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BBenenue

KypcoBoe mpoeKkTUpOBaHUE CTABUT CBOEU LIEJIBIO 3AKPENUTh YMEHUS U CUCTE-
MaTU3UPOBATh 3HAHUS, MMOJYUYECHHBIE MO JUCHUILUINHE «CpeacTBa KOMMYTAIUU AJEK-
TPUYECKOW DPHEPTUM» a TAKKE B CMEKHBIX NUCLMIUIMHAX, HAYYUTh CTYAEHTOB MpPH-
MEHSTh 3TH 3HAHUS MPU PEUICHUN UHKEHEPHBIX 3a/1a4, IPUBUTh UM HABBIKH K CaMO-
CTOSITEJIBHON TBOPUYECKOM padoTe.

[enpo KypcoBOil pabOThI ABJISETCS BHIOOP M MPOBEPKA CPEACTB KOMMYTAIUU
AIIEKTPUYECKON SHEPTUU HA TPaHCHOPMATOPHON MOICTAHIIHH.

OCHOBHBIMHU 337]a4aMH KypCOBOM paOOThI SABJISIOTCS:

1. OnpeneneHune pacueTHbIX ANEKTPUUECKUX HATPY3O0K.

2. Bo16op ceueHmii mpoBOOB JIMHUHN SIEKTPOIIEpPEIadH.

3 Br100op cunoBbIX TpaHCHOPMATOPOB.

4. PacueT TOKOB KOPOTKOT'O 3aMbIKAHUSI.

5. BbiOop 1 mpoBepka cpeicTB KOMMYTAIIUU AJIEKTPUUYECKON SHEPTHUH.

[Ipy mpOEKTUPOBAaHUHU DJIEKTPUUECKOM YAaCTU MOJACTAHUMN MEPEMEHHOTO TOKA
HarpspkeHueM 35...750 kB ucnonb3yroTcs cieayole HOpMaTUBHbIE TOKYMEHTBI:

1. ITpaBuna yctpoiicTBa 3yeKTpoycTaHoBoK (7 u3nanue). Mocka: U3natensb-
ctBo HI[ DHAC, 2003 r.

2. HopMBbI TE€XHOIOTUYECKOTO MPOCKTUPOBAHUS MOACTAHIIUA TEPEMEHHOTO TO-
Ka, ¢ HanpspkeHueMm 35...750 kB. Mocksa: U3znatensctBo @CK EC, 2006 1., 96 cTp.

3. TunoBbie cXeMbl pacHpeAeIUTENbHBIX YCTPOUCTB MPUHIUIINAIBHBIE JJICK-
tpuueckue 35...750 kB. Mocksa: OAO «®CK EDCx», 2007 r., 132 ctp.

4. Toxun KOpoTKOro 3ambikanus. PykoBonsmmii jokymeHT 153-340-20.526-98,
Mocksa: U3natensctBo HII DHAC, 2002 r., 302 cTp.

5. TOCT P52735-2007. KopoTkue 3aMbIKaHUs B 3JICKTPOYCTAHOBKAX.



1 OnpenesieHne pac4EéTHBIX JIEKTPHUYECKUX HATPY30K

OOBEKTOM TPOSKTHPOBAHUS SIBIISIETCS TOHHW3WTEIbHAS TpaHchopMaTopHas
nojactaniys 110/35/10 kB pailoHHOM 3JIEKTPOIHEPTETUUECKON CUCTEMBI.

[{enp pacyeTa NEKTPHUUECKUX HArPy30K — ONMPEAEICHUE TOKOB, MPOTEKAIOIINX
[0 TOKOBEAYIHUM 3JIEMEHTaM, JJIsI BBIAICHEHUSI X JOIMYCTUMOCTH IO YCJIOBHUSM Ha-
rpeBa 3JeMeHTOB. Pacuer aiekTprUuecKUX Harpy30K MPOBOAUTCS ISl ONpPEACIICHUS
BEIIMYMH 3aTpaT B CUCTEMaX dJIEKTPOCHAOKEHUS MPOMBIIIIICHHBIX TIPEAPUSTHL.

[ToTpeOuTenu 37EKTPOIHEPTUN UMEIOT y3€Jl HArpy3KH, C MOJTHOM MOUTHOCTHIO
B KOMILIEKCHOM (hopme 3amnucu

Suow = P+ O, MBA,

rae P — akTuBHast MOITHOCTb, MBT; J — peakTUBHAsI MOLITHOCTh, MBap.

Moaysb OJTHOM MOIITHOCTH B alnre0pandeckoit popmMe 3amucu

Suom = | P> + 0% , MBA.

B cocraB Harpy3ku BxomsT motpeburenu 1, 2 u 3 kareropuu 1mo HaAEKHOCTH
anekTpocHaOxkeHus. [IpoAomKUTENbHOCTh MCOIB30BaHUST HAUOOJbIIEH Harpy3Ku
COCTABISACT 1 jax.(YKA3BIBACTCS B 33JIaHHH ).

HomunansHoe Bricinee HanpsukeHue Usen Ha IIMHAX MOACTAHIIMU COCTABIIET
35...220 xB. YpoBeHb HanpsHKeHUs B IEPUO]T HAUOOJIbIIIEH HArPy3KU paBeH
Uyiae = 1,05 Uyoy. JlNTMHA BO3AYIIHBIX JIMHUN 3JIEKTpOTIEpEay paBHa L, KM *yka3aHa
B 33JIaHUU.

Kak nmpaBuiio, 31e€KTposHEprusi K NOACTAHIIUUA U3 SHEPrOCUCTEMBI MOIBOIUTCS
10 JABYM JIMHUSIM 3JIEKTPONEpelau U3-3a HATUYUsS MPUEMHUKOB COOCTBEHHBIX HYX]I

IIEPBOM KaTErOpUU HAAEKHOCTH.

2 Bb100p ceyeHNi MPOBOAOB JMHUI JIeKTPONepeaavYn
MO0 YCJIOBUSM IKOHOMHYHOCTH
OKOHOMHMYECKIM HA3bIBAIOT CEUEHUE, COOTBETCTBYIOIIEE HAUMEHBIIEMY 3HAUYCHHI) PACUETHBIX

(I[I/ICKOHTI/IPOBB.HHBIX) 3atTpar. OKOHOMHYECKIE CCYCHHS MOJKHO BHIOH paTh MO0 HOPMUPOBAHHBIM



3HAYEHUAM JKOHOMHMYECKON MJIOTHOCTH TOKAa MJIM MO 3KOHOMHMYECKMM HHTEpBalaM
Harpys3Ku.

OKOHOMUYECKYH0 TIOTHOCTh TOKA MPEACTABIAIOT B MPEATONOKECHUN TPUOMMKEHHOH THHEHHOM
3aBHCHMOCTH CTOMMOCTH COOPYKEHUA | KM JTMHUU JNEKTPUUECKOH CETH OT CEUEHHS.

C yBenuueHHEM CEUEHUS MPOBOJHMKOB YMEHBIIAIOTCA TOTEPH SHEPTHH, HO OJHOBPEMEHHO
BO3PACTAIT KAMUTANbHBIE 3aTPaThl W PAacXoJbl IBETHOTO MeTalna. BribpanHoe ceuenue
npooga ImHui DC ABNAETCH SKOHOMHYHBIM, €CIIM OHO COOTBETCTBYET ONTHMAJIBHOMY COOTHOUICHHIO
MEKy KanuTalbHbIMU 3aTpaTaMi HAa COOPYKEHHE M dKCIIyaTallUl0 ¥ pacxojaMu, CBA3aH-
HBIMH C MOTEPAMHU 3JMEKTpodHEeprun. YUToObl HAWTU 3TO ONTUMAJILHOE COOTHOLIEHHE,
HY>KHO ONPENEIUTh KAKOE CEYEHHUE MPOBOJIOB COOTBETCTBYET HAMMEHBLIEMY 3Haye-
HUIO pacyeTHHIX 3aTpar. ONpeaenuTh 3TO CI0XKHO, HEOOXOIUM y4eT MHOTHUX (DaKTo-
pOoB B COBOKYMHOCTH. [ToaToMy nipu npoektupoBannu junHui 35...220 kB BbiOUparor
CEYEHUS ITPOBOJIOB HE HA OCHOBE TEXHUKO-3KOHOMUYECKHUX COMOCTABIECHUN B KaXKIOM
KOHKPETHOM ClTy4yae, a o HOPMAaTUBHBIM OOOOIIEHHBIM MOKa3aressiM. B kauectBe Ta-
KHX [MOKA3aTENEN UCTIOJIB3YIOT HOPMUPOBAHHBIE 3HAYEHUSI S)KOHOMHYECKOW MIIOTHOCTH
TOKA.

3HaYeHUs1 SKOHOMHYECKOM TJIOTHOCTH TOKA j, HOPMHUPYIOT B 3aBUCHUMOCTH OT
KOHCTPYKTUBHOI'O BBITIOJHEHUS JIMHHUM, MaTepuayia MpoBOAa, MPOAOJIKUTEIbHOCTH
MCIOJIb30BaHUs HAUOOJIbILIEH HATPY3KH U pailoHa coopykeHus. PekomeHnyembie 3Ha-
YyeHHUs YKOHOMHYECKOM IIOTHOCTH Toka Juist BJI 35...220 kB, BBINOJHEHHBIX CTajie-

AIFOMUHHUEBBIMH [TPOBOJAMHU, IIPUBEACHBI B TA0IMIIE 2.1.

Taﬁﬂuua 2.1- PCKOMCHIIYGMBIG 3HAYCHUS YKOHOMHYECKON MJIOTHOCTH TOKA

AJI1 CTAJICAJIIOMUHUCBBIX ITPOBOJIOB

Pation TMaKC: 9

1o 3000 3000-5000 | ©onee 5000

EBpomneiickas yacts Poccun, 3akaBkasbe, 1,3 1,1 1,0
3abaiikanbe u JlanpHuii BocTok

HenTpansuas Cubupb 1,5 1,4 1,3




Ha ocHoBe gaHHbIX TabaUIbI 2.1 SKOHOMUYECKOE CEUEHUE OMPENEIISIOT MO BbI-
PaKEHUIO

S .10°

MAKC

Fy = . ’
\/g.UHOM Iy, (21)

TA€ Syaxc — MOJHAA MOILIHOCTh Y4acTKa CETU MPU MAaKCUMAJIbHBIX Harpyskax, MB-A;
Ny — YUCJIO MapaJuleNIbHbIX JUHUM yuacTka. [IpuHsITh B pacuérax
SMaKC = Spacq..

[TomyuenHoe TakuMm 00pa3oM ceueHue F, OKPYIIISIOT 10 OJMKalIero cra-
JTApTHOTO 3HAYEHUS.

BriOpanHOe ceueHue MpoBOIOB MPOBEPSIOT MO TEXHUYECKUM YCIIOBUSM:

—JIONMyCTUMOMY HarpeBy TOKOM Harpy3Kd B MOCJICABAPUHHOM PEKUME;

—I10 YCJIOBHSIM 00pa30BaHMs KOPOHBI U MEXaHUYECKON MTPOYHOCTH.

J171s1 BBITIOJTHEHUST YKA3aHHBIX TPEOOBAHUHN BEIOPAHHBIE CEUCHHUSI IOJKHBI

YAOBIICTBOPATH CIACAYIOIIUM YCIIOBUAM:
Il‘[/aB.MaKC S Inon;

Kop
F > Ewuu.dun;

mex

F Z me.dun .

MakcuManbHbIN TOK [ a5 \axc B TTOCIIEABAPUMHOM PEKUME HAXOAAT COOTBETCT-
BYIOIIIUMU pacueTaMu. J[OMyCTUMYIO TOKOBYIO Harpys3ky I,,; OpHHUMAIOT MO CIpa-
BOYHBIM JAHHBIM. [IpUHATE 1, 45 vaxe = Lpacu.

HomuHanbHble TOKU [ 40y 12, IpoTeKatomue B auHuax BJI 110, 35 u 10 u mm-
Hax [1C, onpenensitor mo ¢popmyie:

Hom 1,293

IHOMI 23 —F(/————— =
o \/g'UH()Ml,Z,:;

1€ Uyon1,2,3 - HOMUHAJIBHOE HAIIPSDKEHUE COOTBETCTBYHOMIEH crynenu 110, 35 u

10 kB Tpancdopmaropa.



Jnst nuaui snextporepenad 35 kB cedeHust mpoBOJOB OOBIYHO BHIOMPAIOT B

npenenax ot AC 35 no AC 150, nmunuii 110 kB — ot AC 70 no ACO 240, nunauii 150

kB - ot AC 120 1o ACO 300 u nunuii 220 kB — B npegenax or ACO 240 no ACO

400. ITpu 3TOM ymcIO napawienbHbIX Henei OC Ha KaX10M HAlpaBJIEHUH HE CIENy-

€T NpUHUMATh 00Jiee TPeX — YeThIpeX.

B cootBercTBuu ¢ [1YD MUHHMMalIbHBIE CEUEHHUSI TPOBOJIOB O YCIOBUIO Orpa-
HIYCHHS [I0TEPb Ha KOPOHY cocTaBistioT 70 u 240, M.

Jlnst obecrieueHUsT SKOHOMUYECKH TMPUEMIIEMOTO YPOBHS TIOTE€Ph DJIEKTPO-
sHepruu Ha KopoHy B BJI Hanpsbkenuem Boiine 35 kB HeoOXxoaumo BHIOMpATh ceve-

HHE CTaJICaJIIOMUHUEBBIX IPOBOJIOB HE MEHEEC MUHUMAIbHO JOMMYCTUMBIX F |

Mun.oon *

Ycnosue F' > F' — sBIsS€TCS OTpaHUYMBAIONIMM IIPU BHIOOPE MPOBOJIOB B Ce-

MUH.00N

TaX 35 kB 1 HUXKe ¢ MaJIol TIIOTHOCTBIO HATPY3KHU.

CeueHue IpoOBOJIOB 10 SKOHOMHYECKON MJIOTHOCTH TOKa BbiOuparotT 1is BJI na-
npsbkenueM 10 500 kB, BkmtountensHo. st BJI nanpsbkenuem cBoiie 500 kB sko-
HOMMYECKasi IUIOTHOCTh TOKa HE HOpMHpoBaHa. MeTon BbIOOpa cedeHus Npo-
BOJAHUKOB 10 HOPMHUPOBAHHBIM 3KOHOMHUYECKHM IUJIOTHOCTSIM TOKa OOJaAaroT TeM

HCOOCTATKOM, YTO 39THU IINIOTHOCTHU OIIPCACIICHLI IIPpU (I)I/IKCI/IpOBaHHBIX 3HAa4YCHUAX



aMOPTH3AIMOHHBIX OTYUCIICHUH I Pa3IMYHBIX THUIIOB JIMHUN W B TMPEATOI0KCHUN
JMHEHHON 3aBUCUMOCTH YACIIbHON CTOMMOCTH MTPOBOAOB OT CEUECHUHN M HETPEPHIBHO-
CTH CEUCHHMH KaK HEMPEMEHHOTO YCJIOBHUS 1O OTHOIICHUIO K ONTUMH3UPYEMBIM
(muddepeHnrpyemMbIM) apryMeHTaM — JUCKPETHBIM CEYEHHUSIM MPOBOIOB.

HazBanubie (hakTopsl, a Takke OONBIITNE MTUAMA30HBI BPEMEHU 1y TIPUBOMIST K

SHAYUTCIIbHBIM ITOT'PCHIHOCTAM IIPpH BBI60pe AKOHOMHUYECKHUX CEUCHMU.

3 Bbi0op TpaHchopMATOPOB HA MOACTAHIUAX

JIJIsl TEXHUKO-2KOHOMHYECKOTO COTIOCTABIICHUS MCCIIEAyeMbIX BapuaHToB DC
HEOOXOIMMO JIJIsl KOKIOW TIOJICTAHIIMH ONPEACIUTh KOJTUIECTBO U MOITHOCTH TPaHC-
dbopmatopoB (aBTOTpaHCHOPMATOPOR).

