUTb, KPAaTKOBPEMEHHO
Ha*KaB KHOMKY @D. 06HoBneHME TakkKe nponyckaeTca, ecnm B TedeHne 10 cek. OTCYTCBYHOT C
aHaNM3aTpom Kakux-nmnbo aerictema. Ecnm obHOBAEHME NPOLLNO YCNELWHO, TO NOSBUTCA HAAMUCh
«O6HOBNEHO ycnewHo!», B NPOoTMBHOM c/iydae «O6HOBUTb He yaanocb!». 3atem aHanusaTop
ABTOMATMYECKU OTK/IHOHAEeTCA.

AHann3aTop HACTPaMBAETCA HA MOCAEAHIOK MCMOJIb30BAHHYO TOYKY M3MEPEHUA U NEPEXOAUT K
oTOBpaKeHUIO Ha Aucnaee aKpaHa 1/9 c nsobparkeHnem BEKTOPHOM AMarpammei.

BbIikntoveHMe aHanmM3aTopa NPOU3BOANUTCA YAEPKAHWMEM KAaBULLIM @D : reuenme 2 CeKyHa,
€C/I1 He BK/ItoYeHa 610KMPOBKa KNaBMaTypbl MU perncTpaLms.

HarkaTve Ha aKTMBHYHO KNaBWULLY Bbi3blBAET MNOABNEHME KOPOTKOIO 3BYKOBOFO CUTHANa BbICOKOM
TOHANbHOCTW; AN HEAKTUBHOM KAaBMLIM 3TOT 3BYK NpoJo/KuTenbHee ¢ 6onee HU3KOWM
TOHANIbHOCTLIO.



e YaepxuBaHWE B Ha)aTom cOCTOAHUM 6onee yem Ha 1,5 ceKyHAabl KnasuLu & v &
BbI3blBaeT NPUHyAUTENbHOE 06HOBEHUE M306paXKeHUA Ha ancnnee.

2.3 OPyHKIUA aBTOMATUY€ECKOTI'0 BBIK/JIIOYEHUA

Ecnu aHanusatop 6onee 30 MUHYT paboTaeT OT aKKYMyNAaTOpHOM 6atapeun (Npu OTCYTCTBUWM BHELLHEro
WUCTOYHUKA NUTaHMA) U HEe HaxXOAWUTCA B PEXMME PerucTpaumm UAM HeT aKTUBHOMO COeAMHEHUs C
KOMMNbIOTEPOM, OH aBTOMATUYECKM OTK/IOYAETCS AN NpeaoTBpaLlLeHMA pa3psaaa akkymyasaTopa.

ABTOMaTMUYeCKOe BbIK/lOYEHME aHa/NM3aTOpa BO3HMKAET TaKXKe B C/y4ae MNOJIHOTO pa3pasa
aKkymynatopa. Takoe aBapuitHOE OTK/OYeHWe MPOM3BOAMUTCA HE3aBMCUMMO OT PEXKMMA, B KOTOPOM OH
HaxoauTcA. B cnyyae aKTMBHOW pernctpauum oHa npepbiBaeTtcA. ocne BO3BpalLeHMs HanpsKeHus
NUTaHUA pernctpauma Bo306HoBAAETCA. ABapuMHOE OTK/AOYEHWE CUTHANM3UPYETCA COOBLLEeHNEM
«AKKYMYNATOp pasparkeH!».

2.4 HM3006pakeHus HA JuUcCILIee (3KpPaHBbI)

AHanusatopbl MmetoT 10 BMAOB SKPAHOB.

Ha puc.5 nokasaH I'IepBbIﬁ 13 3KPaHOB, OTO6pa)KaEMbIX aHanmn3aTopom Ha gucnnee. laHesnb MeHIO B
BerHEVI 4YaCTn ABNAETCA NOCTOAHHbIM 3/1EMEHTOM, MOKa3biBaeMbiM HeE3aBUCUMO OT Bbl6paHHOFO

3KpaHa.

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

U1 Ups «

lrus

I :l &

Py &

U3 U2 q;l :
<1H10>

Puc.5. 9kpaH 1/10 c BeKTOpHOM AnarpaMmon.

Ha naHenu MoKHO BblAeNUTb (HaunHanA cnesa):
o Homep akTMBHOM TOYKKU M3mepeHua: P1, P2, P3 uan P4. B HEKOTOPbIX pexnumax HoOMep TOYKM
oTobparkaeTcs nooyepesHo C AOMNOJHUTEbHBIM FPadUYECKUM CUMBOIOM:

Cumson CHHYCcoungbl 0To6pa>KaeTc>=|, KOorga namaTtb TOYKN N3mepeHnAa NoJIHOCTbIO 3aMNOJ/IHEHA
3aperncTtpnupoBaHHbiM1  AaHHbIMM  UAKW  KOraa AONA p,aHHO[/JI TOYKNU U3MEepPEeHUA He 6b110
Ha3Ha4Ye€HO HMUKAKOro mecta (Hy}'IeBaﬂ KBOTa). B TaKMX yCnoBMAX 3anNyCTUTb PErnMcTpaLmnio Heab3A.
BO3MOXKeH TONbKO NPOCMOTP TEKYLLUX 3HaYeHuN.

CMMBOJ1 03HaAYaeT OXUAAHME 3aMyCcKa PerucTpauumn rno nepsomMmy obHapyKeHHOMY cobbITUIO
(3anyck oT npeBbIWeHUs nopora).

B cuimson necounbix yacos osmauaer OXMAaHWe Hayana PerucTpaummn B pexxume pacnucaHus
(Tak:Ke B nepepbiBax MeXAy MHTePBaNaMu perucrTpaumuu).

e (CBob60OAHOE MECTO Ha KapTe NamMATU A1 aKTUBHOM TOUKKN namepeHus 8 Mb nau I'G;

e Tekywme gata u Bpemsa B ¢popmate: OO4.MM.ITIT Y4:MM:CC. [aTta 1 Bpemsa oTobparkatoTca
3e/1EéHbIM LIBETOM, €C/IM Bpems aHa/imM3aTopa CUHXPOHU3UPOBAHO CO BpemeHem no GPS wu
cooTBeTcTBYeT TpeboBaHMAM K TOYHOCTM oOnpefeseHUA BpPemeHW, ycTaHosneHHoro [OCT
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30804.4.30 — 2013 (IEC 61000-4-30:2008), npMmeHUTENbHO K aHann3aTopam Knacca A. Ecau
BPEMSA He OTBEYaEeT 3TUM TpeboBaHMAM, TO oTobparkaeTca LBETOM;

e VIHAMKATOP NUTAHMUA OT CETU UM YPOBEHDb 3apPAAa aKKYMYNATOPA;

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

Homep 3KkpaHa oTobparKaercs B NPaBOM HUMKHEM YIy AuChes.

Ha skpaHe 1/10 pagom c BEKTOPHOW AuMarpaMmoit, B peasibHOM BPpeMeHU 0TOBparKatoTca UHANKATOPSI
NPaBUAbHOCTU MOAKAOYEHMA (puc.5), KOTopble [AaloT BaXHYyl0 WHOOPMAUMIO O MOAKIOYEHUU
aHanuM3aTopa K TecTupyemoi cetn. 3ta MHGopMaLMs NOMOraeT No/1b30BaTe o NPOBEPUTb COOTBETCTBME
TeKyLen KOHPUTypaumm aHann3aTopa NnapameTpam Usmepaemon ceTu.

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

o Ugms: AeNCTBYIOWME 3HAYEHNS HAaNPAXKEHNI — ABa BO3MOXKHbIX 3HaUKa:
o ¥ — npaBunbHble AENCTBYIOWME 3HAUEHUA HANPAKEHWIA, YKNaAbIBatoLWMecs B fONycK £15%
OT HOMWHA/IbHOTO 3HAYEeHUA HANpPAXKEHUA,
o X- AEeNCTByIoLME 3HAYEHUA HaxoaaTCA BHe AMana3oHa Unom £15%.
o Irms: AENCTBYIOLLME 3HAYEHNA TOKOB — YETbIpe BO3MOXKHOCTU:
o ¥- OeNCTBYoLMeE 3HAYEeHMA TOKOB HaxoaaTca B AnanasoHe 0,3%lnhom...115% lnom,
o 2- AencTByoLmne 3Ha4eHMA TOKoB MeHbLue, Yem 0,3% lnom,
o X- AencTBylolme 3HaYeHnA ToKoB 6osiblue, Yem 115% lhom,
O --- TMpe oTobparkaloTcs, Koraa U3MepPEHME TOKOB BbIKIHOYEHO B KOHPUIypauuu.
Bo Bcex cucTemax, rge 3TO BO3MOXHO, aHa/M3aToOp TaKXe pPacCuUUTbiBaeT CYMMYy BCEX TOKOB
(MrHoBeHHbIe 3HaYeHUn) 1 NPOBEPSAET Ha PaBEHCTBO HY/t0. ITO NOMOraeT onpenenTb NPaBUIbHOCTb
NOAK/OYEHUA TOKOBbIX KNellel (T.e. CTPENKM Ha Knewax HanpaB/ieHbl K HarpysKke). Ecnv BbluMcneHHoe
aencreylolee 3HavyeHne cymmbl 6onbwe, yem 0,3% lnom, 3TO paccmaTpumBaeTcA, Kak owubka wu
oTobparkaeTcs 3HaK .
e Il: AHanm3aTop nNpoBepseT NPaBUAbHOCTb NOAKNOYEHUA Kewen Ha OCHOBE MIHOBEHHOM CYMMbl
BCeX TOKOB. B 3amKHyTOl cucTteme adpdeKTUBHaAA CyMma MIHOBEHHOIO TOKa A0/1XKHa 6bITb 6/113Ka
K Hynw. MMpoBepKa NpoBOAWUTCA TOJIbBKO B TOM Cayyae, ec/in CpefHeKBaApaTUYHOE 3HA4YeHue
0AHOro namepeHHoro Toka npesbiwaeT 0,3% lhom. B MI3MepUTENBHBIX CUCTEMAX C AHANUTUYECKUM
BK/IHOYEHMEM TOKA lnom M B CUCTEMAX Arona 3Ta NPOBEPKA OTK/IOYEHA:
o ¥~ Kknewm NOAKNOUYEHbI NPABUILHO — MTHOBEHHAA CyMMa TOKOB B/IM3Ka K HY/H0,
o 2 - HeBo3MOXHO NPOBEPUTb MPaBUNbHOCTb CYMMMPOBAHMA TOKOB M3-3a C/IMLLKOM MasblIX
3Ha4YeHU TOKOB,
o X- pacyéTtHoe 3dpPeKkTMBHOE 3HaAYeHWEe MIHOBEHHOM CyMMbl TOKOB npeBbiwaeT 0,3% wu
npesblWwaeT 25% OT MaKCMMa/IbHOrO 3HAaYEHUs BCEX M3MEpPEHHbIX TOKOB. TaKaa cuTyauma
MOXKET BO3HMKHYTb, Hanpumep, Npu obpaTHOM NOAKAOYEHMM Kneluel Ha nposoge N.
® (u: BEKTOPbl HaMpsXeHW — aHanAM3aTop npoBepAeT MNPaBUALHOCTb YI/JI0B  OCHOBHbIX
KOMMNOHEHTOB 1 0TOOParKaeT COOTBETCTBYIOLWMIA 3HAYOK:
o ¥ — BeKTOPbl MMEIOT MPaBUAbHbIE YIbl B AManasoHe £30° OT TEOPETUYECKOro 3HaYeHWA
ONA PE3UCTUBHOMN HAarpy3kM U CUMMETPUYHOM Lenu (B 3-pasHbix cuctemax),
o 2 - HeBo3MOMHO npoBepUTb MNPaBWAbHOCTb YIZIOB W3-3a CAUMWKOM  MAJIEHbKOro
OEeNCTBYIOLLLEro 3HaYeHUs HanpaxeHus (meHbwe 1% Unom),
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o X- HenpaBWU/bHblE YIrNbl BEKTOPOB. B TpéxdasHbix cMcTeMax 3TOT 3HAUYOK OTObparkaeTca B
T.4. B C/ly4yae obpaTHOM nocnenoBaTeNbHOCTU YepeaoBaHus ¢as HanpaKeHus.
® (: BEKTOPbI TOKOB — NPOBEPAETCA NPABUALHOCTb YI/10B OCHOBHbIX COCTAB/AOLLMX BEKTOPOB TOKOB
Mo OTHOLUEHMIO K BEKTOpPaM HanpsxeHusa. OTobparkatoTca 3HaUKK:
o ¥ — BeKTOpbl HaxoaATcA B npegenax +55° OTHOCUTENbHO YIN0B, COOTBETCTBYHOLLMX
BEKTOPaAM HanpsrKeHus,
o 2 — HeBO3MOMHO NPOBEPUTb NPABUAbHOCTb YI/IOB BEKTOPOB TOKOB M3-33a C/IMLLIKOM
Ma/IeHbKOTO AENCTBYIOLLLEro 3HaYeHUs TOKOB (MeHbLie 0,3% lnom),
o X- BEKTOPbI HAaxoAATCA 3a NpeaeiaMmn A0NYCTUMOro AMana3oHa yrios ( £55°),
0 --- TMpe oTobparkatoTcs, Korga U3MepeHne TOKOB BbIKHOUYEHO B KOHGUTypaLuum.
e f:yacroTta:
o ¥ —3mepeHHan YacToTa CETU HAaXoamMTCA B AnanasoHe from £10%,
o ?- OeNCTBylolLee 3HaYeHMe HanpsKeHna onopHon ¢asbl meHblue, Yem 10 B (aHanusatop
paboTaeT Ha BHYTPEHHEM reHepaTope) UAu HeT cUHXpoHu3auumn GAMY (aHra. PLL),
o X- M3MepEHHas YacToTa HaxoAUTCs BHE gMana3oHa fnom £10%.

Mpumep Ha puc.5 n3obparkaeT cUTyaumio HeNpPaBUAbHOIO MOAKNOYEHMUA TOKOBbIX KNelel (3ameHeHb!

MeCcTamu KaHanbl |, 1 |3) — 3Ha4YOK @) yKa3biBaeT Ha owmnbKy $has ToKoB.

KpaH 2/10 (puc.6). Ha HEm nNpeacTaBneHbl U3MepeHHble AeCTBYoLME 3HaYeHUA HanPAXKEHMIA U TOKOB
B LEenu, a TaKXKe 4acToTa CeTU. 3HAYEHUe YacTOTbl OTOOPAXKAETCA OPAHIKEBLIM LLBETOM, MPU OTCYTCTBUM
cuHxpoHusaumm DANY (aHrn.PLL) uan ecnm aHanusatop paboTaeT OT BHYTPEHHEro reHepaTtopa
(Hanpumep, Npm oTCyTCTBMM HanpsxeHna Up)

1.80 GB | 20.12.12 11:30:10 | [%..

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

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

Puc.6. 9kpaH 2/10 ¢ AeNCTBYIOWUMM 3HAYEHUAMMU HANPANKEHUIA U TOKOB.

3KpaH 3/10 (pwuc.7). MoKasbiBaeT aKTUBHbIE U PEAKTUBHbIE MOLWHOCTM. MOLWHOCTM OTAENbHbIX a3
nocnefoBatesibHo 0603HayeHbl Homepamm oT 1 go 3. WUTtoroBble MoLHOCTM OTobparkatoTca B
nocnegHemn ctpoke (ob6osHayeHne P 1 Q).

1.80 GB | 20.12.12 11:30:08 | [%..

P1= 4.825 kW 01=929.3 var
P2= 6.301 kW 02= 1087 kvar
P3= 4981 kW 03= 1289 kvar
P = 1611 kW 0 =3.307 kvar

Puc.7. 9kpaH 3/10 c aKTUBHbBIMM 1 PEAKTUBHbLIMW MOLLHOCTAMM.
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3KkpaH 4/10 (puc.8). OTobparkaeT MOJHbIE MOLIHOCTU WCKa)keHua (obosHaueHne SN) M nosHble
molHocTu (S). Koraa BbibpaHO M3mepeHMe MOLLHOCTM Mo meToay Budeanu, BMecTo NOAHOM MOLHOCTH
NCKaXXeHNN 0TOOParKaeTcss MOLLHOCTb UCKaXKeHu D.

1.80 GB | 20.12.12 11:30:08 |- [%..

SH1= 9846 var  S1= 7617 kVA
SH2= 7783 var  S2=10.04 kVA
SH3= 1.100 kvar  S3= 3.081 kVA
SH =483 kvar S =26.28 kVA

Puc.8. 9kpaH 4/10 ¢ MOLLHOCTAMM UCKaXKEHWNI N NONHON MOLLHOCTbIO.

KpaH 5/10 (puc.9) oTobparkaeT KO3IPpPUUNEHTbI raPMOHUYECKUX UCKaxkeHU A THD ansa HanpaskeHus u
ToKa. KoadpoduumeHTbl, NokasaHHble Ha 3TOM WM306pareHWUK, paccynTaHbl OTHOCUTENbHO OCHOBHOW

COCTaBASAIOLLEN.

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

THOU1 =3013% THOI= 1769 %
THOUZ =2802 % THDIZ= 1147 %
THDU3 =2.885 % THDI3= 1948 %
THOUNee = 18.32 % THOIN= 184.0 %

Pnc.9. 3kpaH 5/10 c KoapPuLmMeHTaMm rapMoHUYECKUX UCKaxKeHnin THD.

3KpaH 6/10 (puc.10). NokasaHbl Ko3ddULMEHTbI MmoLHOCTH PF 1 tgo.

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

<6/9>

Puc.10. 9kpaH 6/10 ¢ KoapdpULMEHTaMN MOLLHOCTM U tEO.

3KpaH 7/10 (puc.11). — 3To nocneAHUIn N3 3KPaHOB U3MEPEHNI M NPeacTaBAAET KPpaTKOBPEMEHHbIE U
AnutenbHble Ao3bl dankepa Ps U Py. Mokasatenb Pi obHoBAsieTcA Kaxkaple 10 MUHYT, a Py Kaxkaple 2

Yyaca.

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

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

Puc.11. 3KkpaH 7/10 c nokasaTenamun mepLaHua ceeTa.
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3KpaH 8/10 (puc.12) npeacrasaseT cieayoLlyo MHGOPMaLUIO:

P1[1.78 68| 26.02.14 10:45:10 [» 1.

Start  : 25022014 10:44:44

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

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

Puc.12. 3kpaH 8/10

e Bpema Havana nocnegHel 3anyWEeHHOM perncTpaumm WaM BPemA Hayana Ccaepylowero
3aNN1aHUPOBAHHOIO MHTEPBAJIa PEMMCTPALLUN B PEXMME PETMUCTPALLUM NO PACINCAHUIO;

e Bpema OKOHuYaHMA nocnegHer 3anylWeHHOM perncTpaummn (ecnm perucTpauma yxe MAET, To
OTObOparKaloTCA YEPTOUKM) UM BPEMS OKOHYAHUSA C/edyOLLEero 3an/laHMpPOBaHHOIO MHTepPBana
perucTpauum B pexKMme perucTpaumm no pacnmcaHmio;

o [lpofo/KMTENBHOCTD  TEKYWEN WAW  y)Ke  3aBEepWéEHHOW  perncrpauuu, BO3MOXKHaA
NPOAO/IKUTENBHOCTb MHTEPBAJIA PETUCTPALIUM B PEXMME PACTINCAHUA;

e Yucno cobbiTit, 3aperncTprupoBaHHbIX aHaIM3aTOPOM C MOMEHTA 3aMycKa perncrpauum;

e CoctosiHMe cetTm GSM. B 3Tol CTpoKe OTObGparkaroTca COOOLEHMA, KOTOpble OTHOCATCA K
TeKyLWemMy COCTOAHUIO BCTPOEHHOro mogema GSM:

o «BKAouyeHue ...»: MOAEM BK/IOYAETCS;

o «MApET nogKnoueHue K CeTu»: Mogem pernctpmpyetca B cetn GSM;

o «MaET nogkntoueHne K UHTepHeTY»: MoaeM aKTUBUPYET YCAYry NMakeTHOW nepenayu
OAHHbIX U perncTpupyetca B cetn NHTepHerT;

o «lotoB, UMTS»: mogem ycnewHo 3apeructpuposanca B cetn GSM u oxungaet cBs3un ¢
KnneHtom. UMTS - 3TO HasBaHMe CTaHAapTa nepefaym AaHHbIX B CETU, BO3SMOXKHOCTb
€ro UCno/ib30BaHWUA 3aBUCUT OT AOCTYNHOCTU YCAYT B BalleM PernmoHe.

AHannsaTop MOXKeT 0TobpaXKaTb Ha 3ITOM MeCTe U gpyrue coobLeHUs, HanpumMmep, MHPopmuUpytoLne 06
0bHapyXeHHbIXx owmnbKax: «Het SIM-KapTbl» - ec/i1 B CNOT He ycTaHoBneHa SIM-kapTa; «HeBepHbi PIN-
Kog» - ecin Wchnosb3yemblit aHanmsatopom PIN-kog 6bin oTKAOHEH SIM-KapToin, u T1.4. Bonee
noapobHoe onncaHne MOXKHO HalTh B pasgene o GSM coeguHeHUu.

e [locneaHAn cTpoka 3KpaHa 8/10 nokasbiBaeT cocTosHMe npuémHuKa GPS: ecan B HacToAwmin
MOMEHT NPUHUMAETCA NPaBUbHBINA CUrHaN CO CMYTHUKOB GPS (C BHYTPEHHEN WAWU BHELIHeM
aHTEHHbI), TO oTobparkaeTcs cnoso «[AA». Eciv curHan He NpuHUMaeTcs, To oTobpakaeTcsa «Her
CUrHana»;

o  TeKywMmn ypoBeHb curHana GPS;

e  WNHPopmaumuio 06 ycTaHOBKe nonoxewua GPS (Hagnucb «2D») u/uan npuéme MCTUHHOTO
BpemeHun GPS (cumBon yacos).
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3KpaH 9/10 (puc.13) nossonsaeT 6bICTPO MPOBEPUTb OCHOBHblE MapameTpbl KOHQUrypaLuunm TOUKM
n3mepeHua:

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

Typ sieci: 3-fazowy gwiazda z N

Cegi :F=x

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

Puc.13. 3kpaH 9/10 c nHdopmaumen o napameTpax TOUYKU USMEPEHNUA.

e Twuncety;

e Tun TOKOBbIX Knewen (gna KOHPUrypaumm c aBTOMaTUYECKMM OnpesenieHMeM TUNna TOeoBbIX
Kneuwen otobparkaerca AUTO 1 B CKOBKax pPacrno3HaETcs MOAesb KAellen uam 2.5 cnyvae,
ecnu Bbl He NOAKNIUNAN KNELN NN NOAKNOUYNAN X HENPABU/LHO;

o HomuHanbHble 3HAYeHUA: HanpAxXeHunAa, AnanasoHa NU3SMepAemMoro Toka 1 4acTtoTbl.

3KpaH 10/10 otobpaskaeT TeKyllee coctoAHue becrnposogHoro coegmHeHns Wi-Fi. C nomolblo 3Toro
3KpaHa No/b30BaTe/lb MOXKET NPOYUTATD:

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

Wi-Fi = : Gotowy

MAC  :00.23.A7.38.20.08

P : 192.168.100.141 (DHCP)
SSID  : WBK

<10/10>

Puc.14. 9kpaH 10/10 c MHpopmaLmeit 0 TEKYLLLEEM COCTOAHUN noaxatodeHns Wi-Fi.

e VYpoBeHb pagMOCUTHaNA — CUTHAAM3UPYET 3HAYOK @, rae KoAmyecTBO 3€e/EHbIX MON0COK

O3HayaeT ypoBeHb CUrHasna: or 0 — oTcyTcTBYET, [0 4 — BbICOKMI (B peXrMme TOYKM A0CTyna
oTobparkatotca byksbl AP);

o CocrosiHue coeguHeHusn (FoTos, MonyueHue agpeca IP, Mouck cetn);
o  MAC-agpec nntepodeiica Wi-Fi aHannsaTtopa;

e |P-agmpec, KOTOpbIN UMeeT aHanusaTop B cetn Wi-Fi. Eciv agpec 6bin NpUCBOEH aBTOMATUYECKH,
To oTobpakaeTca Hagnuco «(DHCP)»;

o  WNaeHTndukatop SSID cetn Wi-Fi, K KOTOpolt NOAKAOYEH aHaNM3aToOp.
2.5 Iporpamma «SONEL ANALYSIS»

Mporpamma «SONEL ANALYSIS» — 3To npunoxeHune, Heobxoanmoe ansa paboTbl C aHaAM3aTOpPaMn cepum
PQM. OHa no3BosAeT BbIMOAHUTb:

o  KoHdurypaumio aHanM3aTopa;
e YTeHue AaHHbIX U3 PerncTpaTopa;
e  MOHUTOPUHT CETU B PEKMUME PEaNbHOIo BPEMEHM;
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e YpaneHue JaHHbIX U3 aHaNM3aTopa;

o [IpeacrasneHune aaHHbIX B BUAE Tabnuu;

o [lpepcraBieHne AaHHbIX B BUAE rpadunKoB (anarpamm);

e AHanu3 pJaHHbIX € TOYKM 3peHna FOCT 32144-2013, cUCTEMHOrO peryampoBaHuA U Apyrux
yCN0BWIA, onpeaensaemblx N0b30BaTENEM;

e HesaBMCMMYIO NOAAEPHKKY HECKONIbKUX YCTPOMCTB;

e (O6HoBNeHMEe [0 Camol nocnegHe BEPCUMM BCTPOEHHOIO MNPOrpammHoro obecnevyeHus
(MpoLWKMBKKM) aHANIM3aTOPOB M CAMOTO NMPUNONKEHUA.

MoapobHaa WHCTpYKUMA no pabote c nporpammoint «SONEL ANALYSIS» npuBegeHa B oOTAe/IbHOM
OOKyMeHTe (TaKKe MOXKHO 6ecnnaTHO 3arpysuTsb C caliTa npoussoauTens http://www.sonel.ru/).

2.6 Coeaunenue c IIK 1 nepegaya JaHHBIX

AHanM3aTop nNpeaocTaBaseT HECKO/IbKO CNoco60B 06MeHa AaHHbIMU C KOMMbIOTEPOM:

e [IpoBogHoe coeanHeHue no USB;

e becnpoBoAHas CBA3b Yepes BCTPOEHHbIN mogem GSM;

e PaauocsAsb ¢ NnomMollblo 6ecnpoBogHon nepedayn gaHHbix Wi-Fi — KomnbloTep M aHanusaTop
OOJIXKHbI ObITb MOAKAOYEHBbI K TOM e ceTu LAN mnam nmetb BO3MOXKHOCTb cBA3M yepe3d WAN
(cooTBeTcTBYIOWAn KOHUIYpaUUa MapLUpyTM3aTopa).

CoeauHeHWe ¢ KomnbloTepom (pexkum MNK) nossonseT:

e [lepepgasaTtb AaHHble, COXPAHEHHbIE B MAMATK permcTpartopa:
O BO3MOXHOCTb CYNTbIBAHMA AAHHbIX BCEX TOYEK U3MEPEHMUSA;
e [lpocmaTpuBaTb NapameTpbl CETU HA KOMMblOTEPE:
O MFHOBEHHble 3Ha4YeHMA TOKa, HANPAXEHWA, MOLLHOCTM U 3SHEpPrun, CymMmapHble
3HaYeHUsA A/15 BCEM CUCTEMDI;
rapMOHUKU, UHTEPrapMOHUKU, MOLLHOCTN rapmoHuk, THD, TID;
ACMMMETPUIO;
BEKTOPHbIE AMarpaMmbl 415 HANPAXKEHWUN;

O O O O

OCLMANOMPaMMbl TOKA M HaNpsAXKeHUs, 0ToObpaXKaemble B pexnme peasibHoro BpemMeHu;
O BCe OCTa/ibHble U3MepAeMmble NapameTpbl, He NepeYncaeHHble 340eCh.
e  KoHdurypaumio aHann3aTopa, AUCTaHUMOHHbIN 3aNycK U NpeKpalleHne perucTpauum.

lMocne NoOAKNOYEHMA K KOMMNbIOTEPY Ha gucniee noasndeTcAa Haanucb «lMogknwouyeHue MK» v tmn
NoAKNOYEHNA.

Bo Bpema coeguHeHua ¢ MK Knasuwun 3a6A0KMpPOBaHbI, KPOME KAaBuLIK @ o aHanusartop
paboTaeT ¢ BKAKOYEHHbIM PEXMMOM BNOKMPOBKMU KNaBmaTypbl (HanpMmep, BO BPEMS perucTpaunm), To
BCE KNaBULLM 3a6/I0KMPOBaAHbI.

[na Toro, utobbl COEANHUTLCA C aHaNM3aTOpPoOM Heobxoaumo BeecTu ero PIN-koa. Kopa no ymonyanuto
370 000. PIN-KO4 MOXHO M3MeHUTb ¢ nomoubio nporpammbl «SONEL ANALYSIS».

Tpu nonbITKKM BBOAa HenpasuabHoro PIN-Koga 6/0KMpYOT nepenady AaHHbiXx Ha 10 MUHYT. TosbKO
nocne 3Toro BpemeHu byaeT BO3MOXKHa NOBTOPHas MoOMbITKa BBECTU Kog,
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Echv B TeyeHune 30 CeKyHA4, nocse nogKknryeHunAa K MK He nponcxognTt HUKaKoro obmeHa AaHHbIMUA
mexay aHa/M3aTopomM U KOMMNbKTEPOM, aHA/IN3aTOP BbIXOAUT U3 pexXnma nepenayvym AaHHbIX U
3aBepLliaeT NnogKN4YeHHNeE.

YaeprkaHue B TedeHue 5 cek Knasuul @ Bo3BpauiaeT PIN-koa no ymonyaHuio (000).
Ecnn BkAtoveHa O/IOKMPOBKA K/AaBMaTypbl BO Bpems PErucTpaumumn, To OoHa ummeeT 6bonee
& BbICOKMI NPUOPUTET (CHayana Hy»HO pa3bioKMpPOBaATb KNasBuWK, 4Tobbl 06HYAUTL PIN-KOA).

[nsa aBapuiiHol pa3bNOKMPOBKM KNaBMaTypbl yAEPKMBaITE B TeUeHMEe 5 CeKyHA KNasnwm D

n @

Ecnm ecTb aKTMBHOE MOAKAOYEHME NoObIM M3 CNOCOBOB KOMMYHWMKAUWKM, TO HEBO3MOMKHA CBfA3b C
aHa/N3aToOpPOM APYrMm crnocobom, Hanpumep, ecin ycTaHOBAEHO coeanHeHue no USB, HEBO3MOMKHO
NOAKMOUYMTBLCA K aHanm3atopy no GSM. B Takom c/iydae nporpamma BbIBOAUT COODLLEHME, UYTO YKe
aKTUBHO Apyroe coeauHeHue.

2.6.1 Csa3pmno USB

USB — saBnsetcA MOCTOAHHO [AEUCTBYIOWMM MHTEpPENCOM M He WMMeeT BO3MOMKHOCTU CBOEro
OTKAoYeHMA. A Toro, YTobbl COEANHUTLCA C aHAIM3aTOPOM, HEOOXOAMMO COeaMHUTL ero Kabenem
USB c kKomnbioTepom (pasbém USB HaxoguTca Ha /NeBOM CTeHKe aHaaMsatopa M 3alMuéH
YNNOTHUTENBHOM  3arfylwkoi). Ha KomnbioTepe HeobxoguMMO  NpefBapuTe/bHO  YCTaHOBMUTb
nporpammHoe obecneuveHne « SONEL ANALYSIS» BmecTe ¢ gpaiBepamum.

CKOpOCTb Nepegayn AaHHbIX coctasnseT 921,6 K6ut/c. Kpome TOro, BCTPOEHHbIW CUUTbIBATENb C KapTbl
MamMATM NO3BO/AET 3arpy)KaTb JaHHble pPerncTtpauumM Cco CKOPOCTblO ropasgo 6bonbwel, yem
CTaHAapTHasA. B aTom pexume aHanmsatop obecneynmBaeT NpPAMON AOCTYN K CBOEW KapTe MamaATu, YTo
No3BONAET CYMTbIBaTb JaHHble CO CKOPOCTbIO B HECKOAbKO M6wuTt/c. Bo Bpemsa TaKoro u4TeHus
HEBO3MOXHa HOPMasibHaA CBA3b C aHA/IN3AaTOPOM, Hanpumep, MPOCMOTP AAHHbIX B pPeXume peasibHOro
BpemeHn. T[locne cunTbIBaHUA [aHHbIX C  KapTbl nNamAtn, npunoxkeHne «SONEL ANALYSIS»
aBTOMATMYECKM MEPEKOYaEeT aHaIM3aTop U3 peXXnMma YTEHUA B PEKMM CTaHLAPTHOM CBA3M.

B pexume 4UTeHMs BCE cogepXMmoe KapTbl NamaATu oTobpaxkaetcA Ha [K Kak AWCK B
OMepaLMoOHHONW CUCTEME, YTO MO3BOJIET MOJIyYUTb HEOrPaHWYEHHbIM [OCTyn K  ero
cogepxmumomy. Ytobbl He noBpeanTb PaliNoBYyHO CUCTEMY HA KapTe MamMATM U He NoTepATb
XpaHsALMeca Ha Heill AaHHble, HeNb3A CaMOCTOATE/NIbHO BMELUMBATLCA B GalioByl0 cUCTEMY
& (Hanpumep, co3gaBaTb U COXPaHATb COBCTBEHHbIe dai/bl UAU yaanaTb ¢ansbl, 3aNUcaHHble
aHanusaTtopom). He ucnonb3yiTe Ana 3TOM LeAM ApPyrux Mporpamm, Kpome Nporpammbl
«SONEL ANALYSIS».
Ucnonbayiite ceptuomumpoBaHHble kKabenn USB 2.0 xopoluero KayecTsa U ANMHOM He 6onee 5
M. OTO MmeeT ocoboe 3HaYeHMe B pPeKMMe MPSAMOro AOCTyna K namatu. PekomeHzyeTcs

ncnonb3oBaTb Kabenb USB, nocTaBnsaemblit BMecTe ¢ aHa/In3aToOpPOM.
2.6.2 CBa3sbno cetu GSM

BcTpoeHHbii GSM moaem obecneumBaeT A0CTyn K aHanusaTopy M3 noboro mecta Ha 3emne, rae
JoctynHa cetb GSM. Mogem noagep»KmBaeT cTaHZ4apT nepegadn gaHHbix UMTS HSPA ¢ makcumanbHom
CKOPOCTbIO Nepedayn gaHHbIX 5,76/7,2 M6ut/c (oTnpaska/nonydyeHue). Ytobbl ucnonb3oBaTb 3Ty
BO3MOXHOCTb, HEOBXOAMMO YCTAaHOBUTbL B C/IOT Ha BOKOBOWM NaHenu aHanusatopa AencTsytollyto SIM-
KapTy.
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SIM-KapTa AonHa 6bITb NOAKNIOYEHA K C/leAyOLWUM BUAAM YCAYT:

e [lakeTHasa nepegava gaHHbix (GPRS);
e 3aperncTpmMpoBaHHbIN cTaTudeckuit IP-agpec;
o PyHKUMA SMS ona oTNpaBKKU YBEAOMIEHUA CUTHAAN3ALUN.

Ona Hactpoliku SIM-KapTbl M mogema B aHanau3aTope HeobxoAumbl creaylowme AaHHble,
npegocTasasemMble NOCTaBLLMKOM YCAYT nepegayn aHHbIX:

e PIN-Kog ona SIM-KapTbl;

e PUK-kog ansa SIM-KapTbl, B ciyyae 610KMPOBKM SIM-KapTbl NOC/ne HECKOJ/IbKMX NOMbITOK BBOAA
HenpasuabHoro PIN-Koaa;

e |P- agpec, npeaoctaBneHHbi SIM-kapTe (3T0 goNXKeH BbiTb CTaTUYECKMI agpec);

o Ums Toukun goctyna APN (aHrn. Access point name);

® /msA nonb3oBaTens v Naposab (ONUMOHANbHO, KaK NpaBuIo, He TpebyeTcs).

Mocne nepBon yctaHoBKM SIM-KapTbl aHann3atop byaeT nbiTaTbCA BBECTU NocnegHuin BeeaEéHHbIN PIN-
KOA, MM KOoA, MCMONb3yemblit No ymonuyaHuto. OBblYHO TaKas MOMbITKa 3aKaHYMBAETCA Heyaayen U
aHanusaTtop BblaacT coobueHne o6 owmnbke B PIN-Koae. [1na Toro, 4tobbl BBECTU NpaBU/IbHbIE JaHHble,
HeobxoaMMO MOAKAYUTLCA K aHanmsatopy no USB u HactpouTb coeamHeHue GSM. [Mpoueaypa
onucaHa B rnase 2.11.2. Ecnn aHanuM3aTop HacTPOEH MPaBMAbHO, TO OH MOMbITAETCA COeAMHUTBLCA C
ceTbto GSM, a 3atem c ceTbio WHTepHeT. AHanusatop b6yaet Tenepb BuaeH B WMHTepHeTe, nog
npeaocTtassieHHbIM IP-agpecom, ncnonbsysa nopt 4001 gna BXoAsWMX COeANHEHUIN. ITO coeauHeHUe
MOXeT ObiTb ycTaHOBAeHO npunoxeHnem «SONEL ANALYSIS». Ecnm GSM  mogem He 6yaet
MCNO/Ib30BaTbCA, €0 MOMHO OTKAUYMTL C NOMOLLbIO nporpammbl. MNMogpobHee o KoHdUrypauuu
aHanu3sartopa gna ceasm no GSM B rnase 2.11.

2.6.3 becnnpoBojHas cBs3b 1o Wi-Fi

AHanunsatopbl PQM-710/711 ocHaueHbl mogynem Wi-Fi, paboTatowiem B ctaHgapte |IEEE 802.11 «b/g» u
«N» C OAHOMOTOYHOW Nepesayeit aHHbIX (TOYKM AOCTYNA C OAHOW aHTEHHOM). 3TO NO3BOASET NOAYUYUTD
yAanEHHbIV JOCTYN K aHa/M3aTopy C NiaHweTa (MM Komnblotepa). Bo3amokHO npamoe nogxatoyeHne
«nnaHwert <& aHanuMsatop», paboTa B NOKANbHOM CETU UK Yepe3 UHTepHeT.

Bo3moxHa paboTa B OTKPbITOM ceTn MK 3almLLEHHOM no ctaHaapty WPA/WPA2-PSK.

B aHasnmM3aTopax c Bepcueit npowmnskn 1.25 nam craple, moaynb Wi-Fi MoxkeT paboTaTb TONbKO
& B PeXMMe KAMeHTa. AHanM3aTopbl, HauMHaA ¢ Bepcun npowmnskn 1.30 moryT paboTaTb B ABYX
peXumax: KIMeHTa U Toukn goctyna (AP).

PexXum KnuveHTa

B pexume KaveHTa aHaNM3aTop NOAKNOYAETCA K BHELHEeN TouKe aocTtyna. Mocne NoAKAOYEHUA K TOUKe
[0CTyna aHann3aTop 3anyckaeT ciy»by cepsepa coeauHeHnin TCP/IP noa, ctaTnyeckum IP-aapecom mnm
agpecom, BblaesneHHbIM cepsepom DHCP Touku goctyna. MopT TCP, ncnonb3yembit B IOKANIbHOM CETH,
TAKOW Ke, Kak 1 Npu NpAMOM nogxatodeHun - 4002.

CoenvHeHne ¢ aHanu3aTopom yepe3  WHTepHeT TpebyeT COOTBETCTBYHOLLEM  HACTPOMKM
aAAMWUHUCTPATOPOM ceTn mapwpyTtunsatopa Wi-Fi.
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AHanusaTop, B Npeaenax A0CAraemMocTi KOTOPOro He obHapyKeHa Tpebyemasa ToUKa J0CTyna, ocTaeTcA
B peXMMe CKaHUpoBaHMA gnana3oHa Wi-Fi 2.4 Ty,

Pexxnm Toukun gocryna (aHrn. Access Point, AP)

B 3TOM pexmMme aHanu3aTop ABAAETCA TOYKOW A0CTyna Ans NOoKanbHOW ceTn ¢ umeHem (SSID) u
napo/siem, yKasaHHbIM nosib3oBaTtenem. K aToi TouKe A0CTyna MOXHO MOAKHYATb TaKMe YCTPOMCTBa,
KaK KOMNbtOTEPbl, NAaHLWeTbl, TenedoHbl. [0 ymonvaHUto, ToO4Ka 0cTyna paboTaeT Ha KaHane Homep
10. MNpun HeOBXOAMMOCTU MOXKHO M3MEHUTb 3TOT KaHaN Ha APYroM.

MNoapobHaa nHpopmauma o KoHoburypaumm ceasm no Wi-Fi n cnocobax coeagnHeHUs ¢ aHaAIM3aTOPOM,
HaxoauTcA B rnase 2.12.

2.7 IlpoBejeHue usmMepeHUM

2.7.1 KoHdurypanuu usmMmepeHuiu

AHanun3aTop NoO3BONAET COXPAHWUTL YETbIPE MOJHOCTBbIO HE3ABUCUMbIE U3MEPUTENbHbIE KOHOUTYpaLUK,
KOTOpble Ha3BaHbl KTOYKAMM U3MepeHMIN». HoMep aKTUBHOM TOUKM M3MepeHMs oTobparkaeTca B 1I€BOM
BEPXHEM Yry 3KpaHa B Buage 6ykebl P v undpol 1...4.

Mpn oAHOBPEMEHHOM yAEep*KMBaHMM B TedeHue 1lcek. Knasuwu SO oTObOpaXKkaeTca aKpaH
BblibOpa TOUKM U3mepeHus (puc.15).

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

Wyhor punktu pomiarowego

M P2 P M

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

YTo6bl BbIOpaTb OAHY M3 YETbIPEX TOYEK CAeAyeT HaxKaTb COOTBETCTBYIOLLYIO KNaBuLLy, 0603HaYEHHYIO
CMMBOJIOM TPEYro/ibHMKa Ha Aucniee:

e 11 BbiBOpa TOUKU M3mepeHua 1 Hy»KHO BbIGpaTb Knasuuly «
e [1na BbI6OPa TOUKMU U3MEPEHUA 2 HYKHO BbIBpPaTb KNaBuLy | ]
e [1na BbI6OPa TOUKM M3MEPEHUA 3 HYKHO BbIBpPaTb KNaBuLy o
e [1na BbI6OpPa TOUKM U3MEPEHUA 4 HYKHO BbIBpPaTb KNaBuLy L I )

Mocne BbIGOpa TOUKM U3MEPEHWMA aHaNM3aTop MNEepexoauT K OToBparKeHWIo BEKTOPHOM AmMarpammbl
(3KpaH 1/10) u ocyuiecTBAseT NPOBEPKY NPaABMALHOCTM MOAKAOHMEHMA K uccnedyemoin cetu. Ecam
obHapyKeHa owmnbKa, To BblAAETCS A/IMHHbIA 3BYKOBOW CUTHa.

Ecnv nonb3oBaTtenb OTKa)Kketca OT Bbl60pa TOYKMN U3BMEPEHUNA U HE Ha*KMET HUKAKOM Knasuwn, 4yepes
HECKOJIbKO CEKYH/A, aHA/IN3aTOP BO3BPALWLAETCA K npeablayuiemy sKpaHy.

B onpepeneHHbIX cUTyauMAX U3MEHWUTb TOYKY M3MEPEeHMA HeBO3MOXKHO. [1o Kpai/’lHeﬁ mepe, B AOBYX
cneayrouwmnx cnyydaax:
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e AHanM3aTop HaxoAuTCs B MPOLLECCe perucTpauuu; B 3Tom caydae oTobparkaeTtca coobuieHue
«MNpéTt pernctpauua»;
e BbinosnHaeTcs obmeH AaHHbIMKM € KomnbioTepom (no USB, Wi-Fi uam GSM). B atom cnyyae

Knasun Q n c HEeaKTUBHbI.

Monb3oBaTenb MOXKET 3a4aTb /1l060e NPOLEHTHOE COOTHOLLEHWE NAaMATU AN1A KaXKa0M TOUKK (Hanpumep,
100% ana nepBoOW M OTCYTCTBME APYrMX TOUEK, Uau no 25% pns Kaxkgon Touyku). Ecnm gns Kakol-to
TOYKM U3MEPEHUNA OTBEAEHA BCA NaMATb, MPW BbIOOpE OCTa/IbHbIX Ha AMCI/Iee BbIBOAUTCA NONepeMeHHOo
HOMEpP TOYKU C CUMMBOJIOM CUHYCOWAbI, O3HAYaloLlLee, YTO BO3MOMKEH TO/IbKO MPOCMOTP NapameTpos
CeTU B peXUMe peanbHOro BpeMeHM!.

2.7.2 3anyck 4 OCTAaHOBKA Perucrpanuu

Echn Ha KapTte namAatun B TEKyLLI,Eﬁ TOYKE U3MeEPEHUNA ecCTb CBO6OAHO€ MeCTO, TO MOXHO Ha4yaTb
pPerncTpauunio, HaxXmMmaa Knasmuy @ W Ha YpPOBHE NPUIOXKeEHNA, eChn YCTaHOB/IEHO coeanHEHNE C
MK.

Pexnm 3anycka permctpaumm 3aBUCUT OT TOTO, KaK OH HAaCTPOEH B KOHOUIypaLmm TOYKM U3MepPEHUA.
BO3MOXHbI TpY pexuma:

e HemeaneHHbI 3anycK — perncTpaLma HaUYMHAETCA CPasy XKe NOoC/ae HaXKaTuA KNaBULLIK.

e  3anyck no o6HapyKeHWI0 NepPBOro cobbITUA — aHANN3ATOP OXKMUAAET HaYala PErMCTPaLLUN 40 Tex
nop, NMoka OAMH W3 NApPamMeTpoB KOHOUIypauMu TOUYKM WM3MEPEHUA, MPEBLICUT MOPOroBoe
3HaYeHue, MHUuMMpyolee cobbiTe. Bo BpemAa OMMAAHWSA COObLITUA B CTPOKE COCTOAHMS
aHa/n3aTopa oTobpaXKaeTca HOMepP TOUYKM M3MEPEHUSA, NONEPEMEHHO C CUMBOJIOM CKNOHA CO
CTPEeNKoMn.

e 3anycK B COOTBETCTBMM C 33a4aHHbIM BpPeMeHem peructpauumn (no rpadpuky). Ha skpaHe 8/9
MOXHO NPOBEPUTb, KOrAa 3amnjaHMpPOBAHO HAyano M OKOHYAHWE CAefylolWenl perncrpalumu.
OaHOBpPEMEHHO B CTPOKE COCTOAHUA 0TOOBparkaeTcd HOMEpP TOUKM M3MEPEHUA, MONEepPEMEHHO C
CMMBOJIOM MECOYHbIX YacoB. Ecnn Bpema ana Bcero 3anjiaHMPOBAHHOMO MO PACMMCAHUIO YiKe
NPOLW/IO, TO PErncTpaumns He HayHETCA M B CTPOKE COCTOSHWA OTOOpaKaeTcA HOMEpP TOYKM
M3MEepPEeHWs, NMOMNEePeMEHHO C CMMBOJIOM CUMHYCOMZbl (Y4TO O3HAYaeT, YTO BO3MOMKEH TOJIbKO
NPOCMOTP TEKYLLMX 3HAYEHUI CETH).

B pexkume peructpaumm, oTobparkaemblit B BEPXHEM JIEBOM YAy AWCMIEA HOMEP TOYKM M3MepeHus,
MMWraeT OaMH Pas B CEKYHAY.

OKoOHYaHMe perncrTpaumm:

e PyyHas OCTAHOBKA pernctpaumy nNpoucxoamt Npu HaxKaTUKM Ha CEKyHAY KNaBuLin @ vnv va
ypoBHe npunoxxeHua K.

e Perunctpaumsa 3aKaHYMBAETCA aBTOMATMYECKM B PEXMME pacnmcaHma (ecamn yCTaHOBAEHO Bpems
OKOHYAHMSA), B OCTA/IbHbIX C/y4yasXx OHA MNPOAO/KAETCA [0 OCTaHOBKM MO/b30BaTe/eM
(knaBuwwet €D v na YPOBHE NPUNONKEHUA).

e Perunctpaumsa 3aKaHYMBAETCA aBTOMATMYECKM NPW 3anoJIHEHWMM BCEro OTBeAEHHOro MecTa Ha
KapTe MamATM 414 AAHHOW TOYKM M3mepeHua. B aTom ciydae Ha gucniee HOMep TOYKM
nsmepeHua byaeT oTobparkaTbCA NooYepesHO CO 3HAUYKOM CUHYCOUAbI.

e [Jlucnnei OCTaéTcA B MNOralleHHOM COCTOAHMM NOCAE 3aBEPLUEHWUA PerucTpaumun, ecnm B
KOHOUIypaLUmMm akTMBMPOBAH CRAWMI pexxum. HaxkaTve ntoboi KnaBuLLK BbI3bIBAET BKAOYEHME
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WHOMKALMK 1 oTObpaKeHne nocnegHero skpaHa (eciv He 6bi10 BJOKMPOBKM KNaBuL) WM
TpeboBaHWA BBECTU KOZ A1A Pa3b/0KUPOBKM KAaBuaTypbl (ecnun BkaAoYeHa 610KMPOBKa).

2.7.3 KouHdurypanus perucrpangum

Mpexge 4Yem nonb3oBaTeNb 3aNyCTUT perncTpaumto, Heobxogumo npepBapuTeNibHO HACTPOUTb
BbIOpPaHHYIO TOYKY WM3MEpPEHUs TaK, YToObl perncrtpauus npowna B COOTBETCTBMM C TpeboBaHUAMMU
nonb3oBatesia. KOHOUIyprMpoBaHMe OCYLLECTBASETCA C MOMOLLbIO NporpammHoro obecnedyeHma «SONEL
ANALYSIS». AHanusatop nocTaBaseTcas C 3aBoda C obpasuamum KOHoUrypauuii, Kotopble noapobHo
OMUCaHbl B PyKOBOACTBE Nosib3oBatena nporpammel « SONEL ANALYSIS».

B Luenom, MoXKHO BblgeNnTb TPW pPa3HbIX TUNa perncrtpaynn:

e Pernctpaums no KoHGUrypaumum nonb3osaTtens.

e Pernctpaums Ha cooTBeTcTBUE cTaHAapTy (FTOCT 32144-2013 uan gpyromy).

e [lyanbHas peructpaums, NosBOAIOLLAA BECTM MapannefnbHoe U3mepeHue Nno KoHdurypauum
noJib30BaTeNA U, HE3aBUCKMMO OT 3TOTO, Ha COOTBETCTBUE CTaHAAPTY.

Peructpauma no KoHoUrypaumm nonb3osatena gaér ceoboay Bbibopa NapameTpoB, KOTOPblE AOJXKHbI
6bITb 3aperncTpuposaHbl. onb3oBaTeNb YKasbiBaeT TUM CETW, HOMUHANbHblE MapamMeTpbl, Bpems
ycpeaHeHus, 3adaéT  napameTpbl, KOTopble [A0/XHbl  ObiTb  3aperncTpupoBaHbl, aKTUBMpPYeT
obOHapyXeHue cobbITUin, 1 T.A4.

Pernctpauma Ha cCOOTBETCTBME YKa3zaHHOMY CTaHAAPTy MNO3BO/AET CPOPMMPOBaTL OTYET COOTBETCTBUSA,
KOTOPbIN MCNONb3YEeTCA O1A OUEHKM KayecTBa 3NEKTPONUTaHMA B MUCCeayemon Touke ceTu. B Bonee
PaHHMX BEpPCUAX NPOLUMBKM aHann3atopos (Bepcua 1.16 uam cTaplue) nosnb3oBaTeslb B 3TOM pexume
MOr YKa3aTb pPerucTpauMio AOMOAHUTENbHbLIX MNapamMeTpoB (Kpome Tex, KoTopble TpebyioTca no
BblIBpaHHOMY CTaHAAPTY W BKIOYAEMbIX aBTOMATUYECKM), O4HAKO Bpems yCcpeaHeHMsA BCeX NapameTpos
Morno 6biTb paBHO TOAbKO 10 MUHYT (Kak OCHOBHOe Bpemsa ycpeaHeHus no ctaHgapTy). C Bepcum
npowmsku 1.17, ana nonb3osaTesniei ctan AOCTyneH HOBbIM cnocob perncrTpauumn, KOTopbli OTMEHAET
OrPaHWYEHME Ha BPemMA YycpegHeHMA. ITO O03HayaeT, 4YTO NO/b30BaTe/lb MOMKET aKTUBMPOBaTb
perncTpaumio Ha COOTBETCTBME CTaHAAPTY U OAHOBPEMEHHO APYrve NapameTpbl C APYrMM BPpeMeHem
yCpeaHeHNs — TO eCTb TaK Ke, KaKk 41 perncTpaumm nonb3osaTena. IT0 OTKPbIBAET COBEPLUEHHO HOBble
ANarHOCTMYECKME BO3MOMKHOCTU. B AyasibHOM perKMme perncrpauma no ctaH4apTy NPoBoANTCA Kak 6bl B
$GOHOBOM peXKMMe, COBEPLUEHHO HE3AaBUCUMMO.

EOAMHCTBEHHOE UCK/IOYEHWEe (OrpaHWYeHMe) MO OTHOLWEHWIO K pPerncrtpauMmM no KoHdurypaumu
nosb3oBatenss — 3T0 O/IOKMPOBKA M3MEHEHWs MOPOroB OOHapy:KeHMA cobbITUIA MO HanpAXKeHUo
(npoBan, Bo3pactaHue, NpepbiBaHME), N3-3a CTPOIMX TPEOOBAHWUIN K TaKUM CODLITUAM, COAEPKALUNXCA B
CTaHAapTax. ITn cobbITMA BCeraa BKAOYEHbI HE MOTYT ObITb AE€aKTUBUPOBAHDI.

[pyroe BO3MOXKHOE WCK/OYEHME MOABAAETCA NpW Bblbope CTaHAApPToB, Tpebyowmx pernctpaumm RVC
(Hanpumep, FOCT 32144-2013). B Takom cnydae nopor obHapyxeHua RVC 3agaH B npodune cTaHgapTa
W ero Hefb3A U3MEHUTb B KOHPUIypaLuumn noab3osBaTens.

B cnyyae, ecam Nonb30BaTe/NtO HY*KHA TO/IbKO PerncTpaumsa Ha COOTBETCTBME CTaHAAPTY M OH He XOYeT,
yTobbl aHaNM3aTOP AOMOJIHUTENIbHO PErUCTPMPOBAN ApPyrMe napameTpbl (TemM camMbiM yBE/M4YMBaR
06beM HEHY)KHOW 3anucK AaHHbIX), CAegyeT BbIKAOUUTL (B KOHOUIypaLmMu) Bce Apyrue napamerpbl U,
BO3MOHO, BblbpaTb Haubonbluee Bpema ycpegHEHMs M3 CnucKa (aarke ecnu napamertpbl byayTt
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perncTtpmpoBaTbCa, TO 3al7IMyT OTHOCUTENIbHO Maio MECTa),' OA4HAKO 3TO HE y4YUTbIBaET CO6bITMﬂ, nosTomy

NYYLIMM pelieHnem byaeT BbIKAOUEHME PErUCTPALMMN HEHYKHbIX MapameTpoB.

2.7.4 Tlpu6sM3uTe/IbHOE BpeMs perucTpanuu

MaKcumanbHoe Bpema pernctTpaumm 3aBUCUT OT MHOMMX GaKTOPOB, TAaKMX KaK: pasmep BblAe/IeHHOro

MeCTa Ha KapTte namAaTthn, Bpema ycpeagHeHUA, TUNn CeTn, KOJIMYECTBO PErncTtpupyembiX napameTpos,

3anncb OCUMANOTPaMM U OBHapyKeHWe cobbITMI, a TaKXKe OT camux Noporos cobbiTuit. HekoTopsble

BblOpaHHble KOHOUIypauum npuseaeHsl B Tabaumue. B nocnegHel KoIoOHKe yKa3aHo npubansutenbHoe

BpemAa perncrtpauunm, Korga Ha TO4Ky UaMmepeHuna BblaeneHo 2Tb CBO60,£I,HOI'O MeCTa Ha KapTe nNamAaTu.

MpuBeaéHHbIe NPUMepbl KOHOUIYpPaLMii NpegnonaratoT nsmepeHune HanpsxeHma N-PE v Toka IN.

MpnbansnTenbHoe BpeMA perncTpaumm 4na HeCKObKMX NPUMeEPOB KOHGUIypaumm

Tun
Tun cetn MpubnansutensHoe
KoHbUrypauun/ Ocuunnorpammsi
Mepnog (akTMBHOE Ocumnnorpammbl BpemsA perncrpaumm
pernctpupyemble CobbiTuA . no nepuogy N
ycpeaHeHua n3mepeHue cobbITHI COeaHEHS npu oTBe4EHHOM
napamerpel TOKOB) ycpea mecte 2 b
Mo 3-¢asHan ® (1000 N
10 -, | ® (1000 cob 60
rOCT 32144-2013 MURYT 3Be3ga cobbiTunin) ( cobbirui) ner
Mo
npoguIo 3-¢asHas .
«HanpskeHua u 1 cekyHaa 270 pHen
3Be3ga
TOKU»
n
o npodunio 3-pasHan
«HanpsaxkeHuna n 1 cekyHpa J 4 aHA
3Be3ga
TOKU»
Mo
npoguio 3-¢asHas
«MoLHOCTN N 1 cekyHpa 23 gHA
3Be3ga
rapMOHMKN»
Mo npogwaio 3-¢asHan ® (1000
«MolwHoCcTH 1 1 cekyHAa ~. | *® (1000 cobbiTnit) 22,5 gHA
3Be3aa cobbITHiN)
rapMOHUKN»
BkntoueHbl Bce
3-¢asHan
BO3MOMKHble 10 muHyT 4 ropa
3Be3ga
napametpbl
BkatoueHbl Bce
3-¢asHas o
BO3MOMHbIe 10 cekyHp, 25 pHen
3Be3a
napametpbl
BkntoyeHbl Bce
BO3MOMHble 10 cekyHp, 1-dpasHan 64 gHA
napamerpbl
BkatoueHbl Bce « (1000
BO3MOMKHble 10 ceKyHg, 1-¢pasHan CoBbITHI) ® (1000 cobbiTuit) . 14,5 pHa

napameTpsl

2.8 H3MepuTesIbHbIE CUCTEMBI

AHaNM3aTop MOXHO HENOCPEACTBEHHO MOAKNOUUTb K CAEAYIOLMM TUNam CETH:

e OpHoodasHas (puc.16);

e C pacuwennéHHon dason (asyxdasHas) (c pasgenéHHo obmoTKom TpaHchopmaTtopa, aHrA. split

phase) (puc.17);

e TpéxdasHana («3Be3ma» c HelTpanbio) (prc.18);
e TpéxdasHas («3Be34a» C U30/IMPOBAHHON HelTpanbio) (puc.19);

o TpéxdasHan («TpeyronbHUK») (puc.20).
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B ceTAx cpegHero HanpsXXeHUA BO3MOXHbI M3MEPEHUA C WCMOAb30BAHWEM WU3MEPUTENbHbIX
TpaHcdopMaTopOB:

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

B TpEXNPOBOAHBLIX CUCTEMAX BO3MOXKEH 3amep TOKOB MeTo40M ApPOHA, C UCNO/Ib30BaHMEM TOIbKO ABYX
KNewen, MsMepatlowmx aMHenHble ToKU lii n li3. 3HayeHue ke ToKa |, BblMMCAAETCA COrfacHo
33aBMCUMOCTHU:

Iy = -1 — 113

3TOT MeTo, MOKHO MCMO/Ib30BaTb B C/ly4ae CUCTEMbI TUNA KTPeyrobHUK» (puc.21 n puc.24) n «3pesga»
6e3 HeliTpanbHOro npoeoaa (puc.22).

Ons paboTbl B cUCTeMax 3/1EKTPOCHABKeHMA C W30/IMPOBAHHOM HenTpasblo Heobxoammo

& nogkntoumTtb Bxog4 N K Knemme L3 uccnepgyemoit cetn. B Takmx cuctemax He Tpebyetca
nogxao4yatb Bxog L3 aHanusaTopa K afieKTpuyeckol cetu. MNpu M3MepeHun napameTpos
nepexoaHbIx npoueccos noakatodeHmnn exoaa L3 OBA3ATE/IbHO.

B ceTAx C HelTpanbHbIM MPOBOAOM MOXHO AOMNONHUTENbHO MPOWU3BECTM M3MepeHWe TOKa B ITOM
npoBoZe Mnocae NOAKAOYEHUA AONOMHUTENbHBIX Kaewen K Bxody In. ITO M3mepeHue BbINoHAETCA
noc/e BKAOUYEHUA B KOHOUTYPaLMIO TOUKM M3MEPEHNa onuun «M3mepeHne ToKa B HerTpanm».

ANbTepHaTMBOW ANA UM3MepeHUs ToKa In C MOMOLLbIO K/ewel SBNAETCA BblMCIAEHMe TOKa B
HeMNTPaNbHOM NPOBOAE AHANUTMYECKMM MEeTOZOoM. AHanM3aTop AOaET TaKyld BO3MOXKHOCTb nocne
Bbi6Opa onummn «Pacyér ToKa B HelTpanm». TOK B HEMTPaNM paccumTbiBaeTca No Gopmynam:

o [y = —I;4, 8 1-PpasHolt ceTy;
[ ] IN == _ILl - ILZ’ B 2'¢a3HOl‘;| ceTun,
o [y=-—I;—1,— 13 83-pa3Hoi ceTn TMNa «3Be34a» C HenTpanbio N.

YKa3zaHHble 3aBUCUMOCTU ABAAIOTCA UCTUHHBIMKW NPU YCA0BMM HY/1EBOro TOKa B 3alMTHOM nposoae PE.
B TUNWYHbIX CUTyaUMAX ITOT TOK, AeNCTBUTENBHO, NPEHEBPEXUTENbHO Mas, OAHAKO cneayeT MOMHMUTD,
YTO B aBapUMHbIX CUTyaUMAX (Hanpumep, NPU KOPOTKOM 3aMblKaHUM B LLenu A0 MOMeHTa cpabaTbiBaHMsA
3aWwmTbl) TOK B npoBoge PE moKeT gocTuraTb 3HAYMTENbHOW BENMUYMHbLI; TEM CaMbiM PacCUMTaHHOE
3HayeHue ToKa Iy byaeT oTanyaTbea oT GaKTUYECKOTO.

[ns NpaBWUIbHOIO BbIYUCAEHMA NONHOM MOLWHOCTU Se, @ TaKKe KoapouumeHTa mowHoctm PF B
TpéxdasHoW 4-x NpoBOAHOM CeTU 0653aTe/IbHO U3MEpPEHUE TOKA B HEMTPaZIbHOM NPOBOAHMKE.
& B Takom cnyyae HeobxogMMo Bcerga BKAOYATL onuuio «MamepeHue ToKa B HeUTpanm» u
NoAKNIOUYMTL 4 M3MepuUTenbHbIX Knewen (puc.18). [Apyras BO3MOMHOCTb — 3TO BK/IHOYEHUE
ONuUMMN aHAIUTUYECKOrO pacyéTa ToKa .

B cnyyae ceTteit ¢ Hanmumem nposogoB PE M N (3a3eMnalolMM U HENTPaA/bHbIN) BO3MOXKHO TaK»Ke
nsmepeHme Hanps:keHua N-PE. C aTon uenbto HeobxogMmo MOAKNOUUTbL NPoBOAHWK PE K Bxoay
HanpsaxeHus PE aHanusaTopa. [onosHUTENIbHO B KOHOUIypaLMM TOUYKM U3MEPEHUS HYMKHO BblOpaTb
onuuto «HanpaxkeHune N-PE».

HeobxoamMmo 06patuTb BHMMaHUE Ha Gpa3mMpoBKY Kaellel (rMbKux n obbluHbIX). Knewm HeobxoamMmo Tak
YCTaHOBWTb, YTOObI CTPEKA, HAXO4ALLAACA Ha K/elax, CoBnagana C HamnpasJeHMem Toka. [poseputb
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NPaBWUIbHOCTb YCTAaHOBKM K/ELLEW MOXKHO MyTEM M3MEPEHUs aKTUMBHOM MOLLHOCTM — B BO/bLUMHCTBE
TMMNOB MACCUBHbIX MNPUEMHMKOB, AKTMBHAA MOLUHOCTb MMEET MOJOXKNUTE/bHbIN 3HaK. M3MeHUTb
NONAPHOCTb MOXHO KaK HenocpeacTBEHHO MEpPernoaKIlouMB TOKOBblE Kaelwu, Tak U C NOMOLLbIO
nporpammHoro obecrneveHma « SONEL ANALYSIS».

mmrp,a TpebyeTca u3mMepeHMe MepexofHblX XapaKTepucTUK, cnedyeT obpaTuUTb BHMMaHME Ha
$aKT, YTo aHaNM3aTop U3MepseT UX OTHocUTeNbHO BxoAaa PE. Mo3ToMy B TaKUX Caydasax Heobxoaumo
Bcerga obecneunTb coeamHeHue Bxoga PE aHanusatopa ¢ mMecTHbIM 3a3emsieHMEM. ITO 3amMedyaHue
KacaeTca Bcex TUMOB ceTW. pu OTKAoYeHHOM nposode PE HEBO3MOXHO MNPOU3BECTU U3MEPEHUs
nepexoaHbix npoueccos. B TpéxdasHbiXx cucTemax C M30AMPOBAHHOM HEWTpanblo, ANA 0bHapy»KeHus
nepexoAHbiX XapaKTepMCTUK, Heo6X0AMMO MOAKNOUYMTL BXo4 L3 K uccneayemoit cetu.

HuxkenpueeaEHHbIE PUCYHKM CXEMATUUYECKM WANIOCTPUPYIOT Cnocobbl MOAKNIOYEHMA aHanmsaTopa K
nuccneayemoli cetm B 3aBUCMMOCTU OT eé Tuna.

3HauKum, NUcnosibdyemble Ha PUCYHKaX ANA JOMNONTHUTENbHbIX COGAMHeHMﬁ, MMEIOT cheayrouee 3Ha4YeHne:

ecnn TpebyeTca U3Meputb HanpaxkeHne Un.pe, TO HEOBXOAMMO BbINONHUTL COEAMHEHUNE Ha
cxeme, 0603HaYEHHOE 3TUM 3HAYKOM (MOAKNOUMTL BXo4, PE K 3aWmMTHOMY NpoBoay);

] ecnn TpebyeTca M3MepwuTb TOK Iy, TO HEOBXOAMMO BbIMOJHUTL COEAMHEHME Ha CXEMe,
0603HaYEHHOE 3TUM 3HAYKOM (MOAKNIOUMTb KNeLM B KaHane Iy);

ONA M3MEPEHUA MepexodHblX XapaKTePUCTMK HeobXOAMMO BbINOHUTL COeAMHEHWe Ha
cxeme, 0603HaYeHHOEe 3TUM 3HAYKOM (NOAKNOYUTL BXOg, PE K MeCTHOMY 3a3eM/IeHUIO UK
3aLLMTHOMY NPOBOAY M BXOA HanpaXKeHus L3 B 3aBUCMMOCTM OT TUMA CXEMbI).
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Bxogkl No HaNpAxeHWD Bxogel no Toky

Puc.16. Cxema noakntoveHma — ogHodasHan ceTb.
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Puc.17. Cxema noakno4eHMA — CeTb C paclennéHHon dasoit (asyxdasHas).
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Puc.18. Cxema nogrntoueHma — TpéxdasHasna ceTb "38e343" ¢ HelMTpanbHbIM NPOBOAOM.
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Bxofel No HanpakeHMo  Bxofkl no Toky

Puc.19. Cxema nogxntoueHns — TpéxdasHasn ceTb "38e343a" ¢ M30IMPOBAHHOW HEUTPANbIO.
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Bxoael NO HAaNpAKeHKD  Bxogkel no Toky

Puc.20. Cxema noakntoueHuna — TpéxdasHan ceTb "TpeyronbHuK".
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Bxogel 0o HAaNpAGKeHD  Bxogkl No Toky

Puc.21. Cxema noakntoyeHua — TpéxdasHas ceTb "TpeyronbHuK" (M3mepeHue Toka meToaom ApoHa).

Bxonel No HaNpAxeHWo  Bxogel no Toky

Punc.22. Cxema noggntoueHma — TpéxdasHasna ceTb "38e343" ¢ M30/IMPOBAHHON HENUTPA/bIO
(n3mepeHne Toka metTogom ApoHa)
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Puc.23. Cxema noakntoueHnaA — ceTb C TPaHCPOpPMaATOpPaMMU.
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Bxofel N0 HaNpAKEHMD Bxogel No Toky

Puc.24. Cxema noaxntoveHns — kocseHHoe namepeHme SN B TpéxdasHoit ceTu "TpeyronbHuK"

YacToTHbIM AmManas3oH nepegaym TpaHcHOPMATOPOB OOLIMHO OYeHb HebOosblIOW, NO3TOMY
BbICOKOYACTOTHbIE CETeBble MOMEXM, TaKMe KaK, Hanpumep, NepeHanpsaKeHusa OT paspsaaos
MOJIHUN, B 3HaAYNTENbHOW CcTeneHwu noAaBAAKTCA U UCKaXKakloTCA Ha BTOpMHHOﬁ CTOpOHe
TpaHchopmaTopa. ITO HEObXOAMMO Y4YMTbIBaTb MPU UCMNOAb30BAHUU PYHKUMU M3MEpPEHUn
nepexogHbIX MPOLECCOB B KOHPUrypauuax ¢ TpaHchopmaTopamu.

