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AHAAMSB ITOTPEHNIHOCTHU METOAA OITPEAEAEHUS
ITAPAMETPOB CUTTHAAOB, OCHOBAHHOTI'O
HA CPABHEHUU MTHOBEHHBIX 3HAYEHUH
X OPTOIOHAABHBIX COCTABASIIOIUX!

V. S. Melent’ev, E. V. Pozdeeva, A. S. Peskova

THE ANALYSIS OF THE ERROR OF THE METHOD
OF THE DETERMINATION OF PARAMETERS OF SIGNALS
BASED ON COMPARING OF THE INSTANTANEOUS VALUES
OF THEIR ORTHOGONAL COMPONENTS

A nnomauyu a Acmyarenocmo u yeau. [lpeaAMeTOM HCCACAOBAHUS ABASIETCS METOA OIpe-
AGAEHHS TIapaMeTpPOB, OCHOBAHHBIN HA IMPOCTPAHCTBEHHOM M BPEMEHHOM Pa3ACACHHH MTHO-
BEHHBIX 3HAYEHHI TAPMOHIYECKIX CHUTHAAOB. [[eAbro paboThI SIBASIETCSI HCCAEAOBAHIIE HOBOTO
METOAQ OIpEeAeACHHs IIapaMeTpOB IapMOHHYECKHMX CHIHAAOB, PEaAM3als KOTOPOTO IIpeAy-
cMarpuBaeT (POPMHUPOBAHKE OPTOrOHAABHBIX COCTABASIONUX HANpPSsDKEHUS U CpaBHEHME HX
MIHOBEHHBIX 3HaueHuit. Mamepuaivt u memodut. IIpesroskeH IOAXOA K OLIPEACACHHUIO ITAPAMeT-
POB Ha OCHOBe GOPMUPOBAHHS TOABKO AOTIOAHUTEABHOTO HAIPSDKEHUS U H3MEePeHNUH MIHOBEeH-
HBIX 3HAUeHUM CHTHAAOB, PaCIpeACACHHBIX B IIPOCTpPAHCTBe U BO BpeMmeHH. Ilpu amaause mo-
TPEILIHOCTH, 0OYCAOBAEGHHON OTKAOHEHMEM PeaAbHBIX CUTHAAOB OT IIPHHSTON rAPMOHUYECKOMH
MOA@AM, UCITOAB3YETCS U3BECTHAsI METOAMKA, OCHOBAHHAS Ha OIleHKe IIOrPeNIHOCTH Pe3yAbTaTa
H3MepeHIs ITapaMeTpa Kak QpyHKIIUH, apIyMeHTbI KOTOPOIT 3aAQHBI IPHOAIDKEHHO C [OTPELIHOo-
CTbI0, XapaKTepPHU3YIOleil OTKAOHEHHE MOAEAU OT PEaAbHOTO CUTHAAA B COOTBETCTBYIONUX TOY-
Kax. Pesyiomamot. Vicnoap3oBaHne HOBOTO IIOAXOAQ K OIIPEAGACHHIO ITAPAaMeTPOB rapMOHHYe-
CKHX CHTHAAOB IIO3BOAMAO Pa3paboTaTb MeTOA, B KOTOPOM, B OTAHYHE OT OOABIIMHCTBA
U3BECTHBIX METOAOB, OCHOBAaHHBIX Ha MCIIOAb30BAHNH AOTIOAHHTEAbHBIX CUTHAAOB, OPMHUPYeET-
Csl TOABKO OAHO AOTIOAHHTEAbHOE HANpsDKeHHe M M3MepPSIIOTCS TOAbKO MIHOBEHHBbIE 3HAYeHMs
BXOAHOTO HAIIPSDKEHHUS M TOKA. DTO 3HAYUTEABHO COKpAmNJaeT alapaTypHble 3aTPaThl IPU ero
peaamsarnuu. [IpuBeAeHBI pe3yAbTaThl OIIEHKH BAMSHIS CTeTIEHH OTKAOHEHMS PEeaAbHbBIX CUTHA-
AOB OT FAPMOHUYECKOM MOAEAH Ha Pe3YAbTHPYIOIIYIO IIOTPEITHOCTD ONIPEACASHHUS IIAPAMETPOB.
Buigodvr. Peasmsanus pa3paboTaHHOIO MeTOAA OIpeAeAeHHs MHGOPMATUBHBIX MAPAMETPOB
obecIieurBaeT CyIecTBEHHOE COKpallleHHe almapaTypHbix 3aTpar. [ToaydenHsre B pabote pe-
3YABTAaTBl IIO3BOASIIOT OIIEHHMBATh IIOTPEIIHOCTh ONpeAeAeHHs MHPOPMATHBHBIX IIapaMeTpOB
IIPY OTKAOHEHHH BXOAHBIX CUTHAAOB OT TAPMOHUYIECKON MOAEAH, & TAKKe BRIOUPATh TapaMeTpPhL

