A. . MapkeBu4

PEJIEMHAS 3AHIUTA
1 ABTOMATHKA
3 CHCTEMAX

JJIEKTPO-
CHAGXEHUS

£ -3

Y4yeOHO-MEeTOANMUYECKOE IMOCO0He




VJIK 681.5
BBK 31.27-05
M26

Pexomenoosano xk uzoanuio kagheopori « dnekmposnepeemuray
IIckoeckoeo eocyoapcmeentozo yHueepcumema

Peuienzenr:
Kynemos B.I1., Begymuii cienuanuct otaena P3 @unnana AOA
«MPCK CeBepo-3anana» «IIckoBanepro»

Mapkesuu, A.H.
M26 Peneiinas 3amura 1 aBTOMaTHKa B CUCTEMaX dJICKTPOCHA0KEHUS !
VuebHo-meToanueckoe rmocooue. — IlckoB : M3marenscTBo IIckoBIY.
2012.-138 c.

VY4eOHo - MeToauuecKoe Mmocodue NMpeaHa3HaAYeHo Ui CTYICH-
toB crnenuaibHocT 140400 «DnekTpodHepreTHKa U dJIEKTPOTEXHUKAY U
COOTBETCTBYET y4eOHOM Mporpamme no gucuuiuinHe «PeneiiHas 3a-
IIMTa U aBTOMATHKa CUCTEM 3JeKTpocHaOxeHus». [locobue cocrout
U3 MOJAPOOHOM MPOrpaMMbl Kypca ¢ KpaTKUMU KOMMEHTapHsIMH Ha BCe
paszensl MporpaMMBbl, 1aeTCsl CChUIKA Ha KOHKPETHYIO y4eOHYI0 JTUTepa-
Typy ¥ ApyTHe UCTOYHUKHU 3HAHUN B 00JaCTU PEIEHHOM 3alUThl U aBTO-
MaTHKHU B CHCTEMax 3JIeKTpocHaOkeHus. B mocobuu npuBeaeHsl HCXO-
HbIC JTAaHHBIC ISl BHIMIOJHEHUS KOHTPOJIBHOW M KypCOBOW paboT C MpH-
MepaMH KOHKPETHBIX pacueToB. [IpuBeneHsl HE0OX0UMbIE CIIPABOYHEIE
JAaHHBIE 110 BOMPOCAM 3JIEKTPOIHEPreTUKHU, TUIIOBBIE CXEMHBIE UCIIOJIHE-
HUs. BKIIOYeHbl KOHTPOJIbHBIE BOIPOCHI JJISI CaMOMNPOBEPKH 3HAHUIL.
[IpencraBiieH mepedyeHb COKpAllleHHW, MUCHOJb3YEMbIX B JUTEpAType U
MHCTPYKLHMSX ITPU IKCIUTyaTallMl YCTPOMCTB PEIEMHOW 3aIHUTBI U aBTO-
MaTHUKH.

[TpenHasHaueHo AT CTYIEHTOB BCeX (GOpM 0OyUeHUs!.

V]IK 681.5
BBK 31.27-05

© Mapkesuu A.1., 2012
© TIckoBCKHI rocyJapCTBEHHBbIN yHUBEpCUTET, 2012



COJAEPKAHUE
1. Bseneuue
2. OOmIue BOMPOCH PEICHHOM 3aIUTH U aBTOMATHKHU
2.1. OCHOBHBIC MTOHATHS O PEJICHHON 3alUTE U aBTOMATHKE
2.2. VI3meputenbHbIe MPeoOpa3oBaTeIn CHHYCOUTAIBHBIX
HaANPSDKEHUN U TOKOB
2.3. V3mepuTenbHbIE U JOTHYECKHE OPTaHbl peNeiiHOM 3amuThl. Pene
3. Penelinas 3ammTa 1 aBTOMaTHKa B CUCTEMaX 3JIEKTPOCHAOKEHUs
3.1. 3amura TUIABKUMU MPEIOXPAHUTEISIMI U aBTOMATaMH
3.2. ToxoBbI€ 3aLTUTHI
3.2.1. MakcumanpHasi TOKOBas 3aIluTa
3.2.2. ToxoBbIE OTCEUKU
3.2.3. ToxoBas HampaBIeHHAs 3aIIUTa
3.3. 3amuTa OT 3aMbIKaHU Ha 3€MIIIO B CETAX C IIyX03a3eMJICHHOM
HEUTpPaJbIO
3.4. 3amuTa OT 3aMbIKaHU Ha 3€MIIIO B CETAX C U30JIUPOBAHHOM
HEUTpPaJIbIO
3.5. JlucTraHIIMOHHAS 3alIUTa
3.6. MuddepeHnmnanbHbIe TOKOBBIE 3aIIHTHI
4. Peneiinas 3ammra 1 aBToMaTuka deMenToB COC
4.1. 3amuTa M aBTOMaTUKa CHHXPOHHBIX T€HEPATOPOB
4.2. 3amuTa 1 aBTOMaTHKa TpaHnchopmMaTopos

4.3. 3amuTa ¥ aBTOMAaTHKa JJICKTPOIBUTATEIICH. 3aliTa 1 aBTOMAaTHKA

CHeLHATbHBIX 3JIEKTPOYCTAHOBOK CUCTEM 3JIEKTPOCHAOKEHUS
VYcerpolicTBa CHCTEMHOM aBTOMATUKH

Cnucoxk 1abopaTopHBIX padoT

Bonpocsl BEIHOCHMBIE Ha SK3aMeH

KonTtpomnbHble 3a1aHus

8.1. OOmwue ykazaHus

8.2. KonTposbHas paboTa

8.3. 3amaHue Ha KypcOBYIO paboTy

[Tpunoxenue |. Ilpumepnsiit pacuer MT3 JIDIT 10 kB
[Tpunoxenue Il. Peneiinas 3amura criioBbIX TpaHchopmMaTopoB
[Tpunoxenue 1. Lludgpossie 3amuTh!

[Tpunoxenue V. [Ipumep pacuera 3amiuThl BEICOKOBOJIBTHOTO
ACHHXPOHHOTO JIBUTATEJIsI

[Tpunoxenue V.CrnpaBoyHble JaHHBIE 110 CUIOBOMY 3JIEKTPO-
000pyI0BaHUIO

[Tpunoxenue V1. BekTopHble 1uarpaMMbl TOKOB IIPU PA3IUYHBIX BHIAX
KOPOTKHUX 3aMBbIKaHHUW JIUIS1 K3MEPUTEIbHON YaCTH

b hepeHIaTbEHOM 3aIIUThI

[Tpunoxxenue VII. KoHTposbHBIE BOIIPOCHI

[Tpunoxenue VIII. Ilepeuens cokpaleHuii, UCMONb3yEeMbIX B
MHCTPYKIUSAX IO SKCIUTyaTalluy YCTPOMCTB PEIEUHON 3aINAThI
U aBTOMAaTUKU

NGO

(o]

10
11
11
12
12
13
14

15

17
18
20
21
21
23

24
26
28
28
32
32
35
38
40
62
85

99

103

110
112

120



1. BBenenue

HanexxHocth sHeprocHaOXeHUsI MOTpeOUTENe HEBO3ZMOXKHO 00ECIICUUTh
0e3 aBTOMaTHYECKOT0 YIPABIICHHUS 3JIEMEHTAMHU CUCTEMBI 3JIEKTPOCHAOXKEHUS U
MX 3aIATHl OT ABAPUMHBIX 1 HEHOPMAJIbHBIX PEKUMOB.

Cuctemsbl anektpocHaOxkeHus (COC) ABISIOTCS CHOXKHBIMH TTPOU3BO/I-
CTBEHHBIMU OOBEKTaMH, AJIEMEHTHI KOTOPBIX YYaCTBYIOT B €IMHOM IPOU3BO/I-
CTBEHHOM IIpoI1Iecce, 0COOCHHOCTHIO KOTOPOTO SIBISETCS OBICTPOTEYHOCTH SIBJIC-
HUW, BKJIFOYAsl U MOBPEKICHUS aBapuilHOro xapakrepa. [lostomy HanexHas u
HPKOHOMHUYHAS paboTa CUCTEM BJIEKTPOCHAOKEHHUSI BO3MOXKHA TOJILKO MPHU aBTO-
MAaTHYECKOM YIIPABJICHUU UMU. J[JI 3TUX LIeJIel UCTIOIb3yETCs] KOMILJIEKC aBTO-
MAaTHYECKUX YCTPOMCTB, CpPEAU KOTOPBIX IMEPBOCTENEHHOE 3HAYECHHE HMEIOT
YCTPOMCTBA pesIeHHOM 3allIUTHI U JIEKTPOCETEBOM aBTOMATUKHU. PocT motpebiie-
HUS 3JIEKTPOIHEPIHH U YCIO0KHEHUE CHUCTEM 3JIEKTPOCHAOKeHUs! TpeOyroT Mo-
CTOSIHHOTO COBEPIIEHCTBOBAHUS 3TUX YCTpPOWCTB. CeroHs 3TOT IPOLIECC UIET
o MyTu 0oJiee HIMPOKOr0 MCIOIb30BAHUS MHUKPOIPOLECCOPHON M IU(PPOBOU
TexHukd. Ha 6aze MUKpONpOLECCOPHBIX KOMILJIEKCOB pa3padaThIBAOTCS MHTE-
TPUPOBAHHBIE CUCTEMBI YIPABJIECHUS JJICKTPUYECKHUMHU CTAHLIHUSIMHU W MOICTaH-
UUSAMH, T71€ BCe (YHKUMU PENEHHON 3alllUThl, aBTOMATHKUA U OIEPATUBHOIO
VIPABJICHHUS] COBMELIEHBI, MpelycMaTpUBaeTcsl (PUKcalnus NapameTpoB B JeH-
CTBUM PEJICMHON 3allIUTHI JTO0ABAPUWHOTO M aBAPUMHOIO PEKUMOB U NEpeaadu
UX Ha PACCTOSIHUMU.

OAHOBPEMEHHO IHUPOKO NMPUMEHSIOTCSA U IPOCTEUILNE CPEACTBA 3aLIUTHI
Y aBTOMATUKU: IIPEAOXPAHUTEIN, aBTOMAThl, MATHUTHBIE ITyCKATENIH, JJIEKTPO-
TEIUIOBbIE AyieMeHThl. HasexHo paboTaroT MpocThie TOKOBBIE 3alllUThl Ha Oa3e
AIIEKTPOMEXAHNYECKUX pesle, YCTPONCTBA aBTOMAaTUYECKOI0 IIOBTOPHOI'O BKIIIO-
yenus (AIIB), aBromaTuyeckoro BkItoueHus pesepBHoro nutanus (ABP) u aB-
TOMAaTUYECKON YacTOTHOU pasrpy3ku (AYP).

B cooTBercTBHM ¢ yueOHOI mporpamMmoil Kypca mocoOue BKIHOYAET TPH
OCHOBHBIE pazjiena. B nepBoM npejuaraercs U3y4uTh OOIME BOIPOCHI MOAX0Aa
10 IPUMEHEHUIO PEJICMHON 3alIUThl U TPeOOBaHUS K HEU, BOMPOCHI aBAPUMHBIX
1 HEHOPMAJIbHBIX PEKHUMOB, BO3HMKaronmx B COC, yCTpOHUCTBO M KOHCTPYK-
LU0 pesie, padoTaromMX Ha 3JIEKTPOMArHUTHOM W WMHIAYKIMOHHOM TNPUHLHUIIE
(MexaHMYeCKHEe pelie), MOTYNPOBOJAHUKOBBIE Pelie, pele Ha  HMHTErpajbHBIX
MHUKpOcXeMmax, LHU(pPOBbIE peje, HapaMeTpbl, XapaKTepu3yolnue padboTy us-
MEpUTEIIBHBIX U BCIIOMOTATENbHBIX peiie. Bo BTOpOM pasierne u3y4aroTrcst BUAbI
3alUT, UX CXEMHOE UCIIOJIHEHHUE, ONPE/ICIICHUE TapaMeTpoB CcpaldaThIBaHUS |
CEJICKTUBHOCTH, IIPUMEHEHUE HCTOYHUKOB OINEPATUBHOTO TOKAa. B Tpersem -
BOIPOCHI PEJICHHOMN 3amuThl U aBTOMaTuku obopyaoanuss COC u morpeduTe-
JIEU IIEKTPOIHEPT UU.

MeTtoauueckoe mocodre COCTaBIEHO TaK, YTOOBI OKa3aTh MOMOIIb CTY-
JIEHTaM MpU U3YYEHUH TEOPHUH, BBIIIOJIHEHUS J1a0OPATOPHBIX PabOT, KOHTPOIb-
HBIX 33JaHuil U KypcoBoil paboTel. Ilociie kaxaol TeMbl MOMEUIEHBI BOMPOCHI
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Jusl camonpoBepkH. [IpeacraBieHbl KOHTPOIbHBIE BOMPOCHI M3 SK3aMEHALMOH-
HBIX OUJIETOB, BOMPOCHI JJI IPOBEPKU OCTATOUHBIX 3HAHUH.

[Tocobue umeeT MpUIOKEHUE, T/I€ pa3MeIleH CIIPaBOYHBIM MaTepuai AJis
BBIIIOJIHEHHS KOHTPOJIBHOW U KYpCOBOM paboT «Pernelinas 3ammra u aBToMaTuKa
CHJIOBOTO TpaHc(opMaTopa», MpeACTaBICHbI IPUMEPHI pacueTa 3alluT dJIeMEH-
ToB COC. [IpuBeneH nepeueHb COKPAIEHNH UCIIOJIb3YEMBIX B HHCTPYKIUAX 110
DKCILTyaTallMu YCTPOUCTB P3 1 aBTOMaTHKH.

W3y4uB BbIILIEHA3BaHHBIN KypC, CTYAEHTHI JOJKHBI YCBOUTH T€OpETHUYE-
CKHE BONPOCHI, HAYYUTHCSI YATATh U COCTABJISITh CXEMBbl Pa3IMYHbIX yCTPOUCTB
peNeHON 3aluThl 1 aBTOMATHKHU, TIOHUMAaTh NPUHLMII UX JAEUCTBUSA, OIpEe-
JSITh IapaMeTPbl cCpabaThIBAaHUS U CEJIEKTUBHON pabOTHI.

Metoauyeckoe MocoOue COCTaBICHO B COOTBETCTBUM C YYEOHOH MpoO-
rpammoii «Penelinas 3amurta n aBromaruka COCy» mno HanpasieHuro 140400
«DNEKTPOIHEPTETUKA U DIEKTPOTEXHUKAY.
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2. O01mme BONPOCHI peJieifHOM 3alMThI H ABTOMATHKH
2.1. OcHOBHbIE OHSATHSI O PeJICIHOM 3aLIUTE U ABTOMATHKE

Buapl moBpexIeHU 1 HEHOPMAJIBHBIX PEKUMOB paOOThI AJIEMEHTOB CH-
cTeM 3JieKTpocHaOxenus. Haznauenue peneiinoit 3anmuthl (P3) u anekrpocete-
BOM aBTOMaTuKU. OCHOBHBIE TPeOOBAHUS, MPEABIBISIEMbIC K PEJICHHON 3aluTe.
OnemeHTHas 6a3a 3allIuT, pesie U UX pazHOBUIHOCTH. CriocoObl U300paxKeHUs U
BKuIIOUeHUS pesie. CriocoObl BO3IEUCTBHS 3allIUThl HA BBIKITIOYaTelb. OCHOBHBIE
MPUHLHUIBI TOCTPOEHUS 3alUT. CTPYKTypHasl CXe€Ma peJICHHbIX 3alluT.

OmnepatuBHbIl TOK. OniepaTUBHBIA MOCTOSHHBIA TOK. ONepaTUBHBIN Me-
peMeHHbIN TOK. CXeMbl HCTOYHUKOB OMEPaTUBHOrO Toka. bioku nurtanus. [1, 2,
3, 4]

MeToauveckue yKkasaHusl

AHanmm3 pabounx U aBapUMHBIX PEKUMOB JA€T BO3MOXKHOCTH IPABUIILHO
BBIOpaTh, PACCYUTATh M OIICHUTH IMOBEJACHUE PEICHHON 3aIlUThl 1 aBTOMATHKU
AJIEMEHTOB 3JISKTPUYECKON cucTeMbl. HeoOXoauMo 3HaTh BUJIBI TIOBPEKICHUN U
HEHOPMAaJIbHBIX PEKUMOB, BO3HHUKAIOIIMX B AJIEMEHTAaX CUCTEMbI, YMETh CTPO-
WUTh BEKTOPHBIC JUArPaMMBbl TOKOB W HANPSHKEHUM MPHU Pa3IUYHBIX BUAAX MO-
BPEXKJICHUW, YCTAHABIMBATh 3aKOHOMEPHOCTh U3MEHECHUS PA3JIUYHBIX 3JIEKTPU-
YECKUX MapaMeTpPOB PEXKMMa B 3aBUCUMOCTH OT BUJA U MECTA KOPOTKOIO 3aMbl-
KaHus (K.3.), a TaK XK€ OT pekuMa pabOThl CUCTEMBI;, Pa300paThCs C OCHOBHBIMU
OTJIMYUSIMU aBAPUNHBIX PEKUMOB B CETSIX C 3a3€MJICHHBIMU U U30JIMPOBAHHBIMU
HEUTPAJISIMH.

Crnenyer TBepJO0 YCBOUTH TPeOOBaHUsSI, TMPEABSIBISEMBbIC K PEIICHHON 3a-
IINATE, & TAK K€ BO3MOKHBIE MOCJIECACTBUS TPHU HEBBINIOJTHEHUU HX.

B HacTosiiee BpemMs Npu BBINOJIHEHUH PEIICMHON 3aIIUThl U AaBTOMATUKH
CHUCTEM DJISKTPOCHAOKCHHS IITMPOKOE MPUMEHEHHE HAXOIAT pa3JIMUHbIC HCTOY-
HUKHA ONEPAaTUBHOIO TOKa. Hano 3HaTh 3TM MCTOYHUKHU, YMETh NPUMEHSTH HX.


http://sirius-chel.ru/
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Kpome toro, ciemyer uMeTh mpeacTaBieHne 00 MCTOYHUKAX OTIEPATUBHOTO TO-
Ka JIJIs1 TIOJTyTPOBOAHUKOBBIX U MU(PPOBBIX 3AIIIHNT.
Bomnpocs! 11 camonpoBepku

1. Kakue BUBI NOBPEXICHUH M HEHOPMAJBbHBIX PEXMMOB MOI'YT BO3HUKHYTh B 3JIEK-
TPUYECKUX CETSIX?

2. KakoBbl (QyHKIMM penelHOM 3almuTbl U OCHOBHbIE TpeOOBaHUS, IPEAbsBIsC-

MbI€ K HEW?

KakoBbl OCHOBHBIE IPUHLIMIIBI TOCTPOSHMS 3aLIUT, UX CTPYKTYPHOE CoJepxKaHue?

Kakue ucrounuku onepatuBHOro Toka Ber 3HaeTe? KakoBa 005acTh X npuMeHeHHs?

5. B yewm 3akmouaroTcst TOCTOMHCTBA U HEJOCTATKU MCTOUYHUKOB IOCTOSHHOIO U Iepe-
MEHHOT'O OIIEPATUBHOI'O TOKOB?

6. Kakue TpeOoBaHMs NPEABABISIOT K MCTOUHUKAM ONEPATUBHOIO TOKA JUIS HOIYIPO-
BOJIHUKOBBIX U IIU(PPOBBIX 3aALTUT?

How

2.2. W3MepuTesibHbIE IPe0OPa30BaTEJN CUHYCOUIAIBHBIX
HANPSAKEHUH ¥ TOKOB

VYcnoBust pabotsl TpancpopmaropoB Toka (TT), mapkupoBka KOHIIOB 00-
MOTOK, BEKTOpHBIE nuarpammel. TpeboBanust kK TouHoctd padotel TT. Ilpenens-
Hasi KpaTHOCTh M KpuBble npenenbHoil kpaTtHocTH. PaGota TT nmpu riybokux
HACBIIICHUAX CEPJICUHUKOB. MonHocTH, oTaaBaembie TT.

Cxemsbl coenunennii TT u ueneit Toka pene, koapduuueHt cxemsl. Ilo-
CTPOCHHUE BEKTOPHBIX JTHArPaMM TOKOB, OINPENEIECHUE BEJIIMYMUHBI TOKOB, IPOTE-
KAIOIIMX BO BTOPUYHBIX LEMSAX NPHU pa3IMuHbIX cxemax coenuHenuil TT u pas-
JUYHBIX BUAAaxX K.3. Onpenenenne pacuetHor Harpy3ku Ha TT. OunbTpsl cuMm-
METPUYHBIX COCTaBIIIONIMX TOKOB: (PUIIBTPHI TOKA OOpAaTHOM MOCJIEN0BATEb-
Hoctu (PTOII) u GuabTpsl TOKA HYyJEBOU TocaenoBareabHocTH (O THIT).

VYcnoBust pabotel TpanchopmartopoB Hanpspkenust (TH). Cxembl coenu-
HeHuit oomotok TH u pene. 3amura neneit TH. EMxoctHble nenurenn. ®umb-
TPhl CUMMETPUYHBIX COCTABIISIONMINX HAMPSKEHUN: (PUIBTPHI HAMPSKEHUST 00-
patHoii nocnenoBareabHocTH (PHOII) 1 GunabTpbl HanpsoKeHUS HYJIEBOW MO-
cnenoBarensHocTy (OHHIT).

Cornacyromue npeodpa3oBaresii CHHYCOMAAIBHBIX TOKOB U HAMPSKEHUN
JUISL TIOAKJIIOYEHUsT U(POBBIX peie U pejie Ha HMHTETPAbHBIX MHUKpPOCXEeMax
(MMC). CxemMHO€ UCHOJHEHUE, MEPHI MO 3JIEKTPOMArHUTHONH COBMECTHUMOCTH.
MarauTHbIe JaTYMKHU, KaTylika Porosckoro.

AHaJIOTOBBIE MHTETPATIbHBIE MUKPOCXEMBI I PEJICUHON 3alllUThl U aB-
tomaTuku. Oneparmonnsie yeunurean (OY). CxeMbl BKIIOYEHUS! ONepalioH-
HBIX YCHJIUTEIIeH, HCI0JIb3yEMbIX B yCTpoiicTBax P3: ycunurenu, koMnapaTtopsl,
MIOPOTOBBIE IJIEMEHTBHI, JIEMEHTHI C MOJIOKHUTEIBLHOW 00paTHO CBsA3bIO, HOPMU-
poBaTeN MOYJIs, aHAIOTO-IU(PpOBEIE MpeoOpazoBaTen, (GUIBTPHI.

DJIeMEHTHl JIOTUYECKOM M HCHOJHUTEIbHOW YacTU pPEJICHHON 3alllMThI.
Jlornueckue snementel MJIN, U, HE; mornueckue cxembl Ha OJHOM KOMOWHU-

poBanHoM »3iaeMente (M-HE wiu UJIM-HE). Jloruka Ha MHTErpajibHBIX MHUK-
pocxemax. [1, 2, 3, 4,9, 12, 16]



MeToanueckue yKasaHus

OcHoBHoe TpeboBanue k TT — 310 Oosiee TouHas nepenaya HHPOpMaLUU
U3MEpPUTENLHBIM OpraHaMm pesieiHOM 3alluThl O BeIMYuHE U (daze Toka, MpoTe-
KaIOIIEeTro B MEPBUYHOM LIENH 3aIUIIAEMOr0 00bEKTa MPU PA3IUUHBIX IKCILTya-
TallMOHHBIX PEKUMAX.

TT, paboTtaroniye Ha TUHEWHOW YaCTH XapaKTEePUCTUKU HaMarHUYMBaHMUS,
MOTYT SIBJIATHCS UCTOYHUKAMHU ONEPATUBHOTO TOKA: MPH K.3. TOK PE3KO BO3pac-
taeT 1 MomHocTs 1T P,=l,-U, crtaHoBUTCA ITOCTATOYHOM jId HNUTAHUS LENU
ONEPATUBHOTO TOKA.

Crnenyet MOHATH PU3NUYECKYIO MPUPOTY BOSHUKHOBEHUS IMOTPEITHOCTEH B
TT u cnocoObl ymenbiieHus: ux. TouHocTh paboTsel TT XxapakTepusyercst moJ-
HOM TOKOBOM morpentHocThio €. Harpyska TT BeiOupaercs Tak, 4ToOBI € HE TIpe-
Bbimana 10% mnpu 3amaHHON BTOPUYHON HArpy3ke M MNPENesIbHOW KPAaTHOCTH
(k10) TT. Ilox npeaenbHON KPAaTHOCTBIO MOHMMAIOT OTHOIIICHUE MAKCHMAIbHOTO
IIEPBUYHOIO TOKa K.3., mporekarouiero yepe3 TT, k HoMuHaneHOMY TOKY TT.
OCHOBHBIM HEJOCTATKOM KPHUBBIX MPEIEIbHON KPATHOCTH SIBJISIETCS] UX MPUTOJI-
HOCTh TOJIBKO JJI OIIEHKU MOTPEUTHOCTEH B YCTAaHOBUBIIEMCS PEKUME PabOTHI
TT.

Cnenyer 3HaTh, 4TO pacueTHas Harpy3ka Ha TT 3aBUCUT OT CXEMBI CO-
equnenus TT, Buaa k.3., coueTaHusi MOBPEXKACHHBIX (a3.

OcHoBHoe HazHayeHue TH cocTouTt B TOM, 4TOOBI K U3MEPUTEIHHBIM Op-
raHam peJICHOM 3aluThl OIBOAMIIACH TOUHAsT UH(pOpMAIUs O BEJIMUUHE U (a-
3€ HaNPSDKEHHS B MECTE YCTAHOBKM 3aluThl. C 3ToM TOUkM 3peHust TH noimkHbI
paboTaTh ¢ MOrPEIIHOCTHIO, HE TPEBBIMIAIONIECH HEKOTOPOU JTOMYCTUMOW BEJIH-
YU HBI.

Cnenyer 3HaTh cxeMbl coenuHeHuss ooOMoTok TH um ux Ha3HaueHue.
Heobxoaumo mpeacTaBisTh I 4ero OCYIIECTBIISETCS] KOHTPOJIb 32 UCIIPABHO-
CThIO BTOpUYHBIX Lienerd TH.

B psane cnydaeB npu orcyrctBud TH nNpuMEHSIOT EMKOCTHBIE IEJIUTEIN
HanpspkeHusi. Hajio 03HaKOMUTBCS C IPUHITUIIOM UX JIEUCTBHS U CO CITOcOOaMu
0TOOpa HATPSIKEHUS.

B snekTpuyeckux CeTsAX MIMPOKO MPUMEHSIOTCS 3allUThl, PEArUPYIOIINE
Ha OT/CJIbHBIE CUMMETPUYHBIE COCTABIISAIONIME TOKOB WM HAIpPSHKEHUM — 00-
PaTHOM W HYJEBOM MOCIIENOBATENBHOCTH. [103TOMY HY)HO NpEnCTaBIATh, KaKk
MPOUCXOJUT UX BBIJCIICHUE W3 HECUMMETPUYHON CUCTEMBI TpeX(a3HbIX TOKOB
WIN HANPSDKEHUN, U3YYUB YCTPOMCTBO (DUIIBTPOB TOKOB M HAINpPsKEHUU oOpaT-
HOU U HyJIeBOM nocienoBatenbHOCTH: Zlo; ZUy; Zlg; ZU.

[Tpu uzydyenuun nmpeoOpa3zoBareseil CHHYCOUIATLHOTO TOKA B HAIIPSHKCHUE
TAL (mpomexxyTouHbIil TpaHC(hHOPMATOP TOKA — TPAHCPEAKTOP) U TIPOMEKYTOU-
HBIX TpaHchopmaTopoB HamnpspkeHuss TVL crienyer 3HaTh KOHCTPYKIIMIO MarHu-
TOINPOBO/IA, BEJIMYMHY BTOPUYHOW HArpy3KH, 3aBUCHUMOCTH BBIXOJHOTO HAaIIpsi-
YKEHHUS OT BXOJHBIX TOKA U HaMpsiKEHUs1. PaccMOTpeTh crmocoObl SKpaHUPOBAHUS
OT BBICOKOYACTOTHBIX MOMEX, COTJIACOBAHUS BBIXOJHOTO HAMNPSIKEHHUS C BXOM-
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HBbIM HampspkeHueM usmepuresibHoro oprana (MO) perne, uckinrodeHue raibBa-
HAYECKOU CBS3H.

Kak KOHCTPYKTHMBHO YCTPOEHBI MarHWTHBIE NaTyukd. VX mpenmyinecTsa
n HepocTtaTku. Karymika Porosckoro, natunkn Xosna.

N3yuuth ycTpoicTBO U padoty OY u ux napameTpsl IO BXOJY U BBIXOAY,
IIEPENATOYHYIO XapaKTepUCTUKY. OLEHUTh BO3MOXHOCTH npuMmeHeHus OV B
yCTpOMCTBaxX pesieHHON 3alUThl M1 aBTOMAaTUKH (YCHJINTENb, KOMIIapaTop, Mopo-
TOBBII 3JIEMEHT € MOJIOKUTEIBHONU OOpPaTHOM CB3bI0, (DOPMHUPOBATENIN MOYJIS).

Pazobpatbcst B yCTpoMCTBE M paboTe aHaIoro-1u@poBoro mnpeodpa3ona-
tens (AL u nudpo-ananorosoro npeodpazosarens (LIAIT).

N3y4nTh Tpu OCHOBHBIE JOTMUECKHE (PYHKIUHU U IJIEMEHTHYIO 0a3y miis
ux peanusanuu. Jlornueckrue GyHKIUU ONMEPUPYIOT C JBOMYHBIMH MEPEMEHHbI-
MU, KOTOpPbIE MOTYT IPHUHUMATh TOJIbKO JBa 3HaueHus: 0 wim 1. Ha ocHoBe mpo-
cteix jormyeckux ¢ynkumii W, NI, HE ctposT Gosiee ciokHble (DYHKIIHH.
VYAcHUTh X YyCTpOMCTBO M padoty. I'paduueckoe mzoOpakeHUE JOTHYECKUX
anemeHToB. [ludposas noruka. Cxemsl, BoinodHsAwonme onepanuu M-HE 1u6o
WNIJIN-HE u ¢yHKUMOHAIBHBIE CXEMBbI (TPUITEPBI, CUYETUYUKH MIUPPATOPHI, Je-
g paTopsl U Ap.)

Bonpocsl 11 caMonpoBepKHU

1. KakoBo Ha3Ha4YeHHE U3MEPUTEIBHBIX TpaHCHOPMATOPOB?

Kak mapkupyroTcst BBIBOABI 00OMOTOK U3MEPUTENBHBIX TpaHCHOopMaTopoB?

3. Uem 0O0yCJOBIIEHBI MOTPEIIHOCTH TPAHCPOPMATOPOB M KAKUM OOpPa3oM MOKHO
YMEHBIIIUTh UX BETUYUHY?

4. YTO MOHMMAETCS 1OJ] HOMUHAJIBHBIM U BUTKOBEIM Kod(hdurmentamu TT u B uem ot-
JIUYHUe MEXy HUMU?

5. Kak BeiOpate TT aisa nutanus peiaeitHoM 3auThi?

6. KakoBBI TOCTOMHCTBA U HEJOCTATKU cXeM coeauHenus TT?

7. Tlouemy He nomyctuM XxonocTtor xox anst TT?

8

9

no

Kak onpenenuts pacuetHyro Harpy3ky Ha TT?
. Kakue cxembl coequnenus TH npumeHsoTces B peseliHoil 3amure?

10. lns yero mpuMeHsieTCs KOHTPOJIb WCHPABHOCTH LIENEH HampsyKeHHUsS M KaK OH OCy-
LIECTBIIsAETCS ?

11. Kax npoBeputs TT 1o KpUBBIM IIpeieIbHON KPaTHOCTH?

12. Kak MOXHO MOJIyYUTh CUMMETPUYHBIE COCTABIISIOIIME TOKA WM HANpPSHKEHUs pas-
JIMYHOM MOCJIEN0BATEILHOCTH?

13. Kak BbINISIUT ociuiuiorpaMMa BTopuyHoro Toka TT mpu rimy6okoM HachIeHUH
( akTUBHas Harpy3ka)?

14. TTouemy TOK BO BTOpHuHOU 00MOTKe TT HE 3aBUCUT OT Harpy3kM U B Kakux INpejenax
3TO CTIPABEIJIUBO?

15. Kakue cxembl coenuHerns TT HENpUroaHBI IS 3alIUTHI TPaHC(HOPMATOPOB CO CXe-
mamu coeaunenust Y/A u Y/Y ¢ 3a3eMiIeHHOM HEHTpabio?

16. Kak yctpoeHsl u paboTatoT GUIBTPHI TOKA U HANPSOHKEHUs HYJIEBOW IOCIIEA0BATENb-
Hoctu (OTHIT u ®HHIT)?

17. Kak ycTpoeHsl coriacyromye npeodpa3oBaresy TOKa U HalpspKeHUs ?

18. Kak paboTaroT KoMIiapaTop, MoporoBbIii ajeMeHT, Tpurrep Llmuara?

19. Kakue tpeboBanus npenbssistores K AL B cxemax P3?

20. Kakne nornyeckne GyHKIMH peaTn3yloTcs B cxemax P3?
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2.3. H3mepuTe/bHBIE U JOTHYECKUE OPTraHbI peJieifHOl 3a1UThI.
PeJte.

[TpyHIMIIBI KOHCTPYKTUBHOTO HcnoidHeHUs pene. Kiaccudukanus siek-
TPUUECKUX pelie. DIEKTPOMEXAHUYECKUE CUCTEMBI. DJIEKTPOMArHUTHBIE pEIIE,
NPUHLIUIBI UX JOEHCTBUS, MapaMeTphl cpabaThIBaHUA M BO3BpATa, CIIOCOOBI UX
perynupoBanusi. VI3MEpHUTENbHBIE 2JEKTPOMArHUTHBIE peJie TOKAa M HallpsKe-
HUs. BecromorartenbHble DJIEKTPOMAarHUTHBIE pelie: BPEMEHHU, IIPOMEKYTOUYHBIE,
yKasaTesbHble. VX XapaKTepuCTUKH.

[Tonsipu3oBaHHBIE pene, pele ¢ MarHUTOYIPABILIIOIMMU KOHTAaKTaAMU
(TepKOHBI).

MHayKIuoHHBIE peie, NPUHLMUI JeUCTBUSA. MHIyKIMOHHOE pene ToKa.
KOHCTpYKTUBHOE HCIIOJIHEHHE CIIOXKHBIX MHIYKIHOHHBIX pEJe — PEeje MOIIHO-
CTM U peJie CONMPOTHBJICHUS. XapaKTEPUCTUKHU, PEryJIUPOBAHHE I1apaMETPOB
cpabaTbIBaHUS.

[TomynpoBOIHUKOBAss 1 MUKPOIPOLECCOPHAs 3JI€MEHTHas Oa3a.

[TorynnpOBOJJTHUKOBBIE 3JIEMEHTHI: JTHOJbI, TPAH3UCTOPHI, CTAOUIUTPOHBI,
TUPHUCTOPBI U U3MEPUTENIbHBIE OpTaHbl PEICIHON 3alllUThl Ha UX Oa3e.

AHanoroBble MUKpOCXEMbI B pesieiiHOM 3amuTe. TunoBble (hyHKIIMOHATb-
HBIE JIEMEHTHI, BBITIOJIHSAEMbIE Ha ONEepallMOHHBIX yeuiurensix (OY).

M3mepuTeNbHBIE pelle Ha OCHOBE aHAJIOIOBBIX HHTETPAIBHBIX MUKPOCXEM
C OJTHOM M IBYMSI BXOJAHBIMHU 3JIEKTPUUECKUMU BEITUIMHAMMU.

OpraHsl JIOTMKH Ha UHTETPAJIbHBIX MUKPOCXEMaX.

[TudpoBbie Opranbl 3alIUThl HA OCHOBE MUKPOIPOLIECCOPHOM 3JIEMEHTHON
0a3bl. TpeboBanus, IpeabsIBIsIeMbIe K HUM B ycTpoiicTBax P3. [1, 2, 3, 4, 9, 12,
16]

MeToauyeckue yKkasaHusl

N3yyas naHHyio Temy, clefAyeT OOpaTUTh BHUMAHWE HA MPUHIUN ACi-
CTBUSL U KOHCTPYKTHBHBIE OCOOEHHOCTH HanbOojee 4acTO MPUMEHSAEMBIX pelle.
HyXHO XOpomio 3HaTh XapaKTEpPUCTUKH OCHOBHBIX THUIIOB peJie U CIOCOObI pe-
I'YJIUPOBAHMS X NTAPaMETPOB.

B nocnennue roasl Bce yalle NPUMEHSIIOT MOJYNPOBOJAHHUKOBBIE DElie,
pa3padaThIBAIOTCSl yCTPONCTBA 3aIIUTHI M1 ABTOMATHKY HA OCHOBE MHTETPATIbHBIX
mukpocxeMm. CrenyeT pa3o0parbcs ¢ OCHOBHBIMU JOCTOMHCTBAMU U HENOCTAT-
KaMU MOJIYNPOBOJHUKOBBIX PEJIE HA MHTErPAIbHBIX MUKPOCXEMaX.

JI1s onTUMaIBbHOTO TTOCTPOCHUS JTOTHUYECKOM YacTH 3aIluT MeIecooopas-
HO NPHUBJICYEHUE METOJ0B TEOPUM PEIEHHBIX YCTPOHCTB. OCHOBHBIMU 3JIEMEH-
TapHBIMU JIOTUYECKUMU oOlepanusiMu sBsiioTcs au3btoHkuus (MJIN), konb-
toukus (M) u unsepcust (HE). D1y onepanuu 1aroT BO3MOXKHOCTh peaan3aliu
mo0oi 0osee crnoxxkHoM GyHkiuu. Cieayer pa3odopaThCsi ¢ OCHOBHBIMU MOHSTH-
AMH alreOpbl JIOTUKH, a TaKXE CO CIIOCOOAMM BBITOJHEHUS JIOTHUYECKUX dJIe-
MEHTOB. B 3TOM paszene ele pa3 CTOUT BEPHYTHCS K HU(PPOBBIM MUKpPOCXEMAM,
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BBIMOJHSIOUINM JOrHYecKkre QyHKIUH, U K QYHKIHOHAIBHBIM CXeMaM (TpuUrre-
pol, cuetunku AL, AL mmdpartopsl, nemmdpatopst u ap.)
Bomnpocs! 11 camonpoBepku

1. KaxoB npuHIUN JeHCTBHS JIEKTPOMAarHUTHOTO U MHAYKIIHOHHOTO pere?
2. Yro Ttakoe k03¢ (UIMEHT BO3BpATa peie, OT YeTo OH 3aBUCHT U KaK MOXKHO PEryJIupo-
BaTh €0 BEIUYHHY?

3. UeM oTnHMuaroTcs XapaKTepUCTHKH cpabaTriBaHus peine Toka PT-40 u PT-807

4. W3-3a yero HaOmromaeTcsi BUOpanus MOJBM)KHON CHCTEMBI JIEKTPOMArHUTHBIX pelie
IpY TUTaHUU UX OOMOTOK IEPEMEHHBIM TOKOM M KaK OHa YCTpPaHSETCs?

5. KakoBo Ha3HaueHHE MPOMEKYTOUYHBIX U YKa3aTeIbHBIX pene?

6. UYem ompenensiercs BpeMsi cpabaThIBaHUS U BO3BpATa MPOMEKYTOUHBIX pelie U KaKUM

00pa3oM MOHO BO3/ICIICTBOBATH HA 3TOT MapameTp?

KaxoBa koHcTpyKIus pene nepeMennoro tToka tunos PI1-340 u PBM?

8. KakoB mpuHUIMII EHCTBUS MOJIIPU30BAHHOTO pejie, MAarHUTORJIEKTPUUECKOro peie?
[ToueMy oHU pearupyroT Ha HallpaBJIEHHE TOKa B 0OMOTKe?

9. Uewm oOBsCHSETCS 3aBUCHMOCTh BPEMEHH CpabaThIBaHUS WHIYKIIMOHHOTO pelie TUMa
PT-80 ot Toka B ero oomMoTke?

10. Kak u3MeHsieTcsl Bpallarolifii MOMEHT B pelie HalpaBiIeHUs] MOUTHOCTU MpPU U3MEHe-
HUH yIi1a cABHTa (pa3 MeXay IMOABEICHHBIMHA K HEMY TOKOM H HalpsHKCHHUEM?

11. KakoB mpHUHLMUIT JEHCTBHS pejie C MAarHUTOYIPABIIEMbIMH KOHTAKTaMH, KaKOBBI €T0
OCHOBHBIE JOCTOMHCTBA?

12. Kak MOXXHO CpaBHUTH JIBE MJIEKTPUUYECKUE BEIUYMHBI IO MOAYIIIO?

13. Kakue criocoObl BBITOJHEHHS JTOTHYECKHUX dJIEMEHTOB Bl 3Haete?

14. Cratuueckue pelie TOKa, HalpsDKEHUs, MOIIIHOCTH, ycTpoicTBo u padota (PCT, PCH,
PCM, PBO)

15. /Ins BeimonHeHus: Kakux opranoB P3 ucnonb3yrores ananorossie UMC, a ans kakux —
¢ poBbIie?

16. [Ipeumymecta P3, BeimonHenHsix Ha 6aze UMC, o cpaBHEHUIO ¢ 3JIEKTPOMEXaHU-
YECKUMHU peJie.

17. Ocobennoctu 1uGpPOBBIX pere U UX HacTpoiika. CTpyKTypHas cxema LH(POBBIX
(mporpammHbIX ) 3auT. TpeboBanus k ALIIT.

~

3. Pejeiinasi 3a1iUTa U ABTOMAaTHKA B CUCTEMAX 3JIEKTPOCHAOKEHU S
3.1. 3amurTa mJIaBKMMU NMPeAOXPAHUTEISIMH M aBTOMATAMH

Hasnauenue mpenoxpanurenei, aBtomaToB. x xapakrepuctuku. Beidop
MpPENOXPAHUTENICH U aBTOMATOB JJIS BBITIOJTHEHUSI YyBCTBUTEIBHON U CEIEKTHUB-
HO jelcTByomeH 3amuThl. O0gacTu ux npuMeHenus. [1, 2, 4]

MeToanuyeckue yKasaHust

[Tpenoxpanurens (aBTOMar) COBMEUIAET OJHOBPEMEHHO (YHKIUHU BbI-
KJIFOYaTeNs U pereriHoM 3amunTbl. OCHOBHBIMU XapaKTEPUCTUKAMHU €r0 SIBIISIOT-
Csl: HOMUHAJIbHBIA TOK TUIABKOW BCTaBKU |pci0y; HOMUHAIBHBIA TOK MpEaOXpa-
HUTENSA |77py0y; TIPENETBHBIN TOK OTKIIIOUEHHS MPEAOXPAHUTENS | 7pomus; 3ALLAT-
Has (BpeMSITOKOBasl) XapakTepucTuka npenoxpanutens. [Ipu BbiOope mpeno-
XPAaHUTENIS CIEeyeT UCXOIUTh U3 YCIOBUS €ro Ha/IeKHOM padoThl B aBapUMHBIX
Y HOPMAaJIbHBIX PEXXUMAX, a IUIaBKas BCTABKa HE JOJDKHA IIEPEroparh IpU Kpar-
KOBPEMEHHBIX IMeperpy3kax 3aluiaeMoro oobekra. M3BecTHO, YTO JJIsl CeNeK-
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TUBHOM pabOTHI MpeaOXpaHUTENCH HEOOXOANMMO BBHIOMPATH IIABKUE BCTABKH C
HOMMHAJIbHBIMU TOKaMH, OTIMYAIOIIMMUCS MO IIKaJle, WIK COBMEUIaTh 3aIlHT-
HbIE XapakTepucTuku. HegocraTku mpegoxpanutens (HECTaOMIbHOCTh 3allIUT-
HOM XapaKTepUCTUKH, HEBO3MOXKHOCTh B PSAJE CIy4YaeB BBINOJIHUTH 3AILUTY OT
Meperpy3Ku U Jip.) OrpaHUYUBAIOT 00JIACTh €r0 IPUMEHECHHUSI.

ABTOMATBHI CHA0XAIOTCS CIEHUATBLHBIM YCTPOUCTBOM pPENICHHOM 3allUThI
— paciuenuTeseM, KOTOpoe B 3aBUCMMOCTH OT THIIa aBTOMAaTa BBIMOJIHAETCS B
BUJIC€ TOKOBOM OTCEUKH WJIM MaKCUMaJbHOW TOKOBOM 3amuThl. [Ipu Manbix To-
KaX aBTOMAT OTKJIIOYAETCs C BBIIEPKKON BPEMEHH, a IPU OOJIBIINX — MTHOBEH-
HO. 3alllUTHBIE YCTPOMCTBA aBTOMaTa (paclUeNUTEIN) MO3BOJIAIOT BHIIOJIHUTH
TokoBY10 3amuTy 0e3 TT u 6e3 omepartuBHOro Toka. I[lo cpaBHEHHUIO C Mpeao-
XPaHUTEISIMA aBTOMAaThl UMEIOT 00Jiee YCTOWYHBBIC 3aIIMTHBIC XapaKTEPUCTHUKU
U TIPOM3BOJAT OJHOBPEMEHHO OTKIIIOUEHHE BCeX Tpex (ha3 3alluiiaeMoro jiie-
MeHTa. KpoMe Toro, oM SIBISIFOTCS amnmapaTaMyd MHOTOKPATHOTO JEMCTBUS, YTO
MO3BOJISIET C MX MTOMOILBIO BBIMOJIHATH CXEMbI CETEBOM aBTOMATHKH.

Bonpocsl 1u1st camonpoBepku

1. KakoBo Ha3Ha4YCHHE MMPEIOXPAHUTEIISI U aBTOMATa?

[Touemy HE ymaeTcsi BCIOJY YCHEIIHO MPUMEHHUTH MPEAOXPAHUTEIIA U aBTOMAThI IS
3alUTEI OT K.3.7

Kak BBIOUPAIOTCS IPEIOXPAHUTEIIA U AaBTOMATHI?

Kak oOecrneunBaercs celleKTHBHas paboTa NpeIOXpaHHMTENICH WM aBTOMAaTOB?
Kakoe Ha3Ha4YeHHE NMEET MEXaHNU3M CBOOOTHOTO pacIeruicHuUs ?

Kak oGecrnieunBaeTcss HEOOXOAMMasl BBIZCPKKA BPEMEHH cpadaThIBaHKs aBTOMaTa?

N

ook w

3.2. ToxoBble 3aIIUTHI
3.2.1. Makcumanvnas mokoeas 3awuma

Ha3znauenue W mOpuHLOMO ACHUCTBUS MAKCHUMAJbHOW TOKOBOW 3allUThI
(MT3). Cxemsl ucrioiaHeHus 3amuT. Pacder Toka cpabateiBanus 3amuthl (l.,).
Omnpenencare ko3hhHUIMEeHTa YyBCTBUTEILHOCTH (K,) B 3aBUCHMOCTH OT CXEMBbI
coenunenus TT u 0OMOTOK penie Mpu K.3. B 30HE OCHOBHOTO U PE3EPBHOTO JCH-
CTBUU 3aIUTHI.

CenextuBHasi paboTa MaKCHMAaJbHBIX TOKOBBIX 3amuT. OmpeseneHue
BpeMeHU cpabaThIBaHUS 3aIIHUT, CTYNIEHb CEJIEKTUBHOCTH At.

Ormenka u oonacts npumenenust MT3. [1, 2, 3, 4, 5, 16, 21]

MeToauveckue yKkasaHusl

OnHMM W3 NPU3HAKOB BOZHUKHOBEHMS K.3. SIBISIETCS YBEIWYECHUE TOKA B
e 10 CPABHEHUIO C MAKCUMAJbHBIM TOKOM HArpy3Kd. DTOT MPHU3HAK IOJIO-
’K€H B OCHOBY Pa0OThI 3aIllUT, HA3bIBAEMBIX TOKOBBIMU. OHHU JCISTCS HAa MAKCH-
MaJIbHBIE TOKOBBIE 3alIUTHl U TOKOBBIE OTCE€YKH. OCHOBHOE OTIWYHUE MEKITY
ATUMHU 3alUTAMH 3aKJI0YaeTcss B criocode obecrnedeHus: cenekTuBHOCTH. Ce-
JEKTUBHOCTH jaeiicTBust MT3 obecrieunBaeTcsi ¢ OMOIIBIO BBIICPIKKH BPEMCHHU.
Brinepxka Bpemenu cpabatsiBanusg MT3 t., BeIOuUpaeTcs mo Tak Ha3bIBAEMOMY
CTYyNEHYaTOMY MPUHIUITY, UCIIOJB3Ys CTyNEHb celeKTUBHOCTH Atl. 3ammra npu-
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XOJIUT B JIECTBHE, €CJIM TOK B 3ALIUILEHHOM 3JIEMEHTE IPEBBIIIAET €€ TOK Cpa-
OarpiBanms. MT3 He momkHaA cpabaThIBaTh MPU CaMO3AIMYCKe JIEKTPOABUTATE-
JIeW TOCJE JTMKBUIAMA BHEIIHETO K.3. WK nocie AlIB 3amumaemon nuauun. B
TO K€ BpeMs OHa JOJDKHA HAAEKHO paboTaTh MPH K.3. HE TOJIBKO Ha CBOEM
y4acTKe (30Ha OCHOBHOTO JIEHCTBHSI), HO U Ha COCETHEM (30Ha PE3E€PBHOTO JECH-
CTBHUS) MPHU OTKa3e 3alUTHl WJIA BBIKJIIOYATENSI 3TOTO ydacTka. UyBCTBUTENb-
HocTh MT3 xapaktepusyercs koddduuuentom uyBctButenbHOCTH (K,), orpe-
JIESIEMBIM KaK OTHOIIIEHHE MUHMMAJIBHOTO TOKAa B pejie MPU METaUIMYeCKOM
K.3. B KOHIIE 3alllUIIIaeMO 30HBI K TOKY cpabaTbiBaHus pese. HyxHO ymeTb
OLICHUTD K, pa3IMyYHBIX CXEM 3alUThl PU Pa3IMYHBIX BUAAX K.3. JIO U 32 CHJIO-
BBIM TpaHcPopMaToOpoM ¢ coeanHeHneM ooMoTok Y/A u Y/Y ¢ 3a3eMicHHOM
HEUTPAJBIO.

Crnenyer obpatuTh oco00e BHMMaHHWE Ha OCOOEHHOCTH pacueta MT3 c
JNEUTYHTUPOBAaHUEM KaTyIIEK OTKJIIOYEHHs BBIKIIOYaTeIel, OOyCIIOBIEHHBIE
paznuyHbIMH TpeboBaHusIMU K TT mipu paboTe B pexumax J0 U nocie cpadartol-
BaHMs JIEIIyHTHpYomUX pesie. Heo0XxoaumMo 3HaTh JOCTOMHCTBA U HEAOCTATKH
MT3. [{udpoBbie 3alIUTHI U UX UCTIOTHEHUE.

Bonpocsl 1u1st camonpoBepku

N3 xakux opranoB coctouT MT3, kakoBa (pyHKIIMOHAJIbHAS CXeMa 3aLUThI?

Kak BbIOMparoTcst TOK cpabaTbiBaHus U BpeMs cpabarsiBanust MT3?

Kak onpenenuts K, 3aiiTel pH K.3. HA 3aIUIAEMOM U PE3ePBUPYEMOM ydacTKax?

Kakum o0pa3om oOecnieunBaercss CeneKTHUBHOCTH jeicTBus MT3 ¢ 3aBucCUMBbIMEU

XapakTepucTuKamu?

5. Kak paboraer 3ammura 1o cxeme ¢ JCIyHTUPOBAaHHEM KaTYIIEK OTKIIOUYECHUS BBIKIIO-
yaresnen?

6. KakoBa BekTOpHas auarpaMma TOKOB B MECT€ YCTAaHOBKH 3aIlIMTHI NMPH ABYX(a3HOM

K.3. 32 TpaHcopMaToOpoM C coeanHeHHeM oOMOTOK Y/A, mpu omaHo(da3zHOM K.3. 3a

TpaHcdopmaTopoM ¢ coeuHeHreM 00MOTOK Y/Y ¢ 3a3eMIICHHO# HEHTpasbio?

KakoBrl nocTonncTBa ¥ HegocTtatku MT3?

OcoOenHocts MT3 ¢ mycKoM IO HaNpPSKEHUIO.

Ocob6ennoctu MT3 ¢ MarHUTHBIMH JaTYUKAMH.

10. LlndppoBsie TOKOBBIE 3AIIUTHI, BHITyCKaeMbIe TpEANpUATHIMU Poccun.

PO

© oo

3.2.2. Toxoewvle omceuxku

Hasnauenue u mpuniun aeiictBus. Beibop Toka cpabaTtbiBaHUss MTHOBEH-
HOU oTceuku. HecenekTuBHbIe OTCEUKH. OTCEUKN HA JMHUAX C JIBYCTOPOHHUM
nutaHueM. OTceyka ¢ BbIIEPKKOH BpeMeHU. TOKoBas CTyleHyaTas 3aliura, 0o-
JacTh ee npuMeHenus. [1, 2, 3, 4]

MeToanuyeckue yKasaHus

Jlnst obecnieyeHus CeIeKTUBHOCTH MIHOBEHHOM TOKOBOM oTceuku (TO) ee
TOK cpabaThiBaHUs BBIOMpPAETCS 0O0JIbIIIE MAKCUMAJIBHOTO TOKA, MPOXOJSIIETO
0 3alUIIaeMON JIMHUU TIPH K.3. B KOHIIE JUHUU. OmnpesieneHne Toka cpadaThl-
BAHUS 3aLIUTHI TPOU3BOIAT, UCXOAS U3 ACHCTBYIOLIETO 3HAYEHUS MEPUOANYE-
CKOM clIararomieii HadyajabHOro Toka Tpexdasznoro k.3. (g Bpemernu t=0). Ilo-
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TOMY HY>KHO YYHUTHIBATh BIMSHHE HA pabOTy 3alllUThl allepuoIUYECcKOM ciara-
IOlIei B MepBUYHOM TOKe. 30Ha neicTBust TO ompexaensercs rpaduyecku mpu
MIOCTPOCHUHU 3aBHCHMOCTH TOKa K.3. oT JumuHbI JIMHUU |, ; =f(l,157) . [Tockombky
TO umeeT MEPTBYIO 30HY, OHA HE MOYKET OBITh OCHOBHOM 3aLIUTOM.

OpHako B HEKOTOPBIX CIy4asx OTCEYKA JIMHUUA MOXKET SIBISTHCS OCHOB-
HOM 3amuTol, Hanpumep, npu 3aumTe B cxeme "0nok JIDIT — tpancopmarop”,
IZle B 30HY 3amuThl BXoauT BeA JIOII u nepBuyHas CTOpOHA CHIIOBOIO TPAaHC-
(dopMaTopa npu K.3. 32 TpaHCPOPMATOPOM.

