7. SALLUTBI IMHUA 110-220 KB

7.1. ObLLUME CBEAEHUA

Cetun HanpsbkeHnem 110 -220kB paboTaioT B pexunme ¢ aheKTUBHO UK TNyx03a3eMieHHON
HenTpanbto. N03TOMy 3aMblKaHWE Ha 3eMIII0 B TaKMX CEeTAX ABMASETCA KOPOTKMM 3aMblkaHWEM C
TOKOM, MHOrAa npeBbilaloWwmnM ToK TpexdasHoro K3, n nognexuT OTKIYEHUIO ¢ MUHUMAarbHO
BO3MO>HOW BbIAEP>KKON BPEMEHU.

BosgylwHble n cmelaHHble (KabenbHO-BO3OYLUHbIE) NMUHUN OCHaLatoTes ycTponctesamu AlB. B
psae cnyyaes, ecrniv NpUMeHseMbld BbIKIloYaTenb BbINOMHEH C NOda3HbIM yrnpaBreHnem, npu-
MeHseTcs nodasHoe oTkmodYeHne u AlNB. 3TO NO3BONSET OTKMAYUTL U BKNHOYUTE MNOBPEXAEH-
Hyto dady 6e3 OTKMIoYEeHMsT Harpyskn. Tak Kak B TakKMx CETSIX HEWTpanb nuTarowero TpaHcdop-
MaTopa 3as3eMrieHa, Harpyska npakTMyecku He owyuiaeT KpaTKoBpeMeHHOW paboTbl B HeMor-
HOha3HOM pexume.

Ha uncTto kabenbHbix NuHUAxX AlB, kak NnpaBuno, He NPUMEHSETCA.

JINHMKM BbICOKOrO HanpskeHUst paboTatoT ¢ GONbLUIMMK TOKaMK Harpysku, 4To TpebyeT npumMeHe-
HUS 3aLMUT CO crneumnanbHbIMK XapakTepucTUkamn. Ha TpaH3UTHBIX NIMHUAX, KOTOpble MOTYT ne-
perpyxaTbCcsl, Kak NpaBuno, NPUMEHSIITCS ANCTAHLMOHHbIE 3aLLMTbl, NO3BOMNsAOLWNE 3PPEKTUB-
HO OTCTPOMTCSI OT TOKOB Harpy3ku. Ha TynukoBbIX IMHMSX BO MHOTMMX Cly4Yasix MOXXHO 0GOMTUCH
TOKOBbIMM 3awWwmTamn. Kak npaeuno, He AonyckaeTcs, Y4ToObl 3awwmnThl cpabaTbiBanu npu nepe-
rpyskax. 3awura oT neperpysku, npu HeobXOAMMOCTM, BbIMOSNHAETCA Ha cneunanbHbIX YCTPOn-
cTBax.

CornacHo TY3, ycTponcTtBa npefoTBpaLLeHnsi Neperpy3kn OOSMKHbI NPUMEHATLCA B Cry4asx,
ecnu gonyctumas gnsi o0opyaoBaHUS ANUTENbHOCTb NPOTEKaHWUst TOKka cocTaBnsieT meHee 10-
20 MyH. 3awmTa OT neperpysknm OOSPKHA AEWCTBOBATb Ha pasrpy3ky obopyaoBaHus, paspbiB
TpaH3uTa, OTKMYEHNE HArpy3ku, M TONMbKO B MOCIEAHIO O4Yepedb Ha OTKMYEHUE neperpy-
3uBLIerocs obopyaoBaHus.

JINHNN BBICOKOrO HanpsiKeHWs!, Kak NpaBuno, UMeKT 3HAYUTENbHYI AMNHY, YTO YCNOXHSAET no-
NCK MecTa noBpexaeHud. Mo3aToMy, NMHUK OOSMKHBbI OCHALWATbCA YCTPOWCTBAMU, Onpenensito-
LWMMK paccTosiHMe OO0 MecTa noBpexaeHund. CornacHo AnpekTMBHbIM MaTepuanam CHI, cpea-
ctBamu OMIT gomxHbl ocHalwaTbes NuHUKM anvHon 20 kM 1 donee.

3agepxka B OTKMOYEHUN KOPOTKOrO 3aMblKaHUS MOXET MPUBECTU K HapYLUEHUO YCTOMYUBOCTU
napannenbHon paboTbl 3NEKTPOCTaHUUIA, U3-3a ONUTENbHON MNOCAOKM HanpsbkeHUst MOXET ocTa-
HOBUTbCS 060OpyaOBaHME M HapYLUMTLCS TEXHONMOMMYECKMI Npouecc NpouM3BOACTBa, MOrMyT Mpo-
N30WTU OOMNOMHUTENbHbIE MOBPEXAEHUS JIMHUW, HA KOTOPOM BO3HUKIO KOPOTKOE 3aMblKaHue.
MoaToMy, Ha Takmx NIMHUSIX OYE€Hb YacTO NMPUMEHSIIOTCA 3aLUUTbI, KOTOPbIE OTKIYAKT KOPOTKNE
3aMblkaHus B Nobon Touke 6e3 BbIOEPXKKM BPEMEHU. DTO MOryT ObiTh AnddepeHumanbHbie 3a-
LLMTbI, YCTAHOBIEHHbIE MO KOHLAM JIMHUWN N CBSAI3aHHbIE BbICOKOYACTOTHbLIM, NPOBOAHMKOBbLIM UK
ONTMYECKUM KaHamnom. OTO MOryT ObiTb OObIYHbIE 3ALUTLI, YCKOPSIEMbIE MPU MOSTyYEeHUN paspe-
LUAIOLLLErO, UITN CHATUM BNOKUPYIOLLErO CUrHana ¢ NPOTMBOMNOSIOXKHON CTOPOHbI.

TokoBble M AWCTAHLUMOHHbIE 3alUMTbl, Kak NpaBuUIo, BbINOMHSATCS cTyneHYyaTbiMu. KonuyecTso
CTyrneHel He MeHee 3, B psiie cnyyaes bbiBaeT HeobxoamMmMo 4, unu gaxe 5 cryneHen.

Bo MHorux cnydasx, Bce TpebyemMble 3aluTbl MOXHO BbINOMHUTL HA 6Ga3e OAHOro yCTpPOWCTBa.
OpaHako BbIXof CO CTPOSA 3TOr0 OAHOrO YCTPOMCTBA OocTaBnsieT obopyaoBaHne 6e3 3awmnThbl, 4YTO
HegonycTumo. Mo3aTomy 3aLnThl NIMHWIA BbICOKOrO HanpshXeHus LenecoobpasHo BbINOMHATb U3 2
KOMMNIEKTOB. BTOpPO KOMMIEKT ABNAETCA pe3epBHbIM U MOXET ObITb YNPOLLEH MO CPaBHEHUIO C
OCHOBHbIM: He umeTb AlB, OMI1, nMeTb MeHbLUEE KONMYECTBO CTyneHen u 1.4. BTopon kom-
NNEeKT OOMMKEeH NUTaTbCA OT APYroro aBToMarta onepaTMBHOIO TOKa M KOMMeKTa TpaHcdopmaTto-
poB Toka. 1o BO3MOXHOCTW, NMUTATLCSA OT APYrol akkymynsiTopHon GaTtapeun n TpaHcdopmaTopa
HanpshKeHns, 4eNCTBOBaTb HA OTAENbHbIN CONlEHOM OTKMNIOYEHWS BbIKNOYaTens.

YcTponcTBa 3auTbl BbICOKOBOSIbTHBIX FIMHUA AOMKHbI YYUThIBaTb BO3MOXHOCTb OTKa3a BbIKMO-
yatens u umeTtb YPOB, nnbo BCTpOEHHOE B CaMO YCTPOMCTBO, NGO OpraHn3oBaHHOE OTAENbHO.



[na aHanusa aBapuu U paboTbl peneriHon 3alWwuTbl U aBTOMaTUKN TpebyeTcs pernctpauuns kak
aHarnoroBbIX BENNYMH, Tak U OUCKPETHLIX CUTHAMOB NPWU aBapUiAHbIX COBLITUSX.

Takum 06pa3om, ANA BbICOKOBOMbTHbLIX NIMHUA KOMMNMNEKTb! 3aLUWUThl U aBTOMaTUKM [AOMKHbI Bbl-
NONHATL cneayolme MyHKLUNA:

3awuTy oT MexaydasHblX KOPOTKUX 3aMbIKaHUI U KOPOTKMX 3aMblKaHWUA Ha 3EMITHO.
ModbasHoe nnu TpexdgasHoe AllB.

3awmTy oT neperpysKku.

YPOB.

OnpeneneHve MmecTa NOBPEXOEHWS.

OcuwnnnorpacvpoBaHMe TOKOB W HamMpsiKeHW, a Takke perncrpaumsi OUCKPETHbIX CUrHamoB
3aWNUTbI M aBTOMaTUKN.

yCTpOVICTBa 3allinTbl OOJKHbI pe3epBnUpoBaTbCA U ,El,y6J'II/IpOBaTbCF|.

Ana nuHuin, nmerowmnx BbikNYaTenn ¢ NnogasHbiM ynpasneHMeM, Heo6XoanumMo MMeTb 3alnTy
OT HenosiHoasHoOro pexuma, OEeNCTBYIOLWYI0 Ha OTKIOYEHME CBOErO M CMEXHbIX BbIKMoYaTe-
nen, Tak Kak AnutenbHbIN HenosHodasHbIn pexum B cetsax CHI™ He gonyckaeTcs.

7.2. OCOBEHHOCTU PACYETA TOKOB U HAMPSAXEHUA NMPU KOPOTKOM
3AMbIKAHUU

Kak YKa3blBanocCb B I11. 1, B CeTsIX C 3a3eMIIeHHOM HeI;ITpaJ'IblO HeobxoaMmo y4nTbiBaTh O0MNON-
HUTeJN1bHO ABa BAa KOPOTKOIro 3aMblKaHUA: Oﬂ,HO(ba3HOI'O n ﬂ,ByX('*)a3HOI'O 3aMblKaHNA Ha 3eMITio.

PacyeTbl TOKOB M HANPSPKEHUI MPU KOPOTKMX 3aMblKaHUSIX Ha 3eMII0 BeAYyTCS METOAOM CUMMET-
PUYHbIX COCTaBMALWMUX CM. . 1. 3TO BaXHO, B TOM YKUCIE, U NOTOMY, YTO 3aLUUTbI UCMONb3YOT
CUMMETPUYHbIE COCTAaBIISOLIME, KOTOPbIE B CUMMETPUYHBIX pPeXuMmax oTCyTCTBYHOT. Mcnonb3o-
BaHMe TOKOB 06paTHOMN M HyneBoOW NocneaoBaTeNlbHOCTY NO3BOSISIET HE OTCTpanBaTh 3aLUTy OT
TOKa Harpysku, U UMeTb YCTaBKy MO TOKY MEHbLUY Toka Harpysku. Hanpumep, ans 3sawutbl oT
3aMblkaHWIN Ha 3eMIto, rMaBHbIM 06pa3oM MCNosb3yeTcs TOKOBasi 3alliMTa HyneBoy nocneaosa-
TENbHOCTW, BKIOYaeMasi B HyNeBOW NPOBOA COEAMHEHHbIX B 3Be3[y TpPex TpaHcgopmaTopos
TOKa.

Mpun ncnonb3oBaHUM MeToAa CUMMETPUYHBIX COCTaBNAIOLMX, CXeMa 3aMeLLLEHNS AN KaXKaon nu3
HUX COCTaBNSAETCS OTAENbHO, 3aTeM OHU COeauHsATCA BMecTe no mecty K3. Hanpumep, cocTa-
BUM CXEMY 3aMeLLeHnsa anga cxembl puc 7.1.

X1 CI/ICT.=15 OM
Xo oner =25 Om N, 25km AC-120 M, 35 km AC-95

o

T1-10000/110 _kl

Uc=105 T2 - 16000/110
Ux= 10,5

Puc. 7.1 Tlpumep ceTu Ansa COCTaBfEeHUA CXEMbl 3aMeLleHUst B CUMMETPUYHbIX COCTaBIIsito-
LLMX
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Mpwn pacyeTe napameTpoB NuHUKM 110 KB 1 Bbile Ansi CXeMbl 3aMeLLeHns1, 0ObIMHO npeHebpera-
0T aKTUMBHbIM CONPOTUBIIEHNEM NUHUW. VIHOYKTUBHOE COMPOTUBMEHME NPAMOW nocrnegoBaTenb-
HocTK (X7) NUHUKM NO cnpaBoOYHbIM AaHHbIM paBHO: AC-95 — 0,429 Om Ha km, AC-120 — 0,423 om
Ha kM. ConpoTuBneHne HyneBomn NocrneaoBaTeNbHOCTM AN JIMHUKN CO CTaNbHbIMU TOPCaMu Tpo-
camm paBHo 3X7 T.e. cooTBeTcTBEHHO 0,429 - 3 =1,287 1 0,423 - 3=1,2609.

Onpep,enle napameTpbl JIMHUN

Xl./]l =250!423=10’6 Owm; XOJII =251,269=31,7 Om
X172=35-0,423=15,02 Om; X7, =35-1,269=45,05 Om

Onpegenvm napaMeTpbl TpaHcgopMaropa:
T1 10000kBA.

X7y =0,105-115%/10 =138 Ow;

Xy, =0,105-1152/16=86,8 OmM;  Xy7, = 86,8 Om
COI'IpOTVIBJ'IeHI/Ie O6paTHOIZ nocnegoBaTtesibHOCTU B CXemMe 3aMelleHnAa paBHO COMPOTUBIIEHUIO

I'IpﬂMOVI nocnenoBaTesibHOCTU.

ConpoTtueneHne HyneBon nocrnenoBaTenbHOCTU TPaHCHOPMaTOPOB OOLIYHO MPUHMMAETCS paB-
HbIM CONPOTMBAEHUIO NpsiMoin nocnegosartenbHocTn. X17= Xor. TpaHcdopmaTtop T1 He BxoauT
B CXEMY 3aMeLLEHMS HYNEeBOW NOCNeL0OBaTENbHOCTM, TaK Kak €ro HeMTpanb pa33emrieHa.

CocraBnsiem CXemMy 3amMmelleHns.
X1C=X2C=15 Om x1ﬂ1=x2ﬂ1=10,6 Om x1ﬂ2=x2ﬂ1=15,1 Om

XOC=25 Om Xon1=31 ,7 Om XOJ‘|2=45,05 Om
k1 Z K2 K3
X1T1=138 Om X1T2=86,8 Om
XOT2=86,8 Om
K4 K5

PacueT TpexdasHbix 1 aByxdasHbix K3 nponssoautcsa obbl4HbIM nyTeM, cMm. Tabnuuy 7.1.

Tabnuua 7.1

ToYka conpoTtumereHme 0o mec- | Tok K3 TtpexdhasHbii | Tok K3 aByxdhasHbin
K3 1ak3 X;3 =X, 1O -(1s/\3)x, | 1®=087.1®
K1 15 Om 4,43 kA 3,85 KA
'\K2 15+10,6 = 25,6 Om 2,59 kA 2,26 kA
k3 25,6+15,1 =40,7 Om 1,63 KA 1,42 kA
k4 25,6+ 138=163,6 Om 0,406KA 0,35 KA
K5 40,7+86.8 =127,5 Om 0,52 KA 0,45 KA

[na pacyeTa TOKOB 3aMblkaHWS Ha 3eMi0 HEOBXOAMMO MCMOMb30BaTb METOA CUMMETPUYHbIX
cocTtaBndaowmx.CornacHo aToMmy MeTOoAy, 3KBUBANEHTHbIE CONPOTUBIIEHUA NPsIMON, 0BpaTHOM U
HyrneBoMn NocrneaoBaTenbHOCTU BbIYUCIISAKOTCHA OTHOCUTENBHO Toukn K3 1 BKkntovalTcs nocnego-
BaTENbHO B CXEMe 3aMelleHnsa ans ogHodasHbix K3 Ha 3emnto puc.7.2, a u nocrnegopartenb-
Ho/NapannenbHo Ans ABYXdasHbIX Ha 3emnto puc.7.2, 6.
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Puc. 7.2. Cxe?fna BKINIOYEHUS SKgSVIBaJ'IeHTHbIX COMpPOTUBAEHN NPAMOK, 0BpaTHON U HYNeBOWM No-
cnepoBaTeNbHOCTM ANS pacyeTa TOKOB KOPOTKOrO 3aMblKaHWUSA Ha 3EMIH0:
a) — ogHodasHoro; 6) — oByxdasHoro; B) — pacnpegeneHne TOKOB HyNneBow nocnegoBaTesibHO-
CTWN Mexay OBYMSA TOYKaMK 3a3eMSIEHUS HENTpanu.

BbinonHum pacyet K3 Ha 3emnto cM. Tabnuubl 7.2, 7.3.

Cxema npsimMon n obpaTHON nocnegoBaTeNibHOCTM COCTOUT M3 O4HOW BETBU: OT UCTOYHMKA NuTa-
HUS 4O MecCTa KOpPOTKOro 3amblkaHusi. B cxeme HyneBown nocnepoBaTenbHOCTM 2 BETBU OT 3a-
3eMIEeHHbIX HerUTpanewn, KoTopble ABNATCA UCTOYHMKaMKN Toka K3 1 OOMMKHbI B CXeMe 3amMelle-

HUA coeaMHATLCA NapannensHo. ConpoTUBEHVE napanseslbHo COeaMHEHHbIX BETBEN onpene-
nsieTcsi no hopmyrne:

X3 = (X, - X5)/(X, + X;) (7.1)
TOKopacnpep,eneHl/le no napannenbHbIM BETBAM OonpeaendaeTtcd rno cbopmynaM:

Tabnuua 7.2 Tokun ogHodasHoro K3

Touka | X135 | Xan X0 = Xo0.//X05" | X5 Ix3y | I3y | Ik3g | Ik30.* | IK305 | Ix3 =
K3 * * L+t
K1 15 15 25//163,5=21,6 | 51,6 1,29 11,29 11,29 | 1,11 0,18 3,87
K2 25,6 | 25, | 56,7//131,8=39, | 90,8 0,73 10,73 | 0,73 | 0,51 0,22 | 2,19

6 6
K3 40,7 | 40, | 91,7//86,8= 123,6 | 0,53 | 0,53 | 0,53 | 0,24 |0,29 | 1,59

7 42,2

*

[MpumeyaHue. Onpedenssemcsi conpomuesieHUe napannesibHo coedUHEHHbIX O8yX y4acmkos
cxembl Hynesou riocrnedogamersibHocmu o ¢popmyre 7.1.

**[MpumedaHue. Pacripedensemcsi mok mexdy 08yMsi ydacmkamu Hyrnegou riocrie0ogamesibHO-
cmu rno ¢hopmyne 7.2.

Tabnuua 7.3 Toku gByxdasHoro K3 Ha 3emnito

Touka | Xip | X25 Xoo* Xo25** = | X5 Ixsi | Ixn™ | Ixso  (Iksoa™™ [ksos [Tx3*****=
K3 Tab.7.2 Xy/X; I+ (1)
K1 15 15 | 21,6 8,85 23,85 | 2,78 | 1,64 1,14 1 0,98 0,16 | 4,17
K2 25,6 25,6 | 39,6 15,55 42,05 [ 1,58 {095 |0,63 |0,44 (0,19 | 2,37
K3 40,7 40,7 | 42,2 20,71 61,41 (1,08 | 0,55 |0,53 | 0,24 0,29 | 1,62

*Mpumeyvarue. Onpedenissemcsi conpomuesieHuUe rnaparnnesibHoO COeOUHEHHbIX 08yX y4acmKoe
cxembl Hynesol rniocriedoeamersibHocmu o ¢hopmyrne 7.1, pacyem ebiriofiHeH 8 mabnuuye 7.2.

**[Ipumeyarue. Onpedensemcs cornpomuerieHue rnapasnesibHo cOeOUHEHHbIX 08yX COornpomus-
JnieHul obpamHol u Hyrnesoul nocredosamesisHocmu o ¢popmyne 7.1.
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***[MpumeydaHue. Pacrnipedensiemcsi mok mexdy 08yMsi cornpomusrneHussmMmu obpamHoul u Hynesou
nocnedosamernibHocCMu rio ¢ghopmyrie 7.2.

***[pumedaHue. Pacrnipedensemcss mok mex0y 08yMsi ydacmkamu Hyregou rocredosamerib-
Hocmu o ¢gpopmyne 7.2.

***pumeyaHue. Tok dgyxghasHoeo K3 Ha 3emrio yka3aH o npubruxeHHOU gpopmyrie, moyHoe
3HayeHue onpedesisiemcs 2e0MempUYECKUM 1ymeM CM. HUXeE.

Onpe.qenel-me (*)a3HbIX TOKOB Nnocre pac4yeta CMMMEeTPUYHbIX COCTaBNAOLWNX

Mpn ogHodasHom K3 Becb Tok K3 npoTekaeT B noBpexaeHHoN dase, B OCTanbHbIX dpa3ax TOK
He npoTekaeT. ToKM BCex NnocrnenoBaTefibHOCTEN paBHbI MeXay cobon.

Ana cobniogeHnsa Takux yCrnoBU CUMMETPUYHbBIE COCTaBMAIOLWME pacnonaralnTca creaylowmm
obpasom (puc.7.3):

|ao
laq las lag by lcg
Aj T T T Iaz
C1 \ Ibq Iby Iy la
. . . lcq Ibq
Tokun npsimon Tokun obpaTHon  TOKM HyreBOW
rnocriegoBsart. nocriegosar. nocriegosar. leo Ibo
lco Iby

Puc.7.3. BekTopHble gmMarpaMmmbl s CAMMETPUYHbBIX COCTaBNALWNX Npu ogHodasHoMm K3

Mpun ogHodasHom K3 Toku |1 = |, = lg. B noBpexaeHHOM dase OHM paBHbI NO BENUYNHE N coBNa-
AatoT no dase. B HenoBpexaeHHbIX haszax paBHblE TOKM BCEX NMOCHeAoBaTENbHOCTEN 00pasyoT
PaBHOCTOPOHHMIA TPEYTOSNbHUK 1 pe3ynbTupytowas cymma Bcex TokoB paBHa 0.

Mpn gByxda3HOM KOPOTKOM 3aMblKaHUW Ha 3eMSIt0 TOK B OAHOM HenoBpeXxaeHHow dase paBeH
Hynto. TOK NpsiMO NocnegoBaTenbHOCTU paBeH CyMMe TOKOB HyNneBou 1 oGpaTHOM nocnenosa-
TENbHOCTU C 0O6paTHBIM 3HAKOM. Mcxoasa U3 Takmx MOSOXEHUA, CTPOUM TOKM CUMMETPUYHBIX CO-
cTaBnsitowmx (puc. 7.4):

Ia1 |82
l i lag
\ lbg lcg lc, Ibo
|Co |C1 |b1 |b0
[ Ib

Puc. 7.4 BekTopHble AvarpaMmbl CUMMETPUYHBIX COCTaBMAKOLWUX TOKOB AByxdasHoro K3 Ha
3emMno

N3 nocTpoeHHON anarpammbl BUAHO, YTO (asHble TOKM MPU 3aMbIKaHMSIX Ha 3eMIT0 NMOCTPOUTb
[I0BONIbHO CIOXKHO, TaK Kak yron ¢pa3Horo Toka oTnn4yaeTcs oT yria CUMMMETPUYHBIX COCTaBsIo-
wux. Ero cnegyet cTpouTb rpadmyecku Mnm Ucnonb3oBaTb OPTOroHarnbHble npoekumm. OgHako ¢
[OCTaTOYHOM ANs NPaKTUKM TOYHOCTbK BENMYMHY TOKa MOXHO onpeaenvTb MO YNpOLLEeHHOMN

dopmyne:
I, =1+ Y% (I, +1,)=15I, (7.3)

Tokun B Tabnuue 7.3 nogcymTaHbl N0 3TOM hopmyne.

Ecnn cpaBHMTL TokM aByxdasHoro K3 Ha 3emnto no tabnuvue 7.3 ¢ TOKOM ABYX(a3HOro N Tpex-
¢asHoro K3 no tabnuue 7.1, MOXHO caenaTb BbIBOA, UTO TOKM ABYXdasHoro K3 HECKONbKO HMXe
Toka aByxdasHoro K3 Ha 3emnto, N03TOMY YYBCTBMTENBHOCTL 3alUMThl crieqyeT onpenensitb no
ToKy AByxdasHoro K3. Toku TpexcasHoro K3 cooTBeTCTBEHHO Bblile Toka AByxdasHoro K3 Ha
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3eMII0, NMO3TOMY OnpeAeneHne makcMmanbHoro Toka K3 ansg oTcTponiky 3awuTbl NpOM3BOAMTCS
no TpexdasHomy K3. 310 3HauuT, 4TO OS89 pacyeToB 3aLlMThl HE Hy>XeH TOK AByxdasHoro K3 Ha
3eMnI0, N ero cumtatb HesadeM. Cutyaums HECKONbKO U3MEHSETCs NPy pacyeTe TOKOB KOPOTKO-
ro 3aMblKaHWS Ha LUMHAX MOLLHbIX 3NIEKTPOCTaHUMN, rae conpoTuBneHne obpaTtHOM M HyneBon
nocrneaoBaTenlbHOCTM MEHbLUE COMPOTMBREHUS NpsaMon. Ho Kk pacnpeaceTsiMm 370 HE UMEET OT-
HOLUEHUS, a AN ANEKTPOCTaHUMN TOKN cumTatoTcs Ha ABM no cneumanbHom nporpamme.

7.3 MNPUMEPbLI BbIBOPA AMMAPATYPbI ANnA TYNMUKOBbIX BJ1 110-220 KB

P3-1 / /
P32 " —\l\—l

T1 MNCA1 T1MC2

Cxema 7.1. Tynukoeas 8030ywHas nuHus 110-220 kB. Co ctopoHbl MC1 n MNC2 nutaHne oTcyT-
cteyeT. T1 INC1 BkntodeH Yepes oTaoenuTenb U KopoTko3amblikaTenb. T1 MC2 BkoyeH vepes
BblkntovaTens. Hentpanb ctopoHel BH T1 C2 3asemneHa, Ha NC1 — usonuposaHa. MuHu-
ManbHble TpeboBaHus K 3almuTe:

Bapuarm 1. JJomkHa ObiTb NpUMeHeHa TpexcTyneHyaTas 3awmTa oT MexaydasHbIX KOPOTKUX
3aMblkaHU (nepBas CTyneHb, 6e3 BbiaepXXkun BpemeHun, oTcTpoeHa oT K3 Ha wwuHax BH MC2,
BTOpasi, C Manon Bbiaepxxkon BpemeHu, oT K3 Ha winHax HH MNC1 u MNC2, TpeTbs CcTyneHb — Mak-
cMmarnbHaga 3awmTa). 3awuTbl OT 3aMblKaHUI Ha 3eMII0 — 2 CTyNeHu (nepeas CTyneHb, 6e3 Bbl-
AEPXKN BPEMEHN OTCTPOEHa OT TOKa, MOChINTaeMOro Ha LWWHbI 3a3eMfeHHbIM TpaHCcopMaToOpOM
MC2, BTOopas CTyneHb C BbIAEPXKKOW BpeMeHU, obecneunBatoLlen ee cornacoBaHne ¢ 3almramm
BHELLUHEW CETU, HO He OTCTPOeHHasl oT Toka K3, nocbinaemoro TpaHcdopmartopom MC2). Oormk-
HO ObITb NMPUMEHEHO ABYX Ui ogHokpaTHoe AlNB. YyBCTBUTENbHbIE CTYNEHU OOSTKHbI YCKOPSATh-
cs npu AlNB. 3awwuTtsel nyckatoT YPOB nutatowen noactaHuuun. K gononHuTtensHbiM TpebosaHu-
AM MOXHO OTHECTM 3awmTy OT obpbiBa has, onpeageneHne mecta nospexaeHuss Ha BJ1, kon-
TPOnb pecypca BblKtovaTens.

BapuaHm 2. B oTnuyne oT nepBoro 3alumTa OT 3aMblkaHUiA Ha 3eMI0 BbINOMHEHa HanpasneH-
HOWN, YTO NO3BOSISIET HE OTCTpanBaTb ee OT obpaTHoro Toka K3 u, Takum o6pasom, BbIMNOMHUTb
Gonee 4yBCTBUTENbHYIO 3alUMTy 6e3 Bblaepxku BpeMeHu. Takum obpasom, yaaeTcs 3aluTuTb
BCIO NIMHUIO 63 BblAEPXKKM BPEMEHU.

lMpumeyaHue. B amom u nocrnedyrowux npumepax He 0aromcess moYyHble pekomeHdayuu ro 8bl-
60opy ycmaegok 3auwjumel, yrOMUHaHUs 0 HacmpoUlke 3auum ucrnonb3yromcs 0551 060CHO8aHUs
ebibopa muros 3awumsl. B peanbHbix ycrogusix Moxem 6bimb npumMeHeHa Opyeasi Hacmpolika
3awum, 4mo u mpebyemcs onpedenume npu KOHKPEMHOM MPoeKkmuposaHuu. 3awumsi moaym
b6bImb 3aMeHeHbI ycmpolcmeamu 3awumasl Opyaux muros, UMeruwux nooxodswue xapakmepu-
CMUuKuU.

Habop 3awmT, kak yxe 6bino ckasaHo, OMKEH COCTOSATb U3 2 KOMMNEKTOB. 3awmuTta MOXeT ObITb
peanun3oBaHa Ha 2X YCTPOWCTBaX BblIOpaHHbLIX M3 NPOM3BOANMbBIX OTEYECTBEHHbLIX WU UMMNOPT-
HbIX YCTPOWCTB:

e Cupunyc -2J1 unn 2B

e B32607 xxx

e MiICOM P121, P122, P123, P126, P127 covpmbl ALSTOM,
e F 60, F650 cdompmbl GE Multilin,



e aByx pene REF 543 dumpmbl ABB — nogbupaetcs 2-e nogxoasime mogudpmkaumm,
e 7SJ 511, 512, 531, 551 SIEMENS- nogbupaeTtcs 2-e nogxoasime mogndukaumm,
e aByx pene SEL 551 doupmbl SEL.

P3-1 P3-5 ncz P3-9

nc1 ncs

P3-3 P3-7 | P3-11 P3-13

P3-15
1C

1C

B

P3-12

P3-10

Cxema 7.2. Pa3oMKHYTbIN TPaH3UT Ha noacTaHumm 3.

[ByxuenHasa BO3AyLWHAsA NIMHUA 3axX0AUT Ha MOACTaHLUMIO 2, CeKuun KoTopon paboTatoT napan-
nensHo. NMpeaycmaTpuBaeTcs BO3MOXHOCTbL NepeHoca paspesa Ha [1C2 B peMOHTHOM pexuMme.
B atom crniyyae BknoYaeTcs CeKUMOHHBIV BbikrntodaTenb Ha NC3. TpaH3uT 3amMblkaeTcs TOMbKO
Ha BpeMs nepekriodeHns 1, npy Bolbope 3awuT, ero 3aMblkaHme He yuntbiBaeTcs. Ha 1 cekuymm
MC3 BkntoveH TpaHcdopMaTop C 3a3eMSIEHHON HenTpanbl. ICTOYHMKA ToKa Ang ogHOgasHoro
K3 Ha nogctaHumsix 2 n 3 HeT. [MoaTomy 3awmTta Ha CToOpoHe 6e3 nuTaHusa paboTaeT TOMbKo B
«Kackage», nocre OTKNIOYEHUs NIMHUM CO CTOPOHBI NUTaHNUSA. HecMoTps Ha OTCyTCTBME NUTaAHUSA
C NPOTMBOMOSOXHON CTOPOHbI 3almTa AOSMKHA ObiTb BbINOMIHEHA HaNpPaBiEHHOW Kak Npy 3ambl-
KaHMSIX Ha 3eMI0, Tak U Npu MexaydasHbIX KOPOTKUX 3aMblKaHUAX. OTO MO3BOMSET Ha Npuem-
HOW CTOPOHE NPaBUNbHO ONpeaenuTb MNOBPEXAEHHYIO JIMHUIO.

