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1. KOHCIEKT JEKIIUA
1. 1 Jleknus Nel (1 gaca).

Tema: «OO0mue npeacTaBIeHUs O PEICHHON 3aIUTE»
1.1.1 Bonpochl JieKum:

1. Obu1me cBeeHus O peeiHoi 3ammuTe.
1.1.2 KpaTkoe conep:kaHue BOIPOCOB:
1. OOuue cBeneHUs O peleHHOM 3anuTe.

B a1exTposHEpreTHuecKuX CUCTEMax MOTYT BO3HMKAaTh IOBPEXKIEHUS U HEHOPMAaJIbHbIE
PEXUMBI pabOTHI.

IloBpeXkaeHMs: KOPOTKHE 3aMbIKAHUSI — CBEPX TOK, MOHMKEHHE HANPSIKEHUS — MOTEPS
YCTONYUBOCTH.

HenopManbHble peKUMBI — OTKJIOHEHHSI HAIIPSDKEHUS, TOKA U YaCTOTHI.

Pa3BuTHe aBapuu MOXKeET ObITh MPEAOTBPAILIEHO OBICTPHIM OTKJIIOUEHHUEM
MIOBPEKICHHOIO Y4aCcTKa IIPU IIOMOIIM CIIEIUAIbHBIX aBTOMAaTUYECKUX YCTPOMCTB — pPEIECHHON
3AILUTBHI.

Hasnauenue — BoisiBieHue mecta K3 u OBICTpoe OTKIIIOUEHHE MOBPEKICHHOTO y4acTKa
OT HEMOBPEKICHHOM YacTH.

BrisiBneHne HapyleHuii HOpMaIbHOIO PEXXKUMA U [T0/1a4Ya IPeayNpEAUTEIbHBIX CUTHAJIOB
WM MPOBEJIEHUE olepaluii, HeOOXOIUMBIX JJIi BOCCTAHOBJICHUSI HOPMAaJIbHOTO pexxkuma. CBs3b
P3 ¢ aBTomarukoii — AIIB, ABP, AUP.

1. Knaccudukamus ycrpoiicts P3A, npuseaena Ha puc. 1.1.

‘ PeneliHas sawuTa 1 anektpoasToMaruka (P3A)

‘ PenenHas 3awwurta (P3) ‘ ‘ 3nekTpoasToMatumka (A)
P3 YPOR PexnmHasn [NpoTrBOaABapUitHasn AlB, Mpoyan
apTomaruka (PA) aeTomartuka (MA) ABP aBToOMaTHKa

Puc. 1.1. Knaccudumkaumns yctponcte P3A.

P3 - peneitHas 3amura - 4acTh 3JIEKTPUUECKOM aBTOMATHKH, MpEAHA3HAYEHHAs Uit
BBISIBJICHUSI U aBTOMAaTHUYECKOTO OTKJIFOUEHUS TTOBPEXKIEHHOTO 3JIEKTPOOOOPYAOBAHHUS.

YPOB — ycTpoiicTBO pe3epBUPOBAHMS OTKA30B BBIKJIIOYATENIEH - MpeIHa3HAuYE€HO IS
OBICTPOrO OTKJIIOYEHHS] TOBPEXKACHHOTO O0OPYIOBAaHUS MPU OTKa3e BBIKIIOYATENS JAHHOTO
000pyI0BaHUs BBIKIIOYATEISIMU, CMEKHBIMH C OTKA3aBIIUM.

PA - pexxumHasi aBTOMaTuKa - MpeJHa3HayeHa JJisi aBTOMAaTUYECKOIO PEryJIHpOBaHUS U
NOJNJEpKaHUS B 3aJaHHBIX I[Ipeesax MapaMeTpoB HOPMAIbHOTO peXHMa (Hampumep,
aBTOMaTHKa peryiaupoBaHus KoddduuuentoB tpanchopmarmu Tpancpopmaropos u AT, APB
TE€HEPATOPOB).

ITA — mnporuBoaBapuiiHas aBTOMAaTMKa — [pEJHAa3HAu€Ha JUIs IPEIOTBPALCHUS
BO3HMKHOBEHHsS HEHOPMAIBbHBIX DPEXKHMMOB WM JIMKBUIALMKM BO3HHUKIIMX HEHOPMAJIbHBIX
PEXKUMOB.

AIIB — aBTOMaTHyecKoe€ IMOBTOPHOE BKJIIOYEHUE — MPEIHA3HAYECHO [JIsi MOBTOPHOTO
BKJIFOYEHUS BBIKIIIOYATE, OTKJIFOYEHHOI'O PEJICHHON 3alUTOMN.



ABP — aBrOMaTHMyeckoe BKIIOUEHHE pe3epBa — MpPEIHA3HAYEHO JUIsi aBTOMATHYECKOTO
BKJIIOUEHUSI PE3EPBHOTO MNUTAHUS MOTpeOHUTeNeil MpH OTKIIOUYEHHH pabodyero HCTOYHHUKA
MUATaHUA.

Ilpouass aBTromaTtuka — Hampumep, HIAOT - mkad aBTOMATUKH OXJIKICHUS
TpaHcopmaropa.

Penetinas 3amurta (P3) - wacTh SneKTpUYECKONW aBTOMATHKH, TNpETHA3HAYCHHAS IS
BBISIBJICHUSI 1 aBTOMATHYECKOTO OTKIIFOUEHUS TTOBPEXKICHHOTO YIIEKTPOOOOPYIOBAHHUS.

B Bume wuckmoueHuss K ycTpoilcTBamM P3  OTHOCSATCS HEKOTOPbIE YCTPOICTBA,
npeHa3HAYCHHBIC HE [Tl BBISIBIICHUS M OTKIIIOUEHUS MTOBPEKIACHHOTO JIEKTPOOOOpyIOBaHUs, a
JUISL BBISIBJICHHS] HEHOPMaJIbHBIX PEXKHMOB PAaOOTHI 3JEKTPOOOOpyAOBaHUs (HApuMep, 3alluTa
OT Meperpy3Ku TpanchopMaTopa).

Kpome Toro, B HEKOTOpBIX ciy4asiXx, He TpeOylomMX OBICTPOrO aBTOMAaTHYECKOIO
OTKJIIOYCHHSI TIOBPEKICHHOTO 000pynoBaHMs, ycTpoiictBa P3 Moryr geiicTBoBaTh HE Ha
OTKJIIOYEHHE, a Ha CHUrHaj (HampuMep, 3alluTa OT 3aMbIKaHUM Ha 3€MIII0 B CETAX C
M30JIMPOBAaHHON HENTpabIO).

B oOmem cnywae k peneidHON 3amyTe, ACHCTBYIOIICH TIPU TOBPEXKACHUSAX Ha
OTKJIFOUCHUE, TIPEIBSIBISIFOTCS CIEAYIONTNE YeThIPE OCHOBHBIX TEXHUYECKUX TPEOOBAHUS:

1. ceIeKTHUBHOCTE;

2. OBICTPOTA OTKIIFOUCHUS;

3. 4UyBCTBUTEIBHOCTH;

4. HaIE)KHOCT.

[IpuHuMaroTcs cnenyronye oreHkn cpadaTeiBanust Y P3A:

[1C- mpaBuibHBIE cpabaThIBaHUS;

HC- nenpaBwiibHBIC CpabaThIBaHMS;

NC- uznuniaue cpabaThiBaHus,

JIC- noxxnble cpabaThIBaHMS;

OC- oTka3bl cpabaTbIBaHUS;

HBC neBbIsicHeHHBIC CpabaThIBaHMUS.

K uucny o6mieli OleHKH ,IPUHSATHI CIETYIOIINE OIICHKH:

MIPaBUJIBHO;

MPaBUJILHO C 3aMEYaHUEM;

HEIPaBUJIBHO.

1. 2 Jleknus Nel (1 gaca).

Tema: «HenopMmasibHbIE PEKUMBI pAaOOTHI CHCTEM 3JIEKTPOCHAOKEHUSD

1.2.1 Bonpocsl JieKnum:

1. Pe>xxuMbl pabOThI CUCTEM AIIEKTPOCHAOKEHHUS;
2. HopmasbHbIe pexuMbl pabOTHI;

3. HenopmanbHBIE pEKUMBI PAOOTHI.

1.2.2 KpaTtkoe cogep:xkaHue BOIPOCOB:

1. Pe:kumbl padoThI CHCTEM 3JIEKTPOCHAOKEHMS

B m1o6oii cucteme SIEKTPOCHAOXKEHUsS HWMEETCS CBOS 3alluTa OT BHEIITATHBIX
CUTyaluMil. DTy 3alllUTy HA3bIBAIOT pererHas 3ammTta. OHa OYeHb CJOKHO YCTPOEHA, HO
03HaKOMUThCSI BCE ke cTouT. CyIecTByeT TpU OCHOBHBIX pexuma paboTsl cuctembl COC:
HOPMAJIbHBIA PEXUM pabOThI, aBAPUIHBIN PEKUM pabOTHl U MOCICABAPUNUHBIN PEXUM PAOOTHI.
Onumiem moapoOHee.



