TAABHOE DHEPFTETHYECKOE YINPABJEHHE
IHPH FOCIHJAAHE CCCP (COHO3T1AB3HEPT Q)

PYKOBOJSIIHUE YKA3AHHA
10 HAJIAIKE, MIPOBEPKE
H 3KCIIYATALHH
NPOJOJbHOA NHOPEPEHIHAIDHOA
SALUIMTD JIHHHE
THIA J3JI-1

TOC3HEPT'OH3AAT


https://meganorm.ru/Index2/1/4293802/4293802586.htm

FTABHOE SHEPFETHUECKOE YIPABJNEHHE
MPU FOCIJAHE CCCP (COIO3TJTABOHEPTI0)

PYKOBOOSLLME YKA3AHUS
10 HAJIAIKE, MPOBEPKE
U 3KCINYATALUMU
MPOOJIbHOM
JUOPEPEHLIMAJIBHOM
3ALLMTHI JIMHUH
TUMA O3

TOCYIAPCTBEHHOE 3HEPTETHYECKOE H3JATEJIBCTBO
MOCKBA 1962 JIEHHHTPATT



COCTABJIEHO BIOPO TEXHHYECKOH HHOOPMAUH Y
OPrp3C

Astopbl: kaHd. mexn. nayx 5. M. Cmopoduncrus
u urx. B. M. Boaxos

Pepaxtop unae. B. A. Cemenos

BBEOAEHHE

[ponoavhas aupdepenunanvnag samuta aunui tuna J3JI-1 npea-
Ha3HaueHa CNYHKHTb B KauecTBe OCHOBHOH 3alllUTH OT BCeX BHAOB KO-
POTKHMX 3amMbIKaHuit JHHHHA 3JexTponepefaun HeGoMbLIO# MPOTANKEHHO-
ctu (10 15 k) B ceTsix ¢ GOJBLIMMH M MaJbIMH TOKaMH 3aMBIKAHUA Ha
seMq0. 3allluTa NOCTPOEHA NO H3BECTHOMY NpHHUHIY IHPKYJASLHH TOKA
BO BCIOMOraTeJbHbIX JIpOBOJAAX B HOPMaJblIOM peXHMe paboTul 3JeK-
Tponepeaaud # NpH BHEWIHHX KOPOTKHX 3aMblKaHUAX.

B ornnune or skcnayarupyembix B sHeprocucremax Colo3da mpo-
ponbHbix AuddepennnanbHeix 3amwnt tuna HCB ¢upMb Becrunrays
u tuna PJJI XapbKoBCKOro MOMHTEXHHYECKOTo HHCTHTYTA, 3allkTa TH-
na JI3JI-1 uMeer Goflee BBHICOKYIO UYBCTBHTEJIBHOCTH NMpH Tpexdasubix
KOPOTKHX 3aMEIKAHHAX. B CBA3H ¢ 3aTMM B 3allUTe NpHMeHeH OLICTpoO-
JefCTBYIOUIHA aBTOMATHYCCKHA KOHTPOJL HCNPABHOCTH BCNOMOraTeNb-
HLIX TPOBOAOB, KOTOpLIA NMpH O6pbiBe mochefHHX OJOKHPYET 3aLUTY.

B samure [3JI-1 npumeHens! monspuzosanublie pene tuna PIT-7,
TepMaHdeBblie BLINPAMHTEJH H Ta30HaNOJHCHHBIE CTaOHAH3ATODHLI Halpd-
senus. [Ipumenenne 3THx sieMenToB obecneunBaer <TaGHJIbHOCTb Xa-
PAKTEPHCTHK 3alIHTHL, )

B nacrosmux pyKOBOASILHX YKa3aHHsiX AaHo l0ApoOHOe ONHCAHKe
3aL1HTLI, NpPHBENEHbl PeKOMEHIAUHH o BbIGOPY YCTaBOK M NIPOBEAEHHIO
THNOBBIX HCNBTAHMA W SKCMJYyaTalWOHHBIX NPOBEPOK 3auHThl. [Tpoaonb-
Hada adpdepeniinanpias samura thna J(3JI-1, cepufiHoe npoussBoacTBO
KoTopoH ocBoeHo B Hauage 1961 r, YeGokcapckum 3jeKTpoannapaTHLIM
8aBoA0M, pa3paboTaHa 3aBOJOM COBMeCTHO ¢ peelfiHLIMH saGopaTopus-
Mu «Tennosnektponpoekra» u BHHHMI. PazpaGorka 3amwurul Ha To-
CMeIIHX CTalHAX MpoHcXoxHaa ¢ yuacrwem LIJIDM Mocsnepro.



YTBEP)KIAAIO

Taasneil
cneyraaucm-3aeK mptx
Cow32aaesnep2o

. YcThHor

T'rasa nepsasn
ONMHCAHHUE 3AILIHUTbI

1-1. OCHOBHBIE NMPUHUHMNBI

3amMTa MOCTPOEHA O NPHHUHIY CPAaBHEHHS TOKOB, MPOTEKAIOLIHX
No KoHUAM 3auuilaeMofl NuHWH 3nexTponepenxaud, Ilpu Tokax, mo 2,5-
KPaTHbIX TOKY cpaGaThiBdHHSA 3alLHTHl, CDABHHBAIOTCA BEJHUHHBI H (assl
TOKOB, a npH OOJIbIIHX KPAaTHOCTAX CPABHHBAIOTCA ToMAbKo (hasm 3THX

TokoB. C noMolbd KOMOGHHHPOBAHHBIX (HABTPOB TOKa Tuna [|—&/,
TOKH JIHHHH Npeobpasylorcs B oanodasHble, 4To MO3BOJAET NPHMEHATDH
3aIMHTY B OAHOCHCTEMHOM HCIIOJHEHHH.

Jnst cpaBHeHHS TOKOB INOJYKOMIIEKTH 3al[HTHl ZBYX KOHLOB 3a-
IMHUlAeMOH JIMHHM 3JeKTpoMnepelayH COEIHHAIOTCS Mexay coboii Ka-
GeabHOH JHHHEH, B KOTOPOH HCNOAb3YIOTCA jJBa BCIOMOraTte/bHBIX NPO-
Boga. B xopManbiioM pexitMe paboThi NHHHHM H IIDH BHELIHHX KOPOTKKX
3aMbIKAHHAX [0 BCIOMOraTe bHBIM MNpPOBOAAM MHPKY/JIHDYET NepeMeH-
HbIH TOK. ITpH KOPOTKMX 3aMBIKAHHAX B 3alUUILaeMol 30He NPH ABYCTO-
pOHHCM MUTAHKH BEAHYHHBI UMPKYJHPYIOIHX TOKOB PE3KO CHHXKAIOTCH.

CpaBHeHHMe TOKOB Ha KaXOM KOHLE JHHHH MPoH3BOAWT nibdepeH-
LHaJbHOe DeJe, uMelouee 1Be oO6MOTKH: paGouyio U TOPMO3HYyio (aHano-
ruuno 3amure PIJT u HCB).

s orpaHHuyeHHs HarpsXeHHH ¥ TOKOB BO BCIOMOTATeJbHBIX Npo-
BogaX H cTaOHAM3alMH XAPaKTEPHUCTHK 3allMTHl nPHMeHeHbl ra3oHanos-
HeHHhle CTAaOMIKH3aTOPHI HANpaKeHHHd.

B 3ammre npuMeHeH GHCTPOJEHCTBYIOUHII aBTOMATHYECKHH KOH-
TPOJb, BHBOAAILHI 3aMIATY H3 AeficTsug NpH oOpblBe BCMOMOTaTeIbHBIX
NMPOBOJAOB, YTO MNO3BOJAET HCMOJAb30BATb BbLICOKYIO YYBCTBHTEAbHOCTb
33LUTH NPH MEXAYha3oBbIX MNOBPEXKJIEHHAX.

[Ipu o6pbiBe BCMOMOraTe/JbHBIX TPOBOJOB MM NpH KOPOTKOM 3a-
MBIKaHHH WX aBTOMAaTHYECKHI KOHTPO/b HEHCTBYeT TakXKe W Ha CHrHa.t.
KonTpoaih HCNpaBHOCTH NMPOBOJOB OCYLLECTBJAEH HaNOMeHHEM BbITPAM-
JCIOrO TOKAa Ia MepeMeNHbIl TOK BCIOMOraTe/bHHX MPOBOAOGB ¢ MC-
noJb3oBanueM GLICTPOIECHCTBYIONIHX peJe.

B cxeme 3amuThl TpeaycMoTpeH TakKikKe aBTOMAaTHUYeCKHil H IepHo-
OHYECKHIT KOHTPOJIb BEJIHYHHBl CONPOTHBJIEHHS H30/ALHH BCNOMOrarelh-
HBIX MPOBOAOB 1[I0 OTHOUIEHHIO K 3eMmJe.

Ins orctpolikM 3alUThl OT aelicTBHA PA3PAIHHKOB B ceTaX ¢ 6o0.1b-
WHMH TOKaMH 3aMBIKaKHS Ha 3eMJIO NPH HAJHYHH 3a3€MJeHHbIX Heli-
Tpaseit ¢ o0exX CTOpPOH 3aulHIaeMoil JHHHK B 3allHTe HUCNOJb3YeTCH
pese TokKa HyseBoll nocsenoBarenbrocTd. [IpHHUHITHAABHAA cXeMa 3aIllH-
Thl JUHHH B ceTAX ¢ GOMBIUIHMH TOKaMH 3aMblKAHHN Ha 3eMJa10 fNpUse-
JeHa Ha puc. -1

st 3amuTel auudil B cemd ¢ H30J44poBaHHOit neiiTpanelo cxeva

BKJIOYEHHA leNed Toka AaHa Ha puc. l-l,e. Bes ocragabHas yacTe cxe-
Mbl Heé HN3MeHsdAeTCHd.

3
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Pac. 1-1. IIpmuumnuaicHast paspepHyTas cxema mnpoaoabnofi anddepennnaibroll samaty Aakaft Tana A3J1-Y. TIps renonssosawnm 32-
IIATHL B CeTAX ¢ ManblMH TOKdMH 3aMblKaHMs Ha 3emm0 pede 8PT HekMoyYaeTcs, a oO6MOTKAa @, GHALTPa TOKa me ycaoapsyerca. IMpu

NATAHHH 3aWHATH OT ABYX TpPaHCHOPMATOPOB TOKa CpPeAHAd TOYKA TpaHchOpvaTOPOB TOKAa NOABOAHTCR K 3a:KuMy § ycrpo#tcrea Yi.



Cxema prooyenis ueneil toka o puc. 1-l,e oTaiuaercs oT CXe-
Mt puc. I-l,a tem, 4To B neil ucnonb3oBaul ABa TpaHcdopmaropa TO-
Ka BMECTO Tpex W INpoH3BeseHa Kpyrosas 3amesa ¢a3 Toka Ha BXoa-
HLIX 33XKHMaX 3auurbl. Hocne,mee ofecneudBaeT ONTHMANBEYK YYBCT-
BHTEJILHOCTb 3aUIMTHl NPH IBOWHBIX 3aMLIKAHUAX HA 3E€MJI0 tbaa CA*
Ha yyacTKax, rje fPOTeKarT TOKH HYJEBOi I0C/1e10BATENbHOCTH.

M3 cxembl puc. I-l,e BuaHo, uTo /8 JMHHA C DaspAIHHKAMH pe.e
8PT wuckiouaercs. B 3tom cayuae Bmecto peae 8PT ueo6XotiiMo mpH-
MeHHTh pejie nanpsikesus H-563/60/{, BK.loueHHOe Ha HanpaKeHue
HyJeBoil mnocaenoBareabsoctH 3.

1-2. KOHCTPYKTHBHOE HCIIOJMHEHHE

KoHCTPyKTHBHO NONYKOMIVICKT 3aLlHTH OXHOro KOHUA 3aulillae-
MGl JIHNEM COCTOMT N3 KOMILICKTHO TOCTABJAAEMBIX 33B0OOM YCTPOIICTB
1, 203 (¥1, ¥2 n ¥3), tokosoro pene 8PT, curuafibHeix pene 4PY—
708, nepexmovatouttx  yerpoiicts 947w 10H, uaknaakn 111w nenw-

iR1 1R2

npz .

YeouBra b

~IR4

Puc. 1-2a. O6uquit pua yetpoflcTsayi.

Tateqantibiy Gaokos [2ZHB—I7HE. Ha sropoM xonile 3alliiu{aeMofl .1u-
HHH YCTANAB/MIBAIOTCA TAKHE e 3J8MEHTHl, 3a HCKAodcHHeM &2,

* CM. «DagKrpilugersowr, 1937, M 4 u 1939, Ne 12,



YerpoiictBo ¥YI (puc. 1-2aw 26, 1-3, 1-4) coxepXKuT cheaylouide
OCROBHBlE 3J1eMEeHThl 3alIHTbl: KOMOWHHPOBAaHHBIA ¢HALTp ToKa [T,
IR{—IR4, npoMmexyTouknlidl Tpancpopmarop IT/1, npudodepenun-
anbhpe pene //IPl, pumpsMuTeNbhbie Moctw IMBI u IMB2, pene kou-
TPOAA HCNPABHOCTH BCTIOMOraTesbHbIX HNpoBozoB //1P2, npomexyTroyHoe
BhixoaHoe pese IPII, rasoHano/MHeHHble CcTa6U/AH3aTODLI HanpsKeHUA
IGT! w ICT2, wounencatopnl ICI—ICS, conpornBaenus IR5—IR8 u
Haknaaxy /HI—I1H6, Bee sneMenThl, BXOAALIMe B ycTpoiictdo ¥7, HMe-

epedues npucordunemue

!
g ,
rl’ g
E =

A4 4"*1
L-m_..l
el -l 315 ——— 25 —---]

Puc. [-26, 'aGapaTHble H YCTAHOBOYHHE .pa3Mepsl ycTpoiicTsa Yi.

4

g

10T MAapKHPOBKY, HauHHaloulyiocs uuppoi I. OO6wuii Bec ycTpoicTra
~12 ke

Ycrpoiicteo ¥2 nuraHus Lemel KOHTPOJAA BCHOMOraTelbHbIX [POBO-
IOB ¥ H3MeDerust ux H3oasuur (puc. l-5a, 1-56, 1-6 u 1-7) ycranasau-
B3eTCA Ha OMHOM M3 ABYX KOHUOB 3alLHILAeMOH JIKHHH CO CTODOHHI €€
OCHOBHOIO ITHTaHHA ! M NMOAKNIOYaeTcA KO BTOPHUHON ofiMoTKe TpaHcdOp-
MaTopa HanpaAXKeHHs ¢ HOMHHAJBHBIM Hanpaxenuem 100 &, npucoeau-
HeHHOro K lHHAM. YcrpoficTBo V2 colep:XHT: Hachmawmuiics crabu-
JHU3HPOBaHHW Tpanchopmatop 2TF, nocneaoBaTelbHo ¢ NEPBHUHOH
o6MoTKON KoToporo BK.JOueH KoHAaeucatop 2CI, norenuuomerp 2R4,
BHOPAMHTENbHBIH MocT 2MB, oauvouHble BunpaMureau 240171 un 2/r2,
3JeKTpoanuTHUeckHe xonaeHcaroput 2C2 u 2C3, monspu3osauiioe pefe

! lon 3THM TEPMHHOM TIOHHMAETCH: KOJBLEBasi CeTb, MoOU{Hafi IJIEKTPOCTaH-
WA HJAY¥ NOACTAHLHMA, HMEIOlasi MHOIOCTOPOHHGE NUTAaHHE.
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Pue, 1-3. MoHTaxuag ¢xeMa LoKoas ycrpoiictea Y.

CoeRHEHHA, NOKAa3allble KIPHLIMH JIIINSMH, BuliloJHelNL nposojoM J/77J4-2 1,5
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ABTOMATHUYECKOr0 KOHTpoas H3oasuun 2PfI1 ¢ noGaBoyHBIM CONPOTHE-
aenveM 2RI, apocceas 2/, mukpoamnepmerp 2" ¢ wmynramy 2R3 u 2R5
H no6aBOYHHM conporTupJeHHeM 2R2 H KHONKM mnepekjwoueHna 2K/ #H
2K2. Bce 3neMeHTbl, BXOAfILHe B YCTPOHCTBO ¥2, HMEOT MapKHPOBKY,
sHayMHawmyocs uxHbpon 2.

O6muit Bec KoMnimekra ~ 4,5 ke,

Ycrpoitcteo Y3 (puc. 1-8a u 1-80) COCTOMT H3 H30JHpYIOLIErQ
Tpatcopmatopa STH u pasgenutensHoro Komgencaropa JCJ.

O6wuit Bec KoMmnmaekra ~ 9 ke

Ocraibhble 3JIeMEHTH 3alllUThl MpPeACTaBAAT co6oii cTanAapTHLE
3aBOJICKHE anmapathl, XoTOpbie MOHTHpYIOTCa ¢ ¥1, ¥2 u ¥3 Ha ofueH
naHenu 3aLHTHL.

OcHOBHbIE TE€XHHYECKHe H KOHCTPYKTHBHBle NaHHble 371eMelToB 3a-
IHTH NpHBeleHH B npHiaoxkenun [I-1.

1-3. KOMBHHHUPOBAHHBLIH $HIABTP TOKA 119, 1RI—1R4

B 3almure mnpHMeHes A4KTUBHO-HHIYKTHBHBII  KOMGHHUDOBAHHLIIA
buabTp TOKa (puc, 1-9), ¢ nomoulbio KOTOpPOrg TpexdasHas cHcreMa
TOKOB npeolpasyercs B ojaHodasnylo. QHABTP NOAKIIOUAETCH K TPAHC-

1, Ry
L
Tp w; Puc. 1-9. C“gema KOMGHHHPOBAH-
Horo ¢HALTPa TOKA.
I = X T p— rpaHcpeakTop;, w, H _Wo—
- ) /\/-—1 e T BHTKH NepBHYHbIX O6MOTOK TpaHC-
oV w peakropa; wo = 1/3w,; w,— BUTKH
R E¢, BTOPHYHOH OOMCTKH TpaHCpeaKTopa;
Ic Z R, B Ry—peryaupyemsle CONPOTHB-
— ¢ JeHUs QHALTPA (R,=R,) X, —co-
)3 NPOTHBAEHHE B3aHMHON HHAYKUHH
3]0 TP el MeXAY O6MOTKaMll W, H W;.

dopMaTopaM TOKa 3aufHulaemoil JuHuUM, BeKTopHbie AMarpaMmpl TOKOB
A HanpaxeHds QUJAbTpA npusedeHH Ha pue. 1-10.

DNeKTPONBHAKYIlAH CHJAAa Ha BbIXOlde HAbTPa NponopudoHanbila
COCTaBJAKIIHM NpAMOR H o6paTHOH NOC/NeNOBATETbHOCTH IMOJHOMO TOKA
Ha ero BXoge. M3 BekTopHoil amarpammel puc. 1-10,a suaHo,  uTO

IM.IM-IC@

Teo®
6)
Pue, 1-10, FeKTopHLle aRarpavubl TOKOB H HanpsKeHN# KOUBHHEPCBAHKOrO
¢uawTpa,
K ¢uabTpy noasesena cicteMa TOKOB 4 — npsaMo#, 6—obpaTHOR i1 8§— iyJeBodt
nocneAOBaTEAbHOCTH,

12



3 . C. HA BBEIXOAE q)HJIpra npH noaBeleHHH K ero BXOAY CHCTeMBl TO-
KOB H})HMOﬁ NocAeAOBATENLHOCTH MOXHO MpeACTABHTb PABEHCTBAMH:

. C W e , e
Epy=lipXye ™™ — [\ (R4 1) R =1 pX e ™™
+ /g VI Re® = J, o= (x, —V3R),

HJIH, BHITOJIHSASL 3aMeHy
kIZJYM—HVSR' (1)
TOJTY UHM:
S ] ,—io0
M3 guarpammut puc. 1-10,6 paa cayuad, Korga kK GHIALTPY NogBe-
AEHA CHCTEeMa TOKOB 00paTHON 1IOCACAOBATCALHOCTH, MOXHO HAMHCATh:

:‘ . . , J__ ‘9 )0 - . . - __'9\0
L&p—‘ lopXye™! ( — LyeR A Tg 4R = lype ™/ =
+ Log V3Re ™% = [ 0™ (X, 4-V3R).
AnanoruwHo npeabigyimieMy 3aMeHAEM

ky= X, + V3R, G)
MO/ YUHM:
E‘?Lp = kz["QBe_jgoo, (4)

rie [ fige Ly {ogs o 1 Iyc — TOKM mpsimoit 11 06paTHoil nocaeno-
BaTeabHocTel ¢as;
H E%—-s. A. c., o6ycnoBjeHHBE COOTBeT-
CTBCHHO CHCTEMOIl TOKOB MNpaAMoil
1 ofbpaTHoll noceaoBaTe/bHOCTEI;
A, — CONPOTHBJEHHE B3AHNMHOA HHAYKUHH
Mexay oOMOTKaMit @, H W, TpaHC-
peakTtopa IT®.

Cocrasasioule 3, A. ., 06ycnoBJenHLIe TOKAMH HY.1CBOI mocel1o-
BaTeabIOCTH, B (QHJALTPE TOKa HCK/IOYAIOTCH BHIMHTAHHEM MaleHuii Ha-
npsixenut ot ToKoB ¢as A n C u BCTPEUHbIM BKAOUeHHEM OOMOTOK
w; H we. O6MOTKA W), BKJIIOYeHHAsT HA NOAHBII TOK da3wl B, nMmeer uu-
§J]1o BUTKOB B 3 pasa GoJblue, YeM 06MOTKa Wp, BK.IOUCHHAS HA TOK

0

B o6uwem caysae peauuuna 3. A. ¢. Ha BHIXOIe (MNbTPa MONKET

OuiThb BLIpaXkeNna ClelayloUIUM paBesCTBOM!

Eltb

Ey=Epg + Loy = bal\ge =/ 4 byl ype ™ ()
HJTH
E(h = kle-—-fgj" (118 + k /‘QB). (6)

ks
rae k= k. "
1

13



B npuBefeHHHIX BbpameHusix KodpbduudenT X MOKaswbBaeT, BO
CKOJIBKO pa3 TOK CPaGATHIBAHHS 3aUIMTBl NPAMOH [MOCAEN0BATENbHOCTH
Gonpuie TOKa cpaGaThiBanus o6paTHoil nociepoBartesnbHoCTH., Koaddu-
UHEHT £ (HJIbTPa NPHHAT OTPHUATE]bHBIM, 4TO OOeCcneuHBAer BLICOKYIO
YYBCTBUTEJBHOCTb 3aLMTHL NpH ABYX(PAa3HHX 3aMBLIKAHHAX Ha 3eMJIO.

OrpuuatenbHas BeNHuHHa £ (QUALTPA MOJydeHa BCJAEACTBHE TOrOQ,

yro aas Hero npuHaTa ¥ 3R>Xwm.

Ans $unapTpa ¢ BLIGPAHHBIMH COOTHOWIEHHAMH H OTPHLATE/bIIBIM
3HayeHHeM K HacbllleHHe cTand npH GoJbWIHX TOKax TpexdasHoro KO-
poTKOro 3ambikKanus o 0O6yC/JOBJeHHOe 5THM HeKOTOpDoe CHHXKeHHe Be-
JHUHHB Xy MOXKeT BBI3BATL TOJbKO yBeJuyeHue 3HauyeHus Ky, T. e. yBe-
JIHYeHHe YYBCTBHTENbHOCTH 3allHTH K TpexdasHoMy TOKy KODPOTKOro
3aMHKaHHA.

dunapTp npegcraBiaser cofoit TpexoOMOTOUHBIH TpaHcpeakTop ¢
TPEXCTEDHKHEBLIM CEDJEUHHKOM, ¢ TPOBOJIOYHBIMH  CONPOTHBJIEHHAMH
IRI—1R4, wunamorauuuiMu Ha ¢apdoposnle TpyOku. ConpoTHsiens
IR3 u IR4 uMewT perynHpoBKy.

O6MoTKH TpaHCPeaKTOpa pa3MelleRbl HAa ONHOM Kapkace, pacnoso-
HEHHOM Ha CpeilHeM cepiednHke. B cpelaHeli wacTH 3TOro cepiedHnka
HMeeTCH BO3ZYWIHLIA 3a30p, paBublil 3 mm, obechneudBaollHil Gonblioe
MarHHTHOe COMPOTHBJEHHEe M MOYTH JuHeHHYK 3aBHCHMOCTb. MarHHTHOIO
TOTOKAa OT NepBHUYHOro HaMmarnuuyupaloulerc Ttoka. [lepsuunble 0OMOTKH
W; H Wo TPaHCPEAKTOpa BLINOJHEHL ¢ OTMadKamu, ¢ MOMOLIBID KOTO-
pPBIX MOXKO:

a) yBeOMuHTb TOK cpafaTbiBaHus 3auMTLl B 1,0 W 2 paza (8 A
pas);

6) nNpUMeRATh 3aLHTY TpPH MAKCHMaJbHBIX BTODHYHLIX TOKax Ko-
porkoro asameikauua 100, 150 u 200 a.

[Ipy MakcHMa/BHOM BTOPHYHOM TOKe KOPOTKOr0 3aMbIKaHus JO
100 @ ucnoAL3YIOTCA BCe BHTKM NEPBHUHBIX OOMOTOK w =18 u wp=6.
MaxkcumanpHas MarHuTHas HHIYKUHS B cepleuHHKe PHABTP2 cOCTaB.]IA-
eT npH sTOoM 12500 2c M 3alWMTa HMMeeT HaNMeHbWIMH TOK cpabaTni-
BaHHA.

I1py wmaxkcHMaslbHOM BTOPHUHOM TOKe KOPOTKOro 33MbIKaHuA 10
150 a ucnosabayiorcs ornaiiku o6MOTOK @i=12 U wo=4; npu 3TOM TOK
cpafaThiBaRug 3auMTel Bo3pacraer B 1,5 pasa; npu Tokax smo 200 a
HCNOAb3ylTCs oTnalkn ;=9 u wp=3 u TOK cpabaTmiBanHsa Bo3pa-
craer B 2 pasa.

Bo Bcex cayuasx obecneuusaeTcs [pPaKTHUECKH JIHHEHIas 3anuCH-
MOCTB ®. N, ¢, {HABTPA OT TIepPBHUHOLO TOKA.

Kosdduunenr ¢puapTpa £ peryaHpyeTcs u3aMeHeHBMeM cCOMpPOTHBJIE-
HHi JR3 n IR4 <unstpa.

Cxema ©HAbTPA NoCTpOEHA TaK, YTO NPH PEryJHPOBAHHH BEJHUM-
HEl k& ¢ momolublo conpoTuBaeHuit JRS u IR4 u3MeHsieTcs TOJbKO 4acThb
3THX COMPOTHBMeHHH, o6TekaeMbx TokoMm a3z C # A; nojHoe CONPOTHB-
JIEHHEe XO0JOCTOro XoAa (UIBTPA Zx.¢ (M3MEPEHHOE €O CTOPOHB! BLIXOJa
puavTpa) ocraercss npu 3TOM HeusMeHHbIM. OTMeueHHas ©0COGEHIOCTH
¢puasTpa olecneynBaer cTaGUMBHOCTH XapaKTEPHCTHK 3aLLMTLI NPH Pas-
JAMYHBIX 3HAYeHHSIX Koshomuuuenta k. Bennudua compotusienui IR3,
IR4 nosBoasier peryauposaTe Kospduuuenr k2 B npemenax ot —4
no —10. Ilpn perynupoBannu BenuuuHB £ CONMPOTHBJEHUe, OOTEKaeMoe
ToxoM Gasnl C, 10MKHO PaBHATHCH COMPOTHBJEHHIO, O6TEKAEMOMY TOKOM
¢asu A. B Ta6a. 1-1 npusemens pacueTHble 3nauenus 3. A. c. GuabTpa
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TaGauma I-1
3aBHCHMOCTh 3. A. ¢. HIAHLTPA H OTHOCHTEJHHOTO TOKA CpafarbiBaHHA 3amMHTHl OT BHAA KOPOTKOro

3aMblKaHHUA
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H OTHOCHTEJHHOH UYBCTBHTEJNBHOCTH 3AWMTLI A8 Pa3 IHYHbIX BHIOB KO-
POTKOro 3aMblkanus npe k=—4 n k=—I0.

Ipunartwit Thn ¢QuabTpa NPOCT B HaJladxke, HAJEMEH B 3KCI1vaTa-
u¥u u ofecneyHpaer Gosee BLICOKYK YyBCTBHTEJbLHOCTb 3aUWIUTH INpH
MeX1y{a3oBLIX KOPOTKHX 3aMLIKaHHAX Mo CPaBHEHHIO C (UILTPOM

THRAa [1+k[0

HellDCTaTKOM (!)H-’]b'['pa ABJSETCST TNOHHXEHHAass 4YYBCTBHTEJABHOCITHb
3AUIATBHl TIpH O,'.lHO(bEIBHle KOPOTKHX 3aMblKaHHAX Ha 3€MJ10 II0 CpdB-
HEeHHIO ¢ llB)"X[baB}lblM-}i KOPDOTKHMH 3aMblKauHAMH.

1-4. MPOMEXYTOUHBLIK TPAHCOOPMATOP JI7U

Tpancdopvartop cayXKUT 118 CORIaCOBAHHA HH3KOOMHOro <ompo-
THBJICHHA BTODHUHOI ueNH (UIBTPA C OCTAJbHO{l 4YaCThio 3ALLMTH H
MOBLILLAET HanpsxeHHe, MOLBOAHMOE K T[A30HANO.HEHHLIM CcTaGH/IH3a-
TopaM Hanpsikenus. KoucrpyktuBHo Ttpancdopmarop /T[] npencrasas-
eT co6off MajoraGapHTHBIH [POMEXYTOUHBI TPexoOMOTOUHBIF TpaHC-
dbopMarTop, KosdpHUHEHTH TpaHCPOPMAUHUH KOTOPOro COCTAB.IAIOT;

w,
ey =, =25
H
W, - Wy
Nrre= T = 200,

rle w;, Wy H W, — YHC.I0 BHTKOB COOTBETCTBEHHO MEPBUYHOH H BTOPHY-
HbIX 06MOTOK Tpancdopmatopa (cM. puc. 1-1).

1-5. CTABHJIH3ATOPbl HANPSAXEHHY] ICTI u 1CT2

l'asonanonHennule crabuausartopsl /CTI u ICT2 cayxar B 3alluTe
451 OPpAHHMYeHHA HANMPAXKEHUd, moaaBaeMoro B anbdepeHllHanAbHOe pe-
ne 1[TP! w BcnoMoraTtedbHble MPOBOJA. . 1. ¢. (HHIbTPa HMEET JHHel-
Hyl0 33BHCHMOCTb OT TOKAa KODOTKOIO 3aMbIKaHWs, U MpH OTCYTCTBHH
cTabuIH3aTOPOR 'HanpsXeHHe Ha TEPBUUHON 0OGMOTKe H30JAHPYIOUIEro
Tpauchopmartopa 3TH morno 6ul pocTurHyTth 400 6, UTO HEZONMYCTHMO
M0 YCJOBHIO H30JSIIUH BCNOMOraTeNbHbIX NpPOBOLOB. T/COLHA paspsl
CTabHAM3aTOPOB B CXEME 3alUMTH HAUHHAETCA NP TOKe KOPOTKOro 3a-
MLIKAHHSA, KPATHOCTB KOTOPOTO K TOKY CpabaTelBaHua cocraBaseT 2—
2,5. Tlpy MakcHManbHO JONYCTHMBIX AR 3alIHTH BTOPHUHBIN TOKAax
KOpoTKOro 3ambikaHug [®=100 a (npu A='1) MmarcuMa.1bHOe HaNps-
JeHHe Ha NepsuyHoll 0o6MOTKe d30JupyOllero TpaHcpopmaropa 3TH
NpH MIpHMEHeHHH CTabHJIK3aTOpOB HANPAMEHHA  He  NMPEBOCXQIHT
25 Bnesicrn, @ HA BTOPHYKONH 0OMOTKe 68 8zencrs.

Crabuausanus Hanpsxewns obecrneunBaer cTabHABHOCTL XapaKTe-
pucturd pene I[1PI, ofaeruaer oTcTpofiky pele KOHTpo.g oT BHGpa-
unit, o6yCN0BIEHHBIX NEPEMEHHBIM TOKOM, NPOTEKAIOIHM No ero pabo-
yel 06MOTKe, W NO3BoJAfAeT NpPHMeHATb B KaueCcTBe BCMNOMOraTebHBIX
NpoOBOJAOB 3allHThl CPaBHHTeNbHO HeweBhlil TejJehoHHH KOpZeNbHHN
kKaGenp HJAM Kabelb ropoickoro THMA.

Tlocne 3axuranus cTaGHA¥3aTOpPOB 3. J. €. QHALTPa, a CJIeioBa-
TeJbHO, H €ro MOLUIHOCTL DacxoAyloTca TaaBsblM o0pa3oM Bo BTOPHU-
HOfl 1lend (HAbTPa TOKA,
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B KaxkAOM nojyKoMmjJekrte 3alUUThl fIPUMEHeHO TI0 ABa ra3olla-
NoJIHEHHBIX cTabuau3zaTopa HanpsxkeuHs rtuna CI4C, Taewuinit paspsn
8 KoTopHX Bo3HHKaeT npu 108—110 Bpesicrs TEPEMEHHOIO HANPSMKEHUA,
Y craOuau3aTOpOB 3TOrO THMA HAMpsXKeHHe 3aXKUTaHWS 3aBHCHT OT [0-
JADHOCTH ToKa, B CBfi3M ¢ HMcno.b30BaHHEM HX B LensX MepeMeHHOro
TOKa 3aIMHTH CTAaGHAN3AaTOPHl coeJHHeHwl MeXay coboli nmapannebHo u
pasHono/sipuo. IIpH MakcHMAaJbHBIX TOKaX KOPOTKOTO 3AMBIKAHHS TOK
B Kax/JoM crauau3aTtope He npeBocxoAHT 40 ma npu RauTenblio Ro-
nycTHMoM TOKe crabuausaropa 30 xma.

1-6. JHOPEPEHLUHAJIDHOE PEJIE 1I1I'1
H BBINPAMHTEJNBHBIE MOCTLI IMB1 u 1MB2

B kauecrse puddeperuHaabioro pese 3awntel {{TP] ucnoass3oBaio
1Byxo0MoTounoe mogspusosanHoe pese tuna PII-7. Pesne storo THua
UMerT Go.blIyl0 CTa6UIbHOCTh TIO ToKy cpaGaTulBaHua M Bo3spara H
Majayw MolHOCTh cpabartuiBaHua (5 MaTr). MOMEHT Ha NMOABHXKHOH CH-
cTeMe pefe INPONOpIMOHANEH TOKY B ero oOMOTKe,

Cxema BKNIOuenus H JeHcTBHe pene [IIPI ana/JorHuHnl cxeme BKJIO-
yeuust ¥ ReHcTBHIO AHddepenunanvupix pene sawur PAJ u HCB.

Onua u3 obmoTox pene [IJP] ucnoswbayercs B KayecTse pafoueii
(o6MoTKa HanpsKewus), a BTOpasi — TOpMO3HOH (0OMOTKa TUKA).

Kaxzas o6MOTKa pese BKJIOUEHA 4depe3 CBOIt  BHIMPAMHTCIbLHDIA
Moct (cM. puc. 1-1). Bunpsmurtensusit Moct IMBI u topmosHas o6-
MOTKa peJjle BKAIOUEHHl Ha TOK, NPONOPUHOHAJLHBIH TOKY UUMPKYJAUUH BO
BCIOMOraTeNbHLIX MpoBoaax, MarHHTHBEI noTox 3Toil 0OMOTKH co3naer
Ha OocH pesae TOPMO3HOR MomeHT. PaGouas o6MOTKa peje BKJIKOYEHA
Yepes BHINPAMHTE/bHBIE MocT JMBZ2 napanneibHo oGMOTKe TpaHc-
topmartopa ITH Ha HanpAXKeHHe, NPOMODUHOHAAbHOE HANPAMKEHHIO
BCNOMOTATE/bHEIX TPOBOOB.

MarguTtHeli noTOK paBoueli OOMOTKH CO3XaeT HAa OCH pefle MOMEHT,
RefcTBYOIHA Ha 3aMblkaHHe KonTakToB. Tox cpabaruiBanus pene IITPI
TIpH OTKJIIOUeHHOH OOMOTKe ToKa cocTaBaser 2,5 wma. - Kosdduuuent
Bo3bpaTta pene paseH 0,4—0,5; paccTossHHe MeKAY KOHTAaKTaMH oTpe-
rynupoBao #a Beaunuuuy 0,4—0,5 mm. BempsimutenpHsle Moctsl MBI
u IMB2 BHINOJHEHB C MOMOWIBIO repMaHHeBBlX JAWoxoB tHna /7 ¢ on-
HHM JHOLOM B KaXXIom nJjede. IHoawl 3TOro THNa Aonyckawor obpar-
Hoe HanpaxendHe 125 & (¢=50°C) npu ANHMTENBHOM BBLILPAMIEHHOM
toke 0,3 4. 3nauuTeJbHas BeJHYHHA CONPOTHBJEHHA paGoued OGMOTKH
pene IIPl! (Rpas=1250 om) no cpaBHEHHIO C MpsAMbBIM CONPOTHBJE-
HueM auoxoB (200 om npu Toke 2 ma u t=20° C) oBecneunBaer BBICO-
KHit KO3(PPHUHEHT TNO/e3HOro NeHCTBHA CXEMBI BHIIPAMHTENb — Deje H
CHHXXaeT 3aBHCHMOCTb HanpsiKeHds cpabarbiBaulis pene or XoneGauuil
TeMepaTypbl OKpYiKaiollled cpenbl.

HOPMaJbHOM peXHMe pafoTbl JHHHH 32JeKTponepegayu i MpH
BHEUJHKX KOPOTKHX 3aMBIKaHHUAX BO BCIIOMOraTenbHLIX NPoOBOLAx W TOP-
Mo3HOH oOMoTKe pene I/1P] npoTeKkaer 3HAUHTENbHLIN TOK, a HANps-
MeHnsa Ha palGoued oOMOTKe pese M MexJAy BCNOMOrareNbHBIMH NPOBO-
aaMu Maan (cM. puc. 1-11-+1-13), [Ipn 3TOM pPe3yIbTHPYIOIHHA MOMEHT
Ha peJe sBJAeTcS TODMO3HLIM H peje He XeHCTBYET.

IIph KopoTKOM 3aMBIKAHHM Ha 3aIUHILAEMONl JIHHHH CPaBHHTEIbHO
C 'PACCMOTDEHHBIM PeXHMOM TOK B TOPMO3HOH o6moTke pese [/[TP1
H BO BCMOMOraTeJbHHX TNPOBOMAX 3HAYMTENbHO CHHXKAETCH, a Halpsaxke-
HHs Ha paboueil 0OMOTKe M MEMJY BCMNOMOIaTeJbHHLIMH NPOBOAAMH TO-
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BLIMIAIOTCA, BhI3bIBAast cpabarbipanne pene If7P[ w neficTBHe 3aUIMTHLI 12
otkmouenue, Pene /{7P/ MoXHO paccMaTpHBATh TaK Ke, KaK peJie fo.-
HOTO MAKCHMAJLHOTO COMPOTHB/EHHsS < KPYroBOil XapakKTepHCTHKOH
B nnockocTn ¢ ocaMit R i jX. Tlpu 5TOM 3BAUHTeNbHO YNPOULAIOTCS NMosu-
MaHHe paboTel peje M pacuer ero napameTpoB. B mosHoH cxeme 3alQHTH
pene [[IPl uaMepseT BXOAHOE conpoTHBJenue KabenbHOH MHHHH BCHO-
MOTaTeJbHBIX NPOBOJOB, MpHBeJAeHHOE K MNeDBHUHON o6MOTKe Tpancdop-
maropa 3TH.

Ananus noxkasag, uTo BX0JHOe CONMPOTHBJAEHHe KaBeABHON JHuuN
BCIIOMOraTeNbHLIX MPOBOJOB 3aBHOMT OT €€ CONPOTHBICHHA TOCTOAHHO-

4

U, 4
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13 // / //r‘;/
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1 1 1 L 1 1 1 1‘0

Ry B Ry Ry Ry R RAPW

Pue, 1-11, 3aBucuMocTh Hanpaskeuus Ha paboueilt 0d-
MOTKE peJie I/7P! OT Toxa KGPOTKOro 3aMblKanua I 403
h =1, h=—6; Rpp = 1 400 om; Cnp == 1,05 mxep.

I —pexuv cAuGCTOPOHHEro NHTAHHA, HAHUPSIKEeHHEe Ha
NIITAIOWEM HOAYKOMILIEKTE; 2— PeXKHM OJHOCTOPOH-
HCIO NUTANHs, HANPAKEeHHEe HA IpHeMHOM NOJyKQMil-
JCKTe; §— pe)KHM BHEIIHEro KOPOTKOro 3aMbIKaHHS;
4—peXuM JgBYCTOPOHKEro HHTaHHA; KOpPoTKoe
3aMLIKaHHe B 30HE.

My TOKY H pabouell eMKOCTH, CONPOTHBJIEHHS XOJOCTOro Xoaa GHAbTpA,
CONPOTHB/NEHHA Keneil nanpskKenus i Toka pene //IPI, a takmke pexu-
Ma pabOTLl JHUHK 3JeKTponepenaui.

B HopManeHom pexuMe paGoTHl JHHHM H NPH BHEWHHX KOPOTKHX
3aMBIKAHHAX 10 BCNOMOTraTeAbHBIM TIPOBOAAM 3aLlHTHl UHPKYJIHpYeT me-
DEMEHHLI# TOK, MPH ITOM HX BXOAHOE CONPOTHBJEHHE ONpeje.seTcs co-
MPOTHBJIEHHEM TIPOBOLOB MOCTOSTHHOMY TOKY, KOTOpoe OOBIUHO HEeBeaHKO.
ITpn KoOpOTKOM 3aMbIKaHHIl HA 3allHllaeMoli JHAHK 3JeKTpolepenaut
C JABYCTODOHHMM MHUTAHHEM H PaBHLIMU TOKAMH N0 KOHLUAM 3TOM JHHHH
UMPKYJAAUUS TOKOB BO BCMOMOraTeNbHLIX TIPOBOAAX NPEKpanlaercs u ee
BXOJHOE CcONpoTHBJAEHHE onpedensieTcss paboueir emxoctbio, [locnenuss
o0biyio Maaa, M NnO3TOMYy c€ BXojHOE CONpOTHBNEH!e BeNHKo. B pe-
XHME KOPOTKOr0 3aMbIKaHHsl Ha 3aIuyUlaeMOH JHHMH C OIHOCTOPOH-
HHM MNHTAHHEM BXOJHOE <{OIMPOTHB/IEHHEe BCMOMOraTe/bHblX TMPOBOIOB
ONpefensieTcsi ee CONPOTHBJGHHEM [MOCTOSHHOMY TOKY, pafoueii ewm-
KOCTbIO, & TaKKe CONPOTHBAEHHEM 3JeMeHTOB 3alHTLl (COnpoTHB.IEHH-
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eM llenu Hanpaxeuusa peie I[TPI u conporusfienHeM X0.10CTOro XO0Aa
duneTpa TOxa). ConpoTusiense cpaGarhisanus pene J/IPI poaxuo
pEeBLIIATL BXOAHGE CONPOTHBJEHHE BCIIOMOraTe/bHBIX MPOBONOB IIPH
BHEUIHEM KOPOTKOM 33aMblKaHH¥M H OLITb MeHblie BXOJHOTO COTNpOTHBME-
HHA 3THX NPOBOJOB INpPH KOPOTKOM 3aMBIKaHHH B 30MHE.
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-Puc, 1-12, 3aBHCHMOCTL HANPSAXKEHHd HA BTOPHUHORM
ob6moTke TpanchopMatopa JSTH v MeXidy BCHOMOra-
TeJbHLIMH DDOBOLAMH OT TOKA KOPOTKOr0 3aMBIKAHHA
Iaci h =1, A =—6; Rpp=1400 os; Cppp=1,05 mxp.
I —peXHM ONHOCTOPOHHErO NHTAHHA, HanpsiaKeHHe HA
IHTAKUEM [OJNYKOMIJAEKTE, 2-—peAKHM OIHOCTOPOH-
Hero NUTaHHsd, HAUPAKEHHE HA [pPHEMHOM NOJYKOMI-
JeKTe; 83— PeXUM BHEIIHEro KOPOTKOIrO 3aMbiKaAHHA,
4— PEXKHM NBYCTOPOHHErO MHTAHHs, KOPOTKOe
3aMeplKaule B 30HE.

BeiBONL ypaBhenus xapaKtepucTuku pene (puc. 1-14) zep=f (9),
rae @ — yroj H3MepsieMOro fOJHOrO COMPOTHBJEHHUS, NpHBeNen B MPi-
aoxesud [1-7. Boipaxenue (I1-7-2) noxasplBaer, 4To XapakTePHCTHKA
peae ch=f (¢) npeacrasaser co6Goil OKPYXHOCTb, LEHTp KoOTOPOit .1€-
XHT HA 0C4 R npsMoyrosbHelX KoopiuHar R, j, X H cMellleH OTHOCH-
TeqLHO HA4Yala KOOPAMHAT HA BeJHUHHY Ry

R,
R, = 5 . (1.7-3)
’ AprRH 2
P U.n.cp —

20



wal l,,

248 e

3
24 /

& pd

5

-
N
\

\

\

\

| IAL'

i

¢ 7 20 30 40 50 60 Ma &0

Pue. 1-13. 3asuciMoCTbL TOKA !np BO BCHOMOIATENb-
HulX NPOBOJAX OT TOKA KOPOTKOro 3aMulkanuf IAC
h=1;, k =—6; Rn =] 400 om; Cnp-_ll)o MR
I~ pexnm o,-mocmpouuero NHATAHNS, TOK CO CTOPOHULI
AHTAIOWEro [MOJYKOMIEKTA; 2— PeHM 0JHOCTODOK-
Hero MHTaHHA, TOK €O CTOPOHHEl NPHEMHOro NONYKOM-
nNeKTa; §—— PeXHUM BHewllero KOPOTKOro 3aMblKaHud,
4—pemum ABYCTOPOAHErO BUTAHHI, KOPOTKOE
3aMbIKaHie B 3oHe,

Paanyc OKpYXKHOCTH
w Aw_ R
P
_E*___w_._g__”_ , (I1-7-5)

T T A.Cp

r=~R,

rae W, U W, — COOTBETCTBEHHO UMCIO BUTKOB OOMOTOK HAalPSIKEHH N
Toka pese I/[7Pl;
R, — CONpPOTHBAEHHE 1LeNd HANpsKEHHH, PABHOE CONPOTHB-
JdeHHi0 0OMOTKH HanpmxeHusa pene IfTPI v npaMoMmy
CONPOTHBAEHHIO  JABYX  /HOAOB  BHIIPAMUTEJLHOrO
mocta IMB2Z,

gty W e I
T TPhas 1|
mopm
w, Uy, c,a 2CP zcﬂ
Ry
o 2 4

Puc. 1-14, Cxema u TOKOpacnpedeneine B peae /1Pl
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Aw,, — amneputkn cpaGateidaHus pene 1ITP1 npu ofectoueH-
Hoii o6MOTKe TOKa;

U, o, — Hanpsixeuue cpabatuiBannst pese //TPI B noauoii cxeme
3aUIUTHL.

ITo BenuynHaM Wy, Wi, Ry, AWep ans pene ITPI (cm. TaGa.
IT41-1 1 npunoxenue [1-7) npu Uy.cp=13 8 Ha ocHOBe YpaBHeHHH
(F1-7-3) u (I1-7-5) nafizennt shaueHus Ko ¥ r @ Ha pic. 1-15 nocTpoera
XapaKTePHCTHKA petle 2ep=[ (P). Kak yka3ano Bullle, B cxeMme 3alUHTHI
pese IfTPf paGoTaerT KakK pene MaKCHMA.bHoro COMPOTHBJIeHHS W cpa-
GaThiBaeT, Korjga H3MepsieMoe CONDOTHBJ/IEHHe, BKJIOUYEHHOE €O CTOPOHH
BTOpHuHOil o6mMOTKu TpaHcdopmaropa 3TH, pasio uan Godbuwe 2 000 om.
Mownocts, notpeGasemas pese I[TPI1 npu cpaBaThiBaHMd, a TaKxke
3aBHCHMOCTh NPAMOro COMPOTHBJAEHHA NHONOB OT TOKA OOGYCJIOBJIHBAIOT
32BHCHMOCTb COMPOTHUBJIEHHA cpalaThiBaHHA pete OT HanpAXKeHHs, nef-
ctpylomero B cxeMe 3awutHl. Jlo 3axkuranus crabunusatopo ICT/ «
ICT2 370 wWanpsAXKeHHe H3MeusieTcs MPONOPLHOHAJIbBHO TOKY Ha BXOJXe
¢uantpa. Iocne 3axHrauusa cTabuau3aTopoB HamnpsiKende Ha paGouell
obMotrke peae JZIPI ocraerca ITDAaKTHUECKH HEH3MeHHbIM, uro ofec-
neyHBaeT JuHelinocTh XapaktepucTikH Zep=f(/xs). Ha puc. 1-16
npUpefieHa H3MepeHHAs 3aBUCHMOCTb Zcp=f(/po) pene IIIPI, nonyueu-
Hasi NpW 3aMBIKAHHW BTOPH4HOH oOMOTKH Tpanchopmartopa 3TH conpo-
tupjenuem  (;=0°) u 3ateM eMmKocTbio ((a=-—90°).