B obwem cnyvyae ansa 1oro, 4tobbl 00ecnevnTb CENEKTUBHYIO 3aWUTy C HEOOMbLUMMMK BbIOEPX-
KaMy BpeMeHW, 0COBEHHO Ha KOPOTKMX NUHUAX, HEOB6XOOUMO NPUMEHUTb YETbIPEXCTYNEeHYaTyto
3almnTy, YCTaBKM KOTOPOWN BblOMpatoTca crnegyowmm obpasom: 1 cTyneHb oTcTpamBaeTcs oT K3
B KOHLe NUHUK, 2 CTYMNeHb COrnacoBbIBAETCH C NepBOM CTYNEeHb napannenbHOn MMHUK B Kac-
Kage v NepBov CTYNEHbI CMEXHOM NHUKM, 3 CTYNEeHb COrfacoBbIBAETCA CO BTOPbIMU CTYMEHAMMU
atux BJ1. Mpwu cornacosaHnn 3awmnT CO CMEXHOW NIMHUEN YUNTBIBAETCS PEXNM O4Ha C ABYMS: Ha
nepBom yyacTke - 1 BJ1, Ha BTOpOM y4acTke — 2, 4TO CyLEeCTBEHHO 3arpybnseT 3awwmTy. 3Tu Tpu
CTYMEeHN 3auLLaloT NIMHUIO, a NOoCneaHss, 4 CTyneHb pe3epBupyeT CMEeXHbI yyacTok. [pu co-
rMacoBaHUKM 3alUT NO BPEMEHU yuyuTbiBaeTcd Bpems gencteus YPOB, yto yBenunumMBaeT Bbl-
AEPXKKN BPEMEHM cornacyembix 3awmT Ha Bpems genctens YPOB. MNpu BoiGope yCcTaBoOK 3almThbl
MO TOKY, OHM AOSMKHbl BblTb OTCTPOEHbI OT CYMMAapPHOW Harpysku ABYX NIMHWIA, Tak Kak ogHa u3
napanneneHbIX BJT MoXeT OTKNounMTbCS B NIOOON MOMEHT, 1 BCA Harpy3ka bygeT nogknioveHa K
oaHom BJ1.

B coctaBe yCTpOIZCTB 3aWuTbl 06a KOMMMeKkTa 3alUnUT AOMMKHbI ObiTb HanpaBli€EHHbIMW. MoxkHO
NnPUMEeHUTb cneayrline BapnaHTbl 3allnT:

o Cupuyc 2B cdmpmbl Paguyc,

o B3 2607 xxx pmpmbl IKPA,

e MiICOM, P127 n P142 conpmbl ALSTOM,
e F60 1 F650 dhupmbl GE,
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e Ba pene REF 543 ¢upmbl ABB — nogbupaetca HanpaBneHHble moaudmkauum,
e pene 7SJ512 n 7SJ 531 compmbl SIEMENS,
o pBa pene SEL 351 dompmbl SEL.

B psapge cnyyaeB, n3 coobpaxeHun obecnevyeHms 4yBCTBUTESNbHOCTU, OTCTPOMKM OT TOKOB Ha-
rpy3ku nnmn obecneveHnsl cenekTMBHOM paboTbl, MOXET NOTpeboBaTbCs NPUMEHEHUE ONCTaHUM-
OHHOM 3awWwwmTbl. [1na 9TOM Lenn ogHa u3 3alnT 3aMeHSeTCs Ha OUCTaHUMOHHY. MoxeT 6bITb
NPUMeHeHa ANCTaHLUNOHHAas 3alimTa:

e Cupuyc -3- J1B cbupmbl Pagnyc,

e B32607 V11 donpmbl SKPA,

e MiCOM P433, P439, P441 dpmpmbl ALSTOM,

e D30 cpmpmbl GE,

e REL 511 cmpmbl ABB — noabupaetcst HanpasneHHble Moandukaumm,
e pene 7SA 511 nnu 7SA 513 cdmpmbl SIEMENS,

e pene SEL 311 dompmbl SEL.

7.4. ANCTAHLUMNOHHBLIE 3ALLUAUTDbI
Ha3HnayeHue u npuHyun delicmeusi

[MCTaHUMOHHBLIE 3aLLUNTLI - 3TO CMOXHble HanpaBfEHHbIE UMW HeHanpaBreHHble 3aWmTbl C OT-
HOCUTENbLHON CENEKTUBHOCTLIO, BbINOSIHEHHbIE C MCMOMNL30BAHMEM MWHUMAarbHbIX perne co-
NPOTUBIEHUS, pearnpylomx Ha conpoTuBreHne nuHum o mecta K3, koTtopoe nponopuuno-
HanbHO paccTosAHUO, T.e. guctaHuun. OTCcroga M NPOUCXOANT Ha3BaHWE OUCTAHUMOHHOW 3a-
wuthl (O3). AMCcTaHUMOHHbIE 3alUTbl pearvpyroT Ha mexaydasHble K3 (kpome mukponpoLec-
copHbix O3). Onsa npaBunbHON paboTbl ANCTAHLUNOHHOM 3aLlUNTbl HEO6X0AMMO HanuimMe uenemn
Toka oT TT npucoeamnHeHna u uenen HanpsxeHna ot TH. NMpu oTcyTCcTBUM MU HeUcnpaBHO-
CTW Lenemn HanpskeHnss BO3MOXHa n3nuwHaa padota 3 npu K3 Ha CMeXHbIX ydacTkax.

B ceTax cnoxHom KoHdurypauum ¢ HECKONbKUMU UCTOYHUKAMU NUTAHUS NPOCTble U HanpaBs-
neHHble MT3 (HT3) He moryT obecneunTb cenekTnBHoro otkntoveHnst K3. Tak, Hanpumep, npu
K3 Ha W2 (puc. 7.5) HT3 3 gomkHa nogencteoBaTth 6bicTpee P3 |, a npu K3 Ha W1, Hao6opor,
HT3 1 gomkHa nogencteoBaTb ObicTpee P3 3. 3T npotmBopeumnBble TpeboBaHUA HE MOryT
ObITb BbINOSHEHDbI ¢ NomoLbio HT3. Kpome Toro, MT3 1 HT3 yacto He yooBneTBopsitoT Tpebo-
BaHNAM ObICTPOAENCTBUA N YyBCTBUTENbHOCTU. CenektuBHoe oTkntodeHne K3 B CroXHbIX
KONbLIEBbLIX CETSAX MOXET ObITb 06ecneveHo ¢ NOMOLLBIO AncTaHumMoHHon P3 (O3).

Bbloepxxka BpemeHu [13 #3 3aBUCUT OT pacCTOAHUA (OUCTaHLUK) t; = f(LPK) (puc. 7.5) mexay

mecToM ycTtaHoBku P3 (Touka P) n Toukon K3 (K), T. e. Lpg, n HapacTaeT ¢ yBenm4eHnem aT1o-

ro pacctosiiusi. bnvxanwas k mecty nospexaeHus 03 nmeeT MeHbLUYO BblOEPXKKY BPEMEHMU,
Yyem Bonee yganeHHble [13.

Hanpumep, npmn K3 B Touke K1 (puc. 7.6) 132, pacnonoxeHHas 6nuke K MeCTy NoBpeXaeHus,
paboTaeT C MeHbLUEN BblOEPXKKOW BpeEMEHU, YeM Bornee yaaneHHasa [031. Ecnn xe K3 BO3HuU-
kaeT u B Touke K2, To Bpemsa gencteusa [32 yBenuumBaeTtcs, u K3 cenekTtnBHO oTkMtovaeTcH
Bnvxanwen kK mecty nospexaeHnsa [033.

OcHOBHbIM 3anemMeHTOM [13 sABNsieTCA OUCTaAHUMOHHBIN n3MeputenbHbin oprad (OO), on-
pegensowmn yaoaneHHocTb K3 ot mecta yctaHoBkm P3. B kauectBe [O ncnonb3ytoTcs pene
conpoTtumernenus (PC), pearvpytowime Ha nosiHoe, peakTMBHOE U aKTUBHOE COMPOTMBIIEHNE MO-
BpexaeHHoro yyactka J131 (Z, X, R).

ConpoTtmeneHne dasbl JIAMN ot mecTta yctaHoBkM pene P go mecta K3 (toukm K) nponopuwmo-
HarnbHO AOSfIMHE 3TOro yvacTka, Tak Kak BenuymMHa conpoTuBneHuss 4o mecta K3 paBHa gnuvHe

y4yacCTka YMHOXXeHHOMY Ha yaeribHOe conpoTuBieHne nnHnn: Z=1L- Zyo. .
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Takum o6pas3om, noBegeHue ANCTAHUMOHHOIO OpraHa, pearvmpylowero Ha ConpoTUBIIEHME Nn-
HWW, 3aBUCUT OT PacCTOSHUA 4O MecTa NoBpexaeHus. B 3aBUCMMOCTH OT BMAA CONPOTUBIIEHUS,
Ha koTopoe pearupyet O (Z, X wnu R), O3 nogpasgenstotca Ha P3 nonHoro, peakTUBHOMO m
aKTMBHOro conpoTuBneHunn. Pene conpoTtnenexus, npumeHsemble B [13 ana onpegeneHus co-
npoTuBnenuns Z px A0 TOYKM K3, KOHTPONUPYIOT HanpsbkeHne n Tok B MecTe ycTtaHoBku [13 (puc.
7.7.).

Lz

’
s
Puc. 7.5 KombueBass ceTb C
OBYMSI UICTOYHUKaMUN MUTaHNS
O —makcumanbHaa TokoBasi Ha- Puc.7.6 3aBUCMMOCTb BbIOEPXKKA BPEMEHU OUCTaH-
npasrieHHas 3alluTa; LIMOHHON 3aLuTbl OT paccTosiHMsA 0o MecTa K3

A — OUCTAHUMOHHAaZA 3almTa

K saxumam PC nogsogsatca BTopuyHble 3Havenns Up n I, ot TH n TT. Pene BbinonHsaeTcs
Tak, 4Tobbl ero nosegeHune B obLiem cnyyae 3asuceno ot otHoweHus Up k I, . 3TO oTHOLWEHWE
ABNS€TCS HEKOTOpbIM conpoTueneHnem Zp. Mpun K38 Zp=Z py, 1 Npn onpeaeneHHbIX 3Ha4YeHn-
ax Z pg, PC cpabatbiBaeT; oHO pearypyeT Ha yMmeHblleHne Zp, nockonbky npu K3 Up ymeHb-
waetca, a I, BospactaeT. Haubornbwee 3HavyeHue, npu komopom PC cpabambigaem, Ha3blea-
emcsi corpomusnieHuem cpabamsiearusi pene Z ., .

z,=U,/1,<Z, (7.4)

[ns obecnevyeHns CENEKTUBHOCTM B CETSIX CMOXHON KOHurypaumm Ha JI3I ¢ AByXCTOPOHHMUM
nutaHnem [3 HeobXx0aAMMO BbINOMHATL HaNpaBfiE€HHbIMWU, AEUCTBYIOWMMUK NPU HanpaBrieHun
mMowHocTn K3 ot wuH B J1OI. HanpaeneHHocTb aencteus 03 obecneunBaeTcs npyv NOMOLLN
aononHuTtenbHbix PHM unu npumeHeHMem HanpasneHHbix PC, cnocobHbIX pearmpoBaTb U Ha
HanpaeBneHue mMolHocTn K3.
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5 Puc. 7.8 XapakTepucTUKN 3aBUCMMOCTU BpeMe-
Puc. 7.7. MNoakntoyeHne LEenen Toka n Ha- HU AMCTAHLIMOHHBIX 3aLUNT £ = f(LPK)
NPsSKEHUs1 penie ConpoTUBIEHNUS ) i
a —HaKINoHHas;6 —cTyneH4yaTas;8 —KOMOMHNPOBaHHas

Xapakmepucmuku ebiOep)XKU epeMeHU OuCmMaHUUOHHbIX 3auw,um

3asucumocmpb epemeHu Oeticmeus [3 om paccmosiHusi unu corpomuesneHuss 00 mecma K3
t=f (LPK) wnn t; = f (Z PK) Ha3blBaeTCs xapakmepucmukolU 8bidepxKu epemeHu []3. o xa-

pakTepy aTon 3aBucumocTn 13 gensaTtcs Ha Tpy rpynnbl: C HapacTalwWmMMKN (HAaKNOHHbIMK) Xa-
pakTepucTMkamm BpeMeHu OeNCTBUA, CTyneH4YaTbiMM U KOMOUHUPOBAHHBIMU XapaKkTepucTuKkamm
(puc. 7.8). CtyneHyatble 3 penctByloT ObicTpee, YeM O3 ¢ HaknoHHONM U KOMBUHMPOBAHHOW
XapaKkTepucTukammn u, Kak NpaBuIio, Nony4arTcs NpoLle B KOHCTPYKTUBHOM ucnonHeHmu. 13 co
CTyNeH4aTon xapakrtepuctmkon npomssogctea YOA3 BbINONHANMCH OObIMHO C TPEMS CTYMNEHS-
MW BPEMEHU, COOTBETCTBYIOLLUMMMK TpeM 3o0Ham gencteusa O3 (puc. 7.8, 6). CoBpeMeHHble MUK-
ponpoLecCoOpHble 3alWwunThl UMeloT 4, 5 nnu 6 ctyneHen 3awnTel. Pene ¢ HakNoHHOW xapakTe-
pUCTMKOM paspabaTbiBanuch cneumanbHO Ansa pacnpenenutenbHbix ceten (Hanpumep O3-10).

lMpuHyunbI ebINOSIHEHUST CeJIeKMuUeHOU 3aujumbsl cemu ¢ MOMOWb ycmpolicme ducmaHuyu-
OHHOU 3auiumsl

Ha N3l ¢ gByxcTtopoHHUM nutaHnem O3 ycrtaHaBnmBatoTca ¢ obenx cTopoH kaxagon JIOM u
OOMKHbI OEeNCTBOBATb MpW HanpaeneHMn MoLHoCcTV oT wuH B JIOM. OuctaHumoHHble P3, oeincry-
toLMe Npu OAHOM HarnpasrieHMM MOLLHOCTM, HEOOXOAMMO cornacoBaTb Mexay cobor No BpeMeHu
N MO 30HE OEVNCTBUS Tak, YTOObI obecneymBanoch cenekTnBHoe oTknoveHne K3. B paccmatpuBae-
Mou cxeme (puc. 7.9.) cornacytoTca mexay codon 31, 433, 435 n 136, [134, [132.

C y4yeToM TOro, 4To nepBble cTyneHu [3 He umetloT Bbliaepxkm Bpemeru (f; = 00), no ycnosuto ce-
NEKTUBHOCTM OHWM He OOMKHbI AENCTBOBATL 3a npegenamu 3awmwaemon JIOM. Vcxogsa s atoro
NPOTSXKEHHOCTb MEPBOM CTYMEHW, HE UMEIOLLEN BblaepXkn BpemeHn (¢ = 0), 6epetca MeHbLUe
NpoTsiKeHHOCTU 3awumiaemont JIOIM n obbivHo coctaenseT 0,8-0,9 anunbl JIGIM. OcTtanbHasa YacTb
3awmwaemont JI3MN 1 WrHbI NPOTUBOMOSIOXKHOW NOACTaHLUMM OXBaTbIBAKOTCS BTOPOM CTyneHbo 13
aton JIGM. MpoTsKEeHHOCTb M BblAepKKa BPEMEHM BTOPOW CTYMEHWU cornacyoTcst (00bI4HO) ¢ npo-
TSXKEHHOCTLIO N BblAepXKon nepeon ctyrnenu [13 cnepyrowlero yyactka. Hanpumep, y BTopon CTy-
nein [31 30Ha [pencTtBus OTCTpaMBaeTca OT koHUa nepBon cTynedn [033 (T.e.

Z,,(l)<(Z],(1)+Z,(2)), a Bpems [eicTBUsS BbIOMpaeTcs Ha CTyneHb Af Gonblue f(;):

ta() = tz)+ At

10
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Puc.7.9 CornacoBaHne BblOepXeKk BpeMeHW AUCTaHUMOHHbIX P3 co cTyneHyaTtom
XapaKTepUCTUKON:

AZ — NOrpeLUHOCTb OAUCTaHLMOHHOIO pene;
At — CTyNeHb CENeKTUBHOCTH

MocneaHsia TpeTbs cTyneHb [3 aBnsAeTcs pe3epBHOW, ee NPOTAKEHHOCTb BbiOMpaeTcst 3 ycno-
BMS OXBaTa cneaymroLlero yyacTka, Ha criydyan oTkasa ero P3 unu Beiknovatens. Boigepxka Bpe-
MEeHU NpuHMMaeTcs Ha At 6onblue BpeMeHM OeNCTBMS BTOPOW UNn TpeTbel 30HbI 13 crneanytowlero
yyacTka. [pn aTomM 30Ha OENCTBUSA TPETbEN CTYNEHM OOSMKHA ObITb OTCTPOEHA OT KOHLA BTOPOW
WM TPETBEW 30HbI CriedyoLLEero y4acTka.

Cmpmeypa 3awumabl JIUHUU C UCMOJIb308aHUEM OUCMaHUUOHHOU 3awumabl

B oTeuecTBeHHbIX aHeprocuctemax O3 npumeHsieTcss ons OeWCTBUsS nNpu mexaydasHbix K3, a
ana gencrtema npu ogHodasHbix K3 mcnonb3yetca 6onee npoctas cryneHyatas MT3 Hynesown
nocnegosatensHocTu (HMM). BONbLWMHCTBO MUKPOMPOLIECCOPHOM annapaTypbl UMeeT AucTaHuu-
OHHYI0 3alUMTy, OENCTBYIOLLYIO MPU BCEX BMAAX MOBPEXAEHMS, B TOM YMCME U NPU 3aMblKaHUAX
Ha 3emnto. Pene conpotusneHust (PC) BkntovaeTtca Yepe3 TH u TT Ha nepBuYHbIE HANpPsXXeHUs B

Havane 3awuwaemon J1I9I. BropuyHoe HanpsbkeHne Ha 3axunmax PC: Up = Upn /K,,, a BTOpWY-
wowitok: I, =1,, /K, .
ConpoTmBreHne Ha BXOOHbIX 3aXXMMax pene onpeaenseTcs no BbIPKEHNIO:

Zp=(KI/KII)an (7.5)

roe

an — nepBuUYHOE 3Ha4YeHne conpoTuBIrieHnd, noaBeaeHoro K 3a>XXmMmam pene:

MepBuyHoe conpotueneHne Zce3 =Z cp (Ky / K| ) HasbiBaeTca conpoTmeneHmemM cpabaTbiBaHms [3.

Kpome namepuTenbHbIX OpraHoB B COCTaB AWCTAHLMOHHOW 3alUUTbl BXOAAT OpraHbl BblOEPXKKN
BPEMEHMU, a Takke psag ONOKMPOBOK. NpedoTBpaLLaloWmMX HEMpPaBuIibHy paboTy 3awmThl, B pe-
Xnmax, Npy KOTOPbIX 3alimMTa MOXeT cpaboTaTb MpU OTCYTCTBUM MOBPEXAEHUS HA 3aLLMLLIaEMOWn
J13M1. K Taknm pexxmumam OTHOCATCS KaydaHusl B SHEProcucTemMe M nospexaeHus B uensix TH, nu-
Tarowmx 03.

YCTponcTBo GMOKMPOBKM Npu kadaHusax YBK GnokMpyeT HenpaBuribHYK paboTy npu KavaHusix.
Mpn kayaHWAX, OMCTaHUMOHHAs 3aliMTa U3MepsieT pacCTogHMe OT MecTa YCTaHOBKW OO0 anek-
TPUYECKOrO LieHTpa KayaHW U eCnun 3TOT LEHTP KayaHui HaxoauTCs Ha 3almiaeMoun NNHUK,
N3MEepPUTENBHbIN OpraH 3awwmThl cpabaTtbiBaeT (cM. puc. 7.10).

E1 E2'

031

Zcnet. 1

E2

11



Puc. 7.10 PacnonoxeHue aneKkTpu4eckoro LeHTpa kayaHui Ha 3aliuwaemMon fMHUK

Ha gnarpamme nokasaHbl HanpsikeHUs1 BAONb NMHUM MPU KadaHusiX. B MOMEHT, nokasaHHbIN Ha
pucyHke 3[C no KoHUaMm CBA3W, HaXoOAaTCs B NpOTMBOIA3e, a B ANEKTPUYECKOM LEHTpe, KOTO-
PbI HAXOOMTCS NMPUMEPHO MOCEPEANHE TNIMHUM, HA KOTOPOW B MacliTabe NOCTPOEHbl CONPOTUB-
neHus cuctembl 1, NUHKUKM N cUCTEMbI 2, HanpsbkeHne pasHO 0. [UCTaHUMOHHbLIA opraH 3alnTbl
BOCMPUHUMAET LIEHTP KayaHui, Kak MEeCTO KOPOTKOro 3aMblkaHusi n cpabatbiBaeT. MyHKTMpOM
nokasaH MomeHT, korga J0C E2 Haxoantcsa B hasze ¢ E1. B 9TOT MOMEHT HanpsiXeHns BO BCEX
TOYKax NUHUKN NpUMepPHO oamnHakoBbl 1 O Bo3BpallaeTcs. Takum o6pa3om, Npu KavyaHUsX guc-
TaHUMOHHas 3awmTta To cpabaTbiBaeT, TO Bo3Bpallaetcs. Ecnv Bpemenn, noka O cpaboTaH,
AOCTaTOYHO AN cpabaTbiBaHWUS 3alMThbl, 3alimMTa MOXET OTKMoYMTb NUHMIO. HaBepHsika ycne-
BaeT cpaboTtaTtb 1 cTyneHb 3aWmThl 1 MOXeT cpaboTaTb BTOpasi, ecrnv Bpemsi ee cpabaTtbiBaHUS
meHee 1-1,5 cek. [Noatomy 6nokupoeka YBK, kak npaBuno, 6nokMpyeT nepByto CTyneHb, a B Tex
criyyasix, Koraa BpeMsi 4eNCTBUSA BTOPOW CTyneHn Mano (MeHee 1 cek) — 1 BTOpYto.

PacnpocmpaHeHs! 2 npuHyuna 6/10KUpPoeKu om KavyaHuil

B anekTpomexaHudecknx 3awmTax npexHux Bbinyckos AM3-1636, M3-5, [13-501, 6nokMpyemble
CTYMEeHN 3alnTbl HOPManbHO BbiBeAEHbI U3 paboTbl 1 BBOAATCA NPU NOSBNEHUM KPAaTKOBPEMEH-
HON HECUMMETPUK, KOTOPOW ConpoBOXaaeTcs Nboe, faxe TpexdasHoe, KOPOTKOE 3aMblKaHMe.
CtyneHun BBOAATCA Ha BpeMsi, goctatoyHoe ansa cpabatbiBaHms 0O (o6bi4HO Ha 0,3-0,4 c), no-
cne 4yero oHu 3 paboTbl BeiBogsTcs. NMpn kavaHuax O cpabaTtbiBaloT Yepes HEKOTOPOE Bpems,
nocne TOro, kak pasonayTcsl BEKTOpa HanpsbKeHUs Mo KOHUAM NMHUKM cBsAsn. K 3TOMy MOMEHTY
3awmTa 13 paboTbl ke BblBeAeHa.

B aHanorosbix 3awmTtax nocnegHux BbinyckoB (LWA3-2802, MA3-2003), a Takke B MUKPOMpPO-
LeccopHbIX 3awmtax cepum b32607 n Cupuyc -3 JIB npumeHseTcs GRoKMpoBKa MO CKOPOCTH
N3MEHeHMs conpoTuBneHus. [na 6nokKMpoBKM namepsieTca Bpemsa mexay cpabatbiBaHnamn 1O
C pasHbiMu ycTaBkamu. Mpn K3 oHn cpabaTtbiBaloT OOQHOBPEMEHHO, a NPU Ka4vaHusX cpabaTbiBa-
eT cHavyana 6onee 4yBCTBUTENbHOE perie COMpPOTMBIIEHUS, a 3aTeM, Yepe3 HEKOTOPOoe BpeEMS,
6onee rpyboe. Hanuune BpemeHn mexay cpabatbiBaHnsamu asyx O n aBnaeTcss npusHakom
KayaHui, Npn KOTOPbIX COOTBETCTBYIOLLME CTYNEHN BbIBOAATCA U3 paboThl.

Ycmpolicmea 6510kupo8ku npu HeucnpasHocmu ueneu HanpsixkeHusi (YBH)

Mpn HeucnpaBHOCTAX B Lensx HanpsxeHna TH HanpskeHue Up, noasogumoe Kk PC, ucue-

3aeT UIn pe3Ko NoHmXkKaeTcA. B pesynbrate aT0ro, pene conpoTUBEHNS, BKIIOYEHHbLIE HA 3TO
HanpsbkeHne, UKCUPYIOT CHDKEHWE COMPOTUBIIEHNA U NPUXOAAT B 4ENCTBUE, YTO NPUBOAUT
K HenpasunbHOMYy cpabatbiBaHmio [03. MNpn HencnpaBHOM COCTOSHUM LieNen HanpsbKeHus
AVUCTaHUMOHHAA 3alumTa OOoSPKHa HEMEONEHHO BbIBOOUTLCA U3 paboThl. [Mpn 9TOM Gnoknpoeka
OOIMKHa onepeauTb cpabaTtbiBaHME perie conpoTuBreHus. Hmke npvBeneHbl ABa npuHUMna
ONOKMPOBKN NPU HEUCTPABHOCTU Lienen HanpsiKeHnsa, NPUMEHSIIOLLMXCA Ha 3rnekTpoMexaHun4e-
CKMX 1 aHaroroBbIX AUCTAHLIMOHHbIX 3allmMTax.

Briokupytouime ycTponcTtea, pearnpyrowme Ha nossrieHne Uy npy NoBpeXaeHNsX B Lensx Hanps-
XeHus, npuBeaeHbl Ha puc. 7.11.

B HopmanbHbIX YCIOBUSIX HaNpshkeHWe Ha pene oTcyTcTeyeT. [Npu obpbiBe ogHOM Mnn OByx das
uenu HanpskeHus BosHukaeT Uy, noa BnusHMeM Kotoporo B pene KV nosBnsieTcs TOK, U OHO
cpabatbiBaeT, faBasa curHan. NogobHble yCTPOMCTBa NPUMEHSIOTCA B AUCTaHLUMOHHbIX P3, nmeto-
LLIMX TOKOBbIE MYCKOBbIE OPraHbl, M KOTOPbIE HE BbIBOASATCA M3 paboTbl aBToMaTM4ecku. bnoknposka,
BbIMOMIHEHHAA Ha TakoMm npuHUMne, He oTnuyaeT Uy, nosasnsioweecs nNpu neperopaHun npego-
XpaHUTEnNs, OT NOSIBEHMS 3aMblkaHWs Ha 3emnto B ceTn. OHa Takke He cpabaTbiBaeT, npu oT-
KMOYEeHUN NCNONb3yeMOro B LIensX HanpsbkeHnsa TpexdasHoro asTromara.
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Puc. 7.11 Cxembl curHanusaumm obpbiBa B uensix TH:
a — ¢ TpaHcdopmaTopHbIiM unstTpom Uy;
6 — ¢ PUNBLTPOM Ha aKTMBHbIX COMPOTUBIIEHMSX;
8 — ¢ hunbTpom Ha koHAeHcaTopax C.

YnyduweHHaa cxema nogobHon 6nokuposkn Tvna KPB-11 ana guctaHumoHHbIX P3 B ceTsx ¢ 3a-
3eMJIEHHOW HeWTpanbto npueeaeHa Ha puc. 7.12. OHa cocTouT M3 Tpex koHaeHcaTopoB C oanHa-
KOBOM eMKOCTU, pene HanpsbkeHnss KVO n Toka KAO. B npoBof, COeANHSIOWMIA HYNEBbIE TOYKU
KOHOEHCaATOpPOB 1 BTOPUYHOM 0OMOTKM TY, BKNtoveHo pene KV0, yepe3 pasMbiKaloLUA KOHTAKT KO-
TOPOro NogaeTcsl OrnepaTUBHbBIA TOK HA KOMMNNekT penenHon 3awmTtbl (P3). Llenb oomotkn KVO
NpoxoauT Yepes pasmMblikarowmn koHTakT KAO, o6MoTka KOTOpPOro BKIMHOYEHa B HyneBow npoeog TA.

i

-
N
£,

1

Puc.7.12 Cxema BKMouYeHMs1 BNOKUPOBKM Npy NeperopaHumn npegoxpaHmTenei

HopmarnbHo, korga cymma pasHbIX HanpsXKeHUn paBHa HyNH, NOTEeHUMansb! HyneBbIX TOYEK 3Be3-
Abl KOHOEHCATOPOB M BTOPMYHOM 0O6MOTKM TV paBHbl, 1 NoaToMy Tok B pene KVO otcytcteyeT. [Npu
neperopaHnyM OgHOro UnNu AByX NpegoxpaHuTenen noteHuman HyneBoW TOYKM 3Be3fbl KOHAeHCa-
TOPOB CTaHEeT paBHbIM CyMMe HarnpsiKeHWn OCTaBLUMXCA dhas, a NoTeHLmarn HyreBon TOYKU 3Be3-
Abl BTOPUYHOM 06MOTKM TV ocTaHeTcs paBHbIM Hymto. [Moa BO3AENCTBUEM HAMNPSKEHNUS, BO3HU-
KaroLero mexay HynesbiMy TOYKaMu, Yepe3 06MoTky KVO npoxoauT TOK, U pene, cpaboTas, HX-
HUM KOHTaKTOM CHMMaeT ornepaTtuBHbIi ToK ¢ P3, a BepxHum nogaet curHan. [na obecneveHus pa-
60Tbl 61OKMPOBKM NpK NeperopaHnn NpegoxpaHuTenen Bcex Tpex gas (oTKYeHun TpexdgasHo-
ro aBTomara) ogHa u3 pas aBTomarta unu npeaoxpaHuTenb LWYHTUPYETCS KOHOEHCATOPOM, Benu-
YMHA KOTOPOro noabupaeTtcsa Takmm obpasom. 4ToObl Npu OTKNHOYEHUM Tpex da3 OnokMpoBka
cpaboTana.

Mpu aByxdasHom K3 Ha 3emnto Ha 3awmiaemont JIOIN cummeTpust pasHbiX HanNpspKeHUn, noa-
BOOMMbIX K 3BE3€ KOHOEHCATOPOB, HapyLwaeTcs, n 6nokupoBka MoXeT cpaboTaTb U BbIBECTH
P3 n3 gencteusa. [ina npegoTepalleHns Takoro HenpaBuIibHOro OencTBus 6rIoKMpoBKM nNpeay-
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cmoTpeHo TokoBoe perne KAO, koTopoe cpabartbiBaeT 1, pa3mbikaa uenb oomoTkm pene KVO,
NpensiTcCTByeT ero 4eNCTBUIO.

