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BBenenue

HucuunnnHa «DleMeHTHass 0a3za pesieHON 3allluThD) HMEET HECKOJIBKO
Pa3AeiioB COrJaCHO TUIIOBOW MPOrpamMMe, KOTOPBIE U3YYaKOTCsl CTYAEHTAMU B Kypce
JEKIUN U 3aKpeIIsioTes: JabopatopHbiMu pabotamu. B kypce «DnemenTtHas 6a3za
pelielHOM  3allMThl» HM3y4alOTCd OCHOBBI  3aIIUTHI  AJIEKTPOOOOPYAOBaHUS,
BBISIBICHUE HEHOPMAJIBHBIX PEXUMOB B JJIEKTPUYECKOM YacTU HSHEPrOCUCTEM,
paccMaTpHUBAIOTCS  BOIMPOCHl ABTOMATHYECKOW JIMKBUIALMHM TOBPEXICHUA U
HEHOPMAJIBHBIX PEXUMOB B JJIEKTPHUUYECKOW YacTH 3HEPrOCHCTEM, YTO SIBISETCS
OCHOBOM, 00€CIIEYMBAIONICH UX HAJACKHYIO padoTy.

PacnipocTpaHeHHBIM  CHJIOBBIM ~ OOOpYIOBAaHMEM Ha  MOHU3UTEIBHBIX
MOJICTAHIIMSIX SIBIIAETCS TpaHCHOpMaToOp, €ro CTOMMOCTb COCTaBISIET OOJBIIYIO
4acTb OT CTOMMOCTH BCEH IOJCTAaHLMH, IO3TOMY peJIeHas 3alluTa JOJDKHA
OCYILECTBIISATh KOHTPOJIb 3a COCTOSIHUEM TpaHcpopMaTopa M pearupoBaTh Ha
BO3HMKHOBEHUE MOBPEXKICHUM U HEHOPMAJILHOTO peXrMa paboThl TpaHchopmaTopa.

Peneiinas 3amura pa3BeTBieHHbIX JIDII mpu BOZHMKHOBEHUM IMOBPEKICHHI
JOJDKHA BBISIBUTH IOBPEXKIACHHBIA YYacTOK, OTKIIOYUTH TOJIBKO IOBPEXKICHHBIN
Y4aCTOK CETH, 3JIEKTPOCHAOKEHUE BCEX OCTAIBLHBIX MOTPEOUTENEH, MUTABIIUXCS OT
noBpexnennon JIDIL, coxpansercs.

3anmra BBICOKOBOJBTHOTO OOOpPYIOBaHUS IJIsl YMEHBIIEHUS pa3pylICHUW B
MeCTe MOBPEXKAEHUS U 00€CTeYeHrs] HOPMaJIbHOM pabOThl HEMOBPEXKIAECHHOM YacTH
AIEKTPOCHAOKEHUS SBISETCS AKTYaIbHBIM.

HeoOxogumo Kkak MOXHO OBICTpee BBISIBIASTE W OTAEHATH MECTO
NOBPEXKICHUS OT HETIOBPEXKICHHON YaCTH YHEPrOCUCTEMBI.

B nponecce 00yueHus CTyEHTHI TOJKHBI U3YUYUTh U MPaBUIBHO MPUMEHSTh
BH/JIbI PEJIEMHBIX 3aIIUT, T0KHBI YMETh PACCUUTHIBATh YCTABKU PEJICHHBIX 3aIUT.

[lepeurciiennbie pa3aenbl Kypca BKIIOUEHBI B HACTOSIIUN COOPHUK OTTMCAHHM
71ab0opaTOpHBIX paboT.



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

Heab padoTbl: WM3ydYeHUE ACHCTBUS MAKCHUMAJIbHOM TOKOBOM 3aIlUTHI C
HE3aBUCHMOU M OTPAHUYEHHO 3aBUCUMOU XapaKTEPUCTUKAMU BBIJICPKEK BPEMEHU U
TOKOBOM OTCEUYKHU PAAAIBHON JUHUHU OJJTHOCTOPOHHETO MUTAHHS.

1.2 Onucauue crenaa

B nannoii mabopatopHOl paboTe MOACTUPYETCS CHUCTEMA AJICKTPOCHAOKEHUS
MIPOMBIIIJIEHHOTO TPEANPUATUA, NPEACTABICHHAs HA CTEHAE MHEMOHUYECKOU
CXEMOU C KOMILUIEKTaMH pejieiiHoM 3amuThl (pucyHok 1.1).
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Pucynoxk 1.1 — JIaGopaTopHslii cTeH

I'maBHoe pacnpenenurensHoe ycrporcTBo npeanpustus — ['PII nutaercsa ot
coopubix 10 kB moxacraniuu sHeprocuctemsl 1no kabdenbHou aunuu L1. OT mmH
['PIT mwmratorcs Ttpancopmatopnas mnoxactanius TII-1, pacmpenenurensHOe
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 JUHHK 6-10 kB M mexoBbIX TpaHcPOpMaTOpOB OT
MeXTy(pa3HbIX 3aMbIKaHUN BBIMOJTHEHA B BHJIE TOKOBBIX OTCEUEK 0€3 BBIIEPIKKHU
BPEMEHM M MAKCHMAJIbHO TOKOBBIX 3alllUT C HE3aBUCUMOW WM 3aBUCUMOI
BBIJICP)KKOM BPEMEHHU. 3alllUTa BBIMIOJIHSAETCS B JABYXpEJIEHHOM HCIOJHEHUU C
IByMsI TpaHchopmaTopaMu TOKa, ycTaHaBiMBaeMbIMU B JByX (azax A u C. B
LEJISIX YIOPOIIEHUS] Ha CTEHJE, pelieiiHas 3aluTa CMOHTUPOBAHA B OJHOJUHEHHOM
WCIIOJTHEHUH, cXeMa coOpaHa TONHOCThIO (pucyHok 1.2). Jlns HauOosbIIei
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HarJiIIHOCTH alllaparypa 3allluThl Ha CTCH/IC PACIIOJIOKCHA B TOM KC IMOPAIAKE, KaK
H Ha CXCMC.
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Pucynok 1.2 — DnekTpuueckas cxema cTeHaa

[Tutanme ~220B ©Ha crena momaercs BKIOUYeHHWEeM aBTomara SF (roput
curHanbHas nammna). Jlunuu L1, L2, tpanchopmatoper TII-1, TII-2 BxitouaroTcs
Bmrouarenssvu Q1, Q2, Q3, Q4 myTeM HakaTHs KHOIIOK BKIIFOUCHHS (3aroparoTcs
CBETOBbIE Ta0JIO BBIKIIOYATENICH).

Ha ctennie ycTaHOBIIEHBI ClIEAYIOUINE BU/IbI 3AIIUT:

1) Ha muann 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
UCITIOJIb30BAHUEM AJIEKTPOMATHUTHBIX TOKOBBIX pene PT-40.

2) Ha nmuanu L2 v nuaus L3 — tpancdopmarop T1 (Q1,Q2):

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

0) ToxoBas otceuka (pene KA3, KA4) ¢ ucnonab30BaHMEM WHIYKIIMOHHBIX
ToKOBbIX pene PT-80.

3) Ha 6mioke L4 — tpanchopmatop T2 (Q4), MT3 ¢ He3aBUCHMO BBIACPKKOM
Bpemenu (pene KAS, KT5, KH3) ¢ ucnons3oBanuem pene PT-40. TymOnepsr T1—
TS cnyxar gis BBoAa (BBEpX) M BbIBOJA (BHU3) COOTBETCTBYIOIIECH peneiHOMN
3ammThl: T1 — otceuky L1; T2 — MT3 LI1; T3 — MT3, orceuky L2; T4 — MT3,
orceuky L3; T5 — MT3 LA4.



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

Toku KOpPOTKOro 3amMbIKaHUsI OMPENEISIOTCA MO MOKa3aHUSIM aMIEPMETPOB,
BKJIIOYEHHBIX B IEPBUYHYIO 1IeTh 0€3 TpaHCPOpPMaTOPOB TOKA.

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

a) BKJIFo9aroTcs Beikitouarenn Q1-Q4;

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

B) BKJItouyatoT TymOnep K7 u naxumarot kHonky K.3.;

r) no amnepmetpy PA4 wimn PA1 onpenenstor Tox K.3.;

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

[Ipumeuanue:

1) Bo wu30exaHue TOTrPEIIHOCTEH MNPH 3aMepax TOKOB HAarpy3Kd BCE
TyMOJIepsI Ji71st ipou3BojicTBa K.3. 1OMKHBI OBITH OTKIIFOUEHBI.

2) Tlpu mpousBoactBe K.3. momkeH ObITh BKIIIOYCH OJMH TyMOJIEp B TOY-
K€ 3amepa.

1.2 3aganne

1.2.1 O3HaKOMHUTBCA C NPUHLMIIOM BBIIIOJHEHNUS MAaKCUMAJIBHOW TOKOBOU
3aIUTHl U TOKOBOM OTCEUKH paguaibHBIX JIMHUM OJHOCTOPOHHETO MUTAHMSL.

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 TpaUUECKH OINpPENEIUTh 30HbI JEHCTBUS U MEPTBbIE 30HBI
TOKOBBIX oTceuek ( pucyHok 1.3,0). Tok K.3. Ha mmmHax I/CT SHEPrOCHCTEMEI
npuHATH paBHbIM 100—120 A.

1.2.4 Paccuurtarp MaKCHMaJILHBIE TOKOBBIE 3ammrTbl Juaud L1-14
71a00paTOPHON YCTAaHOBKHU W 3amucarh B TaOmmiy 1.2. YcTaBKM BpeMEHH IS BCEX
MT3 BbIOpaTh MO CTyNEHYATOMY MPHUHIMIY YYWUTHIBas, 4To Ha JuHUM L4
npuMensiercs pesie PT-40 u pene BpeMeHH C HE3aBHCUMOM BBIIEPKKOW BPEMEHH;
Ha nuHUM L2 ycTtanaBnuBaercs 3amuTa ¢ 3aBUCUMOM XapaKTEPUCTUKON BPEMEHH C
npuMenenueM pesne PT-85/1; na nauanpHOM yuactke, T.e. L1 mpumensiercs pese
PT-40 u pene BpeMeHU C HE3ABUCUMOW BBIIEPKKON BPEMEHMU.

1.2.5 Paccuutath TOKOBBIE OTceuku s L1, L2 u L3-TII-1 naGoparopHoit
yctaHoBkd Tipu K.3. B COOTBETCTBYIOUIMX TOYKAX M 3aMucath B Tadnuiy 1.2.

1.2.6 Tloctpouth rpaduk CTYyNeHYATOro MPHUHIUIIA BHIOOpPA BBIIEPIKEK
BpeMmeHu ( pucyHok 1.3 B,r). IIpu 3TOM BBIIEPKKH BPEMEHU pEJE C 3aBUCUMOI
XapaKTePUCTUKOM MOTYT MPAaKTUYECKH ObITh 3aHMKEHbl Ha OAHY CTYIEHb, T.C.
paccuuTaB TOK cpabaTbIBaHUS TOKOBBIX OTceuek, MT3 u BbIAEpKKH BpPEMEHH,
YCTaHOBUTH YCTaBKH HEMOCPEJACTBEHHO Ha pene (IpelBapuTeIbHO 03HAKOMHUBIIKCH
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co cnocobamu perynupoBanus Toka PT-40, PT-80); yuecTs, 4T0 0OMOTKH TOKOBBIX
pene KA1 u KA2 coenunensl napamnenbio, KAS — nocienoBaTeabHO.

1.2.7 TlpousBecTy UCTIBITAHKS CXEMBI B CIICAYIONICH MOCIEeI0BATEIHHOCTH:

a) BKJIFOYUTH aBTOMaT SF 1 BeikimrouaTenn Q1-Q4;

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

B) npousBectu K.3. B Touke K7 u npocienuts aeiicteue M T3 BbIKIIIOUaTes.
To »xe mpousBecTH I 3anuT Beiktouarene 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
JICVCTBHEM PE3EPBHOM 3alllUThl MOpPEeAbIAYIIEro ydacTka. Hampumep, B ciydae
otkaza aeiicteus 3ammThl Q2 mpu K.3. B Toukax 5, neficteyer 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 Tpanchopma- T | 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




1.3 MeToauyeckne yKasaHHus

1.3.1 Buapl noBpexaeHUN paIdalIibHBIX JIMHUM.

BcenencrBue Bo3HukHOBeHus K.3. HapyiaeTcss HopMajibHasi paboTa CUCTEMBI
AJIEKTPOCHAOKEHHSI C BBIXOJOM TI'€HEPATOPOB M3 CHUHXPOHU3MA M HapyUIEHUEM
pabotel motpedutreneil. OnacHOCTh A DJIEMEHTOB CETH  IPEACTaBIsET
TEPMUYECKOE M JUHAMHAUYECKoe AeiicTBue 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 3aMBIKaHHSI HA 3€MJII0 B CETSAX C M30JIMPOBAHHON HEUTPAIBIO
HanpspkeHueM 6-10 kB He conmpoBOXIAaOTCS BO3HUKHOBEHHEM OOJIBIIMX TOKOB B
MecTe NoBpekaeHUsA. OOBIMHO 3TH TOKM HE MPEBBIIAIOT HECKOJIBKHX JECATKOB
amnep. Mexnyda3Hble HanpspKEHUsS NP 3TOM BUAE MOBPEXKACHUS OCTAIOTCS
TaKUMH €, KaKk 1 B HOPMaJbHOM DPEXHME, HO BO3HUKAECT OINACHOCTh IEPEXOAa
ofHO(a3HOro 3aMblkaHud Ha 3emimo B Mexaydaszueie K.3. [loatomy B cersx c
W30JMPOBAHHONM HEUTPAJIBI0 NPEIyCMaTpPUBAETCA CIELMAJbHAs 3alldTa OT
oJHO(a3HBIX 3aMBbIKaHUI Ha 3eMJIIO JEMCTBYIOIIAs, KaK IIPaBUIO, 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 cilyyae CEJIEKTUBHOCTh 3alllUThI
JIOCTUTaeTCsd BBIOOPOM BBIAEPKKM 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
paauajbHOM JMHUM 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
CEeKIMU IIIMH II/CT 3HEPTOCUCTEMBI. J[pyras 4acTh CXeMbl aHAJIOTHYHA.
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Pucynok 1.4 - Cxema paguanbHON JTUHUU U IEXOBBIX TPaHCHOPMATOPOB

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

a) ¢ TokoBeiMH perne PT-40 ¢ He3aBUCMMOI XapaKTEPUCTHUKON BBIIEPKKU
BPEMEHH,

0) ¢ TokoBbIMHU pesie PT-80 ¢ orpaHM4eHHO 3aBUCHUMOW XapaKTEPUCTUKOU
BBIJICPKKON BPEMEHHU.

