17 PENENHAA 3ALUUTA U ABTOMATUKA TAMOBbIX CETEWA MNEPEMEHHOIO TOKA*
17.1. CXEMbI MUTAHUA SNEKTPOTANOBbIX CETEN

Hanbonee wmnpokoe NpMMeHeHWe B HACTOsILLLEE BPEMS MOSYYUIM TAroBble CETU NEepPeMeHHOro
TOKa HanpsikeHnem 27kB.

NCTOYHMKaMU NMUTaHUSA TArOBbIX CETeN ABNSAITCH TAroBble MNOACTaHUUKM, NOOKIMIOYEHHbIE K Ce-
TsM HanpsbkeHnem 110-220kB cm. puc.17.1.
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Puc. 17.1. Cxema nutaHus TAroBbIX NOACTAHLUIN NEPEMEHHOIO TOoKa
A, b — OnopHble noacTaHuuu;
B — lNMoacTaHuma ¢ 3axogom Ha OgHOM BbIKITHOYATENE;
" — OTnaeyHasn noacraHuus;
[ — MNopcTaHuusa ¢ 3axo4oM Ha 2 BbIkovaTensx.

Cxema «B»: 3axop ogHon nuHuu Ha MNC ¢ cekuMOHHbIM BbiKItoyaTenem. TpaHcgopmaTop npu-
COedNHSIETCA K CETM Yepes3 oTaenuTernb U kopoTkodambikatenb (OL-K3). HegoctaTtok cxembl:
HeobxoaAnMOCTb, AN CHATUA NOANUTKM No 27KB, Npy KOPOTKOM 3aMblKaHUN Ha NINHWUW, OTKIO-
YeHus of4HOro TpaHcdopmartopa, AN Yero NpuMeHsieTca cneuunanbHaa 3awmrta. Npu oTkmto-
YeHMM NUTaKLWEN NIMHUK OTKIOYaEeTCa U NOAKIMOYEHHbBIN K JaHHOW NIMHMK TpaHcdopMaTop.

Cxema «[I"»: nogknoyeHne TAroBon NOACTaHLMM OTMAMKOM K NIMHMK vepes BbikrntoyaTens. He-
[OCTaToOK CXEeMbl: BO3MOXHOCTb, NMPW NOBPEXAeHUN obeunx uenen ABYXLENHON NUHUK, NoTepu
00eunx TAroebIx TpaHcOPMAaTOpPOB, a Tak e HeobXoaMMOCTb OTKITHOMEHUS OAHOro TpaHcdop-
MaTopa, AN CHATMSA NOANUTKU Nno 27kB, Npy KOPOTKOM 3aMblKaHUM Ha NMHUKN. CxemMa NpUMeHs-
eTcs peako.

Cxema «[»: 3axo4 Ha nNoAacTaHuMio ¢ TpeMs BblkntoyatensMmu. C TOYKM 3peHust TArOBOW noga-
cTaHumn Hanbonee adhdeKkTUBHAsS cxema: Npu OTKNIOYEHUM OAHOM NnHUKM oba TpaHcdopmaTo-
pa ocTatoTcsa B paboTe, He TpebyeTtca asTomaTukn O[-K3. BeiBoag 13 paboTbl B pe3epB OQHOro
TpaHcopmaTopa MeHbLUe NOHMXAET HaAEeXHOCTb NUTaHMA TArOBOWM MoACTaHUMKM —
COXpaHseTcs NMTaHne Mo 2 NIMHUAM.

TdaroBbIN TpaHcopmaTop MOXET ObiTb YCTAHOBMEH U HA ONOPHOW NOACTaHUMW, KOTopasi Npu-
HagonexuTt obnacTtHom aHeprokomMnaHnn. OT TpeTbeln 0OMOTKN Ha TAroBOW NoAcTaHUMKN, 0ObIYHO
9T0 06MOTKa HanpsbkeHnem 35kB, MOXeT nuTaTtbCs MecTHas Harpyska aHeprokomnaHum. O6-
MoTKa 27kB nogcrtaHumm cobpaHa B TpeyrosfbHuK, HenTpanb ctopoHbl BH (110 — 220kB) 3a-
3eMrieHa, T.K. UMeeTCsa NOAMUTKAa CO CTOPOHbI 27 KB oT cMexHon noactaHuuu. NMpu napannens-
HoOM paboTe ABYX TpaHCOPMaToOPOB MOXHO Pa33eMinTb OO4MH U3 HUX, MPU 3TOM Yry4llaeTcs
paboTa 3aWuTbl OT 3aMblKaHWst HAa 3eMI0 Ha cTopoHe BH.

*[naea HariucaHa C ucronb3ogaHueM Mamepuarnos KHuau E.[1. @uaypHoea «PeneliHas 3a-
wuma u asmomamuka», Kuee 20042. u y4ebHozo nocobus JINMNXKTa «3awuma anekmpomsi-
208bIX cemell NepeMeHHO20 MmOKa Ha OCHO8e UHMEIeKmyarsbHbiX mepMmuHanoe» CaHKkm-
lMemepbype, 2003a.



Ha ctopoHe 27 kB umeeTtcs 2 cekumm cOOpHbIX LWWNH, OT KOTOPbIX OTXOAAT donaepa KOHTaKTHOM
ceTn. KoHTakTHaga ceTb — ogHodasHasa no Lenu KOHTakTHbIM npoBod — penbc. Ob6bluHast cxema
noakntodeHus: ¢asa A — KOHTaKTHast CeTb B OOHY CTOPOHY OT noAacTtaHumn, dasa B — B gpyryto
CTOpOHY, penbc nogkniodaetcs K dase «C» and oboux HanpaeneHui cM. puc.17.2. C npoTtumeo-
NOJSIOXKHOM CTOPOHbI NOOKIHYAKTCS OAHOUMEHHbIE ¢has3bl, U OCYLLECTBAAETCA napasnnenbHas-
paboTa No KOHTaKTHOW CETU.
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Pnc.17.2. ®a3npoBka KOHTaKTHOW CeTU U BO3MOXHble BapnaHTbl K3: K1- 3aMblkaHue KOHTakTHOro npo-
BOoAa Ha 3eMrto, K2 — nepekpbiTe HenTparnbHON BCTaBKMy.

CraHgapTHasa cxema KOHTaKTHOW ceTu npuBefeHa Ha puc.17.3.
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Puc. 17.3. Cxema nuTaHus MeXnoaCcTaHLMOHHOW 30HbI ABYXNYTHOrO y4acTka.
A. B — nutatowme nogctaHumm, INC — nyHKT cekumoHmnpoBaHnus, MNIMC- nyHKT napannenbHoro CoOeaMHeHns.
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Ha cxeme nokasaH y4aCcTOK KOHTaKTHOW CeTU MeXay 2 TAroBbIMU NOLACTaHLMSAMM.

PacctosiHMe mexay TAroBbIMU NOACTaHUMAMM nepemMeHHoro Toka coctasndet 40 - 60 kwm,
B TSrOBOW CETU C yCUNMBaKOLWMM U 3KpaHupyowum nposogamun - oo 80 kM, a B cucteme
2x25 kB c aBToTpaHchopmatopamn — o 100 KM; OT 9TOro pacCTosHMA 3aBUCUT Harpyska
(PnaepoB KOHTAKTHOW CETU B HOPMAlbHOM pexuMme 1M ToK omaepa Npu KOPOTKOM 3aMblKaHUN
(K3). TaroBsas ceTb B MeXNoACTaHUMOHHON 30HE MornyyaeTt nuTaHue ¢ ABYX CTOPOH, noce-
peduHe ycTaHaBnMBaEeTCs NOCT CekuMoHupoBaHua. Mexay TarosbiMu nogctaHuuamu A n B n
nocToM cekunoHnpoBaHusa NC moryT GbiTb pasmMelyeHbl Npy HeOH6XOAMMOCTM MYHKTbI napan-
neneHoro coeanHenus MMC1 u MMNC2 ana ctabunusaumm ypoBHSA HaNPsXKeHUs1 B KOHTaAKTHOW
ceTn npu 6onblWnX pasmepax OBMXKEHUS U CHMKEHUS NOTepb 3nekTpoaHeprumn (puc. 19.3)
Cxema nuTaHus MeXnoACTaHUWMOHHOW 30HbI C MOCTOM CEKLMOHWPOBAHUS U NyHKTaMK napan-
nenbHOro COoeAuHEeHUs HOCUT Ha3BaHwe napasiiesibHou. Mpu OTCYTCTBMM MYHKTOB naparn-
NenbHOro coeavHeHnsa (MM UX OTKINIYEHWUU) cCXxema NUTaHUSA npeBpallaeTcs B y3/108Y10.
Cxema nuTaHWs MeXnoACTaHUMOHHOM 30Hbl C MOCTOM CEKLUMOHWPOBAHWUS U MyHKTamMu napan-
NenbHOro CoeAuHEeHUs HOCUT Ha3BaHwe napasiiesibHou. Mpu OTCYTCTBMM MYHKTOB naparn-
NenbHOro coeavHeHnsa (MM UX OTKIIYEHMWN) CXemMa NUTaHUSA NpeBpallaeTcs B y3/108Yi0.
lMocT cekuMoHMpoBaHUA MoxeT OblTb BbiBedeH B PeEMOHT. [lpu 3TOM BbIKnYaTenu
Qr1A1, QrFIA2, QrlIB1, QFIB2 oTknto4alT, a npoaosibHble pasbeanHutenn QS71 n QS2
3aMblkaloT. CxeMa nNUTaHUs MeXNOLCTaHLMOHHOW 30HbI NMPU OTKIKOYEHHbIX BbIKMOYaTENAX
NYHKTOB napannenbHoro coeanHeHuns (unu npu otcytctaum MIMC) n OTKNHOYEHHbIX BbIKMIO-
yaTenax nocrta cekumoHupoBaHus MNMC Npu 3aMKHYTbIX NPOAOSIbHBLIX pasbeguHuTensx (unm
npuotcyTtcTeum NC) HasbiBaeTcAa pasddesibHou. ,
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B HopmanbHbIX YCNoOBUSIX BCE BbIKMNOYaATENM KOHTAKTHON CETU B MEXMNOACTAHLUMOHHOW 30-
He BKrtoveHbl. OgHako B npouecce aKcnnyatauum Te Unu MHble BbIKMYaTenu MoryT ObiTb
OTKMOYEHbI OnepaTUBHO (HanpuMep, U3-3a PEMOHTHBLIX paboT Ha neperoHe), NMGo B pe3ynb-
TaTe AeWCTBUS penenHomn 3almnTbl NPY KOPOTKUX 3aMblKaHUSAX UNN HEHOPMaTbHbIX pPeXumax.

082~ Ha yuacTkax, rae nepeToku MOLIHOCTM MepBsu-

s i HOI CUCTEeMbI 3NIeKTPOCHAGXEHNS MO KOHTaKTHO
J - = | ceTn (ypaBHUTENbHbIE TOKU) MMEIT 3HAYUTENb-
e HYIO BEMUYMHY, NPUMEHSIIOT MOCThbl CEKLMOHMNPO-

Ol BaHUS C LUMHOCOEAMHUTENbHBLIM BbIKIOYATENEM
QMw (puc. 17.4). Mpu HopManbHOM pexume
Qli4l Of1B1 aNEeKTPOCHaBXeHMs TArv Boiknoyatens QIIw oT-
|__e—  KIIOYEH. YpaBHUTErbHbIE TOKM B 3TOM Crhydae

' - OTCYTCTBYIOT, YTO CHUXAEeT MOTepu 3Heprum B

_ KOHTaKTHOW ceTu.
oSl Puc,

17.4. TToCT CEKLUMOHVPOBAHMSI C
LLIMHOCOEAVHUTENBHBIM BbIKMHOYaTENem

OcTtanbHble BbIKNKOYATENN NOCTa CEKUMOHMPOBAHUS OCTAlOTCS BKNKOYEHHbIMKU. [Mpyn 3TOM
MEXMNOoACTaHUMOHHAsA 30Ha AEnUTCA Ha OBe 4YacTu, Kaxaas M3 KOTOpbIX Nofy4vaeT nutaHue ot
ofHoOW noacTaHumn. [ns CHWXEeHUs NoTepb 3HEPrnn N NOTepb HaMPSHKEHUS KOHTAKTHbIE CeTu
CMEXHbIX MyTen aNeKkTpu4eckn coeamnHeHbl Bbiknovatenamm QIJAT, QIJA2 u QIIB1, QIJB2
Ha MOCTY CEKUMOHWPOBAHMSA, a TakkKe Ha NyHKTax napannenbHoro coeaumHenus MNMNC1 w
MrC2. Takass cxema NMTaHMUsS Ha3biBaeTcst 0OHOCMOPOHHeU nemiseegodl.

B mecTax, rae Bo3MOXeH pa3pes, a Takke BONM3KN TAroBor NoAcTaHumm, rae NpoucxoauT ne-
pekroYeHne Ha apyryto dasy, nNpuUMeHsIeTCs HeWTpanbHas (M3onupytoLLas) BcTaBka, no Ko-
TOpOW NaHTorpag 3NeKkTpoBO3a NEPEXOAUT Ha NPOAOIIKEHNE KOHTAKTHOrO NpoBOAa Haxoas-
Lerocst nog Apyrum HanpsikeHnem cMm. puc.17.2.

OnNeKkTpoBO3 NOACOEAMNHSAETCSA K KOHTaKTHOMY NPOBOAY Yepes3 CKOMb3SALUMNN TOKOCHEM-
HUK, NPUXMUMaeMblii K NpoBoAYy MPYyXUHaMu naHtorpadga. Ha anekTpoBose ycTaHaB-
nuBaeTCcsa NOHMXaKLWKMii TpaHcdopmaTop, K HeMy NoAKno4YaeTcs BbIMPAMUTENb U Ye-
pes nyckoperynupytLlyto annapaTypy KOnneKkTopHble ABUraTenun anekTpoBoa3a.

Tok Harpys3ku ougepa B HOpManbHOM PEXMME MOXET U3MEHATBLCS B LUMPOKUX NMpedenax u
B NEPNOL MHTEHCUBHOIO OBUXEHMUS rpy30Bbix noe3gos gocturate 600-800A. B MOMEHT BKIItO-
YeHUs TAroBOro TpaHcopmaTopa Ha 3NeKTpPOBO3e MNOo4  HanpsbkeHne amnnutyga
Opocka HamarHmdnBawLero Toka MmoxeT 6biITb paBHa 500-600 A n Bbiwe. [locne
BHE3aMHOro OTKI4YeHUs duaepa W aBTOMATUYECKOro NOBTOPHOrO BKMOYEHUS BpOCKU
Toka B 30He nutaHusa 40—70 km gocturatot 1500-2500 A.

B pexume Ttarn ¢asoBbii yron @, — OCHOBHOW FApMOHMKKN TOKa noesga maMeHseTcsa ot 25
0o 40°. B pexnme nycka u npu pekynepauumn oH CyLecTBeHHO yBenmyusaeTcsa. OgHako ecnu
ToKk pungepa npesBbiwaet 250— 300 A, To BIUSHWE TOKOB pekynepauuumun ypas-
HUTENbHbIX TOKOB Ha ero a3oBbl Yron He3HaYUTESbHO U B 3TOM ClyyYae OH He npeBbllaeT
40°.

TOK aneKkTpuyecKnx TOKOMOTUBOB M 3NIEKTPONO-
€300B C BbINPAMUTENbHLIMU YCTAHOBKaMMm
MMeeT HecuHycomnpganbHyto opmy (puc. 19.5
kpuas 2). KpuByto TOka MOXHO NpeacTaBuTb B
BUae 6eCKOHEYHOM CYMMbl HEYETHLIX rapMo-
HUK, cpeaun KOTOpbIX HanbonbLLIYy 4O CO-
cTaBnsieT TpeTbs rapmoHuka (150 Mu). Coaep-
XaHwe nocregHen B KpUBOKW Toka gocTuraeT

30 %, a npu pekynepauum - ewe 6onblIMX 3HA-
yeHun. C yBenuyeHnem 4mcna noe3goB B 30HE

Puc. 19.5. Ocumnnorpamma Toka 1 HanpsbkeHns
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NMUTaHMSa [aHHOro duaepa cogepxaHme BbICLLUMX FAPMOHUK YMEHbLUAETCS, B YaCTHO-
CTW, YPOBEHb TpeTben rapMOHUKN MOXET CHU3UTbCA A0 7T—38 %. B kpBOn HanpsixeHnsa u-
aepa (kpuBas 1) Takke cogepxaTcs BbiCLUME rapMOHUKN. OgHaKo UX JOMNA MEHbLUE YEeM B
Toke chmaepa 1 He NpeBbiWwaeT, kak npasuno, 3 %.

Ecnn TokONpMeMHWK 3nekTpoBO3a ABMXKETCA NO KOHTAKTHOMY MpOBOAY, MOKPbITOMY rosione-
[OM, TO NPU TOKOCbEME BO3HUKAET WUHTEHCUMBHOE Mnepemexatolleecs uckpeHue. Cunoeas
Lenb 9NeKTpoBO3a TO paspbiBaeTcd, TO (npu npoboe KOpKM Nbaa) BHOBb MOAKMOYAETCA nog
HanpsPKeHMe, OKa3blBasiCb B MOCTOSIHHO BO30OHOBNAOLIEMCS HECTaLMOHApPHOM pexunme. Pop-
Ma TOKa pPe3KO MUCKaXaeTcsl, B HEM MOSBNAIOTCS YETHbIE U HEYETHbIE FapPMOHUKM C BOMbLUMM
cogepkaHuem, B TOM YucChne U rapmMoHukn ¢ yactoton 25 Iy (go 15 - 20%). dasosbin yron
Bo3pacTaeT cBbiwe 50°. Bo3pacTaHue e ¢ha3oBoro yria MoxXxeT Bbl3BaTb HEBEPHOE OENCT-
BUE Tex CTyneHen penerHon 3aluTbl, XapakTepucTMKka KOTOPbIX YyBCTBUTENbHA K 3TOMY
napameTpy.

K pacyeTHbIM napameTpamM HOPMasibHOro peXxuma OTHOCAT BENMYMHbI MakKCUMarnbHbIX TO-
KOB, MUHUManbHbIX 3HAYEHUN HaANPSPKEHNA U MUHUMAarbHbIX 3HAYEeHWI CONPOTUBIEHUIA, U3Me-
psieMbIX 3almTamm puaepoB TAroBbIX MOACTAHUMMA U MOCTOB CEKLMOHMPOBAHUS, a Takxke
YCTaAHOBMEHHLIMW Ha MyHKTaxX napannensHoro coeauvHeHund. Kpome TOro, K pacyeTHbIM na-
pameTpaM OTHOCUTCS (pa30BbIv Yron NepBov rapMOHMKM Toka, Hanbonbliee 3Ha4YeHne KoTo-
POro NPUHUMAaKT Quuax 40°, U coaep)kaHWe BbICLLUMX FTAPMOHUK B TOKe duaepa, HauMeHb-
Lee 3Ha4YeHne KoToporo npuHmumatroT a =7 %.