Brokupyrouwiee ycmpoiicmeo Ha cpagHeHUU HanpspkeHuli 0eyx emopuYHbIX 06MOMOK
TH

HegocTtatkoMm pacCMOTPEHHbIX Bbille ycTponctB GnokmpoBkn Tuna KPB-11 sBndetcs 1o, 4To
npu K3 B uensx dasHbix HanpsbkeHun TH oHW He gelncTBytoT, a cpabaTtbiBaloT Nub Nocne oT-
KNiOYeHNs1 aBTOMATUYECKUX BbIKNOYATENEN UNn npegoxpaHntenen nospexaeHHbix gas. Mo-
A00OHble BNOKNPOBKN HE MOTYT NMpeaoTBpaTUTL JTIOXXHOrO cpabaTtbiBaHUA NMepBbIX CTyrneHen bbl-
CTPOAENCTBYIOLMNX ANCTAHUMOHHBLIX P3, NpuMeHseMbIX B CETAX CBEPXBbICOKUX HaMpPsiKeHWMN.
Apyrum HegocTaTkoM 3TUX GNOKMPOBOK ABMSIETCA TO, YTO OHM HE MOTYT NPeaoTBPaTUTb NOXKHO-
ro cpabatbiBaHUA ANCTAHLUMOHHbLIX P3 npu OTKOYEeHUN Bcex Tpex dha3 HanpskeHus obLimm
aBTOMaTMYEeCKUM BbIKNOYaTENeM Urm KrtoHoM.

OTUX HeQOCTaTKOB NnMLeHa 6rIOKMpOBKa, CxeMa KOTOpon npmeeneHa Ha puc. 7.13.

YeTbipexobMOTOYHBIN NPOMEXYTOYHBIN TpaHcdopMaTop TL ycTponcTBa GrOKMPOBKN NOOKMOYEH
yepe3 Oo0aBOYHbIE PE3NCTOPBLI K M3MEPUTENbLHOMY TpaHcdopmaTopy HanpsikeHus TV ¢ co-
€ANHEHNnEeM BTOPUYHbLIX OOMOTOK B 3BE34Yy M Pa3OMKHYThIN TPeyronbHuk. B uensx obMoTku w;
conpoTusrieHne pesnctopa B dase A — R, NPUHATO B ABa pasa MeHbLUUM OTHOCUTENBLHO CO-
npotmeneHnn R, n R., paBHbIx Mexay coboin. K o6moTke w, ¢ BbiBOAoB H — K nogaHo Hanpsike-
Hue 3U,. ObmoTka w3 (KOMNeHcauMoHHas) HaXO4MUTCS No4 BO3AENCTBMEM HanpsiKeHus casbl
A. Ko BTOpMYHOM 0OMOTKE W4 Yepe3 BbIMPSMUTENbHBIA MOCT VS NpUCOeanHEH pearvmpyoLwmni
anemMeHT - pene KV.

B HopmanbHOM pexume, Npyu ucnpaBHbIX BTOPUYHbBIX Lensax TV 1 COOTBETCTBYHOLMX 3HAYEHUAX
CONPOTUBIEHNI PE3UCTOPOB, TOKM B 0OMOTKaX W4 1 W3 HarnpasrieHbl BCTPEYHO:
lo=1+1,+1.=-15(pnc. 7.13,8, 2). MOC B cepaeyvHnke B3anMHO ypaBHoOBeLLEHbI - pene KV He
paboTtaeTt. lNpn obpbiBax B uenax TV (ogHon unu aByx ¢as) paBHoBecne MOC HapywaeTtcs,
4YTO Bbi3biBaeT cpabartbiBaHne pene KV. B cnyyae K3 Ha 3emnto B ceTu pene He cpaboTaer,
Tak kak MO C obmoTkn wq 6yaet ckomneHcupoBaHa MAC obMoTkM wa, BKNoYeHHoW Ha 3U.

Mpwn oTKNOYEeHUN BCeX Tpex has HanpsKeHUs1 CO CTOPOHbI 06MOTOK TH, coeauHEHHbIX B 3B€34Y,
OnoknpoBka cpabaTtbiBaeT 3a cHeT Toka B 0OMOTKe wi. briokmpoBka 6e3 3amenneHust cpabarbl-

BaeT Takxke npu Bcex Bugax K3 B uenax HanpshkeHus!, 3a ncknodeHmem K3 mexay dasamu B n
C.

B nocnegHem criydyae 6GnokMpoBKka NOAENCTBYET TOSbKO MOCMe OTKMOYEHUs aBTOMaTUYECKOro
BblkNtovaTens. YkasaHHaa 6nokvpoBka He cpabaTtbiBaeT npu CHATUM HanpsbkeHua ¢ TH T.e.
NCYE3HOBEHUN HaNpPs>KeHWa OOHOBPEMEHHO B CXeMe 3Be3[bl U TPeyroribHUKa. 3TO BO3MOXHO
npu nepesoge 3awmnTtbl Ha TH gpyron cMcTembl LWMH U NOralleHnn nocnegHen — B 3ToM criydae
TOK B 3aLLMTE HE UCHE3HET BMECTE C HanpsXXeHneM.

MMKpPONPOLIECCOPHbIE 3aLLUMTbI OCYLLECTBNSIOT OAHOBPEMEHHbIV KOHTPOSb 3a LEnsiMU Hanpsi-
YXEHWUs1 N TOKa NyTeM JIOrMYEeCcKOro COMoCTaBMEHUST U3MEHEHWUA, MPOUCXOOSALLMX B STUX LEeNnsiX,
Hanpumep: B crnyvae K3 npu nocagke HanpsikeHust O4HOBPEMEHHO AOMKEH YBENUYUTHLCS TOK.
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Pwuc. 7.13 YCTponcTBo OSIOKMPOBKM On9 NpPenoTBpaleHns FoXHbIX cpabaTtbiBaHU

OVUCTaHUWOHHbIX 3aLlMT NPU HapyLIeHUn Lenen HanpsikeHus:
a — cxema coenHeHusi 0BMOTOK U3MepUTENbHOro TpaHcdopmatopa TV,
6

B — CXeMa BHYTPEeHHUX coeaNHEHNN yCTpOI7ICTBa;

BEKTOpHas gnarpamMmma HanpspKeHUn Bo BTOPUYHbIX oOmoTkax TV;
r — BeKTOpHas Anarpamma, noscHsawas paboTy yCTponcTBa B HOpManbHOM peXxume.

CxeMbl 8KJTHOYEHUST ducmaHL{UOHHbIX op2aHo8 Ha MOK U HarlripsieHue

TpeboBaHuA K cxemam BKnoueHus. MNameputenbHble 0O, BbinonHsieMble ¢ nomoubo PC,
AOJDKHbI BKIHOYATBCA Ha Takue HanpsKeHUs! U TOKU CETU, NMPU KOTOPbIX COMPOTMBIIEHME Ha 3a-
Xumax pene Z,, Bo-nepBbiX, 6yAeT NponopLMOHanbHO pacCTOAHUIO Zy,, O MeCTa MoBpexaeHNs
N, BO-BTOPbIX, OyAeT nmeTb OAMHAKOBbIE 3HAYEHUS (MO MOAyNo M yrny) npu Bcex Bnaax K3 B
oaHown Touke. Onsa cobnitogeHnst aTux TpeboBaHmii kK 1O Heobxoanmo NogBoAUTb HaNpsKeHUE B
mMecTe ycTaHoBKM [13, paBHOe MafeHVio HanpskKeHWs B COMNPOTMBREHUU Z,, OO0 Toukn K:
v,=1.-72, (puc. 7.14). Mpn aTom ana obecrneveHnss oguHakoBoro Z, npu scex suaax K3 Tok

I,, nogsoanmebin k PC, gomkeH paBHATbCA TOKy K3 I, Bbi3blBaloWeMy MageHUe HanpskeHns B
COMNPOTUBNEHUN Z),.

Z,=U,/1,=1.2,/1,=Z,

C yyeTtom ckasaHHoro [JO BkntovaloTca Ha HanpsikeHue un Tok netnn K3. Cxembl BkntoveHusa [0,
pearvpylowmnx Ha mexaydasHble K3 n [JO, pearmpytowmx Ha ogHodasHble K3, aomkHbl 6bITb
pa3sHbIMU.

BrroyeHue QucmaHUUOHHbIX Op2aHoe, pea2upyrouux Ha MexxoygasHbie K3.

BknioyeHne Ha mexaydasHble HanpsbkeHUst U pasHOCTb (PasHbIX TOKOB OCYLLECTBASATCA CO-
rnacHo Tabn. 7.5. MNpu TpexdasHbix K3 Bce Tpu [JO HaxooaTcs B OOMHAKOBbLIX YCIOBUSIX, K KaX-

AOMY M3 HUX MOABOAUTCA MexaydasHOoe HanpsikeHue, paBHoe \/§U¢. da3Hoe HanpskeHue
paBHO NadeHunto HanpsXXeHusa B NpoBoAe oT MecTa ycTaHoBkM PC o Toukn K. OTcioga Hanpsbke-
Hue US) = \/EIE)ZIK = \/Elﬁg)zly Ly, roe 153) — ToK TpexdpasHoro K3, npoxogawun no gase;

ZIK — conpoTtuBineHne I'IpFIMOI7I nocnenoBaTesibHOCTHU (baSbI OT MeCTa yCTaHOBKU perie 0O TOYKU
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K: L, — pacctosiHne go mecta K3; Z,,- yAernbHoe ConpoTuBeHVe NpsiMoii nocnefoBaTesibHO-
cTn pasbl Ha 1 Km.

Tabnuua 7.5
Pene das U, 1,
AB Uab Ia_Ib
BC ch Ib_ c
CA Uca Ic_ a
I Ir o
Li-Ls t !
lo-Ic=
P
Ic-la

Yua Use Uea

Puc. 7.14 Cxema BKIIOYEHNSI QUCTAHLUMOHHBIX OpraHoB oT MexaydasHbix K3

Tok B KaXkgoM pene paBeH reoMeTpMyYeckon pasHOCTM TOKOB ABYX a3, T. €. 15,3) = \/EI?) cnepno-
BaTeNbHO, CONPOTUBIIEHME Ha 3axnmax kaxgoro PC:

z9=uY/1%=J3ud /31 = Z,, (7.6)

Mpu gByxdasHbix K3, Hanpumep mexay dasamu B n C Tonbko oavH O, BKNIOYEHHbIN HA Hanps-
XeHue mexagy nospexaeHHbiMn aszamun B n C, nonyvaeTt HanpsikeHue, nponopumoHanbHoe
pacctodHuio L. 3TO HanpshkeHMe paBHO NadeHuo HanpskeHuss B dasax B wn C:

UE,Z) =Upr =217, . Tok I,=1,-1,=2I,. Otcropa Haxo-
am:z® =W 10 =21 .7, )20, =7,

MoxHo nokasaTb, 4TO 1 Npu AByxdasHbIx K3 Ha 3emnio ZS) =Zk-

Takum o6pasoM, npn BCeEX BMOax Me)K,EI,bea3HbIX K3 conpoTtmeiieHNE Ha 3aXnmax pere paBHO
COMpOTUBITIEHUIO I'IpFIMOIZ nocrniegoBaTtesibHOCTU Cba3bl ZIK .

BknroyeHue ducmaHUUOHHbLIX Op2aHo8, pea2upyrou,ux Ha o0Hogha3Hbie K3

AncTaHUMOHHbBIE OpraHbl, NpegHa3Ha4YeHHble NS onpedeneHus yaaneHHoOCTM MecT oaHodas-
HbIX K3, BKNOYalTCs N0 CXeme C TOKOBOW komneHcauumen (puc. 7.15). Cxema npegycmaTpusaeT

Tpn PC, kaxgoe M3 KOTOpbIX BKOYAETCS cornacHo Ttabnuue 7.6 Ha HanpshkeHue U,I, N TOK
Id, +k31,.

Tabnuuya 7.6
Pene das U, 1,
A U, I, + k31,
B Us I+ k31,
C U. I.. k31,
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Lekar, =l ||
Iyk3lp S
Lo +h3lp —

Uy Us U
Puc. 7.15 CxeMmbl BKMIOYEHNA ANCTAHLMOHHBIX OpraHoB Ha Tok Iy + 31,

KoadppmumeHT komneHcauumn k =(Z0 —Zl)/3Z1 . Mpn Takom 3HavyeHun k conpoTMBREHME Ha
3axumax perne npu ogHodasHbix K3 Z,=U, /(Id, + k310) nony4yaeTcs paBHbIM COMPOTUBIIEHUIO

npsamon nocnegoBaTenbHOCTU A0 MecTa K3 Z;. CnegoBartenbHO, Npu BKNKOYEHUM no Tabn. 7.6
MO pearupytowiero Ha ogHodasHble K3, conpoTuBrneHue Z Ha ero 3axumax norydaercd Ta-
KUM Xe, Kak N y pene, pearnpylowmnx Ha mexaydasHole K3 n BknoyeHHbIX no 1abn. 7.5. B
oboux cnyvasx Z, = Z;.

KOS(*)C*)VILI,VIGHT KoMMeHcaumn 3agaeTcs NOCTOSAHHOW BENMYMHOWN, OAHAKO ero TOYHOE 3Ha4deHue
3aBUCUT OT MecTa K3 1 BNUAHNS CMEXHbIX NTMHUI aneKkTponepenavu.

BennumMHa akTMBHOrO COMPOTMBMEHUSI 3adaeTca OTAENbHO Anst MexXaydasHbiX U 0aHOMA3HbIX
3aMblKaHUI T.K. aKkTUBHOE conpoTuBneHne B mecte K3 npym ogHogasHOM 3amblkaHUWM CyLLecT-
BEHHO Oonblue, Yem npu MexaydasHbix K3.

[ns ogMHOYHOM NUHUK Be3 Tpoca MOXHO cuuTaTb, YTo Zy = 3.5Z, noatomy k = (3,5 - 1)/3=0,83.

Ecnn gaHHas nuHUs HaxoaUTCSA B 30HE BAUSHUSA OPYrUX NUHUIA, MO KOTOPbIM NpoTekaeT Tok K3,
TO Ha NOBPEXAEHHOW NIMHUN HaBOAUTCH HanpsbkeHue, koTopoe Nubo coBnagaeT no dase u npu
9TOM YBENNYMBAETCS HaNPsHKEHNEe Ha NOBPEXOEHHOW NMMHUM, a 3HAYUT U 3amep CONPOTUBIEHNS;
nnbo B npoTnBodase M HanpshkeHne, a Takke COnpoTMBEHNE yMeHblaeTca. ConpoTmeneHune
cBA3n Mexay BJl HasbiBaeTcs conpoTuBNeHMeM B3avMOMHAYKLMMW, OHO 3aBUCUT OT PacCTOSAHMUSA
Mexay nposogamu 2 BJ1 a Takke ONWMHOM yyYacTka Ha KOTOPOM NUHMM B3aumopencTteyoT. Ha-
npsbkeHne  HyneBoW  NoOcrenoBaTenbHOCTUM  pacCcyuMTbiBAEMOW  nvHMM  BygeT  paBHO

Uyg=1,X,+1, X, +1,X,,,+...

K HanpspkeHuto HyrneBow nocrnenoBaTeNbHOCTM COOCTBEHHON NUHUKM [06aBNSIETCA HanpsbkeHue
BMAUSIIOLLMX JIMHUI paBHOE NadEeHMI0 HanpshKeHUs1 OT TOKa HyNeBOW NocneaoBaTesibHOCTU B CO-
NPOTUBMEHNN B3aUMOUHOYKUMN MEXAY paccuyMTbiBaeMon u Brvsiiowen nuHmen. MNpu npubnu-
XEHHOM pacyeTe HeoOGXOAMMO yuYnTbiBaTb HanpaBfeHMe ToKa B 3TOW BAMsSIOLLEN NuHUK. Ecnn
TOK COBMagaeT Mo HanpaeneHuto, HanpsXXeHne cknagbiBaeTcs, ecnv HeT — TO BbluMTaeTcd. Tou-
HbI pacyeT TpebyeT yuntbiBaTb a3y TOKa BIMSAIOLEN NIMHMM NO CPaBHEHUIO ¢ da30n paccuum-
TbiIBAEMOW, T. €. BNUSIOLLEE HanNpsKeHNe HYXXHO cknadblBaTb reoMmeTpuyecku. Pasgenuse nony-

yeHHoe Hanpskenne U, Ha Tok I, paccuMTbiBaemon nNuHuu, nonyunm Z,, — 3KBMBANEHTHOE
cornpoTuerieHne HyHeBOVI nocrieaoBaTesyibHOCTU. KOS(*)C*)VILI,I/IGHT KOMnNeHcauun Cc y4eTtomM BINA-
HUSA onpeaensieTcs no dopmyne:

k= (Zoa - Zl)/3Z1 (7.7)
roe

Z03 — SKBMBAlIEHTHOE conpoTuBlieHne HyﬂeBOVI nocnepnoBaTtesibHOCTU, C y4EeTOM BITUAHUA
CMEXHbIX NMMHUI, BANAIOLLNX Ha pacyert.

Mpy HECKOMNMbKNX BMMSAOLLMX NIMHUSIX pacyeT Ko3ddULMEHTa KOMNeHcaumm NpeacTaBnsaeT Criox-
Hylo 3agadvy. Ero moxHo paccumtate Ha OBM, ncnonb3oBae ynomuHasLumice Bbiwe B n.1.6.1.
«Komnnekc nporpamm pacdeTa aBapuUMHbIX PEXUMOB B CIOXHOWN 3NEKTPUYECKON CETU 0OGBEMOM
Ao 3000 yanos V-VI-50» nHctutyta OnekrpoguHammkn HAH YkpavHel unun nobon apyron aHa-
NOTNYHBIN.
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Bo Bcex cnyyasix yctaBkM KO3(h(PUUMEHTOB KOMMEHCALMM paccYMThLIBAOTCA MO NpUBEAEHHON
HWxe dopmyne npy ogHoasHOM MeTarnnmyeckom (R, = 0) K3 B koHUe sawmiiaemon Bl 6es

yyeTa Harpy3o4HOro pexmuma.
k=U,-2,)z,3I, (7.8)

YkasaHHble JaHHble 6epyTcst HENOCpPeACTBEHHO U3 pacyeTa Ha NM3BM.

Hwxe npuBoautca npuMep pacyeta KoadduLmMeHTa KoMNeHcaummn Ansa 4acTo BCTpeYaroLerocs
cryyasl — o4HOW Lenu ABYXLUENHOW FIMHWUK, B 3aBUCMMOCTM OT COCTOSIHUSI IPYrOW Lienu.

Kak BugHO 13 npumepa, KoaddULNEHT KOMMNEHCALUM MEHSAETCA N0 BEMNYNHE B 3aBMCUMOCTU OT
pexuma napannenbHon nuHun. B page sawmt, Hanpumep: MiCOM P435, MOXHO y4ecTb TOK naparn-
nenbHOM NMMHUK, BBEAS €ro B KOMMJEKT 3aLUUThI.

2 uenu BKITYEHbI napannesnbHOo:

Zyy=Zys+2Zy

k= (ZOﬂ +Zy _Zl)/BZl
2 uenb OTKNYeHa:

Zyy =2y, k= (ZOJT _Zl)/?’Zl

2 uenb OTKNYEeHa 1 3a3eMneHa:

Zyy=Zy, _ZJ%I/ZOJI

L
k:(ZOJI_ZZEl/ZOJI_leZI - J__

3aBMCUMOCTb BEMUYMHBI KO3hPULIMEHTA KOMMEHCALMM OT pexrma napannesnbHON NMHUN.

Hannune B o6wem Kopunaope HEeCKOJIbKUX TNIMHUIA CUSTBHO YCINOXHAET pacyeThl. YuntbiBagd OTCYT-
CTBMEe B HacCTodAllee BpeMA aBTOMATU3NPOBAHHbLIX NMporpamMmmMm And Takmx pac4eTtoB, NOBUANMOMY,
uenecooGpasHo YaCTNU4YHO OTKa3aTbCA OT NpUMEeHeHUA CTyI'IeHel7I OVCTAHUNMOHHOW 3alUnTbl OT
3aMblKaHWW Ha 3eMIto. I'Ipe/:l,naraeTc;l Takom BapunaHT:

KOHTYyp 3aMblkaHUsA Ha 3eMMt0 BBOAUTCA Ha 1 1 2 CTyNeHsIX, B OCTarbHbIX CTYMEHSX OH He BBOAUTCH,
N MPUMEHSIOTCHA CTYNEHW TOKOBOW 3alMThbl OT 3aMblKaHWU Ha 3eMIl0, KOTOpble UMEKTCA B Nio-
60M ycTponCcTBEe ANCTAHLUWOHHOW 3aliuTbl, pacyeT YCTaBOK 3TUX 3alUUT C yYETOM BIUSHUS yXe
0OCBO€eH. Takum obpasom, octaeTcs BbIOOp 1 CTyneHn u 2, Ans KOTopbIX OnpeaennTb pacyeTHbIN pe-
XXMM 3HaYMTENbHO npoLye.

Xapakmepucmuku cpabambieaHusi QUCMaHYUOHHOLU 3auumbl U UX u3obpaxeHue Ha KOM-
nnekcHou niockocmu

ConpoTtuBneHve ABNSeTCH KOMMNMEKCHON BEMUYMHON, MOSTOMY XapakTepuUCTUKM cpabaTbiBaHUA
PC Z.(zp, ¢p) VM COMPOTMBMEHNA Ha UX 3axumax Z, ynobHo nsobpakaTb Ha KOMMMEKCHOWM
nnockoctn B ocsix R, JX (puc. 7.17). B aToM criy4ae no ocu BeLLECTBEHHbIX BENUYMH OTKNaAabl-
BalOTCA aKTUBHbIE CONPOTUBNEHNS R, @ N0 OCY MHUMbIX BEMUYNUH — PEaKTUBHbIE CONPOTUBIE-
Hua X. MNMonHoe conpoTUBIIEHNE Ha 3axXMMax pene Z,=U, /Ip MOXET ObITb Bblpa)KeHO yepes

aKTUBHbIE n peaKkTuBHbIE cocTaBnawowmne B Bnoe KOMMJIEKCHOIo vyycna

Z,=R,+jX,= Zpe_jq’” N n3obpaxeHo B ocsix R, jX BekTtopom c koopauHatamu R, un jX,

(pvc. 7.17, a). BenuumHa aToro BeKTOpa XapakTepuayeTcs Modynem ‘Zp‘ =R+ X2 aero

HanpaBfneHne — YrnoM @,, KOTOpbIM onpenensetcs CcooTHoweHuem X, u R, NOCKOMNbKY
89,=X, /Rp . Ha puc. 7.17, 6 BuaHo, 4Tto yron ¢, paBeH yrny casura das mMexay Bektopa-

Mu Toka I n HanpaXxeHud U, cnegoBatenbHO, MOXXHO CUMTaTb, YTO HA KOMMMNEKCHON MiOCKOCTMU
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BekTop I, coBnagaeT C OCblO MOMOXUTENbHbLIX CONPoTUBNeHnt R, a HanpskeHne U, — c BEKTO-
pom Z,,.

+JXh
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Puc. 7.17 TlocTpoeHne xapaKkTepuCTUK perie CONnpoTUBIIEHNS Ha KOMMIEKCHOM nnockoctn R, JX:

a — u3obpaxeHne BekTopa Z);

6 —TpeyronbHUK CONPOTUBMEHWUI;

8, 2 —y4acTOK ceTu u ero nsobpaxeHue B ocax R, JX;

0 —obnacTtb conpoTtusneHnn Z, npu K3 yepesa conpoTmsreHne anekTpuieckon ayrm R,

JTtobown yyacTok cetn, Hanpumep W1 (puc. 7.17, 8) MOXHO npeacTaBuTb B ocax R, JX BekTopom
Z 5y =7Z,,, IMeq B BUay, 4To Kaxaasa touka JIOI xapakrepusyeTcs onpeneneHHbIMA comnpo-

TuBNeHnamm R,1 n X,1.

Ecnun conpoTuBneHune Bcex y4acTKOB CETU UMEET OAMH W TOT Xe Yron ¢ ,; = arcthj,/RJ, , TO
NX reOMeTpPUYECKOE MECTO Ha KOMIMIIEKCHOM MIIOCKOCTM M3obpaxkaeTcs B BMAE NPSAMON, cMe-
LLleHHOW OTHOCUTENbHO ocu R Ha yron ¢ ; (puc. 7.17, 2). Havano 3awwuwaemon J13I, roe ycra-
HoBNneHa paccmartpmBaemMas [13 A, coBmellaeTcs ¢ Hayanom koopauHar (puc. 7.17, 8, 2). Koop-
AVHaTbl BCEX Y4aCTKOB ceTu, nonagarowmx B 3oHy [13 A, cumMTaloTca NONOXUTENbHBIMU U pacmno-
naratotcs B | KBagpaHTe KOMMnekcHon nnockoctun (puc. 7.17, 2). KoopauHaTtbl y4acTKOB ceTw,
pacnonoXeHHble Ha puc. 7.17, e crnesa OT TOYKM A, cuMTaloTCa OTpULATENbHBIMK U pacnonara-
totca B |l kBagpaHTe. ConpotmerneHune nuHum Wy nokasaHo Ha guarpamme otpeskom AB, W, —
otpeskom BC n W3 — otpeskom AO. ConpoTtusneHme Zx oT MecTta yctaHoBku O3 oo toukm K
n3obpaxeHo otpeskom AK nof yrnom @, = @, kK ocn R (puc. 7.17, 8, 2). Ecnn K3 npounsoLurno ye-
pe3 aneKTPUYECKYo ayry, MMEIOLLYI0 aKTUBHOE CONpOoTMBIIeHNe R,, TO CONPOTMBIIEHNE 40 MecTa

K3 OyneT nsobpaxatbca BekTopom AK' paBHbIM reomMeTpu4eckon cymme BeKTOpoB Zx n R, (puc.
7.17,0):

AK'=Z, +R,

VccnenoBaHusa nokasanu, 4Yto 3HavyeHne R nponopunoHanbHo anuHe ayrn Ly, M, 1 TeM MeHb-
we, Yyem 6onbLie Tok K3:

R,=KL,/I,
roe K - NOCTOsSIHHast BenuyuHa, pasHas 1200-1500.

Fpaghuyeckoe usobpaxeHue xapakmepucmuk cpabambieaHus pesne
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XapakrepucTukmn cpabatbiBaHmst PC Bbinycka Y3AS3, nsobpaxeHHble Ha puc. 7.18, npeacrae-
nAlT coboi reoMeTpu4eckoe MecTo TOYeK, YAOBNETBOPAOLWNX YCNoBuIO Z, = Z,. 3alTpuxo-
BaHHasa 4acTb XapakTepucTuku, rae Z, < Z.,, cooTBeTCTByeT obnactu aencrsus pene. Mpu Z,,
BbIXOAALMX 3a Npeaenbl 3alTPUXOBaHHOW YacTu, T. e. npu £, > Z,,, pene He paboTtaer.

XapakTepucTtuka cpabaTbiBaHusa pene gomkHa obecneynBatb paboty pene npu K3 B npegenax
NPUHATON 30HbI agenctBust (Z'). C yd4eTOM COMNPOTMBIIEHMS] SIIEKTPUYECKOM OYrM BEKTOP
Z,=Zy + R, moxeT pacnonararbcsi npu K3 Ha 3awmwaemom yyactke JIQIN B npegenax no-

wagmn yetblpexyronbHuka OKK'K" nokasaHHoro Ha puc. 7.18, 4. JencTteue pene npu K3 byger
obecneyeHo, ecnun xapakTepucTukn cpabaTbiBaHUA pene, nokasaHHble Ha puc. 7.18, 6yayT ox-
BaTbiBaTb 00NacTb KOMMJSIEKCHOW MIOCKOCTU, B KOTOPOW MOXET HaxoAUTbCS BEKTOP COMPOTMB-
nenua Z, npu K3 Ha JI3MN (nnowanb OKK'K" Ha puc, 7.18, 9). OgHako obnacTb cpabaTbiBaHWA
PC umeeT orpaHuyeHus: pene He OOIMKHO LAEMCTBOBATb MPU COMPOTUBEHUN HaArpy3ku (npu
Z pa5min) W IPU Ka4aHUsX. [N 3TOro BEKTOPbI Zpusmin M Ziau AOSKHBI pacrionaratbecs 3a npegena-
MU obnactu cpabatbiBaHus perne, T. €. JOMMKHO cobnoaatbes yernosue Zy, < Zpyusmin M MO BO3MOX-
HOCTU Z g <Zxau.

Puc. 7.18 XapakrepucTtuku cpabatbiBaHWs pene ConpoTUBIEHNS

HeHanipaeneHHoe perne rnonHo2o conpomuesieHus (puc. 7.18, a). Xapakrepuctuka 3Toro perne
NMeeT BUA OKPYXXHOCTU C LEHTPOM B Hayane koopauHat n paguycom, pasHbiM K. Pene pabota-
et npu Z, < K npu nobbIx yrnax ¢, mexay BektopoMm Z, 1 ocbto R. Xapakrepuctuka cpabarbisa-
Husi PC BblpaxaeTcs ypaBHEHNEM

Z,=K roe — K nocrtosiHHas BenuyuHa.

30Ha OencTBMA pere pacnosiokeHa B YeTbipex kBagpaHTax, B Tom uucne B | u lll. Pene ¢ xa-
pakTepuUCTUKON, n3obpaxkeHHon Ha puc. 7.17, a, paboTaeT kak HeHanpasneHHoe PC.

HanpaeneHHoe persie nosiHo20 conpomueneHus UMeeT Z,,, 3aBucsLlee oT yrna @, (puc. 7.18, 6).
Ero xapaktepuctuka cpabaTbiBaHMA n3obpaxkaeTCcs OKPY>XHOCTbIO, NPOXOAsLLEen Yepe3 Havano
koopauHaT. ConpoTuBneHve cpabaTtbiBaH!s UMEET MaKCcUManbHoe 3Ha4eHne npu @ , = @, , rae

(., - Yron mMakcMmarnbHOW YyBCTBUTENLHOCTU pene, Npu KOTOPOoM Z., = Zpmax, T. €. paBeH aua-
MeTpy oKpyxxHocTu OB.

3aBucnMocTb cpabaTbiBaHWsA 3TOrO perne OT yrna @, MOXeT OblTb NpeacTaBneHa ypaBHEHNEM:
Zcp = Zqzmax 'COS( mu _(Pp)
Pene He paboTaeT npu Z,, pacnonoxeHHbix B Il kKBagpaHTe. OTO 03HaAYaET, YTO OHO HE MOXET

AencTBoBaTb, €CMNN MOLWHOCTb HanpaBJ/ieHa K lWnHaM noactaHuunn. CnepoBarternkHo, paccMoT-
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PEHHOE pene daBndeTcs HanpaerneHHbIM. HanpaBneHHoe PC umeeT "MepTBYt0 30HY" npu no-
BpeXaeHusIX B Havane 3awuwaemon J19r1.

Perne ¢ Kpyeosol xapakmepucmukol, cMeweHHOU omHocumesibHO Hadyarna KoopduHam. Ha
puc. 7.18, 8 nokasaHa xapakrtepucTtuka, cmelwieHHasa B |ll kBagpaHT Ha pacctosiHue Z". Takoe
pene paccuntaHo Ha paboTy npu K3 Ha 3awuwaemon nuHumn Wi (puc. 7.17, 8) n BKoYaeT B 30-
Hy cBOero gencteusa nutawoLme 3Ty JI3MN WnHbI M YacTb ANWHBI (NponopumoHanbHyo Z'') apyrmux
oTxogsawmx ot wuH J13MM (Ha puc. 7.17, 8 310 wWnHbl A n YacTb J19I W3. YpaBHEHME CMELLIEHHOM
XapakTePUCTUKM B BEKTOPHON hOopMe NMEET BUS,

(z-z")2=2,-(z-2")2=0

[nst AMCTaHUMOHHbBIX OpraHoOB BTOPOW U TPETbEN CTYNEHEN HaxoaAaT NPUMEHEHME pefe C Xapak-
TEePUCTUKOWN, CMeLLEHHON B CTOPOHY | KBaapaHTa. Takas xapakrepucTuka no3BosiseT yBeNnUyYnTb
30HY AENCTBUS U YNYYULLIUTb OTCTPOWMKY OT Harpysku.