TO moryT OBITH UCTIONIB30BAaHbI U HA JIMHUAX C ABYCTOPOHHUM IMUTAHUEM.
KoMmuiekTs! 3alyThl yCTaHABIMBAIOTCA C 00EUX CTOPOH 3aIIMINAEMON JIMHUU.
Tok cpabaTbiBaHUs 3alIUTHI 3TUX KOMIUIEKTOB BHIOMPAETCS] OJJMHAKOBBIM, paB-
HbIM MaKCHMaJIbHOMY TOKY BHEIIHErO K.3., & TaK’K€ MaKCUMaJIbHOIO YypaBHU-
TEJIBHOI'0 TOKA MPU KAYaHUAX B CUCTEME.

OCHOBHOE Ha3HAYEHUE OTCEYKH C BBIJIEP/KKOM BPEMEHU - 3aIllUTa 30HbI, B
KOTOPYIO BXOJIUT KOHEI] 3aIIMIIAaeMOro y4acTKa W IIWMHBI MPUEMHOMN MOACTaH-
uuu. s npenoTBpaiienus cpadbarbiBanus npu K3 Ha cMEXKHOM 3J€MEHTE 30Ha
M BpEMs JIEUCTBUSA OTCEUKM C BBIACPKKONM BPEMEHHU COIIACYIOTCA C 30HOW H
BPEMEHEM JEHUCTBUS MTHOBEHHOW OTCEYKH CMEXHOTO JIEMEHTA.

Ecnu Ha JIMHMKM yCTaHOBUTH MIHOBEHHYHO TO, OTCEUKYy C BBIIEPIKKOU
BpeMeHH U MT3, TO mosy4uM TpPEXCTYNEHUYaTyr0 TOKOBYIO 3amuTy. HyXHO
3HaTh BBIOOP MapaMeTpoB CpadaThIBaHUS U YMETh OLICHUTH UyBCTBUTEIBHOCTb
Ka)XI0M U3 cTyrneHel 3amuThl. LludpoBbie 3a1IUThl U UX UCIOJHEHUE.

Bomnpocsl 111 caMonpoBepKHU

Kak oOecrnieunBaercsi CeNeKTUBHOCTH JIeHCTBHS MrHOBEHHOH TO?
C kaxoil ebIo IPUMEHSI0TCA HecelneKTuBHbIe TO?

Kak BLI6I/IpaIOTC$I IapaMeTphbL Cpa6aTLIBaHI/I}I OTCCYKH C BBI,Z[ep)KKOI\/’I BPEMCHHU U KaAKO-
Ba 30HA UX HeﬁCTBHH?

Kak BriOupaercs Tok cpadbarpiBanust TO Ha TMHUSX C IBYCTOPOHHUM NUTaHHEM?

KaxoBbl HegocTtatku TO U Kak OHU YCTPaHSIOTCS B TPEXCTYINEHYATOM TOKOBOMW 3alu-
Te?

[Touemy npu pacuere Toka cpabarbiBanusi kak MrHoBeHHOM TO, Tak u TO ¢ BbIEpK-
KO# BPEMEHHU HE YUUTBIBACTCS Kgos?

N o gk wbhbeE

Kak BbIOMparoTcsi mapaMeTpbl cpabaThIBaHHsI BCEX CTYNEHEH TPeXCTyNeHYaTol TOKO-
BOI1 3aIIUTHI, KaK MPOBEPSIETCSA UX YYBCTBUTEIbHOCTH?

3.2.3. Toxoeas nanpasieHHan 3auwuma

MakcumanbHasi TOKOBasi HalpaBJICHHAsl 3alllUTa: CXEMHOE HCIIOJHEHHE,
pacuer u npuHUMI AeHCTBUSA. 90° cxeMa BKJIIOYEHHsS peJie HAIlpaBJICHUS MOIL-
HOCTH Ha MeXJy(a3Hble HANPSHKEHUs U TOKU (a3. TokoBble HampaBlIEeHHbIE OT-
ceuku. CenekTuBHas paboTa HampaBiieHHbIX 3amUT. O0JacTh MPUMEHEHUS TO-
KOBO# HarpaBjIeHHOH 3amuThl. [1, 2, 3, 4]
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MeToanueckue yKasaHus

TokoBOI HaIlpaBJICHHOW HA3bIBAIOT 3AIMTY, PEATHPYIONIYI0 HAa 3HAYCHUE
TOKAa W HaIlpaBJICHHE MOIIHOCTH K.3. B MECTE €€ yCTaHOBKH. PaccMarpuBaeMast
3alllMTa MPEACTABISIET COOOM TOKOBYIO 3aIlUTY, JOTIOJHEHHYIO pelie HampasJie-
HUSI MOIMHOCTU. OHA IPUMEHSIETCSL B CIOKHBIX CETSAX — CETAX C JABYCTOPOHHUM
MMATAHUEM, A TAKXKE B KOJBLEBBIX CETSIX C OJJHUM HCTOYHUKOM IuTaHus. Kom-
TUTEKTHl 3alIUTHl YCTAHABIUBAIOTCA C O0EUX CTOPOH 3alIUIAEMON JTUHUH H
INPUXOIAT B JEUCTBHE, €CIM MOIIHOCTH K.3. JUIA KaXJOTO U3 KOMIUJIEKTOB
HallpaBJICHA OT IIMH B 3al[MIIAEMYyI0 JIMHHIO, a TOK IIPEBBINIAET TOK Cpa-
OaThpiBaHUs. Bhinep:kka BpeMEHM MaKCHUMalbHBIX TOKOBBIX HAIIPaBJICHHBIX 3a-
IIUT BBIOMPAIOTCA MO BCTPEUYHO-CTyNeH4YaToMy npuHiumny. [Ipu BeiOope Toka
cpa0aThIBaHUs 3alIUTHI B OOIIEM CIIy4ae YUUTBHIBAIOTCS T€ € OCHOBHBIE YCIIO-
Bus, 4To U 111 MT3. OnHako uMeroTcsi 0COOEHHOCTH B BBIOOpE TOKa cpadathl-
BAaHUs IIPU MCIIOJIb30BAHUHU 3aIUTHI B KOJIBLIEBBIX CETAX, @ TAKKE B CETH C IJIy-
X03a36MJICHHOM HEUTpaJIblo, C KOTOPBIMU CIIEYET pa3o0paThCsl.

[Tox cxemoM BKIIIOYEHHS peJie HAIpPaBJICHUsS MOIIHOCTH ITOHUMAETCs
OIpE/IeNIEHHOE COYeTaHue (a3 TOKA U HaAIPsDKEHUS, MOJBOIUMBIX K €r0 0OMOT-
kaM. HaubGomnbiiee pacrnpocrpanenue noiyuwia 90° cxema BKIIIOUEHUS pelle.
J171s1 BBISIBIIEHUSI CBOMCTB CXEMbl HEOOXOAMMO YMETh aHAJIU3UPOBATH padoOTy pe-
JIE HAIIPABJICHUS] MOIITHOCTH IPH PA3IUYHBIX BUIAX K.3.

BrinonHeHue HanpaBlIeHHOW OTCEYKH Ja€T BO3ZMOXKHOCTDH IPU BBIOOpE €€
TOKa cpa0aThIBaHUSl YUUTHIBATH TOJBKO TOK BHELIHETO K.3. B HAIIPaBJICHUU JEH-
CTBHSI €€ peJie MOIIHOCTU. B 3TOM OCHOBHOE€ OTIMYME HANPABICHHON OTCEYKU
OT HEHAIIPABJICHHOM.

HenocraTkoMm HarpaBiIeHHBIX TOKOBBIX 3alUT SBJISETCS HAJIUYHUE MEPT-
BOM 30HBI, ONPENENIIEMON MUHUMAIbHBIM HAMPSDKEHUEM TP Tpex(da3zHoM K.3.
BOJIM3U MECTa YCTAHOBKH 3aIIUTHI.

Bonpocsl 111 caMmonpoBepKHU

=

KaxoB mpuHITUT AEMCTBUS TOKOBOM HApPaBICHHON 3alIATHI?

2. Uewm otrnmuaercst BEIOOp Toka cpabaTeiBaHus HampaBieHHBIX 3amuT (MT3 u TO) ot
HEHaMpaBJIeHHBIX?

3. B Kakux ToYkax KOJbIIEBOW CETH C OJHUM UCTOYHMKOM MUTAHUS, a TAK)XKE CETH C ABY-

CTOPOHHUM MUTAHUEM MOKHO OTKA3aThbCsl OT YCTAHOBKHU PEJIE HAMPABJICHUS MOIIHO-

ctu?

Kaxk paccuutarh BBIIEPKKH BPEMEHHU HAIIPaBICHHBIX 3aIUT?

Yem 00yCIOBICHO HAIMYUE MEPTBOI 30HBI TOKOBBIX HANPABJICHHBIX 3alllUT, KaK OHA

pacCYMTBIBAETCS, MPU KaKUX BUJAX K.3. BOSHUKAET?

ok

3.3. 3amurTa oT 3aMbIKaHUI HA 3eMJII0 B CETSIX € IJIyX03a3eMJIeHHOI
HEUTPAIBIO

MT3 HyneBoii mocaeaoBaTEIbHOCTH (HAMIPABICHHAS U HEHAPABJICHHAS ).
CryneHyaTas TOKOBasi 3allldTa HYJIEBOW mocieaoBaTelbHOCTH. CxeMa BKIOYe-
HUS pesie HampaBiieHUs: MOIIHOCTU. OCOOEHHOCTH pacueTa TOKOBBIX OTCEYEK
HYJICBOM MoceoBaTebHOCTH. [1, 2, 3, 4]
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MeToanueckue yKasaHus

C riayxo3a3eMJICHHBIMH HEUTpalIsiMd pabOTalOT CETH HalpsKEHUEM
110xB u BbImIe. {7151 3aIIUTHI JIMHUHM 3TUX CETEH OT K.3. Ha 36MJII0 OKa3bIBAETCs
OoJiee 11e1eco00pa3HbIM HCIOIB30BaTh OT/ICIbHBIA KOMILUIEKT pese. Pere Toka
3aIUTHI MOJKIIOYACTCS K PUIBTPY TOKOB HYJIEBOM IMocienoBarebHocTH. Crie-
JIOBATEJIbHO, 3alllUTa PEArupyer TOJBKO Ha K.3., CONPOBOXKAAIOIIMECS TOKAMHU
HYJIEBOW TOCIIEIOBATENLHOCTH. B OCTaIbBHOM CcX€Mma 3aIllUThl aHAJIOTMYHA pac-
cmaTpuBaeMbIM Bhimre cxemaM MT3 u TO ot Mexayda3HbIX K.3.

B o6miem ciyyae 3amuta BBITOJIHAETCS CTyneHYaTon. Tok cpabaThiBaHUs
MT3 HyneBo# MOCIEAOBATEILHOCTH OTCTpaWBaeTCs OT TOoka HeOanaHca |, B
HOPMAJIBHOM PEXXUME, €CIIU BBIAECPKKH BPEMEHHU 1y, paccMaTpuBacMOn 3alUTHI,
OoJbllie BpeMeHU AeUCTBUS i, 3alIUT OT MeXAY(}a3HbIX K.3., YCTAHOBJICHHBIX
Ha cienyromeM ydactke. Eciou tg < t,,4, TO 3amMTy HY»KHO OTCTpauBath OT .5
npu TpexdasHoOM K.3. B Hayaie cienytomniero ydactka. Hamuuue |, B cummer-
PUYHBIX pEeXHMaxX OOYCIOBICHO HEPAaBEHCTBOM TOKOB HamarHuuuBaHusi TT.
Bpems nelicTBusi 3alUThl BHIOUpAETCS MO CTyNeHYaToMy HpuHIUMY At, At —
CTyIEHb CelIeKTUBHOCTH. [Ipu 3TOM 00bIuHO nONTydaeTcs to < t,..

[IpuHIMIT 1EUCTBUS U yCIOBUSA HACTPOMKH OTCEYEK HYJIEBOM ITOCIIEI0BA-
TEJILHOCTH NMPAKTUYECKU TAKUE K€, KAK U OTCEUYEK, PEarupyroliux Ha ITOJHbIC
TOKH (pa3.

B ceTsix ¢ nByms 1 6oJiee 3a3eMIICHHBIMU HEUTPAJISIMU, PACTIOI0KEHHBIMU
B pPa3HBIX TOYKaX CETH, MNPUMEHSIOTCA HaIpaBJ€HHbIC 3amuThl. K oprany
HampasiaeHus: MorHoctu noasoasaTcss 3Ug u 3lp. Tok cpabaTeiBaHUS MTHOBEH-
HBIX OTCEYEK, YCTAaHOBJICHHBIX Ha MapajuICIbHBIX JIMHUSIX, HEOOXOIUMO BBHIOU-
paTh C y4€TOM HaJMuus B3aUMOUHAYKLIHH.

HamnpagiieHHbIE 3aIIUTHI HYJIEBOW MOCJIEN0BATEIIBHOCTH HE UMEKOT MEPT-
BOM 30HBI IO HAMPSDKEHUIO, TaK Kak 3Ug MakCUMaJIbHO B MECTE K.3. M paBHO HY-
10 B 3a3eMJICHHOW HelTpanu TpanchopmaTopoB. [{udpoBsie 3ammTh 1 UX uc-
IIOJIHEHHUE.

Bonpocsl 111 caMonpoBepKHU
1. Ha xakom mnpuHuune paboTaeT TOKOBas 3alllUTa HYJEBOH MOCIE10BaTENb-

HOCTH?

2. Kak BnusitoT Ha pacnpenenenue 3lo cXeMbl COSTUHEHNST OOMOTOK U PEXHMBI pabOTHI

HeﬁTpaneﬁ CHJIOBBIX TpaHC(I)OpMaTOpOB?

3. B kakux ciydasx MpUMEHSIOTCS HAlpaBJICHHBIC TOKOBBIE 3alIUTHI HYJIEBOW TOCIIEIO0-

BaTEIbHOCTHU?

4, HO‘IGMy PEJIC HAIpaBJICHHUA MOIITHOCTHU HyJ'IeBOI\/'I II0CJICAOBATCIIBHOCTH HE HMECT

MEPTBOM 30HBI?

5. Kak BeiOuparoTcsi mapaMeTpsl cpadaThIBaHUS TPEXCTYNEHYATOW TOKOBOM 3alllUTHI

(HaHpaBHCHHOﬁ) HYJICBOfI MOCJICAOBATCIIBHOCTU M KaK IIPOBEPACTCA YYBCTBUTCIIb-

HOCTb Pa3JIMYHBIX CTYIEHEH 3aIUThI?

6. KaxkoBsl MMpeuMyIHicCTBa paCCManHBaeMOﬁ 3alllUTHI IO CPABHCHUIO C TOKOBOM 3aliu-

TOH OT MeKTy(ha3HBIX K.3.7

KakoBa 065acTb mpuMeHEeHHs TOKOBOM 3alUThI HYJIE€BOW MOCIEI0BATEIBHOCTH?
8. Kak paccunrats TOK 3lo IpH pa3nuYHBIX K.3. HA 3eMITIO?

~
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9. Kak ompenenuts 3lo B MecTe yCTaHOBKH 3aIllMTHI MPH K.3. HA 3€MIII0 B yAaJeHHOU
TOUKe?

3.4. 3ammTa OT 3aMbIKAHUIH HA 3eMJII0 B CeTAX C U30JIMPOBAHHOI
HelTPaJIbIo

Cxema 3aMelieHus JJis aHajdn3a pPeKUMa 3aMbIKaHHs (a3bl Ha 3EMITIO.
Toku 1 HanpsKEHUSI NIPU 3aMbIKaHUSIX Ha 3emiiio. OCHOBHBIE TPeOOBaHUS K 3a-
nmte. [[puHIKUNBI BBIMOJHEHUS 3aIIUTHl OT 3aMbIKaHWM Ha 3eMinto. [IpuHimn
paboThl (UIBTPOB HamNpsDKEHHUs HyneBod mnocnenoBarenbHoct (OHHII) u
bunbTpoB TOKa HysneBoH nocienoBaTenbHocTH (DTHII). Pasmenienue 3ammr u
BBIOOp €€ MmapaMeTpoB cpadaThiBaHMs. 3alluTa KOMIEHCHPOBaHHOU cetu. [1, 2,
3,11, 13,19].

MeToanueckue yKazaHusi

B ceTsix ¢ n30aMpoBaHHON HEUTPAJIbIO 3aMbIKAHUS OJTHOM (ha3bl HA 3EMITIO
HE BBI3BIBAET K.3., TaK Kak B 3ToM ciydyae DJ[C noBpexieHHo# (a3bl HE LIYHTH-
pyeTCsi HAKOPOTKO, a TOJIbKO 3aKOpauyMBaeTCsi EMKOCThIO ((haza — 3emiis) 3ToM
(da3bl. Bo3HuKamuMii mpyu 3TOM B MECTE MOBPEXKICHHS TOK 3aMBIKAeTCs 4epes
€MKOCTb MPOBOJAOB "310pOBBIX" (Da3 OTHOCUTENHLHO 3€MJIM M UMEET HEOOJBIIIYIO
BEJIMYMHY (/10 HECKOJIBKUX JE€CATKOB amriiep). [1oaToMy CHM>KEHMS HANpsyKEHUs
B ceTu He npoucxonut. OaHako gaszHoe HanpspkeHue "310poBbiX" (a3 oTHOCH-
TEJIbHO 3€MJIM MOBBIIAETCS 10 MexAydaszHoro. JInHelHble HApsHKEHUST OCTa-
I0TCSl HEU3MEHHbIMU. YTOOBI BCE 3TO YCBOUTH U MPEACTABUTH HATJISAHO, HYKHO
pa3o0paThCsl B BEKTOPHBIX JUarpaMmax TOKOB U HallpsDKEHUH B HOPMAJIbHOM U
HEHOPMAJIbHOM PEXHUMAX.

OpnnodazHoe 3aMbIKaHUE Ha 3€MIII0 HE OTpa)KaeTcsi Ha paboTe moTpedu-
TeJell M He HapylIaeT CUHXPOHHOU paboThl reHepartopoB. [losTomy B oTiaudme
OT K.3. 3aMbIKaHHUS Ha 3eMJII0 He TPeOyIOT HeMeajJeHHON MukBuaanuu. OgHaKo
OTOT BUJ IOBPEKIACHUS CO3MACT INEPEHAIPSDIKEHHUE, YTO IPEACTABISAET Olac-
HOCTb C TOYKHU 3PEHUSI HAPYIICHUS HU30JALIHUHN "370pOBbIX" (a3 U BO3MOXKHOCTD
nepexoaa oAHO(A3HOro 3ambIKaHUsl B MexAy(da3zHoe K.3. 3alIMTy OT paccMmar-
pPUBAaEMBbIX MOBPEXKACHUIN MPUHATO BBIMOJHATD C JEHCTBUEM HA CUTHAIL.

M3BecTHa 00111as1 CeIEKTUBHAS CUTHAIU3ALMS 3aMbIKaHUS HA 3€MJIIO B Ce-
TH 0€3 yKa3aHus MOBPEKACHHOTO y4yacTka, pearupyromias Ha nosisiaenue (3Uo).
B kauecTBe CENEKTHBHBIX 3alIUT OT 3aMbIKAHUK HA 3€MITIO, YKa3bIBAIOLIUX I10-
BPEXKJIEHHBIA y4acTOK, IPUMEHSIOTCS TOKOBbIe, pearupytouiue Ha 3lo. s BbI-
MOJIHEHUS 3alUTHI B KayecTBe (QUIIbTpa HYJEBOM MOCIEA0BATEIBHOCTH UCIIOJIb-
syetcst cienmanbhbiil TT wyneBor mocnenoBarensHoctu (TTHIT) ocoGoit koH-
CTpyKuuu. B TakoMm omHOTpaHc@OpMaTOpHOM (PUIBTPE, BHIMOIHIEMOM C IIO-
momipto TTHIL, tok 3lp momyyaeTcss MarHUTHBIM CYMMHPOBAaHUEM OT MEPBHUY-
HBIX TOKOB TpeX (as.

HyHO ycBOUTb, 4TO TOK 3lg B MOBpEXKIEHHOM IpHcoeauHeHnu (duaepe)
oTinyaeTcs oT Toka 3lg B HEMOBpEXACHHBIX (Puaepax aOCOIIOTHBIM 3HAYEHUEM
Y HaIlpaBJICHUEM.
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Ecni coOCTBEHHBIE €MKOCTHBIE TOKM HYJEBOW TOCIICIOBATEIHHOCTH
OTIICTBHBIX MPUCOSANHEHUN COM3MEPUMBI C TIOJHBIM €MKOCTHBIM TOKOM CETH,
TO TOKOBAs 3alllUTa HENPUMEHHMA. B 3TOM ciydae MCHOJIb3yOTCS HalpaBJICH-
HbIE 3alUThl. B KauecTBe MOJBENCHHBIX K PEJie HAMPABICHUS MOIIHOCTH BEJIH-
yuH ucnonb3ytores 3Up u 3lp. HyxHO XOpomio ycBOWTH BBIOOp MapaMeTpoB
paccMaTpuBaeMbIX 3alllUT, MPOBEPKY UYYBCTBUTEIBHOCTU U pPa3MeICHUE
KOMIJIEKTOB 3allUThI, KaK JIJIsl paiuajbHbIX CETEH, TaK U JJIs KOJbIEBbIX.

WNHorna ucnonb3yroTes 3allUThl, pearupyroniie Ha TOKM HeyCTaHOBUBIIIE-
rocs pe’KrMMa, a TakKe Ha BBICILIME TAPMOHMYECKHUE B TOKE HYJIEBOW MOCIE0Ba-
TEJIBLHOCTH.

B xoMIeHCHPOBaHHBIX CETAX PE3yJIbTUPYIOMUN TOK 3l MOBpEXAEHHOTO
y4acTKa COJEpPKUT OOJbIIE TapMOHMK, YE€M TOK B HEMNOBPEKICHHBIX
npucoeanHeHnsX. IMEHHO Ha 3TOM pa3Inuuy OCHOBAHBI 3aIIUTHI B TaKUX Ce-
TAX.

B nocnennee Bpems Haiiesl IpUMEHEHHUE CIIOCO0 3aIUThI C HAJT0KEHHBIM
ToKoM yactotoit Oosiee 50 I'u. [{ludpoBsie 3a1UTHI U UX UCTIOJIHEHUE.

Bonpocsl 1u1st camonpoBepku

1. B uem 3akirodaercss OCHOBHas OCOOEHHOCTb 3aIlUThl CETeHl C M30JIMPOBAHHON
HelTpaibo?

2. TloctpoiiTe BEKTOpHbIE IUarpaMMbl TOKOB M HANpsDKEHUH B HOPMAJILHOM PEKUME U
IPY 3aMBIKaHUSAX HA 3EMITIO.

3. Kakue npuHUIuMIBI ASHCTBUS 3alUT OT 3aMbIKaHUH Ha 3eMJ1t0 Bel 3HaeTe?

4. Kaxkumu HepocTaTkaMu 0071a1al0T TpexTpanchopmaTopHbie GuiabTpsl TOKOB 3lo?

5. B dem mpeumyiiecTBo oHOTpaHCchHOpMaTOpHBIX GUIbTPOB 3lo?

6. Kakum 00pa3oM MOXHO HCKJIIOYHTH BJIHSIHHE TOKOB, MPOXOMISIINX IO OpoHE Kabe-
e, Ha padoTy 3aIuThI?

7. B xakux ciydasx UCHOJb3YyeTCsl HalpaBieHHas 3allluTa HyJIeBOM MocienoBa-
TEIBHOCTHU?

8. Ha xakux mpHUHIIUIAaX OCHOBaHA 3allMTa OT 3aMbBIKAHHs Ha 3€MIII0O B KOMIICHCHPOBaH-
HBIX CETAX?

9. Kak paboTaroT 3aluThI, pearupyromnme Ha Beicie rapmonnueckue (YC3 -2/2; YC3
- 3M)?

10. Kak ycrpoeno peie na UMC PT3 - 51?7

11. HanpaBneHHble 3aIMThI: HanpaBieHHas 3amuTa 3311 1 uMIyabcHOe pesie MOLTHOCTH.

12. Kak pa0boTaroT 3aIuThI, pearupyromnye Ha TOKH MePEeX0JHOTo mporecca?

13. Kak ycTpoensl npubops! moucka Touku 3ambikanus "KBant", "Cnektp"? TexHomorus
MIOVCKA TOYKH 3aMBIKAHHS.

3.5. JlucTaHIMOHHAA 3aI[UTA

Haznauenue, o01ue MpUHLHKIIBI OCYIIECTBICHUs 3amuThl. Pene compo-
TUBJICHUA (XapaKTEPUCTUKU cpadaThIBaHUS, MPUHIMUIBI BBIMOJHEHUS, CXEMBI

BKItoueHus). ITyckoBeie opranbl. CxeMbl 3allUThl. BEIOOpP yCTaBOK JAMCTaHIIH-
oHHO# 3ammThL. [1, 2, 3,5, 9, 11, 22].
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MeToan4yeckue yKazaHus

B 1HMcTaHIMOHHON 3aluTe U3MEPUTEIBHBII OpraH (pejie CONMPOTUBICHUS)
U3MEPSET BEIMYMHY CONPOTHUBJIEHMS, OTIAENSIONIEE TOYKY K.3. IO MecTa IMOJA-
KIIFOUEHHUS pelie. ITO CONPOTUBIIEHUE MPONOPLUUOHAIBHO PACCTOSHUIO (IUCTaH-
IUM) 70 TOYKHU K.3. B KauecTBe Mepbl TUCTaHIIMM B COBPEMEHHBIX 3allUTax UC-
IIOJIB3YETCsl BEJIMYMHA COINPOTHUBIICHHWS HA 3aKMMax JIMCTAaHLMOHHOIO OpraHa
(pene compotuBnenusi) Z,=U,/l,, tne Uy, u |, cOOTBETCTBEHHO HaIpsIKCHUE,
IOJIBEICHHOE K peJie, U TOK, KOTOPBIM OHO o0TekaeTcsi. B HopmanibHOM pekume
COIIPOTUBIIEHUE Z, UMEET MAaKCUMAJIbHYIO BEJIMYMHY U YMEHBILIAETCS 10 MEpe
IpUOIMIKEHUST TOYKH KOPOTKOTO 3aMbIKaHUSI K MECTY YCTAHOBKHU 3alUTHI U3-3a
camkenust Up u yBennuenus l,. [lpu 3TOM yMeHbIIAIOT U BpeMs cpabaThIBAHUS
3amuThl. [[pUMEHSIOT TpU CTYNIEHU BBIIEPKKHA BPEMEHHU.

Tak xak Z, sBisieTcs KOMIUIEKCHOW BEJIMYMHOM, TO padoOTy pele compo-
TUBJICHUS YJOOHO aHAIM3UPOBATh B 0csiX R, JX. Xapakrepuctuka cpadaThIBaHUS
pesie CONPOTUBIIEHUS B KOMIUIEKCHOW IIOCKOCTH MPECTaBIsIET cOO0M reoMer-
pPUYECKOE MECTO TOYEK, YIOBJIECTBOPAIOIMX YCIOBHIO Zp > Z,, TAE L. BEKTOP
CONPOTHUBJIECHUS CpadaThIBaHUs pelie. B 3aBUCMMOCTH OT BUAA XapaKTEPUCTUKU
cpabaTbIBaHUs pa3IMyaroT CIEIYIOIINE BUIbI pejie: HEHAPaBIEHHOE pesie MoJl-
HOTO COIIPOTHUBIICHUS, HANPABICHHOE PEJIE CONPOTUBIIEHUS, PEJIE CONPOTUBIIE-
HUS CO CMEILIEHHOM XapaKTEPUCTUKOM, pesie ¢ JUIMNTHYECKON XapaKTEpPUCTH-
koii. HeoOxonumo pa3o0parbcs B MPUHIMIAX BBINOJHEHUS pelie CONPOTUBIIE-
HUSL.

Pene conmportusnenus noaxmovarores K TT u TH takum o6pazom, 4TOOBI
Z, OBII0 IPONOPLUOHAIIBHO PACCTOSHUIO 10 MECTAa KOPOTKOTO 3aMbIKAHUS U HE
3aBHUCEJIO OT BHJIa MOBpEeXACHUS. JIJIs 3TOro B 3alllUTax, pearupyrommx Ha MHO-
roazHpie KOPOTKUE 3aMBIKAHHUSI, PEJie COMPOTUBIIECHUS BKIIIOUAIOTCS HA JIMHEH-
HbI€ HaIpsHKEHUS U Pa3HOCTH (Da3HBIX TOKOB, OJIHOMMEHHBIE C HANPSKEHHUEM.
VYka3zaHHOE yCJIOBHE BBINOJIHAETCS U MPU KOPOTKHUX 3aMBIKAHUSAX Ha 3eMIIO (B
TOM YHCII€ M JIBOMHBIX 3aMbIKAHUSX Ha 3E€MIIIO), €CJIM peje COMPOTHUBICHUS
BKJIFOUEHBI Ha (pa3HbIEC HAMIPSKEHUS IO CXEME C TOKOBOM KOMIIEHCAIUEN.

B oTedecTBEHHON NMpaKTUKE HAIJIM NPUMEHEHHUE CTylEHYaThble AUCTaH-
LMOHHBIEC 3aIIUTHI. JIMCTAaHUMOHHBIE 3aIUTHI AHAJOTWYHBI TOKOBBIM HAalpaBs-
JIEHHBIM 3alUTaM, IPUHIMIHAIBHO OTJIMYAsACh OT HUX PEArMpyOLIUM OPraHoM.
UucIo 30H U CTYIIEHEN BBIAEPKEK BPEMEHU OTPAHUYHUBAETCS TPEMSI.

Bp16op ycTaBOK NMCTaHIIMOHHOM 3allUTHI CBOAUTCS K OIMPECIICHUIO CO-
IPOTUBJICHUS CpabaThIBAHUS U BPEMEHH CpadaThIBaHUs KaXKJ10 U3 Tpex CTyIe-
Hell ee. HeoOXo1MMO yuuTHIBAaTh BIMSAHHUE MPOMEXYTOUYHBIX TOJMUTOK HA 3aMep
pene comportusieHud. Crenyer pa3oOparbcs ¢ TPUHIUIAMU OCYUIECTBICHUS
0J10kupOBOK OT kayaHuil. L{ludposbie nuctanumonHsie usmepenus. L{udpossie
omnpezeneHus HanpasiieHus. KpyroBbie XapakTepUCTUKHU IIU(PPOBBIX YCTPOMCTB.

Bonpocsl 11 caMonpoBepKU
1. B uyewm 3akmrodaercs MMPUHIHAIT ﬂeﬁCTBHH ,Z[I/ICTaHI_II/IOHHOﬁ 3aH_[I/ITLI?
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2. Kakue npenmyiiecTsa HIMEET IMCTAHIIMOHHAS 3aIIUTA Tepe]l TOKOBBIMU?

Kak BBIMIAIAT B KOMIUIEKCHOW IUIOCKOCTH CONPOTHUBIIEHUI XapaKTEpUCTHKHU cpada-

TBIBAHUS PeJie CONMPOTHUBICHUI?

VYKa)kuTe NPUHLHUIIBI BBIOJIHEHHS pelle CONPOTUBIICHHUS.

Kakue cxembl BKIIOUEHUS TMCTAHIIMOHHBIX OpraHoB Bel 3HaeTe?

Kakue ocHOBHbIE OpraHbl UMEEeT JUCTaHIIMOHHAs 3aluTa’?

KakoBo Ha3HaueHUE MyCKOBBIX OPTaHOB JTUCTAHIIMOHHON 3aIIUTHI?

Kak oOecrieunBaeTcsi CEIEeKTUBHOCTh I€HCTBUS 3aLMThI IPU KaYaHUAX?

Kak nocturaercst ceneKTUBHOCTD JIEHCTBUS IEPBOM CTYIIEHU 3aILUThI?

0. Yto co0oii nmpencTapiseT BTOpasi CTyleHb JUCTAaHIIMOHHOM 3aIlUThl U KaK BBIOMPAIOT-
csl ee ycTaBKU?

11. Kak BIMSIOT MPOMEKYTOUHBIE MOANUTKY Ha BEJIMYMHY COIPOTHBIICHHUS Ha 3aXKHMax

TUCTaHIIMOHHOTO opraHa? Yto Takoe KOA(PQPHUIHMEHT TOKOpacIpeIeneHus?
12. Kak BpIOMpaIOTCs YCTaBKU TPEThEH CTYNIEHU 3alUTHI?
13. Ipunnuns! paboTs! TU(POBBIX AUCTAHIIMOHHBIX 3AIIUT.

w

HoOoxo~No O A

3.6. JIunddepennuaibHble TOKOBbIE 3AIIUTHI

Hasnauenue u Bunabl 3amut. [IpuHinmn aeiicTBus mpojosibHON nudde-
peHimanpHoi 3anmThl Ha npuMepe 3amuthl JIDII. Tok Hebamanca. Hactpoiika
npojosibHON auddepenimanbHoi 3ammTel. OnpeneneHue Toka cpabaTbiBaHUS
|p. CriocOOBI MOBBILIEHHS] YYBCTBUTEIBHOCTH U OTCTPOCHHOCTH 3auThl. [lorme-
peunas nuddepennmanbaas TokoBas 3anmTa. [lonepeunas nuddepeHnmanbHas
TOKOBas HalpaBJICHHAs 3alllUTa, €€ 0COOEHHOCTH, BbIOOP yCTaBOK M IpPOBEpPKa
YYBCTBUTEIBHOCTH. CXeMbl M 00JIACTh HCIOJIb30BAHUS IONEPEUYHBIX AUPQe-
PCHIMAJILHBIX HANpaBJICHHBIX 3amuT. [1, 2, 3, 4, 16, 22]

MeToauyeckue yKkasaHusl

JMuddepeHunanbHble TOKOBBIE 3aIUTHI SABJSIOTCS OBICTPOJAEHCTBYIOLIU-
Mu. X moapasnenstoT Ha NpojaoJibHbIe U nomnepeunbie. [Ipononasnyto audde-
PEHIMATBHYIO TOKOBYIO 3alIUTy UCIIOJB3YIOT JIJISl 3AIUTHl OJUHOYHBIX JTHHHIMA
MaJIOW MPOTsKEHHOCTU. [IpuHIMN ee IelCTBUS OCHOBAH HA CPABHEHUU BEJIU-
YiuHBl ¥ (Pa3bl TOKOB OJHOMMEHHBIX (pa3 MO KOHIAM 3alIUIAeMON JIMHHH.
HauGomnbiiee pacrpocTpaneHre mojayunia cXxeMa ¢ IUPKYJIUPYIOIUMU TOKaMH,
B KOTOpoil nuddepeHInanbHoe pesie MOAKIIYaeTCs NapaieIbHO BTOPUYHBIM
00OMOTKaM TpaHC(POPMATOPOB TOKA, COCIMHEHHBIX MEXAY COO0OM MpH MOMOIIU
COEIMHUTETHHBIX TPOBOJOB. HepaBeHCTBO BTOPUUYHBIX TOKOB B Tuieuax nudde-
PEHITMATBHOM 3aIUTHl TIPUBOANT K TOSBICHUIO B Pelie TOKA, Ha3bIBAEMOTO TO-
koM HeOananca (l,5); Tok cpabaTbiBaHus 3anUTHI |.; OTCTpamBaeTCs OT MaKCH-
MaJibHOTO TOKa HeOanaHca l,; B pacueTHoM pexxkume. Heobxoaumo pazoOpatbes,
KaKue MPUYHHBI TPUBOAAT K MOSBICHUIO |5, Kakue (aKTOPBI BIMSIOT HA €ro Be-
JUYHMHY, a TaK’Ke KaK MOBBICUTh YYBCTBUTEIBHOCTh M OTCTPOCHHOCTH 3aIIUTHI.
HyxHO 3HaTh 0COOEHHOCTH BBINMOJHEHUS MPO0IBHON auddepeHimaipHoi 3a-
IIUTHI JUHUH, TOCTOMHCTBA M HEJTOCTATKHU.

[Tonepeunsie qudepeHnmranbHbIe 3aUThl MPUMEHSIOTCS Ha Tapauieib-
HBIX WIH CABOCHHBIX JIMHUSX, UMEIONTUX MPUOJIM3UTEIBHO OJJUHAKOBBIE COIPO-
TUBJICHUS.
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[TpuHUIMI OEHCTBUS OCHOBAaH Ha CPAaBHEHMHM TOKOB OJHOMMEHHBIX (a3,
IpOTEeKAmMUX N0 00€HM JMHHUSAM B MECTE€ YCTaHOBKM 3aliuThbl. [lonepeunas
muddepeHIranpHas 3aiTa He BhISBISIET MOBPEIMBIIYIOCS TMHUIO. BBenenue B
CXEMY 3aIMTHI PEJIe HANPABJICHUS MOIIHOCTH YCTPAHSET yKAa3aHHBIA HENOCTa-
Tok. HeoOxoaumo 3HaTh, Kak BeiOUpaetcs |l ; 1 IpoBepsieTCsl 4yBCTBUTEIBHOCTh
nonepeyHoil nuddepeHnraibHON HAPaBICHHON 3allUThI, JOCTOMHCTBA U He-
JIOCTaTKU €e, CXeMbl U 00yiacTh ucnoiib3oBanus. L{ludpposoe ucnonnenue aud-
dbepeHIuanbHbIX 3aIuT.

BOHPOCLI AJIsl CAaMOIIPOBEPKU

1. B dyewm 3akirodaercs MPUHIUI JACUCTBUS MPOAOIbHON auddepeHnaibHoil TOKOBOM

3alIUTEI JTUHUN?

KakoBbl 0COOEHHOCTH BBHITIOJTHEHHS MPOIOILHON MU depeHIHATLHON 3aUThI?

[Tpuuunb! nosiBnienus |, B pene?

Kakwue dakTopsl BIUSIOT Ha BEMUIUHY |67

Kak MOXHO TOBBICUTH UYBCTBUTEIBHOCTh M OTCTPOCHHOCTh MPOAOIbHON nuddepen-

[IAAJTLHON TOKOBOM 3aIIUTHI?

Kak BriOupaercs l.; paccmaTpruBaeMbIX 3aluT?

7. B uem 3akimoyaetcs MPHUHIMIT ACHCTBHS MONEpedHON audQepeHInanbHONl TOKOBOM
HaIpaBJICHHOMN 3aIUThI JIUHUI?

8. KakoBbl nmpu4HMHBI NOSIBIICHUS "MEPTBOI" 30HBI U 30HBI KACKAJHOTO JICHCTBUS IOTIC-
peuHoi muddepeHIaIbHON HAaITPaBASHHOHN 3aIUThI?

9. Tlouemy B momepeuHoi muddepeHINATEHON HANIPABICHHOW 3allUTe ONEPAaTUBHBIN
TOK HEOOXOAUMO IMOJABOJUTH Yepe3 OJIOK - KOHTAKThI BBIKJIIOUATENeH 00enX 3aliuiia-
e€MBIX JTUHUN?

10. Moxert nmu nuddepeHnaibpHas 3anmTa cpadoTaTh IPU KaYaHUIX ?

11. lepeuncnute AOCTOMHCTBA M HENOCTATKU JAU(PPEpEeHIIUATBHBIX 3alIUT, 0071acTh HUC-
MOJIb30BaHUS.

12. Kak BBIMONHICTCS U3MEPUTENIbHAS U JIOTHYECKast yacTH JuddepeHnnanbHol udpo-
BOM 3a1LIUTHI?

agblrwn
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4. PesieiiHasl 3a1IMTA U ABTOMATHKA 3JjieMeHTOB CIC
4.1. 3amura 1 aBTOMAaTHKA CHHXPOHHBLIX T€HEPATOPOB

Buasl nmoBpexkaeHUNH M HEHOPMAJIbHBIX PEXKHUMOB PabOThl CHHXPOHHBIX
reHepaTopoB (CI') u TpeGoBaHUs, NpeAbIBIsIEMbIC K 3alUTe. TUIBI TPUMEHSIC-
MBIX 3alllUT U YCTPOMCTB aBTOMATHUKU I€HEPaTOPOB. ABTOMATHYECKOE PETyJIH-
poBanue Bo30yxacHus (APB). [8, 16, 19, 22]

MeToauveckue yKkasaHusl

Heobxoaumo 1Mo3HaKOMUTHCS ¢ BUJAMU TTOBPEXKICHUNA U HEHOPMAJIbHBIX
pPEXUMOB PabOTHI TEHEPATOPOB B CTATOPHOM IEMU U LIETIH BO30YKICHUS, YTOOBI
MOHATH, KaK JOJKHA JICHCTBOBATh pPelICiiHas 3aIllUTa MPH STHX PEKUMaXxX, KaKue
THUIIBI 3aIIUT CJIEAYeT MPUMEHSATHh C YYETOM MOIIHOCTH TeHeparopa. Cremyet
pazo0paThes B paboTe mpo10apHON HuddhepeHIHaIbHON 3aIUThl 0OMOTKH CTa-
TOpa reHepaTopa 1 B cocodax yMeHbIeHUs BenurHbl Toka l,s. 3BecTHO, UTO
Ha BEIWYUHY TOKa |, BIuseT amepuoanyeckas COCTABIISIIONIAS B TOKE K.3. W
Hanmuue B cepaeunuke TT octarounon nnaykuuu. Lllupokoe pacnpocrpanenue
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B IPAaKTUKE TMOJIYYMIM 3alIUThl, HCHOJB3YIOIIHE OBICTPOHACHIILAOIIHAECS
TpaHcpopMaTopsl U perne ¢ TopmoxkeHueM. HyxHo pa3oOparbes B MPUHIMIIAX
paboThI 3TUX YCTPOUCTB.

Hy>xHo 3HaTh paboTy CXEMBI 3alIUTHI OT 3aMbIKaHHs (ha3bl OOMOTKH CTa-
TOpa Ha KOPITyC, BEIOOp MapaMeTpoB cpabaThIBaHUSI U CIIOCOOBI MOBBIILIEHUS UX
qyBCTBUTENbHOCTU. ClieyeT 00paTuTh BHUMaHUE HA CXEMY 3alllUThl OT BHEII-
HUX K.3. HeoOxonuMo pazo0parbcsi ¢ TOKOBBIMH 3allMTAMUA OT CUMMETPUYHOM
neperpy3ku U OT TOKOB OOPATHOM MOCJIe10BATEILHOCTH.

Jns mopnep:kaHus 3aJaHHOTO 3HAYEHMS HAIpPSDKEHHS HA BBIBOJAX CTa-
TopHOM 00MOTKM mpumeHnseTcs APB. HyxHo xopormo pa3zoOparbcsi B paboTax
PEryJsiTOPOB MPONOPIUOHAIBHOTO NEUCTBUS (KOMITAyHAUPOBAHUE, KOPPEKIIKS),
a TakK€ HY>XHO HMMEThb MPEJCTABICHUE O PEryJATOpax CHIIBHOIO JEHCTBHSL.
Hano 3nate, nouemy npu APB yckopseTcs mpouecc caMmo3amycka 3JIeKTPOIBU-
ratesei, o0ecredynBaeTCsl yCTOMUMBOCTh UX PabOTHI U yiyulaercst padoTa pe-
neiHou 3anuThl. CrneayeT oOpaTuTh BHUMaHUE Ha METO/bl PETyJIMPOBAHUS BO3-
OyXxaeHus1, Ha padoTy yCTPONCTB (hOPCUPOBAHUS BO3OYKICHUSI.

Bomnpocsl 1u1st camonpoBepku

1. Ot xakux BU0B MOBPEXICHUH U HEHOPMAJIBHBIX PEXUMOB paOOThI 3allMIIAIOT TeHe-

paropsi? TypOorenepaTopsl U THIPOT€HEPATOPHI, UX KOHCTPYKTUBHBIE OTIHYMsA. Oco-

OEHHOCTH B 3alllUTEe TYpOOr€HEPaTOPOB U THPOTreHEPaTOPOB.

Uem onacHa HECUMMETpPHSI TOKOB B (pazax reHepaTopoB?

Jnst yero mpuMensieTcst yerporctBo ramenus nons (AITT)?

4. Tlouemy mpu K.3. HE TOJIBKO OTKJIFOYAIOT F€HEPATOp OT CETH, HO U BBOJSAT B JIEWCTBUE

AI'TI?

Uem o0yciaBnuBaeTcs neperpysKa reHepaTopoB?

6. B kakux ciyuyasx NPpUMEHSIOT 3aLUTY OT 3aMbIKaHUs Ha KOPIYC (Ha 3eMJII0) OOMOTKH
cTaTopa U Mo KakoMy IPHUHIIUITY OHA IeUCTBYeET?

7. Kak BBINONHAIOT 3alIUTy OOMOTKHM CTaTopa OT CBEPXTOKOB? YKaKUTE METOAMKY €€
pacuera.

8. B uem npeumymectso MT3 ¢ myckom no Hanpsbkenuto nepe MT3 6e3 Takoro myc-
ka?

9. B uyem 3axitouaercs crnocoO BBINOJIHEHUS MPOJOIbHON an(pdepeHInalbHON 3alUThI
reHepaTopoB? Kak BbiOMpaeTcst TOk cpaOaThIBaHMsI 3TOM 3aIIUThI?

10. IToyuemy Ha ruaporeHepaTopax ycTaHAaBIMBAeTCs 3alIUTa OT MOBBIIMIEHHUS HampsKe-
HUsA?

11. JIns yero mogmarunymuBaiot cepaeunuku THITIIT?

12. Jlns gero mpuMeHSIOT B AU GEPCHIIMATHLHON 3alUTe TeHepaTopa MPOMEKYTOUHBIH
Hacblnaronmiics Tpaacgopmarop (HTT)?

13. Iloyemy He MPHUHITO OTKIOYATh TypOOTeHEpaTOp MPH 3aMBIKAHUU Ha 3EMJTI0 OJTHOU
TOYKH B IIeTIH BO3OYKIeHUA?

14. B ueM 3axiro4aroTCs OCHOBHBIE OTJIMYMS BBIMOJIHEHUS 3aIIUT HU3KOBOJBTHBIX T'€HE-
paTopoB, MOIHOCTHIO 10 1 MBT 1 cBbllie 1 MBT?

15. Kakoe HazHauenue umeer ycrporictBo APB renepatopos?

16. IToyemy ycTpOHCTBO KOMIAYHAUPOBAaHUS 0€3 KOPPEKTOpa HAIMpPsLKEHUS He o0ecreyn-
BaeT MOCTOSIHCTBA HAIIPSKEHUsI Ha BBIBOJIaX reHeparopa’?

17. B yem npeumymiecTBo (a30BOro KOMIayHAMPOBAHUS MO CPABHEHUIO C KOMITAyHIUPO-
BaHUEM IOJHBIM TOKOM?
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18. Jlns uero HyxHa peneliHas GopcUpoBKa BO30YKIECHUS?
19. B yeMm 3aKkiIr04arOTCs OCHOBHBIE ITPEUMYIIECTBA PETYIIATOPOB CUIIBHOTO JCHCTBUSA?
20. LludpoBsie 3aIUTHI TEHEPATOPOB.

4.2. 3ammuTa ¥ aBTOMaTHKa TpaHcGopMaTopoB

Buaer moBpexaeHN 1 HECHOPMAIBHBIX PEKUMOB pabOTHI M TpeOOBaHUS,
NpeabsIBIsEMble K 3alluTe. THUIBI TPUMEHSEMBIX 3alldT. 3alluTa OT
Mexay(}a3HbIX K.3. B 0OMOTKax U Ha BbIBOJax. OcobenHocTu nuddepeHimaib-
HOW 3amuThl TpaHCc(hHOpMaTopoB, pacueT audQepeHnanbHbIX 3amuT. ['a3oBas
3amuTa. 3anmTa TpaHCHOPMAaTOPOB OT CBEPXTOKOB, OOYCIIOBJICHHBIX BHEITHU-
MU K.3. ¥ Tieperpy3koid. OcCOOEHHOCTH 3alUThl TPAaHCHOPMATOPOB C COCTMHECHH-
eM 0OMOTOK 3Be3/1a-3B€3/1a C 3a3¢MJICHHOW HEUTpasbio. 3ammTa Tpancpopmaro-
pOB 0€3 BBIKITIOUATENECH HA CTOPOHE BBICIIETo HanmpsbkeHus. [lomHbIe cXembl 3a-
IIMTHI TpaHc(HOpMaTopoB. ABTOMATHKA CHIIOBBIX TpaHchopmaropos. [1, 2, 3, 5,
6,7, 8,15, 16, 19, 21, 22]

MeToanueckue ykazaHusi

Hano ysacuuth, Kakve BUIBI MOBPEKICHUN W HEHOPMAJIbHBIX PEKUMOB
BEPOSITHBI Y CUJIOBBIX TPAaHC(HOPMATOPOB, U KaKUE€ BUJBI 3AIIUTHI HA/I0 YCTaHO-
BUTh B 3aBUCUMOCTH OT MOILIIHOCTH TPAaHC(POPMATOPOB, CXEMbI COEAMHEHUS 00-
MoToK. CienyeT oOpaTUTh BHUMAHHME Ha pacHpeelieHue ToKa B 0OMOTKax IMpH
K.3. HA CTOPOHE HU3LIETr0 HANpPSKEHHs. DTO Ba)XKHO JJIS ONPEAEICHUS CXEMBI
3alllUTHI U €€ YyBCTBUTENbHOCTU. [Ipu m3yuenun nuddepeHnnanbHOl 3aiuThl
TpaHcopMaTopa HaJl0 y4ecTh OCOOCHHOCTH pabOThI €r0 Kak 00BhEKTa peJICHHOM
3alIUTHI, COCTOAIIME B Pa3jIMuMU MO BEIWYMHE U (a3e TOKOB CTOPOH Pa3HbBIX
HaIpsHKCHUH, B NI3MCHCHUH BEJIMYWHBI TOKA TP PETYJIUPOBAHUHN HANPSDKCHHS,
B OO0JIBILION BeIMYMHE OpOCKa TOKa HAMarHMYMBAaHMS NIPU Moj1aye Ha TpaHcdop-
MaToOp HaNPSHKEHUS, a TAKXKE B KOHCTPYKTUBHOM pasHOTHNHOCTH TT, mpumens-
eMBIX Ha CTOPOHE BBICIIETO M HU3IIETO HANPSHKEHUH CHIIOBBIX TpaHC(hOopMaTo-
POB U B 3HAYUTEIHHOM PA3IUYMK CONPOTUBIICHHUM TIICY 3alTUTHI.

CrnemyeT yCBOHWTH CHOCOOBI YMEHBIIICHHS BEJIMYMHBI TOKa HeOaaHca,
nondopa TT nnst 3ammThl ¥ BEIOOpA CXEM COEIMHEHUSI UX BTOPUYHBIX OOMOTOK,
poJib ObicTpoHackIaronierocs: Tpanchopmaropa BHT u ero paboty B nepexo-
HBIX PeXHMaXx.

Heobxoaumo HayquThCSl pacCUUTHIBATH TOK cpabaThiBaHus nuddepeHiiu-
QIBHOW 3alllUThl U OMPEJCNATh KOJIMYECTBO BUTKOB Au(depeHIIuanbHON U
ypaBHUTENbHBIX 00MOTOK penie Tuna PHT-565. Cnenyer pazoOpaTbcs, B KaKux
ciydasx nuddepeHmanbaas 3anmTa J0HKHA BBITIOTHATHCS MPU MTOMOIIHU peie
tuna J[3T. Heo6XoauMo 03HAaKOMUTHCSI CO CXEMaMHM 3alluThl TpaHchopMaropa
Ha TIEPEMEHHOM ONEPATHUBHOM TOKE C T€M, KaK 00ECIEeUMBAETCS CEJIEKTUBHOE
JIEHCTBUE PE3epPBHBIX 3aIIUT MHOTOOOMOTOYHBIX TpaHC(POPMATOPOB, KaK OCY-
HIECTBIISIETCS 3allluTa TpaHC(HOpPMATOPOB, HE MMEIOLIUX BKJIIOYATENEeH Ha CTO-
poHE BBICIIEr0 HampspkeHus. Hamo oOpaTuTh BHUMAaHHME Ha CXEMbI 3aIIUThHI
TpaHc(HOPMATOPOB MO MOUIHOCTH C COEIMHEHHMEM OOMOTOK 3Be€3/1a-3Be3/1a C
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HyJIEM, Ha METOJMKY pacdeTa yCcTaBOK 3amuThbl. Caeayer 3HaTh BHUJIbI CPEJICTB
aBTOMATHKH, TPUMEHSEMBIX Ha TpaHc(opMaTopax, IPUHLHUI pabOThl U CXEMY
YCTPOMCTBA aBTOMATHUECKOTO PETYIUPOBAHUS HAMpPSLKEHUS y TpaHCcPopMaTo-
poB noj Harpy3koii (PITH).

How

10.

11.
12.

13.
14.
15.
16.
17.
18.

19.

4.3.

Bomnpoce! 111 camonpoBepku

[lepeuncnure OCHOBHBIE TUIIBI 3alIUT, YCTAHABIMBAEMBIX HA TpaHc(opmaropax B 3a-
BUCHUMOCTH OT UX MOIITHOCTH.

Ha xakue BUIbI MOBPEKICHUN U HEHOPMAIbHBIX PEXKUMOB pabOTHI TpaHchopMaTopa
pearupyeT rasonas 3amura’?

Kak onpenenuts pacueTHyI0 BEIMYMHY TOKa HeOanaHca?

B kakux ciyyasx Ha TpancopMaTopax MOKHO YCTaHABIUBATh AU(QepeHnnanbHyo
OTCEUYKY U YeM OHa OTIM4YaeTcs oT AuddepeHnnanbsHoi 3amuThl ¢ pene PHT?

B kakux cimydasx MOKHO MPUMEHATH IS 3aLIUTHI TPAaHC(POPMATOPOB OT K.3. TOKOBBIE
OTCeuKu?

Kak coenunsitorcs Bropuunsie o0MoTku TT muddepennumanbhoii 3ammTel Tpanchop-
Maropa ¢ rpymmoi coeaunenus Y/A?

[Toyemy mociie AOMMBKH Macia B TpaHC(HOpPMATOpe Ta30Basi 3allUTa BPEMEHHO Iepe-
BOJMTCS HA CUTHAM?

Kak mpenoTBpamiaercss HenmpaBUiIbHOE NeicTBHE MU GEpEeHINATBFHON 3alUThl MIPH
Opockax TOKa HaMarHUYUBaHUS?

B kakux cinydasx menecooOpa3HO MPUMEHATH A TpanchopmatopoB MT3 ¢ myckom
10 HAINPSHKEHUIO?

Kak BBINOJHSIOTCSA 3alUTHl OT 3aMbIKaHUs (Da3bl Ha HYJIb y TpaHC(HOPMATOPOB CO
cxemoi coequneHust 00MoTOK Y/Y-12 ¢ Hynem?

