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U3MEPEHUE YACTOTHI NPOMBIIIJIEHHOM CETH KAK
IMOKA3ATEJISI KAYECTBA 3JIEKTPHUECKOM SHEPTUH

CraThsl OCBSIIEHAa BOIPOCY N3MEPEHHs YaCTOTHI IEPEMEHHOr0 HAIPSKEHUS SJIEKTPUYECKOIM CeTH.
PaccMmoTpens! pe3ynbTaThl MaTEMaTHYECKOTO MOJICIMPOBAHUS PAa3IMYHBIX METOJ0B M3MEpEHHs Ha
MPUMEPEe pPeabHOr0 CHIHANA, MOJYYEHHOro C MOMOIIbI HH(ppoBOoro perucrparopa. CrenaHbl
BBIBOJIBI O BBIOOpE ONTHUMAJBHOIO METOa M HMHTEpBaja HAONIOJCHHS IIPU aHAIN3C KadeCcTBa
IJIEKTPUIECKOH SHEPrUH.

KiroueBble cj10Ba: YJHEProcucreMa, KauyecTBO AIEKTPOIHEPruu, U3MEpEHHEe YaCTOTHI.

Yacrora OCHOBHOM TapMOHHUKH MUTAOLIETO HAMPSHKEHUS IPOMBIIUIEHHON
CeTU SBNSIETCS OAHMM M3 BaKHEHMIIMX MOKa3aTeslell KauecTBa AJIEKTPUUYECKOM
sHeprud. JlnurtenpHas pabora NpH 3HAYNTEIHHOM OTKIOHEHHHM YacTOTHI OT
HOMHHAJIBHOTO 3HAUYEHHs IPUBOJUT K MOBBIIIEHHOMY H3HOCY 000pYIOBaHUS U
MIPEXIEBPEMEHHOMY BBIXOy €r0 U3 cTpos. IIoHIKeHHe YacTOThl MPUBOJUT K
CHIDKEHUIO MPOM3BOIUTEIBHOCT MHOTHX MEXaHU3MOB M, KakK CIEICTBHUE,
HENIOBBINYCKY NMpoAyKuuu. OrpaHUuYEHMs, HaKJIaJblBa€éMbleé HOPMATUBHBIMHU U
TEXHHYECKUMH TPeOOBAHUSIMHM Ha TOYHOCTH IOJUIEP’KaHMSI 3HAYSHUS YacTOTHI,
SIBIISIFOTCSL HanOoJee KECTKMMH, 10 OTHOIIEHWIO K OTpaHWYECHWSIM Ha Apyrue
mapaMeTpel  3leKTpuueckoro Toka. Cnemyer Takke OTMETHTh, 4TO
HECOOTBETCTBHE YAaCTOTHl HOMMHAIBHOMY 3HAUEHUIO MOXKET MPUBOAUTH K
BO3HUKHOBEHUIO  JIOTNOJHUTENBHBIX  IOIPEHIHOCTEd TMpU  BBINOJHEHUU
HU3MEpEHNH ApYrux MapaMeTpoB 3JIEKTpHYecKkoro curhana. [lostomy 3amaua
HM3MEPEHUs] YaCTOThl OCHOBHOW FapMOHMKH HaNpsKEHUS MPOMBIIUIEHHON CEeTH
SIBIIAETCA  aKTyaJbHOM 3ajaueil. OTO  MOATBEPKAAETCS  MHOXECTBOM
MyOoNMKanui B HAy4YHBIX M3JAHUSAX MO BCEMY MHUPY, ITOCBSIIEHHBIX
COBEPILIEHCTBOBAHUIO METOJIOB U CPEACTB U3MEpPEeHUs 4acToThI [1-5].