Pene ¢ annunmuyeckol xapakmepucmukol. Ha puc. 7.18,2 nsobpaxeHa xapakTepucTuka Ha-
npasneHHoro pene, nmetowasa sua annunca. ConpoTtueneHne cpabaTtbiBaHUs Takoro pene Z,
3aBUCWUT OT yrna @p 1 UMeeT Hanbonbluee 3Ha4YeHVe Npu @ , = @,,. Yron @,,,, kKak 1 B npeablay-

Lem criyvae, paseH ¢,. ConpoTmBneHne Zgmax pasHo 6onbLuon ocu annunca 2a. Kak n3secTHo,
ANNUNC ABNSAETCH reOMeTpUYeCKUM MECTOM TOYEK, CyMMa PacCTOSHUIA KOTOPbIX 40 hOKYCOB b 1
d noctosiHHa 1 paBHa Gonbwon ocn 2a . Ha ocHoBaHuKM 3T0ro, o6o3Havas koopamHatbl QOKy-
coBbwnd, Z'nZ", akoopanHatbl nobon Todkn C annunca Z,, , Nony4aem ypaBHeHWe annun-
TUYECKOWN XapaKTepUCTUKN

z, -z =2a

+ ‘Zq, ~z"

Mo cpaBHEHWIO C KPYroBOW XapaKTEPUCTUKOW INNUNTUYECKas XapaKTepucTuka UMeeT MeHb-
Wwyto pabouyto obnacte. ATO AaeT BO3MOXHOCTb JTy4ylle OTCTPOUTb Pene OT KadyaHuni u nepe-
rPy30K, HO yXyALllaeT YyBCTBMTENbHOCTL Npu K3 Yepes nepexogHoe conpotusneHne R,

Pene ¢ xapakmepucmukol 8 sude MHO20y20sbHUKa. [logobHasi xapakTepucTuka HanpasreH-
HbiXx PC, nmetowas popmy YeTbipexyronbHuka, nokasaHa Ha puc. 7.18, 4. Conoctaensisi aTy xa-
paktepucTuky ¢ nnowanbo OKK'K” Ha puc. 7.18, 8. MOXXHO YCTaHOBWUTb, YTO YeTbIpexyrofibHas
XapaktepucTtuka pene B 6onblien mepe, Yem pyrve XxapakTepucTuKnM, CoBnagaeT C KOHTYPOM
obnacTu pacnonoxeHusi BeKTopoB Z, npu K3 u aABnseTcs ¢ 3Ton TOYKu 3peHns Hanbonee pa-
LlMOHaNbHOW.

MyHKTMPOM MoKasaH BapuaHT xapaktepuctuku OA' u BC', npegycmaTtpuBalolLmMii paclumpeHune
30HbI pene Ans obecneyeHns ero AencTens Npu ABYCTOPOHHEM nuTaHum K3 yepes nepexogHoe
COMNpPOTUBIIEHNE.

Ha puc. 7.18, e nokasaHa xapakTepuctuka, nmetoLas opmy TpeyronbHuka, npumeHsemas ans
TpeTben 30HbI [13. OHa no3BonsdeT oTCTPOUTLCA OT Z, Npy 6OMbLINX 3HAYEHNSAX TOKa Harpysku
Ipu6max, YEMY COOTBETCTBYET MUHMMAIbHOE 3HaueHue Z =09U,,, /1 1 ponyckaet

cpabaTbiBaHne PC npu 3HauMTenbHOM nepexogHoM conpotusneHun R,., B cnyyae yganeHHbIX
KS.

padé min pad max ’

Pene peakmueHo20 cornpomusrsieHusi cpabaTtbiBaeT npu ch = —Zcp -sin @ P Xy =K, roe K -

NOCTOsSIHHAA BenuumHa. Xapaktepuctuka Takux PC nsobpaxkaeTca npsiMon NUHUeERn, napannenb-
How ocun X (puc. 7.18, x), oTCTOALLEN OT Hee Ha paccTosaHun X, = K.

XapakmepucmuKu MUKPOMNPOUeCcCOPHbIX QUCMaHUUOHHbIX 3au,um

MukponpoueccopHas AUCTaHUMOHHAA 3awmuTa paboTtaeT npu Bcex BuAax NOBPEXOEHUs, n3me-
pas npy MexaydasHbIX KOPOTKMX 3aMblkaHUA Pa3HOCTb ha3HbIX TOKOB U JIMHEWNHOE Hanpsike-
Hue. Mpn ogHOasHOM KOPOTKOM 3aMblkaHUU pere uaMmepsieT hasHbli TOK U dha3HOe Hanpsike-
Hue. ConpoTmBreHne npu ogHoasHOM 3aMblKaHUM 3HAYUTENBbHO Gorblue, Yem Npu Mexaydas-
Hom X, =3,5X,. Kpome atoro, B npoBoe, B KOTOPOM BO3HMKIIO KOPOTKOE 3aMblkaHWe, HaBo-
ANTCS HanpshKeHWe OT TOKa, MpOoTeKaloLWwero B ApYrux JIMHUSAX, HAaXO4sALWMXCA B 30He BNuAHuSA. B
3almuTe BCe 3TO yuyuTbiBaeTCA KOahpuuneHToM komneHcauuu. Npu ogHodasHOM 3amblkaHuu
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pene namepset BenuuuHy Z,, = V,, / (I, + Kil,). K dasHomy Toky fobaBnsieTcss TOK Hynesom
nocneaoBaTeribHOCTU, YMHOXEHHbIN HA KO3MMPULNEHT KOMNEHcaUUn. MNMOCKONbKY TOK B CMEXHbIX
NMHMAX MOXET He coBnagaTb No ¢hase C TOKOM Ha MOBPEXAEHHON NUHUU, KOIPPULMEHT KOM-
neHcaumm npeactaBnsieT cobor KOMMNMEKCHY BEMWYMHY, OOIMKHBLI OblTb paccymMTaHbl BENUYMHA
M yron KomneHcaumu. OUCTaHUMOHHAsi 3alimMTa yYuTbiBAE€T YTO, KOPOTKOE 3aMblKaHWe MOXeT
ObITb Yepes ayry, MMeLLY0 akTUBHOE CONPOTMBIIEHNE. DTO COMPOTUBNEHME YYUTLIBAETCA pac-
LUMPEHHOW XapaKTepUCTUKOW 3alimTbl. BenvumMHa conpoTMBNEHWS Oyrn 3aBUCUT OT BESNMYMHBI
TOKa W AnuHbl ayri. Mpu 3aMblkaHUM Ha 3eMII0 TOK MEHbLUe, a ANvMHAa AYrM 3Ha4YMTeNbHO 6ornb-
we. MoaTomy M conpoTuBnNeHMe Ayrn 3Ha4MTenbHO Gonblle. YCTaBkM NO akTUBHOMY COMPOTUB-
NEHVIO 3aLLMTbl CTaparTCs BbIMNOMHUTL MO BO3MOXHOCTU ©0MbLWMMK, OTCTPOMB UX OT aKTUBHOIO
COMPOTUBIIEHNS HArpy3Ku.

AuctaHumoHHaa 3awmTta PD-532 nnu MiCOM P433-P439 dmnpmbl ALSTOM MoxeT BbITb BbINOI-
HeHa C KpyroBoWn xapakTepuUcTUKON Uu NPSMOYroSibHON.

3awmTa ¢ KpyroBo xapakTepuctmkon manoadpdekTmeHa, NoSTOMy ee NpUMEHEHNE MOXET ObITb
pPEKOMEHOOBAHO AN pe3epBHON 3awmThl WKH 6-35 kB ¢ kabenbHbiMn nnHnsaMn. B Taknx cniyva-
Aax yron Harpy3ku u yron K3 6nusku gpyr k gpyry. lNpu Takux HanpsoKeHUsiX 3HaunTenbHoe BNuns-
HMe Ha Tok K3 okasbiBaeT akTMBHOE COMPOTUBMEHME NEKTPUYECKON Ayrn. YNyywnTb YyBCTBU-
TENbHOCTb B 3TOM pexunme nomoraeT AyroBas KOMMEHcaums, KoTopas pacluMpsieT Xapakrepu-
CTUKY npu 6nusknx K3.

B cnyyae npumeHeHus oyroBow KoMneHcauuv 3agaeTtcs yron «O», onpeaensiowmii HavanbHy
TOYKY AN NOCTPOEHUst Ayrv (MYHKTUPHASH IMHUS C TOYKaMM).

Z, i = Z(l +sin 8)
roe
yron «0» rnokasaH Ha PUCYHKe.

Bbi6un paeTca HanpaBneHHOCTb 3allnThl.
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-45* = 315*
Puc.7.19 Tlpumep kpyroon xapakrepuctukm ana PD 532 n = 1+4; a = 60°

IMyHKTUPHAs! NMMHNS OrpaHMYMBaET 30HY paclunpeHus (koadduumeHT pacwmpenns — K.,).

Kpyzoeas xapakmepucmuka cpabamsbieaHus []3 ¢ «dyzoeoli» komneHcayuel

3awumTa c MHOF0yFOJ'IbHOl7I XapaKTepI/ICTI/IKOI;I bonee Sd)CbeKTVIBHa Ha ONMWHHBLIX NTIMHUAX BbICOKOIo
HanpaXxexHud, rage BlinaHne aktTMuBHOro CoOnpoTuBIieHNA Ayrn MeHblue CKa3biBaeTCA.

XapaktepucTuka paboTbl npeacrasneHa Ha puc. 7.20, roe
X, — peakTUBHOE CONpPOTUBIIEHUE;

R, _ akTuBHOE conpoTMBrieHWe Ansa netnu «dasa — asa» unm «dasa — 3emnay;
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O, _ Yron xapakTepucTuku (yron mMakcumanbHOW YyBCTBUTENbHOCTY;
G, _ Yron, NokasaHHbI Ha PUCYHKE.

AKTUBHbIE CONPOTMBIIEHNA AN netenb «dasa — asar» (R,, PP) n «dasa — semna» (R,, PG) 3a-
[aloTca oTAeNbHO AN KaXKAom 30HbI. LLMprHa xapakTepucTmkm camon 4yBCTBUTESTbHOW CTYMNEHN
(Rn)onpeaenseTcsa ycnosusamm oTCTPOMKN OT aKTUBHOW Harpysku fMHUN.

Bbi6u paeTca HanpaBneHHOCTb 3alluThl.

PacueTt yctaBok ans cniydas K3 Ha 3emnio npomsBoanTcs € npumeHeHuem koadduumnenta K,

KOTOprI7I y4unTbiBaET 6OJ'IbUJyI'O BeIIMYMHY CONpOTUBNEHNA OYIN N NepexogHOro conpoTmuBlrieHUA
npu 3aMbIKaHNAX HaA 3eMJ1I0
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Puc. 7.20  Tpumep npsimoyronbHon xapakrepmucTtukm ana PD 532, MiCOM cepun P430
Mpumep: X, =6,5Q; R, =20Q;0,=70";6,=-20,n=1+4

-45° ™~ 2 315°

3oHa pacwupenus: k,=1,2 (pacwmpeHne 1-01 30HbI)

B otnunuune ot pene cepun MiCOM P440 n pene PD 532, MiCOM cepun P430 umetoT otaens-
HbI nyckoBon opraH. OH MOXeT ObITb BbINOSIHEH MO TOKY M HanpsXKeHWIo, Unn no conpoTuene-
HWIO, B MOCNEAHEM Clnyvae MMeeTCca BO3MOXHOCTb YNy4LllNTb OTCTPOMKY 3aLUUTbl OT Harpysku 3a
CYET Bblpe3a XxapaKTepPUCTUKN 3aLlLMThbl B 30HE Harpy3ku (puc. 7.21).

X fw

Puc.7.21 XapaktepucTuka nycKOBOro opraHa conpoTtusneHus 3awutsbl cepun MiCOM P433 —
P439

YcTaHaBnuBaemble napamMeTpbl:
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PeaktuBHoe conpotusneHus X, Jfw = B CTOPOHY NUHUM

AkTuBHOe conpotuBneHue Rp,pp U bw = B CTOPOHY LUMH

wa,PG

MNonHoe conpotueneHve Zgpp U PP = koHTyp dasa-tasa
Z5pG

Yron Harpysku 3 PG = koHTYyp hasa-zemns

KoadpnumeHT rpaHnLbl 30Hbl Zy,, /25, fw = B CTOPOHY NUHUM

BasuncHbIn TOK nuHuK 1>

Xapakmepucmuku ducmaHyuoHHol 3auwyumbsl MiCOM P 440

Zy
30Ha 2
/30Ha 1x/
/ /30Ha1 I
RPh, RG / / RPh, RG

‘ /
/%L/uv/

Pwuc. 7.22 XapakTepuCcTuKkM ANCTaHUMOHHON 3awuTbl cepun MiCOM P440

Kpome n3obpaxeHHbIX Ha pUCYHKe 30H, MMeeTCs elle ogHa 5, nporpammupyemas 3oHa “P”, ko-
Topas MOXeT BbITb HanpaeneHa nMbo Bnepen NMnbo Hasag,.

Ans kaxgon CTyneHn 3awuTbl 4OMKHbI BblTh 3a4aHbl: Yron AMHUK — @7, NOMTHOE CONPOTUBIEHNE
cpabartbiBaHus — Z, akTMUBHOE coOnpoTuBneHne npu mexaydasHoix K38 — RPh, aktnBHoe conpo-

TUBIIEHME NMPU 3aMblkaHUAX Ha 3eMnio — RG, koahpuUMEHT KOMNEHcaLumMm Npu 3aMblkaHuaX Ha
3eMmnio KZ — BenuymHa n pasa.

YCTPOMUCTBA 3ALNTbI ANA BN 110-220 kB
Ycempoicmea 3awumsi pupmbl ALSTOM

OunctaHumoHHas 3awmta MiCOM P433 - P439 nmeet 6 cTyneHen. YCTPOMCTBO UMEET Takke Ye-
TbIPEXCTYNEHYATYIO 3alMTy OT 3aMblKaHUA Ha 3EMIII0 U YETbIPEXCTYNEeHYaTyo TOKOBYIO 3aLLUTy
obpaTtHon nocnegoBatenbHOCTU. OHM MOryT BbITh BbIMNOMAHEHbI HanpaeneHHbiMn. MiCOM P433,
P439, moxeT 6bITb MCNONb30BaHa cxema yckopeHus 3awnTbl no BY kaHany. Cpean BO3MOXHbIX
cnocoboB yckopeHusi no BY kaHany, umeetcsa cnocob yckopeHus Ans pexmnma cnaboro nutaHus
(TYNUKOBLIN PEXNM).

Yctponcteo MICOM P439 MmeeT XMOKOKPUCTaNIMYeCKnin rpacdomyeckun gucnnemn, Ha KOTopoMm
MOXeT ObITb M306pakeHa MHEMOCXeMa SHYENKN C pasbeaUHUTENSIMU U 3a3eMASIOLLUMUN HOXaMU,
N MOXET ynpaenaTb Ao 6 annapatamu. [oaTomMy, 061acTb NPUMEHEHNS TAKOW 3aLUNTLI - SYENKN

C OUCTaHUMOHHBLIM YynpaBreHnemMm pasbeAUHUTENnAMMN 1 3as3eMnarwnmMmm HoXam, Hanpumep
KPYQ.
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3awmta MiCOM P441 paboTtaeTt npn mexaydasHbiX KOPOTKUX 3aMbIKaHUAX U NPU 3aMblKaHUSAX
Ha 3eMIo0 U MeeT S cTyneHen. YCTPOMCTBO MMEET TakKe TPEXCTYNeHYaTylo 3alinTy OT 3aMblka-
HUN Ha 3eMII0 M YeTbIPEXCTYMNEHYaTY0 MakCMMaribHYH TOKOBYHO 3alLMTy OT MexaydasHbIX KO-
POTKUX 3aMbikaHWUA. OHa MOXeT ObITb BbIMOSTHEHA HAMNPaBMIEHHOW U MPUMEHEHA, B Kaknx TO pe-
XMMax, B3aMeH AUCTaHLUMOHHOM 3awuTbl. MoxeT BbITb Takke MCrofib3oBaHa CXxeMa YCKOpeHUs
3awmuTbl No BY kaHany. Cpegun BO3MOXHbIX cnocoboB yckopeHusa no BY kaHany, numeetcs cno-
cob yckopeHus anga pexuma cnaboro nutaHus.

B cepun MiCOM wumeeTtcsa Habop anddepeHumanbHbix 3awmuT nuHum MiCOM P540. MoxeTt
ObITb NpumeHeHo ycTponcteo MiCOM P541, ecnin He HyxxHO ATB, unu ecnu BoinonHuTb AlNB Ha
pes3epBHOW AuCTaHUMOHHON 3awmnTte, MiCOM P542 nmeet vetbipexkpatHoe AlB. Nepeuncnen-
Hble 3aWnTbl MOryT paboTtatb NO NPOBOAHOMY WM OMNTOBOJSIOKOHHOMY KaHany. Mmeetcs Takke
anddepeHumnanbHo-gasHas 3awmnta MiCOM P547 koTtopasa paboTtaet no BY kaHany, npuHumun
ee JenCcTBMS NOXOX Ha WKUpoko npumeHdemble B CHIM sawmtel JP3-201 1 oHm paboTatoT co
cTtaHgapTHeiMu BY npuemonepenatumkamum MNMB3. Bce aTn ycTponcTBa MoryT ObiTb MPUMEHEHDI B
KayecTBe OCHOBHOM 3alUWTbl, @ B Ka4eCTBE PEe3epBHOM NPUMEHSAIOTCS BbIWEYNOMSHYTbIe AMC-
TaHLUMOHHbIe 3awmnTbl P433- P439, P441.

Kak n paHee, Ha BO3AYyLWHbIX NIMHUAX AOMKHO ObITb NpeaycmoTpeHo AlNB. B gaHHoM cnydae,
AlB 06bl4HO BbINONHAETCS OQHOKPATHBIM, YTOObLI HE yBENnYMBaTb 06bEM MOBPEXAEHUS Ha K-
HWUW, TaK Kak Aaxe npuv OAHOKPATHOM BKMOYEHUWN NHUA BKrtodaeTcs oT AlNB aBa pasa (¢ AByx
CTOPOH).

[nsa Toro 4tobbl 06ecneyunTb CEMNEKTUBHYHO 3aLUUTY C HEGONBLLLUMMN BblOEPXKKaMU BPEMEHU, OCO-
OEHHO Ha KOPOTKUX NUHUSAX, HEOOXOOMMO MPUMEHUTb YETbIPEXCTYMEHYATYHO 3alMTy, YCTaBKK
KoTopou BblbupatoTca cnegyowmm obpasom: 1 ctyneHb otcTpamBaeTcd oT K3 B KOHLUE nnHuK, 2
CTyNeHb COornacoBbIBaeTCA C NepBOM CTYMNeHbO napannensHon NMHUK B Kackage u nepBoun CTy-
NEeHb0 CMEXHOW NMMHUN. 3 CTyNeHb COrfnacoBbIBAETCSA CO BTOPbIMU CTyneHamu aTux BJl. MNpu co-
rMacoBaHUKM 3aLUMT CO CMEXHOWN NMMHUNEN, YYUTBLIBAETCS PEXMM Of4HA C ABYMS: HA MEPBOM yyacT-
ke — 1 BJ1 Ha BTOpOM yyacTke — 2, 4YTO CyLeCTBEHHO 3arpybnsaeT 3awmry. 9T Tpu CTyneHun 3a-
LMLLAKOT NMHKIO, @ 4 CTYNEHb pe3epBUPYET CMEXHbLIN y4acToK. MIMetoLLytocs NaTasi CTyneHb Ha-
npaBfieHa K LWMHaM U MOXeT obecneunTb 3almTy LWWH, NN pe3epBUpOBaHNE CMEXHbBIX y4YacT-
KoB NuHuK. lMpn cornacoBaHnn 3alMT N0 BPEMEHM yunTbiBaeTcs Bpems genctsna YPOB, yto
yBenuuMBaeT BbIAEPXKKN BPEMEHM cornacyemblx 3amT Ha Bpems gerncteusa YPOB. Mpu Bbibope
YCTaBOK 3alUUTbl OHM OOMKHbI OblTb OTCTPOEHbI OT CyMMAapPHOW Harpy3kM ABYX JIMHUI, TaK Kak
ofHa 13 napannenbHbix BJ1 MoXeT oTKNounTbCAa B N060OM MOMEHT, U BCS Harpyska byaeTt noa-
kntoyeHa k ogHou BJ1. Kpome aToro, BO3MOXeH HabpoC Harpyskm Ha NUHWUIO NP pa3MblKaHWK
TpaH3uTa B yAANeHHOW TOYKe, UIM OTKITIOUYEHUN reHepauuun.

YcTponcteo aguctaHumoHHon 3awmuTel MiCOM P433-P435 paboTtaeT npu mexaydasHbiX KOpoT-
KMX 3aMblKaHUAX M NPU 3aMblKaHMAX Ha 3eMI0 U MMeeT 6 cTyneHen. B coctaB 3awmTbl BXOAAT
YeTbIpeXCTYNeHYaTble 3aLUMTbl OT 3aMblKaHUIM Ha 3EMITI0 U MexXaydasHbIX KOPOTKUX 3aMbIKaHWUNA.

Ha Bo3gyLWHbLIX NMHKSX OOMKHO ObiTh npegycmoTtpeHo AlNB. B gaHHom cny4dae, AlNB 06blyHO
BbIMOMHSAETCS O4HOKPATHbIM, YTOObI HE yBenuunBaTb 06bEM MOBPEXOEHUA Ha NUMHUU, TaK Kak
Aake nNpu OAHOKPaTHOM BKIMOYEHUM NUHUA BKNovaeTcs oT AlNB aBa pasa (¢ ABYX CTOPOH). YCT-
poncTteo AlNB MOXeT ObITb BbINMOJTHEHO C KOHTPOJIEM CUHXPOHU3Ma C KaKOW TO CTOPOHBbI, A5s Ye-
ro Ha NIMHUK JOMMKeH BbITb ycTaHoBNeH TH.

PekomeHayeTcs NpUMeHATb criegytowme YCTPOMCTBa 3aLlmThl:
Habop 13 gByx ANCTaHUMOHHLIX 3awmT MiCOM P441, unn P435 ¢ BY kananom.

lpumeyaHue: annapamypa 0ns nepedadyu cueHasna omkmdeHuss no BY unu dpysomy kaHamny
moxxem 6bimb ucrofib3oeaHa /10bou hupMbl, 8 MOM HUCrIe U 8blrlycKaeMble Ha YKpauHe BY no-

cmam B3, AHKA-ABIIA, AKTIA.

F
" oHHon 3awmnTtbl MiCOM P435, P441 n npogonbHon andpsawmtel MiCOM

D AncTaHungHHon 3awmnTbl MiCOM P435, P441 n npogonbHon anddasHon 3alnTbl

a3

mbi g)uprl GE
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Bblpe3 B Xapak-
TEPUCTUKE.
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Mpennaratotca 2 OMCTAHUMOHHBLIX 3awuThl: 6onee npoctas D30 u D60. 3awmta D30 nmeet 3
ctyneHn a D60 - 4 cTyneHn AUCTaHUMOHHOM 3aLlUmThl OT MeXaydasHbIX 3aMblKaHUI U 3aMblKaHUN
Ha 3eMrto.

O6e 3awmTbl MMEKT AOMNOMHUTENBHO 4 CTYNEHM HanpaBfEHHON TOKOBOW 3alMTbl N0 hasHOMY
TOKY, TOKy obpaTHOW M HyneBOW nocrnenoBatenbHOCTU. ImeeTca BGnoknpoBka Npu KadaHusix u
AlB. 3awmta MOXeT MMETb KPYroByHO, 3MMAMMNTUYECKYID UM NPSMOYTrONbHYIO XapakKTePUCTUKY.
UeTblpexyronbHasi XxapakTepmucTuka MOXET MMETb BbIpe3 Npu yrrnax Harpy3ku (cMm. puc.7.23) , 4to
No3BOMsIeT el OTCTPOUTCA OT TOKa HarpyskM M MMeTb BbICOKYIO YYBCTBUTEMBHOCTb K KOPOTKUM
3aMblkaHUAM. 3aluTa MOXeT YCKOPATbCS C UCMOoMnb3oBaHWeM cTaHgapTHon BY annapatypsl, Ha-
npumep: MNB3 nnn AKMA.

B kayecTBe OCHOBHOWN 3alnTbl ANSA TPAH3UTHLIX NUHUA NpeanaraeTca npodonbHas anddepeH-
unanbHasa 3awmta nuHum L90 n audpdepeHumaneHo - asHaga 3awmTta L60. Obe 3awutbl MoryT
paboTaTb NO NPOBOAHOMY M OMTOBOJIOKOHHOMY KaHany. 3awuTta L60 moxeT paboTtaTtb No BbICO-
KOYaCTOTHOMY KaHany, C ucrnornb3oBaHnem ctaHgapTHbix Ansg CHI™ BbICOKOYACTOTHLIX NpUeMo-
nepenaTymkoB, Hanpumep: MNB3.

Yempotucmea ¢pupmsl ABB

Ons nnHunm 110-220B npegnaratotca yctporcTea 3awmTbl Tna REL 500. Annapatypa ABB oTt-
nnyaeTcy 3HauUNTENbHbIM 00 BEMOM (PYHKLINIA, KOTOPbIE B MPUHLMMNE HE YMELLATCs B YCTPOWUCT-
Be. MoaTomy HeobxoomMmble YHKUUM ONpeaensaTcsl Npu 3akase. [pegocrtaBnseTcsa WMpoKue
BO3MOXHOCTM MO pa3paboTke Norvkn 3awmthl (paHxunpoBaHnio). REL 521 aBnsaetcsa 6onee co-
BepLueHHon moandmkaumen 3awmtbl REL 511 ¢ npyumepHO oanHaKoBbIM HABOPOM OYHKLMIA, HO
pacLnMpeHHbIMU BO3MOXHOCTSIMU.

3almnThbl BKIIOYAIOT:

[MCTaHUMOHHYI0 3aLUMUTY OT BCEX BMAOB 3aMblKaHWI C OGLLUMM KPUTEPUEM NOBPEXAEHUS U NSATHIO
He3aBUCUMbIMU CTYNEHAMU AN OTKIIOYEHUS MHOrO(asHbIX 3aMbIKaHWUI U 3aMblKaHUI Ha 3EMIT0
3almnTbl MMEIT YeTbIPEXYrONbHYI0 XapakTEPUCTMKY C BbIPE3OM B 30HE HAUGOIbLLMX Harpy3oK.

YeTbipexcTyneH4YaTyo TOKOBYIO HanpaBreHHy 3alluTy HyrneBOW nocrnefoBaTenbHOCTU Ans OT-
KIMHOYEHMS 3aMblKaHWUiA Ha 3eMIio,

BrbnuoTteky AoNonHUTENbHBIX 6a30BbIX OYHKLUWIA 3aLLMTbl, aBTOMaTUKKU, BIIOKMPOBOK U KOHGU-
rYPUMPYEMbIX FIOTMYECKUX CXEM

Hanuuue yHKuMM onpegeneHns mecta NoBpexaeHna
Habop yHKUUN ynpasneHus.

Bo3MOXXHOCTb 3aka3a AOMONHUTENbHbLIX YHKUMIA, (B TOM vmcne pyHKkumnn AlNB 1 KOHTPONS CUH-
XpOHM3Ma 47151 CXeM C ABYMSA Bbikntovatensamu, YPOB)

B0O3MOXHOCTb YCKOPEHMsI 3aluUTbl MO NMPOBOAHOMY, ONTOBOSIOKOHHOMY MMM BbICOKOYACTOTHOMY
KaHany.

3awumsbi pupmbi SIEMENS

OunctaHumoHHble 3awnTbl 7SA511, 513 umetoT 5 cTtyneHen ANCTAHUMOHHON 3alunTbl OT MEXay-
¢hasHbIX KOPOTKUX 3aMbIKaHUA U 3aMblKaHUN Ha 3eMI0 C NPSIMOYTOSbHBIMU - XapakTepuctukamu
cpabartbiBaHus cMm. puc.7.24. YctponctBo 7SA513 peanusyeT pasnuyHble AOOMONHUTENbHbIE
dYHKUMK, 0ObIYHO Tpebyemble OMs BbIMOMHEHMS 3alnTbl U aBTOMATUKN MPUCOEONHEHUS (CTy-
neH4yaTas TOKoBas 3awimta oT MexaydasHbix K3 1 sambikaHuin Ha 3emnto, AlNB, OMI1, 3awwuTa
OT MEpEHanpPsKeHus 1 T. A4.), PYHKUNIO onpenerieHns Mecta MOBPEeXAEHUsS] Ha NIMHUKN 3NEKTPO-
nepegayn. Mmeetcs:
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- KOMMNeHcaLUusi TOKOB napannenbHON NMHUM NPU BbINONTHEHUN AUCTAaHUMOHHBLIX U3MEPUTESNbHBIX
opraHoB 1 onpefeneHun paccTosiHUst 40 MecTa NOBPEXAEHUs, NorMka npvema/nepenaym tene-
CUrHanoB Mo KaHany cBsi3n (HOPMasbHO-NPUCYTCTBYOLMX / OTCYTCTBYIOLLMX, Brnokupyowmx /

paspeLuaroLLmXx);
- ONIOKMpOBKa OT KadaHU U/UnNu OTKITIOYEHUE anekTponepenaydn npu notepe yCTonumBocTh (aBa

opraHa nofHOro ConpoTUBMEHNS: “4yBCTBUTENbHBIN® 1 “TPybbIn” ANa naeHTudukaunum KavyaHum,
n3MepeHne 1 KOHTPOIb CKOPOCTU U3MEHEHUSI COMPOTUBMEHNS);

- 3almTa OT NOBbILEHUS /MOHUXKXEHMS HanpsaXeHu4d;

- ogHodhasHoe u/unu TpexdasHoe aBToMaTMyeckoe NOBTOpPHOE BkrtoyveHue (AlB), ogHo- mnu
MHOrokpaTHoe, cBo6oaHO nporpammupyemoe. KoHTponb cuHXpoHu3Ma npu AlNB n BknoyeHun
NIMHWM NOA, HarpyskKy;

- 3awwmTa oT noBpexaeHus Boikntodatens (YPOB);

A x
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Az MpAMan CONPOTHANEHMs
| TIHAK

i
mmmmmmm XapAKTEpUCTHI BO3RAT

3a1a838MbIA MHOMOYMONBHIAK

Puc. 7.25. MHoroyronbHas xapakrepu-

Puc. 7.24. lpsimoyronbHasa xapaktepu-
CTUKa ANCTaAHLUMNOHHON 3aLmnTbl 7SA522

CTUKa OMCTaHUWOHHOM 3awmTbl 7SA511

*x ‘ Mpaman
CONPOTMBINEHMA MHAHUK

Puc. 7.26. KpyroBasa xapaktepucTuka
JUCTaHUMOHHOM 3awmTbl 7SA522

OuameTp

[OunctaHunoHHas 3awmTta 7SA522 nmeet
no 3akasy IMbO MHOroyronbHble (puc.
7.25) nnbo kpyroeble (puc.7.26) xapak-
TepUCTUKN. MimeeTcsa BbIpe3 xapakTepu-
CTMKM B 30HE MaKCUMarbHbIX HAarpy3oK.

/0;15
Har pyau
Y

Ruarp
MpAmas
CONPoTUBNEHER

FIAHMN

Wcnonb3ytoTea

- lWectncncrtemMHble ANCTaHUNOHHbIE U3SMEPUTETIbHbIE OPraHbl;
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- 6 OUCTaHUMOHHBIX CTyNneHen, HanpaeneHHbIX “Bnepea” unu “Hasag’, ogHa U3 CTyrneHem Ucnosb-
3yeTcsl B KQUecTBe YNpaBnsieMon CTyNeHu;

-9 CTyI'IeHeIZ BblOEPXKN BpeMeHn Ana OUCTaHUMOHHbLIX CTyI'IeHel7I;

- obHapyXeHne KayaHun C NOMOLLbIO KOHTPONS CKOPOCTU u3mMeHeHus (dZ/dt) v aHanusa rogo-
rpadga conpoTUBEHNS;

- MakCnmMmarnbHaa TOKOBaA HanpaBlieHHaa CTyneH4atad 3aluta oT 3aMblKaHUN Ha 3eMI0 MMeeT
3 He3aBuCUMble CTyneHAMn n oaHy 3aBUCUMYIO.

