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CHUCTEMA CTAPTEPA JJIA JIOKOMOTHBA

OO6nacTh TEXHUKH, K KOTOPOH OTHOCHUTCS U300peTeHne
[0001] Dopmbl OCyIIECTBIEHUS HM300pETEHUsT OTHOCATCS K CHUCTEMaM CTapTEPHBIX

3JIEKTPOABUTATENEN 1J1s1 IBUTaTeNeH.

IIpennoceuTKu CO3MaHUs U300pETEHUS

[0002] Y3nbl cTapTepHBIX 3JEKTPOABUTATENEH HCIONB3YIOTCS IJIsl 3ayCKa JBUTaTeNei
TPAHCTIOPTHBIX CPEACTB, TAKUX KAK ABUTATENM B JIOKOMOTHBAX U JPYTrUX TPAHCIOPTHBIX
cpencrTBax OONBIION rpy30noabeMHOCTH. OOBIMHBIN y3€ll CTAPTEPHBIX SJICKTPOABUTATECH IS
JIOKOMOTHBA MOKET, B OOIIeM, COAepKaTh MHOXKECTBO JJIEKTPOABHUTraTeNel (Hampumep, IBa
SJICKTPOABUTATESI) JJIS 3aIyCKa OJHOTO JBUTATENSI. Y3ell MOMKET MOMOJHUTENIbHO CONepIKaThb
COJICHOMJ Y TPHUBOJHON MEXaHHU3M, COEAMHEHHBbIE C KaXIbIM 3JIEKTPOABHUTATEIIEM.
DJIeKTPOABUTATENN CTapTepa NPHUBOAATCS B ACHCTBUE, KOrAa TMOJIb30BATENb 3aMbBIKAET
BBIKJIFOUATENb 3Q)KUTAHHsI Ha TPAHCTIOPTHOM CPEACTBE U MOAAET MUTAHUE HA COOTBETCTBYIOLINE
cosieHouAbl. B yacTHOCTH, MUTaHHE MONAETCA HAa BTATHMBAIOUIYIO KaTyIIKy coyieHouzaa. [lomaua
MUTAHUS Ha COJIEHOUJ Tak)K€ BBOJAUT LIECTEPHIO MPUBOJHOIO MEXAHU3MA, COECJUHEHHOIO C
KOKABIM 3JIGKTPOJBHUraTeNIeM CTapTepa, B 3alleIUieHHe ¢ 3yO4aThiM BEHLIOM JBHraTess. Beox
SJIEKTPOJBUIATENSl B 3alICTUICHHE BbI3BIBAET 3aMbIKAHUE OJIGKTPUUECKUX KOHTAKTOB, B
pe3yjibTare Yero Ha JJEKTPOJABHUraTeNd I[OAAeTCsl TNOoJiHAasg MOLHOCTh. Ilocne sToro
BNIEKTPOABUTATENb MPUKJIAABIBAET KPYTALIUNA MOMEHT K COOTBETCTBYIOLIEH IIeCTepHe, 4YTO, B
CBOKO OYepeib, MPUBOIUT K BpAIEHHIO 3y0UaTOro BEHIId, TEM CaMbIM K MPOBOPAYMBAHHIO BaJia
IBUTATEJISI TPAHCIIOPTHOTO CPEICTBA.

[0003] Tem He MeHee, MOXKeT OBbITb 3aTPYAHUTEIBHO IJIsI I[IECTEPHU KaKIOTO
SJIEKTPOABUTATENSI y3Jia JJIEKTPOABUTATENsI BXOAUTH B 3allelUIEHHEe ¢ 3yOYaThbIM BEHIIOM
ABUTATEIsl B OOUH M TOT K€ MOMeHT. Hampumep, mMoxkeT ObITh pasHunia BO BpemeHu 0,25
CeKyHIbl Wiu OoJbiie. B pesynbrare MOXKET BO3HHKHYTH COCTOSIHHE, KOTJA JJIEKTPUYECKUH
KOHTAKT JJII OJHOTO SJIEKTPOABUTATENS 3aMbIKAETCSl PaHbLIE IPYroro. JTa aCHHXPOHHAs
nojavya IHUTAHUST MOKET TIPUBECTH K TMPHJIOKEHUIO 0oJiee BBICOKOTO HAMPSIKEHUS K
BTSATHBAIOIICH KATYIIKEe OJHOTO COJICHOMIa OTHOCUTEIBHO Apyroro. M30bITouHOe HampsoKeHue
MOJKET MOBPEIUTh BUTKH BTATHUBAIOLIEH KAaTYIIKH. JTO MOKET UMEThb 0CO00 OOJIbIIOe 3HAUEHUE
NpU NMPUMEHEHUSIX B JIOKOMOTHBAX, TJI€ HAMPSIKEHHE aKKyMYJIITOPHOH OaTaped MOBBIIIEHHOE
(mampumep, 64 B). Kpome Toro, ecnm »>IEKTpUYECKHH KOHTAaKT Ui OAHOIO U3

SHGKTpOHBHFaTeHeﬁ 3aMnacT W HE BXOAUT B KOHTAKT, TIOBBIIICHHOC HAIPSKCHUC,
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MOABJIAOIICECS Ha APYIOM SJICKTPOABUIATEIIC, MOKET MPUBECTHU K MPEBLIIICHUIO HOpM&J’IbHOfI

HaCTOThI BpaLllCHUS 3JICKTPOABUIATCIIA.

CymHocTs n300pereHus

[0004] TIlpennaratroTcst crmocoObl W CHCTEMBI Uil OOECHEeueHHs] BO3MOXKHOCTH
CUHXPOHHOHM MOAAYM MUTAHUS Ha BJEKTPOIBHUIATENN CTapTepa, HCIONb3yeMOro IJis 3amycka
JABUTATeNsl JIOKOMOTHMBA. B omHOW (opme ocymiecTBieHuss H300peTeHHs ILenb CcrapTepa
JBUTATENs] JIOKOMOTHBA CONEPKUT. aKKyMYJITOPHYIO OaTapero; y3el MEepBOro CTapTepHOro
3JIEKTPOABUIATENsSA, COAEPIKALIUN MEPBBbIM 3JIEKTPOABUraTENb, MEPBYIO LIECTEPHIO U IMEpPBbIN
COJICHOUJ C MEpPBOM BTATMBAIOINEN KAaTyLIKON M NEPBOM YAEPKUBAKOLIEH KaTyLIKOH, NepBas
BTATMBAIONIAsT KATYyIIKa BKJIKYEHA MOCIENOBATEIbHO C MEPBBIM 3JEKTPOABUIATENIEM, TaK YTO
TOK MEPBOrO 3JIEKTPOABUTATENsl OrPAaHUYMUBAETCs, KOrAAa IepBas BTATMBAKOLIAs KaTylIKa
MOJIy4aeT MUTAHUE, y3€Jd BTOPOro CTAPTEPHOTO 3JIEKTPOABHUraTENs, CONEPKAIUMU BTOPOH
3JIEKTPOJIBUIATENb, BTOPYIO MIECTEPHIO U BTOPOM COJIEHOU CO BTOPOM BTATMBAKOILEH KAaTYLIKOU
U BTOPOM yAEPKUBAIOLIEW KAaTyLIKOM, BTOpas BTATMBAIOLIAsl KaTylIKa  BKJIKOYEHA
MOCJIEOBATEIbHO CO BTOPBIM 3JIEKTPOABUIATENEM, TaK YTO TOK BTOPOIO 3JIEKTPOABUIaTENsl
OrpaHUYMBAETCs, KOrAAa BTOpas BTATMBAIOLIAA KaTyLIKa IOJy4aeT MHUTAaHWE; Y3€Jl BTOPOro
CTapTEPHOIO BJIEKTPOABUIATEN BKJIIOYEH IOCIENOBATENIbHO C Y3JIOM IEPBOr0 CTapTEPHOrO
3JIEKTPOABUIATENSA, IEPBbIA IJIABHBIM KOHTAKTOP M BTOPOW IJIABHBIM KOHTaKTOpP, KOTOpBIE
HJEKTPUYECKH  IOCIEAOBATEIbHO COENUHSIOT AaKKyMYJSITOPHYKO —Oaraperd ¢  IepBbIM
3JEKTPOABUIATEIEM W BTOPbIM  BJIEKTPOABHUIATENEM, COOTBETCTBEHHO, NepBbII
BCIIOMOT'aTeJIbHBIN KOHTAKTOP U BTOPOW BCIIOMOIAaTEJbHbIH KOHTAKTOP, KOTOPBIE 3JIEKTPUUYECKU
COEIUHSIIOT aKKyMYJISITOPHYIO OaTapero MocienoBaTeIbHO C MEPBOM BTATHUBAKOIICH KATYIIKON U
BTOPOM BTATMBAIOLIEN KAaTyLIKOH, COOTBETCTBEHHO, IEPBBbI BCIOMOIAaTENbHBIH KOHTAKTOP
BKJIFOYEH MapajljIesIbHO MEPBOMY TNIABHOMY KOHTAKTOPY, BTOPOM BCIIOMOTIaTeNbHbIN KOHTAKTOP
BKJIFOYEH NapaJIJIebHO BTOPOMY IJIABHOMY KOHTAaKTOpYy, M KOHTAaKTOpP MEPBOrO COJEHOWAA U
KOHTAaKTOpP BTOPOrO COJIEHOMZA, KOTOPBbIE BKJIKOUYEHBI MOCIEAOBATENbHO IPYr € APYIOM U
NapajyIebHO y3JaM EPBOTr0 U BTOPOrO CTAPTEPHBIX 3JIEKTPOABUTATENIEH.

[0005] B ogmHOWi (¢opmMe oOCyLIecTBICHHs H300pETeHNsT CHUCTEMa CTapTEPHBIX
3JIEKTPOABUIATENEN [JIsl ABUTATENs JIOKOMOTHUBA COAEPKUT [1Ba CTAPTEPHOIO 3JIEKTPOJABUraTENs,
KOTOpPBIE COEIUHSIOTCS C BBICOKOBOJIBTHOH aKKyMyJIITOPHOW Oarapeell B 3JEKTPUUECKOH Lemn
cTapTrepa 4epe3 COOTBETCTBYIOIUME IJIaBHbIE KOHTAKTOPbL Kakablil 3JIEKTPOABUTATENb MOKET
COZepKaTh BENYINYIO LIECTEPHIO, KOTOpas MEXaHMYECKH CLEIUIAeTCs € 3y04aTbiM BEHIIOM

ABUraTeNs MpuU nojpavye nutanus Ha BTsarusaroiyro (Pull-In, PI) xarymky, Tem cambiM BBOIS



3JIEKTPOABUIaTENb B 3allElJIeHHE C JBUraTeleM. 3aTeM 3JIeKTPOABUIATENb YIEpP>KUBAETCS B
3aleTJIEHUU MOCPEACTBOM MoAauu nutaHus Ha yaepskusarowyro (Hold-In, HI) xatymky nenu
cTapTepa. 3aMbIKaHUE BBIKJIIOYATENs] YIIPABICHUS] BCIIOMOTaTeNbHBIMU KOHTAKTOPAMH BPYUYHYIO
WIN C IOMOLIBIO KOHTPOJIJIEPA C XPAHAIIUMUCA B HEM KOMaHAAMU IPUBOAUT K MOAAYE MUTAHUS
Ha KaTyLIKy BCIIOMOTaTEeJIbHBIX KOHTAKTOPOB U KAXKAOTO 3JIEKTPOABUIATENsl, YTO 3aMBIKAET
COOTBETCTBYIOLIMI KOHTAaKTOp, M oOecme4ynBaer mnoxady nutaHus Ha Pl w HI xarymku
COOTBETCTBYIOLLErO 3JiekTponBurarens. [logaya muTaHus NMPUBOIUT K 3aLEIUICHUIO LIECTEPHU
SJIEKTPOABUTATENSI ¢ 3yO4YaThIM BEHIIOM JABHrareis. BBOA B 3aleruieHHe SJeKTPOIBUTATEIS
MPUBOJUT K 3aMbIKaHHUIO KOHTAKTOpa COJIEHOW A, COEAMHEHHOTO ¢ AyekTpoasuraresneM. OaHako
13-3a MOCJIEe0BATENIbHOTO BKIIOUEHHs] KOHTAKTOPOB COJIEHOUOB HAaNpsKEHHE aKKyMYJIATOPHOMN
Oaraper MOXET OJHOBPEMEHHO IIONIaBaThCsi Ha 00a 3JIEKTPOABUTATENSl TOJNBKO Korama oda
3JIEKTPOJBUTATENSI BBEJICHBI B 3alleIUIEHUE, B 002 KOHTAKTOPa COJIEHOUAOB 3aMKHYTHI. J{pyrumu
CJIOBAMH, €CJI OJIMH 3JIEKTPOJBUraTeb BXOAUT B 3alleIJIEHHE PaHblle IPYroro, 4YTo NPUBOAUT K
3aMBbIKaHHIO COOTBETCTBYIOIIETO KOHTAKTOpa COJIEHOWJA, dJIEKTpUUecKas LeNb, COeAUHSAI0INAs
o0a 3NMeKTpOABHraTelsl C HANPsDKEHHEM AaKKyMYJIITOpHOW Oarapen, OCTaeTcss pa3OMKHYTOM.
Takum o00Opa3oM, HampsDKeHHE AaKKyMyJIITOPHOW Oarapen MOKeT TIojaBaTbCsi Ha 00a
3JIEKTPOABUIaTENsl  OAHOBpEMEHHO. briaromaps  paspelleHMio  Mojadyd  NUTaHWS — Ha
SJIEKTPOJBUTATENN IyTEM 3aMbIKAHHUS LENH TOJBKO IOCJE BXOXKAECHUS B 3aleTUieHHe O0OuX
3JIEKTPOJBUTATENECH, BO3MOKHOCTb MOJA4YM BBICOKOTO HAIPSDKEHUS] aKKyMyJIATOPHOI Oatapeu
Ha PI xaTymky TOJBKO ONHOIO U3 3JEKTPOABUIaTENeH NMPENOTBPALLAETCS, NaKe €CIU MUTAHUE
Ha  DJIEKTPOABHUraTeNd  Mojaercs  acuHXpoHHO.  CrenoBaTeNbHO,  MPENOTBPAILAIOTCS
neperpeBanue Pl KaTymku u3-3a NPHIOKEHHs HW30BITOYHOrO HAMPSDKEHHS] W MPEBBIIICHUE
YaCTOThI BPALIEHHUs] OJHOTO U3 3JIEKTPOJBUTaTeNIell CUCTEMBl CTAPTEPHBIX BJIEKTPOABUTATENECH.
JTO yaydllaeT XapakTePUCTUKH 3aMyCcKa JBUTraTels JOKOMOTHBA.

[0006] Cnenyer mOHMMATh, YTO MPUBEACHHOE BBIIIE OIMMCAHUE CYLIHOCTH M300pETEeHUs
JaHO JJISl TOTO, 4TOOBI B YIPOIIEHHON (hopMe MPeaoCTaBUTh BHIOOP KOHLEMNIHN, KOTOPbIE ajiee
paccMoTpeHsl B opoOHOM onucaHny. OHO HE MPEeIHA3HAYEHO /ISl BbIABJICHHS KIIFOUEBBIX WU
OCHOBHBIX TPHU3HAKOB 3asBJICHHOr0 OOBEKTa H300peTeHusi, oOBeM KOTOPOro OJHO3HAYHO
onpenensieTcs: GopMyJioil M300peTeHus], KOTopasi CieayeT 3a moapoOHbIM omucanueM. Kpome
TOTO, 3asBJICHHbI OOBEKT M300pPETEHHs HE OrPAaHUYMBAETCA pPEATU3ALMSIMH, KOTOpbIE

YCTPAHAKOT J00bIE HEOOCTATKH, OTMCUCHHBIC BBIIIC UJIN B 000 YacTH JAHHOI'O ONMMCaHuA.

Kpartkoe onucanue ueprexen
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[0007] Hacrosimmee m3oOperenue Oyner Oojiee MOHATHO W3 TMOCIEAYIOLIETO OMHCAHHS
HEOTPAaHUYHUBAIOIIUX (OPM €ro OCYLIECTBJIEHHMsS CO CChUIKOW Ha INMPUJIOKEHHbIE YEPTEXKU, Ha
KOTOPBIX:

[0008] Ha ¢ur. 1 mokazaH npuMep OCYLIECTBICHHS TH3ENb-3JIEKTPUIECKOTO JIOKOMOTHBA.

[0009] Ha ¢ur. 2 mnoka3aH npumep CXEMbl B3JEKTPUYECKOH CTPYKTYpbl CHCTEMBI
CTapTEePHBIX HJIEKTPOABUrATENEH I 3aIyCKa ABUTATENs JOKOMOTHBA.

[0010] Ha ¢ur. 3A-3E nmnokasaH npuMep MOCIEIOBATEIbHOCTH  TMOJIOMKEHHM
KOHTAKTOPHBIX BBIKJIFOYATENEH, KOTOPhIE MOTYT OBITh PEaM30BaHBI JUJISl HJIEKTPHUECKON LN
CHCTEMBI CTAPTEPHBIX JJIEKTPOIABUTATENIEI BO BpeMsl 3aIyCKa ABUTaTes.

[0011] Ha ¢wur. 4 nmoka3ana OJIOK-CXeéMa BBICOKOIO YPOBHS JJISl 3amyCKa IBUTATENs
JIOKOMOTHBA Y3JIOM CTapTEPHOrO 3JIEKTPOABHIaTeNsl TOCPEACTBOM psifa KOHTAKTOPOB B
COOTBETCTBUH C HACTOSIIIUM H300PETEHHEM.

[0012] Ha ¢wur. 5 mnoka3aH mnpumep BPEMEHHOH AMarpamMMbl 3amlyCcKa IBUTATENs

JIOKOMOTHBA C UCTIOJIb3OBAHUEM Y3Jia CTAPTEPHOI'O SJICKTPOABUTATEIIA.

ITonpoOHoe onucanue

[0013] Ha ¢ur. 1 nokasana Ojok-cxema mnpumepa cucteMbl 100 JOKOMOTHBHOTO
TPaHCHOPTHOIO cpenctBa (B masbHeHIIeM MMEHYEMOT 0O " IOKOMOTUB 100"),
CKOH(pUrypupOoBaHHOTO AJis €375l o nmyTH 104. Kak n300paxkeHo B JAHHOM JOKYMEHTE, B OTHOM
npuMepe JIOKOMOTHB MPEACTaBIsieT COOOH IU3eNb-3JIeKTPHYECKOe TPAHCIIOPTHOE CPENCTBO,
paboraroiiee Ha au3enbHOM paBuratene 106, pacmoNioKEHHOM B OCHOBHOM MAIlMHHOM
nomeweHnn 102. OpHako B Apyrux BapHaHTax OCyLlecTBJIeHUs JokomotuBa 100 moryt
UCTIONIB30BAThCSl KOH(PHIypauuu Ipyrux IBUTATENell, TakUX Kak, Hampumep, OEH3MHOBBIN
IBUTATENb WM OMONM3ENbHBI ABUraTesb WM JBHraTelb Ha MPHUPOAHOM rasze. DKUIMax
JIOKOMOTHBA U DBJEKTPOHHbIE KOMIIOHEHTBI, Yy4YacTBYIOLIME B KOHTpPOJIE U YIIPaBJIEHUU
CHCTEMaMH JIOKOMOTHBA, MOTYT OBbITh pa3merieHbl B kabune 103 mokomoTHaa.

[0014] J[usenbHbIl ABUraTeNb CO34AeT KPYTSAILIMM MOMEHT, KOTOpbIH Iepenaercs Ha
rerepatop 108 mepeMEeHHOro TOKa MO NMPUBOJHOMY Bajy (HE TOKa3aHHOMY). Pa3BuBaembIil
KPYTSILIUH MOMEHT HCIOJNIb3yeTcss reHeparopoM 108 mepeMeHHOro TOKa Uit BbIPaOOTKH
3JIEKTPO3HEPTUM AJIs MOCIEAYIOIIero NpOoABMKEHUs TPaHCIOpPTHOro cpeactsa. Jpurarens 106
JIOKOMOTHBA MOJKET padoTaTh C MOCTOSHHOM YacTOTOW BpAIlEHUs, TEM CaMbIM T€HEpUpys
MOCTOSTHHYIO OT/AAaBa€Myl0 MOLIHOCTb. IIOHATHO, YTO nIBUraTenb JIOKOMOTHBA TAaKXKE MOXKET
padoTaTth ¢ MEPEeMEeHHOH YacTOTOH BpaIleHHs] W MEPEeMEHHONH MOIIHOCTHIO B 3aBHCHMOCTH OT

TpeOoBaHuii skcrutyaranuu. Hampumep, B opHON ¢opmMe OCyLIeCTBIEHUs H300peTeHus



nsuratenb 106 mMokeT ObITH CKOH(PUIYPHUpPOBaH AJisl BbIpabaTbiBaHMs MouiHOCTH a0 4400 i.c.
(3282 xBrt). BeipabarbiBaemasi TakuM 00pa3oM 3JIEKTPUUECKAsk MOLTHOCTh MOKET YIIOMHHATHCS
KaK MOILHOCTb NMEPBHUYHOIO ABUTATENs. DJIEKTPUYECKas MOIIHOCTb MOXKET MepeAaBaThbCsl IO
snexkTpuueckod muHe 109 Ha pasnuuHble MOCNEAYIOLIME 3JIEKTPUYECKHe KOMIIOHEHThl. B
3aBHCHMOCTH OT XapakTepa BbIpaOaThIBAEMON 3JIEKTPUUECKON MOILIHOCTH 3JIEKTPUYECKas IMHA
MoskeT ObITh ImMHOW mocTosiHHOro Toka (Direct Current, (DC) (kak NOKa3aHO) WM IIUHOHN
nepemeHHOro Toka (Alternating Current, AC)). BcomoraTreapHble TeHepaTOpbl MEPEMEHHOTO
TOKA, TEHEPUPYIOIINE MEHBbINNE 3HAYEHHsS MOIMHOCTU (BCIOMOTraTeNbHONW MOILIHOCTH) IJIsI
BCIIOMOTATEJIbHBIX KOMIIOHEHTOB, TAKHX KaK 000pyIOBaHHE KOHAMLIMOHUPOBAHUS, OTOILICHUS U
T.Il., MOTYT OBbITb JOMOJHUTENBbHO NPEAYCMOTPEHBI B APYTHX BAPUAHTAX OCYLIECTBIICHHS
nokomotuBa 100. BcnomorarenbHasi MOLIHOCTb MOXKET IepeAaBaThCsl MO BCIOMOIaTeIbHON
muHe. B mHOM ciydae ofmasi snekTpudeckast [IHHA MOXKET HCIIOJb30BAThCSA JUISI MOIIHOCTH
NEPBUYHOIrO JIBUraTesisl U BCIOMOIaTeIbHOW MOIIHOCTH.

