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BBEJEHUE

KoHnTponbHo-KypcoBas paboTa crocoOCTBYET yriayOJIeHUIO U 3aKPETUICHUIO
3HAHUM, MOJTYYEHHBIX CTYJACHTAMH 0 OCHOBHOM M CMEXHBIM JUCIUIUIMHAM, YUYUT
peraTh NpakTHYECKHE 3a/1aud B 00J1aCTU MUKPOIIPOIIECCOPHBIX CPECTB peleHHOM
3amuThl ¥ aBToMaTuku (P3uA) cuctem aneKkTpocHaOKEHUS.

MukponporeccopHble  yCTPOMCTBA PEIIEMHOW 3allUThl W aBTOMATHUKH
ABJIAIOTCS OPTAaHMYECKOW YacThl0 KOMIUIEKCA 3JIEKTPOOOOPYIOBAHUS JIEMEHTOB
AIEKTPUUYECKUX CTAHIMK M ToAcTaHUUMA. be3 ycToMunBOro (pyHKIIMOHUPOBAHUS
MHKPOIPOLECCOPHBIX YCTPOMCTB pEICMHON 3alUThl 1 aBTOMAaTHUKH HEBO3MOKHO
oOecreuuTh HaAEKHOE DIIEKTpocHaOkeHue mnorpedurenei. OcHOBa yCTOMYMBOIO
(G YHKIIMOHUPOBAHUS MHKPOMPOLIECCOPHBIX YCTpoiicTB P3MA 3akianpiBaeTcsi mpu
pacuére U BbIOOpE YCTABOK.

TpebGoBanus, npeabsBiasgembie K P3uA, MOTyT OBbITh peaii30BaHbl TOJBKO
MpY TIIATEJILHOM aHAJIN3€ B3aUMOJICUCTBUSI MPOECKTUPYEMBIX YCTPOMCTB, YU€Te
OCOOEHHOCTEW TEXHOJIOTUU TMPOU3BOACTBA M PACIPEACICHUN HHEPTUU, CXEM
ANEKTPUUYECKUX COCAUHEHUM OOBEKTOB, chenuduku padoThl MOTpeOUTENEH,
(bU3UYECKUX TMPOIECCOB, TMPOUCXOMSANIMX B HOPMAJbHBIX, aBapUHUHBIX U
MOCTICaBApUNHBIX PEXKMMAX B MEPBUYHBIX M BTOPUUHBIX LEMAX HU3MEPUTEIBHBIX
TpaHc(hopMaTopoOB TOKA U HATIPSIHKEHUS.

[Ipu BBIOJIHEHUU KYpPCOBOTO TMPOEKTa HEOOXOAMMO OCBOUTH BBIOOD
MPUHIIMIIOB M PpacuéT YCTAaBOK 3alllUT SJEMEHTOB OCHOBHOTO 0OOOpYyIOBaHUS
nojAcTaHIui (MuHUN, TpaHchopMaTopoB u dnekTpoaBurateneit). Ilepex pacuérom
YCTABOK PEJIECHHON 3allUThl MPEIABAPUTEIIBHO OMNPEACNSIOT BUIbl OCHOBHBIX H
PE3EPBHBIX 3alllUT, TMOJJICKAIIUX pacu€Ty, 3aTeM BBIOMPAIOT YCTAaBKU U
OTPENIENAI0T YYBCTBUTEIBHOCTh 3amuT. HalineHHble 3HadYeHUs1 Kod(PPUIMEHTOB
YyBCTBUTEJIBHOCTH JOJDKHBI ~OTBeuaTh TpeboBaHusiM I[IpaBunm  ycTpoicTB
anekTpoycTaHoBoK (ITYD).



13AJIAHUE

[IpuHIMNIUanbHAs cXema 3JIEKTPOCHAOKEHUS MOJACTAHLIMU H300pa)keHa Ha
pucynke 1.1. Tloacranumsa mnoakmodyeHa K odHeprocucteme C  aByms
napajjiebHbIMA JUHUSAMU diekTponepenad (BJI) W1, W2. Ha noacraniuun
ycTaHoBlieHbl J1Ba TpaHchopmatopa T1, T2. Harpyska pacmpeneneHa mo JIByM
TpaHcopmaropam  paBHOMepHO. PabGorta  TpaHchopmaTopoB — pasjenbHas.
CekmoHHbIN BbIKITIOUaTENh Q6 CHAOXEH yCTpPOMCTBOM aBTOMATHYECKOTO BBOZA
pesepa (ABP). O6o0menHass Harpy3ka Sy KaXXTOW CEKIMU IIUH TOJCTAHIUU
paBHa 70 % HOMHUHaIBHON MOIIHOCTU TpaHcpopmaropa. OT MKH MOACTAHIUU
OTXOJAT KaOeNbHbIe JIMHUM, MUTAIOLINE aCUHXPOHHBIE AekTpoaBurarenu (/).

Beimonxutse pacuer:

- 3aIIMT MUTAIOIIMX JUHUH 3JIeKTponepeay;

- 3aIIUT CUJIOBBIX TPAHCPOPMATOPOB;

- 3aIIUT BHICOKOBOJIbTHBIX ACUHXPOHHBIX 3JIEKTPOABUTATEIICH;

- YCTaBOK aBTOMAaTHUYECKOTO BKJIIIOUEHHS PE3EPBA;

a TaK)Ke IPOBEPUTH BO3MOKHOCTH CAMO3AITyCKa 3JIEKTPOABUTATENEN U MPH
HEO0OXOIUMOCTHU MPEAYCMOTPETH 3AIIUTY MUHUMAJIBHOTO HAIIPSIKEHUS.

Ilo pe3ynpTraTam pacyeTOB IOCTPOUTH KapTy CEJIEKTUBHOCTH PENECHHOMN
3aIUTBHIL.

B rpadudeckoil yactu npoekTa NpUBECTU CXeMy pa3pabOTaHHOM peseHOMN
3aluThl Ha ucte popmarta A3.

Ncxonnbie nannHble npuBeaeHb! B Tabiumax 1.1 u 1.2.

Tabnuua 1.1 — ITapaMeTpsl 371€KTPOJIBUTATENS. U HATPY3KH
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1 2 3 4 5 6 7 8
1 630 5,0 3 0,5 1,0 2,0 0,70
2 630 5.2 5 0,6 1,5 2,1 0,60
3 800 5.5 4 0,7 2,0 2,2 0,50
4 800 5,7 5 0.8 2,5 2,3 0,40
5 1000 4,5 2 0.9 3,0 2.4 0,50
6 1000 4,8 3 1,0 3,5 2,5 0,60
7 1250 5,0 3 1,1 3,0 2,6 0,70
8 1250 5.2 2 1,2 2,5 2,7 0,80
9 800 4,5 5 1,3 2,0 2,8 0,90
0 800 5,1 4 1.4 1,5 2,9 1,00




Tabnuua 1.2 — ITapameTpsl TpaHchopMaTopa U FHEProCUCTEMbI

l;[l(I)/IC(i)IIe):‘ TI/IH UBH) U KB SK3.M3.KC) SK3.MI/IH) HHI/IHa
mmdpa TpaHncdopmaropa | kB MBA MBA | BJL, km
1 2 3 4 5 6 7
1 T/IH-10000/110 115 6,6 1500 1200 30
2 T/IH-10000/110 115 11 1800 1500 35
3 T/AH-16000/110 115 6,6 2000 1700 40
4 T/IH-16000/110 115 11 2200 1900 45
5 TPZIH-25000/110 | 115 6,3-6,3 2400 2100 50
6 TP/IH-25000/110 | 115 | 10,5-10,5 | 2500 2200 55
7 TPZIH-32000/110 | 115 6,3-6,3 2700 2500 60
8 TP/IH-40000/110 | 115 | 10,5-10,5 3000 2700 65
9 TPZIH-32000/220 | 230 6,6-6,6 3200 2900 70
0 TPJIH-32000/220 | 230 11-11 3500 3200 75

PI/ICYHOK 1.1- HpI/IHLII/IHI/IaJIBHaSI CXEMa BHCKTpOCHa6)KCHI/ISI IHoaCTaHII N1



2 METOANYECKHUE YKA3ZAHUSA

2.1 3ammTa NUTAOLIEH JUHUH YJIEKTponepeIadn

[IYD mnpegycMatpuBaiOT Ha OJWHOYHBIX JIMHUAX C OJHOCTOPOHHUM
MUTAaHUEM OT MHOTO(a3HbIX 3aMbIKAHUN YCTAHOBKY CTYIEHYAThIX TOKOBBIX 3aIUT.
B »TOM 3amaHMM JOCTaTOYHO MPEAYCMOTPETh YCTAaHOBKY JIBYXCTYNEHUYATOM
TOKOBOM 3amuthl. IlepBas cTymeHb — MaKCHUMallbHasi TOKOBasi OTCEYKa
mrHoBeHHoro aeictBug (TO), a BTopas — MakcumaibHas TokoBas 3amura (MT3),
coriacoBaHHas 1o cenektuBHoctu ¢ MT3 tpanchopmatopa (T1 pst nuaum W1).

