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BBEJAEHUE

KypcoBoil mpoekT crnocoOCTBYeT yIriyOJeHUIO U 3aKPEIUICHUIO 3HAHU, MOTy4YeH-
HBIX CTyJEHTaMH MO OCHOBHOM M CMEXHBIM JTHUCLUUIUIMHAM, YYUT PEIIaTh MPAKTHYECKUE
3a1auu B 00J1aCcTH pesieiHOM 3anuThl 1 aBToMaTuku (P3 u A) cuctem amekTpocHaOKeHHUS.

YceTpolcTBa peNedHON 3allMThl U aBTOMATUKHU SIBIISIFOTCS. OPraHUYECKOW YaCThIO
KOMILJIEKCA 3JIEKTPOOOOPYAOBAHUS DJIEMEHTOB 3JIEKTPUUYECKUX CTAHIMN M MOJCTAHIUM.
be3 ycroitunBoro hyHKIIMOHUPOBAHUS YCTPOUCTB PEICHHOMN 3aIlMThl 1 aBTOMATHKUA He-
BO3MOXHO OOECIEUUTh HAJEKHOE DIIEKTPOCHAOKEeHUs oTpeduTeneit. OcHOBa ycTOWUHU-
BOro GyHKUMOHUPOBaHMS ycTpoucTB P3 u A 3akmanpiBaeTcs IpH pacdyeTe W BbIOOpeE
YCTaBOK.

TpebGoBanus, npeabsBiasiembie K P3 u A, MoryT ObITh peaii30BaHbl TOJIBKO MpU
THIATEILHOM aHAJIM3€ B3aUMOJICHCTBUS MPOEKTUPYEMBIX YCTPONCTB, yueTe 0COOCHHOCTEN
TEXHOJIOTUH IPOU3BOJICTBA U PACIIPEEIICHUN DJHEPTUH, CXEM IEKTPUYECKUX COCTNHEHUN
00BEKTOB, crien(PUKN paboThl MOTpeOuTENel, (HPU3NUECKUX MPOIECCOB, MPOUCXOISIINX B
HOPMAaJIbHBIX, aBAPUNHBIX U MOCICaBAPUINHBIX PEKHUMAaX B MEPBUYHBIX U BTOPUYHBIX II€-
X U3MEPUTEIBHBIX TPAHC(POPMATOPOB TOKA U HAIIPSIKEHUSL.

[Ipy BBIMOJHEHUU KYypCOBOIO MPOEKTa HEOOXOJIMMO OCBOUTH BHIOOP NMPHUHIIMIIOB U
pacyeT yCTaBOK 3allUT 3JIEMEHTOB OCHOBHOIO OOOPYIOBaHMSA NOJCTAaHUUU (JIMHUU,
TpaHcQOopMaTOpoB U 3eKTpoaBurareneil). [lepen pacuerom ycTtaBoK pesieiiHON 3alIUThI
IIPEABAPUTEIIEHO ONPEIEISAIOT BBl OCHOBHBIX M PE3EPBHBIX 3aIIUT, MOJICKANIUX pac-
4eTy, 3aTeM BbIOMPAIOT YCTaBKU U ONPEIEISIIOT YyBCTBUTEIBLHOCTH 3aluT. HalineHHble
3HaUYC€HUS KOI()PUIIMEHTOB UyBCTBUTEIBLHOCTH JIOJDKHBI OTBEYaTh TPEOOBAHUSM IPABUI
YCTPOMCTB AeKTpoycTaHoBoK (ITY D).



1. SAJAHUE U OBIIUE YKA3AHMUSA 110 EI'O BBIITIOJIHEHUTO

1.1. PekoMeH1a1IUM 110 BBHIMOJHEHUI) PA0OTHI

B HacrosimeM mocoOuu paccMOTPEHBI METOAMYECKHE MaTepuaibl, He0OXOIUMbIe
JUTSL BBITIOJIHEHUS TUIOBBIX PACU€TOB MO PENEHHON 3alUTE U aBTOMATHUKE B CXEMaX 3JIEK-
TpocHaOxeHuss. OCHOBHOE BHUMaHHE CKOHIIEHTPUPOBAHO Ha BOIPOCAX, PELICHUS] KOTO-
PBIX CBSI3aHO C BBIIIOJHEHUEM KOHKPETHBIX CXEM PEJICHHON 3allUThl U aBTOMATHUKH IJIaB-
HBIX TOHU3UTENBHBIX NOACTAHIMH. [{151 BBINOIHEHNS pa3/ieloB JAl0TCs yKa3aHHUs Ha 0CO-
OEHHOCTH BBIIIOJIHEHUS! YCTPONUCTB aBTOMATUKH U PEIEHHON 3alUTHI.