[0015] T'eneparop 108 mepeMeHHOTO TOKa MOXKET OBbITh MOCIEIOBATEIBHO MOAKITFOYEH K
OHOMY WJIM HECKOJIbKHM BBINPSIMHTENSIM, KOTOPbIE MPEoOpa3yIOT 3JEKTPUUECKYI0 MOIIHOCTH
reHepaTopa IEpPEeMEHHOI0 TOKa B JJEKTPUYECKYIO MOIIHOCTb IOCTOSIHHOTO TOKa Iepen
nepenaveid mo muHe 109 mocrossHHOrOo TOKa. Ha OCHOBE KOH(UIypamuu MOCIEIYIOIIEero
3JIEKTPUUYECKOTO KOMIIOHEHTA, MOJYYaroLlero 3HEPrui0 OT IIMHBI MOCTOSIHHOTO TOKA, MOXKET
UCIIONIB30BAThCS MHBEPTOP Ui MpPeoOpa3oBaHUsl SJEKTPOIHEPTHMU MOCTOSHHOTO TOKAa B
3JIEKTPOIHEPIH0 nepeMeHHoro toka. Oaux uHBepTop 110 MoOkeT mojaBaTh 3JIEKTPOIHEPTUIO
NEPEMEHHOr0 TOKA OT 3JIEKTPUUYECKON HIMHBI IIOCTOSHHOIO TOKA HA MHOXECTBO KOMITOHEHTOB.
ANBTEpHATUBHO, KaXIbIH W3 MHOXKECTBA PA3JIMYHBIX WMHBEPTOPOB MOXKET IOJABaTh
SJIEKTPOIHEPTHIO HA OTACIbHBIA KOMIOHEHT. [IOHITHO, 4TO B APYyrux (opmax OCYLIECTBICHHUS
JIOKOMOTHB MOJKET COJEepKaTh OJIWH WM HECKOJbKO HWHBEPTOPOB, MOIKIIOUEHHBIX K
NEPEKITFOUATEI0, KOTOPBIM MOKHO YITPABIISATh, YTOOBI H30MPATEIHHO TOAABATE SJIEKTPOIHEPTHIO
Ha pa3Hble KOMIIOHEHTBI, OJKJIIOYEHHbIE K EPEKIII0YaTelIO.

[0016] Tsroseiii snexktponsuratens 112, ycraHoBieHHBbIM Ha Tenexke 111 Huxe
OCHOBHOT'O MAUIMHHOTO nomenieHust 102, MOXKeT mojy4aTh 3JeKTPOSHEPTHI0 OT reHeparopa 108
MEPEeMEeHHOTO TOKa uepe3 muHy 109 mocTOSHHOrO TOKa, 4ToObI 00eCreYnBaTh CHUJIY TATH IS
IBIDKEHHUsT JIOKOMOTHBA. Kak OmMcaHo 31ech, TATOBBIA 3JyieKkTpoaBurarenb 112 moker ObITh
3JIEKTPOABUIaTeNleM ImepeMeHHOro Toka. (COOTBETCTBEHHO, HHBEPTOP B Iape C TATOBBIM
3JIEKTPOJBUTATENIEM MOXKET MPeoOpa3OBBIBATh MOABOJUMYI) MOIIHOCTb TOCTOSHHOTO TOKa B
COOTBETCTBYIOIYKO TOABOJMMYIO MOIIHOCTb IEPEMEHHOIO TOKA, TaKyl Kak IOABOAUMAs

MOIIMHOCTD TpeX(ba?»HOl"O NEPpEMCHHOIO TOKa, AJid TMOCICAYIOIIEro HCMOJb30BAHUA TATOBBIM
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snexTpoaBurareieM. B npyrux opmax ocyIiecTBIEHUs TSTOBBIN dJieKTpoaBUraTeb 112 Mmoxker
OBITb  JJIEKTPOABUTATENIEM  IOCTOSHHOTO  TOKa,  HEMOCPENCTBEHHO  HCIOJIB3YIOLIUM
MPOU3BOANMYIO MOIIHOCTh M€HEPATOPa MEPEMEHHOI0 TOKA MOCJE BBIIPSIMIICHUS U NIEpeadu 1o
IIMHE TOCTOSIHHOTO TokKa. OnuH mpuMmep KOH(PUTypalHuu JOKOMOTHBA COIEPXKHUT OXHY Mapy
WHBEPTOP-TATOBBIM 3JIEKTPOABHUraTeNb Ha KojiecHyto ochb 114. Kak m3o0paxkeHO 31ech, HIeCTh
nap WHBEPTOP-TSATOBBIA 3JIEKTPOABUTATENb IMOKA3aHbI JJISl KAXXKAOW W3 IIECTH KOJIECHBIX Iap
JOKOMOTHBA. B  nmpyrux ¢opmax ocymectBieHuss JjokomotuB 100 moxkeT ObITh
CKOH(UTYPUPOBAH, HATIPUMEP, C YETHIPHMsI ITAPAMHU UHBEPTOP-TATOBBIN 3JIEKTPOABUTATENb.

[0017] Tsrosslit asekTponBuraresb 112 Takke MOKET ObITh BBITIOJHEH ¢ BO3MOKHOCTBIO
NEeHCTBOBaTh B KayecTBe TreHeparopa, OOeCNeYMBAIONIEr0 pPEeOCTaTHOE TOPMOKEHUE IS
TopMoxkeHus JokoMotua 100. B dacTHOCTH, BO BpeMsi peOCTaTHOTO TOPMOKEHHUS TATOBBIN
3JIEKTPOABUTATENb MOXKET CO3/1aBaTh KPYTSIIHM MOMEHT B HAMpPaBJICHUH, MPOTHUBOIMOJIONKHOM
HAIPaBJICHUIO BPALIEHUs, TEM CAMBIM T'€HEPHUPYS 3JIEKTPOIHEPTHIO, KOTOPOE PACCEMBAETCS KaK
TeryI0 OJIOKOM TOPMO3HBIX PE3UCTOPOB 126, MOIKIFOYSHHBIX K AJIEKTPUYECKON muHe. B ogHOM
npuMepe OJIOK CONEPKUT MAKeThl PE3HCTUBHBIX 3JIEMEHTOB, MOIKIIIOUEHHBIX MOCIEIOBATEIbLHO
HETMOCPENCTBEHHO K JJIEKTpUYecKkol muHe. [TakeThl pe3rCTUBHBIX 3JEMEHTOB MOTYT OBITh
pacmojioeHbl  BOJMM3M TOTOJIKA OCHOBHOIO  MAIIMHHOTO momemeHust 102,  9to0bI
crocoOCTBOBATh BO3AYLIHOMY OXJIAKACHHUIO U OTBOIY TeIlIa OT OJioKa.

[0018] ITmeBmaTuueckue TopMo3a (He MOKa3aHHbBIE), MCIOJIB3YIOMHUE CXKATBhIA BO3IYX,
MOTYT HCHOJB30BaThCS JOKOMOTHBOM 100 Kak 4acTb TOPMO3HOW CHCTEMbI TPaHCIIOPTHOTO
cpeactsa. CxxaTelii BO3yX MOXKET CO3/1aBaThCs U3 BCAChIBAEMOT0 BO3yXa kKommpeccopom 116.

[0019] MHOKeCTBO YCTPONCTB BO3AYXOCHAOKEHUS M BO3OYIIHOTO OXJIAKICHHS C
MPUBOJIOM OT 3JIEKTPUYECKON MAIMHBI, MOTYT padoTaTh AJIS MOAIEPIKAHUS TEMIEPATYPHOTO
pe’kMMa KOMIIOHEHTOB JIOKOMOTHBA. YCTPOWCTBA BO3MYXOCHAOXKEHUS M BO3MYLIHOTO
OXJIQXKACHUs] MOTYT BKJIFOUaTh, HO HE OrPAHUYUBAIOTCS HMH, BO3AYXONYyBKH W HAarHETaTelH,
panuaTtopbl W BEHTWISTOPBL. Kakmoe yCTpOWCTBO BO3MYXOCHAOXKEHUST W BO3IYIIHOTO
OXJIAKIEHUS] MOKET OBITh COETUHEHO C 3JIEKTPUUYECKON MAIUHOM, TAKOH KaK 3JIEKTPOJIBUTATEb,
KOTOPBI, KOTZIa OH BKJIFOYEH, MOKET MpeoOpa3OBBIBATH MOABOIUMYKO 3JICKTPOIHEPTHIO BO
BpallaTeIbHOE JIBIDKEHHE YCTPONCTBA BO3MYXOCHAOKEHUS ¥ BO3AYLIHOTO OXJIAXKIICHUS,
co37aBasi TEM CaMbIM Y€PE3 HErO aKTHUBHBIN MOTOK BO3Ayxa. Kak rmokasaHo 37€Ch, BO3AYXOAYBKH
u HarHeratenmu 118 ™moryr ObITh TPEIyCMOTPEHBI IUII MPUHYIUTEIBHOTO BO3IYLIHOTO
OXJIQXKACHUST psiia BJEKTPUUYECKUX KOMIOHEHTOB. Bo3nyxoayeBku u HarHetatenu 118 moryr
BKJIFOYAaTh BEHTUJIITOP TSACOBOIO JBUTATENs, KOTOpas MPOAYBAET XOJOIHBIN BO3AyX HaJ

TATOBbIM JBUraTesnieM 112 BO BpeMsl NEpUONOB TSDKENIOH pPabOThl € LENbI0 PeryJUpOBAHUS
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TEMIIepaTypbl TATCOBOIO [ABUIaTeNsl; HACHETATENbHBI BEHTUJISITOP TE€HEpaTopa MEePeMEHHOIO
TOKa [Jid TOJauu BO3AyXa [UIsl OXJaxnaeHus TreHeparopa 108 mnepemeHHOro TOKa U
HArHETATEeNbHbIM BEHTWJIATOP AN MOJAYd BO3AyXa MJIS OXJIAXIEHUs OJOKa TOPMO3HBIX
pesucropos 126.

[0020] TemnepaTtypa nBuUrareist 4aCTMYHO MNOAAep:kKHUBaeTcss paguaropoMm 124. Bona
MOJKET LHMPKYJIHPOBaTh BOKPYr asurareist 106, 4roObl moryiomars H30BITOYHOE TEIJIO U
yIepKUBaTh TeMIepaTypy B TpeOyeMoMm nuamna3one misi 3hHeKTUBHONM pabOThI ABUTATEINS.
Harperast Boga MOXeT 3aTeM NMpOXOaUTh uepes paguatop 124, B KOTOPOM BO3AYX, HATHETAEMbIN
C TIOMOILNBIO BEHTHJIATOpA paauaTopa, OxjaxxaaeT HarpeTyro Boay. IloTtox Bosgyxa uepes
BEHTWIATOP paguaTopa MOXET ONOJHUTENbHO pEeryJupoBaTbCs C IMOMOLIBIO JKamo3u 122,
BEHTHJLSILIMOHHBIX OTBEPCTUH (HE MOKAa3aHHBIX), BO3IYyXOBOAOB (HE IOKA3aHHBIX) MM HX
KoMOuWHatmu. BeHTunsTop paamatopa MOXKeT OBITh pacloNOKeH B TOPU3OHTAIBHON
KOH(UTypauuu psAOM € 3aIHUM TMOTOJIKOM JokoMoTHBa 100, Tak 4TO NpU BpalleHUH JonacTei
BO3JlyX MOJXKET BCAChIBATHCS CHU3Y U BBIyCKATBHCS. DJIEKTPOJBUraTeNlb BEHTUIIATOPA pafuaTopa
MOXeT ObITh CKOHQUIYPUPOBAaH IJIsI TMOJYYEHHUS SIEKTPUYECKON 3Hepruu OT mwuHbl 109
MIOCTOSIHHOTO ~ TOKa IOCPEACTBOM  CIELMalbHOrO MHBepTopa. (CucTemMa  OXJIaKIeHus,
cofeprkallasl OXJaKAAIOIIYI0 SKUAKOCTb HAa BOJHOM OCHOBE, MOXET [JONOJHUTENbHO
UCTIOJIB30BAThCSl B COUETAHUHM C paauaropoM 124 nis obecrieueHUs: JIOMOJHUTEIBHOTO
OXJIAKIE€HUS IBUTaTes.

[0021] YcrpotictBo 120 HaKOMJIECHUS 3JIEKTPUUECKONW HEPTHU CUCTEMBbI, H300paKeHHOE
B 5TOM IIpUMeEpe KaK aKKyMyJSITOpHast Oatapest (Takke HasblBaeMas "aKKyMyJIITOpHas Oarapes
120 cucrembl"), TakKe MOXKET OBbITb coemuHeHa ¢ IMHUHOW 109 MOCTOSHHOTO TOKa.
IIpeoOpa3oBarenb MOCTOSHHOIO TOKAa B TOCTOSIHHBIM TOK (HE TOKAa3aHHBIN) MOMKET ObITh
CKOMITOHOBaH Mexny mHHOH 109 MOCTOSTHHOTO TOKa M aKKyMyJsaTopHOM Oarapeeit 120, 4roObl
o0ecreynTh BO3MOJKHOCTb HAJUICXKAINETrO TIOHIDKEHUS] BBICOKOTO  HANPSDKEHUS  IIHHBI
NOCTOSIHHOTO TOKa (Hampumep, B nuamnasone 1000 B) nns mucnosnp3oBaHUS aKKyMYJISITOPHOH
Oarapeeii (Hampumep, B auamna3oHe 12-75 B). B cnydae ruOpumHOro JOKOMOTHBA OOpPTOBOE
YCTPOHCTBO HAKOIUIEHHS 3JIEKTPUYECKOH SHEPTUU MOXKET ObITb B (OPME BBICOKOBOJBTHBIX
aKKyMyJSITOPHBIX ~ Oaraped, Tak dYTO pa3MelleHHe NPOMEXYTOYHOrO mpeodpasoBaTens
NOCTOSIHHOTO TOKa B mocTossHHBIH (DC-DC) moxker He mnorpeboBarbes. AKKYMYJISTOPHAs
Oarapesi MoxkeT 3apsikatbest mpu padorarommem asurarene 106. DnekTpudeckas >HEprus,
HAKOIIJICHHAs! B aKKyMYJIATOPHOM Oarapee, MOXKET UCTIOIb30BATHCS B PEXKUME OXKHIAHUS pabOThI
ABUTaTeNsl WM TPH BBIKJIIOYEHHOM JABHratreie s pabdoThl Pa3IMYHBIX 3JIEKTPOHHBIX

KOMIIOHCHTOB, TaKHMX KaK OCBCIICHUC, 60pTOBbIe CUCTEMbI MOHUTOPUHIA, MUKPOIIPOLECCCOPHI,



IUCIUIEN TPOLIECCOPOB, KIMMAT-KOHTPOJIb M TOMY NOAoOHOe. AKKymyJsitopHas Oarapes 120
MOJKET HCHOJIb30BATHCS TAKXKe Ul OOeCreueHHs] HA4ajbHOTO 3apsna Ui 3aIlyCcKa JABHraTels
106 u3 pexxuma ocTaHOBKU. B apyrux ¢opmax ocymectsieHus yctpoictso 120 HakoraeHus
3JIEKTPUYECKON SHEPTHUH MOXKET OBITh, HAIPHMED, CYIIEPKOHAEHCATOPOM.

[0022] JlBurarenp 106 MoOkeT 3aIlyCKaTbCsl MOCPEACTBOM y3ia 136 crapTepHBIX
SNIEKTPOABUTATENEH, COJEp’KaIlero MHOXKECTBO  CTapTepPHBIX  dJeKTpoasurareneit. B
u3o0pakeHHOM TipuMepe 1Ba ayekrtponsuratens 130a, 130b  craprepa  BKJIFOYEHBI
nocnenosatenbHo.  Kaxnpiii w3 snextpoxsurareneit  130a, 130b  craprepa wumeer
COOTBETCTBYIOINYIO mecTepHio 132a, 132b, koTopasi MOXKET BXOIUTh B 3allEIJICHHE C 3yOUaThIM
BeHIIOM 134 nBuratens Tak, 4ToObI BBOAUTH B 3allCTUICHUE 3JeKTpoaBurareny. Kak mokasaHo Ha
¢ur. 2 u 3A-3E, psAa KOHTaKTOPHBIX BBIKJIIOYATENEH MOXKET ObITh BCTpoeH B y3en 136
CTapTEPHBIX 3JIEKTPOIBUTATENEH, YTOOBI OOECTIEYNTh MOAA4Yy MUTAHUS HA 3JIEKTPOABHTATENN
TOJILKO TIOCJI€ WX BXOXJEHHUs B 3allellNIeHHEe C JBHUraTeseM. JTO YMEHbIIaeT BO3MOXHOCTb
NOBPEXKACHUS KAaKON-THOO IEeCTEPHU OT MPUIIOKEHUS H30BITOYHOTO HATIPSKEHUST B PE3YJIbTaTe
ACMHXPOHHOH MOJa4y MUTAHMsI HA 3JIEKTPOABUTATENH.

[0023] Ha ¢ur. 2 nokasaH mpumep CXeMbl JEKTPUYECKOH CTPYKTypbl cuctemel 200
CTapTEpHBbIX JJIEKTPOABUraTeNel s 3amycka aAsurarenss Jjokomorusa. Cucrema 200
CTapTEPHBIX JJIEKTPOABHUraTeNell COMAEP)KUT aKKyMyJSITOpHYI0 Oatapero uiau Omok 280
aAKKyMYJIITOPOB TPAaHCIIOPTHOIO CPEACTBa, y3esa 205 mepBOro CTapTEPHOrO 3JIEKTPOABUIaTels,
y3en 255 BTOPOro CTapTEpPHOrO 3JIEKTPOABHraTeNsl, COSAMHHUTENbHBIH Kabenb 280, mepBblii
3JIEKTPOMArHUTHBIN BhIKJIIOUaTeNb 206 U BTOPOM 3JIEKTPOMArHUTHBIN BBIKIIOYaTenb 256. Yien
205 nmepBOro CTapTepHOrO JJEKTPOIABHUraTrenss U y3ea 255 BTOPOro CTapTEPHOIO
SJICKTPOJBUTATENISI MOTYT OBITh CTapTepHbIMH 3jekrponsurarensmu 130a, 130b Ha dur. 1.
AxkymynsitopHass Oatapes 280 moxer ObITh aKKyMyJSITOpHOH Oarapeein 64 B, umeromneit
MOJIO’KUTENBHYIO KIIEMMY U OTPULATENBHYIO KIEMMY.

[0024] V3en 205 mnepBOoro »>JEKTPOABUIaTENsl COAEPXKUT TMEpPBYHO Kiemmy 229
aKKyMyJIITOpPHOH Oatapewn, kiieMMy 228 MmepBOro COJCHOHIA U NepBYIo KieMMy 208 3a3eMIICHUS.
VY3en 255 BTOPOro 3JeKTPOIBUTATENS CONEPIKUT BTOPYIO KIEeMMY 269 akkyMyJIATOpHOH Oatapew,
KJeMMy 268 BTOPOTO COJIEHOMAA U BTOPYIO Kjemmy 258 3azemienusi. [lonoxurenbHas kiemma
aKKyMyJiaTOpHOH Oatapen 280 MokeT OBITh COEAMHEHA ¢ KaXIOH M3 KJeMMbl 228 MmepBOro
cosneHonza ysna 205 mepBOro 3leKTPOABUIaTeNsl Yepe3 MEePBbId BCIIOMOIaTEIbHbI KOHTAKTOP
234 u xnemmsbl 235 snextpopsurarens ysnaa 205 mepBOro 3J€KTPOABHUraTeNsl depe3 NepBbIi
rnaBHbIA KOHTaKkTOp 232. OTpHuaTeNnbHas KieMMma akKyMyJsaTopHoi Oatapen 280 MoxkeT ObITh

MOCJIEIOBATENIBHO COerHeHa C pe3uctopoM 282. Pesuctop 282 MoxeT ObITh COEAMHEH C
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KaXI0H U3 KiIeMMbl 268 BTOPOro CoJIeHOUAA y3ja 255 BTOPOro 3JeKTPOABUTaTENs Yepe3 BTOPO
BCIIOMOTaTeIbHbIM KOHTAKTOP 244 U KieMMBbI 285 BTOPOro 3J1eKTpOABUraTeNs y3iaa 255 BTOporo
3JIEKTPOABUIaTEeNsl 4epe3 BTOPOM TInaBHbII kKoHTakTop 242. IlepBas kinemma 229
aKKyMyJISITOpHOW Oatapen y3na 205 mepBOro 3JIEKTPOABUraTeNst MOXKET ObITh COCAMHEHA CO
BTOpOIl kjieMMol 269 akkyMyJsITOpHOH OaTtapeu y3na 255 BTOPOro 3JEKTPOABUIATENS uepes3
KOKAYI0 U3 KaTylmKu 242 mepBOro riaBHOrO KOHTAKTOpa M KaTyIlku 244 BTOPOro IJIABHOTO
KOHTaKTOpa.