! Pabora BEImONHEeHa pu noaznepxkke PODU (rpaut 16-08-00252 A).



Hsmepenne, MoanTopuHr. Yupasaenune, Konrpoan

HU3MEPHUTEABHOTO IIPOIIECCA B COOTBETCTBHUH CO CIIEKTPAABHBIM COCTAaBOM CHI'HAAOB M Tpe60Ba—
HHSMH 110 TOYHOCTH U3MEPEHHA.

A b s tra ct Background. Object of research is the method of determination of parameters
based on space and time division of the instantaneous values of harmonic signals. The purpose
of operation is research of a new method of determination of parameters of harmonic signals
which implementation provides formation of orthogonal components of voltage and compar-
ing of their instantaneous values. Materials and methods. Approach to determination of parame-
ters on the basis of formation only of additional voltage and measurement of the instantaneous
values of the signals distributed in space and in time is offered. In the analysis of error due to
deviation of the real signal from the harmonic model, used a known method based on the esti-
mation of uncertainty of measurement parameter, as a function, the arguments of which are as-
signed approximately with an error describing the deviation of the model from the real signal at
appropriate points. Results. Use of new approach to determination of parameters of harmonic
signals allowed to develop a method in which, unlike the majority of the known methods based
on use of additional signals only one additional voltage is created and only the instantaneous
values of input voltage and current are measured. It considerably reduces instrumental expens-
es in case of its implementation. Results of an impact assessment of a level of a deviation of real
signals from harmonic model on a resultant error of determination of parameters are given.
Conclusions. Implementation of the developed method of determination of the informative pa-
rameters provides essential abbreviation of instrumental expenses. The results received in op-
eration allow to evaluate an error of determination of informative parameters in case of a devia-
tion of input signals from harmonic model, and also to select parameters, according to spectral
content of signals and requirements for measuring accuracy.

Kawueswvte cao 6 a: mapaMerpbl, TapMOHMYECKUH CHTHAA, MTHOBEHHbIE 3HaYeHHS,
AOIIOAHHTEABHBIE CHIHAABL, OPTOTOHAABHBIE COCTABASIONIYE, (pa30CABUTAOIINI HAOK, IIOTpel-
HOCTb.

Key words: parameters, harmonic signal, the instantaneous values, additional signals,
orthogonal components, the phase-shifting block, an error.

Beedenue

[Ipu u3MepeHun mapamMeTpoB NEPUOIUICCKUX CUTHAIIOB, (hopMa KOTOPBIX OJIM3Ka K TapMOHU-
YECKOW MOeNT, MOXKET OBITh YCIIEUTHO HCIOJIB30BaH ANNPOKCUMAIMOHHBINA IMOAXOJ, 3aKI0Yaro-
IIiACS B ONpeesieHud HH()OPMAaTUBHBIX MTapaMeTPOB O OTACTFHBIM MTHOBEHHBIM 3HAYEHHSM CHUT-
HAJIOB C MOCJIEAYIONIEH OIEHKOW MOTpenrHoCTel, 00YCIOBICHHBIX OTKIOHEHUEM MPUHATONH MOJEIH
OT peanbHbIX CUTHAJOB [1].

[Ipu onpenenenun napamerpoB rapmonunyeckux curnaiaos (I1I'C) 3HaunTensHOE COKpaIleHHe
BpEMEHH H3MEPEHUSI MOXET OBITh JOCTUTHYTO 3a CUET MPOCTPAHCTBEHHOT'O PA3JCIICHUS WX MTHO-
BEHHBIX 3HAYCHU, T.C. MyTeM (OPMHUPOBAHMSI JOMOJHUTEIBHBIX CUTHAJIOB, CIIBUHYTHIX 1O (a3e oT1-
HOCHUTEIIEHO BXOJHBIX [2].

