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[NPEAVCJIOBUE

[IpaBuibpHBI BBIOOp YCTPOHMCTB M pabOyYMX MapaMeTpoB CpaldaThIBaHUs
annaparypbl peiaeiHoi 3amuTel 1 aBToMaTuku (P3A) umeet Oosblioe 3HaUCHHUE IS
YCTOMYMBOTO (DYHKIIMOHMPOBAHUSL 3JIEKTPOIHEPIeTHUECKUX CHCTEM M CHUCTEM
aneKkTpocHaOxeHus. B HacTtosimee Bpemsi B dHeprocuctemax Poccuiickoi
@Oenepaunu Bce OoJbllIee PaACHpPOCTPAHEHUE TMOJIY4YaAOT MUKPOIPOLECCOPHbIE
ycTpoiictBa P3A, HO elle AOCTaTOYHO JAOJITO Takue ycTpoiicTBa OyayT padoTaTh
COBMECTHO C amnmaparypoi 0ojiee cTapuiux MOKOJIEHUN — IEKTPOMEXaHUYECKUMHU U
cratudeckumu pese. I[loaTomy B y4eOHOM mOCOOMM YAECIEHO BHUMAHHUE Kak
MUKpPONPOLECCOPHBIM ~ TepMHUHajaMm, Tak u amnmapatype P3A Ha 0aze
AIEKTPOMEXaHUYECKUX peJie.

Ilenvro vzyyeHus: TUCUMIUTMHEI SBIsIeTCs] (OPMUPOBaHKUE 3HAHUM MO OCHOBAM
peneHOM  3auUThl WM aBTOMATHKU  JJIGKTPUYECKUX CUCTEM M CUCTEM
AIEKTPOCHAOKEHUS.

3aodaueii vizyyeHus TUCUUIUIUHBI SIBISETCS YCBOCHUE NMPUHIIMIOB JACHCTBUS U
KOHCTPYKIIMH 3JIEMEHTOB, HA OCHOBE KOTOPBIX BBITIOJIHAIOTCS YCTPOMCTBA pesieHOMN
3alUThl, ABTOMATUKH M TEJIEMEXaHWKU, TPUHIUIIOB WX JEUCTBUSA,  pacyer
napaMeTpoB ITUX YCTPOHCTB.

[Ipouecc M3yyeHus: NUCUMILIUHBI HAMPaBIeH HAa (GOPMUPOBAHUE CIEIYIOUIUX
KOMITETEHIIUN:

— CHOCOOHOCTM TpPUHUMATh y4yaCcTHE B TMPOEKTHUPOBAHUU OOBEKTOB
npodeccuoHaIbHOM JEeATEeNbHOCTH B COOTBETCTBHU C TEXHHUYECKUM 3aJJaHUEM H
HOPMAaTHUBHO-TEXHUYECKOW JOKYMEHTalMel, coOiofas pas3inyHble TEXHUYECKHE,
sHeprodhhexTuBHBIE U dKoJorHUeckue TpedoBanus (I1K-3);

— TOTOBHOCTM  OMNpENeNsITh  MapaMeTpsl  000pydoBaHHsS  OOBEKTOB
npodeccuonaabHol AestensHoctu (ITK-5);

— TOTOBHOCTH OOecmeurBaTh TpeOyeMbIe PEKMMBI M 3aJaHHBIE MapaMeTPhI
TEXHOJIOTHYECKOTO Mpoliecca 1o 3agannoi meroauke (ITK-7).

B pe3ynbrare 0cBO€HUS JUCHUILUIUHBI CTYAEHTHI TOJKHBI:

— 3HAmMb OCHOBHBIC TPHUHIUIBI PaOdOTHl YCTPOMCTB 3alIUThl U ABTOMATUKH
(ITK-3), snemMeHTHYIO 0a3y 3THX yCTPOWCTB, Ha3HAYCHHE ONEPATHBHOTO TOKA U €T0
ucrounuku (IIK-5), TumoBble mepeYHUM 3allUT U YCTPOMCTB aBTOMATHKH,
MPUMEHSEMBIX HAa OCHOBHOM DJIEKTPOOOOPYTOBAHWUU  DIIEKTPOIHEPTETUUECKUX
cucrem (I1K-3);

— yMemp PAaCCUUTHIBATh YCTABKH YCTPOMCTB PEJICMHOM 3aIUThl U aBTOMATUKH
(ITK-3), untatrs cxembl ycrpoiictB (IIK-3), onenuBath 3¢ (HEKTUBHOCTH TPUMEHEHUS
albTEPHATUBHBIX MPUHIMIOB peaau3aliyd pa3IMYHbIX YCTPOMCTB 3alUTHl B
KoHKpeTHBIX cutyanusx (I1K-5, TIK-7);

— uUMemb HAGbIKU TIPOCKTUPOBAHUS YCTPOWCTB 3alllUThl, ABTOMATUKU H
yIpaBJICHUSI peXrUMaMu padoTh 3amuinaeMbix 00bextoB (I1K-3, TTK-7).

Hacrtosimee ydeOHOe mocoOme — ouepeaHass 4YacTh KOMIUIEKTa ydeOHO-
METOJUYECKHUX MaTepuasos, paspabaTteiBaeMoro Kadeapou SHEPIreTUKH
AMYpPCKOT0 rOCy/apCTBEHHOTO YHHBEpCUTETa B paMKax peajil3allid TCpaHTa
MunuctepctBa obpasoBanusi u Hayku Poccuiickoit ®enepauuu «Ilogroroska
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BBICOKOKBaJTM(UIIMPOBAHHBIX KaJpOB B c(epe 3IEKTPOIHEPreTUKH U TOPHO-
METaJUypru4ecKor OoTpaciu Mg NpeaupusTHii Amypckoil obmactu» 1o 3aka3y
npeanpustus-naptaepa — punuana AO «DenepanbHas cereBas KoMmanus EnunHoit
srepreruueckoit cucreMbl (AO «®CK EDC») — MarucrpanbHble 3IEKTPUUECKUEC
cetu Bocroka (MOC Bocroka).



BBEJAEHUE

YMeHue pemath HWHXEHEpPHBIE 3ajayd  SBJSIETCS OJHUM M3 Haubolee
CYILIECTBEHHBIX (bhakTopoB, CIIOCOOCTBYIOIIUX HaAUJTy4dIlIeMy YCBOEHUHU
TEOPETUYECKOr0 MaTepuaja JaucUMIUIMHBl "PeneitHas 3amura W aBTOMAaTHKa
ANEKTPUUECKUX CHCTEM" M NPUOOpPETEeHHIO0 HEOOXOJMMBIX HABBIKOB B Oyayiien
paboTe Ha IPOU3BOICTBE.

Baxnyto ponb B 3TOM HampaBiICHUM UTPAIOT MPAKTUUYECKUE 3aHATHUS IO
BBIIIICHA3BAHHOW JTUCIMIUIUHE, a TAKXKE BHITIOJTHEHUE KYPCOBBIX U IUILIOMHBIX palboT.
OnHako B CBSA3U C OTCYTCTBUEM HEOOXOJMMOT0 KOJIUYECTBA YUEOHBIX MOCOOUN U UX
OOJIBIIION Pa3pO3HEHHOCTHIO (JTUTEpaATypa, MOCBSIIEHHAS 3TUM BOIIPOCaM, TTOCIICTHUE
JeCATh-TIITHAAIATE JIET Mepeu3aBajiach KpailHe MajlbIMU TUpPaKaMH), a TaKXKe C
paziuuMeM METOJO0B PEIICHUH, CTYJEeHThl OOBIYHO HCHBITHIBAIOT OOJBIINE
3aTpyJHEHUS TIPU BBIMOJHEHUM KOHTPOJBHBIX 3ajlady,  KYpCOBOH paboOThl U
JUTITIOMHOTO TIPOCKTA.

[ToaToMy B HacToOsllleM Y4eOHO-METOJAMYECKOM IOCOOMH  TPUBOISTCS
HanboJyiee pacmpoCTpaHEHHBIE METOIbl pacueTa YCTAaBOK YCTPOWCTB peeriHon
3aIUTHl U aBTOMATUKU, HEOOXOIMMBIE TIPU BBHITIOJTHEHUH BCEX YUCOHBIX padoT.

B osHeprocucremax Poccuiickont ®epepanuyu BCE MMPE HCIOIB3YHOTCS
1u(poBLIE pelie 1 MUKPOMPOLIECCOpHbIEe TepMuHabl. [loka OObIas 4acTh 3aIluT,
MOCTPOCHHBIX HAa HOBOI 3JIEMEHTHOM 0a3e, HACTpAMBAETCA MO TEM K€ ajJTropuTMawm,
YTO U yCTPOMCTBA 3allUTHl U aBTOMATUKH Ha 0a3e AJIEKTPOMEXaHUYECKUX pelie; 3TO
MO3BOJISIET PACTIPOCTPAHUTH PACCMOTPEHHBIE HUXKE METOAMKU BhIOOpa mapamMeTpoB U
Ha 1M POBbHIE 3aAIIUTHI EPBHIX MOKOJICHUH.

ABTOpBI CO3HATEIBHO OTPAHUYMIM OO0BEM BOMPOCOB, 3aTParuBacMbIX B
nocobuu. Crienuduke pacyera yCTaBOK M HACTPONKE MUPPOBBIX pejie U TEPMUHAIIOB,
B KOTOPBIX HCIIOIB3YIOTCS HOBBIE MOJXOJbI K MCIOJHEHUIO W MPUHIUNAM PaOOTHI
YCTPOMCTB 3alllUThl U ABTOMATHUKH, IJIAHUPYETCS MOCBSTUTH CICAYIOIIYIO YacTb,
MOJICOTOBKA KOTOPOM BEJETCS B HACTOSAIIEE BPEMSI.



1. OCHOBHBIE CBEJIEHHUSI O PACUETE YCTPOIMCTB
PEJIEMHOM 3AIIIUTHI U1 O BBIBOPE OCHOBHOI'O
N BCIIOMOT ATEJIBHOI'O OBOPYJIOBAHUS

1.1. Hcxoanast ungopmanusi 1 00beM pacyeToB

Jl;1s1 BEIOOpa M pacueTa He0OXOAUMBIX YCTpoicTB P3A TpeOyroTcs cieayrome
HCXOJIHbIC TaHHBIE:

HOMUHAJBHBIE TapaMeTphl  3alluiaeMoro o0opyaoBaHUs  (MOIIHOCTD,
HaIpsDKEHUE, MPEIeIbl PeryJIUpOBaHus, JUIs IUHUN — JJIMHA, U T.IL.);

KpaTKasi XapaKTEPUCTUKA ICKTPUUYECKOU CETH, B KOTOPOH YCTAaHOBJIEHO 3TO
obopyoBanue (0JHO- WIH ABYCTOPOHHEE MUTAHUE, HATUMYHUE MapasuieIbHBIX Henei
WM ITYHTUPYIOIIUX CBSI3€H, PEKUMBbI HEUTPAIU, TUIT UCTIOIb3YEMbIX BBIKIIOUATEICH
U T.J.);

CBEJICHHS O pabouuX peKUMax CeTU — MAKCUMaJIbHOM, MUHUMAJIBHOM; O TOM,
JIOTyCTUMA WJIM HEeT mapaijiesibHas padoTa 3auuiiaeMoro 000pyn0BaHus ¢ IpyruMu
AJIEMEHTaMH CETH; 00 YCJIOBHSX, IPU KOTOPBIX MOXET OBITh BBEJACHO B PadOTy
o0opyAOBaHNe, HAXOAAIIEECS B pe3€pBE U T.II.

Ha ocHoBanuu 3Toii mH(pOpManmu, B COOTBETCTBUU ¢ pazaenoMm 3 «lIpaBun
YCTPOWCTBA 3IJCKTPOYCTaHOBOK» [1], TPOM3BOAUTCS IpeaBapUTEIbHBIH BbIOOD
HEOOXOAUMBIX YCTPOMCTB PEJICMHON 3allUThl U aBTOMATUKHU. 3aTeM, Ha OCHOBAaHUM
pacyeToB mapameTpoB (YCTaBOK) 3THX YCTPOWMCTB, MPUHUMAETCSl PEIICHHE O TOM,
KaKie MMEHHO YCTPOMCTBA OYyAYT yCTaHOBIICHBI.

PacueTsl BKIIIOYAIOT B €051 CIIEYIONTUE OCHOBHBIE ATAIIbI:

oTpejieieHre HOMUHAJIBHBIX U pab0oYHX MapaMeTpoB CETH;

COCTAaBIICHHUE CXEMBbI 3aMEIICHUS CETH;

BBIOOP pACUETHBIX TOYEK KOPOTKOTO 3aMbIKaHUs (K.3.) W pacyeT TOKOB H
HANPSDKEHUM TPU KOPOTKUX 3aMBIKAHUSX B CHUMMETPUYHBIX U HECHMMETPUUYHBIX
pexkuMax pabOThl AJIEKTPUUECKOW CETH; pacueThl BEAYTCS IJIsi MUHHUMAIBHOTO U
MaKCHMAaJIbHOTO PEKHUMOB;

BBIOOp TpaHC(HOPMATOPOB TOKA U HAMPSIKCHUS;

BBIOOP HCTOYHUKOB OTMIEPATUBHOTO TOKA;

OTIpEJICIICHHE MapaMeTPOB BHIOPAHHBIX THUIIOB 3alIUT — a) YCTaBOK MO TOKY,
HAIpPSHKCHUIO, COMPOTUBIICHUIO, BPEMEHU M T.M., 0) MpOBEpKa YyBCTBUTEIHHOCTH,
30H JIEUCTBUS, «MEPTBBIX» 30H;

pacyeT napaMeTpoB YCTPOUCTB aBTOMATUKU;

BBIOOP peJie: MYCKOBBIX, OJIOKMPYIONIUX, MPOMEKYTOUHBIX, YKa3aTeIbHBIX,
BPEMEHH U T.I1.;

npoBepka TpanchopmaTopoB Toka Ha 10-TIPOIEHTHYIO TOTPEITHOCTb.
1.2. BbIOOpP HCTOYHHKOB ONEPATUBHOIO TOKA

Ha Bcex mnoacTaHIMSAX HHEProCUCTEM U NPOMBINUIEHHBIX MNPEANPUATHI
MIPUMEHSETCS MIOCTOSHHBIN, IEPEMEHHBIA WIIM BBITPSMIICHHBIN OIEPAaTUBHBIN TOK.
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HcTouHnKaMu MOCTOSTHHOTO OINEPAaTUBHOIO TOKA CIIYXaT AaKKyMYJISTOPHbBIE
OaTtaper U YaCTUYHO — KOHJEHCATOPHI C 3apsIAHBIMU YCTPONCTBAMHU.

K uctouynukam nepeMeHHOro ONEepaTHUBHOTO TOKA OTHOCSTCS M3MEPHUTENIbHbIE
TpaHC(OpMATOpbl TOKA M HAMNPSXKEHUsI, MPOMEXYTOUHbIE OBICTPOHACHIIIAIOUIUECS
TpaHchOpMaToOphl, TpaHCPOPMATOPHI COOCTBEHHBIX HYXJ W €MKOCTHBIE OTOOPHI
HaIpPsHKEHUS.

HcTounukamu BBIIIPSIMJIIEHHOT'O ONEepPaTUBHOIO TOKa ABIIAIOTCS
BBINIPSIMUTENbHBIE YCTPOUCTBA (OJIOKM MUTAaHUS — TOKOBBIEC U HAIIPSIKEHUS).

[locTosiHHbIN onepaTuBHBIN TOK HampsbkeHueM 220 B mpumensiercs Ha Bcex
ANEKTPUUECKUX CTAHLMIX, a TAKXKE HA MOIIHBIX MPOMEKYTOUHBIX MOJCTAHLMSIX C
OONBIIMMHM  PACCTOSHUAMM MEXJY AaKKyMYJISTOpHOM Oarapeeil u mnpuBOJaMu
BBIKJIIOUYATEIICH.

[locTosiHHBIN omnepaTuBHBIM TOK HampsbkeHueM 110 B ucnonb3yercs Ha
CPABHUTEJIBHO MOIIIHBIX MPOMEXYTOYHBIX TOJICTAHIUAX HEOOIBIINX Pa3MEpOB.

Ha HeGonpmx noacTaHuUsAX AJIs MUTAHUS 1eTleil OTKIIIOUEeHUs, CUTHAIU3aLUN
¥ KOHTPOJISI KICTOYHHUKH MTOCTOSIHHOTO OTEPATUBHOIO TOKA padOTAIOT HA HAIMPSKEHUU
24 1 48 B.

Kpome Toro, Ha TemgoBBIX 3JEKTPOCTAHIUAX JIS YCTPOMCTB yIpaBJICHHUS,
aBTOMATUKA M KOHTPOJIS, BBIMOJIHEHHBIX Ha 0a3e MasorabapuTHBIX pele u
OECKOHTAKTHBIX 3JIEMEHTOB, MOXXET MPUMEHATHCA MOCTOSHHBIA ONMEpPATUBHBIA TOK
Hanpspkennem 60 u 24 B, monywaemblii oT mpeoOpaszoBaresiedd, MOAKIIOYEHHBIX K
aKKyMYJISTOpHOHM OaTtapee HampskeHuem 220 B.

[lepeMeHHBIN ONEPATUBHBIA TOK IIMPOKO HCIOJB3YETCS HA BCEX MOACTAHLIMIX
HarpspbkeHueM He Boime 110 kB.

KoHnneHcaTopHble yCTAaHOBKM HaxoASIT NPUMEHEHHE HAa MOJCTAHIIUAX,
NPUBOJIBI BBIKJTIOYATENIEH KOTOPHIX UMEIOT KaTYIIKH C HEOONBIIMM MOTpeOIeHHeM
anektposneprun (KAM, TIPA, TTPBA, VIII'TI u I1IC-10 ¢ npucTtaBkoii), a Takke Ha
ABTOMATU3UPOBAHHBIX MOJCTAHLUMAX - JUIsl [HUTaHUS KaTylmeK [PUBOJOB
OTIEJIUTEIIEN.

brokn nuTaHus - Ha MOACTAHIMAX, OOOPYIOBAaHHBIX 3JIEKTPOMArHUTHBIMH
IPUBOJIAMU.

[lutanue omepaTWBHBIX IeNedl OT TpaHCHOPMATOPOB TOKA MPUHATO IS
KaTyIIEK OTKIOYEHUS U peJie IPSIMOro JAEUCTBHSL.

[lutanne omepaTUBHBIX 1ened OT  TpaHCHOPMATOPOB  HAMPSIKEHUS
1eJNecoo0pasHo ISl 3allUT OT 3aMbIKaHWS Ha 3eMJII0 TypOOT€HEepaTopoB MU OT
IOBBIILIEHUS HAIIPSKEHUS THAPOTE€HEPATOPOB.

[luTaHue  omepaTHBHBIX  LENE€  OT  IPEIBAPUTEIBHO  3apSIKEHHBIX
KOH/ICHCATOPOB TMPHUHATO AJs Ta30BOM 3alUThl CHJIOBOro TpaHchopMaropa B TexX
ClIy4asX, KOrjia OHa SIBISETCS €AMHCTBEHHOW OCHOBHOM 3aIlIUTOM.

1.3. Pe:xxuMbl padoThI J1eKTPUYECKOI CeTH

PacdeTsl TOKOB KOPOTKOI'O 3aMbIKaHUs Ui ONPENECICHUS YCTaBOK YCTPOMCTB
peneiHOM 3alUThl U ABTOMATUKU BEyTCS OOBIYHO B JBYX PEXKMMAX JICKTPUUYECKOMN
CEeTU: MHUHUMAIIBHOM U MakcUMalbHOM. [loJg MUHHMAaNIbHBIM PEXKUMOM PabOTHI
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MOHMMAETCS TaKOH, Korja oOIlNee COMPOTHUBIICHHE OJJICKTPUYCCKOW CETH HMEET
MaKCHMajbHOE 3HAauYeHHE, HAlpHUMep, Npu paboTe OAHOTO W3 JBYX MapajieabHO
paboTaronux TpaHchopMaTopoB, OAHON W3 JABYX MapajUleIbHBIX JUHUM, BBIBOJE B
PEMOHT OJHOTO M3 TEHEPATOPOB CTAHIIUU U OTKIFOYCHUH APYTOro U T.II.

[Ton MakcUMaabHBIM PEKUMOM PAOOTHI SIEKTPUUYCCKON CETH IOHUMAETCS
TaKoW, Korjga oOIiee ee COMpPOTHBICHHWE HMMEET MHHHMMAJIbHOE 3HAa4YeHHE, T.e. B
YCJIOBUSIX, KOT/Ia MIOJHOCTBIO BKIIIOUEHO B paboOTy Bce 000pyA0BaHUE.

B MakcuManbHBIX peXMMax paOOThI BBIMOJHSAETCS pacyeT YCTaBOK 3allUT U
OTPENEISIIOTCS TOKM HebamaHca, a B MHHHMAJIbHBIX — pOBeEpsICTCS
YyBCTBUTEIHPHOCTH 3aIIIHT.

1.4. Bbi0op TpaHcOpPMATOPOB TOKA M HANIPSIKEHUS

TpanchopmaTopbl TOKa U HANPSIKEHUS OOBIYHO BBHIOMPAIOTCS MO METOJMKE,
W3BECTHOM W3 AUCHUILIUHBI « DIEKTPUUECKAsi YaCTh CTAHIIMKI U MOACTAHIIUN», HO JJIS
YIPOIIEHUs] PACYETOB — JIUIIb M0 HOMUHAJIBHBIM MapaMeTpaM: KJIacCy TOYHOCTH H
CcXeMe COSIMHEHNM 0OMOTOK.

TpanchopmaTopbl TOKa, COSAUHSEMBIC B «TPEYrOJIBHUK)», BBIOMPAOTCS 10

NIEPBUYHOMY TOKY |H0M ‘N3, uTOOBI HE MMETH BTOPUYHBIX TOKOB, 3HAYUTCIIHBHO
IpeBbIIaronme 5 A.

1.5. BpbIOOp THIIOB 3aIIUT M YCTPOMCTB ABTOMATHKH

Bri6op THMOB 3alUT W yCTPOMCTB aBTOMATUKHU TMPOU3BOIUTCS B IOJHOM
coorBeTcTBUM ¢ [IpaBumamm  ycTpoiictBa  anektpoycraHoBok (IIYD) wu
PYKOBOJSIIMMH YKa3aHUSMHU IO PENEHHOMN 3alIUTe, a TAKKE C yYETOM HOPMATUBHBIX
JTOKYMEHTOB U JMPEKTUBHBIX YKa3aHUM (pemieHuil, MNpOTHBOABAPUMHBIX U
AKCIUTYyaTallMOHHBIX HUPKYISApOB), n3naBaeMbix PAO EDC Poccun.

Kpome Toro, pekomeHayeTcsl UCIOIb30BaTh HOBEUIIINE HAYYHBIE JOCTUKECHUS
BO BCEX 00JacCTSIX HAYKH M TEXHUKH, OIYyOJMKOBAaHHBIE B MEPUOIUYECKON IMEeUaTh
(MoHOTpadusIX, TEXHHYECKUX KypHaIaX, COOpHUKAX TPYJA0B HAYYHBIX paOOTHUKOB H
T.IL.).



2. MAKCHUMAJIBHBIE TOKOBBIE 3ALIUTBI

Makcumanbable TOKOBble 3amuTbl (MT3) co cryneH4aTtodl BBIIEPIKKOM
BPEMEHM MPUMEHSIOTCS HA OAWMHOYHBIX JIMHHUSAX B PAJAHAIBHBIX CETAX B KadyeCTBE
OCHOBHBIX 3alIUT A ceredl HampsbkeHuem 2-10 kB u pesepBHBIX — miis cereid
Hanpspkenuem 110-330 kB, a Takxke A 3allUThl  T€HEPATOPOB, TPAHCHOPMATOPOB;
3aIIUTHl  YCTAHABJIMBAIOTCSA TAaKKE HA [IUHOCOEAUHUTEIBHBIX M CEKUHWOHHBIX
BBIKJIFOYATEIISAX.

2.1. MaxkcuMajJbHas TOKOBAs 3alIUTA JUHUM

Toxk cpabaThiBaHUS 3aIIUATHI

_kH'k3

c.3. k "V pa6.maxc. » (2.1)
6

rae kH — KO3 PUIMEHT HAJEKHOCTH, MpUuHUMaeMbli 1i1s pene PT-40, PT-80, PT-
90 paBubM 1,1-1,2, nns pene PTB paueim 1,2-1,4;

ke — ko3 duIMeHT BO3BpaTa pene, npuHuUMaemblii 1is pene PT-40, PT-80,
PT-90 pasnaeim 0,8-0,85, nns pene PTB pasabim 0,6-0,7;

k, — K03 (HUIIMEHT 3amycKa ABUTaTeseH, ONpeessieMblil pacyeToM;

| pad.maxe,~ MAKCHUMAIBHBIA pabo4Mii TOK HATPY3KH 3aIUIACMO¥ JTHHHIH:

| _ SHaep.MaKc.
pab.mare. —_[3 ] : (2.2)

HOM
e SHagp_MaKc_ — MakCHMajIbHas Harpy3ka 3alldIacMoi JHHUK B HawuboJjee
TSDKEIIBIX, HO PEealbHO BO3MOXKHBIX YCIOBHSX, a U, — IMHeHHOE HAIpsOKCHHE

3aIUIIAeMON JIMHUH.

Koaddumment 3amycka npuraresneil JeKUT B MIUPOKUX MPeAesiax U 3aBUCUT OT
BHJIa HAarpy3KH U €€ MapaMeTpoB, OT CXEMbI 3JIEKTPUUYECKON CETH, OT BBHIOPAHHOTO
pexrma IIyCKa [BUTaTeled; B Pa3IMYHBIX YCJIOBUAX M JUISl Pa3HBIX KaTeropuu
Harpy30K €ro pacyeT MPOU3BOJMUTCS Pa3HbIMM METOJAMU. DTO OYEHb TPYJOEeMKas
3a7aya.

[ToaTOMy B yNpOIIEHHBIX pacyeTax, KOrja HEM3BECTHbI HEOOXOUMBbIE IAHHBIC
st pacdeta kKod(@uIMeHTa 3amycka JIBHUTaTelied, TOK cpabaThIBaHHS 3alllUThHI
ONPEAENAETCS IO BBIPAKECHUIO

Ic.3. - (3+4)° IHOM.! (2.3)



riae |H0M_ — HOMHUHAJIBHBIM TOK 3alUIIaeMoro oObekTa. s KaOeIbHBIX JHHHI

ANEKTPONEPENAUN 32 liom. NPUHUMAETCS JUIUTEIBHO JONMYCTUMBIM TOK Kabens

Idmdon

MeHbliiee 3HaueHUE KPATHOCTH TOKA cpadaThIBaHUsI JOMYCKACTCS IPUMEHSTh B
TeX CiIy4asx, Korja KodhPUuIreHT 4yBCTBUTEIHLHOCTH MOJIYYaeTCsl HUXKE CIIETYIOIINUX
3HAYCHUU:

a) 1,5 — 111 OCHOBHBIX MaKCUMaJIbHBIX TOKOBBIX 3aIIIUT;

0) 1,2 — nnsa pesepBHbix MT3, He npeaHa3HAUYCHHBIX JJIs 3aMEHBI OCHOBHBIX
3aIllNT;

B) 1,5 — 1151 TOKOBBIX IMYCKOBBIX OPTaHOB IUCTAHITMOHHBIX 3aIIUT.

Tok cpabaTeiBaHus pele

Iap.:: 03'°kax, (2.4)

rmue kcx — kod(pdunmeHT cxembl. JIJis 3aIUT, BKIIOYAEMBIX 10 CXEME «3Be3/1a —

3BC3Ja» U <«HCIIOJHasA 3BE3a», kcx :1, a JJI1 3alluT, BKIOYACMbIX IIO CXEMC

«TPEyroJIbHUK — 3B€3/1a» M Ha pa3HOCTh TOKOB JBYX (a3, Koy =3 (B
CUMMETPUYHOM PEKUME);

Ny, — xoaddurment tpanchopmanuu TpanchopmaTopa ToKa:

__IlHaM.

Ny = et (2.5)

2HoM.

Tac I n IZHOM._ IICPBUYHBIM KW BTOPHUYHBIM HOMHUHAJIIBHBIC TOKH

1nom.
TpaHchopmaTopa Toka.

qYBCTBI/ITeJ'ILHOCTB 3alllNThI

I

c.3.
rae |K_ wun. — TOK ABYX(a3HOro KOPOTKOTO 3aMBIKaHHUS B KOHIIE 30HBI JCHCTBUS

3alUThl B MUHUMAJIBHOM peXuUME paldoThl 3nekTpuueckon cetu. ms MT3-1,
yctaHoBneHHoW Ha nuHuM W1, ecnm 3ammTa — OCHOBHasA, KO3(pGUIIMEHT
YYBCTBUTEJIBHOCTH JIOJKEH OBITh HE MEHee 1,5 mpu KOPOTKOM 3aMbIKAaHUU B KOHIIE
3alMIIAeMON JTUHUU — B Touke K/. DTa ke 3almTa MOXKET OCYIIECTBIISITh JajbHee
pesepBupoBanue 3amut MT3-2 u MT3-3; kordpunmeHT 1yBCTBUTEIBHOCTH JTOJDKEH
ObITh HE HUXKE 1,2 IpU KOPOTKOM 3aMBIKAaHUHU B KOHIIE PE3EPBUPYEMON JTUHUU (IS
muanr W2 — B Touke K2, nist W3 — B Touke K3) — puc. 1.
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w1

K1§

Puc. 1. MakcumanbHbI€ TOKOBBIC 3aIIMTHI B PaIMaIbHOMN CETH
C OJHOCTOPOHHHMM NTUTAHUEM.

Boigepkka Bpemenn  MT3-1 cormacyercs co BpemeHeM cpalOaTbiBaHUs
pE3EPBUPYEMBIX 3AILNT:

t >t, +AL, 2.7)

t1 2t3+At, (2.7a)
rac tl — BBI,Hep)KKa BpeMeHI/I paCC‘II/ITBIBaCMOI;'I 3allluTHhI,

t2 ) t3 — BBIACPKKHN BPCMCHU 3alllUT, C KOTOPbIMHU BCACTCA COINIACOBAHUC,

At — CTYIICHb CCJICKTHUBHOCTH:

At =tQ + o Tl T an.; (2.8)

rac tQ — BPCMs OTKIIOUCHUS BBIKIIOYATCIIA, KOTOPOC 6CpCTC}I Mo CIIPpaBOYHbLIM

TaHHBIM — [2]; mpu oTcyTcTBHHM HHGOPMAIUH MOXET OBITH B3ATO B CIIEAYIOIINX
npeaenax: ajis MacisHbIX Beikmrodateneid — 0,055 - 0,16 c; nmga BO3AYIIHBIX |
anexkrpomarautHeix — 0,07 - 0,08 ¢ (3a uckmrouenueM BwikIrouarens BBI'-20, y

KOTOPOT'O tQ = 0,15 ¢); 1 BaKyyMHBIX BBIKITIOUATEIICH tQ =0,025 - 0,055 c;

tKTl’tKTZ — MOTPENTHOCTH B cpabaThIBAHUM PEJie BPEMEHH 3allUThl TIOBPEXK-

JICHHOT'O DJIEMEHTA M ITOCIIeAYomei 3anuThl (Tadu. 1);

t,,n. — Bpems 3amaca — yYHTBIBAET HETOUHOCTh PETYIUPOBKU pelie BPEMEHH,
pa3z0poc BO BpeMEHU OTKJIIOUEHHUS BBIKIIOUATEsIeH U T.1.; mpuHuMaeTcs paBHbiM 0,1

-0,15 c.

Tabnuya 1
IMorpemHuocTs cpadaTbiBaHNUS pejie BpeMeHH
Jlnana3oH ycTaBoOK pele, ¢ [lorpemHocTts cpabaTbiBaHuUsl, C
0,1-13 0,06
0,25-3,5 0,12
0,5-9 0,25
1-20 0,8
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B kauectBe ycTtaBku cpabateiBaHuss MT3-1 mo BpemMeHHM NpUHUMAETCS
GonbIlee 3HaUeHNE Ly, ompenenenHoe no yciosusaM (2.7) u (2.7a).

2.2. MakcumajbHasi TOKOBasi 3a11MTa TPaHC(HOPMATOPOB
U aBTOTpaHchopmMaTopos

Ha nByxoOMOTOUYHBIX TpaHchopMaropax 3alluTa YCTAHABIMBAETCS CO
CTOPOHBI OCHOBHOI'O MCTOYHMKA MUTAHMS, HA MHOTOOOMOTOYHBIX, MPUCOEANHEHHBIX
TpeMs U 0Oojee BBIKJIIOUATEISIMM — CO BCEX CTOPOH; HAa IOHMKAIOLIEM
IBYXOOMOTOYHOM, MHUTAIOLIEM pa3leIbHO padOTAOUIUNE CEKLUU, — CO CTOPOHBI
MUTAHUS U CO CTOPOHBI KX 101 cexiuu [1].

Tok cpabGaTeiBaHUS 3aIIUTHI:

LR

c.3. k "1 pa6.maxc. » (2.9)
6

riae kH — KO3(PUIIUECHT HAI)KHOCTH; MPUHUMAETCS PaBHBIM 1,2;

pab.maxc.™ MaKCHUMaJIbHbI pa0ouuii TOK B IIEMH, B KOTOPOW YCTaHOBJIEHA

3allUTA.
Tok cpabaTbiBaHus pere:

cx . (2.10)
BhIjIepKKa BPEMEHH
tsau;. 21, +At, (2.11)

rne {, — Haubonpmas BBIJICPKKA BPEMEHHM 3aIlUThl TPUCOCTUHEHUS (OTXOIAIICH

JIMHWH WM JAPYTOi CTOPOHBI TpaHc(opMaropa), ¢ KOTOPOi BEIETCs COIIaCOBaHME;
At — crynens cenektuBHOCTH, onpeaenseMas o gpopmyie (2.8).
YyBCTBUTEIBHOCTD 3AIIUTHI:

kq — KI.MuH. | (2.12)

C.3.

rae |y um.— TOK NBYx(ha3HOTO KOPOTKOTO 3aMbIKaHHUsS 3a TpaHCPOpMaTOPOM B
MHUHHMaJILHOM PEeXHME PabOTHI CETH.

KoapdunmeHT 9yBCTBUTEILHOCTH JOJKEH OBITh HE MeHee 1,5 mpu KOpoTKom
3aMbIKAHHM B OCHOBHOH 30HE M He MeHee 1,2 Mpu KOPOTKOM 3aMBIKAaHHMU B 30HE
pe3epBUpPOBAHUS.
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2.3. MakcuMaibHasi TOKOBAasi 3a1IUTA TeHEPATOPOB
MomHocThbI0 1 MBT 1 MeHee

[IpumensieTcs Ha reHepaTOpax ¢ HOMUHAIIBHBIM HampsbkeHueM Boiie 1 kB B
KaueCTBE 3allUThl OT BHEIIHUX KOPOTKUX 3aMmbikanuii. Ilpucoenunsiercs K
TpaHcpopMaTopaM TOKa CO CTOPOHBI HEUTpaIU FreHepaTopa.

Tox cpabaThiBaHUS 3aLTUTHI

K
HOM. (2.13)

., =—"2-1

c.3. k

e K, — koo punment Hagexnoctu (1,6 — 2,0);

8

ke— ko3 durment Bo3ppata (st pene PTB 0,6 - 0,7; nns pene PT-80 — 0,8;

| ,,0.:.— HOMHHATBHBIH TOK 3aIIMIACMOTO FeHEPATOPA.
Tok cpabateiBaHMs pene onpenenserca aHanoruyto (2.10):

|
_lecas.
Ic.p. = ’ kcx : (2.14)
nTA
BBIJ]G:p)KKa BPCMCHH 3alIUTHI

t 21 + At

3aly. — "npuc.

(2.15)
rIe tnpuc, — HauOOJIBIIIas BBIJIEP)KKA BPEMEHH 3aIIUThI MPUCOETUHEHHHN, OTXOSAIINX

OT COOpPHBIX IIIMH TE€HEePaTopPa;
At — cTynens cenextuBHOCTH, onpeesemas no Gopmyie (2.8).
KoadpuimeHT 9yBCTBUTEIBHOCTH, aHAIOTUYHO (2.12):

. K.MUH.
K, = i (2.16)
C.3.
HO 31€ch |y 4y — MUHUMANBHBIN TOK B MEPBUYHBIX OOMOTKaX TpaHCHOPMATOPOB

TOKa 3alUThI IPU ABYX(Ha3HOM KOPOTKOM 3aMbIKAaHHH Ha BBIBOJIaX FEHEPaTOPA.
KoadpunmeHT 9yBCTBUTEILHOCTH JOKEH OBITh HE MeHee 1,2.
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3. MAKCUMAJIBHASA TOKOBAS 3AIIUTA
C BJIOKUPOBKOM IO HANIPSIAKEHUIO

Yame Bcero mpuUMEHSIETCSl Ha reHepaTopax M TpaHcdopmaropax MU BBIIOJ-
HSETCS B JIByX BapuaHTax: 1) ¢ IYCKOM MHHUMAIbHOTO HANpPsDKEHUS (s
TpaHC(OPMATOPOB U aBTOTpaHCHOpPMATOpPOB); 2) ¢ KOMOMHHUPOBAHHBIM ITYCKOM
HaIpspKeHUs (7151 TpaHC(OPMATOPOB U TEHEPATOPOB).

MakcumanibHasi TOKOBasi 3alllMTa C IYCKOM MHUHHUMAJIBHOTO HaIpsKEHUs
CIY’)KUT B KayeCTBE pE3EpBHOM 3allUThl TMOHMWKAIOIWUX TPaHCPOPMATOPOB U
aBTOTpaHC(HOPMATOPOB MPU HANMYUU NUTAHUS cOo cTOpoHbl 220 u 110 kB u sBnsercs
PUCTABKOM K TOKOBOM 3aIuTe 00paTHON MOCIEI0BATEILHOCTH.

3.1. MakcumaJjibHasi TOKOBasi 3alllUTA C IIyCKOM HANPSKEHUSs
NOHMKAIIIUX TPAHC(HOPMATOPOB U ABTOTPAHC(HOPMATOPOB

Toxk cpabaThiBaHUS 3aITUTHI

K
. .:_H.IHOM., (3.1)

C.3
ke
riae kH — ko3¢ duiment Hagexnoctu (1,1 - 1,25); | wom. — HOMHUHAJIBHBIM TOK

CHJIOBOTO TpaHCcpopMaTopa.
Tok cpabaTeiBaHus pele

Ic.p. == kcx, (3.2)
nTA
BBI,IIGp)KKa BPCMCHH 3alIUTHI
tsau;. Z 1:npuc. +At, (3.3)

rae tnpuc, — BBIJIEP/KKA BPEMEHU 3aIIUTHI MPUCOCIUHEHHS, C KOTOPOU BEAECTCS

cornacosanue; At — cTynens cenekruBHOCTH, onpesensemas 1o popmyie (2.8).
YyBCTBUTEIBHOCTh TOKOBOTO OpraHa

K, ==, (3.4)

C.3.

rie |y yum. — TOK AByX(ha3HOro KOPOTKOTO 3aMBIKAHHS 3a TPAHC(OPMATOPOM B

MUHUMAJIEHOM PEKUMe pabOThI CETH.
Hanpsixenue cpabaTbiBaHUS pejie MUHUMAJIBHOTO HANIPSIAKEHUS

c.3. kH ) k@ ,
rIe kH — ko3 urment Hagexnoctu (1,1 - 1,2); ke — k03¢ uIMeHT Bo3BpaTa

pene (1,2); U Mun.— MUHHUMAIIBHOE HANPSOKEHUE B MECTE€ YCTAaHOBKH 3alllUTHI B
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YCIIOBHAX CaMO3allyCKa JBHUTaTEJIEM Harpy3d IOCIE OTKJIIOYEHHS BHEIIHErO
KOPOTKOI'O 3aMBIKAHMUS.

B npaktuyeckux pacyerax HampsbDKEHHE cpaOaTblBaHUs IMYCKOBOTO OpraHa
3aIUATHl MOXKET OBITh OMPEEIEHO MO BBIPAKEHUIO

Uc.3. =(0,5-0,65) “Uson.. (3.6)
HanpsixeHue cpabaTbiBaHus pelie
U
_cas.
U. P : (3.7)
nT V
UyBCTBUTEIIBHOCTh OpraHa MUHUMAJILHOTO HAIIPSKCHHSI
U
_ c.3.
Ko=g =, (38)
K.MaxKc.
rme Uy ake. — MakcHMaibHOe MexnyhasHOE HANPSIKEHHE B MECTE YCTAHOBKH

3alIUThI IPU MCTAJINIMYCCKOM KOPOTKOM 3aMbIKAHUH B pvaeTHOfI TOYKC.

KoadpunmeHTs 4yBCTBUTEIBLHOCTH 110 TOKY M HANPSOKCHUIO TPU BHITIOJIHCHUU
(GyHKIIMM OCHOBHOM 3aIllUTHI JOJKHBI ObITh HE MeHee 1,5; 1t pe3epBHOM 3alUThl —
He MeHee 1,2. CxeMa 3anuThl MpUBeicHa Ha puc. 2, a, 2, 0, 2, B.

3.2. MakcuMaJibHasi TOKOBas 3a1MTAa ¢ KOMOMHUPOBAHHBIM
MyCKOM HaNpPSZKeHUs!

3amuTa TpUMEHSETCS Ha reHeparopax MomHOcThio MeHee 30 MBT um Ha
tpanchopmaropax momrHocThio 1000 kBA u Goree.

YCcTaBKkM MO TOKY W MUHUMAJIbHOMY HANPSOKEHUIO, BBIICPKKA BPEMEHH |
qyBCTBUTEIBHOCTH omnpezeistores mo dopmynam (3.1) — (3.8). Otnuunem naHHOMN
3alIUTHl OT MPEIbIAYINEH SBISETCS BKIIOYCHHE IMTyCKOBOIO OpraHa MHHHMAIBHOTO
HaIPSHKESHUS KV2 Ha BBIXOAE (GUIBTpa  HANpPsOKEHUS  OOpaTHOM
nocaenoBatenpHocT ZV2 (puc. 2, r).

[TepBuuHoe HanpspkeHUe cpadbaTeiBaHus peie KV2

U, =006U,,, (3.9)

2c.3.

rae U, ,— mnepBuunoe MexmydasHoe HaNpsiKEeHHE B MeCTe YCTaHOBKH

TparchopMaTopa HanpspKeHus TV.
Bropuunoe nanpspkenne cpabateiBanus pene KV2 Ha Beixome Guibtpa

U

_ “2c.3.
UZC.p. n : (3.10)
TV
UyBCTBUTENBHOCT,  (QUIBTp-pele  HampspKeHUss ~ oOpaTHOW — mocie-
J0BATCIIbHOCTU.:
(2)
k _ U 2.K.MUH.

wU2 U ) (3.11)

2c.3.
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u?

2.K.MUH.
YCTAaHOBKM 3aIlUThl MPHU METAUIMYECKON KOPOTKOM 3aMBIKAHUM B KOHIIE 30HBI
pe3epBUPOBAHUSI B MUHUMAJIBHOM PEKUME pabOThI CETH.

rac — HNCPBUYHOC HAIIPSAKCHUC O6paTHOfI IIOCJICA0BATCIIbPHOCTH B MCCTEC

T o KVLI KV2 KV3
Q1 MK/, oS n B N |
> | |
KH Q2 |
|
L
KT
6)
&
+ -
KAL.1 KL1 —KT
‘ e—
4 | KA2.1| |
K3 KL
fj"" KV1.1
o |
KV3.1
KH
a
) ___j[\’KT'l Omkin.
Q2
8)
KV2 + .
KAL1 KL1 — KT
| KA2.1| __
— KL
KV1.1
KT.1 —1
__:u\’ ' Omkin.
Q2

0)
Puc. 2. MakcumanpHasi TOKOBast 3aIllMTa C IIyCKOM I10 HAPSHKEHUIO!
a — cTpyktypHas cxema MT3; 6, 6 — ienu nepeMeHHOro HaNPsHKEHUS. U ONePaTUBHbBIE
uenu ans MT3 ¢ myckom HanpshkeHHsl; 2, 0 — HenH MepeMEHHOT0 HAPSDKEHUS U ONlepaTUBHbBIE
nenu a1 MT3 ¢ KoOMOMHUPOBAHHBIM ITYCKOM.

B ynpomennbix pacuerax

u® =05U,,, (3.12)

2.K. MUH.

Uucnennoe 3HaueHne Kod(h(UIMEHTa YyBCTBUTEIBHOCTH — TO XK€, YTO U B
MAaKCHUMaJIbHOW TOKOBOM 3aIUTE C TyCKOM MUHUMAJIbHOTO HANIPSKECHUS.
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3.3. MaxkcumaabHasi TOKOBAsl 3aIMTA ¢ KOMOMHHUPOBAHHBIM IIyCKOM
HANIPSKEHHUs] TeHepaTOPoB MOIHOCTHIO OT 1 10 50 MBT

Cxema 3ammThl MojoOHa MPUBEACHHOM HA pHUCYHKE 2, a, 2, T, 2, 1, HO
TpaHcpopMaTopbl TOka TA yCTaHaBIMBAIOTCS CO CTOPOHBI HEUTpaIu reHeparopa, a
TpaHcpopMaTop HampsikeHuss TV — co cTOpoHbI (Da3HBIX BBIBOJIOB.

Tox cpabaThiBaHUS 3aITUTHI

K
I, = k_H Lion.e. , (3.13)

6
rae kH — K03 PUIMEeHT HaIe)KHOCTH, paBHbIi 1,1 - 1,2,
Tok cpabaTeiBaHus pelne

Lo p. =% Koy (3.14)

HaHpH)KeHI/IC Cpa6aTBIBaHI/ISI 3allIUThI (HepBI/I‘IHOG HAIIpSOKCHUC  TJIA PCJIC

KV1):

UMuH pab
Uy =—"— (3.15)
o kH ] k6
JI1s1 TypOOTeHEpaTOPOB ATO HANPSIKEHUE MOXKET ONPEACIISITRCS 1Mo (popMysie:
U, = (0,5-0,6) Usoncen. - (3.16)
Jlima rugporeHepaTtopon
U, = (0,6-0,7)- U, oncen.. (3.17)
Hanpsoxenne cpabarsiBanus pene KV1:
U
Uc.p. = nc.3. . (3.18)
TV

[lepBuunoe  HampspkeHwe — cpabarpiBaHus — QuibTp-pene  oOpaTHOU
nocienoBatenbHOoCcTH KV2:

U2ﬁ.(;. =0,06'U|'T‘| § (3.19)

Bropuunoe — Hampsokenue — cpabarbiBanmst  QuiubTp-penie oOpaTHOM
MOCJIEIOBATEILHOCTH

U
_ —2c3.
Uoep. =77 (3.20)
TV
Brinepxka BpemeHu
t3au;. = 1:npuc. +At, (3.21)
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rae tnpuc, — HauOousblnas BBIJEPKKA BPEMEHU Y 3alUT MNPUCOCIUHEHUH, C

KOTOPBIMH BEJIETCS COTIACOBaHHUE;
YyBCTBUTEIBHOCTD 3aIMTHI:
TOKOBOT'O OpraHa

wI 7 (3.22)

C.3.

OopraHa MUHUMAJIbHOI'O HAITPSKCHUA

k . — Ues,

«U17 (] ) (3.23)

K.OCm.MAakc.

¢dunbTpa-peie HanpsKeHUs: 00paTHOM MOCIe0BATETLHOCTH

_ T 2.K.MUH.
Ko ==, (3.24)
2¢.3.
rie |K_MMH., UK.ocm. make. A UZ.K. mun.— COOTBETCTBEHHO MUHUMAJILHBIA TOK,

MaKCUMaJbHOE OCTATOYHOE HAaNpsDKEHHWE TPSIMOM  MOCIENO0BAaTEIbHOCTH U
MHHHUMAJIBHOE HAmNpsOKCHUE OOpaTHO#M mocienoBaTeabHOCTH (MexaydasHbie) Mpu
KOPOTKOM 3aMBIKaHHH B KOHIIE 30HBI PE3€pBUPOBaHUA (ISl MOMEHTa BPEMEHH,
COOTBETCTBYIOILLErO BBIJIEPIKKE BPEMEHH 3AILUTHI).

KoahpurmeHTs 4yBCTBUTEILHOCTH BCEX MMYCKOBBIX OPraHOB JIOJDKHBI OBITh HE
Mmenee 1,2.
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4. TOKOBBIE OTCEYKU

TokoBbIe OTCEUKH MPUMEHSETCS B KaUYECTBE OCHOBHBIX 3aIIUT B COUYCTAHHH C
MaKCHUMaJIbHBIMA TOKOBBIMH 3alllUTaAMH HA T€X JUHUSAX HampspkeHuem 6-10 kB, e
MPUHATAS TIO0 YCIOBUSAM CEJIEKTHBHOCTH BBIIEP)KKa BPEMEHH MaKCHMalbHO-TOKOBOM
3alUThl 00yCIaBIUBACT 2aTOPMAKMBAaHUE JIBUTATENCH WU CHIDKAET AP (HEKTUBHOCTH
aBTOMATHUKHU MOBTOPHOTO BKiItoueHus (AIIB).

Kpome TOro, TokoBbIe OTCEUKH 0€3 BBIACPKKHA BPEMEHH yCTAaHABIIMBACTCS Ha
HEPEAKTUPOBAHHBIX KaOENbHBIX JIMHUAX C OJHOCTOPOHHHUM IMUTAaHUEM, OTXOJSIINX
OT IIMH CTaHIUH.

B kauecTBe OCHOBHBIX 3allUT TOKOBBIE OTCEYKH MOTYT NPUMEHSTHCS Ha
reHeparopax HampsbkeHueM 3 kB u Beime Mmommnocteio 1000 kBt u Menee,
paboTaronux napajjieiabHo, a TaKkKe Ha TpaHcPopMaTopax MOITHOCTHIO MeHee 6300
kBA u nBurarensx mouiHocteio MmeHee 5000 kBT.

4.1. ToxoBble 0TCEYKH HA JUHUSAX dIeKTponepeIaun

Tok cpabaThIBaHUS OTCCUKH
Ic.3. - kH ’ |1(<3.314a7<c., (4.1)
rae kH — ko3¢ dunment Hagexxuoctu (mus peixe PT-40 — 1,2-1,3; PT-80 — 1,5-1,6
u s peae PTM — 1,4 - 1,5);

3 o
I;(<_j)‘/la;<~c.— MaKCHUMAaJIbBHBIM TOK B (1)336 JIMHUU TIpU KOPOTKOM 3aMbIKAaHHWU Ha

IIMHAX MPOTUBOIOJOXKHONW mnoacTaHuuu (cMm. puc. 3: mua MTOl — st0 TOK
TpexdaszHoro k.3. B Touke K2).

Tok cpabaTeiBaHus pese

ex . (4.2)

30Ha JACUCTBHS OTCEYKH OTPENesieTcss OOIYHO TPaQUISCKUMH TOCTPOCHUSIMU
KaK TOYKAa [CPECCYCHUS] KPHUBOW W3MCHEHHUS TOKA KOPOTKOTO 3aMBIKaHHS B
MHHAMAIBHOM M MaKCHMAllbHOM PEXHMax pabOThl CETH B 3aBUCHMOCTH OT JIJIHHBI
JIMHUM WU €€ PEaKTUBHOTO CONMPOTHBICHHS U MPSMOU TOKA CpaOaThIBAHUS 3alUTHI
(puc. 3).

B ympolneHHbIX pacueTax 30Ha JEHCTBUS OTCEYKH (B MPOLIEHTAX OT JUIMHBI
JIMHUK) MOXKET OBITh OTpejiesieHa 1o GpopMmyIie

E..om 100
Lome = (I— — Xcuem.) a , 4.3)

C.3.

rae Xy — COINPOTHBIICHHE 3alUIIACMOU JIUHUM, Xycm,— COINPOTUBICHUE CHUCTEMBI

(MCTOYHUKA NTUTAHUS); Ecucm_ — 3JIC CUCTEMBbI (MICTOYHHMKA MTUTAHMS).
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GlI Q1 TA1 W1 Q2 TA2 w2 K3Ié

Y\ o oY\ o
!
K1
K2
§ K4
IK

\ 3oHa Oeticmesus
MTO1 I mro2

3oHa delicmeusi g -
MTO2

Puc. 3. Onpenenenue 30HbI JCHCTBUS TOKOBBIX OTCEYEK.

Otceuka cuutaercs 3¢G(EKTUBHOM, eclii ee 30Ha JEeHWCTBUS OXBATHIBACT HE
menee 20-25% muHBI JIMHUU. B npenBapuTeNbHBIX pacdeTax JOIMYCKAeTCs BMECTO
30HBI JACHCTBUS OTCEYKU OMPEACNATh KOA(D(PUIIMEHT 4yBCTBUTEIBHOCTH 3aIUTHI 110
MUHUMAJbHOMY TOKY JAByX(a3zHOTo K.3. Ha IIMHAX TOW TOJCTAHIIUH, TJIE
ycTaHoBieHa orceuyka. Hanpumep, nings MTO1:

| (2)
_ Ik
o

k (4.3a)

C.3.
KoaddunmeHT 9yBCTBUTEILHOCTH JTOKEH OBITh HEe MeHee 2,0.
[TockosibKy 30HA JAEHUCTBHUSI TOKOBOM OTCEYKHM HE BBIXOJUT 3a MPEIECIIbI

3aIIMIAEMON JTMHUHM, OHA BBITIONTHSAETCS O€3 BBIICPKKH BPEMEHH: tgaw, ~0,

Otcroa v Ha3BaHUE 3AIIUTHl — KMTHOBEHHas TokoBasi otceuka (MTO)».
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4.2. OTceyKkHu HA JMHHUAX C ABYCTOPOHHUM NHUTAHUEM

3alUThl yCTaHABIMBAIOTCA HAa OOOMX KOHIAX JIMHUHM. YCTaBKH O0OOMX
KOMIUIEKTOB 3aIUTHl PACCYMTHIBAIOTCA CIEAYIOIINM 00pa3oM.
Tok cpabGaThIBaHUSI OTCEUKH OMPEAEISIETCS UCXOAs U3 ABYX YCIIOBHIA:

3
Ic.3. = kHl ) |7(<.J)vta7<c. , (4.4)
Ic.3. = kHZ ) IKatt.MaKc. ) (4.5)

TAc kHl 151 kH2 — KOB(I)(I)I/IL[I/IGHTBI HaJICKHOCTH, kHl NPpUHUMACTCA aHAJIOTHYHO

OTCEYKE Ha JIUHUSIX C OTHOCTOPOHHUM NMHUTAHUEM, a kHz =1,2-1,3;

| 3)

K.make.— MAKCUMaJbHBIM W3 TOKOB KOPOTKOTO 3aMbIKaHWsS Ha M[IMHAX
MPOTUBOIOJIOXKHBIX OACTAHIIUH;

|,<aq_ make.— MAKCUMaJIbHBIA TOK KadaHUs, MOABJISIONIMNACS MPU aCUHHXPOHHOMU
paboTe UCTOUYHUKOB MTUTAHHUS.

| 2-F

Kau.maxc. — : (4.6)
xCl + xﬂ + xCZ

rne E — snc mapannensHo paboTaromMX MCTOYHHMKOB NHMTAHUS, Xo1 , Xcoo, X7 —

COTPOTHUBIICHHS, COOTBETCTBEHHO, MCTOYHHUKOB IMUTAHMUS W JIMHUMU, HA KOTOPOU
YCTaHABJIMBAIOTCS 3aIIUTHI.