[Ipumeuanue:

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

4) 3anano, yto ToK K.3. Ha mMMHAX T/CT YHEPTOCHCTEMBI HEOTPAaHHMUCHHOMN
MOIITHOCTH PaBEH: IK1(3)=8 KA.

Ucxonusie nanuwie as L1:

lpamax=470 A, k.,=2,5, ny;=1000/5=200. Kabemp tum: AAb-10-(3:240);
L=1.5km.

I/ICXOI[HBIG JaHHBIC AJIsA L2:

lpusmax=270 A, k.,=3, np=600/5=120, Kabenr Tum: AAH-10-(3-150);
L=3 kM.
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Pemiennue.

PaccunteiBaem Tok K.3. Ilo 3amannomy tok K.3. Ha mmHax mn/ct
sHeprocuctemsl: |, =8 KA ompenenseM CONPOTUBICHUE CHUCTEMBI B 0.€.; Ipe/aBa-
PUTEIIBHO 3a/ITaHHBIMU 0A3UCHBIMH BEJTUUYMHAMU .

86:100 MBA’ U6:10,5 KB, |6 _ SG 100

= = 5,5k,
3.U. 173-105

Xeg = % =0,6.

Conpotusienne kaoemns: 445-10-(3240); L=1.5 xm;

= XOJZ' % _ 0,08-1,5% - 041

o !

X L1

- rod 5 :0,13-1,5%:0,18.

p !

L. L1

Conpotusnenne kaoens: 445-10-(3 «150); L=3 km;

Xepp = 0,08-3110OO =0,22;

7 =

fy, = 0,206-3110002 =0,56.

Cymmapnoe conpotuBieHue fo s ['PIT (K-2);

Xegy = Xso + %, =0,6+011=0,7.

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

(3) . I6 :5,5‘103

1©) = —78574.
X, 0,7

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

Xug = Xugpy T %, =0,7+0,22=0,92;

*y = Mxspeo

I I

*L1

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

2:
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Zug = X2 +12 0922 4074% =11,

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

3
|9==§§f31-=5ooa4

Omnpenensem TOK cpabarbiBanus MT3 kabempHbIx JuHWUM L-2 m L-1 ¢
ucnoib30BanueM pene Toka PT-40:

a) most L-2
k. K1 .3.
|C32 __# cm pab.max — 112 3 270 :113OA ’

k. 0,85
[ )

e 087 5000:3,821,5,
I, 1130

_Kalop _LUI30_ o0

| = =
" 'n,  600/5

ITpuanmaem nBa pene PT-40/20 u ycranasmusaeM ycTaBky: 1,=9,45A;
0) nis L-1(anamoruuno L-2)

kac3n I pab.max — 1;2 ° 2,5 ° 470

len = K 0.85 =16504,
() ,
q:IK_3=0’87 5000:2,621,5,
I, 1650
kel 11650 o,
" n, 1000/5

ITpuanmaem nBa pene PT-40/20 u ycranapnusaeM ycTtaBky: 1,=8,25 A.

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

Taxk kak Bpems cpabareiBanust MT3 L-3: t;=0,5 cek, TO COOTBETCTBEHHO
t,= t3+,t=0,5+0,6=1,1 cex; u t;= t,+,t=1,1+0,6=1,7 cek.

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

Omnpenensiem ycraBku MT3 kabenbHbix uHuu L-2 u L-1 ¢ ucnonb3oBanuem
pene Toka PT-800:

a) ns L-2

l.x=1130 A. (ananoruuso ¢ PT-40). |, ,,=9,45 A.

Jst pene tuna PT-80 Onmkaiiiias Oosnbiuas ycraBka paBHa 10A;
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torna: ez, =1gp, <Ny, =10-120=12004;

) 1% 087-5000
o 1200

C3

3,62>15.

[Tpuanmaem nBa pene PT-80 u ycranasimBaem ycrasky; 1,=10 A:

0) mia L-1
l.,1=1650 A (anamorunuso ¢ PT-40).
l.,1=8,25 A.

Hns pene tuna PT-80 um ycraHaBiauBaeM YCTaBKy paBHOM 9A; Torna
I =9-200=1800 A;

) 1% 087.7857
O 1800

C3

=3,7215.

[Tpunanmaem nBa pene PT-80 u ycranasimBaeM yctaBky; |,=9 A.

Bri6upaem Bpemsi cpabatbiBanus u xapaktepuctuku MT3 mnsa L-2 u L-1, ¢
pene tuna PT-80. Beibop xapakTeprcTUKH BBIACPKKH BpeMeHH (pucyHoOk 1.3, T)
HayHeM C 3amuThl L-2, nHanbonee yjaneHHOW OT MCTOYHUKA MHUTAHUS, T.K. 1=
t3+41=0,5+0,6=1,1 cex. Takas BbIgEp>KKa BpEMEHH JOJDKHA OBITh MPHU TOKE,
paBHbIM TOKY K.3. B Touke K.3., T.e. 5000 A.

VYcranosu Ha MT3 L-2 Beiaepxky Bpemenu t,=1,1 cex npu toke 5000 A,
MBI O0ecrmeuynM HU30MpPATeIbHOCTh JCHCTBHS JTOM 3allUTHI, TaK KaK MEHbIIas
BbIIEpkKKa Bpemenu oyzaet mipu 1>5000 A.

Opnako 1>5000 A Bo3moskeH Toabko npu K.3. Ha camoit nmuaun L-2 (Gmrke
K HCTOYHUKY TuUTaHusA). YTOOBl OmpenenuTh HEOOXOAMMOE TIOJOKEHUE YIopa
BBIZICP’KKY BpeMeHH (ycTaBka 10 BpemeHu Ha pene npu K=10) PT-80, naiinem
KpaTHOCTh ToKa K.3. Mo oTHOIIEHHUIO K TOKY cpabaThIBaHUs 3alIUTHI, T.€.

o
k= te 000y
l, 1200

[lonoxkeHne  ymopa  ompefensercs  HaxXOXIEHHEM  KPHUBOW  TIO
XapaKTepUCTHKaM pelie, TMOMEIICHHBIM Ha [IUTKE pelié WIU  CHATHIM
IKCIIEPUMEHTaIbHO. KpuBas MoMKHA MPOXOIUTH 4Yepe3 TOYKY C KOOpAWHATAMH:
k=4,1 u t=1,1 cex. DTOoMy YyCIOBUIO YIOBJIETBOpsieT KpuBas |, moka3aHHas
nyHKTHpoM Ha pucynke 1.8. t;=1,1 cex. Beiiepixka BpeMeHH Ha 3TOW KPUBOW IpU
k=10, paBHas 0,6cek, yKa3bIBaeT MOJIOKEHNE yIIOpa Ha IIKaJe yCTaBOK BPEMEHMU.

Jlns Toro, 4roObl 00SCIIeUNTh M30MPATEIBPHOCTH 3amuThl L-1, HeoOXoaumo
YCTaHOBUTH BBIAEPKKY 3TOM 3alllUThl HA CTYNEHb OOJIbIIE, YeM Yy 3auuThl L-2 npu
HanOompiteM Toke K.3. Ha Hel (lx3max=7857 A). Ilpu KpaTHOCTH:
k=7857/1200=6,5, BoIAepKKa BpeMEHH 3aIIUThI L-2 10 MPUHATON XapaKTePUCTHUKE
pene PT-80 paBua 0,7 cex. CnenoBarenbHo, Ipu Toke 7857 A BblliepKKa BpEeMEHU
L-1 momxna ObiTh paBHa; t; =0,7+0,6=1,3 cex; Jlms Toro, 4roOwl momoOpaTh
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MOJIOKEHUE yNopa BbIAEpKKA BpeMeHH 3amuThl L-1, onpenensem kpatHocTh K.3.
[0 OTHONIICHHIO K TOKY cpadaThIBaHUS 3allUTHI JUHUM L-1 U1 pacueTHON TOUKH:
k=7857/1800=4,3, u mo maHHbIM t{ 1 K MOAOMpPaEM XapaKTEPUCTHKY PeJie 3allUThI
L-1 (mynkTuphas kpuBas 2 Ha pucynke 1.5, t,=0,9 cex.). Paccmarpusas
BBIOpAaHHbBIE XaPAaKTEPUCTUKH 3aIIUT HA pUCYHKE 1.3 I, MOXHO YBHUAETH, YTO MPHU
K.3. B n1000if Touke obOecrnedeHa HU30MPATEIBLHOCTH 3alUTHI, TaK KaK MEXIy
BbIJICP’)KKAMU BPEMEHHU 3alllUT TOCJIEI0BATENIbHO BKJIIOYEHHBIX pejie  HMEETCs
cTynieHb BpeMeHHU: 51=0,6 cex. Ilpm K.3. BOam3m Havanma nauamu L-2 w L-1
BBIJICP)KKA BPEMEHM 3aIIUT COCTABISAET COOTBETCTBEHHO t,=0,7 cex m 1;>0,9 cek.
Takum oOpa3oM, NPHUMEHSS 3allUThl C OTPAHUYCHHO 3aBUCHUMOM BBIICPKKOM
BpeMeHH Tpu KpatHocTax Toka K.3. k=6-7, MoxHO obecrieunth Oosee ObICTpoe

orkmoueHue K.3. BOmm3u ucrounnka nuranus ( pucyHok 1.3 B ).
tcex

A
8
AR Y

AN
6 A

\
" AN NS
P < ty=4cex
3 Xx\\\ \\\\ r=3cex
" \}l'\\ /’ \‘_ ty:Zcex
j \:: 2 e N W N v—— ty= Tcex

= == —= == = = o ty=0,5cex

b

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 TlpuBoauM pacyeT TOKOBBIX OTCEYEK MTHOBEHHOTO aeictus L-2, L-1.
Jlunnsg L-1.
OnpenenseM TOK cpa0aThiBaHUSI CEJIEKTUBHOW OTCEYKHM 110 YCIIOBUIO
otcTpoiiku ot 3-x (paznoro K.3. B koniie mmuuu (B T. K2);
l., =k, -1_,,=13-7857=102144;
K, l. 1-10214

cx ¢zl
n 200

514.

ICPl =
ml

Bribupaem 1Ba pene PT-40/50 (Bapuant |-MT3 c¢ He3aBucuMoOI
XapaKTEPUCTUKON) WM HUCHOJIb3yeM SJEKTPOMArHuTHbIM anemeHT pene PT-80,
COBMeIIarolIee B ce0e TOKOBYIO OTCEUKY MJIU 3aIIHUTY C BBIJEP’KKON BPEMEHHU.

VYcraBka orceuku Ha penie PT-80 3amaercs KpaTHOCTHIO MO OTHOIICHUIO K
TOKY cpabaThIBaHUS pejie U YCTAaHABIUBACTCS BUHTOM, U3MEHSIOIIUM 3a30D MEXKITY
AKOPEM H JIEKTPOMArHUTOM. KpaTHOCTh OTCEUKHM paBHa:
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Jlvaus L-2
l., =k, -1_,, =13-5000=65004;

1-6500
| =———=544.
CP1 120

Beioupaem gBa pene PT-40/50 (Bapumant 1) WM HCHOJIB3yeM
aneKTpoMarHuTHeIN dnemeHT pene PT -80. 3ony nmelicTBusi TOKOBBIX oTceuek L-1 u
L-2 onpenensiem rpaduuecku (pucyHok 1.3 6,B,r). TokoBas oTcedyka MrHOBEHHOTO
JEWCTBUS HE 3alIUIIAECT BCIO JIMHUIO LIEIMKOM U HE PE3EPBUPYET 3aAIUTHI CMEKHOTO
yuactka. [ToaroMmy Hapsiny ¢ orceukoil npuHuMaeT MT3 ¢ BeIAEpKKON BpEMEHH.

1.5 KoHTpOJIbHBIE BONPOCHI

1.5.1 Kakune npumensarorcs cxembl MT3 UM TOKOBBIX OTCEYEK ISl 3AIIUTHI
paaAAIbHBIX JINHUWA OJHOCTOPOHHETO MTUTAHUS?

1.5.2 Kak paccuuTbiBaeTcs TOK cpabaTbiBaHUsl 3amiuThl U pene MT3 u
TOKOBBIX OTCEYEK?

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

1.5.4 CpaBuure npeumyniecTBa U HeA0CTaTKu MT3 1 MTHOBEHHBIX TOKOBBIX
OTCEUEK.

1.5.5 Kak onpenensiercst 4yBCTBUTEIbHOCT M T3?

1.5.6 Kak onpenenutb 30Hy I€MCTBUSI TOKOBBIX OTCEUYEK?

1.5.7 Kak obecnieunBaeTcsi CeIeKTUBHOCTh Y M T3 1 TOKOBBIX OTCEUEeK?

1.5.8 Jlaiite GU3HYECKYIO CYITHOCTh KOI((MHUIIMECHTOB HAJACKHOCTH,
BO3BpaTa, cxemsl (K, K;, Ky ).

1.5.9 UYro Takoe caMmo3aIycCK 3JIEKTPOJBUTaTENICH, KaKk OH BO3HHUKAET U KakK
yuuThIBaeTcs npu pacuere MT3?

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

1.5.11 C xakoi BbIAEPKKOW BpEeMEHU cpadaThIBAET MHIYKLIHMOHHAs YacTh
pene PT-80 mpu Ik 3/1,=2.5, ecnu ycranoBka 1o Bpemen t,=0.5; I ., 3 cex?

1.5.12 Kak yBenu4uTh 4yBCTBUTEIBHOCT MT3?

1.5.13 Yem oTnmuaercs TOK cpabaThiBaHUS 3aIIUTHI OT TOKA CpadaThIBAHUS
pene?
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2 JlaGopaTopHas padora Ne2. HMcciaenoBanue MaKCHMMAaJIbHOW TOKOBOM
3alUTHI M TOKOBOM 0TCEYKH ACMHXPOHHOI'O ABUTATeJIs

Iens padoTBI: sABIIIETCS  O3HAKOMIJICHME  CTYACHTOB C  3alUTOU
ACUHXPOHHOro JBUraTenss MourHocThio 10 2000 kBT oT mMexay(da3HbIX KOPOTKHX
3aMbIKaHUH U TEPETrpy3KH, BHIMOIHEHHOH Ha pene PT-40 u PT-50.