[Tpn BBIOOpEe MeTona HM3MEpEeHHs HEOOXOAWMO YUYHUTHIBATH IIENBIA P
(aKTOpOB, BIUSIONIMX HAa PE3YNIbTATHl CBSI3aHHBIX C HAIMYMEM W BEIUYHHON
OTKJIOHEHUH (OpMBI HANpPSDKEHHs OT CHHYCOWAaibHOW. Tak, MHOrME METOJbI
U3MEPEHUS]  YYBCTBUTENbHBl K  HAIMYMIO  BBICHIMX  TapMOHHYECKHX
COCTaBJISIFOIIMX U TPEOYIOT 00s13aTeIbHON NTpeqBapuTeNsHON GuibTpanuy [1].
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Opnnako, Hambojee  TPyOHONH  3amadell  sBJSIETCS  OTCTpOIKa
W3MEPUTENFHOTO ~ OpraHa  4YacTOThl  OT  BIMSHHUSA  allepuoJUYecKuX
COCTaBJISIFOIIMX, MMEIOIIUX MECTO BO BPEMS AJIEKTPOMArHUTHBIX ITEPEXOIHBIX
npoteccoB [2]. HecMOTpss Ha OTHOCUTENBHYIO PEIKOCTh TAKHUX SIBJICHUH, OHU
MOT'YT OKa3blBaTh 3aMETHOE BJIMSHHE Ha OOIIME pe3yNbTaThl HAOIIONCHUH.
Lenpto maHHOM  cTaThy  SBJISIETCS  BBHIOOP  METONOB,  TO3BOJISIOLINX
MUHUMH3UPOBATh BJIMSHUC TMEPEXOMHBIX TMPOIECCOB Ha 3(PPEKTUBHOCTH
HU3MEpeHuil.

Hanbonee wyacto mnpuMEHSEMBIMH METOJAMH HW3MEPEHHUs] YaCTOTHI
SIBIISIETCST METOJ BBIJIENICHNS MEpHo/ia N0 MOMEHTaM IepPeceYeHUs] CHTHAJIOM
HAIpPsDKEHUS] HYJIEBOTO YPOBHSI C MOCJIEAYIOIIMM MlepecyeToM 4acToTsl [1,4], a
TaKKe METOJbl peaM3yIolue CIEeKTPAIbHBI aHalu3 C NpPUMEHEHHEM
JMCKpeTHOro npeobOpazoBanusi @ypre n ero momuduranumii [2,4,5]. Kpome
TOr0, JOCTATOYHO TMEPCIEKTUBHBIMH MPEICTABISIOTCS METOABl H3MEPEHUs
MapamMeTpoB  3JIEKTPUYECKUX CHUTHAJIOB HCHONB3YIONIUX — alpOKCHMAIHIO
BXOJIHOTO CHTHaja METOAOM HaWMEHBIIMX KBaapaToB. Takum obOpasom, s
HCCIIeJOBaHMs ObIIIM BEIOPAHBI CIIEAYIOLINE METOIBI H3MEPEHHS YaCTOTHI:

- Meron, Ha 0a3e MeToJa HAaWMEHBIINX KBAJPATOB BBIONHSIOMINHA
anMpoOKCHMAIMI0  BXOJHOTO CHUTHAJa CHEUUWajdbHOW (QyHKuIMeH, naiee
ob0o3Haugaembiii HK;

- METOJl, BHIYMCIISIONINIA 3HAYE€HHE YaCTOTHI KaK CKOJIB3SIIEe CPEIHee U3
TpeX IIOCIEIOBATENbHBIX 3HAYEHUH, pacCUMTHIBAEMBIX II0 MOMEHTaM
MEPECCUCHNs] C HYJICBBIM YPOBHEM. AHAJIOTUYHBIA METOJ| TNPUMCHSCTCS B
ycrporicteBax ABB SPAF140C, SPAF340C, nostomy nanee 0003HAYeH Kak
ABB;

- MCTON, BBIYUCIAIONIMH  YacTOTy KaKk MEIuaHy U3 Tpex
TIOCIIE/IOBATENIbHBIX 3HAYEHHWH, IIOyYeHHBIX 110 MOMEHTaM IepecedeHHs
KPUBOUM BXOJHOT'O CHTHAJIA C HYJEBBIM YpOBHEM. JIaHHBINH METOI MPUMEHSETCS
B ycrpoiictBax PEJICiC u o60o3HaueH kak REL;

- METOJ, WCIOJB3YIOIUX TUCKpEeTHOe IpeodpazoBanne @Dypbe mis
MOJYYCHUST KOMIUICKCHOTO BEKTOpa OCHOBHOW TapMOHUKH HATPSKCHUS,
ob6o3HaueHHbI panee kak DFT. OrkioHeHHE YacTOTHI OT HOMHHAJIBHOTO
3HAUYEHHs BBIYHMCISAETCS [0 PA3HOCTH YIJIOB JIBYX BEKTOPOB OCHOBHOM
TAPMOHUKH HANPSDKCHUST OTCTOSIIUX JAPYT OT JPYyra Ha BPEeMsl, pABHOE OJHOMY
MIEPUOTy OCHOBHOM rapMOHHKH HOMUHAJILHON YaCTOTHI.