3a pacyeTHbId TOK cCpalOaThIBaHUS OTCEUYKHM NPUHUMAETCS OOJbIIMA U3
MOJIYYEHHBIX 110 ycaoBUsM (4.4) u (4.5).

Tok cpabaTeiBaHUs pelie paccuMThiBaeTCs 1Mo (4.2); 30HA JMEWCTBUS OTCEUYKH
ompezensieTcss rpauueckd, aHAJIOTMYHO OTCEYKE Ha JIMHUAX C OJHOCTOPOHHUM
nutaHueM. TpeGoBaHHE K BEIMUYMHE 30HBI JICUCTBUSA TO ke — He MeHee 20% IMHBI
JUHUU C Kaxaouh cTopoHbl. Eciam TpeOoBaHuE HE BBIMOIHSAETCS, OT YCTaHOBKHU
OTCEUKHU CIEAYET OTKA3aThCA.

4.3. OTceuka ¢ BbIIEPKKOil BpeMeHH

B 30Hy pgelcTBHS 3aluThl JOJDKHA BXOAWUTH BCS JIMHUS, Ha KOTOpPOU
YCTAaHOBJIEHA OTCEYKA, a TAKKE IIMHBI MPUEMHOIN MOJCTAHIIMU U TOJOBHBIE YYACTKH
MIPUCOEIMHEHNUM, OTXOISAIIMUX OT 3TUX IWIHUH. [IpyM yCTaHOBKE OTCEUKHM C BBIIECPKKOU
BpeMenu BMecTo MTO1 B ee 30Hy aeiicTBUs AoxkHaA BoTH Bes nunaus W1 u moryt
BXOJUTH roJIoBHBIC yuacTku simanid W2 u W3 (puc. 3).

Tok cpabaThIBaHUS OTCEUKH

| 701 Z K o2, (4.7)

| 701 =K viros, (4.8)
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rae kH — KO3(PUIIMEHT HAIe)KHOCTH, TpuHUMaeMbIit 1,1 —1,2;

|c. MTO? » Ic.MTO3 — TOKHM cpadaTbIBaHUsI OTCEUEK O0€3 BBIIEPKKH BPEMEHU

MOCJIEYIOUIUX YYaCTKOB, C KOTOPBIMHU BEJIETCS COTJIacOBaHUE; OOJBIIMN U3 TOKOB,
paccuuTaHHbIX 10 (4.7) u (4.8), 6epeTcsi B KauecTBE YCTaBKHU.

Tok cpabaTeiBaHuUs pelie pacCUUThIBaeTcA 1o (4.2).

Beinepxka BpemeHu

Uo1 =Uyrop +AL, (4.9)

Uro1 =Uyros AL, (4.9a)

rne Al — crynens cenexrusnocTH, onpenengemas o popmyne (2.6);

tMTO — BpeMH ﬂeﬁCTBHH OTCCUKHU 663 BBII[ep}KKI/I BpeMCHI/I:
tro2 =Yros =ty ke, (4.10)

rme  lxp — Bpems paGoTHI TOKOBOTO peje; tKL — Bpems pabOThl MPOMEKYTOYHOTO

peue.
4.4, ToxoBasi oTceuka TpancopMaTopoB

Toxk Cpa6aTI)IBaHI/ISI OTCCYKHU OIIPCACIIACTCA IO IBYM YCIIOBUAM:

3
Ic.TO s kH ' II(C.J)I/lClKC. , (4.11)
|70 2K Vo, (4.12)

rae kH — koddduruent vagexuoctu (s perne PT-40 — 1,3-1,4; PT-80 u PTM —
1,6);
| 3)

Kvake.— MAKCHUMAaJIBbHBIM TOK KOPOTKOTO 3aMbIKaHMS 3a TpaHc(hopMaTopom;

|,.an. — TOK HaMarHWUMBaHWS TpaHchopmaTopa MpH BKIOUYEHHH €T0 IO/
HaIpsKEHUE.

B mpakthueckux pacdetax BMecTo yciaoBus (4.12) pomyckaeTcs TOK
cpabaThIBaHUS OTCEYKH MPUHUMATH B TIpe/Ieiax:

Ic.TO > (3_4) ’ IHOM.; (4-13)

rae | yom. — HOMHHATBHBIT TOK TpaHChOpMAaTOpA.
Tok cpabaTeiBaHUs pelie pacCUUTHIBAaETCA 110 (4.2).
UyBCTBUTENBHOCTh OTCEUKH

| (2)

— _K.MUH.
, = (4.14)
c.TO
2
rie |,£_ J?WH.— TOK KOPOTKOI'O 3aMbIKaHUS MEXAy AByMs (a3aMud Ha BBIBOAAX

TpaHcopMaropa co CTOPOHBI YCTAHOBKHU 3aIIUTHl B MUHUMAJIBLHOM PEXUME PadOThI
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CETH.
KoaduirieHT 4yBCTBUTEIBHOCTH JTOJKEH OBITH HE MEHEE 2.
B 30HY peiicTBUS OTCEYKM BXOAUT, Kak MpPaBWJIO, TOJBKO OOMOTKa
TpaHcopMaTropa CO CTOPOHBI YCTAHOBKM 3alllUThl (CO CTOPOHBI HMCTOYHHKA

MUTaHUs ), IO3TOMY OHA BBIMOJHAETCS 0€3 BBIACPKKH BPEMEHHU: t3au4_ ~0,

4.5. ToxoBasi oTceuKa JIeKTPOABUTraTe el

Toxk cpabaThiBaHUS OTCEUKH

l.r0= K,, - Inycx., (4.15)
rne K, — ko3 durrent nagexxuoctu (s pene PT-40 — 1,8; PT-80 u PTM — 2);

Inyczc. — IYCKOBOM TOK JIBUTATENSA:

Inycx. =Ky Lo, (4.16)

rae K, — KpaTHOCTB yCKOBOTO TOKA, IPUHAMAEMAsl U3 CIIPABOYHUKOB.
Tok cpabaTeiBaHus perne
_ Ic.TO
lep. = . (4.17)
My
YyBCTBUTENBHOCTD 3AIUTHI

| (2)

_ Yk.mumn.
kq _|—’ (4.18)
c.TO
|(2)
rie kun.— TOK  IByX(a3HOrO  KOPOTKOTO  3aMBIKaHMSI Ha  BBIBOJIAX

DJIEKTPOJIBUTATEIIS.
KoadpunmeHT 9yBCTBUTEIBHOCTH JTOJDKEH OBITh HE MEHEE 2.

4.6. ToxoBasi oTcedka reHepaTopoB MOIIHOCTHIO MeHee 1 MBT,
HanpsKeHneM 3-6 KB Ha mepeMeHHOM ONEePATHBHOM TOKe

Tok cpabaTeiBaHUSI OTCEYKH BBIOUPAETCS TIO JIBYM YCJIOBHSIM:

_ (3)
ler0= Kya * L enmare. (4.19)
Ic.TO = kHZ ) IK‘a'{.MaKC. \ (4.20)
rIe kHl — KOO()(HMIMEHT, YYMTHIBAIOLINI IOTPEIIHOCTH pejie, BIUSHHE arie-

PHUOJMYECKON COCTABJIAIONICH TOKa KOPOTKOIO 3aMbIKaHWUS W HEOOXOJMMBIN 3amac
(mns pene PT-80 — 1,8; PTM —2);
|(3)

K.eH.make.— TIEpUOJIMYECKasl clararomias Toka  (mpH t=0 ) B MecTe
YCTAHOBKH 3aIIUTHI IPH BHEIITHEM METATTMUYECKOM KOPOTKOM 3aMbIKaHHH;
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ng — Ko3(PUIIMEeHT HaIe)KHOCTH, paBHbId 1,2 —1,3;
| v viae. — MAKCUMAITBHBIN TOK KAYaHHS:

_E+UC

Kayu.Makc. — m : (4.21)

rne E—xc remepatopa; X — cBepXmepexoaHOE HHIYKTHBHOE CONPOTUBICHHH
reHepaTopa; U ¢ — DKBUBAJICHTHOE HAIIPSHKEHUE CUCTEMBI, IPUHUMAEMOE B pacyeTax

PaBHBIM HOMWHAJIBHOMY, 'xC — SKBUBAJICHTHOC COIIPOTUBJICHUC CUCTCMBI.

Tok cpabaTeiBaHuUs pelie paccUUThIBaeTcA 1o (4.2).
UyBCTBUTENIBHOCTD 3AILUTHI
| (2)
— L K.MuH.
k, = 0 (4.22)
c.TO

2 .
rjae |,(<_ J?WH_— MUHHUMAaJIbHBII TOK KOPOTKOIO 3aMbIKaHMS Ha BBIBOJAX I'€HEpaTopa,
NPUTEKAOUIUN OT IPYTUX T€HEPATOPOB.

KoadpunmeHT 4yBCTBUTEILHOCTH JIOJKEH OBITH HE MEHEE 2.
4.7. OTCeYKH MO TOKY ¥ HANIPSIZKEHUIO

OTCEUKH 110 TOKY U HANPSKEHUIO IPUMEHSIOTCS HA OJAMHOYHBIX JTUHHAX B
paguanbHbIX ceTax HanpsokeHueM 35-110 kB B kauecTBe OCHOBHBIX 3aIIHT.
Toxk cpabaThIBaHUS OTCEYKH
| (2)
I _ K.MUH.

10T (4.23)

y.l . mun

| (2)

rae g yun.— TOK ABYX(a3HOTrO KOPOTKOTO 3aMBbIKaHHS Ha IIMHAX MPOTHBOIOIOK-
HOW ITOJICTAHIINH,

kq.l. wun — MAHUMAJIBHBIA KO3(()UIMEHT 4yBCTBUTEILHOCTH TOKOBOI'O OpraHa,
paBHbIif 1,5.

Tok cpabaTeiBaHUS pejie pacCUYUTHIBaeTCS 1Mo (4.2).

Hanpsixkenne cpabaTbiBaHUS OTCEUKU

U :\E'Ic.To'(ZJI+ZTP)
c.T0 k : (4.24)

H

rIe kH — K03 PUIIMECHT HAIS)KHOCTH, IPUHUMAaEeMbIl paBHbIM 1,2 — 1,3;
Z ;; — COMPOTUBJICHUE JINHUH;
Zrp— compoTUBIICHNE TpaHCHOpMaTopa, MUTAEMOTO OT 3alUIIAEMON JTHHHH.

Hanpsixenue cpabaTtbsiBaHus pene
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U

C.3.

U

c.p. — n (4.25)
v
HUyBCTBUTEIBHOCTL OpraHa HallpsKEHUs
y
Ko =g, (4.30)

K.ocm.makc.

e U x.ocm.make.— OCTaTOYHOE HAIPSHKEHUE B MECTE€ YCTAHOBKHM 3allUThI IPU

KOPOTKOM 3aMbIKaHUHU B KOHLIE 3allUIAEMOMN JIMHHH.
KoaduimeHT uyBCTBUTETLHOCTH 10KEH ObITh HE MeHee 1,5.
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5. TOKOBBIE 3AIIIUTHI OGPATHOM NOCJEJOBATEJIBHOCTH

TokoBble  3amMTBl  OOpAaTHOM  MOCJEAOBATEIBHOCTH C  IPHUCTaBKOMH,
NEUCTBYIOIIE NpPU CUMMETPUYHBIX KOPOTKMX JaMbIKAHUAX, MPUMEHSIOTCS Ha
MOBBIIIAIOIIUX TpaHCchopMaTopax € JBYCTOPOHHUM NMUTAaHUEM MOIIHOCTBIO Ooliee
1000 kBA wu Ha reHepaTtopax MoiHOCThi0 Oonee 30 MBT, a Takke Ha MOUIHBIX
MOHIKAIOMINX TpaHCPOpMaTOpax ¢ ABYCTOPOHHUM MUTAHUEM.

5.1. TokoBbIe 3aIIUTHI 00PATHOI MOCJI€10BATEIBHOCTH
NMOHMKAKIIUX TPaHcPOPMATOPOB

Tox cpabaThiBaHUS 3aITUTHI

IC.3. - kH ) I2pacq. ’ (51)

riae kH— KOA(PUIIMEHT HAIECKHOCTH, MPUHUMAEeMbI paBHBIM 1,1; |2 pacy,— TOK

O6p&THOI>i MMOCJICAOBATCIIBHOCTU B MCCTC YCTAHOBKH 3alIUTHI IIPU KOPOTKOM
3dMbIKAHWHU B YCJIIOBHUAX, KOI'Jda 3amuTa, C KOTOpOﬁ MMPOU3BOAUTCA COI'JIACOBAHHC,
HaXOOUTCA Ha T'PaHU Cpa6aTBIBaHI/IH, oJIA peKUuMa pa6OTBI U BUIA ITOBPCIKIACHU,

06yCIIaBIMBAIOLINX HanbobIIee 3Ha4eHne Toka B 3amure (mpu L =0 ).

B YIOPOUWICHHBIX pacdCTax TOK Cpa6aTBIBaHI/IH 3dlIUTBI OIPCACIIACTCA 110
BBIPAKCHUTO

Ic.3. =(0,5-0,7)- IHOM. ; (5.2)

rae | yon. — HOMHHATBHBIH TOK TpaHchOpMAaTOpAa.

Tok cpabaTeiBaHUs pesie paccUUThIBaeTCs 1o (4.2).
UyBCTBUTENBHOCTD 3aIUTHI

_  2K.MUH.
K, = o (5.3)
C.3.
rae |2;<. un.— TOK 00paTHOM MOCIEA0BATEILHOCTH B MECTE YCTAHOBKH 3aIIUThI TIPH
KOPOTKOM 3aMBbIKaHMM MEXAy IByMs (azamMu B pexkume, 00ycCIaBIUBAIOIIEM
HaMMEHBIIINHN TOK B 3a1uTe (pu t=0 ).

KoaddunmeHT 4yBCTBUTEIBHOCTH JTOKEH OBITh He MeHee 1,5 s oCHOBHOM
3aIUTHl U HE MEeHee 1,2 — 11 pe3epBHOM.
Breinepxka BpeMeHn

s = tnpuc. +AL, (5.4)
rne At — crynens cenextuBHOCTH, onpenensemas o Gopmyie (2.8);

tnpuc.— BBIACPKKA BPpCMCHH 3allIUTEI, C KOTOpOﬁ BCACTCA COIJIaCOBAHMUC.
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5.2. JIByXcTynmeH4aTasi TOKOBas 3a1MTA 00paTHOM
N0CJIe0BaTeIbHOCTH FeHepaATOPOB MOIIHOCTHIO 10 60 MBT

Tok cpabaTeiBaHUS IEPBOM CTYNIEHU

HO. (5.5)

rae | u6. — TOK Hebamanca Ha BbIXOAE (QUIBTpa TOKOB 0OpaTHOM

IIOCJIECA0OBATCIBHOCTH.
OObI4HO B MpCaABAPUTCIIBHBIX PACUCTAX TOK Cpa6aTBIBaHI/I$I HepBOﬁ CTYIICHHU
ONIPCACIIACTCA 110 BBIPAKCHUTO

los. =011, (5.6)

rie  |,om — HOMHHAIBHBIH TOK reHeparopa.

Bolaep:kka BpeMEHU NEPBOM CTyNIEHU

L.,1=9-7c, (5.7)
Tok cpabaThIBaHUS BTOPOM CTYIICHH OINPEACIISICTCS 10 ABYM YCIOBHUSIM:

oA

c.3. HOM. , (5.8)
t()
On.

IC.3. = kH ) I2pacq_: (59)
rne A — TemnoBas mocTosHHAs TreHeparopa (I T'eHEpPaTOPOB C KOCBEHHBIM
BoAopoAHbIM oxiaxaeHueM — 30, g reHepatopoB Tuma TBD® — 15, mus

runporenepatopos — 40); Uy . — Bpems, B TedeHme KOTOPOTO POTOpP reHepaTopa MpH
JAHHOM 3HAueHMH Toka |, HarpeBaercs [0 NpeleIbHON —TeMIepaTyphl
(npunmmaercs pasubiM 120 cexynn), K,— kodQQHMUMEHT HameKHOCTH,

npuHumaemsii  1,1; |2 pacy.~ TOK OODATHOW MOCIEOBATENPHOCTH B  ICIH

3alIUIIaeMOT0 TI'eHepaTopa B PACUYCTHBIX YCIOBHUAX, KOTJa 3alluTa OOpaTHOMN
MOCIIEI0OBATEIHHOCTH TpaHC(HOpMAaTOpa HAXOAUTCS HA TPaHU cpadaThIBaHUS.
B ynpomenubix pacuerax ycnosue (5.9) 3ameHsieTcs cneayromniei popmyioii:

les = (0,35-0,5) - Lo, (5.10)

3a pacueTHOE 3HAaYEHWE TOKA CpaldaThIBAHUS 3AIIUTHI MPUHUMAETCS OOJbIIee
W3 MOJTYYCHHBIX 3HAYCHUMN.
Brinepxka BpeMeHM BTOPOM CTYIIEHU ONPENEISAETCS M0 JBYM YCIOBUSIM:

U520 =tmp. +AL, (5.11)
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tc.3.2 < tdon. , (5.12)

rje tmp_— BBIZIEP)KKAa BPEMEHM 3alluThl TpaHcPopmaTopa, ¢ KOTOPOM BeAeTcs

cornacoBanue; L BpEeMs HarpeBa I'E€HEpAaTopa N0 MPEACIbHOM IOIyCTUMOU

oon.”
TEMIICPATyphl; ONMPEACIACTCs MO TSIUIOBOM XapaKTepUCTHKE TeHepaTtopa (puc. 4, a,

4, 0) mpu HauOOJbILIEM 3HAUCHUH |2;<. waxe. IPY ABYX(a3HOM KOPOTKOM 3aMbIKAHUU
Ha BBIBOJaX T€HEPaTOPa;
At — crynens cenekruBHoOCTH, onpenensemas 1o popmyie (2.8).

3a pacueTHOE BpeMs cpabaThiBaHUsI IPUHUMAETCS OOJIbIIIEe.
Bropuunsiit Tok Ha BXoje GuibTpa

k
Ic.p. =l ni (5.13)
TA
YyBCTBUTEIBHOCTD 3aIIUTHI
k — IZK.MuH.
« ST (5.14)
c.3.

Tac I — TOK O6p&THOI>i MOCJICAOBATCIIBHOCTU B MECTC YCTAHOBKHU 3alIUTLI IIPU

2K. MUH.
KOPOTKOM 3aMbIKaHWW B KOHIIE 30HBI PE3epBUPOBaAHUA (32 TpaHCHOPMATOPOM) IS
pexXuMa U BUA TTOBPEXKICHUS, TIPH KOTOPHIX ITOT TOK MMEET HAMMEHBIIIee 3HAUCHHE.

Cornacuo [TV D ko3¢ dpunmeHT 4yBCTBUTEIBHOCTH JI0JDKEH OBITh HE MeHee 1,2.

5.3. MHOrocTyneH4aTasi TOKOBasi 3a1lUTAa 0OPATHOI MOCJIe10BATEIBLHOCTH
JJI51 TeHePaTOPOB MOIIHOCTHLIO Oos1iee 60 MBT

Tok cpabaTeiBaHUS TyCKOBOTO AJIEMEHTAa UHTETPATbHOTO OpraHa

| = 1 . 4 A

H 8 "TA tdonmakc.

HOM. (5.15)

rIe kH — ko3¢ dunment Hagexuoctu (1,1);
kg — ko3 durrent Bo3pparta pene (0,95);
A — TemnoBas mocTosHHASA TeHEPaTOPa;

oon.maxc. — MaKCHUMajlbHasA JOOIIyCTHMas BbIACPKKa BPCMCHHM MHTCIPAIBHOTO

oprana (600 cexynn).
B ympormeHHBIX pacyeTax TOK cpadaThIBaHUS ITYCKOBOTO OpPTraHa MOXKET OBITh
paccuuTaH 10 BBIPAKCHHIO

_ 0,1. IHOM.

no, = ———20% (5.16)
Nry
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C tOon

200 A=40
IW (euOpozeHepamopsbl)
180 A=29 (TB2)
A=20 (TB)
160 A=15 (TB®)
140
120 A=11 (TIB-200, TBM)
\ A=8.5 (TI'B-300)
100
A=7.5 (TBB
% (158)
\\Li A5
80 \\ ) (mypbozeHepamopbl
\ mouwHocmbro 500 MBm)
o R
\\29@\ \ N\
o LN
\\\Q\\\\ \\
20 \%\\%\ \\‘\
N
= I,
o *
0.5 1.0 1.5 2.0
a)

Puc. 4. 3aBucuMoCTH BpeMEHHU HarpeBa reeparopa 10 npeaeabHon
JOIYCTUMOMN TeMITEpaTyphbl OT TOKa 0OpaTHOM MOCIE0BATENbHOCTH
(TOK — B JI0JISIX OT HOMHHAJILHOTO TOKA I'eHepaTopa).
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C tdon
10
9
3 N\,
8 A=40
RN \\\ A=29
6 \\ A=20 A=15
N N A=11 A=8.5
A N >< \ / A=75
\ \>€< A=5
2 gi\f\\y/§\7&\
\\ \\t‘ |2
2.0 3.0 4.0

6)

Puc. 4. 3aBucumocTu BpeMeHH HarpeBa reHeparopa 10 IpeaesibHOi
JOIYCTUMOM TeMIepaTypbl OT TOKa 0OpaTHOM MOCIeI0BATEIbHOCTH
(TOK — B I0JISIX OT HOMHHAJILHOTO TOKa T€HepaTopa).

Brigepikka BpeMeHN HHTETPAIbHOTO OpraHa

tn.o.:_lz , (5.17)
2%
rae |2* — TOK 0OpaTHOM TOCIEIOBATEIBPHOCTA HAa BXOJe (UIbTpa-peie B
OTHOCUTENBHBIX €IWHMIIAX, TpU Oa3MCHOM TOKE, PAaBHONM HOMHUHAIBHOMY TOKY
reHeparopa.
Tok cpabGaTeiBaHUSI CUTHAIBHOTO OpraHa
| = 0,05-1,,,,
co. — n . (5.18)
TA
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Boinepikka BpeMeHU CUTHAJIBLHOTO OpraHa
teo. =2—7C. (5.19)
Tok cpabaTsiBanus orceuku ||

_ IZ*e.MW.' HOM.2.
IC.p.II_ kK . -n : (5.20)
y. |l TA
rae |2*2_ wun. — MUHMMaJBHBIA TOK oOpaTHOM TMOCJIEAOBATEILHOCTH TMPHU

IIBYX(I)aSHOM KOPOTKOM 3aMbIKAHHH HA BbIBOJAX TI'CHCPATOpPAa B OTHOCUTCIIbHBIX
CAUHUILIAX,

k

NPUHUMAEMbIi PaBHBIM 2.
Hanpsikenue cpabaTeiBaHUSI IYCKOBOI'O OpraHa HampsOKEHUS HYJIEBOU
[OCJIEIOBATEIBHOCT ~ IIPU  YCTAHOBKE  3alllUThl Ha  OJoKax  TIeHepaTop-

TpaHcpopMarop:

w.ll — MAaKCUMaJbHbIM KOA(Q(QUIMEHT 4YyBCTBUTEIbHOCTH oTceuku I,

Uc, =35B. (5.21)
Brigepikka Bpemenu orceuku |l
t, =04-05c (5.22)
Toxk cpabaTeiBaHUS OTCEUKH |
| . kH ' I2pacq.
ept =T (523)
TA

riue |2 pacy.— TOK OOPATHOI IOC/I/IOBATEIFHOCTH B MECTE YCTAHOBKH 3aIlMTHI IIPH

KOPOTKOM 3aMBbIKaHUHU B YCJIOBHSIX, KOTJa 3alllUTa, C KOTOPOU BEJIETCS COrJacOBaHUE,
HaXOAMTCS Ha TpaHU cpalaThIBaHUS A pekuMa pabOThl U BHUJA MOBPEKICHUSA,

06y CIIOBIMBAIOIIEr0 HanGObIIee 3HaueHue Toka B 3amure (mpu £ =0 ).
Boinep:kka BpemeHu OTceukH |

t| = tnpuc. +At , (524)

rIe tnpuc,— BBIJICpKKa BPEMEHH 3alUThI, C KOTOPOM BEAETCS COTJIaCOBAHMUE;

At — crynens cenexTuBHOCTH, onpenenseMas 1o Gpopmyie (2.8).
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6. SAIIIUTA OT 3AMBIKAHUS HA 3EMJIIO B CETSX
C U30JIMPOBAHHOU NI KOMIIEHCUPOBAHHOMN
HEUTPAJIBIO

6.1. 3amuTa OT 3aMBIKAHUN HA 3eMJIIO
B 00MOTKe cTaTOpa reHepaTopa

3ammMra ycTaHaB/IMBAeTCs HAa reHepaTopax, paboTaroIuX HEIOCPEICTBEHHO Ha
cOOpHBIC MIMHBI TEHEPATOPHOTO HANPSDKEHHUS MPH €CTECTBEHHOM E€MKOCTHOM TOKE
3aMbIKaHMs Ha 3€MJII0 CETU T€HEPaTOPHOIo HalpsikeHus SA u 6oree.

Tok cpaGaTpiBaHUs TIEPBOM CTYMEHH 3alIUTHl MPU HAJTHMYUN OJOKHPYIOIUX
pene

| B kH ' IC + kH ' IH6.5ﬂ.nep6.
c31l k ) (6.1)

6

rae ke — ko3 durmeHT Bo3BpaTa, npuHuMaemslid s pesne PT3-50 paasiv 0,9
! o
K, — K02 PUIIUEHT, YUUTHIBAIOIIUM OPOCOK €MKOCTHOTO TOKA B YCTAHOBHBIIIEMCS

pexkume paboThl; MPU HAIWMYUU BbLAepKKH BpemeHH 0,5-1c¢ kordduiment K, = 2-3;

k "

n — Kkoaddumuent HanmexHoctd, paBHbii 1,3 - 1,5; | 16.6n.neps.~ NCPBUUHBIH

YCTAaHOBMBINMICS TOK HeOalaHCa, COOTBETCTBYIOIIMI TOKYy cpalOaThIBaHUA
OJIOKUPYIOIIHNX Pelie; IC — €MKOCTHOM TOK T'€HepaTropa, MPUHUMAEMBIN MO JaHHBIM

KaTaJoroB Ha COOTBETCTBYIOIINE T€HEPATOPHI.
[Tpu oTCyTCTBUU MHPOPMAIIUN €eMKOCTHOH TOK reHepaTopa (B amIrepax) MOKeT
OBITH OTpejiesicH 1o hopmylie

IC=\/§-a)-C3-UH, A, (6.2)

rge (W — yriaoBasl 4acToTa; U n — HOMHUHAJIBHOE JINHEWHOE HaIpshKeHue, B; C > —

€MKOCTh OJIHOW (a3pl OOMOTKM cTaropa II0 OTHOMICHWIO K 3emute. Jlis
TypOOTreHEepaTOpOB

- k,-S
°71,2-JU,-(1+0,080,) * M. ©3)
T p——
k2 . 83/4
wkd/dazy, (6.4)

°~3.(U, +3600)-n"3

re S — MOIIHOCTH reHepatopa, kBA; K, — KO2(DPHUIIMEHT, 3aBUCAIIAA OT KJlacca

m3omsimuu  (mpu  temmeparype 15-20°C Ky = 0,0187), kz— Kod huImeHt,
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MpUHUMAEMBbIN s m3oisinun kinacca b mpu temneparype 25°C paBubim 40; N —
4acToTa BpallleHUs poTopa reHepaTopa, 00/MUH.

[Ipu pacuerax €MKOCTHOTO TOKa |C no dopmyine (6.2) emxocts dassr C,

nozcraBsieTcss B hapanax, a Hanpsokenne U, — B BombTax.

Tok cpabaTbiBaHMs MEPBOM CTYNEHU 3AIUTHI IPU OTCYTCTBUH OJOKUPYIOIINX
pene

| _ kH ) IC + kH . IH6.K3.nep6.
.31 k ) (6.5)

6

Trac IH5.K3.nep6._ MNCPBUYHBIN YCTAHOBHUBIIMUCA TOK HeOalaHca B PEXKUMC

BHEIIIHETO JBYX()a3HOTO KOPOTKOTO 3aMbIKaHUS,
Bropuunsbiit Tok HeOanaHca

+ IH6.n06M.’ (6-6)

HO.6mMop. =1 HO.Hec.

rac I COCTaBOIIasA BTOPHUYHOTO TOKa He6ancha, O6YCHOBJI€HH3$I

HO.Hec.”
HECUMMETPHUYHBIM PaCIOIOKEHUEM (a3 MEePBUYHBIX TOKOMPOBOJOB OTHOCUTEIHHO
MarHUTOIPOBOJIa TpaHCPopMaTopa Toka HyneBoi nocienoBarensHoctu (THIT).

OTa cocTaBIIsIIOIIasl OIpeIesieTcs Mo popMmye

k- Ho.nec(Hom.)

IH6.Hec. - 7 (6-7)

3.HAM.6MOP. + Zp. ’

rue a1c HebanaHca, HaBoaumasi BO BropuuHo oOmorke THII B

no.nec(nom.) —

HOMHHAJILHOM peXuUMe W OOYCIIOBJIEHHAass HECUMMMETPHYHBIM pacCIoiokeHueM Qa3
MEPBUYHBIX TOKOMPOBOJOB OTHOCUTEIbHO MarnutomnpoBoja THII (oTHocuTenbHO
BTOPUYHON OOMOTKH); 3Ta 3/IC OMPEACIAeTCs 0 TadI. 2;

Z5 nam.emop.— DKBHBAJICHTHOE CONPOTHBICHHE HAMArHHMYMBAHMSI, HPUBEICH-
HOE€ KO BTOPHYHO# memnu (Tadi. 2);

Z . — compoTuBieHue pene (Tabi. 2);

K — kodd@uImeHT KpaTHOCTH ToKa cpaGaThiBaHHS ONOKHPYIOIIETO pele,
OTIpeIeNsIeMbIit IO (hopMyIIe

Kk = I6Jz.nep6.
O : (6.8)

THIInom.
rae I 6n.neps. — TOK cpabaTbIiBaHUs OJIOKHPYIOMIETO peJie, OMPEAeNIIeMBbId 10

dbopmye:
K, -1
— ™ Ywomee. _

I6Jl.l’lep6. - k =15 IHOM.Z. . (6.9)

8
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OcHoBHbIC TapaMeTpbl TPaHCGOPMATOPOB TOKA H peJie,

HCIIOJB3yEMBIC B pacueTax 3alliIMTHI TEHEPATOPOB 0T 3aMbIKAHUA HA 3€MJIIO

Tabnuya 2

Tun Tp-pa UHOM’ IHOM’ 23-HW‘4-3’"0P- ’ EH6.n0()M. , Ho.nec(Hom.) 1 We Tun pese IC-P-G-’ ZP- '
TOKa B KA OM MB MB BUTKOB A Om
6,3
THIIII-1 10,5 1,75 10 100 60 39
15,75
6,3
THIII-2 10,5 3,0 10 100 85 39
15,75
6,3
THIIII-3 10,5 4,5 10 100 100 39
12’;5 0,01 120
THITIL- ’ 7.2 10 100 150 39 PT3-50 | 0,015 | 5333
THII-2 10 150 17 20
THII-4 10 150 17 20
THII-7 10 150 14 27
THII-12 10 150 14 27
THII-16 10 150 14 27
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Ecnmn OrnokupoBKa 3alIMThl OCYIIECTBISETCS OT OJOKUPYIOUIETO pere,
MOAKIIOUEHHOTO K CHeNHaIbHOM 00MOTKEe TpaHcdopmaTopa TOKa HYJIEBOU

T0CJIEI0BATEIbHOCTH, TO Koo dumuent K ompenensercs mo popmyie

NER
on.neps.
k = P (6.10)
ITHHHOM.

EciiM 3ampTa BBINOJHAETCA Oe3 OIOKHpyOmuX pene, koddpdurmenr K B
dbopmyne (6.7) Bce e MPUCYTCTBYET U ompesensercs no Gpopmyse

k = IKS’

| , (6.11)
THIInoMm.
rpe | K3 — TOK KOPOTKOTO 3aMbIKaHHS B MOMEHT BPEMEHH, COOTBETCTBYIOIIHIA
BBIJICPKKE BPEMEHH 3aIUTHI.
Bropas cocraBnsromias Toka Hebananca B ¢opmyne (6.6) — IH6.n0()M._

00yCIIOBIIEHAa HEMICHTUYHOCTBIO JIBYX CEpJCYHUKOB TpaHC(hOpMaTopa TOKa HYJIEBOU
MOCJIEIOBATEIbHOCTH,  UCIOJB3yeMOro Il 3allUThl. JTa  COCTaBISIOLIAS
omnpezensercs no Gopmyne

| _ "HO.noowm.
no.noom. 4 , (6.12)
p-
rue EH5_n00M_— s7Cc HebanaHca, HaBoguMas BO BTopuuHoM oOMoTke THII u

OOYCIIOBJICHHAS! HEHJICHTHYHOCTHIO MATrHHUTOINPOBOJOB TpaHchopmaTopa TOKa
(ompenaensercs mo tadi. 2).
CyMMapHBIi BTOPHYHBIN TOK HeOalaHca ONpeaessieTcs] IS ABYX PEKMUMOB:
[PY HAJMYIHH TT0IMArHUYHBaHKSI

_ k- EH5-H€C(H0M-) EH6.n00M.
HO.6mop. 7 +7 + 7 . (6.13)
9.HAM.6MOP. p. p.
0e3 mogMarHM4nBaHus
| _ k- EH6.H€C(H0M.)
nb.6emop. — 7 ; (6.14)

p-
3a pacueTHOE 3HAYCHHE |H5_6m0p. IpUHUMAETCS OOJbLIEE M3 MOJYYEHHBIX

3HAYCHUH, KOTOPOE MPUBOIUTCS K MIEPBUYHONU CTOPOHE 10 hopmyJie

"2 W | (6.15)

HO.On.nepa. =1 HO.6mMop.

HonyquHoe 3HAYCHUC IICPBHUYHOI'O TOKa HeOaraHca HoACTaBJIAACTCA B

dopmyny (6.1) umu (6.5).
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Ecnu nonyyeHHoe 3HaueHue TOKa cpabaTbIBaHUs MOIY4YUTCS Ooibiie S5 A, TO
MPUHUMAETCSI MEHBIIMN JUamna3oH TOKOB cpabatkiBanust y pene PT3-50 u pacuer
MOBTOPSIETCS, HO MEPEXO/I K IEPBUYHOMY TOKY OyZI€T OCYIIECTBISATHCS MO (hopMyIie

w

IH6.6m0p. e

| =
HO.O1.neps. 7 _ (6.16)
1+—2

Za.HaM.gmop.

Beineprkka BpeMeHU NIEpBOM CTYIEHU 3alUThI
t,=05-1c¢, (6.17)

Tok cpabaTeiBaHUsI BTOPON CTYIEHU

— . "
I, =K, 1o+ki-1

C HO.K3.6Hneut. (6.18)

Tac IH6.K3.6H€W. — TOK HeOajaHca IMpY BHCIIHCM KOPOTKOM 3aMBbIKAHWHU B CCTH B

HanboJiee TSKEIOM PACUETHOM PEXUME.
Ha ocHOBe ombITa S3KCIUTyaTallMd TOK cpaOaThiBaHWsl BTOPOW CTYIEHHU
npunumaetcs 100 A.

6.2. 3ammura ABMrarteJjieil oT 3aMbIKAHHUA HA 3eMJII0

3amura apurareicii MomHocThio 10 2000 kBT nipu oTCyTCTBHM KOMITCHCAIIUH
JOJKHA TIpelyCMaTpUBATLCS MPU TOKax 3aMblkaHus Ha 3emito 10A u Ooiee, a mpu
HAJIMYUW KOMIICHCAIIMU — €CJIM OCTAaTOYHBIM TOK B HOPMAJIbHBIX YCIIOBHSX
IpeBbIIIacT 3To 3HaYeHue. (s nBurareneit momHocThio 6omee 2000 kBt Takas 3a-
IIMTA JOJDKHA IIPEeIyCMaTPUBATHCS MPH TOKaX 3aMbIKaHUSA SA u Oosee.

Tox cpabaTeiBaHus 3amuT aBurateneit MmontHocThio 10 2000 kBT He momxeH
npesbimath 10A, s npurarenei momHocThio 601ee 2000 kBt — 5A.

Toxk cpabaThIBaHUS 3aITUTHI

les =K, k5p_ ' IC ; (6.19)

rIe kH —  koddpdurmment Hamexuoctun (1,2-1,3); k5p.— K03 puUIUeHT,

YYHUTHIBAIOMHNA OPOCOK €MKOCTHOTO TOKa (ISl 3alIUT C BBIIEPKKOW BpeMeHu 1-2 ¢
k5p.: 1,5 — 2, nnga 3amur 0e3 BBIICPKKH BPEMEHU k5p.= 4 — 5); IC -
YCTAHOBUBIIMICA COOCTBEHHBIH €MKOCTHBIM TOK JABUTaTeded (myig JBUrareneu
morHocTho 70 10000 kBT IC =0,3-0,4A).

KoaddunmeHT 9yBCTBUTEIBHOCTH

k _ IS’CZW.

T (6.20)

C.3.
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rje IS’aW- — TOK, TpOXOAsSuIui uepe3 TpaHchHOpMATOp TOKa HYJIEBOM
MOCJIEIOBATEIbHOCTH

3auy. 3auy.Kkao. + I3cm;.6030. : (6.21)

B ¢popmyne (6.21) |3am_m5. — TOK 3aMBIKaHHUs Ha 3€MJII0 KaOeJIbHOM JIMHHN:

— Sy (6.22)
w.Kao. 10 !

a I3au;.603@. — TOK 3aMBbIKaHUA HAa 3EMIIIO BOSI[yLHHOfI JIMHUH

| Ul
3au.6030. 350 ° (6.23)
B ¢popmynax (6.22) u (6.23) U — nuneitnoe manpsokenne, kB; | — mmmna,

COOTBETCTBEHHO, BO3IYITHON WM KaOEIbHOW JUHUU (WM SJIEKTPUYECKU CBSI3aHHOM

cetn), kM. [Toaydaemblii pe3yabTaT — TOK 3aMbIKAHHsI Ha 3€MJTIO — B aMIIepax.
Cornacuo ITYD ko3¢ dunmeHT 4yBCTBUTEIIBHOCTH JIOJKEH ObITh HE MeHee 1,2.
BenencrBue cnokHocty BeraucieHus BropuyHoro Toka THII mo nepBuunomy

TOKYy, peJie peryjupyercss Ha 3aJaHHbIA TOK cpadaThiBaHUS TMoAadell TOKa B
NEPBUYHYIO 1IETIb.

6.3. 3ammuTa JUHUI ¢ U30JIMPOBAHHON MU KOMIIEHCUPOBAHHOM
HelTpaabl0 Hanpsi:keHnem 6 — 10 kB

Toxk cpabaThIBaHUS 3aITUTHI
.5, =K, 'k5 '3Uqba3H_ 0-Cy (6.24)
rIe kH —  koad¢unuent Hamexuoctu (1,1-1,2); k5 — KO3 UIUCHT,
YUUTBHIBAIOIIUNA OPOCOK EMKOCTHOTO TOKa (JIJIs 3aIUT C BBIACPIKKONW BPEMCHH k5 =
2-3, 0e3 BBIJIEPKKH BPEMEHU k5 = 4-5); U ¢asu. — ba3HOE HAIpPSDKCHHE CETH,

@ — yraosas gacrora; C J] — €MKOCTh (ha3bl 3alUIIAeMOU JTHHUH.

OHpeI[e.]'II/ITI) BCIIMYHUHY C JI A0CTATO4YHO  CJIIOKHO, IIOBTOMY TOK

cpaOaThIlBaHUSI ~ 3alIUTBl  OMNPENENSIOT MO  3aJaHHOMYy  Kod(duimeHty
9yBCTBUTEJIBHOCTH, KOTOPBIA i KaOenbHBIX JUHWN mnpuHuMaercs 1,25, a mus
BO3AYIIHBIX TUHUN — 1,5:

| __ THIlInosp.1.
c.3. = k—’ (6.25)

y
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rne | THITnogp.n.— TOK, TPOTEKAIOMMA dYepe3 TpaHCPOpMATOp TOKa HYNIECBOH

MOCJIEAOBATENBHOCTH, YCTAHOBIICHHBIM HA MOBPEKICHHOW JIMHUM.
B cetu ¢ n3011MpoBaHHON HEUTPAIIBIO

ITHHnoep.Jz. = |3H3 - Inoep.ﬂ., (6.26)

rae | 3 g — CyYMMapHbIi €MKOCTHBII TOK CETH, ompejessieMblil nmo ¢opmynam

(6.21), (6.22) u (6.23); | noep.n. — TOK 3aMBIKaHUS HA 3€MJIIO JIMHHH, HA KOTOPOH

yCTaHOBJICHA 3alllUTa, onpe/aenseMbii o Gopmynam (6.22) wu (6.23).
B cetu ¢ KOMIIEHCUPOBAHHOW HEUTPATBIO

ITHHnoep./l. - 3|L o (3|3H3 _3|I’106p.]l.) , (6.27)

TAac ||_ — HHI[yKTPIBHBIﬁ TOK IIYI‘OI‘aCSIH_[eﬁ KaTyHIKH, |3 H — MOJIHBIN

€MKOCTHBIN TOK CCTH, Inogp_ﬂ_ — €MKOCTHBIN TOK HOBpC)KI[CHHOfI JIMHHUMU.

6.4. 3ammuTa OT 3aMBIKAHHNI HA 3eMJII0 HA CTOPOHE FeHEPATOPHOI0
HaNpsKeHus: 0JI0KOB reHepaTop-TpanchopmaTop

3ammuTa BBIMOJHACTCS HA PEJie HANpsDKCHUs, MOAKII0YAeMOM K BTOPUYHOUN
o0OMOTKe TpaHc(opmaTopa HAMNpsIKEHUS, COCIUHEHHOW IO CXeMe «Pa3OMKHYTHIN
TPEYTOJIbHUK.

Hanpsixenue cpabateiBaHuUs pelie

_ kH '3U03
“r ke My o

rne K, — xospuument nagesxuoctn (1,5); K, — xosdduument sosspara pene

U +U 5., (6.28)

(0,8); Uys — mnampsokenme Tperbeil TapMOHHMKH (IPUHHMAeTCs B Ipeelax
(0,05—0,1)'U2_qba3H.H0M_); U - - manpsxenne neGamanca (1-3 B); Npyg-—

kodhummenT Tpanchopmamuu TpaHchopMaTopa HAMPSIKEHUS, OMPEACISIEMBIA TI0
dbopmyiie
U

2.¢pazHn.HOM.

"vo =100/

[lpu moACTaHOBKE yKa3aHHBIX 3HAYCHUH IMapaMeTpoB 3allUTHl B (QoOpMyITy
(6.28) HanpspkeHue cpabaThIBaHUS pejie MPUMET 3HAYCHUE:

U, =10-12,4 B, (6.30)

MunuMmanpsHas yctaBka cpabateiBanus perne PH-53/60]] coctaBmsier 15B; ata
BEJINYMHA U PUHUMAETCS 32 PACUETHYIO.

(6.29)
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MakcuManbHOe HamnpsDKEHHE Ha 3aXKUMax pelie MpU  METaUIMYeCKOM
3aMbIKaHUH Ha BBIBOAAX OJHOU (ha3bl OOMOTKH CTaTOpa reHeparopa

3U 3U
U _ 20 _ 2.cpazmn.nom. —100
p-Maxc. o Ue.d)a3H.H0M. /(100/3) B. (6.31)
KoadpunmeHT 4yBCTBUTEILHOCTH 3aIIUTHI
U
K = p-maxc. 6.3
Y Ucp . ( . )

KoaduimeHT uyBCTBUTETLHOCTH OJKEH OBITh HE MeHee 1,5.
6.5. 3ammTa 0T 3aMBIKAHUII HA 3eMJII0 B ceTSIX Hanps:keHnem 35 kB

B cerax HaIlPpAKCHUCM 35 kB JJIs1 CUTHAJIN3alluK ITOABJICHUA OI[HO(l)aBHBIX
3aMbIKaHUM Ha 3CMIIIO MMPUMCHATIOTCA YCTpOﬁCTBa KOHTPOJIA HN30JI10U U,
BBIIIOJIHEHHBIE JIHOO C IMOMOIIbIO TPEX PpPeIC MHHHUMAJIBHOTO HAIIPAKCHHA,
BKIIFOUCHHBIX Ha (1)33HBIC HaIIPSOKCHU A, ambo ¢ IMoOMOImbIO OJHOI'O PCJIC
MaKCHUMAaJIbHOI'O HaIIPpAKCHUA, BKIIFOUCHHOI'O Ha HaNpPsoKCHUC HyneBOﬁ
ITOCJICI0OBATCIIBHOCTH.

HaHpH)KeHI/IC Cpa6aTBIBaHI/ISI PCIC MUHUMAJIBHOT'O HAITPSAKCHUSA

U
Uc,p_ _ Muﬂ.ia@gbas’ﬂ. | (6.33)

H

rac U — MHHHUMAJIBHOC pa60‘166 (1)213HOC HAIIPSAKCHUC BHGKTqueCKOﬁ

MuH. pab .gpazn.

CETH; kH — kK03(PUIIMEeHT HaIe)KHOCTH, paBHbIH 1,1-1,2.
HanpsikeHue cpabaThiBaHUS pelie MAKCUMAIBbHOT'O HAIIPSKCHUS

Uc.p. =k, 'UH5, ; (6.34)

rae UH5_ — HampspKeHue HeballaHca Ha BBIXOJE (PUIIbTpa HaIpsKEHUS HYJIEBOU

MOCJICIOBATEIPHOCTH, OOBIYHO HE  mpeBbimaromee 2-3%  HOMHHAIBHOTO
HanpspkeHus. [ TpancdopMaTopoB, MpeIHA3HAUYCHHBIX JUIsl CETH C H30JIMPOBAHHON

neiitpansio, U, =100/3 B.

k, — K03 HUIMEHT HAJIEKHOCTH, PaBHBIH 1,5.

OOBIYHO TpU MPUMEHEHUH MakcuMaiabHOTO HampstkeHus PH-53/60/] u PHH-
57 ux HanpsikeHue cpabaTbiBaHUsl OepeTcsl paBHBIM HUXKHEMY IpeJeNy JIuamna3oHa
YCTaBOK.
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7. SAIIIUTA OT 3AMBIKAHUI HA 3EMJIIO B CETSIX
C I'’'TYXO3A3EMJIEHHOM HEUTPAJIBIO

I[HH 3alllUThl OT OI[HO(l)aBHBIX 3aMbIKaHMH Ha 3€MIIIO OJHMHOYHBIX JIMHUU
JOJDKHBI HCIIOJIB30BAaThCA 3alllUTHI OT MHOFO(I)&SHBIX BaMBIKaHHﬁ, a TaKXeC
npeaAyCcCMaTpruBaThbCd TOKOBBIC 3alllUTLI HYHeBOfI IIOCJIICA0OBATCIBHOCTH, CCJIN
YCTAaHOBKa ITOCICAHHUX IIO3BOJISACT IMOBBICUTHL YYBCTBHUTCIIBHOCTHL WM YMCHBIIWUTDH
BBIJICPIKKH BPEMCHU 3alllUT.

B 3dMKHYTBIX CCTAX, a TaKXC B pPaJUalIbHbBIX CCTAX C HCCKOJbKHMHU
HNCTOYHHUKAMHM IIMTaHUA 3allluTa OT 3aMbIKAaHMH Ha 3EMJII0 BBINOJIHSICTCS B BUAC
HaNpPpaBJICHHBIX U HCHAIIPABJICHHBIX TOKOBBLIX OTCCUCK HYHCBOﬁ IIOCJIICAOBATCIBbHOCTHU
CO CTYIICHYATBIMU XAPAKTCPUCTUKAMU BBIACPIKCK BPCMCHU.

I[J'ISI JII/IHI/Iﬁ, KOTOpPBIC TI0 YCJIOBHUIO YYBCTBHUTCIIBHOCTHU U CCJIICKTHUBHOCTH
O60pyJ]OBaHBI BBICOKOYACTOTHBIMHU HWJIX  IIPOJOJIbHBIMU III/I(i)(l)epeHIII/IaJILHLIMI/I
3aliuTaMi, B Ka4CCTBC 3alllUT OT 3aMbIKaHUM Ha 3EMJIIO MPUMCHAIOTCA CTYIICHYATHIC
TOKOBBIC OTCCUKH HYHCBOﬁ IIOCJICA0BATCIIbHOCTH U MaKCUMAJIbHO-TOKOBBIC 3alllUTHI.

7.1. MakcuMaJibHO-TOKOBAsl 3alIIUTA HYJIEBOIi MOCJI€e10BATEILHOCTH

Tok Cpa6aTI>IBaHI/I}I 3alINUThI

IC-3’- - kH ) IH6.pacq.' (7.1)

rie K, — koodoumment magexnocrn (1,25); | 16.pacy,~ PACUCTHBIN TOK

HeballaHca B HYJIEBOM TMPOBOJE TpaHC()OPMATOPOB TOKA IMPH BHEIIHUX KOPOTKHUX
3aMbIKAHUAX, PABHBIN

IH6.pacq. - ka . IH6.ycm.' (7.2)

YIS ka — K03 (DUITUEHT, YIYUTHIBAIOIINN HATMYKE allepPUOIUICCKON COCTABIISIONICH
B TIEPEXOTHOM peXrUMe (JUIS 3aIuT C BhIIepkkamu Bpemenu no 0,1 ¢ ka =2,0; ¢
BoTepxkKoii Bpemenn g0 0,3 ¢ K, =15); |H5.ycm_— YCTaHOBHMBIIMMCA TOK

Hebalanca B HYJEBOM NPOBOJIE TpaHC(HOPMATOPOB TOKA MPU BHEMIHUX KOPOTKHUX
3aMBIKaHUSX, PABHBIN

_ .10
IH5.ycm._k00H. & Ipacq., (7.3)
rae ko()H_— KO?(pPULIMEHT, YUUTHIBAIOUIMNA OJJTHOTUITHOCTH TPAaHC(HOPMATOPOB TOKA
(0,5, ecnmm TtpancopmaTopsl oamHakoBele W 1,0 — ecaum pasHbe), & —

OTHOCHUTCIIbHAA MAKCHMaJIbHO BO3MOJKHAas IIOJIHAA IIOIPCITHOCTD TpaHC(l)OpMaTOpOB

TOKa TIPY BHENIHUX KOPOTKUX 3aMbIKaHHSIX (U dekTpoMexanmdeckux pene — 0,1,

(3) .
i 10%); | pacy. — PACUYETHBIN TOK BHELIHETO TPEX()A3HOrO KOPOTKOTO 3aMbIKAHHS.
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Tok cpabaTeiBaHus pele

|, =-Cs
. , (7.4)
LV
Boimepikka BpeMeHH 3alluThl
t3au;. = tnpuc. +AL, (7.5)

rae tgam_ = tnpuc. +At — BBIJICPKKA BPEMEHHU 3aINUThI, C KOTOPOH BEAETCA Corfia-

COBaHMUE.
HyBCTBUTENBHOCTD 3AIUTHI
_ BIOMuH.
K, = o (7.6)
C.3.
rae 3|0 P MUHHUMAJIBHBIN TOK HYJIEBOM MOCJIE0BATEILHOCTH MPU OHO(a3ZHOM

WK ByX(a3HOM KOPOTKOM 3aMbIKaHHUU Ha 3€MJIIO B KOHIIE BTOPOTO ydacTKa.
Koaduiment uyBcTBUTENBHOCTH A0KEH ObITh HE MeHee 1,5.

7.2. TokoBasi 3a11MTA HYJIEBOH MOC/I€10BATEIbHOCTH TPAaHC(OPMATOPOB
(aBTOTpaHcdopMaTopoB) 0JJOKOB OT BHEIIHUX 3aAMbIKAHU HA 3eMJII0

TokoBas 3amuTa OT 3aMBIKaHU Ha 3€MIJTIO0 YCTAHABIMBACTCS HA TTOBBIIIAIONIUX
tpanchopmaropax MomrHOcTh0 1000 kBA u Gonee, a Takxke Ha MMOHIMKAIOIIUX
TpaHcopMaTropax MpPU HATWYAH Y HHX 3a3eMJICHHBIX HEWTpaliel, ecim 3TO
HEOOXOJMMO TIO YCIIOBHSIM pPE3epBUPOBAHUS 3alMTHl OT 3aMBIKAHWA Ha 3EMITIO
CMEXHBIX JJIEMEHTOB CO CTOPOHBI OOMOTKH, NMPUCOCTUHSAEMONW K CETH C OOJBIINM
TOKOM 3aMBIKaHUs Ha 3EMJIIO.