IlyckoBOM TOK

®yYHKLMA NO3BOAAET NO/b30BATE/IO 3aNUCbIBaTb Noynepuoamyeckme 3HadeHms (RMS %) HanpsaskeHus v

TOKa 40 Tex Mop, NoKa NamATb U3MepeHUI He ByaeT 3anonHeHa (npuba. age Heaenm 3anucu Ha 2 b

I'IaMFlTM). MNMonb3oBaTeNb MOXET OCTaHOBWUTb 3anuch B stoboe Bpems. lNepen namepeHnem yctaHoBuTe

BPEMSA arpernpoBaHnsa Ha % nepuoga. [lpyrme HacTPOMKMU U MEXaHU3Mbl U3MEPEHUs He OTPaHNYEHDbI.

BTopoi cnocob nsmepeHUs NyCKOBOTO TOKA - YCTAaHOBUTb AJ1A TEKYLEero cobbiTsa BbIOpaHHOE TeKkyllee
3HadyeHue (B Sonel Analysis Bbibepute TOK - OCHOBHbIE = PEFTMCTPUPOBATb COBbITUA). Mocne
NPeBbIWEHNA YCTAaHOBNIEHHOrO 3HayeHWAa TOKa aHanusaTop 3anuieT dopmy curHana (mo 1 cek.) wu

rpaduk nonynepmoanyecknx sHadeHmii RMS% (oo 30 cek.)
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2.10 IIpumep UCIOIb30BAHUS

Mpoueaypa, npeacTaBneHHana HUXKe, NOKa3blBaeT, KaK C MOMOLLbIO aHa/an3aTopa MOXKHO BbINOAHUTb
NpUMepHoOe M3MepPeHMe, LWar 3a Warom: oT NOAKAOYEHMA A0 GOPMUPOBAHMA OTYETA U3MEPEHUI. ITO
Nno3Bo/ifieT ObICTPO MO3HAKOMWUTLCA C OCHOBHbIMU (GYHKLMAMW aHanmsatopa u nporpammbl «SONEL
ANALYSIS». Mpeanonaraetca, 4to nporpammHoe obecneyeHne «SONEL ANALYSIS» yKe ycTaHOBNEHO.
[aHHbIA nNpumep npegnonaraeT UCNo/sb3oBaHMe aHanu3atopa PQM-711. B ciayyae MCNoJib30BaHUSA
AHANM3aToOpPOB, KOTOPbIE HE NO3BOAIOT U3IMEPATb NepexoaHble NPOoLLeCcChl, NPONYCTUTE 3TM NapameTpbl.

CueHapuii: 1-pa3Hoe nsmepeHune B COOTBETCTBUM C KOHPUrypauueil nonb3osarens.

CueHapuit M3MepeHus, cneayrowmin: NoJsib30BaTe/ib XOYET M3MEpPUTb MapaMeTpbl HanpsaKeHua B 1-
dasHoi cetn Ha 230 B, 50 lu. M3mepeHne A0MKHO ObiTb BbIMNOJHEHO C 1-CEKYHAHbLIM yCpeAHEeHUEM.
[JonKHbI 6bITb 3aPErMCTPUPOBAHbI Cneaytowme napameTpbl:

o CpepgHue 3Ha4YeHMA HanpsKeHus, KW (THD) 1 rapmoHUKu;

e YacTtoTa ceTm;

e OnpeaeneHune cobbiTUIA NO HaNPAKEHUIO AO0MKHO ObITb BKAOYEHO U YCTAHOB/IEHO Ha YPOBHE,
cootBeTcTBEHHO: 105% Unom AnA npesblweHna, 95% Upom ANA npoBana, 10% Upom ANA
npepbiBaHUA. B MOMEHT 0bBHapyXeHuUa cobbiTMA [A0J/IKHA ObiTb 3anmMcaHa ocuuaorpamma U
curdHan RMS %;

e BkntoyeHo obHapy:KeHMe cobbITMIA MO M3MeHeHUto Gopmbl ormbatoLLeit, a Nopnor ycTaHoBAEH
Ha pasHuuy 10%, Bpema NPUOCTaHOBKU perncrpauum ans nociaenyowmx cobbiTuii yCTaHOBAEHO
Ha 5 cek.;

e  BK/OYEHO 06HapyKeHune cobbiTuiA Npyn nsmeHeHnn ¢pasoBoro yraa ¢ noporom 10°;

e  XapaKTepUCTUKM NEepPEXOAHbIX MNPOLECCOB AONXHbl ObiTb BKAOYEHblI HAa MWHMMAJIbHO
BO3MOXHOM npeaene Hanps»eHua 50 B (HacTpoika ¢ Hanmbonbluen YyBCTBUTENbHOCTLIO) U C
yactoToit amckpetmsaumm 10 MIu. [OdomkHa 6biTb BKAOYEHa pernctpaumsa rpadukos
nepexoaHbIX NPOLECccos.

Mocne namepeHusa cnedyer co3gaTb BpemeHHble rpaduKy (amarpammbl) M3MepPAEMbIX NapameTpos U
chopmMmnpoBaTb NPUMEPHbIA OTYET M3MmepeHus. [aHHble HeobXoAMMO COXPaHWUTb ANA AafibHenwero
aHanusa.

MeTog npoBeaeHUa U3MepeHUi:

War 1: NogKkntoueHne aHanM3aTopa K McciesyeMon ceTM HeobxoAMMO BbINOJHWUTL B COOTBETCTBUM C
puc.16. Heobxogumo npucoeamHnts Bxoabl L1, N um PE (NOCKO/MbKY M3MepAlTCA nepexogHble
XapaKTepuCcTMKM). Knewm noaKkntouaTb He HYXKHO, ecnu He TpebyeTcs mM3mepeHue TOKoB. MuTaHue
aHanm3aTopa (KpacHble NPOBOAA) TaKXKe MOMKHO MOAKAIOYMUTL K UCCAeLyeMON CeTU AAs TOro, YTobbl
aHanM3aTop He paboTan Ha NUTAHMUM OT aKKYMYIATOPA U He BbIKNOYMICA U3-3a pa3pasa batapeu.

LWar 2: BKatounTe aHaM3aTop KnaBuLlein ©D 1a AMCnnee Ao/KeH NoABUTbCA 3KpaH 1/9 (puc.5).

War 3: 3anyctute nporpammy «SONEL ANALYSIS». MoacoeamHute USB Kabenb OT aHanusaTopa K
KomnbtoTepy. Ecnv aTo nepBoe MOAKAHOYEHME, TO HEOOXOAMMO [0XAATbCA YCTAaHOBKM ApaliBepoB
aHanusaropa.
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War 4a: Ecam nocne 3anycka nporpammbl «SONEL ANALYSIS» oTobparkaetca CrapToBOoe OKHO, TO
HeobxoamMmo BbibpaTb NyHKT «KoHpurypauma u Peructpaumsa», a 3atem «PacwupeHHas
KOHUrypauua aHanmMsatopa» 1 nepeinTu K wary 4c (Huxe).

War 4b: Echn CraproBoe OKHO He MosiBUAOCb, HEOBXoAMMO HaxaTb KHOMKy «KoHdurypauusa
aHanu3aTopa» Ha naHenn UHcTpymeHToB «SONEL ANALYSIS» nnu Bbibpath B MeHI0 «AHanusatop» =
«KoHourypaumua». B oTobpasuBwemca OKHe cneayeT BblbpaTb «PacwmpeHHasa KoH¢uUrypaums
aHanusaropa».

War 4c: OTo6pasnTca OKHO C AeTa/ibHbIMWM HAcTPOMKaMK aHanvs3aTopa. B HEm HeobxoAMMO HaKaTb
KHOMNKY «Monyuyntb HacTPOMKM». ITO BbIZOBET CYMTbIBAHUE TEKYLLEN KOHOUTypaLMM U3MepPUTebHbIX
TOYEK, COXPaHEHHbIX B aHaAu3aTope.

War 5 (Heobs3aTenbHbil): Ecnv aHanusatop He 6bin paHee cBA3aH C NPUAOXKeHWem (cTaTyc
«OTKNIOYEH» HA HUXKHelM naHenn okHa «SONEL ANALYSIS» n306pakéH KpacHbIM LLBETOM), LLENYOK
MbILbIO 3aKNaakM «OTBETUTb» NMPUBEAET K BbI3OBY OKHa MOAKAKYEHUA K aHanusaTopy. B sTom OKkHe
JO/MKEH MOABUTLCA OAMH HalZleHHbIA aHanu3aTop (ecnM 3To He Tak, NonpobyiiTe HaxaTb KHOMKY
«HoBbI NOUCK»). Bbibepute HalAeHbIli aHaNM3aTop, ABaxAbl WENKHYB Ha HEM KHOMKOW MblwKn. Ecan
aHanm3aTop eweé He Obin gobasneH B 6a3y aHa/M3aTOPOB MPOrpPammbl, TO OTOOPA3UTCA OKHO C
3anpocom o BBoge PIN-koga aHanusatopa. 3aBOACKOM Kog No ymonadanuio «000». YcnewHoe
coeHeHMe MOATBEP)KAAETCA OKHOM C Haanucblo «CoeguHeHMe YCTaHOBAEHO» (Ha Aucnnee
aHanm3saTtopa otobparkaerca coobuweHne «MogkntoueHme K MK (USB)».

LWar 6: 3atem noasuTcAa cooblieHne ¢ nNpocbboit nNoATBEPAUTL CYUTbIBAHWE NapameTpoB. Haxmure
KHOMKY «OK» M TaK e B NoATBEpPXKAAIOWEM CYUTbIBAHUE OKHe - «OK». Tem cambiM HaCTPOMKM Bcex
YeTbIpEX TOYEK U3MepeHUsa OblIM MPOYUTAHbl MPUIONKEHUEM UX MOXKHO MPOCMOTPETb U U3IMEHUTb B
OKHe «KoHurypauua».

War 7: MMposepka pacnpegeneHva namatn. B neBoi BepxHel 4YacTm OKHa «KoHdurypauuma»
pacnonoxeHa naHenb «JlokanbHO». MepBbl NYHKT B NaHenn — 310 «MapameTpbl aHanusaropa». B
OCHOBHOI 4YacTW OKHa oTobparkaeTcs ofHa M3 Tpéx BKNagok (Tun aHanusatopa, PacnpepeneHue
namaTtn, CuHxpoHu3sauua GPS). Ha Bknaake «PacnpegeneHne namaTu» Hy»HO ybeamuTbcs B TOM, YTO
ONA TOYKM M3MepeHuss Homep 1 XBaTUT BblgeNeHHOro mecta (no ymonuyaHuto 25%). Ecnm mecta
BblAE/IEHO Masi0 UAW YCTAHOB/AEHO 3HadyeHue 0%, To OeryHKamu Heob6XoAMMO, COOTBETCTBYHOLLMM
06pa3om, U3MEHUTb pacnpeaeneHne NamaTu.

War 8: MameHeHMe KoHOUrypauum ToukM uamepeHua Homep 1. KoHourypauumio TOUKM M3MepeHua
Homep 1 cnesyeT U3MEHWUTb B COOTBETCTBMM C BbllEYyKasaHHbIM CLeHapuem. Heobxoaumo LWenKHyTb
MbILWbIO HA MYHKT B naHenu «JlokanbHo: KoHdurypauma 1», 4ytobbl M3MEHWUTb HACTPOMKM TOUKM U
pa3BepHyTb [JEepeBO MNapameTpoB 3TOM TOYKM (ABOMHOWM LWENYOK CTPOKM «KoHdurypauma 1»
aBTOMATMYECKM PACKPbIBAET APEBOBUAHOE MeHI0). Mocae packpbITMA A0XKHbI ObITb BUAHDLI CAeaytowme
nosnunu: CraHpapt, HanpsaxxeHue, Tok, MowHOCTb U aHeprua, FApMoHUKN, UHTEpPrapmoHUKHU.
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D,0/1 879MB) Catkowita dlugosc rejestracji

Puc.25. OcHoBHble HacTpoiKkn KoHdurypaumm 1.

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

YcTaHOBUTE NocneaoBaTe/IbHO 3HaYeHUA:

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

e HomunHanbHOe HanpaXKeHue cetTn 230/400 B;

e YacToTy cetn 50 ly;

o [lepwopg ycpegHeHua EB Ha 1 cek.;

e MrHoBeHHbIM 3anyck El;

e [ucrepesunc 06HapymeHm=| cobbITui Ha 1,5%;

e Tun ToKoBbIX Kneweli EX yctaHOBUTE Ha nosuumio «Het»;

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

B BepxHel 4acTM OKHa MOKHO BblIBpaTb APYryto BKAaAKY «[LoNOAHUTENbHbIE», Ha KOTOPOM NOA3YHKamMM
MOXHO YCTaHOBMTb Tpebyemoe Bpems 3anucu ocumnorpamm u RMSY%: ana cobbitmii M Bpemsa
pernctpaunm rpadrKoB NepexoaHbiX NPOLECCOB. TN Nepuoabl BPEMEHU A0MKHbI 6bITh YCTAHOB/EHbI B
COOTBETCTBMM C MHAUBUAYANbHBIMW NPeanoYTeHUAMMU.
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3atem cneayet Bbl6paTh B AepeBe HACTPOEK TOYKMN U3MepeHUsa nosmumio «CTaHaapT» 1 ybeamuTtbea, uto
none «Perucrpauua No CTaHOApTy» He OTMEYEeHO, ec/i HHe TpebyeTcAa napansesnbHana perncrpaums
napameTpoB ANa OTYETa Ha COOTBETCTBME CTAaHAAPTY.

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

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

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

B cTpoke «WHTeprapmMoHUKM» U BKnadkax «HanpsaykeHue» un «CurHanbl ynpasneHua» yaanute
OTMETKM BCEX MOeM.

Lar 9: HacTpoiKkM ana TOUYKM M3MepeHus 6blan NoaroToBaeHbl NpaBuabHO. Chegyowmii war — 3To
OTNpaBKa 3TOW KOHOMUrypauum B aHanusatop. Kaprta namatu bypetr oTdopmaTupoBaHa. Oas 3Toro
WENKHUTE KHOMKY «OTnpaBuTb». B noasBuBLUEMCA OKHE HeobXoAMMO MNOATBEPAUTL YAaNeHWe Bcex
AaHHbIX Ha KapTe NamATWM aHanAu3aTopa WM OTNPaBKy HOBOWM KOHoUrypaumu. B cnyyvae ycnexa nossutcea
OKHO, M3 KOTOPOro MOXHO Cpa3y nepeinTu K 3anycky perncrpaumu. Heobxogmmo BblbpaTb «[a», yto
aBTOMATMYECKN OTKPOET OKHO «KOHTpONbY.
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Lar 10: Ecin okHO «KOHTPOAb» He 6bII0 OTKPLITO (BbIOpPaH NYHKT «HeT»), To Ha NaHeAn UHCTPYMEHTOB
HEOoBXOAMMO KAMKHYTb MYHKT «KOHTPOAb» nnu BbibpaTh ero B MeHo «AHanusatop» = «KoHTponb».
AHanusaTop roToB K Hayany perncrtpaunm B COOTBETCTBMM C YKa3aHHbIMM HacTpoiKamn. YTobbl HayaTb
peructpaumto no KoHdpurypaummu 1, B nossmeliemca okHe «KOHTpoab» Heobxoammo BbibpaTb Nepsyto
nosunumio B cnucke «Tekywaa KoHurypaumua», To ectb KoHourypaumio Homep 1 (3To nose coaepsKut
nepeyeHb Ha3BaHWW, MPUCBOEHHbIX OTAENbHbIM KOHPUrypauusam) W 3anycTUTb perncrTpaupmio ¢
nomoLbto 3eNEHON KHOMKKU «IMyck». CTapT perucrpaumm CUrHaAM3MpyeTca aHaM3aToOpPoOM TPOMHbLIM
3BYKOBbIM CMFHa/IOM, @ MPOLECC PErncTpaLmm — MUTAloWMM CUMMBOAOM «P1l» B neBOM BepxHem yray
aucnnen. Pernctpauus MOMKET nNpoAosiKatbcA noboe Bpema; MNOAKAIOYEHME MPUNONKEHUA K
aHanmsatopy He TpebyeTca. Bo BpemaA perncrpaumm MoXXHO KPaTKOBPEMEHHO OTCoeaMHUTL npoBog, L1
OT TECTUPYEMOM CETU, YTOObI UMUTUPOBATb NPONALAHNE HAMPAKEHUA.

LWar 11: MNpeKkpaleHne perncTpaumm u cCYnTbiBaHME AaHHbIX Aas aHanmnsa. HeobxogmMmo BbI3BaTb OKHO
«KoHTponb» (ecnn oHo ewé He OTKPbITO) BbibpaB B MeHi0 «AHanusatop» > «KoHTponb». Haxmute
KpacHyto KHoMKy «Cton». LLlenKHUTe No 3HauyKy «AHaNM3» Ha NaHeM UHCTPYMEHTOB (Mau BbibepuTe B
MeHI0 «AHanM3aTop» = «AHaNU3»), YTOObI OTKPbITL OKHO, NO3BOIAIOLLEE CYMTATL 3aNMUCaHHbIE AaHHble
ONA aHanusa.

B oKHe oTobparkatoTcs YeTbIpe NONOCKU, MOKa3blBAOWME NCMO/Ib30BaHNE MAaMATU AN KaXKaA0W U3 ToUeK
nsmepeHun. YcrtaHosute $iaxKok B nosie pagom c nosiockoir KoHdurypauma 1. C npaBoit CTOPOHbI
MOJIOCKM 3aNONHEeHUA NamMATM OTobparkaeTca pasmep 3anmMcaHHbIX AaHHbIX. [locne OTMETKM nons
aKTUBMpPYETCA KHOMKa «3arpy3Ka AaHHbIX», KOTOPYIO cneayeTt HaxaTb. [oABUTCS OKHO, oTobpakatouee
X0, 3arpys3kun AOaHHbIX. [locne NONHOro CYUTbIBAHUA MOABUTCA OKHO ANnAa CoxXpaHeHnA 3arpyXeHHblX
OAHHbIX Ha AMCK. PeKomeHayeTca COXpaHUTb AaHHble B BbIOPAHHOM MeCTe Ha MKECTKOM AMUCKe, Y4TOoObI
MMEeTb BO3MOXKHOCTb BEPHYTbCA K aHanM3y JAaHHbIX B Apyroe Bpems. Heobxogumo yKasaTb
pacnonoxeHne Ha agucke n uma ¢Ganna n HaxKaTb KHOMKY « COXPaHUTbY.

B OTOOPAa3sMBLUEMCA OKHE HY}KHO LUENKHYTb KOMMbIOTEPHOM MbIWb0 HA FOPW3OHTANIbHOM MONOCKe,
npeacTaBAAIoOLLEN MHTePBAN BpeMeHU peructpaumm ¢ Haanucoto «KoHopurypauma 1. (Monbsosatenn)»
(nocne wWeényka LBET USMEHUTCA Ha OPAHXKEBbIN) U 3aTEM HaXKaTb KHOMKY « AHa/IU3 AAHHDIXY.

War 12: AHanu3 gaHHbIX. B rNaBHOM OKHe aHanM3a HaxoAAaTcA YeTbipe OCHOBHble KHOMKKU: «O6ume»
(BMA, No ymonyaHWio npu 3arpyske gaHHbix), «U3mepeHua», «Cobbitua», «KoHudurypauma». Ha
nsobpaxeHun «O6wMe» C NpaBol CTOPOHbI OTOBparkaloTcA rpaduyeckMm Ccnocobom 3HauKM,
CMMBOAM3MpPYIOLLME MOCAeaylollee M3MepeHue, cobbiTMe M 3anucaHHble OCLMAOrpaMmbl MO OCK
BpemeHM. MOXKHO cBOHOAHO yBeNMYUTb rpaduK, NpM HaAMuMM 60bLIOMO KONMYECTBA AaHHbIX, YTObbI
nony4nTb 60s1€e NoAPO6HYI0 MHPOPMaLMIO.

Mocne Ha)KaTMA KHOMKM «U3mepeHua» nossBuTCa Tabnuua CO 3HAYEHMAMM BCEX WM3MEPEHHbIX
napameTpoB B COOTBETCTBMM C BbIOPAHHbLIM BpPEMEHEM YycpegHeHua. B 3Tom cueHapum Bpemsa
ycpegHeHna BblIbpaHO paBHbIM 1 ceKkyHAe, TaK UTO KarKAyt CEeKyHAy 3anucbiBasiocb 3HayeHue
HanpsaxeHus, KT (THD) 1 rapmoHMKK (4acToTa Bcerga uamepsetca yepes 10 cekyHa). Kaxaasa cTpoka
COAEPXUT [AOaHHble, COXPaHEHHble B NOCNEAYIOLLYID CEKyHAY, a KaxKAaa W3 KOJNIOHOK COAEepKUT
OTAeNbHble NnapameTpbl.

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

(Hanpumep, ocumnnorpammbl M aAuvarpammbl RMSY), 4TO npeaycMOTPeHO 3TUM CLeHapuem, TO
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nocnefHAs KOJMIOHKA COAEPXKUT MWHMATIOPY 3amnucaHHbIX rpadukoB. locne ee HaxKaTuA MOMKHO
NpocMoTpeTb rpadurKM, CONPOBOXKAAIOLLME COOTBETCTBYOLLEE COBbITHE.

War 13: OTobpakeHMe BPEMEHHbIX AMarpaMm CuUrHanos Hanps)keHuAa u THD. Y1o6bbl co3patb
AMarpammy Hy>KHO NepenTn K oTobpakeHnto «U3mepeHna» (HaxKaTb KHOMKY «U3mepeHua»), BblaeNUTb
3aro/IoBKM cToN6LU0B BpemeHu (NepBbiM BCeraa A0/XKeH bbiTb BbibpaH cToN6el, BpemMeHu), HanpsasKeHua
L1, THD L1 (ctonbupbl 6yayT BblaefneHbl LBETOM), a 3aTeM LWENKHYTb Ha KHOMKe «[Marpammbi» U
BblbpaTbh «BpemeHHOI1 rpadpuk». MoaBUTCA OKHO, B KOTOPOM OTObparkaeTca rpaduK, coaepKalimin ase
Kpu1Bble CUrHAN0B BO BpemeHU: HanpsxeHusa L1 n THD L1. M'padmk MOKHO NpON3BOAbHO YBENNYMBATD, A
C NOMOLLBIO TPEX MAPKEpPOB BblAENATb HA rpaduKe XapaKTepHble TOYKM M CYMTbIBATb NAPaMeETPbl
YyKa3aHHbIX ToyeK. MpadnK MOXKHO 3anucaTtb (B BblbpaHHOM rpaduyeckom dopmate), LWENKHYB 3HAYOK
«COXpaHUTb» Ha BEPXHel NaHeNn MHCTPYMEHTOB.

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

Opyroii TMn rpaduKka — 3To rucTtorpamma rapMoHuK. OHa MOKa3blBaeT BCE FaPMOHUKM B AaHHOM 1-
CEeKYHAHOM MHTepBane (T.e. B 04HON CTpoKe). [Ns ee co3aaHuMA cnefyeT cHayana BblAeNUTb Bbl6paHHYIO
AYerky M3 crtonbua BpemeHW, a 3aTtem BblbpaTb cTosbel, N0b60M FAPMOHUKKU, HaXKUMas KHOMKY
«Aunarpammbi» 1 BbIGMpasa 13 cnvcka «FapMoHUKNY». TaKUM METOZ0M MOXKHO BbIBpaTh TaKXKe MHTepBa
BpeMeHU, MnepeTackmeBas MbIlbIO AWanasoH A4Yeek B cTonbue BpemeHW. Toraa 6yaeT noKasaHa
Auarpamma cpefHuX 3Ha4YeHUM rapMOHMK U3 YKa3aHHOIO MHTEPBaAJia BPEMEHMU.

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

LWar 16: MNposepKka cobbiTuii. ECIM aHann3aTop Npu perucTpaunmn obHapyKun Kakme-to cobbiTUs, OHU
6yayT oTobpakeHbl B BuAe Tabauubl «CobbiTMA». B CTpOKe, ONMCbIBaloWen KOHKPeTHoe cobbiTue,
MOXHO YBWAETb BpemsA MoABAeHWA (Hayaslo W KOHeu), 3KCTpemasbHble 3HayeHua (Hanpumep,
MWHUMa/IbHOE 3HaYeHWe NPU NPoBase HanpaXeHUs), ocumanorpammbl 1 rpadmkm RMSY;, ecam cobbitue
OTHOCUTCA K HaMpAXEHWIO MAM TOKYy. B 3TOmM cueHapum amarpammbl cobbiTuit BblIM BKAKOYEHbI B
KOHOUrypaLumu, Tak 4TO, eCAM aHa/n3aTop OOHAPYXUA KaKue-To cobbliTha, B nociaeaHem cronbue
TabAuLbl C 3aro0BKOM «OCLMAOrPaMMbI» L0/1KHA BbITb MKOHKA Anarpammbl. HE06XoAMMO WENKHYTbL
Ha Hel, 4yTobbl OTO6Pas3uUTL AMarpammy (MAM HaxKaTb KHOMKY «[iMarpammbi» M BblOpaTb MyHKT
«Ocumnorpammbi»).

2.11 CuHXpOHHM3an M BpeMeHHU
2.11.1 Tpe6oBanusa I'OCT 30804.4.30-2013 (IEC 61000-4-30:2008)

AHanmsatop umeert BCTpoeHHbIl\;I I'IpVIéMHVIK GPS, ocHOBHbIm npeaHasHa4YeHNem KOTOpPOro ABNAETCA
CUMHXPOHM3aALMA HYaCOB aHa/In3aTopa MO CUrNHa/laM aTOMHbIX 4aCoB, NOCbl/lTaeMbIMU CNYTHUKaMU GPS.
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CMHXpPOHU3aLMA BPEMEHW aHanM3aTopa C yHMBepcasabHbiM BpemeHem UTC TpebyeTca no cTtaHaapTty
FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) «InekTpuyeckas sHeprus. COBMECTUMOCTb TEXHUYECKUX
CPeACTB 3/1EKTPOMArHUTHaA. MeToabl M3MEPEeHW MoKasaTesell KayecTBa 3/1EeKTPUYECKON IHEeprum»
YCTpOICTBAM Kfacca A 418 MapKUPOBKM AaHHbIX M3mepeHnit. MakcumanbHaa owmnbka onpegeneHns He
MOXeT 6bITb 6onblie, yem 20 mc ana cetn 50 'y m 16,7 mc ana cetn 60 l'y. Takme mepbl HEOOXOAUMDI,
YTOObI Pa3/IMYHbIE aHAM3ATOPbI, MOAKAOYEHHbIE K TOMY e CUrHay, AaBasin OAMHAKOBbIE NOKA3aHMA.
CMHXPOHM3aLMA C YHMBEPCAIbHBIM BPEMEHEM TaKKe He0bXo4MMa, Koraa aHann3aTopbl obbegMHEHbI B
ceTb. Korga WCTOYHMK CUrHana BpeMEHM CTAHOBUTCA HEeAOCTYMeH, BHYTPEHHME 4acbl pPeanbHOro
BPEMEHWN AO0NXHbl 0becneymBaTb TOYHOCTb M3MeEpeHUA BpeMeHu nyuywe, Yyem * 1 cek. 3a 24 vaca,
OLiHaKO A5 COOTBETCTBMA Knaccy A, Aaxe B TaKUX YCNAOBUAX, TOYHOCTb M3MEPEHUA AOMKHA ObiTb TaKoM
e, KaK 1 paHblle (To ecTb Makcumym 1 nepuog, cetu).

2.11.2 MIpuémuuk GPS

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

Bpemsa [OCTUIKEHWMA CUHXPOHM3auMM GPS 3aBMCUT OT MOroAHbIX YCNOBMI (cTeneHn o61a4yHOCTH,
0CaZKOoB) M OT pasMelleHnA NPUEMHON aHTeHHbI. [NA AOCTUMKEHUA HAMAYYLIMX Pe3yNbTaToB aHTEHHa
OOMKHA obecneuntb 0630p Hosblielt yact Heba. YTobbl MONYYNTL CUrHaAN BpemeHu c Tpebyemoit
TOYHOCTbIO, NPUEMHMK GPS A0/KEH CHayana onpegenunTb CBOE TeKyllee reorpapuyeckoe NoioxKeHue
(ans atoro TpebyeTca BUAMMOCTb, MO KpaiiHeil mepe, 4 CNYTHUKOB — KOOPAMHATbI MEeCTa U BbICOTbl Hag,
yposHem mops). Mocne onpeneneHns MecTONoIOKEHUA U CUHXPOHU3aLUMKN BPEMEHM aHAM3aToOpa €O
BpemeHem (UTC), NPUEMHUK MepexoamuT B PEXUM CiexkeHua. YTobbl B 3TOM pexunme obecneuymTb
CUHXPOHMU3ALMIO BPEMEHW HY}KHA BUAMMOCTb TO/IbKO O4HOr0 CNyTHWKA GPS. OgHaKo, ana onpeaeneHun
HOBOW MO3WUMM B C/ly4ae NepemelleHus aHanusaTopa, notpebyeTcs BUAMMOCTb 4-X CMYTHUKOB (3-x
CMYTHWKOB, ecnu NpUEMHUK GPS He OBHOBASAET BbICOTY Hag YPOBHEM MOpPA). ITO MMeeT 3HauyeHwue,
HaNpuMmep, B pPeMMe 3aluMTbl OT KparkM, Korga HeobxogMma NOCTOAHHAA WHbopmaums o
MEeCTOMOJIOKEHWUMN.

2.11.3 MapkKupoOBKa JaHHBIX U3MepPeHU

AHann3aTop CoXpaHAeT 3anmcu M3mMepeHnin Bmecte ¢ Garom OTCYTCTBMA CUHXPOHM3ALMM BPEMEHMU.
EC/M Ha NPOTAXKEHUWN BCEro MHTEpBana ycpeaHeHUA aHaAn3aTop 6bl1 CUHXPOHU3MPOBAH C BCEMMUPHbLIM
KoOpauHUpoBaHHbIM BpemeHem UTC, Torga ¢nar He ycTaHaB/AMBaeTCA M NpU aHanv3e AaHHbIX He

OT06pa)KaeTCFi 3HAYOK OTCYyTCTBUA CUHXPOHU3aALUUNUN G OTCYTCTBME 3TOM WMKOHKM O3Ha4aeT MNoJjiHoe
COOTBETCTBME CBOAHbIX AAHHbIX C K/Aaccom A, B acrnekTte N3MepeHna BpPEMEHMN. CVIHXpOHVI3aLI,I/I‘r'I C
BpeEMEHEM UTC obo3HauyaeTcs TakXke 3e/1EHbIM uBetTom AnAa AaTtbl U BPEMEHU Ha BerHeﬁ naHenn
ancnnea aHaamsaTtopa.

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

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

2.11.4 PecuHXpoHU3aI U BpeMeHU

MOCKONbKY He rapaHTMpyeTca MNOCTOsSIHHOe Hanauume curHana GPS, Heobxoammo npasuibHoe
ynpaBneHne BHYTPEHHUM BpemMeHeM B CUTyauuu, Korga noAasnAetcAa curHan spemeHn GPS m oHo
OT/IMYAETCA OT BPEMEHMU, OTCYUTLIBAEMOrO aHa/IN3aTOPOM.

Mpwn OTCYTCTBUM perucTpaumm cUTyaumsa caman nNpoctaa — nocsae npuéma CnyTHMKOBOrO BPeMEHM Yachl
aHanM3aTopa aBTOMATUYECKMN NepexoaAT Ha Hero 6e3 Kaknx-1Mbo A0MNONAHUTENbHbIX YCIOBUIA.

B cnyyae aKTMBHOWM perncrtpauumn BHe3anHoe U3MeHEeHUEe BHYTPEHHEro BPEMEHW MOXKET NMPUBECTU K
notepe [AaHHbIX U3MEPEHWN, Korga Bpema MNOMAET BCMATb WAWM BO3HMKHET BPEeMEHHOM pa3pbiB B
AaHHbIX, ecnn Bpemsa UTC onepexkaeT Bpema aHanusatopa. Ytobbl n3bexartb 3Toro, BBEAEH MexaHM3M
Mea/IeHHON MOACTPOMKN BHYTPEHHEro BPeMeHW Ha CNyTHUKOBOe Bpems. Peanusauma 3akntodaerca B
3amMeA/IEHMU UM YCKOPEHUN BCTPOEHHOMO Tamepa TakMm obpasom, YTobbl Yepes HeKOTopoe Bpems
ABO€e 4YacoB — BHYTpeHHMe U GPS — cpaBHAAUCL U JOCTUIIN CUHXPOHM3AUMK. [TpenmyLLecTBOM TaKoro
peweHusa asnAetca ToT GaKT, YTO He MNPOUCXOOUT MNOTEPb WAW yTPaTbl HEMNPepbIBHOCTU AaHHbIX
N3MepHUN.

Monb3oBaTenb WMMEET BO3MOXKHOCTb HACTPOMKM ABYX MapamMeTpoB KOHQUrypaumu, KoTopble
ONpeaensoT PeMM PEeCcMHXPOHM3aLUMM BpemeHn npu pernctpauun. OguH M3 HUx (KosdduumeHT
PECUHXPOHM3ALUMM) onpeaenseT CKOPOCTb MNPOoLecca CUHXPOHM3aUMM BpemeHu. Yem meHblle ero
3HayeHWe, TemM Ao/blie 6yaeT NPOAOAKATLCA CUHXPOHM3AUMA, HO AAUTENIbHOCTb U3MEPUTENbHbIX
WHTepBanos byaet 6o1ee NpnbaAnKeHa K 3a4aHHOMY BpeEMEHU YCpeLHeHMUA.

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

CKauykoobpa3Hoe W3MeHEeHMEe BPEMEHM B MPOLECCe PEerucTpauum MOMKET MNpUBecTM K

& HeobpaTMMOI noTepe uYacTM 3aperecTPMpPOBaHHbIX JaHHbIX, MNO3TOMY PEKOMeHAyeTcA
MCMO/Ib30BaTb PEXUM MeANEHHON PECUHXPOHM3aLMM BpemeHm (ycTaHoBUTb «Mopor nepexoaa
BPeMeHMU» Ha Hy/fieBoe 3Ha4YeHue).

Ona Toro yTob6bI U3bEXKATb I'IpOﬁJ'IEM, CBA3aHHbIX C USMEPEHNEM BpPpEMEHU NpPU perncrtpauunn, cheagyert
NOMHUTb O HEKOTOPbLIX BOMNPOCax:

e B aHanusatope A0/IKeH OblTb NPaBUIbHO YCTAHOB/IEH YAaCcOBOM NOAC U Bpems, oTobparkaemoe
Ha Aucniee aHanM3aTopa, AOMKHO MAKCMMANbHO COBMaZaTb C MECTHbIM BPEMEHEM (€C/U HeT
curHana GPS oo Havana perucrpauumm);

e BralouMTE MeaNIeHHYID PEeCUHXPOHM3AUMIO BPEMEHMW, YyCTaHOBUB napameTp «lopor nepexopa
BPeMeHU» Ha Hy/neBoe 3HayeHMe U KO3IOODUUMEHT PECUMHXPOHM3ALMWU HA Masoe 3HayeHue

(Hanpumep, 25% nnn HUXKe);
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e Ecnum 31O BO3MOXKHO, TO eLLé A0 HaYana perncTpaymm HeobxoAnmMo nonyunTb curHan GPS, utobbl
CUHXPOHU3MPOBATb Yacbl aHa/M3aToOpPa C BCEMMUPHbIM KOOPAMHUPOBaHHbIM BpemeHem (UTC).
3TO NO3BOUT 06€CNeUYNTb HAMMEHbLUYHD BO3MOXKHYIO NOTrPeLHOCTb U3MEPEHNA BPEMEHMU MpPU
pernctpauum n 6oiCTpyrO NOACTPOMKY YAcoB B C/ly4ae BpeMeHHOM noTepu curHana GPS.

e [na Toro 4ytobbl M3MEpeHWe MOAHOCTbIO COOTBETCTBOBANO TpebosaHuam craHgapta FOCT
30804.4.30-2013 (IEC 61000-4-30:2008) B acneKkTe TOYHOCTM BPEMEHM A4/1A YCTPOMCTBA Knacca A,
HeobxoAMMO nepes 3aMyCKOM PerMcTpaumm  CUHXPOHM3MPOBATb Yacbl aHanuMsatopa ¢
BCEMUPHbIM KOOPAMHNPOBAHHbIM BpemeHem UTC n obecneuntb npuém curHana GPS B TeyeHune
BCEro BpeMeHu perncTpaumnm.

2.12 Pa6oTa B pexxume CBsi3u 1o GSM

2.12.1 O6wasa uHpopmManusa o noaAK/I0IeHur GSM

BcTpoeHHbI mogem GSM no3BonsieT ocywecTBuUTb 6ecnpoBOAHYIO CBA3b C aHA/IN3aTOPOM MPAKTUYECKMU
n3 noboro mecra, rge ectb Aoctyn K WMHTepHeTy. Tak e, Kak npu noaknwouveHun no USB, B aTom
pernme nosib3oBaTe/lb MMEET NOJIHbIA KOHTPOAb Haj, aHAa/IM3aTOPOM, MOXKET NPOCMATPMBATDL TEKYLLME
JAHHbIE, 3anyCcKaTb M OCTaHaB/AMBATb PErucTpaumio, CYUTbIBATb AaHHble ANA aHanav3a u T.4. Ona
NCNO/NIb30BaHMA 3TOrO pPeXMMa, B aHanM3atop HeobxoAMMo ycTaHoBMTbL SIM-KapTy co cnegylowmmu
napameTpamu yCcayru cBasu:

e [lakeTHana nepegava gaHHbix (GPRS);
e  CTaTMYecKuin 3aperucTpupoBaHHbIi Homep IP;
o B03MOXKHOCTb OTNPaBKK SMS yBegOMAEHNI CUTHANU3ALUM.

O6biyHaa SIM-kapTa, wu3B/ieYEHHas M3 TesnedoHa, He MOXKeT ObITb WCNONb30BaHa B
aHanusartope. [MakeTHas nepefaya AaHHbIX TPebyeT ycnyrm npesocTaBaeHusa cTtaTuyeckoro IP-
ajpeca, 3ape3epBMPOBAHHONO TONbKO AAA AaHHOW SIM-KapTbl. 9TOT MOCTOAHHBIA Homep |P
& NMO3BO/IAET COXPaHWUTb MOCTOSHHbIA afZpec aHanM3atopa B CeTM MHTepHeT. ITOT TUn yCayru
06bIYHO MCMoNb3yeTca ANsA nepegaum Tuna «machine-to-machine» (m2m, «ycTpoiicTBO K
YCTPOMCTBY»), NPUMEHAEMOM, B YaCTHOCTU, B NPOMbILIEHHOCTU AN MOHUTOPUHIa U 0bmeHa

OaHHbIMU U3MEPEHUI MeXKAY YCTPONCTBAMM.
KommyHMKauma ocylecTBnseTca caeayowmm obpasom:

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

e Mogem 3anyckaeT cayxby cepsepa nogxatodeHnit TCP/IP nog npUCBOEHHbIM MOCTaBLUMKOM
ycayrm IP-agpecom. CTaHApPTHO MCMO/Ib3yeMblil aHAaNM3aTOPOM Homep nopTa — 370 4001. MNog,
aTum IP-agpecom n Homepom NopTa, aHanM3aTop BUAEH B MIHTepHeTe.

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

o [Iporpamma «SONEL ANALYSIS» BO BpeMA CKaHMPOBAHMA NbITaeTCA YCTaHOBUTbL coeanHeEHUe ¢
aHa/M3aTopamu, KoTopble MmetoT B Hase aHanM3aTopoB 3afaHHbIN Homep IP (kpome TOrO, B
HacTPoOMKax Mporpammbl HYXHO BKAUUTb onuuio «TCP/IP no GSM»). Mo ymonuaHuio
nposepsaetca To/ibko nopT 4001 yaanéHHoro xocTa.

e Ecnun nog atum appecom HangeH aHann3aTop U, KPOMe TOTFO, Ero CEPUMHbIA HOMEpP COBMAZAET C
HOMepoM B 6a3e aHaN3aTopPoB, TO OH ByAeT NoKasaH B CMCKe HalAeHHbIX YCTPOMCTB.
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0O6bmeH nHdpopmaumelt nocae NOAKNOUEHNA NPOUCXOAMNT Yepe3 MHTepHeT. Mocne 3aBeplueHus
NporpaMmma 3aKpblBaeT COeAMHEeHWMe C aHA/IM3aTOPOM, KOTOPbIM NepexoauT B COCTOAHME
NPOCAYWNBAHUA U OXKMUAAHUA HOBOTO COEAMHEHMUA C KIMEHTOM.

2.12.2 Hacrtpoika moaema

ana

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

npeaocrtasadaemble NOCTaBLWMKOM YyCAYyr nepeaayvn AaHHbIX:

PIN-kog, gna SIM-KapTbl;

PUK-kog ansa SIM-KapTbl, B ciiydae 610KMPOBKM SIM-KapTbl NOc/ne HeCKOJ/IbKMX NOMbITOK BBOAA
HenpasuabHoro PIN-Koaa;

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

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

HasBaHwue nosib3oBaTens u Naposb (Heob6sa3aTeNIbHO, 0BbIMHO He TpebyeTcs).

HacTpoiKy aHanunsatopa ana nogkaodeHusa no GSM, cneayet nponsBoauTb caedyolmnm obpasom:
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MoaKnouMTbCsa K aHanmsaTopy no Kabento USB. Ecan aHanusatopa ewe HeT B 6ase AaHHbIX, ero
HY}KHO A06aBUTb K HeW;

HeobxoamMmo ybeamutbcs, 4To MOAEM BKAOYEH. Ons 3TOro cneayer U3 MeEHIO MpPorpammbl
Bbl6paTb NYHKT «AHanusatop» —> «TeKylwme HaCTPOMKU» U MepernTM Ha BKNAAKY
«becnpoBogHoe coeanHeHue». [poBepbTe YCTAaHOBKY napametpa «lMepeaava no cetu GSM» un
B C/ly4ae HeobXoAMMOCTUN BK/IOUUTE €ro;

OTkntoumTe USB-coeanHeHme u BbibepuTe Knasuwamm skpaH 8/10. Ecim moaem BKAKOYEH, HO
He ycTaHoBneHa SIM-KapTa, To B CTpoKe «GSM» fonKHO 6bITb coobuieHne «OTcyTcTByeT SIM-
KapTta»;

BctaBbTe SIM-KapTy B cNoT Ha 6oKoBOW NaHenu. 1o rHe3ao Tmna «push-push» (ans ussneveHua
aKKypaTHO HaXMWUTE Ha KapTy A0 Yyrnopa — OHa BbICKOYMUT HapyKy). AHanu3aTop 06HapPYKUT, YTO
KapTa yCTaHOB/AEHA W NOMbITAETCA NOAKNOUYUTLCA K CETH;

Echm pna SIM-KapTbl paHee He 6bln HacTpoeH PIN-Koa, aHanuMsaTop BblgacT coobuieHune
«HeBepHbIN PIN-Kog, SIM-KapTbi». 3T0 cooblieHne TakKe byaeT oTobpakaTbca Ha aKpaHe 8/10.
3710 03HauvaeT, uto SIM-KapTa oTBepraa PIN, c nomoLbio KOTOPOro aHanmsaTop npobosan ¢ Hel
CBA3aTbCA. ITO HOPMabHAA CUTyaUMA NPU YCTAaHOBKE B aHANM3aTOP HOBOW KapTbl;

Y106bl HAaCTPOUTbL HeAOCTalOWME NapaMeTpbl, HeobxoanmMble 4NA 3anycKa nepeaaym AaHHbIX MO
GSM, HeobxoAMMO 3aHOBO MOAKNOUUTLCA K aHanusatopy no USB u BbiBpaTb B MeHIO
nporpammbl «Mapametpbi» > «ba3a aHanusatoposB». B Hase aHa/nM3aTOPOB BONTU B PeXUM
pefakTMPOBaHMA HACTPOEK TOJIbKO YTO MOAK/IHOYEHHOro aHasnM3aTopa (LWeNKHYTb Ha CTPoKe C
HOMEPOM aHasIM3aTopa U HaxaTb «PepgaKTupoBaTb»). Haxkmute KHOMKy « ASMEHUTb HaCTPOIKKU
GSM»;

B sTom OKHe nocnenoBaTenbHO BBeauTe: B nose «IPvd» agpec IP (nonkeH 6biTb NpeaocTaBneH
NOCTaBLMKOM YCAYyr), UMA TOYKM aocTtyna «APN», HasBaHMe Mosib30oBaTeNa M nNaposb (ecnu
nposaliaep TpebyeT 3Toro M nepegan 3TM AaHHble). MNoaTBepanTe HOBblE AaHHbLIE KHOMKOM
«OK»;

3atem nosBMTCA OKHO C 3anpocom BBoga PIN-koga ana SIM-KapTtbl. HyXXHO BBeCcTM Kog,
npunaraembii K SIM-kapTte n nogtsepanTb KHoNKoM «OK»;

Ecnu BBeaeHbl NpaBubHblE AaHHbIE, TO aHAAN3aTOP MCMNOJb3YeT MX, YTOObI yCNewHo BONTK B
cetb GSM. Jlyywe Bcero MpPOBepATb CTaTyC coeAMHeHMA Ha 3KpaHe 8/10 aHanusartopa



(Heobxognmo 3aBepwuTb ceaHc no USB). [paBuibHOE MNOAKAOYEHME CUFHAM3UPYETCA
ctatycom GSM: «l0OTOBO, <TUM NOAKAIOYEHUA>» (<TUM MOAKAOYEHMA> 33aBUCUT OT
MECTOMONOMXKEHMA U TUNA YCAYTM NO Nepesave AaHHbIX B KOHKPETHOM pervoHe);
e [lpaBu/ibHaA MoOCAeA0BaTe/IbHOCTL MNoABAeHUA cooblieHnid Ha 3KpaHe 8/10 B cayyae

noakat4eHua K cetn GSM:

o BknawuyeHwue ...

o [lMopKnoueHue K cetu ...

o MopknioueHune K UHTepHeTy ...

o [otoBO, <TUN NnogKAlOYeHnsa>
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Puc.27. Beog napametpos GSM B 6a3y aHaanM3aTopos.

B cnyyae wusBnedyeHus SIM-kapTbl M3 rHe3ga aHanusaTop oTobparkaeT coobueHne o6 ownbke
«OtcytctByer SIM-Kkapta». 370 cooblieHMe He MoBTOpPAETCA MNPU  MNOCAeAYIOWMX  BKAOYEHUAX
aHanusatopa. MW3eneyeHne SIM-kapTbl BO Bpemsa paboTbl aHa/AM3aTopa AOMNYCTUMO, HO He
pekomeHAyeTcA, TaK Kak B 93TOM CayyYae MoJemM He KOPPEKTHO BbIXoauT U3 ceT GSM.

& ‘ Mpu Kaxaom UsmeHeHnn KoHourypaumm GSM npomncxoanT aBTOMATUUYECKUIA NepesanycK.

2.12.3 IlpoBepka coeauHeHuss GSM

Ecnv Ha akpaHe 8/10 coctosiHme mogema GSM npeacTaBaeHo Kak «FOTOBO, <TUM MNOAKAIOYEHUA>», 3TO
O3Ha4yaeT roTOBHOCTb MPUHMMATb COeANHEHMA OT YAANEHHOro KOMMbloTepa Yepe3 UHTepHeT. MOXKHO
BbIMNO/IHUTb TECTOBOE COeAMHEHME ANA NPOBEepPKM CBA3M € NnpunoxeHnem « SONEL ANALYSIS»:

e Heobxoaumo NpoBepuUTb B HACTPOIMKAX NPOrpPamMbl, BKAOYEH I MOUCK aHA/IM3aTOPOB MO CeTu
GSM: B MeHI0 Nporpammbl Hy»HoO BbiBpaTh «MapameTtpbi» 2 «KoHdurypaumua nporpammbi» >
«HacTtpoiiku megua» —> «AKTMBHble megma». Mone «TCP/IP no GSM» [o0/mKHO 6bITb
OTMeyeHo.

e AHanusaTop, K KOTOpOMYy HeobXooMMO MOAKAUUTLCA, AoMKeH b6biTb BBeAEH B 6asy
aHa/n3aTopoB (ecnM paHee NPoOM3BOAUIACL HACTPOMKa Modema no NyHKTy 2.11.2 — 3To yxe
6yAeT BbINOAHEHO).
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e Cneayet OTKAOUYUTb Nt0Bble coeanHeHUs ¢ aHannsaTopom (no USB nan Wi-Fi).

e BbINosHWTE NOMCK aHanMs3aTopa AbbIM MeTogom (Hanpumep, Haxkumas Ha «Tekywme
noKasaHua»). B cnucke noucka [OMKEH MNOABUTLCA aHANM3ATOpP C  MNPUMEYaHUEM
«MogkntoueHme no cetn GSM». BbibepuTe 3TOT aHannsaTop U Haxkmute «OK».

e Yepes HeKOTOpPOe BpeMsA, Ha 3KpaHe A0/KHO 0TobpasnTbea Tpebyemoe OKHO (Hanpumep, OKHO
«TeKylwMe NOKasaHUA»), a CTaTyC B CTPOKE COCTOAHWUA MPUNONKEHUA AOMKEH U3MEHUTLCA Ha
«MoakntoueHo». TakKe Ha gucnsiee aHannsatopa otobpasnTca coobuweHne «MoakntoueHue K
MK (GSM)». Takum o6pa3om, NonbITKa COeAMHEHMA NPOLIAA YCNELWHO.

2.12.4 Bo3MoOXHbIe Ip06JieMbl ¢ KOHGUrypanuen GSM U peKoMeHAyeMble JelCTBUSA

MNpo6nema: MHAMKaTOP BbINOJHEHMA NOUCKA aHaIM3aTopa oYeHb BbICTPo goxoanT Ao 100%, He Haxoas
aHanmsaTtopa.

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

PeweHne: B MeHIO nporpammbl HYXHO Bbi6paTb nNyHKT «Mapametpbi» 2> «KoHdurypaums
nporpammbi» > «HacTpoMKu cBasn» > «AKTUBHble cBA3n». Mone «TCP/IP no GSM» f0/1XHO
6bITb OTMEYEHO.

Mpo6nema: MHAMKATOP BbINOAHEHWA MNPW MOWUCKE aHANM3AaTOPOB B TEYEHME HECKOJIbKUX CEKYHA,
poxoaunt no 100%, He Haxo4A aHaM3aTopa.
Bo3MOKHble NPUUYUHDI:

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

2) HecooTBeTcTeue IP-agpeca aHannsaTopa 1 3anmcu B 6ase aHaM3aTOPOB.

3) AKTuBHOe GSM coeaMHeHWe aHaM3aTopa C APYrMM KAMEHTOM UM BPemMeHHble npobiembl
cetu.

PeweHus:

1) Ecamn aHanu3aTop AOCTYNeH, To NpoBepbTe cocTosHne GSM moaema Ha akpaHe 8/10. Ecau ero
cTaTyc «BbIKAOUEH», TO HeO6X0AMMO B MEHIO Nporpammbl BbiGpaTh « AHanusatop» > «TeKylme
HACTPOMKU», NepenTn Ha BKAaaKy «becnpoBogHoe coeAuHeEHUE» U MPOBEPUTb, aKTUBEH U
napameTtp «Mepepgaya no GSM» M BKAOYMTb €ro, ecAM 3TO He TakK. [lpoBepbTe HACTPOMKM
Mmoaema.

2) Y6eautechb, 4To B 6a3e aHaIM3aTOPOB 3anmncaH NpaBuabHbIi IP-aapec aHanusaTopa.

3) NoBTOpPUTE NOMbITKY Yepe3 HECKOIbKO MUHYT.

Mpo6nema: HecmoTps Ha NpaBubHbIN cTaTyc «[OTOBO, <TUN NOAKAOYEHUA>» Ha 3KpaHe aHanM3aTopa
W NpoBeAEHHbIA MOWCK aHAINM3aTOPOB, OH TaK M He noABuACA B cnucke. MNapameTp «Mepepgayva no
GSM» BK/IIOYEH M aHa/IM3aTOP NPaBUIbHO CKOHUIYpMUpPOBaH B 6a3e aHaM3aTopos (Bmecte c IP-
agpecom).

BosmorkHaA npuumHa: bnokuposka nopta TCP 4001, KoTopblt McNonb3yeTca ANA nepefadn yepes
MeXKCeTeBOW 3KpaH KomnbloTepa uam bpaHamaysp nposangepa MHTepHeTa B NOKA/IbHOM CETH.

PeweHue: MpoBeputb B KOHOUrypaLMmn KomnbioTepa, 4to nopT TCP 4001 He 3a6n10KnpoBaH. Ecau 3To He
TaK, 06paTUTECh K aAMUHUCTPATOPY OKA/IbHOM CETW.

Mpobnema: MNocne yctaHOBKM B aHanmsatop SIM-kapTbl BO3HMKaeT owubka «HenpaBuabHbIA IP-
agpec».
Bo3morkHaA npuuunHa: NpuceoeHHbIN ceTblo IP-agpec apyroi, 4em B KOHPUrypauum aHaansaTopa.
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PeweHune: [MpoBeputb, YTo B 6ase aHanAM3aTopoB BBeAEH MpPaBWU/bHbIN |IP-HOMEp MO AaHHbIM

nposaigepa. B 6a3e aHanusaTopoB BOWAMTE B PeAaKTMPOBAHWE HACTPOEK aHanM3aTopa W
Bblbepute «U3MeHUTb HAcTpokn GSM». Beegute M noateBepauTe npasBuibHbI IP-agpec.
OTKnoYUTECH OT aHanM3aTopa U nposBepbTe coegmHeHne GSM no 3KkpaHy cTaTyca, NPaBuIbHO NN
aHanusaTtop noaknuntca K UHTepHeTty. Ecam 3TO He NpuHeceT pe3ynbTaTa, NpoBepbTe, NOAX0AUT
n ycTaHosneHaa SIM-Kapra.

Mpobnema: AHanusaTtop BblAAET oWNOKY «HeBepHbiit PIN-Kog SIM-KapTbi».

Bo3morKHaAa npuumnHa: HesepHbiii PIN-Koa, ncnonb3yembii aHanus3atopom ansa pasbsiokuposku SIM-

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

PeweHune: Mocne nogkatoveHns K aHanmsatopy no USB Heobxoammo BonTM B Ha3y aHasM3aTopoB U

BbIOpaTb napameTp «U3meHUTb HacTpouku GSM», a 3atem «U3meHuTb PIN-Kog SIM-kapTbi».
Beeaute ntobble uyeTbipe uMdpbl B nose «Crapbid Kog PIN» (3170 nose B TakoW cuTyaumu
UTHOPUPYETCA), a 3aTeM ABaXkAbl B ABYX MOMAX HWXKe BBeAUTe NpPaBWAbHbIA Kog SIM-KapTbl.
CoxpaHuTe HacTpoiku. OTKAOUMTECH OT aHa/M3aTopa M Ha ero 3kpaHe 8/10 nposepbTe craTyc
GSM (nNpon3onaeT 1 coeAUHEHUE C CETbIO).

MNpobnema: AHanusaTtop BblAAET oWNOKY GSM «Tpebyetca PUK».

Bo3moOKHasA npuuuHa: YcTaHoBNeHas B aHa/nM3atop Kapta 3ab/0KuMpoBaHa B pesy/bTate BBOAA

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

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

A

BbIbpaTb NapameTp «U3meHUTb HacTpohkn GSM». Bbibpatb «U3meHuTb PIN-Kog SIM-KapTbi».
JONKHO OTKpbITbCA OKHO ana BeBoga PUK-koma m Hosoro PIN-Koga. Beegute u nogrsepaute
KoAabl. OTKAOUYMTECh OT aHanM3aTopa U Ha ero skpaHe 8/10 nposepbTe cTatyc GSM (Npounsonaér
/Y COeIMHEHME C CeTblo).

KapTy TaKXe MOXKHO pa3bioKMpoBaTb, BCTaBMB B 110601 MObUbHBIN TenedoH u Beeaa PUK-kog u
HoBbI PIN-Koa.

HeckonbKo nonbiToKk BBoAa HeBepHoro PUK-Koga npmuBoanT K HeobpaTnumoin 6aokmposke SIM-
KapTbl.

Mpobnema: AHannszatop coobuaeT 06 owmnbrax GSM: «OwmnbKa cetu», «Owmnbka SMS», «HeTt ceTu» u

Ap.

Bo3amoxkHaa npuymHa: lpomsowna oaHa U3 ownbok cetn GSM. ITo MOMKeT b6biTb BbI3BAaHO 3aMUChIO

HenpasWabHOro Homepa TenedoHa Ana SMS coobLueHni A UM BpeMeHHOM NoTepen ceTu.

PeweHue: B cnyyae ownbkn SMS nposepbTe NpaBUIbHOCTL BBEAEHHOrO HoMepa TenedoHa. B apyrux

CNy4asx He HYXXHO NpeanpuUHMMaTb AOMONHUTENbHbIX AeNCcTBUA. AHanu3aTop cHoBa nonpobyer
MOBTOPUTbL OMEepaLMio Nocae onpeaeNéHHOro MHTEPBasa BpeMeHU (Hanpumep, yepes 1 MuHyTy).

2.13 Pa6oTa no 6ecnpoBogHOMYy coeArHeHUI0 Wi-Fi

2.13.1 O6masa uHpopManusa

AHanunsatopbl PQM-710/711 ocHauleHbl mogynem Wi-Fi, pabotatowem no craHaapty IEEE 802.11 (b/g) n

(n) c ogHONOTOUYHOM Nepenayen AaHHbIX.

Moaynb Wi-Fi B aHannsaTope MoKeT paboTaTb B ABYX PEXMMAX:
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e Touku pgocryna (aHrn. Access Point) — aHannsaTop TpaHCAMpPYET B cBoel cobcTBeHHOM ceTn Wi-Fi.
YcTpoiicTBa, MoAKAtOYatloWwmMeca K aHanusatopy, paboTaloT B pexuMme KAMEHTa. ITOT pPeXrum
[OCTYNeH B aHann3aTopax ¢ sepcmert npowmskm 1.30 unum Hosee.

o KnueHTta — aHaM3aTop NOAKNIOYAETCA K CYLLECTBYIOLLEN BHELLIHEN TOYKe A0CTyna.

2.13.2 3aBoackas KOHpUrypauus
3aBoackana KoHdurypauma Wi-Fi nnaHweTa 1 aHannsaTopa BbIraauT caeayowmm obpasom:

o PexXum paboTbl: aHaN3aTOP B Ka4ecTBe TOYKM AOCTYNa.
e HacTpoliku aHanmsaTopa:
o SSID cetun: modensb_cepuliHbili_Homep_aHanuzamopa (Hanpumep, PQM-710_BR0001);
Kanan: 10;
Appec IP Toukun goctyna: 10.0.71.1;
Macka nogcetun 255.255.255.0;
ABTOMaTUYecKoe npuceoeHune agpecos IP (DHCP): BkntoyeHo;

O O O O

o WwndposaHne WPA2-PSK BKAOUEHO, KDY MO YyMONYaHUIO «12345678».
o KoHdurypaums nnaHweTa (KANEHT):
o IP npuceauBaeTcA aBTOMaTM4yecKM Toukoi poctyna: 10.0.71.X (rge X HaxoguTca B
AnanasoHe 2...254), w3 10.0.71.1;
o LWundposaHne WPA2-PSK BKAtOUEHO, KNHOY NO yMONYaHMIo «12345678».

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

2.13.3 Pe:xuM TOYKM JOCTyna

B pexkume Toukm poctyna (AP) aHanusatop TpaHcampyeT B cobectBeHHoW noacetn Wi-Fi ¢ 3agaHHbIM
nmeHem cetun (SSID). HacTpoiku aHanMsatopa MO yMOANYaHUIO NpuBedeHbl B rnase 2.12.2. BHewHee
YCTPOWUCTBO (Hanpumep, KOMMbIOTEP), MOMKET MOAKMIOUUTLCA K aHa/iM3aTopy, €C/M OCHaLLeHo
coBmecTMmbIM MHTepdericom Wi-Fi, paboTatowem B peXXnume KAmMeHTa.

K aHanusaTopy, B 4aHHbIN MOMEHT BPEMEHU, MOXKET ObITb NOAKAOYEH TO/IbKO OAMUH KNEHT.

- =

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

Pexum paboTbl aHanmM3aTopa B KadectBe ToukM goctyna Wi-Fi curHanmsmpyetcs Ha akpaHe 10/10 B
nepBoW CTpoke — pagom ¢ Hagnucoto Wi-Fi gononHutenbHo otobpaskatorca 6yksbl AP. Ha aTom 3KpaHe
oTobparkaeTca cneaytowan Hdopmauma:

e CTaTyc coeanHeHUA ¢ KAneHTom (Hanpumep, FfoToB, KnueHT noagkatoueH);
o Appec MAC moayna Wi-Fi aHanunsartopa;

e Appec IP Toukm goctyna;

o TeKylllee Uma TpaHcaupyoulel cetu (SSID).
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KaHan Wi-Fi Ha KoTopom no ymonyaHuioo paboTaeT aHanusatop (KaHan 10), MOXHO M3MeHUTb B
CUTyauuKM, Korga Ha 3TOM KaHane paboTaeT MHOro YCTPOWCTB, YTO MOXET MPUBECTU K CHUMKEHUIO
NPOMYCKHOM CNOCOBHOCTM WM B3aMMHbIM Momexam. YTobbl M3MEHWUTb KaHan B AuanasoHe 1...13,
HeobxoaMmo 3afaTb HoBoe umaA SSID, 3aKkaHuMBatoweeca cumBosiamu «_chX» (3HaK nogyepKMBaHus,
CTpoUHble byKkBbl «ch» 1 Homep KaHana), rae X — 3To UMCI0, onpesenstoLlee KaHan B auanasoHe ot 1 go
13. NMpumep nmeHu SSID, M3MeEHAIOLWEro KaHan Mo yMOAYaHUIo Ha 5- —aTto «PQM-711_BS0001_ch5».

Korpa aHann3aTop ycTaHOBNEH B PEXUM TOUYKM JOCTYNa M roToB K paboTe, MOXHO MNOAKAOUUTLCA K CETU
ero TpaHcaaumun. B cuctemax Windows HeobxogMmo Bbi3BaTb OKHO MOAK/OYEHMA K CETU, B CMIUCKe
OOCTYMNHbIX 6ecnpoBogHbIX ceTelt HaWTK mMmsa SSID aHanmsaTopa M BbibpaTb Mogkaouutb. MNpumep
TAKOro OKHa NoKasaH Ha puc.29.

Obecnie polaczono z +

Bo 3
4 Dostep do Internetu

E PQM-711_BS0009
Brak dostepu do Internetu

Potaczenie sieci bezprzewodowej 2 ~

PQM-711_BS0009 Potaczono ]

PQM-710_DJ000S l

DKO015_chs Al

gosc !ﬂﬂ

Otwérz Centrum sieci | udostepniania

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

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

2.13.3.1 Hacrpoiika noakawdeHusa Wi-Fi c nomoigsio coeguHenus no USB

Monb3oBaTenb MOXKET M3MEHUTb 3aBOACKME HACTPOMKM TOYKM [OCTYNa aHanM3atopa C MOMOLLbIO
nporpammbl «SONEL ANALYSIS». O6a3atenbHbIM SBAAETCA NOAK/IIOYEHME aHa/AM3aTopa C NOMOLLbIO
kabena USB.

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

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

. Moduly bezprzewodowe — Ostrzezenia SMS

E B aktywny

S8 Transrisja OR- dostepr = I

% Transmisja GSM dostspna

e Transmisja Wii dostepna

- I (T
I (T

o5 wrsi

Puc.30. 9KpaH HacTpoekK aHanM3aTopa ¢ AOCTyMNHbIMKU 6eCcnpoBOAHbIMKN CPEACTBaMM Nepeaadn AaHHbIX.

51



HaCTpOVIKy dHaN3aTopa H806XO,D,MMO BbIMO/IHUTb C/ie4YOWNUM cnocobom:

52

CoeanHUTbCA € aHanu3aTopom Kabenem USB.

BbINONHUTL MOWUCK aHanu3aTopa, Hanpumep, NyTéEm BblGOpa B MEHIO MNPOrpammbl MyHKTA
AHanusatop = Hacrpoiika aHanusatopa (F4) 1 coegnHUTBLCA C aHaIM3aTOPOM.

MepeiiTn Ha BKNaaKy becnposogHoe coeauHeHue (puc.30) U NPOBEPUTD, YTO aKTMBEH NapameTp
DoctynHa nepegaya no Wi-Fi. ECiun HeT, TO BKAOYMTDb €ero.

BbibpaTb B MeHIO nporpammbl NyHKT MapameTtpbl => basa aHanuszatopos (F3). B 6ase
aHa/IN3aTOPOB BOMTU B pPefaKTMPOBaHME HACTPOEK aHanu3aTopa (BbI6paTb CTPOKY C CEPUMHBIM
HOMEPOM aHaNM3aTopa M HaxKaTb M3MeHUTb). B NoaABMBLUIEMCS MEHIO HaXaTb KHOMKY M3meHUTb
HacTpoiikun Wi-Fi.

MNepekntoyatens Pexxnm yctaHOBUTL B NosioXKeHne Touka gocryna.

HeobxoaMmo BBecTM mnoodyepegHo: MMs TOYKM gocTyna (none Uma cetu (SSID)) n aBaxabl
ceTeBolt naposnb (none Hoeblii naponb 1 MNoaTBepAUTb Naposb). Maposb JOMKEH UMETb MO
KpaiHein mepe 8 3HAKOB.

KHomnka BoccTaHOBUTb HAacTPOIKM NO YMONYAHUIO 3aMONHAET NOAS 3HAYEHUAMM MO YMOSYAHWUIO,
YKa3aHHbIMK B rnase 2.12.2.

Mocne noaTBepKAEHMA HACTPOEK KHonKol OK, aHanusaTop nepesanyckaetT moaynb Wi-Fi n yepes
HEKOTOpPOe Bpems AO/KeH OblTb FOTOB K COEAMHEHUIO C KAMEHTOM C HOBbIMM HACTPOMKaMM.
FoToBHOCTL K paboTe u umaA SSID MOXKHO MpoBepwuTb Ha 3KpaHe 10/10 aHanusatopa nocne
3aBeplleHna coeanHeHma no USB.

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

~ M Swiadectwo wzorcowania

‘ Brsw

- Zarejestrowane wrzadzena ——— 00000

Typanalizatora  Numerseryiny  Opis nia At PIN?  Aktywna kartaSIM?  AdresTP GSH Adres MACWE-Fi | Adres IP Wi-Fi

1 PQM-703 BO0105

2 PQM-TI1 BS0075

3 PQM-702 AZ0017

@ Kient

- Konfiguracja:

PQM-711 B50009|
F7 amief ko P @7 2mief ustawienia GsM <7 zmiers ustawieria WiFi < prayws camyine

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



2.13.4 PeXXuM KJIMEHTa

B pexxnume KAneHTa BO3MOXKHA paboTa B /I0OKaNbHOM ceTu (puc.32), a Takke yepes NHTepHeT (puc.33). B
CNlyy4ae ecnu NaaHLWeT MmeeT cOBCTBEHHOE NpPorpaMmmHoe obecrneyeHne AN aKTUBALMKM NPOrpamMmmHOMN
TOYKM AOCTYNa, MOMKHO YCTAaHOBWUTb AOMOJIHUTE/IbHOE MPAMOE COeAMHEHMEe NAaHWeT <> aHa/M3aTop
(pnc.34 n puc.35).

-

Puc.34. Npamoe nogkntodeHne naaHwert (AP) <> aHanusaTop (KNMeHT).
Heobxogmm nnaHwerT ¢ gencreyrouein GyHKLMEN NPOrpammMHOM TOYKM 40CTyNa
(He BXxoaMT B cocTaB NporpammHoro obecneyeHusn, noctasnsemoro Sonel S.A.).
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Puc.351. Mpamoe noakntoueHme naaHweT (AP) — HECKONIbKO aHanM3aTopoB (KANEHTbI).
Heobxoamm nnaHwerT ¢ gencreytouein GyHKLMEN NPOrpammMHOM TOUYKK A0CTyNa
(He BXxoAUT B cocTaB nporpammHoro obecnevyeHus, nocrasnaemoro Sonel S.A.).

B KOHOUrypauuax C BHEWHWM MapLIPyTM3aTOPOM BO3MOXHA paboTa B OTKPbLITOM CETU WK
3aWmILEHHOM no ctaHgapTy WPA/WPA2-PSK. B He3alWMLWEHHbIX CeTAX B KOHPUrypauum aHannsaTopa
none «Knwou» B «base aHanN3aToOPOB» A0KHO ObITb NYCTbIM.

Mpy NOAKNIOYEHUMN K TOYKE AOCTyMNa aHa/nM3aTop 3anyckaeT cay:Kby cepsepa coeanHeHunit TCP/IP nog
cTaTnyeckum IP namn agpecom, sblgeneHHbim cepsepom DHCP Toukn goctyna. MopT, MCNoib3yemblit Kak
B IOKA/IbHOM CETU, TaK M NP NPAMOM coeanHeHnn — aT1o 4002.

CoeavHeHWe C aHanM3aTopom uepe3 WHTepHeT TpebyeT OT agMUHMCTpPATOpPa CeTU MpPaBUAbHOWN
KOHOUrypaumm mapuwpytusatopa Wi-Fi (nepeHanpasneHue TpaduKa U3 JIOKaJbHOM ceTn B
06Lea0CTYMNHYIO CeTb).

AHanusaTop, B [0CArAaemMOCTU KOTOPOro HeT HeobxoAMMOM TOYKM [0CTyna, OCTAaéTcA B perkmme
CKaHWpoBaHUA gmanasoHa Wi-Fi 2.4 Ty,

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

2.13.4.1 Hacrpoiika noakawdeHusa Wi-Fi c nomoisio coegunenus no USB

[N npaBUAbHOW HAaCTPOMKKN coeANHEHUs ByaeT Heobxoanmo:

e MmsaA Toukm goctyna (SSID).

o MMaponb (Kntou) ans salwmwéHHom cetu.

e BHewHwmi1 IP-agpec 1 BHewHM nopT. 3T1 napameTpbl TpebytoTca ana paboTbl B ApYron NoaceTH,
4yem nnaHweT (KomnbloTep), 0cO6EHHO OHM HEOOXOAMMBI A1A NOAKAOUYEHUA Yepe3 NHTepHeT.