Ymupomenune anroputma m3meperus [II'C n cokparienne anmapaTypHBIX 3aTpaT MOTYT oOec-
MEYUTh METO/BI, B KOTOPHIX B Ka4eCTBE JOMOTHUTEIBHBIX CUTHAIOB HCIIONB3YIOTCS OPTOTOHAIBLHBIC
COCTaBIIAIOIIME BXOAHBIX [3].

ABTOpamMu pa3paboTraH ps METOJOB [4, 5], B KOTOPBIX OCYIIECTBISETCS POPMHUPOBAHHUE OPTO-
TOHAFHBIX COCTABIIAIONIMX KaK HAMPSOKEHUS, TaKk ¥ ToKa. OJIHAKO ATO MPUBOAMUT K YCIONKHEHHUIO
CPENICTB M3MEPCHHUS, PEATU3YIOMUX METOJbI, ¥ TOSBICHUIO TOTOJHUTEIBHBIX WHCTPYMEHTAIBHBIX
morpenrHocreit [6].

JlaHHBIE HEMOCTATKH MOTYT OBITH YACTHYHO yCTPAHEHBI IIPH UCTIOIB30BAHUH METOJIOB, B KOTO-
PBIX TPOM3BOAUTCA (OPMUPOBAHUE TOJBKO OMOJHUTEILHOTO HANPSHKEHUS, a IS ONpeIeTeHHS
[I'C ncnonb3ytoTcs MIHOBEHHBIC 3HAYEHHUS KaK BXOJHOTO, TaK M JOMOJHUTEIHFHOTO HANPSKCHHUN
[7, 8]. OnHako 3TO MOKET IMPUBECTH K MOSBICHUIO JAOMOJHUTEIBHBIX MOTPEIIHOCTEH MpU peanu3a-
1Y METOJIOB.
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B pabote [9] aBTopamu npeuioskeH HOBBIH MeTox onpenenenus [1I'C, B kotopom gopmupyet-
Csl TOTIOJHUTEJBHBIN CUTHAN HANpPSHKEHUS U MPOU3BOIUTCS M3MEpPEHHE TOJIbKO MTHOBEHHBIX 3HAUe-
HHUH BXOZAHOTO HANPSDKEHUS U TOKA.

B crartbe npoBOAMTCS aHANN3 MOTPEIIHOCTH AAHHOTO METOJa, 00YCIOBICHHONH OTKIOHCHHEM
peabHBIX CUTHAJIOB OT FTApPMOHUYECKOH MOJEIH.

Memod onpedesenus napamempos Ha 0CHO6e CPAGHEHUS
2APMOHUHECKUX COCMABASIOUUX CUZHAAOB

B cootBeTcTBUU ¢ METOIOM (POPMUPYIOT JOTIOTHUTEILHBINA CUTHA HANIPSDKEHUS, CBUHYTHIH
OTHOCHUTENBHO BXOAHOTro Ha 90°; B MOMEHT paBeHCTBAa BXOJHOI'O W JOMOJIHHUTEIBHOIO HANpPSHKEHUN
M3MEpSIIOT MTHOBEHHBIE 3HAUEHHS BXOJHOTO HANpPsDKEHUS U TOKa; depe3 MHTepBal BpeMeHH Af of-
HOBPEMEHHO U3MEPSIOT MTHOBEHHBIE 3HAaYEHHs BXOJHOIO HAaNpsKEHMs U Toka U ompenesstoT [1I'C
10 U3MEPEHHBIM 3HAYCHUSM.

BpemenHble tuarpamMmsl, MOSACHSIOIINE METO/], IPEICTABIECHBI HA pHC. 1.
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Puc. 1. BpemeHHbIe AMAarpaMMBbl, TOSCHSIONIUE METOJ

JUisi TapMOHUYECKUX BXOAHBIX Hampspkerus u(t)=U, sinwt u toka i(t)=1, msin(wt+(p) JI0-
MOJIHUTEIBHOE HAIPSHKEHUE TIPUMET BHT

u,y(t) = Umsin(wt + g] =U,, coswt,

rne U,,, I, — aMIuIMTyiHBIC 3HAYEHHS HANPSDKCHUS M TOKA; ® — YTJIOBasi 4aCTOTa BXOJHOTO CHUTHA-
Ja; @ — yroJ caBura (a3 Mexay HanpsHKeHHEM H TOKOM.