[TpakTuuecku OecniepeboitHOe aekTpocHaOxkeHue motpeduteneit I u I kare-
ropuii 006ecrneynBaioT NPy YCTAaHOBKE Ha MOJACTAHIIMHU JIBYX OJMHAKOBBIX TpaHchop-
MaropoB. Takoe pelieHue sIBISETCs, KaKk MPaBWIO, HarOOJIee PKOHOMHYECKH IIEJIeCO-
obpazaeM. [Ipy oTKIIFOUEHNM OJTHOTO TpaHCQopMaTopa (TTAHOBOM MM aBapUITHOM) OC-
TaBILIMIACS B paboTe TpaHc(HopMaTop JODKEH 00ECHEeUUTh MUTAHUE BCEX MOTpEeOHUTENei
MIOJICTAHITNH, UCXOJIS U3 JOIMYCTUMOM TIEperpy3Ku TpaHchopMaTopa Ipu HauOOIIbIIeH
Harpy3ke Ha 40 %. B OOnbIIMHCTBE CITydaeB TaKo PeXXUM IS IBYX TpaHC(HOPMATOPHBIX
noJicTanIwii gocturatot mpu 70 % 3arpy3ke Kaxmoro TpanchopmaTopa Ha BpeMsl Mak-
CUMyMa Harpy3kd. Toraa HOMHHAIBHYIO MOITHOCTh TpaHc(opMaTopa MOKHO OIpe-
JICATH CIEAYIOIINM 00pa3oMm:

SHOM. T > 037 SMaKC. Harp-+ (3 1)

YcTaHOBKY Ha MOJCTAHIIMHU TpeX U OoJiee TpaHC(HOPMATOPOB IOMYCKAIOT TIPH
KOHIEHTPUPOBAHHBIX HArpy3Kax, €ciH MpeaeabHON CYIECTBYIOIIEH IIKaie MOIIHO-
CTH ABYX TpaHC(HOPMATOPOB HEAOCTATOYHO, a TAKXKE MPH HEOOXOIUMOCTH BBIZCITUTH
M0 PEXUMY HAIPSDKEHHSI AIEKTPOCHAOKEHNE PE3KONEPEMEHHBIX HAarpy30K Ha OT/EIb-
HBIN TpaHcpopmarop*. Ecnu 11t 1ByXTpaHcopMaTopHON NOACTAHIINN KOIPPHUITUESHT
3arpy3ku TpaHcopmaropa NpuHUMAOT paBHBIM 0,7 (M3MEHSETCS B 3aBUCHMOCTH OT

XapakTepa 3JeKTpPOnoTpedeHus), To JUIsl TpeXTpaHc(HOpMaTOPHON MOJACTAHIIMUA OH
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MOKET OBITh TOBBIIICH /10 0,93 M0 yCIOBUSAM JTOMYCTUMOM HArpy3ku TpaHchopmaro-
POB, KOTJa OTKJIFOYArOT OAWH U3 HHUX.
S
k, =
.S
Az DhomT (3_2)

MaKC

*Bbonee 000CHOBaHO HOMHHAJIBHYIO MOILIHOCTh TPaHC(OPMATOPOB ONPEAEIAIOT C MCIOIb30BaHUEM Tpaduka
Harpy3KH NOJCTaHIIMH .

+CO0TB€TCTByIOIIIa$I XapaKTCpUCTHKa SHCKTPOHOTPCGHCHI/I}I YTOUYHACTCA PYKOBOAUTEIIEM NPOCKTUPOBAHUA.

[Ipu ycraHoBke TpeTbero TpaHchopmaropa Ha ABYXTpPaHCHOPMATOPHOM MOJI-
CTaHILIMM, BBIMOJHEHHOW MO YIPOIIEHHON CXEME, COXPAHSIOT MOJKIIOYEHUE MOJ-
cTtaHiuu K cetu 35...220 kB nByms nuHusAMU. [ moacTaHIUMM C MOUIHBIMHU TpaHC-
dbopmatopamu 63 u 6omee MB-A 11enecoo06pa3Ho coopykKaTh OTACTHHYIO JIMHUIO
35...20 kB 17151 moAKIIIOUeHHS KaXK10I0 TpaHcpopmaTopa.

Ha omHOTpancopMaTOpHBIX MOJCTAHIMIX, HE MMEIOIMX HoTpeduteneit | kare-
rOpUHM, HOMUHAIBHAS MOIIHOCTH TpaHC(hopMaTopa JOJKHA MOKPHIBATH BCIO TTOIKITIO-

YEHHYIO Ha BpeMsi MAaKCUMYyMa Harpys3ky, T. €.

SHOMT > Spva (3 3)

[Tocne pacueta mo BBIMIETIPUBEACHHBIM (OpMyJiaM BBIOMpAIOT OnmKaiime

OOJIBITIME CTAaHIAPTHBIC 3HAUCHUS S jopT-

4 PacueT TOKOB KOPOTKOTI0 3aMbIKAHUA
4.1 Ilpouecc Tpéxdaznoro K3 B nenu, nuraemMoi oT MH
HEM3MEHHOT0 HATIPSKEHUSA
[Ipy HapyuIeHNH 3NMEKTPUYECKON MPOYHOCTH M3OJALUA MPOBOJOB MM 000OPYHOBAHUS B JIEK-
TPUYECKOH CETH BHE3ANMHO BO3HUKAET aBAPMUHBIA PeXUM KOpOTKOro 3ambikanus (K3), BbI3bIBarOmIMiA
pe3koe YBENMYEHUE TOKOB, KOTOPbIE MOTYT JOCTUTATh OTPOMHBIX 3HAYECHHH. DTH TOKH MPEICTABISIOT
0ONBIIYI0 OTMACHOCTb JUI HJEMEHTOB 3NEKTPHYECKOH CeTH W 000pY/I0BaHMs, TaK KaK OHM BBI3IBAIOT

Ype3MEPHBII HATPEB TOKOBEAYIIMX YACTEH 1 CO3/AI0T OONMBIINE MEXAHHYECKUE YCHUIHS, MOTYIIHE TIPH-
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BECTHU K pazpylieHuto, nosromy. [1YD (1. 1.4.1) npexycmarpuBaet BbIOOp U NPUMEHEHHE 1O YCIOBUAM
K3 anekTpuyeckux anmnaparoB 1 MPOBOJHUKOB B 3EKTPOYCTAHOBKAX MEPEMEHHOTO TOKA.

B tpexdasHoii cetu pasmuyatoT Tpu ocHOBHBIX Buja K3: Tpexdaznoe, 1Byxdaznoe n omHOa3-
HOE (B CETAX C ITTYX0 3a3¢MJICHHBIMU HEUTPATIIMH).

Haubonee gacter onodasusie K3 (10 60 % ot ux obmero kommdectsa), 1Byxda3Hbie HA 3eM-
mo (20 %), mByxdazusie (10 %) u (5...10 %) Tpexda3snbie 3aMbIKaHHUS.

B 3aBUCHMMOCTH OT MOIIHOCTH MCTOYHMKA MTUTAHKS IPOMBILIICHHOTO NPEANPUATUS TIPU pacye-
Tax TokoB K3 BBIIENAIOT 11Ba XapakTepHbIX ciyyas: K3 B Lemsx, mITaromuxcs OT CHCTEMbI 0€CKOHEYHOM
mortHocti ¥ K3 BOMM3M renepatopa orpaHuyeHHOR MOmHOCTH. CucTeMol 6ECKOHEUHON MOIIHOCTH
YCIIOBHO CYUTAIOT MCTOYHUK, HANPSKEHNE HA NIMHAX KOTOPOrO, OCTAETCS MPAKTUYECKH HEM3MEHHBIM
TpH JTFOOBIX H3MEHEHHSAX TOKA B MOAKIIOUEHHOM K HEMY LIeTH, B ToM unce u mpu K3.

Jlnst cuctem 3eKTpOCcHAOKEHHUS MPEANPUATAI TUIMYHBIM CITy4aeM SBISETCS MUTaHUE OT HC-
TOYHMKA HEOTPAHMYEHHON MOLIHOCTH, TaK KaK JaKe IMAaBHbIC MOHU3UTENbHbIC MOACTAHINH MUTAIOTCS
10 OTBETBJIEHUAM OT 00BEAMHEHHON SHEProCHCTEMbI, MOIIHOCTH KOTOPOM BO MHOTO pa3 MPEBOCXOIUT
MOIIHOCTb NOACTAHIMK: [l ClTydaeB MUTaHus MPOMBIIICHHBIX MPEANPHUATHIi OT K PY Hanpsxennem
6...10 kB coOCTBEHHO! 3MEKTPOCTAHIUA CIEyeT YUUTBIBATh ABNEHUS, MPOMCXOAAIINE B FEHEPATOPax
CTaHIUH.

Paccmotpum m3menenue Toka K3 B 1ienu, muTaronieiics OT CUCTEMbl HEOTPAHUYEHHON MOLIIHOCTH
npy Haubolee POCTOM TOBPEXK/IeHIH B TpéxhasHoil uemu - TpéxnontocHom K3 (cm. puc. 4.1). Tok K3
B TIEPBbIi MOMEHT HE MOXET MTHOBEHHO M3MEHHUThCS, TaK KAk 3JEMEHTbl KOPOTKO3AMKHYTO! LIEHH U
MCTOYHMKA MATAHUS UMEIOT WHIYKTHBHOCTD, 3a/IEPXKUBAIONIYI0 YBEIMUCHHE TOKA M CHIDKCHHE HATIPS-
JKeHHs B Lenu. B nocnenyromue MOMEHTBI PE3KO BO3PACTAET TOK, YBEIMUUBAIOTCS TIOTEPH HATIPSKEHHS

BO BCCX 3JICMCHTAX KOpOTKO?’aMKHyTOﬁ [CIHK U HAIIPSAKCHUC B TOUKC K3 YMCHBIIUTCA.
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I,,c—MTHOBEHHOE 3HAUYEHUE TOKA HArpy3Kd B MOMEHT KOPOTKOT'O 3aMBIKaHUS; iy — MIHOBEHHOE

3HAYECHHE YIapHOTO TOKa KOPOTKOTO 3aMblkaHus depe3 nomepuoaa (0,01 ¢) mocie BO3HUKHOBE-
HUS KOPOTKOTO 3aMbIKaHUs (IO BEJIMYMHE I, MPOBEPSIOTCS AJIEKTPUUECKUE anmaparbl, MIMHBI U
M30JISITOPHI HA TMHAMUYECKYIO0 YCTOUYUBOCTB); [ipyaxe, in — COOTBETCTBEHHO MAaKCHMAaJIbHOE M MTHO-
BEHHOE 3HAYEHUs MEPUOAUYECKON CIIATAOLIEH TOKAa KOPOTKOTO 3aMBIKAHUA; [y.vaxe, lap — MAKCH-
MaJIbHOE ¥ MTHOBEHHOE 3HAUCHUS allepUOIUUECKOM claralomeii Toka KOpOTKOro 3aMbIKaHust; ) [ —
NeHCTBYIOIee 3HAUCHHE YCTAHOBUBIIEIOCS TOKAa KOPOTKOro 3aMblkaHus (10 BennuyuHe [
MPOBEPAIOT JJIEKTPUUECKHE anmnaparbl U TOKOBEAYIIME YACTH HA TEPMUYECKYIO YCTOWYU-

BocTh); I = I, — HavajgbHOE JCUCTBYIOIICE 3HAUCHUE TMEPUOANUCCKON Cllararomieii Toka Ko-
POTKOTO 3aMBIKaHHUS (CBEPXMEPEXOTHBIA TOK KOPOTKOTO 3aMBIKAHW )

PucyHnok 4.1 - KpuBble M3MeHeHHSI TOKa KOPOTKOI0 3aMbIKAHMS OT CUCTEMbI
HEOrPaAHUYEHHOH MOIIHOCTH (S, = )

3nauenne Toka K3 3aBUCAT OT COMPOTUBIEHUS EMEHTOB KOPOTKO3AMKHYTOM IEMH, HO U OT
MOMEHTA BOSHHKHOBEHHUS aBapUHOTO pesknma. Hambombirero 3HaueHns MraOBeHHBIH TOK K3 moctu-
TaeT B TOM ClTy4ae, KOrja KOPOTKOE 3aMbIKaHHE BOSHMKAET B MOMEHT IPOXOXKICHUS TOKA HArPY3KH

yepe3 Hylb (TOK B O/IHOI (paze).
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MrHoBeHHOE 3HaueHHe moaHoro Toka K3 iy B moboe Bpems onpenensercs CI0KeHUEM CHHY-

COMJIATLHOM KPUBOH Iy ¥ 3aTYXAIOIIEH 110 SKCTIOHEHIIMAIBHOMY 3aKOHY KPUBOM .
I = It 1 Lage

Anepuoauueckas cocrapismomas Toka K3 3aryxaer no 3akoHy SKCIIOHEHTHOM

KPHUBOM, ONIPEEIIeMON YPAaBHEHUEM
i = Lac €™, 4.1)

TI€ Iyopae — AMIUTHTYIHOE (MAKCHMAJIBHOE) 3HAUEHHE AlePUOINYECKOM COCTABJISIONIEH TOKa
K3; T, - nocrosHHas BpeMEHHU 3aTyXaHUs ariepUOIMYECKO COCTaBIISIOUIEH, orpeaensemMast
o ¢opmyie

Xy

Ta: 3147’2 ,

TIe7;, Xy - PE3YNbTUPYIONIME AKTMBHOE U UHIYKTHMBHOE CONpPOTUBICHUA nenu K3,

Owm.

Bpewms 3aTyxaHus anepuoAuyecKoro TOKa 3aBUCHT OT BENUYMHBI 1), T.€. OT COOTHOLICHHS 3Ha-
YECHUHM aKTUBHOTO M MHIYKTHBHOIO CONPOTHUBIEHUN KOPOTKO3AMKHYTOH Lenu. [IpakTudyecku 9ToT ToK
ncuesaet uepes 0,15...0,2 ¢ ¢ MmomenTa Bo3HUKHOBEHHUS K3 1 3TOT meprosi COOTBETCTBYET MEPEXOTHO-
My nporeccy K3.

13 pucynka 4.1 BUHO, 4TO HAYaNbHOE 3HAYCHHUE ANEPHOMIECKOrO TOKA i, BCET1a PABHO HAH-
OonbIIEMY 3HAYEHUIO IEPHOAMYECKOTO TOKA /yy.praxc, HO OHHM IPOTUBOIIONOXKHBI 110 HATIPABIEHHUIO.

[lepnommueckas cocrapnsromas Toka K3 u ocraercss Heu3MeHHOH B TeyeHue Beero nepuoaa K3
(B yCTaHOBUBIIEMCS U NIEPEXOHOM PEKUMAX), HO B CUCTEME C U3MEHSAIOIMMCS HANPSKEHUEM HUC-
TOYHMKA TMTaHUs (TEHEpaTopbl ANEKTPOCTAHLMU) HAYAIBHOE 3HAYEHHE MEPUOJMYECKOH CO-
crapsomedl Toka K3 Gosbliie 1 yMeHbIIaeTcs 10 HEKOTOPOro HAMMEHBIIETO YCTAHOBUBIIETOCS 3HAYe-
HUA. DTOMY CIIOCOOCTBYET MHAYKTUBHBIN TOK K3, BBI3bIBAIOLIMII pa3MarHUUKMBAIOLIEE JECTBUE B Te-
HEPATOpax, BCIE/ICTBUE YEro yMeHbIIaeTcs Haogumas B Hux JJIC.

HavanbHoe peiicTByromIee 3HaYCHNE NEPUOAMUECKON COCTABIISIONIEH 32 MEPBBINA NIEPUOA TOCTIE

BO3HHKHOBeHUs K3 HasbIBaIOT Hauansnbim ceepxnepexoduvin mokom K3 (1), a neficTByromee 3Haue-
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Hue ycTaHoBuBIIerocs Toka K3 obo3navator /. Takum oOpasom, IeicTBYolee 3HAYEHHE MEPUO-
JIMYECKOl cocTapstomeit Toka K3 nsmensiercs B o1oii cucteme ot I jio 1 .

Hanbonblee Bo3sMOKHOE 3HaYEHHE MTHOBEHHOTO TOKa K3 Ha3bIBAIOT yoapHbim moxkom iy (CM.
pucyHok 4.1), koTopoe mosBisercs mo ucreueHuu nepsoro nomynepuoza (t =0,01 ¢) ¢ momenra Bo3-

HukHOBeHNa K3

. -0,01/T,
ly_[n-MaKc + IH'MaKCe .

OtHomenue yaapHoro Toka K3 k HanOonbLieMy 3HaueHHI0 NEpHOAMYECKOi cocTaBistomei Toka K3
Ha3bIBAIOT YOapHbiM kKodppuyuenmon K.
i ,
K= ; Iy = Ky Lyovaxe- (4.2)

n.makc

Eciut /i;.yaxc BBIPA3UTh YEPE3 IEUCTBYIOLIEE 3HAUCHHUE

iy:Ky'\/E[n-MaKc-'Ioo ) (43)
yﬂapHHﬁ KOB(b(bI/IHI/ICHT MOXHO BBIPa3UTh 4€PE3 IIOCTOAHHYIO BCIMYMHY BPEMCHM 3aTYXaHUA alic-

PUOJMYECKOM COCTABIIAOLIEH

Ky = 2 = (IH'MaKC + IH'MaKC e_O’OI/TH )/IH'MaKC =1+ e_O’OI/TH . (44)

n.makc

Jins pacueroB TokoB K3 B ceTAX MpOMBILIEHHBIX IPEANPUATHI HanpsxkerneM Bbie | kB c mpe-
00Maziato MM HHXYKTHBHBIM CONPOTHBIEHHEM MOKHO TPUHATh Ky =1,8; 111 mpoTskeHHbIX KaOelMbHBIX Ce-
teit Uy > 1 kB Ky = 1,3, a ana cereit nanpsxenuem 1o 1 kB Ky = 1,1...1,2.