[0025] CoenunaurenbHbiii kabenb 280 MOXKET COEOMHATb TEpBYK Kiemmy 208
3a3emuieHus y3na 205 mepBoro 3JIeKTPOABUTATENSA CO BTOPON KiieMMon 258 3a3emieHus y3na 255
BTOPOT'O 3JIEKTPONBHTraTelNis. TakuM 00pa3oM, COeNUHUTENbHBIN Kad0eap 280 MOXKeT COeaUHSITh
y3en 205 mepBOro SJEKTPOIABHUraTeIs C Y3JOM BTOPOro 255 sJeKTpoABUTATENSI B
NOCJIeOBaTENbHOM coennHeHNH. CoennHNTEeNbHBIH Kalenb 280 MOKeT MpencTaBisiTh coOOH
MEHBIA IPOBOJ MK JIFOOOH MPOBOAHUK C OTHOCHUTENIHO HU3KUMH TIOTEPSIMU.

[0026] V3en 205 nmnepBoro DSAEKTPOABUIATENsl MOKET COAepXkaTb  IEPBBIH
snexTpoasurarenb 202, B TO BpeMs Kak y3ea 255 BTOPOro 3JeKTPOABUTaTeNsl MOKET COepKaTh
BTOpOI siekrpoasuraresb 252. JIBa snekrpoasuraresns 202 u 252 MoryT ObITh COEAMHEHBI
MOCJIEIOBATENbHO uepe3 pesuctop 282. B 3ToM npumMepe Kakaplil U3 ABYX 3JEKTPOABUTATENEH
202 u 252 moxet ObITh dnekTpoasurateniem 24 B. Ilyrem ucnonb3oBanus pesucropa 282 nsa
snektponsuratenst 24 B Moryr ObIThb COEAMHEHBI NOCJIENOBATENBHO C aKKYMYJSITOPHOH
Oarapeeii 64 B Oe3 momosmHHUTENbHBIX IpeoOpas3oBaresnell. B apyrom mpumepe ka)aplii U3 ABYX
snekrponsurateneii 202 u 252 moxkeT ObiTh 3nekTpoaBurareneM 32 B, u Kaxnubii u3
3JIEKTPOJBUTATENIEH MOKET ObITh HAMPSIMYIO TIOAKJIIOUEH K aKKyMyJisiTopHOU Oatapee 280 Ha 64
B 06e3 pesucropa 282. B eme OZHOM TpUMepe MOKET HCIOIb30BATHCS OTHEIbHBIN
npeoOpa3oBaTeib MOCTOSSHHOTO TOKa B MOCTOstHHBIN (DC-DC), 4To0bl CHU3UTH HampsikeHue 64
B or akkymynstopHoii Oarapen no 48 B, a 3arem mnoparte HampspkeHne 48 B Ha nBa
NOCJIEIOBATENIbHO COEAMHEHHBIX 3yekTpoasurarens 24 B (6e3 HeoOXommMocTH B pe3ncTOpe
282).

[0027] Y3en 205 nepBOro CTapTepHOro 3JEKTPOABUraTENs COAEPKUT BTsirnBaroiyo (PI)
katymky 214, yaepxusatromyro (HI) karymky 212 U KOHTaKTOp COJIEHOWAA, CONEp KaIuid
HETMOABUKHbIE KOHTAKTbl 218 U KOHTakT 216 BTSIKHOTO CEpAEYHMKA, YCTAHOBJIEHHBIN Ha
BTSDKHOM cepaeunnke 215. PI xarymka 214, HI karymxka 212 u konTtaktel 218, 216 o0braaO
HAXONATCS Ha y3JlaX COJIEHOWAOB [UJIsi CTapTEPHOTO JJIEKTPOABUTATENsl M MOTYT OBITh

BBITIOJTHEHBI BO MHOKECTBE (DOPM OCYLIECTBIICHUSI.
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[0028] IlepBas knemma 229 akkyMyJsTOpHOH Oatapen y3ma 205 mepBOro CTapTepHOro
3JIEKTPOJBUTATENSI MOXKET OBITh COEIMHEHA C MEPBBIM U3 ABYX HEMOABMXKHBIX KOHTAKTOB 218.
Knemma 228 nepsoro coneHouna Benet k y3nosoi Touke PI katymku 214 u HI xatymku 212, a
takke k koHuy HI xarymku 212, ynanennomy ot PI karymku 214. Ileppas knemma 208
3a3eMJICHHSI MOXKET OBITh CO€AMHEHA C MepBBIM dyekTponsurateneM 202 U ¢ COSAMHUTEIbHBIM
kabenem 280.

[0029] V3en 255 BTOpOro CTapTepHOrO 3JIEKTPOABHUrATENs, B OOLIEM, CONEPIKUT TE K
BHYTPEHHHE KOMIIOHEHTBI U KJIEMMBI, YTO U y3es 205 nepBoro CTapTepHOro 3J1eKTPOABUTaTEI.
VY3en 255 BTOPOTro CTapTepHOro AJIEKTpOoABHUraTesst coaepxut prarusaromyro (PI) karymky 217,
ynepxkuBaromyo (HI) karymky 272 w KOHTakTOp COJICHOMIA, CONEPIKAIUN HEMOJBUKHBIC
KOHTaKThl 278 1 KOHTAKT 276 BTSKHOTO CepA€UHUKA, YCTAHOBJIEHHBIN HA BTSDKHOM CepIEUHUKE
225.

[0030] Btopast knemma 269 akkyMyJsiTOpHON OaTtapeu y3ia 255 BTOpPOro CTapTepHOTO
3JIEKTPOJBUTATENSI MOXKET OBITh COEIMHEHA C MEPBBIM M3 IABYX HEMOJABIKHBIX KOHTaKTOB 278.
Knemma 268 BTOporo coneHousa seaet k y3noBoil Touke Pl katymku 274 u HI xatymku 272, a
takke K koHuy HI xarymku 272, yganenHomy ot Pl karymku 274. Btopas kiemma 258
3a3€MJIEHHSI MOKET ObITh COEIMHEHA CO BTOPBIM 3JIEKTpOABUTaTeNeM 252 U ¢ COETUHHUTEIbHBIM
kabenem 280.

[0031] Bo Bpems Havajna NpPOBOpaYMBAHUS Baja [ABUraTeNlss CTapTEPHBIMU
3JEKTPOABUTATEISIMU IIECTEPHU KAKAOTO U3 JBYX CTAapTEPHBIX 3JIEKTPOABUTATENIEH MOTYT
OJHOBPEMEHHO BXOIWTh B 3alleIUIeHHe ¢ 3yOuaTeiM BeHLOM pasurarens. OZHAKO B OZHOM
CIEHAPUM WIECTEPHS JIEOOOrO0 OJHOTO JJIEKTPOABHUraTeNsl MOXET BOHTH B 3alelUieHHe C
3yOuaThIM BEHILIOM JIBUTATENs IO BXOJa B 3aLCIUIEHUE IPYroro 3JeKTponBurarens. Jpyramu
CJIOBaMH, MOKET BO3HUKHYTb 3aJiep>KKka MeXAy BXOJaMH B  3allellieHHe JBYX
3JIEKTPOJBUTATENIEH C IBUTATEJIEM. DTO MOXKET MPHUBECTH K OOJee BHICOKOMY HAINPSKEHUIO MPH
IIPOTEKaHUU TOKa 4epe3 Pl kaTyliky TOro cCTapTepHOro 3J€KTPOABUraTessi, KOTOPBIH BOLIEN B
3alerieHne TepBbIM (Tak Kak comporusiernne Pl karymkum HamHoro Oosnblue, dYem
COMPOTHBJIEHUSI 3JIeKTpoaBurareneii). B cucreme ¢ akkymynsaropHoii Oartapeeii 64 B Oonee
BBICOKOE HaNpsKEHUE NPU MPOTeKaHUH ToKa depe3 Pl kaTyliky MOKeT MPUBECTH K YXYILIEHHUIO
napamerpoB stoi PI karymku. UroObl pemuTe 3Ty mnpoOneMy, mnepsas kiemma 229
aKKyMYJIITOPHOM OaTtaper MOXeT ObITh COEMHEHAa CO BTOPOU KIeMMOH 269 akKyMyJSITOPHON
Oarapen yepe3 JOMOJTHUTEIBHYIO Mapy KOHTAKTOPOB, & UMEHHO KaTywKy 242 mepBOro riiaBHOTO
KOHTAaKTOpa M KaTywmky 244 BTOporo rnaBHoro koHrakropa. Karymka 242 nepBoro riiaBHOro

KOHTAKTOpa U KaTyIllKa 244 BTOPOTO I'NTaBHOT'O KOHTAKTOpAa MOT'YT HAXOAUTHCS MOA TOKOM IJIA
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oxHoBpeMeHHoro ooxoxna PI karymek o0oux y3J0B cTapTepHBIX syekTpoasurarenei. Karymka
242 nepBOro rJaBHOrO KOHTAaKTOpa M Karylika 244 BTOPOrO TIJIaBHOIO KOHTaKTOpa MOIYT
NOJIy4aTh NMUTAHHUE TOJBKO IOCHE MOATBEPKACHUS TOTO, YTO 00a 3JIEKTPOABHUraTesNs BOIIIH B
3aLeruieHne ¢ 3yO4aThbIM BEHIOM paBurateist. Takum o00pa3oM, 3a CYUET HCIOJIb30BAHUS
AOMOJHUTENBHOW Mapbl KOHTAakTOpoB ausi obxoma PI  karymek o0oux crapTepHBIX
SNIEKTPOABUTATENECH HCKJIIOYAETCS BO3MOXKHOCTb HANPAaBJIEHHS BBICOKOTO  HAIPSDKEHUS
akkymysissTopHoi Oatapeu 280 Ha 64 B Ha PI xaTyiky TOJbKO OAHOTO U3 3JIEKTPOIBHUraTeNEH.
Kpome Toro, oOmotku PI kaTymiek, MCHOJB3yeMbIX B y3JI€ C ABYMS 3JIEKTPOABHIATEIISIMH,
BO3MOXKHO, HE MOTpeOyeTcss U3MEHSATh, YTOOBl Y4eCThb CLEHAPHl, B KOTOPOM dYepe3 KaTYLIKH
MOJKET TeUb TOK YBEJIMUEHHO! BEJUYNHBI.

[0032] AkkymymsitopHasi Oatapest 280 MOXKET UMETh 3a3€MJICHUE CPEIHeW TOYKHU, a He
3a3eMJICHHE  OTPHULATENBbHOTO  WUIM  MOJIOKUTEJIBbHOIO  MOJIOCA. CrnenoBaTenbHO,
3JIEKTPOJBUTATENN MOTYT OBITh MOAKJIIOUEHBI B OOPATHOM MOPSIIKE, HAIPUMEDP, B CIEAYIOLIEM
nopsiike: ooMotka sikops (Armature Winding, AA) nepsoro snekrponsurarens 202 - oOMoTKa
Bo3Oyknenuss (Field Winding, FF) mnepBoro snexrpomeurarenss 202 - 3a3eMJeHUE
snektpoasurarenss k kopnycy (GND) nepeoro snextpomsuratens 202 - 3azemsienne GND
BTOpOoro osnexkrpoasurarenss 252 - FF Broporo snektpopsurarens 252 - AA BTOpOro
snexTpoasBurarenss 252. OTa IOCIEAOBATEIbHOCTb COENMHEHUN MPUBOAUT K 3a3€MIICHUIO
CpemHel TOUYKM Ui 3JIEKTPOABUraTesiel, KoTopoe MnojanepkuBaeT OanaHC B cxeme. Takum
o0pa3oM, 3a3eMJICHHs] KOPIYCOB 3JIEKTPOABHIraTeNell MOXKET COXPAHSTBbCA OTAEIbHO OT
akkymyJssitopHoit Oatapen 280. Ilockonbky HampaBieHue Toka B oOMoTkax AA u FF nmns
KOKAOTO OTHAEJIbHOIO 3JIGKTPOJIBHUIraTeNii OCTAaeTCs OJUHAKOBBIM, KPYTALIUH MOMEHT,
CO371aBaeMbIi B K&KIOM 3JIEKTpOBUTaTese, OyIeT B OZHOM M TOM K€ HAPaBJICHUH.

[0033] IlepBblii 3MekTpOMarHUTHBIN BhIKItOUaTenb 206 coeauHeH ¢ y3noMm 205 nmepsoro
CTapTEPHOrO 3JIEKTPOJIBUraTesl; IEPBBIN AIEKTPOMArHUTHBIN BbIKIOYaTesnb 206 conepKUT y3e
COJICHOMMA, conmep:Kamuil kKarymky 222, BTsDKHOM cepaedHuK 230, kOHTakT 224 BTSIKHOTO
CceplevyHMKa, HEMOJBIXKHbIe KOHTakThl 226 u auon 238. IlepBelii 3JIE€KTPOMarHUTHBIN
BbIKIOUaTeab 200 COAEpKUT Takke 4YeTblpe KJIEMMBI, BKJOYas KJIEMMYy aKKyMyJSTOPHOMN
Oarapen, KJIeMMy cojieHoHa, kjemMmy 213 BrIkjrOdaTes s U kjiemmy 239 3azemuienus. Kinemma
COJICHOMJA TIEPBOTO 3JIEKTPOMArHUTHOTO BBIKJIFOUATENs 206 MOXKET MOAKJIFOYAThCA K KIEMME
228 mepBOro COJIGHOMZJA, B TO BpeMsi KaK KiIeMMa aKKyMYJISITOpHOH Oarapen mepBOro
3JIEKTPOMArHUTHOrO BbIKMOUarenss 206 Moker ObITh COEQUMHEHa C TepBOH kiemmoil 229
aKKyMyJIATOpHOW Oatapen. B onmHOM mnpumepe BbikmouareneM 284 yIpPaBIEHUS MOXKET

YIPaBIsATh MALIMHUCT TPAHCIOPTHOro cpexacrsa. llocie 3aMblkaHust BbIKiIrOYarens 284
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yIpaBJeHus KaTylika 286 BCIOMOraTelbHbIX KOHTAKTOPOB 1, 2 MOXKET mojly4aTh MUTAHHUE, YTO
3alyckaeT MEXaHuW3M [ofadu MNuUTaHus Ha osnaekrpoxasuratenu 202 u 252 BO Bpems
npoBopauuBaHus Banma nsuratens. Ha ¢ur. 3A-3E mokasaH npumep moOCienoBaTeNbHOCTH
COOBITHH, KOTOpBIE MOTYT IPOUCXOAUTH B 3JIEKTpHUeckoil cxeme cucrembl 200 crapTepHBIX
3JEKTPOABUIaTENeH BO BpeMsi POBOPAYNBAHUS Bajla IBUraTels.

[0034] Bropoii 53JeKTPOMArHUTHBIN BBIKIHOUATENh 256 MOXKET COAep:KaTh Te Ke
BHYTPEHHHE KOMIIOHEHTBbl U KJIEMMbI, YTO W IEPBbIH 3JEKTPOMArHUTHBIN BbIKIOUaTenb 206.
BTopoii 3mekTpOMarHuTHBIN BBIKJIIOYATENb 256 COENUHEH ¢ y3JI0M 255 BTOPOro CTapTEPHOrO
BIEKTPOABUTATENsI, NMPUYEM BTOPOH BJEKTPOMArHUTHBIN BBbIKIIOUATENb 256 COAEPKUT Y3el
COJICHOHMa, BKJIIOUAOIMKA B cebs Karymky 262, BTsDKHOW cepaedHUK 270, KOHTakT 264
BTSDKHOTO CepJieYHMKa, HETIOABI)KHbIE KOHTAKThI 266 1 nuon 268. BTopoll a1eKTpoMarHUTHbIN
BBIKJIOYATENb 2560 COAEpPKUT TaKke 4YeTblpe KJIEMMBI, BKJOYas KJIEMMYy aKKyMyJSTOPHOH
Oarapen, KJIeMMy COJIEHOMIA, KJeMMy 253 BBIKJIIOUATENIs U KiemMMmy 269 3azemuienus. Kinemma
COJIEHOMJIA BTOPOTO 3JIEKTPOMATHUTHOT'O BBIKJTFOUATENS 256 MOKET ObITh MOAKIIOYEHA K KJIEMMe
268 BTOpOro COJIGHOHWIA, B TO BpeMs Kak KJIeMMa aKKyMYJSITOPHOH Oatapen BTOPOro
3JIEKTPOMArHUTHOTO BBIKIIOUaTeNss 256 MoxkeT ObITh MOAKIIOYEHa KO BTOPOH KiemMMme 269
akkymyJsiaTopHOl Oarapen. C TOMOIIBIO BCIIOMOTaTENbHBIX KOHTAakTOpoB 234 u 244
3JIEKTPOMArHUTHBIE BBIKIIIOUATENN MOTYT ObITh 000MIeHbl, U KieMMbl 213 u 253 BeIKIFOHaTES
MOTYT OBITh HE MOIKIIOYEHBbI K BBIKIIOUATENI0 284 ynpaBieHHs B TPAHCIOPTHOM CPENCTBE.
Pabota cucTeMsl ¢ ABYMsI 3JIEKTPOABUTATENSIMH cTapTepa noapodHo onucaHa Ha ¢ur. 3A-3E u
¢ur. 4.

[0035] Ha ¢ur. 3A-3E nokazaHa MocjienoBaTeIbHOCTh 3TAOB, 00ECTIEUNBAIONINX 3Ty CK
ABUTATENs] JIOKOMOTHBA C MHCIIOJNB30BAHMEM CHCTEMbl CTapTEpPHBIX 3JIEKTPOJABHUraTeset,
cozep Kalel J1Ba MOCIENOBaTeIbHO BKJIIOUEHHBIX 3JekTponsurarens. Ha ¢ur. 3A mokazano
nepsoe cocrossHue 300  snekTpuueckoil  cTpykTypbl  cuctembpl 301  craprepHbIX
SJIeKTpOABUraTene 11 3amycka pasurarenst JokomoruBa. Cucrema 301 craprepHbIX
3JeKTpOABHUTATENEHl MOXET ObITh cuctemoil 200 cTapTepHBIX 3JeKTponBurareneid Ha ¢ur. 2.
KomnoneHTsl, onucaHHble Ha (UT. 2, HYMEPYIOTCS aHAJIOTMYHO M HE BBOISTCS MOBTOPHO. B
3TOW CXeMe BHYTPEHHEe CONPOTHUBICHHE aKKyMYJSITOPHOH Oarapenm m3oOpakeHo kak Rbatt_int
281, xoTOpOE BKIIFOUEHO MOCJIEOBATENBHO C PE3UCTOPOM 282.

[0036] Korna nsurarens He 3amyckaercsi cucteMoi 301 cTapTepHbIX 3JeKTpOABUraTesei,
BCE€ KOHTAKTOPBI 3JIEKTPUYECKON Lenu cucTteMbl 301 CTapTepHBIX 3JIEKTPOABUraTeIe MOIYT
OCTaBaTbCSl PA3OMKHYTBHIMHU. DTO BKJIFOYAET B ce0sl MOAAep:KaHue KaXI0Tro U3 BIKJIFOUaTess 284

yIpPaBJI€HUs,, BCIIOMOTAaTENbHbIX KOHTakTOpoB 234, 244, rnaBHbIX KOHTakTOpoB 232, 242 u
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KOHTAakTOpoB 352, 356 COIEHOUAOB sl KaKAOTO M3 ABYX CTAPTEPHBIX 3JIEKTPOJBUraTenell B
Pa30MKHYTOM COCTOSIHUH. B 3TOI KOH(Urypaumm TOK He MOXKET Teub HU Yepe3 OIUH U3
snextpoasurarenei 202 u 252. llecrepnu snexkrpoasurareneii 202 u 252 MOTyT He HAXOIUTHCS
B 3aLICTUICHUHU C 3y04aThIM BEHLIOM JIBUTATEIS.

[0037] Ha ¢ur. 3B mnokazaHo Bropoe cocrosiHue 310 3JIeKTpUYeCcKOH CTPYKTYpBI
cucteMbl 301 crapTepHBIX 3JIEKTpOABMraTeneil s 3amycka asurarens. Bropoe coctosiHue
MOJKeT OBITh MHUIMMPOBAHO M3 IEPBOTO COCTOSHHS IMOCJE MOATBEPKACHUS TOTO, YTO ObLI
MOJIyYeH 3alpoc Ha 3alyCK JABUraTeNsl MOCPEACTBOM CUCTEMbI CTAPTEPHBIX 3JIEKTPOBUraTeNeH.
B onHOM mpuMepe 3ampoc Ha 3ammycCK ABHraTessi JOKOMOTHBA MOKET OBITh ClI€IaH MAIIUHUCTOM,
KOTZla BBIKJIIOUATENb 3aKUTaHMsI 3aMbIKaeTCs, HalpuMep, IMyTeM BCTAaBJIEHMs KJOYa WU
Ha)KaTusl HA KHOIIKY.

