VK 621.316.577

OUJIbTPOBASA 3AILIUTA
INOTPEBUTEJIBCKHUX JIEKTPOYCTAHOBOK

Kana. Texu. nayk, gou. IOJIYSHOB M. ., CHACTHASA E. C.

benopycckuii hayuonanbHwlli mexHuueckuil ynusepcumen

OpHa u3 BaXHEHIIUX 3a/1a4 B O0JIACTH 3JICKTPOCHAOXKESHHS MTPOMBIIIICHHO-
CTH, CTPOUTENBCTBA U JAPYTHUX OTpaciied HapOJHOTO XO3SHUCTBAa — 3alllUTa MpPHU
aBapUIHBIX PEXHUMAaX AJIEKTPOYCTAHOBOK WM JIMHUN OT MOPaKEHUs DJIECKTpUYE-
CKUM TOKOM. J1Jisl 3TOM LenH MOTPEOUTEIHCKUE IIICKTPOYCTAHOBKU OCHAIIAKOTCS
HECKOJIbKUMM 3alllUTHBIMM ammapaTaMu, KaXJblii U3 KOTOPBIX YJOBJIETBOPHU-
TEJIBHO pearupyeT Ha OAMH-IIBA aBApUUHBIX pexxuma. Hekoropsle xe aBapuu,
Takhe KaK OOpBIB JIMHEHHOTO MPOBOJAA, MpoOou (a3HOW HM3OISIIHUUA U APYTHE,
CONPOBOXKJIAIOTCA TOKaMHM, COMMOCTABUMBIMHU C TOKamu Harpy3ok. Iloaromy 3a-
IIUTHI TOTpEOUTENEH, pearnpyoue Ha BeTHYHHY (Pa3HOTO TOKa, HE MOTYT OT-
JUYUTh aBAPUUHYIO CUTYallMI0O OT HOPMAJBHOTO PEXHMa U JOMYCKAIOT AJIU-
TEeIhHOE MPOTEeKaHWe Takux aBapuil. CienoBaTenbHO, OJHOTO MX MPU3HAKOB —
BEITMIMHBI TOKA — HEJIOCTATOYHO JUISI Y€TKOTO OOHApYy>KeHUS HapYIICHUH HOpP-
ManbHON paboThl. [lodTOMYy 3amUTHI TMOTPEOUTENHCKUX 3JIEKTPOYCTAHOBOK
JIOJDKHBI HE TOJIBKO CPaBHUBATh BEJIIMUMHY aBAPUIHOTO TOKA C TOKOM CpadaThI-
BaHWsI, HO U HEMPEPHIBHO aHAIM3UPOBATH CUTYAIIHIO B 3aIIUIIAEMOM OOBEKTE U
B 3aBHCHMOCTH OT PE3yJIbTaTOB TAaKOTO aHAJN3a Pa3lIMYHBIM 00pa3oM pearupo-
BaTh Ha TOKHW OJIMHAKOBOW BelIWYWHBL. Hampumep, neperpyska u oOpbIB JIMHEH-
HOTO MPOBOJIA, COMPOBOXKIAIONINECS PABHBIMU TOKAMH, JOJDKHBI OBITH OTKIIIO-
YEHbl C Pa3JU4YHBIMA BPEMEHAaMH, IOCKOJIBKY MEpBasl CUTyalusi MOXET CaMo-
YCTPaHUTHCS, a BTOpas, SIBJAACh aBAPUHHON, MOXKET MPUBECTH K MOBPEKIACHUIO
AIEKTPOYCTAaHOBKH. TOYHO Tak ke MpH OJHO(A3ZHBIX KOPOTKUX 3aMBIKAHHUSIX
JEKTPOYCTAHOBKH JOJDKHBI OBITh OTKJIIOUEHBI Jake OBICTpee, 4eM IpH IBYX-
win Tpex(as3HbIX, TaK KaK HA UX KOPIycaX B ATHX CITydasxX IMMOSBISIOTCS OIac-
HBIE JJIA JII0JIed MOTEHUHAJIbl IPUKOCHOBEHUA. MKy TeM HU TOKOBBIE, HU Te-
IJIOBBIC 3JIEMEHTHI, pEardpyroIlue Ha BEJIMYUHY TOKA B (ha3HBIX MPOBOJAX, HE
MOT'YT IIPOU3BECTH aHAJIU3 aBAPUNHBIX PEKUMOB U OTJIIMYUTH UX APYT OT ApyTra.

