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BBenenue

HucunmnHa «PeneiiHas 3aluTa 3JIEKTPOIHEPTETUUECKUX CHUCTEM» HMEET
HECKOJIBKO Pa3lIeJIOB COMVIACHO THUIIOBOM MpOTrpaMme, KOTOPbIE HM3Yy4aroTCs
CTYACHTaMHM B Kypce JICKIUH U 3aKPETUIAIOTCS 1a00paTOpHBIMU paboTaMu.

B kypce «PeneliHas 3amura 3IEKTPOIHEPTETHUECKUX CUCTEM» H3Yy4arOTCs
OCHOBBI 3aIlIUTHI 3JEKTPOOOOPYAOBaHHUSA, BBISIBICHHE HEHOPMAIbHBIX PEKHMOB B
DIEKTPUYECKOM YaCTH JHEPrOCUCTEM, PAaCCMATPUBAIOTCA BOIPOCHI  ABTOMATH-
YECKOW JIMKBUAALMYU ITOBPEKIACHUNA U HEHOPMAJIBHBIX PEKHUMOB B 3JIEKTPUUECKON
YaCTU HHEPrOCUCTEM, YTO SIBJISIETCS OCHOBOW, OOECHEYMBAOIICH HMX HAJEKHYIO
pabory.

PacnipocTpaHeHHBIM ~ CHJIOBBIM ~ OOOpPY/IOBAaHMEM HAa  MOHU3HUTEIIbHBIX
HOJICTAaHIIUAX SIBISIETCA TpaHC(POPMATOp, €ro CTOMMOCTh COCTaBIISIET OOJIBIIYIO
4acTb OT CTOMMOCTH BCEH IIOJACTAaHLIMM, IIOOTOMY peEJIeWHas 3aluTa JO0JDKHA
OCYILECTBIISATh KOHTPOJIb 3a COCTOSIHUEM TpaHcpopMaTopa M pearupoBaTh Ha
BO3HMKHOBEHUE MOBPEXKIEHUM U HEHOPMAJILHOTO pekrMa paboThl TpaHchopmaTopa.

Peneiinas 3amura pa3BeTBieHHbIX JIDII mpu BOZHMKHOBEHUH IMOBPEKICHHI
JIOJDKHA BBISIBUTH TOBPEXICHHBIM YYAaCTKU OTKJIIOYHUTH TOJIBKO TMOBPEXKICHHBIN
Y4aCTOK CETH, 3JIEKTPOCHAOKEHNE BCEX OCTAIBHBIX MOTPEOUTENEH, MUTABIINXCS OT
noBpexnennon JIDII, coxpansercs.

3anmra BBICOKOBOJIBTHOIO OOOpPYIOBAHUS /ISl YMEHBIICHHS pa3pylICHU B
MecCTe MOBPEXKAEHUS U 00eCTeYeHrs] HOPMAJIbHOM pabOThl HEMOBPEXKIAECHHOM YacTH
AIIEKTPOCHAOKEHUS SBISETCS AKTYaIbHBIM.

HeoOxomumo kak MOXHO ObICTpee BBIABIATh W OTHEIATH MECTO
IIOBPEXKIACHUSA OT HENOBPEKIACHHOW YaCTH YHEPTOCUCTEMBI.

B mporiecce 00ydeHust CTYI€HTHI JOJKHBI U3YYUTh U MPABUIBLHO MPUMEHSATD
BH/JIbI PEJICMHBIX 3aIIUT, T0KHBI YMETh PACCUUTHIBATh YCTABKU PEJICHHBIX 3aIUT.

[lepeurcriennbie pa3aenbl Kypca BKIIOUYEHBI B HACTOSIIIUM COOPHUK OTMCAHUMA
1abopaTopHBIX paboT.



1 JlaGopaTopuas padora Nel. UccaenoBanue IByXCTyNeH4aTOH TOKOBOM
3aIUTHI PAAHAIBLHON JUHUU OTHOCTOPOHHET0 MUTAHUSA

Heab padoTbl: WM3ydYeHUE ACHCTBUS MAKCHUMAJIbHOM TOKOBOM 3aIlUTHI C
HE3aBUCHUMOU U OTPAHUYEHHO 3aBUCUMOU XapAKTEPUCTUKAMHU BBIIEPKEK BPEMEHU U
TOKOBOM OTCEUYKHU PAAAIBHON JUHUHU OJJTHOCTOPOHHETO MUTAHHS.

1.2 Onucauue crenaa

B nannoii mabopatopHOl paboTe MOACTUPYETCS CHUCTEMA AJICKTPOCHAOKEHUS
MPOMBIIJICHHOTO TMPEANPUATHS, NPEACTaBICHHAs HAa CTEHJAE MHEMOHHUYECKOM
CXEMOM ¢ KOMILJIEKTaMU PEICHHON 3aUThI (CM.pUCYHOK 1.1).
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Pucynoxk 1.1 — JIaGopaTopHslii cTeH

I'maBHOE pacnpenenurensHoe ycTporcTBo npeanpustusa — ['PII- nuraercs or
coopubix 10 kB moxacraniuu sHeprocuctemsl 1no kabdenbHou aunuu L1. OT mmH
['PIT numratorcs TtpancopmatopHas mnoactanius TII-1, pacnpenenurensHOe
yctpoiictBo PIIl (muuus L2). Or mmn PII1 nuratorca TII-2 u psan npyrux
noTpebuteneit. Ha crenne B 1memsix ynporeHus: CMOHTHPOBaHA TOJIBKO YacTh BCEH
CXEMBI AJIEKTPOCHAOKECHHUSI.

3ammTa paguanbHBIX JUHHM 6-10 kB M 1mexoBbIX TpaHC()OPMATOPOB OT
MeXTy(pa3HbIX 3aMBIKAHWN BBIIIOJHEHA B BHJIE TOKOBBIX OTCEYEK 0€3 BBIICPKKU
BPEMEHUM W MAaKCHUMaJIbHO-TOKOBBIX 3alllUT C HE3aBUCUMON WM 3aBHCUMOM
BBIJICP)KKOM BPEMEHHU. 3alllUTa BBIMIOJIHSAETCS B JABYXpEJIEHHOM HCIOJHEHUU C
IByMsI TpaHchopmaTopaMHu TOKa, ycTaHaBivBaeMbIMU B JBYyX (azax A u C. B
LEJISIX YIOPOIIEHUS] Ha CTEHJE, pelieiiHas 3aluTa CMOHTUPOBAHA B OJHOJUHEHHOM
WCIIOJTHEHUH, CXeMa coOpaHa TMOJIHOCTHIO (M. pucyHok 1.2). Jlns HamOoJibliei
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HarJiIIHOCTH alllaparypa 3allluThl Ha CTCH/IC PACIIOJIOKCHA B TOM KC IMOPAIAKE, KaK
N Ha CXCMC.
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Pucynok 1.2 — DnekTpuueckas cxema cTeHaa

[Tutanne ~220B Ha cTeHa momaercs BKIOYeHHWEM aBTomMata SF (ropwut
curHanbHas nammna). Jlunuu L1, L2, tpanchopmatoper TII-1, TII-2 BxitouaroTcs
Bmrouarenssvu Q1, Q2, Q3, Q4 myTeM HakaTHs KHOIIOK BKIIFOUCHHS (3aroparoTcs
CBETOBBIC TAa0JI0 BRIKJIIOUATEIICH).

Ha crenze ycTaHOBIIEHBI CIEAYIOIIME BUABI 3AIUT:

1) ma mauuu L1 (Q1):

a) MakcuMalbHas TokoBas 3amura (MT3) ¢ He3aBUCHMOW BBIIEPIKKOIM
Bpemenu (pene KA2, KT1, KM2);

0) TokoBas otceuka Oe3 Bbaepxkku BpemeHu (pene KA1, KL1, KHI) c
WCITOJIb30BAaHUEM DJIEKTPOMArHUTHBIX TOKOBBIX pene PT-40;

2) na muanu L2 v muams L3 — tpanchopmarop T1 (Q1,Q2):

a) MT3 c orpanndeHHo 3aBUCUMOil BeIIepkKoil BpemeHu (KA3, KA4);

0) ToxoBas otceuka (pene KA3, KA4) ¢ ucnonp3oBaHueM HHIYKIIMOHHBIX
ToKOBbIX pene PT-80;

3) na 6s1okxe L4 — tpancdopmarop T2 (Q4):

a) MT3 c He3aBucumoi Bbiepkkoi Bpemenu (perne KAS, KT5, KH3) c
ucrnosnibzoBanueM pene PT-40. Tymbmepa TI1-TS5 cayxkar mis BBojma (BBepx) M
BBIBOJIa (BHU3) COOTBETCTBYIOIIEH pelneitHoi 3amuTthl: T1 — orceuky L1; T2 — MT3
L1; T3 — MT3, orceuxy L2; T4 — MT3, orceuky L3; TS — MT3 L4.



ToxoBbIe pere BKIIOYEHBI Yepe3 TpaHCchHOpMaTOpPhl TOKA, YCTAHOBJIECHHBIC Y
BeikirodaTesneit Q1, Q4. Koaddurmentsr Tpanchopmanuu TpanchopMaTopoB TOKa
npuBeIeHBI B TabuIe 1.2.

Toku KOpPOTKOro 3amMbIKaHUsI OMPENEISIOTCA MO MOKa3aHUSIM aMIEPMETPOB,
BKJIFOYEHHBIX B IEPBUYHYIO 1I€TTh 0€3 TpaHc(hopMaTOpOB TOKA.

JUiss  mpou3BOJACTBA  KOPOTKOTO — 3aMbIKaHMsI — CIyXaT  TymOJepsl,
ycra"oBieHHbIe B Toukax K1-K7 u knonka K.3. (kopotkoe 3ambikanue). KopoTkoe
3aMbIKaHHE MPOU3BOISAT B CIEIYIOLIEM MOPSIKE:

a) BKJIFo9aroTcs Beikiouarenn Q1-Q4;

0) BRIBOAAT U3 nercTBuUs Bee 3amuThl (T1-T5 BHE3);

B) BKJIto4atoT TymoOsep K7 u naxumarot kHonky K.3.;

r) no amnepmetpy PA4 wimn PA1 onpenensitor Tok K.3.;

n) otkmoyaror Tym6nep K7, Bkmovatror TymOnep K6 u BHOBb MNpoOM3BOIAT
K.3.

IIpumeuanue:

1) Bo wu30exaHuWe TOTPEIIHOCTEH MPH 3amMepax TOKOB HArpy3Kd BCE
TyMOJIepsI Ji71st ipou3BojicTBa K.3. 1OMKHBI OBITH OTKIIFOUEHBI.

2) Ipu npoussonactBe K.3. momwkeH OBITH BKIIOYCH OJUH TymOyep B

TOYKE 3aMepa.

1.2 3aganne

1.2.1 O3HaKOMHUTBECA C NPUHLMIIOM BBIIIOJTHEHUS MAKCUMAaJIbHOW TOKOBOM
3aIUTHl 1 TOKOBOM OTCEUKH pauaibHBIX JIMHUN OJHOCTOPOHHETO MUTAHMS.

1.2.2 O3HaKOMHTBCS CO CXEMaMH 3aIllUT, Peie.

1.2.3 Ilpoussectu m3mepenue TokoB K.3. B Toukax K1-K7 u 3anucars B
tabmuiy 1.1. Tloctpouth kpuBbie pacmupenencHusi Toka K.3. mis Bcelt cxembl
AJIEKTPOCHAOKEHUSI U TpadUUECKH OMPENETUTh 30HbI JIEUCTBHUS U MEPTBBIC 30HBI
TOKOBBIX oTceuek (cM. pucyHok 1.3,0). Toxk K.3. Ha mmHax 1/cT HEProcUcTEeMbl
npuHATH paBHbIM 100—120 A.

1.2.4 Paccuurtarp MaKCHMaJIbHBIE TOKOBBIE 3ammrTbl Juaud L1-14
71a00paTOPHON YCTAaHOBKHU W 3amucarh B TaOummy 1.2. YcTaBKM BpeMEHH IS BCEX
MT3 BbIOpaTh TIO CTYNEHYATOMY MPUHIUIY Yy4YWUTHIBasg, 4To Ha juHuM L4
npuMeHnsiercs pesie PT-40 m pene BpeMeHH C HE3aBHCUMOM BBIIEPKKOW BPEMEHH;
Ha nuHUM L2 ycTtanaBnuBaercs 3amuTa ¢ 3aBUCUMOM XapaKTEPUCTUKON BPEMEHH C
npuMmenenrneM peje PT-85/1; na mauampHOM yuacTke, T.e. L1 mpumensercs peie
PT-40 u pene BpeMeHU C HE3ABUCUMOW BBIIEPKKON BPEMEHMU.

1.2.5 Paccuutath TOKOBBIE OTceuku juisi L1, L2 u L3-TII-1 naGoparopHoit
ycraHoBkurpu K.3. B COOTBETCTBYIOIIMX TOUKAX U 3aMucaTh B Ta0auiy 1.2.

1.2.6 Tloctpouth rpaduk CTYNEeHYATOrOo MPHUHIIUIIA BHIOOpPA BBIIECPIKEK
BpeMeHH (cM. pucyHOK 1.3 B,r). [Ipu 3TOM BBIAEPKKH BPEMEHU PEJE C 3aBUCUMOM
XapaKTEPUCTUKON MOTYT MPAKTUYECKH OBITh 3aHWKEHHI Ha OJHY CTYIEHB, T.C.
paccuMTaB TOK CpalaThIBaHUS TOKOBBIX OTceduek, MT3 W BBIIEPKKH BpEMEHH,
YCTAHOBHUTH YCTABKM HEMOCPEICTBEHHO HA pelie (MpeaBapUTEIbHO 03HAKOMUBIIIKNCH
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co cnocobamu perynupoBanus Toka PT-40, PT-80); yuects, 4T0 0OMOTKH TOKOBBIX
pene KA1 u KA2 coenunensl napamnensio, KAS — nocnenoBaTeabHO.

1.2.7 TlpousBecTu UCTIBITAHHS CXEMBI B CICAYIOIICH MOCIEA0BATEILHOCTH:

a) BKJIFOYUTH aBTOMaT SF 1 BeikimrouaTenn Q1-Q4;

0) TymOaepsl BBoAa 3amuThl (T1-T5) mocTtaBuTh B BepxHee MOJI0KECHHUE;

B) npousBectu K.3. B Touke K7 u npocienuts aeiicteue M T3 BbIKIIIOUaTes.
To e nmpousBecTH I 3anuT BeIkItouarenei Q1, Q2, Q3. IIpu K.3. B Toukax K1,
K5, K3 — gomxubl cpabatsiBaTh oTceuky, a mpu K.3. B Toukax K2, K6, K4 MT3 ¢
BBIJICPKKOM BPEMEHHU;

') MOOYEPETHO BBIBECTH 3auIUTHl (TymMOsepsl T1-TS BHU3) U mpocneauTs 3a
JICCTBHEM PE3EPBHOM 3alllUTHl MpeAblaylero ydactka. Hampumep, B ciyuae
otkasa aeiicteus 3ammthl Q2 mpu K.3. B Toukax 5, nericteyer MT3 Q1 u T.1.

1.2.8 Pe3ynbrathl UCTIBITAHUN OOBACHUTH U 3aHECTH B Ta0numy 1.1.

Ta6Jmua 1.1 — CHsTHE TOKOB KOPOTKOI'O 3dMBbIKAHW: B JIMHUAX

. Tok Toxk K.3.
3anumaeMseIi -
00BEKT ( A)py B TOYKAX ls(A)
K1
L1 9 K2
K5
L2 5 K6
K3
L3-TII1 4 K
L4-TTI2 3 K7
Ta0muma 1.2
KoadpuimenTs [elictBue 3amMTel  IIpU
3amumaeMsbrii | Bug TpaHchopma- Tun | Iep, | 8, K K.3. B Toukax K1-K7
00BEKT 3aIIUTHI 197041 pene | A | cek
T OcHoBHas PeszepBHas
OTCEUKa
L1 MT3 100/5
OTCEUKa
L2 MT3 20/5
OTCEUKa
L3-TII1 MT3 20/5
L4-TI12 MT3 20/5 0:6
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a) cxema cetu 6-10 xB; 6) onpenenenue 301 neicteus TO JI-1 u JI-2;
B) XapakTepucTuku Bbifiepkek Bpemenn MT3 B pene PT-40; 1) cormacoBanue
BhIIepkek Bpemernn MT3 ¢ pene PT-80.

Pucynok 1.3
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1.3 MeToauyeckne yKasaHHus

1.3.1 Buapl noBpexieHUN pauaIbHBIX JIMHUH.

BcenencrBue Bo3HukHOBeHus K.3. HapymiaeTcss HopMajibHasi paboTa CUCTEMBI
AJIEKTPOCHAOKEHHSI C BBIXOJOM TI'€HEPATOPOB M3 CHUHXPOHU3MA M HapyUIEHUEM
pabotel motpedutreneil. OnacHOCTh A DJIEMEHTOB CETH  IPEACTaBIsET
TEPMUYECKOE M JUHAMUYECKoe aericTBre Toka K.3. Kak HENOCPEACTBEHHO B MECTE
MOBPEXJICHUSA, TaK U MPU NPOTEKAHUH 10 HEMOBPEXKAECHHOMY 00opyAoBaHuto. J{is
YMEHBUIEHUSI pa3MepoB NoBpexaeHua npu K.3. W mnpegoTBpamieHuss pa3BUTHS
aBapuil HEOOXOIMMO OBICTPO OTKIIIOYUTH MOBPEKICHHBIN 3JIEMEHT.