PekomennyeTcss 18 MakCMMajdbHOTO M MUHUMAJBHOTO PEXUMOB pPabOThHI
HHEPrOCUCTEMBI MTPOU3BECTU PACUET TOKOB KOPOTKOIO 3aMbIKaHU (K.3.) JUJISl ABYX
TO4YeK (B Hauaje U KOHIIC JIMHKM), 32 TpaHC(HOPMATOPOM.

TokoBas oTceuka He 3alUMIIAeT BCIO JUIMHY JIMHUM M HE MOXET
UCIIOJIb30BaThCSl Kak OCHOBHas 3amurta. OJHAKo, B YAaCTHOM ciyyae, Korja
3aluuiaeMas  JIMHUASA —[HUTAaeT TYNHUKOBYIO TMOJCTAHIMIO, OTCEYKa MOXKET
BBITIOJIHATHCS YYBCTBUTENBHON NpH K.3. B JIO00M TOuke JUHUU. {11 3TOro TOK
cpaOaTbIBaHUSI OTCEYKHM OTCTpPAMBAETCs OT TOKa K.3. 3a TpaHcpopmaropom T1
MIPUEMHOM ITOJACTAHIIUU.

Tok cpabaTbiBaHMsI TOKOBOW OTCEUKH BBIOMpAeTCs MO CIEIyIOUEMy
YCIIOBHIO:

Cc3 - kH . IK.MCZKC (2 1)
rae k, — xoaddunument Hanexnocrtu, k,=1,2+1,3
liyaxe — MakcHMalbHOE 3HAUEHHE TOKa K.3. 3a TpaHCcPopMaTOpoM
MOACTAaHIINH, KA
[To ycioBUIO OTCTPOWKHM OT OpOoCcKa HAMAarHMYMBAIOIIETO TOKa CHUJIOBOTO
Tpancdopmaropa T1:

16’3 - (3 N 4) . IHOMmp (22)

UyBCTBUTENIBHOCTh TOKOBOM OTCEUKH XapaKTepuzyercs Kod(P(PULHEHTOM
qyBCTBUTENBHOCTU (Ky) TIpHU K.3. B KOHIE JUHUU. OH CUMTAETCA NPHUEMIIEMBIM,
ecnu npesbimaeTr 1,5. Bpemsa cpabatbiBanust OTCEUKH (o) OMpPEnenseTcs TUIIOM
UCIIOJIb3YEMBIX peJie TOKa U MPOMEXYTOUHBIX pesie u He npesbimaert 0,1c.

B cnyyae HegocTaTOYHOW YYBCTBUTEIBHOCTH OTCEYKM NPHU K.3. B KOHIE
JUHUM, €€ HeoOXOJUMO JOMOJHUTh MYCKOBBIM MHUHUMAJIBHBIM  OpPTraHOM
HanpspkeHusl. TOK cpabaThiBaHUS OTCEYKM MOKHO YMEHBLIUTH, O00ECNeduB IMpHU
TOM JOMYCTUMYIO 4YyBCTBUTENBHOCTH (ky=1,3) mpu nByxda3HOM K.3. B KOHIE
JMHUY, B MUHUMAJILHOM peKuMe sHeprocucteMbl. Tok cpabaThiBaHus BEIOUpaETCs
CJIEYIOLIUM 00Pa3oM:

1
— _K.Mun (2.3)

c3 1,3
Jlist mpenoTBpalieHuss JIOKHOTO cpabarTblBaHMs 3allUThl MpU  K.3. 3a
TpaHchopMaropoM  mnpumeHsiercs  3amnper  (OJOKHpPOBKAa) C  MOMOIIBIO
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MUHUMAJIBHBIX  PCJIC  HAIIPSIKCHUA. HaHpH)KCHI/Ie Cpa6aT]'::IBaHI/ISI 3allIUThI
OTCTPAUBACTCA OT OCTATOYHOI'O HAIIPSKCHUA B MECTC YCTAHOBKHU 3alllUTHI IIPH K.3.
3a TpaHC(i)OpMaTOpOM npu IMIPOXOKIACHHU II0 JIMHUKW TOKa4, PaBHOTO TOKY
Cpa6aTBIBaHI/I$I OTCCUKHU.

V3loo(X +X )
— C3 J

U m.mMuH (2'4)

c3 k
H

rae k, — xoaddunuent Hanexunoctu, k,=1,2
21, 2o \uun — COTIPOTUBIICHUS JIMHUM U TpaHchopmaTopa, Om
BropeiM ycnoBueM BbIOOpa HaNpsOKEHUS cpabaThIBaHUS 3alllUTHI SIBISETCS
OTCTpOMKa OT MUHUMAJIBHOT'O pa00vYero HanpsHKeHUsT TUHUNU

pab.mun
s (2.5)
H
rae k, — xoaddunuent Hanexunoctu, k,=1,2
3a HampsikeHue cpabaThIBaHUS 3alIUThl MPUHUMAETCS MEHBIIEE M3 JIBYX
pacCUMTAHHBIX 3HAYCHUI.
Hanpsikenue cpabaTbiBaHUS MUHUMAJIBHBIX PEJie HAMPSKEHUS :
e
"k (2.6)
MmMH
rae k,y — koappunuent Tpanchopmanuu TpaHchopMaTropa HanpsKEHUS.
3amura UMeeT JBa U3MEPUTENbHBIX OpraHa (TOKa U HaIpsKEHUs ), TOITOMY
e€ YyBCTBUTEJIBHOCTb JOJDKHA OBbITh oOOeclieyeHa Kak 10 TOKY, Tak H IO
HanpspkeHuto. KoaghuuueHT 4yBCTBUTENBHOCTUA MO HAMPSKEHUIO OMpPEesieTCs
KaK:

k, =—¢ (2.7)

rae Uy, — OCTaTOYHOE HANPSHKEHUE HA 3a)KUMax pelie Mpu Tpex(pazHoM K.3.
B KOHIIE 3aIlIAIaEMON JINHUH, B MAKCUMAJIbHOM PEXUME IHEPIOCUCTEMBI.

ITo Tpe6oBanuto [1YD k, nomxen ObITh HE MeHee 1,2.