3Hauyenue Ky B TOUHBIX pacyéTax ONpeNeNsercss B 3aBUCHMOCTH OT COOTHOIIEHHA X/7,, KOPOTKO-

3aMKHYTOM LIEMHU 10 PUCYHKY 4.2,



2,0 l '
k — - 5
y | fipu x [r=16-160 | |

//

16 ﬂ'lpu xfr=0-16

1

1,2

10,4 2l
e % 5 & m ® % 2

20 A0 60 60 10 10 140 10

Pucynox 4.2 - 3aucumocts yraproro koddpguunenra Ky 0T 0THOIIEHHS X/r
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Eciu pacuér Benéres Oe3 yuéTa akTHBHOTO CONPOTHBIEHHA, TO Ky MOKHO ONPEENHTH 10 Ta0MHLe

4.1 B 3aBucumocTu ot Mecta K3.

Tabnuna 4.1 - 3HayeHHs MOCTOSIHHOW BpeMeHHU 3aTYXaHUS aNepUoOIMYeCcKoil COCTaBJIsIIOLIei

Toka K3 7, m ynapuoro kod¢p¢puumenra K,
Mecto K3 T. C K

BLIBO)_ILI SABHOIIOJIFOCHOI'O TMAPOreHepaTopa:

0€3 VCIIOKOUTENIbHOI 00MOTKH 0.2 1.95
C VCIIOKOMTEILHOH 0OMOTKOI 0.13 1.93
BriBo b1 TYypOOTeHEPATOPOB MOIIIHO-
12...60 0.16...0.25 | 1..94...1.95
100...1000 0,4...0,54 (1,975...1,98
3a 610K0M reHeparop - TpanchopmaTop Ipu
MOTITHOCTH Terenatona. MBT:

0.15 1.935
100...200 0.26 1.965
300 0.32 1.977
3a BO3AYIIHBIMU JUHUSIMHU HAPSKECHUEM,
35...110 0.02 1.608
220 0,03 1,717
3a  OOHIKAWIIKM  TpaHChHODPMATODOM
MOIIHOCTRI0, MB-A:
80 0.06 1.85
32...63 0.05 1.82
menee 32 0,045 1,8
Pacnipenenurensusie cetu 6...10 kB 0,01 1,369

Cornacho [TY3 . 1.4.5 B xauectse pacuerHoro Buza K3 cnenyer npusumars:
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1. [Ins ompe/eneHust 3MeKTpOIMHAMIUYECKOM CTONKOCTH aIlapaToB, KECTKUX IIHH U TOAEPKH-
BAIOIIMX UX OIOPHBIE KOHCTPYKLMH Tpexdasuble K3 (y).
2. lna ompejeneHus TePMUUECKOIl CTOMKOCTH ammapaToB U MPOBOAHMKOB - Tpextasznoe K3

(meiicTBytOIIEE 3HAUEHKE YcTaHOBUBIIErocs Toka K3 7).

3. Jlng BbIOOpa ammapaToB MO KOMMYTAIMOHHOH CTOCOOHOCTH - MO OONbIIEMY W3 3HAUYCHHH:
Tpextassoro um ogHodasHoro K3 Ha 3eMimio (B ceTsx ¢ OOMBIIMMU TOKAMH 3aMbIKAHUS HA 3€MITHO JICH-
cTBYIOMIEE 3HaueHne Toka K3 171 BpeMeHH £, paBHOTO CyMMe BPEMEHH CpabaThIBAHUS PEEHHON 3aIUThI
1 COOCTBEHHOTO BpEMEHH JeHCTBIS BBIKMoYaTens). [[pakTiaecku mpuHIMaeTcs s ObICTPOICHCTBYFOIIIX

Bpixmtouarteneli (t < 0,1 ¢) 7, =" u 1 HeOBICTPOACHCTBYIOMMX BbIKIIOUaTeNell /, = Iy, T.€. 1 BpeMe-
Hu K3 0,2 ¢ u 970 mpaktudecku Oyzer 7 .

Jlns BbIOOpa M MPOBEPKM YCTABOK PEJEHHOM 3aIIUTh M aBTOMATUKH TPeOYeTcs OmpeieieHue U
HECUMMETPUYHBIX TOKOB K3.

B 3aBrcuMocTH 0T Ha3HayeHus pacueta TOKoB K3 BHIOMPAIOT pacueTHyI0 CXeMY CETH, ONPeAeNsIOT Bi]l
K3, mectononoxenue Touek K3 Ha cxeme u conmpoTHBIEHNS HEMEHTOB cXeMbl 3amenenus. Pacuer Tokos K3 B

CCTAX HAIPAKCHUEM 10 [ kB un BBIIIE HIMEET paa OCO6CHHOCTCﬁ, KOTOPBIC paCCMATPUBAIOTCA HIKC.

4.2 PacyeT TOKOB KOPOTKOI'0 3aMbIKAHHSI B YCTAHOBKAX HanpsikeHueM cbiime 1 kB

[Tpu pacuere Toxo K3 B ycraHoBKax HampskeHueM cBbiie 1 kB Heo0X0uMO YUUTBIBATh CeIyroNIue
0c00EHHOCTH:

| AKTHBHBIE COMPOTHBIIEHHS HNEMEHTOB CHCTEMBbI AIEKTPOCHAOKEHUS HE YUUTBIBAIOT, €CIIH BBITIOJHS-

eTCsl YCIIOBHE
s < X /3’
rae 7y M Xy - CyMMApHBIC aKTHBHBIC M PEAKTHBHBIC COIPOTHBICHHA JIEMEHTOB CHCTEMBI JIEK-
TpocHaOkeHus 10 Touku K3;
2. VUUTHIBAIOT MOAMUTKY OT JBUTaTeNell BHICOKOTO HATIPSKEHUS: OT CHHXPOHHBIX JIBUTATENCH
Kak B YIapHOM, TaK U B OTKIo4aeMoM Toke K3; mOANUTKY OT aCHHXPOHHBIX JBHUTaTeNell - TONbKO B
yaapHoM Toke K3. AcHHXpOHHBIEC JBUraTeNy HE YUUThIBatOTCS Npy MomHocTd 10 100 kBT B eunue,

eclli OHU OTjajeHsl 0T Mecta K3 ofHOll cTymeHbio Tpancdopmaiyy, a Takxke Tpu 000l MOIHOCTH
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TpY OTZATIEHNH JIBYMS U Ooiee CTYNEHAMH TpaHCcopMaluy, 1100, €CIM TOK OT HUX MOXKET IOCTYNaTh
Kk Mecty K3 TombKo yepe3 Te NEeMEHTHI, Yepe3 KOTOpbIe IPOXOAUT OCHOBHOU TOK K3 1 KOTOpBIE MMEIOT
CYILIECTBEHHOE COMPOTHBIEHUE (IMHUH, TPAHCPOPMATOPHI 1 T.IL. );

3. Pacuer Tok0B K3 BBINONHAIT B MMEHOBAHHBIX MM OTHOCHTENBHBIX eIMHULAX. Eciu pacyer
BBIMOJIHAIOT B MMEHOBAHHBIX €IMHHIAX, TO BCE JJIEKTPUYECKUE BENMYMHBI MPUBOJAT K HANPAKEHUIO
CTYIEHH, Ha KoTOpoii mMeeT MecTo K3.

[Ipu pacueTe B OTHOCUTENbHBIX EIMHULAX BCE BENUUMHBI CPABHUBAIOT ¢ 0A3MCHBIMU BEIMYNHA-
MH, B KaUeCTBE KOTOPBIX MPUHUMAIOT 0a3MCHYI0 MOIIHOCTD Sg U OasucHoe Hampsikenue Us. 3a Gasuc-
HYI0 MOILIHOCTb IPUHMMAIOT MOIIHOCTb 01HOro TpaHcpopmaropa [Tl umm ycnoBHyro exunuIy MoL-
HocTH, Hampumep, 100 win 1000 MB-A.

B kauecTBe 0a3uCHOr0 HaMPSLKEHNS PUHAMAIOT CPEIHEE HATIPSHKEHHE TOH CTYNEHH, Ha KOTOPOit
umeet Mecto K3 (Uy, = 6,3; 10,5; 21; 37; 115; 230 kB).

CpenHue ynenbHble 3HAYE€HUs] MHAYKTUBHBIX COMPOTHBIIEHUI BO3YIIHBIX U Ka-

OCNBHBIX JTUHUM 3JIEKTpOIIepeiau MPUBEICHBI B Tabuiie 4.2.

Tabmuia 4.2 - Cpeanue yaejbHbIe 3HAYEHHS] HHAYKTUBHBIX COMPOTUBJIEHUI BO3AYIIHbIX U Ka-
0eJILHBIX JIUHUI JJIEKTpoIeperayu

JIunus snextponepenayn Xy, OM/KM

OpHouenHas BO3AyIIHAs JTUHUSA, KB:

6...220 0,4

220...330 (mpu paciieruieHuy Ha JBa MpoBoja B (ase) 0,325

400...500 (rmpu paciieryieHuy Ha TP MpoBoa B ¢ase) 0,307

750 (mpu paciierieHnH Ha YeThIpe TpoBoa B Bhaze) 0,28
TpexxunpHbIl Kabemb, KB:

6...10 0,08

35 0,12
OHOXUIBHBIN MacJIOHAMIOJIHEHHBIA Kabens 110...220 kB 0,16

CompoTHBIEHHS MEMEHTOB CHCTEMBI 3EKTPOCHAOKEHHS MIPUBOAAT K Oa3MCHBIM YCIOBUAM B
COOTBETCTBUH ¢ TaOmuueH 4.3

Pacuer TokoB K3 HauMHAIOT C COCTAaBIEHUSI PACUETHOW CXEMBI AIIEKTPOYC-
TaHOBKU. Ha pacueTHOil cxeme yKa3bIBalOTCsl BCE MapaMEeTphl, BIUSIONIME HA BEIUYMHY
Toka K3 (MOIIHOCTH MCTOYHMKOB IUTaHUS, CPETHE HOMUHAIbHBIC 3HAUEHUsl CTYIEHEH
HAIpsDKEHUS, AaCTIOPTHBIE JaHHbIE AIEKTPOOOOPYAOBAHUS), U PACUETHBIE TOYKH, B KOTO-

pbIX He0OXoMMO orpenenuts Toku K3. Kak npasuiio, 3to coopnsie mmHsl [ TII, PY, PIT
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WIM Havyajio nuTaroumx JuHui. Touku K3 HymepyroT B mopsiike UX pacCMOTPEHUs], Ha-
YHHasl C BBICIINX CTYTICHEH.

[lo pacueTHO cXeMe COCTaBISETCS EKTpUUecKas cxema 3amereHus. Cxemoi
3aMELICHUs] Ha3bIBACTCSA CXEMa, COOTBETCTBYIOILAsl IO CBOMM IapaMmeTpaM pacyeTHOM
CXeMe, B KOTOPOI BCE AJIEKTPOMArHUTHBIE (TpaHCHOPMATOPHBIE) CBSI3M 3aMEHEHBI JJICK-
Tpuueckumu. Ha pucynke 4.1 npuBeneH npuMep pacyeTHOU CXEMBI, a Ha pUCYHKE 4.2 -
COOTBETCTBYIOILIAS] EMY CXEMA 3aMEILEHHUSI.

IIpu cocTaBiaeHMM CXEMBbI 3aMELEHUs ISl AIEKTpoycTaHoBOK Bbie 1000 B yuu-
TBIBAIOT MHYKTUBHBIE CONPOTUBJIEHUSI AIEKTPUUECKUX MAIlMH, CUIOBBIX TpaHc(hopma-
TOPOB U aBTOTPAHC(POPMATOPOB, PEAKTOPOB, BO3AYIIHBIX U KaOeIbHbIX JTUHUNA. CpeaHue
yIIeNIbHbIE 3HAYEeHUs] WHIAYKTUBHBIX COIMPOTHBICHUM BO3MYIIHBIX M KaOEIbHBIX JIMHUN
ANIEKTPOIIEpE Ay NpUBEIEHbl B Tabiuie 3.2. AKTUBHBIE COIPOTUBICHUS YUUTBHIBAIOT
TOJBKO U BO3AYIIHBIX JIMHUM C MPOBOAAMH HEOOJBILIOTO CEYECHHUS U CO CTaIbHBIMU
IPOBOJIAMH, & TAKKE JUIs IPOTSHKEHHBIX KaOEIbHBIX JIMHUN ¢ HEOOJIBIINM CEYEHHEM.

AKTHMBHOE CONPOTHUBJIEHUE TPAaHC(HOPMATOPOB YUUTHIBAIOT B CIIy4ae, KOTJa Cpea-
HEE HOMHHAJIBHOE HANpsHKEHUE CTYNEHH, TJ€ HAXOAWUTCS TOYKa KOPOTKOIO 3aMbIKaHU,
(Ugp <500 B 1 mommocts Tpanchopmaropa Spom. 1 < 1000 kB-A wm nuraromas 1 0Txo-

JAaias JJMHUU BBITIOJIHCHBI U3 CTAJIbHBIX ITPOBO/IOB.
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Pucynok 4.1 — Pacuérnas cxema Pucynok 4.2 — Cxema 3ameeHust

[Tocne cocTaBieHUs: cXeMbl 3aMEIIEHUS HEOOXOAUMO ONPEIEIIUTh €€ apaMeT-
pel. [TapaMeTpbl cxembl 3aMENIEHUSI ONPENEISIOTCS B 3aBUCHUMOCTHA OT BBIOPAHHOTO
MeToza pacuera TOKOB K3 B MMEHOBaHHBIX WIM OTHOCHUTEIBHBIX eauHUIax. Popmy-
JIBI 7151 OTIPENICTICHUS MTapaMETPOB CXEMBbI 3aMeIlleHuUs PUBECHBI B Ta0uie 4.3.

Jlanee cxeMy 3aMeIIEHUsI TyTEM MOCTENEHHOIO Mpeo0pa3oBaHus (IIOCIIE10Ba-
TENbHOE U MapaJIENIbHOE CIOXKEHHE, peoOpa3oBaHUE TPEYroJbHUKA B 3BE3Y U Jp.)
MPUBOAT K MPOCTEUIIEMY BUIY TaK, YTOObI HCTOYHHUK MUTAHUS OBLI CBSI3aH C TOUKOM
K3 oguum pesynbTupyrounmm conpotusieHueM. [IpeoOpa3oBaHus cxembl 3aMEILEHUs

MIPOU3BOAATCS JUIsl Kaxaoi Touku K3 oTnensHo.
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Tabmua 4.3 — PacuéTHble BbIpaskeHus 1J151 onpe/esieHusi pHBeIeHHbIX
CONPOTHBJICHHI JIeMEHTOB CHCTEMbI 3JIEKTPOCHAOKEeH!S B UMEHOBAHHBIX H 023UCHDIX eJHHH-

nax
DM Hexommu WmeHoBaHble euHHLEL, OM OTHOCHTE/TbHbIE EIUHALIE, O. €.
MEKTPOYCTAHOBKH TIapaMeTp
1 2 3 4
X o’ Us , S
e x6 = x:’ HOM ——-ﬁ—- x‘6 = xd.HOM ) —6—
r SHouG ’ MBA ) SnouG SnouG
eHeparo
patop (G) X % L _u% U _n% S
S oG ? MBA ? 100 SHOMG N 100 SHDIG
U 5
S, MB'A X5 ZE— R :S_
9 © | lorusow KA - T
HCpI‘OCPICTﬁMa OTKILHOM3 6 *6
B, VB s
Ko i S
x Xs = Xopouc - Yu5 = Xegoue —=
SnouC ) MBA SnomC S Hou(
e, % u% U} u% S
T Ky X = Kb x‘ LTI
Tpancdopmatop (T) Suow s, MBA =700 S =700 5
Ui I 5
Xep ==\ gc tU gy ~U oy )] X, :—(ux‘_ tlop g ~Ueop T
ABTOTpaHC)OpMATOD oo % 68 200( 8-C THepi ~Hic H) S T H) .
# TpexobMoToEBId | s %; U2 1 S5
pancdopmatop (T) u:C—H, % B = %(ux g F it )EG_’ Yic = 200 (ux,B—C then~Wepp )S_’
(cxema 3aMemeHus — 13 ’ MB-A ot ﬂoSu.r
3BE314) o 1 Us Xy = —(u U =l )—6
X, =—\u +ux . ...uK o — *6H x,B-H k(C-H k,B8-C
6 200( wB-H T xe-n T Yep C) S, 200 S wour
1 2 3 4
2
Tpatcdopmatop ¢ Yy = [u‘v’”’ - 0,5fl}v_”ﬂ}U_ﬁ; T = (fl"_ﬁ'f._o, b ].Eﬁ_,
pacmenneroi 00~ | Ugp-p, %; 100 100 /S, 100 100 /8,
MOTKO¥ HH3mEr0 | Sypq o MB'A - Uﬁl L iy S
Hanpsierns (T) X =% = 05 ha = her = 100 ' S_uou:
Curxponnbie i ,
ACHHXDOHHHIC ¥ ( oy s My 5
SIEKTPOABHIATCH, | §,., 1 MB'A T S T S
kommercatopst (M)
U; &
PeaxTop (LR) YeouLr, OM X6 =Xtk 7 Yes = X aulr 'U_2
Ucp P
Jneus anexrpone- | xyp, Ob/ku; M lyi Yo=x, 5
penaun () I, ku i vl Ul