Tok cpabaTeiBaHMsI 3aIUTHI ONPECIISICTCS 110 JIBYM YCIOBHSIM:

IC-3- - kH ’ IH6.MCZKC.’ (7.7)
IC.3. = kH .3I0pacq. ' (78)
rIe kH — ko3 duruent Hagexuoctu (1,1-1,2); |H5_ wake. — MaKCHUMaJbHBIH
TOK HeOayilaHca, omnpenensembli mo Qopmyne (7.2); 3|0 pacy.—  TOK HYIEBOH

TIOCIIeIOBATEIFHOCTH B MecTe ycTaHoBKkH 3ammThl (mpu L =0) B ycnosmsx, xorna
3allKiTa, C KOTOPOW BEJETCS COTJIACOBAHUE, HAXOJUTCS HA rpaHu cpabaTeiBaHud. [Ipu
ATOM PEXHUM pabOThl CETM M BHJ 3aMbIKaHUS Ha 3€MIJIIO JOJKEH COOTBETCTBOBATH

MAaKCHUMAaJIbHOMY 3HA4YCHHIO TOKA B 3aIlHUTC. bonbniee 3HaueHNe Ic_g_ IMPUHHUMACTCA B

KaueCcTBE TOKa cpabdaThIBaHUSI 3aILUTHI.
Tok cpabaTbiBaHus pese

I _ _C.3.

c.p. — . 9
P, (7.9)
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Beinepikka BpeMeHU
t3au;. = tnpuc. +AL, (7.10)

rae tnpuc_ — BBIJIEP’KKA BPEMEHH 3alUThI, C KOTOPOH BEJIETCS COTJacOBaHUE.

qYBCTBI/ITGHBHOCTB 3alIUThI

k — 3|OK3MuH.

T (7.11)

C.3.
TAac 3|0K3MuH — TOK HYJCBOU ITOCICHOBATCIBbHOCTU B MCCTC YCTAHOBKHU 3allIHUThI

(mpu t=0) s pexnma paGoThl ceTM M BHAA 3aMBIKAHHA HAa 3EMIIIO,
00yCJIOBITMBAIOIIMX HAUMEHBIIINN TOK B YKa3aHHOU TOYKE.

JIJIsi OCHOBHBIX 3alTUT KOA(D(PUIIMEHT YyBCTBUTEIBHOCTH JIOJDKCH OBITH HE
MmeHnee 1,5, a 11 pe3epBHBIX — He MeHee 1,2.

7.3. TokoBble 0TCEYKH HYJIEBOIl MOCIe10BATEIbHOCTH
aBTOTPaHC(OpPMaTOpPOB 0JIOKOB

TokoBble OTCEUYKHM HYJEBOW IMOCIIEIOBATEILHOCTH YCTAHABIMBAIOTCS Ha
aBToTpanchopmaTopax OJOKOB IPU HATTMYUHU TUTAHUS C TPEX CTOPOH.
Tok cpabGaTeIBaHUSI OTCEUKH

|70 =Ky Ipacq., (7.12)
rne K, — xosdpduument magexnoctu (1,1); | pacy.— PACUETHBIH TOK (yTPOEHHBII

TOK HYJIEBOM TMOCJIEA0BATEIHLHOCTH) 3aIlMThl MEPBOM CTYNEHH OT 3aMbIKaHUM Ha

semmo smann (mpu 1 =0) B ycnoBmsx, korma zammTa, ¢ KOTOpoil BemeTcs
COTJIacOBaHME, HAXOIUTCS Ha TPaHU cpabaThIBAHUS B MUHUMAIBHOM PEKHUME pabOTHI
CETH.

Tok cpabaTeiBaHus perne

I
Ic — c.TO
D : (7.13)
Mra

Brinepkka BpeMEeHH OTCEUKH
t3au;. = tnpuc. +AL, (7.14)

rac tnpuc. — BBIACPIKKA BPCMCHHU 3alllUTEI, C KOTOpOﬁ BCACTCA COIJIaCOBAaHHC.

LI}’BCTBI/ITGJ'H:»HOCTI:» 3alIHUThI

k — 3l 0K3mumn.

ST (7.15)
c.TO

rac 3|0R3MMH — MHUHHUMAJIbHBIKM TOK HYJCBOM IIOCICAOBATCIIBHOCTH IIPHU 3aMbIKAHW N

Ha 3€MJTIO0 CO CTOPOHBI YCTAaHOBKH 3aIIUTHI.
KoadhdummeHT ayBCTBUTETEHOCTH TOKEH OBITh HE MEHEE 2.
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7.4. TokoBble 0TCEYKH HYJIEBOW MOCI€10BATEIbHOCTH JUHUN

Tok cpabaThiBaHUS OTCEUKH

l.r0= K,, - Ipacu., (7.16)
rae kH — ko3 dunment naaexxnoctu (1,2-1,3 s orcedek 0e3 BhIACPIKEK BpEMEHU

u 1,1 — 11 oTCeueK ¢ BBIACPKKOW BPEMEHH); | pacy— PACYETHBIN TOK (YTPOCHHBIN

TOK HYJICBOW MOCJIEIOBATEIIHHOCTH), OT KOTOPOTO 3aIl[UTa JO0KHA ObITh OTCTPOCHA.
Jliist oTcedek 6e3 BbIAEPKEK BpEMEHH

Ipacq. - 3I0MCZKC. ’ (7.17)

TAc MaKCHUMaJIbHBIM TOK HYHeBOﬁ IIOCJICA0BATCIIbHOCTH B MCCTC

Omaxec.
YCTAHOBKM  3allUTHl IPU KOPOTKOM 3aMBIKAHMKA Ha 3€EMJII0 Ha IIHAHAX
IIPOTHUBOITIOJIOKHOU MOJACTAHIIUU.

JI71d oTCeuek ¢ BBIACPIKKONU BPEMEHU

Ipacq. = Ic_T0_2 , (7.18)

rae |.;0_» — TOK cpabarhiBaHWs mepBOil CTYNEHH 3aIUTH HyJIEBOi

MOCIIEIOBATEILHOCTHU CIEAYIOUIEH JIMHUH.
Bpems cpabaTpiBaHMsI OTCEYKH C BBIAEP>KKOI BpEMEHU

I N
tr0a =700 T AL, (7.19)

| 5 .

rme l.;p_» — BblIEpKKAa BpeMEHH IIepBOH CTYNEHM 3alIUTH  HYJIEBOl
IOCJIEN0BAaTENBHOCTH  crenytomei yuanm;, Al — CTYIIEHb CEJIEKTHBHOCTH,

ompeaensiemas o Gopmyie (2.8).

30HBI ACHCTBUSA OTCEUYCK OINMPEACISIOTCS IPapUUYECKH, IO TOYKE MEPEeCeUCHUs
KpPUBOW M3MCHCHHMS TOKa 3aMbIKAaHHUS Ha 3eMJII0 W TIPSAMOM TOKa cpabaThIBaHHS
3aIUTHI.

Ortceuka cunutaetcs d3pPpekTUBHOM, ecau 3amumaer He MeHee 15-20% mmuHb
JIUHUH.

7.5. ToxkoBbIe HANIPaBJIEHHbIE 3AIIUTHI HYJIEBOI M0CJI€10BATEJIbHOCTH

TokoBble  HampaBJICHHBIC  3allUTBl  HYJEBOW  IOCIICJOBATEIHLHOCTH
YCTAaHABIMBAIOTCA Ha JHUHHUSIX C JBYCTOPOHHUM IHTAaHUEM IIPH 3a3€MIICHHBIX
HEUTpaISIX TpaHCHOPMATOPOB, PACIIONOKEHHBIX C 00CHX CTOPOH pacCMaTPHUBAEMOr0
yYacTKa CETH.

YcTaBku cpabaThIBaHUs 3aIIMTHl BHIOUPAIOTCS AHAJIOTMYHO HEHAIMPABICHHON
3alUTe HYJIEBOW TmocieaoBarenbHOocTH 1m0  (opmynam (7.1) — (7.8), HO
JIOTIOJIHUTEIIBHO MPOBEPSCTCS YYBCTBUTCIIBHOCTh PeJie HAIIPABJIICHUS MOITHOCTH TI0

dbopmyne
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@ 2
— (3IOMMH) ) XOcucm.

LML VA Sc.p. ’
(1)

Omun. — YTpOGHHBIﬁ TOK Hy.]IGBOﬁ MMOoCJaICa0BaTCIbHOCTH B MCCTC YCTAHOBKH

k

" (7.20)
rie 3l
34U Tbl B MUHUMAJIbHOM PCKUME pa6OTBI CCTH,

XOCucm. — HaWMCHBIICC COIIPOTHUBJIICHUC HYJICBOM IIOCICAOBATCILHOCTH
CHCTCMBI 1O MECTA YCTAHOBKH 3aAIIMTHI,

N ps Ny — koddduumentsr Tpanchopmanmu TpaHchopMaTopoB TOKa M Ha-
OPSDKEHUS .

KoadunmeHT 4yBCTBUTENBHOCTU TOJKEH ObITh HE MeHee 2,0 mpu 3aMbIKaHUU
Ha 3eMJII0 B KOHIIE 3alIUIIIAeMON JJUHUU U He MeHee 1,5 — Mpu 3aMbIKaHUU HA 3€MJTIO
B KOHIIE 30HbI pE€3€pBUPOBAHUS.

BBI,Hep)KKI/I BPCMCHU MHOT'OCTYIICHYATHIX 3alllUT BI)I6I/IpaIOTC$I M0 BCTPCHUHO-
CTYIICHYATOMY IIPUHIUITY.

44



8. NPOJOJIBHBIE JTUPPEPEHIIUAJIBHBIE 3AIIIUTHI
8.1. IlponosibHbIe 1M PepeHIHATBHBIE 3AIMTHI TEHEPATOPOB

Ha reneparopax momnocTtsio oT 1 10 50 MBT ycranaBiuBaercs mpoaoibHas
muddepeHunanbHas 3allUTa CTATOpPa, BBHIMOJIHEHHAs Ha TOKOBBIX peJie, Ha
reHeparopax mMouHocTbio 50-60 MBT — Ha 6a3e auddepenuuansubix pene. [Ipuuem
€CIM Ha TeHepaTope HMMEETCs 3alluTa OT 3aMbIKAaHUW Ha 3€MJII0, MPOJOJIbHAs
nuddepeHanbHasl 3aiyTa BHIIOIHIECTCS B IBYX(Pa3HOM UCIIOJTHEHUU.

Ha renepatopax 06nokoB mpomoibHas auddepeHnraibHas — 3aiura
YCTAHABIMBAETCS NPU  HAJIWYUU  BBIKJIIOYATENS  MEXKIYy TEHepaTopoM H
TpaHchopMaTopoMm, a Takke Ha TypOoreHepaTopax momHocThio 100 MBT u BhImIe B
cilydae, eciii TOK cpabaTbiBaHMs 001Iel NpoAoibHON nuddepeHManbHON 3alUThI

0JIoKa TIpeBHIIIAET 1,5|H0M_. Ha rugporenepatopax 1ejib YCTAHOBKH 3aIlUThl —

BO3MOKHOCTh BBITIOJIHEHUS €€ C TOKOM CpadaThIBaHUS, MEHBIIMM HOMHHAIHHOTO.
Bce »tr 3amuThl — B TpeX(a3HOM HCIIOJIHEHUH.
YCTpOMCTBO KOHTPOJISI UCHPABHOCTH BTOPHYHBIX IeNel TpaHC(HOpMAaTOpOB
TOKa JOJDKHO MpeaycMaTpuBaThes Ha renepaTopax mouiHocthio 100 MBT u 6onee.
Tok cpabarbiBaHusi TponosbHON AudQepeHInaTbHON 3aIUThl TeHEPAaTOPOB
JOJKEH OBITh MEHBIIIE HOMUHAIBHOTO JUIsl TypOoreHepaTopoB MourHocTsio 100 MBT
1 0oJiee U THIPOTeHePaTOPOB MOIHOCTRIO Oosee 5 MBT.

8.2. IponoabHas tuddepeHunATBLHAS 3aAIUTA T€HEPATOPOB,
BBINOJIHEHHASI ¢ TOKOBBIMU peJie

Toxk cpabaThIBaHUS 3aITUTHI

IC-3- = kH ’ IH6.MCZKC.’ (8.1)
rae K, — xosdpdmment mamexmocrn (1-3); | w6 .make.— MAKCUMAJBHBIA TOK
HebajaHca, onpeaeasieMbli o hopmyJie

_k . .10
HO.Makc. ka kOOH. & Ipacq., (8.2)

YIS ka — KO3(pOUIMEHT, YIUTHIBAIOIINA HATUIUE allepUOIUICCKON COCTABISIONICH

B TepexogHoM pexume  (2); kooH_— ko2 PUIMEHT, XapaKTepPU3 YO
OJTHOTUIHOCTh TpaHchopmaropoB Toka (0,5); & —  monHas MOrPEHIHOCTh

| 3

tpancpopmaropos Toka (0,1); !pgey.— TOK BHemHero TpexdaszHOro KOpoTKOro

3aMBIKaHHs Ha BBIBoJaxX reHepatopa (mpu £ =0).
Tok cpabaTbiBaHuE pesie

I — C.3.
c.p. :
Nra

LI}’BCTBI/ITGJ'H)HOCTB 3allIUThI

(8.3)
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“ T (8.4)

C.3.
rae |y s — TOK IBYX(ba3HOro KOPOTKOTrO 3aMBIKAHMS HA BBHIBOJAX TEHEPATOPA.
KoaduirieHT 4yBCTBUTETBHOCTU TOJKEH OBITH HE MEHee 2.

8.3. IponoabHas nudpdepeHunanbLHas 3alIUTA TeHEPATOPOB,
BbINOJIHEHHAA ¢ AU PpepeHIHATBHBIMHU peJie

B pene BcTpoeH NpPOMEKYTOUYHBIM OBICTPOHACHIIAONIMIICS TpaHCchOpMaTOp
(BHT), MarHuTOmpoBOA KOTOPOTO BBIMOJHEH M3 3JEKTPOTEXHUUYECKOW CTajau ¢
«MPSIMOYTOJIBHOW TETNIEN rucrepe3uca. B pesynprare anepuoguyeckas cliararomias
Toka Ha BTopuuHyto oOMoTky BHT npakrtuuecku He tpanchopmupyercs.

Tok cpabGaTeIBaHUS 3aIUTHI

IC-3- - kH ' IH6.MCZKC.’ (8'5)
rae kH — kodddunment Hagexuoctu (1,3); | w6 mare.~ MAKCUMAIIbHBIA TOK
HebasaHca, ompeaessieMblil o popmyJie

IH6.MaKc. - koéH. & Igscch. , (8.6)
rae koaH_— K03 HUIMEHT, YIYUTHIBAIOUIUN OJHOTUITHOCTh TPaHC(HOPMATOPOB TOKA
(0,5); & — mnomuas morperrHocTh Tpanchopmaropos Toka (0,1); |§932¢q,— TOK OT

reHepaTopa Mnpu Tpex@a3zHoM KOPOTKOM 3aMbIKAHUW BHE 30HBI JCHCTBHS 3aIUTHI.
Tok cpabaTeiBaHus pene

I — _C.3.

c.p. : (8.7)
LV
Yucno BuTkoB nudpepeHnnansHoil 0OMOTKH pere
FC
_lecp.
W().pacq. T , (8.8)
c.p.

roe Fe. p. — HaMarHuuuMBaromas cuia cpadareisanus peine (100 amnep-BUTKOB).
[Monyuennoe 3Hauenne W pacy. OKPYITSETCS JI0 OJIMKANIIEr0 MEHBIIErOo
IIEJIOT0 YHCIIa BUTKOB, KOTOPOE MOYKHO YCTAaHOBHUTH Ha pene — Wy yem. -

UyBCTBUTENBHOCTD 3aIIUTHI MOYKHO IPOBEPUTH 10 JBYM YCIIOBHUSIM

I
kq — RI‘.MuH. | (8.9)

C.3.
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K.MUH.

0.ycm.
K, =12 = | (8.9a)

C.3.

tae by . — TOK IBYX(a3HOT0 KOPOTKOTO 3aMbIKaHMS Ha BBIBOJIaX T€HEpATOpA.

[IpoBepka 1o ycinoBurw (8.9a) — Oonee crporas. Koadbduruent
YyBCTBUTEJIIBHOCTH JOJIKEH OBITh HE MeHee 2.

8.4. lIponoabHas nudphepeHINATBLHAA 321UTA, BHINOJTHEHHAS
¢ noMoubI0 T epeHIHATBHBIX pejie ¢ MATHUTHBIM TOPMOKEHHEM

Ota 3amuTa coYeTaeT JBa MPUHIIUMIA OTCTPOMKH OT TOKa HebanaHca:
TOPMOXKEHHME, TIpU KOTOPOM TOK cpabaThiBaHUs 3alIUTHl aBTOMATHYECKU
yBEJIMUUBAETCS C pocTOM Toka BHemHero K3, u ucnons3oBanue bHT. B pe3ynbraTe
3alKUTa HAJEKHO OTCTPAUBAETCSA OT TOKa HeOalaHca KaKk B yCTAaHOBUBIIIEMCS, TaK U B
MEePEXOHOM pEXHME M 00JIalaeT BBICOKOW YYBCTBUTEIBbHOCTHIO Tpu K3 B
reHepaTope. Topmo3Has oOOMOTKa TOJKIOYaeTCs K TpaHcpopMmaTopaM ToOKa,
YCTAaHOBJICHHBIM CO CTOPOHBI JIMHEHWHBIX BBIBOJIOB TIeHeparopa, a pabodas — B
muddepennmanbayo  1enb. Cxema BKIIOYEHHS OOMOTOK pelie W TOpMO3Has
XapaKTepUCTHKA MTOKa3aHbI HA PUC. .

Toxk cpabaThIBaHUS 3aITUTHI

o5 =K, (8.10)

HO.MaKc. !

MaKCUMAaJIBLHBIN TOK

rne K, — xoodduument nanexuocrn (1,3-1,5); | MO MaKe. —

HeOanaHca, onpeaeseMsli mo popmyie (8.6).
Tok cpabaTeiBaHus pese

I — C.3.
c.p. : (8.11)
L7
PacueTHas HamarauumMBaromnias cuia padodeir 0OMOTKH
Fpa6.pacu. - IC-p- 'Wpa6.’ (8.12)

rie W5, — uncno utkoB paboueii o6motku pene. [ pene 3T 11/5 W, 5 =

144 Burka.
Topmo3Has HaMarHWYMBAIOIIAs CUJia

2

F
pab.pacy.

rjae kl — ko3¢ unment, mpuaumaembiid ais pene J3T 11/5 pasasim 135,8.
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Puc. 5. TuddepennnanpHas 3ammra reeepaTopa ¢ TOPMOKEHHEM
a — BHenHee K3; 6 — K3 B 30He neiicTBUS 3aIIUTEI,
6 — TOpPMO3Hasl Xapakrepuctuka peie J[3T-11/5.

TopMO3HOM TOK
(3)
| _ K3
mopm. —

Mrp
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3 o o
rae |§{3) — MAaKCHUMAJIbHBIN TOK, MPOTEKAIOIIHNI Yepe3 TOPMO3HYI0 OOMOTKY HpH

BHEIIHEM KOPOTKOM 3aMbIKaHUM.
Uucio BUTKOB TOPMO3HONU OOMOTKH

F

_ Umopm.
Winopm.pacu. = | : (8.15)
mopm.

[TonyuenHoe 3HaueHUE WmopM_ pacy. OKPYIIIAETCS 10 OMKainiero 00JbLIEro

IIEJI0T0 YHCIa BUTKOB, KOTOPOE MOXKHO YCTaHOBUTH Ha pere — Wiopa yem. .

LI}/BCTBI/ITGJIBHOCTB 3dlIUThl TIPpU HAJIWYHUHU TOPMOXKCHUA, T.C. IIPpHU pa60Te
reHepaTopa mapauiCjibHO € BHGPFOCHCTGMOﬁ

F 5
Ky ==—. (8.16)
p.cp.

B dopmyne (8.16) BenuunHa B YUCIUTENE F — pabouas HaMaromimBaroniass CuJia
px

pene, ompejensemMas M0 MUHUMAJIbHOMY TOKY JABYX(})a3HOTO K.3. B 30HE JIEUCTBHS

(2)

3dlIUTBI, paBHOMY CYMMC TOKOB, IIOCTYIIAIOIIUX OT CHUCTCMbI — II{3cucm. n oT

reseparopa — |[({23)26H_ (puc. 5, 0):

(18 e, + 1) W

= _ K3cucm. K3zen. pab.
pE )
M
(8.17)
a BCIIMYHHA B 3HAMCHATCJIC Fp.Cp. — pa60qaﬂ HaMarHn4uBaromias CHJIa

cpabaThIBaHUs pelie, ONpeaeliieMas Mo TOPMO3HBIM XapaktepucTukam peie J3T-11/5
(puc. 5, B) cienyromuM oOpa3oM. M3 Hayanma KOOpAWHAT MPOBOAUTCS Tpsimas OM
MOJT YTJIOM K OCH abcImcc:

F,s
o =arctg FL | (8.18)
mopm.K3

2
e FmopM_ K3 = ( | 1$(3)cucm. “Winopm.yem. / nTA)- Touka A1 nepeceuenus npsamoit OM

C XapakTepucTHKON cpabarbiBaHusi 1 pene, COOTBETCTBYIOIIEH MaKCUMaIbHOMY
TOPMOXKEHUIO, OyJeT SBISATHCS TOYKOM, TJ€ 3alluTa HaXOJUTCS Ha TpaHu
cpabatbiBanusi npu K3 uyepe3 mnepexoqHOE COMNPOTUBICHHE. IJTOH TOUKE U

COOTBETCTBYET pabouas HaMarHu4MBaroas cuiia cpadaTbIBaHUs pelie Fp_cp_

UyBCTBUTENBHOCTh 3alllUTHl TPU OTCYTCTBUH TOPMOXKEHHS (TeHEepaTop
paboTaeT aBTOHOMHO):
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13w

K K3een. ' pab.

- : 8.19

“~ 7100, (8.19)
2

rae |[({3)26H_ — TOK JBYX()a3HOr0 KOPOTKOIO 3aMbIKaHUS Ha BBIBOJAX I'E€HEpaTopa

IIPY OTCYTCTBUU MOANUTKH TOUKH K3 OT cuctemsl.
KoadunmeHT 4yBCTBUTETBHOCTU B 000UX CIy4yasX JOJDKEH ObITh HE MEHEE 2.

8.5. IlIpoaponbHas 1uddepeHIHATbHAS 321UUTA JJIEKTPOABUTaATEIe|

[IpononbHas muddepeHmanpHas 3aluTa YCTaHABIMBAECTCA Ha
anextpoaBuratensix MonHocThio 5000 kBT u Gosee, a Takke Ha IEKTPOABUTATEIAX
MEHBIIICH MOIIHOCTH B CJlIy4ae, €CJIM TOKOBBIC OTCEYKH HE YJIOBJICTBOPSIOT
TpeOOBaHUSAM YYyBCTBUTCIBLHOCTH.

3amuTa 0OBIYHO BBITIOJHSACTCS B IBYX()a3HOM MCIIOJHEHUH.

Ha aBurarensax momuocteio 5000 kBt m Oonee, HE UMEIOIIMX MTHOBEHHBIX
3alIAT OT DJaMBIKAHMA Ha 3EMIII0, MpOAOJbHAas audQepeHInaTbHas —3alluTa
BBITIOJTHACTCS B TpeX(a3HOM UCIIOJHEHUH.

Toxk cpabaThiBaHUS 3aITUTHI

los =K, (8.20)

Ho. . Maxe. !

rmue kH — koaddunuent Hagexxuoctu (1,5 - 2,0); | 6. make. — MAKCHMAIIBHBIN TOK

HebaslaHca, onpeensieMbli o Gpopmyie

H6.maxc. Ky 'koan. & Inyczc., (8.21)
rie Kg, kOaH_, & Oepytes aHaioruyHo (8.2);
|nyc;<_ — MaKCUMaJbHBII IIyCKOBOH TOK JBHUraTes, olpeaesieMblil no popmyie
InyCK. = knycx. lion., (8.22)

rae knyCK_ — KpaTHOCTb ITyCKOBOT'O TOKA (MPUBOJMUTCS B CIIPABOYHHUKAX);

| ;0. — HOMHHAIBHBII TOK JBHTATEISL.
Tok cpabaTbiBaHus pere

I _ _C.3.

c.p. = : (8.23)

L7

YyBCTBUTETBHOCTD 3AITUTHI
I
. " K.MUH.

kq = |— (8.24)

C.3.

rje |K_ wun. — TOk aByxdaznoro K3 Ha BbIBO/IaX ABUTATEIA.
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[Ipu BBIMOTHEHUM 3aLIUTHI C UCTOJb30BaHUEM AUDPEpeHIIUATBHBIX pelie TOK
cpalaTbIBaHUE 3AIUTHI OIpeaessercs no Gopmyie

l.;.=(0,6-0,7)-1,,,. (8.25)
Yucno BuTkoB qudpepeHnnanbHoil 00OMOTKU pelie
FC
D
W =
0. . , 8.26
pacy (Ic.3./nTA) ( )

rie  Fe. p. — HaMarHuumuBaromas cuiaa cpadareisanus pene (100 amnep-BUTKOB).

8.6. IIpomonbHas nuddepeHIHATbHAS 321IUTA TPAHC(HOPMATOPOB

8.6.1. ITpuHIMIILEI BLINOJIHEHUS 3AIATHI

[TpononbHas muddepeHanpHas 3aluTa yCTaHABJIUBAECTCS Ha
Tpancpopmaropax mourHocThi0 6300 kBA u Gonee, a takke Ha TpaHchopmaTopax
4000 xBA npu ux mapamienbHOW paboTe ¢ IETbI0 CEIEKTUBHOTO OTKITIOUYEHUS
MOBPEKIEHHOTO TpaHchopMaTopa. 3aliuTa MOXKET ObITh YyCTaHOBIIEHA Ha TpaHChOp-
maropax MmomHocThio 1000 kBA um Oonee, ecium OTCYTCTBYET Tras3oBas 3allluTa,
TOKOBasi OTCEUYKa HE YJOBJIETBOPSET TPEOOBaHUSIM YYBCTBUTEIHHOCTH, a
MaKCHMAaJIbHO-TOKOBAs 3allluTa UMEET BbIIEpKKY Bpemenu 6onee 0,5 c.

Tok cpaGaTeiBaHUS 3aIUTHI BBIOMPAECTCS UCXOAS U3 IBYX YCIOBHIA:

IC-3- - kH ’ IH6.MCZKC.’ (8.27)

Lo =Ky Lo, (8.28)
e K, — koapurment magexuoctd (1,3); l,on — HOMuHANBHBIE TOK
Tpanchopmaropa,; |H5_ wake.— MAKCHMAaNbHBI TOK He0alaHca, OHpeerseMblil 1o
dbopmyiie:

_ | 1l v
IH6.MaKC. o IH6. + IH6. + IH6. + IH6.' (8.29)
|

rie IH6. — mepBasl COCTaBIAIONIAs TOKAa HeOamaHca, OOYCIIOBICHHAs

HEUJICHTUYHOCTHIO XapaKTEPUCTUK HaMarHMYUBaHUs TPaHCPOPMATOPOB TOKA,

I
IH6 — BTOpasa COCTABJIAMOIIAasA TOKa He6aJ1cha, CBsA3aHHaA C HAJIWMYHUCM Y

CWJIOBBIX TpaHC(HOPMATOPOB YCTPONCTB PETYIMPOBAHMS HAMPSIKCHUS TTOJ] HArPYy3KOH
(PIIH);

Il
IH6 — TPCTbA COCTABJIAKOIIAA TOKa HGG&J’I&HC&, MMOABJIAIOIAACA IIPH

HCPAaBCHCTBC BTOPHUYHBLIX TOKOB B IIJICHAX 3alllUTHI;
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|,i\g — YeTBEpTasi COCTABJISIONIAsl TOKa HebanaHca, oOOyCIOBICHHAs
HECOOTBETCTBHEM pPACYCTHBIX YHCET BHTKOB OOMOTOK OBICTPOHACHIIIAIOMIETOCS
TpaHchopMaTopa YCTaHOBIECHHBIM.

[TepBas coctammstomias Toka HebaJaHca onpeaenseTcs: aHadoruyHo (8.2):

| 3
IH6. = ka ' koOH. & II(%ZC“- ’ (8.30)

3
HO B KaiyCCTBC I pacu. 6€p€TCH MNEpUOAUICCKasd Clararomasa TOKa BHCHIHCTO

merammueckoro TpexdasHoro K3 (mpm t=0) ma cropone, mporuBomonoxHoi
UCTOYHUKY MUTaHUA — puc. 6, a.. Ecnu murtanume — ABYCTOpPOHHEE, TO B KaueCTBE

| 3 (3)

4 ~ 3
pacy. O€peTcs OONbIIMH M3 JBYX TOKOB — | ;521 wm |1(r<3)_2, IIPUBEACHHBIX K

OJIHOW CTYIEHM HampsikeHus — puc. 6, 0. lns ciaydas, mokazaHHoro Ha puc. 6, B,

1® 6
pacu. K3-G1,2 -

Koadurment koc)H. ,

TOKa, IPUHUMACTCA PABHBIM 1.

XapaKTepPI3yIOHIPIﬁ OAHOTHUITHOCTD TpaHC(i)OpMaTOpOB

BTOpaSI COCTaBJIArOIIasA TOKa HeOalanca

| AN, % AN,B% k 1®
H6. W mox.a+W' mox.3 | " pacu., (8.31)

Tac ANa%, ANﬁ% — IIPCACIbl PECTYIIUPOBAHNA HAIIPAKCHUA Ha CTOPOHAX

TpancopmaTopa. YV Tpanchopmaropa 6e3 PITH moxno npurumats AN% =15% .
pu mammumn PITH AN% 6epercs B mpememax (10+18)% wu yTouHseTcs mo
CTIpaBOYHHKAM;

Knor.ct kmOK. B~ K03 HUIIMEHTH TOKOpAaCTpeIeJICHNUS, PAaBHBIE OTHOIICHUIO

claralouMx TOKa pacueTHOro BHemHero K3, mnpoxoasmmx Ha CTOpOHax, TIIe
MPOU3BOAUTCS  PETyJIMPOBAHUE  HAINpsSOKEHUs, K TOKY Ha CTOpPOHE, THE

~16 | 3)

paccmarpuBaercs  K3.  Jna  puc. 6, B kmox.a K3-G1/ VK3-G1.2

k ~16) | 3)

mok.[3 K3-G2/ "K3-G1,2 -

i
Tperbss cocraBisronias TOKAa HeOajaHca | UTBIBACTCSI TOJIBKO IIpU
HO.

BBITIOJTHEHUN U PEepeHnaTbHON  3amuThl  TpaHchopmaTopa ¢ NPUMEHEHUEM
OOBIYHBIX TOKOBBIX pene, T.6 Kak AuddepeHuaibHoi TOKOBOM  OTCEYKHU
nByxoOMoTouHOro Tpanchopmaropa. Ecim ucnonesyercs pene ¢ BHT (PHT-565,
N3T-13, [A3T-21) — ota cocraBismomias TOKa HeOajlaHca BO BHHMaHUE HeE

MPUHUMAETCS, T.K. MOA0Op YucCiIa BUTKOB Wycm.l 151 Wycm.z MO3BOJISIET MOYTH

! "
YPAaBHATb MAaroHuTHBIC IIOTOKH, CO3aBACMbIC BTOPUYHBIMHU TOKaMH I nu I — puc. 6,
auob,0.
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Puc. 6. Tlpuniun BeimonHeHus quddepeHnnanbHoi 3auThl TpaHchopMaropa

a , 6 — IByXOOMOTOYHOTO, 8 — TPEXOOMOTOYHOTO, C UCTOIb30BaHueM pene ¢ BHT.
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| i _ emop.BH emop.HH |(3)
HO. | pacu. , (8.32)
emop.BH

rae |6m0p.BH u I@mop.HH — BTOpPUYHBIE TOKM B Iuiedax auddepeHnnanibHon

! /4
3a1uThl (Ha puc. 6, a,u 6,6 —toxu 1" u 1").
YeTBepTas COCTABISIONIAs TOKA HebaNanca
w

| _ pacu.l —W yem. l‘ Ny (3) ‘Wpacu.Z _Wycm.z Ny (3)

Ho. pacul ™ pacu.2 , (8.33)
Wpacq. 1 Wpacq.Z

rae Wpacq Wpacqlz — pacueTHble yncia BUTKOB 00MoTOoK BHT 1151 HEOCHOBHBIX

CTOPOH;
Wycm.l U Wycm_z — Yucla BUTKOB, MPHUHATHIE K YCTAHOBKE COTJIACHO CXEME
perne;

| G | ¢

pacu.l )51 p a 2: — MNEPUOANYCCKUC CJIararomime TOKOB BHCIIHCTO

Tpexaznoro koporkoro 3ambikanus (mpu {=0), npoxomsmux nmo croponam, rue

MCTIONIB3YIOTCS COOTBETCTBYFOIIME yKcyia BUTKOB Wy 1 m Wy 5 o6moTox BHT.

quBepTYIO COCTABJIAIOMIYIO TOKa HeOajaHca B IICPBOM HIHUKIIC PACUCTOB
,ZII/I(l)(i)GpeHHI/IaHBHOﬁ 3alIUThI HC YUUTBIBAIOT, OHA IIPUHHUMACTCA BO BHUMAHHUC IT10CJIC

Jis aByxoOMOTOYHBIX TpaHcopmaropoB B ¢opmymax (8.31) u (8.33)
HCKJIFOYAIOTCS BTOPBIC MIPABHIC YaCTH.

B cnyuae, ecnu TOK aCHHXPOHHOTO PeKHMa (TOK KauyaHUi) OKaKeTCs 0OJIbIle
pacueTHOro TOKa KOPOTKOI'O 3aMbIKaHus, B BeIpakeHus (8.22) — (8.25) caemyer
MOJICTABJISATh TOK ACHHXPOHHOTO PEKUMA.

Jns  3amuT  OGJOKOB  TeHepaTop-TpaHchopMaTop TOK  cpabaThIBaHHS
JIOTIOJTHUTENIBHO ONPEACIACTCS M0 TPEThEMY YCIOBHIO!

- k K3Ma7<c ) (8-34)

!
rne |V g3uae. — TepuonMYecKas COCTAaBISIONIas TOKa Tpex(aszHOro KOPOTKOIO

sambikanms (mpu L =0) 3a TpaHCcOpMaTOpoM MIM pPEaKTOPOM OTBETBICHHS K
COOCTBEHHBIM HYXJIaM B MaKCUMaJTbHOM PEXHME paOOThl CTAHIIUM M CUCTEMBI TIPH
OTCYTCTBUU Ha 3TOM OTBETBJICHHH TpPaHCHOPMATOPOB TOKa nuddepeHInanbHOn
3aUTHI.

3a pacueTHbIi TOK cpabaThIBaHUS MPUHUMAETCA OOJBIINI U3 MOJYYSHHBIX MO
(8.27), (8.28) u (8.34) 3HaueHUi.

[lepBuuHbBIe TOKH (pacueTHBIE) HA CTOPOHAX 3AIMIIAEMOT0 TpaHchopMaTopa:
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S

| _ HOM.
nepe.pacy.i \/3_, U ) (8.35)
HOM.L
rae U nomi HOMHMHAJIBHBIE HAIPSKEHUST COOTBETCTBYIOIIUX CTOPOH
TpaHcpopMaropa.

Koaddunmenrta tpanchopmariuu TpaHcHOpMaTOpoB TOKa MPU COCIUHEHUU
BTOPUYHBIX OOMOTOK B «3BE31Y»:

|
_ nepa.i
Mrai =7 (8.36)

emop.i

st TpaHchOpMATOPOB TOKA, COCIMHEHHBIX B «TPEYTOJBHUK» KO3P(ULIHUEHT
TpaHcpopMalluu onpeiensercs no popmye:

\/5' Inepe.i
Mrai =—— . (8.37)

8mop.i

3nech |nep g — Onmxaiiiee K paCieTHOMY 3HAY€HHE MEPBUYHOTO HOMHUHAJIBHOTO

TOKa TpaHC(POpMATOPOB TOKA, KOTOPOE MOJAOHUpAETCS U3 CIPABOYHHKOB TaK, YTOOBI

I ! I /4 I 4
BropuuHsle Toku B miedax 3amurel — |, 1" u | (puc. 6, B) — ne npeppimamu 5A.
BTOpI/I‘{HLIe TOKH, ITPOTCKAOIINEC B PCJIC
| _ Kex. - Inepe.i
emop.i — _ : (8.38)
Nrai

rne  Kep — KO2(pDUIIMEHT, YUUTHIBAIONTUN CXEMY COSTUHECHHS BTOPUUHBIX 0OMOPOK
TpaHC(OPMATOPOB TOKAa W KaTymiek pene. M CXeMBbl «TpeyroJbHHK—3BE3/a»

kcx, = \ﬁ , JUIA CXEMBI «3B€3/1a — 3BE€30a» kcx_ =1

Tok cpabaTeiBaHus perne

Koy - |
_ ex. Yes.
Ic.p. - 4 (8.39)
Mra
[IpenBapuTenbHas IpoBEpKa Ha TYBCTBUTCIBHOCTD
|
__ ' p.non.
kq = |— ’ (8.40)
c.p.
rac Ip_anZH_ — TOK B KaTyHIKC pCJIC B IPCAIIOIIOKCHHUHU, YTO OH IIPOXOIHT IIO

TpaHchopMaTopaM TOKa TOJBKO Ha OJHOM U3 CTOPOH; onpeaenseTcs u3 Tabi. 3.

KoabduiimenT vyBCTBUTENBHOCTH JOKEH OBIT HE MeHee 2. Ecam
KO3(pUIIMEHT YYBCTBHTEIBHOCTH TIONYYHJICS MEHBIIE 2, CIeAyeT IPHUMEHSTH
3aIUTy ¢ 00JIee COBEPILICHHBIM perie.
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Tabnuya 3

DopMmyJibl U ONIpeeJIeHUs] TOKA B KAaTyLIKe peJe

BTopuuHbIil TOK B IJIeYE 3aIHUTHI I P-NOJH.
Bun K3 BBICIIIETO CpeIHero HHU3IIETO
HaATPSDKECHUS HANPSDKCHUS HANPSDKCHUS
Tpexdaznoe Ha cropoHe l
3BE3/1bI BBICIIIETO ﬁ IK38.H. ﬁ IK3C.H. M
HaPSDKCHUS nT AgL. nT AcL nT AdHL
Tpexdasznoe Ha cTopoHe l
TPEYroJbHUKA HU3IIErO ﬁ IK38 H. \E IK3C-H- —K3n.1.
HaIPSDKCHUS nT AgL. nT AcL nT AdHL
JIByx(a3Hoe Ha CTOpOHE 2.1 21 21
3BE3JTBI BHICILICTO K38.H. K3c.H. K31.H.
HanpsHKEeHUS M agu. Mrac.u. ﬁ oL /v
JByx(da3Hoe Ha CTOpOHE 2. IK36 ; 21 . 2. IKS’H ;
3BE3/Ibl CPETHETO e — \F —
e ﬁ aLVv J3: M ac. 3 LN
JIByxda3zHoe Ha CTOpOHE l
TPEyroJbHUKA HU3IIETO M M _K3n.H.
HATPSOKCHHS nT Ag . nT Ac. Ny Ad.
OnHodazHoe Ha 3eMITI0 Ha
CTOPOHE 3BE3/IbI BHICIIIETO
HaINPSDKEHHS TIPHU | K3,
OTKJIIOUYEHHOM BBIKJTIOUATEIE — — —\F
3TON CTOPOHBI U OTCYTCTBHH 3 nTAH.H.
MUTAHUSI CO CTOPOHBI
CPEIHEro HanpPsHKCHUS

IIpumeuanue: | K36.1.

IK3C.H.’
HOBpe)KI[eHI/II/I I10 CTOpOHaM BBICIHICTO,

IK3H.H.

CPCAHCTO KW HHU3LOICTO HAIIPAKCHUA

— TOKH, IIPOTCKAIOIMIHC IIPHU YKAa3dHHOM

TpaHcpopMaTopa U MPUBEJECHHBIE K COOTBETCTBYIOIMICH CTYNICHU HANPSKCHHUS,

nTAe.H. ) nTAC.H. ) nTAH.H.

TpaHC(OPMATOPOB TOKA, YCTAHOBICHHBIX HA CTOPOHAX BBICHIETO, CPEAHETO U
HU3IIETO HAINpPSKEHMUS.

kodddummeHTsr  Tpanchopmanuu

8.6.2. Iudbdepennmanbrias TOKOBAsS OTCEUKA

[IpumensieTcss Ha JIBYXOOMOTOYHBIX TpaHChOpMATOpax Majlol MOIIHOCTH H
BBITIOJTHSETCS C TTOMOIIBIO MPOCTBIX TOKOBBIX pejie, JACHCTBYIONIUX HA OTKIIOYCHUE
0e3  BbIAEPXKKHM  BpemMeHH. Jlnsg  oOjeryeHuss  OTCTPOMKH  OT  OpOCKOB
HaMarHWYMBAIOIIETO TOKAa BBIXOJHOE IPOMEXKYTOYHOE pEjle OTCEUYKH Oepercs co
BpemeneM aericteus 0,04-0,06 c.
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Tox cpabatbiBanus BbiOUpaeTcs u3 yciuoBui (8.27) u (8.28), Ho B dopmyne
(8.28) xoapdurrieHT K, oepetcs B mpejenax K, =3+5, uroGs OTCTPOUTH 3aITUTY

OoT Opocka amnepuogu4ecKoro TOKa HaMarHu4MBaHua. B Toke HebasaHca
YUUTBHIBAIOTCS TPU MEpBbIE COCTaBiAromIMe. bosbiiee W3 ABYX 3HAYEHUH TOKa
cpalaTbIBaHUSI TPUHUMAETCS 32 PACUETHOE.

BropuuHnblii TOk cpabaTeiBaHUS 3alUThl onpenaesnserca no (8.39), u mo Hemy
BBIOMpPAETCS TOKOBOE pEJIE.

[IpoBepka no 4yBCTBUTENBHOCTHU Mpou3BoAuTCs 1o (8.40) npu aByxdaznom K3
B 30HE JEWCTBMS 3alllUThl HA CTOPOHE TpaHcPopMaTropa, MNPOTUBOMOIOKHON
NUTaHUIO, B MUHUMAJIbHOM pexkume. Ecian koapuineHT 4yBCTBUTENLHOCTH MEHbIIIE
2, To npumMensiercs nuddepeHianbHas TOKOBas 3alluTa Ha pejie CO BCTPOCHHBIM
BHT — cepun PHT-560 u I3T-11.

8.6.3. JluddepeHmanpHas TOKOBas 3aliuTa, BEINOJHEHHAas Ha pene cepun PHT

Ha BHOBBL BBOAMMOM 00OPYAOBaHHH, B COOTBETCTBHH C peKOMEHaanusMu [1,
4, 5] cneayeT mpHUMEHATH pelie ¢ TopMokeHueM. Pacuer mns peme PHT-565,
NPHUBCJCHHBIA HWXKE, JaH B CBA3M C TEM, YTO peJie CIIe HCIONb3yeTCsS B
OKCIUTYaTaIlHH.

Kak yxe yKka3pIBalloch, peje UMEET BCTPOSHHBIM MPOMEKYTOUHBIN
OBICTPOHACHITIAOIINICSA TpaHchopMaTop, CiayX)amuid T OTCTPOMKH OT Opocka
aTriepuoINYECKON COCTABJISIONICH TOKAa HaMarHWYWBaHUS, a TaKXKe TO3BOJIS FOIIHMA
BBIPABHUBATh MAarHUTHBIC TIOTOKH OT BTOPHYHBIX TOKOB B IJICYax 3aIIMTHI 32 CYET

nojgbopa  HEOOXOAWMOIO  YHCJIAa BUTKOB  auddepeHnaaibHon W()Z@_ u

ypasuutensubix Wy, 1 u Wy, > obmorox (puc. 6, B).

Tok cpabaTeiBaHus BeIOMpaeTcs 3 ycnoBuit (8.27) u (8.28). B Toke HebanmaHca

NIepPBOHAYAJIFHO YUYWUTBIBAIOTCS JIBE TEPBBIC COCTABJIIONIME, NPUYEM IPU pacueTe
I o

IH6. k03 dureHT K, Oepercs paBHBIM enuHuUIe. borbliee U3 NByX 3HAYEHUI TOKA

cpabaThIBaHUS MPUHUMACTCS 32 PACUCTHOC.
ITo dopmyne (8.39) ompenensieTcss BTOPUYHBIM TOK CpadaThIBAaHUS 3allUATHI

l.. p.och.» & 3aTEM 10 BbIpaKeHHIO (8.40) BBINOIHAETCS IPEIBAPUTEIILHAS IIPOBEPKA

[0 4yBCTBUTENBHOCTH. Ecnu kl, > 2, To pacyeT IPOJOIKACTCS M MPOU3BOIHTCS

BBIOOp uymciia BUTKOB oOMoTOK pene PHT-565. Ecnam ycnoBue He BbIONHSIETCH,
CIENYET Cpa3y MEPEUTH K pACUETY PEJIE C TOPMOKEHHUEM.
Uucno ButkoB oOmotkun BHT Ha ocHOBHOH cTOpoHE (T.. Ha CTOPOHE C

OOJIBIIMM BTOPUYHBIM TOKOM | emop.i ):

F.

D

Wocn. pacu. = T (8.41)
C.p.OCH.
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rie  Fe, p. — HaMarHuuMBaromas cuna cpabateiBanus pene (100 Ammep-BUTKOB);
.. p.ocn. — TOK CpabaTbIBaHuUs PEJIE€ HA OCHOBHOM CTOPOHE.

K ycraHoBke mnpenBaputenbHO mnpuHMMaerca Ommkaiimee K Wocw. pacu.
MEHBIIIEE IICJIOE YMCIO0 BHUTKOB, KOTOPOE MOKHO BBICTABHTH Ha TEPEKITIOYAIONTUX
Kojoakax oOMoTok pene — Wocy yem.. Y pene PHT-565 na auddepenuunansnoi

0OMOTKE MOXXHO YCTAHOBUTH OT 8 70 35 BUTKOB C MHTEPBAJIOM B OJWH BHUTOK, Ha
ypaBHUTENbHBIX — OT 0 70 34 BUTKOB, TakKe€ C HHTEPBAJIOM B OJUH BUTOK.
Hcnons30BaTh MOXHO BCE OOMOTKH, WM TOJIBKO YpaBHUTEIbHbIC (B TOCIEIHEM
cllydae CHUMaeTcs Haknaaka 2-4 — puc. 7).

W1
) yp.

Ep0000eeue
28 1470

0123456 Wduqb.

0123456 3210

28 147 0 8 16 24 32
3 21 12 20 28 6

Wyp.2

Puc. 7. OTBOIBI IEPBUYHBIX 0OMOTOK MPOMEKYTOUHOTO
OpIcTpOHAacHKIIatoIerocs: Tpancgopmaropa peie PHT-565.

Yucno ButkoB 00MoToKk BHT Ha HEOCHOBHBIX CTOpOHAX

68Mop.OCH.

Wpacq.l =Wocn.yem. ” | , (8.42)
emop.1
W — W Iemop.ocu.
pacu.2 ~ Wocn.ycm.” | , (8.43)
emop.2
rae Igmop_ocy_, Igmop_l, Igmop_z — BTOpHMYHBIC TOKHM B IUI€YaxX 3allWTHl Ha

OCHOBHOW M HEOCHOBHBIX CTOPOHAX, onpeersiemMbie o Gopmye (8.38).
Yucno BUTKOB HAa HEOCHOBHBIX CTOPOHAX OKPYTIIISIETCS IO OJFDKAKIIIETO 1IeJI0T0
- W w
Y

yem.1 | cm.2 -

YTouHsieTcs 3HaUeHUE TOKa HebajaHCa C YYETOM YEeTBEPTOMl COCTaBIISIIOILICH,
MEPECYUTHIBACTCS TEPBUYHBIA U BTOPUYHBIM TOK CpaOaTbIBaHUS 3allUThl U, NpU

HEOOXOJMMOCTH, COOTBETCTBYIOIIME uKcia BUTKOB ooMoTok BHT (mo dopmynam
(8.41), (8.42) m (8.43)).
!

ITo OKOHYATENLHO NPHUHATOMY K YCTaHOBKE WWocy, yem. OIPENEIACTCA TOK

cpabaTbIBaHUS 3aIUTHI:
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_ Ic.p.ocn. oL (Fc.p./W(,JCH.ycm.)'nTA
= K , (8.44)

CX.

I !
c.3. k

CX.

4
>
U CpaBHMBAETCS C YTOYHEHHBIM TOKOM HeOanaHca. Eciun (Ic_g_ / IH6.ymqu.) >1,3,

pacuer 3akaHuMBaeTcs. Eciau HepaBeHCTBO He cOOJIIOaeTcs, CAeAyeT MPUHSTH IS
OCHOBHOM CTOPOHBI MEHBIIIEE YNCIIO BUTKOB U PACYET IOBTOPUTB.

B 3aknroueHume HEOOXOOUMO MPOBEPUTh UYBCTBUTEIBHOCTH  3aLIUTHI,
COOTBETCTBYIOILYIO IPUHATOMY YUCITy BUTKOB 00OMOTOK BHT:

!
2 p.’ W I@mop.oc;—t. “Wocn, yem, + Igmop,i ) Wycm,i
k, = = 22 8.45
“TF F ’ (8.45)
c.p. c.p.
rae Igmop_OCH_, I emop.i — BTOPHYHBIC TOKM B IUICYaX 3allUThl HAa OTICNIBHBIX

CTOPOHAX C YUYE€TOM HX 3HaKa MPU PacCCMaTPUBAEMOM CITydae MOBPEKICHUS.

8.6.4. IlpononpHas auddepernmanpHas 3aimra TpaHchopMaToOpOB,
BBIIIOJIHEHHAS C IIOMOIIBIO PEJIE C TOPMOKEHUEM

Tox cpabarhiBaHUsI 3alllUTBl W TpeIBapUTEIbHAass TMpPOBEPKa HAa UyB-
CTBUTEILHOCTD OIPEICIISIOTCS Tak ke, Kak u /i pee PHT-565. PacuerHbie umcia
BuTKOB 00MoTOK BHT onpeaenstores mo ¢popmyinam (8.41)- (8.43).

Pacuetnas paboyasi HAMarHMYMBAOIIAs CHJIA

K | HO.YMOUH.

Fp.pacq. =k, Key. - “Woacy., (8.46)

A
rae K, — xospdumment nagexuoctu (1,5); |H5.ym0%— YTOYHEHHBIN TOK
HebanaHca ¢ yderoM uerBepToil coctaBisitomeil; Wpygey —  pacueTHoe dHCIO

BUTKOB paOouecii OOMOTKH pejie Ha CTOPOHE, K KOTOpPOH IMOAKIIOYCHA TOPMO3HAs
00MOTKA.
TopMmo3Hass HAMarHUYMBAIOIIAs CHJIa

= Fp. pacu.

m.pacu. — ™ “100 | (8.47)

rjae kl — ko3 dunment, qis pene cepun J3T-11 pasusriit 135,8; mst pene JI3T-13

— 449 |1; nmns pene JI3T-14 — 610,2.
TopMo3HOM TOK
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Ky, - 18)

_ Dex. " K3i
ImopM. = : (8.48)
Nra
1(3) .
rae K3i — MAaKCHMalbHBIA TOK BHemHero tpexgasHoro K3 Ha cropone, rae
yCTaHOBJIEHAa TOPMO3Hasi OOMOTKa.
Yuciio BUTKOB TOPMO3HOM OOMOTKH
_ I:m. pacu.
Winopm. pacu. = | : (8.49)

mopm.

[IpuHumaeTcsi K ycTaHOBKE OJMKaifiliee I1eJI0€ YHCJIO BUTKOB WmopM_ycm_,

KOTOpPOE MOYKHO YCTaHOBUTH Ha pelie — puc. 8.

WmopM.
2 6

0000900

1357911 18
13 24

W51
. yp.

e
28 147 0

0123456 Wqub.

0123456 3210

28 147 0 8 16 24 32
1 21 12 20 28 3

Wyp.2

Puc. 8. OtBoasr nepsuunbix o6MoTok BHT pene I3T-11.

LI}’BCTBI/ITGJII:»HOCTI:» 3alIHUThI IIPpU HAJIMYHUHU TOPMOKCHHUA

k, ==+~ (8.50)
I:p.cp.

3nech Fp, — pabodasi HAMarHWYMBAIOIIAs CUJIA Peie:

Fp. = Wp.num. ' Ip.emop.nOﬂH., (8.51)
rae | p. 6 m.o — BTOPHYHBIA TOK B paboueldi 0OMOTKE pele TpH
paccmarpuBaeMoM MetaindeckoM K3. Ecnu nurtanme — MHOTOCTOPOHHEE, TO

MNpEeAnojaraeTcsi, 4Tro A3TOT TOK MOJHOCTBIO MPOXOJUT IO OCHOBHOHW CTOPOHE;
Wp_num, — quciao BUTKOB oOMoTku BHT, mcmons3yembIx Ha THUTAIONIEH CTOPOHE

(Ipu MHOTOCTOPOHHEM MUTAHUU — HA OCHOBHOM CTOPOHE).
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B 3namenarene ¢opmynsl (8.50) — pabouas HamMarHMuYMBaNOIIas CUJa
cpabaThiBaHus pee, onpenensemas mno Gopmyie

= 100
pep. ~ : (8.52)
1- k2 ) ( Fm.pacq./Fp.>
rjae k2 — ko3 uiment, npuaumaemsbiid 1715 pene cepun [I3T-11 pasasim 0,9618;

s JI3T-13 — 0,35; mma [I3T-14 — 0,3.

UyBCTBUTEIBHOCTh 3aIIUTHI TIPH OTCYTCTBUU TOPMOXKCHHS OMPEICIACTCS 10
dbopmyre (8.45).

B 06oux cimydasx ko3(pPUIMeHT 9yBCTBUTEIBHOCTH JOJDKEH OBITh HE MeHee 2.