PenenHasa 3awmuTa nutalolen ceTnm Takke UCNbITbIBaeT BAWAHWE TAroBOW Harpysku. Kpome
BbICLUMX F@PMOHUK, KOTOpble MMEKTCHA B TOKE Harpysku, M3-3a HECUMMETPUWN Harpyskm anek-
TPOTArK, NosABRsieTca ToKk obpaTHON NocrneaoBaTeNbHOCTU 3HAYUMTENBHON BEMNNYUHDI, KOTOPbIN
OKasblBaeT BIMSHNE Ha (pMNbTPOBbIE YCTPOMCTBA 3aLLMTbl, B YACTHOCTU Ha GIOKMPOBKY npu
kadyaHusx Tuna KPb-126, gudpdepeHumnansHon 3awmtel AP3-201 v 1.4. MNMpuHATO cuntaTth, YTO
TOK oBpaTHOM nocrnefoBaTenlbHOCTU Ha JIMHUAX, NMUTAKOLWMX TArOBble NOACTAHUUN NEepPeMEHHO-
ro TOKa, OT KOTOPOro AOfKHa ObITb OTCTPOEHa 3aluTa nuTarwmx nuHuin, paseH 100-120A.
YNoMmsHyTbIe 3almTbl NPUXOAUTCA AONOMHUTENBHO 3arpybnaTb, a TOKOBYK GIOKMPOBKY OT Ka-
yaHun KPB-126, 3ameHsiTb 6rnokmpoBkon oT kadyaHun KPB-125, kotopasi umeeT nyckoBble op-
raHbl MO HanNpPskeHuo obpaTHOM nocnegoBaTeNbHOCTH.
B kayecTBe pacyeTHOWN 30HbI ANS 3aWunThl PMOEPOB TAroBbIX NOACTAHLUN NPUHUMALOT:

- PV OOHOCTOPOHHEM MUTAHMU - pacCTOsIHME OT NOACTaHUUM 40 KOHLA 30Hbl MUTaHUS

OaHHbIM hraepom:

- NpU ABYXCTOPOHHEM MUTAHUUN- PACCTOAHNE MEXAY CMEXHbIMW NOACTaHUUSAMU;

- NpY OOQHOCTOPOHHEM MNETNEBOM NUTAHWUW - YABOEHHOE pacCTosAHWE MexAay MOACTaH-

LUnen n NOCTOM CEKLMOHNPOBAHMS.
B kayecTBe pacyeTHOW 30HbI ANg huaeposB NocTa CEKLMOHMPOBAHUSA NMPUHUMALOT paccTosi-
HWe OT NocTa 4O CMEXHOW noAcTaHunu.

17.2. OCOBEHHOCTU PACYETA TOKOB KOPOTKOIO 3AMbIKAHUA

EQMHCTBEHHON BO3MOXHOCTBIO 3aMblKaHWsi B KOHTAKTHOM CETU SBMSAETCH 3aMblKaHME Ha 3eMITHO,
TpOC, penbC, TpaBepcy unu gpyrme anemMeHTbl, coeguHeHHble ¢ 3emnen (K1 Ha punc.17.2). MNpu
3TOM, MOCKONbKY oAHa ¢pasa (C) npucoegmHeHa K penbcy, 3TO KOPOTKOE 3aMblkaHUe ABNAeTCs
ONsi UCTOYHMKA NMUTAHUSA U TArOBOro TpaHcdopMartopa ABYyXdasHbIM KOPOTKMM 3aMblKaHUEM.
Kak 1 npu 3amblkaHMAX Ha 3eMII0 B TPEX(asHON CeTU Ha BENMMYNHY TOKA KOPOTKOIO 3aMblKaHWUS
oKasblBaeT BNUSHME TOK, MPOTEKAKLWNIA B COCEAHNX KOHTAKTHbIX NPOBOAAX W penbcax, HaBoO-
aswmincs B Tpocax. 3awmra ycTaHaBnmBaeTcst B ogHodasHbix hmaepax, koTopble nogknoyda-
IOTCA K KOHTaKTHOMY MPOBOAY M BKNKOYAKTCA K TpaHcdopmaTopy TOKa aToM doasbl M Mexay-
dasHoe HanpshkeHne aTon hasbl U penbca. B nposoae, coeguHatowem ¢gasy «C» ¢ penbcom,
3aluTa He yCTaHaBNMBAETCH, TaK Kak Yepes3 Hero npoTekaeT CyMMapHbI/ TOK BCEX TAMOBbIX
dumaepoB noActaHumm, a Tok K3 goCcTaToOYHO OTKIHOUUTL TOMBbKO OTKITHOYEHUEM OOHOGAa3HOro
BblkntoyaTens duaepa. Cxema 3amelleHus KOPOTKOrO 3aMblKaHUS OOCTATOYHO CIOXHA, CM.
puc. 17.6.



Ha cxeme 3amelennst Uapac, Zna - PACHETHOE HAMpsHXEHNE N CONPOTUBIEHNE Ha LWKnHax 27kB
noactaHumn A,  Ugpac, Zns TO Xe Ha MC B. Zrer, Zrc2 , Zrcs - NPUBELAEHHOE COMPOTUBIIEHME
AByxuenHbiX y4acTkoB 6e3 K3. TpeTuin yyacTtok pasgeneH Ha yactn Z’vn Z” mectom K3, kopo-
TKOE 3aMblkaHve npeacTaBneHo COMPOTUBIIEHMEM  COMPOTUBMEHUSAMM TpOca rPynmnoBoro 3a-
3emneHna Zrs U ayrm R, Kaxabii aneMeHT saBrsieTcsa NpMBeAeHHbIM, U COCTOUT U3 HECKOSbKUX
3/1IEMEHTOB U1 CBA3EN MeXOy HUMU, NPUBEOEHHbIX K OQHOMY cOonpoTusneHuto. NMytem ganeHen-
LWMX Npeobpa3oBaHUn  3NEMEHTOB MOJflydYeHa cxema 3amelleHust puc. 19.2, 8, N0 KOTOPOW n
MOXHO npoussecTn pacyeT Toka K3 ana gaHHoro pexuma. MoHATHO, 4To nioboe MaMeHeHune
pexvma notpebyeT cocTaBneHus n npeobpasoBaHMs HOBOW CXEMbl 3aMeLLEHMS.

£, mmel /,
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Puc.17.6. PacuyeTHas cxema n cxema 3aMeLLeHns OBYXMNYTHOIO ydacTKa CeTu, pa60Ta+ou.|,ero B 3aMKHY-
TOM pexnme. a) - pac4yeTHada cxema, 6) - CXemMa 3aMelleHund, 6) — ynpoweHHad nytem I'Ip606pa3OBaHI/IFI
pacyeTHaa cxema.

Bonee nogpobHo mMHopmauuio o nposefeHun pacveta TK3 m cylwlecTByHOLWMUX nporpaMmmax
pacyeta Ha M3BM, MoxHO nonyuntb u3 kHurn E.IM. durypHoBa «PeneluHas 3awjuma u as-
momamuka» 1. Kues 2004r.

BTopbiM BUMOOM 3aMblKaHWUSA, KOTOPbIA MOXET BO3HUKHYTb B KOHTaKTHOW CeTW, ABNAeTCsa nepe-
KpblTUe HenTpanbHon BcTaekun (K2 Ha puc. 19.2.). INpu TakoM KOPOTKOM 3aMblKaHUM MTHOBEHHO
OTKMIOYaloTCA CBOMMMU 3alLmuTamMin BeikntoyaTenn Q1 n Q2 Ha noactaHumMm 2, nocne Yero 3ambi-
KaHne nepexoauT B 3ambikaHne mexay dason «ax» MNC 1 n dason «c» MNC 3 mexay KoTopbiMu
umMmeeTca 4 MNPOTSHKEHHbIX yvacTka. TOK Takoro 3amMblkaHWSA COCTaBNseT BeNMYUHY nopsaka
400A, OH MeHbLLEe pacyeTHOro Toka Harpysku 1 He onaceH Ans NPoBOAOB KOHTAKTHOM ceTu, of-
Hako BbICTPO paspyLwnT HenTparnbHylO BCTaBKy. MeToamka pacyeTa Takoro 3aMmblkaHus npuBe-
AeHa B yxe yrnomsaHyTon kHure E.IN. durypHosa.



17.3. OCHOBHbIE TPEEOBAHUSA K PENEMHON 3ALLUTE TATOBbIX CETEW

Peanunsauua takux tpeboBaHui, kak ObICTPOOAENCTBMUE, CENEKTUBHOCTb U YCTOWYM-
BOCTb (PYHKLUMOHUPOBAHUS, NPUMEHUTENBHO K 3aliMTamM TSAroBOW CETU MEepeMEeHHOro TOKa,
nmeeT CBOK crneumduky, obycrnoBneHHyto ocob6eHHOCTAMU HOpPManbHOMO U aBapUMHOIO
peXUMOB, CBONCTBaAMU NMPUEMHUKOB 3NEKTPOIHEPINN (SNEKTPOBO3OB U 3NEKTPONoe3nos),
cXeMaMu NUTaHug ceTu, TUNnamMmu npUMeHsieMbIX KOMMYTaLUMOHHbIX annapaTos.

BbicTpogencTBue. UTo6bl UCKMIOUYNTL BO3MOXHOCTb MEpPexora KOHTaKTHbIX MPOBO-
[10B, Bpemsi OTKMoYeHns K3 0oMmKHO GbiTb MUHUMaNbHBIM. [epexor BO3MOXHbI B TOYKE KOH-
TakTa NpPoBoAa C MOM030M TOKOMPUEMHMKA U B MECTe BO3HUKHOBEHUS AYru, OTXKUM BO3HMKA-
eT Npu neperpese NpoBoaa.

Mpn noBpexaeHnax Ha anekTpoBo3e TOK K3 npoTekaeT yepes TAroBYK CeTb U TOKOMpPUEM-
HWK. HaxkaTne TOKONpMeMHMKa Ha KOHTAKTHbIN NPOBOA CPaBHUTENbHO HEBENMKO, NO3TOMY B
MecTe KacaHus NpoBoAa M TOKOMpMEMHMKa BblOenseTca Tenno u npoBoa Harpesaetcs. Ecnu
KOHTaKTHbIN npoBoa mMapku M®-100 Harpeetcsa oo 200° C n Gonee, TO ero MexaHu4deckas
NMPOYHOCTb PE3KO CHU3UTCHA U NPOBOS MOXET pasopBaTbCd. Temnepatypa Harpesa nposoja
3aBUCUT OT 3HAYEeHUs ToKa, NPOTEKaoLero Yepes MecTo KOHTaKTa, U ANUTEeNbHOCTU ero cy-
wiectBoBaHus t.. Hanpumep, nepexor nposoga M®-100 Tokamun 3 KA 1 6onee MOXeT HacTy-
nuTb npu t, = 0,44 c.

Ewe 6onee onacHblM sBNAeTCA BO3LENCTBUE HA KOHTAKTHbLIA NMPOBOL OTKPbITOM 3MEKTpU-
YecKon Oyru, KoTopas, Kak npaBuio, BO3HMKAET NPU KOPOTKOM 3amblkaHuu. [lyra okasbiBaeT
CUNbHOE TEpMUYECKoe AencTBue, NoBpexgaeT MOBEPXHOCTb MPOBOAA, BbINMABASET B HEM
KpaTepbl, CeYyeHne npoBoda M ero MPOYHOCTb CHMXalTcs. PaspbiB npoBoga npoucxogut
noa BO34ENCTBMEM pacTArMBaroLLMX YCUNNIA, CO30aBaeMbIX B KOHTAKTHOW NogBeCKe YCTPOMn-
cTBamMu TemnepaTypHOM KommneHcauumu. Paspylwailollee AencTBMe Oyrn XapakTepuasyeTcs
Npou3BedEHNEM TOKa B Ayre Ha BpeMs €e CyWeCcTBOBaHUS U U3MepSAeTcss B amnep-
cekyHgax (Ac). Yem Gonble 3TO NnpounsBeaeHne, Tem 6onee BEepOATHbIM SIBNAETCA pas-
pbiB npoeoda. lNMpu Tokax 500—2000 A nepexor MegHOro KOHTaKkTHOro NpoBoga CTaHOBUT-
CS BO3MOXHbIM, ecnu Bosgencrtene ayru npesocxoant 280—350 Ac. OnekTpuyeckasa ay-
ra ¢ Tokom cebilwe 2000 A moxeT nepexedb npoeon Yepes 0,15—0,17 c. Y Hu3konermpo-
BaHHbIX NpoBoAoB, Hanpumep HJ1ON®, TemnepaTypHas CTOMKOCTb HECKOSbKO BbILLE, eLle Bbl-
e oHa Yy BpoH30BbIX MPOBOAOB, OCOOEHHO C npucagkon xxenesa (bp>Ko).

[nsa ncknoYeHnsa nNepexoroB BaXXHO He TOMbKO BbICTpo oTkniounTb K3, HO 1 He gonyckaTb no-
BTOPHOrO BKIOYEHUSI Ha ycTonuymBoe noBpexaeHue. Ob6bsacHseTca 310 TeMm, yuTto npu K3, co-
NPOBOXAAOLEMCS ANEKTPUYECKON OYron, NPOBOA HarpeBaeTcs oYeHb ObICTPO, a Npu OTKIO-
YEeHUN TOKa OCTbIBAeT MeasieHHo. Hanpumep, HarpeTbin o 200° C npoeog M®-100 yepes 20 ¢
He OCTbIHET: TemrnepaTypa ero cHuautcst Bcero Ha 15—30° C. Mexay Tem, yctponcTtea AlB
Npoun3BOASAT NOBTOPHOe BKMoveHue Yepes 0,5—5 ¢ nocne otknoveHnsa K3 Mpu aTom nposog,
TemnepaTtypa KOTOporo npakTU4eckn nNoYTuU He yYMeHbLuunacb, CHOBa NnoaBepraeTcs BO3OeuncT-
BUIO anekTpuyeckon ayrn u yepes 0,08 ¢ TemnepaTtypa ero gocturaeT onacHom Mo yCrnoBusam
paspbiBa. YunTbiBasg BPeMsi OTKIHOYEHUA COBPEMEHHbLIX BblKMOYaTenen, MoOXHO caenatb Bbl-
BO[, YTO HMKakasi, camas ObICTpOOENCTBYOWAA 3alMTa He MOXET rapaHTUPOBAHHO NpPeaoT-
BpaTUTb Mepexor KoHTakTHoro nposoga npu AlB, ecnn K3 conpoBoxaaeTcs anekTpuyeckon

ayron.

Takum obpasom, YTOObl UCKIMHUYMTL BO3MOXHOCTbL MEPEXOroB MPOBOAOB KOHTAKTHOW CETU Mpu
K3, Heobxogumo oTKMoYaTh NoBpexaeHns 3a BpemMsi He 6onee 0,12—0,14 ¢ u He gonyckaTb AlB
npu yctonumeblix K3 CoBpeMeHHble 3aliUThl U BbIKMOYaTENN NO3BOMAOT OTKMoYaTh K3 3a yka-
3aHHOE BpeMmsi.

CenektuBHOCTb. [py K3 gomkHbl oTKNoYaTbCA Onvkanwme K MeCcTy NOBPEXAEHMUS BbIKIHO-
yaTenun. Ecnu noBpexaeHue npousongeT B 30HEe Mexay noactaHuuen A U NOCTOM Cek-
uMoHupoBaHua MNC MHOronyTHOro yyacTka ¢ y3s108o0ul cxemol numaHus (puc. 17.7, a), Ha-
npumep B Touke K71, Heobxoonmo, 4tobbl oTKNoUYMNMCh Bbikntodvatenn QA7 u QI1A1. Bbi-

6



kntovatenun QI1An, QI1B1, QI1Bn npn aTOM OTKNOYaTbLCA HE AOSIKHbI HECMOTPS Ha TO, YTO
npu nospexaeHun B Touke K71 yepes HuMx npoTekaeT Tok K3. NMpn KOpOTKOM 3aMblkaHUU B
Toukax K2 unu K3 gormkHbl oTknovaThes Boliknovatenn QBT n Q1B1, a gpyrue BbiknwyaTte-
nu nocta lNC oTkno4yaTbCs NPy 3TOM He AOIKHbIL. [pu noBpexaeHun B Touke K4 (Bo3ne
BblkMtovaTtena QAn) OOMKHbI OTKNIOUNTLCA BbikntodaTtenn QAn n QI1An. B To xe BpeMsa npu
9TOM MOBPEXAEHUN He O0SMKEH OTKNIOYNTBLCA BbikNtodaTens QAT.

QAn oy OlAn 11C Ql1Bn )Bn
. A iy,
S T U T B
{ Z L i
A

=t

______ I.___.....__._..._..___...I . el
@ "I' QI142 T' D—_@

Puc. 17.7. Cxema nutaHua v rpamkn cenekTMBHOCTY 3aLLUmT.

Mpn KOPOTKOM 3aMbIKaHWUM Ha LUMHAX, HANPUMep NOACTaHUMM A, OOMKEH OTKIMOYMUTLCS BbIKMIO-
yaTenb, Yepes3 KOTOPbIN 3TU LWKHbLI NONYyYaloT NMTaHne OT NOHU3UTENBHOro TpaHcgopmaTopa
(Ha pucyHke 9TOT BbIKMOYATENb HE MOKasaH), a TakkKe BblKNYaTenu Bcex ouaepoB KOH-
TakTHoM cetn QAT, ..., QAn, 4Tobbl NCKMOYNTL NOANUTKY MEecTa NMOBPEXAEHUS OT CMEXHON

nogcTtaHuum B.

OCHOBHbIMM MeTogaMu obecnedyeHns CEeNeKTUBHOCTU SIBNSAKTCS BBeAEeHWE B OEUCTBUE
3alUNT BblAEPXKN BpPpEMEHN N UCMOJIb30BaHME HanpaBfieHHbIX 3alluT (VIJ'IVI NX OoTAesbHbIX CTY-
HeHeVI) CO CBOWCTBOM HanpaBJIEHHOCTMW. Bo3MOXxHO ncnonb3oBaHue u apyrmx metoaos, ocC-



HOBaHHbIX, HanNpuMep, Ha MPUMEHEHUM B3aUMHbIX NOTMYECKUX CBA3EN 3alUT pasHbIX du-
[epoB.

BaxHoe 3HadeHue npupaetcsa 6UXHEMY W OanbHEMY Pe3epBUPOBaHUI0 3awmTt. B uensax
obecneYyeHnst HaaeXHOCTM KOPOTKoe 3aMblikaHue B NMOOOM MecTe MEXNOACTaHLWOHHOW 30-
Hbl JOJIKHO OOHapyXXMBaTbCs HE MeHee, YeM OBYMS 3aljuTamun (Mnv OBYMsi CTYMNEHSMU KOM-
nnekTa 3awuTbl) Ha GnMXKanweM BbiKNovaTesne, N No KpanHen mepe ogHon 3awuTton (ogHOM
CTYMNEeHbIO KOMMMEKTa 3aLnTbl) Ha BbIKMoYaTene CMeXHOoro aneMmeHTa. [Ans peanusauumm aTo-
ro TpeboBaHus 3awmTa dmaepa KOHTAKTHOM CETU Kak Ha NOACTaHUMW, Tak U Ha MOCTY Cek-
LMOHMPOBAHMS, OOMMKHA BbIMOMHATLCA TPEXCTYNEeHYaTon C NpUMEeHeHMeM AOMNOSHUTENbHOW
3alKTbl B BUAE TOKOBOW OTCeYkn. Ha nocTy cekumoHMpoBaHus, KpoMe Toro, criegyeT ycra-
HaBNMBaTb 3aLUTY MUHUMAsrbHOrO HanpsbkeHus (NOoTeHUuanbHy) AN 3alwnuTbl WWH U O0-
NMONMHUTENbHOIO PE3EPBMPOBAHMS.