HopmanpeHbiil pexxuM paboThl — 3TO YCTAHOBUBIIHUKCS PEXUM pabOThl CUCTEMBI, IIPU
KOTOpOM oOecreunBaeTcsi Oecriepe0oitHoe CHa0XeHHWE TOTPeOUTENCH SIEKTPOIHEPTUU, B
HE00XO0IMMOM KOJINYECTBE M YCTAaHOBJIEHHOTO Ka4eCTBa.

ABapuiHBIA PEKUM PabOTBI — 3TO Takoh pexxuM padboTel COC, KOTOPHINA HapyIIaeT
HOPMAaJIbHBI PEXHUM pabOTHl M MPOAOIDKACTCS 10 OTKIIOUEHHS MOBPEXIEHHOTO 3jeMeHTa. B
1r000M cilydae aBapUiHBINA PEXUM CUUTACTCA KPATKOBPEMEHHBIM.

[TocneaBapuitHblil pexxuM paboOTHl — 3TO TOT PEKUM PaOOTHI, B KOTOPOM HAXOJUTCS
cuUcTeMa B pe3ysibTaTe HapylleHHs (aBapuM) M JUISIIEECs A0 BOCCTAHOBIIEHUS HOPMAaJIbHOTO
pexuma.

2. HopmaJsibHble peskuMbl padoThI;

HopwmainbHbie peskuMbl paObOTHI - pEKUM PaOOThHI TEXHOJIOTHIECKOTO 000PYI0BaAHNSA,
XapaKTepU3YIOIUICS pabourMHU 3HAYEHUSIMH BCEX MTapaMETPOB.

3 IloapoOHee 0 MOBPEKIACHUSX.

IIpnuunsI:

HapylLIeHUE U30JISIUH, CTaApEHHUE, MEXaHUYECKOE MOBPEKICHHE, TepEHATIPSKECHHE.

JIDII — cMbIKaHuE TPOBOIOB.

OmmbKu nepcoHara.

BcnencTue yBenuueHus: TOKa BO3PACTAET MM ICHUE HANPSKECHUS B DJIEMEHTaX CUCTEMBI,
YTO MPUBOJIUT K MOHMKEHHUIO HAMPSHKEHHUS BO BCEX TOUYKaxX ceTu. Bo3Hukaromas qyra
paszpyiaer 060pyoBaHue, a MOHIKEHHE HANPSHKEHUS HapylaeT paboTy norpedureneit u
YCTOMYMBOCTD MapajuieIbHON pabOoThl TEHEPATOPOB.

3aMbIKaHHE Ha 3eMJII0 OJHOW (ha3bl B CETH C M30JIMPOBAHHOW HeWTpanpio. (OObIUHO B
cucTeMax COOCTBEHHBIX HYK 3JI. CTAHITUH. )

Tok npu 3TOM HEBENUMK — HECKOJBKO AECATKOB ammep. OmacHO TeM, YTO BBI3BIBACT
NepeHaIpsKeHNsI — BO3MOXKHOCTD Iepexo/ia B Mexayha3Hoe 3aMbIKaHHe.

3. HeHopMaJibHBIE peKUMBbI padoTHI.

HenopManbHble pEKUMBI

Ilepezcpy3ka obopyoosanus — neperpe TBY u nzomnsiuuu, e€ yCKOpeHHBINH H3HOC.

Kauanuss 6 cucmemax — BBIXOJ U3 CHHXPOHU3MAa MapalIeIbHO PpabOTaroIUX
reHeparopoB. IIpm 3TOM TOK KoyeONIeTcs OT HyJsS A0 MaKCUMAaJIbHOTO, IMPEBOCXOASIIETO
HOpPMaJIbHYIO BEIMUMHY 3HaueHus. CaguTcs HamnpsKeHue.

llosviwenue nanpsoicenus — IpU BHE3AITHOM OTKJIOYEHUH HArpy3KH.

Buner: K3 — Hanbosiee Tsxenoe.

OcCHOBHBIE BU/Ibl IOBPEXKICHUN B AIEKTPUUECKUX CETSX:

Tpexdasznoe K3.

Tok K3 mnpumepno B 3+10 pa3 mnpeBblIaeT HOMHHAJIbHBIE TOKH TI€HEPATOpPOB U
TpaHchopMaTopOB.

PexxuM CUMMETPHUHBINA: TOKH M HalpsDKEHHsT BO BeeX (pa3ax OJUHAKOBBHI IO BEIMYHHE.
HmeroTes TOIBKO HpsMbIE MOCIEI0BATENBHOCTH TOKOB M HaNpsKEHUH, OOpaTHbIE M HYJIEBbIE
NOCJIE0BATENBHOCTH OTCYTCTBYIOT:

U:Ul
U2=U0=0
I:I1
12=I()=0

IByxdaznoe K3.
Benuunna Toka nByxdaznoro K3 mpumepHo paBHa:
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Pexxum HecuMmMeTpuuHbI: Toku K3 mpoTekaroT B IBYX MOBPEkKACHHBIX (a3ax. B Tokax u
B HANPSKEHUSX UMEIOTCS COCTAaBIISIONINE MPSAMOIl U 00paTHOM MocieoBaTeIbHOCTEH, HyIeBas
II0CJIEA0BATENBHOCTh OTCYTCTBYET.

Onnodasznoe K3 B cetu ¢ 3a3eMIIeHHON HEUTPAIIBIO.

Cetru ¢ 3azemsieHHOM HelTpanbio - cet 110 kB u Beime. B cersx ¢ 3azemieHHOM
HEUTpaIbIO0 3aMbIKaHHE OJHOW (ha3bl Ha 3EMIIIO SIBIISIETCS KOPOTKHM 3ambikaHueM. Toku K3
IPOTEKAIOT OT BCEX 3a3eMJICHHBIX HelTpanelt k Touke K3 (mmu Hao60poT - KOMy Kak HPaBUTCS).
[ToaTOoMy, uem Oosibllie 3a3eMJICHHBIX HEUTpaseH, TeMm Oosbiie BenmnunHa Toka K3.

[Teponauanbho cetu 110 kB u Bbime paboTanu ¢ riayxo 3a3eMJICHHON HEUTpasbio, TO
ecTh OBUTM 3a3eMJIeHBI HEHTpanu Bcex TpaHchopmartopoB. IlocTemeHHO ¢ pa3BUTHEM ceTei
YHCIIO TPAaHC(POPMATOPOB YBEINUMBAETCS, COOTBETCTBEHHO, YBEIMYMBAIOTCS TOKH OJHO(Aa3HBIX
K3. B cersx 110 kB gucno tpanchopmMaTopoB yBEeTMYHIOCh HACTOIBKO, YTO TOKH OJHO(A3HBIX
K3 cranu npebimaTh Toku Tpexpazubpix K3.

[TorTomy B Hactosmee Bpemss B Poccum cetm 110 kB paboraror ¢ 3¢ dekTuBHO
3a3eMJICHHON HEHTpasiblo: HEUTpaau 3a3eMIISIOTCS, HO HE Y BCEX TpaHC(HOPMATOPOB, UTOOBI
BEJIMYMHBI TOKOB 0HO(a3HbIX K3 nmpuMepHO COOTBETCTBOBAIN BEJIMYMHAM TOKOB Tpex(a3zHbIX
K3.

Cern 220 kB u BpIle 10 cux mop pabOTaIOT ¢ TIYXO 3a36MJICHHOW HEUTPaJIbIO, TaK KakK
BEJIMYMHBI TOKOB OJHO(Ma3HbIXx K3 mnpakTudyecku MOYTH HE NPEBBIIAIOT BEIMYUH TOKOB
Tpexdasznpix K3.

Ecnu 3azemMiuTh O4YeHb MHOTO HEHTpanel TpaHCPOPMATOPOB, TO BEIUYMHA TOKa
onHo(daznoro K3 moxxer ObITh O0mbI1IE TOKA TpexdazHoro K3 makcumym B 1,5 pasa.

Ecnu 3a3eMauTh O4YeHb Majno HeiTpaneil TpaHchOpMaTopoB, TO IOJYyYaeTCs CETh C
W30JUPOBAHHOM HEWUTpaiblo, B KOTOPOM 3aMbIKaHWE OJHOW (a3bl HA 3EMIII0 HE SIBIISETCS
KOPOTKHUM 3aMbIKaHHUEM.