8.6.5. MecTo BKJIOUYEHHUS TOPMO3HBIX OOMOTOK

TopmMo3HYI0 0OMOTKY PEKOMEHYETCS BKIIOUYATh:

Ha JIByXOOMOTOYHBIX TpaHcpopmaTopax C OJHOCTOPOHHHUM IHTAaHUEM — B
IUIEYO, IPOTHUBOIOIOKHOE UCTOYHUKY nuTanus (puc. 9, a);

Ha TPEeXOOMOTOUHBIX MOHIKAIOIIUX TpaHchopMaropax ¢ OJHOCTOPOHHHM
NUTaHUEM — B TUIEYO TOW CTOPOHBI TpaHcpopmaropa, rae BHemrHee K3 BhI3bIBaeT
oonbmuii Tok (puc. 9, 0).

B Tex cmywasx, Korma 4YyBCTBUTEJIBHOCTh 3allUThl OKAXETCS BCE XKe
HEJ0CTATOYHOM, a PACUETHBIM SIBJISIETCS YCIIOBUE OTCTPONKH OT TOKOB HeOajaHca Ha
CTOpPOHE, TJe OTCYTCTBYET TOPMO>KEHHE, PEKOMEHIYeTCs BKIIOYaThb TOPMO3HYIO
0OMOTKY Ha CyMMy BTOpUYHBIX TOKOB cTOpoH cpeanero (CH) u nuskoro (HH)
Hanpspkenus — puc. 10, a u 10, 0).

8.7. JnddepenunaibHasg TOKOBAs 3a1IMTA OIIMHOBKHU
BBICIIIET0 (CPeAHEro) HANPsKeHUsl aBTOTPaHchopMaTopoB

Ha aBtorpancdopmatopax ¢ aBymsi Bwikmtodatensmu Ha cropoHe BH (CH)
npu BKItOUeHUU TudPepeHInanbHON 3amuThl Ha TpaHCc(hopMaTOpbl TOKA B IETISIX
Beiktouateneit (TALl, TA2 — puc. 11) Oynetr uMeTh MECTO TOPMOKEHHE OT TOKa
HArpy3KH JUHUH, TTPOXOISAIIETO MO BETBSAM BBIKJIIOYATENCH. B pe3ynbrare BO3MOXKHO
CHW)KCHHE YYBCTBUTEIBHOCTM 3amuThl. [loaTomMy mpemycMarpuBaeTcs JBa
KOMITJIEKTa 3aluThl — coOCTBeHHO aBToTpaHchopmatopa (AT), moakmrogaemas K
Tparncpopmaropam Toka T A3, BCTpPOSHHBIM BO BTYJIKH BHICOKOBOJIBTHBIX BBOJIOB AT,
u nuddepeHmanbpaas 3amuTa omuHoBKH (puc. 11).

[lepBuuHBI TOK cpabaThIBaHUS 3aIUTHl ONIMHOBKU BBIOMPAETCS O YCIOBUIO

OTCTPOMKHM OT pacyeTHOro TOKa HeballaHca |H5. pacy,IPA TICPEXOTHOM PEKUME

BHemHero K3 B ciiyyae OTCYTCTBUS TOPMOXKEHUS, T.€. MPU OTKIOUYEHHOM
BBIKJIIOYATEJIe, Ha TOK B I[EMHU KOTOPOTO BKJIIOYEHA TOPMO3HAas OOMOTKa pese (st
puc. 11 — orkmouen Q1). Ilpm 3TOM momkHO paccmaTtpuBaThesi K3, BHemmHee 1o
OTHOILIECHUIO K U] depeHIHATIbHBIM 3allUTaM COOCTBEHHO aBTOTpaHcopmaTopa U
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€ro OmMUHOBOK. JIns cxemsl Ha puc. 11, ecnu cuntaTh, 4TO MUTAHUE — OT JIMHUU 2,
BHemHUM Oynet K3 nubo 3a Beikimtouatenem Q3, nubo 3a Boikimouatesnem Q4.

Gl
9

Q1
[ )
o l g TAL
K3-G1 3 WmopM.
—o—f':f,l\—o—l
Wyp.1 Wyp2  Woug,
)
A 4 <“—— <——
“«—q
[ ) —
|(3) i g TA2
K3-G1 X
[ ) Q2
K1
_l_!v a)
Gl G2
f ) Y]
f\J Q ,'./' K2
_0_!
Q1 Q2
[ )
1 i g TAL —>
K3-G1 WmopM.
[ ) _
—
—>
Y TA2 Wyp.1 Wyp.2 Wduqb.
Y o~ _._rW‘\] a'aal !
<« <« <«——
< <«
I (3) —P
K3-G2 <—— °
[ ] — P
@ g TA3
|K3-G1,2 N —
[ ) Q3
v K1
6)

Puc. 9. Cxembl BKIIIOUEHHS TOPMO3HBIX 00MOTOK pene [I3T-11
a — B 3aIllUTe JByXO0OMOTOYHOro TpaHcopmaropa, 6 — B 3alUTe
TpexoOMOTOYHOTO TpaHcopMaTopa (B mIedo ¢ OOIBIIUM TOKOM

BHemrHero K3 B touke K2).
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Q1 Q2
[ ]
@ l g TAL —>
K3-G1 y; WmopM.
S
>
—>
Y > TA2 Wyp.1 Wyp.2 Wdud).
= —TINIYL r—e
I (3)
K3-G2 4—\—=
[ ] —4
@ g TA3
K3-G1,21 —~— €«
[ ] Q3
K1
_l_p/ a)
Gl G2
~y {f\_,} K2
01 Q2
[ ]
I ()] l g TAl
kae1¥ Winopm.
1 ——
% TA2 Wyp.1 Wyp2 | Woug.
° '+>VV \-I e
I (3)
K3-G1 e
[ ]
E TA3
<«
[ ]
Q3
. 6)

Puc. 10. Bxirouenue TopmMo3HbIx 00MoTOK pese [13T-11 Ha cymmy TOKOB
CTOPOH CPEIHETr0 M HU3KOTo HarpsbkeHus: a — BHemHee K3 Ha ctopone HH,

o m "
B TOPMO3HO# 0OMOTKE — TOK I , 06 —BuemHee K3 Ha cropone CH — Tok 1"
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K nunuu 1 K nunuu 2

[ R
A g

TAL TA2 g Wnopm. Pene
I A3T-11

[ | —* |

Q1 Q2

| | Wyp. 1 Wyp. 2 Waud).

(Y
[ ]

TAS3 ®
(ecmpoeHHbIl)| 2

¢
TA4 3 TL1
fﬁ oY\ o — Y Y\ —¢ o2
36
Yy s
s TL3 Pene
’VT\—o H3T-21
TA5 g °
! — Y 1
Q4 K pene ‘E
Opyaux
— pas

Puc. 11. TlpuHnunumanpHas cxeMma BBITOTHEHUS quddepeHITnaaIbHON 3alUThI
aBroTpanchopmatopa (pene J3T-21) u quddepeHmanbHOM 3aUThI
omuHoBKH (pene JA3T-11).

Bonpmmii u3 tokoB K3 mpuHuMaeTcs 3a pacueTHbI IPHU ONPEIEICHUU TOKa
HebanaHca.
OtcTpoiika mpou3BoguTcs 10 Gopmyie, aHaaorudHou (8.27)

los =K, (8.53)

HO.MmaKe. !

[IPYU 3TOM kH IIPUHUMAETCS pPaBHbIM 1,5.

3arem 1o (8.39) ompenensercs Tok cpabareiBanus pene, mo (8.41) u (8.42) —
pacyeTHOE U YCTAHOBJIEHHOE YHUCJIO BHUTKOB YypaBHUTEIbHbIX oOMoTOK BHT.
OKpyTJICHHE YKCIIa BATKOB — IO TEM JK€ IMpaBIaM, 4To 1 B 1. 8.6.3.

HeneiictBue 3ammtel npu BHemHUX K3 Ha CTOpOHE, rae ycTaHOBIIEHA
paccMmarpuBaeMasi 3allluTa, B CJIydasx, KOrJa BKJIIOYEHbI 00a Beikmodarens (Ql wu
Q2) u Tokm K3 He orpaHWYMBAIOTCS COINPOTUBJICHHEM aBTOTpaHc(opmaTopa,
o0ecrieunBaeTCa TOPMOKEHUEM.

Pacuer TpeGyemoro umucia BUTKOB TOPMO3HOM OOMOTKH pejie MPOU3BOAMUTCS
o ¢popmyie:
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IH6.pacq. ' Wpa6.

Winopm.pacu. = Ky * | i : (8.54)
mopm. gﬁ
B KOTOpOW 1,5 ;4cy — TICPBHYHBIA TOK HeOanaHca C  Y4eTOM HETBEPTOi

COCTaBJISIONIEH, onpeeneHHoi no (8.33);

Wpa5_ — IPHUHATOE K YCTaHOBKE YMCJIO BUTKOB paboueit oomMoTku bHT pexne,

MIPUCOEIMHEHHOM K TeM ke TpaHc(hopMaTopaM TOKa, 4YTO U TOPMO3Hasi 0OMOTKA;
|m0pM, — TIEpBUYHBIA TOPMO3HOW TOK IpH pacueTHOM BHemHeM K3. s

cxembl Ha puc. 11 — sto K3 B Hauane nuauu 1 wiv TUHUU 2, KOT/A 1O MEPBUYHBIM
obmotkam TpaHcpopmaropam Toka TAl u TA2 mnporekaeT CKBO3HOM TOK
NOBpeXAeHUS. TOPMOKEHHE TOKHO 00ECIIeUUBATLCS MPYU MEHBIIIEM U3 3TUX TOKOB;

k, - KO PUIIMEHT OTCTPONKU, YUHUTHIBAIOIIUM TOTPEIIHOCTh pelie U
HEOOXOAUMBIH 3amac, MOKET ObITh MPUHST PaBHBIM 1,5;

tgf — ramrenc yrma [ HakinoHa kacaTenbHO#, NPOBEICHHON M3 Hauana
KOOPJIMHAT K TOPMO3HOM XapakTepucTtuke 2 (puc. 5, B), k ocu abcuucc. Ucxoas u3
3aBOICKOH xapakrepuctukd Moxuo npunnmate (9 =0,75, wue Bbmonmss
rpaduuecKkux MmoCcTpoOeHUH.

[Tonyuennoe WmopM_ pacy. OKPYIJIAETCSA 10 OJNMKAHWIIETO OOJBIIETO LIENOrO

YKClia BUTKOB, KOTOPOE MOXHO YCTAaHOBUTD Ha peJie.

UyBCTBUTENLHOCTh 3alIUTHl OLIEHHWBAETCs Mpu Metaumueckom K3 mexny
nByms (azamu u npu omHodazHom K3 Ha oOmMHOBKE B pPEXHUME ONPOOOBAHUS
aBroTpanchopmartopa. [Ins cimydas, mzobpaxkenHoro Ha puc. 11, — mpu momaue
nutanusg Ha AT Beikmodatenem Q3 mpu otkimroueHHBIX Ql m Q2. Koaddumment
YyBCTBUTEJIBHOCTH onpeaensiercs no (8.40), mOCKOJbKY B pacCMaTpUBAEMOM CiIydae
TOPMOXKEHUE OTCYTCTBYeT. B cooTBercTBUU ¢ [TYD — [1, m.3.2.21] — B 3TOM pexume

B 000MX CITy4asiX JOJIKHO BBITIOHITHCS yCIIOBUE kq 21,5,
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9. HONEPEYHBIE TN®O®EPEHIIUAJIBHBIE 3ALIUTHI

9.1. Ilonepeunas audpepeHHATBHAS 321UTA TEeHEPATOPOB

[Tonepeunas nuddepeHimanbHas 3alUTa yCTAHABIUBAETCA Ha TeHEepaTopax ¢
napasuieIbHIMA BETBSIMU 0OMOTOK B (haze.

Ha TypOorenepatopax momiHocThio 150 MBT u Oonee 3amura BBITOIHAETCS
0e3 BBIIEPKKU BpeMeHH; MOIIHOCThI0 MeHee 150 MBT — ¢ BO3MOXHOCTBIO BBOJA
BBIJICP)KKM BPEMEHH TIPU TOSBJICHWU TEPBOTO 3aMbIKaHHMS Ha 3EMJII0 B ILEMH
BO30YXKICHUS M HAJIMYMUM 3alUThl OT BTOPOro 3amblkaHus. Ha rumporeHeparopax
3all[UTa BITIOJIHSAETCS 0€3 BBIIECPKKH BPEMEHHU.

B kauectBe oprana, pearupyroIiero Ha MOBBIIIEHUE TOKAa B KOHTPOJIUPYEMOU
e W OTCTPOEHHOT'O OT BBICIIMX TapMOHUK, HpuMeHsieTcs pesie Toka PT-400,
OCHOBHBIE TTapaMETPhl KOTOPOTO MPUBEICHBI B Ta0II. 4.

Tabnuya 4
Texunueckue nanupie pesae PT-40@
Huana3zon | 3axxumsel pene | [Ipenens Yucio MoIIHOCTh, TOTPeo-
yYCTaBOK WU3MCHCHHSI BUTKOB JsieMast TIPU TOKE
YCTaBOK, A nepBou ycraBku, BA
I 4-8 1,75-3,5 25 0,5
1 6-8 2,9-5,8 15 0,5
1L 4-6 4,4 8,8 10 0,5
Y/ 2-4 8,8 -17,6 5 1,0
Tok cpabaTbiBaHUS 3aITUTHI
Ic.3. =(0,2-0,3)- IHOM.eeH.- 9.1)
Koaddumment tpanchopmarmn tpanchopMaTopoB TOKa
e = 600 1500 -
Tok cpabaTeiBaHus perne
I
I — C.3. (93)

c.p. .
Nra

[To momyueHHOMY 3HaYEHUIO TOKa CpadaThIBaHUS BEIOUparOTCs ycTaBku pene PT-
40®. Eciam mnonydeHHbIE 3HAYEHUS TOKa CpabaThblBaHUS HE COOTBETCTBYIOT
Jana3oHy YCTaBOK pelie, HE0OXOAWMO HM3MEHUTHh KOA(DPHUIMEHT TpaHchopMaIuu
TpaHc(opmaropa Toxa.

Brinepxka BpemeHu

t., =0,5¢C. (9.4)
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9.2. IlonepeyHbie HanpaBJeHHbIe AU depeHIHATBHBIE 32U THI
napauleJIbHbIX JTMHUH

[Tonepeunsie nuddepeHnranbHble 3alUThl  MPUMEHSIOTCS B  KadyecTBE
OCHOBHBIX JIJIS IBYX MapajuieabHbIX JUHUN 35-220 kB ¢ 04HOCTOPOHHUM MUTAHUEM,
a TaKXe JJIs JUHUN C IBYCTOPOHHHUM MHUTAaHUEM — MPEUMYIIECTBEHHO B ceTax 35 kB
u pacnpeneauteasHbix cetsax 110 kB (puc. 12).

[Ipu oTKIIOYEHUU OAHOW M3 JUHUU mornepeyHas aud@epeHnnanbHas 3amuTa
CTAHOBUTCSI HECEJIICKTUBHOM W  BBIBOJUTCA U3  pabOThl  OJIOK-KOHTAKTOM
cootrBeTcTBYytomiero Beikatouarenss — Q1.1 wmm Q2.1. TlostoMmy B KauecTBe
PE3EPBHBIX 3aIUT MPU pabOTe NABYX JIMHUW U OCHOBHBIX MPU OTKIOUCHUHU OJHOUN U3
HUX TPUMEHSIIOTCSI TOKOBBIE 3alIUTHI OT 3aMbIKAHMM Ha 3€MJII0 U TOKOBBIC WJIU
JMCTAHIIMOHHBIC 3aIIUTHl OT MHOTO(a3HBIX 3aMbIKaHUN. PexoMeHIyeTCsl BKIIFOUEHHE
JUCTAHIIMOHHBIX W TOKOBBIX 3alllUT HAa CYyMMY TOKOB MapaJljieIbHbIX JIMHUN
(IMCTAHITMOHHBIX 3aIUT — B LEJIAX YMEHBIICHUS HUCIOIb3YEMOU anmapaTypsl U JUIs

ITIOBLBIIIICHUA qYBCTBHTeHBHOCTH, TOKOBBIX 3alauT — JJIA ITOBBIIIICHU A
qYBCTBI/ITeHBHOCTI/I).
Q2 TA2 w2 TA4 Q4
— (e e~
TV1 omTvi OmTV2 TV2
L L 1
Kw1 KW?2
—>4 =
KA1l KA2
01 w1 03
[ o 75— © 5@ —T
a)
Q11 Q21
Q Q KA1.1 KW1.1 —KH1
I—/—/—/ — +—> Omkn W1
KW1.2 —KH2
— +—»Omkn W2
6)

Puc. 12. TlpuHnunuambHasi cXeMa BBINOJIHEHHS MOTIEpEeYHO HalpaBJIeHHON
mddepeHnanbHOM 3aUThl TapaJlIeTbHbIX JTHHHMI:
a — TIOSICHSIOIIAs CXeMa, O — OTiepaTUBHBIE LETH.

67



B cern ¢ OonpbmiuM TOKOM 3aMblKaHUS Ha 3eMJ0 (T.e. B CETH C
IIIyX03a3€MJICHHBIMM HEUTpalsiMHU) 3allluTa B HayaJe M KOHLE JMHUHA MOXET
BBINIOJIHATHCA B JIBYX BapHaHTaX: OJHUM TpeX(a3HbIM KOMIUIEKTOM, JIE€UCTBYIOIIUM
IIpU BCEX BUAAX MOBPEXKACHUH (pesie BKIIOYAIOTCS HAa Pa3HOCTh TOKOB OJTHOMMEHHBIX
¢az), uiam AByMsl KOMIUIEKTaMHU — JBYX(a3HbIM KOMIUIEKTOM OT 3aMbIKAaHUH MEXIY
(azaMu ¥ KOMIUIEKTOM OT 3aMbIKaHUN Ha 3eMJIIO (peje BKJIIOYAIOTCA HA Pa3HOCTh
TOKOB HYJIEBOW IOCJIEIOBATEIBbHOCTH 3alIUIIAEMbIX JIMHUM). Bo BTOpoM Bapuante
ynaercs ooecnednTb OOJIbIIYIO0 YyBCTBUTENBHOCTD MIPU 3aMbIKAaHUSAX HA 3EMITIO.

B o0Ooux BapumaHTax Juis 3allMThl OT 3aMbIKaHUWA Mexay @a3zaMu TOK
cpabaTbIBaHUsI BHIOMPAETCS UCXO/SI U3 YETHIPEX YCIOBHIA:

OTCTPOMKHM OT PAacCUYETHOTO MAaKCMMaJIbHOTO TOKa HeOanaHca NpU BHEIIHEM
Tpexdaznom metasmmueckom K3 Ha muHax nojacranuuu (B pabote — o0e TUHUM):

s > kr k” (95)

H6 pacw. H5 pacu.

oOecrieueHusi BO3BpaTa MyCKOBBIX pesie mocie oTkiatoueHus K3 Ha omHoil u3
JTUHUM (B pexxuMe paboThl IBYMSI JIMHUSMH ):

Ky
los 2 PR ' IHaZp.MaKC. ; (9.6)
6

. o 2
OTCTPOUMKH OT TOKa HCIOBPCKIACHHOU (1)3351 Ilglez’l Impun KaCKaJHOM

oTkioueHun aByx¢asHoro K3 (sBiusercs pacyeTHbIM TOJBKO IS 3alluT,
YCTaHOBJICHHBIX Ha MUTAIOIIEH CTOPOHE JIMHUN C OJHOCTOPOHHUM ITHUTAHUEM):

" 2
c3 —k |z$e3¢ , ©.7)

OTCTPOMKH OT TOKa HEIMOBPEKICHHON (a3bl | nen.pacy. TIPH KacKaJIHOM

OTKJIFOUeHHH oJiHO(a3Horo min AByx(dasznoro K3 Ha 3emitto, Korja mycKOBBIE pelie
HAXOJSITCS HA TPaHU cpalaThIBaHUS (MOXKET OKa3aThCsl PACYETHBIM TOJIBKO B ClIydae
JIBYCTOPOHHETO HI/ITaHHﬂ):

C 3. — k” Hen.pacq. . (98)

Yare Bcero onpeaesatommum apisercs yciobue (9.6).

B dopmynax (9.5) — (9.8) ucnons3yrorcs ciaeayroniue 0003HAYCHUS :

K, =12; K;; =13 — koo durmentsr HanesxHOCTH;

k,=0,8 — k03¢ HUIMEHT BO3BpaTa pee;

’

16. pacu. pPAcyYETHBIM TOK HeOalaHCa, BBI3BAHHBIA HEUJCHTUYHOCTBIO

XapaKTePUCTUK HaMarHW4YMBaHWUs TpaHCHOPMATOPOB TOKA, YCTAHOBJIEHHBIX Ha
MapaJJICIbHBIX JJUHUAX
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’ _ . . ~._K3Benew.maxc.

IH6.pacq. - ka kOOH. & 2 , (9.9)
rje k,=2 - KO3 (PUIMEHT, YYUTHIBABIIUNA HAJIUYHME allepUOJMYECKON COCTaB-
JSIOLIEN TOKA B IEPEXOAHOM PEXKHUME;

kOaH_ —  K03(h(UIMEHT, YUUTHIBAIOIINN OJHOTHUIIHOCTh TpaHC(HOPMATOPOB
Ttoka, mnpuHuMmaercs paBHbiM 0,5 (TAL um TA2 — oauHakoBble) win 1

(TpanchopmaTopbl — pPa3HBIX TUIIOB);

=01 - oTHocuTenbHOE  3HayeHHWEe  MOJHOH  MOTPEIIHOCTH
TpaHC()OPMATOPOB TOKA,

" v V)
n6.pacy, — ~ DACUCTHEIA TOK HeOanaHca, OOYCIOBICHHBIH pa3IMIHEM

napaMeTpOB NapasyIeIbHbIX TUHUI

Zu1 — Ly I
" _ w1 2 | ._K3snew.maxc.
nb.pacu. — 5 ka 2 ; (9.10)
W1

| K3snewmaxc. — DPACICTHBIN cyMMapHbIi TOK BHemHero K3 (mepuoamueckas
crararorias);
|Ha2p_ Make.— MAKCUMAJTbHBIA TOK Harpy3Ky JIMHUH.

UyBCTBUTENBHOCTD 3aLIUTHI ONPEIEIAETCS NI IBYX PEKUMOB.
1) INpu BKIIFOYCHHBIX BBIKIIOYATENISAX ¢ 00CHX CTOPOH JUHHUU M JBYX(a3HOM
K3 B TOuke paBHON UyBCTBUTEIBHOCTH, KOTOpas HAXOIMTCS OT 3alIUThl C TOKOM

cpabaTbIBaHUs |c_3_2 Ha PacCTOSIHUU:

| — Ic.3.1 A

p.

JUHUY (9.11)
Ic.3.1 + Ic.3.2

| (2)

3Has MOJI0KEHUE TOYKU PABHOM 4yBCTBUTEIBHOCTH, ONPEACIAIOT TOKA | jri_q

2 o

u |[({1)_2 (puc. 13) u paccuuTHIBAIOT KO3(PPUIUCHT YyBCTBUTCIBHOCTH, KOTOPBINA
IOJDKEH OBITH HE MeHee 2:

(2 (2 |(2)1+|(2)

|
' K1-2 K11 K1- K1-1

c.3.2

c.3.1

2) Ilpu nByxdaznom K3 Ha rpaHuile 30Hb KAacKaJHOTO JEHCTBHS, KOTJa
BBIKJTFOYATEIIb TTOBPEXKICHHOW JIMHUM C MPOTUBOIOJOKHON CTOPOHBI YK€ OTKIIOYECH
(puc. 14).
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| @ i p-4 | @
K1-2 | K1-1
Q2 3 WKl - Q4
l— ro—{———o & Y @ —l
TA2 w2 TA4

KA1l

Q1 TAl w1 TA3 Q3
T— - ——F— @ *——5—7 @ —T
- -

I @ I @

K1-1 K1-1

Puc. 13. PacnpenerieHre TOKOB B KOMITICKTaX 3al[UTHI
npu K3 B Touke paBHOI 4yBCTBUTEIBHOCTH.

| ) LK.O. I o
|
Q2 2 K2 |
l— Y\ e (Y o —l
TA2 W2 TA4

Q1 TAl wi

T— -CW.

.W.- —T

—>¢ [ ] 1 i[j KA2 >

Puc. 14. Kackagnoe otkinrouenue K3 — Beikimrouarens Q4 yxxe OTKIIOUEH.
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BennumHa 30HBI KacKaJHOTO JEHCTBHS B NPHOIMKEHHBIX pacderax
onpenensercs no hopmyre:

__cs3.1
Ix.a. T 'Imeuu, (9.13)
K3%
ree | K3y — Tok K3 Ha mmHax nmpoTuBOINONOXKHOHM nmoxacraHuuu. OgHako Oonee

TOYHO TPAHHUIA 30Hbl KACKaJHOIO JEHUCTBUS OMNpenensercs rpa@uueckd Kak TOYKa
NepecevyeHns JMHUHN, COOTBETCTBYIOIIEH TOKY cpaOaTbIBaHUS 3alUThI |c_3_1, c
KPUBOH, MpeacTaBisioneil co00l 3aBUCUMOCTh TOKa B 3allIUTE€ OT MECTOIOJIOKEHUS
touku K3 — IS’GW-l =f(l).

Tox B 3ammure

| _1@ _|(2)

3awy.l = "K2-2 K21, (9-14)
| (2) | (2)
rae K2-1 1 K2_2 — TCPBUYHBIC TOKH, IIPOTCKANOIIME IO MNapaliCIbHBIM
nuHusaM nipu K3 B pacueTHBIX TOUKaXx ( | — TeKyllaslt KOOpAuHaTa, | =0+ T )-

Bennuuna |K_()_ KQXKJIOT0 KOMIUIEKTa 3alllUThl HE JOobKHa mpeBbimath 30%
JUTMHBI JIMHUHM, WHAYe B CPeJHEN YacTH JUHUN BO3MOXXHO TOSIBJICHHE Yy4acTKa, MpH
K3 Ha koTOpOM HU OHA U3 3aAITUT HE JICHCTBYET.

qYBCTBI/ITeJIBHOCTL 3dalIUTHI IIpU K3 na rpaHunc 30HbI KACKAaAHOT'O I[CﬁCTBPIH B
MUHHUMAJIBHOM PCIKHUMC pa6OTBI CCTHU

132,
Kq =7 (9.15)

c.3.1
KoadpunmeHT 9yBCTBUTEIBHOCTH JTOJKEH OBITH HE MeHee 1,5.
Eciu kl', U k[,’ MeHee Tpedyembix 1o [IYD, To TOKOBBIE MyCKOBBIE pelie
JIOTIONHSIOTCS TyCKOM (OJIOKMPOBKOW) pejie MUHUMAJIBHOTO HampsbkeHus. B aTom
ciydae .. oTIpeieNsieTCsl TOIBKO MO yclioBUIo (9.5), a HanpshDKeHne cpadaThIBaHUS

perne OJIOKMPOBKH OMpENeNIIeTCs 10 YCIOBHIO BO3BpaTa mociie oTkiatodeHus K3 Ha
OJIHOM M3 JMHUH min BHelHero K3

U < Upa6.MuH.
“r k;l 'ke'nTV .

Kak mpaBuno, ycinoBue (9.16) sBiseTcs OnmpenensroniuM, HO WHOTJa MOXKET
MOTPeOOBaThCA OTCPOMKA OT HANPSHKCHUN HEMOBPEXKACHHBIX (a3 MpU KacKagHOM
oTkitoueHnu K3:

(9.16)

u®

Uc.p. Sﬁ; (9.17)
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U

U S Hen.pacy.
C.p. k” . .
H nTV

B ¢popmynax (9.16) — (9.18) ucnonb3yrorcs ciieayromme 0003HAYCHHS :

(9.18)

U pab.mun. (0,9+0,95)U,,,,, - wMuHEManbHOEe paGouee HAmNpsIKEHHE B

MECTC YCTAHOBKH 3aIIUTHI,

u@ _

Hen. HanpsDKEHHE MEXAY HEMOBPEKIECHHON M MOBpPEXIEHHOUW (a3zamMu B

MCCTC YCTAHOBKH 3alllUTBI IIpPpU I[ByX(pa?;HOM K3 na T'paHUIC 30HBI KAaCKAIHOTO
HeﬁCTBHH A0 MOMCHTA OTKJIFOYCHMH A BBIKJIFOYATCIIA C HpOTPIBOHOJ'IO)KHOﬁ CTOPOHBI,

U,.en. pacy.— PACUYETHOE HANPHKEHHE MEXKAY MOBPEXKICHHON M He-

HNOBPEXKIECHHOMN (pa3amMK B MECTE YCTAaHOBKH 3aLIUTHI NPHU ABYX - WK ogHoda3Hbix K3
Ha 3€MJII0 Ha TPaHUIIE 30HbI KaCKaJHOTO JNEUCTBUS 10 OTKIIIOUEHMS BBIKIIOYATENS C
IPOTUBOMOJIOAKHOU CTOPOHBI.
OcranbHble 0003HaYCHHS T€ XK€, uTo U B hopmynax (9.5) — (9.8).
UyBCTBUTENBHOCTh TOKOBOT'O peJie mpoBepsiercss mo ycioBusM  (9.12) wu
(9.15), a oprana MUHMMAaJIBHOTO HaIpsKeHUs: — o opmyie

= et

¥ (9.19)

3auy.(K3)
Tac U3au;.(K3) — MG)KI[Y(bEBHOG OCTATOYHOC HAIIPSAKCHHUC B MCCTC YCTAHOBKHU

3ammThl Ipu AByxdazHom K3 Ha MpoTHBOIIOI0KHOM KOHIIE JTUHUU.

KoaddunmeHT 9yBCTBUTEIBHOCTH JTOJKEH OBITH HE MeHee 1,5.

Tpexdaznoe K3 Ha ogHOM U3 THMHUI B 30HE KACKAIHOTO JICMCTBUS KOMILJIEKTOB
3allUThl COMPOBOXKAACTCS 3HAYUTEJILHBIM TOHWKEHUEM HAMNPSKEHUS Ha IIMHAX
MOJICTAHITUH, B HETIOCPEJICTBEHHOW OJIM30CTH OT KOTOPOM MPOU3OIILIO IMOBPEKICHUE.
B pesynprare Bo3MOXKEH OTKa3 B cpabaThIBAHUU KOMILJIEKTOB 3aIlUTHI IO O00OUM
CTOpPOHAM JMHUM: Oirpkaifiiero k Toke K3 — u3-3a HecpabaThIBaHUS peie MOIIHOCTH
KW, 00ycrnoBieHHOTO TOHWXEHUEM HANpsOKEHUA, a YIAICHHOTO — H3-3a
HecpabaThIBaHUs TOKOBBIX pelie. YUacTOK, Ha KOTOPOM BO3MOXEH TaKOW PEXKHM,
HAa3bIBACTCS MEPTBOM 30HOM 3alMTHI MO HAIpPSKEHUIO. BennumHa 3TOro ydacrtka
onpenensercs 1o ¢opmyne (10.9), npuBeJIcHHOW B pasjaene «TokoBbIe
HampaBJICHHBIC 3aIIUTHI.

Tok cpabaThiBaHUsI KOMIUIEKTa OT 3aMbIKaHUW Ha 3€MJII0 OTCTPAUBACTCS OT
MaKCHMAaJbHOTO TOKa HeOalaHCa B HYJIEBOM IMPOBOJE MPH BHEIIHEM 3aMbIKAaHUHU Ha
3emutto. @opmyna ananorudsa (9.5):

: | v (i)
2K, -y Ky, o B KK, f, -3 (9.20)

Osuruu -

Oc.s.

3necs S — xoadduumenr, 3apucsammii or Buga K3: qma K @ L=1, s
K@D B=2:
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(i) . o . .
| 53 vaxe. —  PACUCTHBI CyMMAapHBIA (asHBI MAKCHMANBHBIA TOK
(mepuoanueckas ciararomiasi), IPOXOASUIMN M0 00eUM NapayljIebHBIM JIMHUSAM MpU

pacuetHoM K3 Ha 3eMIi110 Ha IIMHAX IPOTUBOIIOJIOKHON IMOJCTAHLINH;
f, - KO (OULMEHT, XapaKTEepU3yIOUIU HEPABEHCTBO COMPOTHUBICHUIN
napajjiebHbIX JIMHUM B HYJIEBOM MOCIEIOBAaTENbHOCTH M Pa3IU4M€ B3aUMHBIX

MHAYKTUBHOCTEH 3allMINAEMBIX JIMHUW C JApPYrMMHU. TOYHBIM pacyeT ITOro
ko3 duIMeHTa  A0CTaTOYHO  CJOKEH, [O3TOMY  JIONYCKaeTcss  MPUHUMATh

f, =0,02+0,025:
10 y y
Osunuu — TOK HYJIEBOH IOCIEAOBATEIbHOCTU B OJHOM JIMHUU IIpU pabore

obeux u pacuetHoM K3 Ha 3eMiIt0 Ha MIMHAX NPOTUBOIOJI0KHON MOICTAHIIHH.
Hanpsi>xenue cpabaTbiBaHus pelie, BXOAAIIEIO B KOMIUIEKT OT 3aMbIKaHUI Ha

3CMJIIO 1 BKIIFOYCHHOTI'O HA HAIIPSAKCHUC HYHGBOﬁ IMOCJIECA0BATCIIbHOCTH.

k! .U
U __H HO. _
P Ny
rac UH6 — HaHpH)KeHI/Ie He6aJ1cha HpI/I KOpOTKOM 3aMBbIKaHHUUN MC}K)Iy (baBaMI/I Ha

3allNIacCMbIX JITUHUAX. I/ICXOIIH N3 OIIbITa 3KCIUTyaTalluu, AJIs1I TPAHCIIOHUPOBAHHBIX
Oc.p. 4+5 B.
qYBCTBI/ITeHBHOCTL TOKOBOT'O PCJIC KOMIIJICKTAa OT 3aMbIKaHMH Ha 3EMJIIO

IIPOBEPSIETCS 10 YCJIOBUAM, aHAIOTHYHBIM (9.12) 1 (9.15):
B TOYKE PAaBHOW YYBCTBUTEIHHOCTU

JIMHUHA IMPUHUMAIOT U

1 1 1 1
. _ 31601231614 _ 3loR14 + 316011 _

0= | , 9.22)
0c.3.1 0c.3.2
B PEKUME KACKaJHOIO OTKIKOUYCHUS
1)
"o_ 3|0K 2-2
00 =] , 9.23)
0c.3.1
a peJie HanpspKeHUs — 1o hopmyJie
mo__ UOS’QW(RB) (9 24)
Oy — , .
U Oc.p.” Ny

rre U saw.(K3) — HAIPSDKCHHUE HYJICBOW IOC/ICIOBATEIBHOCTH B MECTE YCTAHOBKU

3alIUThI IIPH OHHO(baSHOM K3 na 3emmio Ha IMPOTHUBOIIOJIO0KHOM KOHIC JIMHHHM H
OTKIIIOYCHHOM  BBIKJIIIOYATCJIIC HaA J3TOM KOHOC, T.€. B PCKHMMC KAaCKaJIHOI'O
OTKJIFOYCHMUS.
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KoadduirienTsl 4yBCTBUTEIBLHOCTH JOJDKHBI OBITH CHETYIOUIUMU: k(')q > 2,
" "
ki, =15, kg, =15,

B cetu ¢ mMaibIM TOKOM 3aMbIKaHUS Ha 3€MJIIO (T.€. B CETH C U30JMPOBAHHOU
WM KOMIIEHCUPOBAHHOW HEHUTpaJIbl0) 3allMTa B Ha4ajie U KOHIE JUHUN BBIIOJHACTCS
IBYyX(a3HbIM KOMIUIEKTOM OT 3aMblkaHUU Mexay ¢azamu. Tok cpabaTbiBaHUS
3anUThl onpeaensercs no popmynam (9.5), (9.6) u (9.7).

74



10. TOKOBBIE HAIIPABJIEHHBIE 3ALIIUTBI

ToKOBBIE HAIPABIICHHBIE 3AIUTHI IPUMEHSAIOTCS B OCHOBHOM B CETSAX CII0KHOU
CTPYKTYPBI (KOJBLEBBIX, PAIUAIBHBIX C MHOTOCTOPOHHUM MUTAaHUEM U T.I1.).

10.1. MakcumaabHas TOKOBAasl HANIPaBJIEHHAS 3a1IUTA JTUHUA

Tox cpabaThiBaHUS 3aITUTHI

k .-k
Hl 3an.
I, 2 K ' IHazp.MaKc., (10.1)
6
los 2 kH2 lyien., (10.2)
rje kyl, k3an_, ke —  Kod(puIMEeHTHl HAACKHOCTH, 3allycka JIBUTATeNeH U

BO3BpaTa pelie, onpeaeasieMble aHAIOIMYHO HeHamnpasieHHo MT3  (cm. myHkT 2.1,
hopmyina (2.1));

|Ha2p, maxc. — ~TOK HArpy3Kd JIMHMM B TIOCJ€aBapUMHOM pexume (Tociie
OTKJIIo4YeHHUs BHelHeTo K3);

| ,,en. — TOK B HemoBpeKIEHHBIX (asax npH AByxdasHbIX U ogHO(a3HbIX K3 Ha
3eMJII0 B CETH C ITyX03a3eMJICHHON HENTpalIblo;

kH2 — Ko3(PUIMEHT HaJIe)KHOCTH, paBHbIN 1,5-1,3.

Ecin wmakcumanbHast HampaBieHHas 3amuta (MH3) Omokupyercs mnpu
3aMBIKaHUU Ha 3€MIII0, WM YCTaHOBJICHAa HAa JIMHUM B CETH C H30JUPOBAHHOU
HEHUTpabio, TO TOK cpabaThiBaHUs BeIOUpaeTcs TobKOo 1o (10.1).

Jiss  obecrniedeHUs CENEKTUBHOCTH JICUCTBUST M COIVIACOBAHHOCTH  I10
qyBCTBUTEIHPHOCTH YCTaBKH 3alllUT, JCHCTBYIONIMX B OJHOM HAIpPaBICHHH,
HEOOXOAMMO COTJIacOBaTh TaK, YTOOBI TOKM CpaOaThIBaHHWS HapacTaad IpH 00X0je
3alAT MPOTUB HANpaBlIeHUs WX nedcTBus. [[ns 3ammr, mokaszaHHBIX Ha puc. 15,
ATOMY MPABUITY COOTBETCTBYIOT YCIIOBUS:

Ic.3.6 < Ic.3.4 < Ic.3.2 < Ic.3.1' (10-3)

Ic.3.3 < Ic.3.5 < Ic.3.7 < Ic.3.1: (10-4)

Pa3numa B Tokax cpabaTeIBaHUS COCTABIIAET OOBIYHO 0KOJI0 10%.
Tok cpabaTbiBaHUs pesie OnpeneisieTcs: aHaaoruyHo (2.4):

Ic.p. =2 Ky (10.5)

[To BpemeHu cpabaThiBaHUSI MEXKY COOOW COTJIACYIOTCSI TOJBKO KOMIUIEKTHI,
paboTtaronue B OJHOM HampasieHuu. [Ipu BbIOOpE YCTaBKM YUYUTBHIBACTCS TaKKe
BpeMsl JEWUCTBUS 3allUT NPUCOCAWHEHUN, OTXONSIIMX OT IIMH MOJCTaHIIUU.
Hanpumep:
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tc.3.2 2 tc.3.4 +At : (10.6)

tc.3.2 - tnpuc.l +At 1 (10.7)

3a pacueTHOe 3HAYCHUE MPUHUMAETCS OOJIbIIEe M3 TMOJYYCHHBIX 3HA4YCHUI
BBIJICP)KEK BPEMEHHU.

T tnpuc.1
Y
® ®

[ 3TA3 TA4£ [
4

W1 <= ¢
!

w2

W3
<= ﬁ

3

BTAB TASE [
! ¢
Q6

=> - HanpasneHue mowHocmu, rpu _l l_QS
I

—

Q3

Y

KOmopom 3awuma Oeacmeyem

Ha OMKJito4YeHue 8biKrirn4amersis npuc.2

Puc. 15. Cxema KoJb11eBOM CeTH U pa3MmenieHne koMiiektoB MH3 Ha muHMSIX
(HOMED 3aIMTHl COOTBETCTBYET HOMEPY BBIKIIIOUATEIIs).

LI}’BCTBI/ITGJ'II:»HOCTI:» 3alIUThI

k > I K3muH.

y |— : (10.8)
C.3.
roe | K3wun. — TOK nByxdasznoro K3 Ha mmHaX MpOTUBOMOI0KHON 110 OTHOIIEHUO
K 3alIUTe MOJICTAHIIMM B MUHUMAJIBHOM pexKuMe paboThl. Eciu 3ammura — ocHOBHas,
TO kq JOJKEH OBbITh HE MeHee 1,5; /u1s pe3epBHBIX 3alIUT — He MeHee 1,25.

Benumyuna «MepTBOI» 30HBI IO HANIPSIXKEHUIO OMpeaesieTcs mo hbopMmyne:

| = nTV'nTA'Sc.p.MuH.
x = > ,
V3.2, (1Q) -cos(p, +a)

(10.9)
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rne Ny, ha — xo0dddunmenTs Tpanchopmanuu TpaHcHOPMATOPOB HATIPSHKEHHS
U TOKa;

SC_ p.umun. — MHHHMAllbHas MOIIHOCTb Cpa0aThIBaHMs pEIE€ IPH  TOKE

3
Ip = II((B) /nTA . Mnst pene PBM-171 u PBM-271 SC.p.MuH. = Sc.p. '(Ip/IHOM.) ,

MOIIHOCTD SC.p. OMnpeCACIIACTCA 110 CIIPABOYHBIM JTaHHBIM,

Z 5 — YIEIbHOE COMPOTUBIICHHE 3alIUIIIAEMON JTHHHH;

0.
| 3) ,
k3 — Tok Tpexdasznoro K3 Ha mmHax B MECTe YCTaHOBKHU 3alllUThI;

Pp - yron casura (a3 Mexay BEKTOpaMU TOKa W HaIpsDKEHUs,
NoJlaBaeMbIMU Ha peJie (Yros MOJOKHUTENEH, Korja BEKTOp TOKa | p OTCTaeT OT

BEKTOpAa HANPSKEHUS U p)- A 90-rpamycHO# cXeMbl BKIHOYEHUS PEIe

— arctg 2% g0
¢, =arctg T (10.10)
0.
3,ZI€CL Xy@. n ryd. — PCAKTUBHOC W AKTHBHOC YICJIbHBIC COIIPOTHUBJICHUSA

3allMIAeMO JINHUY;
0 N
a=90 U — yroja, AONOJHSIOMMN 10 90V YIroJ TIOJTHOTO

COINPOTUBJICHUS ILIENM HANpPsDKEHUs pele MOIIHOCTH )|y, KOTOpbI Oepercs u3

CIIPaBOYHUKOB.
Benuuuna «MepTBOI» 30HBI HE JOJKHA TpeBbiiath 10% JIMHBI TUHUM.

10.2. HanpagJieHHasi TOKOBasi 0TCeYKAa

MrHoBeHHasi TOKOBasi OTCEYKA Ha JIMHUSAX C JIByCTOPOHHUM IIUTAHUEM HE
JOJDKHA JecTBoBaTh npu K3 «3a criuHOM», T.€. BHE MPEACIIOB 3allUIaeMOU JTUHUH.
Hampumep, oTceuka, Bo3nelcTByIomas Ha BeIKIIOYaTeNnb Q2, He MODKHA padoOTaTh
npu K3 B Touke K2 (puc. 16).

BoInonHuTh 3T0 TpeOOBaHME MOKHO, BBINOJHSS OTCEUKY HampaBieHHOH. Tok
cpabaThIBaHUsI ONPEACISIETCS U3 ABYX YCIOBUI:

Lo 2 Ky gesnane. (10.11)

Ic.3. Z kH ) IKaq., (10.12)

rae kH — K03 (ULMEHT HaJIe:)KHOCTH, MpUHUMaeMbli 1151 pene PT-40 paBHbIM
1,2-1,3, nna pene PT-80 — 1,5-1,6;

| K3waxc. — MakcuMalibHbll TOK K3, mpoTekarommil udepe3 3aluTy IpU

IMOBPCKACHNH Ha IMIKMHAX HpOTHBOHOJ’IO)KHOﬁ IMOACTaHIINU,
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| cau. — TOK Kawammii, onpenensemsiii mo hopmyie (4.6).

Eciim npu OTCTpOMKE OT TOKAa KAa4aHUM OTCEYKAa OKAXKETCA CIUIIKOM
3arpyOJIeHHOW, TO HEOOXOAMMO NPUMEHUTH OJIOKUPOBKY OT KayaHUH, a TOK
cpabaThIBaHUsI ONIPEACIISITh TOJIBKO 10 yciaoButo (10.11).

30Ha  fAeMcTBUS ~ OTCEUKM  ompenesnsercs  rpaduueckd,  aHaJOTUYHO
HEHaIpaBJIeHHOW oTceuke (CM. MyHKT 4.1), u qoikHa cocTaBiiATh He MeHee 15- 20%
JUTAHBI TUHHH.

b
_TIT_

Q3 Q4
¢ ¢
K2
A 3TA3 TA4 gEj
TAL 024 K1
e ":(> W W1 <— ¢ o@
TA2
Q1
W2

@ |
TA6  TA5 EE]
—> - HanpasneHue mowHocmu, rpu [j

Komopom 3awuma deldcmesyem ¢ *
Ha OMKJ/IroYeHuUe 8biK/iroYamerss Q6 Q5

i -
B 1

Puc. 16. ToxoBble OTCEYKH HA JIMHUIX C ABYCTOPOHHUM ITUTAHHUECM.
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11. JMCTAHLIMOHHBIE 3ALIUTHI

B cersax nanpspkenuem 10 35 kKB aucTaHUMOHHBIE 3alUTHl MPUMEHSIOTCS B
KAaueCTBE OCHOBHBIX B CIIy4ae, €CJIM MAKCUMAJIBHBIE TOKOBBIE 3AIIHUTHI B COYETAHUH C
TOKOBOM  OTCEYKOMl  He  obecneuyuBalOT  TpeOyeMOoll  CENEeKTUBHOCTH U
YyBCTBUTEJIBHOCTH, U B KaUYECTBE PE3EPBHBIX — JJIs NAPAJUICIbHBIX JIMHUN C OAHO- U
JBYCTOPOHHHMM IIUTAaHUEM, B TOM YHCIIE U C OTBETBICHUSMH.

Kpome Toro, AucTaHIMOHHBIE 3aIIUTHI IPUMEHSIOTCS B KaU€CTBE OCHOBHBIX B
3aMKHYTBIX M PaJHAJIbHBIX CETAX O0Jee BBICOKMX HAMNPSKEHUH C HECKOIbKUMHU
MCTOYHUKAMHU MUTAHUS B CIy4ae, €CIU TOKOBBIE OTCEUKH 10 TOKY U HAMPSIHKEHUIO CO
CTyNEHYaTOM  XapaKTEPUCTUKOM  BBIAEPKEK BPEMEHH HE  YIOBJIETBOPSIOT
TpeOOBaHUSAM UYBCTBUTEIIBHOCTH, CEJIEKTUBHOCTH W OBICTPOTHI JE€HCTBUS, U B
KayecTBE pEe3epBHBIX — [JIs JIMHUNA, OOOPYJOBaHHBIX BbICOKOYACTOTHBIMH H
OPOJOJbHBIMU AU(depeHInaATbHBIMU 3aIIUTAMH, €CJIM TOKOBBIE OTCEUYKU MO TOKY U
HAIPSKEHUIO CO CTYIEHYaTOM XapaKTEPUCTHUKOM BBIIEPKEK BPEMEHHM HE YOBIIE-
TBOPSIOT TPeOOBAaHUSAM YYBCTBUTEIBLHOCTH.

11.1. IncranumonHas 3amura Junnu 35-330 kB

ComnpoTtuBneHnue cpabaTbiBaHHs TEPBOM cTyreHu 3amuthl J3-1 u /[3-4 (nis
auann W1 — puc. 17):

2, ,=0,85-2,, (11.1)

rae  4yq — CONPOTHBICHHE MPSAMOM MMOCIEIOBATEILHOCTH 3alMIACMOM JTMHUH.

b
...... Q4 ||
_____ * ‘ K3-Il
A ‘~~-—l | " ]
| K1
Q1 Q2 Q3 Q5 ks
@_ => w1 <= ——> W2 |
—>
T T
[13-1 s | 43-4| | | 43-2]
® T K2q7
QD
[13-3

Puc. 17. BremonHeHne AUCTAHIUOHHBIX 3alllUT HA YIaCTKC CCTH.
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Beinepikka BpeMeHU NIEpBOY CTYIICHU
51 =01+0,2 ¢, (11.2)

Conporusnenue cpabaTbiBaHUs BTOPOM CTyNEHU 3aiiuThl /[3-1:
corjacyercs 1Mo YyBCTBUTEIBHOCTU C MEPBOW CTYNEHBIO 3aIIUTHI CIEAYIOIIEH
JUHUU:

031—085 (ZW1+k Zc32) (11-3)

orctpauBaerca OoT K3 Ha mMHAX cpeaHero Wi HU3LIETO HaNpsHKEHUS
nojcraniuu b (3a Tpanchopmaropom 7):

ZZ 3.1 < 0’85(ZW1 + ZTmuH. ) )
(11.4)

rne K — xoaddurment orcrpoiiku, pasnbiii 0,85-0,9;
, ~
Z.,o, — CONpPOTUBJICHHEC CpabaThIBAHUs IEPBOW CTYICHHU 3alIUTBI IOCIE-
AyIolIed JIMHUY, onpeaesiemoe o ¢popmyse (11.1);
Ly . — MUHAMAIBHOE CONPOTHUBIICHHE TpaHCPOpMaTopa (C y4eToM ACUCTBHS

PITH).
®opmynsl (11.3) u (11.4) ucnons3yrOTCsl NMPU HATUYUW WCTOYHUKA MMUTAHUS
(AIT) Tonpko Ha moacTaHnu A. ECIM HCTOYHHUKOB MUTaHUS HECKOJbKO (BTOpoit I

— Ha TMOACTaHIMH b) — CONPOTHBJIEHHE CpadaThIBAHHMS BTOPOH CTYIIEHHU 3allUTHI
ompenensercs mo GopMmysam:
c31—085 (ZW1+k 2032 km/p) (11-5)
"
C31_O 85 (Z\N1+ZTMuH..km/p)1 (116)

/ 4
rue km/ p U km/ p — KOObOHUIHEHTBI TOKOPACIPEICNICHNS, KOTOPBIC MO3BOISIOT

ydecTb HepaBeHCTBO TokoB K3, mporekarommx B pa3HbIX KOMILIEKTaxX
JTUCTAHIIMOHHOM 3amuThl. O0mas hopmyna as 3Tux KodhPUIMeHTOB:

k — _K3noca.
mip = - (11.7)
K3npeo.
rjae | K3nocn. 4 I K3npeo. — TOKH KOPOTKOTO 3aMBIKAHUS, MPOXOJAIINE IO

MOCTEAYIOMIEH W MpeabIaylied JUHUSAM (CudTas OT HCTOYHUKA THUTaHUS) TPHU
3aMbIKAHUW B KOHIIE 30HBI JICHCTBHUS TEPBOM CTYNEHH ITOCICAYIOIIEH 3allUThl B
MaKCHUMaJbHOM PEXHUME PadOThl MPEABIAYIICH CUCTEMBl U MUHUMAJIBHOM PEKUME

o o 4
paboThI TocHeayrome cucteMbl. J{Js cxembl, n3o0pakeHHo Ha puc. 17, km/ »

onpexnensiercs mpu K3 B Touke K1:
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k' = _K3-L
mlp =~ ] . (11.8)
K3-1
AHaJIOTUYHO ONPEAEISIETCS ;;1 /p> HO TOKH PacCUUTHIBAIOTCA IpPH K3 B
Touke K2.
Beinepikka BpeMeHU BTOPO# CTyNeHH (MIPUMEHUTENBHO K /]3-1)
tes12les2 +AL, (11.9)
4
tc.3.1 & tc.3.T (och) +At , (11.10)

! o v
rne L. ,» — BBIIECPIKKA BPEMEHHU IIEPBOM CTYINEHH Mocieaytomiei 3amursl (43-2);
t..r (ocu) — BPBIICPIKKA BDEMEHH OCHOBHOI 3a1UThI TpaHchopmaropa 7,

At — crynens cenexruBHOCTH, onpenensemas o Gopmyie (2.8).
UyBCTBUTENBHOCTh BTOPOM CTYTNEHH 3aIUTHI

14
Zc.3.1

ky =—=2= 11.11
Zy1 ( )

KoadpunmeHT 4yBCTBUTEIBHOCTH TOJDKEH OBITh HEe MeHee 1,25.
ComnporuBiieHHe cpabaThIBAHHUS TPEThEH CTYIICHH

Zm Zpa6.MuH. (11 12)
31”1 ,
c.3 kH . kg

rnae kH =11+12 - KO2()PHUITMECHT HAJIC)KHOCTH;

K¢ =1,05+1,2 — xosdpumment Bo3para pese;

Zpa6.MuH. MUHUMAaJbHOE paboyee COMPOTHBIICHHE, OIpPEACNIeMOe IO
dbopmye
U o
7 _ pab.MmuH.
pad.yun. 3 1y , (11.13)
3an. " pab.makc.
rre U pab.yun. — MHUHHMAIBHOE 3HAYCHHE MeXIypazHOTO HAMPSHKCHHSI B MECTE

YCTAaHOBKH 3alllUTBI B YCJIIOBHAX CaMO3aIlyCKa SHGKTPOHBHFaTeHCﬁ, IMPUHUMACMOC

paBHBIM (0,8-0,9)U HOM. 5

k3an_ —  kod(pdunmeHT  3amycka  JBHTrareiield, TNPUHUMAeMBId B
OpPHECHTHPOBOYHBIX pacyeTrax paBHbIM 1,5 - 2,0; Oonee TOYHO ompeaeaseTcs
pacyueToM.

CormnpoTuBieHue cpabaThIBaHUS TpeTher 30HBI HaIlpaBJICHHBIX

JUCTAaHIIMOHHBIX 3aIIIUT
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U

7 _ pab.mum.
paé.mumn. : (11.14)
\/§. kH ) k6 ) k3a7l. ) Ipa6_MaKc_ ) COS(¢M‘! - wpa6)
rae @y — Yrol MAKCHMAIBHON YyBCTBHTEIBHOCTH, IPUHAMACMBIH paBHbIM 65

0
niu 80" — B 3aBUCUMOCTH OT THIIA PEJie;

Ppap. — Yrol, COOTBETCTBYIOLIMH HATPY30YHOMY PEKHMY JIMHHH IIOCIE
OTKJTIOUEHHUS BHEUTHETO KOPOTKOTO 3aMbIKAHMUS.