Mpadhnkn CenekTMBHOCTU TakMX 3aluT npuseneHbl Ha puc. 17.7, 6 (ANA NogCTaHUMK) N Ha
puc. 17.7, 2 (ons nocta cekuMoHMpoBaHus). Ha ocn abcunce rpadumka oTknagbiBaeTcs pac-
CTOSHME, Ha KOTOPOM 3alluTa YyBCTBYET KOPOTKME 3aMblkaHUs, @ Ha OCU OpAMHAT yKa3biBa-
eTcs BpeMsi AENCTBUS JaHHOM 3aLlUnTbl (MK JaHHOW ee CTyneHu).

Undpon 1 Ha puc. 17.7, 8 oTMe4eHa 30Ha AENCTBUSA LOMNOSMHUTENLHOW 3aWnTbl B BUOE
TOKOBOM OTCEYKM Ha Bblknovatene QA7, KoTopas He UMeeT BblAEPXKM BpeMeHu. JTa
3awmTa npeaHasHavyeHa ansi yCKOPEHHOro OTKITYEHNS BbIKoYaTensa npu 6an3knx K mecty
€ee YCTaHOBKM NOBpeXAeHUN, a Takke AN NepekpbiTUA MepTBbIX 30H HanpaBrieHHbIX 3aLUuT.
Lndpor 2 oTmeyeHa 30Ha OelCTBUA 1-M CTYNEeHU 3alinTbl. JTa CTYNeHb Takke He nmeeT
BblAEPXKKN BpeMeHU. 30Ha ee OeNCTBUS He A0IKHa A0XOAMTb A0 LUMH MOCTa CEKLUOHUPO-
BaHusa C Bo nsbexaHne nanuwHmx cpabartbiBaHnii npu K3 3a nocTtoM, Hanpumep B TOYKe
K2 (puc. 17.7, a). B kayectBe 3awuTbl 1- cTyneHun, BoobLLie roBops, MOXeT MCMNOMb30-
BaTbCHA TOKOBas OTCeYKa, OJHaKo npeanodyTeHuMe oTAaeTcs AUCTaHumoHHon 3awwmte (O31),
NMOCKOSbKY OHa MMeeT Bonee CTabunbHYO 30HY 3aLLMThI.

1-9 cTyneHb gosmkHa ObiTb OTCTPOEHA OT M3NULWHUX AencTBuin Npyn K3 Ha WwnHax nogcraHumm
UM BO3ne BbIKMOYaTENs CMeXHoro dugepa, Hanpumep B Touke K4 (puc. 17.7, a). OAnga
3TOro ee cneayet "BbINONHATL HanpaBfieHHOW, HO 6e3 MepTBOKM 30HbI Npyu K3 B6NM3M nog-
CTaHUMK1, Haye OHa He CMOXeT pe3epBMpOBaTb TOKOBY OTceuKy. [pu 6nmnskmx K3 Hanpsxe-
HWe, NOABOAMMOE K 3aluuTe, CHMXaeTCs NpakTuyecku Ao Hynd. o aTow npuumnHe Hanpas-
NeHHoe pene ConpOTMBIIEHUS UMK pene HanpaBneHnsa MOLWHOCTU cpabaTbiBaTb HE MOTyT —
HacTynaeT oTka3 cpabaTtbiBaHusa. HanpaeneHHas 3awmnta 6e3 MepTBON 30HbLI B6NIM3N Mec-
Ta ee yCTaHOBKM MOXET OblTb peanu3oBaHa, ecnn ee cHabguTb cneuunanbHbiM GIOKOM «na-
MSATU», BIXOAHOE HanpsiXeHne KOTOpOoro NnogBoAUTCS K CXeMe CpaBHEHUS pere.

Undpon 3 Ha pnuc17.7, 8 0603Ha4eHa 30Ha OAENCTBUS 2- CTYMNEHN 3aLMThbl, UMEIOLLEN Bbl-
OEepXKy BpemeHn Af. OTa CTyneHb npegHasHadeHa Ang AeNCTBUSA Mpu NOBPEXOEHUAX B TOW
YyacTu 30Hbl Lan, B KOTOPOM 1-51 CTyneHb 3awnTbl He paboTaeT. Kpome Toro, oHa ocyliecT-
BNAET ONuXHee pesepBupoBaHMe 1-i cTyneHn. B kayecTBe 3awwnTbl 2- CTYNEHU UCMOJSb-
3yeTcd gMcTaHUMOHHas 3awmTta ([32).

3oHa pgencTteus 3- ctyneHn obo3HayveHa umdpon 4. Ata CTyneHb ocywecTBnaeT Onmx-
Hee pesepBupoBaHUe 3alnT 1-n U 2-i cTyneHen Ha BblkNtovaTene QA7, a Takke ganbHee
pe3epBupoBaHue Bbikntovatenen QriB1, ..., QI1Bn 1 nx 3awnuTt Npun NoBpeXaeHUax B 30-
He L, (puc. 17.7, a). B 3-1 CTyneHu ucnonb3yetcs AUCTaHUMOHHAas 3almTta, KoTopas
AOIKHa ObITb OTCTPOEHa OT MakCMMalbHbIX Harpy3ok HOpManbHOro pexuma. Bbiaepkka
BpemMeHun 3-i CTyneHn AnctaHumoHHon 3awmnTtsel (433) npuHumaeTcs Ha OA4HY - ABE CTYNeHu
fonblue, YeMm BblAepXKKa BPEMEHU 3aluThl 2- CTyneHWn. Takas BblOep)Kka BpeMeHU Heob-
X04AuMa B TOM Criyyae, eclniv Ha NOCTY CEKLMOHMPOBAHUSA UCNONb3YeTCsa TpexcTyneH4aTas
3awmrta, 3-9 CTyneHb KoTopon And obecneyeHuss CenekTMBHOCTU [OfKHa cpabaTbiBaTb
paHblle, YeM 3-9 CTyneHb 3aliuTbl Ha BbIKNOYaTene nogcrtaHumMm. B komnnekTax 3awmThbl
Y33® Ha noctax CekuMOHUpOBaHMA MCNONb3yeTca ABYXCTyneHyaTas 3awmTa. B atom
criyyae 3-a CTyneHb 3alWuThbl NOACTAHLMN MOXET MMETb BblAEPXKY BPEMEHU Ha OAHY CTY-
neHb At 6Gonblue, YeM BblOEPKKA BPEMEHN 2-11 CTYMNEHN.
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[N 3NeKTPOHHbIX 3alUNT CTyNeHb BblAEPXKN BpemeHn At npuHumaeTcsa pasHon 0,3 ¢. [ns
3MIEKTPOMEXAHNYECKUX 3aLLNT, NPUMEHSBLUMXCS paHee, Takasi CTyneHb npuvHMManacb pae-
Hown 0,4—0,6 c.

"padhmk cenekTMBHOCTM AN 3alUMT BblKMoYaTenen nocta CeKUMOHMPOBAHUSA CTPOUTCS aHano-
rM4yHbiM obpasom (puc. 17.7, 2). TokoBasa oTceyka (gononHuTenbHas 3awurta) 1 1-s CTy-
NeHb BbINOMHAITCA 6€3 BblAepXKN BpeMeHn. Bo nsbexaHune nanuwHen (HecenekTus-
Hon) paboTbl Npn K3 Ha cMexHbiX dmaepax 30Ha AeENCTBUA 1-M CTYNEHU He OOJKHa 40XO-
OUTb OO WWH CMEeXHOM noactaHumn. YctaBka cpabaTbiBaHUS TOKOBOW OTCEYKM U OUCTaH-
LMOHHOW 3awunThl 1- CTyneHn BbIOupawTcsa No TeM Xe dopmynam, YTo u Ond 3aluT Bbl-
kntovatenst QA7, Ho npu K3 B Touke K3 (Mpy oTKNtOYEeHHOM BhikItovaTene QB17). 3ta cTtyneHb
AOMkKHa 6bITb HanpaBneHHOW, B NPOTUBHOM Crlyyae BblknioyaTesnb nocta dyget manuvwHe
cpabaTbiBaTb Mpu MNOBPEXAEHUSIX «3a CNMHOW». Tak, Hanpumep, 3alimTa BblKoYaTens
Qr1B1, ecnu oHa He GyaeT HanpaBfneHHOW, MOXeT u3nuwHe cpabotate npu K3 B Touke
K1 (puc. 17.7, a). Cnegyet oTMETUTb, YTO 2-9 1 3-A CTYNEeHU 3aLMTbl BbIKMoYaTernemn nocra,
BOOOGLLE roBopsi, MOryT OblTb HEHaNpaBAeHHbIMU, MOCKOSbKY OHU BbIMOMHSOTCA C BblOEPXKKON
BpemeHu. B atom cnyyae K3 «3a cnvHOM» He Bbi3blBaeT UX U3MULLIHEro OENCTBUS, TaK Kak Ta-
koe K3 6yaeT oTknioyeHoO 6e3 BbiAEPXKKM BPEMEHWN 3aLLMTON APYroro Beiknovatensa (Hanpu-
mep, QIIA1). Tem He meHee, ansa 6onee HageXHOro BbIMOMHEHUS YCNOBUIA CENTEKTUBHOCTHU
2-10 1 3-10 CTyNeHn 3awmnTbl LenecoobpasHo BbINOMHATL HanpasBneHHbIMU. Bece Tpu ctyne-
HW, KaK NpaBuno, BbIMOMHAKTCA B BUAE ANCTAHUNOHHbIX 3aLUnT.

Ha nocTy cekuMoHMpoBaHWSA MepTBas 30Ha HanpaBlieHHbIX 3alUMT NepeKkpbiBaeTCs AOMNOSHU-
TENbHON 3alUNTON B BMAE TOKOBOW OTCceudkn. BTopol (pe3epBHON) 3aWMTON ONsl STUX MOBPEX-
OEHUN O0IKHa CNYXXUTb 3alluTa MUHMMANbHOIO HanpsaXXeHWUd, 30Ha OeNCTBUS KOTOPOW Ha
puc. 17.7, 2 o6o3HavyeHa umdppon 5. Boigepxka BpeMeHU y Hee Ha OfHYy CTyneHb Gonblue,
yeM y 3aWmnTbl 3-A CTyneHu. 3awmrta MMHUManbLHOroO HanpskeHnsa (NoTeHuuaneHasa 3awm-
Ta), B OTNMYME OT APYrUX CTyNneHen (eCnm oHW BbINOSIHATCA HanpaBreHHbIMUW), pearupyeT
Ha K3 Ha wuHax nocta lNC, noatomy 3awimta MUHUMaNbHOIrO HanpsKeHUs BbINOMHAETCS C
OENCTBMEM Ha OTKMNIYEHME BCEX BbIKNOYaTENen nocra.

lpu napannensHol cxeme numaHus (puc. 17.7, 6) rpadnkn CENEKTUBHOCTU 3aLLUT BbIKIIO-
yatenen NOACTaHUMA M MOCTa MMEKT TaKOM Xe BUA, Kak npu y3noBom nutaHuu. OgHako
paboTa 3awmnTbl ycnoxHsaeTcs. Npu KopoTKOM 3ambikaHum B Touke K71 (puc. 17.7, 6) gonx-
Hbl OTKITIOYATLCS YXKe He ABa, a Tpy Bbikntodatens: QA71, QAT n Qr111.

Ecnu Touka K71 pacnonoxeHa Bo3ne nocta NC, To Tok K3, npuTekatowmnin B MECTO NoBpexae-
HUA OT noacTtaHuuu A, pacnpefensieTca NOPoOBHY Mexay BblkntoyaTenamu QA7, QA2, ...,
QAN n BenuuMHa ToKa B KaXAOM M3 BbIKMNKOYaTENEN MOXET OKaszaTbCs HedoCcTaTouYHOW Ans
pencteusa mx 3awuTt. MNMpu 6nm3kom K winHam MNC nospexaeHun Tok B Bbikntodatene QII11
npakTU4Yeckn oTCYTCTBYET U €ro 3almrta, eCrnv oHa pearumpyeT Ha TOK, Takke He cpaboTaerT.
Mockonbky Touka K71 pacnonoxeHa 6nu13ko k Bolkntovatento QfTA1, To ero 3awmta (TokoBas
oTcedka unu 3awmta 1-i ctyneHmn) cpabotaeT 6e3 BblAEPXKKN BPEMEHU U OTKITOYUT 3TOT Bbl-
KnoyaTtenb. Tenepb ToKkopacnpeneneHme B CXemMe N3MEHSETCS 1 Yepes BbikntoyaTens Q111
OygeT npoTekaTb TOK B TOUKY K7, KOTOPbIA BLI3OBET OTKOYEHME 3TOrO BhikNtoyatens. MNocne
9TOro yBenuuMBaeTCcHa TOK B Bblkntovatene QA7 u OH Takke oTknountcs. Takum obpasom,
Bbikntoyatenn QA171, QI1A1, Q111 oTkn4alTCcss He OAHOBPEMEHHO, a KackagHo: cHavana
OAWH, NOTOM BTOPOWN, MOTOM TPETUNA.

KackagHoe oTkno4eHune BhbIKIloYaTenen yBenuuneaeT BpeMd noAnNUTKA MecTa NoBpeXaeHuWs,
BpeMa nukemaauun K3 Bo3pacTaeT. OTO BpeEMSA MOXHO COKpaTUTb, €CNK Ha BbIKNOYaTensax
NyHKTOB napannensHoro coeanHenuns (MMNC) B kayecTBe NnepBoOn CTyNeHU MCNonb3oBaTh 3a-
LWNTY MUHUMASTBHOIO HanpsbkeHus (noTeHumanbHyto) 6e3 BblAep)Kku BpemMeHu. Torga BblKto-
yaTtenb Qf111 6ygoeTt OTKMYATLCA OAHOBPEMEHHO C BbikMtovaTenem QfTA1 B MOMEHT BO3-
HUKHoBeHUs K3. B kauyecTBe pe3epBHOM MOXHO UCMONb30BaTh MaKCUMabHYIO TOKOBYH WK
OVUCTaHUMOHHY0 3awwunTbl (6€3 BblAEP)KKM BPEMEHMU), KOTOpble ByayT OTKMOYaTh BbIKMO4Ya-
Tenun Q111 (Ha MMNC1) n Q121 (Ha MNMNC2) kackagHo.
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Ans nemnesgol cxeMbl MumaHuUsi Ha BbIKMoYaTenax nogcTaHuMM U nocTa UCNonb3yTcs Te
Xe 3alnTbl, YTO M NpK Y3N0BOK cxeMe nuTaHud. Ecnu Ha noctax cekuMOHUPOBAHUSA HET Mo-
TeHuunanbHou 3awuThl, To Nnpu K3 B6nn3un nogctaHumm (L,=0 wnn L’,=0) 3awmTta nocta byget
pabotaTb KackagHO, TO €CTb MOCfe OTKIYEHMUS] COOTBETCTBYHIOLLErO BblkMAOYaTens Ha nog-
CTaHumMu. [Ins yCKOpEeHUs1 OTKITIOYEHNST NOBPEXOEHUIN CneayeT Ha NoCTy ycTaHaBnmBaTb Mo-
TEHUManbHyo 3aWwmnTy 6e3 BblAEPXKKM BPEMEHN C OENCTBMEM Ha OOMH UK 06a BbIKNoYaTe-
ns nocra.

HecenekTuBHble 3awmuTbl. HecenektnBHasa 3awuTta MPUMEHSIETCA B TexX cnydasx, korga
CTPEMSITCS COKpaTUTb BO3MOXHOE YUCIIO NEPEXOroB KOHTAKTHOM ceTu, NnbOo Korga nocThl
CEeKLUMOHMPOBAaHUS BbikMovatenen He umetloT. MNpu K3 B ntobon Touke MexXnoacTaHUNOHHOM
30HblI 6€3 BblAEPXKN BPEMEHWN OTKIOYAKOTCS BbIKNKOYATENM CMEXHbBIX TArOBbIX MOACTaHLMNA,
nuTaoLWwmx aTy 3oHy. [pu aToM gocturaetca Hanbonee GbicTpoe oTkMoYeHne K3.

YctonunBoctb (hyHKLMOHUPOBAHUA. YCTaBkM cpabaTbiBaHWA 3alinTbl HEOHBXO4MMO Bbl-
OupaTb Takum obpasom, 4Tobbl OHa yBepeHHO cpabaTtbiBana npu K3 B 3aluuwiaemMon 30He,
He cpabaTbiBana npu BHeLWHMX K3 n mMakcMmMmanbHbIX Harpyskax HOpMarnbHOro pexuma, a Tak-
Xe obecneudnBana ycnosusi OnNmKHEro u ganbHero pesepBupoBaHus.

OTHOCKTENBHO NErko pellaeTca 3agadva Bblibopa yCTaBOK 3aWMUT 1- CTyNeHU, NpOTSXEHHOCTb
30HbI OENCTBUA KOTOPbIX HEBenuKa. Toku K3 B npegenax 3To 30HbI, Kak MpaBuio, 3Ha4nTENbHO
MPEeBbILLAIT MaKCUMarbHY Harpysky HopMarbHOro pexuma. CnoxHee BbiGpaTb 3awuTy 3-n
CTyNeHu N4 BbIKMoYaTensa TAroBon NoactaHumu. Tok, NpoTeKkaloLwmii Yepes 3ToT BbIKYaTenb
B HOPManbHOM peXunme, MOXeT JocTuratb 3HadeHun 6onee 800 A, a npu yganeHHom K3 Bo3-
ne cMmexHon noactaHumm — okono 400 A. Ecnn B kavecTBe 3auTbl 3- CTYNEHN NPUHATb, Ha-
npuMep, MakcumarnbHYy0 TOKOBYHO 3alinTy U BblbpaTb ee yctaBky 6onee 800 A (4ToObl OHa He
OTKNtoYana BbIKMYaTeNb NPy ToKax HOPMarbHOro pexmMmMa), ToO OHa He NoYvyBCTBYET yaareHHble
K3. CoBepLueHHO 04eBUOHO, YTO Ana 3~/ CTyNeHM Takas 3alimta HenpurogHa u anga Hee Heobxo-
OUMO BbIOpaTh 3aluTy, KOTOpas MOXET OTNMYUTL HOPMarbHbIA PEXUM OT pexuma K3 no kakum
nnbo Apyrm npusHakam, Kpome BENMYMHBLI TOKa, Hanpumep no asoBomy yriy.