Onnodaznoe K3 - pexxuM HECUMMETPHYHBIN: B MecTe TTOBpexaeHus Tok K3 nmpoTtekaer B
OJTHOW TOBpEXACHHOW (a3e. B Tokax M B HaNpsSHKEHUAX HUMEIOTCS COCTABIISIOLINE MPSIMOM,
00paTHOI M HYJIEBOH MOCIEIOBATEIIHHOCTEH.

1. 3 Jleknus Ne2 (1 gaca).
Tema: «[Ipuniun neiictBus peneitHol 3amuTel OnepaTuBHbBIN TOK. 3aluTa JUHUN
3JIEKTpOIepeiaun. 3aluuTa OT 3aMbIKAaHUH Ha 3EMITIO»

1.3.1 Bonpochbl JieKnum:

1. IlpuHuun nencTBus peaeiiHoM 3aUThL;
2. OnepaTuBHBIN TOK;

3. 3amura JUHUHN AIEKTPOIepeayn.

1.3.2 KpaTkoe coaep:xkaHue BONPOCOB:
1. IlpuHnun nencTBus peaeiiHoM 3aUThL;

Pa3znuyaroT 1Ba croco0a BKIIOYEHHS pelie Ha TOK U HANPSDKEHUE CETH.

[TepBUYHBIC pesie — BKIIOYEHBI HEOCpeACTBEHHO (puc. 1.3.2.1).

Bropuunble pesne — uyepe3 H3MEpHTEIbHbIE TpaHC(HOPMATOPHl TOKAa M HANpSIKCHUS
(puc.1.3.2.2).

~~ H:l (Y
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K nocromHcTBaM BTOPUYHBIX pelie CIEAYEeT OTHECTH: UX H30JUPOBAHHOCTH OT Iemeit
BBICOKOTO  HAampsDKEHHSA;  YAOOCTBO  OOCHY)KHMBAaHMS, BO3MOXKHOCTb  BBINIOJHEHHS  MX
CTaHJapTHBIMU Ha OJHH U Te ke TokH (5 wiu 1 A) u Hanpsikerue (100 B).

JIOCTOMHCTBO MEPBUYHBIX COCTOUT B OTCYTCTBUU U3MEPUTENBHBIX TPaHC(HOPMATOPOB TOKA
U HaIpsDKeHUs, UCTOYHUKOB OIEPATHBHOTO TOKAa W KOHTPONBHOTO KaOens. [lepBuunble perne
HIMPOKO HUCTIONB3YIOTCA B LIETIAX HU3KOTO HAMPSKEHUSI.

Pa3znuyaroT 1Ba croco6a BO3IEHCTBUS 3aIIUT HA BBIKIIOYATEIh: NPAMOU U KOCBEHHDBLIL.

[IpsiMoli — 3ammTe HE TpeOyeTcsl ONepaTUBHBIA TOK, OJHAKO pejie IOJDKHBI Pa3BUBATh
OO0JIbIIINE YCUITHS, TIO3TOMY HE MOT'YT OBITh OY€Hb TOUHBIMU (pHcC. 1.3.2.3).

KocBennwlii — omimyaroTcs  Oonbmio  TouHOCThIO. [Ipomie  ocymecTBisieTcst
B3aMMOJIeiicTBre Mexay pene. OmHaKo IS pelie KOCBEHHOTO JEHCTBHUS HEOOXOIUM HUCTOYHHUK

omnepaTuBHOTrO Toka (puc. 1.3.2.4).
F3 — ONEKTpOMarHnTHas

Fs 1 8 cuna

-
§m“|_"—.— F,—-cuna
£ F, — anekTpomarHutHas l F”i NPOTMBOAGHCTBYIOWEN
o1 E cuna NPYXUHbI
§—/"“—||—LA_ F,—cuna YAT — anekTpoMarHut
. . OTKMIOYEHMSA

il FFI npoTnBOAENCTBYHOLLIEN
MPY>KUHbI SQ — 6roK-KOHTaKTbI
Puc.1.3.2.3 Puc.1.3.2.4

2. OnepaTuBHBIN TOK;

OnepaTUBHBIA TOK — MHUTAeT ULENHU JAUCTAHIIMOHHOIO YIPABIEHUS BBIKIIOYATEISIMH,
ONEpaTUBHBIE IIENU PEICHHOMN 3aIlUThI, aBTOMATHKH.

OcHoBHOE TpeOOBaHHWE K MCTOYHHMKAM ONEPAaTHMBHOTO TOKAa — HaAeKHOCTh, npu K3 u
HEHOPMAJIBHBIX PEXUMax HANpPsHKEHHE HCTOYHMKOB OIEPAaTUBHOIO TOKA M HMX MOIIHOCTh
JIOJDKHBI MMETh JIOCTAaTOYHYIO BEJIIMYMHY KaK JUIsl ACHCTBUSA pENeHHOM 3alluThl, TaKk W IS
OTKJIFOUEHUS BBIKJIFOYATEIICH.

IToCTOAHHBIN ONEPATUBHBINA TOK

HcTouynukamMy JaHHOTO TOKa SBJSIOTCS aKKYMYJATOpHbIE OaTapen HampsiKeHHEM
110...220 B. /[Ins mNOBBIIIEHUS HAAEKHOCTH CETh IIOCTOSHHOIO TOKA CEKIMOHUPYETCS.
AKKyMYJISTOpHBIE 6aTaper 00ecreuynBaloT MUTAaHUE HE3aBUCUMO OT COCTOSIHMSI OCHOBHOM CETH
U SBIISIIOTCS CaMbIM HAJIEKHBIM HMCTOYHUKOM murtanus. K HemocTtaTkaM MOXHO OTHECTH
BBICOKYIO CTOMMOCTH, HEOOXOAMMOCTh B 3apsiAHBIX arperarax, CI0XHYIO CeTh MOCTOSIHHOTO
TOKA.

IlepeMeHHBII OnepaTUBHbBINA TOK

HcTounukamu ciayxatr U3MepUTeIbHbIE TPaHC(HOPMATOPHI TOKA U HAMPSDKEHUS, a TaKXKe
TpaHc@opMaTopbl COOCTBEHHBIX HYXJ, MOJKIIOYAaEeMble HAa TOK M HaIpsDKEHHE CaMOW CETH.
Tpanchopmaropbl HampsoKeHUST W TpaHcPOpMaTOpbl COOCTBEHHBIX HYKJ HE MPHUTOMHBI IS
NUTaHUS 1enerd peneiHo 3ammTel nTpu K3 — Tak kKak HampsbKeHHE B CETH MPH 3TOM PE3KO
CHUXaeTcsi. MoryT UCHob30BaThCsl TP HEHOPMAIBHBIX PEXHMax: Meperpy3ka, 3aMbIKaHHe Ha
3emuto. TpaHchopmaTopbl TOKAa HAASXKHBI I 3amuT oT K3 — TOK mpH 3TOM yBETWYUBAETCA,
MOIIIHOCTh JIOCTaTOYHA /IS MUTAaHUsSI ONEPATUBHBIX 1enei. OnHako TpaHchopMaTopsl TOKa He
o0ecreunBarOT HEOOXOAMMON MOILTHOCTH HPU MOBPEKACHUSIX U HEHOPMAIbHBIX PEKHMMax, HE
COIPOBOKAAIOIINXCS PE3KUM YBETMUEHUEM TOKA.

Yame Bcero MCHoib3yeTcsi KOMOMHMPOBAaHHOE MUTaHUE OT TpaHC(HOPMATOPOB TOKA U
HanpspkeHus. [IpuHnunuansHas cxema 6J10koB muTanus THIoB BITT




3. 3ammMTa JUHUHI JIeKTpolepeIavu.

Bce ycTpoiicTBa peneiHON 3amuThl, yCTaHOBJIEHHbIe Ha JuHHAX 110-500 kB, moxHO
pa3ienuTh Ha HECKOJBKO MOKOJICHUM:

1 nmoxkojieHHe — 3yeKTpoMexaHuueckue 3amuThl. Beimyckanuce B CCCP gnutensHoe
Bpemsi, mpuMepHo ¢ 1940-x 10 1990-x romoB. YcTaHOBIEHBI Ha A0COTIOTHOM OOJIBIITMHCTBE BCEX
nuanit 110-500 kB.

2 mokoJsieHHe — 3JIEKTPOHHBIE 3aluThl. Beimyckanuck Tonbko B 1990-x rogax. Iloatomy
YCTaHOBJICHBI Ha HeOoJbIIOM KomuecTBe uHui 110-500 kB.