M3 puc. 1-16 BligHo, uto nipu @g=—90° 2;p HeckoJabKo CHHIKAETCA
N0 CPaBHEHHIO CO cayuyaeM, Koraa ¢=40°% uTo COOTBETCTBYeT XapaKTepH-
CTHKe, npuBegseHxoit Ha pHc. 1-15. M3 ypasuennit (I1-7-3) u (I1-7-5)
BHAHO, YTO TIPH OTKJOHEHHH OOMOTOYHBIX MNAHHBIX W BEJHHHH COTPO-
THBJICHUIl OOMOTOK OT HOMHHAJBHBIX CONPOTHBJeHKe cpabaTbIBaHHA pe-
ne ITP! u3MensieTcs. 3aBucCHMoCTb AelcTBHst peie J[TPI orT pexuma
paGoTbl JIHHHM 3eKTpornepefaud paccMoTpeda B -pasiede 1-15.

1-7. KOHIAEHCATOPEl 1C1, 172 un 1C5

Konpencarop JCI eMkoCcTbIO 4 mK¢h, BKIIOMeHHBI1 Mapajie/bHo pa-
Gouell obmotke pese //IPI, ciay:MT ONsl CHHXKEHWS NepeMeHHOll cocras-
asowed Toka B paGoueli obmorke pene. Ilpu HaNHUKH KoHaeHcaTopa
NMpaxkTUYeCKH ycTparfAeTcs BHODALMA KOHTAKTOB pesie B MOMeHT cpala-
THIBAHHUSA, YAYUUIAKTCA TOPMO3HBIE X3apP3aKTePHCTHKH 3aLLHTHI W HECKOJb-
Ko yBeqHuMBaeTcst speMs pefictnas pene JITPI. Baaronaps 3amelneHHIo
cpabaTeizanust pese I/TP/ p OGoaAwmHHCTBE cJAyduaes HCKAOU3eTCs 3a-
MbIKallie LeM® BLIXOAHOTO peJe HJIH YMEHbUIAeTCs BpeMf ee 3aMKHyTO-
ro COCTOSIHHA INpH o6pLIBe BCIIOMOTaTeNbHBIX IIPOBOAOB.

Konnencarop 1C2 emxocTbio 2 mKgh, BK.IIOUEHHBIH Tapanfenbuo Mep-
BUUHOH 0OMOTKe H3oaupyioulero TpaHcdopmaropa STH, nosbllUaeT yys-
CTBHTEJNLHOCTh H yJyylliaeT TOPMO3HBIE X3DaKTEPHCTHKM 3allHTH NpH
MaJjaoH eMXOCTH BCIIOMOraTeNbHEX HPOBOJOB.

AnekrpoauTHyecknii KonaeHcatop ICH emkocrteio 200 smxg 3amel-
JfieT ppeMA cpabaThiBaHWA yKaszaTenbHOro pene 6PY, obecrmeunBas cpa-
faToizanke MoCaeLHero TOJABKO TIpH oOGpHIBe HAK METaANHUecKOM 3aMH-
KalliH  BCMoOMOraTedbHelx nposodos, [Ipd oTcyTcTBHM KOHAeHCaTOpa
1C5 m3-32 mepexoidHblX NPOIECCOB, BO3HHKAWOIINX BO BCIOMOraTeNbHHX
npoBoaaX, pede 6PY moxer cpabGaTuiBaTh TIpH KPaTKOBPEMEHHOM BO3-
Bpate pene [[IP2 p nauane HJAH B KOHIlEe BHEWHEro KOPOTKOTG 3aMbl-
KdHia,
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Kpatkospevennoe 3aMblKaHMe KOHTAxKToB pejge [fIP2 B uenu 6PY
MOXKET MPOMCXOQHTh TaKxe H3-332 BHOPALHMH KOHTAaKTOB npu 60.1bLINX
TOKaX BHEWHero KOPOTKOro 3aMbIKAHHA,

1-8. BBIXOLHOE PEJE 1PI

Buixoanoe pene IPIl umeeT ueThipe oOMOTKM: [ABE NapalJe/ibhhie
H Ise mnocjegoBaTebHble. [lapanienbHble OOMOTKH ¢ paBHBIM UYHCJIOM
BHTKOB BKJIOYEHbl Pa3HONOJAPHO uepe3 [004BOUHOE CONPOTHBJEHHE
IR6. O1ra wu3 napaaneldbHblXx 0OMOTOK sABasgercsa paboueit, a BTOpAs,
BKJIIOYEHNasT [M0caeoBaTeNbHO ¢ Koujencatopom JC4, — TopMO3HOM.
IlocaenoBatennHule 06MOTKM pese  yIepXKHBAIOT peie B cpaboTasluem
COCTOSIHHH JIO OTKJIOUEHHS BbIKJOYaTenell, W HX MOJAPHOCTb [LOJAMKHA
COOTBeTCTBOBATh MOJAPHOCTH palodyed o0O6MOTKH.

Ilpu oTk/ioueHHOH TopPMO3HOK o6MOTKe BpeMs JeilcTBHST pefe co-
crapaser 20—25 mcex. Pelle nedcTByeT, eciu NPOJOTKHTENBHOCTL UM-
fynbCa TMOCTOSHHOrC TOKa, TIONAHHOrO Ha Napaj’ieibHvio 0OMOTKY, co-
CTapaseT He MeHeee 7 McCek.

Pene I1PIT ¢ BpeMenem cpalatniBanus 20—25 mcex npuMcHsercs
B Cjlydyae, eCJH HAa 3allHUAeMOH JHHHH OTCYTCTBYIOT pa3psiHUKH H
MOXHO HE CYHUTATBCA C 'BO3MOMXHOCTBIO MHOTOKPATHBIX MPEpBHIBUCTLIX
06pHIBOB BCNIOMOraTelbHEIX INPOBOLOB (MHOMOKpPaTHBIl oOpbHIE H BOC-
CTAHOBJEHHEe ¢ OYeHb MAJbIMH NPOMEXKYTKaMH BPeMeHH).

Has suHuE, 33aLIMILeHHBIX Pa3pAXHMKAMH, a TaKKe BO BCeX cay-
yaax, Korna HeoOXONHMO CUHTATHCAI € BO3MOXKHOCTBIO MHOTMOKPATHBIX
NMpepuiBHCTHIX OOPEIBOB BCIOMOTaTe/bHBIX TNpPOBOAOB, BpeMs IeHCTBHA
BbIXOJHOro pefle HOoMAXKHo ObITh yBeanuexo Jo 50 mcex.

B nocienixHeM cjydae Ha napasvielbHYI0 oOMOTKY pefie MOTYT lo7aa-
BaThC MMNYJABCHL JAAHTeJbHOCTBIO 10 40 mcex, Kotopble He TO0JXKHBI Bhl-
3bIBaTh CcpabaTbiBaHHA BLIXOJHOFO peJe.

YBennuenue BpeMeHW AedcTBHA pesie /P[] ROCTHraeTcs BKJAIOUEHH-
eM TOpPMO3HOH OOMOTKH peje nocaefoBaTesbHo ¢ Koufeicatopom JC4,
YTO BHINOJHSIETCS 3aMpiKaHdeM Hakdagku 1.

[Mpu BK.JIIOUEHWH TOPMO3HOH OOMOTKH C KONAEHCATOPOM 3apsaHbIi
TOK KOHJIEHCATopa 3aMeldNsleT HApacTaHHe MArHHTHOTO MOTOKa ‘B peJe,
BHI3HIBAA YBEJHUEHHE BPEMEHH ero JeHcTBUd,

Jaa JuHAK C pa3psAIHHKAaMu, KOrja B BHIXOAHOM peJe HCMOJb3y-
10Tca pabBouast H TopmosHas oOMOTKH, 00e ynepxUBaOULIHe 0OMOTKH
ROJKHB ObITh HMCKJIOYeHbl. IlocnegHee o6GYyC/a0BIEHO TeM, uTO B 3TOM
cJydae HEBO3MOXKHO COr/acoBaTh MOJSPHOCTh NapanielbHbIX M YyAep-
KHBaWIKX 0OMOTOK, TaK Kak B OAHOM cayuae (xorma peae 8PT
He geiictsyer) B paoTe yuacTByeT TOpMo3Hasi oOMOTKa pesie, a B IpY-
roM — paGouas. B paccmartpusaeMoM cJydae BpeMs Bo3Bpata pele
IPIT cocrasasier Gosee 0,1 cex, uro obecrneuMpaer HAXEXKHOe OTKJIOUE-
HHE BbIKIIOYaTeNell 6Oe3 ynepxusawuHx oOMOTOK.

BpiBO1 U3 QEACTBHA YHAePXKHBAWOUIAX OOMOTOK ocyuiecTBAfRTCH OT-
coeguHeHueM KoHTaKToB IPIT oT 3mux oOMOTOK M NOIKJIIOUEHHEM KO-
TaKToB K 3axumam 22 wu 24.

1-9. YKA3ATEJNBHBIE PEJE 4PV, 6PV, 6P¥Y u TPV

[Mocnegosatenbhule ykazaTeabuble peae 4PY u 5PY peficteylor na
curial npH pabGoTe 3amHTEL HA OTKJIOUEHHE.

ITocaenopatenshoe pene 6PY tuna 3C-21/0,025 ¢ 1obasouitbiM co-
nporusieHHeMm [R7 curnanusipyer 0Ophlg BCIOMOraTENBHBIX IIPOBOJOB.
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Drto Ke pese CHTHAJN3HPYET METANIHYECKOE 3aMBLIK3HHe MeXAYy BCINo-
MOTaTeJbHLIMH NPOBOIAMH B TOM [OJYKOMILIeKTe, rle OTCYTCTBYeT
YCTPOHCTBO IMHTAHKA KOHTPOJS.

[Tapanneabkoe pene 7PY, kortopoe neficteyer npu cpalaTbiBaHHI
noasipuaosaduoro pedae Z2I7P1, CHrHaJMH3HPYeT O CHHMKEHHH H30JASLHH
Bgn%'goraTeanmx NPOBOIOB OTHOCHTEBLHO 3€MJH IO BENHUHHLI MEHblle
20000 ox.

1-10. PEJIE TOKA HYJEBOA nNOCHENOBATEJNBHOCTH SPT

Pene IIIP] B cxeMe 3allHThl HMeeT MenJeHHBII Bo3Bpat (25—
36 Mcex) M nmosToMy He ofecrmeuuBaerT OOLIYHBLIMK CPEICTBAMU OTCTPOIl-
Ky 3alUTHl OT MHOTOKDPaTHOrO NeRCTBMA pa3pANLHHKOB.

B cBasu ¢ 9tMM ILas JHHEA B ceTAX ¢ 60JbLIMMH TOKaMH 3aMbl-
KaHHS Ha 3eMJI0 B 3aUlHTe NPEeYCMOTPEeHO NMPHMEHEHHe TOKOBOro pe.ie
tuna 2T-523/2, BKJIIOUEHHOTO Ha TOK HYJEBOH NOCJJ0BATE.IBHOCTH.
Bxkmouenne KonTtaxktos pene 8PT noxasaHo Ha puc. 1-1,6. Tlpur mexay-
($ha30BLIX NOBpexAeHHAX pese §PT ne nelcTByeT W ero PasMbIKaWILHA
KOHTAKT ofeciieynBaeT AeACTBHE 3aIIHTH. IIPH KOPOTKHX 3aMBIKAHHAX
Ha semaw pesde 8PT cpa6aTthiBaer M, 3aMblKas 3aMbIKAOILKI KOHTAKT,
oOpa3yer Uenb AAR Ae{CTBHA 3aLIUTHI Ha OTKAouende. [Ipu mHOroxpar-
Holt pabore paapannukos pene 8PT, cpabaTblBas NpH KaxKaom Ageicr-
BUM paspsaanuka, Oeictpo (8—10 mcexk) BO3BpaulaeTcsa NpH KaxioM
NoracaHUK pPa3psiiHMKA, YTO BhLI3BIBAET NepeaapsdAlky xouiencarapa /C4
M TNpengTCTBYeT HAKOMJEeHHIO MarHuTHOH suepruu B pene [PIl.

Hcrnonszoranue pese 8PT nossosaser NPpUMeHHTh .18 3aLIHTH B Ka-
yecTBe BBHIXOJHOTO NDOMEXYTOUHOEe pene ¢ BpeMeHem cpabaroiBaHud, He
npepnimalomumM 60 mcex.

Hns nunufi 8 cetd ¢ M30AKPOBaKHON Helrpanbilo sMecto pene 8PT
JOKEO pHMeRsAThest pee 831 tunma 3H-563/60/1, Bk.1ouenHoe Ha Ha-
npaxkenne 3Up. Kowtaxtel pelde If BKAOUAKTCA daHAJOTHYUHO pede
8PT.

Henocratok npHMenenus pene 831 3akmouaercds s BO3MOMKHOCTH
0TKasa B JeHCTBHH OACKHPOBKH NpH -paboTe pa3pamlUKos B caydae
IJMTEJIBHOIO 3aMbIKaHMA Ha 3eMJI0 B CeTH,

1-11. H3OJIHPYIOIUHHA TPAHCPOPMATOP 3TU
H PASAEJUTENbHBLIA KOHAEHCATOP 3C1

Haoaupyiownii tpaucdopmarop 3TH 3sieKTpuyecky H30aupyeT
BCIIOMOTaTeslbHble IIPOBOAA OT OCTa/JbHON YACTH YTTPOMCTB 3aIMUTH H
cornacoBblBaeT BXOXIOE CONDOTHBJEGHHE  BCNOMOTaTeslbHLIX IIPOBOJAOB
C NOJHBIM COMPOTHBACHHEM TOJYKOMIJIEKTa 3aLLHThl, H3MEPEHHBIM MEZ-
1y saxuMaMu 6 v 8 (puc. 1-1,a).

Kosdpdruuent tpancdopmauun TpaHchopmartopa pasew 3; INpH
3TOM TOKH B NepBHUHOH 0OMOTKe, NMOAKMOYEHHON K KOoHReucatopy JC2,
B TpM pa3a Gosblile TOKOB BO BTOPHUHON 00MOTKe, MOAKMOYAEMOil KO
BCIOMOraTeAbHbIM IIPOBOAAM,

Bropuuuaa obmorka tpanchopMmaTopa BbllloJIHeHA H3 ABYX paB-
HEIX CEKIHH, MEXAY KOTOpbIMH BKJAXOYEH pPa3leNuTenbHbld KOHIEHCATOp
3CI1 ewmxocteio 10 mxg. Koupencarop pasgesser Ueld nepeMeHHOTo
TOK3 3aUIMThl H HAJIOXKEHHOTO BHIMPAMJEHHOTO ToKAa KOHTPOJA HCIpPaB-
HOCTH BCIOMOraTeJbHBIX NPOBONOB.

Kounpencarop 8C/ scrpoen B Tpaucdopmartop 3TH, KoTopuifi KOHCT-
pyKTHRHO odopMaen B BHAE OTIEABHOTO YCTPOHCTBa 3ALUHTH.
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i-12. ABTOMATHYECKHH KOHTPOJBb HCNPABHOCTH
BCHNOMOrATE/'bHBIX HPOBOIOB

Ha nnuny ¢ ABYCTOPOHHHM MUTAHHEM ¢ YCTaBKaMH 3aututel A=1 u
k=—4 ToK cpabaTbiBaHMsl 3AUHTE NpHd Tpexda3nom KOPOTKOM 3aMhl-
KaHHH cocTaBiasieT 2a. B ¢BsI3M ¢ BBICOKOH YYBCTBHTE/bLHOCTBIO 3ALUMTH
np# o6pbiBe  BCNOMOraTeJibHbiX npoBoaos penae IITP] momer cpafo-
TaTh, €CAH TOK HATPY3KM ‘PaBed wau npesbiwaer | g, Henpasuabuoe
NedCTBHE 34UIMTHL B STOM cdydae HcKaodaeTes ObiCTPOeiCTBYIOIIHM
aBTOMaTHYeCKHM KOHTPOJIeM HCIPABHOCTH BCNIOMOTaTeJbHEIX MPOBONOH.

YerpoilcTBO aBTOMATHUECKOrO KOHTPOJA TIOCTPOEHO Ha MpHIllHNe
NOCTOSIHHON LMPKYJKUHH BBITPAMJICHHOTO TOKa, HaJ/J0XEHHOro Ha mnepe-
MeHHBI! TOK BCIIOMOraTes]bHLIX NPOBOJIOB.

BunpaMaeHHsll TOK MPOTeKaeT No LenH, COCTOfefl H3 NocaenoBa-
TeJbHO BKJIOUeHHBIX 00MOTOK peJsie KouTpoasn [J7P2 u pcnoMoraresbliblX
nposonos. Pese I/[7P2 pcrpoeunl B ycTpoiictBa ¥ mo ofouM KOHIAM
3amMIAeMOH JiINY. 3aMblKaollHe KoHTaktsel peae {/1P2 sgmoyens
B Lells WYHTOBOH OOMOTKM BhixoAHoro peae [PII :(cm. puc. 1-1).

[Tpn MerannnueckKoM 3aMBIKAHHH MEMKJY BCIOMOI'aTeNbHbIMH 11DOBO-
naMu pelle aBToMaTHuecKoro Xoutpoast IfIP2) ycraiosientioe €0 cropo-
Hbl, TAe OTCYTCTBYET YCTPOHCTBO MHTAHUA, AEHCTBYET Ha CHruad.

IIpyn ofpriBe BCOMOraTedbHHX TNpoBoxos pense [JTP2 obectouupa-
0TCa H ObLICTPO Pa3MBIKAlOT CBOM KOHTAKTH B LeNd BLIXOJHOro peie,
a pene [/TP! mop pelicTBMeM ToKa Harpysku cpabaTbiBadT H 3aMH-
KaloT, CBOH KOHTAaKTHl B TOH e llend. B OTHOCHTeNbHO peaKMX CJydasix
NpH ONHOKPaTHOM OOpEIBE BCIOMOraTesbHBLIX NMpoBOmOB pese [IIP2 nHe
ycreBaeT Pa3OMKHYTb CBOHM KOHTAKThHl ‘DaHbllle, 4eM 3aMKHYTCA KOHTAK-
Tol pese IITP1. Tlpu aToM MMMNYJALC TOCTOSHHOrO TOKA, MOJXaBaeMblil Ha
BBIXOAHOE peJe, He mnpeswwaer | smcex, IlpH MHOrokpaTHBIX KpaTKo-
BpeMeHHBIX o6pEIBAX # MNOCAelYIOWHX 3BMBIKAHHAX BCIOMOraTeAbHLIX
MPOBOAOB MAaKCHMAJbHAfl NJHTENbHOCTD HMIYJabca I[OCTOANNOIO ToKa
B LleN# BLIXOJHOTO peje He mpesuiaer '18 wmcex.

Ilpn oGpriBe BCmOMorarensHbIX MpoBoAoB pese [[TP2 oGecneun-
BaeTCsl M JAelCTBYET HAa CHIHAJ depe3 yKasaTelbHoe pede 6PY.

B kauecTBe pene koHTpoas I[/P2 B 3alyHTe MpHMEHEHO TpexofMo-
TOYHOe noJasApH3osanioe pene ThHna PII-7. Ocuoruas pabBouas o6MOTKA
sroro pese ofTekaeTcd BLIIPAMJEHHBIM TOKOM, HaJOMEHHBIM Ha nepe-
MeHHBIl TOK BCIIOMOraTelbHbiX NposomoB. Ilog neficTeHem 3Toro Toka
peJie 3aMbIKaeT CBOH 3aMbLIKAKOlU(He KOHTAaKTHI.

OGpbiB  BCIIOMOTaTe/IbHBIX INPOBOJOB He BLI3LIBAET HeMeLJCHIore
nmpexpaulenus Toka s paboueil o6MoTKe pese. B atom pexxume Bo BCHO-
MOraTe/bHbIX NPOBONAX 3aIUHTH, C TOil CTOPOHBI, TAe YCTallOBJEHO
YCTPOHCTBO NHTAHHA, B TedeHHe HEKOTOPOTro BpemedH mo paboueil oBMOT-
Ke NIDOTeKaeT TOK MnepexojHoro mpollecca, oOyc/oBJeHHDIE T1013apaLoM
kKouzencatopa SCI po nanpsxeHus HCTOYHHKA muTanusi, Ha npueMiom
KOHIle JAHHHH BCMOMOraTeJbHLIX NPOBOJOB NpPH 06pbiBe HX MPOHCXOAHT
pa3pan Koupnedscaropa 8CI ua pabGouyio obmorKy peae [[TP2.

Pene [/IP2 pa3MnlKaeT KOHTaKThl, KOrlla TOK fepexoiloro npoiec-
ca JOCTHraeT BeJHUYHHH TOKa Bo3Bpara pede. Jisu ycKopenHs BO3Bpa-
Ta pese [[IP2 npu oOpbiBe BCIOMOTaTeAbHBIX NMPOBOJLOB HCHOIb3YETTH
Bropas — TopM0o3Haa o6MOTKa pelsle, KOTOpasi BKJOoueHa 4epe3 aobaBoy-
Hoe conpoTuBaeHHe /RS Ha nanpskenHe nocTosinHOro Toka. [1pu HoMmi-
HaasHOoM HanpsxkeHHH 110 6 pnoGaBoudoe CcONpOTHBIEHHe COCTABAAET
5000 os, a npy Hanpamenun 220 8 — 10 000 om. Topmo3suasi obGMoTKa
nosuuaeT 8 1,5 pasa kosdduuHeHT BO3BpaTa pese,

26



Toerbst 00MOTKa peJsie — KOMNEHCALMOHHAR — BK/IOUena NocJeloBa-
TeJdbHO ¢ TOPMO3HONH 0O6MoTKo# mudkbepenunansHoro pene JITPI u 06-
TeKaeTcs BLINMPAMJEHHEIM TOKOM, BeJMUHHA KOTOPOro NDPONOPLHOHAIBHA
MepeMeHHOMY TOKY, NpOTeKalolleMy BO BCIOMOTaTeNbHLIX NpPOBOAAX.
MarudTHelE TOTOK KOMIeHCaUHOHHOH OOMOTKM RedcTByeT B CTOpPOHY
cpabarbiBanusa pene IITP2 corsacHo ¢ paboueil o6morkoit, Komnenca-
unoHHasn 0GMOTKa pelle CJAYXKHT Las yCcTpaHenust sHOGpauyuii v orbpoca
KOHTAKTOB peJie NPH KOPOTKHX 3aMHIKAHMAX B 30He 3awdTel, Bubpauno
KOoHTaKToB ‘pese [/1P2 Bbi3biBaeT nepeMeHHbll TOK B padouyeit oOMOTKe
pese, BeJHYHHA KOTOPOrO NPOMOPUHOHANbHA NAAEHHIO HAMpAXKEHHs Ha
KoHLeHcaTope JCI/ mpu NPOTEKAaHMHM IO HEMy NepeMeHHOro ToKa BCHO-
MOTaTeAbHBIX NpPoBONOB. BHOpaUMA KOHTAKTOB BO3HHKAET, eClH aMILIH-
TyRa llepeMeHHOro Toka B paGoueil 0OMOTKe pese NpeBblllaeT Pa3HOCTh
HOMHHANABHOFO TOK& KOHTPOJH M TOK3 BO3BpaTa pene.

YBeauueHde ToKa KOHTPOASL yCTpaHui1o Obl BHODAHIO KOHTAKTIOB,
HO 3To npuBejo Obl OJHOBPEMEHHO H K HeQOIyCTHMOMY YBEJIHYEHHIO
BpeMeHHd Bo3BpaTa pele NpH obpbiBe [POBOLOB.

Tox cpaGateiBauus pene [[IP2 ponen OnTh paBed 2,4 ma, uto
npn 900 suTkax paboueil 06MOTKH 'pese cooTBeTcTBYeT 22 a8 cpabaThl-
Bauust peje. KosgdHuueHT Bo3BpaTa pese Ro/Ked ObiTh ne MeHnee 0,b.

Ilna oBecneuenns 10CTaTOMHOro OLICTPOAECTBHA pese NMpPH BO3Bpa-
Te ¥ OTCTPOilkH OT BHOpanHH KOHTAKTOB peje INPH MAKCHMaJMbHOM
TOKE KOPOTKOFO 3aMblKalliifl B 30He 3alHTHl NpH OAHOCTOPOHHEM MHTa-
HHH JIMHHH, KOrJa mepeMeHHbll TOK BO BCIHOMOraTefbHbX f1POBOJAX
TaKxe HaHGONbIINE, HOMHHAJbBHLIH TOXK KOHTPOJIA MPHHAT PaBHHM 5,5 #a.

Henwranus 3amuTel mokazanu, yTo B HauGoJgee TAMKEIOM peruMe
peae //IP2 waunnaer BHODHPOBATL MNMpPH  CHHIKCHHH TOKA KOHTpOAR
10 4,4 sma. Ilpu stom obeCneyuBaeTcst JOCTATOUHAS HANEMHOCTh B HA-
FATHI KOHTAKTOB DeJse, TOCKOJABKY HOPMaJblblif TOK KOHTPOJS paBeH
5,0 ma (5,5:4,4=1,25).

B cxeme samutel (cM. pue. 1-1) npelycMoTpeHLl lIYHTHpOBaHHe
3avblKatollero Koutakra peie /[IP2 u mojaua «mioca» OT Dele M0.10-
KEHHST BLIKAIOuaTeas. 1o HeobXOomUMO IUIA NpeloTBpalUleHHs O0TKa3za
3auuiTel B caydae, ecan B UHKae A/JB wuau npu onpo6OBAHHH JHHHH
HanmpsMeHHeM TpaHcPOpMaTOp HAMpPsMKeHHs,, IUTAOWMHIt yCTPoRCTBO
KOHTPOJA, oKaxercda obGecrodeHHhM, [Ipu stom peie I[IP2 na ofoux
KOHLAX JIKHHY DA3OMKHYT CBOM KOHTAKTHl M BHIBEIYT 3aILHTY U3 1efi-
CTBHS.

Pese mosoxennst BHIKMOYATenst JOJXKHO MOJaBaTh «ILTIOC» B CXe-
MY 3alHTH, KOoria BbIKJgOuartenn otkaioueH, Jas storo uerecoobpas-
HO HCIOJIb30BAaTh pesie KOHTPOJA Uend BKJKOUeHHS, KOTOpOoe YHpasjser-
¢ BCMOMOTATENbHBIM KOHTaXTOM Bbulkawouareast d ofTeKaeTcsi TO-
KOM, €CNH BBIKJAIOYATE]b OTKJIOUEH; pede 06eCToueHo MPH BKIIOUYEHHOM
BhiK/MouaTene. Pese nonoxenust BHKIWYATENS, UCNo/b3yeMoe B RaHHOM
cay4ae, ROJKHO MMeTh 3JaMellleHHe Ha Bo3Bpart Topsika 0,5—1 cew,
YTo HeofXoIHMO AJH NepeKPHITHS BPeMeHH BK/IOYEHHA BLIKJIKQUATEIs
H cpabaTuidanus  3allKThL

1-13. YCTPOHCTBO NMUTAHHS LENEA KOHTPOJIA
H H3MEPEHHS H3O0NAUHH

YerpoiicTBo mnTaliMA  ueneil KOHTPOJAst H HIMEPeHHs WIONAWHH
BCTIOMOTaTe/bHLX IIPOBOJAOB OTHOCHTE/AbHO 3€MJH BhIIIOJAHEHO B BHIe
OTAeLHOr0 anmapata 3awuThl — ycrpoiicto N2, YcrpolictBo ¥2 yera-
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HaBAHB3eTCS Ha CTAHUMH WM Ha TNOACTAHUMH CO CTOPOHBI OCHOBHOTO
fIHTaHHA 3alHLaeMon JHuHH. K yCcTpoficTBy nolaercsa BTOPHUMOe Ha-
npsikende 100 8 oT u3MepHTeAbHOrO TPAHCHOPMATOpa HaNpsiKEHuT,
BK,TIOYeHHOI'0 Ha IUWMHBL MONCTAHLHH.

1. Tpauchopmatop 2T H npexncrapiser cobofi moHuKaWHIE Tpex-
06MOTOUH LI TIPOMeXKYyTOYHBIH TpaHcdopmaTop. OnHA U3 BTOPHUUHBIX 06-
MOTOK TpanchopmaTopa MUTAET WENb KOHTPOJS HCNPaBHOCTH BCIOMO-
raTejbHHX NPOBOXOB, a BTOpasd — LeNb H3MEepeHus H30ALKH BCIOMO-
raTeJbHbIX NPOBOJLOB,

JOnsd cHuXeHHS XoJeGaHuHl TOKa KOHTPOJA IIPH H3MeHeHHH THep-
BHUHOIO HanpsxeHHs TtpaHcdopmarop 2TH BHIOJHEeH HACHILEHHBIM
C BKJIOUEHHEM B €ro nepsHunyio 006MOTKY Konazencatopa 2C! eMKo-
cteio | mrgp. B cBA3K ¢ 3THM BTOpPHYHOe HANpsKenHe Tpancdopma-
TOpa MMEET IOCTAaTOYHO BHLICOKYIO cTabuausauuio mpu Konebanuax nep-
BUMUHOrO Hanpsxenwsd, [lpH H3MeHeHHH nNePBHUHONO Hanpsxelus Ha
+10% BTOpHUHOe HanmpskKenue H3MeHserca Ha =3%, a npm Mavene-
HHH TMePBHYHOIO HanpmxeRus Ha =209 BTOpHUHOE H3MeHSETCH HA
+6+ —99%.

2. TloreHunomerp 2R4 CAYMKHT AJ4s ToUHOH YCTAaHOBKH ToKa KoH-
Tpoas R0 BEJAHYHHB 5,5 Ma Npu H3MEHEHMH CONPOTUBJEHUS BCINOMOTa-
TeNbHBIX TpoBojoB B mpexznax 0—1500 om, npu 3TOM BHINPAMIEHHOE
HANpsKeHHe H3MeHsercg B mpedenax 7,0—20 s

3. BunpaMureasumt mocr  2MB, BLIMOJIHEHHBIA M3 ueTnIpex
neonoe tuna 70, mpoM3BOAMT JABYXIONYTEPHOJHOe BbIMPIMJElHE Ile-
PeMeHHOro TOKa.

4. Kongencarop 2C2. 3HauxrenbHOoe CHHXKeHHe HATDSIKEHHs [DH
KOPOTKOM 3aMbIKAHMH HA 3AU(HILAEMOH JMHHM MOrJI0 Obl BBI3BATH CHH-
Heune TOKa KOHTPOAs # pasMblKaHMe KoHTaktos pese I/TP2, npu atom
38LUHTa OTKa3ala 6w B AeHCTBHH. DJ1eKTPOMHTHUECKHI! komaencarop
2C2 emxoctbio 400 mxeh, paspskKasich Ha Uelb, COCTOAUYK W3 paboumx
ob6moTok pene [/IP2 u BenomorartesbHeIX NPOBOJOB, 3alepiKHUBaer HA
1—3 cex pasMblKanume xouTakta pene I[IP2, yem obecnewuBaer geficTe
BHE 3alUUTH Ha OTKJOYeHWe JHHUU.

KoneGauua spemens B mnpeperax |—3 cex obycsaosleno pasjnd-
HBIM CONPOTHBJEHHEM BCIOMOraTeslbHHIX NMPoBoIcB. DoJbliee speMms co-
OTBETCTBYeT conporTusaenuto nposoxos | 400 om, a Meubllee ~— conpo-
THBJEHHIO, paBHOMY O,

5. Mukpoamnepmerp 2I' tuna Md494 ¢ npejeioM  H3aMepeHHs
100 Mka cAyKUT Aast NEPHOAHYECKOro H3MeDeHWss CONPOTHB.IEHHS H30-
JALYH BCIOMOraTeJbHEIX MDOBOAOB OTHOCHTEJbHO 3eMJH, a TaKXe LA
H3MEpEeHHs BeJHYHHLI TOKA@ KOHTpPOJA. BrioueHue MuxkpoammnepMmerpa
ANA  HM3MePEeHHs COMpPOTHBJEHHS H3OASUMH ITPOU3BOAHTCH  KHOMKOH
2K1, pacnonoxeduoit Ha nuueBoii cTopone ycrpoiictea 2. Ulyuwr 2R3
¢ mnasHo#l peryMHPOBKON CONPOTHBJAEHHA NpeNHAa3HaueH AJAH TpanyH-
poskH npubopa. TIpu <CONPOTHBIEHHHM H30JAUHH BCIOMOraTeNbHLIX
npoBonocB, pasuoM Hymo (saxuMel 4 u 9 yerpoiictea ¥2  sako-
poueHbl), CTPeNKa MuUKpPOaMIlepMeTpa J0JKHA OTKJIOHSTLCS Ha BCIO
wkaay 100°.

C noMouibio KHomky 2K2 MuKpoaMIiepMeTp BKIIO4AeTcsi Ha HaMepes
HHe ToKa KouTpoas. Ulyur 2R5 no3Bossier NpOH3BECTH TFPALYHPOBKY
MHKpoamnepMmerpa 27 anR TOYHOrO M3aMepeHHMs ToKa KOHTposf. I'pa-
IYHPOBKA OCYILECTBJSETCA YCTAHOBKOH IBMXKKAa LIYHTAa B TaKoe I10J0-
Xenue, B KotopoM NpRGOp NOKA3LIBAET 35 menenull npu BenH4HHE TO-
ka xourtpoas 5,5 Ma,
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6. Pene 2/IP] npeacraBiaser cofoii NOAspH30BaHHOe peJie THIaA
PI1-7, ¢ noMoublo KOTOPOTo IPOH3BORKTCH aBTOMATHUECKHil KOHTPO.b
CONMPOTHBJIEHHA H3IOIAUHU BCIHOMOraTe.lbHLIX MPOBOIOB, Tok cpaGaTu-
Bauug peJje cocrasaseT 0,8 ma. Pene BBoautcsa B jgeficTone BKIOUeHHeM
Haknagku 2H1. Pene cpabGarteiBaeT ¥ jeficTBYeT Ha CUTHAaIbHoe peue
7PY npH CHUYXKEHWH CONMPOTHBJEHUS H30Js1uH HuxXe 20 000 oat.

7. duekTpoauTHyeckuit Konaencatop 2C3 eMKkoctbio 150 mxgp cay-
KHT JAJSi CTMVIAXKHBAHHMA INyJbCAIlMH BHITPAMJEHHOrO Hanpsieilus, Beau-
YhHa XKoToporo cocrasasger 40 a.

8. Mpocceapr 2/ orpaHHuuBaeT HanpsiKeHHe Ha BCNOMOTaTedbHMX
NpoBoAAaX OTHOCHTENBHO 3e€MJH TPH INOABJEHHH 3HAUYUTENbHBIN NOTEH-
LdaJioB Ha 3a3emJsiollem KouType noactaruu. [losaHoe conpotusie-
HHe npocceas — npumepio 400 000—500 000 ox.

1-11, BCNIOMOTIATEJIbBHBIE NMPOBOIOA 3ALIHTH

BenoMmoraTteabHeie NpoBOJa SBJSIOTCH OZHHM N3 3JEMEHTOB 3allli-
Thl, ¢ NOMOUIbIO KOTOPOILQ OCYILECTBJSIETCA 3JEKTpHUeCcKas CBA3b 1BYX
TONYKOMILJIGKTOB 3alUUTHL. Drta CBA3b Heo6XomuMa Iasi CPaBHeHHs Be-
JUYHHLL M ¢a3ni TOKOB MO KOHIAM 3aumiaeMoil JHHHH, KOTOpbie Mpe-
o6pasylorcs «(pHABTPAMH B COOTBETCTBYIOLIHE 3, 1.<C.

Heucnpashocts BCNomoraTesabHbiX NPOBOA0B (06puiB MJH 3aMBIKA-
#He MEXJIY HUMH) BbI3bIBAeT OTKa3 B JEeHCTBHH HJAM 3arpy6/eHne 3alif-
1blI, ,[IJIH 34aUHTBl BCONOMOTATEIbHBIX MPOBCAOB OT MeXaHNYECKHX nu-
LpexaeHnil, a TakXKe OT BJMAHHH JIMHHH CHJIBHOIO TOKAa H arMocgep-
HBIX sBJICHH{T BCOOMOraTesibHble NPOBOJAa BHINOMHAIOTCS OPoHUpOBaH-
HelM TesedolHLIM KabesaeM, MPOJIOKEHHBIM B 3eMJe.

K BcnoMoraresnbHblM QIPOBOAAM  3aUIATHL NMPeXbABASIOTCA TaKke
TpebOBaHHA CTPOrOH CHMMETPHHM KaXIOH MWJbl OTHOCHTE/NBHO CBHH-
yoBoii  ofosoukn, CHMMeTpHs MNpoBoJOB obecleyHBaeT PABEHCTBO
3. 4. C, HAaBOAHMBIX B 060OHX BCIIOMOraTe/]bHBIX MPOBOJ3X TOKOM KO-
POTKOro 3daMbiKauMsi, 4TO obecneqyuBaeT IPABHABHYIO PaBOTy 3aulHTLI.

CroumocTb Kabesd H ero NpoKJalK{ ABJIAETCHA, KaxX [IPaBH.I0, oMnpe-
penawomel 8 obulell croumMocT™d 3alUTH. B eBA3H ¢ 3THM wedecoobpas-
HO NpHMeHATb TesdedoHHbH Kabeab, obecneuuBalownil 61aro1apsa CBOHM
3/eKTDAYECKUM XapaKTeDHCTHKAM HaJeXHylo palGoTy 3alHTLL H MMEl0-
WHYH CPaBHATEJNbHO HeGoJbIIVIO CTOHMOCTS,

Makcumanbiioe HanpaXelke nepeMeHHOTo TOKa Mexly BCIOMOra-
TeJbHBIMH MPOBOAAMH, 08yc/aoBJeHHOe 3. 4. C. PUJIBTPOB TOKa 3AIMIHTH,
coctaBiafeT 68 6 M BO3HMKaeT Bo BPeMS KODPOTKOro 3aMblKauHd Ha 3a-
WHU@eMoll I¥HKHK NMPU OBYCTOPOHHEM NHTAHKM JHHUH 3JEKTpolepelaud.
MaxcuManbublii nmepeMeHHblif Toxk B nNpoBORax coctaBlsier 29 ma M
HMeeT MecTO NpPH BHEWIHHX KODOTKHX 3aMbIKaHHsX.

CyuiecTseHHoe 3HA4YeHHe A/ paboThl 3AWIMTHI HMEIOT CONPOTHB.Ie-
ne xun Kabena MOCTOAHHOMY TOKY H 3/JeKTPHUeCKas eMKOCTb MeXny
AKUnaMy (paBoyast eMKOCTh). YAeJbHbI€ 3HAYEHHS] 3THX BEJHUHH HpH
AJHHe HCNOMOTraTe/IbHblX IPOBOJOB CBblllle 14 KM He HOJMHBI NpEBHI-
wate 100 om/km wa mernwo u 0,05 migp/xm. TlepeuncieHusiM Tpe6opa-
HHAIM B ITONHOH Mepe YAOBJAeTBOPAIOT TeseoHHble Kaleau: ¢ KOpAedb-
HO-OyMaxHoH wu3onsuued n 3pe3anuoH cxkpyTkoii tTHna T3B, co crupo-
daexcHoli usonsueil tuna T3CH u ropoackoit tuna TB (FOCT
1176-50/55). 3Tu Kabesit HMelOT CBHHUOBYI0 060JOYKY, GPOHIO H3 JABYX
CTaNbLHLIX JIEHT M TIOKPbITHE H3 TPSXKH, NPOMUTAHHOH CMO.OIL.

Texunueckve nautole KaGeneit tunos T3B u T3CH npuselesn
B tab6a, 1-2 u 1-3.
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H3onauua xaGenei tinos T3B u T3CH BeimepxuBaer uanpsuxe-
dde B TedeHHe 3 mux mpd vacTore 50 2y, npusenentoe B Taba, 1.2.

Ta6aunua 1-2
HenelTaTepHOe HANpAXKeHHe Aa4 kabeaeil Tunos T36

u T3CB, s
MecTo NpHAOKEHHST HCNLITATEALHOT O Auaverp xui, i
HANpAKEHHA 0.7—1 | 1.2-1.4
]
Mexay xunaMd . ., . . . . . . 700 1000
MeXAy MHJIaMH H o6on0uKOl . . 1000 1 800

ConpoTupnenke oxHOH MKHMLL H SNeKTpPHUecKas pabouas eMKoCTb
Kalens, H3MepeHHas IeDeMOHHEIM TOKOM ans Kabeaed rtunos T3B u
T3CB, npuseuenn B Tadn. 1-3.

Ta6auna 1-3
ConporuBaeHHe OJHOK HJBI H dJeKTpHYeCKas
paboyasa eMKkocThb kabGenaeit TunoB T36 u T3CB

Pabouas eMKOCTb naphl XKHJ, ME@/kM
Juametp Conpoma.nﬁe- —
HHE OMHO

L i s | R | Aan e uponar
0,7 47 0,035 0,036
0,8 36,1 0,035 0,036
0,9 28.5 0,035 0,036
1,0 23,5 0,035 0,036

KaGenb muna THb uMmeer chaenylomue TexHuyeckde panHble:

1) Usonsauus xabens BblaepIKHBAET B TEUYEHHE 2 Mux HalpsKeHHE
500 @, 50 2y Mexay JKHIAMH, a TaKKe MEXAY XUJaMH H CBHHILOBOH
oGonouxoi,

2) CompoTdB/iieHHe H30MALHH KaXEOH XKuJbl MO OTHOLIEHHID KO
BCEM OCTaJbHBIM, COEIHHEHHBIM CO CBHHUOBO# 0060.0uxolf, Ha 1 xa NpH
t=20°C cocraenser He mernee 2000 Mom.

3) Kafeab usrotoBasercst ¢ uucsioM nap 5, 10, 20 u 1. a. mo 600
¢ puaMerpoM kua 0,5; 0,6 n 0,7 mm.

4) ConpomuBJienHe OJAHOM KHIbl H 3JEKTPHUECKAA eMKOCTh Ha | KM
y Kabenefi no 500 nap cooreercTByIOT gmauubiv Tala 1-4.

Jnga npomoabHo#t AvddepeHUHaNbHOH 3aUIMTLL B KauecTBe BCO-
MOTaTeqbHBIX MPOBOAOB B NEpPBYI0 ouepelb MOXKeT OblTh PEKOMEHI0Ba-
HO npHMeHrenune resqedonHoro Kabeas tumos T3D m T3Ch. Kabean artux
THIOB HECKOJBKO Jopoxe xabend THna TD, Ho mnpepocXoiatr ero no
CBOHM 3JIEKTDHUECKHM XapakrepHcThkaM, JlrameTp xua kabeas 10
YCA0BHAM MexaHH4YecKoH MPOUHOCTH jojKeH GbiTh He Mennwe 0,7 mm.

[TpuMenenie kaBeas tuna CPI ¢ peskHomoil M30as1HeH B KauecTBe
JHHHH BCIOMoOraTelbHBIX IPOROJOB, KaK Mpasu/io, Henesecoofpaso.

HAoa npononwiod pudpepeHudanbHOR 3aLIMTHl B KauyeCTBe BCIOMO-
rateJbHbLX NPOBOAOB B NepBYK Ouepeab MomKeT ObiTh DEKOMEHIOBAiO
npuMeHende TenedouHoro kaGens tunos T3B u T3CDB. Kafenn atux
THIIOB HecKoNbKO Jopose Kabens tuwna 1B, HO OHH NpeBOCXOAAT ero
MO CBOHM 3JCKTPHYECKUM XapakrTepHcrHkaM. [duamerp :Kuo xabena no
YC/OBHAM MeXaHHYeCcKOH NpOYHOCTH JoJiKen ObiThb He menbiye 0,7 ms.
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Ta6auuwa 14

ConpoTuBiAeHHe OJHON YHJIbl H dJeKTPHYECKAS €MKOCTb
KabeJeilt Tuna 75

Pafioyasd eMXOCTb na- EMKOCTB o;molﬂ Wil
nawerp ConpoTiae- PBl XN, MKE /KM Nbl, MXEPIEM
WHALI, MM HHe opHoH

WUILL, OM[K M MAKCH- MAKCH-
cpeaHdas MaJbHasg cpeatdas \MasbHas

0,5 95 0,05 0,055 0,083 | 0,091
0,6 65,8 0,041 0,045 0,068 | 0,075
0,7 48 0,042 0,046 0,070 0,077

Ipumenenue KOHTPoJbHo-Cliriadbioro kabeas tnna CPLH ¢ pesn-
HOBOH H30JALMEHl B KauyecTBe JNHHHM BCNOMOraTeJbHLIX I[IPOBONOB, Kak
npaguJao, Heuenecoo6pasno. KalGeap »Toro thHna ne HMEET JeJeHHS HA
OTAeabHbIE TIApPbl, JKUJbl KOTOPBLIX CKPyYeHbl, B CBA3H C HeM MXHABI Ka-
Genist pacloJoxeHbl HEeCHMMETPHYHO OTHOCHTeNbHO CBHHUOBOH 0607104~
ki, IlpopoabHble 3. A. ¢. napbl Ha Takono Kabens, o0ycioBaeHHble
3MeKTPOMATHUTHEIM BJHSHHEM JHHHI 3JeKTpornepenayH {IpH KOPOTKHX
3aMBIKAHHAX, MOTYT 3Ha4MTeNLHO OT/IHYAThbCA M0 BeJHYKHE, 4TO MOXKET
BBI3BaTh JOMHOe JefCTBHE 3aULHTh! [PH BHEWHHX KOPOTKHX 3aMblKa-

Huax. Croumocts xaleas tuna CPT'H 3naunrensHo Bolllle TededorHOro
Kabe.st.

1-15. MOBELEHHE 3AILHTHl B HOPMAJIbHOM PEXHME
H NPH NOBPEXIAEHHAX B CHCTEME

1. HopmanbHwii pemum wnJM BHelllHee KOPOTKOe 3aMblKaHHe

Ecnu tpancdopMaropsl TOKa HE BHOCAT MNOTPEIHOCTH Mo TOKY if
yray, T0 B HOpPMAaJbHOM pexHMe paboThl JIMHKH 3JEKTPONEpPenaud H.1d
NP BHEIIHEM KOPOTKOM 3aMbIKaHHH BTOPHYHLIE TOKH [0 KOHLAM 3a-
mululaeMo JHHHH, a caefoBaTeslbHo, H 3. A. C. GHIBTPOB TOKa PABHH
Mexay coboft W cxBuHyThl Mo ¢a3de Ha 180°. B 3THX yCIOBHAX 3. A. C.
000HX GUILTPOB CKAaABIBAIOTCHA apidMeTHuecKu u 0OyC.I0BIHBAIOT NpO-
TeKaHHe OTHOCHTEJbHO OOMAbLIOro TOKa Mo BTOPHUHBIM UeNsAM (HJIbTPOE,
TOKOBbIM (TOpMO3HBIM) oOMoTKaM auddepeHuna bHbIX pete 1§ BCIOMO-
raTellbHbIM TPOBOxaM. EclH BcnoMoraTesbHbie NPOBOAA CHMMETPHUHAI,
TO B Cepe/liHe HMX HanpsxelHe MeXJAY nposoaaMu OGyAer DaBHO HY.TiO.
[losToMy TOKM M HanpsKeHdss B cXeMe 3aIHTH He H3MEHATCH, el
peanooXKUTh, UTO TPOBOJAA B CepeaHHe JHHHH 3aKOPOYeHH. ITO YNpo-
llaeT onpefeteniie HaMpsKeHMNH U TOKOB B 3jJeMeHTax 3allWTH. BXoi-
1i0€ CONDOTHBJIEHHE BCNOMOTraTeJIbHbIX [IPOBOJAOB B pacCMaTPHBaeMOM
peiKHMe [paKTHUecKH PaBHO MOJNOBHHe COMNPOTHB/EHHA IOCTOSHHOMY
TOKY 3THX TNPOBOAOB, TaK Kak 3To CONPOTHB/EHHe 3HAUHTE.TbHO MEHb-
lle ¥X eMKOCTHOrO colpomdBienust, Tak, Hanpumep, NpH AJaiHe BClO-
MorareabHblX NpPOBOAOB, paBHOH 10 KM, yAeNbHOM COMNPOTHBIEHHH Ka-
Gens 100 om/xm (avaMerp Xuabl Kabena 0,7 mam) u paboueii emxocTH
ka6ens 0,05 mkg/xm BXoNHOE CONPOTHBJEHHE COCTaBIAeT Zj5x=000 oM.
Peae IITP] 3anuthl no OGOMM KOHHAM JHHHH IpH 3ToM paboTath He
OyZleT, Tak KaK Z¢p =12 500 om.
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ConpoTup/ieHHe XO0CTOrO XoAa (uabTpa Z, o, TPHBEACHHOE KO
BTOpPHuHOH oOMoTKe wusoaupyomero TpaHchopmartopa 3TH, 6ynrer
pasBHo: zi@ = zx.¢”121‘mn§'m =2,1.252.32 211 000 om. [IpuseaeHHoe
conpoTHB/IeHHe uend Toxa pene [[/7PI:

Ry = R nZry = 100.32 = 900 ox.