Opnnoda3Hble 3aMBIKaHHUS Ha 3€MJIIO B CETAX C M30JIMPOBAHHON HEUTPAIIbIO
HanpspkeHueM 6-10 kB He conmpoBOXIAaOTCS BO3HUKHOBEHHEM OOJIBIIMX TOKOB B
MecTe NoBpekaeHUsA. OOBIMHO 3TH TOKM HE MPEBBIIAIOT HECKOJIBKHX JECATKOB
amnep. Mexnayda3Hble HanpsDKEHUsT MPU 3TOM BUAE IOBPEXKACHUS OCTAIOTCA
TaKUMH €, KaKk 1 B HOPMaJIbHOM DPEXHME, HO BO3HHUKAET ONACHOCTh IEPEX0Aa
ofHO(a3HOro 3aMblkaHud Ha 3emimo B Mexaydaszueie K.3. [loatomy B cersx c
W30JMPOBAHHONM HEUTPAJIBI0 NPEIyCMaTpPUBAETCA CIELMAJbHAs 3alldTa OT
oJHO(a3HBIX 3aMbIKaHUI HA 3eMJIIO JEICTBYIONIAs, KaK IPaBUIIO, HA CUTHAJL

JUist  3alMTBl  pagMaIbHBIX M MarucTpaylbHbIX JiMHHA 6-10 kB ot
Mexaydaszupix K.3. mpuMeHstoTcs TOKOBBIE 3alMTHI. B 3aBucMMoOcTH OT cnocoba
oOecrieyeHusi CEJIEKTUBHOCTH TOKOBBIE 3alllUThl JIEJATCA Ha MaKCHUMaJbHbIE
TOKOBBIE U TOKOBBIE OTCEYKH. B TIepBOM ciyyae CEJEeKTHBHOCTb 3alllUThI
JIOCTUIaeTcs BBIOOPOM BBIIEPKKM BpPEMEHM  TeM OoJbliei, 4yem Onmxke K
WMCTOYHHUKY TWTaHUSA PACMHOJIOKEHA 3allliTa; BO BTOPOM — COOTBETCTBYIOIIUM
BBIOOPOM TOKa, IMPU KOTOPOM 3allluTa cpabaThIBaET.

1.4 TIlpumepbl pacyera MAKCHUMAJIBHOW TOKOBOW 3alUUTHI s
paauajbLHOM JIMHUM OJTHOCTOPOHHEr0 MUTAHUSA

1.41 Or noacTaHUMHM HSHEPrOCUCTEMBbI HEOTPAHMYECHHOW MOIIHOCTH
HanpspkeHrneM 10 kB muraerca ['PII m PII1 mpomsimennoro npeanpustus. s
YIPOILEHUS HA PUCYHKE | TpUBENEHA TOJBKO YaCTh CXEMBI, IUTAIOIIAACS OT OJHON
CEeKIUU IIIMH II/CT 3HEProcUCTeMBbI. [[pyrast 4acTh CXeMbI aHAJIOTUYHA.
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Pucynok 1.4 - Cxema paguanbHON JUHUU U IEXOBBIX TPAaHCHOPMATOPOB

Bri6pars u paccuurtars ang JI-1 u JI-2 TOKOBbIE OTCEYKH U MaKCUMaJbHbIE
TOKOBBIE 3aLUTHI:

a) ¢ TokoBeiMH pene PT-40 ¢ He3aBUCMMOI XapaKTEPUCTUKOM BBIICPKKU
BPEMEHH,

0) ¢ ToxoBbiMH pene PT-80 ¢ orpaHM4eHHO 3aBHUCHUMOW XapaKTEPUCTUKOU
BBIJICPKKON BPEMEHHU.

IIpumeuanue:

1) B mpuMepe TOKOBBIE 3alUTHl BBITIOJHSAIOTCS MO CXEME HEMOJHOW
3BE3JIBI, K=1.

2) Ha JI-3 ycranosneno MT3 ¢ pene PT-40, t3=0.5 cexk.

3) Jieyxdasusiit ok K.3. pasen: 1,%=0,87 1%,

4) 3anano, yto ToK K.3. Ha mMMHAX T/CT YHEPTOCHCTEMBI HEOTPAaHHMUCHHOMN
MOIIIHOCTH PaBEH: |K1(3)=8KA.

Ucxonusie nanuwie as L1:

| pa6.max=470A, k.,=2,5, ny;=1000/5=200. Kabemp tum: AAbL-10-(3*240);
L=1.5km.

I/ICXOI[HBIG JaHHBIC AJIsA L2:

a6 max=270A, k.,=3, np=600/5=120, Kabear tum: AAb-10-(3%150);
L=3kmM.
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Pemenne.

PaccuuteiBaem TOok K.3. Ilo 3amannomy Tok K.3. Ha mmHax

OHCPIOCUCTCMEBI: |K:8KA onpcaAciAcM  COIIPOTHUBIICHUC  CHUCTCMBI
MNpEaABApUTCIIBHO 3alaHHBIMHA 0a3MCHBIMH BEJIMYMHAMU .

Ss=100 MBA; U,=10,5kB; I, = Ss 100

= =55kA,
3-U, 173-105

Comnporusnenne kabens: 445-10-(3240); L=1.5 kwm;

- XOL'J'Z' % _0,08 -1,5% - 041,

cp !

X L1

- rol'J' S _ 0,13-1,5% 048,

cp !

*L1

Conpotusnenune kadens: A45-10-(3*150); L=3 km;

X, = 0,08-311000 =0,22;

> =

H

= 0,206-3110002 ~056.

Cymmapnoe conpotuiieHue 1o s ['PIT (K-2);

X =0,6+011=0,7.

wygy = Keg T X

L1

Toxk Tpexdasznoro K.3. na mmnax I'PIT (K-2);

I(3): I6 :5,5'103
“ x, 07

= 7857 A.

Cymmapnoe conpotusiieHue 10 mmH PII-1 (K-3);

X X

*IK?2

+ X, =0,7+0,22=0,92;

Z:

I I,

*L1

+r.,,=018+0,56=0,74,

Z:

12

B

n/ct
0.e.;



Zug = X2 +12 10,922 +0,74 =11,

Toxk Tpexdasznoro K.3. na mmnax PIT (K-3);

3
1© = 5'51i _ 50004.

Omnpenensem TOK cpabarbiBanus MT3 kabempHbIx JuHWUM L-2 m L-1 ¢
ucrosib3oBanueM pene Toka PT-40;
a) mis L-2

kﬁkc3n I pab.vax 1,2 . 3 . 270
len =T T T 0

B

=11304;

I®) 0875000
1130

38>15;

9

C3

K.l 11130

cX " 32

n,  600/5

=9,454.

ICP2 =

[Tpunanmaem nBa pene PT-40/20 u ycranaBnuBaeM yctaBky: 1,=9,45A.
0) ms L-1(ananoruuno L-2)

_ kacsn I pab.max — 112 ° 2,5 ° 470

l sy = - o 16504,
(2) )
K, - Ii _ 0,87-5000 26515
I, 1650
| _kalo, 11650 o
" n, 10005

ITpuanmaem nBa pene PT-40/20 u ycranasmuBaeM ycTaBky: |,=8,25A.

Bri6upaem Bpems cpadarbiBanusg MT3 nnst L-2 u L-1.

Tak xak Bpems cpabateiBanus M T3 L-3: t;=0,5 cek, To COOTBETCTBEHHO
t,= t3+,1=0,5+0,6=1,1cex; u t;= t,+,t=1,1+0,6=1,7cek.

CornacoBanue xapaktepuctuk MT3 ¢ He3aBUCHMOW BBIIEPKKONM BpEMEHH
IIOKa3aHo Ha pUCYHKe 1,3B.

Omnpenensiem ycraBku MT3 kabenbHbix muHuu L-2 u L-1 ¢ ucnonb3oBaHuem
pene Toka PT-800:

a) ms L-2

l.x=1130A. (ananoruuno ¢ PT-40). I, ,=9,45A.

Jist pene Tuna PT-80 Ommkaiiinas Gosnbiuas ycraBka paBHa 10A;
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torna: |z =1 gpy -Nyp =10-120 =12004;

12 0875000
T 1200

c3

=362>15.

[Tpuanmaem nBa pene PT-80 u ycranasimuBaeM yctaBky; |,=10A:

0) mna L-1
l..1=1650A. (anamoruuno ¢ PT-40).
l.p1=8,25A.

Jns pene tuna PT-80 1 yctaHaBiMBaeM yCTaBKy paBHOM 9A:
toraa lq; =9-200=18004;

_1® 087-7857
T 1800

C3

=37215.

[Tpuanmaem nBa pene PT-80 u ycranaBimBaeM ycraBky; |,=9A.

Bri6upaem Bpemsi cpabatbiBanus u xapakrepuctuku MT3 ms L-2 u L-1, ¢
pene tuna PT-80. BeiOop xapakTepuCTHKH BBIACPKKH BpeMeHH (CM. pucyHok 1.3 1)
HayHeM C 3amuThl L-2, nHanbonee yjaneHHOW OT MCTOYHUKA MHUTAHMS, T.K. 1=
t3+,t=0,5+0,6=1,1cex. Taxkas BbIEp)KKa BpeMEHHU JI0JDKHA OBITh IIPU TOKE, PABHBIM
toky K.3. B Touke K.3., T.e. S000A.

VYcranouB Ha MT3 L-2 Beinepxky Bpemenu t,=1,1 cex mpu toke 5000A,
MBI OOecrmeuynM HW30UPaTeIbHOCTh JSHCTBHUS JTOM 3allUTHl, TaK KaK MEHBIIAs
BbIIEpKKa BpeMmenu oyzaet mpu 1>5000A.

Opnaxo 1>5000A Bo3zmosxen Tonbko mipu K.3. Ha camoit muanu L-2 (6mke K
UCTOYHUKY mnHUTaHUs). YTOOBI OmpenenuTh HEOOXOAMMOE TOJIOKEHHE YIopa
BBIJICP’KKY BpeMeHM (ycTaBka 1o BpemeHu Ha pene npu K=10) PT-80, naiinem
KpaTHOCTh ToKa K.3. Mo oTHOIIEHHUIO K TOKY cpabaThIBaHUs 3alIUTHI, T.€.

[TonoxkeHne  ymopa  OmMpenenseTcs  HaXOXACHWEM  KPUBOW IO
XapaKTepUCTHKaM pelie, TMOMEIICHHBIM Ha [IUTKE pelié WIU  CHATHIM
IKCIIEPUMEHTaIbHO. KpuBas MoMmKHA MPOXOIUTH 4Yepe3 TOUKY C KOOpAMHATAMHU:
k=4,1 u t=l,Icex. DTOMy YCIOBUIO YIOBJIETBOpseT KpuBas |, moka3aHHas
nyHKTHpoM Ha pucyHke 1.8. t;=1,1 cex. Beiiepixka BpeMeHM Ha 3TOW KPHBOW IpU
k=10, paBHas 0,6cek, yka3bIBa€T MOJIOKECHHUE yIopa Ha IIKaJIE YCTABOK BPEMEHHU.

Jlist Toro 4toObl 00eceunTh M30MPATENLHOCTh 3amuThl L-1, Heobxomamumo
YCTaHOBUTH BBIICPYKKY ATOM 3aIMTHl HA CTYNEHBb OOJbINNE, YeM y 3aiuThl L-2 mpu
HanOompiteM Toke K.3. Ha HeH  (lxzma=7857A). Tlpm  KpaTHOCTH:
k=7857/1200=6,5, BbIepKa BpeMEHH 3aIIUThI L-2 10 IPUHATON XapaKTepPHCTUKE
pene PT-80 paBna 0,7cex. CinenoBatenbHo, pu Toke 7857 A BbiaepkKa BpemeHu L-
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1 momxna ObiTh paBHa; t; =0,7+0,6=1,3cex; Jlms Toro urtoObl TOMOOpPATH
MOJIO’KEHHUE YITOpa BhIIEp)KKa BpeMeHH 3aiuThl L-1 onpexnensem kpataocts K.3. 1o
OTHOIIICHWIO K TOKY cpalaThiBaHWs 3alUThl JuHUHM L-1 1511 pacueTHOW TOYKH:
k=7857/1800=4,3, u mo maHHbIM t{ 1 K MOAOMpPaEM XapaKTEPUCTHKY PeJie 3allUThI
L-1 (mynkTupHas xpuBas 2 Ha pucyHke 1.5, t,=0,9cexk.). PaccmarpuBas BbIOpaHHBIC
XapaKTePUCTHUKH 3aIIUT Ha pucyHKe 1.3 T, MOXHO YBHUACTH, uTo mpH K.3. B M000i
TOYKEe oOecreueHa W30MpaTeIbHOCTh 3alUTBI, TaK KaK MEXIY BBIICPKKAMH
BPEMEHH 3aIlIUT TOCIEAOBATEIIFHO BKIIFOUCHHBIX pEJieé MMEETCS CTYNEeHb BPEMEHHU:
At=0,6 cex. Ilpm K.3. BOnm3u Hauvana quHNM L-2 1 L-1 BeImep)kKka BpeMEHH 3aIUT
coctaBisieT cootBeTcTBeHHO 1,=0,7 cex u $,>0,9 cex. Takum oOpa3om, IPUMEHSS
3aIATHl C OTPAHWYCHHO 3aBHUCHMOMW BBIIEPIKKOW BPEMEHHU TMPH KPATHOCTIX TOKA
K.3. k=6-7, moxHO obecrneunth Oonee ObicTpoe oTkmoueHue K.3. BOMM3H

UCTOYHMKA TUTaHus ( cM. pUcyHOK 1.3 B ,I).
tcex

9

8

. \\\

. .\\\ \

5

4 *e\%\ ty=4cex

3 \\}\‘ \\\ i

, \ 3 e N ty=2cex

N ;] 2

; ‘_t [ S T v — ty= Tcex

——g ] — —t— 4 3 - ty:O,Sceh'

7 2 3 4 5 6 7 8 9 71 K

Pucynok 1.5 — Xapakrepucruka Boinepxkek Bpemenu t=f(K) pene PT-80

1.4.1. [IpuBoauM pacueT TOKOBBIX OTCEYEK MTHOBEHHOTO AckicTBus L-2, L-1.

JInnns L-1

OnpenensieM TOK cpabaThbIBaHUS CEJIGKTUBHOM OTCEUKH I10 YCJIOBHIO
otcTpoiiku ot 3-X (paznoro K.3. B koniie mmuuu (B T. K2);

l; =k, -1, =13-7857=10214 4;
k1 1-10214
I — cx "3l — — 51A
L 200

ml

Bribupaem 1Ba perne PT-40/50 (Bapmant |-MT3 ¢ He3aBUCUMOM
XapaKTEPUCTUKOW) WM HCIOJB3yeM JJIEKTPOMArHUTHBIA 3neMeHT pene PT-80,
COBMeIIaroIee B ce0e TOKOBYIO OTCEUKY HIIH 3aIUTY C BBIACPIKKON BPEMEHH.
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VYcraBka orceukn Ha pesie PT-80 3agaeTcsi KpaTHOCTBIO 1O OTHOILUEHHUIO K
TOKY cpabaThIBaHUS pelie U YCTAHABIUBACTCS BUHTOM, U3MEHSIOIINM 3a30p MEXKIY
SKOPEM U 3JIeKTpOMarHuToM. KpaTHOCTh OTCEUKH paBHa:

Jlvaus L-2
l., =k, -1_,, =13-5000 = 6500.4;

1-6500
ICPl - W - 54A

Beioupaem gBa pene PT-40/50 (Bapmant 1) wWiam  MCHOJIB3yeM
aeKTpoMarauTHeIN AnemMeHT pene PT -80. 3oHy nmelicTBusi TOKOBBIX oTceuek L-1 u
L-2 onpenensiem rtpadudecku (cM. pucyHok 1.3 0,8,r). TokoBas oTceuka
MTHOBEHHOT'O JIEMCTBHSI HE 3aIMUIAET BCIO JIMHUIO LIETMKOM U HE PE3EpPBUPYET
3alATBl CMEXHOro ywactka. [losromy Hapsany c¢ orceuko mpuHumaer MT3 ¢
BBIJICP/KKON BPEMEHH.

1.5 KoHTpOJIbHBIE BONIPOCHI

1.5.1 Kakue npumensarorcs cxembl MT3 U TOKOBBIX OTCEYEK JJIA 3aIlUThI
paadAIbHBIX JIMHUWA OJHOCTOPOHHETO MUTAHUS?

1.5.2 Kak paccuuTbiBaeTcsi TOK cpabaTbhiBaHUs 3amuThl U pere MT3 u
TOKOBBIX OTCEYEK?

1.5.3 Kak perynupyeTcsi ycTaHOBKa TOKa cpabatbiBanus y pese tuna PT-40 u
PT-80?

1.5.4 CpaBuure npeumyniecTBa U HeAOCTaTKu MT3 1 MTHOBEHHBIX TOKOBBIX
OTCEUEK.

1.5.5 Kak onpenensiercst 4yBCTBUTEIbHOCT M T3?

1.5.6 Kak onpenenuts 30Hy I€UCTBUS TOKOBBIX OTCEYEK?

1.5.7 Kak obecnieunBaeTcsi CeeKTUBHOCTh Y M T3 1 TOKOBBIX OTCEUEK?

1.5.8 Jlaiite ¢usnueckyro CymHOCTh KOI()PUIIMEHTOB HAACKHOCTH,
BO3BpaTa, cxemsl (K, K;, Ky ).

1.5.9 Yto Takoe camo3aimycK 3JIEKTPOJBHUraresieil, Kak OH BO3HUKAET M KakK
yuHuThIBaeTcs npu pacuere MT3?

1.5.10 B yem oTiaMYME TOKOBBIX pejie ¢ HE3aBUCUMOM U OTrPaHUYCHHO
3aBUCHUMOW XapaKTEPUCTUKOW BBIICPKKH BPEMEHU?

1.5.11 C kakoi BbIAEPKKOW BpEMEHHM cpadaThIBaCT MHAYKIIMOHHAS YacThb
pene PT-80 mpu Ik 3/1,=2.5, ecnu ycranoBka 1o Bpemen t,=0.5; I ., 3cex?