[0038] B onHOM mpumepe BbIkiIrouaTeNb 284 yrnpaBieHUs] MOXKET 3aMbIKaThCsl BPYUHYIO.
B npyrom mpumepe BBIKIIOYATENDb YIIPABJIEHHS MOXKET 3aMBIKATHCS 3JIEKTPOHHBIM CIIOCOOOM.
Kontposnnep cucrempl ABUraTess JIOKOMOTHBA MOXKET IMOCHIIATh CUTHAl B HCIOJHUTEIbHBIN
MEXaHU3M, COEAUHEHHBIN C BBbIKIKOUaTenaeM 284 ynpasiieHHs, U 3aMbIKAHUS BBIKJIIOYATEIs.
Kak Tonbko BbIKIIOUATENb YIpaBieHUus 284 3aMKHYT, L€Nb, COCAUHSAIONIAs BCIIOMOraTeNlbHYIO
Katymky 286 ¢ akkymyJsTopHO# Oarapeeii 280 Ha 64 B, moxer ObiTh 3amkHyTa. Korma Tox
MPOTEKAET uepe3 BCIIOMOIaTeNbHYIO0 KaTywky 286, sTa karymika 286 BCIIOMOIaTeIbHOIO
KOHTAKTOpa MOXKET OBITh BO30Y KAEHA.

[0039] Ha ¢ur. 3C noka3zano Tperbe cocTosiaue 320 3J1eKTPUIECKOH CTPYKTYPBI CUCTEMBI
301 craprepHbIX sJekTpoiBurarteneil s 3amycka nasurarens. Ilocne momaum nuTaHus Ha
BCIIOMOTATEJIbHYIO KaTyIIKy 286 KaKIblii U3 MEPBOrO BCIIOMOTaTeNbHOrO KOHTakTopa 234 u
BTOPOTO BCIIOMOTATEJIbHOrO KOHTakTopa 244 Moxer ObITh 3aMKHYT. Kak TOJNBKO mepBbId
BCIIOMOTaTeNbHbIM KOHTAakTOp 234 3aMKHYT, 3JIEKTPUYECKHII TOK MOXET IpOTeKaTh uepes3
KJIeMMy 228 mepBOoro coieHona. TOk MOXKET IPOTeKaTh 4epes3 Kaxayro u3 nepsoi Pl kaTymku
214 u nepsoii HI xarymku 212. AHanoru4Ho, Koraa BTOPOH BCIIOMOTaTeNbHbIi KOHTakTop 244
3aMKHYT, 3JIEKTPUYECKUI TOK MOXKET MPOTEKATh dyepe3 KiaeMMy 268 BTOPOro COJIEHOUAA, U TOK
MOJKET MpOoTeKaTh uepe3 kaxayro u3 Bropod PI karymku 274 u HI Bropoit karymku 271. B
apyrux (GopMax OCYLIECTBICHHS TMEPBBI BCIIOMOTATENbHBIH KOHTAKTOp 234 © BTOpOH
BCIIOMOTATENbHBI KOHTakKTOp 244 MOryT OBITP BBINOJHEHBl KaK 3JEKTPOMArHUTHBIE
BBIKJIFOYATEIIN WU peTie.

[0040] Tok, nporekarorumii uepe3 PI karymku 214 u 274, MoxeT ObITh HaIPaBJICH TAKKe
B asiekTponsuratenu 202 u 252 B KayecTBE TOKA IUIABHOTO MycKa. AMIUIMTYJa 3TOrO TOKa

IUIABHOTO IyCKa MOKET ObITh 0OpaTHO mpornopLuoHanbHa conporusineHusM Pl karymek 214 u
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274, Tem caMmbIM OrpaHUYMBas KPYTALUIUH MOMEHT, IPHUKJIAAbIBAEMBbIH K LIECTEPHIM
snexrponsurateneii 202 u 252. B sTor MomeHT pabota snekTponsurarenen 202 u 252 Moxer
OBITh HE3aBUCUMOM JIPYT OT JpyTa.

[0041] Tok, nporekaromuii uepe3 Pl xarymwku 214 u 274, co3maer 31€KTPOMArHUTHOE
T0JIe, KOTOPOE 3aCTABJISIET BTSDKHBIE CEPACYHNKH (TaKue Kak BTSDKHBIE cepaeuHuku 215 u 225 Ha
¢dur. 2) mnepeMeriaTteCsi K KX COOTBETCTBYIOLIUM HEMOJBHKHBIM KOHTAaKTaM (TaKUM Kak
HETOIBUKHbIE KOHTAKThI 218 u 278 Ha ¢ur. 2) U 3aMbIKaTh HEMOJBUKHbIE KOHTAKThI. [locne
3aMbIKaHMsl HEMOJBIKHBIX KOHTAKTOB LIECTEPHHU Kakaoro snekrpoasurarens 202 u 252 moryT
OBITh BBEIIEHBI B 3allCTUIEHUE (CIEIUICHBI) C 3yOYaThIM BEHIIOM JBUTaTeNs. KpyTsimuii MOMEHT,
NPUJIOKEHHBIH K [IECTEPHSAM BJIEKTPOABUTaTeNss (OT TOKa IUIABHOTO IMyCKa), MOMKET
CHOCOOCTBOBATh BBONY IIECTEPEH B 3aLlEIUIEHUE C 3yO4aThIM BEHLIOM MaxoBHKa Burareist. Kak
TOJIKO IIECTEPHU JIBYX 3JIEKTPOJABHUIaTe]ed BOWAYT B 3alEIUICHHE C 3yO4aThbIM BEHIIOM, TOK,
nporekaromui yepe3 HI kaTymku, MOKeT yAaep>KUBaTb COOTBETCTBYIOIINE 3ALECTIJICHUS] HA MECTE.

[0042] Ha ¢ur. 3D nokazano uerBeproe cocrosiHue 330 3JIEKTPUYECKON CTPYKTYpPBI
cuctembl 301 crapTrepHbIX 3JEKTpoABHUrarese s 3anycka asuratens. llocne 3aunenseHus
3y0daThIx Koyiec oboux sjekTpoasurarenein 202 m 252 ¢ 3yO4aThiM BEHIIOM JIBHTAaTelis
KOHTAakTOp 352 mepBOro COJEHOMIA M KOHTAakTop 356 BTOpPOro Col€HOMAA MOTYT OBITh
3aMKHYTbl. B OmHOM mpumepe KOHTakTop 352 mepBOro COJEHOMAA U KOHTAakTOp 356 BTOPOro
COJIEHOMJAa MOTYT 3aMbIKaTbCsl OJHOBPEMEHHO. B apyrom mpumepe u3-3a KOHCTPYKTHBHBIX
pasauuuii B MEXAHMYECKUX KOMIIOHEHTaxX COJICHOMAOB U BTSKHOM CEPACYHUKOB OJUH
KOHTAKTOP COJIEHOUZA MOXKET 3aMBIKAaThCsl PaHbLIE APYroro KOHTakTopa coiaenouaa. Kak Tonpko
KOHTakTOpBl 352 u 356 coneHouaOB 3aMKHYTHI, LeNb i KaTyIIKW 242 mepBOro riaBHOTO
KOHTAKTOpa U KaTyIIKHU 242 BTOPOrO INIABHOTO KOHTAKTOPA 3aMbIKAETCH.

[0043] Ha ¢ur. 3E moka3aHo ueTBepToe cocTosiHMEe 340 3IEKTPUYECKON CTPYKTYpPbI
cucrteMbl 301 crapTepHBIX 3J€KTpoABUrarenedl njs 3amycka asuratens. Korma uens s
KaTymKHd 242 nepBOro INIaBHONO KOHTAKTOPAa M KaTyIIKU 242 BTOPOrO IJIABHOTO KOHTaKTOpa
3aMbIKAEeTCsA, KaTylka 242 mepBOro IJIaBHOIO KOHTAaKTOpa M KaTylika 244 BTOPOro rjiaBHOrO
KOHTaKTOpa MOTYT NOJNY4YUTb NUTaHue. bnaromaps mopade NMUTAaHUS Ha KaTyLIKU TJIaBHBIX
KOHTaKTOPOB MEPBbIH TIJaBHBbIM KOHTAakTOp 232 W BTOpPOM INIaBHBIM KOHTakTOop 242 MOryT
3aMKHYTBCS, TEM CaMbIM 3aMbIKasl 3JIGKTPHUUYECKYIO LEeNb W OXHOBPEMEHHO 3amuThiBas 00a
snektpoasurarens 202 u 252.

[0044] Ilytem nobGaBieHUsl JOMOIHUTENBHON Mapbl KOHTAKTOPOB (TJIABHBIX KOHTAKTOPOB
232 u 242) MOHO MPEeNOTBPATUTh YXY/LIEHNUE rapaMeTpoB ogHol uinn obeux Pl karymek 214,

274 wu3-3a W30BITOYHOrO TOKa, mporekaroimero uepe3 Pl karymky. Hampumep, BO Bpems
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3aleTUICHNs] IIEeCTEePEH JJIEKTPOABHUraTeNiell ¢ 3yO4aTbIM BEHLIOM J[BHraTels, €CIH OIUH
3JIEKTPOABUTATEND (CKa)XXeM, MepBbIi 3yekTpoaBurarenb 202) BXOIUT B 3allCTJICHHE PaHbLIE
APYTrOro SJeKTpOoABUraressi (HampuMmep, BTOPOTO SJeKTpoaBurarenss 252), KOHTakTop 352
MEPBOTO COJICHOUJA IJisi mepBoro ajekrpoasurateis 202 MOXKET 3aMKHYTbCS O 3aMbIKaHUs
KOHTakTopa 356 BTOporo conenounna. Ilockonbky comporusnenue Pl xarymku OGonbline, uem
CONPOTHUBIIEHUE 3JIEKTPOABUTATEINS], 3aMbIKAHUE KOHTAKTOpa 352 MEepBOro COJICEHOUAA MOKET
BbI3BATh MOSIBJICHHE OOJBIION YaCTH HANPSDKEHUS] aKKyMYJIITOpHOM Oatapen 64 B Ha nepsoii PI
karymke 214, tem cambiM noBpexknas BUTKU Pl xarymku. OpHako B 3TOH cxeMe IJIaBHbIE
KOHTaKkTOpbl MoOryT obxomuth Pl karymku, Tem cambiM 3amummas Pl karymkum ot Oonee
BBICOKOTO HampspkeHusi. IIpu 3aMbIKaHUM TJIABHBIX KOHTAKTOPOB TOJIBKO TMOCJE TOTrO, Kak oda
SJIEKTPOABUIATENs BOLUIM B 3alleTJIEHUE C JBUTaTesieM, MOJHOE HaNpshKEeHUE aKKyMyJISTOPHON
OaTapen MOXKeT OTHOBPEMEHHO TOJIaBAThCS HA 00a SJIEKTPOABUTATEIIS.

[0045] Takum oOpa3oMm, KOMMIOHEHTHl Ha ¢ur. 1-2 pemar0T BO3MOMKHOH CHCTEMY
CTapTEepHBIX JJIEKTPOJABUIaTENEH, COAEPKALYH: JBHUraTelb JIOKOMOTHBA, COAEpPKALUN
3yOuaThIil BEHell, aKKyMYyJIITOPHYIO OaTapero U Lenb CTapTepa, COAEPIKAIIYIO: MIEPBbI 1 BTOPOIl
CTapTepHblE 3JIEKTPOABMUraTeNd, BKJIOYEHHbIE IIOCIENOBAaTENbHO JpPyr C JPYIrOM H
aKKyMyJITOPHOW OaTapeeil BROJb OCHOBHOTO KOHTypa LE€NH CTapTepa dYepe3 IepBhIid
BCIIOMOTaTeJIbHbIM KOHTAKTOP U BTOPOM BCIIOMOTATENbHBII KOHTAKTOP; MEPBYIO BTATHMBAOLLYIO
KaTyIIKy, BKJIIOUEHHYIO [OCIEAOBATEIbHO MEXAY IEepBbIM  JJIEKTPOABUIATENEM U
aKKyMYJISITOpHOW ~ Oartapeell uepe3 TeEpBBIil BCIHOMOTATENbHBIH KOHTAKTOP, U BTOPYIO
BTATMBAIOLIYIO KaTYIIKY, BKJIFOUEHHYIO MOCIEA0BATENILHO MEKAY BTOPBIM 3JIEKTPOJBUTATENIEM U
aKKyMyJISITOpHOU OaTapeeil uepe3 BTOPOH BCIMOMOTATENIbHBIA KOHTAKTOP, U BBIKJIIOYATENN
MEPBOro ¥ BTOPOTO COJIEHOUOB, MOCJIEIOBATENIbHO COEIUHEHHBIX APYT C APYTOM U C MEPBBbIM U
BTOPBIM 3JIEKTPOABUTATENEM BIIOJIb BHELITHETO KOHTYPA, NapajuleIbHOTO OCHOBHOMY KOHTYPY.

[0046] ObGparumcst Tenepp k ¢ur. 4, Ha KOTOpOH ommcan npumep crnocoda 400 mus
paboThI 3JEKTPUYECKON LeNU CTAPTEPHOrO 3JIEKTPOABHUraTelNsl, 4YTOOBI 00ECHeunuTh 3amycK
nsuraressi JiokomotuBa. KomaHnbl mist ocymectBieHusi crocoba 400 MOryT BBITIOJNHSATHCS
KOHTPOJJIEPOM Ha OCHOBE KOMAaHJ, XPaHALIMXCA B MaMsITH KOHTPOJUIEpa, U B COYETAHUU C
CUTHAJlaMH, NPUHUMAaeMbIMU OT JAaTUYMKOB CHUCTEMBbl TPAHCHOPTHOro cpexactsa. KoHTposep
MOJKET HCIOJIb30BaTh UCIIOJHUTENbHbIE MEXAHU3Mbl CUCTEMBI TPAHCIIOPTHOIO CPEICTBA, TaKue
KaK 3JIEKTPUYECKHE KOHTAKTOPHBI AyeKTprueckor nenu Ha ¢ur. 2-3E, uyrodbl HacTpouts padboty
IBUTATeNs, B COOTBETCTBUH CO CrIocoOamMu, OnucaHHbIMU HIbke. ITOHATHO, 4TO XOTS crocod mo
¢ur. 4 onucaH co CChUIKOM Ha SJIEKTPUIECKYIO CXEMY IJIS IBYX CTAPTEPHBIX 3JIEKTPOJIBUTATENEH,

3aIyCKaroIux ,HaHHbIﬁ JABUTATCJIb JIOKOMOTHBA, TaKOM ke noaxoa MOKET OBITb AHAJIOTUYHBIM
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o0pa3oM pacuIMpeH Al CHUCTEMbI 3alyCKa IBUTaTeNs, UMerolnel Oojiee NBYX CTapTEPHBIX
3JIEKTPOJBUTATENEH JIJIsl TPOBOPAYMBAHUS BaJla IBUTATENsI JOKOMOTHUBA.

[0047] Ha stane 402 cnoco0 Bkmouaer B ceOs MOATBEPKICHHE pEXHMa 3aIycKa
nsuratens. B ogHOM mnpumepe 3amyck ABUraTens IOATBEP)KIAETCS B OTBET Ha 3arpoc
MAaIIMHICTA JJOKOMOTHBA Ha 3aIllyCK JBUraTessl MOCPEACTBOM BCTABIEHMs KJIIOYA 3aKUTAHUS,
HA)KATHUsI KHOTKU 3aIyCKa WJIM U3MEHEHHMs MOJIOKEHHs OPraHa YIPAaBJICHHs TOTLUTUBOINONAYEH B
JokomMoTuBe. Eciu 3amyck aBuratens He MOATBEp:KOaeTcsi, TO Ha sTane 404 Bce KOHTAKTOPBI
SJICKTPUYECKOW LEeNH 3amyCKa JBUTAaTeIsl MOTYT OCTaBaThCS PA3OMKHYTHIMU. DTO BKJIIOYAET
NOJ/Iep’)KAaHUE KAKIOTO0 W3 BCIIOMOTATENbHBIX KOHTAKTOPOB, TJIABHBIX KOHTAKTOPOB U
KOHTAKTOPOB COJICHOMIOB JJIsi KaXJIOr0 W3 JABYX CTapTEPHBIX JJIEKTPOABUTATENeH B
Pa30MKHYTOM COCTOSTHHH.

[0048] Ecnu pexkxum 3amycka ABUTATENs MOATBEpskAaercs, To Ha stame 406 crocod
BKJIFOYAET 3aMbIKaHWE BBIKJIOYATENS  YIPABJIEHUS BCIOMOTATENIbHBIMH  KOHTAKTOPaMH
SJEKTPUYECKOW LEMH CUCTEMbl CTapTepa [BUTAaTels. B OOHOM TmipuMepe BBIKIKOYATEND
YIPABJICHUS MOKET 3aMBIKaTbCS BPYYHYK. B JpyroM mnpumepe BBIKIIOYATENb YIPABICHUS
MOJKET 3aMbIKaThCs 3JIEKTPOHHBIM 00pPa30M MOCPENCTBOM KOMAHIHBIX CHTHAJIOB, NEPEAaBaEMbIX
B HCHOJHHUTENbHbIM MEXaHM3M OT KOHTPOJUIEpa JBUTATeNs TPAHCIIOPTHOTO CPENCTBA.
BoikrouaTenp BCIIOMOTaTENbHBIX KOHTAKTOPOB MOXKET JJIEKTPUUECKH COEAMHATH IEepPBBIi
BCIIOMOTATEIbHBIN KOHTAaKTOP M BTOPOM BCIIOMOTaTENbHBIH KOHTAKTOp APYr C APYroM, U
3aMbIKaHHE BBIKJIFOUATENs] BCIOMOIATENbHBIX KOHTAKTOPOB MOJKET H30MpATeNbHO IOaBaTh
NUTAHUE HAa KAKAbI U3 3aMbIKAE€MbIX NEPBOTO M BTOPOrO BCIOMOTraTeIbHOI'O KOHTaKTOPOB.
3aMbIKaHHE BBIKJIFOYATENSI YIPABJIECHUS BCIOMOTATENIbHBIMH KOHTAKTOPAMH SJIEKTPUYECKU
MOJKJTFOYAeT KAaTYIIKy BCIIOMOTATEIbHBIX KOHTAKTOPOB K aKKyMYJSITODHOH OaTapee CHCTEMbI
craprepa. [IpoxokaeHne 3JIeKTPHUECKON SHEPTUH OT aKKYMYJISITOPHOH Oarapen yepe3 KaTyIKy
BCIIOMOTATEJIbHBIX KOHTAKTOPOB BBI3bIBAET BO30Y:KIEHHE KaTymku. Bo3OykaeHue KaTyLiKu
BCIIOMOTATEJbHBIX KOHTAKTOPOB, B CBOK OdYepenb, AaBTOMATHYECKH 3aMBIKAET IEPBBIH
BCIIOMOTATEJIbHBIN KOHTAKTOpP, COEIMHEHHBIHN C ITEPBBIM 3JIEKTPOIBUTATEIIEM CUCTEMBI CTapTepa,
U BTOPOH BCIOMOTAaTENbHBI KOHTAKTOP, COEIMHEHHBIH CO BTOPBIM 3JIEKTPOIBUTATENEM
cuctembl craprepa. Jlpyrumu cioBaMu, BO3OYXKACHHE ONHOW KaTyIIKW  (KaTyIIKH
BCIIOMOTATENbHBIX ~KOHTAKTOPOB) TMPHBOAUT K 3aMBbIKAHWIO OOOMX  BCIIOMOTATEIbHBIX
KOHTaKTOPOB.

[0049] 3ambikaHue MepBOro BCIOMOIaTEIbHOIO KOHTAKTOpA 3JIEKTPHUUECKH COEAMHSIET
NEPBYI0  BTATMBAIOLIYIO KaTYIMIKy M MEPBYI0  yAEPKUBAIOIIYI  KAaTYIIKy IE€PBOTO

SJIEKTPOABUTATENSI C aKKYMYJIITOPHON OaTapeed cucTeMbl cTapTepa. AHAJIOTUYHO, 3aMbIKaHHE
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BTOPOTO BCIIOMOTaTEeJbHOTO KOHTAKTOpa JJIEKTPUYECKH COEAUHSET BTOPYH BTATHMBAIOLIYIO
KaTyIIKy U BTOPYH YAEP:KUBAIOIIYIO KAaTYLIKy BTOPOIO 3JIEKTPOABUTATENS C aKKyMYJATOPHOMN
Oarapeeii cucTemMbl CTapTepHbIX odjekTpoasurarenein. Ha osrame 408 mnpoxoxkneHue
HIEKTPUYECKON SHEPTHU OT aKKyMYJIATOPHOH OaTapen uepe3 KaXKAyl U3 MepBOH BTATMBAOIIEH
KaTyIIK{, BTOPOM BTSATMBAKOLIEH KaTyLIKW, IEPBOH YAEPXKHUBAIOLIEH KaTyIIKH, BTOPOH
yIepKUBAKOIIEH KATYLIKU BbI3bIBAECT BO30OYKICHHE KaXKIOM U3 KATYLIEK.