2.1 Onucanue J1adOpPaTOPHOIro CTEHAA

2.1.1 Hccnenosanune 3aIUTHI ACHHXPOHHOTO JIBUTATEIIS
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.

Awmmnepmetpsl, pene Toka PT-40, PT-80, pene Bpemenu PB u npomexyTouHbie
perne ¢ BBIBEJEHHBIMM Ha CTEHJ| KAaTYMIKaMH U OJIOK KOHTaKTaMH MOTYT OBITh
WCIIOJIb30BAHbl JIJII M3MEPEHUs TOKa W 3alllUThl DJIEKTPOJBHUTATENsE W OaTapeu
KoHAeHcaTopoB. W3Ouparens ynpasnenuss WY-1 mno3Bossier 1o BBIOOPY
MPOU3BOJIUTh KOPOTKHME 3aMbIKaHUSI HAa BBIBOAAX JJIEKTPOJBUTATENS WU
KOH/ICHCATOpPHOI OaTapen.

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

[TapanienbHO ANEKTPOABUTATENIO — MOJENH MOJKIIOYEHO CONPOTHUBIIEHHE R,
coeuHeHHOe B 3Be3ny. JlaHHele compoTuBiieHuss R o0ecneunBaioT TOK,
COOTBETCTBYIOIINNM HOMUHAJIBLHOMY TOKY ABUTATENA |0y 19 MMHUTAIIMM TTyCKa
AJIEKTPOJIBUraTeNIl 4YacTh CONPOTHBIEHUNH R mryHtupyercs, 4ro obecrneuynBaeT
IATUKPAaTHOE 3HAYEHHE €ro HOMHUHAIBHOIO TOKA, T.€. |y nyex =Kl mom:
JIMUTEeNbHOCTh MyCKa MOXET ObITh M3MEHEHa MpernojaBareiieM MpU U3MEHEHUH
yCTaBKM pesie BpeMeHu 2PB, yCTaHOBIEHHOTO 3a CTEHIOM, KOHTAaKThl KOTOPOTO
BKJIFOUEHBI B CXEMY YIIPaBJIEHUSA. DTO 00ECIEeYMBAET UMUTALIUIO JIETKOTO, CPETHETO
U Tsokenmoro mycka. Ileperpy3ka ocyiiecTBisieTcs UIYHTHPOBAaHHMEM YacTH
conpotuBieHus: R, ¢ nomompio KY-1. D10 obecneunBaeT IBYXKpaTHOE 3HAUCHUE
HOMHUHAJIBHOTO TOKa DJIEKTPOABUTATENS U CpabaThIBAaHUE C BBIICPKKOW BPEMEHU
pelie ToKa OT Meperpy3Ku.

KopoTkoe 3amplkaHuME Ha 3aKHMaxX O3JIEKTPOABUIATENS OCYLIECTBISAETCS
3aMbIKaHHEM IIeNM Ha compoTuBiieHHEe R, kmouamu UVY-1, NY-2, BkItodyeHUEM
TymOepoB u HaxatueMm KkHomku myck K.3. Bpems K.3. orpanunumBaercs pene
BpeMeHU 3PB, yCcTaHOBJIEHHOIO 3a CTEHAOM. Y CTaHOBUB K04 Y-2 B mosioxxeHue
[ wniu I u BxmouuB cootBercTBytomme tymonepel 1T, 2T wmm 3T, MOxkHO
noyyuuth 2-X W 3-x ¢dasupie K.3. nByx 3HaueHuil. DTO HaeT BO3MOXHOCTb
IPOBEPUTHh YYBCTBUTEIBHOCTh TOKOBBIX OTCEUEK 3JEKTPOJBUraTeNeil Mpu pasHOM
3HaueHud TokoB K.3. Cxembl 3aluThl MOTYT OBITh BBIIIOJIHEHBI Ha (pa3HbIE TOKH U
Ha pPa3HOCTh TOKOB JBYX (pa3. B cxeme ucCHosb3yroTcsi TpaHcpopMaTopbl TOKa,
yctaHoBJieHHble Ha (azax A u C ¢ kodddunuentom Tpanchopmanuun K,,=4,
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KJIEMMbI BTOPUYHBIX 0OMOTOK KOTOPBIX BBIBEJECHBI HA CTEH. AMOEPMETPBL A; U A,
npeaHa3HavYeHbl JUISI M3MEPEHMs] IYCKOBBIX M pabo4yMX TOKOB JBUTATENsS, 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 PEJIE MO TOKY U BPEMEHMU.

2.2.2 CornacHo 3aJaHUIO0 TIpenojaBaTelns BbIOpaTh cxemy (pucynku 2.1,
2.2) U paccuuTaThb YCTaBKM MaKCHMaJbHOW TOKOBOM 3alUTHI OT HEPErpy3KH U
TOKOBOM OTCEYKH OT KOPOTKHX 3aMBIKAHWW AJIEKTPOJABUIrATENsI, TEOPETHUECKUE
JaHHbIE KOTOPBIX JIaHbl B Tabnuue 2.1.

2.2.3 Cobpatb cxemMy 3alIuThl, yCTaHOBUTH ycTaBku peine PT-94 unu PT-40 u
IPB coriacHO pacueraM M TPOBEPUTh JACHCTBUE 3alUT IPU IEpErpys3Kax
(Bximrouenue KY-1) u aByxdazHbix KOpoTKHX 3aMbIkaHui AByX 3HaueHuil (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.
(AMnepmeTpbl BKIIFOUEHBI B IEPBUYHYIO LIETIh).

2.2.5 IlpousBectu pacyeT KOIP(UIMEHTa  YYBCTBUTEIBHOCTH 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 nmyreM co3fanus nyxdaznoro K.3. mexny dazamu A u B
wii B u C. OnbITHBIM ITyTEM ONPENEISIOT HAMMEHBIIYIO YCTaBKY 10 BPEMEHH, ITPU
KOTOPOM 3aluTa OT Neperpy3ku He cpadaThIBaeT NpHU MycKax JBUTATEIS.

2.3 MeToanuecKue yKa3aHus

CyllecTBYIOT CIEAYIONIME BUABI MOBPEKICHUN U HEHOPMAJIbHBIX PEXUMOB
npu paboTe acCHHXPOHHBIX JBUTATENeH: MeEXayda3Hble KOPOTKHUE 3aMbIKaHMUS,
onHO(a3HbIe 3aMbIKaHHS Ha 3€MIIIO, TIEPErPy3KH, OOPHIB OAHOM (ha3bl, MOHWKECHHE
1 noBbilieHUe HanpspkeHus. CormacHo [1YD ans geurarenein go 2000 kBt
HanpspbkeHueM 3-6-10 kB npenycMmarpuBaeTcs 3ammuTa OT MeXAYy(Pa3HbIX KOPOTKUX
3aMBIKaHWM, 3allUTa OT TEPEerpy3KM U MHUHHUMAJIbHas 3alldTa HanpsokeHus. B
HEO0OXOIMMBIX CiIyvasx JOJKHA YCTaHaBJIUBATHCS 3ammTa OT
onHO(a3HBIX 3aMBIKAHWM Ha 3eMJIl0. BOo MHOrMX ciydasx ASTH 3allUThl MOTYT
BBINOJIHATBCS C TOMOUIBKO BTOPUYHBIX pEJ€ MPAMOTO JEUCTBUS WIM peJe
KOCBEHHOTO JICUCTBHSI HA IEPEMEHHOM ONEPATUBHOM TOKE.
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TokoBasi OTCEYKa YCTAHABIMBAECTCS HA  JIBUTATENISIX  MOIIHOCTHIO
MCHEE 2000 kBt um otrcTpamBaeTca OT MAKCHUMAaJbHOTO ITyCKOBOTO TOKa
DIEKTPOABUTATENSA |15 nyexmaxes TPOTEKAIOMIETO IPH  3aKOPOYEHHBIX ITyCKOBBIX
YCTPOMCTBAX (peocTarax Uik peakTopax).

[TIpumepsl BBIOJIHEHUSI CXEM OTCEYKH C MCIMOJIb30BAaHUEM pelie MPSAMOTo U
kocBeHHoro paeuictBug tuna PTM, PT-40, PT-80 mgms 3ammTel JaBUTATEICH
MIPUBEAEHBI HA pUCYHKaX 2.1, 2.2.

HenmocTtaTkoM TOKOBBIX OTCEUEK SIBJISIETCS BO3MOXKHOCTh MX OTKaza IpHU
KOPOTKHUX 3aMBbIKaHUSX, YJAJE€HHBIX OT BBIBOAOB craropa. lloatomy 3ammra OT
MeX Ty (pa3HbIX KOPOTKUX 3aMbIKaHUM ISl IBUTaTeiel MOIHOCTRIO Oosiee 2000 kBT
BBIMOJHSETCS  AuQdepeHnaIbHOl TOKOBOM (ecin oOMOTKa cTatopa HMeeT 6
BEIBOIOB). JInddepennmanbuas 3amura MpPeayCMaTPUBACTCS W Ha JIBHTATENSAX
MEHBIIIEH MOIIHOCTH, €CJIM JBYXpEJICHash OTCEUKa OKa3bIBACTCS HEAOCTATOYHO
YyBCTBUTEJIBbHOM.

3ammTa OT Mmeperpy3ku MoXeT ObITh BBINOJIHEHA Takke ¢ pene tuna PT-40 u
pelie BpeMEeHUu WM ¢ pene npsmoro jaevictBuss PTB u nmerictByer Ha curHai
pa3rpy3Ky WIHM OTKJIFOYEHUE JBHUTaTels ( 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
KkBm nipu Tokax 3aMbikaHui Ha 3eMit0 1,>10 A4 u Ha aBuratensax Py, ,...,>2000 kBm
npu |,>5 A. 3ammra BBINOJHIETCS C HCIOJb30BAaHHWEM TpaHchopMaTopa TOKa
HyJIeBOM mocienoBarenbHocTH Thna T3JI m pelicTByeT Ha OTKiIOYEeHUE 0e€3
BBIJICPKKHU BPEMEHHU.

MuHumanbHas 3aldTa HampsSOKEHUsT BBICOKOBOJIBTHBIX — JIBUTATEJNICH
BBITIOJTHACTCS TOJBLKO JUIsl HEOTBeTCTBeHHBIX nBuratened (t=0,5-1,5 cek), uToObI
o0ecrneunTh CaMO3alyCK OTBETCTBEHHBIX JBHUratrelied W Ha OTBETCTBEHHBIX
JIBUTATEJISIX, camMo3amyck KoTopbix HemomyctuM (t=10-15 cex). Hampsoxenue
cpabaTbpIBaHUS 3aIUThI MHHHUMAaJIbHOTO HanpsKESHUS COCTaBIISICT:

UC.3.z(095 5_097) ) UHOM.

o] e om o
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Pucynok 2.1
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Pucynok 2.2

2.4 HpnMep pacuera 3alllMTBI BBICOKOBOJBTHOIO AaCHHXPOHHOIO
AIEKTPOABUTIATEJIA

BeiOpath THMOBI 3alUT W ONPEACIUTh HX YCTaBKHU DJIEKTPOJABUTATENS
ruzpoHacoca 1o AaHHeIM: U ,0,= 6 KB; Pj 0, = 400 kBT; tye=12cek; k= 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 3ambpIkaHus Ha 3emurio B PYCH |,< 10 A.

Pemenne. Ecnum omHOpenelHas cxema OTCEUKM JIBUTraTeNIed MOIIHOCTHIO
menee 2000 kBt He obecneunBaer TpeOyembiii mo IIVD  koaddunment
YYBCTBUTEIBHOCTH K,=2, TO NPHUMEHSIOT JBYX(]a3HyH ABYXpEICHHYIO CXeMy

«HETIONHAs 3B€3/1a», KOTOopask 4yBCTBHTENbHEe B V3 pa3 ( pucyHok 2.1).

Jlnst 3ajaHHOTO JBUTATeNsi MPOBEPUM BO3MOMKHOCTH TMPUMEHEHHUS OJIHO-
peneitHol cxemsl ¢ pene cepun PT-80:

1)  Omnpenenum HOMUHAIBHBINA TOK ABUTATEIs

P 400

JIB.HOM

II.[B HOM = = = 48A
' V3-U, -cosp-n 173-6-0,89-0,92

2)  IlepBuuHBIl TOK CpabaThHIBAaHHUS OTCEYKH

Ic.3 = KH . Kn : Idg_HgM = 118 . 6 : 48 = 50014
3) Tox cpabaThIBaHUSI DJIEMEHTA OTCEUYKHU B peJie OMPeIeIUM
| .
Iy, = Kale, (173:500_ 5,
Kra 30

4)  KosdduimeHT 4yBCTBUTEILHOCTH OTCCUKU

@ .
I :0,87 5000=51>2

K3

Kq =
R
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5)  Tok cpabarbiBaHusl MHAYKIIMOHHOTO 3jeMeHTa pene cepun PT-80 ¢
BBIJICP)KKOM BPEMEHH OT TIEPErpy3KH ONpeIeisieM

H ' CX ' 08.HOM

K K, 0,8-30

_ KK opy 10517348 o,

IC3

[Tpuaumaem pene cepun PT-80/2 ¢ ycTtaBKkol WHIYKIIMOHHOTO jieMeHTa 4A
U BBIICPKKOW BPEMEHHU B 3aBUCUMOM YaCTU XapaKTEPUCTUKU

t=t, + At =16c.
KpaTHOCTB OTCCYKHU K YCTAaBKC HHAYKIIHMOHHOI'O 3JICMCHTA

I
cp.oTC :§z72

K =—— L
Icp.MT3

KoadduimeHT 4yBCTBUTEILHOCTH 3aIIUTHI OT TIEPErPy3KU HE OMpeeseTcs,
TaK Kak OHa He MpeHa3HadeHa 11 aerctBus npu K.3.

3amura OT 3aMbIKaHHUs Ha 3eMJIIO HE MpeycMaTpuBaeTcs, Tak kak: 1,< 10 A.

[Ipyn HEmOCTATOYHOW YYBCTBUTEJIBHOCTH OJHOPEIICMHOW TOKOBOM OTCEUKH:
k,<2 mpuHUMaETCs cxema ¢ IByMs peJie, BKIIFOUCHHBIMH B HEITOJIHYIO 3BE31TY.