Boiaepkka BpeMEHU TPEThEN CTYNIEHU

g’s' 1= tm3 7 At (11.15)

tm 3.1= tc 3.T (pe3) +At’ (11.16)

"
rne L. ,o — BBIICPXKKA BPEMCHH TPEThCH CTYNEHHU MOCIEAYIONICH 3auThl (/3-2);

t..T (pes) — BBIICPXKKA BPEMCHH PE3ePBHOM 3aIuThI TpaHCGopMaropa 7.

qYBCTBI/ITGJII)HOCTB TpeTBeﬁ CTYIICHHU

n
JA

m__ c.3.1
Kg = N (11.17)
K3maxkc.
rae ZK3Ma7<c. — HauOoJIbIIEE COINPOTHUBJICHHUEC Ha 3aXKUMax peJiec IPHU KOPOTKOM

3aMbIKaHHH B pacuyeTHON Touke. [Ipr KOPOTKOM 3aMBIKAaHWHM B KOHIIEC 3aIlUIaeMOM
aHur Lz oo =Ly, @ TPH  KOPOTKOM  3aMBIKAHMA B KOHIIC  3OHBI

pEe3EpBUPOBaHUs, T.€. B KOHIE MOCIEAYIOIIEH JINHUU

z =yt Lo km/p.MuH. ' (11.18)

K3maxc.

rae 4y — CONPOTUBIICHHE MPSIMOU TOCIIEA0BATEIBHOCTH ITOCIIE Y FOIIEH THHIH;

km/ pon.— KOIOOUIHEHT TOKOPACIPe/ICTICH s, ONPEIEsIeMblil aHATOTHIHO
(11.7) npu 3aMbIKaHUM B KOHIIC 30HBI JICWCTBUS BTOPOW CTYIECHH TIOCICIYFOIIEH
3aIlUTBHI.

Kosdhdummenr d9yBCTBUTENHHOCTH TIPH KOPOTKOM 3aMBIKAHUU B KOHIIE
3alMIIAeMON JIMHUM JA0JIKEH ObITh HE MeHee 1,5, a mpu KOPOTKOM 3aMbIKaHUU B 30HE
pe3epBUpoBaHus — He MeHee 1,2.

B uensix cHu>KeHUs BBIAEPKKA BPEMEHHM TPEThEH CTyNeHW (B ciiydae, €ciu
KO3 (PHUIHEHT 4yBCTBUTEIHHOCTH k¥ <1, 2) conpornpieHne cpabaTHIBAHNS TPETheH
CTYNEHU 3aIUTHI BIOUpaeTcs no Gpopmye

z! ,<0,85: (le+O 85-2) . ,- km/p_mkc_), (11.19)
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" o )
rae L., — CONPOTHBICHHE CpabaThIBAHHUS BTOPOIl CTYNCHH MOCIEAYIOIICH

3anThl, onpeneiasemoe mo opmymnam (11.3) — (11.4) wmm (11.5) — (11.6). Torma
BBIJIEP>KKA BpEMEHU OyJ1eT BBIOUpATHCS O popmyJie

gfs'.l < 1:g.se.Z +At 1 (11.20)

" o
rne L. ,, — BBIEEpXKa BPeMEHH BTOPOE CTYIIEHH MOCIIEAYIOIEH 3allHTHl.

Ecnu xe ko3(ppUUMEHT 4YyBCTBUTEIBHOCTH IPU BHIOOPE YCTaBKU Cpa-
OatbiBaHud 10 BbIpaxeHuto (11.14) monyuurcs menbiie 1,2, TO HyX HO MPOBEPUTH
BO3MOKHOCTb HCIOJIB30BAHHUS PEJIE € DIITUNTUYECKON XapaKTEPUCTUKOM.

Tok cpaOaTbiBaHUSI IYCKOBBIX OpraHOB JAMCTAHIIMOHHOW 3alllUThI, BBI-
MIOJIHEHHBIX C TIOMOUIBIO TOKOBBIX pEJIE:

kH ) k3
c3. = k— . Ipa6.Ma7<c. ) (11.21)

(]

IJIe BCE COCTABISIONINE OTPEACISICTCS aHAJIOTUYHO MaKCHMAIbHOW TOKOBOM 3allIHuTe
(cMm. 1. 2.1).

Ecnu HeoOxoauMo o0ecneunTh W30UPATEIbHOCTD MOBPEKACHHBIX (a3, TO TOK
cpa0OaThIBaHMs 3AIIUTHI TOJDKEH BRIOUPATHCS C yYETOM BTOPOTO YCIOBHS:

2
los 2 kH ) IISeza.gb.’ (11.22)

rmue kH =12 - KO2()PUITMEHT HAJIE)KHOCTH;

| (2)

nen.qp. MaKCHUMaJbHOE 3HAUY€HHE TOKAa B HENOBPEKIECHHOW (ase mpu

IByX(azHOM KOPOTKOM 3aMBbIKAaHUU Ha 3alIUIIAEMON JTUHUY.
YyBCTBUTECIIBHOCTh TOKOBBIX OpraHoB ompeaensercs 1o ¢dopmyine (2.6)
aHAJIOTUYHO MAaKCUMAaJIbHOW TOKOBOH 3aIllUTE U UMEET T€ K€ YHCIICHHbIC 3HAYCHUS.
ConpoTtuBneHue cpabaTbIBaHUS pelie

Zep.p. = Leas. h,
Nry
rne  ha w Iy — koaddumuentsr Tpanchopmanuu TpaHcHopMaTopoB TOKA U
HaMPSKCHNU.

(11.23)

11.2. JIncTaHIMOHHASA 3aLUTA pacnpeaeuTeJbHbIX ceTeil 6-20 kB
C CeTeBBbIM pe3epBHPOBaAHHEM

JIMCTaHIIMOHHAsT 3allUTa TPUMEHSETCS B PACHPEACTUTEIbHBIX CETAX IS
MOBBIIIEHUS] YYBCTBUTEIBHOCTH U JUISI CHUKEHUS BPEMEHHM OTKIIOYEHUS KOPOTKHX
3aMbIKaHHM.

ComnpoTtuBieHue cpabaThbIBaHHUS 3aIIUTHI IPH KOPOTKOM 3aMbIKAHUW B KOHIIE
3amUIaeMon JTNHUHT
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Zes =Ky 2y, (11.24)

rie K, — KO3((PULIMEHT YyBCTBUTEIBHOCTH, paBHbIi 1,5;

Z\yjq — COMPOTHBJICHUE 3aIUIIACMOM JINHUH.

ComnpoTuBneHue cpabaTbIBaHMs 3alIUTHl MPU KOPOTKOM 3aMbIKAHUU B 30HE
pe3epBUpOBaHUs (T.€. Ha MOCIEAYIOIICH JINHUH)

Zes <K - (21 +2y2), (11.25)

4
rie Ky =12 - KO3 (OUIIMEHT YyBCTBUTEIHHOCTH;

Ly1 1 Lyp — COMPOTHBICHHUS 3AIUINACMON U TOCIEAYIONICH THHUM,

ConporuBnenue cpabaTblBaHUsl 3aIUTHI MPU KOPOTKOM 3aMbIKaHUU B 30HE
pe3epBUpPOBaHUS 3a TpaHC(HOPMATOPOM

Zes <K - (21 +27). (11.26)

COHpOTI/IBHeHI/Ie Cpa6aTBIBaHI/ISI 3alllUThl 110 YCJIOBHUIO OTCTpOfIKH OoT
MUHHUMAJIBHOT'O 3HAUYCHUS COIMPOTUBJICHUS HAT'PY3KU

7 < O’g'UHOM. 11.97
o ‘/g'k;'ke'kwn.'l ’ ( ' )

pab.makc.

e U, — HOMHHAIBHOE NTHHEHHOE HaIpsHKCHUE CCTH,
kgan_ — Ko2(PUIIUEHT 3aITyCcKa JIBUTaTelIeH, ONpeesieMblil pacueToM;
k, =13 - K03 (DUIIMEHT BO3BpATa 3aIlUTHI;
!/
kH =12 — KO2(PUITMEHT HAJIC)KHOCTH;
| pab.maxc. ~ MAKCHMAIIBHBIN TOK HAIPY3KH JTHHHH.

ConpotuBieHue cpabaTbiBaHUsA 3allUThl 10 YCJIOBHIO COTJIACOBaHUS C
MOCJICAYIONIEH TUCTAaHIIMOHHOM 3aIIUTON

Zos1 S 0, 85(Z\Nl + Zc.3.2) : (11.28)

ConpoTtuBieHue cpabaTbiBaHUSA 3alIUTHI IO YCJIOBHIO COTJIACOBAaHUS C
MOCJICAYIONIEH MAKCUMaJIbHON TOKOBOM 3aIIUTON

UHOM.
3 S ok 1 Zeuem.mun. (11.29)
Ny e,
rae |C. 3. — TOK cpabaTbIBaHUs MOCIEAYIONEH MaKCUMaIHbHON TOKOBOM 3aIIUTHI;

K, =115+12 — xosdppuumenT HageRHOCTH;

Zcycm.un. — COIPOTUBJIEHHE CHCTEMBI JO MECTa YCTAHOBKH IHUCTaHI[HOHHOM
3aIIUThl B MUHUMAJIBHOM PEKHME Pa0OThI CETH.
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Ompenensitoniiee  3HAYEHWE  COMPOTHUBIICHUS  cpadaThIBaHUS  3allUTHI
BBHIOMpAETCS M0 HAWMEHBIIEMY 3HAUYCHUIO COMPOTHUBJICHUN, PACCUYUTAHHBIX IO
dopmynam (11.25) — (11.29).

ComnpoTuBnenue cpadatbiBanus pese — ananiorudydo (11.23):

Zep.p. = Leas. nn_-II:A :
V

XapaKTepI/ICTI/IKI/I BBIICPIKCK BPEMCHHU KOMIIJICKTOB 3alllUT B paCCMaTPHUBACMbIX
CCTAX, KaK IIPpaBUJIO, — IUJIABHBIC: BPCM IICfICTBHSI 3allIUThI tC.3. HCTIPCPBIBHO

(0GBIYHO — MPAMOJIMHEHO) M3MEHseTCs ¢ M3MEHEeHHeM paccrosHus | or Mecrta
YCTAHOBKH 3aIUTHI O MECTa MOBPEXKIACHUS. Takue XxapakTEepUCTHUKHU IMOKa3aHbl Ha
puc. 18 (nnst ynpornieHuss — TOJIBKO JJIsSl 3aI[UT, YCTAHOBJICHHBIX Ha JIEBBIX KOHIAX
JIHUMN).

At

lNMumaHue lNMumaHue
1 ¢ \/ \/

[3-1 []3-2

Puc. 18. TlnaBHble XapaKTEPUCTUKU BBIICPKKHA BPEMEHH.

Kak BUIHO U3 pUCYHKA, 3aluThl HanpasieHHsie (He aeiicteyior mpu | <0) u
KaXKJ1ast IpeabIayIlasi 3alluTa pe3epBUpyeT Mocieayoyo. Tak, npyu oTka3e 3aliUuThl
/[3-2 neiictByeT ¢ OOnbINeil BBIAEpKKOW Bpemenu 3amuta /[3-1. Pasnuma Bo
BPEMEHU JICUCTBUS JBYX 3aIlIUT MPHU MOBPEKICHUHU B JTFOOON TOUYKE JOJKHA OBITH HE

MeHbIIe cTynenu cenektusHoctn At
Brinepixka BpeMEeHM 3aIUThI

t. ,=09.z,_.-a, (11.30)

raie A — kod(uIMEHT HAKJIOHa BPEMEHHON XapaKTePUCTUKH.

[Ipu cornacoBaHuu BpeMEHHU JEUCTBUS ABYX CMEKHBIX TUCTAHITMOHHBIX 3aIUT
Mpy¥ KOPOTKOM 3aMBbIKaHUM B KOHIIE 3alyIaeMoil JuHUH, KoddduumeHt a
ompezaensiercs mo Gpopmye

_t0+At
Zyr

c.3.1

(11.31)
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rac tO :01 25_0;5C. — HE3aBHCHUMasA BbIACPKKA BPCMCHHU B HaAYaJIC 30HBI

JENCTBUSI TTOCIIEAYIONICH 3aUTHI;
At — crynens cenexruBHocTH, paBHas 0,5-0,6 c.
ITpr KOPOTKOM 3aMBIKAHUH B 30HE PE3EPBUPOBAHUS

Arocn. (Zg.s'.l B ZWl) + Al

a, = o , (11.32)
c.3.1

3a pacuetHoe 3HaueHue a, omnpeneiaeHnoe no (11.31) u (11.32), Gepercs
OomblIee.

[Ipu cornacoBaHUM BpPEMEHU JAEUCTBUS JHUCTAHUMOHHOM 3alllUTHl C IO-
clelylonieil MaKCMMalbHOM TOKOBOW WJIM C MPEJOXpPaHUTENs MU, KodPduuueHt a
omnpezensieTcsl Mpyu KOPOTKUX 3aMbIKaHUSAX B KOHIIE 30HbI IEMCTBUS NMCTAHIIMOHHON
3aIllUTHI U B 30HE PE3EPBUPOBAHUS:

t1+At
- -, (11.33)
Zy1
t2+At
=", (11.34)
ZC.3.
rue tl — BpeMs JICHMCTBUSI MAKCUMAJIBHOW TOKOBOM 3allUThl C 3aBUCUMOU

BBIJIEP)KKOM BPEMEHH WM BpPEMs IUIABJICHHS IUIABKUX BCTABOK IMPEIOXPAHUTEIICH
npu aByxpaznom K3 B ocHOBHOI 30HE;

t, — t0xe B30HE pesepBEpOBAHUS.

Tox nByxdaznoro K3 B KkoHIIE 30HBI JEHUCTBUS MHCTAHIIMOHHON 3alllUTHI
ompenensercs mo popmylie:

(2) _ UHOM.
I = 22 t2 ) (11.35)
c.3.1 C.MUH.
rne  Zeyun, — ~ MHHHMAJIbHOE CONPOTHBICHUE CHUCTEMBI JO MECTa yYCTaHOBKH

3aUTHI.
Bpemsi miaBneHus IUIaBKMX BCTABOK OIPEAEISIETCS NO TUIOBBIM aMIep-
CEKYHJIHBIM XapaKTepUCTHKAM MPU paCuE€THOM 3HAYEHUU TOoKa JByx(a3zHoro K3

| (2)

(2) _ _K3uun.
IKS’pacq. - k' . k" (11-36)
H H
rae k,; — ko3 dumeHT Hae)KHOCTH, paBHbIN 1,1 - 1,2;
" o
i =12 _—  xo>duimeHT, yUMTHIBAIOUMA  HETOYHOCTh  PaGOTHI
MPEIOXPAHUTEIIEH.

3a pacueTHoe 3HaueHwe Kod3(pdunrenta A MNpUHUMAETCS OOiblIee U3
noJTydeHHBIX 1m0 BhipaxeHusMm (11.33) u (11.34).
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12. ABTOMATHYECKOE BKIIOYEHUE
PE3EPBHOI'O IIMTAHUSA (ABP)

Haznauenne ABP — OblcTpoe  BOCCTaHOBJIEHHE  DJIEKTPOCHAOKEHUS
noTpeduTeNel Npu OTKIIOYEHUH pabodyero UCTOYHMKA MUTAHUS WIIM HAXOMSILIErocs B
pabore 000pyaOBaHUS MyTEM aBTOMATHYECKOTO BKIIIOUECHUS PE3EPBHOI0 UCTOUHHUKA
MUTaHUS WU pe3epBHOTO 00opyaoBanus (puc. 19).

| i Q1 Q3
K6
K3
TV

Dy " e

A

K4 /&(5 ¢

ABP (AKQ)
N,
KL | K

2

Puc. 19. Tlpumep npumenennss ABP.

[TyckoBble OpraHbl MUHUMAJIbHOTO HANPSIKEHUS JOJKHBI CpadaThIBaTh TOJIBKO
IIPY MTOJTHOM HMCYE3HOBEHHUM HAIPSKEHUS M HE JOJDKHBI NPUXOJIUTH B JIEWCTBUE MPHU
MOHMKEHUM HAMpSHKEHUs, BBI3BAaHHOM yhajieHHbiIMU K3 wim  camo3amyckoMm
neuratened. Hampumep, Ha puc. 19: myckoBble opraHbl MOTYT paboTaTh MpH
oTkroueHnH BeIkirodatene Q1 wimm Q2, mu6o npu K3 B Toukax K4, K5 nnu KB6.
Ecmu xe moBpexxnenne — B Toukax K1, K2 mmu K3, yctpoiictBo ABP He momxHO
3aIyCKaThCA.

JIns BBIMOJHEHHSI 3TOro TpeOOBaHUs HamNpsDKEHUE CpabaThiBaHUSI pelie
MHUHHUMAaJIbHOTO HAMPSKEHUS BBIOUPAETCS MO CIAETYIONIUM YCIOBUSIM:

U < U ocm.K3

c.pl— kH . k6 ] nTV ) (12.1)
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cl3an.
UepiS1 on (12.2)
Ho 6 nTV
rae Uocm_ K3 — HauMeHbIllee OCTATOYHOE HampshkeHue mnpu TpexdaszHom K3 3a
peakropamu (K2, K3) u 3a tpancdopmaropom (K1);
UC I san. HalMEHbIIEe HANPSDKEHWE IPU CaMO3aIlyCKe JIBUraTelled I10ocie

OTKJTFOYCHHSI KOPOTKHUX 3aMbBIKAHHA;
k,=12+13 - KO3(PUIIMEHT HAJIE)KHOCTH;

ke — ko3(uIMeHT BO3BpaTa peJie, onpeeasieMblid U3 CIPaBOYHUKOB.

3a pacyeTHOE€ 3HAUYCHUE HANpPSOIKEHUS cpabaThIBaHUSI pejie MPUHUMAECTCS
MeHbIee. B nmpaktudyeckux pacuerax o0biuHO ycioBus (12.1) u (12.2) BBIMOIHAIOTCS
pH

Uc.p.l =(0,25-0,4)-U,,,,. (12.3)

Bbeiiep)kka BpeMEHHM IyCKOBOTO OpraHa JIOJDKHA OBITh Ha  CTYICHB
CCJICKTUBHOCTH OOJIBIIIC BBIJCP)KEK BPEMEHH 3alllMT, TOBPEKICHNUE B 30HE JICHCTBUS
KOTOPBIX MOXET NpHBECTH K Mycky ABP. TakuMu 30HaMH SBJISIOTCS YYacTKH JIO
peaktopoB (toukm K35, K6) m nmo Ttpanchopmartopa (touka K4) ma puc. 19.
CnenoBaTesbHO:!

!
tlAKQ :tp.3.MaKc +At, (12.4)
"
tlAKQ :tp.3.Ma7<c +At, (12.5)
rie t};, 3.makc — ~MAaKCHMajibHas BBIICP)KKA BPEMEHHM 3alllUT HPUCOCIUHEHUH,

OTXOJSIIMX OT IIWH BBICIIETO HAIPSKCHHUS
" o
t p.3.makc — ~ MaKCUMajlbHas BBIJIEPKKA BPEMCHH 3alllUT IPUCOCIAWHEHHUH,

OTXOASIIIMX OT IIWH HU3UIETO HANPSHKEHUS;
At — crynens cenextuBHOCTH, onpenensemas 1o (2.8).
bonee HamexHbIM  BapuaHTOM myckoBoro oprana ABP  sgBasercs
HCIIOJIb30BaHUE MUHHMMAJIBHOTO PEJIE€ HANpsHDKEHUST U MUHHUMAJIBHOTO peEJie TOKa,
KOHTaKThl KOTOPBIX BKJIIOYEHBI IMOCIEAOBATENbHO. TOK cpabaThIBaHUS ITYCKOBOTO
OopraHa MUHUMAaJbHOTO TOKa

c.pl— " ) .
kH r]TA
roe | MuH.nazp. — MHMHHMMAJbHBIA TOK Harpy3Ku TpaHC(HOpPMATOpa;

K, =15 — kosdduument nagexsocTh.

Brinepkka BpeMeHM TyCKOBOTO OpraHa MUHAMAJIBHOTO HANIPS)KEHUS U TOKA

tlAKQ - t}9.3.MaKc +AL, (12.7)
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ABP TepsieT cMbIC, €CIM OTCYTCTBYET HANPSIKEHUE HA PE3EPBHOM UCTOYHMKE.
VYcraBka pene KOHTPOJI HAaIPSKEHUS HA pE3€pPBHOM MCTOYHUKE NTUTAHMUSL:

U
UC > ’ MUH.paod. 128
b kH 'ke ey ( )

rre U Mun.pa6, — MHHEMAJIBHOE pabouee HaNpsHKEHMUE,

Ky, =11+1,2 — koshduument HagexHOCTH.

Boeinepkka BpemeHu pene ojaHOkpaTHoro BikIwueHuss (POB) nmomkna ¢
HEKOTOPBIM 3aIllacoM TMPEBBIIIATh BpPEeMsl BKJIIOUCHHS BBIKIIOYATENS PE3EPBHOTO
UCTOYHMKA nuTaHus (Ha puc. 19 — Q5):

tros = Loeno T lsan., (12.9)
rne Uy, =0,2+0,3¢ - BpeMs 3araca,
tgm_Q — BpeMs BKJIIOUCHHS PE3EPBHOTO BBIKIIOYATEINs (OMPEIEIIeTCs IO
CIPaBOYHHKAM).
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13. ABTOMATHYECKAS YACTOTHAS PA3I'PY3KA (AYP)

[Ipy KpynHBIX aBapusiX, CBSI3aHHBIX C OTKIIOUEHHEM TIE€HEpPaTOPOB WU C
pa3zie’IeHueM YHEProCUCTEMbI Ha OT/IEJbHbIE pallOHbI, J€(ULUT AKTUBHOW MOIIIHOCTHU
MOXXET JOCTUTaTh OOJIbIION BEIWYMHBI, YTO MPUBOAUT K 3aMETHOMY MOHWXEHUIO
YacTOThl M, KaK CJEACTBHE, — K CHI)KEHHIO BpalalOLIEro MOMEHTa Ha Bajax
aJIeKTpoJBUraTenell. B mepByro ouepelnp 3TO OoTpaxaercs Ha paboTe COOCTBEHHBIX
HYK]l 9JIEKTPUYECKUX CTaHUUN, OCOOCHHO TEIUIOBBIX. B Takux ycioBusx Hambosee
HAJEXKHBIM M, YTO OCOOEHHO Ba)XHO, OBICTPOACHCTBYIOIIMM  CpPEICTBOM
BOCCTAHOBJICHHsl OajaHCa AKTUBHOM MOIIHOCTH TE€HEpPATOpOB M MOTpeOUTenei
ABJIAETCS OTKJIOYEHUE Harpy3kH, BBIIIOJIHIEMOE aBTOMAaTUYECKOM YaCTOTHOM
pasrpyskoii — AYP.

13.1. ABTOMaTH4YecKasi YaCTOTHasi pa3rpy3ka nepsoii kareropun (AYP-I)

D10 OBICTpOACHCTBYIOIIAS KAaTEropusi pasrpy3Kd, Ha3HAYEHHE KOTOPOH —
NpEeOTBPATUTh 3HAUUTEIHLHOE CHIDKEHHWE YacTOThl. BeimonHseTcs B BHIE

HECKOJIbKUX ouepeneil (CTymeHeil) pa3rpy3KH, UMEIOIINX pa3jiuyHble YCTaBKHU I10
4acToTe.

ABapHﬁHOG CHM)KCHHE YaCTOTHI B DHEPIrOCHUCTEME .

P()eqb_ ) fHall.
nav. "~ 5 K : (13.1)

Haep. ™ p.2.H.

as. — f
rae fHaq_ — HayaJibHasl 4acTOTa B YHEPrOCUCTEME JI0 aBapuH,;

P@e¢ — MaKCHMaJIbHO BO3MOKHBIN I[G(i)I/IHI/IT MOIITHOCTH,
PHagp, — MOIIIHOCTh HAarpy3Ku 10 aBapHu,

K pAH. = 1,5+2,5 — xosdduument perympyromero sdexra HarpysKH.

Jlnana3oH yctaBok cpabaTeiBaHus ouepeneir AUP-I mo yacrore:

fcp.l =48,5+46,5 17, (13.2)

CryneHb CeIeKTUBHOCTH MEXIY OYEpPEASIMU MO YaCTOTE:!
Af =0,1 1 (13.3)
CryneHb CeleKTUBHOCTH MO BpeMEeHHU nepBhix ouepenein AUP-I:

At=0,25:0,3 c. (13.4)

MomHocts mnoTpeOuteneid mnoakiatodeHHbIX K AUYP-1 (B oTHOCHUTENbHBIX
€JMHUIIAX):

PA‘IP—] - Paegb. +0,05~ PpeB.. (13.5)
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rac Pae¢ — MAaKCHMaJIbHO BO3MOXKHBIN ,Z[Cq)I/IHI/IT MOIIIHOCTH B CUCTEMC,

Ppeg_ — BEJIMYMHA YYUTHIBAEMOM YacTU pe3epBa MOUTHOCTH;

0,05 — naTunpoueHTHEI 3aMac OT HATPY3KH SHEPTOCUCTEMBI.

13.2. ABTOMaTH4YecKasi YaCTOTHasi pa3rpy3ka BTopoii kateropumu (AUP-I1)

Ora KaTeropus pasrpy3kH IIPEeIHA3HA4acTCs Ui IMOAbeMa YacTOTHI IOCIE
neuctBust ycrpoictB AUP-1, a Takke u1sl NpeIOTBpAILEHUs «3aBUCAHUS» YaCTOTHI Ha
HEJOMYCTUMO HHU3KOM YPOBHE M CHUJKEHHUS €€ IPU CPABHUTEIBHO MEMNJICHHOM
yBEJIMUYEHUU Je(UIINTAa AaKTUBHOW MOLTHOCTH.

Jlnana3zoH ycTaBOK cpabaThIBaHUS MO YaCTOTeE:

fn =48,5+488 Iy (13.6)

YcraBku Cpa6aTBIBaHI/ISI I10 BpECMCHU.

U =10+15 ¢, (13.7)
G aern =60 c, (13.8)
a B YCJIOBUSIX BO3MOYKHON MOOMIM3au MOITHOCTH Ha ['DC —

G aein =90 c. (13.9)
CryIieHb CeJICKTUBHOCTH MEXIY OUepeasiMU 10 BpEMEHHU:

At=3 c. (13.10)
MortHocTh IoTpedurenei, nmoakmodacmMbix kK AYP-II:

Piup—i1 =0:4-Pyyp_;. (13.11)

13.3. Jonosanurtenanbnasi karteropusi AUP

JlonoHUTENbHAS pa3rpy3ka MO 4YacTOTE MPUMEHSETCS B TOM cllydae, €Ciu
Ne(HUITUT MOITHOCTH IPEBBINIACT JaHHBIC, IPUBEACHHBIE B TabJ. 5, B pe3yibTaTe
Yero 4acToTa Ha CTAHILIMU MOXKET CHU3UTHCS 10 45 ' u Huxke.

[TocTossHHAsT WHEPIMHU B MPAKTHYECKUX pacyeTax omnpenesseTcs mo Gopmyle:

2T +Tp) Pr+2(T; +Ty,)- Py
! P6a . ’

e 10, Tp, T I T,; — mocTostHHBIE HHEPIMH TYPOHH, TEHEPATOPOB, IBUTATENCH

(13.12)

N MCXAaHHU3MOB, OIIPCACIIEACMBIC M3 KAaTaJIOIOB Ha COOTBCTCTBYIOIICC O60py,Z[0BaHI/IC

WA W3 CIPAaBOYHUKOB, P, Pﬂ —  MOIIIHOCTU TE€HEPaTOpOB W JBHUIATENEH;
P6a3. — 0a3ucHasi MOUIHOCTh HATPY3KH SHEPrOCUCTEMBI JI0 aBapuu, NpUHUMaeMas

paBHOW HOMHUHAJIBHOM.
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Tabnuya 5
IIpenenbHO TOMYCTUMBIH MO YCJIOBHAM CHUKEHHUSI YACTOTHI

Ae(pUUUT MOUIHOCTH P()eqb_npea_

Moctosimas P()eqb.npe()_ , OTHOCHUTEIIbHBIC €MHULIBI,
unepuu, 1y, ¢ npu Bpemenu neitcteus AUP-1, U yp ;. c
0,3 0,5 0,7
10-12 0,65-0,75 0,55 -0,65 0,45-0,55
13-14 0,75-0,80 0,65-0,70 0,55-0,60
15-16 0,80-0,85 0,70-0,75 0,60 -0,65

MOIIIHOCTB Harpys3ku, rnoJAKjIro9acMast K HOHOHHHTGHBHOﬁ KaTCTOpHUHn AYP

o) _p P()eqb.nped.

kH | Toegp. nazp. " 100 , (13.13)

PA YP—oon. —

rie K, =11 — kosdpdumment nanexnocTy;
Paeqb.npe()_— IpeJesbHO JIOMYCTUMOE 110 YCIIOBUSIM CHIDKCHUS YacTOTHI (HMXKE

45 T'n) 3HaveHue aeduUIMTa MOITHOCTH, ompenenssemMoe mo tadi. 5. Eciu maHHbIX 0

nocTosHHoi unepimu 1, Her, Pc)eqb.npea. MOKHO IPUHUMATh paBHbIM 0,45.

13.4. YacTtoTHOE aBTOMaTHYeCKOEe MOBTOpHOE BKI0YeHne (UATIIB)

YacrotHoe AIIB npumensiercs:

Ha TOACTAaHIMAX ©O€3 TMOCTOSHHOrO JCKYpPCTBa IepcoHaja W HE
000pyI0BaHHBIX TEJICYIIPABICHUEM MPHUCOCANHEHUH, OTKII0UaeMbIX 0T AUP;

B DJHEProCUCTEMAaXx, TIJI€ BO3MOYKHO CHHUXXEHHE YacTOThl MPU KOPOTKHUX
3aMbIKaHUSAX U cpabaTeiBanne AUP, nmeromux BeiaepxkKy Bpemenu 1o 0,5 c;

B DHEProcucTeMax, HUMEIOIHUX pe3epB MomHocTh Ha [DC, KOTOphIi
o0OecrieuynBaeT BOCCTAHOBJICHUE YAaCTOTHI, HO CIIYCTS BpEMs, JOCTATOYHOE IS
cpabaTbiBaHusl ycTpoiicTB AYP;

B DJHEProcucTeMax g AaBTOMAaTHU3allUM  BOCCTAHOBIICHHMS  MHUTAHUS
noTpeduTeNne, OTKIYaeMblx ycrpoiictTBamu AUYP, myTem KpaTKOBPEMEHHOTO
rmogusaTug yactorsl 10 50,5-51 I'1.

VYcraBky Bo3BpaTa pesie 4acToThl

fe =49,2+50 T, (13.14)
MuHuMalibHasl yCTaBKa IO BPEMEHU
t,,,. =10+20 ¢ (13.15)
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MakcumanibHasi yCTaBKa MO BPEMEHU BBIOMpAETCS M3 KOHKPETHBIX YCJIOBUUI
pabOThl SHEPTOCUCTEMBI U BO3MOKHOCTH JUKBUAALMH Je()UIINTA MOLIHOCTH 3a CYET
BOCCTaHOBJICHHSI MApaJUIeIbHON pabOThl HICTOYHUKOB MUTAHUS.

CTyTleHB CCJICKTHUBHOCTH 110 BPECMCHU

At=5 ¢, (13.16)
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14. ABTOMATHYECKOE ITOBTOPHOE BKJIFOYEHHE (AIIB)

VYcerpoiictea AIIB npuMeHsIOTCS Ha BO3AYIIHBIX M CMEIIAHHBIX (BO3IYIIHO-
kaOenpHbIX) TuHUSX HanpspkernrneM 1000 B u Bwine; Ha mMHAX AIEKTPOCTAHIMHA H
MOACTaHIMKA, OOOPYIOBAHHBIX CIEHHUAJBHOM  3aIIMTOM; Ha  MOHIKAIOUIIUX
Tpanchopmaropax momHocThio 6osiee 1000 kBA, nMeronux ¢ muTarIieil CTOpOHbI
MaKCUMaJbHYI0 TOKOBYIO 3alllUTy, B Te€X CIydyasX, KOIJla OTKJIIOYECHHE
TpanchopmMaropa NPUBOAUT K OO0ECTOUYEHUIO TOoTpeOuTeneil; Ha OOXOIHBIX U
IIMHOCOEMHUTENIbHBIX BBIKIIOUATENSIX U Ha OTBETCTBEHHBIX AJIEKTPOABUTATEISX,
OTKJIFOYAEMBbIX 10 YCIOBHIO CaMO3aIycKka JpyruX JBUTaTeNIeH.

14.1. OnnoxpaTtHoe Tpexdaznoe AIIB sunumii
C O/JHOCTOPOHHUM NMUTAHUEM

Brigepikka BpeMeH Ha cpabaThIBaHHE:

Cipa 2o +lan., (14.1)

Ui 2 ta.c. _tem.Q +an., (14.2)

tAIYB—l Z teom.Q _tem.Q +lan., (14.3)

Uipa 2 e sa, _tem_Q +an., (14.4)

e L, - BpeMs TOTOBHOCTH INpuBoja, paBHoe 0,2-1 ¢, B 3aBUCUMOCTH OT THIIa
IPHBO/IA;

t@_c_ — Bpems aemoHu3anuu cpenbl B mecte K3, paBrnoe 0,07 — 0,08 ¢ nmns

nuHuk HanpsbkenueMm a0 35 kB; 0,15 ¢ — s nunwmii Hanpsokenuem 110 kB; 0,3 ¢ —

s smani Hanpsbkeauem 220 kB ' 0,35-0,40 ¢ — i nuHuii HanpspbkeaueM 330-
500 kB;

tgm_Q — BpEeMs BKIIFOUEHUS BBIKJIFOYATEIS;
tgom_Q — BpeMs TOTOBHOCTH BBIKJIKOUYATEIIS;

te. 3aquy. — BPEMs BO3BpaTa PEJIEHHOW 3alUTHI, YCTAHOBJIEHHOW CO CTOPOHBI
WCTOYHHUKA MUTAHMUS;

tgan_ =0,4+0,5¢ - BpeMsI 3ariaca.

Brinepxka BpeMeHH Ha BO3BpaT

Cis-2 2 Vams4 a0 T puane. Ttomino T lsan., (14.5)
tAIYB—Z - tnay3bzl1 (14.6)
rne  Ups . .c— MaKCHMambHas BBIIEPKKA BPEMEHH DEJeifHOM 3amuTel TocIe

BKJIFOUEHUS BBIKIIFOYATENS Ha ycTouuBoe K3;
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t

omxn.Q — BPEMS OTKIIFOYCHHS BBIKIIOYATEIS,

tnay3bzl —  BpeMs, JONYCTUMOE [0 YCJOBHSAM pabOThl BBIKIIOYATENEH,

npuHumaemoe pasabiM 10 — 15 c.
B pene PIIB-58 u PIIB-358 Bpemst Bo3BpaTa peiie 00ecriedynBaeTcsi BpeMEHEM
3apsjia KOHJeHcaTopa:

t. =R-C-In Yum (14.7)

3ap. ,
U cpa6.KL

num.

rie R — conporusnenue 3apsaHoro pesucropa, OMm;
C — emkocTs KoHzEHCaTOpa, @]

U,.um. — HaIpsHKEHUE MUTAHUS, TPUHUMAEMOE PABHBIM 1,08U,,,,.., B;
U cpa6.Kl, — HalpsKeHue cpabaThIBaHUs MPOMEKYTOUHOTO PEjie YCTPOMCTBA

PIIB, B.
Ecmn tgap_ >1 ATIB—2 , OJTHOKpaTHOCTH neiictBusi AIIB oGecrnieueHa.

14.2. JiBykpatnoe AIIB jsnHuii ¢ 0IHOCTOPOHHUM MUTAHUEM

HBykpatHoe AIIB mnpumeHseTcs Ha OJWHOYHBIX BO3AYIIHBIX JUHUSAX Ha-
npspkenreM 35 KB u Bblle B cydasix, KOra 3TH JIMHUU OTXOAST OT MOJCTaHIIMU 0e3
00CTy>KHBAIOIIETO MepcoHaNa Uin 0e3 TelaeyrnpaBIeHusI.

4
YCTaBKH 10 BpeMEHH Ha cpabaThiBaHKe U BO3BpPAT B MepBoM 1ukie — Uy7p 4

:4 [1B—2 — OIPENEIIOTCS aHaJoruyHo onHoKpatHoMy ATIB mo gopmynam (14.1) —
(14.6).

Brigepikka BpeMeHH Ha cpabaThIBaHHE BO BTOPOM IIUKIIE

:ZIHB—l = tnay:«:bzl’ (14.8)

Boigepkka BpeMeHU Ha BO3BpaT BO BTOPOM LIUKJIE

" 4
ams—2 = Uy +tem.Q pgane. +t0mwz.Q +un., (14.9)
/4
AIIB-2 = tnay3b12’ (14.10)
rjae tnay3b12 — BpeMms, JIONMYCTUMOE IO YCIOBUSIM padOThl BBIKJIIOUYATENICH, MpHU-

Humaercs paBubiM 20 — 60 c.
14.3. AIIB auHuMii ¢ IBYCTOPOHHUM MUTAHUEM

[Ipu mnoBpexaeHUM JUHUIO CIEeAYyeT OTKIIYUTh C O0euX CTOPOH, 4YTO
HEOOXOUMO JIJIsl JIEMOHHW3allMM BO3AYIIHOrO npoMmexyTka B Mecte K3. JleiicTBue
ycTpoiicTB AIIB Ha BBIKIIIOHYATENIHN JOJKHO OBITH COTJIACOBAHHBIM U OCYIIIECTBIISITHCS
TOJBKO OJTHOKPATHO.
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Briepkka BpeMeHM Ha cpabaThIBaHUE:

Cirpa 2 tn +an., (14.11)
Cipa 2 t()_c, _tgm.Q +oan., (14.12)
tAHB—l 2 t3au4.2Ma1<c. _t3au;1Mun +t0me2 _tomel o
_tem.Qi +ta_c_ +l0n., (14.13)
rae tgam_z waxe. W t3au4.lMuH. — MakcuMajibHasi ¥ MUHHUMAaJbHasl BBIJICPIKKH
BPEMEHH 3alUT HA 00EUX KOHIAX 3alUIIAaeMON JIMHUH,
tomm.QZ 151 tomwz.Ql — BpeMsl OTKJIFOUEHUS BBIKIIIOUATENe ¢ 00erX CTOPOH
JINHUH,
tgm.Qi — BpEeMsl BKIIIOUECHUS BBIKIIIOYATENSI C PACUETHON CTOPOHBI JIUHUH.

Bbineprkka BpeMeHu Ha BO3Bpat omnpenensercs no ¢popmyiaam (14.5) u (14.6).
Jist Toro 4YTtoOBl MOPSAOK MOJayuM KoMmaHj oT ycTpoictB AlIB Ha
BBIKJTIOYATENIM MOXKHO OBUIO M3MEHATH MO Mepe HEOOXOIUMOCTH, IOMOIHUTEIHHO

YCTaHABIIMBAIOTCS] YCTPOUCTBA KOHTPOJISI OTCYTCTBUA HanpsikeHust Ha nuHun — KOH,
U KOHTPOJIs Hanmuuust Hanpsokenns — KHH (puc. 20).

: Ql Q2 W1 Q3 Q4 :

TV1 TV2

KoHmporsb Hanu4usi KV1 KV2
HanpsixeHus (KHH)

AlB + AlB
(AKS) (AKS)
Kowmpons /|
omcymcmeusi

HanpsikeHusi (KOH)

Puc. 20. AIIB Ha TMHMHU C IBYCTOPOHHUM NMUTAaHUEM, B KOMIUIEKTHI KOTOPOTO
BBEJICHBI YCTPOMCTBA KOHTPOJIS HAIIPSIKCHHUS.
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bmaromaps stomy mnomnbiTka BkiaodeHuss ot AlIB nHa ycroitumBoe K3
MPOUCXOAUT TOJBKO OJIMH pa3 — C TOW CTOPOHBI, I€ KOHTPOJIHUPYETCS OTCYTCTBUE
HanpspKEHUsl. Y CTaBKa MUHUMAJIBHOTO pene, peanusyromero KOH:

(O’ 4+0’5) 'UHOM.
Ny '

BxutoueHue BBIKIIOYATEN C JIPYrod CTOPOHBI OyAET MPOUCXOAUThH JHIIL B
TOM CIIy4a€, €CJIHM IOBPEKICHHUE YCTPAHWIOCh WU JIMHUA JEPKUT HaNpsHKEHUE.
VYcraBka pene, KOHTPOJUPYIOLIEr0 HATMYHUE HATIPSIKEHUSA:

(0’ 7 +0’8) 'UHOM.
Nry '

Hns ycrporictBa AIIB, pabdotatomero ¢ KHH, tpeGoBanus (14.11) u (14.12)
HE SBJSIOTCA 00513aTeNbHBIMY, a ycioBue (14.13) npuHumMaer BUI:

U

¢.KOH = (14.14)

U

c.KHH = (14.15)

tAIYB—l Z t3au4.2maz<c. _t3au4.l/wun. + tomm.QZ _tomm.Ql + t3an. - (14.16)

N3menss nonoxenue Hakiaagok SX (puc. 20), dyukinuu KOH u KHH moxHO
MEHSTh MECTAMH.

OTkiroueHne MEeXCUCTEMHOW TpaH3uTHOW JuHUM W1 3ayacTyro mpuBOAUT K
HapyIIeHUI0 OalaHCOB MOIIHOCTHM B OO0EUX CHCTEMax U, COOTBETCTBEHHO, K
OTKJIOHEHHUIO YacTOThl OT HOMUHaANLHOU. B pesynbrate cpabarsiBanue AIIB ¢ KHH
OyZeT COMPOBOXKIATHCS TMOSBICHUEM «TOYKM HECHHXPOHHOTO BKIIOUEHUs». bpocok
BO3HHUKAIOIIETO MPU 3TOM YPABHUTEIHLHOTO TOKA OTpakaeTcs Ha paboTe TeHepaTOpOB
(MOSIBASIFOTCSL  IOTIOJHUTEIBHBIE 3JIEKTPOMArHUTHBIE MOMEHTHI, IPEICTABIISIONINE
OMAacHOCTh JUISI MEXaHWYECKOW MPOYHOCTH BpAIIAONIMXCS YacTEed MAIlHH),
TpaHCPOPMATOPOB (IMHAMUYECKHE YCUIUS B OOMOTKAax, BbI3BAHHBIE MPOTEKAHUEM
CKBO3HOT'O CBEPXTOKa, MOTYT BBI3BaTh UX Je(hopMaIuio) u IHEProCUCTEMBI B I[EJIOM
(BOBMOXKEH TEpexo]l CHCTeMbl B OoJiee WM MEHee [JIMTEIbHBIA aCHHXPOHHBIN
pexum). [loaToMy B 3aBUCUMOCTH OT KOHKPETHBIX YCIIOBUI B KauecTBE Tpex(ha3Horo
AIIB ¢ KHH moryt npuMeHSTbCS CIEAYIOMIME TUIIBI YCTPOMCTB: HECHHXPOHHOE —
HAIIB, 6sicTpoaeiictBytomiee — BAIIB, ¢ oxxunanuem (KOHTPOJIEM) CHUHXPOHU3MA —
AIIBOC, c¢ ynaBnmuBanuem cunxponusma — AIIBYC u ¢ camocuHxpoHu3anuen —
AIIBC.

14.4. Hecunxponnoe AIIB (HAIIB)

Hecunxponnoe AIIB MoxeT mnpuMeHSThCS Ha OJAMHOYHBIX (0€3 IIyHTH-
PYIOIMX CBS3€H) JTUHUAX C JBYCTOpoHHUM muTanueM. Pacuer HAIIB cBogutcs k
MMPOBEPKE JOMYCTUMOCTH BKJIFOYEHHSI C HEOTPAHUUYECHHBIM YIJIOM MEXKJY BEKTOpAMHU
ogHOMMEHHBIX (a3 uctouHukoB nmuTanus MII1 u UTI2 mo koHIIaM 3iaeKTponepeayn.
COOTBETCTBEHHO 3TOMY HOPMHUPOBAHbl MAaKCUMAaJIbHO JOMYCTHUMbIE 3HA4Y€HUs (B
JOJISIX OT HOMUHAJIBHOT'0) TOKa HECUHXPOHHOT'O BKJIFOUEHUS C YTIIOM 180%:
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I TypOOT€HEepaToOpoB M THUAPOTCHEPATOPOB MPHU ydyeTe BO3MOXKHBIX
MOBBIILICHUN OTHOCUTENbHBIX 3HaUeHU DJIC cooTBeTcTBeHHO 10 1,2 M 10 1,5

Hec.okt. = ", (14.17)

— JJIA CHHXPOHHBIX KOMIICHCATOPOB

| 0,84
Hec.gkn. =" n (14.18)
d
— 1 TpaHC(hOPMATOPOB
< 100
HeC.6K1. = U. (%) (14.19)
rac Xé — CBCPXIICPEXOOAHOC COIMPOTHUBJICHUC TICHCPATOPOB MW CHHXPOHHBIX

KOMIIEHCATOPOB;

U, (%) - Hanpspbkenue K3 tpancdopmaTopos;

|Hec_6m_— MaKCUMaJIbHO BO3MOXKHBIM TOK HECHHXPOHHOTO BKJIIOUCHHS
(mepuoauueckasi COCTaBIAOIIAs), O.€.:

14 4
| __ YetEr _YetEr (14.20)
Hec.6KIL. , )
X3K6.C + X\N + X9K6.F Xy
rie Xy - cymmapHoe comnporuBieHue mexay OJC reneparopa E}L u

HanpsxeHneM 3HeprocucteMsl U - | o.e.

Ecou pacuer HecunxponHoro AIIB BenmeTcs mnpu 3HAYEHUSIX YACTOTHI H
HaIpsDKCHHS, OTJIMYAIONIUXCS OT HOMHMHAJIBHBIX HEe Oosiee yem Ha 5%, TO TOKHM
HECHHXPOHHOTO BKJIFOUCHHUS MOXKHO yBEIMYIUTH Ha 13% 1711 TypOOTEHEpaTOpPOB U Ha
35% — nms TUIpOTreHepaToOpOB.

B dopmyne (14.20) Tok onpenensieTcss 06e3 yuera Harpy3ku. Eciiu B pe3ynpraTe
MIPOBEPKH JOMYCTHMasi KPaTHOCTh TOKOB OyJIeT IPEBHIIICHA, TO HEOOXOIMMO YIECTh
BIIMSIHUE HArpy3KH, KOTOpas BBOJAUTCS B pacyeT CICAYIOIIUMH ITapaMeTpaMHu:

E’ =09: X, =035 (14.21)

Hazcp. Hazcp.

JlonmyckaeTcst B yCcTpoHCTBE HeCUMHXpOHHOTO AIIB ¢ omHON CTOpPOHBI JTUHUH
BBITIOJTHATH KOHTPOJIb HAJTWYHWS HANPSDHKEHUS C YCTaBKOM cpabaThIBaHUS

_(0,7+0,8)-U,,,,.

Uc.p. - nTV

(14.22)

98



14.5. BoicTpoaeiicTByioniee AIIB (BAIIB)

[Ipumensiercs Ha OAMHOYHBIX (0€3 IMIYHTUPYIOIIUX CBS3€H) JHMHUIX C
JBYCTOPOHHUM MUTaHUEM, 000pya0BaHHBIX OBICTPOIEUCTBYIOIIUMHU
BBIKJIIOYATENSIMU M OBICTPOJEHCTBYIOIMMHU PEICHHBIMU 3aIIUTAMH.

ITepBoe ycnoBue nonycrumoctu BAIIB:

rae 50011. NOIYCTUMOE 3HAQYEHHE yrja II0 YCIOBUSAM JUHAMHUYECKOU
YCTOWYHUBOCTH;
56,01. — YroJI BKJIFOUECHUS:
Oger. = Oy, +9000- R L - t
exn. = Onau. T WP T t P__.T . | bAlB. (14.24)
Izl ‘ul 2 ‘u?

3nech 5Haq_ —  HayaJbHBIA yroy, oOyCIOBIEHHBIN Harpy3Kkoil B J0aBapUHOM
pexxume, rpai;
PW — MOIIHOCTB, epeaaBaeMas 1o JIDII no ee orkmrouenus, MBT;

P

TS szz — CyYMMAapHbI€ MOIIIHOCTH TE€HEPATOPOB B Pa3/ICIUBLINXCS
4yacTsax sHeprocucremol, MBT;
Tul, Tu2 — TOCTOSIHHBIE WMHEPIIMU BpAIIAOIMIMXCS MacC B Pa3elUBIINXCS

YJaCTSAX IHEPTOCUCTEMBI, C;

.75 — Bpems mukna BAIIB, onpenenseMoe Mo BEIPAKEHHIO:

Csars = s Y lomeno 5.0, (14.25)

rae t p.3. — BpEMs IEUCTBUS PENEHHON 3alMThI, IpuHUMaeMoe paBHbiM 0,09-0,11 ¢

1T BhICOKOYAacTOTHRIX 3amuT, 0,08-0,12 ¢ — [1JIs TOKOBBIX OTCEYEK M IS 3aIUT
HYyJIEBOW U 00paTHOM MOCIEeT0BaTEILHOCTH;

tomm_Q — BpeMs OTKJIFOYEHUS BBIKJIKOYATEIS;
t5.n_ — BpeMs OeCTOKOBOHM may3bl, KOTOPOE IODKHO OBITh OOJNbIE BPEMEHH

JNEUOHU3ALUU CPEJIbI t().c_ (cm. myHKT 14.1).
Bropoe ycnosue nonyctumoctu bAIIB:

rac 56071]” — HOpcacjabHO ,HOHYCTHMBIP’I yroJ, nmpu KOTOPpOM BJIeKTpOMarHI/ITHbII?'I

MOMEHT, BOBHUKAIOIIUN B T€HEPATOPE, HE MPEBBINIACT 3HAYEHUH, COOTBETCTBYIOIINX
K3 Ha ero BeiBogax.
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Pacuer mo sTtomy ycnmoBuio BeAeTcs B cheayiomieMm mopsiake. [lo KpuBbiM,
NPUBEICHHBIM HA pHC. 21, s yrma  Ogy, ompenemsiercs Kod(hUIHeHT k5, Ha

KOTOPBIN JOJDKHBI OBITh YMHOXKCHBI TpaBble yacT BbipakeHuit (14.17), (14.18) u
(14.19). Jlanee pacyer BeAeTCS aHATIOTMYHO HeCHHXpOHHOMY ATIB.

k6 1 1 — myp6ozeHepamopsl ¢
KOCBEHHbIM OX/1aXKOeHUEM,
2.2 2 — mypboeeHepamopbl ¢
2 HernocpedcmeeHHbIM
< oxiaxo0eHuem,
3 — audpozeHepamopsbl
1,8 \>\

N
/

1,4 \\

\
1,0 = | yeon

20 40 60 80 100 epao.

/4

Puc. 21. Pacuernsie kpuBbie 15 ycinoBus (14.26).

14.6. AIIB ¢ oxxuaanuem cunxponusma (AIIBOC)

Ha3znauenne AIIBOC — ocymectenenue AIIB kak mnpu CHHXPOHHU3ME
HaNpPsHKEHUW, TaK U MPU MOTEPE CUHXPOHU3MA, €CIU Pa3HOCTh YaCTOT HECHXPOHHBIX
HanpspKkeHr Mana. OOBIYHO JaHHBIA THI YCTPOMCTBA YCTAaHABIMBACTCS HA JIMHUSAX,
MMEIOIIUX  MapajuieJbHble IIYHTUPYIOIIME CBA3M  JIOCTATOYHOM  MPOITYCKHOM
cnocooHoctu. [loBTOpHOE BKIIOUEHWE JIMHUU OOECMEYMBACTCS TOJBKO TIpU
paboTaIMUX NIYHTHUPYIOMINX CBS3SIX, KOTJa BO3MOXXKHO COXPaHEHHE CHHXPOHHOM
pabOThl HMCTOYHMKOB TMUTaHHWS. B peMOHTHOM pexume (MapajuieNbHbIe CBSI3H
otkmouensl) AIIBOC, kak npaBuio, He padoTaer.

VYcnosue nonyctumoctu AIIBOC

S,y =45+550 (14.27)

Boinepkka BpemMeHM Ha cpabaTblBaHHWE [JIsi TOrO KOHIIA JIMHHUM, TJIe
MPOBEPSETCA OTCYTCTBUE BCTPEYHOI'O HAIPSIKEHHUS, ONPEICISIETCA MO BBIPAKEHUAM
(14.11), (14.12) u (14.13).

Hanpsxenue cpabatbiBaHusl pesie KOHTPOJISE OTCYTCTBUS HANPSKEHUS

~(0,4+0,5)-U,,,..

U =
cp.POH
P Nry

(14.28)
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Hanpsxenue cpa®aTbiBaHMsI pesie KOHTPOJIS HATTMYUS HAIIPSKEHUS

0,7+0,8)-U
Ucp.PHH = ”T) e (14.29)
\Y

Henr KHH (cm. nynkr 14.3) AomofHsSIETCS KOHTAKTOM pelie KOHTPOJIS
cuaxponusma — KSS (puc. 22, B).

KSS UnUHuu Us ULUUH
U
WUH TV2 KV1.1 KSS
+_K9T ‘ \f ’
X
| KVl.2S
a) 6) 8)

> / BambikaHue
KoHmMakmos Q

US. cp.

US.e.

Bosspam KSS u
nyck KT e pene Pl1B

t, 0

tAI7B 1:eKn.Q
t 1-2

2)
Puc. 22. Pabora AIIBOC: a — cxema BriroueHust KSS; 6 — BekTopHast Auarpamma
HarpsbkeHui, mogaBaeMsix Ha KSS; ¢ — ¢parment nenu mycka AIIB;

2 — narpamma, nosicHsroas paboty pene KSS.