[0050] DnexTpudeckast sHeprus, MpoTeKaromias yepes ape Pl kaTymku, MoxeT co3naBaTh
MarHUTHbIE TIIOJIS, KOTOpPblE MOTYT NPUBOAUTL K MEPEMEIIEHUIO BTSDKHBIX CEPAEUYHUKOB,
CBA3AHHBIX C Kaxaod wu3 paByx Pl karymek, B HampaBleHMM HX COOTBETCTBYIOIIUX
HETIO/IBIDKHBIX KOHTAKTOB M 3aMBIKAHUIO HETIOJBMKHBIX KOHTAKTOB. Takum oOpa3om, momaya
MUTaHMsI Ha MEPBYIO BTATMBAIOIIYIO KATYIIKY MOKET MepeMelaTh NEPBYIO IIECTEPHIO B OCEBOM
HANpaBJIeHUH K 3yO4aTroMy BEHIy [ABHUraTels, W IMPH 3TOM IOJada NHUTAHUS HAa BTOPYIO
BTSTUBAOLIYIO KaTYIIKy MEPEMEIaeT BTOPYIO MIECTEPHIO B OCEBOM HAIIPABJIEHUH K 3y04aTomy
BeHLly Asuraressi. Kak TOJbKO HENMOABM)KHbIE KOHTAKThl 3aMBIKAIOTCS, LIECTEPHS KaKIOTO U3
IBYX 3JIEKTPOABUTATENICH MOXET BOMTH B 3alleTUIeHHE ¢ 3yOuaTbIM BEHIIOM, COEIUHEHHBIM C
MaxXxOBHUKOM JBUTATEJIsI.

[0051] Tok, npoTrekaromuii uepes kaxayroo us nepsoil PI karymku u sropoii PI katymkuy,
TAKXK€ MOKET OBITh HANpaBJIEH B JJIEKTPOJBUIATENN B BUIE TOKA IUIABHOTO IMyCKa. JTOT TOK
IUIABHOTO IyCKa CO37aeT KPYTAILIMHA MOMEHT, KOTOPbIH 00Jier4aeT BXOA LECTEPEH B 3alleIeHHe
¢ 3yO4aThIM BEHLIOM ABHratens. Kak TONbKO MecTepHH HJIEKTPOIBUTATENsI BXOIST B 3alleTJICHUE
¢ 3yO4aTeIM BEHIIOM IBHUraTeisi, TOK, nmporekaromuii yepes HI karymky aBurarens, MOXKeT
yIep:KuBaTh 3aleryieHne Ha mecte. Takum obOpasom, obe HI kaTymku MOryT moanepKuBaTh
3alerUIeHus ABYX SJIEKTPOABUTaTENeH C MAXOBUKOM JABUTATEIS.

[0052] Ha stane 410 omnpenensieTcsi, BOLUUIM JIX 3JIEKTPOABUTATENHN B 3alerieHue. B
OJIHOM TpUMeEpEe 3JIEKTPOABUraTeNIM MOTYT BXOAMUTH B 3allellJieHHe OAHOBpeMeHHO. B npyrom
IpUMepe 3JIEKTPOABUIaTENM MOTYT BXOAUTh B 3allelUIEHHE ACUHXPOHHO H3-3a 3aJepiKek,
BO3HHUKAIOIIUX TPU BXOXACHUU MIECTEPHU OHJIEKTPOABHTraTeNsl B 3alelUIeHHe ¢ 3yO0uaThiM
BEHLIOM JBUratens. B To BpeMs Kak 3JeKTpOABUIaTENb BbIBEAEH U3 3alleTIEHUs] UJIM YaCTUYHO
BOIIEN B 3aleruieHue, Ha Tane 412, KOHTakTOp COJIEHOMJA, COEJUHEHHBIH C JTUM
3JIEKTPOABUTATENIEM, OCTAEeTCsl pa3oMKHYThIM. Ha sTane 414 BXOKIeHHE 3JEKTPOIBHUTATENS B
3allelyIeHue C IBUraTesieM IPUBOAUT K 3aMbIKAHUIO COOTBETCTBYIOIIETO KOHTAKTOPA COJIEHOUIA.

[0053] Ha stane 416 ompenensiercs, ObUIM N 3aMKHYTBI 00a M3 KOHTAKTOpa IMEPBOTrO
COJIEHOUJA, COEJUHEHHOIO C MEPBbIM 3JIEKTPOABUIaTEIeM, U KOHTAKTOpa BTOPOrO COJIEHOWJA,

COCAUHCHHOIO CO BTOPBIM J3JICKTPOABUIATCIIEM. B OOHOM IIPUMEPE KOHTAKTOPHBI COJICHOUIOB
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MOTYT 3aMBIKaTbCSl OIHOBPEMEHHO. B 1pyromM mnpumepe KOHTAKTOPBI COJIEHOHAOB MOTYT
3aMBIKaTbCSl ACHHXPOHHO M3-32 pAa3jM4YUil MEXAY OTHENbHBIMU 3JIEKTPOABUIATENSMH,
KaTyLIKaMH COJICHOUJIOB M MEXaHWYECKMMHU BTSKHBIMH CEpPACYHMKAMHU, CBSI3aHHBIMU C
KaTyIIKaMH COJICHOMJOB Lienu. M3-3a crnenu(puueckoro COeIMHeHNsI KOHTAKTOPOB COJIEHOMIOB
IIOCJIEIOBATENIbHO, TIOKa 00a KOHTAKTOpa COJEHOMIOB HE OynyT 3aMKHYTBl, HM OIUH H3
KOHTAKTOPOB COJICHOMJIOB He OyIeT SJeKTPUYEeCKH COeNUHEH C aKKyMYyJIITOPHOW Oarapeeit
cucrembl craprepa. CnenmoBarenpHo, Ha dTane 418 10 Tex mop, moka o0a KOHTAaKTOpa
COJICHOMZIOB He OyAyT 3aMKHYTBI, Lelb JJIsI COOTBETCTBYIOIUX TJIABHBIX KOHTAKTOPOB,
COEAMHSIOIMNX BJEKTPOABUTATENIM C AKKyMYJSTOPHOH Oarapeeli CHUCTEMBI, OCTaeTCs
Pa30OMKHYTOM, U HU OJIMH M3 3JICKTPOJABUTATENEH HE 3aITUTHIBACTCS.

[0054] Ha stame 420 mocie TOro, kak 00a KOHTaKTOpa COJEHOUIOB 3aMBIKAFOTCSI, IETb
IUI KaTYUIKH TIEPBOrO TJIABHOTO KOHTAKTOPA, COEAMHSIOLIETO IEPBBIH 3JIEKTPOABHIaTEb C
aKKyMyJITOPHOW  Oarapeeli CHUCTeMbl, W KAaTyIIKH BTOPOrO TIJIABHOTO KOHTAKTOPA,
COEAMHSIOLIETO BTOPOH 3JIEKTPOABHUraTeNb ¢ AKKyMYJSITOPHOH OaTapeeii CHCTEMBI, 3aMbIKAeTCs,
3aMbIKasi LeNb W TII03BOJISAS TOAATh IUTAHWE HA KATYIIKH COOTBETCTBYIOIIUX TIJIABHBIX
KOHTakTOpoB. OHOBpEMeHHasl MOja4ya MHUTAHUS HA KATYLIKH MPHBOAUT K OXHOBPEMEHHOMY
3aMBIKAHUIO COOTBETCTBYIOIIUX TIJIABHBIX KOHTAkKTOpPOB. IlepBeli M BTOPOH KOHTAKTOPBI
COJIEHOMJIOB, KOTZ]a OHM 3aMKHYTBI, SJIEKTPUYECKH IOCJIEOBATEIbHO COCAMHEHBI C MEPBBIM U
BTOPBIM TIJIABHBIMU KOHTAaKTOpamMH. B 3TO BpeMss BCe€ KOHTAKTOpPbI 3JIEKTPUUYECKOH Lenu
3aMKHYTBI, BKJIIOYasl INIABHbIE, BCIIOMOTaTeIbHbIE KOHTAKTOPhI U KOHTAKTOPbI COJIEHOUOB IS
oboux snekTponsurareneir. Ha stame 422 wu3-3a OJHOBPEMEHHOI'O 3aMbIKaHHs TJIABHBIX
KOHTAKTOPOB TIEPBbI M BTOPOH 3JIEKTPOABHUIrAaTEIM MOJIYHAIOT NMUTaHHE OnHOBpeMeHHO. O0a
3JIEKTPOJBUTATENIS 3aTEM MOTYT paboTaTh B TAHAEME JIJIsl TPOBOPAYMBAHUS BaJla IBUTATEIIS.

[0055] Takum 0Opa3oM, HCHONB3YsSI JOMOJHHUTENbHBI HA0Op KOHTAaKTOPOB, MOKHO
u30ekaTh MPOXOXKIEHHs H30BITOYHOrO TOKa uepe3 oxHy Pl karymky 1[0 BXOXAEHHS B
3alerIieHne 00OHX 3JIEKTPOJABHUIrATENIeH, TEM CaMbIM YMEHbBIIAs BEPOSATHOCTDb MOBpekaeHHs Pl
Katymku. Kpome Toro, mocKoJIbKY 3JIEKTPOABUTATENN BKIFOYAIOTCS MOCTE MOATBEPKACHHUS TOTO,
yro 00a 3JIEKTPOABHraTelsl BOLLUIM B 3aLEIUICHHE, MOXKHO H30€XaTh NMPEBBIIICHUS YacCTOTHI
BPALICHNsI OHOTO 3JIEKTPOJBUTATENSI, BBI3BAHHOTO M30BITOYHBIM TOKOM, NMPOTEKAIOIIUM Yepe3
3TOT 3JIEKTPOJABHUTaTeNb. ECIU €CTh pa3HUIAa BO BPEMEHHM MEXKIY BXOXIEHHEM B 3alleTUICHHE
IBYX 3JIEKTPOABHTrAaTENed, M 3JIEKTPOABHraTeNb, KOTOPBIM paHbIIE BOIIET B 3alelIeHHE,
3aIUTHIBAETCS] PAHBINE 3aMUTHIBAHUA BTOPOTO JJIEKTPOIBUTATENS, TO MOMKET BO3HHMKHYTH
HE’KEJIATEeNbHBINA 3BYK M3-3a TOTO, YTO JABHUraTelb 3aIyCKaeTCss OAHUM 3JIEKTPOJIBUTATENEM, B TO

BpEMs KakK I[pyl"Oﬁ SJICKTPOABUTATEIIb HAXOAUTCA B 3aLCIIJICHUU C SY6LIaTbIM BCHIIOM ABUIaTECJIA.
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IIpn OOHOBPEMEHHOM 3aNHUTHIBAHMU JIBYX 3JIEKTPOABUTATENeld MOXKET OBITh INpenoTBpalleH

HeKeJlaTeJIbHbIN mym BBI3BAHHBII MMpoOBOPAYNBAHUEM BaJia ABUTaTECIIA OIHHUM

>
3JIEKTPOJBUTATENEM. DTO YJIy4dlIaeT O0IIHe XapakTePUCTUKHU 3aIlyCKa ABUraTels IOKOMOTHBA.

[0056] Ha sTane 424 onpenensercs, 3aBeplieH i 3anyck apurarens. Hanpumep, moxer
OTIPENENATHCS, SIBJISAETCS JIM YaCTOTa BPAILEHUs ABUraTesIsl Bbillle OPOrOBOIl YaCTOTHI BpaLleHNUs,
Harpumep, Boilie 400 00/MUH, MITH BBILIE YAaCTOTHI BPALEHHUS HA XOJOCTOM Xoay. Eciu yactora
BpallleHUs] JBUraTesii He IpeBbIIIaeT MOPOrOBYK YACTOTY BpalleHHs, TO Ha stane 426 Bce
KOHTAKTOPBbI OCTAIOTCS 3aMKHYTHIMH. Kak TOJBKO 4acTOTa BpAIUEHUsS] ABHraTelNsl MPEBBICUT
MOPOTOBYI0 YaCTOTy BpPALIEHHs, W 3amMyCK OyJIeT 3aBeplleH, JABHraTeslb MOXKET BO30OHOBUTH
NOJIyYeHHE TOIUIMBA M 3aKUTAHUS HCKPOH, M TOCJIE 3TOTO BpAIEHHE IBUTATENS MOXKET
NOJ/ICPIKUBATECSL € HCIOJB30BAHMEM KPYTAIIErO MOMEHTa, CO34aBa€MOr0 MOCPEICTBOM
CrOpaHusi CMeCH B IIWUIMHApPax. B 3TO BpeMs 3JIEKTPOABHraTeNd CTapTepa MOTYT OBITh
OTCOCIMHEHBbl OT JBUTATENI, TaK YTO D3JIEKTPOABHUIaTEIb MOXET HE Pa3rOHAThCS H3-32
BO3PACTAHUS YaCTOThI BPALLECHHS JIBUTATEIS.

[0057] Otcoennnaenue 3yieKTpoaBUTaTENIeH OT aKKyMYJIATOPHOH OaTapeu mocje 3amycka
ABUTaTeNnss BKIOUaeT B cedsd Ha odTame 428 pasMblKaHHE BBIKIIIOYATENS] YIIPABJICHUS
BCIIOMOTATEJbHBIMI KOHTAKTOPAMHU 3JIEKTPUYECKON Lemu CHUCTeMbl cTapTepa asurartens. B
OJTHOM ITpUMeEpPEe KOHTPOJUIEP JABUraTENsl MOXKET IOChUIATh CUTHAJ HAa MCTIONHUTEbHbIN 3JIEMEHT
BBIKJIOYATENS] YIPABJIEHHUs MJI Pa3sMbIKaHUS BBIKJIIOYATeNs. Pa3MblkaHHe BBIKITIOUATENs
YIPAaBJIEHUS BCIIOMOTAaTENbHBIMH KOHTAKTOPAMH  3JIEKTPUYECKH OTCOEAUHSIET KaTyLIKY
BCIIOMOT'aTEJIbHbIX KOHTAKTOPOB OT aKKyMYJIITOPHOH Oarapen CHUCTEMBbI CTapTepa, TEM CaMbIM
OTKJIFOYasi TUTAHUE KATYIIKUA BCIIOMOTATEIbHBIX KOHTAKTOPOB. OTKIIIOYEHHE MUTAHUS KATYLIKU
BCIIOMOTATEJIbHBIX KOHTAKTOPOB, B CBOKO OU€pelb, MOXKET aBTOMATHYECKH Pa3MbIKaTh KasKIbIH
U3 TIEPBOTO BCIOMOTATEJIbHOTO KOHTAKTOPa, COEAMHEHHOTO C MEPBBIM 3JIEKTPOIBUTATENIEM
CHCTEMBl CTapTe€pa, U BTOPOTO BCIOMOTATENILHOIO KOHTAKTOPAa, COCOHHEHHOTO CO BTOPBIM
3JIEKTPOJBUTATENIEM CHCTEMBI CTapTEPA.

[0058] Pa3MblkaHHe MEpBOrO  BCIOMOIaTEJIbHOIO  KOHTAaKTOpa  3JIEKTPUYECKU
OTCOEIUHSET MEPBYIO BTATMBANOIIYIO KATYLIKY W MEPBYIO YIAEP)KUBAOIIYIO KATYIIKY MEPBOTO
3JIEKTPOJBUTATENSI OT AKKYMYJISITOPHOH Oarapen CHCTEMBI cTapTepa. AHAJIOTUYHO, Pa3MbIKAaHUE
BTOPOTO BCIIOMOTATEJIbHOTO KOHTAKTOpPA 3JIEKTPUYECKH OTCoenanHseT BTOopyro PI karymky u
BTOopyt0o HI KaTymky BTOpPOro 3JIEKTPOABUTATENSl OT AKKyMYJSITOPHOH Oarapen CHCTEMbI
craprepa. Ha stame 430 pasmbixkanue neneil nis PI xarymex u HI katymek npekpainaer
NPOTEKAHUE HJIEKTPHUYECKOrO TOKA OT aKKyMYJIATOPHOW Oarapem uepe3 Kaxayro u3 nepsoi Pl

karymky, Bropou PI karywmku, nepsor HI karymkwu, sropoir HI karywmku, BbI3bIBast
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obecrounBanue kaxnoi u3 karymek. ObecrounBanue Pl xatymex m HI kxarymek 3acraBnser
BTSDKHBIE CEPACUHUKHU OTCOEIUHUTBHCS OT HEMOJBUXKHBIX KOHTAaKTOB, TEM CaMbIM BBIBOAS U3
3alleTJIeHUs C 3yOUaThIM BEHLIOM JBUTATENs IIECTEPHU KaKIOrO U3 IBYX 3JIEKTPOABHUraTelNeH.

[0059] Ha stame 432 BbIBeneHue 3JIEKTPOIBHUraTesied W3 3alleTUIeHUs C JBUTaTeIeM
NPUBOAUT K Pa3MBIKAHUIO COOTBETCTBYIOIIMX KOHTAaKTOpPOB cosneHounos. Ha stane 434, xorna
o0a KOHTaKTOpa COJICHOMIOB Pa30OMKHYTHI, LIEMb JJI1 KATYLIKH MEPBOrO MNIABHOIO KOHTAKTOPA,
MIOJKJTFOUAIOIIETO TIEPBBIN 3JIEKTPOABUTATENb K AKKYMYJISITOPHOH OaTapee CUCTEMbI, H KaTYILIKH
BTOPOTO IMIABHOTO KOHTAKTOPA, MOAKIIOYAOLIEr0 BTOPOH SJIEKTPOABUTaTENb K aKKYMYJIATOPHOMN
Oarapee crcTeMbI, MOXKET OBITh pa30MKHyTa. Kak TONBKO Leb pa3MbIKA€TCsl, COOTBETCTBYIOIINE
KaTYILIKU TJIABHOTO KOHTAaKTOPa MOTYT ObITh 00ecToueHbl. OOeCcTOUNBAHNE KATYLIEK MPUBOIUT K
OJIHOBPEMEHHOMY Pa3MbIKAHHIO COOTBETCTBYIOLIMX TIJIaBHBIX KOHTAaKTOpOB. B 3TO Bpems Bce
KOHTAKTOpPbl 3JIEKTPUYECKON LIeNH Pa3OMKHYThI, BKJIIOUYas T[JaBHbIE, BCIIOMOTaTelbHbIE
KOHTaKTOPBI M KOHTAKTOPBI COJIEHOUIOB JIsi 000X 3nekTponsurareneil. CrenoBarenbHO, LENb
IUTSL JIEKTPOABHUraTeNeil pa30OMKHYTA, U 3JIEKTPOIHEPrusi OOJbIe He MOXKET MOAAaBaThCs HU Ha
OJIMH U3 CTAPTEPHBIX JIEKTPOBUTaTENEH.

[0060] Takum 0Opa3oM, TOK MOXKET LUPKYJIHPOBATH OMHOBPEMEHHO OT aKKyMYJIITOPHON
Oarapen depe3 KaXkIbli U3 MEPBOrO CTAPTEPHOIO 3JIEKTPOABHUraTeNsl U BTOPOrO CTAPTEPHOTO
3JIEKTPOABUIATENsl JUIsl 3allyCKa JBHUraTess, HPU 3TOM OJHOBPEMEHHOE IPOTEKaHHE TOKa
3alepKUBAECTC A0 TeX IMOp, MOKAa KaXAblii U3 Tapbl MOCIEAOBATEIbHO BKJIHYEHHbIX
BBIKJIIOUATEJIeH COJICHOMIOB HE OyleT 3aMKHYT; Iapa BBIKJIIOYATeNeil COJCHOMIOB BKIFOUEHA
napajyieIbHO LIeMU CTapTepa, Comeplkailed akKyMyJSTOPHYIHO OaTaper0 M MepBbli M BTOPOH
3JIEKTPOABUTATENH CTapTEPa.

[0061] Ha ¢wur. 5 nokasan mpumep BpeMeHHOH amarpammbl 500, WUTFOCTpUpPYIOIIEH
paboTy CHCTeMbI CTapTepHBIX 3JeKTponBurartesnell (takoi kak cucremMa 301 crapTepHBIX
sanektponsurareneir Ha ¢ur. 3A-3E) Bo Bpems 3amycka aBuratensi jokomoTtuBa. Cucrema
CTapTEPHBbIX BJEKTPOABUIaTENIeH MOXET COAEp>KaThb ABa 3JEKTPOJABUTaTeNs U 3JIEKTPUUECKUI
y3e1 IUIi ONHOBPEMEHHOH paloThl JBYX 3JIEKTPOABHUraTeNiell BO BpeMsl 3aIllyCKa IBUTATEINS
JoKoMOTHBa. ['opu3oHTaIBbHAsA OCh (0Ch X) 00O3HAYAET BpEMsi, a BEPTHKAJIbHbIE MapKephl t1—8
YKa3bIBAIOT BAXKHBIE MOMEHTBI BPEMEHH B Tpoueaype i padoTbl CHCTEMBI CTAPTEPHBIX
3JIEKTPOJIBUTATENECH.