Tabmuua 2.1 — TexHuyeckue [OaHHbIE ACHHXPOHHBIX 3JIEKTPOABUTATENEH

HanpspkeHneM 6-10 kB

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

kBT kB

250 6,0 090 ]0,86 7 7 2,7 50/5

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

400 6,0 090 0,87 7 9 3,0 75-100/5

500 6,0 091 10,89 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 1092 (0,90 6,5 10 35 150/5

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 100 (0,92 ]0,91 6 10 4,0 150-200/5

2000 6,0 093 ]091 6 12 5,0 300-400/5

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

2.4 Texuuka 0e30IACHOCTH

Bxirouenue CTCHAA IMPOU3BOJUTH TOJIBKO B IPUCYTCTBHUU IIPCIIOAABATCIIA.
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2.5 KoHTpPOJIbHBIE BONIPOCHI

2.5.1 Buasl TOBpeXACHU W  OMNAacHble HEHOPMAJbHBIE  PEKUMBI
ACUHXPOHHBIX JBUTATENICH U UX MPUYUHBI.

2.5.2 Buasl ycraHaBaumBaeMbIX  3amuT OT  MHorodasueix  K.3.
AIIEKTPOJBUTATENCH PA3TMYHON MOIITHOCTU U HAIIPSIKEHUSI.

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

2.5.4 Tlpuniun paboThl MAKCUMAJIbHOW TOKOBOM 3aIIUTHI.

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

2.5.6 Kak npon3BOAUTCS OLICHKA YYBCTBUTEIBHOCTHU 3AILNAT?

2.5.7 Yto sBiISeTCS onpeaesitonuM rnapametpoM st pacuera MT3 u TO?

3 Jlaboparopuass  pabora  Ne3d.  MUcciaenoBanme  audpdepen-
HHMAJTBHON 3alIUTHI TPAHC(POPMATOPOB

Heap  pabdoTbl:  O3HAKOMHUTBCA C  OCHOBHBIMU  TpeOOBaHUIMH,
NpEeNbABISIEMBIMA K  OPOJOJIBHOM  Aud@depeHunanbHOil  TOKOBOW  3alllUTe
TpancopmaropoB, peine PHT-565. WM3yuuTh npuHOMO JEUCTBUS, CXEMBbI
BBIIIOJIHEHUST W METOABl pacuera MpOJOJbHBIX JUPPEpeHINATIbHBIX  3alIUT
TpaHC(HOPMATOPOB U UCCIEAOBATH PEXKUM €€ padOThl MPU BHYTPEHHUX U BHEUIHUX
MOBPEXKICHUSX.

3.1 Onucanue cTeHaa

OOt BUA cTeHJa TpejicTaBiieH Ha pucyHke 3.1. Ha nuneBoil manenu
CTEH/Ja NpeJCTaBlieHa MHEMOHHUYECKas CXema 3allMIIaeMoro TpaHchopMaropa,
ycTaHoBJIeHbl ABa pene PHT-565, ammepMmerppl, KHONIKM W KIIFOYM YIIPABIICHMUS;
BBIBEJICHBI KJIEMMbI BTOPUYHBIX OOMOTOK TpaHC(POPMATOPOB TOKA, OOMOTOK peJie U
amrepmerpa. [luranume Ha creHn ~220 B nomaércs BkimoueHuem aBtoMara SF.
Knonkoit SB1 Bkitouaercs BeikiouaTens Q, 3aropaercs curHanbHas namna HLG.
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Pucynok 3.1 — O6muit Bu1 cTeH1a

Kopotkue 3ambikanusi B Toukax K1 m 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 orpannunBaercst aBTOMaTH4ECKU B TEUEHHE 3-5 CEKYH/I.

Mopaenp 3anuiiaeMoro TpaicopMaTropa yCTAaHOBJIEHA 33 CTEHJIOM U MMEET
CJIEIyIOLIUE TEXHUUECKHE TAHHBIE:

Siomp=1,5 KBA; U;py=220 B; U,usa=77 B.

Cxema coeanHeHus 0OMoTok Y/A-11.

Tpancpopmaropsl TOKa HUMEIOT KoO3(PUIMEHTh TpaHchOpMaIMU: CO
croponsl 3Be31bl: K;1=10/5=2; co cTtoponsl TpeyrompHuka: K,=20/5=4,

B v uwmamHnue! Ilepexmouars Tym6nepsl S1-3 u kiatoy ynpasineHus SA B
npouecce K3 3ampemaercs. BxiroyaTe CTEHI NOJ HaNpsDKEHHE pa3periacTces
TOJIBKO TIOCJIE MPOBEPKH CXEMBI MTPenoaBaTesieM WM yUeOHbIM MacCTEPOM.

3.2 3aganue

3.2.1 UW3yunTh TEOpETUYECKHE CBEJIEHUS ¥ OCHOBHBIC TpeOOBaHUA,
MpEeABSIBIIEMbIC K TPOI0ILHON AU PepeHImanbpHoM 3amuTe TpaHchopMaToOpOB.

3.2.2 Tlo3HaKOMUTBCS C YCTPOMCTBOM CTEHZIa, pPACMHOJIO)KCHUEM U
Ha3HAYEHUEM aIllapaTtoB, MPUOOPOB H3MEPEHUsT U peje, HEOOXOJUMBIX IS
BBITIOJTHEHUS Pa0OTHI.

3.2.3 O3nakomutbcsi ¢ KoOHCTpykuuen 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 Paccuutats yctaBku pene PHT-565 nuddepennmanbuoil 3amuTe
MOJIEJIbHOTO TpaHchopMaTopa.

3.2.6 CoOpath cxemy (pucyHku 3.2, 3.3), yCTAaHOBUTh pacueTHbIC YCTaBKU Ha
pene PHT-565 u uccnenosats pabory muddepenunansHoit 3amutel npu K3 B
toukaxXx K1 u K2 u cnenarth BBIBO/I.

3.3 MeToanuyeckue yKazaHusi

B mpomecce skcmmyaTanuu  3JeKTpOOOOPYAOBAaHUS DHEPTOCUCTEMBI HE
HCKITIOUYCHA BO3MOYXKHOCTH TIOBPEKIECHUH KaK BHYTPH CaMOro TpaHcopMaTopa, Tak
U €ro COeAMHEHUE C BBIKIIOYATENsAMH. VIMEIT MecTo Takke OIacHbIe
HEHOPMAJIbHBIE  PEXUMBI  pabOThI, HE CBSI3aHHBIE C  TOBPEKICHUSIMH
TpaHcopmaropa. BO3MOXKHOCTH TOBPEKIECHUM U HEHOPMAIBHBIX PEKHUMOB
oOyciiaBinuBaeT HEOOXOJMMOCTh YCTAHOBKM Ha TpaHCPOpMaTopax 3alllUuTHBIX
YCTPOMCTB.

s 2
&

A

= 2 -
. |7

& o &3

C € ; o B

B

PHT-565 PHT-565
W W
1 1 1 1
2 4 W,v 5 2 4 Wy 5

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:

- MHOTO(a3HbIX 3aMbIKaHUH B 0OMOTKax TpaHc(hopMaTropa 1 Ha €ro BbIBOJAX;

- BUTKOBBIX 3aMbIKaHHI B 0OMOTKaX;

- onHo(a3HbIX 3amMblkaHMl Ha 3emit0 B cerax 110-220 kB ¢
[JIyX03a3€MJIEHHOW HEUTPAJIBIO;

- TOKOB B 0OMOTKaX, 00ycioBiIeHHbIX BHelTHUME K.3.;

- TOKOB B 0OMOTKaX, 00YCJIOBJICHHBIX TIEPETPY3KOM;

- MOHM)KEHUEM YPOBHS Maciia.

Bunel 3amuT, ycTaHaBlIMBaeMbIX Ha TpaHC(hOpMaTope, ONPENENSIOTCS €ro
MOIIIHOCTBIO, HAa3HAYCHHEM, MECTOM YCTAaHOBKA M JPYTUMH TpPeOOBaHUIMH,
IPEIBSIBISIEMBIMU K PEKUMY IKCILTyaTallHH.

Jns 3ammTsl cuioBbix Tpanc@opmaropoB I'TIIT momuocTeio 6,3 MBA u
BBIIIE OT TIEPBBIX TPEeX BHUAOB TOBPEXKACHUW IIMPOKO MPUMEHSETCS
ObICTpOJIEHCTBYIOIIAsA MPOAOTbHAA AU(QepeHInanbHas 3aluTa, OCHOBaHHAs Ha
MIPUHIIAIIE CPABHEHHUS TOKOB B Hayaje M KOHIE 0OMOTOK TpaHchopmaropa (30Ha
3aIUTHI).

Hubdepennmansuas  3ammra  TpaHCHOPMATOPOB  MMEET  HECKOJBKO
0COOEHHOCTEH, OTIUYaIUX €€ OT TudHepeHIINATbHBIX 3aIUT IPYTHX AJIEMEHTOB!

1) Heo06xomuMoCTh OTCTPOMKH OT OpOCKOB HAMarHWMYMBAIOIIETO TOKA
l1av=0+8" a1 1p, BOSHHKAIOIMX IIPU BKIIOYEHHH HEHArpy:KEHHOTO TpaHchopmaropa
(aBTOTpaHCc(hOpMaTopa) Mo HaNpsHKEHUE.

2) HeoOX0AMMOCTh OTCTPOWKH OT TOKOB HeOallaHca OOYCIIOBICHHBIX
HETOJTHBIM BBIPABHUBAHHWEM BTOPHYHBIX TOKOB B Iiedax auddepeHInanbHOM
3aIUTHI.
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3.4 Ilpumep pacuera mnpoaoabHON au(depeHINATBHON 3alIUTHI
Tpancpopmaropa

Pacuer npuBenen nns auddepennumanbHoi 3amuTh 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), mpuBenenusiii k ctopone 10 kB u 110 kB.
Tok K3 B MakcuMasibHOM pexxume, npuBeacHHbIN K 10 kB
lsmax = 6209 A.
Tox K3 B MmakcuManbHOM pexuMe, npuBencHHbI k 110 kB
|K3.MAX110 =567 A.
Tox K3 B MuUHMMaIIbHOM pexuMme, npuBeAcHHbIN K 10 kB
IK3,MIN10 =4248 A.
Tox K3 B MuHnManbHOM pexxume, npuseneHHbid K 110 kB
|K3.MIN110 =388 A.
[Ipumeuanue:
Bce pacueTHbie 1aHHBIEC PUBEACHBI € JA0OOPATOPHBIX JTAHHBIX.

Pacder HOMHHaIBHBIX MTAPAMETPOB.
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,
pEKOMEHyeTCsl BRIOMpaTh UX 3Ha4YeHus 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. Koapdunuentst cxemor: Kgy cx = \/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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BriOupaeTcs OCHOBHAsi CTOpOHA BTOPHYHBIX TOKOBBIX IIETIEH ¢ HAUOOJIBITUM
HOMHHAJIbHBIM TOKOM: OCHOBHAasl CTOPOHA — CTOPOHA BBICOKOT'O HAIPSDKCHHS, 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 — HOMUHAJIBHBIN MEPBUYHBIM TOK OCHOBHOM CTOPOHBI.
Btopoe ycioBue — orcTpoiika oT Toka HebaaHca

lcs =Ky x lys,

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

/
rac IHB — COCTaBJIIIOIIIas TOKa He6ancha, BbI3BdHHAA IIOT'PCIIHOCTBIO

TpaHc(popMaToOpoB TOKA;
I .
I"15 — cocTaBmsronIas Toka Hebamanca, BeI3BaHHas padoroi 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., npuBeaeHHbIN 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.
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[IpeaBapuTenbHasi MpoOBEpPKa YYBCTBUTEIHHOCTH.
KoadduimeHT 4yBCTBUTEIBHOCTH

Ky =ipmm/lcp. ,

rae Ipmin — TOK B pene npu 2-X ¢asznom K.3. 3a Tpancopmaropom 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., IpUBEICHHBIT K

OCHOBHOIL CMOPOHe.
icp. = lez x Kex®M 1, % =191,65 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 TpeOyeMOoil 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 cpabateiBanus perne

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

PacueTHoe KOIWYECTBO BHUTKOB OOMOTKH, NOJKJIIOYEHHOM K OCHOBHOM

CTOPOHE 3allUThI
Wochracu. = Fep. /icp. =100/ 16,6 = 6,02 BuTKOB,

rae Fcp. =100 £ 5 AMIIepxBUTKOB — HAMarHW4YMBAIOIasl CHiia cpabaThIBaHUS
perne.
[Tomy4yeHHOE 3HAYCHHE OKPYTIIIEM /10 OJMMKANIIIETO MEHBIIIETO YHCIIA.
[IpuHSATOE KONMMYECTBO BHUTKOB OOMOTKH, IIOJKIFOYCHHONH K OCHOBHOM
CTOPOHE 3aIUThI
Wocn = 6 BUTKOB.

PacueTHoe KOIMYECTBO BHUTKOB OOMOTKHM, ITOJKIIOYECHHOM 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 IOJIy4eHHOE YHMCIIO M IIOJYy4aeM IIPUHATOE KOJUYECTBO BUTKOB
OOMOTKH, MOAKJIIOUEHHON K HEOCHOBHOM CTOPOHE 3aIUThHI

Whrocu = 8 BUTKOB.

Yrounssem Tok HeOamanca. CocraBisrionias TOKa HeOajaHca, BbI3BaHHAs
PA3HOCTBIO PACUETHBIX U MPUHSATHIX 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
| HB — 27,60 A.
ITonHbIi TOK HEOAIaHCa

lyg = Vigg + 1" + 1”45 = 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 YTOUHEHHUS, MOITOMY HEO0OXOAUMO
nepecunTaTh, HauMHas ¢ nynkma (onpeodenenue uucia sumkos oomomok pene PHT-
565). Ecniu Tok cpaOaThIBaHUS He yGeauyuics, TO MEPEeXOJuM K OKOHYATEIbHOM
NPOBEPKE  YYBCTBUTCIBHOCTH B  nyHkme  (npedeéapumenvhas — nposepka
YY6CMEUMENbHOCML).

[TepecunThiBaeM TOK cpabaThIBaHUS peJie C HOBBIM 3HAYCHHUEM |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.PACLI. = Fc‘p‘ / ic‘p‘ =100/ 17,71 = 5,65 BHUTKOB.
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[IpuHATOC KOJMYECTBO BHUTKOB OOMOTKH, IOJKIIOYCHHOW K OCHOBHOM
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 O6MOTKI/I, HOI[KJII—O‘IGHHOﬁ K HEOCHOBHOM
CTOPOHC 3alllUTHI

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
ls = 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.

Tok cpabaTeIBaHUS yeenuuuicsi TOCIE YTOYHCHHS, TIOITOMY HEOOXO0IUMO
HepecunTaTh, HauMHas ¢ nynkma (onpedenenue uucia eumkos oomomok pene PHT-
565). Eciau TOk cpabaThIBaHHs He Y8eauyuics, TO MEPEXOAMM K OKOHYATEIBHOM
NPOBEPKE  YYBCTBUTCILHOCTH B  nynkme  (npedeapumenvhas — nposepka
YY8CMBUMETILHOCIU).