3 mokoJeHHMe — MUKpompoleccopHble 3auuThl. [losBunuce B sHeprocucremax Poccun
npuMepHoO ¢ koHIa 1990-x rogoB, TO €CTh, IpakTU4YECKH B 21 Beke.

DNEKTPOMEXaHUYECKUE M DJIEKTPOHHBIC 3alllMTHl PAa3IUYalOTCd KOHCTPYKTUBHO, a
MPUHITMITHATILHO — MTPAKTUYECKH OJMHAKOBBI, Tak Kak pazpadoransl B CCCP B cooTBeTCTBUU €
COBETCKMMH HOPMaMH, MpaBUIaMu U IPUHIUIIAMHU.

MuKpompoeccopHbie  3allUuThl  POCCHHCKONH  pa3paOOTKH  BBHIMIOJHEHBI TakkKe B
COOTBETCTBUU C COBETCKMMHU HOPMaMu, paBUiIaMu U puHIUNIaMu. OHU XOPOUIO COTJACyIOTCs
C DJIEKTPOMEXaHMUYECKUMHU U AJIEKTPOHHBIMU 3alUTAMH, YCTAHOBJICHHBIMU MPAKTHUECKU Ha BCEX
muausx 110-500 xB.

MukpormnpoiieccopHble  3allUThl HMHOCTPAHHOTO IPOU3BOJCTBA HE COOTBETCTBYIOT
HOpMaM, MpaBWIaM U TMPUHIUIIAM, MPUHATBIM B 3Heprocucreme Poccun. OHHM mII0XO
COTJIACYIOTCS C CYHIECTBYIOIIMMHU 3JIEKTPOMEXAHUUYECKUMHU U AIEKTPOHHBIMU 3alTUTAMH.

Bcee 3amute! auamii 110-500 kB MoXHO pa3faennTs Ha CIeAYIOLUE TPYIIIIbL:

- OCHOBHBIE 3aIIUTHI.

- pe3epBHBIE 3AIIUTHI.

- TOTIOJTHUTEIbHAS 3alI1Ta — TOKOBask OTCEYKa.

1. 4 Jleknusa Ne2 (1 gaca).

Tema: «ToxkoBbIe HanpaBIeHHBIC 3aUTH. J(uddepeHnuanpHas TokoBas 3amuTa.
Peneiinas 3amura TpanchopmaTopoB. Peneitnas 3ammra 3JeKTpoABUraTeIei»

1.4.1 Bonnpocsl JieKIum:

1. TokoBbIE HaIIPABJICHHBIE 3AIUTHI;

2. IuddepenimanpHas TOKOBas 3aIIUTa;
3. Peneiinas 3amnmra TpaHcopMaTopos;

1.4.2 KpaTtkoe cogep:xkaHue BOIPOCOB:

1. ToxkoBbIe HAIPaBJIEHHbIE 3N THI

HampaBneHHbIe 3a1UThI CTABATCS HA JIMHUAX C JBYXCTOPOHHUM ITUTAaHUEM.

Ha nuHuAX ¢ 1ByXCTOPOHHUM MUTAaHUEM HCIOJIb3YIOTCS:

- TokoBble OTCEUKH.

- HampaBnenHast MakcuMasibHasi 3a1UTA.

- IIpomonbHas nuddepeHmaipHas 3amuTa.

- JlucraHuMoHHas 3aIuTa.

- BeicokodacTOTHas 3ammra.

JUis CENEeKTUBHOIO AECUCTBHSI B CETSAX C JIBYCTOPOHHMM nuraHueM MT3 nomonssercs
M3MEPUTENbHBIM OpraHoM HampasieHus momHoctTd KW. Takas 3amurta Ha3bIBaeTcsi TOKOBOM
HaIlpaBJICHHOM.

N3mepuTtenbHble OpraHbl 3alIUTHI.

- MakcumansHoe peine Toka — PT-40.

- Pene manpaBiieHHs] MOIITHOCTH.



3amuTa pearupyer He TOJbKO Ha 3HaYEHHE TOKa B 3alUIIIAEMOM 3JIEMEHTE, HO U Ha €ro
(a3y OTHOCUTENNBHO HAIPSKEHUsI Ha IIMHAX Yy MECTA YCTAaHOBKHU 3aIUTHI.

CenekTuBHOE JEUCTBHE 3aIIUTHI OOECIEYMBACTCS COOTBETCTBYIOIIUM BKIIOYECHHUEM
OpraHa HaIpaBJIEHHs] MOIHOCTU M BEIOOPOM BBIIEPKKH BPEMEHHU.

HanpasneHnHas 3amura oTiIM4aeTcs OT HEHAIPABJIEHHOM HaJIM4UMEM peJie HallpaBJICHUS
mormrHoctd (PHM). YcranaBnuBaeTcs Ha TUHUAX C IBYCTOPOHHHUM IMMUTAaHUEM.

B cersx mo 35 kB BKIIOUMTENBHO SBIAETCS OCHOBHOH. BrImomHsercs B AByXQazHOM
VCIIOJIHEHUH.

B cerax ¢ mIyXxo3a3eMJIEHHBIMH HEWTpPaJIAMH HCIONB3yeTCs KakK 3aluTa oT
Mexaydaznapx K3.

JUid 3auThl OT 3aMBIKaHMI Ha 3€MIII0 MCIIOJIB3YETCs HAIpPaBJIEHHAs TOKOBas 3alluTa
HYJIEBOM I1OCJIEI0OBATEILHOCTH.

[upoko wucnomezyercst s 3amutel oT K3 Ha 3emmo B cerax 110 kB c
TIIyX03a3¢MJICHHBIMHA HEUTPAIISIMHU.

Hanmnune PHM no3Bosnser npu pacuere Toka cpabaThIBaHUS! YIUTHIBATH TOJIBKO PEXKUMBI,
B KOTOPBIX MOIIHOCTb IIPOTEKAaeT OT IUMH B JIMHUIO. OTO TIO3BOJIIET IOBBICHTH
YYBCTBUTEIBHOCTD 3aILIUTHI.

OTO HUCHOIB3YyeTCAd B HAIPABICHHBIX TOKOBBIX OTCEYKax. HeHampaBieHHBIE TOKOBBIE
OTCEUKU CEJEKTUBHBl M MHCIONb3YIOTCS Ha JIMHUAX C JIBYCTOPOHHHMM IUTaHueM. Peine
HalpaBJIEHUs MOIIHOCTH J00aBisieTcs Ul TMOBBILIEHHS MX 4YyBCTBUTENbHOCTH. OJHaKo,
HalpaBJICHHBIE TOKOBBIE OTCEYKH Oojiee CloXHbI u3-3a Hanuuug PHM, mosBnsercs meprBas
30Ha. [looTOMy OHM HCHONB3YIOTCA Kak 3aIlMTHl HYJIEBOM IIOCIENOBAaTENBHOCTU B CETAX C
[IyX03a3€MJIEHHBIMHU HEUTPAIISIMHU.

Hampasnennas MT3 co cryneH4YaToi BBIIEPKKON BpeMEHU 00€CIIeUunBacT CEIEKTHBHOE
otkimoueHrne K3 B paguanbHbIX CETSIX ¢ HECKOJIbKMMH MCTOYHHMKAMM IUTAHMSI U B KOJBLEBBIX
CeTAX C OJHMM MCTOYHUKOM nHTaHusA. OAHAKO, H3-3a BCTPEYHO-CTYIIEHYATOro BBIOOpPA
BBIIEP’)KKM BPEMEHU TPEThEH CTYNEHHM B PsJIE CIydyaeB BPEMsl OTKIIOYEHMs MOBPEKIECHHOIO
ydJacTKa BOJM3M MCTOYHMKA MUTAHUSA NOJIy4aeTcss OOJMbIIMM. DTO OrpaHUYMBAET NPUMEHEHHE
TpeTheil CTYMEeHH B KaueCTBE OTIENbHON 3amuThl. [l03TOMYy B GONBUIIMHCTBE CIIy4aeB TOKOBAs
HalnpapJICHHAs 3alIMTa B KaY€CTBE OCHOBHOM MPUMEHSIETCS JIUIIb B CETAX HanpsbkeHuem 35 kB.

B cetsx ¢ 6osee BBICOKMM HaNpsHDKEHUEM OHA UCTIOIB3YeTCs KaK pe3epBHas.

JUId HampaBJICHHBIX TOKOBBIX 3alUT CXEMBI MCIOJB3YIOTCS TaKue XK€, KaKk W Ui
HEHAIpPaBJIECHHBIX.

2. uddepeHunanbHble TOKOBbIE 3AIIIUTHI.
CymectByeT 1Ba Buja nudpepeHnanbHbIX 3auT JINHUH:

- IIponosnbHasi.