[0062] Ilepswii rpaduk, mmaums 502, ToOKa3bBaeT 3ampoc Ha 3aMyCK ABUTATES
ngokomoTtuBa. Bropoit rpaduk, nmuana 504, moka3plBaeT MOJOKEHNE BBIKJIIOYATENS YIPABICHUS
BCIIOMOTATEJIbHBIMI KOHTAKTOPaMH (TaKOro Kak BbIKIIOUaTesb 284 ynpasnenus Ha ¢pur.3A-3E)

C TIOMOINBIO KATYLIKH BCIIOMOTaTelIbHbIX KOHTakTOpoB. Tpermit rpaduk, muaua 506,
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NOKa3bIBAET TIOJIOXKEHHE IMIE€PBOTO BCIOMOTATENbHOIO KOHTAKTOpa (Takoro Kak IepBbId
BCriOMoraTenbHblli  KoHTakTOop 234 Ha ¢ur. 3A-3E), COeaMHEHHOro ¢  IEPBBIM
3JIEKTPOJBUTATENIEM CHCTeMbl craprepa. YerBeprtolii rpaduk, mauHus 508, mokas3bBaer
HOJIO)KEHHE BTOPOTO BCIIOMOTATENbHOIO KOHTAKTOpa (TAaKOro Kak BTOPOH BCIIOMOTATENbHbIH
KoHTakTOp 244 Ha ¢ur. 3A-3E), COEIMHEHHOrO CO BTOPBIM 3JEKTPOABUIATENEM CHCTEMBI
craprepa. [Iareiii rpaduk, muHust 508, MOKa3bIBAeT MOJIOKEHHE KOHTAKTOpPa MEPBOTO COJICHOUA
(Takoro kak koHTakTop 352 mepsoro cojenonna Ha ¢ur. 3A-3E). Illecroii rpaduk, munus 510,
MOKA3bIBAET MOJIOKEHHE KOHTAKTOPAa BTOPOrO COJEHOWAA (TaKOro Kak KOHTakTop 356 BTOPOro
conenouna Ha ur. 3A-3E). Cenpmoii rpaduk, nuaus 512, MOKa3bIBAET MOJOKEHUE TEPBOTO
IJIABHOT'O KOHTAKTOpa (TaKOTro Kak MepBhId Ii1aBHBIA KOHTAakTOp 232 Ha ¢ur. 3A-3E). Bocemoit
rpaduk, nuHEA 514, MOKa3bIBAeT IMOJIOKEHHE KOHTAKTOpa IEPBOrO COJEHOHMIA (TAaKOTro Kak
BTOPOH TJaBHbIN KOHTakTOop 242 Ha ¢ur. 3A-3E). [JleBsateiii rpaduk, muHus 516, mokasbiBaeT
4acTOTY BpallleHMsl JABUraTess JIOKOMOTHBA, OLIEHMBAEMYIO C MOMOILIBIO JaTUMKA IMOJIOXKEHUs
kosneHuaToro Bana. Lltpuxosas nuHHs 520 00O3HA4aeT MOPOTOBYIO YACTOTY BpAIICHUS
JBUTATENIs], BBILIE KOTOPOW BaJl ABUraTesst OOJblIe He MpoBopaunBaercs craprepom. [loporosoit
4aCTOTON BpallleHUsl ABUTATENS SIBJISIETCS YacTOTA BPALEHUs IBUTaTeNsl HA XOJIOCTOM XOAY.

[0063] o momeHTa BpemeHHU tl1 nBHUraTenb HaxOAMUTCS B COCTOSTHUU TOKOSI, MPH 3TOM
KXl BBIKIIOYATENb B OJIOKE CTAPTEPHBIX OJEKTPOIBUTATENed HAXOOUTCS B CBOEM
COOTBETCTBYIOLIIEM PAa30MKHYTOM IOJIOXKEHUU. B MOMEHT BpeMeHH tl MalIMHHCT JJOKOMOTHBA
3ampalyBaeT 3alyCK ABUTATENsl MOCPEACTBOM BCTABJICHUs KIIOYa 3axuraHus. B oreer Ha
3alpoc Ha 3alycK JABHUrareNs KOHTPOJUlep 3amyckaeT paboTy CHCTEMBl CTapTEPHBIX
BNIEKTPOABUTATENEeH. AKTUBALIUA CUCTEMBI CTAPTEPHBIX AJIEKTPOABUraTeIel OMKMCcaHa Ha dTarnax
¢ 406 mo 422 cnocoba 400 co cceuikoii Ha ¢ur. 4. BeIkIrouaTenp ynpaBieHHs 3aMbIKAeTCs,
9YTOOBI MOIKJIIOYUTH KATYLIKY BCIOMOTATEJbHBIX KOHTAaKTOPOB K AKKyMYJISITOPHOH Oartapee
CUCTEMBbI CTaPTEPHBIX AJIEKTPOBUraTeNeH.

[0064] B momMeHT BpemeHH (2 moclie Mojaud NUTAaHUs HA KaTyLIKy BCIIOMOTAaTeNbHBIX
KOHTAaKTOPOB IEPBbI BCIOMOTraTEIbHBIM KOHTAKTOP W BTOPOH BCIOMOTATEIbHBIN KOHTAKTOP
3aMBIKAIOTCS. 3aMBIKAHUE BCIIOMOTATENIbHBIX KOHTAKTOPOB MPHUBOAUT K BXOXKIEHHIO IIECTEPEH
KQXJIOTO M3 3JIEKTPOJBUIaTeNel B 3aleIUIeHHe ¢ 3yO4aThlM BEHLOM nBurartens. Kak Tonbko
3JIEKTPOJBUTATENN BXOAAT B 3aLlEIUIEHUE C 3yO4YaThIM BEHLIOM JBUTATEINs, B MOMEHT BPEMEHHU (3,
KOHTAaKTOp MEPBOr0O COJEHOU A U KOHTAKTOP BTOPOrO COJIEHONAA 3aMbIKAIOTCSI.

[0065] 3amblkaHHE€ KOHTAKTOPOB [BYX COJEHOWIOB MPHUBOAUT K OJHOBPEMEHHOMY
BO30Y)KIEHHMIO TJIABHBIX KaTyIIEK B 3JIEKTPHUECKOW cxeme. B MomeHT BpemeHu t4 mocne

NOATBEPKACHUA TOrO, 4YTO IJIaBHBIC KaTyIIKH B036y}KI[eHbI, HepBblﬁ IJIaBHBIN KOHTAKTOp U
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BTOPOIl TJIaBHBIII KOHTAKTOpP 3aMBIKAIOTCS, TEM CaMbIM COEAMHsISL ABa 3JIEKTPOABUIATENs C
aKKyMyJIATOpHOH Oarapeeit cucreMbl. CienoBaTeIbHO, B MOMEHT BPEMEHHU t4 BCe KOHTAKTOPbI
3JIEKTPUYECKOM LIeNM 3aMKHYTBI, BKJIOYas IJIaBHbIE, BCIIOMOTaTENIbHbIE KOHTAaKTOPbI U
KOHTAKTOPbI COJIEHOWIOB Al 00ouX snekrpoasurareneil. M3-3a OqHOBPEMEHHOTIO 3aMBIKAHUS
IJIABHBIX KOHTAKTOPOB 00a 3JIEKTPOABHIaTeNsl CHAOMXKAIOTCS AJIEKTPOIHEPTHell OHOBPEMEHHO.
Mexny MoMeHTaMu BpeMeHH t4 u t5 oba siekTpoaBHraTesisi MOTyT pabOTaThb COBMECTHO IS
IIPOBOPAYMBAHUS Bajla JBUTATENs.

[0066] Korma nBuratenb 3amyckaeTcs CHCTEMOH CTapTepHBIX 3JIEKTPOJBUraTesel,
4acTOTa BpALIeHMs] IBUraTelli MOCTENEHHO yBenuuuBaercsi. B MoMeHT BpemeHu t5 uacTtora
BpallleHusl JABUraTeNsl yBEJIMYMBAETCS BbIIE NOPOroBo dyactoTel 520 BpamieHus, u
NOBOpaYMBaHUE Bajia JBUTaTeNs Oonbine He TpeOyercsi. ClienoBaTeNbHO, 1eaKTUBALMS CHCTEMBI
CTapTEPHBbIX 3JIEKTPOJBUraTeNiell HauMHAETCsl B MOMEHT BpeMeHHU (5. JleakTuBauus CHCTEMbI
CTapTEPHBIX 3JIEKTPOJABHUIaTeNIeH onucana Ha sranax ¢ 428 mo 434 crnocobda 400 co ccbUIKOH Ha
¢ur. 4. BelkmouaTenb yOpaBIEHUS  Pa3MBIKAETCS, YTOOBI OTCOENWHUTH  KATYIIKY
BCIIOMOTATEIbHBIX KOHTAKTOPOB OT aKKYMYJIATOPHON OaTapen CHCTEMBI CTapTepa.

[0067] B momenT BpemeHH t6 u3-3a 00eCTOYMBAHUS KATYIIKH BCIIOMOTATEbHBIX
KOHTAaKTOPOB IEPBbIA BCIOMOTraTEIbHBIM KOHTAKTOP M BTOPOM BCIIOMOTaTEIbHBIA KOHTAKTOP
pasMbIKarOTCsl. Pa3MblkaHMe BCIIOMOTaTENbHBIX KOHTAKTOPOB NPUBOAUT K OTCOEJUHEHUIO
IIeCTepeH KaXJIOoro M3 J3JIeKTpoaBHrarteneii or 3ybuatoro BeHua asurarens. Kak Tonbko
3JIEKTPOABUIaTENMN BBIXOAAT U3 3aLEIUICHUs C JBUraTesleM, B MOMEHT BPEMEHHU t7 KOHTAKTOp
NIEPBOrO COJIEHOU/Ia U KOHTAKTOP BTOPOT'O COJIEHOUA Pa3MbIKAIOTCS.

[0068] Ilpu pa3MblkaHUHM KOHTAKTOPOB COJIEHOMAOB LEMb JUIsI KAaTYLIKU MEPBOro
IJIABHOT'O KOHTAKTOPA, COSAMHSIOIETO NIEPBbIi 3JIEKTPOIBUTATENDb C aAKKYMYJISITOPHOH Oarapeeit
CHUCTEMBI, 1 KaTyLIKHU BTOPOro IJIaBHOTO KOHTAKTOPA, COEUHSIOLIEro BTOPOl 3JIeKTPOABUTaTENb
C aKKyMYJIATOPHOH OaTapeeil CUCTeMBI, pa3pbIBAETCS, YTO MPUBOAUT K OOECTOYMBAHUIO KATYLIEK
IJIABHBIX KOHTAKTOpPOB. B MomeHT Bpemenu t8 oOecTounmBaHHE KaTyLIEK NPUBOIUT K
OJTHOBPEMEHHOMY Pa3MbIKaHHUIO MEPBOIO [NIABHOI'O KOHTAKTOPa U BTOPOTO INIABHOTO KOHTAKTOPA.
Taxum 06pa3oMm, B 3TOT MOMEHT BpEMEHH t8 BCE KOHTAKTOPBI JIEKTPHUECKON LIENH PA30OMKHYTHI,
BKJIFOYAsl TJIABHBIE, BCIIOMOTATEJbHBIE KOHTAKTOPbI M KOHTAKTOPBI COJIEHOMAOB JUII OOOHMX
3JIEKTPOABUTATENEH, U SJEKTPOSHEprusi OOJblle He TOAAETCS HU HAa OOWH M3 CTAPTEPHBIX
snexTpoasurareneil. Ilocne mMomeHTa BpeMeHH (8 cuCTeMa CTapTEpPHBIX 3JIEKTPOJABUraTenei
OCTaeTCsl HEAKTHBHOM, B TO BpeMs KaK JIBUTaTeNb padOTAeT MyTeM CrOPaHHs CMECH.

[0069] Takum oOpa3om, Onarogapsi BKIIOYEHHIO JOTOJHUTEIbHBIX KOHTAKTOPOB B IIETh

CTAPTCPHOI'O SJICKTPOABUIATEIISL, MOXKHO CO34aTh PEJIC, KOTOPOEC JIy4lle obecrieynBaeT noga4vy
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3JIEKTPOIHEPTHM  ONHOBPEMEHHO Ha o00a CTapTepHOro sJjeKTpoasurarens. buaronmaps
NIOCJIEIOBATEIbHOMY BKJIFOUEHUIO JIOTIOJIHUTENbHBIX KOHTAKTOPOB YCTPAHSAIOTCA MPOOJIEMBI,
CBs3aHHBbIE C ACHHXPOHHBIM BBEJEHHUEM B 3alICIUICHUE CTAapTEPHBIX BJEKTpoAaBUrarenci. B
YaCTHOCTH, AAXE €CJIU LIECTEPHS SJIEKTPOABUTATENs BXOAUT B 3aLEIUVICHUE C ABUTATENIEM B
APyroe BpeMs MO0 CPABHEHUIO C LIECTEPHEN IPYroro 3J1eKTPOABUIATENs CUCTEMBI CTapTepa, U3-
3a TOCJIEOBATEIbHOTO BKJIKOYEHUs MOJAayda 3JIEKTPOIHEPTHU Ha JEOOOH SJEKTPOIBUTATENb
OJIOKHpyeTCst 10 TeX MOop, MoKa 00a 3JEKTPOIBUraTeNsi He BOHAYT B 3auemuieHne. B pesyibrare
NPEAOTBPALIAETCS] TMPEBBIIEHHE MOIIHOCTA M TPEBBIIIEHHE YacTOThl BpAaLIeHUs JIFOOOTro
JAHHOTO CTapTePHOro 3JeKTpoaBHraress. IlocpencTBoM CHIDKEHHMs W30BITOYHON IMOKa4u
3JIEKTPOSHEPrUu YyMeHbluaeTcs mneperpesanue Pl karymiex, yBenuuuBas JONNOBEYHOCTb U
yJly41lasi IPOU3BOAUTENBHOCTb CUCTEMBI CTAPTEPHBIX HJIEKTPOABUraTENeH.

[0070] Ilpumep uenu crapTepa ABUraTeisl JOKOMOTHBA COAEPIKUT: aKKyMYJSITOPHYIO
Oatapero, y3ell  TEPBOrO  CTApTEPHOrO  BJIEKTPOABHUTATENS,  COAEPIKAIUN  TepBbIH
3JIEKTPOJIBUIATENb, MEPBYIO LIECTEPHIO U MEPBBI COJEHOU C MEPBON BTSITMBAIOLIEH KAaTYyILIKOU
U TEepBOM YAEpKMBAKOILIEH KATyLIKOH, IMepBas BTATMBAKOLIAs KAaTyLIKa, BKJIKOYEHA
MOCJIEOBATEIbHO C MEPBBIM 3JIEKTPOABUrATENEM, TaK YTO TOK MEPBOrO 3JIEKTPOABUIaTENs
OrpaHUYMBAETCs, KOIAA MepBas BTATMBAIOLIAs KaTylIKa IOJy4aeT MUTAHUE; Y3€l1 BTOPOro
CTapTEPHOrO 3JIEKTPOABUIATENSA, COAEPKALIUN BTOPOU 3JIEKTPOABUraTeNb, BTOPYHO LIECTEPHIO U
BTOPOU COJIEHOHUJ| CO BTOPOU BTATMBAIOLIEH KATYLIKOW M BTOPOM yAEPIKUBAIOLIEH KaTyLIKOM;
BTOpasi BTSATUBAIOINAsl KaTyIIKa BKJIIOYEHA MOCIENOBATENbHO CO BTOPBIM 3JIEKTPOABUIATEIIEM,
TaK 4TO TOK BTOPOTO 3JIEKTPOABUIaTENs OTPAHUYUBAETCS, KOTAAa BTOpasl BTSATMBAIOINAs KaTyLIKa
MOJIy4aeT MUTAHUE; y3€Jl BTOPOro CTaPTEPHOIO 3JEKTPOABUTATENs BKIIIOUEH MOCIEA0BATENBHO C
y3JIOM TMEPBOTO CTAPTEPHOrO 3JIEKTPOABUIaTElNisA; MEPBbIM TJABHBIM KOHTAKTOpP W BTOPOM
TJIaBHBIM KOHTAKTOpP, KOTOPBIE 3JIEKTPUYECKU IMOCIENOBATENBHO COEAUHSIOT aKKyMYJSATOPHYIO
Oaraper0 ¢ MepBBIM 3JIEKTPOJABUTATENIEM U BTOPBIM 3JIEKTPOIABUTATENIEM, COOTBETCTBEHHO;
NEPBbI BCIIOMOTATENIbHBIM KOHTAKTOP WU BTOPOM BCIOMOTATEJIbHBI KOHTAKTOpP, KOTOpBbIE
SJCKTPUYECKH  COCHOHMHSIOT aKKYMYJISITOPHYEO 0Oarapero  NOCIeNOBaTENIbHO C  MEpBOH
BTATMBAIOLIEN KATYIIKOM M BTOPOM BTATMBAKOLIEH KAaTYIIKOW, COOTBETCTBEHHO, MEPBBIN
BCIIOMOTI'aTEJIbHBIN KOHTAKTOP BKJIFOYEH MApaJuUIeNIbHO MEPBOMY INIABHOMY KOHTAKTOpPY, BTOPOH
BCIIOMOT'aTEJIbHbI KOHTAaKTOP BKIIOYEH MApajuleIbHO BTOPOMY IUNIABHOMY KOHTaKkTOpy, H
KOHTAaKTOp MEPBOr0 COJEHOMAAa W KOHTAKTOP BTOPOrO COJEHOWAA, KOTOPBIE BKIIIOYEHBI
MOCJIEOBATEIbHO APYr C APYIOM U NApaJIeIbHO y3jaM IEPBOrO U BTOPOrO CTapTEPHBIX
snekTpoaBurateneii. B moOoM OMHOM WM BO BCeX NPEALIECTBYIOIIMX IPUMEpax Ccxema

COACPIKUT, KPOME TOr'0, JOTIOJIHUTEIIBHO HUJINA Heo6$13aTeano, BBIKJIFOYATECIIb BCIIOMOIaTCJIIbHBIX
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KOHTaKTOPOB, 3JIEKTPUYECKU COEAMHSIOLIUN MEPBbIA BCIIOMOraTEIbHBIM KOHTAKTOP M BTOPOU
BCIIOMOTATEJIbHBIN KOHTAKTOp Apyr ¢ ApyroM. B mo0oMm onHOM MM BO BCEX MPENbIIyLINX
npuUMepax, JOMOJHUTENBHO WM HEOO0A3aTeNbHO, 3aMBbIKAHNE BBIKJIFOUATENST BCIIOMOTATEIbHbIX
KOHTaKTOPOB M30UpPATENbHO MOAAET NMUTAHUE HA KaXIblli U3 MEPBOrO U BTOPOTO 3aMbIKAEMbBIX
BCIIOMOT'aTeJIbHbIX KOHTAKTOpOB. B m000M OZHOM WM BO BCeX NPENbIAYIIUX HpUMEpax,
JOTIOJIHUTEIPHO MM HeOoOs3aTebHO, 3aMbIKAHHE TEePBOrO BCIIOMOTATEIbHOrO KOHTAKTOPA
u30upaTenbHO BO30YXKIAeT MEPBYI BTSATMBAIOLIYIO KATYUIKY W TIEPBYIO YIEPKHBAIOIIYIO
KaTylUIKy H3-32 MPOTEKAKLEero 4epe3 HUX TOKA, M MPU OTOM 3aMbIKaHHE BTOPOIO
BCIIOMOTATEJIbHOIO KOHTAKTOpa M30HMpaTenbHO BO30YKIAET BTOPYIO BTATHMBAIOIIYIO KATYIIKY U
BTOPYIO YIEPKUBAIOIIYIO KATYLIKY MPOTEKAOIINM 4Yepe3 Hee TOKOM. B mroOoM omHOM WM BO
BCEX NPEABIAYINNX TMPUMEPax, IOMOJHUTENBPHO WM HeoOs3aTeNbHO, BO30YXKIEHHE IepBOH
BTSTUBAIOLICH KATYLIKH MEepeMeIIaeT MEPBYI0 IMECTEPHI0 B OCEBOM HANPABJICHUU K 3yO4aToMy
BEHIy ABHUTraTels, W NPH 3TOM BO30Y)KAEHHE BTOPOH BTATHMBAKOIIEH KATYIIKH IMEPEMEINaeT
BTOPYIO IIECTEPHIO B OCEBOM HAINpaBJIEHUH K 3yO4aToMy BeHLy ABHrarens. B moOom omHOM
WIA BO BCEX MNPENbIIyLINX MpUMepax, IOMOJHUTENBbHO WM HeoOsS3aTeNbHO, BO30YKIAEHHE
NEepPBOM BTATMBAKOLIECH KATYLIKM BBOAWUT IEPBYK) IIECTEPHIO MEPBOTO 3JIEKTPOABUraTENsl B
3alerieHne ¢ 3yO4aThIM BEHLIOM JIBUTATENsI, U MPH 3TOM BO30Y>KA€HHE BTOPOW BTATHBAOILIEH
KaTYUIKHd BBOAUT BTOPYIO INECTEPHIO BTOPOrO 3JIEKTPOABUIATENs B 3allelUIeHHe C 3yOuaTbiM
BEHLIOM JBUTATelsl; MepBasi IIECTEPHs U BTOPAsl IIECTEPHS YAEPXKUBAIOTCS B 3aLCTUICHUH C
3yO4aThIM BEHLIOM JIBUTATeJNsl MOCPENCTBOM BO30Y)KAEHUS MEPBOH M BTOPOU YAEPIKHBAIOLIHX
KaTyIleK, COOTBETCTBEHHO. B mo00M OZHOM MM BO BCEX NPEAbIAYLINX NPUMEpax,
JOMOJHUTENIBHO WM HEOOs3aTeIbHO, KOHTAKTOP MEPBOTO COJEHOWAA 3aMBIKAETCsl B OTBET HA
MEXaHUYECKOE 3alCIUICHUE MEePBOM IECTEPHU, & KOHTAKTOP BTOPOrO COJEHOUA 3aMBIKAETCs B
OTBET Ha M30UpATENIbHOE 3aLeTUICHHE BTOPOH IIECTEPHH; BpEMs BBEICHHUS B 3aLlETUIEHHE MTePBOH
IIECTEPHH ACHHXPOHHO CO BPEMEHEM BBEIEHHs B 3allCIUICHHE BTOPOW IiecTepHU. B moOom
OHOM WJIM BO BCEX MPEIOBbIAYIIUX MPHUMEPAx, MAOMOJHUTEIBHO WM HEOOs3aTeNbHO, MEPBBIH U
BTOPOM IJIaBHBIE KOHTAKTOPBbl MArHUTHBIM IyTEM 3aMBIKAIOTCS] B OTBET HA 3aMBIKAHHME KAKIOTO
U3 NEPBOr0 U BTOPOrO KOHTAKTOPOB COJICHOUJOB, U MPH 3TOM 3aMbIKAHHE NEPBOTO U BTOPOTO
IJIAaBHBIX KOHTAKTOPOB BBI3BIBAET MPOTEKAHUE TOKA OT aKKyMYJIITOPHOH Oarapen uepe3 mepBblid
3JIEKTPOJBUTATENIb M BTOPOH 3JIEKTPOABUTATENb O€3 MPOTEKaHHs 4Yepe3 MEePBYI0 U BTOPYIO
BTSATUBAIOLINE KaTyIIKH. B mr000M OZHOM WM BO BCEX MPENIIECTBYIOIIUX MPUMEPAX CXeMa,
KPOME TOTO, COAEPIKUT, MOTOJIHUTENBHO MM HE0OsA3aTeNbHO, IBUTATENb JIOKOMOTHBA, IPHYEM
BaJl ABUTATENIsl MPOBOPAYMBAETCSI C MOMOLIBIO KaXXKAOTO U3 MEPBOrO 3JIEKTPOABHUraTeNsl U

BTOPOT'O 3JIEKTPOJABUraTesisl, KOraa TOK MPOTEKaeT 4uepe3 NEepBbli 3JIeKTPOABUIaTeNb U BTOPOI
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QJICKTPOABUTATEIb. B .]'IIO6OM OOHOM WUJIKM BO BCEX MPCABIAYHIUX MPUMEPAX AOMOJTHUTCIIBHO U
HeoOs3aTeIbHO aKKyMYJIITOpHAsi Oarapesi MpencTaBisieT coO0l akKyMyJISITOPHYIO Oarapero Ha
64 B, npuueM KaxIplii U3 NEPBOrO M BTOPOTrO CTAPTEPHBIX 3JIEKTPOABHUIraTeNel MpencTaBiseT
coboii anekTponsurareny Ha 24 B, BKIIFOUEHHbIE IOCIEA0BATENIBHO C PE3UCTOPOM.