B MomeHT paBeHcTBa U(f) U U,(¢) (MOMEHT BPEMEHH f|) BBIPQKCHUSI TSI MTHOBEHHBIX 3Ha-
YEHHIA CUTHAJIOB IPUMYT BHT

rae (Xl 5 (X2 — Ha4daJIbHbIC (1)33])1 HanpsAKEHUA U TOKa B MOMCHT BPEMCHU t].
T
MrHoBeHHbBIC 3HAYCHUSA Ull u U21 6yﬂyT PaBHBI IIpU YTIIC O(.l = Z + TCl , TAC l: 0,1 . B atom

CJIyda€ MIHOBCHHBIC 3HAUCHUS CUT'HAJIOB 6y,[[yT HUMCTh BU

U, .
Uh=—F; I =Ims1n((p+%)

V2

UYepes uHTepBai BpeMeHU Af (B MOMEHT BPEMEHH f;) MT'HOBEHHBIC 3HAYCHUS! CUTHAIOB OyIyT
PaBHBI:

t
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u,=U, sin(%+ Q)Atj s 1, =1, sin((p + % + mAtj .

Hcronb3yst MTHOBEHHBIE 3HAYCHUS CUTHAJIOB, MOKHO TIOJTYYHTh BRIPKECHHUS JIJIST OTIPECIICHUS
ocHoBHEIX IIT'C:
— cpeanekBaapaTnueckue 3HaueHus (CK3) HanpsokeHHs U TOKA:

(1

Ucs =

1
2 |2

2
|:(11U12_12U11) +(12U11_11\/2U121_U122) }

2 2
12 _\/2U11 -Up
— aktuBHas (AM) u peaktuBHas (PM) mourHoCTH:
[5r 2 2
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Anaaus nozpeuwsHocmu, 00ycA08AEHHOI OMKAOHEHUEM PEAALHBIX CUZHAAOB
om 2apmoHUHECKOli MOOeAU

PaccmaTpuBaemsblii MmeTo mpenHazHadeH juia onpeaenenus [II'C. Ecnm peanpHble CHUTHANBI
OTIMYAIOTCS OT TAPMOHUYECKOM MOJENH, TO BO3HUKAET METOANYECKAs IIOTPEIIHOCTb.

[IpoBenem aHaIn3 NOTPEIIHOCTH METOAA, UCHOJIb3YS IPEATI0KEeHHYO B [10] METOOUKY OLIEHKH
MOTPEIIHOCTH PE3yJIbTaTa BHIUMCICHHUS (YHKIMH, apTyMEHTHI KOTOPOH 3a/laHbl MIPUOIMKEHHO C I10-
TPEUTHOCTHI0 COOTBETCTBYIOIIEH OTKIIOHEHUIO MOJIENH OT PEAIbHOTO CUTHAJA.

Bynem cuntath, 4T0 aOCOIIOTHBIE NMOTPELIHOCTH APIYMEHTOB COOTBETCTBYIOT HanOOIbLIEMY
OTKJIOHEHHIO MOJIETIEH OT peaibHbIX curHaioB. Toraa, ucnoas3ys (1)—(4), MOXKHO ONpeAeTuTh OTHO-
CUTeNbHBIE MorpemHocTy u3Mepenns CK3 HampspkeHus M TOKa U IPUBEIEHHBIE IOTPEUTHOCTH OIpe-

nenedust AM u PM:
\/5 Z huk
By, == (5)
1+ Y by
k=2
V23 Iy
s = k=2 Dsin(p(sin ®AZ + cos 0A?) - cos @ cos WA? —sin AZ ) +

\/1 + Zh |s1n0)At|
\/Eihuk

+|cos —sing|]+ =2 {|(coscp—sin(p)><
\/1+Zh |smwAt (cosmA? - smwAt)|

x[cos (2wAr +¢) - sin(p]‘ + |sin WA €08 2¢ + cos A7 (sin2¢ —1)