Kak Bimsier Ha pacder auddepeHnmnanpHoN 3amuTsl Tpancdopmaropa | PITH?

Kak BeimonHsieTcs 3amura TpancGopmMaropoB 0e3 BBIKIIIOUATENIeH Ha CTOPOHE BhICIIIE-
ro HanpspKeHus?

3a cyer 4yero JOCTHraeTcsi yBeIWYeHHE YYBCTBUTENbHOCTH AuddepeHInanbpHoil 3a-
IIUTHI B citydae BbinoiaHeHus ee ¢ pene PHT-565 umu [I3T-11 no cpaBHenuto ¢ qud-
dbepenmansHo# oTceukoit? YerpoiicTBo u pabota pere JI3T-21(23).

Kak yctpoeno pene PCT-15(16)? Uro naer ero npumeHeHue?

CrtpykTypHas cxema 3aluThl TpaHchopMaTopa B HUPPOBOM HCIIOTHEHUU.

Kaxue BuibI aBTOMATHKH MPEAYyCMAaTPUBAIOTCS HA TpaHchopmaTopax?

B kakux cimywasx Ha TpaHchopmaropax uenecooOpa3zHo ycraHaBiauBaTh AIIB wmm
ABP?

Kak ocymecTBisiercs peryliupoBaHre HaNpsbKEHUs O] Harpy3kod y Tpancdopmaro-
pa?

[Mudpossie 3ammThl TpanchopMaTopoB; ocodeHHocTH u TpeboBanus Kk AL u ITATI?

3amnTa H aBTOMAaTHKa 3.11eKTpolenraTe.ﬂeﬁ. 3211[[HTa H aBTOMAaTHKaA
CIICNUAJBbHBIX 3JICKTPOYCTAHOBOK CUCTEM 3HeKTpOCH36)KeHI/IH

Bunbl moBpexeHnit 1 HEHOPMAJIBHBIX PEKUMOB PaOOTHI AJIEKTPOBUTA-

Teneil. Tunbl 3alIMT ABUTATENE U YCTPOWCTB MX aBTOMAaTUKU. OCOOEHHOCTH
3aIIUTBI M ABTOMATHUKM CUHXPOHHBIX JBHUIaTeNIEd BBICOKOTO HANPSIKEHUS.
[Mudposas 3ammra 31eKTpoABUrarencii. 3ammra 1 aBTOMATHKa BBIIPSIMUTEIb-
HBIX YCTaHOBOK, TPAHC(OPMATOPOB JTYTOBBIX JIEKTPONEYHBIX YCTAHOBOK, KOH-
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I[eHcaTOpHI)IX YCTaHOBOK. 3aIJ_II/ITa n aBTOMATHUKaA C60pHBIX IIIMH A1 TOKOHpOBO-
nos. [1,2,3,5,9,10, 16, 17, 22]

MeToanyeckue yKazaHus

[Ipu n3yyeHnn 3TOM TEMBbI HAJI0 O3HAKOMUTHCS C BUJAMH MTOBPEKICHUN U
HEHOPMAJIbHBIX PEXKUMOB PAaOOTHl ACUHXPOHHBIX U CUHXPOHHBIX 3JIEKTPOJIBUTA-
TEJIEH, a TAKXKE C XapaKTEPOM M3MEHEHHS TOKOB IIPU CAMO3AIyCKE 3JIEKTPOIBHU-
raTesieil 1 BOCCTAaHOBJICHUU HampsikeHus. HeoOXoauMo yCBOWUTH MPHUHITUIT BbI-
MIOJTHEHUS 3aIlUT 3JIeKTpoapurareneit 1o 1 kB u cBbime 1 kB u BEIOOp MX ycTa-
BOK; BHUMATEJILHO pa300paThCs B SBJICHUAX, NMMPOUCXOAIINX MPHU MyCKE U ca-
MO3anycKe JBUTaTeliel, BHIOOP YCTaBOK TOKOBBIX OTCEUEK, yCTaHABIMBAEMBIX
Ha JJekTpoaBurarensx. HeobXoauMo 3HATH pOJb 3allUThl MHHHUMAJIBHOTO
HANpsDKEHHUST W 3alUThl OT TEPETPY30K Y JIIEKTpOABHUTaTeENerd. B0O3MOKHOCTD
BO3HUKHOBEHHUS TEXHOJIOTUYECKOU TEPErpy3Ku, CIOCOOHOW BBI3BIBaTH MOBpE-
JKJICHUE JIBUTATEIISI, YYUTHIBATH MPU PEIICHUU BOIPOCA O MPUMEHEHUU TOKOBOMU
3aIIUTHI OT MEPETPY3KHU U BKIIOYEHUH €€ C JCUCTBUEM HA CUTHAI, OTKIFOUEHUE
WJIY pa3rpy3Ky MexaHu3Ma. Bpamarommili MOMEHT 3JEKTPOIBUTATEN U MOMEHT
COINIPOTHUBIICHUS MEXAHU3MA.

Hano 3HaTh OCHOBHBIE BHJIbI AaBTOMATHKH, IPUMEHSIEMbIC HA JBUTATEISX
U WX Ha3HavyeHHe. BaXXHO MOHATH OCOOEHHOCTH peXHMMa pabOThI IMEYHBIX, IIpe-
oOpa3oBaTeIbHBIX U KOHJICHCATOPHBIX YCTaHOBOK. Hajo 3HATH BUIBI 3aITUTHI U
aBTOMATHKH, IPUMEHSIEMbIC Ha 3TUX yCTaHOBKax. Hamo moHuMarh, Kakum oopa-
30M TOJJICP)KUBAIOT TTOCTOSTHCTBO HANPSDKEHUS Y TOTPEOUTENICH AIEKTPOIHED-
run. Hy»KHO 3HaTh THUIIbI 3aIUTHl U ABTOMATHKH, YCTAHABJIMBAEMbIC HA IIIMHAX U
TOKOIIPOBOAAX, YMETh PACCUUTATh UX YCTABKH.

Bonpocel 11 caMmonpoBepKu

1. Kak yuuThiBaeTcsl IyCKOBOM TOK JIBUTATeNsl MPH BbIOOpE TOKA CpabaThIBaHMs 3allld-

TBI OT MHOTO()a3HBIX K.3.?

B kakux ciaydasx U Kak BBIIOJIHAETCS peJeiiHast 3allUTa ABUTaTeNsl OT Neperpy3ku?

3. B kakux ciydasix W Kak BBIOJHSACTCS Y DJEKTPOJIBUTATENEH 3allliTa MHHUMAIBHOTO
HaNpsDKEeHUs?

4. Kak npenoTBpainaeTcst HeNpaBUIbHOE JIeHCTBHE 3aIUThl MUHUMAJIBHOTO HANpsKEHUs
IIpU NEPErOpaHuy MpeJoXpaHuTENeH?

5. B kakux ciaydasx TOKOBas OTC€YKa BBIMOJHSAETCS ¢ AByMs penie? UyBCTBUTEIBHOCTD
3aIUTHI.

6. Kakue Mepbl NpUHUMAIOTCA B YCTaHOBKAaX COOCTBEHHOTO pacxoja i oOecreyeHus
camo3arrycka?

7. Tlo xakoMy MPUHIMITY MOKHO OCYIIECTBUTH 3alIUTY CHHXPOHHOI'O 3JIEKTPOABUTaTEs

OT HECUHXPOHHOT'O pekuma?

B kakux cinyuasx npenycmarpuaercs AlIB anekrpoasurareneit?

9. Kakwue BUIBI 3aIIUTHI ¥ aBTOMATHKH MPEyCMaTPUBAIOTCS HA NMPE0Opa30BaATEIbHBIX H
NEYHBIX YCTAHOBKAX?

10. Kak BBIMOJNHSIOT 3aIIUATYy OaTaper CTaTHIECKUX KOHIACHCATOPOB?

11. Kak ocymiecTBisieTcss aBTOMAaTH4YeCKOe OTKIIIOUeHHEe O6arapen KOHAEHCAaTOpOB IO pe-
Kumy?

12. Kakue 3amuThl IPUHUMAIOTCS Ha IIMHAX U TOKOMPOBOaaX?

N

o
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13. Kak ocymectBisiercst AIIB mmn?
14. lludpoBsie 3alIUTHI AIEKTPOIBUTATEIICH.

5. YcrpoiicTBa CHCTEMHOM AaBTOMATHKHU

HazHayeHne aBTOMATHYECKOTro MOBTOpHOTO BKitoueHUs (AIIB) m aBTO-
MaTHUYeCKOro BKIOUeHUs pedepBa (ABP). TpeboBaHHS K 3THM YCTpOHCTBAM U
pacuet ux napamerpoB. Cxembsl ABP u AIIB. ABP Ha noAcTaHIusx ¢ CHUHXpOH-
HBIMH JIBUTATEJIIMH WJIM CUHXPOHHBIMU KoMIiieHcatopamu. Ocobennoctu AlIB
Ha JuHUAX ¢ ABycTopoHHMM nutanueM, AIIB OC u AIIB YC. Pene koHTpoiis
cunxponusma PKC. McnpaiieHne neiicTBUS HECENEKTUBHOM OTCEUKH IPH IO-
momm AIIB. 3ammra 1 aBTOMaTUKA 3JEKTPUYECKHUX CETEH HarpspkeHueM 10 1
kB.

Ha3naueHne M OCHOBHBIEC IIPUHIIMIIBI BBITIOJHEHHUsS] aBTOMaTUYECKOW Ya-
cTroTHON pa3rpy3ku (AYP). Pacuer mapameTpoB cpabaThIBaHUS YCTpOWMCTBa
AYP. Pene yvacrortsl. [1, 6, 7, 8]

MeTozmqecnme YKazaHuA

YerpoiictBo ABP. DnektpocHabkeHrue nmotpeduTene, moTepsBIIMX M-
TaHUE, MOXXHO BOCCTAHOBHUTH aBTOMATHYECKHUM MOJKIIOUEHUEM HX K JPYromMy
VMCTOYHUKY IUTAHUS C MOMOILIBIO ycTporcTtBa ABP. MHOroneTHuil onsIT 3KC-
IUTyaTally MOKa3al BBICOKYIO 3()(PEKTUBHOCTh pa3eiabHOM padOThl JIEMEHTOB
CEeTH B coueTaHuu C ycrpoiictBamu ABP, ycnemHocTs OEHCTBUS KOTOPBIX IO
CTAaTUCTUYECKUM JaHHBIM cocTaBiisieT 90% u Ooiee.

CymectByet OoJibiioe pazHoodpasue ycrpoiicts ABP. Ognako Bce oHU
JOJDKHBI YIOBIIETBOPSITH TPEOOBAHUSIM, KOTOPHIE MOJIOKEHBI B OCHOBY MPUHITHU-
noB BeIMoNHEHUs1 ycTpoiicTB ABP. Crenyer TBepio ysCHUTh OCHOBHBIE TpeOo-
BaHMS, NpeabsBisieMble K ycTpoiictBam ABP u Ha ero mpemjioxkeHHOW cxeme
YMETh TIOKa3aTh, KaK PeaM3yroTcsl 3T TpeOoBanusa. Hamo 3HaTh, Kak BeIOUpa-
fotcs yctaBku ABP. Kpome Toro, cnemayer pa3o0parbcsi ¢ 0COOEHHOCTSIMU BbI-
noiHeHus cxeM ABP Ha mojacTaHIMsaX ¢ CHHXPOHHBIMM JIBUTATENISIMU WM CUH-
XPOHHBIMH KOMITEHCATOPaAMH.

HevictBue ABP 10o/KHO cOIVIacoBbIBaTbCA €  JIEWCTBUEM JIPYTHX
YCTPOMCTB aBTOMATHKH.

B aTOoM paznene u3yduth 0COOCHHOCTH MOBPEXKACHUMN (K.3.) U BBIMOJIHE-
HUE 3anuT cerel HanpsbkeHueM 110 1 kB. Kak ocymiecTBisiercss BbIOOp mpesio-
XPaHUTENEH, BO3YIIHBIX aBTOMATOB. YyBCTBUTEIBHOCTh U CEJIEKTUBHOCTD pac-
LEMUTENICH BO3AYIIHBIX aBTOMATOB. 3aluTa OT 0JHO(A3HBIX K.3. Y CTPONCTBO U
paboTa 3alMTHOTO OTKJIIOYECHHS. YCTPOWCTBO aBTOMATHYECKOTO BKIIFOUCHHUS
pesepsa.

YcrpoiictBo AIIB. BoOabIIMHCTBO K.3., BO3HUKAKOIIUX B IMPOIIECCE DKC-
IUTyaTaluy Ha JJUHUSIX, UMEET HEYCTOMYMBBIN XapaKTep, T.€. MOCIe OTKIIOYEHUSI
JIMHUM 3a10UTOM OHU CaMOYCTPAHSIOTCS. BEpOATHOCTh CaMOyCTpaHEHUS K.3. T10-
CJI€ CHSATHS HANPsDKCHUS C JTMHUHM OyJIeT TeM BBIIIE, 4eM ObIcTpee cpabaThiBaeT
peneliHas 3ammTa. XOTs 3apaHee HEW3BECTHO CaMOYCTPAaHWIOCH K.3. WJIM HET,
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JMHUIO BKJIIOYAIOT MOBTOPHO. JTy omnepauuto BeinodHser AIIB, k koTopomy
NPEABABISIIOTCS CIAEAYIOMIKE TpeOOBaHUA: MUHUMAJIbHO BO3MOXKHOE BpeEMS cpa-
OaTbIBaHMS, OOECIIeYeHHEe aBTOMATHUECKOTO BO3BpaTa CXEMbl B MCXOJHOE IIO-
JO’KEHUE C 3aJaHHOM BBIJEPKKOM BPEMEHM, 3a/JaHHAas KPATHOCTb JACHCTBHS,
BO3MOXXHOCTh yCKOpeHus 3anuThl nocie AIIB. B cxeme nmpemxycMoTpeH aBTO-
Matuueckuii 3anpet AIIB Ha ciydaii, eciu o KakuM-JIu00 MPUYUHAM HEJI0Iy-
CTUMO MTOBTOPHOE BKJIFOUEHUE BBIKIFOYATEIS.

Cxembl AIIB BBINOJHAIOTCA Ha MOCTOSIHHOM M NEPEMEHHOM OIEpaTHB-
HOM Toke. Ha nunusx 6-10 kB Haubosnbliiee pacripocTpaHeHre MOTYyYUIn MeXa-
HU4yeckue U anekrpuueckue AIIB BeIkitouarenei, UMEIOIUX MPYKUHHBIE TPH-
BOoAbl. Ha nuHMsX GoJiee BBICOKOTO HANPSKEHUS] MIPUMEHSIOTCS CXEMBI C pelie
tunoB PIIB-58, PIIB-258 u PIIB-358. Hano 3HaTh NpuHLMI paOOTHl YCTPOICTB,
00eCneunBaOIUX OJAHOKPATHOE WM JABYKPATHOE TMOBTOPHOE BKIIIOUCHUSI.
Heobxonumo yscHUTh paboTy ycTpoilcTB AIIB Ha nuHMSIX ¢ OAHOCTOPOHHUM
IUTAaHUEM M pa300paThCs B UX OCOOEHHOCTSX Ha JIMHUU C JIBYCTOPOHHUM MHTa-
HUEM, YTO TaKoe HampsbkeHue OueHus. Hamo mOMHHTB, YTO OCHOBHAs 3ajayda
AIIB Ha 3Tux NUMHUAX — HE jAomnyckaTh nelictBue AIIB 6e3 KOHTpoJis CUHXPO-
HU3Ma. M3y4nTh yCTpOUCTBO U pabOTy pesie KOHTPOJIsi cuHxpoHu3ma. Kak pabo-
taeT ABP ¢ oxuiannemM CUHXpOHHU3MA U C yJIaBJIMBAHUEM CUHXPOHU3MA.

YerpoiictBo  AYP. VcrpoiictBo AYP pabGoraer mnpu nedunure re-
HEpUPYIOLIEH MOIIHOCTH B 3HEPrOCUCTEME Ul IIPEAOTBPALICHUSA aBAPUUHOIO
ITOHW)KEHUS 4acTOThl. Hy»KHO 3HaTh, 4TO Takoe JIaBUHA YaCTOThI, KaK BEAYT Ce-
Os1 pasHble MOTPEOUTENN NMPU MOHMKEHWU YacTOThI; KaK 3TO OTpa)kaeTcs Ha
TEXHOJIOTUH IIPOU3BOACTBA U I YETO NMPUMEHAETCS 3TO YCTPOUCTBO aBTOMa-
TUKU. HeoOXoauMO y4duThIBaTh TPEOOBAHMSI, MPEIbSABIAEMbIE K YCTPOHUCTBAM
AYP, u pacuer ux napameTpoB. B cucteme 351eKTpOCHAOKEHUS MPOMBIIILIEH-
HBIX MPEANPUATHA U CEIBbCKOT0 XO034iCTBAa MOXKET OBITh NMPUMEHEHA MECTHAs
pasrpy3ka. Hamo nossTe, 1is 4ero 310 nemaercs, 1o Kakol CXeMe M MPpU KaKHuX
OTKJIOHEHUSAX IMAPAMETPOB pEKUMa dJeKTporiepenayu. [Ipumenstorcs nse oc-
HoBHbIe kKateropuu AYP (I u II), umeromue pasHbie yCTaBKU CpadaThIBaHUSI 110
4acToTe U pazHoe ObicTpoaeicTBrue. HyKHO 3HaTh NMPUHLKI IEUCTBUS pesie ya-
CTOTHI, KaKk ocyuiecTisiercs cxema AYUP, kak oOecrieunBaeTCsl aBTOMaTUYECKOE
MOBTOPHOE BKJIFOUEHHUE OTKIroUaronuxcs npueMHukoB (HAIIB).

Bonpocsl 111 caMonpoBepKHU

=

Kakue TpeboBanus npeabsaBisitoTcs K ycrpoiictBam ABP?

2. Kakue ¢akTopsl Ha/l0 yUUTHIBaTh MPH BHIOOPE YCTABOK pelie HAMPSKEHUS U BpeMEHU
ycTtporictBa ABP? BrinonHeHne MyCKOBBIX OPraHOB MUHUMAJIBHOTO HANPSKEHUS
(ITOH) u vacToThI.

Kaxk BnusieT JUIMTENbHOCT IEPEPHIBA TUTAHUS HA CAMO3aIyCK 3JIEKTPOABUTATEINS?
Kak ocymectsisiercas ABP nuHuu, nuraromeics ot AByX UICTOUHUKOB?

B gem 3akmtogaercs nuenecooOpaszHocTs npumenenust AIIB?

Kakue TpeboBanus npenbsBIsioTes K ycTpoiictBam AIIB?

B kakux ciaydasx npumensiercs yckopeHue 3amutsl 10 u nocie AIIB? Kak 3to BbI-
MIOJIHSIETCS IPAKTHUYECKU?

No ko
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10.
11.
12.
13.
14.
15.
16.

17.
18.

wn

N oo

8.
Q.

KakoBbI yci10BHsI 1OMYyCTUMOCTH HeCUHXpOHHOTO AIIB?

B ueM oco6ennocTs cxem AIIB Ha TUHUAX C ABYCTOPOHHHUM IMUTaHUEM?

Kak nocturaercst oqHokpatHocTh aeiictBust AIIB?

KaxoBo nHaznauenne AYP? Uto takoe perynupyromuii 3G ekt Harpy3ku?
VYkaxute OCHOBHbIE IPUHLIUIIBI ieicTBUS AYP?

[Touemy HemomycTUMa paboTa SHEPrOCUCTEMBI ITPH YacToTe HUKE 47 - 48 I'n?
st uero npuMeHsieTcsi HeCKoJIbKo ouepeaeit AUP?

KakoBbI npuunHBbI, IPUBOJSANINE K CHUKEHHUIO YACTOTHI B 3HEprocucreMe?
Kaxk onpenenuth BEIMYMHY MOIIHOCTH, OTKJII0YAEMOW OJTHOM OYEPEABIO YCTPOMCTBA
AYP?

B kakux cimyyasx gonyctumo npumenenue AIIB mpu pabore AUP?

Yto Takoe JaBUHA YACTOThI U HANIPSKEHUS U KaK MPOTEKAIOT 3TH MPOLIECChI?

6. Cnncok J1abopaTopHBIX padoT

CxeMbl coeIMHeHUs TpaHC(HOPMATOPOB TOKA M TOKOBBIX pelie B Tpexdas-
HBIX CETSX.

HcnbiTanue 3J1eKTPOMEXaHUYECKUX peJie.

HcnpiTanue noaynpoBoaaukoBsix peie (PCT, PCH, PCM-13).
HccnenoBanne TPEXCTYNEHYATOM TOKOBOM 3aIUTHl JUHUHM C OJHOCTO-
POHHUM MUTAHUEM.

HcnbiTanue nuddepeHnunansHoro penie ¢ Topmoxkenuem tuna J[3T-11.
Uccnenosanne pene PHT-565, I3T-21, PCT-15.

HccnenoBanue mpoonbHON auddepeHIInanbHOi TOKOBOM 3alllUThI TO-
HUXKAIOIIEro TpaHchopmaropa.

HccnenoBanne 3aUThl aCHHXPOHHOTO IBUTATENS.

VYerpoiictBo ABP Tpanchopmatopos.

10.Tpexdaznoe AIIB nuHUM C OJJHOCTOPOHHUM IMUTAHUEM.
11.1Tudposas 3amura SPAC-801 dpunepa 10 B.

/. Bonpocbl, BHIHOCHMbIE HA IK3aMeH

1. Haznauenue peneiinoit 3amutel (P3). Bunbl noBpexaeHnii 1 HEeHOpMalb-
HBIE PEKUMBI B CHCTEMAX JIEKTPOCHAOKEHH.
2. 3x-(pazuwie K3, 2x-daznpie K3, ognodaznsie K3. Hanpsbkenne u Toku B
netie K3. Pacnpenenenue nanpsbxkenuid ot Touku K3 10 nucrounuka. Bek-
TOpPHBIE AMArpaMMbl HaNpsiKEeHUN 1 TOKoB npu K3.
TpebGoBanus, npenbsBisembie k P3.
Pene n ux xknaccudukarms.
OnexTpomarauTHeie pene. [IpuHImn qeiicTBust 1 0COOEHHOCTH B padoTe.
[TonsipuzoBanHbIe pene. ['epKOHBI.
. ToxoBoe pene PT-40. Pene npsimoro aeiictBust PTM. Pene nanpspkeHust
PH-50.
. BcrmomorarensHoe pesie: MpoMeKyTOUHbIE, YKa3aTeIbHble, pejie BpeMEHH.
NunykimonHoe pene Toka PT-80: ycTpoiicTBO, paboTa, XapaKTepUCTUKH.

NOoOO kW
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10.WnTerpanbHble MUKPOCXEMbl U UX MPUMEHEHUE B pPENICMHBIX 3alIuTax
(omepalMOHHbIE YCUIMTEIH, KOMIIAPATOPhI, IOPOTOBbIE JIEMEHTHI, TPUT-
rep llImurra, u ap.)

11.VcrpoiictBo, paboTa peie Ha uHTerpaabHbiX Mukpocxemax (PCT-11,PM-
11)

12.TIpuHIMI MOCTPOCHHUS CIOXKHBIX pelie Ha MOIYINPOBOJAHUKOBBIX 3JIEMEH-
Tax co cpaBHEHUEM abcomoTHBIX BennuuH U1 u Uo.

13.1TocTpoenue pene Ha cpaBHEHUH (a3 MTHOBEHHBIX 3HAYEHUH JBYX BEJIH-
yuH U1 u Uo.

14.VYcrpoiictBo U paboTa pelie MOLUTHOCTH Ha CPABHEHUH ABYX DJIEKTpUYE-
CKUX BEJMYUH: OJIOK-CXeMa pelie, CYMMHUPYIOIIUE YCTPOUCTBO, CXEMbI
CPaBHEHUSI.

15. YcrpoiicTBo 1 paboTa 1iudpoBHIX pee.

16. TpanchopmaTopsl TOKa: yCTPOHUCTBO, paboTa.

17.Cxembl coearHeHMs TpaHC(HOPMATOPOB TOKA U UX CBOICTBA.

18. TokoBble GpUILTPHI: GUIBTP TOKA HYJIEBOU MOCIETOBATEIHHOCTH.

19. ®unbTp TOKA OOpATHOM MOCIEOBATEIHLHOCTH.

20.MaruuTHble JaTYUKH TOKA.

21. TpancdopmaTopsl HAMPSHKEHUS: YCTPONUCTBO, padoTa.

22.CxeMbl coeIMHEHHS TPaHC(HOPMATOPOB HATIPSIKCHHUS.

23. @unsTper: DHOIT; yerpoiictBo, padota; ®HHII, yerpoiicTBo, padora.

24.VIcTOYHUKH ONIEpaTUBHOTO TOKA; TOCTOSTHHBIN OMEPaTUBHBIN TOK.

25.VIcTOYHUKH IEPEMEHHOTO OTIEPATUBHOTO TOKA.

26.3apsiiHOE KOHJIGHCATOPHOE YCTPOMCTBO.

27.MakcumanpHasi TokoBas 3amuta (MT3); HazHaueHue, CXEMHOE HCIIOJ-
Henue MT3.

28.Hactpoiiku MT3: onpenenenue l.p.vr3 ¥ BeLIepKKH BpeMeHH (tep.173)

29.Cxembl MT3 ¢ gemryHTHpOBaHUEM KaTyIIKH OTKIoYeHuss. M T3 HyneBoi
MOCJIEI0BATEIbHOCTH.

30. TokoBast oTceuka; MPUHIUI JEHCTBUS, HACTPOHKA, IPUMEHEHHE.

31.3ambIkaHMe HA 3€MIIIO B CETSIX C M30JMPOBAHHOW HeWTpasbio. KomreH-
carusi EMKOCTHBIX TOKOB.

32.CxemMa 3aMelIeHus sl TOKOB HYJIEBOW MOCIIEI0BATEILHOCTH TPU 3aMbl-
KaHMM Ha 3eMiIt0. TokopacrpeaeneHne TOKOB HYJIEBOW IMOCIEI0BaTENb-
HOCTH B PEaJIbHOM JIEKTpUUeCcKou cetu 6-35 kB.

33.YcrpoiictBo KoHTpOI m3omsaiuy; 3ammra YC3-M; 3311

34.MakcumanbpHasi HampaBieHHass TokoBas 3ammuTa (MH3); Ha3naueHwue,
CXEMHOE HCITOJIHEHHUE.

35.Hactpoiika MH3; Tox cpabateiBanus (lep.m73), BpeMs cpabaThiBaHUS
(tcp.MT3)-

36.MuayKImoHHOE pelie MOIIHOCTH; YCTPOMCTBO, paboTa, XapaKTePUCTHKH.

37.Henocratku MH3; cxemMbl NOIKITIOYEHHS PeJie MOLHOCTH.

38.1IpononbHas nuddepeHnanbHas 3allnuTa; YCTpOoUcTBO, paboTa; BHIOOD
ToKa cpabateiBanus auddepernuanbaon 3amuThl (lep.73). Tox HeOamaH-
ca lue.
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39.Tlonepeunas nuddepeHnmanpHas 3anmTa; IpUMEHECHUE.

40.Tlonepeunas HanpaBjieHHas qUQdepeHLrnanbHas TOKOBas 3alIHTa.

41.]JlucTaHIIMOHHAS 3allluTa; NTPUHLKI JEHCTBUS, 3alUTa C TPEXCTyIEHYa-
TOM XapaKTepUCTUKOMN CpadaThIBaHUS, CXeMHOE UCIIOJIHEHHE.

42 .11omynpoBOAHUKOBBIE peJie TOJTHOIO COMPOTUBIICHUS C KPYrOBOM Xapak-
TEPUCTUKOM.

43.BricokodacTtoTHbIe KaHanb! 110 JIDII; Ha3HaueHue, yCTpOMCTBO.

44, TluddepennmansHo-(a3Has BHICOKOYACTOTHAS 3allIUTa; YCTPOMCTBO, pa-
oora.

45.TIporpaMmHbI€ 3aIIUTHI. Y CTPOICTBO, paboTa.

46.ABapuiiHble 1 HEHOpMaJbHbIE PEXHUMBI PabOTHl CHIOBBIX TpaHchopma-
TOPOB.

47.Tpebosanus [1YD no 3ammure CHIIOBBIX TpaHCHOPMATOPOB.

48. ludpdepennmanpaas 3ammra TpaHCHOPMATOPOB M €€ OCOOCHHOCTH B
HACTpOMKe.

49, ¥YcrpoiictBo u padborta pene PHT-560, I3T-11, PCT-15.

50.Pacuer nuddepeHnnanbHbIX 3aldT TPAHCPOPMATOPOB:  OMPEIACICHUS
lep, Wy, Ky. Postb TOopMo3HO# 00MoTKH Wr. Bpocok Toka HaMarHu4uBa-
HUS U €T0 OCOOEHHOCTH, T/I€ OHU HCTIOIB3YIOTCS.

51.T"a30Bas 3ammuTa TpaHchopmaTopa; yCTpoOHCTBO, padora. KoHCcTpyKInm
ra3oBbIX peiie. TpeOoBaHUS K MOHTaXY.

52.Haznauenue u ycrpoiictBo PITH. ABromaTtuzarus PITH.

53.IlprunHbl MosBNEHUS TOKa HeOanmaHca |,s 1 MEephI MO MX OTPAHUYCHUIO B
g depeHInanbHbIX 3allUTaX CUIOBBIX TPaHC(HOPMATOPOB.

54.Pacnipenenenue TOKOB B 00MOTKaxX TpaHchopmaTopa ¢ coeilMHEeHueM 00-
MoTok Y/A nipu aByxdaszHom k.3. Ha cropore HH (A).

55.3ammra Tpanchopmaropa OT Eperpy30K U BHEIIHUX K.3.

56.3ammra Tpanchopmaropa 6€3 BBIKIIFOYATENSI HA BBICOKOW CTOPOHE.

57.1ludposie 3auThl  TpaHCHOPMATOPOB: YCTPOUCTBO, paboTa

58. ABapuiinbie U HEHOPMAJIBHBIE PEKUMBI PAOOTHl CHHXPOHHBIX T'€HEPATO-
poB (CI'). TpeboBanus I1Y3 no 3amure CI'. BHemnsas xapakTepucTika
1 BekTopHas auarpamma CI'.

59.3ammra ot Mexay(da3HbIX K.3. B 0OMOTKax ctaropa. [IpomonbHbie aud-
(dbepeHInanbHbIe 3aUThI, HACTPOIKa.

60.3amura OT 3aMbIKaHUM OOMOTKHM CTaToOpa Ha KOpMHyc (3emitio). YCTpoii-
ctBO 1 padora THHII ¢ moamaramanBanueM.

61.3ammra OT CKBO3HBIX TOKOB K.3.

62.0co0eHHOCTH B 3amuTe OOMOTOK BO30YXKACHHUS TypOOT€HEPAaTOPOB H
ruaAporeHepaTopoB. CXxeMHOE UCTIOTHEHHUE 3aIIHT.

63. Hudponas 3amura CI': ycTpoiicTBo, paborta

64. ABToMaTuueckoe peryiupoBanue Bo30yxxaenus CI'. Haznauenue u Tpe-
ooBanus k APB.

65.1IpocToe KoMIayHAMpPOBaHHWE TOJHBIM TOKOM cTaTopa kak Buj APB.
CxemHOe ucnonHeHue, padota. Buemnssa xapakrepuctuka CI' mpu pas-
JIUYHBIX COSY.
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66.Da3oBoe KommnayHaupoBanue kak Buja APB. CxemHOe ucnionHeHue u pa-
oora.

67.Tpanchopmatop dazoBoro kommnaynaupoBanus (TDK), ycrpoiicTo, pa-
6ota. Koppekius HanpspoKeHwMs.

68.Peneitnas ¢popcuporka CI.

69. ABromaTtuueckoe ramenue mnoius (AI'TI) renepatopa, TpedoBanus k AI'TI.

70.3amura oT motepu BO30YykKAeHUS. ACUHXPOHHBIM pexkum padotsl CI.
3anura.

71. Acunxponnsie apurarenu (A/l). Bpamaroumii MOMEHT 3JIEKTpPOABUTATE-
Jell 1 MOMEHT CONPOTUBIICHUS MEXaHM3Ma, UX XapakTepucTuku. [lyck
AJIEKTPOJBUTATEIIECH; aBAPUNHBIE U HEHOPMAJIbHBIE PEKHMBI.

72.3amuta AJl 1o 1000 B oT k.3. Ha 6a3e MarHUTHOTO IyCcKaTess, Ha 0a3e
KOHTakTopa. Hactpolika 3amur.

73.3amurta AJl oT meperpy3ok, oOpsiBa (a3, MOHIKEHUS HAMPSHKCHHUS.
CxeMHO€ UCTIOJTHEHUE.

74.3ammuta AJl, Beimre 1000 B. TpeGoBanms ITYD.

75.3ammura AJl Bemme 1000 B ot mexnaydasaeix k.3. CxeMHOE HCITOJ-
HEHUE, HACTpoiiKa.

76.3amuTa AJl oT 3aMBIKaHHI Ha KOPITYC (3€MJIIO).

77.3amuTa ABUTaTeNel MOCTOSHHOTO TOKA.

78.1ludposas 3amura ABUraTeNieii: ycTpoicTBo, padora.

79. XapakTepucTuka pexkuma cetu 6-35 kB npu 3ambikannu pa3el Ha 3eMITIO.
CxemHOe 3aMeleHIe, BEKTOPHBIE TUarpaMMBbl.

80.Cxema 3amerieHus AJisi TOKOB HYJIEBOU IMOCIeA0BaTeIbHOCTH. ToKopac-
IpeesieHue TOKOB HYJIEBOM MOCIIEIOBATEIIBHOCTU B PaCHpeAeIUTENb-
HBIX ceTsax 6-35 kB.

81.DunbpTpel TOKOB HyNeBoil mnocnenoBatenbHocTH (DTHII); QuabTpsl
HaNpsDKEHUsT HyJIEBOM MOcienoBaTeaIbHOCTH. TpeOoBaHus IpU yCTaHOB-
Ke.

82.CxeMbl 3alIUT OT 3aMbIKaHMs Ha 3eMJII0: a) TOKOBas 3alluTa HYJIEBON
nocJyie[0BaTeNbHOCTU. CXEMHOE HMCHOJHEHUE, HACTPOWKa, HEJOCTATKH.
Pene nynesoit nocnegoBarensuoctu PT3-51;

0) HampaBieHHble 3alllUThl HYJEBOW MOCien0oBaTeNbHOCTU. CXxeMHOE
ucnosnnenue. 3amura tuna 33[1-1M. MMnynbcHOe pese HanpaBiieHUS
MOIIIHOCTH;

B) 3allUThl, pearupyroniie Ha BBICIIHE TAPMOHUKU TOKA 3aMBIKaHUS.
Cxemnl yerpoiictBa YC3-2/2, YC3-3M, ux pabota;

r) CXxeMbl, pearupyromue Ha TOKA ePEeX0aHOTo pekuma (I-pa3psaHblii 1
I-3apsIHBII); CXeMa paclpeIeliCHHs] MEePEXOAHBIX TOKOB (I-pa3psiaHbIii
W I-3aps/HBIA) TpU  3aMBIKAHUM, 3HAKW BOJH TOKA, HAMPSIKCHUS,
MTHOBEHHOM MOIIIHOCTH TpH 3aMblkaHud Ha 3emitro. CXeMHoe WucC-
nonHeHue P3.

83.MakcumMainpHbIe TOKOBBIE 3alIUTHI OT K.3. B CETH C TIIyX03a3eMJICHHON
HeWTpablo. PacnpeneneHne TOKOB HYJEBOM IMOCIEIOBATEIBHOCTH MPU
0HO(ha3HOM K.3.
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84.Henamnpasnennas MT3 HyJneBoii mociie[oBaTEIbHOCTH. Y CTPOICTBO, pa-
0oTa, HacTpoMKa.

85.HamnpasneHHast TOKOBas 3alllyMTa HYJIEBOU MOCIEA0BATEILHOCTH. Y CTPOM-
CTBO, paboTa, HaCTpOMKa.

86.Buabl BceX BO3MOXKHBIX 3aIUT MPUMEHSIEMBIX OT MOBPEXKIECHUN U He-
HOpMabHBIX pexuMoB JIDII. X kpaTkast XapakTepUCTUKA U HACTPOUKA.

87.1udposas 3amura JIDII: ycTpoiicTBo, pabora.

88.BricokouacTtoTHhle KaHaibl Bo3aymHbIX JIDII.  JIuddepenmmansho-
(azoBasi BBICOKOYACTOTHAs 3alUTa: YCTPOICTBO, paboTa.

89.3amuTa COOpPHBIX IIHH.

90.Posb u TpeboBanus k AIIB. Knaccuduxarus.

91.Cxema u paboTa MexaHU4eCKOTo oHOKpaTHOro ATIB.

92.Cxema u pabota snexkTpudeckoro ogHokpatnoro AIIB.

93.Pabora AIIB na mexcucremubix JIDII. YpaBuutenbusie Toxku. Hamps-
xeHue oueHus. Pese KOHTPOJs CHHXpOHU3MA.

94. ATIB ¢ o)xuaaHueM CHHXPOHH3MA. Y CTPOKCTBO, paboTa.

95. AIIB ¢ ynaBnuBaHrueM CHHXpOHH3MA. Y CTPONCTBO, padoTa.

96.Kutoun ynpaBieHus.

97.Haznauenue u ponb AYP; Gamanc moirHocTe B sHeprocucreme. Pery-
mupytomuid 3¢ dext Harpysku. Ouepenn AYP.

98.Pene uacrorel PU-1; ycrpoiictBo, paboTa.

99.Haznauenne ABP. Xonoansiii u ropsuuii pesepB. ABP mcrouHukos,
JIDII, tpancdhopmaTopoB, ceKIMOHHBIX muH. [lyckoBeie opransr ABP.
CxeMmbl.

8. KoHnTpoJubHble 3a1aHusA
8.1. OO6mue yka3zaHus

BrlnonHeHre KOHTPOJIBHBIX pabOT MOMOKET ITy0Xke YCBOUTh TEOpEeTHYe-
CKUHM MaTepuai Kypca M NMpuoOpecTd HeoOXOIUMBbIE HAaBbIKK B PEIICHUHU IPaK-
TUYECKHUX 3a/lad B oOsiacTu peneiiHol 3amuTbl. CTyIEHTHI BBIOIHAIOT OJI-
HY KOHTPOJIbHYIO paboTy M OJJHY KypcoBYI0. MIcX0/IHbIE TaHHBIE JJIsl BCEX BapHu-
aHTOB TIpuBeICHBI B TaOiwuie Nel W OJHOJIMHEWHOW AJICKTPUUYSCKOM CXeMe Ha
puc. 1. u puc. 2.

JlJis BBITIOJIHEHUS KOHTPOJBHOM paboThl HEOOXOJUMO HCHOIb30BaTh pe-
KOMEHAYEMYIO JIMTEPaTypy, NPUBEICHHYIO B 3aJlaHUM U IIPUMEPHI pacyeTa 3a-
IIUT B NpuiiokeHusX. [Ipu BeIOOpE THIa 3alIUT HY>KHO, MPEXKAE BCETO, MOHSThH
CYLIHOCTh (PU3NYECKUX MPOIIECCOB, MPOUCXOASIINUX B AIE€MEHTaX CETH NP aBa-
PUHHBIX peXHMaX, U3YYUTh CXEMHOE UCIOJIHEHHE 3alllUT U UX padboTy, pas3o-
OpaTbcs B pacnpeiesIeHuU TOKOB B cxemax coequHenuss TT u perne npu paznuy-
HBIX BUAax K.3. OCBOMTH MOPSIOK pacuera mapaMeTpoB cpadaThIBaHUS 3allUT U
MPOBEPUTh MX HA YYBCTBUTENIBHOCTb. [IpH BBIMOIHEHUH KOHTPOJILHON padOThI
HY>KHO paccuutath peneitHyto 3amuty JISII - 10 xB., mpu kypcooit padore —
pelieliHy10 3alIMTy U aBTOMaTHKY CUJIOBOTO TpaHc(opmaTopa.
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CxeMmbl 3aIIUT CIAEAYET BBIUEPTUTh B PA3HECEHHOM BUJIE C 00s3aTEIbHBIM
coomoaenueM 'OCTa Ha 0003HaUYeHHSIX B uepTexkax. YepTEx BBHINOIHUTH HA
mucte ¢popmara Al.

Tabmuma 1
Hcxoanblie JaHHbIE /151 BHINIOJHEHHS KOHTPOJIbHOM padoThl U KYPCOBOI0 MPOEKTA
X HoMmunanb-
E Hasl MOILII- JaHHble M0 NOTPeOUTESIM
[} HOCTb
% 2 é = = H: (Hy) Hs (Hs) JlaHHBIE 1O
2| & = s 9 E aBTOMAaTHKe
z 2 < t = g Har- YcraBku Har- YcraBku Lina
g E' § é E py3- py3- JUHHUHN
% E ﬁ' g E Ka 3allIUThI Ka 3allIUThI
=3 =
Sia | Su | Pr| Suz | te | lo | Sur | te | ls ﬁj ﬁi ABP | ATIB
VB IMP MBr | MBA| € | kA |[MBA| C | kA | ww | wm | - | -
1 2 3 4 5 6 7 8 9 10 11 | 12 13 14
1 | 5000 | 6,3 1,0 1,0 08 | 0,21 2,5 1,2 | 0,32 | 30 | 14 Q1 -
2 | 4700 | 10 | 1,25 2,0 1,0 | 0,30 4,0 10| 035 | 1,0 6 - H1
3 | 4000 | 16 1,6 3,0 0,8 | 0,42 8,0 1,6 0,4 25 | 10 Q2 -
4 13800 | 25 | 20 40 | 05| 050 | 11,0 | 1,0 | 056 | 50 | 17 - H3
5 13500 | 40 | 1,25 1,5 0,7 | 0,30 3,0 0903 | 20] 12 Q1 -
6 | 3250 | 63 | 1,0 30 [ 08|03 | 50 | 10| 05 | 40| 18 - Hl1
7 | 3000 | 80 1,6 1,5 05 | 0,25 7,0 1.2 0,6 30 | 11 Q2 -
8 | 2800 | 125 | 2,6 35 | 06 | 045 | 120 | 14 | 0,7 | 20| 10 - H3
9 | 2500 | 6,3 1,6 0,5 0,7 | 0,14 2,8 13| 041 | 50| 20 Q1 -
10 | 2200 | 10 2,0 1,3 09 | 0,21 4,2 20 | 058 | 25 | 12 - H1
11 | 2000 | 16 | 1,25 1,5 08 | 0,20 7,7 14 | 065 | 30 | 15 Q2 -
12 | 1800 | 25 1,6 5,0 05 1] 060 | 150 | 1,6 0,9 1,6 8 - H3
13 | 1000 | 40 2,5 4,0 06 | 05 | 170 | 1,0 1,0 20 | 15 Q1 -
14 | 1500 | 63 | 1,25 3,5 0,7 ] 050 | 130 | 1,2 0,9 35 | 16 - H1
15 | 1700 | 80 2,5 2,5 09 | 040 7,0 1,6 1,0 1,8 | 10 Q2 -
16 | 2000 | 125 1,6 2,1 05 1] 041 45 2,0 0,9 16 | 12 - H2
17 | 2300 | 6,3 | 1,25 1,7 06 | 0,35 2,0 15 0,5 2,0 | 15 Q1 -
18 | 2500 | 6,3 1,0 1,0 0,7 | 0,25 3,2 1,8 0,6 1,3 7 - H3
19 | 2700 | 40 1,0 2,0 0,8 | 0,30 4.8 2,0 0,8 2,0 9 Q2 -
20 | 3000 | 63 | 1,25 3,0 1,0 | 0,40 3.8 1,5 0,8 3,0 | 20 - H1
21 | 3200 | 16 1,6 3,5 09 | 043 6,2 2,0 1,0 40 | 21 Q1 -
22 | 3500 | 80 | 1,25 3,0 08 | 043 7,5 1,0 1,0 50 | 17 — H2
23 | 3700 | 125 | 2,0 6,0 0,7 | 0,75 | 10,0 | 1,2 0,9 1,5 9 Q2 —
24 | 1000 | 25 2,5 45 06 | 060 | 110 | 14 0,9 20 | 11 — H3
25 | 1200 | 6,3 0,8 0,8 05 | 0,20 4,1 1,6 0,7 25 | 15 Q1 —
26 | 1500 | 16 1,0 1.2 0,6 | 0,20 3,5 18 | 380 | 30 | 14 — H1
27 | 1800 | 40 | 1,25 1,5 0,7 | 0,25 6,0 2,0 1,2 2,7 | 13 Q2 —
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[Tponomkenue Tabauipl 1

28 | 1500 | 10 1,6 2,5 0,8 | 040 4,2 19 0,8 2,2 | 10 - H2
29 | 3500 | 16 2,0 1,0 09 | 0,20 9,0 1,7 11 18 | 10 Q1 —
30 | 2500 | 63 0,8 15 | 10 | 0,29 30 | 15| 06 | 15| 10 - H3
31 | 2600 | 40 2,5 1,8 09 | 0,30 7,5 1,3 1,0 3,0 | 12 Q2 —
32 | 2700 | 25 1,6 30 [ 08| 040 | 155 | 11 11 | 40| 20 - H1
33 | 2800 | 25 2,0 50 [ 07070 | 120 | 15| 09 | 35| 17 | Q1 -
34 | 2900 | 32 1,0 3,0 0,6 | 0,50 6,0 2,0 1,0 45 | 17 - H2
35 | 3000 | 16 2,5 1,5 05 | 0,30 7,1 1,0 1,2 2,5 8 Q2 —
36 | 3400 | 10 1,25 2,0 055 | 0,30 5,0 1,0 0,9 1,5 9 - H3
37 | 3600 | 63 1,6 08 | 08 | 015 51 | 15| 07 12 | 11 | Q1 -
38 | 1600 | 32 3,2 7,0 06 | 080 | 140 | 2,0 1,0 28 | 12 - H1
JIDII-110 kB
Cucrema
Skac.

Puc. 1. UcxonHas snekTpuyeckas cxema
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8.2. KourtpoabHas pabdoTa

Peseitnas 3amura Bo3aymHou JIDII 10 kB oT KOpOTKHUX 3aMbIKAHU A
U HEHOPMAJIbHBIX PEeKUMOB

3apanue:

BpIOpaTh CXeMbI 3alIUT, THIT Pelie ¥ UCTOYHHUK OMEPATUBHOTO TOKA IS
peneiinbix 3amuT Bo3mymHoi JIDIT (JIz) (puc 2.) OT KOPOTKHMX 3aMbIKAHHH U
HEHOpMaJIbHBIX pexumoB, (MT3, TO, 3ammuTa OT 3aMbIKaHHS HA 3€MITIO).

PaccuutaTh TOKM cpabaTbiBaHUs 3alIUT U BBIIECPKKU BpeMeHu. [Ipose-
PUTHh YYBCTBHUTEIBHOCTh 3aLIUT, PACCUUTAB TOKHU K.3. JUISI XapAaKTEPHBIX TOUEK
(K1, K2).

Pacuetnas snektpuueckas cxema IMpuBeleHa Ha puc. 2. McxonHbele naH-
HBIC — S, cucTeMbl, JI1, Jlo, JIs, Pm1, Spi B3sTh 13 Tabmuier Nel, HoMep BapuaHTa
COOTBETCTBYET HOMEPY B CITUCKE YU€OHOU IPyMIbl CTYJEHTOB

JIDII-110 kB

Puc. 2. Cxema 15 pacdera ToKa K.3.

Conepskanue NOSICHUTEIbLHOM 3aNIMCKU NPHU 0()OPMIICHUH
KOHTPOJIbHOH padoThI

1. BBenenue:

2. Kopotkue 3ambikanus B cetu 10 kB (6 kB). KpaTtkas xapakrepuctuka.
[IpoBecTu pacuet TokoB K.3. B T. K1 1 K3 (Puc.2).

3. CtpykTypHas cxema peledHBIX 3auuT. JaTh KpaTKoe MOsSCHEHUE MO CO-
JEepKaHUIO U HA3HAUYCHUIO CTPYKTYPHBIX 3JIEMEHTOB. M3MepuTenbHble U BCIIO-
MoraTebHbIE pesie; TUIbI, Ha3HAYeHUEe, BKIIOYEHHUE B KOHTPOJIUPYEMYIO CETh.
Ncnonws3oBats pene Toka PT — 40, PCT — 11, Pene nanpsbkenust PH — 50, PCT —
14,

4. ToxoBbIe 3alIUTHI: MaKCUMaJbHas TokoBas 3amurta (MT3) u TokoBas OT-
ceuka (TO): ux cxeMHOe HCHOJHEHHE, MPUHIUN paboThl, HACTPOUKU (lepps U
tep.pss Kays). CXeMbI coeinHeHHs TpaHC(HOPMATOPOB TOKA M Pejie B H3MEPHTEIb-
HOW YaCTH 3aILMUT.

5. Bribop tpanchopmaTopoB Toka s u3mepurenbHoit yactu MT3 mo Ho-
MuHanpHOM Harpyske JIOII u ompenenenue kodduimeHToB TpaHChHOpMAIHH
TpaHchOpPMATOPOB TOKA.

6. Pacuer MT3 JIDII-10 kB nns cBomux ucxoanbix ganubix ([Ipunoxenue 1),
onpeaeneHue lepmrs 1 tepm13, Kays.
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7. Omnpenenenue Toka cpadaTeiBanust TOkoBoil orceuku (TO) JIDIT 10 xB.

8. Cxemnoe ucrnonHeHue npuHATHIX 3ammT (MT3 u TO). Cnenmdukamms
MIPUMEHSIEMBIX pelie.

9. OOumuii KOHTPOIH U3OJISIUU TIPH 3aMbIKaHUU (Da3bl HA 3EMITIO B pacmpe-
nenutenbHoM cetn 10 kB (cxemHoe ncnonHeHue). OUIbTphl TOKA U HaIpsiKe-
Hus HyneBo nocnenoatenbHoct (OTHIL, ®HHIT). TIpubop «Crektp» u ero
npuMeHeHue. biok-cxema nudporoit 3amutsl JIDII.

Ilpumeuanue: npumep pacuera MT3 JIDII npuseaen B [Ipunoxenun |.

.JInTepaTypa AJIsl BBINNOJIHCHU S KOHTpOJ’[LHOﬁ paﬁoTbI

1. AmnnpeeB B.A. Penelinas 3ammra u aBTOMaTH3aIMs CUCTEM 3JIEKTpOCHAOKeHUs. — M.:
Bericmas mkosa, 2006 (2001).
2. YepnoOposoB H.B., CemenoB B.A. Peneiinas 3amura sHEpreTHYECKUX CUCTEM. — M.:
Oneprousaart, 1998.
3. Kpusenkos B.B. u np. Peneiinast 3amuTa 1 aBTOMaTHKa CHCTEM JICKTPOCHAOKEHUS. —
M.: Dueprousaar, 1981.
4. bepxosuu M.A., Monuanos B.B., CemenoB B.A. OcHOBBI TEXHUKH pEIEHHON 3ally-
Tbl. — M.: DHeproaTomusaart, 1984.
Mapkesuu A.U., iBanoB B.A. Penelinas 3ammra ¥ aBTOMaTHKa CHUCTEM 3JIEKTpPO-
cHaOxxenus. Ctatuueckue pene. — [Ickos, 2001.
[MpaBuia ycrpoicTs anekrpoycranoBok (ITYD-2002).
Mapkesuu A.U. u ap. [Ipubop Crnextp. — Dueprerux Ned, 2000.
HImypses B.S. Ludpossie pene . YueOHoe nocobue. Cankr-IlerepOypr. 1998.
[Muraep I'. HudpoBas aucTaHIMOHHAS 3alllUTa. MPUHIMIIBI U IpUMEHEeHue. MocKBa.
Oueprouznat. 2005.
10. Caiiter: Cupnyc Yensounck http://sirius-chel.ru
HTIL] «Mexanorponuka» http://www.mtra.ru
ABB Pene-Yeboxkcapst http://www.promportal.ru/userinfo147

o

©oN

IIpuMepHBIHA NOPSAAOK pacyeTa TOKA K.3. B Touke K2 (Puc. 2)

B cxeme 3amereHus y9UTBHIBaeM TOJIBKO WHAYKTHBHOE COMPOTHUBJICHUE
anemeHToB (Puc. 2a).

Xc |XJ11 | Xr |XJ13

T T

Puc. 2a.

3a 0a3ucHOEC HAMNpSOKCHWE JIydIlle B3ATh BBICOKOC HAIPSHKECHUE
U6= UCPABHZ 115 xB.
ComnpoTHBIICHHE D3JIECMCHTOB B WMCHOBAaHHBIX CIMHHMIIAX HAXOAWM IIO
KJIACCUYECKUM (PpOpPMYJIaMm:
CUCTEMA
(3a7aHa MOIITHOCTBIO K.3. HAa IIMHAX CUCTEMBI)
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_ UZ 1152
Xc - — (OM)’

SK.S.C. SK.3.C.

JIDIT-110 xB

Xu=Xo'ls (OM), Xo=0,40M/km, |i- mmuna JIDII - 110 (km);

TtpanchopMaTop

Ugsep. U2
XT — KSCp . 6 (OM),
100 SHOM.T

JIDIT—-10 kB

X3 = (Xo- |3)'N2 (comporuBienue npuseaéanoe k Ug = 115 kB),

U 110
rne N = Uﬂ =T 11 — xoaddunuent Tpanchopmanuu TpancGopmaro-
HII

pa.
PesynpTupyromiee conporunieHue B Touke K, ¢ Ug= 115 kB Oyner paBHO

Xpe3.: XC+XH1+XT+XH3.-
Haxonum Benuuuny Toka k.3. B Touke Ko ¢ Ug = 115 kB

| _ U 115
K.3.0. \/3 'Xpe3, \/3 'Xpeg_

Haxonum peanbHblii TOK K.3. B Touke K; Ha mmHax 10 kB,

lksx2 = lkso."N.

DTOT TOK K.3. Oyner muanMmanbHbIM 111 MT3 JIDIT — 10kB u ucnomnb3o-
BaH P ONPEICICHUN YyBCTBUTEIBHOCTH 3aIIUThI

Tisx
K‘IYB.: 212 = [15]

ICp.MT3 (mepBUYHBIN)
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8.3. 3ananue Ha KypcoBYIO padoTy
Peseiinasi 3a11MTa 1 AaBTOMATHKA CUJIOBOI0 TpaHcpopmaropa

3apanue:

Pa3paboTaTh peneiiHyio 3aiuTy OT BCEX BHIOB MOBPEKICHUM TpaHchop-
maropa T1 (Puc. 1.).

M3yunTh yCTpOWCTBO U pabOTy aBTOMATHYECKOTO PETYIHPOBAHUS
HanpspbkeHus Tpanchopmaropa ¢ PITH.