JlinTenbHOCTh WHTEpBaja HAOMIONEHWS JUIS BCEX PaCCMOTPEHHBIX
METOJIOB ITIPUMEPHO COOTBETCTBYET TPEM NEpPHONaM OCHOBHOH TapMOHHUKH.
OpHako, cliefyeT OTMETUTh, YTO IIPH OTKJIIOHEHHH YaCTOTHI JIMTENBHOCTH
uHTepBana HaOmoaeHus 1y merogoB ABB u REL Oyner m3meHsarscs, B TO
Bpems kak it MetonoB HK u DFT Bpemst HaOt0IeHUST OCTAETCsI IIOCTOSTHHBIM
HE3aBHCHUMO OT TEKYIIEro 3HAYEHUsI YaCTOTHI. Y YMTHIBASI HEOOJBIION IMaNa30H
W3MEHEHHsI YacTOTHl B DHEPrOCHUCTEME, B KOTOPOM JIOMYCKAETCs JIUTENbHAS
pabora (49,0..50.5 T'm) 5TUMH OTKJIOHEHHSMH MOXKHO mHpeHeOpeub. Kpome
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toro, ;s Mmeroma DFT HeoOXomuMo Hamuume JBYX TOCIEI0BATEIbHBIX
BBIUMCIIEHHBIX KOMIUIEKCHBIX BEKTOPOB OCHOBHOI I'apMOHHKH, OTCTOSIIIMX Ha
BEJIMYMHY O/IHOTO IIEPHUOJa OCHOBHOW FapMOHHKH, IT03TOMY, (haKTUUECKH, JUIs
BBIUMCIIEHHUs 3HAYEHMS YacTOThl HEOOXOAMMO 4YeThIpe TMOJHBIX IIepruoja
OCHOBHOW  rapMoHMKH. HecmoTps  Ha  yka3aHHbIE  OCOOEHHOCTH,
paccMaTrpuBaeMble METOABl MOXKHO CYHMTaTh INPHOJIMKEHHO PaBHBIMH I10
ObicTponeiicTBuio. Takasi JIMTENHLHOCTh MHTEpBaJIa HAOJIONEHUST TO3BOJISET
MOJTYYUTh JOCTaTOYHO BBICOKYIO TOYHOCTH M, B TO € BpEMsl, IO3BOJISET
OTCIIEIMTh HE3HAUYMTEJbHbIE KOJNEOaHUsI YacTOThl B OJHEPrOCHCTEME, YTO
CHOCOOCTBYET TOBBIIICHHUIO TOYHOCTH M3MEPEHHsl JAPYI'HX MapameTpoB
ANeKTpUYecKUX curHayioB. Kpome Toro, ykaszaHHasl JUIMTENBHOCTb IO3BOJIIET
MOJIYYUTh JOCTATOYHOE YHUCIO M3MEPEHUH, AJS BBIIOJHEHMS YCPEAHEHHs 3a
NepUOJ] IPEAYCMOTPEHHBII CTaHIAPTOM.

B xauecTBe TECTOBOrO CUTHANA UCIOIb30BAJIUCH CUTHAJIBL, TOyYEHHBIE C
MOMOIIBI0  ITUpoBOro peructpatopa Ha mnmHax 110 kB. Pe3ymerath
M3MEpEeHuil moka3aHsl Ha puc. 1.
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Puc. 1 — Pesynbrats! u3mepeHus 4acToThl B Gazax A, B, C u cpenHee 3HaueHHE
W3 pucyHka BHIHO, YTO PE3YJAbTAT HU3MEPEHUS COJEPKHUT IIYMOBYIO

COCTaBIIAIOINIYIO, KOTOpasi OTJIMYaeTcs JJIsi Pa3IMYHbIX METOJAOB U JUIA
pa3muuHbIX (a3. B To ke BpeMs, COBIAJCHHE 3HAYCHUIA U OOIIEr0 Xapakrepa
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WU3MEHCHHUS YaCTOTHI MO3BOJSCT TOBOPUTH O TOM, YTO M3MEPEHHOE 3HAYCHUE
OTpakaeT peallbHyI0 CKOPOCTh BPAIICHUS MAIITMH B YHEPTOCUCTEME.