HacTpoliky aHannsatopa Heo6Xx04MMO BbINOAHUTL CAeAyloLMm obpasom:

o [ogKNOUUTb K aHaNN3aTopy NAaHWeT (KOMMboTEP) C NOMOLLbIO Kabena USB.
® BbIMONHUTL MOMCK aHanM3aTopa, Hanpumep, NyTem BblbOpa B MEHIO NPOrpaMmbl MYyHKTa
«AHanusatop» = «HacTpoiKa aHannsaTopa» U COeaUHUTLCA C aHaIM3aTOPOM.
o [epeiTM Ha BKNagKy «becnpoBogHoe coepauHeHue» (puc.30) U NpPoBepUTb, UYTO aKTUBEH
napameTp «JoctynHa nepepayva no Wi-Fi». Eciiv HeT, TO BKKOYMTb €ro.
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7 Baza analizatoréw =5 EoR =5

Dodsj Edytuj Usufi  Polacz zwybranym  Zamknij

- M Swiadectwo wzorcowania

‘ 12 miesiecy

- Zarejestrowane urzadzenia

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

PQM-T01 960016 2017-03-23

PQM-T01Zr 990013 2016-07-20

PQM-702 Azo1s1 Test analyzer 2017-07-06

Ustawienia Wi-Fi

EE I = t=rnal AP iame|

20130103

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

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

BbibpaTh B MeHi0 nporpammbl «Mapametpbi» - «basa aHanusatopoB». B 6ase aHanM3aTopos
BOWTU B pefaKTMpOBaHME HaCTpPoeK aHanusaTopa (BblbpaTb CTPOKY C CEpPUIAHbIM HOMEPOM
aHanM3aTopa M HaxaTb «M3MeHUTb»). B MOABMBLUEMCA MEHI0 Ha)KaTb KHOMKY «MU3MeHUTb
HacTpoukun Wi-Fi».

o [epekntoyatenib «PeXXUM» YCTAHOBUTb B NoOKeHUe «KaneHT»,

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

e BblbpaTb cnocob npucsoeHua IP-agpeca ToukoM goctyna. MNpu HasHauyeHUW BPYYHYHO, BBECTM
cooTBeTCcTBYIOWME 3HaveHMAa B nona «Apapec IP», «Macka» n «Wno3». B agTomatmyeckom
pexkmume BblbpaTb «DHCP».

e [lone MNMopT He NOANEXUT U3MEHEHMUIO — 3TO BCcerga Homep 4002.

e B cnyyae paboTbl B gpyrux noacetax (cetb MHTepHeT) 3anoiHMTbL nona «BHewHui IP-agpec» u
«BHewHwuit nopt». Oaa npamoro coeavHeHusa (nAaHWeT <> aHanusatop) v Aaa paboTtbl B
JIoKanbHOM ceTu (nnaHwert < mapwpyTtusatop Wi-Fi < aHanusatop) cnegyeTt octaBuTb 3TU
Nnonf B HEAKTUBHOM coCTOAHUU. Mpu ckaHupoBaHum cetn «SONEL ANALYSIS» aBTOomaTuyeckm
aKTUBUPYET AaHHble N0, eCM 06HAPYKUT NPUCYTCTBME aHaIM3aTopa.

o [loatBepamnTb HAaCTPOWKKM KHOMKoM «OK». HoBble AaHHble ByayT OTnpaB/ieHbl B aHaM3aTop.

e Ecnu 6binn BBeAEHbI NPaBU/bHbIE AaHHbIE, TO AHAINM3ATOP NOMbITAETCA MOAKAOUMTLCA K TOUKE

poctyna Wi-Fi. Nocne otkntoueHua USB, cTaTyCc coegMHEHUA MOMKHO OTC/IEXKMBATb Ha 3KpaHe

10/10.

MpaBunbHasa Nocneao0BaTe/IbHOCTb OTOOPaXKeHUs CoObLLEHMIA Ha SKpaHE:

MOUCK CETMW...

MOAKNIOYEHME K CETM...

NonyYeEHUE IP-ALPECA... (B cniydae DHCP)
rotoso

O O O O
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2.13.4.2 lo6aB/ieHue B 6a3y paHee CKOHpUrypupoBaHHOro aHaausaropa (offline)

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

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

e BblbpaTb COOTBETCTBYIOWMI aHanu3aTop B 6a3e M Ha)KaTb KHOMKY «U3MeHUTb» wau
«[0o06aButb», UTobbI 106aBUTL €ro B Hasy;
e Mcnonb3oBaTb KHOMKY «M3meHUTb HacTpoiiku Wi-Fi».

/_\ He nogKkntoyaiTech K aHanN3aToOPy — B OKHE HaXKMUTE KHOMKY «OTmMeHa». B KoHoUrypaumm ato
byner oTmeyeHo Hagnucbto «Hactpoiika Wi-Fi (offline)».

e OTmeTuTb None Bbibopa «BHewHu IP-agpec».

e 3anonHuTb none «BHewHwuit IP-agpec», BBeaa aapec IP, KoTopbI ecTb y aHanusaTtopa (uam
NMPWUCBOEHHbIN aAMUHUCTPATOPOM ceTu |IP-agpec, noja KOTOpbIM A[OCTyNeH aHanusaTop) U
«BHewHUA nopT» (no ymonyaHuio 4002).

o [logTBEpPAMTb HACTPOMKM KHOMKON «OK».

J Baza analizatorow [E=3 =R

Dodaj | Edytuj | Usufi | Polacz zwybranym  Zamkrij

- M Swiadectwo wzorcowania

‘ 12 miesiecy

- Zarejestrowane urzadzenia

Typanalizatora  Numer seryiny Datowzorcowania | Auto PIN?  Aldywna karta SIM?  Adres IP GSM AdresIPWi-Fi | Przypomnienie o wygasnicciu

PQM-T01 960016 2017-03-23

PQM-T01Zr 990013 2016-07-20

PQM-702 Azo1s1 Test analyzer 2017-07-06

J miedikod Py 27 Zriers ustawienia GSM #7 Ziers ustawieria Wi
e

Puc.37. JobaBneHue B 6a3y aHannsaTopa B perkume Knunenta (offline).
2.13.5 IIpoBepka coeagnHennss Wi-Fi

Ecnn Ha akpaHe cTaTtyca 10/10 coctonaHne Wi-Fi oTobparkaeTca Kak «[OTOB» — 3TO 03Ha4aeT roTOBHOCTb
YCTaHOBWUTbL COEAMHEHWE C NIAHLWETOM OT YAa/NEHHOro KomnbtoTepa (nnaHweta). MOXKHO BbINOJHUTD
TecToBoe NogKAtyeHne gna nposepku ceasu ¢ npunoxeHnem «SONEL ANALYSIS»:

e HeobxoaMmo NnpoBepuUTb B HACTPOMKax NporpamMmmbl, BKAKOYEH M NOUCK aHanusaTopos no Wi-Fi:
B MEHI0O Nporpammbl HyKHO Bblbpatb «[lMapameTtpbl» —> «HacTpoilkm nporpammbl» —>
«HacTpoiiku cBasn» = «AKTuBHbIe». Mone «Wi-Fi» 10/13kHO 6bITb OTMEYEHO;

56



e Ecnum aHanusaTtop, ¢ KOTOPbIM Mbl XOTUM COEAMHUTLCA, PAabOTaeT B perKMME KANEHTA, TOr4a OH
[O/IKeH ObITb NpeaBapuTenbHO BBedeH B 6a3y AaHHbIX aHanM3aTopos (ecan paHblle Hbina
BbINOJIHEHA HACTPOMKa Mo NyHKTy 2.12.4, TO 3TO yXKe CAeNaHo);

e Ecnv aHanM3aTtop, € KOTOPbIM Mbl XOTUM COEANHUTLCA, PAaBOTaeT B pemme TOYKM [0CTYNa, TO
HEeobXoAMMO C YPOBHA OMNEPaLMOHHOM CUCTEMbI NPeABAPUTENbHO  MOAKAOYMTBCA K
TpaHcanpyemomn um cetbto Wi-F;

o Heobxoaumo OTKNOUUTL Ntobble coeanHeHUA ¢ aHanusaTopom (USB, GSM);

e BbiMONHUTL NOUCK aHanM3aTopa, BblbpaB noboit meton (Hanpumep, LWENKHYB MO KHOMKe
«TeKylwMe MNOKasaHuA»). B cnuncke pesynbTaToB MOWMCKA AOMKEH MOABUTbCA aHa/M3aTop ¢
npumedaHnem «CoeaunHeHne no Wi-Fi». BbibepuTe sTOT aHaN3aTOP M HaXKMUTE KHOMKY «OK»;

e Yepes HeKOTOpOe BpPeMSA Ha 3KPaHEe [O/IKHO MNOABUTLCA HYXKHOE OKHO (Hanpumep, «Tekywume
NOKa3aHUA»), a CTAaTyC B CTPOKE COCTOAHMA MPUNONKEHUA [O/MKEH W3MEHWUTbCA Ha
«MoaKknoueH». TakKe Ha Aucniaee aHanmsatopa otobpasuTtca coobuweHne «MogKnoueHue K
NK (Wi-Fi)». Tem cambiM NONbITKa YCTaHOBUTb COeAMHEHME 3aBEPLUNAACL YCNEXOM.

2.13.6 Bo3moxkHbIe npo6yeMbl ¢ HacTpoiikoid Wi-Fi u pekoMeHayeMble AeiicTBUA

Mpo6bnema: MHAMKATOP BbLINOAHEHWA MNPU MOWUCKE aHA/IM3aTOPOB B TEYEHUE HECKOJbKUX CEKYHA,
poxoaunt oo 100%, He Haxo4A aHa/M3aTopa.

B0O3MOKHaA NPUUYMHA: OTO MOXKET CBUAETENbCTBOBATb O BbIKIHOYEHHOM NOMCKe aHanm3atopos no Wi-Fi
B HAaCTPOMKax NPUIOKEHUS N 6ase aHaNN3aToPOB.

PelweHune: B MEHIO MPoOrpammbl HY)KHO BblibpaTb «lMapameTpbl» —> «HacTpoiikm nporpammbi» —>
«HacTpoiiku casu» 2> «AKTuBHbIe». Mone «Wi-Fi» 40/1KHO 6bITb OTMEYEHO.

Mpobnema: MHAMKATOP BbLINONHEHMA NPU MOWUCKE aHA/IM3aTOPOB B TEYEHWE HECKOJIbKUX CEKYHA
poxoaunt no 100%, He Haxo4A aHaM3aTopa.
Bo3MOXKHble NPUUYUHDI:

1) AHanu3aTop BbIKAOYEH UAN C HEAKTUBHbBIM/HEHACTPOEHHbIM coeamnHeHnem Wi-Fi.

2) HecooTseTcTBME BHelwHero IP-agpeca aHanmsaTopa U 3anucun B 6ase aHaIM3aToOPOB.

3) AkTtmnBHoe Wi-Fi coeanHeHne aHaM3aTopa ¢ 4PYrMM KAUEHTOM UKW BPEMEHHbIE NPobaeMbl CeTy.

PeweHue:

1) Mpu AOCTYNHOCTM aHanM3aTopa MOMKHO NpoBepwuTb coctosHMA Wi-Fi Ha 3KkpaHe 10/10. Ecawm
COCTOAHME «BbIKAOYEHO», TO HeobXxoAMMO B MeEHI0 MpPOrpamMmbl BblIOpPaATb NapameTp
«AHanusatop» —> «HacTpoMku aHanusatopa», nepentTm Ha BKAagKy «becnposogHoe
coeguHeHue» 1 nNposepuTb, 4To onuna «Mepepava no Wi-Fi» akTMBHa MAM BKAKOYUTL €€, ecnu
3TO He Tak. MNpoBepunTb HacTpoiky Wi-Fi.

2) Yb6eputbea, uTo B Ha3e aHaNM3aTOPOB BBEAEH MpaBu/bHbIN IP-agpec aHanM3atopa NopT (ToNbKO
ans pexnma «KnueHt»).

3) MoBTOPWUTbL NONBITKY NOAKNOYEHUS.

Mpobnema: Kacaetca perxmMma TOUKM AonycKa. TpaHCAMpyemas aHa/M3aTopomM CeTb BMAHA B CMMCKe
OOCTYMHbIX CETEM, HO NPW NOMbITKE NOAKAIOYEHNA NOABAAETCA coobLLIeHMe 06 ownbKe.
B0O3MOKHble NPUYUHDI:

1) AHanu3aTop yKe NOAKNOHEH K APYromy KameHTy (Ha skpaHe 10/10, Toraa oTobpakaerca craTyc
«KnueHT noakalueH») MAM ecTb aKTUBHoe coeamHeHMe «SONEL ANALYSIS» ¢ apyrum
KOMMNbIOTEPOM (Ha 3KpaHe oTobparkaeTca coobuieHre MNoakntoueH K MK (WI-Fi)).

2) OwwubKa cetn nnu moayna Wi-Fi aHanmsatopa.

PeweHue:
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1)
2)

OTKNOYNTb COEANHEHME APYTOrO KAMEHTA C TOYKOM A0CTyMNa B aHaAu3aTope.
Mepesanyctute moaynb Wi-Fi B aHanusatope, yaeprknMBas HaxaTbiMM He meHee 1,5 cekyHAapbl
KHOMKW CO CTpenKkamm L Py Q, MOKa He MUTHET 3KpaH. MNonpobyiiTe NOAKNIOYUTLCA CHOBA.

& ‘ Mepesanyck BO3MOXKEH TONbKO TOrAaa, Koraa He aktueHo coeanHeHmne «SONEL ANALYSIS».

Mpo6nema: HecMoTpA Ha NpaBuAbHbIM cTaTyc «FOTOB» HA 3KpaHe aHa/aM3aTopa M NOWUCK aHaIM3aToOPOB.,

OH He nosaswuaca B cnucke. Onuma «Mepeaaya no Wi-Fi» BKAoueHa M aHanuMsaTop MpPaBUAbHO

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

Bo3morKHaA npuumnHa: bnokunposka nopta TCP 4002, KOTOpbIA WMCNOAb3YEeTCA ANA CBA3KM, CETEBbIM

H6paHAMay3pOM KoMMbloTepa (naaHLIeTa) uam nposaiiaepom NHTepHeTa N0KabHOM ceTu.

PeweHune: MNpoBepuTb B KOHPUrypauum KomnbitoTepa, 4yto nopTt TCP 4002 He 3abnokupoBaH. B

NPOTUBHOM C/ly4yae 0b6paTUTECh K aAMUHUCTPATOPY IOKa/IbHOM CeTu.

Mpo6nema: Mpu NPAMOM MOAKNOUEHUN «MAAHLWIET <> aHaAM3aToOP» CKOPOCTb Nepeaayun nagaer HUKe
200 k6ut/c.
BO3MO>KHbI€ MPUYUHDI:

1)
2)

CavwKkom 60/blLUOE PACCTOAHME MEXAY NIaHLWETOM M aHaIn3aToPOM.
C/AMLWLKOM BbICOKMIA ypOBEHb NMOMEX B KaHasie, N0 KOTOpomy BeAETCA nepeaadya.

PeweHune:

1)
2)

MoaoiTK K aHaIM3aTopy C NAAHLLIETOM Ha PacCTossHME MeHblle, yem 10 m.

Heobxoanmo nameHUTb HOMep KaHana, Ha KOTopom paboTaeT Touka focTyna (ecan aHanusaTop
ABNAETCA TOYKOW AO0CTyMa, 3TOr0 MOXHO AOCTUTHYTb NEePEeMMEHOBAHWEM TPAHCAUPYEMOWN CETU
(SSID), kak onucaHo B rnase 2.12.3).

Mpobnema: MoTeps cBA3M C aHA/IN3AaTOPOM.

Bo3MOXHble NPUYUHbI:

1) B okHe becnpoBoAHbIx coeanHeHul (puc.30) BbikAtoYeHa cBaA3b no Wi-Fi.

2) OtkntoyeHa Touka gocTtyna Wi-Fi (ToibKo ans pexknma «KnmeHT»).

3) CnvMwKom 60/blIOe PACCTOSHUE MENKAY aHaAM3aTOPOM M MIAHWETOM B C/y4ae MNpsamMoro
coenHeHuns.

4) Cnvwkom 60/blluoe PACCTOAHWE MeXAY aHa/AM3aTopom WM Toukoi pgoctyna Wi-Fi nam mexay
KOMMNbIOTEPOM (NAaHLWeToM) 1 TouKoM goctyna Wi-Fi.

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

PeweHue:

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

2) B pexume «KnueHta» BKAOUUTb TOuKy goctyna Wi-Fi m nogoxaatb, Noka aHanmM3atop K Helt
noaxaoumTca. Ha skpaHe 10/10 oTobpaskaeTca coctosHme Wi-Fi «FoToB».

3) B pexume «KnueHTa» noAonTM c naaHweTom 6AMMKe K aHanM3aTopy M MOBTOPUTb MOMbITKY
noakntoyeHus. Jlyywe Bcero, Koraa aHanM3aTop HaxoAuTCA B NOJie 3peHus, Toraa Ha SKpaHe
10/10 suaHo coctoAHne Wi-Fi n yposeHb curHana. TonbKo cocToaHue «FOTOB» rapaHTUpyeT
BO3MOHOCTb NogKkntoveHus. HenatenbHo 4Tobbl OTOOpPaKaemMblil YpOBEHb CUMTHANA COCTABAAN
KaK MUHUMYM ABe NOJIOCKM.

4) Ecnu 3TO BO3MOXKHO, pasMecTute aHanmsatop/Komnbtotep (nnaHweT) u/mam Touky goctyna Wi-Fi
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5) HeobxoauMMoO U3MeHUTb HOMep KaHasa, Ha KOTopom paboTaeT Touka AocTyna (ecnu aHanusartop
ABNAETCA TOYKOW [A0CTyNa, 3TOTO MOMKHO AOCTUMHYTb MEPemMeHOBaHWEM TPaHCANPYEMON ceTu
(SSID), kak onucaHo B rnase 2.12.3).

2.14 YBeaoMi/ieHMe O IepeMellleHU M aHa/Iu3aTopa

AHanuszaTtop, B KoTopom pabotaer GSM-momem B 30He geictBua GPS, MOXKeT yBeAoOMAATb
Nnosib30BaTeNss O CBOEM nepemelleHnn. YTobbl BOCMO/b30BATLCA 3TOM BO3MOMKHOCTbIO, HEOBXOAMMO
YCTAHOBUTbL NapameTp «PyHKLUUA NPOTUB KPaXKU» C NOMOLLLIO MPUIOKEHMA U BBECTM B CMUCOK
3KCTPEHHbIX TesepOHOB COOTBETCTBYIOLWMIN HOMEpP, HA KOTOPbI HEOBXOAMMO OTNPaBUTb cooblieHue
SMS. B 3TOM peXkume aHaM3aTop 3anoMMHAET CBOE NOJ/I0XKEeHMe, KoTopoe bbl1o onpeaeneHo Bnepsble
nocne BK/OYEHUA PErUCTPaLMM U 3aTem oTnpasaseT SMS-coobLieHme Ha yKa3aHHbIN Homep TenedoHa
(nnn TenedoHoB), ecnm byaet obHapyKeHO nepemelLeHWe aHanusatopa 6onee yem Ha 100 m. SMS
coobLULEHNE COAEPKMUT TEKYLLME KOOPAMHATbl aHanusaTopa. Takxke B nporpamme «SONEL ANALYSIS»
MOXHO CBA3aTbCA C aHaM3aTopom nNo GSM 1 NpoBepuTb B OKHE CTaTyca ero TeKylee MecToNoN0XeHne
(make Korga aHanMsatop OTKAOYEH). EcnvM aHanusaTop A0Nroe Bpems HaxoAMTCS Ha PacCTOAHUU
Aanbwe 100 M OT UCXOAHOrO MOJIOXKEHMA, TO KarKable 10 muHYT oTnpasasatoTca SMS ¢ ero TekyLuen
nosuuymei (He 6onee, yem 10 SMS).

B HebnaronpuATHbIX ycnoBuAx npuéma curHana GPS (cnabbiii curHan, oTpaxKeHus cuMrHana) BO3MOXKHa
OTMNPaBKa aHA/IM3aTOPOM JIOXKHOIO COObLLEHNA O NepemelLeHnn. Nonb3oBaTeNb TaKKe YBEJOMAAETCA O
notepe WUan NoABAEHUWN BHOBb CMrHana GPS, no3sonAtowero onpeaenntb NosoXKeHMe aHaausatopa ¢
NMOMOLLbIO AONOJHUTENbHbIX SMS coobLLeHuN.

Mocne akTMBaUMKM GYHKUMKM 3alUUTbl OT KpPaXkM aHanmMsaTtop BeAéT cebsa no-gpyromy B OTKAKOYEHHOM
perkume: NOCTOAHHO akTMBHbI mogem GSM u GPS-npuMémHMK. ITO NpUBOAUT K TOMY, YTO B C/aydae
OTCYTCTBMSA CETEBOr0 MUTAaHUA aKKYMYAATOP pPa3pAXKaeTcAa OvYeHb ObICTPO NPUMEPHO, KaK Mnpu
HOpMa/sibHOW paboTe aHanM3aTopa C NUTAHMEM OT akkymynsaTopa. o ucTeyeHUU onpeaenéHHoro
BPEMEHMW, aHa/IM3aToP NOJIHOCTbIO OTK/IOYAETCA, cnefoBaTesibHO, ByAeT yKe HEBO3MOXKHO OTMNPaB/ATbL
SMS coobuieHuA.

[na npasuabHOM paboTbl GyHKLMM 3aLLMTLI OT Kpaxku TpebyeTcs:

- BKkntoyeHHbI GSM moaem ¢ npaBuAbHO HacTpoeHHoW SIM-KapTon;

& - YcTaHOBNEHHbIV TeNeOHHbIN HOMepP A8 SKCTPEHHOM oTnpaBkn SMS-coobLieHus.

AKTMBaALMA YHKUMKM 3aWMTbl OT KParkM [ONKHA COMPOBOXKAATLCA NPOBEPKOM 0B6OMX 3TUX
3/1IeMEHTOB.

2.15 Bs1oKupoOBKa KJIaBUATYPbI

B npunoxeHun MK ecTb BO3MOMKHOCTb HACTPOWMKM MapameTpoB OJOKMPOBKM KaaBWULW MoOC/Ae Hayana
peructpauuu. 3To Aenaetca ANA 3allMTbl aHanM3aTopa OT OCTAHOBKM perucrpaumm MnoCTOPOHHUM
yenosekomM. Y1obbl pa3bIOKMPOBATL KNABULIKM, MOb30BATENb AO/KEH BBECTUM KOA, COCTOAWMKA M3 3

umdp:

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

o [lonb3oBaTesib MOXET BBECTM MPABW/bHbIA KOA Pa3b/OKMPOBKM C MOMOLLBIO KNaBMULW HaA
KnaBuaType: Knasuwa | nocnefoBatenbHo wmameHsaeT uudpsl 0, 1, 2..9; 0 B nepsol
no3numMm, KnaBmLa O w0 BTOPOM, a KNaBuLa @ TpeTben;

o TpéxceKkyHaHoe be3aelncTBne KnaBmaTypbl 3anyCcKaeT NPOBEPKY BBEAEHHOIO KOAa;
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e [lpaBunbHO BBeAEHHbIM Maposb 06b03Hayaetca Hagnucblo «OK» M NpoucxoauT CHATUE
6/10KMPOBKM, a HEBEPHO BBEAEHHbIM KoA NPUBOAUT K NOABAEHMIO Hagnucn « HeBepHbIli Kog» U
BO3BPAT B MpeXKHee COCToAHME (Hanpumep, ralieHne aucnnes, eciv oH 6bin BbIKAOYEH).

Mocne pa3bnoOKMPOBKM KNaBMATypa aBTOMATMYECKN BNOKMPYETCA CHOBA, €C/IN NO/Ib30BaTE b B TEYEHME
30 ceKyHA, He HAXKMET Ha NtobyIo KnasuLy.

f Yaep:kaHue B TeyeHMe 5 CeKyHA, KiaBuw €D, €@ ;.i508aer aBapUitHyto pa3boOKMPOBKY
KJaBMaTypbl U OTMeHAET 6IOKMPOBKY KAaBMaTypbl B aHaM3aTope.

2.16 ConAwMi pexum

Mporpamma MK 4aéT BO3MOMKHOCTb BK/KOYUTL CNALWMI pexrum. B aTom pexkmme yepes 10 cekyHAa oT
Hayana perucTpauum aHanusatop racut gucnnei. C 3Toro MomeHTa Kaxaple 10 cekyHg, B neBom
BEPXHEM YrAy AMChAeA KPaTKOBPEMEHHO MOSBAAETCA HOMEpP TOYKM WM3MEPEHWA, CUrHanusupya ob
aKTUMBHOM perunctpaumun. MNocne 3aBeplleHna pernctTpaumm (Hanpumep, ecam NamaATb H6blia 3aNoNHeHa)
3KpaH byaeT noralleH Ao Tex Nop, NOKa He byAeT HaxkaTa KnasuLwa.

2.17 TemnepaTypHada 3a1yUTa

AHann3aTop MMeeT NPOrpaMmHyIo 3alLMTy OT neperpesa. Koraa BHyTPeHHAA TemnepaTtypa npesbiluaeTt
YCTaHOB/IEHHbIM nopor (npeaenbHas pabouyas TemnepaTypa 3/1EKTPOHHbLIX 6/10KOB), aHanM3aTop
npepbiBaeT Tekywylo paboTy (Hanpumep, pernctpaumio) n oTobparxkaer coobuweHue: «lpeBbiweHa
makc. pabouaa Temnepartypal!», nocne 4ero aBTOMAaTUYECKM BblKAloYaeTcas Ha 10 mMuHyT Anaa
oxnaxaeHusa. AHannsatop Bo306HOBASET PaboTy, ecnn BHYTPEHHAA TemnepaTtypa ynana Kak MUHUMYM
Ha 5 °C, B NPOTMBHOM C/y4ae OH CHOBA BbIKNHOYAETCA M LUMKA NOBTOPAETCA.

2.18 ABapuiiHas yCTAaHOBKA BpeMeHH

AHanun3aTop COLEPKUT BHYTPEHHIo 6OaTapeilky TMna «TabneTku», KOTopasa NoALeprKMBAeT uYachl
peanbHoro BpemeHu (RTC), He3aBMCMMO OT coctosHuA Li-lon akkymynatopa. B cnyvae paspagku
aKKyMysiATOpa nocsie 3anycka aHasm3aTtopa Bpemsa 6yaet obHyneHo. YTobbl NpogoaKUTb AanbHENLYHO
paboTy npu OTCYTCTBMM [0CTYyNa K KomMbtoTepy C npunoxeHnem «SONEL ANALYSIS» wmnu Koraa
HEBO3MOXHO CUHXPOHM3MPOBATL BpemAa C BpemeHem GPS, aHanuszatop nocne BKAOYEHUA
06HapyKMBaeT HemnpaBW/IbHOE BPemMA W MO3BOAAET YCTaHOBWUTbL ero Bpy4yHyt. Ha akpaHe nosswutcAa
coobueHne «O6bHapyKeHa HeBepHaA gaTtal!», a 3aTem 0T06pPa3nTCA 3KpaH YCTAHOBKMU AaTbl U BPEMEHMU.
B cnepgytowmnx nonsax nokasaHbl gata n spemsa B popmate AA.MM.ITTT yy.mm.cc.

YT106bl YCTAHOBUTL BpEMS:

- KHOMKamu Q 7] a MOXXHO U3MEHWUTb 3Ha4YeHMe BblAEeNEHHOIO NapameTpa (y,u,epmMBaHme KHOMKKM
dBTOMATUYECKUN YyBENINYNBAET 3Ha‘-IEHME),

- KHOMKa @ CAYyXUT ANnAa nepexona mexay cnegyroummm napameTpamu; AKTUBHbIM napametTp
noacsevymBaeTcA,

- ANnAa noarsepXaeHnA HaCTPoeK, HaXXMUTe n y,u,epmmsaﬁTe B TeyeHue 2 CeKyHA KHOMKY @,

- 4yTOObI NPONYCTUTb HAaCTPOIKY BPEMEHM, MOXKHO HaXKaTb ©» v nogoxaatb 30 ceKyHA, He HaxKumas
HUKaKOM KHOMKM.
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3 KOHCTPYKDMA U METOJAbl U3MEPEHUA

3.1 Bxoabl 10 HANIPSAKEHUIO

KoHCTpyKLMA 610Ka BXOAHbLIX HAMPAXEHMIM CXeMaTMYHO NOKasaHa Ha pwuc.38. lMpeactaBneHbl ABa
n3MepuTenbHbIX 6/10Ka: cnpaBa OT pa3bEéMma NOKa3aHa OCHOBHAA CXema, UCMob3yeMas 15 U3MepeHns
60/1bLUIMHCTBA NAapamMeTPoB Hanps»KeHus. YactoTa gMckpeTmsaumm B 3Toi uenun coctasnset 10,24 Kru,.
Tpu Bxoga ¢a3 L1, L2, L3 n 3awuTHbIN npoBod PE umetoT obuiyto ONOPHYH NMHWUIO, OTHOCUTENIbHO
KOTOPOI NpoucxoaaTt nsmepeHus — ato npoeog, N (HelTpanb).

MCneBa NOKAa3aHO, KaK MOAKAYUTb MOAY/b NepexodHblX MPOLECcCOB K BXOAHbIM pasbémam
(Tonbko PQM-711). MOKHO YyBMAETb, YTO BCE YeTbipe KaHana U3MePAOT OTHOCUMTENbHO BXxoAa PE. ITu
Uennu WUMeIT LUMPOKYI MOJIoCcy MponyckaHua (4acToTa Auckpetmsaumm Ao 10 Mlu) u 60nblinii
AManasoH U3MepAemMbIX HanpPsKeHUN.

Puc.38 Puc.takxe UNNIOCTPUPYET, YTO LEenb NMUTAaHMUA aHA/IN3ATOPa ABNAETCA He3aBMCMMOM OT uenun
n3mepeHuna. NCTOYHMK NUTaHUA MMeeT HOMUHANbHbIN Anana3oH BXOAHOINro nepemeHHOro HanpaxeHuma

100...690 B wn ocHawéH oTaenbHbIMU

) hogy Ne oNpegeneHKa .7 CeTEE oM
paszbemamn. TREHIMEHTOE ) . MCTOHHKE
; MMTEHKA

B ocHoBHOM uenn aHaanM3aTtop MMeeT ABa

noaanana3oHa HanpAaXeHna:

e HM3KOBOJIbTHLIN  AManasoH, C : __Q_
NMUKOBLIM HanpsaskeHnem * 450 B ; :

(6e3 Harpysku), BKAO4aeTcAa npu

HOMMHA/IbHbIX HAMPAXKEHUAX CEeTU
B [AmanasoHe 64..127 B wun B

KOHbUrypaumax o

Yy

@ O

U3MEPUTENbHBIMM E

TpaHchopMaTopaMmn HaNpPAXKEHUA.

Takke 3TOT AManasoH Bcerga Puc.38. Bxoabl HanpsaxKeHUs (c moaynem

BblbMpaeTca Ana KaHana Un-pe; nepexoaHbiX NPOLLECCOB) M UCTOYHUK NUTAHUS.
e  BbICOKOBO/IbTHbIN AMaNa30H, C MMKOBbIM HanpsaxeHuem + 1500 B (6e3 HarpysKku), BKAoYaeTcs

NPy HOMUHaNbHbIX HaNpPAXeHUAX ceTk oT 220 B v Bbiwe (6e3 TpaHcHOPMaTOPOB HaMNPAXKeHMA).

Mcnonb3oBaHMe fBYX [AManasoHOB HaMNpsXKeHMA Mo3BosfAeT obecneynTb 3aAB/IEHHYHD TOYHOCTb
M3MEepPEHMA B COOTBETCTBUM C Knaccom A ctaHaapTa OCT 30804.4.30-2013 (IEC 61000-4-30:2008) ans
BCEX HOMUHaNbHbIX HAMPAXKEHWUN CETU.

3.2 Bxojpbl 10 TOKY

AHanmM3aTop nmeeT YeTbipe HEe3aBUCMMbIX TOKOBbIX BXO4A C UAEHTUYHbIMKM NapameTpamu. K Kaxxgomy 13
HMX MOHO MOAKNKOUUTL KECTKME TOKOBbIE K/IELWWM C BbIXOAOM NO HanpAXeHuto B cTaHgapTte 1 B, nam
rMbKmne TOKoBbIE Knewwm tmna F.

TunnyHoM cmyau,meﬁl ABNSETCA UCNO/Ib30BaHME TMOKNX KHELLLEVI BMeCTE C BCTPOEHHbIM 3TIEKTPOHHbIM
UHTErpaTopom. OAHaKo, OTAMYMe OMNUCbIBAEMOTrO dHa/N3aTopa B TOM, 4YTO OH MNO3BONAET MNpAMmoe
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NOAKNKOYEHNE K BXOAY TOKOBOIoO KaHaza KaTylWwKku Porosckoro (FM6KMX KﬂeLLI,eﬁ), a MHTerpauyuna CurHana
BbINOJIHAETCA Ll,VId)pOBbIM MmeToaom.

3.3 LuppoBoM UHTErpaTOP

B aHanusatope wucnosb3yeTcs peweHne C  UMPPOBbIM  MHTETPUPOBAHMEM CUTHafNa, MWAyLWero
HenocpeacTBEHHO C KaTylwKu Poroeckoro. Takoi noaxond no3sonun msberkatb npobsiem aHanorosbix
WMHTErpaTopoB, CBA3aHHbIX C HEOOXOAMMOCTbIO obecneyeHmn 3asiBNEHHOW 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.

NaeanbHbI MHTerpaTop nmeet 6ecKOHEYHOe ycuaeHne AaA NOCTOAHHbIX CUTHANOB, KOTopoe ybbiBaeT
co ckopocTbio 20 ab/aekaay YactoTtbl. Caur ¢pasbl ABAAETCA NOCTOAHHbIM BO BCEM AMana3oHe 4acToT U
cocTtasnaeT -90°.

TeopeTnyeckn 6eckoHeYHOe ycuneHwe ANA MOCTOAHHOTO CWUrHana, eciuM OH MOABUTCA Ha BXo4e
WHTErpaTopa, BbI3blBaeT HACbILEHWE €ro BbIXO4A A0 3HAYEHUA GAM3KOro K HAMPSKEHUI MUTAHWUA U
6N10KMpYyeT AanbHeHrwyto ero  paboTy. B MNpakTUYECKMX CXeMaxX MPUMEHAIOTCA  pelleHus,
OrpaHUYMBAIOLLME YyCUAEHWE ANA MOCTOAHHOIO TOKa A0 HEKOTOPOro 3aJaHHOrO 3HA4YeHWA, a TaKxKe
nepuogmMyeckn obHynAlT Bbixod. CyLLecTBYHOT TaKKe MeToAbl aKTMBHOW KOMMEHCAUMM MOCTOAHHOrO
HanpPsXXeHUA, 3aKNOYAIOLWLMECA B er0 U3MEPEHUN M Nogadve oH6paTHO Ha BXOZ, HO C MPOTUBOMNOOKHbIM
3HaKoOM, 3PPeKTUBHO yaanaa ero. B aHrAMiCKoM TepMMHOMOIMU MPUHATO onpegeneHue «leaky
integrator», o3Hayalollee, YTO MHTErpaTop C yTeuykoW. AHanorosbit «leaky integrator» — 3To npocto
WHTErpaTop C KOHAEHCATOPOM, COEAUHEHHBbIM OAHWM KOHLOM C Pe3nCTOpOM 6O0/bLUIOK BENYUHDI.
Takas cxema B 3TOM C/y4ae COBMafaeT C HW3KOYACTOTHbIM GUABTPOM C OYeHb HWU3KOW YacToTOW
NPOMNyCcKaHUA.

Undposan peannsauma MHTerpatopa obecneymBaeT OTAMYHbIE AONATOBPEMEHHble MapameTpbl — BCA
npoueaypa BbINOJHAETCA NYTEM BbIYMCAEHUA, HE MOXKET BbIiTb U PEUM O CTAPEHUN INEMEHTOB, Apelidax
n 1.n. OZHAKO, TaK e, KaK M B aHA/IOTOBOW BEPCUM, 34ECb TOXKE MOMKET BO3HWKHYTb Mpobiema
HacblleHna u 6e3  [0/KHOTO NPOTUBOAEWCTBMA UMPOBOE WHTETPUPOBAHWE MOXKET CTaTb
6ecnonesHbim. Cneayer MMeTb B BWAY, 4YTO BXOAHble YCUAUTENM, KaK W aHanoro-umdposoit
npeobpasoBaTtesnb, UMEKT HEKOTOPOE KOHEYHOE U HexenaTeslbHOe CMeLLeHMe, KOTOpoe AOJ/IKHO ObiTb
yAaneHo A0 npouecca uHTerpaumu. MNporpammHoe obecrneyeHne aHanM3aTopa COAEPKUT UMPPOBON
dUNbTP, 3adadyeit KOTOPOro ABAAETCA NOJIHOE YyAa/NeHWe MNOCTOAHHOM COCTaBAAIOWEN HanpaXKeHus.
OTduAbTpOBaHHbIM cUrHanN nogsepraeTca uMdpoBok MHTerpaumm. UTorosasa ¢asosBas XapaKTepuCTUKa
MMeEeT OT/INYHbIE CBOWCTBA U MUHMMAbHBbIN cABUT pasbl ANsA Hanbonee KpUTUUYECKMX YacToT 50 1 60 .
ObecneyeHne Kak MOXHO MeHbLIEro cagura ¢as MexKay CUMrHasamMu TOKa W HanpsKeHua sBasetca
l-Ipe3BbIL'Iai/JIHO Ba*XHbIM ANnAa AO0CTUXEHUA HU3KOMN norpewHoCTn unsamepeHnAa MOLLHOCTU. MorKHO

NOKa3aTb, YTO OLWMNBKa M3MEPEHMA MOLLHOCTU NPUBANINTENBHO BbIPaXKaeTcs 3aBUCMMOCTbIO':
owWUbKa usmepeHua MmouHocmu = owubKa asel (8 paduaHax) x tg(ep) x 100 %,
rae tg(g) — 3To TaHreHC yrna mexKay TOKOM M HanpaKeHnem, OCHOBHbIMU UX COCTABAIOLWMMMU,

M3 npuseaéHHON Bblile GOPMYbl MOXKHO CAeNaTbh BblBOA, YTO OWMBKM M3MEpPeHUsA pacTyT BMecTe C
ybblBaHMeM KoadouumeHTa $ha3oBoro casura; Hanpumep, npu owmnbke dasbl Tonbko 0,1° u cose = 0,5
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owmnbKa coctaBnser 0,3%. Tak WAM MHaye, 4YTObObl UM3MEPEHMA MOLLHOCTM 6blIM  TOYHbLIMY,
COrnacoBaHHOCTb $as Ha MyTU HanNPAXKEHMA M TOKa A0KHa BblTb KaK MOXHO ayulle.

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

3.4 /[IMcKpeTu3auMs CUrHaJia

CurHan auckpetusmpyeTca o4HOBPEMEHHO BO BCEX BOCbMM KaHanax C YacTOTOM, CUHXPOHU3UPOBAHHOM C
YacTOTOM NUTAlOLWEro HanpAXKeHUs ONOPHOro KaHana. 3Ta YyactoTa coctasndaeT 10,24 KMy gns yactoTt 50 U
60 Iy,

Kaxabit nepuoa coaeput 204,8 Bbibopok ana Yactotbl 50 'y u 170,67 ana 60 I'u. Ncnonb3yetca 16-
pa3pagHbIt - aHanoro-umdpposon  npeobpasoBaTenb,  KOTOpbid  obecneunBaeT  64-KpaTHyH
ONCKpeTU3aumto.

3-pb aHanorosas cxema NOAaBNAEHWMA HaAcTpoeHa Ha 4vactoTy okosno 20 Klu, B TO BpeMAa Kak owunbKa
aMNAUTYAbl NS MAaKCMMaNbHOM MOAE3HOM YacToTbl paBHOM 3 Kl (T.e. yacToTbl 50-i rapmoHUKK ans
cetn 60 u) coctaBnser okono 0,1 ab. Cagur ¢asbl ANA TOW Ke 4acToTbl MeHble 15°. 3aTyxaHue B
nosioce HenponycKkaHus coctasnset bonee 75 apb.

Cneayetr o06paTuTb BHMMaHMe, 4YTO ANA NPABUIBHOTO W3MepeHMa ¢$as3oBOro caBura Mexay
rapMOHMKaMN HaMNPSAXKEHUS OTHOCUTE/IbHO TAaPMOHMK TOKa M MOLWLHOCTM, HEe BaXeH abCo/oTHbIN
$as0BbIN CABUM 3TUX FAPMOHMK MO OTHOLWIEHMIO K OCHOBHOM YacToTe, a TO/IbKO coBnaseHue ¢a3osbIx
XapPaKTEPUCTMK Lenen HanpsarKeHua u Toka. Hambonbwasa owmnbka pasHuUubl ¢as coctasaset gna f = 3
Ky, MakcumanbHo 15°. 9Ta ownbKa ymeHbLIaeTcs O4HOBPEMEHHO C YMEHbLUEHUEM UHTEPECYIOLLLEN HaC
4acToThbl.

Mpn oueHKe OWWBKM U3MEepeHUA MOLLHOCTM FapMOHUK CledyeT TaKKe Y4yecTb AO0MNONHUTENbHYI0
MorpeLwHoCTb, BBOANUMYIO MPU UCNO/Ib30BaHMM TOKOBbIX Kaellei n TpaHchopmaTopos.

3.5 Cunxponusauusa ®AIY

CMHXPOHU3aLMA YaCTOTbl AMUCKPETM3aLMM peann3oBaHa annapaTHbiM cnocobom. CUrHan HanpaxeHus,
nponaa Yyepes BXoAHblE LLeNuM, HaNpPaBAAEeTCA B MOIOCOBON NPOMyCKatowmii GunbTp, 3a8a4en KOToOporo
ABNAETCA CHUMKEHME YPOBHA FAPMOHMK M MPOMYCK TO/IbKO OCHOBHOM FAapMOHUKM HaMNpAXKeHUs. 3aTtem
3TOT CUrHan HanpasaseTca aas 06paboTkn B $Ha3oBytO0 NETA, KaK ONOpPHbIM curHan. Cxema ¢asosou
aBTONOACTPOIKKM yacTtoTbl an PANY (aHrn. Phase Locked Loop unum PLL) reHepupyeT yacToTy, KoTopas
MHOTOKPaTHO Bblle OMOPHOM YacTOTbl M CAYXKWMT TaKTOBOW 4YacCTOTOM aHanoro-umdppoBoro
npeobpasoBaTens.

HeobxoanmocTb NpUMeHeHUA cnuctembl $Ga3oBOM NETAM HANPAMYLO BblTeKaeT U3 TpeboBaHMI CTaHgapTa
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009), onucbiBatoWEero MeTOAMKY M AOMYyCTMMble OWMOKM npu
M3MepPEeHUAX TapMOHMK. ITOT CTaHAApT TpebyeT, uTobbl OKHO (B 3HauyeHWM - BecoBasd OYHKLMSA)
M3MepEeHUA, KOTOpoe ABAAETCA OCHOBOW ANA OAHOKPATHOrO WM3MEPEHUA W OLLEHKU CoAeprKaHus
rapMoHMK, 6bl710 paBHO Mo NpoAoXkuTenbHocTn 10 nepMoaam aneKTprUYecKon cetu ¢ yactotoi 50 Ny, a
Takxe 12 nepuogam ans cetm 60 My. B oboux cnyyasx, sTo COOTBETCTBYeT BpemeHn okoso 200 mc.
MOCKONbKY 4acToTa MWTAlOWeEN CeTM MOMKET noABepraTtbCA NEePUOAUYECKUM WU3MEHEHUAM WU
bAYKTyaUmAM, ANUTENbHOCTb OKHA He MOXKeT ObiTb paBHa TovyHo 200 mc, M, Hanpumep, 1A 4acToTbl
cetn 51 'y, OHa y»Ke cocTaBnAeT 0koso 196 mc.
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CTaHOApT TaKKe pekomeHAyeT, 4Tobbl AaHHble nepes, BbiNoJAHeHMeM npeobpasoBaHua dypbe (ana
N3B/IEYEHMA CMEKTPAJSIbHbIX KOMMOHEHTOB) He MPOXOAMAW Onepaunio BecoBon ¢yHKUMM. OTcyTcTBME
CUHXPOHM3ALMKN YaCTOTbl U JONYCTUMOCTb CUTyaL MM, NPU KOTOPOI BbicTpomy npeobpasoBaHuio dypbe
(FFT) nopseprancbk 6bl BbIODOPKM HELENOro 4YuMcia nepuoaoB, MOMKET MPUBECTU K ABAEHUIO YTEUKM
CneKTpa. JTO ABNEHWe NPUBOAUT K TOMY, YTO MOJIOCKA CMEKTpa rapMOHUK Pa3masbiBaeTCA TaKKe Ha
HECKOJ/IbKO COCEeAHMX MOJIOCOK MHTEPrapMOHMK, YTO MOMKET NPUBECTM K noTepe MHPopmauum o
peanbHOM YpPOBHE M MOLWHOCTU WCCAeAyeMOl MOMOCKM chneKTpa. JlonycKaeTcA BO3MOMKHOCTb
MCNoab30BaHMA PYHKLMM OKHA BecOm XaHHa, KOTOpas yMeHbluaeT HebnaronpuAaTHble NocnaeacTeuA
YTEUYKW CMEKTPA, HO 3TO OrPaHUYMBAETCA TONIbKO TOM cuTyaumein, B Kotopoi netna ®AMY (PLL) noTepsana
CUHXPOHM3ALMIO.

CraHpapT FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) TakKe yTOUYHSAET HeobxoaumMyto TOYHOCTb 6/10Ka
CUHXPOHM3aUMK. DTO BbIPaXKAeTCA caedylolwmm obpasom: BpeMa Mexay HapacTatowmm ¢GpoHTOM
nepBoro AuMckpetusmpytowero mmnyabca U (M+1) — ro mmnynbca (rae M-4uMcno OTCYETOB B OKHE
M3MepeHUsa) [O/MKHO ObiTb  pPaBHbIM  MPOAOJ/IKUTE/IbHOCTM  YKA3aHHOrO 4Yucia MepuogoB B
nameputenbHom okHe (10 uam 12) ¢ makcMmanbHO AoNycTUMOoW owmnbKkoi + 0,03%. YTobbl 06BACHUTL
310 6onee NpocTbiM CNOCOBOM, paccmMoTpum caeaylowmin npumep. MpuHUMmasa dactoTy cetu 50 Tu,
O/IMTENIbHOCTb OKHA M3MepeHusa cocTaBuT poBHO 200 mc. Ecam nepBbiit AUCKPETUIMPYIOWMA MMMYIbC
NPUAET TOYHO B MOMEHT t = 0, TO NepBbI AUCKPETUSUPYIOLMNI MMMYIbC CEAYIOLLEr0 OKHa U3MepPeHUs
OONIKEH NPUATM B MOMEHT BpemeHM t = 200 £ 0,06 mc. 3T1 £ 60 MKC - LONYCTUMOE OTKAOHEHMe PppPOoHTa
UMMNYNbCa AUCKpeTM3aumu. CTaHOApT TaKKe onpefensieT PeKoMeHAYyeMblit MUHMMANbHbIN AMana3oH
YacToT, NPU KOTOPOM YKa3aHHAaA Bbllle TOYHOCTb CUCTEMbI CMHXPOHM3ALMWU LOJI)KHA COXPAHATLCA U
yCTaHaBAMBaeT ee B npegenax * 5% oT HOMWHanbHOM 4YacToTbl, TO ecTb 47,5...52,5 Ty u 57...63 Ty
cooTBeTcTBEHHO Ana cetn 50 n 60 Iy,

OTAenbHbIM BONPOCOM SIBAAETCA AMANa30oH 3HAYEHWN BXOLHOIMO HaMpsAXeHWA, NpyM KOTOPOM cucTemMa
®AMNY (PLL) 6yameTt npaBunbHOo paboTaTtb. CraHgapt FOCT 30804.4.7-2013 (IEC 61000-4-7:2009) He
YCTaHaB/AMBAET 34eCb KaKUX-TMBO KOHKPETHbIX YKa3aHW 1 TpeboBaHUi. B To ke Bpems, ctaHaapT FOCT
30804.4.30-2013 (IEC 61000-4-30:2008) onpepenseT AuanasoH 3HAYEHUIM HaMPAMKEHUSA MUTaHUA, B
KOTOPOM METPONOTrMYECKME XapPaKTEPUCTUKM HE MOTYT yXYALWMNTHCA U ANA Knacca A ycTaHaBAMBaET eé Ha
10%...150%Udin. AHanu3aTop COOTBETCTBYET BbllleyKa3aHHbIM TpeboBaHMAM, CBA3AHHbLIX C
dyHKUMoHnpoBaHem cxembl GAMNY (PLL), Take [4/nA CcamMoOro HU3KOro MoAAepKMBaemoro
HOMWHaNbHOro HanpaxeHna Unom = 64 B, To ectb npumepHo 40 6 B.

3.6 H3mMepeHHe 4aCTOThI

CurHan ana namepeHua 10-ceKyHAHOro 3HAYeHWA 4acToTbl ceTu HepéTca M3 ONOPHOro KaHvana (3T1o
MOXKeT 6bITb L1, L2 uam L3). 3To TOT Ke camblil CUrHAN, KOTOPbIM MCMOb3YETCa AN CUHXPOHM3auum
netan ®AMY (PLL). CurHan onopHoro KaHana noAaétcs Ha MosocoBol 2-pagHbii GUAbTP, nosoca
NPOMNyCKaHUA KOTOPOro HacTpoeHa B AnanasoHe 40...70 T'u. 3TOT GMnbTp NpefHa3HAYeH ANA CHUXKEHUA
YPOBHA TapMOHMK. 3aTem, OTPWUAbTPOBAHHBIN TaKMM 06pa3omM curHan GopmupyeT MPAMOYFONbHbIN
curHan. Bo spemsa 10-CeKyHOHOro LUWKAA U3MeEpPEeHUA MNOACYMTLIBAETCA YUCI0 MEepuoaoB CUTHaNa, a
TaKXe UX NPOAOMKUTENbHOCTb. 10-CEeKyHAHble WHTepBanbl BpPemMeHW onpeaenArTca Mo Yacam
peanbHoro BpemeHM (Kak obuwee Bpemsa KpaTHoe 10 cekyHgam). YacToTa paccuuTbiBaeTcA Kak
OTHOLUEHWE KO/IMYEeCTBa OTCHUTAHHbIX NePUOA0B K UX NPOAOIKUTE/IbHOCTH.
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3.7 MeTtoa u3MepeHUs rapMOHUYECKHX COCTABJISIOIMX

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

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

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

AHanusy no 6bictpomy npeobpasosaHunio dypbe (FFT) noasepraerca okHo uamepeHua 10/12 nepuoaa
(okono 200 mc). B pesynbTaTe nonydaetca Habop cnekTpasibHbIX AMHMIA OT YacToTbl O U, (MOCTOSAHHbIN
TOK) A0 50-¢ rapmoHuKu (okosno 2,5 Ky, ana 50 My, mnam 3 KMy, ana 60 ). PacctoaHue mexay cocegHumu
JIMHUAMM HEMOCPEeACTBEHHO CneayeT U3 NPUHATON AJIMTENbHOCTU M3MEPUTE/IBHOTO OKHA U cocTaBaAeT
npubaunsutenbHo 5 Iy,

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

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

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

MpeaycMmoTpeHo ABa cnocoba rpynnupoBKu:

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

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

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

Puc.39. OnpepgeneHune noarpynn rapmoHuk (cetb 50 ).
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Mpumep: YToO6bLI BLIYMCANTL COCTaBAAOLWYO 3-W rapMoHMKM B cetu 50 T cnegyeT NpPUHATL BO
BHMMaHME OCHOBHYIO noaocky 150 Ty u cocegHue 145 wn 155 lu. PesynbTupyowas amnantyga
paccunTblaetca metogom RMS.

3.8 MeToa u3MepeHUsA UHTEPTrapMOHUK

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

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

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

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

NOATEYNNE  NOLMEYNNS  Nogynns
MHTEPMAPM . MHTERMSPMOHME WHTER FEPROHME

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

Puc.40. OnpegeneHune NnoAarpynn MHTEPrapMoHuK (ceTb 50 u).

Kaxkgan noarpynna MHTeprapMoHuK sBaseTca cymmoit RMS 7-mu (gna cetn 50 Tu) mam 9 (ans cetm 60
l'u) cnekTpanbHbIX IMHUIA, NONYYEHHbIX NpeobpasoBaHnem Pypbe. VckatodeHMeM sBAAETCA NOArpynna
Hy/J1eBOr0O psAfa, TO ecTb noApynna cybrapmoHUK, KOTopaa BKAOYAeT B cebsa ele oaHy AvHuoo — 5 .
3To nokasbiBaeT puc.40, Ha npumepe cetn 50 Tlu. lMoarpynna wHTeprapmoHuK paga 0, wam
CybrapMoHmKK, COCTOMT M3 BOCbMM NONOCOK € YacToTamu oT 5 g0 40 Iy, Kaxaana cnegytowas noarpynna
WHTEPrapMOHUK COCTOUT M3 CeMM TMOJIOCOK, PACMOJIOKEHHbIX MeXKAy noApynnamu TapMOHMK,
Hanpumep, NoArpynna Nepsoro paga CoaepKUT CNeKTpaabHble AMHUKU ¢ YacToTamu oT 60 My, fo 90 Mu. B
cnyyae cybrapmoHMYecKon noApynnbl AMAnasoH MosoC paclMpeH Ha AuHMI 5 Ty, noTomy 4yTo B
NPOTUBHOM C/ly4ae SHeprua B 3TOM CaMOM HWM3KOM AMana3oHe 4acToT He ydyuTbiBanacb 6bl 1 Hblna
notepsHa. Bce nocneayrowme AMHUKM yunTbiBatoTca AMBO B noarpynmne rapmMoHUMK WA B noarpynne
WHTEPrapMOHMK.

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

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

3.10 UsmepeHHe nepexoaHbIX IPOLLECCOB IEEH

M3-3a KPaTKOBPEMEHHOINO XapaKTepa TaKMX MOMEX M MX LUMPOKOro 4YacTOTHOrO CMeKTpa, OO6bl4HO
MCNoNb3yeMble B aHANM3aToOpax KauyecTBa 3/1IeKTPONUTaHUA aHaNoro-unoposble NpeobpasosaTenm ¢ ux
[OBOJIbHO HM3KOM 4YacTOTOM AUCKPEeTM3auuu, ABAAIOTCA HeAOCTaTOYHbIMKM ANA PErncTpauumn 3Tux
CUTHANOB C AOCTATOYHOM TOYHOCTbO. o 3TOM e npuymHe B aHanusatope PQM-711 ucnonbsyetcs
OTAENbHbIN 4-KaHanbHbIM NpeobpasoBaTesib C MAKCMMaNbHOM YacToToM AaucKpetTusaumm 10 My, 3to
COOTBETCTBYET BPEMEHU Mexay OoTaenbHbiMM auckpetamm 100 Hc. B 3sTom pexume MOMKHO
3aperucTpupoBaTb camble BbICTpble NepexoaHble NMPOLEecchbl, @ BPems 3anucu coctasaseT o 2 mc (20
TbIC. OTCYETOB).

MNepeyvyeHb peXMMoB N3mepeHnA NnepexosHbiX NPoLeccos.

[nanasoH BpemeHu perncrpaumm
YacroTa AMcKpeTM3aummn | Bpema HapactaHua npu metoge dV/dt i
(2000...20000 oTcuéToB)

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

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

1 Mrly, 100 B / 50 mKkc 2...20 mc

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

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

[na HacTpoWKM NapameTpoB TPaH3MEHTOB B aHa/nM3aToOpe AOCTYMHbl HECKO/AbKO OMuMi Mo Bblibopy
no/sib3oBaTens:

e (OcHOBHafA YacToTa anckpetmsaumm ALM B ananasoHe ot 100 Ky, 4o 10 MTu;

o MeTog OGHApyEHWA: HA OCHOBAHUM 33a4aHHON MWHMMANBHOW amMnauTyAbl TPaH3MeHTa (B
AnanasoHe ot 50 go 5000 B) A No MMHMMaNbHOM CKOPOCTU HapacTaHWA CUrHaAa BO BPEMEHU
(meTop dV/dt);

e BKAIOYEHUU UIN BbIK/IHOYEHME 3aMUCK OCLLUIOTPAMM NMEPEXOAHbIX MPOLLECCOB;

e Bpemsa 3anucm ocumnorpammsbl B uHTepsane ot 2000 po 20000 oTcuéTosB;

e Bpema onepeXeHWA Hayana 3anucu ocuunorpamm B AnanasoHe ot 10% po 90% BpemeHwn
pernctpauuu.

AHanusatop perucTpupyer ¢opmy CurHana npouecca TONbKO B TeX KaHanax, rae MpousoLuLo
BbIMNO/IHEHWE KPUTEPUEB, YCTAaHOBJ/IEHHbIX MOMb30BaTenemM. locne Mx 0bHapy:KeHWAa aHanM3aTop B
TeYeHMe 3-X CeKyHA, He Y4YuTblBaeT C/reaylolime BCMIECKM (Tak Ha3blBaeMoe, «MEPTBOE» BPeMs).
OcobbiM CyYaem ABAAETCA CUTyaums, Koraa nocie obHapy»eHusa npouecca B 04HOM KaHane, B Neproj,
MeXay ero ObHapyXeHMeM W OKOHYaHMEeM 3aMWcuM CWUrHaNa B COOTBETCTBMM C  33aZaHHbIM
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NoNb30BaTE/IEM BPEMEHEM pPEerncTpalmm OCUMAOrPaMMbl, MOABAAIOTCA MOC/AeAylowMe BCMNIECKU B
OCTa/IbHbIX KaHanax. B aToM UCKNIOUYNTENIbHOM CUTYyaUUM aHaNM3aTop 3anuLIET OCLMANOTPAaMMbl BO BCEX
KaHanax, B KOTopbix 06Hapy*KeHbl npouecchl. MocKobKy nepexoaHble NpoLeccbl 06HapyKeHbl HEMHOTo
Nno3)e OTHOCWUTENbHO MepBOro KaHana, OHM He OyayT MMEeTb TOYHO COXPAHEHHOTO BPEMEHM TaK
Ha3blBaeMOro, onepeXKeHunn (perncTpaumns sTMX KaHa 0B 3aBEPLUUTCS B TO Ke BPeMs, YTO U permcTpaums
nepBoro KaHana, KOTOPbI NepBOHayanbHO 3anycTua cobbitve), B npunoxeHun «SONEL ANALYSIS»
cobbITMA B 3TUX KaHanax byayT cneuyanbHO noMmedeHsbl, Kak «TpaH3neHT *». Mpadukm cobbiTna KaHana,
KOTOpbIA Bbi3Ban nepBoe cobbiTe, Bceraa byayT oTobpa)kaTbCA C APYTMMM KaHanamu, KoTopble
3anycTunmM cobbiTMe 4YyTb no3Xe. AHANOrMYHO, OTKpbITUE rpaduKa nocneayroLllero cobbiTus
(BTOPUYHOrO) TaKKe byaeT oTobparkaTb rpaduKM APYrMx KaHaMoB, B KOTOPbIX B TOT XKe Nepuos BpeMeHM
npousowna nomexa. TakMum 06pPa3OM, MONKHO JIerKO MPOaHa/IM3UPOBaTb BPEMEHHbIE 3aBUCUMMOCTM
MeXAy OTAEe/NIbHbIMU KaHaNamMu.

B Tabmue cobbITUi B Cly4Yae nepexogHbiX MPOLECCOB NPUBOAATCA NapameTpbl:

e B cronbue «IKCTpeMym» HaxXxoAMTCA MAKCMMAsbHAA M3MEPEeHHas amnauTyga nepexogHbixX
CKaYKoB (Mexay NnKamm),
o B cronbue «MpoaonKntTenbHOCTb» HAaXO4UTCA NPUBAN3UTENBHOE BPEMSA AEUCTBUA MOMEXM.

N3meputenbHble Lenu GpyHKUMOHUPYIOT TaKKe OTHocuTenbHO Bxoda PE (cm. Takke puc.38). Moaynb
NPexoAHbIX MPOLLECCOB KOHTPOAUPYET HANPAXKEHUA MeXKAY BXOAaAMMU:

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

[ONs  KOPPEKTHOrO W3MEepeHUs XapaKTePUCTMK nepexodHbiXx MpoueccoB Tpebyetca
& nogxntoveHne Bxogda PE aHanusaTopa K MeCTHOM cucTeme 3asemieHua. I3To Heobxoammo
cAenaTb U B CETAX C U30/IMPOBAHHOM HENTPablo.

3.10.1 MeTo/ IOpPOroBbIX 3HAYEHU I

MeTon, MOPOroBbIX 3HAYeHW JencTByeT Mpu Bblbope nyHKTa «Mopor» (Ha BKAaZKe HACTPOEK
HaNPAXKEeHUA B KOHPUIypauMmM TOUKM M3MEPEHMA) W 3afaHMA 3HAYEeHWA MOPOroBOrO HaMpPsAXKeHWs B
AvanasoHe oT 50 go 5000 B. Mo 3Ttomy MeToay, aHanu3aTop OOGHapy)KMBaeT BCMAECKM nocae
NPEeBbIWEHNA UM 334aHHOTO 3HAYEeHWA amMnAuTyAbl B BOJIbTax. BCMiecKW, amnauTyda KOTOPbIX He
npesbiCMAa YCTaHOB/AEHHOrO Npegena, He byayT obHapyKeHbl aHaANM3aTopoM. B aTom pexkume Bpems
HapacTaHMA CUrHana He NPUHUMAETCA BO BHMMaHMe. Kak meaneHHble, Tak M BbicTpble BCnaecku byayT
0BHapYKeHbl NPU YC0BUM BbIMOAHEHUA aMMINTYAHOMO KpUTEPUA.

MpumeyaHue:
BBeséHHOEe 3HauyeHWe nopora ABAAETCA aMNANTYAON NepexogHoro npouecca, a He abcontoTHbIM
HanpAXeHnem, 3MepeHHbIM OTHOoCUTeIbHO Bxoaa PE.

Ha puc.41 nokasaHbl ABa Npumepa NepexofHbIX NpoLeccoB BmecTe ¢ Mx amnautygamu Um u Ur. B
MeToZe NOProBbIX 3HAUYEHWUI aHaM3aTop 0bHapyKUT cobbiTne, ecnn Ur uan Ur, ByaeT 6onblue nopora,
YCTaHOB/IEHHOrO NO/b30BaTENEM.
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Puc.41. Cnocob onpegeneHns amnanTya nepexonHbix NpoLeccos

3.10.2 Meroz dV/dt

Metog, HapacTaHua dV/dt sbibupaerca npu BblaeneHUn nyHKTa «CKOPOCTb HapacTaHUA» U YKa3aHuK
COOTBETCTBYIOLEN YacTOTbl AWCKPETM3aUMKM, KOTopad KOCBEHHO 3a4aéT CKOPOCTb HapacTaHus
HanNpPAXXeHWA U3 HECKONIbKMX BO3MOMHbIX 3HauyeHui (cm. Tabauuy rn.3.10). B metoge dV/dt npubop
aHa/NM3UPYET CUrHAN HaMpPAXKEeHUs B TeYEeHWe onpeneNeHHOro BPEMEHHOrO OKHa W ob6HapyKuBaeTt
TPaH3UEHT, eC/IM CKOPOCTb HapacTaHWA KPWBOM HaMpsKeHWa B OKHE MPeBbICUT 3HayeHue, 3agaHHoe
nonb3oBaTesieM B KoHOUrypaumn. A6ContoTHas amnanTyda NepexoAHoro npouecca He MMeeT 34echb
3HaYeHMa — MNPOLLeCCbl C Masol, TaK *Ke, KaK U ¢ 6onblOoW amnauTygoln 6yayT obHapy)KeHbl Mpu
YC/IOBUM, YTO BbINOJIHEHO TPebOBaHNE MUHUMANbHON CKOPOCTU HapacTaHUs.

3.11 dyHKUMA OrpaHUYEHUS TOKA

B cuTyaumsx, Koraa usmepsemMblil TOK UMeeT OYEHb MasIEHbKME 3HAYEHUA WU, USMEPUTE/IbHbIE Kaewm
6bINN OTKNIOUYEHbI OT aHa/NM3aTOPa, MOMKET OKasaTbCA NosiesHol ¢yHKUMA OBHyNeHMA napamMeTpos,
CBA3aHHbIX C AaHHbIM KaHa/iOM M3MepeHua ToKa. ITO 0COBEHHO BaXKHO ANA NAapaMeTpPOoB, TaKMX Kak
THD, KoTopble MpU Ha/lMYMK LWYMa MOKa3biBalOT BbICOKME, @ MHOTAA 3aMnyTaHHble 3HaYeHus. B ciyyae ¢
O0BHapy:KeHneM CcobbITUIA OTK/IOUYEHWE TOKOBbIX KNEWel MOMKET MPaKTUYEeCKM MIHOBEHHO BbI3BaTb
ob6HapyKeHWA MNpPeBbILEHUA MOPOra, 4YTO MOMET BBECTM Mo/b3oBaTeNs B 3abayxaeHue. YTobbl
n3bexkaTb TakMX CUTyauMl, BBedeHa GyHKUMA OBHYNEeHMA TOKOBbLIX MapamMeTpoB, Korda AencTeylolLee
3HaYeHMe M3MepPAeMOoro TOKa HWKe nopora, onpeAesnéHHOro nosb3oBatenem. 1A BKAOYEHWA ITOM
OYHKUMM Mcnonb3yitTe none «OrpaHUYeHne TOKa», PacrosioReHHOe Ha OCHOBHOW BK/aflke HacTPOeK
TOYKM U3MEpPEHUA, NOA, CMMCKOM Bblbopa TMMNOB Kaewel. MNocne BKAYEHNA 3TOM ONLUMM MOXKHO 334aTb
nopor o6HyNeHUA, yKa3aHHbIMA B NPOLLEHTaX OT HOMMHA/IbHOTO AManas3oHa BbiBpaHHbIX Knewei ot 0 go
0,5 %lnom.

MpoBepKa, He HaxoAMTCA /1M 3HAYEHME TOKA HUXe 3aJaHHOro nopora, NPoUCXoamT B Kaxaom 10/12-
nepuvoaHOM OKHe (npumepHo, Kaxable 200 mc). Ecnv geicteytollee 3HaYeHWE M3MEPEHHOIO TOKa B
KaHa/sie MeHblle, YeM YCTaHOB/IEHHbIN NOPOT, TO O6HYAAOTCA CAeayowme napameTpbl:

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

o [nK-daKTOp TOKa;

o AMNAUTYAbI FTAPMOHUK U UHTEPrapMOHUK TOKa;

o  KoaddunuymeHTtbl THD m TID no Toky;

e Bce mowHOCTN B AaHHOM KaHane;
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e KoadduuMeHT MOLLHOCTU U COSP;
e YIrbl MeX/Y rapMOHUKaMM TOKA U HaMPAXKEHUS;
e  AKTMBHAA U peakTMBHAA MOLLHOCTM rapPMOHMUK;

e KoadoduumenTtbl tgp u K.

UTorosble 3HayeHuAa cucTembl (CymapHble) OBHYNAOTCA TOMIbKO TOrAa, KOrda BCe COCTaBaAloLiMe
CUCTEMY TOKOBbIE KaHa/ibl HAXOAATCA HUMKe nopora obHyneHuA. Torga Takxke obHynatoTcA:

° Koad)d)MLI,MEHTbI HECUMMMETPUN TOKA U UX CUMMETPUYHbIE COCTaBaAlOWNeE.

CUETUMKM  3SHEPIMM  «3aMOPAXKMBAIOTCA», KOrJA COOTBETCTBYIOWAA MOLWHOCTb  HAaxoAauTcA B
«OBHYNIEHHOM» COCTOAHUN.

YacTb napameTpoB cO6bITUIA Y4UTbIBAOT OBHyNeHWe. 3HauyeHWe napameTpa YyuyuTbiBaeTca npwu
06Hapy>Keva| Ha4vaszla N KOHLa cobbiTna u NPUHNUMaeTCA BO BHUMaHNE B CTaTUCTUKe (9KCTpeN\aanoe n
cpefiHee 3HayeHUs), TONbKO TOrga, Koraa 3HayeHuMe TOKa Bbile nopora obHyneHus. MapameTpbl,
paboTatowme Takum obpasom:

o [lnK-paKTOp TOKa;

e  KoadduuymeHTtbl THD m TID no Toky;
e  KoadduLUMEHT MOLLHOCTU U COSP;

e tgp n kKoadpduumeHT noteps K;

o K0o3pdPUUMEHTbI HECUMETPUN TOKaA.

O6HyNeHne MapKUpyeTca B perkume MPOCMOTPa TEKYLIMX 3HAYeHUM U Npu aHanmse. YTobbl OTANUYUTD
baKTUYeCKM UM3MepeHHOe HyneBoe 3HayeHWe [aHHOro napameTpa OT O6HYNEeHHOro 3HauyeHusa C
NMOMOLLbIO 3TOMN PYHKLUMU, ObISIN BBEAEHbI C/ieAyloWMe NpaBuia:

e B pexume UYTEHUA TEKYLMX NapamMeTpoB — OBHY/NeHHble 3HaYeHUA OTMeYeHbl CUMBOIOM «*»
(3Bé3g04Ka) pagom ¢ undposbim 3HaveHnem (Hanpumep, 0,000*);

e [lpy aHanM3e AaHHbIX — 3aro/IoBOK, OMUCHIBAKOWIMIA MapamMeTp, KOTOPbIA MOMKHO OBHYAUTb,
oTmeyvaeTcs gobaBneHnem cumBona «*», Hanpumep «I*L1[A]» (He oTmeuaeTca oTheNbHas
A4YeiKa, a TO/NIbKO MOMEYaeTcA 3aroNoBOK, 4YTObbl MOKasaTb, 4YTO WMCMONb3yeTca CYHKLUMSA
0bHyneHusn),

e Ha aucnnee aHanmsaTopa — 06HYyeHHble 3HaYeHNA NpeacTaB/eHbl CepbiM LBETOM.