- aBTOMaTU4ecKoe NMOBTOPHOE MHOrokpaTtHoe BkrtoveHue (AlB) nocne ogHodasHOro OTKMo4e-
Hna  (OAlB), TpexdasHoro oTkmodeHna  (TAMB), oaHo-TpexdasHoro  OTKIHYEHUs
(OAMMB/TAIMB);

CeMeNncTBO ANCTAHUMOHHbIX 3awmuT cepun 7SA600
OoTnnYyaeTcst Apyr oT gpyra KONM4eCcTBOM BXOO0B "
BbIXOZOB 1 COOTBETCTBEHHO pa3mepamn: nocnea- g
HAs undppa 0 pasmep 1/3: 1 - pasmep 1/2,2 —1/1 —
nonHel pasmep 19”. BTopas undpa onpegensiet

TMN gucnnes: 1 - YeTbIPEXCTPOYHbIN BYKBEHHO-
umdpoBon, 2 — rpadmyecknin, 3 - rpadomyHecKnin n
BO3MOXHOCTb MECTHOTO ynpaBneHns pa3beanHu-
TENSAMU N 3a3eMASOLWMMN HOXaMK. DnekTpude- Revgmm
CKMEe XapaKTepUCTUKM BCEX YCTPOMUCTB OQNHAKO-

Bble, Hanbonee cyLeCTBEHHbIMU OTNNYMAMI 3ToN 294
3aWKnTbl OT NpeablayLmX, SBASETCS LUMPOKNE BO3-
MOXXHOCTW NPOrpaMMMUpPOBaHUS NOTUKN 3aLLNTbI,
yrnpaBneHnsi HECKONbKUM annapaTamun B siHelike,
nporpamMmmmpoBaHune rpacomn4eckon cxembol npucoe- .
ONHEHNA. DNEKTPUYECKUE XapaKTEPUCTMKIN BCEX
YCTPOWCTB OQVHAKOBbIE:

- 6 30H OMCTaAHLUMOHHOMN 3alLnTbl, 0OgHa U3 HUX SAB-
NSieTCst YNpaBnsieMOW, MOMNUroHanbHble Xapakte- PWC. 7.27.TonuroHanbHas xapaktepucTuka
PUCTUKM 3aLLMTbl NOKa3aHbl Ha puc.7.27; AVICTaHLIMOHHOW 3aLnTbl 7SAG_ _

[ %4

\?‘r " Line Characteristic

Load Area

- OnokmpoBKa OT KayaHui NyTeEM WU3MEPEHUsI CKOPOCTU U3MEHEHMSI BEKTOPA MOSIHOrO CONpOTMB-
neHus 1 aHanuaa rogorpada;

- pesepBHasd MakcMmarnbHasi TOKOBas 3awuTa: 2 CTyneHn ¢ He3aBUCUMOM BPEMEHHOW XapakTe-
pucTukon / 1 CTyneHb C MHBEPCHON BPEMEHHOWN XapaKTepUCTUKOM OT MexaydasHblix K3 n 3ambl-
KaHUM Ha 3eMITIo;

- MakcuMarsibHas ToKoBas 3alymMta ¢ He3aBUCMMOWN U 3aBUCMMOWN BPEMEHHON XapaKTEPUCTUKOMN;
- TOKOBas oTceYka npu BKIOYEHUN HA NOBPEXOEHUE;

- 3aWmMTa OT NOBbILUEHUS HANPSXKEHNS 2 CTYNEHU;

- 3aWmMTa OT NOHWXKEHUS HaNPSXKEHUSA 2 CTYNEHu;

- 3aWmMTa Npn oTkase BbikntovaTena YPOB:

- aBTOMaTU4ecKoe NoBTOPHOE MHOrokpaTtHoe BkrtodeHue (AlB) nocne ogHoasHOro oTknoYe-
Hna (OAlB), TpexdasHoro oTkmodeHna  (TAlMB), oaHo-TpexdasHoro  OTKITHYEHUS
(OAMB/TAMMB);

HAucmaHyuoHHbIe 3awumsi hupmbi SEL
dupma SEL npegnaraet 3 mogudukaunm OUCTaHLUMOHHOM 3aLLMTLlI PAa3HOW CTEMEHMU CNOXHOCTMU:

SEL 311A umeeT 2 CTyneHuM OUCTAHUMOHHOW 3awmThl OT MexaydasHbix K3 n 3ambikaHuii Ha
3EMJII0 C KPYrOBbIMW XapaKTepUCTUKaMU HanpaBneHHbIMU BRepes;

SEL 311B nmeeT elle ogHy peBEPCUBHYIO CTYMEHb OWCTAHLUNOHHOW 3aLLUTbI;

SEL 311C umeeT 2 CTyneHn OUCTaHUMOHHOW 3awmTbl OT mexaydasHbix K3 n 3amblkaHuin Ha
3eMJI0 C YETbIPEXYrONbHBIMU U KPYTrOBbIMWU XapaKTEPUCTUKaMN HanpaBfeHHbIMK Brepes 2 pe-
BEPCUBHbIX CTYMEHW C TAKUMMU Ke XapaKTepPUCTUKaMU.
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3awmTbl UMEKT Takke OOMONMHUTENbHbBIE CTYMNEHN TOKOBOW HanpaBIIEHHOW 3alUMTbl OT MeXAay-
¢asHbix K3 1 3aMbikaHUI Ha 3eMMo - COOTBETCTBEHHO No 1, 3 n 4.

3awuTsl Mogndukaunmn B n C nmetoT YeTbipexkpaTtHoe AlB.

YckopeHue 3awyumsbi no BY kaHany

YctaBka 1 30Hbl 06bI4YHO ycTaHaBnmBaeTca HWxe 100 % AnuHbI NMHKMK, YTOObI n3bexaTb cpaba-
TbiBaHUA Ha BJ1, oTxo4dawWmMx OT CMeXHbIX MNOACTaHUUN. 3aluTHOe TeneyckopeHue paclmpgaeT
obnactb BnusiHNA 3awmTtbl 4o 100%, nocpeacTBoOM curHana, nepeaaHHoro ¢ Apyrov nogctaHumm
(opyroro KoHUa nMHUK).

3alnTHOE OTKMIOYEHME MOXET paboTaTh, UCMONb3Ys OOHY M3 CINEAYHOLLIMX CXEM:
— MNpsamas nepenayva komaHabl OTKMHOYEHUS (MPSIMOE OTAarneHHoe OTKIHYeHMe).

— PaspelueHve cpabaTbiBaHUA CTYMEHN C BbIAEPXKON BPEMEHU CO CTOPOHLI, rae He cpaboTana
1 cTyneHb

- PaCLLIVIpeHVIe 1 30HbI Ha BCIO ONNHY NTUHUN.
MimeeTcsa 3HauMTenbHOE KONIMYECTBO pa3HOBVILI,HOCTel7I 9TUX NMPUHLMNNOB.

C nomoulbto YKa3aHHbIX cnocoboB MOXHO obecneunTb OTKOYEHne KOPOTKUX 3aMblKaHUI Ha
BCEM MPOTAXEHUN NMUHUN oe3 BblOEPXKN BPEMEHN.

MmeeTcs 2 rmaBHbIX MpuHUMNE B3aMMOOENCTBUS 3alMT Mexay cobow: paspeluaromii n 6roku-
pylowmi. Ansa cpabatbiBaHUA 3aWwuTbl C paspeLluarownum MMnynbcoM TpebyeTcs npuxon KOMaH-
Abl NO KaHany ¢ NpOTMBOMNOJSIOXHOW CTOPOHLI. [pumep: yckopeHue 3awmTbl no BY kaHany Ha an-
napatype AKIA. MNpu npumMeHeHUn Takoro npuHuuna ¢ BY kaHanom no s3awuuwaemon fnHUK
crnegyeT yduUTbiBaTb, YTO paspeLlatolimil CUrHan MOXeT NpoxoauTb Yyepes MecTO KOPOTKOro 3a-
MblKaHWs, BHOCsLWee Bonblloe 3aTtyxaHue curHana. lNMoatomy gosmkeH umetbes 6onblion 3anac
no 3atyxaHnuto BY curHana (ana annapatypbl AKIMA — 23-28 6). JomkHo 6biTh 2 kaHana gns
nepefayn curHana C Kakgoro KOHUa Ha MpPOTUBOMOSIOXHbIA. AHanNor Takon 3aluuTbl: LUMPOKO
npumeHsiemoe B CHIT B kayecTBe BTOpPOM ObICTPOAENCTBYHOLLEN 3aLUUTbI  TENeycKopeHue pe-
3epBHbIX 3awmTbl Ha annapaTtype AHKA, AKIMA. 3awuTta, paboTatowasa Ha 6nokupyroLem npuH-
uune, cpabaTtbiBaeT, ecrnv OTCyTCTBYEeT GroKupyloLwWwmi curHan. brnokupyowmin curHan cosgaet
NOMYKOMMMEKT, AN KOTOPOro KOPOTKOE 3aMblkaHue SBNAeTCH BHELWHUM (MCNONb3yeTcs Hanpas-
NEHHbIN K LWMHaM NMycKoBoOW opraH). [Npu OTCYTCTBUM Takoro CUrHana Ha Kaxgom KoHue, 3alumTta
cpabaTbiBaeT, ecnu cpabaTbiBaeT MyCKOBOW OpraH, HanpasfeHHbI B nuHuto. BY curHan nepe-
AaeTcs ToNbko Npu BHewHeM K3, a 3HauuT OH He nepefaeTcsa Yyepes MecTo nospexaeHus. MNo-
3TOMYy 3anac no 3aTyxaHulo KaHana MoXeT OblTb MeHblwuMm (12-18 06). Bce nepepaTyvku u
NPUEMHUKN NOACOEAUHATCA K OAHOMY KaHany. AHanor Takon 3awmtel B CHI — 3awwmta ¢ BY
6nokmpoekown, Hanpuvep: MN02-2802.

Takne BO3MOXHOCTU NPeAoCTaBnsieT AUCTaHLMOHHAsA 3awmuTa Nnobon 13 nepedncrneHHblx pupm,
COBMECTHO C KOTOPOW MOXHO MPUMEHUTb KPOME MPOBOAHOrO (OMTOBOSIOKOHHOrO) kaHana BY
annapatypy, npumensiemyto B CHI™: BY noctel B3 n annapatypy AKIA.

7.5. QOUODPEPEHUMWANBHLIE 3ALLUTbI TIUHUNA
OobLwue cBegeHus

[na obecrneyeHns GbICTPOAENACTBYIOLEN 3aLLUMTLI MO BCEM ANMUHE NIMHUU LUMPOKO MPUMEHSIOTCS
andpepeHumanbHble 3awwmTbl. Kak yxe roBopunochk, 3o0Ha 4enCTBUS udi3allnTbl pacrnonoxeHa
Mexay TpaHcdopmaTopaMu Toka, BXOAALWMMKU B cxemy And3awmTbl. OOblYHbIA NPUHLMN: CO-
eanHeHne TpaHcdopMaTopoB ToKa NPOBOAAMU C BKIKOYEHWEM OOHOMO perne Ha CyMMy TOKOB He
roguTcs TaK Kak gnvMHa fiMHUK, a CrnefoBaTeNibHO M pacCToaHMe Mexay TpaHcdopMaTopamm To-
Ka odeHb 6onblioe. MoaToMy NpMMeHeHne NPOBOAOB PacCUYNTAHHbBIX HA MOSHbIA BTOPUYHBIN TOK
K3 He roguTcst kak no cooOpaXeHWsSIM BbICOKOW CTOMMOCTM, Tak M GOnbLIOro CONPOTUBNEHUS
NpOBOAOB, MPMBOASALLEIO K BOMbLLIOK NOrpeLHOCTM TpaHcopmaTopoB Toka. Ecnu ncnone3yetcs
OAHO pene and3alunTsl, TO HE06XO0OUMO OpraHN3oBaTb OTKMNIOYEHWE NPOTMBOMONOXHOIO KOoHUA,
a 9To ONATb ANMHHBIN Kabenb NS nepeAayun OTKMYaoLWero umnynbca.
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[ns Toro, 4toGbl M3bexaTb ykasaHHbIX HEOOCTaTKOB MPUMEHSAIOTCA 2 unu 6onee YCTPOMCTB C
Ka)KOoro KOHLA NIMHUM  CBSI3aHHbIX Mexay coboli kaHanom cessu. o kaHany cBsiau He npedaeT-
CA HenocpeacTBEHHO TOK KOPOTKOro 3amblkaHus, a MHOpMaLmMsa O BenuymHe 1 ase Toka Ko-
POTKOro 3aMbIKaHWUs UMK TONMbKO O dpase Toka C MPOTMBOMONOXHOW CTOPOHbI NUHUKU. [Na cBA3U
MeXay KOHLLaMM MOXET UCMOoNb30BaTbCs NPOBOAHOM, ONTOBOMOKOHHbIN, MYbTUMNNEKCOPHbIN NN
BbICOKOYaCTOTHbIN KaHan cBA3W. [Nna KaXaoro u3 Takux KaHanoB paspaboTaHbl cneuuarnbHble
BUAbI 3aLLUMUTHI.

7.5.1. QudcddepeHumanbHana 3awmTa ¢ NPOBOAHLIM KaHaromMm CBA3U

B Hawewn aHepreTuke WKMPOKO NPUMEHSAETCS NpoAosibHas audpdpepeHumanbHaa 3awmuTta tuna
A311.

Puc. 7.28. O6WwWmin npuHUMN BbINOSIHEHMS NPOAONbHON And3aLLMThbI
TNIUHUM.

C kaxgow CTOPOHbI NIMHUK yCTaHaBMNMBaETCH OTAEMbHbIN MOMYKOMMNMEKT 3awmThl. TpaHcdopma-
TOpbl TOKa C 00enx CTOPOH AOIMKHbI UMETb OOMHAKOBbLIA KO3hduruneHT TpaHcdopmaumn. Ecnn
OHM OTNIMYAOTCS, TO BTOPUYHBIE TOKM BbIPABHMBAKTCS C MOMOLLbIO MPOMEXYTOUHbIX TpaHCdop-
MaTopoB Toka. Pene ¢ 2 CTOPOH CoeanHATCA No TOKYy napannensHo. Ecnu npegnonoxuTb, 4To
COMpPOTUBIEHNE COEANHUTENbHBIX NPOBOAOB MeXAY MOSyKOMMSekTaMun npeHebpexnmo mano, a
caMK MOSyKOMIMSIEKTbl MMET OOUHAKOBOE COMPOTMBIIEHME, TO MO KaXKAOMY W3 HUX MpOTEKaeT
nonoBmHa Toka. Hanuune conpoTMBReHns coeqMHUTENBbHbIX MPOBOAOB MPUBOAMUT K TOMY, YTO Ha
yAaneHHbIN KOMMNMEKT NonagaeT MeHbLUAs YacTb TOKa, a B CBOW - 6onblias. 3To NpuBoguT K no-
SIBMTEHUIO TOKY HebarnaHca, OT KOTOPOro AOSMKHA OblTb OTCTpOEHa 3awmTta npy BHewHux K3. Tok
HebanaHca 3aBNCUT OT COOTHOLLUEHNSA MEXAOY CONPOTUBIIEHNEM peNne U COeaMHUTENBbHbLIX MPOBO-
noB. [Mo3ToMy AnvHa 1 ceveHne 3TUX NPOBOAOB OrpaHUYMBaET ANUHY NMUHUKN, HA KOTOPON MOXeT
ObITb NPUMeEHeHa 3almTa. [ng yMeHbLUEHUST BNUSHUS 3TUX NpoBoaoB B 3awmTte O3J1 ncnonbay-
I0TCA pasgenunTesibHble TpaHcdopmaTopbl ¢ KOIMMULMEHTOM TpaHcdopMaLmMn paBHbIM 25, CM.
puc. 7.29, tpaHcdopmartopbl TAL. COOTBETCTBEHHO COMPOTMBREHME MPOBOLOB YMEHbLUAETCS B
625 pa3. [JonycTumas BenuunHa CoOnpoTUBMEHUS COeANHUTENBbHbBIX MPOBOAOB AN1S 9TOM 3aluu-
Tbl paBHa 300 OM, 4TO NO3BOMSIET UCMOMNBb30BaTb 3aALUMTY HA NUHUAX AnuHon 10-12 kM npu umc-
Nonb30BaHWUK kabensi cBs3u ¢ cedeHnem xmn 0.5-0.75Mm? . OBbIYHO NCNONb3YTCA OTAESNbHbIE
Xunbl B obwem kabene ¢ ApyrMMmu 3awmMtamMmu, KaHanamu CBA3v U TeneMexHuku. [Ans ymeHblue-
HUS BITMSIHUS MEXOY KaHanamu a Takke BNnaHus Toka K3 npoTtekatowero no nnHUM anekTpone-
pegayn, BOONb KOTOPOW MponoxeH kabenb, o6e Xunbl OMKHbI OblTb CKpyYeHbl OTAENbBHO (BU-
Tasa napa).

Puc. 7.29. CtpykTypHasi cxema
o " "]' T K saujume npoaonbHoW AnddepeHumansHoMn
E‘

T TOKOBOW 3aLUMTbI NUHWUIA (a) 1 yn-
=ty = poLLiEHHasA cxemMa KOHTPOrsa uc-
3::5.1__ ,.||.L_ NPaBHOCTW BCMOMOraTeNbHbIX
¢! nposoos (6).
MpenycmaTpuBatoTca asa and-
= o depeHumnanbHbIX pene Toka ¢
Q{E a: o TopmoxeHnem KAW n KAW" (pa-
= AL B6oune 0OMOTKM KOTOPbIX BKMOYa-
I0TCA napannenbHo Apyr Apyry),

ah‘ 1
_E_I"_ c) (l, L 8) Nno OQHOMY Ha Kakgon noacraH-
uuun. Yepes BbIXogHbIE NPOMEXKY-

TOYHbIE pene OHN OENCTBYIOT Ha OTKITIOYEHNE COOTBETCTBEHHO BbikMoYaTenen Q' n Q.
MpomexyTouHble TpaHcdopmaTopbl TAUT BbINOMHAKTCSA HACHILLAOLWNMUCS. DTO HE TONbKO
obecneyvBaeT ganbHenwee CHKeHNe Harpysku Ha TA, HO npu rny6oKOM HacbILEeHUN
TALT npeBpallaeT 3aWwmTy B CpaBHMBAIOLLYO HE MTHOBEHHbIE TOKW, a UX-hasbl.
MoBpexaeHve BcnomoraTernbHbIX MPOBOAOB MOXET NPUBOAUTbL K OTKaszaM Unv U3NULWHUM cpa-
OaTbiBaHNAM 3awwmnThl. [NoaToMy OHa cHabkaeTcs cneumanbHbIM KOHTPOMEM UCMPaBHOCTM BCMO-
MoraTtesnbHbIX NPOBOAOB. K yCTPOMCTBY KOHTPOMS, aBTOMATUYECKN BbIBOASLLEMY 3awmnTy 6e3
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BbIOEPXKM BPEMEHN, NPEeAbABNASITCA O4EHb XecTkme TpeboBaHns no GeicTpoaencTauio. Mpu
paboTe yCTpOWCTBA Ha curHan npuxoautcsa Bblbnpartb /c3>/pab, uTto 3arpybnseT sawuTy. YcT-
PONCTBaA KOHTPONSA NUCNOSb3yeT HaNoXeHne NOCTOAHHOrO ToKka OT NOCTOPOHHEro UCTOYHUKA TOKa.
Ha puc. 7.29.6 npmBeaeHa ynpoLleHHasi cxema yCcTponcTBa KOHTponsi. Cxema BbINOSIHEHA C
LUMpKynsiumMen NoCTOAHHOIo ToKa No BCroMoraTesnbHbIM NpoBogam nNpu Ux NCrNpaBHOM CO-
CTOsIHMK. BTOpnyHbIE 06MOTKM TAL BbINOMHAITCA B BUAE ABYX CEKLMWA, COEQUHEHHbIX pa3genu-
TenbHbIM KoHAeHcaTopom C'1C"), npeacraensaowmm cobon 6eckoHe4HO BonbLioe conpoTuBIe-
HWe AN NOCTOSAHHOIo U Maroe Ans nepeMeHHoro Toka. K 3axumam koHgeHcatopa C npucoegu-
HAETCA UCTOYHUK BbINPAMITEHHOrO TOKa, NonyyamLwmnn nutaHne ot nameputeribHoro TH. MuHu-
MarnbHble BbICTpoAenCTBYOWME pene Toka KoHTpona KA' n KA" BknrovatoTca nocrnegoBatensHO
B LeNb UMPKYNSLMN TOKa COOTBETCTBEHHO CO CTOPOHbI MICTOYHUKA MUTAHWUS U NPUEMHOW CTOPO-
Hbl. 3aMblKaloLmMe KOHTaKTbl 3TUX perie KOHTPONMPYHOT Lenu BbIXOOHbIX perne 3auThbl.

Mpwn obpbiBE BCoMoraTenbHbIX MPOBOAOB perne koHTponsa KA cpabaTbiBaloT, BbIBOOAT 3aLUUTY
13 paboTbl 1 AEUCTBYIOT Ha curHan.lpu 3amblkaHUM Mexay BCnomoraTenbHbIMWU MPpoBOAaAMM
cpabartbiBaeT TONLKO pene KOHTPond ¢ npuemMHon ctopoHbl KA". [1ns npegoTepalleHns BoiBeae-
HUA 3amThl M3 paboThl Npu K3 Ha 3alumaemMon NMHUK, Korga HanpshkeHne nutaHnst yCTPoncT-
Ba KOHTPOMNS MOXeT CHUXaTbCs A0 Hyns, npegycMaTtpuBaeTcs noanuTka B TedyeHne 1—3c pene
KA ot koHgeHcaTtopa C.

[nsa cokpalleHus ymcna »xun BcnomoraTenbHbIX NpoBOAoB (40 ABYX), obecneveHnst GonbLuen
YYBCTBUTEIbHOCTU MPU HECUMMETPUYHbIX K3, ynpoLleHns 3awmThbl B LLIENIOM OHa BbINOSHAETCA
OAHOCUCTEMHOW, BKITIOYAEMON Yepe3 KOMOMHMpPOBaHHbIE unbTpbl Toka ZA' n ZA". Jlyvywmnmm
cuuTatotes punbTpbl 11+kl2, KoaddunumeHT k He MmoxeT BbIOMpaThCsl paBHbIM €AMHULE, TaK Kak
B criyyae, Hanpumep, K(2)Bc B 3alumLLaemMon 30He 1 MapknpoBke dunbTpa Ha dhasy A Kak «0co-
Byto» TOK Ha ero Bbixoge paBHsancs 6bl Hynto +kI2 (1= -12). KoadduuneHT k BoibrpaeTca Takum
o0pa3om, 4YToObl NpK HECMMMETPUYHBIX K3 B 3aLliMwaeMon 30He cobroganock coOoTHoWeHne k
12> 11. MNMpwn aTom obecneuvnBaeTcs npeobnagaroLlee 3Ha4YeHNE TOKOB /2, KOTOpbIE BCErga nmerT
NPMMEpPHO OAUHAKOBbIE C 00enx CTOPOH yyacTka dasbl. KoadduumneHT k xxenatenbHo Bbibupatb
A0CTaTo4HO BonbLMM. MpakTUyYeckn ansa NpUMMeEHAeMbIX KOHCTPYKUMIA (OUNbTPOB 3Ha4YeHne k
orpaHuymsatoT BennumHon 8—10. B ceTsx ¢ N30nMpoBaHHON HENUTPanbio, UMerLWmMX AByxdas-
HOe MCMOosTHeHne 3awmT, punbTpbl Ha Tokn ABYX a3 (/1 n C) n Tok B obpaTHOM npoBoae.

7.5.2. MukponpoueccopHasa aucpdepeHumanbHas 3awmTa JIMHAM C ONTOBOJIOKOHHbLIM Ka-
HariomMm CBAi3n

3a pyGG)KOM LLNPOKOE NMpnMeHeHne HaxoaAaAT MUKPOMNpOLLECCOPHbIE 3allTbl C ONTOBOJIOKOHHBbIMU KaHana-
Mu cBsasn. K Hum otHocatesa L90 dompmbl GE, P540 - ALSTOM, 7SD522 n 610 SIEMENS, REL561 ABB.
Bce atn 3awnTbl MOTyT paGOTaTb no NpoBOAHOMY KaHasy, O4HaKO AJIMHa Kabens orpaHun4yeHa paccTtoAaHun-
€M B €MHNUbI KNJIOMETPOB, N0 MYJbTUMJIEKCOPHOMY KaHany (B COCTaB KaHana BXoauT AONOJIHUTelbHaA
annapaTtypa npeobpasoBaHus curHana). lMpu UCMNoSib30BaHUM OMTOBOSIOKOHHbLIX KaHanoB, AnvHa Ka-
0ens, a 3Hau4uT U 3alULLAEMON NMHMKM MOXeT ObiTb 6onee 100km 6e3 NpuMeHeHus AONOSHU-
TenbHOW annapaTtypbl.

CurHan no kaHany nepegaetcs B LMcpoBOM BuAae, NpuYem Tok nepeaaeTcs nogasHo, ¢ coxpa-
HeHVeM BenuuuHbl 1 asbl Toka. Mo 3ToMy e KaHany nepegaeTcsl kKOMaHaa OTKMYEHUS Bbl-
KnroyaTens ¢ NPOTUBOMOSIOXHON CTOPOHbI. B Kaxayto CTOPOHY A0MKeH ObiTb BbINOMHEH OTAEMb-
HbIA KaHan, ons nepegayv U npyema curHana. O6bI4HO MOXKET ObiTb NOAKIIOYEHO A0 2X nap on-
TOBOJSIOKOHHbIX KaHaroB. BTopol kaHanm moxeT OblTb pe3epBHbIM NGO Mcnonb3oBaThCs AN
NOOKMIYEHMS TPETLErO KOMMMEKTa 3aluThbl ANS TPEXKOHLEBOW NUHUN. HekoTopble TUMbl 3aLum-
Tbl MOTYT NMPUMEHSTLCS U AN 6 KOHUEBOW JIMHUMN.

3awmTbl cHabXxarTcsa aBTOMATU4YECKOW ONOKMPOBKOW ANt NpeaoTBpaLLEeHUsT JIOXKHOW paboThl
npv NoTepe CBA3W Mexay nonykomnnekramu. Kpome camow 3almTbl B KOMMNNEKT BXOASAT AOMNOM-
HUTENbHbIE 3aLUUTbl: TOKOBblE HaMpaBfieHHblE M HeHanpaBfieHblble, OUCTAHUUOHHBLIE, MOXET
ObITb BLINOJTHEHO NodasHoe n TpexdasHoe oTkoveHne n AlB.

[na npumepa paccmoTtpum 6onee nogpobHo 3awmTty L90 dmpmbl GE.

OcHoBHOM dyHKUMEN 3awmnThl aBnseTca anddepeHumansHas 3awmra NMHUK ¢ nepegaden cur-
Hana no onToBOJSIOKHY unu BuTon nape (RS422 unu G.703). 3awuTta uMeeT HenpepbIBHBLIN KOH-
TPOnb UCMpPaBHOCTM KaHana cBsa3n. Ha puc. 7.30 nokaszaHO NOOKIOYEHMNE KaHaoB CBA3N.
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TpeXKOHLI,eBaﬂ cxXema noaknt4vyeHna TepMmmnHanos.

Puc. 7.30. Cxema nogksitoyeHns ONTOBOMOKOHHbIX kKabenen npu 2 n 3 KOHLEBOW CXEME FIHUM.

,D,OI'IyCTI/IMaFI ANHa  OMNTOBOJIOKOHHOrO Kabens
3aBUCUT OT €ro Tmna n Tuna mnany4vyartena Cm. Tab-

Typical (km)

niuy: 820 nm LED 1.65
Honyctnmas AnuHa npoBOAHOrO KaHana C WH L s e
N ) 1300 nm ELED 114
Tepdencom RS-422 1200m. 1200 nm LASER 640
1550 nm LASER 105.0

B Tom e kaHane npoxoauT KoMaHaa AMCTaHLUM-
OHHOTO OTKITHOYEHMS MPOTUBOMOMOXHOIO KOHLA.

Mpy HaNUuUMM oTNaMKM Ha NUHUK Be3 NUTaHMs, NPUMEHSTb NOSTYKOMMIEKT Ha oTnarike He 0bs3a-
TenbHO, MOXHO oTCcTpouTcst oT K3 3a oTnankor no TOKy Uin BbINOMHUTL BNOKMPOBKY BXOAALLMM
COCTaB yCTPOWCTBa AUCTAHUMOHHBIM OpPraHoOM, Tak e OTCTPOeHHbIM OT K3 Ha LMHax HM3KOoro
HanpsbkeHns oTnanku. MNMoHATHO, Y4TO, B 3TOM cnydae, gud3awmta nuHum byaet paboTtaTb npwu
K3 B TpaHctopmaTtope oTnamku. Ecnv aTo HegonycTUMO, NpuAeTcs yCTaHaBNMBaTb MONMYKOM-
NIEeKT Ha OTnanke 1 NPoKnaabiBaTb TyAa ONTOBONIOKOHHbIE Kabenu oT 2 ApYyrnx KOHLO0B.

3awmTa npegycmartpmBaeT TpexdasHoe n ogHodasHoe oTknoveHue n AlB.
OundhpepeHumnanbHas 3awmTa MMeeT TOPMO3HYHO XapaKTEPUCTUKY M300paXkeHHyto Ha puc. 7.31.
OuddpepeHumnansHas xapakTepuctuka B OCHOBHOM onpefensieTcd 4yeTblpbMs ycTaBkamu: CUR-
RENT DIFF PICKUP, CURRENT DIFF RESTRAINT 1, CURRENT DIFF RESTRAINT 2 u CURRENT
DIFF BREAK PT (Touka wuanoma kpuBon). 310 o03HadaeT cootBeTctBeHHO: HAYAJIbHbIA TOK
CPABATbIBAHUA, KO3®®UUMEHT TOPMOXEHMA HA 1 YYACTKE, KOJ®®ULUMEHT
TOPMOXEHUA HA 2 YHACTKE, TOYKA MU3JNIOMA XAPAKTEPUCTUKU (TOYKA MEPEXOOA C 1
TOPMO3HOIO YHACTKA HA BTOPOW).

Capsaraiing Curmsnd

CURRENT
DIFF PICKUP 3

CURRENT DIFF
RESTRAINT 1

)

Ot g Todel

CURRENT DIFF
RESTRAINT 2

)

CURRENT

DV‘
BREAK PT

Faairadni Cosraed

Puc. 7.31. TopMmo3Hasa xapakrepu-
CTUKa anddepeHumnanbHon 3alum-
Tbl ycTponcTtea L90.



