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M. C. liapananoe — CTyfeHT Kadeapbl ANEKTPOTEXHUKMA N TEXHNYECKON AUArHOCTUKM
C. U. bapAuHckuil (KaHO. TEXH. HayK, [OL,.) — HAYYHbIV PYKOBOAMUTENb

MPUYUHBI NOBPEXOAEMOCTU U3MEPUTESIbHBIX TPAHC®OPMATOPOB HANPAXEHUA
B YCNOBUAX POCCUUCKNX ANEKTPUHECKUX CETEU

Peanusyemas B Poccuiickoit Peaepauumn nonntika sHeprocbepexeHusi, a Takke pacTywias CTouMoCTb
aneKTpuyeckoir dHepriv TpebytoT Bce Gonbliei u Gonbluen 3hdekTMBHOCTU ee yyeTa. [ns co3gaHms
W SKCNnyaTauum Takux CUCTEM y4eTa 1 U3MepeHus TpebyroTcs He TONbKO LOMONHUTENbHbIE KanuTanoBnoxe-
HWS, HO U pPeLLeHne psda TEXHUYECKUX 3adad. Hu3Wum ypoBHEM B MEpapXWW aBTOMATM3MPOBAHHbBIX CUCTEM
y4eTa U KOHTPONs SBNSETCA YPOBEHb WMHGOPMALMOHHO-3MepuTensHoro komnnekca (MWK). OH BkntovaeT
B cebs M3MepuTenbHble TPaHCOPMATOPbI, CHETYMKA SNEKTPUYECKON SHEPruW, BTOPUYHBbIE Lienu u3mepu-
TEMNbHbIX TPAHC(OPMATOPOB 1 YCTPONCTBA KOHTPONS U3onaumn. TpaHcdopMaTopbl TOKa W HAaNpSHKEHUS CO-
CTaBNSAOT HEOTLEMIIEMYIO YacTb NMtoBOr0 COBPEMEHHOTO 3NEKTPUYECKOrO YCTPOMCTBA, ChyXallero Ans npo-
n3BOACTBA, Npeobpa3oBaHWs W nepedayy SNEKTPUYECKOW SHEepPrM W BXOZALET0 B WH(OPMALMOHHO-
n3mepuTenbHbIn komnneke [3]. Co3aaHne YCTPOMCTB yyeTa U U3MePEHUs, COCOOHBIX BblgEpXNBaTh BbICOKME
HanpsKeHus, HeLenecoobpasHo Ans U3roTOBMEHWS, BBIAY BbICOKOM CTOMMOCTY M BOMbLUMX pa3mepoB. B ces-
31 C 9TUM U3MEPUTENbHbIE NPUBOPBI BKNKOYAKOTCS Yepe3 MPOMEXYTOYHbIE TpaHC(OPMaTopbl — U3MEPUTENb-
Hble TpaHcopmMaTopel [2]. Yem Bbile HanpshkeHWe U MOLLHOCTb CUCTEMbI, TEM OTBETCTBEHHEE POfb TPaHC-
(hopMaTopoB, TaK Kak OT MPaBMIbLHOCTW MX paboThl 3aBuUcUT GecrnepebointHoe CHabXeHWe SNEeKTPOIHEPTMEN
NPOMBILLNEHHbIX MPEANPUATUR, XUIbIX 4OMOB, BOMbHUL, 1 T. M.

OcobeHHOCTb poccuickux anektpuyeckux ceten 10(6) kB, He MMetoLWMX rNyXOro 3a3eMneHnst HenTpa-
NN, COCTOUT B TOM, YTO OHW MOTYT HEKOTOpPOe Bpems paboTaTb € 04HO(A3HbIM 3aMblkaHWeM Ha 3emstio. [pu
9TOM WU3MEHSIOTCS TOSbKO HANPSHKEHWUS OTAENbHbIX ha3 OTHOCUTENBHO 3EMITU, @ TPEYTONbHUK MEXAY(asHbIX
HanpsXKeHU 0CTaeTCs HeW3MeHHbIM. JTO MO3BOMNSET NOTPEBUTENAM HUKAK HE pearnpoBaTh Ha Hanuume 3a-
MbIKaHUS Ha 3eMITI0 U NpoAonkaTh paboTy B 0ObIYHOM pexuMme, a AnekTpoCeTeBOE AKCNNyaTaLMOHHOE npesd-
npusTue 0653aHO HaTK U OTPEMOHTMPOBATL MOBPEXAEHHBIN Y4acTOK. BbiNonHEHNe 3TON 3a4aum BO MHOTOM
3aBUCMT OT TWNa UCMONb3yeMbIx TpaHCchopMaTopoB HanpshkeHus (TH).