[0071] Hdpyroii mpumep CHCTEMBbI JIOKOMOTHUBA COAEPIKUT. ABUIATElb; LENb CTapTepa,
COIEPIKALIYI0 aKKyMYJIATOPHYIO Oaraper0 W MepBblii U BTOPOH 3JIEKTPOABHraTeNId CTapTepa,
napy Mocjae0oBaTeIbHO BKIIOUEHHBIX BBIKJIIOUATENEH CONEHOUOB, MPUYEM Napa BBIKIIOYaTENeH
COJICHOMJIOB BKJIFOYEHA MapajuIebHO LEMH CTapTepa; U KOHTPOJUIEP, CKOH(PUTYPUPOBAHHBIN C
MOMOIIbIO MAIIMHOYUTAEMbBIX KOMaH, KOTOPBIC IMPU BBIINOJHCHHNU 3aCTaBJIAKOT KOHTPOJUICP: B
OTBET Ha 3ampoC Ha 3alyCK IBUTATENS, 3a/E€P’KUBATh OIHOBPEMEHHOE IMPOTEKaHHE TOKa OT
AKKyMyJIATOpHON  Oarapenm 4epe3 KakIblii M3 TEPBOrO U  BTOPOTO  CTAPTEPHBIX
3JIEKTPOJBUTATENEH 0 TEX IMOp, NMOKAa KAKABIH M3 Maphl BHIKJIIOYATEIEH COJCHONIOB He Oyaer
3aMKHYT, WU HWHULUHUPOBATH IPOBOPAYMBAHUEC Bajla ABUIATCIA B OTBET Ha OJHOBPEMCHHOC
NPOTEKaHHE TOKa. B JOOOM MpeaInecTByromeM npuMepe AONOTHUTENBHO MM HeoOs3aTeIbHO
NEPBbIH U BTOPOH 3JIEKTPOABHUraTENN CTAPTEPa BKIIOUYEHBI MOCIEAOBATENBHO IPYT C APYTOM U
aKKyMyJSITOPHOW OaTapeeil BROJb OCHOBHOIO KOHTypa MLE€NH CTapTepa dYepe3 IepBhIid
BCIIOMOTaTEJbHBIM KOHTAKTOP M BTOPOM BCIIOMOTaTEIbHbIM KOHTAKTOP; MPUYEM LIENb CTapTepa
AOMOJIHUTCJIBHO COACPIKUT IMEPBYIO BTATMBAIOIIYI0 KATYLIKY, MOCJICAOBATC/IbHO BKIIFOYUCHHYIO
MEXIY TepBbIM D3JEKTPOABMUIraTeleM U aKKyMYJATOpHOH Oarapeeil depe3 mepBblit
BCIIOMOTATEJIbHbI ~ KOHTAKTOP;  BTOPYIO  BTSATMBAIOUIYIO — KAaTYIIKy, IOCJENOBAaTEIbHO
BKJIIOUEHHYIO MEXAY BTOPBIM BJIEKTPOJBUTATEIeM U aKKyMyJSATOPHOH Oatapeeil uepe3 BTOpOH
BCIIOMOTaTeIbHBIN KOHTaKTOp; u BBIKJIFOYATECJIN nepBoro u BTOpPOIo COJICHOU 0B
MOCJICAOBATCIIBHO COEAUHCHHBIE APYyT C APYIrOM M C MEPBbIM U BTOPBLIM 3JICKTPOABUTATCIIAMU 10
BHEIIHEMY KOHTYpY LIETIH CTapTepa, MapajuieIbHO IJIABHOMY KOHTYpY. B mo6oM onHOM min BO
BCEX MPEIbIAYIINX MPUMepax, AOMOJHUTEIBHO HIIM HeoOs3aTeIbHO, B OTBET Ha 3aMpoC MyCKa,
KOHTPOJLIEP BBI3BIBACT 3aMbIKaHUE BCIIOMOTI'aTCJIBHOT'O BBIKJIIOYATEJIA YIPaBJICHUA,
COEAMHEHHOIO C TJIABHBIM KOHTYPOM, IUJIsl TIPOTEKAaHUS TOKAa OT aKKyMYJIATOPHOW Oarapen K
NEPBOMY BCIIOMOTaTCJIIbHOMY U BTOPOMY BCIIOMOTAaTCJIBHOMY KOHTAKTOPY; NPUYCM MNPOTEKAHUEC
TOKa 4Y€pe3 HepBbIﬁ KOHTAKTOpP 3aMbIKACT HepBbeI U3 Iapbl NOCJIENOBATCIBbHO BKIIHOYCHHBIX
BBIKJIFOYATEJIEH COJIEHOMIOB, & TOK Yepe3 BTOPOIl KOHTAKTOP 3aMBIKAE€T OCTABLIMHICS M3 IMapbl
MOCJIEIOBATENbHO BKJIFOUEHHBIX BBIKJIFOYATEIEH COJIEHOUIOB, NMPH 3TOM Iapa BBIKIIOYATENEH
COJICHOHMJIOB 3aMBIKAETCs aCHHXPOHHO. B r000M OHOM MiIM BO BCeX MPEABIAYIINX MpPUMepax,
TOTIONHUTEIBHO UJIH HEOO0sA3aTeNbHO, TOK, IMPOTEKAIOLINH UYepe3 Ka)Ibli U3 IMepBOro U BTOPOTO

BCIIOMOTATCJIbHBIX KOHTAKTOPOB, MPOTCKACT Yy HUX HECPE3 MEPBYIO U BTOPYIO BTATHMBAIOIIUC
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KAaTyLIKH, BTATWBAsl MEPBYIO LIECTEPHIO MEPBOrO JJIEKTPOABUraTelsl U BTOPYIO LIECTEPHIO
BTOPOTO 3JIEKTPOABHUraTeNsl B MEXaHWYECKOE 3alleTuieHHe C 3yOuaThiM BEHIIOM ABHrareis. B
mo00M OFHOM HWJIM BO BCEX MpPENbIIyLIUX NpUMepax, AOMOJHHUTEIbHO WM HEOOS3aTeNbHO,
NEPBBIN U BTOPOH BBIKJIIOUATENN COJIEHOUIOB 3aMbIKAIOTCA ACHHXPOHHO, KOI'Zla IepBasi U BTOpast
LIECTEPHH BXOIAT B 3alEIUIEHUE ¢ JBUraTeeM, IPUYeM HHULMUPOBAaHUE NTPOBOPAYNBAHUS BaJla
JBUTATENIs B OTBET HA OJHOBPEMEHHOE MPOTEKAHHE TOKAa BKIOYAeT B ce0sl MpPOTEeKaHHe TOKa
Yyepe3 KaKIbli M3 TMEpPBOrO M BTOPOTO JJICKTPOABHUraTesneli B 00XOA MepBOH M BTOPOM
BTATMBAIOLINX KAaTyLIEK TOJBKO MOCJE TOrO, KaK KaKAbIM U3 Napbl BHIKIKOYATENECH COIEHOUIOB
3aMBIKAETCS.

[0072] B eme onmHOM mpumepe croco0 3amycka JIBUTATENs JIOKOMOTHBA BKIIOYAET:
NPOMNYCKaHHE TOKAa OJHOBPEMEHHO OT aKKyMYJIATOPHOW Oarapew depe3 KaXKAblii U3 MEPBOro
CTapTEPHOrO  DJJEKTPOABUIATENs] M BTOPOrO  CTAPTEPHOrO  DJIEKTPOABHraTeNsd s
MIPOBOPAYMBAHUs BaJla JBUraTessl; MPUYEM OJHOBPEMEHHOE IPOIMYCKAaHUE TOKA 3aJ€P>KUBAETCS
70 TeX MOp, MOKa KAXKAbIM U3 Napbl NOCIEAOBATENbHO BKIOUYEHHBIX BBIKIIOYATENEH COICHOUI0B
He OyZeT 3aMKHYT, IIpU 3TOM Iapa BBIKJIOUaTesel COJEHOUIOB BKIIOUEHA MapajjIesbHO LEMH
craprepa, coiep:kailell akKyMyJISITOPHYKO OaTapero M MepBbIi M BTOPOIl 3JE€KTPOABUTATENH
craprepa. B nmoboM mpeamecTsyolieM npumepe, AOMNOIHUTENbHO WM HEOOs3aTeNbHO, Mapa
BBIKJIFOYATEJIEH COJIEHOMOB BKJIIOYAET B C€0sl MEepBbIN BBIKJIIOYATENb COJEHONIA, 3aMbIKAeMbIi
B OTBET Ha BBOJA IIEPBOrO JJIEKTPOJABUIaTeNlsl B 3alUEIVICHHWE C JBUrarejleM, U BTOpPOH
BBIKJIIOYATEIb COJICHOWAA, 3aMbIKAEMbII B OTBET HAa BBOJ BTOPOrO JJEKTPOABUIATENs B
3alleTVIeHHe C JABUIaTeNeM; IpU 3TOM BBOA B 3alCIJICHHME MEPBOrO 3JIEKTPOABUIraTelNs
IPOUCXOIUT ACHHXPOHHO C BBOJIOM B 3alleTNIEHHE BTOPOTO 3JIeKTpoaBUrarens. B mobom ogaom
WIA BO BCEX MPENbIAYLUIMX MPUMEpax, AOMOJHUTENbHO WIH HeoOs3aTeIbHO, mepBast
BTATMBAIOIIAs KATYLIKA COEAUMHEHA MOCIEN0BATEIbHO C MEPBBIM 3JIEKTPOABUTATENEM, & BTOPasi
BTATMBAIOIIAs KATYLIKA BKJIKOYEHA IOCJIENIOBATENbHO CO BTOPBIM 3JIEKTPOABUIATENEM, MPUYEM
BBOJ| B 3alLlETUICHHE IEPBOrO 3JIEKTPOIBUTATENs] BKIIOUAeT B ce0sl MPONYyCKAaHHE TOKAa uepes
NEPBYI0 BTATMBAKOIIYK KaTYLUIKy W BBOJ B 3alLEIVICHHE BTOPOrO 3JEKTPOIBUIaTeNsl BKIIOUAET B
ceOsl MPOMyCKaHHE TOKA Yepe3 BTOPYIO BTATUBAIOINYIO KATYILIKY, U MIPH 3TOM MPOMYCKaHUE TOKA
OT aKKyMYJIITOPHOH OaTapen OIHOBPEMEHHO Yepe3 KaKAbIH U3 MEPBOro U BTOPOTO CTAPTEPHBIX
3JIEKTPOABUIaTeNen [JIsl IPOBOPAYMBAHUS Bajla JBUraTessl BKIIOYAET NPOMYCKAHUE TOKA 4depes
NEePBbI M BTOPOH 3JIEKTPOABUTATENb B OOXOI MEPBOH M BTOPOH BTATMBAKOIIMX KaTyllek. B
m000M OFHOM WJIM BO BCEX MPENbIIYLIUX NpUMepax, AOMOJHUTEIBHO WM HEOOS3aTeNbHO,

aKKyMyJIITOpHasi OaTapes mpencTaBisieT co0oil akKkyMyiaTOpHYyHo Oarapero Ha 64 B.
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[0073] Kaxnpiii 3 3J€KTpOABUTaTENEH, OMUCAHHBIX 371€Ch, MOXKET COAEpKAThb TaKue
KOMIIOHEHTBI KaK CTaTOpbl, POTOPbI, MOALINUITHUKY, BBIXOJHBIE BAJIbI U 3JIEKTPUUECKNUE KIEMMBbI.
Hanpumep, snekrpoaBuraTenb MOXET COAEPkKaTh HEMOABUKHBIN CTATOP, POTOP BHYTPU CTATOPA,
KOTOPBII BBINOJIHEH C BO3MOXKHOCTBIO BpAIlEHUs] OTHOCUTENBHO cTaTopa (Hampumep,
NOANEPKUBAEMbIH MOAIIUITHUKAMH), BBIXOJHOI BaJl, NPUKPEIUIEHHBIH K POTOPY, M OJHY HJIH
HECKOJIbKO 3JIEKTPHYECKHX KJEMM B 3aBHCHUMOCTH OT THUIIA 3JIEKTPOABUraTessl (Hampumep,
nocrosiHHoro DC umn mepemenHoro AC Toka). KoMmoHeHThI 3j1ekTpoaBuraTeis (Hampumep,
pOTOpP M CTaTOp) MArHUTHO W/WJIM 3JIEKTPOMArHUTHO CKOH(UTYPUPOBAHBI TAKHM O0pasom,
9TOOBI, KOT/Ia Ha KJEMMBbI JBUTATENS MONABAINCH ONpPENEICHHbIE KONeOaHUs 3JIEKTPHYECKON
SHEPTUH, POTOP BpALIAJICs, 3aCTaBJsisl BpAIlaThbCs BBIXOJHOW Baj JJisl NPUBENEHUS B AeNCTBUE
Harpy3ku. HekoTopble 3JIeKTpOnBUTAaTEIM MOTYT ObITb CKOH(PUTIYPHUpPOBAaHBI ANl paldoThl "B
oOpaTHOM HampaBJeHHH' B KauecTBe TIEHEpPaTopoB, TaK 4YTO, KOTAA BaJl BpalIaeTCs
MEXaHUYECKUM MPUBOAOM, 3JIEKTPOIHEPTHUs BbIPAOATHIBAETCS SJIEKTPOABUIATENIEM M BBIBOAUTCS
yepes3 KJIEMMbI.

[0074] B nomoONHUTENBHOM IIpUMEpPE CHUCTEMa CTapTepa COAEPXKUT: JBHUraTelb
JIOKOMOTHBA, COAEpKAIMH 3yOuaThlii BEHEI, aKKyMYJIATOPHYIO Oarapero W Lemb Craprepa,
COJZIEP>KALIYIO: MEPBbI U BTOPON 3JIEKTPOABUTaTENN CTAapTepa, BKIIOYEHHbIE MOCIEI0BATEIBHO
APYT C APYTOM U aKKyMyJISITOPHOHM OaTapeeil BIOJIb OCHOBHOIO KOHTYpa LIEMH CTapTepa 4depes
NEepBbIl BCIIOMOTATENbHbIII KOHTAKTOP MU BTOPON BCIIOMOTAaTENbHBIN KOHTAKTOp; IEPBYIO
BTATMBAIOLIYIO0 KATYLIKy, BKJIIOUEHHYIO IOCIENOBATENIbHO MEXKAY NMEPBBIM 3JIEKTPOJBUrATENIEM
U aKKyMyJIAITOpHOW Oartapeeii uepe3 MeEpBbI BCIOMOTATENbHBIN KOHTAKTOP, U BTOPYIO
BTSATHBAIOLIYIO KaTYIIKY, BKJIFOUEHHYIO TMOCIE0BATENIbHO MEKAY BTOPBIM 3JIEKTPOJBUrATENIEM U
aKKyMyJIITOPHOU OaTapeeil uepe3 BTOPOH BCIOMOTaTENIbHBIA KOHTAKTOP, M BBIKJIIOYATENN
NEPBOro ¥ BTOPOTO COJIEHOUIOB, MOCIEA0BATEIbHO COEIMHEHHBIE APYT C APYTOM U C MEPBBIM U
BTOPBIM 3JIEKTPOABUTaTEIEM BAOJb BHELIHETO KOHTYPA, apaljieIbHOrO OCHOBHOMY KOHTYpy. B
a000M TPEAIIECTBYIOIIEM IMPHMEPE CHUCTEMa CONEPIKUT, KPOME TOTO, IOMOJIHUTEIbHO WU
HeoOsI3aTeNIbHO, BCIIOMOTATEJIbHBIN BBIKJIFOYATENb YIIPABIEHHUs, COCIUHEHHBII C OCHOBHBIM
KOHTYPOM, JJIsl U30MPATETbHOTO YIIPABIECHUS IPOTEKAHUEM TOKA OT aKKYMYJISITOPHOH Oartapen kK
NEPBOMY BCIIOMOTaTeJIbHOMY KOHTAaKTOpPY M BTOPOMY BCIIOMOTaTelIbHOMY KOHTakTopy. B
m000M OIHOM WJIM BO BCEX MPEOBIAYIIMX IPUMEPAaX CHUCTEMa, KPOME TOrO, COIEpPIKHT,
IOTIONIHUTENPHO WJIM  HEeOoOs3aTeNbHO, KOHTPOJUIEP, CKOH(PHUIYPHUPOBAHHBIH C MOMOIIBIO
MAIIMHOYUTAEMBIX KOMaHJ|, XPAHALIMXCSA B NOCTOSHHON MaMATH, KOTOpbIE MPU BBINOJHEHUU
3aCTaBJIAIOT KOHTPOJIJIEp NMPUBOAMTL B NEHCTBUE BBIKJIKOYATENb YIPABIEHUS, 3aMbIKa€MbIil B

OTBET Ha 3arpOC Ha 3allyCK ABUTATCIIA; 3aMbIKAHUEC BBIKJIIOYATES YIIPABJIICHUS MMO3BOJIACT TOKY
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NpOTEKaTh 4Yepe3 KaKIbIil M3 MEPBOrO M BTOPOrO BCIIOMOTATEIbHBIX KOHTAKTOPOB U 3aMBIKATh
ux. B mo0oM 0HOM MM BO BCEX MPEIbIAYINUX IpUMepax, AOMOJHUTEIbHO UIH HEO0S3aTeNbHO,
TOK, MPOTEKAIOUIMHA uYepe3 KaKAbIi W3 MEPBOTr0 M BTOPOTO BCIIOMOTaTENbHBIX KOHTAKTOPOB,
IPOTEKAeT MOCe HUX Yepe3 MEPBYI0 U BTOPYIO BTATHMBAIOINUE KATYIIKH, KOTOPbIE BTSITHUBAIOT
NEepPBYI0  LIECTEPHIO IEPBOrO  JJIEKTPOABUraTeilss M  BTOPYK  IIECTEPHIO  BTOPOTO
SJICKTPOJBUTATENISI B MEXAaHMYECKOE 3allelieHne C 3yOuaThiM BEHLIOM JABHrareisi. B iobom
OIHOM WM BO BCEX MPEIbIAYLIUX MPUMEpPax, AOMOJHUTEIbHO WM HEOOsS3aTeNbHO, MEPBbI U
BTOPOMW BBIKJIFOUATENIH COJICHOUIOB MEPEMEINAIOTCS B 3aMKHYTO€ TOJIOKEHUE, KOTAa mepBasi u
BTOpasi LIECTEPHH BXOMSAT B 3alCIJICHHE C JBUraTrejeM, TOK Te4YeT uepe3 KaKAblil U3 MepBOro
BTOPOI'O BBIKJIFOYATENeH COJEHOMIOB TOJBKO MOCE TOro, KaK M TepBas U BTOpasl LIECTEPHU
NOJTHOCTBIO BXOZASAT B 3aLCTUIGHHWE C JIBUTATEJIEM; TOK NPOTEKAeT aaliee 4yepe3 KakKAbli W3
MEPBOr0 M BTOPOrO SJIEKTPOABHUIATENEH TOJBKO TMOCJIE TOro, Kak M NEPBbIH U BTOPOU
BBIKJIFOUATEJIH COJICHOUIOB 3aMbIKAIOTCSI.