3.12 OGHapy»keHHUe COObITUI

AHanusaTop npegnaraetT LWUPOKME BO3MOMKHOCTM OOHApy!KeHuAa CcobbITUM B U3MepAemon CceTwu.
Cob6bITEM Mbl Ha3blBaeM CUTyaLMto, B KOTOPOI 3HadYeHMe BbIGpPaHHOro mapameTpa CeTU MnpeBblllaeT
Nnoporosoe 3Ha4YeHWe, 3a43aHHOE NONb30BATENIEM.

daKT HacTynieHna cobbITUA PerncTpUpyeTca Ha KapTy NamAaATv B BUAE 3aNncK, cogeprKalleint:

e Twun napameTpa;

e KaHan, B KOTOPOM MPOM30LLIO COObITUE;

e Bpemsa Hayana n OKOH4YaHMA cobbITHA;

e [loporoBoe 3Ha4yeHWe, 3a4aHHOE NO/Ib30BaATENEM;

®  DKCTpemanbHOe 3HaYeHMEe U3MePAEMOro NapameTpa Bo Bpems cobbiTus;

° Cpe,u,Hee 3Ha4YeHue napameTpa, UsmepeHHOe 3a BpemMA cobbITHA.
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B 3asucMmocTn oT TMNa napameTpa MOXHO YyCTaHOBUTb OAWH, OBa WUAMN TPU MNMOPOroBbIX 3Ha4YeHUA,

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

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

OTMEYEKHbI TUMbl COBLITUIM, A1 KOTOPbIX MOMKHO BKAKOYMUTbL 3aMMUCb OCLMANOrPaMm U rpadmKkoB RMSyy ..

Tunol noporos cobbITHI AnAa oTAeNnbHbIX NapamMeTpoB.

IMapamerp

IIpepriBanue

IIpoBan

Ilepenanpsizkenue

MIN

MAX
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Inc

IlocTostHHAS
COCTaBIISIFOIIAs
TOKa

e

CFI

[Muk-dpakTop
TOKa

i

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

AKTHBHAs
MOIIHOCTH

Q1, Qs

PeaktuBHas
MOIIHOCTH

Tlonnas
MOIITHOCTh

D, Sx

MomHoCTE
HCKaKEHUS

PF

Koaddpunment
MOIIHOCTH

coSQ®

Koaddunment
(a3oBOrO CIBUTA

tgo

Tanrenc ¢
(4-xBagpaHTHBII)

Ep-, Ep.

AKTHBHAs
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SHEPrHs
(moTpebnsiemas u
oTJaBaeMasi)

PeaxTuBnas
SHEPTrHs
(4-xBaapanTHast)

Es

ITonnas sHeprus

THDr U

Koaddunment
THDk
HaIpsDKEHUS

Una..Unso

AMIUTUTY BT
TapMOHUK
HaIPsHKCHUS
(psnn=2...50)

THDr I

KoadhpummenT
THDr TOKa

Iiz..Inso

AMIUTATY BT
TapMOHHUK TOKa
(psnn=2...50)

TIDr U

KoadhpummenT
TIDf HanpsiKEeHUS

Uino..Uinso

AMILTUTY TBI
UHTEPTapMOHUK
HamnpsHKeHUs

(psnn=0...50)

TIDr I

Koapdunument
TIDr TOKa

Iino.Iinso

AMITTUTY BT
WHTEPrapMOHUK
TOKa
(psrn=0...50)

K

Koadhpumment K
MOTEPh B
TpaHchopmarope

UR;, UR,

VYupasnsroniue
CHTHAJIBI

| POM-711
Ui

[lepexonnbie
MPOIECCHI

o®

(1) OTHOCUTCA K HanpAKeHU Un.pe
@ tonbko Npu ncnonbaosaHuK Knewein C-5
) 3anuck rpaduka nepexoaHbIX NPOLLECCOB M OCLIMANOTPaMM, OTCYTCTBYET rpaduk RMSY

HekoTopble U3 NapamMeTpPoB MOTYT NPUHUMATb KaK MOJIOKUTENbHbIE, TaK U OTpULATENbHbIE 3HAYEHUS.
MpUMeEPOM MOMKET CAYKUTb aKTUBHAA MOLLHOCTb, PeakKTUBHAA MOLLHOCTb M KOIPOULMEHT MOLLHOCTH.
MoCcKONbKY Nopor obHapy*KeHMUA CObbITUA MOXKET ObiTb TONIbLKO MONOXKUTENbHbIM, YTObbl 0becneunTb
NpaBUAbHOE BbiiBNEHNE COObLITUI ANA BbIWEYNOMSAHYTbIX MapamMeTpoB aHa/M3aTop CPaBHUBAET C
YCTAHOB/IEHHbIM NOPOrom abCcoNtOTHbIE 3HAYEHMA STUX NAPAMETPOB.

Mpumep: MNopor cobbITMA MO aKTUBHON MOLLHOCTU YCTAHOBMEH Ha 3HaveHue 10 KBT. Ecam Harpyska
MMeeT XapaKTep reHepaTopa, aKTMBHAA MOLLHOCTb MPU NPaBUAbHOM MOAK/IOYEHUN TOKOBbLIX Knellei
6yLeT MmeTb OTpuUaTesIbHbIA 3HaK. Ecnn mMamepeHHoe abcontoTHoe 3HayeHWe aKTUBHOM MOLLHOCTM
npesbIcUT nopor, T.e. 10 KBT (Hanpumep, - 11 KBT), To ByaeT 3aperncTpupoBaHo cobbiTMe NpeBbileHUs
3HaAYeHMA MAKCUMaNbHOW aKTUBHOM MOLLHOCTH.

[Ba TMNa napameTpoB: AENCTBYIOLLEE 3HAUYEHNE HAMPAXKEHMA U AeNCTBYylOWEee 3HaYeHUe TOKa MOryT
nopoxaatb cobbITUA, KOTOpbIe MO/b30BaTe/lb CMOMKET [AOMNONHUTbL 3aMUCAMU MIHOBEHHbIX CUFHaNO0B
(ocumnnorpammamm) n 3HadeHnamm RMS%.
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CurHanbl akTUMBHbIX KaHaNoB (HanpsXKeHMA M TOKa) 3anuMCcbiBalOTCA B aHa/IM3aToOp B MOMEHT Hayana u
OKOHYaHuA cobbiTuA. MNMonb3oBaTeNb MOMKET 3a4aTb B KOHGMUIrypaLmm Bpemsa 3anucu ocumanorpamm (ot
100 mc go 1 cek.) M RMSY (oT 1 go 30 ceK.), a TaKXKe Bpema onepexeHus 3anycka ocumanorpamm (ot 40
no 960 mc, gna RMSY ot 0,1 oo 4,9 cek.). Ocumnnorpammbl coxpaHatoTca B 8-6butosom dpopmarte c
yactoToM amckpetmnsaumnm 10,24 k.

NHbopMaumsa o cOBbITUM 3anMCbiBAaeTC B MOMEHT €ro OKOHYaHWA. B HEKOTOpbIX C/Ay4asx MOMKeT
CNIYYNUTbCA TaK, YTO B MOMEHT OKOHYAHUA PErNCTPALMN KaKoe-To cobbiTUe BblsIo aKTUBHbLIM (Hanpumep,
ONNACA MpoBan HanpaxeHua). MHbopmaums O TaKOM COOLITUM TaKMKe COXPaHAETCs, O4HAKo, CO
cneayowmumMm U3SMeHEeHUAMM:

e  OTCyTCTBYET BPEMSA OKOHUYAHMSA CObbITUA;

® JKCTpemasibHOE 3HauyeHWe PaCCUYMUTLIBAETCA TONbKO 3a Nepuoj, A0 MOMEHTa NpPeKpalieHus
peructpauuu;

e (CpepHee 3HaYEeHWE He YKa3blBaeTCA;

e [1na cobbITUi, CBA3AHHbLIX C AENCTBYHOWMMMU 3HAYEHUAMMU HAMNPANKEHUA UAW TOKA, AOCTYMNHa
TO/IbKO ocumanorpamma u rpaduk RMSY Hayana KoopamHar.

YT106b! YyCTPAaHUTb MHOFOKPATHOE BbliiBIEHME OAHOr0 M TOro e cobbiTuA, Koraa 3HavyeHue napamertpa
KoJ1eb1eTcs BOKPYr NOPOroBOro 3Ha4YeHus, BBeAEH rmcTepesnc obHapyKeHus cobbiTuiA, onpeaensaembii
nonb3osatenem. OH onpeaenseTca B NpoLeHTax caeayowmm obpasom:

o [na cobblTMN OT AENCTBYIOWEro 3HayYeHWMA HaANpAXEeHWs — 3TO MPOLLEHT OT AManasoHa
HOMWHA/IbHOTO HanpsAXKeHus (Hanpumep, 2% ot 230 B nau 4,6 B);

o [1nsa cobbiTnit OT AEMCTBYIOWEro 3HAaYeHUA TOKa — 3TO NPOLEHT OT AMAaNa3oHa HOMWHAIbHOIO
ToKa (Hanpumep, ana Knewwen C-4 n OTCYTCTBUA U3MEPUTESIbHbBIX TPaHCHOPMATOPOB, TMCTEPE3NC
2% paBeH 0,02 x 1000 A = 20 A);

e [1nAa cobblTMiA OT MOCTOAHHOW COCTaBAAIOWEN HaNpAXKeHMA W HanpsxeHusa Unpe rMctepesmc
PaccYMTbIBAETCA, KaK MPOLLEHT OT MOPOroBOro 3HayeHWsa, HO He MeHee, Yyem 50 mB (6es
TpaHcdopMaTopos);

e [1na ocCTafbHbIX MAapPaMeTPOB rUCTepPe3nC onpenendetrcs B MNPOLLEHTAaX OT MAKCMMANbHOTO
3HayeHuMA nopora (Hanpumep, ecv MaKCMMasibHbIM NMOPOrom AN KoapduumeHTta NMK-pakTopa
TOKa ycTaHoB/MeHO 3HauyeHue 4,0, To ructepesunc coctasnset 0,02 x 4,0 = 0,08).

Ona cobbiTnii, BbI3BaHHbIX W3MeHeHWeM GOopMbl Orubatollel, cywecTByeT MNapameTp 3a4epPiKKM,
BbIpaKeHHbIN B cekyHgax (ot 1 go 600 cek.). OH onpegenseT, Kak AOAT0 aHa/aM3aTop He byaer
pernctpmMpoBaTb nocaeayolme cobbiTmaA, BbiI3BaHHbIE M3MeHeHMeMm Gpopmbl ormbatoLLeir. 3To No3BoaseT
OrpaHMYnTbL cpabaTbliBaHWUA B Cly4ae o4eHb HECTabUIbHbIX CETEN.

3.12.1 Co6biTHE OT U3MEeHEeHHsI POpMBI, orubamwInei cCuraasia

C gepcuu npowusku 1.25 docmyneH Hosblli MemoO obHapy#eHUs HapyuweHuli (hopmMbl HANPAXEHUA:
cobbimus om usmeHeHUs hopmbl ocubarowedi.

B atom metoge CpaBHMBAKOTCA C Apyr C Ogpyrom pgBa cocegHuxX nepumona CUrHaaa HanpAaxeHuna —
BbIMUCNAETCA pPa3HUUA MeXay HUMMKU U NpoBepAeTCA MaKCMMa/ZlbHaA aMnintyaa, KOTOpaA 3aTem
CpaBHMBaAETCA C NOPOrom, YyCTaHOBJ/IEHHbIM NOJIb30BaTENEM. npOLI,eHTHbIﬁ nopor OTHOCUTCA K
HOMWHA/IbHOMY 3HAYEHUIO HaNpAXeHUA. Ecan BbluMCNEeHHOe M3MeHeHue AMNINTYAbl NpeBbllIaeT
nopor, 10 chKcmpyeTcn cobbITMEe OT U3MEHEeHUs OFM6aIOLLI,e[/’I. 310 cobbiTMe cuuTaertcs OKOHY€HHbIM,
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ecin npesbiweHne A0MNyCTUMOro nopora He O6H8py>+(MBHETCﬂ B TeyeHne, KakKk MUHUMYM TpéX

nocneayrouwmnx nepnoaos CUrHana.

MpUHLMN 0eNcTBUA anropuTma MOXKHO O6BACHMTb, Ucnonb3ya puc.42. Ha Kakapl nepuopg curHana
HanpsXXeHWA HaKNaAblBAaeTCcA MHTEPBaa AOMNYCTUMbIX U3MEHEHWUN (APKO-KpacHaa 061acTb Ha pUCyHKe),
WKpKHoi (B BonbTax) 2Ury, KOTOPbIA CO34aH Ha OCHOBE HOMWHANbLHOTO HanpsXeHua B npeablaywem
nepuvoge. Umy — 3TO nopor o6HapysKeHWs cobbITUS, KOTOPbIM YCTaHOBMA MOJb30BaTeNb B
NU3MepuTeNbHON KOoHOUrypaumm. EcaM MrHOBEHHOe 3HauyeHWe HanpAXKeHUA MPEeBbICUT Npeaensl,
o0b03HauyeHHble aToM 0bnacTbio, To byaeT obHapy*KeHo cobbiTe. AU npeactaBnseT pasHULy 3HaYeHUM

OTCYETOB HanpAaxXeHnAa gByx coceaHuUX nepmnonos.

Puc.42. ObHapyKeHue cobbITUi OT M3meHeHUa GopMbl ornbaroLLei.

3Ta OYHKUMA OYeHb NOsIe3Ha NPU OOHAPYHKEHUWU NHOOLIX HECTAUMOHAPHbLIX MOMEX B CETU MUTaHUS.
CnefyeT NOMHWTb, YTO MPU HU3KMX 3HAYEHMAX NOPOra OBHAPYKEHWUSA, aHANM3ATOP MOXKET OOHaPYKUTb
oyeHb 60/blIOE KOAMYECTBO COObLITU 3@ KOPOTKMI MNPOMEXKYTOK BpemeHu. o 3Toh npuumHe
no/ib30BaTe/lb MUMeeT B CBOEM pacnopaxeHuun napameTp «Bpemsa naysbi», BbipaXKeHHOe B CEKyHAaX.
MNMocne ob6Hapy:KeHua cobbiTa aHanusaTop 6/10KMpYyeT Ob6Hapy:KeHwe nocneayrlwmnx cobbiTuin (B
[aHHOM KaHase) Ha Bpems, 3aZlaHHOe 3TUM NnapameTpom. Ero MOXHO yCcTaHOBUTL B AnanasoHe oT 1 fo
600 cek.

B aHanu3aTopax, MMEIOLWNX Bepcuio NPOLUMBKM cTapwe, Yem HWg, cobbiTua OT usmeHeHun
dopmbl ornbatowein U ckavyka ¢asbl MMET BCTPOEHHOE MMHMMA/ZIbHOE Bpemsa May3bl Npu
& 0bHapy»KeHUn cobbiTus, cocTaBnstollee 2 CeKyHAbI (41 BCEX KaHANOB HaMpsXeHus) U ero
HeNb3A U3MEHWUTb. Bpema naysbl MOMKHO YBEWUYUTb B U3MEPUTE/NbHOW KOHOUTypauun, ecam

3TO Heobxoaumo.
3.12.2 Co6bITHe cKauyKa ¢assbl

AHanusatop no3BosisieT OBHapPYyXUBaTb M3MeHeHWA ¢asbl OCHOBHOW COCTaB/AIOWEN HAMPSKEHUS.
JaHHaa pyHKYUA docmynHa, HAYUHAA ¢ eepcuu npowusku 1.25.

ANroputm OBHapyXeHUA CpaBHMBAET Yr/bl OCHOBHOM COCTaBAAIOWEN HaMPAXeHUA ABYX WUAM TPEX
cocegHnx nepuogos. Ecan pasHuua yrios 60sblle, Yem YCTAHOBAEHHbIA MoJib30BaTesleM MNOpOT,
BbIPA*KEHHbIV B YI/IOBbIX rpafycax, To 3anucbiaetca MHGopmauma 06 obHapyKeHUM cobbiTns BmecTe ¢
M3MepEeHHbIM 3HaYyeHMeM cKauyka ¢asoBoro yrna. CKauku ¢asbl yawe Bcero AsAAl0TcA adpdeKkTom
COMYTCTBYIOWMM MNPOBaNamM HaNpAXKeHUa — M3MEHEeHMEe COMPOTMBAEHMA Harpy3kM OTHOCUTENbHO
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COMPOTMBNEHMUSA CETU NMUTAHMA BbI3blBA€T U3MeEHEeHWe Hab/lo4aeMoro yria OCHOBHbIX COCTaBAKLMX
HanpAKeHUa (CMeLLeHNe ToYeK Nepexoaa Yepes Hosb).

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

pUcyHKe). TaKKe MOXKHO COXPaHUTb OCLMAOrPamMmmMy U rpaduK 3HayeHnin RMSy/,. HaMmeHbluee 3HayeHme
0b6HapyKMBaeMbIx CKauyKoB ¢asbl — 3T0 1 yrioBol rpaayc.

Puc.43. Cka4ok ¢asbl.

3.12.3 CoGbITHE GBICTPBIX N3MeHeHul HanpskeHMs (RVC)

BbicTpble M3MeHeHuAa HanpaxeHua (RVC) 6onee noapobHo onucaHbl B rnase 5.9. AHanusatop
nossonseT o6HapyXmnBaTb N PErMcTpPUPOBaTh COBLITUA 3TOrO TUMa NOCAE BK/IOYEHUA COOTBETCTBYIOLLEN
onuuu B U3MeputeibHo KoHburypauuu. MNonb3osaTtesib BBOAUT CaeAytoLLIME NapameTpbl:

e Mopor - Bblpa)KEHHblﬁ B NpoueHtTax OT HOMWUHA/NIbHOIo HanpAaxXeHuAa, onpeagendaer

YYBCTBUTE/IbHOCTb OOHAPYKEHMA; YEM MeHbLLE 3HaYeHUe Nopora, TEM Bbille YyBCTBUTE/IbHOCTb
M Tem 6osblue cobbiTUit gaHHOro TMna byayT obHapyKeHbl. TUNMYHOE 3HayeHue nopora 5%
Unom. BBegEHHOE 3HayeHuMe nopora oTHOCUTCA K 3HavyeHuto AUmax cobbitnin RVC;

ucTepesunc, TakXkKe BbIPaskeH B MPOLLEHTaX OT HOMMUHA/NbHOTO HanpsyKeHusa. OH JonxkeH 6bITb
MeHblle, YemM BeauyMHa nopora. Yem rucrepesuc bamxke K nopory, Tem 6osblie AManasoH
U3MEHEHWN HanpaXeHWUa, KOTopblA HeobXxoaMmM ANA NPU3HAHMA TOro, YTO HanpsXeHue CHOBa

MMeeT CTabunbHoe 3HayeHue (cpaBHUTE TakxKe c puc.53). O6bIYHO 3HaAYeHWe ructepesuca
COCTaBAAET NOJI0OBUHY OT YCTAHOB/JIEHHOIO 3HAYEHUA NOPOra;

e Ecan nosb3oBaTenb Xo4veT, 4ytobbl BmecTe C cobbitaMM RVC Takke OblanM  3anucaHbl

OCUMANOTPaMMbl CUTHANOB U rpadmKmM RMS1/2 HanpsaKeHU U TOKOB, TO MOXKHO BblbpaTb onuuio

3anucb ocunnnorpamm u sHaveHuit RMS; ;. CoxpaHEHHbIe CUTHabl OTHOCATCA TO/IbKO K Havany
cobbitna RVC.

B mHorogasHbIx cuctemax ob6Hapy)KMBaOTCA KaK cobblTMA B OTAEe/bHbIX ¢a3ax, Tak U MHorodasHble
cobbiTMa (B noHATMAX cTaHgapta FOCT 30804.4.30-2013 (IEC 61000-4-30)). B nporpamme «SONEL
ANALYSIS» mMHorogasHble cobbiTa U cobbiTUA OTAeNbHbIX (a3, BXOoAsAllMe B COCTaB MHOrodasHbIX
cobbITM1, MomevatoTca KenTblm ¢oHom. [lpu 3TOmM cnefsyer OTMETUTb, YTO B COOTBETCTBUMM C
aNropuTMomM, YyKasaHHbim B TOCT 30804.4.30-2013 (IEC 61000-4-30) 3a mHorodasHoe cobbiThe

NPMHMMAIOT TaK:Ke Takue cobbiTUA, KOTopble NPOM3OLWAN TOIbKO B oAHOM ¢ase («mMHOrodpasHOCTb»
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Heob6X0AMMO TPAKTOBaTb 34ECb KaK «CUCTEMHOE» AB/eHWe, a He Kak TpeboBaHMe OAHOBPEMEHHOro
NoAB/MEHNA B HECKONbKUX da3ax).

B cnydyae perucrpaumm Ha COOTBETCTBME Bbl6paHHOMY CTaHAAPTY, KOTOPbIA TaKxke BKAloYaeT B cebs
nsmepenue RVC, ero napameTpbl 6epyTcs U3 HAaCTPOEK MO YMOJIYAHMIO 3TOrO CTaHZapTa.

3.13 MeToABI ycpeJHEHUS NapaMeTpPOB

MapameTp MeTopa ycpeaHeHus
JenicTBytolee HanpsaxxeHue RMS (cpeaHekBaapaTuyHoe)
MocToAHHOE HanpsXKeHue 1 ToK cpefHee apudmeTmyeckoe
YacToTa cpefHee apudmeTmyeckoe

KoaddumumeHT nnkoBoro 3HavyeHus

(nk-dakTop) U, | cpeaHee apudmeTnyeckoe

CummeTpuyHble coctasnatowue U, || RMS (cpeaHeksaapaTtuyHoe)

PaccynTbIiBalOTCA U3 CpeaHUNX 3HaYEHNI CUMMETPUYHbIX

Koappumnument HecummeTpumn U, |
bdu P ! COCTaB/IAOLLMX

[Jencreytloliee 3HaYeHMe TOKa RMS (cpegHekBaapaTUyHOE)

AKTMBHAA, peaKkTMBHanA, NoaHanA

cpeaHee apudmeTUyeckoe
MOLLIHOCTb U MOLLLHOCTb UCKaXeHMUs

KoadpodumumeHT mowHoctm PF paccunTbiBaeTCcA U3 cpeHero 3Ha4eHMA MOLHOCTH
CosSQ cpepHee apupmeTmyeckoe

PacCcUYMTbIBAETCA Kak OTHOLWEHME NPUpPaLLEHMA PEAKTUBHOMN
tgo 3Heprun (B COOTBETCTBYIOLLEM KBaZpaHTE) K NpUpPOCTy

NoNy4eHHOM aKTUBHOW 3HEpPrum

PaccUMTbIBAlOT, KaK OTHOLWEHMe cpeaHero 3HadeHna RMS BbicLunx
rapMOHMK K cpegHemy 3Ha4eHMto RMS ocHoBHOWM cocTaBnAroLei
THD U, | (ana THDe) unun oTHoweHMe cpegHero 3HadyeHua RMS BbicLinx
rapMOHMUK K cpegHemy 3Ha4eHMU0 3PEKTUBHONO HanpaAXeHun
(mna THDR)

paccynTbIBAIOT, Kak OTHOLWeEHMe cpeaHero 3HadeHna RMS
WHTEPrapMOHUK K cpeaHemy 3HayeHnto RMS ocHoBHOM

TIDU, I coctasnaowein (gna TIDg) MAK OTHOLWEHME CPeAHEro 3HaYEeHUS
RMS nMHTeprapmoHumK K cpeiHeMy 3HaYeHuo 3GGEeKTUBHOTO
HanpsxeHus (ans TIDg)

AmMnNAnTYAbl rAapMOHUK U, | RMS (cpegHekBaapaTUUHOE)
AMNANUTYAblI MHTEPrapMoHuK U, | RMS (cpegHekBaapaTUUHOE)
Koaddpuument K RMS (cpegHekBaapaTUUHOE)

Yrabl mexay rapmoHuKamu

o cpegHee apunpmeTnyeckoe
HanpAXeHUn n TOKoB pea P d)

AKTMBHaA “ pPeakKTUBHaA MOLLHOCTb

cpefHee apuomeTmyeckoe
rapMoHUK pea pué

MpumeyaHue:
CpegHee 3HavyeHue RMS paccumnTbiBaeTca no dopmyne:
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CpegHee apudmetmyeckoe (AVG) paccuntbiBaeTcsi no Gopmye:

N

1

i=1

roe:  X;— 3To o4epeaHOe 3HaYeHMe napameTpa, NoANEXallero yCpeaHeHuIo,
N — 3TO KO/IMYECTBO 3HAYEHMI, NOANEXKALLMUX YCPEAHEHMIO.

4 PACYETHBIE ®OPMY.JIbI

4.1 OpHodas3Has ceTb

IMapamertp
Cnocob pacueTa
Ha3Banune O6o3nauenne | Expyanna
JelicTByro11ee 3HaUeHUE Uy =
Uy B
HanpsokeHus (True RMS) N
rae Ui ouepegHoi otcyeT HanpshkeHust Ua-n
M = 2048 ans cetn 50 'y 1 60 Ny
1 M
[ocTosTHHAS COCTABIISIONIAS Uapc = MZ Ui
Uipc B =
HamnpsHKECHUA rae Ui ovepegHow otcyeT Hanpskenusa Uan

M =2048 gna cetn 50 My n 60 Ny

YMCO Lenbix NeproaoB HanpsbkeHnst Ua.n NOACYUTAHHbIX 33
YacToTa f F]_[ 10 cekyHOHbIV UHTEpBan No BPEMEHW YacoB, pa3ferneHHoe Ha
obLiee BpeMsi NONHbIX NeproaoB

JelicTByolee 3HaUEHHE I A
A
toka (True RMS) .
roe liovepeqHon oTcyeT Toka /a
M =2048 gna cetn 50 My n 60 Ny
M
[MocTosTHHAS COCTABISIONIAS Lapc = MZ L
Lipc A =
TOKa roe liovepeqHon oTcyeT Toka /a
M =2048 gnsa cetn 50 'y n 60 Ny
1 M
P= MZ Uil
i=1
AKTHBHas MOIIIHOCTb P Br rae Ui ouepepHoi otcyeT HanpsikeHust Ua-n

li ovepenHon oTcyeT Toka /a
M =2048 gna cetn 50 My n 60 Ny
50

Qp = Z Unlp sin op

h=1
Peaktusnas momuocts Budeanu Os Bap roe Un 3To h-si rapMoHmka HanpsokeHnst Uan
In 3TO h-A rapMoHUKa ToKa /a
¢n 3TO h-1 yron mexay rapmoHukamm Unu In

Q1 =Uslysing,
roe Us ocHoBHas cocTaensioLlas
PeakTnBHAs MOIIIHOCTH HanpsbkeHns Uan
OCHOBHOM COCTABJISIOIIEH Q’ Bap |1 oCHOBHas cocTaBnsoLlas Toka /a
@1 Yron Mexgy OCHOBHbIMU
cocTaBnsawowmmn Us v 11

TTonnas MOIIHOCTH S BA S = Uprmslarms
[TosiHast MOTITHOCTh UCKAXKEHUS Sy BA Sy =52 — (U111)?
MoiHOCTh HcKakeHus: Budeanu Dg Bap Dy = /52 - P2—Q2
PF = E
KOBQ)(I)I/ILmeHT MOIIHOCTH PF - npu PF < 0 Harpyska mmeeTSxapaKTep reHepatopa

npu PF > 0 Harpy3ka nMeeT xapakrep npuemMHmka

cosg = DPF = cos((plh - (p,])

cos roe - abCOMIOTHBIV Yron OCHOBHOW COCTaBNSIOLLEN HANPSHKEHNS]
Kos(uuuent capura das ¢ - AS put Y o . P

@11 - aBCOMIOTHBIW Yron OCHOBHOW COCTaBNSIOLLEN TOKa /a
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AEp@w+
tgow+) = _AE;)

roe: AEq+) NPUpOCT peakTuBHOW aHeprun Equ+ (Budeanu/IEEE-

18P~ - 1459) B aHHOM MHTEpBane ycpeaHeHus,
AEp+ NpUpPOCT aKTUBHOW NOTpebneHHon aHeprum Ep+ B AaHHOM
MHTEpBase ycpeaHeHust
AE,
Q)
tgPc-y = —
9P AEp,
¢ _ roe: AEqc) NpupocT peakTuBHOM aHeprum Eoc.) (Budeanu/IEEE-
8P 1459) B faHHOM MHTEpBane ycpeaHeHus,
AEp+ NPUPOCT aKTUBHOW NoTpebrneHHon aHeprum Ep+ B AaHHOM
Tanrenc [0) VHTepBane ycpegHeHus
& AE
- Qo)
(4-xBagpaHTHBIN) (9P = o
P+
¢ _ roe: AEqq) NpUpOCT peakTUBHOM aHeprum Equ- (Budeanu/IEEE-
8P 1459) B jaHHOM MHTEpBane ycpeaHeHus,
AEp+ NPUPOCT aKTUBHOW NOTpebrneHHo aHeprum Ep+ B AaHHOM
MHTepBase ycpeaHeHust
)
t =—-—
9P (c+) AEp,
¢ _ roe: AEq(c+) NPUPOCT peakTUBHOW aHeprun Eqc+ (Budeanu/IEEE-
EPic) 1459) B faHHOM MHTEpBane ycpeaHeHus,
AEp+ NpUpPOCT aKTUBHOW NOTpebneHHon aHeprum Ep+ B AaHHOM
MHTEpBase ycpeaHeHust
r Upx B mMeToa rapmoHuyeckux nogrpynn no |IEC 61000-4-7
APMOHUKHU HAIIPSKCHUA U TOKA [hx A X (psiA rapmMoHmkm) = 1..50
Koa¢pduumeHT rapmoHHYeCcKUX 50 y2
v h=2%h
HCKAXXCHUU HAIIPAXKCHUSA THDUp = ———— x 1009
p § THDUr % TS %
OTHOCHUTCJIbHO OCHOBHOU rae Un aTo h-51 rapmoHuka Hanpsbkenust Ua-n
COCTaBHHIOIHeﬁ U7 ocHoBHasi coctasnstowasn HanpsbkeHns Ua-n
KoadduiueHT rapMoHIUSCKUX
v 5(1 UZ
HCKAXXCHUU HAIIPAXKCHUSA h=2"n
p THDUp % THDUR =Y 100%
OTHOCHUTEIEHO 3(PPEKTHBHOTO Uarms
rae Un aTo h-a rapmoHuka HanpskeHnsa Uan
3HA4YCHMUA
KoadduureHT rapMOHIIECKUX S50 12
v h=2"h
HCKaXCHHUHU TOKa THDIp = —— x 1009
y THDIF % s o
OTHOCHUTEJIbHO OCHOBHOU rae In 3To h-A rapmMoHuka Toka /a
COCTaBJIIOIICH |1 ocHOBHas cocTaBnsioLLas Toka /a
KoadduureHT rapMOHIIECKUX
v 50 12
HCKaXCHHUH TOKa Zhta i
THDIR % THDI; = ~———x 100%
OTHOCHUTEIILHO Y(PPEKTHUBHOTO Larms
rae Ih 3To h-51 rapMoHuMKa Toka /a
3HA4YCHMUA
[Zi 17
TDD = — X 100%
L
Koaddunuent TDD TDD % rae Ih 370 h-5i rapMOHUKa Toka /a
I TpebyeMmblii TOK (B @BTOMATUYECKOM pexumMe /. — MakcumarnbHoe
cpefHee 3Ha4YeHne OCHOBHOW COCTaBNSAOLLEN TOKa U3 BCEX
M3MepeHUIi TOKOBbIX KaHaNoB CO BCEro MHTepBana perucrpauum)
I/IHTeprapMOHI/IKI/I HANPSKEHUS Uine B MeTopa MHTeprapmoHudeckux nogrpynn no IEC 61000-4-7
X (psia uHTeprapmoHuku) = 0..50
M TOKa Linx A (cybrapmMoHUKM Takke yYUTbIBaT uHMo 5 My)
Koadpdumument
UHTEPrapMOHUYECKHUX th=o Ulh
v TIDUp = ———— x 1009
HCKaKEHUH HANPSOHKCHUS TIDUF % F Uy %
OTHOCHTEILHO OCHOBHOL rae Ui 370 ih-a nHTeprapmoHuka Hanpsikerns Uan
o U1 ocHoBHast cocTaBnsiolast HanpsbkeHns Uan
COCTaBJIAOIICHU
Koadpdumument
HUHTCPTrapMOHHNYICCKUX 'sr? o U%l
th= L
HCKAKEHUH HANPSKECHUS TIDUg % TIDUg = =———— x 100%
ARMS
OTHOCHUTCJIbHO 3¢)(I)CKTI/IBHOFO rae Ui 9T0 ih-a nHTeprapmoHuka HanpsikeHust Uan
3HAYCHUA
Koaddrmment
MHTEPTaPMOHMYECKHX =0l
v TIDIp = ——— x 1009
HCKKEHUH TOKa TIDIr % F I &
OTHOCHTEJILHO OCHOBHOIM rae lin 370 ih- UHTEprapMoHuKa Toka /a
= |1 ocHOBHas cocTaBnsioLLas Toka /a
COCTaBJIAOIICHU
Koappunnenr
50 2
HHTCPrapMOHHUYCCKHUX ih=0"ih
Prapyots TIDIy % 1101, = Y2 100%
HCKaXCHHUHU TOKa larms

OTHOCHTEJILHO 3()(heKTHBHOTO

rae lin 370 ih-9 nHTeprapmoHuka Toka /a
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3HA4YCHUA

KoaddunueHT mukoBbIx
3HaueHHH (MUK-(akTop)
HAaIpsDKeHUS

Cru

Uarms
rae onepatop max|U;| BblpaxaeT HanbornbLuee 13 abCcontoTHbIX
3HaYeHu oTcYeToB HanpsikeHns Uan
i=2048 gnsa cetn 50 Ny 1 60Ny

KoaddunueHT mukoBbIx
3Ha4YeHuH (MUK-(akTop) ToKa

CFI

max|I;|
CFl = —
IARMS
roe onepatop max|l;| BelpaxaeT Hanbonbluee U3 abConTHbIX
3HAYEHWI1 OTCYETOB TOKa /A

i=2048 gpnacetn 50 N’y m 60 I

KoaddummenT moreps B
Tparchopmarope K

K-Factor

YO 22
KFactor = %
1
1
rae /n 3To rapmoHuka h-ro psiga Toka /a
11 - OCHOBHasi cocTaBnsitoLLasi Toka /a

AxXTHBHas MOIITHOCTh TAPMOHHUK

Py
h=1..50

Bt

Py = Uylp cos @y,
rae Un 310 h-a rapmoHuka HanpsixkeHust Uan
In 3TO h-A rapMoHUKa Toka /a
on - yron mexgy rapmoHvkamu Un v In

PeakTuBHAsS MOIIHOCTH
TapMOHHUK

O
h=1..50

Bap

Qn = Uplpsingy
rae Un 310 h-a rapmoHuka HanpsixeHust Uan
In 3TOt h-9 rapMOHWKa Toka /a
@n - yron mexgy rapmoHvkamu Unu In

KpartkoBpemennas no3a
¢dnukepa

Py

paccunTbIBaeTCs No cTaHaapTy
IEC 61000-4-15

JnutenbHas 103a Guirkepa

Py

Pr=3
LT 3

roe Psti— 970 o4epefHast i-A kpaTkoBpeMeHHast
[o3a dnvkepa

AKTHUBHAs SHEPTUsI
(motpebisieMas M OT/IaBaeMast)

EP+

Btu

Epy = ) PLOT()

i=1
o _ (P@) nas P@) >0
P"(L)_{ 0 a5 P(D) < 0

Ep_ = Z P.OTO

i=1
(i) = {IP(i)| IJist P(L) <0
012 P(i) =0
roe:
i - 04epeaHoON Homep okHa uamepexmns 10/12 neprvoaos
P(i) npeacTaBnseT 3Ha4eHMe akKTUBHON MOLLHOCTM P, paccuyuTaHHOM
B j-M OKHE N3MepeHus

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

PeaxTtuBHas sHeprus
(4-xBagpaHTHAas)

Eow+
Eocy
Eou
Eoc

Bapu

Equny = Z QL+ (DT
i=1

QL+(i) = Q(i) eé;M Q(i)>0 v P(i)>0
Qv+(i) = 0 B oCcTanbHbIX Cryyasx

Egery = ) Qe-(OT()

i=1
Qc-(i) = Q(i) eclnm Q(i)>0 v P(i)<0
Qc-(i) = 0 B ocTanbHbIX cnyyaax

Eou-y = Z Q.-(T ()

i=1
Qu(i) = |Q()| ecnn Q()<0 n P(i)<0
QL-(i) = 0 B ocTanbHbIX Criy4asx

Boen = ), Qs OT®

i=1
Qc+(i) = 1Q(i)] elcnm Q(i)<0wm P(i)>0
Qc-+(i) = 0 B ocTanbHbIX Cry4asx

roe:

i - ovepeaHON HOMep OkHa n3mepeHus 10/12

nepuopos,

Q(i) npeAcTaBnsieT 3Ha4YeHne peakTMBHOW MoLyHoCTH (Budeanu nnu
IEEE1459), paccunTaHHON B i-M OKHE U3MEpeHus,

P(i) npencTaBnsieT 3Ha4YeHWe aKTUBHOW MOLLHOCTM P, paccynTaHHOW
B /-M OKHE U3MepeHus,

T(i) - BNUTENbHOCTb /-FO OKHa U3MEPEHUs B Yacax
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Es = Z SOTE)
i=1

roe:
Ionuas SHEPruA Es BA4 i - o4epegHon Homep okHa uamepexus 10/12 nepronos,

S(i) npeacTaBnsieT 3Ha4YeHMe NOMHOWM MOLLHOCTU S, pacCUnTaHHON B
i-M OKHe n3mepeHusi,

T(i) - ANUTENBHOCTb i-r0 OKHa U3MEPEHUs B Yacax

4.2 JByx¢dasHasda ceThb

(He nepevyncrieHHble napamMeTpbl pacCYUTbIBAKOTCA KaK OnA O,D,HOC*)aSHOVI CeTM)

ITapamerp
Croco6 pacuera
Ha3Banmue Oo6o3nauenue | Exuauna
O01mast akTHBHAST MOIIHOCTH P Bt Pror = Py + Py
O01mas peakTHUBHAS
P OBiot Bap Qptot = Qpa + Upp
MOIIIHOCTh Budeanu
OO61as peakTUBHAs
MOIIIHOCTh OCHOBHOH Olor Bap Qitor = Q1a + Q15
COCTaBJISIIOIIEH
OO61mas moHast MOITHOCTh Stor BA Stor = Sa + Sp
O01mas moaHast MOITHOCTh
Shior BA Sntot = Sna T Sne
HNCKaXCHUA
OO01as MOIITHOCTE UCKaKEHUS
D Ba Dgror = Dpa + Dpp
Budeanu Blot P o
OO0 ko3 duiueHT Prot
PFy - Phrg = 5
MOIIIHOCTH tot
OO6muii Ko3hGHUITUEHT CcABUTA cos 1
H (b(b ! s Prot - oS Pror = DPFor = 2 (cos @4 + cosgp)
da3 DPF
AEqgtor(L+)
t =——
9Ptot(L+) DEprors
/ _ rae: AEqtoti+) NPUPOCT 06LLelt peakTUBHOWM aHeprun Eqtoti+)
& ProuL+) (Budeanu/|EEE-1459) B 1aHHOM MHTEpBAnE YCpPeaHEHUs,
AEptot+ NPUPOCT 06LLEe akTUBHOW NOTPeBNEeHHON aHeprum Eptot+ B
AaHHOM UHTepBane ycpegHeHusa
AE,
Qtot(C-)
t =
9Prot(c-) AEpiocs
¢ . _ roe: AEqutc) NPUPOCT 06LLe peakTUBHOM 3Heprum Eororc.)
8 Prot(C) (Budeanu/|EEE-1459) B 1aHHOM MHTEPBAE YCPeAHEHUS,
. AEptot+ NPUPOCT 06LLEN aKTUBHOMN NOTPEGIIeHHON 3Heprun Epror+ B
OO0muii TaHTeHC @ [aHHOM WHTepBarne ycpeaHeHus
4-KBaapaHTHBIN _ DEgrora
( P ) tgProt(L-) DEncors
P _ roe: AEquott-) NPUPOCT 06Lwelt peakTMBHON aHeprun Eqo L)
8 Pro(L-) (Budeanu/IEEE-1459) B naHHOM MHTepBane ycpeaHeHus,

AEptot+ NpUpOCT 06LLE aKTUBHON NOTpebneHHon aHeprn Eptot+ B
[aHHOM MHTepBane ycpeaHeHus

AEgtotce)
tgProt(c+) N
rae: AEqtotc+) NPUPOCT 06LLel peakTUBHOMN 3Heprnn Eorotc+)
18 Proi(c+) - (Budeanu/IEEE-1459) B AaHHOM MHTepBane ycpeaHeHus!,
AEptot+ NpUpOCT 06LLel aKTUBHOMN NOTpebneHHon aHeprn Eptot+ B
[JaHHOM MHTEepBase ycpegHeHus

m
Eptot+ = z Proes (DT ()

i=1
Progs (i) = {Ptot(i) Ans Poc(i) > 0
tot+ 0 151 Ppoe (i) < 0
m

OO0m1ast akTUBHAS SHEPTHSA Eptor- = Z Peor— (DT (1)

6 EPtot+ B i=1
(motpebmseman u Ep ™ Pro (1 = {IPrO1 AP <0
OTJaBaemas) or tot= 0 anst Proc(i) 2 0
roe:
i - o4epenHoOW HoMep okHa usmepenusi 10/12 nepvoaos,
Prot(i) npeacTaBnseT 3HadeHne obLein akTMBHOWM MOLLHOCTU Prot,
paccyMTaHHOW B i-M OKHe
nsMepeHms,
T(i) - ANMTENbHOCTb /-0 OKHA U3MEepEeHUsi B Yacax
m
O6mas peaKTUBHAs SHEPIUs Eowi1+) saps Eqtotus) = Z 0. DT
4-xB HTHast E : i=1
(4-KBanpanTHas) Qrot(C) Qu+(i) = Q(i) ecnn Q()>0 n P(i)>0
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Eoroni-)
Eowict)

Qc+(i) = 0 B oCcTanbHbIX Cry4asx

Egeortcy = . Q- (DT ()

Qei) = Qi) ecnn Q(i)>0 u P(i)<0
Qc-(i) = 0 B ocTanbHbIX cnyyasax

Equoriry = . Qu-(OT()

Qu(i) = 1Q()| ecrm Q()<0 1 P()<0
Qc-(i) = 0 B ocTanbHbIX Cryyasx

Egtorcen) = ) Qer (DT @)

i=1
Qc-+(i) = |Q(i)] ecrv Q(i)<0 v P(i)>0
Qc+(i) = 0 B oCcTanbHbIX CyYasx

roe:
i - ouepegHoOM HoMep okHa usmepexusi 10/12
nepvopos,
Q(i) npeacTaBnseT 3Ha4eHne obLLel peakTMBHON MOLLHOCTH
(Budeanu unu IEEE1459), paccuMTaHHO B i-M OKHE U3MepeHus,
P(i) npeacTaBnseT 3HaYeHne akTUBHON MOLLHOCTW, pacCYUTaHHOM B /-
M OKHe n3MepeHwst
T(i) - ANMTENbHOCTb /-0 OKHa U3MEPEHUs B Yacax
m

OOu1ast mosHAast YHEPTUS

ESzoz

BAu

Estor = Z Stot (DT (D)
i=1

roe:

i - o4epeaHoON HoMep OkHa usmepexus 10/12
nepuoos,

Stot(i) NpeacTaBnseT 3HavYeHve obLelt NonHom
MOLLHOCTU Stot, PACCHUTAHHOW B i-M OKHE U3MEpPeHus,
T(i) - ANUTENbHOCTb /-r0 OKHA M3MEpPEHMWs B Yacax

4.3 TpéxdasHasa cetb «Y-n»

(He nepeuncneHHbIe NapaMeTpbl PaCcCYMTLIBAIOTCH KaK AN OAHOMa3HoW ceTh)

ITapamerp
Cnoco0 pacuera
HuszBanne Oo6o3nauenne | Ennnuna
OO01mas akTHBHAS
Pyt Bt Peot = P4+ Pg + P
MOIITHOCTh
OO1as peakTUBHAS
P OBiot Bap Qgtot = Qpa + Usp + Unc
MoiHocTh Budeanu
_ I+ cin ot
Qi = 30Ul singg
roe:
OOmas peaxTuBHas N Us* npsimasi CUMMeTpUYHasi CocTaBnsitoLLas HanpsikeHUsi (0CHOBHOM
IEEE 1459 QJ Bap cocTaensoLen)
MOIIHOCTE I10 I1* npsAiMasi cMMMeTpUYHasi cocTaBnsioLLas Toka (OCHOBHOW
COCTaBnstoLLei)
@1+ yron mexgy coctasnsowmmun Us* v 11+
S, = 3U,I,
roe:
2
3(U 2 + Ug? + Ug?) + Unp” + Ugc® + Ugp®
D¢ PexkTuBHAS ITOTHAS U, = J
Cb‘b S, BA € 18
MOIITHOCTH
L%+ 1% + 12+ 1
le= [F——F——"
Sen = A Sez + Selz
roe:
Se1 = 3Uerler
O¢ddekruBHas s momHas
Sen BA 3(Ups? + Ugs? + Ut ?) + Ungr + Uper® + Ugar®
MOIL[HOCTb HCKKCHHS ¢ Uy = (Uas® + Up” + Uy )18 apt T Upct T Ucar
I + 151" + Ied” + i
Iy = 3
OO611ast MOIIHOCTE
Dgior Bap Dptot = Dpa + Dpp + Dpc
nckaxxenus Budeanu
OOourwmii ko3 punmeHT Prot
PF; - PFior = 5
MOII[HOCTH e
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OO6muii KodPPUIHEHT cos 1
m (1)(1) 1 Prot - €0S @por = DPFyor = = (cos @4 + cos@p + cos@c)
capura a3 DPF 3
12 Prot(L+)
i 1 3
06HII/II/I TaHreHCV(P 8 Pror(C) - dopmyna, kak Ansa 2-asHon cetn
(4-xBagpaHTHEIIN) 1 Pron(1.-)
12 Qrot(c+)
OO01mast akTUBHAS E
P+ .
sHeprus (motpebnsemas u 7 o Bru chopmyna, KaK Asi 2-GhasHoii ceTn
P-
oTHaBaeMas) fot
E L+
O6m1as peakTUBHAs Qroi(L+)
Eoionc) y
SHEPTUS E Bap4 dopmyna, kak Ans 2-a3Hon cetn
(4-xBagpanTHas) Qroi(L)
Eowncr)
m
Bstor = ) Se(DT()
i=1
OO6mmas moJtHast YHEPTH E BAu he
it p Stot i - o4epenHo Homep okHa uamepexus 10/12 neproaos
Se(i) npeacTaBnsieT 3HayeHue obLLet NOMHOW MOLLHOCTU Se, pacCYUTaHHON
B i-M OKHE U3MepeHns
T(i) ANMUTENBHOCTb j-r0 OKHa U3MEPEHUs B Yacax
1
Up =3 (Unn + Upy + Ucx)
[JeiicTByroliee 3Ha4eHe
o Uo = mag(Up)
HaNpsDKEHUS. HYJIEBOM Uy B
MOCJICA0BATCIIBHOCTH rae Ua1, Us1, Uc1 BEKTOPbI OCHOBHbIX COCTaBAAIOLMNX hasHbIX HANPSHKEHUIA
Ua, Us, Uc
OnepaTop mag() o3HavaeT MoayIb BeEKTOpa
1 2
Uy =3 (Un + alls + @*Upn)
Uy = mag(Uy)
[JeiicTByroliee 3HaUeHe 5
o rae Ua1, Us1, Uc1 BEKTOPbI OCHOBHbIX COCTaBNSIOLLMX ha3HbIX HANPsHKEHUIA
HaAIPSKEHUS IPSIMOU Ui B Un, Us, Us
[IOCJIEJOBATEILHOCTHU OnepaTop mag() o3Ha4aeT MoayIb BEKTOpa
a=1e/12" = —1+§j
1
. 1 3
2 = qgi240° = _Z_ 125
a e 2 2 ]
1 2
Uy =5 (Un + @*Usn + allpa)
U, = mag(U,)
[HeiicTByrolee 3HaueHe 5
o rae Ua1, Us1, Uc1 BEKTOPbI OCHOBHbIX COCTaBMSIOLLMX (ha3HbIX HANPsHKEHUIA
HaTIpsDKEHUS 00paTHOM U, B Un, Us, Uc
IIOCJIEIOBATEIILHOCTH OnepaTop mag() o3HayaeT MoayIb BEKTOpa
a=1e/120 = —1+£j
G
. 1 3
2 _qpj240° — _— _ Y2
a le 2 2]
Koadpdpumment
HECUMMETPHUU U
P . Uy % uy =2+ 100%
HaIIpsDKEHUs HYJIEBON Uy
II0CJIE€A0BATCIIBHOCTHU
Koadpdpumment
HECUMMETPUHU U
P . u> % uy = —2+100%
HaTpsKEeHUs 00paTHOM Uy
I10CJIC0BATCIIBHOCTHU
o 1
JleficTByIOLIEE 3HAYCHUE Lo =3 (L + Ln + Iea)
TOKa HYyJIEBOU Iy A Iy = mag(lp)
rae la1, I1, Ic1 BEKTOPbI OCHOBHbIX COCTaBMSIIOLLMX (ha3HbIX TOKOB Ia, I, Ic
HOC/ICIOBATELHOCTH Onepatop mag() o3Ha4aeT MoayIb BekTopa
o 1 2
JlelicTByIOIIEE 3HAUEHHUE L=3 (L + als + *ly)
TOKa MPSIMOI I; A Iy = mag(L)

nocCjICa0BaTCIIBHOCTH

rae la1, I1, Ic1 BEKTOPbI OCHOBHbIX COCTaBMSIOLLMX (ha3HbIX TOKOB Ia, I, Ic
Onepatop mag() o3Ha4aeT MoayIb BekTopa
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[HeiicTByroiiee 3Ha4eHEe

1
L= §(ZA1 +allp; + algy)

TOKa 0OpaTHOH I A I, =mag(l,)
rae la1, I1, Ic1 BEKTOPbI OCHOBHbIX COCTaBMSIOLLMX (ha3HbIX TOKOB Ia, I, Ic
HOC/IEA0BATEILHOCTH Onepatop mag() o3Ha4aeT MoayIb BekTopa
Koaddpunment
HECCHUMMCETPHUHU TOKaA . . !
P iy % iy =-2-100%
HYJIEBOU I
I10CJICA0BATCIIBHOCTH
Koaddpunment
HECMMMECTpPHH TOKA . I
puan i % i =2-100%
obOpatHo L
IIOCJICA0OBATCIIBHOCTHU

4.4 TpéxdasHasa ceTb «A» 1 «Y»

(napameTpbl: AeACTBYIOLIME 3HAYEHNS HAMPSKEHWI U TOKOB, NOCTOSIHHbIE COCTaBMSAOLLME HAaNPSXKEHWUI U TOKOB, KoadduumeHTsl THD 1 K, cuMmeTpuyHble cocTaBnsiowme
K03 pULIMEHTLI HECUMMETPUK, A03bI (ONMKEPA PAaCcCCUUTLIBAIOTCSA Takke, Kak Ans 0aHOda3Ho CeTH, TONbKO BMECTO (hasHbIX UCMOIb3YHTCA NIMHENHbIE HaNPsHKEHWST)

IMapameTtp
Cmnoco0 pacuera
HasBanmne O6o3nauenue | Exmanna
JIuneliHOe HampsIKEHNE
P Uca B Uca = —(Uap + Upc)
Uca
Toxk I,
L A L =—(+15)
(cxema nzMepeHust ApoHa)
M M
1
Pror =37 (Z Uiaclia + Z UiECIiE>
i=1 i=1
roe:
O6H1a$[ aKTHBHAA Pios BT Uiac odepeaHoii otcueT HanpshkeHust Uac
MOIIHOCTb Uisc ovepeaHom otcyeT HanpsikeHus Us.c
lia 0MepenHo oTcYeT ToKa /a
lis 0MepeaHoii oTcYeT Toka I
M = 2048 pnscetn 50 My n 60 'y
Se = 3U,I, , gdzie:
U. = Usg” + Upc® + Ugs®
O61as moyHas e 9
" S, BA
MOIIIHOCTh
L%+ 152+ 1.2
le= [F—F——
Q =N = signy/sz - P?
O6H'[aﬂ PCaKTHBHAA roe sign paseH 1 vnu -1. 3Hak onpeaensieTca Ha ocHoBe yrna ¢a3oBoro
MOIITHOCTH QB[D; Bap caBura Mexay Hopmanu3oBaHHbIMU CUMMETPUYHBIMU COCTaBMALLINMN
(Budeanu u IEEE 1459) npsmon y
nocnefoBaTeNlbHOCTU HaNPsKEHUA 1 TOKOB.
OO61mast MOIIIHOCTh
DBtot Bap Dptor =0
nckaxeHus: Budeanu
Sen = A Sez + Selz , roe
Se1 = 3Uerler
D¢ dexruBHAL MTOMTHAS Son BA - Unga? + Uper® + Uons?
MOILHOCTDb UCKAXKEHUS et 9
L= I +1p” + Ies®
el — 3
O6muii KO3 PUIUEHT Peor
PF iy - PFyp = <
MOIITHOCTH e
AKTHBHasl 3HEPrus
EPtoH o
(motpebsiemast u £ Btu chopmyna, kak Ans 2-pasHoi ceTn
Ptot-
OT/JIaBaeMas) °
m
Bstor = ) SeDT()
i=1
OO01mas moJiHas SHEPTUs E BA4 he
11 o SHEp Stot i - 04epegHoON Homep okHa uamepexuns 10/12 neprvogos

Se(i) npeacTaBnsieT 3HayeHvie obLLelt MOMHOW MOLLHOCTU Se,
pPacCUYMTaHHOW B i- M OKHE N3MEPEHUs
T(i) ANUTENBbHOCTb i-r0 OKHa M3MEPEHUs B Yacax
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5 PYKOBOJACTBO I10 IAPAMETPAM KAYECTBA 3JIEKTPOIIUTAHUA

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 3NEKTPUYECKON 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
HabnoO4aN0Chb HECOOTBETCTBME OTAE/IbHbIX MOKasaTe/fel 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
rocyagapcteeHHoro 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 Pas3/INYHble aArOPUTMbl, NOITOMY Pe3y/bTaTbl U3IMEPEHUI OAHOIO M TOro e 0bbeKTa
pa3HbIMW YCTPOMCTBAMM YACTO AaBaAN ANaMeETPasIbHO MPOTUBOMOJIOKHbBIE 3HAYEHWUA.

daKTOpamn, KOTopble NPUBEIN K AOBOJ/IbHO 3HAYMTEIbHOMY POCTY MHTEPECa K BOMPOCaMm, CBA3aHHbIM C
KauyecTBOM 3/1IEKTPO3HEpPruun, OblAM B TOM 4MCAe, PacnpoCTPaHEHWe 3/1EKTPOHHbIX PeryaaTopos
MoOLLHOCTK, npeobpasoBaTeneil MNOCTOAHHOTO TOKAa U MMMYAbCHbIX  UCTOYHWUKOB  MUTaHUS,
sHeprocbeperalowmMx famn M T.4., TO €CTb, B LIMPOKOM CMbIC/Ie 3TOr0 MOHATMA, o6nactu
npeobpa3oBaHNA 3NEKTPUYECKON dHeprnn. Bce 3TU yCTPOMCTBA MMEIOT TEHAEHLUMIO K 3HAUUTE/IbHOMY
n3meHeHuo GopMbl MPOTEKaOLLLEro TOKa.

MMNynbCHblE MWCTOYHWMKM MNUTaHMA (WMPOKO NpUMeHsiemMble B ObITy W MPOMbIWAEHHOCTM) YacTo
YCTPOEHbl TakuM 06pa3om, YTO ceTeBOe NepemMeHHOEe HanpsAKeHWe BbINPAMAAETCA M CraaXKMBaeTcA C
NMOMOLLbIO KOHAEHCATOPOB, TO €cTb, NpeobpasyeTca B noctosHHoe Hanps:xkeHue (DC), a 3aTem
npeobpaszosbiBaeTcA ¢ 60/1bWON 3PPEKTUBHOCTbIO Ha BbICOKOM 4YacToTe B BbIXOAHOE HanpsxeHue
Tpebyemon BennumHbl. O4HAKO, TAaKOe pelleHne MMeeT HexenaTenbHblh No6oYHbIN 3ddeKT. 3apaaku
CrNAXKMBAOWMX KOHAEHCATOPOB NPOUCXOAAT KOPOTKMMM MMMNYIbCaMKU TOKA B MOMEHTbI, KOr4a ceTeBoe
Hanps)eHne 6/JM3KO K MaKCMMasbHOMY 3HayeHuto. M3 GanaHca MOLLHOCTM cledyeT, YTo ec/lu TOK
noTpebnseTca TONbKO B KOPOTKME MOMEHTbI BPEMEHM, TO U NMMKOBOE 3HayeHue ByaeT HaMHOrO Bbille,
yem ANs NOCTOAHHOro noTpebneHusn. bosbluas BE/MYMHA OTHOLIEHMA NMUKOBONO 3HAYEHMA TOKA K ero
AecTylolleMy (CpeaHeKBaZpaTMYHOMY) 3HayeHMO (TaK HasbiBaemMbl MNUK-PaKTOP), a TaKkKe
yMeHbLUeHne KoapPpuumneHTa mowHocTM (aHrn. Power Factor, PF) npuBOAAT K TOMY, YTO 418 NOAYyYEHUs
onpeaeneHHOW aKTMBHOWM MOLLHOCTM B Harpyske (B BaTT), npoussBoguTenb 3HEPrUM BbIHYXKAEH
NoCcTaBAATb OO/bLIYID MOLLHOCTb, YEeM aKTMBHAA MOLLHOCTb Harpysku (Tak Ha3blBAeMyl0 MOJIHYIO
MOLLHOCTb, BbIPa*KEHHYIO B BO/IbT-amnepax, BA). Manbili KoapdULMEHT MOLLHOCTU BEAET K YBE/IMYEHMIO
Harpysku Kabenei anekTponepesayn M OO/bLIMM PACXOAaM Ha TPAHCMOPTUPOBKY 3NEKTPUYECKOMN
3Heprun. BosHMKatowme Npu 3sTOM rapMOHMYECKME COCTABAAIOWME TOKA NUTAHUA, ABAAIOTCA NPUYNHON
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OOMNOIHUTENbHBIX Npobaem. B pesynbTaTe NpomM3BOAUTENN HAYaNM HanaraTb GUHAHCOBbIE CaHKUMW Ha
notpebutenei, Kotopble He obecnevymBany A4OCTAaTOYHO BbICOKOTrO KO3pdMUMEHTa MOLLHOCTH.

MoTeHUManbHO 3anMHTEPECOBAHHbIMM B aHA/M3aTOpPax KayecTBa 3/IEKTPOSHEpPrum moryT bbiTb, C OA4HOM
CTOPOHbI, 3HEPreTMYeckne npeanpuATUA, KOTOPble CMOTYT C MX MOMOLLbIO KOHTPO/AMPOBATb CBOMX
noTpebuTenei, c 4pyro CTOPOHbI NOTPEOUTENN SHEPTUMN, KOTOPbLIM TaKo NPUOOP MOXKET 0OHAPYKUTD,
a B [Aa/ibHeMWeM MCMPaBUTb CUTYALMIO CHUMKEHUA KodpdUUMEeHTa MOLLHOCTU U apyrve npobsembl,
CBA3aHHbIE C MOHATUEM KayecTBa 3/IEKTPOSHEPTMM B LLMPOKOM CMbIC/IE.

KayecTBeHHble MapameTpbl UCTOYHMKA MUTAHMA, a TaKXKe dHepreTMYeckMe CBOMCTBA y noTpebuteneit
ONUCbLIBAIOTCA Pa3INYHbIMM 3HAYEHUSAMM U NOKa3aTeNAMKN. DTO UCCNeA0BaHNE MOXKET NPOJIUTb HEMHOTO
CBeTa Ha AaHHy 06s1acThb.

Kak yxe ynomuHanocb paHee, OTCYTCTBME CTAHZAAPTU3AUMM B METOAAX W3MEepeHus, BbI3BasO
3HAUUTEsIbHblE OT/IMYMUA B PACYETHbLIX 3HAYEHUAX OTAE/IbHbIX NMAPAMETPOB CETU NPU UCMOJIb30BaHUU
pa3nunyHbIx npmnbopos. Co3gaHHbIN CTapaHUAMW MHOTUX WHXKeHepoB, cTaHgapT TOCT 30804.4.30-2013
(IEC 61000-4-30:2008) 6bi1 NepBbiM TaKUM AOKYMEHTOM, B KOTOPOM MNpeAcTaBieHbl OYeHb TOYHble
MeTOAbl, MaTeMaTUyeckue 3aBUCMMOCTU U Tpebyemaa TOYHOCTb W3MEPEHWU aHaM3aTopoB
3NeKTpuYeckon sHeprnn. CooTBETCTBUE CTAaHAAPTY (B YAaCTHOCTK, Knaccy A) MMeNo Lenb AaTb rapaHTuio
NMOBTOPUMBIX M MNPAKTUYECKM OAMHAKOBbIX PE3yAbTaTOB M3MEPEHUA OJHUX M TeX e BeSINUUH,
n3mepaembix Npnbopamm pasnnMyHbIX NPoM3BOaUTENEN.

5.1.1 Kéctkue kaeu (CT) aAs1a u3mMepeHus: nepeMeHHOro Toka (AC)

HKécTkme ToKoBble Kaewm Tmna CT (aHrn. Current Transformer Clamps) — 3To npocto TpaHchopmaTop,
npeobpasyowmii 601blWON TOK MEPBUYHONW OBMOTKM B MEHbLLUMIA TOK BTOPUYHOW OBMOTKU. Ty6HKM
TUMWYHBIX TOKOBbIX K/JELLel BbINOJMIHEHbI M3 maTepuana ¢ GpeppoMarHUTHbIMU CBOMCTBaMK (Hanpumep,
’Keneso) ¢ HaMOTaHHOW BOKPYr HUX BTOPMYHOM 0BMOTKOW. MNepBUYHOM 0BMOTKON CTaHOBUTCA NPOBOA,
BOKPYr KOTOPOTro 3aKaTbl ry6KW Knewen uan, Kak nNpaBuao, oguH eaMHCTBEHHbIN BUMTOK. Ecam ceityac
yepes ucciegyemsiit kKabenb TeuéT Tok 1000 A, B 06MoTKe 13 1000 BUTKOB NOTeYET TOK 1 A (ecam ToNbKO
KOHTYP 3aMKHYT). B Knewwax ¢ BbIXOAOM NO HaMNPAXKEHUIO, WYHTUPYIOLWMIA PE3UCTOP HAaXOAMUTCA B CAMMX

IF‘Q I:':-I' 1

Puc.44. KEcTkme Knewwum ¢ BbIXOAOM NO HAMNPAXKEHUIO.

Kneuax.

3TOT TMN TpPaHCHOPMATOPaA TOKA MMEET HECKOJ/IbKO XapaKTepHbIX 0CObeHHOoCTel. MMM MOXKHO U3MepATb
o4YeHb 6OMblUME TOKM, OAHOBPEMEHHO NOTPebaAA Manylo MOLLHOCTb. TOK HamarHMYMBaHUA ABNAETCA
NPUYMHOM HEKOTOPOro cmelleHus ¢asbl (aecATble AOAM IPadyca), YTO MOKET MPUBECTU K HeboNbLUOW
NOrpeLwHoCT U3MEPEHUA MOLLHOCTM (0COBEHHO NpY Manom KoadouumeHTe moliHoCcTH). HegoctaTkom
3TOro TMMa KNeweln TakxKe ABNAETCA HacblleHWe cepaeyHUKa Npu U3MepeHnax odeHb 60/IbLINX TOKOB
(Bbllle HOMMHANbLHOrO [AManasoHa). HacblweHue cepfevyHUKa B pesynbTaTe fAB/EHUA MArHUTHOTO
rmcrepesunca BeAET K MOSABAEHMIO DOMbLIMX OWWMOOK U3MEPEHWIA, KOTOpble MOTYT 6biTb YCTPaHEeHbI
TONIbKO NYTEM €ro pasmMarHMumMBaHuA. TaKKe B CUTyauuKM, KOr4a W3MEpPSAeMmblii TOK COAEPKUT

85



3HAYUTENIbHYIO NOCTOAHHYIO COCTaBaAOWYO (DC), cepaedHuK noasepraeTca HacCblIWEHWNIO.
HeCcoOMHEeHHbIM HeAOCTaTKOM XeCTKMX Kﬂeu.I,Eﬁ ABNAETCA TaKXKe 3HaUYNTe IbHbIN BeC.

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

Bmecte ¢ dHa/N3aToOpoOM MOXKHO WMCNOZIb30BaTb chaeaylouwmne Kiaewmn Tuna CT pna n3mepeHunA
nepemeHHOro Toka:

e (-4, c HOMWHanbHbIM ananaszoHom 1000 A nepemeHHoro ToKa (AC);
e C-6A, c HOMMHaNbHBIM AnanasoHom 10 A nepemeHHoro Toka (AC);
e (C-7, c HOMMHanbHbIM gnanaszoHom 100 A nepemeHHoro Toka (AC).

5.1.2 TokoBble KjIely AJI1 H3MepPeHHs IepeMeHHOr0 U NOCTOsTHHOTOo TOKOB (AC/DC)

B HeKOTOpbIX cUTyaumax TpebyeTcs namepeHme NOCTOAHHOM COCTaBAAIOLWEN TOKA. [NA 3TOro A0MKHbI
6bITb MCMONBL30BaAHbI KAELWM C APYIMM NPUHLMNOM paboTbl, YeM TPAAULMOHHBIA TpaHchopmaTop TOKa.
TaKue TOKOBbIE KAelm UCNoNb3yoT Ppusmyeckoe ABeHMe, HasbiBaemoe 3dpdeKTom Xona, U CoaeprKaT B
CBOEM KOHCTPYKUMM AaTynk Xonna (Tak HasbiBaemblt XONNOTPOH). ITOT 3pdeKT 3aKaovaerca B
NOABNEHUN SNEKTPUYECKOTO HaNPAXEHNA Ha CTEHKAX NPOBOAHMKA, HAX0AALWErOCs B MAarHUTHOM NoJe U
KPOMe TOro 4yepes KOTOPbIA, TEYET 3I/EeKTPUYECKMI TOK B HamnpaB/ieHUW, NOMEPeYHOM K BEKTOpYy
WMHAYKLWUW 3TOrO NoJA.

ToOKoBble KAeLy, UCNOo/b3yoWwme 3TO ABIEHME, MOTYT U3MEPATb KaK NepeMeHHbIN, TaK U NOCTOAHHbIN
TOK. [pPOBOAHMK C TOKOM, MOMELLEHHbIN BHYTPU Khelwen, co3gaeT MarHUTHoe Moae, KoTopoe
COCPeflOTOYEHO B YKeNe3HOM cepAeyHMKe. B paspbiBe 3TOro cepaeyHuKa, B MecTe, rae obe yactm rybok
COeaMHATCA, HAXOAMUTCS NOAYNPOBOAHMKOBBIN AAaTYMK X013, @ BbIXOLHOE HanpAXKeHWe 3TOro faTymKa
YCUIMBAETCS 3/IEKTPOHHOM CXeMOW, 3aNUTaHHOM OT BaTapeliku.

Knewm sToro TMna, Kak MNPaBUAO, UMEIOT PYYKY PEryIMPOBKU HyAA TOKa. YTobbl €€ BbINOAHWUTD,
HeobXxoAMMO COMKHYTb rybku (6e3 npoBoaa BHYTPK) 1 MOBOPAUYMBATL PYUKY PEryaaTopa A0 AOCTUKEHUA
HY/1€BOro NoKasaTe/A NOCTOAHHOIO TOKa.

Knewamm Takoro tMna, Kotopble ceiyac npegnaraet Sonel S.A., apnstotca kKnewm C-5 ¢ HOMUHANbHbIM
AnanasoHom 1000 A nepemeHHoro Toka (AC) n 1400 A noctosHHoro Toka (DC). Knewm nmetoT Bbixog, no
HanNpPAXeHUo U ANA HOMUHaNbHOTO ToKa 1000 A BblAaloT Ha HEM HanpsxeHue 1 B (1 mB/A).