[MpumeHsiemMble B HacTosiLlee BpeMms TH fenaTtcs Ha 3asemnsemble U Hedasemnsemble. Hesasemnse-
Mble TH, B OTNNuME OT 3a3eMNsieMbIX, HE UMEKOT COEAMHEHNA NEPBUYHOA 0BOMOTKM C 3emnei. 3aseMnsieMble
TH, noMumo MexaydasHbIX HanpsbkeHUn, MOryT TPaHC(OPMUPOBATL HaNPSHKEHUS OTAESNbHbIX (a3 OTHOCK-
TENbHO 3eMSIN U TeM CaMblM KOHTPONMPOBATb WM30MSALUMIO CeTW. YkaszaHHOe 0BCTOSTENbCTBO OMpesenuro
cthepy ncnonb3oBaHus aTux BigoB TH B ceTsx 10(6) kB: Hesazemnsemble TH npenmyLLlecTBEHHO yCTaHaBN K-
BaIOTCA HEMOCPEACTBEHHO HA CTOPOHE BbICOKOrO HanpsixeHus (BH) cunoBbix noTpebutensckux TpaHchopma-
TopoB B Tl 10(6) kB, a 3a3emnsieMble — Ha COOPHbIX LUMHAX LEHTPOB nuTaHust (L) u pacnpegenutenbHbix
nyHktax (PI).

Hesasemnsemble TH BkntoyaoTca mexay asamu cetv u bbisaoT nmbo ogHodasHbimu (Tuna HOJ,
HOM), nu6o Tpexcastbimm (Tna HTMK). OHu MetoT TONbKO OAHY BTOPUYHYHO 0OMOTKY C HaUBbICLUMM Knac-
coM To4HocTH 0,2 unm 0,5, 4TO BNOMHE NPUEMNIEMO ANS MUTAHUS KOMMEPYECKUX CHETYUKOB SNEKTPOIHEPTUM.
[Mpwn 3TOM cregyeT NOMHUTb, YTO KIacc TOYHOCTU TH rapaHTUpyeTcs TOMbKO Mpu OnpeaeneHHbIX YCroBusx
akcnnyatauun. B yactHocTu, daktnyeckas Harpyska npu cos@ = 0,8 gomkHa 6biTb CUMMETPUYHON M HaXo-
AanTbes B npeaenax ot 25 o 100% ot HoMWHanbHOM MoLHOCTU. Ecnn dhakTnyeckas Harpyska meHbLue 25%,
YTO XapaKTepPHO AN NPUMEHEHUS SNEKTPOHHBIX CHETYMKOB C ManbiM NoTpebnexHnem, To ee cneayet UCkyc-
CTBEHHO yBeNMumMTb. Ecrnn xe oHa bonbLue 100%, To TH nepexoamT B HU3LWNA KNacc TOYHOCTM!.

3aseMnsieMble TpaHCHOPMaTOPbl HAMPSHKEHUS BKMKOYAKOTCA MeXay daszamu CETU 1 3eMIEN U Takke
npou3BogaTcs B ogHodhasHoM (tuna 3HOJ) unm Tpexdpastom (Hanpumep, HTMWU, HAMWA, HAMWT) ucnonHe-
HuW. 3asemnsemble TpexdasHble TH BbINOMHSIOT BCe yHKLUMM He3azemnseMblx TH noc KOHTPOnb 13ons-
Unn ceTun. [ns atoro, noMnmo BbIBOZOB Tpex a3 A, B 1 C y OCHOBHOI BTOPUYHOM 0BMOTKM, OHWN UMEIT Bbl-
BOA HenTpanu. Kpome Toro, MMEETCs eLle AoNOoNHUTENbHas 0bmoTka.