Konrakr pene KSS 3aMKHYT OT MOMeHTa 1, COOTBETCTBYIOIIETO YIITy O p.» 10
MOMEHTa 2, KOTOPOMY COOTBETCTBYET YTOJ O, p. (puc. 22, r). B momenr 1

3amyckaetcst yetpoiictso AIIB. Ecmn U_5 =1, 75, T0 B MOMeHT 2 1int uyTh pambme

GyzleT mojaHa KOMaHJa Ha BKmodYeHWe BEIKmodatens. Ecm U 5 <l A, To peme
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BpemeHn B ycTpoiictBe AIIB He ycneBaeT 3aMKHYTh KOHTAaKThl W BKIIFOUEHHUS
BBIKJIFOYATEIIS] HE TPOUCXOIUT.

Vsl 56_ p. 1 Oc p. CBI3aHBI COOTHOUICHUEM!
Os.p. =Kg0¢ ., (14.30)

rne Ky =0,8 - koaddunreHt Bo3Bpara pene KSS. TloaTomy 10cTaTO4HO OTOBOPUTH
YCIIOBHSL, KOTOPBIM JOJDKEH OTBEUaTh yroa Og. p.-

VYron cpabaThiBaHMsI pejiie€ KOHTPOJISI CHHXPOHHU3MA BBIOMPAECTCS MaKCUMATbHO
BO3MOYKHBIM C YYETOM CIICAYIOIIUX COOOPAKEHHIA:

npu  Haauyuyu TOYHTUPYIOIIUX  CBA3EH O. p. JOIDKEH ObITh  Ooiblie

JEHUCTBUTENIBHOTO yTila MEX/y BEKTOpAMU HAIIPSIKEHUI:
5c.p. = kH '5Ha2p.MaKc. , (14.31)

rae kH — k03 UIMEHT HAZAEKHOCTH, paBHbIN 1,2 — 1,3;

5Ha2p_ Mmaxc. — MaKCHUMaJIbHBIN yroyl casura ¢a3 CpaBHUBAEMbBIX HANPSHKEHUM,

00yCIIOBJICHHBIN HArpy3KOM ITyHTUPYIOIICH CBSI3H:

0,5-AU
5Ha2p.MaKC. = 2-arcsin lj?acq.MaKc : (14.32)

B dopmyne (14.32) AU pacu.make — MaKCUMallbHas PacyeTHas I€OMETPHYECKAs
pPa3HOCTh HAIPSDKEHUH 10 00eMM CTOPOHAM OTKJIIOYEHHOTO BBIKIIIOYATENS TPH
paBeHCTBE  ATHX  HANpSOHKEHUH 1O  aMIUIMTYJE: U =Y i =Y

COOTBETCTBYIOIAsE HAWOOJNbIIEH MOIIHOCTH, KOTOPYIO MOXKHO TMepeaarh [0
IIYHTUPYIOIIECH CBA3U:

Puice. = —'Sin(guaep.makc.) : (14.33)

.C6.

Ecnu aMmuTynbsl HAanpsHyKEHUN Pas3IndHbl, TO

U wun + U JAUHUU AU
pacy.makc
5Ha2p.MaKC. = arccos 2.U U ; (14.34)

wun "~ TuHUU

npu  omcymcmeuu IIYHTUPYIOIIEW CBSI3M, KOrJa pa3JeIMBIIMECS YacTh
sHeprocrucTeMsl padboTaroT HecuHXpoHHO, ATIBOC He M0MKHO JOMyCTUTh 3aMbIKAHUS
JMHAM B TPAaH3UT OpU OONBOIOM O, T.K. BKIIOUCHHE OYIET COMPOBOXKIATHCS
3HAYUTEIBHBIM TOYKOM TOKA M MOYXET MPUBECTH K BOSHUKHOBEHHUIO ACHHXPOHHOTO
xona. Mcxons n3 aToro
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50 tAIYB

) .
.D. maxc. kH 1+ ke) 'tgm,Q it (14.35)

rae kH =11 — xo>dpdunment HagexsOCTH. OCTATBHBIE 0003HAUEHNS COOTBETCTBYIOT
puc. 22, Ha KOTOPOM O ,,4c. — MAKCHMAIIBHO JOIYCTHMBII Yroa BKIfoUeHmsT — 70 +
75°.

Uem GoIbllle BHIIEPKKA BpeMEHH 475 M ueM MeHbIle YCTaBKa cpabaThiBaHus
pene KSS — 50_ p.» TEM MEHBIIE Pa3HOCTh YacCTOT, Ipu KoTopoi cxema AIIBOC

AOITYCKACT BKIIFTOUCHUC:

f— Ocp.”UHKs) 14.36
5771, 360 (14.36)
[IpenenbHOE CKOIBKEHNE, COOTBETCTBYIOIIECE ATOM Pa3HOCTH YacTOT:
561{/1 - 56
_ . D
Snp. = " I . 100% < Snp.don., (14.37)
6xn1.Q  "HOM.

rac fHOM. — HOMHHAJIbBHas 4aCToTa,

S = (O, 2— 01 4)% — IPCACIbHO AOITYCTUMOC CKOJILKCHUC.

np.oon.
B ¢opmyner (14.36) u (14.37) 3HA4EeHUS YrI0B MOACTABISIOTCS B rpagycax.

14.7. AIIB ¢ yaaBauBanneMm cunxponusma (AIIBYC)

[IpuMensieTcss Ha OAMHOYHBIX M MAPAJUIEIbHBIX TPAH3UTHBIX JHUHUAX, HE
UMEIOIIUX IIYHTUPYIOIIUX CBS3€H, MPHU HEBO3MOXKHOCTH Hcmoiab3oBanus HAIIB uiun
BAIIB. Ot AIIBOC otnuyaetcss 0oyiee COBEpPIICHBIM O3JEMEHTOM KOHTPOJIS
CUHXPOHM3Ma, TMO3BOJSIOMNM ocyllecTBIsATh AlIIB ¢ orpaHuyeHHBIM YIJIOM
BKJIFOUCHHSI TIPU TIPEACIBHBIX CKOJBXKEHUAX, HaMHOTO Oombimx, yeM y AIIBOC.
Huxe pman anroputm pacuera AIIBYC, pelictByromiero 1o HNPUHLHIY
CUHXPOHM3ATOPa C MOCTOSIHHBIM YTJIOM onepexeHusi. Cxema ycTpoiicTBa IpUBEICHA
Ha puc. 23.

B xomrmuiekTe, BBHIONHSIONEM (YHKIIUH KOHTPOJS OTCYTCTBUS HAIPSKCHUS,
Hakigaaka SX ycraHaBimuBaeTcs B mojoxenue 0—1 (puc. 23, B). Brikimtouaresb 3Toi
CTOPOHBI JIMHUH BKJIFOYAETCS MEPBBIM, MIPOU3BOAs onpoboBanue. Eciau muHus AepKuT
HanpsbKeHHe, HAaUMHAeT paboTaTh KOMILUIEKT Ha MPOTHUBOIOJIOKHONW CTOPOHE. Y 3TOrO,
BTOPOTO KOMITJICKTA, HAKJIalka SX BOOOIIE HE YCTaHABIUBACTCA.
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Om TV wuH y
A

r B
KSS1 KSS2

A
56KJ‘I

Ogun = wsteKn.Q - %on,

KV1

Ws

0 >
ws,m.s.z é‘on./te/(n, Q
\ )
- 50/7.

~
Om TV nuHuu

a)
t sa
0BT
X
K k1 Ko —KH
- 3 Ha eknoyeHue

AKS (PI1B-58)

8)
Us

56KJ7
» 3ambikaHue
KOHmMakmos Q

US.6.7

US. 8.2

t,o

0 27
0. KSS1 0g.KSS2

2)
Puc. 23. Cxema yctpoiictBa AIIBYC, ucnons3yrolas IpUHIII CHHXPOHU3ALMH
C IIOCTOSIHHBIM YITIOM OIIEPEKEHUS.
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B MomenT Bpemenu 1 (puc. 23, r) Bo3Bpamaercs pene KSS1 (pene KSS2 B stot
MOMEHT €lI€ HaXOJWUTCA B COCTOSHUM cpalaThiBaHMA, MO3TOMY KOHTakT KSS2.1
3aMKHYT, a KSS2.2 — pa3oMkHyT), U 3amyckaercs pene BpemeHu K7T1. CkonbxeHue

KOHTPOJIUPYETCS Ha MPOTSHKEHUM YTJIa KOHTPOJIS Oy = 6. KSS1 56_ KSS2 -

Bxrouenue paspemaercs, ecnu pene K71 ycneeT 3aMKHYTbh KOHTakT K717.2
paHbllie, yeM mpousoiner Bo3Bpar pene KSS2, 1.e. ecnu

o =
, < —6KSS1~ Te.KSS2

1:AIYB

(14.38)

Komanza Ha BKIIFOUEHHE MO/Ia€TCSI B MOMEHT BpeMeHH 2 — npu Bo3Bparte pese KSS2,
¢ yriom omepexerus O, = CONSt
YTron BKIIOYEHHUS

S,y =45+55° (14.39)

Yroosr ATIBYC nmpoucxoamnio npu OONbIINX 3HAYECHUSIX CKOJIBKEHUS, TOT YroJl

) = (70-75)"
MOKHO YBCJIMYUTH JO MAaKCHUMAJIbHOIO 3HAYCHUS Ogrn vaxe. — , HO TOTOA

HEOOXOJIMMO TMPOU3BECTH PACUYET TOKA HECHMHXPOHHOTO BKIIOUEHHUS — aHAJIOTUYHO
HAIIB, a ams cucrem c mpeobnamanriem ['DC mpoBecTd pacueT JTUHAMHUYECKOM
YCTOWUYHUBOCTH.

Breimepxkka BpeMeHn Ha cpabaTeiBaHue ycrpoictBa AIIB kommuiekta, B

KOTOpOM  OCYHICCTBIIICTCA  KOHTPOJIb  OTCYTCTBUA  HAIPSKCHUA & — t KT2.1,

onpenensercs nmo Gopmynam (14.11), (14.12) u (14.13). Beigepkka BpeMeHH Ha
BO3BpAT 3TOr0 KOMIUIEKTa — 110 hopmynam (14.5) u (14.6).
Hanpsixenue cpabaTeiBaHUS peie KOHTPOJS OTCYTCTBUS HAMPSKEHUS

(0,4+0,6)-U,,,,
Uk = . (14.40)
My
BhijiepKKa BpeMeHH Ha cpabaTsianue ycrpoiictea AIIBYC — Ugrq 5
t _ (56.KSS]. o 56.KSS2 ) 'tem.Q
K112 =7 ¢ S : (14.41)
BKJL.MAKC 8.KSS2
rae 56_ xss1 = (60 —90)0 — yrou Bo3Bpara pene KSS1,;
53. KSS2 = 30° - yrou Bo3epara peie KSS2;
tgm_Q — BpeMSs BKIIIOYCHHS BBIKITIOYATEIIS.
[IpenenbHOE CKOJIBXKEHUE, IPU KOTOPOM BO3MOxKHO AIIBYC:
Ogien +O.
— 6.KSS2
Snp. 1 f . -100% < Snp.aon., (14.42)
6k1.Q " HOM.
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roge S =(2—4)% — npenenbHO TOMYCTHMOE CKONBKEHHUE.

np.oon.
B popmyny (14.42) 3HaueHus yriioB MOJACTABIAIOTCS B Irpajlycax.
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15. BKVIIOYMEHUME 'EHEPATOPOB HA TAPAJUIEJIBHY IO PABOTY

15.1. BkioueHue reHepaToOpoB Ha NMapajlie/ibHYI0 padoTy
METOA0M CAMOCUHXPOHU3AIUHN

Paspenraercst BkItoueHNE CIEAYIONINX TUIIOB T€HEPATOPOB:

THAPOTEHEPATOPOB BHE 3aBUCHMOCTH OT THMA, MOIIHOCTH M  CXEMBI
MPUCOCIMHEHUS;

TypOOreHepaTopoB, paboTaroux B 0J10Ke ¢ TpaHCHOpMaTOpaMH;

TypOoreHepaTopoB MoIiHocTh0 10 3000 kBT;

TypborenepatopoB MoimHocThio Oosiee 3000 kBt, pabotaromux Ha cOOpHBIE
IIMHBI, €CITM TEPUOIUYECKasi COCTABIIIONIAs MEPEXOIHOr0 TOKa HE TpeBbImaeT 3,5
HOMUHAJILHOTO TOKa FeHepaTopa.

[leproauyeckasi cCOCTaBIISIIONIAs TIEPEXOTHOTO TOKA TIPH BKJIFOUEHHUH TeHepaTopa

U
_ C
Inep. — <3,5 IHOM.ZeH., (15.1)
X, +X
d C
e U-=105-U,,, /N3 — nanpsmxenne snexrpuueckoil ceTd 10 BKIIOUCHHS,
IMPUBCACHHOC K CTYIICHU I'CHCPATOpPA,
!
Xd — OTHOCHUTCIIBHOC IICPCXOAHOC PCAKTHBHOC COIIPOTHBICHHUC I'CHCpPATOpAa,
IMPUHUMACMOC 13 CIIPABOYHHUKOB;
XC — HNPHUBCACHHOC K MOIIHOCTH ICHECPATOPAa OTHOCHTCIIBHOC PCAKTHUBHOC

COMPOTHUBIICHHUE JIEKTPUUECKOE CETH, OIIPEICIIIEMOE 110 CXEME 3aMEIIICHUS.

Jlis  TypOOreHepaTopoB C HEMOCPEIACTBEHHBIM OXJIAXKICHUEM OOMOTOK I10
PEKOMEHIAIIMM  3aBOJIOB-U3TOTOBUTENIEN BEIMYMHA MEPUOJAUYECKON COCTABISIOUICH
MEPEXOHOTO TOKA MPUHUMAETCSI MEHBIIIE:

l,., <2,8-1

nep. — HOM.C€EH. -

OcTaTo4HOE HANpsHKCHHUE Ha IIIMHAX TeHepaTopa
4
U C ¢ Xd

v, =—¢"dc
' oon.pab.
X +Xc p

ocm.

(15.2)

rie Uy, pa6. — HOMYCTHMOE pabotee HaNpsKCHHE.

Hampsiokenne cpabaThiBaHUsl penie KOHTPOJS OTCYTCTBUSL HANpsDKEHHS Ha
BBIBOJIaX F'€HEPATOPA

_ (0,1+0,3)-U HOM.2€H.

U, =
p. (15.3)
My
BrlziepikKa BpeMEHH CHHXPOHU3aTOpa:
te, =12 ¢ (15.4)
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15.2. CuHXpOHM3ATOP C NOCTOSHHBIM YIJIOM OIlepeKeHH s

ToyHast CHHXpOHM3AIUS IMO3BOJSET BKIOYUTH T'€HEPATOP HA MapajuiesIbHYIO
paboTy C CeThi0 B YCIOBHUAX, OJM3KUX K uaeanbHbIM. [IpaBna, paccmartpuBaemblii
CUHXPOHHM3AaTOp MMEET HEIOCTAaTOK: €CJIM YacTOThl I€HEpaTopa M CHUCTEMbI OYEHb
OJIM3KHU, TO BKJIIOYEHHE BO3MOXKHO PaHbIIE€ MOMEHTA ONTHUMYMa, C yIJIOM OIIMOKHU

Souu.
MaxkcumasbHas BeJIMYMHA yIiia OIIHOKH
_ i I()on. Xc
Ooutmarc. = 2arcsin : (15.5)
"~ Hom
riue Idon. JOIYCTHMBIA TOK (IIEPHOAMYECKAss COCTABJIAIONIast), MPHHUMAEMBIi

PaBHBIM HOMHWHAJIBHOMY TOKY CHUHXPOHHU3HUPYCMOT'O I'CHCPATOPA,

U, — HOMuHAIBHOE HaIpsIKEHNUE TEHEPATOPa;

Xc — CyMMapHOE CONMPOTUBIICHUE CHHXPOHU3UPYEMOU CETH:

o "
Xe = Xge1 T Xee. T Xge2-

" " o
3nece  Xygy M Xjgo — CBEpXIEpPEXOJHBIE CONPOTUBICHUS IO MPOAONBHON OCH
CUHXPOHU3UPYEMBIX T€HEPATOPOB;

XCG. — OKBHUBAJICHTHOC HWHIAYKTHUBHOC COIIPOTHUBJIICHUC J3JICMCHTOB CBA3U

MEXy T€HEepaToOpaMHu.
Hampsbxkenne  cpabaTeiBaHUS — pelie, OMNPEACNSIONIEro  3aJaHHBIA  YIroll
ONEPEIKECHUS

HOM Sln 50W.M61KC.

U =2-
cp.KV 2 (15.6)
v Ny
MaxkcuMalibHasi BeIUYMHA CKOJIbKCHUS
w _ 2'50m.zvzakc.
S.make. = ¢ : (15.7)
8K1.Q

rac tng — BPEMA BKIIIOYCHUA BBIKIIIOYATCIIA.

Hamnpsixenne cpabateiBanust pene KV1, 3amyckaromiero ysen KOHTPOJS
CKOJIbKEHHUSI

HoM _sin s maxc. '(tgm,Q +t;<)
Nry 2 ’

rnie L, =0,3+0,5 ¢ — Bpems paGoTsl pese BpeMeHH, BXOIAIETO B y3eI KOHTPOJIA

Ucp.KVl =2 (15.8)

CKOJIbKCHUAI.
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16. PEJEMHAS ®OPCUPOBKA U PAC®OPCHUPOBKA
BO3BYXKIEHUSA 'EHEPATOPOB

VYerpoiicTBa peneitHoit popcupoBku Bo30yxaeHUs (YP®D) nmpuMeHstoTcs: kak
OCHOBHOUM BHJ PETyJIUpOBaHUsA BO30YXKJEHHUS Ha TeHepaTopax M CHUHXPOHHBIX
KOMIIEHCAaTOpaxX MOITHOCThIO MeHee 2500 kBT (3a ucKiIoYeHHuEeM 3JIEKTPOCTAHIINM,
paboTaroNMX U30JMPOBAHHO, WU B dHEpProcucTeMax HeOosbIIoN MoimHocTh). Kak
JNOIOJIHUTENIbHAA Mepa, YP®D mnpuMeHseTcs B COYETAaHUM C ABTOMATHYECKUM
perynupoBanueM Bo30OyxkaeHuss (APB) Ha Bcex ocTanbHBIX TeHEpaTopax H
CHHXPOHHBIX KOMIIEHCATOpaX.

YcrpoicTBa pachopcupoBKH BO30YXKIEHUS MIPUMEHSFOTCS Ha
TUPOTeHEpPATOPaXx IJisl OTPAHUYEHHUS TTOBBILICHHS HAMPSHKEHUS HA BHIBOJIAX.

Hamnpsixenue cpabaTtsiBaHusl yCTPOMCTBA peneiHON (hOPCUPOBKH BO30YKICHUS

U
U _ “Hom
Cp@ ! ] (16.1)
ke ’ kH
rae U nom — HOMHUHAJIBbHOE HAIIPSHKEHUE T€HEPATOPA;

kH =1,05 — kosddummenT HaneKHOCTH;

!
k, — k03 puIeHT Bo3BpaTa peje MUHUMAIbHOTO HAMPSKESHHUS.

Hampsbkenne — cpabaTbiBaHMsl  yCTpOMCTBa  penieiHONM  pachOpCUpOBKU
BO30YXKICHUS

U HOM

UCp.P@ = kH ) k” ) (162)
6

"
rne  Ki — K02 HUITUEHT BO3BpaTa pejie MAaKCUMaJIbHOTO HAIPSKEHUSI.
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17. HASBHAYEHHE U KJJACCUP®PHUKALINS YCTPOMCTB
MPOTUBOABAPUMHOMN ABTOMATHUKHA

Pa3zButie 0O0BeAUMHEHHBIX dJeKTpodHepreTudeckux cuctem (0O3C),
COOPYKEHHUE TETUUIOBBIX M THAPABIUYECKUX AJIEKTPOCTAHIIUMN OOJBIION MOIIIHOCTH
U TPOTSKEHHBIX JIMHUM  DJEKTpPOINEpeaud CBEpX- U YIBTPaABBICOKOTO
HanpsDKEHUS TIOBBIIIAET HAJEKHOCTh U OSKOHOMHYHOCTBH BJIEKTPOCHAOXKEHUS
notpedureneir. Ho mpu 3ToM 3aMETHO YCIO0XKHSIOTCS 3a7]a4d yIPaBICHUS.

Pexumbl paboThl M CTPYKTypa KPYIHBIX JHEPTETUUECKUX OOBbEIUHEHUM
UMEIOT Psii 0COOCHHOCTEM:

paboTa naabHUX JJIEKTpoNepenad ¢ MaJlbIMU 3allacaMu MO JUHAMUYECKOU U
CTaTUYECKON YCTOMUYUBOCTH B HOPMAJIbHBIX U MOCJICAaBAPUNHBIX YCIOBUSX;

HAJIMYKE NadbHUX JUHUN dnekTponepenaun 330-750 kB, ogHocTOpoHHEE
OTKJIIOUEHUE KOTOPBIX MOXKET BBI3BaTh OMACHOE JJIs1 000PYyMOBaHMS TOBBIIICHUE
HaNpsDKEHUS B CETH,

BEPOSITHOCTh  CYIICCTBOBAHHS ACHHXPOHHBIX PEKUMOB, BO3HHKAIOIIHUX
BCJICJICTBHC HAPYIICHUSI YCTOMUYUBOCTH, HecuHxpoHHoro AIIB u np.;

HaM4KMe CJlIa0bIX CBSI3EH  MEXIy dHEprocucreMaMu (cCiaboil Ha3bIBaeTCs
CBSI3b, NPONYCKHAs CHOCOOHOCTh KOTOpOM cocTaBisgeT Menee 10% MoirHOCTH
MeHbIIIel u3 sHeprocuctTeM). [lo ycrnoBusiM ycTolyuBOCTH TpeOyeTcsi KECTKOe
OTpaHMYECHHE AKTUBHOU MOIIHOCTH, NEepe/laBaeMOM MO CIA0BIM CBSI3SM;

HaJlW4ue HeOONBbIINX DHEPTOCUCTEM, CBA3AHHBIX C MOIIHBIMH IIEHTPaAMHU
reHepanud. B aBapuilHBIX peXuMax BO3MOXHBI HAaOpPOCH aKTHUBHOU U
PEaKTUBHOW MONIHOCTH Ha HEOONBIINE HHEPrOCUCTEMBI, YTO COMPOBOXKIACTCS
OMAaCHBIMH MOBBIIIEHUSIMU YACTOTHI U HAIPSIAKEHHUS.

Hapyienne HopManbHOTO pekuMa Py OOJIBIITNX BO3MYIIECHUSIX TPOUCXOIUT
BechbMa OBICTPO, MPEAOTBPATUTh U JIMKBUIUPOBATH €ro JEHCTBUSIMHU OOCTYKHU-
BAIOLIETO NEPCOHAIA TPAKTUUYECKH HEBO3MOXKHO.

OnacHOCTh HapylI€HUsS HOPMAJIBHOTO pPEKHMa MOXET BO3HUKHYTh TaKXKe U
Mpu cla0bIX BO3MYIIECHUSX, HAIPUMEP MPHU MEJICHHOM YBEJIMYECHHH NEpenaBaeMoun
10 JINHUHU MOIIHOCTH, IPUBOASIIEM K HAPYIICHUIO CTATUYECKON YCTOMYUBOCTH.

B cBs3u ¢ 5TUM BO3HHMKIIA HEOOXOIUMOCTH HEIIPEPHIBHO KOHTPOJIUPOBATH:

OomnacHbIe neperpy3Ku JUHUT 3JIEKTpoIepeaayu, BbI3BaHHbBIE
HENpPEABUICHHBIMU HM3MEHEHUsIMH OalaHCOB MOIIHOCTHU B OJHOW WM
HECKOJBKHUX CBS3aHHBIX MEX1Yy cobor D3C;

HaOpOChl ~ MOIMHOCTH HA  BHYTPUCHCTEMHBIE  DJEKTpOIEepeladd |
MEKCUCTEMHbIE CBSI3M MPU BHE3AMHBIX OTKJIIOYEHUSX T€HEPATOPOB WIIM HAarpy3KU B
oxHoit uz 29C;

BHE3aIHbIC OTKJIOUEHHUS OJHON K3 MEXCUCTEMHBIX CBS3EH, YrpoxkKaroliue
HAPYIIEHUEM TUHAMHUYECKON YCTOMUNBOCTH;

pa3pbIBbl MOIIHBIX AJEKTPONEPEay, BbI3bIBAIOLIUE HAOPOCHI MOIIHOCTH Ha
cialble MIYHTUPYIOIIKUE JIMHUU 00Jie€ HU3KOTO HAMPS)KEHUS] U ONMACHOE MOBBIIICHUE
YacCTOThI B YHEPIOCUCTEMAX;

3aTspkHble K3, OTKII04aeMble IEMCTBUEM pe3epBHBIX 3auT win Y POB;
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HenoaHo(a3HbIe pexuMbl, nospsomuecs B 1ukie OAIIB unu npu oTkazax
OTZIeNbHBIX (Da3 BBIKJIIOUYATEICH;

OIHOCTOPOHHEE  OTKJIIOUYEHME TMpOoTsKeHHBIX ydactkoB JIOII  CBH,
BBI3BIBAIOIIIECE TTOBBIIICHUE HAMPSHKEHUS, OMACHOE [ 000pY/I0BAHUS;

BO3HUKHOBEHHUE aCUHXPOHHOTO PEKUMA.

JIng pelmeHus NepeyrciICHHbIX BBINIE 3a7a4 MCIOJb3YIOTCS pa3IMuyHbIC
cpeactBa mnporuBoaBapuiiHoi aBTomaTHKu (ITA). OcHOBHBIC TpeOOBaHUA,
IIpEabABIAEMbIE K IIPOTUBOABAPUMHON aBTOMATHUKE, TAKUE XK€, KaK U Yy PEIeHHOU
3amuThl. OHM CBOMSTCA K OOECIEUEHHUI0 OBICTPOICUCTBUS, UYYyBCTBUTEIBHOCTH,
CEJICKTUBHOCTH, HAJEKHOCTU. TpeOoBaHUE OBICTPOACHCTBUS BBI3BAHO TEM, YTO
3aJIep)KKa YMPABJISIONIETO BO3ICUCTBUSI MPUBOAUT K HEOOXOJIUMOCTH YBEJIMYUBATH
€ro HHTEHCHUBHOCTh M, 0oJjiee TOro, MOXeT cjelaTrh ero Oecrnoyie3HbM. Jlis
YIOBJIETBOPEHUS TPEOOBAHHWI UYYBCTBUTEJIBHOCTH M CEJIEKTUBHOCTH JKEJATENIbHO,
9TOOBl ~WHTEHCUBHOCTH  YIPABISAIONIEr0  BO3JCWUCTBUA  ObIAa  MHHUMAJIBHO
HEO0OXOIMMOM JIJIs1 BBIMOJHEHUS ()YHKIIMOHAJIBHOTO Ha3HAYCHHUS aBTOMATHUKHU.

[To cBoemy (yHKIIMOHATLHOMY Ha3HaueHHIO ycTpoicTBa IIA MoOryr OBITH
pa3iesicHbl Ha YeThIpe OCHOBHBIC Tpymibl [18].

B nepeyio  epynny  BXOAAT  YCTPOMCTBA, MpEeJHA3HAYEHHBbIE IS
npeaoTBpallleHuss HapymieHus yctouuBoctd (AITHY) w  nelcTBylOIIME B
CIEQYIOIINX CIydasiX:

npu cOpocax mepenaBaeMoil MmomHOCTH BO Bpems K3 u B mmkmnax AIIB
(OAIIB, BAIIB, TAIIB);

IIPU OMNACHBIX MEPErpy3KaxX ANEKTPUUYECKUX CBS3EH, BHI3BAHHBIX aBAPUUHBIMU
U3MEHEHHUSIMU CXEMbI, HAPYIIEHUAMH 0aTaHCOB MOIIHOCTH, OTKJIIOHEHUSIMU YaCTOTHI
UT. 1.

OTU yCTPOMCTBA NPOU3BOIAT JIO3MPOBAHHBIE BO3ACHCTBUS HAa pPa3rpy3Ky
ANEKTPOIEepeIayun:

CHUKEHHEM T€HEpUPYEMON MOUIHOCTH (OmKAl0UeHUue uacmu 2eHepamopos —
OI, umnynschaa pazepy3ka mypoun u o02panuvyeHue ux MOWHOCMU &
nocneagapuiiHom pedxicume) B W30BITOYHOW YACTH HHEPrOCHCTEMBI (IHEPTO-
00BETMHEHMS ),

OTKJTIIOYEHUEM MeHee OTBeTCTBeHHOM HArpy3ku (A 4P, CAOH) w B psjie cirydacB
OBICTPO MOOMIH3AIMEH PE3EPBOB MOIITHOCTH — B JIS(OUITUTHON YaCTH;

OJTHOBPEMEHHBIM BO3/ICHCTBHEM Ha W3MEHEHHE OaJaHCOB MOIHOCTU O0EUx
yacTeil 3HeprooObeAMHEHUS], €CJIM 3TO HEOOXOAMMO Jii OIPAHUYEHUSI OTKIOHEHUS
Y4acTOTHI (COANAHCUPOBAHHOE 6030€iiC e ABMOMAMUKU);

gbl0ejleHue  TEIJIOBBIX M aTOMHBIX  JJEKTPOCTaHUMA (MM YacTH
AHEpProOJIOKOB) Ha MUTAHUE MECTHOW HArpy3KH UM HArpy3KU COOCTBEHHBIX HYXKI.

K sToli Xe rpymnme OTHOCATCS yCTPOWCTBA aBTOMATHUKH, OCYIIECTBIISIOLINE
YIIPABJICHHE YCTPOMCTBAMHU MPOAOJHbHON M MONEPEYHON KOMIICHCALIUU: (opcuposKy
YCTaHOBKH IPOAOJBHON KOMIECHCALMU U OMKIIOYEHUE WYHMUPYIOUUX PeaKmopos
ANEKTPONEPEIady CBEPXBBICOKOTO HAIPSKEHHUS.

Pexxe  wmcmosb3yrorcst  yCTpOMCTBA — NMPOTHUBOABAPHMHOIO  yIPABICHUS,
IIPEAHA3HAYCHHBIE Ul 2JIEKMPUUECKO20 MOPMONCEHUA 2eHepamopos, 0bicmpou
paszpy3Ku 2uopomypouH, )opcuposannoi MOOUIUZAUUN EPAUAIOUUXCA PE3EPEOE
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MOWHOCIMU ~ KOHOCHCAUUOHHBHIX MYPOUH, YEeAUUEHUA MOUIHOCHU MEeno-
Qurkayuonnvix mypouH 6pPEMEHHbLIM CHUIICEHUEeM OmoOopoé menaa, aemo-
mamuueckozo  usmeneHusa - ycmaeok APB  zemepamopoe  omnpasmnoi
INEKMPOCMAHYUU, YNPAGICHUA MOWIHOCMbIO 3JJleKmponepeoay u 6CHAGOK
HOCMOAHHO20 MOKA 1 HEKOTOPHIE IPYTHE.

Ko emopou epynne OTHOCATCS YyCTPONCTBA, JIMKBUAUPYIOLIUE ACUHXPOHHbBIE
pexumsbl (AJIAP, AIIAX, oenumenvnas asmomamuxa). IIpy HeJOMYCTUMOCTH JTaXKe
KpPaTKOBPEMEHHOT0 aCUHXPOHHOI'O PEXUMa 3TH YCTPOMUCTBA OCYIIECTBISIOT JI€JICHUE
CEeTU TO MEePBBIM MPU3HAKAM HapYyIIEHUS YCTOMYMBOCTU (B HEKOTOPBIX CIIydasX
JIEJICHHE MOKET OCYIIECTBIISTHCS M0 MPU3HAKAM aBapuu, HEM30€KHO MPUBOASILEH K
BO3HUKHOBEHHUIO ACHHXPOHHOTO PEKHUMA).

[Ipu gomycTUMOCTH KPaTKOBPEMEHHOTO ACHHXPOHHOIO PEXHMa YCTPOMCTBA
9TOW Tpynmbl MOTYT MCIOJI30BaThCS IS OCYIICCTBJICHHS  YIIPABIISIOIIMX
BO3/ICICTBUI, 00JETr4arommX PECUHXPOHU3AIMI0 HECUHXPOHHO Pa0OTaIOIIMX YacTen
O9C. Ecium pecuHXpoHU3alMsi HEyclemHa, yctpoiictBa AJAP  10MXKHBI
ocyuecTBIATh AeaeHne DIC, npenoTBpalas 3aTsHKHONM aCHHXPOHHBIN PEXKUM.

K mpemveii 2cpynne OTHOCATCS  yCTPOMCTBA, IpPEAHA3HAYCHHBIE IS
ABTOMATHUYECKOI0 OTrPaHMYCHHS TOBBIIIEHUH dYacToThl M Hanpsukenus (AOITY u
AOIIH) v orpaHuuYeHus CHIKEHUM 3TuX nmapametpoB (A0CY u AOCH).

VYcerporictBa AOITY 1ipy ONMAcHOM TOBBIIIEHUM YacTOThl JEHCTBYIOT Ha
OTKJIFOYEHUE 4YacTW arperatoB oayekrpoctannuu (OI), B TepBy odepenp —
rUApoarperaToB; pesepBHblie ycrporictBa A OITY ocymectBistoT otaenenue TOC co
cOaaHCUPOBAHHON HArpy3KOM.

YcrpoiictBa AOITH nipyu onacHOM TOBBIIIEHUN HAMpPsSHKEHUST AEHCTBYIOT Ha
6KJ104YeHUe OTKIIOYEHHBIX NIYHTUPYIOIIMX PEAKTOPOB U Ha OTKIoueHue BJL,
SBIISIIONIUXCA ~ WMCTOYHMKAMHU  HM30BITOYHOM PEAKTUBHONW MOIIMHOCTH  (OOBIYHO
OIHOCTOPOHHE  BKJIOUEHHBIE  JIMHHUM), a  TaKke Ha  OTKJIOYEHHE
aBTOTPaHC(HOPMATOPOB W UIYHTUPYIOIMIUX PEAKTOPOB, €CIU MPOU3OIIET OTKa3
BBIKJIIOUATENSl JIMHUM M ONAacHOE IMIOBBIIICHUE HANpPSKEHUsT HE YCTPAHEHO
(pe3epBHOE AEUCTBUE).

Cucrema AOCY, npenorBpalamonias pa3BUTUE aBapUM M3-32 OIMACHOIO
CHUYKEHHUS YaCTOThI, BKIIOYAET YCTPONCTBA, OCYIIECTBIISIIOIINE:

ABTOMATHUYECKYI0 YAaCTOTHYIO pa3rpy3Kky — OTKIIOYEHHE YacTh MEHee
OTBETCTBEHHBIX MoTpedureneii (44P),

aBTOMAaTHUYECKUN 4aCcTOTHBIN BBOJ pe3epna [ IC;

JOTIOTHATEILHYIO Pa3rpy3Ky Py OOJBIINX MECTHBIX Je(UIIMTaX MOIITHOCTH;

BBIJICJICHUE YacTH TEHEepaTopoB (WM BJIEKTPOCTAHUUNA  OTHOCUTEIHHO
HEOOJIBIION MOIITHOCTH) HA PalloH cO cOATaHCHUPOBAHHOW HATPY3KOW WITM HA TUTAHHUE
COOCTBEHHBIX HYXJ] dJICKTPOCTAHITUH.

K »T0i1 rpynie ¢ u3BeCTHOI YCIOBHOCTBIO MOTYT ObITh OTHECEHBI YCTPOUCTBA,
OCYILIECTBIAIONIME aBTOMATHUYECKOE OrpaHUYEHUE MEepPerpy3ku oO0O0pyAO0BaHUS
(40I10).

YerpoiictBa AOCH, npenoTBpailiass ONACHbIE CHIDKEHUSI HANPSHKEHUS,
CO3/JIAI0IINE YTrPO3y BO3HUKHOBEHHMS JIABUHBI HAINPSOXKEHUS U HapyUIEHUsT paOOThI
OTBETCTBEHHBIX  TMOTPEOUTENICH, OCYHIECTBISIOT OTKIIOUYEHHE YacTh MeEHee
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OTBETCTBEHHBIX MOTPEOUTENEH; 3TH YCTPOMCTBA NEHUCTBYIOT TaKKE€ Ha OTKIIIOUYEHHUE
LIIYHTUPYIOLUX PEAKTOPOB JJIEKTPOIlEpenay, a B HEKOTOPBIX CllyyasgX — Ha
U3MEHeHue ycTaBOK APB reHepaTOpoB 3IIEKTPOCTAHUUN Je(ULUUTHOTO IO
PEaKTUBHOM MOIHOCTH paioHa.

B uemeepmyr cpynny BXOAAT yCTPOWCTBAa INPOTUBOABAPUHWHONW ABTOMATHUKH,
criocoOcTByOIME (Hapsay ¢ ycrporictBaMu AIIB pa3HBIX TUIIOB) BOCCTAHOBIICHUIO
HOPMAaJIbHBIX CXEMBI U PEKHUMA. DTH YCTPOMCTBA OCYILIECTBIISIIOT:

aBTOMATHYECKHIA BBOJI PE3EPBHOTO HCTOYHMKA nuTanus (ABP);

nyck pesepBHbIX ruaporeHeparopoB I'DC u mepeBon ux u3 pexunma CK B
AKTUBHBIN PEKUM;

aBapuitHbI Habop MoiHocTH arperatamu TOC;

oOpaTHOE BKJIIOUEHUE NOTpeOUTENeH, OTKIIOYEHHBbIX YycTpodcTBamu AYP
(YAIIB) u CAOH, u np.

17.1. OTkaouyenue reaeparopos (OI)

[IIupokoe pa3BUTHE aBTOMAaTHKa pa3rpy3KH OTKIIOUCHUEM TEHEPaTOpOB
(OT') monyuusia ¢ BBOJOM B dKCIUTyaTanuioo MomHbIX Bomkckux ['DC u nanpHUX
anektponepenad 400-500 kB. B nganpHeiiieM oHa cTajna OJHUM U3 OCHOBHBIX
CpPEICTB MOBBINICHUS YCTOMYMBOCTHU 3jeKTponepenayd oT KpynHbix ['9C, 0104HBIX
TOC u ADC. OcoOeHHOCTBIO pas3TPy3KH C HCIMOJIb30BaHHEM aBToMaTUku OT
ABIISIETCS €€ NUCKPETHBIN XapaKTep; M0 MEPE YBEINUYEHUSI €IUHUYHON MOUTHOCTH
arperatoB CTYNEHU pa3rpy3Kd BO3PACTAlOT, M C O3TUM CBS3aHbl 3arpyoOiieHue
JO3UPOBKH U HEKOoTOpas (MHOTJA CYIIECTBEHHAas!)) MU30BITOYHOCThH YNPABISIOMINX
BO3JecTBHUI. Pasrpyska B 1easiax o0ecrnedeHus YCTOMYMBOCTH dJICKTpoIepe1ayd
oT I'DC MOXkeT OCYIIECTBIATHCS TOJBKO C Momoibio aBromatuku OI', u Takas
pasrpy3ka BIIOJIHE JOIyCTHMMa IO YCJIOBHSM JKCIUTyaTalluu OOOpYJOBaHUS OSTUX
cranuuii. s anextponepenayd ot TOC u ADC B HacTosIIee BpeMsl TAKKE MOXKET
UCIMOJIb30BaThCsd aBToMatuka OI, omHaKo JIsI 3THUX OHJIEKTPOCTAHUUNA TaKOU
CIOCcO0 pa3rpy3Ku HE ABJISETCS HU €IMHCTBEHHO BO3MOXHBIM, HU ONTHUMAJIbHBIM
0 YCJIOBHSM dKCIUTyaTanuu obopynoBanus [18].

Ha 6mounbix TOC u ADC wucnonws3yiorcs nBa crocoba OI': oTkimodeHue
BBIKJTIOUATENSI TeHepaTopa (C MOCHEAYIOMHUM 3aKPBITHEM KJIAllaHOB TYpPOWHBI) U
3aKpBITHE CTOMOPHOTO KJjamaHa TypOWHBl (C TMOCISAYIOMNUM OTKIIOUECHHUEM
BEIKITIOUaTENst reHepartopa). [lepBeiii W3 3Tux cmocoboB obecmeunBaeT Oolee
OBICTPYIO pasrpy3Ky, 4YTO HWHOTJAa HEOOXOAMMO TO YCJIOBHUSM JUHAMHUYECKOUN
YCTOMYMBOCTH, HO HE UCKIIFOYAET BO3MOXKHOCTH Pa3roHa TypOUHBI B CIydyae HEMIoT-
HOTO 3aKpBITHS KiamaHoB. BTopoii cmoco6 Gosiee Ge3omaceH mayis 000OpyIOBaHUS
(umeeT mpeuMmyliecTBeHHoe mpuMeHeHne Ha ADC), HO MpU ATOM pas3rpyska
OCYIIECTBIIsIETCA B TeueHue npumepHo 0,8 ¢ OT MOMEHTa Mmoja4ul yIpaBisioMIero
CUTHAaJa, 4YTO CHUXKAET €€ 3(PPEKTUBHOCTh KaK CPEACTBA MOBBILICHUS TUHAMUYECKON
YCTOMYUBOCTH.
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17.2. CnennanbHasi aBTOMAaTHKA OTK/II0YeHus Harpy3ku (CAOH)

Ecnmn MOmHOCTH TeHEpaTOpPOB M CHHXPOHHBIX KOMIIEHCATOPOB IPUEMHOU
gactu OOC nocTaToyHa Ul NMPEAOTBPALIEHUS ONMACHBIX CHHXKEHHUM HAIPSIKEHUS
BO BCcei 007acTU YCTOWYUBBIX PEKHUMOB, NMPUUUHOW HAPYLICHUS CTATHYECKOW
YCTOMYHMBOCTH IIPU NEPErpy3Ke DJIEKTPOIEpenayu SBIAETCS YBEIMYEHHE yIa
MEXAY BEKTOpaMH SKBUBaJIEHTHbIX J/[C reHepupyrome W NpUEMHOW YacTel
cuctembl. Jlns  coxpaHEHHMs ~ YCTOMYMBOCTH  HEOOXOAMMO  PasTrpy3HTh
AJIEKTpoIepeaayy, OTKIIYas HaMMEHEE OTBETCTBEHHYIO HArpy3Ky B IIPUEMHOU
yacTu. YCTpoicTBa, oOecneuyuBarollue OLIEHKY MHUHUMAaJIbHO HEOO0XOIUMOTO
pasMepa pasrpy3Kd M OCYLIECTBISIOIIME COOCTBEHHO OTKJIIOYEHHUE, MOJIYYUIU
Ha3BaHHE CNENHMATBLHOM aBTOMATHKH OTKJI0YeHust Harpy3ku (CAOH).

OTkiroyeHne Harpy3kd HAHOCUT yIIepO MOTpeOUTENsIM SHEPTOCHCTEMBI U
NOTOMY JOJKHO HCIIOJB30BAaThCS TOJBKO B TEX Clly4yasX, Korjaa Jpyrue
yOpaBISAIONIME BO3JACHCTBUS HENOCTAaTOYHBI WM HEIPPEKTUBHBI, a JelCTBUE
CAOH mno3BossieT mpenaoTBpaTUTh HApyLIEHUs, MPUBOASIINE K elle OoiblieMy
HapOJHOXO035UCTBEHHOMY YIIEpOy.

Boinyxnennas paboTta psga OCHOBHBIX JJIEKTpOINeEpe/rady C MOHM)KEHHBIMU
3armacaMy  YCTOMYMBOCTH TO3BOJISIET CHATh OrPAaHMYEHUs MOTpeOuTenel Ho
YBEJIMUMBAET BEPOSTHOCTh ABAPUHHBIX HAPYIICHHM, CONMPOBOXKIAIOIIMUXCA pabOTOM
CAOH wnu AYP. OnsIT 3KcTmijiyaTallii MOKa3bIBAE€T, UTO yIIepO OT YBEIUUYCHUS
ABapUUHBIX OTKJIIOUEHHM Harpy3kd COCTAaBISI€T JIMIIb HUYTOXHYIO  JOJIO
BO3MOXXHOTO yIiep0a, CBSI3aHHOTO ¢ HEOOXOAUMOCTBHIO JIIUTEIBHBIX OTPAaHUYCHUHN
noTpeduTeneld sl yBeNIMUEHMs] 3amacoB  ycToduumBoctu Atux JIDII  nmo
HOPMATUBHBIX 3HAYEHUI.

[Ipu omacHo# neperpy3ke win ocinabneHun cxemsl cBsi3u nerictsue CAOH B
IPUEMHOM YacTH 00ECIIeUrBAeT BBIXOJ Ha MOCIICaBAPUIHBIA PEKHM C COXpaHEHHUEM
TpeOyeMoro 3amaca cTaTH4YecKoii ycToiumBocTH. Kak cpeiacTBO MOBBIIIICHUS
auHamu4vecko ycrounBocty CAOH mpakTHUYecKH HE HMCHOJb3yeTcs H3-3a
Majoil 3(pPEeKTUBHOCTH, XOTA B HEKOTOPBIX CIy4dasix €ro JeHCTBHE MPOSBIACTCS
U B 00JIETYEHUH JUHAMUYECKOTO epexoaa.

JIpyroil OCHOBHOW NpUYMHON Bce Oosiee mUpokoro ucnonbzoBanus CAOH
SABIISICTCS KOHLIEHTpAlUsl TeHEPUPYIOIIMX MOIIHOCTEM M YBEIMYEHUE KOJIMYECTBA
OTHOCHUTEJIBHO  HEOOJIBIIMX  SHEProcUCTeM, JIeQULUUT  MOIIHOCTH  KOTOPBIX
MOKPBIBAETCSI TEPETOKAMH MO CBA3SM C MOIIHBIM 3HEProoObEIHHEHUEM.
Ileperpy3ka Takoil CBA3M WM OCJIa0JEHHUE €€ CXEMbl HE MOXET OBITh YCTpaHEHa
JNEUCTBUEM AaBTOMATUKW CHIKCHUS TE€HEPUPYEMOM MOIIHOCTH B OCHOBHOWM 4YacTH
SHEProoObEIMHEHNA. EMMHCTBEHHBIM CPEJICTBOM COXPAHEHUS YCTOMYMBOCTH CBSI3U
oka3zbeiBaeTcs pabora CAOH B manoi mo MOMIHOCTH JASPUITUTHON YACTH CHUCTEMBI.
[IpuMeHeHne 3TON aBTOMATUKH II€J€CO00pa3HO, €ClIM HAarpy3ka, OTKIro4aemas s
COXpaHEHUs YCTOMYMBOCTU CBs3H, cocTaBisier 50% M MeHee Harpys3Kd, KOTopas
Hen30ekKHO OTKIoumiIach Obl yctporictBamu AYP B neduumTHOM yactu mpu ee
OTIEJIEHUH OT SHEPrOOObEINHEHUSI.

ITyck CAOH Heo0X01uMO BBINOJHSITH C KOHTPOJEM pPa3u4HbIX (HaKTOPOB,
a Tak)Xe HX COYETaHWH, HANpuUMep: OcCiabJeHHs CXEMbl CBSA3HM; pocTa yrjia
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Nepeavyu; OnacHOro CHWXeHUs HamnpsbkeHud. Pazpemaerca Bosnericteue CAOH
Ha OTKJIIOUEHUE MOTpeOuTeNe, IpUCOeINHEHHbIX K ycTpolicTBaM AYP; npu sToM
o0beM AYP nomxeH ObITh gocTaTOueH Ha ciayyaid otkaza CAOH u nonHoi norepu
CBSI3M C ACPUIIMTHON YaCThIO SHEPTOOOBEAUHEHHUS.

Bribop pacuetHoro oowsema CAOH pomxeH NPOU3BOAUTHCA C YYETOM
HEPaBHOMEPHOCTH rpauka Harpy3Kl OTKIIOYAEMbIX IOTPEOUTENEH.

Kak nokanbHble yCTpOWCTBa, Tak M LeHTpaiu3zoBaHHble cuctembl CAOH
MMEIOT, KaK MPABUJIO, HECKOJIBKO CTYIIEHEHN pasrpy3KH ¢ BO3MOKHOCTBIO JO3UPOBKHU
BO3JICMCTBUS B COOTBETCTBUH C TSKECTBIO ABAPUH.

17.3. ABTOMaTHKA NpeKPalleHuss AaCHHXPOHHOT0 X012 (AITAX)

B »sHepretnueckux cuctemax B cliydae OOJBIIOTO OTKJIOHEHHS] CKOPOCTHU
BpalllCHUsI POTOPOB T'E€HEPATOPOB OT CHUHXPOHHOM BO3HHUKAIOT ACHUHXPOHHBIC
PEKUMBI, KOTOPBIE COMTPOBOKIAIOTCA :

IYOOKUMH TMEPUONYSCKUMU KOJCOAHUSAMU BEJTUYMHBI M 3HAKa MOIIHOCTH Ha
3aKUMax TeHepaTtopa W JIMHUW AJIEKTPOINEPEeaayu, CBA3BIBAIOIIUX JJIEKTPOCTAHIIUU
WJIM YaCTU CUCTEM, BBIIIEAIINE U3 CHHXPOHU3MA;

NEePUOIMYCCKUMH TOHIKCHUSIMA ~ HaNpPsDKEHUsI, OCOOCHHO 3aMETHBIMU B
ANEKTPUUYECKOM LIEHTPE KayaHUI;

pa3IUYMeM YacTOT B Pa3JIMYHBIX TOUKAX CHUCTEMBI U MPOTEKAaHUEM OOIBIINX
TOKOB Ka4aHUMU.

OCHOBHBIMM ~ TPUYMHAMH AaCHHXPOHHOTO peXHMa SBISAIOTCI: paboTta
CUHXPOHHOM MAaIlIMHBI TIPH TMOTEpe BO30YKICHUS, PECUHXPOHH3AIMS T'€HEPATOPOB
MOCJI€ HApyUICHUS YCTOMYMBOCTHU, CAMOCHHXpOHH3alMU TreHeparopoB, AIIB ¢
CaMOCHHXpOHM3AIMe Wi 0€3 KOHTPOJs CHHXPOHU3MA, ACHHXPOHHBIM IYCK
JIBUTATEJICN, KOMIIEHCATOPOB, TPYIINIOBOM CaMO3aITyCK JIEKTPOJIBUTATENEN U T.1I.

Konebanusi Toka B aCHHXpPOHHOM pEXKHUME JIOCTUTAIOT OOJIBIIUX BEJIUYHWH,
KOTOpBIE MHOT/Ia MpeBbIMaT Toku K3, uro ocobeHHo omacHo /it 000pyI0BaHUS U
MOTpeOUTENe AIEKTPOIHEPTUH, TOITOMY [UJIsi TPEJOTBPAIICHUS BO3MOXKHBIX
MOBPEXKACHUN 3JIEKTPOOOOPYAOBaHUS, a TAKKE HAPYIICHUSI YCTOMYMBOCTH, CUCTEMA
C TOMOIIBIO CHEUUANBHBIX YCTPOMCTB JIOJKHA OBITH pa3jiesieHa Ha HECMHXPOHHO
paboTaromniye 4acTH.

YcerpolicTBa,  OPOM3BOASIIME  aBTOMATUYECKOE  pa3lElCHHUE  CHUCTEMBI,
HA3bIBAIOTCS  JICMIUTEIHPHOM aBTOMAaTHKOW, MO0 aBTOMATHUKOW TIPEKpAIICHUS
acuaxpoHHoro xoga (AITAX), nuOo aBTOMATHKOW JUKBHAAIMH ACHHXPOHHOTO
pexuma (AJIAP).

[To mpuHUMINY AEHCTBUS YCTPOMCTBA NEIUTEIBHOW aBTOMATHKH JEATCS Ha
TPU OCHOBHBIE TPYIIIIHI.

K nepBoil rpymnme OTHOCIATCS YCTPOWMCTBA JEIUTEIBHOW aBTOMAaTHKH,
NeUCTBYIONINE O€3 BBIICPKKH BPEMEHU U PEATM3YIOLIME BBIXOJAHYIO KOMAaHAY €IIIe J10
TOr0, KaK HACTYMHUT ACUHXPOHHBIA PEXKUM, T.€. KOTJa yroJl MEXAy BEKTOpaMH 3.1.C.

HayMHaET NPUOTNKATHCS K MPECTbHOMY YTy 5np. , IPX KOTOPOM €11€ COXPAHAETCS
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napajenbHas pabota. B 3ToM ciywyae pasgelnieHHe  SHEProCUCTEMBI  HE
COIMPOBOXK/JIAETCS OMEHUSMU TOKA U HAIIPSHKCHMSL.

Ko BrOpo#i rpymnme OTHOCATCS YCTPOWCTBA JEIUTEIBHOW aBTOMATHUKHU,
pealn3yIolKe BBIXOAHYIO KOMaHIy IIOCIE 3apaHee 3aJaHHOI0 YKCcia ILUKIIOB
KOJEOAHUM ANEKTPUUECKUX BEIUYMH C TEPUOJOM, HE MPEBBIIIAIONIMM 33aJaHHOE
3HauYEHHUE, MU IPH IPOXOXKAEHUM yIria O depes 3uadenus 0-90-180-270-360°.

K Tperpeli rpynme OTHOCATCA YCTPOWCTBA JEIUTEIBHONM aBTOMATHUKH,
pean3yIoIKe BBHIXOJAHYI0O KOMAHIy 4epe3 3apaHee yCTAaHOBIEHHOE BpeMs, €ClIU 3a
3TO BpEMs HE NPEKPATWICA ACUHXPOHHBIA PEXHUM, BBI3BIBAIOIIUN I[0OYEPEIHOE
cpabaTbIBaHUE TYCKOBOT'O OPraHa ¢ 3aJ[aHHOM MEepUOAUYHOCTBIO.