5.1.3 TI'mo6kue kjemu Porosckoro

Mbkue TOKoBble Kaewm (aHrn. Flexible Current Probes) paboTaloT coBepLIEHHO MO  ApPyromy
du3myeckoMy npuHUMNY, Yyem TpaHchopmaTop Toka. WX Hambonee BaxKHON 4YacTblo ABASETCA TaK
Ha3blBaeMas KaTyllKa Porosckoro, HassaHaa Mo UMeHU HemeuKoro ¢usnKa BanbTepa Porosckoro. 31o
BO34ylHan (6e3 cepaeyHMKa) KaTyllKa, 06BMTas BOKPYr NpoBoAa ¢ TOKom. CrneuunanbHas KOHCTPYKUUSA
KaTyLUKM NO3BONAET BbIBECTM 06a ee KOHLA C OAHOW CTOPOHbI, YTO MO3BOJSAET JIerKO 3aMKHYTb rMbKune
KNewu BOKpyr npoBoaa (06paTHbI KOHeL, pa3MmellléH BHYTPU KaTyLLKK No Bcel ee aAnnHe). TOK, npoxoas
no n3amepsaemomy NPoBoAY, CO3AaET KOHLUEHTPUYECKUE IMHUM MAarHUTHOTO NOAA U UCMONb3YA ABNEHUE
CaMOMHAYKUMUWN, HABOAMT SNEKTPOABVMNKYLLUYIO CUAY Ha KOHUAX KaTywku. OAHaKo, 3TO HanpsxeHue
NPOMNOpPLMOHANbHO CKOPOCTU U3MEHEHMA TOKa B NPOBOAHUKE, @ HE CAaMOMY TOKY.
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Puc.45. Katywka Porosckoro.

KaTywKka POroBckoro MMeeT HECKO/IbKO HEOCMNOpMMbIX MNPEUMMYLLeCTB MO  CPaBHEHUIO C
TpaHcopmaTopamm TOKa. Tak Kak OHa He MMeeT CepAeyHuKa, TO He OKas3blBaeT BAUAHUA ero
HacbIWEeHWA, cnegoBaTe/lbHO, OHa MMEeT OT/IMYHbIE BO3MOMKHOCTU A1A n3mepeHnsa 60blInX TOKOB. JTa
KaTyllKa TaKKe MMeeT NPeBOCXOAHYI0 IMHENHOCTb U LUMPOKYIO MOJI0CY MPOonycKaHusa, ropasao 6oblue,
YyeM y TOKOBbIX TPaHCPOPMATOPOB, a B CPaBHEHUMN C HUMM TaK}Ke MMEET ropas3ao MeHbLLMI Bec.

OfHaKo A0 HepaBHEro BpeMeHu rmbKme TOKOBbIE Kaeln nmenn npobaembl C pacluMpeHmMem 3KCnaHcum
B 061acT¥ M3mepeHus Toka. MoToMy YTO cylLecTBYIOT onpeaesiéHHble GpakTopbl, KOTOpblE 3aTPYAHAIOT
MPaKTUYECKYIO Peannsaumio U3MepuTeNbHON CMCTEMbI C KaTyLKoi Porosckoro. OgHUM M3 HUX ABAAETCA
OYeHb HU3KMIA YPOBEHb HaMNPAXEeHMWs, KOoTopoe WHAYUMpyeTcA Ha Knemmax (OHO 3aBuCUT OT
reomMmeTpUYECKUX Pa3mepos KaTywku). Hanpumep, BbixogHoe Hanpsa»eHue Ha YactoTe 50 My, 4nsa rubkmx
Knewen cepun F-x (A) (Mpu Mcnonb3oBaHMKM C aHanM3aTtopom) coctasaseTt okoso 40 mkB/A. Takue
HU3KME YPOBHM HaNpPAXKEHUN TPEOYIOT NPUMEHEHNA NPELM3UOHHbBIX U MAaNOLWYMALLMX YCUAUTENEN, YTO,
KOHEUHO, NPUBOAMT K YBENNYEHUIO PACXO40B.

MOCKONbKY BbIXOAHOE HanpAXKeHWe NPonopPLMOHANLHO NPOU3BOAHON TOKA, HEOBXOAMMO MPUMEHEHUe
WMHTerpupyowen uenu; obblMHO NpoaaloTcs TMOKMe TOKOBble KAelwM, COCTOAWME M3  KaTyLKM
PoroBckoro, coegMHEHHOW CO CXeMOW aHafioroBOro WMHTerpatopa (TMNUYHBIM MoAy/Nb NUTaeTca oT
6aTapeiku). Ha BbixoAe WHTErpaTopa y)Ke MOABAAETCA CUTHAA HaNpPAXKEeHWs, MPOnopLUOHanbHbIN
N3MepsaemMoli Cuie ToKa U, KpOMe TOro, COOTBETCTBYIOWMM 06pa3som oTKanMbpoBaHHbIV (Hanpumep, 1
MB/A).

Eweé ogHa np06neN\a, KOTOpaa CONpoOBOXAAeT KaTyLWKy POroBCKOro, aTo YyBCTBUTE/IbHOCTb K BHELIHEMY
MarHMTHoOMy nost. MaeanbHana KaTywkKa JOMXKHA 6bITb 4YyBCTBUTE/IbHA TOJIbKO K MO0, OrpaHN4YeHHOMY
3aMKHyTOVI naowaablo KaTyWKKWM U coBepLIEeHHO NOAaBNATb BHEWWHWE MarHUTHble MoAA. OkasbiBaeTcs,
YTO 3TO OYEeHb CNOXHaA 3ajadva. EAMHCTBEHHbIM cnocobom nony4yeHnAa Taknx CBOWCTB AB/AAETCA OYEHb
TOYHOE M3roToB/sieHMNE KaTyLWKHU, C Mp,eaanoﬁ OAHOPOAHOCTbIO HAMOTKN N KaK MOXXHO 6onee HU3KUM
nmnegaHcom. MMeHHO BbICOKAA TOYHOCTb U3roTOBAEHUA KaTyUJe‘JHOVI 0OMOTKM HECET OTBETCTBEHHOCTb
33 OTHOCUTE/IbHO BbICOKYIO CTOMMOCTb TaKUX rMBKNX KﬂGLLI,EVI.
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5.2 MepuaHnue cBeta (piukep)

AHraniickoe cnoso flicker o3HayaeT mepuaHue. B OTHOWEHMW BOMPOCOB, CBA3AHHbLIX C KAa4yeCTBOM
3HEepruum, 03HavaeT ABieHNe NepmnoanNYecKoro MU3SMeHeHNA MHTEHCUBHOCTM CBETA, B CBA3U C U3MEHEHMEM
HaNpPAXEHUs NUTaHMA TAMMOYKM OCBELLLEHUS.

®PYHKUMA M3MepeHMA 3TOro MepuaHMa MNoABWUIACb B aHA/IM3aTOPE KayecTBa 3/1EKTPO3HEPrMn, Koraa
BbIACHM/IOCb, YTO 3TO fAB/EHME MPUBOAUT K YXYALIEHUIO CaMOYYyBCTBUA, pPasfAparKeHuto, WHoraa
ronoBHo 60snn u T.4. KonebaHMs WMHTEHCUMBHOCTU CBETA, AOJ/IKHbI MMETb BMOJIHE ONpeaesiEHHYI0
YacToOTy, OHWU He MOTYT ObITb CIULIKOM MeA/IeHHbIMW, MOTOMY YTO TOTA4a YE/NI0BEYECKUI 3PAYOK CMOMKET
af4anTMpoBaTbCA K M3MEHEHUSIM OCBELLEHHOCTU; HEe MOryT ObITb CAMLWKOM ObICTPbIMKU, MOTOMY YTO
MHEePUMA HUTU TaMNOYKM HaKaIMBAHNA MOYTU NOJHOCTbIO CrNaXKUBAET 3TU U3MEHEHMA.

NccnenoBaHUA MOKasann, 4TO MaKCMMyM HeyaobCTB BO3HMKaeT Ha 4acToTe OKOJ/0 9 M3MeHeHU B
cekyHay. Hambonee 4yBCTBUTE/bHbIMM WMCTOYHMKAMU OCBELLEHMA OKa3a/MCb TPAAUUMOHHbIE Namnbl
HaKa/nBaHMA C BOJIbPPAMOBOI cnupasnbio. [asoreHHble flamnbl, CNUPann KOTopbiX MmeloT 6onee
BbICOKYIO TEMMEpPaTypy, MMET TaK¥e HamHoro 60nbluylo  WMHepUMio, KOTopas  CHUMKaeT
BOCMPUNUMUYNBOCTb Y€/0BEKOM U3MEHEHUI APKOCTU. Jlyylled «COMpPOTUBAAEMOCTbIO» K MepLaHuio
XapaKTepU3yloTcA  JIIOMUHECUEHTHbIE  flamMbl, HeKoTopble crneuuduyeckme CBOWCTBA KOTOPbIX
CTabuNnM3MPYIOT TOK, MPOTEKAOWMA Yepe3 NamMny MPpyv M3MEHEHUM HamnpsXKeHus M, TeM CaMbIM,
YMeHbLUAT KoniebaHuA CUAbl CBETa.

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

AnvTenbHblt Py (aHrn. long term), 3HayeHMe KOTOpPOro onpenensetca Ha OCHOBe craeaytowmx 12

3HauyeHuA Py, TO ecTb Kaxaple 2 Yaca. [iMTenbHoe Bpems U3mepeHUa BbiTeKaeT HenocpeacTBeHHO U3
MeA/IEHHO MEHSIOLLErocs XapaKkrepa fAB/leHMA — 4Tobbl cobpaTb AOCTOBEPHYIO BbIBOPKY AaHHbIX,
n3mepeHue A0MKHO 6biTb ANUTENbHbIM. Pyt paBHoe 1 cuMTaeTca 3HayeHneM, KOTOPOoe NeKUT Ha rpaHuLe
BOCMPUATUA - KOHEYHO YYBCTBUTE/IbHOCTb K MEPLLaHUIO OTAMYaeTCA Y PasHbIX oAeit; NpUHATUE 3TOro
nopora ciefyeT U3 TecToB, NpoBeA&HHbIX Ha HEKOTOPOM penpeseHTaTUBHOW rpynne Aoaein.

A 4TO ABNAETCS NPUUYUHOM BO3HUKHOBEHWS ABNEHUS MepLaHMa cBeTa? Yawe BCero UCTOYHUKOM
ABNAIOTCA NPOBasjibl HaMNPAXeEHUA B pe3y/ibTaTe MNOAKAYEHMA M OTKAKYEHMA Harpysku 60AblUoi
MOLLLHOCTU M HEKOTOPbIN YpOoBeHb MepLaHuA MPUCYTCTBYET B 6OMbLUIMHCTBE ceTu nuTaHuA. Momumo
BbllleonMcaHHOro, HebnaronpuaTHOe BO3AENCTBME Ha NOAeW He [O/MKHO 6biTb (M, 06blYHO, He
ABNAETCA) CMMNTOMOM HenosnadoK Hawero obopyaosBaHua. Ho ecin B ceTu HabaogaeTca A0BO/bHO
BHE3anHoe N HeobbACHMMOE NOBbILIEHWE YPOBHA MepLaHMaA cBeTa (PoCT 3HauYeHUA Ko3pPUUNEHTOB Py
M Pi) HM B KOEM cnydae He Hafo 3TOro UFHOPMPOBaATb. ITO MOMKET OKa3aTbCA, YTO MepLLaHMe BO3HUKAET
M3-3a MAIOXMX COEAMHEHWA B cCUCTEME — MOBbILIEHHOE MageHWe HanpAXeHua Ha CoeAMHeHMAX B
pacnpeenntenbHOM LWMUTKe (Hanpumep), BbI3OBYT Bosblune KonebaHUA HanpsaXKeHUs Ha notTpebutensx,
TAKUX KaK /NlaMNoOYKM HaKanusBaHua. [lageHue HanpsKeHUs Ha CcoeAMHEeHUAX OOHOBPEMEHHO
CNoCOBCTBYIOT UX Harpesy, 3aKaH4YMBaKOLLEMYCA UCKPEHUEM W BO3MOMKHO NoMKapom. lNepuoanyeckune
NPOBEPKN CETU U ONMUCAHHbIE CUMMNTOMbI MOMOTYT NPUBAEYb BHUMaHUE U HAWTU UCTOYHUK YrPO3bl.

5.3 H3MepeHMe MOLHOCTHM U 3HEPIrUuU

MoLWHOCTb ABAAETCA OAHMM U3 Haubosiee BaKHbIX MapaMeTpoB, OMNpeaenslolmx CBOMCTBA
aNeKTpuyecknx ueneii. OCHOBHOW BENIMYMHON, NeXalel B OCHOBE (GUHAHCOBBLIX PACYETOB MeEKAy
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MOCTaBLMKOM U NoayYaTesIeM, ABISETCA 3/1EKTPUYECKAsA IHEPrus, paBHasa NPoM3BeSeH 0 MOLLLHOCTU Ha
Bpems.

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

e  AKTMBHaa MoWHOCTb (aHrn. Active Power) o603HaueHa 6yKkBoii P n nsmepsemas B Batrax;
e PeakTMBHas MolHOCTb (aHrn. Reactive Power) o6o3HayeHa Q, eauHuMLUa Bap;
e [lonHaa mouwHocTb (aHrn. Apparent Power) S, eauHuua BA.

Tpu BbillenepeyYncaeHHbIX BUAA MOLLHOCTU ABAAIOTCA Hanbosnee M3BECTHbIMK, HO 3TO HE O3HA4aeT, 4YTo
CMUCOK MOLI.I,HOCTEVI Ha 3TOM 3aKaH4YMBaAETCA.

B wkKone y4yaT, 4YTO 3TN BbllEeyKa3aHHbleE MOLWHOCTU 06pa3yl0T TPeyrosibH"nK MOLLI,HOCTGVI, CBOWCTBA
KOTOPOTO Bblpa*aeT ypaBHEHUE:

P2 + Qz = 52
OaHaKo, 3TO ypaBHEHME CMpaBed/iMBO TOJIbKO AN CUCTEM C CUHycouMaasbHON ¢GOPMOM TOKOB U
HanpsaxeHuin. MNepea Tem, Kak nepentn K bonee noApobHOMY 0b6CYKAEHUIO BOMPOCOB, CBSA3AHHbLIX C
N3MEPEHMAMM MOLLHOCTM, HEOHXOAMMO CHayana onpeaenntb PasanNyHble MOLLHOCTHU.

5.3.1 AKTHBHas MOIIHOCTb

AKTMBHAA MOLLHOCTL P B cTporom ¢u3MYECKOM CMbICAE ABAAETCA Be/UUYMHON, BblparkaloLlei
CNOCOBOHOCTb CUCTEMbI ANA BbINONHEHUS ONpeAenéHHOoM paboTbl. ITa MOLLHOCTb Haumbosee
}enatenbHas Ana notpebutenei sHePrMM U UMEHHO 3a MOCTaBAAEMYIO aKTMBHYHD MOLLHOCTb B
pac4éTHOM nepuoge nojaydaTenb MAATUT MOCTaBLUMKY 3NEKTPO3HeprMm (oTaenbHo obcyaaercs
npobnema AONONHUTENbHOW OMNAaTbl 33 PEaKTUBHYID MOLLHOCTb). MMEHHO aKTMBHaA MOLWIHOCTb (M,
cnenoBaTeNbHO, aKTUBHaA 3HEPrua) M3MepseTcA CYETUYMKAMU SNEKTPUUECKON SHEPrMu B KarKAoM
AOMallHem Xo3siicTee.

OcHOBHas GopMyna A/19 pacyeTa aKTUBHOMN MOLLHOCTM CeAyIOLLan:
t+T
1 .
p= —f w(®)i(e)dt

T
t

roe: u (t) - MrHoBeHHoe 3HaYeHue HanpAMKeHus, i(t) - MrHoBeHHoe 3HauyeHue Toka, T - nepuoga, 3a
KOTOPbIA PaccyMTbIBAETCA MOLLHOCTb.

B cmHyconpanbHbIX cMCTEMax akTUBHYIO MOLLHOCTb MOXHO paccumnTaTh, Kak:

P=U-I-cos ¢
roe: U — peictBylouwee (cpegHeKBaapaTUYHOE) 3HAYeHME HanpsxKeHusa, | — aeinctsylollee

(CpEAHEKBaApaTM‘-IHOG) 3Ha4YeHne TOKa, a (p —yron casura ¢a3b| mMeXay HanpAaXeHnem M TOKOM.

AHanmaaTop BbIHUCNAET aKTUBHYHO MOLLHOCTb HENOCPEACTBEHHO NO d)opN\yne C MHTEerpasiom, ncnosib3yAa

M
1
P = MZ UiIi
i=1

OTCYETblI CUTHANN0B HAaNpPAXeHNA N TOKa:
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rae M — 4ncio OTCHETOB B OKHe n3mepenus 10/12-nepuonos u coctasnsaer 2048, Ui u li asnaorca

nocnenoBaTtesibHbIMM OTCHETaMMU BbI60pKM HanpAaXeHnAa n ToKa.

5.3.2 PeakTHBHaf MOIHOCThb

Hanbonee n3BecTHaa dopmyna ons PeakTUBHOM MOLLHOCTM AeNCTBUTENbHA TOMbKO A1A 04HOGA3HbIX
uenemn ¢ CMHyconaanbHoM GOPMOI HaNPAXKEHUA M TOKa:

Q=U-Isin @
MHTepI'IpETaLI,VIﬂ aTomn MOLWHOCTN B TaKMUX CUCTeMaxX 3aK/K4YaeTcA B caeaywowem: 3TO amMnantyaa
I'IEPEMEHHOﬁ COCTaBﬂﬂPOU.LeVI MTHOBEHHOW MOLWHOCTU Ha 3a*XMMmax WUCTOYHUKaA. CyLLI,ECTBOBaHMe
HEeKOTOpPOro HeHynesoro 3HayeHuA aTomn MOLWHOCTKN cBUAeTenbCtByetrT O ABYXCTOPOHHEM WU
KosiebaTenbHOM NepeToKke aHeprmmn mexxay MCTO4HHUMKOmM “ I'IpMéMHMKOM.

MpeactaBum cebe oaHodasHyl ceTb C CUMHYCOMAANbHBIM MCTOYHMKOM HaMpPAMKEHMUs, HarpysKoM
KoToporo asasetca RC-uenb. Tak Kak B TaKMX YCAOBUAX 3TU 31eMeHTbI BeayT ceba NMHelHo, npoTeKaHue
TOKa WCTOYHMKA ByaeT MMeTb CUMHYCOMAaNbHbIA XapakTep, HO M3-3a CBOWMCTB KOHAeHcaTopa, TOK
CMelLLaeTcAa OTHOCUTENIbHO HanpAXKeHUA UCTOYHMKA. B 3TOI cxeme peakTUBHaA MOLLHOCTb Q OT/AMYHA OT
HYNA M MOKeT BblTb MHTEPMNPETUPOBaHa KaK aMnantyaa KonebaHuit sHeprum, Kotopas nonepemeHHo
HaKanIMBaeTca B KOHAeHcaTope M OTAAETCA MCTOYHMKY. AKTMBHasA MOLLHOCTb KOHAEHcaTopa paBHa
HYAO.

Ho, KaK BblAcHAETCA, ABNEeHNE KoebaHMA SHePrMM ToNbKO KaxkeTca 3ddeKTom, Aa 1 TO NPOUCXOAALLNM
B 0COBbIX CAyyaAx Uenei ¢ CUHycouaanbHol GoOpPMOoi TOKOB M HaMPSXKEHWUI, a He NpUYMHA NOABAEHUA
peakTMBHOM Mol HOCTU. MNpoBeaéHHbIe B 3TON 061aCTU UCCeA0BaHMSA, NMOKa3bIBAlOT, YTO PeaKTUBHasA
MOLLLHOCTb MOABAAETCA TaKKe N B CXemMax, B KOTOPbIX He BO3HMKaeT HUKaKUX KosnebaHuii sHeprun. 3T1o
YyTBEpPXKAEHMNE, KOTOpPOE MOXKET YAUBUTb MHOIMMX UHXKeHepoB. B HOBbIX MNybAMKauMAX, Kacalowwmxca
TEOPUMU MOLLHOCTU, eAMHCTBEHHbIM (U3MYECKMM SBJIEHMEM, KOTOpOe BCEeraa COoMPOBOXKAAETCA
HanuuMem peakTUBHOMN MOLLIHOCTU, ABAAETCA CABUT $a3 Mexay TOKOM U HamnpaXKeHUeMm.

YKasaHHaa Bbiwe &opmyna AAA pacyérta peakKTUBHOM MOLLHOCTM [eWCTBMTENIbHA TOJ/IbKO  AAA
CUHYCcOMAaNnbHbIX ogHOdasHbIX Lenein. Bo3HMKaeT BONPOC: KaK pacCYMTbIBAETCA PeaKTMBHAA MOLLHOCTb
B HECMHYCOMZA/bHbIX CMCTeMax? ITOT BOMPOC OTKPbIBAaeT MPecnoByTbi «AWMK MaHgopbl» B chepe
3NEKTPOTEXHUKM. OKA3bIBAETCA, YTO onpeaesieHne PeakTUBHOMW MOLHOCTU B peanbHbIX cucTemMax (a He
TO/IbKO B WAE3aNN3NPOBAHHbIX), ABAAETCA NPegMeTOM CMOPOB M B HacToslee Bpemsa (Ha 2018 roa) He
CyLLeCTBYET eAMHOro M obLlenpuM3HaHHOIro onpeaesieHna PeakTUBHOM MOLWLHOCTM B CUCTEMAX C
HecMHyconaanbHoM GOPMON HaNpPAXKEHUA U TOKA, AAXKe He roBOpPSA Y¥Ke 34eCb 0 HecbalaHCUPOBAHHbIX
TpéxdasHbix Lensax. B ctaHaapte IEEE (MexkayHapogHo accoumanmMm MHXEHEPOB NO 3/1EKTPOTEXHUKE U
3NEeKTPOoHUKe) noa Homepom 1459-2010 (ot 2010 roga) ANA HECUHYCOMAANbHOMN TpexdasHOM Lenu Mbl
He Halgém dopmynbl ANA NONHOM pPEaKTUBHOM MOLLHOCTM — KaK TPU OCHOBHbIE MOLLHOCTM
nepeyncsieHbl: aKTMBHAA MOLLHOCTb, MOJHAs M, BHMMAHWe, HeaKTMBHas, obo3HavyeHHas 6ykson N.
PeaKTMBHYIO MOLLHOCTb OrpaHMYeHa TO/IbKO OCHOBHOM rapMOHMKOM TOKa U HanpAXKeHUsA U 0603HaveHa

Q1.

yI'IOMFIHyTbIﬁ CTaHOAPT ABAAETCA nocnegHMm AOKYMEHTOM TaKOro poda, BbinyweHHbIM HpMSHaHHOﬁ
opraHmsaumeﬁ, KOTOprﬁ AOTXKeH 6bIn ynopAaao4nTb TeMaTUKy, KaCalollyroca onpeaeneHna MmOWHOCTHU.
310 6blN0 Tem Gonee HeO6XO,CI,MMO, 4yToO B Haquoﬁ cpene yxe MHOro net pas3garTcAa rosioca, 4to
ncnonblyemblie OO0 CUX NOP onpegeneHnAa MOryTt AaBaTb ownbBOoYHbIE pe3ynbTaThbl. CI'IOpr KacCanucob,
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npexae BCero, onpeaeeHns PeakTMBHON MOLLLHOCTU U NOHOW (a TaKKe MOLLHOCTU UCKAXKEHUH, O Yem
no3e) B 04HO- M TPEXPa3sHbIX LLEenAX C HECUHYCOMAaNbHOM GOPMOI HaNPAXKEHMA U TOKa.

B 1987 roay npodeccop L. Czarnecki gokasan owMB0YHOCTb LMPOKOPACAPOCTPAaHEHHOO onpeaeneHns
peakTMBHOM MOLLHOCTM No Budeanu, To ecTb onpeaeneHns, KOTOPOE Mo Cel AeHb Npenoaaércsa Bo
MHOTUX TEXHUYECKMX LWKOAAX. ITO onpeaeneHne 6b110 BnepBble NpeacTasneHo npodeccopom Budeanu
B8 1927 roay v umeeT cneayowmin BUA,:

Qp = Z Upnly sin @,
n=0

roe Uy u |, ABNAIOTCA BbICLUMMKM FAaPMOHMKaMM HanpaxeHus M TOKa Mopsafka n, a @, yrnamu

mexagy sTMuMmM KOMMOHEHTaMM.

TaK Kak BBeAEHME 3TOM BENNYNHBI 03HAYA/O, YTO U3BECTHOE YPAaBHEHMA «TPEYrosibHMKA MOLLHOCTU» He
BbINONHAETCA ANA LUenel ¢ HecMHyconganbHbiMmn Gopmamm curHanos, Budeanu BBEN HOBYHO BEIMYMHY,
Ha3bIBAaEMYIO MOLLHOCTbIO UCKAXKEHUA:

Dy = \/52 — (P2 +Q5%)

MOLLHOCTb UCKaXKeHUA [0MKHa Bblna NpeacTaBAATb B CUCTEME MOLLHOCTb, BO3HMKAIOLLYIO BCAeACTBUE
NCKaXXeHNn GOPMbl HaNpPAMKeHMA N TOKa.

PeaktBHas MoWHOCTb 6blia B TeYeHWE MHOTMMX NeT CBA3aHa C KO/ebaHUAMU 3SHEpPrum Mexay
MCTOYHMKOM WM HarpysKoi. Kak BUAHO M3 popMy/ibl, peakTUBHaA MOLLHOCTb No onpeaeneHuto Budeanu,
ABNAGTCA CYMMOW OTAE/IbHbIX FAPMOHUK PeaKTUBHOW MOLLLHOCTU. M3-3a daKTopa Sin ¢ 3TV KOMMOHEHTbI
MOrYT BbITb NOMIOXUTENbHBLIM UAN OTPULATENbHLIM B 3aBUCMMOCTM OT Yrna Mexay HanpsKeHuem u
TOKOM TapMOHUKK. Takmm 06pasom, BO3MOXKHa CUTyauums, Korga obuan peaktuBHas mouwHocTb Qs
6yaeT paBHa HyNlO NPW HEHYNEeBbIX KOMMOHEHTaX rapMoOHMK. HabnalogeHwe, 4To Npu HeHyNeBbiX
COCTaBAAOWMX CYMMapHan peakTUBHaA MOLLHOCTb MO 3TOMY OMpeaesieHNI0 MOXET BbiTb paBHa Hy/Io,
ABNAETCA KNoUYoM ana 6onee rnyboKoro aHanmsa, KOTOPbI B KOHEYHOM CYETE, MO3BOUA AOKA3aTb, YTO
BefimumHa QB MOMKeT [faBaTb B HEKOTOPbIX CUTyaUMAX COBEPLIEHHO HeOoXWAaHHble pesyabTaTbl.
MpoBeaéHHble UcCAeA0BaHNA CTaBAT No4 COMHEHME LIMPOKOPACNPOCTPaHEHHOE yBeXxaeHMe, YTo ecTb
KaKana-To CBA3b MeXA4y KonebaHMAMM 3SHeprum U pPeakTUBHOW MoliHOCTbio Budeanu QB. MorKHO
NPMBECTM MPUMEPLI LLeNei, B KOTOPbIX, HECMOTPSA Ha CyllecTBOBaHME KosiebaTeNbHOro Xapakrepa
MFHOBEHHOW MOLLHOCTK, PeakTUBHaA MOLLHOCTL Mo onpegeneHnio Budeanu pasHa Hyno. Ha
NPOTAMKEHUN MHOTUX /IET YYEHbIE HE MOI/IN CBA3aTb C PEAKTUBHON MOLLHOCTbIO B COOTBETCTBUMN C 3TUM
onpeaeneHnem, HUKakoro GuU3nMYecKoro ABAEHUA.

MNepeyncaeHHble BbllWe COMHEHMA, B NPaBU/IbHOCTM 3TOro onpeesieHnA MOLWHOCTU, KOHEYHO, 6pOC3POT
TeHb, Ha CBA3aHHYIO C HeWn MOLWHOCTb MCKa*eHUnA Ds. Hayanu wuckatb oTBeT Ha BOMNpocC, 6yp,eT J'IVI
MOLWHOCTb UCKaXKeHunA Ds Ha camom aene  ABNATbLCA Mepoﬁ NCKaXKeHUM npoueccos B
HeCnHyconaasbHbIX LeNAX. NcKaxkeHnem mbl HasblBaem CUTyauuto, Korga d)opmy CUTrHana HanpAaxXeHuA
He yAaeTCcA «HaNOoXWUTb» Ha d)oplv\y NpoTeEKaOWEro Toka C NOMOLWbHO ABYX onepau,m‘/’l: Nn3mMeHeHmne
aMmnanTyabl n cCaBur no BpemMeHu. ﬂ,pyFMMM cioBamu, eCnm BbINOJZIHEHDI Cieayouine yCnoBuAa:

u(t)=Ai(t-rt)
TO HanpAaxeHue He UCKa*XeHO MO OTHOWEHUK K TOKY. B Cc/lydae CUHYCOMOANbHOIO HanNpAaXeHuna u
Harpysku, asasawollelica ntoboit KombuHauuei anemenTos RLC, 3To ycnosue Bcerga BbinonHAeTca (ans

CMHyCcoOnaanbHOro npouecca 3TN 3N1EMEHTbl COXPaHAKOT ﬂMHEVIHOCTb). OpHako, Koraa d)opN\a
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Hanps»KeHUs y)Ke MUCKaxkeHa, Harpyska RLC He obecneuyvBaeT HEWCKAXKEHHOTO TOKa, OTHOCUTE/IbHO
HaMNPAMKEeHNA U YyKe He ABAAETCA /IMHEWHOM Harpyskol - Heob6XoAMMO BbIMOAHEHME HEKOTOPbIX
OOMONHUTENbHbIX YCN0BUA (COOTBETCTBEHHO C YacTOTOM MEHAKTCA MOAyNb WM ¢asa wmnegaHca
Harpyskm).

N nostomy, AeNCTBUTENBHO NM MOLLHOCTbL DB aBNAeTca mepoit UCKaxKeHnin? K coxKaneHuto, B laHHOM
C/lyvae TaKXKe OKa3anocb, YTO Teopus MOLLHOCTM Mo Budeanu pasouvapoBbiBaeT. bblio goOKasaHO, 4TO
MOLLHOCTb MCKaXeHWsi MOKeT ObiTb paBHA Hy/l0 B CUTyauuK, Korga HanpsyKeHWe MUCKaXKeHo
OTHOCWUTE/IbHO MPOTEKAIOWEro ToKa, U1 HA0BOPOT, MOLLHOCTb UCKAXKEHUA MOXKET ObITb HEHYNEBOM MpU
NMOJIHOM OTCYTCTBUMN UCKAXKEHUN.

MpaKTUYECKUA acneKkT TEOPUN MOLLLHOCTM, KacaroLWminca noBblileHns KoadppuumeHTa MOLLHOCTU Lenen ¢
pPeaKTUBHON MOLLHOCTbIO, AO/IKeH ObiTb Tem ¢GaKTOpOM, KOTOpbli 6Oosblue BCEro BbiMrpaeT oT
NpaBUALHOIO onpeaefieHna PeakTUBHOMW MOLWHOCTU. MMONbITKM KOMMEHCAUUM, Ha OCHOBE PEAKTUBHOM
mouHocTM Budeanu M cBA3aHHOM C Hell MOLLHOCTbIO MCKAXKEHWIA He yaaaucb. ITU BEJIMYMHbLI He
NMo3BONAIOT Aaxe MPaBUIbHO paccyMTaTb KOMMEHCUPYIOWY0 EMKOCTb, Aoy MaKCMMasbHbIM
KoaddUUMeHT MmowHocTU. [loxoauno p[axe [0 TOro, 4YTO TaKMe TMOMbITKM  3aKaH4YMBaNMUCb
[OMOJIHUTE/IbHbIM YXYLLIEHUEM 3TOro NoKasaTtens.

MOXHO 3aZaTb BOMPOC: KaK CTa/Io BO3MOKHbIM, YTO TeOpMA MOLHOCTK Budeanu cTana Tak nonynspHa?
MPUYUH MOXKeT BbiTb HECKONbKO. Bo-nepBbiX, NPMBbIYKA MHXKEHEPOB K CTapoMy OnpeaefieHuto U He
M3MeHAeMan MHOro NeT nporpamma obyyeHusa B WKone. ITo $haKkTop YacTo HeAoOLEeHUBAaeTCA, HO, Kak
onpasfaHMe MOXHO OTMETUTb, YTO 3Ta TEOPUA Ha NPOTANKEHUN 60 NeT He A0XKAaNacb ONPOBEPIKEHUS.
Bo-BTopbIX, B 20-X rogax MNpPOLAOro BeKa He 6bl10 U3MepuTeNbHbIX NPUBOPOB, KOTOpble AaBanau
npeacTaBneHne o6 oTAeNbHbIX TAaPMOHUYECKUX COCTaBAAIOWMX HAMpPSXKEHUA M ToKa, NosToMy 6blo
TPYAHO MNPOBEPATb HOBble TEOpUU. B-TPeTbUX, WCKaKeHUs OpPMbl TOKOB M  HaMpAMKeHuin (u,
cnefioBaTesIbHO, BbICOKOE cOoAepKaHWe TrapMoOHMK), 3To 3dpdeKT peBoaoUMM B 3EKTPOIHEepreTuke,
KOTOpas Hayasacb TO/MIbKO BO BTOPOM MOJIOBUHE MNPOWIOro BeKa. Havyanu KpynHomacwTtabHo
MCNO/b30BaTb TUPUCTOPLI, yNpaB/asdemble BbiNnpaMUTENM, NpeobpasoBatenn u T.4. Bce aTn aelicteus
COMPOBOMAANNCb OYeHb OBONbIIMMU MUCKAKEHUAMM TOKOB B CeTAX MMTaHUA, a CcnenosaTesibHo,
NOBbILUIEHWEM YPOBHSA TAPMOHMYECKMX WCKaKeHM. ToNbKO TOr4a Hayaau ouwyllaTb HeAoCTaTKU B
Teopun molLHocT Budeanu. HakoHeu, B-4eTBEPTbLIX, B CBA3AHHOMN C SHEPreTMKON Hay4yHoM cpege Obin
OCO3HaH TOT aKT, 4YTO MPOMbILI/IEHHbIEe MpPeAnpPUATUA WHBECTUMPOBAAM LeNble COCTOAHMA B
NHOPACTPYKTYPY U3MePEHUA (CYETUMKM NEKTPOIHePruK). Jltobble M3MEeHEHMA B STOM OTHOLLEHUN MOTYT
MMETb OrPOMHbIe GUHAHCOBbIE NOC/EACTBUA.

Tem He meHee, Mef/IeHHbIE U3MEHEHMSA B CO3HAHMMN UHIKEHEPOB-3/IEKTPMUKOB CTanu BUAHbI. C TeyeHnem
NeT Bce yYalle BO3HMKaAW HeAWHeWHble Harpy3sku M Npoueccbl C o4eHb BOMbLIMMU UCKaKEHUAMMU,
HEBO3MOXHO BbIN10 Aanblie TeprneTb OrpaHUYeHUn B NpUMeHaemMbix Gopmynax.

OuyeHb 3HauYMMbIM cobbiTem cTana nybamkauma B 2000 rogy opraHmsaumelt IEEE ctaHgapta 1459,
Ha3BaHWe KOTOPOro 3BYy4YMT TaK: «OnpeseneHna gaa U3MepPEeHUn BeSIMUNH, CBA3AHHDBIX C 3/1IEKTPUYECKO
MOLLHOCTbIO B CUHYCOMAANbHbIX, HECUHYCONAANbHbIX, CAMMETPUYHbIX U1 HECUMMETPUYUHbBIX YCAOBUAXY.
BnepBble peaKTMBHAA MOLLHOCTb MO onpeaeneHunto Budeanu okasanacb B rpynne peKkomeHAyemblX
onpeaeneHnin, KOTopble He AO0/KHbI MCNOAb30BaTbCA B HOBbIX CYETUMKAX MOLLHOCTM U PEAKTUBHOM
SHeprun. TaKxe BWUOHO OblIO pasgeneHMe MHOMMX BEIMYMH Ha Te, 4YTO CBA3aHbl C OCHOBHOM
COCTaB/AIOWEN TOKa M HAMpsXKeHusa (nepBas rapmoHWKa) M APYrMMU BbICLUIMMMW TapMOHMKamu. B
6O/IbIUMHCTBE C/ly4aeB CUYUTAETCHA, YTO MNOJIE3HAA 4YacTb IHEPruM nepenaérca TOJIbKO € MOMOLLbIO

cocTasnaowmx 50/60Mu, Npy ropasgo MeHbLIEM M YacTo BPEAHOM YYacTUM BbICLLUMX FAPMOHMUK.
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B CTaHAapTe TaKXXe NoABuU/1aCb HOBaA BE/IMYNHA — HEAKTUBHAA MOLWHOCTb N, KOTOpaAa npeacrasadaeT Bce
HeaKTUBHblE KOMMNOHEHTblI MOLHOCTH:

N = /52 — p2

PeakTMBHasA MOLLHOCTb ABAAETCA OAHOM M3 COCTABAAIOLMX HEAaKTUBHOM MowHocT N. B ogHOda3HbIxX
LenAx ¢ CMHYCOMAANbHBIM HanpAxKeHnem 1 Tokom, N paBHO Q, NOSTOMY B HEAKTUBHOM MOLLHOCTU HET
Apyrux coctasnsaowmx. B TpéxdasHbix Uensax TaKoe CBOWCTBO MMEHT TOJbKO CUMMETPUYHbIE
CUHYCOMAANbHbIE CETU CO COaNAHCUPOBAHHOMN YNCTO PE3UCTUBHOM HarpysKoun.

Cnepylolwme CcoCTaBAAlOWME HEAKTUBHOMW MOLWHOCTM  CBA3aHbl C KOHKPETHbIMWU  PpU3MYECKUMM
asneHnamu. Mo Teopum npodeccopa Czarneckiego, ogHOMY M3 NyylIMX OBBACHEHUI PU3MYECKUX
ABNEHUI B TpéxdasHbIX Lensax, ypaBHEHNE MOLHOCTU B TaKMX CUCTEMAX MOXKHO 3anmucatb Cleayowmm
obpasom:

S?=P?+D*+Q*+D,°

Ds — aT0 MOLWHOCTb pacceAHunA, KOTOpaAa NoABNAETCA B CUCTEME, B pe3y/sibTaTeé U3IMEHEHUA
aKTUBHOM NPOBOAMMOCTU HArpy3KM BMecTe ¢ U3SMeHeHMeM 4acToTbl. Taknum o6pa30N\, Haan4yune B
Harpyske peakTuBHbIX 3/1eMeHTOB MOXeT NpMUBEeCTU K NOAB/IEHUIO MOLHOCTU pacceAHnA.

PeakTBHas MoOLWHOCTb Q B 3TOM YypaBHEHUW MOABAAETCA NPW HaaMumMm $Ha3oBOro CABUra MeXay
rapMOHUKaMM HaNPAXKEHUA U TOKA.

Du — obo3HauyaeT MolwHOCTb AMcbanaHca, Kotopaa fABASETCA Mepon HecbanaHCMPOBAHHOCTU
TpéxdasHoM HarpyskM. ITa  COCTaBNAOWAs OOBACHAET cuTyauuio, TMNpu  KOTOPOM
HecbanaHcMpoBaHHAA TPéxdasHaa Harpyska C YUCTO PE3UCTMBHLIM XapPaKTePOM, MPUBOAUT K
KO3pODUUMEHTY MOLLHOCTM MeEHblle eaunHUUbl. Takolh noTpebutenb He MMEET PeaKkTUBHOWM
MOLLHOCTM Q MU, HECMOTpPA Ha 3TO, M3 TPEYroJibHMKa mowHocTn S, P, Q cneayeT YTo-TO COBCEM
apyroe (Teopua molHOCTM Budeanu co cBoeil MOLWIHOCTbIO WMCKaXKEHU TaKKe He MOoXKeT
06BACHUTL 3TY CUTYaLUIO — 4N1A YNCTO PE3UCTUBHOM Harpy3KM MOLLLHOCTb UCKaxkeHuA D B paBHa
HY/10).

MonbiTKa coeanHenuns |EEE 1459-2000 c Teopuelt mouwHoctM Czarneckiego npuBoAuT K BbiBOAY, UTO
HeaKTMBHaA MOLLHOCTb CKpbiBaeT B cebe, No KpaliHel mepe, TPU OTAE/bHbIX GUIMYECKMX SAB/EHUS,
KOTOpbIe BAMAIOT Ha CHUMKeHME 3GPEKTUBHOCTM Nepesadn sHeprum oT UCTOYHUKA K NPUEMHUKY, TO eCTb
YMeHbLUeHWe KO3apPMLMEHTA MOLLHOCTH:

P P

JPZ + D%+ Q%+ D,?

B ctaHgapTe IEEE 1459-2000 m3BecTHaA noa 6yksol Q — peakTMBHas MOLLHOCTb 6bina orpaHuMyeHa
OCHOBHOM rAaPMOHMKOWM M 3TO KacaeTcs Kak 04HO(MA3HbIX CUCTEM, TAK U TPEXDA3HbIX.

B oaHOda3HbIX Lenax:

Q 1= Uz-l1-sin 1
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B TpéxdasHbIXx cucTemMax Y4YMTbIBAlOTCA TONbKO COCTaBAAlOLWME NPAMOM NOCNeAO0BaTeNbHOCTU 3TOM
MOLLLHOCTH:

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

[Onsa npaBuMAbHOTO M3MEpPEHMs 3TON MOLLHOCTU TpebyeTcA COOTBETCTBYHOLWAA MOCAEL0BATENbHOCTb
yepenoBaHus ¢a3 (3ageprkka ¢asbl L2 Ha 120° no oTHoweHuto K L1, 3ageprkka ¢asbl L3 Ha 240° no
OoTHoWeHwUto K L1).

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

3Ha4YeHWe OCHOBHOM COCTaBAAIOWEN PEAKTUBHOM MOLLHOCTM ABAAETCA OCHOBHOW BE/IMYUHOM, KOTOpas
No3Bo/IAET OLEHUTb BEeAUYMHY KOHAEHCATOpa, KoppekTupytowero kosdoduumeHt DPF wam casur
OCHOBHOM rapMOHMKKN HanpAXKeHMUA OTHOCUTEIbHO 3TOM e COCTaBAAOLWEN TOKA (TO eCcTb KomneHcaTopa
PEaKTUBHOWM MOLLHOCTM OCHOBHOW rapMOHUKM).

5.3.3 PeakTHBHass MOLHOCTH B 3-X NPOBOJHBIX CXeMax

MpaBuibHOE U3MEPEHMEe PEeaKTUBHON MOLLHOCTM HEBO3MOMHO B HECMMMETPUYHBLIX MPUEMHUKAX,
MOAK/MIOYEHHbIX MO 3-X MPOBOAHON cxeme (TMna «TPEyroibHUK» U «3Be34a» C W30/ MPOBAHHOMN
HelTpanblo). ITo YTBEPKAEHMNE MOMKET MHOTUX YAUBUTD.

MPUEMHUK MOXKHO PaCcCMATPMBATb KaK «YEPHbINA ALWMK» C AOCTYMHbIMU TONbKO 3 3aXKMmamu. Mbl He B
COCTOSIHUM OMNpPefennTb BHYTPEHHEN CTPYKTYPbl TaKoro npUEMHMKA. YTobObl BbIMMCIUTD PEAKTUBHYIO
MOLLHOCTb HeobxoauMMo 3HaTb yron casura a3 merKay TOKOM W HanpAXKeHWem, BO3HUKAIOWMX B
Ka)kOol BETBU TaKOro npuémHuka. K coxaneHuto, mbl He 3Haem 3TOro yrna. B npuémHuke no cxeme
TMNA «TPEYroJIbHUK» Mbl 3HAEM HarnpaXKeHue, NPUCYTCTBYIOLLME Ha OTAE/IbHbIX COMPOTUBAEHMUAX, HO HE
3HaeM TOK; B TaKMUX CUCTEMAX U3MEPAIOTCA JIMHEMHbIE HAMNPAXEHUS U JIMHENHble TOKWU. Kaxabii u3
JINHEMNHbIX TOKOB AB/IAETCA CYMMOWN ABYX TOKOB ¢a3. B npuémHukax TMna «3sesga» C U30/MPOBaAHHOM
HEeWTPanblo Mbl 3HaeM TOKU, MPOXOAALLME MO CONPOTUBAEHMIO, OAHAKO HE 3HAaEM HaMpPsKeHU (Kaxagoe
N3 NINHENHbIX HaNpPAXKEHWI ABAAETCA CYMMOM ABYXdasHbIX HaNpsXKeHUN).

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

Kak ke 3TO BO3MOXHO, YTO CYLLECTBYIOT CYETYMKM PEAKTUBHON MOLLHOCTW, NpegHasHayeHHble AAA
M3MepPEHUI B 3-X NPOBOAHbLIX CETAX, U aHAN3ATOPbI NIEKTPUYECKUX CETEN, KOTOPbIE B TaKMUX YCI0BUAX
obecneynBaloT U3mepeHme PeakTUBHOM MOLLHOCTU?

B 0boux cnyyasax npoussoauTenu npuberaroT K XMTPOCTU, KOTOPas 3aK/AYaeTca B WMCKYCCTBEHHOM
CO3ZaHWMM OMOPHOMN TOYKM (BMPTYaNbHbIN 3axKUM HelTpanu N). TaKkyl TOYKY OYEHb JIETKO MOXKHO
€034aTb, MOAK/IOYAA K 3aXKMMaAM HALLIEro «4EPHOro ALLMKA» CXeMY U3 TPEX PE3UCTOPOB OAHOM M TOW e
BE/IMUMHbI U COEAMHEHHbIX 3Be340M1. MoTeHUMan LeHTPaNbHOM TOYKM CXEMbI PE3UCTOPOB MCMNO/b3yeTcA
ANA pacyéTa «¢asHbIX HanpsXKeHui». KOHeYyHOo, KaBblYKM 3[4eCb COBEPLUEHHO Ha MecTe — TaKoW
BMPTYanbHbIA HONb AAET NPU W3MEPEHWM MpPaBWbHble pPe3ynbTaTbl, TOAbKO MNPU MUHUMANLHOM
acMMMeTPUM NPUEMHMKA. B nobom Apyrom ciydae K MOKasaHUAM PeakTUBHOM MOLWHOCTM TaKoro
npubopa cnegyer oTHOCUTLCA ¢ 60/bLLIOW A0Nel HeaoBepuUs.
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M3MepMTeJ’IbeIﬁ I'IpM60p HW B KOeEM C/iy4ae He A0J1XKeH BBOAWUTb NONb30BaTE/IA B 3a6ny>K,£|,eHme, a
TaKOro poja I'IpM6}'IM)KeHV|e MOXHO A0NYyCTUTb NNIb NpPpU ycaosun, 4To 0To6pa>+(aeM0e 3Ha4yeHune He
ABNIAETCA PE3YNIbTATOM (I)aKTVI‘-IeCKOI'O N3MepPEeHNA, a nb I'IpM6ﬂM3MTEIIbeIM 3Ha4YeHunem.

5.3.4 PeakTHBHas MOILIHOCTb M CYETYMKHU PEaKTUBHOU 3HEPIruu

CYETUMK peaKTUBHOM 3HEPrumM — 3TO CKOpee BCero, NPpUbop HEU3BECTHbLIN AOMALLUHUM MOb30BATENAM,
T.K. LWUMPOKO MCMO/Mb3YIOTCA M ABAAIOTCA OCHOBOW A/ PacYETOB C MOCTAaBLMKOM, CYETUMKM aKTUBHOM
aHeprun, nsmepsemor B BT*u mam kBT*4. [lomaluHuii nosib3oBaTenb, TakMm 06pasom, HaxoauUTCA B
YOO0OHOM NONOXKEHUN — NAATUT TOIBKO 3@ NONE3HYIO SHEPTUIO U HE AOMKEH MHTEPECOBaTbCA KAKOWM
KO3pPMUMEHT MOLLHOCTHM B €0 CeTu.

MpoMmbilWwAeHHble NOTpebuTenM — B OT/IMYME OT TOW MepBON rpynnbl — 00M3aHbl, Ha OCHOBAHWUU
NOAMMUCaHHbIX AOrOBOPOB M 4acTo NoA Yrpo3oi ¢puHaHCOBbIX WTpadoB, NoaAep:KUBaTb KOIPOUUMEHT
MOLLLHOCTU Ha AO0NXKHOM YPOBHeE.

Hanpumep, B MMosblue, pacnopaskeHMe MMHUCTPA 3KOHOMMKM, Kacatolleecs KOHKPETHbIX YCA0BWUi
OYHKUMOHNPOBAHUA 3HEPreTUYecKo CUCTeMbl, onpedenseT KadecTBeHHble MapamMeTpbl, KoTopble
OONXKHbl  6bITb  BbIMO/HEHbI MOCTABLLIMKOM 3HEPrMM AR PasAUYHbIX, TaK HasblBaemblX, rpynn
noaxntoveHus. Cpeam 3TUX NapamMeTpoB HaxOAATCA, HanpuUMep, YactoTa CeTH, AeicTBytollee 3HaYeHne
HanpAaXXeHna, Ko3OULMEHT rapmMoHUYECcKUX UcKaxkeHnin (THD) u aonycTMmble YPOBHWU OTAENbHbIX
rapMOHMK HanpaxeHusa. OQHAKO NOCTaBLWMK He 06A3aH BbIMOHATb 3TU TPeboBaHUA, ecn nojyyaTesb
3Heprun He obecneymsaeTr 3HavyeHUs KoapouumeHTa tg ¢ HuMKe 0,4 (3HayeHMe MO AOroBOPEHHOCTH,
KOTOpOE MOMKeT BbiTb MI3MEHEHO B AOrOBOPE MeXAay MOCTaBLMKOM M noTpebuTenem 3n1eKTposHeprum)
n/Mnn npesbIWaeT COrNacoBaHHbI YypPoBeHb NOTPE6AAEMOI aKTUBHON MOLLHOCTY.

KoadoduumeHT tg ¢ rnyboko yKopeHmncAa B SHepreTMYecKoM 3aKOHOAATENbCTBE M €ro onpeaenatoT Kak
pe3ynbTaT OTHOWEHWA HAYUCNEHHOM PEeaKTUBHOMW MOLLHOCTM K aKTMBHOW MOLLHOCTM B [aHHbIN
pacyéTHbln nepuon. Ecnn BepHyTbCA Ha HEKOTOpPOe BPemA K «TPEYrosbHUKY MOLLHOCTUY» B
CUHYCOMAANbHBIX CUCTEMAX, TO Mbl 3aMeTMM, UYTO TaHreHC yraa casura ¢as Mmexay TOKOM W
HanpsAXXeHNnem paBeH OTHOLIEHUIO PEAKTUBHOW MOLLHOCTU Q K aKTUBHOM MoOLLHOCTU P. Takum obpasom,
KpuTepuii yaepxaHua tg ¢ Huxke 0,4 He 03HaYaeT HUYEro APYroro, KaK TO/IbKO onpefesieHne, yto
MaKCMMa/bHbI YpOBEHb MOACYMTAHHOW PEaKTUBHOM 3SHEpPrMm He MoKeT b6biTb Bblwe, yem 0,4 ot
3HaYeHUA MONYYEeHHOM aKTUBHOW 3Heprun. Jlioboe notpebneHMe peakTUBHOW 3SHEpPrun Bbille
[OroBOPEHHOCTU NOA/EKUT AONOSHUTEIbHOW onnaTe.

Ho AaéT M 3HaHMe PaccYMTbIBAEMOro Takum o0bpasom KoapduumeHTa tg ¢ obenm 3aMHTepecoBaHHbIM
CTOPOHaM peanbHylo KapTuHy 3GdEKTUBHOCTU nepenadn sHeprum? Passe He 6bl10 YyNOMSAHYTO Bblille,
YTO PEaKTUBHAA MOLLHOCTb ABAAETCA TO/IbKO O4HON M3 COCTaBAAIOLLMX HEAKTUBHOM MOLLHOCTM, KOTOpble
TOMeE B/IMAIOT HA CHUMXKEHUE KoadpdMLMEHTa MOLLHOCTA?

[elcTBUTENbHO, KaXKeTcs, YTO BMeCTO tg ¢ cnegoBano 6bl UCNob30BaTb KO3ddULMEHT mowHocTH PF,
KOTOPbIN TaK¥Ke YUUTbIBAET U Apyrue GpaKkTopsbl.

HblHewHMe npaBuaa, K COXajleHUo, He [JaloT Apyroro Bblibopa, MO3TOMy TOYHOE UW3MepeHue
PEAKTMBHOW MOLLHOCTM SIBNSETCA KAOYEBbIM MOMEHTOM. Tenepb CTOMT NOCTAaBUTb BOMPOC: C YY4ETOM
ONUCaHHbIX BblllEe CNOPOB NO OMNPeAEeNeHNI0 PEAKTUBHOMW MOLLHOCTK, 06eCneunBaloT N CHETYUKM STOM
SHeprun npaBu/bHble NOKa3aHWA? U yTo ke B AEUCTBUTENIbHOCTU U3MEPAIOT 06bIYHO MCNO/b3yemble
CYEETYMKM PEAKTUBHOMN MOLLLHOCTU?
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OTBeTbl Ha 3TW BOMPOCbI MOXHO MonpoboBaTb MNOAYYUTb B CTAHAAPTE, MPEACTABAEHHOM ANA 3TUX
cyétunkos — TOCT 31819.23-2012 (IEC 62053—23:2003) «AnnapaTtypa AN U3MEPEHMUA 3/TEeKTPUYECKOM
3HEPrMM nepemeHHoro Toka. YacTHble TpeboBaHMA. YacTb 23. CTaTMYECKUE CYETYMKM pPEeaKTUBHOM
3Heprum». K coxkaneHuto, U Halwemy pas3o4vyapoBaHWIO, B HEM He HaWAETCA Kakux-nmMbo ccblIoK ans
M3MEPEHUI B YCNIOBUAX HE CUHYCOMZANBbHOCTU — pacyéTHble GOPMY/bl OTHOCATCA K CMHYCOMAANbHbIM
CUTyaumam (B cCTaHAApTE MOMHO MPOYUTATb, UYTO M3 KMPAKTUYECKUX» COOBpaKeHU OrpaHnYMInChH
WCKIOYUTENIBHO CUMHYCOMAANbHBIMKM npoueccamun). B HEM He yKasaHbl KaKue-nmbo Kputepuu
NCNbITaHWUI, KOTopble Bbl NO3BOANAN NPOBEPUTL XAaPAKTEPUCTUKN CHETYUMKA NPU UCKAXKEHHbIX dopmax
HanpPsXXeHWN U TOKOB.

HblHewWwHAA cuTyauma octaBadeT pa3paboTyMkam CYETYMKOB CBOOOAHbLIM BbIOOpP MeToAa M3MepPEeHUs,
YTO, K COMKANEHWUIO, NPUBOAMT K 3HAUUTENbHbIM Pa3NIMYUAM MOKA3aHUN PEaKTUBHON 3HepruuM npwm
HA/IM4YMM BONBLLIOTO YPOBHA rAPMOHUYECKUX UCKAMKEHUA.

CYETUMKMU CTaporo Tuna, TO €eCTb, 3/IeKTpoMeXaHn4eCKkne, UMerT XapaKTepUCTUKH, aHalornyHblie
OUNBTPY HUMMNKHUX 4YacTOoT — BbICLUME TFAPMOHWMKM B HEM MOAABAEHbI, TaKUM 06pasom M3MepeHue
PEaKTUBHON MOLLHOCTM B MPUCYTCTBUE TAPMOHMK OYeHb BJIN3KO K 3HAYEHMIO OCHOBHOM coCTaBAsAtoWeln
peaKkTUBHON MOLLHOCTU.

bonee pacnpocTpaHEHHbIE 3MEKTPOHHbIE CYETYMKM MOTYT NPOBOAUTb U3MEpEeHMe pPasnyHbIMMU
meToaamun. Hanpumep, oHU MOTYT U3MEPATb aKTUBHYHO MOLLHOCTb M MOJIHYIO MOLWHOCTb U BbIYUCAUTD
PEeaKTUBHYIO MOLLIHOCTb U3 «TPEYro/IbHUKA MOLLHOCTMY» (KBaApaTHbIN KOPeHb U3 CyMMbl KBaApaToB ABYX
3TUX MolLHOocTen). Tak aeicTBuTenbHO, B cBeTe cTaHAaapTa IEEE 1459-2000, oHM M3MEPAIOT HEAKTUBHYIO
MOLHOCTb, @ HEe peaKTUBHYI0. [lpyroii Npou3BoAUTENb MOXKET MCMOAb30BaTb METO, CO CMELLEHUEM
dasbl HanpsaxkeHua Ha 90°, yTo AaéT pesynbTaT, NPUBANNKEHHbIN K OCHOBHOM rapMOHWUKE PeakTUBHOWM
MOLLLHOCTH.

Yem 6onblue cofeprkaHuMe TapMoOHMK, TemM 6onblie 6yaeT pasHUULA B MOKa3aHWAX, M KOHEYHO B
pesynbTaTe byaeT Apyras naata 3a HauYMCNEHHYIO SHEpPruio.

Kak yKe yKasblBanoCb paHee, W3MepeHWe pPeaKkTUBHOW  MOLWHOCTM B 3-X  NPOBOAHbIX
HecbanaHCMPOBAHHbLIX CUMCTEMAX C MOMOLBIO OBbIYHLIX CYETYMKOB OBPEMEHEHO [OMNONHUTENLHOM
OWNBKON, BbI3BAHHOM CO34aHMEM BHYTPWU CUYETUMKA BUPTYaNbHOrO HyAdA, MMeloWwero mano obuiero c
peasibHbIM Hy/JIemM HarpysKu.

Yto eweé xyKe, Npom3BoamTENN OObIYHO He [AlOT HUKAKOM MHPOPMALUM O MPUMEHAEMOM MeToLe
NU3MepeHus.

OcTaéTcA ToNbKO C HeTepneHnem XaaTb CJ'IG,C],leU.I,GVI BepCUKN CTaHOaApTa, KOTOpPAA - 6yp,E'M HageATbCA -
npeanoXut ropasgo 6onee TOYHbIN MeTo4 WMU3MepeHnAa U TaKXKe MeTon wuccienoBaHuA B
HeCMHyconaabHbIX YyCNOBUAX.

5.3.5 4-KBaapaHTHbIE CYETYUKU PEAKTUBHOMU SHEPTUH

B 3Hepretmke BO MHOMMX CUTyaUMSAX MPUMEHSIETCA pasgesieHne pPeakTUBHOM 3Hepruum Ha 4eTbipe
HEe3aBMCMMble COCTABMIAKOWMX, KaXKAas M3 KOTOPbIX PACYMTbIBAeTCA OTAeNbHO. PasgeneHwe Ha TakK
Ha3blBaeMble KBaApPaHTbl OCHOBAHO Ha 3HAKax aKTUMBHOM M PEaKTMBHOWM MOLLHOCTM, KaK MOKAa3aHO Ha
puc.46.
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Puc.46. KBagpaHToe aeneHme NOTOKA MOLLHOCTU N SHEPIUn.

KBagpaHT | (0603HauyeHne «L+»): aKTMBHAA MOLLHOCTb MOMOXKUTENbHA (NoTpebneHne aKTUBHOM
3Heprun), peakTMBHAA MOLLHOCTb NOJIOXKUTENbHA (NOTpebaeHne peakTUBHON sHepruu). B Takux
YCNOBUAX XapaKTep HarpysKu MHAYKTUBHbIN.

KeagpaHT Il (0603HaueHne «C-» aKTMBHasA MOLLHOCTb OTPULIATENbHA (OTAA4Ya aKTUBHOM 3Heprum),
peakTMBHAA MOLWHOCTb MNONOXKUTENbHA (NoTpebneHne peaKTUBHOM 3Hepruu). Xapaktep
HarpysKu éMKOCTHbIN.

o KBagpaHT Il (ob6o3HaueHMe «L-«): aKTMBHAA MOLLHOCTb OTpuUaTesbHa (OTAava aKTUBHOWM

3Heprun), peakTMBHasA MOLLHOCTb TaK}Ke oTpuuaTeNbHa (0TAauya peakTUBHOM aHeprun). B Takux

YCNOBUAX XapaKTep HarpysKM MHAYKTUBHbIN.

KeagpaHT IV (0603HaueHne «C+»): aKTUBHAA MOLLHOCTb NOJIOXKUTENbHA (NOTPebaeHne aKTUBHOM
3Heprun), pPeakTMBHas MOLLHOCTb OTpuLATeNbHa (OTAavya pPeakTUBHOM 3Hepruu). Xapaktep
HarpysKu éMKOCTHbIN.

3HaKM NIC N MUHYC B 0603HAYEHUAX KBAAPAHTOB YKa3blBalOT Ha 3HaK aKTUBHOM MOLLHOCTMY.

YKazaHHOe pasgeneHne MNO3BOAAET KOHCTPYMPOBaTb CYETUMKM PEAKTUBHOW 3HEpruu, KoTopble
YBE/IMYMBAIOT CBOWM MOKAa3aHWA TONbKO TOrA4a, KOrga MOTOK SHEepPrunm HaxoauTca B AAaHHOM KBagpaHTe.
3TO 03Ha4aeT, YTo B /11060 MOMEHT BPEMEHU TONbKO OAMH U3 TaKMX CYETUMKOB MOMKET YBE/INYNUTL CBOE
cocTosHue.

B TMNWYHOM C/lyyae MOCTABKM 3HEPrMu K NoTpebutento paboTa ocyLecTBASETCA B ABYX KBagpaHTax: |
(L+) n IV (C+). B aTvx ABYX KBaZpaHTax TaK»Ke KOHTPOJMPYETCS TaHreHc ¢ (B MONbCKMX YC/NOBUAX) B
c/lyyae noTpebutenei, NOAKIOUYEHHbIX K CETU CPeAHEro M BbICOKOTO HanpsxKeHus. YeTbipéxKkBagpaTHble
K0apdULMEHTbI tgp onpeaenaoTca Ha OCHOBE 3aperncTpupoBaHHOro notpebseHnsa COOTBETCTBYHOLLEN
sHeprum:

AE

Q(L+)

tgo+) = TAE,,
AE

_ 2P

tgocc+) = —AEP_,_

ECAM NPUMEHUTb COrNalleHWe, 4YTO BCE CYETUYMKU SHEPTUM MMEHT MONOMKMUTENbHbIN 3HaK, TO
paccyMTaHHble 3HAYeHWA TaHreHca AOMNOJIHAIOTCA 3HAKOM, BbITEKAIOWMM M3 3HAKOB PEAKTUBHOW U
AaKTMBHOW MOLLHOCTM B [OaHHOM KBagpaHTe. Takum o6pasom, 3HaK tgow) Bcerga byaer
NONOXUTENbHBIM, @ B C/lyYae tg@c+) BCErAa OTPULATENbHbIM.
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PaccumTaHHble 3HaYEHWA TAaHTEHCOB MOTYT HbITb OCHOBaHWEM A1 HAYMCNEHMS BOSMOXKHbBIX WTPadoB 33
ypesmepHoe noTpebneHWe peaKTUBHOW 3Heprnn. [na KeagpaHTa | (L+) TMNMYHOe npeaenbHoe
3HauyeHue, Bblle KOTOporo B3uMmaeTcA nnata — 3to 0,4. Ana kBagpaHta IV (C+) yacto nwoboe
notpebieHne peakTUBHOMN IHEPTUUN ABNASETCA OCHOBAHMEM AN HAuMc/eHus WwTpados. M3 aToro Takke
cneayeT NpakTUYECKUid BbiBOA, YTO Hambonee BbIrOAHO (C TOUYKM 3peHUA noJsydatena) pabotatb B
nepsom KBaapaHTe (L+) B gnanasoHe tgps) mexay 0 1 0,4.

5.3.6 IlosiHast MOIIIHOCTDb

MonHasa mowHocTb S BblpaXXaeTCA Kak nponssegeHune ﬂ,eﬁCTByDMMX 3HaYeHul HanpAXeHnAa N Toka:
S=Uul

Kak TaKkoBas MOLWIHOCTb He umeeT GU3MYECKOW WHTepnpeTauMm; OAHAKO, WCMNOAb3yeTca npu
NPOEKTUPOBaHMM 060pYyL0BaHNA pacnpedenuTenbHbix ceTeir. OHa paBHA NO BeMYMHE MAKCMMAJbHOM
aKTUBHOWM MOLLHOCTU, KOTOPas MOKET ObITb MoAaHa B Harpysky npu AaHHbIX AeNUCTBYIOWMX 3HAYEHUAX
HanNpAXeHUs U TOKa. Takmm o6pa3om, NosHasA MOLLHOCTb OonpeaenseT MaKCMMasbHO BO3MOMKHYIO
CNoCcOBHOCTb UCTOYHMKA A/1A AOCTAaBKMU NOME3HON SHEPTUN K MPUEMHUKY.

Mepoit 3¢pdEeKTUBHOCTU MCMOIb30BAHUA NOAABAEMON B MPUEMHUK MOLLHOCTU ABAAETCA KO3pPUUMEHT
MOLLLHOCTU, APYTMMM CIOBAaMU, OTHOLLIEHWE NOAHOW MOLLHOCTU K aKTUBHOWM MOLLHOCTH.

B cuHyconpanbHbIX cMcTtemax:

F P Ulcosge
=s="u - cosQ
B HeCWHycoMaanbHbIX CUCTEMAxX TaKoe YMpOLWEeHMe HeZomnycTMmo U Ko3adULMEHT MOLLHOCTU
paccuuTbiBaeTCA Ha OCHOBE PeasbHOrO0  COOTHOLEHWA  aKTMBHOW W MOJHOM  MOLLHOCTU:
P
PF = 5
B oHO®a3HbIX CETAX NO/HAA MOLLHOCTb PAacCYMTBLIBAETCA, TaK 3TO KaK NOKa3aHo B NpUBEAEHHON Bbille
bopmyne, v 38ecb HET HUKAKMX ctopnpun3oB. OKasbiBaeTcs, 0AHAKO, YTO B TPEX(DA3HbIX CETAX PAacyET 3TOM
MOLLHOCTM TaKKe BbI3blBAET CepbEé3Hble NPobaeMbl, Kak U Te, YTO CBA3aHbl C PEAaKTUBHOW MOLLHOCTbHO.
PasymeeTcs, 3TO OTHOCUTCS K peasibHbIM CETAM C HECWHYCOMAANbHbIMU CUTHA/NAMM, KOTOPbIE TaKKe
MmoryTt ObITb HECUMMETPUYHbIMW.

WUccnepoBaHnA nokasanu, uto GOpmysbl, WUCMOAb3yemble A0 CMX MOP, MOryT faBaTb OWMOGOYHbIE
pesynbTaTbl, €CAN CeTb He ABAAeTca cbanaHcMpoBaHHOM. TaK KaK MoHaA MOLLHOCTb — 3TO YCAOBHasA
BE/IMUMHA M He umeeT OM3NYECKOM WHTepnpeTaumu, BbIACHEHWE, Kakoe M3 npeaJsiaraembix
onpeaeneHunii NOAHOW MOLLHOCTU, ABAAETCA MOAXOAALLMM, MOMKET BbI3blBaTb 3aTPyAHEHUA. Tem He
MeHee, BblM NpeanpUHATLI NOMbITKM, ONUPasacb Ha HabaoAeHWA, [0Kas3aTb, YTO MOJIHAA MOLLHOCTb
TECHO CBA3aHa C NOTepAMM Npu nepegaye U KO3PPULMEHTOM MOLLHOCTM. 3Haa NoTepu nepesadn u
K03 OULMEHT MOLLHOCTM MOKHO KOCBEHHO ONPesenunTb NpaBuibHOe onpeaesieHne NoJHOM MOLLHOCTM.

Jo cnx nop MCNONb3yrwTCA onpeageneHuna, cpegn npo4vux, apVId)MeTM‘-IECKOﬁ Nno/IHAaA MOLUHOCTHN U
I'EOMETpVI‘-IECKOﬁ NoJIHOM MOLHOCTU. npOBEAéHHbIe nccnenoBaHMA NOKasaan, YTo HU apmd)meTquCKoe,
HW reomeTpuyeckoe onpeageneHna He [Oal0T B pe3y/ibTaTe MNpaBuU/IbHOro 3Ha4dyeHuA KOBd)d)MLI,VIeHTa
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MOLWHOCTU. EAMHCTBEHHbBIM, YTO YAOBAETBOPANO TaKOM CUTyaLMW, OKa3anacb onpeaeneHue, KOTopoe
ye B 1922 roay npeanoxun Hemeukun dusmk ®. byxronby, (F. Buchholz):

Se = 3Ue-le

OHO OCHOBaHO Ha AEWCTBYIOWMX 3HAYEHUAX HaNpPsXKeHWs M TOKa, a CamMa MOLLHOCTb Ha3blBaeTcs
3dPEKTMBHOM MOSHON MOLWLHOCTbIO (MO 3TOWM nNpuYMHe, Ans TpéxdasHbix Lenen B 0603HauyeHue
[06aBNeH MHAEKC «e»). DTN AENCTBYIOLWME 3HAYEHNA HANPSAXKEHUA U TOKa — 3TO TaKMe TeopeTuyecKue
3HaYeHWA, KOTopble MPeacTaBAAOT HaNpPsXKeHUMs WM TOKM B COANAHCMPOBAHHOW 3HEPreTUyecku

CUMMETPUYHOI TpéxdasHoi cucTeme. MO3TOMY KAHOUYEBLIMU ABNAIOTCA onpeaeneHuns seanuuH Ue U le.

CraHmapT IEEE 1459 naét cnepyrowme dopmynbl. B TpEXNPOBOAHbIX CETAX:

[ = 152 +1p2%+1.2 U. = Ugp?+Upc2+Ucq?
e 3 e 9

B 4yeTbIpéxnpoBOAHbIX CETAX:

L2+ 1,2+ 1.2 +1,2 3(U2 + Up? + U2) + Ugpy” + Upe? + Ugg?
e 3 Ue = 18

rae la, Ib, lc, COOTBETCTBEHHO AEWCTBYIOLLME 3HAUYEHUA TOKOB OTAE/NbHbIX $pa3 (AnHelHble U
¢dasHble), In — peicTBylOlLLEE 3HAYEHME TOKa HyneBoro nposogHuka, Ua, Ub, Uc — 3TO
OencTByoWwmMe 3HaYeHMa ¢asHbIX HanpsxkeHwmit, a Uab, Ubc, Uca ABAsoTCA OEMCTBYHOWMMM
3HAYEHUAMMN JINHENHbIX HANPAXKEHW.