Tok cpabarbiBanuss MT3 JAuHUM OTCTpamBaeTcs OT MaKCHUMAaJIbHOTO TOKa
Harpy3ku JuHuM ¢ ydétoMm paboTsl ABP Boikmouarenss Q6. Pexkomenayetcs
BBIOpATH €ro MO BhIpaKEeHUIO (15 iuHuu W 1):

k
= k ’ '(IHazp.wl * kcan 'IHazp.w2) (2.8)
6036
rae k, — koapduuuent Hagexxsoctu, k, = 1,1+1,3
Ksoss — KOO PUIIMEHT BO3BpaTa pelie ToKa, Kyqs = 0,85
Kesn — K03 HUITMEHT caMo3amycKa Harpy3Ku
Liarp.wis Luarpw2 — paboune Toku uauit W1, W2
PaGoune Toku TMHUNA HAXOAATCS MO cleayomel popMmyie:
0,7-S oM
IHazp.wl - IHazp.w2 - BU (2.9)
HOM



rae Uy, — HOMHUHAJIBHOE HANpPsKEHUE OOMOTKH BBICOKOTO HAIPSKEHUS
TpaHnchopMaropa moACTaHIIUN

CenextuBHocTh geiictBuss MT3 Oymer obecrnedeHa MO CIEAYIOIIEMY
YCJIOBUIO:

tCS’.W - tcs’.mp A (2 10)

rae te.p, — BpeMsa cpabateiBanuss MT3 Tpancdopmaropa (moiaydaercss U3
pacuéra 3amuT Tpancpopmaropa)
At — ctynienb cenektuBHocTH, At = 0,3+0,6 ¢
Jlamee HEOOXOIMMO MPOBEPUTH YYBCTBUTENBHOCTh MT3 mpu K.3. B KOHIIE
OCHOBHOTO (B KOHIIE JIMHUM) U PE3€PBHOTrO (32 TpaHCHOPMATOPOM) YUaCTKOB:
1@
ko= KA (2.11)
U 1
c3
[To TpeboBanuto I1YD k, 1 OCHOBHOrO ydacTKa JOJKEH ObITh HE MEHEe

1,5, a nng pezepBHOTO HE MeHee 1,2.
2.2 3amuTsl TpaHcOpMaTOpPOB

Hns tpancopmatopoB T1 (T2) B coorBercTtBUM ¢ IIYD mpegycmMoTpeTh
OCHOBHYIO 3aIllIUTy OT MHOTro(a3HbIX 3aMbIKaHHMM B OOMOTKAaX M Ha BBIBOJAX
(nuddepeHnanbHy0) 1 OT TOKOB B OOMOTKaX, 00YCIOBICHHBIX BHEIIHUMH K.3.
(MakcUMabHYIO TOKOBYIO).

Breibop ycraBok auddepeHuranbHOM  3allMTBl  HEOOXOAUMO BHAuaje
npousBectH A1 pene PHT-565 u B cnenyromieit mociaeaoBaTeibHOCTH

1. OnpenensitoTcss HOMUHANIbHbBIE 3HAUEHUS TIEPBUYHBIX U BTOPUYHBIX TOKOB
ISl 00erX CTOPOH 3allUMIIaeMoro Tpancpopmaropa.

2. OmpepensieTcsi NEPBUYHBIN TOK cpabaThIBaHUS 3alIUTHl MO YCIOBHIO
OTCTPOMKH OT TOKa HebajaHca:

103 - kH '(kanep .kOOH et AUpeej .IK.MaKC (2.12)

riae ky — koappunuent naaexnocru, k, = 1,3 nnsa pene PHT-565
I vaxe — MAKCHUMAaJIBHBIN TOK Tpex(a3Horo K.3. 3a TpaHCchOpMaToOpoM, KA
Kanep — K02 (UIMEHT, YYNTBHIBAIOIIMN MOSABICHUE aNEPUOJUYECKON
COCTaBJIAIOLICH IIPU KOPOTKOM 3aMBIKAHHH, Kqnep = 1 A1t peste ¢ BHT
Ko — KOO PUIIMEHT OJHOTUITHOCTU TPaHCHOPMATOPOB TOKA, Koy = 1
€ — Koapduument, yuuthiBatouuid  10%-HyH0  MOrpelIHOCTH
TpaHncdopmaropoB Toka, € = 0,1
AUper — NOJIOBUHA CYMMAapHOI'O [JMaNla30Ha PETYIUPOBAHUS HaNPSKECHU
PITH
3. PaccunTtbiBaeTcsl TOK cpabaThiBaHUS 3alIUThl U3 YCJIOBHUS OTCTPOUKH OT
Opocka  HaMarHMYMBAIOLIETO TOKAa MNpPU  BKJIIOYEHUU  HEHArpy>KEHHOIO
TpaHchopMaTopa 1noj HanpsKeHUe:

16’3 - kH . IHOMmp (2 13)



rne k; — xoadduIMEHT OTCTPOWKM 3aluThl OT OpOCKOB TOKa
HamaranuuBanus, k, = 1,3 nnsa pene PHT-565 u k,; = 1,2+1,5 nns pene JI3T-11
Liiom,rp — HOMHHAJIBHBIN TOK TpaHc(hopMaTopa

K ycranoBke npuHumaercst 60sblee U3 IByX 3HaU€HUN TOKa cpabaThIBaHUS
3aIUTHI.

4. [IpousBoauTCs MpeaBapUTEIbHas MPOBEPKA YYBCTBUTEIBHOCTH 3allUThI
IIpU MOBPEXACHUSAX B 30He €€ nericTBus. s aToro ompenenserca kodppuuueHt
YyBCTBUTEJIbHOCTH:

K 1®
k = cX K.MUH (214)
U 1
C3
rae Iy yus — MUHUMAIbHBIN TOK IBYX(a3HOI0 K.3. 32 TpaHCHOPMATOPOM

kex — KO3 OUUIMEHT CXeMbl, XapaKTepU3YIOIIUNA CXEMYy COEIMHEHHS
TpancopMaropoB Toka; s nuddepeHImanIbHON 3anuThl Tpanchopmaropa u
NIUTAHKS CO CTOPOHBI BBICOKOTO HAMPSKEHUS Koy = /3

[IpononbHas auddepennuanbHas 3amura TpancpopmaTopa 1no TpedOBaAHUIO
[1YD nomxHa uMeTh KO3(PGULUKEHT 4yBCTBUTENbHOCTU Okoyio 2,0. [omyckaercs
CHIKeHHE Kod(pduirenTa 4yBCTBUTEIBHOCTH sl AuddepeHnnanbHOl 3aluThl
TpaHcdopMaropa 10 3HAUYEHUA OKojio 1,5 B Tex ciywasix, Korja obOecrneueHue
Kod(hulieHTa YyBCTBUTEIBHOCTH OKO0JIO 2,0 CBA3aHO CO 3HAYUTEIbHBIM
YCII0KHEHUEM 3alIUThl UM TEXHUYECKH HEBO3MOXKHO.

Jlanee onpenemnstoTcs Yucia BUTKOB 0OMOTOK peie.

B cnydae HemocTaTOUHON 4YBCTBUTENBHOCTH NU(PEpeHIIMATBHON 3allUThI
Ha pene PHT, e€ cnenyer BeinonHuTh Ha pene JA3T-11.

Ha mnonmxatomux TpaHchopmaropax moiHocteio 1 MBA u Gonee B
KauecTBE 3alllUThl OT TOKOB B OOMOTKax, OOYCIOBJIEHHBIX BHEUITHUMU
MHOTO(a3HBIMH K.3., JIOJDKHA OBITh NPEAYCMOTPEHAa MaKCHUMallbHas TOKOBas
3alKUTa ¢ KOMOMHUPOBAHHBIM MMYCKOM HANpsKEHUs WM 0€3 Hero, yCTaHOBJICHHAsS
CO CTOPOHBI OCHOBHOT'O MTUTaHUSI.