17.4. ABTOMaTHKAa OTPAHUYEHHUS ONMACHBIX NOBbIIeHU HanpskeHus (AOITH)

Haubonee yactas npuunHa JeMCTBUS aBTOMATUKU OT TOBBIIICHUST HAMPSKCHUS
— pa3phIB IEKTPOIIEPEIadl WM OJJHOCTOPOHHEE OTKIIFOUCHUE JIMHUM. {7151 BBISBIICHUS
MOBBIIICHUS HANPSKEHUS B HEMOJHO(A3HBIX PeKHMMaX aBTOMATHKA BBITIOJIHACTCS B
noda3HOM HCTOJHEHUH. B ciiydyae mpHCOCIUHEHMs] K ITWHAM Oojiee YeM OJIHOU
JUHUU TIPAaBWIbHBIA BBIOOP TOJJISXKAIIEH OTKIIOYECHUIO JUHUU 00ecIeunBaeTCs
noda3HbIM KOHTPOJIEM CTOKa PEaKTMBHOM MOIITHOCTH. YCTaBKM aBTOMATHKH IO
HanpspKeHUIO BeiOUparotest B peaenax (1,15-1,25)Upom aums snektponepenay 500 kB.
Ha noxacranuusx ¢ IIyHTUPYIOIIMMH pEAaKTOpaMU aBTOMAaTHKa JAEHCTBYET C
HECKOJIBKMUMH CTYNEHSAMH BBIJEPKKM BpeMEHU: C mepBoil crymenbto (1-2 c¢)
NPOU3BOAUTCS BKJIIOYEHHE OTKIIFOYEHHBIX LIYHTUPYIOUIMX PEaKTOPOB; €CIU 3TO HE
IPUBEJIO K BO3BpATy pEJI€ MAKCHMAJIBHOIO HAIMPSIKEHUSA, TO CO BTOPOM CTYIEHBIO
BBIZICP)KKH (2—5 C) OTKITIOYAIOTCS JIMHHUH, 110 KOTOPBIM IPOU30IIIe] HAOPOC peaKTUBHOM
MOIIIHOCTH; €CJIM HaNps)KEHUE HE CHU3WIOCH (Hampumep, H3-3a OTKa3a
BBIKJTIOUATENISl JIMHUH), C TPETheH CTYIEHbIO (4—6 C) OTKIIFOYAIOTCS TPaHC(HOPMATOPHI
U IIyHTUPYIOIIHE pPEakTophl (TpU HEOOXOAMMOCTH — C  BO3JEHCTBHEM  Ha
ycTpoiictBo YPOB).

ABTOMAaTHKa OT MOBBIIICHUS HANPSKEHHS HE JOJDKHA JAEHCTBOBATh IIPU
MOBBIICHUSX ~ HANpPsDKEHUS, BBI3BAHHBIX CHHXPOHHBIMM U aCHHXPOHHBIMU
KauaHUSMH, BBITIOJTHEHUE ATOT0 TpeOOBaHUs 00JIeryaeTcsi HaTMIueM KOHTPOJIS CTOKa
PEaKTUBHOW MOIIHOCTH. BBIAEPKKH BpEMEHM BTOPOM M TPETbEW CTYICHEUN
MHOTOCTYTICHYaTOM aBTOMATUKUA JOJDKHBI  OBITh  OTCTPOEHBI OT BpPEMEHHU
cpabaThIBaHUs pEe3E€pBHBIX 3alIUT U nay3 AlIB.

[Ipu BBIOOpPE YCTAaBOK MO BpPEMEHH JOJDKHBI OBITh yUYTEHBI TpeOOBaHUSA
CEJIEKTUBHOCTH JIEUCTBUS HA MOCJIEI0BATENIbHBIX YYaCTKAX AJEKTPONEpeIayuu.

17.5. ABTOMaTHKA OTPAHUYEHHS OMACHBIX MOBbIMEHU YacTOoThI (AOIIY)

[loBblllIeHME 4YaCTOTBI B  OTHAEIUBIIEHCS YaCTH DHEPrOCUCTEMBI  C
M30bITOYHON MOIIHOCTRIO ['DC MOXKET MPUBECTU K TOMY, YTO CKOPOCTh BpallleHUs
pPOTOPOB TYpOOT€HEPATOPOB CTAHET OOJibllle CUHXpPOHHOU. [lpu 3TOM cepbe3HO
BO3PACTAlOT MEXAaHWYECKUE HArpy3Kh Ha OaHAaXH W KIHHBSA, (QUKCUpPYIOIIUE
AJIEMEHTHl pPOTOpa TeHepaTopa, W Ha JomaTku TypOuHbl. PaboTa aBTOMAaTOB
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0€e30MaCHOCTH MAapOBbIX TYpOMH MpakTHUYECKH Oe3pe3yibTaTHa, T.K. pa3roH
oOycioBieH BHEmHUM  (aKTOPOM —  HAJIMYUEM  DJIEKTPUYECKOW  CBSA3U
TypOorenepaTopos ¢ I'OC.

[loaTomMy B Tex ciydasix, Korjaa reHepupyromas MmomHocTh I'DOC He MeHee
yeM Ha 20% mpeBbIIacT CyMMapHYIO Harpy3Ky BbIIECJICHHOW SHEPrOCUCTEMBI UJIU €€
4acTH, CIIEAyeT  IPUMEHATh  HAAECKHO  PE3EPBHUPOBAHHYIO  aBTOMATHKY,
NpPEJOTBPAILAIOLIYI0O OIMAacHOE [Jisi MapoBBIX TYpPOUMH TMOBBIIIEHHE YaCTOTBHI.
ABTOMATHKa OT MOBBIIIEHUS YaCTOThl, omKalouarouias yacmey 2enepamopoé I'3C,
BO MHOTHX CIy4yasX CHOCOOHAa NpPeAOTBPAaTUTh OMACHBIE I HHEPrOCUCTEMBI
pexumbl. s oOecnieuenuss 3ddexrtuBHoro geictBus AOIIY B yciaoBusix
MHOr0oo0pa3us BO3MOXKHBIX CXEM U PEKHUMOB HEOOXOJUMO MPUMEHSTh HE MEHeEe
JIBYX CTyNEHed pa3rpy3Ku M BbIOMpATh Al MEPBOM CTYNEHHM OTHOCHUTEIBHO
HU3KYIO ycTaBky — 51,5 I'n.

C 1enp0 AOMNOJHUTENBHOTO PE3EPBUPOBAHUS YCTaHOBIEHHbIX Ha ['DC
YCTPOMCTB MPEAMUCHIBAETCS TaM, TJI€ 9TO BO3MOXXHO MO CXEMHBIM M PEKHUMHBIM
YCIIOBHUSIM YCTaHABIIMBATh JEIUTENbHYIO aBTOMATUKY IO YacTOTE, ACHCTBYIOUIYIO Ha
éblO0e/lecHue  TEIUIOBBIX  JJEKTPOCTAHLMA WIM HMX 4YacTed ¢  NPUMEPHO
cOaaHCUPOBAHHOM HArpy3Koil. DTa aBTOMATUKA JIOJKHA OBITh OTCTPOEHA 10 YacTOTe
OT aBTOMAaTHKH, NEUCTBYIOLIEH NpU MOBbIMIEHMH 4yacToThl Ha ['OC. JlomycTumbIi
IUaINa3oH yCTaBOK JAEIUTEIBHON aBTOMAaTUKH OT IOBBIMIEHUS YaCTOTHI TOJIKEH
ObITH B nipeaenax 51,0-53,5 I'm.

17.6. ABTOMaTuKa OrpaHu4YeHHs CHUKeHus Hanpsikenusi (AOCH)

Kak wu3BecTHO, HampsiKEHHWE MOMAJIEPKUBACTCS TE€HEPUPOBAHUEM WU
noTpeOJICHHEeM PEaKTUBHON MOIIHOCTH CUXPOHHBIMU TE€HEPATOPAMH, CHXPOHHBIMU
KOpPMIIEHCATOpaMu C PEBEPCUBHBIM BO30YKIEHHUEM, PEAKTOPHO-KOHACHCATOPHBIMHU
yOPaBISIEMBIMH ~ UCTOYHUKAMU  PEAKTUBHOM  MOIIHOCTH,  BKIIOYEHUEM U
OTKJIIOYEHHUEM IIYHTHPYIOIIHNX PEAKTOPOB, YCTaHaBIMBaeMbIX 110 KoHuam JIDIT CBH.
OOBIYHO aBTOMATHKA, JACUCTBYIONIASA MMPU CHWKEHUW WIHM TOBBIIICHUN HATPSDKCHHUS,
pean3yeTcs MPOCTBIMU CTYIICEHYATBIMU PEIEHHO-KOHTAKTHBIMU  yCTPOWCTBAMMU.
XapakTepHblM  TPUMEPOM  SIBISIETCS  YCTPOWCTBO  peleiHoi  (OpCUPOBKH
BO30YKJICHUS, pACCMOTPEHHOE B pazzerne 16.

ABTOMATHKa OTpaHUYEHUS CHUIKEHUS HAIPSKEHUS, BBI3BAHHOTO JCHUIIUTOM
MOIIHOCTH W YIPOXAIIIErO0 pPa3BUTUEM JIABUHBI HANPSIKEHUS, BBINOJHIETCA
MHOroctyrnenuyato. Kaxnas CTyneHbp CONEPKHT MO JBa MHHUMAIBHBIX pEIIe

HAMPSHKCHUS ¢ ONMM3KUM K eIuHUIEe KOd()PUIIMEHTOM BO3BpaTa (ka =1,03+105),

D70 00ecIeunBaeT MAIYIO BEJTUYHHY CTYIICHU MTPH HACTPOWKE H3MEPUTEIHHON YacTh
AOCH. Hanpumep, HanpsbkeHHUe cpabaThIBaHUS TSl TPEX CTyneHel [8]:

U
Uy, =(0.75 08 0,85)—e

8

Jlorndeckass 4acTb COJIEPKUT peJie BPEMEHW C MUHHUMAJIbHOW BBIIEPKKOU
BPEMEHHU MEPBOM CTYNEHU, OTCTPOCHHOM OT BPEMEHU ACHUCTBUS PEINEHHON 3aIIHUTHI
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(B mporecce BO3HMKHOBeHUs M JukBuaanuu K3 pabotaioT yctpoiicTBa peneitHon
3aIlUTHI; a OTKItoueHue Harpy3ku oT AOCH He J0KHO IPOUCXOAUT).

Hactpoiika aBTOMaTMKM OTpaHWYEHMS] CHIDKECHHSI HANPSOKEHHUS C MaJbIM
[IaroM CTYNEHH OOecneunBaeT HEKOTOpyro aaantauuio mnpousBoauMbix AOCH
OTKJIFOYEHHI Harpy3ku (B MEPBYIO OYEPEb - ANEKTPOABUTATENICH) NN MUTAIOIIUX €€
JIMHUW K CTENEHN CHUKEHUS HAIIPSKCHMUS.

17.7. ABTOMaTHKa OrTpaHUYEeHHS CHUKeHHs YacToThl (AOCY)
17.7.1. ABTOMAaTHKA YaCTOTHOM parpy3ku

OOsi3arenpHast s BceX IMOJCTAHLMKA aBTOMAaTHMKAa YaCTOTHOM pa3rpy3Ku
HAaHOCUT ylepO MNOTPEOUTENSIM AIEKTPOIHEPIHH, TMO3TOMY JOJKHA 0oO0JaaaTh
CBOWMCTBOM aJamlTallid K BO3HUKIIEMY AepuIuTy MomHocTH. Ilockompky AYP
NPOU3BOJNT  JWCKPETHOE  OTKJIIOYEHHE, BO3MOXKHO JIMIIb  IPUOIIKEHHOE
COOTBETCTBHE OTKJIIOYAEMOM MOIIHOCTU M oOpa3oBaBuierocs aedunura. Kak yxe
yrnoMuHanoch B paznene 13, AUP peanusyercs aBTomaramu Tpex kareropuii — AYPI,
AUYPIl u AYPIII [8].

Haubonee pacnpoctpanena u >pekTruBHA mepBasi U3 HUX, cocTosmas u3 10-
20 MrHOBEHHO [JEHCTBYIOIIMX oOdYepeAell ¢ YyCTaBKaMM, H3MEHSIONIMMUCS OT

f,1=485 no fcp.N:46’5 I c marom Af =0,1+0,2 Ty, Mommocts

Harpys3ku, OTKJIIo4acMast K&)K,I[Oﬁ Oo4UCpCabr0, TINATCIIBHO PACCUUTBIBACTCA C YYCTOM
TOIr'0, 4TO IO MEPEC OTKIIFOUYCHUA HOTp€6HT€H€ﬁ ,IIG(i)I/IlII/IT YMCHBIIACTCA.

cp.l

Ecau B TedeHue HCKOTOpPOro BpPCMCHH, Ha4YHWHasA C tj_ =5 C, HacTtoTa HC

BOCCTAHABJIMBACTCS /10 3HAYCHHS, OJM3KOr0 K HOMHHAIBHOMY, T.€. YTSKEICHHBIN
pexxum 3C mpoaoiKaeTcs, TO MpUXoasaT B AeiictBue ycrpoiictBa AYPIIl (oObryHO
He OoJiee MATH oyepelieli), UMEIOIME OJIHY YCTAaHOBICHHYIO YacTOTY cpaOaThIBaHUs

fcp_ Jia =49,2 TI'y, Ho pasmuuarommecs mo Bpemenn aeiictsus (At=0,5 ¢). Orn

YCTPOMCTBA MPOU3BOIAT JIOMOJTHUTEILHOE OTKIIIOUEHUE TTOTpeOuTenei, odecrneunBas
IMOIHEM YaCTOTHI.

Kareropus AYPIIl ycranaBmuBaeTcs Ha TOJICTAHIMAX CHIBHO JCHUIIMTHBIX
gacteit DOC, B KOTOPBIX BO3MOXKHO OY€Hb OBICTPOE CHIYKCHHE YaCTOTHI J1a OMaCHOTO
ypoBHs (45 I'i). YcTpolicTBa 3TOil KaTeropuu KOHTPOJIUPYIOT CKOPOCTh U3MEHEHUS

wacrorsl: mpomssoguas  Of /Ot sensercs noxasarenem nedummra mommoctn u
BEPOSTHOU ITyOMHBI CHYDKEHUS 9acTOTHI [8].

17.7.2. ABTOMaTHKa 4YaCTOTHOIO IYCKA U 3arpPy3KH T'HIPOreHEepaToOpoB

Ob6naparoiye CrnOCOOHOCTHIO OBICTPO PA3rOHATHCS W HAOUpPATh HArpy3Ky
THIPOTCHEPATOPHl WCIIOJIB3YIOTCS KaK pEe3epBHBIC WCTOYHUKH MOITHOCTH JJIS
MOKPBITUS ee  nmedurmmra, BBI3BIBAIOIIETO CHUXEHUE YaCTOTHI B
ANMEKTPOIHEPTETUIECKON CUCTEME.  ABTOMAaTHKa YacCTOTHOTO TyCKa M 3arpyska
BBIAIONINX HEIMOJHYI0 MOIIHOCTh, WM Pa0OTAOMMX B PEXUME CHHXPOHHOTO
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KOMIIEHCATOpa THUJPOTeHEepaTopoB A(MPEKTUBHO CHOCOOCTBYET MPEKPaIICHUIO
CHIDKEHUS U TOCJEeNYIOIIEMY BOCCTAaHOBJICHHIO 4acTOTHL. [lpu ee melicTBUM OOBIYHO
HE IPOUCXOJIUT OTKII0YeHHe noTpeduTenei ycrporicteamu AYPII.

17.8. Ilpumepsl padoThI YCTPOHCTB NPOTHBOABAPUIIHON ABTOMATHKHU

PaccMoTpuM neicTBUE pa3iIMUHBIX BUAOB IPOTUBOABAPUMHON aBTOMATHUKU Ha
npuMepax KadeCTBEHHOTO aHallu3a BIUSHUS BO3MYIIEHUM Ha pPEXUM palOOThI
SHEPrOCUCTEMBI, CXeMa KOTOPOU MpHUBE/IeHA Ha puc. 24.

Kopomkoe 3amvikanue 6 mouxke KI. Ilocine cpabaThiBaHUSI YCTPOWCTB
pesnenHol 3amuThl U OTKIoueHus Boikiroyateneit Q34 u Q41 noBpexIeHHON JTUHUU
MOILHOCTh P34, paHee mepejaBaBIIasics MO JIBYM JIMHHUSAM, OyJeT nepeaaBaTbCs
N0 OJHOM M MOXET MPEBBICUTH HEKOTOPOE MpeAeIbHOE 3HAYEHUE, CIEJACTBHEM
yero OyJeT HapylleHUue YCTOMYMBOCTM TNapasuiesibHOM paboThl TeHEepaTopoB
anekTpocTaHuii IC/—-3C3 OTHOCUTENBHO TE€HEPATOPOB AJeKTpocTaHmu IC4. s
OpEeNOTBpAIlEHHUs]  ATOrO0  HapylleHHMss HpuUMeEHsTca  ycrpoictBa AITHY,
JCUCTBYIOIIME HAa OrPaHUYEHHE MOIIHOCTH TE€HEpPaToOpoOB TMEpeaarolieil dYacTu
sHeprocuctembl (dekTpocTanun ICI-2C3). Jlisg Toro 4toObl 3TO OrpaHHUUYCHHUE
MOIITHOCTH HE BBI3BIBAJIO CHHMKEHUS YacTOThl B MPUEMHOW YacTH CHUCTEMBI, Ha
anektpocTtaHuuu IJC4 TNPUMEHSIOTCS YCTPOMCTBA, IEHCTBYIOIIME HA YBEIMYEHUE
3arpy3ku  paboTaloONIMX TEeHEPaTOpPOB WM OTKIIOYEHHE 4YacTH MoTpeduTtenei
(CAOH, AYP).

OnacHOCTh HApYLIEHUS YCTOWYMBOCTH MOYKET BO3HUKHYTb U HpU K. 3. 8
mouke K2 (otkmouenune auauu ICI-5C3 Beikmouatensmu Q12 u Q32),
MOCKOJIbKY MOIIHOCTh Pi3, MNpuaercs nepeaaBatb no Jjgudnuun ICI-2C2,
yBEJIUYNBAas €€ 3arpy3Ky. B 3TUX yClOBHSIX BO3MOXHO HapylIEHUE YCTOMYMBOCTHU
napajuleibHOM  paboThl  TeHEepaTopoB anekTpocTtaHiiuu JC/ OTHOCUTEIBHO
OCTAIBHOM  4YacTH  JHeprocucteMol. [[ns  mnpenoTBpalieHus  HapylLIEHUS
YCTOMYMBOCTH B pacCcMaTpUBAaE€MOM ClIydyae OTPAaHMYEHHWE  MOILIHOCTH CIIEAYET
NPUMEHHUTHh Ha dNekTpocTaHuuu OCI, a yBeIUYeHHE 3arpy3Kd pabdoTarommx
TeHEPaTOPOB WM OTKIIOYEHUE HArpy3KH MOTpeOUTeNe — Ha 3JIEKTPOCTAHIIUIX
2C2-2CH.

IIpu otkazax yctpolictB AITHY BO3MOXXHO HapylI€HHE YCTONYMBOCTHU
napajuielibHO padoThl M, KaK CIEICTBUE, BO3ZHMKHOBEHHE ACHHXPOHHOI'O XOa,
SBJISIIONIETOCsT  HamOoJiee OMacHBIM  HApPYIICHHEM pEXUMa, TOCKOJIbKY OH
COMPOBOXKAACTCS TIYOOKMMH KOJICOAHUSMHM HAMPSIKCHUS B Y3JIOBBIX TOUYKAX
YHEPTrOCUCTEMBI, YTO HEOIArompusaTHO aiis PadoTel morpebuteneii. Kpome Toro, B
ACMHXPOHHOM pPEXUME MOIIHOCTh, BbIpaOaThiBaeMasi reHepaTopamMu nepenaroueit
YacTH 3HEPrOCUCTEMBI, IEPUOJUYECKH U3MEHAETCS TAKUM 00pa3oM, YTO CpEAHEe ee
3HaUYEHUE  3a nepuoja OJMM3KO K HYII0 W DJIEKTPOCTAHIIMHU, BBIIICAIINE W3
CUHXPOHM3Ma, TMPAKTUYECKH TMEPECTAIOT BbIIABATH MOUIHOCTh B MPHUEMHYIO
sHeprocucteMy. IlocienHee oOCTOATENHCTBO MPUBOAUT K TOMY, YTO 4YAcTOTa B
MEepeJaroed YacTH HSHEProCUCTEMBI — O9CI, u30BITOYHOW TO MOIIHOCTH,
YBEJIIMYUBAETCS, & B IPUEMHON YacTH (ADUIIUTHON MO MOIIHOCTH) YMEHbIIIAETCSI.
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JIns mpekpalieHusi acCHMHXPOHHOTO peXHMa MPUMEHSIOTCS YCTPOMCTBa
AJIAP, neiicTBylolMe Ha BOCCTAHOBIICHHE CHHXPOHHM3Ma (PECHUHXPOHU3ALIUIO) WIU
pasfe’eHue SHEProCUCTEMbl HA HECMHXPOHHO padoTarlire 4acTh (OTKIOYEHUEM
BeikTrodaresss Q21 wim Q31). s obOecrieuyeHUs] PECUHXPOHU3AINN BBITOTHSIIOTCS
MEpONPUATHUS, HAIPaBJICHHBIE HAa BbIpaBHUBaHUE 4acToT: B JCI mpuUMEHseTCA
pasrpy3ka TypOHH 3JICKTPOCTAHIIUI HJIM OTKJIIOUCHHE YyacTH reHepatopos (OI),
B OC2-25C4 — 3arpy3ka pa0oTarolIuX T'€HEPaTOPOB WJIM OTKJIIOUYECHHE YacTU
Harpy3ku (4 YP).

OnHuM U3 TSOKEIBIX BHUIOB aBapUHOTO BO3MYILECHHS SIBISETCS pa3pbiB
AIEKTpOIEepeaun, CBSA3BIBAIONIEH JBE YacTH JHEProcucTeMbl. Tak, Mpu pas3pbiBe
anektponepenaun IC3-IC4, BO3HUKAIOIIEM MPU OTKIOYECHUU OJHOM U3
napauieJIbHbIX JUHUHN B YCIOBUSAX, KOT/Ia MapajulesibHasl TUHUS BBIBE/ICHA B PEMOHT,
B OJHOM 4acTH 3HeprocucteMbl (Ha odyekTpoctaniusax ICI[-OC3) BO3HUKACT
U30BITOK MOIIIHOCTH T'€HEpaToOpoB, B JApPYyrol uactu, nuraromeiicas ot IC4, —
nedurut. M30bITOK MOIIHOCTH MOXET MPUBECTH K ONACHOMY TOBBIIICHUIO
yacToThl. [l mpegoTBpamieHusi yKa3aHHOTO MpelycMaTpUBaIOTCS YCTPOMCTBA
AOIIY9,  nevictBylonMe  Ha  pasrpy3ky  TypOMH D3JIEKTPOCTAHLIUN WIIA
OTKJIFOYEHHE YacTU TIeHepaTopoB (B OCHOBHOM THAPOTEHEPATOPOB), MIH Ha
OT/AEJEHUE TEIMJIOBBIX PJIEKTPOCTAHIMN C IPUMEPHO cOaTaHCUPOBAHHOW HArpy3KOu
ot I'DC.

JedbuuT MOUIHOCTH, TPHUBOIAIIUA K ONACHOMY IOHHMXEHHUIO 4YacTOTHI,
JTUKBUAUPYETCA aeicTBUEM YyCTpoucTB AOCYU, xotopele neiictByror B IC4 Ha
ABTOMATHYECKYI0 YaCTOTHYIO pa3rpy3ky mnorpebuteneii (AUP), aBTOMaTHYCCKHIl
YaCTOTHBIM  BBOJ ~ pe3epBa WJIM HA  BBIACJICHHUE  DJIEKTPOCTAHUUUA €O
cOaIaHCUPOBAHHOM HArpy3KOH JJIsI COXpaHEHHUS UX COOCTBEHHBIX HYXKI.

B neduruTHON YacTu SHEPrOCUCTEMBI IOMUMO CHUKEHHSI YACTOTHI BO3MOYKHO
CHIW)KCHUE HAMpsKEHUs, OOYyCIOBICHHOE ACPUIIMTOM PEAKTUBHON MOIIHOCTH.
OnacHOCTb CHM)KEHHSI HAIpSHKEHUSI CBSI3aHA C BO3MOYKHOCTBIO HapyUIEHUs YCTOM-
YUBOCTH TMOTpEOUTEIe U BO3HHUKHOBEHHUS «JIaBUHBI» HampsiokeHus. [is
OpPEAOTBPAIICHUSI  OMACHOTO  CHMD)KEHUS  HANpSDKEHUsT — NpeaycMaTpUBAaOTCS
yctpoiictBa AOCH, neiicTBytomue Ha (GOPCUPOBKY BO30YKICHUS TE€HEPATOPOB
OC4, OTKIIIOYCHNE IIYHTUPYIOIINX PEAKTOPOB (€CIU OHM €CTh M OBUIM BKIIOUYEHBI)
U OTKJIIOUEHUE YaCTH Harpy3KH.

Jluauu osnextponepenaun HamnpspkeHueM 330 kB um Beime MoryT OBITH
UCTOYHMKAMU  OMACHOTO JUIA  3JEKTPOOOOpPYAOBaHUS  DJIEKTPOCTAHIIUN U
MOJICTAHLINI MOBBINICHUS] HAMPS)KEHUS, BBI3BAHHOTO PE30HAHCHBIMU  SIBIICHUSMU
MEXAYy pacnpeieseHHONM €eMKOCThI0O M HMHIAYKTUBHOCTBIO JIMHUM 0OpU HUX
OJIHOCTOPOHHEM OTKJIIOUeHUH. [ mpeaoTBpalieHusl MJIUTEIbHOTO MOBBIIICHUS
HampsHKEHUsT TPUMEHS 0T ycTpoiictBa AOITH, neiictBytomue Ha pachOpCHPOBKY
BO3OYXKJIEHHSI T€HEpPaTOpPOB, BKIIOYEHHE I[IYHTUPYIOIIUX PEAKTOPOB  HUIIH
OTKJIIOYEHUE JINHUU.

[Ipu oTkIIOYEHUU JUHUN WU TPaHCHOPMATOPOB,  MUTAIOIINX HATPY3KY,
MOKET BO3HMKHYTb Ileperpy3ka Mo TOKYy oOCTaBuierocss B  pabore
anekTpoobopynoBanus. Hampumep, OTKIIOUYEHHE OAHOW M3 JTUHHH, MUTAIOIIUX
Harpy3ky mnoactaHuuu [IC5, MOXET BbI3BaTh MEPErpy3Ky OCTABIICKUCS B
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paboTe JIMHUU N0 YCIOBUIO €€ TEPMHUYECKON CTOMKOCTU. OrpaHUYE€HHE MOIHOCTH
nuraromeil anexkrpoctanuun ICI, Kak mpaBuio, HEAQPEKTUBHO U OTPaKaeTCs Ha
paboTe ocTadbHOM 4YacTH cucTeMbl. HeoOXoauMo OTKIIOYaTh 4YacTh HArpy3KH
noactanuuu [1C5.
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18. IPOBEPKA TPAHC®OPMATOPOB TOKA
HA 10-MPOLHEHTHYIO HOI'PEHIHOCTD

[IpoBepka TpancopmaTopoB Toka Ha 10-POLEHTHYIO MOTrPEIIHOCTh Yallle BCEro
npomssogures o kpusbiv M= f(Z,,), npusogumeiv B cripaBounoii mureparype

JUISL  KaXJIO0To TUHa TpaHchOpMaTOpOB TOKA C PA3IMUYHBIMU  KOA(PPHUIIMEHTaMU
TpaHcpOpMaLUH.

18.1. Onpenesienne BTOPUYHON HATPY3KH TPAHC(OPMATOPOB TOKA

Pacuetrnass BTOpmyHas Harpy3ka TA 3aBUCHUT OT CXEMBI UX COEIMHEHMS, BUAA
KOPOTKOTO 3aMbIKaHUSl B NEPBUYHOM LENM U CKIAIBIBAETCS W3 CONPOTHBICHUS
COEIMHUTEIBHBIX MPOBOJOB U KaleJel, CONPOTUBIICHUN pesie U MpUuOOpoB, a TakxKe
NEPEXOIHBIX COMPOTUBIECHUIN B KOHTAKTHBIX COEIUHEHUSX.

ConpoTuBiieHHE COeTMHUTENbHBIX TPOBOJIOB U Kabenen

Y4 | A
oy (M/OM-MMZ)'MMZ ! (18.1)
rne | — mmHa coemmunTenbHBIX MPOBOIOB (Kaberneii) OT TpaHCHOPMATOPOB TOKA 10
pesie (B OIMH KOHEll), MPUHUMAaeMasi B OpPUEHTUPOBOYHBIX pacyeTax:
BI'PY 6-10 kB — 40-60Mm,
Ha MuHUAX 6-10 kB k moTpebutensim  — 4—6 M,
B PY-35 kB — 60—-75m,
B PY 110 kB — 75-100 ™,
B PY 220 xB — 100 — 150 m,
B PY 330-500 kB — 150—-175m,
Yy CHHXPOHHBIX KOMIIEHCATOPOB — 25-40wm;
Ha TIOJICTAHITUAX YKa3aHHBIC JUIMHBI CHIbKaroTcsa Ha 15—20%;
F - ceuenme coenumuMTENBHBIX TIPOBONOB (Kabeneil), NMPUHMMAaEMoOe IO

YCIIOBUSIM MEXaHUUYECKOW MPOYHOCTH HE MEHee 2,5 MM® S QlIFOMHHHCBBIX IIPOBOJIOB
1 He MeHee 1,5 MM — JUISL MEIHBIX;
)y — y#enpHas TMPOBOAMMOCTH MaTepuana TpoBoja (Kabens), mpuHUMaemas
pasHo# 57 M/Om- MM® JUIS MEIHBIX poBooB U 37 M/OMm- MM’ — ISl QTFOMHHHEBBIX.
ComnpoTuBneHre 0OMOTOK pesie U mpudopoB

S
p. |2 , (18.2)

HOM

yA

rie S — moTpeGisieMas MOIIHOCTE pejie Mk mprbopa, BA;

|H0 v — HOMHUHAJIBHBIM TOK pelie wiu npudopa, A.
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OOBIYHO  CONMPOTUBIIEHHS OOMOTOK peJjie MNPUBOJATCA B  CIPABOYHOU
JUTEpPAType, 3a HUCKIIOUYEHHEM CONPOTUBIECHUNH TOPMO3HBIX OOMOTOK, a WHOTJA U
pabouyux W YpaBHUTEIBHBIX OOMOTOK Au((depeHUnanbHbIX pefe, s KOTOPbIX
NPUBOJATCS TpadHUyuecKue 3aBUCUMOCTH NOTPEOJSIEMOM MOIIHOCTH OT TOKa,
IPOTEKAIOLIETO B PEIIE.

[lepexoaHO€e CONPOTUBIIEHNE B KOHTAKTHBIX COEIMHEHUSX

ITony4yeHHble 3HAYECHUS COIIPOTUBJICHU N BTOPUYHOU Harpy3Ku
TpaHC(POPMATOPOB TOKa mojcTaBisitoTcs B ¢popmyssl (18.4) — (18.15), npuBencHHbIC
B TaOJI. 6, ¥ IO HUM TIOJICUUTHIBACTCS CYMMapHOE COMTPOTHBIICHHE.

Tabruya 6
PacueTHasi Harpy3ka TpancgopMaTopoB TOKa
Cxema Buna kopotkoro | BemnHsis Harpyska TpaHchOpMaTOpPOB TOKA
coenuHenus TA AL KOP py3Kaip P P ’
3aMbIKaHUS Om
U pelie
1 2 3

«3Be3na-3Be3na» | Tpexdaznoe u 7 =7 47 47
C peJie B nByxdazHoe A (18.4)
HYJCBOM 2,=2Zy, +1,+Z, ,+1 18.5
poBose Onnodasznoe H np. T Ep T Ep0 T “nep. (18.5)
«Tpeyronpauk- | Tpexdaznoe u
3BE3/1a» nByxdaszHoe,

nByxdaszHoe 3a 7 =3.(7. +7. )47

TpaHcpopmaro- H ( np- p) nep. (18.6)

POM C coeuHe-

aem Y /A

OnnogasHoe 2, =2(Zyp, + 7))+ Zyep, (18.7)
Hemnonnas Tpexdasnoe 2, =32y, +1p+ 1y, (18.8)
«3BE37a» C Teyx(astoe —
HYJIEBBIM _ .
IPOBOIOM (1)213 AB nmn BC, ZH - 2 an, + Zp + Znep_ (189)

u oHO(a3HOE

JIByxdasznoe 3a

tpanchopmaro- | Zn = 3-Z,p + Ly + Lyep, (18.10)

poM ¢ coeftute- | Ly | = |

A C

aem Y /A
Ha pasHocTs Tpexdazuoe 2, =3(2- 2 + 7))+ Zpgp, (18.11)
TOKOB JIBYX (ha3 Tsyx(astoe

ByX - —4. .
s AC z, =4 Zyp. + 2 Zp+Zyep. (18.12)
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IIpooonicenue mabauyol 6

1 2 3
Ha pasnocts JIByxda3zHoe —
TokoB mBYX a3 | das AB wmu BC, | Z, =22y, + 2, + 7,0, (18.13)
(nponokenue) | u ogHO(azHOe
ITo cxeme Tpexdaznoe u Z,y = an_ 12+ kl . ZWﬂ + Znep. (18.14)
muddepenumanb- | 1ByxdazHoe
HOM 3aIUThI Zun =3 L0+ L+ Ky 2y + 2y,
Tpancopmaropa (18.15)

C COCAUMHCHHUCM

rae Zyq, Zywo — CONPOTHUBIICHUS YPABHHU-
oomorox Y /A Wlr Tw2 P P

TEJBLHBIX OOMOTOK peie;

Zg — comportuBieHue padoueii 00-

MOTKH;
W1 - W2 W1-W2
k S k2:— — ecu
W2+ W/ W1+ W/J
WL>W2;
W2 - W1 W2 - W1
k S k2:— — ecu
W2+ W/ W1+ W/J
WL<W2,

18.2. BbiO6op pacueTHOro BH/a MOBPEKICHUS U ONpeieieHHe
PACYETHOTO MEPBUYHOTO TOKA

PacueTHblii BuJ TOBpPEXIEHUS BHIOMpAETCS TaKUM, IMPU KOTOPOM BO
BTOPUYHOM 1lenu TpaHcopMaropoB Toka OyaeT HauOosbInas Harpyska U
COOTBETCTBEHHO HaWOOJIbIIas MOTPEIIHOCT. [Ipu 3TOM cneayer uMeTh B BUILY, UTO B
psiZie Ciy4aeB, HECMOTpPS Ha MEHbIIIEe 3HAUYECHHWE TOKa OAHO(DA3HOTO 3aMBbIKAHUS,
MOTPENTHOCTh MOKET OBITh OOJIBINE 32 CUET OOJBIIEH BETUIHHBI HATPY3KH.

PacueTHplli mnepBUYHBIA TOK, NOpPU KOTOPOM MPOU3BOAUTCS MPOBEpPKA
TpancpopMaTopoB Toka Ha 10-mpOILEHTHYIO TMOTPENIHOCTh, OMPEAeNseTCs TI0

dbopmyie:

I k-1

maxe.1s (18.16)

pacu.l ~

rie | make.1 — MaKCHMAaJbHBIN TOK, IPOTEKAIOMIMN Yepe3 TpaHcPOopMaTopsl TOKa;

K —  xo>hduuueHT, yduTHIBAIOMMHA HETOYHOCTH PACYeTOB U BIMSHHUE
anepuoJNYECKON  COCTABJISIONIEN TOKa KOPOTKOTO 3aMblKaHUS Ha paboTy
TpaHCPOPMATOPOB TOKA.

MakcuManbHelii pabounii Tok n koddpdurment K mma cooTBeTcTByOmmX
BHJIOB 3aIIUT OMPEACISIOTCS Mo TabI. /.

125



Tabnuya 7

Pacuernble BetnunHbl | wakel M K 1151 pasiduHbIX BUIOB 3a10AT

3CMIIIO

18.3. Ilopsinok npoBepku TpaHcGOPMATOPOB TOKA
Ha 10-nPOUEHTHYI0 MOTrPEIIHOCTH

Buzsl 3ammT I Lpa.c K
MT3 u ToKOBas OTCEUKa (1,1- lep. nTA)/ K., Jro6oe 1,2-1.3
|K3 B KOHIIE 3aIlH- tcp_ >0,5 1,2-1,3
Hamnpapiennbie 3al1UThl 26eMOr0 VUACTKA
" 7 t,. <05 | 1,8-20
WM TIEPBOM 30HBI
ndpepeHnanbHbIC 3aIUTHI
EB%?} pertt H | ;3 BHEmIHEE tcp_ <0,5 1,2-1,3
<
HuddepenunanbHbie 3aIUTHI tcp- <05 18-20
IK3 BHCIIIHEC
0e3 BHT tcp. >0,5 14-15
Huddepennmanbubie (ha3Hbie | K3 B MecTe ycra- t. <0,15 16-18
BBICOKOYACTOTHBIE 3AIIUTHI HOBKH 3aIIIHThI p- ’ ’
HenanpapiieHHbIEC TUCTaHIIU- | . B KOHIE HepBoii t op. > 0,5 1,2-1,3
OHHBIE 3aITUTHI 6€3 OJIOKUPOB- K3 n 0.5
KM OT 3aMBIKAHUH Ha 3€MIIIO SOHBI cp. <Y 14-15
HenanpagiienHubie guctanum- tcp_ >0,5 1,2-1,3
OHHBIE 3aIUTHI C OJTOKHUPOB- | K3 B MecTe
KO IpH 3aMBIKAHUAX HA YCTAaHOBKH 3aILUTHI tcp_ <0,5 1,4-15

[TonyuyeHHOe 3HaueHHWE pPACUCTHOW BTOPUYHOW HArpy3KH TpaHCHOPMATOpPOB

TOKa, OMpEAeNIeHHOe IO JaHHBIM Tabn. 6, HaHocutcs Ha Tpaduk 10-mporeHTHOM
norpemsoctn M= f(Z,,) , no xoropomy onpenensercs neiicrsurensras xparaocTs

NEPBUYHOrO TOKA MO OTHOLICHHH K HoMuHambHOMY — M7 . 3arem ompenensercs

(dakTUUecKast KpaTHOCTh TOKa

Ipacq.l ) ka

Gakm.

, (18.17)
IHOM.l gy

roe | pacy.l — PACUCTHBIN NEPBUYHbIN TOK, ONPEACISEMbIN 110 BBIPAKECHUIO (18.16)

W JaHHBIM Ta0. 7;

|H0M.1 — IEpPBUYHBIM HOMUHAJIBHBIN TOK TpaHC(OpMaTOpa TOKa;
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ka —  KO(phUUIMEHT, yYUTHIBAIOUIUM  BIUSHHUE  aAlEPUOAUYECKON
COCTaBJISIIONICH TOKa KOPOTKOIO 3aMblKaHMs Ha palboTy TpaHchopmaTopa ToOKa,
npuHuMaeTcs paBHbIM 1,2-2 (mis 3amut ¢ BHT ka =1);

a —  xoddpduuueHt, yuuteiBaromuid gomyctumoe ['OCTom oTnuuue
JNEUCTBUTEIIBHONM KPAaTHOCTM TOKAa OT YKAa3aHHOM  3aBOJOM-U3TOTOBUTEIIEM,
npuHumaeTcs pasHbiM 0,8.

3areM 3HaueHWe (PAKTUYECKOM KpPAaTHOCTHM TOKAa  CpPaBHHUBAETCS  C

neiictBuTenbHoi u ecan M <My, To TpancdoOpMATOp TOKA YAOBIETBOPSET

gdaxm.

TpeboBaHusAM 10-pOIEHTHON MOrPEUTHOCTH.

Ecom M > My, To mpenycMaTpUBAIOT CIEYIOIINE MEPHI:

daxm.

TpaHcOopMaTOpPbl TOKA, BCTpauBaeMble BO BBOJIbI CHJIOBBIX TpaHC(HOPMATOPOB
U BBIKIIIOYATENCH, COCIMHSAIOT IOCJIENOBATEIbHO, B PE3YyJbTAaTe€ YEro CyMMapHas
Harpy3ka Ha TpaHc(opMaTopbl TOKa YMEHBIIAETCS BJIBOE:

Zl,iaep. =0,5- Zuazp. (18.18)

rae  Zygep. — BTOpPUYHAS Harpyska TpaHC(OPMATOPOB TOKA, PACCUMTAHHAS IO

dbopmynaM, MprUBEACHHBIM B Ta0. 6;
YBEITUYMBACTCS CEUYCHHE COCTMHUTEIBHBIX ITPOBOJIOB.
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19. BBLIBOP BCIOMOT ATEJIbHOM ATIIIAPATYPBI,
HNPOMEXYTOYHbBIX U YKA3ATEJIBHBIX PEJIE

19.1. Bbi0op BcnoMoOraTeJibHbIX YCTPOMCTB H NPHUCIIOCO0Ie HU I

B nensx penelHOM 3aliUThl M ABTOMATHKH IIPUMEHSIOTCS pPa3JIMYHbIC
BCIIOMOTATEJIbHbIE  YCTPOMCTBA U MPUCTIOCOOJICHUS: OTKJIIOYAIOIIE u
MEePEKIIIOYAIONINe YCTPOWUCTBA, WCHBITATENIbHBIE OJIOKH, CUTHAJIbHBIC JIAMIIBI,
100aBOYHBIEC PE3UCTOPHI U T.11.

Haknankm tuma HKP-2, HKP-3 wMoryr wucnons3oBatbcsi B KadecTBe
OTKJIFOYAIOLIUX YCTPOUCTB — JIJISI BBIBEJICHUS LIETIEU PEJIEUMHOMN 3aIUThl 1 aBTOMATUKHU
U3 pabOThl IKCIUTyaTAllMOHHBIM MEPCOHAJIOM B CIydyae HEOOXOJIMMOCTH, a TaKXe B
KAQ4ECTBE MEPEKIIYAIINX YCTPOUCTB — I MEPEBOAA LIENIEN PEICUHOW 3alUThl U
ABTOMAaTUKH C OJHOTO (YHKIIMOHAIBHOTO HAa3HAYCHHMsS Ha Jpyroe, Hampumep,
MEPEBOJ PEJIEHHOMN 3aIUTHI C JEUCTBUA «HA CUTHAD» HA JACUCTBUE «OTKIIOYECHHUE C
BBIJICP>)KKOW BPEMEHW» U T.II.

Ucneitarensupie 6ok tuna bU-4, BU-6 cmyxkar i MNOIKITIOYEHUS
AIEKTPOUZMEPUTEIILHBIX MPUOOPOB B TOKOBBIX IIEMSAX PEICHHON 3alllUThI, a TaKXKe
JUTSL BBIBOJIA 3aIIUT U3 PaboThI O3 pas3phiBa 1eneil TpanchopMaTopoB TOKA.

19.2. Bb16op NpoMeKYTOYHBIX peJie

[IpoMesxyTouHble penie BbIOMpAIOTCS B 3aBUCHUMOCTH OT (DYHKIIMOHAJIBHOM
O0COOEHHOCTH BBIXOJHBIX IEMel pellelHON 3aluThl U aBTOMATUKU. [y 3aImmr, 1o
NPUHIIMIIAM ~ JEeUCTBUSI OCYIIECTBIAIOMIMX XOTA OBl MpPU HEKOTOPBIX BUIAX
NOBPEXKACHUN B3aMMHOE pPE3ECPBHPOBAHUE, YCTAHABIMBACTCSI HE MEHEE [BYX
BBIXO/JIHBIX MIPOMEKYTOUYHBIX PEJIE C PACIPENCICHUEM IO HUM JEHCTBUS 3allUT.

19.3. BbiO6op yka3aTeJabHBIX peJie

VYkazarenbHbIC pelie BBIOMpAIOTCS 10 TOKYy, NOTpebisseMoMy OOMOTKOMH
HaIpPsHKEHUS] OCHOBHOTO ammapara, B IEMd KOTOPOT'0 OCYIIECTBISETCS CUTHATU3AIINS
€ro JeHUCTBUS.

[Tpu BEIOOpPE yKa3aTENBHBIX peJie BOZMOIKHBI CICIYIOIINE TPU CIydas.

1. Homunanvnas MmowHOCMb OCHOBHO20 annapama OO0CMAmoyHa Oisl
cpabamvléaHus yKazameibHO20 peie.

CornpoTuBieHre 0OMOTKH YKa3aTeJIbHOTO pelie

U 2
_ .~ HOM.
Ry <0,143-R, =0,143 (19.1)

Krom.

rme  Rg — compoTHBIeHHe 0OMOTKH OCHOBHOTO aIIaparta;

U nom. — HOMHUHAJIBHOE HAIPsHKeHHE OOMOTKH OCHOBHOTO ammapara;
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Px/joy. — HOMHHANBHAS MOIIHOCTH, TNOTpeGIAeMas OOMOTKOH OCHOBHOTO

armapara.
PacuetHblli TOK cpabaThIBaHUS YKA3aTEIBHOTO pelie
| KH < UHOM. _ PKHOM. (19 2)
cp. - . .
16-R, 16.U,,,

Ilo crnpaBOYHBIM JaHHOM BbIOMpaeTCsd HEOOXOAMMOE YyKa3aTEIbHOE pele ¢
OJIKal MU TapaMeTPaMHU.

LI}/BCTBI/ITGJIBHOCTI: OCHOBHOTO allrapara

U, , R
kq=LJ’”’ = % | (19.3)
C.p.MUH. K+ RkH

TAac UC.p.MuH — HAIIPAXKCHUC Cpa6aT]'::IBaHI/I$[ OCHOBHOTI'O arirapara, nmpuHuMacmMoc
I10 CIIPAaBOYHBIM JAHHBIM;
UH.p. — HaIIPsAKCHUC Ha}IG}KHOﬁ pa6OTBI OCHOBHOTI'O aIIrapara, IpuHUMacMocC

o Tab:. 8 B cootBercTBUU € [ 1 ].

KoadduimeHT 4uyBCTBUTEIBHOCTH OCHOBHOTO armapara JOJDKEH OBbITh He
MmeHee 1.

YyBCTBUTEIHHOCTH YKa3aTEILHOTO PEie

Kykn = i, (19.4)
wKH = , .
le.pxH '(RK + Ry )
e |, p.KH — TOK cCpabaThblBaHUs YKA3aTENbHOTO peNe, NPUHUMAEMBIH 110

CTPaBOYHBIM JIAHHBIM.
KoadpunmeHT dyBCTBUTENBHOCTH YKa3aTEJIBHOTO pelie JOMKEH OBITh HE
MeHee Kod(puirenTa 9yBCTBUTEIILHOCTH OCHOBHOTO ariapara.
B ciydae, eciiu 0OMOTKa yKa3aTeNbHOTO pejie JUIMTEThHO OOTEKAETCsS TOKOM,
OHA MPOBEPSIETCS] HA TEPMUYECKYIO YCTOMYHBOCTD:

_ 1’1'UH0M. (19 5)
KH — = "onum.KH .
Ren + Ry
rae | KH — TOK, MPOTEKAIOMUN 0 OOMOTKE yKa3aTeIbHOTO pelie;

| onum.KH — AJUTEIBHO JTOIMYCTUMBIM TOK YKa3aTelbHOIO Pelle:

| oaum. i =3 Ic.p.KH : (19.6)
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Tabnuya 8
Hanps:xeHue Hae:KHOM padoThHI OCHOBHOI'O aNapara

Hanpsixenue
HaumenoBanue notpedureneit HaJIC)KHOU
paboThl, %
CXeMbI 3aIlIMTHl ¥ CUTHAJIM3AINHN B YCTAHOBKAX HAIPSKECHUEM
Boie 1000 B 80, 100
CxeMblI yIIpaBJICHUS B YCTAHOBKAX HAMPSIKCHUEM
Bobie 1000 B:
anmnapaThl BKIIOUCHUS 90, 100
anmapaTthbl OTKIIOUEHUS 80, 100
PeneitHo-KOHTaKTOPHBIC CXEMbI B YCTAHOBKAX HAIIPSKEHUEM JI0
1000 B 90, 100
beckoHTaKTHBIE CXEMBI HA JIOTUYECKUX DIIEMEHTAX 85, 100, 110
[TprBOIBI MACIISTHBIX BBIKJIIOYATEIICH M BBIKJIFOUATEIICH HATPY3KU:
AJICKTPOMATHUTHI OTKIIFOUCHUS 65— 120
AJICKTPOMArHUThl BKIIFOUCHUS (C TOKOM BKJIFOYeHHMS 710 S0 A) 80— 110
AJICKTPOMATrHUTHI BKIIIOUEHHS (C TOKOM BKIIFOUeHHs Oosiee S50 A) 85— 110
DJEKTPOMArHUTHI YIIPABICHUS TPUBOJIOB BO3AYITHBIX 65
BBIKJTIOYATENeH

2. Homunanonas MOUWHOCHb obmomxku HanpsasiceHusl OCHOBHOCO annapamd
Heo0oCmamo4Ha OJis Cpa6an/lbl861H1/l}l yKasamejlbHoco peiJie.

B sTom cnydae mapamieabHO 0OMOTKE HalpsHhKEHUs BKIIFOYAETCS 10OAaBOUYHBIN
pe3ucTop.
PacueTHoe conpoTuBieHre 700aBOYHOTO PE3UCTOPA

RK ) R3K6.

R - 5 b 19.7
900: RK o Rake. ( )

rme  Rg — comporuBieHmne 0GMOTKH OCHOBHOTO aIlIaparta;

ng-g. — OKBHUBAJICHTHOC COIIPOTHUBJICHHC IIaPAJICIIbHO BKIIOYCHHBIX PE3UCTOPA
1 0OMOTKH OCHOBHOI'O alapara, oIpcacirieMoC NCXO0O U3 IBYX YCHOBHﬁZ

/
Rice. 27 Rin (19.8)
U
" HOM.
! c.p.KH
3nech RKH — COIPOTUBJIEHUE OOMOTKHM YKa3aTEeIbHOTO peJie, OIMpeaesisieMoe M0

dbopmyire:
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2
Reyy =(0,05-0,08) ot

; (19.10)
nom.KH
|c_ p.KH — TOK CpabaThIBaHHs YKa3aTeIbHOIO pejie:
| =(1,5-2 5)—PHOM-KH
c.p.KH —\+ ’ . (19.11)
HOM.
Ecmmn R;’m > R;,(@_ , TO 3HAa4YECHUE R;’,«g_ IIPUHUMAETCA 3@ PACUETHOE; €CIIU

R "

!
e, < Roxg., TO 3a pacueTHOE IPHHIMAETCS TH060E.
MortHOCTh J00aBOYHOT'O PE3UCTOPA

U2
— HOM.
Proos. =R (19.12)
000.

[Io moslydYeHHBIM 3HAYEHUSIM PRao6. U Rdo6. w3 tabn. 9 wu 10

MoOMpaeTCs PE3UCTOp C OMIKAWmMMHM mapamerpamm R

!/ P’ .
006. 1 Roo6. > 34TEM
YTOUHSIETCS 3HAYCHHNE DKBUBAJIEHTHOTO COITPOTHBIICHHS

!/
' _ RK ) R005. (19 13)
IKB. ] . .
RK + R006.
qYBCTBI/ITeHBHOCTL OCHOBHOTI'O aIllrapara

k = UH-P- . R;KG.

y . 19.14
Uc.p.muH. R;K& + RKH ( )

KoadpunmeHT 49yBCTBUTEIHPHOCTH OCHOBHOTO ammapara JOJDKEH OBbITh He
meHee 1.

UyBCTBUTEIBHOCTD YKA3aTEIBHOTO peJIe

UH.p.

' . 19.15
Ic.p.KH '(Rake. +Ryyy ) ( )

kq.KH =

KoadhdummenT 4vyBCTBUTETHHOCTH YKa3aTEIBLHOTO pelie JOJKEH ObITh HE
MeHee K03 (UIMEeHTa TyBCTBUTEIIBHOCTH OCHOBHOTO anmapara. Eciu koaddurment
YyBCTBUTEIIBHOCTH HE YAOBJIETBOPSIET HOpMaM, TO CJIEAYET BbIOpAaTh yKa3aTeIbHOE
pese ¢ OOIBITUM TOKOM Cpa0aThIBAaHUS U PacUeT TOBTOPUTH.

3. B yenu ocnognoco annapama exkntouensl 08a yKa3ameabHblX peie.
PacueTHOE conpoTUBIEHUE YKa3aTEIbHOIO pelie

U 2
Rpacq.KH = (O’ 027 -0, 04)M

nom.KH

(19.16)
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PacueTHbIil TOK cpabaTbiBaHUsI YKa3aTEIbHOTO pefie

| =(1,0—1,4)P”0’”—'m. (19.17)

HOM.

c.p.KH.pacu.

DOKBHUBAJICHTHOE COMPOTUBICHUE NPHU CpabaThIBAHUHM OJIHOTO YKa3aTeJIbHOTO
peine

Roe. 27 Rin - (19.18)
Tabnuya 9
IlIkajia HOMHHAJILHBIX CONPOTUBJICHUHA PE3UCTOPOB
OTkII0HEHHE
HOMHHOaTHBHHX 3Hauenne conpotusieHns, Om- 10"
3Ha4yeHui, %
5 10 | 11 |12 |13 | 15| 16 | 18 | 20 | 22 | 24 | 27 | 30
10 0, - |12 - | 15| - |18 | - (22| - | 27 | -
15 10 | - - - |15 ] - - - |22 | - - -
3) 33 136 |39 |43 |47 |51 |56 |62 |68 | 75|82 |91
10 33| - 39| - (47| - |96 | - | 68| - |82 -
15 33 | - - - | 47| - - - | 68 | - - -

[Ipumeuanue: p — mokaszaTesb CTENEHH, paBHbli 0, 1, 2, 3 u T.1.