TakMum 06pa3om, pacyérHas BesMuMHa Se YYMTbIBAET KaK MOTEPU MOLLHOCTM B Hy/seBOM nposoge (B
YeTbIPEXNPOBOAHbIX CeTAX), TaK U BAUAHNE HecbaNaHCUPOBAHHOCTHU.

5.3.7 MowHoCTb UCKaXKeHHs DB 1 3PpPpeKkTHBHAS MOTHASI MOLIHOCTb UCKAaXKEHUS SeN

Mpun 06CyKAEHUN PEAKTUBHOM MOLLHOCTM BbIJI0 MOKA3aHO, YTO MOLLHOCTb MCKAXKeHUA No onpeaeneHuto
Budeanu He moXeT ObITb NPUMEHMMA NPU OONBLUMX UCKAMKEHWUAX HAMPAKEHUM M TOKOB, a TaKXKe
acMmMmeTpuun TpéxdasHbix Lenen (MapagoKc MOLWHOCTU UCKAXKEHWI, KOTOpan He ABASETCA NoKasaTtesem
peanbHoro WckarkeHnusa). OAHAKO, HECMOTPA Ha 3TO, TaKas MOLLHOCTb 4YacTo WCMOJib3yeTcs
cneuManncTamm, 3aHUMALWUMNCA aHANIM30M KAyecTBa 3/M1EKTPOIHEPTUM U NMPOU3BOAUTENAMMU CXEM
KomneHcauunmn peaKTVIBHOf/'I MOLLHOCTH.

3pecb HeobXxoAMMO YETKO yKasaTb, YTO OMOPa Ha AaHHbIM NapameTp AaBasa NpUemaemble pesyabTaTbl
TONbKO B YCA0BUAX HEBObLIOTO UCKaXKeHMA GOPMbI MPOLLECCOB M Masioit aCUMMETPUN.

CraHpapt IEEE 1459-2000 ynomuHaeT 37O onpeaeseHne MOLLHOCTU, OOHAKO, TaK e, Kak U B cayyae
peakTMBHOM MoLWHOCTM Budeanu, OHa HeceT HeyCTpPaHMMbIM HeAOCTaTOK W  PeKoMeHAyeTcA
OKOHYaTe/IbHO OTKa3aTbCA OT eé UCMNOo/Ib30BaHUA.

B mecto moLHOCTH Ds npegnoxeHa pgpyraa BeJ/IM4MHA, KOTOPaA HAMHOIo /ydywum cnocobom
XapaKkTepunsyer 06LLI,YI-0 MOLLHOCTb MCKaXeHUA B CUCTemMe — MOJIHAA MOLLHOCTb MCKaXKeHUA SeN.
MowHOCTb SeN no3BonAet 6bICTpO onpeaennTb, 4YTO Harpyska pa60TaeT B YyCnoBMAX ManbiX UNIUN
60bLINX rapMoOHUNYEeCKNX NUCKaXKeHMN N ABNAETCA TaKXXe OCHOBOW ana onpeageneHnAa napameTpos
NMNAaCCUBHbBIX TN aKTUBHbIX d)VII'IprOB M KOMMNEHCATOPOB.
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CornacHo onpegeneHuto (ana TPéExpasHbIX CUCTEM):

Sen = /Sez _Sez1

Se1 = 3le1Ueq

roe:

[JencTByoWniM TOK U HanpsKeHMe OCHOBHOM rapMoOHMKMK (cooTBeTcTBeHHO lein Uei1) paccumtbiBatoTca
TaK e, Kak le n Ue, ¢ TOM AnWb pasHULEN, YTO BMECTO AEWUCTBYIOLMX 3HAYEHUM Ga3HbIX UAU NUMHENHBIX
HaMNPAEeHU N AeACTBYIOWMX 3HAYEHUN IMHENHbIX TOKOB NOACTaBAAKTCA 3PPEKTUBHbIE 3HAYEHMUA UX
OCHOBHbIX COCTaBAAOLMX.

B OAHO¢a3HbIX cncremax gna pacqéTa NosHOM MOLHOCTU WCKaXKEHUN MOXKHO UCNonb3oBaTb 6onee

npoctyto dopmyny:
Sy = \/52 - (U111)2

raoe Ui u |1 ssnsaotcs 30dEeKTUBHbIMM  3HAYEHMAMM OCHOBHOWM cocTaBasAlowen ¢asoBoro
HaNpsAXKeHWs 1 ToKa.

5.3.8 KosdpPpunueHT MOIIHOCTH

UCTUHHBIN KO3DPUUMEHT MOLLHOCTU, TO €CTb TOT, KOTOPbIM MPUHUMAET BO BHMMAHME TaKKe Hannuune
BbICLLUMX FAPMOHUK, Ha3blBaeTcA NPocTo KoadduumeHTom mowHoctu (aHra. True Power Factor, TPF uau
PF). Ons cMHyconaanbHbIX Lenei OH paBHSAETCA TaK Ha3biBaeMoMy KoapduumeHTy $pas3oBoro casura, To
ecTb nonynspHomy cos ¢ (aHrn. Displacement Power Factor, DPF).

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

DPF = Py _ Uilhcos@yan

= cos
) Uil Puin

PF="2
S

B cnyyae 4YMCTO pPe3UCTMBHOM Harpysku (B ogHOpa3HOM ceTM) NOJHaf MOLWHOCTb PaBHa 3HAYEHUIO
aKTMBHOM MOLLHOCTM, @ PEaKTUBHAA MOLLHOCTb paBHa Hy/l0, TaKMM 0b6pa3om, 3Ta Harpyska B NOSHOM
Mepe MCNONb3yeT 3HEPreTMYecKUin noTeHuMan WCTOYHMKA M Ko3pPULMEHT MOLWHOCTM pasBeH 1.
MosBneHWe peakTUBHOM COCTABAAIOWLEN HEU3BEKHO BeAET K CHUMKEHWU0 3DDEeKTUBHOCTU Mepeaauu
3HEpPrMn — akKTUBHasA MOLLHOCTb TOF4a MeHbLUE NOJIHOM MOLLHOCTM, @ PEaKTUBHAA MOLLHOCTb PacTET.

B  TpéxdasHbix cxemax Ha  yMeHblleHue  Ko3bbdMUMEeHTa  MOLWHOCTM  TaKXKe  BAMAeT
HecbaNlaHCMPOBAHHOCTb NMPUEMHMKA (CMOTPKU 0BCYXKAEHWE PEaKTUBHOW MOLWLHOCTU). B aTux cuctemax
npaBu/ibHOE 3HayeHWe Ko3pPUUMEHTA MOLLHOCTM NOAYYAeTCA MPU UCNOAb30BaHUWN 3PPEKTUBHOM
NMOJIHOM MOLLHOCTU Se, TO eCTb BE/IMYMHbI, ONpeaenEHHOM, B YacTHOCTH, B cTaHaapTe IEEE 1459-2000.

5.4 T'apmoHuKH

PasnoxkeHne NnepnoamnyYecknx CUrHaA0B Ha rapMOHMYECKME COCTaBAAIOWMNE ABAAETCA OYEHb NOMNYAAPHOW
MaTemaTUyecKo onepaumeit, oCHOBaHHOM Ha Teopeme dypbe, B KOTOPOW FOBOPUTCA, YTO KaXKablit
NepuUoANYECKMIt CUTHAA MOXKHO TMPeACTaBUTb KaK CYMMY CMHYCOMAA/NbHbIX COCTaBaAlowmx 6onee
BbICOKMX 4aCTOT, KOTOpble ABAAOTCA KpPaTHbIMM OCHOBHOM 4acTOTe TaKOro curHana. HenpepbiBHble
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CUTHA/Ibl MOXKHO NOABEPTHYTL onepauun bbicTporo NnpeobpasoBaHua Pypbe (cokpaweHHOo FFT), koTopas
OAET B pe3ynbTaTe amnauTyabl U ¢asbl FaPMOHUUYECKMX COCTABAAIOWMX CNEKTPA YacToT.

B naeanbHoOM cUTyauum HanpsaxkeHue BblipabaTbiBaeTcAa B reHepaTope, KOTOpbIN A3aET Ha CBOEM BbIXOAe
HEWUCKaXKeHHbIN CUHYcoMaanbHblii curdan 50/60 My (oTcyTCTBME KaKUX-IMBO BbICIUMX rapMOHMK). Ecau
NPUEMHUK ABNAETCA JIMHEMHON CUCTEMOW, TO B TaKUX MAEaJNIbHbIX YC/NOBUAX TOK TaKxe Oyaer
HEUCKaXXEHHbIM CUHYCOUAA/IbHbIM CUTHANOM. B peanbHbIX CMCTEMAX, CUFHA/bl, KaK HAaNpPAXeHUA, TaK 1
TOKa WMCKarKalTcA, NO3STOMY AOJ/IKHbI coAepKaTb KPOME OCHOBHOM COCTaBAAIOWEN TaKKe rapMOHUKK
BbICLUMX NOPAAKOB.

Moyemy NPUCYTCTBME BbICLUMX FAPMOHUK B CETU, ABAAETCA HEXKENATeIbHbIM?

OpHOM U3 NPUYUH ABAAETCA CKMH-3PPEKT, KOTOPbIA OCHOBAH Ha BbITA/IKNBAHUM 3/IEKTPOHOB M3 LLEHTPA
NpoBOAHMKa (NPOBOAA) HapyKy C YBE/NIMYEHMEM YACTOTbl TOKa. B pe3yabraTte, 4em Bbille 4acTOTa, TEM
MeHblle 3OEKTUBHOTO CevYeHMA MNPOBOAHWMKA WMMEIOT B CBOEM PACMOPAMKEHWUW 3INEKTPOHbI, 4TO
9KBMBAJIEHTHO YBEJIMYEHUIO €ro CONPOTMBAEHUA. B pesynbTaTe 3TOro siBAEHMA, YEM Bblille MOPALOK
rapMOHMKKN TOKa, Tem Bosbe apPeKkTUBHOE CONPOTUBNEHNE NPOBOAKN A8 STOM rapMOHMKK, A 3TO, B
CBOO o4epeb, Hen3bexxHO NPUBOAMUT K YBE/IMYEHUIO MOTEPb MOLLHOCTU U HAarpeBy NPOBOAOB.

Knaccmyecknin npumep, cBA3aHHbIM € 3TUM 3PPeKToM, KacaeTca HelMTPanbHOro NpoBoaa B TPEXdasHbIX
ceTax. B ceTax ¢ HU3KMM YPOBHEM MCKaXKEHWUM, MasibiM AUCOANAHCOM U CUMMETPUYHOM Harpyskol (unu
HebOoNbLIOW acMMMETpUEN) TOK B HEMTPAZIbHOM NPOBOAHMKE CTPEMUTCA K HYAO (OH HAMHOIO MeHbLe
AEeNCTBYIOLINX 3HAYEHWNI $a3HbIX TOKOB). ITO HaboaeHWe CNPOBOLMPOBANIO MHOTMX KOHCTPYKTOPOB Ha
SKOHOMMWIO, OCHOBaHHYIO HA YCTaHOBKE B TaKUX cUCTeMax Kabenel ¢ Hy/leBbiIM NPOBOAOM C MEHbLUIUM
ceyeHneMm, yem dasHble NpoBoaa. M Bce oueHb xopowo paboTano A0 TOro MOMEHTA, KOrga B CeTu
NOABMU/IUCb TAPMOHUKN HEYETHBIX PAAOB, ABNAIOLLMECA KpaTHbIMKM 3 BbiCLIEro nopaaKa (TpeTbs, AesATas,
W T.4.). Bopyr HelTpanbHbIM NPOBOA, HauYMHAA MeperpeBaTbCs, a U3MEPEHME TOKA YKA3blBAaNO Ha ero
O4YeHb BbICOKOE AeicTBylolLee 3HaYeHne. O6bACHEHME 3TOTO ABAEHWA, [0OBOJIbHO NpPocToe. KOHCTPYKTOp
He y4én B npuBeAEHHOM Bbille NpUMepe ABYyX OBCTOATENbCTB: B CETAX C WCKAXKEHUAMW BbiCLUME
rapMOHMKN MOTYT He KOMMNEHCMPOBATLCS B HEWTPAsIbHOM MPOBOAE, @ HAOOOPOT — CYMMMPOBATLCA, U,
BO-BTOPbIX, CKUH-3DEKT U BbICOKME 3HAYEHMA TOKOB BbICLUMX FAPMOHMK AOMNOJNHUTENBbHO YBEAUYUIM
ero Harpes.

MonbiTaemca Tenepb OTBETUTb Ha ABa OCHOBHbIX BOMpPOCa:

e Y10 ABnaetcA I'IpMLIMHOﬁ noAsaAeHNA rAaPMOHUK B HaI'IpFI)KEHMM?
e Y10 ABnaetcA I'IpM‘-IMHOﬁ noABNEHNA TAPMOHUK B TOKe?

Kasanocb 6bl, 3TM ABa BONPOCaA, BbIMAAAT NOYTU MAEHTUYHO, OAHAKO pasde/ieHne HanpPAKeHUa 1 ToKa
ABNAETCA Ype3BblYaHO BaXKHbIM A1 NOHUMaHWA CyTU BoMNpoca.

OTBeT Ha nepBblit BoOMNpoc byaeT cCredyloOWMM: TAPMOHUKM B HaMPAXEHUM ABAAIOTCA CAeACTBMEM
HEHY/IEBOTO COMPOTUB/IEHWNA pPacnpesenvuTesIbHOW CeTU, MexAy reHepaTopom (MpUHMMAeM, 4TO OH
reHepupyeT YUCTYHO CUHYCOUAY) U MPUEMHUKOM.

OLHaKO rapMOHMKM TOKa ABAAIOTCS Pe3y/IbTaTOM He/IMHEMHOTO XapaKTepa CONpPOTMBIEHUA NMPUEMHMKA.
KoHeuyHo, cneayeTr OTMETWUTb, YTO €C/U SIMHEWHbIN MPUEMHMUK MUTAETCA HaMPAXKEHUMEM WCKaXKEHHOM
dopmbl, To GopPMa TOKA TaKKe UCKaKaeTcA.

B nnTepaType 4acTo MCMO/b3YIOTCA YTBEPKAEHMWA, YTO «MNPUEMHUK reHepupyeT rapmoHunkn». Cnegyet
NMOMHWUTb, YTO B 3TOM C/y4yae MPUEMHMK He ABAAETCA GU3MYECKUM WUCTOYHMKOM 3HEprmn (Kak 3To
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npeanonaraer cN0BO «reHepupyeTt»). EAMHCTBEHHbIM WUCTOYHUKOM 3SHEPTUM B CUCTEME ABNAETCA
pacnpesenutenbHaa cetb. Ecan NPUEMHMK ABAAETCA NAcCMBHbIM YCTPOWCTBOM, TO 3Heprus,
nepegaBaemas oOT MPUMEMHMKA B pacnpedenuUTeNbHyl0 CcUCTeMy, MPOUCXOAMUT U3  3TON  Ke
pacnpeaenntenbHoi cuctembl. Mbl 34ecb MMeem Aeno C BpedHbiM M 6ecnosiesHbiM ABYCTOPOHHUM
MOTOKOM 3Hepruun. Kak yxe obcyXaanocb paHee B cydae € KoadPULUMEHTOM MOLLLHOCTU, TaKOe ABAEHME
NPMBOAUT K HEHY)KHbIM MOTEPAM 3SHEPrMM, a TOK «reHepupyembliii» B MNPUEMHMKE Bbi3blBaeT
AOMONHUTE/bHYIO HAarpy3Ky Ha pacrnpeaennTenbHyto cuctemy.

PaccmoTpum cnegytowmin npumep. TUNUYHbIA HEIMHEWHbBIA NPUEMHMK, TAKOIM KaK, Hanpumep, LWMPOKO
NCMNOJIb3yeMble MMMYIbCHbIE UCTOYHUKM NMUTAHUA (Hanpumep, KOMMbIOTEPHbIE), 3aNUTaH OT UAeabHOro
reHepaTopa CMHYCOMAANbHOIO HanpsAXKeHuA. Tenepb NPeAnoOKUM, YTO CONPOTUBNEHUNE COEAUHEHWIA
MeXKAY TFeHepaTopoM M MNPUEMHMKOM WMeeT HysneBoe 3HayeHue. HanpsaxeHue, M3MepeHHOe Ha
Knemmax npuémMHUKa, byaeT MmeTb CMHycouaanbHylo Gopmy (OTCYTCTBME BbICLUMX FAPMOHMK) — 3TO
NPOCTO HanpsA)xXeHue reHepatopa. OaHako, ¢opma TOKa B MPUEMHMKeE, YKe OyaeT copeprkaTtb
rapMOHMYECKME COCTaBAAIOWME — HEJMHENHbIN NPUEMHMK YacTo noTpebnser TOK TOAbKO B
onpeaenéHHble MOMEHTbI BPEMEHW BCETrO NMepuosa CMHyconapl (Hanpumep, MakCUMA/bHbI TOK MOKET
nonagatb Ha MUKU CUHYCOMAbI HANPAXKEHMUSA).

Ho NpMEMHUK He co3gaeT 3TUX rapMOHUYECKUX COCTaBAANLWMX TOKa, OH MPOCTO NoTpebasaeT TOoK He
MOCTOSAHHO MW NPEPbIBUCTO. BClo aHepruio nocTasafer To/IbKo reHepaTop.

Ha cneayowem sTane MOMKHO WM3MEHWMTb CXEMY, BCTaBAAA MEXAY reHepatopom U MNPUEMHUKOM
onpeaenéHHoe CONpPOTMBAEHME, KOTOpoe MnpeAacTasnseT coboi aKTMBHOE COMPOTMBAEHME MPOBOAOS,
06MOTOK TpaHchopmaTtopa U T.4,.

M3mepeHna TapMOHUK HaNpsXKeHUs M TOoKa NPUEMHMKA [adyT HEMHOro Apyrue pesynbTatbl. YTo
nameHmnTca? MosasATcA HebosbluMe COCTaBAAIOLME FAPMOHUKMU HaMpPsXeHUs, U, KPOMe TOro, HEMHOrO
M3MEHMTCA CMEKTP YacToT TOKa.

Mpu aHanuse GOPMbl  HAMNPAXKEHUA B MPUEMHMKE MOMHO 3aMeTUTb, 4YTO MepBOHaYaAbHO
CMHYCOMAANbHbIA CUFHAN Cnerka uckasmaca. Ecam npuémHuk notpebnset TOK B OCHOBHOM B MOMEHTbI
NMUKOB HaNpseHusa — 3To byAeT BbIrALETb, KaK YCEYEHHbIE BEPLUMHbI. Bonblwoi notpebnaemblii TOK B
3TU MOMEHTbI MPUBOAMUT K 6OMIbLIEMY NAAEHMNIO HAMPAXKEHUA HA CONPTUBAEHME CeTU. YacTb MAeanbHOro
CMHYCOMAANbHOMO CUrHaMa HaKan/iMBaeTCA Ceryac Ha 3TOM COMPOTMBAEHMU. HeKkoTopoe M3meHeHue B
CNEKTPE TOKa c/iefyeT U3 HECKO/IbKO MHOW GOPMbl HAaNPsAXKEHMA NUTAHUA.

Mpuvmep onucaHHbIX 34ecb "NAOCKMX BEPLUMH" CUHYCOMAANbHOIO HAMPAMKEHUA — 3TO OYeHb 4acTo
Habnlofaeman KapTUHKA B TUMWYHbLIX CETAX, K KOTOPbIM MOAK/AOYEHbl LUIMPOKOPACHPOCTPAHEHHbIE
KOHCTPYKLMM MMNYAbCHbIX 610KOB NUTaHUA.

5.4.1 AKTHBHas MOLHOCTb FapMOHHUK

PasnoxeHue HanpaXeHnAa U TOKa B I'lpVIéMHMKe Ha rapmoHun4ecKkme cocCtasadaolme no3BonAeT bonee
I'J'IY60KO BbIACHUTb AETa/In NEPETOKA 3HEPIUN MeXKAY NOCTAaBLWMKOM U NosiydaTenem.

MpeanonoXmnm, YTO aHANN3aATOP KayecTBa MUTAHMS NOAKAIOYEH MEXAY WCTOYHWMKOM HarnpsKeHua u
NPpMEMHMKOM. KaK HanpssKeHWe, TaK WM NUTAOWMIK TOK MOABEPraloTCA CMNEeKTPasbHOMY aHanu3y c
nomouwpto 6bicTporo npeobpasosaHua ®ypbe (FFT), B pe3ynbTaTe KOTOPOro Mnosiyyaem amnauTyabl
rapMOHUK BMecTe ¢ UX Gpa30oBbIMM CABUTaMM.
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OkKasbiBaeTca, YTO 3HaHWe rapMOHUK HaANpAXeHnA U TOKa U casura d>a3 MexXagy 3sTUMMU rapmoHunKamu,
Nno3BOJ1AE€T PaCCYNTATb aKTUBHYHO MOLWWHOCTb LI,EI\;ICTByIOLLI,MX Ka)KAOVI rapMOHUKU B OTAENbHOCTU:

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

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

Pr—yron $as3oBoro casura Mexay rapMoHUKamm Hanpa>KeHna 1 Toka h -ro nopagka.

Echn mowHOCTb Ph MMeeT MONOMUTENbHbIA 3HAK — 3TO 03HAYaeT, YTO AOMUHUPYIOLWMK UCTOYHUK
3HEPrumn 3ToM rapMOHUKM HaxoamMTCA Ha CTOPOHE MOCTaBlUMKa 3Heprun. Ecam oHa oTpuuatesbHas, To
OOMUHUPYIOWMM UCTOYHUKOM ABAAETCA NPUEMHUK. CneayeT OTMETWUTb, UYTO HeNb3A CKasaTb Ha
OCHOBaHWUW M3MepPEHHOM TaKMM 06pa3om aKTUBHOW MOLLHOCTM FaPMOHMK, YTO TOJIbKO OAHa M3 CTOPOH
ABNAETCA E€AMHCTBEHHbIM MWCTOYHUKOM TapPMOHMK, TaK Kak W3MepeHHas MOLWHOCTb ABAAETCA
pe3ynbTUPYIOLLEN A1A NOCTaBLLMKA M NOayYaTens.

Mpumep: Ecin NOCTaBLMK reHepupyeT aKTUBHYIO MOLLHOCTb rapmMoHMK Php = 1 KBT, a nonyuyatenb
«FEHEePUPYET» MOLLHOCTb 3TOM FAPMOHUK BeaMYMHOW Pho = 100 BT, TO pe3ynbTuUpytowasa MOLLHOCTb,
M3MepeHHan Ha KAeMMax Mexay noaydatenem u noctaBwmuKom, byaet coctaBnate Ph = Phb— Pho = 0,9
KBT.

B cnyyae ¢ npvBeAEHHbIM Bbile NMPUMEPOM Mbl UMEEM [e/N0 C ABYMA OTAE/IbHbIMWM MCTOMHUKaMMU
MOTOKa 3Heprmu. K COMKaNeHuio, Ha OCHOBE 3TOr0 WM3MEpPEeHWA He yOacTca NpAMO YKas3aTb Ha
daKTuueckoe pacrnpegeneHue.

B peanbHblx cucCTeEMax 4YacTo 6blBaeT [OOCTaTOMHO ONpPeaenuTb AOMUHUPYIOWMA  UCTOYHUK.
Crpynn1poBas rapmoHMYECKMe COCTaBAAIOWME NONOKMUTENbHbIX 3HAKOB, MOMYYMM BbIBOPKY MOLLHOCTH,
OTBETCTBEHHYIO 3@ MOTOK 3HEPrMM OT UCTOYHWMKA K NPUEMHMKY, TO €CTb MOJE3HYI0 3Hepruio. B cBoto
oyepenb COBOKYMHOCTb FAPMOHMK C OTPMLATENbHBIM 3HAKOM XapaKTepu3yeT Ty YacTb SHEPTUN, KOTopas
He BbIMOJIHAET NONE3HOW POSIM U KBO3BPALLAETCA» 06PATHO B Pacrpese/INTENIbHYIO CUCTEMY.

CyMmunpya BCE KOMMOHEHTbl FapMOHMYECKOW aKTUBHOM MOLLHOCTW, MOJYY4MM AKTUBHYH MOLLHOCTb
NPpMEMHMKA. Mbl BMAMM TakMmM 06pasom, UTO CYLLECTBYIOT, MO KpalHel mepe, ABa a/bTePHATUBHbIX
MeToAa U3MepPeHUA aKTUBHOW MOLLLHOCTH.

nepBblﬁ METO/, 3aK/1I04aeTCA B pacqéTe cpeaHunXx 3Ha4YeHUM MIHOBEHHOM aKTUBHOM MOLWHOCTHN, KOTOpPAanA
paccynTbiBaeTCA Ha OCHOBE C/ieaAyroWmnxX OTCYETOB HaMNPAXKEHMA N TOKa:

M
1
-y
i=1

raoe Ui aBnAeTca oyepegHbim OTCYETOM HanpAaxeHwuAa, linsnaerca oyepeaHbIM OTCHETOM TOKa, a M-
YMC/IO OTCYETOB B OKHE M3mepeHm71.

BTopoit meTog, — 3TO0 CYMMUPOBAHWE OTAENbHbIX aKTUBHbIX MOLLLHOCTEN FAaPMOHMK, KOTOPbIE NoJlyYaem
pasnoxeHnem no 6bicTpoMy npeobpaszosanuto Gypbe (FFT):

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

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

Qnh = Un-In-sin¢pn

3HaHWEe pPeaKTUBHOM MOLLHOCTM TFapMOHMK ABAAETCA LEeHHOMW WHbopmaumen, MCNonb3yemoir npwu
pa3paboTKe KOMMEHCATOPOB PEAKTUBHOW MOLLHOCTM Ha NapaniefbHblX PEAKTUBHbIX COMPOTUBAEHMUSAX.
Takune KomneHcaTopbl COCTOAT M3 LC-LenoyeK, HaCTPOEHHbIX HA KOHKPETHbIE YAacTOTbl FTAPMOHMK.

3HaK OTAENbHbIX COCTaBAAOWMX MOLHOCTM FTOBOPUT O XapaKTepe HArpy3ku AAA 3TOM COCTAaBAAIOLLEN.
Ecnum 3HaK NONOXKUTENbHbIN, 3TO CBUAETENLCTBYET 06 MHAYKTUBHOM XapaKTepe, a eCiv OTpULLATENbHbIN,
TO 0 EMKOCTHOM XapaKTepe.

PeaKTMBHbIA TOK MCTOYHMKA MOXKHO YMEHbWNTb A0 HYyNA npu BbINONHEHUW YyCnhoBUA ONA Ka)K,D,Oﬁ

rapMOHMKM 2:

Bh+Bkn=0
roe:
Bh— peakTtnBHaa npoBoAMMOCTb NPUEMHKUKA An1A h-0/i rapMOHUKM,

Bkn — peakTUMBHAA NPOBOAMMOCTb NapaniesibHOro KomneHcaTopa gnAa h-olt rapMoOHUKN.

MOCKONbKY CAOMHOCTb KOMMEHcaTopa PacTéT NPONOPLMOHANbHO YUCAY TFAPMOHMK, MOAJeXKalmX
KOMMNEHCaLMM, KaK NPaBMI0, KOMINEHCUPYETCS TOJIbKO OCHOBHAsA COCTaB/IAOWANA U He Bosiee HECKO/IbKUX
BbICLUMX FAPMOHUK MaKCMMa/ibHOM BennunHbl. OHAKO AaxKe cama KOMMEeHCcaUMa OCHOBHOM rapMOHMKMK
MOXKET YKe AaTb 3HAYUTE/IbHOE yay4lleHne Ko3apdmuneHTa MOLHOCTH.

Npumeuanue 2:

N.C. YapHeuguiti: , MOWHOCTM B INEKTPUYECKUX LENAX C HECMHYCOMAANbHbIMW TOKaMU U
HanpsaxeHuamun”, M3pgatenbcTBo BapluiaBcKoOro nosmMTEXHMYECKOrO YHMBepcuTeTa, Bapwasa, 2005,
cTp.109.

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

5.4.3 XapakKTepHUCTHKa rapMOHUK B TPpéxda3HbIX CEeTAX

FapMOHUKN onpedeneHHoro psaga B 3-gasHbiX CUCTEMAx WMMEIT HeKoTopble cneuuduyeckune
0CO6EHHOCTH, KOTOpPble NOKa3biBaeT Tabanua:

Pap, 1 2 3 4 5 6 7 8 9

Yacrota (l'y) 50 100 150 200 250 300 350 400 450

NMocnepoBaTenbHOCTb
(+) npamas, + + +
(-) obpatHas, 0 0 0
(0) HyneBas

Ctpoka «llocnegoBaTeNbHOCTb» OTHOCUTCA K  METOAy CMMMETPUYHbIX COCTaBAAIOWNX, KOTOPbIN
No3BO/IAET PA3NOKUTb Nt060I U3 3-X BEKTOPOB Ha TPU Habopa BEKTOPOB: NPsSiMOi, 06paTHOM 1 HyeBo
nociaeaoBatenbHoct (noapobHee B pasaene, NOCBAWEHHOMY Npobaeme aCUMMETPUM).
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Bocnonb3yemca npumepom. MpeanonoxKmm, 4to TpéxdasHblli ABUraTesb 3annTaH 0T CUMMETPUYHOM 4-X
npoBoAHoli cetTu (To ecTb 3pPeKkTUBHble 3HaueHMA @asHbIX HAMPAXKEHWN PaBHbl U YIbl Mexay
OTAENbHbIMU OCHOBHbIMW KOMMNOHEHTAaMW COCTaBAAOT Nno 120°).

3HaK «+» B CTPOKe, Onpefenstoler nocnesoBaTenbHOCTb AAA 1-rapMOHMKM, 03HAYaeT HOpMasbHoe
Hanpas/ieHMe BPaLLEeHUs Bafa ABuratens. FapMOHUKM HANPAXKEHUSA, AR KOTOPbIX 3TOT 3HAK TaKXKe «+»
NPUBOAAT K BO3HMKHOBEHWIO KPYTALLEr0O MOMEHTA COBMNAAAlOWEro ¢ HamnpaBAeHMEM OCHOBHOM
rapMoHMKKU. FapmMoHUKK pagos 2, 5, 8, 11 aBaatoTcA rapMmoHMKammn obpaTHOM nocieaoBaTelbHOCTH, TO
€CTb MPOU3BOAAT KPYTALLMIA MOMEHT, KOTOPbLIA NPEnATCTBYET HOPMAJIbHOMY HamnpaBAEHWUIO BPaLLEHUA
OBUraTensa, 4YTO MOXKET MNPUBECTM K HArpeBaHWto, HEHY)XHOW MoTepe SHEPIrMU U CHUKEHWUIO
npounssoauTenbHocTU. MNocneaHen rpynnon ABNAIOTCA FAPMOHUKN HYeBOM NOCAEeL0BATENBHOCTH, Takne
KaK, Hanpumep, TPeTbA, WecTaa 1 AeBATas, KOTOpble HE NPOM3BOAAT HUKAKOTO KPYTALLErO MOMEHTA, HO
npoTeKas no o6MoTKe ABuraTens, Bbl3blBAOT €ro AONOJAHUTENbHbINA HArpes.

Ha ocHOBaHWKM AaHHbIX Tabauubl NErkKo MOMKHO YBUAETb, YTO MOCNeAO0BaTE/NIbHOCTb «+», «-», «0»
nosTopAeTcA ANA  BCeX NOCAeAyloWwmux pAgoB  rapmoHuk. @dopmyny, CBA3bIBAOWYO — TUM
noc/ea0BaTeNbHOCTU C PAAOM OYeHb NPOCT U Ans k, KOTopbIl ABAAETCA N06bIM LLe/IbIM YNCIOM:

MNocnepoBaTenbHOCTb [FapmoHuMYecknin pas,
npAmMmas «+» 3k+1

obpaTHas «—» 3k-1

Hynesasa «0» 3k

FAapPMOHMKM YETHbIX pPALOB OTCYTCTBYHOT, KOr4a [AaHHbIM npouecc ABAAETCA CUMMMETPUYHBIM
OTHOCUTE/NIbHO JINHWUW €ero CpefHero 3Ha4YeHWsi, a TaKOe CBOMCTBO MMEIOT CUrHasbl B HO/bLUMHCTBO
CUCTEM NUTAHUA. B TUNMYHOM CUTyauMM M3MeEpPEHHbIE YPOBHM TAPMOHMK YETHLIX PALOB MMENT
MWHMMANbHble 3HadYeHMA. ECM yy4ecTb 3TO CBOMCTBO, TO OKaXeTCA, YTO rPynmnbl APMOHUK C CaMblMMU
He)KenateNbHbIMWU KayecTBamu — 310 3-1, 9-4, 15-a (HyneBas nocnenoBaTeNbHOCTb), a TaKXe 5-1, 11-1,
17-a (obpaTHas nocnenoBaTeNbHOCTD).

FapMOHMKM TOKa, KOTOpble KpaTHbl uucay 3 €O34aloT AOMONAHUTE/bHble MPobaembl B HEKOTOPbIX
cuctemax. B 4-x NpoBOAHbIX CUCTEMAX OHU UMEIOT OYEHb HEXKEeNaTeIbHYI0 0COHBEHHOCTb CYMMMPOBATLCA
B Hys1eBOM npoBoge. OKasblBAaeTCA, YTO B OT/IMYME OT FapPMOHUK APYIUX PAAOB, F4e CYMMA 3HAYEeHWUN
MrHOBEHHbIX (asHbIX TOKOB KOMMEHCUPYETCA, MPOLEcCbl 3TUX FAapMOHMK coBmagatoT no ¢ase, 4yTo
npuBoauT K fobasneHnto GpasHbIX TOKOB 3TON COCTABAAOLWEN B HYJ1IeBOM NPOBOAE. ITO MOXKET NPUBECTU
K Meperpesy 3TOro NpoBOZa (B YaCTHOCTM, B pacnpesenuTe/ibHbIX CUCTEMAX, B KOTOPbIX MCMO/1b30BaHO
MeHbLUEe CceyeHMe 3TOro nposoda, 4Yem ¢Gas3oBblX, a [0 HeAaBHEro BpPemMeHW 3To ewe 6bl1o
pacnpocTpaHeHHOoW NpaKTUKoit). Mo 3Tol NpUYNHE, B CETAX C HENMHENWHbIMM Harpyskamu u 6onbmMmm
NCKaXXEHMAMM TOKa, B HaCToALLLEe BpeMA PEKOMeHAYeTCs, YTOObl cevyeHne HelTpasibHOro nposoga bbino
60nblue ceveHnn GpasHbIX NPOBOAOB.

B cucTeMax TMNa «TPeYrosibHUK» rapMOHMKM 3TUX PAAOB OTCYTCTBYIOT B IMHENHbIX TOKaX (C OrOBOPKOM,
YTO peyb MAET O CUMMETPUYHBIX CUCTEMAX), B TO BPEMSA KaK OHW LIUPKYIMPYIOT B BETBAX HArpysKku, Takxe
BbI3bIBasi HEHYXKHbIE MOTEPU MOLLHOCTH.

TaKol xapaKTep OTAE/bHbIX TAPMOHMK, KaK 3TO MOKa3aHo B Tabsmue, COXPaHAETCS C MOAHOW TOYHOCTbIO
TO/IbKO B TPEXPA3HbIX CUMMETPUYHBIX cucTeMaX. TO/IbKO B TaKMX CUCTEMAX OCHOBHAA rapMOHMKa MmeeT
XapaKTep WCKAIOUYUTENbHO MPSAMOW MOC/AeL0BaTENbHOCTU. B peasibHbIX CMCTEMax, B KOTOPbIX ecTb
onpeaeneHHana cTeneHb aCUMMETPUM HANPAXKEHUA NUTaHUA U aucbanaHc Harpysku, NoABAAIOTCA He
HyfNeBble cocTaBaAlWMEe 06paTHOW W HyneBoM nocnegoBaTenbHOCTU. Mepoit 3TOM acMMMETpUn
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ABNAIOTCA TaK HasblBaemble KOIPOUUMEHTbI HECUMMETPUW. U MMEHHO W3-3a 3TOM acUMMeETPUU
OCHOBHOM rapMOHMKM, U, KPOME TOro, PasHMLbl B aMNANTyAaX M Gpasax BbICLUMX FAPMOHMK B KaxgoMn us
$as - 3TM TapMOHMKM Takke OyayT MMeTb KOMMOHEHTbl MpAMON, o06paTHOM W HyneBow
nocneagoBatenbHoOCcTU. Yem 6Gonble acummeTpusa, Tem bosblie bOyayT TaKXKe [0AW  OCTasbHbIX
COCTaB/IAOLWMX.

CraHpapT TOCT 30804.4.30-2013 (IEC 61000-4-30:2008) pekomeHAayeT, 4Tobbl B aHa/aM3aToOpax CeTu
NPUMEHANCA MeToA, NOArPYNN rapMOHUYECKMX COCTAaBAAIOLLUX.

5.4.4 KosdpdunueHT rapMoHNYeCcKHX McKaxeHu (THD)

KoaddnumneHT rapmoHmnyeckmx nckaxkeHuit THD (aHrn. Total Harmonic Distortion) ssnsietca Hanbonee
pacnpoCcTpaHéHHbIM  MOKasaTenem WCKaXKeHUMA CUrHanoB. Ha npaKkTuke Ucnonb3yloTca  ABe
Pa3HOBMAHOCTM 3TOr0 KoadpdUuumeHTa:

o THDF - KO3PPULMEHT FAPMOHUYECKMUX UCKAKEHWUI, OTHOCUTENBHO OCHOBHOM FAPMOHMKM CUTHaNa
(ot aHra. fundamental),

o THDR - KO3GOUUMEHT FAPMOHUYECKUX WCKAXKEHUIMA OTHOCUTENIbHO CpPeaHEKBAAPATUYHOTIO
3HayeHusa (RMS) curHana.

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

/ he2 AR / h=2 AR
% 100% THDp = +—

1 RMS

THDp = X 100%
roe: Ah — gencTBytoLLee 3Ha4YeHNe rapMoHuKK h-ro psaa;

A1 — geicTBylOLLEE 3HAYEHNE OCHOBHOW FrAaPMOHUKN;

ARMS — AENCTBYIOLLLEE 3HAUYEHME CUTHANA.

OrpaHMyeHne YMCNa raPMOHMK, YINTbIBaeMbIX Npu pacdete THD, nmeeT yCNOBHbIN XapaKTep U CBA3aHO,
npexae BCero, C OrPaHUYEHUAMU WM3MEPUTENIbHOFO YCTPOMCTBa. [MOCKONbKY aHanuM3aTtop no3Boaset
M3MepATb rapMOHUKK A0 50-ro nopaaka, npu pacyéte THD yuutbiBatoTca rapmoHmkm 50-ro nam 40-ro
nopagka.

CnenyeT UMeTb B BUAY, YTO ABa YNOMAHYTbIX onpeseneHnsa byayT faBaTb 3HAUYUTENbHO OT/AMYatoLMecs
ApYr OT gpyra 3Ha4eHUA NPU CUAbHO MUCKaXKeHHbIX curHanax. THDR He moxkeT npesbiwatb 100%, a THDF
TAKoro npezesna He MMeeT U MOXKET NMPUHUMATbL 3HaveHus, aaxe 200% n 6onee. TakoW cayyvalt MoXKeT
HabnoaaTbCA MNPU  U3MEPEHUM 3HAYUTENIbHO WCKAKEHHOTO TOKa. [apMOHMYECKME UCKAXKeHUs
HanpsAXeHUs, Kak NPaBMo, He NPEBbIWAOT HECKOJIbKUX NpoueHTOoB (Kak THDF, Tak n THDR).

5.4.5 KoapdunueHT uckakenus toka TDD

KoapduumeHt wnckaxkenma Toka TDD (aHrn. Total Demand Distortion) — 3To nokasaTenb,
NpeacTaBAAlOWNNA  ypoBeHb 3PGDEKTUBHbLIX 3HAYEHWI BbICWIMX TFAPMOHUK TOKOB, OTHOCUTE/IbHO
MaKCcMManbHoro BoctpeboBaHHOro Toka (aHrn. Demand Current). OH BbiBOAUTCA U3 KoadpduumneHTta THD
W ero 3HayYeHue Bbiparkaetcs Gopmynoii:

n IZ
h=2"h

TDD = —— x 100%
I
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roe: Ih — 3¢ deKTMBHOE 3HAYEHNE TOKa rAPMOHUK h-ro paaa,
I. — BOCTpeboBaHHbIM TOK.

CpaBHuMBaA npuBeaeHHyto Bbiwe dopmyny ¢ THD aaa TOKOB, Bbl MOXKETe BUAETb, YTO OHWM pPas3fiMyatoTca
TONbKO 3HayeHMeM 3HamMeHaTensa. YucauTenb OCTAETCA HEU3MEHHbIM W NpeacTaBaseT coboi
adpPeKTMBHOE 3HAYEHME BbICLUMX FAPMOHMUK.

BocTpeboBaHHbIA TOK || — 3TO MaKcMManbHOe cpegHee 3HaYeHWe OCHOBHOW COCTaB/AIOWEN TOKa,
3aperucTpupoBaHoe B nepuog HabnoaeHua. B kauectse nepmnoaa HabnwoaeHMA 06bIMHO NPUHMMaAETCA
Hegena nan mecad,.

Ona obbsacHeHus pasHuubl mexxkay THD u TDD Bocnosnb3yemca npumepom. [peanosioxnm. 4to
OCHOBHaA COCTaBAANOLWAA TOKA B Lenu M3meHAeTca mexay 3HadeHnamm 1000 A n 10 A. UcKarkeHue
dopmMbl TOKa MPUMEPHO Ha OAHOM W TOM Ke YPOBHE BO BCEM WHTEPBA/se M3MEHEHUA OCHOBHOM
cocTaBastoLlen n coorsetctsyet KoaddunumeHty THDe npumepHo 50%. Ecan co3agatb rpaduKk MsmeHeHus
KoadduumeHta THD Bo BpemeHu, To nonyumtca Bosee-meHee MNOCTOSSHHOe 3HayeHWe 50% Bo Bcem
WHTepBane BpemeHn. ObpaTuTe BHMMaHME, YTO HECMOTPA Ha TO, YTO B WUCCNELyeMOM WHTepBase
BPEMEHW OCHOBHaA cocTasasaowan nsmeHserca B 100 pas, Ha ocHoBe rpadumka THD Henb3a caenatb
BbIBOZ O NOTEPAX 3HEPIMWN B LENU B pe3ynbTaTe BO3HUKHOBEHWA FAPMOHMK. ECaM co3gaTb TakoM ke
rpadmk ana KoadpduumeHta TDD, TO OH byaeT MmMeTb BWA, AHANOTUYHBLIA TFPadUKy OCHOBHOW
COCTaBAAIOLLLEN TOKA — MaKCMManbHoe 3HayeHue TDD gocturHet 50%, a mruHMManbHoe npumepHo 0,5%.
Takum obpasom, TDD nyywe oTpaxKaeT usMmeHeHUa 3GGEKTUBHOIO 3HAYEHUA BbICLUMX FAPMOHUK — €CK
TOK AOCTUTHET MaKCMMaJIbHOro 3HavyeHus, To TDD npnbamsntca K THD, HO ec/iv 3HaYeHMe TOKa B Lienu
YMEHbLLUAETCH, TO TaK¥Ke yMeHbluaeTca U KoapouumeHT TDD.

Ona pacyeta KoapoduumeHta TDD HeobxoaMmO 3apaHee yKasaTb WM paccymTaTb TOK |.. AHanM3aTopsbl
PQM npenocTaBAAloT ABa BO3MOMKHbIX MeToAa:

® aBTOMATMYECKUI — TOK | onpegenseTca NPUAOKEHUEM, KaK MaKCUMaAJIbHOE 3aperMcTpupoBaHHoe
cpefHee 3Ha4YeHMe OCHOBHOWM COCTaBAAIOWEN TOKa (M3 BCEro MHTEpPBana pernctpalmm, No BCem
KaHanam ToKa). Mocne BrkAoYeHUA pernctpaumm TDD, aHannsaTop aBTOMaTMYECKM 3anucbiBaeT
napameTpbl 41 pacyeTa ero 3HavyeHums.

®  BpPYYHYHO — TOK |. BBOAMTCA MONb30BaTe/ieM (B NMPUIONKEHUN, NPU aHA/IM3E AaHHbIX). 3HaueHue
TDD paccunTbiBaeTcA Ha OCHOBe BBeAEeHHOro 3Ha4YeHus

5.4.6 KosadpodunuentK

KoadduumeHT K, TakkKe HasbiBaemblit KoadduumeHTom notepb B TpaHchopmaTope (K-dpaKktop) — ato
BE/IMYMHA, KOTOpAna WCMONb3yeTca npu onpepeneHnn TpebosaHMi K TpaHchopmaTopam MUTaHUA.
BbiclUME FAapPMOHUKM B TOKE NMPUBOAMUT K YBEIMYEHMUIO TEMJIOBbIX NOTEPb B OOMOTKAX U MeTaNINYecKnx
anemeHTax TpaHchopmaTopa. [N1aBHOM NPUUYMHON ABAAIOTCA BUXPEBblE TOKM, TeHepupyemble
COCTaB/IAIOLWMMM TOKA Ha H6oJiee BbICOKMX YAacTOTaXx, a TAKKe CKUH-3GDEKT.

MoBbllleHMe TemnepaTypbl TpaHchopmaTopa MPAMO  MPONOPUMOHANLHO  KBaapaTy — 4acToTbl
COCTaBAAIOLLMX TOKA, NOITOMY BE/MUYMHA Ha3blBaeTcA KO3dOULMEHTOM NoTeps B TpaHchopmaTope uam
WHauye KoaddMUMEHTOM K, yumTbiBaa 3TOT aKT, OH paccuuTbiBaeTcA Mo cheayloweii popmyne:
50
750 22
h=11h
KFactor = Z 13.h? = =—"—~——

IZ
h=1 1

107



roe: Ihr — OTHOCMTENbHOE 3HaYeHMe rapMOHUK ToKa h-ro psga (No OTHOLWEHUIO K OCHOBHOW
rapmoHuKe);
Ih— amnanTyaa rapmoHUKM ToKa h-ro paaa;
[1—amnanTyaa OCHOBHOM COCTaBAAIOWEN TOKa;
h — rapmoHuyecknit paa.

3TOT nNapameTp NpUAaéT ropasgo 60MbWKMA BeC BbICLUMM FapMOHMKaM, YeM HU3WKUM — Kaxkaas
rapMoHMKa YMHOXaeTcsa Ha KBagpaT ee paja.

Koaddmument K noneseH npum onpegeneHun tpeboBaHUM K TpaHchopmaTopam, KOTOpble AOJMKHbI
paboTaTb B YCNOBMAX 3HAYUTENbHbIX WCKAa*KEHWM Toka. [lpepnonaraetca, 4To TpaHchopmaTop,
paboTalowmii B ycnoBuax, Ana Kotopbix KoadpduumeHT K coctaBnsaer x, byaeT reHepuposaTb B X pas
6oblue Tenna, Yem B CUTyaL MM YUCTO CUHYCOMAaAbHOTO ToKa (K = 1).

5.5 HHTeprapMoHMKH

NHTeprapmoHMKM — 3TO TaKMe COCTaBAAIOLIME YACTOTHOrO CMEeKTpa HanpAMKeHWs MAM TOKa, 4YacToTa
KOTOPbIX He byaeT KpaTHOW OCHOBHOM 4vactoTe cetu (50 mam 60 Tu). MPUYNHON BO3HUKHOBEHMUS
WMHTEPrapMOHMUK MOTYT BbITb, B YaCTHOCTM, HECUHXPOHHbIE U NEepexogHble MPOLEecchbl, CONyTCTBYIOLNE
NoAKNOYEHUAM, npeobpa3oBaTeNiM 4acToTbl, KOTOpble CO34al0T BbIXOAHYH 4YacTOTy OT/AUYHYIO OT
YacToTbl MUTalOLWEN ceTun, f06aBNAs B CUCTEMY CMEKTPasibHble MHTEPrapMOHUYECKUE COCTaBAAIOLME,
OYroBble Neyn U UHAOYKLMOHHbIE ABWUraTeNn, a TaKKe MpUMBOAbl C NepemMeHHON Harpyskoi. CurHabl
ynpaBneHua, TO ecTb CUrHanbl CTPOro onpeaenéHHOM 4YacToTbl, KOTOPble TEeHepupylTca B Lensax
ynpaBneHua M NonagaloT B 3/IEKTPOCETH, TaKKe CledyeT pacCMaTpuBaTb KaK WHTeprapMoHMYeckue
coctaBnsowme. MHTEprapmoHUKM C 4aCTOTOW, MEHbLUE OCHOBHOM 4acTOTbl CETW, Ha3blBalOTCA
CybrapmMoHumKM.

IPPEKTbI NPUCYTCTBUA MHTEPraPMOHUK MOTYT BbITb CiegytoLume:

e PoCT noTepb B MEXaHMYECKUX [BUraTensx, MoBbllIEHWE TemnepaTypbl; B YaCTHOCTW, BPeaHbl
cybrapMoHMKM, MOCKObKY NOTEPU MOLLHOCTM BO3PACTalOT C YMEHbLIEHWEM YaCTOTbl;

e MepuaHue cBeTa; B 3TOM CAydae Takke 0CoBeHHO HenpuATHbl cybrapmoHuKku. Hanpumep,
cybrapmMoHmKa ¢ yactoToi 8,8 Il NPUBOAUT K MOAYAALMM HANPAXKEHUA CeTU B AManasoHe, B
KOTOPOM Yesl0BeYEeCKUIA rNas Hanbonee YyBCTBUTENEH K STOMY ABNEHUIO;

e HMW3KOYaCTOTHble KonebaHMA B MEXaHUYECKMX CUCTEMAX;

e [lomexu B paboTe cuctem ynpasaeHna n 6e30nacHoCTy;

e [lomexu B TeNEKOMMYHUKALMAX U aKyCTUYECKME;

e MarHuTHOe HacbllleHWe cepaevyHuKa oT cybrapMoHUK (TpaHCchOopMaTopbl, 31eKTpoaABUraTeNIn u
T.4.).

B3amMmopencTeme BbICLUIMX TAPMOHUK M UHTEPrapMOHUK TaKXKe MOMKET MPUBECTU K HeXKenaTes/lbHbiM
ABNEHUAM, TaKUM KaK OMeHMA Ha HU3KMX 4YacToTax. Hanpumep, 9-a rapmoHuka (450 lu) Bmecte ¢
WHTEPrapMoHUKoM 4YactoTbl 460 Iy NpMBOAUT K BO3HMKHOBEHUIO 3ddeKrTa bueHma vactotor 10 I
HEeCMOTPSA Ha TO, YTO B YAaCTOTHOM CNEKTPE HET COCTABAAIOLLEN 3TOM YacTOTbl. YenoBEeYECKUI 133 OYeHb
YyBCTBMTE/IEH B 3TOM [AManasoHe W TaKoe B3auMOAEeNCcTBMEe MNPUBOAUT K 3HAYUTENbHOMY 3PPeKTy
mepuaHua ceeta. Popma HanpsaskeHuna 230 B/50 My B 3TOM cMTyauMM NoKasaHa Ha puc.47 (ycTtaHoB/eH
ropasgo 60nblWnii ypoBEHb MHTEPraPMOHMKN YeM 0BbIYHO, YTOObI MOKa3aTb 3GGEKT Ha PUCYHKE).
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Puc.47. 2ddekT B3anmogencramna 9-n rapmoHmkm (450 My, 10% Unom) 1 nHTeprapmoHmnkm 460 Iy,
(10% Unom). Buanmble nameHeHuna Gopmbl HanpsaxkeHus ¢ yactotoi 10 i, KoTopblie MOTyT co34aTb
addpeKkT mepuaHua ceeta (Unom =230 B RMS, 50 Iu).

5.5.1 Koa¢PpuuueHT MHTEprapMoHU4YeCKUX ucKkaxeHuu (TID)

Obuwen mepon NPUCYTCTBUMA WHTEPrapMOHUK B CUTFHasne sBAsieTca KO3pPUUMEHT coaepyKaHus
WMHTEPrapMOHMUK, KOTOPbIM onpeaenneTcs Kak:

no 42
ih=0“"ih
TIDp = ——— x 100%
Ay
’ 2
?h:OAih
TIDp = — X 100%
ARums
roe: TIDr — KO3QOUUMEHT CcoAep)KaHUsA MWHTEPrapMoOHMK MO OTHOLIEHMIO K OCHOBHOW

COCTaBAOLLEN,

TIDg - KO3POUUMEHT COAEPHKAHNSA UHTEPraPMOHMK MO OTHOLIEHMIO K AEMCTBYIOWEMY 3HAYEHUIO
RMS,

Ain — pevicTBytOLLEE 3HAYEHWE MHTEPrapMOHMKK jh-ro paga (noarpynnbl UHTEPrapMOHMK),

A; — peictBylollee 3Ha4YeHNe OCHOBHOM COCTaBAAIOLLEN,

Agms — AEUCTBYIOLLLEE 3HAYEHUE CUTHANA,

N — KOIMYECTBO BK/IOYAEMbIX MHTEPrapMOHUK (Hanpumep, 50).

TID aBnAeTcs OTHOWEHWEM AENCTBYIOLLErO 3HAYEHMUA BCEX MHTEPrapMOHUK K OCHOBHOWM COCTaBAAOLLEN
(mna TIDg) nnn Kk pencteytowemy 3HayeHUo RMS (ans TIDg).

Mpuemnembiii ypoBEHb MOMEX WMHTEPrapMOHWK B HAMpPAMEHUMW — 3TO BOMPOC AUCKYCCUIM B Kpyrax,
CBA3QHHbIX C KayeCcTBOM 31EKTPO3Heprum. HeKoTopble MCTOUYHMKKU YTBEPXKAAIOT, UYTO CYMMAPHbI
KO3hOULMEHT MHTEPrapPMOHUYECKMX MCKAXKEHUI NO HANPAXKEHUIO He A0/MKeH npeBbiwath 0,2%.

5.6 CursHaJsibl ynpaBJeHUs

YnpasaswowmMmmn curHanamu (aHrn. mains signalling) Ha3biBAlOTCA CUrHaAbl, KOTOpble BBOAATCA B
3N1EKTPUYECKYI0 Lenb Ana  AUCTAaHUMOHHOTO  YNPaBAEHMA W KOHTPOAA Hah  YCTpPoWMCTBamMu,
NOAK/IOYEHHbIMM K TOM ke ceTu. Takum o6pasom, pacnpegenuTenbHas ceTb Kpome nepeaaqu
3/1eKTPO3HEPIrMK, B AAHHOM C/lyyae WCMOJIb3yeTcs B KayecTBe cpenbl Mepesayv g/a CBA3M MeXKay
yCTpoicTBamu. Pa3ninyatoT Tpu TMNa CUrHaNoB:
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e CurHanbl HM3KoM YactoTbl oT 110 ao 3000 u, Ha3biBaemMble No-aHIUNCKK ripple control signals
(BocnoBHO: NynbcMpytoLme ynpaBastowme CUrHanbl);

e CurHanbl, UCNONL3YIOWMX HECYLyH 4YacToTy, aHrn. Power Line Carrier Communication, PLCC,
AnanasoH 4actoT oT 3 go 148,5 Kl'y;

e MapKepHble curHanbl (aHrn. marking signals), KOPOTKME BCMAECKU NPU NEpPexoaHbiX Npoueccax,
Ha/IOXKEHHbIE B ONpPeAenEéHHOM TOUYKE Ha CUTHAN HAaNPAXKEHWUA.

MoCcKoNbKy BBEAEHME TaKUX CUTHAMOB B CETb INEKTPONUTAHUA MOXKET UMETb HeraTUBHbIE NOC/NeACTBUA
O HEKOTOPbIX YCTPOMCTB, NOA0OHO BAMAHUIO, KOTOPOE OKa3blBAOT FAPMOHMKN UAU NHTEPTAPMOHUKM,
To NOCT 32144-2013 ycTaHaBAMBAET AMMMUTbI Ha 3-X CEKYHAHbIE cpeaHue 3HaYeHNA AN1A TaKUX CUTHANOB,
KaK NoKa3aHo Ha puc.49Puc.. 3a Bpems mamepeHus, 99% cpeaHuUx 3-CEKYHAHbIX 3HAYEHWUI CUTHaNOoB
ynpaBAeHnA JONXKHbI 6bITb HUXKEYKa3aHHOTO IMMMITA.

CurHanbl HU3KOM 4YacToTbl (40 3 KMLU) MCMONb3YOTCA ANSA BKAYEHUS WU BbIKAOUYEHUS HarpysKu,
dunbTpoB, YycTpoiicTB 6HesonacHocTM. OAQHMM M3 MPUMEHEHUI ABASETCA YNPaB/ieHME YANYHbLIM
OCBELLEHNEM WU ANCTAaHLMOHHOE YMNpaB/ieHUE OTOMUTE/IbHbIMU YCTPOMCTBAMMU U KOHAULMOHEpPAMMU,
NCNosib3yeMoe B HEKOTOPbIX CTpaHax. YacTo curHanbl 3TOro TMMa MCMOAb3YHTCA NPU 06CAYKUBAHUK
KNMEHTOB C ABYyMs Tapudamu (Hanpumep, npu 6onee aewéEBom HOYHOM Tapude NOCTaBLMK IHEPTUU
aBTOMaTMUYECKWN OTK/IOYAET ONpeieIeHHYI0 Harpy3Ky). 9TOT TUN cBA3M 0BbIYHO OAHOHANPaB/AEeHHbIN. W3-
3a XapaKTepa 3aTyxaHuA B pacnpenenTtesibHOM CeTU, KOTOPOoe YBEANYMBAETCA C POCTOM YacTOTbl, CBA3b
Mo 3TOMy MeToZy MO3BOISIET NONYYNTb HO/bLIYIO Aa/IbHOCTM Nepenayn (4arke Ha COTHU KunomeTpos). B
npouecce nepeaayv ynpasaaioLLMin CUTHAN OTNPABAAETCA HECKO/IbKMMM NAaKeTammM U NOBTOPSAETCA Yepes
onpepenéHHoe Bpema. Camo Bpemsa, B TeYeHWe KOTOPOro CUrHan aKTMBEH, MOMET ObiTb O4YeHb
NPOAOC/IKUTENbHBIM, HANPUMEP, 2 CEKYHAbl CUTHAN BKAOYEH, 2 CEKYHAbI — BbIK/IIOYEH N HECKO/IbKO pa3
NOBTOPATLCA. M3BECTHbI CAyY4an, Korga Takou TUN nepenayun npusoaua K NOABAEHUIO HEXeNaTe/lbHOoro
adpdeKTa mepuaHuma ceeTa. Mpumep nepesayun curHana Takoro TMna nokasaH Ha puc.48.

AL rNnATY RS
CHMHENE YNPSENEHKA
—+ -—T2_=2!3
| o T *
T1=1c Bpema
1 MKHY TS
1 yac

Puc.48. Mpumep nepesayn ynpaBaatoLLErO CUTHANA HU3KOM YacToTbl.

bosiee BbICOKME 4acToOTbl Mepedadyn (cnefoBaTenibHO, Tak:Ke 60/siee BbICOKME CKOPOCTM nepenauu)
ABnsAoTcA obnactbto cBasn TMna PLCC. 3TOT TMN CBS3W MCMO/Ib3yeT aMMAUTYAHYIO WAW YacTOTHYHO
MOZYNIALMIO Hecylwel (BO3MOXKHO, M Apyrve MeToAbl MoZynsuuun). B cOBpeMeHHbIX MeTomax
NPUMEHAIOTCA  C/IOXKHbIe  anroputmMbl  06paboTKM  CUrHaNOB, [ANA  NOAYYeHUA  Hambosbluein
NMOMEXOYCTOMUYMBOCTM M CKOPOCTM Nepedaur faHHbix. MNepegaya curHana tuna PLCC Bce Bpems
npuobpeTaeT NMonynspHOCTb, yBEMYMBAA 061acTb CBOEro npumeHeHus. CBA3b MeXAy TOUYKAMMU CEeTU
MOXET 6bITb ABYCTOPOHHEN. KOHUENUMA MHTeNNEKTYabHOW CeTU, T.H. smart grid, WMPOKO UCNoNb3yeT
PLCC, KoTOpan ABNAETCA OOHUM M3 OCHOBHbIX METOLOB CBA3M MENKAY CYETUMKAMM INEKTPOIHEPTUN U
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KOOPAMHAUMOHHBIM LeHTPOM. OCHOBHble 06/1aCTU MPUMEHEeHUs — 3TO TenemeTpus, onTUMM3aLmn
notpebneHns  3/EKTPO3SHEepruu,  AUCTAHUMOHHOE  ynpas/ieHWe  HarpyskoW.  3aTyxaHue B
pacnpefenntenbHON CeTM OrpaHMuYMBaEeT MaKCMMasbHYIO AafbHOCTb nepedadun. MakcumanbHas
AaNbHOCTb MOMKET COCTaBAATb HECKO/IbKO KWU/IOMETPOB, MPUYEM CYLLEeCTBYET CUAbHAA 3aBUCMMOCTb
Mexay TUNOM MOAYNALMKM, CKOPOCTbIO Nepeaaqn AaHHbIX U AOCTUraeMoM Aa/bHOCTbIO.

OpHoBpemMeHHO BeayTcA PaboTbl MO CTAHAAPTM3AUMM MCMNONb30BaHMA Gonee BbICOKUX AMAMNA30HOB
yacToT (cBblwe 148,5 KMy M A0 HeckonbKUX gecatkoB MIMLU) ona nepegayn AaHHbIX Ha KOPOTKMUe
ONCTaHUMN.

B ceTAx CO 3HAUYMTENbHbIM COAEPXAHMEM FAPMOHMUK, rae ANA CHUXKEHUA YPOBHA NMOMEX MPUMEHSAIOTCA
AOonoNIHUTEeNIbHble GUABLTPbLI, BC/AEACTBME MX WMCMNO/Ib30BAaHMA MOMKET BO3HMKHYTb AO0MOJIHUTE/IbHOE
3aTyxaHWe B AMaNa30He YacToT, UCNOJIb3yeEMBbIX ANA HYXKA, CUTHanM3aumn. Kak Haanmune puabTpos, Tak U
BbICOKMI YPOBEHb FAPMOHNYECKUX U UHTEPTrapMOHMYECKUX MCKAXKEHUIN, 3HAYMTE/IbHO OrpaHMUYMBatOT
BO3MOXHOCTb 3QdEKTUBHOIO UCMO/b30BaHMA pPacnpeseinTesibHol Cetu ANA CBA3M HU3KOYACTOTHbIM
metoaom nnum PLCC.

q

0 ¥POB EHE HAMNPA#EHMA B NPOUEHTEX

1

0.1 1 10 YacToTa (kMu) 100

Puc.49. JlonycTmble ypOBHU YNPaBAAOLLNX CUTHANOB.

FOCT 30804.4.30-2013 (IEC 61000-4-30:2008) paéT cneayloWwMii MeToh W3MEPEHMA CUTHanoB
ynpasieHusa:

e EC/AM yacToTa CMrHana ynpas/ieHua KpaTHa 5 Ty (To ecTb, COBNagaeT C BbIXOAHOM MOJOCKOM
YacTOTHOro aHanu3a no 6bicTporo nNpeobpasoBaHus dypbe), TOraa caemyeT YYUTbIBaTb TONbKO
OAHY 3Ty NONOCKY U ee AelCTBYOLLEee 3HaYEeHWE;

e Ecnu yacToTa curHana ynpaeaeHus He KpaTtHa 5 ', To paccumTbiBaloTCA AEMCTBYOWME 3HAYEHMS
YeTbIPEX NONOCOK No BbicTpomy NpeobpasosaHmio Pypbe, Hanbosee 6AU3KUX 3TOM YacToTe.

5.7 AcummeTpus
ACMMMETpMﬂ ABNAETCA NOHATUEM, CBA3AHHbIM C TpéX¢a3HbIMM ceTAMU, U MOXKeT OTHOCUTBLCA K:

o ACMMMETPUN HANPAXKEHUI NUTAHUA;
e ACMMMETPUM TOKOB HArpy3sKku;
o  AcMmmeTpun NpUEMHMKA.
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ACMMMETPUA HANPAXKEeHUN (TOKOB) npoucxoauT B TPExDasHbIX CeTAX, KOrga 3HayeHua TPEx
COCTaBAAOWMX HAMNPAXKEHUN (TOKOB) pasnuuyaloTca mexay coboi M/Mau yrabl MeKAay OTAeNbHbIMM
$azamu otamyaroTca ot 120°.

AcMMMeTpUA NPUEMHMKA BO3HUKAET TOraa, Korga ConpoTUBAEHUA B OTAENbHbIX BETBAX MPUEMHUKA He
paBHbl Mexxay coboit.

3TM ABneHUs ocobeHHO BpeaHbl Ana TPExdasHbix ABuUratesen, B KOTOPbIX Aarke Hebosblias
ACUMMETPUA HAMPAMKEHUA MOXKET MPUBECTU K MHOIOKPATHO 0O/blUE acCMMMETPUM TOKOB. B TaKmx
YC/IOBUAX KPYTAWMMA MOMEHT ABUraTeNs YMeHbLUAeTCs, U NOABAAIOTCA yBE/AMYEHHbIE MOTepU Tensa B
0OMOTKax M MeXaHWMYeCKM WU3HOC. ACMMMETPMA TaK)Ke HeraTMBHO OTpaXKaeTcs Ha CUNO0BbIX
TpaHchopmaTopax.

Hanbonee pacnpocTpaHEHHbIM WMCTOYHUKOM aCMMMETPUM ABAAETCA HEPaBHOMEPHOCTb Harpysku
oTAeNbHbIX Pas. Xopownm NpMmepom ABAAETCA NOAKNOYEHME K ceTU TPEXDA3HOro nepeMeHHOro ToKa
04HOdA3HbIX HAarPy3oK, TaKUX, KaK Kesie3HOA0POXKHbIe TATOBbIE ABUraTenun.

AHanM3aTop Mo3BOAAET M3MEPATb aCUMMETPUN HaNpPAXKEHUN M TOKOB METOAOM CUMMETPUYHbIX
COCTaBAAOWMX. ITOT METOA, OCHOBaH Ha MNPEAno/IOXKEHUM, UYTO Kaxkabli Habop B coctaBe TPEX
HeypaBHOBELLEHHbIX BEKTOPOB, MOYKHO Pa3NoXUTb Ha CyMMy TPEX Fpynn BeKTOpPOoB: Npamoii, obpaTHo
W HyNeBOM Noc/ieA0BaTe/IbHOCTY.

allig alis a?Usc

=
=
=
=

. U, +al, +a®,.= 3U°

=
o

Puc.50. NMpumep onpegeneHma CUMMETPUYHOM COCTaBAAIOLLEN NPAMOI NOC/eA0BaTeIbHOCTMY.

B KauecTBe npumepa npeacTaBaeH cnocob pacyéta HanpAXKeHWA COCTaBAAIOLWEN NPAMON
nocnenoBatenbHOCTU. M0 onpegeneHunio:

;1 2
u =§(Q1A +aUyp +a?Usc)
roe: U*— ABnaeTca BEKTOPOM NPAMOI NOCAe0BaTeIbHOCTH,
Uia, U1s, U1ic sBnsatoTca BEKTOPamMM OCHOBHbIX cocTaBastowmx ¢pasHbix HanpsaxkeHui Ua, Us, Uc,
190° 1 3. i24.0° 1 3.
a = 1e/120 =—s+7] a? = 1e/240 =---=

Ha puc.50 npeactasneH rpaduyeckuii cnocob onpeaeneHua 3ToW cocTaBasalowen. Kak BugHo u3
OAHHOIO oOnpefeneHnsa, BEKTOP COOTBETCTBYIOLLEN COCTaBAAIOWENA paBeH O[HOM TPEeTU CyMMmbl
komnoHeHToB:_U1a, aU1s, a2Uic. MapameTp a u a2 — 310 eAMHUYHbIE BEKTOPbI C yrnamu 120° n 240°.
Mpoueaypa, cneayrolwan: BeKTop HanpsxeHua UiB HYyXHO NOBepHyTb Ha yron 120° npoTvMB 4acoBoit
CTPENKM (YMHOXKeHMe Ha «a») u fobasuTb K BekTopy Uia. 3aTem BekTOp UiC HYKHO NMOBEPHYTb Ha Yron
240° n pobaBuTb K Npeablaylien cymme BeKTOpoB. B pesynbtate nonyumtca sektop 3U*. Bektop U*
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ABNAETCA MCKOMOM CMMMETPUYHOW COCTaBAAlOWEN MpPAMOW nocieaoBaTenibHOCTM. OTMeTMM, 4YTo B
cyyae uWAeanbHOM CUMMETPUM (paBHble HaMPAMKEHWA W YIAbl), CcOCTaBAAlOWME MNPAMON
nocaeA0BaTeNbHOCTU, ByayT paBHbI MO BEIMYMHE GasHbIM HaNPAXKEHUAM.

AHanoruyHo, obpaTHas cocTaBAAloOLLaAA ABNAETCA Mepol noaobua cummeTpuyHoro Habopa TpéxdasHbix
BEKTOPOB 0bpaTHOM Noc/ieaoBaTe/IbHOCTH.

HyneBasa nocnenoBaTeNbHOCTb CYLLECTBYEeT B CUCTEMAX, B KOTOPbIX CymMMa TPEX HanpsKeHuin (Mnau
TOKOB) He paBHa Hy/10.