8 (6)
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] ®

rae h, = Yo u hy /T K03 QUIMEHTBI k-X FapMOHMK HamnpsbkeHus u Toka; Uy, u I, — am-
1m 1m
IUIUTY/IbI IEPBLIX FApMOHUK curHanos; U, u [, — aMIUIUTYAbl k-X TApMOHUK HANPSHKEHUS U TOKA.
W3 ananusa BelpakeHus (5) ciedyeT, 4To OTHOCUTENbHas morpemHocTs ompenencaus CK3
HaNpsDKEHUS! 3aBUCUT TOJIBKO OT CIIEKTpa CUTHajIa.
[MorpemHOCTH ONpeieIeHUs] OCTaIbHBIX ApaMETPOB 3aBUCAT OT yIiia cBUTa (ha3z MexIy mep-
BBIMH TaPMOHHMKAMH HANPSHKCHUS  TOKA (0 M HHTEpBaJia BpDEMEHH Af.
I'padmkn 3aBUCMMOCTH OTHOCHTENbHOW morpemrHocTr omnpenenenns CK3 Toka ot yrma ¢ u
OA? TIpY HAJIMYMK B CUTHAJIAX MEPBOIl M TpeThel TapMOHUKY ¢ Kodhduimentamu 7,3 =h; =0,2 %,

MOJTyYeHHBIE B COOTBETCTBUH ¢ (6), MPUBEAEHBI Ha pHUC. 2.
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Ha puc. 3 u 4 npencrapnensl rpauky 3aBUCUMOCTH MIPUBEICHHBIX MOTPEIIHOCTEH ompeere-
HUst AM u PM ot yria ¢ u wAf npy HaIM4WU B CUTHAJIAX MEPBOHM M TPETbEH TapMOHUKH C KOAPHH-

mmenTamu h,; =h;; =0,2 % cormacuo (7) u (8).

160

Puc. 4. I'padyiku 3aBHCHMOCTH IIOTPEIIHOCTH Yy OT @ U OA?

Anann3 puc. 2—4 moKa3bpIBaeT CYIIECTBEHHYIO 3aBHCHMOCTh NOTPEUTHOCTEW M3MEpeHHs mapa-
METPOB CUTHAJIOB OT WA?{. MeHbIIIe 3HaYeHHsI TOTPeIHOCTeN UMEI0T MecTo Tipu wA? = 80—-140°.

Pe3koe Bo3pacTaHMe MOTPEINHOCTEH B OKPECTHOCTAX WAf = 45° 00yCIIOBJICHO TEM, YTO NPHU
JTAHHOM yTJIe cos WA? —sinWA? =0 ¥ 3HaMeHaTenH B BeIpakeHUIX (6)—(8) oOpamaroTcst B HOJIb.
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3axarouenue

Takum 00pazoM, pa3paOOTaHHBIH METOJ IMO3BOJSET ONPEACNATh BCE OCHOBHBIC IapaMeTphI
rapMOHHYECKUX CHTHAJIOB. B HeM, B oTiinune OT OONBIIMHCTBA U3BECTHBIX METOJIOB, OCHOBAaHHBIX Ha
UCTIONIb30BAaHNUH JOTIOJHUTEIBHBIX CHTHAIOB, (hOPMHUPYETCS TONBKO OIHO IOIOIHUTEIBHOE HAarpsi-
KCHUE U M3MEPSIOTCS TOJBKO MTHOBEHHBIC 3HAUYEHHUS BXOAHOTO HANpPsDKEHHWA M TOKa. JTO 3HAUYH-
TEIIbHO COKPAIIAET amnapaTypHbIe 3aTPAThl IPH €r0 PeaIn3alum.

[TomyueHHble B paboTe pe3yabTaThl MO3BOJSIOT OIEHHBATH MOTpeIrHOCTh onpenenerns [1I'C
IIPU OTKJIOHEHWH BXOJHBIX CHTHAJIOB OT TApPMOHHYECKOW MOETH, a TakKe BBIOMpaTh IMapaMeTphl
M3MEpUTEIBHOTO Tporiecca (Af) B COOTBETCTBUU CO CIEKTPAIBHBIM COCTAaBOM CHUTHAJIOB U TpeboBa-
HUSIMH 110 TOYHOCTH U3MEPEHHS.
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