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CUCTEMHBIN MOXO0/J K OBECIIEYEHUIO HAJIE)KHOM
IKCIUVIYATALIUU N30JIAUHA DJIEKTPOOBOPYIOBAHUSA B
IAJIEKTPUUYECKHUX CETAX CPEJHEI'O HAIIPAKEHUSA

K.I1.Kagomckas, HoBocuoupckmii rocyiapcTBeHHbIH TeXHHYEeCKU YHUBEPCUTET

CucreMHbIil TOAX0J K COOPY:KEHHI0 M JKCIUIYyaTALHMHM 3JIeKTPO3HEePreTH4ecKux
0o0bekTOB. HanexHass »dKciuTyaTalusi HW3OJSIUU  AJIEKTPOOOOPYIOBAHUSA BBICOKOTO
HaIpPsDKEHUS MOXKET ObITh 0OecreueHa JUIIb MNP HauboJiee MOJHOM y4eTe YCIOBHH e
AKCIUTyaTallii Ha BCEX CTAIMIX COOPYKECHHS ICKTPOIHEPTETUUECKUX OOBEKTOB: TIPH UX
MPOECKTUPOBAHHUH, KOHCTPYHPOBAHUH DJIEKTPOIHEPTETUIECKOTO 000PYIOBAHUS, TEX HOJOTHH
€r0 M3TOTOBJICHHUS, OPTaHU3aIMH 00CTYKMBAaHHUS B dKCIUTyaTalllu. B 3Ty cucTeMy TOJKHBI
OBITh TaK)K€ BKIIIOYCHBI IMArHOCTUKA M MOHUTOPUHT U30JISIIH B IEPUOJ €€ IKCIUTyaTalliu.

[Ipu TakoM MoIX0/1€ K MPOEKTUPOBAHUIO U KCIUTYaTallMU U30JISILIMOHHBIX KOHCTPYKIUI
000pyIOBaHMS BBICOKOTO HANPSKEHUS JIOOOMY MPOCKTHOMY PEIICHHUIO JIOJDKHBI
MIPEALIECTBOBATH NCCIEA0BAHNS BO3ACHCTBUI HA N30JALUIO B ITPOLIECCE €€ DKCIUTYaTalluy He
TOJIBKO B HOPMAJIBHOM 3KCIUTyaTallMOHHOM PEXHUME, HO U B Pa3HOr0 poJia aHOMAJIbHBIX
peKHMax W TPOLECCax, CBSI3aHHBIX C KOMMYTAI[USIMH B JJIEKTPUUECKOW CeTH (Tof
KOMMYTaIlME€ B MIMPOKOM CMBICIIE 3TOTO CIIOBA CIIEIYyET MOHMMATh JIF0OOE BHE3AITHOE
M3MEHEHUE CXEMBbI WU ITAPaMETPOB CETH, HAIIPUMED, 3aMbIKAaHUE TOKOBEAYLIUX YacTel Ha
3eMJII0), a TaKK€ TPO30BBIMHU MOPAKECHUSIMU O0BEKTOB. Takue ucciaeqoBaHUs pa3yMHO
MIPOU3BOJUTH ITyTEM MaTEMaTHYECKOIO MOICITUPOBAHUS UCCIIeyeMbIX  Ipoueccos. [Ipu aTom
JIOCTOBEPHOCTD MCIIOIh3yEMbIX MATEMAaTHIECKIX MOJIENIEH OOBIYHO KOHTPOIUPYETCS ITyTEM
CpPaBHEHHUs PE3YJIbTATOB KOMIIBIOTEPHBIX HCCIEAOBAHUM C pe3ysbTaTaMU PETUCTPALUU
MEPEHAIPSKEHU WM CHEUaIbHO TOCTABJICHHBIX 3KCIEPUMEHTOB B JCHCTBYIOIIHUX
ANEKTPUUYECKHUX CETSX.

Cnenyer Takxke OTMETUTh, YTO TMpPU MPOCKTUPOBAHUU M KOHCTPYHPOBAHUU
AIEKTPOIHEPTETHUECKUX OOBEKTOB JOJDKHBI YUHTHIBATHCSA TAKKE U AJICKTPOMArHUTHAs
COBMECTUMOCTH JJIEKTPOIHEPTETHUECKON TeXHOCHEPHI ¢ Onocdepoil 1 OKPYKArOIICH Cpeon.
DKOJIOTUYECKHE ACHEKThl JIOJHKHBI YUUTHIBATHCS NMPU AHAIM3E BIUSHHUS COOPYHKAEMBIX
00BEKTOB Ha OWochepy W OKPYKAIONIYI0 CPeAy IPHU HUX IKCILTyaTallMd B HOPMaJbHOM
pexuMe. AHOMAaJIbHBIE PEKUMBI OOBIYHO KPATKOBPEMEHHBI U MOTYT HE YUUTHIBATHCS MIPU
aHaNMM3€ JJICKTPOMArHUTHOM COBMECTHMOCTH DJIEKTPOIHEPTETHUECKUX OOBEKTOB C
ouocepoit Tak, Hampumep, CHIDKCHHE HAIMPSHKEHHOCTH JIIEKTPOCTATUYECKOTO H
AJICKTPOMArHUTHOTO ToJiel 1o Tpaccam nByxienHbix BJI 35 m 110 kB moxer ObITh
JIOCTUTHYTO C MTOMOIIBI0 COOTBETCTBYIOMIEH (ha3MpOBKH MPOBOJIOB 1ierneid. CraemayeT Takxe
OTMETHUTBH, UTO MOBBIIICHNE IponyckHOM crtocooHocTr BJI BH 3a cuer kommakTuzanuu ux
KOHCTPYKUMH TakKe MNPUBOJUT K CHIXKCHUIO HHTEHCUBHOCTH 3JEKTPOCTATUUYECKUX U
MAarHUTHBIX MOJIEU 10 UX TPACCaM.