- Ilonepeunas.

DTO 3alUTHI C A0COJIFOTHOM CEJIEKTUBHOCTHIO

[IpogonbHass — sl 3alUTBl  AJIEMEHTOB C COCPEJOTOYEHHBIMU MapaMeTpaMu:

TpanchopMaTopoB, TUHHUIA HEOOIBIION JITHHBI.

[lonepeunast — 1s 3amIUThl ABYX U OoJsiee mapasuielbHBIX JIMHUN, OOMOTKH cTaTtopa
TeHEPaTOPOB OT BUTKOBBIX 3aMBIKaHUH, KOTJa UMEIOTCS MapaljieIbHbIC BETBH.

[TpononwHas quddepeHnnanpuas 3ammra

OcHoBaHa Ha CpaBHEHHUU TOKOB B HayaJie U B KOHIIC 3aIIMIIAeMOT0O JIEMEHTA.

JI1st 3a1TUThI yCTaHABIMBAIOTCS ouHaKkoBbie TpanchopmaTopsl Toka (TT) ¢ nByx cTopoH
JTHAH.

OnnoumenHbIe Ga3bl BTOpudHOH 00MOTKH TT COeTMHSIIOTCS MEXKITY COOOM.

Cxema 3amuThl MOJTyYaeTcs MyTeM MapaJlIeIbHOTO COSAMHEHHUS BTOPUYHBIX OOMOTOK
tpanchopmatopoB Toka TA1, TA2 u pene Toka KA.
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Tok peie paBeH reOMETPUYECKON CyMME TOKOB.

[IpononpHas nuddepeHmanbHas 3ammTa JIeUCTBYET MPU MOBPEXKIECHUU B 30HE U HE
pearupyer Ha BHEITHHE KOPOTKUE 3aMbIKaHUs, TOKM Ka4aHUH U TOKH HOpMaJbHOW paboThl. JTa
3amuTa 00sagaeT abCoMIOTHOM CeleKTUBHOCTHIO. OHa BBIMOIHIETCS 0€3 BBIEPKKU BPEMEHHU.

[Tonepeunas nuddepeHIraabHas TOKOBas 3aIHTa.

[TpuHIMI nEefCTBUS OCHOBAH HAa CPABHEHUH TOKOB OJJHOMMEHHBIX (ha3.

TpancdopmaTopsl TOKa YCTaHABIMBAIOT B Hayalle 3alUINAEMON JIMHUHM y UCTOYHUKA.
bepyT TpancdopmaTopbl ToKa ¢ OJMHAKOBBIMH KO3 dHUIIMEHTaMH TpaHChopMaIuu.

Perne Toka BKIIIOYaeTCs Ha Pa3HOCTH TOKOB JBYX (a3.

[Tpu HopmanbHOM padote u BHemHUX K3 (1. K1) mo o6MoTKe pene mpoXoauT TOIBKO TOK
HebanmaHca.
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JlocTonHCTBA 3aIUTHI.

1. ImeeT aOCONMOTHYIO CENEKTHBHOCTb.

1.1 He tpebyer cornacoBanus mapaMmeTpoB C APYTHUMH 3alTUTAMHU.

1.2 He wumeer BblgepkKu BpemeHu. OOecrneunBaeT OBICTPOE  OTKIIOYECHHUE
MOBPEXKICHHOTO yJacTKa.

Henocrarku.

1. Hwmeer mepTBYyI0 30HY. He 3ammmaeT KoHel JUHUU U IIUHBI ToACTaHIUU. He Moxet
HCIIOJIb30BaThCS B KAYECTBE OCHOBHOM 3aIlIUTHI.

2. B cnydae oTKIIOYEHHUS OJTHOW U3 JTUHUN JTOJDKHA BBIBOJUTHCS U3 ICHCTBHUS.

3.  He wmoxer ompenenuth Ha Kakod juHuM mnpousomio K3. He Moxer ObITh
WCIIOJIb30BaHa HA JIMHUSX C aBTOMATHYEKUMH BBIKIIOYATEISIMU, KOrja TpeOyeTcs OTKIIIoYaTh
TOJIbKO TIOBPEKIECHHYIO JTUHUIO.

B o6mem cinydae mpu cpabaThIBaHMHM 3alUTHI HYXKHO OIPEACIUTH IOBPEKICHHYIO
JUHUIO, OTKIIOYUTh €€ BPYYHYIO, BBIBECTH 3aIUTy W3 JEHCTBUS, a 3aTeM BKIIIOUHTH
OCTAaBIIIYIOCS JIMHHIO.

3. Pesteitnas 3amura TpaicgopMaTopoB

B cootBerctBUM ¢ TpeOoBaHusMu IlpaBmil yCTpoiicTBa 3JEKTPOYCTAaHOBOK Ha
TpaHchopMaTopax yCTaHABIMBAIOTCS YCTPONCTBAa pEIECHHON 3alMTBhl OT CJCAYIOIUX BHIOB
MOBPEXKACHUI 1 HEHOPMAIIbHBIX PEKUMOB PaOOTHI:

-MHOTo(a3HbIX 3aMbIKaHUI B 0OMOTKAX M Ha BbIBOJAX;

-0qHO(a3HBIX 3aMBIKAaHUN Ha 3€MIIIO B OOMOTKE M Ha BBIBOJIAX, PUCOCTUHEHHBIX K CETH
C TUIYX03a3€MJICHHOW HEUTPaJIbIO;

- BUTKOBBIX 3aMBIKaHHUI B 0OMOTKAX;

- TOKOB B 0OMOTKax, 00yCJIOBJIEHHBIX BHEITHUMU K3;

- TOKOB B 0OMOTKaXx, 00yCIIOBIICHHBIX MEPErpy3Koi (3aIuTa OT Meperpysa);

- IOHWKEHHUSI YPOBHS Maca;
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- oxHO(a3HBIX 3aMbIKaHUI Ha 3emiio B ceTsax 3-10 kB ¢ u307aMpoBaHHON HEUTpasbio,
eciu TpaHcopMaTop MUTAET CETh, B KOTOPOU OTKIIIOUEHHE O0JIHO(A3HBIX 3aMbIKAaHUM Ha 3€MJTIO
HEO00XO0UMO IO TPEOOBaHUSAM OE30MACHOCTH.

3amuThl TpaHCPOPMATOPOB JENATCS HA OCHOBHBIE U PE3EPBHBIE.

K 0CHOBHBIM 3aIIuTaM OTHOCSITCA T'a30Bas 3aIiuTa U AudQepeHnnanbHas 3amra.

I'azoBasi 3amuTa npenHazHayeHa AJis 3alIMTHl MAcCIOHAMOJHEHHBIX TpaHCPOpPMaTOPOB
OT TOBPEeXICHUN BHYTpu Oaka TpaHcopmaTopa, CONPOBOKAAIOIIUXCSA BBIACICHHEM Tasa
(3aMbIKaHMSI HA KOPIYC, BUTKOBBIC 3aMbIKAHUS, «0Xap» CTalIM U T.I.), a TaKKe€ CHUKEHUS
YPOBHSI Maciia B TpaHc(opmarope.

JAuddepennuaibuas 3ammTa TpaHchopmaTopa TMpeAHa3HAYeHA JUIsl 3allUThl  OT
NOBPEXJCHUN BHYTpH 0aka, Ha BBIBOAAX TpaHC(POpPMATOpa WIIM HA YYACTKE OUIMHOBKU MEXITY
TpaHcpopMaTopamMu TOKa, K KOTOPHIM MOJIKJIF0OUEHA 3aIIUTA.

Ha tpancdopmaropax Manoil MomHocTH BMecTO auddepeHnnanbHoil TOKOBOM 3aIIUThI
MOJKET YCTaHABJIMBAThCS TOKOBasi OTCEUKA.

OcCHOBHBIC 3alIUTHI JEHCTBYIOT Ha OTKIIOYEHHE TpaHcpopmaropa Oe3 BBIICPKKHU
BpPEMEHH.

Pe3epBHbIe 3alIMTHI 3aIMIAIOT TPAHCPOPMATOP OT TOKOB B OOMOTKax, BBI3BAHHBIX
BHemHUMH K3, a Takke pe3epBUPYIOT IEMCTBHE OCHOBHBIX 3alIUT.

K pesepBHBIM 3ammTaMm mMoHMWXKawImMUX TpaHchopmatopoB 110(35)/10(6) kB or
MHorogasubix K3 oTHOcHTCS MakcuManbHas TOKOBasl 3allUTa ¢ KOMOMHUPOBAHHBIM ITyCKOM
HanpsOKEHUs WK 6e3 Hero.