Tok cpabaTbiBaHUS MaKCMMaJbHON TOKOBOH 3aluThl TpaHc(opmaTopa 0e3
MycKa M0 HApPsDKEHHIO JOJIKEH BBIOMPATHCS M0 HArpy3Ke OJHOU CEKIUHU C yU4ETOM
yBEJIMUEHUS HArpy3kd Ha TpaHchopmaTop mnpu aeiictBuu ABP cexunonHoro
BBIKJTIOUYATENS] M MOJKIIOUEHUs Harpy3Kd BTOPOW CEKIIMU C camo3amyckom. Jis
3amuThl TpaHnchopmaropa T1 Tok cpabaThiBaHUS MOXKET OBITH ONpPENENEH IO
BBIPAKEHUIO:

kH
C3 - k . (IH(IZP * kC3l’l . IHazp) (215)
6036
rae ky — koapdunuent naaexnocru, k, = 1,1+1,3
Kgoss — KOO PUIIMEHT BO3BpaTa pelie ToKa, Ky = 0,85
Kesn — KOad DULIMEHT caMo3ammycka Harpy3Ku
Liarp — paboune Tok TpaHchopmaTopa

st obecrieueHurs: CENEKTUBHOCTH BpeMs JACHCTBHUS 3aIUThl HEOOXOIUMO

corjacoBaTh C BPEMEHEM 3alllUThl CEKIIMOHHOIO BBIKIIOYaTeNs. Bpems nercTBus

3allIUTbl CCKOMOHHOI'O BBIKIOYATCIA OOJIXKHO OBITh COIJIACOBAHO C BPCMCHCM
9




NEUCTBHS 3aIUT OTXOMANIMX HNPUCOEAMHEHHH (tsQ3)mpuctAt). TakuM oOpasomM, y
MT3 rtpanchopmaTopa BpeMsl ACUCTBUS 3alllUThl JODKHO BBIOMpAThCS IO
CIEAYIOIIEMY YCIOBHIO:

tcs’ :tcs’.Q3 A (2.16)
rae At — cryneHns cenekTuBHoCcTH, At = 0,4+0,6 ¢

[IpoBepsieTcss 4yBCTBUTEIBHOCTh 3alIUTHI MPU K.3. B KOHIIE OCHOBHOIO (3a
TpancopMaTopomM) U pe3epBHOrO (B KOHIC KaOENbHOW JIMHUM — Ha 3aKUMax
AIIEKTPOJABUTATENS) YUACTKOB:

e)
ko= KA (2.17)
4 1
c3

[To TpeboBanuto I1YD k, 1 OCHOBHOrO ydacTKa JOJKEH ObITh HE MEHEe
1,5, a nng pezepBHOTO HE MeHee 1,2.

JInsi TOBBIIEHUST YYBCTBUTEJIBHOCTH MAaKCHMajlbHas TOKOBas 3alluTa
JIOTIOJTHSAETCS] ITYCKOM OT peJie HampsihKEHUsT 0OOpaTHOM TMOCieA0BaTEILHOCTH (TIpH
HECUMMETPUYHBIX K.3.) HU OT peje MUHUMAQJIbHOTO HampsikeHus (Tpu
CUMMETPHUYHBIX K.3.).

2.3 3ammTHI JJIEKTPOABHUIraTeIeH

B »TOoM 3amaHumM mpou3BecTH pacu€T YCTABOK 3alllMThl OT MHOTO(a3HbIX
3aMBIKAaHUM W 3alIUTy OT TOKOB Meperpy3ku. Jlis 3amuThl 31eKTpoJBHUraTeneit
MOIIHOCTBIO MeHee 2 MBT or MHOrogasHbslx 3aMblKaHUM  JOJDKHA
MpeaycMaTpUBaThCA TOKOBAsl OJIHOpEJeiHas OoTceuka 0e3 BBIIEPKKH BPEMEHH,
OTCTPOCHHAs OT IYCKOBBIX TOKOB, C PeJie¢ BKIIIOYEHHBIM Ha Pa3HOCTh TOKOB JIBYX
¢bas.

Hanuune neperpy3ku 37eKTpoABUTATENCH 110 TEXHOJIOTUYECKUM NMPUYMHAM
00s3BIBaCT MPEAYCMOTPETh 3aIUTY OT IMeperpy3ku. Mcmonp3oBaHue pelie TUNA
PT-80 mo3BojauT Ha MHIYKIMOHHON YacTH BBINOJHUTDH 3alIUTYy OT MEpPErpy3ku, a
Ha AJIEKTPOMArHUTHOM — TOKOBYIO OTCEUKY.

PaGoty pexomeHayeTcs BBITIOJIHUTD B CIEAYIONIEM O0BbEME:

1. OnpenenuTs HOMUHAIBHBI U MYCKOBOM TOKM DJEKTPOABUTATENS U
BbIOpaTh KO3 PUIMEHT TpaHchopMmauu TpaHCHOPMATOPOB TOKA.

2. Paccuntath ycTaBKY UHAYKIIMOHHOW YaCTH peJie 3alUThI OT NEPETPy3KU:

3k ) " omoe (2.18)
6036
rae k, — ko duuuent Hagexxsoctu, k, = 1,2+1,3
Kgoss — KO PUIIMEHT BO3BpaTa penie Toka, Kyos = 0,80 my1st penie PT-80 u
Kgoss = 0,85 mimst pese PT-40
Lioum..s — HOMUHAIBHBIA TOK DJICKTPOIBUTATEIISI
Tox cpabaTpiBaHus pese omnpenenseM C Y4ETOM CXEMbl COCIMHEHUS

TpaHCc(OPMATOPOB TOKA:
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T e (2.19)

rae ki — xoadduiment cxembl, ke = J3— IS cXembl COCIMHEHHS Ha
Pa3HOCTh TOKOB B HOPMaJIbHOM pexkume H Tpu TpéxdazHoM k.3. (ke = 1 mpu
nByxgazHom k.3. A-B u B-C — 00paTuTh BHUMaHHE U Yy4e€CTh IPU OLICHKE
YyBCTBUTEJIBHOCTH 3aIUTHI).

3. OmnpegensieTcst TOK cpabaThIBaHUS 3alIUTHI OT MHOTO(a3HBIX 3aMbIKaHUMN:

103 =(1,8+2,0)- InyCK (2.20)

r11€ Iy — HOMUHAJIBHBINA TOK 3JIEKTPOBUT ATENS
VYcraBka TokoBoW orceuku mns penie PT-80 ompenenseTrcss kKak KpaTHOCTh
TOKa cpabaThIBaHUS OTCEUYKU K TOKY YCTABKHU:

1
k= c3.mo (221)
1
C3
rae I o — TOK cpabaThIBaHUSI OTCEUKHU
I¢; — TOK cpabaTpiBaHUs HHAYKIIMOHHOM YacTH pesie

4. YyBCTBUTEIBHOCTb OTCEUKHM ONPEACIAOT NpU K.3. Ha BBIBOJAX
aneKkTpoaBurarensa. Tok K.3. CIENyeT pacCUUTHIBATH I MUHUMAJIBHOTO PEKUMa
paboOTHI CETH C YUYETOM CONMPOTUBIICHUS KaOEIbHON JTUHUM, K KOTOPOU MOAKIIOUCH
anektpoaBurarensb. [lo TpedoBanuto [TYD k, > 2.

B ciaydae HenoCTaTOYHOW YYBCTBHUTEIIBHOCTH OTCEYKH €€ CXEMY CIEAYET

BBITIOJIHUTH IIBYXPCJICIZHOI‘/’I " IIOBTOPHUTDH pvaéTBI, Ha4HHad C ITYHKTA 2.

2.4 Camo3anyck 3JIeKTPOABUraTe el U 3alllMTa MUHUMAJIbHOT0
HANPsIZKEeHU s

2.4.1 Camo3anyck 3JIeKTPOABHUIraTe el

Jlist 3amaHHOM cxeMbl (pucyHOK 1.1) mpu BKIIIOUEHHH pe3epBa camo3amyck
AJIEKTPOJBUraTeNIe  OCYLIECTBISIETCS OT  IPEIBAPUTEIBHO  HArpy>kKeHHOTO
PE3epPBHOTO HCTOYHMKA MUTAaHUA (NP OTKIIOYEHUH CEeKUMH | pe3epBHBIM
MCTOYHUKOM sIBiIsieTcst Tpancdopmarop T2).

[IpoBepuTh BO3MOKHOCTH CaMO3aIyCKa 3JIEKTPOJABUTATENEH, MUTAIOIIUXCS
OT LWIMH NOJICTaHIIMU, 000PYJOBaHHBIX ycTpoiicTBOM ABP.

Pacuer camoszamycka HeoOXoauM Ui BbIOOpA yCTaBOK 3aIMUT 3JIEMEHTOB
HSHEPrOCUCTEMBI, a TakXke [JIsi  ONpeJAeNieHUs NpelebHOM  MOIIHOCTH
CaMO3allyCKaIOIUXCsl AJIEKTPOJBUraTeNIel, T.€. HAXO0XKJIEHUE MaKCHUMAaJIbHOTO
KOJINYECTBA JIEKTPOJBUTATENIEHN, KOTOphIE OyyT y4acTBOBAaTh B CaMO3aIlyCKe.