B nocoOun u3noxeHsl: METOIMKA BHIOOpA IPUHLIUIIOB PEJIEWHOM 3alUThI, aBTOMa-
TUKHM U pacyeTa napaMeTpoB COOTBETCTBYIOLIMX YCTPOWCTB, METOAMKA IPOBEPKHU JOIy-
CTUMOCTHU UX HCIIOJIb30BAHMS, a TAK)KE MPUMEPHI BBIOJIHEHUS dJEKTPUUECKUX CXEM 3a-
IIUTH 1 aBTOMATHKH.

Br160p B pacripenenuTensHOM CETH U Ha MOJICTAHIIMU BKIIOYAET B ceOs mOciIe10Ba-
TEIbHOE PEIICHUE CISAYIONINX 3a/1a4:

1. BosIOop mpUHLKIIOB PENEHHON 3aIIUTHl U aBTOMATHKHU IS TAHHBIX AJIEMEHTOB
(yuacTka TuHUM, TpaHc(hopMaTopa, 3JIEKTPOYCTAHOBOK).

2. Pacuet ToxoB kopoTkoro 3ambikaHus (K3) B 00beme, HEOOX0IMMOM JIs pacue-
Ta mapameTpoB cpadaThiBas U MpoBepKu KodhPuimeHToB uyBcTBUTENbHOCTH (Ky) 3a11uT.

3. Bri6op tpanchopmaropos Toka (TA), tpanchopmartopoB Hampsixenus (TV) u
uX K03 UIUEHTOB TpaHCHOPMAIIUH.

4. Pacuer ycTaBOK peieiHON 3allUThl U aBTOMATUKU (TTapaMeTpoB cpadaThIBaHUS
U3MEPUTENIbHBIX U IIyCKOBBIX OPraHoB), MpoBepKa 3HaueHus K., onpeaenenus HeoOXxoau-
MOCTH BBITIOJTHEHUS OJIOKMPOBOK 3aIIUT , PaCUET BBIIACPKEK BPEMEHH.

5. Pa3paboTka pa3HECEHHBIX CXEM LIeTIe TOKa, HANpPSKEHUs, Lenel onepaTuBHO-
ro TOKa PEJICMHOW 3alIUThl U ABTOMATHKH, LIENIEN YIIPABJICHUS BKIIIOUATEISIMU.

1.2 UcxoaHbie 1aHHBIC

CryzaenTsl B pabote Tpu 3ananusi. [lepBoe — pacueT TOKOB KOPOTKOTO 3aMbIKaHUS .
BTopoe — pacuer 3amuThl NUTAOLIEN JIMHUU 3JIEKTponiepeaun. TpeTbe — pacyeT 3aliuThl
3JIEKTPOABUTATEIIEH.

Hcxonnble JaHHbIE K 3a/1aHieM, IpUBeIeHHbIe B Ta0auie 1.1, natotcs B BapuaHTax
0 MOCTeAHeH U peAnocaeaHel mudpam mudpa cryjaeHTa (Homepa 3a4eTHOM KHUKKH).

[TpuHnMNIUaTBHAS cXeMa AIIEKTPOCHAOKEHHsI MTOACTAHIINU N300paxeHa Ha puc. 1.1.
B HopmanbHOM pexkume o6e nmuauu W1, W2 u o6a tpancopmaropa T1, T2 nHaxoasarcs
noja Harpy3kod. Harpyska kaxmoil cexuuu noactanuuu b (puc. 1.1) paBHa cemuaecsatu
MPOLIEHTAM HOMUHAJILHON MOIIHOCTH TpaHcpopMaropa. CeKUMOHHBIN BhIKIOUYaTeb Q3
OTKJIFOUYEH.



B 3amanusax mpemycMOTpeH BBIOOp M pacydeT 3allluT OT MEXIy(a3HbIX MOBPEkKIe-
Hull. [{ns 3auT TUHUN 3JEKTPOABUTATENCH ¢ BBHIKIIOYCHUEM pelie Ha pa3HOCTh (Da3HbIX
TOKOB U JJIsl 3aIIUT TpaHchopmaropoB pacueT K, menecoodpazHo npous3BOAUTH MO BTO-
PUYHBIM TOKaM. BBIOOp MCTOYHHKA MUTAHUS ONEPATHUBHBIX LIEMEH MPOU3BOIUTCS paspa-
6oTtunkoMm. [Ipu BEIMOTHEHNH 3aaHU CIIeAyeT PYKOBOACTBOBAThCA yKazaHUsMH [IpaBuin
YCTPOMCTBA 3JEKTPOYCTAaHOBOK (I1ecToe u3nanue), pazaen 3. Ilpu moctpoeHun cxem pe-
JIEHHOM 3alllMThl W aBTOMATHKH YCJIOBHbIe Tpaduueckre U OyKBEHHbIE O0O3HAYCHUS
noJpkHbI 0TBeuath TpedoBanusM ['OCT 2.755-87, 'OCT 2.756-76 u I'OCT 2.710-81.
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Pucynoxk 1.1. IlpunniunuansHas cxeMa dJIeKTPOCHA0KEHUS