[TepecunThiBaeM TOK CpabaThIBaHUs peJie HOBBIM 3HAYCHUEM |3

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

PacueTHoe KOIWYECTBO BHUTKOB OOMOTKH, HOJKJIIOYEHHOM K OCHOBHOM
CTOPOHE 3aIUTHI
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WOCH.PACLI. = 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.

[IpuHSATOC KOMMYECTBO BHUTKOB OOMOTKH, IOJKIIOUYEHHOW 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
Icg = KH X IHB = 1,3 X 157,45 = 204,69 A.

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

204,69 < 233,36.

Tox cpabaTpiBaHHs HE YBETUYHIICS, TIOITOMY MEPEXOJANM K OKOHYATEIHHOMN
MIPOBEPKE YYBCTBUTEIHLHOCTH. [IpoBepka 4yBCTBUTEIHLHOCTH 3aAIUTHI.
KoaddurmenT ayBCcTBUTETEHOCTH

Ky =ipmin/ icp.

ip v = 0,87 X Lz x Kex XM/ npa % = 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 xonnuecTtBa BUTKOB au(depeHITUATBHON U YPaBHUTEIBHONH 0OMOTOK
pene PHT-565
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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
Bxomtouenue cTeHaa mpou3BOaUTh TOJIBKO B MPUCYTCTBUU MPETIOAaBaTEIS.
3.6 KoHTposabHbie BONPOCHI

3.5.1 OOBACHUTD NPUHIUTT PAOOTHI MPOIOIbHON 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 MPUHIUT PAOOTHI, KOHCTPYKIIMIO U CXEMY BKIIFOUCHHUS pelie
PHT-565 npu 3amnuTe AByX-TpeXOOMOTOUHBIX TPaHCHOPMATOPOB.

3.54 Ilo kakuM JBYM YCJIOBUSAM BBIOMpAETCS TOK cpadaThIBaHUS
nuddepeHnnanbHON 3auThl TpaHnchopmaTopa?

3.5.5 Haueptute cxemy auddepenuumanbaon 3amuTthl Tpanchopmatopa ['TIIN
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
npofonsHas AuddepeHnraibHas 3alluTa U Ha Kakue BHUIBI TOBPEXKACHUN 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 rpymmsl TpaHchopMaTOpoB Toka TU(PhEepEeHINATIBHON 3aIUTHI
TpaHchopmaropa, ycranaBiuBaembie co ctoporsl BH u HH, umeror pasabie cxembl
COCIMHECHUS BTOPUYHBIX OOMOTOK? B Kakux cly4asx CXeMbl COCIUHEHUS
BTOPHYHBIX OOMOTOK JIBYX TPYIII JIOJDKHBI OBITH OJTMHAKOBBIMU?

3.510 B kakyro uenp cieayeT BKJIOYATh YpPaBHUTEIbHYIO OOMOTKY
pene PHT-565?

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

3512 B 4Wem  mnpeuMymiecTBO M HEOOCTATKA  MPOAOJIBHOMN
nuddepeHnnanbHON 3aIUThl TpaHCPOpMaTOpPOB?
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4 JlaGopatopHasi padora Ned. IlpoBepka TpaHchopMaTopoB TOKa M
uccje0BaHNe UX CXeM COoeUHeHMIt

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 peNieHOM 3alUThl W aBTOMATUKH, a TakkKe ONpeescHUue
YYBCTBUTEJIIBHOCTH ATUX CXEM K pa3nyHbIM Bujam K3.

4.1 3aganue

4.1.1 O3HaKOMHUTHCS C anIapaTypoi, yCTaHOBJIEHHOM HA CTEH/IE.

4.1.2  IlpousBecTd  TPOBEPKY  MOJSIPHOCTH  BBIBOJIOB  OOMOTOK
TpaHchopmatopoB (pucyHok 4.2). Cobparb cxemy, BKIIOUYUTH aBTOMaT SA, 1MojaTh
nutanue SAS, mo mnpubopy G omnpenenuth MOJISIPHOCTH BBIBOJOB OOMOTOK
TpaHchopmaropa.

4.1.3 CHATh BOJBT-aMIEPHYIO XapaKTEPUCTHUKY. Brimounth aBTOMaT SA,
BbIBeCcTU AT B neBoe moiiokeHue, BKIounuTh 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 KpuBbie U,=f(1,,,,).

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

4.1.5 CobOpatb moovepeqHO BCE CXEMbl, MPEICTaBIECHHbIE Ha puUCyHKe 4.1.
Bxurounts aBToMat SA, BKIoUnTh SA2, TymMOnepamu SB2-SB5 BeiOpats Bun K3. C
HeNnplo  ompezeneHuss K. mpu  pa3nmmuHblx BHgax K3 Bce pene  3aMEHEHBI
aMIIepMETPAMH.

4.1.6 [na Kaxaoi CXeMmbl, 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 M Kaxkaoro Bujaa K3 mocTpouts B
MaciTabe BEKTOPHBIC JUarpaMMbl BTOPUYHBIX TOKOB; BBIICTUTH Ha JHarpaMmmax
BEKTOPHI TOKOB, IPOXOSAIINX IO 0OMOTKaM peJie.

4.1.8 Jliast Bcex cxeM OMpeaeiauTh 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 3ambIkaHui Ha 3€MITIO.
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Tabmauna 4.2

Hazpanue cxembl
ITokxazaHus aMmnepMeTposB, A, B LETISIX
BTOPUYHBIX
Bug K3 L 5 e T
ls; ja_jb Ib; jb_ic I, jc_ja In
Tpexdaznoe
JIByxdaznoe

4.2 MeToauyeckne yKazaHus

4.2.1 IIpoBepka MOJISIPHOCTH BBIBOJOB 0OMOTOK TpaHC(HOPMATOPOB.

[IpoBepka OJIHOMOJSIPHBIX BBIBOJIOB TNEPBUYHOM W BTOPUYHON OOMOTOK
TpaHchopMaTopa TOKa MPOU3BOIUTCSA IO CXEMe, IPEICTaBIeHHOM Ha pucyHke 4.2. B
CXEME HCIIBITAHUN MCTIONB3YIOTCA: UCTOYHHUK MMOCTOSHHOTO TOKA — aKKyMYJISITOpP WJTH
cyxas OaTapes Ha HampsbDKEHHE OKoJio 6 B; MarHUTORJEKTPUYECKUN TOJIIPU30BaH-
HBIH prbop G;, HampaBIeHUE OTKJIOHEHUS MOJBUKHON CUCTEMBbI KOTOPOTO 3aBUCHUT
OT HAampaBIE€HUS TOKAa B €ro OOMOTKE, TOKOOIpaHMuYMBAIOMMK pe3ucrop R,
COIIPOTUBJICHHE 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 OTKJIOHEHHsI CTpenku mnpubdopa (G; onpeaenuTbs OJHOIMOJISPHBIC
BBIBOZIbI 0OOMOTOK TpaHcopmaropa. HampasieHnue oTKIoOHeHUs cTpenku mpudopa G,
dukcupyercss B MOMEHT 3aMblKaHWs pyOwspbHHKAa SAS5, Korga BCIEICTBHUE
NEPEXOTHOTO TpOIlecca BO BTOPUYHOM IeNH 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 BTOpPUYHON 0OMOTKM M,, a neBwlii — ee Hauano ;. Ilpu pasmbikaHuu
pyounsHuka SAS ctpenka mpubopa G; mpu Tex e YCIOBHUSX OTKJIOHHUTCS BIIEBO,
TaK KaK HalpaBJeHHE WHAYKTUPOBAHHOTO TOKA U3MEHUTCSI Ha TPOTUBOMOIOKHOE.

4.2.2 Bonbr-amrepHasi XapakTepuCTHKa TpaHcopmaTopa.

Bonpr-amnepHass  xapakTepucThKa — (XapakTepUCTHKAa  HaMarHUYWBAHUS)
TpaHchopMaTopa TOKa MPEJCTABISIET COOOM 3aBUCUMOCTD HAIPSKEHUS HA 3aKUMax
BTOpUYHOI 00MOTKM U, 0T TOKa HamarHnuvBanus |, IpU pa30MKHYTON BTOPUYHOMN
nemu (Z,~). Bombr-ammnepubie xapakrepuctuku U, =f (l,.) (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 o I AT1
TA4(TA) o—
o —
Inam 5)

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

Pucynok 4.3 — CHsiTHE BOJIBT-aMIIEPHBIX XapaKTEPUCTUK TpaHCHOPMATOPOB
TOKa

CHATHE XapaKTEPUCTUKU MPOU3BOAMUTCSA IO CXEME C aBTOTPaHCHOPMATOPOM,
o0ecreunBaroM HaNMEHbIIIee NCKAKEHNE CUHYCOHIbI HallpsDKeHus: ( pucyHoOK 4.3,
0). B cxeme pexomMeHIyeTCcs TPUMEHATD: JIJIsl H3MEPEHUST HAMPSKEHHSI — BOJILTMETD,
pearupyronmili  Ha CcpelHee 3HAYCHHE HalpsLKeHUs; Il HU3MEPEHHMS] TOKa —
aMIIEpMETpP, PEArupyIOIINii Ha aMIUIMTYIHOE 3HaYEHUE TOKa. [[J1s1 MOCTPOEHUS BOJIBT-
aMIIEPHBIX  XapaKTEPUCTUK CJIEAYEeT MCIHOJb30BaTh JICUCTBYIOIIUE 3HAYCHUS
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CUHYCOMJAIbHBIX TOKOB M HANpPSKEHUI, COOTBETCTBYIOLIME ITOKA3aHUSAM 3TUX
puOOpOB.

4.2.3 CxeMbl COeTMHEHHUS BTOPUUHBIX 0OMOTOK TpaHC(POPMaTOpPOB TOKA.

[Ipu BBIMOTHEHUU 3aAIUTHI AIEMEHTOB JJICKTPUYECKUX CUCTEM MOTYT OBITh
UCIIONb30BAaHbl  PA3JIMYHBIE  CXEMbl  COCIMHEHUS  BTOPUYHBIX  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 TPEYTOJBHUK M OOMOTOK pejie B 3BE3/AY; BKIIOUYCHHE
OOMOTKH pelie Ha CyMmMMy TOKOB Tpex (a3 (Ha GuIbTp TOKOB HYJIEBOU
NocJIeI0BaTebHOCTH). BO3MOXHBI Takke KOMOMHUPOBAHHBIE CXEMbl WM
BKJIIOUCHHE pelie Ha (PUIIBTP TOKOB NPSIMOM M OOpaTHOM MOCJIEA0BATEILHOCTEN U
np. Bbibop cxembl ompenensiercs ee Ha3HaueHHMeM (0T Kakux BujgoB K3
OpeAyCMOTpPEHa 3allluTa), TPeOOBAHMEM YYBCTBUTEIBHOCTH, HEOOXOIUMOCTHIO
SKOHOMUTH KOJMYECTBO peie U TpaHchopmaTopoB Toka. Ilpu ompeneneHuu
napaMeTpoB 3alluThl (HampuMep, ToKa CpabaThbIBaHUS M UYYBCTBUTEIHLHOCTH)
HEOOXOAMMO YUUTHIBATH KOIPPHUIIMEHT CXEMBI

_ P
kcx - I_’
2
roe |, — TOK, mpoxomdmmii MO OOMOTKE pele B paccMaTpUBAEMOM
pexuMe (TIpu HOPMAJILHOM PEXKKUME U TIPH TOM Wi iHOM Bujie K3);

|, — BTOpuuHBIH TOK TpaHC(opMaTopa TOKa B TOM xke pexume, I = 11/K .
|, — mepBUYHBII TOK;
K | won — HOMUHAIBHBIA KOAPPUIMEHT TpaHchopMmalmu TpaHCPOpMaTOpoB
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i o
17211 #a

a — cXeMa ITOJIHOM 3Be3JIbl; O — cXeMa HEIOJIHOHN 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 3aIITUTHI

4.3 KoHTpoJIbHBbIE BONPOCHI

4.3.1 Kakue TpeOoBaHUsI MNPEABIBISAIOTCA K TpaHcPopMaropam ToKa B
YCTPOMCTBAX peIeHHON 3alUThI?

4.3.2 Kak onpenenuTs 0THOMOJISIPHBIE BBIBOJIBI 0OMOTOK TpaHchopmaTopa?

43.3 C Kakoil 1eIbl0 CHHUMAIOTCS BOJIbT-AaMIIEPHBIE XapAKTEPUCTUKHU
TpaHchOopMaTopoB TOKa?

434 K 4uyeMy MOXET MNPUBECTH BKJIOUYEHUE B CXEMBI 3alIUThI
TpaHcdopmaropa TOKa C HEMNPaBUIbHO OOO3HAYEHHOM TMOISPHOCTHIO BBIBOJOB
00OMOTOK?

4.3.5 KakoBO Ha3HAUYCHUE HEUTPAIBLHOIO MPOBOJA B CXEME MOJHON 3BE3/1bI?

4.3.6 YUto Takoe KO3(PPUIUEHT CXEMbI U MTOYEMY €TI0 HY>KHO YUUTHIBATH MPHU
OTpEeEIeHUH TOKa cpabaThiBaHUs pesie?

4.3.7 Kakue cxembl COEIMHEHHS OOMOTOK TpaHCPOPMATOPOB TOKa
UCIOJIB3YIOTCS B 3alIUTaX 0T MHOro(a3Hbix K3?

5 JlabopaTopHasi padora Ne5. McnbITaHue JIEKTPOMATHUTHBIX peJie

Hean padoTsl: nmpuoOpeTeHUE HABBIKOB PabOTHI C YCTPOHMCTBOM 3JIEKTPO-
MarHuTHBIX pejie croco0aMu peryaupoBaHus IapaMeTpoB cpadaThIBaHMS;
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OIIPCACICHUC OCHOBHLIX TCXHHUYCCKUX XAPAKTCPUCTHUK PCIIC.