H3 cpaBHeHHA CyMMB STHX CONPOTHBJEHHA ¢ NOCAEA0BATEAbHO
BK/IOYEHHBIM BXOIAHLIM CONPOTHBJNEHHEM Zjpx BHAHO, uTO [OCHACIHEE
B 25 pa3 MeHblue CONMPOTHRJESHHA Bcelt uend. B cBA3u ¢ 3THM HanpsxKe-
Hue Ha paGoveit o6morke pene I/TPI 6yzer mano, Tak Kak NpPHEIH3N-
TesbHO 95% BeeH 5. X ¢, $HABTPa NMaxaeT Ha COMPOTUBJIEHUE CAMOIO
¢uabrpa. TIpH Hcnosb30BaHWH BCIOMOraTe/bHBIX NPOBOILOB ¢ HEIONy-
CTHMO O60JbIUIHM CONPOTHB/IEHHEM BXOJHOE CONDOTHBJAEHHE Ziyx BO3pa-
CTaer, YTO MUKST BbI3BaTh cpabGarThiBaHue pene J/IP! napu BHewHax
XKOPOTKHX 3aMbIKAHHUHX.

[Tpononbuaa audpdepeHudansHas 3alUTa NPUMEHSETCH Ha KOpPOT-
KMX JAHHMAX 3J€KTDOonepeldauH, [03TOMY ITDH BHEINeM KOPOTKOM 3a-
MbIKaHHH TOKH, [POTEKallHe N0 KOHLUAaM 3al(HUlaeMOil JHHHH, Tpak-
THUYECKH paBHbl Mexay co00H Kak no BeaMyHHe, Tak W no ¢ase. Bro-
pHUHBIe e TOKH TpaHcQOpMATOPOB TOKA, NHTAWIHKX 3aUUTY, MOTYT
OTJAHMYATBLCS MO BenHuuHe H (pa3e u3-3a NOrpeliHOCTH TpaHCcHopMaTopos
ToKa, B ¢BA3K ¢ 3TuM 3. A. c. GuUABTPOB ABYX MOJYKOMNJIEKTOB 3ally-
Thl OyAYyT He paBHbl, & (a3oBblil CABMI MeXAy HUMH OYIeT OTJIHYeH
or '180°. MassecrHo, 4yTo npu BEGOpE TpaHCcHOPMATOPOB ToOKa Mo Ha-
rPy3Ke CUMTaeTCsl AONYCTHMOH MOTpeiuHocTb Mo Toky zo 10%; npu srom
HOTPeLIHOCTb TOKOB [0 Yry He NpeBbIlIaer 7°.

[Torpewsoctb TpaHchopMaToOPOB TOKAa BLI3BIBAET NOBLILIEHHE BXOA-
HOTFO CONPOTUBJEHHS BCNOMOraTedbHbiX TNPOBOAOB, a <CAeA0BaT2IbHO,
¥ CHHXEHHe 3anaca CeNeKTHBHOCTH 3aWHUThi, Iasg npoBepkH ceJexTHB-
HOCTH 3aUIHTH NPH BHEIUHHX KOPOTKHX 3aMbIKAHHAX B YCJOBHAX, KOr/a
BTOPHYHLIE TOKH OTJHYAIOTCH NO BeJIMuMHe ¥ (da3e, CHUMAIOTCH Tak Ha-
3piBaeMble TOPMO3Hbie XapakTepHCTHKH 3alluThl. TopMostble XapakTepu-
ctuky [3JI-1, npuseneunsie wa puc. 1-17—1-20, cHATB NpH HMHTAUHH
0oaHO$a3Horo KOPOTKOro 3ambikaHMs B0 npu napamerpax BCrnomora-

TeabHbIX 1poBoxoB: Ry, =0; Cp,=0u R, =1400 ox, C ) =1 uxg
H ycTaBKax QuabTpa: h:’l)z hfg) =1, k=—6 u hy =rhg =2 k=
= — 10,

Ha yxasandbiX puCcyHkaX MO BePTHKAJAbHOH OCH OTJOMEHBI TOKH I(”
[monykoMnaekra 3awmuTel (1)), a no ropu3soHTanbHOH OCU — TOKH I(,_,)

[noaykomnaexTa (2)].

BepxrHe rpad)HKH XapaKTEPHCTHK NMOKA3hiBAOT 3aBUHCHMOCTD I(l]cp=
=[(l(5) W HHKHHE — 3ABHCHMOCTb 01(2) ep = [ U(y)) npu dasosom cppure
TOKoB [() U I(Q), pasHoM 135 u 205°,

TopMo3Hble XaPAaKTEPHCTHKH 3alMTHI' TMO3BO.JSIOT  ONPCAE.IHUTH
MaKCHMaJbHYK pPa3HHIly BTOPHYHBIX TOKOB IO KOHHAM 3allkuiaeMoll
JIHHHU, NPH KOTOpoft CpabaThIBAOT NOJYKOMNJEKTH 3awutel [ u 2.
Ilpunsato cuyMTate, YTo npopoabnas auddepeHUHRanbHasi 3alUMTa Cesek-

* 3aech H nanee Hugexkcamu (1) u (2) o003navalpTCs BENHUIHB!, OTHOCHLIHE-

csl K NEPBOMY ¥ BTODOMY NOJYKOMIIEKTaM 3aL(UTH.
1 MeToR CHATHA TOPMO3HBIX X2PaKTepHCTHK 3alllETH H3J0XeH B paajgene 2-33.

32



THBHa, €CJH NPH a3oBoM cABUre MEXAY TOKaMH I“) " 1(2)' paBHOM
155 manr 205° (180 4= 25°), ona cpabBarbiaeT npu Ity ep == 1,219y Han
!mcp; 1,2[(”, T. €. BeTBH XapDaKTEDHCTHK HE DNepeceKaloTcs ¢ [ps-

H3 puc, 1-17—1-20 sugHo, uto J3JI-1 Moxer cpaGorats npH
BHEIIHEM KOPOTKOM 3aMbIKaHHM, €c/H BTOPDHUHBIE TOKH TI0O KOHUAM 3a-
lKwaeMoll MHHUHM OTIMYaloTcAd He MeHee ueM 8 1,5 pasa. 3to moxasn-
BaeT Ha JOCTATOYHLI 3amac ce-

nr; JEeKTHBHOCTH 3aUHTH, B TOuKe
" (1) nepernfa XapakTEPHCTHK, TAe HX
o BETBH H3MEHAIOT HAKJIOH, TPOHC-
! XONHT 3axKHraHue CTabHIH3ATO-
!,(3) POB HANpsKeHHs|, TOCAe Yero ce-
g5 i JIEKTHBHOCTb 3dlLMTH De3xo BO3-
(2) pacraer,
32 !
‘ |
2 f
hl/m Iy 121y Numn potenz
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y Zr— B (2)
4 L~
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0 4 F] ? '] 2% 28 a X
Puc. 1-17. TopMo3HEe XapakTePHCTHXKH 3ailHTh, KO-
porxoe aamuixanne} BO; h =1, k=—6 Rpp=0;
Cap=10. ® == 15656°% — — —¢ = 200%
i
¢ =Ty Loy
1(”—1'0}( €0 CTOPOHH MOAYKOMIIEKTa !} [i9)~TOK €O
CTOPOHL! NOTYKOMNAGKTA 2,

2. lloBpexnenne Ha 3aWUIAEMOH JNHHHH

Ilpn nBycTOpOHHEM NMTaHHK MeCTa MOBPEHAEHHA B 3allHNIaeMOf
30He H paBHBIX TOKaX KOPOTKOrO 3aMBIKAHHA M0 KOHLAM JIHHHH BTOPHY-
Hbl€ TOKH, 4 CJAeHOBATENbHO, H 3.1.C. PHALTPOB paBHH MO BETUUHHE
¥ coBnanamoT no ¢ase. Ilpn 3TOoM HanpsixeHns Ha KOHIAX BCromMora-
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TeNbHHIX TMPOBOAOB PABHH W HANpanteHnt Berpeunno. Tok Bo BenoMo-
rareJbHBIX MPOBOZAX ONpexensieTcd B ITOM DEeXMHME TONLKO eMKOCTHON
POROANMOCTHIO.

B cepepuue MHREUK BCOOMOTATeAbHHIX NPOBOAOB 5TOoT Tok Oyaer
paBeH HYJI H, €CJH INPEANOJOXHTb, YTO JMHUA 34ech pa3pe3aHa, To
BEJIHYHHA TOKOB M HAaNpAMeHM{l B 5JeMeHTax 3alUHTHl He H3MEeHHTCA.
Bxogioe cONPOTHBAGHME BCTOMOTATENBHBIX NPOBOKOB OYNST WPH 3TOM
NpaKTHyeCKH ONpeJensiTbCs MOJOBHHOHK

5h 1 HX EeMKOCTH.
4wl o Hanpumep, npu amixe scnomora-
kA i TeJAbHRIX NPOBOMOB, pasHofl 10 x4,
) YACABHOM  CONMPOTHBJEHHUH Kabesst
28, }
l{ 1 Nunusi pabuz
L ” 1”/ '7.2 !(‘} mokob %}'[(3)
|
P ! |
"’ [ [m"f.z 1(3)
by T
I
ot
/I
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[ Iy |

g 4 8 z ) a0 24 4 a

Puc. 1-18. TopMo3Hble XaPaKTEPHCTHKH 3aU{UThl} KO-

poTKOe saMblikahme BO; h =1; R =—0; Ryp=1400 ox;
Cpp = 105 Megy ———— ¢ = 1536°% — ——o = 205%
T
¢ =1In). lg).

l“)—TOK €O CTOPOHB! ICAYKOMIIEKTA [ IIQ)_ TOK €O
CTODPOHbLI MONYKOMILIEKTa 2,

100 amfkm w emroctd 0,05 mig/Ka BXOAHOe COMpOTHBJENHE Znxz COCTA-
BuT 13 000 oM, yTo 3HayHTesspHO GOJBIIE CONMPOTHBJEHMS CpabaThiBaHKA
pene ITPI. [lpy oTOM yKasaunble pesie cpaGaTHBAaOT Ha OGOUX KOH-
1ax JIKHHH W JAefCTBYIOT Ha BbIXOAHHe pene IPII,

B paccMartpuBaemom pexxMe <CONPOTHBJEHHE XO0.0CTOrO0 XORa
¢uabTp8, NpUBEZEHHOE KO BTOPHYHOH OOMOTKE H30JUpYyioUiero TpasHc-
¢dopmMaTopa, OKaxXeTcd BKIIOYEHHRIM [OCAEAOBaTelbHo ¢  GosbldM
BXONHHM CONPOTHBJEHHEM BCNOMOraTelbiulx nposopos. [Ipw arom TOK
B0 BTOPHYHBIX Lensx &uabTpa, B 06MOTKe TOKa pene J/IP/ u Bcnomo-
ratenbHBX TPOBON2X 3HAUHTENBHO CHHMIKAeTCH CPABHUTEJBHO € PEXU-
MOM BHEIUHEr'0 KOPOTKOro 3aMBIKAHWA, a HaNpalKeHHe Ha BXOHe JHHUH
so3pacraer, [IpH TOKe KoDOTKoro 3aMblKaHHfA, NpeBuiualonem B 2,5 pa-
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3a TOK CcpaGaThHBaHWs 3api¥Thi, HauMHAeTcA TAeOUHA pa3pax rasoHa-
nofHeHHHX cTabHMu3aTopoB, 4To obecnedHBaeT CTabUIN3AUHIO TOKa H
HalpsKeNHss Ha BCIOMOrarTe bHbIX (1POBOAAX.

Ilpu noBpexfAeHHWH B 30He B peKUMEe ONHOCTOPOHHEro MHTaHHA

3. A. ¢. PHUIbTPa TOKA 3alUMTBl OJHOTO KOHUA JHHUHM paBHa HYMO. Bxoa-
HOE CONPOTHBIIGHHE BCHOMOraTebHBIX TPOBOJOB Rpxa Ha MUTAIOLIEM
KOHIlE JIHHHM ONpenensieTcs npu SToM NapPaMeTPaMH BCIOMOraTe/IbHEIX
NIPOBONOB H  CONPOTHBJIEHHAMH

I, 3JIeMEHTOB  BTOPOro  [OJYKOM-
a m\i MJeKTa 3aUTH, NPHBETeHHHIMH

% KO BTODHYHOH OOMOTKE TpaHc-
(2) dopmatopa 3TH: Zgxs npH 3TOM
}}42) 3HAUUTENILHO GOJNbIe CONMPOTHB-
32 1 JIeHHUS cpabatbiBanus pe-
,l ae 1P},
F
/
“ ,17 Yy=121,
PN P pabinz
4 [/ morol Im’[ 2)
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W o A
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a 4 8 /4 1} 20 24 28 a

Puc, 1-19. TOpPMO3Hbe X3paKTEePUCTHKH 3al(HTH, KO-

porkoe 3aMplkauue BO;, k=2, k2 =-—10; Rnp =0
Cnp=0. —_— p =155 — — —¢ = 205°;
T
v =1In) Iy

lm—'ro:c cO CTOpoHbl mnoaykoMmnaexta (1)
1(2)—Tox CO CTOPOHbBI [IOJNYKOMIJIEKTA (2).

Ha npuemHoM xoutie muadu pene [/IP[ nosyuaer MOWHOCTH OT
3JUIYTH POTHBONOJIOXKHOrO KOHIA JIHHHH 10 BCNOMOTATeJIbHLIM [PO-
BojaM. PaboTa pese CONPOTHBJIEHHA ONPEAE/SIeTCs MPH 3TOM B OCHOB-
HOM COMPOTHBJIBHHEM XO0JOCTOT0 Xo0Na (uAbrpa, NMPUBeNECHHWM KO BTO-
pHuHoii 00MOTKe npomexyrtoutoro tpancdopmaropa ITII.

IMpu smoM pene [IIP] na o6ouX KOHUAX 3allHUIAaEMOH JHHHH cpa-

Ga'!‘blBa]OT, H 3auguTa uepe3 BLIXQAHLIE peae zxeﬁcrayer Ha OTKJAKUYeHUE
BHIKJII0YaTENeH,
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Coeayer OTMETHTb, YTO IS OZHOW M TOH e JIKHHH Zpx3 Bceraa
MeHbLIe, YeM Zpxz, H NO3ITOMY JIPH NOBPELXKIEHHAX B 30He C ABYCTODOH-
HUM MHT3HHEM 3allHTa paboTaer GuicTpee, YeM B pEXHME OLHOCTOPOK-
Hero MHTaHHA,

Tox cpabarniBasHs 3aILMTH NPH KOPOTKMX 3aMbIKGHHAX B 30He oli-
penensieTcs xapakrtepHcTdkaMy puc, 1-21 — 1-25, Ha stux xapakrepu-
CTHKAX NpHBENEHa 3aBUCHMOCTbL TO-

all Ka opalaTblBaHHA 3aUlMTHl OT CO-
] (2) NPOTHBJEGHHS ¥ EMKOCTH BCIOMOra:
&0 \} TeJLHBIX TIPOBONOB, BUI1A MOBPEXK-
/ NeHMs, YCTaBOK PHIbTpa k.
n HUa puc. 1-23 u-1-24 sumgmo,
3 2 ] | uTO IpH mepenaye no AHHHH Harpys-
1 | | KH TOK cpafatbiBaHHs 3aUIHTH yBe-
2 L auynBaercsl. Ilpn oaHodasumx no-
| !
2 4
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Puc. 1-20. Topmo3sHble XapAKTEPHCTHKH 3J3LIHTHI; KO-

POTKOE 3aMukaHye BO; A=2, 2 =—10; Rnp=1 400 om;
Cpp = 1,05 meg, =——— 1 = 135°; — — —u = 205°;
T
¢=1Iu). ly

f“)-—TOK CO CTOPOHbI noJyKoMiliexra I; [{2)—1‘0!(
Ca CTOPOHH NOJAYKOMIJIEKTa 2,

BpeXJIEeHHAX B 30He B DeXHMe ONHOCTOPOHHero NMUTaHHMs npu Hebaaro-
NPpHATHHIX (a30BBIX CABHTAX MEMJAY TOKOM KODOTKOrO 3aMblKaHHf
TOKOM Harpy3kd TOK cCpaGaThiBGHH 34llMTHl Ha NHTAIOIEM KOHue
JHHHH MoXeT Bo3pactd B8 [,5 pa3sa.

Ha puc. 1-11 — {-13 paHa saBHCcHMoCTb HANpPSMKEHMA Ha nepBuY-
nol ¥ BTOpuyno#t o6Morxax Tpanchopmaropa STH u Toka B npoBsogax
OT BEJHYHHBI TOKAa KOPOTKOrO0 3aMBIKAHHA INIpDH MNOBPEXjeHHsAX BHEI-
HHX ¥ B 30He 3alIMThL,
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Pue. 1-21. 3aBucHMoCTb TOKA cpabaThiBaHHA 38UHTH OT JA/MHHHW {CONPUTHBAECHHA ¥
€MKOCTH) BCNIOMOT3TEeNbHBIX NPOBOAOB B PEXKHME ONHOCTOPOHHEro NHTAHHA CO

CTOpPOHBl KOMNJeKTa [; h =1, B =—06, KopoTKoe 3aMbikaHHe AC.
e[r
L | 80
5 _—+—T40,C0
-—"'—————‘
78,804
2
AC
Fr ACB
1
0 X
-4 -6 -8 -0

Puc. 1-22. 3apHcHvMocTbE TOKa cpadaThiBa-

HHA 3AU[HTH OT BHAA KOPOTKOrQG 3aMHKa-

HHUSA M BEJIHYHBH B B PeXXHMe OXHOCTOPOH-
Hero NnHTaHusa; h =1, Rnp=600 oM,

Chp = 0,45 mu .

e

4"6‘Dcp

" I s g

3@" —_ = X ———— — —-~(2_),__. —

2t o] 117y
g 30 60 % 120 60 B0 21 240 270 0 330 N

Puc. 1-23. 3aBUCHMOCTL TOKA CpalfaThlBaHHA 3aWUTH NPH HAMKYRK HATPY3IKH B pe-
¥KHMe OLHOCTOPOHHErO MUTAHHA OT Ha3HOro CABHIE ¢ MeXJIYy TOKOM HarpyskHa [y

K TOKOM OfHOMAIHOro KOPOTKOTO 3aMuiKauka I Ipp ep=flEh h=1 k=-— 6;
Rpp=0 Cyp=0; Iy =5 a Tpu Iy =01Igpcp =29 ai (muTanne co CTOPOHK
nonyKoMniexkTq [)
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Puc. 1-24. 3aBacuMOCTE TOkA cpadaThiBaHEA S3auU(HTH NpH HAJAH4YHH HACDY3KH D pe-
KYME QAHOCTOPOHHErO NHTAHHA OT Ga30BOro CABHTa ¢ MeX/AY TOKOM HArpy3kH Iy

H TOKOM OAHOODA3HOro KOPOTKOro 3aMuikanua leoi Iogep =T ¢k A =1 k=—6
Ryp = 1400 os; Cpyp = 1,05 mxgf; Iy =5 a. Ipu Iy =10 Ieocp=38 a:
(nMTaHHe CO CTOPOHW NOAyKoMmJaexra {).

Nz
by |
a
15 r 16
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10 ‘:‘ 7 \\
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as 2.8 \4\ (1 LZ)
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» N N s \\
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Puc, 1-25. 3aBHCEMOCTb TOKa cpalaThiBaHHA OJHOTO NMOJYKOMIJEKTA 3alHTH OT TOKa
KOPOTKOTO 3aMbIKaHHA Ha BTOPOM KOHUE JHHHHA (peX¥M JABYCTODPOHHEro MHTaHHSF,
KOpOTKoOe 3aMuikande AC); h=l; k= —6, Ga30Bull CABHr MEMXAY TOKAMH ’(1) H I<2)
paBeH HyJo,

a—Ryp =0; Cyp =0; 6— Rpp = 1400 om; Cnp = 1,05 swh.

1-16. OCHOBHUGLIE TEXHHMYECKHE JAHHBIE 3AUIUTDHI

1. 3aiiuTa BHINOJHEHA NO NpUHUHNHaabHOH cxeme puc. 1-1, Howmu-
HaJbHHIA BTOPHYHBIA TOK 3aUIMTH paBeH 5 @ H HOMHHAJAbHOR Hamps-
kenue 100 8 (50 24). 3amiuta BLIMOJHAEGTCHE HA TOCTOAHHOM ONEpaTHs-
HOM TOKe Ha HoMHHanpHoe Hanpsxesue 110 wian 220 a.

2. 3awuta MOKeT ObITb NPHMEHEHa IPH paBHbIX Ko3ddulHeHTax
TpanchopMauud TpaHoPOPMATOPOB TOKA [0 KOHUAM 3alHILlAaeMOH JHHHH
uM kosphulrenTax, Haxoadluxca B oTHowexnn ‘1,5 : 2. Tlo ycnoBHAM
JAHHEHHOCTH 3. 1.C. (QHUJALTPOB MAKCHManbHO AONYCTHMbIH BTODPHUHLIA
'é)ox samutet pased 100, 150 uaum 200 a B 3aBHCHMOCTH OT YCTaBOK

HJbTPA,
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3. MuHuUManbHBEIT CYMMapHbiii TOK ! cpaGaThiBaHHs 3alllHTHI HMeeT

MeCTO npu ycrapkax hA=1{, A= —4 u cocrasnaser:
a) pas Toxka o6paTHOH NOC/MeN0BATeJbHOCTH
I2cll.\:1m= l a,

6) Jist Toka TPAMOIT MOC/1e10BaTENBHOCTH

[lcp.nmu =4 a.

[lpu u3MeHeHun ycTaBOK 3alluThl 4 u k& u3MeHsAeTcs M TOK cpaba-
THIBaHUA 3amuThl. [IpH Tpexda3HoM KOPOTKOM 3aMBIKAHHH 3aL1HTA Cpa-
6aTelBaeT NPH TOKEe B MeCTe INOBPeXKAeHus

Iiep < kh [a].

B saure npelycMOTPeHO M3MeHeHHe ycraskH B or —4 1o —10 H
CTyneHuaToe H3MeHeHMe ycTaBku h: 1; 1,5; 2%

IMpi HeoOGxoauMocTH GoJee TO4YHOTQ ONpefle/ieHds ToKa cpabaThl-
BAHHA 3J&UIMTHl CJAEAYET YYeCTb 3aBUCUMOCTE €rp BeNHUMHH OT BHIA
KOPOTKOr0 3aMhlIKaHHA, CONDOTHBJIEHHS H EMKOCTH BCMOMOraTe.bHbIX
nposonos (cm. puc. 1-21 — 1-25),

B ra6a. 1-5 maHbl 3HAaueHHA CyMMapHBIX TOKOB B MeCTe MOBPeX-
JE€HHHA, MPU KOTOPBIX 3auiuTa cpafaTwiBaer, B 3aBHOHMOCTH OT BH1a KO-
POTKOTO 3aMBIKalUMA ¥ YCTaBKH R npu h=1, CONpoTHBIEHHH BCNOMOra-
TeNbHbIX NPoBONOR Rup B mpeienax 0-—800 om u paboueit emxoctnH Cryp
B npenenax 0—0,5 mxa.

TaGauua 1-5
CymMapubie TOKH cpafaThiBaHHA 3aUlUTHl, Q&
A o e e 2 cp
—4 4 1,9 4 l
—5 4 2,0 6,6 1,1
—8 4 2,15 9,2 1,15
—10 4 2,25 12,5 1,25

4. JamMTa <Ce/neKTHBHAa INDH BHELIHHX nNOBpPeXAEHHSX NpPH conpo-
THBJIEHHH BCIIOMOraTenbHuX NposofoB o 1400 ox u pabouyeil eMKOCTH
MeXJY BCIOMOraTeNIbHbIMH TipOBOAaMy Ho | MA(, ecan BTOPHUHBIE TOKH
TpaHCPOPMAaTOPOB TOKa Ha OOOMX KOHUAX 3alllMUIaeMoll JHHHH He OT-
JMYA0TCS [0 BejHuune Goablie, yeM na 20%, u no ¢dase Goabue, uewm
Ha 25° (cm. pmc. 1-17 — 1-20),

5. 3aBHCHMOCTb BpeMeHH JAeHCTBHs 3allMTHl OT KPAaTHOCTH TOKa
KOPOTKOTO 3aMbIKaHHS OTHOCHTENbHO ToKa cpabarbiBaHus 3awuTsel 0e3

! CyMMapHHIM HA3WBaETCH TOK, KOTODHA NPHTEKaeT K MeCcTy [OBPeXJeHHS
¢ ofedX CTOPOH JHHHH.

* 3aBOJA MOCTABASAT 3AIUHTY C yCTaBKaMH A=] g kh=—B,
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yueTa BpeMEeHH BLIXOAHOTO pesie NpHBedeHa Ha puc. 1-26; Bpems aeil-
CTBHS 3aWHTH HE NPeBOCXOJHT BEJMYHH, YKa3aHHbiXx B Taba. 1-6,

Tabanuua 1-6

tcp, MlEX
b — Iy
- Iep OAHOCTOpOHHEE ABYCTOpPOHHEE
TTHTaHHE NHTAaHHe
3 28 27
5 25 22
10 23 19
20 22 18

B 3awurte mpumMetieHo BLIXOZHOe pe.Je, BpeMs JefCTBUSi KOTOPOro
peryaupyercs CTryneHaMH H cocTaBaser 20 m 50 mcex.

6. MakcuManbHoe morpebJerne MOUHOCTH B TOKOBLIX Lenax 3auiu-
Tl NMPH CHMMETPHUHOM Tpex(ha3HOM TOKe 5 a W THTAHHH 3aWHTHL OT
Tpex TpanchopMaTopos Toka He npeBmwawnr 10 sa na dazy, a npn
NHTAHUU OT ABYX TpaHcdopmartopos Toka 11 sa (daza C). Tlorpeb.e-
HHE MOIIHOCTH B LemAiX HanpsKeHUsa 3amuthi (ycTpo#icTBO nNHTARUA
HenH KOHTPOAs BCHOMOTATeAbHEIX MPOBOAOB) npH Hanpsikerunn 100 8
cocrasasier 5,0 ga. MakcuManbHo HonycmuMoe Hanpsaxenue 110 a.

MCEN

35 tep

30 X

20 \\'\ 3‘:.—
15 st Wl
1 L/lep

0 2 4 § 8 0 12 % % 1B 20

Puc. 1-206. 3aBucumocTs BpeMeHH HeHCTBHR 3alluTh (6e3 BHIXOAHOIrO Deae) or Kpar-
HOCTH TOKAa KOPOTKOrQ 3aMBIKAHHS B OTHOWleHHH TOKa CpaCaTLiBaHHA 3aUIHTLI,

— B PEXHME OJHOCTOPOHHEIO NHTAHHA;, — — — —B DEKHME ABYCTOPOHHE-
ro nHTaHusd. !—-—Rnp = 1400 oy, Cup = 1,05 mxg; 2“Rnp =(, C"p =1 3—-—R"p =
== 1400 ox, Cp;, = 1,05 mxgf; 4— Rpp=0; Cyyp = 0.

7. MakcuManpHoe HanpsiKeHHe MeXAYy BCIOMOraTeabHbHIMH MPOBO-
JaMH coCcTaBaseT 68 8 pescre NpH MaKCUMaJbHOM TOKe TPexdhasHoro
KOPOTKOro 3aMhKaH#fl B 30He M JBYCTOPOHHEM MHUTAHHH 3aumiuliaemod
anHaR (cM. puc. 1-12). MakcuManbHbl nepeMeHHEI TOK Bo BCNOMOra-
Te/bHHX TpPOBoAax <ocrasifger 29 Ma jescrs TPH BHEMIHHX KOPOTKHX
3ambnkaduax (cm. puc. 1-13).

8. B KauecrBe BCmoMOraTeAbHBIX MPOBO10B 3AINKTH HaHGo.ee Lue-
Neco06Pa3sHO NPHMEHATL KOPAGNbHEI TeNeoHublit xaGenb tumos T3B
# T3CB ¢ 3Be3gnoit CKPYTKOK UJIH roponckoit TenedoHubli Kabenb TH-
na Tb ¢ napHoii cxpyTtxoii amamerpoMm wxu.a 0,7—0,8 ma.
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9. 3amura MoxeT ObITL HCMONL30BAlA, KaK NPaBuio, TOJABKO C MpIi-
MEHeHHeM aBTOMATHYeCcKOro OhICTPOJEHCTBYIOUIEro KOHTPOMA, G.I10KHPYIO-
lero 3alUUTYy NPH OGpPLIBE BCNOMOraTeabHBIX NPOBOLOB !

HoMmunadbubli TOK KOHTPO.18 BCMOMOTATeNbHbIX [IDOBOJOB COCTAB-
ager 5,5 ma. KoneGanve HanpsixKeHua na nepBHUHOH OOMOTKe TpaHc-
dopmaropa ycrpoiicTBa NHTAaHHA uend kourtposis Ha *+10% HOMHHAAB-
Hoit peauuunnl 100 @ BBI3BIBAET M3MeHeHHe TOKAa KOHTPoaa He Go.abuie
yeM Ha +3Y% uHoMUHAALHOII BeMUUHB,, a TIPH HW3IMEHEHHHM HAMDPAXEHHA
Ha =20% — He Goablue ueM Ha ~+6% +—9%.

T'rasa eropas
THNOBbLIE HCNLITAHHA 3ALIHTHI

2-1. HABHAYEHHE H IPOIPAMMA THIIOBbBIX HCIDbITAHHRA

Tunopble WCNBITAHMS 3alUMUTL NPOBOXATCA Ha 3aBOe-H3rOTOBHTEIE
MPH BLIMYCKE HOBOH CepHM 3ALLUTHI WAY NMPH MOJEPHH3AUHU ee OTAeb-
HbIX 3/eMeHTOB, a4 TaKiKe B oHeprocucremax. Llenplo THNIOBLIX McnbITa-
TAHHH ABJsIETCH TNPOBEPKA 37eKTPUUYECKMX XaPAKTEPUCTHK OTHEAbHHX
3JeMEHTOB M Bcell 3amuTel B uesoM. HMenwtauus npoBoadtcs He MeHee
yeM Ha JBYX-TPeX SK3eMOAspax 3auuTel, 4TO MO3BOJSIeT MNOJYUYHThb
NpeacTaBAeHHe O CTeleHH KX OZHOPOLHOCTH,

Tunosele MCnNbITAHHUSA 3AUIHTHL B SHEProCHCTeMAax cayXart A8 ofipe-
JeJeHUs ee MapaMeTpoB, raAyGOKOro uaydyeHHsi 3aIUTHL H METOI0B ee
Hanaakd. Ha ocHoBe 3TUX HCNLITAHHIl COCTABAAKOTCH MHCTPYKUHH NO HA-
Jagke ¥ 3KCNAyaTauHWH 3awmthl ¥ MPou3BoauTcs oOyueHMe NepcoHata
MeCTHLIX CAYKO 3aLUTHI.

B o6beM THNOBLIX WCNBITAHHIL 33IUHTEl BXOIAT HCMbITAHHS OT-
Je/bHbIX ee 3/JIeMEHTOB ¥ 3allHTHl B 1LieJoM.

B nporpavMvy npoBepKH OTA€AbHHIX 3J€MEHTOB 3aUlHTLL BXOJHUT:

1. TIpoBepka KOMGHHHPOBAHHOrO (PHALTPA TOKOB.

2. INpoBepka npoMexyrouHoro tpaucopmartopa toka ITI/I u ra-
30Hanoquennblx crabuiusatopos Hanpsixenua ICTI u ICT2,

3. TMpoBepka noasipudoBanuplx peae II1PI, II1P2, 2[1P! u BbIXO1-
Horo pese IPII,

4. Mamepenue npaMoro H oOGpaTHOrc CONPOTHBJEHHH 1HOIOB Bbie
npsivureasunix soctos IMBI, IMB2, 2MB! W oaHHOYHBIX AHO10B
24r1 »u 2412,

5. Mcnpitanue usoaupymloulero tpancpopmaropa STH u dHacbhiualo-
werocst Tpancgopmartopa 2TH,

" 6. Uamepenue emxoctn Komiewcaropos [CIl — IC5, 2C1 —2C3 «
1.

7. U3amepenue conporusnenuit /RS — IR8; 2R!{ — 2R5 u npocce-
as 2/1.

B nporpaMmy THMNOBBIX MCMBITAHHH 3AIHTLI BXOIHT:

! B orageabHuix cAyyasxX npd GOAbLIMX 3HAYEHHSX TOKa KOPOTKOrO 3aMHIKa-
HHSl 3augHTa MOXeT ObiTh HCMONL3OBAHA € MedJeHHO JeflCTBYIOLLHM XKOHTPOJeM
{amasornyno 3awutam PAJI u HCB). IIpa stoM TOK cpaGaThBaMdsl 3IALHTH AN
WeH OLIThb yBesiMYeHd npHMeHeHuem GoJiblidx ycTaBox A M R Tak, yroOn 3awmyTa
He paGoTana OT TOKOB MAaKCHMAJbHOH AAHTEBHO ZONMycTHMoN Harpyakd npH oOpH-
BaX BCNOMOTaTENLHBIX NPOBOIOB.
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1. TIpoBepka COOTBeTCTBHS MOHTaXxka ycrpoiicts ¥1, ¥2 u ¥8 MoH-
TaXKHLBIM H NPHHUUNHAALHONK cXeMaM,

2. C60opKa CXeMhl HCTIHITAHHS 3ALUKHTHL.

3. IlpoBepka HLEHATHYHOCTH MOJYKOMNJAEKTOB 3A4UIKTHI.

4. Onpenenenyie TOKOB cpaGaThlBaHHA, BpeMeHu NEHCTBUA M e
JACKTHBHOCTH 3alMTHI,

5. Mcnuranne ycTpoficTRa NMUTAHHS wmenefi KOUTPOJS,

TunoBple uCMBITAHHA 3aUMTH DPOBOAATCA B JNabOPATOPHHIX YCI0-
BHAX Ha peseitHoM crense. Jlaf CPaBHEHHs naPaMeTpOB BJEeMEHTOB 3a-
IIHTH H 3KOHOMHH BpeMeHH INpH cBopke cxeMm W nogbope H3MepHTe/b-
HBIX TNpHOODOB HCIBITAHHS OZHOMMEHHBIX 9/eMEeHTOB ABYX TOJAYKOM-
TJIEKTOB 3alKThl C/eLyeT BeCTH Napa/jienbHo.

2-2, MPOBEPKA H HCHBITAHHE KOMBHHHPOBAHHOIO ®HJIbBTPA

B nporpaMMy npoBepKE M MCNHTAaHHA KOMOMHUPOBAHHOro GHIBTPA
BXOAUT DAL TIOC/IEQOBATENbHBIX ONepauyii:

1. Hsmepenyie CONPOTHBJAGHHA B3aHMHON MHIYKUHK MeXIy oO-
MOTKaMHi Wy H W, Wp H Wy TpaHncpeaktopa IT® nns Bcex 3HaAYEHHH
oTnaex OOMOTOK W; M Wp, BKJAIOYAEMHIX nepexaioyarenem /H4.

2. Hamepenne conpoTuBjenuit [RI, IR2 n MaxcuMaJbHOH BeIHuM-
Hpl conpotHBaendi 1IR3 u IR4,

8. PerymupoBxa GuabTpa Mo 3afaHHoll BelHunue KodPduuxesra A.
4, VaMepeHHe [NOJHOIO CONPOTHRJACHHS XOJNOCTOro XoXa (Puae-
TPa Zx.4-

5. ITpoBepka MPaBMABHOCTH COeJHHEHUS HABTPA H3MePeHHEM
3. 1. ¢, Ha €ro BHX0Ie.

6. Tlposepxa auuelinocTH GHALTPA.

a) ConporuBieHne B3auMHOZX HHAYKUHH Xx OOMOTOK TpaHcpeak-
Topa $unbTpa ABASercA OXHOA H3 BeJNlUMH, ompejpessiolled UyBCTBH-
TeNBHOCTh SAILMTH, 4 OXWHAKOBOe 3HaueHHe Xy JBYX TOJYKOMIIEKTOB
3AULHTH ONpeneNsieT UX MAGHTHYHOCTh. B CBASH ¢ STHM H3MepeHHe CO-
NIPOTHBJIEHUS B3aMMHOH HHAYKUHH ¥ B cayyae HeoOXOLHMOCTH peryiH-
posKa ero suBJSIIOTCH 00A3aTENBHBIMH MDH NPOBELEHHH THIIOBBIX MCIH-
TaHHH 3alHTHL.

I;llsmepeurne Xy NpoM3BOZMTCH NMO cXeme pHC. 2-1 anst rpex ycra-
BOK £,

Npu noxaue TtOKa HA 3aKUMBL 3—35 H3MepsieTcst COMPOTHB/EHHE
B3aHMHON MHIYKUMH Xu)_p MeXAy OGMOTKAMH W@, M Wy, a NpH mojade
Ha saXuMu [—3 uaMepsiercs Xag_a MEXIY OOMOTKAMH Wo H Wy,

Ing H3Mepenus o. A.C., HHAYKTHDOBAHHON BO BTOPHuHON 0OMOTKE
W, TPaHCPeaKTOP3, BTOPHUHAR WeNb (HABTPA, COCTOAWAS W3 OGMOTKY
we ¥ conpotHsaenuit dunsrpa /RI, IR2, IR3 u IR4, pasmelkaeTcs ¢ Mo-
Moo Haknanku [H3.

C nomompio asToTpaucdopmaropa T (Mnu noreHuromerpa) M peo-
¢rata R; B cXeMe YCT3HaBJNBaeTCA TOK 5 @, W BOJbTMETPOM C BHICO-
KHM conporHsaenueM (He Membume 1000 om/s), nanpuMmep JNammnosbM
BOJIbTMETPOM, H3MepseTcs 9. X, C., HHAYKTHDOBAHHAA B OOMOTKE @
(mopanka 2 8). Beasuuna Xy onpenensiercs H3 BblpaXKenus

v
A

PeaynbTaTh H3MepeRME samucHBAaKT B Taba, 2-1,
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Pue. 2-1. Cxema uaMepeHHs COIPOTHBJICHHA BaauMHOR HHAYKUHH Xy _o H
Xyl—0 TPaHcpeakTopa GHALTPA,
T'—anvorpaucdopuarop JATP-1; R,—peocrar 10—15 ou; A—amnepverp;
V — BoJIbTMETD JaMnoBhul; P —TpexnoaoCHul NepeKJioyaTeb,

Ta6auuna 2.1

Pe3syabTaThl H3MEepPeHHA U BRIYHCHEeHHH CONPOTHBJICHHH
B3aHMHOR HHAVKIHH N0 cXxeMeé pHC, 2-1

phousn Jloro- 1w e = 2| X wowe Xy Xu(1) 0;%:;:
na | 14 [T 1 Tem | Xumox | Xag) ;‘5’,;":'23
h=1 — ] 0,375 g’;
Xy 1-2]|h=1}5 0,250 Eg
h=2 —f——] 0,187 8
h=1 —|——1 0,125 gg
Xuo—2|p=15| |—|—!| 0,083 g
h=2 0,062 zg
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o pesyabrartaM H3MepeHHR onpeAensioTCA OTHOUIEHHE H3MepeHHON
Be/MYHHEl X K HOMHHAABHOM Xwm uow, 8 TaKwmKe OTHOLIEHHE COOTBET-
CTBYIOLIMX H3MEPeHHBIX BeMHMHH Xy ABYX NOJAYKOMILIEKTOB 3alUMTHI,

[lepsoe oTHOLIEHHe IOJKHO HAaXOAMThes B npegenax 0,95-1,05,
yTo obeclneuHBaeT OTKJAOHERHE UYBCTBHTEJLHOCTH 33LHTHI HE 6onee yeM
Ha +5Y% wnomunaapuolt. ConpotusaeHds Xy OGOHX MOJNYKOMIJEKTOB He
JO/DKHB OT/HYaThca Gonee ueM Ha 5%.

XM XM(I)

H 5 BHIXOAAT 32 Npemesbl YK93aH-
M.HOM M (2)
HHX BEJHYHH H TIO BEJHYHHE OJHHAKOBEL JJA BCeX 3HaueHu# A, TO
HeOGXONHMO NPOH3IBECTH PEryJupPOBKY COMPOTHBJIEHHH B3aWMHOA MHAVK-
usH. Tlocneanee ocymecTRiseTCs U3MEHEHHWEM BEJHUMHBI BO3AYUIHOIO
3a30pa B cpeJHeM CTEPHKHEe MArHHTONPOBOAA TPAHCPEAKTOPA C [MoCJe-
HYIOIMM NOBTOPHEIM HaMepeHHeM X, .

Has perynuposky Xy ocnaGiasioT deTipe WNu/bKH, CTSCHBAIOUIHE
MarHHTONPOBOA TpaHcpeakropa. Jas yBeauueHuss Xy HeoGXomumo
YMEHbILHTD YKa3aHHuH BO3RyWHHLA 3a30p. [locnegHee pocTuraercs
JEerKHMH YyJXapaMH MOJ0OTKa Mo aepx'Hei'{ IIJI0CKOCTH MAarisuronposoiaa.
Has yMeubwenuss Xy Heo6X0I¥MO YBEJNHUUTb BO3LYIUHBIN 3330D MyTeM
HeGO/LIIOIO BBLUIBHXKEHHS BBEDX BEpXHell uacTé MArHHTONDPOBOAA.
B sToMm cayuae cTArMBaIOUWIMe WINHABKH LOMNKHE ObiTh OCBOGOMKJeHH!,
ITo OKOHYAHHH DeryJHDOBKH BO3LYLWIHONO 3330pa MAarsuronposon Heob-
XORMMO XOPOIUO CTAHYTb € NOMOUILIO BCEX YeThipeX WMHJEK.

Ecau OTHOWIEHHSA 5%

Ecan oTHoutenue X_——_uh;w A8 Pa3IMUHBIX YCTABOK /I pasinyuo, TO
9TO YKa3nBaeT Ha HETOYHOCTh B HAMOTKe YHC/Aa BUTKOB B OTHAiKax.
OG6MOTKY TaKoro TpaHCpeakTopa HeoGXOJMMO 3aMEHUTb, a THIOBLIE
UCALITAHHS TIPOBECTH HA JIPYroM KOMIJEKTe 3alMTH,

6) Conporusnenns IRI, 1IR3 w IR2, IR4 B cxeme ¢uibTpa BKIIO-
YeHb TIONAPHO, MapannenbHo. MaKCHMasibHAfl BEANUHHA ITHX COMDOTUB-
JenuRt Ry onpefesisercs MUHEMaJbHbIM Ko3hGHIHEHTOM k£ (mabTDa,
paBHBIM —4, H HAXONHTCA U3 BHIPAXKEHHH:

____k—lXMl—2:——4——1 XM]——2=
Re=rFi vy ~—3%7T v73

3xech Xyj.z — conporHBieHHe 70 AaHHEM Tada. 2-1.

Hsmepenne Ry TPOM3BONHTCH METOAOM BOJABTMETPA — aMnepMmerpa
no cxeme pHe. 2-1, Tluranue or astorpancdopmatopa T nopaercs ua
3akuMBl 3 u 7 ycrpodcrRa ¥J, MPH STOM ABHXKKH DeryiupyeMelx co-
DpOoTHBIEHU YCTAHABJHBAIOTCS B Kpafinee nonoxenue, B cxeme niame-
peBMsT yCTauapjauBaeTca TOK, paBHbIf 5 q. Pesyabrarnl @aMepeHHit 3a-
nucHBaloT B Taba. 2-2,

-8) Ilposepka kosdduumueHra & PHABTPA CBOAHTCK K ONpPELEEHHIO
CONpPOTHBAGHHH R (GHIBTPa NO H3BeCTHLIM 3HAueHMAM 2 H Xy W pery-
AHpOBKe COMPOTHBAEHHA (MABTPA No 3AJAHHOA BEJNHUHHBI R ¢ MaKcH-
MaJIbHO BO3MOXXHON TOYHOCTBIO.

Conporusierte R onmpelensetcsl ¥3 BHIPAXKEHHA:

Xyy—ok—1

R=R_3=Ry =5 rF1

0,965X,,,_o
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Ta6auua 2-2

Pe3yabTaThl H3MepeHHH peryJHpyeMhX CONpOTHBIEeHHH
duasTpa

I R|_3, ox Rg._4, om

1 a I Uri. & l Upa: ¢

M
@

rpe Ri_3 M Ry_,— CONPOTHBJIEHHA, SKBHBaJICHTHbE TapajJiebHO
COEAMHEHHEM CONMPOTHBNEHHAM R,, R, u Ry, R,
¢uapTpa, ofTexaemne TokaMu Qa3 A n C;
Xy|—g — COTPOTHB/GHHE B3AUMHOM HHAYKUHM OOMOTOK
W, B W, TPaHcpeaxTopa ¢HABTPA, MO JAAHHBIM
H3Me peHHi.

Pesyapratel nogcyera R gasnl B tabn, 2-3.

TaGauua 2-3
PesyabraThl noacyera R

k R, om

—4 | 0,95 X, |,
—5 0,808 X, | _,
0,743 X, 1_»

—10
0,706 X, |_,

3amuTa BHMycKaercs 3aBojoM C HacTpoftkoit duabTpa mo k=—6,
103TOMYy 1e/eco06pa3no NpoBeAeHHe THIOBRIX HCNHTAHHH ¢ 3TON Ha-
CTPOHKOH,

BeanunHsl CONPOTHBIEHH{ NPOBePAIOTCH B cxeMe puc. 2-1 npr noa-
Bedenun Toka /=5 a K 3awuMam 3 u 7 ycrpoiictBa ¥1.

Ilpa HeoGXOAHMOCTH PeryiMpoBKa OCYULECTBAACTCH HBHXKKAMH CO-
npotusnennit Rs u Ry npy sToM wu3MepsoTc Hanpaxenda Uj_s n
Us_4 Mexny toukamMu a—6 H a—&6 cxeMusl pic. 2-1.

PeayabraThl peryiupoBKM [0 JAAaHHMM H3MepEHHid 33anHCHIBAIOTCH
B 1364. 2-4.

r) Tlonsoe conpoTHBJieHHe XOJAOCTOTO X0oXa (GHUABTPA Zx g ABANETCA
ONHOH M3 OCHOBHEIX BEJHUHH, XAPAKTEPH3YIOWHX  KOHCTPYKUHIO
puabrpa. Jam  npunAToR  cXemm  ¢nAbTpa  2x.¢ He  3aBH-
CHT OT ycTaBoK QuisTpa k H k ® npepcrasaser coloit monHoe conpo-
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Ta6auma 24

PeayabTaThl peryJHpOBKH
CONpOTHBIAeHHA Quiaprpa; b= — -- -

¥, XMOL“2' Roou| I, a

Up_s.
8

Ug_4
a

(1)
@

THBJIEHHe BTOPK IHOH Lenu ¢HIBTPA, U3IMEPEHHOE €O CTOPOHB BLIXOAA
¢$uAbTPA NpH PA3CMKHYTHIX BXORHBIX 3axkumax /, 3, § u 7 (puc. 2-2):

2 o=V @R+ i+ X3,

rpe R, — MakKCHMa/bHOE 3KBHBAJEHTHOE CONDOTHBJICHME NapatjenbHo
COe/IHHEHHBIX conpoTHBMCHHR R, u R, und R, u R;

r; 4 X, —aKTHBHOE H HHAYKTHBHOE CONDOTHBJIEHHd BTOpPWYHOH 06-
MOTKH @, TpaHCpeakTopa ¢HIALTpa.

Hamepenne 2y ¢ NPOHSBOAHTCA N0 cXeMe puc. 2-2 MPH Pa3OMKHYTOH
Hakaaake JH3. PesyabraTl u3MepeHHH sanucelBaloTes B Ttaba. 2-5.

Puc. 2-2. CxeMa H3MepeHHR CONPOTHBJAEHHS XO0J0oCTOTO XoAa
bupTPa (2y ).

T —aBTOoTpaHchopmartop; R-—peocTaT; A— amnepMmeTp; V —BoAbr-
MeTp JaMuoBHI#H,

[1pu sicnpasHoM cocTosiHuH «DHABTPA CONPOTHBJEHME 2x.¢ NDH TOKe 5 &
JOJIKHO COCTaBaATHL oKono 2,1 o,

5. KoM6uunposauuuii ¢unbTp obecneyrsaerT NpaBHAbHYy0 paboty
3amuTH [P COOTBETCTBYWIEM COCKHHEHWM ero 3JjeMedToB (CM.
puc. 1-1). Tlpoepka npasufibHOCTH coefliHeHHH ¢UAbTPA NPOU3BOMAT-
€A M0 cXeMe pHC. 2-3 M3MepeHHEM 5. 4. €. Ha €ro BHXQAe NpPH Tolseje-
Heg K QHABTPY CHMMeTpHuHOrp Tpexdasnoro Toka § a. Hamepenus
NnpoBOAATCA Aas fipsMoro W 0OPaTHOro uepefoBanHA (a3 Toka Ha BXOZX-
HHX 3a)uMax ¢uasTpa.

Pesynbrat WaMepeHna sSamuchisaiorcs B Ttaba, 2-6. Tlepem usme-
peHHEM 3. I.C. < IOMOILLIO dJasoyKasa‘re;m onpen.enﬂeTc;x yepenoBa-
H#He ¢a3 ToKAa KCTOUHHKA MHTAHHA.
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Tadonuua 25
PeaynbraThl H3MepeHuil 2, ,

Y1 I, a 1 2 5 7 10
U, 8
at
O]
2y g OM
Uaﬁ' 8
)
zx.‘b, oM

Beauuunbl Ey u Ea (ta6n. 2-6) noacudThIBAIOTCA N0 BHIPAXKEHHAM
Ey=kdy= (X, — VIR, 1 Ey=rlaly= (X, + VIR I}
R Gepercst M3 Tabn. 2-3 AAs BESAMMMHBI £, MNpHHATON NS  HAcTPOHKH
$unbTpa, a meanuuHa Xy — u3 rtaba. 2-1.
Bennuunn £ B Taba. 2-6 onpepensiorcs H3 OTHOWEHHHA k=~l-5.l no

1
pesyJbTdaraM [oxcueTa H H3MepeHui.