Tpexda3ubie KOPOTKHE 3aMbIKAHUS U TIEPErPY3KU IJICKTPOYCTAHOBOK CO-
MPOBOKAAIOTCS TOJBKO TOKaMHU MPSAMOU MOCIJI€I0BATEIbHOCTH, Pa3IMUHbIE BUIBI
BHYTPEHHUX MOBPEXACHUA U HECUMMETPUYHBIX KOPOTKUX 3aMBbIKaHUN — TOKa-
MU TIPSMOM U 00paTHOW MOCIIe0BaTeIbHOCTEH. ECiu jke MPOUCXOIUT MOBpPEXK-
JIEHUE H30JLMHA Ha KOPIIYC M ATO CO3JAET ONAacHbIC AJIA JIOACH MMOTEHIMAJIbI
[IPUKOCHOBEHUS, TO MOSBISAIOTCS B JONOJHEHUH K MEPBBIM IBYM TOKHU HYJIEBOM
MOCIIeIOBATENILHOCTA. TakuM 00pa3oM, HaIWYKWE TOKa OOpaTHOW MOCIeIoBa-
TEJIBHOCTH SIBJISIETCSA XAPAKTEPHBIM OTINUYUTENBHBIM INPU3HAKOM BCEX HECHUM-
METPUYHBIX aBapUHHBIX PEXKHMMOB, a TOKAa HYJEBOM IOCJIENOBATEIILHOCTH —
TOJIBKO PEXHMOB, CO3IAIOUINX yIrpo3y MOPAKEHUS JIOACH 3IEKTPUUECKUM TO-
koM. CremoBarenbHO, (QUIBTPHI TOKOB CHUMMETPUYHBIX COCTABJISIONIMX MOTYT
[IOCIIYKUTh OCHOBOM 3aIUTHBIX YCTPOWCTB, HEMPEPHIBHO aHAIU3UPYIOIIHUX CHU-
Tyalyio B 3alIMIAEMOM OOBEKTE M CITIOCOOHBIX PA3IMYUTH Pa3HBIE BHIBI HApY-
IICHUH HOPMaJbHON pabOTHI. 3alllUTHOE YCTPONCTBO B 3TOM Cllydae JOJKHO
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cofiepKaTh (PUIIBTPHI TOKOB TPEX MOCIEI0BAaTeNbHOCTEH, Ha BBIXOAaX KOTOPBIX
BKIIFOUCHBI UCTIOIHUTENBHBIC 3JeMEHThL. [Ipu 3TOM GUIbTp TOKa HpsSMOil Io-
CJIEJIOBATEIHHOCTH M WCIOJHUTEIHHBIN 3JIEMEHT Ha €r0 BBIXOJIE C BPEMS3aBH-
CUMOHN XapaKTePUCTHKOW CIy>KaT TOJBKO UIS BBISIBICHUS TpeX(a3HbIX KOpPOT-
KHX 3aMBIKaHUM M TEePEerpy30K 3JIEKTPONPHEMHUKOB. OUIbTp TOKa 0oOpaTHOM
3aBHCUMOCTA U WCIOJHHUTEIBHBIA DJIEMEHT C HEOOJBIION HE3aBUCHUMOMW BHI-
nepxkkoit Bpemenu (0,1-0,5 ¢) m ycranoskoit cpabarsBanms (0,1-0,15)1,
CIIy’KaT ISl BBISBICHUS HECHMMETPUYHBIX aBapuil Bcex BHAOB. DUIBTp TOKa
HYJIEBOH IOCIIEI0BATEIILHOCTH M WCIIOJHUTEIBHBIA 3JIEMEHT Ha €r0 BBIXOAE C
yctanoBko# cpabareiBanug 0,01-0,03 A n munumansHON (okoso 0,05 c¢) BbI-
JepKKOW BPEMEHU CIY)KaT IS BBISABICHHS OIACHBIX ISl JIIOJEH aBapHITHBIX
PEXKUMOB (TIOCIIETHIE COCTABISIOT OCHOBY BBICOKOUYBCTBUTENBHBIX allapaToB
30VII-25, PY u npyrux, 3aliymialoniaX OT MPUKOCHOBEHUS K TOKOBEMIYIITIM
JacTsIM).