[lns aToM Lenm ncnonb3yTcs QUCTAHLMOHHbBIE 3aLLUTbI CO CreumanbHbIMU XapaKTePUCTUKaMMU.
Ha komnnekcHon mnfocKOCTU COMPOTUBIEHUI ¥
(pnc. 17.8) nsobpaxeHbl 0611aCTb HOpMaIbHbIX //
pexumoB H n obnacte K3 K ana taroesown ce-

T NPOTSHKEHHOCTbID 60—65 kM ¢ ydyeTom !
ypaBHUTESNbHbIX TOKOB MeXay NOACTaHUUSAMU 4
U pekynepupylowmx anektpososoB [27]. B 3
HOpPMarnbHOM pexume KOHel BEeKTopa compo- ,
TUBNEHNA Zpy, U3MEPSEMOro Ha 3aXxmmax pe-
e CONpOTUBIIEHMS], MOXET OKasaTbCHA B JitO-
©on Touke obnactn H. MNpun K3 koHeL BekTO-
pa conpoTuBneHusa Zpk, W3MepseMoro Ha
3a)XnMmax TOro Xe pene, MOXeT oKkasaTbCH B
nobon Touke obnactu K. Ona TOro 4toObl +17
pene conpoTuBreHNss He cpabaTbiBano MOXHO  Puc. 17.8. KoMrekcHas nrockocTb ConMpOTUBIEHMIA

B HOPManbHOM peXume U HaOdeXHO cpabaTbl- Ans KOHTAKTHOWM CETU, N3MEPSIEMbIX PENeHOM 3a-
Bano B pexume K3, Heo6xoammo, 4Tobbl rpa-  LUMTON

HUYHas NNHUSA ero XapaKTepPUCTUKK

Z.,=f(q>,) npoxoaunna mexay rpaHnyHbiMu nuHuammn 1 n 2 obnacten H u K.

MOXHO NPUMEHUTb perie COMPOTUMBIIEHUS C XapakKTepUcTUKamu, M300pakeHHbIMU Ha puUc.
17.9, 8, 2, 0. [Insa obecneyeHns yCTOMYMBOCTU (PYHKLUMOHUPOBAHUS, NPU MNOBPEXAEHUSIX,
yOaneHHbIX OT WWH AaHHOW noactaHumm Ha 40 km 1 6onee, korga obnactn H n K conuxa-
loTca elle Oonblue, HEOBXOAMMO NPUMEHNATL PeNne CONPOTUBIIEHUSI CO CMOXHbLIMU XapakTe-
pucTukamu, NnpuBedeHHbIMM Ha puc. 17.9, g, e, e, X, Yy KoTopbIX ¢1=50°, ¢,=110° n yrnosas
XapakTepucTMka XopoLlo OTCTPOEHa OT HOpPMaribHbIX PEXUMOB, MOCKONbLKY Yron BekTopa Co-

4
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npoTUBNeHnA Zpy, M3MepﬂeMbIIZ 3awmTon B HOpMalribHOM peXumMme, He npeBblllaeT, KaKk npa-
Buno, 40° n, cnegoBaTenbHO, BHYTPb Takon XapakTepuctnukn He nonagaer.

XapakTepucTuKn pene conpoTMBREHUSs, NpuUBeAeHHbIE Ha puc. 17.9, 3, u, ncnonb3yTcsa Ans
3awmThbl oT K3 yepes Gonblioe nepexogHoe conpoTuBneHune. Hanpumep, npyn obpbiBe 1 na-
OeHMM NpoBOAA Ha CyXyl0 KAMEHUCTYIO MOYBY NEPEXogHOE COMPOTUBIIEHNE B HaYarlbHbIA MO-
MEHT MoXeT gocturatb 50 Om. Ha conpoTuBneHns Takon BENMYUHbI AOSMKHbI, ka3anoch Obl,
pearnmpoBaTtb 3awnTbl 3-i cTyneHu. [ockonbKy, 0gHaKko, NepexogHoe CONpPOTUBNEHME ABMSET-
CS aKTUBHbIM, TO BEKTOP COMPOTUBMEHMUS, N3MEPSIEMbIN pefne, BHYTPb XapakTepUCTUK 3almT
3-n ctynenu (puc. 19.9, 6, &, 4, X) He nonagaeT 1 3Ta CTyneHb 3awunThl Ha Takue K3 He pea-
rmpyer.

XapaktepucTtuka, npuBeaeHHas Ha puc. 17.9, 3, obnagaeT To 0COBEHHOCTLIO, YTO YeM bnmxe
K MeCTy YCTaHOBKM 3aluMTbl HaxoauTcs Todka K3, Tem Gonblias BenMynMHa nepexogHoro co-
npoTUBNEHns Tpebyetca ons ee cpabaTbiBaHna. Hanpumep, npu K3 Bo3ne nocra CekuuoHu-
pOBaHUS 3alLuMTa Ha TArOBOW MOACTAHLUMM C TAKOW XapaKTepPUCTUKOW cpaboTaeT TONbKO B TOM
crny4vae, ecnv nepexogHoe conpoTtusneHve npesbiwaet 45—50 Om. Bonee GnaronpuATHbIMM
cBonctBamun obnagaeTt xapakTepucTuka, npuseaeHHas Ha puc. 17.9, u, yctaBka cpabaTtbiBaHus
Nno MHAYKTMBHOMY CONPOTUBMEHMIO KOTOPOM MOXET ObITb NpuHATa Ao 40 OmM, a NO akKTUBHOMY
conpotueneHuto oo 130 Om. B atom cnydyae npu K3 BO3ne nocrta CeKUMOHMPOBaHUA Ta Xe
3awmTa NoYyBCTBYET NOBPEXAEHME NPAKTUYECKN NPU NOOOM NepexogHOM CONPOTUBMEHMUM.

X |« HiX

P21,
R

0)

+X HX

+R
3) u)

Pwrc.17.9. YrnoBble xapakTeprcTUKA pere ConpOTUBIIEHUS]

11



Ha mszoebix nodcmaHyusx, B Ka4eCTBe AOMOMHUTENbHON 3awinTbl unu 1-i CTyneHu uc-
nonb3yeTcsi TOKOBasi oTceyka. Ho OCHOBHOW 3aliMTOon ANSA 3awmTbl UaepoB TArOBOM CETU
ABNSETCA ANCTaHUMOHHAA 3awmTa. B kavecTtBe 1- CTyneHW MoryT MCronib3oBaTbCs AUCTaH-
LMOHHbIE 3aLLUNTbI C XapakTepucTnkamm, npuBeaeHHbIMMN Ha puc. 17.9, a, 6, 0. [JoCTOMHCTBOM
XapakTepucTtuk puc. 17.9, 6, 0 saBnsetcs obecnedeHne HanpaBneHHOCTN, YTO TpebyeTca kak
Ana NOoACTaHUUKW, Tak U NS NOCTOB CEeKUWOHUpOBaHUA. 3alwiuTta, Hanpumep, BbIKMvaTens
QA1 He pormkHa nsnuwHe gencreoeaTb nNpy K3 B Touke K4, a 3awmTa Boikntovatens QF/IB1 He
pomxkHa cpabatbiBaTb Npy K3 B Touke K7 (puc. 17.7, a). BmecTte ¢ Tem, ANCTAHUNOHHYIO 3a-
LNTY C XapaKTEPUCTMKON, NpMBEAEHHON Ha puc. 17.9, a (ans taroBon ceTtu 27 kB), MmoxHo
OTCTPOUTb OT manuwHero gencteunsa npu K3 B Touke K4 (puc. 17.7, a) ¢ NOMOLLBIO TOKOBOIO
nycka (ONokKMpoBKM MO TOKy). Takoe peweHMe MMEET CBOM MPEUMYLLECTBA, MOCKOSbKY Npu
39TOM OTCYTCTBYEeT MepTBas 3oHa npu K3 BOGNM3M mecTa yCTaHOBKM 3awwuThbl. 3awuta Xe ¢ xa-
paKTEePUCTUKaMM, NPOXOAALLMMM Yepe3 Havano KoopAMHaT KOMMIEKCHOW NNOCKOCTU, Hanpuvep,
nokasaHHble Ha puc. 17.9, 6, B, r, 0, Takne MepTBble 30Hbl UMEIOT.

[OncTaHUNOHHbIE 3aWNTbl 2-A CTYNEHU MOTrYT BbINOMHATLCA C XapakTepucTukamu, npuse-
OeHHbIMK Ha puc. 17.9, 6, 9, e. BbibpaHHble Ansa HUX YCTaBKM MO ycrnoBusm obecnevyeHus
YYBCTBUTENbHOCTN B KOHLE 3aliuLiaemMon 30Hbl OObIYHO yOOBNETBOPSOT M YCNOBUIO OT-
CTPOMKKN OT Harpy3sku. XapakTepuUCTUKKN, NOKa3aHHble Ha puc. 17.9, 8, &, X, ansa 2-i ctynexu (B
TpexcTyneH4yaTbiX 3awmTax) MCMNonb3oBaTb He peKoMeHOyeTCHA. OTU XapaKTepUCTUKU Xyxe
oTcTpoeHbl oT K3 vepes ayry nnun 6onbloe nepexogHoe conpotuereHne. MNpu Takux K3 Bek-
TOp CONPOTUBIIEHNS Ha 3aXXMMax pene noBopayYnBaeTcs B CTOPOHY Ocu +R 1 MOXET BbINTU B
obnacTb, orpaHNYeHHy0 yrrom (ps. T. €. 3a npegenbl YrNOBOW XapakTepucTukm cpabartbiBa-
Hus. 3alnTa npu 3ToM He cpabaTbiBaerT.

Ons AUCTaHUMOHHBIX 3alnT 3-1 CTyNeHu (a B ABYXCTYNeHYaTbIX 3alumrax - ong 2-i cTyneHu)
Ha NOACTaHLUMW MOXHO WUCMONb30BaTb XapaKTepUCTUKU, NpuBedeHHble Ha puc. 17.9, s, g,
JK, XOPOLLIO OTCTPOEHHbIE OT MaKCMMarbHbIX Harpy30Kk HOpManbHOro pexuma, as3oBblin yron
BEKTOpa COMNpoTMBNEHNA KOTOPbLIX He npeBbiaeTt 40°.

Ha nocmax ceKyuoHupoeaHus 3alunTbl BCEX TPEX CTyNneHen MOryT BbINOMHATLCS C
XapakrepucTukamum, npuesegeHHbIMN Ha puc. 17.9, 6, 0.

3awuTa nyHKkmoe napasnnesbHo020 coeOUHeHUs 0ONXHa OblTb HeHanpaBneHHon. Bce
3aWmMThbl, KPOME MOoTeHUMarnbHON, YyBCTBUTENbHbI K K3 B pacyeTHbIX TOYKax TOMbKO MO-
Clle OTKIIOYEHUS] COOTBETCTBYHLLErNO BbIKHOYATENS HA NOACTAHLUMU UMW Ha MOCTY CEKUMUO-
HUpoBaHusa. Hanpumep, onga BeiknoyaTena Q121 pacyeTHbIMU Toukamu aengTca K2 n K3
M Ao Tex nop, rnoka He oTknovaTcsa Boikntodatenu QBT nnn QB1, Tok Yepea BbikNYaTemnb
Qr121 npoTtekaTb He OyaneT. B kayecTBe OCHOBHOW, NO3TOMY, AOS/KHA ObiTb NOTEHUManbHas
3awmTta. B kavecTBe pesepBHON 3alUMTbl MOXHO WCMNOMb30BaTb TOKOBYH OTCEYKY (npu
Komc=0,8), MakCMManbHyl0 TOKOBYI WNW AUCTAHLUMOHHYKO 3awuTbl. [na nocnegHen cnepyet
MCMNONb30BaTh YIIOBYH XapaKTepUCTUKY, NMpUBEAEHHYIO Ha puc. 17.9, a.

19.4. OB30P YCTPOUCTB 3ALUTbI, MPUMEHAEMbIX AN ®UOEPOB KOHTAKTHOMN
CETH

Kak BugHo 13 TpeboBaHuii, NpeabsBnsieMbiX K 3alUUTe TATOBbIX CETEN CTaHOapTHbIE 3alLUMUThI,
NPMMEHSIEMble B CETSAX TaKOro Kracca HarnpsbkeHusi, marno npurodHbl Ans TAroOBbIX CETEMN.
Jlyywe npymeHnTb Cneumanmn3vpoBaHHbIe 3alnTbl, KOTOPbIE U HAYany NPUMEHSTLCS, HaYMHas
¢ 70 ropos.

B munoebix 3/71eKMPOHHbIX KOMMJeKmax 3alunTtbl Taroson cetn tuna YO3®, Y3Th, uc-
nonb3yeTcsa ABYXCTyneH4yaTas AUCTaHUMOHHAsA 3aliuTa C YrioBbIMU XapakTepucTukamun nep-
Bon [131 v BTOpon [132 cTyneHemn, nokasaHHbIX Ha puc. 17.10, a ana TaroBon NOACTaHUUN U
Ha puc 17.10, e gna nocta cekuymoHnpoBaHus. B komnnekte YO3PMK peannsosaHa Tpex-
cTyneHyartada 3awuta (031, 32, [33), xapakrepucTnkn KOTOpOW npueedeHbl Ha puc. 17.10,
6, 6 ond noacTtaHumm n Ha puc. 17.10, d onsa nocta cekuMoHupoBaHus. B nocnegHem cnydae
BO3MOXHO NPUMEHATb U YIIOBbIE XapaKTEPUCTUKN, NOKa3aHHble Ha puc. 17.10, e.
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Puc. 17.10. YrnoBble XapakTepUCTUKA ANCTAHLIMOHHBIX 3aLUMT TArOBbIX CETEN

OTtnunuyme xapaktepuctuk Ha puc. 17.10,

0 1 8 3aknto4aeTcsa B pa3HomMm criocobe obecnevyeHus

CcBOWCTBa HanpasreHHocTu cTyneHn [31. YrrnoBas xapakTepucTuka, fnokasaHHad Ha puc.
17.10, 6 cooTBeTCTBYET NPUMEHEHMIO BNOKMPOBKN NO TOKY, a, NokasaHHas Ha puc. 17.10,
8, COOTBETCTBYET MCMNOMb30BaHMIO B 3alinTe has3oorpaHnYnTEeNIbHOro opraHa.

4

Puc. 17 11. YrnoBble xapakTepucTuku 3awmnTsl YO33OM

3awmta YO3PM paspaboTtaHa B cepeanHe 80 ro-
JoB, BbinonHeHa Ha MMC n noka aBnseTcs camomn
pacnpocTpaHeHHon 3awmton. OHa cogepXuT 4e-
Tblpe CTyNeHn AuMCTaHumMoHHOW 3awmtbl 031, 032,
133, 134 n tokoyto oTceuky TO. YrnoBble xapakre-
puctukn npmeedeHsl Ha puc. 19.11, rae 1 - rpaHny-
Has NMHUSE 06NacTn Harpy3oK, a 2 - rpaHnYHas NMHAUS
0bnacTn KOPOTKNX 3aMbIKaHUIA.

I o o A R S B A s e e e »
,/ /80 " 100 " 120 R Om
34

CrtyneHb [134 npepHasHadveHa pearvpoBatb Ha K3
yepes borblune nepexoaHble conpotueneHns. CTy-
neHb [131 cHabxeHa nepekntoyaTenem, c¢ Nomo-

LLIbKO KOTOPOTO YriioBas XxapakTepuctuka B Buae cektopa (puc. 17.11) moxeT ObiTb NepeBeaeHa B
KpyroByto (puc. 17.10, 6) ¢ GriokMpOBKOW MO TOKY.

HIMM «TexHunka» MIC (r. PoctoB-Ha-[oHy) coBmecTHO ¢ YAD3 paspaboTann KOMMNNeKTHoe

yctporcteo AP3XK-2201 ynpaBneHus,

3aWmMTbl U1 aBTOMaTUKN OUOEpPOB KOHTAKTHOW CETU

nepemMeHHoOro Toka Ha 6ase moagynen AP3-2201.

+iX

—ZOZ F—

o> 1[ ...r, +R
Zo3 Zy,

Puc. 17.12. XapakTepuCcTukm guctaHum-
OHHOW 3aLwmTbl AP3-2201

CTpyKTypHasi cxema 3aluTbl, BXOASALLEN B 3TO YCT-
POWCTBO, COAEPXMUT TPU CTYyNeHW AUCTAHLMOHHOM
sawmtel (031, 032, O33), pesepBHYy0 Makcumanb-
Hyl0 TOKOBYK 3awmty MT3, ocyulecTBnsoLwyo oa-
HOBpeMeHHO 6rokupoBky ctynenu 031 no Toky, u
TOKoBYO oTceuky TO.

Yrnoeas xapakTepucTuka pene COMpoTUBIIEHMS BO
Bcex cTyneHax 3awutbl (031, 032, 033) umeer
dopmy, nokasaHHyto Ha puc. 8.32, pasamepbl KOTO-
por MoOryT perynupoBaTtbcs. lmeeTca BO3MOX-
HOCTb MepemelaTb MpaByl OrpaHMYMBAIOLLYKO IU-
HWIO Zgy - Zos NApannenbHo camon cebe (nMokasaHo
NyHKTUPOM), @ Takke nepemMeliaTtb BEPLUNHY Zos B
Touky Z'. MNpun atoM nuHna Z'y; - Zos 6yaeT npoxo-
OUTb Yepes3 Hayano KoopAuMHAT (MOKa3aHO MyHKTU-
poM), T. €. penie ConpoTMBEHNSA NOMY4YNT CBOMCTBA
HanpaBMneHHOCTH.

B HacTosilee BpeMsi 3TU 3aLlUUTbl MOXHO CYMTaTb YCTapeBLUMMM, B3aMeH UX paspaboTaHbl U
BbIMYCKaTCH MUKPOMPOLIECCOPHbIE TEPMUHANbI 3aLLUTLI.
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MpeacraBuTeneM MUKpPONPOLECCOPHbIX TEPMMHANOB 3allMTbl U aBTOMaTUKU  SBMSIOTCHA YCT-
ponctea cemenctsa BMP3 Bbinyckaemble pypmon «MexaHOTpOoHMKay.

MukponpoueccopHbie ycmpolicmea cemelicmea BMP3

Mo cBoeMy cocTaBy aTOT (PyHKUMOHanNbHbLIN psa MT obecneunBaeT paboTy BCEX OCHOBHbLIX TUMOB
npucoeanHeHnin PY-27,5 KB:

BMP3-OKC — ana dmaepa KOHTaKTHOWM CETM U 3aMnacHOr0 BbIKMOYaTeNs;

BMP3-®BB - ansa BbikntoyaTens seoga 27,5 kB;

BMP3-AIP - ons dounaepa dsa nposoda — peribc;

BMP3-TCH - ans TpaHcdopmaTtopa COOCTBEHHbIX HYXA;

BMP3-YTIK - ons yctponcTea nonepeyHon KoMmneHcawum.

MepeyveHb PyHKLMIN BXOOALLMX B COCTAB KaXX4oro TepMuHana npuseaeH Hmke B Tabnmue 17.1.