BHyTpeHHHe TmepeHANIPSIKEHM B JJIEKTPUYeCKHUX ceTax 6-35 kB pasiaunuHoro
HA3HAYEeHMs U UX OTPAHUYCHHE.

Cern 93THX KJIAcCOB HAMpPsDKCHUS OKCIUTYaTUPYIOTCA, Kak MpaBWwiIo, JHUOO Tpu
M30JMPOBAHHON HEUTpanau ceTd, MO0 MPH 3a3eMJICHUU HEUTpaIH 4Yepe3 JIyTroracsiiuil
peaktop (II'P). B mocneaaee BpemMst HaXOIAT JOCTATOYHO IIMPOKOE MPUMEHEHHUE U CETH C
PE3UCTUBHBIM 3a3€MJICHHEM HeWTpanu (IpH Tak Ha3bIBAEMBIX HU3KOOMHOM WJIU
BBICOKOOMHOM pe3ucTopax). Knaccudukarms nepenanpsikeHuil B cetsax 6-35 kB npuBeieHa
Ha puc. 1. [lepenanpskeHUs IEPBOM TPYIIIHI, OXBAaTHIBAIOIINE BCE MIEKTPOOOOPyI0BaHHE,
npumbIKaioniee kK PY, cymecTBeHHO 3aBUCAT OT croco0a 3a3eMJICHUS HEHUTpalu CETH.
[epenanpsikeHus: BTOPO TPYIITIBI 38 CYET OTHOCUTEIBHO HEOOIBIION MPOTSHKEHHOCTH CETei
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U COOTBETCTBEHHO WX OTHOCHUTEIHHO HEOOJIBIIOW €MKOCTH MPAKTUYECKH HE 3aBHUCST OT
croco0a COeTMHECHUST HEUTPaTH SJICKTPUICCKON CETH C 3eMIICH.

IIEFFHAIIFPAEAEHIIA. TNMEPEHAITPTARAENH A,
S0O0HA ,I[Eﬂ('TEHH BOSHHEATIOIIHE HA
KOTOPBIX OXBATBIBAET IIPHCOE TITH EHILAX

BCE OBOPY JJOBAHIIE CCH | | TPH X KOMMYTAIIHAX

A b A 4
/ \ / \
I L] I i
'3 ! 4 L
¢ LY ¢ 5

ITFH DEFFOFESD “P" LM
‘:. |:1 HAH{CHEIE . ¥ 1 i
A (HACBIWEHNE | |BEA00uenny BTRTHTE
T AJIII TH)

Puc.1. Knaccudukanus BHyTpEHHUX NEPEHANPSIKEHUHN TIepeHanpsDKeHN B ceTsix 6-35 kB

Onnodasubie ayropoie 3amMbikanus Ha 3emunio (O3). Dckanamus nepeHanpsiKeHUn
npu oaHOGa3HBIX AYTOBbIX 3amblkaHusIX Ha 3emuio (OJI3) B ciaydae M30JMpPOBAHHON
HEWTpaJIM CETH BO3HUKAIOT 332 CYET MOBTOPHBIX 3aXKUTAHUM JTyTH, CONMPOBOKIAIOIINUXCS
MTOBBITIICHUEM HAIPSOKCHUS Ha W30JMPOBaHHOW HelTpamm cetw (puc.2,a). B cmydae
3azeMieHuss HeWtpanu udepe3 JI'P HampsbkeHne Ha HEHTpamu HOCUT KoOJieOaTeIIbHBIN
XapakTep, YTO HE Bceraa o0ecreurBaeT MPUEMJIEMBI ypOBEHB IEpPEHAINpPSIKEHUN Ha
M30JIAIN 000PYIOBaHHS OTHOCHTENIBHO 3eMiH. [Ipm ocHamennn Hewtpamu cetu I[P
ACKaJlallii He HaOII0IaeTCs JIMIIb MPU CTENEHW KOMIICHCAIIMM €MKOCTHOTO TOKa CETH,
Oomm3koMm Kk enunmie (puc.2,0). IIpu ocnamenun cetm TH anekTpoMarHWUTHOTO THIA
HaMpsDKEHNE Ha HEUTpaIl CeTH HOCHUT KosieOaTebHbIA HETMHEWHBIN XapakTep, YTO TaKKe
MPUBOJUT K CHUKCHHUIO YPOBHS MEPEHANPSKEHUN, HO HE MCKIIOYAET YJIOBJIETBOPECHHS
YCJIOBHI CYIIECTBOBAHUSA OIMACHBIX (DEeppPOPE30OHAHCHBIX SIBICHUH, OOYCIOBICHHBIX
HachlleHueM MarHuTonpoBosioB TH.. OcHalieHue xe HEUTpaau CeTH PE3UCTOPOM HE
MIPUBOJUT K 3CKAJIALMK MIEPEHAIIPSKEHH 3a CUET pa3psA/ia EMKOCTH CETH Yepe3 Pe3UCTop
mociie moracaHusi Iyrud (puc.2,r), a Takke, Kak MPaBWIO, HCKIIOYAET BO3MOXKHOCTH
BO3HHKHOBEHUS OTTACHBIX (DEpPOPE30HAHCHBIX SBIICHUN.