Hcxonnbie nannabie: cxema ais pacuera 13 u TokoB K3 (Puc.1):

- MOITHOCTb K.3. CUCTEMBI, Sis

- MOIIIHOCTh TpaHchopmaTopa, St U ero Texuudeckue gaHuwie (IIpuio-

xenwue 1)

- mmHa JIDIT 110 xB; JIy, JI,

- Buabl aBTomatuku — PITH, AIIB

JlaHHBIE 1715 pacueTa KypcoBoil paboThl B3Th U3 Taba. Nel (Homep Bapu-
aHTa COOTBETCTBYET MOPSIAKOBOMY HOMEPY CTYAEHTA B CIHUCKE YUEOHOU IpyIi-
TbI).

ConepkaHue NMOSICHUTEJIbHOM 3aNMCKUA NMPH 0(POPMIICHHUM KYPCOBOIi
padoThI

1. BBenenue

2. ABapuiiHble U HECHOPMaJIbHBIE PEKUMBI CUIIOBBIX TpaHC(HOPMATOPOB, TPe-
ooBanus [1Y D o 3ammre oT HUX

3. Ilpuninun paboThl U YCTPOMCTBO MPOJOJIbHON Iu(depeHIraibHoN 3a-
IIUTHL U €€ OCOOCHHOCTH  TpH  3allMT€  CUJIOBBIX  TpaHCcPopMaToOpoB
(mpuBecTH MPUHLIUNHAIBHYIO 3JIEKTPUYECKYI0 cxeMy /I3 W MOsICHUTH Kak
onpeznensieTcss Tok cpadarbiBanus 3 ¢ y4eTOM BCEX COCTABIISIFOIIMX TOKa Heba-
nanca l,g) [1,3]

4. PacueT TOKOB KOPOTKOTO 3aMblkaHUs s HacTpoiiku [[3 (touku K; Ha
cxeme puc. 2)

5. Beibop TtpanchopmaTopoB Toka B 1uiedax J[3: ompenenenue koddpduiim-
€HTOB TpaHc(opMauu TPaHCPOPMATOPOB U BTOPUUHBIX TOKOB 21 1 122

6. Beibop m3meputenbHON cxembl nuddepeHanbHoi 3auThl U CIEI -
aJIbHBIX peJie IS 3aIUThI CHIIOBOTO TpaHcdopmaropa [1,2 3.4, [Tpunoxenue 11]

7. Pacuer muddepennmanpupix 3amut ¢ pene tuna PHT-560, I3T-11 u
PCT-15 (mpenctaBuTh 3IEKTPUUYECKUE CXEMBI JIAaHHBIX peJie C PacueTHHIMU Ta-
pamerpamn) [4, 5,6 TIpunoxenue 11]

8. l'azoBas 3amuTa (yCTpOWCTBO M paboTa ra3oBBIX peje, AIEKTpUYecKas
cxema ra3oBoi 3amnursl) [1, 2].

9. 3ammTa OT meperpy3ku (dJIEKTpUYecKas cxema 3allluThl, TOK cpadaThIBa-
HUST)

10.ABToMaTuka cuiioBbix TpaHchopmatopoB (PIIH - ycTpoiicTBo cumoBoii
4acTH, OJIOK-CXeMbl ~aBTOMatudeckoro ycrpoiictBa PIIH, ycraBku cpa-
OateiBaHus W 30Ha HewyBcTBUTENbHOCTH PITH. ATIB. ABP) [1]
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11.bnok-cxema uudposoii /I3 tpanchopmaropa [1]

12.3axmroueHue.

13.Criucok nmuTeparypsl

14 ITpunoxeHus (3JIEKTPUYECKHE CXEMBI 3alUT, peJie, TOKOPACIpeIeICHUs B
cxeme /I3 mpu pasznuunbix Bujpax K3, BEeKTOpHBIE AuarpaMMbl U BPEMEHHbIC
JarpaMMbl TOKOB U HanpspKeHu# 1u1st neneit [13)
Ilpumeuanue: npumep pacyeTa NPOAOIbHON Au(depeHIIUaTbHON 3alIUThI
TpaHcdopmaropa npuseneH B [Ipunoxxennn 1.

JInteparypa 1JIsl BHINOJHEHUsI KYPCOBOii padoThI

1. AmnnpeeB B.A. Penelinas 3ammra u aBTOMaTH3aIMs CUCTEM 3JIEKTpOCHAOKeHUs. — M.:
Bericmas mkosa, 2006 (2001).

2. YepnoOposoB H.B., Cemeno B.A. Peneiinas 3amura SHEpreTH4ecKux cucreM. — M.:
Oneprousaart, 1998.

3. bepkxouu M.A., MomyanoB B.B., CemenoB B.A. OCHOBBI TEXHHUKH pPEICHHON 3aliu-
Tbl. — M.: DHeproaTomusaar, 1984.

4. Mapkesuu A.U. ConoBeeB H.C. IlpoektHble pacderbl MO 3JIEKTPOCHAOKEHUIO MPO-
MBIIUICHHBIX TPEANPUATUANA U penerinon 3anmmThl. [Ickos, 2001.

5. Mapkesuu A.U., BanoB B.A. Peneiinas 3ammra U aBTOMaTHKa CHUCTEM 3JIEKTpPO-
cHabxxenus. Ctatuueckue pene. — [Ickos, 2001.

6. CrnpaBOYHHK IO MPOCKTHPOBAHUIO 3MeKkTpocHaOxkenus. [log pen. B.M. Kpymnosuya. —
M.: Dueprus. 1980.

7. TlpaBumna ycTpOHCTB 3JEKTPOYCTaHOBOK, 2006.

8. CailTbl Cc peneifHol 3alIUTON CHIIOBBIX TpaHC(HOPMATOPOB.
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HPUJIOXKEHHUE |
1. pumepnsbiii pacuer MT3 JIIII 10 kB

3ammra 3JIEMEHTOB CHCTEMBI 3JIEKTPOCHAOKEHUS (TE€HEpaTOphl, TPaHC-
dbopmartopsl, TuHUM 3ekTpornepenad (JIDIT), cOopHbie MIUHBI, IEKTPOIBUTATE-
JU U JIp.) OT aBapUUHBIX U HEHOPMAJIbHBIX PEKUMOB BBITIOJIHIETCS B COOTBET-
cTBUU ¢ TpeboBanusimMu [lpaBun ycrpoiicTB anektpoyctaHoBok (I1Y3). Bun
MIPUMEHSIEMBIX 3allAT 3aBUCUT OT KJIacca HAIPSKEHUS AIEKTPUUECKOMN CETH, Be-
JUYUHBI MOIIHOCTHU AJIEKTPOOOOPYI0BaHUA, pPEXUMa pabOThl HEUTpasiu, TpeOo-
BaHUI 10 OBICTPOJICUCTBUIO U PATY AIPYTUX OCOOEHHOCTEM.

UtoO0B! nyuie pa3o0paThCsi B CXEMHOM MCIIOJIHEHUH, TPUHITUIE paboThI,
pacyeTe W HACTpOUKe JII0OOW peseHON 3alllUThl HYKHO MEPBOHAYAIBHO HU3Y-
YUTh CTPYKTYPHYIO CXEMY 3alUThI, €€ COCTABIAIOIINE, UX HA3HAYECHHUE U UC-
nosiHeHue. CTpyKTypHasi CXemMa BCEX BHJIOB 3allUT U JIFOOOW CII0)KHOCTU OAMHA-
KoBa (puc. 3.).

[Iuranune
[LIAHBI
Ha OTKJIIOYEHUE
Q[ |«
TV vl U3MEPUTEIIb- .| nornueckas P UCTIOIHUATEb-| |
H > o
Has 4acTh 4acTh HBIM OpraH |—
( |p T A A T . A
TA(’ |
[—————
| UCTOYHUK .
U CUTHAJIbHBIN
P I ONEPATUBHO- <«
N Opraf
uH(pOpMAaIIUs O TOKE U 'O TOKa
e HaNpsKEHUU C IPYyrou f A
CTOPOHBI 3alIuIacMoro
DJICMCHTA

Puc. 3. O6mas cTpykTypHasi CXema peIeHON 3aluThI

HN3mepuresibHASE YaCTh COCTOUT U3 OCHOBHBIX (M3MEPUTENBHBIX) pene. B
3aBUCUMOCTH OT BHJIa 3aIUTHI 3TO MOTYT OBITH pese Toka (KA), pene Hampsixke-
uus (KV), pene conporusienuns (KZ) u pene moraoctr (KW). Mx 3a1aua KOH-
TPOJIMPOBATH BJEKTPUUECKUE TapaMeTphbl 3allUIIaeMOro J3JeMeHTa (TOK,
HaIpsKEHUE, COMPOTUBJIEHUE, MOIIHOCTh), CPAaBHUBAS MX C 33JIaHHBIMU U BBI-
JIaBaTh COOTBETCTBYIOLIUMN CUTHAJ JIOTUYECKON YACTH.
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B JIOrHY€ecKYI0 4acTh BXOJISAT BcroMoratenbHbie pene — BpeMeHu (KT),
npomexytounble (KL), curnansubie (KH). Peanusys snemeHntapHbie joruye-
ckue ¢pynkumn «JINy», «N», «<HE», «Beiaep:kka BpeMeHmn», JIOTHYECKas 4acTh
PENEHHON 3alUThl IPUBOJUT B JEMCTBUE MCIIOJHUTENbHBIN oprad. Ilpu nospe-
KACHUAX (K.3.) MPOUCXOIUT OTKIIOUEHHUE BbIKITIouaTens Q, mpu HEHOPMAaIbHBIX
pexuMax MosBIISAETCS CUTHAM (3BYKOBOM, CBETOBOM).

OmnepaTrBHBIE LENH PEIEHHOMN 3alIUThI TOJ>KHBI UMETh HAJICKHBIA CaMo-
CTOSITEJIbHBIN UCTOYHUK MUTAHUS HE3aBUCALIUNA OT COCTOSIHUS DJIEKTPOYCTAHOB-
KM, TJI€ HAXOJAUTCS 3aIIHIIAEMBbII 3JIEMEHT.

B cxemax penieiiHOM 3a1UThl HCTOYHUKOM OIEPATUBHOTO MTUTAHUS MOXKET
OBITh aKKyMyJIATOpHasi OaTapesi. ITO camblii HaJIeKHBIM UCTOYHUK, HO OH Tpe-
OyeT MOCTOSIHHOTO TEXHUYECKOTO YX0Ja U 3HAaYUTENbHBIX (PMHAHCOBBIX 3aTpar.
[TpumensieTcs Ha BceX DJIEKTPOCTAHIUSAX M MOIIHBIX TpaHC(HOPMATOPHBIX MO/I-
CTaHIUAX C MOCTOSIHHBIM OOCITyKMBarOIMM nepcoHanoMm. Ha moacranusax 6e3
MOCTOSIHHOT'O 00CITY>KMBAIOILLEr0 NIEPCOHAIa B KAUECTBE HCTOYHUKOB ONEPATHUB-
HOT'O NMUTaHUS (KaK Ha MOCTOSSHHOM TOKE, TaK M Ha MEPEMEHHOM) HaXOJST MpH-
MeHnenue 0sioku nutanus (bIT), anexTpuueckas sHEPTHS K KOTOPHIM MOJAETCS OT
TpaHchopmaropoB HanpsbkeHus (TV) u tpanchpopmaropos Toka (TA), ycTaHOB-
JEHHBIX Ha MOACTaHUUHU; TpaHchopMaTopbl coOcTBeHHBIX HyXx1a (TCH) mon-
CTaHILIUY; crieluanbHble OaTapen koHaeHcatopoB (BK).

WNudopmaiius 0 TOKE U HalpsHKEHUM 3alUIIAEMOT0 3JI€MEHTa MOCTYMAeT
K MU3MEPUTENIbHON YacTHU PEeJICHON 3amuThl OT TpaHnchopmaTopoB Toka (TA) u
tpaHnchopmaTopoB HanpspkeHus (TV).

PacnpenenurensHas snextpuueckas cetb 6-10 kB pabGotaer ¢ uzommpo-
BaHHOW HEWTpaJbI0 U B HEH BO3MOKHBI JIMIIb MEXy(pa3Hble KOPOTKHE 3aMbl-
kauus (K@ u K@), 3ampikanue omHOl (a3bl Ha 3eMJII0 HE TIPUBOJUT K aBapHii-
HOMY PEXUMY M 3JIEKTPOCHA0KEHUE MPUEMHUKOB He Hapymaercd. [losBienue
ATOr0 PeXUMa HEOJIAronpuATHO ISl caMOM Tpex(a3zHOM pacnpeneauTeabHOM
ceTd (MOBBIIICHUE HANPSDKEHUS U TOSIBICHHE AJIEKTPUYECKOM Oyru) U omac-
HOCTh MOPaXEHUS JEKTPUUYECKUM TOKOM JIIOAECH M KUBOTHBIX, HAXOISIINXCS
BOJIM3M MECTa 3aMbIKaHMUSI.

[TosTomy JIDII 3TOrO Kilacca UMEIOT CaMOCTOSITEIBHYIO 3alIUTy OT KO-
POTKHUX 3aMbIKaHUMU, KaK TpaBuio, Ha 0a3ze TokoBbiX 3ammT (MT3 u TO) u 3a-
IIMTY OT 3aMbIKaHus ¢a3el Ha 3emumo. [J1 -1, 2, 3, 22]

B namewm npumepe JIDII 10kB siBnsiercss paguansHOi (TipocToit). YcTa-
HaBJIMBAaETCA peleitHas 3amurta B Havyaie JIDIT oTHOCUTENbHO HCTOYHMKA MHUTA-
HUS, Cpa3y 3a BBICOKOBOJIBTHBIM BBIKJIIOYATENEM, pUC. 4.

2. CxeMHoOe ucnojiHenue u padora MT3

MakcumanbHasi TOKOBasl 3alIMTa MOKET MIPUMEHATHCS IJISI 3AIUTHI OT TO-
KOB KOPOTKOT'O 3aMbIKaHUs Ha Bcex ajeMeHTax COC (reHeparopsl, TpaHchop-
Matopsl, ABuratenu u JIDII). Ha 3ammumaemoit JIDII 3amura cTaBUThHCS B Hava-
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Jie IMHUU OTHOCUTEIBHO MCTOYHHMKA MUTAHUs. 3anuTa padoTaeT ¢ BBIAEPKKON
BPEMEHHU.

Onun n3 cxemubix BapuantoB MT3 s 3ammtsr JIDII 10 kB npencras-
JieH Ha puc. 4. DTa cxeMa BBINOJHEHA B TaK HA3bIBAEMOM Pa3HECEHHOM BUJIE —
U3MepUTEeIbHaAsA 4acThb (puc. 4, a) U JOrMYecKasi 4acTh C UCIOJHUTEIIBHOU (puC.
4, 0) otnenenbl. Tak BRIYEPUMBAIOTCS, KaK IIPaBUJIO, BCE 3aIUTHI B IEJISAX JIyd-
IIed HarJISAHOCTH M YJI00CTBaA.

[Iutanue
wuusr 10 kB Hcrounuk
+)OHepaTI/IBHOFO TOKa )
A 2 S Jp o—/ K_T
h L KAZ}
] H, Jp )l
i g — - [ |
TAlE' T |2 TA2 (>

JI '_¢I/I2 1 ? ._g &_

KL SQ KHYAT
| 1HH
M l H,
a) 6)

Puc. 4. Paznecennas cxema MT3 JIOII:
a) — u3MepuTenpHas cxema MT3, 0) — Jorudeckas U UCIIOJIHUTENbHAs 4acTh MT3

TA1, TA2 — Tpancdopmatopsr Toka; KA1, KAz — pene Toka; KT — pene Bpeme-
Hu; KL — mpomexxyrounoe pene; KH — curnansnoe pene; YAT — kaTyiika oTKIo4e-
HUS

W3mepurenbHas 4acTh COCTOMT U3 JIBYX TpPaHC(OPMATOPOB TOKA U JBYX
TOKOBBIX peJjie, BKJIIOUEHHBIX B TaK HA3bIBAEMYIO «HEIOJIHYIO 3Be3ay». JlaHHas
cXeMa TMO3BOJIIET KOHTPOJIMPOBATh BCE BUABI KOPOTKUX 3ambikanuii B JIDIT 10
kB. MoxeT npuMeHATbCSI CXeMa BKIIIOUEHHUS TPaHC(POpPMATOpa TOKA U TOKOBBIX
pele Ha «pa3HOCTh TOKOBY. [JI — 1,2]

B ceTsix ¢ riryxo3a3zeMiIeHHON HEeWTpabio, YTOObI KOHTPOJIMPOBATH U O-
HO(a3HbIE K.3. TpAaHCPOPMATOPHI TOKA M TOKOBBIE peJie BKIIOYAIOTCA M0 CXEMe
«TIOJTHAS 3BE€3/a» UIIU «TPEYTOJIbHUK.

B nopmansHOM pexkume pabotsl JIDII Tok B u3mepurensHoi cxeme |,
npoxosamuid yepe3 pene Toka KA; u KA; MeHble Toka cpabaTelBaHUS ITHX
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peine |, ¥ pene He AEUCTBYET, B TOM CIy4ae KOHTAKThl UX B JIOTHYECKOM 4acTh
3alIUTHl PA30OMKHYTHI, 0OMOTKA MpuBoja BbIkItodyarens YAT He moiydaer mu-
TaHus U Bcsi cxema MT3 Oe3neiicTByer.

ITpu xopotkux 3amblkanusx Ha JIOII Tok yepes pene |, Bo3pacraer. OH
CTaHOBHTCA OoibIIe TOKa cpadareiBanus 1,>1.,. Pere KA; u KA; cpabarsiBaror,
3aMbIKalOT CBOM KOHTAaKThl B JIOTMUECKOHN YacTU U C BBLIECPKKOM BpeMeHU tyr3
[OJTyyaeT NuTaHue oOMoTKa oTkiItoueHus YAT. BeikimouaTens OTKIIOYaEeT Mo-
BpexaeHHy0 JIDII.

3. Pacuer MakcMMAJbHOM TOKOBOH 3AIIUTHI
JIDII - 10 kB

Hns pacuera MT3 JIDIT 10 kB ncnonb3yrores clienyromue 1aHHbIE:

JIDII -10 xB Bo3aymnas; nnuHa Ls= 8 km; Xo= 0,4 OM/kMm.

MOoOIIHOCTH K.3. CHCTEMEI Sk 3.c=10000 MBA;

Jmuaa JIDIT 110 kB L1=L,=20 km; x0= 0,4 OM/kM.

MomnocTs Harpy3ku Sy;=3,0 MBA (cniokoitHast Harpyska);

MomnocTts nBurarens Sy,=1,6 MBA (acMHXpOHHBINM BBICOKOBOJIBTHBIM
neuratenb AJL, Ky e =6);

B m3meputensHoit yactu MT3 ucnosb3yeM CTaTUYECKUE pElie HA WHTE-
rpaiibHbIX MUKpocxemax PCT-11.

OcHoBHOe TpeOoBanue mpu HacTpoiike MT3 yToObl TOK cpabaThIBaHUS
MT3 l.pnr3 ObLT OOMBIIE MAKCUMAIBHOIO TOKA HArpy3KH B HOPMaJIbHOM PEKU-
M¢C Ipa6.max-

Harpyska nis JIDII 6yner coctosite (CM. puc. 2) U3 aCHHXPOHHOTO AJICK-
TpoaBuraTeis M1 1 Harpy3ku snekTponpueMHukoB Hl:

Swan = SHl + SMl’

HOMUHAJIBHBIA TOK OT Harpy3ku H1
Si, _ 3000

|, = = =16515A,
' 3.U J3-105
HOMI/IHaJIBHBIf/'I TOK ABUTATCIIA
S, 1600 .
|, =211 —88A,
't /3.U 4/3.105

IYCKOBOH TOK 3J€KTpOABHTATENS IPH Ky =6 OyneT paBeH
I'l'()ﬁé = Im i1° k'l'()ﬁé =88-6= 528A'

BeJIMYMHA HOMUHAIBHOTO pabouero Toka JIDII Oyaet paBHa
lpa =17+ 1y, =16515+88=25315A,
nanee BeiOupaeM TpaHchopMaTopsl TOKA U ompeensieM KodDPUIMeHT ux
Il

TpaHchOpMaIiH 77, = 5
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Bennuuna Toka |1 npuaumaem paBHeiM 300A. Torga
I, 300
77T = —l = —= 60
5 )
rae |1 — Ommkaiimas HauOoJbIIas BEJIWYMHA CTaHJIAPTHOTO MEPBUYHOIO
TOKa TpaHchopMaropa Toka.

[Tpu Hactpoiike MT3 JIDII 10 kB He00X0IMMO BBINIOJHUTH yCIOBUE
IcpMT3 > | pad.max JIDIT
Pabounit makcumanbHblii TOK JIDII |5 maxrr OyneT cocTosTe M3 TOKa
Harpy3Ku 3JIEKTPONPUEMHUKOB |y W MyCKOBOTO TOKA 3JEKTPOABUTATENS |pyex
M;
| =1, + 1, =16515+528=69315A

3nas pabounii MmakcumanbHbld TOK B JIDII (c ydyeroM MycKOBOTO TOKa
JIBUTATEIIS) ONpeIeiieM BTOPUYHBIN TOK cpabatbiBanus MT3. [1, 3]
k, - k

_ pab.max "R
@ .MT3 —
ksos ) nT

rae Ky — ko3 dunmenT HaneKHOCTH; W3-3a HATHYHS ITyCKOBOTO TokKa AJ]
npuHuMaetcs paBHbeiM 1,4 ns pene PCT-11(1TYD);
rne K.,=1 («HemoyHas 3Be3ma» - cxema COeAMHEHHs TpaHchopMaTopoB
TOKA);
Ks0:=0,95 (mist pene PCT-11).
N7 — ko3¢ dunrent Tpanchopmairi TpanchopmMaTopoB TOKA.
Torpa BenmuunHa BTOPUYHOTO TOKa cpadaTsiBanus M T3 Oyner paBHa
| _ ki | saa max ’kﬁa _ 1,4-69315-1
nalog Ksie * Mo 0,95-60
Haxonum Bpems cpabatsiBanust MT3
t, s =13 +AL=0,8+0,6 =14cex.

rie t., p3 — BBIAEPKKA BpEMEHH Ha MOCIEAYIOIIEH 3alUTe;
At — ctynienpb cenektuBHOCTH ¢ pene PCT-11 npunumaem At paBubim 0,6 cek.
(1Y D).

[TpoBepsiem 3anuTy Ha YyBCTBUTEIHHOCTD

k. _ Ikmin(EZ) _ 1612/ 60
- hsiec 1

riae limin2) — Tok K.3. B KoH1e JIDII 10 kB (Puc. 2) u3 pacuera mo mMeToauke
npuBeneHHo# Ha cTp. 36 (lkminwz) = 1612 A).

BriBoa: MakcuManbHasi TOKOBas 3amuTa Bo3ayuHoi JIDII mpoxogut mno
YyBCTBUTEIHHOCTH.

[Mudposoe ucnomuenue 3amutsl JIDII npencraneno na Puc. 5.

daa.max

=17A

=158>15

44



{ J KLj
| b
| | \
| Muxpo - - \ |
‘ 3BM =0
= (MvKpONDOUECCOP) 1 (
1
iy ==
=< il ‘ ‘
W= NN ‘ \
1_‘J =il \
U}Ll_‘u'o‘ U“‘ [ ‘
nay | Y |
4582 ([nnay| [ay] x
s | - | i |

Puc. 5. CrpykrypHas cxema uudposoit 3ammtsl JIDI1

[Tpunun u anroput™ padbotsl MT3 MOKHO ITpeACTaBUTH B BUJIE alNTreOphl
noruku (DW, DT) (Puc. 6.).

) - KH‘
e ; DW |
i—r | ‘*——‘ J | Ha OTKN
orT TA- »--{ KAz| - ﬂf* H F S ' KL }|—

& | DT
]

A Curuan
il
|

Puc. 6. JIornueckas cxema MT3,
rae KA1, KAz, KAz — pene toka, DW — noruueckuii anement UJIN,
DT — noruyeckuii 31I€MEHT BbIJIEPKKA BPEMEHU

Toxk ot TpanchopmaropoB Toka TA, da3 A, B, C nomaercs Ha TOKOBOE
pene KA. B HOpManbHOM pexuMe TOK cpabaThiBaHus PeNie Iqp,s MEHBIIE pabo-
yero MakcumanbHoro toka Harpysku JIOII u Ha Beixoae snementa DW (MJIN)
MPUCYTCTBYIOT HyJieBble curHaisbl. [Ipu K3 na JIDII Tok yepes penie ctaHOBUTCSA
OoJibllle TOKa cpadaThIBaHUS pelie U Ha BbIxoje dyieMenTa DW nosiBiisieTcst cur-
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Haj, paBHbld 1. B anemente DT (Bbiepxka BpeMEHHU) pealiu3yeTcsi BpeMs cpa-

OaThIBaHUS B COOTBETCTBUU C TPEOOBAHMS CEJIEKTUBHON PaOOTHI 3aIlIUTHI.
ANTOPUTM peNerHOW 3aluThl MOXKHO 3amHucaTh B BHUAE JIOTMYECKON

byakmum N:

N=(KA; OR KA, OR KA3;) AND DT1=1

I'ne KA;, KA,, KA; — noruueckue curdaibl Ha BBIXOAaX TOKOBBIX pejie

DT1 — onepaTop BpeMEHHOTO peJie 3alUTHI.

4. OO0umuii KOHTPOJIb U30JSILMH B pacupeaeTuTeJbHbIX ceTax 6 — 35 kB

JInst BBISABIICHUS HaApYHICHUS H30JBSIIUM (a3 OTHOCHUTENHHO 3EMIIU B
ANEKTPOYCTAHOBKAX MPEAYCMATPUBACTCS TaK Ha3bIBAEMbIA OOILIUNA KOHTPOJIb
u3osAuu. JJIs 3THX 1eJied MpUMEHSeTCs CHelUalbHbIA Tpexda3HbIi ISITH-
CTep KHEBOM TpaHchOpMaTOp HAIPSIKEHUsI, OHA U3 BTOPUYHBIX OOMOTOK KOTO-
pOTO COCNMHSIETCS B «PA30MKHYTBHIM TpPEYrOJbHUKY» M SIBISETCS (PUIBTPOM
HanpspkeHus HyneBoi nocienosatenbHocTr (OHHIT) (Puc.7). K Beixomy aToro
dbunbtpa npucoenunserca pene HampspkeHus KV. Ilpu 3ambikanum (as3el Ha
3eMIJII0 Ha BBIXOJIe (PUIIbTPA MOSBISETCS HANPSDKEHHE HYJIEBOM IMOCIEI0BATENb-
HocTH 3Uo, oA AeCTBUEM KOTOPOTO pelie cpadaThiBaeT U ACHCTBYET Ha CHUT-
Haj. [loBpexaeHnHas ¢asza onpeaenseTcs, Kak IpaBUiio, IO TPEM BOJbLTMETPaM
BKJIIOUEHHBIX B JPYTYI0 BTOPUUYHYIO OOMOTKY TpaHcopmaTopa HampsixkeHus. B
ATOM CJIy4yae MoKa3aHus BOJIBTMETPA B MOBPEKICHHOU (aze OyIyT paBHBI HYIIIO
MIPU METAJUTMYECKOM 3aMbIKAaHUU U MEHbIIE (DA3HOTO HANPSKEHUS, €CJIU B TOY-
K€ 3aMBIKaHUS MMEETCS IMEPEXOJHOE COMPOTUBIICHUE. DJIEKTPUUECKAS CXEMa

KOHTPOJISl U30JIsMH B ceTsax 6 — 35 kB npencrasnena na Puc.7.
A
B
C o

+ H
(+) /_>a CUTHAI
| BBIXE)II 3Up
' oHHn n 4
Va
Vb I

k KUII

Puc. 7. Cxema 00111er0 KOHTPOJIS U30J1MH B ceTu 6-10kB
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[TpuurHON NOSIBIEHUS HANPSHKEHHs HYJEBBIX nociienoBaTenbHocTer 3 Ug
SBIISIETCSl HapylleHue cuMMmeTpuu (asubix HampspkeHui JIDII oTHOcUTENbHO

3semu (puc. 8 T, ).
BCKTOpHBIG AuarpaMmbl HAIIPSZKCHUA 1 EMKOCTHBIX TOKOB JII HOPMAJIbHOI'O

pexuma nokasaHo Ha puc. 8 a, 0.

Ua A
a) 5)
iCB

Us B

N
;CA
u. C N
4, L, L . i
|T|T|T & ’
) ) - Icc
Ia Is Ic
. ! ;
B) I Ua A l_‘) N A
al L
I's Us 5 B . i's~Jd'e+]'c=1:=3Io
L N
N l -
I'c |l's Uc C Uc Us
L L l_L I .

C/J_:CE_IEC :_E:c 'UAI I-UA

I
\ I
\

Un=-Ua \

-3Uo /

I
|/
\\‘//

d) u,,

"Bi II'AZ

Puc. 8. Cxembl 3aMeIeHHSI CETH C N30JIMPOBAHHOMN HEUTpPaAJbIO: a, O - HOPMAJbHBII
PEXKUM CETU U BEKTOPHBIEC JUArPAMMBI HANPSHKEHUN €eMKOCTHBIX TOKOB; B, T, [T, € —
IIpU 3aMbIKaHUH (pa3sl A Ha 3eMJII0 M BEKTOPHBIE IHAarPaMMBI.
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BekTopHble TuarpaMmbl HaOPsDKEHUST M EMKOCTHBIX TOKOB IPH 3aMbIKa-
HUM (pa3bl «A» Ha 3eMJII0 IPEICTaBICHBI Ha PUC.8 B, T.

CI/IMMCTpI/I‘{HI)Ie COCTaBJIAIOIINC HaHpiDKCHI/Iﬁ 1 €EMKOCTHOI'O TOKa 3aMbl-
KaHHus |3 ITPpHU 3aMbIKaHHUH (1)3.31)1 «A» Ha 3eMJII0 IMpCaACTaBJICHBI HA Puc.8 a, €.

PeanpHOE pacripeneneHre TOKOB HYJIEBBIX MOciefoBareiabHocTel 3lg B
KOHKPETHOM pacnpenenurtenbHoi cetu 10kB nmoka3zano Ha Puc. 9.

a) L JI3 ) 1,0
|

Cos 31,0 1) L)
\ 03 1B 2C

<&
<

A
o

! 1o,V
o 1

3] @
n K : o

l25

|01(1) 3|01(1)

Puc. 9. Toxopacnpenenenue 3lo mo pugepam JIDIT

W3 nmpusenennoit Ha Puc. 9 cxemsl pacnpenenenus 3lp B peaapHOU ceTH
10 kB Hy»HO ySICHUTB CIIEyIOLIEE:

— €MKOCTHOM TOK HYJIEBOM MOCIIeI0BAaTeIbHOCTH 3o B HEMOBPEkKISHHBIX
JIMHUAX UMEET HAMPABICHUE «OT JJMHUU — K IIMHAM»; B TOBPEKACHHOMN JINHUU
«OT IIHH — B IHHUIO».

— eMKOCTHOU TOK 3lp B TOBpEXIEHHOMN JIMHUKM PAaBEH CyMME €MKOCTHBIX
TOKOB OT HETIOBPEXIEHHBIX JTUHUIN

31, =3y, +3 4

Ot JABa CBOMCTBA IMAPOKO MCIOJIB3YIOT IIPH BBIIIOJIHCHHUU PsAJa 3alIUT OT
3aMBbIKaHHUA Ha 3€MIIIO.

Bennunna Toka 3ambikanus |,=3lp B mpakTHyeckux pacuerax s
HACTPOMKU 3alllUT MOXKET ONpeAeNsaThbcs uepe3 yAenbHylo EMKOcTh Cy,
(MKD/KMm).

I =3w Uy Cy,-1-107% (A)
rne Uy — pa3Hoe HampskeHHe;

| - nuHA SIIEKTPUYECKH CBSI3aHHOM CETH, KM.
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Bennunna Cy,3aBUCUT OT KOHCTPYKLIMH CETEN U COCTABIIIET OPUEHTH-
POBOYHO:

—5.5 - 10 Mxd/xm — st Bozmymnbix JIOTT;
~190 -10°3 mxd/xm — 11 xkabenpHbix JIDII.

B mpakTuke MOKHO BOCIIOJIb30BAaThCA TAK)KE U UMIIEPUIECKUMH POpMY-
JIAMHU U1 OIIPENICIICHNS TOKA 3aMbIKaHUS :

— Bo3aymsbie JIDIT I3 = % (A)

u-1
— xabenpHbie JIDIT I3 = T (A)
rae U — nuHeliHoe HanpspbkeHue, KB

| — muHa cereit, KM

5. IlpuMepsl 3alIUT OT 3aMbIKAHUA Ga3bl HA 3EMJIIO

5.1. 3ammura oT 3aMbIKaHHs HA 0a3e PUILTPA TOKA HYJIEeBOM
MoCJ1e10BaTeILHOCTH

JIJIsl TOKOBBIX 3aIUT OTXOMAMUX (HUIECPOB MCIOJIB3YIOTCS CIICIIHATBHBIC
TpaHcopmaTopsl ToKa HyseBoi nocienosarenbroctd (TTHIT), puc. 10.

Ka0eJb
is)
. :
TI ) F
TTHII
a) 0)

Puc. 10. TpancopmaTop Toka HyJI€BOH MOCIETIOBATEILHOCTH:
a) - ycTpoiictBo; 0) — ycranoBka TTHII na xabene

Pacuetnbie ycraBku 3amuThl. [lepBUUHBIN TOK cpabaThIBaHHS 3aIllUTHI,
BbImosiHeHHOHW Ha pene PT-40/0,2 wiu PT3-50, BeiOupaercs u3 ycioBus Hecpa-
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OaTbIBaHMS 3aIIUTHI OT 6p001<a COOCTBEHHOI'0 €MKOCTHOI'O TOKa JIMHUH pu
BHCIIHCM 3aMbIKaHWH HA 3CMIJIIO 110 BBIPAKCHUIO!:

I, =2k, K 1, (1.6)
r1e Kome — Koaddunment orctporiku (Kom=1,1+1,2); ks — koadduiiuesT, yauThl-
BalOIIUH OPOCOK COOCTBEHHOTO €MKOCTHOTO TOKa IPH BHEIIHUX IEepeMeKaro-
IIUXCSl 3aMBIKaHUSX Ha 3eMiIto; |¢ — coOCTBEHHBIN eMKOCTHOUM TOK. Onpenere-
Hue |c nmpousBoguTCs:

— it kabenpHOM JIDII:

lc =110,
rae lcyp — Bennuuna lc Ha 1 KM AuHBL 0HOTO Kabens (tadu. 2); | — mimuHa nu-
HUU, N — YUCJI0 KAaOEIbHBIX JTUHUH,
— u1st Bo3ayurHo# JIDIT:
IC = ICO.BJZ 1,
rae | — nmna muanu; g gy — Bemuunna |- Ha 1 kM gauast BJT (Ta6im.3).

TaoOmuna 2

CpenHue 3Ha4YeHNsI EMKOCTHOIO TOKA META/LINYECKOI0 3aMbIKAHUA HA
3eMJII0 0/1HOM (a3bl Ka0eJbHBIX JUHMIA pu yacToTe S0 I'n

EMKocTHBIE TOKH, A/KM, IPU HOMUHAJILHOM HAIPSKEHUH Kabels
Ceuenue kabens . Jst necSITUKUIIOBOILTHOM
J1 1ecTUKIITOBOJIBTHOM ceTH, KB
cetu, kB
6 10 10
16 0,40 0,35 0,55
25 0,50 0,40 065
35 0,58 0,45 0,72
50 0,68 0,50 0,80
70 0,80 0,58 0,92
95 0,90 0,68 1,04
120 1,00 0,75 1,16
150 1,18 0,85 1,30
185 1,25 0,95 1,47
240 1,45 1,10 1,70
TabOnuma 3

CpenHee 3HaYeHHE EMKOCTHOI'0 TOKA METAJIMYECKOI0 3aMBIKAHUS HA
3eMu1i0 oaHoM ¢asbl BJI npu yacrore S0 I'y

EmkocTHBIE TOKH, A/KM, IP1 HOMUHAJIBHOM

XapaKkTepUCTHKA TMHUN HarnpshKeHuH, KB
6 10
OnHOIICTHAS JIUHUS
0e3 Tpoca 0,013 0,0256
C TPOCOM - 0,032
JIByxuienHast uHMs 0€3 Tpoca 0,017 0,035

Ecmu 1, <1 .,, TO TOK cpabaTbiBaHUs 3aIIUTHl MPUHUMAETCS PABHBIM

lesmin. Tpu 1, > 1 . TPUHSATBIN TOK cpabaThIBaHUsI paBeH |.;.
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YyBCTBUTENBHOCTH 3aIIUTHI MPOBEPSETCA MO Popmyie:
K — Icz.min - Ic - Iaa

fig
rae lcsmin — HaMMEHbIIEE pEeATbHOE 3HAYEHUE CyMMapHOr0 €MKOCTHOIO TOKa
cetd; |¢ — cOOCTBEHHBIN €MKOCTHOW TOK MOBPEKICHHOTO MPUCOeAUHEHUS; |5 —
IPHUHATHIN TOK cpabaTbIBaHUsA 3alUTHI; |y, — MHIYKTUBHBIN TOK Xyroracsmero
peaxkTopa, B HEKOMIIEHCUPOBAHHBIX ceTsX |y,=0. MunumanpHbiii K03dunuent
YYBCTBUTEIBLHOCTHU JOJKEH ObITh HE MeHee 1,25 nis kaGenbHbIX U He MeHee 1,5
JUTSl BO3AYIUHBIX JTUHUM.

[Tpu OpHEHTHPOBOUYHBIX pacueTax BEJIUYHHY yAeIbHON eMKOCTH Cy,
MOYHO mpuHEMaTh 5,5+ 10 M® /kM ang BosaymHbx uani 1 190-10° MD/xM
JUTSL TPEXOKIITBHBIX KaOembHBIX JIDIT.

EmkoctHas npoBoauMocTs 1 kM (ha3bl BO3AYIIHOM TUHUU TIpH yacToTe 50
['11 onpenensieTcs BoIpaKeHUEM:
798 ., ¢
Ye=0-Cy = D 10 (1/0M km)

lg—~
;

riae Do — cpeHereoMeTpuyeckoe pacCTosHUE MEKIy ITpoBoAamMu (as;
I — paguyc MpoBO/JIA;
Cyx — yZenbHas eMKOCTb JINHUU.

B pacuerax Bennuuny Y, mig Bo3aymHbIX JIDIT MOKHO NpHHATE paBHOU
c
3-107°% 1/0Om kM. Jnist kabenbHbIX JIDII 0HA 3HAYNTENBHO OOJBIIIE.

5.2. 3a11mTa 0T 3aMbIKAaHMA HA UCITIOJB30BAHHUH BbICIINX F'APMOHHUK

B KOMIIEHCUPOBAHHBIX CETAX CIEAYET MPUMEHATH ycTporcTBO Y (C3-3M,
pearupyroiue Ha CyMMY BBICIIMX TAPMOHMYECKUX TOKOB 3aMbIKAHUS Ha 3EMJTIO.
[Tpu stom YC3-3M (puc. 11) ycraHaBiauBaeTCs OJHO HA CEKIMIO WJIM Ha BCIO
MOJICTAHITMIO U TIOJKITIOYaeTCsl K TpaHchopmaropaM TOKa HyJEBOM MOCien0Ba-
TETHHOCTH JIMHUN TTOOYEPETHO, C TOMOIIHI0 KHOMIOYHOTO pachpenenuTens (puc.
12). 3ambikaHre Ha 3eMITIO OTIPEIEISIETCS TI0 HAUOOJBIIIEMY MTOKa3aHUIO TPHO0-
pa PA.
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A

{4—0 @ O—

Z K TAN npyrux npucoeIuHeHui

Puc. 11. [IpunnunuansHas cxema ycTporicTBa curHanmsainuu Y C3-3M

HezaBucuMo OT HamuuMsi KOMIIEHCAIIMM €MKOCTHOTO TOKa 3aMbIKaHHS Ha
3eMJTI0 OCYIIECTBIICHUE 3aIIUTHI BO3MOXKHO Ha pese TumoB PT-40/0,2 u PT3-50,
€CJI 00ECIIeYNBAETCS YyBCTBUTEIbHOCTD 3aILUTHI.

~6-10 kB
?;1?] QZET] [T] Q4[T]

Q3
sapeapenpll plse] i

TAIY TAK TARTAG ' % I

13
47

Puc. 12. Cxema noKII0YEHUS IEHTPAIBLHOTO YCTPONUCTBA CUTHAIM3AIIMN 3aMbIKAaHUN
Ha 3eMJIIO (Ha YeThIpe NPUCOCTUHEHHUS ).
Q1-Q4 — Beikmrouatenu; TA1-TA4 — tpanchopMaTopsl TOKa HYJIEBOU MOCIEI0BA-

TesbHOCTH; KA - yCTpOMCTBO CUTHANM3alMM 3aMbIKaHUi Ha 3emie tuna Y 3C-3M;
SB1-SB4 — BrikirouaTe KHOMOYHbBIC

5.3. HanpapieHHasi 3aIIMTA OT 3aMbIKAHUS HA 3eMJIIO

[IpOMBINIEHHOCTh BBIMTYCKAET HAIPABJICHHYIO 3aIUTY HYJIEBOW IMOCIe-
noBarenbHocTH (3311-1 1 33H) Ha MoOJynpOBOAHMKOBOW W MHUKPO3JIEMEHTHOM
6a3e. B ocHOBe paboThI ATHX 3alTUT JICKHUT HAMPaBIEHUE TOKOB HYJICBOU TO-
cienoBaTeabHOCTH 3lg B MOBPEXKICHHBIX W HETMOBPEKICHHBIX ¢uaepax. OHu
MMEIOT MTPOTUBOIOJIOKHOE HAMPABJICHUE.
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Ha puc. 13 npencraBineHa cxema HaIlpaBiICHHOW 3alUTHI OT 3aMbBIKAHHUSI
Ha 3emutro 3311-1.

3ammra (puc. 13, a) COCTOUT U3 BTOPUYHOTO U3MEPUTEIHLHOTO TIpeodpa-
30BaTeNsl TOKA HYJIEBOW IMOCJIENOBATEILHOCTH B BHUJIE TPOMEKYTOUYHOIO TpaHC-
dbopmaropa TLA, nByXKacKaJHOTO YCHJIMTEIS MEPEMEHHOTO TOKA Ha TpaH3H-
cropax VT1 u VT2, cxembl cpaBHeHus (a3 Ha Tpanzuctopax V13 u VT4, nByx
ANEKTPUUECKUX BEIWYUH, MPONOPIUOHAIBHBIX TOKY 3lg u HampsikxeHuto 3Uo
HYJIEBOW TOCIJIEIOBATEIBHOCTH, TOCTYNAIOMUX OT (UIBTpA TOKAa HYJIEBOW MO-
cnenpoBatenbHocTH (OTHII) u oT dunpTpa HaNpsHKEHUS HYJEBOM MOCIen0Ba-
tenpHOCcTU (DHHIT) u pearupytomero anementa EA.

Hanpsixenue Ha kongencarope C6 casunyTo 1o (paze Ha yroia m/2 oTHo-
CUTEJIBHO TOKa HYJIEBOW MOCIEA0BATEIBHOCTH, IMO3BOJISIET U3MEHATh TOK cpada-
THIBAHUS 3aIIUTHI (M3MEHEHUEM YHCJIa BATKOB 0OMOTKH TpaHchopmaTopa).
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Puc. 13. CxeMa HarpaBiaeHHOM 3alIMTHI OT 3aMbikaHUi Ha 3emitto Tumna 3311-1 (a) u BekTopHbIe Auarpammel (O, B)
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JIByXKacKaJIHbI! YCHJIUTENb NEPEMEHHOIO TOKA Ha TpaH3zucropax V11 u
VT2 BbIIENSET U yCUIMBAET COCTABISAIONIYIO TPOMBIIUIEHHON YaCTOThI BBIXO/I-
HOT'O HAIIPSDKEHUsI COIVIACYIOIIETO YCTPOMCTBA. /[ 3TOM 1enu Ha BBIXOJE YCH-
JUTENS BKITIOYeH pe3oHaHCHBIH KOHTYp C2-TL ¢ wactoroii fo= 50 I'm.

Cxema cpaBHeHusi Ha Tpanzuctopax VT3 u VT4 ocymiecTBiser cpaBHe-
HUe (a3 IByX CUHYCOUAAIbHBIX BEIMYMH: HanpspkeHus: Us BTOPUUHON 0OMOTKH
Tpanchopmaropa TL, nponopruonanbHoro Toky 3lo HysIeBo# mocienoBaresb-
HOCTH Y CMEIICHHOIO0 MO (pa3e OTHOCUTENIBHO HETO Ha yroJy /2, U HaNpsKeHUs
U. aBtoTpancdopmaropa TLV, mpomnoprmoHaabHOIO HAMNPSHKCHUIO HYJIEBOM
nocienoBatenbHocT 3Ug. CpaBHUBAETCs BpeMsi COBIAIeHuUs {. X MTHOBEHHBIX
3HAYEHUH 110 3HAKy C YCTAHOBJICHHBIM BpeMeHeM t,. Pearupyrommii anement EA
cpabateiBaet pu t. > t,.

U3 BextopHbIX auarpamm Toka lo® u manpsxenns Uo® cnemyer, uto npu
3aMbIKaHUM Ha 3alUIIAeMON JIMHUM, KOTJa Yepe3 3alIUTy K TOYKE 3aMbIKaHUA
npoxoauT Tok 3lg, ), 0OycnoBneHHBI eMKOCTAMU HEMOBPEXKIECHHBIX JUHUIA,
cpaBHuBaeMbie Hanpsokerust Us; u U, coBmamaror o |pase (Puc. 13, 6). Ha ne-
nospexaeHHol muanl Tok 31y,, 06ycnoBnennslii co6CTBEHHON EMKOCTBIO JIH-
HUU, HAIIpaBJIeH K IMHAM, & CDABHUBAEMBIE €€ 3aIUTON HAIPSHKEHHS] CMEIEHBI
no ¢asze Ha yron © (puc. 13, B). U3 aroro cienyer, 4to 3ammura cpabaThIBAET,
uMesl MAKCUMAaJIbHYI0 YyBCTBUTEIBHOCTb, €CJIU Yroi ¢ casura ga3 mexay Us u
U, paBeH HyII0, U HE IEUCTBYET Mpu @=n. TakuM 00pazoM, 30Ha cpabaTbIBaHUs
omnpezensercs yriiom capura ¢asz —n/2 < ¢ < n/2. Ha Puc. 13, 6, B oHa orpanu-
YyeHa JIMHUEW HYJIEBOW YyBCTBUTEIBLHOCTH.

CxeMma cpaBHEHHs SIBISIETCS ABYXIOIyIepuoaHoi. Ha ee BpIxonme BKIIIO-
YeH pearupyrouuii anemMeHT EA B BHIe NMOISPU30BaHHOTO pene. Tok B 0OMOTKe
pernie B OUH U3 MOJIYIIEPHUOIOB ONPENEISIETCA COCTOSIHUEM TpaH3ucTopa VI3 u
muona VD3, a B apyroit momynepuo — coctossHueM Tpansuctopa VT4 u nuona
VDA4. Jlynst npoXokIeHusl Toka He00X0IUMO, YTOOBI B MIEPBOM Clydae OJHOBpE-
MeHHO Obutd OTKpbITEI VI3 u VD3, a Bo Bropom — VT4 u VD4. Cocrosiaue
TPaH3UCTOPOB U TMOJOB 3aBUCUT OT MOJISIPHOCTENW MTHOBEHHBIX HamnpsikeHud Us
u U,. OHU OTKPBITHI, €CIM 3TU HANPSHKEHUS UMEIOT OJJMHAKOBYIO MOJISPHOCTb.
[Mpu comanarommumx 1o ¢aze Us u U, (Puc. 13, 6) B TeueHHEe 0THOTO U3 MOJTyTIC-
puonoB oTkpbIThl VI3 u VD3, a B Teuenue apyroro — VT4 u VDA4. IIpu stom
TOK B 00OMOTKe pearupytoiero snementa EA makcumanen. Ilo mepe yBenuue-
Hus yria casura $a3 mexay Us u U, BpeMsi COBMECTHOTO OTKPBITOIO COCTOSI-
HUS COOTBETCTBYIOIMX TPAH3UCTOPA M JUOJA B KaXKIOM IMOJYIIEPUOAE COKpa-
H1aeTcs, MO3TOMY CpelHee 3HaueHue Toka B oOMoTke EA ymensbmaercs. s
MOJIYYeHHS] YKa3aHHOU BbIIIE 30HBI CpabaThIBAaHUSI TOK CpabaThIBAHMS pearupy-
IOLLErO 3JIEMEHTA BHIOPAH PaBHBIM CPEeHEMY 3HAYEHHUIO ToKa nipu ¢=n/2. Heno-
CTaTKOM 3THX CXEM SIBJISIETCS paboTa TPaH3UCTOPOB B YCUIIUTEIBHOM PEKUME,
4yTO OyAET OTPUUATEIBHO CKa3bIBaTHCS BO BPEMs MEPEXOAHBIX MPOLIECCOB MPU
3aMbIKaHUH (a3bl Ha 3EMITIO.
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5.4. 3amura oT 3aMbIKAHUA HA 3eMJII0 HA 0a3e UMITYJIbCHOTO peJie
HANPABJIEHUS MOIIHOCTH

Ha xadenpe snexrposnepretnku [ICKOBCKOTO TOCYIapCTBEHHOTO IOJIH-
TEXHUYECKOTO MHCTUTYTa pa3pad0TaHO MMITYJIbCHOE pejieé MOUTHOCTH AJI OIpe-
neneHus moBpexaeHHoro ¢umaepa 10 kB. Pene BbIMONHEHO HA TOIYITPOBOIHU-
KOBBIX 2JIEMEHTAaX, pa0OTAIONINX B KIIFOYEBOM PEKUME, YTO UCKIIIOYAET BIUSHUE
NEPEXOAHBIX MPOIIECCOB M O00ECIEeUrnBACT BBICOKYIO IMOMEXO3alIMIIEHHOCTD,
HAJIC)KHOCTh U OBICTPOJICHCTBHE peEJIe.

Pene no3BosisieT onpenenuTh HampaBiIeHUe MOIIHOCTH (TOKa) B 3allUIla-
€MOU JTMHUU TIPU MOBPEXKICHUHU U 00ECIIEUUTh CEJIEKTUBHYIO PabOTy peseiHom
3amuThl. Pene cpabateiBaeT, korjga B noBpexaeHHon JIDIT mouHocTh Hampas-
JieHa OT IIUH B JIMHUIO, TPU OOPAaTHOM HampaBiieHUH (OT JTUHHUH K IIUHAM) pejie
He paboTaer.

Ha Puc. 14 npencraBieHbl TpUHIMINAIbHAS CXEMa HUMITYJIBCHOTO pEJe.
Ha puc. 15 — BpeMeHHbIe 1uarpamMMsl, MOSICHSAIOIINE €r0 padoTy.

Pene umeer nBa kaHana — HanpsbkeHusa U Toka. Hampsokenue U, dopmu-
pyetcst u3 HanpspkeHus:t 3Uy (OHHII — tpexdaznas oomorka TV coeauneHa B
pa3oMKHYTHIN TpeyronbHuK) U Uy u3 Toka 3lg (PTHII —ToponmansHbIil TpaHc-
dbopmartop Toka)

U =K, Uyn U, =K, -1

C nomoureto (hazoBpaiarenbHoil cxembl @, BbimosHeHHOM Ha R-C ane-
MEHTax, MOKHO MEHATh (pa3zy HampspkeHuss U; oTHocutenbHO HanpspkeHus Uy
Hanee chopmupoBaHHble cuHycouanbHble Hanpsbkenus Up u Uy ¢ momolibio
TpaH3ucTopHbix Kimoued VT m VT, mpeoOpa3yroTcs B NMPAMOYTOJbHBIE HMM-
nynbehl (Touku 1 u 2). B TokoBOM KaHaie NmpsIMOYTOJIbHBIN UMITYJIbC audde-
peHuupyercs nenoukoil ReCi1 u B Touke 3 OH mpeacTaeT OJHOMOJSPHBIM HUM-
nynbcoM Usz axcrioHeHmanbHou Gpopmel. B Touky 4 moctynaeT npsiMOyTrOabHBIM
umiyinbe Us ¢ qiutenbHOCThIO B monmnepuoaa. Tpansuctopsl VI3 u VT, BbI-
HOJIHAOT (PYHKLHIO cpaBHEHUS. [Ipyu 01THOBpEMEHHOM MPUCYTCTBUHU UMITYJIHCOB
Us u Uy B Toukax 3 u 4, SKCIIOHCHIUANBHBIN UMITYIbC Us B TOUKE 5 OTCYTCTBY-
€T, T.K. HaCBIIICHHBIN TpaH3ucTop VT, myHTUpYyeT BXOJ TpaH3ucropa Vs Do
COOTBETCTBYET HANpaBJICHUIO MOIIHOCTH OT JUHUM K mmHE. Tupucrop VS B
WCIIOJTHUTELHOM TN YIIPaBJICHUS 3aKPHIT U TOK |, paBeH Hyto (puc. 15, a).

[Ipu U3MeHeHnr HanpaBJIEHUS] MOUTHOCTH (TOKA) MPSAMOYTOJIbHOE HaIps-
xeHue Uz B Touke 4 MOSIBUTHCA MMO3KE 3KCHOHEHIMANIbHOro ummnyibca Uz B
Touke 3. B pe3ynbrare yCUIeHHBIN SKCIOHEHIIUAIbHBIA UMITYJIbC Us MOSIBUTHCS
B Touke 5. Tupuctop VS otkpsiBaercs u teuer Tok l,. Pene KL cpabateiBaer
(puc. 15, 6) 1 mocTyIaeT CUTHAM O TOBPEKIACHHOM (uaepe.