Tabmura 1.1

[Tocnenusas U,y kB U, KB P, kBT Tun Tpancdopmaropa U vun, %0 U vaxc., %0
uugpa
1 115 6,6 160 TJIH-10000/110 8,70 12,36
2 115 6,6 700 TJIH-16000/110 9,80 11,71
3 115 10,5 1000 TPJIH-25000/110 9,84 11,72
4 115 10,5 800 TPIH-40000/110 9,59 11,46
5 158 10,5 630 TIH-16000/150 11,50 11,80
6 158 10,5 500 TPIH-32000/150 10,86 10,14
7 158 10,5 400 TPIH-63000/150 10,66 10,00
8 230 10,5 320 TPIH-32000/220 11,60 12,70
9 230 10,5 250 TPIH-63000/220 11,60 12,70
0 115 10,5 200 TPJIH-32000/110 9,77 11,58
[Tponomxenue Tadauiel 1.1
' 5 = b = . =
‘E’(m : ; o ) b:“ 8%; %H‘Eg q:)g =
=Elé |S |REE |ZEFCE|S5E 2285 &2E5 |28« |REES
1 |2200 |2000 20 5.2 5 0.5 1.0 2.0 0.1
2 3000 |2600 30 55 4 0.6 1.5 2.1 0.2
3 |3500 |3100 40 6.0 3 0.7 2.0 2.2 0.3
4 | 4000 |3600 50 6.2 2 0.8 2.5 2.3 0.4
5 |5500 |5100 60 5.7 4 0.9 3.0 2.4 0.5
6 |6000 |5600 70 5.8 5 1.0 3.5 2.5 0.6
7 2500 |2100 80 5.7 4 1.1 4.0 2.6 0.7
8 4500 |4100 90 5.2 3 1.2 4.5 2.7 0.8
9 |5300 |4900 100 5.1 6 1.3 5.0 2.8 0.9
0 |5000 |4600 110 4.7 2 1.4 55 2.9 1.0




2. METOANYECKHUE PEKOMEHJIALIUHA 11O PACUETY
YCTAHOBOK 3AIIIMUTHI

2.1. 3amuTa nuTaWe JUHAN JJIeKTponepeaaYu

[1YD [1] npenycMaTpuBaoT Ha OJIMHOYHBIX JIMHUSX C OJHOCTOPOHHUM MUTaHUEM
OT MHOTO(a3HBIX 3aMbIKAaHUN YCTAHOBKY CTYNEHYATBIX TOKOBBIX 3aluT. B 3TOM 3a1anuu
JOCTATOYHO MPEAYCMOTPETh YCTAHOBKY JBYXCTYIEHYATOW TOKOBOW 3amuThl. [lepBas
CTYyIIEHb — TOKOBasi OTCEYKA MTHOBEHHOT'O JIEMCTBUS, a BTOpas — MaKCUMaJbHas TOKOBas
3amurta MT3, cornacoBannas no cenektuBHocTH ¢ MT3 Tpanchopmaropa (T1 ang nuauun
W1).

PekomenmyeTcst i1 MaKCUMalbHOTO ¥ MUHUMAJIBHOTO PEKUMOB pabOThl CUCTEMBI
mpousBecTy pacuet TokoB K3 jist Tpex Touek Ha TuHUM (B Havalie, CEpeIMHE U KOHIIE), 3a
TpaHcGopMaTopoM, U MO Pe3yJbTaTaM pacyeTa MOCTPOUTh rpaduk U3MEHEHHUs TOKa B 3a-
BUCUMOCTH OT JIJIMHBI 3allIUIIaeMoro ydactka (puc.2.1, 6).

TokoBass OTcedka HE 3alMINACT BCIO JUIMHY JMHUWA U HE MOXET HMCIOJIb30BAaThCS
Kak OCHOBHas 3amura. OQHAaKO, B YaCTHOM Clly4yae, KOrja 3allyiiacMas JINHHUS [UTAeT
TYIUKOBYIO MMOACTAHIMIO, OTCEYKa MOKET BBINIOJIHATCS 4yBCTBUTENbHOM Ipu K3 B 10001
TOUKe JUHHUM. JlJI1 3TOro TOK cpabaThIBaHHMs OTCEUYKH OTCTpamBaercs oT Toka K3 3a
tpanchopmaTopom T1 npuemuoit moacranmnuu [2,3].