1H3
W, 2 « 1711
w, IH4=== u
Tl m ve
TR1 R
1 1

Prc. 2-3. CxeMa RpoBepkH cOejHHeRHl GHABTPA.

Pl — P4—opuononiocHnie py6uIbHUKH; R—peocrar:, A—amnepyerp; V —BoabTMeTD;
TT ~— TpanchopMaTop ToKa.

Jo uaMepenuit HeoGXOAMMO PA3OMKHYTh HakdaiKy JH3 u 3aMKHYTB
py6unbrnx Py

[loaxnoderne nysesoro NPoBofia B CXeMe H3MEpPeHAR oGecneyHBaer
He3apuCHMylo Moda3Hyl0 PeryAHPoBKY TOK3, uT0 YCKOPAeT YCTaHOBKY
Tpex paBHHX ToKoB. IIpu BTOpOM H3MepeHHH, cOOTBETCTBylOWEM 06par-
HOMY uepenosanuio a3 ToKa WAH NOABEJEeHHI0O K GUABTPY CHCTEMH TJ-
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Tabnuua 26
Pe3yJabTaThl NpoBepKH coeAHHeHH Puaprpa mo cxeMe puc, 2-3

Homepa 3axuMOB Ha | DAEKTPOABHKYIULAS CHJIA DHILT-

BXoae QpuabTpa pa, @ Yeranka (uAbTpa &
8 5 7 Hamepenntie N0 H3MepeHHAM
Pacuer- BEJHYHHBL
0Obo- HBle pac-
anave- | panuuu- (1 | ueT-
HHE Had
Yepesnosanue das HH Yiqy | Vi) Yiy | Y

A B c E,

A|lc | B | E

KOB OGpaTHOH noc/eqoBaTe/]bHOCTH, HeoO6XoAHMO mMoMeHsiTh asul TOKA
Ha JBYX JMOGBIX 3axuMax QHABTPA.

Ilpy npaBHibHOM COeAHHEHHWM (UIbTDPA OTHOIUEHHE H3MepeHHsIX
a. A. ¢. E2 u E; nonxHo Ontbh paBHoO R

6. Iposepka anHeliHOCTH duibTPa. Heab uaMepeHus CoCTOMT B mpo-
8epKe 3aBHCHMOCTHE 3. A, ¢. GBJAbTP2 OT BeJMYHHH TOKA, NPOTEKAIKUIEro
no mnepsHuHofl oO6Morke w; TpaHcpeaxTopa, Mamepenne npoussoaures
no cxeme puc. 2-3. K saxmmam ¢Habrpa 3 H § noasopuTes TOK [ap
senuuunofi 2—100 @. Ha Buhixoze ¢u/ibTpa H3Mepfercs ero 3. K. C.
Pesyabratil H3MepeHsit 3anscusatotcs B tabn. 2-7.

Ta6nuua 2.7
PeayabraThl u3MepeHHi JuHelHOCTH GHILIPA DO CXeMe

puc. 2-3
14p. 0 2 5 10 20 40 60 80 100
Eq,, ]
Epll 45

2-3. NPOBEPKA INPOMEXYTOUYHOI'O TPAHC®OPMATOPA ITII

¥ npomexyrouHoro tparcopmaropa ITI] nporepsIOTCs CONMPOTHB-
JeHHs 06MOTOK NOCTOSIHHOMY TOKY, KO3G(HUHEHT TPpaHCPOPMAUHH MEK-
Ny OOMOTKaMH H CONPOTHB/EHHE XOJOCTOrQ XOXA.

1. Conporussenne o6MOTOK MOCTOSIHHOMY TOKY ©3MepseTcs MoCToM
fIOCTOSIHHOTO TOKa; pe3y/bTaTH H3MepeHHfi sanucwBalotTca s Tabn. 2-8
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TaGauua 2-8

Pesyabratsl usmepenunil
CONPOTHBNCHHUN OOMOTOK
Tpaunchopmaropa 1TII
NOCTOAHHOMY TOKY

vi | & R, Ry

)

@

2. Kosgpduunent rpancopmauud tpaschopMaropa HaMmepsiercs MO
cxeMe puc. 2-4,

T1pH BHIMOJHEHHH H3MepeHHit HeoGXOIMMO TMOMHUTL O BBICOKOM KO-
sdduurente TpancPopMAUME MeKAY oOMOTKAMH W} ¥ W3 TpancdopMa-
topa. [Tocnennee cBfizaHo ¢ GOJBIUHMH HANPSXKEHHAMH HAa OGMOTKe W3
H BO3MOMHOCTBIO Npo6OS ee H3ONSUHM TIPH CPABHUTE/NBHO MajoM Ha-
apsKenHH Ha o6MOTKaX @ U W B nosmofi cxede 3amuTH GosibluHe
HANpSDKeHus Ha o6MOTKe HCK/IOYaloTess ReficTBUeM cTaGHAM3aTOPOB.

Pie. 2-4. CxeMa HcUbiTaHHS [POMEKYTOYHATO
Tpauacchopuaropa 1TIL.
P — py6uabnuk; T —astorpaicopvatop; R—
peocTaT conporusneHus; A, u Ay—amnep-
MeTpH.

Hamepende Toxa /3 (puc. 2-4) npoH3mOAAT ANA ABYX 3HAuEHKA TO-
ka Iy (3 u 5a).

3aTeM, cHA3HB TOK /; KO Hy]f, PasMuKaloT PYOHJAbHMK P, npHco-
eNUHSIOT aMlepMerp K oOMoTKe Ws H IpH Tokax Iy (3 ¥ 5a) u3Me-
pator TOK [3.

Peayabratel #3MepenHt samuceiator B Taba 29,

3. Uamepenne COnpOTHBAGHHA XOJOCTOTQ XoZa Tpancopmaropa
POH3BOAAT CO CTOPOHH OGMOTKH Wy To cxeMe puc. 2-5. Jlas npexny-
nmpexkuenuss npobGod M3oaAUHM MeXAY BHTKaMn Tpancdopmaropa, mo-
MHMO H3MepeHusi nanpsixeuus U; ua oO6MOTKe Wi, H3mepsior ofimee
nanpsixkende Us Ha 0OMOTKax ®w; ¥ w3 KOTOPOE He 1O/MKHo TPEBH-
warb 150 8. PeaynbraThl Hamepenuil 3anucusailor B tabn. 2-10,
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Ta6anuuma 29

PesyabTaThl H3MepeHnuil no cxeme

pHc. 2-4
yi )] 2)
I, a 3 5 3 5
I,, a
n—o=~ 2
I, a T
e TR Ts

Puc. 2-5. Cxema a3MepeHHA comnpo-
THBJAeHHKI XOJOCTOro XoHa TpaHe-
¢opmaropa ITII.

P — pybunpruk; I'— asroTpadcdop-
MaTop; R—peocTtaT; V—BOJALT.
MeTp; MA—MEIIHAMOEpMETD,

Ta6bnuna 2-10

Pe3yabraTe H3MepeHHH TONPOTHBJISHHA XOJOCTOro Xo0jJa
TpaHchopmaropa 1TII 2z, .= U, (puc. 2-5)

I

Yi

(t)

(2)

U, 8

20

39

U, 8

I, na

2, 0 KOM
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9.4, MPOBEPKA TAZOHANOJHEHHBIX CTABHJIH3ATOPOB
HANPSI)KEHHSA ICTI w ILTR

IIns yerpipex CTaGH/AH3AaTOPOB HANpAMEHHH IAUIATH Mposepserci
HaNpsKeHHe 3a)KUMaHHA H 3aBHCHMOCTb HAfpSXKeHHs CTaGUIH3aU#H OT

Puc, 2-6. Cxema H3MepeHHS HANPHAKEHHA 3AMHIa-
HHA CTa0HJH3ATOPOB HaNpAXKEHHA H NpPOBEDPKH
cTabKAH3AU KM,

P~ pybunLBEK; T — aBTOTpatcopMaTop; Ry—peo-
craT 40— 50 OM; Ry— peoctat 500 oM; MA— MEA-
Anamnepmerp; V — soabTmeTp; Cr'4C — rasoranona-
HeHHH CTAGHMHIATOP HANpPIAKEHAR.

Toka crabuin3atopa. Mceneltakus npomogsartcs nmo cxeme pue. 2-6. Pe-
3yJAbTATH HCHETaHHfl 3amHcniBaloTes B Taba. 2-11.

Ta6auma 211

Pe3syabTaThl HCOLIT@HHA cTrabuansaTopos tTuna Cr4cC
oo cxeMme pHc. 2-6

Ne etaGuauaatopa 1 2 3 4

Hanpsaxenue saxuranus, 6

]
Tox crabunusatopa, Ma 1030 10]30(10(301} 10130

Hanpsaxenne na ctaGuinsartope,
[§]

Hanpsxenue 3axunaHHs craGHiH3aTopa OmNpejiedsieTcst 1o INepBO-
MY MOfIBJEHHIO CBEYEHHN €ro 5JeKTPOJOB.

Y menpasHHX CTaGuan3aTopos Hanpsikenda THna CI4C Trnewowui
pa3psx BosuukaeT npu 108-—110 8pescrs. CraGHAN3ATOPH ¢ Hanpsxe-
RMeM 3aXuraHud, npessiwaiomuM 112 g unx Menble 106 8, mpuMeHATb
B 3allMTe He peKOMEHIYeTcH.

2-5. HCNIBITAHKE JAHOOEPEIHAJNBHOTIO PEJE 1IXPI

Iubdeperunansroe peae [/TP] sBnsiercs OCHOBHEIM pefe 3aILIMTH,
H [0ITOMY OHO HAOAXKHO OGbiTh WOABEPrHYTO HaHboJee TIIATENbHHIM
HCOLITAHUAM ® B cayuae HeoOGXOAHMOCTH — peryJHpOBKe,

Y peJie H3IMepAIOTCH: PACCTOSHHE MeXAY KOHTAKTaMH, COTNpPOTHBJe-
nug pabouedt M TopMo3HOH OGMOTOK NOCTOAHHOMY TOKY, TOK cpabars-
BAHHA M BO3BpATa, H CHMUMAETCH TOPMOSHAas XapaKTepHCTHKaE,
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Paccrosinue Mexay KOHTakTaMu & pesie, H3MepeHHoe ¢ MOMOLIBIO
lwyna, aoaxuo cocraBaaTe 04—05 mum,

Hamepenne conpoTHsJeHHH O0OMOTOK MPOH3BOANTCA NpPH TOMOIH
MOCTa NMOCTOSAHHOTO ToKa. MaMepenHoe compoTuB/ienne oGMOTOK He noi-
XHO oTAHYaTbes Gosblue, yeM Ha 5%, OT caenylOMIMX HOMHMHAJBHBIX BE-
AHHH: Rpas=1250 om u R,=80 om.

Toku cpaGaThlBaHMA ¥ BO3BpaTa pesie ONMpefefIAlOT NPH MeJeHHOM
# NJ1aBHOM H3MeHeHHH ToKa (pHc. 2-7). B KauecTBe HMCTOYHHKA NUTA-
HHL CXeMbl HCNBITAHHS cJeayeT MCMNOJMb3OBATh aKKYMYJATOPHYl Oarta-
pel0 HJH reHepaToOp MNOCTOAHHOTNO TOKa, [IpuMeHenHe BHINPAMJIEHHOrO

mer W
AL

11°P1

+

PHc. 247. Cxema mu3Mepelnss TOKOB cpaGaThiBauHA H
BosBpata pese 1[1P1.

R, B R;—peoctaTul 1 000 os: MA—MHIIHAMIEPMETD;
171Pi—pene auddepeHunansnoe;  HJI—Heonosad
Jamna,

MepEMEHHOr0 TOKA € NMyALCHPYIOWeN COCTaBAfOWER BHOCHT HETOUHOCTh
B HAacCTPOAKY peje H no3ToMy He PEKOMEHIyercs.

Tox cpafaThiBalust pese NpPH NHTaHHH padoueli OOMOTKH JOJIKeH
cocTaBaATh 2,4—2,5 ma, a Npu NHTaHHH TOPMO3HOHK ofMorku '19—20 ma.
Kos¢duunent Bo3BpaTa pele AOMKEeH HaXonuThes B npenenax 0,4—0,5.

3aMbiKaHHe KOHTAaKTOB pesie ONpeiensieTcd MO 3aXKKraHdIo ‘HeoHo-
Boil JaMMNEl HA4 No KaKoMy-HAGyNb Apyromy npubGopy. Ecau nHaMmepex-
HEIE BEMHUHHB O, Jcp ! ks OTJIMYAIOTCH OT HOMHHANBHBIX BEJHYHH, TO
HEOOXOJIHMO NPOH3BECTH perysHpoBky pese. HeGo/bliHe H3MEHeHHs To-
Ka cpabaTelBaHHS M BO3BpaTa peJje JOCTHTAIOICA BBEPThHIBAHHEM HJH
BLIBEPTLIBAHUEM PETYHHPOBOYHBX BHHTOB HENONBHIKHBIX KOHTaKToB. [Ipu
3HAYHTENbHOM OTKJOHEHHH YKa3aHHBIX BeJHYHH OT HODMaJbHHX Dery-
JUPOBKA pesie OCYILeCTBJAETCS B COOTBETCTBHH ¢ NonpasienoMm 3—8.

Beuay Ttoro 4to sKOpb pelle foABEIUSH Ha TOHKOH NJOCKOH CTalbe
HOH TIpyXHHe, 3HauHTeJbHble HAMXKATHA Ha Hero NPH pPEryaHpOBKe pene

TaGaunyga 2-12
PeayabtaTrel uHcnnitauus pexae [/7P/

TopMo3nag
Pa6oyas o6MoTKa OBMOTKE
¥t | Rpa6 % | Rropm, | 3, mu
oM
Iep #a Iy, Hua Ky Iopr Ma

(O]

2)
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HETOMYCTHMBI, TIOCKOMBbKY 5TO MOMKET BbI3BaTh OOpHIB MPYXHHB, Nocte
yero peje BHEIXOZHT M3 CTPOSA,

[To oKOHYaHHHM peryJHpOBKH cJeayeT XOpollo 3aTAHYTH BCe Kpe-
MALIHE BHHTBI pene, uTo OGecrneuHT cTaGHALHOCTL ero XapaKTePHCTHK,
M 1IOCJie 3TOTO €lle pa3 NPOBEPHTb TOK cpalaThiBanHs X BO3BPATa pene.

Peaynbratel M3MepeHHH 3amucelBaioTcesa B T1aba, 2-12.

6|y
" o)
10
8 /]
v
7 pd
rd
p /
5
4
3/ ]mapw

AT

Puc, 2-8, TopMO3HaN XapaKTePHCTHKA pes
e 111P1,

Uep.p = f Upopuh Ucp.p— Banpsixkenye

cpabaToiBaiuA pene (HanpsiKeHwe Ha pa-
Goueft 06MOTKe); [pppy— TOK TOPMO3ROH

oGMOTKH peJe,

+ me1 + mer1 WA
i Jl' ]
~ 110 ure
2206 121200 fz,ou
-
mneP?

Puc. 2-9, CxeMa Aaad CHATHA TOPMO3HOMN XapakTepHe
ctaku peae IMPI.

Ry, Rs, Ry Ri—peoeratn | 000 ou; mMA—MasAHAMUED-
MeTp; V-—BoavTMerp; [/IPl—peae anddepenunain-
Hoe; HJI— HeOHOBam Jamna.

Topmosuan xapakrepuctka pene Ucp=f(l/y) (cM. puc. 2-8) cuu-
MaeTcs Mo cxeMe pHc., 2-9 1A 3HAaueHMst TOPMO3HOrO TokKa [.=0; 5;
10; 15 u 20 ma. PesyabraTol u3Mepenuil 3anucoiBaiotes B Tafa. 2-13.

CoBnajienye TOPMO3HBIX XapaKTepuUCTHX ABYX pese //JP] nokasH-
RAET Ha MOJHYIO HACUTHUHOCTL peJe.
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TaGauna 2-13
Topmo3aHasa XxapaxkTepucTHKA peie [ITP]

yr (1) (2)

20

L opur #a 0| & 10‘15 20| 0 5 ‘ 10 | 15

U

cp? 8

2-6. IPOBEPKA BbINPSAMHTEJDbHDBIX MOCTOB 1MBI u I1ME?

[TpoBepKa HCNPABHOCTH BHIIPAMUTENbHBLIX MOCTOB MOXKeT GbITh Mpo-
H3BeJeHa ¢ NOMOUIBI0 KatoaHoro ocunasorpada dHO-1. Ias sroro
K 3axuMaM 8 | 7 (HIABTPA yepe3 peocTar NMOLBOXUTCHA TOK, paBHblil | g,
a BxoJ oclmtorpada TOLKJOYAETCA K TOPMO3HON, a 3areM X paBouedl
obmoTkam pene IIIPI,

Ecax Bce AHOAB MOCTa HCIpaBHBL, To Ha 3KpaHe ocuManorpada
6yner BMIHO CHMMETPHYHOE JABYXNOJYNEPHOAHOe BHITIPAMJICHHOE MYJb-
cHpylowee Hanpsikende. [1pH HeHcnpaBHOCTH IMOAOB (KODOTKOE 3aMblKa-
xde, o6pHIB) Ha 9KpaHe ocuuaaorpada OGylAer BHAHMO HCKalXKeHHOe BLI-
NpAMJAGHHOS HaMpsXKeHHe.

Heucnpapnslit AHOZ HAXOZAT NOOUEPERHHIM TNOXKIIOYeHHEM BXoAa
ocuHsorpada K KamaoMy AHony. Hampsikenue HA 3aKOpOoyeHHOM aHOle
OTCYTCTBYET, a Ha AHORE ¢ obpbBoM 6yxer BHAHO MepeMeHHOe Hanpa-
xexne, Heucnpasynit nuon samensiercst HoBbiM THna JI7T.

2-7. NPOBEPKA KOHIEHCATOPOB 1C1 y 1C2

Y xonaencatopa /C/ u /C2 nposepsiloT N0 3aBOACKOH MapDKHPOBKe
HOMHHA/JbHOEe HanpsikeHde (momKHo OHTh paBHO 160 g) B eMKocTb
JoqxHa coctasuth: Cici=2 mrg; Cice=2 mxg. Kpome Toro, MeropoM
BOJMLTMETPA — aMIEpPMeTPa H3MEPSIOT ACHCTBUTEIBHYIO BESHUHHY €MKO-
ctd. PeaynbraThl uamepeduil sanucelsalor 3 Taba. 2-14.

Ta6bnuna 2-14
Pe3yabTaTH H3MepeHHH eMKOCTH KOHAeHCatopos ICI u I1C2
1l 1c2

Y1

U, s I a 2, oM C, uxg U, s I,a 2, 0 | C, mxgp

(1)
)

Ilpn u3Mepenun €MKOCTH KOHIEHCATOPOB HANPKEHHE NePEeMEHHOro
TOKa He ROAXKHO npeBmwats 50 6. lM3MmepenHas BeauuHHa €MKOCTH
ROJKHA COOTBETCTBOBATD HOMHUHHAJAbBHBIM JaHHBIM B npeaesax pony-
CKaeMHX OTKJIOHEeHMI.
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2-8. NPOBEPKA JOBABOYHbLIX CONPOTHBAEHHHA 1R5—IRS

ConpoTup/jeHds H3IMEpPAOTCA MOCTOM HOCTOAHHOrO ToKa. Pesynab-
TATH H3MepeHHH 3anucHpBalTea B Taba. 2-15.

Tab6nuuwa 2.15
Pesyabrarhl H3MepeHUil coapoTHBAeHH# RS, IR6, IR7, IR8

IR5, om IR6, om IR7, oM IR8, ox
yi ) § E HOMH- § HOMH-~ E , § z)‘
88 2o HaJbHOe Ly HaJAbHoe Yo 52 g,
=8 | =3 2z 28 | 28 | g8
115000 1 500 2 500* 5000

¢ B ygcanrese—n/1A HANPAMKEHHA ONEPATHBHOrO nocToAxHHoro Toxka 110 8, »
sHaMeHaTeae—onan 220 s.

Hamepennble BEJHUHHH HE NOJIKHE OTJIMYATBCA OT HOMHHAJBHRIX
Gonee ueM Ha =10%.

2-9. MPOBEPKA H3OJHPYIOIIEFO TPAHC®OPMATOPA 3TH

Y maonupyiouero TpaHchopmatopa STH npopepaloT: HaAEXHOCTD
KPeIJIeHHs KOHIOB OOMOTOK K IIaHEJH; CONPOTHRJAEHHE oOMOTOK NOCTO-

AHHOMY TOKY, CONDOTHBJEHHE XOJOCTOro XoRa; KOpdHIHeHT TpaHc-
dopmanuy.

37

u

Ppc, 2-10. Cxema H3sMepeHHS CONpPOTHBACHHUS
XonocToro xoxa tpaHcdopvaropa STH.
T'—abprorpaicdopmarop; 3T H —tpanchopma-
TOP H3OJHDYIOUIHA; MA-——MHINHAMOCPMETD;
V —BosbTMeTD.

ConporHsielde 06MOTOK MOCTOSHHOMY TOKY H3MEPAIOT ¢ NOMOLILIO
MOCTa; OHO [O/MKHO GLITb PAaBHO; Y NepBHuUHOH O0O6MOTKHE R =~8 o,
y BTOpuuHON Rz=~150 ox.

ConpoTHBAGHHE XO0/0CTOrO XOoAa TpaHcGOpPMaTopa H3MepAlT €O
CTOPOHE NMePBHYHOM OOMOTKH 1O cxeme pHc, 2-10,

&%



Koadduuuenr tpanchopmaunu Tpanchopmaropa onpexenserca Mo
cxeme puc. 2-11 (komgencatop 3C/ noaKeH GHTb 3aKopouet).

~ 110
w2206

Pac. 2-11, Cxema mu3mepeHHs kodddHuueHTa
TpaHchopMauuu tpadcdopmaropa ITH,

T —~astoTparcdopmaTop: 37T H — Tpancdopma-
TOP H3OJNHPYIOWHH; MA--MHEIATHAMNEDPMETDb,

PesyabTat MaMepenut sanucuiBawT B Taba. 2-16 u 2-17.

Ta6anuua 2-16

PesyJbraTh H3MepeHH#l CONPOTHBIEHHA XOJOCTOIO XOJa
H CONPOTHBJEHHA O6GMOTOK NOCTOAHHOMY TOKY
Tpanchopmaropa 3TH

y3 ) 2

U, s 5 10 20 40 5 0] 20 40
I, a
2, ox
Ry oM
R’) oM

Ta6auna 2-17
Koa¢ppunuent TpanchopMauuud H30J4pYy0mero
Tparcpopmaropa 3TH
Y3 ) 2
1,, ua 2 30 40 50 20 30 40 \ 50

I, ma
n‘l‘
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ConpoTHpieHHe XO0JOCTOTO Xola TpaHcdOpPMaTOPa NOMKHO COCTAB-
aAte 5400 om mpn U=20 s.
'

1
Kosdpduunenr tpancdopmauvu TtpaHodpopmaropa Nr="7— 10.1KeH
1
6uiTh paBeH TpeM,

2-10. TPOBEPKA BBIXOAHOI'O PENE 1PIT

VY snixoasoro pede /PIT nmpoBepsioT: conpoTHBJIEHHE o6MOTOK mo-
CTOSHHOMY TOKy; Hanpfenue cpaGaThiBaHHs # BOSBpaTa; BPeMs cpa-
GaTbIBAHHA; AJHTEIBHOCTb HMNYJbCa TOKa, HeoOxoxHMoro aas cpaba-
THIBaHHA  peJe.

HameperHe cONpoTHBJEHHA HBYX NapajaielbHHIX M ABYX [0CAeN0-
BATEJBHEIX OGMOTOK NOCTOAHHOMY TOKY BHIIOJHAETCH MOCTOM TOCTOSH-
Horo Toka, Hampsixewus cpaGaTelBaHHs # Bo3BpaTa pene /PIT ompe-
AeNA10T [AA NapanienbHOH oO6MOTKH, BKJIIOYEHHOH NOC/AELOBATeNLHO
¢ conpotusnenreM I/R6 npu pazoMKHYTOl Haknajgke [HS.

PesyabTaThl M3MepeHHil 3anuchlBaoT B TaGa, 2-18.

TaOnuua 2-18
Pe3yibraTel uaMepeHHH COBPOTUBJEHHS OGMOTOK pexe IPf7
NOCTOAHHOMY TOKY H HanpsaweHuH cpaGarHBaHKA H BO3BpaTa

Rnap]r Rnap2- Rpoel Rpoc2: Uep: 8
i oM oM oM oM p Us. 8
)
@

Npumevande. Rpap |+ Ryap 9—CONPOTHBICHAA NAPAMIENbHHX  OOMOTOK;
Rpoe 1+ Rpoe 9—COUPOTHEJIEHHA MOC/ARACBATENLHBIX OOMOTOK peJe,

Bpems cpaGaroisanua pene IPIT onpenensercs MHAIHCEKYHIOMe-
pOM AJf HOMHHAABLHOrO HanpsiKeHHS ONEPaTHBHOTO NMOCTOSHHOFO TOKa.
PesyapTaThl H3MepeHHli 3anucelBaioT B Taba. 2-19.

Ta6nuna 2-19

Pe3yabTaTH H3MepeHui
BpeMeHH cpalarTbBaHHSA

pexne IPI1
Cioq=0* | Crca=%0
yi 1c4 p
M |t
| meex
(2)

* Haknazka 1H3 pasoMKHyTa.
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Buwe ykaseisajoch, 4To NPH 0oOpbiBe BCIOMOratenbHsIX NPOBOACB
8 peaKHX Caywasx pese KOHTPOJS MOXKeT 3aNas’inlBaTh C PA3MbIKaHUEM
uend BHIXOMLHOFO pese Ha BpeMs nopsaka 1 smcex, BCNEACTBHE uero Ha
focnefHee MOJAeTCs UMMNYJbC NOCTOSHHOIO TOKA. B CBA3H C 3THM K BH-
XORHOMY pelle mpenbsiBJsiercs TpeGosauHe, uToObl OHo He cpabaTubano
OT MMNyJbca IJMTeNLHOCTBIO Ao 7 MCex NpH BPEMeHH NefCTBus pene
20—25 wmcex (cM. moppasmen 1-12). Tlpu BpeMenu JeHcTsMs pene
50 Mcex OHO He HOJMKHO cpaGaTbiBaTh OT MMmyJabca B 40 wmcex.

Puc, 2-12, CxeM2 HSMeDEHHA AJUTEALHOCTH HMOYJbca, NPH KOTO-
poM cpalBaTuiBaeT BuIXoxHoe pejie P[],

PIl—pene npoMexyrounoe tyna PII-2l1; IR6— conporHanenue

nobasouHoe K pene 1PII; 1C4~—kxonaencaTop K pene 1PI7; Ry—

conpoTHsAtHme aofaBodHoe K pene PJ/7; C  —mMarasHH eMkocTel;
R-—peoctath; Vi 0 V3 —BOJBTMETDSI; Hﬁ—aeouoaan JaMmna.

HMnynbcHast XapakTepHcTHKa peje MPOBepseTcs HCIHITaHHeM.

MunnManbHas JAAHTENBHOCTD HMOYJbCA MOCTOSIHHOTO TOK2, BHI3BI-
Balomero cpafathBanue peqe /P/T npd HOMHHAaJbHOM HANPAMEHHH NO-
crongHoro Toka Ugmom ONpenensercs mo cxeme puc. 2-12.

B orofi cxemMe B KauecTBe QaTyMKa HMNYJbCOB 3aLaHHOH NJHTE/b-
HOCTH Hcnosbayercs OblcTpoielcTBylollee IIpOMexyTouHoe pene PII,
HanmpuMep peae tHna PII-211.

Ilepex cuATHEM UMNYJbCHOR XapakTepHCTHKHM pede IPIT ¢ mo-
MOIIBIO MHJJAHCEKYHIOMEDA onpenensercs BeHudHa eMKocTH Cp KOH-
ZeHcaTopa, HeoOXOQHMAs NAA TOJYYeHHs 3a8]aHHOrO0 BpDeMeHM pa3Msl-
Ka®HA KOHTakTOB peie PIT npH mojaue Ha pese HanpameHds Uyon.
Pe3yapTaThl 3THX H3MePeHHH 3anmucwLIBAOT B Ta6n, 2-20.

Ta6awmna 220

Pe3ybTathl H3MepeHHiI BpeMeHH PA3MBIKAHHSN KOHTAKTOB
peae P/l B 3aBHCHMOCTH OT eMKOCTH C,

}
|
fops MeeK | 5 71 9 | w0 | n | 2 | 4 | o |!PHMeda
| | HH®
I I |
y
Cﬂ.' ng" I ‘ l JHOM’ 8
|
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B cxeme puc. 2-12 onpejensiercss MUHHMaNbHAasA AJAUTEABHOCTE HM-
nyabta NOCTOSHHOrO TOKA, BHI3bIBalollero cpabarwBaHue pene [PfT.
PesysabTaThl H3MepeHHH samuchlBaloT B Taoa. 2-21.

Ta6nunma 2.21

MHUHHMaJABLHAY JJHTEJbHOCTH
MMIYJAbCAd TOK@, BbI3LIBAIOWETO
cpabarniBaliHe pedae [PIT

tep. Muns MOEK
Y! TIpumedaHue
Cica= | Cice=30
={¥ MII.’¢
l
® Unom="'8
(2)

* Haknaska 1HS pasoMKHyTa.

2-11. NPOBEPKA 3JIEMEHTOB YCTPOWMCTBA TNHTAHHA UENEN
KOHTPOJNIA H H3MEPEHHSA H3O0JALUHH

B ycrpoffcTBe KOHTPOMAA NpoBEpPAIOT: MOJAPH3OBaHHble pene J[TP2
u 2[IP], crabunuanpopanHull TpanctopMaTop Hanpsxkeuns 2TH, gpoc-
cenb 2/, conporusnerus 2RI—2R5, xonugencaropu 2C2 u 2C3, BHnpss
MuTensHulil MocT 2MB! w repmandesdle puoaw 2A4I'1 w 24r2.

2-12. MPOBEPKA MNOJISAPH30OBAHHOIO PEJE 1IP2

Y nonspuloBanHoro pese IIIP2 mpopepsalOT: PacCTOARHE MEXKaY
KOHTaKTaMH, CONPOTHUBAGHHA Rpas, Rropn ¥ Ryoun paloueii, TOPMO3-
HOM ¥ KoMNeHcaluHoHHOH# OOGMOTOK, TOK cpabaThiBAHHA H BO3BpPaTa.

Ilepen npopepkofl peryanpoBKH pefe HeoOXOAHMO TLIATeNbHO NpO-
H3BECTH YHCTKY XOHTAaKTOB OT HArapa H OKHCH.

Paccroshne & MexAy KOHTaKTaMH pese JOJKHO cocTaBasTh 04—
0,5 M.

CONpoTHBAEHKS 00MOTOK H3MEDPHIOT MOCTOM NOCTOSHHOro Toka. Pe-
3YAbTAThl H3MepeHMA 3anuchiBalOT B Taba. 2-22.

Tok cpabaTeiBaHus peJsie IIPH [OJBELEHHH TOKA TOJNBKO K €ro pa-
Gouell oO6MOTKe JOMKEH cocTaBaaTh 2,4 sa. Kosbpduusenr so3spara
pene gosxkeH GhTh paBeH Rpy=0,5.

Tox c¢pabathiB4aRMA H BO3BPaTa peJjie ONpejeaseTcs To CXeMe
pxe. 27

Ecan TOK cpaGaTbiBaHMst HCHBITHIBAEMOrO peJie OTJHYaeTcl GoJblue
yem Ha 10% oT sBeauunHel 2,4 ma, To HeoGXOAHMO NPOH3BECTH €ro pe-
TY/IHDPOBKY.

Takxe npopepaercs ToK cpalaruBania pene J/IP2 npu Hanuyua
TOPMO3HOrO TOKa, paBHoro 22—24 ma. Tok cpafaTHBaHHs IIpH 3ITOM
Jomxen GulTe nopsaka 4,1 Ma, a TOK Bo3Bpata — He MeHee 2,7 Ma.
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Ta6auna 222
Peayaprarsl H3MepeHHH CONPOTHEBAEHHS OGMOTOK

pene 111P2
HaMepeHHbIe BEeJHYHHBI, OM
Y1
Rpa6 Rropu Ryomn
(1)
2
Homunanbhnie BeauunHbl 900 75 12

Jins oGecriedenusl CTAaGHALHOCTH XaPaKTEPUCTHK pene MO OKOHYa-
HHH €ro HCNLITAHHA HeoGXOAWMO TUIaTeNbHO NPOBEPHThL 3ATAKKY BLEX
KpenallHX BHHTOB K MOCAE STOro ellie pas Nposeputh TOK cpaGaThiBarHs
¥ Bo3BpaTa pesie, PesysbraThl HCMHITAHWA 3anuchiBaloTcs B Taba, 2-23,

Ta6auna 223

Pe3ayabTaThl H3MepeHHi
TOKOB cpalarbhlBaHHsA H
BO3BpaTta pexe 1171P2

¥ Iep Mo Ig, Ma ¥y

()

@

2-13. NPOBEPKA TNOJIAPH3OBAHHOrO PEJIE 2IIP1

Y noaspusoBansoro pene 2[1P/ u3MepsIOT: paccTosHHE MEKAY KOH-
TAKTAMH, CONpPOTHRJIEHHe OGMOTKH, TOKM CpaGaTHBaHWA M BO3BpaTa,
Pesie npH 3ToM #OJKHO YAOBJETBOPATH Ciedylomium TpeGosauusm. Co-

TaGauna 2-24

Pesyabrarel HCOBITAaHHA
peae 211P1

’cp' na IB_ Ma ¥y

R,
oM
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NpOTHB/IEHHe OGMOTKH, H3MepeHHOe MOCTOSIHHWM TOKOM, HNOJIKHO COCTaB-
asth 8 600 om, Tok cpabarnipanus 0,8 ma, xoddbruMenHT pozspata 0,3—
0,6, paccrosinue Mexiay KoarakramH 0,35—0,5 amm.

Tox cpabaTblBaHHA W BO3BpaTa pejie ONpeaeaseTcs no cXeMme
puc. 2-7. Pe3yabTaThl HCNBITAHHA 3aNUCHIBAIOT B Ta6a. 2-24.

2-14, NPOBEPKA CTABHJIN3HPOBAHHOIO TPAHC®OPMATOPA 2TH

Y tpaHchopmatopa 2TH npoBepAIOT: COMPOTHBJEHHe 0GMOTOK MO-
CTOAHHOMY TOKY, KO3(duUHeHTH TpancPoOPMalUHH KU COMPOTHBNEHHE XO-
ZOCTOro XOJa.

ConpoTusjedie oOMOTOK H3MepsieTCsl MOCTOM MOCTOSHHOINO TOKA H
pe3ysibTaThl M3MEPeHHS 3anucbiBaloTca B Taba 225,

Ta6aunpma 225

PesyabTatel H3MepeHHH
COnpOTHBIAEeHHS OOGMOTOK
Tpancpopmaropa 2TH
OOCTOAHHOMY TOKY

R, om Ry, 04 R;, oM

KospdHunenTsl TpancdopMalh nri_o—MeXAY oOMOTKaMH W H W,
firi_3 — M@XAYy OOMOTKAMH @, ¥ W; (OTHOIeHHe BTOPHYHOIO TOKa
K NepBUYHOMY) oONpeleJslOTCS H3MepeHHeM Mo cXeme pHc. 2-4 npd
BKLIOMSHHH amrepMeTpa A; cHauasa HA oOMOTKY W: K 3aTeM Ha oGMOT-
Ky ws. Hanpsixkenue Ha nepHuHoil o6MOTKe TpaHcdopmaTopa He 10A-
KHO NIPH ITOM JIpeBHIUATh 25 8, TaK Kak npu OGJbUIMX HanpsAXeHHAX
HauMHAETCS HacbleHHe CTaau TpaHcHOpPMATOPa, YTO HCKA3UT pesy.bs
TATHL M3MEepeHUs.

Ta6anuuma 2-26

Pe3yxbTaThl u3MepeHH#l K03pdHULHeHTOB TpaHCHOPMAlLHH
Tpancpapmatopa 2T

AunepmeTtp A; BKAIOUEH HA OGMOTKY W, 1,, na

1y, na

fqi—2

Amnepmerp A, BKIIOUEH HAa OGMOTKY w0, I1,, na

1,, ma

=3

61



ConpoTHBJIeHHE X0J10CTOro Xola TpaHcdopMaropa H3MepseTca no
cxeMe pHc. 2-10; nanpsikeHHe mojaeTcd Ha MEPBHUHYIO OOMOTKY TpaHC-
¢opmaropa. Pe3ynbrathl H3MepeHus 3anmuchiBaiOT B Taba. 2-27.

Tabauna 2-27

Pe3yabTaThl H3MepeHHUI CONPOTHBJIEHHA XOJOCTOTO X012
Tpauchopmaropa 2TH

[V ] 5 10 20 40 80 100 120 140

1, na

XX

2-15. HCNIBMITAHHUE JAPOCCEJA 21

Y nmpoccena 2[] usmepAloT conpoTHBAGHHe OOMOTKM MOCTOSHHOMY

TOKY H 3aBHCHMOCTb NOJHOrO CONPOTHBAGHHS OT HANPAXKEHHA Trepe-
MeHHOro ToKa (puc. 2-13).

24
T R _
~1Mluru

2206 ]l @

Puc. 2-13. Cxema H3MmepeHHd NOJHOTO Co-
npotusiesus apoccens 2]J1.
T —astorpanchopmarop; R-— CconpoTHBJIE~
nue 100 oM; VB Vg~ BONbTMETPDL

Toxk, npoTexawowuli uepes Apoccens, COCTABASIET J[OAH MHIUAM-
nepa; B CBS3M ¢ ITHM ero BeJMYMHa ofnpefenseTca Mo MaJeHNUI0 Hamps-
JKEHHs HA conpoTupienHk R.

PeaynbraThl MaMepenus samuchiBaioT B Taba. 2-28.

Ta6uunimwa 228

Pe3yJbTarhl U3MEPEHHI MONHOrO CONPOTHBIEHHS
H CONpPOTHBJECHHS MOCTOAHHOMY TOKY Apoccexst 21

U s 50 70 100 150 200 220

I,ma., .. ..

2, 0M. . .

R, on . .
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2-16. H3MEPEHHE CONPOTHBJIEHHW 2RI-2RS

Conporusnesns 2R/—2R5 usMmepsioTcs ¢ MOMOWBIO MocTa Mo-
CTOAHHOTO ToKa. Jlaa peryiupyeMmux conporusienuin 2R3, 2R4 n 2R5
H3MepseTcsl MaKCHMa/bHas BelduMHa. PeaysbTaThl W3MepeHHA 3aIH-
ceiBalT B Tabn, 2-29.

Ta6auua 2-29
Pe3yJabTaThl H3MEpeHus COnpoTHBAeHuit 2RI—2RS

Beng4HHLI 2R1 2R2 2R3 2R4 2R5

HomunaabHnie, ox . .| 10000 | 100000 |0—1000 ; 0—560 | 0—12

H3mepennne, ox . . .

Heperyaupyembie CONPOTHB/ACHHS He JOJMXKHH OTAHYAaThCA OT HOMH-
HaJbHBIX Goabine, 4yem Ha +10%.

2-17. NPOBEPKA EMKOCTH KOHJAEHCATOPOB 2C2 n 2C3

K eMKOCTH BJeKTPORMTHYECKHX KoHAeHoaTopos 2C2 m 2C3 B CBA3H
C WX Ha3HaueHHeM B CXeMe 3allMThl He INPeXbABASIOTCA TpPeGOBaHHA
BLICOKOH TOUHOCTH, M BEJIMYKHA ee NpoBepsiercs KOCBeHHO, MO COOTBET-
CTBHIO 3aBOACKON MapKHPOBKH C XaHHHIMH CXeMbl 3alIUTHL.
PeaysbTaThl npoBepkH 3anuchBaloT B Taba. 2-30.

Ta6arnma 2-30
Pe3yabTarTsl NpoBepKH MapPKUPOBKH KOHJAEHCATOPOB

Haunble 2C2 2C8
Homunanbsue (mo cxeme 3a- Tun 3L Tun 3L
IIUTHI) 2200 Mg, 50 8| 200 mxd, 50 s

3aBojcKkan MapKuPOBKA

EMkocTb KouaencatopoB 2C2 Moxer GhITh NIPOBEpPena 1o BpeMeHH
BosBpara peae I/TP2 mocie OTKAIONEHHs HanpsiKeHWs mHTaHua 100 6
OT nepsnyHofl o6MOTkM TpaHcpopmartopa 2TH npn MCNHITAHHH YCTPOM-
CTBA KOHTPOJA B TOJHOH CXeMe 3alMTH, YTO PaccMOTPeHo B MOApPas-
nene 2-37,

EMKocTh kougencaTopa 2C3 mnpoBepSeTCH OTCYTCTBHEM Ha HeM
nmy/nbcalluifi manpsixkenns (eM. noapaspen 2-18).

2-18. IPOBEPKA FEPMAHHEBBIX IHONOB 2JI1, 343
H BHINPAMHTEABHOTO MOCTA 2MB

ITpoBepka HcnpaBHOCTH JAHONAOB MOXeT OHITh TPOH3BENena € Mo-
Mollblo XaTomHoro ocuutorpada. Ilpn stom k 3axumam 2 u 4 (Bu-
Xx01) yctpoiicTBa nuTaHuad ¥2 NOAKMIOYAETCS COMpPOTHBJAGHHe MOPANKa
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2000 oM, a Ha 3aMMH 5-u 7 (BXOX) OT aBTOTpaHchOpMaTopa Noxaer-
¢ nepemennoe Hanpsikende 100 8. [To BOAbTMETPY MOCTOAHHOTO TOKa,
NOAKJNIOUEHHOMY K 3aXumaM 2 u 4, ¢ noMolubio nortenuuomerpa 2R4
noXaeTcss HanpsKeHHe, papHoe mnpubausurtesbio 1l 6. Iloouepenyum
BKJIIQUEHHeM BXo#a ocuMajorpada Ha KaxKAbfi ZHopg MocTa mo ¢urype
Ha 3KpaHe ocUHANorpada onpenensercsi HCNPasHOCTL RUONOSB.
[Mposepka nuona 2JI'f ananornuHa nposepke adonos 2412, Nas
CO3JaHHA TOKa B 1lenn STHX AHOROB 3a)XXuMmbl 4 u 9 ycrpoiictBa ¥2

COeHHAIOTCA MeTaJsHyeckd; kHonka 2K/ nomxkHa ObiTh NpH 3TOM Ha-
KaTa.

EMKocTe KompeHcatopa 2C3 pocraTtouysa, ecad InyJbcalus Iepe-
MEHHOW cocTaBAfIOMel HanpsixKeHHs Ha KoHleHcatope 2C3 Maaa, 4to
npoBepsieTcd KATOABBIM ocuu.Liorpadom.

2-19, ONPELEJEHME MAKCHMAJIbBHOIO CONPOTHUHBJEHHA H3O0JAUHHU
BCNIOMOTATEJIBHBIX NPOBOAOB, nPH KOTOPOM
CPABATBIBAET PEJIE 21II1P1

Pene 2[7P1 npepnasnaueHo JASA aBTOMAaTHYECKOTO KOHTPOJs COlpo-
THBJICHHSI H30JALKH BCNOMOraTeJbHHX NPOBOJNOB OTHOCHTENLHO 3eMJI.
Jlns onpeneneHHss MaKCHMANbHOrO COMPOTHBJEHHA H30JAUHM BCIOMO-
raTeJIbHHX TNPOBOAOB OTHOCHTENbHO 3eMJIM, MM KOTopoM cpabaTbiBaer
pene 2[IP[/ (puc. 2-14), nHeo6xomuMmo:

a) BXKJIOYHTL Mexny 3axuMmamMi 4 u 9 ycTpoicTea ¥2 Marasu
CONPOTHBNEHHUH H YCTaHOBUTH Ha Hem R=50 000 ox;

RN R

] 2
d -

T 3
vV
~2206 m vz |,
7 ﬁ 2H1T
& 1

Puc. 2-14. Cxema ans onpeleseRHA MaKCH-

MAaJbHOr0 CONDOTHBJEHHA H3IOJALHH BCIO-

MoraTeJbHHX NPOBOXOB, NPH KOTOPOM Cpa-
GarmiBaeT peae 2[1PI.

T —antorpauchopmarop; HJT—HeoHoBas

JlamMna; R-— MarasHH coNpoTHBACHRH
50 000 om,

6; 3aMKHYTh Haknaaxy 2H/ (3axHuMel 6 H 8);
B) nmojaatb nepeMeHHoe HanpsikeHue 100 s Ha 3aKuMLl § K 7;
r) NAaBHO CHUXKAas CONpPOTHBJeHHe R, OTMETHTH MOMEHT cpafaTsl-
BaHHA pene 2[IP! u 3anucath CONpPOTHBJEHHE, YCTAHOBJIEHHOE MpH
STQM Ha MarassgHe COMPOTHBJEHHIL.

Pene mosxno cpaGarhiBaTh npw R<C20000 om. JAna duxcauuu

MoMeHTa cpabarnBanna pene 2/IP/ B cxeMe HCIOJb3yeTcs HEOHOBaA
namna,
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2-20, TPAOYHPOBKA MHKPOAMIOEPMETPA 2

Ha Bsxon ycTpoficTea ¥2 (3amumbt 5 ¥ 7), KaK ¥ B Npeauayliem
HCHbITAHKK, M0ZaeTca NepeMesHoe nanpsxenxe 100 g, Muxpoammnep-
metp 217 rpafyHpylT ¢ noMoupio mysra 2R3 — M USMEPEHHR compo-
THB/JEHHA MN30JSUMH BCTOMOraTeNbHHX TIPOBOAOB OTHOCHUTENBHO 3eMJH,
a ¢ noMoiublo WyHTa 2R — NJAA U3MepeHHA ToKa KORTPOJAs BCIOMOra-
TeNBHBIX [POBOJOB.

I'papynpoBka 2I" mis u3MepeHHSl H3OJSAUMH NPOH3BOJHTCA {10 cXe-
me 2 W /4 npm MeTaanHYecKOM coemuHennH saxkumos 4 W 9 ycTpoi-
c¢rBa ¥2, 4TO COOTBETCTBYET YCJOBHIO, [PH KOTOPOM CONPOTMBJEHMNE
H30JIALMH BCTIOMOTATE/IbHBIX MPOBOJAOB OTHOCHTE/NbHO 3eMJH DAaBHO HY-
mo. Haxae kwonky 2KI, ¢ nomouwpio wysta 2R3 10BOAAT NOKasaHde
npubopa 2" zo 100 meneunit, moche yero moA3yuwlKa IMYHTa 3aKkpelviser-
cA. Brmouus Mexay saxuMamu 4 ¥ 9 ycrpoficTBa Y2 BHICOKOOMHMNA
varasuH cONpPOTHBJIEHHS M H3MEHAA €ro cONPOTHBJAEHHE, 3AMHCHBAIOT
nokasauns npubopa B rabn, 2-3l.

Ta6aumga 2-31

I'pagyupoBka MHKpoaMnepmerpa 217 AN H3MepeHHS H30AAUMH
BCOOMOTaTeIbHHNX OPOBO OB

|

B rpagy R uenecoofpasno 3anHCHIBATh BeNHYHHH, COOTBETCTBYiO-
uHe uedslM JesNeHHsAM IWKaaw npuGopa.

9

R, koM ‘

[Tokasanue npubo-
pa B KeneHusX

H q 2 R

B G 7]

3 4

2 vz @)
~2206 ||| -,

4 8

Puc, 2-15. Cxema npoBepka IPafgyHPOBKHE NpH-
opa 2" anf H3MePEHHA TOKAa KOHTPOJ.

I —asrorpanchopmarop: V—sBoabTMerp: R—
MarasuH conportubiaeHH#t 3000 om; MA—MHA-
Anamnepmerp 10 ma xaacca 0,5 < 1.

Tpaaynposka npubopa 2I" nnn usMepenua TOKa KOHTDOJA MPOH3-
BOAHUTCH TIO cXeMe puc. 2-15 B Takolt nociexoBaTesbHOCTH:

a) mexny 3axumamu 2 H 4 ycrpoHcTBo ¥2 BKMIOWAE€TCH CONPOTHA-
nenne nopsinka 3 000 osm nocnenosaTesibHO € MHAJHAMNEPMETPOM MO-
croAHHoro Toka (mpeaen uaMepenuss 6—10 xa, kaace 0,5—1);

6) noteniHomeTrpoM 2R4 nmo MHIJAHAMIEDPMETDY YCTaHABJIHBAIOT TOK
KOHTpONS, paBHbl 55 Ma;
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B) npH Haxarofi kHonke 2K2 ¢ momomsio wyeta 2R5 ycrasasan-
BAIOT NoKaszahne Mukpoamnepmerpa 27, pasHoe 55 neienusM. Ilo okol-
YaHUN TPagyHpoBKH 2 HEOOGXOAMMO 3aKPENHTb MOA3yWKy wmynTa 2RS.