Ha nByx0OMOTOUYHBIX MOHMKAIOLIUX TpaHC(HOpMATOpax yCTaHABIMBAETCS, KaK IPABUIIO,
CO CTOPOHBI BBICOKOTO HANpSDKEHHs, Ha Tpex- U Oojiee OOMOTOUHBIX — C KaXKJAOH CTOPOHBI
TpaHnchopmaropa.

3amrTa oT eperpysa BhIMOIHAETCS, KaK MPaBHII0, C IEHCTBUEM HA CUTHAIL

1. 5 JIeknus Ne3 (1 yaca).

Tema: «YcTpoiicTBa aBTOMAaTHKH SJIEKTPUYECKUX CETEH. 3aluTa 1 aBTOMaTHKa
MOJICTAHIMH. 3aIKUTa U aBTOMaTUKa TpaHCc(HOopMaTopoB»

1.5.1 Bonpocs! Jiekuum:

1. YcTpoiicTBa aBTOMaTUKH JIEKTPUYECKUX CETEM;
2. 3ammTa ¥ aBTOMAaTHKa IMOACTaHIIHI;

3. 3ammTa 1 aBTOMaTHKa TPaHCHOPMATOPOB.

1.6.2 KpaTtkoe cogep:xkaHue BOPOCOB:

1. YcrpoiicTBa aBTOMATHKH 3JIeKTPUYECKUX CeTei;

VYcerpoiicTBa aBTOMaTHYECKOTO MOBTOPHOTO BKJIKOUEHHS. BOJBIIMHCTBO MOBPEKICHHI
BO3/YIIHBIX JIMHUW AJIEKTPONEpeaauyu OOYCIOBICHO CXJIECTHIBAHUEM IPOBOJIOM TPU CHIHBHOM
BETpE WJIM TOJIOJIeNIe, HapyUICHUH HU30JSLUUU MpU BO3ICHCTBUM MOJIHUU, MaJI€HUEM JEPEBHEB,
3aMBIKAHUEM MPOBOJOB JIBIKYIIMMUCS MEXaHU3MaMHU U T.N. Takue MOBPEXKACHUS SIBISIOTCS
HEYCTOMYMBBHIMU M TIO3TOMY HpH OBICTPOM OTKJIIOYEHHHM JUHUM caMmoycTpaHstorcs. s
BBITIOJIHEHHUST 3TOM  3a/layd  UCIOJIb3YIOTCS YCTPOMCTBA aBTOMATHYECKOTO IOBTOPHOTO
BroueHus1 (YAIIB). MccnenoBanusi CTaTUCTHYECKUX TTOKA3aTENeH CBUICTEIBCTBYIOT O TOM,
yto YAIIB B cpengnem wumeror 60-75% ycnemHbIx AeiictBuil. Takumu ycTpoicTBaMu
OCHAIIIAIOTCS CIICYIONIUE 3JIEMEHTHI: BO3JYyIIHBIE, CMEIIaHHbIE KaOenbHO-Bo3aymmHbIe JIOII
Boime 1 kB (Ipy HaIWYMM COOTBETCTBYIOIIMX KOMMYTAIIMOHHBIX AamMaparoB); UIUMHBL
TpaHcGOpMaTOPBI; OTBETCTBEHHBIE 3JIEKTPOIBUTATEIH.

Knaccudpukanus Y AIIB:
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— 1o yncay (a3 BhIKIIOUaTeNel, BKioyaeMblx ycrpoiictBoM AIIB: tpexdaznoe (TAIIB),
onnodasznoe (OAIIB);

— 10 croco0y MpoBepku cuHXpoHu3Ma npu AIIB mist TuHMI ¢ IBYyCTOPOHHUM TUTAHHEM:
C MPOBEPKOM, O€3 MPOBEPKHU;

— 1o cnocoOy BO3JEHCTBUS Ha MPUBOJ BBIKJIIOYATENS: MEXAaHUYECKHE U ICKTPUUYECKHE
ycTtpoiictBa AlIIB;

— 10 KPaTHOCTH JEHCTBUS: OJJHOKPATHbIE U MHOTOKPATHOTO I€HCTBUS.

VYcerpolicTBa aBTOMAaTUYECKOro BKJIOUEHHS pe3epBa. B OC mnpu Hamuuuu ABYX
UCTOYHMKOB NMUTAHMS, KaK MPaBUIIO, pabOTAIOT MO PAa3OMKHYTOW CXeMe, M KaXKAblil MCTOYHUK
o0ecrieunBaeT NHUTAHUE BBIJEICHHBIX €My morpeduteneil. OTCYTCTBHE CBSI3U MEXIY
MCTOYHUKAMU MO3BOJSET YMEHBIINUTh TOKU K3, yIpOCTUTH peneiiHylo 3aluTy, CHU3UTh IIOTEPU
JIEKTPOIHEPTHUHU, CO3JaTh HEOOXOIUMBIN PEXUM 110 BEIUYMHE HalpspkeHUs. Pa3oMKkHyTas ceTb
[I0 CPaBHEHHUIO C 3aMKHYTOH MMEET HEIOCTaTOK, 3aKIHYAIOIIMNCA B CHM)KEHUU HAJEKHOCTH.
Hanpumep, npu OTKIIOYEHMM OJHOTO HCTOYHHMKA IUTAHUS DJIEKTPOCHAOXKEHUE BCEX €ro
norpeduTeneil mpekpamaercsa. s BOCCTaHOBICHHS 3JIEKTPOCHAOKEHUS 3TUX NOTpeOUTeNei
HCITOJIB3YIOTCSl YCTPOHCTBA aBTOMAaTHYECKOTO BKJIItoUueHus pesepra (Y ABP).

VYerpoiictBa aBTOMaTUYECKOM YacTOTHOM pasrpy3ku. Yacrora NEPEMEHHOIO TOKa
OIpPECIIAETCS YaCTOTON BPALICHUsI CHHXPOHHBIX T€HEPATOPOB M SIBISETCS OOHUM M3 OCHOBHBIX
nokaszarejeil KadecTBa OJEKTpUueckoil osHepruu. Ilpum neduuuTe aKTUBHOW MOIIHOCTH
BO3HHUKAET CHUKEHUE YaCTOTHI, a IPU U30BITKE —yBEIMUYEHHE 4YacTOThl. HOMUHaBHOE 3HaueHHe
4acTOThI HAIPSDKEHUS AJIEKTpudeckon cetu paBHsaercs 50 I'm.

VYcerpolictBa aBToMaTuku AeieHus. Y AJl mpou3BOAsT OTAEIEHUE T€HEPATOPOB C YACThIO
Harpy3Ku, KOTopasi COOTBETCTBYET UX MOILHOCTH, OT OCTAJIbHOM Harpy3ku paiioHa

2. 3ammTa U ABTOMAaTHKA MOACTAHIIHHA
OmnbIT HKCIUTyaTallMy MOKa3bIBAET, YTO HECMOTPS Ha OJIarONOIy4HbIe YCIOBUS AJIs HAA30pa U
yX0Jla 3a 3JIEMEHTaMU PacHpesl. YCTPOHCTB MOJCTAHIIMN MOBPEXKACHUS HAa X IIMHAX BCE XKe
umeer Mecto. K 4yuciay NpuumH K.3. Ha IIMHAX MOXXHO OTHECTU: NEPEKPBITUE IIMHHBIX
U30JIATOPOB M BBOJOB BBIKJIIOUaTENel; nmoBpexaeHne TH U ycTaHOBIECHHBIX MEXIY IIMHAMU
U BBIKJIIOUYaTENsIMH; noBpexxaeHue TT; mosomMka N30J9TOPOB pa3beAUHUTENCH U BO3IYIIHBIX
BBIKJIFOYATEJIeH BO BpEMsI OIepaliyii; OIMOKH 00CTy)KUBAIOIIETO MepCcoHaa.
JU1st OTKIIOUEHMS K.3. IPUMEHSIOT COOTBETCTBYIOIINE 3aAIUTHI. B KAUECTBE TAKUX 3aIUT
Ha CUJIOBBIX TpaHC(OpMaTOpax MPUMEHSIOTCS 3alUTHl OT BHEIIHUX K.3., a Ha JIDII — MT3 u /13,
OJITHAKO 3TH 3alUThl B OCHOBHOM BBINOJHAIOTCA C BBIAEP)KKAMU BPEMEHH, a IO YCIOBUAM
ycroitunBoctd B cetd 110-500kB He0o0X0aMMO MIHOBEHHOE OTKIIIOYEHHE MQ.K.3. HAa HIMHAX.
[TosTOoMy cymiecTByeT HeOOXOAMMOCTb IPUMEHEHNUS CIIELUANIBHBIX 3aILHUT.
3amuThl IIVH.
- 3amuTa cOOpHBIX IKH, OMHOBKH 35kB u Beimre (JI311I)
- 3amura mmH 6-10xB (dyrossie, JI3III)
ABTocOopka muH mnocie orkimroderus ot J3111.