PYHKLMM 3aWUTbI NpucoeanHeHun 27,5 kB Tabnuua 17.1
PYHKUMA 3aLNTbI BMP3
HaumeHoBaHue XapakTtepuctuka/aencreme ®KC | ®BB | YIIK | TCH | ONP
MakcumanbHas MT3 (PT3) c KOHTpONeM TokKa:
TOKOBas 3alymTa Tpex a3 - + - + +
(pe3epBHas TokoBas AByX (has (cekumi) _- - + - -~
3awmTa) oaHoi hasbl (cekuum) + - - - -
KonuyecTtBO cTyneHemn 3 3 1 3 3
C nyckom no HanpspkeHuro U< + 4 - _- —

TpeTbA CTyNEeHb:

3aBUcuMan/He3aBUCUMAanA -+ ++ - +/+ +/+
PTB-1/PT-80 . + R + +
YckopeHnue MT3:
C nNepeMeHHOMN BbiaepXXKon + + - + +
C NOCTOAHHOM BblAEPXKKOMN - + - - -
OTKNOYEeHUe Unu curHan + + - + +
OTKNOYEeHUe U curHan - - + - -
Konun4yecTtBo nporpamm 2 2 1 1 1
TokoBas 3awmTa T3HN
HyJfeBoOM nocne- OTKnNOYEeHUe n/unu curHan _ - - + -
AoBaTeNlbHOCTU

3awmra MMHMManb-  [3MH:
HOrO HanpsiKeHust c KoHTponem Uas, t/Bc, Uca - + -

c KoHTponem (/aB, Cec - - -
¢ KoHTponem U
C KOHTponem cymmbl aByx U -
C GNIOKMPOBKOM:
Mo BHELUHEMY CUrHany
no nycky I>>>,1>>
OTKnroYeHue u/unu curHan
3MH (naTumk)
TokoBas oTceyka TO (TO 2) Ha nonynepuopae
Konu4yecTtBo nporpamm
HenanpaBneHHas HHO31

AUCTaHUMOHHasA Ha nonynepuope
3awmTa C GnoKupoBKOW MO TOKY UMK

HanpsXeHUto
KonuyecTBo nporpamm

HanpaBneHHas HO3 .
AUCTaHLMOHHas KonunuyectBo cTyneHeun

3awmTa C yckopeHuem
C GrnoK1MpoBKOI:
Nno BHeLUHEMY CUrHany

Mo HanpsXeHUIo
C 3arpy6eHuem no Kr

C yBenuyeHuem 30H cpabaTbiBaHUsi
2,3 ctyneHen
KonuyecTtBO nporpamMm

+
]
[
[ I |
[ |

[]
+

++ + 4+
[ I I
++ '+
[

N + [ + 1 +
1
1]

+
]
]
]
]

+ b N+
+ N

'

[

'

N O+ O+ + o+
1
1
1
1
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PYyHKLMM 3aWUTLI NpucoeanHeHun 27,5 kKB

MpogomkeHne Tabnuubl 17.1

DYHKUMA 3aLUThI BMP3
HaunmeHoBaHue Xapakrepuctuka/gencreue ®OKC ®BB YK TCH aneP
3awmThbl No BHelwHeMy | OTKnIoYeHMe No BHeLHeMY ANC-
OUCKPETHOMY CUrHany |KpeTHOMY curHany + 4 4 a4
KeasurennoBas KT3
3awmTa Mo pacyeTHOW TeMnepaType KOH- + - - - -
TaKTHOro nposoga
3awmTbl cMexHoro TOP2 + - - - -
dupnepa (®2) HO3®2 OgHocTyneH4aTasn + - - - -
C 6noknpoBkou no U< + - - - -
KonnyecTtBo nporpamm 2 - - - -
3awuTa oT noanNUTKN 3Nn
Mo chazsam Au B - + - - -
C 3awmTon oT nepeHanpskeHUs - + - - -
OtknioyeHve n/vuny curHan - + - - -
MpoponbHasa audcbe- (MAOT3
peHUMnanbHasA TokoBasi |[o pa3banaHcy TOKOB ABYX CEKLUN - - + - -
3awumTa C NoCTOsIHHOM BblOepXKKoMn - - + - -
OTknoYeHne M curHan - - + - -
3awwmra ot npeBbiwenusa |3MNOH
AomnycTUMoOro Hanpsbke- |[lo MakcMManbHOMY HanpsXXeHUo
HUsl ABYX CeKLumn - - + - -
C He3aBUCUMOW 3aePXKKOW BpeMeHMU
cpabartbiBaHuA - - + - -
OTknoYeHne M curHan - - + - -
OuddepeHumanbHana |O03K
3awwmTa no Hanpsike-  |[o pa3banaHcy HanpsXKeHU ABYX
HUKO ceKkuumn - - + - -
C NOCTOSIHHOM BblAEPXKKOMN - - + - -
OTknoYeHne n curHan - - + - -
3awwmTa ot neperpy3ku |3MNBIr
BbICLUMMU rapMOHMKamMu | Mo makcuManbHOMY TOKY BbICLUMX
rapMoHuK (co 2 no 9) AByx cekuumn B " * B B
C He3aBUCMMOM 3a8epXKKON BpeMeHU
cpabarbiBaHus B " : B "

OTKnoYeHue n/unu curHan

Kpome (hyHKUMIA 3awmnTbl, B TEPMUHANaxX UMETCA creayrowme AononHuTenbHble yHKLMKM aB-

TOMaTUKM 1 ynpaBneHus, cMm. Tabnuuy 17.2.

®DYHKLMM aBTOMaTUKKN 1 ynpaBreHus npucoeguHenun 27,5 kB

Tabnuua 17.2

DyYHKLUMA aBTOMATUKU U yNpaBrieHus BMP3
HaumeHoBaHue XapakTepucTtuka v gencteue PKC ®BB (YNK TCH ane
MepekntoyeHure npo-
rpaMMm ycTaBoK AncKpeTHbIM CUTHaNoMm + + - - -
INornyeckas 3awm- N3LLUn (npMeMHuK) 1 1 - - -
Ta wuH (N3LL) N3LWA (aaTumk) 1 - 1 1 1
Konnyectso nporpamm 1 1 1 1 1
ABTOMaTMyecKoe no- Ba umkna
BTOPHOE BKIOYeHne BnokupoBka 060MxX LMKNOB no [ >>> + - - - +
(ANB)
YctponctBo pesepBupo- YPOBR (naTunk) 1 1 1 1 1
BaHUA Npu oTKasax Bbl- ) ) ) )
knmovartens (YPOB) YPOBnN (npreMHuK) 1
ABTOMaTN4eCKOE BKITIO- |ABP C KOHTPOIEM HaNpPsKEHUs ABYX +
YeHue pesepBa (ABP) daz " " " -
ABTOMaTH4eckas vac- BbinonHeHve koMaHA:
TOTHasi pasrpys- AYP - - - - +
ka/yactoTHoe AlNB AYP/MAINB-A . R . R +
(AYP/HAIMB) wnn AYP/YANB-B R R - - +
CamonpousBorsb- KoHTponb un curHanusaumsa CO kommy- 1 1 2 2 1
HOe OTKIo4YeHue TaLMOHHbIX annaparoB
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®PyHKLMM aBTOMATUKKU U yNpaBrieHnsi npucoeanHeHun 27,5 kB I_IpO/J,OJ'DKeHVIe Tabnuubi17.2

DyYHKUMA aBTOMATUKU U ynpaBrieHns BMP3

HaumeHoBaHue XapakTepucTtuka v gencteme PKC ®BB (YMNK TCH ane

KonTtponb uenen TH KoHTponb 1 curHanusaums uenen , , . R .

TpaHcdopmaTopa HanpsiXKeHUst
YckopeHue MT3n MpneMHUK - + - - -

YnpaeneHue BbICOKO-
BONbTHbLIM BbIKIHOYa- Orkn/ekn. BB 1 1 2 1 1
Tenem (BB)
YnpaBneHue koMMyTa-
LMOHHbIM annapaTom OTkn/Bkn. KA 2 - - 1 1
(KA)

B kauyecTtBe npumepa, paccMoTpum nogpobHee OOk 3almThl U aBTOMATMKN (pMAEpPOB KOHTaKT-
Hoi BMP3-OKC, koTopbIi MO CPaBHEHWUIO C CYLLECTBYIOLLMMWN SNEKTPOHHBIMU 3alimMTamMu obna-
[aeT crneayrwuMm npenmMyLLiecTBamu:

1) nonHbIM Habopom OYHKLMIA 3aLLMT B COOTBETCTBMM C NPEOSIOKEHHOW KOHLENLUMEN;

2) AByMS rpynnamMmm yCTaBokK (Ans HOpManbHOro M BbIHY»XOAEHHOIO PEXUMOB);

3) agantaumein yctaBok [132 n 133 no koaddnLNEHTY rapMOHNK;

4) pacwupeHHor asTomatukon (AlB, N3LU, YPOB);

5) MECTHBIMU U TENENIMEPEHMAMU;

6) BO3MOXXHOCTAMW ocumnnorpadmnpoBaHns aBapunHbIX PEXNMOB.

BwmecTte ¢ Tem BMP3-®KC nossondeT peanusoBaTb pag HOBbIX YHKUUIA 3auThl (OTCYTCTBYIO-
WKMX y nyqywmnx obpasuoB 3MNEKTPOHHbIX 3allUuT), yBenuumsarowmux ObICTPOAENCTBUE U Cenek-
TMBHOCTb paboTbl Br0Ka, a Takke MOBbILAKLWNX HAAEXHOCTb ero paboTbl U yaobCcTBO aKcnnya-
Tauun. MNonHbIn nepeyeHb dyHKkumi 3awmTt BMP3-®KC npuseneH B Tabnuuax 17.2; 17.3.

X 0COBEHHOCTN OTMEYEHbI HUXKE.

OcHoeHble u donosiIHumesnbHble pyHkyuu 3auwum BMP3-®KC

TpexcTyneH4yaTas HanpaBneHHas gucTaHUMoHHasn 3awmTa ([31-033)

OTa 3awmTa aBnsieTCA OCHOBHOW 3alimMTon domaepa KOHTaKkTHOM ceTu. Kaxgasa ns ctyneHen
[31-[133 peanunayeT COCTaBHY XapaKTepUCTUKy cpabaTtbiBaHUS, KOTOpasi UMeeT popMy Cek-
TOpa Ha NMOCKOCTW KOMMMEKCHOro CONPOTUBIIEHMS, Kak Noka3aHo Ha puc. 17.13 . [inga aToro nc-
NONb3YKTCA BKINOYEHHbIE MO cxeme "UN" pene NonHOro ConpoTUBIEHUs, AalOLmMe KPYroByHo Xa-
pPaKTEepPUCTUKY, 1 (ha30BbIN OpraH C ABYMSA yCTaBKamMu, 3a4atoLLmMi 30HY NO 3HaYEHUAM yrina Me-
XAy BEKTOpaMm HanpshkeHus u Toka. Bpems namepenusa ona HanpasneHHon 13 pasHo nepuony
yactoTtbl cetu (T = 20 mMc), HO odepeiHON pe3ynbTaT (MonagaHve unu HenornagaHue B 30HY
cpabaTbiBaHUs) BbIOAETCA HE pexe, YeM Yepes Kaxable 5 MC Ans yMeHbLUEHMS 00Lero Bpe-
MeHun oTkntodeHnsa K3. Taknm obpasom, cobcTBeHHOE Bpems cpabaTtbiBaHus [03 He npeBbilaeT
25 mc, ogHako, Npu 3HAYUTENBHOM NPEBLILEHUN CUrHANOM 3HAYEeHUs yCTaBKK, BpeMs cpaba-
TbiBaHUA (N0 pe3ynbTaTam 3KCNepUMeHTarnbHON NPOBEPKM) CHKaeTcst 4o 15 mc.

HanpaBneHHas guctaHuuoHHas 3awwmTa (034) ot K3 yepe3 6onbLioe aKkTUBHOE CONpoTUBIe-
Hue

[034 npegHasHaveHa ansa oTknioveHns K3 ¢ ManbiM akTMBHbIM TOKOM, BO3HMKaOLWMM Npu nage-
HUN KOHTaKTHOro nposoda Ha 6annact. [034 otnunuyaetcs ot 032 n 033 Hannumem anemeHTa
BbIYUCIIEHUS PEaKTUBHOW COCTaBNAOLLEN MOJSTHOrO COMPOTUBMEHUS U KOMMApMPOBaHUSA Moayss
3TOM COCTaBNALWEN C yCTaBKaMu, onpeaenstowmmm 301y cpabaTtbiBaHnsa B hopme, 6nmn3kom K
NPSIMOYTONbHUKY, Kak nokasaHo Ha puc. 17.13 s).

OByHanpaBneHHasa gucTaHUMOHHaA 3awmTa (032 v 033) ana MNMNC

Ons MMNC un 1-nyTHeIX NC (Ha KOTOPLIX yYCTaHaBNMBaeTCa OOWMH BblKNtoyaTenb) Tpebyetcs anc-
TaHUMOHHas 3awmTa, cpabaTtbiBatoLlasi npy nobom HanpasneHun Toka K3, T.e. AByHanpaBneH-
Has [13. OTO BbINOMHANOCH C NOMOLLIbIO ABYX COOTBETCTBYHOLLMM 00pa3om casmpoBaHHbIX 6510-
koB 3awmt. OgnH BMP3-®KC nossonseTt peanua3oBaTb HanpaeneHHble [132, 133 ¢ xapaktepu-
CTuKon cpabaTbiBaHWs, CUMMETPUYHOW OTHOCUTENBbHO HanpaBneHUsi NPOTEKaHUs TOKa, Kak Moka-
3aHO Ha puc.17.13, 6). MNepeas cTyneHb [3 npy 3TOM BbIOMpaeTCsa HEHaNpPaBEHHOMN.
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Puc. 17.13. XapakTepuCTukm ANCTaHUMOHHbIX 3awwmT ycTponctea BMP3 — ©KC.
a) XapakrepucTuka cpabartbiBanms [31 (032, O033)

6) XapakrepucTtuka cpabartbiBanns 31 (032) ana MMNC

8) XapakrepucTtuka cpabatbiBaHus [134

KBasuTtennoBasa 3awmTa

KBasuTtennosaga 3awmTa (K3T) npegHasHayveHa ns 3awmtbl KOHTakTHoro nposoga (KIM) ot nepe-
rpeea. Anroputm K3T oCHOBaH Ha pelueHun ypaBHEHUS TennoBoro 6anaHca gnsi onpeaeneHns
Temnepatypbl KOHTAKTHOrO npoeoda. Tekywasa Temnepatypa Kl onpegenseTcs ¢ y4eTOM KOHCT-
PYKTMBHbIX 0COBEHHOCTEN, KoachduumeHTa aeneHnst Toka mexay K n Hecywmm Tpocom, nsHoca
KIM v ero Temnepatypsbl, Bnusitowmnx Ha conpotuenernne Krl. OxnaxaeHue Kl paccuntbiBaeTcs ¢
y4eTOM TENI0BON NOCTOSIHHON BPEMEHW OXIaXaeHus, onpeaenseMon OTHOLEHWEM TennoemKo-
cTn k Tennootaadye. Mpu 3HaueHun Temnepatypbl KM Bbiwe 95 °C (AnuTenbLHO AOMYyCTUMOW TEM-
nepatypbl MeAHbIX KOHTAKTHbIX NPOBOAOB) PACCYUTLIBAETCSH OTHOCUTENbHbBIA PECYPC KOHTaKTHO-
ro nposoga. 1o AOCTWKEHNIO OTHOCUTENbHLIM PECYPCOM NPeAenbHOro 3HayYeHus 3awuta gaet
curHan Ha OTKntoYeHue Boiknoyatens BB.

3awumTa pacnpeaenuTenbHOro yctpomcTea oT BHyTpeHHux K3
BMP3-®KC obecneumBaeT BO3MOXHOCTb BbIMOSHATE 3aLUUTY CaMoro pacnpeaenmntensHoro ycT-
POWCTBa OT BHYTPEHHUX 3aMblKaHUI N0ObIM U3 U3BECTHBIX CNIOCOBOB:

C nomoulpto "3emnaHon 3awmTbl" 33 (oT npobos Ha kopnyc 3PY);

C MOMOLLIbIO 3aLLUMTbI OT AYroBbiX 3ambikaHui (343);

C NOMOLLIbIO NTOrMYeckon 3awmTbl WwnH (J13LU);

C NMOMOLLIbIO 3aLLMTbI MMHMMarbHOro HanpsbkeHna (SMH).
B nepebix aByx cny4vasx bBMP3-OKC moxeT nponsBoguTb OTKMoYeHNE (6e3 BbIAEPKKN BPEMEHM)
Bblkntoyatens ®KC no BHewwHeMy curHany ot gatymka 33 unun 303 a Takke 6noknpoBaTb BKIHO-
yeHue no AlB nocne cpabaTbiBaHUS gaTymka.

Mpun ncnonesoeaxHmmn J13LW BEMP3-OKC moxeT BbinonHATb yHKkumm J13L-gatumnk n J13LL-
npuemMHuk. Jlorka paboTbl 3TUX CUrHANOB CBA3aHa ¢ paboTon gpyrux npucoeguHeHun 27,5 kB n
OyaeT paccMoTpeHa HMxe.
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TokoBas otceuka (TO)

NamepuTenbHbii opraH TO Npou3BOAMT M3MEPEHME CUrHana Toka Ha MHTepBane, paBHOM MOSo-
BMHe nepuoga nepson rapMoHuku (T/2 = 10 mc); ucnonb3yembii B HEM anroputm LMdpoBoOW
uUNbTpauMn N «UEeHTpUpoBaHus» obecneunBaeT nogaBneHne NOCTOSHHOM U anepuoguyvecKmnx
COCTaBMSOLWMX, a TakKe BbICLLUMX FApMOHUK curHana. Mpu aTom ovepenHoun pesynbTaT (nonaga-
HWe Unu HenonagaHve B 30Hy cpabaTbiBaHWSA) BbIAAETCS HE pexe, YeM Yepes Kaxable 5 Mc (ans
yMeHbLUeHns obuiero Bpemenun oTknodeHns K3). Takum obpasom, cobcTBeHHOE Bpemsi cpaba-
TblBaHMS 9TOW 3aWMTbl HE NpeBbIWaeT 15 Mmc.

TokoBasi oTceyka N0 MTHOBEHHOMY 3Ha4YeHuUIo Toka (TO2)

TO2 npeagHasHayeHa ans 6onee 6bicTporo, yem TO, oTknoyeHus K3, 6nmskux k wmHam TT1.
Ee n3aMepuTenbHbIN OpraH NPoM3BoOauT "ckonbasiliee™' ycpeaHeHne curHana Toka Ha HTepBarne
5 Mc, T.e. pearMpyeT NpakTU4eckn Ha MakcumarnbHoe ero 3HadeHue. HecMoTps Ha 3ToO, yCTaBKu
TO2 3apgatoTca B JENCTBYIOWMX 3HAYEHUSAX ToKa, HO, B oTnndune ot TO, TO2 He oTcTpoeHa oT
anepunoamn4eckon COCTaBMSIIOWLEN, @ Takke OT BbICLUMX rapMoHMK. C y4eToM B3aMMOAENCTBUSA

BCEX KOMMOHEHTOB anroputMa cOOCTBEHHOE BpeMsi cpabaTtbiBaHUS 3TOW 3alUUTbl COCTaBMSET
5-10 mc.