3amaya pacyera CBOAUTCS K ONPEAEIICHUI0O CYMMapHOI'O TOKa camo3alycka
AIIEKTPOABUTATENIE M OCTAaTOYHOTO HAlpsDKEHUsT Ha UX 3axuMax. Pacuer
camo3aIlyCcKa JIEKTPOJBUraTesIel BBINOIHAETCS I HauOoJiee TSHKEJIOro pexuma
IIPU OCTAHOBJIEHHBIX 3JIEKTPOABUTATEIISAX.
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Tok B MOMEHT IyCcKa WJIM CaMO3alyCKa JJIEKTPOJBUIATENS PaBEH TOKY
TpeX(a3HOro K.3. 32 CONPOTUBIEHUEM OCTAHOBIIEHHOTO 3JIEKTPOABUTATEIS.

IIpn BKIIOYEHUH CEKIMOHHOTO BBIKIIIOUaTeNsl ycTpoiicTBoM ABP mocie
VMCUYE3HOBEHUs HANpPsOKEHHWs Ha T[EpBOM CEKIMM IIWH Harpy3ka S, u
NeKTpoABUraTesd JJ[ mepexomsaTr B peKHUM caMmo3alycka. 3ajada CBOIMUTCA K
omnpeneneHuo  octaroyHoro  HampsbkeHus:  Ug,.  YcnoBue — oOecriedeHMs
CaMO3aIlyCKa IEKTPOJBUTATENCH:

Uocm. 20,6 UHOM (2-22)

HpI/I HCBO3MOXHOCTH BBIIIOJIHCHUA YCIOBHUA CaMO3allyCKada UCKIIOYUTh 9YaCTb
HCOTBCTCTBCHHBIX 3JICKTpOI[BI/IFaTeHCﬁ n HOpeAYCMOTPCTL JIdI HHUX 3alUTy
MUHUMAJIBHOI'O HAIIPsKCHHUA, a4 3aTCM 3daHOBO IIPOBCPUTHL YCIIOBUC BBIIIOJIHCHUA
CaMO3aIryCKa IJis1 OCTAaBIINXCA 3JICKTPOIABUT aTeleH.

2.4.2 3amuTa MEHUMAJIBHOI0 HANIPSKEHUS

HpeIIYCMOTpeTB ABYXCTYIICHYATYIO 3allIUTY MUHUMAJILHOI'O HAIIPSKCHUA Ha
MNOACTAaHIMMU TIPHU YCIIOBHMHM HCBBIIIOJHCHHA YCIOBUA CaMO3allyCKa I BCCX
3JICKTpOIIBHF3TCJICﬁ.

HaHpH)KCHI/Ie Cpa6aTBIBaHI/ISI HepBOﬁ CTYIICHH 3alIUThI BBI6I/IpaeTC$[ I10
YCIIOBHIO oOecrieueHus CaMO3aIryCKa SHCKTPOI[BHFaTCHeﬁ U BO3BpaTa pCJIC IIpU
BOCCTAHOBJICHUHN HAIIPAKCHUA ITOCJIC OTKIIFOYCHUA K.3. U IPUHUMACTCA

Ucp.l 2Uoem. (2.23)

Bolaepkka BpeMEHU NIEPBOM CTYNEHU OTCTPAUBAETCSA OT JEHCTBUSI TOKOBOM
OTCEYKH AJIEKTPOABUTATENS U IPUHUMAETCS PABHBIM

tep1 =05 € (2.24)

HaHpH)KCHI/Ie Cpa6aTBIBaHI/ISI BTOpOﬁ CTYIICHH 3alllUTbl OTCTPAUBACTCA OT
CHMIKCHUA HAIIPAXKCHUA Ha HMIMHAX, BBI3BAHHOI'O CaMO3aIlyCKOM U IIPUHUMACTCA

U <U
cp.2 ocm. (2.25)
Bbmepxq(a BpEMCHU BTOpOﬁ CTYIICHH 3allIUThI BI:>I6I/IpaeTC$[ B 3aBUCHUMOCTHU
OT TCXHOJIOT'NYCCKUX YCJIOBI/Iﬁ pa60T51 QJICKTPOABUIATCIIA U COCTABJIACT:

{opy =379 ¢ (2.26)

Hanpsiokenune  cpabaTbiBaHus — pene-QuibTpa HamnpsokeHHs  0OpaTHOM
nocienoBatenbHocTl THHa PH®-1M 10ikHO OBITH OTCTPOEHO OT HANPSHKCHHS
HeOanaHca TMpU HOPMAIbHOM pEXHME M TMpPU OTKIOHEHUSAX YacTOThl U
IIPUHUMAECTCS:

Uy, =11 B (2.27)
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2.5 ABTOMaTHYeCKOe BKJIKYEeHHE pe3epBa

YcTpolicTBa aBTOMaTHYecKoro BkiItoueHus: pedepsa (ABP) npumensitorcs B
pacupeienuTeNbHbBIX CETIX M Ha TOJCTAaHIUAX, HMEIOIIMX JBa WM Oolee
MCTOYHUKOB MHUTAaHHS, HO PAOOTAIOUIUMX IO CXEME€ OJHOCTOPOHHETO IUTaHUS.
YcrpoiictBa ABP 1omkHBI OTBEYATh CIEYIOIUM TPEOOBAHUSM:

1. Cxema ABP nomkHa npuxoguTh B JEHUCTBHE IpPU HCYE3HOBEHUH
HaMpsHKEHUs Ha IIMHAX TOJICTAHILIUHU, 0 JIFOOOH U3 IBYX MPUYMH:

- NpU aBapUHHOM, OIIMOOYHOM WM CaMONPOU3BOJIHLHOM OTKIIOUEHHUH
BBIKJTIOUATENsl paboyero MNHUTaHMs, HAXOJSALIErocs Ha JaHHOW TOJICTAaHIIUHU,
HarnpuMmep, BoikirodaTesst Q5 wim Q7 (pucynok 1.1).

- IpM HMCYE3HOBEHMM HANPSHKEHUS HA IIMHAX WM HA JIMHUU, OTKYyJAa
nuTaeTcs pabounii ucToyHUK. {151 BeIMOIHEHUs1 3TOro TpeboBaHus B cxeme ABP
JOJKEH TIPEAYCMaTPUBATHCS CIIEIMANIbHBIN ITYCKOBOM OpPraH, COCTOSIIIIUI U3 pede,
pearupyronmx Ha CHUKEHHE HaNpsyKeHUs paboyero MCTOYHUKA MUTAHUS, U pelle,
KOHTPOJIMPYIOIIETO HAJMYUE HAMPSIKEHUS HA PE3EPBHOM MCTOYHHKE MTUTAHUS.

Hanpsikenue cpabaTbhiBaHUs (3aMBbIKaHUS1) KOHTAaKTOB pejie, pearupyromux
Ha CHIDKEHUE HANpPsDKEHUs (MUHUMANbHBIX pelie), cle0Baio Obl BEIOMPATh TAKUM
o0pa3zom, 4TOOBI IyCKOBOU OpraH cpadaThiBaa TOJHKO MPHU MOJTHOM HCUE3HOBEHUU
HanpsbkeHus. OJTHAKO MO YCIOBUSIM TEPMUYECKOW CTOMKOCTH CTaHAAPTHBIX pelie
UX HampspkeHue cpabaThiBaHHUs HE JODKHO ObITh Hibke 15 B. Hapsany c stum
BHIOOpD OYEHb HHU3KOrO HaIpsDKEHUsT CcpadaTblBaHHUS BBI3OBET 3aMEAJIEHHOE
nericteue ABP, MOCKOJIBKY ABWUTaTeNny Harpy3k, Bpallasichb IO MHEPUUHU IOCIE
OTKJIIOYEHHUs NMHUTaHUS, MOTYT IPHU OINpPEAEIEHHBIX YCIOBUAX MNOJAJEpPKUBATh Ha
IIMHAaX  JOCTaTOYHO  MEUIEHHO  CHWKawmieecs  HanpsbkeHue.  lloatomy
pEKOMEHJyeTCsl MPUHUMATh HanpsbKeHHe cpadaTbhlBaHMs MHUHHMMAJIBHOTO pelie
HaIpsKECHUS:

U,,=(025+040)-U, (2.28)

HaHpH)KCHI/Ie Cpa6aTBIBaHI/ISI MaKCHUMAJIBHOT'O peic HaIIPpAKCHUA,
KOHTPOJJMPYOIICTO HaJIMYHUC HaIlPAKCHHA Ha PE3CPBHOM HNCTOYHHUKC,
OIIPCACIIACTCA N3 YCIIOBUSA OTCTpOﬁKPI OT MUHUMAJIBHOT'O pa60qer0 HaIIPSAKCHUA .