3. 3amuTa M aBTOMATHKA TPaHcGOpMaTOPOB

3ammTel TpaHcHOPMATOPOB AETATCS HA OCHOBHBIE U pE3€pBHBIE.
ABTOMartHKa TpaHC(HOPMATOPOB:

- APH

- ABTOMaTHKa 00/1yBa
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1. 6 Jleknus Ne3 (1 yaca).

Tema: «YpaBieHHUe pesIeiHON 3aUTON

1.6.1 Bonnpocs! Jieknum:

1. @yHKIIMM yOpaBIeHUs pPEICHHON 3alUTON;

2. MukponpoiueccopHble KOMIUIEKThI, YCTPOMCTBA PEJICHHON 3alluThl, YNPABICHUS H
aBTOMATHKH;

3. OCHOBHBIE CBEICHHUS O IUCIIETYEPCKOM YIIPABICHUH.

1.6.2 KpaTtkoe cogep:xkaHue BOMPOCOB:
1. ®yHkuum ynpapJjieHUsl pejieiiHOH 3alUTOM;

Kakoe ynpaBieHre KOMMYTallMOHHBIMH amlliapaTaMy IIPUMEHSIETCS] B SHEPTETHKE

Hucmanyuonnoe ynpaenenue-yrpaBieHue KOMMYTAIIMOHHBIM almapaToM C YAaJICHHOTO
Ha 0€301acHOE PacCTOsSHUE MTOCTa (IIUTA, yJbTa) YIIPaBICHHUS.

Mecmnoe ynpasnenue - ynpaBlieHHe KOMMYTAIMOHHBIM allapaTOM OT MECTHOU KHOTIKH
WM KJTF0Ya YIPABICHHS, PACTIOIOKEHHBIX BOJIM3M KOMMYTAIMOHHOTO amnmapara.

Aemomamuueckoe 6KnOYeHUe — BKIIOYEHWE KOMMYTAIMOHHOTO amrmapara 4epes
YCTPOHCTBO aBTOMATHYECKOTO MOBTOPHOTO BKIIFOUCHUS

2. MukponpoueccopHbie KOMILUIEKTbI, YCTPOMCTBA pesieiiHO 3alUThI, YIIPABJIECHUS
U ABTOMATHKH;

B Hacrosimiee BpeMsi MPUMEHSIOTCS CJEAYIOIIME OTEYECTBEHHbBIE MHKPOIPOILIECCOPHBIE
3aIlUTHI:

«CUPNYC» «CHUPUYC-C» «CHUPUYC-B» - mnpemHasHayeHbl Uil OCYIIECTBICHUSA
dbyHKMi P3 1 aBTOMAaTHKY Ha OTXOASIIUX JIMHUSAX , CEKIIMOHHBIX BBIKIIIOUATENAX U BBOAX 6-35
kB.

«OPMOH-M» - mnpeana3HaueHbl [uisi BbImonHeHWs (yHkuuii P3, aBTOMaTHKH,
YIPaBJICHUS U CUTHAIM3AWUN PUCOCTMHEHNI HanpsbkeHueM 6-35 kB.

BMP3 — obecnieuuBaer ¢ynkiuu P3, aBTOMaTHKM W ynpasieHus Bo3ayiHbex (BMP3-
BJI) u xaGempubix JIDII (BMP3-KJI), cexumonnsix (BMP3-CB) u BBOogubiX(BMP3-BB)
BBIKIIFOUaTesei pacnpenenurenbubix 11C, mkados cekunonupoBanus tuHuil 6-10 kB, a Taxke
tpanchopmatopoB a0 6,3 MBA (BMP3-TP) u acuaXpoHHBIX IBUTaTEIeH MOIIHOCTHIO 10 4 MBT
(BMP3-11A).

«TOMIT 2501-1X» - mpeaHa3zHaueHbl I BbIMoJdHeHUs (yHkmuit P3, aBTOMaTuku u
VIOPABJICHUS PA3JIMYHBIX [PUCOCAMHEHUN Ha MNPOMBINUIEHHBIX npeanpuatusx u lIC
HanpspkeHueM 0,4-35 kB mepeMeHHOro, BBIIPSIMIEHHOTO TEPEMEHHOTO M TMOCTOSHHOTO
ONEPATUBHOTO TOKA.

UM®-3C, HNM®-3P — mnpenHazHaueHbl IS HEMOCPEACTBEHHOTO  OINpEICTICHUS
paccTosiHUA IO MECTa MOBPEXICHHS ITPH 0AHO(a3HBIX, 2-X 1 3-X ¢a3ubix K3 na BJI-110-750 kB
MPOTSKEHHOCTHIO 110 400 kM

OKPA - npenna3zHaueHsl 4715 BeIOMHEHHS (GyHKIMA P3 Bcex HanpsyKeHUH.

3. OcHOBHBIE CBEJIEHHUS 0 IMCIEeTYEPCKOM yIIPABJIEHUU.

Cucrema onepaTuBHO-AUCIIETYEPCKOTO YIIPABICHUS B 3JIEKTPOIHEPTETUKE

- Cucrema onepaTUBHO-IUCIETYEPCKOTO YIPABICHUS B JEKTPOIHEPIeTUKE BKIIOYAET B
ce0si KOMIUIEKC Mep IO ILEHTPAJIM30BAHHOMY YIPABICHUIO TEXHOJOTUYECKUMHU PEXKHUMAMU
paboThl OOBEKTOB 3JIEKTPOIHEPTeTHKU U SHEPrONPUHUMAIOIIMX YCTAHOBOK MOTpeOuTeNnel B
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npenenax ENMHON 3HEpreTudeckor cucrteMbl PocCMM M TEXHOJOTMYECKH H30JIMPOBAHHBIX
TEPPUTOPUATBHBIX  3JEKTPOIHEPTeTHUECKUX  CHCTEM,  OCYIIECTBISIEMOMY  CyOBEKTaMu
ONEPATUBHO-IUCIIETYEPCKOTO YIPABJICHUS, YIIOJHOMOUYEHHBIMUA Ha OCYIIECTBICHUE YKa3aHHBIX
Mep B OPAJIKE, YCTAHOBIEHHOM HacTosIIUM DeepanibHbIM 3aKOHOM.

- Ilenbto [JEATENIBHOCTH CUCTEMBI ONEPATUBHO-AMCIETYEPCKOIO YIpaBIECHUS B
JIEKTPOIHEPreTUKe sIBIAeTCS OOecrneyeHne HaJeKHOTO DSHEpProcHaOKeHusT U KadecTBa
DIIEKTPUYIECKOM IHEPTUHU, COOTBETCTBYIOMIMX TPEOOBAHUSAM TEXHUYECKHX PETIIAMEHTOB M HHBIM
00s13aTeNbHBIM TPeOOBaHUSM, YCTAHOBJICHHBIM WHBIMA HOPMATHUBHBIMU aKTaMHU, U MPUHSITHE
Mep Ui OOecCreYeHHs HCIOJIHEHUsI 00sA3aTeNIbCTB CYOBEKTOB 3JIEKTPOIHEPTeTHKH IO
JIOTOBOPAM, 3aKJIF0Ya€MbIM Ha ONITOBOM U PO3HUYHBIX PBIHKAX.

- OnepaTUBHO-AUCIETYEPCKOE YMPABICHUE ATOMHBIMH CTAHLMSIMHU OCYIIECTBIISIETCS B
COOTBETCTBUM C  TMOJOXKEHUSIMH  HACTOSIIEW  IJIaBbl, a TakkKe OCOOCHHOCTSMH,
PEeyCMOTPEHHBIMU (heiepaTbHBIMU 3aKOHAMHU U MHBIMH HOPMAaTUBHBIMH TPABOBBIMH aKTaMHU
Poccutickoit deneparyu B 00J1aCTH UCTIOJIB30BAHUS aTOMHOM SHEPTHH.

B HopManbHOM pexume pabOThl AJIEKTPOYCTAHOBKH TEPEKIIOUEHHS TPU TEPEeBOjIE
obopynoBaHus U ycTporcTB P3A W3 OJHOrO COCTOSHHMS B JPYroe, a TaKXkKe IMEePEKIIOYCHHUS,
CBSI3aHHBIE C M3MEHEHHEM JKCIUTYaTAIl[MOHHBIX PEKUMOB pabOThl 00OPYIOBAHHS U yCTPOUCTB
P3A, OOMKHBI BBINOJIHATBCS MECTHBIM OINEPATUBHBIM IEPCOHAIOM IO  PaCHOPSHKEHUIO
ONEPATUBHOTO PYKOBOAMTEINS, B OINEPATUBHOM YINPABICHUM KOTOPOrO HAXOJIUTCA ITO
obopynoBanue u ycrpoiictsa P3A.