[Mpn HOpPManbLHOM CUMMETPUYHOM pexnmMe (hasHble HanpsikeHus Ao, Bo M Co paBHbl 57,8 (’IOO/\/§) B,



mexaydgasHole AB, BC n CA pasHbl 100 B, a Ha BbIBOZax AOMOMHMTENBHON BTOPUYHOM OOMOTKM UMEETCS
HebonbLoe HanpsxeHne HebanaHca. pu ogHOdA3sHbIX METaNINYECKUX 3aMblkaHWSX CETW Ha 3eMIT0 OAHO
U3 hasHbIX HaNPSHXKEHUN CHUXaeTCa [0 Hyns, a ABa Apyrvx nosbiwatotes o 100 B. MexaydasHble Hanps-
KEHWNS COXPAHAOTCH HEU3MEHHBIMMW, @ HAMPSHKEHUE AOMOMHUTENBHON BTOPUYHON OOMOTKM MOBLILLAETCA [0
100 B.

HamBbICLwmi Knacc TO4HOCTH 3a3emMisieMblx TH npu nsMepeHnn mexaydasHbix HanpskeHW Takxe co-
craenset 0,2 unm 0,5 npu cummeTpuyHon Harpyske ot 25 o 100% oT HoMuHansHoM ¢ cos ¢ = 0,8. OgHako
cornacHo OCT 1983-2001 OH He rapaHTUpyeTCs npu 04HOMA3HOM 3aMblKaHUM CETU Ha 3eMnio. B aTom 07-
HOLLEHMM 3a3eMIIsieMble TpaHChopMaTopbl YCTynarT Hedasemnsembim. [1]

Knacc TouHoctn TH npu namepeHnn asHbiX HanpsbkeHUn MOXET BbITb CHkeH 40 3.0, T.K. B JaHHOM
Ccryyae OHW NpefHa3HayeHbl AN NUTaHUS LUMTOBLIX BONIbTMETPOB KOHTPOIS M30MNALMM U HEe UCMOSb3YHTCS
ANS NUTaHUS CHETYNKOB 3NEKTPUYECKON IHEPTUN.

He3sasemnsiemble n3MepuTenbHble TpaHCHOPMaTOPbl HAaNPSKEHNS NpeaCcTaBnsAT coboi TpaHctopma-
TOPbI Marnon MoWHOCTH (06bl4HO MeHee 1 KBA) ¢ BOMbLIMM KONMMYECTBOM BUTKOB TOHKOIO NPOBOAA 0BMOTKM
BH. Heobxoanmbiit knacc TOYHOCTM 0BecneumBaeTcs TOYHOCTbIO HAMOTKM Yncra BUTKOB 0OMOTOK (amnnuTya-
Hasl NOrpeLLUHOCTb) U BbIGOPOM CHKEHHOTO 3HAYEeHWs HOMUHANBHOWM WHAYKUMW B CTanW MarHuTonposoaa (yr-
noBasi NorpewwHoCTb). Mpyu BbICOKMX HOMUHAMBHBIX UHAYKLUMSX NPUMEHSETCS KOPPEKLMS YrrOBON NOrpeLLHo-
ctn (HTMK).

Paccmatpusas KOHCTPYKLMIO 3a3eMnsieMblX TH, CTOUT OTMETUTb, YTO OHU TakKe UMEIOT BOMbLLIOE YMC-
NO BWUTKOB TOHKOrO npoBoga 06moTkm BH 1 mManyo npegenbHyio MowHocTb. Manas mowHocTe TH nerna B
OCHOBY LLMPOKO PacnpoCTPaHEHHOTO NPeLCTaBIEHUS O TOM, YTO OHU HEe MOrYT CKOMbKO-HWUOYAb CYLIECTBEHHO
NOBMMSATb Ha pexum paboTbl ocHoBHOW ceTn 10(6) KB, koTopas nuTaeT noTpebuteneit CyMMapHO MOLLHO-
CTbiO B ThICSUM W AECATKM ThicaY KBA.