HeHanpaBneHHas guctaHuuMoHHasa sawmTa (HHAO3)

Anroput™ HHO3 npon3BoanT BblYUCIIEHNE MOAYIIS MOSTHOTO COMPOTUBMEHUS HA OCHOBE CUrHa-
NIOB HanpsbKeHWst U TOoKa, M3MepsieMbIX Ha WHTepBarne, paBHOM MOMOBUHE nepuoda nepBow
rapmoHukm (T/2 =10 mc). MNpu aTom anroputm LMdpoBOr PUNbTPaALMM CUTHANOB HAMPSPKEHUS Y
Toka obecneuynmBaeT nogasBneHne MOCTOAHHOM M anepuogumyeckmx COCTaBASOWMUX, a Takke

BbICLLMX FrapMOHMK curHanoB. CobGCcTBEHHOE BpeMsi cpabaTbiBaHNSA 3TOW 3aLLUMThl HE MpeBbillaeT
15 mc.

YckopeHue 32 n 133 npu BKNOYEHUN
Mpwn no6om BkMoYeHUM (onepatneHoM unm no AlB) B TedeHne 1 ¢ gencTByeT yckopeHune [32

n 033 (nnn pesepsupytowmx mx MT32 n MT33), npn KOTOPOM BpeMS BbIAEPXKKN 0DENX 3THX
cTyneHen ymenbliaetcsa oo 0,1 c.

YckopeHue [132 n 133 no COOTHOLLEHUIO TOKOB ABYX CMEXHbIX ouaepoB

Yckopenune 32 n A33 ncnonb3yetcs gnga oeictporo otknoveHus K3 B 3oHe paboTbl 3TUX CTy-
neHen n paboTaeT Ha COOTHOLLEHUN TOKOB B BYX CMEXHbIX dhnaepax, NuTarowmnx oanH y4acTok
KOHTaKTHOM ceTn. 3TOT BnoK anropuTmMa COCTOUT M3 ABYX YacTeln: AaTtynka u npuemHuka. fat-
UMK NoKasbIiBAET HanMune Toka Yepes AaHHbIn dnaep v npeacraenseT cobon cxemy UINA, koto-
pas B cnyyae cpabaTtbiBaHMA perne nonHoro conpoTtusnenns ceoux 032 vnn 033, dopmupyet
curHan yckopenunsa 032 n 033 gns cmexHoro dugepa. MNpUeMHMK OCYLLECTBNAET YCKOPEHUE
pa6oTbl [132 1 [133, BO34EeNCTBYS HA UX 3fIEMEHTbI BbIAEPXKKM BPEMEHN NPU COBMAAEHUMN OBYX
YCINOBWIA:

- ecTb curHan "YckopeHue 32 un 33" oT cmexHoro gugepa (T.e. Yepes Hero Havan npoTekatb
Tok K3);

- COOTHOLLEHNE TOKOB B CMEXHOM M AaHHOM bmaepax MeHblle yCTaBku, obecnednBatolen ce-
NEKTUBHOCTb TaKoro YCKOPEHHOrO OTKITHOYEHNS.

OnemeHT Bblaepxkn Bpemern (T, ot 0,05 go 0,3 ¢) cnyxnTt Ans OTCTPOMKN OT KpaTKOBPEMEHHbIX

cpabaTbiBaHUA perfie MOSHOrO COMPOTMBIIEHWUS, KOTOpPble MOryT ObiTb Bbi3BaHbl NEPEXoaHbIMU
npoLieccamu B TOKe.

Pe3epBHas ToKkoBas 3awymTta

Tpwn cTyneHn HeHanpaBfeHHOW pe3epBHOW TokoBon 3awuTbl PT31 - PT33 ncnonbaytoTcs
ONs1 aBTOMaTUYECKOro pe3epBMpPOBaHMS COOTBETCTBYHOLUMX TPEX CTyrNeHen OUCTaHUMOHHOW 3a-
wwmtel 431 - 83 B cny4asix, korga HanpsKeHNe CHMKaeTCs 40 YPOBHS HUKe 3% OT HOMUHarbHO-
ro (0,03Uy), n agekBaTtHoe onpeneneHne asoBbiX YrNOB HEBO3MOXHO. Takoe CHWXeHWe Ha-
NPsHKEHNS BO3MOXHO Kak npu K3, 6rmakom Kk wuHam T, Tak n npu noBpexaeHnn TpaHcdopma-
TOpa HanpPsXeHUs1 NN ero BbIXoAHbIX Lenen. MNpn aTom NMbo npoucxoguT oTKMoYeHne duaepa
no 3MH ¢ goctato4yHo GornbLLOW BbIAEPXKKOW BpeMeHMU (A0 3 c), MMBo OTKMIOYEHUS HE MPOUCXO-
ont (ecnn 3MH BbiBegeHa Ha curHan); B 0bomx cnyyasax domaep octaetcd 6€3 OCHOBHOW CBOEMN
ONCTaHUMOHHOW 3aLLUMTbI, YTO HEAOMYCTMMO.
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Mpun atom anga obecneveHnsa 6ecnepeboNHOro NepeKNIYEHNs 3anT Ha pe3epBHbIe U 06paTHO
y 032 n PT32, a takke y 433 n PT33 ncnonbayTcs eamHble 3N1IEMEHTbI BbIAEPKKN BPEMEHN.
bnarogaps atomy nocne nycka 32 vnu [133 1 nponagaHuns HanpsikeHUst HaKoMneHHoOe 3HaYe-
HWe BbIOEPXKKN BpeMeHn 3Ton cTyneHn 3 nepexoamTt K 3ameHsioLwen ee ctynenn PT3, a npu
BOCCTaHOBIEHMM HanpsXXeHns - obpaTHO K NnepBoOHavarnbHO 3anycTusLuencs ctyneHn 3.

OyonupoBaHue TO u 132 gna cmexHoro dmpepa

B cootBeTcTBUM C TpeboBaHnem LIST-44 [10, n. 4.3] npu opraHnsaumm CKOPOCTHOIO ABMKEHMUS
(oo 200 km/4) B Lensx obecnevyeHUs HAOEXKHOCTM M ObICTPOAENCTBMSA 3alnTbl OT TokoB K3 Ha
nuTarWwmx duaepax KOHTaKTHOW CEeTU TAroBbiX nogctaHuuin (TM1) M NOCTOB CEKLMOHMPOBAHWS
(MC) 3awmnTbl 4OMKHBI BbITb PpE3ePBUPOBAHbI AyONMPYOLLMMA 3aLLUTaMu.

Mockonbky BMP3-OKC nprvHumMaeT curHan Toka He TONbKOo OT cobCTBEHHOro cdmaepa, HO 1 oT
CMeXHoro (4to mcnonbayetcst anst yckopenusa 032 1 133 no COOTHOLLEHUIO TOKOB ABYX CMEX-
HbIX omaepoB), B Hem 6e3 JONOSTHMTENbHbBIX annapaTHbIX 3aTpaTt peann3oBaHo AyOnnpoBaHue
OCHOBHbIX 3aWmMT cmexHoro domaepa: TO u [A32. NMpn 3TOM BbIXOAHOE perie OTKITIOYEHUS BbIKIO-
yaTensi CMEXHoro duaepa BKMOYaeTca B napannenb ¢ cooTBeTcTByowWmMMn pene BMP3-OKC
3TOro CMEXHOro uaepa.

JononHutenbHble ¢pyHKuun AlNB

MoMnmo TpagMLUMOHHON OYHKUUM aBTOMATUYECKOrO NMOBTOPHOMO BKMOYEHUS Yepe3 3adaHHbIN
uHTepBan BpeMmeHun, BMP3-OKC peanusyeT cnegytoLime gononHuTensHble pyHkuun AlB:

- KOHTpOMnb HanpshkeHuns B domaepe nepepq BkntodeHnem no AlNB n 6rnokuposky AlB npu

OTCYTCTBMM HaMNPsPKEHUS;

- yckopeHue nepsoro uukna AlNB npu Hanuyuu HanpsbkeHus B huaepe (BATLLH).

370 noseonsieT peanu3oBaTtb ¢ nomollbio BMP3-OKC ntoGoi M3 n3BecTHbIX cnocoboB BOCCTa-
HOBMNEHUSA HOPManbHOW CXeMbl NMUTAHWUA MEXMNOACTAHLUMOHHON 30HbI NOCMe aBapuMHOro OTKIIoYe-
HWUS yyYacTka:

- BkntoveHune Tl u IMNMC no AlNB ¢ ¢urKCHpoBaHHbLIMK YCTaBkaMy BPEMEHM, 3adatoLwnmMmn no-

PSAOK BOCCTaHOBIEHNSI HOPMAsbHOW CXEMbI;

- BkitodeHme TI no AlNB ¢ dmkcrMpoBaHHOM ycTaBkon BpemeHu, a NC - ¢ rKcupoBaHHOM -

yCTaBKOW BpeMeHu 1 6rioknpoekor AlNB npu oTCyTCTBMM HAMpPSKEHWS;

- BkrtodeHue TT1 no AlB ¢ pukcmnpoBaHHoOM ycTaBkon BpemeHu, a INMC -no BAIBH,;

- BkrtodeHue NC no AlNB ¢ dmkcnpoBaHHoM ycTaBkon BpeMmeHu» a TI1 -no BATBH.
MocnegHuin M3 aTMx cnocoboB MO3BONSAET WUCKMYUTbL BO3MOXHOCTb BKIOYeHMs rno AlB Ha
fonbLuon Tok npu yctaHosmeemcs K3 (T.k. Tok yepes NC orpaHMyeH ConpoTUBIEHNEM KOHTAKT-
HOW ceTun 1 Bcerga mMeHblue, YemM Tok K3 npu BkntodeHumn TI). OTOT cnocob siBnsieTca ogHUM U3
BapuaHToB peanusaunm onpobosaHua KC Ha K3 nepesn BkntoveHnem TI1 no AlB. MNMpu aTomM He
TpebyeTcs cneunanbHoe KOMMyTauMOHHOe 06opyaoBaHWE 1 TOKOOrpaHU4YnBaroLLee yCTPOMCTBO
ans onpoboBaHust KC, Hy>kHa TOMNbKO yCTaHOBKa OAaTYMKOB HanpsbkeHust Ha domaepax TI1.

17.5. 3ALUIUTA U ABTOMATUKA PACMNPEOYCTPONCTBA 27,5 kB

3awuTta BBoaa 27,5 kB

B cBs3K ¢ nonoxeHneM BbIKIoYMaTeNs BBOAA MeXay NOHMXKaoWwmm (TAroBeiM) TpaHcopma-
TOPOM U1 WnHamu 27,5 kKB, ycTponcTea 3awmt BBOAOB BbINOJIHAKOT cBOM (OYHKLMM Ha pas-
NINYHBIX YPOBHAX CTPYKTYPbl CUCTEMbI TArOBOrO 3MeKTPOCHABXeHUs: NpucoegMHeHns, pac-
npegenuTenbHoro ycrponcTtea). B tabn. 17.3. npuBeaeHbl OCHOBHbIE CBEAEHNSA O HasHade-
HUK, 3aluMLaeMblX 30HaX W YCTPOUCTBaX, a Takke Buaax (npuHuMnax OeWCcTBus) 3awiuT
BBOOOB 27,5 KB.

OcTaHoBUMCS Ha Hanbornee CyLeCTBEHHbIX 0CODEHHOCTAX NCMONb3YEMbIX (OYHKLIIA 3aLLNT.
Jloecuyeckasi 3awyuma wuH 27,5 kB

JI3W gnsa PY-27,5 kB obnagaeT cyuwecTtBeHHbIMU 0cobeHHOCTAMM Mo cpaBHeHuto ¢ JI3LU ana PY-
10 kB:
- BO3MOXHa noanutka WwuH 27,5 kKB oT cMexXHbIx nogctaHumn Yepes OKC, kotopas gomnmx-
Ha ObITb OTKIIHOMEHA;
- OMCTaHUMOHHbIE 3almTbl He cpabaTtbiBaloT npu K3 "3a cnuHOM"» T.e. HYXHO crneumarnb-
HbIM 00Opa3oM opMMpPOBaTb CUrHarmbl paspelleHusi paboTbl NOMMYECKON 3alUUThl LUWH -
n3uly,
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B cootBeTcTBUM C 3TUM, Nnoruka paboTtsl JI3LW PY-27,5 kB 3aknioyaeTcs B TOM, YTO npu cpada-
TeiBaHuK JI3L PY-27,5 kB nponssoantcsa yckopeHne MT3 Ha BBogax 27,5 kB, a Takke oTkto-
yarTca Bbikntovatenu PKC, yepes KOTopble BO3HMKAET NOAnNMTKa LWKH 27,5 KB oT cmexHon noa-

CTaHumu.

B nornyeckon 3awuTe LWKWH NS NPUCOEaVHEHUA BbIAENAOTCS 3NeMEHTbI: PYHKUMA-NPUEMHMK
N3Wp v cyrHan-gatyvk N3LW,.
®dyHkums N3LWL OKC 3akntovaeTca B OTKITHOMEHUN BbIKITOYATENS, €CNN BbINONHAKTCA O4HO-
BPEMEHHO [Ba YCNOBUS:
1) nnbo cpaboTano pene nonHoro conpotmerenna A31 (unu [132), a ee pasosbint opraH noka-
3bIBAET, YTO TOK hnaepa TeueT K WwinHam (pa3oBLIn opraH He cpaboTan), nnbo nponsoLen
nyck PT32 (PT33) npu HanpsbKeHUM Ha WnHaX, 61IM3KOM K HYIHO;
2) oT 3awmT Bcex apyrmnx duaepos KC gaHHon dasbl noctynatoT curHansl J1I3W L (PA3SPELLE-
HVNE CPABATBIBAHUA J13LL), o3Havatowme, 4To Ha 9TUX npucoegmHeHuax K3 HerT.
CurHan N3LWa dopmupyeTcs, ecnu:
- nnbo cpaboTano pene conpotueneHus 31, a ¢asosbIi opraH He cpaboTtan (Tok mae-
pa TeyeT K WWnHaMm);
- nu6o pene conpotmenerHns 031 n 32 He cpaboTanu (pugep OTKNIOYEH UM BKITOYEH
KOHCOJTbHO).
Boioepxka Bpemenu J1I3LL yctaHoBneHa ukcMpoBaHHas BenuymHomn 0,2 ¢ onst OTCTPOWKK OT
K3 Ha oTxogsauwmx npucoeamHenunsax (AP, TCH, YIK).

Ctpyktypa N3W PY-27,5 kB onpegensietca crneayowmnmMm yCroBUsIMU.

- Bce dmpepbl PY-27,5 kB (®KC, OMNP, TCH, YIK, ®Mr n 3B) BbINOMHALT YHKLNIO
N3LWA, 1.e. popmupytot curHansl J13LW g, KoTOpbIE NPUHUMAaLOT 3HadYeHna "0" (3anpeT oT-
kntoveHus no JI3LW), ecnu 3anyctunacbk ogHa M3 3alWuT Ha JaHHOM duaepe, n "1" (pas-
peweHue oTkntodeHns no JI3L) - B octanbHbIX cnyyasx (K3 Ha gaHHOM dmaepe HeT nnu
duraep OTKIYEH).

- ®dugepbl BBOAa 27,5 kB BbinonHawT dyHkumio JI3LWL, koTopas 3akniovaetca B npuéme
curdanos J13Wp oT Bcex npucoeauHeHun PY-27,5 kB; ecnn Bce oHu "1", TO npon3BoauT-

cs1 ycKopeHune gencteus 3awmt MT3 n 3.

3awuTbl, peanu3oBaHHble Ha BBoAax 27kB Tabnuua. 17.3
3awmwaemoe | MecTto K3 Bua 3awunTbl
PY vunu npu- | (3awmwiaemasn HasBaHue 3awmTbl HasHaueHue 3awmTbl (NpUHUMN gencr-
coefiMHeHue 30Ha) BuA)

K3 Ha wu- OcHoBHas 33 nnun N3
PY-27,5kB> | Hax 27 5kB 3awwmTa wwuH 27,5 kB PesepeHas 3MH
TpaHcop- | (BnikHas) 3L winnm MT3 ¢
martop JononHuTtenbHan nyckom no U
K3Hadmpe- |+ 4
pax27,5kB |3 £ ®KC PesepsHas A311A32
(manbHss) Bo& S
oso o §
8EQ e anp, PesepBHast MT3 (2-an3
26 3 TCH P CcTyneHwu)
Bbiknoya-
Tenb BBOAA YPOB ) —
PY-110 kB OPY-110kB,
BN-110kB | 3awwmra ot nognutku (3M) OcHogHan 3HM v 3MH
ONVXKHAA U
(.D.aanﬂﬂ) Pe3epBHasi 3MH

lNpumedaHue. 3HM - 3awuma rio HarpaeaneHuro MowHocmu; 3MH - 3awuma om rosbILIEHUST HANPSPKEHUST,
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Puc. 17.14. CtpykTypa normdeckon sawmtel WwnH PY-27,5 kB

duaepbl KC (1 3anacHoro Bhikntovatens) Toxe BbiNoAHAT dyHkumto JI3LW L, HO onst HUMX OHa
MHas - OTKITIOYeHue duaepa.

BapwaHT peanusauun J1I3LU ¢ nomowpo TepmmHanos Tuna BMP3 npegcraesneH Ha puc. 17.14.
CurHans! JI3LWL Bcex 6nokoB oTxogawmnx oMaepoB CoOeauHATCS nocnegosaTenbHO 1 noa-
loTcsa B napannens Ha Bxoabl JNI3WL BBogoB (BMP3-®BB) u duaepoB KOHTAKTHOW CeTu
(BMP3-®KC).

Ina 3PY-27,5 kB B ka4eCcTBe OCHOBHOW 3aLlMThbI LienecoobpasHee NCMorb30BaTh 3eMISHYHO 3alLiv-
Ty (33), T.K. OHa 0bGnagaeT:

1) MakcmarnbHbIM BbICTPOAENCTBMEM (TONBKO BPEMS cpabaTbiBaHWsi TOKOBOTO U MPOMEXKYTOUHO-

ro pene);

2) BbICcOKOW YyBCTBUTENBHOCTLIO (100-200 A);

3) HaunnyuLen CeNneKTUBHOCTLIO (HE AaéT NOXHBLIX cpabaTbiBaHWIA Npu NoObIX aBapUIAHBLIX CK-

Tyauusix BHe KPY).
HaTtunkamn 33 cnyxaT gBa TpaHcdopmaTtopa Toka 1000/5 HageTble Ha WWHbBI, CoeaguHSoLIne
BHYTPEHHUA N BHELLUHUIA KOHTYPbI 3a3eMIIeHns. 3TN WNHbI C TpaHcdopMaTopaMm Toka pacno-
naratotca no kpasim 3PY, KOTOpoe KOHCTPYKTMBHO [OSPKHO ObiTh M30MMPOBaHO OT 3eMnu. B ka-
YecTBe perie ToKa MCMONb3ylTCs anekTpoMexaHuveckne pene (tuna PT-40). ®akt cpabarthl-
BaHMA 3TUX pene duKcupyeTca C MNOMOLLbI  ABYXMO3ULMOHHOIO pene (Ha cny
Yyan MCYE3HOBEHWSI N BOCCTAHOBIIEHNSA HanpshkeHus nutaHuns). OTKNYeHne Bcex BblkrovaTe-
nen npom3BoauTCA Yepes NPOMEXYTOUHbIE perle, pacrnofioXeHHble B si4enkax BBoda U duge-
pPOB KOHTaKTHOM CEeTMW.