Toxk cpabaTbIBaHHE TOKOBOM OTCEYKU BHIOMPAETCS 1O CISAYIONIEMY YCIOBHIO [2,
4]:

IC,O = KOTC ' IK,MaKC;

rae Ko = 1,2...1,3 — k03pHUIIMEHT OTCTPOUKHU:

Ik maxe™ x4 maxe — MaKCHMaIbHOE 3HaueHue Toka K3 3a Tpancopmaropom, u nposepseT
10 YCJIOBUIO OTCTPOUKHU OT OpOCKa HAMAarHMYMBAIOLIETO TOKA CUJIIOBOTO TpaHcdopmaropa
TI:

leo=(3...4)Liomp.

UyBCTBUTEIHHOCTh OTCEUKH XapaKTEePU3yeTCss KOIPPHUIIMEHTOM UyBCTBUTEILHOCTh
npu K3 B konue nunuu (touka K3). OH cunTaercs npremieMbIM, €ClIu MpeBbimaer 1,5
[3]. Hapsimy ¢ aTuM ompenensercs 30Ha IeUCTBUs OTcedku (puc. 2.1,0) B MakCUMaIbHOM
1 MHUHUMaJIbHOM pexuMax. Bpems cpabaTeiBaHUE OTCEUKH (torc) OMPENENSETCS THUIIOM
HCIIOJIb3YEMBIX TOKA peJie U MPOMEXKYTOUYHBIX penie U He npeBbimaet 0,1 ¢ [3].

B ciyyae HenocTaTOYHON YyBCTBUTENBHOCTH OTceukd npu K3 B KOHIE JMHHUM
(touka K3 nHa puc. 2.1, a), ee HEOOXOIUMO JIOMOJIHUTH IMYCKOBHIM MHUHUMAJILHBIM Opra-
HOM HanpspkeHus (2). Tok cpabaThiBaHUSI OTCEUYKU IPH 3TOM MOKHO YMEHBIIUTH, 00ec-



MEeYNB JOMyCTUMYI0 9yBCTBUTEIHHOCTH (Ky=1,3) mpu aByxdaznom K3 B KoHIIe TMHUYN B
MUHHUMAJILHOM pekuMe. TOK cpabaThiBaHUs BRIOUPAECTCS CIIEIYIONUM 00pa3oM:

| @ 113

C.3 = IK.MI/IH

Jl1ia mpetoTBpalleH s JIOXKHOTO cpabaThiBanus 3amuThl pu K3 3a Tpancdopma
pOM TIpUMEeHsieTCs 3anpeT (OJIOKUPOBKA) C MOMOIIBI0O MUHUMAIBHBIX PEJie HANIPSKCHUS.
Hanpsixkenne cpabaThIBaHUS 3alIMTHI OTCTPAUBACTCSl OT OCTATOYHOTO HANPSKEHUS B Me-
cte yctanoBkH npu K3 3a TpancdopmMaTopom mpu NpoXO0KACHUH 110 JIMHUU TOKA, PABHOTO

TOKY cpabaTbIBaHUSI OTCEUKHU:

_ \/§ Ic.3(ZJ'I +ZT)
c.3 K ]

OTC

U
rae Ko — KoahGUimeHT oTcTpoik MpuHUMAaeTCsl paBHbIN 1,2;
Zjy, Zt — CONpOTUBIICHUS JUHUU U TpaHchopmaTopa.

BTOpBIM YCIOBHUAM BBI60pa Uc_3 ABJIACTCS OTCTpOﬁKa 0T MHUHHMMAJIBHOI'O pa60qero
HaIIPpsOKCHUA JIMHUU

Uc.3 = Upa6.M14H / KOTC-

3a HampspkeHue cpadaTbhIBaHUs 3allMThl MPUHUMAETCS MEHbIlEEe U3 JBYX pacCyu-
TaHHbIX 3HaHUU U,. [Ipu 3TOM HanpsbkeHue cpabaTblBaHUS MUHMMAJIBHBIX peJie Hamps-

KCHUC.