Tak kak JII'P npuMeHArOTCS 17151 OrpaHUYEHUS] TOKOB 3aMBIKAHHS HA 3€MIIIO B CXEMAX, B
KOTOPBIX 3aIlliTa OT 3aMBbIKAaHUK Ha 3eMJTIO cpabaThIBacT, B OCHOBHOM, ""HA CUTHAJ'', TO €CJIH K
muHaM PY moaxXoauT HECKOJIbKO (HAEpOB, TO 3allWTa, KaK MPaBHIO, SBISETCS
HECEJICKTUBHOM, TaKk Kak ()aKT 3aMBIKAHUS HA 3€MJII0 YCTAHABIMBAETCA C IOMOIIBIO
tpanchopmaropa HanpsoreHus (TH), dukcupyromero nosBieHre HAMPsHKSHUS HA HEUTpaTu
cetu. [loouepennoe oTkIrOYeHHE (HUACPOB I HAXOKIACHHS TOBPEKICHHOTO (Prrepa MOYKET
MPUBECTH K JIOMOJHUTEIHHOMY 3aMBIKAHUIO HAa 3€MJII0 BCIEJICTBHE BO3HHKHOBEHMS
KOMMYTAIIUOHHBIX NIEPECHANPSHKCHUN. B 3TOM CBA3M PE3UCTUBHOE 3a3€MIICHUE HEUTPAIIH
MO3BOJISIET OPraHNU30BATh CEJIEKTUBHYIO M UYBCTBUTEIBHYIO 3aLIUTY, TAK KAK aKTUBHBIA TOK
TEYEeT JIMIIH 110 TOBpekaAecHHOMY unepy. [Ipu oqnodaznom 3ambikannu Ha 3emiio (033) B
CETH C PE3UCTUBHBIM 3a3€MJICHUEM HEUTPAIIH MO0 HETTOBPEXKICHHBIM (priiepamM TeKyT JIUIIb
€MKOCTHBIE TOKA. B HEKOTOPBIX CX€Max OHU MOTYT JIOCTUTaTh 3HAYECHHM, MPEBBIIIAIOIINX
JOTTYCTUMYIO TEIIJIOBYIO CTOMKOCTBH 000pyZ0BaHus. B 3TOM ciydae MOKHO HCTIOIB30BATh
NapajyIeIbHOE COEAMHEHUE B HenTpanu pesuctopa u JAI'P. Ilepexoanslie xe npoueccsl npu
O/13 B Takux cxeMax OyIyT OMPEeNATbCA MPAKTHUECKH JIUIIb PE3UCTOPOM HEHTpPaIH.
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Puc.2. Ilpouiecchl, CONpOBOXKAAIOIINX TyTOBBIC 3aMbIKaHUS HA 3€MJII0; @ — HEUTpaslb CETH
M30JIMpOBaHa, 0- HEUTpab 3a3emiieHa yepes JII'P, B — HeliTpasb ceTn n3oaupoBaHa, Ha
mmHax PY ycranosnensl TH, r — HeWTpab ceTu 3a3eMieHa 4epe3 pe3ucTop

VYeranoska TH tunos 3HOJI, 3HOM u HTMMU 111 KOHTpOIIS U30IIALIANA MOKET IPUBECTH
MpH JIIOOBIX TMOBBIIMICHUSIX HAMPSOKCHUST M BHINIOJIHEHWH YCIOBUHM (peppope3oHaHca Ha
CyOrapMOHMYECKHNX K OTTACHBIM TOKaM B 00MOTKax Bbiciiero Hanpsbkenus TH. [Tockonbky
YCTOWYMBBINA (heppOpPE30HAHC - IOCTATOYHO JUTUTEIBHBIN MPOIECC, TO MPU ITOM MOMKET
HAapyLIUTHCS TEII0Bass CTOMKOCTh TH, 94TO MpUBOAUT K MX BO3ropaHuio. Takue onacHbIe
YCJIOBUS BO3HHMKAIOT, KaK MPABWIIO, MPY U30JIMPOBAHHON HEHTPATTU CETH MM KaKOTO-THO0
JIOKaJIbHOT'O y4aCTKa CETH, KCIUTYaTUPYEMOTO B HEKOTOPOM PEXUME IIPH U30JIUPOBAHHON
Hertpanu. [IpenensHbivMu ctanmoHapabsiMu Tokamu i1t TH 6 u 10 kB sBistrores Toku 0.2-03
A, a i TH 35 kB — 0.12-0.13 A. Kak y»e yka3blBaJIOCh BBIIIIE, [IPY OCHAILICHUH HEUTpanu