IIpumeyanue: SHOM - HOMHHAJIBHBIE MOIIHOCTH 3JIEMEHTOB (I€HEpaTopa, TpaHc(hopMaTopa, IHEprocucTeMsl), MB-A;
Ss - 6aszucHas MOIIHOCTH, MB-A; S, - MomHOCTE K3 sHEprocucteMbl, MB-A; ;11 o - HOMUHAIBHBIH TOK OTKIIOUCHUS

BBIKITIOUATENS, KA Xsyone - OTHOCUTEIHHOE HOMHUHAIBHOE COTIPOTHUBIICHUE YHEPTOCUCTEMBI; U, % - HanpspkeHue K3
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TpaHchopmartopa; Is - 6asucHbI TOK, KA; U, - cpefiHee HaNpsKEeHHE B MECTe YCTAaHOBKH JaHHOTO dJIEMEHTa, KB; X,

- MTHAYKTUBHOC COIPOTUBJICHUC JINMHUU HA 1 xm JUUINHBI, OM/KM; l- JUIMHA JTINHUHU, KM

4.2.1 Pacuer ToxoB K3 o1 cucreMbl 0eCKOHEYHOH MOIIHOCTH
Ecnu Hen3BecTHa MOIIHOCTh MUTAOLIEH CUCTEMBI, TO €€ COPOTUBIICHUE NPU-
HUMAIOT U3 CIEAYIOIINX YCIOBUM:
CUMTAEM MOIIHOCTb CUCTEMBI HEOTPAHUYEHHOU S, = oo, T.e. Touka K3 3Haum-
TEJILHO Y/aJeHa OT UICTOYHMKA UTaHus, Torna Z, = 0, wm x . = 0;

ecyi u3BeCTHbI 3HaueHus [' u [ (TokoB K3 Ha mMHAX MOACTAHIIMM MUTAFOLIEH

MMPCAIPUATUC, TO COITPOTUBIICHUC CUCTCMBbI OITPEACIIAIOT 110 3BHAYCHUAM 3THX TOKOB

WJIU TIPU U3BECTHOM S, X, IPUHUMAIOT PABHBIM

U2
Xe= —=;
S

K3

- €CJIM MU3BCCTHBI THIIBI BBIKJI}O‘laTCJ'ICI\/’I, YCTAaHOBJICHHBIX Ha MOACTAHIMH, HI/ITaIOHICI;’I npeamnpu-
SATHAC, TO MO TOKY OTKIIFOUCHUA BBIKIIFOYATCIIA ]HO OIPECICIAOT COIPOTUBICHUC CUCTEMBI OT IIMH ITOJI-
CTaHOUH 10 UCTOYHHKA HCOFpaHI/I‘leHHOﬁ MOIIHOCTH

Xe= —, xC:—)a (45)

HO H.omkn

rae [, = \/_L

3U,
Jlns ompenenenus Tpexdaszubix TokoB K3 Ha pacueTHo# cxeme HamewaroT XapaktepHsie Touku K3, B
KOTOPBIX TOKM HUMEIT MaKCUMallbHble 3HaueHus. Kak npasuno, 910 coopubie umHel [T, PY, PII uiu
HAYaJI0 MUTAKIMX WM PACTIPEACTUTENbHBIX JINHAN.

Touku K3 HymepytoT B nopsijike X paccMOTpeHUs, HAUMHAs ¢ BhicIMX cTyneHeil. Ha ocHoBaHuu
PACUETHOU CXEMbI COCTABIAIOT CXEMY 3aMEMICHNUSA, KOTOPYIO IyTEM MOCIIEI0BATENLHOTO U IAPAILIEIbHO-
IO CIOKEHHS CONPOTHBIEHNUI, TPe0Opa3oBaHuis 3Be3/bl COMPOTUBIIECHUH B TPEYTONBHUK 1 00PATHO MpH-
BOZAT K poctomy Buny. Tok K3 B paccMatpuBaeMoil TOUKe ONPEEAOT U3 BHIPAKEHHS

o= do o= Lo
I, - W [, ZZ* ,

2

(4.6)
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rie I - 0a3uCHBIN TOK PacyeTHOM CTYIEHH; Zx* , ZZ* - CyMMAapHOE MPHBEJICHHOE HHIYKTUBHOE

WX TTOJTHOC COITPOTUBJICHUC OT MCTOYHMKA ITUTAHUA 10 TOYKH K3.

IIpumep 4.1. Onpenenuts Tok Tpéxdaznoro K3 B Toukax K; u K, (pucyHok
4.3, a). [lutanue noTpedUTENEH OCYLIECTBIAETCA OT CUCTEMbI OECKOHEYHON MOIIHO-
ctu. [lapamerpsl, HeoOXoquMBIE 1J1 pacuéra, IPUBEAEHBI Ha puc. 4.3, a.

Pemienue:

Ko
Xt

Pucynok 4.3 — Ucxognas cxema (a) u cxema 3amelnenus (0) k npumepy 4.1

[IpuHumaeM 3a 6a3uCHBIC €AMHUIIBI HOMUHAIBHYIO MOIIIHOCTH TpaHc(opMaTo-
pa

S6 = Siomr = 6,3 MB-A u cpenqHee HanpsbkeHUE CTyneHu ¢ Toukamu K3
Us = Uy = 6,3 kB. Onpenensem 0a3uCHbIN TOK

S, 6,3

)

- JBU, 1,73-6,3

I5 = 0,578 KA.

CocraBnsieM cxemy 3amenieHus (puc. 4.3, 6) 1 HymMepyeM e€ DJIEeMEHTHI B I0-
PSAZIKE WX PACIIOJIOKEHHUS OT CHCTEMbl OSCKOHEYHOW MOIIHOCTH B HAMPABICHUH K

Toukam K3.



23

OmpenensieM B COOTBETCTBUU C Tabmumend 4.3  CONMPOTHBICHUS DJIEMEHTOB
CXEMBI 3aMeIIeHUs B 0a3UCHBIX eIUHHIIAX.
Tpanchopmarops: T1 u T2
Fu _Fp_ AP S, 46,5-107° 16,3 —0,0074:

SHOM.W! SHOM.m 6’3 6’3
? S 10,5Y 6.3
Y= Xoe= [ 2| 2 D0 = 22 0,0074% - 222 =0,1046.
100 s 100 6.3
Boznymnas nuHus
Y=y 00 204293 — 0127,
o Uz 2
6 5
Be=pon-20 2033293 20, 1048;
6 5
Ka6eHBHBIe JIMHUU
o = x - L-25 =0,091-0,05- %3 = 0,0007:
4 0 Uz 6 2
6 s
o= LS55 =2240,05-%3 = 0,0098:
4 yo 2 6 2
6 5
X5 = 0,083-0,5-23 = 0,0066;
6.3
T = 0,620,523 =0,049:

2
H

Yo = 0,102-0,04-66’_32 = 0,00065

b

i = 1,940,04 66’33’2 = 0,0123;

CymmapHoe conpoTtuBieHue 10 Touku Kl
Yo = N f) Yoe 4 X3 4 e =0, 0523 40,127 +0,0007 = 0,18;
o = i f) v 4 T3 4 Tas = 0,,0037 40,1048 +0,0098 = 0,1183;
CyMMapHO€ cOnpoTUBIIEHUE 10 Touku K2

Yoo = X J7 X 1 X 4 X =0, 0523 40,127 +0,0066 +0,00065 = 0,187;
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Trae =T ) Toe 4 B5e 4 T = 10,0037 40,1048 +0,049 + 0,0123 = 0,17;

X .
Tak kak yciaoBue 7, < —% He BBIIOJHAETCS, TO B 000X CIy4asx B pacdyérax

YUYUTBIBAOT AKTUBHBIC COIIPOTHUBJIICHUA.

Tox K3 B paccMaTpuBaCMbIX TOYKaxX COCTaBUT

16
Ikxi = L = 0,578 = 2,69 KA,;
0,187 +0,1183°
16
Ikxe = Zyn = 0,578 = 2,28 KA;

J0,187% + 0,172

Omnpenensiem ynapubiil Tok B Toukax K1 u K2. Haxonum ynapnsiit kosdduim-

X
CHT B 3aBUCHMOCTH OT OTHOIIICHHS —= .

Iy

Jns Touku K1

o= = 018 o048, K, =1,127.
314, 314-0,1183

Jns Touku K2

To=—tz - 018 40035, K,=10s8
314r,,. 314.0,1183

Y 1apHbIil TOK B pACCMATPUBAEMBIX TOUYKAX COCTABUT
byt = Ky N2 i = 1,127-1,41:2,69 = 427 KA,
iy = KyoN2 Ieo = 1,058:1,41-2,28 = 3,40 KA;

[Toamutky Mecta K3 CHHXpOHHBIMH JABUTATEIISIMH YYUTHIBAIOT CYMMHU-
POBAHHEM €TI0 CBEPXIEPEXOHOTO ToKa /., ¢ TokoM K3 ot ucTounmka
_E g

Xy

(4.7)

b

Iey

e I, ., — HOMHUHAJIBHBIA TOK ABHTaTels, A; x,, - IPUBEICHHOE CBEPXIIEPEXOIHOE
PEAKTUBHOE CONPOTUBIIEHHUE JBUraTENs MO MPOJOJILHON OCcH; E, - IPUBEIEHHOE 3Ha-

uenne ceepxnepexonuoit DJIC, npurumaror E, = 1,1 uim onpenensior mo hopmyie
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E. = \/cos ‘o +(sing, +x,,)°, (4.8)
IJIe cos ¢, — HOMMHAJBHBIN CcOS @ B pexXUMe NepeBo30yxaeHus (00braHo 0,9).
Y napusiit Tok ot CJ1 onpenenstor no (4.3) npu Ky, =1,82 mna nurareneit CIH (mpu orcyr-
CTBUH TOYHBIX JJAHHBIX).
MaxcumanbHbIi TOK MOAMUTKE OT ACHHXPOHHBIX JBUTATENEH OMpeenseTcs mo Gopmye
V2091,
;

Xe g

(49)

Ian

A€ Xxpj1 - PACYCTHOC MHAYKTHUBHOC CONPOTUBJICHUE B OTHOCUTCIIbHBIX CAMHUIAX (HpI/I CpCIHCM 3Ha-

YEHHH X+ = 0,2 B OPHEHTHPOBOYHBIX PACUETAX MOKHO MPUHATH Loy = 6,5 Iy Axy).

4.2.2 Pacuer TokoB K3 ot 3neprocucremsi u reneparopos TILI
Ecm uCTOYHNMKOM MUTAHMS TPEANPUATHS ABISIOTCA, KPOME CHCTEMbI OECKOHEUHOH MOIIHOCTH, TeHe-
patopsl, To Tok K3 B HauabHbIi MOMEHT BPEMEHHU CKJIJIBIBAETCA U3 TOKA OT CUCTEMBI 1 IEPHOIUUYECKOI
cnaratomeii Toka K3 ot reneparopoB B MoMeHT BpeMenH ¢ = (). [Ipu Hanmmuuu JByX 1 Oojiee MCTOYHH-
KOB IMUTaHKs (TeHEPUPYIOLIUX BETBEH - F€HEPaTOPbl, IBUTATENH) BO3MOKHA UX 3aMEHA KBUBAIEHTHBIM
VICTOYHIKOM, €CJTH OHM HAXOJATCS IPUOTM3UTENHHO B OJMHAKOBBIX YCIOBHSX 110 OTHONICHUIO K MECTY

K3. Takoe 00beiuHEHNE AOMYCTUMO MPH YCIOBHH

Si%e —04.05, (4.10)

S, X,
rae S;, S, - MOIHOCTb [EPBOrO U BTOPOTO UCTOUHUKOB IUTAHHUS; X+, X+ - COOTBETCTBYIOLIUE CO-

TIPOTUBIEHUA OT HCTOYHUKOB NMUTaHUs 10 TOUkH K3, npuBeneHHbIe kK 0a3UCHOM MOIIHOCTH.
Ecmu 3/IC nctounrkoB He paBHbl, HO BbImoHAeTcs ycnosue (4.10), To sxBuBanentHyro JC

JIBYX BETBEH CXEMBbI 3aMEIIEHUs OMPEIENIOT 110 popMyJie

ES’K@ - EI* : );1 :§2* : y2 9 (411)
1 2

rIe yl: ; y2:

I[J'Iﬂ OnpEACICHUA TOKOB OT KaXXA0r0 MCTOYHMKA MWUTAHHWSA HCIOJIbB3YIOT KOC—)(b(bI/IHI/IeHTBI

pacnpenenenus. Mcxonnywo cxemy (puc. 4.4, a) mpUBOAAT MOCIEAOBATENBHO K JTy4EBOMY BHIY
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(puc. 4.4, 6). Ecmu punsts Tok K3 B paccmatpuBaeMoii Touke 3a eiuHUIY (Io+ = 1), MOKHO HAlTH
K02 GUIMEHTHI pactpeseneHus K, Onpeaeaomue 1010 y4acTHs KaKI0r0 HCTOYHUKA B paccMar-

pHBaeMOﬁ TOYKC IT10 CICAYIOMIMM 3aBUCUMOCTAM:

Ky = I = 2
Xy
Ky = I = Zone (4.12)
Xps

Xt X y
TJIE Xog ¥ = ———2° - SKBMBAJIEHTHOE CONpPOTHBIEHUE 110 00uIei Touku A (cM. puc. 4.4, a).
X + X
I* 2%

§)

PucyHnok 4.4 — IIpeoOpa3zoBanue cxeMbl 3aMellleHUS] CBSI3AHHBIX HeNei
Toxopacmnpesenenne Mo BETBIM JOJDKHO ObITh HEM3MEHHBIM 10 TTpeoOpa3oBa-

HH CXEMBbI U ITIOCJIC, ITIOOTOMY CIIPABCIAJIMBLI CJICAYIOIMINC PABCHCTBA

X o

xpe31: —

prl

X o
Xpe32: b s (413)

K,

TJIE Xpes * = Xoe + + X3+ (CM. pHC. 4.4, 0, 6).
[Teproauyeckyro COCTaBISAIONIYIO TOKA B paccMarpuBaeMoi Touke K3 omnpene-
JISIFOT 0 popmyJie

oL

L= E,,. (4.14)

pe3 ™
Toku B BETBSIX CXEMBI 3aMCIICHUA COCTAaBAT
]Hol = ]Ho'Kpl-
L = [no'KpZ- (4.15)
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IIpumep 4.2. Onpenenuth Toku K3 B Touke K| (3a peakTopoM) Npu HATHYHHU JBYX

MCTOYHHUKOB IIMTAHUA — CUCTCMEI HeOFpaHquHHOﬁ MOIIHOCTHU U TBH PacuétHple JAHHBIC IPUBEIC-

HBbI Ha puC. 4.5.

1SMBA
83xE
x’=0.128
EP=62 «B

Pucynok 4.5. - PacuerHas cxema (a) 1 cxema 3amelneHus (0) k npumepy 4.2
Pemenne. Pacuér BBIMONHUM B MMEHOBAHHBIX €AMHHIIAX, MOJIB3YSACH KO3 Pu-
[IUEHTAMH pacIpesielieHHs. 32 OCHOBHYIO (pacu€THyI0) CTyNEeHb TpaHcpopmauuu
npuHuMaeM HamnpsbkeHue U = 115 kB. O0o3Havast CONpOTUBIEHUE CXEMBI 3aMelle-

HHA COOTBCTCTBYIOIIMMU IMOPAAKOBBIMY HOMCPAMH, I1OJIYIACM JIJIA:

- DIEKTPHYECKOM CHCTEMBI [0 U3BECTHOM MotHocTH S = 2100 MB-A

2 2
y=x=dn =15 _¢30y
S, 2100

- Bo3ayuHou JIDIT - 110 kB
Xy = Xy L = 0,420 = 8 Om;

- TpaHcdopmartopa u reHepartopa (1o Ta6im. 4.1 npu Sg=1)

o/ . 2 2

r= U 1051157 — 95 5 0u:
100 S, 15
2 2

o= x - =0,125- 15 — 110 0w

H
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- peaktopa, npuseaeHHoe k U = 115 kB

Xs = x%. UH.p . UH.6 2: 0.04 - 6’3 . 115 2=1210M
100 3.7, | '\ 0, 30,4163 '

ConpoTHBIIEHHE NEKTPUUECKON CHCTEMBI 10 TOUKH K

XI=X1+ X +x3= 6,3 + 8+ 92,5 = 106,8 Om.