Bornee meranbHO paccMOTPETh PE3yNbTaThl U3MEPEHUS MTO3BOJISIOT pUC. 2
u 3, oTpaxkaronue (pparMeHThl U3MEPEHUI Ha MPOMEKYTKAX JUTHTEIEHOCTHIO 2
u 0,5 ¢ COOTBETCTBEHHO.
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Puc. 2 — Pesynbrats u3mMepeHus 4acToThl B Gazax A, B, C u cpenHee 3HauCHHE

dakTuuecku, TPH peANTW3alMU  H3MEPEeHHs HEOOXOJMMO PEelINTh
ONTUMU3AIMOHHYIO 3ajady, IS HaXOXICHUs ONTUMaJbHOTO COYETAHMS
OBICTPOJEHCTBHS, TOMEXOYCTOMYMBOCTH W TOYHOCTH. TEOpPETHYECKH MOXKHO
TIOJYYUTh CKOJb YTOJHO BHICOKUMH, JIFOObIE IBE U3 YKa3aHHBIX XapaKTEPUCTHK,
HO B ymep0 ocrasmeiics. To ecTh MOXXHO IMOJNYYUTh BBICOKYIO TOYHOCTH M
ObIcTpoeiicTBHe, HO TPU ATOM Jro0as MoMexa WM HMCKa)KEHHE BXOJIHOTO
cUrHaja OyJeT NpUBOJMTH K 3HAYMTENLHON omuOKe. Peanuzanus usmepeHus c
BBICOKOM ITOMEXOYCTOHYMBOCTBIO M TOYHOCTBIO IMOTPEOYeT 3HAYMTETHLHOTO
MHTEpBasa HaOIOAEHHS | T.JI.

JlornuHO TPEANONoKHUT, YTO CYIIECTBYET HEKOTOPBIH TEOpeTHYeCKHH
npenes, IPeoJoseTh KOTOpbli HEBO3MOXHO, HE3aBHCHUMO OT BbIOOpa MeToza
n3Mepennsi. Ero MOXHO HaWTH, OTTaJKUBasChb OT BEPOSTHOCTHBIX
XapaKkTepPUCTUK IIYMOBBIX cocraBisitommx. OnHako, MHOrooopaswe |
HECTAI[MOHAPHOCTb IIPOLIECCOB B DEalbHBIX JHEPrOCUCTEMAax HE MO3BOJIAET
OTHO3HAYHO OIEHUTHh XapPaKTEPUCTUKH BCEX BO3MOXKHBIX IIOMEX, MO3TOMY
TIPEANoYTEHHE OBIJIO OTIAHO SKCIIEPUMEHTATEHOMY TTOIXO/TY.
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Puc. 3 — Pe3ynbrats! m3Mepenns 4acTots B azax A, B, C u cpenHee 3HaueHne

AHanu3 pe3yJabTaTOB IMOKAa3bIBA€T, UYTO METOJbl, OCHOBAaHHBIE Ha
BBIJIEICHUM MOMEHTOB TIE€PECEUEHUs] HYJIEBOI'O YPOBHS, YCTYNAIOT METOAaM
HK3 u DFT no tounocTu. DTO OOBSICHSAETCS TeM, 4TO, (haKTHUCCKH, U3 BCel
nHpopManmMK O CUTHajle UCIONB3YeTCs TOJIBKO ee HeOonbllas 4YacTb,
pacrionoxeHHasi BONM3M HyneBoro ypoBHS. Bes ocrampHas uHbopMaums
UCTONB3YETCS TOJBKO TP BBHIMONHEHUH (QruibTparuu. Kpome TOro, KpuBBIE
nW3MEeHEHHs1 yacToTsl, noxydeHHsle MerogamMu HK3 n DFT ang ¢a3 A u B B
LEJIOM CXOJHBI, M, KaK MpaBWJIO, OTIMYAIOTCS HE3HAUUTEIBHO. DTO TaKkKe
MIOATBEPXKAET JIOCTOBEPHOCTh MONYYEHHBIX pe3ynbTaToB. KosebarenbHbIH
XapaxTep KpUBOH 4acToThl, moiaydeHHoi MmerogoMm HK3 no Hanpspkennio dazbr
C MOXeT ObITh O0BSICHEH HEYYTCHHON IIYMOBOM COCTABIISIONICH B MCXOTHOM
CUTHAJIE.