5.1 Onucanue crenga Ne 1

Crenp npenHa3sHayeH I IPOBEPKH, PETYIUPOBKU U HACTPOMKH BTOPUYHBIX
pene pasznuuHbiX THIOB ( pucyHok 5.1). Peme toka Tuma PT40, PT80, pene
HanpspkeHust PHS3, pene BpeMeHu u mpomMekyTouHble pene; auddepeHnnanbHble
pene PHTS565 u JI3T11 BeiBeAaeHBI Ha CTEHJ KaTylIKaMH M OJIOK-KOHTAKTaMH.
bnoxu u1st ucnbITaTENbHBIX paboT: PEryIUPOBOYHBIN, OJIOK HArpy3KH U MPUCTaBKa
COCTUHSIOTCS MEXAy c0o00i TMOKMMH MHOTOXXHWJIBHBIMH KaOENsIMU — KTyTaMH C
pazbemamu  ( pucyHOK 5.3; ycraHoBka Y5053). PeryiaupoBOUYHBI OJIOK MOXET
ObITh UCIOJIb30BaH MpPHU MPOBEPKE YCTPOMCTB, TPEOYIOIIHUX PETYIUPOBAHUS
nepeMeHHoro HanpspkeHus 10 380B, nmepemennoro Toka 1o 10 A, BRIIPSMIEHHOTO
HanpsbkeHuss 1o 240 B, BempsmienHoro Toka no 4,5 A. Bo Bcex ciydasx
o0ecrnieunBaeTcs MIaBHO-CTYNIEHYaTOE M3MEHEHUE 33aJJaHHOW BenuuuHbl. lluTtanue
Ha cteH]1 ~220 B mogaeTcst BKIIOUEHHEM aBTOMATA.

TE PHT PT40
KT1 o W o o KALL
ET11 o Wy o o (EALZ,

- ~EA4] - CALE

PTED PIIZ61 PIIZ5E
Eaz ELZ ELZ

- ~KAR] - - ~EL21 - - CEL21 -

PH PEM273 3T
EW1 o i o o s o
EV1L o Wi, o Wy o
A [T
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Pucynox 5.1

37



5.20mnucanue yctaHoBku Y5053

VYceranoBka Y5053 mpenHazHaueHa Ui HAJIAAKA U MPOBEPKU MPOCTHIX H
CJIOKHBIX PEJICHBIX 3AIINUT U 3JIEMEHTOB aBTOMATHKHU.

VYcraHoBKa COCTOUT U3 TpeX OJIOKOB: a) OJOK peryaupoBOYHBIM; 0) OIoK
HArpy304HbIiA; B) OJOK-MPUCTABKA, SJIEKTPUUYECKU CBSI3aHHBIX MEXAY CO0O0M mpu
OMOIIY Ka0emel ¢ pa3beMHBIMU COSAMHEHUSIMU.

5.3 Texnuuyeckue JaAHHBbIC

YcranoBka o6ecrieunBacT:

a)  TOJy4eHHE  PETYIUPYeMOTOo  OAHO(PA3HOTO  MEPEeMEHHOIo U
BBINPSIMIICHHOT'O TTIOCTOSIHHOTO TOKA U HAIIPSKEHUS,

0) U3MepeHre BPEMEHHBIX XapaKTEPUCTUK MPOBEPSIEMBIX YCTPONCTB;

B) TIOJIyY€HHE CUMMETPUYHOTO TpeX(}Ha3HOro HANPSKEHUSI C PEryJIUPOBaHUEM
€ro BEJTMYMHBI MEXKIYy NByMs (hazamu;

I) peryjiupoBaHUE M U3MEpEeHHE yria ciapura (a3 MeXIy TOKOM H
HaNpsHKEHUEM;

1) TPOBEPKY YCTPOMCTB 3AIMTHl B PEKUME HMUTALMU PA3IUYHBIX BUIOB
KOPOTKHUX 3aMbIKaHUU.

5.4 Pabouee 3aganue

5.4.1 O3HaKOMHUTHCS C YCTPONCTBOM U AJIEKTPUUECKOM CXEMOM UCIIBITYEMOTO
pene PT40 ( pucynok 5.2).

5.4.2 TlpoBepuTh 3aUTy 10 MepeMeHHoMYy TOKy (10 50 umm 200 A):

a) MpU JAHHOM MPOBEPKE HCIIOIH30BaTh OJOKH PETyJUPOBAHUS U HArPy3KH
(pucyHok 5.3);

0) MOAKIIOUUTH HArpy3ky K 3axkumam  «I<50 A» wmm  «I>50 Ay, B
3aBUCHUMOCTH OT TpeOyeMoro 3HadyeHUs Toka (B TIEPBOM cllydae BBIOOD
nuTaeMbIX (pa3 3anuThl MPOU3BOAUTH MepekimouarenieM «SA18y);

B) YCTAHOBUTH MEPEKITIOYATENIM B TONOXKEHUS: «SAT» — «~I»; «SA6» —
«~l»;  «SA20%» - «IIPSMO»; «SA21» - «0»; «SA16», «SA17», «SA19» - B
COOTBETCTBHM ¢ TaOimier 6.1; mrenceib «SA15» - B COOTBETCTBHH C
BBIOPAHHBIM 3HAYEHUEM TOKA;

r) BKIouuTh  «SA10», mnepexmounth TymMOnep «SA8» B MOJOKEHUE
«CPABATY;

1) OTPETylIHpoBaTh TpeOyeMoe 3HAUCHHWE TOKa B Harpy3ke Iepek-
JroyaTtesieM «SA9» u perymaropom «TV1». Ilpu HeoOXxogumMocTH, s
ucrnpanyieHUs: popMbl KPpUBOM TOKa mepekitouareneM «SA21» BBeCcTHM B LieMb
nepBuyHoii ooMmoTku 7V3 pesuctopel R24 — R33.

[Ipy HEOOXOAMMOCTH aBTOMATHYECKOTO MPEKPAICHUS MPOTCKAaHUS TOKa B
Harpy3ke Tiociie  cpabaThIBaHUS MPOBEPSEMON 3aIUThI, 3aMbIKAIOIINI KOHTAKT
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MOCJIETHETO0 HEOOXOAMMO MOAKIIOUNTE K 3axkuMmaM «-» (X74) u «I1IOAXBAT»
«KV1y (XT6) 6nokxa ®P5000. B aTtom cnydae qoJpKHA OBITH YCTAHOBJICHA TaKKe
nepembiuka  «QS1». Bo3BpaT ycTaHOBKM B HCXOJIHOE TOJIOKEHUE MPOU3BOJIUTD
yCTaHOBKON TyMOjepa  «SA8» u mepexirodaTens «SA14» B monoxeHue
«BO3BPAT»;

€) IocJie OKOHYAHMS TPeOYeMbIX PETryJIMPOBOK; BHIBECTH peryisitop «7VI»
B HayaJlbHOE TMoJoXkeHue; nepeBectd  «SA9» B nonoxenue «115Vy»; BepHyTh
«SA8y» B monoxenne «BO3BPATY; orkimounts «SA10».

16 IS 14 13 12 11 10

a
11 10
19 20

8
a — KOHCTpYKIus peie; O — H30JALMOHHAS KOJOAKA C HEMOJABMKHBIMHU
KOHTaKTaMH; B — PETYJMPOBOYHBIN y3€JI; I — KOHTAKTHBIN y3ell; 1 — ceplieuHuK; 2 —
Kapkac ¢ 0OMOTKOM; 3 — ajtoMUHMEBas CToMKa; 4 — aemidep; 5 — BepXHsis MOIyoCk; 6 —
MOJABHKHOM KOHTAKT; 7 — W3O0JAIMOHHAS KOJOJKAa; 8 — IIKajla YCTaBOK; 9 — ykazareib
yctaBku; 10 — mpykuHonepxkatenb; 11 — mecturpanHas BTylkKa; 12 — cnupaibHas

npyxuHa; 13 — xBocToBUK; 14 — sKxopb; 15 — daconnas mmactuaka; 16 — neBbIl ynop;
17 — npaBas nmapa HENOABMKHBIX KOHTAKTOB; 18 — neBasi mapa HEMOJABM)XHBIX KOHTAKTOB;
19 — daconnsiii BUHT; 20 — mnpyxuHsmas maiidba; 21 — 3amgauii THOKHI ynop; 22 —
nepeaHuit yrnop; 23 — OpoH30Bast IIJIACTUHKA C cepeOpsSIHON MOJIOCKOIA.

Pucynok 5.2- O6mwuit Bun pene PT40 (PHS0)
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Pucynok 5.3 — Cxema coequnenus ucnsityemoro peie PT40
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Tabmuma 5.1

| som Koneunoe [TonoxxeHue nepexnoyaTesis
IIPOBEPSIEMON | 3HAYCHHUE
3alUTEL, A JINarna3oHOB
M3MCPCHHA MO | (SA19) «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»

5.43 CoOpats cxemy (pucynok 5.2, PT40), coenuHuB OOMOTKH pelie
MOCJIEIOBATEIBHHO.

5.4.4 Tlytem MmiaBHOTO yBEJIMYEHHUS TOKa 3a()UKCUPOBATH TOK CpabaThIBAaHUS
pene | .,; yMeHpmas ToK, 3apuKCUpOBaTh TOK Bo3BpaTa pene | ., PesymbraTs
UCITBITAaHUH 3aHECTH B TA0NHITy 5.2.

Tabmuma 5.2

lyer, A lep, A lop, A ki | Coenqunenue
00MOTOK

5.4.5 TlponenaTh TO XK€ camMoO€ MpH MApaAJICIBHOM COEAMHEHUU OOMOTOK
pee.

5.4.6 Ilo naHHBIM ONBITOB OMNpPEACIUTh 3HAUYEHHE KO3(PPUIMEHTa BO3BpATa
pee.

5477 [nsa onHodt pabodeil yCTaBKM NYyTEM TPEXKPATHOTO HW3MEpPEHUs
ONMpENENUTh 3HAYEHHE IMOTPEUIHOCTH TOKa CpaldaThIBaHUS peJie OTHOCUTEIBHO

. Ofs _ _ CPP- yem
3aJIaHHOHW YCTABKH I10 BBIPAKCHUIO 7c.p. A) - I . Pe3y.HBTaTI::I 3aHCCTU B
yem
tabauity 5.3.
Tabnmma 5.3
IyCTa A Ic.p.l; A Ic.p.2; A Ic.p.3, A Ic.p.cp, A Yc,p,,%

JlommycTiMoe 3HAYCHUE MAaKCUMAaJIbHOTO OTKIIOHEHHWS A pelie TOKa He
JIOJDKHO TIpeBbIaTh +5%.

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

5.4.9 Jlatp 3aKi04eHUE O NPUTOJHOCTU pelie K SKCIUTyaTallud, CPaBHUB
MOJIYYCHHBIC PE3YJNbTaThl C TEXHUYECKUMH JIaHHBIMH pelie. Y4YecThb, 4YTO
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JIOTyCTUMOE OTKJIOHEHHE Kod((duireHTta BO3BpaTa HE JOJDKHO MPEBOCXOAUTH
+0,03.

9.4.10 O3HakOMHUTBCA C YCTPOHUCTBOM U  DJIEKTPUYECKOM CXEMOU
UCTIBITYEMOTO penie ( pUCyHOK 5.2).

5.4.11 IIpoBepuUTh 3alIUTY IO MEPEMEHHOMY HAIPSKEHUIO:

a) MpU JAaHHOW TPOBEPKE UCHOIB30BaTh TOJBKO OJOK PEryaupOBaHUs
(pucyHoK 6.3);

0) MOAKIIOYUTH OOMOTKY K 3akuMaM  «=U»,  KOHTaKThl IPOBEPSIEMOTO
pene -k 3axumam «OTKJIIS», pozetky «XS1» k Buiike «XPly;

B) YCTaHOBUTbH MEpeKiIouaresid B MojoxkeHue: «SA7»—«~Uy, «SA6»- «=Uy,

«SAIl» - «O0»; «SA2» - «HL3»; «<SA4» «SAS5» - Ha BbIOpaHHBIN IUAIa30H
U3MEpPEHUS;

r) BKIOYUTH «SA10», mepeximtounTh TymOnep «SA8» B IMOJIOKCHUE
«CPABATY;

1) yCTaHOBUTH TepekitouateneM «SA9» u perynsaropom «TV1» tpeGyemoe
HaIpsKEHUE;

€) IocJIe OKOHYAHMSI TPeOYEMBIX PETyJIMPOBOK; BHIBECTH peryistop «7VI»
B HayaJlbHOE TOJIOKEeHHE; nepeBecTr  «SA9" B monoxkenue  «115V»; BepHYyTH
«SA8y» B nmonoxxenue «BO3BPATY; orkimounts «SA10».

5.4.12 Cobpatsb cxemy (pucynok 5.1 PH50).

5.4.13 [Ilyrem 1IaBHOTO YBEIMYEHHS] HaNpsLKEHHS — 3a(DUKCUPOBAThH
HanpspkeHue cpaOareiBanus pene U.,; HU3MEHAA HampspkeHHME B OOpaTHOM
HAIpaBJICHNH, 3a(DUKCUPOBATH HANIPsHKEHKE Bo3Bpara pene Uy,

Pe3ynbTaThl HCTIBITAHUH 3aHECTH B Ta0IUILy 5.4.

Tabmuma 5.4
Uyer, B Ucp, B Usyp, B k, | JlmanazoH ycTaBok

5.4.14 Tlo naHHBIM ONBITOB OMNpPEACIUTh 3HAUeHUE K03 uImeHTa Bo3Bpara
pene.

5.4.15 [ns onHoW paboued yCTaBKM NYTEM TPEXKPATHOTO H3MEPEHUS
ONMpENENUTh 3HAYEHHE TMOrPEIIHOCTH  HaNpsbKeHHWs  cpabaThiBaHUS — pelie
OTHOCHUTEIBHO 33/IaHHON YCTABKHU IO BBIPAKEHUIO

c.pcp. Uycm
U,.. ’
rae Ug, o, — CpelHee 3HaY€HHE, IOyYEHHOE IIPH BBINOJHEHUU 3aJaHHOTO
KOJINYECTBAa U3MEPECHUM;
Uycr — ycTaBKa 1o 1mkaie perne.

Pe3ynbTaThl 3aHecTH B TaONIHUILy 9.5.

Ve p. Y0 =
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Tabmuma 5.5
UyCTa B U cp.ls B Uc.p.Za B Uc.p.3s B Uc‘p‘cpa B 'Yc,p,,%

[TomyyeHHOE 3HaYEHHE 7., CPABHHUTH C JOIyCTHMBIM 3HA4€HHEM, KOTOPOE
HE JIOJDKHO TIpeBbIaTh £5%.