®upma M3rotToBUTENDb PEKOMEHAYET CreayoLMe YCTaBku ANs 3TON 3aWuThbl:
1.YCTABKA CURRENT DIFF PICKUP

OTa ycTaBKka yCTaHaBnMBaeT YyBCTBUTENbHOCTb anemMeHTa K K3 ¢ BbICOKUM MOMHbIM CONPOTUB-
neHeM, 1 No3TOMY XenaTenbHO BblOUpaTb HU3KUA YPOBEHb, HO 3TO MOXET BbI3BaTb MOXHYIO
paboTy npu BHeLWwHMX K3, BbidbiBatoWwmnx HackiweHne TT. Ha BblGop aTOM yCTaBku BAUSIET peLue-
HMe Ucnonb3oBaTh KOMMEHCAUUIO 3apagHOro Toka. Ecnu komneHcauma sapaaHoro Toka BeegeHa
(Enabled), To cpabaTbiBaHWe crnegyeT yCTaHOBUTb HA MUHUMYM 150% 3apsagHOro Toka NMMHUKM B
yCTaHOBMBLUEMCS pexuMme npu HwkHem npegene 10% oT HoMuHanbHoro Toka TT. Ecnv komnew-
cauma 3apsigHoro Toka BeiBegeHa (Disabled), To cpabaTbiBaHve cregyeT yCTaHOBUTbL Ha MUHMK-
MyMm 250% 3apsgHOro Toka fMMHUMKM B YCTAHOBUBLUEMCS pexume npu HuxHeM npegene 10% ot
HOMMHarnbHOro Toka TT.

Ecnn TT Ha ogHOM TepMuHane MOXeT ObITb HacblweH, korga TT Ha gpyrnx TepMuHanax He Ha-
CblLLEH, 3Ty YCTaBKy crnegyeT NoBbICUTb Ha NpubnuauntensHo ot 20 go 50% (B 3aBMcMMoCTH OT
TOro, Kak CunbHO HacbiweH oamH TT, korga gpyrme TT He HacbllweHbl) OT HOMMHana TT gns
npenoTBpalleHns padoTtbl Npu 6nmn3knx BHewHMxX K3

2. YCTABKA CURRENT DIFF RESTRAINT 1

OTa ycTaBka ynpaBnsieT XapaKTepUCTUKOW dfeMeHTa, Korda TOK HWXKe TOYKM M3fnoma, rae He
OXMOAKTCA 3Ha4uTeNbHble norpewHocT TT 1 9BneHnsa HacblweHus. YcTaBka UCnonb3yeTcs
ana obecneyvyeHns YyBCTBUTEMNBHOCTU K BHYTPEHHUM K.3 C BbICOKAM MOMHbBIM COMPOTUBIIEHMEM,
UInn Korga KoHdurypauust cuctembl orpaHmumBaeTt Tok K3 0o HU3Knx 3HaveHui. [Npuemnemon B
bonblwnHCTBE cnyvaeB sBnsdetcsa yctaeBka oT 10 go 20%, HO oHa MoXeT ObiTb NoBbIEHA [0
30%, ecnn TT moryT paboTtaTb coBepLUeHHO nHaye npu K3

3. YCTABKA CURRENT DIFF RESTRAINT 2

OTa ycTtaBka ynpaBnsieT XxapakTepUCTUKON 3MeMeHTa, Korga TOK Bbllle TOYKM M3NoMa, rae OXu-
AaloTCs 3HaYMTeNbHble norpelwHocTM TT N sBNEeHUs HacblleHus. YcTaBka mMcnonb3yeTcs ans
obecneYyeHnst HaaeXHOCTU Npu BHelWHNX K3 ¢ 6onblwmnmm Tokamu. MNMpruemnemon B 60MnbLLINHCTBE
cny4yaeB aBnsieTcd ycrtaBska oT 30 go 40%, HO oHa MOXeT GbITb noBbiweHa Ao 50%, ecnn TT mo-
ryt paboTtaTtb coBepLUeHHO nHade npu K3

Mpumevarne: yctaskm RESTRAINT 1 1 RESTRAINT 2 Ha ogHOM ypoBHe npespallatoT TopMO3-
HYI0 XapaKTEPUCTUKY C ABYMS HAKNOHaMU B TOPMO3HYIO XapakTepPUCTUKY C OOHUM HaKITOHOM.

4. YCTABKA CURRENT DIFF BREAK PT

OTa ycTaBka ynpaBngdeT noporomM, npu KOTOPOM pesie 3aMmeHsieT UCNOoSb30BaHWe XapaKTepucTu-
kn Restraint 1 Ha Restraint 2, n apnsetca o4eHb BakHOW. MOXHO paccMoOTpeTh ABa MeToAa

YcraBka oT 150 go 200% makcMmanbHOro Toka Harpy3kv AvHUW Mpu OONYLLEHWUU, YTO TOK
BblLLIE 3TOro YpoBHs — 370 K3

YcTaBKka HMXe YPOBHS TOKa, MPM KOTOPOM MOTYT OXuMAaTbCa HacbiweHne TT u napasuTHble
AnddepeHumnanbHblie TOKN NepexogHbIX NMpoLeccos.

ﬂepBbuZ mMeToa AaeT CpaBHUTETNBbHO 6OJ'IbLLIyPO HaOeXXHOCTb U MeHbLUYK YyBCTBUTENbHOCTb, BTO-
p017| — MEHbLUYO HaAEeXXHOCTb MNMpu bonbluen YyBCTBUTEJIbHOCTU.

3awmTa no3BonsieT BblpaBHMBATb pasnuyHbie koadduumeHTbl TpaHchopmauumn TpaHcdopma-
TOPOB NO KOHLAM NIMHUK. [N 9TOro BTOPUYHBLIV TOK, MOCTYNaKLWNA OT AanbHEro KoMmnsiekra ym-
HOXaeTCs Ha OTHOLLUEHWe MepBUYHbBIX TOKOB TpaHCOpMaTopoB TOKa U BBOAUTCS B KaxAbli MO-
NYKOMMAEKT B BUAE YCTaBKMW.

Ecnn koadpduumeHTol TpaHchopmauun TT Ha TepMUHaNax MMHUN HEOAUHAKOBLI, TO Heobxoaun-
Mo mncnonb3oBatb ycTaBky CURRENT DIFF CT TAP 1(2) ana npuseaenunsa KTt k obwen 6ase. B
3TOM cry4ae nonb3oBaTenb gormkeH u3aMeHutb yctaBky CURRENT DIFF BREAK PT wu
CURRENT DIFF PICKUP, noToMy 4YTO fOKanbHbIN BEKTOP TOKa UCMOMb3YEeTCH Kak ONMOpHbIA 4115
onpegeneHns Toro, kakoe auddepeHumnanbsHoe ypaBHEHNE HEOBXOANMMO UCMOMb30BaTb, Ha OC-
HOBaHMM 3HAYEHUN NnokKanbHOro M yaaneHHoro TokoB. Ecnn ycTtaBka He U3MeHeHa, peakumm oT-
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AenbHbIX pene, ocobeHHo npu BHeWwHux K3, moryT ObiTb HECUMMETPUYHBLIMU, MOCKOSIbKY OAHO
pene MoXeT ObITb HMXE TOYKM M3FIOMa, a APYroe — Bbile To4Ykn uanoma. CyliecTByeT gBa Me-
ToAa n3bexxaHust 3ToM NoTeHUnansHoOM Npodnemsbi:

I. YcraHoBute RESTRAINT 1 n RESTRAINT 2 Ha oguH 1 TOT Xe ypoBeHb (ckaxeMm, 40% wnn
50%). 3T0 NpeBpaTUT XapakTepPUCTUKY pene 13 ABYXHAKNOHHON B OOHOHAKMOHHYI0, U TOYKa U3-
noma He byageTt nmeTb 3HaveHus. 3aTeM OTperynupymTte yctaeky anddepeHumansHoro cpaba-
TbIBAHUSA Ha BCEX TepPMUHaNax B COOTBETCTBUU C koddduumeHTamm TpaHcopmaumm TT, OTHO-
cs )Xenaemoe cpabaTtbiBaHME K NEPBUYHOMY TOKY JIMHMM (CM. MPUMEP HUXE).

[I. YcTaHoBUTE TOYKM N3MNOMa Ha KaXKOoOM perne oTAenbHO B COOTBETCTBUM C NOKanbHbIMU KO3(-
duumeHtamm TpaHcpopmauum TT n yctaskon CT TAP. 3atem oTperynupynte yctaBky audde-
peHuManbHOro cpabaTbiBaHWsi Ha BCEX TepMuHanax B COOTBETCTBUM C KO3 puUMEHTaMU
TpaHchopmauum TT TepmuHana. 3HadYeHMe HaknoHa [OMKHO ObiTb WOEHTUYHO Ha BCeX
TepMunHanax.

Hanpumep 2-TepMuHanbsHas KoHpurypauus:
CT PEJIE1 = 1000/5 CT PEJIE2 = 2000/5
CnepoBaTenbHo:

CT TAP 1PEINE1 = 2 CT TAP 1PEJNIE2 = 0,5.

[Ons 0oCTMXeHns mMakcumanbHon anddepeHunansHON YyBCTBUTENBHOCTU, MUHUMArbHOE cpa-
OaTbiBaHWEe ycTaHaBnuBaeTcs Ha 0,2 0.e. HA TEpMUHArE C HaMBbICLUMM NEPBUYHbIM TOKOM TT, B
atom cnyyae 2000:5. CpabaTbiBaHMe Ha ApYrnX TepMUHanax perynupyeTcst COOTBETCTBEHHO.

PICKUP PEJIE1 = 0,4 PICKUP PEJIE2 = 0,2

Mpwn BbIGOpe PEJIE1 3a onopHoe ¢ Toukon nsnoma BREAK PT PEJIE1 = 5,0, Touyka nsnoma Ha
PENEZ2 pomkHa 6biTb BbibpaHa kak BREAK PTPEJIE2 = BREAK PT PEJIE1 x CT PEJIE1 / CT
PEJIE2 = 2,5. lNpocTa npoBepka 3TOro Takosa:

BREAK PT PEJIE1 x CT PEJIE1 gomkHo 6biTb paBHo BREAK PTPEJIE 2 x CTPEJIE 2. Mo cy-
LecTBy,

BREAK PT PEJIE1 = 5.0 BREAK PT PEJIE2 = 2,5
7.5.3. AuddepeHumansbHo-has3Has BbICOKOYACTOTHaA 3awmTa

Ha nuHuax B kayecTBe ObICTPOAEWCTBYIOWMX 3almT, obecrneumBatomx OTKNoYeHne 6e3 3a-
MeaSIeHNsi MOBPEXAEHUI Ha BCEM MPOTSXKEHUN NIMHUN CKOJbKO HU Byab GOMbLUIOW NPOTSKEHHO-
CTW , UCMNONb3YITCA BbICOKOYACTOTHbIE 3awmTbl. B 31X 3awmrtax obmeH mHbopmaumnen mexay
KOMMNMeKTaMu, YCTaHOBMEHHbIMW MO KOHLUAM 3alyuliaeMolr NUHUN, OCYLLEeCTBNSIETCS C MOMO-
LLIbHO OPraHN30BaHHOIO MO Hel crneLmanbHOro BbICOKOYacTOTHOIO KaHana.

Ha puc. 7.32 nokasaHa cxemMa opraHu3auuy BbICOKOYACTOTHOrO KaHara no fiMHUKU 3NeKTpo-
nepegayn. Tok BbICOKOW 4acTOThbl B 3TOM CXeMe nepefaeTcd no ogHon ns das nnHuM u Bo3Bpa-
LaeTcs Yepes 3emno. Ha Kaxgom KOHLUe NUHUM yCTaHaBnMBaeTCs BbICOKOYACTOTHBIN annapaT
(BYA) /, cocToailumi n3 nepepartymka (reHepaTtopa) CUrHamnoB BbICOKOW YacToTbl BY n npuHm-
MatoLlero ux npuemHuka NBY. BeixogHble uenv BYA noakntodaloTca OgHMM 3aKMMOM K 3eMIie,
a BTOpPbIM — K JIMHUWM 3fiekTpornepedayun yepes kabenb 2, GunbTp NpucoeanHeHns 3 n KoH-
AeHcaTop cBA3N 4.

ConpoTuBneHne koHaeHcaTopa CBA3N, Yepe3 KoTopbli BYA noaknoyaeTcs K IMHUKM anekTpone-
pedayun, 3aBUCUT OT YacTOTbl NPOXOAALLEro Yepes Hero Toka. [1ns TOKOB NPOMBbILLIIEHHOW YacTo-
Tl 50 'y oHO Benuko (6ornbwe 1 MOM) 1 NO3TOMY TOK YTeYku Becbma Mar. [1pu BbICOKUX YacTo-
Tax (6onbwmx 10 kl4) conpoTuBNeHMe KoHOAeHcaTopa pe3ko ymeHbllaeTcda. B pesynbTate ToK
BbICOKOW 4YacTOTbl, NPOXOAALLMI NO NUHWUK dneKkTponepeaayn, byaeTt oTBETBNATLCS B KOHAEHCATOP U
Aanblue Yyepes punbTp NpUcoeanmHeHns npoxoautb B BYA.
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Ana Toro 4TtoObl TOKM BbICOKOM 4aCTOTbl HE BbIXOAMMM 3a NpeAenbl 3aluwaeMon fMHUK, No
KOHLaM ee ycTaHaBNMBalTCA crneuunanbHble 3arpagutenu 5. 3arpaguTtens npeacrasnseT cobon
PE30HaAHCHbIN KOHTYP COCTOSILLUUK N3 CUITOBOM MHAYKTUBHOW KaTyLWKM L WU anemMeHTa HaCcTPOWKK
(perynupyemon emkoctn Cy). 3HaveHne emkoctn C, noabupaetcs Tak, 4Tobbl KOHTYp 3arpagu-
Tens Obll HACTPOEH B pe30HaHC (TOKa) Ha 4acToTy HacTpoliku BYA. Takon 3arpagurtenb Hasbl-
BaeTCs Pe30HaHCHbIM, UMY O4HOYACTOTHbIM. [1py pe3oHaHCHOW YacToTe COMPOTUBMEHME KOHTY-
pa umeeT MakcumarnbHOe 3HayeHwe, Grnarogapsa Yemy npenoTBpallaeTcs pacTekaHue Toka Bbl-
COKOW 4acTOTbl; COMPOTUBIEHUE 3arpaguTens AOMMKHO ObiTb He MeHble 1000 Om. [ns 3awwmThbl
koHaeHcaTopa Cy OT rpo30BbIX U KOMMYTaLMOHHbIX NepeHanps>KeHnn npegycmaTpmuBaeTcs pas-
psagHuk FV.

Kpome pe3oHaHCHbIX MPUMEHSIIOTCS U LUMPOKOMOSOCHbIE 3arpaantenu, 3anupatolimne Tok1M B
AOBOJIbHO LUMPOKOM [Mana3oHe 4acToT; TakMe 3arpaguTtenu HyXXHbl AN KaHanoBs, Mo KOTOpbIM
nepenaeTcst HECKOMbKO CUrHaroB C pa3HbIMK YacToTaMu. B kayecTBe BbICOKOYACTOTHOrO Kabens
2 UCMNONb3yeTCs BbICOKOYACTOTHbIN kabenb Tnna Kb, BXogHOE conpoTMBIEHME KOTOPOro 6nms-
ko k 100 Om.

C nomowpbo unbTpa NpUcoegMHEHNs COornacoBbiBaeTcHa (ypaBHMBAETCS1) BXOLHOE COMpo-
TUBMNEHME BbICOKOYACTOTHOIO kabena n nuHuu. PunbTp npucoeanHeHns obpasyeT 3aMKHYTbIV
KOHTYp ANS TOKOB BbICOKOM YAaCTOTbl U KOMMNEHCUPYET EMKOCTb KOHAEHCaTopa CBSA3W, YTO NO3BO-
ngeT yMEHbWNTb A0 MUHMMYyMa COMPOTMBIIEHME KOHAEHCATopa ANt TOKOB BbLICOKOM 4acTOoThl.
dunbTp NpucoeamMHeHUs npeactasnseT cobon BO3QyLUHbLIN TpaHcopMaTop € oTnankamu, no-
3BONALWUMMN MEHATb CAMOMHAYKLUMIO €ero 0OMOTOK M B3aUMHYHK MHAYKTUBHOCTb Mexay Humu. B
uenn obmoTkm L7 BKNtoveH KoHaeHcatop cessn C1, a B uenu obmoTkm L2 — KoHAEeHcaTop
dunbTpa C2. dunbTp NpUcoeanHeHns cBO6OAHO NMponycKaeT TOKN TONMbKO B ONpeaeneHHOM pa-
6oyem ananasoHe 4acToT. [pn 3TUX YacToTax 3aTtyxaHne ounbTpa OTHOCUMTENBHO Mano (nopsa-
ka 0,15-0,25 Hn), a 3a npegenamu pabo4ymx 4actoT pe3ko Bo3pacTaeT. [NapannensHo obmoTke
L1 cdomnbTpa nogkntoveH paspsgHuk FV, koTopbin cpabaTbiBaeT Npy NepeHanpsbKeHnsIX, 3akopa-
ymBas BXo[ NpuemMHuka.
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Puc. 7.33. CTpykTypHas cxeMma auddepeHumnansHo-gasHoN 3alnTol.

MpuHuMn gencteuns sawmTtbl. AnddepeHumnansHo-dasHasa BeicokodacToTHas 3awmTta (4P3) oc-
HOBaHa Ha CpaBHEHMM (ba3 TOKOB MO KOHLIAM 3almLiaemMon nmHun. Cuntasa nonoxmTenbHbIMM
TOKW, HanpaBfeHHbIEe OT LWMH B JINHWIO, MOXHO CKa3aTb, YTO Npu BHewHeM K3 TOokM Ha NpoTuBO-
MONOXHbIX CTOPOHAaxX cABMHYTLI Ha 180° (MMeT NPOTMBOMNONIOXHLIE 3HAKK), a Npu K3 B 30He —
coBnagatoT. [locnegHee yTBepXxaeHne cnpaseinvBo, ecnu npeHebpeyb caABUIrom no dase Mex-
Ay Bektopamun 3 C no KoHuam anekTponepeaayn 1 pasnmyimem yriioB NosiHbIX CONPOTUBIEHNUI C
MPOTUBOMOSIOXHbIX CTOPOH NINHUW.
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Taknm o6pasom, cpaBHMBasi da3bl TOKOB MO KOHLAM 3alluLaeMomn IMHUN, MOXHO onpeaennTb
MecTO nospexaeHuns. B otnndme ot o6bluHbIX AnddepeHumnanbHbIX 3almT, B KOTOPbIX 3HAa4YEeHUS
TOKOB CpaBHMBaKOTCA HEMOCPEACTBEHHO B pene, B AuddepeHumnanbHo-gasHon 3awmTe onsa ne-
peaayn nHpopmaumm o hase TOKOB, NPOXOAALLMX NO KOHLAM 3aLUuLLIaeMON NIMHUK, UCTONb3YeT-
CSl KaHarn BbICOKOM 4YacTOThbl.
CTpyKkTypHasa cxema 3aluTbl NokasaHa Ha puc. 7.33. 3awuTa cOCTOUT N3 BbICOKOYACTOTHOrO an-
napata BYA, Bkntovatowero B cebsi reHepatop BbiCOkon YactoTbl [BY 1 1 npuemHunk MNMBY, pene
oTkrtoveHus PO, nuTatowerocsi TOkoM nNpueMHuka, n nyckosbix pene M01 n NM02, nepBoe 13 Ko-
TopbIX nyckaeT ['BY, a BToOpoe 3amMblKaeT Lenb OTKNIOYEHUS.
OcobeHHocTb [1®3 Kak BbICOKOYACTOTHOW 3aLLMTbl COCTOUT B TOM, 4YTO ['BY ynpasnseTcsa (MaHu-
nynupyeTcsa) HenocpeacTBEHHO TOKOM MPOMBbILLNIEHHOW YacTOTbl. [eHepaTop BbICOKOYACTOTHbIX
konebaHuM BKITKOYEH rak, YTo Npy NONOXUTENBHON NOMYBOMHE NPOMBbILLIIEHHOrO TOKa OH pa-
BoTaeT, nocbinasa B kKaHan TOK BbICOKOW YacTOThbl, @ Npy OTpuuaTenbHON — 3anupaeTcs, npe-
Kpaljasa Bblaa4vy BbICOKOYACTOTHBLIX cUrHanos. MNpuemHuk BYA BbinonHeH Takmm o6pasom, 4To
A _, Brewnee 3 b 38 saujuwaencd zone_ 8 - MPY HaMM4MN TOKOB BBICOKOW 4acTo-
Tbl, NOCTYNAKOLMNX B €r0 BXO4HON

’ L*’K KOHTYP, BbIXOOHOW TOK, MUTAOLLNIA
N /\ /\ [\ [\ oo pene PO, paBeH Hynto, a npu OTCyT-
GJ‘QWWU' UAMPA, CTBUW BbICOKOYACTOTHOrO curHana
U V v v dannoze Konld Y

noaBnAeTCcA BbIXOOQHOU TOK, NMOCTY-

Hanpamenue
E)vavavﬁv& A\ e gmgae natowmm B pene PO.
\/ (? K? \f Peeaomil
‘ (I

AT AERKDZY RORIL

8 cuenans Puc. 7.34. [enctsue 3sawimtbl Mo

¢ dantozo koH4E e mpw BHeLWHUX K3 1 K3 B 3awm-

LLIaeMOM 30HEe

BY cuesune
¢ ydanenose KM o Betiem K3 (yuacTok AB pic.
f;f ;f:ggﬂw - 7.34) , korga dasbl NEPBUYHBIX TO-
NPUEMHILKG KOB MO KOHLaM NWHWM NPOTUBOMO-
noxHbl, NBY Ha koHUe A NUHUK pa-
o aluEaln ;fai :f,f;;’:fﬁe OoTaeT B TeYeHne nepBoro nonyne-
) puoga MpOMBbILLMIEHHOrO TOKa, a Ha

KoHUe B — B TeueHue cnegyioulero
nonynepuoga. B pesynbTate no NMHWM HENpPepbIBHO MPOXOAUT TOK BbICOKOW 4acTOTbl, NUTas
NMPUEMHUKN, YCTaHOBMEHHbIE HA 06enx CTopoHax 3aluaeMon nNnHUK. MNpu 3TOM B BbIXOAHbIX
uenax MNBY Tok oTcytctByeT, pene PO He paboTaeT u 3awmrta Ha OTKNIOYEHNE He OeNCTByeT.
Mpn K3 B 30He (yyactok BC puc. 7.34) 'BY Ha 060uMx KOHLAX NIMHMM paboTatoT 0QHOBPEMEHHO,
NOCKOMbKY (pasbl TOKOB MPOMbILLSIEHHON 4acTOThl coBnagaltoT. BbICOKOYACTOTHLIM TOK, MOCTY-
nawLwunin Npn 3TOM B NPUEMHMKN, ByAeT MMETb NPEPLIBUCTLIN XapakTep C MHTepBanamMu, paBHbl-
MU nonynepuoay NPOMbILNEHHOTO Toka. B aToM cnyyae npvemMHuk paboTaeT B NMPOMEXYTKM
BPEMEHMU, KOrda TOK BbICOKOM YacTOTbl OTCYTCTBYET M 3anepT (He paboTaeT) BO BPeEMS ero npo-
XOXaeHus. B BbIXO4HOWM Lienu npueMHUKa nosiBNseTCA NpepbIBUCTbLINA TOK, KOTOPLIN CriaXxuBaeT-
ca v noctynaet B pene PO, nocnegHee cpabatbiBaeT M 3aMblKaeT Lemnb OTKMYeHNs. Takum 06-
pa3oMm, caBur pas TOKOB MPOMbILLNEHHON YacToThbl, NPOXOAALWMX Mo 06oMM KoHLaM 3awuuiae-
MOW NWHWUK, onpefenseTcs MNo XapakTepy BbICOKOYACTOTHbLIX CUrHanoB, npuHuMmaembix [1BY
(cnnowHble nnu npepobiBucTble). Mo npuHumny gencteua O3 He pearnpyeT Ha Harpysky u kada-
HWSI, TaK Kak B 9TUX pexumax asbl CpaBHMBAEMbIX TOKOB MO KOHLAM 3aLUuLLIaeMOn NIMHUK Npo-
TUBOMOJSIOXHbI.

M3 ckazaHHOro Bbille 04Y4EBMAHO, YTO MpaBUibHOE NMOBeAeHMe 3almThl Npu BHewHUX K3 byget
obecneyveHo nuwb B crny4vae pabotbl MBY Ha obomx KoHuax 3awmwaemon nuHmn. Ecnu oamH mns
'BY He OygeT 3anyLUeH UM oKaXKeTcst HeUcnpaeHbIM, 3alMTa NoAencTByEeT HENPABUIIBHO U OT-
KINIOYNT HEMOBPEXOEHHYIO NMHMIO, Tak Kak NBY 6yayT npMHMMaTh NpepbiBUCTLIA TOK TONBbKO OA-
Horo nepefatyvka. [Ana npegoTBpalleHust aToro B cxeme Ad3 (cm. puc. 7.33) umerotca asa nyc-
KOBLIX OpraHa pasHon 4vyBcTBuTernbHoCTU: 101 — 6Gonee 4yBCTBUTENbHbLINA, OCYLLECTBNSIOLINIA
nyck MBY, n MN02 — Gonee rpybbliin, 3amMbIKaloLLMA LieMb OTKITHOYEHUS.

Y Hac LWMpPOKO pacnpocTpaHeHbl anekTpoMmexaHmyeckme 3awmntol AP3 201 nnm ee 6onee paHHUi
aHanor 1®3-2. OcobeHHOCTN 3TUX 3aMT cregytoLme:
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3awuTa BbINOMNHAETCA AN AeUCTBMSA nNpu Bcex Bnaax K3 B ceTsix C rnyxo3aseMreHHbIMU Hen-
Tpanamu, B TOM Yucre u npu tpexdasHoix. OgHako ocHoBHble 10O 3awuTbl BKAKOYAOTCA Ha Co-
cTaBngolmMe TOKoB obpaTHOW nocnefoBaTenbHOCTM 12 unmM cyMmmy abCONIOTHBLIX 3HAYEeHUN
[|2|+K'[lo]. OencTtBue npu TpexdasHbix K3 obecneunBaetcsa 3a cyeT XoTsi Obl KpaTKOBPEMEHHO
NOSIBNAIOLLENCS B HaYanbHbI MOMEHT HECUMMETPUN; NPU ITOM KpaTKOBpeMeHHoe cpabaTtbiBa-
HWe yKa3aHHbIX OpraHoB uKcupyeTcsa AononHUTenbHbIM 1O conpoTMBNEHMS, BKITIOYaEeMbIM, Kak
3TO NPUHATO B AUCTAHUMWOHHBLIX 3allMTax, Ha MexaydasHble TOKM U HanpskeHus. B sawmte
npeaycMaTpmuBaloTCa Takke OOMOMHUTENbHbIE OpraHbl TOKOBbIE OpraHbl, BKNOYaeMble Ha das-
Hble TOKM 1 OTCTpanBaeMble OT pabo4vero Toka NMHUU.
OpraH MaHunynsumm nepepaTtymka UHBEPTUPYET YNPaBnsoWMIA CUrHan Takum obpasom, 4To ne-
pefaTyunk 3anyLieH, ecrnv BenMynHa curHarnbl MeHbLUe 3a0aHHOW BENUYMHbBI HAMNPSHKEHUS MaHu-
nynaumn. Takum obpasom, nepegaTtymk paboTtaeT, ecnu curHan OTCYTCTBYET, WM OH oTpuua-
TEnbHbIN, UMW ero BenmMynHa MeHbLUE HanpsbkeHus ManHunynaumm. NoaTtomMy WnpuHa nMmnynsca
Bceraa Gornblue MonoBWMHbI NeprMoga NPOMbILWSIEHHON YacToTbl, @ NPU OTCYTCTBMM TOKa AOCTa-
TOYHOWM BENUYMHBI NOET CANOWHOW curHan, MNepegaTynk ynpaenseTtca BenuyunHon 11+kl2 nony-
YaeMOK C MOMOLLBIO cneuunanbHOro unbTpa. STOT cUrHan ectb Npu nNobom Brae KOPOTKOro 3a-
MblkaHuA. KoadhdumumeHT k yBennunBaeT BnusHne Toka obpaTtHON nocrnenoBaTenbHOCTU NPy He-
cMMMeTpudHbIX K3 obecneunBasi, kak n B cnyyae ¢ 3awuton O3J1 (cM. n.7.5.1) 6onee yeTkyto
paboTy 3awmnTbl. BenuunHa koaddurumeHTa K BoibnpaeTcsa Takon 4ToObl B YCNOBUSAX KOPOTKOMO
3aMblKaHUS BAUSIHAE TOKa Harpy3ku, KOTOPbIN AaeT AOMNOMAHUTENbHBLIN CABUI TOKOB MO dhase (ToK
Harpy3km HaxoguTca B NpoTuBodase no KoHuam nuHum) ki2> 1.
OpraH cpaBHeHus a3 npencraBnsieT cobon TpaHcdopmMaTop BKITHOYEHHbIM HA TOK NPUeMHMKa.
H BbIxoge TpaHcdopmaTopa npu K3 B 30He NosIBASETCS NyNbCUPYIOLNIA TOK, KOTOPbIA BbINPSM-
ngeTca M NocTynaeT Ha U3MepUTENbHbIA OpraH: Nonapuso-
1 BaHHOe pene. BenuynHa 3TOro TOka 3aBMCUT OT COOTHOLLE-
ga-M HUS MMNynbC / Naysa Ha Bxode npuveMHuKa. JTa BenuymHa
MakcumarnbHa npu cosBnageHun das, no mepe casura das
3Ta BenuMYMHa yMeHbLlaeTCa W CTAHOBUTCA PaBHOM HYIO
npu paboTe nepegatynmkoB B NpoTuBodrase (BHewwHee K3),
Korga paboTta 3awmTbl gOrmkHa GnokMpoBaTbCs. Yromn, npwu
KoTopom OnokupyeTcsa 3awmTta (yron ©rnOKMPOBKWU) 3aBUCUT

T2 450, A

16k OT yCTaBKW 3TOro pene 4yem rpybee yctaeka , Tem Gonblue
w2l yron, npu kotopom 6nokunpyetcsa 3awmTta. Ha puc. 7.35 no-
08 7 KasaHa (pasHas xapakTepucTuKa 3aLmThbl:
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3aluTpMXOBaHHLIN Y4acTOK NokasbiBaeT 30HY, B KOTOPOW pa-
0oTa 3awmThl 6noknpyetcs. LUupuHa 30HbLI onpegenseTcs casBurom a3 Mo KoHuam NUHUMK,
BpeMeHeM pacnpoCTpaHeHUs curHana, BpeMeHeM 3afepXku B uendx nepegartymka U npuemMHu-
Ka, YIMOBOW MOrpeLLHOCTLI0  OpraHa MaHunynauum u TpaHcdopmaTtopoB Toka. Casur ¢as no
KOHLIaM NMHUM N BpeMsd npuxoga curHana Ha npoTUBOMOSOXHbIA KOHEL, 3aBUCAT OT AfIMHbI Nn-
HuM, OHun coctaensaT 120 Ha 100km AnvHbl NUHUKM. OBblYHast yCTaBka opraHa cpaBHeHUs a3
paBHa 600. BHe aTol 30HbI paboTa 3almThl paspellaeTcs.

Ona nuHuin nosblweHHoro HanpsbkeHnst 330 -500kB Ha KOTOpPbIX CYLECTBEHHOE BIMAHUE OKas3bl-
BaeT €MKOCTHOW TOK JIMHUW, HaxoAasdWuMica B 30He Audp3alumTtbl, BbiMyckaeTcs 3awmrta 0P3
503 nmerowas KomneHcaumo eMKOCTHOIo ToKa.