2-21. NMPOBEPKA NPEIAEJOB PETYJIHPOBAHHSA TOKA KOHTPO/IA
ROTEHUHOMETPOM 2R4

3amuta J3JI-1 moxer GLITh IIpUMEHEHA NPH CONPOTHBJEHHH BCNO-
MOraTefIbHEX TIPOBOJAOB OT HECKOJBbKHX HAecAtkoB o 2000 om. Tlpu
3TOM' MoTeHuHoMeTp 2R4 BO BCeX caydyasx HOJDKeH NO3BOJATL YCTaHO-
BUTh HOMHHANLHBIA TOK KOHTpOJAA, paBHblii 5,5 ma, obecrneunsaiomui
npaBuaenyl0 paGoty pexe IITP2.

Tok KOHTDOMA INPOTEKaeT Mo KOHTYPY, COCTOAULEMY H3 BCIOMOra-
TeNLHBIX TNPOBOAOB, paGounx o6MoTOK ABYX pene I/IP2 u BTOPHUHBIX
o6MOTOK I8yX TtpaHchopmaTopos 3TH. CompotusineHue OGMOTKH KaX-
noro pene cocrapaser 900 om, a o6MoTKH Tpanchopmaropa 150 om.
Chepiopatenbio, CONPOTHBJEHHe BCeH WUeENH TOKa KOHTPOJS MOMKeT co-
crasasars  2000—4 000 ox.

HOna nposepkn npemenos pPeryNHPOBAHHA TOKa KOHTPOJSA HCIOJb-
ayercd cXema puc. 2-15. Mexay 3axuMamu 2 u 4 yctpofictBa ¥2
BKAWuarTcs conpotusaene 2 000 os m MuAIHaMnepmeTp; MOTEHLUHO-
MeTpoM 2R4 ycraHaBaMBaercs TOK, pasHbIA 5,5 ma, 3aTeM ONBIT MOBTO-
paetca ana R=4000 ox.

Ecan noresuxoMerp 2R4 B o6oux cayyadx obecneyuBaeT TOK KOH-
TpoJis, paBHHA 5,0 Ma, To 3To oO3Hayaer, yTo NoTeHuuomerp 2R4 mu-
O6pad npaBHJbHO.

2-22, NMPOBEPKA CTABHJIU3AILHH BTOPHUHOrO HANPS)KEHHIA
TPAHCO®OPMATOPA 2TH

Hacwiunatomuites tpanchopmarop 2TH u xouzencatop 2C/ craGa-
JIU3UPYIOT BTODHUHbIE HATIPAMEHHS W TOK KOHTPOJS BCHOMOraTe/bHBIX
nposoxos, ofecneyHBasl MPasHILHYIO PAaGOTy BCEro ycrpoAcTBa KOHTPO-
asg # pene IITP2 B cnydae OTKJIOHEHHS TNepeMeHHOro HANpPAMeHHs OT
HOMHHaJbHOH BeaHuusn 100 s.

Jas nposepku CTaGHIH3ANMM BTODHYHLIX HANpPSKEHHANH MCNOJb3yeT-
¢q cxeMa puc. 215 (B JAaHHOM cyyyae conpoTHBJAeHHe R MOJAXKHO 6HITh
pasio 3000 om). K mepBnunoit o6MorTke tpaucdopmaropa 2TH (3a-
KUMbL § H 7) ¢ moMombio aBTOTpaHchHOPMATOpa MOAAeTesl HampsiKe-
uue 100 s, noreHunomerpom 2R4 (cM. puc, 1-1) ycranasanBaeTcs TOK
KOHTPO/IA, paBHBEE 5,5 Ma.

Ta6nunma 2-32

3aBHCHMOCTE TOKA KOHTpoxA I, oT HanpsikeHus U,
Ha BXojJe ycrpofictBa Y2

Upy & 80 | 8 | 9 | 9 | 10 | 105 | 110 | 115 | 120
I Ma 5,5

IK

5‘—5 100 100
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Hamenas uHanpsxedue Ha sXole rpanchopmatopa 2TH B coorser-
cTBHH ¢ Talua. 2432, NpOH3BOJAAT M3MEpPEHHe 3TOTO HAMDHKEHHA H TOKA
KOHTpOJsA., PesyntTatel MaMepeHMH 3anucuBaiores B Tabm. 2-32.

Ecqu npu usMenenus Hanpsikenuss xa =10% HoMusaabHOfi BesH-
giHbl 100 6 TOK KOHTpOMsi M3Mensietrcs He Gonbwe vem Ha =3%, TO
cTaGUNH3AMMA  YROBJIETBOPHTENBHA.

2-23. ONPEJAENEHHE 3ABHCHMOCTH Rpp =f (I o)
ANst NMONYKOMIUIEKTA 3AUMTHI

3aBHCUMOCTh Rocp=[(/p0) M4 NoMyKOMNNEKTA 3aLUUTH HAXOLHTCH
H3MepeRHeM mo cxeme pHc., 2-16. [lonyuenHble NPH 3TOM De3yNbTaTH
ONPENeRIOT CEJNeKTHBHOSTh M UYBCTBHTENBHOCTD 3ALLUTHL.

B cxeme puc, 2-16 ang wecKoNbKUX 3HauenHH Toka [pp B COOTBET-
ctBHH ¢ Ta6n. 2-33 npy NNaBHOM H3MEHEHHH CONpPOTHBAEHHA R, onpe-
AeJAIOTCA TaKHe BeJHUHHBl CONpPOTHBJEHHH KRzcp, NMPH KOTOPHX pelle

7 L& Ty -
LS | T A g F P
™ 318 { !
#c | T ’H’Tz
§
+ —-? L T4
it
Z- L5
HA
q o
L5

!

Puc, 2-16. Cxema CHATHA XapakTepHCTHKH Roep = f{Igo) ANA TOTYKOM-

njexTa 3allHTLL,
R,—peocrar 100 os, 15 a; TT-—-TtpanchopMarop TOKa; A-—aMnep™Merp;
HJ/I —HeoHOBad naMmna; Rg— Marasft CONMPOTHBAEHHHA.

IIP! cpaGatsisaer. MaKcHMa/JbHO® CONPOTHB/AGHHE MarasHHa R, He
IONXHO 6otk Menee 10000 om.

Kak BuaHo u3 pHc. 2-16, Ha 3axumul 17 1 20 ycrpofictsa I monaet-
Cfl NOCTOSIHHOE HOMHHAJBHOE HanpsXKeHHe, a 3axumu 9 ¥ /! 3akopaus-
BAIOTCH, YeM W YHTHPYeTc KOHTakT peae I1[1P2,

B panHoM HCNHTAHUH MOMKHO HAHTH 3aBHCHMOCTh Racp OT BeJIHUHHH
TOKA H NP IPYNHX BHIAX nospempeHud, wanpumep A0, CO, AB x4 1.1,
PexoMeniyembli B NaHHOM HCIHTAHHK BHOL KOPOTKOTO 3aMBKaHHT [po
HaKbonee ypoGen TeM, 4TO IPR STOM 3, A. . GUILTPA He 33BHCHT OT
HacTpodKH ¢HuABTPa TO XoadPHUHEHTY &,

PeaymbpTatel menuitanufi sanuchBalT B TaGa. 2-33, M 1O HaHuHEIM
A3MepeHHit CTPOHTCH TpPaduK Rocp=f(Iso) (cM. puc. 1-16).

[TonykoMNeKTH SAMHATH CYHTAIOTCH BLINOJHEHHBIMH M OTPEryJupo-
BaHHLIMH yHOBJETBOPUTENbHO, ecau NPH TOKax 15—25 a B HezaBHOAMOR
YacTH XapakTepHCTHKH Racp=f(/Bo) Ricp.muu=2500£125 om, a 06a
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Tabanunna 2-33

Pe3yanTaThl H3MepeHHA COOPOTHBAeHHH CpabaTLIBAaHUA
RZcp=f(’BO)’ h=1, k= ...

IMoayxomMnaex TH s
Iigo) @ 2|3|3,5]4)5 6)711')'15}20'30
o LT
1T podoaanenue
MoayxoMmnekTH 2)
Iy @ 7'313,5|4|5|6|7|10|15|20|3o

Ryepp oM« v v 0 v v L ‘Il‘l‘l\'l

NOJAYKOMIJIEKTA 3AILUTEL OTIHYAIOTCA APYr OT Apyra no Ragep He GoJblue
yeM Ha 125 om.

Hawubosbwee sausgine 32 Rgcp NONYKOMIJIEKTa 3aIUNTH OKa3bBAIOT:

a) napamerpul pene IIIPI: uncno BUTKOB OGMOTOK HaNpsKeuus
B TOKa, CONPOTHBJEHHe OOMOTKH HANpSAXEHHS H TOK CpaGaThiBauHd
pevie (amiep-BHTKH CpabaTbBaHKA);

6)T onscp(pwuuem TpaHcopManuu usosmpylomiero Tpancgopmaro-
pa 3TH.

locnenuee cnenyer u3 puipaxkenui (I1-7-3) u (I1-7-5), onpenensio-.
I{HX Jéapamepucmxy pene I/IPI, npuBefeHHLX Bbllie, B MOApasme-
ne 1-6.

B cayuae CYLIECTBEHHOTO OTKJOHeHHS Racp OT BeaununHun 2500 om
HJIH HEeNMIEHTHYHOCTH MONYKOMILIEKTOB 3Aal(MTH Heo6X0AHMO MPOBEPHTD
COOTBETCTBHE De3y/nbTaTos HeNHTaHus pene I{TPI u tpancdopMaTopos
3TH ux HOMHHAABLHLIM NAHHBIM.

2-24. MIPOTPAMMA THNOBBIX HCNBLITAHHHA 3ALIHTHI

B nporpaMmy THROBBIX HCNLITAHHA 3aLHTEl BXOAAT:

A. C6opxa cXeMbl HCILITAHHS 38IXHTH M NpPOBEpKa ee.

b. UcnuTarde 3a1ATH NPY KOPOTKOM 3aMblKaHHH B 30HE B pe-
XHMe OJHOCTOPOHHEr0 MHTaHHM:

1) onpepeneHHe 3aBHCHMOCTH TOKa cpabaThiBanHs 3alUMTHl OT CO-
NPOTHBJAEHHA H €MKOCTH BCNOMOraTeslbHBIX 7poBogos upu h=il, k=—56;

2) onpegesenre 3aBHCHMOCTH TOKa CPAaGaThiBaMHA 3alUHTH OT Bulla
KopoTkoro 3amuikanHa (A0, BO, CO, AB, BC, AC, ACB) u senuun-
#H k OpH cpefHell NJHHE BCOOMOraTeJbHHX IPOBOJAOB (CONPOTHBJEHHE
npo;:on{m Rap=600 osm, emkocTp Mexny mpoBopamu Crp=045 sxg)
a h=1l;

3) B3MepeHHe BpeMeHM cpabaTHBAHHA 3alUMTH B 3aBHCHMOCTH OT
KPaTHOCTH TOKa KOPOTKOIO 3aMbIKaHHA B OTHOIICHHM ToKa cpabaThiea-
HUS 3aMUTH NMpu h=1; k=—46 u cpensell AJuHe JIHHUY BCTLOMOTATEND-
HBIX NpPOBONOB;
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4) onpepenenHe 3aBUCHMOCTH TOKA ¢pabaTeiBaHNA 3aLIHTH OT
yctaBku 2 (1,5 # 2) npu k=—06 u npu cpenHeli NAHHe JUHUM BCNOMO-
raTejbHEIX NPOBOJOB;

5) onpene]cHUE MHHHMAJLHOID TOKAa KOHTPOJSA, NMPH KOTOPOM ITipe-
Kpauerca Bubpauns pene /f1P2 npu h=1; k=s—=86; /41c=80 a; Rup=
30; Cnp=0.

B. Hcnunitanye 3amHTH NIPY KODOTKOM 3aMHIKAHHH B 30HE 3aUlMThl
B pexuMe ABYCTOPOHHErO MHTAaHHA:

1) onpeneseHde 3aBHCHMOCTH BeJHYWHH ToKa cpabarbiBaHHA 3a-
IHTHL ONHOrO KOHIA JHHHH OT BeJHUMHH TOKA KOPOTKOrO 3aMBIKAHUA
BTOPOrO KOHLLA JWHHH NPH PasHofl N/NHHE JHHHA BCIOMOTATeNbHLIX TPO-
ponos, h=1; k=—~6;

2) uaMepenHe BPeMeHH [JeflCTBHA 3aIUUTHL B 3aBHCHMOCTH OT Xpar-
HOCTH TOKA KODOTKOTO 3AMABIKAHHA X TOKY CpafaTniBaHHA 3aUHTH NpH
cpenHell HJKMHE JHHHH BCMOMOraTelbHHX Nposojor, h=!l; k=—=6.

I'. Hcnobltanre 3aIMTE B PeXXKHMe BHEINHEro XOPOTKOTQ 3aMblKanHs:

1) cHATHMe TOPMOBHBIX XapakTepucTHK 3aumTh: [acepmy={({acw)
npu Rpp=0; Crp=0; h=1, k=—4 u npu ¢dasoBoM CABHre BTOPHYHBEIX
TOKOB IO KOHI[aM 3aLXllaeMoi JuHuH, pasHiom 155, 180 u 205°

2) To *e€, 4to B M. 1, HO Rap=1 500 om; Cup=I1 mxg;

3) T0 xe, uto B 0. |, Ho A=2;

4) 10 Xe, uTo B 1. 1, HO h=2, Ryp='1500 om; Cup=1 mxe.

J. Hcnpitarve 3amuthl NpH nepefade HanPy3KH, HeHCAPABHOCTH JH-
HHHM BCTOMOTaTeJbHHX [POBONOB H B JPYTHX peXKHMaXx:

1) ripoBepka NOBeJeHHA 3aLIUTHI NIPH OJHOKPATHHX YeTKHX OGpHI-
Bax B HauaJe ¥ B KOHUE JHHHH BCNOMOraTeJbHLIX MPOBONOB NpH A=1,
h=-—4; Rop=0; Cup=0; Ix=55 Ma; Ip=5 a;

2) To Xe, 4TO B N, 1, HO NIPH MHOrOKPATHHIX OHeHb KPATKOBPEMEH-
HHX of6phiBAX ¥ 3aMbIKAHHAX B Hayale JMHHK BCIOMOraTeNbHBIX Mpo-
BOJOB;

3) mpomepxa noBefenus 3allMTHl B pene JIIP2 npu 3aMbLIKaHHH M
nocaeAYyLUlEM pa3MLIKAHHH 3a)KHMOB BTOPHUHOH 0O6MOTKHM H30JHDYIO-
mwero TpaHchopmaropa STH npu h=1; k=—4; Rop=1500 on; Cap=
=1 Mk B Rup=0; Cup=0; /=55 ma; la=/g=Ic=5 a;

4) npoBepka BpeMeHH so3Bpara pese I/TP2 nmpu cHATHK nanpsxe-
HYS MHUTAUMA C MepBHYHOH o6MOTKM Tpancodopmatopa 2TH npu h=l,
k=_4; Rnp=0; Cnp=0, a TaKXe IpH Rnp=1500 oM, Cnp=1 MK¢;

5) H3MepeHHe NoTpeGNeHHs] MOLLHOCTH B UENAX TOKa 3allHTH {ipH
h=], k=——4, IA=IB=]C=5 a.

2-25. CXEMA HCIIbITAHHSA H HOPOBEPKA EE

Cxema HCOHITaHHA 3aWMTH TpHBeJeHa Ha puc. 2-17. B sroit cxeme
BCTIOMOTaTeJbHLle NPOBOAA HMHTHPYIOTCS Moaeabto JjnaHu MJI, n3o6pa-
MeHHoll Ha puc. 2-18, KoTopasm No3BOJAET H3IMEHATL AKTHBHOE CORpO-
tuedenne oT 0 5o 1400 ox u pabouyid eMKOCTb (EMKOCTB MEXRy MNpo-
Boname Jiuauu) or 0 mo 1,05 mxd.

[Muranne ycrpoiictBa ¥2 (cM. puc. 2-17) nNpoH3BOAHTCA OT aBTO-
tpaHchopmarTopa T nopjaueli nanpsiKeHus Ha BXOAHHE 3aXHMH & H 7.
Tox KOHTpOJin BCMOMOrateabHLIX MPOBOAOB H pabouynx o6MOTOK pe-
ae 1I1P2 npoBepsiercs MusiHaMnepMerpoM MA.

[laTanne TOKOBHIX Uemel KaXAOro NOAYKOMIJIEKTa SAaLIHTH B CXeMe
puc. 2-17 MoxKeT NMpPOH3BOXHTHCS Pa3pelbHO — OT ceTH H (hazoperyad-
TOpPa, YTO HeOGXOAHMO JJIfi CHATHA TOPMO3HHIX XaPAaKTEPHCTHK 3a-
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Puc. 2-17. Cxema HCNLITAHHA 3aUHTHL.
MJI—monenn KabesibHoRl NHHHH BCIOMOrAaTeAbHLIX npoBoaoB; Pl, P2, P3—py6unb.
HHKH, P4—nepekmosatens; K —xourakrop, I'T—TpaHcdopMaTop Toka; A—amnep-
metTp; M A—munanamnepMerp [0 xa, 10—20 osx; V —BoabT™MeTp; ¢ —dasoMeTp; R—
peocrar; T-—aBroTpaHchopMarop; KH—KHONKa AJA YNDABJEHHS KOHTAKTODOM:
6PY —yxaszaTeabHoe pese tuna 2C-21/110{220).

IMMpumevyanue. Hakaaaky 1|HS Ao/KHB 66iTb PA3OMKHYTH, & MHHYC MUTA-
HHA NMOCTORHHONO TOKA NOAAaH Ha 3axHmu 20 ycrpoficTea Y2

: : B B
TIT YT T T,

I T IITIT

g 2,

Puc. 2-18. Mogenb kaGe/bHOH JIHHHU BCIOMOraTeNLHLIX NPOBOLOB.

R—conporysrende tana MJIT 200 ox, 0,5 em; C —KouzeHCATO
0,15 mwgb, 400 g, P



mmure. Tpu orkmouenHoM dasoperyasiTope M NUTaHNH OT ceTH (pySuas-
HHK P3 3aMkHyT, a P4 — pa3oMKHYT) OCYLIeCTBAAETCA PEeXHM OJHO-
CTOPOHHEro NHTaHuA. PeXHM JABYCTOPOHHEro NMUTAHHUA MeCcTa MNOBpPEeX-
JleHHA JIMHHY C PaBHRIMH MO BeJn4yHHe M (a3e TOKaMH MO KoHUAM JiH-
HHY BHINOJIHAETCH BKJIOYeHHeM pyGuabHukoB Pl u P4 (nonoxeunue I).

PexnM BHeLIHero NOBPeXJeHHS C paBHLIMK MO BeiMykiHe H (Qase
TOKaMH YCTAHABJWBAeTCR B CXeMe HCNBITAHHA BKJIOUYeHHeM PYOGH/AbHH-
koB Pl u P4 (nonoxenue lI).

MoulHuit koHTakTop K, ynpaeaseMblil xuonkoit Kf{, mnozBoaser
GLICTPO BKJAOYATh M OTKAMOUATH GoJbLIHE TOKH NPH HCHBITAHHH 3&LIHTH.
dazomerp @ H3MepseT $a3oBull CABHT TOKOB [y u /() NpH CHATHH
TOPMO3HHX XapPaKTePHCTHK 3aUIHTHL

ITocne c6opku cxembt puc. 2-17 y MojAenH JHHHMH WYHTHPYeTcH
conpotuBaeHde (Rpp=0) n oTKmoualTcs Bee koHAeHcaTopsl (Cup=0).

[To peficTBuIO BuXxoAHOro pene [Pl u pene xoutpoas [I[IP2 npo-
BepAIOT:

a) MpPaBUABHOCTL COOPKH CXeMBl IO NepeMeHHOMY TOKY;

6) COOTBeTCTBHE NOJAPHOCTH BKJAKOHYEHHS pabouel, TOPMO3HOI ¥
KOMIEeHCAUHOHHONH 0OMOTOK pedie [[IP2 npHHUHNMUANbLHON CXeMB 3a-
HIHTHL,

Y (UAbTPOB TOKA 060OHX NOJYKOMNJEKTOB PeryJanpyloTCa YCTaBKH
h=1 u k=—86.

Ilas mpoBepku CXeMB HCHWTAHHA K 3aWlUTe MOAAETC HOMHHaNb-
HOe  HaMpfAXeHHe NOCTOAHHOrC  TOKa. J3aMBIKAOU(HE  KOHTAKTH
pene //7P2 3aMBIKalOTCA OT PYKH M Y/J€PXKHBAIOTCA B TAKOM MNoJIOKe-
HHH C NOMOLUBI0 TOHKHX [epeBSHHBIX KJHHBEB,

3aMkuyB py6uabHuku P/ u P3, ycranasausaior tok /y=lac=84a
(pexXHM OJHOCTOpPOHHEro NMUTAHHA, KOPOTKOE 3aMblKaHHe B 30He); MpPH
3ToM 00a NOJYKOMNJIEKTa 3alUMThl JAOJ/KHB JeHCTBOBAaTE Ha OTKJAOuYe-
HHe. 3aTeM npoBepseTCH [EiCTBHe 3aIUHTH B pPeXHMe CKBO3HOrO KO-
poTkoro 3ambikaHug (P4 B nosoxenun [I) KB KopoTKoro 3aMuniKaHus
B 30He Npu ABYcTOpOHHeM nHTaHun (P4 B monoxenun I). B nepsom
cnyuae pene [/TP! u [P[l paloTaTb He NOJKHHN, a BO BTOPOM c.lyyae
3allHTa JOJKHA [eHCTBOBATH Ha OTKJIOYEHHE.

B cnyuyae, ecnu mnoBeleHHe 3alHTH OTJIHuaeTCA OT YKa3aHHOro,
Heo6X0aHMO TILATEIbHO MNPOBEPHTE COOPKY CXEMWl HCHBITaHHSA.

[TpaBunbHOCTE BKMOYeHHS OOGMOTOK pene [/TP2 ompepensieTcst no
TOKaM cpabaTbiBAaHMS H BO3BPATa peJie NPH BKJIKOYEHHH cHauyana palo-
yefi OGMOTKH, 3aTeéM TOPMO3HOH H KOMIIEHCAUHOHHOR OOMOTOK.

Toxk cpaGaTeiBauus ¥ Bo3Bpata penie /[/IP2 npH npoTeKaHHH TOKa
TONBKO Mo paGoueil o6MOTKe pese onpeensieTc MJABHHIM H3MeHEHHEM
TOKA KOHTPOJAs C MOMOUlbI0 NoTeHuHomerpa 2R4, npu 3ToM € 3alLHTH
JOJKHB GbITb NMPeABAPHTENBHO CHATBI HANPAXEHHS NOCTORHHOrO H Ile-
PEMEHHOrO TOKA.

3arem Ha ycrpofictBa ¥/() u ¥l(2 NMopaeTcs HanpsiKeHHe HOCTOSH-
HOrO TOKA, NPH 9ToM HakJaaku [HE (saxumun [/ u /3) noMKHH GHTb
3aMKHYTH, YTQ BHI3LIBAeT TOK B TOPMo3HOH o0MoTKe pene //TP2. Ilnas-
HbIM yBeJHYeHHeM TOKa KOHTPOJA OT HYJs BTOPHUYHO onpelenseTcsd TOK
cpafaThiBaHHs pelle, @ NMPH CHHIKEHHH TOKAa -—— TOK BO3BpaTa peJie,

Hast npoBepKH MOMAPHOCTH BKMIOYeHHR KOMNEHCAUHOHHOH OGMOTKH
peae JIIP2 ycrpoiictea ¥I() ycraHasiauBaercs TOK [po=5 a npH
ONHOCTOPOHHEM MNHTAHHH CO CTOPOHEI YCTPOHCTBa /() M aHANOTHYHO
npefbIAYWIEMY ONpEAEASIOTCs HOBBIE 3HaueHHA TOKa cpalaTHBaHUA
H Bo3Bpata pene I[1P2.
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3atem orkmiouaercs pyOuabuk Pl w pKmovaercs pybuabuuk P2,
Ycranapnusaerca Tok [po=D5 @ co CTOPOHH YCTpoHCTBA (9 M Omnpe-
ReAnIOTCA TOKH cpaaTHBaHusl H Bo3BpaTa peae /[TP2 ycrpotictsa ¥/ (.
PesynpraTH H3MepeHuil 3anucmBaloT B Tabsm. 2-34.

Tab6nuua 2-34
Pe3yabTaThl H3MepeHHil TOKOB cpabaThiBaHHA H BO3BpaTa

pede [[IP2
5 BrJaoyensl pabouas,
BkJlouena ToAbKO Bxmouennl paGodan TOPMO3HAS B KOMIeH-
pa6oyas o6MOTKa i TOpMO3Has OOMOTKH CAlLlHOHHAS OOMOTKH
yi Honxo Hamepe- | Tonxuo Usmepe- | Hoaxuo Hamepe-
OpiTh, MG HO, MQ OHTbh, Ma HO, Ma OblTh, Ma HO, MQ

Iep I Is |Iep V1s | 7ep Iy Yleplis |lep Iy |Iep |1

()
——| 251,25 |—|—/ 4,1 2,7 |—|—13,35]| 2,6 |—|—

@

[MonsphocTe BK/MWOYEHHsT o6MOTOK pene [[TP2- pumodanieHa npa-
BH/ILHO, €C/IH H3MepeHHble BeJIHUHHBl COOTBETCTBYIOT AAHHHM TaGJHIEL.

Iocsie yxasauHHX mNpoOBEPOK B CXeMeé 3alHTH YCTAHABJIMBAETCH
HOMHHAJbHMA TOK KoHTpoasi [x=05,5 xa. Ilpn nocienyloulux H3MmeHe-
HHUAX <«AJHHHS JIHHHH BCIOMOraTeJBHBIX NPOBOJAOB HEOGXOAHMO KaxkK-
AR pa3 MPOH3BOJHTL PErYJHPOBKY TOKA KOHTPOJS KO BeJAHUHHHI 5,5 Ma,
TaK KaK TOK KOHTpo/d NoAMarsHuuBaer TpaHnchopmaropnt 3TH, okasu-
Bafg HEKOTOpOe BJHAHHE HAa XaPaKTEPHCTHKH 3aLUHTHI

2-26, AABHCHMOCTDb TOKA CPABATBIBAHHA 3ALIHTHI
OT CONPOTHBJEHHA H EMKOCTH
BCHOMOIATEJABHBX NPOBOROB

Ora 3aBucHMOCTh onpejensieTcs ANs  YCTapoK 3alluTH A=l;
k=-—6 no cxeme pdc. 2-17 npu 0ZHOCTOPOHHEM NHTAHAM CO CTOPOHHI
ycrpofictBa &Iy nmpu KopoTKoM 3aMbikakHd BO. Tox cpaGaTblBaHHs
onpeaessiercst AAs 0G0MX NMOJYKOMIIEKTOB 3auUlUTH NPH NJ4BHOM YBe-
JIHYEeHUH TOKA.

PesyabTatHl u3MepenHii 3anucHBaiOTCR B Ta6n. 2-35, u mo ee fau-
HeM cTpoutca rpaduk -(cM, puc, 1-21).

Ta6nuua 2-35

3aBHCHMOCTH TOKA cpaGaThiBaHHS 3aWHThI
OT CONPOTHBJNeHHS H €MKOCTH BCHOMOraTeldbHEIX HPOBOXOB

Rpp. 0% 0 200 | 400 | 600 | 800 | 1000 | 1200 | 1400
Cops *x o {015 | 03] 045 | 0060 | 075 | 0,9 | 1,05
L yiy,
Cc3»
Y1,
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2-27. 3ABHCHMOCTbL TOKA CPABATbLIBAHHS 3AMN(HTHLI
OT BHAA KOPOTKOTI'O 3AMbBIKAHHA H YCTABKH &

Tok cpaGaThiBaHHAl 3aLLHTH onpefensiercs No cxeMme puc. 2-17 mpu
OHOCTOPOHHEM MHT@HHH CO CTOPOHBl YCTPOHCTBA ¥/, npH HeusMmeH-
Holi BedaHuMHe h=1 H cpeaHefl JJHHe BCHOMOTaTeJNbHEIX IIPOBOAOB
(Rup=600 oM, Cup=0,45 mkr¢) nas koporkux 3ambikanufi A0, B0, CO,
AB, BC, AC wu yctaBok k Guabrpa, pasHolx —4, —6, —8, —I10.

Tok cpaGaThiBaHHA OnpejeNseTcis INPH NAABHOM YBeJIHYEHHH TOKa.
PesvabraThl uamepeHuii sanucmiBaior B Ttaba 2-36.

Ta6anua 2-36

3aBHCHMOCTb TOKA cpaGaThHBAHMS SAWMThlI OT
YCTaBKH %k IpH pa3JHYHBIX BHJaX KOPOTKHX

3aMbIKaHHKiH
BIUX KOPOTKOro 3aMblKaHHsd
v1 a0 | Bo | co | aB | ac | BC X
Tok cpabaTkiBaHHs, a
(1)
—4
@
1
( —6
(@)
(h
—8
2
0y
—10
2)

[To peayabTataM H3mepeHHil CTPoAT rpaduk, aHasoruyHuii puc. 1-22,

2-28. UBMEPEHHE BPEMEHH JXEACTBHA 3ALUHTHI
B PEXXHME OJAHOCTOPOHHEI0O MNMHTAHHY

B cxeme puc. 2-17 UMHTUDYIOTCS OZHOCTOPOHHEE NHTAHHE CO CTO-
poHbl ycrpoiicTBa ¥/ H kopoTKoe 3ambikaune AC. aa ¢uantpos
TOKa peryJupyworcs ycraBku h=I; k=—6, a Ha MoAeaH JHHHH YCTa-
saBauBaercsl Rup=600 om; Cup=0,45 sxe.

3aBHCHMOCTL BpeMeHH JeflcTBHS 3aLUHTBI OT KPATHOCTH TOKa KO-
POTKOrO 3aMbIKaHuA MO OTHOLIEHHIO K TOKY CPabAaTLIBAHHA C YYeTOM
BEIXOAIIOro pejc H3Mepserca mis ycrpoitctBa ¥y MHANHCEKYHAOMeE-
poM. YcraBka speMelln BbixoAaHoro pefe /P{l ycTaHaBAHBAaeTcd MHHH-
MaJbHOIL,

HOas uaMepeHns BpeMeHH AeiCTBHA 3alNThl MPH GOJbWHX TOKax
xoporkoro sambikauua (20—80 a) mnyckoBoit kaiou Kz MHIIHCEKYHIO-

73



Mepa BKJKOYaeTcs B pacceyxy Hakniaaku IH3 (puc. 2-19), 1. e. BO BTO-
PHUHYIO llenb TPaHCpeaKTOpa, rie TOKH NpuUMepHo B 6 pas MeHslue
TOKOB mepBu4YHOd lenn ¢uiabTpa TokoB. Bxmouenne obseruaer pabory
Kmovya K3 H He BHocuT mnorpeiusocrefi B uaMepenue. CoennHeHHe 3a-
KHMOB 7 M 9 MuJUIMCEKYHAOMepa ¢ 3aKuMaMu 2 m 4 ycrpoiicrBa ¥/
JO/KHO OHITb BLIMOJHEHO NMPOBOAOM AHAMETPOM He MeHee 2 MM,

Kezeme i
ULIIMaHUA
Puc 27 |- Kezeme
ULnsmanus
Puc.2=17
B2 3
21 4
Ther M o
F127
~ | em 74
ot 8y
S Lmtou

Puc. 2-19. Cxema BKJIO4YeHHS MUJJHCeKYHAoOMepAa AJA H3MePeHHS
BpeMeHHY NefcTBHA 3aIHTHI.

M —3neKTpOHHBIA MUJJIHCEKyHAOMep THna SMC-54.

BpeMs neficTBHA 3alluTH ONpPeReNAIOT WA KpaTHoCreir Toka 2, 3,
5, 10, 20 u 30.

B Hayane H3MEpeHHA ONMpeHeNflOT TOK CpafaThiBAHHS YCTPOHCT-
Ba Yl accay. Tlo BenvunHe TOXa CpaGaThiBAHHA H KDATHOCTH TOKA
ONpeneasioT TOK KOPOTKOFO 3aMBIKAHHA.

H3aMepene nNpou3BOAMTCR MNoC/HenoBaTenbro., I[locie nOArOTOBKA
MHJUTHCEKYHAOMEPa X M3MEpeHHI0 ero NYCcKoBO# Kmiou K oCTaBJSIOT

Ta6anuua 237

PesyiabTaTrhl H3MepeHHH BpeMeHH AeHCTBHS 3all HTbI
OpH OJROCTOPOHHEM NMTAHUH [, - s ()=

KpaTHOCTH TOKa 2 3 5 10 20 30

Ijeoa - o ..

tcp, MCEK . . .
Lep.cpemu MCEK
lac
TIpumMeuanye. KpaTHOCTH TOKA PaBHA OTHOLUEHHIO T
c3
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8 BePTHKANbHOM MOJOMXeHHH. 3aMHKAlOT B cxeMe HCTHTaHHS PyGHIE-
HHK P/ u c nmomompio kHonku KH KOHTaxkTel KoHTakTopa. PeocraTom
BO3MOIKHO OhICTpee PETYJHPYIOT 3aAaHHYI0 BeJHYHHY TOKA, PaBHYIO
KpaTHOCTH TOKa cpaGaThiBanusa. 3arem kmwoy K; MHATHceKyHaoMepa
OGHLICTPO NepeBOAST B TOPH30HTAJbHOe TOJNOXEHHe H BHOBb B Bep-
THK&JIbHOE.

Pasmeikaor knonky KH, mocjie yero cxeMa o6ecTOUMBaeTcs KOH-
TakTOpoM. [IpOH3BOASIT OTCYeT H 3aNMHCh H3MEPEeRHOro BpPEMEHH.

Pery/nupoBKy TOKa W MaHHOYJARLHH Kao4oM K; u Kaomkoin KH ana
pasMbiKaHHA LeNH TOKA HeoGXOAMMO NPOH3BOAHTH OHICTPO AJA CHH-
JKeHus HArpeBa 3J1eMeHTOB (HiLTpa Toka (conporusieHufi R/ u IR2
H ocobeHHO TepBHYHOH OGMOTKHM TpaHcpeakropa), PacCUMTaHHHX Ha
KPAaTKOBPEMeHHYI0 pPaboTy npi GOJbUIHX TOKax.

Jns kaxpoll KpaTHOCTH TOKA KOPOTKOro 3aMbIKaHHsl MPOH3BOIAT
He MeHble 5 u3Mepenuii, PeayabraThl H3MepeHHii 3aNHCHBAIOT
B tabs. 2-37.

2-29. 3ABUCHMOCTbh TOKA CPABATHBIBAHHMS 3AIMHTHI OT BEJIHYWHDB A

HMaMepenns cayxaT A8 npoBepkH ToKa CpaGaThBaHHA 3aUlHTHI
NPH HCHOJMB30BAaHHK YyCTaBOK hA=10 u 2 u nNpoOM3BOAATCH TPH
Rup=600 om; Cup=045 mr¢p. C nomowmso nepexiiouatens JH4
y ycrpoiicts ¥lgy u ¥l H3MeRAIOT 4HCAO NePBHYHBIX BHTKOB TPAaHC-
peakTopa B COOTBETCTBHH C yCTaBKOf A=1,5 W HacTpaHBAaOT QUALTPHI
4a k=—6. B pemHMe OJHOCTOPOHHero NHTAHUA BHAauaJle CO CTOPOHK
ycrpoiictea ¥1(;, H 3aTeM €o CTOPoHH ¥l onpelenswor Tokk [po cpa-
GaTbiBaHH 060HX [ONYKOMIIEKTOB 3auluThl. Fi3sMepeHHs mOBTOPAIOT
018 HacTpPoRKH (PUILTPOB NPH ycTaBKax h=2, k=—=6.

Pe3ynbTaThl H3MepeHHi 3anWchiBaloT B Tabu. 2-38.

Ta6auua 2-38

PesyasraThl H3MepeHHH JOxa cpabaThBaHHA 3aWHTH
npu ycraekax A= 15u 2

3¢
T rpoieraa Yig) Vigy
hon 1 1,5 2 1 1,5 2
Yy * >
Ica, a
Yl * *
A Yl : :
H3M .Vl(g) 1 1

* Jlauusle ta6.a1. 2-36.
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2-30. OTMPEAEJEHHE MHHHMAJBHOTO TOKA KOHTPOJIA,
MPH KOTOPOM NPEKPALKAETCA BHBPALHSA PEJIE 1ITP2

JlaHHoe HCOEITaHMe NPOBOAHTCA MO cXeMe pHe, 2-17 B pemume
OAHOCTOPOHHEr0 TNHTAHHA 3allUTBl CO CTOPOHBI YCTpoiicTBa ¥l npu
Toke [ 4c=80 a; h=1; k=—6; Rup=0; Cup=0 npu naaBHOM CHiKe-
HHH TOKA KOHTPOJS OT HOMHKHAJbHOH BeJHUHHH 5,5 Ma.

Jas ypobctBa HaGnojeHHs 32 HayaJoM BHOPAalMH KOHTAKTOR
pene /[TP2 yctpoitctBa ¥l K HOPMAJbHO 3aMKHYTBIM KOHTAKTaM pe-
Jleé NOAKAYaeTC <«NPOGHHKY — OMMETpP WM [PYroe yCTPOHCTBO, peari-
pyollee Ha KpaTKOBpeMeHHOe DasMbIKaHHe LeNH,

B pesyabrare HCNBITAHHA ONpefeNSiOT MHUHHMAJbHYIO BEJIHUHHY
TOKa KOHTPOJIS!, IPH KOTOpOM BHOpauus KoHTakToB pene [[7P2 npexpa-
MaeTcs.

Tlpu nopmanbuoiéi Hactpoilke pese IIIP2 sTor Tok nA0JKeH ObITh
paBes 4,4 ma, T. e. B 1,25 pasa MeHbllle HOMHHANbHON BeJHYH-
HH 5,5 ma. Tlpy BHIOOAHEHMH  OMHCAHHOCO  WCMBITAHHA  Hemb
ToKa [(y=80 a csepyerT 3aMBIKaTh KPATKOBPEMeHHO 1JIS Npeayfnpex-
JEHHAI HeZOMYCTHMOro mneperpeBa 3JeMeHTOB (HAbTpaA.

2-31. OTNIPELEJIEHHE MYBCTBHTEJbHOCTH 3AUIMTHI
B PE)XHME JBYCTOPOHHEIO NHUTAHHY
H KOPOTKOTO 3AMBIKAHWSA B 30HE 3AUIHTHI

Hamepeune npoBoautcst Mo cxeme pHe. 2-17 npH pasgennHOM IH-
TAHHH TOJYKOMIIEKTOB 3aIUHTH (Mepexaioyatens P4 pa3oMKHYT, Py-
GuabHuxd Pl, P2 u P3 Bxmouenn). Mmurupyercs xopoTkoe 3aMblKa-
HHe B0. Y 060HX NOJYKOMIJIEKTOB 3alUTHL DeryJHpYIOTCS YCTABKH
h=1; k=—6. Ha wonean JHHHH YyCTaHaBjguBaeTcs Rgp;=600 ox;
Cnp=0,45 .wccﬁ.

Yeranosus TokH [y 4 [y, paBHee 5 a, ¢ nomolwkio dasoMerpa @
H dasoperyiaTopa ycraHasaHBaT Ga30BuIil CABUI Mexay Tokamu /()
H Iz, paesnit 0° npe 3TOM 06a NOJYKOMMJAEKTa 3aU(HThl JOJMKHHI
IeACTBOBATh HA OTKJIOYEHHe,

Ta6baunua 2-39

3aBHCHMOCTL TOkKa CpalaThHBAHHA 3aU[HTH OT TOKa
BO BTOPOM NOJYKOMOJEKTe IPH HMHTAUMH KOPOTKOTO
3aMbHKaHua B 3oHe [\, = [I(Qj]

Lg), = 0 2.5 1 2 3 3.5
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Co ctoponsl ycTpoiicTBa ¥l(3) yCcTaHAaBAHBAIOT CJeyIOLIHe 3Haue-
nia Toka: fgy=0; 0,5; 1; 2; 3 u 3,5 @, a cO CTOPOHH YycTpoficTBa ¥y
JJ15 KAaXK0TO 3HaYeHUst ToKa /2y MJaBHBIM YBeJHYeHHeM Toka /() HaXOo-
T TaKyio ero BeJNHYMHY, MpH KOTOpoit cpalaThBaer ycrpoiicTBo &/
1 3arem ¥/ PesyasTaTel usMepeHus 3anuchlBaOT B Tala. 2-39.

Mo peayabraram un3aMepeuuit CTPoAT rpadHK, aHAJOrHUYHBI
piic. 1-20,

2-32, H3MEPEHHE BPEMEHH JREHCTBHS 3AL(HTHI
B PEJ)XHME IBYCTOPOHHEIO INTHTAHHA

Bpema peficTBus 3anmiuTel B pelkiMe IBYCTOPOHHEro MHTAHHA NPH
KOpPOTKOM 3aMblkaHud Buaa AC B 30He 3alllHTHl B 33BHCHMOCTH OT
KPATHOCTII TOKA KOPOTKOrO 3aMbIKaHHSL B OTHOLIEHHH TOKa cpabaThi-
BAalHsl H3MEPSIeTCsl NpPH YCJOBHAX, aHAJOCHYHBIX ONHCAHHBIM B nojpas-
nene 2-28. B cxeme pHe. 2-17 pyGuabuuku P2 u P38 ponxHB OhITh
oTKMoMeHbl, a Pl n P4 skmouens (rocnegHuil B nonosxkenue II); npn
3TOM, KaK OTMeYanoCh BbILIE, HMHTHDPYeETCH PpeXHM [IBYCTOPOHHEro
nuTanus 0pM KOPOTKOM 3aMblKaHHH B 30He NpH ycaoBun [iy=/).
W3MepeHHe HayHHAeTCA C OMpejeneHHst TOKa cpaGaThiBaBHA [ sc ca
yerpoiietsa ¥1(y PesyibraTsl n3MepeHnii 3anuceiBaioT B Taba. 2-40.

Tabnuna 240

PesyanTaThl H3MepeHuil BpeMeHH HEeHCTBHSA 3AULUThI
Npd JBYCTOPOHHEM UHTAHHH [,¢ ep ()= -

KpaTHOCTD
TOKa

[ S-]

3 3 10 20 30

frc @

t., Mcex

tca. cperH’? MCEK

2-33. HCMNBITAHUE 3AM(UTBHI B PE)KUME BHEWHHX
KOPOTKHX 3AMBIKAHHH

B peskuvme BHEWHHX KOPOTKIX 3aMbIKapHil IPOBEPHAIOT CEJIEKTHB-
HOCTh 3@IlUTHI, KOTOPAA ONpeleNsieTcsi €€ TOPMO3HBIMH XapaKTepHCTi-

Kami., TopMmosHble XapaKTepHCTHKH 3allluTHl NpPeACTaBAAwT coboil 3aBH-
CHMOCTDb

Iyes=TUgln ](2)ca:f[’m]

npu ¢=155 u 205° (eM. puc. 1-17—1-20). XapakTepHCTHKH CHHMAWT
KaK 119 MaKCHManbHO JONYCTHMBIX 1.9 3allMThl 3HauyeHuii pabo-
ueil eMKOCTH M CONPOTHBJAEHHS MNOCTOSHHOMY TOKY JHHHH BCROMD
raTeJbHLIX NpoBoaoB (Rap=1400 om; Cnp=1 m&g), Tak u aas cay-
afg Rpp=0; Cpp=0. Tlpa CHTHH TOPMO3HBIX XapaKTepPHCTHK HCIIOJb-
ayetcst cxema puc. 2-17. Has ycrpoiictBa ¥/, Tok [y noaBoiautes or
ceTH, a aas ycTpoiicTBa ¥I(5— oT ¢asoperyasropa.
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Ecap wmowiHocTs azoperynatopa ueGosbliaa (2,5—3 xsa), TO
MOXHO CHATH XapaKTEPHCTHKH IJs KopoTkoro 3amuikaHua AC. [Ipu
Goapmofi Mowuoctd hasoperyanropa (=5 x6a) UeslecooGpasHo CHATh
XapaKTeDHCTHKH [N TOKOB KOPOTKONo 3aMukauHs BD, uro noaposser
CPaBHHTL HX C XapakTepucTHxkamu pue, 1-17 — 1.20.

¥craHoBHB Y (BHABTPOB yCTaBKu h==1; k=—4, a na MozelH au-
HHE Rup=0; Cnp=0 u TOK KOHTpoas [x=D55 ma, ycTaHABJIHBAIOT
10k8 [y M /(3 Benuunnoft 5 a. C uoMoulbio ¢dasoperynaropa yCTaHas-
auBawT Ga3oBuil cABMr @ Mexny Toxamu [y u I, pasumin 180°, u
y6exnaiores, yTo 3amuTa He pafotaer. YcraHoBHB @=0, yOexnaaiorcs,
yrd 064 NOJNYKOMIVIEKTA 3aUIHTH AeHCTBYIOT Ha OTKJIOUeHMHe.

Ecay geficTBHe 33WHTH .[POTHBONOJIOKHO YK433HHOMY, TO HE06-
XOAHMO TIMATENIbHO MNpoBepuTh COOPKY CXeMBl HCMBITAHHS H  HAHTH
OWHOKY.

CusiTHe TOPMO3HOH XapaKTePHCTHKH HAYMHAIOT C oNpeleseHHs
TQKa cpafaTthiBasisd B peXHMe OJHOCTODOHHErO NHTAHHA, NOPH 3ITOM
onpenensioT ToK cpabartwBauHi [gyca npH [(2y=0. /a)cp Onpenensercs,
KaK # Bce nocaegyioulue TOYKH XaPaKTEPUCTHKH, IJIABHRIM YBeJHde-
HHEM TOKa [0 CpaGaThBauusi pede ycrpoiictea ¥y u 3areM ¥l
Verawosus. upu Tokax [(y=Il=5 a yronm @=155° cuuxawor Tok /)
Ao 2 a u, nIAaBHO YyBeRHyHBas TOK [y RO cpaGaThiBaHHA pene
yerpoficts ¥1gy u ¥z, HAXONAT HBa 3HAaueHHs TOKa cpaGaTbiBaHHA.
PesyabpraThl u3MepenHsi 3anuchiBaloT B Tabma. 2-41, M3 KoTopoil TaKxke
BHAEH JaJbHeHIIHH XOX CHATHS XapaKTePHCTHKH.

Ta6auua 241

Topmo3Hast XapaKTepucTHKa [, =1 @)

npu h=1; k= —4; p=155° Rnpz(), C“p_O

I9) go @ 0 2 4 5 6 7 8

Vi,

[BO c3 (1) a

| ¥1g

Topmosnas XxapaKTepHCTHKA /) .= [ [/(y]

npyu h=1; k=——4;so=205°', Rnp=0; ap =
I9y gy a 0 2 4 5 6 7 8
, YI“)
Bdcp (iy &
.VI(Q)

Ilpy uMHTaMY KOPOTKOro 3aMuKauus AC wHanboiee nenecoof-
PasHO CHATh TOPMO3HYIO XADAKTEPHCTHKY AAA CACAYIOWMX 3HAaueHHi
roka I=0; 1; 2; 2,5; 3; 3,5; 4 a. OnuHoBpeMerHo CO CHATHEM TOPMO3-
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HOK XapaKTePHCTHKH 3alUHTH HeoOGXOANMO MNPOH3BOAHTHL ee MOCTpoe-
Hie, YTO NO3BOJifleT BHIETb XOJA XapPaKTEPHCTHKH M B cayyae HeoGxo-
AHMOCTH H3MEHATb HHTepBaJibl 3HaueHHH# TOKoOB /(3. HauGoabuwee BHU-
MaHHEe TUPH CHATHH XapPaKTePHCTHKH clefyer oOpaTHTh Ha €€ HYacTh,
JEHAWYI0 HEeCKOMbKO HHXKe TOYKH 3aXKHraBRHa cTaGuansatropa Hanps-
JKEHMsi, rle XaPaKTEPHCTHKA HAaYMHAeT KPYTO NOMHHMATbCA BBepX.

B 370if obnacTu xapaKTepHCTHKH ClelyeT NPHUMeHATb HeGoNbuIne
CTYNeHH H3MeHeHUs ToKa /().

TMocne peskoro 3aru6a xapakTepHCTHKH BBepx noclefyiolllee H3Me-
HeHHe ee TPOHCXOAHT NpaKTHUECKH npaMoiankeitno. B stoil yactH xa-
PaKTePUCTHKH He(o/blIoe H3MeHeHHe TOKa /(2y BEI3LIBAET 3HAUHTEJbHOE
U3MeHeHHe ToKa /() 0O 3HayeHHA cpaGaThiBAHHA BalIHTHI, YTO 3aTPYL-
HeT jJanblieiillee mpoBeJeHHe HCOBITaHHA. B ¢BfSH ¢ 0TMeueHHHIM
JdanbHelilllee CHATHE XapaKTepHCTHKH HYMKHO OFPaHHYHTL HebGoJabLIOH
ee yacTbio, He nofaBas OonbliHe TokH [

[Tpy CHATHH TOPMO3HOM XAapPAKTEPUCTHKH HeoGXOAHMO TNOCTORHHO
KOHTPONAHPOBATE K PeryJHPoBaThb BEAHUMHY Yyriaa @, KOTOPHHA NpH yBe-
suuenny Toka [ HECKONIbKO H3MeHsieTCsl 3a Cyer NajeHHs HampsKe-
Hus B o6MoTKax ¢asoperymnaropa.