Enox perynupoeanua

B I_-I-I;q—_l myck ms OTE T s

O 000 0000

~
KV
ppene HaTIPsLKeHHA
PH 33

Bs Cp Bp Mc 53075150 Ml 212U o -U ~U

ICs o 1l |3|:m
|HL: 542
S47

“apd Unpl Ome Ty

p Al

Pucynok 5.4 - Cxema coegunenus ucneityemoro pese PH50

5.4.16 W3meputh Bpemsi cpabaThiBaHUSI pejieé TOKAa TPH 3HAYCHHSIX
Up=1,2Uy; 1 Uy,=2U,..
5.4.17 [atp 3akiit04eHUE O MPUTOJHOCTU pelie K IKCIUTyaTallud, CPaBHUB
MOJTYYEHHBIE PE3YIbTaThl C TEXHUYECKUMHU JaHHBIMU PEJie.
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5.5 MeToanueckue yKazaHus

OCHOBHBIMU AIIEMEHTaMU AJIEKTPOMAarHUTHBIX  pelie SBJISIFOTCS
AJIEKTPOMArHUT 1, COCTOAIIMN U3 CTAJIBLHOTO CEPACYHMKA U OOMOTKHU 6, CTajabHOM
MOJBYKHBIN SIKOPb 2, HECYIIMM MOJIBUKHBINA KOHTAKT 4, HETIOABUKHBIC KOHTAKTHI 3
Y IPOTUBOJEHCTBYIOLIAS MTPYKUHA 5.

BzaumopeiictBue monsi OOMOTKM CO CTalbHBIM SIKOpEM O0OYyCIIaBIMBaeT
MOBOPOT SIKOPSI BOKPYT OCH B CHCTEMAax pelie ¢ MOBOPOTHBIM sikopeM (pene PII,
PUCYHOK 5.4 0) WM NONEPEYHOE IBUKEHUE SKOPS B CUCTEMax peje, B KOTOPBIX
SAKOpb IEPECEKAET CPEJHIO JIMHUIO, IPOBEICHHYIO MEXKIY HENOABUKHBIMU
nontocamu (pesie PT40, pucyHok 5.4 B) win IpsSIMOX0/I0BOE IBUKEHUE B CUCTEMAX
¢ BTATUBaOmMuUMcs sikopeMm (pene PB, pucynok 5.4 a).

OnextpomaruutHas cuia F, win ee MOMeHT M, POMOPIMOHATIBEHBI TOKY B
oOMOTKE pene |, M HUMEIT NOCTOSHHOE HANpPABICHUE, HE 3aBUCSILEE OT
HaIlpaBJICHUS (3HAKA) 3TOr0 TOKA.

i
SRR --|——I1:l
- - :l
T | i1
T™"r-Tr-
I—'—' I—'

Pucynok 5.4

[lepeMeHHBII CUHYCOMAANbHBIA TOK B OOMOTKE pejie€ CO3/JaeT Bpalarolluid
MOMEHT. MOMEHT NPONOPUHUOHAJIEH KBAJIpaTy TOKAa M OCTAETCS IMOJOKHUTEIbHBIM
Ka)XIbI TIOJTYTIEPUOI.

Pene toka PT40 u pene nanpsixenuss PHS0 oTHOCSTCA K pene, pearupyroiiee
Ha OJHY DJIEKTPUYECKYIO BEJIMUMHY: TOK UM HAIIPSIKEHHUE.

3HaueHHe BO3ACHCTBYIONIICH BEIWYMHBI (TOKA, HANpPSKEHUA W Jp.), NpU
KOTOPOM  TMPOHUCXOAUT cpabaTbiBaHUE peJie, SBISETCS €ro  napaMmeTpoM
cpabaTbIiBaHHUs, 3HaYCHHE BO3JICHCTBYIOIIEH BETUUYHUHBI, IPH KOTOPOM HMPOUCXOAUT
BO3BpaT peine, - IapaMeTpoM Bo3Bpara. [l pere TOkKa pasjuydaroT TOK
cpabatbiBaHus pene |, 1 Tok Bo3Bpara ;.

HammMenbpmuii TOK, TIpu KOTOPOM cpadaThIBAeT pelie, Ha3bIBaeTCs
TOKOM cpabarsiBanus |,

44



HaunbGonpmuii TOk B pesie, Ipyu KOTOPOM SIKOPb pejie BO3BpAIaeTCs B
Ha4daJIbHOE ITOJI0KEHHE, HAa3bIBAETCsI TOKOM BO3Bparta pene I, ),

Otnomrenue TokoB |,, /1., HaspiBaeTcsa kod(duuueHTOM BO3Bpara
k603'

JLiist pesie HanpsiKEeHUs

VY pene, pearnpyromux Ha Bo3pacTaHue Toka |, >, , unm nanpsokeHns
U,p>U.,,. KO3OPUIMEHT BO3BpaTa MEHBIIE CIUHMIIBI Koos<<l. Jmst
MUHUMAaJIbHBIX  peJjie, KOTOpble  cpadaThIBalOT, KOTJAa  3HAYCHUS
BO3JCHCTBYIOINIEH BEJIMYUHBI CTAHOBUTCS MEHBIIIE 3HAUYCHUSI IapameTpa
cpabaTeiBaHusl, KO3(GUIIUSHT BO3BpaTa O0JIbIIe ¢ TUHUIIBI Kyo,>1,

Koaddunment  Bo3Bpara  sBIsieTCs Ba>KHBIM rnmapamMeTpom,
OIIPEACIISIIOIINM HCHPABHOCTh pEJIE U BO3MOXKHOCTb €ro NPUMEHEHUs B
pa3IUYHBIX YCTPOUCTBAX 3aAIUTHI.

[TapameTpsl cpabaThiBaHUs pesie HE BCErJa COBIAJAIOT C YCTaBKOM IO
mkane. OTKIOHEHHWE JEHCTBUTEIBHOIO 3HAYEHHS TapaMeTrpa IMpu
cpabaThlBaHUM OT YCTAHOBJICHHOTO HA3bIBAETCS TMOTPEIIHOCTHIO pele.
[TorpemtHocTh MOXeET OBITh a0COJIFOTHON WM OTHOCUTEJILHOW. AOCOJIIOTHAs
MOTPEITIHOCTh  BBIpAXKaeTcs B  €IWHHUIIAX  HW3MEpPEeHUus  mapameTpa
cpabaTbhiBaHUsl, OTHOCUTEJbHAasT — B mnOpoueHrax. Jnga pene Toka
OTHOCHUTEJbHAsI HOTPEIIHOCTD, %, ONPENIEIISIETCS BRIPAXKEHUEM

c.p.cp. yecm

7/c.p.%: I ’

ycm

rae lepep — CpelHEe 3HA4YCHHE, IOJIyYEHHOE IIPH BBINOJIHEHUHU 33JaHHOIO
KOJINYECTBA U3MEPEHNN;
lyer — yCTaBKa 1o mkane pere.

5.6 KoHTpo/IbHBIE BONIPOCHI

5.6.1 Kakumu criocobamu peryivpyroTcs TOK M HalpsiKEeHUE cpadaThbIBaHUS
y pene tunoB PT40 u PH50?

5.6.2 KaxoBbl IPUYUHBI MOSIBJICHUS BUOpanuu KOHTaKTOB
AIIEKTPOMArHUTHBIX pejie MnepeMeHHoro Toka? Kakue wmepbl MpUMEHEHBbI s
yMEHBIIEHUs1 BUOpaIMy KOHTakToB y pene tTunos PT40 u PH50?
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5.6.3 Tlouemy st MaKCUMaNbHBIX pefie (TOKa, HAMPSHKEHUs) KOIPPUIHESHT
BO3BpaTa MEHBIIIE €IUHUIIBI, & U1 MUHUMAIIBHBIX pelie — OOJIbIIe eTUHUITHI?

5.6.4 OOBACHUTD MPUHIUIT ACUCTBUS AIEKTPOMArHUTHOTO peTie.

5.6.5 Urto Takoe TOk cpabaThIBaHMs, TOK BO3BpaTa, KodpuIlMeHT Bo3Bpara?

5.6.6 OOBsICHUTE, YEM OTJIMYAIOTCS Pelie MAaKCUMAJIbHOIO ¥ MUHUMAJLHOTO
JIeUCTBUSI.

5.6.7 Kak wum3MeHseTCs TOK cCpadaThlBaHWs MPH H3MEHCHUHM COCAMHCHHA
CEKIMA 0OMOTKH perie?

5.6.8 Pacckasarb 0 TOCTOMHCTBAX M HEJAOCTATKaX 3JIEKTPOMArHUTHOTO pelie.

6 JladopaTropuas paGora Ne6. UcnbiTaHue MHAYKIIMOHHOIO peJjie TOKA
Tuna PT80

Hean paboTbl: mnpuUOOpETEHHE HABBIKOB PpabOThl €  YCTPOHCTBOM
WHIYKIIMOHHOTO  pejlie  TOKa, Choco0aMy  PEryJMpoBaHUs  IapamMeTpoB
cpabaThIBaHUS;, ONPEEICHNE OCHOBHBIX TEXHUYECKUX XapaKTEPUCTUK PEJie.

6.1 PaGouee 3aganue

6.1.1 O3HaKOMUTHCS C YCTPOMCTBOM MHAYKIIMOHHOTO pene Toka tuma PT80

(pucyHok 6.2).

6.1.2 CoOpath cxemy ( puCcyHOK 6.1):

a) MOJICOEIMHUTh OOMOTKY MPOBEPSIEMOTO petie K 3akumam «l >50 Ay;

0) ycTaHOBUTH TpeOyeMoe TMOJIOKEHUE PEKUMHBIX TMepeKmodarened «SA7»,
«SA6» u np. Brirountb «SA10», nepexintounts «SA8» B monoxenue «CPABAT»
U OTperyaupoBarh TpeOyemoe 3HadeHHe TOKa WidM HanpsbkeHusd. llocne aroro
BO3BPATUTh «SA8» B HUCXOIHOE MOJIOKEHHUE M OTKIIOUUTH «SA10».

6.1.3 Tlpu wu3MepeHusx BpeMEHHM CpaldaTbIBaHUs pelieé BCTPOCHHBIM
AIEKTPOCEKYHIOMEPOM:

a) BBITIOJIHUTH OTepalyH 1o 1. 6.1.2;

0) moACOeIMHNUTh KOHTAKThI peine K 3axumaM «OTKII s» 6moka GP5000;

B) IPOBEPUTH, UTO MiepeMbIuka «QS2» ycTaHOBIIEHA;

I) YCTaHOBUTH Iepekiouarens «SA2» B  mnonoxeHue «C3» (Bpems
cpabaTbiBaHUs 3aMblKaromiero koHTakta) win «Cp» (BpeMsi cpabaThIBaHUs
Pa3MBIKAIOLIEr0 KOHTAKTA);

1) BKIIFOUUTB «SA1»;

€) 3amyCTUTh OJJIEKTPOCEKYHIIOMEP TepeBoAoM «SA8» B TMOJIOXKEHUE
«CPABAT» u npousBecTd U3MEpPEHUE.

6.14 UV3mepeHue MAIUTENBHOCTH 3aMKHYTOT'O COCTOSIHHSI BpPEMEHHO-
3aMBIKAIOLIETO («IPOCKATb3BIBAIOIIET0)») KOHTAKTA peJie BPEMEHU MPOU3BOIUTH IO
nporpamme 1.6.1.3 mpu yctanoBke «SA2» B monoxeHuu «Cpy.

6.1.5 Ilpu u3MepeHusIXx BpeMEHM BO3BpaTa pejie (3aluThl) BCTPOEHHBIM
AIEKTPOCEKYHIOMEPOM:
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a) BBITIOJHUTH oreparuu 1o mm. 6.1.2; 6.1.5;

0) ycTaHOBUTH TepekitoyaTesb «SA2» B nojoxenue «B3y» (Bpemsi Bo3Bpara
3aMBIKAIOIIET0 KOHTaKTa) Wik «Bp» (Bpems Bo3BpaTa pa3MbIKaIOIIET0 KOHTAKTA);

B) BKIIIOUUTH «SA10» 1 nepeBectu «SA8» B monoxkenne «CPABATY;

I) 3alyCTUTh OAJIEKTPOCEKYHJIOMEpP TMepeBoAoM «SA8» B MOJIOXKEHHUE
«BO3BPAT» u npousBecTd U3MEpPEHHUS.

Enow marpyaxu Enow perynupopanua
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Pucynok 6.1 - Cxema coenunenus ucrnoiryemoro pesne PT80

6.1.6 JIna xaxnoro 3Ha4eHWs yCTaBKU IO IIKAJIE TOKOB CPaOATHIBAHUA |y,
ONPEIEIUTh 3HAYCHUE JICHCTBUTENBHBIX TOKOB cpabareiBanus pene |, n Bo3Bpara
l.p. OTcedka npu >TOM JOKHA OBITH BBIBEACHA, @ YCTABKY IO HIKaJleé BPEMEHU
NPUHATH HaubomblIeil. Pe3ynbraTtel u3MepeHuii 3aHecT B Tadbnuiy 6.1.

Tabmauna 6.1
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lyer, 4 lep., 4 lsp., 4 Ky

Onpenenutb KO3pPUIIMEHT Bo3BpaTa peie K,.

6.1.7 Jlna onmHOM yCTaBKM IyT€M TPEXKPATHOTO M3MEpPEHUs TOKa
cpabaTbIBaHMs ONPEIEIUTh 3HAUYEHUS ITOTPEIIHOCTH J,., % TOKa cpabaThIBaHMA.

c.p.cp. ycm

ycm

Ve, Y0 =

rae lepep — CpelHee 3HaYeHMe, MOJYYEHHOE IIPHM BBIIOJIHEHMH 3aJaHHOIO
KOJINYECTBA U3MEPECHUM;

lyer — yCTaBKa 1o mikase pere.

6.1.8 VYcraHoBuUTh Ha peje YCTaBKM (3alaHHBIC MpEMoAaBaTesieM) TOKa
cpabaThlBaHHs WHAYKIIMOHHOTO J3JIEMEHTa W BBIICPKKH BPEMCHH. 3aJaBasch
KPaTHOCTBIO TOKa II0 OTHOLICHWIO K 33aJaHHOMY TOKy cpabatbiBanus K,=lp/l¢, B
npegenax or 1 mo 10, cHate xapaxrepuctuky pene t,=f(k;). Pesynbrarsl
HM3MEpPEHUI 3aHECTH B Ta0uIly 6.2.

Tabmuma 6.2

VcraBku Ha pene  lyer, =... 4 tyer = ...

Kparnocts Toka ly/lc . 1-10

Tox I, 4

Bpewms cpabateiBanus t.p, ¢

6.1.9 [1o momy4eHHBIM pe3yJIbTaTaM MOCTPOUTH XaPAKTEPUCTHKY.