7.5.4. MukponpoueccopHble aucdepeHumanbHO-thasHble 3alUTDbI

3apybexHble upmbl NpeanaratT Ha pblHKE YKpauHbl 2 BapnaHTa MUKPONPOLLECCOPHbIX 3aLLWT.
9710 yctponcteo MiCOM P547 cdompmbl ALSTOM un L60 cdompmbl GE. O6a ycTponctea moryT pa-
6oTaTb CO CTaHOapPTHbIMU BbICOKOYACTOTHLIMU MpuvemMonepeaatynkamn. [na conpsikeHus ycT-
ponctea L60 ¢ npuemonepeaatumkom NB3 TpebyeTcss HekoTopasi AopaboTka npuemonepenar-
yuka. Cnocob pgopaboTkm npuemonepeagatymka paspaboTaH B YKPIHEPro ¢ y4acTMeEM KOMMNaHum
«QHepromallBMH» W coOrfacoBaH C 3aBOAOM W3roToBUTenem. AHanornyHbiM obpasom MoryT
ObITb gopaboTaHbl NpuemonepenatTynkn apyrux pmpm. Kpome ocHoBHoW anddepeHumanbHo-
¢asHoOM 3awWmTbl B COCTaB YCTPOMCTBA BOAAT OOMOSIHUTENbHbIE YCTpoKcTBa 3awuTbl y MiCOM
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P547 Tonbko TOKOBbIE, TaK Kak OHO HE UMeeT uenen HanpskeHusi, L60 uenn HanpskeHus nme-
€T 1 NO3TOMY B COCTaB €ro BXOASAT QUCTaHUMOHHbIE N HanpaeneHHble 3awnTbl. Camo cobon pa-
3yMeeTCsl 4TO B COCTaB YCTPOWCTB BXOOAT CPeAcTBa M3MEPEHUsl, pernctpaumum, ocuunnorpad,
PaboTa ¢ nokanbHOM CETbO U BbIHOCHLIM KOMIMLIOTEPOM U T.A.

Hwxe B kauecTBe npumepa paccMoTpeHo yctponcteo  MiCOM P547.

YcTponctBo paboTaeT € BbICOKOYACTOTHLIM KaHanoM CBS3W NO NMHWM 3nekTponepenadn, Yto
obecneyrBaeT COBMECTHO C aBTOMaTMKOW MPOBEPKN KaHana ero BbICOKYK HageXHoCTb. o ka-
Hany CBS3W NepegarTcs curHanbl nyck-naysa. (B umdporon aguddepeHumansHON 3alimMTe cur-
Han BKNto4aeT B cebs ewe n ounpoBaHHYO BENUYMHY TOKOB).
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Puc. 7.36. TpaH3nT MOLHOCTM Uin Puc. 7.37. K3 B 3awimiaemMomn 30He.
BHelwHee K3

Puc. 7.36 nokasbiBaeT ABa KoHUa nuHuMK X-Y ¢ Harpyskomn unu ¢ K3 3a npegenamu salumiiaemon
nnHun. Kak B nepBoM, Tak 1 BO BTOPOM crlydae, TOK npoTekaeT 3a npegensl J19M1, a, cnegosa-
TenbHO, YCTPOMCTBO He AOSMKHO pearMpoBaTh Ha 3TOT peXxuM. TpaHcdopmaTopbl TOKA AOMKHbI
ObITb cornacoBaHbl Mexay cobon. MonapHocTb Toka Harpy3ku unu K3 Ha koHue Y, 6ygeT obpat-
HOW NOJSIAPHOCTM TOKA Ha KOHLE X, T.K. TOK 6yaeT Teub OT KoHuUa X K KOHLY Y, a OT KoHUa Y K K-
HaM Kaxabll NONOXUTENbHbLIN nonynepunod koHua X 6ygeT coBnagatb C oTpuuaTesnbHbIM Mosy-
nepmoaom KoHua Y 1, HaobopoT, Ha Kaabl OoTpuuaTenbHbIA NONynepuos Ha KoHue X oyger
HaknagbIBaTbCA NOMOXUTENBHLIN Nonynepuos Ha koHue Y.. Kaxpgoe yctpounctso P547 koHBep-
TUPYET NOSNOXUTENBHbIN NONynepunoa Toka B IOrMYECKYo eanHuly (MeTka), oTpuuaTenbHbIA no-
nynepuwog B NOrMYeckuMin Hynb (MHTepBan). Takum cnocobom yCTPOMCTBO KOAMPYET KaxadblA no-
nynepvog B CuUrHanbl «MyCcK» UK «nay3a» C ASIMHOW UMMNynbca B 3aBUCMMOCTM OT 4acTOTbl
aHeprocuctembl (10mMc npu yactote 50Mu). [Ona TpaH3MTa MOLWHOCTM uUnu BHewHero K3 npu
CNOXeHnn curHanos Yepes normdecknin onepatop UM Ha BbiIxoge Mbl NOMYYUM MOCTOAHHYHO
eanHuuy. Takum obpasom, amddepeHumnanbHo-hasHas 3awmrta obecnevmBaeT CENnekTMBHOCTb
npv NepeToke MoLHOCTN unu BHewHeM K3 npu oTcytcTBum nay3. [layabl 6yayT Habnogatbcs B
cny4yae, korga 6yanet BHyTpeHHee K3.

Tenepb paccmoTpum cnydanm K3 Ha sawmwaemont JIAMN. BT0T cnyyar nokasaH Ha puc. 7.37.

Ecnun K3 npousowno Ha 3awumwaemont J13MN (B 3awmiaeMon 30He), To TOKM ByayT Tedb OT KOH-
LOB NMHUKM K MecTy K3 1 ByayT nmeTtb ognMHakoBylo dasy. Kaxabiin NonoXUTENbHLIN Nonynepuoa
TOKa KoHUa X BygeT coBnagaTb C MNONOXMTENbHLIM NONYNepnoaom Ha koHue Y, n Takke byayT
coBMnagaTtb W oTpuuaTenbHble nonynepuogbl. Takmm obpa3oM, CMOAyNMpPOBaHHbIE MHTEpBansbl
nyck/naysa Ha oboux koHuax JIO[1, Takke b6yayT Haxoautbca B dase. [locne normdeckoro cro-
XeHnsa X n'Y Ha BbIxoAe Mbl NofyvyaemM YyepegoBaHue MycKoB € nay3amu, 40 Tex nop, noka éyaet
npucytctBoBaTh K3 Ha nuHun. Hanvune nays B CyMMapHOM curHane, rosopuT O TOM, YTO MMe-
etca K3 B 3awmuiaemon 30He, 4TO, CrieqoBaTenbHO, AOMKHO Bbi3BaTb cpabaTbiBaHue 3awuTbl
Ha oTkntoveHune J1OM1.
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OunddepeHunanbHo-pasHasa 3awmta 3hdHeKTUBHO AENCTBYET, Kak Grokupylowlasi cxema npwu
BHewHeM K3, n Ha oTkntoYeHue, npu Hanuumum BHyTpeHHero K3, n B criyyae ecnv gansHui BBO4
He umMeeT NuTaHus. B aToM crnydae nuTatoLmMin KOHEL, He Nony4vaeT curHana ¢ NPOTUBOMOMOXKHOWN
CTOPOHBbI.

Ansa Toro, 4ToGbl 0becneunTb Nepegady curHana, npv Ntobom Buae KOPOTKOrO 3aMblkaHWs Npu-
MeHsIeTCs cMelLMBaHue curHana. Ha Bxoq nepepartyvka nogaetcst BennynHa

I mixed = - I + (K. I2)

Ioe K sBnsieTcs koadppuUNEHTOM, yCTaHaBNMBaEMbIM NOSib3oBaTenem. AToT koappUUNEHT nc-
nonb3yeTcsa Ana yBeNU4eHUs YyBCTBUTENbHOCTU K HECUMMETPUYHBbIM K3 1 yMEHbLUEHUIO BNNS-
HWS TOKa Harpysku.

[ns aToro koapduumeHTa B yCTPONCTBE AONYCTUM CreayowWwmnin gmanasoH yctaBok: oT 3 go 30
(mo ymonyaHuio, pekomeHgoBaHo K=5).

yyCTpOVICTBO nMmeet VIHTeJ'IJ'IeKTyaJ'IbeIIZ pexuMm, B KOTOPOM norb3oBaTtento He Haao BBOOUTb
KOSCt)(bI/ILI,VIeHT K. B atom pexunme yCTpOI7ICTBO aBToMaTn4eCKn noacTtpamBaeTCAd K yCroBusdaM CUC-
TeMbl.

Kak nokasaHo Ha pucyHke 7.38 yctponctso MiCOM P547 nmeet BO3MOXHOCTbL aBTOMaTU4EeCKON
noactporku. B atom pexume koadpduumeHT K XeCcTKo He 3aaeTcd, OH yCTaHaBnMBaeTCcs B 3a-
BMCMMOCTW OT NpefaBapuUHOro pexxuma Toka Harpysku M YyBCTBUTENMbHOCTU K 3aMbIKaHUAM Ha
3emnio (Delta 12):
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Puc. 7.38. aBTomaTnyeckada nogcrponka koappuumeHta K

B cny4yae ecnu B npegaBapuMiHOM COCTOSIHMM Obinl BOMbLION TOK Harpysku, To KoadhduumneHT K,
NCNonb3yeMbln s NOMAyYeHUs CMELUaHHOro ToKa, AOSMKEH ObiTb yBenu4YeH, Ans Toro, Ytoobl
nsbexartb npeobnagaHns Toka NPAMON NOcrnefoBaTeNbHOCTU U HEOOHAPYXXEeHUS MarbiX TOKOB
3aMblKaHUA Ha 3eMnio. B 9ToM crnyyae yCTpOMCTBO caMo MeHsieT KoadhpuumMeHT K oT MUHUMarb-
HOro K MakcumMarnbHOMy.

B cnyyae ecnu B npegaBapuiiHOM COCTOSIHUM Bbln HEBOIbLLIOW TOK Harpy3ku, To koadduumeHTt K
yBennumMBaTbCca He OydeT, 4To-Obl 0bGecneynTb YyBCTBUTENLHOCTb 3aluTbl K OBOHapyXeHuto
TpexdasHoro 3amblkaHUS.

MHTennekTyanbHbIN peXnmM peKoMeHAYeTCs NPUMEHATb A5 YNPOLLEHMS BKITHOYEHUST YCTPOMCTBA
P547 B paboTy, npu 3TOM oTnagaeT HEOOXOANMOCTb cumTaTb Tpebyembin koaddurumeHT K.

Myckosble opraHbl (IMO) — TokoBbIE:

- 11 CtyneHb npaAmon nocnegosaTenbHoOCTH Toka (Start 1)

- 12 CtyneHb obpaTHOM nocregoBaTtenbHOCTM Toka (Start 12)

- A1 Jatumk npupalleHnsa Toka npsmon nocnegosatensHocTu (Delta 1)

- Al2 JaTtumk npupallieHnsa Toka obpatHomn nocnegosatensHocTu (Delta 12)

CTyI'IeHI/I AaT4YMKOB yCTaHaBIIMBAKOTCA B ,D,eVICTBykomwx 3Ha4YEeHNAX OT HOMUHAINbHOIO TOKa.
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[laTunkn npupalleHns Toka U3MepsItoT U3MEeHEHNe AeNCTBYOLWEro 3Ha4YeHNs1 Toka OTHOCUTESbHO
npeablayLiero nepuoga Toka Harpysku:

IA=1K3 (t=0)-1K3 (t— 1 cycle)
I/IsmepeHl/le npupocTa TOKa nony4varT OT BeKTOpHOI‘;I pa3HuLbl TOKOB 3a OOUH nepuoa.

YcTtaBku MO no NpMpocTy ToKa MOryT ObiTb BbIMNOMHEHbI 3HAYUTENBHO Boree YyBCTBUTESNBbHBLIMN,
Hanpumep: MeHblUe ToKa Harpysku. OTO no3Bonsdet obecneyuntb HeoOBXO4MMYK YyBCTBUTENb-
HOCTb KO BCEM KOPOTKMM 3amblkaHusaM. To 4to MO nycTuT 3awmTty elle He O3Ha4vaeT Hecenek-
TMBHOWN paboThbl Tak Kak OTKNIOYEHNE NPOUCXOANUT Nocre NoaTBEPXKOEHUS, YTO KOPOTKOE 3aMbl-
KaHWe B 3allMLLiaeMOin 30He OT opraHa cpaBHeHusa as.

Mockonbky anddepeHumansHo-dasHasa 3awmuTta paboTaeT No GNOKMPYIOLLIEN CXEME, TO YCTPOW-
ctBo P547 Haxopsweeca 6nuxke Bcero kK K3 (Hanpumep, koHey Y Puc.1) moxeT ObiTb 6onee
YYBCTBUTENbHbIM, YEM YCTPONCTBO Ha APYrOM KOHLIE NUHUM.

MoaToMy GROKMPYIOLLMIA 3NEMEHT AOmKeH ObiTb Gonee 4YyBCTBUTESNbHBLIM, YEM OTKIHOYAIOLLMIA
3MeMeHT.

B yctponctee P547 310 pgocTuraeTtcsi yCTaHOBKOW [BYX YPOBHEW YCTaBOK (YyBCTBUTENbLHOMN U
rpyoon) ons kaxgoro gatymka K3.

- YyBcTBUTENbHAsA yCcTaBka Ucnonb3dyeTcs npu obHapyxeHuu BHelwHero K3, nocne yero nochbl-
naetcst GNOKUPYOLNIA CUrHaN Ha Apyron KoHeu. B 3Tom criyyae rapaHTupyeTcsi, YTO OTKMoYe-
HWe He NpoM3oNaeT, Tak Kak Ha APYrom KoHue GyaeT nonyyvyeH OnoKupyroLWnMiA curHan, a Ha 3Tom
KOHLIE YCTPOWCTBO He ByaeT 3anyckatb B paboTy anropntm guddepeHumanbHo-gasHom 3awm-
Thbl.

- [pybas yctaBka mcnonb3dyeTca npu obHapyxeHun BHyTpeHHero K3, npu aTom, ecnu Ha nio-
6OM M3 KOHLOB NMHMM TOK B YCTPOMCTBE MpeB3ovaeT rpybyto ycTaBKy, TO 3TO aBTOMaTUYECKM
3anycTuT anroputm anddepeHumanbHO-a3HoM 3alUnTbI.

MonHasa yHKUMOHanbHas cxema paboTbl guddepeHumanbHo-asHOM 3almuTbl NOKasaHa Ha
puc.7.39.

Tak kak gaTyvku npupocTa ToKa MycKalTCH B TeYeHWe OBYX LMKMOB, BaXHO, YTOObI MX BbIXOA
yOep>xmBarncs onpeaeneHHbli Nepmuoa BpeMeHN Nocrne Mx eCTeCcTBeHHOro copoca. PasgenbHble
Tanmepbl “Reset Highset” n “Reset Lowset” ycTtaHoBneHbl Ang Ncnonb3oBaHUs gaTynkamu npum-
pocTa Toka, Anga obecneyeHnss NpaBUNbHOM nepefayv B nepuog BpeMeHn, HeobXxoauMbIA yCT-
PONCTBY 3alUUT W BbIKMOYATENAM ANSA OTKMAYEHUS BHYTPEHHero mnu BHewHero K3. Bpewms
yAepXXaHus anemMeHTa C YyBCTBUTENbHOM YCTaBKOW AOMKHO ObiTb Gonblue, Yem Bpems yaepxa-
HWUS1 OTKIIOYAIOLLLEro ANieMeHTa, YTO AOMKHO obecneynBaTb CENEKTUBHOCTb NpY BHELWHUX K3.

I'Ipmmeanme: I'Ipm OTKITHOYEHUN BbIKNOYATENS Ha NoO6OM KOHLE NMMHUM OCTaHaBIMBaETCA nepe-
Jadva CUrHanoB Ha /J,pyr0|7| KOHeL, NuHMK. JTO rapaHTunpyeT CHATHne 6J'IOKMDOBKI/1 Ha BTOPOM KOHLIE
NNHUK, YTO 0OEeCNeYnT OTKITIOUYEHNE BTOPOro KoHua.
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Puc. 7.39. CtpykTypHas cxema aunddepeHumnanbHo-asHon 3alnTol.

Mexay momeHTOoM, korga MiICOM P547 nocnan curHan BKI/BbIKIT meTka/vHTepBan mn Korga
3TOT curHan GyaeTt NPUHAT ApYrMM YCTPOMCTBOM Ha APYroM KOHLUE NMHWUK, BCcerga ectb Heborb-
Wwaa 3agepxka. ATy 3af4epXKy COCTaBnAwT: cpabaTtbiBaHMe ObICTPOAEMCTBYHOLLErO BbiXxoAa
P547, 3agepxka B annapatype BY npuemo-nepegatymnka n ObICTpOAENCTBUE OLICTPOro ONTOB-
xona P547 Ha gpyrom koHue nuHuu. CyTb YyBCTBUTENBHOM K Yry caBura as 3awmnTbl, COCTOUT
B TOM, 4YTO Obl CpaBHeHUd YrnoB a3 Ha JanbHeEM U BGRMXKHEM KOHLaxX FNWHUW NPOMCXOoaMnn B
OOVH MOMEHT BpeMeHu. OTo TpebyeT, 4To 6bl Oblo ydYTEHO BpeMsi HEOOXOOUMOE Ha nepepady
curHana, ToSfibKO Torga MOXHO 3anycTuTb anroput™ audpdepeHumnansHo-asHon 3awmThbl.

Yctponcteo P547 nossonseTr nepuogudeckm U3MepsTb 3agepXKKy MPOXOXOeHMs curHana BO
BpeMs npoBepkn kaHana. lNepnognyHOCTb NPOBEPKM KaHana nepefady curHana MoXHo ycTaHo-
BUTb B npegenax ot 30MuH 0o 244. YacTyo npoBepKy pekoMeHayeTcs Mpon3BoauUTb MPU OXK-
OaHUN pPe3KnX M3MeHeHun Temnepatypbl U norogbl. o ymonyaHuio npoeepka npomssogutes 1
pa3 B 8 yacos.

[nsi onpeaeneHns BpeEMEHN 3a4ePXKKN NpW nepegave curHana, ogHoO YCTPOMCTBO AOMKHO ObiTb
ckoHdurypupoaHo kak BEOYLEE, a sBTopoe kak BEOOMOE.

rlpl/IHLI,I/II'I N3MepeEHNA BpeMEHU 3aepXXKU Mno-

BEAYLWA BEOMbIN (yaanennwi),  <@38H Ha puc. 7.40.
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3agepxkka nepegavn=(Rxzon—TX10v—20) / 2 MC;

|
Rzen &zm/ Tam Tame | MeCTHas 3agepkka=(Rxiorr—RX1on)—10 MC;
! _I_I_I Eﬂ; : yaaneHHas 3agepkka=(Rxzorr - RXzon) — 10 Mc
ngz- THM !
| — . MiIiCOM P547 3anyctut npoBepKy BpeEMEHMU
| Munynbc Fzer Bz | M€PEOAYM CUrHaMa Npu ycroBUK, YTO 3TO YCT-
' « POWMCTBO ckoHurypmposaHo kak BEOYLUEE, n
g £ B CETW OTCYTCTBYIOT Kakue NGO OTKIOHEHWs
z £ OT HOpPManbHOro pexuma.
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MpoLecc NpoBepKn NPOUCXOAUT criedytoLwmnM 06pasom:

- BEOYLWEE yctpowncteo nockinaet umnynec BKIT gnuHon 10Mc, nokasaHHbIA Kak Bpems 3a-
nycka Tx1on BpemMs OKOHYaHUS TX1oFF.

- [Tlocne nonyyeHus uMmnynbca Ha yaaneHHOM KOHLEe NUHUK, YCTPOMCTBO, KOTOpOe onpeaeneHo
kak BEJOMOE 3anucbiBaeT NomyyeHHbI MMNYrbe, AenaeT BblAEPXKKY M NOCbiNaeT NosyYeHHbIN
curHan Hasag,.

- BpeMFI BblOEPXKN OAaE€T BO3MOXHOCTb nepe|7|T|/| BY annapartype 06paTHO B peXuMm rotoBHoO-
CTW.

- BEOYLIEE ycTponcTBO 3anucbiBaeT BpeMa OTNpaBku NepBoro uMmnyrneca Rx2on 1 Bpems npu-
Xofa oTBeTa C ApYroro KoHua nuHnm RXx20FF.

- Tocne npuema oteeta oTr BEJOMOI'O, BEOYLIEE yctponcTteo genaet 3agepxky 20 mc u
CHOBa MOCLITAET UMMNYNbC Ha OPYron KOHEL NMHMK, YTO gaeT Bo3MoxHocTb BEJOMOMY ycT-
PONCTBY, Takke M3MEpPUTb BpeMs 3aepXKKu Npu nepegade curHana.

3apepxka nepepaun = (Rxzon— Txion— 20)/2 mc

Bpems 3agepxku npu nepegade BblYMCNSETCH CrieqylowmMm obpasom: OT MOSTHOrO BpeMEeHU Me-
XAy NOCLINKOM NepBOro curHana u noslydeHnem oTeeTa OT APYroro KoHLUa fYHUKU BblYUTaeM Onu-
HY UMNynbca v 3aepXKy Ha APYrom KoHue NMHumM (20Mc) 1 NonyveHHbIn pesynstaT AenvMm Ha 2
(Tak kak curHan npoxoauT oguH U TOT e NyTb 2 pasa).

Ha puc. 7.40 Takke nokasaHo, Kak yCTponcTBo P547 komneHcupyeT adpdhekT 3aepKKn MMNynb-
ca BY annapatypon. Jltobas BY annapaTypa BHOCMT CBOIO MOrpeLlHOCTb Ha nepegadvy curHana
npu nepepade no BY kaHany. YctponctBo P547 no3sonsieT M3aMeputb U yd4ecTb 3Ty MOrpeLu-
HOCTb Npu nepegade no BY kaHany curHana «nyck».

Mpu nocbinke umnynsca anuHoto 10 mc, yctponcteo P547 noYTv MrHOBEHHO MOMYYUT CBOW CUr-
Han Ha cBOW BbICTPbIM ONTOBXOA, TaK Kak UCMOMb3yeTCs CUMMNIIEKCHbIA KaHan CBA3WN.

3agepxka Mpu NOJSTyYeHUMM CBOEro mmnynbca OygeT obycnoBneHa CKOpPOCTbio cpabaTbiBaHMs
ObICTpOro onToBbLIXOAA, BpemeHeM paboTbl BY annapatypbl u BpemeHem cpabaTbiBaHWsi CBOEro
GbICTpOro onToBXxoAa.

MecTHas 3agepxka = (Rx1orF — Rx1on) — 10 mc

VlsmepeHme NOSTHOWN BENUYMHbI 3adepXKn mexay otnpaBrieHHbIM U NPUHATBIM CUITHaIOM BbINOJ1-
HAeTCA CUMMETPUYHbIM ANCTAHLUNOHHBbIM U3MEPEHNEM:

YpaneHHaqa 3agepxka = (Rxzorr — Rx2on) — 10 MC

Mcnonb3oBaHMe cxeMbl MEPUMOAMYECKON NPOBEPKM 3adepXkm nepedayu, yctponctso MiCOM
P547 nossonsieT MCNONb30BaTb NOSTyYEHHbIE pe3yrnbTaThl ANS KOMNEeHcaunMm BHOCUMbIX NOrpeLL-
HOCTEeWN, YTO MO3BOMHAEeT MOoMb30BaTemnto He NPOBOAUTL pacyeT BPEMEHW 3afepXku nepenayu
curHana. Takke 3TO YCTPOMCTBO No3BonsieT nsbexaTb Npobnem CBA3aHHbIX C UIBMEHEHNEM Bpe-
MEeHW nepefadv curHana, Tak Kak 3TO BpeMsi CUITbHO 3aBUCUT OT OKpy»Kalollen TemnepaTtypbl 1
norofdHbIx ycnosui. MNepunoguyeckasa nposepka No3BonseT AONONHUTENBHO KOHTPOSIMpOBaTb UC-
npaBHoCcTb BY kaHana, npu oTcyTCTBUM OTBETA OT YAAareHHOro ycTponctea paboTaeT curHanu-
3auus.

Ecnn B TedyeHne 5 MWHYT, nocne HacTynneHus BpeMeHW Crieaylollen NpoBEpPKU 3afepiKu,
BEOOMOE ycTtponcTteo He nonyyuno oT BEOAYWEIO curHana nposepku, TO B 3TOM Criyvae Tak-
e cpaboTaeT curHanusauus.

YyeT norpewHocTen casura a3
Kak y>xe roBopunocb, NorpeLHocTn casura as npomMcxogaT no crnefylowmm NpuymHam:
- [MorpelwHocTtu B yrnax casura gas Ha NIMHENHbIX TT Ha KaXXAoOM KOHLIEe CXeMbl

- HacbiweHune nuHenHblix TT unu Hannume addekTa CMeLLeHns Toka Ha ogHoM unu 6onee nu-
HEeWHbIX TT.

- B4 annapatypa He obecne4unBaeT 100% NoBTOPSAEMOCTb BO BPEMEHWN 3a4epXKKM Mpu nepena-
ye.
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- C MoMeHTa nocrnefHero M3MepeHusi 3afepXkku nepefayn M3MeHunacb TemnepaTtypa, 4yTo,
crnefoBaTernbHO, BHECET U3MEHEHWSI BO BPEMEHW 3aepXKku Npu nepeaaye

- WNamepuTenbHas NorpelwHoCTb B OTBETE OPYroro yCTponcTea
- Hannuyune emMKOCTHOro Toka B NMHWK, KOTOPLIN ByaeT 3ameveH guddepeHunanbHON 3almnTon.

YcTtponcteo P547 komneHcupyeT BCe 3TU MOrPeLlHOCTM NyTEM YCTAHOBKM MUHMMAIbHOro npo-
MEeXyTKa nHTepBana, B npefenax KoToporo OTKMAYeHus He ByaeT. 3To nokasaHo Ha Puc.7.41.
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Puc. 7.41: ®a3Has xapakTepucTuka 3almThbl.

Ha Puc. 7.41, nokasaH oguH nepuof anekTpudeckon cuctemol, Tak 360° ana cuctemsl 50y co-
ctaBnsieT 20mc. 3aTteMHeHHas 0bracTb cnpaBa fexuT B nNpedenax KrinHa, yCTaHOBIIEHHOIO Yr-
nom 6nokmpoBkun. KnmH ctabunbHOCTM HauyMHaeTcsa OT -0s u 0o +0s (3HaK ykasbiBaeT Ha TO, OT-
cTaeT N1 uUnu onepexxaeT UCTAHLUNOHHbBIA TOK MECTHbIN TOK).

3a c4eT eMKOCTHOro ToKa 3alMwaeMon NMIMHUKN 3TOT yron yBesivumBaeTcs Ha Benn4dnny oc.

[ns aToro BBOAAT yCTaBKy No Befin4ynHe eMKOCTHOIoO TOKa.

Mocne nycka AaTynka rpyboi yCTaBkM HaYMHAETCS U3MEpeHne MHTepBarna 30Hbl GrOKMPOBKM.
3awmTa cknagbiBaeT CBOW BbIXOAHOW CUrHam C CUrHamnom, noslyYyeHHbIM ¢ ApYroro KoHua fvHUK
yepes ObICTPLIN ONTOBXO M onpeaenseT, B 3aBUCMMOCTU OT U3MEPEHHOro MHTepaana, Heobxo-
ONMOCTb OTKITHOUYEHUS.

Ecnn Bo BpeMsi KOPOTKOro 3amblKaHusl YCTPOUCTBO P547 nonyyaeT curHan, 1o oHo byaeT xaaTtb
A0 Tex nop, noka He BygeT nornyyeHa naysa M HayHeTCa CUHXpoHu3auwms. Mpu Havane HoBoW
BbIOOPKM «M3MEPEHHBbIV MHTEpBan» 6g 6yaeT cpaBHEH C yCTaBKoOW. ECnu MaMepeHHbI NpoMexy-
TOK NpeBblwaeT ycTaBky (0s + 6c), TO yCTPOMCTBO NodaeT CUrHasn Ha OTKITYEHMe.

PekomeHgauum ¢pupmMbl Mo BbIGOPY OCHOBHbIX YCTaBOK AncdrasHOM 3almUThbI

1) KoadocpuumeHT k gormkeH obecneuntb NPEBOCXOACTBO TOKA KOPOTKOrO 3aMbIKaHUSA HaZ TOKOM
Harpy3kn. PacyeTHbI pexxuMm ogHodasHoe KOpoTKoe 3aMblkaHne. MuHMMmarnbHas BennimHa Ko-
ahpuumenTa k, paccumTbiBaeTcsa No opmyrne:

K>3 x (lrec/ IF) +1

Ipe:

IFLc = MakcumMarnbHO BO3MOXHbIA TOK Harpy3ku

IF = MuHUManbHbIN dhasHbIi TOK, ogHOGa3Horo K3 Ha Apyrom KOHLE NUHUMK.
2) laTyMk npupocTa ToKa o6paTHON nocrnenoBaTeNibHOCTU

PekomeHayeTcs, 4to 6bl ycTaBka Delta 12 6bina Enabled, nockonbky gatymkm yctponctea P547
A0BONbHO adppekTMBHO onpegensieT K3 Ha 3emnto.
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YcraBka Delta 12 High gomxHa obHapyxueatb K3 Ha 3emnto Ha ganbHeM KOHLE NMHUN, Kak No-
kaszaHo Ha Puc. 9. CocraBnstoLias obpaTHON nocnenoBaTeNlbHOCTU COCTaBMSET TPETbIO YacTb
oT hasHoro Toka K3 - IF:

Delta 12 High < Ir/ 3

Delta 12 Low saBngaeTcsa 6noknpyowmnmM anemMeHToM npu BHewHeM K3 cBA3aHHbIA C YTOMAHYTON
paHbLUEe CTyneHblo “trip” (oTknoYeHne), Takke JomKeH 6biTb 6onee YyBCTBUTENbHBLIM.

O6bI4HO ycTaHaenueatoT: Delta 12 Low = oT 50% no 80% ot rpybon ycTasku.

Ob6paTnTe BHUMaHWe, YTO MO YMONYaHMIO Nporpammmupyemasi CxeMHas fiorvka GrokmpyeT nyck
obpaTHOM NocnefoBaTeNbHOCTY NPY BKIMKOYEHUUN NIMHUK, YTO Bbl N36GEXaThb NTOXHOTO OTKIHOYEHUS
BbIKNOYaTeNs.

3) OaTtuuku npupocTta K3 Toka npssmon nocnegoBaTenibHOCTU

PekomeHnpgyeTcs yctasky Delta 11 ctaBute Enabled, nockonbky gatymku yctpouctsa P547 po-
BONbHO 3ahheKkTUBHO onpeaenaT TpexdasHoe K3. [Jatumku npupocTta Toka NpssMOv nocnego-
BaTENbHOCTU HYXHbI, B criydae, ecnn Tok K3 npamon nocneposatenbHoctn A-B-C Ha yoaneH-
HOM KOHUE NWHUM MOXET ObiTb MEHbLUE, YeM MOSHbIN TOK Harpy3km u cTyneHb |11 mMoxeT npu
3TOM He cpaboTaTb.

YctaBka Delta 11 High obecneunBatb onpegenenune tpexdasHoro K3 Ha yganeHHOM KoHue nu-
HWK, 1 OOSKHA COOTBETCTBOBATL crneaytolen popmyne:

Delta 11 High < Ir (IF = TpexdasHbin Tok K3)

YcraBka Delta 11 Low aBnsietca 6rnokmpyowmm ypoBHeM npu BHewHem K3 cBsA3aHHasa co CTy-
neHbto “trip” (OTKIOYEHNE) ONUCaHHOW BbIWe, U, cregoBaTeNbHO, AOMMKHA ObiTh 6onee 4YyBCTBU-
TenbHOWN.

TununyHas yctaska: Delta 11 Low = o1 50% Ao 80% ot rpy6on yctaBku.
4) [laTymMKn BeNMYMNHbI TOKa obpaTHOM nocneaoBaTeNibHOCTH

PekomeHayeTtcsa yctaBky Start 12 Bce Bpemsa crtaBuTb Enabled, uto nossonsieT yBenuuuTb Ha-
AEXHOCTb CUCTEMbI, UCMOMb3ys BTOPOM MeTod ObHapyXeHus HecuMMmeTpudHbiX K3 gononHu-
TenbHo no Delta 12.