[Ipy cUMMETPUYHBIX U HECUMMETPUYHBIX KOPOTKHX 3aMBIKAHHSIX B MUTAFO-
el CeTH W meperpysKax AJIEeKTPONPUEMHUKA TOKH OJHON WIIM HECKOJIBKUX I0-
CJIEJIOBATEIHHOCTEH OOJIbIIIE TOKOB HArPYy30K, MMOATOMY 3aIHTa MOBPEXKISHHOTO
y4acTKa He MPEACTaBIsAeT 3aTpyIHeHUH. BHyTpeHHNE Ke MOBPEXKICHHS JJICKT-
POYCTaHOBOK, COIPOBOKAAIOIIMECS HE3HAUYUTEIbHBIMH ABapUHHBIMUA TOKAMH
(MEXBUTKOBBIE 3aMBIKaHUS, MPOOOW HM3OJSIMHA Ha KOPITYC), @ TaKkKe OOPBIBBI
MUTAIONIETO MPOBO/Ia TPEOYIOT OoJiee NeTabHOTO paccMoTperus. C 3TOH 1eNbio
HaMU ONpeJelieHbl TOKH TOBPEXKISHHON (a3bl, MPsSMOii, 00paTHOW M HYJIEBOW
MOCJIeI0BaTeILHOCTEH MPH IEPEUNCIICHHBIX PEXUMaX, a TAK)KE HaNpsDKEHHE Ha
KopITyce mpHu poboe u3osun Ha kopmyc (puc. 1). s atoro mo meroxy y3imo-
BBIX MMOTCHIMAIIOB HAlICHBI HANIPSHKCHUS B HEUTPAILHOW TOYKE 3Be3/bl (Da3HBIX
Harpy3okK ¥ B TOYKE MOBPEXKAECHUS IIPU MPo00e U30JSIHMU OAHOM U3 (a3 Ha Kop-
yC, HApsDKEHWE CMEIIEeHUs] HEeUTPal MPH MEXBUTKOBBIX 3aMBIKAaHUSIX OJIHOW
¢azbl, a 3aTeM ompeneneHsbl (a3Hble TOKH U TOKA CUMMETPUYHBIX COCTABIISIO-
mmx. Toku 00paTHON MOCIEeN0BAaTEIBHOCTH MPH OOpBIBE MHUTAIOLIETO MPOBOJAA
MTOCTPOEHHI TI0 TUIOBOH paboueii xapakrepuctuke | = f(P) acuaxpoHHOrO 31I€K-
TPOJBUTATEINSI, Y KOTOPOTO OHM 3aBUCST OT Harpy3ku Ha Baiy. [lyis snexrpompu-
€MHHUKOB C TIOCTOSHHOM Harpy3ko (Hampumep, 3JEKTPOABHUIaTeIH) TOKH
00paTHOM MoCIe10BaTeNbHOCTH HEN3MEHHBI U B \/§ pa3 MEHbIIIE TOKOB OCTaB-
muxcs aByX ¢a3. [Ipu 3ToM MBI TpeHeOperaay CONPOTUBICHUSIMHU MMUTAIOICH
CEeTH U ABJICHUEM aBTOTPACPOPMAIUK, HMEIOIIUM MECTO TP MEKBUTKOBBIX 3a-
MBIKaHHSIX B 3JIEKTPOBUTATEIE.