C nmomoursio (azoBpamareabHOl cxemMbl @ MOXHO KOPPEKTUPOBATh MO-
MEHT MOSIBJIEHUS IKCIIOHEHIMAIBLHOr0 uMnyJibca Uz, M3MEHsIs yroa .
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5.5. CrpykrypHas cxema moJiHoi 3amuThl JIDII B nudposom uc-

MOJTHEHUH
MMutaHne
BrioHeHne
— — — — = | TV1 .
OTKIIOYEHNE | i
Ql | |
1
u> SYN ARC j
TAL D FL EF FR MVP
______ i —
' | ooo
A2 | Peseps: | TPS oDoo
I | ooo
| sawuta |
Lo ;
S S
Q2
K yAaneHHoMmy MK
KOHLY
TV2 LeHTp
ynpasneHusa
: z : cetun
Puc. 16.1{udposas 3amura JISII pupmer «Cumenc»
rac:
ARC —-AIIB

D — JIucTaHmuoHHas 3amuTa

EF — 3ammTa oT 3aMBIKaHUS Ha 3EMJIIO

MVP - O6paboTka u3MepeHHbIX 3HaYECHUN

FR — YcrpoiicTBo amst 3anucu aBapuiiHbIX PEXKUMOB
S| — IlocnenoBarenbHbIN HHTEPdEHC

TPS - JlononHeHUE K TeJIe-3aIUuTe

SYN — VcTpoicTBO KOHTPOIS CHHXPOHU3MA

FL — OMII (onpenenenrie MmecTa OBPEKICHUS )
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OnpeneeHue MecTa MOBPEXKACHUS U30JSIIIUUA B BO3AYIIHbIX JIDTI
10xB

[Tocne onpenenenus nospexaeHHoro guaepa 10 kB na TII Heobxoaumo
HalTH MECTO NOBPEXKACHUS U30JUH. DTy 3aJady pellaeT NOUCcKoBas Opurana,
UCIIOJIB3Ys TIEPEHOCHBIE PUOOpEL. B HacTosiee Bpems B 3KCIUTyaTallud Haxo-
nstest npuoopsl «llouck», «3o0ua», «KBant» u ap. Ha xadenpe snexkrposnepre-
TUKU pa3zpaboTaH Oosee coBepiieHHbIH mpudop «CrekTp» ¢ uudppoBoi WHIANKA-
UeW U C XapaKTepUCTUKOW cpabaThiBaHUS HEHAINPABJICHHOTO JIEUCTBUS, YTO
MO3BOJISIET B pa0OYMX YCIOBHUSIX HE OPUEHTUPOBATH MPUOOP OTHOCUTENILHO Mar-
HuTHOrO ToJiA JIDII m ObicTpee ompeaenuTs MECTO MOBPEKIACHHUS. DTOMY CIHO-
COOCTBYET CIELHUAIbHBII MarHUTHBIM TaTYuK. XapaKTepUCTUKA MTOKa3aHUi AaT-
YUKa [pUBEJEHa Ha puc. 17.

[Tpubop no3BosiseT:

— J1aTh OOBEKTUBHYIO HH(POPMAIUIO O HATHUUU «3EMIIN» B CETH;

— YETKO ONpeAenuTh puaep ¢ oJHO(a3HbIM 3aMbIKAHUEM TIPH JIFOOOM KO-
andecTBe (PUIEPOB U UX B3aUMHOM PACHOJIOKEHHH B HENOCPEICTBEHHOU OJu-
30CTH OT pacHpeieuTeNbHOr0 YCTPOMCTBA MOJCTAHIUH;

— OIPEAEIUTh HAIIPABJICHHUE K MECTY IMOBPEXACHUS B TOUKE OTHAKWKHU MIPU
MIOUCKE;

— HaWTU HEMOCPEICTBEHHO MECTO OAHO(A3HOr0 3aMbIKaHUs Ha UAEpeE;

— KOHTPOJIMPOBATH HAJTMUNE HAMPSKEHUS HA JIMHUU.

N'A
min_ — 07

2z

\ 4

Nll

Puc. 17. Xapakrepuctuka nmokazanuii mpudopa «CrekTp»

N'u N" — uncnoBble moka3anus npuOopa (JaT4rKa) IpU €ro MOJI0KEHUHU B TO-
PU30HTAIBHOM TIOCKOCTH

[losiBIEeHME MArHUTHOTO TOJISI OT BBICHIMX T'APMOHHMYECKUX COCTABIISIO-
IIMX TOKa (PUKCHPYETCs MO MOKa3aHUSM LU(GPOBOrO MHAMKATOPA, & HaJUYMe
ANEKTPUUECKOT0 TOJIs (HAMPSKEHUs1) — MO0 YCTOWYMBOMY CBEUYEHHIO CHUMBOJIA
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HV cnesa na undposom unaukarope. [Ipu orcyTcTBUM HanpspKeHUs HA JTUHUH
CBE€UYEHUE CUMBOJIA HE HAOIIOAAeTCs.

CrpykrypHas cxema npudopa «Crektp» npuseaeHa Ha Puc. 18.

Cursan ¢ MarHUTHOrO JaT4YHMKa CIEHHAIBHOM KOHCTpykuuu M1 u M2
MOJIaeTCSl HAa BXOJbl JBYXKAHAJIBHOTO YCHJIUTENsS, a C ero BbixoaoB Ha RC-
(GUIBTPHI BHICOKUX YAaCTOT. AMILUTUTYIHBIE JETEKTOPbl 00€CTIEYNBAIOT OJIHOIO-
JYNEPUOIHOE BBIIPSAMIICHUE U JIOMOJIHUTENBHOE ycuine curHanoB. CloKeHue
BBIXOJIHBIX HAMNPSOKEHUN KaHAJOB OCYIIECTBIsieTcs cyMmmaropoM. [IpeoGpaso-
BaHMSI AHAJOrOBOTO CHUTHajga B IU(POBOM KOJ oOecreurBaeT aHaloro-
nrdpoBoii mpeodpazoBarenb (ALIIT) ABOIHOTO HHTETPUPOBAHNS, BHITIOJHEHHBIN
Ha UHTErpagbHOil MuKpocxeMe co cTpykrypoir KMOII. brok nutanus hopmu-
pYET pa3HONOJIAPHBIE HAIPSKEHUSI OTHOCUTEIBHO BBIBOJA “‘AHAJIOTOBAs 3€MIIST
AIIII, HeoOxomumbie mist paboTel MuKpocxeM. MHpopmarus oToOpakaeTcst Ha
YETHIPEXPA3PSIAHOM LUPPOBOM KUIKOKPUCTAJUIMUECKOM HHAMKaTope. /lmana-
30H noka3aauii ot 0 o 2000 ex.

NHaukaTop HaANpsDKEHHS BBINOJHEH HA OIEPAllMOHHOM YCHIIMTENE C
OOJBIIMM BXOJIHBIM CONPOTUBJIEHUEM, Ha BXOJl KOTOPOIO MOJAETCS CHUTHANI C
ANEKTPUYECKON aHTEHHBI. C BBIXOAA YCWINTEINS CUTHAJ IPOXOJUT HA COOTBET-
CTBYIOIIMI CErMEHT HU(PPOBOro MHAUKATOpA. DJIEKTpUYECKas aHTEHHA Mpe-
CTaBJIIET COOOM MEIHYIO IUIaCTUHY pa3mepoM 35%40 MM, pacronokKeHHYIO Ha
nepeaHel KpblKe Npudopa 1o JULEBON MaHENbIO.

M1
IlaccuBHbIM AMIUTUTYTHBIN
» Ycunurens > —
buneTp JIETEKTOP
M2
ITaccuBHEBIN AMIIIATY THBIA
> » Yceumurens
bunbTp JETEKTOP —I
A [: CymMmarop >  ALII
N/ Hudposou
HHAUKATOP
DJIeKTpruyecKas
Ycunurens P
aHTEHHA

Puc. 18. CtpykrypHas cxema npudopa «CriekTp»
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[Mpubop «Crnektp» paszpabotan Ha kKadeape «IIEKTPOIHEPTETUKI)
[IcKOBCKOTO rocyJapCTBEHHOIO MOJUTEXHUYECKOTO MHCTUTYTA U B HACTOSIIEE
BpeMsl LIMPOKO MPUMEHSETCS BO BCEX IHeprocuctemax Poccun.

Iopsinok padoThl ¢ MpuUOOPOM

OTbICKaHME MECTa 3aMbIKaHUsI Ha 3€MJII0 HAYMHAETCS C OMPEIeTICHUS T10-
BPEXKJICHHOW JIMHUU. {151 3TOro HEe0OXOAMMO MPOU3BECTH U3MEPEHUS MArHUT-
HOTO TOJISI BCEX JIMHUM OTXOMSIIMX OT IIMH MUTAIOLIEH MOACTaHUMU. B 3ToM
clly4ae BKJIIOUEHHBIH MpUOOpP pacrojaraercs TOPU30HTAIBHO MO KaXIAOW JIH-
HUeH, 1 HaOmoIal0TCs oKazanus nudpoBoro unaukartopa. [loBpexxnennas iu-
HUS ONPENEAeTCS 10 MAKCUMAIBHOMY MMOKa3aHUIO U3 BCEX U3MEPEHUM.

Jlnst ompeseneHus HEMOCPEACTBEHHO MECTa 3aMbIKaHMsI HEOO0XO0IUMO,
YAQISISICh OT TMOJCTAHIMKM HPOU3BECTH TMOCIEOBATEIIbHBIE MU3MEPEHUS BIOJIb
MOBPEXKJICHHOW JIMHUH, BKJIIOYAasl U OTHAMKHU. /[0 MecTa 3amMblkaHUsS U B MECTE
3aMBbIKaHUS Ha 36MJTIO TTIOKa3aHus Tprudopa OyayT MakCUMaJIbHBI, IEPEXO/] KE 3a
MECTO MOBPEKICHUS COMPOBOXKIACTCS PE3KUM CHIDKCHUEM HHU(PPOBBIX MOKa3a-
Hull (B Heckombko pas). [lokazanus HeoOxoaumo (puUKCHpoBaTh B T€UeHHE |-2
MUHYT JIJIs TIOJIyY€HHUs TOCTOBEpHOU MH(MOpMaIIUU, TaK Kak 0JHO(pA3HBIC 3aMbl-
KaHWs HOCSIT HEYCTOMYMBBIA XapakTep.

[Ipu KOHTpOJE HANMYWA HANPSHKEHUS Ha JMHUU HEOOXOAMMO MpHOOp
JIep’KaTh Ha BBITSAHYTOM PYyKE BBIIIE MOCTOPOHHUX MPEIMETOB (TpaBa, KYCTHI,
KaMHHU U T.J.) B HalpaBJICHUHM JIMHUU TaK, 4TOOBI OBLJIO yIOOHO CMOTPETh Ha
WHUKATOP (CUMBOIM).

Bonbmiol maner; omneparopa OJDKEH ObITh MPUXKAT K BEPXHEW KPBIIIKE
npubopa.

Bo n3bexxaHue >KpaHUpPOBaHUS JIEKTPUYECKONM aHTEHHBI YCTPOWCTBA HE
JOMYCKaeTCsl HaJIM4Khe BOKpPYT omeparopa (Onmke 3 METpoB) JIOJEH, MalluH,
JIEPEBHEB, OTIOP U APYTUX MPEAMETOB.

[IpeumymiectBa mnpubopa «Crnexktp» mneped MNOAOOHBIMU MHpUOOpaAMHU
Haxoasmmmucs B dkciutyatanuu («lloucky», «Bomnay, «3oua», «KBant» u npy-
rue).

1. He TpebOyeTt opueHTaIlMK B MPOCTPAHCTBE OTHOCUTEIHLHO MAarHUTHOTO I0-
ns JIDII npu n3aMepeHusix.

2. Tlpumenena nudpoBas HHIUKAIIUS TTOKa3aHUH.

3. Ilo3BosnseT OMHOBPEMEHHO KOHTPOJIUPOBATH HAMPSXKEHHOCTh MAarHUTHOTO

MOJIS1 M HAJTMYKME HANPSKEHUS Ha JINHUU.

4. VImeeT MUHUMAJIBHOE KOJMYECTBO OPraHOB YIpPaBIeHUS (TOJBKO pydKa

BKJIFOUEHHUSI TUTAHUSA).

5. 3HAUUTENIPHO YMEHBIIIEHBI MaccorabapuTHbBIC TMOKa3areau (mpudbop Kap-

MaHHOTO THIA).

6. Ilo3BonsieT 0€30MOOYHO ONMpEeneNuTh MOBPEKICHHBIN (uaep U Hemno-
CPEJICTBEHHO MECTO TMOBPEXKICHHUSI MPH JIFOOBIX CUTYAIUSX HAPYIICHUS W30JI5-
10518
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OCHOBHBIE TEXHHYECKHE XAPaAKTCPUCTUKHU

1. Mupukanms mokazanuit mpubopa mudposas (GKKU 3,5 paspsna),

0—2000
¢ IMHUTIBI
2. lnana3oH KOHTPOJIUPYEMBIX YacCTOT BhICHIMX rapMoHudeckux, ['m | 250 — 750
3. UyBCTBHUTEIBLHOCTh K MATrHUTHOMY TIOJIT0, A/M, HE MEHEee 0,5x10*
4. UyBCTBUTENBHOCTb K JICKTPUUECKOMY 10JI10, B/M, HE MeHee 20
5. Tok motpebneHus, MA 4.0
6. [lutanue ot 6arapen «6F22) ¢ HOMUHAIBHBIM HanpsoKeHUEM, B 8,4...9
7. Pabounii nuanaszod temnepartyp, °C, —15...+40
8. "'abapuTHBIC pa3Mephl, MM 125x70x25
9. Macca npubopa ¢ 6arapeeii, Kr 0,25
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MMPUJIOKEHHUE |1

1. PeseiiHasi 3a11MTa CUJIOBBIX TPAHC(HPOPMATOPOB

JUis 3aIuThl MOHUXKAIOMIMX TPaHC(HOPMATOPOB OT MOBPEXKICHUN U He-

HOPMAJIBHBIX PEXMMOB B COOTBETCTBUU C [IpaBuiiaMu yCTpONCTB AJIEKTpOyCTa-
HOBOK (ITYD) npumeHstoTcs clieayromye THIIbl PEIEHHON 3alUThI:

1.

[IpononbHas nuddepeniraibaas 3amuTa OT KOPOTKUX 3aMbIKaHUN B 00-
MOTKaxX ¥ Ha UX HapY>KHBIX BbIBOJAX. JTa 3alluTa 00saiaeT abCOMIOTHOM
CEJIEKTUBHOCTBIO M B cOOTBeTCTBUM C [IYD ycraHaBimmBaeTcs Ha BCeEX
TpaHchopmaropax MoiHocThio 6,3 MBA u Goiee, a npu napauieabHOM
pabote — 4 MBA, nelicTByeT Ha OTKJIIOYeHHUE 0€3 BbIIEPKKHA BPEMEHHU.
TokoBast oTceuka OT K.3. Ha HAPYXHBIX BbIBOAAX BBICOKOTO HAaIPSKEHUS
(BH) co ctoponsl nutanus TpaHnchopmaropa. B 30Hy 3amiuThl TOKOBOM
OTCEYKHM OOBIUHO TomagaeT W cama obmotrka BH, oOMOTKy HH3KOTO
Hanpspkenust (HH) Tpancdopmaropa TOKOBOM OTCEUKOM 3alllUTUTh HE
yaaercs. 3alura NpuMeHsieTcs Iuisl TpaHC(POpMaTopoB, HE 000PYI0BaH-
HBIX MPOJOJIBbHON Ju((pepeHInanbHON 3aIUTON U JEHCTBYET Ha OTKIIIO-
yeHue 0e3 BbIIEPKKHU BPEMEHHU.

MakcuMainbHasi TOKOBasl 3alllUTa OT CBEPXTOKOB, BBI3BAHHBIX BHEIIHUMH
K.3. CO CTOPOHBI HU3KOTO WJIM CPEIHEro HaIpspKeHUs TpaHchopmaropa.
[Tpumensiercs nisi Bcex TpaHC(HOpMATOPOB HE3ABUCUMO OT MOIIHOCTU U
HaJW4usl JPYTruX TUIOB PEIICMHON 3alUThl, JEHCTBYET HA OTKIIOUEHUE C
BBIJICPKKON BPEMEHHU.

["a3oBas 3ammTa — OT BCeX MOBPEKIECHUN BHYTpHU Oaka TpaHchopmaTopa,
COMPOBOXKIAIOIIMXCSA BBIJICJICHHEM Taza W3 TpaHC(HOpPMATOPHOTO Macia
IIPU €r0 HarpeBe B MECTE MOBPEKJCHUS (HApUMEp, BUTKOBBIC 3aMbIKa-
HUS B OOMOTKaX, MOXKap CTaJIM), a TAK)KE OT NOHMXKEHHsI YPOBHS Macia B
0ake Mo MpPUYUHE YTEUKH. 3alluTa CTaBUTCS y TpaHC(HOpMATOpPOB, HAYU-
Has ¢ 630 kBA. [Ipu HeOOIBIIOM ra30BbIICIIEHUN JEHCTBYET HA CUTHA,
py OypHOM — Ha OTKJIFOUEHHE MTHOBEHHO.

CneunanbHas TOKOBasl 3al[uTa HYJEBOM IMOCIENIOBATEIbHOCTH OT
oHO(a3HBIX K.3. MIPHU TIyX03a3eMJIICHHOW HeWTpayiu. 3amuTa ycTaHaBIIu-
BaeTCsl B HYJIEBOM IpoBoje TpaHcpopmaropa co cropoHsl HH mpu co-
enquHeHnu ooOMoToK Y/Yo u AlY.

MakcumanbHasi TOKOBasi 3allUTa B OJHOW (haze — OT TOKOB IMEPErpy3KH,
JICVCTBYET HA CUTHAJI U C BBIACPKKOU BPEMEHU.

3ammura oT 3amMbikaHus (a3sl HAa 3eMITt0 (Kopmyc) co ctopoHsl BH B ceTsix
C U30JIMPOBAaHHOM HEUTPAJIBIO, IEUCTBYET HA CUTHAJL.

Hanbonee BaxHBIMU 3aniuTaMu sIBISIOTCA AuddepeHimaibpias U razo-

Bas. CornacHo I1YD muddepennuanbHas 3anmra MOXKET MPUMEHATHCA U Ha
Tpancopmaropax 1-2,5 MBA, koraa TokoBasi OTceuka He YJIOBIETBOPSET Tpe-
OOBaHUSAM YYBCTBUTEJIBHOCTHU, a MaKCHUMajbHas TOKOBas 3alllUTa MMEET BBbI-
nepxkky Bpemenu t> 0,6 cek.
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2. Oco0eHHOCTH BbINOJTHEHUA TP PepeHIIHATbHON 3aIUTHI
TpaHcopMaTopoB

Huddepenunansuas 3amura (/13) cunoBblx TpaHchopMaTOpOB HAXOIUT-
csl B HauboJee HeOIaronpUsITHBIX YCIOBUSIX C TOUKH 3PEHUS TOSIBJICHUS JTOTOJI-
HUTEIBHBIX BEJIMYMH TOKOB HebamaHca l,; (HepaBeHCTBO TOKOB lp1 1 2 B mte-
yax Iu(3amuThl) M0 CPaBHEHUIO C AU(PPEpEeHINATBHBIMU 3allUTaMU APYTUX
AJIEMEHTOB (T€HEePaTOPOB, MOIIHBIX JABUTATEINICH). DTH TOKM HebamaHca CBI3aHbI
co cneuudukoit paboThl TpaHchopMaTopa U OT HUX HY>KHO OTCTpauBaTh 3allld-
Ty, YTO NPUBOJMUT K ONPENIEIECHHBIM TPYAHOCTSIM B €€ HAacTpoike M olecrieue-
HUU HEOOXOAMMOMN UyBCTBUTEIBHOCTH.

[TpyuriHaMK TOSIBJICHUSI JOTIOJHUTEIBHBIX TOKOB HeOajaHca B paboTe
muddepeHnnanbHoi 3aUThl TpaHchopMaTopa SIBISIOTCS

1. Bpocok Toxka HamarHU4UBAHUA (lgpuan) B OOMOTKE CO CTOPOHBI NMUTAHUS
TpaHcopmaTopa Npyu €ro BKIIOUEHUH 0] HAIIPSLKEHNE Ha XO0JI0CTOM XO-
Ny WIA TOCJE JUKBUJAIMK BHEIIHUX KOPOTKUX 3aMBbIKAaHUHA. DTOT TOK
MO’KET MPEBOCXOAUTh HOMUHAJIBHBIM B 6-8 pa3, MPOTEKAET TOJIbKO B 00-
motke BH (uepe3 ogHo miiedo /[3) u ero BeaMUMHA MOJTHOCTBIO SIBISETCA
JUISL 3alllMThl TOKOM HeOanmaHnca — |l g oTcTpoiiku oT Opocka Toka
HaMarHWYUBaHUS MPUHUMAIOT CHIEIIHATbHBIE MEPHI:

— 3arpyOJIsSIfOT 3alIUTy MO TOKY cpalaTbiBaHMs, 4yTO HE Bcerjaa 3¢ dex-

TUBHO (AuddepeHnunanbHas 0TCeuKa);

— IPUMEHSIOT pesie ¢ OBICTPOHACHIAIOIIMMUCA TpaHCPOpMaTOpaMU

(BHT), xoTopsle m1oxo TpaHchopMHUPYIOT OPOCOK TOKa HaMarHMYKWBaHUS

B pabouyro 0OMOTKY perie;

— TPUMEHSIOT TOJIyIPOBOJHUKOBBIE penie, Hampumep pene PCT-15 na

aHAJIOTOBBIX MHUKpPOCXEMax, KOTOpoe «oTinyaeT» Qopmy Opocka Toka

HamMarHuyuBaHus TpaHchopmaropa lg uan OT GOPMBI TOKA KOPOTKOTO 3a-

MBIKaHUS B 30HE 3aIIUTHI;

— TpUMEHSIOT M (ppoByto AU HepeHInanIbHyIO 3aluTy.

2. HepaBeHcTBO pacdeTHBIX KOA(DPHUITMEHTOR TpaHChopMaIii TpaHchopMa-
TOPOB TOKa JJisi peajbHOM CeTH C BbIOpAHHBIMHU CTaHAApTHBIMU. B pe-
3yJbTaTe BTOPUYHBIE TOKM B IUie4ax AU(epeHIuanbHOl 3amuThl lp1 1
l22 mosTydaroTCst HEOAMHAKOBBIMU. Y CTPAHSIOT BO3HUKILINNA TOK HeOanaHca
3a CYET YMCIIa BUTKOB ypaBHUTENBHBIX 00MOTOK W,),; 1 W,,» B crienuais-

HBIX pene, obecneuns paeHcTBO |y W, =1, W .

3. U3-3a rpynnbl coearHeHUs: OOMOTOK cuiioBOro Tpancdopmaropa. [lpu
cxeme Y/A-11 rpynma BeKTOpbI MEPBUYHBIX TOKOB TpaHc(opmaropa Ha
BBICOKOM ¥ HU3KOW CTOPOHE CABUHYTHI 10 (haze Ha 30 rpamycoB, 4To 00y-
CJIaBJIMBAET MOSIBICHUE TOKa HebanmaHca. [[i1st ero ycTpaHeHus BTOPUYHBIE
0OMOTKH TpaHc()OpMaTOpOB TOKa B miiedax /3 coenuHAI0TCsS MPpOTUBOIIO-
JIO’KHO COEMHEHHUSIM CHIIOBBIX 0OMOTOK TpaHchopmaTopa, T.e. A/Y,
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4. Hanuuwue PIIH y Tpanchopmaropa npu aBTOMaTHUECKOM PEryJIMPOBAHUH
HaIpsDKEHUST HapyIIaeT PaBEHCTBO BTOPUYHBIX TOKOB B Imevax /I3 lx; u
l., 1 BBI3BIBaCT TOsIBICHWE TOKa Hebamanca |",; mpomopnuoHaIBLHOTO
JMarna3oHy peryiupoBaHus HanpsbkeHus Tpanchopmaropa AUpgy. Benu-
YiHa TOKa HeOajaHca YYMTBIBAETCS MPHU OMPECICHUH TOKa cpabaTbiBa-
HUS 3aIUTHI.
5. Tpancdhopmatopsl Toka, UCTIONIb3yeMbIe B /I3, HeneanbHbl U BHOCST IO-
IPEIIHOCTh MO TOKY. TOk HebajaHca OT MOrPEIIHOCTH TpaHCHOpPMaTOpPOB
Toka l'ys yUYUTBHIBAETCS MpPHU ONpENEICHUH TOKa CpadaThbIBaHUs 3aIUTHI.
[TorpeurHocTh TpaHCHOPMATOPOB TOKA B 3TOM ClIy4ae MPUHUMAIOT paB-
HoMt 10% oT nmepBuYHOTO MakcuMmaibHOro Toka (I1YD).
B utore, npumensisa cnenuansuelie pesne tuna PHT-560, JI3T-11 niau PCT-
15 B cxeme /I3 BemuunHa pacyeTHOro Toka HebanaHca |6 pqce OyAET COCTOATH U3
JIBYX COCTABJISIOILIUX
|H6.paw = Il:6 + I;’&
rae I'ys — Tok HebamaHca, ompeae/sIeMblii TOKOBOM MOTPEIIHOCTBIO TpaHChOp-
MaTOpOB TOKa B muieyax nuddepeHImanibHON 3alUThl U BIYUCIsAETCA 10 (hop-
MyJie
s =K, Ky, & |1<.3.max(1<1)
rae K, — KO3 GHUIMEHT, YIUTHIBAIOIINN BIUSHUC allCPHOINYCCKON COCTABJISIO-
1IeH TOKA K.3. Ha epexoAHbIi npouecc, 1t peie ¢ bHT oH npuHnmaercs pas-
HbIM 1, 6e3 BHT — paBHBIM 2;
Koon — K03(ppHUIIMEHT OMHOTUITHOCTH, TPUHUMAETCS paBHbIM 0,5 B TeX ciydasix,
korga TT onHOoTHNIHEBL, ¥ paBHBIM | ipu pazHoTUIIHBIX TT;
£¢=0,1 — ToxoBas morpemHocTs TT, ynoBnerBopsitommx 10% kpataoctu (ITYD);
| ;. max — HAMOOJIBIIIMI CKBO3HOW TOK MPH BHEIIHEM K.3. T. Kj (puc 19)
I",s — Tox HeGanaHca, 00yCIOBICHHBIM U3MEHEHHEeM Kod(duiirenta TpaHchop-
MallMy 3alMIIaeMoro TpaHcopMaTopa MpU PEryJUpOBAaHUM HAIPSIKEHUS C

PIIH, Beruncnsiercs no popmyiie
/A *
IH5 =AU PIH I

k.3.max(xy)

rne AU, =16% — nuama3oH peryiaupoBaHHs HANpPsDKEHUS; OTHOCHTEIbHAS

BenmunHa AU, =016, TIpu HacTpoiike mpomonsHON aubdepeHnransHo

3AIUATEI HE0O0XOIUMO BBITIOJTHUTH TJIaBHOE TpeboBaHue, qTOOBI
| > |

H6 Max

501051

cp/I3

Icpﬂ? = KH : IHﬁmax (Inﬁpam) ’
rae Ky — koaddunment nanexuoctu, pasueii 1,3-1,5 (ITY9).
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3. Ilpumepnblii pacuer auddepeHunaNbLHOI 3aIUTHI CHJIOBOIO
TpaHcpopmaropa

[lpunnunuanbHas cxema s pacuera AuddepeHIruaTIbHON 3alUThI
npenacrasieHa Ha Puc.19. MomHocth paccmarpuBaemoro Tpancdopmaropa 16
MBA.

IIutanue

— e

(+) KA

e
Ip=l21-12;

Harpy3ka

Puc. 19. IlpunuunuansHas cxema Juist pacuera /13

3.1. Bbi0op TpaHchoOpMATOPOB TOKA U ONpe/ie/ieHHe BTOPUYHBIX TO-
KOB B 1jiedyax qudpepeHunaabHoi 3amut lo1 m 122

OmnpenensieM MepBUYHBIE HOMUHAIBHBIE TOKM OOMOTOK TpaHcopmaTopa
- BBICOKOT'O HaNPsIKEHUS

o Se 16
Y 3U, V3115

- HU3KOI'O HAIIPSKCHUA

=0,08036A =80,3A

li = Soi 16 =0,8408A =840 A
J3.u; 4311
Haxoaum pacuetHbie kod(pdunineHTsl Tpanchopmaiuu TpanchopmaTo-
POB TOKa CO CTOPOHBI

BBICOKOI'O HAITPSAKCHUA
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k-1, +/3-803
nTA - -
5
HHU3KOI'O HaHp}DKCHI/IH

=278

0 ke .5|HH :1-a;40:168

riae K — k03 OUIMEHT cXeMbl ISl BBICOKOW CTOPOHBI, IJie TpaHC(HOpMaTOphl
TOKA COEIMHEHEI B TPEYTOJIbHUK K, = J3 , HA HU3KOM CTOpOHE TpaHCcPopMmaTo-

PbI TOKa COEIUHEHEI B HEMonHy o 38e3ay u K. =1 (Puc. 19).

Y4uThIBas CTaHAAPTHYIO IIKATYy MEPBUYHBIX TOKOB TpaHc(opmaTopa To-
Ka TpPUHUMAeM CICAYIONINe  3HadeHus KodhHUIueHToB TpaHChOpMaIiH
TpanchopmatopoB Toka (cMm. [Ipunoxenue V) co cToporsr

- BBICOKOI'O HAITPsAKCHUA
I

=5 =5
- HU3KOI'O HAIIPsAKCHUA
|, 1000
N, =-2=-—-=200
T2 5 5

PeanpHble BTOpUYHBIE TOKM B IJIe4aX 3allUThl CO CTaHAAPTHBIMHU KO3(-
dbunmentamMmu TpaHchOpMaTOPOB TOKA

Kol \/5-80,3:4’64A
30

nTl
| il _1-840
2 Ny, 200

Buaum, uyto Toku B ruiedax /I3 He paBHBI SA U B pe3yibTare, N0 3TON NMPUYMHE
OyZeT nosiBIAThCS TOK Hebananca lys. 11t ero ycrpaneHus B crieliMalibHBIX peie
i 13 nmerorcs ypaBaurenbHble 00MOTKH Wy 1 Wyp. B 3TOM citydae BbeIpas-
HUBAIOTCS MAarHUTOJIBUKYIIME CHIIBI Fy ;. MyTEM pacuera yucia BUTKOB ypaB-
HUTEJIBHBIX 00MOTOK, 4TOO0BI lo1 Wyp1= 122 Wy

=42 A

3.2. Pacuert ToKOB K.3. ¢ yuerom PIIH Tpancdopmartopa

Jns pacuera TOka cpabarbiBaHusi J[3 TpanchopmaTopa HEOOXOIUMO
OMPEIeIUTh MAaKCUMAJIbHBIA CKBO3HOM TOK MPOXOAAIIUi depe3 mieun audde-
PEHIIMAIBHOM 3aIuThl (XapakTepHas Touka K.3. Ki). McxomHas cxema u cxema
3aMeIeHUs JIJIs pacdeTa ToKa K.3. B Touke Kj mokaszana Ha puc. 20. B manHOM
cilydae Mbl HAXOJUM MaKCUMaJIbHBIM CKBO3HOW TOK K.3. PHU KOTOPOM TOK Heba-
JaHca OyJeT MaKCUMAITbHBIM |5 max ¥ OT 3TOTO TOKa oTcTpanBaetcs 3.

I > Iuﬁ.max (1)

Hcxons U3 MpaKTHYECKOTO OIBITa, BEIMYMHY TOKa CcpabaThIBaHUS OIpe-
JETISIIOT 0 popMyIie

cp/I3
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Icpﬂ3 = kH : IHG.max
rie Ky — koadduient HanexxHocTH (3anaca), pasabii 1,3-1,5 (ITYD).
[lepBoHavasIbHO OMpeesieM COMPOTUBICHUE DJIEMEHTOB B CXEME 3ame-

menwust, Puc. 20.
ConpoTuBIIEHHE CUCTEMBI

X, = Upart _ 115° _
Secn. 10000
Conpotusnenue JIOII 110xB
Xe =Xg-L =04-20=81
rae X,0=0,4 Om/km L1=20 xm.

1,321

110 xB St 10 xB

Cucrema

Sks.c=
10000 MBA

JIDII-110 kB JI;=JI,=20xMm
X1

rYYN X

Xc
I/‘VV‘\_+ Xon 1 H
~ N

Puc. 20. Mcxonnas cxeMa U cxeMa 3aMeleHNs

Conporusnenus tpanchopmartopa ¢ yuetom PIIH npu kpaiinux u cpen-
HeM noJiokenun peryisatopa PIIH, nmpuBeneHHble K CTOPOHE BBICOKOTO HAmpsi-
KEHHSI, PACCUUTHIBAIOT 1O (hOpMyJiaM:

U 'UriinBH U min '[UchH -(1-AU PHH)]2

— ~ kmin _
XTPmin - S - S
TProm TProm
U2, U - @+ AU O
m
X _Uk ax UmaxBH _ ~ kmax [ cpBH ( PHH)
TPmax — -
TProm S TPnom
2
_ Ukcc 'Ucp
TPep ~—
STPHOM

r1e Uk, Ukmin, Ukmax — 3HaU€HUS HaNpsDKEHUs K.3. TpaHcopMaTopa B OTHOCH-
TEJIbHBIX CIMHUIIAX MPU CPEIHEM M KpaHUX (MUHUMAJILHOM U MaKCUMAaJIbLHOM)
nosnoxxenusix perynstopa PITH, onpenensiercsa nmo tadnuue (cMm. [Ipunoxenue V,
tadimuna 9); AUpgr=AUppn/100 — mojoBHHA MOJHOTO Juana3oHa peryaupoBa-
HUs HanpsbkeHust Ha ctopode BH tpancdopmaropa; AUpr=16 %.
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[Tpu ompenenennn Xrpmax 0epetcs 3naueHne Unax=126 kB, cooTBeTcTBY-
JOLIEE MAKCUMAJILHO JAOIYCTUMOMY HanpsbkeHuto B cetd 110 kB, Ilpunoxxenue
V, tabmmma 11.

[IpuBeneHHbIE pacueThl CBEICHBI B TA0IUITY 4.

Taomuna 4
Ilono:xenne Uk AUpnn Usn Unn Xrp
OTBETBJICHUSA
PITH % % kB kB Om
MuHuMansHOE 9,8 -16 96,6 57,16
Cpennee 10,5 0 115 11 86,79
MaxkcumanbHOE 11,71 +16 133,4 (126) 116,19

Jlanee ompezernsieM TOKH K3 Ha BBICOKOM M HH3KOW CTOPOHAX CHIIOBOTO
tpanchopmaropa (1.Ky).

MakcuMainbHOe 3HaueHue Toka k3 B oOMoTke BH Tpancdopmaropa.

U

I max — HOM
e \/§'(XCmin+xTPmin)

rae U, — HomuHansHOe Hanpsbkenre oOMoTku BH, kB; Xcmin— conpoTuBiienue
MUTAIONIEH CETH MPU MAKCUMAIIBHOM pEKUME pabOThl cucTeMbl, OM.

Cuurasi, 4TO B MAaKCUMaJIbHOM PEKHUME CUCTEMbI pPabOTaIOT 00€ 1ETH -
tarouent JIDII, monyuum
Xemn = Xe e =1,325+g =5,3251i
[ 110 =1,0166A
J3-(5,325+57,16)
MakcuMalibHBIN TOK K.3., IPUBEACHHBIN K ctopone HH Oyner paBen
Ui - (@—AUg; (1-
oAl ( ol ) _ 1 016.115 (il 0,16)

Ikmaxii :IkmaxAi )

Uil’

=8,926€A
MunnMaabHOE 3HaUYCHHE TOKa K.3. B 00MoTke BH Tpanchopmaropa

| _ U max BH
kminBH —
\/g ) (XCmax + xTPmax)
1€ Xcmax — COMPOTUBJICHUE MUTAIONIEH CETH B MUHUMAJILHOM PEXUME PaOOThI
cucteMbl, OM; Unaxsp=126 kB, Hanbonpiee DOMyCTUMOE HANPSHDKCHUE B CETH
110kB.

B MuHMManbHOM pekrMe paboThl CUCTEMBI MUTAHKUE MOTpeOUTENeH ocy-
niecTBisieTcs o ogHou uenu JISIL, noatomy

Xema = Xe + X =1,325+8=9,325]i

Tornma MuHUMAabHOE 3HaYeHUE TOKa k3 Ha BH OGynet paBHO
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- 126 -
V3:(9,325+116,19)

MuHuMansHOEe 3Ha4€HHE TOKa K.3., MpuBeieHHOe kK oOMoTke HH Oyner
paBHO

0,5808A

IkminAi

Ikminl'l' :IkminAi Um$/:\I:01580g:6;639éA
U 11

3.3. OmnpeaesieHne yCTABOK U YYBCTBUTEJIbHOCTH MPOI0JIbLHOM
nuddepenunanbHoii 3amuThi ¢ pese PHT - 565

Jlyis 3amuThl TaHHOTO TpaHChopMaTopa M3MEpHUTENbHAs YacTh 3alllUTHI
npencraBieHa Ha Puc. 21. Ha HmM3KOW cTOpoHE CcHIIOBOTO TpaHchopmaropa
TpaHchOpMaTOpsl TOKa Tu(epeHIMATBPHON 3aIUTHl MOKHO BKJIIOYUTH B «HE-
MOJIHYIO 3BE3/1y» U HCIOJB30BaTh TOJBKO JBa pene (ceth 10kB ¢ uzonupoBan-
HOM HelTpanpo). UToObl BTOpHUYHBIE TOKHM B Iiedax IudQepeHiraibHon 3a-
muThl 121 1 12 coBnananu o dase, TpanchopmMaTopbl TOKa Ha BEICOKOM CTOPOHE
CWJIOBOTO TpaHc(opmaTopa HEOOXOIMMO BKJIIOYUTH B TPEYrOJbHUK, a HA HU3-
KO CTOpOHE B HETIOJIHYIO 3BE€3]ly,UTO MCKIIIOYAeT MOSIBICHNE TOKOB HebanaHca,
CBSI3aHHBIX C OJMHHAIATON TPYIION COeIUHEHUsT OOMOTOK CHJIOBOTO TpPaHC-
dbopmatopa o cxeme Y /A —11.

B HOopMmasibHOM pexkumMe TOokU o1 1 o2 OyayT coBnagaTs no ¢ase, u TOKH
yepes pesie OyIyT paBHbI HYJIO (MACATBHO).

IIutanue
A vB C
Kex=V3
A A .
(' F|21 (' I21 ('/|21
< Y < \ 4 <
Y Y i Y ¢
KAT1 KAT?2
o> o
- €
IP:I21'I22

Puc. 21. VIzameputenbHas yacth AU pepeHnanbHOM 3aUThI
KA1, KA2 —pene tuna PHT-565 v A3T-11, unu PCT — 15
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4. Pacuer nu¢3amutsel Ha 6a3e pese PIIT-560

[lepBoHayanbHO Ipou3BeeM pacueT quddepeHInanTbHON 3aUThI Ha 6a-
3e cneuuansHoro pene tuna PHT-560. Cxema nuddepennmanbHoOl 3alUThl €
noakrodeHuem pene tuna PHT-565 nokaszana Ha puc. 22. Ha cxeme npeacras-
JIEHBI BCE MapaMeTPbl HOPMAIIBHOTO PeKHMa U BelnuruHa TOkoB k3 Ha BH u HH
B T.K;. Pacuer BemeM no ocHoBHOMY Iuiedy AuddepeHinansHoi 3aumThl Ha
BBICOKOM HampspKeHHH, T.K. 121=4,64 A > 1,=4,2 A. JlaHHBIEC IS OCHOBHOTO

150

mwieya auddepeHIuansHON 3amuTsl caeayomue: l,1=4,64 A; Ny = = " 30;
IK.g.max(]{])zl ,016 KA (BH)

BenuunHy TOKa cpabareiBanus /I3 onpenenum mo ypaBHEHUIO

| s =Ky -

rae Ky — koadduiment HagexuocTy, npumem 1,3(ITY D).

Tok HebanaHca pacueTHBIN (MAKCUMAIBHBIN) lyg pacy OYZIET ONPEAETATHCS
M0 YPaBHEHUIO

H H6. pacu (Max)

Tok nebananca |'ys cBA3aH ¢ MOrPEmMHOCTLIO TPaHCHOPMATOPOB TOKA M
OMPENIEIIAECTCS MO BBIPAKECHUIO

N "
=l +1.

ia . oaf+

Ii,é =& IkmaxAi )
rae £=0,1 (10%), TokoBasi morpemHocTs Tpancpopmaropos Toka (1Y)
|« vax BH — MaKCHUMaJIbHBIN TOK K3 Ha BH B T.K)
Tok Hebananca | s cBa3an ¢ nanmmuarem PITH tpancdopmaropa u onpene-
JIAETCS TIO BBIPAKECHUIO
I(; =AUg; -1

k max Al ’

rae AU, = 0,16 (+16%), quamna3oH peryJIupoBaHus HaIPsDKEHUs TpaHchopma-
Topa
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T [Mutanue R %
uuer | 110 kB @\
sl

Q1

BHT

Q2 [|] 2
JRE0Z05081 l 10 kB / K,

Harpy3ka

Puc. 22. Cxema /I3 na 6a3e pene tuna PHT-565

IIpumeuanue:
B HOpManbHOM pexuMe pe3yiabTUpyromas M.a.c. B MarautonpoBojae bHT

Oyner paBHa F,, =1, W ; — I, -W _, +W, (I, —I,)=0. B aTom caydae pane KA

He paboraert. [Ipu k.3. B Touke K 12=0, a Tox 1 mo/mkeH ObITH paBeH TOKY cpa-
. . 1004

OarbiBanus pene g, T 1, =1_, =————— . M.a.c. cpabateiBanus 100 A 3a-

o3
PTOW W,
JlaeTCcsl 3aBOJIOM M3rotoButeneMm s Bcex pene tuna PHT-560 u I3T-11. B

IIPAKTUKE MOYKHO IOJIb30BaThCsl TONIbKO AByMst oomotkamu W,,; u W,,,». Torna

100
I 'Wypl =1y 'W)pz =0mu Icpﬂ3 =5 -
Wypl

[Ipuctynaem Kk HEMOCPEACTBEHHOMY pacdeTy nuddepeHinanbHoM 3aiu-
THI.

Cxema coeauHeHUs1 0OMOTOK TpaHC(HOPMATOPOB TOKA Ha OCHOBHOM CTO-
pOHE — TPEYroJIbHUK, HA HEOCHOBHOW — HE ToyHas 3Be3na. KoadduimeHTb
CXEMBI IPH CUMMETPUYHOM PEXHUME B 3TOM CITydae Ha OCHOBHOU CTOpOHE

K oer =3 (A)
Ha HEOCHOBHOU

kCiX.HeOCH :1 (Y)
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Tok HebanmaHca OT OTPENTHOCTH TpaHCHOPMATOPOB TOKa (OCHOBHAS CTO-
poHa)
r_ _ _ AN
rae £e=0,1 — oTHocuTeNbHAs MOJIHAS MOTPEUTHOCTh TpaHc(hopmaTopa ToKa.
Tox HeOanaHca, o0ycioBieHHb HamuueM PITH (ocHoBHas cTopoHa)

1" =AU -1, s =016-1016=01636A

rae AU, =016 — oTHOCHTenbHAS BeTHYMHA HM3MEHCHHUS HATPKCHHS TPH
PIIH.
PacuetHslii TOK HeOalaHCca IPH K.3. B T. K
I =1/.+1".=0102+0163=0,265x4

[TepBruuHBIA TOK cpaOaThIBaHMS 3aIMTHl BHIOMpAETCS HAWOOJBIIUM W3
JIBYX YCJIOBUM:
1) ycioBHS OTCTPOMKH OT PacYeTHOrO TOKA HeOajaaHca IMPH BHEIIHEM K.3.
| s =Ky s paee =1.3-0,265=0,345xA4
riae Ky — koadduruent vagexnoct; st pene PHT-565 ky=1,3, s pene 3T
kH:1,5;
2) yCIIOBHS OTCTPOMKH OT OPOCKa TOKA HaMarHUYMBaHHSI

| =k -1, =13-80,3=104,44

c3/[3 omc

HO. pacu

e Kome — K0O3(GGUITMEHT OTCTPOMKHU OT OPOCKa TOKa HaMarHU4YMBaHUS CHIIOBOTO
tpanchopmatopa, s pene PHT-565 k,,.=1,3 (ITYD).

[lepBUuHBIi TOK cpabaThIBaHMS 3aIIUTHI OEpeTCs HAMOOIBIIHIA

|, ;s =3454

Bropuunblii TOk cpabaThiBaHHs pelie, OTHECEHHBIN K OCHOBHOW CTOpPOHE
OyzneT paBeH
_ kcx.ocn ’ Ic3.LZ3 _ \/§ -345

n

=19,94

Tocn
rﬂe nTocu = = 30

Haxogum 4ncio BUTKOB ypaBHUTEIbHONH 0OMOTKH pene Wiy, BKIItOUae-
MBIX B IUIEYO 3aLUThl HA OCHOBHOW CTOPOHE

w - Fe _100_
pacu.och I 19,9

cp.pacy.
rne F., — HamaranumBaromast cuiia cpadareiBanus y Bcex pene tuna PHT-560 u
J3T-11, F,=100A ; nnsa PCT-15 F,=50A;
MPUHUMAEM OKPYTJIEHHOE YUCIIO BUTKOB
W, =5<W = 5,036um.

pacud.ocH

5’03 BHT.
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Toraa BTropuyHBINA TOK cpabaThbIBaHUS pejie Ha OCHOBHOM CTOPOHE IMOCIe

OKpYIJIEHHS OYZET paBeH
Fis 100 5
o, car. = = =20A
Wi 5
3Hast BTOPUYHBIN TOK cpaOaThIBaHMsI, HAXOAUM IEPBUYHBIA TOK CpadaThI-
BaHUs 3alUTHl HA OCHOBHOW CTOPOHE

| | nOTﬁl' 30

fAs.saf+ T Ty, ZO‘T =346,4 A
kﬁ() 3
[TepBu4HBIA TOK cpabaThIBaHUS 3aIUTHI HA HEOCHOBHOW CTOPOHE B 3TOM
ciy4yae OyJieT paBeH

fic AC —

=346,4- 15 _ 3622 A
11

Iﬁt;.l’°iﬁi =l AC”

Uucno BUTKOB YPaBHUTEIbHOMN 06MOTKI/I pene Wy, BKIIOYaEMON Ha He-
OCHOBHOI CTOpOHE

- pacueTHOe
Waaﬁ+iéiﬁi = i 'WTﬁl' = 4—64 5=5,524a¢0
i = 4,2
- IPUHATOE
Wigni =5 <Wospeimm = 9,528€0.

[TepBuuHbIil TOK HebalaHCa MPU BHEUIHEM K.3., 00YCJIOBJIEHHBIA OKpYT-
JIEHHMEM PACYETHOIO YMCia BUTKOB OOMOTKHU pejie, BKIIFOUEHHOM B IJIEHYO Ha He-
OCHOBHOM CTOPOHE

Im _ Wpacw.neocn _WHeucn . I _ 5,52_5

o kmaxBH —
Wpacq.Heocy 5’

YTOUYHEHHBIN IEPBUYHBINA TOK He6ancha

I, =1 " -=265+96=3614

HO. pacq
OnpenensieM YyTOUHEHHbBIN MTEPBUYHBIN TOK CpabaThIBaHUA 3aLIUTHI C yUe-
TOM YTOYHEHHOTO TOKa HeOajaHCa, OTHECEHHOM K OCHOBHOM CTOpPOHE
1" 5=k, 1,=13-361=4694

.3
ITockoneky I'c, 13=469A > |,13=345A, To pacyeT MOBTOPAEM ISl HOBOT'O
3HaueHud. HaxoauM BTOpUYHBIN TOK cpaOaThiBaHUs 3allUThl HA OCHOBHOM CTO-

poHe
Koo o1l X .
|~ = AR 0. AC _ \/§ 469 _ 27,1A

30

-1,016=95,74

Ad. daf+

Haxonum pacdeTHoe 4MciI0 BUTKOB B ypaBHUTENbHOU 00MOTKE Wy
F 100 A
W = —— = =—— =3,69480.
' | 271

fid. dafi+

[IpuHATOE YKCIIO BUTKOB
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Wi =3 <Wy =3,69a€0.
YTouHsieM BTOPUYHBIM TOK cpabaThlBaHHWS Ha OCHOBHOM CTOpOHE MpHU
W,..=3 BUT.

F. .
| — 1 =£30=33,3A

fa. dafi-

3Has BTOPUYHBIN TOK CpaOaThIBAaHUS, HAXOAUM MIEPBUIHBIA TOK cpabaThI-
BAHUS HA OCHOBHOW CTOPOHE

| n 30

@B = ICp.pacq. '% =333- ﬁ =5774

cx
Jasiee, HaXOAMM PacUYETHOE YUCJIO BUTKOB YpaBHUTEIbHOU 00MOTKH Wiy,
Ha HEOCHOBHOW CTOPOHE

I 4,64 A
szt =Wy =———-3=331ae0.
[IpuHsTOE YKCIIO BUTKOB HA HEOCHOBHOW CTOPOHE
Wi =3 <Wosseiami = 3:31a€0.
HaxoauM Tok HebGaaHca OT OKPYTJICHHSI BUTKOB HAa HCOCHOBHOM CTOPOHE
197 p
W -W 3,31-3
"o __ pacd.HeocH HEOCH _ ’ _
" - Moy =5 1,016 = 954

pacd.HeocH
HoBblli TOk HeOannanca OyAeT paBeH
_ mo__ _
Lo =16 paen + 115 =265+95=3604

HoBrlii mepBuUHBINM TOK cpadaTeiBanus 13 OyaeT paBeH
|5 =Ky - 1,; =13-360=4684 < | =5774

C3.0CH
Bunum, 4To BeIMYMHA HOBOTO TOKAa cpalaThiBaHUs, paBHas 468 A Oyxaer
MEHbIIIE TIEPBOHAYATILHOTO TOKa CcpadaThIBaHUs, paBHOTO 577A.
VYcnoBus pacuera BbINOJIHEHBI, PACYET OKOHYEH.

[IpoBepka 4YyBCTBUTEIBHOCTH 3alIUTHI TPH TOBPEKICHUSX B 30HE €€
JNIEUCTBUS:
1. [Ipu aByxdazHOM K.3. ¢ COETMHEHHEM 0OMOTOK TpaHC(HOpMaTOpPOB
TOKAa HA OCHOBHOM CTOpPOHE B A
TOK B penie
I :1,5'Ikmin:1,5-580229A
30

émin
nOiﬁl’

KO2(PULIMEHT YyBCTBUTEIBHOCTH

k — IKmin 29

T T 333

cp.pacu.

=0,87<2

3ammra ¢ pesne PHT He mpoXoauT 1o yCI0BUIO YyBCTBUTEIBHOCTH.
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B sToM ciydae BeimmonHseMm quddepeHInanbHy0 3aluTy Ha 0a3e pene
J3T-11 ¢ nonomauTensHOM TopMO3HOU 00MoTKOK W7, Topmo3Has oomoTka Wy
MIUTAETCs BTOPHUYHBIM TOKOM |2, mogHaceimaer kpainue crepxxkan BHT u He
NI03BOJISIET TOKY HeOanaHca TpaHc(hopMUpoBaThCs B pabouyto 0OMOTKY W

5. OmnpenesieHue yCTABOK U YyBCTBUTEJIbHOCTH MPOA0JIbHOM
audpepeHunaNbLHON 3amUTHI ¢ pesae 3T-11

Cxema c pene 13T mpuBenena na Puc. 23.

MecTtoM nonakirO4YeHHsT TOpMO3HOM 0OMOTKM Wr mpH OJHOCTOPOHHEM
NUTaHUM TpaHcpopMaTopa BHIOMpAIOTCS TpaHC(HOPMATOPbl TOKA HAa CTOPOHE
HH. Takoe nogkitodeHHe UCKIOYAET BIUSHUE TOPMO3HOM OOMOTKH MpH K.3. B
30HE JIEUCTBUS 3aLUTHI.

__
KA
Ip A
* *
W6 T~W",,
IIntanue pad pab
Munuer | 110 kB $ * *
W', W, BHT
Ql H:l ] /\Nypl [ *
A": |T
) TAE Fh ¥
2 *
[ ] W *
ypz\\\ % W;[
P
T
A f
=zTK
PG ¢
IHHl TAz ™ %'22

Q2 |:|:| Z
IuHBI l 10 xB / K,

Harpy3ka

Puc. 23. ludpepenunanpuas 3anmra TpaHchopMaropa ¢ MarHUTHBIM TOPMOKEHUEM
(pene I3T - 11)

[Tpumeuanue: Cekuuonuposanue oOMoTok W, u W, HcKiItOuaeT Bius-

HUE TOPMO3HOW OOMOTKM Ha pabodyi0 B HOPMAJIHHOM pPEKHMME pabOThl TpaHC-
dbopmaropa.
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Tok cpabaTbiBaHMsI 3aIIUTHI BEIOUPACTCS TOJIBKO IO YCIOBUIO OTCTPOHKH
oT Opocka TOKa HAaMarHUYHUBaHHUSI

| >k, -1,
e K, =21-31- X .:

Xe =[X,c +([1+115)- X A]LSJOT (e1idde+a&neé ayoidioea )

i
rae Xic — CONPOTHUBJICHUE MPSMON MOCIEI0BATEIBHOCTA MUTAIONIEH CHUCTEMBI
JI0 TOYKH ToJKIroueHus Tpancdopmartopa, Om (X;c=9,325 Om); Xz — UHIYK-
TUBHOE COMPOTHUBJICHUE BKIIOYAEMOM OOMOTKU TpaHchopMaTopa MpU MOTHOM
HACBIIIEHUH €r0 MarHurtornpoBoja, OM; mpeaBapuTelbHOE 3HauYeHHe Xp IS
TpancopmaTtopoB ¢ BeicnM HamnpspkeHueM 110 kB momHocThio 6,3+63 MBA
OTIPENETSETCS 1O BBIPAKCHUIO!

UZs 1152 ~
X;=0127+U, ) 135 —% = (12,7+10,5)-1,35- = 25891
Torna
SOﬁ‘l 16
Xe =[X,c +115- xA]-UT = (9,325+115-259)- e = 0372

ki =21-31-0,372=0,95,
npunumaetcs Ky=1.

Torna nepBUYHBIN TOK cpabaThIBaHUS peie OyIeT paBeH

Iﬁ(; > kl’ . II’A =1'80,3=80,3A

Bropuunblii Tok cpabaTeiBaHUs pele, MpuBeeHHbIN k ctopone BH (oc-
HOBHAsl CTOPOHA)

K- 15 /3-80,3 ,
_ no nc __ ! _
Lo = ~ T3 =4,64 A
Ney
Yuciio BUTKOB OOMOTKH pefie, BKIIF0YAaeMbIX B I1e4o Ha cropoHe BH
pacuyeTHoe

F,
Wi = —o = 100 _ 516 aco.
‘ Iﬁé.Tﬁi 4’64
MPUHATOE
Wi =21<Wyn 0 =216 880.