AHAJIOTHYHO YKA3aHHOMY CHHMAerTcsi XapakKTepUCTHKa npu ¢=205°

PesyabrTaTsl u3MepeHuA TakKe 3anuchiBaloT B Tala. 2-41.

HukHAs 4acTb TOPMO3HOH XapaKTepHCTHKH NpelacTaBiser coGoH
sapucumocts [l ep=f[/in]. Hnn cuATHs 3TOA 34BHCUMOCTH B CXxeMe
HCMBITAHHSA  YCTAHABAHBAIOT NOCAEJOBATENLHO HECKOJBKO 3HadeHHi
ToKa [(y ¥ IS KaXKAOTO H3 HHX OnpefensiorT Tok [ cp cpaGaTeiBaHHA
nonykoMoaekToB (1) u (2). PesyasraThl H3MepeHHH 3anuCHIBAIOT
8 tadn. 2-42 n 2-43.

Tab6nuua 2-42
Topmo3nas xapamepucruxa Loy s =TIy

opn A=1; k=—4; p=155° Rnp =0 Crxp=0

Iiypo @ 0 2 4 5 6 7 8

YI“)

Ipyep ap @

Vi

Ta6anua 243
Topmosnasn xapaxrepucruka [, ., =f[/)

npHu h=1, h=—4¢ 59__2050 R =0, Cnp—
[(I)BO’ a 0 2 4 5 6 7 8
YI(I)
Tocs oy @




Huxnue u BepXHHE BETBH TOPMO3HBIX XaPaKTEPHCTHK AJs YIJOB
coorBeTcTBeHHO 205 K 155° pacnofoKeHH CHMMETPHYHO OTHOCHTEIBHO
OCH DaBHBIX TOKOB, €CJIH NMOJYKOMILIEKTHl 3alUKMTH HIAEHTHUHLL

MuHuMaabHO HeOGXOAMMOE YHCJ0 TOPMO3HBIX XapaKTePHCTHK AJ1
NOJHO} NPOBepPKH CeNeKTHBHOCTH 3aillMTBI NIPH DPa3JMYHBIX YCTABKax
Bal(HTH W JapaMerpax MOILeIH JIHHHH YKasaHo B TnporpaMme
(em. m 2-24,T).

2-33. NPOBEPKA NOBEJEHHA 3AIMHTBI NPH OIAHOKPATHRIX OBPMBAX
BCNIOMOrIATEJbHBIX NTPOBOIOB

1leaplo nenbiTaHHs ABJNAETCH NpoBepKa GHLICTPOAGHCTBHA pesie KOH-
Tpoas I/ITP2 npu BO3BpaTe H COIVIaCOBAHHOCTb 3TOr0 BPEMEHH C Bpe-
MmeHeM cpa6atbiBanusa pede I[TP1 npu o6pelBe BCnomoOrartefbHbix IMpo-
BOJOB.

Y ¢HALTPOB TOKa perysHpyloTcs YCTaBKH h=1 u k=-—4, a na
mMozend auHuH Rop=0 u Cnp=0. Ha Bxone ycrpojictBa ¥2 ycranasau-
BaeTCd HOMHHAaJbHOE HanpsxeHHe nepeMeHHOro Toka 100 6, a B uenu
BCNOMOraTeJbHEIX [POBOQOB HOMHHAJBHEIA TOK KOHTposas 5,5 Ma.
Y BuxoaHoro peae /Pl ycranaBiuBaercd MHHHMaabHOe BpeMs cpaba-
THBanusa. K 3amuTe NOfaercs HOMUHA/LHOE HANpAXEHHE NOCTOAHHOTO
TOKa,

HcenplTanne 3aliUTHl NPOH3BOJAMTCA MO cxeme puc. 2-17, B kKoropo#
HOpMaJbHbIH DeXUM NepeRrayd MOMHOCTH M0 JHHHH HJIexTponepelaut
HMHUTHPYeTcA nonauell Toka ¢aszul BO ma 3amuMbl I U dm) yCTPOHCTB
Yiny u ¥lg u BkaovenueM py6uabhukos. Pl W P4 B noaoxeHue [/
(BHEWHee KOPOTKOe 3aMblKaHuie), TOK [y ycTaHaB/JHWBaeTCs paBHHIM
5 a* [lpu BHOGpaHHHIX YyCTaBKax O¢HIBTPOB HA BXOAHHLIX 3aXUMaX
yerpoiicts ¥1(pey) 3. . ¢. QuabTpa GyAeT MaKCHMANLHOH CPaBHHTENbHO
C APYIMMH BO3MOXHBIMH yCT4BKaMH (PHABTPOB [/ HOPMaJbHOIO peXKH-
Ma MpH NOABEJEeHHH K 3aumnTe Tpex(a3Horo CHMMETPHUHOrO TOKAa O .
B cBsidu ¢ 3T™MM npu ofpuiBe BCIOMOraTe/bHbBIX NPOBOAOB Ha 06MOTKE
Hanpaxedna aupdepenunanbioro peae JITPI 6yner Bo3HMKATL MAKCH-
ManbHOe HaNPAMKEeHHe, a peae OylneT JAeldCTBOBATL C HAUMEHbLUIUM Bpe-
sMeHeM. B sTOM cayuae BO3MOMHO 3aMblKanHe KOHTaxkToB pene [/TP/
B lend OGMOTKH Hanpskeuus pene JPII no pasMblkaHus ee KOuTak-
TaMH pene I/1P2 npu o6GpbiBe BCNOMOTATEJbHEIX TPOBOAOB.

PaamMbkas JaMHHIO BCIOMOraTe/bHBIX I[IPOBOJOB Ha 3axume §
TpaHcpopmaropa STH, HabmonawT 3a noseaenuem pene [P/, [[TP2
u IPIl ofonx noOAYKOMNJEKTOB 3amHTH. OnNbIT NOBTOPAETCSt MHOrO-
kparHo (20—30 pas), npu stom pene I/TPI oGoux yerpoiicre ¥YI
BO/KHB cpabGartbiBatb, pene J/TP2 po/kHBI BO3BPAWIATHCS, a  pe-
ne IPI1 He 10J3KHO 1eHCTBOBATh.

Pene IPIl He Gyner nelicTBoRaTb, eC]H ero leNb He 3aMblKaercs
MJIH NpH 3aMbIK3HHH ee Ha pe/le MOJ3eTc HMNYJbC NOCTOSHHOTO TOKA,
Gonee KOPOTKHH, ueM He06XOAUMO aJs cpabaThIBaHus,

s KOMHYECTBEHHOH OlleHKH HaJeKHOCTH OJOKHPOBKH 3aUINTHI
Ipu OOpHIBE BCNOMOTAaTeAbHEIX TNPOBOAOB LeJecoobpasHo  H3MepHTh

* B pexHMe OJHOCTOPOHHErO NHTAHHA JAHHMM 331KTa cpabaTbiBaer Kak UDH
H3) g a, TaK H 150 =4 @, T. e, B 00GOHX CIY44fX 3. A, C. HAa BbIXoXe (PHALTPOB

ORMHAZKOBbBI; NMO3TOMY DPEKHM HODMAJBHON HATPYaKH JIHEHH MOXKHO 3aMERMTh 60-
Jiee NPOCTRIM IO OCYULeCTBASHHIO PEeXHMOM BHelWHero KOpPOTKOro 3aMBIKaHHA
Igg=5 a.

80



BpEMs 3@8MKHYTOTO COCTOSIHMS KoHTaktoB pene I[IP! w I[IP2 B uenu
BBIXOJHOCO peJe NP OGPHIBAX BCIIOMOraTe/bHbiX NPOBONOB. MamepeHue
NPOM3BOJAMTCA 1O cXeme puc. 2-17 ¢ TNOMOLbIO MHJJHCEKYHIOMEDa,
BKJIOYEHHOro no cxede puc. 2-20. B 3toil cxeMe OOGpbiB JHHHI BCMO-
MOTaTe/bHBIX NPOBOJOE CO CTOPOHBI KoMmmjaekrta [K() nNpon3BoiuTcs
kmouom Ks Muanucekysiaomepa. Kak M B npeabiiyuleM HCNhITaHHH,
ycranaBauBaerca TOK [gy=5 @. 3aMbikawowde Koutakte pene I[1P1,

me1
32 nr2
4=
5a
M 5y
78 8 paccevry nex'dy
8 Rt | 2ANCUNPM 3 MPANEPEINAME-
13 S— N DY T
Yew. puc 2-77)

Puc. 2-20. Cxema BKAWYEHHR MuJJHCEKyHAOMeDpa AAH M3-
MepeHHs! BpeMeHH 3aMKHYTOrO COCTOAHHS KOHTAKTOB peje
ITITP1 n II1P2 npu oGpbiBe BCOOMOraTeNbELIX NPOBOAOB,

M —mpanncekydaomep tana dMC-34,

CoeMHEHHBIe NOCJeN0BATeNbHO C pa3MbIKAMMMH xoHTakTamu IIIPI,
NOUK/IOYAKTCA K 33%uMaM 3 H 4 MUANHCEKYHNOMepa, NPH 3TOM KOH-
TakTbl peJle AOJMKHB ObITb OTKJOYEHB! OT OCTaMbHOH 4YacTu YCTpofi-
crea ¥y, Ha KOTOpbifi NOZAHO HANpsXeHHe NOCTOAHHOrO TOKa AAs
NUTaHU# TOPMO3HOH uenu peae [/TP2. Wamepenne nomtopsiercs 15—
20 pa3. MagrcuMasbHOe BpeMsl 3aMKHYTOrO COCTOSHHS KOHTakKTOB pe-
ae IfIP1 w 1[1P2 We NOMKHO MpPeBHINATL 2,5 MCeK.

2-35. MPOBEPKA TMNMOBEXEHHA 3AIIHTBEI NMPH MHOTOKPATHbIX
KPATKOBPEMEHHDBIX OBPbIBAX BCINOMOTATEJIbHBIX MNPOBOAOB

VeJIoBHS HCOBITAHHS 3&WHTH OTJHUYAKOTCA OT HCNBITAHHI, ONHCAH-
IbIX B nojpasgede 2-34, ToJbKo xapaKtepoMm oGpbIBa BCHOMOraTeNb-
HbIX TIPOBOJOB.

B neperoM ucnbiTaHHH nocse OOphBa BCNOMOTaTeNbHBIX TIPOBOIOB
Lenb KOHTPOJS YyeTKO pasMbikajach. IIpd MHOrOKpaTHHX H OyeHb
KpaTKOBpPeMeHHHEIX 06GpbiIBAX NPOBOAOB C MNOCJEAYIOIUHM HX KpaTKo-
BPEeMeHHBIM 3aMbIKanueM KOHTakTh pene [[TP] wu I[IP2 paxoastca
B HENPEpPbIBHOM JBHXKeHHH, B pesyJbTaTe Yero MOXKeT NocJael0BaTh
3aMblKaHHe 1eMH BHIXOJHOro peje Ha 60Jjee AJMNTEIbHHI NPOMEKYTOK
BpeMeHH, 4YeM B NpeAblyilleM HCOLITaHHH.

Hcnbitaune 3amuThl NPOM3BOAHTCA C BHIXOAHBIM pese, YCTaBKa
EpeMend cpabarthiBanua Kotoporo pasHa 50 scex. Tlpu MHOrokparuof
MMHTaUHH KpaTKOBpPEMEeHHbIX OOPLIBOB H 3aMBIKaHHH NpOBOJOB B Haua-
Je JBHAM y ycTpolictBa ¥J(;) npouasoauTcs HaOaopenue 3a JelicTBueM
BLIXOJIHOro pede ycTpoiictsa ¥1(). SIKOpPb BHLIXOAHOTO peJie He 10JIKeH
NpH 3TOM B3AparHBaTb WM ¢pabaThiBaTh.

2-36. MPOBEPKA TMOBEAEHHA 3AIUMTHBI H PEJE 1OP2
NMPH 3AMBIKAHHMH MEXOAY NMPOBOJAMH

CxeMa WCnbITaHHS, YCTaBKK HILTPOB H MOAEJH JHHHH OCTAIOTCA
TAKUMH K€, KakHe OLLTM NMpuHATE Aas nojgpaanena 2-34. Bpemsa eil-
creug peie JPI] peryaupyercs MHHIMAJBHBIM. 3aMblKas HaKOPOTKO
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BTOpPHYHble 32XHMbHl & W 6 wusoqupyloiiero Tpancdopmaropa ITH
(oxo.nony(:TpoﬁCTBa ¥iny) u pasMbikas HX, HaGMIOLAIOT 33 NOBEIEHHEM
pene IfIP1 wu IPIT ycrpoiictBa ¥4y H pene I[1P2 ycrpoiictBa ¥ig.
ITpn Toke koutpossa 5,5 ma pene IIIP], a caepoBatenanHo, u pene [PII
B yKa3aHHbIX YCJOBHAX He JOJXKHBI B3JparHBaTb M cpalaThiBaTh,
a pene IITP2? Ha npueMHOM KOHLE BCMOMOraTe/bHbX NPOBOLOB MPH
3aMBIKaHHH MX CO CTODOHEI NMHTAHHS ZOJXKHO BO3BpaMlaThesl M JEHCT-
BOBATb Ha CHTHAJL

Ilpuunnoil cpaGarbiBanus pesne /fTP] B RaHHBIX HCNBLITAHHSX MoO-
TYT OHITb 3H3aUHTe/bHLEle MMNYJLCHL MOCTOSHHOIO TOKA, BO3HHKAWLLHE
H ucye3alollHe BO BTOpDH4HOH 06MOTKe TpaHchopmatopa 3TH.

Bo3spar pene 1/1P2 npoBepsiercd TaKikKe NpPU 3aMBIKAHHH MEXILY
NPOBOAAMH 4Yepe3 NepexoQHOE CONpPOTHBJAEGHHE B HAuyaJe W KOHUE Ju-
HHH, TNPH 5TOM ONpeaeasercs MaKCHMaJ/bHasi BeJHUHHA Mepexo]Horo
CONMpOTHBJEHHA, NIPpH KOTopoM pejie I/TP2 Hauunaer BO3BpawWaThCA.

2-37. H3MEPEHHE BPEMEHH BO3BPATA PEJIE 1IIP2
NMPH CHATHH HANPAKEHHA NMEPEMEHHOFO TOKA

IMocsie OTK/IIOYEHHS MEPEMEHHOrO HANPAKEeHHs OT 3akHUMOB & u 7
ycrpoiictea ¥2 konpencatop 2C2, pa3psixKasch, noJjaep:KHBaeT HEKOTo-
poe BpeMs TOK BO BCIIOMOTaTeJbHBIX NPOROJAAX, J0CTATOYHHIN A
ynepkusasus peae [[IP2 B cpalGoraBweM coctoauin. Bpema Bo3Bpara

7 2 B
g 1 B v2 BN
~ I 5 5
2206 m > j’

Puc. 2-21. Cxema 4,19 u3MepeHHA BpEMeHH BO3BpaTta pe.e
1ITP2 npx OTKIIQYEHHH HANPAMEHUR NHTAHUA OT yCTpOi-
CTBa 2;

T —asToTpaichopmatop JnaGopaTOpHLIA; 3 —3saexkTpoce-
KyHAOMep; P —nepexioyaTedb.

pene 3aBHCHT NpH 3TOM OT AKTHBHOrO CONPOTHBJIEHI(sT BCIOMOraTelNb-
HBIX NPOBOJOB.

B cxeme puc. 2-17 waknanka /M6 pomkHa 6biTb DPasOMKHYTa,
a MJI0C MOCTOSTHHOrO TOKA AOJKeH ObiTb NOZaH Ha 3axuM /3 yCcTpo#-
ctBa ¥I. Ha Momenun JauHHH  ycranaBausawTes  Rpp=1400 on
H Cop=1 MmK¢, HanpsaxeHue Ha Bxole ycrpoicrBa ¥2, paBnoe 100 s,
H TOK KoHTposs 5,5 ma. BpeMs Bosspara pene [/TP2 nocae otk/ioue-
HHA HAIpAMEHHs MepeMeHHOr0 TOKAa H3MepseTcs JeKTPOCeKYHIOMe-
poM (pHe. 2-21). 31O BpeMs COCTaBJsfeT OKOJO 3 cex.

Bropoe u3Mmepenne npomssoputcss 0pH Rgp=0, Cpp=0 nocae pe-
TY/JHPOBKH TOKa KOHTPOJs A0 HOMHHAJbHOH BejqH4uHbl 5,5 ma. B 3tom
ciyyae Bpems BO3Bpata pene I[TP2 fomKHO cocTaBAsTb OKoa0 | cexk.



Ecan epems Bosspata pese /IIP2 okaxeTcs CyLIECTBEHHO MeHbIUe
YKa3aHHBIX BeNHYHH, TO NPHYHHOH MOXKET SABAATECA HENOCTATOYHAA
eMKOCTh KoHgencatopos 2C2 (MeHblue HOMHHAJBHOM).

2-38. H3IMEPEHHE MOIUHOCTH, NOTPEBJSAEMOH 3ALIHUTOH
B LIENAX TOKA

FlaMepende NpoH3BoAHTeH [o CXeMe puc, 2-17, B Xortopoll K 3a-
xkumaMm 3, 5 u 7 ycrpofictea ¥/ nopaercsa cummeTpuuHHil Tpexdas-
HBIll TOK NPAMOH NOC/JAeLOBATEJNLHOCTH 5 4. ¥ ¢uAbLTPA TOKa YCTPONCT-
Ba ¥l peryaupyloTcs yctaBkd A=| M k=-—4, Opu KOTODBIX 3aLLH-
Ta HMEeT MAaKCHMaJ/bHOe nmpeGneHue.

C noMmoulbio BOJLTMETPA MH3MepAITCA HanpAMEeHHs Ha BBOIHHX
saxumax yerpoictBa /gy Uao, Uso, Uco, Uan, Uac u Ucs. Pesyan-
TaThl 113MepeHHA 3anuchiBaoTcs B Taba. 2-44.

Ta6aunuwa 2-44

PesyabraTel u3MepeHH{l HAUPAWEHHS H MOULHOCTH,
norpebasiemoii B HensgX TOKA 3aWHTLl NPH CHMMETPHYHOM
Tpex¢a3HoM TOKe 5 a

Hanpsakeune, 8 U0 Upo Ueco Uas Vac Ues

& »
MomHocTe,** 682 . . . Py Pg Pe P, — PZ:

* Ilpy MNHTaHHH 33WHTH OT MBYX TPaHCHOPMATOPOB TOKAE, BKJAKYEHHHX
B ¢ainl A ucC

** MownocTb, norpebasemas B oTae/bHEIX dasax 3aWluTel, ONpeIeAfeTCA Kak
npousseleline H3MEPEHHBIX HanpsxeHdiil Ha Tok 5 a.

Trasa Tpetvs

SKCINIYATALHOHHASL TNPOBEPKA U HAJNAILKA 3ALLHTHI
INIPH NEPBOM BKJIDYEHHWH

3-1. OBIHHE YKA3AHHSA

B Hactodwem pasfefe npelYCMOTPEHH HAaJAaA0YHBIE HCTIBITAHHA
sawnTol tina J3JI-1 nocne okoHuanHs BceX MOHTaKHBIX paboT, nepen
BBOJAOM €€ B 3KCILIYaTaUUK,

3allHThl, MOCTYNAIOLHE C 33BOAA B IHEPrOCHCTEMEl, He HYXKAAIOTCA
B NIpOBeldEeHHH IPOBEpPOK, Pery/HpOROK, HaNafOK H CHATHA XapaKTepH-
CTHK B mNoJHOM OObeMe, NpPelyCMOTPEHHOM THIOBHIMH HCIHITAHHSAMH
9TOIl 3alMTHl Ha 32BOJe H/H B 3HeprocucTeMe, JTO OGYC/OBJEHO TeM,
YTO KayKjoe peje, BCIOMOrare/bHOe YCTPOHCTBO, a TaKiKe 3allHTa
B leJOM NMpOXOAAT KanuOGPOBKY, NpOBepKY H HalafKy Ha 3aBofe.

YuurplBaercAd Tak:Ke, YTO 3aL(HTA COCTOMT M3 JBYX MOJYKOMIJIEK-
TOB, MOHTHPYeMbIX Ha Pa3/IYHbIX MOACTAHUNAX, H NOITOMY NPOBEXeHHe
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NOJIHbIX HCNBITAHMA 3alluTH, YCTAaHABJAMBAEMOH B 3JKCIAyaTallud, Npen-
CTaBJseTcd BecbMa 3aTpPyAHHTEJNbHBIM,

Hepaaﬂ 3KCnayaTalHOHHAsA TNpOBepKa H HaJjagKa 3ailluThl COCTOAT
B OCHOBHOM H3 onepauuﬁ, HMeloUHX HeJbly KOJHYeCTBEHHYIO H Kalue-
CTBeHHYI0 NpOBEDKY OTJeNbHBIX OPraHoB, Y3JIOB H NOJYKOMIJIEKTOB 3a-

IMMTHl, a TaKXkKe BCefl 3alIUTHl B LEJIOM, COBMECTHO CO BCIOMOTATE/b-
HBIMH T[POBOLAMH.

B npouecce 3Toii npoBepki BHABASIOTCA W YCTPaHAWTCH JedeKTh
MOHTAXa H peryJjHpPOBKH OTZHEJBHRIX 3/J€MEHTOBR 3alUHThi, BLI3BAHHLIE
3aBOACKHMK OlIHOKaMH, TPAHCNOPTHPOBKON 1 owHuOKaMHM npH MOHTaXKe,
3ajaloTCA YCTBBKM 3alLMTHL Il BHINIOJHAETCS pax paboT, He npeaycMor-
peHHBIX MOporpaMMOH THNOBLIX HCNBITaHMil, KAaK-TO: MPOBEPKA 3alUHTBL
paGouHM TOKOM HATPY3KH H T. I

3-2. TPOFPAMMA H OBBEM IPOBEPKH

INpoBepka u Hanajgka 3allMTHl NPOBOAHTCH Mo cjeaywlouleii npo-
rpaMme:

1. Ilposepka tpancdopMaTOpOB TOKa, TOKOBBIX lerned u Henel
HaMpPAXKEHHs 3aUIMTHL.

2. Tlporepka OTKAWOUalOWNX KaTyweK Bplkaiodateneil, 6J0K-KOHTaK-
TOB BHKJMOUYaTeaeH K Uernefl MOCTOAHHOrO TOKa 3alUMTHI

3. BHewHuii oCMOTP peJe, BCnoMorarteapHbiXx ycrpoiicts  (BY),
NpoBepKa MOHTAaXa, MeXaHUueCKoii yacTH pene, anilapaToB 3aillHTH,
KOHTPOJISI H BCMOMOTaTe JbHEIX NPOBOLUB,

4. TlpoBepka CONPOTHBJEHHST M HCNbITaHHE H3OJSILHH peje, BCTO-
MOraTesbHbIX YCTPOHCTBE M BCEX COEAMHEHU[] 3allHTHI.

5. Miamepenne COINPOTHBJAEHHS W €MKOCTM BCIOMOraTe/leHbIX IIPO-
BOJOB 3aUIMTHL

6. PeryaupoBka H npOBepKa pele U BCNOMOrareJbHBIX YCTPOHCTB.

7. PerynvpoBKa YCTaBOK M NpOBePKa (uAbTPE TOKA.

8. IlpoBepka M Hanaaka YCTPOHCTBA aBTOMATHYECKOro KOHTPOJA
BCIIOMOraTe/IbHLIX NPOBOJAOB 3&UIUTHL

9. CHATHe XapaKTEPHCTHKH COMPOTHBNeHHs cpabaTbiBanua u TOP-
MO3HOH XBpaKTEPHCTHKH 3allHTHL

10. IlpoBepka B3AHMOZAENCTBHSL peJie B MOJIHOH CXeMe 3alUuThi.

11. TlpoBepka 3amHTH PaGOUHM TOKOM.

Bce paGotel, npoBoiMvblie no JaHHoOil mporpaMye, 0GopMafAlOTCS
nacrnopToM-NPoTOKoAoM (M. npuioxesue [1-2),

3-3. NPOBEPKA TPAHCPOPMATOPOB TOKA, TOKOBbIX LEMNEH,
HENEN HANPS)XEHHA H ONEPATHBHOTO TOKA 3AHIUTH!

[Tposepka TpaHCoOpPMATOPOB TOKa, TOKOBBIX lleneil, uemnei Hamps-
JKeHHS, OTKNIYAUIMX KATYIUEK BHIKJAOYATENeH B HX OJIOK-KOHTAKTOB,
a Tak)Ke BCeX BHEIUHHX LeNeéldl MNOCTOSHHOIO TOKa MNPOH3BOAHTCR N0
COOTBETCTBYIOUIHM THOOBBIM MHCTPYKLMSM, OPHHATEIM B 3HeProcHCTeMe,
H B HaCTOAUWHX DPYKOBOAAIIHX YKa3dHUAX He pPaCCMATPHBAIOTCS.

ITacnopTHpie M HOMHHAJbHble  OaHHbie  33UIHTBL  33HOCATCH
B Tabn. I1-2-1, a pe3yibratbl NpOBepKH H MCMbITAHHA BHEIWIHMX UelneH
3almuTh — B Ta6a. I1-2-2 npoTokoaa.
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3-4, BHEULIHHHA OCMOTP, NMPOBEPKA MOHTANKA,
MEXAHHYECKOH YACTH PEJIE, ANNNMAPATOB 3AILIHUTLHI
H KOHTPOJIA BCNOMOTATEJIbHBLIX NPOBOAOB

1. lo npoBepku ClAepyeT BbIHYTb paGoyHe LITENCEJH HCMLITATENb-
hbiX Gaokos [2HB—I7HbB, CcMOHTHPOBAHHBIX Ha IMaHEAH  3auliTh,
pa3oMKHyTh Hakaaaku 9H, I10H w [!H W oTcOeXHHHTb KOHUBI, HIYULli€
K OTKAKuamowuM katywkam. Ilpi 3ToM uenH 3amuThl OTK/OYAKTCH OT
UCTOUHIKOB NNTAMIS MOCTOSIHIIONO 1t NEPEeMEHHOro ToKa, saKopadyil-

BAKOTCSL UENn TPaHCPOPMATOPOB TOKA M OTCOCLHHSIOTCA HEN OTK Tio-
Yaollnx KaTyuex.

2. TlpoBepKy HauWHaOT C BHEIIHEro OCMOTPA BCEX 3JEMEHTOB [10-
JNYKOMIJIEKTd 3aWHThl. YAAJA0T OblJb C KOXYXOB peje H BCIOMOra-
TeNbHBIX YCTPOCTB M TNPOBEPAIOT COCTOAHHE YIJIOTHEHMs, HaJjuuiie
naoM6, mesocTh CTEKOJ, TIOTHOCTB HX NPUJEraHHs K KOMXKYXY.

flocae noouepeHOro CHATHA KOKYXOB YI&NAKT BPEMEHHBIE MNpO-
KJIanky H ApYrue KpenieHHs B MOJAPH30BAHHLIX H B BBIXOJAHOM pelie.

ITpu ocMoTpe cljesyeT MNpOBEpHTb OTCYTCTBHE MexaBIYeCKHX [lo-
BpexKIeHHH pese, BY W coenNHHHUTENbHBIX {IPOBONOB, OTCYTCTBHe KOp-
PO3HH, MeTa/NIHYeCKHX OMMJIOK BHYTPH KOXKYXOB, HCIIPaBHOCTL H3OJAUHH
TOKOBEAYUIHX 4YacTel, pPacCTOAHHA Mex/]1y HeH30JUPOBAHHLIMH TOKO-
BeAYLIHMI YaCTAMH, 3aTAKKY GOJTOB H raek, HaleKHOCTbh MeCT MNaiku
NPOBOAOB [ KpenaeHui annapatoB, IlpoBepsAioT KayecTBO pasjenk
noaBoAsIMX Kabeseil # HaJeKHOCTb KOHTAKTHBIX COEJHHEHHH B LUMHJb-
Kax peie, BY u B cGopke 3akHMOB.

3. CeepsioT MOHTAXHYI0 CXEMY C NPHHUHNHAJLHOH cXeMmoll 3aulu-
Tl (eM. puc. 1-1). TlpomepsrorT Hamuyne K UPaABUJBHOCTL MapKHPOBKI
cOOpKIl 3a)KHMOB, XHJ Kabeneil, BCex pesie u BY £ nuuesoli H o6par-
HOH cTopoH navenad. Ilpn HEOGXOZMMOCTH BHOCAT COOTBETCTBYIOILHE H3-
MEHEHHAA B MOHTAaX, MOHTAXHYIO H HCOGJAHUTEIBHYIO CXEMBl 3al[HTHI.

PesyabraThl BCex MpOBepok 3aHocAT B Taba. [1-2-3 nporokoaa.

4. [lposepka MexaHHUYeCKO#l 4aCTH peJie # annapaToB BKJIOYaeT
OCMOTD TMOABUMNKHBIX H HENOABHUKHBIX JAeraliefi, NpPOBepPKY OTCYTCTBHSA
METaNJHYECKHX ONUNOK W NBIJIM B BO3AYWIHHX 3a30pax, HCNPABHOCTH
YNOPOB NPYXHUH H ocCelf, OTCYTCTBHH NPHIHNAHHI H 32eNaHHi MOXBHK-
HBIX yacTedl, YHCTOTH KOHTAKTOB, BeJHYHHbB KOHTAKTHHX 3d30DOB M
HaAEKHOCTh 3aMBIK&HHS H PasMbLIKaHHA KOHTAaKTOB,

Paccrosnue MEXNY KOHTAKTaMH B [MOJIAPH3OBAHHBLIX peJie INOJIAHO
O6biTh B npenenax 0,4—0,5 mu. pAsnble # noiropeBulue KOHTAKTh pefe
AO/AHBl 3auuiiaTthess OapxaTHbIM HaaduIeM H MOMHPOBATHLCA BOPOHH-

JoM. UNCcTKa KOHTAaKTOB APYFIIMH npeaMeramiu, a TaKiKe IPOMBIBKa HX
lie paspelanTcs.

UucToTy 3a30pa MarHuTHOH UelH MOJAPH30BAHHBEIX pese NPOBepAaoT
npH nomolin Merommerpa 500 8, BKIOYUAEMOro MeARy KOHTaKTHOIT cH-
CTEMOH pene  KOpPNyCOM MpH Pa3/MYHbIX NoJoKeHHsx sikopsa. Ecau npH
npopepke OyleT oOHApYxKEHa HEUCNPaBHOCTH JJEKTpHUeckoil uem, To
caenyer pasoGpaTh pesie H MPOM3BECTH YHCTKY 3a30pa MAarHHTHOI UeMH
B COOTBETCTBMM € mogpasfenom 3-8.

5. Tlpu npoBepke yKa3ateJbHbIX pese o6palalOT BHHMaHHe Ha

X041 TNOABHIKHBIX CHCTEM, 4YeTKOCTL BbINTAJEHHA YKasaTeJbHbIX (b.lla}K-
KOB W HaLeXHOCTkE 3dMBIKAHHA KOHTAKTOB.

PesyabraTel npobepkn 3anocar B Tabu. I1-2-4 nporoko.a.
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3-5. NPOBEPKA COIPOTHBANEHHA H HCNBITAHHE
3AEKTPHYECKOH HNPOYHOCTH H3OQJUAUHWH PEJE,
BCNMOMOTATEJIBHBIX YCTPOHCTB H BCEX COEAMHEHHHK 3ALIHTHI

1. Ilochie ocmoTpa BCeX 32JIeMeHTOB 33LUHTH H MEXaHHYECKOHk Npo-
BEPKH peJie HIMepPAIOT CONMPOTHBJAEHHe H3omAuuH MeromMerpom [ 0004 *
H HCNBTHBAKOT H30JAUHIO N0 OTHOWIEHHIO K CepAeYHHKAM H LOKOII0
pejie nmepeMmeHHbIM HanpsixkeHHeM 1000 8 B Teyenne 1 mun. Conporns-
JeHHe H30JSUHH leNell HANPsdKeHHd, Uenedl TOKa M nenefi NOCTOAHHOrO
TOK2 a0MmKHO GbiTb He HuXe 50 Moa.

M3onauuio HCNBITHIBAIOT MEXAY BCEMM 3aXKUMAMM OIHOBPEMEHHO
K L0KoJeM peJe MepeMeHHWM HanpsikendneM 1000 6.

2. Tlpu npoBepKe caegyer NOMHHTbL O HAJHYHH B 3allUTe repMa-
HHEeBH X BHIPAMHTEEH M KOHISHCATODPOB U He AOMNYCKAaTh MOBLILEHHOTO
HaNpsKeHHA Ha 3THX 3jJeMeHTax. [lpu npoBepke HeOO6XOAHMO oTCOeIH-
HHTb 3a3eMJieHHe OT 3aXXHMa

3. IlpoBepky u ncnbiTaHHe H30MALHH MOABOASALIMX Kabesei i BCHO-
MOTaTeNLHBX NPOBOJAOB 3aLIHTHI NMPOBOAAT, NMpEABAPHTENbHO OTCOEIHHUB
WX OT 33WHTel. M30/MAUHIO HCNBITHIBAIOT [epeMeHHbIM HanpsixeHHeM
1000 . Ona gomKHa YAOBJIETBOPATbH COOTBETCTBYIOILMM HOPMaM.

Pesysaprathl Bcex mnpoBepok 3anocaT B Ta6J. I1-2-5 nportokona.

3-6. HBMEPEHHE CONPOTHBJIEHHA H EMKOCTH
BCMMOMOFATEJIbHbBIX MPOBOJOB 3AUHTHI

1. IMepex ucnbiTaHKeM BCMOMOraTeJqbHBIE MPOBOAA 3aUHTBl HA MPO-
THBONOJIOXKHOM KOHUE JIHHMHM 3akopauHBaloTca. HaMepeHue compoTHBIe-
HMS TIeT/IH BCIOMOrATENbHLIX MPOBOJOB TNPOBORHTCH N0  CXeMe
taba. [1-2-6 MeTomoM BoAbTMeTpa-aMHepPMeTpa Ha MNOCTOAHHOM TOKe
NPH NHTAHHH OT AKKYMyJsAaTopHo# Gartaped. CONpOTHB/IEHHe [(IPOBOJOB
He j0JXHO npeBHitath 1400 om. PesyabTaThl H3MepeHHH 34HOCAT
B ta6ba. I1-2-6 nporokona.

2. EMKOCTh TpoOBOROB C OOCTaTOYHOH [Js TNPAaKTHUECKHX [eelt
TOYHOCTRIO H3aMepawT no cxeme Tabga. [1-2-7. Tlpeasapurennvo cHAB
33aKOPOTKY Ha NPOTHBOMOJOMKHOM KOHIE JIHHHH, MOJAIOT HArnpsXKeHHe
220 & uepes MHAIHAMIEPMETD Ha BCIOMOTaTeNbHbie NpOBOAA. BoubT-
METPOM C BLICOKHM CONPOTHBJEHHEM (HanpHMep, JaMOOBBIM) H3MepsIoT
HanpsxeHHe Ha NpoBdAax, EMKOCTh NOLCYMTHIBAIOT No (opmyse

I.10¢
C=sar ¢

Emxocts BCHNOMOrartesbHbIX NpOBOAOB He A0JIXKHA 11peBbI-
watb | uxg, Pesyabratel n3Mepexnil sadocat B ra6a. I1-2-7 nporokoa.

3-7. TPOBEPKA H HACTPOHKA PEJE
H BCNOMOTATEJNbLHLIX YCTPOHCTB

HOJmpH3OBBHHHE, BBEIXOJIHOE H yKaaaTe.nbane pesie 3alUXTH Ka-
AuGpyIOT Ha 3aBoje. Ilpd HapylWleHHH KaJuHODOBKH, HalpuMep [pH
TPaHCMOPTHPOBKE, pefle PeryJHDYIOT B COOTBETCTBKH CO ClelYHLIHMH
YKa3aHHSMH.

* Nonyckaercs NpoBepKa MeromMerpoM 3 500 s.
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1. duddepenuuanbtioe noaspusoBannoe pene IIPI. Tox cpaGaTh-
RaHHA pelle poJKeH OblTb paBed 2,4—2,5 ma; TOK BO3mpara 10—
1,25 ma; naBiewde Ha KOHTAKTaX NPH TOKe, B 2 pa3a MpeBHILAIOLIEM
TOK cpafaTHIBaHHs, AOJXKHO ObiTh He MeHee 5 2; paccTosiHMe MEXAIY
KOHTAKTaMH AOJIKHO GbiTb mopaaka 0,4—0,0 mam.

Ilporepka Toka cpaGatmBanus pene [[IP! npom3BoRMTCH B Cxeme
NpH PA3OMKHYTHIX Hakaaiakax JHI w JH2, Ot nocTopoHHEro HCTOYHHKA
NOCTOSHHOI'O TOK3 Yepe3 ABOHHOH MNOTEHIHOMETP H MHJJIHAMOEPMETD
TOK NOJZ3ETCH HENOCPeACTBEHHO B pabouyio OGMOTKY pele (CM. CXeMy
tabsn TI1-2-8). PesyapTarn ucnmitanud 3aHocst B taba I1-2-8 npo-
TOKOJIA.

B canyyanax, xorza Toky cpaGaTblBaHAS M BO3BpaTa H 3a30p MeX1y
KOHTAKTaMH OTK/IOHAIOTCA OT YKA3aHHBIX BhILUE HOMHHAJIBHBIX BeJIHUHH
He GoJsee 4yeM Ha 5%, HuUKaKOfl peryJiupoBKH pene He Tpe6yercs, Ilpu
6oJiee 3HAYMIEbHHX OTKJIOHEHHMAX NPOH3BOASIT pPery/JHPOBKY pee.
B npotokos 3aHocAT mapaMeTpel pesie, NOJydeHHBle MOCJE PeryJHPOBKH.

2. MNMonsipusosankoe peae Kourpoas IFIP2. Tox cpabaThiBaHHs peJie
NpH Pa30OMKHYTBIX TOPMO3HOII H KOMMEHCAUHOHHOH oO6MOTKAaxX MNOJIKEH
cocraBasith Jcp=2,4 ma, 3 TOoK BO3Bpara /=12 ma;, paccronHue
MEXKAY KOHTAaKTaMH a0/KHO 6bith 0,4—0,5 mm.

Toku cpaGatbiBanus H Bo3spara pese /PI12 npoBepAioTesa B OJHOM
cxeMe 3aIHTBl MPH Pa3OMKHYTOfi Hakfanke IHI B OTKJMOYUEHHOM oOrfie-
PATHBHOM MOCTOAHHOM TOKe (CM. cxeMy Tta6a. [1-2-9). Bmecto BCmomo-
raTelbEbiXx TPOBOAOB 3alHThl BKJIOUYAIOT DEOCTAT C CONPOTHBJIEHHEM
nopaaka | 000 om m mocnedoBaTtes]bHo ¢ HHM MHJUIHamnepmerp. Ilaas-
HO u3MeHsis CompoTuBieHHe 2R5 B yCTPOHCTBe KOHTPONS, NPOBepsIOT
TOKH CpabaTblBaHkg H BO3BpaTa pese (H3MeHAs TOK B ero paboueil
o6MoTKe).

Pesynerathl ucnsiTanufi 3anocar B taba. Il-2-9 npotoxoaa.

MunauwaMnepmeTpoM ¢ ManeiM  11oTpeGlieHHeM  (CONpOTHBIeHIe
nopagka 1020 om) H3MepHAIOT BeJHUYHHY IOCTOSHHONO TOK3 [ropm
B TOpMO3HOH of6MoTke pene I[fIP2, onpeflenseMyic CONPOTUBJIEHH-
eM /R8 u panpsmeHHEM ONEpPaTHBHOIO TOKA. TOK [ropm JOJKEH ObTh
paBeH 22—24 ma. [llpd HaIMyWH TOPMO3HOTO TOK2 H3MEPAIOT TOK
cpaGateiBaHuA K Bo3Bparta pefie [/TP2 nmo cxeme ta6u. I1-2-9, npu 3toM
TOK cpaGartmBaudsi pede /[/P2 ponxen 6GbITh paBen mpuMepHo 4,1 ma,
a TOK B03BpaTa — He MeHee 2,7 Ma.

Pe3ynbrathl UCNMHTAHWIL 3aHOCAT B Ty e TabaHuy.

3. MoaspusoBannoe pese KoHTpoas u3oasuud 2I7PJ. Tok cpabaTh-
BaHuA peae 2[TP4 pomxken cocrasasth 0,8 ma, a TOk Bo3mpara
0,2—0,5 ma.

3anaHHble BeJHYHHBI TOKA CpafaTHRAHUA H BO3BPATa NPOBEPAIOTCS
B TOJHOIl cxeMe 3amuthl (cM. cxeMy Ttaba. I1-2-10). B ycrpoiictse
KOHTDOJISL DasMBIKAIOT Hakjaagky 2H 7, u Ha ee 3axuMmu 8 H O BK/O-
YalT Marasud conpoTHBAeHHi Ha 30 xom W NOCAEAOBAaTENBHO CoedN-
HeHHBIA ¢ HUM MHunamiepmerp ua 1,5 xa; szaxum 4 3asewssercs.

Hamensia conpoTuBaeHKe Marasliia, MPoBepsAlOT H B cjyuae Heolxo-
AMMOCTH PerynupyioT TOK cpabaThizands H BO3Bpara pede Z[1PI, Pe-
3y/nbTaTel HenbITasnil 3asocar B ra6a J1-2-10 nmportokoda.

4. INpomexyrounoe peae IPII. Cxemy BKIIOUEHHS peJie BhHIGHPAIOT
B 33BHCHMOCTH OT TOrO, HMeIOTCS JIH Ha JINHHH Pa3psHHKH, H NpoBe-
pfloT HanpsiKeHHe cpaGaTHBAEHs u /BO3BpaTa pelie

Pesyabrartel MCnBITaHHH 3anocsT B TaGa I1-2-11 mporokona.
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5. Tokosoe pesne 8PT. TlpoBepsiioT ToX cpabaThiBAHHA H BO3BpATa
pese npu 3anasHOH YCTaBKe.

IlpoBepsioT HafekXHOCTb PaGOTH M OTCYTCTBHE BHGDALMH KOHTAK-
TOB peJie NpPH 3HAYEeHHWAX TOKA BO Bcem juanasode oT 1,05 Toka
cpabaThiBanHA A0 MaKCHMaJbHO BO3MOXHOTO TOKa HYJEBOH NOC/enoBa-
TENbHOCTH NpH TOBpeXJIeHHsX Ha aHHAH. TIpoBepKy npoOu3BOAAT npH
BKJIO4eHHOM MOCTOAHHOM TOKe, a paloTy KOHTAKTOB KOHTPOJHPYIOT
110  JelcTBHIO BbIXOZHOTO peje, IlepeMenHbIfi TOK NOJAIOT K 3aXH-
mam  dasnt BO sawmurer. Kosdpduuuent Bo3zpaTa pese  A0sKeH
OmTs nopsaka 0,85. PesyasTaTh nOpoBepku 3aHocAT B Ttaba. [1-2-12,

6. IMpoBepsiior TOK ¢pabaTblBaHHs WJIH Hanps:KeHne cpabaTHBaHud
yKasarte/bHuHX pejae 4PY—7PY. PesyapraTet 3aHocar B Ta6a, I1-2-13.

3-8. PETVJIHPOBKA MNOJIAPU3OBAHHBIX PEJIE

OGuguit BUO H KOHCTPYKUHS peie NMOKasaHw Ha puc. 3-1. Pene //1P]
HMeeT [OCTOSAHHBI Marwut I u ABe OGMOTKM — pabouylo H TOPMO3HYIO,
pacrnioyiokenHbe Ha o6uteft kKarymwke 2. Katyuwika nacaKeHa Ha OJIKOBO-
o6pasHBIil cepleyHHK 3, MemAy NOJIOCHBIMH HaKoHeuHHKamn 4 KoTo-
PHIX HMeeTCs SIKOPb 5, NPHKpenJeHHbl Ha IJIOCKOH NpyxKuHe K pamke 6.
Ha sikope 3axpensienn noJBHAKHBIE
KOHTaKTHl 7, a4 Ha KepaMHuyeCKOM
MOCTHKe 8 pasMellleHbi jgBa Heno-
ABUXHBIX KoHTakTa 10, perynupye-
MHX C [OMOWbI BUHTOB 9.

TlomBoRr TOKA K HOABHIKHBIM
KOHTAKTaM OCYLIeCTBJSIETCH uepe3
PaMKy M NPYXKHHY, 8 K HenoJBHXK-
HBLIM —— HelOCPefCTBeHHO uYepe3 KO-
JOIKY pede.
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Momoca 4 cepreynlika 3 umeloT oTBepCTHA NJd BHHroB [/, Kpens-
UIHX CepHAedHiik K KOPMyCy pede.

[Mpu otcyTcTBIM TOKA B O6MOTKAX peJie AKOPb & NPHTAHYT NOCTO-
SIHHBIM MaCHHTOM K [paBoMy nodwocy 4, JleBolii koHTakt pene [0 npH
3TOM 3aMKHYT, a npaBulfi pa3oMkHyr. [lpoxoxaeHue ToKa uyepe3 ofe
o6MOTKH peJe BbLI3LIBAET MORBJEHHE MAarHUTHbIX MOTOKOB NPOTHBOMO-
JOXKHBIX Harpabfenuil, Maruurtuuii noTok pa6oyelt o6MOTKH JedCTBYeT
B CTOPOHY cpaGaTelBaHHf pefe, T. €. B CTODPOHY 3aMBbIKaHHA MPAaBOro
KOHTAKTa, @ INOTOK TOPMO3HOH — B CTOPOHY 3aMBIKaHHS JIeBOr0 KOH-
TaKTa.

HanGonee npocro B HeBosbIMX Npefenax TOKH cpabaThiBaiiusg H
BO3BpAra pelie MOryT GbITh OTPEry/JHpOBaHB IOBODOTOM BHHTOB 9 He-
OABHKHBIX KOHTAKTOB. Tak, A8 yBeJHYeHHS TOKa cpalaThiBaHus pene
BHHT ¢ JIeBOro KOHTAKTA OTBHHYHBAIOT, a ]S YMeHblUeHHS — 3aBHHYH-
BAIOT.

I ysenWueHHMs ToKa BO3BPaTa pejle BHHT NPAaBOro KOHTAKTa 3a-
BHHYHBAIOT, 28 A/A yMeHbUIEHHS — OTBHHUHBAIOT.

B Tex cayuasx, Koria yKa3aHHada peryJuipoBKa He JaeT iKeJae-
MbBIX pe3y/MbTaTOB, HEOGXOAUMO pPOM3BECTH OoJee CIOMHYIO peryis-
DOBKY, COCTOSLYI0 M3 Psja NOCAEAO0BATE/NbHLIX OlepauHi:

1, OTBHHTUTL W CHATb BUATH [J u wiulea 2, Kpensulue cepred-
HHK K KODAYCy pefe, ¥ OTBHHTKTb BUHTH 9 HENOABHXHLIX KOHTAKTOB.

2, OCTOPOXKHO NPHMNOAHATL CEepAeYHHK 3 H KaTywky pene 2, OCBO-
GOQHB MpPH 3TOM AKOpPb &

3. OcaabuTh 3aTAXKY BHHTOB /3, KpenslBX KepaMHYeCKHH Mo-
cTHK 8 K KOpmycy peue.

4. YcraHOBHTH MOCTHK 8 B Takoe MNOJOXKeHue, YTOOH sKopb §
3aHs11 HeHTpaJbHOE NOJOXKeHHe, KOTOpOe OTMeyaeTcs KapaHgawoM Ha
KeépaMHKe MOCTHKA.

5. 3akpenuTh MOCTHK, 3aTAHYB BHHTH [3.

6. BHHTEI HENOABHXKHBEIX KOHTAKTOB 9 OTPery/JHpOBaTb TaK, YTOGHI
HemoJBHKHbIe KOHTAKTH MPHOGJH3HAUCL C O6EHX CTOPOH K SIKOPKO U 3a-
MaJM ero B CpelHeM MNOJOMKEHHH.

7. YcraHoBUTL KaTywky 2 H CephedyHHK pene 3 Ha CBOe MeCTO,
3aKpeNHB CepPAeYHHK KJHHbAMH [2 w BuHTaMHM [! Tak, wroGH OGHil
3230p MEXIY MO/ICHBIMH HaKOHEYHHKaMH cepAevyHHKa .(C ydeTOM TOJ-
wHHel Akopsa) 6ol paBed 2,5—3,3 mm. Tlpn stoM npaswil nomoc 4
Jomked wHa 0,2—0,3 um oTCTOATD OT SAKOpA pede.