1.5.12 Kak yBenu4uTh 4yBCTBUTEIBHOCT MT3?

1.5.13 Yem oTnmuaercs TOK cpabaThiBaHUS 3alIMTHI OT TOKA CpabaThIBaAHUS
pene?
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2 JlaGopaTopHas padora Ne2. HMccienoBanue MaKCHMMAaJIbHOW TOKOBOM
3alUTHI M1 TOKOBOM 0TCEYKH ACMHXPOHHOI'O ABUTATeJIs

Ienr padoTBl: sABIIIETCS  O3HAKOMIJICHME CTYACHTOB C  3aLIUTOU
ACUHXPOHHOro JBUraTenss MourHocThio 10 2000 kBT oT mMexay(da3HbIX KOPOTKHX
3aMbIKaHUH U MEPETrPpy3KH, BHINOIHEHHOH Ha pene PT-40 u PT-50.

2.1 Onucanue J1adOpPaTOPHOIro CTEHAA

2.1.1 Hccnenosanune 3aIUTHI ACHHXPOHHOTO JBUTATEIIS
momHocThio P,<2000 kBT Hanpsokenuem 3-6-10 kB.

2.1.2 MHccnenoBaHue 3aliuThl KOHJEHCATOPHOM Oaraped MOIIHOCTHIO
Q«y=500-2000 xkBap u 6osee HanpskeHueM 6-10 xB.

AwmnepmeTpsl, peiie Toka PT-40, PT-80, pene Bpemenn PB u mpoMexxyTouHbIe
pene ¢ BBIBEJCHHBIMU Ha CTEHJ KaTyUIKaMd U OJIOK KOHTAaKTaMU MOTYT OBITh
UCIIOJIb30BaHbl JUIsl M3MEPEHUs TOKA W 3allUThl JJIEKTPOJBUTATENss U Oarapeu
KoHAeHcaTopoB. W3Ouparens ynpasnenuss WY-1 mno3Bossier 1o BBIOOPY
IIPOU3BOJMTh KOPOTKHE 3aMBIKaHUs Ha BbIBOJAX JJIEKTPOJIBUraTels WIH
KOH/ICHCATOpPHOI OaTapen.

B nannoit nabopaTopHoii paboTe ucciaeayeTcs: TOJIbKO 3allluTa aCHHXPOHHOTO
JIBUTaTeNss MOIHOCTBIO P, <2000 kBt nampssxenuem 6-10 kB. Mogaensto g
UCCJIEI0BAHUS ABIIAETCS AIEKTPOJBUTATEIND HEeOOJIbIION MOIIHOCTH,
yCTaHOBJICHHBIH 3a cTeHaoM. P,=2 xBt; U,=0,4 xB; cose=0,8; K1,=20/5.

[TapamienbHO ANEKTPOABUTATENIO — MOJENH MOJKIIOYEHO COMPOTHUBIIEHHE R,
coeuHeHHOe B 3Be3ny. JlaHHele compoTuBiieHuss R o0ecneunBaioT TOK,
COOTBETCTBYIOIIMH HOMHMHAJIBHOMY TOKY ABUTATeNS |y;u0w. 11 MMHUTaLIMM mycKa
AJIEKTPOJIBUraTeNIsl 4YacTh CONPOTHBIEHUNH R mryHtupyercs, 4ro obecrneuyuBaeT
IATUKPAaTHOE 3HAYEHHE €ro HOMHUHAIBHOIO TOKA, T.€. |y nyex =Kl mom:
JIMUTEeNbHOCTh MyCKa MOXET ObITh M3MEHEHa MpernojaBareiieM MpU U3MEHEHUH
yCTaBKU pesie BpeMeHu 2PB, yCTaHOBIEHHOTO 3a CTEHIIOM, KOHTAaKThl KOTOPOTO
BKJIFOUYEHBI B CXEMY YIIpaBJIEHUS. DTO 00ECNEYNBAET UMUTALIUIO JIETKOTO, CPETHETO
U Tsokenmoro mycka. Ileperpy3ka ocyiiecTBisieTcs UIYHTHPOBAaHHMEM YacTH
conpotuBieHuss R, ¢ nomompro KY-1. D10 obOecrnieunBaeT NBYXKpaTHOE 3HAYCHUE
HOMMHAJIBHOTO TOKa 3JIEKTPOJABHUraTeNsi U cpabaThbIBaHUE C BBIACPKKOH BpPEMEHU
pelie ToKa OT MEePErpy3KHu.

KopoTkoe 3amplkaHuME Ha 3aKHMaxX O3JIEKTPOABUIATENS OCYLIECTBISAETCS
3aMbIKaHHEM IIeNM Ha compoTuBiieHHEe R, kmouamu UVY-1, NY-2, BkItodyeHUEM
TymOsepoB u HaxaTtuem kHomku myck K.3. Bpems K.3. orpannumBaercs pene
BpeMeHU 3PB, yCcTaHOBJIEHHOTO 3a CTEHAOM. Y CTaHOBMB Kitod MY -2 B mosioxxeHue
[ wniu I u BxmouuB cootBercTBytomme tymonepel 1T, 2T wmm 3T, MOxkHO
noyiyuuth 2-X U 3-x ¢dasupie K.3. nByx 3HaueHuwil. DTO 1HaeT BO3MOMXHOCTb
MPOBEPUTHh YYBCTBUTEIBHOCTh TOKOBBIX OTCEUEK 3JIEKTPOJIBUraTeseil Mpu pa3HOM
3HaueHud TokoB K.3. Cxembl 3aluThl MOTYT OBITh BBIIIOJIHEHBI Ha (pa3HbIE TOKH U
Ha pPa3HOCTh TOKOB JBYX (pa3. B cxeme ucCHosb3yroTcsi TpaHcpopMaTopbl TOKa,
ycraHoBieHHble Ha ¢azax A u C ¢ ko3dpdumuentom Ttpanchopmanuu K. ,=4,
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KJIEMMbI BTOPUYHBIX 0OMOTOK KOTOPBIX BBIBEJCHBI HA CTEH. AMOEpMETPhL A U A,
npeaHa3HavYeHbl JUISi M3MEPEHUs] IYCKOBBIX W pabo4yMX TOKOB JBUTATENs, a
amniepmerp Az — ana usmepeHus TokoB K.3. Ha 3axumax pasurarens. Ilpu
n3mepenun TokoB K.3. amnepmerpsl A; v A, IIYHTUPYIOTCA.

Hanpsixkenne nepemenHoro toka 220 B Ha cTeH[ MOJaeTcsi aBTOMAaToM A,
IpU ITOM 3aropaercs TabJio, YyKa3bIBaIOIIEEe, YTO CHUCTEMa HAXOJHUTCS IO
HaIpsHKCHUEM.

2.2 3aganue

2.2.1 O3HaKOMHUTBCS C KOHCTPYKLMEH, XapaKTepUCTUKaMHU  pelie,
YCTAHOBJICHHBIX Ha CTEHJIE U PETYJIMPOBKON YCTABOK PEJE MO TOKY U BPEMEHMU.

2.2.2 CornacHo 3aJlaHdIO MpEnoaaBaTes BIOpaTh cxeMy (CM.pUCYHKH 2.1,
2.2) U paccuuTaThb YCTaBKM MaKCHMaJbHOW TOKOBOM 3alUTHI OT HEPErpy3KH U
TOKOBOM OTCEYKH OT KOPOTKHX 3aMBIKAHHWW JJIEKTPOJBHUIraTess, TEOPETHUYECKUE
JaHHbIE KOTOPBIX JIaHbl B Tabnuue 2.1.

2.2.3 Cobpatb cxeMy 3alIuThl, yCTaHOBUTH ycTaBku pesie PT-94 unu PT-40 u
IPB coriacHO pacueraM M TPOBEPUTh JACHCTBUE 3alUT IPU IEpErpys3Kax
(BxmoueHure KY-1) u n1Byxdas3Hbix KOpOTKUX 3aMbikaHuii 1ByX 3HaueHuid (K3-1 u
K3-11).

2.2.4 llponenarbs MyHKT 3 NMOBTOPHO, HO HOMHUHAJBHBIE, ITyCKOBBIE TOKH U
toku K.3. CHATh MO moKa3aHUsIM aMrepMeTpoB Aj, A,, As, yuutbiBas, uto K ,=4.
(AMnepMmeTpbl BKIIFOUEHBI B IEPBUYHYIO LIETIh).

2.2.5 IlpousBectu pacuer KOIp(ULUHUEHTa  YYyBCTBUTEIBHOCTH U
COrJacoBaHUE BPEMEHU CpabdaThIBaHUS 3ALIUTHI CO BPEMEHEM ITyCKa.

2.2.6 HauMeHbIIMI TOK YCTaBKM TOKOBOM OTCEYKH ONPENEIAECTCS IYyTEM
MHOTOKpPATHOTO Iycka (He MeHee 3 pa3) anekTponBurareis. JleiicTBue TOKOBOMU
OTCEYKH olpezensercs myreM co3fanus aByxgasznoro K.3. mexnay dazamu A u B
wii B u C. OnbITHBIM ITyTEM ONPENEAIOT HAMMEHBIIYO YCTaBKYy M0 BPEMEHH, NPU
KOTOPOM 3aluTa OT Neperpy3ku He cpadaThIBaeT NpHU MycKax JBUTATEIS.

2.3 MeToanuecKue yKa3aHus

CymecTByrOT CIEAYIOIIME BUIBI TMOBPEXKICHUN U HEHOPMAIbHBIX PEXUMOB
npu paboTe aCHHXPOHHBIX JABUTaTeNied: Mexay(dasHble KOPOTKHE 3aMbIKAHMS,
oHO(ha3HbIe 3aMBIKaHUSI Ha 3€MJII0, IEPErpy3Ku, OOpPBIB OJTHOM (ha3bl, MOHUKEHUE
1 noBbilieHUe HanpspkeHus. CormacHo [1YD ans geurarenein go 2000 kBt
HanpspkeHueM 3-6-10 kB npemycmaTpuBaeTcs 3a1uTa OT MEXITy(Pa3HbIX KOPOTKUX
3aMBIKaHMM, 3allMTa OT NEPErpy3KM M MHUHUMAJIbHAS 3alllUTa HanpspkeHusd. B
HEOOXOIUMBIX CIIyqasix JOJKHA YCTaHaBJIUBATHCS 3aIuTa oT
oJIHO(a3HBIX 3aMbIKaHUI Ha 3emit0. Bo MHOrumx ciyyasx 3TH 3allUThl MOTYT
BBIIIOJIHATBCSI C TIOMOIIBIO BTOPUYHBIX pEJ€ MNPSAMOrO JEHCTBUS WM peEje
KOCBEHHOTI'O JICHCTBUS HA IIEPEMEHHOM ONEPATUBHOM TOKE.
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TokoBasi oOTCe4YKa YCTAHABIMBAETCS HA  JIBUTATENIX  MOIIHOCTHIO
MEHEE 2000 kBt um otrcTpamBaeTcd OT MAKCHUMAaJbHOTO ITyCKOBOTO TOKa
DIEKTPOIBUTATENSA  |yp nycxmaxes TPOTEKAIOMIETO TIPH  3aKOPOYECHHBIX ITyCKOBBIX
YCTPOMCTBAX (peocTarax Uik peakTopax).

[Ipumepsl BBIMOJHEHUSI CXEM OTCEYKU C MCIIOJb30BAHUEM pEJIEe MPSIMOTO U
kocBeHHoro paeuictBug tuna PTM, PT-40, PT-80 mgms 3ammTel JaBUTATEICH
MIPUBEAEHBI HA pUCYHKaX 2.1, 2.2.

HenmocTtaTkoM TOKOBBIX OTCEYEK SBJISIETCS BO3MOXHOCTh HX OTKaza MpHU
KOPOTKHX 3aMBIKaHUSX, YJAJEHHBIX OT BBIBOAOB crTaropa. [loatomy 3ammra OT
MeX Ty (pa3HbIX KOPOTKUX 3aMbIKaHUM ISl IBUTaTeiel MOIHOCTRIO Oosiee 2000 kBT
BBIMOJHSETCS  AuQdepeHnaIbHOl TOKOBOM (ecin oOMOTKa cTatopa HMeeT 6
BEIBOIOB). JIuddepennmanbuas 3amura MpeayCMaTpUBACTCS W Ha JIBUTATENISNX
MEHBIIIEH MOIIHOCTH, €CJIM JABYXpEJIeHas OTCEeYKa OKa3bIBAECTCS HEIOCTATOYHO
YyBCTBUTEJIBbHOM.

3ammTa OT Mmeperpy3ku MoXeT ObITh BBINOJIHEHA Takke ¢ pene tuna PT-40 u
pelie BpeMEeHM uiu ¢ pene mnpamoro acvuctBus PTB wu neucrByer Ha curhan,
pa3rpy3Ky WIHM OTKJIFOYEHUE JIBUTATENS (CM. pUCYHOK 2.1).

3amuTel OT 0JHO(A3HBIX 3aMBIKAHMM Ha 3€MIIIO B CETSAX C M30JUPOBAHHOMU
HelTpanplo 3-6-10 kB ycTaHaBIMBAIOTCS HA JIBUTATENISIX MOIIHOCTBIO Py, 0, <2000
KBm mipu Tokax 3aMbIKaHMK Ha 3eMIt0 13>10A4 n Ha nBuratensax Py, ,.,>2000 kBm
npu 13>54. 3ammTa BBINOJHSIETCS C MCHOJB30BAHUEM TpaHchopMaTopa TOKa
HyJIeBOM mocienoBarenbHocTH Thna T3JI m pelicTByeT Ha OTKiIOYEeHUE 0e€3
BBIJICPKKHA BPEMEHHU.

MuHumanpHas 3alldTa HaAMpsOKEHUs] BBICOKOBOJIBTHBIX  JIBUTATeseH
BBITIOJTHSETCSI TOJIBKO JUIsl HEOTBETCTBEHHBIX asuratenein (1=0,5-1,5 cek), 4ToObI
o0ecrneunTh CaMO3alyCK OTBETCTBEHHBIX JBHUratrelied W Ha OTBETCTBEHHBIX
JIBUTATEJISIX, camMo3amyck KoTopbix HemomyctuM (t=10-15 cex). Hampsoxenue
cpabaTbpIBaHUS 3aIUThI MHHHUMAaJIbHOTO HanpsKESHUS COCTaBJISICT:

UC.S.z(Oss 5_097) ) UHOM.
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Pucynok 2.2

2.4 HpnMep pacuera 3alllMTBI BBICOKOBOJBTHOIO AaCHHXPOHHOIO
AIEKTPOABUTIATEJIA

BeiOpath THMOBI 3alUT W ONPEACIUTh HX YCTaBKHU DJIEKTPOJABUTATENS
ruzipoHacoca 1o gaHueM: U0, = 6 KB; P, = 400 kBT; tyy=12cex; k7= 5,1;

TT ¢ ny= 150/5=30; ycranosiensl Ha (pazax A u C; Tok Tpexdasnoro K.3. Ha
HIMHAX pachpeneuTeabHoro ycrpoiictBa cooctBeHHbix Hyx 7 (PYCH) 1,¥) = 5000
A; Tok 3ambIkaHus Ha 3emurio B PYCH |,< 10 A.

Pemenue. Ecnu omHoOpelneiiHas cxema OTCEUKM JBUIAaTEIEHd MOILIHOCTHIO
menee 2000 kBt He obecneunBaer TpeOyembiii mo IIVD  koaddunment
YYBCTBUTEIBHOCTH K,=2, TO NPHUMEHSIOT JBYX(]a3HyH ABYXpEICHHYIO CXeMy

«HETIONHAS 3B€3/1a», KOTOopask YyBCTBUTENbHEE B V3 pa3 (cM. pucyHok 2.1).

st 3ajaHHOTO JBUTaTessi MPOBEPUM BO3MOXKHOCTH TNPUMEHEHHSI OJIHO-
peneitHol cxemsl ¢ pene cepun PT-80:

1)  Omnpenenum HOMUHAIBHBINA TOK ABUTATEIs

P
JIB.HOM 400 _ 48A

o = = =
JIB.HOM \/§UH .CcosQ-1 1’7360,890,92

2)  IlepBuuHBIN TOK CpabaThHIBAaHHUS OTCEYKH

IC.3 = KH : Kn : I()g,HoM = 1’8 : 6 * 48 = SOOA
3) Tok cpabaTeIBaHUs AJIEMEHTA OTCEUKH B PEJIe OMPEACIIUM
I, = Kaly _173:500 294.
Py, 30

4)  KosddunumeHT 4yBCTBUTEILHOCTH OTCCUKU

12 0,87-5000
K = = =

= 51> 2.
| Ky, 29-30
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5)  Tok cpabarbiBaHUsl MHAYKIIMOHHOTO 3jieMeHTa penie cepuu PT-80 ¢
BBIJICP)KKOW BPEMEHH OT MEPErpy3KU OmpeeisieM

KK lpyn 1,05-1,73.48

H' 'CX ' 08.HOM

=3,644.
K, Ko, 0,8-30

IC3

[Tpuaumaem pene cepun PT-80/2 ¢ ycTtaBKkol WHIYKIIMOHHOTO jieMeHTa 4A
Y BBIJICP)KKOM BPEMEHU B 3aBUCHUMOM YaCTH XapaKTePUCTUKU

t=t, +At=16cC.