To xe oT reHeparopa
xg=x4=110 OMm.
KoaddunmenTsr pacnpenenenus s cuctemsl (cm. 4.12)

xII

Kpl =% TX = & =0,508;
106,8+110

TO K€ OT reHepaTopa
Ky,=1-K,=1-0,508 =0,492.
OxBuBajgeHTHas IJ]C oT 1ByX UCTOUHHUKOB 110 (4.11)

15— +124. 1
_ 106,8 110

- 1 1

~119 xB,

106,8 110
rae J/1C reneparopa E" npu K3 onpenensiercs kak
E" =1,08 Uy =1,08-115 =124 xB.
Pe3ynbTHpyrolee CONpOTUBIEHHE Xpeyx U COMPOTUBIECHUS BETBEH Xpes1, Xpes2 (CM.

(4.12), (4.13))
110

Xpezr = 106,8: ————— + 121 = 175,2 Om;
106,8 +110
xpeg*
Xpesl = PLo= 175,2 =345 Owm;
0,508
xpeg*
Xpes2 = sz = 175,2 =356 OM,
0,492

Cymmapssbiil Tok K3 7, npuBenénnbliil k pacu€THoU cTynenu 115 kB (em.
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puc. 4.4)

L= B = 19 390 kA =324,

Y Bex . B-175.2

Tox ot cucteMbl

pes*

I, = I, K, =392:0,508 =199 A.
Tok ot reneparopa
L=1,K,,=392:0,492 =193 A.
[TpuBeném ykazanubie Toku K3 k ctynenu touku K, nipu 6,3 kB
115
L=199-63 =3632 A;
115
L=193-63 =3523 A;
I, =1, +L,=3632+3523 =7155 A.

5 BbIi0op 1 MpoBepKa KOMMYTAIIMOHHBIX ANNAPATOB BHICOKOT0 HATIPSIZKEHHUST
5.1 O01ue Moo KeHus

KoMMmyTanuoHHbIe anmaparbl MpeHa3HAYCHBI JJII MPUCOCIUMHEHUS OTICIb-
HBIX DJICMCHTOB 3JICKTPUUYECKOW YaCTH CTaHIUK W TOJICTAHIIMMA, a TaK)Ke IIPUCOCIH-
HEHUS K HUM JIMHUH DJICKTPOIIepeIadun.

KoMMyTanroHHBIE ammapaThl, H30JISTOPEl U TOKOBEIYIIME yCTpOHCcTBa pabo-
TalOT B YCJOBHSX IKCIUTyaTalliH B TPEX OCHOBHBIX PEKUMAX: B JNTUTCIILHOM PEKHUME, B
peXUMe TIeperpy3KH (C MOBBIMIEHHONW HArpy3KOW, KOTOpast I HEKOTOPBIX arapaToB
JOCTHTacT 3HaueHUs 10 1,4 HOMUHAIBHOW) U B PEKUME KOPOTKOTO 3aMbIKaHHs. Pexxum
HECUMMETPUYHON pabOTHI B JAHHOM pa3Jiesie He PacCMaTPUBACTCHA.

B nnutenpHOM pexmMe HajekHas paboTa ammapaToB, U30JSTOPOB U
TOKOBEIYIIMX YCTPOMCTB 00ECIIEUNBACTCS MPABMIIBHBIM BHIOOPOM MX 10 HOMHHAILHOMY
HaIPSHKEHUIO 1 HOMUHAIBHOMY TOKY.

B pexmme meperpys3kKHu HajaekHas padoTa ammapatoB M APYTUX YCT-

pOﬁCTB QJICKTPUYCCKHUX YCTAHOBOK obOecIieunBaeTcs OIr'paHUYCHUCM 3HAYCHUA WU JJIN-
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TEJIBHOCTY TOBBIIICHNSI HAIIPSKEHMsI MM TOKA B TAKUX IIPEJIENIax, Py KOTOPBIX €Il Ia-
paHTUpYETCsl HOpMajibHasi paboTa SJIEKTPUUECKMX YCTAaHOBOK 3a CUET 3araca Ipouy-
HOCTH.

B pexxuMe KOpOTKOTo 3aM bl KaH U s HaJekHas paboTa anmapaToB, U30-
JISITOPOB U TOKOBEYIIMX YCTPOMCTB 00ECIEUMBACTCS COOTBETCTBUEM BBHIOPAHHBIX Mapa-
METPOB YCTPOMCTB IO YCIOBUAM TEPMUYECKON U AIEKTPOIAUHAMUYECKOU CTOMKOCTH.

JIist BBIKITFOYATENICH, MPEIOXPAHUTENICH M BBIKIIFOYATENICH HArpy3KH J100aBIIsIeTCs
yCIIOBHE BbIOOpA MX MO OTKIHOYAOIIEH CIIOCOOHOCTH.

ITpu BEIOOpE anmapaTroB U NapaMeTPOB TOKOBEAYIIUX YCTPOMCTB cieqyeT 00s-
3aTelbHO YYUTHIBATh POJI YCTAHOBKM (B NMOMELICHUM WJIM Ha OTKPBITOM BO31yXeE),
TEMIIEPATYPY OKPYKAIOIEH CPEbl, BIAXHOCTh U 3arpA3HEHHOCTb €€ U BBICOTY YC-
TAHOBKH alnapaToB HaJl ypOBHEM MOPHI.

ITpu cocTaBneHuM cxeMsbl sl pacyeToB TOKOB K3 miis kaxkaoro ammapara Bbl-
OMparoT TaKol peXHUM, MPU KOTOPOM OH HAaXOAMUTCS B HAMOOJIEE TSKEIBIX, HO peallb-
HBIX YCJIOBUSAX paOoThl. He yUMTHIBAIOT TOJBKO TAKHE PEXHUMBI, KOTOPHIE HE MpENy-
CMOTPEHBI ISl MPOAOJDKUTEIBHON SKCIUTyaTaluu. B kauecTse nmpuMepa MOXKHO IIpU-
BECTH PEKUM KPATKOBPEMEHHOI'O COBMECTHOI'O BKJIIOUEHUS paboydero M pe3epBHOTO
TpaHchopMaTOpOB.

3a pacuetHyro Touky K3 mpuHMMaroT Takyro, B KOTOPOW Yepe3 ammapar Mpu
K3 npoxoaut Hanbonbmmii Tok. VckitoueHns u3 3Toro oOLIero NojJoKeHUsl OTMeYe-
HBI JUIA KaXKJI0TO anmnapara Ipu pacCMOTPEHUHM METOJIUKHU BHIOOpA U MPOBEPKH €TO.

BriOpanHble anmapaTtsl U JIpyrue yCTpOMCTBA YCTAaHOBOK JOJDKHBI OTBEYATh

TpC6OBaHI/IHM TEXHUKO-PKOHOMHUYECKOU HGHCCOO6pa3HOCTI/I.

5.2 B100p ¥ nMpoBepKa BHICOKOBOJILTHBIX BbIKJII0YATE/CH (4eeK)
NepeMeHHOr0 TOKa
5.2.1 O0mas xapakTepucTHKA BbIKJIOYaTe/ei
B snekrpuueckux cersx 35 kB u Bblllle OCHOBHBIM KOMMYTAI[MOHHBIM arnmapa-

TOM ABJISICTCA BBIKIHOYATCIIb.
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BrikiroyaTenu city»at 1Jisl BKIIOUYEHUS U OTKIIFOYEHUS] TOKOB, TPOTEKAIOIINX B
HOPMaJIbHBIX M aBapUIHBIX peXXUMax padboThl dJIeKTpuieckoi cetu. Hanbomee Tsxé-
JIBI€ YCJIOBHS paOOTHI BBIKITIFOUATENIS] BOZHUKAIOT MIPH OTKIIIOUYeHUH TOKOB K3.

Bce BBICOKOBOJIBTHBIE TOTPEOUTENN MOACTaHIUM, nuTatomuyecs oT SYP u 4VP
(mexoBbIe TpaHCPOPMATOPHI, BLICOKOBOJBTHBIE IBUTATENH, OaTapen KOHACHCATOPOR),
MOJICOEANHSIIOT MOCPEICTBOM BBICOKOBOJBTHBIX SY€EK. PEKOMEHIyeTCsl UCIOIb30-
BaTh KoMIUIekTHbIE siueliku KPY u KCO. Takoe penieHue no3BojsieT CylneCTBEHHO
MOBBICUTH MTPOU3BOAUTEIIBHOCTh MOHTQXKHBIX Pa0OT, COKPATUTh CTOMMOCTD TIOJICTaH-
IIU{, TIOBBICUTHh HAJICKHOCTh 3JICKTPOCHAOKEHHUS W OE€301aCHOCTh OOCTYKMBaHMUS.
Bri00op KOHKpETHOH sSUeWKU KOMIUIEKTHOT'O PacHpeIeIUTeIbHOTO YCTPONUCTBA 3aBHU-
CUT OT TOKOB pabovero pexxmMa M KOPOTKOTO 3aMbIKaHUS B COOTBETCTBYIOIIEM TPH-
COCIMHEHUH, TIPEAONPEICIAIONIUX BHIOOP BBIKIIOUATENS] WX JPYroro KOMMYTaIlu-
OHHOTO arrapara.

B pacnpenenutenbabix ycrpoiictBax 10(6) kB mpuMmeHstoT manomacisHbie
MOJBECHBIE BBIKJIIOYATEIN CO BCTPOCHHBIMHM MPY>KMHHBIMU W 3JIEKTPOMArHUTHBIMU
MPUBOJIaMH, a TAKKE AJIEra30Bble, BAKYYMHbBIEC U JIpyTrUe BhIKIIIOYaTe. Manomacis-
HbIE BBIKJIIOYATENIM BCTPAWBAIOT B CTAllMOHAPHBIE KaMepbl OJTHOCTOPOHHETO 00CIy-
KUBaHUSI, TPUMEHSIONIMECS TPEUMYIIECTBEHHO B JJIEKTPOYCTAHOBKAX CpeaHEn
motHocTH. Pacnpoctpanens! mkadsl cepuit KPY u KP, koMiuiekTyeMble BBIKITIOYA-
teasmu BMIITD na nomunansabeie Toku 10 3200 A 1 Toku K3 70 31,5 KA.

boubiioi Anana3zoH UCIOJMHEHUN JAET BO3MOYKHOCTH NMPHUMEHSATH BBIKIOUATE-
nu BMIID kak 115t IpucoeIMHEHUS JIEKTPOYCTAHOBOK CPEAHEN MOIIIHOCTH, TaK U Ha
CTOPOHE BTOPUYHOT'O HAMPSHKEHUST KPYITHBIX TPaHC(HOPMATOPOB.

[Tpu GONBIINX MOUTHOCTSIX KOPOTKOTO 3aMBIKAHUSI M OOJIBITUX Pab0OUYUX TOKax
PEKOMEH/IYETCS UCIIOB30BaTh IIecTHOaKOBbIE (110 J1Ba Ha (Da3y) TOPIITKOBBIE BHIKIIIO-
yarenu tiuna MI'T-10 ¢ HomuaansabIM TOKOM 3200, 4000 11 5000 A 1 OTKIIFOYaeMbIM
tokoM 30, 45 u 60 kA. g npucoeAnHEeHUs OoTpeOuTene ¢ YacThIMU KOMMYTaIlU-
OHHBIMU OTIEpAIMIMH PEKOMEHJIyeTCs MCIO0JIb30BaTh ImKadsl KO ¢ aymexkTpomarHuT-

HBIMU BBIKITFOUaTeassMu Tina BOM-6, BOM-10 ma Toku 1000...3200 A



32

OCHOBHBIE THIBI BBIKJIKOYATEIEH, UCIOIb3YEMbBIC JJISi KOMMYTAIUU DJIEKTPHU-
YECKUX LIETEN, OTMCAaHbl HUXKE.

Macnanvie gvikniouamenu. B 3Tux anmapartax AyroracMTEIbHOE YCTPOMCTBO
3aMoJHEHO TpaHC(HOPMATOPHBIM MaciioM. [ alieHue 3JeKTpUYecKor YTy OCYIIeCTB-
nsieTcss myTeM 3()@PEKTUBHOTO €€ OXJIKICHUS MOTOKAMU Ta3a, BO3ZHUKAIOIIETO MPHU
paszioxeHun macia ayroi. Haubosnee mmpokoe pacnpocTpaHEeHHE MOIYUUIIH Mao-
MacJIsiHbIE BbIKTIOUaTeu Ha Hanpsbkenus 10...20 kB u 110...220 kB.

dnexmpomaznumnule sviknoyamenu. Ha aneKTpuyeckyro 1yry, BOZHUKAIOLIYIO
B IIPOLIECCE OTKJIKOYEHUSI, JEUCTBYET MATHUTHOE T0JIE, KOTOPOE 3aroHsET YTy B Ke-
PaMHUUYECKYIO0 TaCUTENbHYIO0 Kamepy. OxnaxaeHue Ayrd B KaMepe CO3JAET YCIOBUS
JUISl €€ raileHusl. DJIEKTPOMArHUTHBIE BBIKJIIOUATENM BBIITYCKAIOTCS HA HAMPSHKEHUE
6...10 xB.

Bozoywnwvie sviknrouamenu. I'alieHre T1yru OCyIIECTBIISIETCS HIOTOKOM CXKATOTO
Bo3ayxa. HomunansHoe Hanpsixenue g0 1150 kB.

Inezazosvle gviknouamenu. I'amenne Ayru Npou3BOAMUTCS MOTOKOM 3JIErasa,
00 MyTeM MOoIbeMa JIaBIICHHUS B KaMepe 3a CUET AYTH, TOPAIIEH B 3aMKHYTOM 00b-
eMe raza. [[puMeHsI0TCSl Ha BCE KIIaCChl HAIIPSKEHMUS.

Bakyymnvie eviknmouamenu. KOHTaKTBI pacxonsiTcs B Bakyyme. Bakyymubie
BBIKJIFOUATEIN MPUMEHSIOTCS pH HanpsbkeHuu 10 110 kB BxmrountensHo. Bakyywm-
Hble BbIKiIrOYaTenu BbO—110 npegna3HaueHsl 1 BBITIOJIHEHUS YaCThIX KOMMYTAIlU-
OHHBIX ONEPAIii B HOPMAJILHBIX U aBApUUHBIX PEKUMaxX pabOThl TpaHCHOPMATOPOB
IYTOBBIX CTAJICIUIABWIBHBIX MEYEH U IPYTUX JIEKTPOYCTAHOBOK B JIOCTATOYHO KECT-
kux pexumax (mo 50...100 koMMyTaIuii B CyTKH).

O0603HaueHNs TUIIOB BRIKJIIOYATEICH IMPHUBCACHLI HUKC.

B03Ilyll.leIe H 3J1era3oBbi€¢ BbIKJIKOYATEC/IN

33519070 )2 1 K< 0 30 B
BO3OymHbIA . . . ... B
BEIKTIOUATEHB-OTKIIIOUATED .« . o o oo v v e e eeee e e BO
Hapy HOU YCTAHOBKH . . . . . oot v it eeee e e H
BakOBBIM . ... oot b
TpONUYECKOTO UCTIOMHEHHUS - « « v v ovvveeeeee e T

KpymHOMORYIBHBIN . . .. oo K
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HAMPSKECHUSA. « o ovvveee e et e e e e e
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33

OcHOBHBIC XAPAKTCPHUCTUKHU MACJIAHBIX, BO3AYHUIHBIX, BAKYYMHBIX M 3JICTA30-

BbIX BbIKTtOUarenei 35...1150 kB npuBeaeHbl B cipaBOYHUKAX.

3HaueHUS CKOPOCTH BOCCTAHABJIMBAIOMICTOCS HAIIPSIKCHUA, UMCIOIIHUCCA B 3a-

BOJICKMX MaTepHayax, pruBeaeHbI B Tabumie 5.4.

Brikmrouarenu MOT'YT HNPUMCHATHCA U B CCTAX 0ojiee HU3KOTO HaIps’KCHU A,

YMCHBUICHHIO HAIIPSAKCHUSA.