B HOpManbHOM pexume paboThl omepanuu ¢ 00OpyHoBaHMEM U ycTpoiicTBamu P3A,
HaxOoJAIIMMHUCS B OINEPATHBHOM BEJCHUM JHCIETYEPA, MOTYT BBINOJIHATHCS TOJBKO IOCHE
MIOJIyYEHUS €T0 Pa3peLICHMUS.

B pacnpenenuTenbHBIX 3JNEKTPOCETAX HampsokeHueM 35 kB BKIIOYMTENBHO TIpU
OTCYTCTBUM ONEPATUBHO-TUCIETYEPCKOTO YIPABICHUS MEPEKIIOUEHUS] MOTYT BBIIOIHATHCS 1O
PpacropsKEHHUIO YIOJIHOMOYEHHOTO aIMUHHACTPATUBHO-TEXHUYECKOTO IIEpCOHANA,
BBITIOJIHSIOLIETO B 3TOM ciiydae (QYHKIMH JUCTIETYepa.

[lepedyeHb HNEKTPOYCTAHOBOK, JUIsl KOTOPBIX MPHUHAT TAKOM NOPANOK BBITOTHEHUS
MEPEKITIOUEHUM, TOJDKEH YCTaHABIMBATHCS PACIOPSIKEHUEM IO MPEANPUATHIO AIIEKTPUUECKUX
ceTel.

2. METOAUYECKHUE MATEPHAJIbBI
O MPOBEJIEHUIO JIABOPATOPHBIX 3AHATUM

2.1 JIabopatopHas padora Ne JIP 1 (2 yaca).

Tema: «MoaeaupoBaHe MAKCMMAJIbHONH TOKOBOH 3aIUThl, MTHOBEHHOH TOKOBOI
OTCEYKH JIMHUH dJIeKTponeperadn

2.1.1 lesapb padoThI: TOJHOE MPEICTABICHUE O pa00TE MAaKCUMAJILHOW TOKOBOM 3alITUTHI
JIUHUU 3JIEKTPOIEepEauH.

2.1.2 3apayu padoThI:

1. OCHOBHBIE TTIOHSATHS MAKCUMaIbHOM TOKOBOM 3aIlUThI;

2. CriocoOBblI 3aITUThI TUHUHT AJIEKTpoIIepeaay;

3. Anroput™ pabOThI 3aIMTHI.

4. OCHOBHBIC TTOHATUS MTHOBEHHOM TOKOBOI OTCEUKHU;

5. Anroput™m paboThl MTHOBEHHOM TOKOBOI OTCEUKH;

6. [IpnunHbl cpabaThIBaHUS MTHOBEHHOM TOKOBOM OTCEYKH.
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2.1.3 Ilepeyenb NpuOOpPOB, MATEPHUAJTOB, HCIIOJIb3YeMbIX B J1a00paTOPHOI padoTe:
1. HArIATHOE TEXHUYECKOE 000PYI0BaHHE

2.1.4 Onucanue (xox) padorTpi:

MoaenupoBaHre MaKCUMaJIbHOM TOKOBOW 3aILUTHI JIMHUU JIEKTPOIEPENAYM Ha CTEHIE
P3ACSC.001 PBO.

Amnanus pabotsl YP3A.

[Tpunnun padoter YP3A

2.2 JIaGopatopHas padora Ne JIP 2 (2 yaca).

Tema: «MoaenupoBanue 1u¢PepeHIHATBHON 32U THI THHUHU dJIeKTpoeperadu, u
TpancpopMaTopon»

2.2.1 Heap padoThI: MOTYYUTH MOJHOE MpeACTaBieHue o padore nuddepeHnantsHon
3aIIUTHI IMHAH 3JIEKTPOIepeaadn

2.2.2 3agauu padoThI:

1.Ilonstue nuddepeHInanbHON 3aIUThHI;

2. IIpenmy1iecTBa ¥ HEJOCTATKU COBPEMEHHBIX YCTPOICTB nudhepeHInanIbHOM 3aUThI
JIMHUH;

3. Tennenuuu pazButus 1udpHepeHInaTbHbIX 3aluT.

4. Tlonstue nuddepeHIuanbHON 3alHUThl TpaHCHOPMATOPA;

5. AHanM3 NIPUHIMITHANBHBIX cXeM TuddepeHIaTbHON 3aUThl TpaHCPOPMATOPa;

6. Pacuer nudepeHnmanbHON 3amUTH TpaHcPopMaTopa.

2.2.3 IlepeyeHb NpuOOPOB, MATEPHUAJIOB, HCIIOJIbL3YeMbIX B J1a00paTOPHON padoTe:
1. HarIATHOE TEXHUYECKOE 000PYyI0BaHHE

2.2.4 Onucanue (xox) padorTpl:

MonenupoBanue audepeHIHATBFHON 3alUThl JIMHUW DSJEKTPOIepeay Ha CTEHJC
P3ACDC.001 PBD.

Amnanus pabotsl YP3A.

[Tpunnumn padoter YP3A.

2.3 JlabGoparopuas padora Ne JIP 3 ( 2 yaca).

Tema: «MopgenupoBaHue TEIUIOBOM 3alIUTBhl AJIEKTPUUYECKOM 1ENMU C TMOMOIIBIO
AJNEKTPOTEIIOBOTO PeJie»

2.3.1 eab pabdoThbl: TMOJHOE TMpEACTaBICHUE O paboTe TEIIOBOW 3allUThI
ANEKTPUUECKOM 1IENH C MOMOIIBIO 3JEKTPOTEIIOBOTO PElIe.

2.3.2 3agauu padoThI:

1. IloHaTHE TEMIOBOM 3aIIATHI;
2. Busipl TEMIOBBIX pelie;
3. IlpunHimn paGoThl TEIIOBOTO peJie.

2.3.3 Ilepevyenn npudOpoB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B J1a00paTOpHON padore:

1. HarIsAAHOE TEXHUYECKOE 000pYAOBaHUE
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2.3.4 Onucanue (xox) padoTsbl:

MoaenupoBaHre  TEIUIOBOM  3alIUTHl  DJEKTPUYECKOM  ILEeNu € MOMOUIBIO
anekTpoTemioBoro pene Ha crenae P3ACOC.001 PBED.

Ananu3s pabotsl YP3A.

[Tpunun padotsr YP3A.

2.4 JlabGoparopHas paoora Ne JIP 4 ( 2 yaca).

Tema: «ABTOMaTH4YecKOe TMOBTOPHOEe BKJIOYEHHe JHUHUM 3JIeKTponepeaavyu,
aBTOMAaTH4YeCKOe BKJIIOYEHHE Pe3ePBHOI0 NUTAHUS HATPY3KN»

2.4.1 Heap padoThl: NONHOE MPEICTABICHHE O PadOTE aBTOMATHYECKOE BKIIIOYCHHE
PE3€pBHOTO NMUTAHMsI HATPY3KH U OBTOPHOE BKIIOYEHUE JIMHUM JIEKTPOIIEpEaayHn.

2.4.2 3agauu padoThI:

1.Ilpuanun paGoThl aBTOMATHYECKOE BKIIOUCHHUE PE3EPBHOTO MUTAHMS;

2. JlocToMHCTBAa ¥ HEAOCTATKN aBTOMATHYECKOTO BKIIFOUEHHS PE3E€PBHOTO MUTAHUS;
3. Tunbl HCIOHUTEILHBIX MEXaHN3MOB.

4. [MpuHIwn paboThl ABTOMATHYECKOTO MTOBTOPHOTO BKITFOUCHHUS;

5. JIoCTOMHCTBA M HEIOCTATKH aBTOMAaTHYECKOTO IIOBTOPHOTO BKIIIOUCHHSI;

6. TpeboBaHMsI K YCTPOHUCTBAM aBTOMAaTHYECKOTO MOBTOPHOTO BKIFOYCHHUS.

2.1.3 Ilepevyenn npudOpoOB, MAaTEPHAJIOB, HCIIOJIb3YeMbIX B JIA00paTOPHON padore:
1. HarsIIHOE TEXHUYECKOoe 000pyJ0BAHNE

2.4.4 Onucanue (xox) padoTsbl:

MonenrpoBaHue aBTOMaTHYECKOE BKIIIOUEHUE PE3EPBHOIO MUTAHUS HArpy3KU Ha CTEHE
P3ACSC.001 PBD.

Ananu3s pabotsl YP3A.

[Tpunun padotsr YP3A.
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