6.1.10 YcraHOBUTH KpPaTHOCTh TOKa CpalOaThIBaHUS TOKOBOM OTCEUKH IIO
OTHOIIEHUIO K TOKY YCTaBKM 3aBHCHUMOIO JJIEMEHTa, paBHYIO ueTbipeM. CHSTh
xapakrepuctuky  tp,=f(k;). Iloctpomts xapakrepuctuky. CpaBHUTH C
XapakTepucTrkoit nm.6.1.6.

6.1.11 nenath BHIBOJ O MIPUTOJHOCTH pPejie B IKCIUTYaTallUU.

6.2 MeToauuecKkue yKa3aHusi

Nunykumonnoe pene Ttuna PT80 cocrouT W3  ABYX  DJIEMEHTOB:
WHIYKIIMOHHOTO, CO3JaIOUIEr0 OTPAHUYEHHO 3aBUCUMYK) OT TOKAa BBIIEPKKY
BPEMEHH, W  D3JEKTPOMAarHUTHOIO  MTHOBEHHOTO  JIEUCTBHUS  (OTCEUKH),
00€eCIeYnBaIONIEr0 OTKIOYEHUE 3allUIIAeMOro 00beKkTa 0€3 BBIIECPKKH BPEMEHU
npu npesbllieHMH TOKoM K.3. ycraBku otrceuku. OIHO Takoe pesie MO3BOJISIET
OCyHIECTBIATH 3amuTy oT K.3. 1 nmeperpy3ox.

OCHOBHBIMM OpPraHaMH SIBJIIFOTCSI 3JIEKTPOMArHuT ¢ PacIlioiOKEHHON Ha HEM
OOMOTKOM, TOCTOSSHHBIAH TOPMO3HOW MArHUT W JIMCK, PACIIOJIOKEHHBIM MEXKIY
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MOJIFOCAMU  AJIEKTPOMArHuTa, Ha KOTOPBIX HMEIOTCS KOPOTKO3aMKHYTBhIE BUTKH
( pucynok 6.2).

IIpu ompenesleHHON 4YacTOTE BPALLEHHUs, T.€. IPU ONPEICICHHOM 3HAYCHUU
TOKa B OOMOTKe, 0Opa3yeTcs pe3yiabTupyromas aByx cuwi F, u F,, Kotopas
o0OycnaBiIMBaeT BpaLIAlOIIMM MOMEHT, JOCTATOYHBIM JJIsI MOBOpPOTa pPaMKH U
3alleIIeHUs] 3y0yaToro CerMeHTa C YEepBAKOM, HAaXOIALIMMCS Ha OJHOM ocu ¢
JUCKOM.

PerynupoBka TOka cpabaTblBaHUs pejie MPOU3BOAUTCS IYTEM H3MEHEHUS
YUCclia BUTKOB OOMOTKHM 3JIEKTPOMAarHuTa, BBIBEJEHHBIX HA KOHTAKTHYIO KOJIOJKY.
Jliis yBenu4eHust TOKa cpabaThIBaHUS CIIEAYeT YMEHBIIUTh YUCI0 BUTKOB. HyxxHoe
3HAYEHUE YCTAHABIMBAETCS C OMOIIBIO KOHTAKTHBIX BUHTOB.

Tox cpabateiBanus pene PT80 crnemyer mpoBepsTh MpH BBIBEIEHHON OTCEUKE
(perynupoBOYHas TOJIOBKA YCTaBKA OTCEYKH MOBEPHYTA MPOTHB YaCOBOW CTPEIIKU JI0
yropa). Tok cpabaTeIBaHNsI MHIYKIIMOHHOTO 3JIEMEHTAa — 3TO TOK, IIPH KOTOPOM
YEPBSIK BXOJUT B HAJIE)KHOE 3ALICIICHUE C CETMEHTOM.

Bpemsi cpabarbiBaHusl pene 3aBUCHUT Kak OT YacTOThl BpallleHUs JUCKa (a
3HaYUT, U OT TOKa), TaK M OT XojAa (pacCTOSIHMs) MOJBHUKHOTO CErMEHTa OT
HAYaJIbHOTO MOJIOXKEHUS A0 KOHTAaKTHOTro Moctuka. L{udpel Ha mikane yka3blBaroT
BpeMs JEHCTBUs pejie B HE3aBUCHUMOW YacTH XapaKTEPUCTUK (TP TOKE PaBHOM
JECATUKPATHOMY 3HAUEHHUIO TOKA yCTaBKH). il onpeneneHnsi MICTUHHOTO BPEMEHH
cpabaTbIBaHU ¢ YU4ETOM pa3zdpoca pene ciaeayeT eaaTh He MEHEe TPeX OTCUETOB
0 JIEKTPOCEKYHAOMEDY .

[locne kaxxaoro HM3MEpeHUs: CIEAyeT 3aBOJIUTh (JIaKOK MEXaHUYECKOIro
yKazatelsd cpabaTblBaHMs pese, cleAs 3a TeM, 4YTOoObl OH He 3acTpeBal U He
3aJIep>KUBaJl 3aMbIKaHUS KOHTAKTOB.

Pabota pene PT80 B kayecTBE MIHOBEHHO JEWCTBYIOIIEH OTCEYKH C
HE3aBHCHMOM OT TOKa BBIJEPKKOH BpEMEHU 00ECIeUMBACTCS 3JIEKTPOMArHUTHBIM
NIEMEHTOM.  HenoAaBMKHBIM ~ CEpACYHMKOM  SIBISIETCSA  MAarHUTONPOBOJ
UHAYKIIMOHHOTO D3JeMeHTa pene. V3MeHeHune Toka cpabaTblBaHUs OTCEUKU
IIPOU3BOJMTCS PETYJIUPOBOYHBIM BUHTOM, H3MEHSIOIIMM JUIMHY BO3IYIIHOIO
3a30pa MEXJy IMOJIOCHBIM HAKOHEYHMKOM IOJBM)KHOIO SIKOPSI M IOJIFOCOM
HEMOJBIKHOTO 3JIeKTpoMarHuTa. Lludpsl Ha 1uMOe BUHTa yKa3bIBalOT KPaTHOCTb
TOKa cpalaThIBaHMsI OTCEUKM K TOKY YCTaBKM cpabaTbIlBaHUS pejie B Hauaie
3aBUCUMOI 4YacTH XapakTepucTuku. TOk cpabaThiBaHUSI OTCEUYKHM HaA pelie
yCTaHaBJIMBAaeTCA B TMpeAenax 2- WM §-KpaTHOro ToKa cpadaThIBaHUS
MHIYKIIMOHHOTO 3JIEMEHTA.

[IpyuriHaMu ~ TOBBIIIEHHOW  BUOpAalLMK  SIKOPSI ~ OTCEUKHA  SBJISIFOTCS
MexaHu4eckue AePeKTbl 3aBOJCKONW COOPKM WM W3TOTOBIICHUS Yy3Jla OTCEYKH,
KOTOPBIE BBI3bIBAIOT MTOTPEUTHOCTh TOKA CPabAThIBAHUM.
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1-yepBsk; 2-MOCTOSIHHBIA MAarHuT; 3-3yO4arblii CeKTOp; 4-MOJABMXKHAS —paMmKa;S-
appeTupylouas MpykKuHa; 6-TUCK; 7-HWKHUN NOANATHUK AMCKA; 8-MEXaHWYECKUH yKas3aTellb
cpabarbiBanms; 9-marnuromnpoBos; 10-o0mMoTka perne; 11-koMMyTaTop OTBOJOB OTMOTKH; 12-
AKOph DJIEMEHTa OTCEYKH; 13-peryinpoBOYHBIH BHUHT YCTaBKM OTCEUKH; 14-HENOJABUKHBIM
TJIABHBIN 3aMBIKAIOIINNA KOHTAKT;15-yrodpbHUK TTIaBHBIX KOHTAKTOB; 16-TOJIBHYKHAS KOHTAKTHAS
npyxuHa; 17-BepXHUA NOAMATHUK AMCKa;18-cko0a CUTHAIBHBIX KOHTAKTOB; 19-yrmOpHBIA BHHT
pamku; 20-ckoOa-mepikarelb 3y04aToro CeKTopa.

Pucynok 6.2 - Kuaematnueckas cxema pene PT80 u PT90

26
oal 0 Led]
22| "I‘I| R
c B0
P - 2o 122
16 I||| =oAn SC/{Illlnll'l
5 SeoEy
o 14 A .
= gz
oz |:'-.:L 20 4133!'.:'-.'\_
g 10
N A N Dz”m=§‘.;
aple ;:': —— 1 2 4 6 g 10
pr) I a N K
o fyem~ 0,50 =)
1 2 a4 B g 10
10
K )
5 - y
=g
& Ly
U o S
t_llr(*m—l:'_,ﬁﬂ'
= o

123455KT891D
a)
a - PT81/1, PT83/1 u PT85/1; 6 — PT82/1, PT84/1 u PT86/1; B —
PT91 u PT95; t ., — ycTaBKa 10 1IKaJie BPEMEHH.

Pucynok 6.3 - XapakTepucTHUKH 3aBUCUMOCTHU BpEMEHU cpaldaThiBaHus t
OT KpPaTHOCTH TOKa cpabartbiBanust K aiis pesne
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6.3 KoHTpOJIbHBIEC BONIPOCHI

6.3.1 HazoBute ocHOBHBIE 251eMeHTHI pesie PT80.

6.3.2 Kakoli TOK Ha3bpIBaIOT TOKOM CpalaTbIBaHUS HMHAYKIIMOHHOTO
aremMeHTa’?

6.3.3 OOBSICHUTH, KaK IMOJTYYaeTCsl OrPAaHUYEHO 3aBUCUMAs XapaKTEPUCTUKA
perne.

6.3.4 O0bsicHUTE JEHCTBUE TOKOBOM OTCEUYKHU B pelie.

6.3.5 Kak perynupytorcst napameTpsl cpadbatsiBanus pese PT80 B 3aBucumont
M HE3aBUCHUMOW YacTsAX XapakTepucTuk? Kak mpou3BOIUTCS H3MEHEHHE TOKa
cpabaThIBaHUsI TOKOBOM OTCEUYKHU peiie?

6.3.6 Korma Bpemsa paeiicTBusi pene, paOOTalOMIETO B 3aBUCUMON YacTH
XapaKTEPUCTHUKH, OOJbIIE: MPU BBEACHHON WM BhIBEICHHOU oTceuke? OObsiCHUTE
MPUYMHY U3MEHEHUS XapaKTEPUCTHKHU.

6.3.7 Kakoe Bpems siBisieTcsi BpeMeHeM cpabaTbiBaHUsl pesie?

6.3.8 Pacckaxkute 0 JOCTOMHCTBAX M HepocTaTkax pene PTSO0.

51



Cnmcok Jureparypsl

1 bacc, D.1. Peneiinas 3aluTa BJICKTPOIHEPTETUUECKUX
cucreM [Tekcr]: VYwueb.mocooume / D.M. bace, B.I'. J[oporyHues; mona
pen.A.®. JIpskoBa.- 2-¢ uzj., crep.- M.: MDU, 2006.- 296 c.

2 Aungpees B.A. Peneiinag 3ammra W aBTOMAaTHKa CHCTEM
anekTpocHabxkeHus [Tekcr]: YueOnuk / B.A. Auapees.- 6-¢ uza.crep.- M.: Boicmi.
mk., 2008.- 640 c.

3 Amnapees, B.A. Peneitnas 3amura cucteM 3J1€KTPOCHAOKEHUS B IPUMeEpax
u 3amadax [Tekcr]: Yueb6.mocobue / B.A. Aanpees.- M.: Beici.ik., 2008.- 256 c.

4 TexmepeBOOpYXEHUE pEIeHOW 3alUThl M AaBTOMAaTUKH CHUCTEM
AIEKTPOCHAOKEHUST MpEeANpUsATHil HempepbsiBHOro mnpousBoiactsa [Tekcr] / S.JL
Apuumesckuii, E.A. 3aakosa, IO.II. Kysnenos.- M.: HT® DOnepromporpecc,
Ouepretuk, 2011.- 94 c. (bub-ka >neKTpOTEXHUKA, IPHIIOK.K KypHATy DHEPTeTHUK,
Brein 7(151))

5 benses, A.B. 3amuTa, aBToMaTHKa U yIpaBiIeHUE Ha AJIEKTPOCTAHIUAX
Mmajoit sHepretuku [Tekcr]. - U.2 / A.B. benses.- M.: Dueprompecc, 2010.- 84 c.
(bu6-ka anekTpoTeXHUKA, TPUIOK.K Xyp. DHepreTuk. Brim 7(139))

6 KupeeBa, 3.A. Peneiinas 3ammra ¥ aBTOMaTHKa dJIEKTPOIHEPTETUUECKUX
cucteM [Tekct]: Yuebnuk / D.A. Kupeea, C.A. Lpipyk.- M.: Akanemus, 2010.-
288 c. (Cpennee pod.odpa3oBaHue)

7 bacc D.1., loporynues B.I'. Penelinas 3amura 3J€KTPOIHEPreTUYECKUX
cuctem./ [lox pen. A.®. JIpsikoBa.- M.: M3n. MOU, 2002. — 295 c.

8 bamkupos, M.B. Peneiinas 3amura 1 aBTOMaTHKa 3JIEKTPOIHEPTETUUECKUX
cucteM [Tekct]: Yueb. nocooue / M.B. bamkupon, C.A. byry6aes.- MOuH PK,
HAO AYDC.- Anmatsi: AYIC, 2010.- 102 c.

52



Csoa.mnan 2016 1., mo3. 14

ApsictanoB Hypu Hurmararynnaesuu
ArumoB Tanrar Hypianosuu

SJIEMEHTHA S BA3BA PEJIEMTHOM 3AILIMTHI

MeTtoauueckue yka3aHus U 3aJJaHUSI 110 BBIIIOJHEHUIO JaOOPaTOpHBIX paboT
JUISL CTYJIEHTOB BceX (hopM 00ydeHHUs ClieHuanbHOCTEH
5B071800 u 5B081200

Pemakrop H.M.['oneBa
Cnennanuct 1o CTaHaapTU3aIuu H.K.MonnabexoBa

IToanucano B nmeyathb ®dopwmat 60x84 1/16
Tupax 50 k3. Bbymara Tunorpadckas Nel
O6bem 3,3 y4.-U3IIL. 3aka3 Ilen1655 Tr.

KomnupoBaibHO-MHOXHUTEIBHOE OIOPO
HEKOMMEPUYECKOT0€ aKI[MOHEPHOTO 00IECTBa
«AJIMaTUHCKUH YHUBEPCUTET YHEPTETUKU U CBS3H
050013, Anmarsl, yn. baiitypceiHoBa, 126