4qcM UHOM; HUX OTKIOYAacMasd MOIMHOCTHL IIPU 3TOM CHHIKACTCA ITPOIIOPHUOHAIIBHO

Kommanust ABB npou3BoauT Takke MOJHBIN AUAana3oH BBICOKOBOJIBTHBIX KO-

JIOHKOBBIX DJICTa30BbIX BBIKJIIOYATEIICH C OAHOIIOJIIOCHBIM HJIKM TPEXITOJKOCHBIM

ynpaniieHueM HanpsbkeHueM 10 800 kB 1 Tokom oTkiroueHus 10 63 KA:

EDF SK 1o 84 xB ¢ HomuHaIbHBEIM TOKOM 70 2500 A;

LTBD no 170 kB ¢ HoMmuHaabHBIM TOKOM 70 3150 A;

LTB E no 800 kB ¢ HomuHampHBEIM TOKOM 10 4000 A;

WCB u DCB no 420 kB — Beikitouarenu BbIKaTHOW KOHCTpykuuu (WCB) un

BhIKIIIOYaTeu-pazbegunutenu (DCB) nys npuMeHeHus: B KOMIAKTHBIX PY.
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5.2.2 Bb100p BbIKJIIOYATEICH
Brixirouatenu BeiOuparor [8]:
1. Ilo nanpsorcenuio:
Uyer < Usoms (4.1)
rie Uyer - HANPSOKEHHUE CETH, T/I€ PEATIOINIATaeTCs yCTaAHOBKA BBIKIIIOYATENS;
U yon - HOMUHAITBHOE HANIPSDKEHUE BBIKITFOUATENS (TI0 KaTaiory).

2. Ilo onumenvrHomy moxy:

[pa6. max SIHOM? (42)

7€ 1 (a5, max — MAKCHMAIBHBIA PAOOUMIA TOK; / 140y - HOMMHAIBHBIA TOK BBIKIIOYATENS (110
KaTajory).

Pabounii MakcUMasbHBINA TOK CETH C JABYMsI MapajlieIbHO PaOOTAIOIIUMU TpPaHC-
(dbopmaTropamMu MOXKHO OMPENEIUTh C YYETOM JOIMYCTUMOM Neperpy3ku Tpanchopmaropa
Ha 40 % 1pu OTKITFOUYEHUH OJTHOTO U3 TPaHCHOPMATOPOB:

]pa6. max = 1,47 you. (43)

Pabounit MakcuMalTbHBIN TOK CETH C IByMs NTapaJlIeIbHO paOOTAIONIMMU JIMHUSIMA
OIPENENSETC C YYETOM BO3MOKHOCTH IMEPEATh BCHO MOLIHOCTbD 10 OJHOW JIMHUU MPH
OTKJIOYEHNH JIPYTOM:

]pa6. max 2'IHOM- (4 4)

Pabounii MakCHUMaJTbHBIN TOK LIETIH TEHEPATOPa OMPE/IEIIETCA:

P

I a6. max e s (45)
’ \/§-c05(p-U 0,95

1€ Pyoy.r - HOMAHAJIBHASI aKTUBHASI MOIITHOCTh TEHEPATOPa; COSCOS @ - KOIDPHUITUEHT MOIII-

HOM. 2

HOCTH reHeparopa; Uy - HOMHUHAIBHOE HANpsKEHUE Ha BbIBO/IaX reneparopa; 0,95 - ko-
3 GUIUEHT, YIUTHIBAIOIIUNA BO3MOXXHOCTh BbIIaYM T€HEPATOPOM HOMHUHAITLHOM MOIITHO-
CTH TIPY TIOHM)KEHUU HANPSDKEHMSI Ha €T0 BhIBO/IAaX Ha S Y.

3. Ilo omkntouaroweit cnocooHocmu.
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[lpu BpemeHu cpabarbiBanusi BbIKIrouaTenss Oonee 0,08 ¢ M NMUTaHUU dJIEK-
TPOYCTAaHOBKH OT SHEPrOCUCTEMBI MPOBEPSATHh BHIKIIOYATENN MO OTKIIIOYAIOLIEH CrOCo0-
HOCTH MOKHO 0€3 yueTa arnepuoimaeckoi cocrapisitomien Toka K3 [3]:

Lx < Lonen o (4.6)
rae Iy - JeUCTBYIOIleE 3HAYEHUE NMEPUOUYECKON cocTapisitoeid Toka K3 B MoMeHT
7 HAYaJIa PACXOXKICHUS JyTOTaCUTENBHBIX KOHTAKTOB; [y 1oy - HOMUHAIBHBINA TOK OTKIIFO-
YeHUs BIKITIOYaTesl (1o KaTajory).

Brixirouarenu npoBepsroT:

1. Ha anexmpoounamuueckyro ycmoutuugocms k Tokam K3:

a) 1o JIEUCTBYIOIIEMY 3HAUEHHIO TOKA:

I"=<I,. (4.7)
rjae /7 — HavanbHOE 3HAYEHHE NEPHOAMYECKOM cocrapiromie Toka K3; [, — nencr-
BYIOIIIEE 3HAUEHUE MPEEILHOrO CkBO3HOro Toka K3 (1o karasnory);

0) Mo aMIIMTYTHOMY 3HAYEHUIO TOKA:

Iy <lip.cs (4.8)
7€ iy - ynapHeld Tox K3; iy, o - aMImmTyiHOE 3HaY€HKE MPEIETRHOrO CKBO3HOTO ToKa K3
(10 Karasory).

2. Ha mepmuueckyro ycmotiiuusocms x Tokam K3 1o TeninoBoMy UMIYJIbCY:

2 2
It =171,
_ 72
BK_ Im 'tma (4.9)
rae B, — TEIIoBOi UMITYJILC II0 pacuery; [, , — JOIyCTUMBINA TOK TEPMUYECKOU CTOMKO-

CTH BBIKJIFOUATeIs (110 KaTajory); ¢, - BpeMs TEPMUUYECKON CTOMKOCTH BBIKIIFOYATEIIS IIPU

IMPOTCKAaHNU TOKaA 1 P

J1J1s1 3IeKTpUYECKUX CETel TEeIJIOBOM UMITYJIbC OT ToKa K3 MOXKHO ornpenenuTs o

BBIPAKEHHIO

(4.10)

T =ty Tlps, 4.11)
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TJIE 1.5 - TIOJIHOE BPEMSI OTKIIFOUEHUSI BHIKITIOUATEIIS TIO KaTajiory (Bpemsi ¢ MOMEHTa Toja-
YY MMITYJIbCA Ha OTKJIFOYEHHE IO MOJIHOTO NTOTaCaHusl AyTH); £, 5 - BpEMs ICHCTBHUS pENeii-

HOM 3alUTHI (TIpU y4eOHOM MPOEKTUPOBAHUH ITO BPEMSI MOYKHO MPUHATH paBHbM 0,1 C).

5.3 Boi0op pa3beanHurteeit

PazbenuHuTenn mpenHa3HAuYCHbl IS CO3/IaHUS BUIUMMOTO pa3pbiBa B BHICO-
KOBOJIBTHBIX CETSIX IPU BBIBOJIE 3JIEKTPOOOOPYIOBaHMUS B PEMOHT. PazbeauHuTesnu
BKJTFOYAIOT W OTKJIIOYAIOT 0e3 Harpy3ku (IpeaBapUTEIbHO IIENb JOJKHA OBITH OT-
KJIIOYEHa BBIKIIOYaTesieM). B OTHEeNbHBIX Clyyasx pa3peliaercss pa3zbeIuHUTEISIMU
BBITIOJTHEHUE ONEpalMii O]l HampsHKEHUEM, YTO CTpOro periiamentupyercs I[lpa-
BWJIAMU TEXHUYECKOM SKCIUTyaTalllH.

PazbenunuTenu BHIOMPAIOT Tak e, KaK BHICOKOBOJIbTHBIC BBIKIIIOUATENN, HO HE
MIPOBEPSIIOT HA OTKJIFOYAIOIIYI0 CIOCOOHOCTb.

VYcnoBHoe 0003HaUEeHKE pa3beIMHUTENEH:

PBO - pazwenunutens (P) nns BHyTpeHHel yctaHoBku (B), 0qHOMOMIOCHBIM
(O). Yucnutenb — HOMUHAJIBHOE HampsikeHue, KB, 3HaMeHaTellb — HOMUHAJIbHBIN
TOK, A.

PJIBOM — 0JIHOMOJIFOCHBIM pa3zbeAUHUTEND C JIMHEHHBIM KOHTakToM (JI) mist
BHYTpeHHEHN ycTaHoBKH (B), MogepHusupoBanssiii (M).

PB® — pazbeauHuTe b BHYTPEHHEH YCTAHOBKH, C (DUT'YPHBIM HCIIOJHEHHEM
ToKoMnpoBoja (D).

PB3 — pazbegunuTens BHyTpEHHEN YCTAHOBKH C 3a3€MJISIIOIIUM HOXOM (3).

PJIH/] — pa3beauHuTe b C JUHEHHBIM KOHTakTOM (JI), s HapyXHOHU ycTa-
HoBKkH (H), ¢ n1ByMst kononkamu (/1).

PHJI(3) — pasbeaunutens HapyxHOM yctaHoBku (H), ¢ ABymMs KOJIOHKaMH
(1) u 3azemisonuM HOXKOM (3).

J{ns ynpaBiaeHus OJTHOMOJIOCHBIMU Pa3beAMHUTENSIMU BHYTPEHHEN YCTAaHOBKHU

Hamps’KECHUEM 10 35 kB IPUMCHACTCA OIICpaTUBHAA M30JUPYIOIasa IiTaHra, Ha O/1-
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HOM KOHIIE KOTOPOM YKPEIUIEH CTalbHOM KPIOYOK, BAEBAEMBIN IPU BKJIFOUEHUHU WUJIM OT-
KJIFOYEHUH B OTBEPCTHE pblyara Ha €ro Baiy.
JInsa ynpaBiieHHs TPEXMOJIIOCHBIMU PAa3bEANHUTEISAMU BHYTPEHHENW YCTaHOB-
KU TIpUMEHsAETCS py4dHor npuBoj tuna [1P-10, umeromuii 1Ba MCIOJIHEHUS: C HOP-
MaJIbHOM M YKOPOYEHHOW pyukoi. Jlyis ympaBieHUs pa3beIUHUTENIIMHU Ha OOJb-
IIME TOKK NpHUMEHsSeTCs YepBA4HbIA npuBoAa Tuna [14-50.
J{ns yrpaBiieHUs pa3beIMHUTEISIMU HAPYKHOU YCTAaHOBKM IPUMEHSIOTCSA PYyd-
Hbie npuBoabl [IPU3 (Ha nanpspkenue 10 kB) u [1P-10, koHCTpYKIIMS KOTOPBIX yC-
JIOKHAETCS IPU HAJIMYUU B PA3bEAUHUTEIE HOXKEN 3a3EMIICHHUS.
JIns IUCTAaHIMOHHOIO AIEKTPUUYECKOTO YNPABIEHUSA PA3bEeIUHUTEISIMA BHYT-
PEHHEUN M HAPY)KHOW YCTAHOBKH MCHOJIB3YIOTCS DJIEKTPOABUTATENIBHBIEC TPUBO/IBI.
J{ns ynpaBieHus rJIaBHBIMU U 3a3€MJIIIOIIMMU HOKaMU Pa3beIMHUTENIECH Ha-
PY’KHOU YCTaHOBKHM MPUMEHSETCS NEKTpoaABUraTenbusid npuso I1/1H.
Bb10op pasbeauHurTesiei:
l.HomMuHanpHOE HANPSIKEHUE PA3bEIUHUTEIS
UHOM Z UHOM. CCTHY
A€ Uyou. cern — HOMMHAIIBHOE HANPS)KEHUE CETH.
2.HoMHHaNBHBIN TOK pa3beIHUHUTENS
[HOM = [HOM. pacu»
T 1€ Lyom. pacy "HAUOOJIBIINI TOK HATPY3KH YCTaHOBKHU.
3. Tok ITMHAMUYECKON CTOMKOCTHU pa3beAUHUTENS] (MTHOBEHHOE 3HAUCHHE)
Lt 2 iyna
e iy, — ynapHsii Tok K3 ycTaHOBKM (MTHOBEHHOE 3HaYCHHUE TOKA).
4. Tok TepMUYECKOU CTOMKOCTU pa3zbeAUHUTENS [, (IEHCTBYIOIIEE 3HAUEHUE) B
TEUYEHUE BPEMEHU TEPMUUYECKOW CTOMKOCTH #; IOJKEH YAOBJIETBOPSITh HEPABEHCTBY:

I’t > 1t

KK’

rae [, — nevictByroniee 3HaueHue Toka K3; fx — Bpemst ero mpoTeKaHusl.

AHanoru4so IIPOBCPACTCA TCPMUUCCKAs CTOMKOCTh 3a3CMIIAIOIII X HOXKCH.
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5.4 Bb10op BbIK/II0YATEIeH HATPY3KH
Beiktouarenu Harpy3Kd MpEeJHa3HAYEHbl JJIs1 OTKJIIOUCHHS M BKIIFOYEHUS TO-
KoB Harpy3ku 110 400 A B ceTsx 6...10 kB, HO He oTkmovatoT Toku K3 (mostomy no-
CJIEJIOBATEJILHO C HUMH YCTaHABIIMBAIOTCS IIPEAOXPAHUTEIIN).
BrikmrouaTenu Harpy3ku BEIOMPAIOT:
1. Ilo nanpsircenuio:
UyCT < UHOM)
rie Uy, — HaPsKEHWE CETH, TE NPEAIIOIAraeTCsl yCTAHOBKA BBIKIIIOYATENIS;
Uson — HOMUHATIBHOE HANPsHKEHUE BBIKITIOUATeNs (10 KaTajory)
2. Ilo onumenvromy moxy, popmyna (4.2)
[pa6.max < [HOM.Q
TI€ Lpasmax — MAKCUMAIIbHBII paOOUUil TOK; 4oy, — HOMUHAJIBHBIA TOK BBIKIIIOYATEIIS
(o kaTanory).
3. Ilo omxnrouaroweti cnocobHocmi:
Ipa6.max < IOTKII. HOM.>
1€ Lorin. on. - HOMUHAIBHBIA TOK OTKJIFOUEHHS BBIKITIOUATes (10 KaTajory).
BrixroyaTenu Harpy3Ky BEIOMPAOT:
1. Ha anekmpoounamuueckyro ycmouuueocms k Tokam K3:
a) Mo ACHCTBYIONIEMY 3HAYEHUIO TOKA
rr= ]Hp. c
rae I’ — Ha4yaJIlbHOE 3HAYEHUE NEPUOJUYECKON cocTaBsromen Toka K3; Iy . - nencr-
BYIOIIIEe 3HAUCHUE MPeACIbHOI0 ckBO3HOTO Toka K3 (1o kaTasory);
0) 10 aMIUTUTYTHOMY 3HAYEHHIO TOKa!
iy;[ S inp.c s
TI€ inpc — AMILUIMTYJHOE 3HAUYEHHE NPEAETBHOr0 CKBO3HOro Toka K3 ((1mo karanory).

3.Ha mepmuuecxyro ycmouyugocms x Tokam K3

B.=1"-t,
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rae By — TEIUIOBOM MMILYJILC 110 pacu€ry; [, - IOIyCTUMBIA TOK TEPMUYECKON CTOM-

KOCTHU BBIKJIIOUaTeNs (110 KaTajory); ¢, - BpeMs TEPMUYECKON CTOMKOCTH BBIKJIIOYA-

TeJIs IPU NPOTEKaHUU TOKa [, .

5.5 Bb100p KOpOTKO3aMbIKaTeJei U OTAeJUTeIeH

KopoTkozampIkaTenmn u OTIACIUTENN YCTaHABIMBAINCH Ha TPaHCHOPMATOPHBIX
nojicTanimsix 35...220 kB, BBIOJHEHHBIX C LIEbIO Y/ICIIeBIeHHs 0e3 BBIKIFOYaTeel Ha
BBICOKOH cTOpoHE. B HacTosiee BpeMs Ha BHOBb IIPOEKTUPYEMBIX U PEKOHCTPYUPYEMBIX
MOJICTAHIUSIX OTJEIUTENN U KOPOTKO3aMBIKATENI 3aMEHSIOT Ha BBIKIIIOUATENH C IEITBIO
MOBBIILIEHUS] HAZIEKHOCTU 3JIEKTPOCHAOKEHHS.

KopoTtko3ambIkaTenb BKIFOUACTCS ISl CO3JJaHUsI UICKYCCTBEHHOTO KOPOTKOTO 3aMbl-
KaHWs B JIMHUM, YTOOBI TIPH TIOBPEXKJICHUM TpaHCopMaTopa (WM Ha €ro BBIBOAX) OTKIIFO-
YUJICS BBIKIIIOYATENb HA TOJIOBHOM YUYacTKe MUTAIOIIEH JMHHUM, TaK Kak pelieifHasl 3aliura
JIMHUW HE YYBCTBUTEITHHA K TIOBPESXKICHUSIM B TpaHChOpMaTope.