Uc.p = Uc.3/ Ku,

rae K, — koaddurment tpanchopmaiuu tTpanchopmaropa HanpsKeHUS.
3ammTa UMeeT JBa U3MEPUTEIbHBIX OpraHa (TOK U HaIpsKEeHHs ), IO 3TOMY €€ UyB-

CTBUTEIHLHOCTH JOJKHA OBITH 0OecIieyeHa Kak Mo TOKy, TaK U 1o HampsikeHuto. Koaddu-
[IUEHT YYBCTBUTEIHHOCTH 10 HANIPSDKEHHIO OTPEIEISICTCS U3 BRIPAKCHHS:

Kq = Uc.p / UZMaKc;
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Pucynok 2.1. Cxema nuraromieit iuanu (a), rpaduk u3MeHeHus Toka (0)
U KapTa CEJIEKTUBHOCTH (B)



rie Ujyaxe — HaUOOJbIIEE BTOPUYHOE HAIPSDKEHUS TpaHChopMaTopa HANPSHKEHUS MPH
Tpex ¢asznom K3 B KOHIIE 3amMIIaeMOii JIMHUK B MaKCUMaIbHOU pexxume. [IpuemuaemMbim
seistercs Ky =1,2 [3].

Tok cpabateiBanust MT3 nuHuM oTcTpauBaeTcs OT MAaKCUMAJIBHOTO TOKA HArpy3Ku
JuHUM ¢ ydeToM padoTsel ABP Beikitouatens Q3. PekoMenayercs: BBIOpaTh €ro 1o BhIpa-
xeHuto (it tuaud W1):

Ic,3 = KOTC : (Ipa6.MaKc.w1 + Kc3n ’ Ipa6.MaKc.w2) / KB031

rae Ko = 1,1...1,2 — k03ddUmmeHT oTCTponKHy;
Ksos = 0,85 — ko3 puruenT Bo3Bpara pene;
Kesn — onpenensiercs no tadn.1.1;

S

_ CEeKIUHU

I — e
pab.makc.wl )
\/g ) UHOM

Ipa6.MaKc.w2 = Ipa6.MaKc.w1-

CenextuBHOCTH AeiicTBUst MT3 OyaeT oOecrieueHa no cieayIomeMy yCIOBHIO:

tc.3,w1 = tc,3,Tp + At,

rne tesmp — BpeMs cpabateiBanust MT3 tpancdopmaTopa (monydaercs U3 pacuera 3aiiuT
TpaHnchopmMaropa);
At=0,3...0,6 c [2, 4] — cTynIeHb CEIEKTUBHOCTH.

[Tocne BbIOOpa y craBok MT3 mocTpouTh KapTy ceneKTuBHOCTU (cM. puc.2.1, B) u
npoBeputh 4yBcTBUTENbHOCT MT3 npu K3 B koH1le ocHOBHOTrO (Touka K3) u pezepBHO-
ro (touka K4) ygacTkos.

—1®

K.MHUH

Cornacno tpeboBanus [1] K, /1., =15 — 11 OCHOBHOTO y4acTKa

Ky = 1,2 — s pe3epBHOTO.



2.2. 3amuTa 3JIeKTpoABUrareiei

B sTOoM 3amanuu HEOOXOAMMO MPOU3BECTH PACUET YCTaBOK 3aIIUTHI OT MHOTO(da3-
HBIX 3aMBIKaHUW U 3aIIUTY OT TOKOB NEPErpy3KHU. [l 3aUThI JJIIEKTPOABUTATENEH MOIII-
HOCTHIO MeHee 2MBT 0T MHOTO(a3HBIX 3aMbIKaHUH JOKHA MIPETyCMaTPUBACTCS TOKOBAs
OJIHOpEJIeliHas OTCeYKa 0€3 BBIIECPKKH BPEMEHH, OTCTPOCHHAS OT ITYCKOBBIX TOKOB, C pe-
Jie IPSIMOTO WJIM KOCBEHHOI'O JIEMCTBHSI, BKIIFOUEHHBIM Ha Pa3HOCTh TOKOB JBYX (a3 [1].

Hanuuue neperpy3ku 3J1eKTpOABUraTeNIel 10 TEXHOJIOTMYECKUM IIPUYUHAM 00SI3bI-
BaeT MPEAYCMOTPETH 3aLUTY OT Ieperpys3ku. Mcnonbs3oBanue pene tuna PT-80 mo3soaut
Ha WHAYKIMOHHOM YaCTH BBIIOJIHUTH 3aIIUTYy OT MEPErpy3KH, a Ha JIEKTPOMAarHUTHOU —
TOKOBYIO OTCCUKY [2].

PaboTty pekomMeHyeTCs BBIIIOJIHUTD B CIIEAYIOIIEM O0BEME.