CETH PE3UCTOPaMH YCIIOBHS BOSHHKHOBEHHS OMAacHOTO (heppope3oHanca, 00yCIOBICHHOTO
HACBIIEHUEM MarHuTonpoBoa0B TH asiekTpoMarauTHOTO THIIA, HApyIIAarOTCs. B ciydae xe
JKCIUIyaTallUM CETHU B PEKHUME H30JMPOBAHHONW HEUTPAIM U MCKIFOYEHHUSI OIACHBIX
(beppope30HaHCHBIX SBJICHHUH II€J€CO00pa3HO yCTaHABIMBATH aHTHpe30HaHCHbIe TH
3JEKTPOMArHUTHOro Tuma PameHckoro anekTporexuuueckoro 3aBoaa — HAMMU. Ha puc.3
nokasaHa 3 pexrusHOcTE HAMU B cxeme, B koTopoii npu ocHameHnu ee TH tuma HTMU
BO3HHKAIOT BCIIE/ICTBHE BBITIOITHEHUS YCIOBH (peppope3zonanca npu OJ]3 NOBbIIIICHHBIE TOKU
B oomotke BH TH.
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Puc.3. Toku B oomotrke BH TH npu O/13 B cetun 6 kB
Takum oGpazom, Hauboee 3(h(PEeKTUBHBIM CPEACTBOM IS UCKITIOYCHUS ICKATALUN
nepeHanpspkenuit npu O/13 u HapyIeHus ycoBHiA CyIIeCTBOBAaHUS (heppope30HaHCca 3a CUeT
HACBIIIECHU MAarHuTONpoBOJMOB TH Ciy:)XUT OCHalleHHMe HEUTPAId CeTH Pe3UCTOPOM,
BEITMYMHA COMPOTHBIICHHS] KOTOPOTO BhIOpaHa, MCXOS U3 pa3psa EMKOCTH CETH Yepes
PE3UCTOp 3a IMOJOBHHY IEpPHUOJa MPOMBIINUICHHOW YacTOThl. [ m30ekaHus OMacHBIX
(beppope30HaHCHBIX SIBIICHWM TPH HM30JMPOBAHHON HEUTpamu CeTH Leaecoo0pa3Ho
ycTaHaBiIMBaTh B ceTu aHTupe3oHacHele TH tmma HAMMUM. B Takmx cxemax Takxke
HEOOXOAMMO YCTaHABIMBATh HETMHEWHBIE OTPAHUYUTEIH MTEPEHATPSHKEHUH, TTO3BOJIIONINE
OTPAaHUYUTh TEPEHANPSKEHUsST JO0 3aJaHHOIO YPOBHA MPH HMX COOTBETCTBYIOILEH
SHEPrOEMKOCTH, ONIPEAETIAEMON KaK CyMMY 3HEpruu, rnoriomniaemoit Bapuctopamu OITH B
TEUEHHE MPOILIECCa, COIPOBOXKIAIOLIETO TyTOBbIE 3aMbIKAHUS Ha 3€MITIO.
KomMyTanuoHHble nepeHanpsikeHusi B cersax 6-35 kB. Biusinme koMMyTanmoHHOM
CIOCOOHOCTH BbIKJIIOUaTe e, [[0CKONBbKY ceTH cpeTHero HanpsHKeHUS (0COOSHHO CeTH 6 1
10 kB, conepxkaiue 2JIEKTPUUECKUE MAIIMHBI) XapaKTEPU3YIOTCS 32 CUET OTHOCUTEIIHLHO
HEOOJBIION MPOTSHKEHHOCTH MAJIBIMU €MKOCTSIMHU, TO TIPU KOMMYTAITUSX B TAKHX CETAX
croco0 3a3eMJICHHsT HEUTpalid CETH MPAKTUYECKH HE CKa3bIBACTCSI Ha BeIMYMHAX
KOMMYTAIlMOHHBIX NepeHanpsikeHnil. [lepeHanpsixeHnsi, BO3HUKAOIIUE TP KOMMYTaLMsIX
MPUCOCTNHEHHH, XapaKTePU3YIOLIUXCSI BRICOKUMH YaCTOTaMH COOCTBEHHBIX KOJIEOaHUH, B
TaKHUX CETSAX MOTYT MPEBBICUTH YPOBEHD U30JIAIINY U3HOIIEHHOTO AJIEKTPOOOOPYT0OBaHUS, a
TaK)K€ BpAIIAIOIIUXCS MAIlWH, OO0JaNaloMUX OTHOCUTEIHHO HU3KUMH YPOBHAMHU
3JICKTPUYECKOW MPOYHOCTH KAK TJIABHOW, TAK W BUTKOBOM H30JAIMUA. B 3TOW CBsA3M
KOMMYTAIIUH BPAIIAIONTUXCS MAIIUH U TPaHC(HOPMATOPOB TEIECO00Pa3HO OCYIIESCTBIISATH C
MTOMOIIIBIO BBIKJIFOUATEINEH, B KOTOPBIX HE BOSHUKAIOT OBTOPHBIE 3aKUTAHUS TyTH MEXKTY
KOHTAaKTaMH B MPOIECCE OTKIIIOUEHU. B nocenHee BpeMs B 3JIEKTPUUECKUX CETSIX CPETHErO



HaMpPsDKCHHSI IIMPOKO BHEAPSIOTCS BaKyyMHBIE M 3Jiera3oBsie BoikitouaTenu (BB u OI'B).
[Ipu 3TOM B CeTsIX COOCTBEHHBIX HYXKJ JJICKTPUYECKHX CTaHIMiA 6 KB, kak mpaBuio,
YCTaHaBJIMBAIOTCS BAKyyMHBIC BBIKITIOYATEIH, a B CETSX TEHEPATOPHOTO HAMPSHKEHUS OJIOKOB
aneKTpuyeckux cTaHiuil 13.8 — 24 kB — anera3oBble BBIKIIFOYATEINHN, 324aCTYH0 BXOSIIUE B
COCTaB AJIETA30BbIX TeHepaTopHBIX KomIuiekcoB (DI'K), Bkimrodammux B ce0s MOMUMO