KpaTHOCTB OTCCUKHU K YCTAaBKC MHAYKIIMOHHOI'O 3JICMCHTA

I
cp.oTc :g ~72

Kq = |— L
cp.MT3

KoadpuimeHT 4yBCTBUTEILHOCTH 3aIIUTHI OT MIEPErPY3KU HE OMpEeIsaeTcs,
TaK Kak OHa He NpeaHa3HadeHa 11 aerctBus npu K.3.

3amura OT 3aMbIKaHUs Ha 3eMJIIO HE MpeaycMaTpuBaeTcs, Tak kak: 1,< 10 A.

[Ipyn HEIOCTATOYHOW YYBCTBUTEJIBLHOCTH OJHOPEIICMHOW TOKOBOM OTCEUKH:
k,<2 mpuHHUMAaeTCs cxema ¢ IByMs peJie, BKIIFOUEHHBIMH B HEIIOJIHYIO 3BE311Y.

Tabmuma 2.1 — TexHWYecKWe JaHHBIE ACHMHXPOHHBIX JJICKTPOABUTATECH

HarnpsbkeHueM 6-10 kB

Pu, Un, M cOS Py Kp=ln/ly | toyex, © 1® 1, KA KTA

kBT kB

250 6,0 0,90 0,86 7 7 2,7 50/5

320 6,0 0,90 0,87 7 8 3,0 50-75/5

400 6,0 0,90 0,87 7 9 3,0 75-100/5

500 6,0 0,91 0,89 6,5 10 4,0 100/5

630 10,0 0,92 0,90 6,5 10 4,0 100-150/5

800 10,0 0,92 0,90 6,5 10 3,5 150/5

1000 10,0 0,92 0,90 6 10 3,8 100-150/5

1000 6,0 0,92 0,90 6 10 4,0 200-300/5

1250 10,0 0,92 0,91 6 10 4,0 150-200/5

2000 6,0 0,93 0,91 6 12 5,0 300-400/5

2000 10,0 0,93 0,1 6 12 50 200/5

2.4 Texuuka 0€30IACHOCTH
BxitoueHue ctenia mpou3BOIUTh TOJIBKO B MPUCYTCTBUU MIPENOAaBaTeIs.

2.5 KoHTpo/bHBIE BONIPOCHI
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2.5.1 Buael TNOBpeXACHUA M  ONACHBIE HEHOPMAJIBHBIE  PEXKHMBI
ACUHXPOHHBIX JBUTATENICH U UX MPUYUHBI.

2.5.2 Buasl ycraHaBauMBaeMbIX  3amuT OT  MHorodasueix  K.3.
AJEKTPOJBUTATENCH PA3IMYHON MOLTHOCTH U HAIIPSIYKEHUS.

2.5.3 Tlpunmun paboTsl TOKOBBIX oTceuek ¢ peie PT-80 u PT-40 u pacuer
YCTaBOK 3aILUTHI.

2.5.4 Tlpuniun paboThl MaKCUMAJIbHOM TOKOBOM 3aIITUTHI.

2.5.5 Paznuune MexXIy CXeMaMH, BBIIIOJHEHHBIMU Ha (pa3sHble TOKH U Ha
Pa3HOCTh TOKOB JIBYX (ha3.

2.5.6 Kak npon3BOAUTCS OLICHKA YYBCTBUTEIBHOCTH 3AILNAT?

2.5.7 Yto sBIISeTCS ONpeaesitonuM rnapamerpoM st pacuetra MT3 u TO?

3  JlaGopatopnas  pabdora  Ne3.  HUccaenoBanue  auddepen-
HHMAJTBHON 3alIUTHI TPAHC(POPMATOPOB

Hear  pabdoTbl:  03HAKOMHUTHCS C  OCHOBHBIMH  TpeOOBaHUSIMU,
NPEAbABISIEMBIMA K TPOJOJIbHOM  auddepeHiaaisHoil  TOKOBOW — 3allluTe
TpancopmaropoB, pene PHT-565. W3yuuTe mnpuHUMO JIEUCTBUSA, CXEMBI
BBITIOJTHEHUS M METOJAbl pacyeTa MpOoAOJbHbIX AU(dEpEeHINATbHBIX — 3allUT
TpaHCc(POpPMATOPOB U UCCIEAOBATH PEKUM €€ pabOThl MPU BHYTPEHHUX U BHEITHUX
MTOBPEXKICHUSX.

3.1 Onucanue cTeHaa

OO6muit BUA cTeHJa TpejicTaBiieH Ha pucyHke 3.1. Ha nuneBoil manenu
CTEHJa NpEeJICTaBieHa MHEMOHHUYECKas CXema 3allMIIaeMoro TpaHchopMaropa,
ycTaHoBJIeHbl ABa pene PHT-565, ammepmerpsl, KHONKM W KIIFOYM YIIPABIICHMUS;
BBIBEJICHBI KJIEMMbl BTOPUYHBIX OOMOTOK TpaHC(OPMATOPOB TOKA, OOMOTOK peJie U
amriepMmerpa. Iluranume Ha crenn ~220 B momaércs BkiroueHueM aBTomarta SF.
Knonkoit SB1 Bkitouaercs BeikiouaTens Q, 3aropaercs curHanbHas namna HLG.
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Pucynok 3.1 — O0muit Bu cTeHia

Kopotkue 3ampikanusi B Toukax K1 u K2 (BHyTpenHee u BHemiHee K3)
MIPOU3BOMUTCS B CIIEAYyIOIEM mopsiake: Tymonepamu S1-3 ycranaBnuBaroT Buj K3
(mByx mmm Ttpexdasznoe K3), xmouom SA BwiOupator mecto K3 u Haxumaror
KHONKY SB2 ympasineHuss KoHTakTopoMm K3, mpu 3TOM 3aropaercst CHUTrHajbHas
namma HLR. Bpems K3 orpannumnBaercst aBTOMaTH4eCKH B TEUEHHE 3-5 CEKYH/I.

Mopaenp 3amuiiaeMoro TpancopMaropa yCTaHOBJIEHA 33 CTEHJIOM U UMEET
CJIEIyIOLIUE TEXHUUECKHE TAHHBIE:

Siomrp=1,5 KBA; Uypy=220 B; Upya=77 B.

Cxema coeanHeHus oOMoTok Y/A-11.

Tpancpopmaropsl TOKa HMEIOT KO3(DPUIMEHThl TpaHchopMaUu: €O
croponsl 3Be31bl: K;1=10/5=2; co cTtopons! TpeyrompHuka: K,=20/5=4,

B v uwmamnue! [lepexmouars Tym6nepsr S1-3 u kiatoy ynpasieHus SA B
npouecce K3 3ampemaercs. BxiroyaTe CTEHI NOJ HaNpsDKEHHE pa3periacTces
TOJIBKO TIOCJIE MPOBEPKH CXEMBI MTpenoaBaTesieM WIH yueOHbIM MacTEpOM.

3.2 3aganue

3.2.1 UW3yunTh TEOpETUUYECKHE CBEJEHUS ¥ OCHOBHBIC TpeOOBaHUS,
MpEeABSIBIIEMbIC K TPOI0ILHON AU PepeHImanbpHoM 3amuTe TpaHchopMaToOpOB.

3.2.2 Tlo3HaKOMUTBCS C YCTPOMCTBOM CTEHZIa, pPACMHOJIO)KCHUEM U
Ha3HAYEHUEM alllapaTtoB, MPUOOPOB H3MEPEHUs] U peje, HEOOXOAUMBIX IS
BBITIOJTHEHUS Pa0OTHI.

3.2.3 O3nakomutbcsi ¢ KoHCTpykuuen pene PHT-565 u cxemamm wnx
BKJTFOUEHUSI.

3.2.4 N3meputh Toku K3 nipu Bcex BHIAaX BHEIIHUX U BHYTPEHHUX KOPOTKHUX
3ambikanuil B Toukax K1 u K2.
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3.2.5 Paccuurtate yctaBku pene PHT-565 nuddepennmanbuoil 3amuTe
MOJIEJIbHOTO TpaHchopMaTopa.

3.2.6 CobOparb cxemy (cm.pucyHku 3.2, 3.3), yCTaHOBHUTb pacUETHbHIE
yctaBku Ha pene PHT-565 u ucciaenoBate padoty auddepeHnanbHOl 3aiuThl
npu K3 B Toukax K1 u K2 u cnenath BBIBOSI.

3.3 MeToanuyeckue yKazaHusi

B mpomecce skcmmyaTanuu  3JeKTpOOOOPYAOBAaHUS DHEPTOCUCTEMBI HE
WCKITIOUYCHA BO3MOYKHOCTD TMOBPEKICHUHN KaK BHYTPU caMOro TpaHc(opmaropa, Tak
U €ro COeAMHEHUE C BBIKIIOYATENsAMH. VIMEIT MecTo Takke OIacHbIe
HEHOPMAJIbHBIE  PEXUMBI  pabOThl, HE CBSI3aHHBIE C  TOBPEKICHUSIMHU
TpaHcopmaropa. BO3MOXKHOCTH TOBPEKIECHUM U HEHOPMAIBHBIX PEKHUMOB
oOyciiaBinuBaeT HEOOXOJMMOCTh YCTAaHOBKM Ha TpaHcpopMaTopax 3allUuTHBIX
YCTPOMCTB.
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Pucynok 3.2 — CxeMa BKJIIOUCHHS aMIIEpMETPOB
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Pucynox 3.3 — Cxema coequnenust PHT-565

Cornacno ITYD, cunoBsie TpaHc(hopMaTOpsl TOKHBI OBIThH 3aIUILECHBI OT:

1) muorodasHbIXx 3amMbIKaHMM B OOMOTKax TpaHchopmaTopa M Ha €ro
BBIBO/JIAX;

2) BUTKOBBIX 3aMbIKaHUI B 0OMOTKaX;

3) opHo(da3HBIX 3aMbIKaHWK Ha 3emmo B cerax 110-220 kB ¢
[JIyX03a3€MJICHHOW HEUTPAJIBIO;

4) TOKOB B 0OMOTKax, 00yc0BJIeHHBIX BHemTHUMH K.3.;

5) TokOB B 00MOTKaX, 00yCJIOBJIEHHBIX MEPErPy3KOii;

6) MOHMKEHUEM YPOBHS Macia.

Buner 3amuT, ycTaHaBIMBaeMbIX Ha TpaHChOpMaTOpe, OMPEICNSIOTCS €ro
MOIIIHOCTBIO, HAa3HAYEHHEM, MECTOM YCTAaHOBKM M JPYTUMHU TpeOOBaHUIMH,
IPEIBSIBISIEMBIMU K PEKUMY IKCILTyaTaIlHH.

Jns 3amuThl cuioBbix TpancopmatopoB I'TIIT momuocTeio 6,3 MBA
BBIIIE OT TIEPBBIX TPEX BHUAOB TOBPEXKACHUNW IIMPOKO MPUMEHSETCS
OBICTpOJICHCTBYIOIIASA MPOAOTbHAA Au(QepeHIanbHas 3aluTa, OCHOBAaHHAs Ha
MPUHIIAIIE CPAaBHEHUS TOKOB B Hayaje M KOHIE 0OMOTOK TpaHchopmaropa (30Ha
3aIIHTHI).

Hubdepennmanpuas 3ammra  TpaHCHOPMATOPOB  HMMEET  HECKOJIBKO
0COOEHHOCTEH, OTIUYaIUX €€ OT TudHepeHIINATbHBIX 3aIUT IPYTUX HJIEMEHTOB!

1) Heo0GxomuMoCTh OTCTPOMKM OT OpPOCKOB HaMarHUYHMBAIOMIETO TOKa
l1av=0+8"lay 1p, BOSHHKAIOIMX IIPU BKIIOYEHHH HEHArPY:KEHHOT'O TpaHchopmaropa
(aBTOoTpaHc(hopmaTopa) Mol HAMpsKEHUE.

2) HeoOX0AMMOCTh OTCTPOWKH OT TOKOB HeOallaHca OOYCIIOBICHHBIX
HETIOJTHBIM BBIPABHUBAHWEM BTOPHYHBIX TOKOB B Iiedax auddepeHInansHOM
3aIUTHI.
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3.4 Ilpumep pacuera mnpoaoabHON au(depeHINATBHON 3alIUTHI
Tpancpopmaropa

Pacuer npuBenen nns auddepennumanbHoi 3amuTs Tpanchopmaropa T1.
HUcxonnaeie nannbie: T1: Spomtp. = 10 MBA; cxema coenuHeHust oOMOTOK
Y/A.
Pacdet TOKOB KOPOTKOTO 3aMbIKaHHSI.
His pacuera P3 mHeobxomumo — paccumrath Tok K.3. (Touka K.3. 3a
tpancopmaropoM Ha cropore 10 kB), mpueneHuslii k ctopone 10 kB u 110 kB.
Tok K3 B MakcuMasibHOM pexxume, npuBeacHHbIN K 10 kB
lsmax = 6209 A.
Tok K3 B MakcuMasibHOM pexxume, npuBeacHHbIN K 110 kB
|K3.MAX110 =567 A.
Tox K3 B MuUHMMaIIbHOM pexumMme, npuBeAeHHbIN K 10 kB
IK3,MIN10 =4248 A.
Tox K3 B MuHnManbHOM pexxume, npusereHHbIN K 110 kB
|K3.MIN110 =388 A.
IHpumeuyanue.
Bce pacueTHbie 1aHHBIEC PUBEACHBI € JA0OOPATOPHBIX JTAHHBIX.

Pacder HOMHHaIBHBIX TAPAMETPOB.
HomunanbHbiii  mepBUYHBIE  TOK  BbICOKOM  ctoponsl (110  kB)
Tpanchopmaropa T1
lsrnom = Sromte. / (V3 x Ugnnom) = 10/ (V3 x 110) =53 A.

HomunanbHbiil niepBUUHBIA TOK HU3KOM cTopoHbl (10 kB) Tpancdopmaropa
T1

lannom = Snomere. / (\/3 x Unnnom) = 10/ (\/3 x 10) =577 A.
Breibupatorcss koadduimentsl TpaHchopmanuu TpaHchopMaTOpoOB TOKa,
pEKOMEHIyeTCs BRIOMpaTh UX 3HaUeHus B 1,5 — 2 paza 6osbIie:

- CO CTOPOHBI BBICOKOT'O HampspKeHUs — lgyyom =53 A, ciegoBaTenbHO Ny ta
=100/5;

- CO CTOPOHBI HU3KOTO HaMpspKeHUs — lyypom =577 A, crenoBaTenbHO Ny Ta
=800/5.

Cxema coemuHeHHus oOMoOTOK TtpaHcopmaropa T1 — Y/A. s
BBIDABHUBAHUS BTOPUYHBIX TOKOB MO (ha3e NPUHUMAEM CXEMY COCIUHCHUS
TpaHc(OpMaTOPOB TOKA CO CTOPOHBI BBICOKOTO HampsDKEHHUS — A, a CO CTOPOHBI
Hu3koro — Y. Koaddunuentst cxembr: Kgycx = \/3, Kuypex = 1.

HomuHanbHbIe BTOPUYHBIEC TOKHU:

Isn.rom = Isrnom X Keucx / Nprra = 53 x V3/20= 4,59 A,
Iunsom = lamnom X Kupex / Napra =577 x 1/160 = 3,61 A.
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Bri6upaercst ocHOBHasi CTOpOHA BTOPHUYHBIX TOKOBBIX LIETIEH C HaWOOJBIINM
HOMUHAJIBHBIM TOKOM: OCHOBHAsl CTOPOHA — CTOPOHA BBICOKOI'O HAIIPSKEHMS, TAK

Kak 4,59 > 3,61.

[IpeaBaputenbHblii TOK cpabaTbiBaHUs 3alIUTHI ¢ TUdPepeHInanbHbIM pelie

PHT-565.
IlepBoe ycinoBue — oTcTpoliKa OT OpOCKa TOKa HaMarHUYMBaHMs

les =Ky x 1°Pom = 1,5 x 53=79,50 A,

rae Ky = 1,5 — koaduimeHT Haie:)KHOCTH;

OCH M . .

I~ HoM — HOMUHAJIBLHBIA IEPBUYHBIN TOK OCHOBHOH CTOPOHBI.
BTtopoe ycroBue — oTcTpoiika OT Toka HeOajaHca

lcs =Ky x lys,

rae Ky = 1,3 — koadduimeHT Haie:)KHOCTH;
lys — TOK HeOanaHca.
s = Vs + 17
HE = I'Hp HB

/
rac IHB — COCTaBJIIIOIIas TOKa He6aﬂcha, BbI3BaHHAsA IIOT'PCIIHOCTBIO

TpaHc(popMaToOpoOB TOKA;
I o
I"15 — cocTaBmsroNIas Toka HebanaHca, BeI3BaHHas padboroi PITH.

Vs = & x Ka x Ko X 1°amax =0,1 x 1 x 1 x 567 =56,70 A ,

rae € = 0,1 — morpemHocTs TpaHCPOPMATOPOB TOKA;
Ka =1 — ko3 duriueHT anepuoaudeckoi COCTaBIISIIOLIEH;

Komu = 1 — ko3 puieHT 0JHOTUIMHOCTH TPaHC(HOPMATOPOB TOKA;

0 _ 110 N N .
I k3max = lkamax  — MakcumanbHbii Tok K.3., npuBeneHHbIN K 0cHOBHOT

CNMOPOHE.
"5 = AUpr x 1% max = 0,16 x 567 = 90,72 A,

rae AUppy = 0,16 — monauanasona perynupoBanus PITH.

L = Vi + 1745 = 56,70 + 90,72 = 147,42 A.
les = Ky x Iy = 1,3 x 147,42 = 191,65 A.

N3 nByx ycnoBuii BeIOMpaeM HauOOIBITUN TOK:

79,5<191,65;
Icg = 191,65 A.