YcraBka Start 12 High gomkHa rapaHTnpoBaHo o6HapyxmnBatb K3 Ha 3eMnto Ha ganbHEM KOHLEe
JNIMHWK, KaK rnokasaHo Ha Puc. 9.

YacTb ToKa obpaTHON nocrnegoBaTenibHOCTU COCTaBnseT ogHy TpeTbto oT Ig: Start 12 High < I¢/3

OpHako Start 12 He moxeT oxBaTUTb BeCcb Anana3oH K3, HekoTopble K3 Ha 3emmto pe3ancTMBHOroO
Xapaktepa onpegenstoTca 6onee 4yBCTBUTENbHbIMU aTdnkamu npupocta Toka K3. NpuunHa
3akroyaeTcs B TOM, 4TO Bornbluasi HECMMMETPUYHAA Harpyska He JOSKHa NpoBouupoBaTh NycK
Start 12 Low. Ecnu Start 12 Low akTnBnpoBaHO BO BpeEMS CUrHanNM3auumn npogosikatoLenca ne-
pegaun, To yctponcteo MiCOM P547 BblgacT curHan noBpexaeHust cxembl, U 6rokupyeT npo-
aormkatowytoca paboty BY kaHana. HanmeHbluas yctaBka ang Start 12 Low:

Start 12 Low Max Load x (Max % HecummeTtpun/100%) x K 3anaca
Hanpumep:

Max % HecummeTpusa = KpaTko-CpoyHas XenesHoAopOXHas Harpyska/(nonesHas Harpyska X
100%)

K 3anaca = ot 125 go 150%, yBenuyeHo ans 6e3onacHoCTu.

Haxe ecnu cuctema nepegayn BO3MOXHO CUMMETPUYHA, BCE PaBHO PEKOMEHAYEeTCSA yCTaHOBUTb
HecummeTpuio 5% wnm B fgBa pasa 6Gonblwe, 4Yem 12, KOoTOpoe uymTaeTca B CTONOMKE
MEASUREMENTS1 ycTpoKcTBa, BO BpeMs MPOBEPKU Mpu BBOAE B IKCNMyaTtaumio — nNpu Hau-
Gonbluen Harpy3ke.

YcraBka Start 12 Low, siBndowwasica 61okMpyowmm ypoBHeM npu BHewHeMm K3, cBszaHa co CTy-
neHbto “trip” (Ha oTkniodeHune) Delta 12 High, n, cnegosatensHo, gomkHa 6biTb 6onee 4yBCTBU-
TernbHOMN.

TunnyHas ycraska: Start 12 Low = o1 50% 1o 80% ot rpybon ycTasku.
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O6paTtnte BHUMaHWE, YTO NporpaMMmpyemMasi CXemHasi nnormka 0nokmpyeT nycku no Toky obpat-
HOW nocnegoBaTeribHOCTU NPU BKKOYEHUW JIMHUK, YTOObI n3bexaTb JIOXKHOrO OTKMYEeHUs n3-3a
TOKa, KOTOpbIN ByaeT NnpoTekaTb B MOMEHT BKIOYEHUS BbIKMtodaTens. [py aTom HyXHO npoBe-
pUTb, YTO BeNMYMHA TOKa NPSIMOW NocneaoBaTenbHOCTU ByaeT AocTaTodHa AN nycka pyHKUniA
3awmuTbl Switch on to Fault (BknoueHua Ha K3), koTopble, Npy HEOOXOANMMOCTU, SOMOMHSAKTCA
apyrmmmn TokoBbiMKM 3awmTtamu (MT3, 3H3 nnn MT3 12> ¢ He3aBUCMMBIMU XapaKTepucTukamm
cpabatbiBaHus).

5) JaTynku BennymnHbl TOKa ﬂpﬂMOﬁ nocrnenoBatTesibHOCTU

PekomeHgyeTtcsa yctaeky Start 11 Bce Bpema ctaBuTb Enabled, 4uto nossonsieT yBenuuutb Ha-
OEXHOCTb CUCTEMbI, UCMONb3ys BTOPON MeTon OOHapyXeHus HecMMMeTpuyHbIX K3 aononHu-
TenbHo no Delta 11.

YcraBka Start 11 High gormkHa rapaHTMpoBaHo obHapyxuBaTb TpexdasHoe K3 Ha ganbHem KoH-
ue NUHUK.

Start 11 Low gosmkHa OblTb OTCTPOEHA OT MaKCUMManbHOrO TOKa Harpysku Unv MeaneHHbIX Kaya-
HMM MoLHocTK X K 3anaca

6) Yron 611OKMPOBKU U €MKOCTHOM 3apAAHbIN TOK

- Yron GnOKMPOBKN — peKOMEeHAyeMOe 3Ha4YeHne ycTaBku ans yrna ycromumsocTtu 0s - 30 rpa-
AyCoB. YMeHbLUEHME 3TOro 3HadeHus He pekoMeHayeTcs 6e3 BbINONHEHUS AMHAMUYECKOro Mo-
AENVPOBaHNSE KOPOTKOrO 3aMblKaHUS, KOTOPOE HanpaBfiEHHOro Ha onpeaerneHve Heobxoanmo-
CTW YyBENUYEHUS HanpshKeHus TOYKM nsrmba xapakrepuctukm TT. YBenuyeHve yrna rposut 3a-
rpybneHnem sawuTol.

- EMKoCTHOI 3apsigHbIi TOK - OTa ycTaBka [oMkHa OblTb YCTaHOBIEHA paBHOW NOSIOBUHE MOS-
HOro 3apsi4HOro Toka BCEW NMHWUW. YCTaHaBnuBasi MOMOBUHY YCTaHOBUBLLErOCSA 3apsiHOMO TOKa,
nogpasymMeBaeM, YTO C KaXJoro KoHUa NIMHUM KOMMEHCUPYEeTCst NOMOBMHA 3apsiAHOro ToKa, paB-
HASICb NMPX CYMMUPOBAHMW MOSHOW KOMMEeHcauun. YcTaBka paccyMTbiBAETCA B OTHOCUTENbHBLIX
eavHULax, Kak KpaTHOCTb K HOMUHarbHOM Harpyske.

ANODEPEHUUATIBHO-®A3HAA 3ALLNUTA L60 PUPMbI GE

OuddepeHunansHo-thasHasa 3awmta L60 BbINONHEHA NO NOXOXMUM NPUHLMNAM, HO B TO e Bpe-
MSi OHa MMeeT 0COBEHHOCTU, KOTopble ByAyT OnNUcaHbl HUXE.

OpraH ynpaBneHus nepegaTymMkoM U MyCKOBOW OpraH MCNosb3yrT OAuH N TOT Xe unbTp l-kl4.
Kak BMOHO koadhdumumMeHT k nocTaBneH nepen TOKOM MpsiMon nocregoBaTenbHOCTU. [nga Toro,
4YTOGObI 06EecneunTb NPEMMYLLECTBO TOKa OOpaTHOM NocrenoBaTeNbHOCTU Nepes TOKOM NpsiMOK
nocrnegoBaTtenbHOCTU, YTO obecneymBaeT CenekTUBHYH paboTy 3alumTbl, 3TOT KOIDULUNEHT
AOMmKeH 6bITb MeHblue 1. B 3awmte oH perynupyetcs ot 0.0 go 0.25. Bo3amMOXHO nepeknioyeHe
3awnTbl Ha TokK 3l .

3awmTa nmeeT YyBCTBUTESbHBIM OpraH, NycKaroLWnin nepeaaTymk 1 rpyobin opraH, AeNCTBYHOLLUNA
Ha OTKIKYeHuMe.

Yron casura a3, KOTOpbIN Kak Mbl OTMeYanu JomkeH 6biTb paBeH npumepHo 60°, onpenensieT-
CA MO ANUTENbHOCTU nay3bl B BbICOKOYACTOTHOM curHane. CooTBeTCTByOLWAa ANUTENbHOCTb
nay3abl Nnpu yactote 50y 1 cooTBETCTBYIOLLEN ANUTENBHOCTU Nepuoaa nepemMmeHHoro Toka 20mc
JomkHa coctaButb tn =20 *60/360 = 3.3mc.

CTpyKkTypHas cxema 3aluTbl Noka3aHa Ha puc. 7.42.

Kak BngHo ns puc.7.42 W1 (opraH cpaBHEHMS) HA KaXXOOM KOHLE NMHUM CpaBHMBAET coBnage-
HMEe No BpeMeHU MOMOXUTESNbHOW NOSyBOMHbI TOKA C OTCYTCTBUMEM MOMy4YaemMoro curHana. 3To
npouncxoanT, korga Bbixog FDH (rpy6eii nyckoBow opraH) dukeupyet K3. OToT opraH HacTpau-
BaeTCHa TaK, YTOObl OH He pearnMpoBan Ha TOKW Harpy3ku Ho pearnpoBan Ha K3 B 30He 3aluThl
nuHun. Takum obpasom, ecnm Npu Bo3HNKHOBEHMM K3 rpyObIi MyCKOBOW opraH pearmpyerT, a cur-
Han Ha BbIxode npuvemMHuka oTcyTcTByeT 3,3 MC unu 6onee B TeYeHUE NPOXOXOEHUS MOMOXM-
TernbHOM NONYBOSHbI TOKA, TO Ha BbixoAe OyAeT NonyyeH curHan OTKIMIOYEHNS.

45



MepenaTymkn BCeX TEPMUHANOB NIMHUK NOSyYatoT curHan «1» ot BbiIxogHoro curHana FDL (4yB-
CTBUTENbHbIA NYCKOBOM opraH) u curHan «0». oT ycunuTtensa-gopmupoBaTens npsamMoyrofibHbIX
nmnynscos SQ AMP 4yepe3 W2 Bo Bpems NONOXUTENbHON NOMNyBOSHbLI Toka. ®yHkums FDL He-
ob6xoamMma Ha Bcex TepMuHanax BO BCex cxemax 6nokvpoBku auddepeHumansHo-gasHon 3a-
WMTbl ANa co3gaHus curHana GroKMpOBKM OT COOTBETCTBYIOLLMX NepeaaTynmkoB. OTOT CurHan
NoCcTynaeT Ha yAdaneHHbI NPUEMHUK U BNOKMPYET OTKMYEHME Yepe3 opraH CpaBHEHUs npu
BHewHux K3. FDL nmeet 6onee 4yBCTBUTENbHYIO YCTaBKY, U NOSTOMY AEWCTBYET paHblUe, YeMm
yaaneHHbin FDH. OuyeBngHo, 4TO ecnv npy Bo3HMKHOBEHUKN BHelwHero K3 FDL He Gyaet cpaba-
TbiBaTb, MO KpanHen Mepe, Takke bbICTPO, Kak yaaneHHoln FDH, To 6ygeT uMeTb MECTO NIOXHOEe
OTKITOMEHUE M3-3a OTCYTCTBUSA CUMrHana Ha Bbixode npuemHuka. B ocHoBHom FDL oTcTpoeHbl OT
TOKOB Harpy3km n UMEKT YCTaBKy MeHblue, YeM FDH, 4Ttobbl cpabaTbiBaTh paHbwe FDH. Mpu
BHyTpeHHeMm K3 Toku, Bxogsawme B o6a KOHUaA NuUHUK, coBnagatT no ¢dase. B atom cnyyae npu
NONOXMTENBHOM CUrHane Ha NpoTsbkeHun nonynepuoga «1» ot SQ AMP U1, oT npuemMHuka no-
CTynaeT nay3a Ha MHBepTMpYLLWUn Bxog (onaTb «1»), a oT rpyboro nmyckoBOro opraHa Takke
«1» opraH «W1» BblgaeT curHa Ha OTKIIloYEHME.

Mpun BHewHeM K3 Tok, BXOoOALWMIA B 0AMH TEPMMHAN NNMHUK, cMelleH Ha 180° No OTHOLLEHMIO K
TOKY, BXOAsILLEMY B APYrov TepMuHan NuHun. MNpu 3TNX yCroBuaxX B Te4eHue nonynepmnoaos, Ko-
roa SQ AMP BblgaeT BbIXOAHbIE CUrHanbl «1» , COOTBETCTBYIOLLMIA NMPUEMHUK TaKke BbloaeT
BbIXOOHOW CUrHan Ha nHeepTupyowmin Bxoq «0», BbIXOAHOrO curHana ot M1 oTcyTcTBYET n cpa-
OaTbiBaHME He NPOM30oMNaET.
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Puc. 7.42. CtpykTypHas cxema aunddepeHumanbHo-gasHon awmTbl LE60.
PerynupoBka cummeTpumn

BbixogHoW curHan yganeHHoro npueMHuka AOMKeH TOYHO COBMNagaTh C NEPEKITIOYatoLWLMM CUrHa-
nomMm. OpHako peanbHO 3TO He Nony4vaeTcs U3-3a 3af4epPXKKM B BbIXOAHbIX Lensix. MoaTomy, ecnu
nepegaTtymk Obin BKIKOYEH NONMepuoda M NOTOM OTKIHOYEH MONMNEPUMOAA, BbIXOAHOW CUrHan
yAaneHHoro npveMHuka 6yget npucytcTBoBaTtb 6ornee, 4em nonnepuoga M OTCYyTCTBOBATb Me-
Hee, YeM nonnepuoaa. ATo ABMEHNE rMaBHbIM 06pa3om 00yCNOBNEHO XapaKTEPUCTUKON OUNbT-
pa B NMPMEMHMKE U CaMoW annapaTypon nepegayn curHana. 3JTa BeNu4yMHa He NoCTosiHHA, U 3a-
BMCUT Kak OT paboumx 4acToT, Tak W YpoBHA pabodero curHana. Takum obpas3om, 3Ta
acMMMETpUS MOXET MEHSITbCSl B 3KCMnyaTaumuM OT YCTPOMCTBA K YCTPOMCTBY U OT OAHOrO
MOMEHTa BPEMEHN 0 APYroro (Co CMEHOM aTMOCdEPHbIX YCNOBUN).
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PerynupoBka CMMMETPUN HAXOOUTCS BO BXOOHOW LEnU NpueMHMKa Kak nokasaHo Ha puc. 7.43.
OHa BbINOMHSETCA C C 3agepxkon cpabaTbiBaHWS UM ¢ BO3BpaTa B 3aBMCMMOCTU OT TOro, 3a-
Aep>X1UBaeT Unu yckopsieT NPUeMHUK NOMyYeHHbI CUrHan. YcTtaBska no BpeMeHu ycTaHaBnMBaeT-
Cs nocre Toro, Kak nepegaTtyvku, NpUEeMHUKN U annapaTtypa CBA3M HacTPOeHbl U OTperynuposa-
Hbl C HY>XHOW YyBCTBUTENbHOCTbLIO. Hy)XHas ycTaBka AOCTUraeTcs nyTemM CpaBHEHWS MOMEHTOB
cpabaTtbiBaHUA MPUEMHMKA C MOMEHTaMM BKITHOYEHUS U OTKITOYEHUS nepegartymka CMMMeTpUY-
HbIM BbIXOAHbBIM CUrHarnoMm opraHa ynpasneHusi. [locne npMeMHuK BbldaeT CUMMETPUYHBIA Bbl-
XOOHOW cuUrHar.

PACHET CEPATHOELT Punc.7.43. Cxema 6rokupos-
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BXOf PETY/IMPOBKA
MPUEMHUKA CUMMETPUM

(NONYYEHHBIA BNIOK)

Tenepb BbIXOOQHOW CUrHam nNpuUemMHVMka CUMMETPUYEH, HO BO3MOXEH cABUr No dase B CTOPOHY
3anasgbiBaHvsa OT pakTUYEeCcKM nepegaBaemMoro curHana Ha yaaneHHom tepMuHane. Ons atoro
BbIXOAHOW CUrHamn MoXeT OblTb CMelleH No da3e OTHOCMTENbHO TOKa Ha yaaneHHOM KOHLE fu-
HUW.

OTa KoMMeHcaums OCyLLECTBNAETCA C MOMOLLbIO 3aAepPXKKU N0 BPEMEHU BO BXOOHOW LiEN KOM-
naparopa.

BbIxogHOM curHan KoppekTUpoBLLMKa ha30BOKM 3a4epXku No oopme Takon Xe, Kak y hopmMupo-
BaTens NPAMOYrofibHbIX MMMNYNbCOB, HO OH OTCTAeT Ha BpeMs YCTaBKu. OTa BblAep)KKa BPEMEHM
yCTaHaBNMBAETCA PaBHOW CyMMe TPeX BblOepXeK (PErynMpoBKN CUMMETPUK, Nepeaayn curHana
N NpUeMHMKa), ONMCaHHbIX Bbile. TakuMm obpasom, BHewHee K3 OydeT Bbi3biBaTb BbIXOOHOW
CUrHan oT perynatopa CUMMETPUKM, TOYHO COBMagalolwmi no dase u CUMMETPUYHbBIA C BbIXO4-
HbIM CUrHaroMm YCTPOMCTBa (0a30BOW 3aJepXKu. YCTaBka perne BpeMeHU (pa3oBON 3adepiKKu
3aBUCUT OT BPEMEHN OENCTBUS KaHana, a oblee BpeMsi OTKITHOYEHUS CXEMbI 3aBUCUT OT YCTaBKM
3TOro pene BPeMEHM.

PekomeHaauumn compmMbl No BbIGOPY OCHOBHbIX YCTaBOK
1) BbiGop cxembl yrpaeneHus

[ns Toro 4ToOLI 3awmTa paboTana npu BCex Buaax KOPOTKOro 3amblKaHMSt HEOBXOAUMO NPUHATb
ana ynpasnexus curHan l-kly ; nga Toro 4tobbl 3awmTa paboTtana TONbKO Npu 3aMblKaHMAX Ha
3eMnio BbliOMpaeTca ynpaeneHue no 3lo. [Npu 3ToM OTKNOYEHNE Npu MexaydasHbIX KOPOTKUX
3aMblkaHuAX 6e3 3aMblkaHMs Ha 3eMJI0 BO3MaraeTcs Ha QUCTaHUMOHHYIO 3allumTy, BXOASILLYIO B
KomnnekT. BnonHe o4eBMaHO, YTO ANS HaALLMX YCNoBWiA LienecoobpasHo BbibpaTh curHan la-kly.

2) KoadhpuumeHT k ymeHbLUaowmin BAnsSHUE COCTaBnsoWen npsaMon nocrneaoBaTenbHOCTU Mo
CpaBHEHMIO C cocTaBnswoLlen obpaTHoON nocneaoBaTernibHOCTU, Kak NpaBuno, BbibupaeTtcs pas-
HbiMm 0.2 ons obblyHbIX ycnosun. OgHako B criydae, ecriv TOKUM KOPOTKOro 3aMblkaHus HegocTa-
TOYHO BENUKN NO CPaBHEHUIO C TOKOM Harpysku, NpuxoauTcs yMeHbLllaTb Benuundy ao 0.15 unu
0.1. HeobxoanmocTb 3TOro onpeaenseTcs npu Bblbope yCTaBOK MYyCKOBLIX OpraHoB.

3) YcTaBka yyBCTBUTENBLHOMO NyckoBoro opraHa FDL BbiGMpaeTtca no dopmyne:
FDL =1.1x k x Iy,

Ioe |y MakcmanbHbI TOK Harpysku, a koadduumeHT k BbibpaH paHee B 1.2).
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Ecnn npu 3TOM 4yBCTBUTENBHOCTL 3alUUTbl K HECMMMETPUYHbIM K3 OkasbiBaeTcs HegocTaToud-
HOW, TO BENMYMHY K HY)XHO YMEHbLINTb U 3aTeM CHOBa MPOBEPUTb YyBCTBUTENBHOCTb. MuHUK-
ManbHasa BenndnHa k gormkHa obiTb He meHee 0.05.

4) YcrtaBka rpy6oro nyckosoro opraHa FDH BbibupaeTcsa no oopmyne:
FDH = 4/3 FDL+ 0/375 l4¢
Ioe lic - 3apsgHbIN TOK NPSMON NOocrneaoBaTeNbHOCTU NIMHUKN SNeKTponepeaayn.

MpoBepsieTca YyBCTBUTENBHOCTb MYCKOBbLIX OPraHOB K HecMMMeTpuyHbiM K3, npyn Heobxogmmo-
CTM ONATb YMeHbLUaeTcsl BenuunHa k. Ecnun 4yBCTBUTENBHOCTL K TpexdasHeiM K3 okasbiBaeTcs
HeJoCTaTO4YHON, OTKNtoYeHNe TpexdasHbix K3 Bosnaraetcs Ha AUCTaHLUMOHHYIO 3aLunTy.

5) YcraBka cummetpupoBaHusa (SUMMETRY CH 1(2)) BbixogHoOro curHana BbINOMHSAETCA nocrne
aHanusa ocuunnorpammbl. OnpegensieTca ANUMTENbHOCTb MMMNYMbCca U nay3bl U CpaBHUMBaETCA
mMexay cobow n onpegensieTca ANUTENbHOCTb HEOBXOAUMOro U3MeHeHUsa umnyneca. Tak, Ha-
npuMmep, ecnv UMNynbC AfIMHHEe naysbl Ha 4MC, BBOAUTCS yCTaBka paBHon: -2mc. Ecnv naysa
AnNuHHEee umnyrnbsca Ha 3Mc BoauTcH ycTaska: +1.5mc.

5) YcTtaBka komneHcauun BpemMeHW cABUra MMMNyNbCOB MO KOHUaM NWHUM 3rekTponepenayu
(PHASE DELAY CH1(2)).

Mpw BbIGOPE YCTaBKM HEOBXOANMO CYMMMPOBATL TPU COCTaBNAOLWMNX: 3aAepKa curHana B 060-
pyAOBaHWM, cOBUM (hasbl TOKa MO KOHLAM NMHWUK, BPEMS Mepeaayn curHana Ha npoTMBOMONOXK-
HbIA KOHEL, NIMHUK. YKa3aHHble BeNnYMHbl BBOASITCS B 06a pene aBTomatuyeckun. lMonb3oBaTtenb
C NMOMOLLbIO ocumnorpada MoXeT NPOKOHTPONNPOBaTb pe3ynbTaT U BHECTU KOPPEKTUPOBKY.

6) Yron 6nokupoekn (STABILITY ANGLE)
Yron 6rnoknpoBku onpegenseTcsa cnegyownumMmm cocTaBnaowmmMmm
@s = pload +@capac+@ct
roe: eload casur ¢has Toka Mexay KOHUaMU NMHUN OT TOKa Harpysku;
@capac casur pas oT eMKOCTHOIO Toka nNuHun. MoxeT GbiTb onpeaeneH no dpopmyne
@capac = arctan (icapac / Irpy)
roe:  icapac — eMKOCTHOM TOK NIMHUM, lgpy — yCTaBka rpyboro nyckoBoro opraHa.

@ct - yrmoBas norpelHoCcTb TpaHCOPMaTOPOB TOKa M CXeMbl KOMMeHcauun casura ¢as.
MoxeT BbITb npuHsATa paBHoii 10-20°.

Kak npasuno, NpuHMMaeTCcd yromn s paBHbIM 600 , NN COOTBETCTBEHHAA LLMPUHA Nay3bl paBHa

7.5.5. HAMPABJIEHHAA MNOMEPEYHASA OU®OEPEHLMANBHAA 3AWIUTA 0OBYX
NAPAJJIENIbHbIX TIUHUAN

[na napannenbHbIX NMUHUA, NPUCOEANHSAEMBIX K LUMHAM Yepe3 CaMOCTOATENbHbIE BbIKNoYaTenu,
Hy>KHa 3alumTa, KoTopasi Morna 6bl BbiOUpaTh M OTKIIOYATb TONLKO OAHY MOBPEXOEHHYIO NIVHUIO.
Taknm ceoncTBOM obnagaeT HanpasneHHas nonepeyHas guddepeHunansHas 3awmra.

3awmTta B cetn 6-35 kB rge HeobxoomMmo oTKMoYaTh TOMBKO MexaydasHble KOPOoTKME 3aMblka-
HUS BKItoyaeTcs Ha dasbl A n C Kak u ocTanbHble 3awmuThbl B 3ToM ceTn. B cetn 110-220 kB, k
3Tnm ABYM perne gobaBnsdercsa TpeTuin SNeMeHT, BKIoYaeMbIi Ha pasHoOCTb TokoB 3lo.
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YNpoLleHHas npvHUUNuanbHas cxema HanpasrfieHHOW nonepeyHon anddepeHumansHoOn 3aLm-
Tbl NpuBeAeHa Ha puc. 7.44. 3awmnTa COCTOMT U3 NyCcKoBOro opraHa KA, oOblMHO OcyLLeCcTBIsie-
MOro TOKOBbIMW pere, BKMOYaeMbIMU TaK Xe, Kak B TOKOBOW nonepeyHon avddepeHunansHon
3almTe, 1 opraHa HanpaeneHna MowHocTu KW, BKNIOYEHHOMo Ha pasHOCTb TOKOB 3alluLLiaeMbiX
FNIVHUIA 1 Ha HanpsbkeHve WWH noactaHumn. OnepaTuBHLIA TOK NogaeTcs Ha pene 3almTbl Yyepes
nocnegoBaTenbHO COeAMHEHHbIE BCMIOMOraTenbHble KOHTaKThl BbIKNoYaTenen 3alumiaemblx fn-
HWI, onNs Toro 4Tobbl 3almTa aBTOMaTUYECKN BbIBOOUMACh U3 AENCTBUS NPU OTKIIOYEHUN OA-
HOW N3 NIUHUIN BO n3bexxaHne ee HECENEKTMBHOIO AENCTBUS Npu BHewHeM K3.

sau sm sa1.2
KAT mw ¢ YAT!

SQ%Z YAT2

Puc. 7.44. YnpolleHHasa cxema HanpasrieHHoW nonepevyHon anddepeHumanbHon 3awmTbl na-
pannenbHbIX FIMHUA N NOSACHSAIOLLNE BEKTOPHbIE AuarpaMmbl;

a — TOKOBblIe Lenn; 6 — Lenu HanpsikeHus; B — Lenu ornepaTuMBHOIO TOKa; I — BEKTOpHas ava-
rpamma TokoB npu K3 Ha nuHun /; 4 — T0 e Ha NuHumn //.

B kauecTBe opraHa HanpaefieHUst MOLLHOCTM UCMONb3YIOTCS TE e perle HanpaBrieHNUsl MOLLHO-
CTW, YTO N B CXeMaxX MaKCMMarnbHbIX HanpaBfeHHbIX 3aWwmT Kak n3BeCTHO, 3Ha4YeHne 1 3Hak
BpalLaloLLero MoOMeHTa y pene HanpasneHUsi MOLLHOCTU 3aBUCAT OT 3HAYEHUS ToKa, Hanpsbke-
HUA 1 yrra mexay HUMKu. HanpsbkeHne, nogBoANMOE K perie, MEHAETCS TONbKO MO 3HAYEHUIO B
3aBUCMMOCTU OT yAaneHHocT mecta K3 oT WnH noacTaHuuu, rae yCTaHoBMNEHa 3alumTa.

B TO e BpeMs TOK, NoABOANMLIN K pene, U3MEHSIeTCA He TOMNbKO No 3Ha4YeHuto. B 3aBucumocTu
OT TOr0, Ha KakoW M3 NIMHNIA NPOUN30LLIO MOBPEXAEHNE, UBMEHAETCS TaKKe N HanpasrieHne npo-
XOXOEHUS TOKa Yepes pene HanpaerneHns MOLWHOCTH (CM. puc. 7.45 1 n a).

Tak, Npy NOBpeXAeHU Ha NUHUK / TOK B NnHUK [ ByaeT 6onblue Toka B NMUHUK //, 1 NO3TOMY UX
pa3HOCTb, T. €. TOK B pene, byaeT uMeTb Takoe e HanpaBrieHne, Kak 1 TOK B NnHum /. B pesynb-
TaTe pene HarnpaeleHMUs MOLWHOCTU 3aMKHET KOHTakT KW.1 1 3awmTa OTKNHOYNT NOBPEXOEHHYIO
nuHuio /.

Mpun noBpexaeHun Ha nuHum |l Tok K3 B nnHum // 6ygeT Gonblue Toka B NMMHWUK / 1, cnegoBa-
TENbHO, UX Pa3HOCTb, T. €. TOK B pene, U3AMEHUT HanpaeBlieHMe Ha NPOTUBOMONOXHOE. Mpn 3ToM
3HaK BpallaoLLero MOMEHTa pere HanpasfeHUst MOLLHOCTU TakKke M3BMEHNTCS Ha NPOTUBONMO-
NOXHbIN 1 pene, 3aMKHYB KoHTakT KW.2, obecneunt gencTeme 3amuTbl Ha OTKIOYEHME NOBPEX-
OEeHHOW nNuHun /1.

Tok cpabaTbiBaHMsI MYCKOBbLIX TOKOBLIX pene BbiOMpaeTcsi Mo ABYM YCIOBUAM:

1) 3awmTa He JOMKHa AEeNCTBOBATL NIOXHO OT TOKOB HebanaHca HOpMarbHOro pexuma n npu
BHellHeMm K3;

2) 3alumMTa He OOImKHa AENCTBOBATL JIOXKHO OT MaKCMMaribHOro Toka Harpysku B pexume, korga
Ha OQHOM KOHLE BKIHOYEHbI BbIKNOYaTENN 06enX NMMHNIA, a Ha gPYroM — TONIbKO OAHOW NINHWN,
YTO MUMEET MECTO MNPU onepaumnsax no BKIMIOYEHNIO U OTKNIOYEHUIO NUHUNA.

HanpasneHHasa nonepeyHasn anddepeHumansHas 3awmra UMeeT « MEPTBYIO 30HY» Npu noepe-
XOEHUAX BOMM3M LWWMH NPOTUBOMOSIOXHON nogctaHumun. Npu Bo3HUMKHOBEHMM K3 B 9TOW 30HE Ha-
npaeneHHasa nonepeydHasn anddepeHumansHas 3awmTa He oTKasbliBaeT B AENCTBUM, KaK TOKO-
Bas, a AeNCTByeT KackagHo.
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Puc. 7.45. KackagHoe gencteue HanpaesneHHon none-
peyvHon andpepeHumnanbHOM 3almThl; a8 — OENCTBYET
3almuTa co CTOPOHbI MPMEMHOM NoAacTaHUuuKu; 6 — nocne
OTKITHOYEHNS BbIKITHOYATENS HAa NPUEMHON NoACTaHLMN
OEencTByeT 3almMTa Ha NUTaloLen NnoacTaHumMm

Tak, npy noBpexaeHnn B Touke K Ha nuHum // B6rM3m
WnH noacTtaHuum b (puc. 7.45 Tokmn /! n /1! 6yayT 6nm3ku
no Benu4MHe n TokopacnpeaeneHune byaet TakuMm, Kak
nokasaHo Ha puc. 7.45 a.B pesynbTaTte 3awWuTa Ha noa-
cTaHumn A gencteoBaTb He OyaeT, a Ha nogcTtaHumm b

NOAENCTBYET U OTKMOYUT BbIKMOYaTENb NOBPEXAEHHON NUHWK //. Tlocne oTKNYeHUs BbIKIoYa-
Tens NUHWUK // Co CTOPOHbI NoACTaHuMn b TokopacnpeaeneHne N3MeHUTCA U CTaHET TakuM, Kak
nokasaHo na puc. 7.14, 6. lNpoxoxaeHne Toka K3 no nuHum / npekpawiaeTcs, BCreacTBue 4Yero
TOK B pene 3awuTbl NOACTaHLMM A CTaHOBUTCS paBHbIM NonHOMY Toky K3, npoxoagsiiemy no nu-
Hum //. 3awmTa npm aTOM cpaboTaeT 1 OTKIHYUT BbIKMYaTenb NMHUK //, Yyem ByaeT NONHOCTbIO
nukeMampoBaHo K3 Ha aTon nuHun.
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