Ucp =(0,60 + 0,65) - UHOM (2.29)

2. Ilyck cxembl mectHOro ABP npu CHMXEHHHM HamnpsDKEHUS HA IIMHAX
HUKE MPUHATOrO 1Mo (GOopMYyJie J0HKEH MPOU3BOIUTHCA C BBIIEPKKOU BPEMEHH TS
MPEOTBpAIICHUS M3NUITHUX AckcTBUid ABP mipu k.3. B muTaromien cetu Wid Ha
OTXOIAIIMX OJJeMEHTaX, a Takke MJid CO3JAaHus TMpU HEOOXOAUMOCTH
ONPEAECIEHHON II0CIEeI0BATEIBHOCTH JEUCTBUM YCTPOMCTB IPOTUBOABAPUHNHOU
aBTOMAaTHUKA B paccMarpuBaeMoM Yyi3iie. Bpems cpaGaTeiBaHusi pese BpeMEHU
IIyCKOBOT'O OpraHa HanpsikeHus: MecTHOro ABP (tc, agp) OJKHO BBIOMpAThCA IO
CIEAYIOLIAM YCIIOBUSM:

- 10 YCIIOBHIO OTCTPOMKM OT BpeMEHHU cpabaThiBaHUs TEX 3allUT, B 30HE
JNEUCTBUS KOTOPBIX K.3. MOT'YT BbI3BaThb CHMIKCHUE HANPSIKCHUS HUXKE IPUHATOIO
o ¢hopmyie:
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tep.app = T (2.30)

fepapp =l A (2.31)
rae t; — HauOosblee BpeMs cpabaThIBaHUS 3alUTHI MPUCOETUHEHUN IINH,
BBICIIET0 HAMPSHKEHUS MOACTAHIIUK (Hampumep, 3amuthl JuHU W1 unu W2)
ty — TO K€ ISl IPUCOCIUHEHUI 1IHH, T1I€ ycTaHOBJIeH ABP
At — CTymeHb CEJIEKTUBHOCTH, NpUHUMaeMol paBHoM 0,6 ¢ mpu
ncnoJib3oBaHuu pesne Bpemenn ABP tuna 9B co mkanoit 9 ¢ u paBHoit 1,5+2 ¢ —
co mkanoi 20 c.
- IO YCIOBHIO coryiacoBanus nevictBuidi ABP ¢ apyrumu yctpolictBamu
npoTuBoaBapuiiHoi aromatuku (AIIB):

tcp.ABP - tcs’ * tane * taan (2.32)
rje t.; — BpeMs JeUCTBUNA TON cTymneHu 3amuThl JuHud W1 (W2), koTopas
HaJIEKHO 3aIUIIAET BCO JTUHUIO
tars — yCTaBKa 1o BpemeHu nepporo 1ukia AIIB nuaun W1 (W2)
tsan, —3aIlaC MO BPEMEHH, tyy, = 2,5+3,5 ¢ B 3aBUCHUMOCTH OT THUIIOB
BBIKJIFOYATEIIEH, PEJIE BPEMEHH B CXEMaX 3allUT
3. [HetictrBue ABP pgomxHO ObITh OJHOKpaTHBIM. OIHOKPATHOCTH
obecnieunBaercs B cxemax ABP Ha nepeMeHHOM oOmepaTMBHOM  TOKE
HCTIOJIb30BAHUEM SHEPTUU MPEABAPUTEIIBHO MOAHATOTO TIpy3a WM HATSHYTHIX
MPYXXKUH B MPUBOJAX BBIKIIOYATEIICH, UM SHEPTUU MPEABAPUTEIILHO 3aPSKEHHBIX
KOHJIEHCAaTopoB, a B cxeme ABP Ha NOCTOSHHOM ONEpaTUBHOM TOKE —
MPUMEHEHUEM CIIENUAIBHOTO MPOMEKYTOUHOTO PeJle OAHOKPATHOCTU BKJIFOUECHHS,
HMMEIOIIEro HauboJIbIlee 3aMeIJIEHUE Ha BO3BPAT MOCJE CHITHUS HAMPSHKEHUS C €T0
KaTYIIKH.
Beigepxka BpeMeHM NpyM BO3BpAaTe I3TOr0 peEJe JOHKHA HECKOJBKO
MPEBBIIATH BPEMS BKIFOUEHUS BBIKIIFOUATENS PE3EPBHOIO IMUTAHMUS

feos6 =66t san (2.32)

r€ ty; — BpeMs BKIIFOUEHUS BBIKIIIOYATENS PE3EPBHOIO UCTOYHUKA TUTAHUS
tsan — 3aI1aC IO BpeMEHU, TpuHUMaeMblid paBHbIM 0,3+0,5 c.

4. Jlma yCKOpEeHUs OTKIIOYEHHUs BBIKJIIOUATENsl PE3EPBHOTO HCTOYHUKA
MATaHUS TIPU BKIIOYEHUN HA HEYCTPAaHMBIIEECS K.3. JTOJDKHO MPENyCMaTpUBATHCS
aBTOMAaTHYECKOE KPAaTKOBPEMEHHOE YCKOPEHHME 3alluThl. BblaepkKka BpeMeHU
YCKOPSEMBIX 3alllUT He JoJkHA ObiTh MeHee 0,5 c. 3amuThl, UMEKOIINUE BpeMs
cpabatbiBanus 6osee 1,2 ¢, gomycKaeTcsi He yCKopATh npu aeiictBuu ABP.

14



CIHHUCOK JIMTEPATYPbI

1. benor A.B. Camoyuutens no Mukpomnpoieccopuoit texuuke / A.B. beinop — 2-
e u3f., nepepad.u gqon. — CII6. : Hayka u Texnuka, 2007 — 256¢. : ui.

2. AGpamoB B.M. DnekTpoHHbBIE AI€MEHThl YCTPONUCTB aBTOMATUYECKOTO
ynpasnenusi: Cxemsl. Pacuet. CripaBounblie qanusie / B.M.AGpamoB — M. :
Axanemknawnra, 2006 .— 680c. : i

3. Yrpromos E.I1. [{udposas cxemorexHuka : yueo. mocodue mjs By30B / E.I1.
YrpromoB — 2-e uzf.,nepepad.u gon. — CII6. : BXB-Iletepoypr, 2007 — 800c. :
170

4. Hapwimikun A. K. [udposle ycTpoHCTBa 1 MUKPOITPOLIECCOPHI : yuel. mocodue
st By30B / A. K. Hapeimikun .— 2-e usn., crep. — M. : Akagemus, 2008 .— 319
C. : M

5. Munakos E.W. Tyal'V Muxkpornpoueccopsl U UX IPUMEHEHUE B
pPaAMOTEXHUYECKUX YCTpOocTBaxX U cucteMax: Yued.nmocooue / E.M.Munaxkos,
A.B.Yepemnes; [lox pen. A.A. ITapunckoro; Tynl'Y — Tyna, 2002 .— 120c. : ni.
6. ®puke K. BBoanblil kKypc @ poBoii 31eKTpOHUKH : yuebd.nmocobdue / K. Opuxke;
nep.c Hem.noj pea.u ¢ gomn.B.A. KpemneBa — 2-e uza., ucnp. — M. :
Texnocdepa, 2004 .— 432c. : un.