Vicxoos w3 aToro npeactaBneHus, KoHCTpyuposanuck Bce TH ans ceten 10(6) kB. Mpu ganbHenwmx
NCCreSOBaHNAX BbISICHUMNOCh, YTO BbIFOAHEE AN KaXA0N OTAENbHOM NEPBUYHON 0BMOTKM, BKITOYEHHON MEX-
Ay ason CeTM M 3emnel, UMeTb CBO MarHUTONPOBOZ, T.€. NepenTn K TpexdasHon rpynne OAHOMAa3HbIX
TpaHcgopmaTopoB. B nutom ncnonHeHun usonsauumn — ato rpynna tpex TH tuna 3HOJI-10(6), a B MmacnsHom
WCMONHEHUN — 310 Tpu ofHodbasHbix TH B ogHom bake (Tuna HTMIA-10(6)-66). Y atux TH mexaydasHbie
BTOpUYHble HanpsxeHns AB, BC n CA obpasytoTcs, Kak reomeTpuyeckast pasHoCTb ABYX COCEAHUX (PasHbIX
HanpsbkeHuin Ao, BO 1 Co. Mpu 0gHOMA3HBIX 3aMblkaHWSX CETU Ha 3eMnio, korda paboyee HanpspkeHue oT-
AenbHblX a3 npesbiwaeT 120% OT HOMUHAMBHOMO, MeXaydasHble HanPSHXKEHWS MOTYT TEPSTb BbICOKWN
Knacc TOYHOCTM.

B npouecce akcnnyatauun 3asemnsieMblx TH BbISBUAUCH TPW pexuma, NpuBoasiume nubo K HeHop-
ManbHon pabote TH, nnbo k ux nospexaeHmto. MNepBblil pexuM xapaktepeH Ans paboTsl 3asemnsemblx TH
Ha HeHarpyXeHHbIx WuHax LM nnn P1. Manbin eMKOCTHbIN TOK 3aMbIKaHWS LWWH Ha 3eMsTio Ha YacToTe 50 Iy
KOMMEHCUPYETCH HamarHM4MBatLMM TOKOM OAHOM M3 (a3 TH. HanpspkeHune Ha 9Toi (ha3e MOBbLILIEHO, M
CTanb MarHuTonposofa brm3ka K HacbleHo. HanpskeHne ocTanbHbIX a3 NoHWxKEHo. B pesynbTaTe co-
3AaeTcs NoXHoe BrevaTneHne 0 3aMblkaHUW OHOW M3 (pa3 Ha 3eMsTio. Tak Kak B heppope30oHaHC MOXKET BOK-
TM Nobas 13 Tpex a3, «OXKHaAs 3eMIs» MOXKET «NEPEXOANTLY C 04HOM a3kl Ha Apyryto. OBbIYHO B TakoM
pexuMe TH He nospexaaetcs. UTobbl YCTpaHUTL SBMEHWE «MOXHON 3EMIMY», OCTATOMHO BKIOYMTL Ha [O-
NOMHNTENbHYI 0B6MOTKY akTuBHOE conpoTueneHne 25 Om. BTopoin pexum BO3HMKAET Npu 0AHO(A3HbIX 4yro-
BbIX 3aMbIKaHUSIX Ha 3eMSTH0 B CENbCKUX CETSX. briarogaps BO3AYLWHbIM TMHUSM, OHU UMEKOT HeBOMbLUIOM (A0
10A) TOK 3aMbIKaHWst Ha 3EMMK0 1 OTKPbITYK) NEPEMEXALOLLYIOCS AYry, NOABEPKEHHYKD AEACTBUIO BETPA, UTO
CnocobCTBYET €€ NOMEPEMEHHOMY 3aXMraHWio U raleHnto. B Takom pexume eMKOCTb HyneBon nocnegosa-
TENLHOCTW CeTU B HECTOKOBYIO Nay3y nepemMexaroLlencs ayri paspskaetcs yepe3 TH, Hacbilwas ero MarHu-
TONPOBOAbI U Neperpesas 06MOoTkK. [OBTOPHOE 3axuraHue 4yri BHOBb 3apsikaeT eMKOCTb, KOTopas 3aTeM B
BecTokoByto naysy ayrv paspshkaeTcs yepes TH. Takon NpoLecc MOXET ANMTLCA HECKOMBKO MUHYT UK Aaxe
yacos, B pe3ynbTaTte Yero TH Hepenko noBpexaaeTtcs. TpeTun pexum MOXET BO3HUKHYTb KaK B BO3LYLUHbIX,
TaK 1 B kKabenbHbIX CETAX. JTO YCTOMYMBBIN rapMOHUYECKUA heppope3oHaHe Ha yactoTe 50 'y mexay emko-
CTbl0 HYNEeBOW MOCMEA0BATENBHOCTU CETU U HEMMHENHON WMHAYKTUBHOCTLIO HAaMarHM4uBaHws TpexdasHoro
TPEXCTEPKHEBOrO NOTPEBUTENBLCKOrO c1noBoro TpaHcdopmatopa 10(6)/0,4 kKB ¢ n3onupoBaHHON HENTpanbko
obmoTkn BH. Pexum cheppope3oHaHca BO3MOXEH NPy 3aMbIkaHUM Ha 3eMIT0 OAHON dhasbl ManoHarpyKeHHo-