BBIKITIOUATENICH U APyTHE anmnaparsl: TpaHCPOPMATOPHI TOKA, TPaHCHOPMATOPHI HAMPSHKESHUS,
pa3beIMHUTENH, JOMOJIHUTENIbHbIE EMKOCTH U 3aluTHbIe anmnaparsl Tuna OITH. B nactosiee
BpeMs B CETSAX TEHEPATOPHOTO HAMPSIKECHUS, COJCPXKAIIUX YKPYIHEHHbIE OJIOKH C
reHepaTopaMu OTHOCUTEIbHO HEOOIBIIION MOIITHOCTH, CTAJTN YCTAHABIIMBATHCS M BAKYYMHBIC
BBIKJTIOYATEIM.  ODJIETa30BbIC  BBIKJIIOYATENM  OOJMAAlOT  JOCTATOYHO  BBICOKOM
KOMMYTAI[MOHHOM CITOCOOHOCTHIO: HadalbHasi CKOPOCTh BOCCTAHOBIICHUS IEKTPUIECKOM
MPOYHOCTH B WX ayroracutenbHbix kamepax (II'K) cocrasmser 4-6 kB/mkc. [Toatomy, kak
MPaBUIIO, KOMMYTAIUS OTKIFOYSHHS TOKOB KOPOTKOTO 3ambikaHust OI'B B memnsax 010K0B He
MPUBOJUT K MOBTOPHBIM 3akuraHusMm Ayru B ux JII'K. ®usuka ramenus 1yru B BaKkyyme
COBCEM HHas, 4YeM B Tra3oBOoM cpene. B Hacrosmee Bpems HadalbHBIE CKOPOCTH
BOCCTAHOBJICHHS 3JIEKTPUYECKOM MPOYHOCTH B BAKYYMHBIX JYyrOraCUTENbHBIX Kamepax
(BAK) Beixmouateneit Takux gupm xak SIEMENS nnn ABB nocrarouno Beicoku. Tak, B
cragmapre IEEE Std C37.013 Ha kKOMMyTanMOHHYIO crocoOHOCTh BB 3T0 3HaueHwme
cocraBisier 0.425 xB/mkc, pupma ABB rapantupyer 0.32 kB/Mkc. HawanbHbie ckopocTu
BOCCTAHOBJICHHS JJICKTPUYECKOM MPOYHOCTU MEKKOHTAKTHBIX NpoMexyTkoB B BJIK
Poccuiickux GupmM-u3roToBUTENEH COTIACHO SKCIIEPUMEHTATBHBIM PE3yJIbTaTaM B MOJIEBBIX
YCJIOBHSX 10 OTKJIFOUEHHIO 3aTOPMOKEHHBIX JIBUTATENIEH, IPOBOJAUMBIX B pa3HOE BpeMs Ha
pasmmuHbiX oObekTax kadg. TuOBH HI'TY, cymectBernHo Mmensbine — 40-60 kB/mc. Ecim
OPUEHTUPOBATHCS Ha CKOpPOCTHM BOCCTAHOBIICHUSl JJIEKTPUYECKOW IPOYHOCTH,
rapaatupyembie  ctangaptom IEEE Std C37.013 u ¢upmoit ABB, To oTkiroueHue
3aTOPMOKEHHBIX D] HE JOJKHO CONMPOBOXKIATHCS MOBTOPHBIMU 3a)KUTAHUSMH JYTH U,
CJIEIOBATENIbHO, HUKAKHUX 3aIUTHBIX Mep AJIs 00eCTIedeH s HaIe)KHON IKCIUTyaTal[ui KakK
TJIABHOM, TaK ¥ BUTKOBOM M30JIs1IMK D1 , Tpy ATOM KOMMYTaIlMK HEe TOHao0uTes. B ciydae
xe ckopoctu nopsiaka 40-60 kB/mMkc OymyT HaOIIOAATHCS TIOBTOPHBIEC 3a)KUTAHUS IyTH B
BJIK, kotopsie gaxke npu ycioun ocHamieHus: 91 OITH moryT npuBecTy K HapyILLIEHUIO
AJIEKTPUYECKOU MPOYHOCTH BUTKOBOM m3ossinuu D[, OTkiroueHue 3aTopmoxkeHHoro D/,
COMPOBOXK/IaroNIeecs MOBTOpHBIMU 3axkuranusimu B BJIK BB, npousutroctupoBano Ha puc 4.

. a)

Puc.4. ITpoueccel npu oTkIoueHUH D] BaKyyMHBIM BBIKJIFOUATEJIEM; @ — OCIIJIIOrpaMMa B
peanbHoii cetn 10 kB, 6 — KOMIIbIOTEpHAs OCIIMILIOTpaMMa



Ha puc.5 npuBeneHa KoMIbIOTEpHAs: OCIUIIOTpaMMa HaIPsHKEHUS Ha MEPBbIX BUTKax D/,
OTKJIFOUEHHE KOTOPOTO COMPOBOKIAETCS MOBTOPHBIMU 3akuranusimu ayru B BJIK.
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Puc.5. Hanpsokenue Ha nepBbIXx BUTKax OJ] mpu ero OTKIOYEHWH BaKyyMHBIM
BBIKJIFOYATEJIEM, COIIPOBOK/IAFOIIEMCS IOBTOPHBIMHU 3aKUTaHUsAMH 1yTH B BJIK

Uccnenoanusi, mpoBeneHubie M.JI.JlertapeBsiM, TMOKa3zand, dYTO HamoOoJee
HEOJIAroNpUSATHBIMUA C TOYKH 3PEHHSI BOSHUKAIOMIMX MPH SCKAIANU TEePEHANPSHKCHHH
ABIsII0TCS pucoeauHenus ¢ D/ momtHocThio 500 , 2000 kBT, kOMMyTHpYEMBIE KOPOTKUMU
KaOemsaMH.

YMeHbIIIeHUsT CKOPOCTH BOCCTAaHOBJICHHS ~ HAmpsOKEHUST Ha KOHTakTtax BB mpwm
OTKJIFOUEHUH 3aTOPMOKEHHBIX JIBUTATEICH MOKHO IOOUTHCSA ITyTEM YBEITUYECHUS BXOTHOM
eMKocTH D/] ¢ MOMOIIBIO MOIKIIOUYEHHS HA €ro 3aKUMbl RC-11en0YKH, OE3bIHIyKTUBHAS
€MKOCTb KOTOPOW TPUBOAWT K CHWIKEHUIO YacTOThl COOCTBEHHBIX KoJieOaHWH, W,
CJIEIOBATEIHHO, K CHIPKEHUIO CKOPOCTH HapacTaHusl HalpshKeHus Ha KoHTakTax B/IK.