Uucao BUTKOB OOMOTKH pelie, BKIIOYaeMbIX B Iiedo Ha croporne HH (He-
OCHOBHAasl CTOPOHA)
pacueTHoe

_w e 21.‘2—64 _ 233 480,

Bafi= &1 i
2

W
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IIPUHATOE

Wigi =23 <Wossiam = 23,2 @€0.
Tox HebanaHca OT OKPYIJICHUA BUTKOB
Woraon: —Woaie — ;
Ilyg _ dafi-iaini iafi Ikmax _ 2312 23 1,01628,8A
W e i 23,2
ly =i g+ 1fa =265+88=274A

Yuciio BUTKOB TOPMO3HOM OOMOTKH ( pacyeTHOE )
Wosss: = i 1y Wo _Lo274-232 =125 ae
I tgee  1016-0,75

rae W, — pacueTHoe 4uciio BUTKOB pabodeil 0OMOTKH pejie Ha TOW CTOPOHE, TE
BKJIFOUEHA TOPMO3HAsi 0OOMOTKA;
Wp:Wpacw. HeOCH:23 y 2 ;
kp=1,5 — KO3 GHUIMEHT HaICHKHOCTH;
tgo — TaHreHc yria HakJIOHa K OCH aOCIMCC KacaTelIbHOHM, MPOBEACHHOM W3
Hayajia KOOPAMHAT K XapaKTEpUCTUKE cpabaThIBaHUs pejie (TOPMO3HOI), COOT-
BETCTBYIOILIEH MUHUMAJIbHOMY TOopMOkeHuto; 1 JI3T-11 tga=0,75+0,8.

[IpunsToe

(@X

k max Al

Wy =11<Wpssn. =12,5 &€0.
(W7 Be1OUMpaetcs u3 psaa uncen 1,3,5,7,9,11,13,18,24)
KoaddunmeHT 9yBCTBUTEIBHOCTH MPU IBYX(Ha3HOM K.3.
k _ I pmin _ 29
’ I ¢p.ocH \/§ : 4164

3aH_II/ITa MpoxXoauT 110 YYBCTBHUTCIILHOCTH.

dan+

=36>2

6. duddepenunaibHoe TokoBoe pesae PCT-15

B muddepennmanbHoil 3amuTe MUPOKO MPUMEHSIOT CTATUYECKOE TOKO-
Boe auddepennuansaoe pene PCT-15. [Ipenna3snaueHo 11 MCIOJIB30BAHHS B
cxemax P3 B kauecTBe 4yBCTBUTEIHHOTO OpraHa JuddepeHInaibHbIX 3alluT,
pearupyromniero Ha TOK MOBPEXKIEHUS B Mpe/eax 30HbI qeicTBUs AuddepeHu-
AJIbHOM 3aIllUTHI.

Pene orcTpoeHO OT OPOCKOB TOKa HAMAarHMYMBAHUS C arlepUOIUYECKON
COCTaBJISIFOIICH M OT TpaHC(HOPMHUPOBAHHBIX OPOCKOB C TOTJIONMICHHON arepuo-
JUYECKOW COCTABJIAIOIIEN M aMIUTMTYAOM, MPEBBIIAOIIEH AMIUIMTYly CUHYCO-
UJATBHOTO TOKa B 6,6 pa3a, a TakKe OT OPOCKOB MEPHUOJIMYCCKON COCTaBIISIO-
el ¢ aMIUTMTYA0M, MPEBbIIIAIONIEeH aMILUTUTYAy CHHYCOUAAIBHOTO TOKa cpada-
ThIBaHUs B 2,5 pasa.

BpeMennble quarpaMMbl pabodero Toka pejie mpu Opocke Toka HaMarHu-
YUBAHUS ¥ TIPU CUMMETpUIHOM Toke K3, a Taxke uMITyJIbChI U May3bl Ha BBIXO-
ne ¢unsTpa, GOopMUPYIOIMINE UMITYILCh OpOCKAa TOKa HaMarHUYMBaHUS H300-
paxxeHsl Ha Puc. 24.
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[TpuHMnmansHas cxema pese npuseneHa Ha Puc. 25.

Pene comepxuTt cieayromnme OCHOBHBIC Y3Ibl: TpaHcpeaktop (TAV1);
BeipsmutenbHbiii Moct (VD1, VD2); aktuBnbeiii dunstp (R7-R10; C2, C3;
DA1); xommaparop (DAZ2); snemeHT 3aiepXKu Ha cpabaThIBaHHE; WCIIOIHU-
tenbHOE pene (DA3,K1); a1eMeHThI TUTaHUS CXEMBI.

ITpu 6pockax Toka HaMarHUYMBAHUS TOK B peiie 030K 1o (hopme K To-
Ky OJHOMOJYIEPUOJHOTO BBIIPSMUTENSA, T.€. PE3KO HECUMMETpUYeH. byayuun
BBINIPSIMIICHHBIM, OH COXPaHSET BBICOKYIO CKBaXHOCTH (1), XapakTepHYIO s
OJIHOTIOTYNIEPUOJHOIO BBIIPSIMUTENS, €r0 OCHOBHAs IEPEMEHHas COCTaBJISIO-
m1ast, umeet yactoTy 50 I'u. M3-3a Oonbioi ckBakHoctH t,; kommaparop (DA2)
3a IEpPUOJ HE YCIIEBAET MTOMEHSTH MOJISIPHOCTh HA BBIXOJIE, YTO MCKIIIOYAET pa-
0oty snementa Bbyiepkku BpemeHn (DA3) m mcnomuutensHoro pene (K1).
YyBCTBUTENBHOCTH pejie K TOKY OpOCKa HAMAarHUYMBAHMSI PE3KO CHIDKEHA.

[Ipu k.3. B 30HE 3aIIUTHI TOK KOPOTKOTO 3aMBIKaHUS OJIM30K K CHHYCOH-
ne u mpoxons dyepe3 TpaHcpeaktop TAVI1, coxpansat cowo ¢opmy. BeI-
npsmutenn VD1 n VD2 npeBpamaror 3TOT TOK B ITOCTOSHHBIN, ITyJIbCUPYIOLIUN
¢ yacrotoid 100 'y (TOk ABYXMOMYNEpUOHOTO BhIIpsiMieHHs ). CKBaXHOCTH tj
MaJia, YTO BBI3BIBACT YCTOWYHMBOE cpabaTeiBanue kommaparopa (DA2), anemenTa
BbiiepKkH (DA3) u ucnonuurensHoro pene (K1). UyBCcTBUTENBHOCTH pelie K
CHUHYCOMJIaJIbHOMY TOKY MaKCUMaJIbHA.

I6p.HOM
A NN (A WY /A W
01 | Lo Lol
| | | | I
A
U0 AP A
| |t | | [
| €« o
y! |t
0 -0 g
a) 0)
Puc. 24. Bpemennsie nuarpammsl pabotst PCT-15
a) - mpu OPOCKe TOKa 0) — IIpH K.3. B 30HE 3aIUTHI

HaMarHUYUBaHUS TpaHcopmaropa
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Puc. 25. IlpunnunuansHas cxema pene Toka PCT-15
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Oomotku W1, W, u W3 tpancpeakropa TAV1 ciyxaT 1151 BBIpaBHUBaHUSA
TOKOB CTOPOH 3arquiiaemMoro oosekra. Oomotka Wi sBIsS€TCSI OCHOBHOH, Y-
TUE€ — YPAaBHUTEIHHBIMU.

TpancpeakTop — TpanchopMaTop ¢ BO3IYIIHBIM 3330pOM B CEpACUHUKE.
HanpsixeHue Ha BBIXOJE TPAHCPEAKTOpPa C OOJIBIION TOYHOCTBIO COOTBETCTBYET
MPOU3BOJHONM OT MAarHUTOJBIIKYIIEH CHUJIbI CEepACYHMKA TpaHCpeakTopa. BbI-
NPSAMUTENBHBIM MOCT u3 1uoji0oB VD1, VD2 u pesucropoB R1, R2 npeobpasyer
HaIpsHDKEeHUE TpaHCpeakTopa U IepeiaeT ero Ha Bxoja (uubtpa. Pesucrop R4
CILY’KUT JIJISl MOJICTPOMKHM YCTaBOK Toka cpabateiBanus. Konaencarop Cl npen-
Ha3HAUeH JJIS 3alllUThl OT BBICOKOYACTOTHBIX MOMeX yacTtoTod Bbime 500 I'm.
Bapucrop RU1 cimyxut 1151 3aUThl BTOPUYHOM LIENU OT MEepEHANPSHKCHUS.

Hampsixenue ¢ pesucropa R6 (RS, R6) mogaercs Ha akTUBHBIN QUIBTD,
coOpanHblii Ha pe3uctopax R7-R10, konaencatopax C2, C3 u onepanoHHOM
ycunurene DAT.

OHOBXO/I0BBIM KOMITApATOp cOOpaH Ha omneparmoHHOM ycunutene DA2.
[Topor cpabaTeiBaHMsI KOMITapaTopa 3anaercs aenutenem R12, R18 u pesucro-
pamu R13-R17. Hanpspkenne uiibTpa mojgaercs Ha KOMIapaTrop uyepe3 pe3u-
crtop R11 n xongencarop C4. Cymma TokoB uepe3 pesuctopsl R13, R18 u R11,
ornpenenstomas co0oil TOK CMEIIEHuUs, ONpeAeisseT MOPOr YyBCTBUTEIBHOCTH
kommaparopa DA2. Kak ToiapkO MOTEHLMaA B TOYKE MHBEPCHOTO BXxoja DA2
MOMEHSIET 3HaK C TUII0Ca Ha MHUHYC, KOMITApaTop cpadaThIBaeT, HA €ro BXOJE
Munyc 13-14 B MmraoBeHHo cMeHuTcs Ha mmoc 13-14 B, u nuon VD4 3amnpercs,
a eMkocTb C5 HayHeT nepes3apspkarbes yepes pesuctop R19 ¢ munyca Ha moroc.
Hanpsbxenue Ha Bxoae noBToputelst DA3 orciiekuBaeT NOTEHIMAN KOHJIEHCA-
topa C5, orrupass tpanzuctop TV1 U OJHOBPEMEHHO TOBBIINIAS HAICKHOCTH
cpabaTbiBaHus kommaparopa. [lo AocTHKeHUM n0cTaToyHOro OTKpbiTUs V1
BbIxoiHOE pesie K1 cpabarbiBaer.

Pacuer pabounx ycTaBOK MPOU3BOJIUTCS B cleayromiem nopsake. Omnpe-
nensitor yucio BUTKOB W, oOmotku Wi Tpancpeaktopa TAVI1 anga nneua
T depeHIMaTBbHON 3alUThl C MAaKCUMAJIbHBIM TOKOM cpalaTeiBaHus |y, mmy-
teMm penenuss M/C F¢p, paBroit 50 A, Ha Tok 1uieya l;, ¢ OKpyIjIeHuEM MOJy-
YEHHOI'0 pe3yJibTaTa 10 OJMkKalIlero MeHbIero 3HaueHus, COOTBETCTBYIOIIETO
YUCJTy BUTKOB KaKOro-Jmbo0 13 0TBOJI0B 00MOTKH Wi.

Tabnuna 5
Yucj10 BATKOB OCHOBHOM 00MOTKH TPAHCPEAKTOPA, COOTBETCTBYIOLIIEE
0TBOJAAM
OtBoa Wi 1 2 3 4 K1
Wocu, BUTKOB 12 16 20 25 30

Jlnst onipenenienns yrciaa BUTKOB TpaHcpeakTopa TAV1, koropoe TpeOy-
eTCsl BKJIIOYATh B JApyrue mieun auddepeHmaibHoi 3aiuThl, HE00X0AMMO
BOCIIOJIB30BaThCS ycioBueM noctosticTBa MJIC cpabaTbiBanus:

. . ’ . . "
Ilcp .Wocn - IZcp (Vvl +W()onl) - ISCp 1 +W()on2)
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rae W, — uuciio BUTKoB quddepentinanbioi o00MoTku Wi, K KOTOPBIM MOCIIEIO0-

BaTeIbHO JOJDKHA OBITH MOJKIIIOUEHA ypaBHUTENbHas oOmoTka W, ¢ umciom
BUTKOB Wy,,;; W, — umciio BUTKOB muddepennuanbaoin ooMoTku Wi, K KOTO-
PBIM TIOCIICIOBATEIBHO JIOJDKHA OBITH MOAKIIOYCHA ypaBHUTEIIbHAsE 0OMoTKa W3
¢ ynciioM BUTKOB Wy,,0.

Homepa otBosioB oomotok Wi, Wy u W3 onipenessitoTcs Mo npuBeIeHHBIM
HU)KE JAHHBIM.

Tabnnma 6
Yucsio BUTKOB 00MOTKH W2, COOTBETCTBYIOIIIEE OTBOAAM
OtBoxg W> H2 5 K2
Wocn, BUTKOB 0 1 3
Tabmauma 7
Yucsio BUTKOB 00MOTKH W3, COOTBETCTBYIOIIIEE OTBOAAM
OtBox W1 H3 6 K3
Wocn, BUTKOB 0 1 3

[Tpu 3amanHOM BenuuMHE TOKa cpadarbiBaHUS |;,, M BHIOpAaHHOM YHUCIE
BUTKOB 00OMOTKH W1 TpaHCpeakTopa ONpeaessioT HEOOXOUMYIO YCTaBKY pele
110 OTHOCUTEJIIBHOMY TOKY cpadaTbIBaHUs M0 (popmyJie:

_ Ile ‘W,
. 100K
IpH ycTaBKe 1o Ko3ppuuumenty kparHoctu K=1.

Ecnu nonyuennoe 3uauenue |, npessimaer 1,2, 10 ycTaBky 10 K Heo6-
XOUMO TPUHATH PAaBHON 2 W MO NMpUBEACHHOM (QopMmysie paccuuTaTh TpeOye-
MyI0 yCTaBKy 1o ", ¢ OKpyIyieHHMeM 10 OGIMKaMIIero 3Ha4eHUs YCTaBKU II0

IKaje pene.

*

7. 3ammura oT neperpysku tpaicgopmaropa

[leperpy3ka 0OBIYHO SBISETCA CUMMETPUYHOM, ITOATOMY 3alllMTa OT Tepe-
IPY3KH BBITIOJIHAETCS OJHUM pese Toka KA1, BKIIOYEHHBIM B IIETIb OJHOTO U3
TpaHC(HOPMATOPOB TOKA 3AIIUTHI OT BHEIIHUX K.3. DJIEKTPUUECKAsE CXeMa 3alllu-
ThI H300paxkeHa Ha Puc. 26.

Puc. 26. DnexTpuueckas cxema 3alliThl OT ePErpy3Ku
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Koaddunment HamexkHOCTH Ky yUHTHIBaeT YpOBEHBb MEPETPY3KH M MPHU-
HuUMaercs: paBHbIM Ky=1,2. Koaddunment Bo3pata pene K, 3aBUCHUT OT THUMA
pene. Tok cpabaThIBaHUS ONPEEIISETCS [0 BHIPAKEHUIO:

kH ) IHUM.m
k,-n,
s OTCTpOMKM OT KpaTKOBPEMEHHBIX Teperpy3ok u K3 npenycmarpuna-
ercsa pene BpemeHu KT1, paccuntanHoe Ha JTJIMTENBHOE MPOXOXKICHUE TOKA B
ero ooMoTkax. Beiiepkka BpeMEHU NMPUHUMAETCS Ha CTYIEHb CEJIEKTUBHOCTH
OoJibllle, YeM BpeMs 3alluThl cpabaTbIBaHMS 3alluThl TpaHcpopmaropa OT
BHEIIIHUX K.3.

cp

8. T'a3zoBas 3ammTa TpancgopmarTopa

Bce Tpanchopmaropsl MoiHOCTRI0 0T IMBA noikHbI 66ITH 000py1I0Ba-
HbI Ta30BOM 3amuToi. ['a30Bas 3amuTa 0bKHA 3alUMINATh TpaHChOpPMaToOp OT
BHYTPEHHUX MOBPEKIECHUN, K KOTOPHIM OTHOCSIT:

— BUTKOBBIC 3aMbIKaHus B oOMoTkax BH n HH;

— MIOKap CTaJH;

— yTeuka maciia u3 0aka.

[TpuHun pa®oThl ra30BOM 3alMTHl OCHOBAH Ha KOHTPOJIE Pa3jIOKEHUS
TpaHc(opMaTOPHOTO Maciia Mo IeUCTBUEM TOBBIIIIEHHON TEMIIEpaTyphl Ha Ta-
3bl (razoreHepupoBanue). [loBbIIeHHAsT TeMIiepaTypa MOSABIAETCS JOKAIHHO
IIPU BUTKOBBIX 3aMBIKAHUSIX WIH IPU MOXKape CTaau. ITO MECTO CHIIBHO pa3o-
rpeBaeTcsl U Macjo ra3oreHepupyer. ['a3pl OyJayT CTPEeMUTHCS MOMACTh B pac-
HIMPUTENbHBIN 0aK, MPOXOs Yepe3 Kopiyc razoBoe peine. CkarinBasch B KOp-
MyCce Ta30BOr0 pejie, BbI3BIBAIOT MOBBIIICHHOE JIaBJICHUE U CHUYKEHHE YPOBHS
MacJja, 4To MPUBOJMUT K ONMPOKHUIBIBAHUIO YAIlIeK U CpabaThIBAHUIO Ta30BOTO pe-
ae (puc. 27).

["a30Bo€ pere — 3T0O MEXaHUYECKOE pelie C IBYMsI MapaMy KOHTAKTOB.

MHTEHCHBHOCTD Ta3000pa30BaHusl 3aBUCUT OT XapakTepa U pa3MepOB MO-
BpPEXKJACHUS. JTO JTa€T BO3ZMOXHOCTh BBIMOJHUTH Ta30BYIO 3aILUTY, CIIOCOOHYIO
pa3inyaTh CTENEHb MOBPEXKACHUS, U B 3aBUCUMOCTH OT ITOTO JEHCTBOBATh HA
CUTHaJ WM OTKItoueHHEe. OCHOBHBIM JIEMEHTOM T'a30BOM 3aIlUThI SIBISETCS Ta-
30Boe pene KSG, ycrtanaBnmuBaeMoe B MaciONPOBOJIE MEXIy OaKOM U pacliu-
putenem. Pene PI'U3-66 ¢ yamkooOpa3HbiMu demMeHTamMu 1 u 2 n300paskeHHbI-
mu Ha Puc. 27.
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6) F
F

bl

1,5-2%

Puc. 27. T'azoBoe pene 3anmuThl TpanchopmaTopa
a — MECTO YCTaHOBKH I'a30BOTO pelie; 0 — KOHCTPYKITUS

DJIEMEHTBI BBINOJHEHBI B BHUJE IUIOCKOAOHHBIX ATIOMUHHEBBIX YallleK,
BpAILIAIOIINXCS BMECTE C MOABMKHBIMU KOHTaKTaMu 4 BOKPYT OCE€H 3. 3TU KOH-
TaKThl 3aMBIKAIOTCSI C HEMOJABWKHBIMA KOHTAKTaMH 5 MIPU OIyCKaHUU yallek. B
HOPMAJIBHOM PEXHUME, IPYU HAJIMYUM Macja B KOXYyXe pesie, YallKu yAepKuBa-
I0TCS IPY’KUHAMU 6 B MOJI0)KEHUU, YKa3aHHOM Ha pucyHKe. [loHmxkeHne ypoBHs
MacJja COIPOBOXKAACTCS OMYCKAHUEM YallleK M 3aMbIKAaHUEM COOTBETCTBYIOIIUX
KOHTAaKTOB. CHauasna OMyCKaeTCsl BEPXHSsS Yalllka, U pelie IEUCTBYET Ha CUTHA.
[Ipn mHTEHCMBHOM Ta3000pa30BaHUM, MOTOK Macja M ras3a JEUCTBYeT Ha Jio-
nacTh /7, KOTOpasi IEUCTBYET BMECTE C HUKHEW Yallkod Ha oOUUi KOHTaKT OT-
KJIIOYeHUs1 TpaHnchopmaTopa. Y CTaBKU MO CKOPOCTH noToka macna: 0,6; 0,9; 1,2
M/C, — OIIPEACIISIETCS MOIIHOCTBIO U XapaKTepoOM OXJIAKJICHUs TpaHCchopMaTopa.
Bpewmst cpabatsiBanus pene t,=0,05...0,5cC.

B namieit ctpaHe MMPOKO MCHOJIB3YETCsl Ta30BOE pejie C ABYyMS 1Iapoo00-
pa3HBIMU IJIaCTMAacCcOBBIMU noruiaBkamu Tumna BF80/Q.

B cxeMe 3amuThl Ha IEPEMEHHOM OTNIEPATUBHOM TOKE, U300paKEHHON Ha
pucyHke 28, caMoyJep>KHUBaHUE JOCTUTACTCS MyTEeM IIYHTHUPOBAHMS HIKHETO
KOHTaKTa razoBoro pene KSG BepxHuM 3aMbIkarouM KoHTakToM pese KL.
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Puc. 28. [IpuHnunuansHas cxema ra3oBOU 3alUTH TpaHc(hopMaTopa He TePEMEHHOM
ONEPATUBHOM TOKE

CamoypaepXxuBaHUE aBTOMATHYECKH CHUMAETCS MOCJI€ pa3pbiBa IEMU OT-
KJIIOUEHHUS BCIIOMOTaTeIbHBIM KOHTaKTOM Q1.2 BeIkirouaTens Q1.
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IMMPUJIOKEHME |11

1. lIndpoBbie 3aUTHI

1.1. Bseaeumue

CoBpeMeHHbIE YCTPONCTBA pEJeHHON 3alllMThl, KaK MPaBUJIO, BHIOJIHSI-
10TCS IU(PPOBBIMU. DTO O3HAYAET, YTO U3MEPSEMbIe 3HAUCHUS TOKA M HampsKe-
HUSl TPeoOpa3yloTcsl B IUCKPETHBIC 3HAUEHUS, a 3aTeM 0o0palbaThIBaIOTCS B He-
ob0xonuMoe 1udpPoBoe copepKaHue.

Bce mudpoBsie 3a1uThl MHOTO(QYHKIIMOHANIBHBI, TO €CTh KpOMe Tpeoye-
MBIX BHJIOB 3aIIUT 3JIEKTPOOOOPYIOBAHUS MapaJICIbHO MPUMEHSIOTCS «HE3a-
HIUTHBIE» (YHKIMH, TaKhue Kak U3MepeHus (TOK, HANpsKEHUE, MOIIHOCTH),
KOHTPOJIb, YIIPABJICHUE U aBTOMATHUKA. YHCIIO TaKUX (PYHKIMH [MOCTOSHHO yBe-
JUYMBAETCS BMECTE C MOUIHOCTBIO Ipoleccopa U 00bEMOM NaMSATH TEPMHHA-
JIOB.

[IpakTryecku Bce peajbHO CYIIECTBYIOMNE (PU3UUECKUE SABICHHS U TPO-
LECChl B IPUPOJAE OMUCHIBAIOTCS aHAJIOTOBBIMH CUTHAJIAMH. AHAJIOTOBBIM CHUT-
HaJl HEMPEPHIBHO U3MEHSAETCA BO BPEMEHU U MOKET NMPUHUMATH JIIOObIE 3HAYe-
HUS B HEKOTOPOM BPEMEHHOM JMana3oHe, ONpeaessieMoOM IpHUpoAoW (usnye-
CKOU BEJIMYHHBI.

JuckpeTHbiil (upoBOii) cCUrHaAN, B OTJIMYHUE OT AHAJIOrOBOTO, MOKET
PUHUMATh JIUIIb KOHEYHOE MHOYKECTBO 3HAYCHHUN U ONPEJENEH JIUIIb JJIsl KOH-
KPETHBIX MOMEHTOB BPEMEHU.

[Ipouecc mepexona OT aHAIOTOBOTO CHTHANA K JUCKPETHOMY IpEAToJa-
raeT JIBe Ollepaluu: JUCKPETU3ALUIO I10 BPEMEHN U KBAaHTOBAaHUE 110 YPOBHIO. A
YCTPOMCTBA, BHIMOJIHSIIOIINE 3Ty ONEpaIiio, Ha3bIBAIOTCS aHAJIO0r0-UU(POBBIMU
npeoOpazoBarensimu (ALIT). Ilo-cymectBy, anamoro-mudpoBoe mpeodpazoBa-
HUE — 3TO U3MEPEHUE MIHOBEHHBIX 3HAYEHHMI aHAJIOrOBOIO BXOJHOTO CHUTHAJIA
yepe3 3a/JlaHHble MHTEpBaJbl BpeMEHU Af U KOAMPOBAHUE HU3MEPEHHBIX HUC-
KpeTHbIX 3HaueHui curdana (U) mo yposnto Puc. 29. [Ipu koaupoBaHuu CUTHa-
Jla 0 YPOBHIO, €ro auckpetHoe 3HaueHue (U) paBHOMEpHO pa30uBaeTCsl Ha KO-
HEYHOE YHCIIO TOJypPOBHEH, Ha3bIBaeMbIX ypOBHsAIMHU KBaHTOBaHusA (AU). Kax-
JIOMY 3HAYEHHIO YPOBHS CUTHAJIA (B HameM npumepe oT 1 10 9, Puc. 29) moxer
ObITh pucBOeH koA (aBonuHoe uncio ot 0001 go 10001). 3anucanubie 1BOMY-
HbIEe YKclia (KOM) MepeatoTcs B MUKPOIIPOLIECCOP Yepe3 ONpeAeSIEHHbIE TPOMe-
KYTKH BpeMeHHU 1, Ha3bIBaeMble BIOOPKaMHU.

[Tpy KBaHTOBaHUM 10 YPOBHIO HE BCETJla U3MEPSEMBbI CUTHAJI COBMA/IAET
c ypoBHeM kBaHToBaHUsA AU. B TakoMm ciydae, oH okpyrisieTcst 40 Ovskaiiiero
3HAYEHHUA, OIPEAEIIIEMOro ILIEJBIM YUCIOM KBAaHTOB. ECTECTBEHHO, YTO NIpH
TOM BO3HHUKAET MOTPEIIHOCTh, 00yCIIOBICHHAs OKpyrieHueM. Ho yem MeHblie
ypoBeHb KBaHTOBaHUSA AU, TeM TOUYHEE BBIXOAHOE HANPSDKEHHUE MPEACTABISET
KOJIMPOBAHHBIA CUTHAJ.
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Xapakrepusyst ALII roBopsT o ero gactore auckperusanuu fy Ha nHTEp-
BaJIC BPEMEHH MEXIYy AUCKpeTHbIMU curHanaMmu At. IIpu aTom wacrora nuckpe-
tu3anun BeIOOPOK fg=1/At, u, ecu peds uIeT 0 MepHOAMYECKIX CUTHAIAX C TIe-
puogom T, To KommaecTBO ATHX AUCKpeTHBIX curHaoB N=fy- T (Puc. 29).

1001

Umax

AU

0001
U min

At

Puc. 29. [ludposoe npeodbpa3oBaHue curHana

Jnsd  TepuoIMYEeCKHX CHUTHAJIOB CYIIECTBYET B3aUMOCBSI3b MEXKIY
HAWBBICIIEH TapMOHUKON B mIpeoOpazyeMoM curHaie f,,, U 4acTOToW JUCKpe-
ti3ammu fg. Eme B 30-x romax ObIIo moka3aHo akajeMHKOM KOTeTbHHKOBBIM
B.A., 4TO 111 TOUHOTO BOCCTAHOBJICHHSI IIEPBOHAYATILHOIO CUTHAJA U3 €ro JIHUC-
KpPETHOTO HEOOXOIUMO BBHITIOJIHUTD YCIIOBUE

f, 221 wm N>2f T

bonee Toro, mpu ananoro-mudpoBoM mpeoOpa3oBaHUU U3 BXOJIHOTO CHUT-
Haja JIOJDKHBI OBITh MCKJIFOYEHBI BCE TAPMOHUKH C 4acTOTOM, 0ojiee BBICOKOM,
yeM vacToTa auckperm3auuu fy. B mpoTmBHOM citywae, mpu BOCCTaHOBICHHU
CUTHAaJIa TOSIBJISIETCS] pa3HOCTHAS COCTABJISIFONIAS HU3KOM YaCTOTHI.

Hpyroii BaxxHoil xapakrepuctukoil ALII siBnsiercsa paspsianocts (N) gop-
MUPYEMOT'0 UM JIBOMYHOTO uucia. Jjist Toro, 4ToObl BHISICHUT, KAKUM JTOJKHO
obITh 3HaueHue N, paccmotpum AL (Puc. 30), Ha BX0a KOTOPOTO MOCTYIAET
aHayoroBeli curHan U, a Ha ero MudpoBBIX BRIXOJAaX MOSBISETCS YKBUBAICHT-
HOE€ YHUCIIO B BHUJI€ JIBOMYHBIX CHUTHAJIOB C JABYMS BO3MOKHBIMU YPOBHSIMH,
YCIIOBHO 0003HadaemMbiMu Kak 0 ¥ 1, TO €CTh MPEACTABISAET JBOMYHYIO CUCTEMY
curcieHus: (kogupoBanus). Tak B nsy3HauHOM AILIIl N = 2, Ha ero ABYX BBIXO-
JaX BO3MOXKHO (DOPMHUPOBAHME TOJIHKO YETHIPEX HE3aBUCHUMBIX YUCIOBBIX KOM-
ounanmii: 00; 01; 10; 11.

87



B 3TOM cnydae HaxoxkaeHHE BXOAHOTO aHAIOTroBOro curuana U BO3MOXK-
HO B OJIHOM M3 YETHIPEX MoAAruana3oHoB M, orpaHu4eHHBIX Unix . Umax

m=2" (Puc. 30).
Hns n — paspsanoro AL HaxoxaeHue BXxoHoro curaaina U Moxer
HaXOJIUTHCS B JIIOOOM M3 MOIHaa3oHoB M = 2", BenmnunHa CTyIIeHH KBaHTOBA-
Umax
201

Hus AU s curnana cocraBut AU = U XapaKTepu3yeT pa3periaronyro

criocooHocTh ALLIT.
rae 2"—1- MakcHMMaabHBIA BEC BXOJHOIO KOJIa.

[Tox pazpemaroieii ciocooHocThI0 ALl MoHMMaroT HauMeHbIIee 3Ha-
yeHue BXoaHOoM BenuuuHbl (AU - KBaHT), pa3zinudyaeMoe ycTpoicTBoM. Tak mpu
U =10 B, n =12 Benmmuuna AU cocTaBuT:

10
AU= PYTIP) ~2,44 mB.
KonnuecTBo ypoBHel KBaHTOBaHUS (10 1/IMANIa30HOB) COCTABUT:
m = 2" = 4096
Y IIPY U3MEHEHNH HanpsipkeHus Ha Bxoae oT 0 1o 10 B morpemHocTs cocTaBuT
He 6osee 5%/

A

U

AL Umax
—O 50 _
u N 2°=0
—O 2l-

—> ” 0 24 n=4

—O 23:-1

Umin

Puc. 30. K nosicuenuto pazpsinnocta AL

B ycrpoiictBax P3A npumensitor ALl ¢ yactoToi AuUCKpeTH3alUM OT
600 I'u no 2000 T'u. bonee BbICOKas 4acToTa OTUCKPETU3ALMU HCIIONb3YETCS B
TOM ClTydae, KOTJa YCTPOWCTBO 3aIIUThl 00SCIEYNBAET €I U ocImIIorpadu-
poBaHue aBapuiiHOro mnporuecca. [{udppoBoe yCTpoUCTBO C 4acCTOTOM BBIOOPOK
2000l sxBuBaneHTHO ocumiorpady c mosocoit mpomyckanus 0...1000 I'm.
Jns cpaBHEHUsI OTMETHM, YTO 3alKCh 3ByKa Ha KOMIMAKT-IUCKaX OCYIIECTBIIS-
€TCS C YaCTOTOM AMCKpeTu3anuu okoyo 44kl’1, 4ro oOecreuynBaeT KaueCTBEH-
HOE BOCITpou3BeicHue (hOHOTpaMM, BKIIFOUAsi 4aCTOTHI CBbIIIe 20K 1.

88

A\ 4



Jlis peneitHON 3amMThl JOCTATOYHO YTOOBI unciao BbIOOpok N Obuta He
menee 64 mpu f,=50, a paspsarocts ALIl n=12+14. B stom cimyuae morper-
HOCTh OT IpeoOpa30BaHUs aHAJOTOBBIX BEIWYHMH (TOK, HAaNpshDKeHHE) B mUdpo-
BbIe He Oynet npesbimath 10%. B T'epmanuu (Simens) paspsgrocts AL mpu-
HATa N=16. DTO COOTBETCTBYET 65536 ypoBHAM KBaHTOBaHUs (M=21=65536).

1.2. CrpykrypHasi cxeMa MUKPOINPOLECCOPHO 3alIUTHI

OO01mast CTpyKTypHasi cXéMa MUKPOIPOILIECCOPHBIX 3aIUT MPEICTaBICHA
Ha puc. 31.

AHaNOroBbIE€ CUTHAJIBI, TIOJYYEHHbIE OT U3MEPUTEIBHBIX TpaHCchHOpMaTo-
poB TA, TV B BuJe CHHYCOUJATbHBIX TOKOB M HAMpPsHKEHUHN, TTOCIE Tpeodpaso-
BaHMUS B MPOMEXYTOUHBIX TpaHcopmatopax TLA u TLV u yacToTHBIX DuIib-
Tpax YD, npeBpamarorcs B IUCKpeTHbIe U Koaupytorcsa ALILL, B nanpHelmem
oOpabateiBatoTcss MuKpornpoieccopHoir cucrtemort (MIIC), moctpoeHHOM Ha
IU(POBBIX MUKPOCXEMAX.

11
—» A — |
or TA I
—>TLA » D » ALIIT >
M
I1 » CY » |l
or TV C
—>TLV > UdD » ATIIT >
18 ) S
L | 3 1l
B
M [—>

Puc. 31. Obmas cTpykTypHas cxeMa MUKPOIIPOIECCOPHBIX 3aIUT

TLA, TLV — npomexyTtouHsle TpaHcopmaTopsl Toka u HanpspkeHus; ALIIT — ananoroso-
uupossle npeodpazoBatenu; YD - yactotHbii punbTp; MIIC — MukporporeccopHas cu-
crema; LIAIIl — nugpo-ananorosslii mpeodpaszosarens; CY — curnanbHoe ycrpoictBo; PAC —
peructpanus aBapuitHeIx coObITHil; [I9BM — nepconansuas 9BM; | — Ha oTKIIOUEHUE BhI-
kmoyareneit; |1 — x oneparuBHoMy nepconany; |l — k peneitnomy nepconany

[lepeMeHHBII CUHYCOUJATBHBIN TOK (HANpPSsDKEHHs]) € YaCTOTHBIX (PHITb-
TpoB UD mnonmaercs B ycrtpoivictBo ALII, mpemycMoTpeHHOE I W3MEHEHHS
dbopmbl curHana Ha auckpetHyro (uupponyro). B ALII usmepenue 3HaueHus
CUHYCOUJAIBHOTO TOKA (HAMPSHKEHUS) MPOUCXOIUT B ONPEICICHHBIE MOMEHTHI
BpeMeHHU 1y,15...t, ¢ mHTEepBanom Bpemenu At (Puc. 32, a). B 3Tt MOMEHTHI Bpe-
MEHU (PUKCUPYIOTCS COOTBETCTBYIOIIME WM MTHOBEHHBIE 3HAUEHHUS, KOTOPBIC
UCITOJIB3YIOTCSl KaK JUCKPETHBIE 3HAYEHUS! CHHYCOMJAJbHOro Toka. Ilosyuen-
HbIE TaKUM 00pa30M JAMCKPETHbIE CUTHAJbI Yepe3 HHTepBaJIbl BpeMeHU At mepe-
JIAIOTCS TTOCIEI0BATEIbHO B MOMEHTHI BpemeHu ti,15...1,, Ha BBog MIIC B Bue
nBou4HOTrO IMpoBoro koaa (1, korma ectb UMITysIbe Toka u 0, KOrJa CUTHAMT
OTCYTCTBYET). JTa Olepalys 9acTo Ha3bIBaeTCs BHIOOPKOU. O4eHb BaXKHO, UTO-
Obl 3HAYEHUS] U3MEPSIEMBIX JAUCKPETHBIX 3HAUEHHM TOKA M HANPSHKEHUS TOYHO
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COOTBETCTBOBAJIN JICHCTBUTEIHHBIM 3HAYCHUSIM CHHYCOHMJIAM JTUX BEJIMYMUH.
Kpome mauckpeTn3anuy mo BpeMEeHH MPEAyCMOTpPEeHa TUCKPETH3AIUS 10 3HAYEC-
HUIO BXOJTHOM BEJIMYMHBI TI0 MapaMeTpy (TOKa WM HANPsHKCHHS ), KaK MOKa3aHo
Ha Puc. 32, 6. MoMEHT BBIOOPKH CUTHAJIOB OMPEACISICTCS] MYJIbTUBHOPATOPOM,
HEIPEPHIBHO C MHTEPBAIOM /¢ TCHEPUPYIOIIUM TaKTOBBIC UMITYJIbCHI.

'y

\

6)

1
fo = i (600 = 2000) I'g
T
N =2 fmaxg - 4HCII0 BBIOOPOK
fmax - dYacToTa HauOOJbIICH TAPMOHUKH
M - YHCIIO YPOBHEW KBAaHTOBAHUS

n - paspsaHocts AL, mis P3 mpuaumaror n = (12 +16)

Puc. 32. XapakrepucTruka BXOJHON BEJIMYHUHBI (TOKA WM HATIPSKEHUS )
a- IMCKpPETU3alus 110 BPeMEeHH; 0- TUCKPETU3AIUS TI0 NTapamMeTpy

JI71st IoJTydeHusl ¢ TIOMOIIIBIO TUCKPETHBIX CUTHAJIOB, BOBMOXHO OOJIBIIICH
TOYHOCTH TPEICTABICHUS JIEMCTBUTEIBHOW CHUHYCOWIbI MHTEpBanl Af HYXHO
BBIOMpaTh, BO3MOXKHO, MeHbIe. OgHAKO CleAyeT UMETh B BUAY, YTO MpPH TO-
CJIeIOBaTEILHOM Mepe/laue CUTHAJIOB 3TO 3aMeJIsIeT Mpolecc oOpabOTKU U
yXyauaer opictpoaeiicteue P3.

Curnan ¢ Beixona AIIIl moctymaeTr B ycTpoiicTBO 00paboTku uH(popma-
nuu, kakuM seisercss MIIC. OcHoBHBIM 3iieMeHTOM LudpoBoit P3 sBisercs
mukponporieccop (MII), cxema KOTOPOTrO MO3BOJIIET MCIIOJIB30BaTh €ro B Kade-
CTBE BBIUYMCIUTEIHHOTO YCTPONCTBA, MPOU3BOIAIIETO apu(PMETHIECKUE U JIOTH-
YECKUE OTepaluu, HeoOX0UMBbIE ISl BRITOTHeHH uM (yHKimid P3, nmpeacras-
JICHHBIX aJITOPUTMOM JEHCTBUS €€ U3MEPUTEIBHBIX U JIOTHYECKHUX OPTaHOB.

CrpykTypHas cxema 1udpoBOro penie Toka npeacTtarieHa Ha Puc. 33. Ha
Puc. 34 ipeacTaBieHo CTPYKTYPHOE MOCTPOCHNUE U(PPOBOI 3alTUTHI.
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i

Brok Oucnnen
nuTaHus
oT BxoaHble
TA | npeoGpasosatenu AUN Mukpo- BeixogHon | .
7 TOKa npoweccop 6nok
11‘ i
Knasuatypa nay o3y

Puc. 33. CtpykrypHas cxema mudpoBoro peiue Toka.

HnTepdeiic cssu ¢ TIK

HWurepdeiic cesizu ¢ ACY
M3mepn- BxonHoit ocneno- ]
TeTTbHBIE bunbTp BaTEJBHEIE <« JJuckperHbie

< BBOJbI

{ | e
CUTHaJIn3aluu

BXOJIBI

3

HHTEp-

PR W (eiicer

ToxoBbIe
X0 Ycunurenb BX./BBIX.
KOMaH]T
Bx0/161 ALIT ITamsTh:
Ipouec- RAM jz MNuaukanus
HAIPSHKEHNS |Z copas EEPROM brox
(140B, §g8i crcTeMa BBOJIA/
IUTHTENBHO) 11 EPROM BEIBOJIA
> e >«
100B/1A, 5A 10B undposas YacTs Wnrepdeiic
aHaJIoroBas aHaJIoroBas BBO/1a/BBIBOIA
4acThb 4acThb

Puc. 34. Ctpykrypa ycTpoiicTBa Hu(ppOBOii 3aIIUTHI.

1.3. TIlpousBoauTenu HM(PPOBBIX 3aALIUT HA OCHOBE MUKPONPOLECCOPHOIi
TeXHUKH

B HacTosiiiee BpemMsi HA OCHOBE MUKPOMNPOLECCOPHON 3JE€MEHTHOU Oa3bl
CO37aHbl KOMILUIEKTHBIE YCTPOICTBA, coJepKaliue Habop OJIOKOB, BBIMIOJHSIO-
X BCE HEOOXOAUMBIE (DYHKIIUU 3alllUThl, aBTOMATUKHU U YIPABJICHUS OJHOTO
U3 DJIIEMEHTOB CUCTEMBI AJEKTPOCHAOKEHUS. TaKuM yCTPOUCTBOM SIBJISICTCS MH-
TEJUIEKTyallbHOE aBToMatudeckoe ycrpoiictBo SPAC800, usroraBnuBaemoe
coBMecTHBIM npeanpusatiueM «ABb Pene-Uebokcapwin[JI -1]. [Ipeanpustue BoI-
MyCKAET U JAPYTMe MUKPONPOLIECCOPHBIE KOMIUIEKTHBIE peJie 3alllUThl U aBTOMa-
tuku TuoB SPA100 u SPA300. Ha kadenpe DneKTpOIHEPTETUKU H3ydaeTCs
KoMIuiekTHOe ycTpoicTBO SPAC-801 nis 3a1iuThl 1 aBTOMAaTUKU PacIpeieiu-
tenbHOU cetn 10 xB.
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s pacnpenenutenbHbIX cetell 6 — 35 kB koMmruiekcHbie U pOBLIE aB-
TOMATUYECKUE YCTPOMCTBA HA MHUKPOIIPOLIECCOPHOM 3IEMEHTHOW 0Oa3ze THIOB
Cupuyc, Cupuyc-M u Opuon-M pa3paboTanbl Hay4YHO-IPOU3BOJCTBEHHOM
bupmoit (HIID) «Pammycy HUUM «3enut» (T. 3eneHorpam), a ycCTpOHCTBa
BMP304 — nayuno-texunueckum nentpoM (HTL[) «Mexanorponuka» (CaHKT-
[TeTepOypr). K OCHOBHBIM IOCTOMHCTBaM LU(POBBIX 3aIIUT OTHOCSTCS: MHO-
roQyHKIMOHAJIBHOCTh, MECTHOE M JIMCTAaHIMOHHOE YIIPaBJICHUE; BBICOKAs
HaJIe)KHOCTh, OOecrieuynBacMasi CUCTEMOM CaMOKOHTPOJIS; Majoe NOTpedsieHue
IO LIETISIM TOKA U ONEPATHBHOTO IHUTAHMS; PETUCTPALMs ITApaMETPOB aBapHii-
HBIX COOBITHI, IPUEM CUTHAJIOB OT BHEIIHMX 3allUT U MOCIEAYIOLee NeHCTBUE
Ha OTKJIFOUEHUE WIN CUTHAIT; HM(POBON TUCIUIEH HA OTOOpaKEHUE MapaMeTPOB.
YerporictBo SPAC802-01 u SPAD346C st 3anuThl TpaHChOPMATOPOB Mpe-
CTaBJICHbI HUXE.

1.4, MuxkponpoueccopHoe MHTerpajibHOE YCTPOMCTBO pesieifHOM
3amuThl TpanchopmaTopa SPAD346C

[lepBoHauasibHO OBUIM PACCMOTPEHBI YCTPOWCTBA PENEMHOW 3aIUTHI U
aBTOMATHUKU TpaHC(OPMATOPOB, BBHIMOJHEHHBIX Ha criennaibHbIX pese ¢ BHT u
aHanoroBbix pene. Hambosiee CI0KHOU U3 paccCMaTpUBAEMBbIX 3allUT SBIISETCS
pojosibHAs U depeHIaibHas 3anuTa.

[Tpu BBIOOpE €e Toka cpabaThiBaHUsI HEOOXOAMMO 00ECTIEYUTh OTCTPOUKY
OoT Opocka TOKa HaMarHWUYUBaHUS |gpuon, BOZHUKAIOLIETO MNPU MOAKIIOYEHHUU
TpaHcopmaTopa K HANpsSHKEHUIO, U OT MAaKCUMaJIbHOTO pacYeTHOIO TOKa Hela-
naHca s pacumax IPU BHEUTHUX KOPOTKUX 3aMBIKAHUSIX, KOTOPBI MOXET JOCTHU-

3 o
ratp 04119 /K ,» KOTOpDBIH  COAEPKUT TPU  COCTABIISIOLIHE
I

i saemax = Via. T Vs g .+ 1z, Onna w3 Hux 1,5 onpesnensieTcsi MOrpelHOCTAMH
TpaHcpOpMaTopoB TOKa, a 1Be Apyrue |".s . u 1',5 00ycnoBieHsl cxemol co-
eAMHEeHUs] OOMOTOK 3aIMIIAEMOT0 TpaHchopMaTopa U HAIMYUEM YCTPOMCTBA
PIIH, a Takxe HEpaBEeHCTBOM aOCOJIOTHBIX 3HAYCHHUM TOKA B IEMSAX LIUPKYJIS-
[IMU 3aIIUThl B HOPMAJIBHOM pEXUME U npu BHeITHUX K3, OT HepaBeHCTBA BBbI-
OpaHHBIX CTaHAAPTHHIX KOI(PIUIIMEHTOB TpaHcPopMalud TpaHCPOPMATOPOB
TOKA C paCUETHBIMHU.

B kauecTBe mpuMepa MOXHO PacCMOTPETh COBPEMEHHYIO LHU(POBYIO 3a-
[IUTY TOHWXKAIOIMIUX TPAHCPOPMATOPOB HA MHUKPOMPOIECCOPHON 3IEMEHTHOM
6aze SPAD346C, Beimyckaemoii coBMecTHbIM mnpeanpustiuem «Abb Perne-
Uebokcapbl». JlanHas 3amuTa BBITIONHSIET CIEAYIONME WHTETPUPYIOINE (PyHK-
17078

- TpOJOJbHOW TOKOBOM muddepeHunanbHol  3amMThl  (MOAYJb
SPCD3D53);

- nuddepeHnnaIbHON TOKOBOM 3alllUThl HYJIEBOW MOCIEA0OBATEIbHOCTH
OoOMOTKH BbICcIIero HampsbkeHust oT K3 Ha 3emiiio B ceTsX ¢ 3a3eMIJICHHOU
HEUTpaJIbIO WM TOKOBOM 3allIUThl HYJEBOW MOCJIEIOBATEIILHOCTH OT OAHO(A3-
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HBIX 3aMbIKaHUM Ha CTOPOHE BBICHIErO HANPSDKEHUS B CETAX C M30JIMPOBAHHOU
HelTpaibio (Moaysie SPCD2DSS);

- TPEXCTYIEHYATON TOKOBOM 3amuThl 0T MexXayda3usix K3, AByxcTymeH-
4aTOM TOKOBOM 3allUTHl OT OJHO(A3HBIX 3aMbIKAHUM HA 3€MIIIO U 3aIUTHI OT
HECUMMETPUYHOU padboTel (Moayse SPCJ4D28).

VYerpoiictBo SPAD346C oTHOCUTCS K pa3psily MHTEIUIEKTYalbHbBIX aBTO-
MAaTUYECKUX YCTPOMCTB, O0OJIAJAIONIMX HMHTETPUPOBAHHBIMU (QYHKUUSIMH U
CBOMCTBaMHU aJanTaliu K pekuMaMm padboTel TpaHchopmaTopa. BeecTtoponHsis
CaMOJIMaTHOCTHKAa M BblJaya HMHQPOpPMAIMM O HEUCIPABHOCTSIX IMOBBIIIACT
HAJISKHOCTb (DYHKIIMOHUPOBAHUS YCTPOUCTBA.

BoiBouThCS Takxke MHpOpMaLMsS 00 AIEKTPUUYECKUX BEIUYUHAX, B TOM
YHUCIIE U O TapaMeTpax HACTPOWKHU 3aiuT. iMeeTcs BO3MOKHOCTh IMCTAHIIMOH-
HO U3MEHSTH YCTABKU PEIECHHON 3aIUTHI.

Beinonssitores u apyrue GpyHkuuu. OyHKIHOHAIBHAS CXeMa YCTPOMCTBA
n3oopakena Ha Puc. 35. OHa comepuT yeThipe OJI0Ka.

biiox BXOJHBIX U3MEPUTENBHBIX MpeoOpa3zoBareneil Toka. Ha Bxoa 3Toro
0JI0Ka 0oAaeTCsl MEPEMEHHBIN TOK OT U3MEPUTEIBHBIX TpaHC(HOPMATOPOB TOKA
TA1-TA4. Ero npomexxyTouHble TpaHC(HOPMATOPhl TOKA BBINOJIHSAIOTCS HA HO-
MHUHAJIBHBIA TOK 5 A ¢ OTHAaMKOM, IT03BOJISIONIESH MOJAKIIOYaTh HA HOMUHAIBHBIN
ToK 1 A. OHM IPOU3BOJAAT TraJbBAHUYECKOE pa3/iesIeHUE LIETed YCTPOMCTBA OT
Heneil u3MepUTEIbHbIX TPaHC(HOPMATOPOB TOKA U MPEOOPa3yrOT BXOJHBIE CHUI-
HAaJIbI 10 HEOOXOAUMOT'O YPOBHSI.

bnok BXOZOB/BBIXOJOB SIBISIETCS PENEHHO-KOHTAKTHBIM MOAYJEM, CO-
JepKallUM MTh pejie, IpU cpadaTbIBAaHUM KOTOPBIX MOSBISIOTCS JUCKPETHBIC
curHansl BS1-BS5 HacTpoliky M ONEpaTHBHOTO YIPABICHUS NPOrPAMMHBIMU
(GYHKUMSIMM 3aIIUTHBIX OTKIIOYEHUH. B 4acTHOCTH, HA OJHO U3 pele MOXKET
BO3JICMCTBOBATH I'a30Bas 3aLUTA.

BrruncnurenbHO-I0THUeCKUuid OJIOK COCTOUT U3 TPEX MHUKPOIPOIIECCOP-
HBIX MOJlyJIei, 00ecTeurnBatOINX BhINOJHEHNE (QYHKUINN, YKa3aHHbBIX BBIIIE 3a-
mmT. Ha Bxox Gy0ka moparoTcs CUTHANIBI C BbIXOJla OJIOKA BXOJHBIX U3MEPH-
TEIbHBIX MpeoOpa3zoBareneil Toka W curdHaiel BS1-BS5 or 6Gnoka BXo-
JTIOB/BBIXOZIOB. BBIYUCINTEILHO-TOTHYECKUN OJIOK MPOU3BOIUT 00pabOTKY ITO-
CTYNAIOIMUX Ha €ro BXOJ CUTHAJIOB II0 3apaHee OINPEIEICHHOMY aJITOPUTMY U
(dbopMupyeT CUTHaIbI CpabaThIBAHUS BHIXOAHBIX pEJIe.
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Puc.35. ®yHK1MOHaIBHAS CXEMa MUKPOIPOLECCOPHOTO YCTPOMCTBA peleiHOM 3alu-
Tl Tpanchopmaropa tuna SPAD346C

BreraucnurensHo-nornueckuit Moaynb SPCD3D53 BeimonHsIeT GyHKIIUU
JIBYXCTYIIEHYaTOW TPOJOJbHON auddepeHImanbHOl TOKOBOW 3amuThl. Ee
IPUHIUINAIBHOE OTIMYME OT 3aIUThI, UCIOJB3YIOIIEH aHAJIOrOBBIE pEJE, CO-
CTOUT B TOM, YTO OHa 00JIaJaeT CBOMCTBOM IPOrPaMMHOTO CPaBHUBAHUS TOKOB
B IUI€YaX 3alUThl NpH uX oTHomeHuu ot 0,4 10 1,5 U Mpou3BOAUT KOMIIEHCA-
IIUI0 CIBHUTA (a3 BTOPUUHBIX (DA3HBIX TOKOB U3MEPHUTEIBHBIX TPAHCPOPMATOPOB
TOKa. B CBA3M ¢ 3TUM MOABIISAETCA BO3MOXKHOCTh HE3aBUCHMO OT TPYIIIBI COEU-
HEHUsT OOMOTOK 3allMIaeMoro TpaHchopmaropa HCHOJIb30BaTh OJUHAKOBYIO
CXEMY COEJIMHEHHUS TPAHC(POPMATOPOB TOKA AUPPEpEeHIINATBHON 3alUThI KK C
BBICIIEH, Tak U ¢ HU3IIEH cTopoHbl (Puc. 35) U He yYUTHIBATH COCTABIISAIOIINE
toka HeOananca I'"',5 u 1",5 ), TAK KaK OHU MPAKTUYECKU OTCYTCTBYIOT.

B MakcuManbHOM pacyeTHOM TOoke HebOanaHca s pacumax COXpaHsieTcs
TOJIBKO cocTaBisiomas |, 00ycioBIeHHas MOTPEIIHOCTAMH U3MEPUTEIbHBIX
TpaHcGopMaTopoB ToKa. TemM camMbIM MOSIBISETCS BO3MOXHOCTD MOBBIIIAThH YyB-
CTBUTEIBHOCTh 3aLUTHI, a ISl OTCTPOMKU OT |',5 NpUMEHsIETCS TOPMOKEHUE

94



npu BHemHuX K3. [{ns orcTpoiiku oT Opocka TOKa HaMarHHUYMBAaHUSA BTOpPas
CTYIICHb 3aIUTHI UMEET OJIOKUPOBKY IO BTOPOU TapMOHHKE TOKA.

[lepBas rpybas cTyneHb 3amUThl aHaorudHa AuQhepeHITHaTBHON TOKO-
BOM OTCeYke, ee TOK cpabaTeiBaHus |, mpuHsATO 0003Ha4aTh Kak 34/ >>. OH
MOXET OBITh TPUHSAT PaBHBIM (5...30)1,, 0, U OTIpEaEASECTCS OTCTPONKON 3aLTUTHI
oT Opocka Toka HamMmarHuuuBanus. Bpems cpabateiBanus He 60see 40 Mmc.

Bropas yyBcTBUTENBHAS CTYNIEHB 3alIUTHI KpOME OJIOKUPOBKH 10 BTOPOM
rapMOHUKe, cojeprKalleiicss B Opocke TOka HaMarHW4MBaHus TpaHchopMaropa,
aBTOMaTH4ecKu 3arpyosisercs npu BHemHux K3. [loaToMy ee HavanbHBINA TOK
cpabaTbIBaHUsA, KOTOPBIA oOo03HavaeTcs kak 34/ >, mpuHuMaeTcs He Oosee
0,50,.100, BpeMsl cpabaThIBaHUS HE TPEBBIMIaCT 45 Mc. 3aluTa MMEET TaKkKe
OJIOKMPOBKY IO MATOM rapMOHUKE TOKa HaMarHuuuMBaHus. OHa UCKIIIOYAET Cpa-
OaThIBaHUE 3AIUTHI B CIydae yBEIWYEHUS TOKA HAMAarHUYMBaHUS BCIECACTBUE
MOBBIIIEHUS HAMPSHKEHUS HA 3aKUMax TpaHcdopMmaropa.