[0075] B 3TOM ommMCaHUM HCHOJB3YIOTCS NMPUMEPBI, PACKPHIBAIOIINE H300peTeHHe, U
MO3BOJISIIOIINE CHELUANUCTY B COOTBETCTBYIOLIEH OONACTH TEXHUKU MPHUMEHSTh HAa MPAKTHKE
(dopMbI OCyluecTBlieHHsT M300peTeH s, BKIIOYAsl CO3JAaHHE W HCIOJIb30BAHUE YCTPOWCTB HIIH
CHCTEM M BbINIOJHEHUE criocoboB. O0beM n3oOpereHus onpenensercs GopMyioi n3o0peTeHus
Y MOJKET BKJIFOYATh B ce0sl Pyrue MpUMephl, KOTOPbIE MOTYT OBITh NMPEAJIOKEHBI CIIELUATUCTOM
B JaHHOH oOjactu TexHuMkH. [Ipenmosaraercs, 4ToO Takue Ipyrue MpUMepbl BXOAAT B 00BEM
U300peTeHus, €CIM OHM HMEIOT CTPYKTYpPHBIE O3JIEMEHTBI, KOTOpbIE HE OTJIHYAIOTCS OT
OykBajbHOHN (HOPMYIHPOBKU (HOPMYJTBI H300PETEHHSI, T €CJTH OHHM BKJIFOUAIOT SKBUBAJICHTHBIE

CTPYKTYPHBIC SJIEMCHTBI C HCCYIICCTBEHHBIMU OTJIMYUAMU OT A3bIKaA (1)OpMy.HbI 1/1306pe'reHHs[.



DOOPMVIJIA NU30BPETEHHA

1. Ilens crapTepa ABUraTeNs IOKOMOTHBA, COAEPIKAIIAS:

aKKyMYJIITOPHYIO Oatapero;

y3€J IEPBOro CTAPTEPHOTO 3JNEKTPOABUTATENs, COAEPKALLUN NEPBBIN 3IEKTPOABUTATENb,
MEePBYI0 WIECTEPHIO U TMEPBbIM COJICHOUJ C MEPBOIMl BTATMBAIOIIECH KaTYIIKOM W IEepBOU
VAEPKUBAIOLIEH  KAaTyLIKOW, TMpU4YeM  TMepBas  BTATMBAIOIIAs  KaTylIKa  BKJIIOYEHA
MOCJIEIOBATENBHO C MEPBBIM 3JIEKTPOABUraTesNeM, TaKk YTO TOK MEPBOr0O 3JIEKTPOJABUIaTENs
OrpaHUYMBAETCs, KOI/a MepBasi BTAIMBAIOLIAS KATYLIKA [TOJy4aeT IUTaHuE;

y3€Jl BTOPOrO CTaAPTEPHOIO 3JIEKTPOABUTATENS, COAEPIKALIUI BTOPOM 3J€KTPOABUIATENb,
BTOPYK0 LIECTEPHIO U BTOPOH COJICHOMA CO BTOPOM BTATMBAIOUIEH KaTyIIKOW W BTOPOM
VAEPKUBAIOLIEH  KaTyLIKOW, IpU4eM  BTOpas  BTATMBAIOIIAsl  KAaTylDKa  BKJIIOYEHA
MOCJIEIOBATEIBHO CO BTOPBIM 3JIEKTPOABHUIATENEM TaK, YTO TOK BTOPOIO 3JIEKTPOIBUIATENs
OrPaHUYUBAETCS, KOIAA BTOpas BTATMBAKOINAS KATYLIKA IONYy4YaeT MUTAHUE; MPU 3TOM y3el
BTOPOrO CTAPTEPHOIO DJJEKTPOABUIATENsd BKJIOYEH IOCIEAOBATENBHO C Y3JIOM IEPBOrO
CTapTEPHOrO 3JIEKTPOJBUIaTENs;

NEPBbI TIJVIABHBIM KOHTAKTOP W BTOPOM TJIABHBIM KOHTAKTOp, JJIEKTPUYECKU
COEAMHAIOLINE aKKyMYJIATOPHYIO OaTapero MOC/efOBaTEeNbHO C MEPBBIM 3JIEKTPOJBUTATENEM U
BTOPBIM 3JIEKTPOJBUTaTEIIEM, COOTBETCTBEHHO;

NEepBbIl  BCIIOMOTATEIbHBIM KOHTAKTOP M BTOPOM BCIIOMOTATENbHBI KOHTAaKTOP,
HNEKTPUYECKH COCOUHSIOIINE AaKKyMyJSITOPHYIO Oaraper IIOCIeNOBaTeNbHO C  MNepBOH
BTATMBAIOLIEHN KaTyLIKON U BTOPOM BTATMBAIOLIEH KaTYLIKONH, COOTBETCTBEHHO, MPUYEM MEpPBbIN
BCIIOMOT'aTEJIbHBIN KOHTAKTOP BKJIIOYEH MapajuleIbHO IEPBOMY ITIABHOMY KOHTaKTOPY, & BTOPOU
BCIIOMOT'aTEJbHbIN KOHTAKTOP BKJIFOUEH NapajIeIbHO BTOPOMY I'JITABHOMY KOHTaKTOpY; U

KOHTAaKTOp IEpPBOrO COJEHOMJAa M KOHTAaKTOpP BTOPOrO COJICHOMZAA, BKIIIOYEHHBIE

MIOCJIEI0BATENBHO APYT C APYTOM U MapajuiesIbHO NIEPBOMY U BTOPOMY y3JiaM CTapTepa.

2. Ilens craprepa no 1. 1, B KOTOPOil NepBbIi U BTOPOH KOHTAKTOPBI COJIEHOMIOB, KOI/a
OHM 3aMKHYTBI, 3JIEKTPHYECKH MOCIEAOBATENBHO COENUHEHBI C MEPBBIM U BTOPBIM TNIABHBIMU

KOHTAaKTOpaMH.

3. llenmp craprepa mno mn. 1, [JONOJHUTENBHO COIEpIKAIlasi  BBIKJIIOYATEIb
BCIIOMOTaTCJIbHBIX KOHTAKTOPOB, J3JCKTPUYCCKHU COeI[I/IHﬂI-OH_II/Iﬁ HepBbeI BCIIOMOTaTEJIbHBIN

KOHTAKTOP ¥ BTOPOM BCIIOMOIaTEIbHbINA KOHTAKTOP APYT C APYTOM.



4. Llenp craprepa mo m. 3, B KOTOPOW 3aMbIKaHWE BBIKJIIOUYATENS BCIIOMOTATEIbHbIX
KOHTAKTOPOB M30MpaTeNbHO MOAAET MUTAHWE HA KaKIbIM M3 3aMbIKAEMbIX IEPBOTO U BTOPOTO

BCIIOMOTaTECJIbHBIX KOHTAKTOPOB.

5. Lenp craprepa mo m. 1, B KOTOpOH 3aMbIKaHHE IIEPBOrO BCIIOMOTaTEIbHOIO
KOHTaKkTOpa u30UpareabHO BO30YKIAAeT TEPBYI0 BTATHMBAIOMIYIO KATYIIKy W TEPBYIO
VAEPKUBAIOLIYIO KAaTyLIKy MPOTEKAOIIMM Yepe3 Hee TOKOM, a 3aMblKaHHue BTOPOro
BCIIOMOTATEJIbHOIO KOHTAKTOpa M30HMpaTeabHO BO30YKAAE€T BTOPYIO BTATHBAIOINYIO KATYIIKY U

BTOPYIO YAEPKUBAOLIYIO KAaTYIIKY MPOTEKAOLIUM YEPE3 HEE TOKOM.

6. Llenb craprepa mo m. 5, B KOTOPOH BO30YXKIEHHE MEPBOW BTATHBANOLIEH KATYIIKU
nepeMeInaeT NepBy0 LIECTEPHIO B OCEBOM HAMPABJIEHHM K 3yO4aTOMy BEHIly ABHUTATENs, a
BO30y’KI€HHE BTOPOHM BTATHMBANOLIEH KATYIIKH IE€PEeMEINaeT BTOPYI LIECTEPHIO B OCEBOM

HaIlipaBJICHUH K SY6anOMy BCHILY ABUTATECIIA.

7. Llenb craprepa mo m. 5, B KOTOPOH BO30Y>KAE€HHE NEPBOH BTATMBAIOIIEH KATYLIKH
BBOJIUT TEPBYIO IIECTEPHIO NEPBOTO 3JIEKTPOABUrATeNsl B 3alelyieHHe C 3yOuaTbiM BEHLIOM
ABHTaTesisl, a BO30Y)KIEHNE BTOPOH BTATHUBAIOIIEH KaTYLIKH BBOAUT BTOPYIO LIECTEPHIO BTOPOTO
HJIEKTPOJIBUTATENSI B 3allCIUIEHHE C 3yOUaThIM BEHLIOM JABUIATEJIS, IPU 3TOM IepBasi IECTEPHS U
BTOpasl IIECTEPHS YAEP KUBAIOTCS B 3aLEINICHUH C 3y0UaThIM BEHIIOM JABHUIATEJNsl OCPEACTBOM

BO30Y>KIeHUs IEPBOM U BTOPOH yAEPKUBAKOIINX KATYIIEK, COOTBETCTBEHHO.

8. Llens craprepa no 1. 7, B KOTOPOH KOHTAKTOP MEPBOT0O COJEHONAA 3aMbIKAe€TCsl B OTBET
Ha MEXaHUYECKOE 3aLEIUICHUE MEPBOM LMIECTEPHH, & KOHTAKTOP BTOPOrO COJCHOUAA 3aMBIKAETCs
B OTBET Ha H30MpaTeNbHOE 3aLeIUICHHe BTOPOH LIECTepHM; MPU 3TOM 3aleIUIeHHe IepBOil

MEeCTCPHU aCMHXPOHHO € 3alCTINICHUEM BTOpOI>'I ECTCPHU.

9. Llenb cTrapTepa 1o m. §, B KOTOPOIl NEpBBIN U BTOPOH IJaBHble KOHTAKTOPbI MArHUTHO
3aMBIKAIOTCs] B OTBET HA 3aMBIKAHUE KAXKJIOTO U3 MEPBOr0 U BTOPOrO KOHTAKTOPOB COJIEHOUJIOB,
U 3aMbIKaHHE MEPBOr0 M BTOPOrO INIABHBIX KOHTAKTOPOB BBI3BIBAET IMPOTEKAHUE TOKAa OT
aKKyMyJIITOPHOHW Oatapeu uepe3 MEepPBbIH 3JIEKTPOABUraTeNb U BTOPOH 3JIEKTPONBUTATENb O3

MIPOTEKAHUs TOKA 4epe3 MEPBYIO0 U BTOPYIO BTATUBAIOIIMUE KaTYLIKH.



10. Llens craprepa mo mn. 9, AOMOJHUTENBHO COAEpPIKaLasl JBUTaTeNb JOKOMOTHUBA, MPU
OTOM BaJl ABUIraTeCId MPOBOPAUUBACTCA C MMOMOLIBIO KAXXAOI'0 U3 MEPBOIr0 JJICKTPOABUIATEIA U
BTOPOT'O 3JIEKTPOJIBUraTeJIsl, KOTAa TOK MPOTEKAET Yepe3 MePBbIH 3JIEKTPOIBHUraTeb U BTOPOM

OJICKTPOABUTATEIb.

11. enb craptepa mo m. 1, B KOTOPOM aKKyMyJIITOpHasi OaTapesi MpeACTaBisieT coOok
aKKyMYJSITOpPHYIO Oarapero ¢ HampsokeHneM 64 B, mpuueMm Kaablii U3 MepBOro M BTOPOTO
CTapTEPHBIX 3JIEKTPOJBUTATENIEH MPEncTaBiIstoT coOOM sjekTpoasuratenn Ha 24 B,

BKJIFOUC€HHBIC IMMOCJIEAOBATCIIBHO C PE3UCTOPOM.

12. Cucrema TOKOMOTHBA, COMIEP KA

JIBUTATEIb,

enb CTapTepa, COAEPKAIMYK) aKKyMyJISITOPHYIO OaTraperd W TepBblii U BTOPOH
3JIEKTPOJBUIATENH CTapTeEPa,

napy IMOCJIEAOBATE]bHO BKJIIOUEHHBIX BBIKJIIOYATENIEH COJEHOWIOB, NPU 3TOM IMapa
BBIKJIFOHATENIEN COJICHOMAOB BKJIFOUEHA MAapAJJIEbHO LENHU CTapTepa; 1

KOHTPOJUIEP, CKOH(QUTYPUPOBAHHBIN C MOMOLIBI0 MAIIMHOYUTAEMBIX KOMAaHI, KOTOpPbIE
IIPY BBINIOJTHEHUH 3aCTaBJISIFOT KOHTPOJLIEP:

B OTBET Ha 3ampoOC Ha 3aIyCK ABUraTeNs, 3a4€pKUBAaTh ONHOBPEMEHHOE MPOTEKAHUE TOKA
OT AaKKyMyJSITODHOH Oartapen uYepe3 KaKAbIH M3 TEPBOTO M BTOPOTO  CTapTEPHBIX
SJIEKTPOJBUTATENIEH 10 TeX MOp, MOKAa KAKABIN M3 Mapbl BHIKJIFOYATENEH COJCHOMIOB HE Oyaer
3aMKHYT, U

I/IHI/ILII/II/IpOBaTb HpOBOpaLII/IBaHI/Ie BaJla JOBUTATCJII B OTBET HaA OZIHOBpeMeHHOe

MPOTCKAHUE TOKaA.

13. Cucrema mo m. 12, B KOTOpOH mMepBBI M BTOPOM 3JIEKTPOJABHUraTEIN CTapTepa
BKJIFOUEHBI MOCJIEOBATENBHO JIPYT C OPYrOM M aKKyMYJIITOPHOH Oarapeed BIOJIb OCHOBHOT'O
KOHTypa LeNH CTapTepa uepe3 MepBbId  BCIOMOIATENbHBI KOHTAKTOP M BTOpPOH
BCIIOMOT'aTEJIbHBI KOHTAKTOp, MPUYeM LENb CTapTepa IONOJHHUTENIBHO CONEPXKUT MEPBYIO
BTATMBAIOLIYIO KAaTYyUIKy, MTOCJIEI0BATEIbHO BKIIOYEHHYIO MEXIY NEPBBIM 3JIEKTPOABUIaTEIEM
U aKKyMyJSITOpHOH Oartapeeil uepe3 TMepBbIi BCIIOMOTraTeNbHBI KOHTAKTOP, BTOPYIO
BTATMBAIOLIYIO KaTYIIKY, TOCIEI0BATEIbHO BKIIOUEHHY MEXKIY BTOPBIM 3JIEKTPOABUraTEIEM U
aKKyMyJIITOPHOM OaTapeeil uepe3 BTOPOH BCIOMOTaTeNIbHBII KOHTAKTOP, M BBIKJIIOYATENN

NEPBOro U BTOPOTO COJICHOMAOB MOCJIEA0BATEIbHO BKIOUEHHBIE APYT C IPYTOM U C MEPBbIM U



BTOPBIM 3JICKTPOABUIATEIsIMU BAOJb BHEIIHErO0 KOHTypa LENU CTaprepa, MNapajuie]bHO

[JIABHOMY KOHTYDY.

14. Cucrema no n. 13, B KOTOPOI B OTBET Ha 3ampOC 3alyCka, KOHTPOJUIEP BBI3bIBAET
3aMbIKaHHE BCIIOMOTATEIbHOTO BBIKJIIOUATENS YIPABIEHHUS, COEIMHEHHOTO C TIJIABHBIM
KOHTYPOM, JJIsl IPOTEKAHUS TOKA OT aKKYMYJISITOPHOU OaTapen K mepBOMY BCIIOMOTATEIbHOMY U
BTOPOMY BCIIOMOTaT€JIbHOMY KOHTAKTOPY; NMPUYEM NPOTEKAHUE TOKA Yepe3 MEPBbIl KOHTAKTOP
3aMBIKACT HepBbIﬁ U3 Mapbl MOCICAOBATCIIBHO BKIIFOUCHHBIX BBIKJIFOUATENEH COJICHOHU OB, a TOK
qepes3 BTOpOﬁ KOHTAKTOP 3aMbIKACT OCTaBIIMUCS U3 napbel MOCJIENOBATEIIbHO BKIIFOYCHHDBIX
BBIKJIFOYATEJIEH COJICHOMIOB, IPU 5TOM Tlapa BBIKJIIOYATENIEH COJICHOUIOB 3aMBIKAETCS

ACUHXPOHHO.

15. Cucrema no m. 12, B KOTOpOH TOK, MPOTEKAKOLIUI depe3 KaxIblil U3 MepBOro u
BTOPOTO BCIIOMOTATENbHbIX KOHTAKTOPOB, MPOTEKAeT IOC/Ie HHUX uepe3 IMEpPBYI U BTOPYIO
BTATUBAIOLINE KATYLIKHU, KOTOPbIE BTSTUBAIOT MEPBYIO IIECTEPHIO NEPBOrO 3JIEKTPOJBUrATENsS U
BTOPYIO MIECTEPHIO BTOPOTO 3JIEKTPOABUIATENs] B MEXAHWYECKOE 3allelieHHe C 3yOdaTeiM

BCHIIOM ABUTATECIIA.

16. Cucrema mo m. 15, B KOTOpOW NepBbIii M BTOPOH BBIKIIOYATENIN COJEHOHUIOB
3aMBIKAIOTCSl ACMHXPOHHO, KOTAa IepBas M BTOpas ILIECTEPHU BXOAAT B 3aLEIVICHHE C
ABUraTenaeM, NpUYeM HWHULUMPOBAaHHE MPOBOPAYMBAHUS Bajla JABUraTeiass B OTBET Ha
OJTHOBPEMEHHOE NPOTEKAHHWE TOKAa BKJIOYAET B ce0sl MPOTEKaHWEe TOKa 4Yepe3 KaKAbIH H3
NIEPBOTO M BTOPOTO 3JIEKTPOJABUTaTENel B OOXOA MEPBOM M BTOPOW BTATHBAIOIIMX KATYLIEK

TOJIBKO ITOCJIE TOI'O, KakK K&)KI[I::I?I H3 Iapbl BBIKJIFOUATEJICH COJICHOHUI OB 3aMbIKACTCs.

17. Criocob 3amycka JBUTATENS JOKOMOTHBA, BKJIFOYAFOIIHHN:

MPOMYCKaHHE TOKA OT AaKKyMYJISITOPHOW OaTraper OJHOBPEMEHHO 4Yepe3 KaKIbld W3
IepBOrO CTapTEPHOTO JJIEKTPOABUTATENS] U BTOPOrO CTAPTEPHOrO 3SJIEKTPOABHUIATENS I
NPOBOPAYMBAHMS BaJla IBUTATEIS; IPUYEM OJHOBPEMEHHOE MPOITyCKaHNUE TOKA 3aePKUBAIOT 10
TEX MOpP, MMOKa Ka)KI[beI U3 Mapbl MOCJIICAOBATCIBHO BKIIFOYCHHDBIX BBIKJTIOUATEIIEH COJICHOHUAOB HE
Oyner 3aMKHYT, NIPU 3TOM I[apa BBIKJIOYATENeH COJEHOUAOB BKJIIOYEHA MApajuIeNIbHO LEMH
craprepa, Cofepkallell akKyMyJSITOPHYIO OaTaper0 U TepBblil U BTOPOH 3JIEKTPOABHraTENN

craprepa.



18. Croco6 mo m. 17, B KOTOPOM Tapa BBIKJIOYATENICH COJICHOMIOB BKIIFOYAET B CeOs
nepan‘/'I BBIKJIFOYATCIIb COJICHOUAA, 3aMbIKaeMbIil B OTBET Ha BBO/J] IIEPBOTO SJICKTPOABUIATCIIS B
3aleIJIeHUe C IBUTaTesieM, U BTOPOM BBIKJIIOYATEIb COJICHOWA, 3aMbIKa€MbIH B OTBET HA BBOJ
BTOPOTO 3JIEKTPOABUIATENS B 3aLICTUIEHUE C JBUraTesieM, MPUYeM BBOJ B 3aLlEIJICHUE NEPBOTO
SJIEKTPOABUIATENsl  MPOUCXOAUT  ACHHXPOHHO C  BBOJOM B 3alEIUIEHUE  BTOPOIO

SJICKTPOABUTATEIA.

19. Cnoco6 mo m 18, B KOTOpOM mepBasi BTATHBAKOLIAS KaTyIIKa BKJOYEHA
NIOCJIEIOBATENIbHO C MEPBBIM 3JIEKTPOABUTATENIEM, & BTOPAsi BTATMBAIOINAS KATYILIKA BKIFOUYEHA
IIOCJIEIOBATENIBHO CO BTOPBIM 3JIEKTPOABHIATENEM, INPHYEM BBOJ B 3aleIUIEHHE IE€PBOTO
3JIEKTPOJBUTATENIS BKIIFOYAET B ceOsl MPONMyCKaHUE TOKA Yepe3 MEPBYIO BTSTHBAOIIYIO KATYIIKY,
U BBOJ B 3allEIUIEHHE BTOPOTO 3JIEKTPOABUraTeNs BKIOYAET B ceOs MPOIyCKaHHE TOKA uepe3
BTOPYIO BTSTHUBAIOIIYIO KaTYLIKY, MPU 3TOM NPOMYCKaHHE TOKAa OT aKKyMYJIATOpHOU Oartapen
OJHOBPEMEHHO Yepe3 KaKIbli M3 MEePBOrO M BTOPOTO CTAPTEPHBIX 3JIEKTPOABHUTaTENeH s
NPOBOPAYMBAHMS Bajla JIBUTATENsl BKJIOYAET IPONYCKAHHWE TOKAa 4epe3 NepBblii U BTOPOH

3JIEKTPOJBUTATENb B OOXOJ IEPBOH U BTOPOH BTATHBAIOIINX KATYIIEK.

20. Cnocob mo m. 17, B KOTOPOM aKKyMyJIsITOpHasi Oarapesi mpenacTaBisieT coOoi

aKKyMYJISITOpHYIO OaTapero HanpsikeHreM 64 B.
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