Haulbonee Tspkenble ycloBUS C TOYKH 3PEHUS KOMMYTAallMOHHON CIOCOOHOCTH
TeHEPAaTOPHBIX BBHIKITIOUATENICH BOSHUKAIOT TPHU OTKIIOYSHUH MIEPBOTO TIOTIOCA BHIKITFOUATEIIS
B CiTy4ae Tpex(a3zHoro K.3. MeX]ly TeHepaTopoM U BeIKiIrodaTeseM (Touka K3 Ha puc.6).

PYEH
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Puc.6. [lpuanunuansHas cxema 010Ka

[Tpu k.3. B Touke K3 depe3 BeIKIIOYAaTETh MPOTEKAET HAUOOIBIINI TOK, ONPEAEIIIEMBbIi
MOIITHOCTBIO IPYyTUX OJIOKOB CTAHIIMU U CHCTEMBI, IpuMbIKatomieii Kk PY BH, nmporecchr xe
XapaKTEePU3YIOTCS OOJBIION YaCTOTOM, ONPEeIsieMOi, B OCHOBHOM, CXEMOH 3aMEIICHHS
CHUJIOBOTO TpaHcopmaTopa OJ0ka, 00JIaal0IMIero OTHOCUTEIIFHO HEOOJIBIIONH BXOTHOM
€MKOCThIO. B cxemax HeKOTOpBIX OJIOKOB HaYalIbHAs CKOPOCTH BOCCTAHOBIICHHSI HATIPSHKECHUS
MOJKET MPEBBICUTH BEIMUUHY, rapanTupoBanHyto crangaptom [EEE Std C37.013-425xB/mc.
Tak, Ha puc. 7 MpUBEJEH MPOLECC BOCCTAHOBJICHUSI HANPSKEHUSI HA KOHTAKTax MEpPBOTroO
MOJIFOCa TEHEPATOPHOTO BBIKIIOYATENS HA OJTHOM U3 YKPYMHEHHBIX OJIOKOB, HA KOTOPHBIH
HaHeceHa TpeOyeMasl XapaKTepUCTHKA BOCCTAHOBJICHHS SJICKTPUYECKONW MPOYHOCTH



MEXKOHTaKTHOro npoMexyrtka BJIK M3 pucyHka BHIHO, YTO OTCYTCTBHE HMOBTOPHBIX
3KUTaHUK OyeT HAOII0IaThCS IPU CKOPOCTH BOCCTAHOBIICHUS JICKTPHUCCKON MPOYHOCTH
B BJIK He menee 5 kB/mkc.
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Puc.7. Ilpouecchl mpu OTKIIOYEHUN TIEPBOTO MOJIOCA BBIKITIOYATENS IPH TPpeX(a3HOM K.3. B
touke K3 B ceTr reHepaTOpHOTo HaNpsDKEHHs YKpyImHEHHOTo 010ka ofHoi u3 ['DC.

N3noxeHHOE TMO3BOJISET 3aKIIOYUTh, YTO OCHOBHOW Xxapakrepucrukoii BJIK,
onpexeJsOlIel HaJIMYMe WJIM OTCYICTBHME TNOBTOPHBIX 3a’KMTaHUM JOyrd, a,
CJIe0BATEeJIbHO, M HAAEKHOCTH KOMMYTALMH,  SBJACTCH HAYaJIbHasi CKOPOCTH
BOCCTAHOBJICHHUSI YJICKTPHYECKOH NMPOYHOCTH Mexay koHTakramu BJIK mociie mepsoro
MOracaHus Jyrd PH OTK/IIOYEHUM TOKA NPOMBILLIEHHON YaCTOThI

Takum 00pa3oM, B KOMILIEKC Mep 3alliMThl OT BHYTPEHHHUX NepeHanpsi:keHuii cereii 6-
35 kB BxoasT:
Pe3ucTopbl B HEUTpaJiu CETH WM B JOCTATOYHO PEAKHUX CIIy4asxX HapajlieIbHOE
coenunenue JII'P u pesucropa (B 3aBUCUMOCTH OT BenuuHbI Toka O33);
OITH, TpeOyemMble mapaMeTpbl KOTOPBIX 3aBHCAT OT AJICKTPUUCCKOMO MPOTHOCTH
M30JSIUN HanboJee «caadoro» B 3TOM OTHOIICHUH 3JIEMEHTa 000pyA0BaHUs, OT
crioco0a opraHu3aIiy peneHon 3amuThl Tpu 033, a TaKKe OT PeKUMa 3a3EMIICHUS
HEWUTpaJH CeTH;
RC-tieiouxku (HEOOXOIMMOCTh YCTAHOBKH KOTOPBIX 3aBUCUT OT XapaKTEPHCTUK
KOMMYTHUPYIOIICH anmnapaTypsbl);
[ToBbIlIeHME HAAEKHOCTHU IKCIUTyaTAlUH CETH C U30JIMPOBAHHOW HEUTPAIIBEO MOMKET
OBITh JOCTUTHYTO NyTEM YCTAaHOBKH aHTHPE30HAHCHBIX TpaHCHOPMATOPOB
HanpspkeHus Tuna HAMU;
[Ipumenenune BbIKITIOYaTeNneld (OCOOGHHO B CETAX, COACPKAIIUX SJICMEHTHI
ANEKTPOOOOPYIOBaHUS C BHUTKOBOM HM3OJISIIIUEH- TE€HEPATOPbI, JIEKTPUUYCCKUE
JIBUTATEIH, TPAaHC(HOPMATOPHI) , KOMMYTHUPYIOIIUX MTPUCOCINHEHHS O€3 TTOBTOPHBIX
3aKUTAHUM IyTH B JyTOTaCUTEIbHBIX KaMepax.
3amura 0T rpo3oBbIX nepeHanpstkennid. Kak npasuno, PY snexrpuueckux cereit 6-35 kB
nutatotcs o BJI Beicokoro nampspkenus (BJI BH) 110-500 kB, moaBepskeHHBIX ynapam
MOJIHMH. B 4acTHOCTH, CETH reHepaTOPHOTO HanpsKeHus cBa3ansl ¢ PY BH ¢ momomsro
CHJIOBBIX TpaHC(opMaTopoB. [loaTOMy yap MOTHHYM B BO3IYIIIHBIE IEPEMBIYKH MEK Ty PY 1
TpaHCc(POPMATOPOM TMPUBOJUT K BO3HUKHOBEHHIO B CETH T'€HEPATOPHOTO HAIPSIKCHUS
OTIACHBIX I'PO30BBIX NEepeHaNpsKeHU. [IoBbIlIEeHNE HAIEKHOCTH JEKTPUIECKOTO TUTAHUS