27



[IpeaBapuTenbHasi MpoOBEpPKa YYBCTBUTEIHHOCTH.
KoadduimeHT 4yBCTBUTEIBHOCTH

Ky =ipmm/lcp. ,

rae Ipmin — TOK B pene npu 2-X ¢asznom K.3. 3a Tpancdopmaropom T1 npu
MUHHUMAJIbHOM PEKUME;
Icp. — TOK cpabaThIBaHUS pejie.

ip v = 0,87 X Lz v x Kex XM/ npaOM = 0,87 x 388 x V3 /20 =29.23 A,

rae hamn’™ = lgwn'™ — MurnMansHeii Tox K.3., NpUBEACHHBIT K

OCHOBHOUL CMOPOHE.
icp. = lez x Kex®M 1, % =1191,65 x V3 /20 = 16,60 A.
Ky = Ipmm / lcp. = 29,23 /16,60 = 1,76.

B cootBercTBuu ¢ IIYD Tpebyercs obecnednTs HAMMEHBIIHN KO3(PPUIUEHT
YyBCTBUTEIBHOCTU HE MeHee 2. JlomycKaeTcsl CHUKEHUE TpeOyeMoil YyBCTBUTEb-
HOCTH 10 1,5 ecim 3TO CBS3aHO CO 3HAYUTENBHBIM YCIOXHEHUEM 3aIUTHl U
MOIIIHOCTH TpaHcpopmaropa menee 80 MBA.

Co0TBETCTBEHHO Tpedyemasi 4yBCTBUTEIBHOCTh 00ECIIEUNBAETCS.

Omnpenenenue yrcia BUTKOB 0OMoTOK penie PHT-565.
Tok cpabateiBaHus pere

icp = log x Kex M np 0" = 191,65 x V3 /20 = 16,60 A.

PacueTHoe KOIWYECTBO BHUTKOB OOMOTKH, NOJKJIIOYEHHOM K OCHOBHOM
CTOPOHE 3AIUTHI
WOCH.PAC‘{. = Fc_p_ / ic_p_ =100/ 16,6 = 6,02 BUTKOB,

rae Fcp. =100 £ 5 AMIIepxBUTKOB — HAMarHW4YMBAIoOIas cuiia cpabaTbIBaHUS
perne.
[TonydeHHOE 3HAUEHHE OKPYTIIIEM 10 OJIMKaANIIEero MEHBIIIEro Yrca.
[IpuHSATOE KONMMYECTBO BHUTKOB OOMOTKH, IIOJKIFOYCHHONH K OCHOBHOM
CTOPOHE 3aIUThI
Wocn = 6 BUTKOB.

PacueTHoe KOIMYECTBO BHUTKOB OOMOTKHM, ITOJKJIIOYECHHONH K HEOCHOBHOM
CTOPOHE 3aIUTHI

Wheocrpaca, = Woen, X 19 o /1770 hom = 6 x 4,59 / 3,61 = 7,63 ButKOB,
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-OCH _ B . . .
rae I pom = I'nom = 4,99 A — HOMUHANBHBIA BTOPUYHBINA TOK OCHOBHOU

CMOpPOHbL,

-HEOCH _ H N . .
I Hom = | 'nom = 3,61 A — HOMUHQJIBHBI BTOPUYHBIN TOK HEOCHOBHOU

CNOPOHDL.

OxpyrisieM NOJIy4eHHOE YHMCIIO U IOIY4YaeM IPHUHITOE KOJIMYECTBO BHUTKOB
OOMOTKH, MOAKJIIOUEHHON K HEOCHOBHOM CTOPOHE 3aIUThHI

Whrocu = 8 BUTKOB.

Yrounssem Tok HeOamanca. CocraBisrionias TOKa HeOajaHca, BbI3BaHHAs
PA3HOCTBIO PACUETHBIX U MPUHITHIX BUTKOB OOMOTOK peJie

m  _ OCH —
I Hb — (WHEOCH.PACIJ. - WHEOCH,) x | K3.MAX / WHEOCH.PAC‘I. -

=(7,63-8) x 567 /7,6 =-27,60 A.
Ecimm IIOJIy4acTCsa OTPHUHATCIIBHOC YHUCJIO, TO 6GpCTCH MOAYJIb YHCJIa

I
| HE — 27,60 A.
ITonHbIi TOK HEOAIaHCa

lug = Vg + 1" + 1745 = 56,70 + 90,72 + 27,60 = 175,02 A.
VYTouHsieM TOK cpabaThIBaHUS 3aIUTHI
lez = Ky x Iy = 1,3 x 175,02 = 227,53 A.

CpaBHHMBaeM YTOYHEHHBIH TOK CpaOaThIBaHUS 3AIIUTHI C €0 MPEIbIIYIIUM
3HAYECHUEM

227,53 > 191,65.

Tok cpabaTbiBaHUs ygenuuuacsi MOCIAE YTOUYHEHHUS, MO3TOMY HEO0OXOAMMO
nepecunTaTh, HauMHas ¢ nynkma (onpedenenue uucia sumkos oomomok pene PHT-
565). Ecniu Tok cpaOaThIBaHUS He yGeauyuics, TO MEPEeXOJuM K OKOHYATEIbHOM
NPOBEPKE  YYBCTBUTCIBHOCTH B  nywkme  (npeoséapumenvhas — nposepka
YY6CMEUMENbHOCML).

[TepecunThiBaeM TOK cpabaThIBaHUS pelie C HOBBIM 3HAYCHHEM |3

icp = log x KexOM  np OM = 227,53 x V3 /20=17,71 A.

PacueTHoe KOIWYECTBO BHUTKOB OOMOTKH, NOAKIIOYECHHOM K OCHOBHOM
CTOPOHE 3aIUTHI
WOCH.PAC‘IA = FC.PA / iC‘p‘ =100/ 17,71 = 5,65 BUTKOB.
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[IpuHATOE KOJIMYECTBO BHUTKOB OOMOTKH, IOAKIIOYECHHOW K OCHOBHOMU
CTOPOHE 3aIUTHI
Wocn = 5 BUTKOB.

PacueTHOE KOJIMYECTBO BHUTKOB O6MOTKI/I, HO,HKHIOquHOfI K HEOCHOBHOH
CTOPOHC 3alllUThI

WHEOCH.PAC‘-I. = WOCH. X iOCHHOM / iHEOCHHOM =5 x 4,59 / 3,61 = 6,36 BHUTKOB.

HpI/IHHTOG KOJIM4YCCTBO BHUTKOB O6MOTKH, HO,I[KJII-O‘IE?HHOﬁ K HEOCHOBHOM
CTOPOHC 3allIUThI

Wheocu = 6 BUTKOB.

Yrounsem Tok HeOamaHca. CocTaBisromias TOKa HeOallaHca, BBI3BaHHAS

PA3HOCTBIO PACUETHBIX U MPUHSITHIX BUTKOB OOMOTOK pelie

I/ OCH —
I Hb — (WHEOCH.PACLI. - WHEOCH.) x| K3.MAX / WHEOCH.PACq. -

= (6,36 — 6) x 567 / 6,36 = 32,09 A.
ITonHbIN TOK HEOaTaHCca
lus = Vs + 15 + 1”45 = 56,70 + 90,72 + 32,09 = 179,51 A.
VYTouHsieM TOK cpabaThIBaHUS 3aIUTHI
les = Ky x lyg = 1,3 x 179,51 = 233,36 A.

CpaBHHMBaeM YTOYHEHHBIH TOK CpaOaThbIBaHUS 3AILUTHI C €0 MPEAbIIYIIUM
3HAYECHUEM

233,36 > 227,53.

Tox cpabateiBaHUs yeeauuuncs TOCIAE YTOYHEHHUS, TOITOMY HEO0OXOIUMO
nepecunTaTh, HauuHas ¢ nynkma (onpedenenue uucia sumkos oomomok peie PHT-
565). Eciau Tok cpabaThIBaHHs He Y8eIuyuics, TO MEPEXOAMM K OKOHYATEIBHOM
NpOBEPKE  YYBCTBUTEIBHOCTH B  nywkme  (npeosapumenvhas  nposepka
YY6CMEUmMeIbHOCMiL).

ITepecunThiBacM TOK cpabaThIBaHUS pejie HOBBIM 3HAUCHUEM |3

icp = log x KexOM  np OM = 233,36 x V3 /20 =20,21 A.

PacueTHoe KOIWYECTBO BHUTKOB OOMOTKH, HOJKJIIOYEHHOM K OCHOBHOM
CTOPOHE 3aIUTHI

30



WOCH.PACLL = FC.P. / iC.p. =100/ 20,21 = 4,95 BUTKOB.

[IpuHATOC KOJIMYECTBO BHUTKOB OOMOTKH, IOJKIIOYCHHOW K OCHOBHOM
CTOPOHE 3aIUTHI
Woch = 4 BUTKa.

PacyeTHOE KOMMYECTBO BUTKOB OOMOTKH, MOJKIIIOUEHHOW K HEOCHOBHOM
CTOPOHE 3aIUThI

WHEOCH.PAC‘-I. = WOCH. X iOCHHOM / iHEOCHHOM =4 x 4,59 / 3,61 = 5,09 BHUTKOB.

[IpuHATOC KONMMYECTBO BHTKOB OOMOTKH, ITOJKIIOUCHHOH K HEOCHOBHOM
CTOPOHE 3aIUThI
WhEocH = 5 BUTKOB.

VYrtounsem Tok HebOamanca. CocTaBisomias Toka HeOallaHca, BBI3BaHHAs
PA3HOCTBIO PACUETHBIX U MPUHATHIX BUTKOB OOMOTOK pejie

I/ OCH —
I Hb — (WHEOCH.PACLI. - WHEOCH.) x| K3.MAX / WHEOCH.PACq. -

= (5,09 -5) x 567 /5,09 =10,03 A.
[Tonusblil TOK HEOaIaHCa

lug = Vg + 1" + 145 = 56,70 + 90,72 + 10,03 = 157,45 A.
YTouHsIEM TOK cpa6aTLIBaHI/I$1 3alIUTHI
lez = Ky x lyg = 1,3 x 157,45 = 204,69 A.

CpaBHHMBaeM yTOUHEHHBI TOK Cpa0aThIBaHUS 3aUIUTHI C €r0 NPEIbIAYIIIM
3HAYECHUEM

204,69 < 233,36.

Tox cpabarpiBaHUS HE YBEIUYHUJICS, MIOITOMY IEPEXOJAUM K OKOHUYATEIIBHOM
MIPOBEPKE YYBCTBUTEIHLHOCTH. [IpoBepka 4yBCTBUTEIHLHOCTH 3aAIUTHI.
KoaddurmenT ayBcTBUTETEHOCTH

Ky =ipmin/ icp.

ip vy = 0,87 X Lz x Kex XM/ npa O = 0,87 x 388 x V3 /20 =29,23 A.
iC.P. = FC.P. / WOCH =100 / 4 =25 A.
Ky=29,23/25=1,17.

YyBCTBUTEIBHOCTh HEYIOBJIICTBOPUTEIbHAS.

Pacuer xonmuecTtBa BUTKOB Au(depeHITUATBHON U YPABHUTEIHHOW 0OMOTOK
pene PHT-565

31



Yucno BuTKOB nuddepeHnuaibHoi 00OMOTKH
WI[I/I(D = WOCH = 4 BHUTKA.
Yuciio BUTKOB YpaBHUTEIBHOM 0OMOTKHI
Wyp = WHEOCH — WOCH =5—-4 =1 BUTOK.
3.5 Texnuka 6€30MaCHOCTH
Bxitouenue cTeHa mpou3BOUTh TOJIBKO B MPUCYTCTBUU MIPENOAABATEIIS.
3.6 KoHTposabHbie BONPOCHI

3.5.1 OOBsACHUTD NPUHIUT PAOOTHI MPOI0IBHON TUdPepeHInanTbHON
TOKOBOM 3aI[UTHI.

3.5.2 Ilepeuucnaure OCHOBHBIE  COCTaBISIOIIME TOKOB HeOanaHca
muddepeHnnanbHON  3allUThl  CWJIOBBIX — TpaHC)OpMaTOpoB W YeM  OHH
00YCJIOBJICHBI.

3.5.3 OOBSICHUTH MPUHIUTT PAOOTHI, KOHCTPYKITUIO M CXEMY BKIIFOUCHUS pelie
PHT-565 npu 3amnuTe AByX-TpeXOOMOTOUHBIX TPaHCHOPMATOPOB.

3.54 Ilo kakuM JBYM YCJIOBUSAM BBIOMpAETCS TOK cpadaThIBaHUS
nuddepeHnnanbHON 3aIuThl TpaHchopmaTopa?

3.5.5 Haueptute cxemy auddepenumanbaoin 3amutbl Tpancpopmaropa ['TII
CO CXeMOW coeluHEeHHs OOMOTOK Y/A M O0OBSICHUTE TOKOpacHpelIeieHUue u
BEKTOpPHBIE JUarpaMMbl TOKOB B IIemsiX TpaHchopmaropa U auddepeHImanbHOn
3aIlUTHI.

3.5.6 Ha kakme MOIIHOCTH CHJIOBBIX TpaHC(HOPMATOPOB yCTaHABIMBACTCS
npoAonpHas AuddepeHnranbHas 3alliTa U Ha Kakue BHJbI MOBPEXKICHUN OHA
pearupyer?

3.5.7 Kak perymupyeTtcs Tok cpabateiBanus pene PHT-565?

3.5.8 Kak ompeznensieTcsi 4yBCTBUTENBHOCTh IU(PPEpeHIINaIbHON TOKOBOM
3aIUTEI?

3.5.9 Tlouemy rpymmnsl TpanchopMaTOpoB Toka AU(PhepeHIMATBHON 3aIUThI
TpaHchopmaropa, ycranaBiuBaembie co ctoporsl BH u HH, nmeror pasabie cxembl
COCIMHECHUS BTOPUYHBIX OOMOTOK? B Kakux cly4asx CXeMbl COCIUHEHUS
BTOPHYHBIX OOMOTOK JIBYX TPYIII JIOJDKHBI OBITH OJTMHAKOBBIMU?

3.5.10 B kakyio uenp cieayeT BKIOYaThb YPABHUTEIbHYIO OOMOTKY
pene PHT-565?

3.5.11 byner nu nefictBoBath npoAoibHas mudQepeHiranbaas 3anmTa npu
yTeUKe Maclia, Meperpy3Kax, BUTKOBBIX 3aMBIKAHHSIX CHUJIOBOTO TpaHchopmaropa?
OTtBeT 000CHOBATH.

3512 B 4Wem  mnpeuMymiecTBO M HEOOCTATKA  MPOAOJIBHOMN
nuddepeHnantbHON 3aIUThl TpaHCPOpMaTOpOB?
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4 JlabopatopHasi padora Ned. IlpoBepka TpaHcdopMaTopoB TOKa M
uccjeJ0OBaHNe UX CXeM COoeIUMHeHHIt

Heanb padoThl: 03HAKOMJIEHHE CO CIIOCOOAMH MPOBEPKU TpaHCHOpPMATOPOB
TOKa, MUTAIOIIMX YCTPOMCTBA pEJICWHON 3alllUThl M aBTOMATHKH, CO CXEMaMH
COCJIMHEHUS BTOPUYHBIX OOMOTOK TpaHC(HOPMATOPOB TOKA, HCIOJIb3YEMbIX B
YCTPOMCTBAX peNelHON 3aluThl W aBTOMATUKHM, a TakXKe OIMpe/ecHue
YYBCTBUTEJIIBHOCTH ATUX CXEM K pa3nyHbIM Bujam K3.

4.1 3aganue

4.1.1 O3HaKOMHUTHCS C anIapaTypoi, yCTaHOBJIEHHOM HA CTEH/IE.

4.1.2  IlpousBecTu  TPOBEPKY  MOJSPHOCTH  BBIBOJOB  OOMOTOK
TpaHchopmatopoB (cM.pucyHok 4.2). CoOparh cxemy, BKIIOYUTH aBTOMAT SA,
noaarh nutanue SAS, no npubopy G omnpenenuTs NOJISIPHOCTh BHIBOJIOB OOMOTOK
TpaHchopmaropa.

4.1.3 CHATh BOJBT-aMIEPHYIO XapaKTEPUCTHUKY. Bkimounth aBTOMaT SA,
BbIBecTU AT B neBoe moiiokeHue, BKIounTh SA3. [lnaBHo perynupys A7, CHSTh
nokaszanus Toka l,,, (amnepmerp A) u Hanpsokenus: U, (BonbTmeTp V). Pe3ynbrathl
usMmepenuii (10-12 touek) 3anectu B Tabnuiry 4.1.

Tabmnuma 4.1

U, B

I HaMs A

[To nanubIM TabauUIBI TOCTpOUTh KpHuBbie U,=f(1,,,,).

4.1.4 CnenaTth BBIBOJ O HCIIPAaBHOCTH W OJHOTHUITHOCTH TpaHC(HOPMATOPOB
TOKaA.

4.1.5 CoOpath moouepeHO BCE CXEMBbI, MpeACTaBlIeHHbIC Ha pUCyHKe 4.1.
Bxurounts aBTomMat SA, BKI0UnTh SA2, TymMOnepamu SB2-SB5 BeiOpats Bun K3. C
HeNnplo  ompezeneHuss K. mpu pa3nmmuHblx BHgax K3 Bce pene  3aMEHEHBI
aMIIepMETPAMH.

4.1.6 [na Kaxaoi CXembl, UMHUTHPYS C TMOMOIIbI0 TymOnepoB SB2-
SB5 pazmmunsie Buapl K3, 3anmucarh mokasanus Bcex MpruOOpoB B TabauIry 4.2.