Kak BUIHO 13 TIOTYYEeHHBIX PE3yJIbTaTOB, IIPU YCTAHOBKE CpadaThIBAaHUS UC-
MOJTHUTENILHOTO JIEMEHTa Ha BBIXOAE QHIbTpa TOKa 0OpaTHOH MocienoBaTelNb-
voctH 0,151, (B HOpMaAIBHOM PEKHUME TOKH OOpaTHOM MOCIEIOBATEIHHOCTH H3-
32 HECUMMETPHUH IHTAIONIET0 HAIMpPSDKEHUS WM HECHMMETPHH HWCIOJHEHHS
AJIEKTPONIPUEMHHUKOB JOCTUTalOT BenmuuuHbl mopsiaka 0,11;) obecrneunBaercs
YIOBJICTBOPHUTENbHAS 3alIATA TAKUX PACHPOCTPAHEHHBIX 3JICKTPOIPHEMHHKOB,
KaK, HampuMep, KaJopudQepbl, BOJOHATPEBATEIN W ACHHXPOHHBIE JIBUTATEIH,
MpH BCceX 0OpBIBaX JTMHEWHBIX MPOBOJOB HE3aBUCUMO OT HArpy3KH, IPU BUTKO-
BBIX 3aMbIKaHUSX He MeHee 35 % (a3HOil 0OOMOTKM U TPHU MPOOOSX HA KOPITYC
M30JSIUMU BUTKOB, YJAJICHHBIX HE MeHee 4eM Ha 45 % OT HeWTpaJbHON TOUKHU
3Be3bl Harpy3ku (puc. 1). ButkoBble 3aMblkaHus MeHbIIeH 4actu (a3HOU 00-
MOTKH{ ¥ IPOOOU M30JISLMHU Ha KOPITYC OJIMKE K HEUTPaIbHOW TOUYKE 3BE3/bI MPH
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JTAHHOW YCTAaHOBKE CpabaThIBAHUS HWCIOJHUTEIBHOTO D3JEMEHTA HAa BBIXOJC
¢unpTpa TOKa OOpaTHOW TOCJIECMOBATEIBLHOCTH OTKIHOYAThCA He Oymyt. Ilpwm
3TOM, OJIHAKO, HANPSKEHUE Ha KOPIyCe JCKTPONPUEMHHUKA HE MPEBBICUT CUH-
Tapirelics 0ezonmacHoi BenmmuuHbl 24 B (U < 0,1U,). ITosToMy 3ammTHOE YCT-
POWCTBO, cojepiaiiee Jake IBa TOKOBBIX (GWIbTpa (MpSIMOM U 0OpaTHOI
MOCJIE0BaTEILHOCTH ), CIIOCOOHO Ka4eCTBEHHO YIYUIIUTD 3aIUTY SJIEKTPOIPH-
€MHHUKOB M TIOBBICUTH 3JIEKTPOOE30IACHOCTh MX IKCILTYaTaI[iH.
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Puc. 1. Toxu noBpexIeHHON (a3pl, IpsAMOH, 0OpaTHON M HyJIEBOH IOCIIEAOBATEIBHOCTEH U Ha-
MpsHKEHNE Ha KOPITyce SNIEKTPONPUEMHHUKA B 3aBUCHMOCTH OT MECTa NMpo0osi N3O0MAILUN U Harpy3-
Ku Tipu 00peIBe (azHoro mpoBona: lay, Iy, 121, log, U — TOKM moBpesxxneHHoH (a3sl npsMoi, oopat-
HOM W HyJEeBON MOCIENOBATENbHOCTEH W HAIPSDKEHHE Ha KOPIyCce JJIEKTPOIPUEMHHUKA IpU
poOOEn30IAIHIN Ha KOPITYC; |z, 112, 122 — T€ e TOKM MpU BHYTPEHHHUX 3aMBIKAaHUIX B DJIEKTPO-
HpUEMHHKE; |poq, — TOK 0OpaTHOHM mocnen0BaTeNbHOCTH NpH 0OphiBe (asnoro nposoxa; W, K —
KOJIMYECTBO MOBPEXKICHHBIX BUTKOB U Harpy3Ka 3JIeKTPOIPUEMHHIKA COOTBETCTBEHHO

Bcenencreue sToro ¢unsTpoBas 3ammra NoTpeOuTeNe MOXET OBITh OIpaHH-
YeHa JIMIIb ABYMs JaHHBIMH (UILTPAMU TOKOB M HCIOJHUTEIBHBIMH 3JEMEH-
TaMU C YKa3aHHBIMHM BBIIIIE CBOWCTBAMH Ha WX BBIXoJaX. B aToM ciy4ae ¢puibt-
POBBIN 3aIMTHBIN ammapar HawboJyiee Ielecoo0pa3Ho TMOCTPOUTH Ha 0asze co-
BMEIICHHOTO (DUJIbTPA TOKOB NPSAMON M 0OpaTHOH mmocieaoBaTenbHOCTEN [1]
(puc. 2), B KOTOPOM JIOJKHBI OBITH BBIMOJHEHBI CIEAYIOLINE YCIOBUS MOA00pa
[apaMeTPOB 3JIEMEHTOB!

M,=M,=M, R+M =-a’(Z+M) (u puc. 2a);
M,=M,=M, Z+M =-a’(R+M) (us puc. 26),

rac Ml )41 M2 — COIIPOTHUBJICHHUA HWCIIOJIHUTCIIBHBIX 3JIEMCHTOB, BKIIFOUCHHBIX
Ha BBIXOJBI TOKOB HpHMOﬁ u O6paTHOﬁ HOCHCHOBaTCHBHOCTEﬁ COOTBCTCTBCHHO,
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Puc. 2. 3amuTHOE ycTpOHCTBO Ha 0aze COBMENIEHHOro (MIBTPA TOKOB HpsIMOM M oOpaTHOM

HOCJIEIOBATEIFHOCTEH C: @ — eMKOCTHBIM JJIEMEHTOM; O — MHIYKTHUBHBIM JJIEMEHTOM B (DHIIBTPE;