15



I[MTPUIJIOXEHUE

CnpaBo4HbIe MaTepHAJIbI

Tabnuna 1 — [lapameTpbl CHIIOBBIX IBYXOOMOTOUYHBIX TpaHC(HOPMATOPOB

Hanpsixenne Uy,
HomunanbHbie JUTSI pa3JINYHBIX
Ne Tun HaIPSOKEHUS 3HAYECHUU
AU,er, %
n/m | TpaHchopmaropa P oOMoOTOK, KB PEryIupyeMoro
HanpspkeHus, %
BH HH MHH. | HOM. | MakKc.
1 2 3 4 5 6 7 8
1 | TAHH-10000/110 +9x1,78 | 115 6,6 8,70 | 10,5 | 12,36
2 | TAH-10000/110 +9x1,78 | 115 11 8,70 | 10,5 | 12,36
3 | THH-16000/110 +9x1,78 | 115 6,6 9,80 | 10,5 | 11,71
4 | TAH-16000/110 +9x1,78 | 115 11 9,80 | 10,5 | 11,71
5 | TPAH-25000/110 | £9x1,78 | 115 6,3-6,3 9,81 | 10,5 | 11,72
6 | TPAH-25000/110 | #9x1,78 | 115 | 10,5-10,5 | 9,81 | 10,5 | 11,72
7 | TPAH-32000/110 | #£9x1,78 | 115 6,3-6,3 9,77 | 10,5 | 11,58
8 | TPAH-40000/110 | +£9x1,78 | 115 | 10,5-10,5 | 9,59 | 10,5 | 11,46
9 | TPAH-32000/220 | +8x1,50 | 230 6,6-6,6 11,60 | 12,0 | 12,70
10 | TPAH-32000/220 | +£8x1,50 | 230 11-11 11,60 | 12,0 | 12,70

Tabnuna 2 — [lapameTpbl U3MEPUTENBHBIX TPAHC(HOPMATOPOB TOKA

Homunains- Homunains-
No | Tun Tpancdop- HOE HomunaneHbIit HBIU
/T | Maropa TOKa | HampsHKEHUS, MEPBUYHBIN TOK, A BTOPUYHBIN
kB TOK, A
1 2 3 4 5
10; 20; 30; 50; 75; 100;
1 | TBJIM-6 6 150; 200; 300; 400; 5

600; 800; 1000; 1500

30; 50; 75; 100; 150; 200;

2 | TH-10 10 300: 400: 600: 800 >
30; 50; 75; 100; 150; 200;
3 | TIUI-10K 10 300; 400; 600; 800; 1000; 5
1500
1000; 2000; 3000; 4000;
4 | THJI-10T 10 5000 5
5 | TOHI-110M 110 30; 50; 75; 100; 150; 200; 5

300, 400; 600; 800

6 | TOH/I-220-1 220 300; 400; 600; 800; 1200 5
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TexHu4eckue JaHHbIE pejie MAKCUMAJBHOI0 ToKa cepun PT-40

Pene ucnonsstoTca 11 1enel nepeMeHHoro Toka yactorod 50-60 I'm.
[Ipenensl ycTaBok cpabaThiBaHUs NpUBEACHBI B Ta0uie A3.

[lorpemHocTts penie He MpeBbImaeT £5 % mpu Temneparype OKpyKaromien
cpenbt +20°C.

Koaddumnment Bo3Bpata k, pene ne menee 0,85 Ha mepBoil ycTaBKe U HE
menee 0,80 Ha octanbHBIX. JlonmonHUTENbHAS peryIupoBKa obecreuuBaet k, peine
He meHee 0,85 Ha 1100011 ycTaBKe LIKAJbI; IPU 3TOM K, perne Ha APYyrux ycTaBKax
He menee 0,80.

s pene ¢ MuHUManbHOM yctaBkod Oonee 20 A k, coctaBisier HE MeHee
0,70 na m1000i1 ycTaBKe.

Bpemsi cpaGatbiBanus pene He Oonee 0,1 ¢ mpu Toke paBHbIM 120 %
yctaBku u 0,03 ¢ ipu Toke 300 % ycTaBku.

Tabmuma 3 — [pegensl ycTaBok Toka cpabaTeiBanus pene cepun PT-40

Ne Tok npu COEAMHEHNM KATYIIEK perne, A
Tun pene
/1 IIOCJICIOBATEIILHO [1apaJlICIIbHO
1 2 3 4
1 | PT 40/0,2 0,05-0,1 0,1-0,2
2 | PT 40/0,6 0,15-0,3 0,3-0,6
3 | PT 40/2,0 0,5-1,0 1,0-2,0
4 | PT 40/6,0 1,5-3,0 3,0-6,0
5 | PT40/10 2,5-5,0 5,0-10
6 | PT 40/20 5-10 10-20
7 | PT 40/50 12,5-25 25-50
8 | PT 40/100 25-50 50-100
9 | PT 40/200 50-100 100-200

TexHu4eckue JaHHbIE pejie MAKCUMAJBHOI0 Toka cepun PT-80

Pene ucnonustoTca 11 1enel nepeMeHHoro Toka vactoron 50-60 I'm.
[Ipenensl ycTaBok cpabaThiBaHUs pUBEACHBI B Ta0nuie A4.

Pene mpuMeHSIOTCS I 3alUThI 3JIEKTPOYCTAHOBOK IPH IEPErpy3Kax H
KOPOTKHX 3aMBIKAHUSX.

Pene sBnsAIOTCS KOMOMHUPOBAaHHBIMM M COCTOST U3 JABYX 3JIEMEHTOB:
MHIYKIMOHHOTO €  JUCKOM,  CO3JAaIOLIEr0  BBIAEPKKY  BPEMEHH, U
AIEKTPOMAarHUTHOIO MTHOBEHHOTO JEWCTBUS CO3JAOLIET0 «OTCEYKY» IpHU
OOJIBIIMX 3HAUYECHUAX TOKA KOPOTKOI'O 3aMbIKAHUS.

Koaddunment Bo3Bpara k;, pene ne menee 0,80.

[TorpemHocTh pene He npeBbimacT £15 % npu temnepaTtype okpyKaroueu
cpenbl +25°C.
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Tabnuia 4 — [pegensl ycTaBok Toka cpabaTteiBanus pene cepun PT-80

. DNEeKTPOMarHUTHBIN
NHAyKITMOHHBINA 3JIEMEHT SJICMCHT
Ne Tun pene !
/1 P Toxk Bpemst k= pome
cpabaTbiBaHusl, A | cpabaTbIBaHUs, C CpUHO.T
I 2 3 4 >
1 _|PT8I/1 4;5,6;,7;8,9; 10
3 |[PT812 2;2,5;3 R
4 | PT 812y 3,5;4;4,5;5 CRe A R e
5 |PT82/1 HIENOTE
4;5;6;7;8;9; 10
6 PT 82/1y 2:4:8:12: 16
7 [PT822 | 2,25;3;3,5:4; T
8 | PT 822y 4,5;5

Texnnueckue nanubie AudpdepenuuanabHbix pesae cepun PHT-560
(0e3 TopmoOKeHN )

Pene PHT-565 npennaznavatotrcs mis quddepeHnnanbHON 3auThl 0THOM
(ba3bl CUIIOBBIX TpaHC(HOPMATOPOB U TEHEPATOPOB MEPEMEHHOTO TOKA.

Pene PHT-566 u 566/2 npeana3znavatorcs ais nudpepeHuaibHoN 3aluThl
OHOM (a3bl CUJIOBBIX TpaHCHOPMATOPOB TMpPU 3HAYUTEIBHOM PA3IUUHUU
BTOPHUYHBIX TOKOB, MTOABOJIUMBIX K peJie.

Pene PHT-567 u 567/2 npeana3znavatorcs ais nudpepeHnraibHoN 3auThl
IIHH.