4.1.7 Tlo naHHBIM OMBITOB JIJII BCEX CXE€M U Kaxkaoro Bujaa K3 mocTpouts B
MaciTabe BEKTOPHBIC JUarpaMMbl BTOPHYHBIX TOKOB; BBIICTUTH Ha JHarpammax
BEKTOPBI TOKOB, ITPOXOISIINUX IO 0OMOTKaM perie.

4.1.8 Jliast Bcex cxeM OMpeaeianTh 3HaueHune kodhduimeHTa cxembl K.,
COOTBETCTBYIOLLEr0 KaxxaoMy Buay K3.

4.1.9 Cnenath BBIBOJ O I€JIECOO0PAa3HOCTH MCTOIB30BAHMS PACCMOTPEHHBIX
CXEM B KOMIUIEKTaX 3aluT OT Mexayda3sHeix K3 1 oT 3amMbIkaHuil Ha 3eMITIO.
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Tabmauna 4.2

Ha3BaHue cxembl
ITokxazaHus aMmnepMerTposB, A, B LIETISIX
BTOPUYHBIX
Bug K3 L 5 e T
ls; ja_jb Ib; jb_ic I, jc_ia In
Tpexdaznoe
JIByxdaznoe

4.2 MeToauyeckne yKazaHusl

4.2.1 IIpoBepka MOJISIPHOCTH BBIBOJOB 0OMOTOK TpaHC(HOPMATOPOB.

[IpoBepka OIHOMOJISIPHBIX BBIBOAOB TNEPBUYHOM W BTOPUYHOH OOMOTOK
TpaHchopMaTopa TOKa MPOU3BOIUTCSA IO CXEMe, IPE/ICTaBIeHHOM Ha pucyHke 4.2. B
CXEME HCIIBITAHUN MCTIONB3YIOTCA: UCTOYHHUK MTOCTOSSHHOTO TOKA — aKKyMYJISITOpP WJTU
cyxas OaTapes Ha HampsbDKEHHE OKOJio 6 B; MarHUTORJIEKTPUYECKUN TOJIIPU30BaH-
HBIH prbop G;, HampaBIeHUE OTKJIOHEHUS MOJBUKHON CUCTEMBbI KOTOPOTO 3aBUCHUT
OT HAampaBlIE€HUS TOKA B €ro OOMOTKE, TOKOOIpaHMuYMBAIOMMK pe3ucrop R,
COIIPOTUBJICHUE KOTOPOTO OINPEAEIAETCS HANPSHKEHUEM HCTOYHUKA U €r0 pa3psiiHbIM
TOKOM, U pyOWIbHMK SAS. 3Has, YTO TMOJIOKUTEIHHOMY HAMpaBICHUIO TOKAa B
NEepBUYHOM 1ienu (0T 3akuMa JI; K 3aKuMy JI;) COOTBETCTBYET HAIIPABJICHUE TOKA BO
BTOPUYHOW OOMOTKE OT KOHIa (3aXuM ;) K Havaimy (3auM /), MOXHO IO
HalpaBJICHUIO OTKJIOHEHMsI CTpenku mnpudopa (G; onpeaenuTbs OJHOIOJISPHBIC
BBIBOZIbI 0OOMOTOK TpaHcdopmaropa. HampasieHnue oTKIoOHeHUs cTpenku mpudopa G,
dukcupyercss B MOMEHT 3aMblKaHWs pyoOwspbHHKAa SAS5, Korga BCIEICTBHUE
NEPEXOTHOTO TpOoIlecca BO BTOPUYHOM LeNH TpaHchopmaropa TOKa MO TMPaBUITY
Jlenua mHaykTHpyeTcs TOK. Hampumep, eciam B MOMEHT 3aMbIKaHUsS pyOUIIbHUKA
SA5 ctpenka mpubopa G; mpu ykazaHHOW MOJSPHOCTH HMCTOYHHKA W TMpHOOpa
OTKJIOHUTCA BIOPaBO (MOMEHT MOJIOKHUTENIbHBIN), HampaBJeHHE TOKa B OOMOTKE
npubopa G; Oyner cieBa HampaBo, a BO BTOPUYHON OOMOTKE TpaHchopmaropa,
HAao00pOT, crpaBa HayueBo. TakuMm o0pa3oMm, MpaBblid 3akuM Tpudbopa G; yKaxkeT
KOHEIl BTOPUYHON 0OMOTKM M, a neBwlii — ee Hauano ;. Ilpu pasmbikaHuu
pyounsHuka SAS ctpenka mpubopa G; mpu TexX e YCIOBHUSX OTKIOHHUTCS BIIEBO,
TaK KaK HalpaBJeHHE WHAYKTUPOBAHHOI'O TOKA U3MEHUTCSI Ha IPOTUBOMOIOKHOE.

4.2.2 BonbT-amnepHasi XapakTepuCTHKa TpaHcopmatopa.

Bonpr-amnepHass  xapakTepucThKa — (XapakTepUCTHKAa  HaMarHUYWBAHUS)
TpaHchopMaTopa TOKa MPEJCTABISIET COO0M 3aBUCUMOCTh HAINPSHKEHUS Ha 3aKHMax
BTOpUYHOI 00MOTKM U, 0T TOKa HamarHnuvBanus |, IpU pa30MKHYTON BTOPUYHOMN
nermu (Z,~w). Boapr-amnepusie xapaktepuctukun U, =f (I,,,) (cM. pucyHok 4.3 a)
MO3BOJISOT:

- CyIUTh 00 UCIPABHOCTU TPAHCPOPMATOPOB TOKA (B HACTHOCTH, MOXKET OBITh
BBISIBJICHO BUTKOBOE 3aMbIKaHHE, MPU HAJIWYMK KOTOPOrO KpHUBas pacrojaraercs
HIDKE THUITOBOM M UMEET HeMpaBUIbHYIO (hopmy — Tpanchopmarop T44);
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- cyauTh 0 pabote TpaHchOpMaTOPOB TOKA TP COBMECTHOM HCIOJIb30BAHUHU
uX B cxeMax IudQepeHIMaIbHbIX 3allUT, TaK KaK MPH TOYTH COBMAIAIOIINX
XapaKTepUCTUKaX (OMHOTUIHBIX TpaHc(hopMmaTopax Toka — TpanchopmaTopbl TAI u
TA2) Toku HebGanaHca OyayT MaJibl 1 HA00O0pOT;

- ONpENeNuTh C JOCTATOYHOH JIi TMPAKTHKH TOYHOCTHIO MMOTPEUTHOCTH
TpaHCHOPMATOPOB TOKA.

GI

Pucynok 4.2 — IIpoBepka 0AHOMOJISAPHBIX BEIBOAOB

TA1
Uz TA2 SA3
TA3 - e
ny AT1
TA4(TA)  ©o—
o —
Inam 5)

a — xapakrepuctrka U, = f(l,,,); 0 — cxema ucnpITanus.

Pucynok 4.3 — CHsiTHE BOJIBT-aMIIEPHBIX XapaKTEPUCTUK TpaHCHOPMATOPOB
TOKa

CHsATHE XapaKTEPUCTUKH MPOU3BOIUTCS IO CXEME C aBTOTpaHC(HOPMATOpOM,
00eCIIeYNBAOIINM HaMMEHBIIICe HCKAKCHUE CHHYCOMIIBI HAIPSDKEHUS (CM. PUCYHOK
4.3, 6). B cxeme peKOMEHIyeTCs MPUMEHSTH: I W3MEPECHUS HANpSKCHUS —
BOJIETMETP, PEarupyIONIidA Ha CpeHee 3HAUCHUE HANPSHKCHUS; TSI U3MEPEHUS TOKa
— aMIIepMeTp, pearupyronuii Ha aMIUTMTYJTHOE 3HadYeHWe Toka. Jjis mocTpoeHus
BOJIbT-aMIICPHBIX XapaKTEPHCTHK CIICAYST HCIIOJIb30BaTh JCHCTBYIOIINEC 3HAUCHHUS
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CUHYCOMJAIbHBIX TOKOB M HANpPSKEHUI, COOTBETCTBYIOLIME ITOKA3aHUSAM 3TUX
puOOpOB.

4.2.3 CxeMbl COeTMHEHHUS BTOPUUHBIX 0OMOTOK TpaHC(POPMaTOpPOB TOKA.

[Ipy BBITIOTHEHUHU 3AIUTHI AJEMEHTOB AJEKTPUUYECKUX CHUCTEM MOTYT OBIThH
UCIIONb30BAaHbl  Pa3IMYHBIE  CXEMbl  COCIWHEHUS  BTOPHUYHBIX  OOMOTOK
TpaHCcHOPMATOPOB TOKA U TOKOBBIX OOMOTOK peJie, HalpuMep: MOJTHON U HEMOJIHOM
3Be3/bl; BKIIIOUEHUE peJieé Ha Pa3HOCTh TOKOB ABYX (¢a3; coeauHEHHE OOMOTOK
TpaHc(OPMATOPOB TOKA B TPEYTOJIHHUK M OOMOTOK pejie B 3BE3/Ay; BKIIOUYCHHE
OOMOTKM pelie Ha CyMMy TOKOB Tpex (a3 (Ha GuiIbTp TOKOB HYJIEBOU
NocJIeI0BaTebHOCTH). BO3MOXHBI Takke KOMOMHUPOBAHHBIE CXEMbl WM
BKJIIOUCHHE pelie Ha (PUIIBTP TOKOB NPSIMOM M OOpaTHOM MOCJIEA0BATEILHOCTEN U
np. Bbibop cxembl ompenensercs ee Ha3HaueHHMeM (0T Kakux BujgoB K3
OpeAyCMOTpPEHa 3allluTa), TPeOOBAHMEM YYBCTBUTEIBHOCTH, HEOOXOJUMOCTHIO
SKOHOMUTH KOJMYECTBO peie U TpaHchopmaTopoB Toka. Ilpu ompeneneHuu
napaMeTpoB 3alluThl (HampuMep, ToKa CpabaThbIBaHUS M UYYBCTBUTEIHLHOCTH)
HEOOXOAMMO YUUTHIBATH KOIPPHUIIMEHT CXEMBI

_ P
kcx - I_’
2
rac Ip — TOK, HpOXOI[HHlHﬁ 110 06MOTKC pciIcC B paCcCMATPUBACMOM
PCKUMC (HpI/I HOPpMAJIBHOM PCKHUMC U IIPHU TOM HJIM HHOM BHIC KS),

|, — BrOpuuHBIi TOK TpaHC(opMaTopa ToKa B TOM xke pexume, I = 1//K .

|, — mepBUYHBIH TOK;

K | won — HOMUHAIBHBIA KOA(PQPUIMEHT TpaHcHopMalMu TpaHCPOpPMATOPOB
TOKa.
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E'IL'Z’ E"li-"’f'z’ Hz E'1 szs 'lff’! 2 qo

a — cXeMa ITOJIHOM 3Be3JIbl; O — cXeMa HENOJIHOHM 3Be3/bl; B — COCAMHCHUE
00OMOTOK TpaHC(hHOPMATOPOB TOKA B TPEYTOJIBHUK; T — BKIIFOUCHHE pejie Ha Pa3HOCTh
TOKOB JIBYX (pa3; 1 — BKIIFOUCHHUE pPeJie Ha CYMMY TOKOB TpeX (as.

Pucynok 4.1 — CxeMbl UCTIBITAHUS 1J1s1 TPOBEPKU YYBCTBUTEIBHOCTH 3alITUTHI

4.3 KoHTpoJIbHBbIE BONPOCHI

4.3.1 Kakue TpeOOBaHMs NPEIbABIAIOTCS K TpaHC(POPMATOpaM TOKA B
YCTPOMCTBAX peIeHHON 3alUThI?

4.3.2 Kak onpenenuTs 0THOMOJISIPHBIE BBIBOJIBI 0OMOTOK TpaHchopmaTopa?

4.3.3 C KaKoil 1IeJIbI0 CHUMAIOTCS BOJIbT-aMIIEPHBIE XapaKTEPUCTUKHU
TpaHchOopMaTopoB TOKa?

4.3.4 K yeMy MOXET ITPUBECTH BKJIIFOYEHUE B CXEMBI 3aIUTHI
TpaHchopmaTopa TOKa ¢ HEMPABUIbHO 0003HaYE€HHOU MOJSPHOCTHIO BBIBOJIOB
0OMOTOK?

4.3.5 KakoBO Ha3HAUYCHUE HEUTPAIBLHOIO MPOBOJA B CXEME MTOJTHOM 3BE3/1bI7

4.3.6 Uto Takoe KOd(PUIIMEHT CXEMBI U IOYEMY €0 HY>KHO YYUTHIBATh IPH
OTpEeEIeHUH TOKa cpabaThiBaHUs pesie?

4.3.7 Kakue cxeMbl cCOeJuHEHUsI 0OMOTOK TpaHC(HOPMATOPOB TOKA
UCIOJIB3YIOTCS B 3alIUTaX 0T MHOro(a3Hbix K3?

5 JlabopaTopHasi padora Ne5. McnbITaHue 3JIEKTPOMATHUTHBIX peJie.

Hean padoTsl: nmpuoOpeTeHUE HABBIKOB PabOTHI C YCTPOHMCTBOM 3JEKTPO-
MarHUTHBIX pelie, CHoco0aMu peryJIupoBaHuUs MapaMeTpPOB cpadaThIBaHUS;
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OIIpCACIICHNEC OCHOBHBIX TEXHUYCCKUX XaPaKTCPUCTHUK PECIIC.

5.1 Onucanue crenga Ne 1

Crenp npeaHa3sHayeH I MPOBEPKH, PETYIUPOBKU U HACTPOMKH BTOPUYHBIX
pene pa3iaudHbIX TUIMOB (cM. pucyHOK 5.1). Pene Toka tuma PT40, PT80, pene
HanpspkeHust PHS3, pene BpeMeHu u mpomMekyTouHble pene; auddepeHnnanbHble
pene PHTS565 u JI3T11 BeiBeAaeHBI Ha CTEHJ KaTylIKaMH M OJIOK-KOHTAKTaMH.
broku a1 ucneITaTeNbHbIX paboT: peryJIupoBOYHBIM, OJIOK Harpy3Ku M MPUCTaBKa
COCTUHSIOTCS MEXAy c0o00i TMOKMMH MHOTOXXHWJIBHBIMH KaOENsIMU — KTyTaMH C
pazbemMamu  (cM.pucyHOK 5.3; ycraHoBka Y5053). PerynupoBoYHBIN OJIOK MOXKET
ObITh HCIHOJIb30BAaH MpPHU IPOBEPKE YCTPOWCTB, TPEOYIOIIHUX pPEryJIUPOBAHUS
nepeMeHHoro HampsbkeHus 1o 380B, nepemennoro toka 10 10A, BBEIIPAMIIEHHOTO
HanpspkeHuss 10 240B, BempsamuieHHOro Toka 1o 4,5A. Bo Bcex caydasx
o0ecrnieunBaeTcs MIaBHO-CTYNIEHYaTOE M3MEHEHUE 33aJJaHHOW BenuuuHbl. lluTtanue
Ha cTeH]1 ~220B nmoaaeTcs BKIIOUEHHEM aBTOMATA.

TR PHT FT40
¥T1 o WA ., o KAll,
ET11 o Wy o o KA12

PTED PIIZ61 PIIZ5E
Eaz ELZ ELZ

- ~KAZ] - - ~EL21 - - CEL2] -

TH PEM27S 3T
KWl o W o o s o
KV o Wi, 4 Wy o
B S
o— Ny O 2
a3l
Pucynok 5.1

5.20nucanue ycranoBku Y5053

VYceranoBka Y5053 mpenHazHaueHa U1 HAJIAAKA U MPOBEPKU MPOCTBHIX H
CJIOXHBIX PEJICUHBIX 3aIIUT U 3JIEMEHTOB aBTOMATHKHU.
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VYcTaHOBKa COCTOMT M3 Tpex OJOKOB: a) OJOK peryaupoBOYHBIN; 0) OJIOK
HArpy304HbIif; B) OJOK-IPUCTaBKa, AJIEKTPUUYECKH CBS3aHHBIX MEXAY cO00# mpu
HoMOIIM Kabeseil ¢ pa3beMHBIMU COSIUHEHHSIMU.

5.3 Texuu4eckue JaHHbIE

VYcranoBka 00E€CIIEUUBAET:
a) TIOJTY9ICHHE PETYIUPYEMOTO oJTHO(ha3HOTO MIePEMEHHOTO u
BBITIPSIMJICHHOTO ITOCTOSTHHOTO TOKA M HAIIPSIKEHUS;

0) U3MEepeHHEe BPEMEHHbBIX XapaKTePUCTUK MPOBEPSIEMBIX YCTPOICTB;

B) NIOJIyY€HHE CUMMETPUYHOTO TpeX(}Ha3HOTo HANPSKEHUSI C PEryJIUpPOBaHUEM
€ro BeJTMYMHBI MKy IByMs (hazamu;

I) peryaupoBaHME UM U3MEpeHue yria casura (a3 Mexay TOKOM U
HaIPSKEHUEM;

1) TPOBEPKY YCTPOMCTB 3AIMTHl B PEKUME HMHUTAIMU DPA3IUYHBIX BHUIOB

KOPOTKHUX 3aMBIKaHUM.