M; — HCHONHHUTENBHBIA 3JIEMEHT HA BBIXOJE TOKAa MPSIMOM IMOCIeNOBaTENbHOCTH; M, — To xke
00paTHO#! MmocIe0BaTeIbHOCTH

3amMTHBIN anmapar, TOCTPOCHHBIH Ha COBPEMEHHOM (HIBTPE TOKOB, MPO-
W3BOJIUT HENPEPBIBHBIA aHANIN3 CUTYallMd B 3alUIAeMOM OOBEKTE, CIOCOOCH
pa3IMuUTh CUTYalMH C Pa3HBIMH TOKAMHM, BBI3BAHHBIMHM Pa3HBIMM IPUYHHAMU,
HampUMep aBapUHBIMHU M TEXHOJIOTHUYECKUMH M Pa3IMYHBIM 00pa3oM pearupo-
BaTh Ha HUX, a TaKXKe 00JIaJaeT APYTUMH MOJIE3HBIMHA CBONCTBaMH. Bo-TiepBhIX,
HCIIOJTHUTEIIbHBIE 2JIEMEHTHI, BKIIOUEHHBIE Ha BBIXOJbI TOKOB Pa3HBIX MOCIENO-
BATEIILHOCTEW, PE3epBUPYIOT APYr Ipyra B psAc aBapUMHBIX pPEXKUMOB. Bo-
BTOPBIX, ammapaTr o0JiafjaeT CBOHCTBOM CaMOKOHTPOJSI HCIIPaBHOCTH, TaK Kak
mo0oe ero BHyTpEHHEE HapylICHHE MPHUBOAUT K PAacCTPOMKE COBMEILEHHOTO
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(¢uIbTpa TOKOB, a 3HAYUT, K M3MEHEHUIO TOKOB, MPOTEKAIOMINX MO WCIOIHH-
TEJIBHBIM 3JIeMeHTaM. J[Ba OTAEIbHBIX (PUIBTPA, B OTIMYUE OT COBMEIICHHOTO,
TaKUM CBOMCTBOM HE 00J1a/1at0T. B-TpeThUX, NaHHBIN 3allIUTHBINA armnapar MOMXeT
OBITh YHU(HIIMPOBAH I TIOTpeduTeNelt Bcex MomHocTe. HacTpoiika Ha Tpe-
OyeMyH MOIIHOCTh B 3TOM Cllydae MPOU3BOIUTCS MOA00pOM KO3 UIIMEHTOB
Tpanchopmanuu TpaHchopmMaropoB Toka. M, HakoOHel, JAaHHBIA ammapar, 3a-
mumIas Tpex($a3Helid JIESKTPOTPUEMHHUK OT KOMIUICKCA aBapUHHBIX PEKUMOB,
crocoOeH 3aMEeHUTh cO00# OJIOK U3 HECKOJIBKUX amllapaToB, TAKHX KaK aBTOMa-
TUYECKUN BBIKITIOYATENb C SJIEKTPOMArHUTHBIMH U TEIJIOBBIMU PACIICTIUTEIISIMU,
TEIJIOBOE pelie U peiie oOpwiBa (a3. Bee 3To mo3BONISIET CuenaTh BRIBOI O IICIIe-
CO000Pa3HOCTH MPUMEHEHHS (QUIBTPOB TOKOB CUMMETPHUHBIX COCTABJIAIONTNX, U
B YaCTHOCTH, COBMEIIEHHBIX (DUIBTPOB MPSAMOW ¥ OOpPaTHOM MOCIIEA0BATEIBHO-
CTEH IJIst 3aTUTHI TPeX(ha3HBIX AIEKTPOIPHEMHIKOB.

BbBIBOJ

enecooOpa3HO MPUMEHSTH COBMEIICHHBIE (IIBTPHI TOKOB MPSIMOW U 00-
paTHOM MOCIeN0BaTENbHOCTEH A 3aUThl TpeX(a3HbIX IPUEMHUKOB IIPU pa3-
JMYHBIX HAPYLICHUSX UX HOPMaIbHOW PaOOTHI.
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Canxm-IlemepOypeckuii cocyoapcmeennvlil mexHu4eckuil yHugepcumen

Jyis KoMITeH caI i U30BITOYHON PEaKTHBHON MOIIHOCTHU U TOBBIMICHUS TIPO-
IMyCKHOHM crocoOHOCTH JuHUHA 3nekTponepenadn 500 kB mmunoit 1488 kM BO
BreTrHame HCIIONIB30BaHBI MIYHTHPYIOIINE PEAKTOPhI C YCTPOHCTBAMH MPOOIh-
Hoit komnencaiuu (I1IP ¢ VIIK) (puc. 1, ta6n. 1). Bo BeeTHame nipu npumene-
uuu LIP ¢ VIIK B cucreme snekrponepenaaun S00 kB MOXKHO pemuTh npobiaemy
OTpaHWYEHHs TIOBBIIICHUS HANPSDKEHUS B KOHIE JMHWM TP MajbIX Harpys-

24