LLIMpOKO UCNoNb3yeMol B SHEPreTUKE BEIMYMHAMM, XapaKTEPM3YIOLMMM aCUMMETPUIO CETU, SBAAIOTCA
KoapdMLUMEHTbI HecMMMETpMM Mo o6paTHOW M HyneBoM nocnesoBaTeNbHOCTU (dopmynbl  ans
Hanps»KeHus):

u0=5—‘1’-100% u2=z—j-100%

roe: Uo— KO3pPULMEHT HECUMMETPUN MO HYNEeBOI NocneaoBaTeIbHOCTY;
Uz — KoapPUUMEHT HecummeTpumn nNo obpaTHOM NocneaoBaTeNbHOCTH;
Uo— HyNieBass CUMMETPUYHAA COCTaBAAIOLLAN;
Ui — npAmas cuMMeTpUYHas coCcTaBAAIoLLan;

U,— obpaTHaa cummeTpuyHan CoCTaBAAIOLLAA.

Hanbonee yaobHbIM meTod, AN pacyéTa CUMMETPUYECKUX COCTaBAAKWMX U KoapduumeHToB
HECMMMETPUM — 3TO WCMONb30BaHWE B PacdéTax KOMMAEKCHbIX uucen. lNapameTpamu BEKTOPOB
ABNAIOTCA aMNANTy4a OCHOBHOM FapMOHUKW Hanps)KeHusa (Toka) U ee abCcoNIOTHbINA yron ¢a3osBoro
casura. Oba 3TM 3HaYeHNs NoaydarTca U3 bbicTporo npeobpasosaHusa Pypbe (FFT).

5.8 IIpoBaJsibl, NepeHaNpPsHKEeHUs U NpepbIBaHUA HANPsHKEHUA

MpoBanbl, NepeHanpaKeHna 1 NPepbIBaHUA HaNPAKEHUA ABAAIOTCA HApyLWEHUAMW B CETU, B TeYEHMe
KOTOPbIX ,D,EDIICTBYPOU.LGG 3Ha4yeHune HanpaxXeHnAa 3Ha4ynTeibHO OTInY4aeTCA OT HOMWHAJ/IbHOIO 3Ha4YeHuA.
Karkgoe n3 3TUX TPEX COCTOAHWI MOXKeT OblTb OOHApPYKeHO aHaNM3aToOpPOM MOCAe BKAOYEHUA
06Hapy:KeHna cobbITUIN 1 onpeaeneHna Nosb3oBaTesIeM 3Ha4YeHMA NOPOroB..

MpoBan HanpAMeHUs — 3TO COCTOSAHME, B KOTOPOM AEWUCTBYIOLLEE 3HauyeHWe HanpAMKeHUA HUKe
3afjaHHoOro nopora nposana. OCHOBOM M3MepeHUs MpoBafia ABAAETCA 3HadeHne URMS(1/2) , TO ecTb
AeNCTBylolLee 3HaYeHme, Nepruoanyeckm obHoOBAAEMOE Kaxayto No0BMHY nepuoaa.

OnpepeneHune nposana (FTOCT 30804.4.30-2013): npoBan HaNpPsAXKEHUA HaYMHAETCA B TOT MOMEHT, Koraa
HanpsaskeHne URMS(1/2), YMEHbLLMTCA HUMKE MOPOroBOro 3HayeHMAa NpoBasa, M 3aKaHuyMBaeTca B TOT
MOMEHT, KOrga 3HauyeHue HanpsaskeHua URMS(1/2) CTaHET paBHbIM WM MPEBLICUT MOPOr MpoBana C
rMCTEPE3NCOM HaNpPAXKEHUA.

Kak npaBuao, nopor npoBasa ycTaHaBAMBAOT, Ha ypoBHe 90% Unom. Bo Bpems npoBasa aHanusatop
3anucbiBaeT MMHMMA/IbHOE 3apPernmcTpUpPoBaHHOE 3HAYEHWE HanpAXKeHWA (3Ta BeAMYMHA Ha3blBaeTcs
OCTaTOYHbIM HanpskeHvem Ures U ABAAETCA OAHMM M3 MAPAaMETPOB, XapaKTepW3yHoLWMX MPOoBa) U
cpepHee 3HauYeHWe HanpsXKeHus.

I'IpepblsaHme NMNTaHNA — 3TO COCTOAHME, B KOTOPOM HanpAxXeHue URMS(1/2) HUXE YCTaHOB/ZIEHHOrO Nopora
npepbiBaHnA. Kak npasnao, Nnopor NnpepbiBaHMA YCTAaHABAMBAETCA 3HAUYMTEIbHO HUXKe Nopora NpoBsana,

Ha ypoBHe 0Kon0 1...10% Unom.
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I'IpepblsaHme Ha4YMNHaeTCA B TOT MOMEHT, KOrga HanpAaxeHue URMS(1/2) YMEHbBLUNTCA HUXKEe NMoporosoro
3HAYeHMA NpepbIBAaHUA U 3aKAaHUYMBAETCA B TOT MOMEHT, KOraa 3HadeHne HanpaxeHma URMS(1/2) CTaHeT

PaBHbIM U NPEBLICUT NOPOT NPepPbIBaHUA C TUCTEPE3SUCOM HANPAXKEHUA.

Bo BpemAa npepbiBaHNA aHA/IN3ATOP COXPAHAET MWHUMAJIbHOE 3aperncTtpnpoBaHHOE 3Ha4YeHUe
HanpAXxXeHnAa n cpegHee 3Ha4YeHne HanpAaxeHuAa.

JERCTEYVIOUES SHAYEHME
HaMNpAMEHMA 38
R (RMS, )

Nonyneprog &

MAKCHMSNEHDE IHSYEHME
MNepeHanpakeHKa

Nopor NepedHanpaseHna

mcTepesms

HOMKWHSNEHOE SHAYEHWE HANP ARKEHM A

npoEan

mcTepesme |
NOpOr MRoEans

NREpk B aH1E

mcTepesic |

Nopor MRepBlEaHu

MWHWMSNEHDE ZHAYEHKWE
NPOE&NS W NPERBIESHK A

Puc.51. MepeHanpaskeHUn, NPoBasbl U NPEPbIBAHNUA HANPAKEHUS.

MepeHanpsa)KeHWe — 3TO COCTOAAHWME MOBLIWEHHOr0 3HayYeHUA HanpaxeHua. MNopor HanpaAXeHua, Kak
npaBuo, yCTaHaBAMBaETCA Ha ypoBHe, 6amn3kom K 110% Unom.

MpeBblleHNe HaNPAMKEHNA HAYMHAETCA B TOT MOMEHT, KOrda HanpaxeHue URMS(1/2) NPEBbLICUT 3HaYeHue
nopora nepeHanpaKeHWs, a 3aKaHYMBAETCA B TOT MOMEHT, KOrga 3HauyeHue HanpsskeHua URMS(1/2)
CTaHeT PaBHbIM UAN MEHbLLE NOPOra NepeHanpPAXKeHUA YMEHbLIEHHOTO Ha FMCTEPE3NC HaNPAMKEHNA.

Bo BpemsA nepeHanpsaxeHna aHan3aTop CoXpaHaeT MaKCUMaibHOE 3aperncTpupoBaHHoe

3HaYeHMe HaNPAXKEeHWs, a TaKKe cpedHee 3HaYeHMe HanpaXKeHus.

3HauyeHMe rucTepesnca AAA 3TUX TPEX COCTOAHWUIM TO Ke cCaMOe W BbIPaXkaeTcsa, KaK yCTaHOBJEHHOe
NoNb30BaTe/IeM 3HayeHWe B MPOLEHTAX OT HOMWHaNbHOrO Hanpsa)KeHua (napameTtp [uUcTepesuc
o6HapyKeHusa cobbiTuid).

AHanmaaTop d)VIKCI/IpyET BpemA Ha4daza U OKOHYaHUA cobbITuA (C TOYHOCTbIO A0 NOZIOBUHbDbI nepmop,a).

MuHMManbHasA NPOAO/TKUTENIbHOCTb cobbITuA npoBana, npepbiBaHNA U nNepeHanpAxXeHnAa COoCTaBAeT
Nnos10BUHY Nepunoaa.
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Pnc.52. Onpegenerune 3HavyeHmnAa URMS(1/2).
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3HayeHnsa URMS(1/2) onpegenstotcs B TedeHne 1 nepuopa B MOMEHT nepexoga Yepes HoJlb OCHOBHOM
rapMOHMKN HanpAXeHUs M OBHOBAAIOTCA KarKAable Noanepuoga Hes3aBUCMMO A/1A KaKLOoro KaHana
HanpsXeHWA. 9TO 03HAYAET, YTO 3TN 3HAYEHMA BblIM NOYYEHbI B Pa3HOE BPEMA 417 Pa3HbIX KaHANoB.
Puc.52 mnntoctpmpyet meTton onpegeneHus 3HavyeHna RMSY: Ha npumepe agyx ¢as HanpaxKeHwus.
MHPopmauma o nepexode uYepe3 HOJMb OCHOBHOM TFapMOHMKM MoJiydeHa NyTém  HbIicTporo
npeobpasoBaHua dypbe (FFT).

5.9 BricTpble u3MeHeHusA HanpsukeHus (RVC)

OnpepeneHne BbICTPLIX U3MEHeHUI HanpaxeHus (aHrn: Rapid Voltage Change, RVC) cnepyiouiee: 310
BHeE3anHoe wu3MeHeHMe 3OGPEKTUBHOIO 3HAYEHUA HaANPAKEHMA MeXKAy [ABYMSA  YCTOMYMBbLIMM
COCTOAHMAMM, BO BPEMA KOTOPOro, 3GGPeKTUBHOE 3HAYEHME HAMpPsKEHWA He MNPEeBbILAeT MOporos
npoBasna u Bo3pacTaHus.

B ynpouweHHOM BMAE MOXHO CKa3aTb, 4To RVC — 3TO AB/ieHUe, nmerollee HeKoTopoe CXoACTBO MO
XapaKTepy € NpoBajsaMn M BO3PACTAaHUAMM HAMPAKEHWUS, HO MeHbLUE amMNANTYAbl. ITU TUNbl COObITUI
Yyalle BCEro ABMAAKTCA pPe3y/sbTaTOM WM3MEHEHUMW B Harpy3Ke CeTU 31eKTPONUTAHWA BCAeacTBUe
nepekatoYeHNN UK aBapuit.

B o6oux TMnax cobbITU MCMONB3YIOT O4HU U TE Ke UCXOAHble AaHHble — 3ddeKTMBHOE 3HayeHue 1
nepuosa, obHOBNAEMOE Yepes Kaxable noaneprosa, 0603HayeHHoe cmMBOOM Ugwms(1/2).
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Puc.53. BbicTpble U3meHeHua HanpaxeHua (RVC) - npumep.

ANropuTM M3mepeHnsa BbICTPbIX U3MEHEHUI HAMPAMXKEHUS, ceayowmin (cm. pmc.53):

e PaccuntbiBaetcs cpegHee apudmetudeckoe npeaplaywmx 100/120 3HadeHuin UrRms(1/2) (okono 1
c). dTa BenAnuUMHa 3aTeM OOHOBAAETCA C KaxablM nocneayowmm 3HadeHnem URrms(1/2). Ha
PUCYHKE OHO NMOKA3aHO HeMpPepPbIBHOW KPUBOM KPaAcHOrO LBeTa.

e Ecnm Bce npeapiaywme 100/120 3HaveHua URMS(1/2) pacnosioskeHbl B obnactu, onpenensemoit
CpeaHUM 3HaYeHUEM, PacLLIMPEHHOM ¢ 06enx CTOPOH Ha rucTepesunc (4Be KpacHble MyHKTUPHbIe
JIMHUM HA PUCYHKE), TO HANpsAXKeHNEe B «CTabUAbHOMY» COCTOAHUM.

® B TOT MOMEHT, KOrZa ycs0Bue «CTabuabHOCTU» He BbIMOMHAETCA, T.e. O4HO UM 6osiee 3HAYEHU
URMS(1/2) NpeBbICUT paspelleHHbli AManasoH, HauuMHaeTtca cobbitue RVC (Ha pucyHKe 3TO
obnactM cuHero ueta). OAHOBPEMEHHO Ha MOPOr HaKNaAblBaeTca rmcrepesnc (LonycTumblig
AManasoH WM3MEHEHUI YMEeHbLUAeTCA Ha TUCTEPE3UC), @ KPOMEe TOro, U3IMEHeHUA CUrHana,
onpedensalowWwero  «ctabunbHOCTb»  Hanpa)eHua, 6nokupyloTca Ha Bpema  100/120
nosnynepuofoB cetu. Mo 31olih npuumnHe, cobbitua RVC He OyayT oOHapyKeHbl 4yaule, yem
NPUMEPHO OAMH pa3 B CEKYHAY.

e Korpa ycnosue «ctabuabHOCTU» HanpaxeHua 6yaeT BbINOJIHEHO CHOBA, cObbiTMe RVC OKOHYEHO.
Bpems oKoHuYaHuA cobbiTua oTctonT Ha 100/120 nonyneprMoaos CeTM OTHOCUTENbHO U3MEHEHUSA
CUrHana u3 «HecTabuabHOro» B «CTabuAbHOE» COCTOAHME.

e Ecnmn Bo Bpemsa pgencteua cobbitma RVC BO3HWMKHET NpoBaa MAW BO3pAcTaHME HaMNpsAXKeHusA, TO
Takue cobbiTva RVC nponycKatoTca. Ha pucyHKe MOKa3aHO BO3pacTaHWe HanpsaXeHus Bblle

nopora — 370 cobbiTMe OTMeHAeT noTeHumanbHoe cobbitne RVC, ecan 6bl OHM OGblIO TOrAa
obHapy»KeHo.

MapameTpbl, XapaKTepm3sytowme HbICTPble U3MEHEHWNA HAMPAXKEHUS:

o AUss (aHrn. steady-state) — 370 pasHoOCTb mexay cpeaHumu (,cTabunbHbIMKU’) 3HAYEHMAMM
HanpAXeHus 4o 1 nocne cobbitnsa RVC.

e AUmax — 3TO MaKCMManbHOE OTK/JOHEeHWe 3HayeHus URMS(1/2) OT CpefiHero 3HauyeHus BO Bpems
aenctema cobbiTns. AUwax 06bibyHO 6oblie, yem AUss.

o [InntenbHocTb (Ha Puc. o6o3HayeHa «tryc»). Camoe KOpoTKoe BO3MOXKHoe cobbitne RVC mmeet
ONVTENBHOCTb O4HOrO NOJIlynepuoaa cetu.

Ha momeHT I'Iy6]'IVIKaLI,MI/I AaHHOTO PyKOBOACTBA HET MeXAYHAapPOAHbIX CTaHAAPTOB A41A4 O0NYCTUMbIX
3HayeHuit RVC B 3/IeKTPO3HEepreTMYecKnUx ceTAXx. HekoTopble CcTpaHbl BBEAUM CBOU COBCTBEHHbIE

Kputepumn gna RVC, Hanpumep, obHapyKeHne cobbiTUA Nocsie NpeBblleHMA Nopora Ha yposHe 5% Unowm
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(To ecTb, obHapyKuBatoTcA cobbITMA, AnA KOTopbiX AUmax > 5% Unom). MHOrAa Tak:Ke yKasbiBaloT
A0NYCTUMBIA IMMKUT Ymcna cobbiTnin RVC B CyTKu.

5.10 [lepexoaHble NPOLECCH] U CKAYKU HANIPSKEHUS

MepexoaHble NPOLECChl — 3TO HeXenaTesbHble BbICTPble N KPAaTKOBPEMEHHbIE MOMEXWN B 3NEKTPUYECKOM
cetTu. Mx conpoBOXKAaeT pe3Koe M3MEHEHWEe HaNpPsKeHUA U CUAbl TOKa. OAUTEeNbHOCTb MOMEXW, Kak
NnpaBWIO, COCTaBAAET OT HECKO/IbKMX HAHOCEKYHA [0 HECKO/IbKMX MUAINCEKYHA. YacTo ans Hux
NCMNOIb3YIOT TEPMMHbI, TAKME KaK BCMIECKU, MUKM HANPsXKeHUn, BPOCKM, UMNYbCbl, KonebaHus, ogHaKo
BCE 3TO ynpouiatowme onpeaeneHuma. Mpoueccbl XapaKTepU3yoT UCKAXKEHME CUTHaa BO BPEMEHHOM
0621acTU M BKAOYAET B cebsi CMbIC/T BCEX NMEPEUYNUCSIEHHBIX onpeaeneHnin. X MoxKHO KnaccudumumposaTtb
no AJIMTENbHOCTM U CKOPOCTU HapacTaHuA, aMNanTyae, YaCTOTHOMY CMeKTpy, NnepesaBaemMoi aHepruum,
WUCTOYHUKY NpoMCXoXKaeHMA U T.4. Hanbonee onacHble A5 3N1E€KTPUYECKUX YCTPOMCTB — 3TO NPOLECCHI,
BbI3bIBAlOLWME 3HAUUTE/IbHbIN POCT HANPSAKEHMA B JIMHUKN 3/EKTPONUTAHMA (CKauYKM HanpsaxeHwus). Mo
NCTOYHMKY NPOUCXOXKAEHUA TPAH3MEHTbI YacCTo AeNAT Ha Caeaytowme rpynnbl:

e [lepeHanpsKeHWs OT MOJIHMM, BOZHUKAIOLLME B pe3y/bTaTe aTMOChEPHbIX Pa3psaaoB;
e [lepeHanps)KeHUA KonebaTenbHoro xapakTepa, 4alle BCEro Bbi3BaHHble MNEPEeKNOYEHUEM
6aTapen KOHAEHCaTOPOB;

e [lpyre KOMMyTaUMOHHbIE NepeHanpaKeHnn (B TOM Yncne peppopesoHaHc).

MepeHanps)KeHWA, Bbi3BaHHble aTMochepHbIMM  paspAgamMK, MOTYyT WMMETb  pPaspylIMTe/bHble
nocneacTema M3-3a oO4YeHb 60MbWON 3HeprMu, BbiCBOOOXKAaeMon npu paspage. bosblwMHCTBO
Habnogaembix B CETAX MEpPeHanpPAXEeHU TaKoro Tuna — 3TO MNOCNeACTBUS, WHAYLUMPOBAHHOIO B
NpoBOAax CETM I3NEKTPOMUTAHUS CKayKa HanpsxKeHua B pesynbTaTe 6/IM3KOro, HO He NpPsAMOro
nonagaHuMa MoJIHUU. B OKpecTHOCTAX yAapa CO3[4aeTcs OYEHb CUJIbHOE 3/IeKTPOMArHMTHOe nose U B
OJIMHHOM BO34YLIHOW IMHUN UM NOA3EMHOM Kabesie HaBoAATCA 6O/ibLUME HaNpPAXKEHUA, MPOHMKatoLLLee
B pacnpefennTeNibHyto ceTb. 3TN NepeHanpaXeHNs MMeKT MMNY/IbCHbIM XapaKTep, a Bpema HapacTaHus

dpoHTa MmnNynbca MopsAAKa MUKPOceKkyHA. Ha puc.54 nokasaH npumep rpo30BOro MMMy/bca C
aMMAUTYLOM OKoMOo 6,6 KB.
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Puc.54. Mpumep ckavyka HaNpAXeHUA OT MOJTHUW.
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B pamKax UCNbITaHUN TeNEeKOMMYHUKALMOHHBIX YCTPOMCTB, Mpexae Yem [OoNnycTUTb UX K MpoJake,
TpebyeTcAa npoBeAeHWE TECTOB Ha YCTOMYMBOCTb K MMMYAbCaM, MMUTUPYIOWMM MNepeHanpsaxKeHne ot
MonHWUKU. [lpucoefmnHUTENN MUTAHUA MNEPEeMEeHHOro TOKa WCNbITbIBAlOT umnynbcamm * 2 KB,
NnogaBaemMbiMU MeXAY JMHUMEN nuTaHMA W 3asemieHnem M + 1 KB HemocpeAcTBEHHO mexay
NUTAWUMKN ANHUAMU. CTaHAAPTU3UPOBAHHbIA UMNYAbC UMEET BPEMA HApacTaHMA HanpsaxeHua 1,2
MKC 1 Bpema crnaga 50 mkc. na nsmeputenbHbIX NPUO60POB, KOTOPbIE MOXKHO MOAKAOYUTD HANPAMYHO K
3NIEKTPUYECKOM CeTU B pacnpenesiMTeslbHOM LMTE AW NOHUMKAKLWEM TpaHchopmaTope, onpeaenatoT
N3MepUTEIbHYIO KaTeropuio (No nepeHanpsxeHuo) npubopa, KoTopas roBOPUT O CTEMEHU 3aLLUTbI OT
nepeHanpseHusa. Hanpumep, ana nameputenbHon Kateropum |V 600 B, TpebyeTcs ycTOMUMBOCTb K
umnynbcam 1,2 mkc / 50 mKc ¢ amnautygoin 8 KB, nogaBaembiM HEMOCPeACTBEHHO Mexay
NU3MEPUTENBbHBIMW 3a*KMMAMMW, NPU COMPOTMBAEHUN UCTOYHMKA 2 OM. TMUKOBLIN TOK MPU KOPOTKOM
3aMblKaHMM UCTOYHMKA, TaKUM 06Pa30M, MOMKET COCTaBUTb 4 KA.

OCHOBHbIM CPeACTBOM 3aLLMTbl OT TaKOTO POAA CKAYKOB HaMPAXKEHUA, ABNAETCA YCTAHOBKA 3/IEMEHTOB,
OrPaHMYMBAIOLMX MAKCMMaIbHOE HanpsiXKeHMe, TaKUX KaK PaspagHUMKUA U BapuUCTOpPbI. X KOHCTPYKLMSA
OOJ/KHA BbIAEPXKaTb 3SHEPrMi0 MMMy/AbCa U OrpaHuYMTb A0 6e30MmacHOro YpOoBHA HaMpsiKeHwue,
nocTynatoLLee Ha fasbHelLWwne Lenm yCcTponcTea.

MepexogHble NPOLECChl, BbI3BaHHbIE NEPEK/IOYEHNEM KOMMEHCAUMOHHbIX KOHAEHCAaTOPOB, B OT/IMUME
OT MPOLECCOB BbI3BAHHbLIX YAAPOM MOJHUU, MUMEIOT CBOW WCTOYHWMK BHYTPWU pacnpenenntesibHomn
3N1eKTpUYeCcKo ceTu. KomneHcauus MpUMeHseTca A4 MOoBbllleHMss KoadouumeHTa MOLLHOCTU M
3bPEKTUBHOCTM Nepesaun sHeprum nosayyatento. B MOMEHT NOAKNOYEHNA KOHAEHCATOP 3KBMBA/IEHTEH
KOPOTKOMY 3aMblKaHWUIO OJ/1 3/IEKTPOCETM, MOSTOMY B MNepBOe MIHOBEHME MPOUCXOAMUT pesKoe
CHUMKEHME HaMpAXKeHUA NOoYTM A0 HyAA, MOC/Ae 4Yero cnedyer Tak HasbiBaeMbl CKAYOK HamnpaKeHus
3HaUMTE/IbHO Bblle HOMMHANbLHOMO (Kak MpaBuo, He Bonee yem 2-KpaTHOE MUKOBOE HamnpsxKeHue B
HOPMasibHbIX YCNOBMAX), a 3aTem KosiebaTenbHoe 3aTyxaHue npouecca. KonebatenbHblli XapaKTep
ABNIEHNA BbI3BaH B3aMMOAENCTBMEM EMKOCTM KOHZEHcaTopa C MWHAOYKTUBHOCTbIO CETU MU
BO3HWKHOBEHWEM ABNEHUA pe30HaHca. YacToTa KoebaHnit 06blYHO COCTaBAAET HECKOIbKO COTeH lepu,
B pesynbTaTe MMeOLWEroca CONPOTUB/EHUS B LEnu 3TU KosiebaHMA NOCTEeNeHHO 3aTyxatoT. Becb
nepexogHon npouecc 06blMHO AAUTCA He 60siee YeM HECKONbKO eAMHUL, MAN HECKOAbKO AECATKOB
MUNANCEKYHA, MprMep Takoro npouecca NoKasaH Ha puc.55.

HanpaseHe

Bpema (mc)

o 10 2 o £0 50 BO i
Puc.55. Mpumep nepexogHoro npouecca nocae BKAOYeHUs baTapen KOHAEHCAaTOPOB.

MOMMMO NEepPeynCeHHbIX MPUYNH, TPAH3WEHTbl BO3HMKAIOT B CETM B pe3ynbTaTe BK/IKOYEHMSA WU
BbIK/IIOYEHNA EMKOCTHOW MAM MHAYKTUBHOW HarpysKku, Npu cpabaTtbiBaHUM 3aLMUTbI (NpeaoxpaHuTeneit)
M KOPOTKOM 3aMblKaHMM B UENU. BKAOYeHWMEe Harpyskm (NAMHUKM), NOAKNOYEHHOM K 06MOTKe
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TpaHcdopmMaTopa, 4YacTo NPUBOAMT K MNoABAEHMIO ¢deppopesoHaHca MAM Nepexo4Horo npolecca
KonebaTeNbHOro XapaKTepa, BbI3BAHHOTO PE30HAHCOM MeXKAy EMKOCTbIO B LEMnM U HeanHenHoW
WMHAOYKTMBHOCTbIO TpaHchopmaTopa C GpeppoMarHUTHbIM cepaeyHUKom. OTKAOYEHUIO WHAYKTUBHOM
HarpysKu 4acTo COMyTCTBYET AB/IEHNE UCKPEHUA KOHTAKTOB. HanpsaxeHue, NOABAAIOLLEECA HAa KOHTaKTax
nepeKkntoyaTtens, NpesbllaeT Npeae/ibHOe HanpAXKeHne AN3MEKTPUKA U BO3HUKAET UCKPEHUE, KoTopoe
MOXET NOBTOPATLCA A0 TEX NOP, MOKA 3a30p AOCTAaTOYHO BE/MK.

TakKe nepexogHble MPOLLECCbl MOTYT Pa3/IMYHbIMK cnocobammn pPacnpPOCTPaAHATLCA MeXKAY CermeHTamu
cetn, Hanpumep yaap MOJIHUM B CETU CPEAHEro HamnpsKeHUs MOMKET YaCTMYHO MPOHWKHYTb 4epes
TpaHchopmaTop B NOACETb HU3KOTO HanpsxKeHus. Jemndupyrowme ceoiictea TpaHcdopmaTopa 06bl4HO
3HAUMTE/NIbHO YMEHbLIAT aMMNAUTYAY MepeHanpsayKeHua, a TaKKe W3MEHAIT €ero BpeMeHHble
napameTpbl.

5.11 JIuanuu CBEMA u ANSI

KpuBas CBEMA 6binia BrniepBble npegnoxeHa B 70-x rogax NpoLwioro Beka opraHusaumnen, ot KoTopon
Nnpou3oLWN0 Ha3BaHue KpuBon - Computer and Business Equipment Manufacturers Association (ceroaHs
— 3710 opranusaumsa ITl, Information Technology Industry), KoTopaa obbeanHsAeT npoussoauTenei
KOMMNbIOTEPHON U OPUCHOM TexHUMKU. KpumBaa [Jo/MKHA Oblna  CAYXKUTb  MNOACKA3KoOM  npu
KOHCTPYMPOBAHUKM ceTeBbiX O/JIOKOB NWUTAHWA W MNepBOHaYaNbHO npeacTaBaana cobow rpaduk
YCTOMYMBOCTN 060OPYAOBAHUA K BEAUYMHE N NPOLOSIKUTENBHOCTM HapyLUEHWNA B SNEKTPUYECKOM ceTun. B
60nee No34HUIN Nepunos KPMBYHO MCNONB30BaAM NPU NPOEKTUPOBAHUN 060PYAOBAHUSA, YYBCTBUTENbHOTO
K KonebaHWAM HanpsAXKeHWA, KaK 3TaIOHHbIA AManasoH, B KOTOpoM o60pyaoBaHME AONKHO NPaBUIbHO
paboTatb. B KOHLE KOHLOB, KpMBAA CTaja LUMPOKO MCMO/Ib30BaTbCA MPWU aHA/M3€e KayecTBa MUTAHWA,
KacaloLwmuxca HenoaaoK B CETU TUNA NepeHanparKeHns, NpoBana U NpepbiBaHUA HanpAXKeHuA.

Ha rpaduKke no BepTUKaNnbHON OCU HaNpsAXKeHWe yKa3aHo B NPOLEHTax OT HOMMHA/IbHOMO 3HaYeHus, a Ha
ropmM3oHTabHOM OCU eauHULEN U3MEPEHUs ABaAeTcA Bpemsa (no norapudmmyeckoit wrane). CpeaHan
yacTb rpaduka (mexkay KpuebiMM) npeactasnseT coboli 0bnacTb NpaBuAbHOM PaboTbl yCTPOKCTBaA.
O6nacTb Bbile KPMBOW YKa3blBaeT Ha COCTOAHME NOBbILIEHHOrO HaNPAXEHUA, KOTOPOE MOXET NPUBECTU
K MNOBpeXAeHUI0 WUAM cpabaTbiBaHMIO 3alUTbl OT MepeHanpsa)eHua, a o06aacTb MNoA KPWBbIMU
COOTBETCTBYEeT CUTyauun NOHUKEHHOro HanpAXeHunAa B CeTU, YTO MOXKET MNpPMBEeCTU K BbIKITHOYEHUIO
NUTaHUA UM BPEMEHHOWN HexBaTKe SHeprnu, BbidbiBatoLLe HenpaBuabHy paboTy ycTponcTea.
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Punc.56. /InHMM gonycTMmoro aguanasoHa HanpsxeHus nutaHma ANSI (ITIC) n CBEMA.

Kak nokasaHO Ha rpaduKe, CywecTByeT B3aMMO33aBMCMMOCTb MeEXAY 3HAYEHUEM HAMpPAKEHUA |
BPEMeHeM, Ha KOTOpPOe BO3HMKaeT HapylweHue. Hanpumep, yBenWYeHWE HaMNPAXKEHUA L0 YPOBHSA
200%Unom NPOAOAXKUTENBHOCTBIO 1 MC B TUMUYHBIX CNYYanaX He NPUBOAUT K aBapun MW HeNnpasuaIbHOMY
OYHKUMOHMPOBAHMIO  (TOYKa  MeXay KpUBbIMM), HO HapylweHWe C TaKOW  aMnauMTyaoun,
MPOLOJ/IKAOLLEroCA NOJINEPUOAA CETU MOMKET MMETb KaTacTpoduyeckue nocnencrTsvsa (TouKa Bbille
06enx KpuBbix). MPUHATO CYMTaATb, YTO B TUMUYHOM CUTYyaLMU, NPOUCXOAALME B INEKTPUYECKON CETU
cobbITHA, ecnn pedb UAET O BeIMYMHE CETEBOIO HaMPAXKEHMUA, LONKHbI 3aKNH04ATLCA B CPeAHen YacTu
rpaduKka (mexay KpuBbIMW) M He AO/KHbI TOorga NpuMBecTM K cbosm B paboTe wau MNoBpexKaeHUto
NOAKNIOYEHHbIX YCTPOMCTB. MMpon3BOANTENM YCTPOUCTB (B YAaCTHOCTM, CETEBLIX HIOKOB NMUTAHWUSA) YacTo
PYKOBOACTBYIOTCS 3TUM rpaduKOM Npu NPOEKTUPOBAHUN A5 TOro, YTobbl B 3TOM 06nacTn obecneynTb
ux 6esaBapuitHyto paboTy M nopaep)KaHWe HYXKHOro BbIXOAHOTO HanpsaxeHusA. Cneayet, oAHaKo,
NMOMHMUTb, YTO KPWBAA NPeACTABASAET TUNUYHbIE Cy4aM U He MOXKeT ObiTb rapaHTMen NpaBUIbHOWN
paboTbl Kaxa0ro yCTponcTBa, MOCKOJIbKY YCTOMUYMBOCTb K HAPYLLEHUAM Pa3MyHas.

Kpusaa ITIC asnsetca npeemHukom Kpuson CBEMA, paspabotaHHow ITI B 1994 rogy, a notom
YCOBEPLUEHCTBOBAHOM A0 HblHewHero BMaa B 2000 roay. 3Ta KpuBas MMeeT BUA ABYX NOMaHbIX IMHUI U
TaK)Ke M3BeCTHa Nog HaseaHWem Kpueok ANSI nocne Toro, Kak 6bl1a aganTUpPoOBaHa aMepPUKAHCKUM
MHCTUTYTOM cTaHgapTusaummn ANSI (aHrn. American National Standards Institute). O6e KpuBble
n3obpakeHbl Ha puc.56.

Mporpamma «SONEL ANALYSIS» npeaocTtaBnseT BOSMOXHOCTb U3MEHUTb XapaKTepHble TOYKU KPUBbLIX U
No3BONAET COOTBETCTBOBATb MHAMBUAYANbHBIM TPebOBaHMAM NO/b30BaTENS.

5.12 YcpeaHeHue pe3y/IbTaTOB U3MepPEeHUM

MOHMTOpI/IHI' CeTn B Te4eHne ONnUTeNbHOro nepmnoga BpemMeHun O3Ha4aer c6op OrpOMHOrIo Koan4yecrtea
OaHHbIX. [lna Toro, YTOObI nposeaeHne nocnegyrowero aHanam3a 3Tux AaHHbIX BOO6LLI,e 6b110 BO3MOXKHO,
HeO6XO/.'l,MMO BBeAeHNE MeXaHU3Ma, KOTOprﬁ YMEHbLLWUT pasmep AaHHbIX A0 BENYUHDI, npmemnemoﬁ
KaK AnAa MalWuHbl, TaKk K 4e/10BEKa.
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MpumepomM NycTb MOCAYXKUT MPOBEPKA CETU HA COOTBETCTBME CTAaHAAPTY KAyecTBa 3/IEKTPOIHEeprum
FOCT 32144-2013 «dneKTpnyeckas sHeprma. COBMECTUMOCTb TEXHUYECKUX CPeacTB 3NEKTPOMArHMUTHaA.
HopMbl KauyecTBa 3/1€KTPUYECKOM 3SHEpPrMM B CUCTEMAX 3/1EKTPOCHAOMKEHUA OOLLEero HasHayeHua».
OCHOBHOW Nepuoa TeCTUPOBAHMA CETU COCTaBAAEeT Heaento. Ecan 3anommnHaTth Bce 200-MmuUANCEKYHAHbIE
AeNCcTBYIoLWME 3HAYEeHMA HanpaxKeHus, noaydynm 3,024 maH. usmepeHuin. 0bpaboTKa Takoro KoamyecTsa
[OAHHbIX MOXET 3aHATb MHOIO BPEMEHMW U 3aTPyAHUTENbHA.

MoaToMy BBEeLEHO MOHATUE YyCpeaHEHWA, 3aKatovaloweecqs B COXPaHEHWW ANA Lenel aHanusa no
OLHOMY 3HAYeHWID Ha onpeaenéHHoli MHTepBan BpemeHW. Ons ctaHgapta FOCT 32144-2013 oH
coctasnsaetr 10 muHyT. B aTOM cnyyae aHanmsatop BbluucaseT cpegHee 10-MUHYTHOE 3Ha4YeHWe no
npumepHo 3000 3HauyeHuit 200-MUANCEKYHAHBIX OTCYeTOB (MpMbAM3UTenbHO, Tak Kak ycnosHoe 200-
MWINCEKYHAHOE 3HayeHue, 3To Ha camom gdesne 10/12-nepuogHoe 3HaYeHUe, CUHXPOHU3UPOBAHHOE C
yactoTol cetun). Kaxkable 10 MUHYT 3anucbiBaeTca cieaylowee cpegHee 3HaYeHMe HanpsxKeHus, 4To
npueoauT K cbopy 1008 pe3ynbTaToB U3MEPEHUA.

Ha puc.57 nokasaH cnocob onpegeneHus aHanNM3aTOPOM CpPeAHUX 3HAYEHU 3a BPeMS YyCpPeaHeHUs
6osbluee nan pasHoe 10 ceKyHAam, Ha NMpuMMepe MHTepBasa ycpeaHeHua 10 MUHYT. ITOT MeTon,
COOTBETCTBYET TpeboBaHMAM AA Knacca A ctaHaapTa FOCT 30804.4.30-2013 (IEC 61000-4-30:2008).

CpeaHue 3HaYeHUA CUMHXPOHU3MPYIOTCA C YacaMK peasibHOro BpemeHu cieayroumm obpasom. Koraa
Yyacbl OTMEPAT oUYepeaHOM 06N KpaTHbIN Nepuoay MHTEPBAN yCpeaHeHUA, NPOUCXOOAT ABa NpoLecca:

e Tekywmit 10/12-neprogHbiit oTpe3ok (k-e nsmepeHne Ha puc.57) oTMedaertca Kak nociegHuin 8
WUHTepBase ycpeaHeHus (x);

e OpaHoBpeMeHHO 3anyckaetca nepsbit 10/12-nepuofdHbiii OTPE3OK Cleayiolero MHTepsana
ycpeaHeHus (x+1).

TakoW MeToa, PECUHXPOHM3ALUKN NPUBOAMT K noasnaeHuto HanoxceHua 1 (cm. puc.57). AaHHble u3 3Toi
obnact, o0b6pabaTbiBalOTCA ABa)KAbl, MOTOMY YTO Kasablih u3 10/12-nepuogHbiX OTPeE3KOB
aHanu3mpyeTca HesaBUCUMMO. Llenb Takoro cnocoba pecuMHXpoHM3auuMu 3akatodaeTca B obecnevyeHuun
OZMHAKOBbIX Pe3y/bTaTOB M3MEPEHUIN ANA ABYX aHA/M3aTopa Knacca A, NOAKAOYEHHbBIX K OQHOM U TOM
e uenu n CMHXPOHM3UPOBAHHbIX C YHMBepCcaibHbiMm BpemeHem UTC. B aHannsatope pecMHXpoHU3aumna
WHTEpPBasIOB NO ONMCaHHOMY Bbllle cnocoby BbiNOAHAETCA Ana BpemeHu ycpegHeHnua: 10 cek., 15 cek.,
30cek., 1 m., 3m.,5m.,10m., 15 m., 30 m., 60 m., 120 m.

RTCIGPS
[H4ACE PESNEHOM BREMEHM] OUEREgHON
O WM MHTERBAN YCRELHEHWA
([ Hanpen, 10-Tid MY THEIE 14:10:00)
-
METKS BREMEH X-10
WHTERE AN YCRegHEHWA [X) WHTEREANG YCREAHEHNA

A F Y .
IMHTEREEN YopeLHEHWA (x+1]
] —
i j Kl ! [ B
[ 1
[ |
2 3
10412 10012 10M2
NEPUoAoE | Neprog0E | NERKOROE
I 1
Hanomerue 1 K3
1 1
N1 E 102 vz
NEpMOROE | NEPMOJOE | NEpHOROE

Puc.57. OnpegeneHune nHTepBanos ycpeaHeHua 6onbwimnx (Mam paBHbix) 10 cekyHaam
(Ha npumepe ycpegHeHus no 10 MUHYT)
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RTCIGPS
[Hachl PEaNEHOM BREmEHM]
ouepenHoN oBwMi MHTEpESN
10 paHY T, HaNpurep, 14:10:00 , MeTka BpemeHr x-ro 3-x
HanoxeHwe 2 | CEKYHAHOMD MHTEREEN: *
e

3-3 CEKYHIHEI MHTEREaN* (x) i

- - L

[3-3% cetpr,Hbﬁﬁ MHTEpEaN* (x+1]
l

-~ -
14 15

ry

1012 10/12 ivi2
NEpMoR0E | NERMOLOE | NEQMOLOE
12 112 1012
MNepMoLOE | NEpMoLOE | NEPKUOL0E
[*1 B QERCTEMTENEHOCTK - 3TO MHTEpEaN 1501 30 NeprogoE

Pnc.58. Onpegenenune nHtepsanos ycpegHeHmna meHee 10 cekyHA,
(Ha npumepe 3-cekyHAHOro ycpeaHeHUn)

HecKkobKO MHaye BbIrAANT ycpeaHeEHWE NpU BpeMeHU meHblie 10 cekyHa. HecmoTps Ha To, 4TO BCe
WMHTEpPBabl BblpaxKeHbl eanHULammn BpemeHn (200 mc, 1 cek., 3 cekK., 5 cek.), Ha camom fene, OHU
OTMepeHbl B KPaTHOCTAX Nepuoaa cetn. Hanpumep, Bbibop BpeMeHW ycpeaHeHUsa 3 CEKYHAbI, O3HaYaeT
ycpeaHeHune no spemeHun 150/180 nepuoaos cetu (15 usmeperuin no 10/12 nepmnonaos).

Cnocob onpeaeneHns cpeaHeEro 3HayeHuA ANA 3TUX NepuoaoB UANOCTPUpyeT puc.58. 3aecb Takxke
BbINOJIHAGTCA PECUHXPOHU3auua WHTepsanos 10/12-nepuoaos, OHa BLINOAHAETCA Bceraa uepes
Kaxkgple 10 MMHYT no obwemy BpemeHW YacoB. Koraa yacbl OTMepAloT oyvepegHoe obuiee Bpems,
KpaTHoe nepuoay 10 MUHYT, PeCMHXPOHMU3UPYETCA OYepenHON WMHTEPBAN YCPEeAHEHMA U HauyMHaeTcs
cneaylowmii UHTEpBaa, NpuUYem WHTepBan ycpedHeHUa («x») 3aBepluaeTcA HOPMasbHO, MOKa He
HabepeTca onpeaeneHHoe MHOXecTBo oTpeskos 10/12-nepunoaos (Hanpumep, B ciyyae 3-CeKyHAHOro
ycpeaHeHus Bceraa cobupaetcs 15 Takux OTpe3KoB). Pe3ynbTaTOM pPecUHXpPOHM3auuKM fABnaeTcA
nosasneHne HasaoxceHusa 2 (cm. puc.58), rae napannenbHo obpabaTbiBaloTCa AaHHblE ABYX UHTEPBaNOB
ycpeaHeHus (MHTepBan «x» 3aKaHYMBaEeTCH, MHTepPBan «X+1» HauMmHaeTcs). Pasmep HaNoKeHUs 3aBUCUT
OT KosiebaHWUi 4acToTbl CETH.

MeTKa BpeMeHU COOTBETCTBYET OKOHYaHUIO MHTepBana ycpeaHeHuA.

YcpegHeHWe pesynbTaToB M3MEPEHUIA NMPUBOAMT K MOTEPE 3KCTPEeMasibHbIX 3HAYEHUW (CraarknsaHue
pesynbTaToB). B cnyyasx, Korga BaxkHa WHPoOpMaumMa O npefesibHbiX 3HAYEHUAX W3MEpPSEeMOro
napameTpa, MNoONb30BaTeNb MOXET [MPUMEHUTb  BO3MOMKHOCTb  WU3MEPEHUA  MUHUMAbHOrO,
MaKCMMasIbHOrO U MFHOBEHHOIO 3HAYeHWUI B nepuoae ycpeaHeHuA. Ecan gaHHbIM napameTp MamepeH
Bo Bpemsa 10/12 nepuoaos, TO MakKCMManbHOE U MUHMMA/IbHOE 3HAYeHWe ABMAETCA COOTBETCTBEHHO
HanbBoONMbWMM WM HaMMEHbLUMM 3HavyeHnem oTpe3ka 10/12-nepuogos, M3MEPEeHHbIM B AaHHOM
WHTepBane ycpegHeHua. B csolo oyepenb, MrHOBEHHOE 3HayeHue ABNAETCA NOCNeAHUM 3HaYeHUem
10/12-nepunoaos B AaHHbIA Nepuoa ycpeaHeHus.

B cnyyae [encTBYOWMX 3HAYEHUA TOKOB WM HAMPAMEHUMA MeTOA MNOMCKA MWMHUMAJBbHOTO U
MaKCMMaZbHOTO 3HayeHuin aAsnsetca 6onee rMBKMM UM KOHTposaupyeTca napametpom «lMepuop,
onpegeneHna MuH./Makc». B pacrnopaKeHMM M0Nb30BaTeNd MMEIOTCA CAeaylolime HaCTPOMKM:
nosnosuHa nepunoga, 200 mc, 1 cek., 3 cek. u 5 cek. Bbibop napameTpa - NosoBMHA nNepuoga - 3a4a€T
NMOWCK MUHUMAIBHOFO M MaKCMMaIbHOTO 3HAaYeHWUA C HauBbICLIEl YyBCTBUTENbHOCTBIO, C TOYHOCTBIO A0
Benn4YmHbl URMS(1/2) . C pOCTOM 3TOro BpemMeHW BBOAMUTCA AOMOJHUTENIbHOE CFNAXKMBAHUE, HanpuUmep,
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npu 5 CeKyHAaX CHa4dasna BblYMUCNAETCA CpeaHAA 5-C€KYH,CI,HaFI Be/IMYMUHA, KOTOPaA 3atem UCNOJIb3yeTCA
ONA NONCKA MMHMMAJIbBHOTO M MAKCMMAZIbHOTO 3HayeHuA. ITO JAér MEHbLY 4YYBCTBUTE/NIbHOCTb K
MIHOBEHHbIM USMEHEHUNAM U3MEPAEMOTO 3HAYEHNA.

MpumeyaHue:

Kak u B chyvae ¢ nepmogamm ycpegHeHna meHble 10 cekyHa, nHTepsanbl 200 mc, 1 cek.,, 3 cek. n 5
CeK. B [eNCTBUTE/IbHOCTU BblpakeHbl B KPaTHOCTAX MepuoaoB cetu — cooTtsercTBeHHo 10/12, 50/60,
150/180 n 250/300 nepnoaos ceTu.

Bbi6bop NpaBUIbHOrO BpeMeHU ycpeaHeH s, He ABAAETCA NPOCTbIM AeN0M. B 3HaYMTeNbHOM cTeneHu oH
0byCNOBNEH TUMOM HapPyLWeEHWN, NPUCYTCTBYIOWMX B CETU U OXMUAAHUAMM MONb30BATENsA MO
OKOHYaTe/IbHOMY aHaNN3y AaHHbIX. YacTo BO3HUKAET CUTYaums, KOraa U3BecTeH egUHCTBEHHO cam ¢aKT
NoABNEHNA HEKOTOPbIX HENOMaA0K B CETU 3NEKTPONUTAHNA U TOIbKO M3MepPeHMsa aHanu3aTopa NomoryT
yKa3aTb TOYHYIO MPUYKHY. B TaKoM cuUTyaumumn nydiue UCnosib3oBaTb H60siee KOpoTKoe Bpems ycpeaHeHus
(Hanpumep, 10 ceKyHA), U BKAOYMTb 3aNUCb MWUHWMMAIBHOIO WM MAKCMMANIbHOrO 3HayeHuli (gns
HanpsaXXeHWM U TOKOB B TaKOW CUTyauuMW peKkomeHayeTca BblbpaTb Nepuoaom onpegeneHus
MWHUMANIbHOTO U MaKCMMAaJIbHOFO 3HAYEHWUS CamMblit KOPOTKUIM BO3MOXKHbIM CPOK, TO €CTb, MOJIOBUHY
nepuoga). KopoTkoe Bpems ycpeaHEHWMA MO3BOAUT MNOCTPOUTb TOYHble TPadUKU  U3MEHEHMUI
napameTpoB BO BpeMeHU, a MUHUMYMbl U MaKCUMyMbl 6yayT 06Hapy»KeHbl U coxpaHeHbl. Kak npasuno,
perucTpaumns c KOPOTKMM BpPEMEHEM YCPeAHEHUS BbINOMHAETCA AO0BOJIbHO OrpaHWYEHHOe Bpems,
npexae Bcero M3-3a BbICTPOro pocTa YMCia OAHHbIX; MOCKO/bKY LLe/Iblo TaKOW perucrpauunn, asasertcs
BbIABNEHNE BO3MOMHbIX NPUYMH aHOMAANK, a He A0/ITOCPOUHbIA aHanns.

Pernctpaummn ¢ KOPOTKMM BPEMEHEM YCPEAHEHUS MOXKET BbITb AOCTAaTOYHO ANA OLEHKM PaboTbl ceTn U
NPOUCXOAALLNX B HEN HApPYLLUEHUAX. TemM He MeHee, NoAPO6HYI0 MHPOPMALMIO, BEPOATHO, MOXKHO byaeT
Nnosly4nTb B TEYEHWEe AJMTENbHOrOo BpemMeHu (NopsfaKka MMUHYT), HO C BK/IOYEHHOW perucTpaumen
MWUHMMANbHOTO W MaKCMMa/bHOIO 3HAYeHMA WU  aKTUBHbIM BblAB/IEHMEM COObITUN. BaXHbiM
NPEeMMyLLECTBOM TaKOW CUTyauuM ABAAETCA ropasAo MeHbLUA 0O6bEM AaHHbIX perucTpauuu, 4to
03Ha4aeT bbICTpoe CYMTbIBAHME U aHANN3 AaHHbIX.

B cBol ouepepb, uUcciefoOBaHWME KavecTBa MWUTAHUA MNPUHATO BbINOJHATL B COOTBETCTBUM C
TpeboBaHMAMM cTaHgapTa TOCT 32144-2013. B atom cnyyae aHanus nposoauTca B TeyeHue Honee
NPOAO/IKUTENbHOTO BpemMeHn (Hanpumep, 7 AHel), NOsToMy BbibpaHHOE BPEMS yCpeAHEHMA TaKKe
anntenoHoe — 10 MUHYT.

MMmeiTe B BMAY, YTO He CyLECTBYET OAHOW HaWaydyllei HACTPOWMKWU, KaK BPeMEeHU yCpeaHeHUs, Tak U
APpYrvx napameTpoB WAM NOPOros cobbiTuit. Kaxpas ceTb MHAMBMAYyaNbHA M 3a4ayn UcCNefoBaHMA
ceTeil pasnnyHble. B cBA3M C 3TUM ONTMMaNbHAA KOHOUrypauma aHanauMsaTopa MoyKeT noTtpebosatb
HEeCKO/IbKMX NOAX0A0B, U TaKKe byaeT 3aBMCeTb OT OMbITa onepartopa.

6 TEXHHUYECKHUE XAPAKTEPUCTUKHU

TexHnyeckne XapaKTepucTUKU MOTyT 6bITb M3MeHeHbl W3rotoButenem bes npeaBapunTesbHOro
yBeaoOMNeHUA.

OcHOBHas MOrpeLwHoOCTb ABMAETCA OCHOBHOMW MOrPELIHOCTbIO U3MepPUTENbLHOro Npubopa Ans ycaoBui,
npueeaeHHbIx B Tabauue 16.
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YKasaHHble 3Ha4vyeHuA I'IOI'pELLIHOCTEﬁ NMPUMEHUMbBI TOJIBKO K aHan3atopy 6es

AONONHUTENbHbIX

TpaHcHOPMaTOPOB U TOKOM3MEPUTENbHbIX KNeLLen.

CoKpaweHus:

® W.B. —U3MEPEHHAA BE/INYNHA,

® e.M.p—eauHunua mnagluero paspAaga;

° Unom — HOMMHANbHaA BeAUYNHA HanpAaXxeHnA,

e |Inom — AMana3oH HOMMHANbHOIO TOKa (Knelen);

e RMS — geiicTBytowee (cpeaHEKBaAPATUYHOE) 3HAYEHME;

® N -—pAagrapmoHuKu;

® 3.C - 3Haqau.|,m71 CMMBO/Z1 — KOJIMYECTBO Ll,Md)p pe3ynbTaTta U3MeEpPEeHUA, 0To6pa>KaeM0ro Ha

aucniee, Hanpumep, paspeweHne ansa HanpsxeHus 230 B n 4 e.p. byaet pasHa 0,1 B (3anucb

230,0 B); pa3pelueHme gnsiToka 5 A 1 4 e.p. byaet 0,001 A (3anuchk 5,000 A).

o §ph— [ONONHUTENBbHAA MOFPELHOCTb M3MepeHUsa $asbl MeXAy rapMOHWKAMU HanpsaXKeHUA m

TOKa.

6.1 Bxoapbl

Bxogbl HanpspkeHus

KonnyectBo Bxo40B

5 (L1, L2, L3, N, PE - 4 uameputenbHbIx kaHana)

MakcumanbHoe BxogHoe HanpsaxeHune
OTHOCUTEJ1bHO 3eMITn

N3meputenbHas kaTeropus

(B 32BMCMMOCTM OT UCMOSNHEHNS —
MapKMpOBKa HaxoguTCH Ha NULEeBoWn
3TMKeTKE)

760 Brus
40...70 'y vnn
NMOCTOSIHHOE
HanpsbkeHne

CAT IV 600 B/ CAT 1l 760 B (o 2000 m Hag ypoBHEM MOpS)
CAT IV 300 B/ CAT 111 600 B/ CAT 11 760 V (ot 2000 m go
4000 M Hag ypoBHEM MOpS1)

1000 Brus
40...70 'y vnn
NMOCTOSIHHOE
HanpspKeHne

CAT IV 600 B/ CAT 1l 1000 B (8o 2000 m Hag ypoBHEM MOPS)
CAT IV 300 B/ CAT 111 600 B / CAT 11 1000 B (o1 2000 m go
4000 m Hag ypoBHEM MOpS)

MukoBOE BXOAHOE HanpsbkeHue
(6e3 oTceykn)

11500 B(BbICOKOBOMbLTHBIN AMana3oH)
1450 B (HM3KOBOMbTHbLIN AManasoH)

AHanoroBasi nonoca npornyckaHus (-
3aB)

20 kl'y,

TpaHccopmaTops!

Nno peLlleHnto nonb3oBaTend

MmnegaHc N3MepuTesibHbIX BXOO40B

10 MOwm (anddepeHumnanbHbIin)

KoadduumneHT ocnabnenuns
cuHdasHoro curHana (aHrn. CMRR)

>70 ab (50 I'u)
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TokoBble BXxoAbl

KonnyectBo Bxo40B

4 (3 chasbl + HenTpanb) ranbBaHNYECKN HE N30MNNPOBaHbIE

HomuHanbHoe BxogHoe HanpsaxexHune

(kaHan »XXeCTKUX KIeLlewn) 1 Brus
lMvKoBOe BXOOHOE HanpshkeHue (KaHar +36B
XKECTKuX KreLlew; 6e3 oTcedkn curHana) -
HomuHaneHoe BXOAHOE HanpsixeHue 0,125 Brus
(kaHan rmbkmx knewyen)

lMrkoBOE BXO4HOE HanpsbkeHue (KaHan +0.45 B
rmbKmx knewen; 6e3 oTceukm curHana) -
MakcmmanbHo AOMYCTUMOE HanpsikeHne | g

Ha BXoAe Krnellen OTHOCUTENbHO 3eMu

AHarnoroBasi nonoca nponyckanus (-30b) | 20 kl'y

BxogHon nmnepaHc

Kanan xecTtknx knewen: 100 kOm
Kanan rmbkux kneuwen: 12,4 kOm

NameputensHbIn gnanasoH
(6e3 TpaHcdhopmaTopoB)

Knewwm F-1/F-2A/F-3A: 1..3000 A (£10 kA nuk. 50 'y)
Knewwm F-2AHD/F-3AHD: 1..3000 A (210 KA nuk. 50 Ny)
Knewwm F-1A6/F-2A6/F-3A6: 1..6000 A (+20 KA nuk. 50 'y)
Knewwm F-1A1/F-2A1/F-3A1: 1..1500 A (15 kA nuk. 50 My)
Knewm C-4, C-5: 1..1000 A (£3600 A nuk.)

Knewm C-6A: 0,01..10 A (36 A nuk.)

Knewwm C-7: 0..100 A (£360 A nuk.)

TpaHchopmaTtopbl

Nno peLleHno nonb3oBaTend

KoadhduumeHT ocnabnenns cuHdasHoro
curdana (aHrn. CMRR)

60 ab (50 ')

6.2 [luckperusanus ¥ 4yachkl peaJbHOro spemeny RTC

AncKkpeTnsauyma n Yacbl peanbHoro spemenun RTC

ALLN (aHanoroso-undpoBoit
npeobpasoBaTesb)

16-6UTHbIN

YacrtoTa ANCKpPEeTU3aunm

10,24 kl'y, ana 50 n 60 Iy,
OaHoBpeMeHHana AMCKPeTM3aLMa NO BCEM KaHanam

Konunyectso OTCYETOB 3a nepuoa

204,8 pna 50 'y; 170,67 gna 60 Iy,

CuHxpoHusauma GAMY (PLL)

40...70 Ty

OnopHbIN KaHan ana cuctemol GAMY

L1

Yacbl peanbHOro BpemeHu

+ 3,5 ppm makc. (oKkono + 9 cekyHa/mecau)
B AMana3oHe TemnepaTyp -20...55 °C

6.3 Moayab nepexoaHbIX IPOLLECCOB POM-111]

Mogynb 06HapyKeHUs nepexoaHbIX NPOLLecCcoB

KonnyecTtBo nameputenbHbIX KAaHa08B

4 (L1-PE, L2-PE, L3-PE, N-PE)
rabBaHN4eCKN HEN30INMPOBaHHbIE

MaKkcmanbHOe BXogHoe HanpaxeHue

760 Bgrwms / 1000 Bgwvis (B 3aBUCMMOCTM OT UCNOAHEHUA —
CMOTPU MapPKUPOBKY Ha NNLLEBOI 3TUKETKE)

MKoBOE 3HaYeHNe BXO4HOro
HanpAaxeHus (6e3 cpeskn)

+ 8000 B

AHanoroBas noJsioca nponyckaHua (— 3
Ab)

2,5 Ml

AHanoroso-undpoBoit
npeobpasosaresb

4-KaHaNbHbI, 12-6UTHbIN, 0AHOBPEMEHHAsA AMCKPeTU3aLma
no Bcem KaHanam

YacToTa gmnckpeTtmsaumm

10 MTl'y, 5 MTl'y, 1 Mrl'y, 500 Kl'u, 100 Kly,
(BbIBUpaeT nonb3oBaTeNb)
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Bpemsa perMcrpaumm curHana

o1 2000 go 20000 oTcyéTos
(o1 200 mKc go 200 mc B 3aBMCMMOCTU OT KOHbUrypaLumm)

Bpemsa onepexeHus (pretrigger)

ot 10 go 90% BpemMeHM perncTpaumu

MeTog, 06HapyKeHUn

—no amnautyge curHana (50...5000 B)
— MO CKOPOCTH BO3pacTaHua
(dV/dt; ot 100 B / 500 mkc ao 100 B / 5 mKc)

«Méptsoe» Bpems

3 cek.

6.4 H3MepsieMble NapaMeTpPsl - TOYHOCTH, pa3pelieHus U JUuana3oHbl

6.4.1 YciaoBusa A NOBEPKU

Ycnosua ana NnoBEPKU

TemnepaTypa OKpy»KatoLLen cpeabl

0..45°C

OTHOCUTENbHAA BNA*KHOCTb

40...60 %

ACMMMETpMﬂ HanpAaxXeHuA

< 0,1% pgns KoadPpuumMeHTa HeCMMMETPMM NO 06pPaTHOM
nocnen0BaTelbHOCTU (OTHOCUTCA TOIbKO K TPEXdasHbIM
cetam)

BHewHee marHnTHOe none

<40 A/m (nocTosaHHOe)
< 3 A/m (nepemeHHoe) ana yactotbl 50/60 'y,

[MocToAHHaA cocTaBnAOWan
HanpAXxXeHnAa N ToOKa

HyneBaA

dopma curHana

CMHyCOMAaﬂbeIVI

YacTtoTa

50Ty £0,2% nan 60 Iy, £ 0,2%

6.4.2 IlorpemiHOCTb U3MepEHMS B 3aBUCUMOCTH OT TEMIIEPATYPbl OKPY:KaloLel cpeabl

OCHOBHas MOrpeLHOCTb, YKa3aHHaA B TEXHWUYECKUX AaHHbIX, FapaHTUPOBaHA B AMana3oHe TemnepaTyp
oKpyxatowen cpegpl 0..45 °C. 3a npegenamu 3TOro guanasoHa HeobxoAMMO WCMO/b30BaTb
OOMOJIHUTENbHBIN MHOXUTEND («M»), KOTOPbIN YBENMYMBAET YKA3aHHYIO OCHOBHYIO MOrpPeWwHOCTb 40
baKTMUecKon norpewHocTn wusmepeHua puc.59Puc. nokasbiBaeT rpaduk mHOXUTENA «M» B
33aBUMCMMOCTM OT TEMNEPATYPbl OKPYHKAtOLWLEeN cpeabl, B AMana3oHe HOMUHANbHbIX paboumx TemnepaTyp.
MHoXuUTeNb NPUHMMAeET 3HayeHne 1,0 B amanasoHe TemnepaTyp 0..45 °C. Bbiwe 45°C n go 55°C
MHOUTE/b YBEIMUNBAETCA IMHENHO A0 3HadyeHuA 2,0. Huxke Temnepatypbl 0°C (8o -20°C) mHOXUTENb
JIMHENHO yBeNMYMBAETCA 40 BeUYNHbI 1,8.

MNpumep: OCHOBHAA MOrpPeWHOCTb U3MepeHna HanpsaxeHna RMS cocrasaset + 0,1 % Unom B AMANA30He

Temnepatyp 0...45 °C.

e [lpun -20 °C norpelwHoCcTb M3mepeHus coctasuT * 0,18 % Unom (MHOXMTEND 1,8);
e [lpun -10 °C norpelwHocTb n3mepenus coctasuT * 0,14 % Unom (MHOXMTEND 1,4);
e [lpu 0 °C norpewHocTb namepeHus coctasut + 0,1 % Unom (MHOXUTEND 1,0);

e [pu 45 °C norpelHocTb uamepeHua coctasut + 0,1 % Unom (MHOXMTEND 1,0);

e [lpu 55 °C norpelHocTb uamepeHua coctaBuT + 0,2 % Unom (MHOXMTEND 2,0).

126



HomHaNEHEIN fManas0H

X paboqux TemNepaTyp
T
18

~z

\

o .
G

/
/

*35°C

45°C

Prc.59. MHOUTe/Ib OCHOBHOM MOTPELUHOCTU B 3aBUCMMOCTU OT TemrnepaTypbl cpespl.

6.4.3 Hamnps:xeHue

Hanpsa»keHue JvanasoH n ychosus PaspeweHune OcCHOBHas NOrpeLHoCTb
10% Unom < Urms < 150% U

Urms (nepemeHHoe u % Unom < Urms % Unom 4ac. £0,1% Unor

NoCTosiHHOE) ana Unom 264 B
1...10
Muk-pakTop (1...1,65 ana HanpskeHua 690 B) 0,01 5%
p,ﬂﬂ URMS 2> 10% Unom
6.44 Tok
Tok Jnana3oH 1 ycnosua ‘ PaspeweHune OCHOBHasA NorpeLwwHoCcTb

BxoOHoli KaHan 6e3 kneweli

0...1 B (£3,6 Byp) — KaHan
ECTKMX KNewen
0...125 mB (£450 mB,.,) —
KaHan rmbKux Kneuien

4 3.c.

1+ 0,1% lnom

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

JononHuTenbHaa norpewHocTb £1%

lrms (MEPEMEHHBIN 1
NMOCTOSHHbIN)

0...3000 A o N
(10 KA, o) 43.c. (+ 2% c yyueTom AONONHUTENBHOM
PP MOrPeLHOCTM OT NOOXKEHMA)
Knewwu rubkme F-2AHD/F-3AHD
JononHuTtenbHaa NOrpewHocTb
0...3000 A d3c +0,5%
(10 KAL) e (£ 2% ¢ yueTom AONOAHUTENLHOWM
MOrPELIHOCTU OT NOJIOXKEHMSA)
Knewm rnbkue F-1A6/F-2A6/F-3A6
+19
0..6000 A JononHuTtenbHaa NorpewwHocTb _%A)
(20 KA,.o) 4 3.c. (+ 2% c yyeToM AONONHUTENBbHOW
PP MOrPELIHOCTU OT NOJIOXKEHMSA)
Kneww rmbkme F-1A1/F-2A1/F-3A1
+19
0..1500 A ﬂ,OHOfHVITeanaH norpeLwwHocTb _%A)
(5 KA, 4 3.c. (+ 2% c yyeTOoM AONONHUTENBHOW
PP MOrpeLHOCTN OT NOJIOKEHNA)
Knewu »écmkue C-4
JononHuTenbHaa NOrpewHocTb
0,1..10 A: £ (3% + 0,1 A)
0...1000 A
0,01% lnom 10 A: 3%
(3600 A,.)
50 A: +1,5%
200 A: +0,75%
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| 1000...1200 A: + 0,5%
Knewu #écmkue C-5
JononHuTtenbHada NorpewHocTb
0,5..100 A: < (1,5% + 1 A)
?3638?—23 43.c. 100...800 A: £2,5%
800...1000 A nepem.: < 4%
1000...1400 A nocT.: £5%
Knewu »écmkue C-6A
JononHuTtenbHaa NOrpeLwHoCTb
0..10A 4sc 0,01...0,1 A: £(3% + 1 mA)
(36 App) o 0,1..1A:+2,5%
1..12 A: £1%
Knewu »écmkue C-7
JononHuTtenbHaa NOrpeLwHoCTb
0..100 A 0...100 A: +(0,5% + 0,02 A)
(360 Ay) 43.c. (45...65 Tw)
0...100 A: £ (1,0% + 0,04 A)
(40...1000 I'u)
1..10
Muk-dakTop (1...3,6 AnA lnom) 0,01 +5%
Aana |RMS >1% Inom
6.4.5 Yacrora
OcHoBHas
YactoTa [dnanasoH n ycnosua PaspelweHue
MorpeLwHocTb
; 40...70 Iy, 0,01y £ 0,01my
10% Unom < Urms £ 200% Unom | (0,001 Ty, Ha 3KpaHe aHanM3aTopa)

6.4.6 TapMOHUKM

FapMoHUKK [nanasoH un ycnosusa ‘ Paspelwexune ‘ OcHoBHasA NorpeLwHocTb
FapMOHUYECKUIA pas, MocToAHHbIN TOK, 1...50, rpynnMpoBaHue: noArpynnbl rapMOHUK Mo
(n) rOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
0..20% Unom (N 2 2) 1 0,05% Unom Npu 1.B.< 1% Unom
0..150% Unom + 5% un.8. npn n.8.2 1% Unom
Amnantyaa Ugus 43.c.
(n=1, nocTtosHHOE (cornacHo OCT 30804.4.7-2013
HanpaxeHue) (IEC 61000-4-7:2009) knacc )
0..20% lnom (n > 2) + 0,15 % Unom npun n.s.< 3 % lhom
+5%us ecmmne23%l
Amnantyaa | 0..150% lnom 43.c. nom
vAaa lrvs - :0 ORHHbIT TOK] (cornacHo FOCT 30804.4.7-2013
=4 noc b (IEC 61000-4-7:2009) knacc )
Koaddnument
rapMOHUYECKUX
0...100,0%
" D ! 19 + 59
nckakeHnn (THDR) no 2718 Uspas > 1 % Unor 0,1% +5%
HanpaXeHuto (n =
2..50)
KoaddnumeHnt
rapMOHUYECKNX 0...100,0%
1 0, i 0,
nckakeHnn (THDR) no Ana lrvs = 1 % lnom 0,1% >%
TOKy (n = 2...50)
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TDD (n=2...50) B 3aBucumocTn oT |, B 3aBV(I)iV:MOCTM B 3aBucumocTn oT |,
L
1,0...50,0
_ 7’ ’ + [0)
K-dpakTop 209 lents > 1% loom 0,1 +10%
Yron cagura ga3 -180°...+180° 0,1° + (nx 1°)
(HanpskeHue)
Yron casura ¢as (Tok) -180°...+180° 0,1° +(nx1°)
6.4.7 HWHTEeprapMoHUKHU
MHTEepapMOHUKMK Awnanas3oH n ycnosusa ‘ PaspelweHune ‘ OCHOBHasA NOrpeLHOCTb
. 0...50, rpynnupoBaHue: No nogrpynnam MHTEPrapMoHMK No
NHTeprapmoHUYeckni
FOCT 30804.4.7-2013 (IEC 61000-4-7:2009)
pAA (n)
(cybrapmoHMKM TaKKe ¢ y4eToM nonochbl 5 u)
+0,05% Unom Npnt n.8.<1% Unom
i 5(y .b. . .2 10/ Unom
Amnantyaa Ugws 0...20% Unom 43.c. ®W.B.Npuu.8 °
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009) knacc )
+0,15% Unom Npu 1.B.< 3% lnom
+ () 0,
AMNANTYAA lrvs 0...20% Unom 43.c. + 5% .8. €M 1.8.2 3% lnom
(cornacHo FOCT 30804.4.7-2013
(IEC 61000-4-7:2009) knacc )
KoagpodunumeHt
MHTEPrapMOHUYECKUX
. 0...100,0% o
+ (o)
nckaxkeHun (TIDr) no 2718 Uss 2 1% Unom 0,1% +5%
HaNpAXeHUo
(n=0...50)
KoadpounumeHt
MHTEpPrapMoHUYEeCKMX 0...100,0% 0
+ 0,
nckaxkeHnn (TIDg) no anA lgms 2 1% lnom 0,1% 5%
ToKy (n = 0...50)

6.4.8 MoumHOCTL rApMOHMK

MoLWHOCTN rAapMOHUK

YcnoBua

PaspeweHune

OcHosHas norpewHocTb

AKTMBHaA n peakKTuBHaA
MOLWHOCTb raPMOHUK

80% Unom < Urms < 150% Unom

5% Inom < IRMS < Inom

43.c.

+ Jagh 8%+ 62, %,
roe:

Oun — OCHOBHas
MorpewHocTb N3MmepeHus
aMMINTYabl FAPMOHUK
HanpAMKeHusn,

On — OCHOBHas
MorpeLHoCcTb U3MepeHna
aMNANTY bl FAPMOHMK TOKa
Oph — OCHOBHas
MorpeLHoCTb U3MepeHna
dasbl mexkay rapMmoHUKamm
HanNpsA»eHUa 1 ToKa.