5.4 Pabouee 3aganue

5.4.1 O3HaKOMHUTHCS C YCTPOMCTBOM U AJIEKTPUUECKOM CXEMOM UCIIBITYEMOTO
pene PT40 (cm. pucyHok 5.2).

5.4.2 TlpoBepuTh 3anUTy 10 nepeMeHHoMYy TOKy (10 50 umm 200 A):

a) MpU JAHHOM MPOBEPKE HCIIOIH30BATh OJIOKH PETyJIUPOBAHUS U HATPY3KHU
(cMm. pucynok 5.3);

0) MoOAKIIOUUTh HArpy3ky K 3axkumam  «I<50 A» wmm  «I1>50 A», B
3aBUCUMOCTH OT TpeOyeMoro 3HadeHHs TOka (B TEpBOM cliydae BBIOOD
nuTaeMbIX a3 3aluThl MPOU3BOIUTE MepektouaTesieM «SA18»);

B) YCTaHOBUTH MEPEKIIOYATENId B TMONOXKEHUS: «SAT» — «~I»; «SA6» —
«~l»; «SA20» - «IIPSIMO»; «SA21» - «0»; «SA16», «SA17», «SA19» - B
COOTBETCTBHHM C Tabimiein 6.1; mremncens «SA15» - B COOTBETCTBHH C
BBIOPAHHBIM 3HAYEHUEM TOKA;

r) BKIouuTh  «SA10», mnepexmtounth TymOnep «SA8» B MOJIOXKEHUE
«CPABATY;

1) OTpPEerylnupoBaTh TpeOyeMoe 3HAue€HHWE TOKa B Harpy3ke IMepek-
JroyaTeseM «SA9» u peryastopom «TV1». Ilpm HeoOxomumocTH, s
ucrpasieHuss (popmMbl KpuBOM TOoka mepexmodareneM «SA21» BBecTH B IIEThH
nepBuyHoii oOMoTkn 7V3 pesuctopel R24 — R33.

[Ipn HEOOXOAMMOCTH aBTOMATHYECCKOTO MPEKPAIICHUS TMPOTCKAaHUS TOKa B
Harpy3ke Tiocjie  cpabaThIBaHMS MPOBEPSEMOM 3aIIUTHI, 3aMBIKAIOIIUNA KOHTAKT
MOCJIEAHET0 HEOOXOUMO MOAKIIOUNTE K 3axkumam «-» (X74) u «IIOJAXBAT»
«KV1» (XT6) 06noxka ®P5000. B aTom ciydae n0/mKHA OBITH YCTAHOBJICHA TAKKE
nepembriuka  «QS1». Bo3BpaT ycTaHOBKM B HCXOJIHOE TOJIOKCHHE MPOU3BOINUTH

39



yCTaHOBKOM TymbOnepa  «SA8» U mepexirovaremns «SAl14» B mojoxeHUe
«BO3BPATY;

€) Mocje OKOHYAaHHUs TPEOYEeMBIX PETyIMPOBOK; BBIBECTH PeryisaTop «7V1y»
B HayuajgbHOE IMOJIOKEeHHUE; TepeBecT  «SA9» B monoxkenue «115Vy»; BepHyTh
«SA8» B monoxkenne «BO3BPATY; orkimounts «SA10».

I6 15 14 13 12 11 10

a 6
11 10 22 23
!
19 20
8 2
a — KOHCTPYKIIUS petie; 6 — M30JISIMOHHAS KOJIOAKA C HeMOABM)KHBIMU
KOHTaKTaMu; B — PETyJIMPOBOYHBIN y3€J; T — KOHTAaKTHBIN y3en; 1 — cep-

JICYHUK; 2 KapKac ¢ 0OMOTKOM; 3 — afOoMHUHHEBas CTOMKa; 4 nemmndep;
5 — BEpXHsIA NMOIYyOCh; 6 — IMOJABMYKHON KOHTAKT; 7 — HM30JALMOHHAsA KOJIOA-
Ka; 8 — IIKajla yCTaBOK; 9 — ykazarenb ycTaBku; 10 — npyXKUHOJIEPKATEb;
11 — mecturpanHasi BTyJka; 12 — cnupaibHas NMpyXuHa; 13 — XBOCTOBUK;
14 — sixopb; 15 — ¢daconnas nnactunka; 16 — neBblil ynop; 17 — mpaBas
rapa HEINOJIBM)KHBIX KOHTAKTOB; 18 — jeBasi mapa HEeNmOJABUKHBIX KOHTAKTOB;
19 — daconnbiii BUHT; 20 — npyxuHsmas maiba; 21 — 3aaHuil THOKUH

ynop; 22 — nepeaHuil ynop; 23 — OpoH30Bas TUIAaCTUHKA ¢ cepeOpsiHOM Mo-
JIOCKOMU.

Pucynox 5.2- O6mmii Bux pene PT40 (PH50)
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Pucynok 5.3 — Cxema coequnenus ucnsityemoro peie PT40
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Tabmuma 5.1

| som Koneunoe [TonoxxeHue nepexnoyaTess
IIpoBepsemoil | 3HaueHHE
3alUTEI, A JINarna3oHOB
M3MCPCHHA MO | (SA19)y «SA16» «SA17»
TOKY, A
5 25 «SA» «25/10/,50 A» «25/10/,100 A»
50 «50 A,200 A»
100 «100 A, 200 A» «25/10/,100 A»
200 «50 A,200 A»
1 10 «1A» «25/10/,50 A» «25/10/, 100A»

5.4.3 CoOparb cxemy (cm.pucyHok 5.2, PT40) coenuHuB OOMOTKH peje
MOCJIETIOBATEIBHO.

5.4.4 Tlytem MmiaBHOTO yBEJIIMYEHHUS TOKa 3a()UKCUPOBATH TOK CpabaThIBAaHUS
pene | .,; yMeHbIIas TOK, 3a)MKCHpPOBaTh TOK Bo3BpaTa pene | ., Pesymbrarsl
UCITBITAaHUH 3aHECTH B TaOJHITy 5.2.

Tabmuma 5.2

lyer, A lep, A lep, A ki | Coenunenue
00MOTOK

5.4.5 IlpopenaTh TO *e€ caMmo€ MpHU MAPAIICIBHOM COEAUHEHUH OOMOTOK
peie.

5.4.6 Ilo gaHHBIM ONBITOB OMNpPEAEIUTh 3HAUYCHHE KO3(PQPUIMEHTa BO3BpATa
pee.

5477 [ns onHolt pabodeil yCTaBKM NYyTEM TPEXKPATHOTO HW3MEpPEHUs
ONpENENUTh 3HAUYEHHE MOTPEUIHOCTH TOKa CpaldaThIBaHUS peJie OTHOCUTEIBHO

. Ofa _ _ C-PCP- yem
3aJaHHON YCTAaBKH I10 BBIPAXCHUIO 7/C.p. /0 = I . PC3YJ'IBT3TBI 3aHECTHU B
yem
Tabauirys.3.
Tabymmna 5.3
IyCT: A Ic.p.la A Ic.p.Z, A Ic.p.3, A Ic.p.cp, A 'Yc,p,,%

JlomycTMoe 3HauY€HHE MaKCUMAaJbHOIO OTKJIOHEHMS MJIA pejie TOKa He
JIOJDKHO TIpeBbIaTh +5%.

5.4.8 Uzmeputh BpeMs cpabaThIBaHUs pelie ToKa npu 3HadeHusax 1,=12l,. u
l,=3lycr.

5.49 Jlath 3aKiOYEeHUE O MPUTOAHOCTH pelie K SKCIUTyaTalluu, CPAaBHUB
MOJIYYCHHBIC pEe3yJbTaThl C TEXHWYCCKUMHU JaHHBIMH pelie. YUYecTb, YTO
JOIYCTUMOE OTKJIOHGHHE Ko3(duimeHTa BO3BpaTa HE JOJDKHO TPEBOCXOHTH
+0,03.

42



5.4.10 O3HakOMHUTbCA C YCTPOMCTBOM M BJIEKTPUYECKON CXEeMOu
UCIIBITYEMOI0 pelie (CM. PUCYHOK 5.2).

5.4.11 IIpoBepuTh 3aIUTY O MEPEMEHHOMY HAIPSKEHUIO:

a) IpU JaHHOW TMPOBEPKE UCIOJIb30BaTh TOJBKO OJIOK pErylIupOBaHUs
(pucyHOK 6.3);

0) MOAKIIOUNTh OOMOTKY K 3akuMaM  «=U»,  KOHTaKThl MPOBEPSIEMOTO
pene -k 3akuMam «OTKIJISy, pozetky «XS1» k Buike «XP1y;

B) YCTaHOBUTH MEPEKIOUaTean B ToJoxkeHue: «SAT»—«~Uy», «SA6»- «=Uy,

«SA1L» - «O»; «SA2» - «HL3»; «SA4» «SAS5» - Ha BbIOpaHHBIN JUAIa3oH
HU3MEPEHUS;

r) BkIOUuTh «SA10», mepexmounth TymMOmep «SA8» B IIOJIOKEHUE
«CPABATY;

1) yCTaHOBHUTH nepekimouatenieM «SA9» u perymaropom «TV1» tpebyemoe
HaIpsHKCHUE;

€) IocJie OKOHYaHUsA TpeOyeMBbIX PEeryJMpOBOK; BBIBECTH peryssatop «7VIy
B HavaJlbHOE TOJOXKeHue; mepeBectd «SA9" B monoxenne  «115V»; BepHYTH
«SA8» B monoxkenne «BO3BPATY; orkimrounts «SA10».

5.4.12 Cobpatb cxemy (cMm.pucyHok 5.1 PH50).

5.4.13 Ilyrem TIUIaBHOTO YBEJIWYEHUSA HANpsOKEHUA — 3adUKCHUPOBATH
HanpsbkeHue cpabareiBaHus pene U,,; HU3MEHAd HampsbkeHHME B 0OpaTHOM
HAaIpaBJICHNH, 3a(DUKCUPOBATh HAIIPsHKEHUE Bo3Bpara pene Uy,

Pe3ynbpTaThl HcibITAaHUN 3aHECTH B TaOIUILy 5.4.

Tabmnura 5.4
UyCTI B Uc.p.; B UB.p.! B kB

I[I/IaHa3OH YCTaBOK

5.4.14 Tlo naHHBIM ONBITOB OMNpPEACIUTh 3HAUeHUE KOodhuIMeHTa Bo3Bpara
pene.

5.4.15 [ns onHoW paboued yCTaBKM NYTEM TPEXKPATHOTO H3MEPEHUS
ONpENENUTh 3HAYEHHE TMOrPEIIHOCTH  HamNpsbKeHHsT  cpabaThIBaHUS — pelie
OTHOCHUTEIBHO 33/IaHHON YCTABKHU IO BBIPAKEHUIO
Uc.p.cp. _Uycm

U... ’

rne Ug, o, — CpelHee 3HauYeHHE, IOyYEHHOE IIPH BBINOJHEHUU 3aJaHHOTO
KOJIMYECTBA U3MEPEHUM;

Uy — ycTaBKa 1o 1mkaie perne.

Pe3ynbraThl 3aHecTH B TabiHUILy 9.5.

Ve p. Y0 =

Tabmuma 5.5
UyCTa B U c.p.ls B UC.p.Z; B Uc.p.3; B UC.p.Cpa B YC.D.i%
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ITomyyeHHOE 3HAYEHHE Y., CPABHUTH C JAOIyCTUMBIM 3HAYEHUEM, KOTOPOE
HE JIOJDKHO TIpeBbIaTh £5%.

Enox perynupoEanud

=20 1 T+I; -1 oyexms OTETS
OO0 00 Q0000

KV
jperne HapsDKeHHA

PH 33

Bs Cp Bp Mc 753075150 ~lp 212U ~lp -U &1

— — — —

|Cs R 1300
|HL: SA2 v
S45 346 S47

“apd Ugpl O Uy

sS4

Pucynok 5.4 - Cxema coequnenus ucneityemoro pese PH50

5.4.16 Wsmeputh Bpemsi cpabaThiBaHHs peje TOKa TPH 3HAUYCHUSIX
Up=1,2Uy; 1 Uy;=2U,.
5.4.17 Jlatb 3akir04eHUE O MPUTOJHOCTH pejie K dKCIUlyaTaluu, CPAaBHUB
MOJTyYEHHBIE PE3YyJIbTaThl C TEXHUYECKUMH JaHHBIMU peJie.

5.5 MeToanueckue yKazaHusl

OCHOBHBIMH 3JIEMEHTaMH AJIEKTPOMArHUTHBIX pene SIBIISTIOTCSI
AIIEKTPOMArHuT 1, COCTOSAIINMA M3 CTaJIbHOTO CEPJICUYHHKA M OOMOTKH 6, CTAIBHOM
MOABUYKHBIN SIKOPh 2, HECYIINI MMOJBUKHBIA KOHTAKT 4, HEMOABUKHBIE KOHTAKTHI 3
Y POTHUBOAECUCTBYIOLIAS MIPYKUHA 5.
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B3aumopeiictBue moiasi OOMOTKM CO CTajJbHBIM sSIKOpeM OOyCliaBlMBaeT
MIOBOPOT SIKOPSI BOKPYT OCH B CUCTEMax pelie ¢ TOBOPOTHBIM sikopeM (peine PII, cm.
PUCYHOK 5.4 0) WiM MONEpeyHOe ABIKCHUE SKOPS B CHUCTEMax pejie, B KOTOPBIX
SKOPh TIEPECEKaeT CPEAHIOI JIMHUIO, TPOBEACHHYIO MEXIY HETOABIKHBIMU
nomocamu (pene PT40, cm. pucyHok 5.4B) WIM TPSIMOXOJOBOE IBUKCHHE B
CHUCTEeMax ¢ BTATHBaOIMUMCs skopeM (pene PB, cM. pucyHok 5.4 a).

DnekTpoMarHuTHas cuia F, uim ee MOMeHT M, mpONOPIHOHATIBLHBI TOKY B
oOMoTke pene |, M HMEIOT IOCTOSHHOE HalpaBJICHHE, HE 3aBHUCHIIEE OT
HaIlpaBJIeHUs (3HAKA) ATOrO TOKA.

!
TTITT < 1°F
— - :I
P | :l
T™T-T"
I—'—' I—'
&

Pucynok 5.4

[lepeMeHHBII CUHYCOMAANbHBIA TOK B OOMOTKE pejie€ CO3/JaeT Bpalarolluid
MOMEHT. MOMEHT NPONOPLUHUOHANIEH KBaJpaTy TOKAa M OCTAETCS IMOJOKHUTEIbHBIM
KaXIbIid TTOJTYTIEPHUO/I.

Pene toka PT40 u pene nanpsioxkenuss PHS50 oTHOcsITCA K pene, pearupyroiiee
Ha OJHY SJIEKTPUYECKYIO BEJIMUUHY: TOK UM HAIMPSKEHHE.

3HaueHuEe BO3ACHCTBYIONICH BEIWYMUHBI (TOKA, HANPSKEHUS W [p.), OpHU
KOTOPOM  TMPOUCXOAUT cpabaTblBaHUE pejie, SBISETCS €ro  napaMmeTpoM
cpalaTbhIBaHUs, 3HAUEHHUE BO3JICUCTBYIOIIECH BEIMYMHBI, IPU KOTOPOM MPOUCXOIUT
BO3BpAT peje, - MapaMeTpoM Bo3Bpara. Jlnsg pene Toka pas3inuyaroT TOK
cpabartbeiBanus pene |, 1 TOok Bo3Bpara ;.

Haumenbpmmii TOK, IIpu KOTOPOM cCpaOaThIBAeT pelie, Ha3bIBaeTCs
TOKOM cpaOarsiBanus |,

HauGonpmmii Tok B pesie, OIpu KOTOPOM SKOPb pejie BO3BpaIlaeTcsl B
Ha4aJIbHOE ITOJI0KEHHUE, HAa3bIBAETCSI TOKOM BO3BparTa pene g,

Ornomenue tokoB I, /1., HaswiBaercs koodduumenTom Bo3Bpara
k803'
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s pene HanpsKeHus
U

k303
U

6.p
cp

VY pene, pearupyroimmx Ha Bo3pacTaHue Toka |, >l , uam HanpsiKeHus
Usp>U.,, KOdOPUUHEHT BO3BpaTa MEHBIIEC €IUHHILBI Koos<l. st
MHUHUMAJIbHBIX  pelie, KOTOpble  cpadaThIBalOT, KOTJa  3HAYCHUSA
BO3/ICHUCTBYIOIIECH BEIMYMHBI CTAHOBHUTCS MEHBIIEC 3HAUCHUS MapaMeTpa
cpabaTbeiBaHUsl, KO3 PUIIMSHT BO3BpaTa O0JIbIIe e TUHUIIBI Ky, >1,

Kosddumuent  Bo3Bpata  sIBIsIETCS BaXXHBIM  ITAPaMETPOM,
OTIPEACIISIIOIINM HCHPABHOCTh pEJIE U BO3MOXKHOCTH €ro TMPUMEHEHHS B
Pa3IMYHBIX YCTPOMCTBAX 3aIIUTHI.

[TapameTpsl cpabaThiBaHUs pejie HE BCErJa COBIAJAIOT C YCTaBKOM IO
mkaine. OTKIOHEHHWE JIEWCTBUTEIBHOIO 3HAYEHUs Mapamerpa IIpU
cpabaThIBaHUM OT YCTAHOBJIEHHOTO HAa3bIBA€TCS MOTPEUIHOCTBIO peEle.
[TorpemHoCcTh MOXKET OBITh a0COJIOTHOM MJIM OTHOCUTEIBbHOU. AOCOIIOTHAS
MOTPEIIHOCTh  BBIpa)KaeTcsd B  €IMHHUIAX  H3MEpPEeHUsT  HapameTpa
cpabaTbIBaHUsl, OTHOCUTEIbHas — B IIpoleHTax. /[lnga pene Toka
OTHOCHUTEJIbHAsI MOTPELIHOCTb, Y0, ONPEEISIETCS BhIpaKECHUEM

c.pcp. chm

yc.p.%: I '

ycm

rae lepep — CpelHee 3HAYCHME, NMOTYYEHHOE IIPH BBINOJHEHHH 3aJaHHOTO
KOJINYECTBA U3MEPECHUM;
lyer — yCTaBKa IO LIKAJE pelle.