ro tpaHcgopmatopa 20 —400 kBA ¢ nocrnegytolwmm neperopaHnem niaBKoW BCTaBKU NpeLoXpaHWUTENS.
HanpspkeHne HyneBow nocnefoBaTenbHOCTH CETU NPU 3TOM MOXET JOCTUraTb TPEXKPATHbIX 3HAYEHUN, B pe-
3ynbTaTe yero noepexaeHne TH HacTynaeT MeHee YeM 3a OfHY MUHYTY. Hanuume B CeTW OHOrO MK axe
HeCKOIbKMX 3a3eMnsieMblX TH He MOXeT noracuTb AaHHbli BuA deppopesoHaHca. OH cpbiBaeTcs TOJbKO MNo-
cne nospexgexns ogHoro u3 TH. [1]

[Mocne Toro, Kak nonbITk 3PGEKTUBHOMN 3aLLUTbI U3MEPUTESbHBIX TPAHC(OPMATOPOB OT NOBPEXAEHNN
He yBeH4anucb ycnexom, B 80-X rogax npoLUnioro cToneTus ctanu paspabatbiBatbCst aHTUPE30HaHCHbIe TH.
MpuHLMN 1x paboTbl 3aKNKYaeTCs B TOM, YTO OHW CaMu He BCTYNalT B (heppope3OHaHC (NepBbid PexnM),
YCTOMYMBbI K NepeMexatoLencs gyre (BTOPO pexum) 1 K «BHELIHEMY» )eppope3oHaHcy B CETU (TPETUi pe-
*um). MpaBga, OCTUYb MOMHOWM aHTUPE30HAHCHOCTW pa3paboTynkam yaarnock He cpasy. Tak, nepBeHeL u3
atoit cepum HAMIA-10 Y2 Gbin HeCUMMETPUYEH W MHOrAA BCTynan B cybrapmoHunyeckuit (16,6 y) deppope-
30HaHC C eMKOCTb0 HEBOMbLUMX CeTelt (NepBbIi PEXUM), XOTS B OCTaNbHbIX pexumax OH Bbin yCTONYMB. AH-
TUpe3oHaHcHble TH apyrux Tunos, Hanpumep, 3HOJ-10 ¢ BbICOKOOMHbIMM pesucTopamu B HeMTpanu unm
HAMWT-10-2, ToxXe He BNOMHE YCTONYMBLI B OAHOM UM ABYX pexumax. CTeneHb X aHTUPE3OHAHCHOCTY eLLe
HYXOaeTCs B AOMNONMHUTENTbHON NPOBEPKE.

Mcxogs M3 HanucaHHoro Bbille, CriedyeT caenathb BblBO4, YTO Hanbonee npuemnembiMi 411s 3MeKTpo-
CHabXatoLLMX OpraHn3aLil, yYUTbIBAKOLLMX ANIEKTPOIHEPTIIO M KOHTPOIMPYHOLLMX n3onsaumio B ceTsx 10(6) kB,
SBMSIOTCH aHTUPE3OHaHCHbIe 3a3emMnsemMble TH. [Ing yyeTa anekTpo3Heprun y notpebuteneit JOCTAaTOMHO
NpUMeHsTb Hesasemnsemble TH. [1]
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