NMpumeuanune M cmotpu rnasy 6.4.10 OueHKa NOrpeLHOCTU U3MEPEHNA MOLLLHOCTM U SHEPIUN.
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6.4.9 MOWIHOCTD ¥ 3Heprusa

Ycnosus
MowHoctb U OCHOBHasA NOrpeLHoCTb
aHeprus (ans mowHOCTU 1 3HEpPrUM PaspeweHue @
80% Unom < Urms < 120% Unom)
1% lnom < lrms < 5% |
0 lnom RMS 0 lnom 1’02 + 62h%
cosp =1 p
5% lnom < lrms <
0 Inom RE/IS nom . 0’52 + 8%’}1%
AKTMBHaA MOLLHOCTb cosp=1 2
3.C.
AKTMBHanA sHeprua 2% lnom < lrms < 10% lnom ) 2
_ + 1,0 + Sph %
cos¢ =0,5
10% lnom < lrws £ |
(P— ’
2% lnom < lrms < 5% |
0 Inom ) RMi 0 Inom . 1’252 + Séh%
sinp=1 \l
5% lhom < lrms< |
norr.'n R_MS nom . 1102 + 812)}1 %
sinp=1
PeaktneHan
5% Inom < IRMS< 10% Inom 2
MOLLLHOCTb ) 43.c. + [1,25% + 82, %
sing =0,5 p
PeaktnBHasa aHeprua TANCTeT
(] n‘om —_RMS nom . 1’02 + Slz)h%
sinp =0,5
10% lnom < lrms < |
()] T\om i RMS nom . 1’252 + Séh%
sing = 0,25
MonHas MOLLHOCTb 2% lhom < lrms< 5% lnom 4 +1%
3.C.
MNonHasa aHeprua 5% lnom < Irms < lnom +0,5%
KoapduumneHt 1.1
o Hocﬁm (P 50% Unom < Ugwis < 150% Unom 0,01 +0,03
- 10 % |nom < |RMS< Inom
KoadpounumeHt -1..1
casBura ¢das 50% Unom £ Urms < 150% Unom 0,01 +0,03
(COS(I)/DPF) 10 % lnom < lrms < lnom

NMpumeyanmne M cmoTpw rnasy 6.4.10 OueHKa NOrpewHOCTUM3MEPEHNA MOLLHOCTM U SHEPTUN.
6.4.10 OeHKa NOrpemHOCTH U3MEePEeHUsI MOLIIHOCTH U SHEepPruu

O6wan norpewHoCcTb U3MEPEHUA AKTUBHOW M PEaAKTMBHOM MOLLHOCTM (OCHOBHOW TapMOHWKKM) W
MOLLHOCTM TapMOHMK, B LIEJIOM OCHOBbIBAaeTCA Ha C/leaylolWeid 3aBUCMMOCTM (4NA  3sHeprum
WUrHOPUPYETCA [AOMOJIHUTE/IbHAA MOMPEeLIHOCTb, CBA3aHHAA C M3MEpPEHMEM  BPEMEHW, Kak MHOro
MeHblLLasn, yem oCTa/ibHble norpeLwHocTH):

Spo = Jagh + 6% + 62,

roe: 6 P,a— MOrpeLHOCTb U3MEPEHMA aKTUBHOW AN PEaKTUBHON MOLLHOCTY;
6 uh— cymmapHas norpeLHoCTb U3MepPeHnUsa aMnInUTyAbl FTAPMOHUKM HaNpPAKEHWS
(aHanmsaTop, TpaHCchopMaTOpbI, KNewm);
8 Ih— cymmapHas NorpewHoCcTb M3MePeHUs aMnanTyAbl FaPMOHMKM TOKa
(aHanusaTop, TpaHchopmaTopbl, Knewm);
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6 ph— OONO/IHUTE/IbHAA MOrpewHOCTb B pe3ynbraTte OLINBKM namepeHunA d)a3bl mexay

rapMOHUKaMMN HanpAaXeHna n ToKa.

MorpewHocTb & ph MOXKHO OMpeaennTb, eC/iM M3BECTeH yro $a3oBOro CABWra A4/1A MHTEPECYIOLWEn Hac
obnactn yactot. B Tabanue npmsepeHa owmbKa pasHOCTU $a3 Mexay FAapPMOHMKAMWU HaNpsaKeHUA U
TOKa 419 aHann3aTopoB (6e3 TOKOBbIX Kellel U TpaHCchopmMaTopoB).

OwwnbkKa ¢a3b| B 3@aBUCMMOCTU OT 4aCTOTbl.

OwwnbKa pasHoctu Ppas

[dwnana3oH yactoT 40...70Ty, | 70..200 Ty | 200...500 Ty [500 Mu...1 klMu| 1...2 KMy, | 2...3 Kly,

Owwnbka <0,5° <1° <2,5° <4° <7° <10°

OwnbKy ¢asbl, BHOCUMYIO NPU MCMNO/b30BAHUM TPAaHCHOPMATOPOB U KAellel, Kak MPaBuI0, MOMKHO
HaTM MX B TEXHMUYECKOW AOKYMeHTauuu. B aTom cnydae cneayeTr OUEHUTb AN UHTepecylowel Hac
YacTOTbl MOMYYEHHYIO OLWMOKY dasbl MeXKay HanpsKeHMEM U TOKOM, BBOAMMYIO BCEMU 3/1€MEHTAMM
LUenu nsamepeHus: TpaHcPopMaTopbl TOKA U HaNpPAXKEHUSA, KNeLWM, a TakKe aHanm3aTop.

MorpelwHOCTb U3MePEHUA, BblTEKAOLWLAA U3 OWNOKK $asbl 414 aKTUBHOM MOLLHOCTU FAPMOHMK, MOXKHO
onpeaennTb N0 COOTHOLLIEHUIO:

(p+40)
Spn =100 (1 —%) [%], cosg # 0

B cBolo ouyepenb, HeonpeaenéHHOCTb W3MEpPEeHUA pPEeaKTUBHOM MOLLHOCTM FAapPMOHUK  MOXHO
onpeaennTb U3 COOTHOLLEHWUA:
sin(p—-A@) .
Spn = 100 (1 — TL=2D) [og], sing # 0
ph sing ) 1%0], sing #
B obeux 3tmx dopmynax ¢ o3HayaeT GAKTUYECKMIA YroN CcABUra MeXAy rapMOHMKaMu TOKa U
HanpsxeHna, a AQ cymmapHyto olwnbKy dasbl A8 aHHOM YacToTbl. M3 npeacTaBAeHHbIX 3aBUCUMOCTEN

MOXHO cAenaTb BbiBOA, YTO MOMPELIHOCTb M3MEPEHUA MOLLHOCTM ANA TOM e camoi owunbku ¢asbl,
ABHO 3aBMCUT OT KoadpduLMeHTa $pa3oBOro caBmra Mexay TOKOM U HanpsaxKeHuem (puc.60)

Mpumep: PacyéT nNOrpewHoCcT UM3IMEpPEeHUs  aKTUBHOM  MOLLHOCTM  OCHOBHOM  FapMOHUKMW.
ndOBMH: (P = 600, URMS E Unom, |RN|S = 5% |nom.

OCHOBHas NOrpeLwHoCTb cocTaBaneT: + /1,02 + 5§h %.

B gmanasoHe yactoT 40...707y, owmbKa dasbl aHaM3aTopa cocTaBaaeT meHblue Yyem 0,5°.
MNocne NoACTaHOBKM B COOTHOLLEHME:

_cos(p + A(p)> _ 100 (1 _ cos(61°)

——2) =1,529
cosQ cos(60°)) oY%

Spn = 100 <1
Takum 06pa30M, norpewHoOCTb N3aMepeHnAa CoOCTaBuT:

§ =+41,024+ 1,522 = +£1,82%

B Tex e camblIx ycoBMsX, HO Npu casure ¢asbl @ = 10°, noayunm:

cos(11°)

o,n = 100 (1 -
ph cos(10°)

) =0,16%
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A NnOorpewHoOCTb N3aMepeHnA CoOCTaBuUT:

§ =141,02+0,162 = +1,01%

MpuBeaeHHble BbilWe PACYETbI HE Y4YMTbIBAOT AOMOJIHUTENbHble OWWOKM, BHOCMMbIE NpU
NCMNOIb30BaHUWN TOKOBbBIX Knelen u TpaHchopmMaTopoB.

100 5
B [%e]
50 1 p=60
a0 A
p=50°
70 4
&0 o
p=4g:
S0 1
=30
40
=20"
30 4 ¥
=107
20 4 b
p=0°
10 1
A [°]
0O 4 = i - T T : L 2
o 5 10 15 20 25 3o

Puc.60. [lonosHMTeNbHan NOTPELIHOCTb OT OWNBKK dasbl B 3aBUCMMOCTM OT yraa casura ¢as.

6.4.11 MepuaHue cBeTta (pmKep)

MepuaHue ceeTa
[dnanasoH u ycnosua | PaspelueHne OCHOBHas MorpeLHocTb
(dnukep)
Pst (10 MuH.) 0,2..10 001 15% B npeaenax TabinUHbIX
Pk (2 yaca) ana Urms 2 80 % Unom ’ 3HayeHui FOCT P 51317.4.15-2012
Knacc F1 noFOCT P 51317.4.15-2012
6.4.12 AcumMeTpus
AcummeTpua
[AnanasoH u ycnosus PaspeleHune | OCHOBHaa NOrpeLHOCTb
(HanpskeHue 1 ToK)
K
03bdULMEHT ) £ 0,15%
HECUMMETPUU NPAMON, 0...20,0% 01% (abcontoTHas
o6paTHOW M HyneBoOW ans 80%Unom < Urms <150% Unom e
NorpeLHocCTb)
nocnenoBaTe/IbHOCTH
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6.4.13 CurnaJisl ynpasJieHUs

MNapameTp [JuanasoH u ycnosua | PaspeleHune ‘ OCHOBHas NOrpeLHoCTb
MeTtoa nsmepeHma B cooTetcTBumM ¢ TOCT 30804.4.30-2013 (IEC 61000-4-30:2008)
YacTtoTa 5,00...3000,00 Iy, 0,01 Ty HEe NPUMEHNUMO

< 1% Unom He yKa3aHo
AMMIMTYAA CarHana 1...3% Unom 43.c. +0,15% Unom
ynpasnexHna UR1, UR2
3...15% Unom +5%

6.4.14 IlepexoaHble IPOLECCHI m

MNapameTp AnanasoH n ycnosua | PaspelwseHune OcCHOBHaA NOrpeLHoCTb
HanpseHune + 8000 B 43.c. + (5% + 25 B)

6.5 Perucrpanus coOGbITHII - MPOBAJIbI, IepeHANPsKEHHs, MPePbIBaHUAA,
ObICTpble U3MeHeHUA HanpsikeHus RVC, gelicTByolee 3HaYeHUE TOKA.

HanpakeHue Ugms

OcHOBHas
(npoBanbl, NpepbiBaHKS, dnanasoH PaspeleHune
NnorpeLwHoCTb
nepeHanpsa:keHusa)
URMms(1/2) 0...150,0% Unom 43.c. +0,2% Unom
MpoaoNKUTENBHOCTb Y4:MM:CC.MC MNonosunHa nepmnoga | OanH nepmog,

Mopor o6HapyKeHus

YcTaHaB/IMBaeTCs NO/b30BaTEIEM B NPOLEHTaX IMb0 B aBCOMIOTHbIX
3HavyeHusax. ObHapy»KeHne cobbITUA OCHOBAHO Ha U3mepeHnn URMS(1/2)
(addekTnBHOE 3HaAUeHMe 3a 1 nepuoa, obHOBAAEMOE KaxKable %5
nepuoaa).

3anucb ocunnnorpamm

MaKcumanbHol ¢ pernctpaunm n 960 mc oneperkeHua cpabaTbiBaHMA,
anckpetmsauma 10,24 Kru, 8-6uTHoe paspelueHue.

3anucb 3HayeHuit RMS%

MakcmumanbHo 30 c peructpaumm 1 4,9 c onepeskeHuns cpabaTtbiBaHUA

BbICTpble U3MeHeHUA L — PaspeLeHMe OcHoBHas
HanpaxeHus (RVC) P MorpeLwHocTb
URMS(1/2) 0...150,0% Unom 4 3.c. +0,2% Unom

MpoaoNKNUTENbHOCTb

Y4 MM:CC.MC

MonosuHa nepuoaa | OanH nepuog,

MeTopa nsmepeHua

CornacHo anroputmy, ykasaHHomy B IEC 61000-4-30

Mopor o6HapyKeHus

YcTaHaBAMBaeTcA Nosb3osaTesiem B npoueHTax Unom. OBHapyrKeHue
co6bITMA OCHOBAHO Ha M3mepeHun Urms(1/2) (3¢ deKTnBHOE 3HaYeHNe
3a 1 nepunoa, o6HoBNsEMOE Kaxaple Y5 nepnoaa).

Mopor o6HapyKeHNa He MOKeT bbiTb bo/blUe, YEM CyMmMa MOPOroB
npoBasa U BO3PacTaHMA HaNPAXKEHUA.

'nctepesnc

YcTaHaBAMBaeTcA nosb3osBaTenem B npoueHTax Unom.
FMcTepesnc He MosKeT 6biTb 60bLue, Yem nopor obHapyxeHusa RVC.

3anucb ocumnnnorpamm

MakcnumanbHol ¢ pernctpaummn n 960 mc oneperkeHus cpabaTbiBaHUS,
anckpetmsauma 10,24 Klu, 8-6utHoe paspelueHue.

3anucb 3HayeHuin RMSY

MakcumanbHo 30 ¢ pernctpaumm n 4,9 ¢ onepeskeHuns cpabaTbiBaHMSA
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ToK Irws OcHoBHas
AnanasoH PaspeweHune
(MMH., makc.) MOrpeLHOCTb
IRMS(1/2) 0...100,0% lnhom 43.c. +0,2% lnom
MpoJoNKUTENBHOCTb YY:MM:CC.MC MonosuHa nepuoga | OaAnH nepuog,

Mopor o6HapyKeHus

YcTaHaBAMBaeTCA No/b30BaTeNeM B NPOLLEeHTaX MAM abCoNOTHbIX
BeAndnHax. O6HapyKeHne cobbITUA OCHOBAHO Ha U3MepPeHNH IRMS(1/2)
(3ddekTnBHOE 3Ha4YeHUe 3a 1 neprog, obHoBAAEMOE Kaable ¥
nepuoza).

3anucb ocunNNOrpaMmm

MaKcMmanbHol ¢ peructpaumm n 960 mc oneperkeHns cpabaTtbiBaHuUs,
anckpetmsaums 10,24 kl'y, 8-6utHoe paspelueHue.

3anucb 3HayeHuit RMS»%

MakcmmanbHo 30 ¢ pernctpaummn u 4,9 c onepexxeHusa cpabaTbiBaHUA

6.6 Perucrpanus COGBITHIA — ZONOJTHUTEAbHbIE IApaMETPhI

Mapametp

dnanasoH

MeToa 06HapyKeHua

YacTtoTa
(MKMH., maKc.)

40...70 'y, (B npoueHTax
MK abCoNOTHbBIX

O6Hapy»eHne ocHoBaHo Ha 10 ¢
namepeHumn (no IEC 61000-4-30)

3HaYeHMusXx)
MuK-paKkTop HanpaxeHuA 10.100 Ha ocHoBe 3Ha4eHua 10/12-
(MWH, maKc) e nepvoaos
Muk-pakTop ToKa 10.100 Ha ocHoBe 3Ha4eHua 10/12-
(MUH., maKc.) e nepvoaos
KoaddpnumneHT HecummeTpmm
bo ul P 0 Ha ocHoBe 3HaueHua 10/12-
obpaTHoOW nocnenoBaTeNbHOCTU 0...20,0%
nepuonos
HanpaxXeHus (makc)
KoaddpnumneHT HecummeTpmm
bo ul P 0 Ha ocHoBe 3HaueHua 10/12-
obpaTHoW nocnenoBaTeNbHOCTU 0...20,0%
nepvonos
TOKa (MmaKc)
KpaTkoBpemeHHas go3a damkepa Ps; 0..20 Ha ocHoBe 10-MWHYTHOrO
(makc) 3HayeHuA
nuTenbHaa aosa dpavkepa
A A ¢ P 0...20 Ha ocHoBe 2-4acoBOro 3Ha4YeHuA

Pi (MaKc)

AKTMBHaAA MoOLWHOCTb P
(MUMH., maKc)

B 3aBucmoctu ot
KOHUrypaunm

Ha ocHoBse 3HaueHua 10/12-
nepvosos

(mana noTpebnsemoit n oTaaBaemoi
MOLLHOCTH)

PeaktnsHaa mowHocTb Q
(MKH, maKc)

B 3aBmncmocTn ot
KOHUrypaLumm

Ha ocHoBse 3HaueHua 10/12-
nepuonos

(ana notpebnsemoit n oTaaBaemol
MOLLHOCTH)

MonHaa mowHOCTL S

B 3aBucmocTtu ot

Ha ocHoBe 3HaueHua 10/12-

(MUH., maKc.) KoHdUrypaumm nepuonos
MouHoCTb ncKakeHma D/ MonHas B 3aBMcmocTum ot Ha ocHoBe 3HayeHua 10/12-
MOLLIHOCTb MCKaXKeHuA Sy (MUH, MaKC)|KOHPUrypaLmm nepvoaos
KoappuumeHTt mowwHocTm PF 1.1 Ha ocHoBe 3HayeHus 10/12-
(MUH., maKc.) nepnoaos
KoadoduumeHT casura ¢pas cosdp/DPF 1.1 Ha ocHoBe 3HayeHus 10/12-
(MUH., maKc.) nepnoaos
tgd 4-kBagpaHTHbIN -10..10 Ha ocHoBe 3HayeHus 10/12-

(MMH., maKc.)

nepmnoaos

AKTMBHasA aHeprua Ep (MaKc.)

B 3aBucmoctu ot

MpoBepKa NpeBbllleHMA KaxKable
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KOHUrypaumnm

10/12
nepvoaos (ans noTpebnaemon u
OTAaBaeMo 3Heprum)

PeaktnBHadA aHepruna Eq
4-kBagpaHTHas (Makc.)

B 3aBMcmocTun oT
KOHUrypaunm

MpoBepKa NpeBbilIeHNA KaXKable
10/12

nepuvoaos (ana notpebnaemon u
OTAaBaeMO 3Heprum)

MonHan aHeprua Es (makc.)

B 3aBMcmocTun oT

MpoBepKa NpeBblleHUA KaxKable

KOHUrypaunm 10/12 nepuogaos
KoadpdmumneHT rapmoHnYecKknx
o Ha ocHoBe 3Ha4veHuAa 10/12-
nckaxeHmin THD-F HanpAxeHna 0...100% /
(Makc.) nepvonos
KoadpdmumneHT rapmoHnYecKknx 0..200% Ha ocHoBe 3Ha4eHua 10/12-
nckaxkeHnn THD-F ToKa (maKc.) ? nepvoaos
0..100% Ha ocHoBe 3Ha4eHua 10/12-
AMNANUTYAbI TAPMOHUK HanpaXKeHui ’ nep1oaos;
nnn abcontoTHble
(makc.) Hezasucmmble noporu anqa scex
3HayeHuA
rapMOHMK B AnanasoHe 2...50
Ha ocHoBe 3Ha4yeHuAa 10/12-
0...200% eDUOLOE: /
AMNAUTYAbI TAPMOHMK TOKa (MaKc.) | nam abcontoTHble PHOA0E;
Hezasncmmble noporu anqa scex
3HayeHuA
rapMOHMK B AnanasoHe 2...50
KoadpounumeHt
Ha ocHoBe 3Ha4yeHuAa 10/12-
MHTEPrapMOHMYECKUX UCKAXKEHNI 0...100% EDUOOB /
TID-F HanpseHUa (Makc.) proA
Kosduument Ha ocHoBe 3HayeHun 10/12-
MHTEPrapMOHUYECKMUX UCKAKEHNN 0...100% EDUOOB
TID-F ToKa (makc.) proA
0..100% Ha ocHoBe 3HayeHua 10/12-
AMNANUTYLbI UHTEPTrapMOHUK VIIWI a6ZOJ1POTHbIe nep1voos;
HanpsXeHua (Makc.) HesaBucrumble noporu ana scex
3HayeHwuA
WHTeprapmoHuK B ananasoHe 0...50
0..100% Ha ocHoBe 3HayeHua 10/12-
AMNANTYAbl UHTEPTAPMOHUK TOKa 0 nepuoaos;
nnun abcontoTHble
(makc.) HesaBucumble Nnoporu ans Bcex
3HayeHuA
WHTeprapmoHuK B ananasoHe 0...50
Ha ocHoBe 3HaueHua 10/12-
KoaddunumeHT K (K-dbakTop) (makc. 1,0..50,0
dpuumenT K (K-paktop) (maxc.) epronos
H 10/12-
CurHanbl ynpasneHus (makc.) 0...Unom a ocHoBe 3HaueHma 10/
nepnuoaos

MepexoaHble npoueccsl

50...5000 B unu dV/dt

HesaBucumblii Moaynb onpeaeneHus
TpaH3neHToB. MeToabl:
QAMMANUTYAHbBIA MM NO CKOPOCTU
HapacTaHuA

N3meHeHne dopmbl ormbatoLen
(TonbKo HanpsaxeHue)

1,0...100% Unom

CpaBHeHWe ABYX COCEAHMX
nepnoaos
HanpsaeHna. CMOTPU rNaBy Ownbka!

MCTOYHUK CCbINKN He HaWAEeH..

CKauku dasbl (TonbKo HanpsKeHue)

1...359° (yrnoBble rpaaycobl)

CpaBHeHMe ABYX UK TPEX Yrios
IOCHOBHOW COCTaBAAIOLLLEN,
PaCYUTAHHbIX MO CMEXHbIM
nepuvoaam HanpaXKeHus.
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6.6.1 T'ucrepesnc 0OGHaApPYKeHUA COObITUN

cTepesnc obHapyKeHUs cobbITUM dunanasoH MeTopg o6HapyKeHun
[na Kaxkgoro U3 NnapameTpoB paccymTbiBaeTCs,
Mctepesnc 0...10% KaK MPOLLEeHT OT MaKCMMaAJIbHOro 3Ha4YeHMA nopora
(nckntoueHmsa —cm. 11.3.12).
6.7 Perucrpauus
Perncrpatop

Bpema ycpegHenua Y

200 mc, 1 cek., 3 cek., 5 cek., 10 cek., 15 cek., 30 cek., 1 mUH., 3 MUH.,
5 muH., 10 muH., 15 muH., 30 muH., 60 munH., 120 muH.
CneumanbHbI pexxum: ¥% nepunoaa (3anucs URMS(1/2) 1 IRms(1/2))?

YcpegHeHne mmuH/makc Urms

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

YcpegHeHne MuH/Makc IRMs

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

3anucb ocunnnorpamm

BO3MOXHOCTb 3anucum 3 nepnoaos oCuMnnorpaMm akKTUBHbIX KaHa/10B
nocne Kaxagoro nepnoda ycpeaHeHuA

PexXnmbl 3anycKa permcrpaumm

- PyyHowu,
- Mocne nepsoro obHapy»eHHoro cobbiTus,
- Mo pacnucaHuio (YeTbipe 3aJaHHbIX MHTEPBAIa BpeMeHM)

KoHpurypaumm

4 He3aBUCMMbIX KOHOUTYpaLMKM NoNb30BaTeNsA, pacnpeaeneHme mecTa
Ha KapTe NamaTy, BO3MOMKHOCTb BblAENEHUA BCero o6bEmMa NamaTy
AN BbIOBPaHHOM TOUYKMU U3MEPEHMUSA.

Bpemsa perucrpauum

3aBUCUT OT KOHPUTrypaL MM

MamaTtb

BcTtpoeHHaa Kapta namatm 8 [b
pacwmperns go 32 ' (onuMoHanbHO)

(cTaHA@pTHO), BO3MOXKHOCTb

Mopgenb namaTtum

JNInHenHan

be3onacHocTb

BO3MOMHOCTb 6/I0KMPOBKN KAaBMaTypbl OT HECaHKLMOHMPOBAHHOIO
Aoctyna, 610KMPOBKa CUNTbIBAHMA AaHHbIX ¢ nomoulbio PIN-Koaa

(1) Bpems ycpeaHeHna meHblie 10 ceK. B 4eMCTBUTENbHOCTM PaBHO KpaTHOMY OT nepuoja CeTu:
200 mc — 10/12 nepuoaos, 1 cek. — 50/60 nepmoaos, 3 cek. — 150/180 nepunoaos, 5 cek. — 250/300

nepmnoaos.

(2) URMS(1/2) M IRMS(1/2) ABNAIOTCA AEWACTBYIOWMMM 3HaYeHMAMM 32 1 nepuog c 06HOBAEHMEM KaxAble %

nepunoaa

(3) Mepuoabl ycpeaHeHus muH./makc. 200 mc, 1 ceK., 3 ceK., 5 cek.

B AEﬁCTBMTEHbHOCTM PaBHbI

KpaTHOMY OT Neproja 4acTtoTbl CETU:
200 mc — 10/12 nepuopaos, 1 cek. — 50/60 nepmoaos, 3 cek. — 150/180 nepunogos, 5 cek. — 250/300

nepvoaos.

! CpegHee | MuHumanbHoe MakcMmanbHoeMrHOBEHHOE

3HayeHue| 3HayeHue 3HayeHue 3HayeHue

[elictyloulee HanpsaxeHne pasHoe/nnHenHoe
(8 3aBMCKMMOCTM OT TUNa ceTn) URMS ° ° ° °
[JevicTBylollee NMHEeNHOe HanpsaXeHne (ToNbKo
3-¢asHan «Y-n» u 2-¢dasHan cetb) URMS *
MoCToAHHAA COCTABAAIOLLAA HANPAXKEHUA . . ° °
Jencreyrowmii ToK IRms . . . °
MocToAHHaA cocTaBnatowasn Toka ! o o . .
YacroTa f ° ° ° °
Muk-dpakTop HanpaxeHua CF U ° ° ° °
Muk-dakTop ToKa CF | ° ° ° °
KoaddpuumeHTbl HecummeTpurm No obpaTHOM U . ° ° °
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NPAMONI NOCNef0BaTeNIbHOCTM, CUMMETPUYHbIE
cocTasnawowme: obpaTtHas, npamas v Hynesas
(HanpskeHue) Uo, U1, Uy, ug, Uz

KoadpnumneHTbl HecMMMETPUM MO 06PATHOM U

nNpAMOW Nocien0BaTeIbHOCTU, CUMMETPUYHbIE
cocTaBafAowme: obpaTHasa, NpAMas 1 Hynesas

(TOK) |0, |1, |2, io, in

[o3bl dnnKkepa Pst v Py

AKTUBHAA MOLWHOCTb
(noTpebnaemas n otaasaemas) P, P.

PeaKTnBHasA MOLLHOCTb
(noTpebnaeman v otaasaemas) Qi+, Qi-/ Qs+, Qp-

MonHaa mowHOCTb S

MolHocTb uckaxkeHua D/MonHaa MoLWHOCTb
MCKaXeHuna Sy

KoaddpuumeHT mowHoctn PF

KoapduumeHT dpasosoro casura cosp/DPF

TaHreHc ¢ (4 KBagpaHTHbIN):
t8P(+), t8P(c), 18P, 1BP(cH)

AKTUBHaA sHeprua
(noTpebnaemasn n otaaBaemas) Ep., Ep.

PeakTuBHas sHeprua (4 KBagpaHTHaA):
Eq(+), Ea(c), Eaq), Eares)

MonHana saHeprua Es

KoadpdumumneHT rapmoHnyecknx nckaxeHmin THDg
HanpsaXKeHus

KoadpdmumneHT rapmoHnYecknx nckaxeHmin THDg
TOKa

KoadododnumeHT nckaxkenma popmbl Toka TDD

AmnanTyabl rapMoHUK HanpaxeHua Uni...Unso

AMNANTYAbl TAPMOHMK TOKA lh1...Ihso

KoadpdmuMeHT MHTeprapMOHUYECKUX UCKAXKEHUN
TIDr HanpAxXeHuA

KoadpdmuneHT MHTeprapMOHUYECKUX UCKAXKEHUN
TIDf TOKa

AMNANUTYAbI NHTEPrapMOHUK HanpsaXeHus
Uiho...Uinso

AMNANTYAbl MHTEPrapMOHUK TOKA lino...linso

Koaddunument K (K-dpakTop)

AKTUBHbI€ MOLHOCTU rapMoHUK (1...50) Phi...Phso

PeaKTMBHbIe MOLLHOCTM rapMoHuK (1...50)
Qn1...Qnso

Yrnbl mexay rapMmOHUKaMKM HAaNpAXKeHUA 1 TOKa
P1...Qs0

CurHanbl ynpasneHua UR1, UR2

o(2)

MpumeyaHusa:
) TonbKo Npu Mcnonb3oBaHUM Kneweit C-5.

2 Mpu pernctpaumm B cOOTBETCTBUM O cTaHAapTom MOCT 32144-2013 Take 3anucbiBaloTca cpegHme 3-

X CEKYHAHbIE 3Ha4YeHUA.
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6.8 IluTaHue, aKKyMyJIATOP U HarpeBaTeJib

[MuTaHme ot cetn

[ManasoH BXOAHbIX HANPAXKEHN
(HOMWHanNbHbLIN)

100...690 B nepemeHHoe, 40...70 Iy,
140...690 B noctosaHHOE

[nanasoH BXOA4HbIX HANpPsAKeHWi (c
dNyKTyaumamm)

90...760 B nepemeHHoe, 40...70 Iy,
127...760 B nocTtosaHHOE

KaTteropma nutaHua no
nepeHanpaKeHuo

CATIV600B
CAT Il 690 B
CAT Il 760 B (c yyeTom payKTyauni)

MNoTpebneHne MOLHOCTH OT CETHU
(MaKkcumanbHoe)

50 BA /20 Bt

MoTpebaeHne MOLLHOCTU OT CEeTHU B
3aBMCMMOCTM OT KOHOUTypaLmm
(TnuyHoe)

PQM-710, HeT 3apAaKM aKKYMYnATopa,
HarpesaTteb BblKAtoYeH, GSM BbIKAKOYEH,
nepemeHHoe HanpaXeHue nutaHna 230 B

9BA/6BT

PQM-710, 3apagKa akkymynatopa,
HarpesaTe/ib BbIK/Ato4eH, GSM BbIK/tOYEH,
nepemeHHoe HanpsaxKeHMe NUTaHnA
100...300 B

13 BA/8BT

PQM-711, 3apaaKa akKymyaatopa,
HarpesaTte/b BblkAto4YeH, GSM BbIKIIOYEH,
n3mMepeHme TPaH3UEHTOB BKIKYEHO,
nepemeHHOEe HanpsKeHue NUTaHnA
100...300 B

15BA /10 BT

PQM-711, 3apagKa akkymynatopa,
HarpesaTesnb BblK/AOYeH, GSM BKtoYeH,
n3MepeHue nepex.npoLLeccos BKAKOYEHO,
nepemeHHoe HanpsaKeHne NUTaHnA
100...300 B

18 BA/12 Bt

PQM-711, 3apagKa akkymynatopa,
HarpesaTtesb BblkAoYeH, GSM BKAlOYeH,
nU3MepeHme nepex.npoLLecCcoB BKAKYEHO,
nepemMeHHoe HanpsKeHne NUTaHuA
500...690 B

38BA /13 Bt

PQM-711, 3apagKa akkymynatopa,
HarpesaTtesb BKAOYeH, GSM BKAKOYEH,
M3MepeHme nepex.npoL,eccoB BKAOYEHO,
nepemeHHOe Hanpa)KeHne NUTaHnA
500...690 B

48 BA / 18 Bt

AKKyMynaTop

Tun

Li-lon 4,4 Ay

Bpems paboTbl OT aKKYMYNATOPHOTO NUTaHUSA

PQM-710: npumepHO 2 Y
PQM-711: npumepHo 1,54

Bpems 3apsaaKu aKKymyiaTopa

(nonHocTbIO paspAKeHHOro) Ao 84
JonycTMmbliii Anana3oH TemnepaTypbl 3apaaKku -10...60°C
MoTpebieHne TOKa OT aKKYMyAATOPA B PEXMME

BbIK/ILOYEHHOr0 aHaIM3aTopa (OTCYTCTBYET NUTaHWe <1mA

OT CE€TU, HE KAaCaeTCA pexxnma npoTtme Kpamm)

138




HarpesaTtenb

Mopor TemnepaTtypbl BKAOYEHMA HarpesBaTensa 5°C
MutaHune HarpesaTtena BCTPOEHHbIN UCTOYHUK NUTAHUSA NepPeMEeHHOro TOKa
MoLHocTb HarpeBaTena MakcumanbHana 5 Bt

6.9 Iloaaep:xuBaeMble CETH

Tunbl NOALEPKMBAEMBIX CETEN (KOCBEHHO MW HAMPAMYIO)

1-dasHan

OaHodasHasn, ¢ HenTpanbHbIM NPoBOAOM (pa3bémbl L1, N, PE)

2-dpasHan
(c pacwennéHHol dason)

[ByxdasHas, c HelTpanbHbIM NpoBogom (pasbémbl L1, L2, N, PE)

3-¢bazHasa «Y-n» TpéxdasHas, Tuna «3se3aa» c HelTpanbto (pasbémsl L1, L2, L3, N, PE)

3-baszHan «A»

TpéxdasHasa TMna «TpeyronbHUK» (pasbvémsl L1, L2, L3, N, PE —
pononHutensHo N coeanHéH c L3)

3-dpas3Han «A» cxema ApoHa

TpéxdasHasa TMna «TpeyrosbHUK» (pasbvémsl L1, L2, L3, N, PE —
aononHutenoHo N coegnHEH ¢ L3), ¢ AByMA TOKOBbIMW KAeLLLaMu.

3-dpasHan «Y»

TpéxdasHas, TMna «3Be34a» C U30/IMPOBAHHON HEUTPaA/bO (Pa3bEémbl
L1, L2, L3, N, PE — pononHutenbHo N coeauHéH c L3)

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

3-¢pasHan «Y» cxema ApoHa L1, L2, L3, N, PE — pononHutenbHo N coeauHéH c L3), c asyms

TOKOBbIMU KNnewamu.

6.10 Ilogaep:xuBaeMble TOKOBbIE KJIeld

Tunbl noggepxmnBaemMbiX TOKOBbIX Kneu.l,eﬁ

Knewwm rubkue (nosac PoroBckoro), MakcumasnbHbIi gnameTp — 380 MM, AManasoH N3mepeHus

F-1
3000 Arwms

FA Knewwm rubkume (nosac Porosckoro), MakcMmanbHbli agnameTtp — 250 mm, AManasoH nsmepeHus
3000 Arwms

E-3A Knewwm rubkume (nosac PoroBckoro), MakcMmanbHblit agnameTp — 140 mm, AManasoH nsmepeHus
3000 Arwms

F-2AHD Knewwm rubkume (nosac PoroBckoro), MakcumasbHbIi agnameTp — 290 Mm, AManasoH N3mepeHus
3000 Agwms

E-3AHD Knewwm rubkume (nosac PoroBckoro), MakcMmasbHbIi agnameTp — 145 mm, AManasoH nsamepeHus
3000 Agwms

E1AG Knewwm rubkume (nosac Porosckoro), MakcMmanbHblit gnameTp — 380 Mm, AManNasoH NsmepeHmns
6000 Arms

E-2A6 Knewwm rubkume (nosac Porosckoro), MakcMmanbHbli agnameTtp — 250 mm, AManasoH nsmepeHus
6000 Arms

F-3A6 Knewwm rubkume (nosac Porosckoro), MakcMmasnbHblit agnameTp — 140 mm, AManasoH nsmepeHus
6000 Agwms

F-1A1 Knewwm rubkume (noac PoroBckoro), MakcumasnbHblit agnameTp — 380 Mm, AManasoH U3amepeHus
1500 Agrws

E-9A1 Knewwm rubkume (noac PoroBckoro), MakcMmasnbHbIi agnameTp — 250 Mm, AnManasoH nsmepeHus
1500 Arws

F-3A1 Knewwm rubkume (nosac Porosckoro), MakcMmasnbHblit agnameTp — 140 mm, AManasoH nsmepeHus

1500 Arwms
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C-4 Kneww tnna CT, nepemeHHOro Toka, AnanasoH nsmepenma 1000 Agyvs, 1 MB/A

5 Kneww tmna CT ¢ gatunkom Xonna, nepemeHHoro/nocToaHHOro Toka, A1anasoH MsmepeHus
1000 Agwms, 1 mB/A

C-6A Knewwy tvna CT, nepeMeHHOro ToKa, 419 ManblX TOKOB, Anana3oH namepeHna 10 Arvs, 1
MB/10mA

Cc-7 Kneww tnna CT, nepemeHHOro Toka, AnanasoH nsmepenmsa 100 Arus, 5 MB/A

MpumeuaHue: Knewm c 6yksoit «A» B 0603HayYeHMun (Hanpumep, F-3A) aBAAIOTCA BapMAHTOM KAellen ¢
aBTOMaTMYECKMM pacno3HaBaHMEM UX TUNA B COBMECTUMbIX YCTPOMCcTBaxX. OCTasibHble NAapaMeTpbl Takue
e, KaK B Khelwax 6e3 noafeprkkuM TaKoro pacnosHaBaHuA. DyHKUMA PAcnO3HABAHWA TUMA Knellen
AOCTynHa B aHanmsatopax PQM-710/711 c sepcusmu npolwmnsku HWg n 6onee HoBbiMM, BMmecCTe C
npowwuekoi 1.40 unm 6o0n1ee HOBbIMM.

6.10.1 Knemu C-4

TokoBble Knewm C-4 npeaHasHayYeHbl 4N1A U3MEPEHUA NEPEMEHHONO TOKa B 3/IEKTPUYECKMX YCTaHOBKaX
Masioll 1 cpeaHei MOLLHOCTU. BbIXOAHbIM CUTHAMIOM ABAAETCA HanpsAXKeHue, NPonopuUMoHanbHoe cune
M3MepsemMoro TOKa. BbIxogHoOW curHan nepeaértca no 2,2-mMeTpoBOMy Kabento, 3aKaHuMBalowmiica
COOTBETCTBYIOWMUM PasbEMOM.

CTpenKa, pa3MELLI,éHHaF| Ha O,CI,HOI\;1 M3 CTOPOH, YKa3blBaeT Hanpas/ieHUe 3/1eKTPUYeCKoro ToKa. lNMpuHATo
CYMTATb, YTO TOK TEYET B NOJIOKUTE/IbHOM HAaNpPaB/IEHUN, EC/IN OH ABUXKETCA OT UCTOUYHMKA K MPUEMHUKY.
TakaA opmneHTauma KHELLI,EVI TpE6YETCﬂ AnAa NpasnUibHOIo UsmepeHna MOLHOCTH.

ToKosble Knewm C-4

A

COr/IAaCHO CIeAYIOLWMM AaHHbIM:

Henb3Aa namepatb Tokm Bbiwe 1200 A. CheayeT orpaHUYnTbL Bpema namepeHma Toka go 1000 A,

AnanasoH ToKa | <1000 A 1000 A<1<1200 A
o1 15 MUHYT n3mepeHus,
Pexkum paboTbl HenpepbIBHbIN
cnegywowme 30 MUHYT NepepbIs.

Y Ana vactoTbl f < 1 KMy, OrpaHUYEHNA MaKCMMabHOTO 3Ha4YeHUA TOKa NpU HenpepbiBHOM paboTe Ana
yacToTbl Bbiwe 1 Kl B COOTBETCTBUM € 3aBUCUMOCTBIO lyare = 1000 A/f [KIL).

f Henb3a Mcnonb3oBaTh KNELWM Ha HEM3O0/IMPOBAHHbLIX NMPOBOAHMKAX C MNOTEHLMANOM 60/bLNM
600 B No OTHOLLIEHMIO K 3eMJ/ie U B YCTAHOBKax M3MepuTenbHON KaTeropmm Boiwe 1.
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HopmanbHble ycaoBMA 4NA NOBEPKU

Temnepatypa

20...26 °C

OTHOCUTENbHAA BNA*KHOCTb

20..75%

Mo3numa nposoaa

nposoA B UEHTPE, OTHOCUTE/NIbHO 3a*XMMOB Kﬂel.l.l,eﬁ

YacTtoTa CMHYCOMAaNnbHOIo TOKa 48...65 'y,
KoadpPpUuneHT rapmoHUYECKUX NCKAXKEH W <1%
lNocToAHHaA cocTaBAAOLWAA TOKA OTcyTcTByeT

[TocTossHHOE MAarHUTHoOE none

<40 A/m (marHuTHoe none 3emnn)

ﬂepemeHHoe BHelWHee MmarHMTHoe none

OTtcyTtcTBYeT

MpoBoaa B HenocpeAcTBEHHON 611M30CTH

OTCYTCTBME MPOTEKAIOLLErO N0 HAM TOKa

AnanasoH ToKa OcHoBHas norpewwHocTb!? OwmnbKa dasbl
0,1..10A <3%+0,1A He onpeaeneHa
10...50 A <3% <3°
50...200 A <1,5% <1,5°

200...1000 A <0,75% <0,75°
1000...1200 A <0,5% <0,5°

) g % OT U3MepPAEMOi1 BEZIMUUHDI

TexHuyeckne napameTpsbl

BbIXOLI,HOf;I CUrHan gna MakCMmasibHOro Toka

1 B nepemeHHOro ToKa

CooTHOLWeHne

1 mB/ 1A ana nepemeHHOro Toka

YacToTHbIN AManasoH

30 ly...10 Ky,

Knacc 3awmthbl

[BOWMHaA, B COOTBETCTBUM C
rOCT IEC 61010-2-032-2014

N3meputenbHada KaTteropma no
FOCT IEC 61010-2-032-2014

[11600 B

CreneHb 3aLMTbI, COTACHO
FOCT 14254-2015 (IEC 60529:2013)

IP40, c oTKpbITbIMM I'y6Kamu IP30

Pasmepbl 216 x 111 x 45 mm
Macca oKono 640 r
PackpbiTne 3axmMmoBs 53 mm

OxBaT OTKPbITbIX 3aXKMMOB 139 mm
MaKcMmanbHbIN AMamMeTp M3MepAeMOoro Nposoaa D52 mm

OnunHa Kabens Knewen 2,2m

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

BbicoTa Hag ypoBHEM MOpA <2000 m

3J'IeKTpOMa FTHNWTHaA COBMECTUMOCTb

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

6.10.2 Knemu C-6A

Knewwm C-6A npeaHa3HayeHbl g8 U3MepeHMa NepemMeHHOoro Toka Yactotoi go 10 Kl B gruanasoHe 10
MA...10 A.

BbIXOOHBIM CUTHANIOM ABAAETCA HanpsAXeHuWe, NPONOPLMOHANbHOE CUJIE U3MEPAEMOro TOKa C
yyscTBUTENbHOCTBIO 100 mMB/A. OHO nepepaértca no 2,2-MeTpoBOMYy Kabento, 3akaHumBatloLminca
COOTBETCTBYHOLMM PA3bEMOM.
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CTpenKa, pa3MELLI,éHHaFI Ha OAHOﬁ M3 CTOPOH, YKa3blBa€T Hanpas/jeHNe 3NEeKTPUYECKOro TOKa. anIH‘r'ITO
CUYMTATb, YTO TOK TEYET B NOJIOKUTE/IbBHOM HaNpPaB/IEHUN, €C/IN OH ABUXKETCA OT UCTOYHMKA K MPUEMHUKY.
Takan OopUueHTaumAa KI'IeLI.I,e;I Tp66YETCﬂ ANnAa NpasuibHOIo UsmepeHnAa MmOLHOCTH.

C =

Tokosble Knewm C-6A

C Henb3a Mcnonb3oBaTh KAELWM Ha HEU30MPOBAHHbLIX NMPOBOAHMKAX C MNOTEHLMANOM 6OAbLINM
600 B No OTHOLIEHMIO K 3eMJ/1e U B YCTAHOBKax U3MepUTeNbHOMN KaTeropum Boiwe .

Hopmaanble ycnosua onAa noBepku

Temnepartypa 20...26 °C
OTHOCUTEeNbHaA BNAXKHOCTb 20...75 %
MNo3nuua npososa NPOBOA, B LLEHTPE, OTHOCUTENIbHO 3aXKMMOB KeLLel
YacToTa CMHYCOMAaNbHOIO TOKA 48...65 'y,
KoadpdmumneHT rapmoHNYECKUX UCKAXKEHUN <1%
MocToAHHAA cocTaBAAOLWAA TOKA OtcyTcTBYeT
MocToAHHOE MarHUTHoe none <40 A/m (MarHuTHOE none 3emnu)
MNepemeHHOe BHelHee MarHUTHOE nose OtcyTcTBYeT
MpoBoAa B HenocpeacTBEHHOM 611M30CTH OTCYTCTBME MPOTEKAIOLLErO MO HUM TOKa
[lnana3oH ToKa OcHosHasa norpetwHocTb! OwwnbKa Ppasbl
0,01..0,1A <3%+1MA He onpejeneHa
0,1..1A <2,5% <5°
1..12A <1% <3°

() 5 % OT U3MepAEMOI BEMUMHDI

TexHnyeckne napameTpbl

CooTHoweHne 100 mB / 1 A ona nepemeHHOro Toka

YacToTHbIN AMaNasoH 40 Nu...10 KMy,

,CI,BO[;IHaFI, B COOTBETCTBUU C

Knace sawme! [OCT IEC 61010-2-032-2014

M3meputenbHaa Kateropua no NOCT IEC 61010-2-032-

2014 [11 600 B

CteneHb 3awmThbl, cornacHo FOCT 14254-2015 (IEC

60529:2013) IP40, c oTKpbITEIMK Fy6Kamu IP30

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

OxBaT OTKPLITbIX 32XKMMOB 69 Mmm
MaKcMmanbHbIN AMameTp M3MepseMoro nposoaa ? 20 mm

OnvHa Kabens Kneuweh 2,2 M

[dnanasoH paboumnx Temnepatyp -10..55 °C
BnarkHOCTb < 8%
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BbicoTa Hag ypoBHEM MOpA <2000 m

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

SNEKTPOMATHUTHAA COBMECTUMOCTL OCT 30804.6.2-2013 (IEC 61000-6-2:2005)

6.10.3 Kneuiu C-7

Knewun C-7 npegHasHayeHbl ANA U3MEPEHMA MNEpPeMEHHOro TOKAa B CETAX HWU3KOro WU cpegHero
HanpAXeHuA B AgnanasoHe go 100 A.

BbIXOAHbIM CUTHANOM ABNAETCA HanpaAXeHue, MPOMNopLUOHAJIbHOE CUNe U3MEpPAEMOro TOKa C
yyBCTBUTENbHOCTBIO 5 MB/A. OHO nepenaétca no 3-meTpoBOMYy Kaben, 3akaHuMBaloWMICA
COOTBETCTBYHOLMM PA3bEMOM.

CTpenKa, pa3MELLI,éHHaF| Ha OAHOﬁ M3 CTOPOH, YKa3blBa€T Hanpas/jeHNe 3N1EKTPUYECKOIO TOKa. anIHFITO
CUYMTATb, YTO TOK TEYET B NOJIOKUTE/IBHOM HAaNpPaB/EHUN, €C/IN OH ABUMKETCA OT UCTOYHMKA K MPUEMHUKY.
Takan OpHUeHTaumA KI'IELLI,eﬁ TpEGYETCﬂ AnAa NpasuibHOTo UsMmepeHnAa MOLHOCTH.

ToKosble Knewm C-7

f Henb3a Mcnoib3oBaTh KAEWM Ha HEM3O0/IMPOBAHHbIX NPOBOAHMKAX C NOTEHUMANOM 6ONbLIMM
300 B N0 OTHOLWEHMIO K 3eMAe W B YCTAHOBKax MU3MePUTEIbHOM KaTeropuu Bbiwwe lIl.

Hopmaanble yCcnosua onAa NnoBepPKHU

TemnepaTtypa 18...28 °C

OTHOCKTEeNIbHAA BNAXKHOCTb <85 % (6e3 KoHgeHcauun Bnaru)
YacrtoTa OCHOBHasA NOrpeLHoCTb Owmnbka dasbl

45...65 Ty, +0,5% +0,1 mB <2°

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

TexHnyeckne napameTpbl

CooTHOWeHne 5mB /1A ana nepemeHHOro ToKa

MonHoe BbIXOAHOE CONPOTUBEHUE 11 0m

,EI,BOVIHBFI, B COOTBETCTBUUN C

Knacc sawmtbl FOCT IEC 61010-2-032-2014

M3meputenbHaa Kateropua no NOCT IEC 61010-2-032-2014 111300 B

143




Pasmepbl 100 x 60 x 26 mm

Macca okono 160 r

MaKcumanbHbIN AMaMeTP 3MepAemoro nposoaa D 24 mm

OnvHa Kabens knewen 3m

[dnanasoH pabounx TemnepaTyp 0..50°C

OTHOCKTENbHAA BNAXXHOCTb < 85% (6e3 KoHAeHcauum Bnaru)
DNeKTPOMarHMTHaA COBMeCTMMOCTb FOCT P M3K 61326-1-2014

6.10.4 Knewmu F-1, F-2A, F-3A

MMbKme Knewm (Katywka Porosckoro) F-1, F-2A v F-3A npegHasHayeHbl AN U3MEPEHUS NepemMeHHOoro
ToKa c yactoton Ao 10 klu B AmanasoHe 1..3000 A. Tokosble rmbkue Knewm F-1, F-2A n F-3A
OT/INYAIOTCA MexXay coboil TONIbKO MaKCMMaibHbIM ANMAaMETPOM 0b6XBaTa. I/IEKTPUYECKME NapameTpbl
WMAEHTUYHbI.

BbIXOAHbIM CUTHANOM SIBAAETCA HanpsrKeHue, NponopLMoHanbHOE NPOM3BOAHOW U3MEPSAEMOTro TOKa
npw yyscTeuTenbHocTM 38,83 mB/1000 A ana 50 'y n 46,6 mB/1000 A ans 60 u,.

Knewwu F-1 Knewwu F-2A Knewwu F-3A

BbIxogHOW cMrHan nepegaértca no 2,5-X MeTpoBOMYy Kabento, 3aKaHUYMBAIOLWLMIACA COOTBETCTBYHOLLMM
pa3bEMOM ANA NOAXOAALLEro rHesaa B npubope.

CTpesika, NOMeLLEHHAA Ha 3aCTEXKe KNellen, yKasbiBaeT Hanpas/ieHne 3/1eKTPUYECKOro Toka. MpuHATo
CUMTaTb, YTO TOK TEYET B MNOJIOXHKUTE/IbHOM HANPaBAEHWM, ECIN OH ABUMKETCA OT UCTOYHMKA K MPUEMHUKY.
TaKaa opueHTauua Knewiei TpebyeTcsa ona NPaBUAbHOTO U3MEPEHUA MOLLHOCTH.

f Henb3a ncnonb3oBath KAewm Ha HEM30/MPOBAHHbIX NPOBOAHMKAX C NOTEHLUMaNOM HonbLMm
1000 B no oTHOLUEHUIO K 3emM/ie U B YCTAHOBKaxX U3MepuUTeNbHOM KaTeropum sbiwe lll.

Hopmaanble ycnosua onAa NnoOBEpPKHU

Temnepartypa 18...22 °C

Mo3numa nposoaa NpPoBOA, B LLEHTPE OTHOCUTENIbHO NETAN KNeLen
MocToAHHOE MarHUTHOe none <40 A/m (marHuTHoe none 3emnn)
MepeMeHHOe BHeLWHee MarHUTHOE nose OtcyTcTBYeT

BHelWHee 3nieKTpMyeckoe nose OtcyTtcTByeT

TexHUYeCcKne XapaKTEPUCTUKM

HoMMHaNbHbIM Anana3oH U3mepeHun 1...3000 A (10000 A nukoBoe ansa 50 u)
KoadpduumeHT Bxoa/sbixoq, 38,83 mB/1000 A (50 I'y), 46,6 mB/1000 A (60 I'u)
OcHOBHasa NOrpeLwwHoCcTb 1+1% B ananasoHe 1...3000 A

Iﬂ,BOl\;IHaﬂ n3onAaunAa, B COOTBETCTBUN C

Rnacc sawme! FOCT IEC 61010-2-032-2014
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M3meputenbHas Kateropua no NOCT IEC 61010-2-

032-2014 [I 1000 B
CreneHb 3awmTbl, cornacHo NOCT 14254-2015 P67

(IEC 60529:2013)

AnameTp KaTyLwKu 8,4 mm
OnameTp 3acTexKn (MakCMManbHbIN) 36 Mm
OnnHa okpykHocTu F-1 120 cm
OnnHa okpykHocTU F-2A 80 cm
OnvHa okpykHoctu F-3A 45 cm
BHyTpeHHWI1 gnameTp F-1 380 mm
BHyTpeHHWUI1 gnuameTp F-2A 250 mm
BHyTpeHHWI1 guameTp F-3A 140 mm
Macca F-1 oKkono 200 r
Macca F-2A okono 170 r
Macca F-3A okono 140 r
OnvHa Kabensa rubkumx Knewen 2,5m
[dnanasoH paboumnx Temnepatyp -30...80 °C

3J'IeKTpOMa FTHNTHaA COBMECTUMOCTb

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

6.10.5 Knemu F-2AHD, F-3AHD

fmbKne Knewm F-2AHD u F-3AHD npegHasHayeHbl 415 U3MEPEHMA NepeMeHHOro Toka ¢ YactoTtol go 20

Ky B8 AnanasoHe 1...3000 A v B cpaBHEHMM € TMBKMMU Knewamm F-2A n F-3A oTAKMYatOTCA NOBbILEHHOM

YCTOMYMBOCTBIO K MEXaHUYECKMM NOBPEXAEHMAM.

TexHUYECKMEe XapaKTEPUCTUKM

OcHoBHan NOorpeLwHoCTb

£0,5% B ananasoHe 1...3000 A

CreneHb 3awmThl, cornacHo NOCT 14254-2015

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

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

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

Tbkue Knewm F-1A6, F-2A6 1 F-3A6 nMeoT MeHbLLIYIO YYBCTBUTENbHOCTb MO cpasHeHuto ¢ F-1 / F-2A / F-

3A, 4TO NO3BOAIAET U3MEPATb TOK A0 6000 A (nnkosan 20 kA ana 50 ).

BbIXO4HbIM CUTHANOM SIBAAETCA HanpsrKeHue, NponopLMoHanbHOEe NPOM3BOAHOW U3MEPSAEMOro TOKa
npw yyscTeuTenbHoctn 19,415 mB/1000 A ans 50 'y u 23,3 mB/1000 A gns 60 Iu.

OcTanbHble MapameTpbl Takue e, Kak y Knewen F-1 / F-2A / F-3A.
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6.10.7 Knewmu F-1A1, F-2A1, F-3A1

Mbkne knewm F-1A1, F-2A1 u F-3A1 nmetoT 60/1bLUYIO0 YYBCTBUTENBHOCTb MO cpaBHeHuto ¢ F-1 / F-2A / F-
3A, uTo No3BoONAET U3MepPATb ToK A0 1500 A (nukosana 5 kA ans 50 lu).

BbIXOAHbIM CMTHA/IOM ABASAETCA HanpAMKeHue, NpPonopLUoHaNbHOE MPOM3BOAHON U3MEPAEMOro TOKa
npw yyscTBUTENbHOCTM 77,66 MB/1000 A asa 50 'y 1 93,19 mB/1000 A gnsa 60 lu.

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

6.11 CBa3pb
CeAsb
laN1bBaHNYECKN N30/IMPOBAHHDbIM,
USB MakcrmanbHasa cCKopocTb nepeaaun: 921,6 KEUT/c, peXKMMm YTEHNA NamATU Co

CKOPOCTbIO NopAAKa HECKOIbKMX M6uT/c.
Cosmectumoctb ¢ USB 2.0.

BcTpoeHHbIit moaynb Wi-Fi IEEE 802.11b/g/n,

Makc. apdekTMBHanA ckopocTb nepeaaum 300 kK6ut/c (Ha pacctosaHMM 4o 10 m)
becnposoaHas Wi-Fi | CtaHgapT (b/g) v (n) Ana oagHOro NOTOKa AaHHbIX.

WndposaHue (TouKa goctyna): WPA2-PSK

LWndposaHme (BHelHAA Touka goctyna): WPA/WPA2-PSK nnn 6e3 wudposaHus.

BcTpoeHHbI mogem GSM ¢ BHyTpeHHe aHTEeHHOM, A4OCTYNHbIA AN
nonb3osatens cnot SIM-kapTbi (mini SIM, 15 x 25 mm)

MakKcumanbHasa cKopocTb nepeaaun: 5,76/7,2 Méut/c

MopaeprkMBaemble gMana3oHbl YacToT:

GSM/GPRS/EDGE: 850/900/1800/1900 My,

UMTS/HSPA: 2100 MTu, (Bepcua ana eBponenckoro pbiHKa, npolwmnskn HWE 1
6onee paHHKe)

UMTS/HSPA: 850/1900/2100 Mru (Bepcua ans MMpPOBOro PbiHKA, NPOLWMBKK
HWf 1 6onee paHHue)

UMTS/HSPA: 850/900/1900/2100 Mru (Bepcua npowmnskn HWg 1 6onee HoBble)

GSM

6.12 Yci10BMA OKpYXKamollei cpeJbl U Apyrue TeXHu4ecKue JaHHble

YcnoBus oKpyrKatoLLen cpeabl

[dunanasoH pabounx Temnepatyp -20...55°C
Jnana3oH TemnepaTtyp Npu xpaHeHUu -30...60°C
BnakHoCTb 10...90 % ¢ BO3MOKHOM KOHAEHcauuemn

FepmeTuHocTs (o IEC 60529) IP 65 (cMmOTpK TpeboBaHMA Pa3Ae/a Ownbkal UCTOUHMK CCbINKK He

Haﬁp.eu.)

He ncnonb3oBaTb B yCA0BMAX NPAMOroO BO34ENCTBUA
CO/THEYHbIX JIY4eN, UCMONb30BaTb CO/HLE3ALLUTHbIE
YCTOMYNBOCTb K COTHEYHOMY M3IY4YEHUIO | KO3bIPbKW. PEKOMeHAyeTCA KO3blpek M3 NAACTUKA —
METAN/INYECKUI MOKET YMEHDBLUNTD YPOBEHDb
npUHMMaemoro cmrHana GPS.

TemnepaTtypa okpyKatowei cpegpbl: 0...40°C

Ycnosua noBepKu
P BnaxkHocTtb: 40...60 %

40 2000 m
Paboyas BbicoTa (mo 4000 m c yMeHbLUeHMEM U3MepPUTEIbHOWN KaTeropum;
cMoTpu pasaen OwmnbKa! UCTOUHUMK CCbINKU He HallaeH.)
Pasmepbl 200 x 180 x 77 mm (6e3 npoBoaoB.)

146




Macca

npumepHo 1,6 Kr

Oucnnen

LiseTHon XKW TFT, 320x240 nukcenb, guaroHasns 3,5”

MamAaTb gaHHbIX

BcTpoeHHasn kapTta namaAtu 8 6 (cTaHAapTHO),
BO3MOXHOCTb paclumpeHus o 32 6 (onuus)

6.13 be30mMacHOCTDb U 3JIEKTPOMAarHUTHasi COBMeCTUMOCThb

besonacHocTb n 3/1IEKTPOMArHNTHAaA COBMECTUMOCTb

CooTBeTcTBME

rOCT IEC 61010-2-032-2014

KaTEI'OpMﬂ 3ﬂe|~(Tp06€30ﬂaCHOCTM

IV 600 B /111 760 B (Ill 1000 B B 3aBMCMMOCTHM OT BEpCUM)

Knacc 3awmthbl

[BoliHasa nsonsaums, cornacHo NOCT IEC 61010-1-2014
FOCT IEC 61557-1-2005

3ﬂ6KTpOMa FTHNTHaA COBMECTUMOCTb

rOCT P M3K 61326-1-2014
rOCT P 51522.2.2-2011 (M3K 61326-2-2:2005)

YCTOMYMBOCTb K NOMEXaAM Ha pPagno4v4acTtoTax

FOCT IEC 61000-4-3-2016

cvHyconaanoHaa moaynauma 80 % AM, 1 Kly,
80...1000 MTy, 10 B/m

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

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

YCTOMYMBOCTb K 3N1EKTPOCTaTUYECKUM
paspagam

rOCT 30804.4.2-2013 (IEC 61000-4-2:2008)
Pa3psapg B Bo3gyxe: 8 KB
Pa3paa KOHTaKTHbIN: 4 KB

YCTOM4YMBOCTDb K HaBeAEHHbLIM NOMEXaM,
MHOYUMPOBAHHbIM PaANO4aCTOTHbIM NOJ1IEM

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

YCTONYMBOCTb K cepuM BbICTPbIX
3N1EKTPUYECKUX NEPEXOAHbIX COCTOAHWNI

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

YCTOMYMBOCTb K YAAPHbIM MMMNYAbCaMm

rOCT P 51317.4.5-99 (M3K 61000-4-5-95)
Amnnntyaa 2 KB (L-L), 4 kB (L-PE)

AmMuccua n3nyvaemblx MOMeX Ha
paauoyacTtoTax

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
30...230 Mru, 40 a6 (MKB/m) Ha paccTtoaHUM 10 m
230...1000 Mrlu, 47 ab (MkB/m) Ha paccTosiHMM 10 m

Imumccma KOHAOYKTUBHbIX nomex

rOCT 30804.6.3-2013 (IEC 61000-6-3:2006)
YpPOBHM A1 KBAa3MMMKOBOIO AeTeKTopa:
0,15 Klu...0,5 Mrl'u: 66...56 s5MmKB

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

5...30 Mrl'u: 60 obmKB

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

3N1eKTPOMarHUTHas. O6opypoBaHue

MHPOPMALLMOHHbIX

TEeXHOJIOTUiA. Papgnonomexu

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

PQM-710 n PQM-711 - 310 npubopbl Knacca A. B 6biToBOM cpeae 3TO M3Ae/NNe MOXKEeT Bbi3BaTb

pagvonomexu, 4to noTpebyeT OT NONb30BaTENA MPUHATUA COOTBETCTBYIOLLMX MEpP MO UCNPaBAEHUIO

NONIOXKEHUA.

6.14 CtangapThl

CraHpgapThl

MeToapl namepeHunAa

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

TOYHOCTb M3MEPEHMUIA

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

KayectBo IHEeprmm

FOCT 32144-2013
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®dnunkep FOCT P 51317.4.15-2012 (M3K 61000-4-15:2010)

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

be3sonacHocTb FOCT IEC 61010-2-032-2014

aIMC FOCT P M3K 61326-1-2014

CraHpapT KayecTBa pa3paboTKa, NPOEKTUpPOBaHNE U NPOM3BOACTBO cornacHo ISO 9001

7 KOMIUVIEKTALIUA

7.1 Cra”HpapTHas KOMILUIEKTauus

HanmeHoBaHue Kon-Bo UHaeKc
AHanunsaTop NapameTpoB KauyecTBa 3NeKTpuYeckon sHeprun PQM-7xx 1 wr. WMRUPQM7xx
PykoBoAacTBO no akcnayataumu/Macnopt 1/1wr. | #
Apantep AC-16 1wr. | WAADAAC16
AganTtep AnsA nogKaoYeHns K oaHodasHom cetn AZ-3 1 wr. WAADAAZ3
3axkum «Kpokoann» nsonmpoBaHHbI ronyboit K02 1 wr. WAKROBU20K02
3axknum «KpoKoamn» n3oanpoBaHHbIN XENTbI KO2 1 wr. WAKROYE20K02
3axkmum «KpoKkoana» U30onmMpoBaHHbIM KpacHbln KO2 2 wWr. WAKRORE20K02
3axnm «KpoKoama» n3onanpoBaHHbIN YépHbIi KO1 3 wr. WAKROBL20K01
Kabenb nocneposatenbHoro uHtepderica USB 1wr. | WAPRZUSB
KomnnekT gna ¢ukcaumm pemHemn 1wr. | WAPOZUCH4
Mapkepbl KabesibHble 1 komn. | WAPOZOZN4
Habop ana moHTaxa Ha DIN-peiike 1wr. | WAPOZUCH3
PemHUM ana Kpenexa Ha ctonbe (2 wr) 1 komn. | WAPOZOPAKPL
CoeauHUTENb 3/IEKTPUYECKMN — adanTep MarHUTHbIM mogenb AM-4 1 komn. | WAADAUMAGKPL
CoeaMHUTENb INEKTPUYECKUIA — adanTep ¢ pe3bboit M4/M6, moaenb 1 komn. | WAADAMAME
AR-1
®dyTnap nnacTnkoBbi XL2 1 wr. WAWALXL2
7.2 JlonoJIHUTE/IbHASA KOMIIJIEKTALMSI

HanmeHoBaHue MHaeKc

AHTeHHa GPS WAPOZANT10GPS
Knewm rmbkme F-1 WACEGF10KR
Knewm rmbkne F-2A WACEGF2AOKR
Knewwm rmbkmne F-3A WACEGF3AOKR
Knewwm rubkune F-2AHD WACEGF2AHDOKR
Knewwu rmbkue F-3AHD WACEGF3AHDOKR
Knewwm rmbkmne F-1A1 WACEGF1A10KR
Knewu rmbkme F-2A1 WACEGF2A10KR
Knewwm rmbkme F-3A1 WACEGF3A10KR
Knewm rubkue F-1A6 WACEGF1A60KR
Knewm rubkue F-2A6 WACEGF2A60KR
Knewu rmbkume F-3A6 WACEGF3A60KR
Knewm namepurtenbHble C-4 WACEGC40KR
Knewm namepurenoHbie C-6A WACEGC6AO0OKR
Knewm namepurenoHbie C-7 WACEGC70KR
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http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=496
http://www.sonel.ru/ru/products/accessories/adapters/detail.php?id4=821
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‘ KomnneKT nsmeputenbHbix pasbeémoB A Gpa3HbiX U Hy1eBbIX WKH AR-468 WAADAR468RU

7.3 BHelmHSAq aKTUBHad aHTeHHa GPS

BHewHAA aHTeHHa GPS.

TeXHUYeCcKme XapaKTepPUCTMKN

YacTtoTa 1575,42 Ty,

Monapusauma npaasn Kpyrosas nonspusauua (RHCP)
YcuneHue 26 ab (3 B)

KoadpodmumeHT cTosMer BOAHbI MO HaNPAXEHUIo <121

(VSWR) T

Pasmepsbl (6e3 kabens) 14,0 x 34,2 x 38,2 mm

Pabouasa TemnepaTypa -40...85 °C

CreneHb 3aWmThl IP67

OnunHa Kabena 10m

MoTpebneHune ToKa 15..25 mA

Kpennexwne MarHuMTHoe, Ha Ntobyo NOBEPXHOCTb

8 OBC/IYKUBAHHME IIPUBOPA

f B cniyyae HapyweHUa NpaBuA 3KcnayaTaumMm obopyLoBaHUA, YCTaHOBNEHHbIX M3roTosuTenem,
MOMKET YXYALINTbCA 3aWmTa, NPUMEHEHHaA B AaHHOM npubope.

Kopnyc nsmeputensa MoxHO YNCTUTb MATKON BNaxHoW dnaHenbto. Henb3a cnonb3oBaTb pacTBOPUTENM,
abpasmBHble YUCTALME CPeACTBa (MOPOLLKM, NacTbl U Tak Janee).

JNEeKTPOHHAA CXema M3MEPUTENA He HYXKOAeTCA B YMCTKE, 33 WMCKAOYEHMEM THe3[, MNOAKNYEeHUA
N3MepuTebHbIX MPOBOAOB.

N3mepuTenb, YyNaKoBaHHbIA B NOTPEOUTENIbCKYIO M TPAHCMOPTHYO Tapy, MOXKET TPaHCNOPTUPOBATLCA
NtobbIM BUAOM TPAHCNOPTA Ha Ntobble pPacCcToAHMA.

[lonyckaeTca YMCTKa FHE3A, NOAKNOYEHUA U3MEPUTE/IbHBIX NMPOBOAOB C UCMO/Ib30BaHNEM HE3BOPCUCTbIX
TaMMOHOB.

Bce ocTanbHble paboTbl MO 06CAYKMBAHUIO MPOBOAATCA TOJIBKO B aBTOPU3NPOBaHHOM CepBUCHOM
LleHTpe OO0 «COH3/I».

PemoHT npmbopa ocyLLecTBAAETCA TONbKO B aBTOpU3oBaHHOM CepBucHOM LieHTpe.

9 XPAHEHHUE U YTUJIN3ALUA

Mpu XxpaHeHUn Nprubopa HeEobXoANMO NPUAEPKNBATLCA CNEAYIOWMX PEKOMEHAALMIA:

o  OTKAKYMUTbL OT nameputena sce nposoga,
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e TuwlaTeNbHO 0YUCTUTL NPUBOP, U BCE aKceccyapbl;
e YT06bl M36eXkKaTb MOAHOMO PaspAna akKKyYMyNATOPOB NpW AJMHHOM XpPaHeHUM UX Heobxoaumo
nepuoanYecKm 3apsKaTb.

N3mepuTenb, NpepHasHauyeHHbIM ONA yTUAM3auMK, cnedyeT nepegatb lpoussogutento. B caydae
CaMOCTOATE/IbHOW YyTUIM3auuKn eé cneayeT NpPoBOAWUTb B COOTBETCTBUM C AEWCTBYIOWMMMU NPaBOBbIMU
HOpMaMU. YTUAM3AUMIO SNEKTPUYECKOrO U 3/1eKTPOHHOro 060pyaoBaHMa HeobxoaMMo MPOBOAMTb
OTZe/IbHO, He CMELLUMBAnA C OTX0A4aMu Apyroro poda. Nepepg gocTaBKoi 0bopyaoBaHMA B NYHKT cbopa He
NbITaTECh CAMOCTOATENIbHO Pa3bupaTb Kakne-1Mbo YactTn AaHHOro 06opyaoBaHuA.

11 CBEAEHHA Ob U3TOTOBUTEJIE
SONEL S.A., Poland, 58-100 Swidnica, ul. Wokulskiego 11
Tel: +48 74 85 83 800

Fax: +48 74 85 83 809

E-mail: sonel@sonel.pl

Internet: www.sonel.pl
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