KopoTtko3ambikarens co3aaet Apyxdazxnoe K3 npu Hanpsbkenuu 35 kB (HeliTpanb
CETH M30JIMpOBaHa) WM ofHodasnoe npu Hanpsokenuu 110 wim 220 kB (weittpans cetu
3a3eMJIeHa HariIyxo).

[locrne oTKIIIOUEHNS MUTAOIEH JIMHUU B OECTOKOBYIO ay3y aBTOMaTU4ECKH OTKJIIIO-
YaeTcs IOBPEXICHHBIN TpaHcopmaTop. Ecriu muHMs muTaeT He OfHY MOJICTAHITHIO, Ye-
pe3 HEKOTOPBI MPOMEKYTOK BpeMeHu cpabatsiBaeT AIIB (aBromartuueckoe MOBTOpHOE
BKJTIOYEHHE) BBIKJIFOUATEINIEH TOJIOBHOIO y4acTKa M HEMOBPEXKICHHAS YacTh CETU BHOBb
BKJTFOUAETCS B PabOTYy.

Otnenureny BHIOUPAIOT:

1. Ilo nanpsocenuro, hopmymna (4.1).

2. Ilo moxky, popmyna (4.2).

Otnenureny NpoBEPSIOT:

1. Ha anexmpoounamuueckyro ycmouuusocmsn.:

a) 1O JEUCTBYIOIIEMY 3HaYeHUIO ToKa, hopmyna (4.7);
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0) 1O aMIUIMTYTHOMY 3HAUYEHHIO TOKa, hopmyina (4.8).
2. Ha mepmuueckyro ycmotiuusocmo, hopmymna (4.9).
KopoTko3ambIkaTeny BHIOUPALOT:

1. Ilo nanpsoicenuro, popmymna (4.1).
KopoTko3ambIkaTeny mpoBepstoT:

1. Ha anexmpoounamuueckyro ycmotiuusocme.:

a) mpu Hanpsbkenuu 35 kB

.2 .
I, Slnpc

0) npu Hanpspxkenuu 110...220 kB
i, <l c

2. Ha TepMHuyuecKkyio yCTOMYUBOCTD, (hopmyina (4.9).

5.6 Boi0op pa3psAiHNKOB M OTPAHUYMTE/Iel MepeHanpsKeHun

JIist 3a1UThl TMHEHHON HM30JIAIMU OT aTMOC(EPHBIX NMEpPEHANPSIKEHUN Mpu-
MEHSIOTCA TpyO4aThle pa3psIHUKH, BEHTWIbHBIC PA3PSAHUKA U OTPAHUYUTENH Tie-
peHanpsoKeHu (A1 3alUThl OT aTMOC(EPHBIX U KOMMYTAIIMOHHBIX MepeHanpsiKe-
HU).

TpyOuaTeie pa3psiAHUKHU BBHITYCKAIOTCS HA HOMHUHAJIBHOE HAMpPsDKEHUE OT 3 710
110 kB. Pa3psanuuku cepun PBC (pa3psIHUK BEHTUJIbHBIM CTaHIIMOHHBIN) CITyXaT
JUTSL 3aIUThI OT aTMOC(EpHBIX NepeHanpsiKeHud. TeXHnYecKre TaHHbIe pa3psiAHu-
koB (PBC), pasmeps! u Macca npuBeieHb B cipaBovHUKax. OOmuii BUI HEKOTOPHIX
pa3psIHUKOB 3TOM cepuM JaH Ha pucyHkax 32.13 u 32.14 [22].

JIjig 3anThl OT aTMOC(EPHBIX M KOMMYTAIIHOHHBIX MEpEHANPsKEHUI pruMe-
HAIOTCS BeHTWIbHbIE pa3psaHuku cepun PBMK-30I1 u PBMK-500I1 (pa3psaHuk
BEHTWJIbHBIM, C MATHUTHBIM TallleHUEM IyTd, KOMOMHUPOBAHHBINA, C MOBBIIICHHBIM
HamnpspKeHHeM ramieHusi). TeXxHu4deckrue NaHHbIe U OOIMIM BUJ pa3psJHUKOB MpUBe-

ACHBI B KaTaJIOTaX U CIIpaBOYHHUKAX
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Pa3paboTaHbl ¥ BBIIYCKAIOTCSA PA3PSIAHUKYU JUIS 3aIUTHl YCTAHOBOK IOCTOSIH-
HOT'O TOKA C HOMUHAJIbHBIM HANPSKEHUEM OT €IMHUIL KUIOBOJIBT 10 800 kB.

Co3nanne HOBBIX BBICOKOJIMHEHHBIX PE3UCTOPOB 0a3e OKCHIHO-IIMHKOBBIX MaTe-
pHAJIOB TIO3BOJIWJIO pa3paboTaTh OrPaHUUYUTENN NEPEHANPSIYKEHUH, BHITOIHSIIOIUX Ty
e (QYHKIHIO, UTO ¥ BEHTUJIbHBIE Pa3psAHUKU. B OTIMure OT BEHTHIBHBIX pa3psiiHuU-
koB OITH He MMEIOT UCKPOBBIX MPOMEXYTKOB M IIPUCOEIUHSIOTCS HEMOCPEACTBEHHO K
JMHUY WK 3aiuiaemomy o0bekty. OITH BblmyckaroTcs Ha IIMPOKYIO FaMMy Hamps-
»keranit ot 0,04 kB 1o 500 xB.

Tpyouambuie pa3paonuku

l.HomunanpHOe HampsboxkeHHe paspAagHUKA Uy pasp. JODKHO COOTBETCTBOBAThH

HOMHHAJIBHOMY HANPSDKEHUIO CETH Uiy cern
UHOM. pasp > UHOM. CeTH*

2.Toku KOPOTKOTO 3aMbIKaHMs, BO3HUKAIOUIUE MPU CpabdaThIBAHUM pPa3psAHU-
Ka, JOJDKHBI HAXOJUTHCS B IIpeeiaX TOKOB, OTKIIFOUAEMBIX Pa3psIHUKOM.

3.UckpoBbie mpoMexyTKu S; U S, OepyTcsi B COOTBETCTBUM C JAHHBIMHU Ta0-
JIMI] CIPABOYHUKOB.

Benmunsnoie pazpaonuku u ocpanuyumenu nepeHanpasCceHus

1.Homunanenoe Hanpsixenue Uy, pa3psaHUKA WA OTpaHUYUTEIIS IepeHa-
NPSIKEHUS JOIKHO OBITh PABHO HOMUHAIBHOMY HANIPSIAKEHUIO CETH Uy cem.

2. PaccTosiHue 10 3alMIaeMoro 00beKTa BIOMPAETCsl B 3aBUCUMOCTH OT HO-

MUHAJIBHOT'O HAIIPSKCHUSA CCTU, CXCMbI YCTAHOBKHU U THUIIA paspAJHHUKA B COOTBCTCT-

Buu ¢ [TYD.

5.7 Bp10op miIaBKHUX NpeJoXpaHuTeieil HA HanpsikeHue Boime 1kB
B 2nekTpuYecKkux CeTsX BBICOKOBOJIBTHBIE MPEIOXPAHUTEIN NPUMEHSIOT UL
3aIlUTHI CUJIOBBIX TPaHC(HOPMATOPOB M U3MEPUTENBHBIX TPAHCHOPMATOPOB HAIIPSHKEHUSL.
Ha nanpsoxkennn 10 kB noHmxkarommx noJCTaHIMN yCTaHABIMBAIOT Npeaoxpa-

Hutenn TirnoB 1K (¢ kBapiieBbIM HamoHUTENeM), a Ha HarnpsbkeHuu 35 wm 110 kB -
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npenoxpanurenu tTunos [ICH (ctpenstorue). JIist 3a1mThl CO CTOPOHBI BBICILIETO Ha-
npsbKeHHst TpaHC(OPMATOPOB HANPsHKEHHUS TpUMeHsTIoT npefoxpanutenu [IKT.

[IpenoxpanuTeny AJis 3aUThl TpaHC(HOPMATOPOB BEIOMPALOT:

1. Ilo nanpsoicenuro, hopmyna (4.1).

2. Ilo Homunanoromy moxy, Lo, m, GopMyna (4.2).

3. Ilo omxnrouaroweni cnocoonocmu, Gopmyna (4.6).

4. Ilo HomuHanbHOMY MOKY NIAABKOU BCMABKU, I oy

]paG. max < IB. HOM* (428)

[I1aBkue BCTaBKM MNPEJOXPAHUTENCH BBHIOMPAIOT C Y4ETOM OTCTPOMKU HX OT
OpOCKOB HaMarHMYMBAIOIIEro Toka TpaHcopmartopa. Pekomenayembie [1YD 3Ha-
YEHUS HOMHUHAJIBHBIX TOKOB IUJIABKUX BCTAaBOK MPEJAOXPaHUTENEH B 3aBUCUMOCTHU OT
MortrHocTy TpaHnchopmaropoB 10/0,4 kB npuBeaeHs! B Tadbnuiie 4.3.

Bri6pannbie o Tabimiie 4.3 miaBkue BCTAaBKH HEOOXOAMMO TIPOBEPUTH HA Ce-
JIEKTUBHOCTH 3auuThl co cTopoHbl 0,4 kB. HeoOxonmMo obGecnieunTh CEeIeKTUBHOCTD
3alIUTBl CO CTOPOHBI BBICOKOTO HAMPSKEHUS C MPEAOXPAHUTEISIMU WM aB-
TOMAaTHUYECKUMH BbIKIOYaTeasiMu BBoaa 0,4 kB wnm, mo xpaiiHel Mepe, ¢ OTXOs-

mMu tuausIMu 0,4 kB.

Tabmma 4.3 - HoMuHA/IbHBbIE TOKHM IUVIABKMX BCTABOK MpeAOXpaHuTeN el UIsl 3alMThl
Tpancdopmaropos 10/0,4 kB

HoMHHAbHAS MOLLL- HomuHabHBIN TOK UHOMI/IHaJ'ILHI)Iﬁ TOK
HOCTD TpanchopmaTopa TUIaBKOM BCTaBKU MPEIOXpa-
Ha cropoHe 10 kB-A HATEI, A
25 1,44 5
40 2,31 8
63 3,64 10
100 5,77 16
160 9,25 20
250 14,5 40(32)
400 23,1 50
630 36,1 80
1000 57,8 100
1600 92,5 150
2500 144,5 200

[IpoBepka BCTaBKM Ha CEIEKTHBHOCTH C ammnapatamu 3anmrthl BBoAa 0,4 kB BbI-
MOJHAETCS B OOIIEM CIydae COINOCTAaBJICHHWEM WX XapakTepHCTHK Ha KapTe ce-
JIEKTUBHOCTH 3aIIIUT.
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st pancdopmaropoB 10/0,4 kB kapTy CENEKTUBHOCTH MOKHO HE CTPOUTH, a
BBIMIOJHUTH cleaytouue ycinoBus. CeIeKTUBHOCTh OyIeT o0ecrnieueHa, eciiu

..+ At
tBZw—,

K

n

(4.29)

IZI€ , - BpeMsl IJIaBJICHMS IIJIaBKOM BCTaBKU npenoxpanutess npu K3 Ha cropone 0,4
KB, c; ¢, ; - monHOE Bpemsi cpabaThIBaHUs 3alMThl cO cTopoHbI 0,4 KB, ¢ koTopoii ocyiie-
CTBIISIETCSI COTJIacOBaHuUE mpeaoxpanurens, f. , = 0,02+0,01 ¢ - mig 3neKTpOMarHUTHBIX
pacuenuTenell aBTOMaToB € Y4eTOM paz0poca cpadaTbIBaHUsl, £ ;. A1 IPEJOXPAHUTENEH
OIpeeNAeTCs N0 aMIIepP-CEKYHIHOM XapakTepucTuke; Af - MUHMMAallbHasl CTYIIEHb Ce-
JIEKTUBHOCTH, MPUHUMAETCS JJisi aBToMatoB - 0,3 ¢, ns npenoxpanureneit - 0,6 c; K, -
K03((PUIMEHT NPUBEIECHNS KaTal0KHOIO BPEMEHU IUIAaBJIECHUS IUIaBKOM BCTaBKU U Bpe-
MEHH €€ pa3orpesa, K, npuHUMaeTcs paBHbIM BesmuuHe 0,9.

Ecnu BbIOpaHHas MyaBKasi BCTaBKa HE 0OECIIEUMBAET TPEOYEMOE f;, TO CIEAYET
IPUHATH TUIABKYIO BCTaBKY Ha OOJBIIMI HOMHUHAIBHBIN TOK, TP KOTOPOM Tpedyemoe
BpeMmsl TuiaBieHust Oyaer o0ecrnedeHo, HO B 3TOM cly4yae HEOOXOIUMO ClienaTh Mpo-
BEPKY IO IOIYCTUMOMY BpeMEHH IpoTekanust Toka K3 7, B TpaHcdopmaTope 1o ycio-
BHIO €70 TEPMUYECKON CTOMKOCTH.

[IpoBepka OCYyIIECTBIISIETCS 10 YCIIOBHUIO

1, <t < 5. (4.30)
Jlommyctrmoe BpeMms ipoTekanus Toka K3 B Tparcdopmarope onpenensiercs:
900-1:., 900
e T (4.31)

(oo}

rJIe k - OTHOILIEHHE YCTaHOBUBIIErocs Toka K3 Kk HOMHHAIBHOMY TOKY TpaHc(opMmaropa.

Bo Bcex ciyyasix #, He JOJKHO MPEBBIIATE S C.

Bri6op mimaBkux BCTaBOK mpejoxpaHuTenel Ha cropone 35...110 kB tpanc-
dbopmaropubix nmoacranruit 35/10, 110/10 umu 35/0,4 kB ocymectBisieTcs aHaio-
TUYHO, HO BMECTO TaOmuIel 4.3 HOMUHAIBHBIA TOK IUIABKOW BCTAaBKU BBHIOUPAIOT
COTJIACHO AMPEKTUBHBIM MaTepuaaM C YY€TOM OTCTPOMKHU OT OpPOCKOB HaMarHu-

YUBAIOIIET0 TOKA TpaHCPopMaTopa 1Mo BEIPAKECHUIO
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IB. HOM Z 2 ]HOM. T+ (432)
3aremM MpoBEPSIIOT BCTABKY HA CEJIEKTUBHOCTH PabOThI ¢ OJIMKaWIen 3aluToi ¢
HU3KOW CTOPOHBL:

K

—— 433
Km ) IDO.H ( )

IK.-pacq =

1€ I .paca - PACUETHBII TOK HA CTOPOHE BBICILETO HANpPsHKEHUs TpaHcdopmaropa npu K3
Ha CTOPOHE HUBILIETO HanpsokeHust; K, - Koo OUIMEHT Ha/Ie)KHOCTH, YUYUTHIBAIOIININ pa3-
Opoc aMIiep-CeKyHIHBIX XapaKTePUCTUK MpeIoXpaHuTened u HeoOxoaumblil 3anac; K, -

ko3 dunment Tpanchopmanuu TpaHcopmaropa; [, - ycraHoBuBLMiics Toxk K3 Ha

CTOPOHE HU3ILETO HAMPSHKEHUs TpaHCpopMaTopa.

ITo TOKY y.pacy HA AMIIEP-CEKYHTHON XAPAKTEPUCTUKE TPENOXPAHUTENS ONPEIEIAIOT
BpeMsI TIEpEropaHusi TIABKOM BCTaBKU ¢, 3aT€M CPABHUBAIOT 3TO BPEMS C BPEMEHEM Cpa-
0aThIBaHMS 3aILUTHI C HU3KOW CTOPOHBI TpaHc(opmatopa ¢ ,. Eciu cTyrneHb CeleKTUBHOCTH
At =t,-t.,<0,6, TO BRIOUPAIOT TUIABKYIO BCTABKY Ha OOJIBIINI HOMUHAJIBHBIN TOK.

Ha pucynkax 4.2 u 4.3 nipuBeeHbl aMIIEP-CEKYHIHbIE XapAKTEPUCTUKU TUIABKUX
npenoxpanuresneit Tunos 1K u [TCH.