1. OnpenenuTs HOMUHAJIBHBIN U MYyCKOBOW TOKH 3JIEKTPOJBHUIATENS U BHIOPATH KO-
s punrent Tpanchopmaiuu TpaHcHOpPMaTOPOB TOKA.
2. PaccunTarh yCTaBKy MHAYKIHOHHOW YaCTH PEJE 3aIUTHI O MIEPETPY3KU:

Ic.3 = Kore IHOM.,I[B / KB031

rae Ko = 1,2 — k03hQHUIuEeHT OTCTPONKY;
Ksos = 0,85 — koadpurmenT Bo3Bpara pene:
liom.;s — HOMUHAJIBHBIN TOK aCHHXPOHHOT'O 3JIEKTPO/IBUTATEIS;
l.; — MEepBUYHBIN TOK cpabaThIBaHUS PEICHHON 3aIUTHI.

Toxk cpabaTbIBaHUs peJie OMPENeIsieM C yUeTOM CXeMbl COeMHEHUS TpaHcpopMa-
TOPOB TOKa:

Ic.p =K - L5/ Ky,

rne K, = /3 s cxeMBI coenuHeHNs Ha Pa3HOCTh TOKOB B HOPMAJIbHOM PEKHUME U IIPU

tpexdaznom K3 (K« = 1 mpu nByxdaznom K3: A-B u B—C — obparure BHHUMaHUE U
YYTUTE TIPU OIIEHKE UyBCTBUTEIBHOCTH 3AIIUTHI ).
K; — ko pument tpanchopmanuu TpaHchopMaToOpoB TOKA.

[To momyueHHO# BeMMUYMHE TOKA CpadaThIBAHUS peJie BHIOMPAETCS MCIIOJIHEHHE pe-
e u ycraBka Toka cpadarsiBanus (Iyer) [7].
3. Omnpenensiercst TOK cpadaThIBaHUS 3alTUTHI OT MHOTO(A3HBIX 3aMbIKAHHIA:

les = (1,8...2,0) * Luycx ns — VIS IEPBUYHOM LIETIH

U l¢5.0rc — JU11 BTOPUYHOM.



YcraBka otceuku ains pene PT-80 onpenensiercs kak KpaTHOCTh TOKa cpabaThIBaHUS
OTCEUYKH K TOKY YCTaBKH:

K= IC.p,OTC/ IyCT

4. YyBCTBUTEIBHOCTh OTCEUKU ompeAessitoT npu K3 Ha BbIBOJIax 3JIEKTPOABUTATE-
ns. Tox K3 ciaexyer paccumThiBaTh 11 MUHUMAJIBHOTO PEXHMa pabOThI CETH C YIETOM
CONPOTHUBJICHUS KaOEIbHOM JIUHUHU, K KOTOPOM MOJAKIIOUYEH 3eKTpoasuraresb. [1o Tpedo-
Baauto [1] Ky = 2.

B cityyae HeocTaTOUHON YyBCTBUTEIBHOCTH OTCEUKH CXEMY €€ CJIEAYET BBIMOJI-
HUTD JIBYXpEJICHHON 1 TOBTOPUTH pacyeThl, HAUMHAS C ITYHKTA 2.

6. TlocTpouTh MPUHIUIIMATIBHYIO CXEMY 3aIlUThl JECKTPOJBUTATENS C YUETOM pe-
KOMeHaauui [2].

2.3. Pacuer camo3amycka aCHHXPOHHBIX 3JIeKTPOABUTaTe/ el

Pacuer HeoOX0AMMO MPOBOAMTH JJII BPEMEHM NepepbiBa NMuUTaHusd i, (MCXOIHBIE

JaHHBIC), C KPATHOCTHIO ITyCKOBOTO TOKa HAXOIUM ITyCKOBOE COMPOTHBIICHUE Xy |
Xo= U/ (V3 Ky - 1y 1),

rie Uy u |y - HOMUHaJIbHOE HANPSKEHUE U HOMUHAJIBHBIA TOK 3JIEKTPOIBUTATENCH;

K, — KpaTHOCTb IMyCKOBOTO TOKa (MCXO/HBIE TaHHBIE);

N — KOJIMYECTBO JIEKTPOABUTaTENEH Ha OIHY CEKIUIO MIMH (MCXOAHbIE TaHHBIE).

Tok camo3anycka aCMHXPOHHBIX 3JIEKTPOJBUTATENICH ONPENEseTCs] U3 BIPAXKECHHUS

les. = Un / K,

rae K — ycraBka cpabatbiBaHUS TOKOBOM OTCEUKH JJIsI perie.