8. OreuHuuBas JIeBHHi u NpaBHi BHHTEL 9, HaCTPOHTbL pelie Ha
3aflaHHble mapamerpsl cpafaThiBaHHA H BO3BpaTa.

3-9. PETVJIHPOBKA YCTABOK 3AUIHTHI
W NPOBEPKA ©HIBTPA TOKA

Ilasi pery/snpoBKH YCTaBOK (HJALTPA TOKAa HEOOXOZHMO PaCCUHTATh:
1) ycraBky TOoKa cpa6arThBaHHA 3aLUHTH NO OO6paTHOR mnoc/jenoBa-
TeAbHOCTH [9¢a;

2) ycraBky Toka cpabaThiBaHus 3alUWTH 1O INpsMoil mocneioBa-
TeNbHOCTH [(en Hnu  KoapdHUueHT R, xapakTepHaywouwlnii OTHolleHHe

lea
1
Ich
3) MakcuMaJbHBIi BTOPHYHHIA TOK 1(,3;“, NPOTEKaIOWHI  uYepes

3aIHTY npd TPex@asHoM KOPOTKOM 3aMBbIKaHHM.
Meroaika pacueTa ycrtaBok npuBenena B npugoxennn [1-3,

89



Ilpu pery/aupoBKe YCTaBOK CJefyeT YHUTbIBATH, YTO MHHHMaabHble
TOKH cpabaTuBanuf 3aWHTHl facamun=I @ # [jcamun=4 @ MOTYT
OuTh NPHUATH RJAS8 3aAWHTH, Y KOTOPOH MaKCHMalbHBI BTOPHYHLIH
TOK I,ffam He npesocxoAdT 100 a. [dna MakCHMa/bHLIX BTOPHYHBIX TO-

Ko 100—150 n 150—200 o mMuHHMAaJbHble YCTABKH TOKa cpabaThiBa-
HUS COOTBeTCTBeHHO yBequuusamTea a0 1,5 W 2 a ana toka oGpatuoil
nocnesoBaTeNbHOCTH, 6 1 8 o COOTRETCTREHHO 48 TOKA npaMoil no-
CAeLOBATENbHOCTH,

PeryauposKy ycTaBKH /i TOKa cpaGaThIBAHHA MPOH3BONAT H3MEHE-
HHEM WYHC/Id BHTKOB TPAHCPEAaKTOpa C MOMOLWELK Hakaaikd [H4 ua
nepeRHefi NaHeNH NOJYKOMIJIEKTa 3alUMTEHl, B COOTBeTCTBHU ¢ m. 1-3,6;
JlaHHbe 3anocst B taba. I1-2-14 nportokoaa.

Peryauposka koaddHluHenta 2 maf AaHHON ycTasKH A ocyliecT-
BJAsieTcs H3MeHeHHeM NOJNOMKeHHA JBHIKKOB compoTHBAeHHd IRI u IR4,
BKJIOUEHHEIX B Uellb TOKa ¢a3z A u

Pacyer Be/WYHHB COMPOTHBJAEHUA peoCTATOB HABTPE H METOL
nposepky ux npubefled 8 N, 2-2 u 3. OkoHyaTeNbHas TPOBEpPKa TOKOB
cpafaThiBaHHA NPOUIBOAHTCA Nojauell HAa 3AHTY TPeX CHMMETPHUHHIX
TOKOB, TIPH 3TOM TOK cpalaTHBaHHA 33UlMTHl NpPH [OJAYe CHCTEME
TOKOB 06paTHOH NOCNeNoBATeNbHOCTH H OGPLIBE IenH BCNOMOraTeNbHbIX
APOBOACB AOJKeH GLITh PAaBHBIM NMDHMEpHO noJoBliHe ycrasku A. [lpu
nojaye Tpex CTPOro CHMMMETDHYHBIX TOKOB MPAMOH NOC/eN0BaTENbHOCTH
TOK cpabaTLiBaHMA 3AIUHTHI JOJKeH ObiTh YHCJIEHHO paBHBIM INOJOBHIHE

.

NPOU3BENCEHA YCTABOK, T. €. [y ca= "5 Nz, [IAR KOHTpOAS MpPOBEPSIOT

TaKxKe ToK cpabareisanua B Hase B0 u s dasax AC.

Bennuunbl ToKoB CpabGaTLBAHHA W YCTaBKM  3aUlMTHl  3aHOCAT
B 1a6a I1-2-14 npotokona.

OpxoBpeMeHHO € INPOBepKOHd TOKa cpabaThHBaRud NpsAMOK MHocje-
JOBAaTEJbHOCTH H3MePAIT NoTpeb/eHue MOLUIHOCTH B MeNAX ToKa Ha
dazy. IIpu cuMMerpHUHOM Tpex(a3HOM TOKe, PaBHOM 5 ¢, BOJALTMETPOM
C BHCOKHM CONPOTHBJEHNEM MOOYePeJHO H3MePAIOT NalleHHe Harpsxe-
HHS MeKNY BXOAHHIMH 3axumamu 3, 5, 7 u [ yerpoiictea Y1, Pe-
3ynbTaThl HaMepenuli 3anocsit B Ta6a. [1-2415 nporokoaa.

3-10. MPOBEPKA M HAJIAIKA YCTPOHCTBA ABTOMATHYECKOTO
KOHTPOJIA BCHOMOTATEJbHbLIX NMPOBOLOB 3AULHMTHI
3awuta cHabxeHa ABYMA BHAAMH KOHTPOASA BCIOMOFAaTeNhHHIX
NpPOBOROB!

1. ABTOMaTHYECKHM KOHTpOJIeM HCOPABHOCTH MENH BCNIOMOrareib-
HHX TPOBOJOB.

2. ABTOM&TH"IQCKHM H nepHoau4YeCKuHM KOHTPOJIEM H3OJAUUH
BCIIOMOTATeNbHLX IIPOBOJIOB.

ITpu HOBOM BKJIOUEHHH NPOBePSIOT BCE OCHOBHBIE 3JAEMEHTLI CXeMbl
koHTposia. MaMmepsior comporuBieHue paGoynx o6Morok pene IfIP2 w
2[IP], XoTopHe COOTBETCTBEHHO JOJIKHH <CcOCTaBAsTL OKono 600 u
8 000 ox. TlpoBepKy rpafyHpOBKH WIKAa/Ab rafAbBaHOMETPA IPOH3BOAAT
B COOTBETCTBHH C nogpasgenom 2-20,

ITocsie npoBepkH 3.1eMeHTOB KOHTPOJS B MOJHOCTLIO COGpaHHON cxe-
Me 3alHTH yCTAaHABJWBAIOT TOK KOHTDOJA, paBHEIE 55 Ma.

BeauunHy Toka peryaMpylOT CoNpoTHBMIeHHeM ZR5 M KOHTpOMMpY-
10T no MuAnHaMmnepMmerpy 2I° npu Haxaron xHonke 2K2. Hanpsixensue
Ha KoHpmeHcatope 2C2 moclie perynHpOBKH TOKA He [OJKHO NpeBHIATh
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15 6. FaMepsiior Tok B TOpMO3HOH o6MoTKe pesie //IP2. BennunHa Toka
HOMKHA OGhTLb B npepenax 22—24 wma. Tlotoku paGoueli M TOPMO3HOKH
0GMOTOK HanpaejeH BcTpeuHo. Peae I/7P2 npu BKMoueHnn palodeit
H TOPMO3HOH OOMOTOK HOJIKHO HajJeKHO 3aMbiKaTk CBOH 3aMblKaIOMIHH
KOHTaKT B BRIXOAHBIX UenAX 3awMTel. [locae CHATHA NMepeMeHHOro Ha-
nipsikends ¢ TpaHchopmaropa 27 xoutaktel pene 1IP2 ponKum
OCTaBaTbCsl 3aMKHYTBIMH, MO Kpaiineil Mepe, He MeHee yeM B TedeHHe
1 cex. Ilpu oOpuiBe Lend BCNOMOraTeNbHBIX NPOBOLOB. KOHTAKTH pede
HOMKHBI GLICTPO ¥ Ha/AeKHO pasMblKaTkesi W OJOKHPOBATL BBIXOXHbIE
Leny 3alllMTH.

Ilpy nonmHocTbIO cofpaHHON cXeMe KOHTPOJs MPOBEPAOT BeIHUHHY
MaKCHMaJbLHOPO CONPOTHBJAEHHS 3aMbIKAHHS HA 3eMJI0, MPH KOTOPOM
cpaGatuiBaer pene Koutpoasa 2/1PI.

YKa3aHHy10 NpOBEPKY OCYILECTBJAAIOT NyTeM noafopa CORPOTHBJeE-
HHA HA MarasHHe CONPOTHBJEHHH, BKJAIOUAEMOM [OOYepesHO MeXKAY
Ka)<[IslM M3 BCTIOMOTATeNbHBIX NPOBOAOB 3aLIHTEI H 3a3eMJeHHeM. JTO
CONPOTUBICHHE AOMKHO GuiTh He Menee 20 xox (cm. mogpaszen 2-19).

PesyjapTaTl npoBepKH YCTpoiicTBA KOHTPOIA 3aHOCAT B Taba.
I1-2-16 npoTokoaa.

3-11. MPOBEPKA CEJEKTHBHOCTH 3AL(HTHI
H HRAEHTHYHOCTH OBOHMX MNOJYKOMONEKTOB

HMnentnugocTe OGOHX NOJYKOMNJEKTOR 3alHTH NPOBepAioT MO ee
TOPMO3HBLIM XaPaKTEepPUCTHKAM i [0 XapaKTePHCTHKAM 3aBHCHMOCTH
CONpPOTHBJIEHHs ¢pPaGaTHBAHWH OT TOKA B NEPBUYHON Uend A8 KaxK-
JOTO NOJYKOMMJEKTa 3allHThl.

[lpi 3TOM TOPMO3HBIE XaPAKTEPHCTHKH CHHMANOTCH TOJBKO NPH HO-
BOM BKJ/IIOYEHHH 3aILKTHI, 4 XapaKTepICTHKHA COMPOTHB/EHHA cpadaThl-
BAHMA KaK IIPH HOBOM BK/WUYEHHH, TaKk H NPH NJIAHOBHX NPOBepKax
3allluTel, HeusmMeHHOCTH XapakTepHCTHK cONpPOTHBJEHHS YKasbiBaer Ha
MCNpaBHOCTh 3alWNTH. Kak npaBusio, nepshli pa3 yKa3aHHble Xapakre-
PHUCTHKH JIOMNKHB CHHMATbCA B JAGOPaTOPHM, Kyda AocTaBiadiorcs ofa
NOJYKOMNJIEKTa,

TTpoBepKy HauuHaOT CO CHSATHA XaPaKTEPUCTHKH COMNPOTHBIEHHA
cpalaThiBaHus, OTAENBLHO /8 KaXKIO0To TOJAYKOMIJNEKTa 3awHThl. Bme-
CTO BCIOMOraTe/MbHbLIX NPOBOAOB HAa BHIXOA H3OJMKPYIOUlero TpaHcoop-
MaToOpa BKJIOYAlOT MaraluH peryJupyeMbiX AKTHBHBIX CONPOTHBJEHHI.
XapaKTePHCTHKH CHUMAIT TOKOM B $asze B0 (3amumbl & n I ansm Bu-
GpaHHBIX YCTaBOK R M A, Tak Kak B 3Toif ¢ase xapakTepuCTHKH mNpak-
THYECKH He 3aBUCAT OT YCTaBOK & H MOryT ObIThb JErkK0 MNEepecuHTaHbl
4 NOCTpPOeHBl AAA PA3NMYHHIX YCTABOK £ B Mmacwitabax l; 1,5 Hau 2,

[Iposepka Benercs B MOJHOM cXeMe NOJYKOMILIEKTa 3amdTe. Tok
KOHTPoJn paBeH HyMmo ([6HB oTkawueH).

MeToauKa CHSITHs XapaKTepHCTHKH NpHBeleHa B noipasapene 2-23.
Cxema nposepku Aaua B taba. I1-2:17.

Pesyavrarel ucneiTauuii 3anocsit B taba. I1-2-17 nporokoaa; npu
IKCNNYATAUHOHHKEIX NPOBEPKAX 3alMTH OHH HCIOJb3YKITCA B KayecTBe
3TaJIoHa.

TTosykoMnJeKTH cJAeAyeT CUHTaThb HASHTHYHBLIMH, €Cc/lH CONPOTHB-
JieHus cpaGatbiBaHHs npu ToKax Gosee 10 a y ofoux nNoAyKOMNJEKTOB
OTANYAIOTCA MEXAY coboil He Gogee seMm Ha 5%. B nporuBmoM caydae
HeoGXOAHMO TPOBEPHTH BCe 3JEMEHTHl 3aliMTH, HAHTH HeHCNPaBHOCTb
H YCTDAHHTH ee.
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TopMo3nLle XapakTepuCTHKM 3aNIMTH C/YyXAT KPHTEPHEM CeJeKTHB-
HOCTH €e JeACTBHA mNPH BHEWIHHX KOPOTKHX 3AMBIKAHMAX # JOJIKHEL
CHHUMATHCSl RJAA 3aJaHHBIX YCTABOK 3allHUTHl, HOMHHAJBHOTO TOKa KOH-
TpoAid 5,5 Ma H CPEe/lHHX BEJHYHH CONPOTHBJAEGHUS M €MKOCTH COELHHH-
TeJbHKX MPOBOAOB, PAaBHBIX coOTBeTCTBeHHO 600 os u 0,45 MK.

MeToHKa CHATHA TOPMO3HBIX XapPaKTEPHCTHK H cXeMa MpPOBEPKH
npuBeneHsl B nojapasjene 2-33.

Pesyabrate uchbiTaBuil 3asocaT B TaGa. I1-2-18 npotokoaa. Xa-
PaKTePHCTHKH BHIYEPYHBAIOTCA Ha rpaduKe TaGaAHUBL M CJaYXKAT s
CpaBHEeHHUs C THNOBOH XapaKTePHCTHUKOH 3amuThl [J3JI-1.

TopMo3Hble XapaKTePHCTHKH 3aIUUThl CYHTAIOTCH YAOBJETBOPHTENb-
HBIME, €C/H OTJHYATCA OT THNOBOH TOPMO3HOM XapaKTePHCTHKH He
Gonee ueM Ha 109 B CcTOpOHY CHHMKeHHMS CeneKTHBHOCTH nefCTBHA 3a-
WIHTHL.

3-12, TPOBEPKA B3AHMOJEHCTBHA PEJNE H JAPYIFHX JSJEMEHTOB
B NMOJHOK CXEME 3AUIHTbHI

IlpoBepky B3anMoNeHCTBHS MPOM3BOAAT NMPH HanpPsiXKEHHH MOCTOAH-
HOro TOKa, noHHxeHHoM Ha 20% or HOMHHaawbHoro, T. e. npu U=88 s,
eCclH Uunu=llo 3, H 176 H, eCJIH Uuon=220 a.

Toxk KOHTpO/R yCTaHAaBJAHBAaeTCA DaBHBIM 5,50 wma.

1. IlposepsisoT cooTBeTCTBHE PabOTHI CXeMbl 3AIUHTH MPHHUHIIHAJL-
HO/l cxeMe, OTCYTCTBHE OGXOARHLIX lenel, NPaBHAbHOCTb JOCJHENLOBaTe/b-
HOCTH pabOoThl NONAPUIOBAHHBIX, IPOMEKYTOYHLIX M YKAa3aTeNbHLIX peJe.
Tak, npu 3aMbIKaHHH KOHTakToB pefe [[TP1 ot pyku noaxHo cpaboTaTth
peae /P[l. Ecnu npu 3toM oGopBath OXMH 43 BCNOMOrateabHLIX Npo-
BOAOB 3alLHTE,, TO pede IPIT noyknO BO3BPaTHTBCS B HCXOLHOE NOJO-
JeHHe, a yKa3zaTenbHoe pede 6PY po/KHO cpaboTaTb d HAaTh CHrHAM
06 oGpbiBe nposogos. Eciu 06a kontakra pene 8PT ycTaHOBUTH B CpeX-
Hee NofoXKeHHe Tak, YTOObLl Hil ONHH K3 HUX He Obll 3aMKHYT, TO 3aMbl-
KaHde KoHTakra pene IITPI] He npuBeser X cpPabaThiBaHHIO BBIXOLHOrO
pene. Ilpn 3ambikauuu xoutakra pene 2[TP] cpaGathiBaer pesne 7PY u
CHrHaJM3HPyeT © 3a3eMJIeHHH B lemy BCIIOMOraTesIbHHX [pPOBOAOB 3a*
muTH. [Ipy cHATHH Haknamky 2H/ y 3da3eMJieHHH OHOTO H3 BCIOMO-
rateJbHHX npoBojoB pene 2/IP! ue cpabarbiBaeT H (JaXKOK yKasa-
TeJIbHOro pene 7PV He Bumaznaer.

Tlpu 3aMkHyTOH HaKnagke /6H 3amblKaHue KoHTakToB pene I/IP!
npuBoaHT K cpabaThiBaHHIO pene /PIT paxe npu o6phIBE llenH BCIOMO-
raTenbHeIX NPOBOMAOB, TaK KAaK KOHTAKT pene Kouwtpoas /[IP2 npu stom
3allYHTHPOBAH Hakjaldkoir //H. B Koxle npoBepkd B3auMomeHcTBHS
NPOBOJHTCA onpoGoBaHHe AeHCTBHA 3alIMTHl HAa OTKJIOYeHHe BHIKJIKOYA-
Tens W Ha sanyck AfllB.

2. TlpoBepAloT noBeAcHHe 3aUIHTH NpPH 3aMbIKaHHSIX BCIIOMOTaTeNb-
HbLIX NIPOBOMOB, @ TaKxe NP MX oGphiBe.

Ilpn 3aMpikaHH¥ BCOOMOraTe/bHbiX MPOBOJLOB PA3/ENHTENbHLIA KOH-
aencatop 3CI pa3psakaercs yepes BTOPHUHYIO OGMOTKY H3OJHPYIOLLETO
TpaHcopMatopa STH, Bhi3biBas KPaTKOBPEMEHHOE pe3koe YBesHueHHe
TOKa B Hefl.

YMenbilleHHe COMPOTHBJEHUA WeNH KOHTPoJA, o6ycloBiieHHOe Ko-
POTKHM 3aMblKaMHeM BCOMOraTesIbHBIX MPOBOJOB, BbI3bIBACT TakxKe Obl-
cTpoe HapacTanue Toka B oO6morke 3TH. [lpu yxa3zanHoH mpoBepke no-
aapHsoBauHoe pene /TPl e moaxuo cpabaThipaTh Kak NpH OZHOKpAT-
HHX 3aMHIKAHHSX, TAK H APH4 MHOTOKPATHHIX NPepLIBHCTHIX 3aMhIKaHH-
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X BCNOMOTATENbHLIX NPOBOAOB IIPH NOJHOCTRIO COOPaHHOH CXeme 3a-
IHTBL ¥ KOHTPOJIA.

IMpoBepsercs HaneXHOCTe pafoTsl pene Kowrpoas I/1P2, t. e
GeicTpas GJAOKHPOBKa 3aUIMTHl KAk NpH ONHOKPaTHOM, TaKk W NPH MHOIO-
KPaTHOM INpEepHBHCTOM OOpHBe UeNd BCNOMOraTedbHbIX NPOBOLOB B
NONHOCTBI0 COOPAaHHOH CxeMe 3allUTH H KOHTDOJA.

Ecau Tok HarpyaKn JMHHH IpH 1NpoBepKe MeHbllle 3a, TO 444
ycKopedHnsi gmeiicTBusi pene I[P/ umuTupyetca AByxdasHoe KopoTkoe
3aMulKanue Ha semiio $as A u C. Tlpu 3TOM Ha 3amurax 06OMX KOH-
uos JauHui ¢asa B coeauHsercs ¢ HyJesbIM NMPOBOAOM Ha MCIBTaTeJb-
HoM Gsoke I2HB u orcoepuHsiercsi OT MaHesH.

Kax opsokpatHble 0OpHBLI BCIOMOTATENBHBIX OPOBOJOR, TaK ¥ MHO-
roKpaTHble MpepBiBHCTHE OOPHIBB He JOJKHH NPUBOJHMTB K cpabaTnBa-
HHIO HAH JAa)e B3ADAaTHBAHWIO BBIXOAHOro pelle 3awuth [PI1.

Pesyabrathl npopepkH 3aHocst B rada. [1-2-19 npotokoana.

3-13. MPOBEPKA 3AILHMTHI TOKOM HATPY3KH JIHHHH

[lpi HoBoM Br/OYenHu 3amnth J3JI-1 nposepky ee palounMm To-
KOM HATpy3Kd NPOBOAAT OJHOBpPeMeHHO Ha 0OOHX KOHIAX 3alllHlllae-
MOH JHUHH,

Ilepen nmpoBepKoll nOJHOCTHI0 BOCCTAHABAMBAIOT BCe LenH 3aULHTH,
3a HCKIIOYeHHeM uenefl oTKJAoueHHs. [lepek/ouatenbible ycTpoficTBa
9H u 10H octaioTes B TIONOMEHMM <«HA CHIHAJ»,

[TpoeepsioTea mnpaBHABHOCTH NOABoAAd o (a3HPOBKA TOKOBHIX Iie-
nefi or TpaHcHopMaTOPOB TOKA OO 3dXKHMOB 3alHTH, NPABHABHOCTD
noapoja uenefl HanpaMeHHs OO 3aXKHMOB YCTPOHCTBA KOHTpoOJd, Mpa-
BHJBHOCTL BKJIIOUEHHS KOMOWHHpOBaHHOro Gu/bTpa TOKAa; COOTBETCTBHE
$a3sHpoBKH Uenel TOKa HA NOAYKOMIUIEKTe 3aUIHThl KaXIOTro KOHUA
JUHHH; HCNPABHOCTb OTK/IIOMAIOLHX Lened 3alluTH M BhIKIOYaTed.

1, TIpu npoeepke npaBHJIbHOCTH MOABONA M CXeMHl COELHHEHHS TO-
KOBBIX [eflefl 3alMTHl K TPaHCPOPMATOPOB TOKA H3MEPAIOT BeaHUHHH
BTOPHYHLIX TOKOB B (pa3ax. Bropuuxbie TOKH B HenAX 3alATbl CPaBHN-
BAIOT C NOKa3aHMAMM [WMTOBHIX NPHOOPOB 3aliHlLiaeMOll JHHHH H € pe-
3YJBTATAMH H3MEPeHHH TOKOB 3alUMTH NPOTHBOMONOKHOIO KOHLA JH-
HHH,

H3mepawoT TOK HeGajanca B HyJeBOM MNpoBoae 3aulutH. [Iposepky
CleiyeT NPOBOAHTE NMPH MOMOLIM MAaJOOMHOrO MHJAJHAMIIEPMETPa C CO-
npotusieddeM |—2 ox WM TAaMMOBOrO BOJIBTMETPa € AKTHBHBIM MIYH-
TOM ¢ conporusaeHueM 1 uau 0,1 om.

Hanuyue Toka He6Ga/jlaHCa yXa3nbBaeT Ha [eJOCTh UeNH HyJesof
nocse08aTebHOCTH, [103TOMY, €CaM NpH HM3MepeHMM TOKa He(alaHca
npubop He naeT OTKJOHeHHH, HeoGXONHMMO HpPOBEPHTL MUCNPABHOCTD
LUenH HyJdeBOTO MPOBOAA 3aMbIKZHHEM Ha 3eMJil0 OXHOH u3 a3 TpaHc-
dopMaTopa ToKa W MOCJENYIOLIMM OTCOeAHHEHHeM 3Tofl 3aMKHYTOH Ha
seMJi0 (asel OT 3alUNTh. Pe3yabTaThl H3MepeHHH 3aHOCAT B TalJr.
1-2-20 nporoko.a,

2. CHHMaIOT BeKTOPHYIO JNarpaMMy BTODHUYHBIX TOKOB Harpysk,
/ISl Uero UCNOJb3YIOT LeNnH HanpsikeHHa oT TpaHcdopMartopa uanps-
JKeHHs, MOAKJIOUeHHOr0 K UIHHAM, Ha KOTOpHe -BKJIOYeHa 3allHiliaeMas
JIMHHSL,

CTpoaT BEeKTODH MepBHYHBIX TOKOB C YYeTOM H3BECTHOH moJsAp-
HOCTH TpaHeOPMAaTOPOB TOKA H HANpPAKEHHA.

BexkTtopHbie auarpaMMbl TOKOB CBepSIIOT C BeKTOPHHIMH AHarpaMma-

MH TOKOB 3alUHTE OPOTHROMNOJOXKHOrO KOHLA JIHHHH.
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[IpoBepalOT CHMMETPHYHOCTb TOKOB, YepefoBaHHe W MNPABUJLHOCTDb
nogBoaa a3 TOKa X 3axuMaMm pene. ToK J0/eH NOZaBaTeCA B NO-
paake uepenosanus ¢a3z ABC Ha 3amumbl 3—5—7 3awuTtel. B Hyaeso#
nposoa BKMoyawT pene SPT, u Lens nOAdeTcs HAa 3amHUM /[ 3aUIMTHL

TlpoBepsisor BenuuuHy H Gasbl HaNpAKeHHS, NOJBOAHMOIO K Yc-
TPOHCTBY KOHTPOAA. BennunHsl TOKOB, Hanps:KeHH W BeKTOpHble AHd-
rpaMMbl_3aHocAT B Taba J1-2-21 mpoTokoaa,

3. IlpasunpHoCTh BKAIOYEHHS KOMOHHHpOBaHHOro (uasTpa TOKA
NpOBepAIOT H3MEpPeHHeM 3. JA. €. Ha BhIXoXe QHJAbTPA NPU MPAMOM H
ofpaTHoM uepeXoBaHBH (a3 TOKOB Ha BxoJe 3aluTH. Flamepenue
5. J. C. NMPOKH3BOASIT JIPH PA3OMKHYTOH HakJanke IJf3 BoabTMerpoMm
¢ GOJbLIHM BHYTDEHHUM CONPOTHBJIEHHEM.

OrHowenne 3. . ¢. (uAbTpa, H3MepeHHOi npH o6paTHOM uepelo-
BaHuH ¢a3 ToKa, K 3. [. C. IPH NPAMOM uepefioBaHHH (a3 AO/KHO GbiThb
npu6AM3HTENbHO PABHO ycTaBKe £ (uiabTpa TOKa.

DJIEKTPOABHIKYULHE CHJBI, H3MepeHHble [PH MNpAMOM H OGpaTHoM
yepenoBaHuH ¢as, CPaBHHBAIT C pacueTHbIMH BeJUyHHAMU (cM. TalJ.
1-1}; oHm AOMKHBI COBIIAafaTbh € TouHOCTbIO 0 5%. Pesyabrathi u3-
MepeHH# Ha OGOMX NOJAYKOMMJEKTaX 3alluT TaKie AUMDKHbI COBMAfaTh
¢ TouHocThio 10 5%.

PesyabraThl npoBepKH 3aHocaT B tada. [1-2-22 ppotokoaa.

4. TlpoBepaor cosnazeHse a3 TOKOB MEXAY 3aUIHTAMH, YCTAHOB-
JIEHHBIMH Ha MPOTHBOMOMOXHKX MNOACTAHUHAX,

IMpexBapuTeNbHO NYyTeM NPO3BOHKA MEroMMeTpoM OnpelefsfioT o-
HOHMEHHbl€ BCNOMoOraTtedibHble npoBona H npasuJbHOCTE HX nNpHCOEHH-
HeHHS K OJHOHMEHHHM 3aXKuMaM 5 H 6 BTOPHYHBIX OGMOTOK H30JHpYIO-
wux TtpaHchopMatopos STH o6OHX NOJYKOMIUIEKTOB 3a3IUMTHL 3aXKu-
Mu 3 H 4 nepBHYHbIX O6GMOTOK 3THX TPaHC(H@PMATOPOB NOMKHBL GbITh
TaKkKe MPHCOENHHEHB COOTBETCTBEHHO K OJHOMMEHHBIM 3a¥nMaM 4 H
2 060X OCHOBHWX MNOJYKOMIJIEKTOB 3auluthl. [locie ycTaHoBJenus
MPaBHJALHOCTH BKIKOYEHHS H3O0JHPYIOLIHX TpaHCHoOpMaTOpPOB M BCNOMO-
raTe/]lbHEIX TIPOBOMOB MPOBEPSIOT cOBnajeHue (PA3HPOBKH TOKOBLIX Ne-
nefl 060HX NOJYKOMILIEKTOB 3aLUHTEHL

Jlsis mpoBepKH Ha NOJYKOMNJEKTEe 3alUHTH NPOTHBONOJOMHOIO KOH-
Ha JuHHH nopkmovaret Gasy A Tpancdhopmartopa Toka. OcranbHble
ase ¢asm, By C, 3aKopayHBalOT Ha HYJeBOH NMPOBOA H OTCOEAHHSIOT
0T 3awHTH. Ha npoBepRaeMOM MNOJNYKOMMJEKTe [AAHHOH NOACTaHLHH
8 3TO BPeMS NOOYEPeRHO NPHCOeZMHSIOT K TOKOBBIM HenaM (a3ssl TOKa
A u 3ateM B u C. IlpH 5TOM Ha KakAOM MOJNYKOMMJEKTe 3aLMTH JaM-
MOBbIM BOJbTMETPOM C BHLICOKHM COMPOTHBJeHHEM H3MepAIOT Hanpsixe-
HHe HAa BCNOMOrateNbHHX NPOBOAAX 3aLHTHL

[pn BxmoyeHuu ofgHOHMeHHhx ¢has Toka (¢as A) HanpaxKeHue
Ha O0OHX KOHNAX BCHOMOraTe/bHEIX MPOBOAOB NPHOJH3HTENbHO OAMHA-
KOBO H He mnpesmilaeT 4 8. {Ipu BKJIIOYEHHH Ha pa3HOHMeHHble (asbl
Au B uan A u C Ha NPOTHBONONOMKHEIX MOACTAHUMAX HANDAKeHHe HA
nposoAax ysejauuuBaercs Ko 10—25 g, B 3aBUCHMOCTH OT yCTaBKH pe-
Jie U Harpy3ku JHHHH.

Ananoruunyio npoBepKy OpOM3BOAAT NPH BKJAOYeHUM ToKa aswl B,
a 3aTeM K ToKa ¢a3u C Ha 3aliuTe MPOTHBONOJIOKHOrO KOHLA JIMHUM.
Tok HArpysxu npu npoBepKe [oJKEH COCTaBANTb He MeHee 30—~40%
HOMBHAJIbHOTO,

HaMmepsior Tok HeGananca B HyJMEeBOM NPOBOLE TOKOBHX Lenei.

Pesyapratel nposepkn 3anocar s rtabn I1-2-23 nporokona.

Cnepyer yuectb, YTO NpH HU3MEHEHHH YCTaBOK fi H kK Heo6X0LHMO
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NpefBapHTEIbHO 3aKUPOTHTh TOKOBLle Leni, TdK KaK NPH perymipoBke
YCTaBOK MOrYT GbITh PAa30OMKHYTHl 1i€H TPaHCHOPMATOPOB TOKa.

5. ®a3upoBKY 3alIHTE 33aKAHYKBAIOT NPOBepKO# Mox Harpyskoi
NPaBHABHOCTH BKJIIOYEHHS BCIOMOraTe/IbHbIX NMPOBOLOB MeXAY 3allHTa-
MH NPOTHUBONOJIOXKHbLIX KOHLOB JIHHIIH.

[Iposepky npoM3BOAST NPH NOAHOCTHIO COOpPAHHOR CXeMe H CHM-
MeTpHuHoH Tpexdasnoii Harpyske, Ha 3auute npoBepseMoro KoHua
JHHUH MEHAIOT MeCTaMu (MepeKpelHBalOT) BCNOMOraTelbHBlE NpPOBOAA,
NPH 3TOM H3MepAIOT HAUpsXKeHHe Ha NPOBOLAX; HanpsxeHue NOJIKHO
yBenuunthes A0 10—15 &, 1 BennuuHA ero 3aBHCHT OT HATPY3KH JHHHH
M yCTaBOK R u A 3aHTHL

BoccradaBanBaoT HOPMaJbHYI0O CXeMy BCMOMOTaTejbHBIX NPOBOAOB
H NOBTOPAIOT M3MepeHHe Hanpsxenus. HanpskeHne He NOJXKHO NMpeshl-
ware 1 a.

T'aasa wersepran

SKCNJAYATALHOHHAS NPOBEPKA 3ALNMTH Q3JI-1

IKCNAyaTauMOHHYI0 TPOBEPKY 3dUlMThl PEeKOMEHAYeTCs MPOBOJHTD
1 pa3 B 2 roga B caenywiieMm ofbeme ':

I. BHewHuii ocMoTp peje, BCNOMOraTelbHHX YCTPOHCTB, MpoBepKa
MOHTaXKa 3alUHThi H MexaHHYeCKOH 4aCTH peje, anmaparoB 3aulHTH
H KOHTDOJA BCIIOMOTaTeJbHBIX NpoBojaoB. IIpoBepKy NpoBOAAT COriacHo
noapasgeany 3—4.

2. TlpoBepka coONpOTHBJEHHST H3OAAUMH peje, BCIOMOTaTeNbHLIX
YCTPOHCTB 1I BCeX COeNMHeHMH 3aidTH. [IpoBepky npoBOAAT COraacHo
nojpasgeny 3-5.

Hcnerranve u30aauMH noBelileHHBIM HanpsxeHdem 1000 & otHo-
CHTeJIbHO 3eMJH NpoBoAdaT | pa3 B 3 roga B MOJIHOM CXeMe 3alMTHI

3. IpoBepka paGouux YCTABOK H XaPaKTEPHCTHK 3aIUHTH, B TOM
qyucJe:

a) Toka cpaGareiBauus u BozBpata B dazax BU u CA npr otkaw-
YeHHBIX BCMOMOraTe/bHBIX [POBOLAX 3alUHTHL Pe3y/nbTaThl CIHYAIOTCH
¢ NPOTOKOJIOM NpeAbAyLeldl NPOBEPKH.

HonyckaeTcs OTKJIOHEHHe yyBCTBHTeJbHOCTH B mnpefenax =5%.

6) XapaKTepHCTHKH CONPOTHB/eHH CPaGaTHIBAHHA NOJYKOMIJIEK-
Ta 3aIHTH JJda HeCKONBKHX 3nauenufr ToKa B ¢aszax CA mnepsuynoil
nenu ¢puantpa (A0 15—20 a) npu 3aMeHe BCnoMorarefbHEIX MPOBOIOB
MarasuHoM conporusiednit. OTKAOHeHHe XaPaKTEPHUCTHKH OT paHee
CHATOIl He 0JKHO npeshiats +5%.

ITpoeepkst no n. ¢ u 6 NPOBOAAT B COOTBETCTBHM ¢ MOJAPa3fenaMH
3-9 u 3-11.

4. Tlposepka yerpolicTBAa aBTOMATHYECKOTO KOHTDOJSL BCIOMOra-
TeJbHBIX NPOBOAOB 3ALIHTHL

a) [lposepsaioT TOK cpalaTblBaHHA H BO3BPATa NOAAPH3OBAHHBIX
pene B TOJHOH cXeMe 3allgThl nO nojpassgenaM 3-7, m. 2 u 3-7, n. 3.

6) Ilpopepator u, echau 3TO 1eOO0XOLHMO, YCTAHABAMBAIOT HOMH-
HaJdbHBEI TOK KouTposs 55 ma no 3-10, n. 2.

B) Ilpu nosHocTblo cOGPaHHOR cxeMe 3aUIHTHI H KOHTDOJA TpoOBe-
PSIIOT, NIPH KaKOM MAKCHMAJBHOM COTPOTHBJIEHHH 3aMBIKAHHA HA 3eMJIIO
cpabaThiBaeT pesae KOHTPOJSI H3oasuud. [IpoBepKy NDPOH3BOJAT MyTeM
noafopa CONPOTHBJEHHsT HA Mara3HHe COTMPOTHBJEHHH, BK/MIOUAEMOM
NOOYepeIHO MeK1y Ka)KApIM BCHOMOraTebHbIM NPOBOAOM 3alLHTH K

! [TepByro SKCOTVIYaTAUWHOHHYIO MNPOBGPKY DeKOMEHAYETCA NPOBeCTH uepe3 rold
nocje HOBOMO BXK/IOWEHHS, a Nocrexaywlouye ! paz B 2 roaa.
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SCM.geflOHa ucnwitaTeabhoM Gaoke I6HE. Tlpoepky BeRyT Mo noApasie-
ay 3-10.

r) IlposepawoT pa6oTy KOHTPOAA COBMECTHO C 3alluTofi npit no-
ouyepenHOM OOpbIBE Ka)AOro BCIOMOraTeNbHOro MpoBOAa.

A) Tlposepsior paboTy KOHTPOJS COBMECTHO C 3ALIMTOHl NpH nepe-
MeXaloueMcs oOpbHBe OAHOTO N3 BCIIOMOTAaTelbHBIX NPOBOJOB 3AUHTHL
[Mpu nporepkax no m 2 H J :KenaTenbHo, yToOH TOK HATrPY3KH OBUT
He MeHee 0.6 fnom-

e) IlposepaioT pa6oTy KOHTPOJS COBMECTHO C 3alIUTOH MPH MHO-
TOKPAaTHOM 3aMBIKAHHH BCIIOMOIaTeJbHBIX JIPOBOJAOB.

[pu nposepkax no nm. 2, @ B e BeIxogHoe pedie [PIl He AOKHO
cpaGaTmBarh. 3Ty NPOBEPKY BedyT B COOTBETCTBHH € noxpasgeiom 3-12,
mn 2.

OCHOBHBIE TEXHHYECKHE OAHHBIE

OcHOBHble TeXHHYECKHE JaHHble

G6o-
3Have-
HanMenonauge H}:se B Tun HauMenonaiiie oGMOTOK
cxeme
Pene nudbpepenunann-} 111PI PrI-7 Patoyan
HOe Topmosuas
Pene xourpoas uc- (J/1P—-2 P17 Paboyas
NIPABHOCTH TopMo3sgas

KoMmnenrcauHOBHasA

Pene BuxoaKoe npo-|{ [P[] —_—

=
MeXYyTo4YHOe » la Napannensnas wj, = wy
; INocnenosarennnas W, = w,
=]
S_é’ 2 Napanienshas @y = wy
g Tocueposarenvnas w, = w,
3
£ [MapannenpHas w, = wy
3 4a p
~ IlocnenoBaTedbHAR Wy = W,
Pene xourpona uao-| 2/7PJ P17 —_— Padouant
AALUH PaSouan?
Pese wmaxkchMaznpuoro | 8PT 2T.523/2 — —
TOKA
Pesle yKasaTedoHoe 4Py oC-21/1 — —
5PY
Pente yKkasaTeibHOE 6PY {3C-21/0,025 — —
aC-21]110 —_ —
Pene ykaszarenuhoe 7Py 1220)
MukpoaunepMeTp ri M-494 _ —
100 Mxa

! O6e OOMOTKH peJie CoeAHHEHbl MOC/e 0BATEAbHO,
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5. IlpoBepka B3auMONEHCTBHA BCeX pefie B MOJHON CxeMe 3alllHTH.
[IpoBepKy BepyT npu HanpsKelud onepaTHBHOro Toka 80% HOMH-
HAJBHOTO B COOTBeTCTBHM € noapasiaenom ¢ 3-12, n. I
6. [fpoBepka 3alUMTLI TOKOM HArpy3KH JHHHH, NPOBOAST B COOT-
BeTCTBIN ¢ moApasgenom 3-13.
[lpi ucnbiTanusax cdenyeT ONYCTHTh NPOBePKY coBnaienHs ¢as
TOKZ MeXJAy 3alMTAMK TPOTHBONOMOMKHHX NOAcTaHuH#A (3-13, n. 4).
STy NPOBepKY MNPOBOASAT JHLIb B TeX CAydasx, KOraa oTCOe/liHsA-
JUICh TOKOBBIE KOHLLI OT 3aKHMOB NaHe/H, HANDHMep NpU NepeMOHTAXKe
WJIH TNiepeBOoje 3aUlUTHl Ha ApYyrue TPaHchOpPMATOPH TOKA xOTA OBl HA
ONHOH H3 nmoAcTa:dUHH.

7. IlpoBepsiioT pelicTBHe 3alIUThl HA OTKJIOYEHHE BHIK/JOYaTess.

3JIEMEHTOB 3AUNUTBI [43JI-1

pejJe ¥ MHKpoamnepMeTpa

TPUJIOKEHHE [1-1
TaGuanua II-1-1

Tox Pacctos
‘Hlxgﬁgﬂ Mapka Egg%%ﬁg’;‘;}; cpaaTh- | Tok Boappa- .-.:em;)-r K}g:ﬁ
06MOTKH lipovoaa oM “a):g“' T&, Ha Taxlaru,
1102 naJ-o0,1 1 250 2,4-2,5 1—1,25 0.4—0,5

1 400 na/1-0,1 79 — — —_—

9 000 I13Bi-0,1 900 2,5 1,25—1,5 0.4—0,5
630 I12B1-0,1 —_ — — —
240 3B!-0,1 12 — _— -—

4000 I13B2-0,1 — - — —_—

72 113B2-0,38 —_ — — —

4 000 [13B2-0,1 bt - - -

36 I13B2-0,55 -_ - —_ —

4 000 11982-0,1 -— — —_ -—

18 [1382-0,8 - - -~ —

4000 I13J1-0,06 600 0,8 0,3—0,5 0,4-0,5

25 000 112J1-0,06 8 000 —_ —-— —
502 TIB1-1,25 — 2000 1 700 -~
18) T13J1-1 0,2 1 000 — _—
7200 aJ-0,17 320 25 — .
32 000 113J1-0.07 7 500 — —_ -
61 0JO T13J1-0,06 28 000 — — ~—
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Ta6auua I1-1-2

OCHOBHEIE TeXHHYECKHe JaHHble TPARCPEaAKTOPa, TPAaHCPOpMATOPOB H Jpoccens

L] ¥ 2 .
& Hanveunona. Yacao Mapxa Lo | ©
-
Hanmenosanne g% HHe OGMOTOK BHTKOB npoBoaa Eé g9 E EE [Tpumevasns
o & g'c E > . E Ky
=Ty 3288 =¢ ©
Cw CESR| & OB
=i{8; oThRaR- - — _
TOK’I(;;;chpeakrop ¢uanTpa [ /TP | [epsHanas t:(;l.{ ol'f 9?1'0 "ﬁ NnBAa-1,95 u=2s{ 15,7 BosgywHp# 3830p, 3 MM
12-r0 BHTKOB
Nepsuanan | wo="6; oTmak- | TIBI.1,05 - _ -
Ka oT &ro K
4-r0 BATKOB
e
Broprunas w,=R5 I3BI1-1,16 — - —
—
Tpauchopmatop npo- | ITIT | Depsuunas w,=80 NBA-1,16 — =
MeX Y TouHELY BropHuHuas wy=2 40%0 I3B-0,14 150 M=75) 0.9 coﬁ;ﬁﬂﬂ;ﬁ,”'e Hofff;g,f;f
RTopu4Has wy=1 N3BI1-0,08 3750 TeJLHO
P ) PR
Tpauchopmarop Hanpsa- | 2TH IlepBHYHaSA w,=3 000 T3B2-0,2 (45 =16/4 ‘
WeHHA  CTAGHAN3HPORAH- Bropuunas wy=| ggg T1382-0,95 8 L=16741 1072,5 pa?fg;g;ﬁg Haoﬁ:[v{uc::pﬁ
HbIH RropHunas wy=I 11332-6,25 49 KOM KepHe, 8 BTODHYHhE
Ha Y3KOM
[,
Hpoccenn 20 — 14 000 1382-0,1 — m=t2| 2,7 To/HOe COTPOTHBACHKE
Apoccens npH f =50 24
2 = 400 000 —600 000 om
TpanedopmaTop uzonu- | 3TH MeppuyHan 850 11352.0,8 7,9 ur=30| 21 Bropuunan 06MOTKa
BropudHas 1 275X2 T1382-0,35 147 pasaeneda Ha I8¢ pPap-

pyOmHii

Hple CEeKHUHH



Ta6aunwa M-1-3
OcHOBHbIE TeXHHYeCKHe JaHHble KOHIeHCATOPOB

 ©

OGoa- E 3 § g @ S

Hanvenopanue ::3:% Tun § E‘ﬁ E £ § 2 %

cxeve = §8\9‘ 222080 5 %

= X b - ©r

< | ST3|assE | £

Kongencatop . . . . . ICl | MBIrg| 1 2 410 160

Kouneucatrop . . . . . JC2 | MBTO | 1 2 710 160

Kongeucatop . . . . . IC3 | MBro| 2 6 +10 160
KonzgeuncaTop BHIXOLHOTO

pere . .. .. .. IC4 | MBI'o| 3 30 410 160
KouaencaTop anextpoad-

THueckdfi . ., . . . . IC5 | ary 1 200 —_ 50
Koungercatop ,crabuin-

3AUUAE . . . . . s 2C! | MBIo | 1 1 410 §00
KonneuncaTtop siaexTpoau-

THYECKHUH ,naMaTh* . .| 2C2 | 3T} 2 400 —_ 50
KonjeHcaTop 3/€KTpoJH-
THYeCKHU ,CrJjaKuBalo-

WHA* . L. L 2C3 | arg 1 [ 200 —_ 50
Koupencatop  pazgen-

TeJbRBIT . . . L. . 3C1 | MBITT} 1 10 +10 400

Ta6auya [1-14
OcHOBHEIe TeXHHYeCKHE AaHHbBle COUNPOTHBIEHHH

O6o3- Zony-
nate- HoumunuagabHoe | cTHMOe
Haumenosanne HHe B Tun CONpoTHBAL- OTKJAO-
cxeme HHE, OM HEeHHe,
(J
Conporupiedue QuasTpa ToKa
ans rpy6ofi perynuposku’ . .| IR! —_ 0,58 —
1R2 — 0,58 —
Conporubpnenne (HabTpa TOKA
ANS MNaBHOK PerymupoBkd . .| IR — 6,5 —
ConpoTuaeHHe . . . . . . . IR5 | MJITI 15 000 +10
ConpoTuBaeHne p06aBOYHOE K 2500%
pene 6PY . . . . . . .« | IR7 I13-15 bt _—
Conporunnenne JoGaBoyHoe K 5 000
232 500+
pene II7P2 e e v .| IR8 113-15 505 000 +5
ConpotuBiene L06aBOYHOE K 500%
peac IPIT . . . ... ... IR6 | TIBA5 ilego_

99



[1 podoaacenue

Ob6os- Homy-

Have- HoMmHuaabHoe | cTHMOE

Haumenobanune HHe B Tun COMPUTHBAC- | OTKJIO-

cxeme HHe, oM HE‘J}{HE.

Conporunnenne goGasousoe . .| ZR/ | MJIT 10 000 +10

Conporubaenue gobaBounoe , .| 2R2 | MJT 100 000 +10
Conporupienne peryiupyeMoe—

WYHT . o o v v 0 0 o u .| 2R3 | CI1 0—1000 —
Conporusaenne . . , . . . .| 2R4 | TII3 560 —
ConpoTHBIEHHE PeTyinpyeMoe—

WYHT .+ + o v v v + « o « «| 2R5 | TIZBX-10 0—12 —_

! BLINOMHEHO H3 KOHCcTaHTaHa d=[.8 mm.
* D YHCJHTene — AJI8  HaNPsXKEHWA nocToguHoro Toxa 1104, a B 3Havenas
Tene — 220 s,

1T punroawenue I1-2

NMACIIOPT-IIPOTOKOJI 3KCHJIYATALLHOHHON IPOBEPKH
H HAJAJKH NPOLOJBHOW JAHOGEPEHIHAJNBHON
3AMHTH JUHHHA [3)1-1

coBHAPXO03
LaTa MpoOBePKH
3HEprocucremMa
CTAHUHSA, NOACTAHUHS 3aiujuuiaemslit 0GbBEKT

[TPOTOKOJT Ne TTPOBEPKH 3ALIMTHI

HaHMEHOBaHHE IDOBEPKH

Ta6aununa IT2-1

Ilacnop'rume H HOMHHAJLHLIE NaHHble NOJAYKOMIJEKTA 3aulUThl

3ason-
HaumenoBahue cKuly JanHble
HOMEp
Yerpofictno 1 HoMusaanHblll TOK, &
(pese Andpepentuanpoe Hanpsaxenne onmepaTuBHOrO TOKa,
A3J-1) p
Tox yaepwuBalIMX  KaTYIIECK,
a
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11 podoascenye

3asod-
Haumexosanne CKHit HasHbe
HOMep
Yerpoiierpo 2 HoMmunanbHoe HanpsokeHne nepe-
KOHTPOJI COGNHHATE/b: MEHHOTO TOKA, 8-
HEIX TPOBOAOB) HoMunanbHbli  TOK  KoHTpOAA
MO _
Yerpolerno 3 HoMuuanbnuii Kosdpdbuunest Tpanc-
(u3onupylowmuii Tpancdop- dopMatuy ——
MaTop) HoMUHANbHAS EMKOCTb, MKG
YkasateasHbie pesne 4.5 Tun pene, 3C21
6,7 | Tam pene, 3C21
H S
Benomoratenbnbie  1po- Tan xaGeas
BOZA Hauda, ty——m
ConmpoTHBICHHE, OM.
EMKOCTD, MK— .

3aganubie ycTaBKR A =. ...

IlpoBepka BHEWHHX unenei

K==...