BuiBoabl. Takum 00pa3oM, MOXKHO TOBOPHTE, O TOM, YTO COBPEMEHHEIE
IUQPPOBBIE METOABI HM3MEPEHHSI YACTOTHI ITO3BOJIIOT MOJYYHTH BBICOKYIO
TOYHOCTh  W3MEPEHWS TPU  JUTUTCIBHOCTH  WHTEpBaja  HAOIIOICHUS
COOTBETCTBYIOIIETO TPEM-YETHIPEM MEPUOAAM OCHOBHOM TapMOHUKU BXOJHOIO
curHana. CokpamieHne WHTEepBajla HaOMIONEHWs  Bie4eT 3a  coOoi
3HAQUMTEIBHBIH POCT TIOTPEHIHOCTH Kak CJEACTBHE Oojiee  BBICOKOW
YYBCTBUTEIBHOCTH K OTKIOHCHHSM (POPMBI HATPSOHKCHUS OT CHHYCOWTATBHOMN
(dopMBL. YBennueHNE UHTEPBAJIa HAOIOJICHUS HE MIPUBOINT K CYIIECTBEHHOMY
MOBBILIEHUIO TOYHOCTH H3MepeHuss. HecMoTpsi Ha TEOPETUUECKH TOCTUKUMYIO
norpemHocts u3Mmepenus Menee 0,001 [ BiusHME HENMHEWHOCTH W
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HECTallMOHAPHOCTH HArpy3KH He TMO3BOJISIET TapaHTHPOBAHHO IONYYHUTh
norpemHocts  Menee 0,01 Tu. Meromst HK u DFT  sBastorcs
MIPEANOYTUTEIbHBIMU. JIJI1 TIOBBINIEHUS] TOYHOCTH TakXe MOXeT ObITh
WCIIONIb30BAHO YCPEIHEHNE 3HAYEHUH YacTOT IMOJIYYEHHBIX MO TpeM (ha3HbIM
WIN JIMHEHHBIM HalpsDKeHUsIM. PaccMOTpeHHBIE METONbI M3MEPEHHS YacTOTHI
MOryrT OBITh YCHEHNIHO TPUMEHEHbl KaK B YacTOTHOW aBTOMAaTHKe
SHEProCHCTeM, TaK W TPH BBHINOJHEHUH Y4deTa KadecTBa JIIEKTPHUYECKON
sHepruu. B mocnemHem ciydqae HEOOXOAMMO TPOM3BOAUTH YCpEIHEHUE
3HAYEHWH, TONyYEHHBIX B TEUCHHWE CPAaBHUTEIHHO OOJBIIMX HWHTEPBAJIOB
BpPEMEHH, YTO MOJIOKUTENBHO CKa3bIBAETCSl Ha PE3YJbTHUPYIOIEH TOYHOCTU H
CTaOMILHOCTH U3MEPEHHH.
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H3mepenne 4acTOTH NPOMBINLIEHHOH CeTH KaK MOKa3aTeIsl KauecTBAa JJIeKTPHYECKOi
sHepruu / O.I'. I'pu6, P.B. ’Knaunos, /I.A. T'anon, A.A. 3yeB // Bicauxk HTY «XIII». Cepist:
Enepreruka: HafiiiHicTs Ta eHeproedextuBHicTh. XapkiB: HTY «XIII». — 2013. — Ne.17 (990). —
C.44-49. bi6niorp.: 5 Ha3s, [n.:3.

CTaTTs IpHCBsiYCHA MUTAHHIO BUMIPIOBaHHS YaCTOTH 3MIHHOI HALIPYTH EJIEKTPHIHOI MEpexKi.
Po3risiHyTO pe3ynbTaTd MaTeMaTHYHOT'O MOJIEIIIOBAHHS PI3HIX METOAIB BUMIPIOBaHHS Ha IPUKIIALI
peanbHOro CUTHaTy, OTPHMAHOIO 3a JONMOMOror LU(poBoro peectparopa. 3poOIeHO BHCHOBKH
po BHOIp ONTHUMAIBHOTO METOAY Ta IHTEpBaly CIIOCTEPEXKEHHS IPH aHANi3i SIKOCTI eIeKTPUIHOL
eHepril.

KutiouoBi ci1oBa: eHeprocucTeMa, sIKiCTb €1eKTPOSHEprii, BUMIPIOBAHHS YaCTOTH.

The article focuses on the alternating voltage frequency measurement. The results of
mathematical modeling of the various measurement methods on real signal obtained with a digital
recorder are given. The conclusions about the selection of the optimal method and observation
interval when analyzing power quality are made.

Keywords: power system, power quality, frequency measurement.
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