BrruncnurensHo-nornueckud moayiie SPCD2DS5 noakirouaercss K Hy-
JIEBOMY TpoBOAY TpeXx (a3 m3mepuTenbHbIX TpaHchopmartopoB Toka TAl u k
OJIHOMY U3 TpaHC(HOPMATOPOB TOKA, YCTAHOBJICHHBIX B HEUTPAJIX 3aIUIIIAEMOTO
Tpanchopmaropa (Ha cxeme puc. 35 — ato TA3). [Ipu 3a3emieHHON HEUTpaIH
MOAYJIb (DYHKIIMOHUPYET Kak MpoaoibHas quddepeHnnanbias TOKoBas 3aluTa
HYJIEBOW MOCIE0BATEIIBHOCTH OOMOTKH BBICIIETO HAMPSHKEHUs TpaHCPOopMaTo-
pa, a Ipu U30JUMPOBAHHOM — KaK ABYXCTYIEHYATash TOKOBAs 3allUTa HYJIEBOH
nocJyenoBaTeabHOCTU. B nipononsHOi quddepeHnnanbHoil 3anmTe npeycmar-
PHUBAIOTCS TOPMOXKEHUE, BBIJICPIKKA BPEMEHU U OJIOKMPOBKA OT BTOPOM rapMo-
HUKH TOKa B HEUTpasu Tpancopmaropa.

BrruncnurensHo-nornueckud Moayinb SPCJ4D28 nporpaMMHO peanusy-
€T TPEXCTYIEHUYATyl0 TOKOBYIO 3alUTy OT Mexaydazueix K3, aByxcryneHya-
TYI0O TOKOBYIO 3alIUTy OT OJHO(Aa3HBIX 3aMbIKAaHUW HaA 3E€MJII0 U 3alUTy OT
HECUMMETPUYHBIX PEKUMOB.

TpexcTyneHuaTas TokoBast 3amuTa oT Mexaydasueix K3 numeer cnemnyro-
I[Me yCTaBKU cpabaThIBaHUS 110 TOKY U BPEMEHHU:

nepBasi CTYNeHb — TOKOBasi OTCEUYKA, €€ YCTaBKU cpabaThIBaHUS

(1)1 >>>=(0,5..40)1, , t >>>= (0,04...30)c;
BTOpaH CTYHCHB — TOKOBasI OTCECUKA C BBIJ:[@p)KKOfI BpCMCHI/I
(1M1 >>=(05...40)1 , t >>=(0,04...30)c;
TPCThA CTYIICHb — MAKCHMaJIbHAA TOKOBAd 3alllTa HMCCT
(1" >=(0,5..5)I

Y 3aBUCHMYIO WUJIM HE3aBUCUMYIO OT TOKA BBIIEPKKY BpeMEHU. 3AECh |0, =1 vin

SA.

HOM
HOM

HOM

JI7st IBYXCTYIIEHYATON TOKOBOM 3aIIMTHI OT OAHO(A3HBIX 3aMbIKAaHUI Ha
3eMII0. BO3IEMCTBYIOMIEW BENMYMHOW 3AIIUTHI SBJISETCA TOK HYJIEBOM IOCIIE-
noBaTtenbHOCTU. Ee ycTaBku cpabaThiBaHUS 110 TOKY U BPEMEHH CIEAYIOIINE:
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nepBasi (BTopasi) CTylIE€Hb - TOKOBas OTCEYKA UJIM TOKOBAsl OTCEYKA C BbI-
JIEPKKOM BPEMEHU, €€ YCTaBKHU

(1, >>>)I, =(0,01...10)I _, t, =(0,05...300)c:

TPCThA CTYIICHb — MAKCHMAJIbHAA TOKOBAs 3alllnTa, €€ TOK Cpa6aTBIBaHI/IH

HOM Y

I, >=(01...0,8)1,,. , a BeIEpKKA BpeMEHH MOKET OBITh KaK HE3aBUCHUMOM, TOK

M 3aBHCHMOH OT TOKa. 31eck l,,,,=0,2 nmn 1A.

3ammTa OT HECUMMETPUYHBIX pekUMOB. Ee ycraBka 1o Toky Al omnpene-
JSIETCSI 10 PA3HOCTU MAKCUMAIBHOIO |y max 1 MUHUMAIBHOTO |y min a3HBIX TO-
KOB, OTHECEHHOM K MaKCHUMaJIbHOMY TOKY, T.€.:

L, =1,
Al = 4’-"“'* S — (01...1)1

HOM
¢h.max

a BeliepkKa Bpemenu t,=1.. .30 c.

BrruncnutenbHO-I0THYeCKUi OJIOK BBIIAET CUTHAJIBI BBIXOJHOUW HH(OP-
Marmu SSI-SS4 u oTknrouaromue Bo3aencTeusa TS1-TS4.

bIi0oK BBIXOJHBIX pejie OCYIIECTBISET MPUEM CUTHAIIOB OT BBIYMCIUTEIb-
HO-JIOTUYECKOro OJioka M obecrieunBaeT cpabarbiBaHus pesie. Mukpormpoiec-
COpHAasi 4acTh yCTPOWCTBA MPOU3BOAUT MOCTOSHHBINM KOHTPOJIb COCTOSIHUS BBI-
XOJIHBIX pEJIe.

brok nuTtanus (Ha cxeMe He Moka3aH) obecrneuyrnBaeT HeOOXOAUMBINA YpO-
BEHb HANPSKEHUS NI QYHKIIMOHUPOBAHUS Pa3IUYHBIX OJIOKOB ycTpoiicTBa. OH
npeaHa3HavyeH Jyisl padoThl OT MOCTOSIHHOTO WJIM BBIIPSIMIEHHOTO EPEMEHHOTO
OMEPATUBHOTO TOKa M o0OecrneuyrBaeT CTAOWIM3UPOBAHHBIA YpOBEHBL HaIpsKe-
Hus +12B; +24B. Kpome ykazanHbix 0si0koB, ycTpoiictBa SPAD346C coaep-
KUT U JIPYyTU€ dSJIEMEHTHI, HAMPUMEP, MEpPeJaTuuK U MPUEMHHUK BOJOKOHHO-
ONTUYECKON JIUHUU CBSI3H.

2. ABTOMATHKAa CWJIOBBIX TPaHC(POPMATOpPOB

2.1. ¥YcrpoiicTBa 1Jisl peryJMpoBaHUs HANIPSIKEHHS MO/ HATPY3-
xou (PITH)

HopmanwHass paboTta moTpeOuTened 3JIEKTPOIHEPTUU 00EeCTIeYnBACTCS
MIpU OMPENICICHHOM HamnpspkeHuu. [Ipu Hanuuum Ha MOACTaHIUSX U TpaHchop-
MaTOPHBIX MYHKTax TpaHC(HOPMATOPOB, CHAOKEHHBIX YCTPOUCTBAMHU NJIs PETY-
mupoBanus nox Harpyskoit (YPITH), mosBnsercss BO3MOKHOCTh aBTOMAaTUYECKH
PETyIMpOBaTh HAMPSHKEHUE MYyTEM MEPEKIIIOUCHHS Ynciia BUTKOB OJHOM U3 00-
MOTOK TpaHcpopmaropa 6e3 ero orkimoudeHus. OOBIYHO TMEPEKITIOYArOIIee
YCTPOMCTBO pacroniaratotr Ha cropone BH.

Tpanchopmarop ¢ YPIIH mocraBisercs 3aBojlaMH C aBTOMaTHYCCKUM
perynstopom Hanpsokenus (APHT). CosmectHo ¢ Tpanchopmaropom APHT
oOpa3yeT aBTOMAaTHYECKYH) CHCTEMY peryJupoBaHus Kod(]duimeHTa TpaHC-

96



dbopmanr. OCHOBHBIMH XapaKTEPUCTHUKAMU aBTOMATHUYECKOW CHCTEMBI pEry-
JUPOBAHUS SIBIISIFOTCSI:

— cTyneHb perynupoBanusi U, — HanpsokeHUe MEXIy JByMs OTBETBIIE-
HUSIMU OOMOTKH, BBIPAXKEHHOE B MPOIEHTAX OT €€ HOMUHAJIBHOTO HAMPSIHKCHUS;
B 3aBUCUMOCTH OT Tuna Tpanchopmaropa U, = 1,25...2,5%;

— 30Ha HewyBCcTBUTENbHOCTU AU,, — HEKOTOPHIA NHMANMA30H U3MEHEHUS
HaIpsHKEHUH, IPU KOTOPOM HE cpabaThiBa€T aBTOMATUUYECKUN PETYNISTOP; 30HY
HEUYYBCTBUTEIBHOCTH BBIPAXKAIOT B MPOLEHTAX OTHOCUTEIBHO HOMHUHAJIBHOIO
HaIPSHKEHUS; 111 UCKITIOYEHUST U3UIITHUX CpadaThIBAaHUN PErysisTopa 30Ha He-
YYBCTBUTEJIBHOCTU JIOJDKHA OBITH OOJIbIlIE CTYNEHU PEeryjJupoBaHus, T.e.
AU,,>U., (cTylieHb peryJupoBaHHs paccMaTpuBaeMoro TpaHcdopmaropa
1,78%, T.e. 1,78-115/100=2,047 xB);

— TOYHOCTh PETryJMPOBAaHUS — MOKA3aTEIb, XapaKTEPU3YEMbId U3MEHEHHU-
€M HaIpsHKEHUS, PAaBHBIM MTOJIOBUHE 30HBI HEUYBCTBUTEIHLHOCTH;

— BBIJIEP’KKA BPEMEHU — MapaMeTp, UCKITIOYAIONTUN TEUCTBUE peryisTopa
MIPU KPAaTKOBPEMEHHBIX OTKJIOHEHUSX HAIPSKEHUS;

— yCTaBKa PEryjisTopa — HaNpsHKEHUE, KOTOPOEe JOJDKEH MOIACPKUBATH
pErymsTop.

[Iporecc perynupoBanus n3oopaxkeH Ha Puc. 36.

He cmoTpst Ha pa3HOOOpa3ue BBITIOJIHEHHUSI, PETYJIATOPBI HAMPSKEHUS] MO-
I'yT OBITh TIPEACTABICHBI €AMHONU (DYHKIIMOHAIBLHON CXEeMOM, H300paKeHHOUN Ha
Puc. 37., conepxateit Tpu GyHKIMOHATIBHBIE YacTu: n3mepurensuyto MY, mo-
ruyeckyto JIY u ucnomuurensuyro HMcl.

XapakTepHbIM 3JIEMEHTOM M3MEPUTEIIbHOW YacTH SBISIETCS DJIEMEHT
BCTpeuHOro perynupoBanusi DBP, obecrieunBaromuii CTaTHYECKYIO0 XapaKTepu-
CTUKY peryiaropa. To HEOOXOuMO Jisi MOAJEepKaHUSI HAIIPSDKEHUS y MOTpe-
OuTels Ha 3aIaHHOM YPOBHE HE3aBUCUMO OT TOKA HAarpy3KHu.

U,BA
1
- 2 _
ﬁn
A
,—\3 7\
UCT
4 1
S /\3
4

oV

t,
Puc. 36. [Iporecc perynupoBaHus HaNpsHKEHUS

1,5 — rpaHuIIbl 30HBI HEUYBCTBUTEIBHOCTH; 2,4 — HaNpsKEHUE BO3BpaTa; 3 — ycTaBKa
perynsaTopa; t1 — BeIIEPIKKA BpEMEHHU peryisaropa; t2 — Bpems AecTBUs IPUBOJIHOIO

97



MEXaHU3Ma; MN — CKaAYKOOOPa3HOE MEPEKIIIOUEHUE CTYIIEHU PEryJINpOBaHus; t3 —
BpEMsI OTKJIIOHEHMSI HAIIPSKEHUS! HEJIOCTaTOYHOE U1 BOSHUKHOBEHMSI TEPEKIIIOUECHHUS

N3mepurenpublii oprad HanpsbkeHuss MOH conepKuT 35eMeHT cpaBHE-
Hus HanpspkeHus DC u yeunurens Al u A2 ¢ peneiHol XapaKTEPUCTUKOM.

Q.

=
=
T ?éﬂ
A 9 cq 2
| [=F
| =

Q 58, 1 [TLKLL]

WA || KL2
| ]
| =
Q[ : 8
L§V

ULLIZ
Harpy3ka

Puc. 37. ABTOMaTH4ecKoe perynpoBaHne KodQQPHUIMEeHTa TpaHCPOpMAIMH TPaHC-
dbopmaropa

Jlormyeckass 4acTb COAEPKHUT JJIEMEHT BBIICPKKU BpeMeHu OB u sne-
MeHThl MJIM, W. B 3aBUCUMOCTH OT rpadyika U3MEHEHUS! HAIPSKEHUS Ha MOJ-
CTAaHLHMH YCTAaBKa MO0 BPEMEHH MOJHUMAETCA B npefenax t1 = 1...5mMuH. Dnemen-
Tl JIN, W BBIMOJHAIOT COOTBETCTBYIOIIUE JOTUUECKUE OTNepaluu, ooecneyu-
BaOIIME (PYHKIIMOHUPOBAHUE PETYISTOPA B LIETOM.

WcnonnurensHas yacth conepxkut perne KL1 nu KL2, nmpu cpabaTtsiBanuu
KOTOPBIX CO3/Iat0TCA BO3JAEHCTBUS HA MTPUBO/ BBIKJIFOYATENS] OTBETBIICHUIA.

HaunGosnee coBepIieHHBIX U3 M3BECTHBIX PETYJIATOPOB, BHIMOJHEHHBIX Ha
OCHOBE MOJIYTIPOBOIHUKOBBIX 2JIEMEHTOB, siBiiseTcsas APT-1H.

2.2. ABTOMAaTHYecKOe MOBTOPHOE BKJIKYEHHE

Ha ogHoTpanchopMaTOpHBIX MOJACTAHIMAX C OJHOCTOPOHHUM MUTAaHUEM
IpU OTKIIIOUEHUH TpaHchopMaTopa 3JIEKTpOcHaOkeHue mnpekpaiaercs. Jis
MOBBIIICHUS HAJEKHOCTU 3JIEKTPOCHAOXKEHUS MOTpeduTtenel mnpemycmaTpuBa-
€TCSl aBTOMATUYECKOE IMOBTOPHOE BKIIIOUEHHE TpaHCHOpMaToOpa MOIIHOCTHIO
oonee 1MBA mnocne ero aBapuiiHoro otkitoueHus. Ilyck yctpoiictBa AIIB
OOBIYHO BBITIOJIHSETCS TaK, YTOOBI HE JOMYyCKaTh BKJIIOYEHUS TpaHchopmaTopa
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IIPY BHYTPEHHUX MOBPEKICHUSAX, KOTOPbIE, KaK MPAaBUJI0, HE CAMOYCTPAHSIOTCS.
[Ipn Bcex BHYTpPEHHUX MNOBPEXKACHUSAX, KAaK YKa3bIBAJIIOCh, CpPabAThIBAET CHT-
HaJBHBIA AJIEMEHT razoBoro peine. [loatomy memecooOpa3HO MyCcK YCTpPOMCTBA
AIIB mpou3BOaUTh TIPU BCEX aBAPUMHBIX OTKIIOUCHUSX TpaHCcpopMaropa, HO
3ampeliaTh €ro MOBTOPHOE BKIJIIOYEHHWE MPU CpadaThIBAHUM CUTHAJIBHOTO 3Jie-
MeHTa razoBoro pene. Ilpu neiictBun YAIIB BBOOUTBHCS HEKOTOPOE 3amejie-
HHUE, UCKITF0YAIOIee MOBTOPHOE BKIIFOUEHHE TpaHChopMaTopa Npu BHYTPEHHUX
K.3., COIPOBOKIAIONIMXCA OYpHBIM Ta3000pa3oBaHUEM, KOTJa OTKJIFOYAOIIHMA
AJIEMEHT Ta30BOTO pejie cpabdaThiBaeT paHbIlEe, YeM CpadaThIBACT €ro CUTHAIb-
HBIW 37€MEHT. B oTaenbHbIX ciaydasx aomyckaercs aerictBue Y AIIB u npu oT-
KIIFOYEHUHU TpaHc(opMaTopa 3aluTol OT BHYTPEHHUX MTOBPEKICHUM.

2.3. YCTpOﬁCTBa ABTOMATHYECCKOI'0 BKIIOYCHHUS pe3cpBa

Yerpoiictea ABP mMpoko npUMEHSIOTCS I BKIKOYEHHS PE3EPBHBIX
TpaHchopmatopoB. Cxembl MOACTAHIUN OOBIYHO BBIMOJHSIOTCA TaK, YTO IpPH
HaJIMYMUU ABYX U 0oJiee TpaHC(HOPMATOPOB IIMHBI HU3IIETO HAMPSKEHUS CEKIU-
onupytorcsa. Kaxaplii TpaHcopMaTop MOAKIIOYAETCS K COOTBETCTBYIOLIEH
CEKIIMU IIMH. B HOPMAJIIBHOM pEKHME CEKITMOHHBIN BBIKIIIOYATENb OTKJIKOYEH.B
TaKol cxeme Mpu aBapUMHOM OTKJIIOYEHUU OJHOTO U3 TpaHC(HOPMATOPOB dJIEK-
TpOCHaOXEHUE TMOTpeOuTeNel coxpaHseTcss Onarogapsi aBTOMATUYECKOMY
BKJIFOUEHHUIO CEKLIMOHHOTO BBIKIItOUaTens ycrporictBoM ABP. M3-3a octaTouHo-
IO HaIlpsDKEHUS Ha IIMHAX, IOAJECPKUBAEMOIO CUHXPOHHBIMU DJIEKTPOBUIATE-
JSAMM M KOMIIEHCATOPAMH, MUHMMAaJIbHBIM IIyCKOBOW OpraH HalpsDKEHUs ICH-
CTBYET C 3aMEJICHUEM, TOCTUTAOIIMM t pp = 1C U BhILLE.
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MMPUJIOXEHMUE IV

1. HpnMep pacucra 3aluThbl BLICOKOBOJIbLTHOT0O aCHHXPOHHOI'0
AIEKTpOABUTATEISA

BpIOpaTh THUIIBI 3aITUT U ONPEACIIUTD UX YCTaBKU JIEKTPOJABUTATEIS TH/I-
poHnacoca 1o JaHHBIM: Uy ,0,= 6 XKB; Pjoy = 400 ¥BT; L0, = 48,4 A; kiz = 5,1;
TT ¢ np= 150/5 ycranosnensl Ha ¢azax A u C; Tok TpexdazHoro K.3. Ha MIMHAX
pacrpesieuTeNsHoro yerpoiictea coberBennbix Hyxa (PYCH) 1B = 13000 A;
TOK 3ambIkaHus Ha 3emiio B PYCH |;,< 10 A.

Pemenne. [lo TexHomoruu paboThl JBUTATENb SBISCTCS HEOTBETCTBEH-
HbIM. CornacHo ITYD Ha Takux 3JEKTpOJBUTATENIX MOIIHOCTHI0O MeHee 2000
KBT npuMeHSIOT OJHOpENIeiHYI0 ABYX(a3HYI0 TOKOBYIO 3alTUTy 0€3 BBIICPKKH
BpEeMEHH (OTCEUKY), OTCTPOSHHYIO IO TOKY OT TOKOB CaMO3amycKa, U 3alluTy OT
neperpy3Kku, OTCTPOSHHYIO OT TOKOB caMmo3amycka mo BpemeHu (Puc. 38, a).
Kpome Toro, npu Toke 3aMbIkaHus Ha 3eMito 6ojiee 10 A MPUMEHSIOT TOKOBYIO
3aIUTy HYJIEBOU MOCIEIOBATEILHOCTH 03 BBIICPKKH BPEMEHH, COCTOSIIIYIO U3
TpaHchopmaTopa TOKa HYJEBOM mocienoBareabHOCTH TUna T3J1 m pene tuna
PT-40/0,2, PT3-51 (pene 1, 2 Puc. 38). OnHonumHEiHAsS cXeMa 3alIuThl (TOKOBas
OTCEYKa) BKJIIOYAETCS HAa pa3HOCTh BTOPUUYHBIX TOKOB (00b4HO (ha3z A u C).

*m kB "a oTHn *1{] kB
—y : —_ - ) Ha oK.
Q - Q
[] KA3 [:] KA3 KAd
A B Yec .]J A B_C o1
|
, R g [ : -
TA1 Y Aka TAZ2 E l2d O A I?a ThAz * IE-:;
I
et CHIHEN = WrHan
TTHN El TTHN
|

n 2 (O
a) 6)

Puc. 38. Cxemsl coequnennii TT u pene 3alIuT 2JI€KTPOIBUTATEIICH:
a) - ogHopeneiHas nByxda3Has; 0) — IByxpeneitHas AByxdasHasl.
1- pene PT 10/0,2 (PT3-51); 2- pene PT 40/2; 3,4 — pene PT 90 umu PT 40

Ecnu ogHOpeneliHas cxema OTCEUYKH JABUTraTesieil MoHocThio MeHee 2000
kBT He obecneunBaer TpeOyembiid o IIYD ko3 dUIMEHT 4yBCTBUTENBHOCTU
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k=2, To mpuMeHSIOT ABYX(a3HYIO0 IBYXPEIEHHYIO CXEMY «HETOJHAs 3BE3/ay,

KOoTOpas uyBcTBUTENbHEE B V3 pa3s (Puc. 34, 6).
[lepBudHBIA TOK CpabaThIBaHUS 3alIUTHI OTCTPAMBACTCS OT ITyCKOBOTO
TOKa DIICKTPOBUTATEIISI U OMPEICISIOTCS TI0 BBIPAXKCHUIO:

Icp.l = kH ) k17 ) I,Z].Ho.w ' (21)
riae ky=1,8 — st pene cepun PT-80 u ky=1,4 — nns pene cepuun PT-40;
K;7 — K03 GHUIIMCHT ITycKa 3JICKTPOABUTATEIS;

| o~ HOMHMHAJILHBIM TOK JIBUTATEJIA.

Bropuunbiii TOK cpabaThIBaHUs OTIPEAEISAETCS MO BBIPAKCHHIO:
(3)
Keg - o1

l... = _fio A8l 22
0.2 no ’ ( )

rae n, - koagduuuent Tpanchopmanuu TpaHcHopMaTopoB TOKa,
ke = J3 IIpU BKIIFOUEHUH pelie Ha pa3HoCcTh TOkoB 1BYX a3 TT (Puc. 38, a) u

k) =1 npu Brmouennn pene ua Toku a3 TT (Puc. 38, 6).

KoadpunuenT 4yBCTBUTENBHOCTH 3aLUTHI ISl OJHOPEIEHHON CXEMbl
oIpeneNnsieTcs Mpu ABYX(a3HOM K.3. Ha BbIBOJIaX AJIEKTPOJBUTATENS MEXKIY (a-
3amu A 1 B nnu B u C, npu KOTOPBIX TOK B pelie B 2 pa3a MEHbIIE, YEM IIPH K.3.
Mexay azamu A u C, 1o BBIpaXKEHUIO:

k® — IIEZS’)
T (2.3)
.1

JInst 1ByXpesieiHON cXeMbl TOKM B O0OMX pelie MpH K.3. MEXAY JTHOOBIMU
IByMsl pazaMu OJJUHAKOBBI.

N3 (2.2) u (2.3) caenyet, uto nipu IByXxGha3HOU ABYXpEJICHHON cXeMme 3a-
muTa B \/3 pas dyBCTBUTENBHEE, HO3TOMY 10 ITYD ee TpeGyeTcs NpUMeHATh Ha
aneKTpoABuratTessix momHoctsio 2000 kBT u Goiee.

Tok cpabaTbIBaHUs 3alIUTHI OT MEPErPY3KH OIMPEAENAETCA MO YCIOBUIO

OTCTPOUKU OT | 710, TIO BBIPAKEHHUIO:
Ky -1

Inep.l = kﬂ.HOM ) (24)

.
rae kp=1,2 u k,=0,8 — ko3 uIMeHTHI HAJCKHOCTH M BO3BpATa pejie COOTBET-
CTBEHHO.

N3 (2.2) u (2.4) onpenensieM BeIpaKEHHUE JIJIs BRIYMCICHHUS TOKA CpabaThi-
BaHUS peJic Meperpy3Ku

3
Ky ok
nep.2 —
ks ) nT
BLIILer(Ka BPCMCHH 3allIUThI OT IICPCTPY3KHU IIPHU CXEMC C PCIIC CCpUU PT-

90 nmpunumaetrcs 16¢c B HE3aBUCUMOW 4YacTH, U €CIM €ro HEJAOCTATOYHO, TO

YCTaHABJIMBAIOT €LIE JIOMOJTHUTEIBHOE peyie BpeMeHu Tuma JB-144 co mkanoit
0-20c.

I .nom ’ (25)
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IIpu cxeme ¢ HE3aBUCHMOW XapaKTEPUCTUKOU BBIACPKKH BPEMEHM IIpHU-
HUMaroT peiie Tuna OB - 144 nnu tuna E -513 co mwkanoit 6 - 60c, B 3aBUcUMO-
CTH OT BPEMEHU ITyCKa WJIM caMO3alycKa JBUTaTeleH.

JI1s 3a1aHHOTO AJIEKTPOJABUTATENS IPOBEPUM BO3MOKHOCTH IPUMEHEHHUS
oJIHOpeeiHo# cxemsl ¢ pene Tuma PT- 90.

[TepBuuHBIi TOK cCpabaThIBaHUS OTCEUKHU onpeenseM 1o (2.1):
=Ky Ky 1,0, =18-51-484=4454

BropuuHblii TOK CpadaThIBaHUs 3JEMEHTA OTCEKH B PEJIE ONMPEIEISIEM 110
(2.2):

Iomc.l

., =256A

of .2

_ krf? ) IT(‘)ﬁ 1 _ \/5'445
Ny 3
KoaddummenT ayBcTBUTENHHOCTH BhIUHCIsIeM 110 (2.3):
(2) .
ka) _ I _ 0,867 13000:14,65
l,,..0N; 256-30

Tok cpabaTeiBaHUSI HHAYKIIMOHHOTO 35ieMeHTa peiie PT-90 ¢ BbIaep:kkoit
BPEMEHHU OT Meperpy3Kku onpezaesnseM 1o (2.5) (31eKTpoMarHuTHasi OTCEUKa):

ki 'k'|(3) ) IA.m _ 1,2'\/5'48’4
K, - Ny 0,8-30
ITpuaumaem pene tuna PT-90/2 ¢ ycraBkamu 1,=4,5 A u BblIepKKOH

BPEMEHH B HE3aBUCHUMOM YaCTH XapaKTEPUCTUKH 16 c.
KpaTtHOCTh OTCEUKM K yCTaBKE MHIYKIIMOHHOTO DJIEMEHTA:

=tz _ 26 _g7
l, 4,5

I[To xatanory pa3Opoc Toka cpabaTbiBaHHs OTCeUkH mpuMepHo 30%.

KoadduureHT 4yBCTBUTEIBHOCTH 3aIUTHI OT MEPErPY3KU HE OMpPEIesi-
€TCs1, TOCKOJIbKY OHAa HE MpeIHa3HaueHa JJIsl ACHUCTBUS TIPH K.3.

OMnBIT SKCIUTyaTallMM MOKa3al HeMpaBUJIbHOE (M3JIUIIHEE) cpabaThiBaHUE
otrceuku B pene cepun PT-90, ycranosnennsix B mkadax KPY, ot corpsicenuii
IpU OTEepalusIX C BBIKITIOUYaTesIMU coceanunx ImkadoB. [loaTomy B mocnenHee
BpEMs 3alllUTa OT MEPETPY3KU AIEKTPOJBUTATEICH COOCTBEHHBIX HYXJ BBIMOJ-
HSETCSl C HE3aBHCUMOU BBIICPKKON BpeMEHU NocpencTBOM penie Toka PT- 40 u
pene BpeMenu OB - 144 nnig nBurateneil ¢ BpeMEHEM IyCcKa WM camo3allycka
oonee 20 c.

Tak kak paccMaTpuBaeMblil JBUTaTEIb HEOTBETCTBEHHBIN, TO MIPEIyCMaT-
pUBaEM €ro OTKJIOUYECHHE OT MEPBOM CTYMNEHHU 3alUThl MUHUMAaJIbHOTO Harps-
xenus: U_ =(0,65+0,7)U, wut=0,,5c.

3ammTy OT 3aMBbIKaHMI Ha 3€MJIIO HE TIpeaycMaTpUBaeM, UCXOJIS U3 TOTO,
yto jiis asuratenet 6 kB mene 2000 kBt ipu Toke |, menee 10 A mo ITYD ona
HE YCTaHABJIMBACTCA.

=418A

i33.2 —

HOM
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MPUJIOXKXEHUE V

1. CnpaBoyHbIe JaHHbIE 10 CHJIOBOMY 3JIEKTPO00OPY/A0BAHUIO
Tabmuma 8
Tpexda3zubie 1Byxo0MoTOUHBbIE TPaHchopmaTopsl 110 kB
Hpenenbl Karajo:xubie JaHHbIE Pacuernbie JAaHHbIE
Tun Tpanchopma- Stioms peryaupo- Unon 00MOTOK KB AP AP AQ
TOpa MBA panud, % Uk, %0 o b I, % | R,Om | X, Om *
+nx ] B H KBT kBT kBAp
TMH-2500/110 2,5 +10x1,50 110 6,6; 11 22 55 15 42,6 508 37,5
TMH-6300/110 6,3 +8x1,50 115 6,6; 11 44 11,5 0,8 147 220 50,4
TJIH-10000/110 0 +9x1,78 115 6,6; 11 60 14 07 7,95 139 70
TJIH-16000/110 16 +9x1,78 115 6,6; 11 85 19 07 438 | 86,7 112
TPJTH-25000/110 25 1ox1,78 | 115 | 8% 61363;5?1’8/ 20'5; 120 | 27 07 | 254 | 559 | 175
TPJIH-32000/110 32 +9x1,78 115 | 89/ ?33;5551'8/ 20'5; 145 32 075 | 1,87 | 434 234
TPJIH-40000/110 40 +9x1,78 115 | 8%/ 6135’;5/61’3/ éo,s; 175 36 0,7 144 | 34,8 260
TJ1-40000/110 40 +2x2,50 121 | 3,15;6,3; 10,5 160 50 0,7 146 | 384 260
TPTH-63000/110 63 tox178 | 115 | 8% 61363;5?1’3/ éo,s; 105 | 260 | 59 | 065 | 087 | 22 | 410
TP/ILIHK-80000/110 | 80 tox178 | 115 | 8% 61350’;5?1’8/ éo,s; 245 | 59 06 | 08 22 378
TJI11-80000/110 80 +2x2,50 121 | 6,3;10,5; 13,8 310 70 0,6 071 | 192 480
6,3/6,3; 6,3/10,5;
TP/LH-80000/110 80 +9x1,78 115 105105 310 70 0,6 0,6 17,4 480
TPIITH-25000/110 125 +9x1,78 115 10,5/10,5 400 100 0,55 0,4 11,1 | 6875
TJI11-125000/110 125 +2x2,50 121 10,5; 13,8 400 120 055 | 037 | 12,3 | 6875
TJ111-200000/110 200 +2x2,50 121 | 13,8;15,75; 18 550 170 0,5 0,23 7.7 1000
TJI11-250000/110 250 +2x2,50 121 15,75 640 200 0,5 0,15 6,1 1250
TJIL1-400000/110 400 +2x2,50 121 20 900 320 045 | 0,08 38 1800

104




Tabmaua 9

Hanpsizkenue U, Mexxny 00MoTKamMu (B 3aBUCHMOCTH OT
3HaueHnus
HomunanbHoe HanpsizkeHue 00Mo- noJioxkenus nepexksrodaressi PITH) nis muaumansHoro, XD 0BMO-
Tun TpancdopmaTopa TOK, KB Cpe/lHero ¥ MAaKCUMAJILHOTO 3HAYEHMIl peryJupyeMoro B 0OMO
nanpmxenns, % TOK BLICIIETO
HANPSZKeHUs
BH HH min cp max

TJIH-10000/110 115 | 6,6; 11,0 8,70 10,5 12,36 0,176
TJIH-16000/110 115 | 6,6; 11,0 9,80 10,5 11,71 0,182
TPJIH-25000/110 115 | 6,3-6,3; 10,5-10,5; 6,3-10,5 9,84 10,5 11,72 0,171
TPJIH-32000/110 115 | 6,3-6,3; 10,5-10,5; 6,3-10,5 9,77 10,5 11,58 0,171
TPJIH-40000/110 115 | 6,3-6,3; 10,5-10,5; 6,3-10,5 9,59 10,5 11,46 0,171
TPJIIIH-63000/110 115 | 6,3-6,3; 10,5-10,5; 6,3-10,5 10,84 10,5 11,90 0,171
TPIIIH-80000/110 115 | 6,3-6,3; 10,5-10,5; 6,3-10,5 9,76 10,5 11,60 0,236
TJIIH-80000/110 115 | 38,5 9,76 10,5 11,60 0,236
TPJIIIH-125000/110 115 | 10,5-10,5 10,50 10,5 11,90 0,236
TJIH-16000/150 158 | 6,6; 11,0 11,50 11,0 11,80 0,175
TPJIH-32000/150 158 | 6,3-6,3; 10,5-10,5; 10,5-6,3 10,86 10,5 10,14 0,171
TPJIH-63000/150 158 | 6,3-6,3; 10,5-10,5; 10,5-6,3 10,66 10,5 10,00 0,171
TPJIH-32000/220 230 | 6,6-6,6; 11-11; 6,6-11 11,60 12,0 12,70 0,182
TPJIH-32000/220 230 | 38,5 11,60 12,0 12,70 0,182
TPIIIH-63000/220 230 | 6,6-6,6; 11-11; 6,6-11 11,60 12,0 12,70 0,182
TPIIIH-63000/220 230 | 38,5 11,60 12,0 12,70 0,182
TPIITH-100000/220 230 | 11-11 11,60 12,0 12,70 0,247
TPIITH-100000/220 230 | 38,5 11,60 12,0 12,70 0,247
TPJIITH-160000/220 230 | 11-11 11,30 12,0 13,20 0,247
TPJIITH-160000/220 230 | 38,5 11,30 12,0 13,20 0,247
TPJIH-63000/330 330 | 6,3-6,3; 6,3-10,5; 10,5-10,5 14,30 11,0 8,80 0,175
TJIH-63000/330 330 | 38,5 14,30 11,0 8,80 0,175

[Tpumeuanus: 1. Tabnuma cocraBnena no panabiM ['OCT u TY, neiictButenbubiM Ha 1 utonst 1987r., u matepuanam KOxxHoTO
otnenenus DCII.

2. Tpanchopmartopsl ¢ BeiciiuM HamnpspbkeHueM 110kB Bemmonnens! mo 'OCT 12965-74, 150xkB — mo TOCT 17546-72, 220xB —
o 'OCT 15957-70, 330xkB — o I'OCT 17545-72.
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Tab6auma 10

Hanpsizkenue U, Mexxny 00MoTKaMu (B 3aBUCUMOCTH OT TOJI0KEHUS 3naueHus
Homunaabnoe nanpsiie- nepexouarens PITH) ainss MUHMMAJIBHOTO, CPeIHET0 H MAKCHMAJIb- XD.p 06Mo0-
HHe 00MOTOK, KB N ’ N
Tun Tpanchopmaropa HOT'0 3HAYEHUI PeryJIupyeMoro Hanpsi:kenusi, %o TOK
BH CH HH _ BH - HH _ BH - CH _ BH - CH BH CH
min cp max | min cp max | min cp max
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

TJITH-10000/110/35 115 38,5 6,6; 11,0 16,66 | 17,0 19,5 - 6,0 - 9,99 10,5 | 12,69 | 0,193 | 0,139
TJITH-16000/110/35 115 38,5 6,6; 11,0 16,4 17,0 18,5 - 6,0 - 9,5 10,5 | 11,69 | 0,216 | 0,141
TJITH-16000/110/35* 115 38,5 6,6; 11,0 9,58 10,5 | 11,79 - 6,0 - 16,48 | 17,0 | 18,58 | 0,214 | 0,078
TJATH-25000/110/10 115 11,0 6,6 1747 | 175 19,5 - 6,5 - 9,99 10,5 | 11,86 | 0,219 | 0,141
TJITH-25000/110/35 115 38,5 6,6; 11,0 1747 | 175 19,5 - 6,5 - 9,99 10,5 | 11,86 | 0,236 | 0,159
TJITH-40000/110/10 115 11,0 6,6 17,04 | 17,5 | 19,29 - 6,5 - 9,52 10,5 | 11,56 | 0,245 | 0,171
TJITH-40000/110/35 115 38,5 6,6; 11,0 17,04 | 17,5 | 19,29 - 6,5 - 9,52 10,5 | 11,56 | 0,245 | 0,171
TJITH-40000/110/10* 115 11,0 6,6 9,5 10,5 11,6 - 6,5 - 17,03 | 17,5 19,3 | 0,246 | 0,115
TJITH-40000/110/35* 115 38,5 6,6; 11,0 9,5 10,5 11,6 - 6,5 - 17,03 | 17,5 19,3 | 0,246 | 0,115
TJTH-63000/110/10 115 11,0 6,6 17,14 | 175 19,2 - 7,0 - 10,1 10,5 10,9 | 0,258 | 0,159
TJITH-63000/110/35 115 38,5 6,6; 11,0 17,14 | 175 19,2 - 7,0 - 10,1 10,5 10,9 | 0,258 | 0,159
TJITH-63000/110/10* 115 11,0 6,6 10,1 10,5 11,9 - 7,0 - 17,2 17,5 19,3 | 0,241 | 0,110
TJITH-63000/100/35* 115 38,5 6,6; 11,0 10,1 10,5 11,9 - 7,0 - 17,2 17,5 19,3 | 0,241 | 0,110
TJITH-80000/110/10 115 11,0 6,6 18,25 | 185 | 20,47 - 7,0 - 10,28 | 11,0 | 12,33 | 0,295 | 0,151
TJITH-80000/110/35 115 38,5 6,6; 11,0 18,25 | 185 | 20,47 - 7,0 - 10,28 | 11,0 | 12,33 | 0,295 | 0,151
TJITH-80000/110/10* 115 11,0 6,6 10,22 | 11,0 | 12,13 - 7,0 - 18,15 | 18,5 | 20,27 | 0,295 | 0,107
TJITH-63000/110/35* 115 38,5 6,6; 11,0 10,22 | 11,0 | 12,13 - 7,0 - 18,15 | 18,5 | 20,27 | 0,295 | 0,107
TJITH-16000/150/35 158 38,5 6,6; 11,0 18,27 | 18,0 | 17,23 - 6,0 - 11,41 | 10,5 | 10,38 | 0,227 | 0,144
TJITH-25000/150/35 158 38,5 6,6; 11,0 18,5 18,0 | 17,42 - 6,0 - 11,42 | 10,5 10,4 | 0,227 | 0,144
TJITH-40000/150/35 158 38,5 6,6; 11,0 1857 | 18,0 | 17,77 - 6,0 - 11,12 | 10,5 | 10,25 | 0,227 | 0,144
TJITH-63000/150/35 158 38,5 6,6; 11,0 18,3 18,0 17,3 - 6,0 - 10,99 | 10,5 | 10,13 | 0,227 | 0,144
TJITH-25000/220/35 230 | 22;38,5 | 6,6; 11,0 19,5 20,0 20,4 - 6,5 - 12,4 12,5 13,4 | 0,242 | 0,147
TJITH-40000/220/35 230 | 22;38,5 | 6,6; 11,0 29,3 22,0 19,0 - 9,5 - 16,8 12,5 9,8 0,257 | 0,169
TJITH-40000/220/35** 230 | 22;38,5 | 6,6; 11,0 18,6 12,5 9,9 - 9,5 - 28,5 22,0 19,2 | 0,257 | 0,132
T TH-63000/220/35 230 | 22;38,5 | 6,6; 11,0 30,4 24 19,7 - 10,5 - 17,9 12,5 10,5 | 0,271 | 0,176
TJLITH-63000/220/35** 230 | 22;38,5 | 6,6; 11,0 17,7 12,5 10,4 - 10,5 - 29,6 24,0 20,0 | 0,271 | 0,142
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[Tponomxenue Tads. 10

1 2 3 2 5 1 6 | 7 | 8 ] 9 | 0] 11 ] 12] 18] 14 | 15
AT/IT/1-32000/220/110 230 | 121 | 6,6, 11.0;385 T (340 | - | 225 | 21,0 | 230 | 200 | 11,0 | 7,0 | 0,346 | 0,252
AT IL[TH-63000/220/110 230 | 121 | 6,6 11,0; 38,5 [ 350 | - | 245 | 22,0 | 250 | 21,0 | 11,0 | 7.0 | 0,353 | 0,260
ATJILITH-125000/220/110 | 230 | 121 géagn,o; 138; - |310| - | 203|190 201|189 110 | 68 | 0559 | 0476
6.6, 11,0, 13,8,
ATJIITH-2000001220110 | 230 | 121 | o2 1LO - 1320| - |215| 200|212 | 194 | 110 | 67 | 0548 | 0,472
ATJLTH-250000/220110 | 230 | 121 | PO IS8T g0 | o | 230 | 200 | 218 | 209 | 12,0 | 7.1 | 0544 | 0485
ATJILTH-125000/330/110 | 330 | 115 géeén,o; 5751 0 350 | - | 206|220 221|103 | 100 | 10,8 | 0.462 | 0,260
ATJILTH-200000/330/110 | 330 | 115 | SOHOASTS 1 Haag | 72 | 225 | 203 | 106 | 100 | 11,0 | 0471 | 0380
AT/LTH-125000/500/110 | 500 | 121 | 6.6;15,0,385 | 26,0 | 24.0 | 230 | 160 | 130 | 1.0 | - | 105 | - | - :
AT/ILTH-250000/500/110 | 500 | 121 | 11.0; 385 26,0 | 240 | 230 | 16,0 | 130 | 110 | - | 105 | - | - i
AOJILITH-167000/500/220 | 5003 | 2303 ;ég %gg 75 0 | ss0| - | 250 215|200 | 120 | 11,0 | 120 | - i
AOJILITH-267000/500/220 | 5003 | 230A/3 %(1)'85 %g,g; S 0 230 - 130|125 125 | 90 | 85 | 95 | 0483 | -
AOJILITH-167000/500/330 | 5003 | 330743 | 11.0; 38,5 T (670 | - | 770 | 61,0 | 520 | 135 | 95 | 100 | - i
AO/ILITH-333000/750/330 | 7503 | 33013 | 15,75 T 1280 | - | 270 | 17,0 | 17.0 | 120 | 100 | 11,0 | 0,412 | -
AOJIIITH-417000/750/500 | 750/\3 | 33073 | 15,75 920 | 81,0 | 750 | 70,0 | 68,0 | 69,0 | 130 | 115 | 108 | 1 }

[Tpumeuanus: 1. Tabnuma cocrabnena no ganaeM ['OCT u TV, aelictBurensHpiM Ha 1 urons 1987 1. u matepuanam FOxHOTO
ornenenus JCIL.

2. 3Be3goukoii (*) 0603HaueHbI TpaHC(HOPMATOPHI, BHIMOJHEHHBIE TT0 BapuaHTy 1.4 nmpumedanus k 1adn. 5 TOCT 12965-74.

3. AByms 3Be3moukamu (**) 0003HaueHBI TpaHC(HOPMATOPHI, BBHITIOJHEHHBIE IO BapHaHTy 1.2 mpumedanus k tadn. 7 FTOCT
15957-70.

4. Tpancdopmatopsl (aBTOTpanchopmaTopsl) ¢ BeiciiuM HanpspkeHneM 110 kB BeimonaHensl o T'OCT 12965-74; 150 kB — o
I'OCT 17546-72; 220 xB — o I'OCT 15957-70; 330 kB — o I'OCT 17545-72; 500 kB — no I'OCT 17544-72; 750 kB — o TY (TY
16-517.755-73 nns aBroTpancdopmaropa co cpeaaum HampstkernueM 330 kB, TY 16-517.883-75 ans aBroTpancdopmaropa co cpen-
HuM HanpspkenueM 500 kB).
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2. CBenenus o TpancgopmMaTopax Toka

OCHOBHBIMM MIapaMETpaMHU U XapaKTEPUCTUKAMU TpaHc(opMaTopa TOKa B
cootBeTcTBUH ¢ ['OCT 7746-78 «Tpancopmatopsl Toka. OOIIHE TEXHUIECKUE
TpeOOBaHUS ABIISIOTCS:

1. HomuHalbHOE HaIpsDKEHUE — JICWCTBYIOIIEE HAINPSIKEHUE JIMHEHHOTro
HaANpsDKEHUs, IPU KOTOPOM TpenHazHadeH padotath TT, yka3piBaemoe B mac-
nopTHOM Tabnuiie TpaHchopmaropa Toka. (s oredectBenHnix TT mpuHsaTa
cleAyroIas IKajla HOMAUHAJIbHBIX HaNpsKeHU, KB:

0,66; 6; 10; 15; 20; 24; 27; 35; 110; 150; 220; 330; 500; 750; 1150.

2. HoMuHanbHBIN IepBUYHBIN TOK |;, — yKa3bpIBaeMbIN B TACIIOPTHOM TaOJIH-
e TT Tok, mpoxoAsimuii Mo nepBUYHON 0OMOTKE, MPU KOTOPOM IIPETyCMOTpPEHA
npoaokuTenabHas padora TT. Jlns oredectBeHHbIX TT mpunsTa ciexyromias
IIKaJIa HOMUHAJIBHBIX IEPBUYHBIX TOKOB, A

1; 5; 10; 15; 20; 30; 40; 50; 75; 80; 100; 150; 200; 300; 400; 500; 600;
750; 800; 1000; 1200; 1500; 2000; 3000; 4000; 5000; 6000; 8000; 10000;
12000; 14000; 16000; 18000; 20000; 25000; 28000; 32000; 35000; 40000.

B tpancdopmaropax Toka, npeaHasHAYEHHBIX I KOMILIEKTOBAHUS TYp-
00- ¥ TUAPOreHEPATOPOB, 3HAUCHHUSI HOMUHAIBHOTO ToKa cBhimie 10000A MoryT
OTJIMYATHCSI OT MIPUBEICHHBIX B JAHHOM IIKAJIC 3HAYCHUM.

Tpanchopmatopsl TOKa, pacCUMTaHHbIE HAa HOMHUHAJIBHBIA TEPBUYHBIN
tok 15; 30; 75; 150; 300; 600; 750; 1200; 1500; 3000 u 6000A, noKHBI AOMTYC-
KaTh HEOTPAHMYEHHO JUIMTEIIbHOE BpeMsi HauOOJbIIUK paboyuil MepBUYHBIM
TOK, paBHBIN cooTBeTCTBEHHO 16; 32; 80; 160; 320; 630; 800; 1250; 1600; 3200
u 6300A. B octanbHbBIX cllydasiX HauOOJBIIWNA TEPBUYHBIN TOK paBEeH HOMH-
HaJJbHOMY NIEPBUYHOMY TOKY.

1. HoMuHanbHBIN BTOPUYHBIN TOK |, — yKa3pIBaeMbli B TACTIOPTHOMN Ta0IH-
ne TT Tok, mpoxoasiui Mo BTOpUYHON 00MOTKe. HOMUHANBHBIA BTOPUYHBIMI
TOK ITPUHUMAETCS paBHbIM | wim SA, npudeM TOK 1A nomyckaercss TOJIbKO IS
TT ¢ HomuHanbHBIM nepBUYHBIM TOKOM 110 4000A. [lo cornacoBanuio ¢ 3akas-
YUKOM JIOMyCKaeTcsi u3rotoBjaeHrne TT ¢ HOMUHAIBLHBIM BTOPUYHBIM TOKOM 2
i 2,5A.

2. Bropuunas narpy3ka TT Z;, cOOTBETCTBYET MOJHOMY COTPOTHBIICHHUIO
€ro BHEIIHEH BTOPUYHOM LIENH, BhIpaxkeHHOMY B Omax, ¢ ykazaHueMm ko3¢ du-
HMEHTAa MOIIHOCTU. BTOpuyHasi Harpy3ka MOXET TakKKe XapaKTepU30BaThCA
MOJIHOM MOUTHOCTHIO B BOJIT-aMIIepax, MOTPeOIsIeMOil €0 Mpu JaHHOM KO3d-
buIMeHTe MOITHOCTA ¥ HOMUHAIBHOM BTOPUYHOM TOKE.

Bropuunast Harpy3ka ¢ koddduimeHToM MOIHOCTH cos@z = 0,8, mpu Ko-
TOPOM TapaHTHUPYETCS YCTAHOBJICHHBIN KilacC TOYHOCTH TT wnm mpenenpHas
KPAaTHOCTh MEPBUYHOTO TOKA OTHOCUTEIBHO €ro HOMHUHAJIBHOTO 3HAY€HUS,
Ha3bIBAETCA HOMUHANbHOU emopudnou Hacpy3kou TT Ly you-
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Jlis oTeuecTBEHHBIX TPaHCPOPMATOPOB TOKA YCTAHOBIIEHBI CIEIYIOIINE
3HAYCHUs] HOMUHAIBHON BTOPUYHON HATPY3KH Sy, .0, BBIPAKEHHONW B BOJIBT-
amriepax, mpu ko3 durmente MOmHocTH cosp, = 0,8:

1; 2; 2,5; 3; 5; 7,5; 10; 15; 20; 25; 30; 40; 50; 60; 75; 90; 100; 120.

CoOTBETCTBYIOIIME 3HAYECHHS HOMHUHAJIBHOM BTOPUYHOM Harpys3ku (B
Owmax) onpeaenstoTcs BbIpaKEHUEM:

_ Spun
21.HOM | 2
2n

Taomuna 11

Mexnyda3nbie HANPSIZKEHUS YJIEKTPUYECKHUX paclpeleIUuTeIbHbIX ceTel
Tpexdasznoro Toxka S0I'y

Hanpskenue, kB

HOMMHAJIbHOE HauOoJIb1Iee cpeee (Hm:(l;a)cqﬂa ToKOoB
0,22/0,127 - 0,22/0,127
0,38/0,22 0,4/0,23 0,4/0,23
0,66/0,38 0,69/0,4 0,69/0,4

3 3,5 3,15
6 6,9 6,3
10 115 10,5
20 23,0 20,0
35 40,5 37,0
110 126,0 115,0
150 172,0 154,0
220 252,0 230,0
330 373,0 330,0

Ilpumeuanue. Homunanbuble 1 HanOonblve HanpsbkeHus ykazansl no 'OCT
721-74 n 721-77.
TabOmuma 12
JlomycTUMBIH JUIMTEJIbHBIA TOK Uil Ka0esel ¢ aJIOMUHHEBbIMHY KUJIAMH C
OyMasKHOM MPONMUTAHHOI MacJI0KaHU(OJIHLHOM U HeCTeKaIoIIeil MaccaMu M30J1s1-
el B CBUHIIOBON MJIM AJTIOMUHHMEBOH 000J1049Ke, POKJIAILIBAEMbIX B 3eMJIe

Toxk, A, ns kaodeei
CeyeHne TOKO-
i SKH- OJIHO- BYX- YeThIpex-
HPOBJ;):;’:[;::; i )KPIJ)':I[BHLIX )K:J‘IZHLIX TPEXKHILHLIX HAPAKEHHEM, KB munbﬁux
a0 1 kB a0 1 kB Jlo 3 6 10 no 1 kB
6 - 60 55 - - -
10 110 80 75 60 - 65
16 135 110 90 80 75 90
25 180 140 125 105 90 115
35 220 175 145 125 115 135
50 275 210 180 155 140 165
70 340 250 220 190 165 200
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[Tponomxenue Tadbauisl 12

95 400 290 260 225 205 240
120 460 335 300 260 240 270
150 520 385 335 300 275 305
185 580 - 380 340 310 345

240 675 - 440 390 355 -

300 770 - - - - -

400 940 - - - - -

500 1080 - - - - -

625 1170 - - - - -

800 1310 - - - - -

Tabnuna 13
AKTHBHbBIE H PCAKTHUBHBLIC COIIPOTUBJICHUS Ka0esen
Ceuenme AKTHBHOE CONMPOTHBJIEHUE HNHaykTUBHOE conpoTHBIeHNe, OM/KM, KaGeas HANP-
2 npu 20° C, Om/km, KNJbl JKeHnem, kB

KHTBT, MM AJTIOMUHUEBO MeIHOoI 1 6 10 20

10 2,94 1,79 0,073 0,11 0,122 -

16 1,84 1,12 0,068 0,102 0,113 -
25 1,7 0,72 0,066 0,091 0,099 0,135
35 0,84 0,51 0,064 0,087 0,095 0,129
50 0,59 0,36 0,063 0,083 0,09 0,119
70 0,42 0,256 0,061 0,08 0,086 0,116
95 0,31 0,19 0,06 0,078 0,083 0,110
120 0,24 0,15 0,06 0,076 0,081 0,107
150 0,2 0,12 0,059 0,074 0,079 0,104
185 0,16 0,1 0,059 0,073 0,077 0,101

240 0,12 0,07 0,058 0,071 0,075 -
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HPUJIOXKEHMUE VI

BCKTOpHLIe AarpaMmsbl TOKOB IIPH Pa3/IMYHbIX BUIaX
KOPOTKHX 3aMbIKAHMH /151 I/I3MepI’ITeJ'I]>H0171 qacTn

nuddepeHuNAIBbHON 3aUTHI

Tab6mauma 14

BekropHble ArarpaMMbI TOKOB
[IpY BHEIITHEM KOPOTKOM 3aMBIKa-
HHH 32 TPaHC(HOPMATOPOM C CO-

Cxema ynpomieHHbIX JuddepeHITnaIbHBIX 3alIUT IBY-

X00MOTOYHOTO TpaHchopMaTopa

JIByXpeneiHas

TpeXJIMHEHHas

2
5
2 A B C I G S
5 €IMHEHUEM 0OMOTOK ¢ v v v
1 vian =13 R UG ATTE
o -11 mpn wy = wp I s ! 2 12
2
g A C $ C |p3
& +|a 2*'0 L +| +|
g | Co cropomnsl Co CTOpOHBI — : )l
= | obmorok BH, obmotox HH,
{_% COC/INHCHHBIX B | cOEIMHEHHBIX B
3B€3
B le\/_ Tpeyl_iofiHHK Tok B pene 1 u 2 Tok B pene 3
(HT =1/ 3) (Ir=1) Ip1=lca-lo lp2=1a5-1a lps=Iac+( latlc)
g 1,=1/3l, 30 |
50 EhY% lc / e (Ia*lc) lsc
< =13l lo I o>
<A lca !
%< 15=1/3l, L
Q c
[_‘
! =1c=1/31, 30
% 1\=lc=1/31 N las la
+ -
_ a
é § 15=2/31, Iy lca=0 Igc
c'c 15=1c=1/31, |
NN O) CA | |
=4 Cg = (R S 12=0 C<—o—>B ‘
% = 15=2/31; Ic lae=0
25
! _ 30
8 < 1,5=2/31, L, I las
;E L:S): | |a+|c:0
% S le=lc=1/3], le lca : l6c=0
g 8
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B)
[Turanue
A 1B C
1(12\/3 1 | 1
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3 —I1
E { .+‘/§ K
i T
I
Ik W] I N
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KAT1 KAT2 KAT2
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1<1=V3Eﬁ| gj 55

£

W+WII+WIII
% =1+1+V3

= IR
1 N A
\

L 2, Ly,
3ozt B

> |

wel L

ol

r)

A

Puc. 39. Tokopacnpenenenue B nensix auddepeHnnanb-HON TOKOBOH 3aIIUThI ABYX- U
TPeX0OMOTOUHBIX TPaHC(HOPMATOPOB: a — ABOHHOE 3aMbIKAaHHE HA 3MITIO HAa CTOPOHE
; J—

6 — 10xB; 6 — K3 mexay nByms dazamu Ha CTOpOHE «TpeyroibHUk» 6 — 10kB aByxo-
OoMoTo4HOTO TpanchopmaTopa; B — K3 Mexay AByms ¢azaMu Ha CTOPOHE «3BE3/IbI»
110-220xB nByxo6moTouHoro Tpanchopmartopa; r — K3 mexxay neyms ¢azamu Ha

CTOpoHE «3Be37bl» 35kB Tpexo6MoTouHOrO Tpanchopmaropa
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HNPUJIOXKEHMUE VII

KOHTpOJ’IbH])Ie BOIIPOCHI

B nensx caMOKOHTPOJISI M IPOBEPKHA OCTATOYHBIX 3HAHWW MPEIIAraroTCs
TECTOBBIE BONPOCHI. 113 22 BOPOCOB NpH NpaBUIIBHBIX OTBETAX YPOBEHb 3HAHUU
MOYHO OLICHUTH:

— «YIIOBJIETBOPUTEIIBHO» — HE MeHee |3 MpaBUIIbHBIX OTBETOB;

— «XOpOIIO» — HE MeHee |7 MpaBUIIbHBIX OTBETOB;

— «OTJINYHO» — HE MeHee 20 MPaBUIIbHBIX OTBETOB.