OcTaTo4yHOe HamNpsHKEHUE MPU CaMO3aIyCKe aCHHXPOHHBIX JJICKTPHYSCKUX JIBUTaTe-
Jel onpeaesieTcs mo hopmyiie:

Uooc = \/3 ) Iccs. - X

3HaueHHE MUHUMAJBHOTO NpU camo3amycke HanpskeHUs Uyuy , HAXOIHUM Kak OT-
HOILIEHUE OCTATOYHOTO HAMNPSIKEHHS IPU CaMO3aIlyCKe, K HOMUHAJIbHOMY HANPSIKECHUIO
AJIEKTPOIBUTATEIICH:

UMI/IH = UOOC / UH'

Camo3arnyck 3JIeKTPOABUraTeNIcii CUMTAETCS YCIENIHBIM €CIM MUHHUMAaIbHOE HaIpsi-
eHue HaxoauTes B npezenax, He Hke (0,55 — 0,7)Uyou, T.€. 55% - 70%.



3. METOANYECKHUE YKA3AHUA 11O BBIBOPY N
INOCTPOEHHIO CXEM 3ALIUT

KoMmieKkTsl 3a1uT AOMKHBI YCTaHABIMBATHCS Ha KAXIOM y4acTKe BOJIM3HU BBIKIIIO-
qgaTes.

Pa3zpaboTka cxem MpOU3BOIUTCS MJsl OMpPENEJICHHOTO 3JIeMeHTa (ydacTKa JMHUH,
TpaHcpopmaTopa, FJIEKTPOJBUTATelNsl) B COOTBETCTBUU C IMPOU3BEACHHBIMH pacueTaMu
pEeJIeHOM 3alUThI U aBTOMATUKU. Pa30opke mojuiexar: pa3sHECEHHbIE CXEMBI LIETIeH TOKa,
HanpspKeHUs (€CiIM TaKhe UMEIOTCS ), ONlepaTUBHBIC LIETIN PENEHHOM 3alUuThl U aBTOMaTH-
KU, LIETIM YIPABJICHUS BBIKJIIOUATENIEM (LIE€Nb BKIOYEHHS M OTKJIIOUEHUS ), e CUTHAJIU-
3aLUHU.

B 3aBucMMOCTH OT KOHKPETHBIX YCJIOBUHM JOJDKHA OBITh MPUMEHEHA OJHA U3 Cie-
IOYIOIIMX CXEM IUTAHUsSI ONEPATUBHBIX LIENEH 3aIUTHL: ¢ JEUTYHTUPOBAHUEM JJIEKTpOMar-
HUTOB OTKJIFOUEHUS BBIKJIIOUATENEN, C UCIOJIb30BaHUEM OJIOKOB MUTAHUS, C UCIOIb30Ba-
HUEM 3apsJIHbIX YCTPOKCTB C KOHJIeHcaTopaMH [1].

CxeMbl 3alllAT C JEIIyHTUPOBAHMWEM KAaTYIIEK OTKJIKOYEHUWS BBIKIIFOYATENEH IOJY-
YUJIA [IHUPOKOE PACIPOCTPAHEHUE B CETAX HAMPsDKEHHEM 110 35 kB mpu ucnonp3oBaHuun
BBIKJIFOYATEJIEN C IPYKUHHBIMU IpUBOAAMU [3].

CxeMbl BKIIFOUEHHE OJIOKOB MHUTAHMS JI1 MHAUBUIYAIBHOIO MUTAHUS 3alIUTHl U
LIETIEN yIIpaBJIeHUS IpeAcTaBiieHsl B [ 10].

3.1. CxeMma 3aIIUTHI JUHUHA

[IpyHIMOMATBHBIE CXEMBI PEJNIEHHON 3aIIUTHI PU UCIOJIb30BAHUHM B KAYECTBE HC-
TOYHHMKA ONEPATUBHOIO TOKa OJOKOB MUTAHUS MPAKTUYECKH HE OTIUYAETCS OT CXEM IIpH
MCIIOJIb30BAaHUHU ONEPATHUBHOTO TOKA aKKyMyJsaTopHoit O6atapeu [3]. Ha puc. 3.1 npusene-
Ha pa3HECEHHas CXeMa TPEXCTYIEHYaTON TOKOBOW 3alllUThl TIMHHH.

3ammTa UMEeeT TPU U3MEPUTEIbHBIX TOKOBBIX OpPraHa, KaXAblil U3 KOTOPBIX COCTO-
ut u3 Tpex pene tuna PT-40. Pene toka KA1, KA2, u KA3 coctaBistoT u3MepuTEIbHbIN
OopraH NEpBOM CTYNEHU 3allMuThl (TOKOBash OTceuyKka O€3 BBIACPKKH BPEMEHM), pee
KA4..KA6 — u3mepuTeNbHbIA OpraH BTOPOM CTYNEHHW 3alUThl (OTCEYKA C BBIIECPKKOU
BpemeHn), a peine KA7..KA9 — uzMmepurtenbHblil OpraH TpEThel CTYNEHU 3allUThl (MaK-
cUMaJjbHasi TOKOBas 3aliuTa). Pene Toka U3MEpUTENbHBIX OPraHOB BCEX CTYNEHEH 3aIUT
BKJIFOYEHBI HA MOJIHbIE (pa3HbIE TOKU (BTOPUYHBIC) 3AIUIIAEMOM JIMHHUH.