Ta6auna I1-2.2

OGneKkT NpoBepKH

3aUHThl
Ne npo- | Hara
TOKOJIA "P‘l"":p‘

TpadcdopmaTopul TOKAa H HX UCMH . « + o« o o o .
Uenu oT TpaHchopMaTOPOB HAMPAXKEHUA . . . . .
OTkAwyaomad KaTyluka M ee Lend . . . . .
BAoK-KOHTAKTH BBIKJAOUATENEH ¥ HX NemH ,
BcriomMoraTedibHble NMPoOBOAA 3aMHTH o« o o « o o o

Ta6auna I1-2-3

[IpoBepKka NMPUHUHOHANHBHOH H MOHTAXHOH CXeM,
MOHTAaXA 3allHThl H MapKHPOBKH

HaumeHnoBaline

Boinonuewo 5o 4ep-
TeXKYy Newr—mi
COCTOfIHHE MOHTA-
Ha H MapKHPOBKH

MoOHTaX Ha naweau . . . , , .
MonTax yerpodictsa | ., ., .
Mosnrax yerpoiletea 2 . ., . .
MonTax ycrpolictea Ne 3. .,

Ma{)KHpOBKa JIEMEHTOB 3aULHTHI H BCeX

L N )
L T T ST T S
L L Y
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TaGanuuwa I1-24

BrewnHi OCMOT], OpOBEepPKAa MeXaHHYeCKOH YacTH peJae,
annaparoB 3AMWHTBL H KOHTPOJA

8=y
O6o3Havyenne axe
Hauyenosanue Tun B CXeMe Qe 8
t(n.U
S5
Pese nmonapusosansoe ., ., . . . .| PI7 1I1P1
" v PI1-7 111p2
» . P37 2r1p!
Pene npoMexyrouHoe suxognoe , , | PII-21 1pri
Pene Toxkosoe . . . . . . . .+ | OIT-523/2 8PT
Pene ykasatenpbe . . . . . . .| 3C21 4PY—7PY
Tpaucpeaktop ¢uasTpa . . . . — IT®
Conporusaenve ¢uapTpa. . . . . — IRI—IR4
Tpauchopmatop . . . . . . . .. — ITI7
Kougencatopel . . . . . . . .. —_— ICI—1CS
MocTn BunpsMuTensube . . . . .| 7T IMBI, IMB2
2MB
CONPOTHBAGHHA . « o« « & « . . .| TI2B IRS5, IRS8
CrabuaugaTopbl Hanmpsxenua . . .| CI4C ICT1, ICT2
TpauchopMaTop . « . . . e e — 2TH
Koupencatop . . . . . .. .| MBIO 2CI
JqaoAW . « ¢+ v o v+ - o . o HAIT 24r1, 24r2
KoHpencatopsl anex'rponmnqecxﬂe ary 2C2, 2C3
ConporusaeHusa . e e e 2RI—2R5
Knonku Bknioyewus . . . .. . .| KB6, a 2K1, 2K2
MgakpoamnmepmMerp . - . . . . . .| M49 ar
Opoccenb . . o v « v v o v o . . —_ 20
TpancopmaTop H30AHDYOMHUA — 3Td
KonpgeHcaTop pasjiesinTeabHbIA . MBTITI 3C1
Haknapku . s s e« o« .| HKP 9H, 10H, 11H
HenbiTaTenbHele GIOKH . o o . & 12HB, 17TUE

IipoBepKa CONPOTHBICHHA H
BCOOMOrarTeJbHBIX yCTpOHC‘l‘B

Tadéauma I[12.5

HCOblTaHHe H30JAALUHH pele
H BCeXx cOeaHHeHHH 3amHTh

Usonsauus uvenei, Mom
3a8UIUTLI, CMOH-
THDOBaHKON Ha |CMOHTHPOBaHKEIX
OBbeKT nanesH BHe Mane.qn
Ha | Mexay ha | MEXRY
semaio | HPOBO- | zeyjo | 1POBO-
NaMH dAMH

TOKOBHIE LEIH -+ + + « « « « o 2 « o o o »
Llenu Hanpsieuus fNepeMeHHOro TOKA
Llend HANpAXKeHHA NOCTOAHHOrO TOKa

.

Llerm KOHTDOJIE BCHOMOraTeabHLIX l'[pOBO}IOBH

LenH CHrHaJIH3alHH
Llenb BcHoMOraTenbHbix fiposonos

TlpoBepxa H30MAUHH HanpsAkenHev
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Ta6anuua [I-26

HamepeHnne COONPOTHBIEHHA BCNOMOTraTejbHBIX

NNPOBO OB 3aujHTh]

Pe3ayabTaThl NpoBEPKH

CxeMa IpOBEpKH

U,oall a Rpernn=

v
Il

(28]

- BEITLEFIS v 230 1 1

Jaropomxa

H3MepeHHe eMKOCTH BCOOMOraTedbHBIX

Ta6auua I[1-2-7
pOBO I0B

PeaynbTaTbl npoBepry

Cxesa npoBepkit

C=[.1O‘

U,e(l, a 3140

MEP

~1278 ALLLES IS TN

C)—mmm%mfwmmmmw

Ta6auna I1-2-8

[lpoBepka H peryJHpPOBKA NQJApH30BaAHHOTO pene IIIP]

Pe3yabTaTu HPOBEDKH

Tox cpabaTblBaHUs

Tox so3BspaTa

Cxema npoBepKH

Pabouas | T0PMO3-
o6moTka | HaA 0G-
MOTKa

Pafiouas | TOpMO3-
obmoTka | Has ob-
MOTKa
mey,
T S
Tl 112
101
K Seennpamumenio
M82
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Ta6auuna I1-29

Mposepka u peryauposka noJspH3oBAHHOTO peae I/TP2
KOHTPOAS BCHOMOTaTeJbHLIX NPOBOAOB

Cxema NpeBepKH

PesyabraTtel nposepku

Tox cpaba- | Tox Boa-

THIBANMA, Ma| BpaTa, mxa
= o
s ]
Z = | = =
5 (=] =3 o.g
e | R |8 |8
- 4 -~

~1008

10000x | mep Y
Yempodembo
KoNmpOLA
4

\Z

Ta6auna J1-2-10

[lpoBepka H peryJHpoBKa UOAAPH3OBAHHOrO peJe 2[1P1
KOHTPONA H30ASNHH BCUOMOCLATENbHLIX HPOBOAOB

CxeMa npoBepKH

Pe3yabTaThl nponepxy

Tox cpaGaTeiBauuda, | TOK BO3BpaTa,

MQ Mo
~A)— Conporusaesue | ConpoTunne-
cpabaThlBanus, HHE BO3Bpa-
=1 "ot KoM T2, KOM
Yempotuembo
~1006

104

Xi
QumPOAR | 4 Mazasuw

conpomuldnenud

TaGanuua IT2-11

[IpoBepka npomMexyrouHoro penae IPI7

CxeMa NpOBEpKH

Pe3yabTATAl NPOBEPKH

Hampazxenrue, g

cpafateiBaHKa Bo3BpaTa

1°n
v/

k6

2206




Ta6auuna [1-2-12
[IpoBepka ToxoBoro peje 8PT

Tok cpabaThlBaHus, a l

Tok BosspaTa, a

PaGora pene mnpu Tokax oT
1,05 ]cp o )

MAaxc

TaGauua [1-2-13
[IpoBepxa ykasarexbublX peje 4PY—7PY

Tan peJae | Py l 5PY !6P.V I 7Py

Tox (sanpsKeune) cpaGaTuiBauus, a, 8 | l I |

Ta6auna I1-2-14

Peryjsuposka ycTaBoK 3amiTsl H NpoBepKa
duabTPa ToKa (CXeMy OPOBEPKH CM. PHC. 2-3)

Tok cpabaTbizalusi, @ YcrasxkH

o6paTHOH no- B ¢asax
caeposatedhe

HOCTH

npaMoeit nocae-
R0BATEJBLHOCTH

Bo | 4ac

e

MaxkcHMalblalf  TOR  TpexdaisHoro KOPOTKOrO  3aMblKaHHA

1 =.,.a
MaKc

Ta6auua [1-2-15

HaMepenHe norpebienHs MOMHOCTH B lensX Toxa Ha dasy
(cxemy mpoBepkH cM, puc. 2-3)

ToRH B aszax Ip=5a Ig=35a Ic=5a

[Magenue nHanpsKenus
Ha a3y, 4 U o= Ugo= Upy=

[Torpe6nense  MouiHo-

TaGauua [1-2-16
IIpoBepKka peJe KOHTPOJAs BCOHOMOratTeJbHBIX NIPOBO OB

Pese

Hip Rpa6=--04 (Rropy==...08|Ryopgy=+-0 (T op=e-M8| Ig=...Ma | I7opy=-.-4a

Pene

21P[ | Rpa=-.0# | Rep=...0n — Iep=...ma| lp=...ua -~
YcTatlopseitbifi TOK KOHTpONs [yp= ... MG,

105



Ta6anua I1-2-17

XapakTepucTUKa CONPOTHMBACHHUN CpaGaThiBaHHA
NOJYKOMIUIEKTa 3amuThi

Pe3yasTaThl NPOBEPKH
CxenMa mpoBEpKH
porER Igo- & |2 J3 s |7 |1015]20 | 20
LI Pl Rop» oM
3
«§ KRR
I | nanyxomnaexm gE Rep9) OM
sawumu S8
1 X ]
St smma—ge] | || =]
Sempodemto ¢
ol Jempoicm
~1008| " xonmpans

Repi—conporusaenne cpabaTuipaius NONYKOMN/EKTE 3aUETH  JAHHOIO Koilla
ARHUH;

ch2—'TO e MONYKOMIJIEKTA INPOTHBONONOKHOIO KOHUA JHHHH. ﬂorpemuocn:

CORPOTHBACHHA CpabaTuiBAKHA & =&ZLQ) 100%.
1

Tadauuna I1.2.18
TopMo3nan XapaKTCpHCTHKA 3am HYLI

I(2y @ ol e s fals s s ]
w g [T
;Im // ‘

" ////
5 /,//
0 5 /] 15 fl(e}

CHsiTHe XapaKTepHCTHK BEAETCS TOKOM B Uenk dasbl B0 npH yrae ¢=1804-25¢
AAs 3aJaHHHX yCTaBOK A M X, XapakrepHCTHKA BHYEPUHBAETCA HA pHC. [1-2-]8,
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Ta6auua I[1-2-19
lMposepka B3aHMOAEHCTBHA peJie B 3amHTe

"?;;. npoaepxemaﬂ XapaKTepHucTHKa Pr?;g:eb;;?;u

1 Hanps:xeHne nOCTOSHHOTO TOKa, 8

2 | Tok xourpons, ua

3 [TocneposaTensviocTh AeficTBHA peae B MNOJHOH
cXeMe 3alMThl 110CJe 3aMbiKaHHA KOHTAKTa
peae I/TPI ot pyks

4 To xe, Ho npu o6pbiBe LENW OJHOrO W3 BCHOMO-
raTeJLHLIX NPOBOAOB 34LINTHI

5 | To xe, uto 4 B n. 3, HO NPH Pa3OMKHYTHIX 0060-
uX KouTakTax peje 8§PT

6 [TocaenoatesbHOCTL NEHCTBHA pese npH  3a-

MKHyTOH Haknanke I1H u xonrakre IIPl u
0GOPBAHHON 1ieNM BCNOMOraTEeNbHBX MPOBOAOB
7 | 3aMbikaune kOHTakTa pese 2[7PI or pykd
8 | 3azeMiende nenH OJHOrO H3 BCOMOraTeNbHBIX
npOBOJOB

a) wakaagka 2H! samxkuyrta

6) nakaaaka 2HI pasomkuyTa
9 | HeiicTBHe KOHTDPOJIA [PH 3aMbLIKAHMM LEMH BCIO-
MoraTeJsIbHbiX TPOBOAOB
10 | HMeficTBue KOHTPONS 1py OGpbIBE UENMH BCIOMO-
raTeabHslX IPOBOAOB
Il | Heiictere 3amWHThl HAa OTKJIOYEHHE BLIKAIQUATENA

Tab6nuua TI1-2-20
IIpoBepka TOKOBLIX LeneH 3auUThl

HaMepAeMule TOKH Iy Ig | Ic |31 {31

Toku nuuud (no 1wuTOBHIM npnbopam), a

Bropuunble TOKY NPOBEPSEMOro NnosyKoMn-
JEeKTa 3alIuTh, &

To xe NOJYKOMIUIEKTA 3aUHTHl TPOTHUBO-
NMONOXHOrO KOHUA NHHHH, &

*) Ilpn orkmouentolk ¢ase Toka,
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TaG6auna I[1-2:21
BexkTOpHasi gHarpaMMa BTOPHUYHBIX TOKOB Harpys3xH

MoxkasaHuss WHTOBEX NpHGOpOB

AKTHBHAA MOLLHOCTH PeaKTHBHAST MOLIHOCTD
OT MHUH e K8 oT WHH—m—++—— K82
K LUHHaAM xam K LIHHaAM Kea

CufiTue BEKTOPHON AMarpaMMel

Tloxasauus BaTTMeTpa, sm HIH IMokasannsa BOJbTMETpa ¥ amuep-
rpapycnl MeTpa
Hanpsike- | C Toxom C TokoM C ToKOM Hampaaenns, o Toxu, a
nne Ta ] Ie JHHe#HbIe | ¢a3oBbie '
Ua Ung= | Un= | Ia=
Up Upc= | Up= | Ip=
UC UCA = UC = IC F—J
*
Ug 31y =
UC

o TpancdopmaTop Toka: n,= ; TpancdopMaTop HanpsxeHud n
BATTMETPA ... &m.

H?

* Ipu orkaiodeHHof (ase,
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Ta6auua T1-2-22

l1poBepKa npaBUILHOCTH BKJHOYEHHS
KoMOHHHPpOBaHHOTO GHABTPA TOKa

Tokn B pasax Iy =Ig=Ic=...a

SnekTpoasukymas caia E, Ha Beixoae QHJLTPa NpH nps-
MOM uepejoBandd §as Toka ...8

DNeKTPOABKKYIAS cuila Ey Npd o6GPaTHOM uYepejOBAHHH
a3 ToKa ...4

E,
OTHowmenue 3. A. €, &= ==
E,

¥YcTaBka x

Ta6uuwa I1-2-23

llpoBepka coBnajeHnsi a3 TOKOB MexAY 3AWHTAMH
Ha OPOTHBONOJOMHBIX DOXCTAHNHAX

Tok nuunu /...a

Hanpsm(enue Ha BCNOMOraTeJbdhiX Npopoaadx

AAHHOTO NOJYKOMN- NPOTHBONOJAONKHOTO

Ha sawure npoTH- JieKTa NOJYKOMIIEKTa
BOIIOJIOMKHOrO KOH-

1A JHHHE BKJUGYUEH | 1y, nposepsgemoit 3aw- | Ha nposepaenoft sauwm-

TOK assi Te BK/MIOYEH TOK pasbl | Te BKJAWYEH TOK ¢asn
a |l B |lc | alr]ec
A
B
C

IIPHJIO)KEHHE 11-3

PACYET W BbIBOP YCTABOK NPOLOJILHOHA
OANOOEPEHUHANDHOH 3AULHTLI JUHHA A3JI-f
Hapexnas pabora sawursl [J3/1-] BO MHOTOM 3aBMCHT OT mnpa-

BHJIBHOIO €e pacyeTa H Bbxdopa YCTABOK, KOTOpHe AOAKHB JaTh BCe
KreoGXoAuMLle mapaMeTpnl AJig BbIAAYH 34dKa3a 3aBOAY-HU3rOTOBHTEJNIO,
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MOHTAXa 3aLUMTH, 4 TaKXXe BCe HCXOJHble JaHHHe A5 NePBoil HaJaAKH
3alUMTH Tlepel BBOJAOM €€ B SKCIyaTalHIo.

Pacyer COCTOHT H3: 1) onpefeieHHss TOKOB KOPOTKOrO 3aMbIKaHHS,
2) Buibopa kKospduuneHtor Tpancopmauun TpaHCHUPMATOPOB TOKA;
3) onpepeneHHs TOKOB CpafaThiBaHHs 3alMTHI H BBIGOPAa YCTAaBOK /i
H kB KOMOGHHHPOBaHHOTO (HIBTPA TOKA.

l. PacyeT TOKOB KODPOTKOTO 3aMBKAaHHS NPOH3BO-
AWTCA OJHHMM H3 IIPHHATHX METOJOB, NOTPEIIHOCTh KOTOPOTO He MpeBOoC-
xoaut 10%.

PacyeTaMn TOKOB KOPOTKOI'O 3aMELIKAaHHAl ONpeAeNsiloTCA:

a) MakcumalpHBI MepBHYHHA TOK TPeX(a3HOTO KOPOTKOTO 3aMHl-
KaHus 15,,33“, NpoTeKaWHi N0 OAHOMY KOHWY JIHHHH TIpil MOBpeX-
JeHHH B 3aliHilaemoli 3oHe. STOT TOK ONpefeNsercsi o0BYHO NPH Ma-
KCHMAJbHOM PexkuMe paGoThl CHCTEMBI, a B PAJIe CJayyaes C yueTOM pas-
BHTHSI CHCTeMbl B Gunikaiiiune 3—5 ner.

6) MuHnManbHbll cyMMapHBIH TepBHYHBIH TOK TpexdasHorc Kopor-
koro sambikamna @) | npuTekalomwmit ¢ 0GeMx CTOPOH K MeeTy
NOBPEXKAEHHs] AHHUH, 3TOT TOK ONpPefe/sercsi B MHHHMAJBLHOM DexuMe
Npd IBYCTOPOHHEM MHTAHHH JHHHH HJIH NMPH OAHOCTOPOHHEM ITHTAHIH,
ech¥ TMOCJAeAHHH peXdM BO3MOXKeH B 3KCIUIYaTALHOHHBIX YCJOBHAX,
4 OTKJIIOYeHHe JHHHH B 3TOM CJy4Yae OT Pe3epBHBIX 3aUIUT C BLIEPIKKOi
BpPeMeHH HeJoNnycTHMO.

B) MunuManpHple CyMMapHble TIePBHYHbIE TOKH KOPOTKOTO 3aMblKas
HHA NpAMOH [iyun H 06paTHOH [zwuw MOCHEAOBaTENBHOCTEH, NMPHTEKAIO-
uHe ¢ 06eHX CTOPOH K MECTY NOBPEXAEHHA JUHHH AJ8 peXHMOB, YKa-
3aHNX B n. 6. OnpenensiolidM BHAOM TOBPEXIAEHHA AJd pacyeTa To-
KOB KODOTKOIO 3aMbiKaHMS, KaK NpaBujo, ABJSercA AByXdasHoe 3aMml-
KaHHe Ha 3eMJl0.

2. Pacuyer n BH6GOp KostDdHuHeHTOB TPaHchoOpM a-
uH# TpanchopmMaropos TOoKa Kosbduunento Tpanchopmauun
TpanchopmMaTOpOB TOKA 7y DACCUUTLIBAIOTCA NO MAKCHMAJBHOMY TOKY
KODOTKOI'0 3aMblKaHHa., 3Th k03D(HUMeHTH, KaK nNpaBuio, KONAHBI
OHlTh OQHHAKOBBIMH 11 OGOHX KOHIOB 3ailiHilaeMOH JIHHHH.

Kospduuuenrsr tpanchopmMaunn n, XKenareapbso BhGHpaTh € Ta-
KHM pacyeroM, 4ToObl MAKCHMAJBHH BTOPHYHBIH TOK NpH TpexpasHoM
KOPOTKOM 3aMbIKaHHH He npeBocxoaua 100 a.

TIpu atoM koadduuUHEeHT 1, NPHHHMAeT 3HaYeHHe:

[(3)

MakKc

=100 ¢

Ilpn BTOPHYHOM TOKe KOPOTKOrO 3aMBIKaHHSA, I[l€ NpeBHIAIOLIEM
100 a, BHGOp ycTaBKu A He JHMHTHPYETCS BTOPHYHBIM TOKOM KOPOTKOI'O
3aMbIKAHHS, H 3Ta YCTaBKa B 3aBHCHMOCTH OT 3HAUEHHS MHHHMAaJbHBIX
BEJIMUMH TOKOB KOPOTKOrO 3aMBIKAHHS MOMeT GOhiThb NDHHATA paBHOf
I; L5 uau 2 a.

Ecan e mepBHuHble TOKH KOPOTKOIO 3aMbIKaHHsi HaCTOJIBKO BeJH-
KH, 4TO Mogo6paTh YIZOBJETBOPHTeJNbHOE 3HAUEHHE Ny AN CTAHZAPTHAIX
TpaHchopMaTOpPOB TOKa YKa3aHHBIM BhIUE CNOCOOOM He NpeicTaBJseTcs
BO3MQXHLIM H BTOpHUHEIEe TOKH mocturaior {50 @, 1o cnegyer onpe-
BENATD Ny H3 CJeAYIOero BLiPAXKEHHSA:

3
e
n‘r> 5
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OnHako npH 3TOM CJelyeT ydyecTb, YTO YCTaBKa He MOXeT OuTh
npundTa MeHbiteil, yeM 1,5 a.

HakoHel, a8 c/yyas, KOTAA RNy ONPENeJsercs M3 BHPaMeHHs
e
Tz%aﬁ'(‘-)f-, yCTaHOBKa K aNR BTOPHUHbIX TOKOB, 60abiuHx ueM 150 a,

Jo/Kua OblTh NPHHSTA paBHOl 2 a.

Ipy OTHOCHTENBHO ManblX TOKaX KOPOTKOTO 3aMblKaHHA Ko3(i-
UHeHT Tpanchopmauun BhibHpaercst O6bIYHBIM CIIOCOGOM 1O MAKCHMAa.lb-
HOMY TOKY Harpy3kH JHHHH.

Bo Bcex cnyuanx uenecoofpasno tak BuiOpaTe Ny, HTOGH BTOPHi-
HBI TOK B HOpMaJlbHOM pe)kUMe paboThl JHHHH, KaK NpaBHIO, He Mpe-
BOCXOAHMN 4 a, YTO MOBbIUSAET HAAEKHOCTb paboThl 3allHTH MpH n0Oo-
Bl EXKJASHHSX B 30HE B PEeXHME OJHOCTOPOHHEro NHTAHUA, 8 TAKXKe Hi-
NEKHOCTh ABTOMATHUECKOTD KOHTPOJIA NPH oGpuiBe HENH BCNOMOraTelib-
HbLIX NPOBOLOB 3aLLHTHL.

TpancgopMaTopsl TOKa AJ151 3alUHThI JOJXKHBL YAOBJETBOPATh YCJ0-
B0 10%-Ho#i norpewHoctH, HuKakux papyrux TtpeGoBaHHi K THNY
TpancopMaTopos TokKa AAA 3awdTte [3//-! He npepbssnsercA. s
3TO{ 3aMUTH Uesecoo6pa3no iIMeTh OAHOTHNIEE TpaHchopMaTOpLl TOKA
fio KonyaMm 3aUlHDiaeMOR JIHHHUY,

Ozanako 310 TpefoBailiHe BHNOAHATH He o0sizaTelbHOo, TaK Kak ce-
JeKTHBHOCTb JeHCTBUA 3alMThl NPH BHEUIHHX KOPOTKHX 3aMbIKAHHAX
ofecnedusaeTcsl Npil PACXOXKAEGHHH TOKOB [0 KOHL2AM JHHHH MO BeJHYH-
ne Ha *=20% u no yrmy na %25

B rex cayuarx, korfa Ko3®OHUHEHTHI fir A5 0G0HX KOHLOB JIKHHHK
He NPeACTaBJAAeTCH BOSMOX(HBIM BLIOPATh OAHHAKOBLIMH H OHH OTJAHYA-
wtea B 1,50 HaH 2 pasa, To BhipaBHUBaHHe Ko>(duuneHToB TpaHcPopMa-
uuu  tpaHedopMaTopoB  OCyulecTBAAETCA BHIOOPOM COOTBETCTBYIOLLEH
yctaBkH h, pasroit 1,5 uan 2. Tlpn 3toM doaxHO 6BHITh CO6/IONEHO YC-
JIOBHE pAaBEHCTBA AaMNepBHTKOB B 000HX NOJYKOMNJEKT2X  3alUUT
(1 H 2), T. €. Ilm(;)h([)'—?nr(z)h(g).

[lpu pacnpegeneruu Harpy3ok Ha rtpascopMmaTopbl TOKa xena-
TeAbHO INOCJAEAOBAaTEALHO C TOKOBON lenblo 3allHTH He BKIOYAThb Ka-
Kux-Mu00 HPYrHX 33iHT KM NpHOOpOB, TAK KaK RaxKe KpPaTKOBpeMeH-
Hblfi OOpBIB TOKOBON LeliH B OAHOM H3 NOJYKOMIJIEKTOB 3alHTH MOXKeT
NMPHBECTH K HEMPABHNABHOMY cpabaThIBARHIO 3aUIHTHI Ha OJHOM HJH Ha
oGoUX KORUAX JHHHK,

3. Pacuer toKOoB cpfGatniBauuda 3awHtu JA3J-1
BBGOpP YCTAaBOK A B kA KOM6HHHPOBAHHOrIO GHALTpa.
Kak u3BecTHO, NPH NOBpPEeMJeHHM B 3allHIlaeMOil 30HE CyMMa TOKOB
cpabaTeiBanns OOOMX NOJAYKOMIJIEKTOB 3alllUTHl paBHa CyMMe TOKOB,
NPUTEKAIOUIHX K MecTy NoBpexjeHHs OT OGOHX KOHLOB 3aliHuiaeMoi
JUHHM, DTo YCJA03We NeHCTBHTeNbHO He3aBUCHMO OT paclpegedeHnd
3THX TOKOB MO KOHUAM JHHMu, A npocToTH pacuera BHOOp TOKOB
cpafaThiBaHHA, a4a/H3 H OUEHKA YYBCTBHTENLHOCTH 3alUHTH MOTYyT npo-
H3BOJUTLCA NO TOKY KOPOTKOTO 3aMblKaHHs B MECTe MOBpeXAeHHsa Ble
3aBHCHMOCTH OT pachpeje’esds 3TOro TOKa N0 KOHUAM 3aulHUiaeMOoi
AUHUY,

YKasaHHoe B ROJHOH Mepe CNpaBeAJHBG TaKKe H [Js CHMMETpHY-
HbIX COCTaBJAKOWHX NOJHOIO TOKA KOPOTKOro 3aMHKaHHUA, TAK KAaK Be-
JiiyHHa 3. JI. C. HAa BBHIXOAHBIX 3axKuMax QHIbTPa, Kak 370 OwJo paHee
MoKa3aHo, NPoMopioHanbia 3aaaHHOA KoMOUHAaUUU CHMMETPHUHBIX CO-
CTABASIONINX TOKOB NPAMOj ¥ o6paTHoii mnocjenosaTenbHOCTH (a3

11



OueHka uyscTBHTeNbHOCTH 3awHTH JI3JI-1 aunantoruyHo APYruM Rpo-
ROJbHHIM 33alHTaM NPOH3BOAHTCA INpPH nNOMowH Ko3(pduiHeHTa UYB-
CTBHTEALHOCTH Rq. IToT K03GGHUHEHT IA8 NpPOAOJABHHIX RHObdepeHuH-
aNBHHX 3allHT JUHHH, coraacHo «[lpaBunaM ycTpoficTBa 3/eKTpoycTa-
Hopok», n. I11-2-20,8, noaxen G6bITH

k=2

Torpa tox cpabatmBanuda samutel J3JI-1 o oBpaTtHo#t nocsepona-

TeNBHOCTH [,., ONPEAEHTCA M3 BbIPaKeHHs:

12 MHH [2 MHH

Iyey = Lyes man?t = kR, T 2

OTKYyaa

[2 MHH

h<—3—;

agech fo., \uy — MUHBMABHEIA CYMMapHBIA TOK cpabaTHiBaBAA 33IIUTH,
paBHbifi 1 @ Toka oOpaTHO! nocnegOBaTEALHOCTH;

h — ycraBka, papHas I; 1,0 uan 2, nokasmiBaer, BO
CKONbKO pa3 3aumura [A3J/1-1 3arpy6ieHa OpxHOBpe-
MEeHHO MO TOKY npaMoi ¥ o6GPaTHOH MOCJHefOBATENb-
BOCTH 10 CPaBHEHHIO C MHHHMaJNbHWM TOXKOM cpala-
THBaHHA., YcTaBKa h peryaupyercs ¢ NOMOUIbIO H3-
MEeHeHHMs YHCJa BATKOB [ePBHUHOA OOMOTKH TpaHC-
peakTopa nyreMm nepexjioueHud Haknanku 1H4;

— MHHHMAaJIbHLIE TOK KOPOTKOro 3saMbiKaHUs oﬁpa’moﬁ
noCne 0BaTeJbHOCTH.

Tok cpabaTeiBanu® 3amuTel J3J/I-1 no npsMoil nocienoBaTebHOCTH
onpezensercss H3 BbiParKeHusd:

I

MHH

Roaw 15k
Iios = Tocamufth = Iy k= %, <3 >
OTKYAa
3
- Ilca < Iﬁn)m
[2cs \2]203 '

rae [, —cyMMaphuit Tok cpaGaTbiBaHmA 3alMTHL 11O NpsAMofi mocae-
JoBaTeabHOCTH. Koa(uuueHT 2 nokasbipaeT, BO CKOJBKO
pas sawura JA3JI-] dyBcTBHTelbHeE K TOKY ofpartHol
Nocie{0BaTEIbHOCTH, Y4€M K TOKY NpAMOH.

Sror KosfxpuUHEHT peryampyeTcd B 3awure B npegenax 4 — 10
H3IMEHeHHEM BeJWYMHW conpoTHBNesuft JRI — [R4 B uemax Toka bas
18)
MUH

AaC, re 10=£=4 lzgﬁl——.
2c3
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Ipasuabsocts shi6opa KospdHuieHta £ gonxHa OniTh NpoBefeHa
TaKXe MO YYBCTBHTENbHOCTH 3aLiHTHl MPH HECHMMETPHUHBIX KOPOTKHX
3aMBIKAHMAX B 3awuulaeMoll 30He, Korja (a3oBhle COOTHOLUGHMH MEXK-
Ay TOKaMH PAa3JUYHBIX NOCNEAOBATENbHOCTER HauMeHee G/1arONpHATHHL

IMpu opHohaznoM K ABYx(a3HOM KOPOTKHX 3aMBIKAHHAX HA 3eMII0
Koa(phuukedT 2 gomKeH YA0BJETBOPATbL BbIPaXKeHHIO

I! MHH

k=-v—"""%57.
[QMHH_Qh

IPHJIOXKEHHE 11-4

NPUMEPHAA HMHCTPYKUHA MO 3KCIVIYATAUHH
nPoaoJibHOR AUPHEPEHUHAJNDHOH JAIMTHI
JUHHUH [43JI-1

Nn-4-1. HOPMAJIbHAA PABOTA JNHHHHA; 3AIMHTA BKJAWYEHA

HopManpHo aamuTa JOMKHA OblTh BKAWYEHA ANA AEHCTBHA Ha OT-
KaloueHHe BhIK/MouaTeneil. [Ipn 3ToM L0MKHB 6GbiTh COGJIOAEHEL CeRYl0-
uiHe yCJa0BUA,

. llocroanHnle ImTenceNbHBle KPHIIKH HCNLITAaTeNLHHX GJIOKOB
12HB—17H5 B Uenax nepeMeHHOTo TOKA, HANPSKeHHS, NOCTOAHHOFO TO-
Ka M B LeMd BCHOMOraTeNbHbiX RPOBOJOB HOJMHL OLTh BCTaBJeHH
A0 KOHLA, 3a:xKaThl GOKOBBLIMH BHHTaMH H 3anJIOMGHPOBaHH,

2. Tpexnoauunonusle Haknankn 9H u I0H ponxun 6HTHL ycra-
noBJeHbl B nodoxense «OTKAOYEHHe>.

3. ApyxunosuuuoHnas unaknaaka JJH pomxua OblTb Ppa3sOMKHYTa,
a 2H1— 3aMkuyra.

4. TMonoxkenne yKasaTeJbHHX peje 3alUHTHI KOMKHO COOTBETCTBO-
BaTh UCNPABHOMY €& COCTOsIHHIO. Bce duaXkn ykazaTesIbHHIX pene ROJ-
SKHBEI ObITh NOZHSTHL

N-4-2. BLIBOA 3AWLUTHI H3 HEACTBHSA

3amuTa A0MKHA GHITh BbiBeleHa H3 AeHCTBHS C pa3pellieHHs AHC-
neryepa Ha o0OMX KOHLAX 3aUfHILAeMOH JHHUH Npu CHERYIOIUHX HEeHOp-
MaJIbHHX PEeXHMax:

1. HeucnpaBHocTh B lLeNdX TOKa 3apHThl XoTa Obl Ha OJHOM KOH-
[e JMHHH WJH ADYTHE HeHCHPABHOCTH, MO YKA3aHHIO NMEpCoHala CayxGul
3aUHTLL.

2. O6pbie yenu BCMOMOTaTeJbHBIX MPOBOJOB, CHTHANH3HPYeMblfi BH-
naxenseMm baaxka ykaszateabHoro peae SPY.

3. Tlpexnonaraemas paGora B UenAX 33WHTH H BCNOMOraTeNbHHX
NPOBOAOB.

4, BuiBog BLIK/IIOYATR]S COBMECTHO ¢ TpaHedopMaTopaMH TOKa Ha
fIpOoBepKY HJAHM B peMOHT W paloTa B Lensx TPaHcHOpMATOPOB TOKa.

Hna eBniBoga 3alHTEl H3 NelCTBHA HeOOXoAHMo Hakaaaku 9H wu
I0H B uenu oTKAOYEHHA NepeBecTH B mojioxedue «Curaany.

O sBeiBOJe 3amuTHl COOGWHTL ACMYPHOMY NOACTABUHH TPOTHBONO-
JOXWIHOTO KOHIlA JIHHHH,
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N-4-3. ONEPAUNH € 3AIHTOH NPH ONPOBOBAHHM JIHHHUH
HAOPAKEHHEM HJNIHK PABOTAX HA BbLIKJUIOYATEJE

Ecnu TpancthopMmaTop HanpsiKeHus, NHTAOWHA YCTPOACTBO KOH-
TPOJIR uUend BCIOMOraTeMbHHX NPOBOAOB, YCTAHOBJAEH HAa UIHHAX NOA-
CTAHI{HH, OT KOTOPBIX NPOU3BOAHTCA oNpPo0OBAHHE JHHHH, HarpHMeD,
Noc/Ae pPEeMOHTa €e, TO HUKAKHX OIllepalHi ¢ 3alUUTON NPOH3IBOAHUTL lie
caeayer.

Ecan xe ykasauHulii TpaucdopMaTtop HanmpsKeHHs HaXOIHTCA la
JHUHHH WAK HA WHHaX NPOTHBONOJMOKHOH NOJACTAHLHH, TO Nepel onpo-
GopaHHeM JNHHHM HanpsizKeHHeM OT IUHH JaHHOH NOJCTaHIHK Heo6Xxo.H-
MO 3aMKHYTb Hakaaaky //H, wysrupyowywo KoHTakt pene /[1P2 Xou-
Tpoaia. lllyutupobanne KouTakTor [//IP2 MoMeT NPOHIBORMTHCA TaAKKe
HBTOMATHYECKH, OT KJiOua ynpaBJeHHS BHKmMouateseil. B sToM cayuae
HUKAKHX onepauufi ¢ Haknaakoit I/H npousBoauTh He cieldyer.

INocae skJCUeHHA AHHHH ¢ ofeuX CTOpoH Hawmaaaka J/H ponxna
OLITE Pa3OMKHYTa, eCJaH [0 3TOro ©Ha 6buia 3aMKHYTa.

Ecau nuHHs OTK/I0YEHA ¢ OOHOTO KOHUA C MOMOLUIBIO BHIKOYaTe-
Jisl, HaNprAMep, BHBOAHMONO B PEMOHT, TO HAa 3TOM KOHILE JHHHH 3aLLHTa
AONXKHA GLITh BhiBeJeHa M3 HEHCTBHS CHATHEM Hakjaamgok 9H u I0H.

Ha nporuBonosoxHoM KoHIe JHHHH, OCTaBlIejicA ROL HanpsikeHH-
€M, 3aUlHTa AOJXKHa OniTh BKJIOYEHA HOPMAaJbHO.

N-4-4. PEFHCTPALLUA HENCTBHSA 3AIUTEHI

Ilpn kaxpoii paGore 3aUIHTBI Ha OTKJIOYEHHE WM pabore YCTpPoO#-
CTB3 KOHTPOJISL HCIPAaBHOCTH BCIOMOTaTelbHBIX MNPOBOAOB JAeXYypPHLIH
AOJKEH 3anucartbh B XKYypHaJe:

1, HeiicTBHe ykasaTeabHHX pelle U HOMEpa BhINAaBWLHX (JIAKKOB
pene,

2. Bpems u nipuyudy QeficTBHA 3amMThl HJAH YCTPOHCTBA KOHTPOISL

M-4-5. CHTHAJIM3AILHA OEWHCTBHA 3ALIHTLI

l. Tlpk xopoTkoM 3aMbiKaHHH B SaINHILAeMOH 30He  BHINAAAIOT
daaxkkn yKazateaeHux pene 4PY u 5PY (dpnamok pene §PY Bbinaga-
eT NPH HaJHYHH JBYX BhIKJIOYaTeaeli Ha KaXKJIOM MPHCOEAHHEHHH.)

2 Ilpu ofpuiBe LeNH BCHOMOTATEJbLHBIX NPOBOLOB HJAH NPH OGPbI-
Be HenH NepeMeHHOTro HaNpfAMXKEeHHs, NHTAlIUEero YCTPOHCTBO KOHTDOJSA,
BHNanaer (aaxok peie 6PY.

3. Ilpy saMuKaHHSX HA 3eMJI0 NIOGOro H3 BCIOMOraTeNbHHX MNpO-
BOAOB BHnNafaer ¢aakok ykasareabHoro pene 7PJY.



NPHIOQKEHHE IT-5
Cnucox npubopos,
HeoOXOAMMBIX JJS HCULITAHHS H HAJAJAKH 3aulHTH J3JI-

”J;:,. Haumenosaine Tun qecl'ﬁggf’lur.
I | AMnepmerp 3jeKTpOMarHuUTHbI acra.
THYECKHA 2,5—5 a ACT 3
2 | TpaucopMatop TOKa H3MepHTenbHbii| H54 3
3 {BoabTMerp namnosmifi* MBJI-2M 1
4 | JneKTPOHHLIN MHINHCEKyHAOMep** 3IMC-54 1
5 | Marasuu conpotusnennii 0—10000 om| KMC-4 1
6 | Marasun eMgocTefi** P513 1
7 | MuoronpegenbHbiit aBoMeTp H-312 uau
11-315 1
8 | MocT a5 u3MepeHus: CONpPOTHBASHUH** — 1
9 | dasomerp 100—220 s, 5—10 a 310 1
10 | Bart™merp 2,5—5 a, 100 g —_ 1
11 | daszoykasaredp — 1
12 | Mogenb BcrOMOraTesbHBIX NpoBogoB**
{cM. puc. 2-18) —_ 1
13 | JlaGopatopsbiii aBToTpaHcdopmMaTop TH-
na Jlarp 0—250 ¢, /..., =2 a _— 1
14 | PeocraTet pasuwe [, . =5 a, Ion=
=0,5 a - )

* Moxer OblTh 3aMeHeH APYTHM BOJBTMETPOM ¢ noTpebfeHNeM, He npesHIua-
ouHM | Ma (conpoTnsaeHxe nopsnka 1 000 ox Ha | 8 mKkanws).
** HeoOX04Ushl TOJLKO NPH THIOBHX HCIBITAHHAX.

TTPHJIOJKEH HE I1-6

OnpocHbifi JHCT Aas_3axKasa OopoXoapmno# auddeperumHanbHOM
3awHTE JHHMA Z3JI-] (3anoaHAeTCH 3aKa3UYHKOM)

3anpaluyBaeMbie AaHHbE Hansne, coolmaeMuie
32Ka3YHKOM

HMoxcras- TNoncrau-
uneda Ne uHa Ne

Hanpsmenue onepaTHBHOTO MOCTOAHHOTO TOKa
(110 uan 220 8)
HomuuanbHeiii TOK YAePXUBAHAA BHXOAHOrO Mpo-
MexyToudoro pene (1,2 u 4 q)
Pop npucoeaudenus penae [J3J1-1 (nepessee unu
aajnee)
Pon npucoeiHHenus ycTpoiictBa koutposan YKI
(nepennee MM 3ajHee)
MIpuMevaunye Bew ocTtadbiyio peaefinyto annapaTypy, NOMHMO YCTpoilcTa
Y1, ¥2 5 Y3, BxoRAWYI0 B SalllHTy, CAeAYyeT 3aKa3hiBaTb HE32BHCHMO OT YINOMAHY-
THX YyCTpOHCTSB.
Opraun3aliyn

Axpec rpysonosiydarens
Hara

TToanuch
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IIPHJIO)KEHHE 11-7

BHIBOJ BLIPAKEHUA, ONPEAENAIOMErO CONPOTUBJIEHHE
CPABATBIBAHHSA PEJE 11IPI
Ycaosua cpaatuiBanud pese 1IIP1 MoXuo BHIpasuTh CiaexyroLiuM
YPaBHEHKEM:
Awy = Av,, + Aw,, (11.7-1
rAe Aw, — aMnepBuTKE OOGMOTKH HanpsiKeHus peJe;

chp—-amnepamxﬂ cpaGaTHBaHUS peJie NPH oGecTOYEHHOH 06-
MOTKE TOKa;
Aw_— amnepsuTkE OGMOTKM TOKa pele.

W3 puc. 1-14 caeayer, uto

/o= U.q.cp_ / Un ep

a P4

“=

, . . ! l
ep R, ' IT=1n+Iu=Uncp< +R )

TMogcraBnas nonydyexHsle 3HaueHns Toka B papeHcrso ([1-7-1), no-

JyUYHM: v
a.cp 1 _I__
wH RH ]—-wUncp(Zp‘l’RH ’
RIAH
w, Awg, 1 1
@Ry | w0y —<z' +R)’

TAe W, H W, — 4¥CI0 BHTKOB COOTBETCTBEHHO OOMOTKH HalPSIKEeHHT W
Toka pene I[IPI;
Iywn [ —Toku B 06MOTKAX HaNpAXeHUd M TOKa peJe;
R ~— COTIPOTHBJIEHHE LENMH HanpaAXKeHHA peje, pabBHoE Co-
NPOTHBJIGHHIO OOMOTKH HaNpAXEHHA pelie © MpIMOMY
CONMPOTHBJIEGHHIO ABYX IHOJOB BLIIPAMHTENBHOTO MOCTa;

Z,, — CONPOTHBJEHHE, MOAKJIOYEHHOE K 3a)KHMaM a—O0 peJe
cxeMul puc. 1-14, npu KoTopoM pese cpabaTeIBaer;
2
w, chpR (Ry + Rop+X¢p
- 2 2
w, " wU, e R2 + X2

ITpouaBens sameny neBoil wacTd uepes Kosdpuuuent £ u Bo3Beas
BO BTODPYIO CTeneHb 00e YacTH PABEHCTBA, MONYUYHM:

(R+&m+x
+X

[}

R, + X2, (k* — 1) = R2 4+ 2R R, + R% ,

2R, R R®
R~ + X =T
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[TpuGaBus K JeBoli 4 [MpaBod  wacTAM PaBEHCTBA BEJAHUYHHY
Ry
wnonyqnm:

R, \ R2k?
(ch - Ei':%) +Xt= W_H_—l)r- (1-7:2)

H3becTHo, 4TO YpaBHEHHE OKPYXKHOCTH B NPAMOYrOJbHBIX KOOPAH-
HATaX ¢ NepeMeHHHIMH KoopAuHaTaMH R 1 X, KOOPAHHATAMH LEHTPa
Ry ¥ X, H pagdycoM r HMeeT BHI:

(R— Rl (X — Xt =12

Hs cpasnenus nocnefHero Bulpaxedus c papeucrsoM ([1-7-2) cae-
ayer, uro ([1-7-2) Taxkxe ABAACTCH YDABHCHHEM OKPYMHKHOCTH, Y KOoTopoil
KOOPAHMHATHI LEHTPa M PajHYC PaBHEL

RH Rl{k
Ro=pgi—7: r="Tpi_1 =R

[Moacrannsag suaueuue R, MOJYUHM:

Ryw}
Ry= chpRH)a . (I1-7-3)
(wﬂ - | —%
a.cp
Xg = O; (H-7-4)
wy,  Awg, R,
r=R, (Z—m . (7-5)

LleHTp OKpYXKHOCTH XapakTePHCTHKH peJieé CMEeLIeH Ha BeJHYrHy
R, no ocu R oT ueHTpa KoopaHHaT R H jX.

Moacrtasnas B upawenus ([1-7-3) u ([1-7-5) cooTpeTcTRYIOMUE naB:
uoie xas pene 1[TP1 (em. ta6a. IT-I-I): chp=28; w, = 11000; w =
=1400; R, =R 2R, =1250+2.20=1290 os; U, ., ~ 13 6,
rae Rp = | 250 om — corpoTHBIcHHE OGMOTKH HAaNPAKeHus pete;

1 =20 OM-—npaMOE cONPOTHBJEHHE OAHOTO NHOAA;

Un_cp= 13 8 — Hanpsxeuwde Ha NepBHYHOH o6MOTKe TpaHchOp-
matopa 3TH npu Toxke Igy=30 a B pexuMe
OJHOCTOPOHHEro NHTaHHS,
TOJIY 4KM:

Ry =41,3 om; r =240 o

Ha puc. 1-15 no naiigienHnM 3HayeHuaM R, H 7 NMOCTPOeHa Xapak-
TEPUCTHKA pelle Z., = f(¢). Hs puc. 115 crepyer, uro npu ¢p+=0°
Zep =280 om u npu ¢y=—90° 2, =235 om. Conpormsnenue cpaba-
THIBAHYA Pelie, NpPHBEJCHHOE K BTOPHYHOH O6MOTKe TpaHcdopMaTopa
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3TH, xos(xpuusent TpanchoOPMAUHH KOTOPOTO paBed 3, COOTBETCTBEHHO
COCTABHT:

npu ¢, = 0° 2y = 280-37 = 2520 ox;
npu ¢, = — 90° z' =235-32= 2115 om.

H3 supaxenuii ([1-7-3) u (I1-7-5) caeayer, yTo BenuudHa comnpo-
THBJCHHs cpabatbiBauusa pene I/TP] 3aBucut or HanpsaxeHHA Uy cp,
nogasaeMoro Ha ero ueme Hanpsixkenus. Ilpa nanpskenuy Uy cp Menb-
meM, ueM 13 8, 1eHTP OKPYIKHOCTH NepeMelllaeTcss BNPaBO, 4 ee Paguyc
yBeauuuBaercsa. Ilpm Hanpsikenusax, DOpesbllaioilux 13 8, UeHTP
OKPYKHOCTH IlepeMeliaeTcs BJieBO, a ee PajHyC yMeHbllaercs. I'Ipu 3a-
Kurauuy cTaGHIAK3aTOPOB HalPsiXKeHHA HanpsxeHHe B CXeMe 3aUIHTH,

a CIeoBaTesqbHO, H CONPOTHBJAEHHE CpﬂGBTNBaHHﬂ pene cradnmlaupy-
orcA.

CONLEP)XAHHE
BeemeHHe . . . . . . 4 0 0 e o e 0.

[ ]

Faasa nepBas. OnHcaHHe 3aULHTHI

1-1. OCHOBHBIE MPHHLANBL . « + . « « » - e e e e e e e e 3
1-2. KOHCTPYKTHBHOE HCTOMHEHHE* . v + o 4 o v + « « o & .. B
1-3. KoM6unuposanublii QuabTp TOKa IT¢> "IRI—IR: .. ... 14
14. Ipomexyrounnil TpaHchopMaTop IT e o oo e 17

1-5. Crabuansatopul HanpsKenwus ICTI m ICT2 ., . . . . ... 17
1-6. Huddeperuuansioe peqae /TPl H BonpAMHTE/bHbIE MOCTbI
IMBI w IMB2 . T £
1.7. Kongencatopsl ICL, 1C2 w IC5 Lo 2
lSBuonHoepeneIP[?..................24
19, ¥xaszarteabanie pene 4PY, 5PY, 6PY w7PY . . . . . . .. 24

1-10. Pene Toka uyieBoll nociegoBartensHocTh SPT ., . . . . . 25
1-11. Haoaapywuufi TpaHchopMaTop 3TH u pasmenHTebHbIH KO-

JeHCATOP 30 v v v v v v e e e e e e e e e e e . 25
1-12. ABroMaTHyecKuii KOHTpPOJb chpaauocm BCIIOMOTATe/IbHBIX

NPOBOAOB & v ¢ &« + & o o » et e e e s e s . 26
1.13. YerpoficTeo muTanuA uenef xompovm K HaMepeHHHT H30J7-

3 1
1.14, BenoMoraTesibHble MPOBOAA SBAMMTHI « o .« o - « o & = + - & 29
1-15. TloBefeHue 3amUTHl B HOPMaNbHOM PEXKHME H NPH NOBpeXKIe-

HHSAX B CHCTEME . + o 4 o « « s o s 2 o s » o o o o = o+ 3l

1-16. OcHoBHEE TeXHHYECKHe AAHHBIE 3aIHTBI » o o« + o « « « « o 38

'naBa BTopas. THNOBHE HCOHTAHHA 3auW HTHI

2-1. HasHaveHue M NpOrpaMma THOOBBIX HCOWTAHHA . . + « . . . 41
22. TlpoRepka i HCOLHTaHHe KOMOHHHDOBAHHOTO GuabTpa « . . . 42
23. TipoBepka nmpoMexyToyHoro tpancdopmatopa IT/T . . . . . 48

24, TIpoBepka rasoHaNORHEHHBIX CTAGMAH3ATOPOB HANPANKEHUs
Icriw1cr2 .. ... ... ..

e -1
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2.5, Mcnbitaune gugdepedunansuoro pene I[7PI, . . . .

2-7.
2.8,
2-9.
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