AHEProoOBEKTOB MOXKET OBITH 0OecTieueHo ¢ moMoIbio yctaHoBku OITH Ha omopax BJI 35
500 xB. Takas Mmepa 3auTsl 0COOEHHO aKTyaldbHa B CIy4ae ABYXIICTTHBIX dJIEKTponepeaay.

[Ipu ynape MomHUM B ITPOBOJ OAHOU U3 Lienen aByxuenHon BJI Ha mpoBogax BTOpou 1enu

MOT'YT BO3HUKHYTh BBICOKHE KPAaTHOCTH MMITYJIbCHBIX ITEPEHANPSIKCHHH, YTO MPUBOJIUT K

OTKJIIOUCHHWIO O0CHMX IMened ¢ HapYIICHWIO D3JICKTPOCHAOKCHUS THUTACMBIX HMH

notpebureneii. Ha puc.8 mpusenen scku3 ycranoBku OITH Ha omope.
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Puc.8. Ockus ycranosku OITH Ha omope
OITH moeT ObITh MPUCOSANHEH K MTPOBOTY TUOO HATITYXO0, TUOO C IMOMOIIBIO HCKPOBOTO
npomexyTka. [Ipu riryxom npucoeaunernn OITH Heo6xoamMo BEIOpaTh €ro SHEProeMKOCTh
TakuM oOpazom, utoOsl OITH 3kcmutyatupoBascs 6€3 moTepu TEIIOBOM CTOMKOCTH B TCUCHHE
BCETO CPOKa CIIY>KOBI ero skcruryatanuu. [Ipu nckpoom mpucoennaerni OIH zHeodxommo
o0ecrneynTh KOOpauHaIuio mpoouBHOTo HanpsikeHus UI11 ¢ snexTpuueckoil mpoOYHOCTHIO
M30JIMpYIoIIei moaBecku. Beioop Toro nimm naoro cocoda npucoenunenns OITH k mpoBomy
oTpeneNsieTcsi KOHKPETHBIMH YCIOBUSIMU. TpeOyemble TOKOBBIE M SHEPreTHUYECKHUX
xapaktepuctuku nojsecHbix OITH, a Takke X paccTaHOBKa IO TPAacce M Ha MPOBOJAAX OMOP
3aBHUCST OT LIENOTO psiga PaKkTopoB:
Ot rpo3onopaxaemoctH Tpaccsl BJI,
OT XapaKTepUCTUK IPYHTA, OIPEIEISAIOIINX COMPOTUBICHUE 3a3EMJIEHUS OTIOP,
Ot tpebyemoii HanexHocTH 3Kcruryatanuu BJI BH u 1.1
[Tpu ycranoBke OITH Ha omopax HE0OX0UMO OIIEHUBAThH HE TOJILKO HAJACKHOCTh
skcrutyaraiuu BJI, Ho u HagexxHocTh akcmutyaTannu OITH. be3 comuenus ocHarienue BJI
BH, muratonux PV cereir 6-35 kB mpombinuieHHBIX 00beKTOB, ToaBecHbIME OITH
MOBBICUT HAIC)KHOCTH IKCILTyaTaIlH 3TUX 0OBEKTOB
Crnemyer OTMETUTb, UTO Ha ABYXIICITHBIX OMOPaX C BEPTUKAIBHOM MOABECKON (a3 cpeaHme
¢a3b1 MmoxHO He ocHamath OITH, Tak kKak BEpOsSTHOCTh MX OPAKCHHUSI MOJIHUEH Malla 1332
UX dKpaHupoBaHusa BepxHUMU (pazamu. [Ipu anammse mect paccranoBku OITH Ha omopax
CeyeT YYUTHIBATh KaK MPSMbIC yJapbl MOJHHMH B MPOBOJAa (IIPOPHIB MOJHUU CKBO3b
TPOCOBYIO 3aIUTY), TAK U yIap MOJHUH B ONIOPY WJIM B TPOC BOJIM3U OIMOPHI, TPU KOTOPHIX
TaKKe BO3HHUKAIOT MepeHanpspkeHus Ha mpoBojiax BJI. B cBoeit quccepramuu A.C.3y0koB
JIaeT CJIEeNYIOIINE PEKOMEHAAIMH 0 YCTAHOBKE Ha OMOPax 3al[UTHBIX alllapaTos :
- s 3authl a3 BJI oT nepeHanpsbkeHwid, BEI3BaHHBIX YAapaMy MOJIHUH B ONIOPY WIJIH
B Tpoc BOM3H onopsl, Tpedytotcst OITH ¢ Manoil 3HeproeMKOoCThIO (TIEPBOI TPYTIITH ).