B cocTtaB kaxaoil CTyneHM 3alIuThl BXOAAT TakXke jorndeckue pene. K mepsoit
CTYNEHHU 3allUThl OTHOCATCS MpoMexkyTouHoe pene KL 1, umeroliee 3aMbIKarOIuil KOH-
TaKT ¢ HEOOJIBIIION BBIIEPKKON BPEMEHH Ha 3aMbIKaHue, U ykazatenbHoe pene KH1. 3a-
nepsxka Ha 3ambikanue koHTakToB KL 1 (0,08...0,1 ¢) HeoOxonuma Jij1si OTCTPONKH MEPBOIA
CTYTICHH 3aIUTHI OT MPOOOS TPyOUATHIX Pa3PSITHUKOB, 3AMUIIAIONINX JTUHUIO OT MepeHa-
NpsOKEHUH, Tak Kak Mpo0oil TpyOuaThiX pa3psaHUKOB paBHO3HaueH K3 Ha nuHUM, KOTO-
pOE MCUE3aeT C ralleHueM AYTH B pa3psIHUKaX.

Ko BTOpOM 1 TpeThEN CTYIEHSIM 3aIUTBI OTHOCATCS peJie BPEMEHU U YKa3aTEIbHOE
pene coorBercTBeHHO KT1 n KH2, KT2 u KH3.

Pene KL1 u KL2 3aMbIkalOT CBOMMH KOHTaKTaMHU LETb AJIEKTPOMArHuTa OTKIIKOYE-
Hust YAT BeIkIrouatens: JuHUM. BcermomoraTenbHbId KOHTAKT BBIKIOUaTesss SQ B 1enu
YAT pasMbIkaeT 3Ty UeNb NPU OTKIIOYEHUH BBIKIIOYATENSA, NPEAOTBPAIIAs TEM CAMBIM
o0ropaHve KOHTAKTOB PeJie UCIIOJHUTEIBHBIX OPTaHOB 3aLIUTHI, 00YCIOBICHHOTO pa3pbl-
BOM TOKa B IEMH OOJBIION HHAYKTUBHOCTH JIEKTPOMATrHUTA OTKJIFOUEHHUS BBIKIIIOYATEIS.
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Pucynok 3.1. [IpuHIunuaibHas cxema TPEeXCTYIeHYaTON TOKOBOM 3al[UTHI:
a — IeIU IEPEMEHHOT'0 TOKa, O — IIETH OIEPaTUBHOTO ITOCTOSHHOI'O TOKA,
B — LIENIU YIIPABJIEHUS IPUBOJIOM BBIKIHOYATEIIS



3.2. Cxema 3a1IUTHI 3JIEKTPOABUTaTEJIs

Jlnst 3amuTel oT MHOTOga3HbIX K3 anektpoasurarteneit MomHuocThio 10 5000 kBT
OOBIYHO HCIIOJIB3YETCS MAKCUMAaJbHasl TOKOBas oTceuka. Hanbonee nogHyo TOKOBYIO OT-
CEUYKY MOKHO BBITIOJIHUTH C PeJie MPSMOTro JICUCTBUS, BCTPOEHHBIMU B IPUBOJ BBIKJIIOYA-
tenssmu. C pesie KOCBEHHOTO JEMCTBUSI TPUMEHSIETCSI OJTHA U3 CXEM COCIUHEHHUS TpaHC-
(dbopMaTopoB TOKa u pejie, npuBeacHHbIX B [10, ¢.314, 315]. Mcnoap30BaHne TOKOBBIX pe-
Je ¢ 3aBUCHMO# xapaktepuctukoii [10, ¢.315] mo3BoseT 00eCeYnTh ¢ MOMOIIBIO OHUX
U TeX ke penie 3amuTty oT K3 u neperpysku.

Ecnu no ycioButo obecrnieueHusi camo3amycka Heo0Xouma 3aiyuTa MUHUMaJIbHOTO
HaIPsDKEHMS, TO CXEeMY TaKOM 3aluThl MOKHO pa3padoTraTh Ha ocHoBe [10, ¢.316].
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Pucynok 3.2. Cxema 3anuTsl TpanchopmaTopa, UMEIOIIETo
BCTPOEHHBIE TpaHC(HOPMATOPHI TOKA
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