5.6 KoHTpo/IbHBIE BONIPOCHI

5.6.1 Kakumu criocobamu peryiupyroTcs TOK U HalpshKEHUE cpadaThIBaHUS
y pene tunoB PT40 u PH50?

5.6.2 KakoBbl PUYUHBI TIOSIBJICHUS BUOpanuu KOHTAaKTOB
DJIGKTPOMArHUTHBIX pejie mepeMeHHoro Toka? Kakwe Mepsl NpUMEHEHBI IJis
yMEHbUIEHUs1 BUOpaIy KOHTakToB y pene Tunos PT40 u PH50?

5.6.3 Tlouemy 111 MakCUMAaJbHBIX pefie (TOKa, HaNpsKEHUs) KO3PPUIUEHT
BO3BpaTa MEHbIIIE €AUHUIIBI, a JJI1 MUHUMAIIBHBIX pelie — OOJbIIe eTUHUIIBI?

5.6.4 OOBSACHUTH NPUHITUTT ACHCTBUS JICKTPOMArHUTHOTO PEie.

5.6.5 Urto Takoe Tok cpabaTbIBaHUsA, TOK BO3BpaTa, Ko puireHT Bo3Bpara?

5.6.6 OOBsicHUTE, YeM OTJIMYAIOTCS Pelie MAaKCUMAaJIbHOTO U MUHUMAJILHOTO
JICUCTBHSL.

5.6.7 Kak wu3MeHsieTcsi TOK cpaOaTbIBaHWS TMPU HU3MEHEHUU COCAUMHEHUI
CeKIui 0OMOTKH perne?

5.6.8 Pacckasath 0 TOCTOMHCTBAX M HEJAOCTaTKaX JIEKTPOMArHUTHOTO peie.
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6 JladopaTtopHas paGora Ne6. UcnbiTaHue MHAYKIIMOHHOIO peJie TOKA
Tuna PT80

Hear padoTbl: npuOOpETEHHE HABBIKOB pabOTBI €  YCTPOMCTBOM
WHAYKIMOHHOTO  pele  TOKa, CHoco0aMy  peryJiMpoBaHUs  NAapamMeTpoOB
cpalaThIBaHUs; ONIPENEIECHNE OCHOBHBIX TEXHUYECKHX XaPaKTEPUCTUK pEJIE.

6.1 PaGouee 3a1anue

6.1.1 O3HaKOMUTHCS C YCTPOMCTBOM MHAYKIIMOHHOTO pene Toka tumna PT80
(cM. pucyHOK 6.2).

6.1.2 CoOpath cxemy (cM. puCyHOK 6.1):

a) MOJICOEIMHUTH OOMOTKY MPOBEPAEMOT0 peiie K 3akumaM «1>50 Ay;

0) ycTaHOBUTH TpeOyeMoOe MOJOKEHUE PEKUMHBIX TMepekitouareneii «SA7y,
«SA6» u np. Brimountb «SA10», nepexiatounth «SA8» B monoxenue «CPABAT»
U OTpEryJaupoBaTh TpeOyemoe 3HaueHHe TOKa uiu HampsikeHus. I[locie sToro
BO3BPaTUTh «SA8» B MUCXOJIHOE MOJIOKEHHUE M OTKIIOUUTH «SA10».

6.1.3 Ilpu wusMepeHusx BpeMeHHU CpalaThIBaHUSI peJe BCTPOCHHBIM
IIEKTPOCEKYHIOMEPOM:

a) BBIMIOJIHUTH OTepaIuu 1o m. 6.1.2;

0) moacoeuHUTh KOHTAKTHI pelie K 3axumam «OTKII s» 6aokxa ©@P5000;

B) MPOBEPUTH, UTO MepeMbruka «QS2)» ycTaHoBIeHa,

I) YCTAaHOBUTH THepekmouatens «SA2» B monoxkenune «C3» (BpeMs
cpabaTbiBaHus 3aMblKaroliero koHTakra) uiad «Cp» (Bpemst cpaOaTbIBaHUS
Pa3MBIKAIOIIETO KOHTAKTA);

1) BKITFOUUTB «SA1»;

€) 3amyCTUTh DOJEKTPOCEKyHAOMEp TiepeBoAoM «SA8» B TONOXKEHHE
«CPABAT» u npousBecTd U3MEpPEHUE.

6.1.4 U3mepenuwe IIUTENBHOCTH 3aMKHYTOTO COCTOSIHHSI BpPEMEHHO-
3aMBIKAIOIETO («ITPOCKAIB3bIBAIOIIET0») KOHTAKTA PEJie BPEMEHU TTPOU3BOIUTH 10
nporpamme 11.6.1.3 mpu yctanoBke «SA2» B onoxeHuu «Cpy.

6.1.5 [lpu u3MmepeHusix BpeMEHM BO3BpaTa peiie (3alluThl) BCTPOEHHBIM
IIEKTPOCEKYHIOMEPOM:

a) BBITMIOJHUTH orepaiuu 1o mm. 6.1.2; 6.1.5;

0) ycTaHOBUTH TiepekitoyaTesb «SA2» B mojoxkenne «B3y» (Bpems Bo3Bpara
3aMBIKaIOIEro KOHTaKkTa) uik «Bp» (Bpems Bo3BpaTa pa3MbIKaroero KOHTaKTa);

B) BKIIIOUUTh «SA10» 1 neperectu «SA8» B nonoxenne «CPABATY;

I) 3alyCTUTh AJIEKTPOCEKYHIOMEpP TMepeBoAoOM «SA8» B MOJOXKEHUE

«BO3BPAT» u npousBect U3MepEHHUs.
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Pucynok 6.1 - Cxema coenunenus ucrnsiryemoro pesne PT80

6.1.6 JIng xaxgoro 3Ha4eHUs yCTaBKU IO IIKAJIE€ TOKOB CPaOaThIBAHUSA |y,
OIPEAEINTh 3HAYEHUE JEHCTBUTENBHBIX TOKOB cpabarbiBanus pene l., 1 Bo3Bpara
l,,. OTcedka mpu 3TOM JOKHA OBITH BBIBEIEHA, & YCTABKY IO LIKAl€ BPEMEHU
OPUHATH HauOoJbIIel. Pe3ynbraTel n3MepeHuil 3aHectu B Tabiuiy 6.1.

Taomuma 6.1

I ye A

lop, A

lop, A

Onpenenutb ko3 HUIMEeHT Bo3BpaTa pene K,.
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6.1.7 Jns ongHOM yCTaBKM MyTeM TPEXKPATHOTO HW3MEpPEHUs TOKa
cpa0aThIBaHMs ONIPEICIUTh 3HAYEHHs OTPEIIHOCTH ., % TOKa cpabaThIBaHMS.

c.p.cp. ycm

ycm

Ve, Y0 =

rac Ic.p.cp — CpCOAHCC 3HAYCHHC, ITOJYUYCHHOC IIPHU BBIIIOJHCHHUHN 3aJdHHOIO
KOJIM4YCCTBA HBMepeHHﬁ;

lyer — yCTaBKa 1o mkanue pere.

6.1.8 VYcraHoBuTh Ha peje YCTaBKU (3aJaHHBIC MPETojJaBaTeieM) TOKa
cpabaThiBaHHWs WHIYKIIMOHHOTO JJEMEHTa W BBIICPKKH BPEMEHHU. 3a1aBasiCh
KPaTHOCTBIO TOKA MO OTHOMIGHHWIO K 33JlaHHOMY TOKY cpabatbiBaHus Kp=I,/l¢, B
npegenax or 1 go 10, cHate xapakrepuctuky pene t=f(k;). Pesynbrars
U3MEpEHHI 3aHeCcTH B TabIuILy 6.2.

Tabmuma 6.2

VYcraBku Ha pene  lyer,=... 4 tyer =...c

Kpatrocts Toka lp/lc . 1-10

Tox Iy, 4

Bpewms cpabartbiBanus tep,, ¢

6.1.9 Ilo momy4eHHBIM pe3yJIbTaTaM MOCTPOUTH XapaKTEPUCTHUKY.

6.1.10 YcTaHOBUTH KpaTHOCTh TOKAa Cpa0aThIBaHHUA TOKOBOM OTCEUKH TIO
OTHOIIIEHUIO K TOKY YCTaBKM 3aBHCHMOTO JJIEMEHTA, paBHYIO deThipeM. CHSAThH
xapaktepuctuky  t,=f(k;). IlocTpomts xapakrepuctuky. CpaBHUTH C
xapakTepucTukoi mm.6.1.6.

6.1.11 CnenaTh BBIBOJ O PUTOTHOCTH PEJIE B IKCILITyaTallUH.

6.2 MeToanueckue yKazaHus

Nunykumonnoe pene Tunma PT80 cocrouT W3  ABYX  DJIEMEHTOB:
WHIYKIIMOHHOTO, CO3/aIOUIEr0 OTPAHUYEHHO 3aBUCUMYK) OT TOKAa BBIIEPKKY
BPEMEHH, W  D3JEKTPOMAarHUTHOIO  MTHOBEHHOTO  JIEUCTBHUS  (OTCEUKH),
00€eCIeYnBaONIEr0 OTKIOYEHUE 3alllUIIAeMOro 00beKkTa 0€3 BBIIECPKKH BPEMEHU
npu npesbllieHUM TOKOM K.3. yctaBkum orceduku. OIHO Takoe peie IMO3BOJISET
OCYIIECTBIIATH 3aiuTy oT K.3. 1 neperpy3ox.

OCHOBHBIMM OpPraHaMH SIBJIIFOTCSI 3JIEKTPOMArHuT ¢ PacIlioiOKEHHON Ha HEM
OOMOTKOM, TOCTOSSHHBIAH TOPMO3HOW MArHUT W JIMCK, PACIIOJIOKEHHBIM MEXKIY
TIOJTIFOCaMU 3JICKTPOMArHUTa, Ha KOTOPBIX HMEIOTCS KOPOTKO3aMKHYThIE BUTKHA (CM.
pucyHoK 6.2).
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[Tpu ompeneneHHOM YacTOTEe BpAIICHUS, T.€. IIPU ONMPEACIECHHOM 3HAYECHUH
TOKa B OOMOTKe, 00pa3yercs pe3yiabTupyromas nByx cuin F, u F,, kotopas
oOyclaBiIMBaeT BpAIIAIONIMA MOMEHT, JOCTATOYHBIM JJIsI TOBOPOTa pPaMKH U
3alleJICHHs] 3y0YaToro CerMeHTa C YEepPBSIKOM, HAXOMAIIUMCS Ha OJHOH OCH C
JTUCKOM.

PerynupoBka Toka cpabaThiBaHUs peje MPOU3BOAUTCS MyTEM H3MEHCHWSI
Yrclia BUTKOB OOMOTKHM 3JIEKTPOMAarHWTa, BBIBEICHHBIX Ha KOHTAKTHYIO KOJIOJKY.
Jlyis yBenu4eHus TOKa cpabaThIBaHUS CIIEAYeT YMEHBIIUTh YUCI0 BUTKOB. HyxHOoe
3Ha4YCHHE YCTAHABIIMBAETCS C TTOMOIIBIO KOHTAKTHBIX BUHTOB.

Tox cpabateiBanus pene PT80 cremyer mpoBepsTh MpH BBIBEIEHHON OTCEUKE
(perymupoBOYHAs TOJIOBKA YCTaBKH OTCEYKH MOBEPHYTA MPOTUB YAaCOBOW CTPENKH JI0
yriopa). Tok cpabaTeIBaHHsI HHIYKIITMOHHOTO 3JIEMEHTa — 3TO TOK, TIPA KOTOPOM
YEpBSIK BXOJUT B HAJICXKHOE 3aIlCIJICHUE C CETMEHTOM.

Bpemsi cpabarbiBaHusl pene 3aBUCHUT KaK OT YacTOThl BpallleHUs JUCKa (a
3HAYUT, U OT TOKa), TaK M OT XojAa (pacCTOSIHMs) MOJBHUXKHOTO CErMEHTa OT
HAYaJIbHOTO MOJIOXKEHUS A0 KOHTAaKTHOro Moctuka. L{udpel Ha mikane yka3bIBarOT
BpeMs JCHCTBUs pejie B HE3aBUCHUMOW YacTH XapaKTEPUCTUK (IIPU TOKE PaBHOM
JECATUKPATHOMY 3HAUEHUIO TOKA yCTaBKH). i onpeneneHusi MICTUHHOTO BPEMEHH
cpabaTbIBaHU ¢ Y4ETOM pa3dpoca pene cieAyeT AejlaTh HE MEHee TPEX OTCUETOB
0 3JIEKTPOCEKYHIOMEPY.

[Tocme Kakaoro W3MEpeHUs CJieayeT 3aBOAUTH (HIaKOK MEXaHHYECKOTO
yKazarens cpabaTbIBaHUSI pene, Cliefs 3a TeM, 4yTOObl OH HE 3acTpeBall M HE
3aJIep>KUBajl 3aMbIKAHHsI KOHTAKTOB.

Pabota pene PT80 B kayecTBE MIHOBEHHO JEWCTBYIOIIEH OTCEYKH C
HE3aBHCHUMOM OT TOKa BBIACPKKON BpEeMEHH O00ECTIEUYMBACTCS AJIEKTPOMArHUTHBIM
dJIeMEHTOM.  HemoaBWKHBIM ~ CEpAEYHMKOM  SIBISIETCSI ~ MarHUTOIPOBOJ
UHAYKIIMOHHOTO »3JeMeHTa pene. V3MeHeHune Toka cpadaTblBaHUs OTCEUKU
IPOU3BOJAUTCS PEryJIUPOBOUYHBIM BHUHTOM, HU3MEHSIOIIUM JUIMHY BO3AYLIHOTO
3a30pa MEXJy TMOJIOCHBIM HAaKOHEYHUKOM TMOABMIKHOTO SIKOPS U TOJIOCOM
HEMOJBIKHOTO 3JIeKTpoMarHuTa. Lludpsl Ha 1uMOe BUHTa yKa3bIBalOT KPaTHOCTb
TOKa cpaOaThlBaHMsI OTCEUKM K TOKY YCTaBKM cpabaTblBaHUS pejie B Hauaie
3aBUCHUMOM 4YacTU XapakTepUCTHKH. Tok cpalOaThiBaHHMsI OTCEUYKHM Ha pele
yCTaHaBIMBAeTCs B Ipeaenax 2- WiIM 8-KpaTHOIO TOKa cpaOaThIBaHMS
WHIYKIIMOHHOTO JJIEMEHTA.

[IpyuvHaMu ~ TOBBIMICEHHOW  BHOpamuu  SKOpPS ~ OTCEYKH  SBIISIOTCS
MeXaHW4YeCKrue Ae(PeKThl 3aBOACKON COOPKM WM HW3TOTOBJICHHS y37a OTCEYKH,
KOTOpPBIE BBI3BIBAIOT MOTPEUTHOCTH TOKA cpabaThIBaHHIA.
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17 MNio

1-depBsik; 2-MIOCTOSHHBIM MarHuT; 3-3y04aTblil cekTop; 4-MOABMXKHAs paMKa;S-
appeTUpYIOLIas NMPYyXUHA; 6-TUCK; 7-HIKHUWA NOAMNSATHUK JUCKA; 8-MEXaHWYECKUU
yKazaTelb cpabarbiBaHus; 9-marHuTonpoBon; 10-oOmoTka pene; 11-komMmyTtaTop
OTBOJOB OTMOTKHM; 12-9KOpp 3JJIEMEHTAa OTCEUYKH; |3-peryaupoBOYHBIA BHHT
YCTaBKU OTCEUKH; 14-HEMOBMKHBIN TJIABHBIN 3aMBIKAIOIIUNA KOHTAKT;15-yroJIbHUK
TJIABHBIX KOHTAKTOB; 16-110IBM>)KHAsI KOHTAKTHASI IPYKWUHA; 1 7-BEpXHUN MOIIATHUK
nucka;18-ckoba cUrHaNBbHBIX KOHTakTOB; 19-ymopHblii BUHT pamku; 20-ckoba-
JieprKaTellb 3y0UaToro ceKTopa.

Pucynok 6.2 - Kunematuueckas cxema pene PT80 u PT90
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6.3 KoHTposbHbIE BONPOCHI

6.3.1 HazoBute ocHOBHEIE 351eMeHTHI perie PT8O0.

6.3.2 Kakoli TOK Ha3bIBAIOT TOKOM CpaOaThIBaHUS HHIYKIIMOHHOTO
ayeMeHTa?

6.3.3 OOBIICHUTD, KaK MOJTy4daeTcss OTPAHUYCHO 3aBUCUMAs XapaKTEPUCTHKA
peue.

6.3.4 OOBsicHUTE ACHCTBUE TOKOBOM OTCEYKH B pEIIe.

6.3.5 Kak perynmupyrotcs napameTpsl cpadbareiBanus pene PT80 B 3aBucumoi
¥ HE3aBUCUMOW dYacTax XxapakTepuctuk? Kak mnpousBoauTcs U3MEHEHHE TOKa
cpabaTbIBaHUsI TOKOBOM OTCEUYKHU peie?

6.3.6 Korma Bpems nedcTBuS penie, pabOTAOMIETO B 3aBHCHUMOW YaCTH
XapaKTEPUCTUKHU, OOJbIIE: MIPU BBEICHHOM WJIM BBIBEJEHHON oTceuku? OObICHUTE

NPUYHHY H3MCHEHUS XapaKTePUCTUKU.
6.3.7 Kakoe Bpemst sBIisieTCs BpeMeHeM cpabaTbiBaHUs pese?
6.3.8 PacckaxwuTte 0 JOCTOMHCTBAxX M HeAocTaTkax pene PT80.
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