- s 3amuThl (a3 BJI ot nepenanpskeHni, BRI3BAHHBIX y1apaMu MOJTHUH B (ha3HbIE
MPOBOJA B TIpoJieTe, 10cTaTtoyHo yctaHoBUTh OITH ¢ 6omb110i sHEproeMkocThio (3
et —4-0i1 TpymIl ) UMb Ha BEPXHUX (hazax.

3akiroueHue
[Tpu pOEKTUPOBAHUH CTPOSIIIIUXCS MM PEKOHCTPYHUPYEMBIX 00BEKTOB HEOOX OMMO
IIPOBOJMTH THIATEIBHOE KOMIIBIOTEPHOE MOJIEIIMPOBAHNUE BCEX AHOMAIBHBIX PEKUMOB
1 TIPOIIECCOB C IIeJIBI0 BHIOOpA KaK 3alIMUTHOM, TAK 1 KOMMYTAIIMOHHOM anmaparyphl.
B psine cimyyaeB MOXKeT BOBHUKHYTh HEOOXOIUMOCTb BBIZIBUHYTH HOBBIC TPEOOBAHUS K
STHUM armaparaM, KOTOPbIE MOTYT OBITh BBITTOJTHEHBI HX TPOU3BOIUTEISIMU
B nHacrosimee Bpemsi B 2JIEKTPUYECKUX CETSIX aKTUBHO BHEIPSETCS COBPEMEHHAS
KOMMYTAallMOHHAs W 3alllMTHas anmaparypa. B kadecTBe AyroracUTENIbHBIX U
M30JALMOHHBIX CPEJ B AJIEKTPUYECKUX almaparax CpeaHEro HalupsyKeHUs BMECTO
MacJa 1 BO3JlyXa BHEIPSAKOTCS BaKyyM U djera3. BMecTo pa3psiHUKOB ¢ HCKPOBBIM
MpUCOCTMHEHUEM BHEAPSIOTCS Oe3bickpoBbie OITH Ha 0OCHOBE BHICOKOHEITMHEHHBIX
OKCH/IHO-IITMHKOBBIX ~BapUCTOPOB. OTH ammaparbl IO3BOJSIOT 00ECIeYUTh
CYIIECTBEHHO 00Jjiee MPOCTYI0 MX AIKCIUTyaTamuio. BBICOKHMIA KOMMYTAIIMOHHBIN
pecypc BaKyyMHBIX U JIETA30BBIX BBIKJIFOYATEIEH NTO3BOJIET UX DKCILTYaTUPOBATH
0e3 peMOHTa B TEYEHUE JUTUTEIHHOTO BpeMeHH. OTHAKO, BRICOKHE KOMMYTaIlMOHHBIC
U 3allIUTHBIC YCTPOICTBA 3TUX aIMapaToB TPEOYIOT O0JIee OTBETCTBEHHOTO MOAX 0/1a K
ux BeIOOpyY. Hanmpumep, Heotkimogaemsrii anmapat OITH npu HenpaBuibHOM BEIOOpE
€ro XapaKTEPUCTHUK MOKET BBIMTH U3 CTPOsI ITPH MPEBBILICHUHN B TEUEHUE HEKOTOPOT'O
BPEMEHH JIOIYCTUMOTO HAIPSKEHUS] B TOYKE €r0 MOAKIIOYEHUS B HOPMAJIbHOM
AKCIUTyaTallMOHHOM pexxuMe. HermpaBunbHbIN BRIOOP BaKyyMHOTO BBIKITIOYATEIS
MOYKET IIPUBECTU K NEPEKPBITHIO BUTKOBOW M30JIALUMN BPALIAOIIUXCS MAIIWH WU
TpaHcpOopMaTOpOB.
[TockonbKy Kaxablii 0OBEKT B KAKOH-TO MEpe YHUKAJIECH, TO €T0 TPOSKTUPOBAHHE, B
TOM YHCJI€ ¥ BEIOOP CHCTEMBI 3a3€MIICHUS] HEUTPAId, KOMMYTAIMOHHBIX ¥ 3aIIUTHBIX
amnrapaTtoB M MX XapaKTEPUCTUK JOJDKEH TIPOU3BOIAUTHCS C YYETOM BCEX
JKCIUTyaTallMOHHBIX CUTYyalluii, B TOM YHWCJE U HEIITAaTHBIX. B Hacrosmee BpeMs
3a/1a4a KOMITBIOTEPHOTO HCCIIEA0BAHNS JIEKTPOMArHUTHBIX MIEPEX  OJIHBINIPOLIECCOB B
KaKJIOM KOHKPETHOM CIy4ae MOXET OBITh PEIIeHa JOCTAaTOYHO JIETKO, TaK Kak
COOTBETCTBYIOIIUE HCCIIEOBATEIbCKIE OpPTraHu3aiuy (B TOM 4ucie psa kKadeap
BY30B) 00Ja7aeT KOMILIEKCOM IPOrpamMM JIsl UCCIEAOBAHUS JIEKTPOMAarHUTHBIX
IIEPEXOAHBIX MPOLECCOB B JJIEKTPUUYECKUX CETAX IPHU JOCTATOYHO ITOCTOBEPHOM
MOJICJIUPOBAHUY KOMMYTAIIMOHHOW, N3MEPUTEIBHON M 3aIlIUTHOM anmnaparypsl, a
TAK)K€ yCTPOMCTB PEICUHON 3alIUTHl 1 ABTOMATHKHU.