[Mpn 3TOM C y4eTOM onbiTa IKCNyaTauum Takmx 3almuT HeoOXoaMmo n3onupoBaTb Kop-
nyc 3PY oT dhyHAaMeHTHOW YacTu.
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3awjuma MuHuMasibHo20 HanpsixeHust (3MH) ucnonb3yeTcs B kKavyecTBe pe3epBHON 3alUUThbl LLWH

27,5 kB, SMH nmveeT BbIOEPXKKY BPEMEHN, MPEBOCXOASLLYHO MaKCUMAarbHYO U3 BblOEpKEK BPEMEHN
BCEX OTXOAsLLMX hmaepos.

HononrnumensHas 3auwjuma wuH 27,5 kB gomkHa paboTtaTtb B TeX Criy4asix, korga ocHosHas (J13LL),
ucnonb3ytoLas asosble opraHbl AUCTaHUMOHHBIX 3aLLMT, HE MOXET paboTaTb M3-3a 3HAYUTESNbHOTO
CHWKEHUS HanpshKeHUs1 Ha WnHax. NosToMy B KavyecTBe AOMOMHUTENBHON 3alumTbl WKH 27,5 KB uc-

nonb3yetcd MT3 ¢ nmyckoM Mo HaMpPsPKEHMIO, YTO 0becneymBaeT ee cenekTuBHOCTb Npu K3 Ha dmae-
pax.

Pe3sepsuposaHue ocHOBHbIX 3awium mseoebix ¢udepos - 0131 n [032 - nponssoamTcs COOTBETCT-

BEHHO ABYMS CTyrneHamu [13 Ha BBo4ax C BblaepXKkamu BpEMEHW, NPEBbILLAIOLLMMIN Ha OHY CTyrneHb
Bbiaepxku Bpemenn 311432 gna KC.

Pe3epeupoeaHue OCHOBHbIX 3aujum Hemsi2oebiX ¢hudepoe MPOU3BOAUTCS COOTBETCTBEHHO
ABymMs cTyneHsmm MT3 Ha BBoZax C BblAEpKkamu BpeMEH, NPeBbILLaoLWMMM Ha OAHY CTYMNEeHb Bbl-
[EPXKKV BPEMEHM PE3EPBUPYEMbIX 3ALLIAT.

3awuma om nodnumku (3I1) KOPOTKMX 3aMbIKaHWIA HA CTOPOHE BbICLLETO HanpPsiKeHUs MOHVDKALOLLIE-
ro TpaHcdopmMaTopa TokamMn CMEXHOW NOACTaHLMM Yepes KOHTaKTHYHO CETb SBMFETCS CreLmgmyeckomn
<«©OKere3HOOOPOXKHOMY 3aLLUTON.

PasnunyHble BapmaHTbl K3 1 ero nognutky MOryT NpUBECTU K CEPbe3HbIM NOBPEXOEHWSM, TakuM Kak ne-
pexor NPOBOAOB BbICOKOBOLTHOM MUTAIOLLIEN JTIMHMM 3MEKTPUYECKOM OYroin, NoBpexaeHne orpaHnyn-
Tenen nepeHanpsbkeHnn (OMNH) n nameputenbHbIX TpaHCHOPMaTOPOB HaNPSPKEHUST Ha 06enx cTopo-
Hax TAroBoro TpaHcdopmatopa u T.4. Jlioboe 13 aTux NOBPEeXOEHU NPUBOAUT K NPaKTUYECKV Mor-
HOMY MoraLleHuo NOACTaHUMK, NOTOMY BbI3blBatOLLAs UX aBapuUiHasa cuTyaumust orkHa ObiTb BbICTpO
naoeHTULMpOBaHa 1 ycTpaHeHa nyTem OTKIHYeHus BBoaos 27,5 kB.

Cnepnyet umeTb B Buay, YTO NognuTka COBCTBEHHO pacnpeayctpovictea PY-27,5 kB npu oTkntove-
HusAx Ha ctopoHe 110 kB (220 kB) aensaeTca nonesHom, T.K.:

- obecrneyrBaeTCcs MUTaHNe TpaHCHOPMaTOPOB COBCTBEHHbIX HYXXA, U NIMHWIN NPOAOSIBbHOMO 3eK-

TPOCHabXeHUs (XOTS U HECUMMETPUYHOE);

- COXpaHSEeTCs coeauHeHNe CMEXHbIX (oMaepoB KOHTAKTHOW ceTu Yepes WinHbl PY-27,5 kB n

NOACTaHUMSI NPOAOIMKAET paboTaTb B pEXMME NOCTa CEKLMOHUPOBAHMS (MO NETIEBON CXEME).
MoaTomMy Npu paccmaTpyBaeMon aBapuiAHON cuTyaumm - K3 Ha BbICOKOM CTOPOHE - LiernecoobpasHo oT-

Knoyatb Tonbko BBoAbl 27,5 KB, HO OCTaBnsTb BKMOYEHHLIMW OCTasbHble  NpUcoeanHEHUS
PYy-27,5 kB.

TpaguumonHo 3l nmvena nameputenbHbIe opraHbl HanpsbkeHnst Ha ctopoHe 110 kB (220 kB), ogHako
MO CBOEN CyTN OHa ABNSIETCH 3aWMTON OOLLEe-NOACTaHUMOHHON, T.K. 3alLMLLAET Lenn Ha CTOPOHe M-
TaHWA NyTeM OTKMtoYeHusa BBoaos 27,5 kB. [NoaToMy B CBA3M C NepexooM Ha MUKPOMNPOLLECCOPHOE
NOKONEHWe annapaTHbIX CPEACTB 3almTbl Obinl NEPECMOTPEH TPAAMLIMOHHBIN MOAXOA K peanu3aumm
3l Ha npegMeT BO3MOXHOCTU 3aMeHbl pacrnpeaerneHHon cTpykTypbl 31 Ha cocpefoTOYEeHHY0 Mon-
HOCTbIO (BKIOYasA BCe ee U3MepuTerbHble, NOrMYeckme U CUrHarbHble opraHbl) B UHTENNeKTyanbHbIX
TepMmHanax Beogos 27,5 kB.

Mcnonb3aytoTea Tpy pasnnydHble 3awwmTbl, 06beamHerHble no "UITN", koTopble OENCTBYIOT B BhbiLLe-
NEePEYNCIIEHHbIX aBaPUIAHBIX CUTYaLUSIX U UMELOT pa3Hoe ObICTpoaencTaue:

1) 3awmra no MuHUMansHoMy HanpsbkeHuto (3MH) npegoTBpaLLaeT HeCyLLECTBEHHBIE NMOBPEX-
OEHVSA NPU OYEHb Marblx Tokax noanuTkm K3, notomyHe TpebyeT BbICOKOro ObICTPOAENCTBUS; BpeMst
Bblaepxkm 3MH, Kak 1 paHee, MOXeT cocTaBnsATb 2...5 ¢, T.K. Npy nponagaHuu HanpsikeHus 110
(220) kB npegnouTutensHee XaaTb ero NOBTOPHOrO BKItoYeHUS no AlNB nuTatoLLeln BbICOKOBOSbT-
HOW JIHWUKA,

2) 3awyTa no HanpasneHuo MoHocTH (3VIM) npy NpoTekaHUy akTMBHOM MOLLIHOCTW B 1nobon 13
obmoTok 27,5 kB B obpaTtHOM HanpaeneHun 1 ogHoBpemeHHoM nycke 3MH obecneunBaeT yckopeHve
Aevictena 3MH, T.K. TOKM NOANUTKU B 9TOM Crly4ae MOryT NPOM3BOAUTL CYLLECTBEHHbIE MOBPEXAEHUS;
BpeMsi cpabaTtbiBaHnst 3HM npu aTom MoxeT 6biTb yMeHbLeHo ao 0,05.. .0,5 ¢;

3) 3awwmra ot nepeHanpspkeHni (3MMH) - npepoTepallaeT nospexaeHusa OMNH 1 namepuTensHbIX
TpaHchopMaToOpPOB HAMPSHKEHWS; OHa cpabaTbiBaeT 6e3 BbiAEPXKKN BPEMEHM NMPU 3HAYMTENBHBIX Nepe-
HanpshkeHWsIX, HO He cpabaTbiBaeT npu yBenuyeHun HanpskeHns Ha 10...30% oT gencTBus KoMneHcu-
pYHOLLMX YCTPOKMCTB, a Takke Npu nepexogHsIx npoueccax B PY-27,5 kB.

YkasaHHbIA kKpuTepuin cpabatbiBaHms 311 Gbin peannsoBaH B MUKPOMNPOLIECCOPHOM Grioke penem-
HbIX 3aWwmT cdomaepos BBoda 27,5 kB Tuna BMP3-$BB.
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Cmpykmypa u ¢pyHKyuoHuposaHue YPOB

Bnokn BMP3 gns Bcex npucoeanHeHnin 27,5 kB obecneunBatoT BbIMONHEHNE OYHKUMIA OaTUMKa
YCTPOWCTBa pe3epBUpOBaHNA npu oTkasax sblkntovatensa (YPOBaA). CurHan YPOBA Bbigaetca ¢
3a0epXKKon BpeMeHU Typog MO BHYTPEHHEMY CUrHamy OTKIMOYEHWUsI BbIKNoYaTeNns npu ycrosuu
cpabaTbiBaHUS NOGON 13 3aLUUT, AENCTBYIOLLMX Ha OTKMOYEHME, N NPEBbLILLEHNS 3HAYEHMS TOKa
dugepa 0,05 IH (T.e. 3HaYEHUsI, KOTOPOE MOXHO rapaHTMPOBAHHO BblAENUTb Ha hOHE NoOMeEX U
norpeLIHoCTeN BCEro U3MepuUTerbLHOro TpakTa).

Ctpyktypa YPOB noacrtaHumn 3aBUCKT OT IMTaBHOWM CXEMbl 3MIEKTPUYECKUX COEANHEHWI, KOTOopas
onpegensieT KOHKPETHOEe KONM4ecTBO U TUM npucoeanHeHni. na T nepemMeHHOro Toka CTpyk-
Typa YPOB pormxHa oxBaTbiBaTb BCE BbICOKOBOSbTHbIE BbIKIHOYATENN 3TUX NPUCOEAMHEHUN,
pe3epBupyst MX «CHu3y Oo Bepxy». Npm atom nogcuctema YPOB gns PY-27,5 kB xapakte-
pusyeTca Tem, 4To no curHanam YPOBp oT BCex NpuCOeOuHEHU HYXXHO OTKIoYaTb B obLiem
cnyyae oba BBOAa M BCe BbIKNoYaTenn pmnaepoB KOHTAKTHOW CEeTU, T.K. Yepe3 HUX BO3MOXKHA
noanutka wwuH 27,5 kB. Curnan YPOBg BeogoB 27,5 kB gomkeH AenctBoBaTb Ha OTKMNKOYEHUE
noHwxatowero TpaHcdopmaTtopa. CoOOTBETCTBYHOLLAs CTPYKTypHas cxema npuBedeHa Ha
puc.19.15.
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Pwuc. 17.15. Ctpyktypa YPOB PY-27,5 kB

17.6. 3ALLIUTA HETAMOBbIX MPUCOEOUHEHUN

K uncny HeTaroBbIx npucoeanHenun PY-27,5 kB oTHocAaTcS:

- AMNP - domaep cnctembl «aBa NpoBoda — Penbey;

- TCH - TpaHcdopmaTop COBCTBEHHbIX HYXL;

- YTK-yCcTponcTBO NnonepeyHon KomneHcaumm.

PeneiHasa sawmta n asToMmatmka aTnx NpucoeanHeHnn K WwnHam PY-27.5 kB onpegensietcs cne-
UMdMHECKMMN OCOBEHHOCTAMM MX Harpy3oK U Hanbosnee BepOSTHbIMM TUNamm NOBPEXKOEHWUIA.

[na aTMx npycoequHeHUn BbIMyCKaKOTCS crieumanmampoBaHHble ycTporictea BMP3 — [P, TCH
n YTK.

®dudep cucmembi «08a Nposoda — pesibCy»

T OMNP 27,5 kB npegHasHadveHbl Anst NUTaHUS] COOCTBEHHBIX N XO3ANCTBEHHbIX HYXKO OOBLEKTOB
aneKTpuduKaLIMm N CMONb3YHOT perbC B kadecTBe 3 hasbl «Cx.
- Y HMX OTCYTCTBYIOT oAHOasHble 3aMblkaHMs Ha 3eMI0 — BMECTO 3TOro  AByxdasHoe;
- HeBo3MOXXHO u3MepuTtb TOK B (pase C (T.K. N0 penbCy TedeT CyMMapHbIA TOK BCeX Npucoeamn-
HeHun PY-27,5 kB).
3awumTa gormkHa oTBeYaThb crneayowmm TpeboBaHNAM:
- [OomKkHa obecrneumBaTb OTK/IOYEHNE BbICOKOBOMLTHOIMO BbIKMOYATENst Npu 2-hasHoOM U
3-dhazHom K3 Ha nnHuu;
- CEeNEKTUBHOCTb 3alUmT dmaepos AP gocturaetcst BbIDOPOM CENEKTUBHBIX YCTaBOK MO BpeMe-
HW;
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- Ha dmnaepax AMNP yctaHaenmBaeTca TokoBas otcedka (TO) n MakcumarnbHasa TokoBas 3almra
(MT3) ¢ Bbiaep>KKOW BpEMEHN.

3OTn TpeboBaHUA MOTYT ObITb peanu3oBaHbl TpexcTyneH4aTon MT3, nepBasi CTyrneHb KOTopon pabo-
TaeT 6e3 BblAEPKKM BPEMEHMN B PEXXMME TOKOBOWN OTCEYKM.

U3 cyHkumn aBTomatrki Ha cougepax AP npuMeHstoT aBToMaTudeckoe MOBTOPHOE BKIIHOYEHUE
(AMB).

TpaHcghopmamop co6¢cmeeHHbIX HyX0

Ha cTopoHe Bbiciuero HanpshkeHuss TCH ycTaHaBnmBaroTcs:
- TokoBas otceuka (TO) 6e3 BblaepPXKM BpeMEHM;

- MakcumarbHas TokoBas 3awmTta (MT3) ¢ BbloepKkor BpeMeHM, pearvpytoLlas Ha ogHodbasHble
K3 Ha CTOpPOHE HM3LLIErO HanpsKEHSI.

Ot TpeboBaHUs Takke MOTYT ObITb BbINOSIHEHBI MYTEM WCMONBb30BaHUS TPEXCTyneH4YaTon MT3,
nepBas CTyrneHb KOTOpo paboTaeT 6e3 BblAEPXKKN BPEMEHN B PEXXMME TOKOBOW OTCEYKM.

Ycmpoilicmeo nonepe4HoU KomneHcayuu

YK aensietca Hambonee CI'IeLI,VICbI/ILIHbIM N3 HETAIoBbIX (*)I/I,El,epOB, T.K. B HEM UCMNONb3ylOTCA OBa Bbl-
KnovaTens, a 3almTbl KOH,D,eHCaTOpHOIZ 6aTapeV| CyLLIECTBEHHO OTIIM4al0TCA OT 3aLUnT JIHWIA.

,D,J'IFI KOMMNEHCUPYHOLLNX yCTpOIZCTB pernmnameHTnpyeTca HeobX0ANUMOCTL BbINOMHEHMS 3aLLMT cnenyto-
LLIX TUMNOB:

- oT TokoB K3, fencTBytoLLEen Ha OTKMoUeHWEe Be3 BbIAEPXKKN BPEMEHW;

- OT NepEerpy3Kky KOHOEHCATOPOB TOKAMM BbICLLUMX rAPMOHUK;

- OT NOBbILLEHNST HAMNPSKEHWNST CBEPX AOMYCTUMOTO C BbIAEPKKON BpEMEHM 3-5 MUH;
- NpogoneHON anddpepeHumansHOM TOKOBOM;

- AndbdbepeHumansHoM Mo pasdanaHcy HanpsPKeHWA Ha ABYX MPOAOSIbHBIX CEKUMSIX KOHOEHCa-
TOpHOW GaTtapew.

Paccmotpum npuHuunel BoinonHeHus 3awmt YIK 6onee nogpo6bHo:

B ycmaHoeke nonepe4yHol emkocmHou komneHcayuu (YTIK) (puc. 19.16) koHgeHcaTopbl C
NOAKMNOYaT MacrsHbIM UMM BaKyyMHbIM BbikntodaTenem Q Kk wuHam 27,5 kB 1 k penbcam.
lMocnepoBaTenbHO C KOHAEHcAaTopaMy YCTaHOBIEH peakTop Lp. NHOYKTUBHOCTL peakTopa C
€MKOCTbI0 KOHAeHcaTopoB obpasyeT nocnegoBaTefbHbI pe30HaHCHbBIA KOHTYpP, HacTpau-
BaeMbln Ha vacTtoTy 130 - 140 y. DTOT KOHTYP HE MpOMycKaeT BbICLUME FAPMOHUKA KPUBOW
TSAFOBOrO TOKa B QHEProcucTemy.

YCTaHOBKM MOMNEPEYHON eMKOCTHOM KOMMNEeHcaumm obopyaytoT MakCMManbHOW TOKOBOW 3aluu-
Ton (pene KA1) n npogonbHon guddepeHumansHon 3awmuton (pene KA3), koTopble pearmpytoT
Ha KOPOTKME 3aMblKaHUS 1 NOBPEXAEHMS KOPNYCHON N30MSLMN OTHOCUTENbHO 3eMMKn, a Takke
3awuTon oT neperpyskn (pene KA2).

Tok cpabaTtbiBaHUA MakCUMaribHOM TOKOBOW 3alUUTbl AOMKEH ObiTb OOMblle TOKOB, KOTOpLIE
MOryT NpoTekaTb 4Yepe3 HEemnoBpPeXAeHHYH ycTaHoBKy. [lpn K3 B KOHTakTHOW ceTu BOGNM3n
MecTa pacnosfioXeHUs1 YCTaHOBKM MOMNepeyYHOM eMKOCTHOW KOMMEHCaUmMM NPOUCXOAUT paspsas
KOHOEHCaTOpPOB Ha MeCcTOo noBpexaeHusi. Tok paspsiaa MOXeT MNPEBbICUTb HOMUHAMbHBIN TOK
lhom B 2,5—3 pasa, ogHako 4Yepes 0,1 ¢ ero KpaTHOCTb CHUXKaETCSA U He npeBbiwaeT 1,5—2.