TexHuYecKHe JaHHbIE IPEJOXPAHUTENEH TPUBEIECHBI B TAOMLE 4.4.
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PucyHok 4.2 - AMniep-ceKyHaHbIe XapaKTepUCTHKH npegoxpanureeit Tuna [IK
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PucyHnox 4.3 - AMniep-ceKyH/IHbIe XapaKTepucTHKHU npegoxpanurtenei Tuna [ICH

Tabma 4.4 - TexHn4YeCKHe XapaKTePUCTUKH NPeaoXpaHuTe e

Makcu-
MaJibHast
Tun Homu- |Homunanenbiii| Homuname- | oTtkimroua- | MUHMMaJIbHBIN
BBICOKOBOJITHOTO | HAJIIBHOE | TOK MpENoXpa- | HbIH TOK Iolas | OTKJIFOYAeMBbIi TOK
IIPEIOXPAHUTENIS | HampsKe- HUTENS, A IIaBKUX | (Tpexdas- | (KpaTHOCTH K HO-
Hue, kB BCTaBOK, A | Has) MOII- | MUHAJILHOMY), A
HOCTh, KA
JI1st BHyTpEeHHEN YCTaHOBKH
[1K-6/30 6 30 2...30 200 He orpanuyen
[1K-6/75 6 75 40...75 200 3
[1K-6/150 6 150 100, 150 200 3
[1K-6/300 6 300 200, 300 200 3
[1K- 10/30 10 30 2...30 200 He orpannuen
[1K-10/50 10 50 40, 50 200 3
I1K-1 0/100 10 100 75, 100 200 3
[1K- 10/200 10 200 150, 200 200 3
[1K-35/10 35 10 2...10 200 He orpannuen
[1K-35/20 35 20 15...20 200 3
[1K-35/40 35 40 30, 40 200 3
J11st Hapy)KHOHN YCTaHOBKU
[TK-6H/30 6 30 2...30 200 He orpanuuen
IK-10H/30 10 30 2...30 200 He orpannuen
ITK-20H/10 20 10 2...7,5 100 He orpannuen
I1B (TICH)-10 10 100 7,5...100 200 He orpannuen
I1B (IICH)-35 35 100 7,5...100 500 He orpannuen
1B (IICH)-110 110 50 7,5...50 750 He orpannuen
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Ipumeuanue. [11kana HOMUHATBHBIX TOKOB TUTABKHMX BCTABOK BHICOKOBOJIBTHBIX TIpeAoXpanuTenei: 2; 3; 5; 7,5; 10; 15;
20; 30; 40, 50; 75; 100; 150; 200; 300 A.
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Tabnuma 5.2 — Beikiarwyarenu 6...20 kB

49

Tun Usows Liows Sorans | Lomens iy forns © | Loy €
kB A MB-A KA KA
Macasinble
MI'Y-20 20 5000 3000 90 300 | 0,155 0.8
MIT-10 10 5000 1000 63 170 0,12 0,4
5000, 4000, | 750 45 120 0,12 0,4
BMITD- 10 | 3200 550 | 31,5 80 0,12 03
]132(3_10 10 1000’6136%’0’320 550 31,5 80: 0,07; 0.3:
0 350 20 52 0,07 03
10 1600; 1000; 550 31,5 80; 0,05, |  0,075;
BK-10 630; 350 20 52 0,05 0,075
10 1600; 1000; 350; 20; 52; 0,1; 0,3;
BMII-10 0% 280 16 40 0,1 03
1600; 1000; ) )
10 630; 1600; 350 20 52 0,12 03
?(?MH‘ 1000; 630 280 16 40 0,12 03
10 1000; 630; 170 10 25 0,1 0,2
630; 400
]13(1)\/IM‘ 1000; 630
630; 400
400
Bo3ayumnbie
BBI-20 20 20000; 12500 | 5500 | 160 410 0,14 0.1
BD-10 10 3600; 2500; 550 31,5 80 0,075 | 0,075
1600;
1250
BakyymHble
BBTD- 12,5, 0,04 -
M-10 220; | 20 32;
3555%? 31,5 58%? 0,055 -
BBIHOC- 0.04 B
BBOM. 10 630...1600 350: 20; 0,035 -
10 550 31,5 52: 0,04 -
BBITB- %0 0,04 -
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10 220; 12,5; 0,05 -
BBU- 350 20 32; -
CH-10 2000...3150 31,5 52 0,05 -
510 o | |
BBCK- 100

10
BBD-M-
10
Tabnuna 5.2 — OxkoHYaHHe
Tun Usows Liows Soras Iomens | lyns forns | o>
kB A MB-A KA KA ¢
BakyymHble
VD4 630...1250 280 16 40 0,06 0,06
C 3aIHTHL- 630...1250 350 20 52 0,06 0,06
A 10 630...2500 430 25 63 0,06 0,06
fomocamu 630...2500 550 31,5 80 0,06 0,06
(ABB) 630...2500 700 40 100 | 0,06 | 0,06
20 630...2000 560 16 40 0,06 0,06
630...2000 700 20 50 0,06 0,06
630...2500 860 25 63 0,06 0,06
10 3150...4000 430 25 63 0,06 0,06
VD4 3150...4000 550 31,5 80 0,06 | 0,06
IC-I(IZI- c6op- 3150...4000 700 40 100 0,06 0,06
- 1250...4000 960 50 125 0,06 0,06
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ca- 1250...2000 1090 63 158 | 0,06 | 0,06
wit (ABB 35 1250...3150 1500 25 63 0,06 | 0,06
1250...3150 1900 31,5 | 80 0,06 | 0,06
JJiera3oBble
LF1 6,3 630; 1250 270; 25, 36; -
10 340 3,5 | 80 -
LF2 6,3 630; 1250; 430:550 | g 100 0,7 -
10 2000 440; 31,5 | 80 -
550
3ﬂera3OBble FeHepaTOprIe BBIKJIKOYATEIN " aIIIIapaTHbIe KOMILJIEKCBI
HGI 2 17,5 6300 - 50 125 0055] 0,056
HGI 3 21 8000 - 63 158 | 0,048 | 0,048
HGI 3* 21 7700 - 63 158 | 0,053 | 0,056
HGI3/4* | 253 12000 - 100 | 255 | 055 | 0,053
HGIS/6* | 253 12000 - 120 | 310 | 055| 0,053
HGI 7/8* 30 | 22000...28000 - 190 | 490 | 067 | 007

* B coctaB reHepaTOpPHBIX allapaTHBIX KOMILUIEKCOB, KPOME BBIKIIIOUYATENsl, MOT'YT BXOJUThH Clie-

JYIOUIME ammaparhbl: pa3beIuHUTENb, TPAaHCHOPMATOPHI TOKA M HANIPSKEHUS U JIP.

Tabauua 5.3 — Maciasiable BpIKjIo4Yareau 35...220 kB

Tun

Tsoms Sorins Lorkns Iyns Lotk Iaicns
A MB-A KA KA c
35 kB
C35 3200 3000 50 125 0.08 0.7
MKII- 2000 1200: 20: 52: 0,05 0.4
35+ 1000 1500 25 63 011 035
Bl\/§15<3- 1000 1000 16 40 0.15 034
o 630 750 12,5 32 0.09 034
- 630 750 12,5 32
N 0,04 0.3
A- 630 600 10 26
C-35M*
110 B
V- 2000 9500 50; 125: 0.05; 0.3;
110A(B) 2000 7600 40 100 0,06 0.8

Tabauua 5.3 — OkoHyanue
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THH IHOM’ SOTKJI) IOTK.H, lyII’ tOTKJ'I) tBKJ'I) C
A MB-A KA KA ¢
110 xB
MMO- 1600; 5900; 31.5: 80:52 | 0,08 0,08
110B 1250 3800 20 0.08 0.08
63: 0,08 0.6
BMT- 1600: 4800: 25: 40 100
110B* 1250 7600
52 0,05 0.6
20
MKTI-1105 1000; 3800
630
220 B
V220 A 2000 16000 40 100 0.08 | 0.45;
(5 2000: 9500: 25:25 |  63:63| o008| OB
V220 A 1000 9500 ’s 63 008 | 045
* )
(5) 1000 9500 , , 0.8
Vo220 E 25: 40 63: 0,08 0.
- 1600: 9500: 100 )
BMT-220 2150 16000 0.6
* BeimmyckaroTcst B ucrostHeHun XJI.
Tabmuma 5.4 — Bo3aymuble BbikJao4yaresu 35...750 kB
Tun Tyoms Sorxns Torkns iyzla Lotk Texs CropocTs Boc-
A CTaHa-
MB-A KA KA ¢ ¢ BJIMBAIOIIETOCS
Ha-
npspxeHus, kKB /
MKC
35 kB
BBD- 1600 1200 20 52 0,05 | 038 -
*
35 2000
BBY- 3150 2400 40 100 0,07 0,15 He orpannuena
35A%
110...150 B
BBBK- 3150 9500 50 125 0,045 03 15
1105 2000 | 7600 40 100 0,08 | 02| Heorpanuuecsa
]131]303];‘ 2000 5900 315 20 0,07 0.2 1.0
B 1600 5900 31,5 80 0,06 0,2 12
110B* 3150 6800 35.5 90 0,07 0,2 1.4
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BBBT-
1105
BBBK-
1505
220 xB
3150; | 24000 63 158 0,04 0.1 1.8
BHB- 3150 15200 40 100 0,04 0,1 1.4
220
3150 21000 56 143 0,025 0,3 1.6
BBBK-
220b 2000 15200 40 100 0,08 0,25 2,0
BBJI-
220B*
2000 12000 31,5 80 0,08 0,2 12
BBC-
220E* 1600 12000 31,5 80 0,08 0,25 12
BBB-
2206
BBEBT-
2206
330 kB
BHB- 3150 36000 63 158 0,04 0.1 2.0
3306
Taomuua 5.4 — Oxonyanue
Tun Tioms Sorxns Torns iyﬂa Lotk Texs CropocTs BoC-
A cTaHa-
MB-A KA KA ¢ ¢ BJIMBAIOIIETOCS
Ha-
npsoxeHus, kKB /
MKC
4000; | 22800; 40; 100;
BHB- 3150 36000 63 158 0,025 0,1 1,5
330
3150 22800 40 100 0,04 0,08 1.5
BBBK-
330
3200 | 22800: 40; 100; 0,08 0,25 12
BBIL 18000 31,5 80
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3305 2000 | 18000 315 80 005 | 023 12
3150 | 29000 50 125 0,06 | 025 _
BB-3305
BBJTM-
3305
500 xB
BHB- 4000 | 55000 63 158 0,024 0.1 2.4
£
500 3150 | 43000 50 125 | 0025] 03 2.1
]53(%](55)' 3150: | 34500: 40: 100: 0.04: | 0.1
1.8
BHE. 4000 | 55000 63 158 0,04 0.1
500% 2000 31000 35,5 90 0,08 0,25 1,5
2000 | 31000 35.5 90 0,055 | 025 1,5
BBb-
500(AB)
BB-
500(AB)
750 kB
4000:
BHB- 3150 | 52000 40 100 | 0025 01 2.6
750
3200 | 52000 40 100 0,06 | 015 2.0
BBb-750 500 52000 40 100 0,025 0.1 2.0
BO-750
1150 kB
BHB- 4000 | 80000 40 100 0.03 0.1 2.6
1150 600 80000 40 100 0,03 0.1 2.6
BO-1150
* Beimmyckarotcs B UcrionHeHu# XJI.
Tabmmma 5.5 — BeIkjouaTe i BAaKyyMHbIe
THH IHOM’ A SOTK.H’ IOTKH) iyﬂ) tOTKH) tBKJ‘[)
MB-A KA KA C C
35 kB
BEHT- 630 1200: 20; 52; 0.05 | 0.06
35 1000: 1250; 1900 35 8 1 0085 04
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BBY-35 1600 3000 50 125 0,05 0.06
BBH- 1600 1200 20 52
3511
110xB
BED- 1250; 1600 950; 5; 52: 0.07 0.1
110 3800; 20; 80
1000; 1250: 6000 315 0,085| 04
BBEY- 1600 9500 50 125
110
Taonumua 5.6 — BeIK/a04YaTeJ 1 J1era3oBbie
THH IHOM) SOTKH’ IOTK.H, iyﬂ, tOTKJ'I) tBKJ'I’
A
MB-A KA KA C C HpHMeanHe
35 kB
BI'BD-35
BLESIL3S 630 750 12,5 32 0,04 0,1 —
110 kB
BIT-110 2500 7600 40 100 0.035] 0,062 YOTM
B9B-110 2000; 7600 40 100 0,04 0,08 YOTM 1 DM3
2500 7600 40 100 0.04 0,08 YOTM u M3
LTB- 3150 7600 40 100 0,04 0,04 ABB
14501 4000 | 12000 63 158 | 0,04 0,08 ABB
HPL
145A1 3000 7600 40 100 0,05 0,065 ABB
L4SPM 4000 12000 63 158 0,05 0,065 ABB
710 7600 40 100 0,035| 0,063 Siemens
4000 .
IAPIFG- ) 7600 40 100 0,034 0,057 Siemens
145 A 5900 31,5 80 0,028 0,1 Alstom
4000
3APIDT- 7600 40 100 0,028 0.1 Alstom
145 2500
HGF-1012 4000
220 kB
BI'T-220 2500 15200 40 100 0,035| 0,062 YOTM
BI'BY-220 2000 15200 40 100 0,035 0,07 YOTM u M3
HPL
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245B1 5000 | 19000 50 125 0,04 ] 0,065 ABb
242 PMR 4000 | 15200 40 100 | 0055| 0,065 ABB
242 PMG 4000 | 24000 63 158 | 0,055| 0,065 ABB
3APIFG- 10 19000 50 125 | 0037| 0,058 Siemens
245 40001 19000 50 125 | 0,037] 0,060 Siemens
;j_\SPIDT' o | 15200; z;(()); 11 %(; 0,025 01 Alstom
HGE1014 | 3000:| 19000 o 0,025 0,1 Alstom
4000 50 125
330 kB
BI'Y-330
BI'B-330
HPL
420B2
362 PM
3AQ2-362
GL 315
500 kB
BI'5-500 3150 | 34600 40 100 | 0,035] 0,1 VOTM 1 OM3
HPL 5000 | 43000 50 125 | 004 | 0,065 ABB
>50B2 4000 | 43000 50 125 | 0,04 | 0,060 ABB
>50 PM 10 43000 50 125 | 0,04 - Siemens
3AQ2-550 | 4000 | 4300 50 125 | 0,036 - Alstom
GL 317 4000
750 kB
BI'Y-750 3150 | 61000 47 120 0027] 0,12 VITM
HPL80OB4 | 4000 | 64900 50 125 | 004 | 0,065 ABB
Taomuua 5.7 — Ba3oBble dJiera3oBble BhIK/JIO4YaTe I KoMmnanuu ABB
Twun snera3zoBoro Usons KB Luows A Towens
BBIKJTFOYATECIIA KA
121PM 40 ~20B 110 2000; 40
~30B 110 3000...3150 40
121PM 50 ~20B 110 2000; 50
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121PM 63

245PMG 40

245PMG 63

362PMI 31

362PMI 40

362PMI 50

550PM 40

550PM 50

550PM 63

550PM 80

800PM 40

—30B
—20B;
—30B
-20B
—30B
—40B
-20B
—-30B
—40B
- 12B
-20B
—-30B
- 12B
-20B
—30B
—40B
- 12B
-20B
—30B
—40B
-20B
—-30B
—40B
-20B
—30B
—40B
-20B
—-30B
—40B
-20B
—30B
—40B
-20B
—-30B
—40B

110
110
110
20
20
20
20
20
20
330
330
330
330
330
330
330
330
330
330
330
550
550
550
550
550
550
550
550
550
550
550
550
750
750
750

3000...3150
2000;
3000...3150
2000
3000...3150
4000
2000
3000...3150
4000
1200..1250
2000
3000...3150
1200..1250
2000
3000...3150
4000
1200..1250
2000
3000...3150
4000
2000
3000...3150
4000
2000
3000...3150
4000
2000
3000...3150
4000
2000
3000...3150
4000
2000
3000...3150
4000

50
63
63
50
50
50
63
63
63

31,5

31,5

31,5
40
40
40
40
50
50
50
50
40
40
40
50
50
50
63
63
63
80
80
80
40
40
40
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800PM 50 ~20B 750 2000 50
~30B 750 3000...3150 50
_ 40B 750 4000 50
800PM 63 ~20B 750 2000 63
—30B 750 3000...3150 63
_40B 750 4000 63
Tabmuma 5.8 — SIueiiku 3J1era3oBbIX BBIKJIIOUYATEI€EH
Tun Usows Liows Sorans | Lomens iy forns © | Loy €
kB A MB-A KA KA
S9-11 110 1600; 2000 7600 40 100 0,055 0,08
SAIY- 220 3150 15200; | 40 100; 0,06 0,15
220 19000 50 125
330 4000 36000 63 158 0,055 0,1
A9V~ 500 4000 43000 50 158 0,055 0,1
330%
A3Y-
500

* PazpaboTaHbl OT€YECTBEHHOMN MPOMBIIIUIEHHOCTBIO.
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