Tabauya 10
OcHoBHbIE TapaMeTPbI MPOBOJIOYHBIX PE3UCTOPOB
HomuHanbHas [Ipenensl HOMUHAIBHBIX
Tun pe3ucropa .
MOIIHOCTb, BT conpotusiieHnii, Om — kOm
I19-7,5 7,5 3-51
I19-15 15 3-51
115-20 20 2,4—-5,1
I12-25 25 4,7—5,6
I19B-2,5 2,5 43 -0,430
I19B-3 3 3,0-0,510
I19B-7,5 7,5 1-3,3
I19B-10 10 1,8-10
I19B-15 15 3,9-15
I15B-20 20 4,720
I19B-25 25 10— 24
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DKBUBAJIEHTHOE COMPOTHUBIICHHUE MPU CpabaThIBAHUU JBYX 3aLIUT

R” UHOM.
! c.p.KH
Ecnn R;’;«;. > R;;«;., TO 3a PAaCUYETHOE NPUHUMAETCA Rg,«;_; ecnu
R;’m < R;K&, TO 3a pacyeTHOE MPUHUMAETCS JIF0OOE U3 HUX.
ConpoTuBieHue 100aBOYHOTO PE3UCTOPa
R _ RK 'Rake.pacq.
000. R _R . (19.20)
K 9K6.pacwy.
MormtHocTh, noTpebasieMast J00aBOUYHBIM PE3UCTOPOM
U 2
— ZHom.
Proos. =R (19.21)
000.

[To manaeiM Tabn. 9 u 10 BeIOMpaercs Onwmkaiiee CTaHAAPTHOE 3HAUYCHUE

'
COIMIPOTHUBJICHHUA PE3UCTOPA R006.’ 3aTCM YTOYHSACTCA 3HAYCHUC ISKBUBAJICHTHOTO

COIIPOTHUBJICHUS

r_ RK ] R005. (19.22)

IKB. ] . .

I:\)K + R006.
YyBCTBUTEIBHOCTh OCHOBHOTO armapara
U R’

k =t ke 19.23
Uc.p.muH. R;K& + RKH ( )

KoadpunmenT 4uyBCTBUTEIBLHOCTH OCHOBHOTO ammapara J0JDKEH OBITh He
meHee 1.

UyBCTBUTEIBHOCTD YKA3aTEIBHOTO peJIe

UH.p.

k =
e 2-1¢p et (Ros. +0.5- Ry ) (1924

IKE6.

KoadhdummenT d9yBCTBUTETBHOCTH YKAa3aTENBHOTO pelieé JTOJDKEH OBITh HE
MeHee  Kod(pduimeHTa  YyBCTBHUTEIBHOCTH  OCHOBHOrO  ammapara.  Ecim
YyBCTBUTEJIIBHOCTh OCHOBHOI'O amllapaTta U yKa3aTEIbHOrO peJie HE YAOBJIETBOPSIOT

HOpMaM, HeOOXO0IMMO BBEIOPATh yKa3aTeIbHOE pelie ¢ OOIBITUM TOKOM CpadaThIBaHUS
1 pacyeT MOBTOPUTE.
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20. TPAOUYECKASA YACTH

IIpuHiunuanpHas DSJIEKTPUUYECKass CXeMa YCTPOMCTB pEICMHON 3allUThl U
aBTOMAaTHKU BBIMIOJIHIETCS Ha JUCTax udepTexkHod Oymaru ¢gopmara Al (594x841)
pazHeceHHbIM crocoOoM. Ilpu 3TomM ycnoBHble rpaduyeckue 00O3HAUYEHUS
COCTaBHBIX YacTel AJEMEHTOB PACIoJIaraloT B pa3HbIX MECTaX CXEMbI TaK, YTOOBI
OTJEJIbHBIC MU ANEKTPUUECKOro annapara OblUTM U300pakeHbl HauOoiee HarJIsAIHO.
Hampumep: TOKOBBIE TIIeMH, IIEMA HAMPSHKCHHS, OINCpPaTHUBHBIC IIEMH, IICTH
CUTHAJIM3AIINH, [IENTU CHHXPOHU3ALINH, [IETTH OTKIIOUCHHUS U T.1I.

Bce anmeMeHTBI AIEKTpUYECKON IIeMM BBIUEPUYMBAIOTCS B BHUJE YCIOBHBIX
rpaduyeckux OO0O03HAYEHUN MO pa3MepaM, YCTAaHOBJIICHHBIM TOCYIapCTBEHHBIMU
CTaHJapTaMHU.

Jlonmyckaercss TPOMOPIMOHATLHO YMEHbBIIATh, YBEJIUYMBATh WU BBIACISTH
HEKOTOPBIE AJIEMEHTHI, €CJIM HYKHO MOJYEPKHYTh UX 0C000€ Ha3zHadyeHue, 0o
BITUCHIBATh B HUX TIOSICHSIONTUE 3HAKH.

Tonmuua TuHUM 35eKTpudeckoit cBsa3u npuaumaetcs ot 0,2 1o 0,6 mm.

TomnmuHua TMHUU YCIOBHBIX Tpauyecknx 0003HAYECHUN TPUHUMACTCS paBHOM
TOJIIIUHE JIMHUM DJICKTPUIECKOMN CBSI3U.

Paznuunbie (GyHKIMOHAIBHBIC IEMHM JIOMYCKACTCS BBIUCPUYMBATH JIMHUSIMHU
Pa3TUYHON TOJNIIUHBEI (0 1 MM y MEpBUYHBIX LIETIEH).

B npaBoM HMXHEM YTy JIUCTa BBIYEPUMBAETCS OCHOBHAS HAAMUCH (YTIIOBOM
mramn — puc. 25, 0), a B JIEBOM BEepXHeM — JomoynHuTenbHas (puc. 25, a). B
JIOTIONIHATEIIBHOM HAAMMCH TEKCT pasBepHyT Ha 180°. Bee Haimuch Ha deprexax
CXeMax BBITIOJIHAIOTCS YePTEHKHBIM MIPUPTOM.

B cootBerctBun ¢ I'OCT 2.201-80 kax1oMy KOHCTPYKTOPCKOMY JTOKYMEHTY
IIPUCBAUBACTCA 00OO03HAUeHUe OOKyMeHma, TPeJCcTaBisioniee co0ol OyKBEHHO-
udpoBoit kox. Pacimmdposka koga gana Hmke B paszuaene 20.1.
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15

70 .
a)
7 10 23 15 10 70 15 17 18
Ob6o3Ha4yeHuUe dokymeHma
Jlumepa Macca Macwma6b
Tol
Llrl) Usm | Jlucm Ne dokym. Modn. [ama
g Paspab. ®amunus M.0. HAUMEHOBAHUWE HYEPTEXKA A
— lposep.
T.KoHmp. Jlucm 6 | Jlucmos 8
PeueH3eHm
H.KoHmp. TEMA MPOEKTA Aml'y
Kagpedpa aHepaemuku
Ymeepx0.

6)

Puc. 25. OcHoBHas (6) u JOMONHUTENbHAs (@) HAAMUCH JIUCTOB rpadUuecKOi YacTu.
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20.1. O0o3Ha4YeHHe JOKYMEHTA

B cootBerctBumn ¢ I'OCT 2.201-80 xaxaoMy KOHCTPYKTOPCKOMY JOKYMEHTY
MIPUCBAUBACTCI 0003HAYUeHUe OOKyMenma, TpeNcTaBisionee co0oi OyKBEHHO-
udpoBoit kox. s TUCTOB rpad)YecKOi YacTH BBITYCKHBIX KBaTHU(UKAITMOHHBIX
paboT, SBISIOUIMXCS OJHOBPEMEHHO W KOHCTPYKTOPCKUMH, U  Y4YCOHBIMH
JOKYMEHTaMH, KOIUPOBKAa MPOMU3BOAUTCS MO TpeboBaHusaM craHmapta Aml'Y.
O6pazen; OykBeHHO-IIU(DPOBOTO KO/Aa U €ro pacimudpoBKa IPUBEJICH Ha puUc. 26.

Hlugp xoncmpykmopckoeco O0oxymenma — OYKBEHHBIA KOJ, 0003HAYAIOUIWA,
4TO N300paKEHO HA YepTexkKe, HAIPUMED:

Cx — cxema; I'p — rpaduky;
IIn — nam; T6 — TaOIUIBI U T.I1.

BKP.951234.130302.Cx

Wughp KOHCMPYKMOPCKO20
GoKymeHma

Wughp HanpasneHus
noo02omosku

Homep 3auemnoli
KHUMCKU

Cmadus (8binycKkHas
KeanuguxkayuoHHas paboma)

Puc. 26. Ilpumep obosnauenus ookymenma [ 6 ].

20.2. IlepeueHb dj1eMeHTOB (crnienuguKanms)

Kaxaplii 271€MEHT 3JIEKTPUUYECKOM IeNu JOJDKEH MMETh OYKBEHHO-IM(poBOE
MO3UIMOHHOE 0003HAYEHUE, MPOCTABISIEMOE C MPABOM CTOPOHBI DJIEMEHTA WM HaJ
HuM. [TopsiakoBeIif HOMEp OYKBEHHO-IIM(DPOBOTO 0003HAUCHHUS TOKEH CTOATH MOCTE
OyKBEHHOro 00O03Ha4eHHs JdyemeHTa, — Hampumep: CI, C2, C3 u 1.0 B
0003HAYEHUSAX KOHTAKTOB peje M OJIOK-KOHTAaKTOB MPHUBOAA KOMMYTAIMOHHBIX
anmaparoB mudpa mocie ToUKd ooo3HayaeT Homep koHTtakta: KL1.1, Ql.1, KM.]
1 T.11. BMecTo Toukm nomyckaeTcs ucronb3oBarh apoeroune: KL1:1, Q1:1, KM:1.

BykBeHHble KOABI HamOoOJiee PACHPOCTPAHEHHBIX 3JIEMEHTOB M YCTPOWCTB,
MIPUMEHSIEMbIE B DJJIEKTPUYECKUX CXeMaX, JAaHbl B mnpuioxeHun A. Ilpumepsi
UCIIOJIb30BaHUsl 0003HAYEHU — B CXEMaX, IPUBEJICHHBIX B MPUII0KeHUU b.

[lepeyeHb 371€MEHTOB, BXOJIAIIUX B 3JIEKTPUUECKYI0 CXEMY, MOMENIAIOT Ha]l
OCHOBHOW HAJNKCHIO B BHJIC TAOJUIIBI, 3alOHIEMON cBepxy BHU3 (puc. 27). Ilpu
OTCYTCTBUM MECTa HaJi OCHOBHOM HAAMUCHIO MPOJOJDKEHHE NEPEUHs 3JIEMEHTOB
MOMEIIAIOT CJIEBa OT HEE.
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20.3. Cxema ynpaBJjeHHUsl BbIKJIOYaTeIeM

JIMCTaHIIMOHHOE YIIPABICHHUE BBIKIIOYATEISIMU OCYILIECTBIISIETCS ONEPATUBHBIM
IIEPCOHAJIOM BPYYHYIO, C IIOMOIIBIO KJIFOUEN YNPABICHUS WM KHONOK YIIPABIICHMS.
OTHMM  anmapaTaMM IOJAKOTCAd KOMAHIbl Ha BBIXOAHBIE JJIEMEHTBI CXEMBI

YOPABIEHUS — MPOMEXKYTOUHBIE KOHTAKTOPhl WJIM HEMOCPEICTBEHHO Ha
AIEKTPOMArHUThl BKJIIOUEHHUS WM OTKJIKOYEHUS NPUBOAA. YCTPOMCTBA  peleHHOU
3aILMTHI U ABTOMAaTHKHU GOopMHUpYIOT  aHAJIOTMYHbIE  KOMaHAbl B

aBTOMaTH4eCcKoM pekuMe. Ha nucrax KypcoBbIX MPOeKTOB (paboT) Mo  AUCIUIUIMHE
«Peneitnas 3amura u aBromatuka (P3uA)» u Ha nucTax AUIUIOMHBIX MPOEKTOB
(paboT), WLUTIOCTPUPYIOUIUX MaTepHalibl MOSICHUTENIbHON 3alUCKHU, OTHOCSIIHECS K
pazneny «P3uA», B 00s3aTebHOM TOPSAKE JJOJKHA OBbITh MpHUBEJACHA CXeMa
YIpaBJIEHUsl BBIKJIIOYATEIEM, YCTAHOBICHHBIM B 3amiuiaeMoil uenu. HexoTtopsie
CXEMBbI JUCTAHIIMOHHOTO YIPABJICHUS PUBEICHBI B MPUIOKEHUU b.
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20 110 10
O/gng HaumeHosaHue ﬂ Kon. MpumeyaHue
1 LlenHol mpaHcriopmep © 1 | 4,17«kBm
o
65 OOHOo3amaxxHbIl npecc © 143,04 kBm
66 MHo2oamaxHbIl ripecc 82,19 kBm
67 JluHus packpos ninum 169,95 kBm
1.04.207.11.00.T1n
Jlumepa Macca Macwmab
M;I\;3 ﬂ:;m Ne dokym. IMoodn. Hama nﬂAH PA CHOHO)KEHMFI ﬂ .
pac OBOPYOBAHMSI LIEXA 1:400
lposep.
T.KoHmp. Jlucm 3 | Jlucmoe 9
P .
H ZueHa [MPOEKTUPOBAHWE CUCTEMBI Aml'Y
%:;’:;’i’é OIIEKTPOCHABXKEHMS MPEANPUATYS | Kacpedpa aHepaemuku

Puc. 27. Tlpumep opopmieHHs NEpEUHs HIEMEHTOB.
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21. O®OPMJIEHUE OSICHUTEJILHOU 3ATIMCKU
[IPOEKTA (PABOTBI)

B cootBeTcTBUM CO cTaHIapTOM AMYpPCKOTO TOCYAapCTBEHHOI'O YHUBEPCUTETA
«IIpaBuna  odopmileHHsT  AMIUIOMHBIX M KYpCOBBIX  paboT  (IIPOEKTOB)»
(bnarosemenck, uszn-so AMI'Y, 2006) mnoscHuTenbHas 3amucka [IOKHA OBITH
BBITIOJITHEHA JIIOOBIM TME€UYAaTHBIM CIIOCOOOM — Ha MHUINYIIEH MAaIllUHKE Wi C
HCIIOJIb30BaHUEM KOMIIBIOTEpA U MPUHTEPA, HA OJHOM CTOPOHE JUCTa Oesiol Oymaru
dbopmata A4, yepe3 moiatopa uHTepBana. l[Ber mpudra q0KEH OBITH YEPHBIM,
pasmep — 14, rapautypa — Times New Roman, TekcT pacrmosiaraercsi 1o HmdpuHe
(bopmaty) ¢ BKIIOUEHHBIM IIEPEHOCOM CJIOB.

Texct paboThl cienyer mnewyataTh, cOOJIONAsA CIEAYIOIIME paszmepsl NoJeu:
npaBoe — 10 MM, BepxHee u HHxKHee — 20 MM, neBoe — 30 Mm.

Pa3zpermaercss ucnonb30BaTh KOMIIBIOTEPHBIE BO3MOXKHOCTH AKIICHTHUPOBAHUS
BHUMAHUS HA ONPEOeNeHHbIX MEPMUHAX, (DOPMYIAX, NPUMEHSS wpugmsl pa3HOM
TapHUTYPHI (KYPCHUB, pa3Mep, JKUPHOCTB).

Oneuamku, onucku u e2paguueckue HemouHocmu, OOHAPYKEHHbIE MPU
MOJTOTOBKE OTYETa, JIOMYCKACTCS HCHPABISATh IMOAYUCTKONW WM 3aKpalluBaHHEM
0eJioll Kpackoi, C HAaHECEHMEM Ha TOM K€ MECTE HCIPABIEHHOTO TeKcTa (rpaduku)
MaIlTMHOMUCHBIM CIIOCOOOM WJIM YE€PHBIMH YEPHUJIAMH, TACTOM WJIM TYIIbIO —
PYKOIMCHBIM CITIOCOOOM.

[ToBpexieHus JIMCTOB TEKCTa, TOMAPKH U CIEAbl HE TOJHOCTHIO YAAJIEHHOTO
NPEKHEro TeKcTa (rpaduku) He AOMYCKaIOTCS.

KonuuecTBo ucnpaBieHuit Ha OJTHOM JIUCcTe — He Oosiee Tpex.

Obvem mexcma B BBINYCKHOW KBamndukanuonHoit padore (BKP) 06e3
npwioxxeHut He goipkeH mpesbimaTh 80-100 muctoB. OOBEM KypcOBOTO IPOCKTA —
30-50 nmucroB, kypcoBoit padbotsl — 20-35 nuCTOB.

Cmpanuyel pabomul clenyeT Hymeposamsb apaOCKuMu Iudpamu, cobiromas
CKBO3HYIO HyMEpallMIO M0 BceMy TeKCTy. HomMep CTpaHUIbl MPOCTABISIOT B IIEHTPE
HUKHEW 9acTH JicTa 0e3 TOUKW. TUTYIBHBIN JIUCT W OJaHK 3aJIaHUs BKIIOYAIOTCS B
o0lIyI0 HyMepaluio crtpaHull pabotel. Homepa cTpaHui] Ha TUTYIBHOM JIUCTE W
OJlaHKe HE MPOCTABJISIIOT.

Nnnroctpanmu v TaOIUIBI, PACMOIOKEHHBIE Ha OTJEIBHBIX JINCTAX, BKIIOYAIOT
B OOIIYI0 HYMEPAIIMIO CTPAHUIl PAOOTHI.

Pazmenbl, moapasmenbl, MyHKTBI © TOJINYHKTHI CJEAyeT HYMepOBaTh
apabckumu 1 pamu 6€3 TOUKH U 3aMUChIBATh ¢ a03aI[HOTO OTCTYTIA.

3azono6xku pazdenog MHUIIYTCS MPOMUCHBIMU OYKBaMHM M TOYKa B KOHIIE HE
cTtaBUTcs. EciM 3aroioBOK COCTOMT W3 JBYX MPEIIOKEHHM, TO HX Pa3aeisioT
TOYKOW. Ecnmu 3aroioBoK 3aHMMAaEeT JBE CTPOKH, TO BTOPYIO BBIPAaBHUBAIOT TIOJ
Hayajo NpeajoxKeHus. Pa3peiatoTcs nepeHockl CI0B B 3arojJ0BKax.

3aroj0BKH pa3AesioB OTIEISAIOT OT MOCIEAYIOIEr0 TEKCTA MPOCBETOM, PABHBIM
JIBYM MEXKCTPOYHBIM OJMHApHbIM HHTepBaiaMm (o 10 mm). B Tekcre 3aromoBka
JOMYCKAeTCs YMEHbIICHUE MEKCTPOYHOTO MHTEPBAJIA 10 OJIMHAPHOTO.

3azonoexku noopazoenos (no03a2on06ku) OT MPEABIAYIIETO U IMOCICIYIOIIEro
TEKCTa HE OTACJISIOT.
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[lon3aroiaoBKy NMUIIYT )KUPHBIM HIPUPTOM € MPONUCHONU OYKBbI, 0€3 pa3psiky,
0e3 mouepKuBaHus, 0€3 TOUKU B KOHIIE.

Ecnu noa3arosoBoK COCTOUT U3 JIBYX MPEJIOKEHUHN, UX PA3AEISIOT TOUKOM.

Hnmocmpayuu 0003Ha4a0T ciaoBoM «PUCYHOK» M HyMepyloT apaOCKUMHU
nrdpamu nocnaeaoBaTEIbHO B Mpenenax padoTel (mpoekTa). Ecnu pucyHOK OJ1H, OH
o0o3Havaetcst «Pucynok 1». CJI0BO «pUCYHOK» M €r0 HAMMEHOBAHHE PACMOJIararoT
MOoCepeIMHE CTPOKH, TOYKa MOCIe HOMEpa PUCYHKA (WJIM MOCJIe €r0 HauMEHOBAHMUS )
HEe cTaBUTCA. MOXHO HyMepoBaTh WUIIOCTPALlMKM B Mpelenax pasjesna, Haupumep:
«pUCYHOK 1.1».

[Ipy cchbulkax Ha WUIIOCTPAlMU CIIEAYyeT MUCaTh «... B COOTBETCTBUHU C
PUCYHKOM 2» MPHU CKBO3HON HyMEpPALMH U «... B COOTBETCTBUM C PUCYHKOM 1.2» mpu
HyMepalluu B Mpejeliax pasjela.

Dopmynsl u ypasHeHuss CIeAyeT BBIICIATh U3 TEKCTA B OTAEIBHYIO CTPOKY U
nucaTth ¢ ab3aua. Beille u HKe Kaxaol (GopMyIibl UM YpaBHEHUS JOJIKHO OBIThH
OCTaBJICHO HE MeHee OJHOW cBoOoAHOW cTpoku. Dopmyibl clieqyeTr HyMepoBaTh
MOPSIIKOBOM HyMmeparuelt apaOckuMu IudpamMu B KpYIVIBIX CKOOKax B KpailHEM
paBOM TMOJOKEHWU Ha cTpoke. Jlomyckaercss Hymepanus (opmyn B mpenenax
paznena. B atom ciywae Homep (oOpMysibl COCTOMT M3 HOMEpa pasjuena u
MOPSIIKOBOTO  HOMepa ¢opmyibl, pasaeneHHbix Toukoit: (3.1). [omyckaercs
BBITIOJIHEHUE (DOPMYJT U YPAaBHEHHUI PYKOMMCHBIM CITOCOOOM YE€PHBIMU YEPHUIIAMHU.

CchlIKH B TEKCTE HA HOMEP (POPMYJIBI 1afOT B CKOOKaX: «... B hopmyie (1)».

[losicHeHne 3HaYeHUW CHUMBOJIOB W YHCIOBBIX KOX(G(UIIMEHTOB CleayeT
NPUBOJUTH HEMOCPEICTBEHHO 01 (HOPMYJIOi B TOM K€ MOCJIeI0BaTEIbHOCTH, KaK B
dopmye. [loscHeHre KaXKI0T0 yCIOBHOTO 0003HAYeHHsSI — ¢ HOBOM cTpoku. [lepByto
CTPOKY TOSICHEHHUS] HAUMHAIOT CO CIIOBA «T/Ie» 0€3 TBOETOUHS MOCTe HETO.

Tabnuyer TPUMEHSIOT IS JIYYIIeH HATJSIAHOCTH U yIOOCTBa CpaBHEHMUS
nokasareneil. Haspanwe TaOmuIpl, NMpU €ro HaJUYHUH, [OJDKHO OTpaxaTh e€e
coliepkaHue, ObITh TOYHBIM, KpaTKuM. Ha3BaHue TaOIMIIBI ClenyeT MmoMemniaTh Haf
TabnuIel caeBa 6e3 a03aIHOro OTCTyIA B OJJHY CTPOKY C €€ HOMEPOM, Uepe3 THpE.

Tabnuiry ¢ OONBIIMM KOJIUYECTBOM CTPOK JOIMYCKAETCS MEPEHOCUTH Ha AP YTroi
muct (ctpanuity). IIpu stom cinoBo «Tabnuna» u ee HOMEp yKa3bIBalOT OJIMH pa3s
cJieBa HaJl TIEPBOM YAaCThIO TAONHUIIBI, HAJl APYTMMH YacCTSAMU TMHUIIYT CHpaBa CIOBO
«IIpomomkenne» W yKa3bIBalOT HoMep TabOmuiel, Hampumep: «[Ipomomkenue
tabmunbl 1». [lpu mepeHoce dYacTu TaOIWIBI HUKHIOO TOPU3OHTAIBHYIO 4YEpTY,
OTPaHUYUBAIONIYIO TAOIHUITY, HE TIPOBOJIAT.

Pazmep mpudra B Tabnuiie 70mycKaeTcsi MEHBIIIHA, YeM B TEKCTE.

Tabnuiel cnenyeT HyMepoBaTh apaOCKUMU MU(PPaMH CKBO3HOW HyMEpaIMe.
JlommyckaeTrcss HymepoBaTh TaOJMIBI B TMpejenax pasziena. B aToMm ciaydae HOMeEp
TAaOJIUIIBI COCTOWT W3 HOMeEpa pas3fena W MOPSAKOBOTO HOMepa TaOIHIIbI,
pa3aeICHHBIX TOYKOM.

Ha Bce Tabmuiel q0kHBI OBITH CCHUIKM B pabote. Ilpu cchuike cieayeT
MKCATh CIIOBO «Ta0JHIIa» C YKa3aHHEM €€ HOMepa.

Ecom  BKP wunm  kypcoBas paboTra 1EIMKOM TIOCBSIIEHA HAy4HO-
HCCIIEIOBATEILCKOM TeMe, TO Ha JIMCTax MOSICHUTENbHOM 3amucku Qopmarta A4
(210x297 mM) BbIYEpUMBAETCS paMKa ¢ MOIsIMHU: clieBa 20 MM, C OCTaJIbHBIX CTOPOH —

140



no 5 mM. Ha mepBoM mnucre Kaxkaoro pasieiia B HWKHEW 4YacTU IIPUBOIUTCS
OCHOBHOM ILITaMII, BBIMOJHEHHBIM MO (opMme, mpuBeneHHON Ha puc. 28. Ha Bcex
OCTaJIbHBIX JJUCTaX B HUYKHEW YacCTH MPUBOJUTCS LITaMII, IPUBEACHHBINA Ha puc. 29.

PaccrositHue oT paMKH A0 IpaHMIIBl TEKCTA JIOJDKHO OBITh: B Hayaje CTPOKH —
HE MEHEE 5 MM, B KOHIIE CTPOKH — HE MEHEE 3 MM, CBEpXY M CHU3Y — HE MeHee 10 MM.

HanmeHnoBaHue pa3aena Ha TEKCTOBOM MOJIE HE MPUBOJUTCS, & YKa3bIBACTCA B
COOTBETCTBYIOIIEW NO3UIMM OCHOBHOIO ImTamna. HanmeHOBaHMS MOIpa3ielioB U
MIYHKTOB JAIOTCS HEMOCPEACTBEHHO B TEKCTE UM O(QOPMIIAIOTCS B COOTBETCTBHUM C
TpeOoBaHusamMu crangapta AmI'Y. Bce ocranbHble TpeOoBaHUS K TEKCTY
NOSICHUTEJIPHOW 3alIMCKU aHAJIOTUYHBI YKA3aHHBIM BBILIE.
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23 15 10 70 15 15 20
HaumeHosaHue membi npoekma (pabomesi)

() WNam | Jlucm Ne dokym. lNoon. Hama
I{) Pas3pab. To) Jlum. Jlucm Jlucmos

I .
&S HZZi‘::’p HaumeHosaHue

Potor pa3derna Aml’Y

e Kagpedpa sHepzemuku
Ymeepxo. P P
Puc. 28. OcHOBHOII mITaMi Ui JIACTA ITOSICHUTEILHOMN 3aIIUCKU.

7 .10 23 15 10 110 10
To)
in HaumeHosaHue membl 0y fuem
2 npoekma (pabomsbi) =
%) WNam | Jlucm Ne dokym. lMoon. Hama p p A

Puc. 29. BcrioMorareapHbIi IITAMII IS JINCTA ITIOSICHUTEIBHOMN 3alIUCKU.
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MNPUJIIOKEHHUE A
Tabnuya Al

BykBeHHBbIE KOAbI HaN00JIee PACTIPOCTPAHEHHBIX 3JIEMEHTOB U YCTPOMCTB,

NMPUMEHSAEMBIC B 3JICKTPUICCKHX CXEMaXxX

lepas ['pynimna sneMeHToB u I[Byx6y£< ) Bupl aeMeHTOB 1 Tp ex6y1u<-
OykBa . BEHHBIN " BeHHbI | HamMeHoBaHue niemMeHTa
YCTPOWCTB YCTPOUCTB
KoJIa KOJT KOJT
1 2 3 4 5 6
A YerpoiicTBo AC VYerpoiicteo ABP ACQ | Ycrpoiicteo ABP
AK Kommekr (6110K) perne, AKB YceTpoiicTBO OJIOKUPOBKH
KOMIUIEKT pPeJie TOKOBBIX tuna KPb
3alUT AKS Yerpoiicteo ATIB
YCTpOUCTBO KOMIIJIEKTHOE
AKV MPOJIOJIBHOM AU, 3aITUTHI
JIDII
AKZ YCTpONCTBO KOMILIEKTHOE
pesie CONPOTUBIICHHUS
AR YCTpONCTBO KOMILIEKT-
Hoe pesie YPOB
AV YcTporcTBO peryimpoBa-
HUS HaPSHDKEHUS
B [IpeoGpazoBarenu He- BK g U —
ANEKTPUUYECKUX BEITUYNH
B SJCKTPHIHCCKHC 1 BL DOTO3JIEMEHT
Hao000pOT
C Konpaencatop
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IIpooonocenue mabauyvr A1

2 3 4 5 6
HNuTerpanbHbie cXxembl DD HNHuTerpanpHas cxema
MHUKPOCOOPKHU nugpoBas
DJIEMEHTHI Pa3HbIC EA [[Innka EAH [[Iluaka BcmomorarenbHast
BCIIOMOTaTeIbHAS coOuparenpHas
EAA [[lnaka BcmomMoratenbHas
HanpspkeHus (paza A)
TAC [llmaka BcmomMorarenbHas
Hanpsbkenus (¢paza C)
EB [IuHka 6JIOKUPOBKHU
EC [[Iuaka ynpaBiaeHus +EC [[luaKa ynpaBiaeHus «+»
—EC [IluHka ynpaBIeHUS «—»
ECS [[luaKa CHHXPOHU3AINU
EH [[lnHka curHaIU3auu +EH [[lnHka curHaaIU3auu
«»
_EH [Innaka curgaausanuu
«“»
EHA ]_HI/IHKEI CHUrHaJII/BauI/H/I
aBapuitHOM
EHP MIunaka CHFH&J’II/I3&H£/II/I
npeaynpeauTeIbHOM
EHT MIunaka CHFHaJII/I?:aIJ;I/II/I
TEXHOJOTMYECKOM
(+)EP | lluaka Muraromiero ceera
EPD [[lnaka chema MUTaAHUS
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IIpooonocenue mabauyvr A1

4

6

EK

HarpesarenpHbiit
JJIEMEHT

EL

Jlammia ocBeTuTeIbHAA

ES

[llnHKa HanpsHKEHUS
CHHXPOHHU3ALUHU

ES1.A

IlluHka HanpsKEHUs
cuaxponusanuu (daza A)

ES1.C

IlluHka HanpsKeHUs
cuaxponnsanuu (daza A)

ESD

[IlnHka HanpsKEHUs
CUHXPOHU3ALUU

EV

[[lnHka HapsIKEHUS
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EVLI.A

[lInnka Hanpspkenus (TV1
c 0OMOTKaMH, COeIMHEH-
HBIMU B 3Be311y, (paza A)

EV1.B

[lInnka Hanpspkenus (TV1
¢ 0OMOTKaMH, COE€TUHEH-
HBIMU B 3Be371y, (paza B)

EV1.C

[IInnka Hanpspkenus (TV1
¢ 0OMOTKaMH, COE€TUHEH-
HBIMU B 3Be31y, (paza C)

EVI1I.N

[IluHka HanpsKEHUs HEW-
tpanu (TV1 ¢ o6moTKamu,
COEIMHEHHBIMU B 3BE31Y)

EV1.H

[IlnHka HanpsKEHUs HEW-
tpanu (TV1 c oOMoTkamuy,
COCIMHEHHBIMU B PA30MK-
HYTBIA TPEYTOJIbHUK)




IIpooonocenue mabauyvr A1

2 3 4 5 6
IIlnHKa HanpsKEHUs Hen-
Eviy | TP (TV1 ¢ obmoTkamu,
COCJIMHEHHBIMU B PA30MK-
HYTBIA TPEYTOJLHUK)
EVM [[Iunaka 3a1UThl MUHU-
MaJIbHOT'O HAPSHKEHUS
EY [[Iuaka nmuTaHus [pUBO-
JTIOB BBIKJTFOUATEJICH
Pazpsgnuku, npenoxpa- JIMCKpeTHBIC DJIEMEHTHI
HUTEJH, YCTPONCTBA 3a- FA 110 TOKY MTHOBEHHOT'O
IIUTBI cpabaTbIBaHUS
EU [1naBkuii
IpEAOXPAaHUTETb
FV Pazpsannuk, OITH
['eneparop, HCTOUHUK GB batapeu
NUTaHUS AKKyMYJIATOPHBIE
VYcrpoiicTBa CUTHANIbHbBIE HL [Tpubop cBeToBOM HLA CaertoBoe Tab110
CHUTHAJIN3ALINHU HLG Jlamna ¢ nuH301 3e51eH0n
HLR Jlamna ¢ nuH301 KpacHON
HLW | Jlamna c nuH300 Genon
ny, I/IOHHLH?Iu IIOJIYIIPOBOJ-
HUKOBBIM CUTHAJIM3ATOP
Pene, konTakrop, KA Peste Toka KAT Pene Toka ¢ HackIarw-

MyCKaTeb
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IIpooonocenue mabnuyvr A1

3 4 5 6
Pene Toka ¢
KAW
TOPMOKEHHEM
KAZ Pene Toka punbTpoBoe
KB Pene 6okupoBku
Pene komanab
KCC
BKJIFOUCHUS
Pene komanab
KCT :
OTKJTIOUCHUS
Pene umnynscHoOU
KH Pene ykazarennHoe KHA Y
CUTHAJIN3aINH
KK Perne anextporemioBoe
KL Pene npomexyTtouHoe,
VICTIOJTHUTENIbHBIN OpraH
KM KonTakTop, nmyckareinb
Pene nonoxenus
KQC
«BKIIFOUEHO
Pene nonoxenus
KQT
«OTKIIIOYCHOY
KSG Pene razosoe
Peine xoHTpONs Henen
KSV poIEL AL
HaIPSKEHUS
KT Peine BpeMenun
KV Pesie HanpsbkeHus
KW Pene momiHocTn
KZ Pene conporuBnenus
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IIpooonocenue mabnuyvr A1

1 2 3 4 5 6
L Peakrop, npoccens, ayro- LL Jpoccens TFOMUHECLIEHT-
racuTeIbHas KaTyIllKa HOT'O OCBEILICHUS
M JBurarennb
P [TpubGop usmepuTebHbIN PA AMIiepMeTp
PC CueTynk UMIYJIbCOB
PF Yacroromep
PHE YkazaTenb MOoJ0KEHUS
P CyeT4nK aKTUBHOU
SHEPTUU
PK CueT4nK peaKTUBHOMN
DSHEPTUuU
PO Ocuunorpad
PQ Vkazarens PITH
PS CHHXPOHOCKOII
PT CexkyHnomep, 4achl PTY CexyHomep .
AIIEKTPUUECKHM
PTV CCKYHII;OMepV
DIIEKTPOHHBIH
PV BonbsrmeTp
PW Bart™merp
PR OmmeTp
Briknrouarenu, Kommy-
Beikmrouarens
Q TallMOHHBIE armapaThl QA

CHJIOBBIX IIETIEN.

IMIUTHOCOCTUHUTEIILHBIN

149




IIpooonocenue mabauyvr A1

2 3 4 5 6
0B Breixirouarens
CEKIIMOHHBIN
OF Breixirouarens
ABTOMATHYCCKHIM
QN KopoTko3ambikaresb
QR OTtpenurenb
QS PasbequauTennn
Pe3ucrop RK Tepmopesucrop
RP ITorenmmomeTp
RR Peocrat
RU Bapucrop
YcTpoilcTBa KOMMYyTallM- SA [Tepexitrouarenp, KIH0Y SAB [Tepexirouarenp, KIH0OY
OHHBIE B IEMSX YIpaBJe- BTOPUYHBIX LIETIeH B 1ETsIX OJIOKUPOBKHU
HHSI, CUTHAJIN3aIUH U B Brikar04YaTesnb SBC KHomnka BrIroueHus
U3MEPUTEITBHBIX KHOTIOYHBIHN, KHOTIKA SBT KHormka oTkItoueHus
SE ABTOMaTHYECKU I
BBIKJTIOYATEIb
SG biiok ucnblTaTeNnbHbIN
BrikimtouaTens, cpabaThi-
SK BaIOIINI OT TeMIepary-
pHBI
sL Brikimtouatens, cpabaThi-

BAIOLINAN OT YPOBHS
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IIpooonocenue mabauyvr A1

2 3 4 5 6

sp Brikitouarens, cpabaThi-
BAIOIIMN OT JABJICHUS

Brikitouartens, cpabaThi-
SQ BAIOIIUI OT MOJIOKCHHUS
(KOHEYHBIH, MyTEeBOM)

Brikitouarens, cpabaThi-

SR BaOIIHI OT YaCTOTEI
BpaleHus
SX Haxmanka onepatuBHas
Tpauncdopmatop, aBTo- TA TpancdopmaTtop Toka TpancdopmaTtop Toka
TpaHchopMaTop TAN HYJIEBOM TMOCJI€I0BATENb-

HOCTH

TAV TpaHcpeakTop

TL Tpanchopmarop TLA Tpanchopmarop nmpome-
MIPOMEKYTOYHBII KYTOYHBI TOKOBBIN

Tpanchopmarop nmpome-

TLV .
KYTOUYHBIHN, HAIIPSKEHUS
TUV TpaHC(bopMaTopU
PEryJIupPOBOYHBIN
TV TpancdopmaTop
HaIPSKEHUS
UV dazoperynsaTop, mpeod- UVM CDa30peryjI;1T0p
pa3zoBaTeib HapsKEHUS MOTOPHBIN
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IIpooonocenue mabauyvr A1

2 3 4 5 6
[Tpubopsl VC Beinpsmurens
MOJIYTIPOBOAHUKOBBIC U VD Jlnon, ctabuiutTpoH
JJIEKTPOBAKyyMHbIE VL DIEKTPOBAKYYMHBII
npubop
VS Tupucrop
VT Tpanzuctop
CoenvHeHNs] KOHTAKTHBIC TOKOCHEMHUK,
XA CKOJIB3SIIUI KOHTAKT,
UCTIBITATEILHBIN OJIOK
XG HcnbITaTenbHbIN 325KUM
XN Coenunenue
Hepa30opHoe
Xp Coenunenue
KOHTaKTHOE, IITBIPb
XS CoenuneHue
KOHTaKTHOE, THE3/10
XT Coenunenue pa3doopHoe
XW Coenunenne BY
Y CTpolcTBO MEXaHUYE- YA DNEeKTPOMArHUT YAC DNEeKTpOMArHUT
CKO€ C JJIEKTPOMArHMT- BKJIIOUEHUS (COJICHOUN)
HBIM IIPUBOJOM VAT DNEeKTpOMAarHuT
OTKJIIOUEHUS
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UluHku ynpaeneHusi

Asmomamabl

Om aemomamuku| [ jeny

Om koya BKITIOYEHUS

Pene koHmporns

uenu KIYeHusi

Om 3awumel Lleru
OMKJTHOYEHUST

Om knroya

Pene koHmporns
yernu OomkIi4YeHust

LLIuHKU 8KHOYeHUSs

Asmomamel

Llenb
ayIeKmpomazHuUma
BKITI0YEeHUS

WuHku
cueHanusayuu

Llenb 38yk08020 cuzHarna
asapuliHo20 OMKIIHYEHUS

Llenb 38ykog8020 U
€8emoeoz0 cuzHasos
obpbisa uenu yrpasreHus

Llenb cueHanusayuu
[OITOXEHUSI «OMKITFOYEHO»

Llenb cueHanusayuu
[10JI0XKEHUS «8KITHOYEHO»

Puc. b1. Cxema AUCTAHIOHUOHHOTO YITPABJICHHUA BBIKIIIOYATCIIEM
C SJICKTPOMArHUTHBIM IIPUBOAOM.
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LuHku ynipaeneHus u
asmomamudecKuli
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Pene nodzomosku AllB

Pene epemeru AlB
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AlB
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S g
2 2
@ 3
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MakcumarnbsHou
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omceykou S E
T
32
S

Yempoticmeom g

AYP ©3

Knroyem

ynpassneHusi
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XS — coemunuTens Ooka yrnpasienus BU/TEL-220-05A,;
RL/TEL-220-03A — G110k pa3lieneHus CUTHAIOB

Puc. 52. Cxema ynpapnenus BoikiarouareneM BB/TEL na nepemennom

OIICPATHBHOM TOKEC.
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DJIeKTPOMArHUThI YIIPABJICHUS B MPUBOJIE BAKyyMHOT0 BhIKIrouatenss BB/TEL
00€CreynBalOT BBINOJIHEHUE ONEpAlUMKd BKJIIOYEHUS U ONEpalld OTKIOYEHUS
BbIKItOUaTens. [Ipy BKIIOYEHUMM TMOCTOSIHHBIA TOK JOJDKEH Te€Yb B MNPSIMOM
HaIpaBJIEHUH — OT KJIeMMBbI 3 K KiieMMme 4 coequnutenss XS Oioka ynpasieHus. Jis
ATOr0 HEO0OXOAMMO OOECNeYuTh 3aMbIKaHHE KOHTAaKTOB 7—8 Ha Konoake XS.
OTkir0YeHUe OCYUIECTBISETCS 3aMbIKAHHMEM KOHTAKTOB 7—9; mpH 3TOM TOK B
AIIEKTPOMArHuTax MpoTeKaeT B 00paTHOM HampaBlICHUU.
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COJIEP)KAHUE

IIpenucnosue
Beenenne

1.

OCHOBHBIE CBEICHUS O PACUETE YCTPOMCTB PEICHHOMN 3aIUTHI U

0 BBIOOpE OCHOBHOI'O U BCIIOMOT'aTE€IbHOIO 000PY10BAHUS

1.1. Hcxoanas unpopmanus 1 00bEM pacueToB

1.2. BpIOOp UCTOYHUKOB ONEPATUBHOTO TOKA

1.3.  Pexumbl pabOThI 3JEKTPUUECKOMN CETH

1.4. BsiOop TpanchopmMaTOpOB TOKA U HANPSIKEHUS

1.5. BpIOOp TUMOB 3aIIUT U YCTPONUCTB aBTOMATUKH

MakcuMalnbHbIe TOKOBBIC 3aIUTHI

2.1. MaxkcumasibHasi TOKOBasl 3alUTa TUHUN

2.2. MaxkcumanbHas TOKOBas 3allluTa TpaHC(HOPMATOPOB U
aBTOTpaHchopmaTopoB

2.3. MaxkcumainbHas TOKOBas 3allluTa F€HEPATOPOB MOIIHOCTHIO 1
MBT u MeHee

MakcumalibHasi TOKOBast 3alIUTa ¢ OJIOKUPOBKOM MO HAMPSIKEHUIO

3.1. MaxkcumanbHas TOKOBas 3alllUTa C MTYCKOM HaIpsHKESHUSI
MOHIKAIOIIHNX TPAHCPOPMATOPOB U aBTOTPaHCHOPMATOPOB

3.2. MaxkcumanbHasi TOKOBas 3aluTa ¢ KOMOMHUPOBAHHBIM
IyCKOM HampsKEeHUs

3.3. MakcumasibHasi TOKOBas 3aII1Ta ¢ KOMOMHUPOBAHHBIM ITYCKOM
HaANPSDKEHUs TeHepaTopoB MOIIHOCTRIO OT | 10 50 MBT

TokoBbIe OTCEUKH

4.1. ToxoBble OTCEYKU Ha JTUHUSAX DIEKTPONEepe1aun

4.2.  Otceykd Ha JUHUSX C IBYCTOPOHHUM MUTAHUEM

4.3. Ortceuka ¢ BBIJICPKKOW BpEeMEHHU

4.4, TokoBas oTceuka TpaHC(POPMATOPOB

4.5. TokoBas oTcedKka dJIECKTPOABUTATENICH

4.6. TokoBas oTceyka reHepaTopOB MOIMHOCTHIO MeHee 1 MBT,
HarpspDKkeHueM 3-6 kB Ha mepeMeHHOM OIepaTHBHOM TOKE

4.7. OTtceykHd MO TOKY U HANPSIKEHUIO

TokoBbIe 3aUTEI OOPATHOM MOCIIEI0BATEILHOCTH

5.1. ToxoBbI€ 3alIMTHI OOPATHOM MOCIEAOBATEIBHOCTH TTOHMKAIOIIINX
TpaHCcHOpPMaTOpOB

5.2. JIByxcTymneH4aras TOKOBasl 3alluTa 0OpaTHON
MIOCIIEIOBATEIBHOCTH T€HEPATOPOB MOITHOCTHIO 10 60 MBT

5.3.  MmHorocTtyneH4yaTas TOKOBas 3alluTa 00paTHOM MOCIICI0BATEIb-
HOCTH JIJII TEHEPAaTOPOB MOIIHOCTHIO Oosiee 60 MBT

3amuTa OT 3aMbIKaHHUI Ha 3€MJIIO B CETAX C U30JUPOBAHHOW UITU

KOMIIEHCUPOBAaHHOW HENUTPAJIBIO

6.1. 3amuTa OT 3aMBIKaHUI Ha 3eMJII0 B OOMOTKE CTaTOpa reHeparopa

6.2. 3amura ABUTATENEH OT 3aMBIKAHUHN HA 3€MITIO
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10.

6.3. 3amura TMHUI ¢ U30JUPOBAHHOW UM KOMIIEHCUPOBAHHOM
HEWTpanpto HanpspkeHueM 6-10 kB

6.4. 3amuTa OT 3aMbIKaHUM HA 3€MJIIO0 Ha CTOPOHE TE€HEPATOPHOTO
HaIpspKeHUs: 0JIOKOB reHepaTop-TpaHchopmaTop

6.5. 3ammura oT 3aMBIKaHUH Ha 3€MJIIO B CETAX HampspkeHuem 35 kB

3ammra OT 3aMbIKaHUM Ha 3€MJIIO B CETAX C TIYyX03a3€MJIICHHOMN

HEUTPAJIBIO

7.1.  MaxkcumanbHO-TOKOBAs 3allliTa HYJIEBOU MOCIIeI0BATEILHOCTH

7.2. ToxkoBas 3ammuTa OT HYJIEBOH MOCJIEA0BATEILHOCTH
TpaHchopMaTopoB (aBTOTpaHCcHOPMATOPOB) OJIOKOB
OT BHEIIHUX 3aMbIKaHHUI Ha 3eMJIIO

7.3.  TokoBble OTCEUKH HYJIEBOi OCIE0BATENLHOCTH
aBTOTpaHc(HOpMaTOpOB OJIOKOB

7.4. ToOKOBBIE OTCEUKH HYJEBOM MOCIEI0BATEIBHOCTU JIUHUH

7.5. ToxkoBbIe HaIlPaBJICHHBIC 3aIIIUThI HYHCBOﬁ IIOCJICA0BATCIIbHOCTH

[TpononbHbIe UG dEepeHITnaTbHBIC 3aIIHTHI
8.1. IIpomonbHbie AudhepeHuanbHbIe 3alUTh TEHEPATOPOB
8.2.  TIpomonpHas auddepeHnanbHas 3aUTa TeHePaTopoB,
BBITIOJTHEHHASI C TOKOBBIMH PEJIC
8.3.  TIpomonpHas auddepeHranbHas 3alHUTa TeHEPATOPOB,
BBITIOJTHEHHAS ¢ qUdPepeHIIMATLHBIME peic
8.4. IlpononbHas nuddepeHiraibHas 3auTa, BHITOJTHEHHAS
¢ moMonuIsio qudpepeHrnanbHbIX pesie ¢ MarHUTHBIM
TOPMOKEHHEM
8.5. IIpomonbHas nuddepeHianbHas 3anuTa 3JIeKTpoaABUTraTenei
8.6. IlpomonpHas muddepenimanpHas 3anmra TpancpopMaTopon
8.6.1. IIpwHIUIIBI BBITIOJTHEHUS 3aIIUTHI
8.6.2. JIuddepennuanpHas TOKOBas OTCEUKa
8.6.3. JIuddepenmnuanpHas TOKOBas 3alllTa, BHITOJIHCHHAS
Ha pene cepun PHT
8.6.4. IlpomomwHas nuddepeHnnanbHas 3amuTa
TpaHC(POPMATOPOB, BHITIOIHEHHASI C TIOMOIIIBIO
peJe ¢ TOpPMOKEHHUEM
8.6.5. MecTo BKIIOUEHHUS TOPMO3HBIX OOMOTOK
8.7. IuddepennmanpHas TOKOBas 3al[MTa OITMHOBKH BBICIIIETO
(cpemHero) HampsHKEHUs aBTOTpaHC(HOPMAaTOPOB
[Tonepeunsie nuddepeHIaIbHbIC 3aIUTHI
9.1. Tlomepeunas nuddepeHnranpHas 3amunTa TeHEPATOPOB
9.2. Tlomepeunsie HanpaBieHHbIe U] hEpPeHITNATBHBIC 3aIUTHI
napayyIeIbHBIX JTHHUN
TokoBbIe HaNIPaBICHHBIC 3AITUTHI
10.1. MakcuMaibHasi TOKOBas HalpaBJICHHAsS 3alATa TUHAN
10.2. HampaiieHHast TOKOBasi OTCEYKa
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11.

12.
13.

14.

15.

16.
17.

18.

JIMCTaHIIMOHHBIE 3AIUTHI

11.1. JIucrannumonHas 3amuTta JuHun 35-330 kB

11.2. JlucraHUMOHHAs 3allIUTa pacHpeaeanTeNbHbIx cerer 6-20 kB
C CETEBBIM PE3EPBUPOBAHUEM

ABTOMaTHYECKOE BKIItOUEHUE pe3epBHOro nutanus (ABP)

ABTOMaTHYecKas yacToTHas pasrpyska (AYP)

13.1. ABromaTHueckas 4acTOTHas pa3rpy3ka NepBOM KaTeropuu

13.2. ABTomaTHuecKas 4acTOTHas pa3rpy3ka BTOpPON KaTeropuu

13.3. [JlononuurensHas kareropus AUP

13.4. YactoTtHOe aBTOMaTH4eCKOe MoBTOpHOE BKiItoUeHue (YAIIB)

ABTomaTuyeckoe noBTopHoe BKItoueHue (AIIB)

14.1. Opnnokpatnoe TpexdasznHoe AIIB nuHMit ¢ OAHOCTOPOHHUM
NUTaHUEM

14.2. JIBykpatrHoe AIIB nuHuii ¢ 0IHOCTOPOHHUM MUTAHUEM

14.3. AIIB nuHu#i ¢ ABYCTOPOHHUM NMUTAHUEM

14.4. Hecunxponnoe AIIB (HAIIB)

14.5. beictpoaeiictBytomiee AIIB (BAIIB)

14.6. AIIB c oxxunanuem cuaxponusma (AIIBOC)

14.7. AIIB c ynaBnuBanuem cuaxpouusma (AIIBYC)

Bxurouenme renepaTopoB Ha mapajijiesibHYI0 paboTy

15.1. BxiroueHue TeHepaTopoB Ha MapajuieIbHYI0 paboTy
METOJIOM CaMOCHUHXPOHH3AIIUU

15.2. CUHXpPOHHU3ATOP C MOCTOSHHBIM YTJIOM ONEPEKEHUS

Peneitnas hopcupoBka u pachopcrpoBka BO30YKICHUS TEHEPATOPOB

Ha3nauenue u kiaccupukaiys yCTpoiucTB MPOTUBOABAPHUITHOM

aBTOMATHKHU

17.1. Orxarouenue reaepatopon (OI)

17.2. CnenuansHas aBToMaTHKa oTKIroueHus Harpy3ku (CAOH)

17.3. ABTomaTuKa ImpeKpaiieHus: acuHXpoHHOro xoja (AITAX)

17.4. ABtomaTvKa OrpaHUYCHHS ONMACHBIX MOBBIIICHUN HATIPSIKCHUS
(AOIIH)

17.5. ABTOMaTHKa OrpaHUYEHUS OMACHBIX MOBBIIICHUNA YaCTOTHI
(AOITY)

17.6. Amrtomatuka orpanndeHus cHkenus Hanpsokenus (AOCH)

17.7. ABTOoMaTuKa orpaHu4eHusi cH>kKeHus: 4acToThl (AOCYH)
17.7.1. ABTOMAaTHKa 4aCTOTHOH parpy3ku
17.7.2. ABTOMaTHKa 9aCTOTHOTO MyCKa M 3arpy3Ku

TUIPOT€HEPATOPOB

17.8. Tlpumepsl pabOThl yCTPOMCTB MPOTHBOABAPUIHON aBTOMATHKHU

IIpoBepka TpaHCc(OpMATOPOB TOKA HA NECSITUIIPOLIEHTHYIO

HOrPEIIHOCTh

18.1. OmnpeneneHnne BTOPUYHON HArpy3KH TPaHC(HOPMATOPOB TOKA

18.2. BwiOop pacyeTHOTO BHUIa MIOBPEKACHUS U ONPEIACICHHAE
pPacyeTHOIo MEPBUYHOr0O TOKA
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18.3. Tlopsaok nmpoBepkH TpaHC(HOPMATOPOB TOKA Ha
10-npo1eHTHYO NOrPEIIHOCTh
19. BriGop BcioMorarenbHOM annaparypsl, IPOMEXYTOUHBIX
U yKa3aTeJIbHbIX pelle
19.1. BriOop BcioMoOraTeNnbHbIX YCTPOMCTB M MPUCTIOCOOTIEHUMN
19.2. BriOop npoMeKyTOUHBIX pesie
19.3. BriOop ykazaTenbHBIX pesnie
20. TI'paduyeckas yacThb
20.1. OO6o3HaueHHE JOKYMEHTa
20.2. Tlepeuenb 35eMeHTOB (crieruduKkarms)
20.3. Cxema ymnpaBieHUs BBIKIIOYATEIEM
21. OdopmieHue NosICHUTEIbHON 3aUCKU IPOeKTa (paboThl)
bubnuorpaduyeckuii cnucok
[Tpunoxenue A. BykBeHHbIE KOAbI HauOOJIee pacpoOCTpaHEHHBIX
AJIEMEHTOB U YCTPONCTB, MIPUMEHSEMbIE B JIEKTPUUECKUX CXEMax
[Tpunoxenune b. Cxembl IUCTAaHIIMOHHOTO YIPABIEHUS BBHIKIIOUATEISIMU
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Anexcanap Hukosnaesuu Ko3siios,
Jo11. Kadepbl SHEPTETUKH, KaH[. TeXH. HayK, AMI'Y

Burammii Anexkcanaposuy Ko3zios,
BEJIYIIUHA CTICIIHAIUCT CITY>KOBI IIEPCIIEKTUBHOTO Pa3BUTHS
JlanbHEBOCTOYHOH paclpeeIUTEIIbHON CeTeBOM KOMITAHHH;

IOpuii BukropoBuu Msicoenos,
npod. kadeapel SHEPreTUKH, KaH[. TeXH. HayK, AMI Y

PejieiiHas 3a1IIUTA 1 ABTOMATHKA YJICKTPHYCCKHX CUCTEM . Yuebnoe nocooue

NznarenscTtBo AMIY. @opmart 60x84/16. Y. new. 1. 5,35.
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