BkntoyeHne KOHOEHCATOPHOW YCTaHOBKM BblkMtovatenem Q conpoBOXOAETCsl MNepexodHbiM
npoL,eccoM, Npu KOTOPOM TOK MOXET MNPEeBbICUTb HOMMUHaNbHbIN B 3 - 3,5 pasa, HO 4yepes
0,02 - 0,04 c ero Benu4yMHa pe3Ko CHMXKaETCA. TOKMN BKIOYEHUA U pa3psiga He OOSMKHbl Bbi3bl-
BaTb cpabaTbiBaHWs MakCMMalibHOW TOKOBOW 3aLUUTbI, TaK Kak OHM OTHOCSITCS K MCMPaBHOWM yC-
TaHOBKe. YUuThiBad BpeEMS OENCTBUS 3alUUThl U BbIKITIOYMATENS, YCTaBKy cpabaTbiBaHWsl BbiOK-
patoT, NOSb3ysCb BblpaXKEHNEM:

les>2K3 lHom,

roe Kz — koadpduumMeHT 3anaca, paBHbin 1,15—1,25; lyom — HOMUHANbBHBLIA TOK YCTaHOB-
KW NonepeyHon eMKOCTHON KoMneHcaummn, A.
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KA2. KAl 27,5 xB

b o

lk’ perseam =+

Puc. 17.17. OuddepeHumansHas 3a-

Pwuc. 17.16. uTt TaHOBKW rnone-
c 6. 3awwuTa ycraHo one LWMTa NO HaNPSXKEHUI

pPEeYHON EMKOCTHOW KOMMEHCa-

YcTaHoBka COCTOMT M3 TMMOBbIX koHAeHcaTopoB (Hanpumep, KCITK-1,05-120), coegMHEHHbIX
nocnegoBaTenbHO M NapannenbHo. HoOMUHaMbHbIM TOK YCTAaHOBKU BbIYUCNAKOT MO hopMyne:

I - Uﬁhﬂ' - UW.H
HOM -xCM'—X XC_XL 3
N L

roe Uy .. HOMMHANbHOE HarnpsikeHne Ha WnHax, B;

N — 4yncno napannenbHO COEAUHEHHbBIX KOHOEHCAaTOPOB B OOAHOM psay;

M— uncno nocnegoBaTesibHO COeANHEHHbIX PSA0B;

X | — conpoTtuBneHue peakrtopa, Owm;

X: — €MKOCTHOE COMpOoTUBIIEHNE KOHOEHCATOPHOM YCTaHOBKU--Mpy YyactoTte 50 My, Om.
O6bI4yHO BbiNonHsAeTcsA cooTHolleHue X, -0,123x.M/N = nX., 20e n=0,123.

Mpu noBpexaeHnn KOpPNycHOW M30MsLMM KOHOEHCAaTOPOB MPOMCXOAUT 3aMblKaHue Ha 3eMIto.
OpHako ¢ 3emnen cedasaHa ¢dasa «C» wuH 27,5 kB, n09TOMYy 3aMblKaHME Ha 3EMIO B OaH-
HOM crny4ae saBnseTca MexagydasHbiM. Yem 6nuke Kk peakTopy Lp npon3ongeTt 3ambikaHne
Ha 3emnio, TeM MeHblle TOK K3, Tak Kak OH orpaHuM4YnBaeTcs ConpoTUBEeHUeM, nocrnenosa-
TeNbHO coeAuHEHHbIX NNaTdOopM UCMpPaBHbLIX KOHOeHcaTopoB. B ¢BA3M C 3TMM Makcumarb-
Has TOKOBas 3alimTa, ycTaBka KOTOpoW BbiOpaHa MO yCnoBMKO OTCTPOMKM OT HOMWHASbHOIO
TOKa, 3alMllaeT BCEro Heckomnbko nnatdopm BONM3KM Bbikntodatens Q. OHa cpaboTtaer
Takxke Npu 3amblKaHUM Ha 3eMIto TpaHchopmaTopa HanpsxeHus TV,

MpoponbHasa anddepeHUnanbHas 3awmra pearmpyet Ha 3aMblkaHUs Ha 3eMM BCcex nnat-
dopm ¢ koHAeHcaTopoMm. TpaHcdhopmaTopbl TOKa BbIOMPAOT HA OOAWH U TOT X€ HOMWHamb-
HbI/ TOK, MO3TOMY BblpaBHWBAHWS TOKOB B Mevyax 3aluTbl He Npon3BoanTca. HOMUHanNbHbIN
TOK NepBMYHON OBMOTKM onpeaenseTcs MOLLHOCTbI YCTaHOBKM €MKOCTHOM KOMMEeHcauuun u
aonyctumon 10%-HOW NOrpeLHOCTbI0 MPU KOPOTKUX 3aMblkaHusX. Tok cpabaTbiBaHMsa onpe-
AenseTcs no ycrnoBuio:
Ic3= Afax ks Koon 3.5 Lou

roe Af,.x — oonyctumasi norpeLlHocTb TpaHcdopmMaTopoB Toka, pasHada 0,1;

K3 - KOAhPUUMEHT 3anaca, NpuHUMaembIn paBHbIM 1,5;

Koo - KOIDULMEHT OAHOTUMHOCTU, MPUHUMAEMBIN PaBHbIM 1.

KoadhpuumeHT 4yBCTBUTENBHOCTU AOSMKEH ObITh paBeH 2.
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BenununHa muHumaneHoro toka K3 npuHumaetca pasHoin 0,89 lyon, UTO COOTBETCTBYET 3a-
MbIKaHWIO Ha 3eMIo nocneaHen nnatgopMbl ¢ KOHAEHcaTopaMu.

3awunTy OT neperpysky BbIMOMHAKT B BUAE MaKCMMarbHOW TOKOBOW C BblOEPXKKON BPEMEHMU
0o 9 c. Tok cpabaTbiBaHUA onpegenseTcsa CTaHgapTHbIM NyTem, NpuUHUMas Makcumarnb-
HbI paboynii ToK paBHbIM 1,3 HOMUHANBLHOMO, YTO ONpeaenseTcs JONYCTUMOWN Neperpy304HOn
CMOCOBHOCTBLI0 KOHOEHCATOPOB.

Ecnu Ha TAroBon nogcTtaHuMyM HEe NPUMEHSIIOT YCTPOMCTBA aBTOMAaTUYECKOro perynupoBa-
Hua HanpsbkeHus (APTTH), To k TpaHcdopmaTopy HanpsbkeHus TV1 noaknioyaroT pene Ha-
npskeHna KV, ocyulecTensiowee 3awmty OT HEAONYCTUMOrO MOBbLIWEHUS HaNpshKeHus.
3awumTta c yctaBkon no HanpskeHuto 115—120 % OT HOMWHAMNBHOMO MMeeT BblOEPXKKY
BpeMeHU 3—5 MUH 1 AeNCTBYeT Ha OTKIOYEeHMEe YCTaHOBKM.

Ko BTopu4yHon ob6moTke TpaHcopmaTtopa TV1 napannensHo pene KV nogkniovatoT eule og-
HO pene HanpshkeHus (Ha puc. 17.16 He nokasaHo), ocyuwlecTBnAOLEee 3aWMUTY MUHUMANb-
HOro HanpsbKeHus ¢ Bblaepkkon BpemeHn 0,5 ¢ onsa OTCTPOMKM OT NepexogHblX NpoLeccos.
OTa 3awmTa KOHTPOSIMPYET LLEeNOCTHOCTb NepBMYHON obmoOTKM TV1, Heobxoaumon no yc-
noBusAM anekTpobe3onacHOCTM — MNpU OTKITIOYEHUN YCTAHOBKM OT CETU Ha Hee paspsixa-
I0OTCH KOHAEHcaTopbl. 3awmTa MUHMMaNbHOMO HaNPSXXeHNS YacTUYHO pe3epBupyeT 3allnThbl
OT KOPOTKMX 3aMblkaHnin. HanpsixkeHne cpabaTtbiBaHns BbiOMpaeTcd No yCrnoBUO OTCTPON-
KW OT MWHMMAnbHOro HanpskeHus. MuHMManbHOe HanpsiKeHNne HOPMarnbHOro pexuma
Ubmin NPN yCTAHOBKE KOMMEHCUPYIOLLEro YCTPOMCTBA Ha TArOBOW MOACTAHUWMWU MPUHUMMAIOT
pasHbiM 25000 B, a npu yctaHOBKe Ha NOCTYy ceKunoHupoBaHuss — pasHbiM 21000 B.

3awmTta MUHUManbHOro Hanpa>xXeHnda umeet 6HOKVIpOBKy, BBOOALLYIO €€ B pa60Ty npu
BKJTIOYEHHOM BbIkntoyarterne Q.

KoHaeHcaTopHasa ycTaHOBKa COCTOUT M3 OTAENbHbIX KOHAEHCAaTOPOB C HOMUHASbHbLIM Hanpsi-
xeHunem 1,05 nnun 0,66 kB, coegmHseMblx nocnegoBaTeNibHO U napannensHo. B cBot oyve-
peab Kaxablh KOHOEHCATOP MMEET HECKOSTbKO CEKLMMI, Kaxaas U3 KOTOpbIX UMeeT MHONBU-
AyanbHbI NpegoxpaHuTesnb, BCTPOEHHbIM BHYTPb Kopnyca. [Mpu cropaHun ogHOro unu He-
CKOJTbKMX NMpeaoxpaHuTenen yMeHbllaeTCcs eMKOCTb BCEro psiga napannefnbHO COeANHEH-
HbIX KOHOEHCATOPOB, a HanpsXKeHMe Ha OCTaBLUMXCH B paboTe cekumsix Bo3pacraeTt. ATO Be-
neT kK 6bonee MHTEHCUBHOMY CTapeHUHO.

[ns KOHTpONS 3a paBHOMEPHOCTLIO pacnpedeneHns HanpsbkeHus Mexay psgamMmu ncnosbayeT-
ca dughghepeHyuanibHasi 3awuma rno HanpsiXeHuro.

3awmta cogepXut TpaHcdopmaTtopbl HanpskeHna TVI—TV4 tuna 3HOM-35, npomexyTou-
Hble TpaHcdopmaTopbl TL1, TL2, noTteHumomeTpbl RI, R2 n 4yBCTBUTENBHOE penie Hanpsxe-
Hua (puc. 19.17). KoHgeHcaTopHas ycTaHOBKa AeNnuTcs Ha aBe oguHakoBble Yactn C1 n C2,
napannenbHO KOTOPbIM MOAKMOYEHbl COOTBETCTBEHHO TpaHcdopmaTtopbl HanpsbkeHna TV,
TV2 n TV3, TV4. TNpn HacTporke 3alinTbl perynmpoBKon noteHumMomeTpamn R71 n R2 yctpaHs-
0T B pene KV HanpsbkeHue HebanaHca, o6ycrnoBneHHOe BO3MOXHbIM HEKOTOPbIM HEPaBEHCT-
BOM emkocTen yacten C71 n C2. Npn nameHeHmn emkoctn C71 nnn C2 us-3a neperopaHuna npe-
AOXpaHuTenen cekumMm KOHAEHCaToOpPOB NN M3-3a 3aKopayvmBaHus XoTs B6bl OQHOrO UX psiga us-
MeHsieTcst banaHc HanpseHun, pene KV cpabaTbiBaeT 1 BbikntovaTesnb Q OTKo4YaeTcA.

UyBCTBUTENBHOCTb 3alLMUTbl NPOBEPSIETCA NO KOPOTKOMY 3aMbIKaHUIO B OOHOM U3 PSiAOB KOH-
JeHcaTopoB, Mpy KOTOPOM BEChb psf OKasblBaeTCs 3allyHTUPOBaHHbLIM. [1py 3TOM HanpsXXeHns
Uc1 u Uc, cOOTBETCTBEHHO Ha YacTsx CT1 n C2 nepepacnpefensatTcs: B TON YacTu, rae pacno-
NOXKEH 3aKOPOYEHHLIN psfd, OHO ByaeT MeHbLUe, YEM B HOPMAnbHOM peXxume, a B ApYron 4yactu
- bonblue. PasHOCTb 3TMX HaANpPsXXeHWn paBHa, 04eBMAHO, B:
Ucy _UCZ=I,Cp *Xcp=I'c Xc/M,

rae X, - eMKOCTHOe conpoTusrieHme npu Yactote 50 Ny Bcen KOHAEHCATOPHON YCTaHOBKU B
HopMarnbHoM pexume, Om;

Xcp — €MKOCTHOE conpoTmBneHne ogHoro psaa, Om; M - yucno nocnegoBaTenbHO coean-
HEHHbIX PAA0B B KOHOEHCATOPHOW YCTaHOBKE B HOPMaribHOM peXxuMme;
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P’c- TOK KOH,EI,eHcaTOpHOIZ YCTaHOBKM NMPU KOPOTKOM 3aMblKaHM B OOHOM pAady, A. BennumHa
Toka I’c npn MMHMMaribHOM HanpA>XeHnn Ha LWMHax paBHa:

' = Unmin - U.u min - MUumin -
¢ XX, X M-1_x, HclMA-m-1]
M

roe X'c - eMKOCTHOe conpoTmeneHune npu yactote 50 Ny koHAEeHCATOPHOM YCTaHOBKN NpU KO-
POTKOM 3amMmblkaHun B ogHoMm pagy, Om; n =X, I X, =(50/ f, )2.

Hanps»xkeHne HebanaHca Ha pene KV B 3TOM peXxume paBHO:

K T 2 [
U i IJ{‘ __{}J\ CH = CH ™ HITUN ’

roe K, - koappuumeHT TpaHcopmauum TpaHcopmaTopoB HanpsaxeHus TV1—TV4;
ng - K03 MUNEHT TpaHcopMaL MM MPOMEXYTOUHbLIX TPAHCHOPMAaTOPOB;
Ky - KOOOMULMEHT, YUNTBIBAIOLLUIA CHUXKEHUE HanpshkeHusa Ha pesuctopax R1 n R2 us-
3a NageHus HanpsbKeHus, BbI3BaHHOIO TOKOM perne KV.
YyBCTBUTENBHOCTb NPOBEPHAETCS MO YCMOBUIO:
Ky = Yo 515,
cp

roe Uq, — HanpsxeHue cpabatbiBaHuns pene KV.

3awmTa cHabxaeTca Bbligepkkon BpemerHn 0,5 ¢ onga oTCTPONKM OT NepexogHbiX pexunmos. B
TUNOBOW 3alumTe TpaHcdopmaTopbl TLT n TL2 NnpMMEHSAOTCS Kak nosbiwatowme ¢ koaddu-
LUMeHToM TpaHcdopmaumm n,=0,29. 310 obecneumBaeT cpabaTbiBaHME 3aWMTblI NPU N3MEHEe-
HUN €MKOCTU KOHOEHCaTOpOB 0AHOro psga npumepHo Ha 10 %.

B TunoBon cxeme ycTaHOBKa MonepeyvyHonW €MKOCTHOW KOMMeHcauuu nofknovaercsa K
WwuHam 27,5 kB He ogHMM, a OBYMS CO€OUHEHHbIMU MocrnefoBaTefNlbHO BblKAOYaTENSAMMU,
OAWH M3 KOTOpPbIX 3aLlyHTUPOBAH pe3ncTtopom ¢ conpoTtmerieHnem 50 Om. Mpu BkAOYEHUN
YCTaHOBKM CHadana 3aMblKaloTCs KOHTAKTbl TOrO BbIKMo4aTens, KOTOpblA HE UMEET LWYHTK-
pylowero pesuctopa. [1ockonbKy BTOPOW BbiKAKYaTenb (C LWYHTUPYHOLLMM PEe3NCTOPOM)
OTKIIOYEH, TO NOAKIIOYEHNEe YCTaHOBKU K LUMHAM ocyllecTBnseTcs Yyepes peanctop. lNMocne
9TOro BKMNOYAeTCs BTOPOM BbIKMOYaTENb, KOHTAKTbl KOTOPOro WYHTUPYIOT pe3uctop. OTknto-
YeHne YCTaHOBKM MpousBoauTCca B obpaTHOM nopsiake. BkriodeHne pesuctopa nocrneposa-
TenbHO C KOHAEHCaToOpaMun NPW BKMOYEHUM U OTKITHOYEHUWN CHDKAET KOMMYTaLMOHHbIE NepeHa-
NPSPKEHUS.

Ona 3awmtel n aBToMmaTtukn YTK npegHasHadeHo yctponcteo BMP3-YIK, B coctas ko-
TOpPOro BXOAAT:

NMpoponbHasa ancddepeHumanbHas TokoBasa 3awmTta (MAOT3) - TokoBas oTceyka Mo Mo-
OyIno pasHOCTU OENCTBYHOLLMX 3HAYEHUI TOKOB, C MOCTOSAHHOW 3adep)XKon BpemeHu cpaba-
TbIBaHUS, C 4ENCTBMEM Ha OTKITHOYEHME U CUTHANM3aumto.

3awuTa oT neperpys3km KOHOEHCATOPOB TOoKaMu BbiCLUMX rapMoHuK (3MBIN) — TokoBas
oTCeYKka Mo OenCTBYIOLWEMY 3HAYEHUIO TOKOB BbICLUMX FAPMOHUK (CO BTOPOW MO AEBATYIO,
BKIMIOYNTENBHO), C HE3ABNCMMOWN BPEMSTOKOBOW XapaKTEPUCTUKOW, C AENCTBMEM Ha OTKIIHO-
YeHune N/UNn Ha curHanusaumtio.

AuddepeHumanbHan 3awmTa no HanpsxeHuto (O3H) — ¢ nyckom no npeBbILLEHUIO MO-

Aynem pasHOCTU HanpshkeHWU 3a4aHHOW YCTaBKM, C NMOCTOSIHHOW 3a4epXKKol BpeMeHn cpaba-
TbIBaHWS, C IEACTBUEM HA OTKMOYEHME U CUTHANMU3aALMIO.
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3awuTa oT npeBbilweHUs gonyctumoro HanpsikeHus (3MNAH) — ¢ He3aBMCUMOW 3aepKKO
BpeMeHun cpabaTtbiBaHUsl, C 4ENCTBMEM Ha OTKIHOYEHNE U CUTHANU3aumio.

3MH no cymme HanpsiKeHUW CeKLMMA KOHAEHCaTOpPOB - C MNPOrpaMMHO 3ajaBaeMon 3a-
OEpXXKOM BpeMeHn cpabaTbiBaHUs, C OEWCTBMEM Ha OTKMKOYEeHWe W/Mnu cuUrHanuasauuio, ¢
KOHTPOMNEM BKIKOYEHHOIO COCTOSIHUS KOMMYTaLMOHHLIX annapaTos.

dyHkuua N3LU-gaTymk, ¢ Boigaden curdana J13Wag npm nycke nobon 13 3awmr.

3awmTa OT 3aMblKaHMW Ha 3eMJI0 (OYroBbiX 3aMblKaHWU) NO BXOLHOMY OUCKPETHOMY CUr-
Hany «33 (343)».

YPOB - peanuayet pyHkumnio YPOB-gatumk. CurHan «YPOBA» BblgaeTca Npu HEBbINOMHe-
HMM KOMaHObl Ha OTKMIOYEHMNE BLIKIOYATENS C KOHTPOSIEM 3HAYEHNS TOKa NpUCOeaNHEHNS.

YCcTponcTBo npedHasHavyeHo anga paboTbl ¢ AByMS BoiktoyaTenamm B Lenu YTK.
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