B 1. BriOparh BBIIEPKKH BPEMEHH MaKCHUMaJbHONW TOKOBOHW 3aIllUThI
(MT3) c He3aBUCUMOM XapaKTEPUCTUKON cpabaThIBaHUS peJie JJ CXEMBI:

1) tcp] :tcp2:tcp3 ,
Ql QZ Q3 2) tcp1>tcp2>tcp3;
3) tcp] <tcp2<tcp3 ,
4) tcp1=tcp2=tcp3=0.

Puc. 1

B 2. Jlna uzmeputenbuoit cxembl MT3 (Puc. 2) npu HOMHUHAJIBHOM TEp-
BUYHOM TOKE l,,,, HQ30BUTE BEIMYMHY TOKA B 0OpAaTHOM IPOBOJIC.

A B C
IHOM* IZA * *IHOM Kl—lAl
J' KA, 8 1) 156=0;
J,_D— 2) los=54;
g-TAl g'TAz | a1, =4
L _j_ (A) 00 06 \/§ y
= 41, =~3-54.

Puc. 2

B3. B xakux ceTsx MpUMEHSETCS U3MEpPUTEIbHAS CXeMa TOKOBBIX 3alllUT
(Puc. 3) ¢ BKIIIOYCHHEM TpaHCHOPMATOPOB TOKA HA PA3HOCTH TOKOB?
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| A B i:l KA 1) B cersix ¢ u301MpOBaHHON HEWTpa-
HOM HOM .
-, 1p M JIBIO;

( ( A 2) B cerax c¢ miyxo3a3eMJI€H-HOU

-TA, o
( ( HEUTPAIbIO;
3) B cerax, roe cuioBoit TpaHchopma-
= TOp UMEET coennHeHus1 00MOTOK Y/A.

Puc. 3

B4. HazoBute BenuuuHy Toka yepe3 peine (Puc. 3) mpu HOMUHaIBEHOM
MIEPBUYHOM TOKE | },,.

11,0  2)1,=54 3)1,7104 4)1,=+3-54
BS. HazoBurte BenmunHy TOKa cpaOaTbiBaHUsA ISl TOKOBOW OTCEUKH,
(Puc.4).

y21 IyZ

I
o o
1) pTO — "H " VisK
I<3 2) IcpTO = kfil IKJNKz;
(?1 (?2 I . k I
3) pro — ™o T ks,

Puc. 4

B6. Kakoii xapakTepucTukoi cpabaThiBaHUSI 00JIaIal0T AJIEKTPOMAarHUT-
Hble pene Toka tuma PT- 40 u PCT-11, (t.,= f(1,))?

th A th A
bp === | 4,—,7
|
! 3) : >
lep I,
tep A
4) Lep R
A >
p lep I,
Puc. 5
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B7. Cratnueckue pene toka PCT-14 u pene nanpsixenus PCH -17. Kak
M3MEHAIOT BeNuunHy cpabateiBanus |, (U.,) aTHX pene?

1) Wsmensss BenmmumHy 7 quddepennmpyromeii nenn RC Ha BBIXOIE
KOMIIapaTopa;

2) U3amenss kodddunmeHt TpanchopMaiy BXOIHBIX TPAHCPOPMATOPOB
(TAL; TVL);

3) M3meHsis BennuuHy ornopHoro HampspkeHus U,, Ha BXOJIe KOMIIapaTo-
pa;

B8. Korna paboraer pene mouocty KW B cxemax pesneilHOMN 3amuThl
(puc. 6)?

Uy Q> Qs Q1 1 Qs U,

1) Ilpm k.3. B Touke Kj;
2) Ilpu k.3. B Touke Ky;
3) Ilpu k.3. B Touke Ks.

B9. VkaxuTe kak omnpenensercss TOK cpabaThIBaHUs sl TPOJIOILHOM
muddepeHnnansHoi 3auThl (puc. 7).

IJJI/IHLI\f/

0, H_‘: Ha OTKJI. 1) |Lpﬂ3 i, iy,
*- m 2) IcpﬂS’ =Ky 1ok
AL T I 3) 1 =Ky e
I (__._T (+)' 4) Icp,ZB = kH ) IH6.paCLt.maX .
TAZ(- T'zz
1 KA 1

QZ ?: Ha OTKJI.
v v ? «

Puc. 7
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B10. Ykaxure XApaKTCPUCTUKY Cpa6aTBIBaHI/IH peiic COIIPOTUBJICHUA Ha
KOMIUIEKCHOU TIJIOCKOCTH IMIpHU CPAaBHCHHUHN ABYX JJICKTPUYCCKUX BCIWYHNH BHOA
U|—K|| U n U||—K|

JX jx 4
Zp

Ll

Dy

R R
3) 4)

Puc. 8

B11. Kak onpenensiercs Tok cpadarbiBanus s MT3 JIDII?
MT3

1) IcpMT3 = kH ) IK3’
K 2) IcpMT3 = kH " o3
3) IcpMT3 = kH ) pab.max :

4) IcpMT3 = kH ) Inycx .
Puc. 9

B12. Ha uto Biusier B padore auddepeHImaapHON 3aluThl CXeMa CO-
eIMHEeHnss 00MOTOK cuIoBoro tpancdopmaropa — Y/A, rp. 11 (puc. 10)?

T HbI

_ Ha OTKIL
Qi [«

lp
>
>

1) Ha BenunumHy TOKA i1;
2) Ha Benmuuny TOKa i2;

E )\; 3) Ha ObicTpoeiicTBIE 3AIINTHI;
AN

4) Ha Benmnuuny Toka HebOananca l,z.

I i TA > Tizz (+)

Ha OTKJL
Q2 e

KA

Puc. 10
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B13. Yto monnmMaroT moa TokoMm Hebananca l,; mpu pacuere mpoaoapHOM
nudpepeHnnanbHOM 3anuThl cUII0BOTO Tpancdopmartopa (Puc. 10)?

1) Tok iz B mede quddepeHnnanbHon 3amuThl; |,=i21;

2) Tox iy B turede quddepeHIaIbHOM 3amunThI; |,5=122;

3) Cymma TOKOB B mie4ax auddepennuansuoi samutel |, =1, +1,,;

4) Pa3HOCTb TOKOB B IuIe4ax au¢HepeHInaIbHOM 3aMThl |, =i, —Ii,, .

B14. Haznauenue Topmosnoit oomotku Wr B pene tuna JI3T-11:

1) 3amemiaTh cpabaThIBaHHUE peEIIc;

2) YckopsaTh cpabaThIBaHUE pElie;

3) INomnackimats kpaiinue crepxHu BHT mis ocmabnenus Tpancdop-
mauui |, B padouyro oOMOTKY W,as.

B15. Ykaxute xapakrepuctuky cpabateiBanus J[3T-11 (Puc. 11).

ot 2, 3 4
1) 1;
1 2) 2;
3) 3;
4) 4.

»

I TOp

Puc. 11

B16. [loueMy npu aBTOMaTHYECKOM TallleHUM MAarHATHOTO MOJII T€Hepa-
topa (AITI), mpexne, 4eM OTKIOUUTHL OOMOTKY BO30YXKICHHS TeHepaTopa
(OBI'), ee Hy»)HO TEpBOHAYAIBLHO 3aKOPOTUTHh HAa JOOABOYHOE COMPOTHUBIICHHUE
Rao5 (PI/IC 12){7

+9 Urr *- 1) Jns yCTOHYHMBOCTH CHHXPOHHOTO T'€HE-
y
paropa;
AFHZ# 2) [lns Oosee OBICTPOTO OTKIIIOYCHHS Te-
lsos y HepaTopa u3 padoThI;

3) Jnst ObicTpOro ramieHdHsi MarHUTHOTO
P TIOJISl TEHEePaToOPa;
- 4) Jlns uckiroueHus mpo0osi 0OOMOTKH BO3-

AT'Tl;

R
700 oyxnenus ot DJIC caMOMHAYKIIMH TP Ta-
IIIEHUY MarHUTHOTO TOJIS.
L Y Y Y
OBI'

Puc. 12
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B17. Kakoil 0CHOBHOM IIPU3HAK UCIIOJIB3YETCA U1l aBTOMAaTUYECKOTO I10-
BTOpHOrO BKJItoueHus (AlIB) anementom COC?

1) Hcde3HoBeHHE HANPSHKEHUS B IIIMHAX;

2) Tlonwmwxenue HanpspkeHus B JIDII HIKe OnpeeIeHHOTO;

3) BosaukHOBeHHE K.3. B ameMenTe COC;

4) BO3HUKHOBCHHE HECOOTBETCTBHUS MOJIOKCHHS KITFOUa YIPaBJICHUS U
BBIKJIFOYATENS.

B18. Uem otimuaetcs AIIB cinoxubix ceteit ot AIIB pagnanbHbIxX (TIpo-
CTBIX) DJIEKTPUUYECKUX CETEH?

1) Bounbmieit BennunHoi BpeMenn Havaia aeictBus AIIB (tyz));

2) Memnbliei BeauunHON BpeMenu Havaja aerctBus AIIB (tys));

3) Cxema AIIB panuansHOU JIMHUM UMEET IBYKpaTHOE jeiicTeue, a ATIB
CJIOXHOMW JIMHUU — OJTHOKPATHOE;

4) B cxeme AIIB cinoxHO# JTWHUM, HA OJHOW U3 CTOPOH, UMEETCS pelie
KOHTPOJISI CHHXPOHHU3MA.

B19. Kak onpenensercs Tok cpabaTbiBaHUs 1J11 TOKOBON OTCEUYKH (3alll-
ThI) BEICOKOBOJIBTHOTO aCUHXpOHHOTO aBurarens (Puc. 13)?

IITAHBI 6-101(8 H_“ HA OTKIL.
Y /
A B C “
KA
— IJD |_| 1) IcpTO = kH ) IK.3.K;
( ( ' | 2) | =k, -1 :
-TAl 'TAZ cpTO H nyckA/]
( (ﬁ_ 3) IcpTO = kH ’ Ipa6.H0M 1
— 4) IcpTO = kH ) Inepezpysku '
> K
Puc. 13

B20. Hasnauenuwe anamoro-mudpoBoro mnpeodOpaszosarens (ALIl) B
CTPYKTYPHOMI CXeMe MUKPOTIPOIIECCOPHOM 3aIuThI (puc. 14).

o TTATT Ha OTKII.
M u BBIKJIFOYAT.
(V) K omepar.
—>» IIT » YO » ALITT » 11 » CY —>
HIepCOHATY
C R K MOHHUTOPY
> 9BM PpeNeiHOro IepeKI.
Puc. 14
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1) Jlns ycuneHus mapaMerpa (TOKa, HapsDKEHHUS) Ha BXOJE MHUKPOIIPO-
ueccopa (MII);

2) Jlns coriacoBaHHS SJICKTPUYECKUX MapaMETPOB (TOKa, HAPSIKCHU)
Mex 1y 4acToTHBIM QuibTpoM (UD) u mukpomnpoueccopom (MI);

3) Jlns mpeoOpa3oBaHusl aHAJIOTOBBIX (MI'HOBEHHBIX) 3HAYEHUH CHHYCO-
UJANBHOTO TOKa (HANpPSHKEHMsI), KOHTPOJIMPYEMBIX B 3allUIEHHON IenH, B
M(POBYIO BEIMUYMHY U MI0/1a4a UX HA BXOJ MUKPOIIPOIIECCOpa.

B21. Haznauenune mmkponpoueccopa (MII) B crpykrypHoit cxeme (Puc.
14).

1) Jlns cymmupoBaHus (BBIYMTaHHUs) HU(POBBIX BEJIUYMH TOKa (HAIps-
JKEHHUS);

2) Mg BemoJiHeHHSs Jorndeckux oneparuit (U, NJIN, HE);

3) Jlns BeimosHEeHUWs] (PYHKIWN PENEHHON 3allMThI, MPEICTABICHHBIX B
BUJIC AITOPUTMOB JCHCTBUS €€ U3MEPUTENbHBIX U JJOTMYECKUX OpPraHoB (10 3a-
JAHHOM MpOrpaMme).

B22. Hasnauenue uudpo-anamoroBoro mnpeodpazoparens (LIAIT) B
CTPYKTYPHOU CXeMe MUKponpoueccopHoi 3amutel (Puc. 14)?

1) [Jns ycunenus muppoBbIX CUTHAIOB Ha BeIxoae MIT;

2) Jlns coryiacoBaHWs BBIXOJIHBIX CHTHAJIOB ¢ MII M MCHOJIHHUTENBHOM
yacTeio P3;

3) Jlns nmpeoOpa3oBaHus UGPOBOrO CUTHAJA B aHAJIOTOBBIN (HAIpshKe-
HUE), MOCTYNAOIIEro Ha UCIOJIHUTENbHBIA oprad P3 (mmpoMexyTouHble pene),
JEUCTBYIOLIErO HA BBIKIIFOYATEIb.
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OTBeTHI HA KOHTPOJbHBIC BOIIPOCHI

Bompocsl OTtBeTsl
B1
B2
B3
B4
B5
B6
B7
B8
B9

B10
B11
B12
B13
B14
B15
B16
B17
B18
B19
B20
B21
B22

WwwnNDhherhrprPpowuowpbrrphbpowuowbhbPrPLProwubldMdpdDPEEDNDD

13 mpaBUIBHBIX OTBETOB — «YJOBJIETBOPUTEIHHOY,
17 mpaBUIBHBIX OTBETOB — «XOPOILIOY,
20 mpaBUIBHBIX OTBETOB — «OTIHMYHOY.
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Hpuaoxenue VIl

HepequL coxpamenm‘i, HCNMOJIBb3YEMbIX B HHCTPYKIHUSAX 110 IKCILJTya-

pa

TallUU YCTPOMCTB peJieiiHo 3aIMThI 1 ABTOMATHKH

1. Cokpamenus odmme

K3 — kopoTkoe 3aMbIKaHKe

P3A — peneitnas 3amuTa 1 aBTOMaTHKa
BKIJI — BrimroueHue

OTKIJI — oTkitoueHue

2. CokpanleHnsi B HAUMEHOBAHNH 3a1UT U ABTOMATHKH
13 — nucTaHIIMOHHAS 3alluTa
T3HII — ToxoBas 3amMTa HyJI€BOM MOCIEA0BATEILHOCTH
MT3 — MmakcuMajbHas TOKOBAs 3allliTa
MTO — MakcuMalibHasi TOKOBasi OCEUKa
JI3UI — nuddepenunanbHas 3ammra muH
130 — nuddepennmanbHas 3anUTa OIMIMHOBKU
J3T — nuddepenunanbHas 3amura TpanchopmaTopa
YPOB — ycTpoiCTBO pe3epBUPOBAHUS OTKA3a BBIKIIOYATENS
BY 3amura — BBICOKOYACTOTHAS 3alIMTA
['3T —ra3oBas 3amura TpancpopmaTopa
['3T PITH - ra3zoBas 3aiura nepeKIroyaroiiero ycTpoiucTra Tpanchopmaro-

APKT — aBromatuueckuii perynsitop koddduiuenta Tpancpopmanuu
3H®P — 3ammra oT HEMoJHO(GA3HOTO peKUMa

AIIB — aBTOMaTH4e€CKOE MOBTOPHOE BKIIFOUEHUE

ABP — aBTOMaTHueckuii BBOJ pe3epBa

3MH — 3amura MUHUMAJIBHOTO HaIPSIKEHUS

AOIIO - aBTOMaTryecKkoe orpaHu4YeHHE Meperpy3ku 000pyI0BaHuUs
AOCH — aBTOMaTH4ECKOE OIPAHNYECHUE CHUKEHUSI HAITP>KEHUS

AYP — aBToMaTtuyeckasi 4aCTOTHAsl Harpy3Ka

YAIIB yacToTHast aBTOMAaTHKA IIOBTOPHOT'O BKJIFOUECHHMS

Croen. MT3 — criermanbHass MakCUMaJIbHAsS TOKOBas 3allluTa

3/13 — 3ammTa OT JyroBbIX 3aMbIKAaHAN

JI3II — noruueckas 3amuTa NMH

AY — aBTOMaTHYECKOE YCKOPEHHUE 3aIUT MPH BKIOYEHUHN BBIKIOYATEIS
OV — onepaTMBHOE YCKOPEHUE 3AIUT

KC — KOHTpOJIb CHHXPOHHU3MA

KOH — KOHTpOJIb OTCYTCTBUS HANIPSKEHUS

KHH — koHTpOoib HaNmMuus HanpsKEHUs

3. CokpauieHnsi B HAUMEHOBAHNH 000PYA0BaHUS M 1eneil
IIIIT — muT MOCTOSHHOTO TOKA
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IICH — muT cOOCTBEHHBIX HYXK]T

BIIPY — 610K nuTaHusI C paclpeaeIuTEIbHbIM YCTPOUCTBOM
YKII — ycTpOoHCTBO KOMIUIEKTHOE TUTAHUS

BITHC (YIIHC) — 6710k (YCTpONCTBO) MUTAHUSI CTA0OUITU3UPOBAHHBIM
HaNpsHKEHUEM

BIIT — 6510k nuTanus Toka

BITH — 650k nuTaHus HANPsHKCHUS

BII3 — 610K iuTaHus U 3apsiaa

BK — 6110k KOHIEHCATOPOB

BA3II — BeIIpSIMUTENBHBIN arperatr 3apsiaiHo - MOA3APSIHbINA
KAY — koMIIIekcHast akKyMyJIsITOpHasi yCTaHOBKA

B3II — BeinpaAMUTENb 3apAIHO - TOA3APS THBII

[[C — ueHTpasibHasi CUTHATIU3AIUS

LITY — muHKYM ynpaBieHUus

HIC — mmHKM curHaaIu3amun

[T — muHKY nUTaHUus
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AB.nn
ABap —
ABP —

ABT.JI€T.BpEeMSs

AIIB -
APM —
ACY —
ACY-2Y —

ACYTII -

AILII -
AYP —
ADC -
ANSI -

BK —

biok. —
BMP3 - 100
BIT —
B®IIO —

BB —
Bepr. —
BKJI -
Buemr. —
BHP —
BOJIC —
Bx. —
BD -
['opus. —

«JI»
A0 -
JATO —
Y-

3_
3aTsaH. —
3bP —
3BI' -
3UII -
3MH —

IlepeyeHb cokpameHuu
ABapus

ABTOMAaTHYECKOE BKIIIOUEHUE PE3EPBa

ABTOMAaTHYECKHI IEPEXO]] HA JIETHEE BPEMS
ABTOMAaTHYECKOE IOBTOPHOE BKIIOYEHUE
ABTOMaTH3UpPOBAHHOE pabouee MECTO
ABTOMaTU3UPOBAHHAS CUCTEMA YTIPABIICHUS
ABTOMaTU3UPOBAHHAS CHCTEMA YIPABJIECHUS AJIEKTPUUYECKOM
4acTbIO SHEPrOOObEKTA

ABTOMaTHMYECKasi CHCTEMa YIPAaBJICHUS TEXHOJOTHYECKUMH
MPOLIECCAMHU

Amnanoro — nudpoBoii mpeodbpazoBarein

ABTOMaTHYECKasi 4aCTOTHAsl Harpy3Ka

ATOMHas IEKTPOCTAHIUS

American National Standards Institute (HaunoHaIbHBIM WH-
ctutyT cranfaptuzaimu CIHIA)

bI10K KOHAEHCATOPHBIN

biiokupoBka

[udposoii 610k peneitHoit 3ammTel THIa bBMP3 — 100
biiok nuranus

ba3zoBoe ¢yHKIMOHAIBHOE POTrPAMMHOE 0OecTIeYeHHE

Brikimrouaresps BBOAA

BepTukanbHbii

Bxirountb

Bremnss

BoccraHoBieHre cXxeMbl HOpMaJIbLHOTO PEXKUMa
BookHO — onTryeckast IMHUS CBSI3HU

Bxon

BenomocTs 3KCIUTyaTaliMOHHBIX JOKYMEHTOB

['opr30HTAIBHBINM

Tun nmyneTa (C AUCIIIEEM)
JuddepennuanbHast 3amuTa IBUTaTEINs
HuddepennmanpHas TOKOBasi OTCEUKa
JlucTaHIIMOHHOE yNpaBlieHUE

3aMBIKAIOIIT KOHTAKT

3aTAHYThIN

3amuTa oT OJOKHPOBKU pOTOpa
3amura OT BBICHIMX FAPMOHHUK
3anacHble YaCTH U MPUHAAIICKHOCTH
3amuTa MUHUMAIIbHOTO HaNpPsSHKEHUS
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300 —
3ITH -
31T -

KBUT wnmu
KBur —

K3 —

KJT —
KMUYIIIT -

Kontp. —
KPVY —
Kpyt. —
KTII -

JIBx —
JI3Im —

Mus. —
MIIBB —
MT —
MT3 —
MY —
MIIIT —

Hewucnp. —
Heycn. —
HKY —
HITH -

Oo6mr. —
033 -

OMII -
OTK —
OTKIJI -

ITpO —
IIp. nmm
[Iporp. —
[1C -
[I19BM —
[190 —

3amura oT 00pbIBa (ha3bl U HECUMMETPUU HArpy3KU
3aiuTa OT MOBBIILIEHUS HAPSKEHUS
3amuTa OT NOTEPU MUTAHHUS

KBurupoBanue

Kopotkoe 3ambikaHue

KaOenbHble THHUH

KOMITJIEKT MOHTa)KHBIX YacTeH IS TIEPEIHErO MPHCOSTNHE-
HHS

KonTtpouib

KomrutekcHoe pacnpenenuTebHOe YCTPOMCTBO

Kpyroit

KommnekTHas TpanchopmaTopHas MOCTaHITUS

Bxoanoit quckpernbiit curnan «JI31I- qaTamk»
Bxoanoit auckpetHsiii curnain «JI3I-npueMHuK»

MuHuMmanbHas

Mopyb MmUTaHusS ¥ BXOJI0B-BBIXOJ0B
Monynbs TpancpopMaTopoB
MakcuMmaibHasi TOKOBasi 3aluTa
MecTtHOe ynpaBieHue

MonyJib HEHTPaIBLHOTO MPOLECCOPA

HewucrnpaBrocTh

Heycnemubii

HopmanbHble KITMMAaTHYECKUE YCIOBUS
HewncnpaBHOCTH Lieniel HANPSHKEHUS

OO6mmit

OpnnodazHoe 3aMbIKaHUE HA 3€MITIO, 3aIllUTa OT OJHO(DA3HO-
T'0 3aMbIKaHHs Ha 3eMJTI0

Omnpenenenue MecTa MOBPEKACHUS

OTaen TeXHUYECKOTO KOHTPOJIS

OTKITIOUNTH

[IporpamMmmHOE oOecrieueHme
[Iporpamma

[Taciopt

[IepconanbHast 3JIEKTPOHHO-BBIYMCIUTEIBHASI MAIlIMHA
[IpeobpazoBaresns ANEKTPOHHO-ONTHUYECKUN
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PABP —
Pazpem. —
Peain. —
P3A —
PIIB —
PIIO —
Py —
Pyun. —
PO —
POI1 -
P22 —

«Cx» —
CB -
Cunx. —
CKII -
CO -
Cpab. —
Cr. —

T3 -
T3HII -
TH —
TP —

YMT3 -
YPOBx -

YPOBO —
VYCO -
Yemo. —
Ver. —
Yck. —

DK —
@IIO —

1IP3A —
LIPH —

YAIIB -

Pa3mbIkarommii KOHTaKT

Pa3zpenienue aBTOMaTuue€CKOTO BKJIIOUEHHUS pe3epBa
Pazpemienue

PeanbHbIN

Peneiinas 3amura 1 aBTOMaTHuKa

Pesnie moBTOpUTEH BKIFOYEHHOTO COCTOSHUSA BBIKITIOYATES
Pene noBTOpUTENb OTKIIOUEHHOTO COCTOSIHUS BBIKITIOUATES
PacnipenenurenbHoe yCTPOUCTBO

PyuHnoe

PykoBOICTBO MO 3KCIUTyaTaluu

PykoBOJICTBO MO 3KCIUTyaTaluy 4acTh |

PyKOBOJICTBO MO AKCIUTyaTalluk 4acThb 2

Tur mynbpTa (CO CBETOIMOIAMH )
CeKIMOHHBIN BBIKJIIOYATEIb
CunxpoHu3anus

CreH1 KOMIUIEKCHOW MPOBEPKH
CaMoIpou3BOJIbHOE OTKJIFOUEHHE
CpabatbiBaHue

CryneHb

ToxoBas 3amuTa

TokoBas 3amuTa HyJICBOM MMOCIEA0BATEIEHOCTH
TpanrcdopmaTop HaNpsHKEHUS

Tpanchopmarop

Y ckopeHue MakcuMaabHOM TOKOBOM 3al[UThI

VYcTpolcTBO pe3epBUpPOBaHUSl TMPU OTKA3€ BBIKIHOYATENS
«YPOB-pgatunk»

YCTpOUCTBO PE3EPBUPOBAHUSA TPHU OTKA3E BBIKIIKOYATENS
«YPOB-nipueMHuK»

VY CeTpoiicTBO conpsKeHus ¢ 00bEKTOM

Ycnemnsin

VYcraBka

Yckopenune

QO YHKIMOHAIBHBIA KOHTPOJIEP
OyHKIIMOHAILHOE MPOrpaMMHOE 00ecTieueHue

[HudpoBoe ycTpoicTBO pesieHOM 3alIUThl 1 aBTOMATHKU
[HudpoBoii perynsiTop HanpsKEHUS

YacrotHoe AIIB
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111 LI — [IInHKY nuTaHus

J OT - OTHKETKa
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DJieMeHThI PYHKIMOHAJIBHBIX CXeM

[Toporossii Brruncnenue
AJIEMEHT C TH- A pa3HUIIBI TOKOB
CTEpPE3UCOM — — BBOJAa M CEKIH-
(cpaBHEeHHE C OHHOTO BBIKIJIIO-
YCTaHOBKOM) yaress
U e 1 OunpTp |, Opran Hampas-
-/ U2 U2 HaHp}DKCEII/I}I IB_ JICHUA MOIIIHO-
. — oOpaTHOW  TIO- User| Ph— CTH
“BCH) clIe10BaTEIIb- Ups 1|
HOCTH
) Opran wu3smepe- e [ Opran Hanpas-
- HUS YaCTOTBI - JICHUSI MOIII- HO-
F 3lo R CTU HYJIEBON
— I [I0CJIEI0BATEIb-
HOCTH
Onpenenenue ] Boibop Mmakcu-
o dakrta  mycka MajJbHOIO  Jeil-
— JOBUTATENId 110 MUX— CTBYIOILETO
— JIEUCTBYIOIIEMY — 3HAYCHUS
3HAYEHUIO TOKa
R OuibTp _ Toka MAX Beibop maxcu-
— oOpaTtHOM  TIO- ] MaJIbHOTO  3Ha-
|2 - CJIEI0BATENb- — YEHUS
I | HOCTHU _ |
ggg PrB I[I/ICer:l:HHﬁ [ MIN Beibop  muHm-
BXOJIHOM  CHUT- MaJgbHOTO  3Ha-
HaJl, MapKHpOB- — YEHUS
Ka COCTUHUTEIIS ]
U HOMEp KOH-
TaKTa
';:1, BreixoaHoit Bxomnonn  cur-
""lHa‘MMEHOBEHMe a curHal aJro- ” vanmenosanve | HAJI  @JITOPUTMA
ovana  anopmuanprewsna | PUTMA  (BHYT- | SSeeBome - ST (BHyTpeHHMI)
pEHHUM)
A IToporosbii A IToporossiit
comp | ¢ AJIEMEHT CpaB- comp| @ AJIEMEHT  CpaB-
> HEHUsl  Hamps- < HEHUsI  Harps-
B KEHUSI C BEpX- B KEHUS C HUXK-
HEH TpaHHIeH HEW  TpaHHIeH
30HBI  HEYYB- 30HBI HEYyB-
CTBUTEJILHOCTHU CTBUTEJIBHOCTHU
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Brruncnenue Brrunucnenue

A |Ussnu | B BEpXHEH  TIpa- A |Unswu | B HIDKHEN TpaHUu-

] — HHIIBI 30HBI He- o I 116l 30HBI HEUYB-
JyBCTBHUTEIIb- CTBHUTEJIBHOCTHU
HOCTH

Jlornueckue «1JIN» A|B|C Jlornueckue «HE» AlB
A 0010 01
O 1 ¢ 0|11 Al c 1
— 101 o -
B 1011

Jlornueckue «» A|B|C Jlornueckue «11-HE» A|B|C
A 0100 A 0/0]1
1 & ¢ 0/1/0 & ¢ 0/1]1

— 1100 - 1/0]1
B 1]1]1 B 1]1]0
Jlornueckue «HE-1» A|B|C Tpurrep RIS |Q
A 0100 Q 0/0|Q
& ¢ 0/1]0 —8| Tr— 0]1]1
— 1/0(1 11010
B 11]0 Y 1]1]0
A t 5 3anepkka ~ Ha R ‘ B 1
= | cpabaTbIBaHUE
B t
T 3aBucumas 3a- 1Ty I'enepaTop um-
JIep)KKa Ha cpa- B MyJIECOB
OaThIBaHHE JUL
T Perynmupyemas R
A [t B 3ajepkka  Ha| A NN
— cpabaTbIBaHUE B ]
(ycraBka 1o T
BpeMeHHu «T»)
t 3agep)xkka  Ha
A t B | BosBpar A 1]
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dopmuposa-
TEJIb  MMITYJIb-
COB C 3aITyCKOM
o0 IepeaHeMy
bpoHTy

[

A

\d

A

dopmuposa-

T€Ib  HMILYJIb-
COB C 3aIlyCKOM
1o 3alHEMY

bpoHTy

A

A

A
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YciaoBHBIE 0603Ha‘leHI/Iﬂ, NPUMCHACMbBIC HA 3JICKTPHYCCKHX CXEMaXx

O0o3HaveHue HaumeHnoBaHue 3j1eMeHTa

AV VY cTpolCTBO peryupoBaHus HANPSHKEHUS

AC YcrpotictBo ABP

AK YcTpolicTBO (KOMIUIEKT) pejie TOKOBBIX 3aIIUT

AKB YerpoiictBo 6iokupoBku tumna KPb

AKS YcerpotictBo AIIB

AKV Y CeTpolicTBO KOMITIEKTHOE MPoAoabHOM nud3amuts! JIDIT

AKZ VY CTpOCTBO KOMIUIEKTHOE peJie COMPOTUBIICHUS

AR YerpoiictBo koMiuiekTHOE pesie YPOB

C Konnencartop

EA1 [Munka BcnomoratenbHas (711)

EA2 [IIunka BcnomoraresnbHas (713)

EAH [IluHka BcnoMoraTesbHasi coOuparenbHas

EAA [[InaKka BcmomorartensHas HanpsbkeHus (A790)

EAC [IIuuka BcnomoratenbHas HanpsxeHus (C790)

EB [ITuHka OJIOKUPOBKHU

+EC [IvHKa yrpaBiaeHus «+»

-EC [IvHKa yrpaBIeHUS «-»

ECS1 [Iunka cunxponuszauuu (721)

ECS2 [Munka cuaxponusanuu (722)

ECS3 [HnaKa cuaxpoHu3amu (723)

ECS4 [Iunka cunxpounuszauuu (724)

+EN [IInaKa curHAIM3auu «+»

-EN [IInHKa CUTHATU3AaUU «->»

EHA [[IlnHka curHaIU3aly aBApUNHON

EHP [IInHKa cUTHAMM3auy TPeAYNPEIUTEIbHON

EHT [[IvHKa CUTHATM3aluy TEXHOJIOTUYECKON

(+)EP [IInHKka MUTaHUS

EPD [[lnHKa chemMa MUTaHUS

ESLA [MIunka HanpspkeHus cuaxponu3amu (A610)

ES1.C [IInnaka HanpspkeHus cuaxpoHm3anmu (B610)

ES2.A [HIunka HanpspkeHus cuaxponu3amu (A620)

ES2.C [IIunka Hanpspkerus cuaxporusanmu (C620)

ESD [IInnka HanpspkeHus cuaxponu3amu (A780)

EV1A [MIunka Hanpsokerus (1T ¢ oOMOTKaMu, COSTMHEHHBIMU B 3BE31TY)

EVI.B [Mlunka wHanpsokenus (1T ¢ oOMOTKaMH, COCAMHEHHBIMH B 3BE31Y,
B600)

EV1.C [Mluaka nHanpsokenus (1T ¢ oOMOTKamMH, COCIMHEHHBIMU B 3BE31Y,
C600)

EV1.N [Iunka Hanpspkenust Hedtpamu (IT ¢ 0OMOTKaMu, COSTMHEHHBIMH B
3Be3ay, C600)

EVLH [lInaka Hanpspkenus Hedrpamu (IT ¢ oOMOTKaMH, COCAMHCHHBIMU B
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EV1.U
EV1K
EVLF

EVM.1
EVM.2
EY

HL
HLA
HLG
HLR
HLW
HV

FU

FV

KA
KAT
KAW
KAZ
KB
KH
KHA
KL
KM
KQC
KQT
KSG
KSV
KT
KV
KW

— X
= N

PC
PF
PHE
PO
PQ
PS

Pa3oMKHYThIH TpeyronbHuk, H600)

[Mluaka Hanpspkenus Hewrpamu (IT ¢ oOMOTKaMu, COeAMHEHHBIMHU B

Pa30MKHYTHIN TpeyrojabHuk, M1606)

[MIunka wanpspkenust (IT ¢ oOMOTKamMH, COCIMHEHHBIMU B Pa30MKHY-

TBIH TPEYTOJBHUK)

[Iunka wanpspkeaust (1T ¢ oOMoTkamMu, COeIMHEHHBIMU B Pa30MKHY-

TBIM TPEYTOJIHHUK)

[Iunka 3ammuThl MUHUMabHOTO Hanpspkenus (011)
[InHKa 3a1UThl MUHUMaIbHOTO HanpspbkeHus (013)
[IluHka nUTaHus MPUBOJOB BRIKJIIOYATENEH
[Tpubop cBETOBOI CUTHANIHU3AIUU

CaetoBoe Tab11o

JlamMna ¢ nMH301 3€JIeHOU

Jlamna ¢ TMH30M KpacHOU

Jlamma ¢ nmuH30M Oeoi

HMonHbIM TONYyNIPOBOAHUKOBBIN CUTHAJIA3ATOP
[limaBkuy nperoxXpaHuTeIb

Pazpsanauk

Pene

Pene Toka

Pene Toka ¢ HachlarOMMMCs TpaHcpopMaTopom
Pene Toka ¢ TopmokeHnEM

Pene Toka ¢punsTpoBOE

Pene 6mokupoBku

Pene ykazarenpHoe

Pene ummnynbCHOM CUTHATU3AIMA

Pene npoMexyTouHOE, UCTIOJIHUTEIbHBIN Opran
KonrakTop, myckareinb

Pene nonoxenus «BxiroyeHne»

Pene nonoxenuss «OTKIOUECHO»

Pene razosoe

Pene xkoHTpONS nenen HanpsHKEHNs

Pene Bpemenu

Pene nanpsbxenus

Pene momnocTn

Pene conporuBnenus

PeakTop, npoccenp, gyroracsias KaTymka
JIBurarenn

Amniepmerp

CueTyrK UMITYyJIBCOB

Yacroromep

Ykasaresnp MoJI0kKEHUS

Ocuumnorpad

VYkazarens PITH

CUHXPOHOCKOII
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PT
PTY
PTY
PV
PW

RP
RR

»wO

SA
SAB
SB
SF
SX

TA
TAN
TAV
TL
TUV
TV
uv
UVM

VC
VD
VL
VS
VT

XA
XG
XN
XP
-KS
SG
SQ
XT
XW
Y AC
VAT

CexyHaomep, 4achl

CexyHzoMep 2JEKTPUUECKUH (C 3JIEKTPOMArHUTHBIM IPUBOJIOM )
CexyHzomep 3J€KTPOHHbBIN

BonsT™meTp

BartmeTtp

Pesucrop

[TorenmomeTp

Peocrar

PyOunbHUK, BBIKIIIOUATENb CUIIOBBIX HENei
PyOmibHMK, BBIKJIIOYATENh BCIIOMOTATEIBHBIX II€Tei, KOMMYTAIlMOH-
HO€ YCTPOMCTBO

IlepexmrouaTenb, KJIFO4 BTOPUUHBIX LIETIEH
[lepekmrouaTenb, KIIIOY B LEMAX OJIOKUPOBKU
Knomnka

ABTOMAaTUYECKU BBIKIIOYATENb

Haknanka oneparuBHas

Tpanchopmartop

Tpanchopmatop Toka

TpanchopmaTop TOka HyJIEBOH MOCIEIOBATEILHOCTH
TpancpeakTop

Tpanchopmarop MpoMeKyTOUHBIN, HATPY30UHBIH, 6€30MaACHOCTH
Tpanchopmartop peryanpoBOUHBIMA
TpancopmaTop HanpsHKEHUS

da3zoperynarop, npeoOpazoBaresb HANPSHKEHUS
da3zoperyssaTop MOTOPHBIN

DNEeKTPOHHBINA TPUOOP

Brimpsmurens

Jluon, cTabuIuTpoH

DneKTpOBaKyyMHBIN MIPUOOP

Tupucrop

Tpanzucrop

YCTpONCTBO COCTMHUTEIBHOE

WcnpiTaTenbHbBIN OJIOK

HcnbiTaTenbHbIi 3aKUM

Coenunenne Hepa3bopHOE

CoenvHeHNe KOHTAKTHOE, IITHIPh

CoenuHeHne KOHTaKTHOE, THE3/I0

brok ucneITatensHbIi

IIyTeBoii BBIKIIOYATEIb KOHEUHbIN
Coenunenne pazoopHoe

Coennnenne BU

DJIEKTPOMArHUT BKIIFOUECHUS

DJIEKTPOMATHUT OTKIIFOUEHUS
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JlaTuHCKHe U CTapbi¢ PyCCKUE 0003HAaYEeHHUS 3JIEMEHTOB IePBUHYHBIX U BTO-

PUYHBIX CXEM

HanmMenoBanue 060py10BaHus, anmaparypbl Jlatnackoe Pycckoe
o0o3HaueHue | 0003HAYEHUE

Tpancdopmarop, aBToTpancGopmMaTop T T, AT

JInHug snexkTponepenauun W BJI

JIBurarenn M |

Breikirouaresnpb Q B

MarsHuTHbIN TyCKaTellb, KOHTAKTOP QYA M

Pa3bequHuTenp 3a3eMIISIONTUH (CTallMOHAPHBIH ) QSG 3H

PazpsinHuk FV Pazp., P

TpancopmaTop HanpsHKEHUs Ty TH

Tpancdopmarop oTOOpa HaNPsHKEHUS TLV TOH

DNEeKTpOMAarHuT BKJIIOUEHMS (B MPUBOJE MACISIHOIO YMC OB

BBIKJTFOUATEIS)

KonTtaktop BKiO4eHHs! (3IEKTPOMArHUT BKIIFOUCHHUS YAC KII, OB

B [IPUBO/I€ BO3AYLIHOTO BBIKJIFQUATEIIS)

DJIEKTPOMATrHUT OTKJIFOUCHUS YAT 20, KO

ABTOMAaTUYECKHI 3JIEKTPOJIBUTATEIIbHBIA PELYKTOD ABM AMP.A/IP

PyOumibpHUK S Py6., P

PyOmIbHUK 3a3€MIISIFOIIMIA SG 3P

Kunrou yrnipaBienus SA KY

Knomnka ynpaBieHus SB KH

Haknaaka onepaTuBHAsI, OTKJIFOYAIONIEE YCTPOMCTBO SX H, OY

BcmoMorarenbHbIi KOHTaKT; BBIKJIIOYATENh, cpada- SQ BbK, BK

THIBAIOLMN MPU JOCTUKEHUHU 33JJAHHOTO MOJIOKEHUS

(KOHLIEBOM, MyTEBOM)

BcnomorarenbHblii KOHTAKT B LEMH 3JIEKTPOMAarHuTa SQC bKB

BKJIFOUEHHUS

BcnomorarenbHblli KOHTAKT B LENH 3JIEKTPOMAarHUTa SQT BKO

OTKJIFOUCHUS

BcenoMorarenbHbIil KOHTAKT TOTOBHOCTH INPYKHH, SQY KI'TI

YIOPABISIEMBIN JEKTPOBUTATENEM 3aBO/A MIPYKUH

ABM

BcnomMorarenbHbIi KOHTAKT, PUKCUPYIOIIUI aBa- SQA BKA

PUIHOE OTKIIFOUEHUE BBIKIIIOYATEINSI 3aMBIKASTCS IPU

J000M BKJIFOUEHUU BBIKITIOYATENS, & PA3MbIKAETCS

TOJIBKO OT KJIt04a ynpasieHus wim TY

BcnomorarenbHpli  KOHTAKT, 3aMBIKAIOIIUICS TIPU SQK BK/]

OTKJIFOYEHHUH BBIKJIIOYATEIS

BcnomoratenbHbIil KOHTaKT, 3aMBIKAIOIIMNACS TIPU SQM BK

BKJIFOUCHHUH BBIKIIIOUATENS], OCYIIECTBISAET MyCK JBH-

ratenss ABM

biok nutanus UG bII
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Y CTpoiCcTBO 3apsIHOE AU ¥3
bBJI0K KOHAEHCATOPHBIN 3apsLAHBIN CG bK
BrInpssMUTE IbHBIN MOCT VS B
I1aBkuil mpe10XpaHUTENb F 111
Pene npomexyTouHoe KL PI1
Pene BpeMeHu KT PB
Pene ¢ukcanmm monoeHus: BEIKIIOYATESI KQ PO
Pene ykazaTenbHoe KH Py
Pene komanast BKJIIFOUMTH KCC PKB
Pene komanast OTKJIFOUUTH KCT PKO
Pene nonoxxenns BKJIOUEHO KQC PIIB
Pene nonoxxenns OTKJIFOUEHO KQT PI1O
Pesie KOHTPOJISI HAPSKEHUs HA WHAX KVA PHIII
PeJie KOHTPOJISi CHHXPOHU3MA KSS PKC
Pesie KOHTPOJIS HAIPSKEHUsS HA JIMHUK KVW PHJI
DIIEKTPOTEIIOBOE petie (TepMoperie) KST PT
KOHTaKTHBI MaHOMETP BP KM
Cuetunk PC Cu
Juon VD il
Ycrpoiicteo AIIB AKS AIIB
BosbsT™MeETp PV V
AMIiepMeTp, MUJUTMAMIIEPMETP PA, PmA A, mA
CexkyH10Mep PT C
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Koast ANSIL,npumensiemble 111 0003HaYeHus1 GyHKIMI, BXOASILIHUX B CO-

CTaB MHUKPONPOLIECCOPHBIX ycTpoiicTB P3A

ANSI — HauMoHaNbHBIH HHCTUTYT cTanaapTusauuu CLIA

Ne mo ANSI / DYyHKUMSA YCTPOICTBA 3a1UThI

IEEEC37.2

14 CHMKEHHME CKOPOCTH BpalleHHs (TOPMOKEHHSI) poTopa

21 Jluctannmonnas 3ammura ((hasa)

21N JluctaHmoHHAs 3amuTa (3emis)

24 ITepeB030yxIeHNE

25 KonTposb cunxponnsma CHHXpOHU3ALUS

27 CHM>KEeHUE HaIPSKCHUS

27/59/81 YacroTHo3aBrcuMas 3amiura Hanpsbkeaus U/f (Hamp. oT HeqoBo3-
Oy XKIeHUS)

32 HamnpaBneHnue MOLIHOCTH reHepaTopa

32F KoHTpop MOIIIHOCTH reHepaTopa B IPSIMOM HaIlPaBJICHUH

32R PeBepc momHoCTH

37 CHWKeHHue TOKa Harpy3Ku / MOIIHOCTH

40 IToTepst BO3OYKACHHMSI

46 HecummerpuyHnas Harpys3ka, TOKOBas 3aliuta 0OpaTHOM mocieno-
BaTEJIbHOCTH

47 OO6paTHasi mocye0BaTeIbHOCTh HAMPSKESHHUS

48 HenonnodaszHplil pe:kuM, 3aIIKTa MyCKOBBIX PEKUMOB JIBUTATEIIS

49 TemyoBas neperpyska

49R TermioBas neperpyska poropa

49S TemoBas neperpyska craropa

50 TokoBas oTceuka WM CTyleHYaTas 3aiuTa

50N ToxoBas oTceuka (3emJs)

50G ToxoBasi oTceuka (IBUTATENH)

S50NS ToxoBas 3amuTa cTaropa OT 3aMbIKaHUN Ha 3€MJTIO

50NR ToxkoBast 3a1MTa pOTOpa OT 3aMBIKAHUM HA 3€MJIIO

51 TokoBas 3aiuTa ¢ BbLIEPKKONW BPeMEHH

51N TokoBast 3auTa OT KOPOTKUX 3aMBIKAHUI Ha 3€MJIIO C BACPIKKOM
BpEMEHHU

51G ToxoBas 3amMTa 3aMBIKAHUM Ha 3€MJIIO C BEPKKOM BpeMeHH (3.
MaIlliHA)

51GN 3amura 0OMOTKH CTaTOpa OT 3aMBIKAHUN Ha 3EMJTIO

53 3ammTa OT HeJI0BO30YKICHUS

59 3ammuTa OT HOBBIIICHUSI HATIPSKESHUS

59N 3anmTa HapsHKEHUs HYJEBOW MOCIEN0BATENbHOCTH

64R 3ammTa OOMOTKH POTOpPA OT 3aMBIKAHHH Ha 3€MJTIO

67 TokoBasi HanpaBJICHHAs 3allUTa

67N TokoBasi HanpaBJICHHAs 3a1IMTa OT 3aMbIKAaHUW HA 3€MJIIO
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67G

ToxoBast HanpaBJICHHAS 3aIUTa OT 3aMbIKaHHUI Ha 3€MJII0 OOMOTKH
cTaTopa

68/78 3anmTa OT ACHHXPOHHOT'O PEeXUMa, MOTEPU CUHXPOHU3MA

79 AIIB

81 YacroTHas 3ammura

81R 3amuTa oT nepeBo30yxkaeHus reaeparopa U/f ¢ MogenupoBanuem
TEIUIOBOM XapaKTEPUCTHKHU

81V YacroTHas 3amura KOMOMHUPOBAHHAS 110 HATPSHKCHUIO

85 Jloruka npuema / nepeiadu TeIeCUrHaioB

86 3aimmTa MyCKOBBIX PEKUMOB JABUTaTENs (TOPMOXKEHHUE POTOPA, UH-
TerpajbHasi TEIIOBasi XapaKTEPUCTUKA)

87 [Ipononbras muddepeHmanpHas 3amuTa JUHAA (C TPOBOIHBIMHU
KaHaJlaMH1)

87L Juddepennunanpras 3ammra JUHAA ¢ UGPOBBIME / ONTOBOJIO-
KOHHBIMU KaHaJaMH

87T Jluddepenuunanbaas 3ammuTa Tpancgopmaropa

87G JlndbdepenimanpHas 3aluTa reueparopa

87M Juddepennmanpaas 3anmTa ABUTATENS

87N UysctButenbHas audzammra or K3 Ha 3emitio (cpaBHEHHE TOKOB
HYJIEBO MOCJIEI0BATEIHHOCTH)

87B JlndbdepenimanpHas 3a1uTa MUH

BF YPOB
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Tabéanua o6o3Havenus pynkuuii B kogax ANSI u MOK

O6o3HaueHue Kon Kon Onucanue QyHKIMMA O603Ha-
byHKIMHA ANSI MDBK YeHHE B
TOP
3alInThl
Makcumanbshas | 51 31> Henamnpasnennas tpexdasnas | MT3 3 1,
TOKOBAsI 3alllUTa MT3, TpeTbs CTyIIeHb MT33 2
ot mexxaygas- | 50/51 | 31>> Henanpasnennast Ttpexdaznas | MT32 1,
HBIX 3aMbIKAHUI MT3, BTOpas CTyneHb MT3 2 2,
MT32 3
50/51 | 31>>> Henanpasnennas tpexdasnas | MT3 1
B MT3, nepBas CTyIECHb
(oTceuka)
67 31>— | HampaBnennass  tpexdaznas | MT3
MT3, TpeTbs CTyneHb 3_1%,
MT3 3 2%
67 31>>— | HampaBnennass  tpexdaznas | MT3
MT3, BTOpas CTyneHb 2_1%*,
MT3
2_2%,
MT32 3*
67 31>>> HampaBnennass  tpexdasznas | MT3 1*
— MT3, nepBasi CTyleHb
Huddepenun- | 87T 3AI>> Huddepenuuansaas 3amuTta ¢ | 13T,
albHAsk TOKOBAas 3AI>> TOPMOXKeE- Hu- | 10
3aIuTa em. Jludd.orceuka
Makcumanbnas | SON/S | o> Henamnpasnennas MT3 ot 3a- | T3HII 1,
ToKoBas 3ammrta | 1N MBIKaHUH Ha 3€MJIIO T3HIT 2
OT 3aMbIKaHuii | 67N lo>— Hamnpasnennas MT3 ot 3amel- | T3HII 1,
Ha 3€MJII0 KaHUM Ha 3eMJIIO T3HII 2
3amura ot | 46 12> 3amura ot  HecummeTpuu | 30D
HECUMMETPHUHU Harpy3ku/HeOananca (0OpbHIB
Harpys3- daz)
Ku/HebasaHca
3ammra MuHH- | 27 U<, 3U< | 3ammura MunumaisHoro | SMH 1
MajbHOTo/ HaImpsoKe-
MaKCHUMaJIbHOTO Husi(ongHodazHas/Tpexda3Has)
HaIPsHKCHUS 59 3U> 3armmra MakcumaisHoro | U>
HanpsbkeHus (Tpexdasnast)
3amura mo | 59N Uo> Crynens 3ammuthl 1o Hamps- | Uo
HATPSHKEHUIO JKEHUIO HYJIEBOM TOCIe0Ba-
HYJIEBOM TOCIIE- TEJIbHOCTHU
JIOBATEIbHOCTHU
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3amura no | 47 U2 Crynenp 3amuThl 1o Hamps- | U2>

HaNPSHKEHUIO KEHHIO 00paTHOM MocIieoBa-
oOpaTHOM TEJIBHOCTH
1I0CJIE10BATENb-
HOCTH
3ammra gBura- | 49 3ammTa OT Neperpy3Ku JBura-
TN TeJsI(«IICEeBIOTEIIOBAs)  MO-
JIeTIb)
48 Is?t 3ammTa MyCKOBBIX PEKHUMOB
JIBUTATEJISI
3ammra ot mo- | 81U f<, f<<, | Crymenu 1...4 3ammrel oT mo- | AYP 1...
BBIIIICHUS/ f<<<,f<< | HWKEHHUS YaCTOTHI AYP 4
INOHMJ)KCHUS 4Ya- <<
CTOTBI df/dt 3amura Mo ckopoctu u3mene- | df/dt

HHUA 4aCTOTHI

810 f<, f<<, | Crynenu 1...3 3ammurs ot mo- | YAIIB,

f<<< BBIIIICHHS YaCTOTHI f<<,
f<<<
H3mepenus

3l N3mepenne (ha3HbIX TOKOB

lo N3mepeHne Toka HyJeBOM IIO-
CJICJIOBATEILHOCTH

3U N3mepenue JUHEHWHBIX
HaNpsHKECHUN

Uo N3mepenne HanpsoKeHUS HY-

JIEBOU ITOCJIEI0OBATEILHOCTH

P, Q, E, | U3Mepenue akTuUBHOH, peak-

pf TUBHOW MOIIHOCTH, YHEPIHH,
Kod(uIMeHTa MOIITHOCTH

f M3MepeHne 4acTOThI

[ > | ABapwuiiHblil peructparop
(ocummnorpad)

*- 0003HaYEHHE TAKOE KC, KaK CCJIM HUCIIOJIBb3YIOTCA HCHAIIPABJIICHHBIC 3allly-
ThI

138




YueOHoe n3anue
MapxkeBu4 Anatosmii UBaHOBUY

PEJIEMHAS 3AILIUTA U ABTOMATUKA
B CUCTEMAX JIEKTPOCHABXEHUA

Y4eOHO —METOANYECKOE TOCOOUE

Texnnueckunt penakrop : A.1. MapkeBuu
Kommnrerotepnas Bepctka A.M. MapkeBuu
Koppexkrop: C.H. EMenbsiHOBa

[Moamucano B mevars: 30.10.2012. dopmat 60x90/16.
Iapautypa Times New Roman. Yci. .. 8,5.
Tupax 82 sk3. 3akaz Ne 4260

AJnpec u31aTenbCTBa:
Poccus, r. IIckos, ya. JI. Toncroro, 4
HNznarenbcTBO IlckoBIY

139