Pene  coctosT W3  OOHOTO  IPOMEXKYTOYHOTO  HACHIIIAIOIIETOCS
TpexcrepkHeBoro Tpancpopmaropa toka (HTT) u ucnomauTenbHOro oprana (peine
PT 40). Ha cpennem crepkne MarmutonpoBoaa HHT pacnonoxena karyiika,
coJieprKalas:

- nst pene PHT-565 — paGodyro M ypaBHUTENIbHbIE OOMOTKH, a TakKKe
00OMOTKYy, 00pa3ylolyto ¢ OOMOTKOM IpaBOro CTEPXKHS KOPOTKO3aMKHYTYIO
oOMoTKy. PaGoyast u ypaBHUTeNIbHAas OOMOTKH MMEIOT PETYJIUPOBKY Uepe3 OJUH
BUTOK;

- nnsa pene PHT-566 — tpu He3aBucumele, a s pene PHT-566/2, 567 u
567/2 — nBe He3aBUCUMBIE paboure OOMOTKH, a TakKe 0OMOTKY, 00pa3yIollyto ¢
0OMOTKOM IIPaBOr0 CTEPXKHS KOPOTKO3aMKHYTYIO OOMOTKY.

Ha neBom cTepkHEe MarHMTONPOBOJA PACIOIOKEHAa BTOPUYHAsT 0OMOTKa, K
KOTOPOM MOJIKJIIOYAETCS UCTIOTHUTENbHBIA OpraH U PETyIupyeMblid pe3UCTop.

[Ipumenenne HTT mo3BosisieT OCYIIECTBUThL OTCTPOMKY OT OpOCKOB
anepuoJUYEeCKON COCTaBISAIONICH TOKA B MEPBBIA MOMEHT NEPEXOIHOM pEXKUME.
Hanuune KopOoTKO3aMKHYTOW OOMOTKHM TMO3BOJISIET 3HAYUTENIBHO YIYYIIUTh 3TY
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oTcTpoiiky. Hanmuuume B 1Lenu KOPOTKO3AMKHYTOH OOMOTKH PEryJIHpyeMoro
pesuctopa Ry ; TO3BOISAET U3MEHATH CTENEHB TOW OTCTPOMKHU.

HamarnmuuBaromasi cuiia cpabaThIBaHUS peie IPU CUHYCOMIATIBHOM TOKE U
HOPMaJIbHOM PETyJIUPOBKE MPOTUBOAEHCTBYIONIEN TPYKUHBI paBHa 100+5 A.

PerynupoBka Toka cpa®aTbiBaHHWS M KOMIIEHCAIUS Pa3IMyuus BTOPUYHBIX
TOKOB TpaHcdopMmaTopa TOKa MPOU3BOAUTCS HU3MEHEHHEM 4YHClIa BUTKOB
nepBUYHBIX paboueit u ypaBHuUTeNnbHbIX oOMoToK HTT mnyrem ycranBoku
PErYIMPOBOYHBIX HITENCEIbHBIX BUHTOB B COOTBETCTBYIOIINE THE3/1a OTBETBICHUN
oOMoTok. KonnuecTBo BKIIOYEHHBIX BUTKOB OOMOTOK pPaBHO CYMME YHCET,
MAapKHUPYIOIINX UCTIOJb3yEMBIE THE3/A.

Kosddumnment HanexHOCTH pene ajisi KPaTHOCTH TOKa cpabaThIBaHUS,
paBHOU 5, cocTtaBiseT He MeHee 1,35 u He MeHee 1,2 Ay KpaTHOCTH, paBHOM 2.

Bpewms cpabateiBanus pene npu I, = 31, e mpespimaer 0,04 ¢, a npu I, =
21, He npespimaer 0,05 c.

[IpuHOKMNManbHas cXeMa pesie MPEeACTaBIEHbI HAa PUCYHKax 2.1-2.2.

(1) _(2)

2 —-.
3 | —
@ w33 Q
ﬂ - 28 —.' ﬂ -
N3 4913l 1=
2 pg—s 20 = 2 —3 Wiks Y W2ka
3 '—_:= 16 —:r 3 '—_:= L
4 — 12 —3 5 —=
ﬁ5 :: 8 _i i :: Rz
0 W2up Wp 0 Wiwp
7 7 PT
o 14 O——0
21
o 28 PHT-565

Pucynok 1 — IlpunuunuansHas cxema pene PHT-565

P Q0
4 4 14 4
N AA=2413
o B B B 540 B ; e
5 | == 20 == 15 f == Wikz = K3
i = 2] =200 — \2J
33 —.;: 137 —.-'=213 —::
26 | =319 —% 75 | —2 Rka
00 —3 S =t 4] =
353013
— - o
3 s 5ol —2 PT
Wap wo L wir GO r—Q)
O PHT-566
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Pucynok 2 — IlpunuunuansHas cxema pene PHT-566

Texunueckue nanubie qudpdepeHnuaabHbIX pesae cepun A3T-11
¢ TOPMOKEHHEM

Pene 3T 11, 11/2, 11/3, 11/4, 13, 14 npennasHayaroTrcs s
nuddepeHuanbHON 3aMUThl OHOM (a3bl CHIIOBBIX TPaHC(HOPMATOPOB.

Pene JI3T 13/2, 13/3, 13/4, npenna3zHavyaroTcs IPU 3HAYUTEILHOM Pa3IMUUU
BTOPUYHBIX TOKOB, TMOJIBOJIUMBIX K peJie.

[IpuHOKMNIManbHas cXeMa pesie MPEACTaBIEHbI HAa pUCYHKax 2.3-2.4.

o I=10X0
] =
3=
@ 5 | 3 @
0 2 | =3 ¢ .
1= w3 |33
= 2 =3l 21 =:]=
sI= 13l 1I=2I=
= 2=l =7]=
= 12 1= 0013
— — _h
Wiwp Wp "’E’W 13 —E:WT
‘; ; 15 —3
14 19
21 21 A3Tr-11
a8 28

Pucynok 3 — IlpunnunuansHas cxema pene [A3T-11

W2 2.2 @
= 1= 7] =255
o = e =
s =3 2| =3 | 35| =3
=S d)—328) =g —
S—s S =35 2] ==
i |— & —zio] — 20] —3

218 —% 1] —%
20 P e A pr

—
19 10 Tl =2 OO
12 12 3 WwT
5 5 T3
i

Weyp Wiyp é P A3T-11/2

Pucynok 4 — [MpunuunuansHas cxema pene JI3T-11/2

Pene cocrosT u3 ucnonnutenbHoro oprana (pene PT 40) u npomexyTOUHBIX
Hachlmamuxcs TpancpopmaropoB Toka (HTT): ognoro ana pene 3T 11, 11/2,
11/3, 11/4, tpex nns pene A3T 13, 13/2, 13/3, 13/4 u yetwipex ais pene 13T 14.

PaGouas u ypaBaurenbubie oOMoTku pene 3T 11 u 11/2 u tpetsu pabouune

oomotku pene 3T 11/3 u 11/4 umeroT peryiupoBKy YucCiIa BUTKOB Yepe3 OUH,
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BTOpbIE U TIEPBbIE OOMOTKH PETYIHPYIOTCS CTYNEHSIMHU uepe3 4 U 7 BHUTKOB.
Bennuuna kosdpuiimeHTa TopMOKEHUSI pEeryInupyercs U3MEHEHUEM YHCIia BUTKOB
TOPMO3HON OOMOTKHU.

HamaranuuBaroias cuiia cpabaThiBaHUS pesie IpU CUHYCOUAAIBHOM TOKE U
HOPMaJIbHOM PETyJIUPOBKE MPOTUBOAEHCTBYIONIEN TPYKUHBI paBHa 100+5 A.

Kosddumnment HanexHOCTH pene A KPaTHOCTH TOKa cpabaThIBaHUS,
paBHOU 5, cocTtaBiseT He MeHee 1,35 u He MeHee 1,2 1y1d KpaTHOCTH, paBHOM 2.

Bpewms cpabateiBanus pene npu I, = 31, e mpespimaer 0,04 ¢, a npu I, =
21, He npespimaer 0,05 c.
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